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NMEPEAMOBA

HapuanpHuii mOCiOHUK MpU3HAYCHUI [T BUBUYCHHS HaBuampHuiA
MOCIOHWK TMpU3HAYCHHWW JJI1 BUBYCHHS JUCHMIUIIHM — «TexHomoril
MIPOrpaMyBaHH», Ka € OCHOBHOIO JJIsi ()OPMYBaHHs NPaKTUYHUX 3HAHb 1
HaBMYOK OakanaBpiB HampsMKy «EKOHOMIYHa KiOepHeTuka». JlaHwii
CHELKYpPC CIMPAEThCS Ha OTPUMAHI TEOPETHUYHI 3HAHHS CTYJCHTaMHU 3
muciuruning - «lHopmaruka» 1 mpusHaueHMH Ansd  GOpPMYBaHHS Y
0akanaBpiB  CHEWiaJbHOCTI  «CKOHOMIYHAa  KiOEpHETHKa»  HayKOBO
OOTPYHTOBAaHOTO WiAXOAYy OO ANTOPHTMIi3allii €KOHOMIKO-MaTeMaTHIHUX
3a7a4 Ta pPO3pOOKH MPOTPaMHUX MPOAYKTIB 3 BUKOPUCTAHHAM Cy4YaCHHX
TEXHOJIOTIH.

Kono mwuTasp, M0 pO3rIsSAAlOTECS B HABYAJIBHOMY IOCIOHHUKY,
BKJIIOYa€ B ceOe OCHOBHI TE€MH, SKi IOJISITAIOTh B PO3KPUTTI MOHATH IPO
opraizamito i TNpPUHOUNKM (YHKIIOHYBAaHHS KOMII FOTEPHUX CHCTEM,
ITOPUTMIYHI MOBH Ta CHCTEMH IIPOrpaMyBaHHs, OCHOBHI NPHHIUIIN
PO3pOOKH anropuTMiB i HpOrpaM, TEXHOJOTii CTBOPEHHS HpPOrpaMHHUX
MPOJXYKTIB 3 BHUKOPHCTAHHSM CIELialli30BaHUX CEPEAOBHI Bi3yaJbHOTO
nporpamMyBaHHs. Y  HaBYaJbHOMY TIOCIOHHMKY pPO3IJISTHYTO  MOBY
mporpamyBaHHs Visual Basic, HaBemeHO mpuKiIagm peamizamii 0a30BUX
AITOPUTMIB 1 CTPYKTYyp /JdaHWX. DBuIineHe KOJIO THTaHb BHU3HAYAE
CTPYKTYpPY MOCIOHUKA, SIKHI CKIaTaeThes 3 14 po3mimiB.

VY mepmiomMy pos3fini pO3TIIATAIOTECS OCOONHBOCTI MOOYAOBH i
(YHKIIOHYBaHHS CYYaCHHX KOMIT'FOTEPHHX CHCTEM, BH3HAYAIOTHCS
OCHOBHI amaparHi i mporpaMHi KOMIIOHEHTH, HABEJCHO BIIOMOCTI IIPO
0COOJIMBOCTI ONEPalifHUX CUCTEM CYYaCHUX IMEPCOHAIBHUX KOMIT IOTEpIB.

Jpyruii po3aiin NPHUCBSYEHHH AITOPUTMIYHHM MOBaMm  Ta
cUcTeMaM NporpamyBaHHs. PO3risiHyTo criocoOM mepekiany mporpam 3
MOBH MpOTpaMyBaHHS Ha MOBY MIKpPONPOLIECOPY, 3acO0M CTBOPEHHS
mporpaMm, pO3MJISHYTO  OCOOJHBOCTI  BHKOPHCTaHHS  IHTETPOBAHHMX
CepeloBUII PO3POOKH MPOTPaMHUX 3ac0o0iB, CEpPEHOBHUIN OHUCTPOTO
MIPOEKTYBaHHS, HaJaHO BiJIOMOCTI IIPO OCHOBHI CHCTEMH ITPOTPAMyBaHHS.

Etanu pimenns 3agay va EOM, ¢opmu 3anucy anroputmis, MoBa
0JI0K-CXEeM Ta 0COOJIMBOCTI CTPYKTYpPHOTO HiJIXOMy A0 PO3POOKHM Iporpam
PO3MIISIAIOTHCS Y TPETHOMY PO3JILII.

UYerBepTHii pO3JUI TPHUCBSYEHHH BUBUCHHIO BJIACTUBOCTEH
QITOPUTMIB, PO3TISAAAIOTHCS MOHITTS CKIQJTHOCTI aJrOPUTMIB, METOIUKU
MONIYKY CKJIaJHUX 4YacTHH, OCOOIMBOCTI PEKypCHUBHHX aITOPHTMIB,
¢GyHKIii OIHKM TMOPAAKY CKJIagHOCTi, (aKTopW, IO BIUIMBAIOTh HA
IIBUKICTh BUKOHAHHS, 3aTPUMKH, SKi BUKIWKae 3BepHEHHS a0 (daimy
MiJKaYKy, Ta iHI (akTopH, M0 BIUIMBAIOTh HA MPOIYKTHUBHICTH POOOTH
AITOPHUTMIB.
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[T'saTHif po3aiT MPUCBAYEHUH OMICY CHCTEMH MIBHAKOI po3poOKH
nomarkis — Visual Basic. HaBemeHo BimoMocTi mpoO OCHOBHI TpYITH
omeparopiB, THMH JaHWX Ta 3MiHHI, KOHCTaHTH, MacHBH. PO3risaHyTH
3acobu peamizamii KiaciB 00’ €KTiB, OMEpaTOPIB OTOIOIICHHS, YIPaBIiHHS
XOZIOM BWKOHAHHSA IIpOrpaMu, mpouenyp i (yHKmiil. Yci moscHeHHS
HPOLTIOCTPOBAHO MPAKTHYHMMH NPHUKIIAJaAMH.

Illoctuit  po3mimn  MICTUTH  BIIOMOCTI  NPO  PO3POOKY
KopHucTyBalpKkoro iHtepdeiicy. PosrnsHyro mnepeBaru i HEOONIKH YCiX
THUIIIB KOPHCTYBAIBKUX IHTEP(ENCIB, iX OCHOBHI €JIEMEHTH.

Y chOMOMY pO3Zii HaBEJICHO BIIOMOCTI NPO CTaHIApTHI
€JIEMEHTH YIPABIIiHHS, SIKI BAKOPUCTOBYIOTHCS ITPU pO3POOILIi IPOrpam.

BocbMmuii po3ain MpUCBsUSHUH MUTaHHSAM POOOTH 3 (ainamu Ta
opraHizamii IpyKy pe3ynbTaTiB poOOTH mporpamu. PosrmsHyTo
0COOIMBOCTI POOOTH 3 (aillTaMu HOCHTIJOBHOTO, JTOBLIFHOTO JOCTYIY i 3
OiHapHUMU (aiimaMu.

Y  ne’BATOMY pO3Oii  PO3TIIIHYTO OCOOJHMBOCTI peaizarii
OUHAMIYHHX CTPYKTYp JdaHUX. HaBeneHo BimomocTi mpo moOyooBY
VIOPSIAKOBAHUX Ta HEYNOPSAKOBAHHX CIUCKIB, DPI3HOBUIM 3B’SI3HUX
CITUCKIB (IUKJTIYHI, TBO3B’A3Hi, TOTOKH).

B necstomy po3aini ommcaHo criocoOH peaiizauii CTEKiB, depr
(UMKITIYHUX, HA OCHOBI 3B’SI3HHMX CIHCKIB, IPIOPUTETHHX, Oarato
MOTOYHHUX).

OnuHaAUATHI PO3/La MICTHTh BIZIOMOCTI PO pealtizaliio Jiepes B
Visual Basic. Ommcano cnocobu momaHHs JepeB (TIOBHI BY3JIH, CIIHCKA
HAIIAIKiB, TIOJaHHS 3B’S3KiB HyMEpalli€lo, TIOBHI JepeBa), 00X0ay Iepes.
Jl1s ynopsiAKOBaHHX JAEPEB HABEACHO MPUKIIATM AONABAaHHS, BUIAJICHHS
elleMeHTiB Ta 00xony nepesa. s ABJI-mepeB ommcaHO anropuT™Mu
o0epTaHH:, BCTABKY 1 BUJAJICHHS BY3JIiB.

VY ABaHAALATOMY pO3IiNli HAaBeACHO NPHKIAJH BHKOPHCTAHHS
JIepeB y 3ajadyax, LI0 MOB’s3aHi 3 NPUHHATTSIM pilleHb. Po3risHyTO
MUTaHHS MOIIYKY y JiepeBax pilleHb (METOJ| TIIOK Ta MEXi, CXO/KSHHsI Ha
narop0, HaliMeHIIo1 BapTOCTi, 30aJlaHCOBAHOTO MPUOYTKY, IOCIIIOBHOTO
HaOnmkeHHs Ta iH.). HaBepeHo BupilIeHHS 3ajad Mpo 3AIHCHUMICTb,
po30uBKy, TOHIyKy [amMinbTOHOBOTO IIISAXY, KOMIBOSDKEpa, MOMKEXKHI
Jeto.

VY TpuHAagUATOMY PO3JiNI PO3IIISHYTO aJITOPUTMH COPTYBaHHS.
30kpemMa, JeTalbHO OIMCAHO OCOONMBOCTI peanizaiii COpTYBaHHS
BHOOpPOM, BCTaBKOIO, OYJILOAIIKOBOTO COPTYBAaHHS, COPTYBaHHS 3IIUTTSIM,
IIBUIKOTO  COPTYBaHHS, COPTYBaHHA  IiAPaxXyHKOM,  OJOKOBOTO
coptyBanHs. OKpEeMO pO3MIISAAETHCS MUTAHHS PaHIOMI3allii.

YoTupHaAIMTHH PO3/LT MPUCBIYECHO METOJaM BHpILIEHHs 3a/1ad
nouryky. Po3ristHyTo alnropuTMu MoBHOTO riepedopy, IBIIKOBOTO MOIIYKY,
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iHTepHoNAmiiHOTO TomyKy. OKpeMo BHAUICHO THTaHHS MOUIYKY
CTPOKOBHX HaHHWX (TIOIIYK IO CTEXWTh, IHTEPOJMIIHUA TOIIYK, IO
CTEXKHTB).

I[lpu BukiaseHHI Martepially BelHKa yBara IpHIiICHA
MIPaKTUIHUM aclieKTaM pO3poOKH anropuTMiB i mporpam. Bei Teoperndni
MOJIOKEHHA 3 QITOPHUTMI3alii Ta NPOTPAMyBaHHSA UTIOCTPYIOTHCS
YHUCJIEHHOIO KIJBKICTIO TPOrpaMHHUX peaiizauiil. Yci mnpuBeneHi y
MOCIOHUKY TPOTrpaMu JeTallbHO NMPOKOMEHTOBaHI. Y J0JaTKax HaBeIeHO
KOIM IIporpaMm, IO peali3yloTh aJrOpUTMHM, OIMCAaHI Yy po3Iinax
HaBYAJILHOTO MOCIOHUKA.

Y KO)KHOMY PO3Aiii MiAPYYHUKA HaBEJeHI KOHTPOJIbHI 3aIIUTaHHS
JUTSL CAaMOTICPEBIPKH Ta 3a/a4i JJIsl CAMOCTIHOTO BUKOHAHHS.

[MociOHMK po3pobIeHn KOIEKTHBOM aBTOPiB, Tak po3aimu 1, 4 -
migrotyBaB npod. Poroza M.€., posmimu 2-3, 12-14 Pamazanos C.K.,
po3mimm 5-7, 10-11 gom. Bemirypa A. B., po3nin 8-9, 13 — ac. Tan4enko
CM.
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OPTAHI3ALIA ®YHKLUIOHYBAHHA
KOMMN'KOTEPHHUX CUCTEM

KOMMNOHEeHTH KOMM'IOTEPHOI CUCTEMMU

[ITo6 xpame 3po3yMiTH MicIe i poJb OmepamiiiHol CHCTeMH B

mporeci 00YKCIeHb, PO3IITHEMO KOMITIOTEPHY CHCTEMY B HinoMy. Bona
CKJIQJAETHCS 3 HACTYITHUX KOMITOHEHTIB:

1.

Amnaparypa (hardware) xoMmm'toTepa, OCHOBHI YaCTHHH $KOI —
nenrpaasamii mpoumecop (Central Processor Unit - CPU), mo
BUKOHYE KoMaHIM (iHcTpykuii) komm'roTepa; maMm'saTh (memory),
110 30epiratoTh AaHi i Iporpamu, i MPUCTPOi BBeJeHHsI- BUBEAEHHS,
a0o 3oBHimHi mpuctpoi (input-output devices, 1/O devices), mo
3a0e3neuyroTh BBeleHHs iH(opMmalii B KOMI'IOTEp 1 BUBEICHHS
pe3ynbTatiB  poboTu mporpam y Qopmi, sika crnpuiiMaeThes
KOpHUCTYBa4eM-JIIOMHOI0 abo iHmMMH nporpamaMu. Yacrto Ha
MIPOTPaMiCTCHKOMY CIICH31 arapaTypy Ha3MBarOTh "3alizoMm".
Onmnepauiiina cucrema (operating system) — cucTeMHE NpOrpamHe
3a0e3nedeH s, 0 yNPaBisie BUKOPUCTAHHAM alapaTrypu KOMI'rorepa
PI3HMMU ITporpaMaMy H KOPHCTYBadyaMH.

IpuknangHe nporpamHe 3al0e3nedeHHs (applications software) —
Nporpamu, MpHU3HAYEH] JUIsl pillleHHs1 PI3HUX KIaciB 3aBaaHb. Jlo HUX
BIZIHOCSTBCS, 30KpeMa, KOMIJIATOPH, 1110 3a0e3Me4y0Th TPaHCIISILII0
IporpaM 3 MOB NporpaMyBaHHs, Hanpukiag, C++, y MaIInHHAN KOJ
(komaHgw); cucTeMd ynpasiiHHa 6azamu  ganux (CYBN);
rpadiuni O6i0miorexun, irposi mnporpamu, od¢icui nporpamm.
[Ipuxnagae mporpaMHe 3a0e3MeYeHHS YTBOPIOE HACTYMHHUH, OLTBII
BUCOKUI piBeHb, y MOPIBHSHHI 3 ONEPAI[iifHOI0 CUCTEMOIO, 1 J103BOJISIE
BUDINIYBaTH Ha KOMIT'IOTEpl pi3HI NPHUKIAAHI ¥ TOBCSKICHHI
3aBIaHHS.

KopucryBaui (users) — mromu # iHmi kommn'torepu. BinHecenns
KOpUCTYBa4a-JIIOAMHN /0 KOMIIOHEHTIB KOMIT'IOTEPHOI CHCTEMH -
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30BCIM HE JKapT, a peallbHICTh: OyAb-IKUI KOPUCTYBa4 (PAKTHIHO CTaE
YaCTHHOIO OOYHCIIOBATBHOI CHCTEMH B TIPOIECi CBO€i poOOTH Ha
KOMIO'IOTEpi, TOMY IO TOBHHEH IiJAKOPATHCS TIEBHHUM CTPOTHUM
IIpaBUJIaM, TIOPYLICHHS IKUX IPUBEE 10 MOMIJIOK 200 HEMOXKIMBOCTI
BUKOPHCTAHHS KOMII'IOTEpPA, 1| BUKOHYBATH BEIMKHH OOCAT THUIOBUX
PYTHHHHX nOii — Maibke sK caMm KoMm'ioTep. OmHa 3 BaKIIMBHX
¢yukuiii OC came ¥ nojisrae B ToMy, 100 1Mo30aBUTH KOPHCTYBada
Big OinpmIOl YacTMHU Takol pPYTHHHOI poOOTH (HampHKIan,
pe3epBHOTO KOMiOBaHHS (aiiiniB) 1 JO3BOJIUTH HOMY 30CEpEUTHCS Ha
poboTi TBOpuid. IHINI KOMI'OTEpH B MEpexXi TaKoXK MOXYTb
BiJlirpaBaT pojb KOPUCTyBadiB (KJII€HTIB) CTOCOBHO KOMIT'IOTEpa,
SIKMH BUCTYINA€ B POJIi cepBepa, 1110, HANPHKIAJ, BUKOPUCTOBYETHCS
Ut 30epiraHHs QaiiiB a00 BUKOHAHHS BEIMKUX MPOTPaM.

Heizom ¢ipmu Sun Microsystems me B 1982 p., mpm ii
cTBOpeHHi, craB adopusm "The network is the computer" (Mepexa — ue
komm'toTep). Lo icTMHY Bapro mam'ATaTH BCIM KOpHCTyBadaMm
KOMIT'IOTEpPIB Ta OMNEpaLifHMX CHCTEM 1 IIMpIIe BHUKOPHCTOBYBAaTH
MOJJIMBOCTI KOMI'IOTEPHUX MEpPeX, PO3MOAUIIIOUH pi3HI (QYHKII Mix
KOMIT'IOTEPAMH, IO CKIIaJaloTh Mepexy (abo xocramu — hosts, sk Ha
KOMIT'IOTEPHOMY CIIeH31 NPHHHATO HAa3MBaTH KOMIT'IOTEPU B MEpPEexi).
[301p0BaHUi Bi MEpexki KOMI'TOTep HUHI - Ii¢ "KaM'sHuil BiK". 3BifcH -
HEpPO3PHUBHUII 3B'A30K OMEPALIITHAX CHCTEM 1 MEpex.

OcraHHIM YacoM B JIITEpaTypHUX JKepesiaXx MOXKHA 3yCTPITH MOPSI 3
TEPMIHOM  VHPAGIIHHA — NIONPUEMCMBOM  TEPMIH  MeHeOCMeHm
nionpuemcmea. 3amo3WYeHI 3 aHTIIHCBKOI CIIOBAa .MeHeddcMeHm i
menedoicep (mManagement — ympaBiiHHS, KepiBHHITBO; Manager —
KEpIiBHUK, YIPABISTIOYNIA) MIBUAKO HAOYJIM MOIIUPEHHS i BU3HAHHSA 5K y
(axiBIiB-CKOHOMICTIB, TaK 1 y TOBCAKICHHOMY CIIUIKyBaHHIL. Tomy
CBOTONIHI TIOHATTS VHPAGAiHHA 1 MeHeddcMmenm dHacTille 3a BCE
BUKOPHCTOBYIOTBCS SIK TOTOXKHI.

3araAbHa KapTMHa ¢YHKLiOHyBaHHSA
KOMIM'IOTEPHOI CUCTEMMU

KopucryBagam xomm'iorepa ZOCTYIHI BEpXHi PiBHI MPOrpaMHOTO
3a0e3neueHHss - CHCTEeMHI W TIpUKIagHI T[porpamu  (HampHKIa,
KOMIIUIATOPH, TEKCTOBI pElIaKTOPH, CUCTEMHU KepyBaHHSA 0azaMu JIaHUX).
i mporpaMu B3aEMOJIIOTH i3 OMEPAIIHHOI0 CUCTEMOIO, 10, Y CBOIO Yepry,
yIIpaBJsie poOOTOI0 KOMIT'IOTEpA.

16



KopuctyBau 1 | | Kopuctysau 2 KopucTyBay 3 KopucTyBay n
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Komninatop acembnep TECTOBUW pefakTop ... Ccyba

CwucTeMHi Ta NpukNagHi nporpamu

OnepaujiiHa cuctema

Ob6nagHaHHsA
Komm'lotepa

Puc. 1.1. 3arampHa kapTHHA GYHKIIOHYBAaHHS KOMII'FOTEPHOI CHCTEMH

Kaacuodikauis KOMM'IOTEPHUX CUCTEM

Hus toro, mo0 ysBUTH cO0i poO3MAaiTiCTh 1 MacmTaboBaHICTh
oreparifHuX CUCTEM, PO3IIIIHEMO HacamIiepes KiIacU]iKalilo Cy4acHUX
KOMIT'FOTEPHUX CHCTEM, JUIS SIKUX PO3POOJISIIOTHCS W BUKOPHCTOBYIOTHCS
OC — Bin cynepkoMn'toTepiB 10 MOGIILHUX MPHUCTPOIB, - 1 MiZICYyMyEMO
Bumord 10 OC my1s UX KJIaciB KOMITOTEPiB.

CynepkoMn'ioTepu (super-computers) - MOTYKHI
0araTomponecopHi  KOMIT'IOTEPH, HAWOLIBII  CydacHi, SKi MarTh
NpOAyKTUBHICTH 110 JAekimbkox petaflops (1015 niiicuux omnepaiii 'y
cexynay; abpesiatypa flops posmmdposyerscs sk floating-point
operations per second). Hampukiax, cynepkomm'torep "JloMOHOCOB",
BcraHoBneHut y MJY. CynepkomMn'rorepy BHKOPHCTOBYIOThCS —AJIS
o0YnCIIeHb, M0 BUMAaraimoTh BEIMKHX OOYMCIIOBAIBHHUX IOTY>KHOCTEH,
HaJIBUCOKOI MPOJXYKTUBHOCTI M BENMKOro o0cAry mam'sTi. Y peanbHil
MPaKkTUIll 1Ie Hacammepe] 3aJadi  MOJIEIIOBAaHHS -  HAIPHKIAT,
MOJICIIOBAHHS KJIIMary B perioHi W NPOTHO3YBaHHI Ha OCHOBI
moOyoBaHOi MOJeNi TMOToaM B JAaHOMY pETiOHI Ha HaWOMMKYl JHI.
OcCoOMUBICTIO CYNEpKOMITIOTEPIB € IXHS TMapajeinpHa apXiTeKTypa - SK
MmpaBWwJIo, Bci BOHM € OararompouecopHi. BimamoBimHo, OC s
CyNEepKOMI'IOTEPiB MOBHUHHI IMIATPUMYBATH PO3MapajieiOBaHHs PilICHHS

17



3aBIaHh 1 CHHXPOHI3AWi0 TMapajelbHUX TIPOIECiB, M0 OJHOYACHO
BHPIIIYIOTH Ti/I3a1a9 IESKOI IIPOrpaMH.

BararouinboBi kommn'iotepu, a0o KoMm'lIOTepH 3arajbHOr0
npusHadeHHsi (mainframes) — Tpamumiiina icTopudyHAa Has3Ba IS
KOMI'IOTepiB, po3moBciokeHnx B 1950-x — 1970-x pp., me mo emoxu
3araJbHOTO  TIOIIMPEHHS IMEpCOHANbHUX Komm'rorepiB. Came s
mainframe-kommn'totepie ctBoproBanucs nepuri OC. TumoBi mpuKiIagn
takux Komm'totepis: IBM 360/370; 3 BiTuusHsiHux — M-220, BOCM-6. Ha
TaKUX KOMI'IOTepax BUPINIYBAIMCSA BCi HEOOXimHI 3aBHaHHI — Bif
pO3paxyHKy 3apIulaTH CIHiBpOOITHHMKIB B Oprasizamii 70 poO3paxyHKY
TPAaeKTOpiii KOCMiuHMX pakeT. [logiOHWII KOMITIOTEp BHIVIAIAB JOCHTH
He3rpabHO ¥ Tpomi3ako W Mir 3aiiMaTy LinMH BenuMKWil 3am. 3ranaere,
HampuKiIan, Benmde3Huil komm'rorep HAL Ha kocMidyHOMYy Kopabmi y
¢danractraHoMy imemi 1960-x pp. Ctonmm Kybpuka "Kocmiuna Opmcest
2001 p." Ame HifKi ¢aHTaCTH HE 3MOITH MependavyaTd IMporpecy
KoMI'foTepHOi TexHiku XXI CTONITTS — HacamIiepe, TOTo, IO HOTYKHHUHA
KoMO'Iorep He Oyzae 3aiiMaTé [Ty KiMHaTy, a Oyae MICTHTHCS B
HEBENWKOMY SMHKy. [lapamerpu pasHHIX mainframe-koMm'toTepiB Oymnm
JOCUTh CKPOMHHMH: IIBUAKOMIS - KUTbKAa THCSY OMNEpalid y CEKyHIy,
ornepaTHBHa INaMm'siTh — KiIbKa TUCSY KOMIpok (cmiB). HemocraTHbO
3pY4HUM OYB KOPHCTYBaJIbHULBKUI iHTEep(deiic (IHTepaKTHBHA B3a€MOIS 3
KoMI'toTepaMu OyJia peaiizoBaHa Habararo misHimie, B 1960-x pp.). I[Ipote,
Ha TakKWX KOMITIOTepax BHUPINIyBaJHCs JOCHTh CEPHO3HI 3aBlIaHHs
00OpPOHHOTO ¥ KOCMIYHOTO IpU3HAYCHHS. 3 TOSBOIO IEPCOHAIBHUX 1
MMOPTATUBHUX KOMITFOTEPIiB KJIACHYHI mainframe-KOMITIOTEpH Bigiinum B
MmuHyne. OJHaK BapTo MiAKPECINTH, 10 B CaMe B ONEPALifHUX cHCTeMax
U1 mainframe-komir'iotepiB Oy peayi3oBaHi BCi OCHOBHI MeToan M
AITOPUTMH, MO PO3TIIAHYTI B MAaHOMY IOCIOHHKY, i SKi 3rogoM Oyiu
Bukopuctai B OC Ui TepCOHANBHHUX, KWIICHHKOBHX KOMITIOTEpPIB 1
MOOIILHMX NPUCTPOIB.

Knacrepn komn'iotepie (computer clusters) — rpynu
KOMI'IOTepiB, (I3UYHO PO3TAIIOBaHI MOPYY 1 3'€MHAHI OMUH 3 OJHHUM
BHCOKOUIBHJIKICHUMH IIMHAMH U JiHisMH 3B'13Ky. Kiacrepu koMn'rotepis
BHUKOPHCTOBYIOTHCS JJISl BUCOKONPOAYKTUBHHUX TMapalieIbHUX OOYHCIIEHb.
Haiibinpm BimoMi y CBiTi KOMO'IOTEpPHI KIIacTepH, pO3TAlIOBaHi B
nocmigaunbkomy wmeHtpi CERN  (IllBeiimapis) - Tomy camomy, ne
nepeOyBae BEeNMKHH aAPOHHMH KoJutaijep. Sk mpaBuio, KOMITTOTEpHI
KJIacTepH  pO3TAlIOBYIOTBCS B JOCHIAHUIBKUX IHCTUTYTax 1 B
yHiBepcureTax. OmnepauiiiHa cucteMa Uil KJIacTepiB IIOBHHHA, KpiM
3arajJbHUX MOXJIMBOCTEH, HaJgaBaTH 3aco0M Il KOHQIrypyBaHHS
KJacTepa, KepyBaHHS KOMI'IoTepamH (mporiecopaMu), M0  HOTo
CKIIQJIal0Th, PO3MapaseiIioBaHHs PINICHHS 3aBAaHb MK KOMII'TOTEpaMH
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KJacTepa ¥  MOHITOPHHTY  KJIAacTEpPHOI  KOMITIOTEPHOI  CHCTEMH.
Mpuknagamu Takux OC € OC ¢ipmu Microsoft - Windows 2003 for
clusters; Windows 2008 High-Performance Computing (HPC).

Hacriabni komn'toTepu (desktops) — 1ie HaimommpeHimi B HaIn
gac KOMITIOTEpPH, SIKUMH KOPUCTYIOThCA BIOMa abo Ha poOOTi BCi JIIOAM,
Bil MIKOJISIPIB 1 CTYOEHTIB IO XaTHIX Tocmojapok. Takwii KOMITOTEp
PO3MIIIAETHCS HA pOOOYOMY CTOJI  CKIIaZa€ThCsl 3 MOHITOpPA, CUCTEMHOTO
070Ky, KJIaBiaTypy W MU,

ITapamerpu cydacHoro (2010 p.) HacTiIBLHOrO KoMI'IOTepa,
HAWOUIBII TPUHHATHI A1 BUKOpUCTaHHS cydacHuX OC: MBHIKOIISA
mporiecopa 1 — 3 I'T'n, omeparuBHa mam'sitb — 1 — 8 riraGaiiT i Oijible,
o6csr sxopcrkoro mucka (hard disk drive — HDD) — 200 I'6 — 1 T6 i
oimpmme (1 Tepabaiitr, TO = 1024 I6). Bes posmairticte cydacHHX
onepaniiaux cucreM (Windows, Linux i iH.) — 10 mocIyr KOpUCTyBadiB
HACTIILHUX KOMII'IOTePiB.

IIpr HeoOXimHOCTI Ha HACTLILHOMY KOMMN'IOTepi MOXKHa
BCTaHOBUTH [IBi a0o0 Oimblle omepamiiHUX CHCTEMH, PO3IUIMBIIA HOTO
IUCKOBY TaM'iTh Ha KUTbKa pO3AUTIB (partitions) i BCTaHOBHBIIM Ha
KOXKHMH 3 HUX CBOIO OINEpAaliifiHy CHCTeMy, TaK IO NpPU BKIIOYEHHI
KOMIT'IOTepa KOPUCTYBauyeBl HAIa€TbCs CTAPTOBE MEHIO, 3 SIKOTO BiH
BUOUpaE MOTPiOHY onepaniiiHy cucTeMy ISl 3aBaHTaKEHHSL.

MopratuBni kommn'torepu (laptops, notebooks — npociiBHO
"KOMIT'TOTEpH, IO MICTATHCS Ha KoiiHax"; " KOMITIOTEpH-30IIUTH") — 1€
MIHIaTIOpHI KOMITIOTEpH, SKi IO CBOIM IapaMeTpaM He YCTYIaloTh
HAaCTUIBHHUM, aJIe TI0 CBOIM pO3MipaM BUIBHO MICTATBhCS B HEBEIHKY CYMKY
abo prok3ak, a0o, HampWKial, Ha KOJiHAaX KOPHCTyBada, IO JIETUTH Y
JMTaKy y BiAps/DKeHHA i He Oakae BTpadatH 4Yac mapoMm. HoytOykm
KOIITYIOTh 3BUYAifHO B KiJIbKa Pa3iB AOpOKYE, HiXK HACTUTHHI KOMITIOTEPH
3 QHAIOTIYHUMHM XapakTepucTHKaMHu. Ha HOyTOyKax BHKOPHCTOBYIOTHCS
Ti K OTEpaIiiHi CHCTEMH, IO ¥ /I HACTUILHUX KOMITIOTEPIB (HAPUKIIA],
Windows a6o MacOS). XapakrepHUMH pUCaMH NOPTATHBHHUX
KOMI'I0TePiB € BCULIKI yOynoBaHI mopTu it ajgantepu st 0€3ApOTOBOIO
3B'SI3KY:

Wi-Fi (ogiuitino IEEE 802.11) — Bua pamio3s's3Ky, IO J03BOJISE
NparoBaTi B 0e31poToBiit Mepexi i3 npoaykruBHicTio 10-100 meradir y
CeKyH/ly (BHKOPHCTOBYETHCS 3BHMYallHO Ha KOH(EpEHLisX, y TOTeNsX, Ha
BOK3aJlaX, aeporopTax — TOOTO B 30HI pajiycoM y KilbKa COTEHb METpiB
BiJl JKepelia puioMy-Tiepeadi);

Bluetooth — Takox pamio3B's130k Ha OLIBII KOPOTKUX BiJICTAHSIX
(10 — 100 m mas Bluetooth 3.0), BUKOpPHCTOBYBaHa MJisi B3aEMOJIl
KOMIT'IOTepa 3 MOOIJIbHUM TeJIe()OHOM, HABYITHUKAMH, TIEEPOM 1 1H.
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3oBHIiIIHI MPHCTPOT (TOIATKOBI JKOPCTKI TUCKH, IPHHTEPH, 1HOI1
HaBiTe DVD-ROM) migxmouarotees 10 HoyTOyKa gepe3 moptu USB. Ille
pokiB 10 Hazagm Ha HOyTOyKax akKTHBHO BHKOPHCTOBYBAJINCS
ingpauepsoni moptu (IrDA), siki, omHak, He3pyUHi, TOMY IO BUMArarTh
npucytHOCTi "BinnmosigHoro" IrDA — mopTy iHIIOTO MPHUCTPOIO Ha BiACTaHI
20-30 cM Bix mopty HOyTOYKa, IIPH BIACYTHOCTI MiXK HUMH ITEPEIIKO/.

IHmra xapaktepHa puca HOYTOYKIB — IIe HasBHICTh KapJI-pUIEPOB
— TOPTIB /IS YWTAaHHS BCUIAKUX KapT HaM'siTi, BUKOPHUCTOBYBaHHX Y
MOOUTBbHHX TenepoHax abo 1MppoBHX (oTOKaMepax; 3ade3neuyeThes
takox iHTepdelic FireWire (odiniiino — IEEE 1394) mis migxmodeHHs
uudpoBoi BijeokamepH; TaKMM YHHOM, HOYTOyKH J00pe MpHUCTOCOBaHi
JUIsL BBEICHHS, OOpOOKM U BIATBOpPEHHs OOpPOOKHM MYJIbTUMEAIHHOT
iHpopmanii. HuHI mOpTaTUBHIIA KOMITIOTEp € MaiKe B KOYKHOTO CTYJICHTA,
BiH BHKOPHCTOBYETHCS IS MIATOTOBKH JO BINMOBiAI Ha icruTi, abo mis
piIIeHHS 3aBAaHb MPAKTHKYMY, IHOJI IIPSIMO B YHIBEPCHTETCHKOMY Oy(eTi.
OpxuH i3 KpUTHYHUX TTapaMeTpiB HOYTOyKa — yac poboTu ioro OaTtapei 6e3
MiA3apsaKy; Dyke 1o0pe, SKIIo el yac CTaHOBUTH Nopsaky 10 roxuH, mo
ITOKH TTOPIBHSHO PigKO 3a3BHYAl Iell Yac CTAaHOBHUTH HE OiNbINE 5 TOIWH.
[Monynspuuii pi3HOBWA HOYTOyKa HHMHI — L€ HeTOyK - HOYTOYK,
NpU3HAYCHUI A1 pOOOTH B MEpeKi, 3BUYAiHO MEHII MOTYXXHUH 1 TOMY
OLIBLI JENIEBHH, @ TAKOXK OLIBII MiHIATIOPHUH.

KumenbkoBi nopratusHi komn'totepu i opranaiizepn (KIIK,
handhelds, personal digital assistants — PDA) — ne "irpamkw s
nopociux" 'y BHTIIAI MIHIQTIOPHOTO KOMI'IOTEpa, IO MICTHTBCS Ha
JOJOHI ab0 B KHWIIEHI, ale IO CBOIH INBHUAKOMII IHOOI HE YCTyIae
HOyTOYKY. [Ipm BCiit mpuBabmuBocTi, cepito3ni Heponmiku KIIK, 3 mormsmy
aBTOpa, - 1€ HEe3pPYYHICTh BBeACHHS iHQopmamii (ZOBOAUTHCS
KOPHUCTYBATHCS TTAIMIKOI0-CTAMIIyCcCOM, - aJ’Ke He HOCUTH X i3 co0oto e i
TPOMI3/IKY KJIaBiaTypy), a TakoX He3py4YHICTh YHMTaHHA iH(popmarii Ha
MaJIeHbKOMY E€KpaHi.

Cyuachi KIIK matoTh ¢akTudHO Ti * NOPTH il ajanrtepu, 1o i
noytoyku - Wi-Fi, Bluetooth, IrDA, USB. Onepauiiiai cucremu s KITK
ananoriuni OC 1y HOyTOYKiB, ajie Bce-TaKd BPaxOBYIOTh OijblIe TBEPIi
obmesxxenHst KIIK mo oOcs3i omepatuBHOi mam'sti. ¥V me#t gac qms KIIK
mmpoko BuKkopucToByeTbes OC Windows Mobile - ananor Windows s
MOOUTBHHX TIpHCcTpoiB. [loHenaBHa Oysia TakoX IIMPOKO IOIIMPEHa
PalmOS ans opranmzaiizepie Tumy PalmPilot ¢pipmu 3COM. 3posymino,
st KIIK e amapatypa it mporpaMHe 3a0e3nedeHHs IS I JKITIOYEeHHs 10
HOyTOyKa 200 HACTUIFPHOTO KOMI'FOTEpa 3 METOK CHHXPOHI3alii JaHWX,
110 3a0e3reuye J10/JaTKOBY HaiHHICTb.

Mobinbai nmpuctpoi (mobile intelligent devices — mobinbHi
TeaedoHH, KOMYHIKATOPH) — Ii€ TPHUCTPOi, SKAMH KOXHHH 3 Hac

20



KOPHUCTYETHCS TTOCTIHHO ISl TOJIOCOBOTO 3B'SI3KY, Piflie — Ui 3a1ucy abo
00po0KH sKOI-HEOYAb iHpOopManii ado 1yt Buxoxy B [nTepHer. Haitbinpm
BaXUJIMBI TapaMeTpy MOOITPHOTO MPHCTPOI0 — M€ SKICTh TOJIOCOBOTO
3B'SI3KYy ¥ 9ac aBTOHOMHOI poOotn Oarapei. OmHaKk Bce OUIBIIOTO 3HAYCHHS
HaOyBaroTh yOymoBaHi B HUX IH(poBi (HoTo 1 BigeokaMepH.

OmnepariiifHi cucTeMu AJsT MOOUTBHUX TPHUCTPOIB BiAPI3HAIOTHCS
OIJIBLIOI0 KOMIIAKTHICTIO, 4Yepe3 OulbIl TBEepAi OOMEXKEHHsS MO IaM'sTi.
Enoxa pomiHyBaHHA Ha pPHMHKY MOOUIBHHMX Tene(OHIB onepariifHux
cucteM THIy Symbian, 3aKiHUy€eTbCsl BOHH MOCTYMAIOTHCS MiclieM Oinblie
cyuacauM Google Android i Microsoft Windows Mobile. [y MoOimbHIX
npuctpois, sk 1 gt KIIK, nocuts BaknuBa xapakrepuctuka OC — ne ii
HAIIHHICTh, 30KpeMa, CXOPOHHICTh IaHUX MICJs TEPCIOBHCHHS MaM'sTi,
10 BUHUKAE, HANPHUKIAL, Y Pe3ylbTaTi MPUHAOMY BETUKOTo dmcia SMS-
[oBimomienp, iHTEHCHUBHOI (oTo- abo BimeosiiomMkn. Y MOOLTEHUX
TeneoHax BHKOpHCTOBYeThes Mmiardopma ("sumanus') JME — Java
Micro Edition, i Oyap-skuit MOOIBHUIN TenedoH, M0 BHUITYCKAETHCS OT
yxe Oinbre 10 poki, migTpumye Java. [Iporpamu Ha Java s MOOLTEHUX
TenedoHIB Ha3UBAIOThCA Mujjeramm (Bin abpesiarypu MID — Mobile
Intelligent Device).

Komn'iorepu, mo HocsaThbes, (wearable computers) - s
MOBCSIKAGHHOTO JKUTTS JOCHTh €K30TWYHI IPUCTPOI, OJHAK JUIs
cHeuiaJIbHUX ~ 3acTOCYBaHb  (Hampukian, yOynmosani B ckadaup
KOCMOHaBTa a00 B KapAiOCTUMYJSITOP) BOHH JKHTTEBO  BaXIIMBI.
3po3yMino, IXHS MaM'ATh 1 MBHAAKOIS 3HAYHO MEHIIE, Hi’K Y HACTLUTBHUX
KOMI'IOTEPIB, aje KPUTUIHUM (PaKTOPOM € iXHs HaJBHUCOKA HAMIWHICTb, a
JUI IXHIX ONEpamiifHuX CUCTEM 1 IHIIOTO MPOrpaMHOTO 3a0e3IeYeHHS —
MiHIMaBHUA MOMUIMBUN 4Yac BigmoBimi (response time) — iHTepBa,
MPOTSTOM SIKOTO cHCTeMa o00poOimsie iHGopMaIiio BiX [JaTYMKIB, Bix
KopucTyBaya a00 3  Mepexki, IepeBHIICHHS SIKOTO  3arpoXxye
katactpodiynumu Hacniakamu. 13 nporo normsay, OC anst komn'oTepis,
[0 HOCSITHCS, MOYKHA BiJTHECTH /10 CHCTEM PeaTbHOr0 4acy.

Po3noaineni cucremu (distributed systems) — e cucremu, 1o
CKJIAJIAIOThCSl 3 JCKITBKOX KOMITHOTEpiB, 00'€ZHAHUX y MPOBIAHY abo
0e31poToBy Mepexy. DakTU4YHO, Taki HUHI BCi KOMM'IOTEPHI CHCTEMHU
(3ramaete nemiz "Mepexa — ne komn'wrep"). Bei onepariiiHi cuctemMu
MIOBUHHI, TaKMM YHHOM, MiATPUMYBaTH PO3IOJUICHHH DPEXHUM PpPOOOTH,
3aco0M MepexeBOol B3aeMOAil, BHCOKOIIBWJAKICHY HaIiiHYy TNepeaady
iH}opmanii uepe3 Mepexy.

Cucremu peagbHoro 4acy ( real-time systems) -
o0unCITIOBaNIbHI ~ CUCTEMM, TNpPH3HAYEHI JUIs KEpyBaHHSA  PI3HUMH
TEXHIYHMMH, BIHCHKOBUMH H IHIIMMH OO'€KTaMH B PEXHMI peabHOTO
yacy. XapakTepu3yloThCsl OCHOBHOIO BHMMOIOIO JIO amaparypu i
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MIPOTPAMHOTO 3a0e3MEeUeHHs, Y TOMY YHCII 1O OmepamiifHol cucTeMu:
HENMPUMNYCTHUMICTh MNepeBHINEHHS dYacy BiamoBini cucremm, TOOTO
04iKyBaHOTO Yacy BUKOHAHHS THITOBOI oreparii cuctemu. ns OC BuMoru
peaNbHOro 4acy HaKJIaZaloTh JOCHTH TBEpAI OOMEXCHHS - HAIPHUKIAM, B
OCHOBHOMY ITUKJII POOOTH CHCTEMH HETIPUITYCTHMI IIepepuBaHHs (TOMY IO
BOHH NPHUBOIATH [0 HENPUIYyCTHMHX THMYacOBHX BHTPAaT Ha IXHIO
00po0OKy). CHCTeMH peallbHOTO 4Yacy - OcOOJHMBa JOCHTH Cepilo3Ha i
cneuudiyHa 00s1acTh, BUBYECHHS SKOT BUXOJUTH 32 PAMKHU JIAHOTO KypCy.

HaBenenuit ornsn pmae  Jeske NOAaHHS MpO  PO3MaiTicTh
KOMIT'IOTEPHUX CHCTEM y Haml 4ac. /Iyl KOXKHOi 3 HUX IIOBHHHa OyTH
po3pobiieHa ajieKBaTHa olepaliiiHa cucTeMa.

KaacudikaLis KoMmn'toTepHUX apXiTektyp

KoMm'toTepHi cucTEMH BiJpi3HSIOTHCS MK COOOI0 HE TIJIBKH I10
CBOIM IapaMeTpaM i CBOEMY NPH3HAYCHHIO, ajle i 10 CBOIM BHYTpILIHIM
apxiTeKTypHUM NpUHOHIAM. HaWOumemm BimoMmi HACTYNHI MiAXOIH IO
apXiTEeKTYpH KOMIT'FOTEPHHUX CHCTEM.

CISC (Complicated Instruction Set Computers — komn'iorepu
3 YCKJIAAHEHOI0 CHCTEMOI0 KOMAaHA) — ICTOPHYHO MepIIui MiAxid 1o
KOMIT'FOTEPHOI apXiTEeKTypH, CYTh SIKOTO B TiM, 1[0 B CHCTEMY KOMaHI
KOMIT'IOTepa BKJIIOYAIOTHCS CKJIAJHI 1O CEeMaHTHIl omepalii, o
peasi3yloTh THIIOBI Aii, 4aCTO BUKOPUCTOBYBaHI IPU IPOrpaMyBaHHi i pu
peamizaiiii MOB — HANpPHUKIAJ, BHKIAK PEKYPCHBHUX MPOLEAYpP 1
AaBTOMAaTH4YHE BIJHOBJICHHS JIUCIUICH-pEricTpiB, TIpyIoBi  onepauii
nepecuiaHHs psAkiB 1 MacuBiB 1 iH. TunoBumu npeacraBaukamu CISC-
Komn'torepiB Oynm: i3 3aKOpIOHHUX KOMITIOTEPHUX CHCTEM — MAIlUHH
cepii IBM 360/370, 3 BiT4n3HSIHUX — 0araTompoIecopHi 00UUCTIOBAIbHI
kommiekcn  (MBK) "Easopyc". B IBM 360, nHanpukman, Oyma
peamizoBana komaHma MVC (move characters), mo BHKOHyBaia
TIepeCcUIaHHs MacUBY CHMBOIIB (psAIKa) 3 OAHIET 00NacTi mam'ati B iHIIY,
NPUYOMY aJpecH JDKepena, ojepXKyBada W JIOBKMHA II€PEeCHIIAEMOT
CTpiuKM 3amaBajmcs B perictpax. B "EmsOpyci" OyB amapaTHO
peani3oBaHuid y 3araJbHOMY BHJII BXiJl y TIPOLEAYPY 3 Mepenadyero depes
CTeK IapaMeTpiB, BiTHOBICHHSAM IUCIICH-PETICTPiB, IIO BKa3ylOTh Ha
JMOCTYIHI TIporieAypi 00JacTi JOKaNIbHUX AaHMX. [HIMHA TpUKIag — B
"EnpOpyci" koMaHAa 3YNTYyBaHHS B CTEK 3HAYCHHA MO 3aJaHid ajapeci
3MIACHIOBANIa aBTOMAaTHYHUH TPOXif "HENPSIMOTo JIAHITIOKKA" 3a3/1a1eriab
HE BIJIOMOI JIOBKMHHU — SIKIIO 3HAYECHHS BUSIBIISUIACS TAKOX aJpPECOI0, TO
BinOyBaocs 3UMTYBaHHS B CTEK 3HAYEHHs 110 HOMY H T.I., JJOTH, ITOKH
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3YNTaHa B CTEK BEIMYMHA HE BUSIBUTHCS 3HAYCHHSM, a HE aJIpecoro. 3
ogHOTO 00Ky, 3po3ymine mparHeHHs aBTopiB CISC-ApxiTekTyp 3poOuTH
amapatypy fK MoxHa Outem "po3ymHOi". 3 iHmoro Oo0Ky, TBepue
"BmMTTA" CKJIAQJAHUX alNTOPUTMIB BHUKOHAHHA KOoMaHI B "3amizo"
MIPUBOIMIIO 0 TOTO, IO arapaTypa BUKOHYBaJa II0pa3 JESKUH 3aralbHUN
AITOPUTM KOMAaHIM, IO BHUMAaraB JECSITKiB ab0 HaBiTh COTEHb TAKTiB
IpoLecopa, aje ONTHMI3yBaTH BUKOHAHHS IIMX KOMaH/ i3 BUKOPUCTaHHIM
KOHKpETHOI iH(opMarii Ipo JOBXHUHY psJIKa, HENPSIMOTO JIAHIIOKKA U T.J.
MOXJHBOCTI He Oyno. Iumwmit Hemomik CISC-ApxiTekTyp y TiM, 10
noAiOHI TpymnoBi omepamnii Ha 4Yac iXHBOTO BHMKOHaHHS (aKTHYHO
NpUNMHSUIM poboTy KOHBeepa (pipeline) - peanmizoBaHoi B Oyab-sKiid
KOMIT'IOTEpPHIA  apXiTeKTypi amapaTtHOi ONTUMi3alii, NapajeIbHOro
BHKOHAHHS JEKITBKOX CYCITHIX KOMaHIl 32 YMOBHU IXHBOI HE3aJIe)KHOCTI
OJIMH Bi/l OJTHOTO 32 TaHUMH.

RISC (Reduced Instruction Set Computers — kommn'torepu 3i
CIPOIIEHOI0 CHCTEMOK) KOMAH/I) — CHPOIICHUH MiIXiT IO apXiTeKTypH
KOMI'IOTEpiB, 3alpoONOHOBaHWK Ha modatky 1980-x pp. mpodecopom
Hasunom I[latrepconom (yaiBepcureT bepxim, CIIA) i #oro crymseHTOM
JoBunoM Jlurtienom (3roloM — BEJIMKHM Y4E€HHM, KEPIBHHKOM KOMIIaHii
Transmeta). Ilpuknamu cimeiicte RISC-Kommn'worepis: SPARC, MIPS,
PA-RISC, PowerPC. [lpuHiunu [gaHOTO MiAXOMYy: CHPOIICHHS
CEeMaHTHKH KOMaHJ|, BIJCYTHICTh CKJIaJHHX TIpYyNOBUX oOmepamii (ski
MOXYTb OYTH peaii3oBaHi MOCIIJOBHOCTSMH KOMaH/I, IO MICTSTh I[HKIIH);
O/HaKOBa JOBXHMHAa KomaHp (32 Oita — apxiTekrypa Oymna po3pobiecHa
po3paxoByroun Ha 32-0iTOBi MpoOIecOpH); BHKOHAHHSA apUPMETHIHUX
omepamid TITBKM B pETicTpax i BUKOPUCTAHHS CIEIallbHUX KOMAaHI
3YUTYBAHHS 3 ITAM'SITi B PETICTP i 3amuCy 3 pericTpa Ha 3rajKy; BiICYTHICTh
CIIEIiali30BaHUX PEricTpiB (HAPHUKIAA, TUCIUICH-PETICTPIB A aapecarii
JOCTYITHUX 00JIacTeH JIOKAIBbHUX JIJaHHUX y CTelli); BAKOPUCTAHHS BEJIMKOTO
Habopy pericTpiB (peecTpoBoro (aiiay) 3arajgpbHOr0 npusHadeHHs — 512,
1024, 2048 pericTpiB i T.1., 3aJI€KHO BiJi KOHKPETHOI MOJEII MIPOIECOpa;
nepejiaya Mpv BUKIMKY MPOIEAYp MapaMeTpiB uepes perictpu. [lomiona
apXiTeKTypa Ja€ MIMPOKHA TPOCTIp Ui ONTHMHU3AIN, BHKOHYBaHHX
KOMIIUIATOPaMH, M0 # JEeMOHCTPYIOTh KomminsTopu Sun Studio po3poOku
¢ipmu Sun / Oracle nnst OC Solaris i Linux. RISC-Apxitekrypa noremnep
BUKOPHCTOBYETHCS TP PO3pOOIII HOBUX KOMI'TOTEPIB.

VLIW (Very Long Instruction Word — komm'totepu i3
IIHPOKUM KOMAHIHHMM CJIOBOM) — IiXiJ{ 10 apXiTEKTYypH KOMII'TOTEPIB,
mo ckimaBes B 1980-x — 1990-x pp. OcHoBHa ijes maHOTO MWiAXOody —
CcTaTHYHe TJIAHYBAHHS NapajelbHUX 004YMCJIeHb KOMMIIIATOPOM Ha
piBHI OKpeMHX TOCITiJOBHOCTEH KoMaHA 1 migkomana. [lpm nawiid
apxiTekTypi KokHa KomaHga € "mmpoxorw" (long) i wMicTuTh
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MiIKOMaHIH, SIKi BUKOHYIOTHCSI ITApaesIbHO 32 OJUH MAIIMHHUN TakKT Ha
JEKITPKOX OJHOTHIHUX HPHUCTPOSIX Mpoliecopa — HANPHUKIAA, y TaKOMY
KOMI'IOTepi MOke OyTH JBa MPHUCTPOI JOAaBaHH:, /1BA JOTIYHUX IPUCTPOI,
ZIBa TIPUCTPOI U BUKOHAHHS MEPEeXO/iB i T.J. 3aBOaHHAM KOMIIUIATOpA €
ONTHMAJIbHE IUIAaHYBAaHHS 3aBaHTa)KCHHS BCIX IIMX MPHUCTPOIB y KOKHOMY
MaIIMHHOMY TaKTi # TeHepalis TakuxX (MIHUPOKNX) KOMaHI, SKi JO3BOJIIIN
0 oNTUManbHO 3aBAHTAXKUTU HAa KOXXHOMY TaKTi KOKHHMU 13 IPHCTPOIB.
JlocTOTHCTBOM Takoi apxXiTeKTypH € MOXKIIHMBICTh pacrapaieiioBaHHs
oOuncnenb, HemojmikoM — cknaaHicte (y mopiBHsHHI 3 RISC-
ApxiTektypor). Ilpukmanu KOMI'IOTEpPIB  TakMX — apxiTeKTyp: i3
3akoppoHHUX — komm'torepu Cray X/MP, Cray Y/MP i iH., po3po6ineHi
komn'torepauM rexiem Cisit mypom Kpeem (Cray) i #oro ¢ipmoro Cray
Research; 3 BiTYM3HSHHX — 0araTompoOIECOPHUH OOYUCITIOBATLHUN
kommekc "Ems0pyc-3".

EPIC (Explicit Parallelism Instruction Computers -
KOMI'IOTePH 3 SIBHUM pacnapajieJIOBaHH]IM) — TII0 apXiTeKTypi
aganoriuai VLIW, ane 3 psmoM BaKIMBHX YIOCKOHAJICHB: HATIPHKIIAT,
CHEeKYJATHBHUX OOYMCIICHb — MApaJENBFHOTO BHKOHAHHS 000X TLIOK
YMOBHO{ KOHCTPYKLii 3 oO4ucieHHsM ymoBu. [ligxim 3mokuBcs Ta
BUKOPHCTOBYETHCS 3 1990-X pp. [Ipuknanu nporecopiB JaHoi apxiTeKTypu
- Intel 1A-64, AMD-64.

Multi-core computers (6araTtosizepHi komn'loTepuH) —
HAWOIIBII IIMPOKY TOMYJSIPHICTh OJiepKaJla y Hall 4ac apXiTeKTypa
KOMI'IOTEPIB, JIe KOXKHUI MPoIlecop Mae KibKa sijiep (cores), 00'e THAHUX
B OJHOMY KpHCTali W MapajelbHO NpAIIOI0YMX Ha OXHIA 1 Til ke
3arampHifl maM'aTi, MO Ja€ IMHPOKI MOXKIMBOCTI I TMapajelbHUX
oOuncnens. Jlyxe Bimomi 6aratosimepHi mporecopu ¢ipmu Intel (Cure 2
Duo, Dual Core i iH.), a TakoX TOTYXKHI 6araTosizepHi mporecopu dipmu
Sun / Oracle: Ultra SPARC-T1 (“'Niagara') - 16-saepuuii mpoiecop;
Ultra SPARC-T2 ("'Niagara2') — 32-suepuuii mpoiecop. Bcei mpoBigai
¢bipMu  cBiTY 3alHITI pPO3POOKOIO 1 BHIYCKOM Yyc€ MOTYTHIIINX
OaraTosiiepHUX mporecopiB. BimnmoBigHO, TBOPII ONEpAIifHUX CHCTEM
JUIsl TAKMX KOMI'IOTEPIB pO3po0isitoTh 6a30Bi 0i0nioTEeKH mporpam, Mo
JIO3BOJISIIOTH IIOBHOO MipoIo BUKOPHUCTOBYBAaTH MO>KIIMBOCTI
napasiesi-HOro BUKOHaHHS Ha GaraTosiiepHHX MPOIecopax.

Hybrid processor computers (komn'ioTepu 3 riOpuAHUMH
npouecopamMm) — HOBUH IMiAXiM O apXiTeKTypH KOMI'IOTEPIB, IIPU IKOMY
npoLecop Mae TiOpMAHY CTPYKTYpY — CKJIAJaeThes 3 (6araTosigepHoro)
HeHTpasbHoro mpouecopa (CPU) 1 (Takox GaraTosiiepHoro)
rpagiunoro mpouecopa (GPU - Graphical Processor Unit). Taxa
apxiTekTypa Oyna po3pobieHa, y 3B'I3Ky 3 HEOOXiJHICTIO HapajeibHOI
00poOku Tpadiunoi W MynpTHMexiiHO{ iHOpMamii, MmO 0COOIUBO
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aKTyalbHO Ui KOMITIOTEPHHX irop, TIeperiigy Ha KOMITIOTepi
BHCOKOSIKICHOTO IU(pOoBOTO Bifeo Ta iH. [10puaHa apXiTeKkTypa € HOBHM
"{HTeNeKTyaTbHUM BUKIMKOM" IS pO3pOOIIOBAadYiB KOMIIUIATOPIB, SIKAM
HEOOXiTHO pO3pOOMTH ¥ pealti3yBaTH aJeKBaTHHN HaGip ONTHUMHU3AIIN K
JUIS TIEHTPaJNBHIX, TaK i [ rpadiganx nporecopis. [IpukmagamMu Takux
apxitekTyp € HOBi npouecopu ¢pipmu AMD, a Takox rpadigHi mpomecopu
cepii Tesla ¢pipmu NVidia.

OCHOBHi KOMMOHEHTH onepaLiMHOT CUCTEMH

Posrnsinemo Tenep ocHoBHi yacTuau OC.

Slapo (kernel) — HU3BbKOpIiBHEBA OCHOBA OY/b-AKOI1 OmEpamiiHOL
CUCTEMH, sKa  BUKOHYETBHCS anaparyporo B 0cO0IMBOMY
npuBiieiioBanoMy pexumi. Snpo 3aBaHTaXYEThCS y MaM’ATh OJHUH pa3 i
nepeOyBae B HaM'siTi pe3uAEHTHO — MOCTIHHO, [0 OJJHUX 1 THX e aJpecax.

Hincucrema ynpasiainaa pecypcamu (resource allocator) —
YacTHHA OMNEpaliiiHOl CHCTEMM, IO YNpPaBiIie OOYMCIIOBATHHUMHU
pecypcamMu KOMITIOTEpa - OINEPAaTHBHOIO I 30BHIMIHBOIO ITaM'STTIO,
MIPOIIECOPOM 1 iH.

Ynpasasiroua mnporpama (control program, supervisor) —
migcucrema OC, 1o ynpaeise BHKOHAaHHSIM IHIIMX TIporpaM i
(YHKI[IOHYBaHHSM IIPUCTPOIB BBOAY-BHBOLY.

ApxiTeKtypa KOMM'tOTEPHOI CUCTEMMU

Komm'toTepHa cucreMa Mae MOAYIbHY CTPYKTYpy. st KoskHOTO
NpUCTporo (HaM'siTh, 3O0BHIMIHI TMPHUCTPOi) y CHCTEMI € crelialbHUl
MPUCTPIA ympaBiiHHA ({HAKIIE KakKydH, CIICIIabHUHA IPOIEecop), SKUH
HA3WBAETBCA KOHTPOJepOoM mnpucTpor. Bcei momyni  (meHTpambHUMA
MpoLecop, MaM'sTh 1 KOHTpOJIep MaM'sTi, 30BHIIIHI HPUCTpOi Ta iXHI
KOHTpOJIEpH) 3'€HAHI MK COOOI0 CHCTEMHOI0O IIMHOK (system bus),
4yepe3 sIKy BOHH OOMIHIOIOTBCSI CUTHaJIaMH. SIK MU BKe 3Ha€MO poOOTOIO
KOXKHOTO KOHTpoJiepa Kepye ApaiiBep - CIelialli3oBaHa HH3bKOPiBHEBa
mporpama, 1o € yactuHowo OC.

Och THTIOBAa CTPYKTypa Cy4acHOI HAcTUTbHOI ab0 MOPTaTUBHOI
KOMI'IOTEPHOI CUCTEMH, i3 BKa31BKOIO HAWIONIMPEHIMNX THIIIB MPUCTPOIB
1 IXHIX XapaKTepUCTUK.
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Puc. 1.2. ApxiTekTypa KOMII'IOTEpHOT CUCTEMH

HenTpanbHmii mpoumecop — NPUCTPiH, IO BHKOHYE KOMAaHAH
(instructions) komm'rtoTepHOT cucTeMH. Y CyYaCHHX KOMIT'HOTEpax, SIK
MIPaBUJIO, BiH € GaraTosiiepHUM, TOOTO Ma€ y CBOEMY CKiaii Bix 2 mo 32
simep (Komii) mporecopa, o mapaielbHO MpPaIioTh y 3araibHild mam'sTi,
abo riOpugHHEM, IO CKJIAJA€ThCS 13 IEHTpambHOrO I rpadigyHOro
nporecopiB. [IpoaykTuBHicTE KOXHOTO siapa — 3 — 3.2 GHz. ITomitumo,
IO MiX MPOXYKTUBHICTIO PO3YMIETBCS B I[BOMY BHIIQJIKy TAaKTOBa
4acToTa npoiecopa (s/1pa) — 4ac BUKOHAHHs HUM OJHI€T HalnpocTimoi
MarmHHOI KoMauau. OfHAK € ¥ 1HIII BaXJIUBI (PAKTOPH, 110 BU3HAYAIOTH
3arajbHy MPOJYKTUBHICTH CHUCTEMH, - TaKTOBa 4acToTa NaM'sTi W
cucreMHOi MmMHU. DaKTUYHO MiJCYMKOBY HPOJYKTHBHICTh CHCTEMHU
MOJKHA OI[IHUTH IO CaMiil MOBIIBHIN 13 UX YACTHH CHCTEMH (3BUYANHO 1€
cucremHa mmuHa). LI XapakTepucTHKH HEOOXiZHO OpaTH 10 yBaru Impu
BHOOPI 1 TOKYTII KOMITIOTEpA.

OmnepaTnBHa (OCHOBHA) MaM'fTh, a00 MPOCTO MAM'ATH —
NIPUCTPIi, 0 30epirae oOpoditoBani gaHi. Oocsr nam'sTi - 1 - 16 riradair
1 OiyplIe; MEHIMK 00CST IaM'siTi BUKOPUCTOBYBATH HE PEKOMEHIYEThCS,
TOMy IO Il MOXE€ IPHUBECTH A0 3HAYHOTO BIOBUIBHEHHS CHCTEMHU.
TaxroBa yacrora nam'sti - 667 MHz - 1.5 GHz.

CucreMHa IIMHA — TPUCTPIH, IO SKOTO MpUENHAHI BCI MOy
KOMI'IoTepa W depe3 SKWH BOHM OOMIHIOIOTBCS CHUTHAJIAMH, HAIIPHUKIAT,
npo niepepuBanHs. TakroBa yactota mmHu — 1 — 1.5 GHz (11e i € pakTraHO
SAKach CyMapHa MPOAYKTUBHICTh CHUCTEMH). 3BHYATHO BUKOPHCTOBYETHCS
mmua tamy PCI (Personal Computer Interface). Jlo uei moxyts 6ytu
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MIpUEAHAH] MPOIEcop, MaM'sITh, TUCKH, IIPUHTEP, MOAEM i IHIII 30BHIIIHI
MIPUCTPOA.

Ilopru — mpuctpoi 3 pO3'€MaMU [y IMIAKIIOUEHHS 10
KOMI'IOTepa 30BHIIIHIX mpucTpoi. Koxkuuit mopT Mae cBiit koHTpomuep (i,
BIJINIOBITHO, CBiii ApaiiBep).

Haiiwactime BuxopucroByerbesi mopt USB (Universal Serial
Bus), 3 xapakTepHUM IUIOCKAM PO3'€MOM, po3Mipom mopsiaky 1 cm, i3
300pakeHHsaM Tpm3yoms. Jlo moprie USB  MoxyTp migkimodaTucs
OUTBIIICTH BUIIB IPUCTPOIB, MIPUIOMY IJIS IIHOTO HE MOTPiOHO HOMIEPEeTHBO
BIIKJTIOUATH KOMI'IOTEp 1 MiTKIIOYaTH TMPHCTPiA, IO IyXke 3pydHo. €
kimpka crasgaptiB USB 3 pizHoro mBuakoziero. HalnommpeHimmii HuHI
craagapt USB 2.0, mo 3a6e3neuye mBunkoxpiro nopry 240 — 260 meradirt
y cexkyHay. [ns mopiBHSHHS, momepenHii crapmapr — USB 1.0 -
3abe3neuyBaB ynume 10 — 12 meralit y cekynay. Posmisnatu tun USB-
IMopry Ha Bamim kommn'totepi MOXHa, SKIIO BUBECTH iH(OpMaLilo Tpo
npuctpiit; B Windows: Miii komn'iorep / (mpaBa KHONKA MHMII)
BaacruBocti / YerarkyBanus / Jucneryep npuctpoiB / Ilpucrtporo
USB. Ilpu nsomy koutposiep mopty USB 2.0 Oyme mo3HaueHHil sk
posmupennii (enhanced). Sxmo 1me He Tak, Bam HeoOXigHO
MonepHizyBaTu moptu USB abo cam koMm'rorep, iHaKime MpH 3amucy Ha
¢emxy Bam mosemerscs yekatu B 20 pasziB mosime (!). IcHyIoTh Takox
"mepeximauku" USB 1.0 -> USB 2.0. Hosithiit crasgapt USB 3.0,
peatizaliisi SKOTO TUTPKH ToYanacs, 3a0e3MednTh MIBHIKOIII0 He MeHI |
rurabita B cekyHny. o mopry USB MokHa migkimo4yaTH KiaBiatypy,
MHUIY, IPUHTEPH, CKAHEPH, 30BHIIIHI )KOPCTKI ITUCKH, (UICHIKK W HaBITh
TV-TwoHepn - npucTpol AJsi IPUHOMY TEJIEBI3IHHOTO CUTHANY 3 aHTEHH i
MOKa3zy TeNeBi3iHHOro 300pakeHHsT Ha KoMmI'otepi. Pekomenayerbes
KOXKHHM IIPUCTPIH MiJKIIIOYaTH 3aBXAW 10 Toro camoro mnopty USB,
1HaKIIe JUIg AeIKUX MPUCTPOoiB (Hampukiag, Toro x TV-TioHepa) MOXyTh
BUHUKHYTH NMPOOIIEMH.

Moptn COM (communication ports) — mOpTH AJIs i IKITFOYCHHS
Pi3HMX KOMYHIKALIfHNX TPHCTPOIB, HANPHUKIAA, MOAeMIiB — IPUCTPOIB
sl Buxomy B IHTepHer i mepemadi iHQopMarii mo aHaIOTOBii abo
uudposiit TesreoHHiH siHil. binb cTapa Ha3Ba cranmapty COM-Ilopry —
RS-232. Y xomm'torepax 10-15 — nitHpoi naBHuHN 10 COM-IlopTy "acto
MiIKIoyaiacs MHIIKa (3apa3 BOHA, 3pO3yMUIO, IIJIKIIOYAEThCS 4epes3
USB). Po3z’emn COM-IloptiB MatoTe aBa ¢opmarn — "Bemukuit" (3 25
KOHTakTaMu - Pins) i "mammit" (3 9 koHTakTtamu). Y CydacHHX
koMI'torepax 4acto posz’emu COM-Iloptu BimcyTHi, ane omepariiiHa
CHCTEMa, 3a TPAJMIIEI0, IMITY€e HasBHICT y cucTeMi Bipryaasaux COM-
HoptiB — yasmoBannx COM-IlopTis, sixi OC gx OM iHCTAJIOE B CHCTEMY
IIPY YCTAHOBIII, HANIPUKJIAJ, ApaiBepiB 11 B3aeMoii yepe3 Bluetooth abo
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gyepe3 kKabeiap KOMITIOTepa 3 MOOUTEHUM TpuCTpoeM. [Ipu npomy izmaHO
MOOiTpHUH TenedoH abo opraHaizep MoXke OYTH HiAKIIOYCHUH 10 MOPTY
USB (abo 3'emmanmii 3 KoMm'rorepoM 0e3 JAPOTSHUM 3B'S3KOM), aje
omHakoBO s B3aemonili 3 HUM OC BukopucToBye BipTyambsHuii COM-
[oprt, 3BMUaitHo 3 OimpImIM HOMepoM (Hanpukiazn, 10 ado 15).COM-Ilopt
iHaKIIe HA3WBAIOTh MOCJITOBHUM mopTom (serial port), Tomy 1o, 3
normsiny OC 1 npaiiBepiB, COM-IlopT — me CHUMBOJIBHHMH IIpUCTPIiH
TIOCITIZIOBHOT Jii.

Iopt LPT (Bix line printer), abo mapaJjieabHuii MOPT — I HUHI
BXKE€ 3acTapiuInii BUJA MOPTY JUIsl MiAKIIOYEHHS NpuHTepa abo ckaHepa, 3
TOBCTHM Yy TiepeTHHi Kabeiem i BemukuM po3'eMom. Bei HOBI Mogpeni
MpUHTEpIB 1 cKaHepiB mpamoroTe depe3 USB-Tloptu. Opmak iHOmII
JOBOJWTHCSI BUPILITYBAaTH 3aBAAaHHA IMIAKIIOUEHHS 1O HOBOTO KOMITTOTEpa
craporo npuHTepa. Skmo Ha komm'otepi Hemae LPT-Tlopty, noBoguThes
KyIyBaTH CHEHiaJbHUN IEpexifHuK, Mo marodaetbes 1o USB a6o
iHmmx mopriB. OxHak i TyT MOxIMBHN ciopnpu3 — po3'eM LPT-Ilopry
Ma€ TPOXHM He CyMicHI ofauH 3 omHuM Moaubikanii. Hespyunicts LPT-
IopTty B TiM, 1110 BiH BUMarae nomnepeaHp0 BUBaHTaXUTH OC 1 BUKITIOYUTH
MIPUHTED, 1 TUIBKHU MICNIs [IbOTO BUKOHYBATH NPHEIHAHHS J0 KOMITIOTEpa,
iHaKIIe MOXIIMBHHA BUXiJ 3 Jaay mpuHTepa abo komm'orepa. LPT-Tlopr
MOXe€, SIK TPABUIIO, MPALOBATH W I BBEACHHS iH(pOpMaii, HapuKiIam,
31 CKaHepoM, aie Uil OOTO0 TOTPiOHa HHU3BKOpiBHEBa yTHIIITa Setup,
3amyctuBIM 11 mpu 3aBaHTaxkeHHI OC, BcraHoBiTh mist LPT-Tlopry
cneiansHuil peskum podotu: EPP — Extended Parallel Port.

IMoptu SCSI i SCSI-Mpucrporo. SCSI (Small Computer
System Interface; BumoBmseThess "CKA3HM'", 3 HaroJoCcoM Ha MEPIIOMY
ckiani) — inTepdeiic, agantepu W MOPTH YIS MIAKIIOYEHHS LIMPOKOTO
CIEKTpa 30BHIlIHIX MPUCTPOIB — XopcTkux auckis, CD-ROM / DVD-
ROM, ckanepiB i in. Crangapt SCSI OyB 3anpornoHOBaHHMH Ha MOYATKY
1980-x pp. 1 oxepkaB IIMPOKE IMOUIMPEHHs, 3aBIsku (ipmi Sun, 110
IIMPOKO BUKOPHCTOBYBAJIA HOTO y CBOiX POOOUYMX CTAHLIAX. XapaKTEPHOIO
3pyuHOr0 MOXJmBicTIO SCSI € MOXIUBICTh MIAKIIOYEHHS 10 OJXHOMY
SCSI-TTopry ripasaan (manmoxkka) SCSI-IIpuctpois (1o 10), koxHMH
3 SIKMX Ma€ yHiKaJdbHUH Ui nanoro 3'equanus SCSI ID — gucno Big 0 1o
9, ycraHOoBiIOBaHe 3BMYaWHO Ha 3anHii maHenmi SCSI-Ilpucrporo.
Hanpuknan, 3a tpagumiero, SCSI ID ckanepa mopisHioe 4. Ha omHoMy 3
kiHiiB naHmoxkka — SCSI-TlopT 13 KOHTpojiepoM, Ha IHHIOMY —
TepMiHaTOp — MepeMuKad Ha 3a/Hii MaHeJi MPUCTPOIO, YCTAaHOBIIOBAHNN
y TeBHe TMONokKeHHsS sk o3Haka KiHog SCSI-Jlanmoxkka. Koxuuit
MPUCTPiH, KpiM ocTaHHBOTO, 3'eqHaHo 3 HacTymHuM SCSI-IIpuctpoem
cnemiansauM KabeneM. SCSI-Po3’em naramye pos’em mopty LPT, omnak
Mae 3 OOKIB cremjianbHi MeTaneBi 3axBath ("mamku'") Juist OUTBIIOL
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HamiHOCTI  mimkimrodeHHs. IlepeBara  SCSI, kpiM  MOXIHBOCTI
BHKOPHCTAHHS TIpIITHA TPUCTPOiB, y HOTO IIBMAKOIIl Ta HAIIIfHOCTI.
Panni momeni SCSI mamm mBuzakicte oOMiHy iH(opmarmiero mo 10-12
Mera0itT y cexkyHmy, 3apa3z - 240-250 merabitr y cekyHmy. € Kimbka
craagaptiB SCSI (y Tomy gucii - Wide SCSI, Ultra Wide SCSI), Ha xanb,
HE CYMICHHX IO PO3’€Max.

Iopt VGA (Video Graphic Adapter) BUKOPHCTOBYETHCS IS
MiIKIIOYEHHS ~ MOHiTOpa  (QMcIUIest), KepoBaHOro  rpadgiyHum
KOHTPO.J1epoM (IPOLECOPOM).

IEEE 1394 (FireWire) — mopTé i MiJKITIOYSHHS HU(PPOBUX
BiZeokamep abo ¢oroamapariB. XapakTepHa pHca — HEBEJIUKUI
ONMCKYYH TUIOCKMH PO3’€M HIMPHUHOIO 3-5 MM (€ JBa HOrO CTaHAAPTH).
[TopT mparoe B AYIUIEKCHOMY PEXHMi, TOOTO HO3BOJISE YIPABISATH HE
TIJTBKHU BBEJCHHIM iH(OpMAIIil 3 KaMepH B KOMITTOTEp, ajie i yCTaHOBKAMH
camoi KamepH (HANpHKIAJA, IEPEMOTYBaHHSAM CTPIYKH) 33 ITOIIOMOIOIO
KoMn'roTepHoi mporpamu (Hampukiaa, Windows Movie Maker). 3a
JIOTIOMOTOI0 TAKOTO K MOPTY MOXKE OYTH MiAKIFOYESHHH TaKOX TENEeBi30p,
mo Mmae iHTepdeiic FireWire. XapakTepHOO pHCOIO CydacHHX
komm'roTepiB € T1e, 1o FireWire-Iloptu MOHTYyIOTbCS MpsiMO Ha
MarepuHcbKiii muari (motherboard) — ocHoBHIl ApykoBaHiM miati
KOMIT'IOTepa, Ha sIKii 3MOHTOBaHI NpoLEecop 1 aM'sITb. Y TakuX BHIAIKaX
y TEXHIYHMX XapaKTePUCTHKAaX KOMIT'IOTepa 3BHYAHHO BKa3yeThCS:
"FireWire on board (ua 6opti)". Untauam peKOMEHIYEThCS HE TTYTaTH
FireWire 3 Wi-Fi — crangaprom mBuakoro 6e31poToBoro 3B's3Ky.

HDMI (High Definition Multimedia Interface) — intepdeiic i
MOPT, IO MO3BOJSIE MITKIIOYUTH O KOMI'IOTepa TeJeBizop abo iHIe
BiJIeOyCTAaTKyBaHHs, 110 3a0e3reuye HalKpamry siKicTb BinTBopeHHs (HD —
High Definition). Po3’em HDMI naragye po3’em USB. HDMI-Tlopt
BXOJHTh Y KOMIUICKTALIIO BCIX Cy4aCHUX MOPTATHBHHUX KOMIT'IOTEPIB.

Bluetooth — mpuctpiéi amst 6e3APOTOBOTO MiAKIFOUCHHS (32
JIOTIOMOTOI0 ~ Pajio3B'sA3Ky) O KOMIT'IOTEpa MOOUIBHUX Tesie(OHIB,
opraHaiizepis, a TaK0X HaBYIIHHUKIB, TuIeiepiB i T.iH. 3pyunicts Bluetooth
y TiM, 110 KOMIT'TOTEp i Tele(OH 3aUIIA0TECS 3'€IHAHUMH, HaBITh SIKIIO
BifiliTH Bij KoMm'toTepa 3 Teie(oHOM Ha AEsKy BifcTaHb, He Oinpmie 10-
15 metrpie (Bluetooth 2.0). Hoemii cranmapt Bluetooth 3.0 3abesmeuye
B3aeMogito Ha Bimctani 200-250 M. 3BHYaliHO TOPTATHBHI KOMITHOTEPH
KOMIUIEKTYIOTbCc yOymoBaHMMHM ajanrtepamu Bluetooth, abo MoxHa
npunbatu amantep Bluetooth, mo migkmouaerscs depe3 USB. Hemomik
Bluetooth - BigHOCHO ManeHbKa cCyMapHa MIBUIKICTh Nepenadi iHgopmariii.
Hanmpuknan, npu mnepecwianHi Ha Komm'torep depe3 Bluetooth 3
MobOinsHOTO Tenedony Nokia 3230 mudposoi dortorpadii obcsirom 500
KiIo6aiT moTpiOHO yekaTw mopsiaky 10 - 15 cekyn.
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IndpavepBonuii mopr (IrDA) — mopr g miIKIFOYECHHS
HOyTOyKa 10 MOOUTBHOTO TenmedoHy (abo MBOX HOYTOYKIB OAWH IO
onHOTrO) dYepe3 iH(pauepBoHMI 3B'130K. Hespyunicte moptiB IrDA —
HEOOXIJHICTh YCTAaHOBKH NIBOX IPHCTPOIB, IO 3'€AHYIOTHCS, MOPYd, Ha
Bigcradi 20-30 cM oauH Bix oxHOTO, 0€3 (Qi3UYHUX MEePEeIKOA MK HIMHU.
IBuaxicte mepemadi ingopmarii — 10-12 merabit y cexynay. CydacHi
HOYTOYKH B)KE HE KOMIUIEKTYIOThCs opTtamu IrDA.

€ TakoXX MepeskHI NIpHCTPoi — MOpTH ¥ ajganTepu — I
IIKJIFOYSHHST KOMIT'IOTEpa J10 JIOKaJIbHOT Mepexi.

@yHKUiOHYBaHHS KOMN'IOTEPHOI CUCTEMM

[TepeBara onmcaHoro MOAYJBHOTO MiAXOAY 10 amapaTypH B TiM,
IO LEHTpaJbHUI Mpolecop, MaM'sATh 1 30BHIIIHI NPHUCTPOI MOXYTh
¢dyHKIIOHYBaTH napajenbHo. PoOOTOI0 KOXHOTO IPHCTPOIO YIIPaBJIsIEe
criemianbHU  KOHTposep. I[IpM HEOOXiTHOCTI BWUKOHAHHS BBEICHHSA-
BUBEJICHHS LEHTPAJIBHUI MpPOLECOp TeHEepye NEPEpUBaHHSA, Y PE3yNbTaTi
SIKOTO BHKJIMKAETHCS OIEpallifHa CHCTEMa, y CBOIO 4Yepry, SK peakiis Ha
NIepepUBaHHs 3allyCKaeThCs JpaiBep NPHCTPOIO, SKHUH aKTHBI3ye HOTO
koHTposiep. KoxHUI KOHTpoJep HpUCTPOI0 Mae JIOKambHHH Oydep —
creuianizoBaHy nam'sth JUis oOMiHY iH(OpMalier0 MiX KOMIT'IOTEPOM i
npuctpoeM. [yt Toro, 1mo0 KOHTpOJiep MIr 1Mo4YaTd BHBIiJ Ha NPUCTPIH,
HoTIepeIHbO  LIEHTPAIBHUI Tporiecop (TOYHille, JpaiBep NPHCTPOIO,
3amylieHUid Ha HbOMY) NOBMHEH IiepeciaTd iH(opMaiioo i3 3agaHoi
OUISHKA OmepaTHBHOI mam'sti B Oydep mnpuctporo. [ami KOHTpoJep
MPUCTPOIO BXXE BUKOHYE BUBIA iHpopMmauii 3 Oydepa Ha cam mpucrtpiid
(Hanpukiazx, 3amucye i1l B 3aJaHy JAUISHKY >KOpCTKoro pawcka). Ilo
3aKiHYeHHI O0OMiHy iH(OpMaIli€ro, KOHTpPOJEp TEHEpYyE CHTHAJ IIpo
nepepuBanHs (interrupt) mo cucTeMHIN mWHI, UM 1HQOPMYyOUYH
IIPOLIECcOp MpO 3aKiHYeHHs oneparii. st Toro, 1100 YHUKHYTH HOBTOPHHUX
Mepecuiialh BEIHKHX O00CATIB iH(poOpMamii, y CydyacHHX KOMI'FOTepax
3acrocoBytoTb  DMA (Direct Memory AcCess) — KoOHTpojepu —
KOHTPOJIEpH 13 TPsSMUM JOCTYIIOM [0 omepaTuBHOi mam'sti. Taki
KOHTPOJICPH BHKOPHCTOBYIOTH TpH OOMiHI 13 TPHCTPOEM HE CBOIO
CIemiai3oBaHy HaM'ATh, a HPSAMO IUISTHKY OIIEPaTWBHOI mam'sTi, ne i
po3Mimaerbes 60ydep oOMinHy.
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06po6ka nepepuBaHb

OmnepariifHy cucTeMy MOXKHa pO3IIAAATH K Hporpamy,
KepoBany nepepuBannsivu ( interrupt-driven program). IepepuBansst
LHEHTPANFHOTO TpoIlecopa Iepenae KepyBaHHSA Miamporpami o0poOku
JAHOTO BHUIY IEpPEpPUBaHb, sika € acTHHOI OC. Y OGUIBIIOCTI KOMITTOTEpiB
el MexaHI3M peaJi30BaHWI dYepe3 BeKTOp mepepuBaHb (interrupt
vector) — pe3uWacHTHHH MacCHB B OICPATHBHIA MaM'sTi, y SKOMY
30epiraloTbesi JOCTYIIHI 10 HOMeEpax IepepHBaHb aJpecH MiAnporpam-
o0Opo6moBauiB nepepuBanb (MoxyniB OC). Ilpu oOpobui mepepruBaHHS
amapatypa # OC 30epiraioTe ajapecy mnepepBaHoi KoMaHau. Ilpu
MOHOBJICHHI OO4YHCIICHh BUKOHAHHS IEpepBaHOl KOMaHIW Oyne 3HOBY
MOBTOPEHE.

OueBHIHO, IO PU 00POOILI epepUBaHHs, ¥ CBOIO YEPry, MOXKE
BUHUKHYTH IHIIE TIepepuBaHHA. Y IOMY BHNAAKY HOBE BXiJHE
nepepuBaHHs 3aTpumyerbes (disabled), i idopmamis mpo HBOTO
3armaM'sITOBYEThCSL B 4ep3i mepepuBaHb — cucTeMHil cTpykrypi OC, mo
3a0e3nedye Io4eproBy 00poOKy BCiX BHHHKIIUX IIEpEPHUBAHb.

KpiMm mnepepuBaHb, TEHEPYEMHX amapaTypord HESBHO NpH
OOYHCIICHHSAX, MOXJIMBO TaKOX NporpaMoBaHe mepepuBanus (trap;
JIOCIIIBHO — MACTKA) 33 JOIOMOIOI0 CHeliaIbHOT KOMaHu mpouecopa. Y
BUIIAJKy TaKOro IEPEepUBaHHS NpAlIOE 3aralibHUH MEXaHI3M 3aIlyCKy
o00poburoBaua nepepuBanHs - yacTuad OC. TakuMm 4uHOM, 31 CHPOIIEHOT
Touku 30py, OC MOXHA PO3IIIAAATH SIK HaOIp 00pOOIIOBaYiB MIEPEPUBAHb.

IIpu nepepuBanni OC 30epirae cTaH MPOIECOPA — 3HAYCHHS
pericTpiB i 3HaYeHHs JiYWJIbHUKA KoMaHA (program counter — PC) —
anpecu nepepBanoi komanau. O6po6moBau nepepusanHs B OC Bu3Hauyae
10 BMICTY CerMeHTa 00'€KTHOTO KOJy, SIKOTO BHIY NEpepUBAaHHS BUHUKIN
i Aki nii mo #oro oOpoOmi Bapro mowatu. Cepel MOXIMBUX BHIIB
MepepruBaHb, KpiM (Qikcaril pi3HHX MOMHIOK, € TAKOXK NepepHBAHHS 1O
TaliMepy — TepioAWYHI TepepuBaHHS dYepe3 IMEeBHMH KBaHT dacy,
NpU3Ha4YeHi JUIs ONUTYBaHHS mMpucTpoiB (polling) — xili omepauiiinol
CHUCTEMH TIO IepioAWYHIA TepeBipIli CTaHy BCiX MHOPTIB 1 30BHINIHIX
MIPUCTPOIB, IO MOXXYTh MIHATHCS 13 9acom: Hampukian, 1o USB-Tloprty
Oyma miakmrodeHa (uielnka; NMPUHTEP 3aKiHYMB ME4YaTKy W 3BITBHMBCA, i
1.1. OC BUKOHY€ peKoH(]Irypallito CHCTEMH i KOPEKTYyE CHCTEMHI TabIuILi,
110 30epiraroTh iHpopMaIlito Ipo NPUCTPOI.
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ApxiTeKTypa BBEAECHHS-BUBEAEHHA

Ha puc. 1.3 300pakeHO THMYacoBy [iarpamy IepepHUBaHb
npolLecopa, SKUi BUKOHY€E BBEICHHI-BUBECHHS.

Ll|-| BukoHaHHsa

KOPUCTYBabHMLIEKOTO
npouecy

O6pobka
nepepuBaHHs no
BBE/IEHHIO-
BMBE/IEHHIO

. BinbHo -
MpucTpiii
BBEAEHHS- Ine nepenaya
BblBEleHHs! [[aHnx

3anuT Ha 3anuT Ha
Mepepava Mepepava

BBE/IEHHSI- BBE/IEHHSI-
BUKOHaHa BUKOHaHa

BblBEZEHHS BbiBEfieHHs!

Puc. 1.3. TumuacoBa miarpama repepuBaHb IpoIiecopa Py BBECHHI-
BUBEICHHI

Ha pmiarpami BuIHI MOMEHTH 3MiHH CTaHIB IIpomecopa M
MIPUCTPOIO BBEJICHHSA-BUBEACHHS: NEPEPUBAHHS IO 3aIHTI Ha BBEICHHS-
BUBEJIEHHs, 00poOKa LBOTO NepepuBaHHs i nepecusianHs iHdopmauii 3
mam'siTi B Oydep mprcTporo, BUKIHK IpaiiBepa il KOHTpoJepa, 3aKiHICHHS
00OMiHy i IepepruBaHHs KOHTPOJIEPa, IPOJAOBKEHHSI 00UYHCIICHb.

€ n1Ba pi3HOBHIM PEXHUMY BBEJCHHSA-BUBEICHHSI — CHHXPOHHUM 1
ACHHXPOHHMIA .

CuHXpOHHe BBe/ICHHSI-BUBE/IEHHSI — LI BBEJICHHS-BUBEJCHHS,
BUKOHAHHS SKOTO NPUBOAUTH 10 MEPEXOAY MPOTPaMH B CTaH OUiKyBaHHS,
JIOTH, TIOKH OIlepallis BBEICHHA-BUBEICHHS HEe Oy/e MOBHICTIO 3aKiHYEHa.
Ha amaparHoMy piBHI — KOMaHIa BBEJCHHS-BUBEJCHHS II€PEBOJUTH
npouecop y craH ouikyBaHHs (idle) mo HactynmHoro nepepuBanHs. [Ipu
JAHOMY PEXHMi B KOXHHH MOMEHT BHKOHYEThCS HE OLIbIIE OIHOTO
3allUTy Ha BBEJCHHS-BUBEJCHHS; OJHOYACHE BBEJCHHS-BHBE/ICHHS
BiACyTHRO. CHHXpPOHHE BHBEIECHHS BUKOHYIOTH BiJIOMi BCIM Iporpamictam
omeparopu Buxy printin(x). [pu iXHpOMy BHKOPHCTaHHI B IpOTpamMax MH
HE 3aMHUCIIIOEMOCS HaJl TUM, [0 BUKOPHUCTOBYEMO JOCHTh Hee(heKTUBHHIA
BapiaHT CHHXPOHHOTO BBEJCHHsI-BUBEACHHS. OHAK MUCICHHS OiIBIIOCTI
MIPOTPAMICTIB - MOCTiAOBHE, Y TOMY PO3yMiHHIi, III0 PO CBOIO IIPOTpamy
BOHU MHCIIAITh SIK TIPO TIOCIIIIOBHO BUKOHYBaHY, 1 B3arajli He JyMaoTh IIpoO
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MOJUJIMBICTh SIKOTO-HEOYIb paclapalelioBaHHA. [Ipum HajaroKeHHi
mporpamu, abo SKIIO po3Mip BHUBENEHOI iH(OpMaIlii HEBEIHWKHH, IIie
LTKOM TPUITYCTHMO.

ACHHXpOHHe BBE/ICHHSI-BHBEJI€HHsI — BBCICHHA-BUBCICHHS,
BUKOHYBaHE IapaJielIbHO 3 BUKOHAHHAM OCHOBHOI mporpamu. Ilicis toro,
AK  TOYHMHAEThCS  ACHHXPOHHE  BBEICHHA-BHBCICHHS,  KepyBaHHS
BEPTAEThCS KOPUCTYBAJIBHUIBKINA Mporpami, 0e3 O4iKyBaHHS 3aBEpILCHHS
BBE/ICHHS-BUBECHHS (OCTAHHE MOXe OyTH BUKOHAHO CIELiaJIbHOIO SIBHOIO
omepariero). Takum 4YHMHOM, omepalis acHHXPOHHOIO OOMiHYy $K Ou
pO30OMBAETBECS Ha [Bi: NMOYATH BBedeHHS-BUBEAeHHS 1 3aKiHUYMTH
BBe/IeHHsSI-BUBeieHHsI. OCTaHHS BUKOHYETHCS UISL TOTO, LI00 Y IOMY
Micli Iporpama Bce-TaKd OYiKyBajia 3aBEpIUEHHS OOMiHY, SIKIIO HOTro
pe3ynpTaT HEOOXiMHMHA M MOJANBIIAX OOYMCIIeHb. Takwi migXig 1o
peauizarii 0OMiHy ORI BaKKUH TSI PO3YMIHHS MPOTpaMicCTaMu W MOXKe
NPUBECTH A0 IIOMWIOK (HAaNpPHUKIal, BHKOPHCTaHAa TUIBKH OHNeparLis

MOYaTKy BBE/ICHHSI-BUBECHHS, a BUKJIMK ollepallii i1 3aKiH4eHHs 3a0yTa).

TabAanua ctaHy NpucTpoiB

Ha cucremHoMy piBHI, mpu 0OMiHI BiZOYBa€Thcs HACTYITHE.
BuxonyeTbcst cucreMHuil BUKJAMK (system call) — 3anut no OC nuisixom
BUKJIMKY CHCTEMHOI HiANpPOrpamMH, y IbOMY BHUMAJIKy — IIO0 J03BOJUTH
KOpHUCTYBa4eBi OUiKyBaTH 3aBEpILICHH: BBeJeHHs-BUBeAeHH:. OnepauiiiHa
cucrema 30epirac TaOJIMII0 CTaHy NPHUCTPOIB, y SIKIi KOXHOMY
MIPUCTPOIO BIJIMOBIAE EIEMEHT, 1[0 MICTHThH THII MPUCTPOIO, HOTO aapecy
it cran. OC iHAEeKCye TaOJUII0 MPHUCTPOIB, 3 METOI0 BU3HAUCHHS CTaHY
MPUCTPOIO ¥ Momudikarlii ereMeHTa TaOMUIN IS BKIOYECHHS B HEl
iHdopMmaii npo nepepuBaHHs.

ApxiTekTypa CHHXpOHHOTO (a) i acuHXpoHHOTO (b) BBEICHHS-
BHBEJICHHS LTIOCTPYETHCS Ha puc. 1.4.

Ha cxeMi BHIHO, IO BiMITHOIO PHCOK CHHXPOHHOTO OOMIHY €
nepexij mporuecopa B CTaH OYiKyBaHHS JI0 3aKiHUEHHS oreparlii BBeJAeHHS-
BUBE/ICHHSI.
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B3anut Ha 06pobky B3anut Ha 06pobky
OYiKyBaHHS ouiky KopucTtysau
[LpaiiBep NpucTpoto [LpaiiBep NnpucTpoto
1 O6po6HMK NepeprBaHHsa " OGpaGorunk
Anpo . I npepbIBaHus Anpo
L Anapatypa | | Anapatypa
Mepepaya paHux = Mepenaya aaHux -

HAC e HAC e
(a) (b)

Puc. 1.4, ApxitekTypa CHHXPOHHOTO i aCHHXPOHHOTO BBE/ICHHSI-
BUBEICHHS

Ha puc. 1.5 mnokasano mnpukiajg craHy TaOnumi NpHCTPOIB
BBEJICHHS-BUBC/ICHHS, sKa 30epekeHa ormepaiiiiiHo cuctemoro. s
KO>KHOT'O IIPUCTPOIO 30epiraeTbest iHpopMaliis mpo Horo iM'si, CTaH, a Juis
3aiHATUX NPUCTPOIB — aJpeca Movyarky i JOBKUHA nopuii iHdopmauii, mo
miysarae ooMiny. SIKINO It AESKOro MpHUCTporo (y MpUKIami — JUCK 3) €
KiTbKa 3alUTiB Ha BBEICHHS-BHBEIICHHS, BCI BOHH OPraHi3ylOThCs B 4epry
1 00CITyTOBYIOTBCSI IO Yep3i, Y Mipy 3BLIEHEHHS MPUCTPOIO.

MpucTpini: CDMA-Mopem 3anuT fo
CraH: BinbHuit npuHTepa i
MpucTpi: MpuHTep3 Appeca: 25672 -
CraH: 3aitHsTuit [osxuHa: 1200
Mpuctpin: Ouckl
CraH: BinbHui
Mpuctpin: Ouck2
CraH: BinbHuit 3anuT o Ancky3 3anuT Ao Ancky3_|

Mpuctpin: [Onck3 o 1_

CraH:3anHatui —_
Dann: XXX Qann:YYY

Onepaduis:YutaHHs
Apgpeca: 32700
[osxuHa: 512

Onepadisi:3anuc
Apgpeca: 034500
[osxuHa: 256

Puc. 1.5. Tpuknaxa crany Tabmauuni 30BHiHIX npuctpoiB OC

Mpsmuii gocryn mo nam'sti (Direct Memory Access - DMA) -
Oinpr eeKTUBHMH MeEToJl poOOTH KOHTpOJIEPIB IPUCTPOIB BBEJCHHS-
BUBE/ICHHS, BHMKODHCTOBYBaHHH i1 pOOOTH  BHUCOKOLIBHIKICHUX
MIPUCTPOIB, 3ATHHUX TIepeaaBaT iHpopMailo 3i IBUIKICTIO, OJIM3HKOIO JI0
IIBUJIKOCTI POOOTH TaM'sTi.

DMA-KonTponep mnepemae 6moxk manux 3 OydepHOi mam'ati
Oe3mocepelHEO B OCHOBHY MaM'siTh, 0€3 ywacTi mpomecopa. llepeBara
MOJIOHOTO IIMPOKO 3aCTOCOBYBAHOTO MIAXOMy - HE TINBKH B TiM, 100
YHUKHYTH 3aiBOTO MEPECHIaHHS JaHWX 3 OJHi€l AUITHKU maM'sATi B iHIIY,
aJle TaKoX y TiM, 1[0 NEPEepUBaHHS B L[bOMY BHIIQJIKy I€HEPYEThCS Ha
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KOKHUH OJIOK JaHWX, IO TIIePECHIAIOTHCS, alleé He Ha KOXHHN
TepecuiaeMuil OalT, K MpH OUTBII TPAAHUIIFHOMY cIoc00i OOMiHY.

CTpyKrypa nam'si

OcHoBHa (omepaTHBHA) MaM'fiTb — €IWHA BEIIMKAa YacTHHA
mam'sTi, 10 K01 mporecop Mae 6esmocepenHiii qocrym. Sk Bimomo, ymict
OCHOBHOI IaM'ATi He 30epiraeThCs IMICHs Mepe3aBaHTAKCHHS CHCTEMH a0o
MCIA BUMHKAHHA KOMITIOTepa. 3OBHIilIHA (BTOPHHHA) NaM'fiTb —
PO3LIMPEHHsI OCHOBHOI MaM'sTi, 0 3a0e3neuye GpyHKIIOHANBHICTh CTIHKOT
( 10 30epiraeThes) MaM'sTi BETUKOTO 00CHATY.

Sk BTOpHHHA MaM'sTh HaifyacTille BUKOPHCTOBYIOTHCS KOPCTKI
mucku (hard disks). ®@i3u4HO BOHM CKIAJalOThCS i3 TBEPAUX IUIACTHH 3
MeTainy abo CKia, sIKi MOKPUTI MarHiTHUM IapoMm us 3amnucy. [ToBepxHs
JIMCKa JIOTIYHO IIMUThCS Ha AopixkkHM (tracks), sxi, y cBoiwo uepry,
IUIATBCS Ha ceKTOpPU. KoHTponep mucka BW3HAYAE JIOTIKY B3a€MOIIT MiX
MIPUCTPOEM 1 KOMIT'FOTEPOM.

Ipucrpiii JKOPCTKOTO JIMCKA MOKA3aHO Ha puC. 1.6.

JA0pOKKa [ €— IINHH1E]b

CeKTop S

roJI0BKa
MTCHHA -
3aMHCH

Bpaluenue

Puc. 1.6. Ilpuctpiii >kopcTKOTO ANCKA
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Sk BUAHO 3 pHCYHKa, WWJIIHAP - L€ TpyHa BEPTHUKAIBHO
PO3TaIIOBAaHUX OJHMH IIiJi OJHUM CEKTOpIiB PI3HMX MAarHiTHUX IUCKIiB 3
OJIHUM 1 THM K€ HOMEPOM JIOPIKKH.

Cucremn mam'sTi OpraHi3oBaHi B i€epapXilo, BUXOISIYU 3 IXHBOI
IIBUIKO/II, BapTOCTI # MOXKIHBOCTI 30epexeHHs iH(opMarii (cTifkocTi).
Hns omrumizamii poOOTH maM'siTi OyIb-SKOTO BHIY BHKOPHCTOBYETHCS
acomiaTuBHa mam'aTh (K3 — cache), sAka posramoBaHa B OUTBII
IIBUJKOMIIOYMX CHCTEMaX Mam'saTi, BOHA 30epirae eJIeMEHTH OUIbII
MOBUTBHOI Mam'aTi, SIKI YacTillle BHKOPUCTOBYIOTHCS. I3 IbOTO MOy,
OIepaTHBHY IaM'sITh MOXKHA PO3IJISIAAaTH K Kell JUIsl 30BHIIIHBOT aM'sTi.
Kemr-mam'site — 1e, mo cyti cnpaBH, acoliaTHBHUM CIHCOK map (Anpeca,
3HayeHHs), NPUYOMY amapaTHUN IOUIYK Y HbOMY BinOyBaeThcsl 3a
aZpecoro K 1Mo KiIody. TaknuM YWHOM, Tepel 3BEpTaHHAM IO MOBLIBHOI
30BHIIIHBOI MaM'ATi CIIOYATKY BiIOYBa€ThCS MONIYK IO 3aJaHIN aapeci B
KeII-aM'sITi, 1 SKIIO BiH HE MPHBIB JO YCIiXy, BUKOHYETHCS CTaHIApPTHE
3BEpTaHHS JO 30BHINIHBOI mam'stTi. [IpuHIMT KenyBaHHS TyXKe BaXKIUBHN
1 JO3BOJIAE iICTOTHO TPHCKOPHUTH POOOTY 13 30BHIMIHBOIO MaM'saTTi0. OIHAK
BiH BUMarae peaizallii ClemiatbHOl IMONITHKH KePYBaHHS KeI-TaM 'sSTTIo,
TOMY IIO KEUIyBaHHS BBOJAWTHb JOAATKOBUII piBeHb B iepapxii mam'sti i
BHUMArae Moro[)KCHOCTI JaHUX, 30€PESIKCHUX OJHOYACHO HA Pi3HUX PIBHIX
nam'sti. Anaparypa i OC miaTpuMyIOTh Kelll KOMaH[, Kell AaHUX, Kell
JKOPCTKOTO TUCKA i T.JI. — JJIS BCiX BHIIB TTaM'STI.

Iepapxist npuctpoiB nam'sati (y CIpOIEHOMY BWji) MOKa3aHa Ha
puc. 1.7

Bimprmre mBHOKi BHOM TaM'ATI Ha CXeMi pO3TAIIOBaHI BHIIE,
Oimpie MOBUTBHI - HIk4Ye. CxemMa 0cOONMBHX KOMEHTapiB HE BHMArae.
Jlesiki 9acTO BUKOPHCTOBYBAaHI BHIU 30BHINIHBOT TaM'sITi:

. ¢uemr-mam'site (uremka) — 30BHIMIHA MAM'SITh KOMIAKTHOTO
po3mipy, Momynb skoi migkmrodatoTees depe3 USB-Ilopr. [Mapamerpu:
o0csr - no 128 rirabaiit 1 6inbie; mWBUAKICTH 00MiHYy uyepe3 mopt USB
2.0: 240 — 260 mera0iT y cexyHay;

. 30BHilIHii kopcTkmMil Auck (ZIV drive i iHwmi) — obcsar no 1
Tepabaifta; mpaiftoe Takox uepes nopt USB;

BluRay — aucku — HOBHiT Pi3HOBHI KOMITAKT-IHCKIB BEIHUKOTO
00’emy (omHOOiuHI — 25 rirabait, aBocTopoHHi — 50 riraGaiir). s
MOPIBHSAHHS, CTaHAAPTHUN 00’ eM nucka DVD cranoButs 4.7 rirabairT.
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’ Kew-nam’saTb ‘

L

’ OnepaTuBHa Nnam’aATb ‘

L |

’ EnexkTpoHHui anck ‘

L

’ MarsiTHuin guck ‘

L

’ OnNTUYHUIA JUcK ‘

|

’ MarHiTHa cTpivka ‘

Puc. 1.7. lepapxis mpuctpoiB mam'sti

AnapaTHuUM 3axX1CT Nam'aTi i npouecopa

3 METOI0 CIUTFHOTO BUKOPUCTAHHS CUCTEMHHX PecypcCiB (TTaM'siTi,
IpoIiecopa, 30BHIMIHIX MPHUCTPOIB) IEKUIFKOMa MpoTrpaMaMu, MOTPiOHO,
mo0 amapaTypa ¥ omepamiiiHa cucTeMa 3a0e3leYmin HEMOXKIIHBICTH
BIUIMBY  NPOTpaMH, 10 BUKOHYETHCS  HEKOPEKTHO, Ha  IHIII
KOPUCTYBaIbHUIIbKI  mporpamu. [lns 1mporo HeoOXiHa amaparHa
MiATPUMKA, SIK MIHIMYM, JIBOX PpEXKUMIB BHKOHAaHHS Mporpam —
KOPHCTYBAJbHULBLKOrO (HempuBineiioBaHoro) peskumy (user mode) —
JUIL  BUKOHAHHS  IporpaM  KOpHCTYBadiB i CHCTEMHOro
(npuBijieiioBaHoro, peskuMy sapa - System mode, monitor mode) - s
MOJYJiB oOmepamiifHoi cucreMu. Inmest 1BOX pexumiB y TiM, 11100
BUKOHYBaHI B IpuBiIeiioBaHOMY peskiMi Moy OC MOTIIM BUKOHYBaTH
PO3IOJIN 1 BHAUIEHHS CHCTEMHHX pPECypciB, 30Kkpema, (hopMyBaTH HOBI
aZpecy, a KOPHUCTYBAJbHUIbKI HpPOrpaMH, y Ppe3yibTaTi HOMHIOK abo
HaBMHCHHX aTaK, BUKOHYIOUHCh y 3BHYAaHHOMY pEXHMi, He MOriau O
3BEpHYTHCS IO HOULIHKH TaM'siTi OIlepaiiiHoi cucteMu abo iHIIOro
3aBIIaHHS, 3MIHHUTH iX 1 UM NOPYIIUTH IXHIO IUTICHICT. )i BU3HAYCHHS
IIOTOYHOTO PEXHMY BHUKOHAHHS KOMAaHJ B amaparypi BBOAWTHCS OIT
pexumy, piBauiA 0 I cucTeMHOTO W 1 — IS KOPUCTYBAJIbHHUIIBKOTO
pexumy. Ilpu mnepepuBanHi abo 3001 amapaTypa aBTOMAaTHYHO
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MIEPEMUKAETECS B CUCTEMHUHN peknM. Jlesiki mpuBineiioBaHi KOMaHAH, [0
3MIHIOIOTh CHCTEMHI PECypPCH ¥ CTaH CHCTeMH (HAIPHUKIAJ, PETICTP CTaHy
mporiecopa), TOBUHHI BUKOHYBATHCS TIUTBKH B CHCTEMHOMY DPEXHMIi, Iie
3aXHCTUTHh CHCTEMHI PECYPCH B BUIIQAKOBOTO 200 HAaBMHICHOTO IICyBaHHS
IpY BUKOHAHHI KOMaH]{ 3BHYaiHOI KOPUCTYBAILHUIIEKOT IPOTPaMH.

Jnst 3axucTy BBeJeHHSI-BHBEJeHHSI BCi KOMAaHIOW BBEICHHS-
BUBEJ/ICHHS BBOKAIOTHCS NMpHBiiedoBaHNMHU. HeoOxinHo rapaHTyBarty, oo
KOpUCTYBaIbHUIIbKA IporpaMa HIKOIM HE oOJiepKaja KepyBaHHS B
CHUCTEMHOMY PEXHMi i, 30KkpeMa, He Moria O 3amucaTtu HOBY ajpecy y
BEKTOp IepepuBaHb, IO, SK MH BXXE BIJ3HAYald, MICTUTh aJpecH
mianporpaM 0oOpoOKHM NepepHBaHb, 30KpeMa, 3B'A3aHUX 3 BBEICHHSM-
BUBCJICHHAM.

BukopucTaHHs CHCTEMHOTO BHKJIMKY JUISl BUKOHAHHS BBEICHHS-
BHBEICHHS 1LMIOCTPy€eThCS Ha puc. 1.8.

PeavngeHTHUiA
Casen MOHITOp
Buknuk !
MOHITOpY : @

Yepes o~ BukoHaHHs
nepepuBaHHs d read BBEIEHHS-

BUBEOEHHS

®

MoBepHeHHs y
3BUYAHWIA
pexum

Systemcalln <«—— Mporpama
KopucTyBaya

Puc. 1.8. BuxkopucTtaHHsi CHCTEMHOTO BUKJIMUKY JUIsl BAKOHAHHS BBEJICHHS -
BUBEJIEHHS

Ha cxemi cucteMHHi BHKJIMK HOMEp N BUKIMKAE MporpamyeMe
nepepuBanHs (trap), mo Bukiukaerscsi OC y npuBiaelioBaHOMY peXHMi, i
10 HOMEpi CHCTEMHOTO BHUKIMKY BH3HAYA€ThCA OIEpalis BBEICHHSA-
BUBEJICHHSI, 1[0 TIOBMHHA OyTH BUKOHAHA MO AaHOMY mepepuBaHHio. [ToTiM
Yy IpUBIIEHOBAHOMY PEKUMI BUKOHYETHCS OIIEpallisi BBEICHH-BUBEICHHS,
mcas  9oro  BigOyBaeThcst — NEpEepWBAaHHSA i TOBEpHEHHA B
KOPHUCTYBaJIbHUIIBKY [TPOrPpaMy, BUKOHYBaHY Y 3BUUAITHOMY PEIKHUMI.

38


http://www.intuit.ru/department/os/bmos/4/bmos_4.html#image.4.7

Hus  3axuery mam'AiTi  HeoOXigHO 3a0e3lmednMTH  3aXUCT,
MpUHAMHI, U1 BEKTOpa IEepepuBaHb 1 MiANpOTrpaM OOCIyrOBYBAaHHS
nepepuBanb. Hanpukias, HEIPHITYCTHMO J03BOJIUTH KOPUCTYBaTbHUIBKIN
mporpami (¢opMyBaTH y 3BHYAHHOMY peXHMi IOBUTBHI anpecu #
3BEpPTATHUCS TI0 HUX, TOMY IO TIPH IIbOMY MOe OyTH TOPYIIeHA ITiCHICTh
cucteMHUX JOingHOK mam'ari. [[o0 mporo yHHKHYTH, B amaparypi
BBOJSITBHCSL JIBA PETICTPH, sIKi BIJI3HAYAIOTh MEXI NPHUITYCTUMOI AUISHKA
nmam'sTi, sKa BHUJIUICHa KOPUCTYBaJIbHUIBKIH mnporpami. lle 0Oa3oBmii
perictp (base register), o MiCTUTh OYATKOBY aJipecy IUISHKU MaM'sTi,
IO BHJJIEHa KOPHCTYBAJIBHHMILBKIA mporpami, i perictp mexi (limit
register), 0 MICTUTH PO3MIP KOPHUCTYBaJbHUIBKOI MIISHKH IIaM'sTi.
[Mam'siTh TO3a BiJ3HAUCHHUM Jiama30HOM YBa)Ka€ThCsS 3aXHIICHOI, TOOTO
3BEpPTaHHSA 10 Hel 3 KOPHCTYBJIBHHIBKOI IPOrpaMH HE JOIYCKAIOTHCS
(pu cripo6i Takoro 00Ty BHUHUKAE TIEPEPUBAHHA).

Buxopucranas 0a30BOTO pericTpy i pericTpy MeX UTIOCTPY€ETHCS
Ha puc. 1.9.

0
MoHitop
256000
3aBAaHHAl
300040 < 30040
3aBAaHHA2 BaszoBwuii perictp
420940 < 120900
3aBOaHHA3 Perictp mexi
880000
3aBaaHHa4

Puc. 1.9. BukopucranHs perictpy 0a3u i pericTpy Mex Ui 3aXUCTY
mam'aTi

Ha cxemi 3aBmanHio 2 BuiijIeHa AUIIHKA HaM'daTi, HOYMHAIOYH 3
aapecu 300040 (30epiraeTscst B perictpi 0a3m), momxuHOO 120900
(30epiraeTbcst B perictpi Mexu), TOOTO 3a anpecoro 420939 BKIIIOYHO.
O6ir, Hanpukna, 3a aapecoro 420940 i3 mporpamu 3aBiaHHs 2 MPUBOIUTH
JI0 TICPEPUBAHHSI SIK HEMPUITYCTUME - CIIPAIbOBYE 3aXUCT MaM'sITi.

Cxema amapaTHOTO 3axXHCTy ajpec MaMm'sTi ITICTPYEThCS Ha
puc.1.10.
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’ Easa Basza+mexa

MNepepuBanHs Ta BuKNnK OC : Mam’aTtb
nomunka agpecadii

Puc. 1.10. Cxema amapaTHOTO 3aXHCTy aJipec mam'sTi

AnapaTtHui 3axXMCT aapec nam'si
B CUCTEMaX 3 TErOBOIO apXiTEKTYPOLO

Binbm pagukaneHi MipH A7 3aXUCTY ITaM'sITi II0YaTi B CHCTEMaXx 3
TEroBor apxirekryporw - MBK "Ems0pyc", Burroughs 5000/6700/7700 Ta
iH.

SIk BKe TMOSICHIOBAJIOCS, Yy Takiii KOMIT'IOTEpHiil cucTeMi KOXHE
CJIOBO IaM'ATi Ma€ Ter — iHdopMalio Mpo THI JaHUX, IO 30epiraeTbes B
nanomy cioBi. CrieriajgibHi TeTH MarOTh Oy Ib-5IKi JaHi - HAPUKJIAl, YHACIIa
(uini Ta aiiicHi), agpecu, NOKQXYMKU Ha NMPOLEAYPH il iH. Anaparypa npu
BHUKOHAHHI KOMaH/M BHKOHYE JAMHAMIYHUN KOHTDPOJIb THIIIB - NEPEBIipsE,
YM BIANOBIZAIOTH TErd ONEPaH/AiB BHKOHYBaHild omnepaunii. Skmo He
BiJINIOBIJAFOTH BiJOYBA€ETHCS IMEPEPUBAHHS.

Anpecn B cHcTeMi 3 TErOBOIO apXiTEKTYpOIO IIpECTaBIIEHI
crieliaibHUM aJIpeCHUM CJIOBOM - Aeckpunropom (descriptor). Kpim tery
I BIIACTHBO aJpec MOYaTKy aJpecyeMOro MacHBy B MaM'dTi, JECKPHITOP
MICTHTh TaKOX JOBKUHY MacuBy i 4 OITH 3aXHCTy — Bill YMTaHHS, Bilx
3anMcy, Bix BHKOHAHHA ¥ Bin 3amucy aapecHoi iHdopmanmii.
@opMmyBaHHA H 3MiHa JIECKPHIITOPa MOXIHMBO TiIbKH 3acobamm OC y
npuBineiioBanoMy pexumi. KopucryBajpHUIIbKa HOporpamMa He MOXe
(hopMmyBaTH Ta 3MiHIOBATH JECKPUIITOP, BOHA MPAIIOE 31 CBOEIO MITSTHKOIO
mam'siTi SIK 3 MacHBOM, 3aXHIIEHUM TErOM i1 JECKPUNTOPOM, YTBOPIOIOUU
Bil HBOTO TiAMaccWBH Ta (OPMYIOUHM iXHI JecKpunTopu (Taka mis
no3BosieHa). [IpumycTrMa omeparllisi HaJl MacHMBOM - iHAekcamis ali], y
SKil arapaTHO MepeBipseThCs, MO 1HACKC | HE BUXOMUTH 32 MEXI MAcHUBY
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a. TakuMm 4rHOM, BTpydYaHHS B "4yXy" AUISTHKY Imam'sTi B Takiil cucremi
NPUHIHUIIOBO HEMOXJIHMBO. HemoxximBa Takoxk anpecHa apudmernka (y
ctiii C / C++), Tomy 1o cripoba BUKOHaHHA apu(MeTHIHOI onepariii HaJ
CJIOBOM 3 TET'OM JACKPHIITOP NPUBOIUTH O HETAHOTO IepepUBaHHS.

Kpim meckpumnropa, € Takox HempsiMe cjoBo (indirect word) —
TeroBa ajpeca M 3BEPTaHHS [0 €JIEMEHTa JaHUX OJHIEI0 KOMAaHIOIO,
OesmocepeiHb0 3a aapecoro (0e3 iHmekcarii). Jns HempsaMmux criB
(aKTUYHO BHKOHYIOTBCS Ti K amaparHi NepeBipKH, WMo W s
JIECKPHIITODIB.

IlonibHa cucTema 3axucTy, 3 OJHOrO OOKy, HOCKOHama M
CTOBIICOTKOBA, 3 IHIIOTrO, 3pO3YMUJIO, BHMAara€ OUIBIIMX HAKJIAJHUX
BUTpAaT Ha amapaTHy MepeBIpKY TeriB, SKy BiJKIIOYHTH HEMOXKIHBO,
HaBiTh y BHIIAOKaX, KOMM 3 KOAY MPOIpaMH OYEBHIHO, IO HIsSKHX
MTOMIJIOK TIpH poOoTi 3 aipecHoro iHpopMarIlii Hemae.

Ocob6amnBocTti OC Arst nepCOHaAbHUX KOMI'IOTEPIB

[lepcoHanbHI KOMIT'IOTEPH MPU3HAYCHI, K IPaBHUIIO, UL OJTHOTO
kopuctyBava. [Ipore, OC mis mepcoHATPHUX KOMII'IOTEPIB ITOBHHHA
nependavyaTé pPeXUM MYJIBTHIPOTpaMyBaHHA (0araTo3agadHoOCTi), TOMY
IO KOpPHCTYBauaM 4acoM 3pyuHillle BHKOHYBaTH Kijbka 3aBJlaHb
napasiesibHO - HalpuKJiaj, HabupaTu JesiKUi TEKCT Y peakTopi, npuimMaru
€JIEKTPOHHY TIOIITY i OJHOYACHO APYKYBAaTH Ha NPHUHTEpI SKi-HEOYIb
nokymeHTd. KpiM Toro, mpu poOoTi B JIOKaJbHIH Mepexi MOMKIMBHMA
Bi[UIaJICHU BXiJ] HA KOMI'FOTep IHIUX KopHucTyBauiB. Tooto, OC mis
MEePCOHAJIbHUX KOMIT'IOTEpIB TMOBHHHA MIATPUMYBATH TaKOX PEKHM
PO3MOALTY Jacy.

IlepcoHanpHi  KOMITIOTEpPH  MAlOTh  PI3HOMAHITHHHA  HaOip
MIPUCTPOIB BBEICHHA-BUBECHHS, POOOTY 3 SIKUMH ITOBUHHA ITIATPUMYBATH
orepariifHa cHcTeMa 3a JIOIOMOIOI0 [paiiBepiB — HH3BKOPIBHEBHX
CHCTEMHUX TPOrpaM JIsl KepyBaHHS IIMMH NTPUCTposiMu. J[i1s koprcTyBada
3py4HIiIlIe 3a Bce, SIKIIO BCi HEOOXiqHI ApaiiBepn yOy/J0BaHi B onepariiHy
cucreMy. OTHAK CUTYyaIlisl YCKIAIHIOETBCS THM IO JpaliBepH MPHCTPOiB
po3pobiisie 3a3BuYail ¢ipma-po3poOtoBad BiAMOBIAHOTO MPHUCTPOIO - B
aHTIIOMOBHi# Tepminonorii, Original Equipment Manufacturer (OEM),
a He ¢ipma-po3podmoBay OC. Tomy mpu BHUIYCKYy W YCTaHOBHI Ha
xomm'torep HOBoI OC MOXyTh BHHMKHYTH HpOOIEeMH i3 ApaiiBepamMu —
sSkui-HeOyns npuctpiii HoBa OC "He po3ymie". Ha mpaktuii, HOBHHHO
NIPOWTH HE MEHII JBOX-TPhOX POKIB ekcrutyaramii HoBoi OC, mepm Hix
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Uil Hel 3'ABIAThCA OpalBepH IS BCiX BHKOPHUCTOBYBAaHHMX 30BHIIIHIX
MPUCTPOIB, XO0Ya OCTAaHHIM YacoM MIOAO0 IIOTO CHTYallis 3HAaYHO
mokpamuiacs - HoBi OC craroTe yce Oimpme"TaMymuMu" i MaioTh Y
CBOEMY CKJIaJli BEIMYE3HI HAO0OpH ApaiBepiB.

IlepcoHanpHUI KOMIT'IOTEp Ma€e TPaAWIiiiHI KiIaBiaTypy ¥ mwumy,
mo migkarodatoTees depes USB-Tlopt, abo 0e3mpoToBi kiaBiatypy u
MUy, OJOK KepyBaHHS SIKMH Takox mifgkiodaerbesi yepe3 USB-Ilopr.
[TopraTuBHUI KOMI'IOTEp MOXKE MaTH TaKOX yOYZOBaHWI MaHIMyJsTOD
tuny trackball (kynpka Ui mepemimieHHs Kypcopy muini) abo touchpad
(mrocka macTMHKA A 1iei ok MetH). Jlo Komm'roTepa MigKIIIOYEHHH
MOHITOp: 1 HACTUIBHOTO KoMmm'toTepa — 10 mnopty VGA, s
MOPTaTMBHOTO — MOHITOpP YOyJOBaHHMH Yy KOMITIOTEpHY CHUCTEMY, aje
JOJATKOBO MOJKE TiAKIIFoYaTucs depes moptT VGA 30BHIIIHIH MOHITOp a0
MyJbTHMCEIIHHAN TpoekTop. [0 TpamumiifHWX MOMAaTKOBHX 30BHIMIHIX
MIPUCTPOIB CTABUTHCS TaKOXK NPHHTEp (MigKIOYaeThesl yepe3 nmopt USB,
OinbIIe cTapi MOZETi — Yepe3 Tak 3BaHUI mapajeabHuii mopt, abo LPT —
adpesiatypa Bix Line PrinTer). Pimme BHUKOpPHCTOBYEThCS CKaHEp —
NpUCTpiH 11 OnU(POBKM  IANepoBHX  300pa’keHb, HANpPHKIAL,
miamMcaHux abo PYKONMHMCHUX JOKyMeHTiB. CKaHep MOXe TaKoX
migkmoyatucs 4epe3 noptr USB, omHak gesiki  Mojaedi  CKaHEpiB
MIIKIOYaroThes uepe3 iHmwmi inTepdeiic — SCSI, BUKOpHCTOBYBaHUH i
JUISL KOPCTKUX IMCKIB. € BHyTpimHid >xopctkuii auck (hard drive)
emuicTio 250 GB — 1 TB i Gisblire, 1110 MiIKIFOYAETECS Yepe3 iHTepdeiic
IDE a6o SATA. MoxyTs miakmodarucs depes mopt USB takox 30BHIIIHI
nHakonuuysaui - flash-mam'are, ZIV drives i inui pi3HOBHAN 30BHILIHIX
JKOPCTKHX AHMCKIB, II0 MamTh €MHICTH M0 1 Tepabaiita. OmepariiiHa
chucTeMa IIOBHHHA 3a0e3redyBaTH IXHE BHUKODHCTaHHS SK YaCTHH
KOMI'IOTEPHOT CHCTEMU (HApHUKIAJ, Ha 30BHIMHIN ZIV-Jluck Moxe OyTh
HaBiTh BCTAaHOBJICHE IpOTpaMHE 3a0€3MEYCHHS, Yy TOMY YHCII - iHIIa
ormepailiiiia cucrema). i HaCTIIbHOTO KOMITHOTEPa B KOMIUIEKT BXOJIUTh
NPUCTPI YMTaHHS W 3amicy KOMIAKT-AMCKIB y pisHUX (opmarax - CD-
ROM, CD-RW (3 moxmmuBictio 3anucy Ha CD); DVD-ROM/DVD-RW;
DVD-RAM (ocraHHe O3HAYa€ MPHUCTPIH 3 PEIKUMOM OE3MOCEPEIHBOTO
3aIMCy Ha KOMIIAKT-AWMCK, AK y mam’ath); BluRay - O6impmr cyuacHwmid
(dbopMar KOMMAKT-TUCKIB €MHICTIO 10 25 abo 50 GB 1 iH. [locuth
B2)XJIMBUM  30BHIIIHIM HPHUCTPOEM, OCOOJIMBO JJIsi  MOPTATHBHOTO
KOMIT'IOTEpa, € MOpT Juisl HigkimodeHHs nudposoi Bineokamepu (IEEE
1394, a6o FireWire), Oinbmr miniaTiopauid, Hixk USB. Bin Mae pymiekcHui
peXUM poOOTH, TaK IO, HANPHKIAJ, NEPEeMOTYBAaHHsS BiJCOCTPIUKH Ha
BiZIeOKaMepi MOXKE 3aITyCKaTHCs IIPOrPaMHHUM IIUIIXOM 3 KOMIT'IOTepa.

Haii6inpin BaskauBuMy BiacTHBOCTsIME OC IS IEpCOHATBHOTO

KOMI'IoTepa TOBWHHI OyTH, 3BHYaifHO, NHpocTOTa W 3pY4YHICTH Y
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BUKOPHCTAHHI, APYXKHICTh 10 KOpucTyBada. Lle mocsAraeTscs Hacammepen,
3pYYHUM 1 Cy49acHHM amapaTHUM 1 HMPOTPaMHHAM KOPUCTYBAJIbHUIBKHM
iHTepdeiicom, Hampukiaax, iHTepdeticom tumy multi-touch (3 mocTymom
6e3mocepeTHBO 0 eKpaHa), HoyTOykamu tumy Tablet PC (3 MoxJmBicTIO
MTOBOPOTY €KpaHa i BBEIACHHS iHPOpMAIIii JOTHKOM JI0 €KpaHa).

IIpu po3podbui OC ams ITK BUKOPUCTOBYIOTBCS Ti K TEXHOJOTI,
siki 3acTocoByrOThes ¥ B "Bemukux" OC (s mainframe-koMIm'toTepis).
OnHak, OCKUTBKM KOPHCTYBad Ma€ NEPCOHAIBHUH JIOCTYI 0 KOMITTOTEpa,
BiH 4acTO HE Ma€ NOTpeOM B SKHX-HEOYIb CHCTEMHHX Iporpamax s
onrtuMizanii pobOTH mporecopa abo B MOJIMIIEHHX 3ac00ax 3axHCTY
(ocTaHHBOO, ONHAK, HE CJiJ 3HEBaXKaTW W BIAKIIOYATH ii, TOMY IO Ha
KOMIT'IOTEp MOXITMBI MEPEXKHI aTak).

Ha toMy camoMy mnepcoHaJbHOMY KOMIT'IOTEpI MOXYTh OyTH
BCTaHOBJICHI, PN HEOOXiTHOCTI, IBi a00 OLIbIIC OmepamiiHUX CHCTEMH -
takuii komm'rotep 3Berhest double bootable system, i mpu itoro
BKJIFOUCHHI KOPHUCTYBaueBl BHAAETHCS MOYATKOBE MEHIO AJSI YTOYHEHHS,
sky came OC motpibuo 3amyctutu — boot loader (3aBantaxuuk OC). Take
BUKOPHCTAHHS KOMI'IOTEpa PEKOMEHIYEThCS, HAPUKIAM, ISl CTYICHTIB,
1o BuB4Yar0Th OC 1 6akaroTh CIpOoOYBAaTH HOBY OIEpaIliiiHy CUCTEMY, ab0
BHUBYHTH 1HIIY BXKE BiIOMY, Ha SIKY JOTEIEp OpaKyBaio 4acy, - HalmpHuKJIa,
YCTaHOBUTH Ha omHoMy komm'rorepi Windows i Linux. g ycTaHOBKH
apyroi OC HeoOXiZIHO CKOPUCTATHCS CIELiabHO YTHIITOI (HAalpUKiIa,
Partition Magic) ans BuminenHs Ha mucky ais iHctamsmil HoBoi OC
OKpeMoro po3aixy (partition) — cyMi>KHOI JIJISTHKH JUCKOBOI Mam'sTi, 0
Mae TIeBHE MMO3HAYEHHs, HalUacTille — y BUIIISAl JaTHHCHKOT OYKBH.

[lepcoHanbHi KOMI'FOTEPH MAIOTh MepPeKHI aganTepu (MepexHi
KapTH) — MPUCTPOT IS MiAKIIOYSHHS 10 JIOKAJIFHOI Mepexi. BimnosigHo,
OC nmns mepcoHaJbHUX KOMI'IOTEPIB MAalOTh Y CBOEMY CKIIAAl ApaiiBepu
MEpeXHHUX  amanTepiB 1  KOPHUCTYBAIBHUIBKUIN  iHTepdeiic s
HACTPOIOBAHHSI MIIKJIFOUEHHSI KOMII'FOTEPa JI0 JIOKAJIbHOT MEpexi.

MapaneAbHi koMn'loTepHi cucteMu i ocobanBocTi ix OC

IMapaneabni koMn'l0TepHi cHCTEeMH — 1€ MYJIBTHUIPOLECOPHI
CHCTEMH 3 JeKibKkoMa Oe3MocepeHhO B3aEMOMIIOYMMH IPOIECOPaMHU.
Knacnuni mpuxmaam: i3 3akopAoHHMX KoMmm'iotepiB - CRAY, 3
BiTYM3HAHUX - "EnpOpyc"; 3 Ginbine cygacHux - komm'torepu cepii CKID.
Y mell Yac BHIYCKalOThCS MYJBTHIPOLIECOPHI poOoui craHmii -
HalnpuKiag, KynuBIIM abo OjAepXKaBIIM B IOJAPYHOK HAaCTUIBHUH
KoMIT'toTep, Bu MoxeTe BHSABUTH B iforo ckiazi 1Ba abo HaBiTh 4OTHUPHU
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nporecopu. Bimmosimao, OC moBuHHA 3a0e3medyBaTH peKOHQITyparito
Takol CHCTEMH, TIiIKIIOYEHHS HOBHX TIpOIEcOpiB abo BHIAJCHHA
MPOIIECOpPiB i3 CHCTEMH, paclapajeliOBaHHS pIlIeHHS 3aBIaHHS Ha
JEKiTbKOX MpoIecopax i CHHXPOHI3AIII0 BUPIMIANBHUX 11 MapajelbHIX
TIPOIIECIB.

Cepen mapanelbHHX KOMITIOTEPIB BHIULSIOTHECS TiCHO 3B's3aHi
(tightly coupled) cmcTemMu, y SIKMX TPOLECOPH PO3IUIIOTH 3arajbHY
naM'saTh i TaiiMep (TakTH); B3aEMOJis MDK HHMMH BiIOYBa€ThCs uepes
3arajpHy HaM'siTh.

Barartosinepni ( multi-core) komm'lorepu — KOMI'IOTEpHI
CHCTEeMH, 3aCHOBaHI Ha TICHO 3B'S3aHUX OJMH 3 OJHHMM MpoLecopax
(sapax), mo nepeOyBarOTh B OJHOMY KpPUCTali, IO PO3IIIAIOTH
acoIliaTHBHY TMaM'sTh (KeII) APYroro piBHA W MpAIfOIOTh HAa 3araibHid
TIaM'sTi.

[epeBaru napanenbHOT KOMITIOTEPHOT CHCTEMH:

1. Honinmena npoaykruBHicTh (throughput) — ouesumHo, 110
pacriapaje/lioBaHHSl aNrOPUTMY DIIIEHHS 3aBJaHHA MOXE 3MCEHIINTH
CyMapHHH 4ac 11 pileHHs;

2. ExoHomiunicts — y mapanenbHid cucremi OC MoOXHa
JOPYYHUTH YaCTUHY POOOTH 1HIIOMY MpoILecopy abo sapy;

3. MixBumena nagiiinicTh — npu 3001 abo BigMOBI OJHOTO i3
npouecopiB OC Mo)KHa TIEpEeMKHYTH OOYMCIICHHS Ha 1HIINH MPOLecop;

4. "]IpykHe" N0 KoOpHCTyBaya 3HM:KEHHS NPOAYKTHUBHOCTI
(graceful degradation) — skmo oauMH i3 MOPOLECOPIB BiAMOBUB i
BHUBEJCHUN 3 KOH(QIryparii, KOpUCTyBa4, IpH TPaBWIbHIN opraHizarmii
komn'rorepa i OC, Moke HaBiTh HE BiTUyTH BIIOBUTFHCHHS O0YHCIICHE;

5. CriiikicTs 10 nomuiox ( fail-soft system) — cra6inbHa podora
0araTompoIecopHOi CHCTEMH MTPH OMUIIII B araparypi abo B mporpami.

CHMETPUYHI 1 aCUMETPUYHI MYABTUIMPOLECOPHI CUCTEMU

CuMerpuyHa MYJBTHIIPOLIECOPHA cHCTeMa - Symmetric
multiprocessing (SMP) — ne GararonpoiecopHa KOMIT'FOTEPHA CHCTEMA,
BCI TIPOIIECOPH KO PiBHOTIPAaBHI i BUKOPHCTOBYIOTH Ty camy komiro OC.
OmnepamiifHa cucreMa IMpH IBOMY MOXKE BHKOHYBaTHCA Ha OyAb-sIKOMY
mporecopi. Y Takiif cucremi Oyap-IKOMY BUTBHOMY IPOLIECOPY MOXKe OyTH
JIOpy4eHo Oynb-sKe 3aBIaHHs. Bci mpoliecopd BUKOPUCTOBYIOTh 3arajibHy
nmaM'saTh 1 3arayibHi JUCKOBI pecypeu. Kinmbka mponeciB (abo moTokiB)
MOXYTh BHUKOHYBaTHCS OJHOYacHO 0€3 ICTOTHOTO  IOPYIIEHHS
NpOXYKTUBHOCTI. bBimbmricts cydacanx OC mATPUMYIOTH apXiTEKTypy
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SMP. Ilicna inctamsanii OC (mampuknazx, Linux) Ha CHMETpUYHY
MYJBTHIIPOIIECOPHY CHCTEMY KOPHCTYBad MOXE ITOMITHTH B MeHIO boot
loader, mo ¢akTHYHO HAa WOTO KOMITIOTEP BCTAHOBWJIACS HE OIHA, a IBI
Bepcii OC - 3 migrpumkoro SMP i 6e3 Hei.

AcuUMeTpHYHA MYJbTHIPOLECOPHA cHcTeMa (asymmetric
multiprocessing) — e GararomporiecopHa KOMITTOTEpHa CHCTEMA, Y SKii
MPOIIECOpHU CIeIialli3oBaHi 3a cBoiMu (yHKHisMU. KoxKHOMY mporecopy
naeThes cnenudivHe 3aBIaHHS; TOJOBHHUI mpomecop (master processor)
mianye poboTy miayer;amx mpouecis (slave processors). V takiii cuctemi
OC, sK mpaBWJIO, BUKOHYETHCS Ha OJHOMY HEBHOMY, 3aKpIIUICHOMY 32
Hero, IIeHTpallbHOMY Iponecopi. [ToniGHa apxiTekTypa Oinbln THIIOBA JUIs
nyxe Benukux cucteM. I[lpukian — cucrema "EmsOpyc", mo mama y
CBOEMY CKJIaJi, 3aJIe)KHO Bil KOH(pirypamii, Big ogHOro 10 10 meHTparsHUX
MPOIIECOpiB, BiA ONHOTO OO YOTHPHOX CIEHiali30BaHUX MPoLecopiB
BBeleHHsA-BuBedeHns: (IIBB), Bin omHOTO 10 YOTHPHOX MpOLECOPiB
nepegayi nanux (ITLI).

Cxema opranizanii SMP-ApxiTekTypu KOMITTOTepiB HaBeJeHa Ha
puc. 1.11.

Mpouecop Mpouecop Mpouecop

Mam’'atb

Puc. 1.11. Cxema opranizamii SMP-ApXiTeKTypH KOMIT'TOTEpiB

Po3anoaineHi komn'totepHi cuctemu i ocobamocTi ix OC

V posnoaineniii cucremi (distributed system) oOGuucneHHs
PO3MOAiNIeHI MIX JeKiTbKoMa (Qi3UMUHUMH MpoIiecopamMu (KOMITIOTEpaMu),
00'eTHAaHIMH MK COOOI0 B MEPEXKY.

Caa0ko 3B'3ana cucrema (loosely coupled system) —
pO3MOAiIeHa KOMITIOTepHA CHCTeMa, y SKiil KOXKHHUN HpOLecop Mae CBOIO
JIOKaJbHY TaM'iTh, a Pi3HI IPOIECOPH B3AaEMOMIIOTH MK CO00I0 uepes
JdiHii 3B'I3Ky — BHCOKOIIBHAKICHI IIWHH, Teiae(oHHI miHii, 0€e3apOTOBHIA
3B's30k ( Wi-Fi, EVDO, Wi-Max i ip.).

[epeBaru po3noaiIeHUX CHCTEM:
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1. Po3mogin  (cminbHe  BHKOPHCTAHHA)  pecypciB:  y
PO3MOAiNIEHIH CHCTeMi pi3HI pecypcH MOXKYThb 30epiraTtucs Ha Pi3HHX
komn'iorepax. Hemae HeoOXimHOCTI ayOmoBaTH mporpamu abo naHi,
30epiraroun IXHi KOIIii Ha JEKiTBKOX KOMI'IOTEpax.

2.CninbHe 3aBanTa:keHHsi (load sharing): koxHOMY
KOMI'IOTepY B PO3MOIUICHIH CHCTEMi MOXYTh OYTH HOpydYeHi IeBHi
3aBIaHHs, IO BiH BHUKOHYE IApaJieIbHO 3 BHKOHAHHAM IHIIUMH
KOMIT'IOTEpaMH CBOiX 3aBIaHb.

3. HapiiinicTs: mpu BizMOBiI abo 3001 OJHOTO 3 KOMII'TOTEpIB
pO3MoJiieHol cHCTEMH HOTro 3aBOaHHS MoXe OyTH Mepepo3NOIiIeHO
IHIIOMY KOMIT'IOTEpY, 00 30iif y MiHIMaJbHOMY CTYIIEHI BIUIMHYB a0o0
30BCIM HE BIUTMHYB Ha ITiJICyMKOBHI pe3yJbTar.

4.3B's130K: Y PO3IOAUICHIH CHCTEMi BCi KOMITIOTEpU 3B's3aHi
OOWH 3 OJHHMM, TaK [I0, HANPHKIAA, NPU HEOOXiTHOCTI MOXKIIMBHUIM
BiTaJICHUH BXiJ 3 OJHOTO KOMITHOTEpa Ha IHIIIH 3 METOI0 BHKOPHUCTAHHS
pecypciB MOTYTHILIOTO KOMIT'IOTEpa.

Y posmopmineHiii cucTeMi KOMI'IOTEpH 3B'S3aHI B MEpPEKHY
IHPPACTPYKTYpPY, IO MOXKE OyTH:

1. nokanbHOr0 Mepesxero (local area network - LAN);

2. ro6anpHOI0 a00 perioHaabHOI0 Mepekero (wide area network -
WAN).

ITo cBoiit opranizanii po3noiieHi CHCTEMH MOXYTb OYTH KIIIEHT-
cepBepuumu  (client-server) a6o omHopanroBumu (  peer-to-peer)
cucreMamu. Y KI€EHT-CepBEPHiil crcTeMi TIEBHI KOMITIOTEPH BiIIrparoTh
pONb cepBepiB, a IHIII — pONb KIIEHTIB, MO KOPHCTYIOTHCA IXHIMH
mocayramu. [logiOHa opraHizarist po3MoIUIEHUX CHCTEM HANTOMIMPEHIa,
i MH po3risHeMo ii gokianHinme. B omHopaHroBii po3noireHiit cucremi
BCi KOMIT'IOTEPH PiBHOTIPABHi.

CrpykTypa KIi€HT-CepBepHOI cucTeMu 300paxxeHa Ha puc. 1.12.

’ KnieHt ‘ ’ Knient ‘ ’ Knient ‘

Puc. 1.12. CtpykTypa KIi€HT-CepBEpHOi CUCTEMHU
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Buau cepBepiB y KAIEHT-CEPBEPHUX
KOMM'IOTEPHUX CUCTEMAX

Kiient-CepBepHa apXiTeKTypa pO3IOAUICHHX CHCTEM IOCHUTHh
IIMPOKO MOUTHPEHa ¥ IMiITpUMaHa OIepalifHIMHU CICTeMaMi. ToMy Jyke
BaXJIMBO 3HATH, fAKi BHAM W (QYHKIIi cepBepiB IMPONOHYIOTH CyYacHi
PO3TOAIICHI CHCTEMH.

®@aiia-Cepsep (file server) — xomm'rorep 1 nporpaMmHe
3a0e3nedeHHs], 10 HAaAloTh JOCTYI J0 MiAMHOXHWHU (aiOBUX CHUCTEM,
pO3TallIOBaHMX Ha JUCKax KOMII'IOTepa-cepBepa, IHIIMM KOMIT'IoTepam
nokansHOi Mepexi (LAN). [Ipuknan — cepBepHe nporpamHue 3a0e3nedeHHs
SAMBA (SMB - ckopouenns Bin Server Message Block) s OC tumy
UNIX (Linux, FreeBSD, Solaris i T.m.), mo 3a0e3medye gOCTyIm 3
Windows-Komm'totepiB jokanbpHOi Mepexi g0 ¢aitmoux cuctem UNIX-
Mamms. Samba Takox peanizoBana s miatdgopmu Macintosh / MacOS.

CepBep noaarkiB (application server) — komm'rotep i
IporpaMHe 3a0e3NeUeHHsI, 0 HaJae OOYMCIIOBANIbHI pecypcu (mam'sarth i
mporiecop) 1 HEoOXiAHE OTOYEHHsS i BIAJANICHOTO 3aIyCKy MEBHHUX
KJIaciB (SK MPaBWIIO, BEIUKHUX) NOMATKIB 3 IHIIAX KOMI'IOTEPIB JIOKAIBHOL
mepexi. [puknaau cepsepiB poxarkis - WebSphere (IBM), WebLogic
(BEA) - Haiikpaiii 3 BiIOMHX CEepBEpiB JOJAATKiB, IO MPAIOOTh B Java
Enterprise Edition (JEE).

Cepgep 6a3 nanux (database server) — xoMn'rorep i nporpaMmHe
3a0e3neueH s, 1[0 HAJA€ JOCTYIN IHIIUM KOMIT'IOTepaM Mepexi mo 0a3
JlAaHUX, PpO3TAlllOBaHMX Ha KoMmI'toTepi-cepBepi. [lpuknan: cepBepHe
nporpamHe 3a0e3nedyeHHst Ui Joctymy 1o 0a3 manmx Microsoft SQL
Server.

Beo-CepBep (Web server) — xkomMn'roTep 1 TporpaMmHe
3a0e3neueHHs, IO Hagae naoctym KiieHtam depes WWW mo Web-
CTopiHOK, pO3TalmIOBaHMX Ha KOMITTOTepi-cepBepi. [lpukian: BUTBHO
posnosciomkyBannit Web-Cepsep Apache.

IIpoxcu-Cepsep — xoMI'IoTep i MporpaMHe 3a0e3NeUeHHs, 110 €
YaCTHUHOIO JIOKAJBHOT Mepexi i mATpuMye epeKTHBHUN 00Ir KOMIT'TOTEepiB
JoKanmbHOI Mepexi mo Iureprery, ¢inprpamiro Tpadika, 3aXHCT Bifg
30BHIIHIX arak. Proxy-CepBep 3Bm4aiiHO BOyIOBaHMI B omepailiifHy
CUCTEMY.

CepBep e€1eKTPOHHOI NMOIITH — KOMITIOTEp 1 NpOrpaMHe
3a0e3neueHH s, 0 BUKOHYIOTh BiJIIPAaBIICHH, OJepKaHHS i "po3knaaky”
€JICSKTPOHHOT TOIITH U1l KOMIT'IOTEPIB JIESKOi JIOKaIbHOT Mepexi. MoxXyTh
3a0e3rnedyBaTH TaKOX KPHUNTOBaHHS nomrtd (email encryption) —
mupyBaHHS €JIEKTPOHHUX JIMCTIB Iepe] BIIIPaBICHHSAM ajpecaraMm 3
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MIEBHOTO MEPEXKEBOTO JOMEHA (SK IIpaBWJIO, 3aMOBHHKOBI) 1 iXHe
JIemuQpyBaHHS MICIs OJep KaHHS Bl 3aMOBHHKA.

CepsepHuii 63k-311 (Server back-end) — rpyma (myn) 38's13aHUX
y JIOKQJIbBHY MEpEKy CEpBEPHHX KOMII'IOTEPiB, BUKOPUCTOBYBAaHHX 3aMiCTh
OJTHOTO cepBepa, 3 METOI OumbIIoi HamiifHOCTI ¥ HamgaHHA OiTBIIOTO
obcsary pecypciB. IHmmA TepMiH, OIU3BKUN A0 IIHOTO, - HEHTP 00pPOOKHU
nanux (data center). L{i moHATTS 0cOONMBO aKTyalbHI y 3B'I3KY 3 yce
OIIBLIIMM TOLIMPEHHSIM XMapHHUX OOYHCIEHb, IO €, i3 I[OT0 HOTJALY,
HaWOUIBII CYyYacHOIO peaizaliclo KIi€HT-CEPBEPHOT CXEMH B3a€MOIi.

KaacTtepHi o6uncatoBanbHi cuctemu i ix OC

Komm'toTepHi KjacTepy IOCUTH MOMYJSPHI Ul HAYKOBHUX
oOuncnenb. Komm'totepu B Knactepi, sIK NMpaBuilo, 3B'si3aHi MK co0OI0
4yepe3 LIBHAKY JIOKalbHYy Mepexy. Kiactepusauis no3Bosisie BoM abo
OinplIe cHUcTeMaM BHKOPHUCTOBYBAaTH 3arajbHy Iam'aTh. Kiacrepusamis
3a0e3neduye BUCOKY HalilHICTh. PO3pi3HIIOTE KOMI'TOTEPHI KIaCTepH TBOX
BUIIB:

— acuMeTpM4Ha  KJacrepusaunis (asymmetric clustering) -
oprasizamnisi KOMITTOTEPHOTO KJIacTepa, NpH SIKii OIUH KOMITIOTEp
BHUKOHYE JTOJIATOK, @ IHIII TPOCTOIOIOTH;

— CcHMeTpHYHA KJacTepu3auis (symmetric clustering) - opranizaris
KOMI'IOTEPHOTO KJacTepa, TpH AKiH BCi MalIMHH  KiIacTepa
BUKOHYIOTh OJIHOYACHO Pi3HI YaCTUHU OJHOTO BEIIMKOI'O JJOAATKA.

Po3pi3HsIOTh TaKOXK:

— kJjacrepu 3 BucokomBuaAkicHuM gocrymom ( high-availability
clusters) — koMI'toTepHi KJIaCTEpH, IO 3a0€3NEUYIOTh ONTHMAIbHUIH
JAOCTYM JI0 PECypCiB, SKi HaJJaHi KOMIT'TOTepaMH KilacTepa, HalpuKJiIa,
110 0a3 1aHux;

— wiacrepu 3 OanancoBanum 3aBanraxenusim ( load-balancing
clusters) — xoMm'toTepHi KiacTepu, sSKi MaloTh KillbKa BXIJIHHX
KoMm'IorepiB, Imo Oamancyrote 3anutu ( front - ends), Ta
PO3MOMINAIOTH 3aBIaHHSA MiXK KOMI'toTepamu cepBepHoro back-end'a
(cepBepHOi hepmm).

Knactepmr 4dYacTo BHKOPHCTOBYIOTBCSI B  YHIBEpPCHUTETax, B
JTOCTiAHUIBKUX TleHTpaxX. Omepariiini cuctemu st kiaactepiB: Windows
2003 for clusters; Windows 2008 High-Performance Computing.
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Cuctemu i OC peaAbHOro yacy

CucteMn pealpHOTO dYacy 4YacTO BHKOPHCTOBYIOTBCS — SIK
YOpaBISIOUi TPUCTPOi U CHEUiaJbHUX MONATKiB, - HANpPUKIAN, It
HAyKOBHX CKCIIEPIMEHTIB; y MEIWYHHX CHCTEMaX, MOB'I3aHHX i3
300pakeHHAMH; CHCTEMax YIPaBIiHHA B IIPOMHUCIIOBOCTI; CHCTEMax
BimoOpaxenHs (display); cucremax ympaBIiHHA KOCMIYHAMH MOJIBOTAMH,
AEC i in. [Ing Takux CHCTEM XapaKTepHi HAsBHICTh 1 YiTKE BUKOHAHHS
NEeBHUX THUMYacoBHX OOMeXeHb (Wac peakuii - response time; dyac
HapoOITKy Ha BIIMOBY i iH.).

Po3pi3HAIOTECS cHcTeMH peanbHOro vacy BuaiB hard real-time i
soft real-time.

Hard real-time — cucremMu — cucTeMH peansHOTO Yacy, y SKUX
NpU TOPYLICHHI THMYacOBUX OOMEXEHb MOXK€ BHUHHUKHYTH KpPUTHYHA
moMmika (BigMOBa) KepoBaHOTO Helo o0'ekra. [Ipuxmamgm: cucrema
KepyBaHHS JBUTYHOM aBTOMOOLIIS; cucreMa KepyBaHHS
KapIiOCTUMYJIATOPOM. Y TaKMX CHCTEMax BTOPHMHHA IaM'siTh OOMEKCHa
abo BigcyTHs; maHi 30epiratoTecs B omepatuBHi mam'sati (RAM) abo
moctiftHoMy  3amam'stoByBambHOMY mpuctpoi (II3Y, ROM). Ilpm
BUKOPHCTaHHI TakMX CHCTEM MOXJIHMBI KOHQUIIKTH i3 CHCTeMaMu
posmofiny 4acy, mo He MarTh Micus st OC 3arajgbHOrO MpU3HAYECHHS.
Touniwe, mpu poOOTI MOAIOHUX CHCTEM HE JOMYCKAIOTHCS IEPEPHUBAHHS;
BCl HEOOXI/HI JaHi [l OCHOBHOTO LMKy POOOTH CHUCTEMHU MOBHHHI OyTH
NOTIepeIHbO 3aBAHTAXKEHI y Iam’siTh; IMPOLEC, LI0 BHKOHYE KOJ TaKol
CHCTEMM, HE IOBHMHEH mimmaBaTucs Bimkaurni Ha muck. OC g Takmx
CHCTEM 3BHYAWHO CIPOIICHi, 3aMIiCTh BIPTYalbHOI HaM'ATi BUALISAETHCS
¢iznuHa, BCi iHIII BUAM BipTyami3almii pecypciB BukiroueHi. [lomymspHoro
MPakTHKOI0 po3podkn OC peanbHOro Yacy € NMpaKTHKa PO3pOOKH TaKUX
OC Ha oCcHOBI BiIKpUTHX BUXITHHX KoaiB OC 3araiapHOTO MpH3HAYCHHS
ouiTxoM  'BifcikaHHS BChOro 3aifBoro". OgHaK TpH [OBOMY  CIiJ
JOTPUMYBATHUCS 00EPEKHOCTI.

Soft real-time — cucreMu — cucTeMH peanbHOTO Yacy, y SKHX
MOPYIICHHS THMYacOBHX OOMEXEHb HE MPUBOJWTH O BiJIMOBHU
KEpPOBaHOTO HEI0 00'ekTa. 3BMYANHO 1€ CHCTEeMH KEPYBAaHHS JIEKiJIbKOMa
B3a€MO3AI)KHUMH CHUCTEMaMH 3 CHTYALi€l0 IO IMOCTIHHO 3MiHIOETHCA.
[Ipuknax - cuctema IUTaHYBAaHHS PEHCIB Ha KOMEPIHMX aBiamiHigX. Y
BUIAJKY SKOI-HEOYb 3aTpUMKH B POOOTI TaKol CHCTEMH, Y HaHTipmoMy
pasi, macaxupam JIesIKMX peiciB Ipuiize HebaraTo rmoyekaTtu B aeporopTi,
ane Higkux QaranpHUX HachHiakiB He Oyme. [lomiOHI cucteMu MaroTh
oOMeKeHy KOPUCHICTD JJIsl IPOMHCIIOBHX CUCTEM KepyBaHHs. BoHM Takox
KOpHUCHI B CyYacHMX JojAaTKax (HampuKkmajg, Uil MyJbTHMenia M
BIpTyaJbHOI peasibHOCTI), 110 BUMAraloTh po3BUHEHNX MokimBocTeid OC.
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PosBuTok koHmenmi#i i moxiauBocteit OC mpencraBieHe Ha
puc.1.13.

Ha cxemi mobOpe Buani aHamoriuni "xBwmi" ("BHTKH") PO3BHTKY
OC - cmowatky g mainframe-koMI''oTepiB, MOTIM -  JUIA
MiHIKOMIT I0TepiB, JUII MEPCOHANBHUX 1 IS KUIICHHKOBHUX KOMITIOTEPIB.
KokHa XBWJIS TPOXOAWTH Y CBOEMY pO3BHTKY IeBHI ertamn. OC
PO3BUBAKOTHECS BiJl PE3UJACHTHUX MOHITOPIB O MIATPUMKH ITaKETHOTO
pexxuMy (Uil paHHIX MoOjeNeil KOMITIOTEpiB), MOTIM - PEXHUMY IOILTY
Yacy, 0araTOKOpUCTYBTLHHUIIBKUX 1 MEPEXXHUX MOKIJIMBOCTEH.

1950 1960 1970 1980 1990 2000
MULTICS
Komn'toTepu
3aranbHoro -
np13HadeHHs ) Paanoin ) P"Ci"c‘i/;';‘:“‘
13 sincywe KOMRINATOP yacy ~ BaraTokOPUCTyBambHULbKI
cucTemm MynbTUnpouecopHi
naket \ cuctemu
PeaupeHTHi Mepesxesi chcTemmn ¢ N
MOHITOpU MCT::’\:M?"E:KI Ao
KomninsTop UNIX
MUHUKOMMbBIOTEPbI
Komninatop A
13 elncyHe BaraTokos1cTyBanbHMLbKI  MynbTanpouecophi
Acy Paanoain cUCTEMM cuctemn
vacy .
PeanpnenTHi Mepexesi cuctemm Cuctemu cTifiki 40
MOHiTOpH KnacTepun oMok
HacTinbHi UNIX
KoMmM'loTepn
KomninATop MynbTunpouecopHi
cuctemmn
13 sincyne IHTepaKTuBHI
cuctemu
BaraTokopucTyBanbHNLbK \
cuctemmn Mepexesi cuctemn
Kiwenkosii UNIX
KOMM'toTepu

komninsTop M3 BiacyHe
QAianorosi cuctemmn

Mepexesi cuctemu

Puc. 1.13. Po3ssutok koHuemnuiii i Moxiausocteit OC

O6umncAlOBaAbHI cepeAOBHLLA

YV cywyacHomy cBiti IT Mae Micue TeHIEHIs 1O iHTerparii
ONMCAHMUX BUIIE MPUCTPOIB 1 iXHIX JOKATBHUX MEPEXK B 00UMCIIOBAJIbHI
cepelOBMIIA — IHTETPOBaHI PO3MOiINIEHI KOMI'IOTEpHI CHCTEMH IUIS
pilleHHs 3aBAaHb Yy pi3HUX NpoOseMHUX cdepax. OOUUCTIOBaIbHI
CepeIOBHINA MiAPO3IUISIOTECS Ha HACTYIIHI BHJIH:
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—  TpaauuiiiHi 00YKCII0BATbHI cepeAoBHUINA — JIOKAJBHI i peTiOHANbHI
Mepexi, BHKOPUCTOBYBAaHI MPOTITOM ACKITBKOX JIECATKIB POKIB;

—  Web-OpienroBani 00uncI0BaibHI cepeloBHINa — 00UHMCITIOBATIbHI
cepenosumma Ha ocHOBI Web-CepBiciB, XapaKTepHi ISl TETIEPilTHHOTO
gacy, mounmHaroun 3 1990-x pp.; A0 IBOTO KJIAacy CTaBIATHCA H
CepeIOBHIIIA IS XMapHHUX O0YHCIICHD;

— yoyaoBaHi (embedded) oO0umciaoBaabHI  cepegoBHIIA  —
OOYHCITIOBAILHI ~ CEPEJIOBUINA JUIS  CICI[ialli30BAaHUX IPHUCTPOIB,
HAalpHKJIIaJ, MepeXi MIKpOIpoLEecopiB, yOyJOBaHUX B €IEMEHTH JiHii
eJIEKTponepeay.

Bcei mi BUIM 00YHMCIIOBAILHUX CEPEIOBHIN MOBHHHI aJ€KBATHO
00CITyroByBaTHCSl ONEPALIHHUMH CHCTEMaMH, Y 4YOMY I CKJIaJaloThCs

HaMOIIDKi 3aBIaHHS IXHBOI pO3pOOKH.

XmapHi obuncaeHHs 1 OC aaa XmapHUX 06UMCAEHDb

XwmapHi obuncnenas (cloud computing) € ogauM 3 HaOLIRII
oMyIIsIpHAX HanpsMKiB po3BHTKY [T. "Xmapa' (cloud) — e Bxe necarku
POKIB BHKOPHCTOBYBaHa MeTadopa I 300paKeHHS CEpBICiB, HaJJaBaHUX
yepe3 I[HTepHeT 200 iHITY KOMYHIKalifHY Mepexy (HampuKiaa, depes
ATM-Mepexy). XMapHi 00unciaeHHs — MOJelb OO0YUCIICHb, 3aCHOBaHA
Ha AMHAMiYHO MacmTagoBanux (scalable) i BipTyanizoBanux pecypcax
(manmx, nomatkax, OC 1 iH.), sIKI JOCTYNHI W BHUKOPHCTOBYIOTBCS SIK
cepBicm  uepes  IHTepHeT 1 peanmi3ylOThCS 32 JIOTMIOMOTOIO
BHCOKOIIPOAYKTHBHHX LeHTPiB 00po0ku nanux (data centers)

Henosik xMapHUX OOYHUCIICHB Y TiM, IO KOPUCTYBau BUSBISIETHCS
MTOBHICTIO 3all)KHUM BiJl BHKOPHCTOBYBaHOI HHM "Xxmapu" (y sKid
JOCTYITHI BUKOPHCTOBYBaHI HUM JIaHi ¥ TPOrpaMu) i HE MOXKE YIPaBISITH
HE TUTBKH po0OOTOIO0 "XMapHHX" KOMI'IOTEPIB, aje HaBiTh pPE3epPBHUM
KOIIIOBaHHAM CBOIX JaHWX. Y 3B'I3KYy 13 MM BHHHUKAa€ LIIHH psx
BR)XJIMBUX NHTaHb Mpo O€3leKy XMapHUX OOYHMCIECHb, 30epeKeHHS
KOH(DiIEHIIIHHOCTI KOPUCTYBAJIBHUIIBKUX JAHUX 1 T.J.; JAJIEKO HE BCi 3 HUX
Ha TaHUH MOMEHT BHpiIIeHi.

Cepiio3HOIO TIpOOIEMOIO OpTraHizamii XMapHUX OOYHCIICHb i3
TIOTJISIAY anapaTrypu MEeHTPiB 0OpOOKH JaHUX € eKOHOMIs eIEKTPOCHEPTI i
npoOieMa pPO3MOAITY 3aBaHTAKEHHS, TOMY IO XMapHi OOYHMCICHHS B
KOXXHOMY TIEHTpi O0OpoOKM JaHuX MaioTh (abo B HaHOMMmKIOMY
MaiOyTHbOMY OyAyTb MaTH) MiJIbIHOHH BiJlaJICHUX KOPUCTYBayiB.

Haii6inpir mnomynsipua "xmapha" miatgopma -  Microsoft
Windows Azure (xmapra OC) i Microsoft Azure Services Platform
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(peamizoBana Ha ocHoBi Microsoft NET). Windows Azure MoxHa
posrmsimata Ak "OC y xmapi". KopucryBaueBi Hemae HEOOXimHOCTI
TypOyBaTHCA TPO i1 iHCTANALII0 Ha HOTO KOMITTOTEPi, IKHH MOXKE HE MaTH
UL BOTO HEOOXimHWX pecypciB. Yce, mo morpidHO, me matm Web-
Bpayzep i miniManpHHN makeT HamOymoB ( plug - ins) mis 3amycky i
BHKOPHCTAHHSA Uepe3 Opay3ep XMapHUX CEPBiCiB.

V et vac Bci Benuki kommanii (Microsoft, IBM, HP, Dell, Oracle
i 1H.) pO3poOJIAIOTH CBOI CHCTEMH XMapHUX OOYHCIIEHB; € TEHJCHLIs 10
iHTerpauii uX KOPHOPaTHBHUX CHCTEM Y €IUHY JOCTYITHY KOPUCTYBa4eBi
"XMapy".

Pe3rome

Mera HaBYaHHS KOMITIOTCPHHM HayKaM IIOJSrae B TOMY, LIO0
BHPOOWTH YSBJICHHS MPO KOHKPETHI IPOLECH 1 MEXaHi3MH OOpoOKH
iHpopMamii Ta 3pO3yMITH BIIHOCHHH, SKi ICHYIOTh MK NPHUKIATHUMHA
IporpaMaMy Ta OOYHCITIOBAIBHIMHU CHCTEMAaMHU.

B manomy posmimi posrismaeThcsl opraHizamis (QYHKIIOHYBaHHS
00YHMCITIOBAILHOT CHCTEMHM, OCHOBHI 11 KOMIIOHCHTH Ta apXiTeKTypa,
PO3KPHBAIOTHCSI MEXaHI3MH YIPABIIHHS, IO JO3BOJSIIOTH C(PEKTHBHO
KOOPJMHYBaTH pOOOTY OOYHCIIOBAIBHUX PECYpCiB MpU NPOBEICHHI
oOuncnenb. Po3rmsagaioTbes pi3HI TUOM  KOMIT'IOTEPHHUX CHUCTEM Ta
0COOJIMBOCTI iX OnepariiHiuX CUCTEM.

KOHTPOAbHI 3an1TaHHA Ta 3aBAaHHA

1. TIlepeniuiTh CKIIQAOBI KOMIT FOTEPHHUX cUcTeM. OIMUIIITh 3araibHy
KapTHHY QYHKIIOHYBaHHS KOMITTOTEPHOT CHCTEMH.

3 SIKOI0 METOIO OpraHi30BaHa TaOJIUII CTaHy IPUCTPOIB?
OmuuiiTh CTPYKTYPY MaM'sITi KOMIT I0Tepa.

[epenidiTe eeMeHTH iepapXii mam sTi.

Sk opraHi3oBaHO anapaTHUIT 3aXUCT naM'sTi i nporecopa?
Sk knmacuQikyloThCs Cy4acHi KOMIT'IOTEPHI CHCTEMU?

[{o mpeacTaBisAIOTs COO0O0 KJIACTEPH KOMII 10TepiB?

[Mepeniuith ocobnuBocti CISC-apxiTekTypH.

© o Nk wD

[epemniuith ocobnuBocti RISC-apxiTekTypH.

10. Ilepemniuits ocobmuBocti VLIW-apxiTekrypu.
52



11.
12.

13.
14.

15.

[epeniuite ocobmuBocti EPIC-apxitektypn.

SIki ocHOBHI QyHKUIT onepaniiiHoi cuctemMu? Yu HemMae Mixk HUIMHU
nportupiu?

[epenidiTh OCHOBHI KOMITOHEHTH OTIEPAIifHOI CHCTEMH.

o cminbpHOTO # y 4OMY BiIMIHHOCTI MK MEPEXHOIO 1
PO3IOIIEHOO onepalifHuMu cucteMamu? SIka 3 HUX CKIIaJHila
B peaizamii i somy?

[NepeniviTh BUaK cepBepiB y KIIEHT-CEPBEPHUX ONEPaIliHHUX
CHCTEMaX.
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Po3ain Il

ANTOPUTMIYHI MOBU
TA CUCTEMU NPOTPAMYBAHHA

AArOpUTMM Ta MOBM NPOrpamMyBaHHs

KepyBaHHS KOMI'IOTEpPOM 3HIHCHIOETHCS BIJIOBIAHO JESIKMM
aneopummanm. Ilig anropuTMOM pO3YMIIOTH TIEBHHH OMHC croco0y
pilIeHHs 3aBAaHHS y BHTILIII KIHIICBOI (32 9acOM) TOCHIOBHOCTI Aiif. s
MOJAaHHS  aNrOpUTMIB Yy  BUIVIALI, SKMH  pO3yMi€e  KOMITIOTEp,
BUKOPHUCTOBYIOTb MO6U  npozpamysanns. CIOYaTKy po3poOisieThes
ITOPUTM JIiH, MOTIM aJrOPUTM 3alUCYEThCSI HA OAHIN 3 Takux MoB. Y
pe3yabTaTi OTPUMYIOTH TEKCT MpOrpaMH - [OBHHH, 3aKiHYCHHN 1
JICTAIbHUH OMNKC alrOPUTMY MOBOKO MNpOrpamMyBaHHs. TeKCT mporpamu
NEePeBOANTHCS B MALIMHHUNA KOJ a00 BUKOHYETHCS TiJ[ YNPaBIiHHIM
CHeLiaJIbHUX CITY)KOOBHX ITPOTPaMm, siKi Ha3UBAIOTBCS MPAHCISAMOPAMU.

CamoMmy HamucaTH IIporpamMy B MAaIIMHHOMY KOJXi JOCHTb
CKJIaJTHO, TIPUYOMY CKIIQJIHICTh PI3KO 3pOCTae 3i 30UIBIICHHIM PO3MIpY
porpaMH W TPYAOMICTKICTIO pIlIEHHS IMOTPIOHOTO 3aBIaHHSA. YMOBHO
MOXKHA BB@)XaTH, [0 MAIIMHHUK KOA TPUHHATHHUH, SKIIO pPO3MIp
MporpaMu He TMEPeBUIIYE NEKUTBKOX NEeCATKIB OalTiB i HeMa MOTpeOH B
oTeparisix py4HOro yBeJICHHs/BUBEJACHHS JaHUX. ChOTO/IHI IPAKTHYIHO BCi
NporpamMu  CTBOPIOIOTBCS 32  JIOIIOMOTOI0  MOB  IpOrpaMyBaHHS.
TeopeTndHo mporpamy MO>KHa HalUCATH 3aco0aMH 3BUYAMHOT JIFOACHKOL
(IpuposHOi) MOBM - 1€ HAa3MBAETHCS MPOTPAMYBAaHHIM Ha MeMaMO6i
(momiOHMIA migXiJy 3a3BHYail BHUKOPHCTOBYETHCS HA eTami CKIIQZaHHS
ITOPUTMY), ajieé aBTOMAaTHYHO IIEPEeBECTH TaKy MpOrpaMmy B MallMHHHMA
KOJI TIOKH HEMOJKJIMBO, Yepe3 BUCOKY HEOHO3HAYHICTh MPUPOIHOT MOBH.

Moesu npoepamysanusi - WTY4HI MOBH. Bin npupomHuX BOHH
BIZIPI3HSIOTHCS. OOMEKEHHM YHCIOM «CJiB», 3HAUCHHS SKUX 3PO3YyMIiJIO
TPAHCIATOPY, i Ay’Ke CYBOPUMH MPaBUIAMHU 3amucy KoOMaH[ (onepamopis).
CyKynHICTh OAIOHUX BUMOT YTBOPIOE CUHIMAKCUC MOBH IPOTpaMyBaHHS,
a 3Micm KOXXKHOT KOMaHAM M IHIIMX KOHCTPYKLIH MOBM - 1 cemanmuxy.
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[MopymenHs ¢opMH 3amucy NporpaMud INPHBOAWTE 1O TOrO, IO
TPAHCIIATOP HE 3pO3yMi€ NPH3HAYCHHS OIEpaTopy i BUIA€ MOBITOMIICHHS
PO CHHTAKCHYHY NOMMJIKY, @ NIPABIWIFHO HAIIMCaHe, ajie He BiAlOBifaoue
aNrOPUTMY BHKOPHCTAHHS KOMaHI MOBH IPHBOJHUTH O CEMAaHTHYHHX
MMOMIIOK (JIOTIYHMX MMOMMJIOK ab0 MOMWIOK yacy BHKOHaHHA). I[Iporec
NOIIYKYy IIOMWJIOK Y HpOrpaMi Ha3HUBA€TBCS MeCmy8aHHAM, TIPOLEC
YCYHEHHS IIOMUIIOK - HANA20OMHCEHHAM.

Komninstopu 1 iHTEepnperatopu

3a J0MOMOro0 MOBH NpPOTpaMyBaHHS CTBOPIOETHCS HE TOTOBA
nporpama, a TUIbKH 11 TEKCT, 10 ONUCYE paHille po3pOOJICHUH alNrOPUTM.
[I{o6 omeprxatu Mparowyy nporpamy, Tpeda mei TeKCT abo aBTOMATHYHO
NepeBecTH B MalIMHHUKA Kox (Al 1bOTO  CIYXaTb Hpoepamu-
KOMNingmopu) 1 MOTIM BUKOPHUCTATH OKPEMO BijJ BHXIIHOTO TEKCTy, abo
BiZlpa3y BUKOHYBaTH KOMaHIHW MOBH, 3a3HAa4Y€HI B TEKCTi MPOrpamu (IIM
3aliMaIOTBCA NPOpaMu-iHmepnpemamopi,).

[arepnperatop Oepe ueproBuii omeparop MOBH 3 TEKCTY
MIpOTpaMH, aHalli3ye HOTro CTPYKTYpy # MOTIM Bigpaly BUKOHYE (3BHUAIHO
IICIIS aHaJi3y OIepaTop TPAHCIIOETHCS B JICSIKE MPOMDKHE MOAaHHA abo
HaBiTh MAlIMHHUK KOJ JJIs OLIBII €()EeKTUBHOTO MOJAIIBIIOTO BUKOHAHHS).
Tinpku micnsg TOro SK MOTOYHMII ONeparop YCHIIIHO BHKOHAHWM,
iHTepnpeTaTop nepeiae no HactynHoro. IIpu mpomy sKmo ToW camuid
orepaTop NOBHHEH BHKOHYBaTHCS B  Iporpami  Oararopa3oso,
iHTepnpeTaTop Iopa3 Oylne BUKOHYBaTH HOro Tak, Ha4ye0TO 3yCTpiB
yrepiie. BHacaioK IbOro, mporpamu, y SIKUX MOTPIOHO 3aiHCHIOBATH
BEJIMKHUI 00CST TOBTOPIOBAHUX OOYHCIICHb, MOXKYTb HPAIFOBATH ITOBIJIBHO.
Kpim Toro, Juis BUKOHaHHS Takoi IPOrpaMH Ha IHIIOMY KOMI'IOTEpi Tam
TaKOX TMOBHMHEH OyTH BCTAHOBJIEHHH IHTEpIpeTaTop - aJuke 0e3 HbOTro
TEKCT IPOTPaMH € IPOCTO HAOOPOM CHMBOJIIB.

[Mo-iHmoMy, MOXHa CKa3aTH, L0 IHTEPIPETATOP MOJEIIOE SKYCh
BipTyaslbHy 00YHCIIIOBAIBHY MAalMHY, JJIs SIKOT 0a30BUMH IHCTPYKLISIMH €
HE eJIEMEHTapHI KOMaH/I1 MPOLecopa, a OrepaTopyu MOBH IIPOrpaMyBaHHSL.

KommninsaTopu moBHICTIO 00pOOIISAIOTE BECh TEKCT MpOrpamu (BiH
1HOJII HA3WBAETHCS BUXIOHUL K0O). BOHU TeperisinaloTh HOro B MONIyKaX
CHHTAKCHYHUX TOMWIOK (iHOAI KidbKa paziB), BUKOHYIOTh HEBHHA
3HaUYEHHEBUH aHAITI3 1 MOTIM aBTOMATHYHO TIEPEBOISITh (MPAHCAIOOMb) HA
MallMHHY MOBY - TEHEpYIOThb MalIMHHMH Kon. Hepigko mpu npomy
BUKOHYETBCS onmumizayis 3a JONOMOTol Habopy MeEToAiB, IO
JI03BOJISIFOTH  MIZBUIIMTH  IIBUAKOMIIO IporpamMu  (Hampukiazm, 3a
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JOTIOMOTOI0  IHCTPYKIiH, OpI€EHTOBAaHMX HAa KOHKPETHHH IIPOIECcop,
[UITXOM BUKIIIOYEHHS HETMOTPiOHMX KOMAaHI, MPOMDKHUX OOYHCIEHB i
T.1.). Y pe3ynbpTari 3aKiH4eHa IporpaMa BUXOAHUTH OLTBII KOMITAKTHOIO Ta
e(eKTHBHOIO, TPAIIOE€ B COTHI pa3iB HIBHIIIC MPOTpaMH, BUKOHYBAaHOI 3a
JOTIOMOTOI0  iHTepIpeTaTopa, 1 Moxe OyTH TepeHeceHa Ha iHIIi
KOMI'IOTEPH i3 MPOIIECOPOM, IO MIiATPUMYE BiIMOBITHIA MAIIHHHUNA KOJI.

OCHOBHUI HENOJIK KOMITUIATOPIB - TPYIOMICTKICTh TpaHCIALIT
MOB NpOrpaMyBaHHS, OpIEHTOBAaHMX Ha OOpOOKYy JaHUX CKJIaJHOI
CTPYKTYPH, 4acTo 3a3alieTih HEBIIOMOI a00 IMHAMIYHO MIHJIUBOI IIiJ
yac pobotu mporpamu. Toxai B MamMHHUKA KOJA JOBOAWUTHCS BCTAaBISITH
0e3miy  JIONATKOBUX IIEPEBIPOK, AaHAII3yBaTH HAasBHICTH pECypCiB
omepamiiHol CHCTEMH, JAWHAMIYHO I1X 3aXOIUTIOBAaTH U  3BUIBHATH,
(dopmyBaTH ¥ 00poOISATH B mMaM'sATi KOMITIOTEpa CKIamHi 00'€XTH, IO Ha
PiBHI KOPCTKO 3alaHUX MANIMHHUX 1HCTPYKILIH 3MIHCHUTH JTOCHTH BaXKKO,
a JUIsl psiy 3aBIaHb MMPAKTHYHO HEMOXKIIMBO.

3a JOmOMOroI0 iHTEpIpeTaTopa, HaBNAKH, MPHUITYCTHMO B OyIb-
SIKHA MOMEHT TPHUIIMHUTH POOOTY MPOTpaMH, TOCTIIUTH BMICT IaM'siTi,
OpraHi3yBaTH MAiaior 3 KOPUCTYBAadeM, BUKOHATH SIK 3aBTOJHO CKIAIHI
MEpEeTBOPEHHSI JIaHUX 1 MNpH IbOMY IOCTIHO KOHTPOJIIOBATH CTaH
HaBKOJIMIIHBOTO MPOTrPaMHO-alapaTHOTO CEepPEOBUINA, 3aBASKA YOMY
JIOCSITa€ThC BUCOKA HAAIMHICTB poOOTH. [HTEpmperaTop HpH BHKOHAHHI
KO)KHOTO OIleparopa IepeBipse 0e3miu XapaKTepUCTHK OINepaIliiHol
CHCTeMH U TIpU HEOOXIMHOCTI MaKCHMaJbHO JOKIamHO iH(OpMYeE
po3pobiroBaya Tpo BHHUKaKOYi mpobiemu. Kpim Toro, iHTepmperaTop
IOyXe 3pYYHHH 111 BUKOPHCTaHHS B SIKOCTI 1HCTPYMEHTY BHBUYCHHS
MIPOrpaMyBaHHs, TOMY IO JI03BOJISIE 3pO3YMITH NPHHIMITA poOOTH Oymb-
SIKOTO OKPEMOTO OIIepaTopa MOBH.

VY peanpHUX cucTeMaxX MPOTpaMyBaHHS MEepeMilllaHi TEXHOJOTII i
KOMIUIAMIL, i iHTepmpeTamii. ¥ mpoleci HaJaropKeHHs IporpaMa MOXKe
BUKOHYBATHCsl 110 KpPOKaxX, a pe3yJbTYIOUUil KOJ He 00OB'SI3KOBO Oyne
MAIIMHHUM - BIH HaBiThb MOXE OyTH BUXIJHMM KOJOM, HAIUCAHUM Ha
1HIII# MOBI IporpaMmyBaHHs (1€ ICTOTHO CIIPOIIYE HPOLeC TPAHCILIT, ae
BUMarae KOMIIUIATOpa JJsi KiHIEBOI MOBH), ab0 MPOMIXHUM MalIMHHO-
HEe3aJIe)KHUM  KOJOM  aOCTpakTHOro  Mpolecopa, M0 y  Pi3HUX
KOMI'IOTEPHHUX apXITEeKTypax CTaHe BHUKOHYBaTHCA 32 JIOTIOMOTOIO
iHTepIpeTaTopa a00 KOMITUIIOBATHCS Y BIIOBIAHUA MalllMHHUNA KOJI.
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PiBHi MOB nporpamyBaHHs

Pi3Hi THnIM IporiecopiB MaroOTh pizHi Habopu KoMaHA. Ko MoBa
MIPOrpaMyBaHHS OPIEHTOBAaHA Ha KOHKPETHHH THH IIPOIECOpa i ypaxoBye
HOro 0COOJNMBOCTI, TO BiH Ha3UBAETHCSA MOBOIO NPOSPAMYSAHHS HU3LKO2O
piena. Y TbOMYy BHUIAAKY «HHU3BKHHA PIBCHbB» HE 3HAUUTH «IIOTAHUID.
Maetbcst Ha yBasi, IO ONEPaTOPH MOBH ONM3BKI JO MAIIMHHOTO KOXYy W
Opi€HTOBaHI Ha KOHKPETHI KOMaHIH IIPOIecopa.

MOBOIO HAWHIXKYOTO PIBHA € Mo6a acembiepd, IO TIPOCTO
NIPE/CTABISIE KOXKHY KOMaH/y MAaIlIMHHOTO KOy, ajie He y BHUIVISL YUCe,
a 3a JONOMOIOI CHMBOJBHUX YMOBHHX II0O3HA4YOK, SIKi HAa3UBAIOTh
muemonikamy. OJHO3HAYHE MEPETBOPEHHS OJHIE] MallIMHHOI IHCTPYKIIT B
OJHY KOMaHIy aceMmOiepa Ha3UBa€TbCA mpauciaimepayicio. Tomy 1o
HabopHu 1HCTPYKLIH A7l KOXXKHOT MOJENl Ipolecopa BiApi3HSIIOTHCS,
KOHKpETHI! KOMITIOTEepHIH apXiTeKTypi BiANOBigae cBOsS MOBa acemOiepa,
i HamMcaHa Ha Hifl mporpama Mo)ke OyTH BHKOPHUCTAaHA TiIbKA B IBOMY
CePEeOBHIIII.

C 1omomMororo MOB HHU3BKOTO PIBHS CTBOPIOIOTHCS JIyKe
epeKTHBHI W KOMMIAKTHI MPOTpaMH, TOMY IIO PO3POOIIIOBAY OJIEPIKYE
JOCTYII IO BCIX MOXJIMBOCTEH mporecopa. 3 iHIIoro 60Ky, NOTPIOHO Jyxe
JI00pe PO3yMITH MPHUCTPOi KOMITIOTEPa, YCKIAMHIOETHCS HAJIArOKCHHS
BEJIMKHX JOAATKIB, a PEe3y/bTyi0ua mporpaMa He Moxe OyTH MepeHeceHa
Ha KOMITIOTEp 3 IHmIMM TUNOM mpouecopa. [TogiOHI MOBM 3BHYaiiHO
3aCTOCOBYIOTh JUI HAIMCAHHS HEBEJIMKUX CHCTEMHHUX JOJATKIB,
JpaiiBepiB  NPUCTPOIB, MOIYJIIB CTHKYBaHHS 3  HECTaHAAPTHUM
YCTaTKyBaHHSAM,  KOJNM  HAalBaXJIMBIIMMH ~ BUMOTaMH  CTalOTh
KOMITaKTHICTb, IIBUAKO/IS i MOXKIJIMBICTH IPSMOTO JIOCTYILY /10 arapaTHUX
pecypciB. Y neskux oONacTsSX, HAPHUKIA] y MAIIUHHIA rpadimi, MOBOO
aceMOJiepa MUITYTHCS 010Mi0TeKH, 0 ehEeKTUBHO peai3yrTh NoTpeOyodi
IHTEHCUBHIX O0YNCIICHb aJTOPUTMU 00POOKH 300paKeHb.

Mosu npozpamysanns 6ucoxkoco piéHa 3HAUHO OmmK4i ¥
3pO3yMiNilI  JIFOAMHI, HDK KoMm'torepy. OCOOJMBOCTI KOHKPETHHX
KOMI'IOTEPHHUX apXiTeKTyp B HUX HE BPAaxOBYIOTBHCS, TOMY CTBOPIOBaHI
IporpaMH Ha piBHI BHUXIIHUX TEKCTIB JIETKO TEPEHOCATHCS Ha IHII
w1aThopMu, U1 SKAX CTBOPEHHH TpaHCHATOp Iii€i MoBH. Po3pobmsatu
MporpaMM Ha MOBaX BHCOKOTO pIBHA 3a JOIMOMOTOI0 3pO3YMITHX 1
MOTYXXHUX KOMaHJ  IpOCTillle, a MOMWJIOK IIPH CTBOPEHHI Iporpam
JIOIyCKa€eThesl Habarato MeHIIe.
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lNMoKOAIHHA MOB nporpamyBaHHS

MoBu mporpamMyBaHHS NPUHHATO MITWTH HA W'STh NMOKOMiHb. Y
Triepiie MOKOJMIHHSA BXOAATH MOBH, CTBOPEHI Ha mo4aTky 50-X poOKiB, KOIH
mepmri KOMITIOTEpH TiBKK 3'aBmiiics Ha cBiT. Lle Oyma mepma moBa
aceMOIepa, CTBOpEHa 3a MPUHITUIIOM «OJTHA IHCTPYKIIiS - OUH PSAIOK».

Po3KBIT Apyroro MOKOJIHHSA MOB MPOrpaMyBaHHS NMPUHIIOBCS HA
kigerp 50-x - mogaTok 60-x pokiB. Tozxi OyB po3poOieHuit cHMBOMIYHAN
aceMOiep, y SKOMy 3'IBIJIOCS HOHSATTS 3MiHHOI. BiH craB mepuioro
MOBHOI[IHHOIO MOBOIO IIpOrpaMyBaHHs. 3aBISKH WOro BHHHKHEHHIO
MIOMITHO 3pPOCJIM LIBHIKICTH PO3pOOKH i HaAIHHICTh TPOTpam.

[losiBy TpeThbOro MOKOJIHHS MOB MpPOTrpPaMyBaHHS HPHHHATO
BimHOCUTH 10 60-M pOKIiB. Y IIel 4Yac HApPOIUIKCS YHIBEpPCaabHI MOBHU
BHCOKOTO PiBHS, 3 TXHBOIO JOMIOMOI'OI0 BAAETHCS BUPILIYBATH 3aBJaHHSA 3
Oynp-skux Tamy3eid. Taki SKOCTI HOBHX MOB, SK BIJHOCHAa MPOCTOTA,
HE3aJIeKHICTh Bil KOHKPETHOT'O KOMITTOTEpa i MOXKIIMBICTh BUKOPHCTaHHS
MOTYXXHUX CHHTaKCHYHHX KOHCTPYKIIH, MO3BONMIM PI3KO MiJBUIIUTH
MIPOAYKTUBHICTH Tpalli MporpaMicTiB. 3po3yMiia OUIBIIOCTI KOPUCTYBAUiB
CTPYKTypa IMX MOB 3aJIydijia J0 HAIMCaHHSA HEBEIUKHUX IMporpam (sK
MPaBUJIO, IHXKEHEPHOIO a00 EKOHOMIYHOTO XapakTepy) 3HAYHE YHCIIO
¢axiBIiB 3 HEKOMI'IOTEpHUX raiy3eil. [lepeBakHa OLTBIIICTH MOB LILOTO
MOKOJIIHHSI YCIIIITHO 3aCTOCOBYETHCS i1 ChOTOJTHI.

3 mouarky 70-X pOKiB HO TemepiliHiii yac TpPUBAE MepioJ MOB
4YeTBepTOro mokojdiHHs. Lli MOBM mpu3HaueHi Jyuisi peanizalii BEIUKUX
MIPOEKTIB, MiABUIICHHS iXHBbOT HAAIMHOCTI i MIBUAKOCTI CTBOpEHHS. BoHU
3BHYAITHO OPIEHTOBAHI HA CIEIiai30BaHi rary3i 3aCTOCYBaHHS, JIe TApHUX
pe3yNbTaTiB MOXKHA JIOMOTTHCSI, BUKOPHCTOBYIOUHM HE YHIBEpCalbHi, a
Ipo0JIEMHO-0PIEHTOBaHI MOBH, IO ONEPYIOTh KOHKPETHHUMHU MOHSTTSIMHU
BY3bKOI MpenMeTHOi ramysi. SIk mpaBwio, y IIi MOBH BOYHOBYIOTHCS
MOTYXHI ONEpaTopu, IO JO3BOJITIOTH OJHUM pSIKOM OIHCATH TaKy
(YHKIIOHANBHICT, I peaii3almii SKoi Ha MOBaX MOJOJUINX MOKOIiHb
NoTpiOHI Oy O THCSAYI PAIKIB BUXITHOTO KOIY.

HapomxeHHS MOB IT'SITOTO MMOKOJIIHHA BigOysocs B cepenuHi 90-x
pokiB. JI0o HUX BIZHOCSATBCS TaKOX CHCTEMHU aBTOMATHYHOIO CTBOPEHHS
MIPUKIIAJHUAX TPOrpaM 3a JIOTIOMOTOI0 Bi3yasIbHHX 3ac00iB po3poOkw, 6e3
3HAHHS NpOrpamMyBaHHs. ['0JIOBHA ijes, LIO 3aKJIaJa€eThcsi B Ii MOBH, -
MOXJIMBICTh ABTOMAaTHYHOTO (DOPMYBaHHS PE3YJBTYIOUOTO TEKCTY Ha
YHIBEpCAJILHUX  MOBax IpOrpaMyBaHHA (AKMH TOTIM  TOTpiOHO
BIZIKOMITUTIOBATH). [HCTPYKIIT K YBOIATHCS B KOMIT'IOTED Y MAaKCHMaIbHO
HAOYHOMY BHJI 32 JOIOMOTOI0 METOJIiB, HAHOIIBII 3pYYHUX IS JIIOAMHHY,
He 3HaHOoMOI i3 MPOrpaMyBaHHSIM.
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OrasipA MOB NporpamyBaHHS BUCOKOrO PiBHSA

Fortran (®optpaHn). lle mepma MoBa, MO KOMIIUTIOETHCS,
ctBopera Ixumom Bekycom B 50-i poku. IIporpamicTa, mo po3po0isim
MporpaMH BUHATKOBO Ha aceMOJepi, BHpakald CepHO3HHHA CYMHIB Y
MOJJIMBOCTI TOSIBU BHCOKOIPOXYKTUBHOI MOBH BHCOKOTO PIBHSI, TOMY
OCHOBHHM KpHTepieM mpH po3pobmi kommissatopie Poptpany Oyna
e(peKTUBHICT KOIy, IO BHUKOHYeThcA. Xoda y Poptpani Bmepme OyB
peai3oBaHM psii HaWBAXKJIMBIMIMX MOHATH IPOrpaMyBaHHS, 3PY4HICTH
CTBOPEHHS IMporpaMm Oyya NpUHECeHa Y JKEPTBY MOKJIMBOCTI OJCpKaHHS
e(eKTUBHOr0 MalIMHHOTO Koay. OmHak i 1iei MoBH Oyna CTBOpeHa
BelWYe3Ha KIUTbKICTH 0107i0TeK, TMOYMHAIOYM BiJ CTATHCTHYHHX
KOMIUIEKCIB 1 3aKiHYYIOYM IaKeTaMH YIPaBJIIHHA CYIYTHHKAaMH, TOMY
dopTpaH MPONOBKYE AaKTUBHO BHKOPUCTOBYBaTHCS B  0araTbox
oprasizamisix, 3apa3 HaBiTh BEIYTbCS POOOTH HajJ YEPrOBHM CTAHAAPTOM
®optpany F2k. € cranmaptaa Bepcis @oprpany HPF (High Performance
Fortran) mis mapanensHEX CYIEPKOMITIOTEPIB 3 OC3IIIIII0 IPOIIECOPIB.

Cobol (KoGoa) - MoBa, sika Tex KoMHOUTOeThes. [Ipn3HadeHa
BOHA JJIs 3aCTOCYBaHHS B EKOHOMIUHIN ramy3i. MoBa po3poOieHa Ha
moyaTky 60-X pOKIB 1 BIJPI3HAETHCS BEIHMKOK «0araToCTiBHICTIO» - ii
orepaTopu iHOI BUIIANAIOTH SIK 3BMYaiHI aHrmikdceki ¢pasu. Y Kobomi
Oynu peai3oBaHi IyKe MOTYXHi 3aCO0H POOOTH 3 BEIUKHMH 00CsAraMu
JMAHWUX, 110 30epiraloThCsi HA PI3HUX 30BHIIIHIX HOCisx. Ha 1iif MoBi
CTBOpEHO 0araTo JOJATKiB, SIKi aKTHBHO EKCIUIyaTyIOThCS W CBHOTOJHI.
Hocuth ckazatu, 1m0 HaiOuemy 3apmiatry B CHIA  oxmepxyroTsh
nporpamictu Ha Koboui.

Algol (AnroJ). MoBa sika KOMIITIOEThCS, CTBOpeHa B 1960 pori.
Bona Oyna moxnwmkana 3aminutd DopTpaH, ane depe3 OUIBII CKIATHY
CTPYKTYpY HeE ofep)kaixa IMIHpOKoro mnommpeHHs. B1968 pomi Oyma
cTBOpeHa Bepcist Anron 68, ska IO CBOIX MOMIJIMBOCTSX 1 CHOT'OJHI
BUIEpepkae OaraTo MOB NPOrpaMyBaHHsS, OJHAaK dYepe3 BIICYTHICTb
JOCUTh €(EKTHBHUX KOMII'TOTEPIB JJIsi HEl HE BJAJOCs BYACHO CTBOPUTH
rapHi KOMITUIATOPH.

Pascal (ITackaab). moBa Ilackamb, cTBOpeHa HampukiHmi 70-x
POKiB 3aCHOBHHKOM Oe3Jtivi ifieii cygacHoro mporpamyBaHHs Hukmaycom
Buptom, 6arato B yoMmy Haraxye Aroln, ajne B Hild OUIBII CTPOTi BUMOTH
O CTPYKTYpPH HpPOTPaMU 1 € MOXKIIHBOCTI, SKi O3BOJIIOTH YCITIITHO
3aCTOCOBYBATH 11 IPH CTBOPEHHI BEIMKUX IPOEKTIB.

Basic (beiicuk). [ns 1iei MoBM € ¥ KoMmOuIiTopH, i
IHTEpIIPETaToOpH, a I0 TOIMYJISIPHOCTI BiHA IMOCiJae Iepiue Micle y CBiTi.
Moga ctBopena B 60-x pokax sIK HaByaJlbHa MOBa 1 € JyXe IPOCTOI0 Y
BHBYECHHI.
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Cu. lana moBa Oyna cTBOpeHa y saboparopii Bell i cnogatky He
po3risinanacs Sk MacoBa. BiHa maHyBaBcs IS 3aMiHH aceMOiepa, oo
MaTH MOJKJIHBICTh CTBOPIOBATH HACTUTPKM XK €(EKTHBHI H KOMIIAKTHI
MIPOTpaMH, 1 B TOI XKe Jac He 3aJeXKaTH BiJj KOHKPETHOTO TUILY IIPOIECOpa.

Cu 6araro B yomy cxoska Ha [lackais i Mae momaTKoBi 3aco0u st
mpsiMoi poboTH 3 maM'sATTIO (nokascuuxu). Ha mid moBi B 70-i poku
HamucaHo O0e3Jiu NPUKIaTHUX 1 CHCTEMHHUX MpOrpaM 1 psii BiIOMHX
omnepariifnux cucrem (Unix)

C++ (Cut++). Cutt+ - 11e 00’€KTHO-OpPIEHTOBAHE PO3IIMPCHHS
MmoBi Cu, crBopene bespHom Crpayctpynom y 1980 pomi. besniu HOBuX
MOTYXXHUX  MOXIMBOCTEH, 10  JO3BOJWIM  DI3KO  HiIBUIIUTH
MPOXYKTUBHICTh NMPOTPAMICTIB, HAKJIAJIKCSA Ha YCNaJKOBaHy BiJ MoBH CH
MIEBHY HU3KOPIBHEBICTh, y pE3yNbTaTi YOTO CTBOPEHHS CKIATHHUX 1
HaAIHHUX TIpOrpaM 3a)KaJajo BiIl po3pOOTIOBAadiB BHCOKOTO PIiBHSA
po¢eciifHOl MATOTOBKH.

Java ([I:xaBa, fIBa). L1 MmoBa Oyna cTBOpeHa KOMIaHi€0 Sun Ha
moyatky 90-x pokiB Ha ocHoBi Cu++. BiHa mMOKIHKaHA CIPOCTUTH
po3poOKy momatkiB Ha ocHOBI CH++ IIISIXOM BUKJIIOUEHHS 3 Hel ycix
HU3KOPIBHEBUX MOXJIMBOCTEH. AJle TOJIOBHA 0cobiugicms IIET MOBU -
KOMIIUIALIS HE B MAIIUHHUN KOJ, a B MIaT(HOPMHO-HE3AICKHUN OaiiT-koa
(koxHa KOMaH[a 3aiiMae onuH Oaiit). Leit 6alT-KOx MOXKE BUKOHYBATHCS
3a JOMOMOTO0 IHTEepIpeTaTopa - BipTyalnbHOi Java-mamunu (Java Virtual
Machine), Bepcii sikoi CTBOpeHI ChOroAHI Al OyAb-KHX IuIAT(OpM.
3aBmsku HasgBHOCTI Oesmiui Java-mMammH nporpamMu Ha Java MoxkHa
MIEPEHOCUTH HE TUTbKM Ha pIiBHI BHUXIAHHX TEKCTiB, aje W Ha piBHI
IBifiKOBOTO OaifTa-Koxy, TOMY IO TONYJISIPHOCTI MoBa SIBa, CHOTOMHI
mocifae apyre Micie y cBiti micis beiicnka.

OcobnmBa yBara B pO3BUTKY i€l MOBH IPUAUISETHCS JBOM
HampsMKaM:  MIATPUMII ~ BCUITKHX ~ MOOUTBHHX  NPHCTPOIB 1
MIKpOKOMI'IOTEPIB, 1110 BOYJOBYIOTh Y MOOYTOBY TEXHIKY (TE€XHOJIOTis
Jini) 1 cTBOpeHHIO MIAT(HOPMHO-HE3ANESKHUX IPOrPAMHUX MOJYJIIB,
3ATHUX TPALOBAaTH Ha cepBepax y rio0ajbHUX 1 JIOKAIbHUX Mepexax 3
pi3HMMH omepauiiiHuMu cuctemMamu (TexHosorisi Java Beans). Iloku
OCHOBHHU HEJIOJIIK ITi€1 MOBH - HEBHCOKA IIBHUKO/IS, TOMY III0 MOBa SIBa
IHTEPIPETYETHCS.
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Cuctemu nporpaMyBaHHs

3acobu cTBOpPEHHSA Nporpam

Y caMoMy 3araJbHOMY BHINAAKY Ml CTBOPEHHS IPOTpaMu

00paHOI0 MOBOIO ITPOTpaMyBaHHS MOTPIOHO MaTH HACTYIIHI KOMIIOHEHTH.

1.
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Texcmosuui pedaxkmop. Tak SIK TEKCT HPOTpaMH 3aIUCYEThCA 3a
JOIIOMOTOI0  KJIFOYOBHMX CJIiB, IO 3BHYAHHO IOXOIATH BiJ CIIiB
AHIITHCBPKOT MOBH, i Ha0Opy CTaHAAPTHUX CHMBOJIB IS 3aIUCy
BCUIIKUX oIepauiif, To GpopMyBaTH Lieil TEKCT MOXXHA B OyIb-SIKOMY
penaKkTopi, OMEPKYIOUH B PE3yJbTaTi TCKCTOBUH Gaill i3 euxionum
mekcmom Tporpamu. Kpaiie BHKOPHCTOBYBAaTH —CIieliasli3oBaHi
pelaKTopy, SKi OPIEHTOBaHI Ha KOHKPETHY MOBY IpOrpaMyBaHHS i
JIO3BOJISIFOTH Y TIPOLIECI YBEJCHHS TEKCTY BUAUIATH KIIFOYOBI CJIOBA i
inenTudikaTopu pi3HUMH Konbopamu W mpupramu. [loxpiGHi
PEIaKTOpH CTBOPEHI [UIS BCIX MOMYISIPHAX MOB 1 JOJATKOBO MOXYTh
aBTOMAaTHYHO MEPEBIPATH TPaBWIBHICTD CHHTAKCHCY IIPOTPAMHU
Oe3rmocepeTHbO i Yac ii yBeJCHHSI.

Buxigauit  TekcT 32 JIONIOMOTOI0  NPOSPAMU-KOMNIAAMOPA
MePeBOANTHCA B MAIIMHHMN KoOJ. SIKIIO BHSBICHI CHHTaKCHYHI
TIOMUJIKH, TO Pe3yJIbTYIOUHMH KOJ He Oyzae ctBoproBaTHcs. Ha mpomy
€TaIll BXKe MOXKJIMBE OJICP)KaHHsI TOTOBOI POTPaMH, ajic HalJacTile B
Hiil He BUCTayae AESKUX KOMIOHEHTIB, TOMY KOMIIUIATOpP 3BHYaiHO
BUJIA€ NPOMDXKHUI 06 'exmuuil k00 (IBIAKOBUIA (aiii, 31 CTAHAAPTHUM
posmupenssm .OBJ)

IMoxigHuii TEKCT BeJMKOI NPOrpaMM CKIANAEThCS, SIK IPAaBUIIO, 3
JEKUIbKOX MoOyaié ((paiiliB 3 BUXIAHUMH TEKCTaMH), TOMY IIO
30epiratd Bci TEKCTH B OJHOMY (pailmi HE3py4YHO - y HHX CKJIAITHO
opienTyBatucs. KoxxHuil MOIynb KOMIUTIOETBCS B OKpeMH aiin i3
00'€KTHHM KOJIOM, SIKi TIOTiM Tpeba 00'eJHATH B OJIHE IIiJIC.

Kpim Toro, no Hux Tpeba H0AaTH MAaIIMHHUKA KOJ| IAIIPOTrpaMH, IO
peai3yloTh pi3Hi cTaHAapTHI QyHKUii (HanpuKiIaja, mo 00YNCIIOIOTH
maremaTnuHi QyHKIl sin a6o In). Taki ¢GyHKIii yTpUMYOTECS B
bibniomexax (Qaimax 31 craHmapTHUM po3mupeHHsM .LIB), ski
IIOCTAYalOTECS Pa3oM 3 KoMminaropoM. CreHepoBaHUH KOJ MOIYJIIB i
i IKITIOYEH] 10 HbOTO CTaHaapTHi GpyHKiii Tpeba He IpocTo 00'eaHaATH
B OJHE Ililie, a BUKOHATH Take 00'eHAHHS 3 ypaxyBaHHSIM BHUMOT



omepamiiHOi CHCTeMH, TOOTO OJepKaTH Ha BHXOIl Nporpamy, IO
BiNIOBiZja€ IEBHOMY (opMary.

OO6'ekTHHI KOII OOPOOIAETHCS CIICIIAIEHOIO TPOTPAMOI0 -
peoakmopom 38'a3kie ab0 30upayem, MO0 BUKOHYE 3B'S3yBaHHA
00'€KTHMX MOZYNIB 1 MAIIMHHOTO KOXIy CTaHNApTHUX (YHKIIH,
3HaxomsMun ix y 6ibmioTekax, BiH (opMye Ha BUXOAI Iparie3IaTHHA
JOAATOK - 30IliCHeHHUTl KOO sl KOHKPETHOI IIaThopMu.

SIKmo 3 SKMXOCh MPUYMH OAMH 3 00'€KTHUX MOIYJIB abo
notpibHa Oi0yioTexka He BUsABICHI (HANPUKIAJ, HEIPaBHIBHO
3a3HaueHMH Kartajor 3 0i0mioTekor), To 30Mpay MOBIJOMIISIE PO
MIOMUJIKY ¥ TOTOBA ITpOrpamMa He BUXOJUTb.

4. 30iticnennuii k0O - 1ie 3aKiHYEHA NporpaMa, sIKy MOXKHa 3allyCTHTH Ha
OyIb-IKOMY KOMIT'FOTEpi, ¢ BCTAHOBJICHA OMEpalliifiHa cucTeMa, IJIs
SKOI I TporpaMa CTBOpIOBanacs. SIK NpaBHIIO, IMiACYMKOBHH (ain
Mae posmuperss .EXE abo .COM.

IHTErpoBaHi cucTeMu nporpamyBaHHA

OTxe, U1 CTBOPEHHS MPOTpaMH MOTPiOHi:

* TEKCTOBHUI peJaKTop;

*  KOMIIISTOD;

* pEmaKTop 3B'SI3KiB;

* 0i0mioTexy (QyHKILH.

SIk mpaBWiIO, y CTaHAApTHY MOCTaBKY BXOASATH SIK MIHIMYM TpH
OCTaHHIX KOMIIOHEHTH, ajie TapHa IHMe2posana cucmema MiCTUTh y co0i i
crHewLiali3oBaHuil TEKCTOBUH pelNakTop, MpUYOMY Maibke Bci eranu
CTBOPCHHS MPOTpaMy B Hiii aBTOMATH30BaHI: MICISA TOTO SK BUXiTHHUN
TEKCT YBEIEHHWH, IHOro KOMIUIALiS W 300pka BUKOHYIOTHCS OJHUM
HaTHUCKaHHAM KnaBimi. Lle xyxe 3pydHO, TOMY IO HE BHMara€ py4HOTro
HACTPOIOBAaHHS Oe3Jidi mapaMeTpiB 3alycKy KOMIIIATOpa H pemakTopa
3B'SI3KIB, yKa3yBaHHS iM moTpiOHWX ¢aitmie BpyuHy # T1.4. I[Ipomec
KOMIUIALIT 3BUYaifHO JIEMOHCTPYEThCS Ha €KpaHi: MOKa3yeThes, CKiIIBbKU
PAAKIB  BHXIZHOTO TEKCTy BKE CKOMIUIbOBaHO, ab0 BHIAIOTHCA
TIOBIIOMJICHHSI PO 3HAMIEH1 TTOMUJIKH.

VY cydacHHX IHTETPOBAHHMX CHCTEMax € IIe OJWH KOMIIOHEHT -
8i01a0uux, IO JIO03BOJSIE aHATI3yBaTH pOOOTY MpOrpaMu Mg dbac ii
BHKOHAHHS. 3 HOT0O JIOMOMOTOI0 MOJKHA TTOCIHIIOBHO BUKOHYBATH OKpPEMi
OIIepaTopu BUXIJHOTO TEKCTY MO KPOKAX, CIIOCTEPIrarouu MpH LbOMY, 5K
MIHSIOTBCSI 3HAUEHHS PI3HMX 3MiHHMX. be3 Biulagunka po3pobutn
BEJIMKHUI JOAATOK JTy’Ke CKIAIHO.
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CepeAoBULLA LUBUAKOTO NMPOEKTYBAHHSA

B ocranHi Kinmpka pokiB y mporpamyBaHHI (0coOIHBO B
mporpaMyBaHHI A omepamiiHoi cucremMn Windows) HaMiTHBCS Tak
3BaHUN Gi3yanvbHuii nioxio. Jlo 1pOTO Cepio3HOI TMEPemIKoIo ULl
po3poOku TpadigHEX MOmATKiB Oyna CKIamHICTH CTBOPEHHS pI3HUX
€JIEMEHTIB yIIPaBIiHHS # KOHTPOIB 3a iXHBOIO pO00TO0. JJOCHTh TIIAHYTH
Ha BiKHO Oyzap-sxkoi Windows-iporpamu. Y HbOMY € 0€311id CTaHTapTHHX
€JIEMEHTIB YNpaBJliHHA (KHONKH, MYHKTH MEHIO, CIIHCKH, IepeMuKadi i
T.1.). JyXe TpymomicTko BpydYHYy OIMCYBaTH NpOLEC CTBOPEHHS LHUX
eJeMEHTIB BiAmoBigHO g0 BuMOr Windows, Ha OKO BH3HAYATH
KOOpAMHATH, BIJCTIIKOBYBaTH IXHI CTaH 3a JOMOMOTON0 CIEI[iadbHHUX
koman1. Hanpuknan, st npoctoi nporpamu, 1o CKJIAJIA€ Ba YHUCa, Oyzae
MOTPiOHO OAMH oneparop (OAUH PSIIOK BUXITHOTO TEKCTY) JUIsi BUKOHAHHS
MOTPiOHOTO OOYUCIICHHS W COTHI PAAKIB KOAY AJIS MIATOTOBKH JOAATKA O
pobotu B Windows, cTBOpEHHS KHOTIKH 1 TTapH IOJIiB YBEJCHHS.

Ile#t mnpomec aBTOMAaTH30BAaHUH Yy cepedosuyax uweuoKo2o
npoexmysannsi (Rapid Application Development, RAD-cepedosuwya). Bei
HEOOXigHI eJeMeHTH OQOPMICHHA W YIpPaBIiHHA CTBOPIOIOThCS U
00CITyTrOBYIOThCS HE IIUIIXOM PYYHOTO NMPOTpaMyBaHHs, a 3a JOIMOMOTOI0
TFOTOBHX  BI3yaIbHUX KOMHOHeHmi6, sKi 3a  JOIMOMOTOK  MHUIII
«TIEPETACKYIOTECAY Y TIPOEKTOBAHE BIKHO. IXHi BIACTHBOCTI if TOBOIKEHHS
MOTIM HACTPOIOIOTHCSI 32 JIOTIOMOTOI0 TPOCTHUX PEAAKTOPIB, 10 Bi3yalbHO
MOKa3yl0Th XapakTePUCTHKH BIANOBIIHUX elieMeHTiB. [lpu 1pomy
JIOTIOMDDKHUN BHUXIJTHUH TEKCT MMPOTPaMH, BIANOBIIAIbHUI 32 CTBOPEHHS i
poboTy muX eneMeHTiB, reHepyeThcst RAD-cepedosuuem aBTromMaTwdHO,
110 /I03BOJISIE 30CEPEANTHCS TUTBKH Ha JIOTII PO3B'sI3yBaHOTO 3aBJIaHHA. Y
pe3ynbTaTi MporpaMyBaHHs 0arato B YOMY 3aMiHSETHCS HA MPOEKTYBaHHS
- MOMIOHUH i JIXi]T HA3UBAETHCS IIE Bi3VATbHUM NPOSPAMYEAHHAM.

KoMITOHEHTH [OCHTH JIETKO CTBOPIOBATH CAMOCTIHHO, TOMY Yy
CBITI CBHOTOAHI TMOUIMPIOIOTBCS THCAYI OE3KOIITOBHUX 1 IUIATHUX
KOMIIOHGHTIB i Haiioinpmn  Bigomux RAD-cepedosuwy, 3 HuX
dbopMytoTbCsl  Oi0OIOTEKM KOMIIOHEHTIB — o0O'cxkmui  penosumapii.
KommnoHeHTH BHCTymaooTh y poili  «OyIiBENPHUX IETJIHHOK», IO
JI03BOJISIFOTh  30MpaTH TOTOBUI J0ONATOK 3 0OaraTUMH MOIKIIUBOCTSIMH,
HaNWCaBIIM BCBOTO JAECATOK PSAKIB BHXIHOTO KOAY, 1 Takui
KOMNOHeHmMHuti nioxi0 JI0 CTBOPEHHS MpOrpaM YBaKaeTbCs JyXKe
MIepCIIEKTUBHUM, TOMY IO 0e3 3aiBHX 3ycWib 1 Ha 3aKOHHMX IIiJICTaBax
JIOITYCKa€ HOGMOPHE BUKOPUCIANHS TyXKOT TIpalli.
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OCHOBHi cMCTEeMU NporpamMyBaHHs

3 yHiBepcalbHHX MOB MPOTpaMyBaHHS CHOTOIHI HaOLIBII
TIOITYJISIPHI HACTYIIHI:
Beiicuk (Basic) - s OCBOEHHSI BUMAarae 1mo4aTkoBOl IMiTOTOBKH
(3araJTbHOOCBITHS IITKOJIA);
[Tackanms (Pascal) - Bumarae cremiaqbHOI MATOTOBKH (IKOJIA 3
MTOTTHOJICHIM BUBYAHHSAM TIpeiMeTa abo 3aranbHo TexHiuHi BH3);
Cut+ (C++), SIBa (Java) - BuMararoTh npoeciiiHOi MiATOTOBKU
(cmerianizoBaHi cepeHi i BUINI HABYAIBHI 3aKIa]H).
Jdnst kokHOT 13 IMX MOB IPOrpaMyBaHHS ChOTOJHI € YHUMaJo
CHUCTEM TMpOTpaMyBaHHS, IO BHITYCKAlOTbCA pi3HUMH ¢ipMamu U
opientoBani Ha pi3Hi Momem IIK i omepamiiini cucremu. HaiiGinpimn
MOMYJIAPHI HACTYIHI Bi3yaJibHI CEpENOBHINA IIBUIKOTO HPOEKTYBAaHHS
nporpam st Windows:
— Basic: Microsoft Visual Basic
— Pascal: Borland Delphi
— C++: Borland C++Bulider, Microsoft Visual Studio
— Java: Symantec Cafe
Jyis po3poOKHM CEepBEpHUX 1 PO3MOIUICHUX MOMATKIB MOXHA
BUKOPHCTAaTU CHCTeMy mporpamyBanHs Microsoft Visual C++, npoaykru
¢ipmu  Inprise min wmapkoro Borland, npaktuyno Oynb-siki 3acobu
IIporpaMyBaHHs Ha Java.
Hapmani OyayTb po3riisigaTHCs MOJKIIMBOCTI, XapaKTEpHi JUist
Microsoft Visual Basic.

Pe3ome

Jns momanHs crocoOy pillleHHsS 3aBOAaHHS y BHIVIAL, SKHAH
3pO3yMITMH KOMII'IOTEPY, BHKOPHUCTOBYIOTH MOBH IporpamyBaHHs. Jlami
TEKCT TMPOrpaMu NMEPEeBOJMUTHCS B MAIIMHHUI KO, a00 BUKOHYETHCS IIij1
VIOPaBIIHHAM CICI[aJbHUX CIY)KOOBUX JOJAATKIB, SKi Ha3HBAKOTHCS
MPAHCAAMOPamu.

B po3zini po3rnsHyTO piBHI Ta MOKONIHHSA MOB IPOTPaMyBaHHS,
3po0eHuil OryIAg MOB NPOTpPaMyBaHHS BHCOKOTO piBHA. Bu3HadeHi
OCHOBHI 3aco0M CTBOpEHHS TpOTrpaM, OXapaKTepPH30BaHi IHTErpoBaHi
CHUCTEMH TpPOTPaMyBaHHS, CEPEJOBMINA IIBHIKOTO IPOEKTYBAHHS,
PO3MIITHYTI HaWOLIbII TOMYJSIPHI CHOTOJHI yHIBEpCallbHI CHUCTEMH
MIPOrpaMyBaHHSI.
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KOHTPOABbHI 3anuTaHHSA Ta 3aBAA@HHA

[{o Take MOBa mporpaMyBaHHs?

o Take TpancusaTOp?

UuM BiApi3HAETHCS KOMITUIAINISA Bil 1HTEpIIpeTarii?

[MosicHITH TEepMiHH ,,MOBa HU3BKOTO PiBHA~ 1 ,,MOBa BHCOKOTO PiBHA,
YUM BOHH BiI[pi3HSAIOTHCS?.

Po3kaxiTh Ipo MOKOJIHHS MOB IIPOTPAMyBaHH.

SIki MOBH TIPOTpaMyBaHHS aKTHBHO BUKOPHCTOBYIOTHCS ChOTOJIHI?
VYKaxiTh OCHOBHI KOMIIOHCHTH, $Ki HEOOXiJHI JUIs CTBOPCHHSI
MPOTPaMH.

[Ilo Take iHTerpoBaHe cepeOBHIIE IPOrpaMyBaHHI?

JlaTu BU3HAYCHHSI TOHATTIO ,,Bi3yalbHE MPOTrpaMyBaHHs .
OxapakTepu3yiiTe OCHOBHI HAMIPSIMKH PO3BUTKY MOB MPOrPaMyBaHHsL.
Po3kaxiTh PO OCHOBHI CHCTEMH MIPOTPAMyBaHHS.

[epenidiTh CKJIaIOBI IHTErPOBAHOTO CEPEIOBHUINA POIPOOKH MIPOTPAM.



Posain lll
OCHOBHI NMPUHLUMU POSPOBKU AATOPUTMIB | MPOITPAM

Eranu pilweHHs 3aBAaHHA Ha EOM

BapTo BUIIIMTH Taki €Tany MiArOTOBKY Ta PO3B'S3aHHS 3aBAaHb 3a
nonomororo  EOM: mocTaHOBKa 3aBIOaHHs, BHOIp METOdy, pO3pOOKa
QITOPUTMY, CKJIaJaHHs [porpamu, BBeAeHHA 1i B mnam'satb EOM,
HaJIaroJDKEHHS TPOTPaMU, 1i TECTYBaHHS Ta MiJrOTOBKAa JOKyMeHTamii. He
MOXXHa ITHOPYBAaTH >KOIHOTO 3 IMX €TarliB.

Pimenns Oynp-sikoro 3aBmaHHs Ha EOM ckimagaeTbes 3 OEKUTBKOX
eTariB, cepe]] SKUX BapTO BHIUIUTH OCHOBHI:

MOCTaHOBKA 3aBJIaHHS;
¢dopmaizaiiis (MaTeMaTHYHAa TMOCTaHOBKA 3a/1adi);
BHOIp (ab0 po3poOKa) MeTomy PilllCHHS;
PO3po0Ka aNropuTMy (QIrOpUTMI3aLLis);
CKJIaJlaHHs TporpaMu (IpOTrpaMyBaHHsS), BBEACHHS ii B MaM'iTh
EOM ;
HaJIaro/pKeHHs POrpamu, ii TeCTyBaHHS;
7. obOuucneHHs i 00poOKa pe3yIbTaTiB.

[MocninoBHEe BUKOHAHHS BKa3aHHUX €TalliB CTAHOBHUTH IOBHUM LIUKJI
PO3pOOKH, HAJAro/DKEHHS i o0urcieHHs nporpamu. HaBenennit pononin €
YMOBHHUM, aJl¢ HE BapTO IrHOPYBAaTH XOJHOTO 3 IuX eramiB. Po3risiHemMo
HAMOUTBII 3arabHi ¥ HeoOXimHI eTamu. Pa3oM i3 3a3HaAYCHUME KOPHCTYBAd
EOM y npotieci pilieHHsI 3aBJaHHs MOYKE BUKOHYBATH TaKOX TaKi €Taru, K
BUOIp MOBM IpOrpaMyBaHHs, OIIUC CTPYKTYpPU JI@HUX, ONTHUMI3allis
NpOrpaMu, TECTYBaHHsI, IOKYMEHTYBaHHsI i iH.

IHocranoBka 3aBaaHHs. [Ipu mocTaHOBII 3aBAAHHS MEPIIOPAAHY
yBary Tpeba TNPHUIUINTH 3'ICyBaHHIO KiHIIEBOI MeTH I BHpPOOJIECHHIO
3araJIbHOTO TIAX0/AY A0 JOCIIPKYBaHOI NpobieMu; 3'sICyBaHHIO, UM iCHYE
pilIEHHS MOCTaBJICHOTO 3aBJAHHS M UM €IMHE BOHO;, BUBUCHHIO 3arajbHHUX
BJIACTUBOCTEH pO3IIAHYTOTO (isnuHOro siBuma abo oO0'ekra, aHamizy
MoxJMBocTell KoHkpeTHoi EOM 1 manoi cuctemu nporpamyBanHs. Ha
LbOMY eTani NoTpiOHe TIMOOKe PO3YMiHHS CEHCY HOCTaBJICHOTO 3aBJIaHHS.
[MpaBunbHO cdopMyoBaTH 3aBJaHHS 1HOAI HE MEHII CKJIAJHO, HDK Ti
BUPIIIATH.

akrwdPE

e
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®opmadgizanis. opmamizaris, SK IpaBUio, MOJBTaE y MOOYI0BI
MaTEeMaTU9IHOI MOJENi PO3TIITHYTOTO SIBWINA, KOJH B PE3YNbTATi aHAJi3y
CYTHOCTI 3aBIaHHS BH3HAYAIOThCA OOCSAT 1 cnenudika BUXITHUX IaHHX,
BBOJIMTHCSI CHCTEMAa YMOBHHX ITO3HAYOK, BCTAHOBIIOETHCS MPUHAICKHICTD
PO3B'SI3yBaHOTO 3aBIaHHSA [0 OJHOTO 3 BiJOMHX  KJaciB 3aBAaHb 1
BUOMPAETHCS BiMIOBIMHMA MaTeMaTWIHH amapat. [Ipm mpoMy moTpiOHO
BMITH C(OpPMYIIIOBATH MOBOIO MAaTEMaTUKH KOHKPETHI 3aBJaHHA (i3HKH,
MEXaHiKH, EKOHOMIKH, TEXHOJIOTIi ¥ T. Im. J[Jsl YCHIITHOTO MOIOJaHHS IIbOTO
eTamy MmOTpiOHI HE TUIBKHM COJNIZHI BIOMOCTI 3 BINMOBIAHOI MPEIMETHOI
ramysi, ane ¥ rapHe 3HaHHS OOYMCIIOBAIBLHOI MaTeMaTHKU, TOOTO THX
METOJIiB, SIKI MOXYThb OyTH BHKOPUCTaHi NpPH pillIeHHI 3aBJaHHI Ha
KOMIT FOTEPI.

IloBHa mocTaHOBKa 0araTbOX CKJIQJHHWX 3aBJaHb HE3iHCHEHHA
3aco0aMu  OOYMCITIOBANFHOI TexXHIKHM. ToMy I 3aBHaHHA HOTPiOHO
crnpoiyBatu. ['paMOTHE CIIPOLIEHHS 3aBJaHHS HEMOJJIMBE 0€3 TapHOTo
MOJaHHSI TIPO Te, sAKi (akTopu W TapaMeTpy HAHOUTBIN BaXIHBI LI
JOCIIDKYBAHOTO 3aBJAHHA, a sKi - MeHIm ictoTHi. [lpm mpomy  myxe
B&)KJIMBO 3HATH, KA 3 MOMJIMBHX PO3PAaXyHKOBUX CXEM MOJKE IPUBECTH JIO
CHPOLICHHS  OOYHCIIIOBAIFHOTO — XapakTepy, OOYMOBJIEHHX BHOOPOM
O00YHCITIOBAILHOIO MeTOAy. SIKIIO HasBHUX 3acOo0iB HEJOCTAaTHBO, TOJI
HEOOXI1THO pO3pOOHUTH HOBHH MifXiMI, HOBI METOIHU JOCIIIXKCHHS.

Bu6ip merony pimennsi. Ilicnst Toro sik BU3HAUEHO MaTeMaTH4HE
(hopMyITFOBaHHS 3aBIaHHA, TpeOa BHOpATH METOZ HOro pillieHHsS. 3arajiom,
3aCTOCYBaHHsI OyAb-KOTO METOY ITPUBOIUTH JI0 IOOYIOBH Py HOpMYIT
1 ¢QopmymroBaHHS TpaBWiI, IO BU3HAYAIOTh 3B'A3KM MDK IIMMHU
¢dopmynamu. Bce me po3OmBaeThcss Ha OKpemi Aii  Tak, OO0
00YHCITIOBAIBHAN TIpoLieCc MIir OyTH BUKOHaHHWH MamuHOw0. [Ipu Bubopi
Merony TpeOa BpaxoBYBaTH, no-nepuie, CKIAmHICTE GopMyr i
CITIBBiIHOIIICHB, TTOB'I3aHUX 3 TUM a00 IHIINM YHCEITFHHUM METOIIOM, 10-
Opyee, HEOOXIHY TOYHICTH OOYHCIICHb 1 XapaKTEPUCTUKH CaMoro
MeTony. Ha Bubip Merony pilleHHS BeJIMKHH BILUIMB MAalOTh CMaku M
3HaHHs CaMOr'0 KOPUCTyBaua.

Lle#t eran - HaliBaXKIMBIIIKK y poLeci pillieHHs 3ajadi. 3 HUM
3B'sI3aHI YHMCJICHHI HEBJadi, SIKi € Pe3yJbTaTOM JIETKOBAYKHOTO TJIXOAY IO
MOMIWIOK obumncnenb. I[lpum pimenni 3aBmanHs Ha EOM HeoOximgHO
nam'siTaTH, MO OyIb-SKHH OJEp)KyBaHWH pe3yNbTaT € HaOJIMKEHHM!
SIKmo BiZOMO aJropuTM TOYHOIO pIIIEHHS, TO KpiM BHITaJKOBHX
noMuiIok (360iB y pobori EOM), MoxIMBI NOMWIKH, TOB'SI3aHi 3
oOMmexeHoro TouHicTIo moganHs dnucen B EOM. Ilpu obuucienHsx, mo
MOJIATAIOTh y 3HAXOKEHHI pe3yibTary i3 3aJJaHUM CTYIEHEM TOYHOCTI,
BMHUKA€ JIOJIATKOBA IMOTPIMIHICTh, SKY, SKIIO MO>JIHBO, OLIHIOIOTH Ha
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naHoMmy etami (o Buxony Oesmocepennpo Ha EOM). Llg morpimHicTs
BU3HAYA€ETHCS OOPAHUM YHCETEHUM METOZIOM PIlICHHS 3aBIaHHS.

Po3podka anroputmy. [laHumii eram momArae B PO3KIIAJaHHI
00YHCITIOBAIFHOTO TIPOIECy Ha MOXJIMBI CKJIA/IOBI YaCTHHH, YCTAaHOBJICHHI
MOPSIIKY IXHBOTO MPOXOKEHHS, OIMHMCI 3MICTy KOXKHOI Takoi YaCTHHU B Til
abo iHmiM ¢opmi ¥ HACTYNHIA IepeBipIli, II0 MOBHHHA ITOKAa3aTH, YH
3a0e3meuyeThes peatizallisi 00paHoro Metoxy. Y OUIBIIOCTI BUMAIKIB HE
BIA€THCS Binpa3y oOJiepKaTH 3aJ0BUIbHHH PpE3YNbTaT, TOMY CKJIaJaHHsI
ITOPUTMY HPOBOIUTHCS METOJOM «CHPOO 1 YCYHEHHS MOMHIIOK» 1 JUIs
oJlep>)KaHHsI OCTATOYHOI'O BapiaHTy MHOTPIOHO KibKa KPOKIB KOpEKLil i
aHamizy.

Sk mpaBuiio, y mpoleci po3poOKH aIrOpUTM MPOXOJUTH KiJIbKa
etamiB fetamnizamii. CrioyaTky CKJIaJaeThCsl YKPYIIHEHA CXEMa allrOpPUTMY,
y SAKii BiIOWBAIOTHCSA HAWOUIBII BaXTMBI W ICTOTHI 3B'I3KH  MiX
JOCIIHKYBAaHAMH TIporiecamu (abo dacTHHAMU mporecy). Ha HacTymHuX
eTanax PO3KpUBAIOTHCS (IETaTi3yIOTHCS) BHIUICHI Ha IOIEPENHIX eTamax
YaCTHMHU OOYHCITIOBATBHOTO TIPOIECy, IO MAIOTh JEsIKe CaMOCTiiiHe
3HadeHHA. KpiM TOro, Ha KOXXHOMY €Tami JeTaii3allii BUKOHYETHCS
Oaratopa3oBa IepeBipka W BHUIpaBiICHHS (BIINpalbOBYBaHHS) CXEMHU
anroputmy. [lomiOHuit  miaxixm  J03BOJSE  YHUKHYTH — MOMIIMBHX
TIOMUIIKOBUX PillIeHb.

Opi€eHTYIOUNCh Ha BEJIUKOOJOYHY CTPYKTYpPY alrOpHUTMY,
MOJKHA MIBUJLIEC ¥ MPOCTille po3poOUTH KiJibKa Pi3HUX HOro BapiaHTIB,
MIPOBECTH iXHIiH aHaNi3, OLIHKY i BUOpaTH HaWKpamwuii (ONITHMATBHHIA).

EdexT moeramHo1 neraiizamii anroputMy 0arato B 4oOMy 3aJICKUTh
BiZl TOTrO, SIK 3AIHCHIOETBCS HOTO CTPYKTYypH3allisl: PO3UICHOBYBAHHS
AJITOPUTMIYHOTO NPOIIECY Ha CKJIAI0BI YaCTHHH, 110 TIOBUHHE BU3HAYATHCS
HE CBaBOJCH KOpHCTyBadya (Tporpamicra), a BHYTPIIIHBOI JIOTiKOIO
camoro mporecy. KoXHHUH eleMEeHT BENMKOOJIOYHOI CXEMH alrOpHTMY
MMOBUHEH OYyTH MaKCUMAaJIbHO CAMOCTIHHKM 1 JIOTTYHO 3aBEPIICHUM Y TAKOMY
CTyNeHi, 100 MOoJajiblly WOro JeTalli3alildc MOXXHa OyJl0 BHUKOHYBATH
HE3aJIeKHO BiJ JAeTamizamii iHmUX eneMmeHtiB. lle cmpoinye mporec
MPOCKTYBaHHSl AJITOPUTMY # JIO3BOJISIE 3AIHCHIOBATH HOrO PO3pPOOKY
BpO3/pi0 0THOYACHO KIJILKOMa BHUKOHABIISIMHU.

VY mporeci po3poOKH alropuTMy MOXXKYTh BUKOPHCTOBYBATHCS
pi3Hi cmocobu ioro omucy, HIO BiAPI3HAIOTBCS 3a IPOCTOTOIO,
HAOYHICTIO, KOMIAKTHICTIO, CTylleHeM (opMaiizawii, opieHTali€0 Ha
MallMHHY peaii3anilo ¥ IHIIUMU TOKa3HUKaMH. Y  IpakTUIi
MIpOrpaMyBaHHs HAHO1IBIIOT0 NOUIMPEHHS HA0YIH:

1. cnoBecHuit 3amUc AITOPUTMIB;
2. CXeMH alrOpHUTMIB;
3. mnceBnokon ((popmaibHi aJrOPUTMIYHI MOBH);
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4. ctpykryporpamu (miarpamu Hacci - [llueiinepmana) .

Po3pobka anroputMiB € B 3HaUHIH Mipi TBOpYHUM,
€BPUCTUIHUM TIPOIECOM i, SIK NMPABHUIJIO, BUMAra€e BEIHKOI epyauiii,
BUHAXiUIMBOCTI, HECTAaHJAPTHUX 1 HETPAAWIIHHUX MiIXOTIB [0
pilIeHHS 3aBIaHHS.

Cknaganusa nporpamu. [lomanHs anroputMmy y dopmi, Imo
JIOTyCKae BBEJCHHS B MalllMHy, IEpeKiaJ Ha MAallMHHY MOBY €
3aBJAaHHSMU €Tany CKJIaJaHHs IporpaMu (mporpamyBaHHs). ToOTo
pO3po0JieHUIT aNrOpuUTM 3aBIaHHS HEOOXITHO BHMKIJIACTH MOBOIO, MIO
Ooyne 3posymina EOM 0Oe3nmocepenubo abo Ticias MOMEPEIHBOTO
MalIMHHOTO Inepekiany. Bix BuOOpy MOBHM mporpaMmyBaHHS 3aJI€KUTh
MpoLEeC HajJaro/KeHHs Mporpamu, MijJ Yac SKOTO Imporpama HaOyBae
OCTaTOYHOTO pOOOYOT0 BUTIIALY.

Hanaroxxennss mporpamu. CkiafaHHS TpOTpaMH  SBIISE
c00010 TPYAOMICTKHHI MPOLEC, III0 BUMArae BiJi BUKOHABI[S HaNpPy>KEHOI
yBaru. [IpakTmka mokasye, IO B OOYHCIEHHSX BapTO YHUKATH
MOCIIIITHOCTI ¥ TOTPUMYBATHCS 30JI0TOTO MPaBHiIa: «Kpallle MEHIIE, Ta
Kpame». AJsle Ha IONEpeAHiX eramax CTiIIbKH MOXKIMBOCTEH
MPUITYCTUTHUCSA TIOMUJIKH, 1 K OM MU PETENbHO HE s, CIOYaTKy
CKJIaJicHa IporpamMa 3BHYAifHO MICTHTh MOMHJIKH. MamuHa abo He
MOJK€ JIaTH BiAIMOBiAl, a00 HABOAUTH HENPaBUIIbHE PilICHHS.

HanaromkeHHsl MOYMHAETHCS 3 TOTO, L0 MPOrpaMa, akypaTHO
3amucaHa Ha OJaHKy, MEepeBipsAeThCsA O€3MocCepenHbo 0c00010, IO
3AIHCHIIIA TiATOTOBKY W WporpaMyBaHHS 3aBOaHHS. 3'SCOBYETHCS
MpaBWIBHICTh HANHCAaHHSA IPOI'PAMH, BHABIAIOTHCS 3MICTOBHI U
CHHTaKCH4YHI MOoMmiKku i T.m. [loTiM mporpama BBOAMTHCS y MaM'sTh
EOM i noMuiky, mo 3aJIMIIMINCS HEMOMIYEHUMH, BHSBISIOTHCS BXKE
6e3mocepeHbO 3a JIOTIOMOTOI0 MAIIWHH.

Hocimuenut kopuctyBadu EOM 3Hae, mo HEOOXiqHUHN MIFOUHiA
KOHTPOJIb HaJl MPOLECOM OOYMCIICHb, SKHH JIO3BOJISIE BUACHO BUSIBIISTH
i 3ano0iratu moMuiakd. J{Jis 1[bOTO BHKOPHCTOBYIOTBCS PI3HOTO POAY
IHTYITHBHI MIipKyBaHHS, NPaBIONOIIOHI MIpPKyBaHHS i KOHTPOJIbHI
¢opmynu. KopuctyBau - moyaTKiBellb 4acTO BBa)Ka€ HaJaro KeHH:
3aiiBUM, a OJIEpKAHHS KOHTPOJIbHUX TOUOK - HEIPHUEMHOIO J0IaTKOBOIO
pob6ororo. OpnHak [gyXe CKOPO BiH TEPEKOHYETHCS, IO IONIIYK
MPONyIIEHOI TOMMJIKM BHMara€ 3HadyHO OULIBIIOrO dYacy, HDK 4dac,
BUTpPa4YeHUIl HA KOHTPOJIb.

lapaHTi€lo TpaBUIBHOCTI  pIlIEHHA, HANPUKIAL, MOXE
CIYXXUTH:

a. mnepeBipka BHKOHAaHHS YMOB 3aBJaHHs (Hanpuknam, s
anreOpaiyHOrO PIBHSHHS 3HaWJICHI KOPIHHA MiACTaBISIOTHCS
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Yy BHXiZHE pIBHSIHHA I MEpeBipsAIOTHCS PO3XOIKEHHS JTiBOi U
MpaBoi YacTHH);

0. saAxicHuMi aHai3 3aBJaHHS;

B. mepepaxyBaHHS (110 MOXJIMBOCTI 1HIIMM METOIOM).

JUis  nesKux CKIaJHUX 3a CTPYKTYpOIO IpOorpaM Hpoliec
HaJIaro/DKEHHS MOXe 3a)KaJaTH 3HagyHO OiNbIIe MamIMHHOTO 4Yacy, HiXK
came pimenHHs Ha EOM, TOoMy M0 mOraHO CIUTAaHOBaHI IIPOIECH
anropuTMi3amii, TpPOrpaMyBaHHS 1 HAJIATOJKEHHA TPUBOIATH IO
MMOMWJIOK, SKi MOXYTh OYyTH BHSABJIEHI JHUIIE Micias Oaratopa3oBHX
TepeBipoK.

OO0uucienHst i 00podka pesyabrartiB. TibKU MiCJIS TOTO SK
3'SIBUTHCSl MOBHA BIIEBHEHICTh, LIO NporpaMa 3ade3mnedye OJepiKaHHS
NpaBWIBHUX pPE3yJbTaTiB, MOXHA MPUCTyHaTH O0e3MOCepeaHbo M0
po3paxyHkiB mo mporpami. besmocepenne pimeHHs 3aBaaHHs Ha EOM
He BUMarae 0o0oB'sI3K0BOI y4acTi kopucTyBaya. L[st po6oTa BUKOHY€EThHCS
onepatopom EOM. Ilopsigok poOOTH Ha MalmiMHI [pH  pillleHH]
3aBIAHHA JOKJIAQJHO ONMHUCYETbCA B IHCTPYKLil mo mporpamu. Ilicns
3aBepIICHHSA PO3PaxyHKIB HACTyIae eTal BUKOPUCTAHHS DPe3yJbTaTiB
o0uncieHp Yy TpaKTHYHIA [JisTbHOCTI a0o, SIK TOBOPSITH, €Tal
BIIPOBAKCHHS PE3yNbTaTiB. |HTepmperauis pe3yibTaTiB OOYHCICHB
3HOBY HAJCXKHTh JO Ti€i MpeIMeTHOI Tajy3i 3HaHb, 3BiAKH BHHHUKJIO
3aBIaHHS.

CnoBecHa opma 3anucy aAropuTMmis

Cnovatky Juisi 3amucy ajlrOpUTMIB KOPHCTYBajJHCsi 3acobamu
3BHYAHHOI MOBH, aji¢ 3 PETEJIbHO BigiOpaHuM HAOOPOM CIiiB 1 (hpas, 110 He
JIOMTyCKAa€e MOBTOPEHb, CHHOHIMIB, IBO3HAYHOCTEH, 3aiiBux cmiB. Kpim
TOT0, TIPUIMaITKCS IEBHI Yro/u 1po (HopMy 3aIHCy, OPSIOK BUKOHAHHS i,
JIOITyCKaJIOCST BUKOPHUCTaHHSI MATEMATHYHUX CUMBOJIIB.

Posrissnemo sk mpuknan  azeopumm  Eexnioa.  3aBnanHs,
PO3B'sI3yBaHe 3a JOIIOMOTOIO I[LOTO AITOPUTMY, (POPMYIIIOETECS TakK: JaHi
JBa IIMX IMO3UTHBHUX 4YHCJIA, 3HAWTH TXHIH HANHOLIBIIMKA 3aranbHUI
nuteHuK (H3/1).

Sk Bimomo, pilIeHHS OO 3aBIaHHS MOXe OyTH OTpHUMaHe
MOCIIIOBHUM PO3MOJIIIOM CIIOYaTKy OUIBIIOrO YMCiIa Ha MEHIIE, MOTIM
MEHIIOr0 4MCila HA OTPUMAaHUN 3aJIMIIOK, NEPLIOTO 3aJUUIKy Ha APYrui
3aJUIIOK 1 T.A. JOTH, OKH B 3QJIMIIKy HE BHHAe Hyib. OcTaHHIN 1O
pPaxyHKy AUTBHHK 1 OyJie IIYKaHUM pe3yIbTaTOM.
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[Mo3snaunmo depe3 M i N BUXIAHI LIl YKcia, NPUHHSBIIM B
SIKOCTI TXHIX MOYATKOBHUX 3HAYCHP 33aJ]aHI KOHCTAHTH. 3BEIEMO PO3MOJILI 10
MMOBTOPHOTO BUpaxyBaHHs. Toji alroput™ Moxe OyTH chopMyITLOBaHUH Y
TaKui crocio:

e JSkmoM <> N, To mepeiTH 10 1. 2, IHAKIIE IePeHTH 10 1. 5.
e Sfxmo M > N, To mepedTH no m. 3, iHaKIIe MEepeiTH 0 II.

4,

e Big M BimaaTa N 1 majii 10 pi3HUIIO BBaXATH 3HAYCHHSM M.

Ilepeittu no m. 1.

e Bixg N BigHATH M W Aaii BBaXaTH II0 PI3HUIIO 3HAYCHHSM N.

Ilepetitu o m. 1.

e Baaxaru, mo H3/l nopiBHI0€ M. 3aKiHUEHHS.

[IpoimtocTpyeMo BUKOPHCTaHHSA alNTOPUTMY Ui 3HAXODPKEHHS
HaWOITBIOIOTO 3arallbHOTO MiNbHHWKA NBOX umcerx: 95 i 60. Ilpuitmemo,
HanpuKJaz, nepuie 3 HUX - 95 3a mouaTkoBe 3Ha4YeHHS M, a apyre 60 - 3a
noyaTkoBe 3HadeHHs N. Toxml NHOCHIAOBHICTP BHUKOHAHUX ITYHKTIB
aNTOPUTMY, a TaKOX 3HaUYeHb M Ta N, MO 3MIHIOIOTHCH, OyAYyTh
TaKuMH, K y Tabm. 3.1.

Taonuusa 3.1
Tabnuus 3HaueHp anroputMmy EBKiTina
M N Homepa
BHKOHYBaHHX
MYHKTiB
95 60 1,2,3
35 60 1,2,4
35 25 1,2,3
10 25 12,4
10 15 1,2,4
10 5 1,2,3
5 5 1,5

JilicHO, BUKOHAHHS Ollepamiif mo m. 1 mpUBOIUTH HAC JO II. 2.
Uepe3 Te mo YUCIOBI 3HAYCHHS JAaHWX Taki, mjo M > N, TO micis
BUKOHAHHS 1. 3 YHCJIOBE 3HAYCHHS M cTallo JOpiBHIOBATH 35, a N, 4K i
panime, nopiBHioe 60. BinmoBizHO 10 BKa3iBKM H. 3 MOBEpTaEMOCS
no 1n. 1. 3HOBY pe3ynbTaToM HOro BUKOHAHHS Oyae mepexin mo m. 2.
ToMy mo mpu HOBOMY 3HAa4YeHHI M CHiBBiIHOImEHHS M > N BXKe
HECIpaBeIJIUBE, TO MEPEXOIUMO IO 1. 4 1 T.1I.
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OCKINBKY aJrOpUTM MpHU3HAYCHUN IS MOJANbIIo] peamizamii Ha
EOM, 10 000B's13k0BO Tpeba BBECTHM NMOKAXYMUKU IOYATKY M KiHI, SKi
BUKOPHUCTOBYIOTBCSI TAKOXK JJIS BUAUICHHS ACSIKUX CAMOCTIHHUX YaCTHH
anroputMy. PasoM 13 UM 3amuCc TOBHHEH OYyTH IONOBHEHHH
BKa3iBKaMu 1po BBeneHHsI B EOM mowaTkoBHX 3Ha4eHb M i N i BUBEACHHS
OTPUMAHOTO PE3yJbTaTy Y HaAPYKOBAaHOMY BHIJIAI. 3aMiCTh (pa3 «Bix

M BigHATH N 1 Jalii M0 Pi3HUIIO BBAXKATH 3HAYCHHSM M - N » abo «Big N
BIHATH M 1 Jam BBaXaTd IO pPI3HUIIO 3HauyeHHsIM N» MoxkHa
BUKOPUCTOBYBATH 3amUCH «M : = M - Npi«N : = N — My le

JI03BOJISIE OLIBII KOMIIAaKTHO 3amucatd m. 3, 4 1 5. Y jgedkux MyHKTax
MOXYTb OYTH BIACYTHI SIBHI BKa3iBKH, KyIH NEPEUTH Micis IXHBOTO
BUKOHaHHS. Y IIMX BUIAAKaX MaeTbcs Ha yBasi mepexij A0 MYyHKTY 3
MOPSAKOBUM HOMEPOM Ha OJIMHHUINIO OLTBIINM, HDK y TOTO, 1[0 BUKOHYETHCS.
BBeneni cnenianbHi yroaud IO3BOJSIOTE aneopumm Eexnioa TpencTaBUTH
O1JTBII KOMITAKTHUM CJIOBECHUM 3aIIHCOM:

IIouaTok

1. ¥YBectu (M, N).

2. Hdxmo M # N, To mepenTM mo mn. 3, iHakme NepenTu Io

m.6.
3. dxmo M > N, To nmepemtm mo n. 4, iHakme nepemTV IO
mn.5.
4. M: = M — N; nepentu mo m. 2.
5. N : =N — M; nepewTtu mo m. 2.
6. H3O : = M.
7. 7.0pyrkyBatu (H3I) .
Kineup
PosrnsHeMo 1me OAWH TpPHKIAA — AITOPUTM  BiIITyKaHHS
MIHIMYMY ¥ MaKCEIMyMY B OYIb-Kii KiHIIEBii ITOCIIZOBHOCTI 3 7 TIHCHUX
9UCeT a1, &.2;, +--y @i +-.., an. lIpU HEBENWKIA KIIBKOCTI

YHCeNl JOCUTh LIBHIKOTO TOMNISANY, MO0 yKa3aTd MakCUMyM i MiHIMyM.
OnHak SKIIO 7 BENHMKE, 3aBJAHHS YCKIATHIOEThCA. Y LBOMY JIETKO
MIepeKOHATHUCS, SKIIO clpoOyBaTH BilIIyKaTH MakCHUMYM i MiHIMYM cepej
JEKIIBKOX ~COTEHb 0araro po3psAHUX 4uceld. ToMy HEoOXimHO
JOTPUMYBAaTUCS TI€BHOI cHCTeMH. Hampukmazn, B3STH SIK IOYaTKOBE
3HAUEHHS SK AJSI MAaKCUMyMYy, Tak 1 Juisi MiHIMyMy Iepiie 4uciio, JAaii
MOCNIZIOBHO TiepedMpaTn 4Wciia i TOpIBHIOBATH KOXHE 3 HHUX 13
YCTaHOBIJICHUM Ha JaHUH MOMEHT 3HaYCHHSIM MakcumyMmy. SIKIo deprose
YHUCIIO TEPEBHIIYE MAaKCUMyM, BBa)KaTH HOIO HOBHM 3Ha4YCHHSIM
MakCUMyMy (KOJIMIIHE 3HA4YEHHSI <«3a0yTW»), Micas HYOTO MOXHA
MIEPEeXOANTH 1O HOBOTO dYHCia. SIKIIO aHami30BaHE YHCIO HE OiIbIe
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MakCHMyMy, TO 3pIBHSATH HOTO i3 BCTAHOBJIEHHM [0 JAaHOTO MOMEHTY
3HAYCHHSAM MiHIMyMy. SIKIIO YHCIO BUSBIIETHCS MEHIIUM MIHIMyMY,
yBa)kaTH HOr0 HOBHM 3HA4YCHHSAM MIHIMyMy W TEpeHTH IO HACTYITHOTO
Yrcia; SKII0 YHCIO HEe MEHIIEe MiHIMyMY, IPOCTO MEPEXOANTH J0 aHATi3Y
HactynHoro uucina. [lepeOpaBmm B Takuii crmoci® BCi 9mciia, OAEp:KAMO
OCTaTOYHI 3HaYCHHS MaKCUMyMy i MiHiMyMmy. Bukmazmeni nmpaBmia Mo)kHA
MIPEACTABUTH y BUIIIAI CIIOBECHOTO 3aITUCY:

IllouaToxk

1. ¥YBectn (ai, i= 1,2, ..., n).

2. min: = al; max:= al

3. i: = 2.

4. dxmo al > max, To mepewTM mo n. 5, ilHakme nepenTu
oo m. 6.
max: = ai, nepewty mo m. 8.

6. fAxmo ai < min, To mepeumTM mo m. 7, iHakme nepenTH
o m. 8.

7. min : = ai

8. i: =1 + 1.
Axio i< m, TO mnepentu mo n. 4, ilHakue OepenuTu
mo . 10.

10. IpyxkyBaTy (max, min).

Kineusn

CxemMu aAropuTmiB

Cxema - 1ue rpadidyHe TOAaHHS AJITOPUTMY, JOIOBHEHE
€JIEMEHTaMH  CIIOBECHOro  3amucy. KOXHMH  NyHKT — alroputMmy
BiTOOpaKAaETbCS HA CXEMi JESKOK TEOMETPHUYHOK (iryporo-0JI0KoM
(OJTOKOBMM CHMBOJIOM), TIPHYOMY PI3HUM 32 THUIIOM BHKOHYBaHMX MiH
6JI0KaM BIATIOBIZAIOTH Pi3HI reomerpuuHi ¢irypu, 300paxysani 3a JCT.
[TpaBuia BUKOHAaHHSA cXeM AITOPUTMIB periamMeHrye
JEPXXCTAHIOAPT 19.002-80  (sxkwii  TOBHICTIO  BiAmoOBimae
MikHapoaHomy craagapry MCO 2636-73). 3acrocoByBani rpadiuni
CHMBOJIM, IIO BigOMBAIOTH OCHOBHI omepamii mporecy OOpoOKH HaHHX,
ycranosimoe  JIEPJKCTAHJIAPT 19.003-80  (mo3HaueHHS CHMBOJIB
BiAmoBigae MixHapomHomy cranmapty HWCO 1028-73). YV Ta6n.3..2
HaBeIeH] HAHOUIBII YacTO BXKMUBAHI OJIOKH i JaH1 ITOSICHEHHS JO HUX.
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I'pagiuni cuMBomM Ha cxemax 3'€IHYIOTBCS IIHISIMH TIOTOKY
inpopmarii. OCHOBHHI HampsMOK TOTOKY iH(opmamii #ae 3BepXy BHH3 i
37iBa HampaBo (CTPUIKM Ha JIiHISIX MOXYTh He BKa3yBaTHcs). B iHmmx
BUTIAKaX 3aCTOCYBaHHS CTPUIOK oOoB'si3koBe. Ha puc. 1.1 Haenmewi
MPUKJIaJ YMOBHUX TpadidHuX MO3Ha4eHb Ha cxeMax. CTOCOBHO OJOKY
JiHIi TOTOKY MOXYTh OyTH BXimHUMH a00 BuXigHUMH. KiTBKiCTB BXiTHHX
JiHIA A1 OJIOKY HPHUHIUIIOBO HEe oOMEeHa. BuximHa JiHisS MOXe OyTH
TUIBKKA OJHA. BHKIIIOYEHHS CTaHOBISATH JIOTIYHI OJIOKH, IO MaroTh HE
MEHIIIC JBOX BUXITHUX JIIHIA MOTOKY, KOXHA 3 SKHX BIiJIOBia€ OJHOMY
3 MOXJIMBHX BapiaHTiB NepeBipku joriyHoi ymosu (puc. 1.1, B, 1), a
Takox OJI0KH Moaudikarrii.

[Ipu BexnumKiil KIIBKOCTI TEpEecidHUX JIiHIN, BENUKIH TXHIi TOBXUHI
il GaraTopa3oBHM 3MiHaM HampsSMKy CXeMa CTa€ MallOHAOYHOK. Y X
BHIAJIKaX  JIOIMYCKA€ThCA PO3PHBATH JiHII MOTOKY iH(opmamii,
po3Mimaryr Ha 000X KiHISX PO3PUBY CIICLiabHUN CHMBOJ «3'€IHYBaw»
(puc. 3.1, 8). Ycepenuni mons 3'eAHyBadiB, 110 BIA3HAYAIOTH PO3PUB ONHIET i
Ti€l K JIHII, CTaBUThCA OJHAKOBE MapKyBaHHS OKpPEeMOIO OYKBOIO abo
OyKBEHO-IIM()POBOIO KOOPAWHATOI OJOKY, MO SKOTO MiAXOIOWTH JiHis
MOTOKY. SIKIIO cXeMa pPO3TalllOBYETHCS Ha JEKUIBKOX apKyllax, Mepexin
JIHIA MOTOKY 3 OJJHOTO apKylla Ha iHIIWI IT03HAYa€ThCs 3a JOTMOMOTO0
CUMBOJIy «MDKCTOpiHKOBUH 3'ennyBau» (puc. 3.1, 6). Ilpu npomy Ha
apkymi i3 OJOKOM-ZKepenoM 3'elHyBad MICTHUTh HOMep apKyma W
KOOpIMHATH OJOKy-ipHiiMaya, a Ha apKyuli i3 OJOKOM-IipuidMayeM -
HOMeEp apKylia if KOOpAHHATH OJIOKY-IKepena.

Ycepenauni OJIOKIB i MOPYY i3 HUIMHU POOIIATH 3aIUCH H TIO3HAYCHHS
(11 yTOYHEHHST BUKOHYBaHUX HUMH (YHKINH) Tak, 100 iX mMokHa Oyio
YUTAaTH 3J1iBa HAmpaBO 1 3BepXy BHHU3 HE3aJEKHO BiJ] HANPIMKY
moToky. Hampukman, Ha puc.3.1 Bun 1 i BUx 2 YMTAIOTHCS iIEHTUYHO.
[opsiakoBi HoMepH OJIOKIB MPOCTABIAIOTh Y BEPXHIH 9aCTHHI rpadiqHOTO
CHMBOJIY B pO3pHBI #oro kouTypy (puc. 3.1, 6, 6, 2).
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Tabmums 3.2

YMoBHI rpagiuni mozHauyeHHsi, 3acTOCOBYBaHi npu
CKJAJaHHi cXeM aJropurMmiB

Ne Hasga BizodpasyBsana
Cumson T,
n/n CHMBO.IY dyHEDiR

Baor obuncaeHE O0uHCcIrELIEHA J14 200 MOCTITOEHCTE

(mpomec) 00UHCIHBATBHIE Iif
2. Jorusri 010K Bubip HampAMEY EHEOHAHHA AITOPHTMY
(pinrersz) S2TeRHO BT JEAKNK YMOE
3. BaIorm VE€ZEHHA - 3araJsHe MOSHAYSHHA VEeAEHHA 300 BHCHOBEY
EHCHOEEY futel i
(v HesamesHOCT] EIT dISHUHOTO HOCLE)
BHCHOEOE JaHX, HOCIEM ARMX CIVEHIEB
MOEYMEHT (ApVEYBaIBHEH IPHCTPIA)
4 IlouaTok - KHeLE [louaTor ado KHENE OpOTpaM:, BXLY 200 BHXIT
(Bxin - Brxim) v MAOporpaMax
5 BuzHauemii mpomec OfuHCTeHHA 0 CTAHIAPTHIR manporpas ado
(mamporpama) AP oTpaM KOpHCTYEAHa.

6. Baoxmogudiramia
(3aroI0BOE MHETY)

BrroHa HEA I, 00 3MIHIOHOTE ITYHKTH
AMTOPHIMY

Brasiera sEWsKEY MUK IepepEaHHME TIHLTME

3'egHyEAY . .. .
- noToky iHdoprMai B Meaax ofmei cTOpPIHEN
g . . . Brasiexa sE'S3Ky MUE U3 CTHHAMH CHEMH
: MicTopissoEHH N .
) POSTAMIOEAHIME Ha PISHEX apEVIIAX.
seqHyEAY -

aeod|[JORL

[Ipu BHKOHAaHHI CXEM aITOPUTMIB HEOOXiTHO BHTPUMYBATH MiHIMAIbHY
BIICTaHb - 3 MM MDK TapalieIbHUMH JIHISIMH TOTOKIB 1 5 mm - MK
IHIIUMU CUMBOJIaMHU. Y OJOKaxX MpUitHATI po3mipu: a= 10, 15, 20 mm; 6=
1,5. Sxmo HEoOXimHO 3OUTBIIMTH PO3MIP CXEMH, TO JOMYCKAETHCS
301TBITYBAaTH @ HA YHCIIO, KPAaTHE 5.

Ha puc.3.1 maBenena cxema anrOpUTMY TOIIYKY MakCUMyMy M
MiHIMYMY B KiHIIEBiH ITIOCITiZIOBHOCT] YHCEIL.

Cxema € BHMHATKOBO HAOYHHM 1 TPOCTHM CHOCOOOM IOJaHHS
anroputMy. Ilpu bOMy He HaKJIAJA€ThCs HiKMX OOMEXEHb Ha CTYITiHb
neramizamii B 300pakeHHI anropuTMmy. Bubip 11 IiIKOM 3aleXuTh Bif
mporpamicra. OgHak HEOOXiTHO MaTH Ha yBasi, MO 3alBO 3arajbHUMN
XapakTep cxeMH HeOakaHMH dYepe3 Mally iH(GOPMATHBHICTb, a JyXe
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JeTalbHa CXeMa Mporpae B Hao4HOCTI. ToMmy, 0COOMMBO IS CKIATHHX i
BEJIMKUX aJTOPUTMIB, IOLITBHO CKJIACTH KiTbKa CXEM pI3HHX pIiBHIB
neramizamii. Cxema 1-ro piBHS BimoOpakae Bech anroputM nitkoM. CxeMu
2-T0 piBHS PO3KPHBAIOTH JIOTIKy OKpeMuX OJokiB cxemu 1-ro pisas. Ilpu
HEOOXITHOCTI MOXYTh OyTH CKJIaJeHI CXeMH HACTYIHHX pIBHIB 3 IIe
OlmpIIMM CcTymeHeM peramizamii. Take MTOKPOKOBE YTOYHEHHS CXEMHU
AITOPUTMY CTAHOBHUTH CYTHICTh METOAY CIIaHOTO MPOEKTYBaHHS, IO, Y
CBOIO Yepr'y, € OCHOBOIO CTPYKTYPHOT'O POTpaMyBaHHSI.

CTpyKTypHe nporpamMmyBaHHS

[IpakTuka mnporpamyBaHHsl TIOKa3aja HEOOXIJHICTh HAYKOBO
0oOIpyHTOBaHOI METOJOJIOTIT PO3POOKH W JOKYMEHTYBaHHSI aJITOPUTMIB i
nporpam. 1{s MeTonosoris NOBUHHA CTOCYBATHUCS aHATi3y BUXIZHOTO
3aBJaHHs, NOJALIY HOro Ha JIOCUTh CAMOCTIMHI YaCTUHU W TPOTrpaMyBaHHs
IUX YacTHH [0 MOXIHMBOCTI HE3aJeXHO OnxHA Big oxpHoi. Takoro
METOJIOJIOTIEI0 € CMPYKMYpHe Npocpamy8anus, IO 3apONWIOCcsS Ha
moyaTky 70-X poKiB, a B OCTaHHIH 9ac HaOyJIO MOIIUPEHHS. 3a CBOEIO CYTTIO
BOHO BTUIIOE NPHHIWIN CHCTEMHOTO IMiJAXOAy B IpOLECi CTBOPEHHS I
eKcIDTyaTamnii mporpaMHoro 3abesnedenHss EOM. B OCHOBY CTpyKTypHOTrO
MPOrpaMyBaHHs MOKJIAAEH] JOCUTh MPOCTI MOJIOKCHHS:

1 ajgroput™M 1 TIporpaMa MOBHMHHI CKJIaJaTUCS TOeTanHo (110

KpOKax);

2. ckJajHe 3aBJaHHS MMOBHHHE PO30MBATHCS Ha JIOCUTH IIPOCTI,

YaCTHHH, IO JIETKO CIIPUIMAIOThCS, KOXKHA 3 SIKMX Ma€ TUIbKH

OJIMH BXiJ 1 OMH BUXIJI;

3. Jorika anropuTMy ¥ TIporpamMu TOBMHHA CHHpaTHCS Ha

MiHIMaJIbHE YHCJIO JOCHTH MPOCTHX 0aA306UX YNPAGIAIOUUX

cmpyKkmyp.
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IMogaTox

ji=i+1

i<n

Kinens

Puc.3.1. CxeMa anropuTMmy MOIMIYKY MaKCUMyMY H MiHIMyMy

BuKopUCTaHHS IUX MON0XKEHb 103BOJISIE BHECTH IIEBHY CUCTEMY B
MpaIfio Mporpamicta i OTpUMYBaTH anropuTMH (i mporpamu), SKi 3pydHO
YWTaTH, JIETKO BHBYATH W TepeBipaTH. DyHTAMEHTOM CTPYKTYpPHOTO
NpOTpaMyBaHHS € meopema npo cmpykmypyeauns. Llg Teopema
BCTAHOBIIOE, IO, SKAM OHM CKIagHUM He OyJlno 3aBAaHHA, CXeMa
BIANOBITHOI TporpaMH  3aBXAM MOXe OyTH TpeACTaBleHa 3
BUKOPHUCTAaHHAM TOCHTH OOMEKEHOTO YHCIIa €JIEMEHTAPHUX YIPaBIISIOUNX
CTpYKTYp. EnemeHTapHi cTpyKTypm MOXYThb 3'€JHYBaTHCS MiX C000I0,
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YTBOPIOIOYHN OUTBII CKIAMHI CTPYKTYPH, MO THUX XK€ CAMHX €JIEMEHTAPHHUX
cxemax. ba3zoBuMu eneMeHTapHUME CTPYKTYpaMH € CTPYKTYpPH, 300paxeHi
Ha puc.3.2. BoHn MaTh (QYHKIIOHATBHY IMOBHOTY, TOOTO OynIb-sSKHN
aNTOPUTM MOKe OyTH peasli3oBaHUH y BUTJIAII KOMIIO3HIT IUX TPHOX
koHCTpYyKIiii. KoxHa 3 KOHCTpYyKIili Mae cBolo Ha3By. Tak, mepmia 3
HuX (puc.3.2, a) Ha3WBAETHCA CTPYKTYPOIO THUILy IIOCIiIOBHICTE (abo
MPOCTO MOCHIAOBHICTIO), apyra (puc.3.2, 0) -—CTPyKTypoi BHOOPY
(posramyxenusm), Tpers (puc.3.2, 6) -—CTIPYKTYpOw IMKIYy i3
nepeaymMoBoro. [Ipy cioBecHOMY 3amuci alrOpUTMY 3a3Ha4€Hi CTPYKTYpH
MafOTh BIJIIOBIJJHO TaKH{ 3MICT: «BHKOHATH S1; BUKOHATH S2%»; «IKIIO P,
TO BUKOHATH S1, iHAKIIe BUKOHATH S2)»; «IOTH, IIOKH P, BAKOHYBAaTH S»,
ne P—ymoBa; S, S1, S2 - mii.

S ———
\ 4 \ 4
l s1 S2
S2 S
7. T
l_

Puc.3.2. ba3ogi eneMeHTapHi yIpaBJsiiodi CTPYKTypH

Posrisimatoun cxemMy mOporpaMu, MOXHAa BHIUIMTH B HIiH
yacTuHU ((parMeHTH), HOCHUTH MPOCTI U 3pO3yMidi 3a CTPYKTYpPOIO.
IMoganHs 1MX QparMeHTiB YKPYNHEHUMH OJIOKAMH ICTOTHO IIOJIETIIYE
CIPUHHATTS anropuTMy (a Hajanmi i nporpamu) y uinomy. Ha pwuc.3.3
BUJIIJIEH] eJIeMEHTapHI CTPYKTYpH Ha cxeMi ainroputMmy EBkiina
(nuB. panime).

JlocuTh 4YacTo CTPYKTYpHE TIpOTpaMyBaHHS Mae€ Ha yBasi
BUKOPHCTaHHS Oinbllle TPhOX OasMcHUX CTPyKTyp. CTOCOBHO 10 MOBH
Visual Basic, y sikoMy HaHOimbII MOBHO 3HAWIUIM CBOE BigOWTTS imel
CTPYKTYPHOTO HPOTrpaMyBaHHS, NOLUIBHO NPHU NPOEKTYBaHHI aJrOPUTMIB
JIOaTKOBO BHKOPHCTOBYBaTW IlI€ YOTHPU EJIEMEHTapHI CTPYKTYpH:
CKOpPOYEHMH 3amuc posraiyxeHHs (puc.3.4, a); CTPYKTypy BapiaHTy
(puc.3.4, 6); cTpyKTypy TOBTOpEHHS ab0 MUKy 3 mapameTpoM (puc.3.5,
a); CIPyKTypy UMKy 3 mepexymoBoro (puc.3.5, 6). Koxkna 3
MpEJCTaBICHUX CTPYKTYp Ma€ OAWH BXix i omuu Buxin. Y mosi Visual
Basic e 3aco6u (omeparopw), 1110 J03BOJISIOTH 0E3MM0CEPETHBO PEATI3yBaTH B
nporpami KOXHY 13 LUX CTPYKTYP, TOMY NPaBUIIbHE BUKOPUCTAHHS TUTIOBHX
CTPYKTYp Yy TIpoIeci po3poOKH airopuTMmy 3abe3rnedye  CHpOIEHHS
HACTYITHUX €TaliB pilieHHs 3aBaaHHs Ha EOM.
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IToqarox
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Puc.3.3. Cxema anroputmy EBkiiga

>

v
a

a 6
Puc.3.4. CxopoueHuii 3anmc po3ray>keHHs (a); CTpyKTypa
Bapianra (0)

|

a 0
Puc.3.5. [ukn 3 mapamerpom (@), MHUKI 3 TIeperyMoBoto (6)



Sk mpuKIa; CTPYKTYpPHOTO MiAXOAY 10 TMPOCKTYBaHHS CXEMH
AITOPUTMY  PO3TIITHEMO 3aBIHaHHSA TaOymroBaHHA  (QyHKOil, TOOTO
oGunCIeHHS Aesikoi QYHKIIT Z = Z(X) omHi€el 3MIHHOT X, 1II0 3MIHIOETHCS Bilt
MOYaTKOBOTO 3HAYEHHS X 3 IOCTIHHUM KPOKOM hy 710 KIHIIEBOTO 3HAYCHHS
Xy — CKOPOYEHO MO3HAYAETHCA X = Xo(hy)Xn.

2
Hexaii ¢pynkmis z(X) mae Burisg  z(x) = y—+x2
Ln(2 + x%)
sin(x), akuo X< a, " X2,e ¢ aw(b
e y= = , TpH
YUx), so x)a, Jecanzp T

XO:'3, h)(:l, Xn:].o, azo, b:385

IMowaTor

—

=1

x=x+ hy

Puc.3.6. Cxema anroputmy TabynoBanHs QyHKIT Z = Z(x)
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IIpomec  cmagHOTO  MPOSKTYBaHHS  CXEMH  allTOPHTMY
TabymoBaHHS QyHKIIT Z = Z(x) moka3zaHuii Ha puc.3.7. Ha mepmomy
piBHI nmeramizamii cxema BigOwWBae mpomec TaOymroBaHHS (YHKII B
HaWOUTBII 3araJbHOMY BHUTIAAI. J[IS  IIbOTO BHKOPHUCTOBYIOTHCS
CTPYKTYpH THIIB TIIOCTIOBHICTH 1 OHKI i3 mepexymoBoro. Jlami
3MIACHIOEThCS — AeTamizamis  Omoxy  OOuucnenus — @hyHKyii, 10
NIPEACTABIAETECS Yy BHUIJBIII TOCHIIOBHOCTI OJIOKIB Jpyroro piBHS.
Ockinbku QyHKIISA Y = Y(x), w0 BXOOUTH SIK apryMEHT y BHU3HAUCHHS
byl z = z(X), € CKIagHOW, BOHA BHU3HAYAETHCS CTPYKTYPOIHO, IO
PpO3rayXXy€eThesl, IeTai3alis sikol 31ilicHeHa Ha 3-My 1 4-My piBHSX.

ITouatok

Beenemna
(x0.hx. %n.2

Hi

Tax
| v =sin(x) | J V=vy1@®

OtumcTess
4
fimewaTra

x=x+hx

Puc.3.7. IIporec cnagiHOTO IPOEKTYBAHHS CXEMHU

anropuTMy TaOynatoBaHHS QyHKIT

[IpoBeneny meramizamiro OJIOKIB, IO 3IiMCHIOIOTH BU3HAYCHHS
GyHKIIT Y =Y(x), MOXHa MOSICHUTH 32 JOIIOMOTO0 3aJIeKHOCTEH:

sin(x), ecau X< a, e vie X2, ecau X{b
yl(x), ecau X) @, A e \/X_, eciu X >,

AKi  Jerko  3a0e3medyloTh  3aCTOCYBaHHA  CTPYKTypH
po3ranyXeHHS.

82



IligcTaBiustroun 3aMicTh OJIOKIB, SIKI HIUIATalOTh JeTami3aril,
BIIIIOBITHI CTPYKTYpH OUIBIIE HU3BKOTO PIBHS, OICPKYEMO OCTATOUHY
CXeMy aJITOPUTMY TaOyIroBaHHSA QYHKIII z = Z(X), 300paxkeHy Ha puC.
3.7.

Pesrome

Y upoMy po3aini pO3IJSIHYTI OCHOBHI €Tamy MiJArOTOBKH Ta
po3B’si3aHHs 3amau 3a jgomomororo EOM: mocraHoBka 3anaui, BHOIp
METOJly, PO3poOKa aJIropuTMmy, CKJIaJaHHS IMPOTPaMHU, BBEICHHSA 1i B
nam'ste EOM, Bimmanka mnporpamu, ii TecTyBaHHS Ta MiJATOTOBKa
nokymeHranii. Po3rmsHyTi QopmMu 3amucy Ta CcXeMH NpeICTaBICHHS
anroputMmiB. OcobnuBa yBara npUALIEHA METOMOJIOTI CTPYKTYPHOTO
MIPOTpaMyBaHHS, SKa BTIJIOE€ TMPHHIUIN CHCTEMHOTO MiAXOAy B IpoOIEci
CTBOPEHHS I eKCIUTyaTallil MPOrpaMHOro 3a0e3MeYeHHS.

KOHTPOABbHI 3an1UTaHHA Ta 3aBAaHHA

1. HasBiTh OCHOBHI eTamu WiATOTOBKKA Ta pO3B'I3aHHA 3agad 3a
noromoror EOM.

2. IlpoxomeHTyiiTe KOXHHUI eran po3poOku nporpamu. SIki eranu Ta
B SIKUX CUTYAIlisIX MOXYTh OyTH IPOITyIIeHi?

3. Ulo BpaxoByrOTh npx BUOOPI METOy BUpIIICHHS 3a1a4i?

4. Ha3BiTh oCHOBHI (opmu 3ammcy anroputmiB. HaBenite rpadidni
SJIEMEHTH, SIKi 3aCTOCOBYIOTHCS IIPH CKJIAJaHHI CXeM alrOpHTMIB

5. o mokiajeHo B OCHOBY CTPYKTYPHOTO MPOTrpamMyBaHHs?

6. B ugoMmy ceHc TeopeMU PO CTPYKTYpYBaHHS?

7. Hassith OCHOBHI 0a30Bi CTPYKTYpH CTPYKTYpPHOTO
NpOTpaMyBaHHsL.

8. CknanmiTh  CIIOBECHHIl  OMHC  aNrOPUTMY  3HAXOJKCHHS
HaWOi1IBIIOT0 3HAYEHHS 13 YOTUPHOX YHCEL.

9. Ckunanite OJOK-CXEMy JITOPUTMY HEpEBEIeHHS yucia 3 Oyab-
SKOi CUCTEMH YHCJICHHS y JIECSTKOBY.

10. Cknanite OJOK-CXeMy alrOpUTMY BH3HAa4YeHHS  3apo0iTHOI
wiaTHi OyxranTepa dyepe3 N'ATh POKiB, SKIIO LIOPOKY BOHA
30inbiryBaTMeThest Ha 10 %.
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11.

12.

13.

14.

15.

16.

17.

18.

[ToOymyBati OIIOK-CXeMy aJTOPUTMY IiTHECEHHS IJIOTO YHCia
IO IIJIOTO CTETIEHS.

[ToOynyBatn OJOK-cXeMy alropuTMy oOOYMCIEHHS (aKTopiana
HaTypalbHOTO YHCIIA.

BuxoprucTOBYIOYH TTOKPOKOBY JAETai3allifo, CHPOCKTYHTE OIOK-
CXEeMY aJrOpuTMy OOYHCICHHA CKIagHOI (PYHKII MpH 3aJaHUX
3HAYCHHAX 3MIiHHHX a, b, X:

2 2
a“ +b°)x
u, axuo X{0,
1+ a
y = (a2 + bz)2 , akuwox =0,
1nx
_ akuwo0(x {1,
a2 + b2 Ho0(x
x(a2 + bZ), akupo X >1.
Cknaaite 0JI0K-CXeMy ANTOPUTMY NEepeTBOPEHHS

IIBOBUMIpHOTO MacuBYy A po3mipom 3*4 B 0OmHOMIpHUN MacuB
B, tak mo (b1 =ai1, b2 = a1z, bs=ais, ba = az, ...).
3armcaTi alropuT™M <«IMKIYHOTO» OOMIHY 3HAUEHHSMU MDK TphOMa
OJIHOTHITHAMH 3MiHHUMH @, D, C (@« b, b« ¢, c« a).

Cknazite OJOK-CXeMy aJrOPHUTMY BH3HA4YCHHS HasBHOCTI,
KIJIBKOCTI Ta 3HaYeHb KOPEHIB KBaJPATHOTO PiBHSIHHSI.

[MoOynyBaTn OJOK-cXeMy Al BU3HAYCHHS THUIY TPUKYTHHKA
(piBHOCTOpOHHIN,  piBHOOEOpEHMIA, PI3HOCTOPOHHIH)  3a
JOBXHHAMH Horo cropiH. SKoIo TPUKYTHHK HE MOJXHA
moOyayBaTH, CIii BHBECTH ITOBiIOMIICHHS.



Po3ain IV
ANTOPUTMU TA ANTOPUTMISBALIA

AArOpUTM Ta MOro BAACTUBOCTI

Anzopumm  — 1€ TOBHICTIO BHU3HAUCHA IMOCIIJOBHICTh
IHCTPYKIi{, BUKOHAHHS SIKOT 3a0e31edye OTpUMaHHs BIpHOTO Pe3yJIbTaTy.
CydJacHe 3HA4YCHHS CJIOBa aJrOPUTM IY)XE CXOXKe 31 3HAYCHHAM
CJIIB peLenT, NpoLec, MeTo, Crocid, mpouenypa, mporpaMa, IpoTe B CIOBI
"axroputM" € CBI MOMATKOBHH cMHUCIOBHH BinTiHOK. Kpim Toro, mio
aNrOpUTM — L 3BelCHHS KIHLIEBOTO 4YHCIA MpPaBWI, SKi 3aJaloTh
MOCTITOBHICTh BHWKOHAHHSA OIeEpamid mpu pimeHHI Tiei abo  iHmoi
cneuudivyHoi 3a1a4i, 1JIs aITOPUTMY XapakTepHi BIACTHBOCTI:
e 3akxinuennsa ((QIHITHICTB) - aJITOPUTM 3aBXIU  IOBHHEH
3aKiH4yBaTHUCS MICIs KiHIIEBOTO YHCIIa KPOKIB;
®  gu3HayeHicMb - KOXEH KPOK aITOPUTMY MOBHUHEH OYTH TOYHO

BU3HAUYCHUI;

®  G6€0eHHA - QAITOPUTM MOXXE MAaTH JESAKY KIJIBKICTh BXITHHX
JTAHWX, K1 3aJ]aHi JJ0 TOYaTKy BUKOHAHHS,

® 6uei0 - aNTOPUTM MOXXE MaTH OIHY a00 JEKiTbKa BUXiTHHX
BEJIMYHMH, SAKI JEIKMM 4YHWHOM CIIBBIIHOCITHECS 3 BXIJIHUMH
JIaHHMU;

® eghekmugnicmy  anNTOPUTMY O3HA4a€, IO BCi omepamii, sKi
HEOOXiJTHO TMPOBECTH B aJTOPUTMI, MOBHUHHI OYTH JOCTaTHBO
MPOCTUMH, 1100 TX MOXKHA OyJIO BUKOHATH TOYHO 1 3a KiHIICBHA
BIZIPI30K 4acy 3a JOMOMOTOIO OJIIBII 1 TIariepy.
[opiBHsIEMO TOHATTS "anroputMm" i3 pELenToM KyJiHapHOT
KHUrK. Penent MarTh BiacTHBICTh (IHITHOCTI (3aKIHYYIOTBCS MicCs
KIHIIEBOT'O YMCJIa KPOKiB), MAIOTh BXiJHI JaHi (I, MyKa Ta iH.), BUXIiJ
(ypoumcTuii 06i1 i T.I.), aje BiAPI3HAIOTHCSA BiACYTHICTIO BH3HAYEHOCTI.
Bisbmemo, Hampukiaz, iHcerpykmio "Jlonmaidite minky comi". "Hlinka"
BHU3HAYAETHCS SIK KIIBKICTB, "MeHIIa Hixk 1/8 gaitHoi moxku". [lopiis couri,
MalOyTh, TOCTATHHO J0Ope BU3HAUCHA, e KyH MOTPIOHO JOIATH IO CLIb
(3Bepxy, 300Ky i T.1.)? IHCTpyKuii Ha 3pa3ok: "3jerka MOTPsCiTh, MOKH
cyMill He CTaHe TIpyaKyBaToo", "Himirpifite KOHBSIK B MaJIeHBKIH
kacTpyni" i T.0. — €, MOXIHNBO, LIJTKOM JOCTAaTHIMH ISl JOCBiMYEHOTO
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KyXapsi, ajle aJrOpUTM MOBHHEH OyTH BH3HAYECHUI HACTUIBKH YiTKO, 1100
HaBiTh HOBAYOK 3Mir OM CITiTyBaTH iHCTPYKIIii.

ANTOPUTMH MICTATHh TIABKH TIOKPDOKOBHH OMUC MiH, SKi
BUKOHYIOTbCS HaJ JaHHUMH Oe3 omucy caMuX JaHuX. BoHH MOXyTh OyTH
3amMcaHi Ha MOBI, SIKy BXXKHBalOTh, HA MOBI NPOTpaMyBaHHSI, a TaKOX 3a
IOTIOMOr0r0  MareMaruyHoi abo iHmoi cuMBoiaiuHOi HoTamii. Haszsa
AITOPUTMY MOXE BKa3yBaTH Ha HOTo NMpHU3HAuCHHS (HAPUKIAA, alrOPUTM
copTyBaHHs, 00iry MaTpullb, ITPH B «XPECTHKH - HyxIi» i T.L.) abo
BU3HAYAaTH METOJ PILlIEHHS], 1[0 BUKOPUCTOBYETHCS B HHOMY.

dopmarizauiero anropuTMiB 3aiiMaroThCcs Bke THCsUl poki. Llle
3a 300 pokiB g0 H.e. EBKiig HamucaB anropuTMH PpO3MOXALTY KYTiB,
NepeBipKU PIBHOCTI TPUKYTHHUKIB 1 PIICHHS 1HIIMX T€OMETPUYHMX 3a7ad.
BiH no4aB 3 HEBEIHMKOTO CIIOBHUKA aKCIOM, TAKHX K «IIapajeibHi JiHil He
MIEPETUHAIOTHCS 1 MOOYIyBaB HA iXHIH OCHOBI aNTOPUTMH AJIST BUPILICHHS
crmamgHux 3amad.  dopmanizoBaHi aITOPUTMH TaKOro THIY H00Ope
HiIXOIATh JJIA 3a7a4 MAaTEMATHKH, Ji¢ TIOBHHHA OyTH JOBEJICHA BipHICTH
OyZmb-IKOTO TOJOXEHHS a00 MOXKIIMBICTh BHKOHAHHS OYAb-KHX Mii,
HIBUJIKICT BUKOHAHHS TAKUX aJITOPUTMIB HE € BaXIIMBOO. JIJIs1 BUKOHAHHS
peaybHUX 3ajad, HANPHUKIIAJ, 3a7adi COPTYBaHHS Ha KOMI'IOTEpi 3aluCiB
PO MIJBHOH MOKYIIIB, IBHJIKICTh BUKOHAHHS € BaXXJIMBOIO YAaCTHHOIO
MOCTaHOBKH 3a/1a4i.

CKAQAHICTb aATOPUTMIB, aHaAI3 LUBUAKOCTI BUKOHaHHSA

3aJexHICTh 4Yacy poOOTH MpOorpaMu Bia 00CATY AaHUX, SKi
00pOOIIAIOTHCS, BU3HAYAETHCS OIIHKOK CKJIAMHOCTI airoputmy. €
JeKiTbKa CI0CO0IB  OINHKM CKJIAOHOCTI aidroputmiB. [Iporpamictu
3BHYAifHO TPHUIUIAIOTH yBary UIIBHJKOCTI BHKOHAaHHS aJTOpPHUTMY, aje
BaXXJIMBI ¥ 1HITI BUMOTH, HANPHUKIIAMI, IO PO3MIPY MaM'sITi, BUTEHOTO MiCIIs
Ha JUCKYy abo iHmMUX pecypciB. Bim mBuakoro amroputmy Moxxe OyTH
MaJl0 CEHCY, SKIIO IiJl HbOro NOTPiOHO Oijblie mnaM'aTi, HDK Mae
KOMI'toTep.

SIKImo anropuTM MpU3HAYEHUH JUIT 0OpOOKM PIBHHX 3a 00CSATOM
JaHWUX, TPUBAIICTh HOTO POOOTH KOXKHOTO Pa3y 3aJMIIAE€THCS HE3MIHHOIO 1
CKJIaJTHICTh QITOPUTMY € TIOCTIHHOIO.

Yac pobotu anroputMy O0OpoOKH OyIb-SKUX MAaCUBIB JaHHUX
3aJISKUTH BiJl pO3MipiB IMX MacuBiB. Yac poOOTH alrOpHUTMY, IIO BUKOHYE
TUIBKK oOIepanii 4YWTaHHS 1 3aHECEHHS JaHWX B OIEPATHBHY IaM'dTh,
BU3HAYAcThCA opmynoro aN+ D, ne @ — wac, HeoOXimuumil 11 YnTAHHS
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i 3aHECEeHHS B IaM'sITh O/Hi€T iHPOpManifHOI OUHMII, N — PO3MIpP MAacHBY,
b — uac, 3arpauyBanuit Ha BEKOHAHHSA TOTMOMIKHMX (YHKIiH. OCKiNbKH
us  Qopmyna BUpakae JiHIHHY 3aJexHiCTh Bix N, CKIaAHICTH
BIZINIOBITHOTO aITOPUTMY HA3UBAIOTB JIHINHOIO.

PosrissHemo oOMiHHe copryBaHHA (MeTox OynpOamiku) Ta
BU3HAYMMO KUIBKICTh TIOPIBHSAHB JUIs HOTO. B 0OMiHHOMY copryBaHHI N
eNIEMEHTIB CIIUCKY CIIOYAaTKy BHU3HAYAETHCS HAWMEHIIUH €IEeMEHT BCHOTO
CIHCKY 1 B3IIHCHIOETBCS #Oro OOMIH 3 TEpIIM eJIeMEHTOM, IOTIiM
BU3HAYA€ThCd HAWMEHIIMH eNeMEHT CIHMCKy, 1IN0 3ajMIIMBCS, 1
MIPOBOANTBCS WOro OOMIH 3 npyrum enemeHToM i1 T.A. Ilpu BukoHaHHI
1BOro anroput™My npoBoauthes (N —1) nopieHsHe npu BU3HaueHHI

nepioro Haiimenmoro, (N — 2) NOpiBHAHB IPM BU3HAYEHHI IPYTrOro i T.1.
3aranpHuil 00CAT TOPIBHAHB JUIA TAKOTO ANTOPUTMY OOYHCIIOETBCS 3a
dhopmyroro:

(n—1)+(n—2)+(n—3)+...+4+3+2+1:(n2 —nj/Z (4.1)

Yac, 3aTpauyBaHUil anropuT™MoM, sIK (YHKIIS po3Mipy 3anadi,
Ha3UBAETbCA MUMUACO80I0 ckaadHicmio anroputMmy. IloBeninka miel
CKJIQAHOCTI B MeXax MNpH 301NbIICHHI poO3Mipy 3ajgadi Ha3WBa€ThCS
ACUMRMOMUYHOIO MUMYACOBOTO CKAAOHICNIO.

laes NPOCTOPOBO-4YaCOBOI CKAAAHOCTI

barato anropuTmiB HaaawTh BUOIp MIXK HIBUJKICTIO BUKOHAHHS 1
pecypcamu, 0 BHUKOPHUCTOBYE MHporpaMa. 3ajada MOXE BHKOHYBATHUCS
IIBHJIIE, BUKOPHUCTOBYIOUM OUTbINEe TaM'aTi, a00 HaBIAaKW, IOBLUIBHIIIE,
3afHSABIIN MEHILIHUH 00CST MaM'sITi.

lapHuM npUKIamOM y JaHOMY BHITAJIKY MOXKE CITY)KUTH aTOPUTM
3HAXO/KCHHS HAHKOPOTIIOTO NUIAXY. 3aJaBIIN KapTy BYIUIb MicTa Y
BHTIISAI MepeKi, MOKHA HAITUCATH aJTOPUTM, IO OOYHCIIOE HAHKOPOTITY
BiIcTaHb MK OyIb-KMMH JBOMa TOYKAMH B Ii Mepeki. 3aMicTh TOTO
1100 KOXKHOTO pa3y HAHOBO TEePEepaxoBYBATH HAHKOPOTINY BiJICTaHb MiX
JIBOMa 33/ITaHUMHU TOYKaMH, MOYKHA Harepea MpopaxyBaTH i1 IS BCiX map
TOYOK 1 30epertu pe3ynbTaTd B Tabmuili. Tomi, mo0 3HAWTH HAKKOPOTITY
BIJICTaHb JUIsI ABOX 3aaHUX TOYOK, Oy/Ie JOCTATHBO MPOCTO Y3SITH I'OTOBE
3HAYEHHS 3 TAOJIMII.

[pu pbOMY MU OJICPKUMO PEe3yJbTAT NPAKTUIHO MUTTEBO, aJe e
BHMaraTUMe BEJHKOTro o0csary mam'sti. Kapra BynuIs A1t BEIUKOTO MicTa
MOXXE MICTUTH COTHI THCSY To4dok. Jlms Takoi Mepexi TaOiuis
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HalikopoTmHuX BiacTaned Mictmnma 6 Oimpme 10 MimesapniB 3amuciB. B
IFOMY BHIIAJKY BHOIp MiXK YacoM BHUKOHAaHHS 1 0OCSAToM HEoOXimHOl
mam'siTi OYeBHIOHHNA: ITOCTAaBUBIIM MonmaTkoBi 10 riraGaiiT omepaTHBHOI
mam'sITi, MOXKHA IPUMYCHTH [IPOTpaMy BUKOHYBATHCS Ha0araTo IMIBUAIIE.

3BimcH  BHTIKae  iges  IPOCTOPOBO-YACOBOI  CKIIQJHOCTI
AITOPHUTMIB, TIPH IFOMY IMIAXOMAI TepeadavdaeThCs OIIHIOBATH CKIAIHICTH
AITOPUTMY B TepMiHaX Hacy 1 NPOCTOPY Ta 3HAXOAUTH MDK HUMH
KOMITpOMic.

OUuiHKa 3 TOYHICTIO AO NOPSIAKY

[lpn mnoOpiBHSAHHI PI3HUX AITOPUTMIB BAXKJIUBO PO3YMITH, SIK
CKJIQJHICTh QJITOPUTMY CIHIBBITHOCHTBCSI 31 CKJIQJHICTIO BHpIIIyBaHOI
3agayi. [Ipum pospaxyHKax BiINOBIAHO OJHOMY alrOPUTMY COPTYBaHHS
TUCAY] YHCeN MOXe 3aliHATH 1 cexyHay, a copTyBaHHsS Mijgbiiona — 10
CEKYHJI, TO/I K PO3PAXYHKH IO 1HIIOMY aJITOPUTMY MOXYTb 3aXanatH 2 i
5 cexyHAu BiANOBiAHO. B 1ipoMy BUNasKy HE MOKHA OHO3HAYHO CKa3aTH,
sIKa 3 IBOX IPOTpaM Kpale — Ie 3aJeKaTUMe Bl HOYaTKOBUX JaHHX.

BimMiHHICTE TPOOYKTHBHOCTI alNTOPUTMIB Ha 3amavax pi3HOL
OOYHCTIOBAIFHOI CKJIQAHOCTI 9acTo OiMBII BaXKIHWBA, HIK IPOCTO
LIBUKICTh QITOPUTMY. Y BUILEHABEJICHOMY BHIAJKy MEPUIMH alrOPUTM
LIBUJIIIIE COPTYE KOPOTKI CIIMCKH, & IPYTHi — JOBTI.

[TpOoMyKTUBHICTh AJITOPUTMY MOXKHA OI[HHUTH 32 MOPSIKOM
BenmuuuHu. Anroput™ Mmae cknagnicts nopsaky O(f(N)) (umoisieTbes
«O Benuke Big f Bim N»), SKIIO Yac BHUKOHAHHS AJITOPUTMY pOCTE
npomnopuiiHo ¢yHkuii f(N) i3 30UIbIIEHHSAM PO3MIPHOCTI MOYATKOBUX
nanux N. Hanpuknan, po3risHeMo ¢pparMeHT KOy, IO COPTY€E MO3UTHBHI
qucna:

For I =1 To N
'Tlomyk HamOiNbmOTO eJleMeHTa B CIKCKY.
MaxValue = 0
For J = 1 to N
If Value (J)> MaxValue Then
MaxValue = Value (J)

Maxd = J
End If
Next J
'BuBin HambOisnbpmoro ejieMeHTa Ha IpyK.
Print Format$ (MaxJ)& ":" & Str$ (MaxValue)
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'OBHYJI1IHHA ejieMeHTa IJIS BUKJIOUEHHS MOTO 3 II0HAJIbIIOoTO
IOUWYKY .
Value (MaxJ)= 0

Next I

B mpoMy anroputmi 3MiHHA HOUKIY | MOCTiIOBHO TpuitmMae
3radeHHs Big 1 no N. [ xoxHoro mpupocty I 3minHa J y cBoto depry
TakoXX mpuiiMae 3HadeHHA Bim | mo N. TakuM YHHOM, B KOXKHOMY
30BHIIIHFOMY IHKJIi BUKOHYETHCS 11e N BHYTPILIHIX ITUKIIIB. Y pe3ynabTati
BHYTpIilIHIH LMK BUKOHYeThbess N*N a6o N2 pasis i, oTKe, CKIauHICTh
anroput™my nopsaky O(N?).

[Tpu owiHIi NOPSAAKY CKIAIHOCTI aNrOpUTMIB BUKOPHCTOBYETHCS
HaAWOITBII MIBHIKO 3pOCTaioya YacTUHA piBHAHHSA. [Ipumyctumo, dbac
BMKOHAHHS aaroputMy nponopuiiauii N3+N. Tosi CKIaaHiCTh aroputMy
oyne nopipriopaty O(N®). BiikuaaHH YaCTHHM PiBHAHHS, 1O MOBOJI
pocTe, JMO3BOJISIE OLIHUTH TIOBEIIHKY alrOpUTMY INpH 30iNbIICHHI
po3MipHOCTi naHuX 3axadi N.

IIpu Bemukux N BHECOK Apyroi yacTHHU B piBHAHHA N°+N crae
Bce MeHIl noMitHuM. IIpu N=100 pizaunsg N3+N=1000100 i N® gopisHioe
Bceoro 100, abo menm Hix 0,01 BigcoTka. Aie 1e BIpHO TUIBKH JUIS
penukux N. ITpu N=2 pisaung mixx N3+N =10 i N3=8 nopisnioe 2, a ue
Bxe 20 BiICOTKIB.

IMocTiiiHi MHOKHUKHU B CIIBBIJHOIICHHI TaKOX IrHOPYIOThCs. Lle
JI03BOJISIE JIETKO OLIHUTH 3MiHM B OOYMCIIOBAIBHIN CKJIAJHOCTI 3ajaui.
AJITOpUTM, Yac BUKOHAHHS SKOTO IPONOpIiiiauii 3*N2, MaTuMe TopsI0K
O(N?). dkmo 36inpmuTn N B 2 pasu, TO 4ac BUKOHAHHS 3ajadi 3pocTe
npuoIM3HO B 22, ToOTO B 4 pasu.

[rHOpyBaHHS MOCTIHHNX MHOKHHKIB ZI03BOJISIE TAKOXK CIIPOCTUTH
MiIpaxyHOK 4HWCJIa KPOKIB airoput™my. B momepenHsoMy HpHKIIaai
BHYTPIIIHIH UMK BHKOHyeThcsi N? pas, NpU LbOMY YCEPEIMHI LUKy
BHKOHYETBCS NIEKiJbKa IHCTPYKIiiH. MoXHa MpOCTO MipaxyBaTH YHCIIO
iHCTpYKIid If, MOXKHa MigpaxyBaTH TaKOX IHCTPYKIlii, BUKOHYBaHi Y
cepenHi LUKy abo, KpiM TOro, 1ie 1 IHCTPYKLIi B 30BHILIHBOMY LUK,
HaIIPUKIAJ, OlepaTopu Print.

OO6unciroBajgbHa CKJIQJHICTh alTOPUTMY TMpH 1bOMY Oyje
nponopuiiitaa N2, 3*N? a6o 3*N?+N. OuiHka CKIaJHOCTI aIrOPUTMY IO
HOPA/IKY BENMYMHM JacTh ojaHe 1 Te > 3HadeHHs O(N®), i miamame
HEOOXiJHICTh B TOYHOMY IIiJIPaXyHKY KUTBKOCTI OTIepaTopiB.
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MoLuyK CKA@AHUX YaCTUH aAropUTMY

3BMUaiHO HAWCKIAOHIIINM € BHKOHAHHSA IIMKIIB 1 BHUKJIMKIB
npouenyp. B monepenHroMy nmpukiani Beck alroput™ yKIaIeHHH B IBOX
LUKJIaX.

Sxmo mnpomeaypa BHKIHKAE IHITY TPOLEAYpPY, HEOOXiTHO
BpaxOBYBaTH CKJIQIHICTh MPOLENYPH, WO BUKIMKAEThCA. SIKIO B Hil
BHKOHYETBCA (PiKCOBaHE YHUCIO IHCTPYKUiH, HANPUKIAN, 3MIHCHIOETHCS
BUBEJICHHS Ha JAPYK, TO INPH OLIHII HOPAAKY CKJIagHOCTI i MOXHa He
BpaxoBYBaTH. 3 IHIIOrO OOKY, SIKIIO B MPOLEAYPi, IO BUKIMKAETHCS,
BukoHyeTbcsi O(N) KpOKiB, BOHa MOXE BHOCHUTH 3HAuHH BHECOK B
CKJIJHICTh aJIrOPUTMY. JSIKIIO BHUKIUK NOpPOLEAYPH 3AIHCHIOETHCS
yCcepenuHi MUKy, [Ield BHECOK MOXe OYTH 11e OijbIe.

HaBenemo sk mpuKiIan mporpaMy, IO MICTUTh IOBUIBHY
npouenypy Slow 3i ckmaguictio nopsaky O(N®) i mBuaky mpouenypy
Fast 31 ckmagmictio mopsaky O(N?). CknamicTs Bciei mporpamu
3aJie’KaTAMeE Bifl CIIIBBITHOIICHHS MiXK IIMMH TBOMa TIPOIICTyPaMH.

Skmo mnpouexypa Slow  BHKIHMKAETbCS B KOXHOMY LMK
npoueaypu Fast, NOPSOKH CKIAIHOCTI MPOLENyp NepeMHOXYIOThCs. B
[EOMY BUNAJKY CKIAJHICTh aaropurMmy gopisHioe n06ytky O(N?) i O(N?)
a6o O(N**N?)=O(N®). Hasenemo (parMeHT Koiy, fAKMii imHOCTpye lei
BHIIAJIOK:

Sub Slow ()
Dim I As Integer
Dim J As Integer
Dim K As Integer
For I =1 To N
For J =1 To N
For K =1 To N
' BUKOHAHHA OyOb—-g9KUX IOin
Next K
Next J
Next T
End Sub
Sub Fast ()
Dim I As Integer
Dim J As Integer
Dim K As Integer
For I =1 To N
For J =1 To N
Slow ' Bukamk npouenypu Slow
Next J
Next T
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End Sub

Sub MainProgram/()
Fast
End Sub

3 iHmoro 00Ky, SKIIO MPOIEAYpH HE3aNe)KHO BHKIMKAIOTHCS 3
OCHOBHOI TIPOTpaMH, iXHS 00YNCIIOBANIbHA CKIAHICTD MiJCYMOBY€EThCS. B
LIBOMY BUIAJKY MOBHA CKJIJHICTh Oyne JIOpiBHIOBaTH
OMN?)+O(N?)=0O(N?®). Taky cknamHicTh, HaNpUKIajA, MaTHME TaKHi
(dparMeHT xoxy:

Sub Slow ()

Dim I As Integer
Dim J As Integer
Dim K As Integer

For T =1 To N
For J =1 To N
For K= 1 To N
' BuMKOHAHHA OyIOb—SKUX OiM
Next K
Next J
Next I
End Sub
Sub Fast ()

Dim I As Integer
Dim J As Integer
For I =1 To N
For J =1 To N
' BuMKOHAHHA OyIOb-gKUX Oil
Next J
Next I
End Sub

Sub MainProgram/()
Slow
Fast

End Sub
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CKAaAHICTb pEKYPCUBHWUX aArOPUTMIB

Pexypcusnumu npoyeoypamu (recursive procedure) Ha3sHBarOTHCS
MpoIeIypH, IO BHUKJIWKAIOTH cami cebe. B 0Oaratbox peKypcHBHHX
aITOpUTMaxX caMe CTYHIHb BKIAICHOCTI pEeKypcil BHU3HAYa€ CKIAIHICTH
aNrOPUTMY, IPH IIEOMY HE 3aBXKIH JIETKO OLIHHUTH MOPAOK CKIIAJHOCTI.
PexypcuBHa mpouenypa MOXKe BHITIAOATH IPOCTOIO, ajie IIPH LBOMY
poOUTH BENMKUII BHECOK B CKJIAOHICTh Mporpamy, Oarato pasis
BHKITUKAIOYH caMy cele.

Hacrymuuii ¢pparMeHT Koay MICTUTh MiANPOrpaMy BCHOTO 3 JBOX
omnepatopis. [Ipore ans 3agaHoro N mignporpama BUKOHYeTbcss N pasiB,
TaKUM YHHOM, OOYHUCITIOBAIbHA CKIIAAHICTh pparmMenTa mopsaky O(N).

Sub CountDown (N As Integer)
If N <= 0 Then Exit Sub
CountDown N - 1

End Sub

baratokpartHa pekypcis

PexypcuBHHI aNropuT™, IO BHKIHMKaE cede KijbKa pasiB, €
npuKiagoM bazamokpamuoi pexypcii (multiple recursion). Ipouexypu 3
MHOKHHHOIO PEKYPCI€I0 CKIIAJHIIIE aHai3yBaTH, HIXK TPOCTO PEKYPCUBHI
aNrOPUTMH, 1 BOHM MOXYTb JaBaTH OUIbIIMH BHECOK B 3arajbHy
CKJIQJIHICTh aNTOPUTMY.

Hwkue npuBeneHa miamporpamMa cxoXka Ha  IONEPEIHI0
nianporpamy CountDown, TiJIbKM BOHAa BUKJIMKaE camy cede JBidi:

Sub DoubleCountDown (N As Integer)
If N <= 0 Then Exit Sub
DoubleCountDown N - 1
DoubleCountDown N - 1

End Sub

MosxHa 6 Oyn0 NPHUITYCTHTH, 110 Yac BUKOHAHHS i€l Mponeaypu
Oyne B 1Ba pasu Ouible, HiX JuIs mianporpamu CountDown, 1 OIIHUTH 11
ckinanHicTh mopsaky  2*O(N)=O(N). HacmpaBni cuTyariss Tpoxu
CKJIaHIIIE.

Sxmo T(N)- uumcno pasiB, sKe BHKOHYETHCS IIPOLEIypa
DoubleCountDown 3 mapamerpoM N, To yierko nomituty, mo T(0)=1.
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SKmo BUKIMKATH Tpoueaypy 3 napamerpoMm N piBHIM 0, TO BOHA IIPOCTO
3aKiHYUTH CBOIO POOOTY MICIIS MEPIIOTO KPOKY.

Jns Bemukmx 3HaueHb N TIpomeaypa BHUKIHKae cebe ABidi 3
mapameTpoM, piBHEM N-1, BukoHyroumnch 1+2*T(N-1) pasis. B Tadmn. 4.1
HaBeneHi geski 3HaueHHS ¢yHKOii T(0)=1 i T(N)=1+2*T(N-1). Sxmo
3BEpHYTH yBary Ha IIi 3HaA4eHHs, MokHa moOaumnth, mo T(N)=2(N+1)-1,
0 JTa€ OLIHKY CKJIATHOCTI mporeaypu nopsaky O(2N). Xoua npouenypu
CountDown Ta DoubleCountDown 1 CXO0XIi, JApyra Impolienypa
BHMAarae BUKOHaHHS Ha0arato OLTBIIOro YMciIa KPOKiB.

Tabmuns 4.1
3radyeHHS QYHKIIT 9acy BUKOHAHHS IS MiAIPOTpaMu
DoubleCountDown
N 0 |1 (2 |3 |4 |5 |6 7 8 9 10

T(N) {1 |3 |7 |15|31|63|127 | 255 | 511 | 1023 | 2047

Bumoru peKypcMBHUX aAropuTmiB A0 obcary nam’sTi

Jnst  pesknx peKypCHUBHHMX —alTOPUTMIB  BaXKIMBHH  0OCsT
JOCTYNHOI maMm'siTi. MOKHA JIeTKO HalucaTh PEeKYPCUBHHH aJTOpHTM,
SKHH TOTpeOye HEBENMKOro o0csAry mam'aTi HpH KOXHOMY CBOEMY
BUKIMKY. OOcsar 3aifHATOI maM'ssTi MOXxe 30LmbIIyBaTHCS B MpoIeci
MOCIIZIOBHUX PEKYPCHUBHUX BUKIIUKIB.

Tomy Ui peKypCHBHHMX aIrOpUTMIB HEOOXigHO xoua O
MPUOJIM3HO OI[IHFOBATH BUMOTH J0 OOCSTy mam'siTi, mo0 NMepeKOHATHCH,
10 ITporpamMa He BUYepIiae PH BUKOHAHHI BCIO JOCTYIHY I1aM'SITb.

Hapenena Hik4e miamnporpama norpedye nam'sth Mpu KOKHOMY
Bukiuky. Ilicms 100 abo 200 pekypcHBHHUX BHUKJHKIB, IpoIemypa
BUYEpIIA€ BCIO BUIbHY MNam'aTh, 1 IporpaMa aBapiiiHO 3YNHHUTHCS 3
MIOMHUITKOI0 «Memory».

Sub GobbleMemory (N As Integer)
Dim Array () As Integer
ReDim Array (1 To 32000)
GobbleMemory N + 1
End Sub

HaBiTh SIKIIO ycepemuHi MpoLenypy MaM'siTb HE 3alpOIIyETHCS,
cucTeMa BHUIULE HaM'siTh i3 cucmemnoco cmeky (System stack) mms
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30epeXeHHSI MapaMeTpiB IpH KOXKHOMY BHKINKY mpouexypu. Ilicms
MTOBEPHEHHS 3 MPOIEAYPH NaM'aTh 31 CTEKY 3BUIBHAETHCS ISl TIOAAIBIIOTO
BUKOPHUCTOBYBAHHS.

Sxmo B miamporpami 3ycTpidaeTbcs JOBra IOCIiZOBHICTH
PEKYPCUBHUX BHKJIHKIB, IIPOrpaMa MOXKE BHYEpIIAaTH CTEK, HaBiTh SKIIO
BHJIiJIEHA TIPOTpaMi MaM'sITh III¢ He BCSA BUKOPHCTaHA. SIKIIO 3aIlyCTHTH Ha
BUKOHAHHS HACTYITHY IiJNpOrpamy, BOHA LIBHJKO BHYEPIIAE BCIO BIIbHY
CTEKOBY IaM'siTh, 1 TporpamMa apapiiHO TNPHIUHHUTL poOOTy 3
MOBIZIOMJICHHSIM TIpo HoMHIKY «stack Space». Ilicist poro Bu 3Mosxkere
oTpuMmatu 3HaueHHS 3MiHHOT Count, MO0 Ii3HATHCS, CKUJIBKH pa3iB
minporpamMa BUKJIMKalla cede mepes THM, sIK BU4epIiaTi CTeK.

Sub UseStack ()

Static Count As Integer
Count = Count + 1
UseStack

End Sub

Bu3HaueHHs JIOKaJIbHUX 3MIHHUX Y CEPEIHHI i IIPOrpaMy TaKOXK
MOYXe€ 3aiiMaTh mam'sath 3i cTeky. Skmio 3minuTu miamporpamy UseStack 3
MOTIEpeTHhOT0 MPUKIAAY TakK, MI00 BOHA BU3HA4ajla TPU 3MIHHHUX IpH
KOXXHOMY BHKJIMKY, TPOrpaMa BUYSPIIA€ CTEKOBUI IPOCTIp IIe MIBHUIIIE:

Sub UseStack ()

Static Count As Integer

Dim I As Variant

Dim J As Variant

Dim K As Variant
Count = Count + 1
UseStack

End Sub

AKHaMripwmni Ta ycepeAHEHUIA BUMAAOK

OuiHKa 3 TOYHICTIO J0 MOPSJKY /A€ BEPXHIO MEXY CKIAIHOCTI
anropurmy. Te, mo mporpamMa Mae IEBHHH IOPSIOK CKIIaJHOCTI, HE
03HaYae, 10 AJITOPUTM JiHCHO BUKOHYBAaTHMMETHCS TaK JOBrO. 3a MEBHUX
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MTOYaTKOBHX JAHWX, 0AaraTto aJrOpUTMiB BUKOHYIOTHCS Ha0araTo IIBUAIIE,
HDK MOJXHA TIPUITYCTHTH Ha IIiACTaBi IXHBOTO MOPSAKY CKIIAQITHOCTI.
Hanpuknan, HacTymHHH KOX peailidye MPOCTHH alTrOpUTM BHOODPY
eJIEMEHTa 31 CIIHCKY:

Function Locateltem(target As Integer) As Integer
For I =1 To N
If Value(I)= target Then Exit For
Next I
LocateItem = I
End Sub

SIKIO [IyKaHWH eNEeMEHT 3HaXOAMThCS HANpPHKIHII CHHCKY,
JoBeneThes nepedparu Bce N eneMeHTIB 1uis Toro, mo0 ioro 3HaiTH. Lle
3aiime N KpokiB, TOOTO ckianHicTs anropurmy nopsaaky O(N). B upomy
TaK 3BaHOMY sAKHauicipwiomy eunaoky (WOrst case) yac BUKOHAHHS
anropuTMy Oyne HaOUTBITIM.

3 iHmoro OOKy, SKIIO ITyKaHEe YHCIO Ha MOYATKy CIIHCKY,
aNTOPUTM 3aBEPLINTH POOOTY MNPAKTUYHO Bigpasy, BUWHMBIIM BCHOTO
Jekinbka itepauiit. le tak 3Banuii sxunatikpawuil eunadox (best case) 3i
ckianHicTio mopsaaky O(1). 3BuuaifHO 1 sSKHAHKpamwid, i SKHAWTIpIIHA
BUIIaJKH 3yCTPIiYalOThCs BITHOCHO PIiZKO, 1 IHTEpeC MpPEeACTABISE OYiHKA
yeepeonenoi abo ouixysanoi (expected case) moBeaiHKH.

SIkmo croyatky 4YMcia B CIMCKY PO3IOJLIEHI BHIIAKOBO,
LIYKaHUH €JIEeMEHT MO)KE OIMHHUTUCS B OyAb-SIKOMY Micli crucky. B
cepenHbpoMy Oyze moTpiOHO mepeBiputd N/2 eJeMeHTIB A TOro, 1od
Horo 3HaiitTh. OTXe, CKJIAAHICTh LBOTO aJIFOPUTMY B YCEPEIHECHOMY
Bunaaky mnopsaky O(N/2), abo O(N), skmo npuOpatd TOCTiHHMI
MHOKHHK.

JJis AesiKuX aJrOpUTMIB MOPSAOK CKIATHOCTI AJST HAWTIpIIOTO i
SIKHAWKPAIIOTO  BapiaHTIB  PO3pi3HAEThCA. Hampukiman, CKIamHICTH
aNrOPUTMY IIBUIKOTO COPTYBAaHHS B SKHAWTIPHIOMY BHIAIKY TMOPSIKY
O(N?), ane B cepeaubomy ioro cxnagnicts nopaaky O(N*log(N)), mo
HabaraTo IBUAIIE. [HOJI aJIrOPUTMHM THIY LIBHJIKOIO COPTYBaHHS
OyBaloTh Ay)X€ IOBIMMH, OO SKHAHTIPIINK BUOAJOK IOCSATaBCSA yKpail
pinko.

95



QYHKLUIT OLLIHKW MOPSAAKY CKAGAHOCTI

B T1abn. 4.2 maBenmeHi meski (QyHKIIi, SKi 3yCTpid4alOThCS HpH
OIiHII cKJagHocTi anroputMiB. OyHKHIi HaBeJCHI B MOPSIKY 3POCTaHHS
00YHCITIOBANIBHOI CKIIATHOCTI 3BepXy BHU3. Lle 03Hayae, 0 aJrOpuTMH 3
MOPSAKOM CKJIATHOCTI (YHKIN, SKi pO3TAlIOBaHi y BEpXHIA YacTHHI
TaONMUIl, BHUKOHYBAaTUMYTHCS INBUAINIE, HDK Ti, CKIAJHICTh SKUX
BHU3HAYAETHCS (PYHKIIISMH 3 HIPKHBOT YaCTUHH TaOJIHIIL.
Tabmuus 4.2
OyHKUii OIHKM NOPAIKY CKJIAIHOCTI, [0 9aCTO 3yCTPIYalOThCS

DyHKUiA Hpumirka
f(N)=C C - nocriiiHa
f(N)=log(log(N))
f(N)=log(N)
f(N)=NC C - nocriiiHa Bii HyJIS 10 OJUHHUIL
f(N)=N
f(N)=N*log(N)
f(N)=NC C - nocriiiHa OinblIa OAMHUILI
f(N)=CN C - nocriiiHa OlyIbIIa OMUHUL
f(N)=N! To6TO 1*2* ... N

CKJIaHICTh QJITOPUTMY, BH3HAUyBaHA PIBHAHHIM, SKE€ € CyMOIO
GyHKIiA 3 TabnwIi, 3BOMATHMETHCS IO CKIATHOCTI Tiei 3 (QyHKIIH, sKa
postamoBada B Tabmuni Huxde. Hanpuknaz, O(log(N)+N?) - me Te x
came, mo i O(N?).

3BUYANHO aNroOpUTMH 31 cKIaaHicTio mopsiaky N*log(N) i MeHn
ckIaaHuX QYHKIIiH BUKOHYIOTBCS JIysKe HIBUIKO. AJNTOpUTMHU mopsaky N©
npu Manux C, Hanpukinag N2, BUKOHYIOTBCS JIOCTaTHBO —IIBHJIKO.
OOuncIoBabHA X CKJIaJHICTh AJITOPUTMIB, MOPSJOK SKUX BU3HAYAETHCS
¢ynxuismu CN abo N!, qyse Bejuka, i Li aIrOPUTMH TIPHAATHI TUIBKH 115
BHUPIIICHHS 33124 3 HEBEJIUKUM N.

Hampukman, B tadm. 4.3 mokazaHo, SIK JOBTO KOMI'TOTEp, IIO
BUKOHY€ MUIBHOH IHCTPYKIIH B CEKyHAY, BUKOHYBaTHME JAEsKI MOBiJIbHI
anroput™Mu. 3 TabNHIi BUHO, 1O TIPH cKIIaaHocTi nopsaky O(CN) MmoxyTs
OyTu BuUpIlIEH] TUTBKM HEBEJMKI 3aaadi, i me MeHie napamerp N Moxe
Oytn g 3amaq 31 cknaaHicTio nopsaky O(N!). [lnsg BupimeHHs 3anadi
nopsiaky O(N!) npu N=24 notpiOuuii yac OLIBIIMI, HIK Yac iCHYBaHHS
BCECBITY.
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Norapuomm

Ilepen TtuMm, SK TPONOBXKUTH Jalli, CIiA 3YNUHUTHCS Ha
jmorapupmMax, OCKITBKM BOHH BINIrpalOTh BAXKIMBY pPOJIb B PI3HUX
anroputMmax. Jlorapudm gucna N no migcrasi B - me crynins P, B sxuit
Tpeba 3BeCTH OCHOBY, 106 oxepxatu N, To6T0 BP=N. Hanpuxnas, sxiuio
2%=8, To BianosigHo logx(8)=3.

Tabmurs 4.3
Yac BUKOHAHHS CKJIaTHUX aITOPUTMIB

N=10 N=20 N=30 N=40 N=50

0,001 ¢ | 0,008 ¢ 0,027¢ 0,064 ¢ 0,125 ¢
N3

0,001c | 1,05¢ 17,9 1,27 nus 35,7 pokiB
2N XBWJIUH

0,059¢ | 58,1 6,53 poxn | 3,86*10° 2,28*10%
3N XBUJINH POKiB POKiB

3,63¢ | 7,71*10* | 8,41*10% | 2,59*10% 9,64*10%
N! POKiB POKiB POKiB POKiB

MoskHa npusecTu

jgorapudM A0 IHIIOI OCHOBM 3a JIONOMOTOIO

criBinnomennst 10gs(N)=logc(N)/loge(B). Hampuknan, mo6 ob4ucauti
morapudmM gucina 1o miacTaei 10, 3Har0UM Horo orapudM I0 MmiacTaBi 2,
MoxHa ckopuctatucs dopmynoro logio(N)=log2(N)/10g2(10). Ipu upomy
logz10) - 1we TabnauvHa KOHCTaHTA, siIKa MPHONU3HO HopiBHIOE 3,32.
OCKUNBKY TOCTiHI MHO>KHUKH TIPH OMLIHII CKJIAJHOCTI aNTOpUTMY MOKHA
omycrutu, T0 O(loga(N)) - e x came, mo i O(logio(N)) abo O(logs(N))
Juist Oyne-koro B. Ockinbku mijcTaBa jjorapudma He Ma€e 3HaYESHHS, 4acTo
MPOCTO MHIIYTh, IO CKIaaHICTh anropurmy nopsaky O(log(N)).

B mporpamyBaHHI 4acTo 3yCTpidaroThCs JOTapu(MHU IO MiACTaBi
2, mo OOyMOBJIEHO B)XHBAaHOIO B KOMM'IOTEpPax IBIHKOBOIO CHCTEMOIO
yucneHds. TOMy MU TS CIIPOIIEHHS Bupasis ckpi3p mucatumemo 10g(N),
Maroud Ha yBasi mig nuM logo(N). SIKIo BUKOPHUCTOBY€ETHCS 1HINA IiICTaBa
ITOpUTMY, 11e Oy/ie MO3HAUYEHO 0COOIIMBO.
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PeaAbHi yM0BM Ta LUBUAKICTb BUKOHAHHSA

Xoua WpH JOCHIMHKEHHI CKIATHOCTI aITOPUTMY 3BHYAHHO
KOPHCHO BiIKHHYTH Majll WICHH PiBHAHHSA 1 TOCTiHI MHOXHUKH, 1HOII 1X
BCe-TaKH HEOOXiTHO BpaxoBYBaTH, OCOOJHMBO SKIIO PO3MIPHICTH JaHUX
3azaui N Mana, a MOCTIHHI MHO)KHHMKH JTOCTaTHHO BEJIHKI.

[MpumycTumo, MU pO3IISIIA€EMO ABA aNTOPUTMH DIMICHHS OJHI€T
3amadi. OguH BHKOHYEThCA 3a dac mopsaky O(N), a iHmmi - mopsaKy
O(N?). Jlna memukux N Tepliuii anroputM, HMOBIPHO, NPAIIOBATHME
LIBHJILIE.

[pore, KO y35TH KOHKpeTHI QyHKILIi OLIHKK 4acy BUKOHAHHS
JUIL  KOXHOTO 3 JIBOX aJTOPUTMIB, HANpHKIad, Ui MepIIoro
f(N)=30*N+7000, a ans mpyroro f(N)=N2, to B npomy Bumaaxy npu N
MeHme 100 npyruil anropuT™M BHKOHYBaTHMEThCS IIBHAIIE. TOMY SKIIO
BiJIOMO, IO PO3MIpHICTh JaHUX 3a1adi He rmepeBumryBaTiuMe 100, MOXITHBO
JOLIBHIIIE 3aCTOCYBATH APYTHHA alrOPUTM.

3 iHmoro 60Ky, yac BUKOHAHHS PIi3HUX IHCTPYKIIH MOXE CHIHHO
BiPI3HATHUCS. SIKIIO MepIIuii alrOpuT™M BHKOPHUCTOBYE IMBUIKI OTeparii 3
MaM'saTTIO, a JAPYTHH - TOBLIbHE 3BEPHEHHSA [0 JAWCKA, TO MEPIINH
aIroput™ OyJie MIBUAIIC Y BCIX BHITAIKaX.

[HITI YUHHUKH MOXYTh TaKOX YCKIAIHUTH MPOOJIeMy BHOOpY
ONTHMAIBHOTO alIroput™My. Hampukian, nepmiuii  anropuTM Moxe
BUMaratu OUIbIIOro oOCsry mam'siTi, HK BCTAHOBJICHO HAa KOMIT'HOTEPI.
Peauizauisi Ipyroro anropurMmy, y CBOIO Yepry, MOXe 3a)kaJlaTu Habararto
Oijplie 4Yacy, SIKIIO Ied aJropurM Habarato CKJIajHilie, a Horo
HaJlaro/pKyBaHHs MOXKE MEPETBOPUTHCS Ha CHpaBXHil kommap. [Hoxi
MOMIOHI MPAaKTHYHI MIpKYBaHHS MOXYTh 3POOUTH TCOPETHYHHU aHAII3
CKJIQJHOCTI aJITOPUTMY Maibke 0e3riTy3anm.

[Ipore aHami3 CKIaJHOCTI AITOPUTMY KOPHUCHHUI AJISI PO3YMiHHS
0cOOMMBOCTEH alNropuTMy 1 3BHYAHO 3HAXOAWTH YaCTHHH MPOTPAMH, IO
3aliMaloTh BEJIHMKY 4YacTHHY KOMIT'IOTepHOro wvacy. HanmaBmm yBary
onTHMI3alil KOy B IMX YaCTHHAX, MO’KHA BHECTH MaKCHUMaJbHUN eeKT B
301TBIIICHHS IPOXYKTHBHOCTI MIPOTPAMH B IIIJIOMY.

IHomi TecTyBaHHS aQJTOPUTMIB € HAWOIIBII  BiAMOBIAHUM
cocoOOM  BH3HAUEHHS SAKHAiKkpamoro anroputMmy. Ilpm Ttakomy
TECTYBaHHI BaXKJIMBO, 00 TECTOBI AaHi OynH MaKCUMaJIbHO HAOIIKEHi 10
peampHUX JaHWX. SIKIIO TECTOBI MaHI CHIBHO BIAPI3HSAIOTBCS Bif
peaJbHUX, pe3yJIbTaTH TECTYBaHHS MOXYThb CHIBHO BIJIPI3HATHCS Bij
peaybHUX.
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3BepHEHHSA A0 dpaliny NiAKkauKku

BaxnuBrM YMHHHKOM TP pOOOTI B pealbHUX YMOBAX € 4acTOTa
3BepHEHHS 10 ¢atiny niokauxu (page file). Omepaniitna cucrema Windows
BiZIBOJIUTH YaCTHHY IHCKOBOTO IIPOCTOPY i sipmyansuy nam'sme (Virtual
memory). Komu Buuepryethesi omepatwBHa mam'sith, Windows ckumae
gacTUHy ii BMicTy Ha JucK. [lam'sTh, IO 3BiNBHMIACS, HANAETHCS
mporpami. llelf mporec Ha3MBAa€THCS MiAKAYKOIO, OCKUIBKM CTOPIHKH,
CKMHEHI Ha JINCK, MOXKYTh OYTH IiJJBAHTa)KEHI CUCTEMOIO Ha3aJl B 1aM'sITh
IpY 3BEpHEHHI JI0 HUX.

OckinbKy oneparii 3 JUCKOM Hadarato MOBUIBHILII 3a omnepauii 3
nam'sTTIo, Jy)XK€ YacTe 3BepHEeHHs 10 ¢ailly MiaKayKd MO)Ke 3HA4HO
3HU3UTU NPOJIYKTHBHICTH IpOrpamu. SIKIIO MporpaMa 4acTo 3BEPTaEThCs
JI0 BEJIMKHX OOCATIB MaM'saTi, CUCTeMa OyJIe 4acTO BUKOPUCTOBYBATH (haiii
TiAKAYKH, a I TIPUBEIE 10 YIOBUIFHEHHSI pOOOTH.

Sk mpuknax mogaHa mporpama Pager, mporpama 3alpolrye Bce
Oinpuie 1 Olrplre mam'sTi miJ CTBOPIOBaHI MAacHBU JO THUX Iip, NMOKU HE
MMOYHE 3BepTaTucs 10 (aitny minkadku. Ha 3amuT mporpamu BBEAITh
KUTBKICTh Mam'siTi B Merabaiitax Ta HaTucHITH kHomky Page (Iligkauka).
SIKmmo BBeCTH HEBEIHMKE 3HAUCHH:, Hanpukian 1 abo 2 Mbaiit, mporpama
CTBOPUTH MAacuB B ONIEPATHBHIM ITaM'ATi | BUKOHYBAaTIMETbCS IIIBHIKO.

SIKmo k BU BBEZETE 3HAUYEHHs, OM3bKe 10 00CsTy OlepaTHBHOI
maM'sTi Balloro KOMIT'IOTepa, TO MporpaMa MoYHe BUKOPHCTOBYBATH (aii
migkadkd. L{imkoM BiporifHO, IO BOHA TPH ILOMY 3BEPTATUMETHCS IO
JUCKa TMOCTiHHO. Bum Takox momiTHTe, IO TpOrpaMa BUKOHYETHCS
HabaraTo MoBuIbHiIIE. 301IbLICHHS po3Mipy MacuBy Ha 10 BiZICOTKIB MOXe
npuBecty 10 100-BiJICOTKOBOTO 301/IbIIEHHS 4aCy BUKOHAHHS.

IIporpama Pager MoOXe BHKOPHCTOBYBAaTH MaM'sATh OJHUM 3
JBOX CcHoco0iB. SIKIIO BM HAaTHCHYNIM KHONKY Page, mporpama mouHe
MOCTITIOBHO 3BEpTaTHCA 1O eJIeMeHTiB MacuBy. Ilo Mipi mepexomy Bix
ONHI€] YACTHMHM MacHWBY IO IHINIOI CHUCTeMi Moxe OyTH mOoTpiOHO
MiIBAHTXYBATH iX 3 Aucka. [licis Toro sk 4acTWHAa MacHBY ONMHMIIACS B
mam'siTi, IporpaMa MpoIOBKUTH POOOTY 3 HEIO.

Skmo x BM  HatHcHyiaM KHonky Thrash (ITpoGykcoBka),
mporpama Oyze BHIIQAKOBO 3BEPTATHUCS IO PI3HUX AIISMHOK mam'sti. [lpn
IbOMY BIPOTiHICT, TOTO, IO MOTPiOHA CTOpIHKA 3HAXOAWTHCA Y IIEeH
MOMEHT Ha JUCKY, Habarato 3pocrae. lle HagMipHe 3BepHEHHS 110 (aiiny
miITKauKy Ha3MBA€ThCs npobykcosxor nam'smi (thrashing). B ta6n. 4.4
HaBeJCHO 4Yac BUKOHAHHA MporpaMH Pager Ha KOMI'IOTepl 3
nporecopoM Pentium 3 TakToBOtO dYactororo 90 Mrip i 24 Moaiit
omepartuBHOI mam'saTi. 3aNeXHO Bix KOH(}Iryparmii Bamoro KoMm'rorepa,
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IIBUIKOCTI POOOTH 3 MAHMCKOM, KIBKOCTI BCTaHOBJECHOI OINEPaTHBHOI
mam'siTi, a TaKOK HAsSBHOCTI 1HIINX 3aMyIOICHUX IMapajelbHO MporpaM vac
BUKOHAHHS POTPaMU MOKE CHIIBHO PI3HUTHCA.

CrouaTKy 9ac BHUKOHAHHS TECTy POCTe MaiKe IPOMOPIIHHO
po3mipy 3aitEATOi mam'sti. Komm modmHAaeThCA 3BepHEHHA 10 (ailiry
MiAKAYKA, MBUAKICTE POOOTH Mporpamu pi3ko magae. IlomiTeTe, MmO 10
LBOTO TECTH i3 3BEpPHEHHSM Ja0 (aiily MiAKaYKd 1 NPOOYKCOBKOIO
MOBOJISITHCSl IPAKTHYHO OJHAKOBO, TOOTO KOJIHM BECh MACHB 3HAXOAUTHCS B
OIepaTHBHIN MaM'siTi, MOCIIIOBHE 1 BUIAJIKOBE 3BEPHEHHS JI0 €JIEMEHTIB
MacHBy 3aiiMae ofHaKoBuUi yac. [Ipu migkadii eJeMeHTIB MacuBY 3 JTUCKa
BUIAJKOBUI JOCTYII 10 Mam'aTi Habarato MeHII epeKTUBHUH.

Jlnst 3MEHIIeHHsI Ynclia 3BepHEHb /10 (aiiily MiIKaukKy € JeKiIbKa
croco0iB. OCHOBHHI TPUHOM - €KOHOMHE BHTpadaHHA mam'sti. [lpum
bOMy Tpeba mam'siTaTd, 10 Mporpama 3BHYaifHO HE MOJKE 3aiHATH BCIO
¢isnyHy maM'ATh, TOMY IO YacTHHY il 3aliMarOTh cHcTeMa W iHIIi
nporpamu. Komm'torep, Ha skoMy Oynu ofiepskaHi pe3yinbTaTH, HABECHI B
Tabn. 4.4, moYMHAB IHTEHCHBHO 3BEpPTATHCS [0 MHCKA, KOJM Iporpama
3aiimana 20 Moaiit 3 24 M6aiT Qi3ngHOi mam'sTi.

[HONI MOXKHA HamMcaTu KOJ Tak, IO MporpaMa 3BepTaTHMEThCS
10 OJIOKiB mam'sTi mochijioBHO. Hanpuknaa, airopuT™M COpTyBaHHS
3IUTTSIM, ONKMCaHui B 13 po3aini, MaHIMyII0€ BEJIMKUMU OJIOKaMU JTaHUX.
L1i 6;0KH COPTYIOTHCS, & MOTIM 3JIMBAIOTHCS pa3oM. BropsakoBana pobora
3 MaM'sITTIO 3MEHIIIY€E YHCIIO 3BEPHEHB JI0 JHCKA.

Tabmu 4.4

Yac BUKOHaHHS NpOrpaMH Pager B CEKyH/IaX

Ham'sTe (MO) Hinkauka IIpodykcoBka

2 3,79 3,73

4 7,58 7,47

6 11,37 11,2

8 15,49 14,94

10 18,9 18,62

12 22,85 22,36

14 26,47 26,15

16 30,26 29,88

18 34,51 37,46

20 132,37 12,155 (ominka)
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MceBaONOKaX4YMKU, MOCUAAHHSA Ha 06’EKTU Ta KOAEKLIT

B nesxux wmoax, Hampukman B C, C++ abo Delphi, moxna
BU3HAYATH 3MiHHI, IKi € nokascuuxamu (PoOinters) Ha ainsHku mam'srti. B
OUX OUITHKaX MOXKYTh MICTHTHCS MacHWBH, psSAKH abo iHIN CTPYKTypHu
naHuX. YacTo MOKa)KUMK NOCHIIAEThCS HA CTPYKTYPY, IKa MICTUTh iHIIWH
MOKKYMK, 1 TaKk MJaji. BUKOPHCTOBYIOWH CTPYKTYpPH, IIO MICTATh
MTOKaKYMKH, MOYKHA OpPTaHi30BYBATH BCUIAKI CIIMCKH, Tpadu, Mepexi Ta
Jepesa.

Jo tpetnoi Bepcii Visual Basic He micTuB 3ac06iB Al MPSIMOTO
CTBOPEHHSI MOCHJaHb. [IpOTe OCKUIBKM IOK&XYHUK BCHOTO JIMIIE
MOCHITAEThCS Ha OYIb-SIKY TIISHKY TaHHX, TO MOXKHA, CTBOPHBIIN MACHB,
BHKOPHCTOBYBATH IIJIOYMCENBHUN 1HICKC MACHBY SIK MOKAKYHK Ha HOTO
enementu. e Tak 3Banuit ncegdonokaxcuux (fake pointer).

MocuaaHHA

VY 4-i1 Bepcii Visual Basic 6ynu Bnepiie BBeieH] kiacu. 3MiHHa,
sKa BKa3ye Ha eK3eMIULIp Kiacy, € IOoCWIaHH;IM Ha o0'ext. Hanpukian, B
HacTyImHOMY (parMeHTi KoJxy 3MiHHa ob7j - IIe NMOCHJIAaHHSA Ha 00'€KT
knacy MyClass. g 3MiHHa He BKa3dye, Ha SIKUi 00'€KT, TIOKM BOHA HE
BU3HAYAETBHCS 32 JIONIOMOTOK 3ape3epBoBaHOro cioBa New. B nmpyromy
psiaky omepatop New CTBOPIOE HOBHH OO'€KT i 3aIlicye IOCHIIAHHS HA
HBOTO B 3MIHHY Ob 7 .

Dim obj As MyClass
Set obj = New MyClass

IMocunaunus B Visual Basic - 1ie pi3sHOBH] MOKaKYHUKIB.

O6'extu B Visual BasiC BUKOPUCTOBYIOTH JiUUIbHUK HOCUNAHD
(reference counter) s copomieHHss pobotu 3 ob'ektamu. Komwm
CTBODIOETBCS. HOBE TMOCWJIAHHS Ha O0'€KT, JIYMIBHUK MOCHJIaHb
30UTBIIyeThCA HAa OOWHMIO. [licns TOro $K TIOCHJIAHHS MepecTae
BKa3yBaTH Ha OO0'€KT, JIYWJIBHUK TOCWJIAHb BiAMOBIJHO 3MEHIITYETHCS.
Komn 7iYnibHUK MOCHIAHB TOPIBHIOE HYNIO, O0'€KT CTae HETOCTYIHHM
nporpami. ¥ 1eit moment Visual Basic 3uuiiye 06'ekT i moBepTae 3aitHATY
HUM TIaM'SITh.
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KoAeKuji

Oxkpim 00'eKTiB i mocwmIanb, mounHaro4H 3 4-i Bepcii Visual Basic
TaKoX 3'sBIIHCA KoJekiii. Komekmiro MOXKHa TPEACTaBUTH SK Pi3HOBUL
MacuBy. BoHM HamaroTb B PO3MOPSIKEHHS IPOTpamicTa 3pydHi
MOJXJIMBOCTi, HANPHUKIAZ, MOXHA MIHATH pO3Mip KOJEKIii, a TaKoX
3MIACHIOBATH TOMIYK 00'€KTa MO KITIOTY.

MuTaHHA NPOAYKTUBHOCTI

[ceBnonokaXYMKH, NOCHIAHHS 1 KOJIEKIIT 3rayloThCsl B LIbOMY
pO3IiNi, TOMY IO BOHM B 3MO31 CHJIBHO BIUIMBAaTH Ha HPOJYKTHBHICTBH
nporpamu. [locunaHHs 1 KoONeKUil MOXKYTh CIPOILYBAaTH NPOrpaMyBaHHS
NeBHUX Ollepalliid, aje BOHM MOXYTh 3a)KaJaTh J0JAaTKOBI BHUTpaTH
mam'siTi.

Ilporpama Faker (mmck 3 OpuxkjagaMu -— [alka
ProgR4) JEMOHCTPYE B3a€EMO3B'I30K MDK  ICEBIOMOKAKUYUKAMHI,
MOCHJIAaHHAMM 1 KoJjekmismu. Koinm BM BBOAMTE YHCIO 1 HAaTHUCKYETE
kuorky Create List (CTBopuTH CIHCOK), Mporpama CTBOPIOE CIHUCOK
€JIIEMEHTIB OJHUM 3 TPboX crocoOiB. CroyaTky BOHa CTBOPIOE 00'€KTH,
BIJINIOBITHI OKpPEeMHM eJIEMEHTaM, 1 JOJA€ TOCWIaHHA Ha O0'€KTH 10
konekiii. IToTiM BOHa BHKOPHCTOBYE IIOCHJIAHHS YCEpEIWHI CaMHUX
00'eKTiB JUIs CTBOpPEHHS 3B'A3aHOTO CHMCKY 00'ekTiB. I, Hapemiri, BoHa
CTBOPIOE 3B'I3HUI CIHCOK 3a JOMOMOTO0 IMCEBAOMOKaX4YnKiB. [Toku He
3YIHUHATHMEMOCS Ha TOMY, SIK IIPAIIOIOTh 3B'SI3HI CIIUCKH.

[Micns HatucHenHs Ha kHomky Search List (ITomyk B cImcKy),
nporpama Faker BHKOHYE MOIIYK 110 BCIX €lI€MEHTaX CIHCKY, a IiCIs
HATUCHEHHS Ha kHOmKy Destroy List (3HuIMTH CHHCOK) 3HHINYE BCi
CIHCKH 1 3BUJIbHSIE MTaM'SATh.

B Tabn. 4.5 HaBejieHi 3HaYEHHs 4acy, sIKMW MOTPiIOCH mporpami
JUIS BUKOHaHHS ITMX 3aJa4 Ha KOMI'IOTepi 3 mporecopoMm Pentium 3
TaKTOBOIO 9acToTor0 90 Mri. 3 Tabnuil BUAHO, 10 3a 3pYyYHICTh POOOTH 3
KOJIEKIIIMU JTOBOJAWTHCS TUIATHTH IIHOIO OINBIIOTO HYacy, 3aTpadyBaHOTO
HA CTBOPCHHSI 1 3HUIIECHHS KOJCKIIii.

Konekmii TakoX MicTsATh iHAEKC chnucKy. YacTtuHa dacy,
3aTpadyBaHOIO IIPU CTBOPEHHI KOJIEKii, e Ha cTBopeHHs iHaekcy. [Ipu
3HHUIICHHI KOJEKIil MOCUIIAHHS, IO 30epiratoThCs B Hil, 3BUIBHSIIOTHCS.
ITpn mpomy cucrema mepeBipsie 1 OOHOBISE JUWIBHUKH TOCHIAHb JUIS
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BCiX 00'eKTiB. SIKIIO BOHHM MOPIBHIOIOTH HYIIO, TO caM OO'€KT TaKOX
3HMILY€eThCA. Bee e 3aiimae nonaTkoBui vac.

[Ipy BHUKOPHUCTOBYBaHHI IICEBJOTOKAXYUKIB CTBOPEHHSA 1
3HUILEHHSI CIUCKY BiZOYBAE€ThCSl TaK IIBUAKO, IIO IIUM YacoM MOJXKHA
MpakTHYHO HexTyBaTH. CHCTeMi NpH IhOMY HE Tpeba MiKITyBaTHCS IIPO
MOCHIIAHHS, JTIYMILHUKY IOCHIAHb 1 3BUIbHEHHS 00'€KTIB.

3 iHmoro OOKy, MOWIYK B KOJEKLil 3IIMCHIOEThCS Habararo
MIBHAIIE, HIK B [OBOX OCTAHHIX BHIAAKAX, OCKUIBKA KOJEKIIS
BUKOpHCTOBYE mmBHaKe xemysanus (hashing) modymosanoro iHaekcy, Tomi
SIK CIUCOK IMOCWJIaHh 1 CIHCOK IICEBJIOTIOKAXYUKIB BHKOPUCTOBYIOTH
MOBUTFHUIA MOCIITOBHUHN TOIIYK.

Tabmuus 4.5

Yac CrBopennst/[lomryky/3HAIIEHHS CITUCKIB B CEKYHAAX

Po3mip cnimcky 1000 2000 3000

Komnekuis nocunans | 0,77/0,33/0,60 | 1,53/0,60/2,25 | 2,42/1,05/0,22

Crucok 3B's3anux | 0,11/1,49/0,06 | 0,33/6,32/0,17 | 0,60/14,66/0,22
MOCHJIaHb

Icepnonmokaxkuuku | 0,00/1,48/0,00 | 0,00/5,77/0,00 | 0,00/13,07/0,00

Xo4a BXKHBaHHS IICEBJONOKAXYKMKIB 3BHYAiiHO 3a0e3mneuye

Kpally NpOAYKTHBHICTb, BOHO MEHII 3pYyYHE, HDK BHUKOPHCTOBYBaHHS
nocunanb. SIKmo B mporpami MOTpiOEH JMIe HEBENWKUI CIHCOK,
MOCHJIAHHS 1 KOJIEKIil MOXYTh MpAalIOBaTH JOCTaTHbO MIBUAKO. [lpm

pobori

HpO}IyKTI/IBHiCTI), BUKOPUCTOBYIOYH ICCBAOTTOKAKIYNKHA.

' [pukjan nporpamu,

3 BEJIMKHMH CIUCKAMH MOXHA OJIep)KaTH OUIbII BHCOKY

axka BuOijsigae Gararto nam’ ari
y BUNOAnKy odanny nimkauky abo nNpoByKCOBKU

| KA KA K A KA AR AR A AR A AR A AR AR AR AR A AR A AR A A A A A A Ak kA Ak, Kk

Option Explicit

Dim Memory (

Private Sub
RunTest

MemText.

End Sub

Private Sub
RunTest

MemText.

) As Long

CmdPage Click()
False
SetFocus

CmdThrash Click()
True
SetFocus

103



End Sub

Private Sub MemText GotFocus ()
MemText.SelStart = 0
MemText.SellLength = Len (MemText.Text)

End Sub

Private Sub mnuFileExit Click()
End
End Sub

Private Sub mnuHelpAbout Click()
Dim txt As String

txt =" This program allows you to allocate
bigger and bigger arrays until paging occurs." &
vbCrLf

txt = txt & " Page: Program allocates

indicated amount memory and traverses it in an

orderly fashion. This will cause paging if array is
larger than amount real memory your computer has.'

vbCrLf
txt = txt & " Thrash: Program allocates

indicated amount memory and accesses it randomly.
This will cause LOTS paging if array is larger than

amount real memory your computer has." & vbCrLf

txt = txt & " Note that times shown will

probably be less than actual time you wait for

&

program. This is because time shown does not include

time to allocate array."

MsgBox txt, vbOKOnly, "Help About... Pager"
End Sub
| hAhkhkkhkhkhkhkhkkhkkhhkhkhhkkhhkhrhkhkhkhhhhkkhhkrhkkhkkhkhkhrhkhkkhkhkrhkkhkkhkhhrhkhk,kxx
' Run test.

| KA KK AR AR KA AR A AR A AR A AR AR AR AR A AR AR A A A A A A A Ak Ak kA Ak, Kk

Private Sub RunTest (thrash As Boolean)
Const LONGS_PER MEG = 1048576 / 4

Static megs As Integer

Dim new megs As Integer
Dim max index As Long
Dim start time As Double
Dim i As Long

Dim index As Long

On Error Resume Next
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new megs = CInt (MemText.Text)
If new megs < 1 Then
Beep
MsgBox "Please enter an integer greater than

MemText.SetFocus
Exit Sub

End If

On Error GoTo O

TimeText.Text = ""
MousePointer = vbHourglass
DoEvents

' Allocate memory
max index = new megs * LONGS PER MEG
If new megs <> megs Then
ReDim Memory(l To max index)
megs = new_megs
End If
' Traverse memory to cause paging
start time = Timer
If thrash Then
' Jump all over to causing thrashing.

For i = 1 To max index
index = Int(ﬁax_index * Rnd)+ 1
Memory (index)= i
Next i
Else

Walk through memory to page without
' thrashing. Notice random assignment
' index so this version does about as
' much work as thrashing version.

For i = 1 To max index
index = Int(max index * Rnd)+ 1
Memory (i)= i
Next i
End If

TimeText.Text =
Format$ (Timer - start time, "0.00")
MousePointer = vbDefault
Beep
End Sub
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Pe3ome

AHaii3 NpOAYKTMBHOCTI  JomoMarae MOpPIBHIOBaTH  Di3Hi
JITOPUTMH, BiH JI03BOJISE Nepen0adarty, sk Oy yTh BECTH ceOe alropuTMu
3a pi3HMX 00cTaBMH. BKka3zyrou TiIbKM Ti YaCTUHM alrOpPUTMY, Ha SKi
MOTPiOHO HAaHOLTBIIMK Yac MPU BHUKOHAHHI IPOrpaMH, aHali3 JOMOMAarae
BU3HAYUTH, OPOOKA SIKMX JUITHOK KOJY 3017IbIIUTh MPOAYKTHBHICTB.

VY mporpamyBaHHI icCHye 0€3I1id KOMIIPOMICIB, SIKi HE TPUITYCTHMI
B peanbHHX yMoBax. OIHMH aJTOPHTM MOXKE NPALIOBATH IIBHALIE, aye
TUIBKM 3a PaxyHOK BHKOPHCTaHHS BEJIMYE3HOTO 0OCATY JOOAaTKOBOI
mam'sTi. [HmMi axropuT™ mpocTimie i peanxi30oByBaTH i MIATPUMYBATH, aje
MpamoBaTH BiH Oyne MOBUMBHIIIE, HIX Oyab-SIKHA OUTBII CKJIATHIHA
ANTOPHTM.

BukoHaBIIM aHalli3 HAasBHUX aJTOPUTMIB, 3'ACYBaBIIH, SK BOHU
MOBOJSITH ce0e B PI3HUX YMOBaX, SIKi BUMOTH BHCYBAalOTh JI0 PECYPCiB, BH
3MOKeTe BHOpaTH ONTHMAJILHUK BapiaHT AJs BHUPILICHHs MOCTaBJIEHOTO
3aBJIaHHS.

KOHTPOABbHI 3an1UTaHHA Ta 3aBAAHHSA

=

JlaliTe BHM3HAuUEHHs aJrOPUTMY, Ha3BiTh T'OJIOBHI BJIACTHUBOCTI

AITOPUTMY.

YuM BiAPI3HAETHCS ANTOPUTM Bij iporpaMu?

1o Take acHMNITOTHYHO TUMYACcOBa CKIAAHICTD alropuTMy?

SIK BUKOHY€ETBCS OLIIHKA aITOPUTMY 3 TOUHICTIO 10 MOPSIIKY?

o o3nauae ckmamHicTs O(log2n)?

HaBenite nesxi ¢yHkuii, ski BHKOPHUCTOBYIOTH MPH OLIHII

CKJIaTHOCTI allTOPUTMIB.

SIK BUKOHY€ETbCS HOIIYK CKIAJHUX YACTHH alrOPUTMY?

8. Sk ouiHuTH BHMOTH J0 O0CATY Nam’aTi JJsl PEKypCHUBHHX
ITOPUTMIB?

9. ki YUHHMKH MOXYTh YCKJIaOHWTH mpobiiemy  BHOODY
ONTHMAJILHOTO ANTOPUTMY?

10. Ilo € OCHOBHMM YWHHHUKOM MpPU BHOOPI METOMY ISl BUPILICHHS
3ajJa4 3a JIOIOMOroi0 Iepebopy BEIMKOro YHCIIa MOMIHUBHX
BapiaHTIB?

11. Yum BH3HAYAETHCS Yac POOOTH ANTOPUTMY, IO BUKOHYE TUTBKH
orepariii Y TaHHS 1 3aHECEHHS IaHUX B ONEPaTUBHY IaM'sITh?

12. Illo Take WBHAKOAIA aIrOPpUTMYy B  Kpamomy pasi?
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) Po3ain VvV
CUCTEMA LWBUAKOI POSPOBKU AOAATKIB — VISUAL
BASIC

OcHOBHI rpynv oneparopis nporpamMyBaHHs

Visual Basic — omneparopHa moBa, TOMy mnporpama (MOAyJib)
SBIIsIE  COOOI0 JeAKYy TMOCTIiNOBHICTE omepaTopiB. basosuit Habip
omeparopiB  Visual Basic gyxe Bemukuii. B maHomy po3mimi Mmu
PO3TISIHEMO  OCHOBHI ~ TpymH  OIeparopiB,  sKi  HaWgacrimie
BUKOPHCTOBYIOTBCS:

e Tpymy JeKJIapaTUBHHUX OINEPaTOpiB, WO CIYXaTh IJIsl OIUCY
00'eKTiB, 3 IKUMH IPALIOE Tporpama (THIMiB, 3MiHHUX, KOHCTaHT,
00'eKTiB, TOAATKIB);

e Tpymy oIepaTopiB, m0 3a0e3NeYyIOTh NPUBJIACHEHHS 1 3MiHY
3HAYEHb [[UX 00'€KTIB;

e  IpyIy Omeparopis, MO YIPABIAIOTH XOA0M 00paxyBaHb;

e Tpymy omepaTopiB, sKi 3a0e3medyroTh poOOTy 3 Karajoramu i
(hatimamu.

Tunu AaHKX i BMiHHI

[Ipu BUBUYCHHI MOBHU MPOTpPaMyBaHHS BHHHKA€ O€3id 3allUTAHB!
SK B HbOMY BIJIAIITOBAaHA CHCTEMa THIIIB JaHHX, SKi € MPOCTI THUIH; SIK
CTBOPIOIOTBCS CKJIATHI, CTPYKTYpHI THUIH; YM € MOJIHMBICTH BU3HAYCHHS
BJIACHUX THUIIIB i AMHAMIYHUX THUIIIB; Y1 MOYKHA B MOB1 BU3HAYATH KJIaCH —
"cripaBkHi" THITH, /e BU3HAYAETHCS HE JIUIIE 00J1aCTh MOXKIIUBUX 3HAYEHb
1 CTpYKTypa JIaHHX, aJe i oneparii HaJ{ HUMU.
Komu mu roBopumo, mo 7 — 1ie¢ TUN JaHUX, TO PO3YMi€MO, IO
BU3HaueHHs Tuy T 3ajae:
e  001acTh MOKIIMBUX 3HAYCHB THITY;
®  CTPYKTYpY Oprasizaii JaHHX;
e  ormeparii, BU3HAYCHI HAJ JAaHUMHU IIHOTO THUITY.
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IcTopruHO ckmamocs Tak, IO HPH BU3HAYECHHI THITYy OIyCKAalOTh
omeparii, JO3BOJIEHI HaJ HUM, MAalOUd Ha yBa3i iX HesBHO. Hampwukiman,
BH3HAYAOUM THII Integer, TOBOPSATh, IO BiH 3aJa€ Tl YWCIIa B
JeIKOMY Jliamna3oHi. 3BUYaiHO, Ii3HiIIe O0OOB'S3KOBO Oyne CKa3aHO, SIKi
omepariii M03BOJNIEHI HaJ IIMMH. Y 3BSI3KYy 3 PO3BUTKOM OO0'€KTHO-
OpIEHTOBAHOTO NPOTpaMyBaHHS BH3HAYEHHS THITy CTajld JaBaTH 'TO-
CIpaBXHHOMY" 1 BKJIIIOUATH B HBOTO yCi TPW KOMIIOHEHTH, TaKi THIH
Ha3MBAIOThCS KIIACaMU.

Tunm naHuX MPUHHATO PO3IOUIATH HA npocmi 1 CKAAOHI 3aJISKHO
BiJl TOTO, SIK BJIAIITOBAHI 1X JaHi. ¥ MPOCTHX (CKAJSPHUX) THUIIAX MOXIIUBI
3HAYCHHS NaHWX €auHi 1 HeximmMmi. CKIagHI THMH XapaKTePH3YIOTHCS
Croco0oOM CTPYKTypH3alii AaHMX, — OJHE 3HAUCHHS CKJIAQIHOTO THITY
CKJIaJAEThCS 3 JEKUIbKOX 3HAUeHb JaHUX, OPTaHi3yI0unX CKIIaIHUH THII.

€ i iHmi kpurepii kacudikamii TumiB. Tak, THIIM PO3AUISIOTECS
Ha 60y008aHi 1 eusHaueHi npocpamicmom (kopucmysauem). BOymoBaHi
THUIIM MEPBICHO HaJIEXKaTh MOBI IPOrpaMyBaHHs 1 CTAHOBIISATH HOTO Oaswmc.
B ocHOBI cuctemu TUIIB OYAb-1KOT MOBH ITPOTPaMyBaHHs 3aBXK/IH JISKUTh
0a3zncHa cucTtema THIB, BOysoBaHa B MOBY. Ha 0CHOBI BOyIOBaHUX THITIB
mporpamicT Moxe OyAyBaTH BJIacHi, HUM BH3HA4YCHI THIM NaHUX. AJe
crocoOu (TpaBmiIa) CTBOPEHHS TaKUX THUIIB TaK0)K BOYJOBaHI B MOBY.

Tunu naeux po3AUIIOTECS Ha cmamuyni 1 Ounamiuni. JIIs qaHux
CTaTUYHOTO THILy TaM'ATh BiABOJUTHCS y MOMEHT OTOJIONIEHHS —
HEOOXITHHUI PO3Mip JTaHUX BiIOMHM IIPH IXHBOMY OTOJIOMICHHI. J{JIsT maHmx
JMHAMIYHOTO THUIY PO3MIp JaHUX Y MOMEHT OrOJIOUICHHS HEBiIOMHMH, i
mam'siTh iM BUAUISETHCS JAWHAMIYHO B IPOIECI BUKOHAHHS MPOTPaMU 3a
32U TOM.

[ToTyxHicTh MOBM 0araTto B YOMYy BHU3HAYA€THCA THUM, YU
JIO3BOJISIETHCSI IPOrPaMICTOBI BU3HAYATH AMHAMIYHI 1 BIIACHI THIIH JaHUX.

Cepen MOB ITpOrpamMyBaHHsI BUIUISIOTHCS B KpaiHi BUMAAKA —
MOBH, IO CTPOTO THITI3YIOTHCS, i OS3THIIOBI MOBH. Y TEpIIOMY BHIAJAKY
KO)KHA 3MiHHa Ma€ CTporo (HiKCOBaHHH Y MOMEHT OTOJIONICHHS THII, 1 BiH
HE MOXe€ 3MIHIOBAaTHCS B IpOIECi BHKOHAaHHS Iporpamu. Taki MOBH €
HATIWHIIIAMHA, OCKUTBKH 3a0e3MedyioTh CYBOPHHA KOHTPONb THIIB i
JI03BOJISIFOTH BHSBJIATH TOMHJIKM II€ HA CTaJil KOMIUIALIT Nporpamm.
Krnacuunum npuknagom € moBa [lackans. be3tumnosi MoBu — 1€ MOBH 3
OJHUM €JMHUM THIIOM, B TaKHX MOBax OJHA 1 Ta X 3MIHHA MO XOIY
mporpamMu Moxe 30epiratu gaHi (axtnyHo pi3HEX THIiB. Tun Variant
MOBH VB € NpHKIagoM Takoro y3arajJbHIOBAIBHOTO THITYy. Be3THmosi
MOBH 3a0e3MedyioTh OiMbII MIBHAKE BHKOHAHHS NPOTpaM 1 HAJAIOTh
IporpamictaM BEJHKY THYYKICTh, ajle JOCSTaeThCs M€ 3a PaxyHOK
HaxiiHOCTI MporpaM. OHi€e0 3 mepumx 0e3TUIOBUX MOB OyB Lisp.
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MpocTi TMNK AaHUX

Sk i Oynp-sika MoBa, VB MicTuTh yci 3BW4HI BOyHOBaHI MpOCTi

TUTIN JaHUX : JOTi9Hi, apudMeTndHi i cTpokosi (Tabm. 5.1).

Ta6muns 5.1
Cucrema npocTrX TUITB MOBH VBA
Im'st THITY Mo:xIuBi 3HAYeHHS Heo?xmﬂa
nam'sitb
Boolean True, False 2 Oaiiti
Byte 0...255 1 OaiT
Integer -32768...+32767 2 Gaiftu
Long [Mpu6mmznro: — 2000 000 000.. +2000 4 Gaiitu
000 000
Decimal | [Mpubauzno 30 necsatkoBux udp. 12 GaiiriB
MoskHa BKa3aTH 4ucIio mudp micis
JIECSITKOBOT TOUKU.
Single --3,4E38..-1,4E- 45 — ny1s Bix eMHHX 4 aiitu
3HaYEHb
1E- 45..3,4E38 — s mofaTHiX 3HaYeHb
Double --1,7E308..-4,9E- 324 — st Big’ eMHUX 8 GaiiriB
3HAYE€Hb
4,9-324.. 1,7E308 — mi1a mogaTHiX
3HAYE€Hb
Currency | JlecsaTkoBi uncia 3 (ikCOBaHOIO 8 GaiiriB
MTO3UIII€I0 KOMH. MOXKITHBI 15 mmudp mo
KOMH 1 4 TIOTiM.
String € 2 BUAH PAIKIB : 8 OaiiTiB
Psaxu ixcoBaHOi JOBXKHHA MArOTh 10
216 cuMBOIIIB
Panxu 3sMIHHOT JOBXHUHH MaroTh 10 231
CHMBOJIY
Date JlaTu 3MiHIOIOTBCS B JIiana3oHi Bij 1 8 OaiiTiB
cigas 100 p. mo 31 rpynss 9999 p.
Object [TocnnanHs Ha 00'€KT (OKAKYHK) 4 Gaiitn
Variant VYHiBepCaIbHUN THII, 3HAYEHHSM SIKOTO | 3aleXHTh BiJ

MOXyTh OyTn maHi Oymp-iKoro 3
MepepaxoBaHUX BHINEC THIIB, OO0'€KTH,
sgaueHdss NULL 1 3HaueHHS IOMHIIOK
ERROR

KOHTEKCTY, aJie
He MeHme 16
OaliTiB
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3minHI THIlY Decimal He MOXKHA OTOJIONIYBATH TakK, K 3MiHHI
IHIIUX THIIIB, — Hampukian, omeparopoM Dim. Lleli Tum € omHuM 3
BapiaHTiB Tumy Variant, i ans #Horo 3aBHaHHS BHKOPHCTOBYETHCS
¢yakmis CDec. Tunm Currency BHKOPHUCTOBYETHCS TPH TPOIIOBHX
pO3paxyHKax.
OcobmuBo cmig cka3atu npo Tun Variant. Takuil yHiBepcanbHUI
THII JI03BOJISIE TIEPETBOPUTH MOBY Ha OE3THIIOBY — YCi JIaHi MOXXYTh MaTH
onuH tun (Variant). 3Bu4aiiHo, 11e 3py4HO (JyMaTy He NOTpiOHO), a iHoAl 1
KOPUCHO, aJie 3arpoXkye€ HENPHUEMHUMH IIOMWJIKaMH, Ta 1 THaM'sATh
BUTpayaeThcss HeedekTHBHO. VB mpoBOKye HanMmipHe BHKOPHCTaHHS
LLOTO THITY, OCKIJIBKH J03BOJISE, OTOJOIIYIOYM 3MiHHY, HE BKa3zyBaTH ii
THUI, 1 TOAI 32 YMOBYAHHSIM BiH BCTaHOBIIOEThCS sIK Variant. [IpaBuibHO
3aBXK/IM OTOJIONIYBAaTH THIN 3MiHHOI. KOHTpOIb Hajx THHAMU JONOMOXE
YHHKHYTH ITOMHJIOK IIPY BUXO1 3HAYCHHS 38 MOXIIMBI MEXi.
3MiHHI THIly Variant MOXyTh HaOyBaTH 3HA4eHBb OYyIb-SKOTO
TUITy 3aJIe)KHO BiJl KOHTeKCTy. KpiM TOro, BoHM MOXyTh HaOyBatu i
JESKUX CIeLiabHAX 3HAYEHB!
e Empty— 3MiHHA HE iHilliaTi3yBaa;
e Null — pmaHi HOMHIKOBI;
e Error — 3HA4YECHHS MICTHTh KOJ IOMWIKH, SKHH MOXe OyTn
BUKOPHUCTAaHUH 1711 i 0OpoOKH B Iporpami;
e Nothing — 3miHHa THIy Object Hi Ha IO HE MOCHIAETHCS:
3B'SI30K MK HEIO i KOHKPETHHM OO'€KTOM IepepBaHa abo He
BCTaHOBJICHA.

OronoLeHHs! 3MiHHUX i KOHCTaHT NPOCTUX TUNIB

Y cBoeMy po3BUTKY VB mpoHIIOB CKIagHUHA HOUIIX — BiA
0e3TUIIOBOI MOBM 3 MPUMITHBHHM CIOCOOOM OTOJIOMICHHSI 3MIiHHHX [0
CTPYKTYpOBaHOT MOBH 3 J00pe BHU3HAYCHUMH THUIAMH JaHUX 1
CTPYKTYpaMH yTpaBIliHHA. AJie "pyauMeHTH" MPOJOBXKYIOTH KUTH, i TOMY
B MOBI OJIHOYAaCHO ICHYIOTh pi3HI 3a 1JI€0JIOTi€l0 CIIOCOOM BHM3HAUCHHS
JaHUX. 30KpeMa, MOXHA OTOJIONTYBATH a00 HE OTOJIONIYBATH 3MiHHI, 1 TOI
TUI M OyJe MpUCBOEHHMH a0 32 yMOBUYaHHAM, ab0 3a MEpLIol0 OYKBOIO
iMeHi, a00 3a cremialbHUM CHMBOJIOM OTOJIOIICHHS THILY, SIKHM MOXe
3aKiH4yBaTHCs iM'd. SIBHO OTrOJIOCHTH 3MIHHY MOXHA SK Ha IIOYaTKy
070Ky, Tak i B TOMY Miclli, /e BUHHKJIa HEOOXiJHICTh BUKOPHUCTOBYBAaTH
HOBY 3MiHHY. YCiMa IMMHU pyAUMEHTaMH KOPUCTYBATHCA HE CIif. SKiio B
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ITOYaTOK MOJYJIsl BCTaBUTH omnepaTop Option Explicit (ommis SIBHO),
TO SIBHE BU3HAYCHHS 3MIHHHX B [IbOMY MOJYJI CTa€ 0OOB'I3KOBUM.

Cunij JOTpUMYBATHUCS TaKol CTpaTerii:

[pu orosornieHHi 3MiHHOT BU3HAYA€THCS 1i THIT 1 30Ha BUAMMOCTI
— o00mnacte, e iM'a 3MIHHOT BHIUME 1, 3HAUYUTH, MOXKJIMBHU JOCTYI IO ii
3HAYeHHs. Ba)XTMBO pO3yMiTH, 110 3MIHHY MOJKHA OTOJIOLIYBAaTH Ha JBOX
piBHSAX — piBHI Tpouexypu i piBHI MOAyJs. [l OTONOMIEHHS 3MiHHUX
BUKOPHCTOBYIOTBCS ~ OIeparopu Dim, Public, Private 1
Static. [lepmmii MO>)XxHa BUKOPHCTOBYBATH Ha 000X piBHSX, Public i
Private — Ha piBHI MOAyms, Static — TUIBKM Ha PiBHI MPOIETYPH.

3MiHHI, OFOJOIIEHI Ha pIiBHI MNPOUCAYPH, HA3HBAOTHCS
JIOKaNbHUMH 110 BiJHONIEHHIO 10 Hei. [XHBOO 30HOK0 BHAMMOCTI € TilbKH
Ta TpoUeAypa, B SKiH BOHH OTOJIOWmICHI. 3MiHHI pIBHI MOIyns €
riobansHUME. BoHH oromomyroTecs B po3aiti Declarations, skuit € y
KO)KHOTO MOJIyJs. 30Ha BHAMMOCTI TJIOOAIbHUX 3MIHHHUX MOXKE
MOLINPIOBATHCS:

- Ha ycl IpoLexypH OJHOTO MOAYJIS, B SKOMY BOHHU OTOJIOIICHI.
Taki r700anbH1 3MiHHI, IO 3BYThCS 3aKpUTUMH (Private), MaloTh OyTH
OroJIOIIEeHI Ha PiBHI MOy, a00 onepaTtopoM Private, abo onepatopom
Dim.

- Ha yBECh MPOTPaMHUI MPOEKT — yCi MPOLEIYPH YCIX MOAYIIB
1poT0 MpoekTy. Taki riaobanbHi 3MiHHI, Ha3uBaHi BimkputuMu (Public),
MaroTh OyTH OroJomeHi onepatopom Public.

JlokanpHi 3MiHHI pIiBHSA TPOLEAYPH MOXYTH OYTH OTOJOIICHI
orepatopoM Static, mo poOuTh iX CTaTUYHMUMHU. 3BHYAMHI JIOKAJbHI
3MiHHI "HapoJKYIOThCS" NPU BXOJI B MPOLEAYpPY, BUAUMI TiJIBKH B Hii i
"momMuparTh", BUXOMAYM 3 mpoueaypu. Lle o3Hauae, mo maM'sTh Mmif
3MIiHHI BIZIBOJUTBCSA MPU BXOAl B IMPOLEAYPY, a IPH BHXOJIl BOHA
BUBIJIbHSETHCS. 30HA BHIMUMOCTI CTATHMYHHMX 3MIHHHX, SK 1 paHime, —
mporierypa, ajae 4Yac JKUTTS IHIINHA, OCKUIBKM Yy HHX HE BiIOMpaeThCs
naM'siTh IPHU BUXOJIi — BOHA IPOCTO CTa€ TUMYACOBO HEJOCTYIHOIO0. Tomy
IIpH TIOBTOPHOMY BXOJi B MpPOIEAYpY CTAaTHYHI 3MiHHI BIJHOBIIOIOTH
3HAYeHHs, SIKi OyJaM y HUX IPU OCTaHHbOMY BHXoxi. CTaTH4HI 3MiHHI —
e 30eperiui iHpopmarii Mi>k 6araTOKpaTHUMHU BUKJIMKAMH OZHIET 1 Tiel 5
nporenypu. {06 craTuyHO 3MiHHI MaNW CEHC, MOTPIOHA TEPBUHHA
IHII{aai3amis 3MIHHUX, — BOHHU ITOBHMHHI MaTH XO0Y SIKiCh 3HAYE€HHS BiKE
IIpH BXOKEHHI B mporenypy. OT ax VB iHimiamizye 3MiHHI y MOMEHT iX
OTOJIOIICHHSI:

O — JUIS YMCENIbHUX 3HAUECHbD;
e mopoXxHIH psmok (") — I pAOKiB 3MIHHOI TOBXHHHY;
®  DPSJIOK, IO MICTUTH HYJIi, — IS PAIKIB (hiIKCOBAHOT TOBKUHH,
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e FEmpty (3Ha4YeHHs, O[O0 BKa3ye HAa BIACYTHICTH iHiMiami3amii) —
i My Variant;

e Ui MacWBiB 1 3ammciB (THIy, BH3HAYEHOTO MPOTPaMiCTOM),
KO)KEH eJIEMEHT iHiliaai3yBaBcs BIAMOBIAHO 10 BKa3aHUX MPABHIL.

CUHTaKCHUC OrOAOLLEHHSA NMPOCTUX 3MiHHKX

OroomeHAs NPOCTUX 3MIHHUX Ma€ TaKUH CHHTAKCHUC!

{Dim | Private } Public | Static } <im's
3M1HHOI> [As <imM'a Tuny>]

...... [, <iM'a sMiHHOI> [as <IM'g THny>]]

Crouatky Wae iM's omeparopa, a IMOTIM CIHCOK OTOJIOIICHb
3MIHHHX, JI¢ pOJIb PO3AUIbHUKA Bifirpae koma. KoxxHe orosyomieHHs 3B's13ye
iM'st 3MIHHOT 3 11 THITOM, 3aJaHUM KOHCTpYKIiero As. bynpre yBaxni, VBA
HEMPUEMHO  BIAPI3HAETBCS B LBOMY [HUTaHHI BiJ IHIIUX MOB
nporpamyBaHHs. TyT, sK 3BUYaliHO, OJHHMM OIIEPAaTOPOM MOXHA
OTOJIOCHTH JIOBIJIbHE YMCIIO 3MIHHHX, ajie TpeOa B KOXKHOMY OTOJIOIICHHI
BKa3yBaTH KOHCTPYKIIiFO AS, iHAKIIEC 3MIHHUM 0e3 As Oyne MpUnucaHuii
THII Variant.

Haenmemo mpuknanx, nme nitote moaym Father i Mother, y
KOXKHOMY 3 SIKUX OTOJIOLIeHI Iiio0aiibHi (3arayiibHi W 3aKpuTi) 3MiHHI. Y
KOXKHOMY 3 MOJIYJIiB OTOJIOIIEH] JIBI MPOLIEAYPH, IO B3aEMHO BUKIIMKAIOTh
onHa ofHy. JIpyKyBaHHS B IpOLENypax JA03BOJISE MPOCTEKUTH 32 3MIHOIO
3HaueHb TIJIO0ANBHUX, JIOKAJbHUX 1 CTaTHYHHMX 3MiHHMX. OCb TEKCTH
MonynmiB Father i Mother — oromomeHHs rI00adbHUX 3MIHHHX 1
IIpoIeTyp:

'Option Explicit
Public Fx As Byte, Fz As Integer
Private Fy As Integer

Public Sub Start()
'Tuinianizsauisg raoBanbHMX 3MI1IHHUX
Fx = 10: Fy = 11: Fz = 12
Mx = 20: My = 21: Mz = 22
Fatherl
End Sub

Public Sub Fatherl ()
Dim Fz As Byte 'JlokanbHa 3MiHHa
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Fx = Fx + 2
Fy = Mx — 2
Fz =1
Debug.Print "Fatherl: Fx=", Fx, " Fy =", Fy, "Fz =",
Fz
'BUKIIMK [pOoLenypM 1HIOT'O MOIYJIs
Motherl
End Sub

TyT MM HaBOJMMO TEKCTH MOAYJIst Mother:
'Option Explicit
Public Mx As Byte
Private My As Integer

Public Sub Motherl ()
'OTOoJIOWEeHHS CTaTUYHOL 3MiHHOIL
Static Count As Byte
Count = Count + 1
Mx = Mx — 2: Fz = My + 2

Debug.Print "Mother: Crarmuna sMinHa Count =", Count
'Bukyuk npouenypu Father inmoro momysna ad®o 3akJjouHOL
— Finish
If Fx < Mx Then Fatherl Else Finish

End Sub

Public Sub Finish ()
'3akJo¥Ha IIedaTkKa
Debug.Print "Finish: Fx = ", Fx, "Fy =", Fy, "Fz =",
Fz
Debug.Print "Mx =", Mx, "My =", My, "Mz =", Mz
'OrosiomeHHs pPisHMX TUNiB 1 mevaTka 3HAUEHb, OTPMMAaHMUX
IpM OTOJIOmMEeHH1
Dim B As Byte, I As Integer, L As Long
Dim Sng As Single, D As Double, C As Currency
Dim SF As String * 7, SV As String, Dat As Date
Dim O As Object, V

Debug.Print "B =", B, "I=", I, "L=", L
Debug.Print "Sng =", Sng, "D =", D; "C=", C
Debug.Print "SF =", SF, "SV =", SV, "Dat=", Dat

If O Is Nothing Then Debug.Print "O6'exT He
BMU3HadeHun"
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If V = Empty Then Debug.Print "Variant sMinHi He
VMHULIMAIN3VUPOBaHB"

End Sub

SamyctuBmm mporenypy Start momyns Father, omepxumo

TaKi pe3yybTaTy :

Mot
Fat
Mot
Fat
Mot
Fin
Mx
B =
Sng
SF
(olel
Var
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Fatherl: Fx= 12 Fy = 18 Fz =
her: Crarmuna 3Minma Count = 1
herl: Fx= 14 Fy = 16 Fz = 1
her: CratmuHa 3Minua Count = 2
herl: Fx= 16 Fy = 14 Fz = 1
her: CrarmuHa sMminHa Count = 3
ish: Fx =16 Fy = Fz = 2
= 14 My = 0 Mz =
0 I= 0 L= 0
= 0 D = 0 C= 0
= SV = Dat= 0:00:00

€KT He BMBHAUEHUMN

iant smMiHH1l He iHinianiszsoBaHi
Komenrapi:

Iponenypn Father i Mother Tpudi B3a€EMHO BHKIHKAIOTh OJHA
onHy. Crarnuna 3MinHa Count mijpaxoBy€e YHCIIO 3pOOJICHUX OOIriB.
Iponenypa Father mpykye 3Ha4YeHHS II00adbHUX 3MIHHUX Fx, Fy 1
JIOKaJIbHOI 3MiHHOI Fz. IToMiThTe, TOKaJIbHE OTOJIOIIeHHS "cCrbHime"
rJ100aJIBHOTO.

Ipornenypa Finish apykye 3akiiiO4HI 3HAYEHHS 3MIHHHX Fx, Fy,
Fz, Mx, My i Mz. TyT ApyKyeThcs 3Ha4€HHsI TJ100aIbHOI 3MiHHOT F'Z,
a 3HAa4YCHHS JBOX 3MiHHMX — Fy i Mz — He Bm3HadeHi. CrpaBa B
TOoMy, 110 Fy — 3akpura 3MiHHa Monyis Father, a Mz B3araii He
orojomryBanacs. | Bce-Taky NMOMWJIKM HE BHHHUKA€, TOMY IO JIIOTh
OTOJIONICHHS 332 3aMOBYYBaHHSM, i OOWABI IIi 3MiHHI BBa)KAIOTHCS
OTOJIOIIEHUMH B MOAYJ Mother i 3a 3aMOBYYBaHHSM MalOTh THII
Variant. Came TyT KpHEThCS NPHYMHA MOXIIMBHX MOMHJIOK, 100
YHUKHYTM iX, MM W palWwid BKIIOYUTH omepatop Option
Excplicit. Bynp ne 3pobneno, — 3'siBuimcs © monepekyrodi
nmoBigomieHHs. Y Hac Il oOmmii HamMcaHl, aje CIeiaJlbHO
3aKOMEHTOBaHI U1 JeMOHcTpamii edekTy IXHbOi BiICyTHOCTI. SIKIIo
X BKJIIOYMTH, TO IIOMHJIKA Bipa3y 3yCTpiHEThCS B MpoLeaypi Start
- aJxe 3MiHHI My 1 Mz He BU3HA4eHi B Moayni Father.



e Jlpyra gactuHa mpouexypu Finish HOCHTH caMOCTiHHNA XapakTep
— BOHa JIEMOHCTPY€ OTOJIOUIEHHS BCIX MHPOCTHX THIIB 1 JAPYK
3HAYeHb, OJICP)KYBAHMX 3MIHHUMH NpH orosomeHHi. [lomitbre, 5K
NepeBipsETCS  HEBM3HAUCHICTh 00'€KTa 1 TOpOKHEYa 3HAa4YeHb
3MIHHHX.

OroAOLLEHHS 32 3aMOBYYHHAM

VY VB € crapi 3acobu beiicuka, o 103BOJSIFOTE HE OTOJIOLIYBAaTH
3MIHHY SIBHO, ajleé BCTAHOBIIOBATH ii THIN 3a TepmmM abo OCTaHHIM
CHMBOJIOM iMeHi 3MiHHOi. IMeHa 3MiHHNX B VB MOXYTh 3aKiHUyBaTHCS
CHeliaIbHIM CHMBOJIOM, 1[0 I03BOJISIE BCTAHOBHUTH THII i€l 3MiHHOI :

— Integer;
— Long;

— Single;
— Double;
— Currency;
— String.

€ 11e MOXJIMBICTh BU3HAUCHHS THITY 32 IEPIIOI0 OYKBOIO iMeHi. 3
IL[i€F0 METOI0 B MOBY BBeJIeHa cepisi omeparopiB DefType (110 oqHOMY Ha
kokeH Tuin — DefBool, DeflInt i Tak faii), 0 BH3HAYAKOTh CBil
nmiama3zoH OyKB UIsT KOXKHOTO Tumy. Skmo mepma OykBa iMeHi
HEOIOJIOIIEHOT 3MIHHOI BXOAWTH B TOW abo0 IHIIME [;iana3oH, Ii
NPUIHCYETHCS BiANMOBiaHME Tun. L{i oneparopu BCTaHOBIIOIOTHCS HA PiBHI
MOJIyJIS 1 IIFOTh Ha YCi Oro mpoueaypu.

KiHneBuii CHUMBOJI BCTaHOBJICHHS THUIYy CWJIbHILIMH, HIX
DefType, a TOl y CBOIO 4epry CWIBHIIIUII 3a cTaHAapTHE "yMOBYaHHSA"
Variant.

o

-

N @ H=

KOHCTaHTH

OnmHUMHU 3MIHHMMH He 00iHTHCS — moTpiOHI 1 KoHCTaHTH. [list
KOXKHOTO TIPOCTOTO THUIy € BIINOBiAHI HOMYy KOHCTaHTH. CHHTaKcHC
MoOYZOBH KOHCTAHT 3a/a€ThCsl TaK, MI00 3a ii 3HaYEHHSIM OJHO3HAYHO
MoxHa OyJio npunucaty i Tun. ToMy Ha BiAMIHY BiJ 3MiHHHX KOHCTaHTH

115



MOJXYTh HE OTOJIOIIYBATHCS, HE MATH iMEHi 1 3'IBISTHCS TaM, A€ MOTpiOHO,
3a7aHi CBOIMHU 3HAYCHHIMH.

B ToOlf Xe Yac MOXHA OrOJONIYBAaTH IMECHOBaHI KOHCTaHTH,
3a[af091 Y MOMEHT OTOJIOIIECHHS 3HAa4YeHHS KOHCTaHTH i, MOKJIMBO, i THIL
B3zarani orojomeHHs KOHCTaHTH 0araTo B 4OMy HAaragye OTOJIOIICHHS
3miHHOI. [IpoTe y meit MOMEHT 3amaeThCsl 3HAUCHHS, SAKE BXKE HE MOXHA
3MiHUTH. Po3risiHemo cuHTakcuc oneparopa Const, BAKOPUCTOBYBAHOTO

JIUISL OT'OJIOLIEHHST IMEHOBAHUX KOHCTAHT :
[Public | Private] Const <im'ga xoHCTaHTM> [As
type] = <KOHCTaHTHE BUPAXEHHS>

Ocb mIpUKIIa/1 OTOJIOMICHHS KIIACHYHOI KOHCTAHTH :
Public Const pi As Double = 3.141593

SIk 1 3MiHHI, IMCHOBaHI KOHCTaHTH MOJKHa OTOJIOIIYBATH Ha PiBHI
npoueaypu abo Moxyist. Y MepIioMy BUIAJIKY BUKOPUCTOBYETHCS TiIBKH
KIII0O4oBe cJOoBO Const, B APYroMy — JOJATKOBO MOXKHA 33/1aTH
cnenudikarop Public abo Private, 10 [I03BOJSIOTH OTOJOCHUTH
KOHCTAaHTY 3arajJlbHOIO JJISl YCiX MOAYJIB ab0 3aKpHTOI0. 32 YMOBYAHHIM
ri00aabHI KOHCTaHTH MalOTh cTaTyc Private.

IcHye TakoX BeJHMKa KUIbKICTh BOYJOBaHUX KOHCTaHT. bijpuricTh
TaKUX KOHCTaHT MOYHMHAIOThCS 3 mpedikca vb, Hampukian: vbWhite,
VbSunday. BoHM 103BOJNSAIOTH 3ajaBaTh TUN KajeHAAps, AHS THXKHA,
KOJIp 1 T. IL.

Macusu
[Ipocruit i HaWIOIM peHImi CTPYKTYPHUM TUI
(Macug) — BIIOPSIIKOBAaHA CYKYIHICTh JaHMX ofHOro THmy. [Topsimok B

eJIEMEHTaX MAacHUBIB 3aa€ThCs 1HIEKCaMU Horo exeMmeHTiB. Y VB macusu
MOXYTh OYTH OJHOBUMIPDHMMH 1 OararoBuMipHUMH. Yucino BHMIpIB
J0XoauTh 10 60.

VYce ckazaHe mpo Ti00anmbHI 1 JIOKadbHI 3MIHHI CTOCYETHCS i
MmacuBiB. € TIIBKM OJHE JONOBHEHHS, IIOB'si3aHE 3 HEOOXIAHICTIO
BKa3yBaTH PO3MIpHICTh MAacHBY i MexXi 3MiHH iHIEeKCiB. ToMy cuHTaKcuc

OTOJIOIIICHHS MAacCHBIB JEUI0 PO3IMHUPEHHH — Ticis iMeHi 3MiHHOI B
KPYIJIMX JTY’KKaxX BKa3yeThCs CIIMCOK PO3MIPHOCTI MACHBY :
{Dim | Private | Public | Static} <im'sa 3MiHHOI>

(<cnmcox posMipHOCTi>)
[As <im'a Tuny>]
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CHHTaKCHYHO KOXX€H BHMIpP B CIIMCKY BIIAUISAETHCS KOMOIO i
BH3HAYAETHCS 3aJaHHAM HIDKHBOI 1 BEPXHBOI MEX BHMIpy iHIEKciB. 3
icTopuyEMX TpWYMH B belicuky HWKHA Mexa Oyma ¢ikcoBaHa i
nopiearoBasia 0. IloTiM po3poOHMKHM BBETH CHEWiaJdbHY  OIIIIIO
OptionBase, IO N03BOJISE BCTAHOBIIIOBATH IF0 MEXY, siKa TOpIBHIOE 1
a6o 0. [ToTtim 03BONIMIIM 3a/1aBaTH HIKHIO 1 BEPXHIO MEXi, IPHYOMY 1 Ta i
iHIIa MOXXYTh OyTH BHpa3aMH MPH OTHOMY OOMEXEHHI — IIe MaloTh OyTH
KOHCTAaHTHI BHpa3d, OO0 He wMicTaTh 3MiHHEX. Ocp "kmacuane"
OTOJIOIICHHS OJHOBUMIPHOTO MacHBY 1 po0OTa 3 HUM:

Public Sub myArray ()
Const LowBound As Integer = — 5, Hibound As Integer
=5
Dim MyArr (LowBound To Hibound) As Byte
Dim I As Integer
Debug.Print "EmemenTtn Macupy MyArr :"
For I = LowBound To Hibound

MyArr(I) = I + 6
Debug.Print MyArr (I)
Next I
End Sub

[lpu npyKyBaHHI €JNEMEHTIB IIbOrO MacHuBy OyAyTh BHUBEICHI
yucna Bix 1 1o 11 mo yucity Horo ejgeMeHTiB.

IIpu orosomIeHHI MacHBY 3aBXKAM CIIiJ 3aJaBaTH HUKHIO MEXKY,
BUXOJISIUM 3 TOTO, IO TPaHUYHA Tapa, sika 3aJa€ PO3MIpHICTh, MOBUHHA
3aJI0BOJIBHSTH CHHTAKCHUCY :

<rpaHMuYHa napa> ::= <KOHCTAHTHE BMpaxeHHS> To
<KOHCTaHTHE BMPaXeHHI>

e xpame, HiX BxuBaTH Option Base. Och mpukiam, mo
MIATBEPIKYE IIe BUCIOBIIOBAHHS :
''Option Base O
Option Base 1
Dim Vector (10)
Dim Al (5), A2(5) As Integer
Dim Matrix (10, 20) As Double
Public Sub War ()
Dim i
For i = 0 To 5
Al(i) = 1i: (
Vector (i) = Al
Next i
End Sub

) =i + 5
i) : Vector(i + 5) = A2(i)
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B pesymerari poGoTH mi€l mporpaMu BHIAETHCS MOBITOMIICHHS
"Out of range" — BHXIiZ 3a JOMYCTHMi MEXI.

AMHaMmiuHi macusu

Junamiuni macuBu VB — moTyxHuid 3aci0, BiACyTHIH B
0araTboX IHIIMX MOBaX MporpamMyBaHHs. MacuB BBaXKAE€ThCS TUHAMIUYHHM,
SIKIIIO TIPM TIEPBUHHOMY OTOJIOLIEHHI HE BKa3YEThCS HOTO pO3MIpHICTS, aie
B HACTYIIHOMY BOHa MO)ke OyTH BH3HaueHa 1 epeBH3HAUYEHA ONEepaTopoM
ReDim. Po3MipHiCTh BH3HAYA€THCS OUHAMIYHO B Til MpoueAypi i y Toi
MOMEHT, KOJM BOHa cTae (akTuyHO Bigomoro. binbmie Ttoro, mpu
NepeBU3HAUYEH] PO3MIPHOCTI MAacHBY MOXKHa 30€perTd paHilie OTpuUMaHi
€JIEMEHTH 1 PO3LIMPUTH MAacHUB, JOJABLIM HOBI ejeMeHTH. [[ns mporo
HEOOXIiTHO TPOCTO 3aJlaTH KII0YOBE CJIOBO Preserve mpu nepeBH3HaueHHI
MacuBy.

Posrisnemo npukian. Ha piBHI MOZynst orosiocumMo Tiio0ansHuN
JMHAMIYHKH MacuB Vector. Foro po3mipHicTs y MOMEHT POGOTH 3 HUM
BHU3HAYAEThCSI B Jiaio3i 3 KopucTyBadeM. [lo Xomy cmpaBH MacuB
PO3IIUPIOETHCSI, 30epirarouu cTapi 3HAUCHHS.

Public Sub DynArray ()
'Bu3HaUYaeTsCa GakTMuHa po3MipHicTe MacuBy Vector
Dim N As Byte, I As Byte
N = InputBox ("YBemiTp umcyo ejeMeHTiB BekxTOopa')
ReDim Vector (1l To N)
For I =1 To N

Vector(I) = 2 * I + 1
Next I
! Macue po3mMpOETLHCS 31 30epexeHHAM paHime OOUMCIIEHUX
€JIEMEHT1B

ReDim Preserve Vector(l To 2 * N + 1)
For T =N+ 1 To 2 * N + 1
Vector(I) = 2 * I
Next I
'A Temep OpPyK
Debug.Print "EnemenTm Vector:" & Chr(13)
For I =1 To 2 * N + 1
Debug.Print Vector (I)
Next I
End Sub
[lpu apykyBaHHI €JIEMEHTIB IEOTO MACHBY CIIOYaTKy OYIyTh
HaJIpYKOBaHi HenapHi yucina Bix 3 1o 21, a motiM mapHi Big 22 go 42.
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JwHaMi4HI MacWBH 3 YCIIXOM MOJKHa 3aCTOCOBYBaTH TaM, Jie
HEOOXigHI IMHAMIYHI CTPYKTYpH NaHWX, HAIPUKIAJ, CIFCKH, CTEKH,
YeprH.

3anucu i TMn, BU3HaUYeHW Nporpamictom

Pa3zoM 3 mMacuBamy, IO SBISIOTH 00'€THAHHS E€IEMEHTIB OJHOTO
THUITY, ICHY€ IIe OJFH CIIOCi0 CTBOPEHHS CKJIAIHOTO THITy — 3amuc (y MOBi
[Nackane) abo crpykrypa (y MoBi C). 3anuc siBisie 00'eTHAHHS €IIEMEHTIB,
KOXKEH 3 KHX MOYKE€ MaTH CBiil Tun. EneMeHTH 3anucy 4acTo Ha3MBaroOTh il
MOJISIMU.

Bu3HaueHHs! KOJKHOTO 3alyCcy MOYKHA PO3TIISIATH K BU3HAUCHHS
JiepeBa, 3 KOpPEHEM SIKOrO IOB'A3aHMI caM 3aluc, a 3 BEpUIMHAMHU -
HAIJKaMH TIOB'S3aHi MOJIA IBOTO 3amucy. OCKITbKH KOXKHE I0JIE MOXKE
OyTHU eJEMEHTOM AOBUIBHOTO THITY, Y TOMY YHCIII 3aIIMCOM, TaKi BEPIINHU
MAaroTh HAIIA/KiB. 3aBSKH BKJIAICHOCTI 3alIMC MOXE 3a/1aBaTh CTPYKTYpY
CKUTBKM 3aBrOAHO CKJIAJHO NOOYJIOBaHOTO JEpeBa, Y KOXKHOI BEPIIMHU
SIKOTO MO>ke OyTH NOBUIbHE 4MCIIO HamazakiB. Lle cratmuna cTpykTypa,
MOBHICTIO BU3HAYyBaHA Y MOMEHT OT'OJIOILICHHS 3aIuCy.

Y VB BigCcyTHI# THN JaHWX, 3BaHUH 3aIHCOM, NPOTE ICHYIOTh
3ac00u A1t poOOTH 3 TAKMMH THIIAMH, a TAKOXK THUIl JaHUX, BU3HAYYBaHI
IIPOTPaMiCTOM.

[Tpu BU3HAYEHHI TUIY mporpamict Jae Homy im's, 10 J03BOJIsIE
MOTIM BH3HAYaTH 3MIHHI [LOTO THITY 3BHYaWHUM crioco0oM. OCKiNbKU yci
€JIEMEHTH CYKYIHOCTI IMEHOBaHi, MOXJIMBUH NPSIMHUI JIOCTYII 1O iMEHI 10
KOXKHOTO 3 €JICMEHTIB.

CuHTakcuc BU3HaueHHs TUIy B VBA 10CUTBE IpO30pHii:

[Private | Public] Type <im'a Tuny>
<im's ememeHTy> [ ([<po3aMipHicTbr MmacuBy>])] As
<TUIl eJIeMeHTy>
<im's emneMeHTy> [ ([<po3MipHicTbr MacuBy>])] As

<TUIl eJIEMEHTY>
End Type
Bu3HadueHHS THIy Ja€Tbcd HA PiBHI MOIYJS, 1 AKIIO BiH €
3akputuM (Private), TO MOMMPIOETHCS HA OJMH MOYJb, a JUIsl 3arajbHUX
(Public) TumiB — =Ha yci. OOMeXUMOCS CTaHJAPTHUM MPHUKIIAT0M, B IKOMY
BHU3HAYAKOTHCA 2 THIM (3ammcu), : Fam i Person, ne ogHe 3 moniB Person
Mae tam Fam.
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'Br3HAYEHHS 3alMClB — KOPMCTYBAJIBHMUBKMX TUIILB
Type Fam

firstName As String

lastName As String
End Type

Type Person
Fio As Fam
Birthdate As Date
End Type
i orosomieHHS MM TOMICTHJIA B PO3AUT OTOJOMIEHb MOIYIIS
Father. Ot ogna 3 #ioro mpoueayp, o BUKOPUCTOBYE Ili THITH TAHHX:
Public Sub UserType ()
Dim IlerpoB As Person
Dim KozmnoB As Person
[lerpoB.Fio.firstName = "Ilerpo"
[lerpoB.Fio.lastName = "IleTpor"
llerpos.Birthdate = #1/23/1961#
Koznis.Fio.firstName = IlerpoB.Fio.firstName
Koszmnis.Fio.lastName = "Koszmor"
Kosnis.Birthdate = #7/21/1966#
MsgBox (IlerpoB.Fio.firstName & " " &
llerpor.Fio.lastName
& " unapommBcsa " & IleTporB.Birthdate)
MsgBox (Kozjoe.Fio.firstName & " " &
Kozmos.Fio.lastName
& " HapomuBca " & Koszjom.Birthdate)

End Sub
Ocb 110 Oyze HaJPYKOBAHO B pe3yJbTaTi il poOoTH:

[leTrpo Illerpor HapommBcsa 23.01.61
[lerpo Kozmjor HapomuBcsa 21.07.66

Aii Hap 3anMcamu

Jis  3amuciB - IOMyCTHMiI TUTBKH — Omepariii MPHBIACHEHHS.
Hanpukian, Hexall meBHUN MpHU3HAYEHUH THI KopucTyBada T i oroJomieHi
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3MiHHI 1pOTO THITY, Hampukiaax X i Y. [Jomyctumoro € omeparis X=Y.
MoskHa HanucaTu:

Ilerpos = Koznos

AJe He MO’KHa HaIlUCATH:

If (ITerpoB = Ko3nor) Then Debug.Print "3amucu ineaTnani"

BincyTHICTE [03BONICHHX OIeEpaliii HaJ 3amdcaMu HE O3HaYae,
o0 3 HAMH HE MOJXKHA TMpaIfoBaTH. ['OJIOBHE, IO BHU3HAYCHO MPSIMHA
JIOCTYTI JIO TOJIiB 3aIHUCy, i IIbOTO JOCUTh — 3 MOJIIMU MOYKHA TPAIFOBATH
sik 31 3MiHHMMHU. Hamn npuknan (Sub UserType) AEMOHCTPYE poOOTY 3
TIOJISIMHU 3aITUCIB.

MNoHATTA “kAacy”

Knac e y3aranpHeHHAM NOHATTS “THII JaHUX 1 33]]a€ BIACTUBOCTI
i moBemiHKy o00'ekTiB (ex3eMIULpiB) kiacy. KoxeH 00'eKT Halle)XKHTh
JesIKOMY KJ1acy. BigHorieHHs Mk 00'€KTOM 1 Oro KJIacoM Take Xk, SIK MK
3MiHHOK Ta ii TunoMm. Kimac — 1ie o0'emHaHHS MaHHUX 3 MPOIEIypaMH Ta
GyHKIIsIMU, K 1X 00poOmo0Th. [laHi Ha3MBAIOTHCSA TAaKOXK 3MIHHHUMU
KJacy, a npoueaypu i ¢yHKIil — Meroaamu kiacy. 3MiHHI BU3HA4YarOTh
BJIACTHBOCTI 00'€KTa, a CyKYIHICTh iXHiX 3HaueHb — ioro craH. Pazom 3
BIIACTUBOCTSAIMH 1 METOHAMHU 3 KJIACOM 3B'S3YETHCS 1€ OJHE MOHATTS —
“mopis”. KoxeH kiac Mae Ieskuit HaOip MoiH, siKi MOXKYTh BUHUKATH TIPH
po0boTti 3 00'ekTOM KiIaccy: HaidacTilie — 3a MEBHUX il KOpPHCTyBaua,
1HOII — sIK pe3ynbTat Aii cucremu. [Ipy BUHUKHEHHI MOi1, sSIKa MOB'A3aHa
3 THM a00 iHIOTNM 00'€KTOM, CHCTEMa ITOCHIIAE TIOBIIOMIICHHS 00'€KTY, sKe
MoOke OyTm 00poOiieHe MeTogoM — OOpPOOHHMKOM TIOii, CIeIialbHO
CTBOPCHUM IIpH KOHCTpYyIOBaHHI 00'ekta. [lofil 3a0e3meuyroTh BEIHKY
THYYKICTh TOpU poboTi 3 o0'ekramu. MeToan Ki1acy BHKOHYIOThCS
OJIHAKOBO JUI yCiX OO'€KTIB Kjacy, a Ha TOAil KOXKeH 00'eKT pearye
IHMBIyaTbHO, OCKIIBKY Ma€ BIACHUI 0OPOOHHMK MOIil.

VBA 103BOJsIE pO3pOOHHMKOBI CTBOPIOBATH BIIACHI KJIACH.
PosrnsHeMo npuKkiIan cTBOpeHHS Kiacy «OCOOHUCTICTEY.

CuHrakcn4yHo Kiacu y VBA odopMIsIIoTeCS y BHUIIILAI MOIYIS
kinacy. Tomy moumHaTH CTBOpEeHHs Kkiacy B penakropi Visual Basic
motpiOHO 3 BuOOpY B MeHo Insert mynkry Class Module. Ileir moxyns mae
TaKy X CTPYKTYpY, SK i CTaHZapTHHUA. MOIynb CKIQJa€TbCcs 3 JBOX
PO3MLTIB — OTOJOIICHB 1 METOMIB. Y MEPIIOMY 3 HHUX NMPHPOJHAM YHHOM
OTHCYIOTBCS BIIACTHBOCTI KJacy, a B Apyromy — Horo meromu. I Tyt
nitoTh cnenudikaTopu obsacti aii Public i Private. Public - BmacTuBocTi i
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Public-meTonu cknanarots inrtepdeiic knacy. TilbKu 10 IUX BIaCTHBOCTEN
i MeromiB MOXHa 3BepraTucs mpu poboTi 3 o00'€eKTaMu  KIacy,
OTOJIONICHUMH B iHITHX MOIYJISIX, JI€ KJIAC € BUIAUMUM.

Option Explicit ' Poszmis oroJiomeHb Kjacy

'Knnac OcobucTicThb
'BjracTuBOCTi kjacy: im'sa, no GaTbkoBi, nOpisBume, maTa
HapPOIXEeHHSI
'3axkpreMO Bin HpsaMOTO HOCTYITY
'OrpuMaTrt 1 3MIiHMTM IX MOXHa T1JIbKM UYepe3s MeTOoOM Kjacy
Private Ima As String
Private lobarpkoBi As String
Private IpisBume As String
Private JaTaHapomxenus As Date
Public Sub InitPerson (ByVal FN As String, ByVal LN As
String,
ByVal DoB As Date)
'Tuinianisauia ocobucTocTi
Im"s = FN
NpisBume = LN
JaTanapomxeHHa = DoB
End Sub

Public Sub PrintPerson ()

'Ipyk B HajlaromkyBajJibHOMY BikHi1 Immediate
Dim S As String

If WhoIs Then S = "mapommuinaca" Else S = "Haponuecsa"
Debug.Print Im’sa, [obarbxoBi, Ipizeume, S,
JaTaHapOIXeHHI
End Sub

Public Sub CopyPerson (You As OcobucTicThb)
IM’a = You.BamelIM’sa
[MpiszBume = You.Bamallpiszsseume
JaTaHapomkeHHA = You.BamallaTaHapomxeHHSA
End Sub

Public Function WhoIs () As Boolean

'HamMaraeTbCa BMBHAUUTU CTATh ocobmucTocTi,
aHanisywour im'sa Ta npiszsuime 'lloBepTrae True, AKIO
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oymMae, MO Mae CIpaBy 3 X1HKOD.
Dim F1 As Boolean, F2 As Boolean

Fl1 = OcranHaBykBa (Im'sa) = "A" Or OcraHHsaByKBa
(Im'sz) = "a"
F2 = OcrauusByxBa ([Ipizeume) = "A" Or OcrTaHHaBykBa
(MpisBume) = "A"
If F1 And F2 Then
'MoxHa BBaxaTu, mo Hama Oco®mucTicTh — X1iHKa

WhoIs = True

ElseIf Not F1 And Not F2 Then
WhoIs = False

Else '€ cywmHiBM

If HobBarpxoBi = "" Then
[loBbaTpxoBi = InputBox (IM's & "" & IIpizBume
& "!"™ & "HazBiTer no GarbkoBi, Oynb Jacka.")
End If
WhoIs = OcraHHaBykeBa (BaTbkoBi) = "A"
End If

End Function

Public Sub SayWhoIs ()

'BUBEeIeHHS MOBi1IOMJIEHHS NPO CTaTh 1 Bik ocobucTocTi
If WhoIs Then

MsgBox ("IOymawo," & IM'a & o
", Bu 3 mpekpacHOl MNOJIOBMHM JjoncTaal!")
ElseIf Year (Jara HapomxeHHs)> 1967 Then

MsgBox ("Oymawo," & IMm's & ", Bum — mMosioma
JguoguHa ")
Else
MsgBox ("IOywmam," & [pisBume & ",Bu —
yoJjioBik! ™)
End If
End Sub

Private Function OcranusByxBa (ByVal W As String) As
String
'BHyTpimHa QyHKI1A: HoBepTae y BEPXHbBOMYy pericrtpi
'OcTaHH0 OykBY cJjoBa W
OcranHaBykBa = UCase (Right (W, 1))
End Function

Public Property Get BameIm's () As String
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BameImsa = IMm'sa
End Property

Public Property Let BamelIm's (ByVal vNewValue As
String)
Im'a = vNewValue

End Property

Public Property Get [obarvxori () As String
[Io BaTbkoBl = [oBATHLKOBL

End Property

Public Property Let BameOruecTBO (ByVal vNewValue As
String)

llobaTekoBli = vNewValue
End Property

Public Property Get Bamad®amimisa () As String
Bamellpizeume = IIpisBuime
End Property

Public Property Let BamellpizBume (ByVal NewValue As
String)

[MpizBume = NewValue
End Property

Public Property Get BamallaTaHapomxenus () As Date
BamallaraHapomxeHHA = JlaTaHAapOIXeHHA

End Property

Public Property Let BamallaTaHapomxenHs (ByVal
NewValue As Date)

IaTanapomxeHHsa = NewValue
End Property

Private Sub Class Initialize ()
IMm'a = "Agam"
IpisBume = "Jlioguua"
Jara HapomxeHus = # 1/1/100 #
End Sub

YV xmac «OcoOHuCTICTB» JIOJAHO S5 3arajibHUX METOIB:

initPerson, PrintPerson, CopyPerson, Whols,
SayWhoIs i mo mapi MeroniB Get 1 Let Ha KOXHY 3aKpUTY
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BIIACTUBICTh. Y KJaci € 1 3akpuTa i1 30BHIIIHBOTO BHUKOPWUCTAHHS
¢yHKIiL OcTauHsaBykBa, 1 00poOHHK monii Initialize.

Merog Init, B TOMy a0o IHIIOMY BHUIJISLI, Mae OyTH
BU3HAUCHHH B KOXXHOMY Kiaci. lle - mepmmii meronm o0'exrta, mIio
BHUKIMKaeThCA. [lepm HDK modatm poboTy 3 o00'ektoM, Horo Tpeba
iHimiamizyBaTH.

Meron Print Tako MOBHHEH OyTH Maiibke B KOXKHOMY Kilaci —
Tpeba X po3ApyKOBYBaTH iH(POpMALito PO 00'eKT!

CopyPerson — Ie OAMH 3arajlbHHM, HEOOXiIHMH METOJ, IO
JI03BOJISIE peai3yBaTh CIIPaB)KHE IPUBJIACHEHHS, KOJIM KOIIIOETHCS HE
MIOCHUJIAHHS, a 3HAYCHHS IOJIB KJacy, BiH JJO3BOJISIE MAaTH HE 2 MOCHIIAHHS
Ha OfuH 00'eKT, a 2 iIEHTUYHHUX 00'€KTH.

BymneBa ¢yukmis WhoIs — MeTof, CeMu(iuHUi I HAIoro
3apnaHHs. Ile cipoba BU3HAUMTH CTATh 3a IM'iM Ta mpi3BHieM. [1o xoay
crpaBH NOTPiOHO OyJi0 BBeCTH ONOMiKHY QyHKIi0 Octanusbyksa.

Meton SayWhoIs Bukinkae Whols, D0JAaTKOBO BH3HAYA€ BIK
(TITBKU IUTS YOJIOBIKIB) 1 BHBOJAWTH BiAIOBiTHE MOBIIOMJICHHS Y BIKHO
Message.

3akpurta Uil 30BHIIIHBOTO BHKOpUCTaHHA QyHKIis OcTaHHS
OykBa IOBEpTaE y BEPXHBOMY pericTpi ocTaHHi OykBy cioBa. lle
3aBJIaHHs BUPINIYEThCS ABOMA BHKIMKaMU (QyHKLIT poOOTH 3 psiakamu
Right 1 UCase. Ilepmia mnoseprae "xBict" cioBa, apyra —
MIEPETBOPHUTH PE3yJIbTaT y BEPXHIH pericTp.

3ynuHUMOCS  JIeTajbHillle Ha 3aKPUTUX  BIACTHUBOCTAX 1
cHewiaibHUX MeTojiax Get 1 Let. Bsaram kaxydu, BIacTHBOCTI
MOXHa HE 3aKpHBaTH, a CIeIliallbHi MeToau He BBOAWTH. Aie VBA
JI03BOJISIE HACIITyBaTH TPAJMILii 00'€KTHO-OPi€HTOBAHOTO MPOrpaMyBaHHS,
3TiHO 3 SIKMMH BB@)Ka€ThCS IPaBHIBHUM O€3II0CepesHbO HE 3MIHIOBATH
BJIACTHBOCTI, OCKUIBKH 1HOJI II€ MOXKE TPUBECTH 10 HEKOPEKTHOTO CTaHY
ob'ekta. ToMy JocTynm 10 HHMX 3aKpUBAa€TbCs (BOHM NOBUHHI OyTH
oroJiomieHi 3 atpubytoM Private), Ta 3aTe BBOISTHCS CICI[ialibHI METOAM
Get (mnst HaOyTTs 3HaueHHs BiacTHBOCTI) 1 Let (Ui 3MiHM 3Ha4YeHHs Ha
HOBE).

3 KOXXKHUM 13 00'€KTiB CTBOPEHOI'0 HAMH KJIACy TOB'S3YIOTHCS MBI
monii: Initialize 1 Terminate. Ilepme BUHHWKae mpH
MIEPBUHHOMY 3BEpPHEHHI /10 00'€KTa, qpyre — IMicis 3aKiHYeHHS poOoTH 3
HUMU.

IIpuknan pobGotm 3 oO'ekTamMm Kiacy, HOro MeTOAaMH i
BJIACTHBOCTSIMH:

Public Sub 3uamnomcTBO ()
Dim UserOne As New OcobucTicTb
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Dim UserTwo As New OcofucTicTb
Dim UserThree As New OcobucTicTb
Debug.Print UserOne.Bamelmsa

UserOne.InitPerson FN: = "llerpo", LN: = "Ilerpor",
DoB: = # 1/23/1968 #
UserTwo.InitPerson FN: = "T'auua", LN: = "Kozjora",

DoB: = # 7/21/1968 #
UserOne.PrintPerson
UserTwo.PrintPerson
UserOne.SayWhols
UserTwo.SayWhoIs
UserTwo.BamellpisBume = UserOne. Bamellpizeume & "a"
Debug.Print UserOne. Bawmellpizsume
Debug.Print UserTwo. BamellpiszBuime
UserThree.InitPerson FN: = "T'aurHa", LN: = "Kepu",
DoB: = # 5/17/1803 #
UserThree.PrintPerson
UserThree.SayWhoIs
End Sub
Ocb skl pesynabTaTM IOpykKy OyIOyThb BMOaHl y BikHO
Immediate:
Anam
[lerpo Illerpor HapomuBcs 23.01.68
T'anHa KozmsoBa Hapomwuiacsa 21.07.68
IleTpos IleTpoBa
T'aHHa lleTpiBHa KepH Hapomumacs 17.05.1803

MporpamMHi OroAOLLEHHS

OroJiouleHHss MOXXHA JiaBaTW Ha JBOX PIBHAX — MOJIYJs 1
mporenypd. Ha piBHI MOIyJsi PpO3ALT OrOJONICHh MHae MepIimuM |
ABTOMAaTHYHO BIJVIUISIETbCS PUCKOIO BiA po3ainy wmeroiiB. Ha piBHi
NpOLIEAYPH OTOJIOIIEHHS 1 OIeparopu MOXYTh OyTH TepeMillai,
BUMAraeTbcs JIMIIe, 1100 OTOJOMIEHHS 3MiHHOI TepexyBalio i
BUKOPHCTaHHIO. BBaXkaeTbCsi XOpOLIMM TOHOM MaTH B HpOLEAypax JBa
YiTKO BM/IJICHHX PO3AUIM W yCi OTOJIOIIEHHS PO3MIIIyBaTH Ha MOYATKY
MIPOLIEAYPH TaK, 100 BOHU NEpeAyBaId BUKOHYBaHIH YacTHHI NPOLELYpH
— po3sniny omnepatopis. [Iporpamict MOBHHEH MIATPUMYBATH CTPYKTYpPY
PO3MLIY OTOJIONMICHD 1 PO3AUIATH OTOJOIICHHS KOHCTAHT, THITIB 1 3MiHHHX.
UYiTKO BUAIIMMO OCHOBHI YacTHHM PO3JUTy OTrOJOMIEHb: PO3IUT OIILIH,
PO3/IiIT KOHCTAHT, PO3/iJI THIIB, PO3LI 3MiHHUX, po3ain Declare.
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Po3ain onuii

Onmii € MOKaKYMKAMH JJIsI TPAHCIATOpPA, BOHH MOXYTh
3aJaBaTHCSA TUTBKM Ha piBHI MOXYIS 1 NOBHHHI TOYHMHATH PO3ILT
orojomenb. Ile — cuHTakcnyHa BuMora. Ommii 3a7aloThCs KITIOYOBUM
cinoBoM Option, mcis SKOTO HWae iM's OmMIil i, MOXJIMBO, MapaMeTpH.
[ToBHWMIA cKJ1a/ OMIH TaKKK:

Explicit. IIpu BkasiBui wiei omuii TpaHCIsITOp BUMarae, mob yci
3MiHHI MOZYJIA OYJIH SIBHO OTIHCAHI.

Base. /[lama omis mae gBa 3HadeHHS — 0 Ta 1, sSKi BKa3yrOTh
HIDKHIO MEXY IHAEKCIiB MAacuBiB 3a YMOBYaHHAM. I[IpaBWIibHIIIE He
KOPHUCTYBaTHCS III€I0 OIIII€l0, a 3aBKAM CaMOCTIHHO BKa3yBaTH HWKHIO
MEXY 1HICKCIB.

Private. Iro ommiro 3a3Bu4ail [107al0Th B TOJIOBHUN MOIYJb
npoekty. [Ipu ii 3aBraHHI TPOEKT POOUTHCS 3aKPUTHM 1 HE TOCTYITHUM ISt
IHIIUX TPOEKTIB B CUCTEMI IOKYMEHTIB.

Compare. Omnuisi BKa3ye TpaHCIATOPY, SIK BIH IOBHUHEH
BUKOHYBAaTH IMOPIBHAHHS PSAAKIB B Ipouenypax moxyis. [lapamerp omuii
MOXE NpUiiMaTH OJHE 3 3 MOMJIMBHX 3Ha4eHb : {Binary| Text |
Database}. 3a ymoBuanHAM VBA npuiimae meton Binary, npH skoMy
PSAAKA TOPIBHIOIOTHCS MO BHYTPINIHIX KOAAX BIIMOBIOHUX CHMBOINIB. Y
Windows mopsiIok cOpTyBaHHS BH3HAYAE€THCSI KOJOBOIO CTOpiHKOI0. OCh
YacTHHA TAaKOr0 THIOBOTO MOPAAKY @ A<Z<a<z<A<s<a<a. Merog
MmopiBHSIHHA Text 3aCHOBaHUI Ha MOPIBHSHHI, HE YYTJIHBOMY JI0 PETIiCTpa,
TaK IO TPHU TOPIBHSHHI 3aTOJIOBHI i PSIAKOBI OYKBH HE PO3PI3HAIOTHCS.
Jnst uux ke CHMBOJIB TOPSIOK INpPU IbOMY IOPIBHSHHI OyJe TakuM:

((d=d) < (d=1) < (A=a)< (d=a) .

Po3pinn KOHCTaHT, TMNIB | 3MiIHHUX

BaxaHo, 106 11l po31iny HIUIM B ONMCAaHOMY MOPSAKY. Toni Bxke
OTOJIONICHI KOHCTAHTH 3'SIBIATUMYTBHCS TPH OMHUCI MEX MAaCHBIB, THIH
3MIHHHX MepelyBaTUMYTh OIIMCY CAMUX 3MIHHUX.

Jns xoHCTaHT 1 THHIB KIIOYOBI cioBa Const 1 Type
OJHO3HAYHO BHM3HAYAIOTh OMHMCYBaHMH 00'ekT. [l 3MIHHMX KIIOYOBI
cJI0Ba MOXKYTh OyTH pisHumu (Dim, Public, Private).
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Po3ain Declare

Leit po3min 3'ABISETBECA B THX BHUITAIKaX, KOJIA MOXYJ MPOCKTY
BHKOPHCTOBYIOTh JIWHAMIUHO 3B’s13yBaHi 0i0miorekn DLL. Sxmo DLL Mmae
0i0mioTeky TumiB TypelLib 1 BOHAa MJOCTYIHa IPOEKTY, TO HEMae
HEOOXIJHOCTI OIMMCYBAaTH KOMIIOHEHTH 0i101i0TeKH, BOHN OyIyTh 3HAlACHI
aBTOMaTH4yHO. AJe skmo TypeLib HemocTynmHa a0o He BH3HAUCHA, TO B
wiit curyanii koxkHa 3 (QYHKLIIH 1 mpouenyp 0i0mioTeKH, BUKINKyBaHa B
MOJyJli, TIOBUHHA OYTH TOIEPEAHBO OINCaHa CIICHiAIEHUM OIEepaTOPOM
Declare. Ock HOTr0o CHHTaKCHC:

[Public | Private] Declare {Sub | Function} im'sa Lib
"im'a 6i6miorexu" [Alias "ncesmonim"]
[ ([mapamerpu])] [As mo noeepTae Tu]

TyT Bkazyerbcs iM'st 0ibmioTekH, iM's npoueaypu ado QyHKii,
MOXJIMBHMA TICEBIOHIM, NapaMeTpd # 3HAYCHHs, IO IIOBEPTAETHCS
¢yukuiero. JJoxmagao mpo DLL, omeparopiB Declare i3 mpuKiIagaMi Ha
1F0 TeMy OyJie pO3Ka3aHO B OJHOMY 3 PO3[ILIIB 1€l pOOOTH.

lNpaBuAa iMEHYBaHHA

€ JexijbKa NpOCTUX TpaBW, SKAM Tpeba CiilyBaTH, 1100 MaTH
J00pHuil CTHJIL MPOrpaMyBaHHS, BOHU CTOCYIOTBCS O(QOPMIICHHS TEKCTY
mporpam. BimbImicTs i3 HUX JOCHTH MPOCTI U 1O XOAY CIpPaBH MU MPO HUX
HEOIHOPa30BO ToBopmin. OCh OCHOBHI:

- BUKOPHCTOBYHTE KOMEHTapi;

- IOTpUMYHTECh TIpaBHJI IMCHYBaHHS;

- CTPYKTYpYHTE TEKCT;

- OyayiiTe mporpamu 3 MOIYJIiB "ONTUMAIBEHOTO po3Mipy".

[ToroBopuMO IpO OjAHE TEXHIUHE, ajie MPAKTHYHO BaXIIHBE
MUTaHHS — SIK IPaBUJIBHO JIaBaTH IMEHa KOHCTAHTaM, 3MIHHUM 1 1HIIHM
ob'ekTaM y Hammx mporpamax. IM’s Bifirpae BaXJIMBY pojb Y PO3yMiHHI
MPOrpaMH, TOMY B TMOBCSAKACHHIA MPAKTHIN MPU HAMUCAHHI iMEH 3MiHHUX
Tpeba CiIiIyBaTH NpaBUily, SIKE MOJIATAE B TAKOMY: iM'si TOBUHHE BiIOMBATH
CEHC 1 CKJIaZIaTHCS 3 OJTHOTO a00 JMEKITbKOX pa30M HAMMCAHUX CIiB, KOXKHE
3 SIKUX TIOYMHAETHCS 3 BEIUKOI OYKBH.

Po3pobuukn Bix Microsoft pekoMeHIyIOTh JOTPUMYBATHCS
CyBOpIMMX TpaBwiI. IM's MOBHHHE BiOWBATH HE JIMINE CEHC, aje 1 THI
3MiHHOT 1 ii 30HY aii. Tomy iM's moBuHHe ckmagatucs 3 npedikca i
BnacHoro imeHi. Ilpedikc Takok € CKIaJeHUM, JBI HOTO YacCTHHHU
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BimOWBaOTh 30HY aii i TWm 3miHHOI. HaBememMo MOXIIMBI 3HAYCHHS
npedixca.
Tabmums 5.2

MosknuBi 3HaUeHHS npedikca 3rigHo 3 npaBmwiamu Microsoft

Mpedike, sxuii 3axae ob6Jaactp Ail

epma yacruna 3oua aii
npegikca
g Global — yBeCh IIPOEKT
m Module — Jlns Private
3MIHHHX MOJYJIsI
BigcyTHiNM Procedure — s

JIOKAJbHUX 3MIHHUX

Hpedike, sikuii 3aga€ TUN 3MIHHOT

Hdpyra Tun 3MiHHOT
yacTuHa npedikca

str string
int Integer
byt Byte
lng Long
sng Single
dbl Double
cur Currency
var variant
obj Object
bln Boolean

Or KiIbka MPUKIALIB NPaBWIbHO NOOYNOBaHUX  IMEH:
gstrOneWord, mintNumberOne, strAnswer, curSalary.
Takox sIK 3a 3HAYCHHSIM KOHCTAaHTH MOXHA BIJHOBUTH il THI, IO
MPaBUJIBHO MOOYJOBAHWX IMEHAX MOXKHAa OJHO3HAYHO BiTHOBUTH iXHE
OTOJIONIeHHS. 3p0OUMO 11€ B HAIIIOMY MPUKIIAJII:

Public gstrOneWord As String
Private mintNumberOne As Integer
Dim strAnswer As String

Dim curSalary As Currency
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3rigHO 3 OHMH € PEKOMEHIANisIMA iMEHa KOHCTaHT BapTO
OyayBaTH TUTBKH 13 3ar0JOBHUX OYKB. SIKIIO iM'st KOHCTAHTH CKIIaJa€ThCS
3 JEKITBPKOX CIiB, TO IS iXHBOTO OO'€THAHHS BHUKOPHCTOBYETHCS 3HAK
miKpecieHHs, Hanpuknaa: MY DIRECTORY PATH. 3BepHIiTh yBary, Ipu
moOymoBi koHcTaHT Office 2000 BUKOPHCTOBYEThCS Mpedikc, MO BKA3ye,

SIKOMY 3 JIOJIaTKIB HAJICKUTh KOHCTAHTA.
Tabmung 5.3

BinmoBimHicTh nogaTtka Ta mpedikca KOHCTaHT

Hdopatok Hpedixe
KOHCTAHT

Access ac

Excel x1
FrontPage fp

Office mso
OfficeBinder | bind
Outlook ol
Power Point PP

Word wd

VBA vb

[pedikcn BapTO BUKOPUCTOBYBATH i NPH IMEHYBaHHI 00'€KTIB,
Uit GOpM 3BHYAHO BUKOPHCTOBYETHCS mpedikc frm, aias KOMaHIHUX
KHOMIOK — cmd i Tak gaii. BapTo po3yMiTH, M0 SKIIO BXe KOPUCTYBATHCS
npedikcaMu, TO 3araJbHOBXKXUBAHUMU, HE CJIIJ] 3aiIMAaTUCS CaMOTiIIbHICTIO
B I[OMY ITUTAHHI.

Onepartopm

Oneparopu 3a0e3MedylOTh MPUBIACHEHHS 1 3MiHY 3Ha4YeHb
00'eKTiB, 3 IKUMH MPALIOE TIporpama.

Onepartopu Ta pAAKU

Ilpn 3ammci TekcTy mporpamMu il CHpPOLICHHS YHTAHHSA,
HaJaro/pkeHHs Ta 11 Momudikamii  3pydHille KOXEH OIepaTop
pO3TallIOBYBaTH B OKpeMOMY psjKy. [Ipote B OJHOMY pSAKY MOXKHA
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pO3MIITyBaTH i AeKisibKa omepaTtopiB. CHMBOJIOM PO3IOALTY ONEpaTopiB B
PSIKY CITy’KUTb O80KPANKA.

[HOZi BMHMKAE cHTyalis, KO ONepaTop HE YMIIIAEThCS B PAAKY
i WOro ciig NUpPONOBXUTH B MACKUTBKOX psmkax. Jms mpomoBkKeHHS
(mepeHocy) omepaTopa Ha HACTYNHHH pAOOK BHKOPHUCTOBYETHCS Tapa
CHUMBOJIIB 1PONYCK-NiOKpeCieHHs.

Ilepen omeparopoM B pSOKy MOXE CTOATH MiTKa —
MOCNIZOBHICT, CHUMBOJIIB, [0 TOYHMHAETHCA 3 OYKBH 1 3aKiHUYETHCS
JBOKpanko. MITKH MOXKHa PO3MIIyBaTH 1 B OKpPEMHUX DpsAKax Iepen
TUMH OIEpaTopaMu, SIKi BOHM MOBUHHI MMo3Ha4yaTH. MIiTKM MOTPiOHI Juts
orepaTopiB mepexony Tuny GoTo, ane iX BHUKOPUCTAHHS BBaXKa€ThCs
"moraHuM TOHOM" B CTPYKTYPHOMY IIPOTPaMyBaHHI.

OnepaTtop KOMEHTapto

KomeHTapi Ha BUKOHAHHS IPOrpaMK HE BILUIMBAIOTH, ajie MOTPiOHI
siK "03HaKa XOpoIoro ctwio'. B Moxere 3a0IIauTH HA KOMEHTApsX 1
Halucaty, a IMOTIM HaJaroJAWTH HEBEIUKHHA MOIYNb Oe3 HHMX. Aye Bxke
4yepe3 THKACHb HIXTO, y TOMY YHCII i BH, HE 3MOXETE 3pO3yMITH HOTO M0
i MOaM(iKyBaTH NHOTPIOHUM YHHOM.

Bynp-axuii  pAOOK TEKCTy TPOrpaMu MOXKE 3aKiHUyBaTHCS
koMmeHTapeM. KomeHnTap B VB mounHaeTscst anmoctpodom (') i BKIIFOYae
Oynb-SIKMH TEKCT, pO3TAllOBaHWN B psAIAKy IMpaBime. 3a3Bu4ail B
KOMEHTapsIX OMHCYIOTh 3aBJaHHS, IO BUPILNIYIOTHCS MOAYJISIMH, (QYHKIIIT,
II0 BUKOHYIOTHCSl HPOLEILypaMu, CEHC OCHOBHHX 3MIHHHX, aJITOPHTMH
poboTu mponenyp.

[Hmie 3acrocyBaHHS KOMEHTapi 3HaXOIATh IPH HAJaroKeHHI
nporpam. SIKio nmoTpiOHO BHKJIIOYMTH 3 MPOTrpaMH JEsKi ONepaTopH, TO
JIOCHUTb TIePe/l HUIMH ITOCTaBUTH allocTpod.

Y VB € e oauH cnocid BUIUIEHHS KOMEHTapiB 3a JOMOMOIOIO
KJIFOYOBOTO ciioBa REM. Takuii koMeHTap (Ha BiZIMiHY BiJl KOMEHTapIO, L0
MOYMHAEThCA  anocTpo()OoM) TOBMHEH BUUIUIATHCA B  PSAKY  BiX
MOTIEPEIHHOT0 ONIEPaTOPa JABOKPAIKOIO:
weight=weight+z : Rem 36isbmeHHs BaTu
value=weight*price 'Hoea BapTicThb
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lNpuBAaCHEHHA

Omneparopn TNpHUBIACHEHHA — OCHOBHHH 3aci0 3MIiHH CTaHy
mporpamH (3Ha4eHb 3MiHHUX 1 BIIACTHBOCTEH 00'€KTIB).

Onepamop Let. 3a fioro HONMOMOTOI0 BinOyBaeThes "3BUUaiiHE"
MIpUBJIACHEHHS 3MiHHIA a00 BIACTHBOCTI 3Ha4eHHS BHpa3y. CHHTaKcHC
orepaTopa:

[Let] 3MiHHa = BUpas

KirouoBe cnoBo Let, sk HpaBuiIO, OITYCKAETBCS, 3MiHHA € IM'IM
3MiHHOT a00 BJIACTMBOCTI; BHpa3 3a/a€ 3HAYEHHS, L0 IPHUBIACHIOETHCS
3MiHHId. Tun Bupa3y NOBUHEH BiANOBiAAaTH TNy 3MiHHOI. [lopymeHHs
uiei yMOBHM, HampuKiIa, NpH COpoOi NPHUCBOITH YUCIOBIH 3MiHHIN
CTPOKOBE 3HAYEHHSI, MPU3BOIUTH IO TOTO, IO NMPH KOMIIJIALII 3'IBUTHCS
MOBIIOMJICHHS MPO TOMWIKY. 3MIHHAM THIIy Variant  MokHa
NPUBJIACHIOBATH 3HAa4YeHHs pi3HUX THUMiB. CTPOKOBIM 3MiHHIH MOXHa
NPUBJIACHIOBAaTH OyAb-sfiKe 3HA4YeHHs THIy Variant, okpiM Null.
UwcnoBiii 3MiHHIN 3HAYCHHS THITY Variant MOKHA MIPUCBOITH, TUTBKH e
3HAYEHHSI MOJKe OYTH IEpPETBOPEHE JI0 YUCIIa.

Omepatop Let MOKHA TaKOX 3aCTOCOBYBATH JUIS NPUBIACHEHHS
3HAYEHHs 3MIHHOI THITY 3aIMC 1HIIIK 3MIHHIM TaKOTo X THITY.

Onepamop LSet. lleii omnepatop BUKOPHUCTOBYIOTH  JJIS
NIPUBJIACHEHHS PSJIKIB 3 OJIHOYACHUM BHPIBHIOBAHHSIM JIBOPYY, a TaKOX
JUIsl KOIIIIOBaHHs 3aliCy BHM3HAUEHOTO KOPHCTyBaueM THITy B 3aIlKcC
inmoro Tumy. Moro cunrakcuc:

LSet Crp3minua = CrpBupas

LSet 3minHa 1 = 3MiHHa 2
Y JnaHoMy BHUMNAAKy KJIIOYOBE CIIOBO LSet 000B'I3KOBE,
Crp3minna — iM's cTpokoBoi 3MiHHOI, CTpBmpas — BHUpa3

CTPOKOBOI'O THITY. Y Ipyromy BapianTi 3MiHHal — iM's 3MIHHOT JESIKOTO
BU3HAYCHOTO KOPHCTYBadeM THUILY, B SIKy BHUKOHYETHCS KOIIIFOBaHHS,
3MiHHA2 — iM' 3MIHHOI, MOXJIHMBO, IHIIOTO MPU3HAYCHOTO JIJIS
KOPHCTYBa4a THUITY, 3HAYCHHS K0T KOTIIOETHCS.

PesynbraTtoM TpUBIACHEHHS PAAKIB 3aBXAW € PSIOK Tiel K
JOBXHHH, O 1 y CTp3MiHua. Skmo npu nbomy CTpBrpas KOpOTIIE,
JMOJAIOTBCSA TPOMYCKH CIOpaBa; JMOBIIE — 3aiiBi CHMBOJIM CIIpaBa
BHJIAJISIFOTBCSI.

B npyromy BapiaHTi oreparopa JBiffKOBE MPEICTABICHHS 3aITUCY
3 JMUISHKH TaM'ATi, BIJBEICHOr0 3MIiHHI1M2, KOIIIETHCS B AUITHKY
mam'siTi, SIKa BifgBeneHa 3MiuHiM], — IpH BOMY JIaHI HE IEPETBOPSITHCSA
BiJITIOBIJTHO JI0 THITIB €JIEMEHTIB (IIOJIIB) 3aIHKCY, 1 SKIIO TUITH BiIIOBiTHHX
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€JIEMEHTIB 000X 3allUCiB HE CHIiBHANAIOTh, PE3yNbTaT OIepamii Ba)KKO
nependaunTi (9acTO BHIAETHCS IMOBIIOMIICHHS IIPO HEBiMNOBITHICTH
THITIB).

IIpuknaau:

Public Sub Assign2 ()
Dim Strl As String, Str2 As String
Strl = "0123456789"
Str2="abcd"

Debug.Print Strl, Str2

LSet Str2=Strl 'PesyjabTar — "0123"
LSet Strl = "Baiso" 'PesyabTaT "Biaiso"
Debug.Print Strl Str2
End Sub
PesynpTaTil HaMaroAXKyBaJIbHOIO APYKY :
00123456789 abcd
BiiBo 0123

Onepamop RSet. TlpuBnacHIOE 3HA4YEHHS CTPOKOBOI 3MIHHOI 3
BUPIBHIOBaHHSIM IPaBOPYH:

RSet Crp3MmiHHa = CTpBupas

Hde Crp3minHa — iM's CTpOKOBOi 3MiHHOI, CTpBupas —
BHpa3 CTpokoBoro tumy. Ha BimmiHy Bim omepatopa LSet, omepatop
RSet He MOXHAa BHKOPHCTOBYBAaTH JJIs KOMIIOBAaHHS 3MIHHHX 3aIlUCIB.
Pe3ynbraToM MpUBIACHEHHS! PSIKIB 3aBXKIM € PSJIOK Ti€l K JOBKUHM, 1110 1
Crp3MinHa. SMkmo npu upoMy CTpBmpas KOpOTIIE, A0JA0ThCS
MIPOITYCKH JIIBOPYH, JIOBIIE — 3aliBi CHMBOJIU JIIBOPYY BiJJaSIFOTHCSL.

Onepamop Set. lleii omepaTop 3aCTOCOBYEThCS MPH POOOTI 3
00'ekTaMH, BCTAHOBIIIOE MOCHJIAHHS HA 3HOBY CTBOPEHHH a0 iCHYHOUMii
06'ext. Moro cunTaKcuc:

Set 0O63minHa = {[New] O6Bmpaszs | Nothing}

063minHa — iM's 3miHHOI abo BrmacTUBOCTi, New —
HEOOOB'SI3KOBE KIIIOYOBE CJIOBO, BUKOPHCTOBYBAHE [UISl SIBHOTO BHKIIMKY
oreparii CTBOPEHHS HOBOTO eK3eMIuIipa Kkiacy (o0'ekra). Sxmio
O63MiHHa MicTHIa TOCWIAHHA Ha O0O0'€KT, TpPH TPHUBIACHEHHI Iie
MMOCWJIaHHS 3BUIBHUTHCSI. OOBupas Moxe OyTu iM'sM of'ekra (Kiacy),
1HIIIOFO 3MIHHOIO TOTO X THITY, (QYHKII€0 a00 METOA0M, II0 TIOBEPTAIOTh
00'eKT BIANOBITHOTO THITy. BuKOHaHHS omepatopa Set 3 mpaBoio
yacTHHOI0 Nothing mnepepuBae 3B's130k Mixk O63M1iHHO© Ta 00'€KTOM,
Ha SIKMH BOHA mocujanacs. SIKIo Npu UbOMY Ha HHOTO HE 3aJIMIIMIIOCS
IHIIMX TIOCWJIaHb, PECYPCH CHCTEMHU 1 MaM'sTh, BUAUIEHI Mia 1e 00'eKT,
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3BUIBHSIOThCA. Y 3aralbHOMY BHIIQJKY, SKIIO KIIOYOBE CIOBO New HE
BKa3zaHe, HOBa KOIIisl 00'€KTa HE CTBOPIOETHCS, @ OO3M1HHA SIK 3HAYCHHS
OTPUMY€E TOCHJIAHHS Ha iCHyroumii 00'ekt. [Ipm 11bOMy MOKE BHSIBHTHCH,
IO JEKIIbKA 3MIHHMX ITOCHIAIOTHECSA Ha OQMH 00'€KT 1 3MiHA OTO 00'€KTa
Yyepe3 OTHY 3 HUX BIUIMBAE Ha yCi iHIII.

YnpaBAsiloui onepaTtopuy Ta UMKAU

YmoBHuit onepartop If Then Else End If

Ile 3aranbHONPUMHATHII B MOBAaX IPOrPAMYBaHHS OIEPATOP
yIpaBiiHHS OoOYMCIeHHAMH. BiH no3Bossie BUOWpaTH 1 BUKOHYBaTH Jii
3aJIe)KHO BiJl ICTUHHOCTI Iesikol yMOBH. € J1Ba BapiaHTH CHHTaKCHCY :@ B
OJIUH PAAOK 1 Y popmi OJIOKY. V MepIioMy BUIAIKY OIIEPATOP MAE BUIIISI:

If ymora Then [Onepatopul] [Else Onepatopm?]
VY n#pyroMy BHIIAQJKY OIEpPaTOp pPO3TAIOBAaHWN Ha IEKIIBKOX
pAAKax:
If ymoBa Then
[OnepaTopn]
[ElseIf ymoBa n Then
[OnepaTopmr n]j
[Else
[ IHakweOnepaTopu] ]
End If
Tyt ymoBa 060B'si3k0Ba B 000X omepatopax. BoHa moxe Oytu
YuCIOBUM ab0 CTPOKOBUM BHpa3oM 3i 3HaueHHsMu True a6o False (Null
TpakTyeTbesi sik False). SIk ymoBa Moke BHKOPHUCTOBYBATHCS 1 BHpa3
Burisiny TypeOf Um’ss06’exra Is TunOOG’ekra, ne Mm’s06’exta —
nocwnanHs Ha o00'ekt, a TunOO6’ekTa — JOBUTHHUH KOPEKTHWH THIT
o0'ekta. Onepatopul i Oneparopu2 — 1€ MOCTIIOBHOCTI 3 OJHOTO abo
JEKITBKOX PO3AUIEHUX JBOKPAMKOIO ONEpaTopiB. Y KpalHbOMY pasi oJHa 3
OUX TIOCTIJOBHOCTEH Mae OyTH HE MOPOKHBOK. SIKIIO yMOBa iCTHHHA
(True), BukoHyeTbest mociigoBHicTE Oneparopul, nomuikosa (False) —
Omneparopu2. @opmMa YMOBHOTO ONepaTopa BH3HAYAETHCS 32 HASIBHOCTI B
psAaky, mo mounHaeThes 3 If ymoBa 3a then Tekcry, BIAMIHHOTO BiX
KOMEHTaps. SIKII0 Takui TEKCT €, BBAXKAETHCS, II0 BUKOPHUCTaHa Gopma B
OJIMH PSAAOK, HEMAaEe — OIEepaTop HOBUHEH MaTH (opMy OJIOKY.
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VY npoMy BUIAIKY MiAOI0KHA BUAY:
[ElseIf ymoBa-n Then
[onepaTopu-n]
MOXYTh OYTH BIICYTHIMH a0O IOBTOPIOBATHCS KUIbKa pas3iB;
i10J10K:
[Else
[InakweonepaTopn] |
TaKo)X HEOOOB'I3KOBHUI, a 3akpuBarounii omeparop EndIf
HeoOXinumit. [lpuHaliMHI OJHA 3 TOCTIOBHOCTECH omepaTopwu,
oneparopu-n .. abo IHaklieonepaTopy NOBUHHA OYTH HEMyCTOIO
Sk ymoBa iICTUHHA, BUKOHYIOTBCSI ONepaTopy, Hi — BIIIIYKYEThCS
mepiia iCTHHHA yMOBa—-n, 1 BUKOHYIOTECS ornepaTopu—-n . SKIo BCi mi
YMOBH  IIOMHWJIKOBi, BHUKOHYIOTbCA IHakmeomnepatopu. llicas
BUKOHAHHS OJHI€T (MOXJIMBO, MOPOXHBOI) IOCIIOBHOCTI OINEpaTOpiB
YIpaBIiHHS TepelacThCsl ONEepaTopoBi, MO0 BHIUIMBaE 3a EndIf.
[puknanu:

Public Sub MinMaxl (ByVal X As Integer, ByVal Y As
Integer,
Min As Integer, Max As Integer)
'OnepaTtop If B OOMH pPAOOK
If X > Y Then Max = X: Min = Y Else Max = Y: Min
=X

End Sub

Public Sub MinMax2 (ByVal X As Integer, ByVal Y As
Integer,
Min As Integer, Max As Integer)
'OnepaTop If y Buraani OJOKYy
If X > Y Then

Max = X
Min = Y
Else
Max = Y
Min = X
End If
End Sub

Public Sub Ifl()
Dim Max As Integer, Min As Integer

Call MinMax1(2 + 3, 2 * 3, Min, Max)
Debug.Print Max, Min
Call MinMax2 (2 + 3, 2 * 3, Min, Max)
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Debug.Print Max, Min
End Sub

Onepartop Bubopy Select Case

Leit onmepaTop peainizye po30ip BUIMAKIB i 3aJI€KHO BiJl 3HAUCHHS
TECTOBOTO BHpa3y BUOHpAE i BUKOHYE OJHY 3 TOCITIJOBHOCTEH OIIepaTopiB.

CuHTaKcHC orepaTopa:
Select Case BupasTecT
[Case Cnmcok BupasiB n]j
[OnepaoTpr n]j
[Case Else
[IrakweOnepaTop] ]
End Select

BupaszTecT Mae OyTH NpUCYTHiN 000B's13k0BO. BiH Moke OyTH
JOBUIBHIM  BHPa3oM 3 YHCIOBHM a00 CTPOKOBHM 3HAUCHHSM.
CnycokBupasiB n Mae OyTH NPHUCYTHIH B PAAKY, IO TOYHUHAETHCS
KIIOYOBUM CJIOBOM Case (Bumamok). Bupasm B 1poMy CHHCKY
BIIUISIOTHCS KOMaMH i MOXKYTh MaTH OJHY 3 (GopM :

— BHpa3;

— BHUpa3-HIKHI Mexa To BUpa3-BepXHs MEXKa;

— Is onepaTop-TNOpiBHIHHS BUPa3.

Ilepma ¢opma 3amae  okpemi 3HA4YeHHsS, Jpyra i TpeTs
JI03BOJISIFOTH  3aJiaBaTH BiApa3dy w0l Jiana3oHu (00iacTi 3HA4YEHB).
[MocnigoBHicTh omneparopiB OnepaTopm n HeoOoB's3koBa. Bona Oyxe
BUKOHAHA, SKIIO BIMNOBiAHMA CHOMCOK BMpPasiB n € NepmuM
CIHCKOM, MOPIBHSHHMM 3 TIOTOYHUM 3Ha4YeHHSIM BupaszTecTy (BiH SBHO
MICTUTP 1I¢ 3HAU€HHs a00 BOHO MOTPAIUIE B OJMH i3 3aJaHUX B CIIUCKY
Jliara3oHiB). Micis BUKOHAHHS OIIEpaTopiB MOCIIIOBHOCTI OriepaTopn n
mepeBipka Ha BiAMOBIIHICTH IHIIMM CITUCKaM BHpPAa3iB HE MPOBOIUTHCH, 1
YIpaBIiHHSA TIEPENAETbCs Ha omeparop, Mo ine 3a EndSelect.
Heo6o0B's3x0Ba mociioBHICTh IHakmeOnepaTopy BUKOHYEThCS, SKIIO
YKOJICH 13 CIIFICKIB BHPa3iB HETIOPIBHAHHUM 31 3HAaUeHHSAM BupasTecTy .

IIpuknan:

Public Sub Casel ()
Dim Before AsInteger
Dim CurrentYear As Integer, Str As String
' Thiuianisauiga 3MiIHHMX
CurrentYear=2000
Before=InputBox ("Cxinbky poxir Tomy"?, "Komm", 10)
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Select Case CurrentYear — Before
Case 1954 To 1969, 1971 To 1975, 1982
Str="Poxu HapdaHHA"
Case 1972 To 1989
Str="Poku BUXOBaHHA"
Case Else
Str="Iumi poxmu"
End Select
Debug.Print Str
End Sub
Y nmaHOMy BHIQAKY SKIIO TIepel BHUKOHAHHAM BHOODPY
Before=20 3HaueHHA TecToBOro Bupazy Oyme 1980, i mparmroBatuMe

npyruit Bapiant ("Poxu Buxosauusa") . Ilpm Before=25 3HaueHHA
TEeCTOBOro Bupasy 1975 i mpaimoBaTUMe TeEpHIdil BapiaHT ("Pokwu
HaBuyaHHAa") .

Jiamazonu 3HaYeHh MOXHA 33/1aTH 1 11 psaakis. [Ipu mpomy ixHi
3HAYCHHS BBAXKAIOTHCS BIIOPSAIKOBAHUMHE Jekcorpadiuno. Hampukan,
MOJKJIMBHH TaKWH CIIHCOK BUPA3iB :

Case "everything”, "nuts" To "soup".

Besniu psakis, mo 3agaeThes, BKIOYAE pANoK "everything™ i

yci psaku Big "nuts" no "soup" (Hampukian, "onion").

LInka For... Next

Lleit oneparop m03BOJISE MOBTOPUTH TPYIY OIEPaTOpiB 3ajaHe
uncro pasis. Moro cuHTaKcuc:

For JliumneHMK UMKy = [lodaTok To Kineur [Step kpox]
T1JIO LIMKJILY
Next [JIiuMIpHMK LUKIY]

Tyr JliumnbHuMk UMKy — uHucIoBa 3MiHHA. Hamouarky
BUKOHAHHS LUKy BOHA INpPHUHAMAE 3HAUCHHS, IO 33Ja€TbCS YHCIOBHM
BUpa3oM [louaTox (3MiHHA JI1uUMIBHMK LMKJIYy HE MOXE MaTd THUI
Boolean abo Oyru ememeHToM MacuBy). UucnoBmii BHpa3 Kiuenb
3ajia€ 3aBepllaibHE 3HAUCHHS JIYMIbHUKA IIUKITY. BoHO 00uncitoeTsest 10
MMOYaTKy BUKOHAHHS TiJla IIUKITY 1 HE MIHA€THCS, HAaBiTh SKIIO 3MiHHI, IO B
HBOTO BXOJSTH, 3MIHIOIOTb CBOi 3Ha4YEHHs B TUI nuKIy. YucinoBuil Bupas
KPOK He0GOB'A3K0BHIA. MOro 3HaUeHHS TAKOXK OGUUCITIOEThCS HA MOYATKY
LOUKIYy 1 JOJA€TbCA IO JIYWIBHUKA DUKIY KOXHUH pas, Koiu
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3aBEPINYETHCSI BUKOHAHHS Tija IUKITY 1 OOYHCICHHS nocaTae pagka Next
[JMiunneuyk UMKy ] . SKIO KpOK LHUKIYy SBHO HE BKa3aHHUH, 3a
YMOBYaHHAM BiH JopiBHIOE 1. Timo mHKIy — 1€ TOCIiIOBHICTb
oreparopis, sika Oye BUKOHAaHA 3aJjaHe 49icio pasiB. [Ipu sikoMy 3HaYeHHI
3MiHHOI JI1UMJIBHMK LMKJIY  BiIOyBa€TbCAd 3aBEpLICHHSA LHUKIY,
3aJIeKHUTh Bijl 3HaKy mapamerpa KpoK. SIKI0 XKpOx JONATHUH, LUK
3aBEpPLINTHCS, KOJIHM yIEeplIie BUKOHAETHCS YMOBA: JI1UMIIBHUK LIVKJITY
> KiHelb B

SKmo kpox WMKIY BiJ’ €MHUH, yMOBa HOrO 3aBEepILCHHS
JiumnpHUK UukJy < KiHeub.

I1s ymoBa mepeBips€ThCS Iepe] NOYaTKOM BUKOHAHHS LUKITY, a
MOTIM — TMiCHS KOXXHOTO 301MBIIEHHS KPOKY IO JYIIBHUKA IHKITY B
omepatopi Next. JSIKIIO BOHa BHKOHAHA, YIPAaBIiHHS NEPEHAETHCS Ha
orepaTop, 1o e 3a Next , Hi — BHKOHYIOTBCSI ONIEPATOPH 3 TiJIa IUKITY.
3aBepmuTd UKI For ... Next MOXHa i 3a JIOIOMOIOI OIepaTopa
Exit For. Taki omeparopu MOXyTb OyTH pO3TamIOBaHI B THX MiCTax
TiNa IMKIY, € BUMAara€TbCcs 3 HbOTO BUITH, HE UYEKAIOYM BHUKOHAHHS
YMOBH 3aBEpILECHHSI.

IMpuknan. ¥ mpomy mpuKiIaai TpWM BKIAJEHI MUKIN For ...
Next BHKOpUCTaHI Uil OOYHCIEHHS TBOPY JBOX MLIJIOYUCEIBHUX
MaTpHIlb, IO iHIMiaTi30BaHI BUMAIKOBIMH duciamMu. [1oTiM pe3ynbTyroda
MaTpHI NEPEBIPSETHCS HA HASBHICTh HYJIbOBHX 3HAUYCHb:

Public Sub Forl ()
Dim A(1 To 5, 1 To 5) As Integer
Dim B(1 To 5, 1 To 5) As Integer
Dim C(1 To 5, 1 To 5) As Integer
Dim I As Integer, J As Integer, K As Integer
Dim Res As String
' Tuinianizsanis MaTpuues A 1 B BMOAOKOBMMM UMCJIaMM B
inTepmani [- 10, +10]
For I=1 To 5
For J=1 To 5
' OTpMMaHHS BUIAIKOBOI'O umciia Rnd 1 mepeTBOpeHHS MOTO
B Lije
A(I, J)=Int(21*Rnd) — 10
Next J
Next I
For I=1 To 5
For J=1 to 5
B(I, J)=Int(21*Rnd) — 10
Next J
Next I
' OBumciieHHsa OOOYTKY MaTpHUIlb

138



For I=1 To 5
For J=1 To 5

C(I,

J)=0

For K=1 to 5
C(i, J)=C(I, J)+A(I, K)*B(K, J)
Next K

Next J

Next I

Res="No"
C(2,2)=0
' IlepeBipka Ha HYJIbOBE 3HAUYEHHSA
For I=1 To 5
For J=1 To 5
If C(I, J)=0 Then

Debug.Print "Mupmexcer:", I, J

Res="Yes"
exit For
End If
Next J

Next I

Debug.Print Res
End Sub

Crhim 3BepHYTHM yBary Ha omepartop BHXoAQy Exit For, mo

NPUITUHAE BUKOHAHHS TiJIbKA BHYTPIIIHBOTO LMKy, TaK IO HepeBipka Ha
HYJb 3IiHICHIOBaTHMEThCS B KOXKHOMY DSIKY MAaTpulli, HE3aJICKHO Bij
ICHYBaHHS HYJIIB B IIONICPEIHIX PSAAKAX.

Next :

3pobuMo 11e AeKiNbKa 3ayBaXkeHb 3 MPUBOJY omeparopa For. . .

MiCNs 3aKiHYeHHS IMKIY JHYIIIBHUK [UKITYy 30epirae cBoe
3HAYCHHS Y MOMEHT BHMXOJY, 1 HOro MO)XHAa BHUKOPHCTOBYBAaTH,
HAMPUKIIA[, U1 aHAJII3y [ePeI9acHOr0 BUXOLY 3 [IUKITY;

B omeparopoBi Next MOKHa HE BKa3yBaTH iM'sl 3MIiHHOI, sKa
3aj1a€ JMYUIBHUK, — 1€ iM'Ss MA€EThCS Ha yBa3i 32 YMOBUYAHHSIM.
Ipote 0 MOXIHBICTh HE CIijJi BHKOPHUCTOBYBATH,
PEKOMEHYEThCSI 3aBXK/IM SIBHO BKa3yBaTH iM's JYMWJIbHHKA B
omepaTopoBi Next;

JIOMTYCKAEThCSI MIHATHA 3HAYCHHS JIYWIBHWKA B TUIl IUKIY, alie
POOUTH I[HOTO HE CITiJ] HIKOJH, OCKUTBKHU ICHYE PU3HK 3alAKICHHS
MPOTPaMH.

Public Sub For2()
Dim A(l1 To 5) As Integer
Dim i As Integer

For i=5 to 1 step — 1

A(i)=1
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i=i+1
Next i
End Sub
3a3Bu4ail cpoba 3MIHUTH 3HAYCHHS JIIYMIbHUKA UKy B HOTO
TN O3Hayae, Mo 3aMicTh MKy For .. next cuig Oyno 6 3acTocoByBaTH
LUK iHIIOTO BHIY.

LMkA Do...Loop

[ToBTOpIOE OIIOK OMEpaTOPiB, MOKH 3a/laHa YMOBa € iCTHHHOIO 200
IIOKM BOHO HE CTaHE iCTHHHOIO.

CuHrakcuc:

€ 4oTHpH BapiaHTH CHHTAKCHUCY LOTO LUKIY. Y IBOX IEPIINX
BapiaHTaX yMOBa MEPEBipI€ThCS Ha MIOYATKY LIUKITY:

Do [{While | Until} ymoBal]
TiJI0 LUMKITY
Loop
B iHmmx aBOX BapiaHTaX yMOBa MEPEBIPSIETHCS HAMPUKIHIT
LHUKIY:
Do
TiJI0 UMKITY
Loop [{While | Until} ymoma]

Tyr ymoBa € uyncioBuM abo CTPOKOBMM BHPAXEHHSIM 3i
3HaueHHsMH True abo False. Baaram BOoHM HEOOOB'A3KOBI. 3HAUCHHs
Null yMOBH TPakTyeTbes Sk False. Tiji0 LMKJIIy — II€ THOCIiIOBHICT
omeparopiB, 1m0 OyJle BHUKOHYBaTUCS, IOKH YyMOBA 3aJHMIIAETHCS
ICTHHHOIO, SIKIIO TIepe] Helo e Kirodose ciioBo While abo MOKM BOHA
3aJIMIIAETHCS] IOMUIKOBOIO — Yy BapiaHTax IMKIY i3 KIIOYOBUM CJIOBOM
Until. Takum uymHOM, HUKIM BHUay While yMoBa eKBiBaJCHTHI
muKiam Buay Until Not ymosa. KpiMm Toro, y Tino umxiy Moxe
BXO/IUTH omepatop Exit Do, BAKOHAHHS SKOTO Biapa3y NMPHUITUHSE UK i
nepeiae yrnpaBliHHS ONEepaToOpoBi, Mo Oe3mocepeaHbo #ae 3a Loop. Y
BUIIAJIKY JIEKIJIBKOX BKJIAJEHUX IUKIIB Do ... Loop onepatop Exit Do
3aBEpILyE JIAIIEC CAMUNA BHYTPILIHIH IIUKJ, y TiTi IKOTO BiH PO3TAIIOBAHUI.

[puxmaan. Y HamoMy NpHUKIAaAi peami3oBaHi TpPH BapiaHTH
MIOUIYKY 3a 3pa3KoM 3 IEPEBIPKOI0 YMOBH Ha IOYATKY LUKy, HAIPUKIHII
LUKy ¥ y cepeinHi IUKITy JJIs BapiaHTa IOIIyKY 3a 3pa3koM 3 6ap'epom:
Public Sub Loopl ()

Const Size = 5
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Dim X () As Integer
Dim i As Integer

Dim Found As Boolean
Const pat = 7

'Tuinianmiszanisa BUNAOIKOBMMM uYMcjiaMM B iHTepBaji [1 —
10]

ReDim X (1 To Size)

Randomize
For 1 = 1 To Size

X(i) = Int (11l * Rnd)
Next 1

'Tlowyk 3a 3pas3koM 3 [IepeBilpkoil Ha [IOYATKY LMKIY
i = 1: Found = False
Do While (i <= Size) And (Not Found)

If X(i) = pat Then
Found = True
Else: 1 =1 + 1
End If
Loop

If Found Then

Debug.Print "3Harmenuyt 3paszsox!"
Else: Debug.Print "3paszox He 3HanneHum!"
End If

'Tlomyk 3a 3pas3koM 3 [IepeBilpkol HanpMKiHIL LMKy
i = 1: Found = False
Do

If X(i) = pat Then

Found = True

Else: 1 = 1 + 1

End If
Loop Until Found Or (i = Size + 1)
If Found Then

Debug.Print "3uampmenHmit 3pas3ok!"
Else: Debug.Print "3pasokx He 3HauneHum!"
End If

'Momyk 3 Oap'epom
ReDim Preserve X (1 To Size + 1)
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=1
Do
If X(i) = pat Then Exit Do
i=1+1
Loop

If i = Size + 1 Then
Debug.Print "3pasok He 3HauzmeHwmn!"
Else: Debug.Print "3paszsox 3HanneHwmy!"
End If
End Sub

Linka While...Wend

[ToBTOpIOE BUKOHAHHS IOCIIZOBHOCTI OMEpaTOpiB, OKH 3alaHa
YMOBa HE CTaHE MOMUIIKOBOIO.

CuHTaKcuc:

While ymoBa

TiJ0 LUMKITY

Wend
Tyr ymoBa ¥ Tisio wuUmMkJy Taki X, SK 1 A0 [HAKIY
Do..Loop. .. TiuIbKu st OO BHIY HUKIY HE MepeadadeHuil onepaTop

Buxony Exit. @aktnyHo nukia While..Wend-oKkpeMHuid BUNIAJOK LIUKIY
Do..LoOp-3aIHIICHAN Y MOBI JJIsl CYMICHOCTI 3 MTOTIEPEIHIMH BEPCIIMHU.

Linka For Each...Next

[ToBTOpIOE 3a7aHy MOCIINOBHICT ONEPATOPIB JUIS KOXKHOTO
eJIeMeHTa MacuBy abo Habopy.

CuHTaKcHc:

For Each enemenT In rpyna

Tijgo UMKITY

Next [eseMeHT]

Tyr eyemenT — B3MiHHA, KOTpa Mpodirae sK 3HAYCHHS
eJIeMEHTH KoJjleklii abo MacuBy. [yt Konekuiii esemenT MOXe OyTH
3MiHHOIO THIy Variant, 3MiHHOWO THIy Object abo 3MiHHOIO
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(o0'ekToM) meskoro kimacy. Y BHUNAAKy LUKIY II0 MacHBY eJIeMeHT
3000B'13aHMi OyTH 3MiHHOI THIy Variant. I'pyna — ne im'a Habopy
00'exTiB (Hal9acTimie e Koiekmis 00'ekTiB) abo MacHBY, s €JICMCHTIB
SKAX BHUKOHY€ThCS IMKI. LlMKn He 3acTocyeMO mId MacHBiB, THII
€JIEMEHTIB AKHX BH3HAUYCHHH KOPHCTYBadeM, TOMY IIO TaKi €IEMEHTH HE
MOXYTh OyTH 3HA4EeHHSIMHU 3MIHHOI THUIy Variant. Y Takux MacuBax
MOJKHa BUKOPDUCTaTH LMKI BuAy For .. Next... Tijso LMKy —
MOCITIZIOBHICTh ONEPaTOpiB, BUKOHYBaHA JUIsl KOXKHOTO eJeMeHTa Habopy
abo MacuBy, — MOXK€ MICTHTH omnepartopu Exit For, 10 J03BOJSIOTH
nepepBaTi BUKOHAHHA LUKy ¥ epeaaBaTH yIPaBIiHHS OIEPaTOPOBi, MO
BHIUIMBAaE 32 Next (3BHYAHHO Takuil BUXil BiAOyBaeThCS MpU BUKOHAHHI
JesKkol yMOBH, IO mepeBipserbcst B omepatopi If..Then..Else) ...
VYkasyBaTH 3MiHHY eJIEMEHT IICHisi KIIOYOBOI'O clioBa Next He
000B'I3K0BO, ajie 0aXkaHo.

[Mpuknaau. Y npukiai cTBOPIOETHCS KOJEKIIis, YACIIO €IEMEHTIB
KOl W cami eJIeMEHTH BHOMpPAIOTHCA BHUNAAKOBHM dYuHOM. IloTiM 11
KOJIGKIiI KOMIIOETECA B IUHAMIYHUNA MAacHB, pO3MIPHICTH SKOTO
30UTBIIYEThCA B TpoIeci KomifoBaHHA. Ha oCTaHHBROMY eTami MacuB
po3npykoByetbes. Lluknu tuny For ..Each mnpekpacHO MHpamiorTh y
MOIOHUX CHUTYAIisIX:

Public Sub ForEachl ()
Dim X As New Collection
Dim Y () As Integer
Dim item As Variant
Dim i As Integer, Size As Integer

'Tuinianisanig xoJexiil
Randomize
Size = Int (21 * Rnd)
For i = 1 To Size

X.Add Int (11 * Rnd)
Next i

'KonioBaHHA KOJIeKL 11 B OMHAM1UHWM MacuB
Size = 1
For Each item In X
ReDim Preserve Y (1 To Size)
Y(Size) = item
Size = Size + 1
Next item

'IpyKyBaHHSA eJIeMeHT1B IMHaMidyHOT'O MacuBy
For Each item In Y
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Debug.Print item
Next item
End Sub

KpiM posrimsiHyTMX —Kepyrouux —oneparopiB, VB  wicTuTh
oTepaTopu Mepexoay Mo MiTii GoTo, Mepexojy MO MITIl 3 MOBEPHCHHIM
GoSub...Return 1 yMOBHI oOIepaTopd TIEpexogy IO MiTKax
On...GoSub 1 On...GoTo. Mwu HIKOIM HE KOPHUCTYEMOCS LIUMHU
oTepaTopamH.

BusHaueHHsA npoueayp

YuMm Oijplie BH CTBOPIOETE MPOrpaM i YMM OUIBIIUMU BOHHU
CTalOTh, TUM YacCTillle JOBOAWUTHCS CTHUKATUCSA 3 THUM, LIO OJUH 1 TOH ke
0JIOK KOy 3HOBY 1 3HOBY 3'SIBIISIETBCSI B PI3HMX MICLSX Ballol Iporpamu
(abo B nmekinbkox mporpamax). Jus Komy, IO MOBTOPIOETHCS, Tpeba
BUKOPHCTOBYBATH MPOLIEAYPH.

Ilpoyedypa (¢ynxyis) — ue mnporpamHa oauuunsg VB, 1o
BKJIFOYA€ OIEPATOPH ONHMCY ii JIOKAJTbHUX JaHUX 1 BUKOHYBaHI OIEPATOPH.
3a3Bu4ait B mpomenypy  OO0'€QHYIOTH  pPEeryilspHO  BHKOHYBaHY
MOCTITOBHICTh Miif, IKa BHUPIIIye OKpeMy 3ajady abo mimzamady. ToOTo
mporeaypa — IIe CErMEHT KOXy, SIKMi BHUKOHYe Te abo iHIIE 3aBJaHHS, a
MOTIM Tepelae yIpaBIiHHA B Ty 4YacTHHY KOy, 3 sIKOi BiH OyB
BUKIMKaHWUH. L{e o3Hauae, Mo ofHy i Ty X MPOLETypy MOKHA BUKINKATH 3
pi3HMX Miclb BalIOi MPOrpaMd 1 NpPU TPABHIBHOMY BHKOPUCTaHHI
3aCTOCOBYBATH B PI3HHX ITpOrpamMax.

Bu Bke CTHKaJUCS 3 BHUKOPHUCTAaHHSIM NpOILENyp, HaBiThb He
3HaO4YM npo ne. KoxkHoro pasy, BBOASYH KO, SIKHH BHKOHYETBHCS Y
BIAMOBIb, Ha SKYCh IMOMII0 €JIEMEHTa ympaBiiHHA Tuny Button (ado
SIKOT'OCh 1HIIOTO THIIA), BU CTBOPIOBAJIN MPOLENYpPH, IO HA3HBAECIOTHCS
0bpobnuxkamu noditi. OOpOOHHUKY TOAI aBTOMaTHYHO BUKIHUKAIOTHCS
IporpamMol0 Tpu BHHEKHEHHI Tiei abo iHmoi moxii. Bu Moxere
CTBOPIOBATH CBOI BJIACHI NMPOLEAYPH 1 BUKIMKATH IX y MIpy NOTpeOH.
CrBopeHi BaMM MpOLEAYypH YacTO HA3UBAIOTBCS  Npoyedypamu
Kopucmysaua. 1 Xoda B TIONEpEAHIX MPHUKIAJaX KOJ IOBHICTIO
3HaXOJIMBCSI B Tpolenypax oOpoOKW MOJild, B pealbHUX Mporpamax,
BEJIMKAa KIUJIBKICTh KOJAY MOJXKE 3HaXOJHUTHUCS B OKPEMHX MpOIeaypax
KOpHCTyBaya.
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Buau npoueayp

[ponenypn MokHa KiIacu}pikyBaTH 3a KiJIbKOMa O3HAKaMH: 3a
crocoOOM BHKOPHCTaHHA (BHUKIHMKY) B IPOTrpaMi, 3a CIOCOOOM 3aITycKy
NpoLEeNypy Ha BHKOHAHHS, 32 MiCLEeM 3HaXODKCHHS KOAY HpOLENypH y
TIPOEKTI.

[ponenypu VB mominstorecs Ha mignporpamu i ¢yskmii. [leprri
OIMUCYIOTHCS KIFOUOBHM citoBoM Sub, apyri — Function.

3a criocoboM 3aImycKy Mpoleayp Ha BUKOHAHHS MOYKHa BUIUTHTH
B OKpeMy TpyIy HpOLEAypH, IO 3allyCKalOThCS aBTOMATHYHO MpH
BUHUKHCHHI Ti€l 9M 1HINIOI MOMAil, — MM HAa3MBaEMO iX MPOIEIypaMu
00pOOKH MOTIH.

3a MicleM 3HaxXOJDKEHHS KOAY TNpOUEeNypH Yy IpPOEKTi
PO3PI3HSAIOTHCS MPOLEAYPH, IO 3HAXOAATHCS Y CHEIiaIbHUX MPOTPaMHUX

OIUHHUIIX — CTaHJAPTHUX MOXYJSIX, MOAYNISAX KJAciB 1 MOIYJAX,
TIOB'AI3aHMX 3 00'€KTaMH, [0 pearyroTh Ha MOZii.
Ille ommH cmemialbHUN THO TpOUENyp — MPOIEIypH-

BIIACTHBOCTI Property Let, Property Set i Property Get.
Bonn cnyxaTh ais 3aBAaHHS i OJCp)KaHHSA 3HAYCHb 3aKPHTHUX
BJIACTHBOCTEH Kiacy.

l'onoBHE mpW3HAYEHHS MPOLELYp Y BCIX MOBax MpOrpaMyBaHHS
nojsrae B TOMYy, IIO NPH IXHBOMY BHKIHMKY 3MIHIOETBCA CTaH
MIPOTPAMHOTO TPOEKTY — 3MIHIOIOThCS 3HAYCHHS 3MIHHHUX (BIACTHBOCTI
00'€KTIB), OTIMCAHUX B MOAYIIAX MPOCKTY.

IcHye nBa crocoOu, 3a AOMOMOTOIO SIKMX HpOLEAypa OTPUMYE i
nepezae iHPoOpMaIito, 3MIHIOIOYH THM CAMHM CTaH CHCTEMH JJOKYMCHTIB.

IHepwwuii i ocnoenuil cnoci6 Nonsarae y BUKOPUCTaHHI apaMeTpiB
npoueaypu. Ilpu BukiuMky npouenypu il apryMeHTH, IO BiJIIOBiIAOTh
BXITHUM [apaMeTpaM, I[OBHHHI OTPUMATH 3HA4YEHHs, SIKI Hporpamma
BHUPOOJIsiE ab0 OTPUMYE BiJl 30BHINIHBOIO CepeloBHINA. B pe3ynbTari
poboTtu mpoueaypu (GoOpMyIOThCS 3HAUEHHS BHXIJHHMX MapaMeTpiB, IO
TIepeIatOTHCS TPOTPaMi 3a MOCHIIaHHSIM.

Jpyeuii  cnoci6 monArae |y BHKOPHCTaHHI  HpPOLEAYPOIO
ro0aNbHUX 3MIHHHX 1 00'€KTIB SIK JUIS OJIEPXKAHHSA, TaK i JUIA mepenadi
iH}popMmarii.
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Pob6ota 3 npoueaypamu

OcHOBHaA ifes, IO CTOITH 3a MPOIERypOI0 OYAb-IKOTO BHIY,
MOJISITa€ B PO3IONUTL  TPOTpaMU Ha IIOCIHIAOBHICTH 3aBJaHb MEHIIOTO
po3mipy. KoxxHe 3 mmx 3aBmaHb MOXKHa MOTIM OGOPMHUTH Yy BHUIJIAII
nponenypu (¢ynkmii). Taknit miaxin Mae IeKiJibKa mepesar.

0  KoxHe 3aBIaHHS MOXKHA TECTYBaTH OKpeMo. UMM MeHIe B Ipoueaypi
KOy, THM JIeTIe IMPOBOJUTH HaJlarOUKCHHS 1 JIETKO 3aiiMaThcs
MPOEKTOM CITUILHO 3 HIIMMH PO3POOHHKAMHU.

1 MoxHa n030aBUTHCS BiJl 3aiiBOTO KOJY, BUKIMKAIOYH IIPHU KOKHOMY
BUKOHAHHI 3aBJaHHs BIANOBIJHY HPOLEAYPY, @ HE HNOBTOPIOIOYH B
nporpami OJIUH 1 TOH ke KOJ.

2 MoxHna cTBopuTH 0i0Ii0TEKY MpoLEyp, 11100 BUKOPHCTOBYBATH iX B
PI3HMX Iporpamax i TiM caMHM €KOHOMHTH 4ac MPH po3poOli HOBUX
MIPOCKTIB.

3 Crae OimpmI JETKO MIATPHIMYBATH MPOTPAMH, OCKIIBKH, MO-TIEpIIE,
SKIIO KOJA HE TMOBTOPIOETHCS, TO pelnaryBaTé OJOK KOAy HOTpiGHO
omuH pa3. KpiM TOrO, BIiIAINICHHA OIWH BiJ OTHOTO KIFOYOBUX
KOMIIOHCHTIB  (HAaIpUKJIal, MNPU3HAYEHOTO Ul  KOpUCTyBaya
inTepdeiicy 1 3acobiB poboTH 3 0a3aMu AaHUX) JO3BOJSE POOUTH
3HA4HI 3MiHU B SIKIHCh YaCTHHI IPOTpaMu, He IIepenUCyrouH ii Beiei.

CUHTaKeuC npoueAayp i yHKLi

Ormuc npoueaypu Sub B VBA Mae Takuii BUTIISI:

[Private | Public] [Static] Sub im'sa ([cnmucok-
apryMeHTiB])

Tino-npouenypu

End Sub
KimrouoBe  cnoBo  Public B 3arolioBKy — IpOLEAYpH
BUKOPHUCTOBYETBCA I TOTO, mo0  OroJIOCUTH  HPOLERypY

3arajbHOJIOCTYITHOK, TOOTO JO3BOJUTH BHKJIMKATH 1i 31 BCIX I1HIINX
MIPOIeTyp BCIX MOAYJIB OYIb-IKOTO MPOEKTY. SIKIO MOAYJb, B SKOMY
OmMcaHa MpOIeAypa, MICTUTh 3aKpuBaroumii omepatop Option
Private, To mpouexaypa Oy/Je JOCTYIIHA JIMIIE MOJYJISIM CBOTO IIPOEKTY.
AJBTEpHATHBHUNA KIII0Y Private BHKOPHCTOBYETHCS, OO 3aKpUTH
MpOIeTypy BiA BCIX MOIYJiB, KpiM TOTO, B SIKOMYy BOHAa OITMCaHa. 3a
YMOBYaHHSM TPOLIEAYPa BBAXKAETHCS 3aralIbHOJOCTYITHOIO.
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KirouoBe ciioBo Static o3Hadae, MO 3HAYCHHS JIOKAJIBHHX
(orosonreHUxX B TeNi MPOLENTYpPH) 3MIHHUX 30€piraTUMYThCS B MPOMIXKKaxX
MDK BHKJIMKaMHU TPOLEAYPH (BHKOPUCTOBYBaHI IPOLENYPOIO INI0OaJbHI
3MiHHI, OIIMCaHi 1032 i TiJIOM, PH [LOMY HE 30€pIratoThCs).

[Mapamerp im's — nme iM'st mpoueAypH, WO 3aJ0BOJIBHSE
CTaHJapTHUM yMoBaM VB Ha iMeHa 3MiHHHX.
HeoOoB's3k0BHil mapamerp CHOMCOK-apryMeHTiB — 1e

MOCTITOBHICT PO3IIICHUX KOMaMH 3MIHHHX, 3aJaf0duX [epeaaBaHi
HPOLEAYPH IPH BUKIIUKY ITapaMeTpiB.

AprymenTn, abo, mo-iHmIOMYy, (opManbHI MapaMeTpH, IIo
3aaI0ThCS TPH OINCI NPOLEAYPH, 3aBXKAM NPEACTABIAIOTH JIMIIE iMeHa
(imentudikaropm). B Toll ke yac mpu BUKIHUKY MPOIEAYPH II apTyMEHTH

— aktnuHi nmapaMeTpu — MOXYTh OyTH HE JUILIE IMEHaMH, aue i
BUpA3aMH.
[ocnigoBHicT oOmeparopiB Tijsio — mOpouenypu 3alae

IporpamMy BHKOHaHHs Hpoueaypu. Tijgo mpoumeaypu MOKe BKIIOUYATH SIK
«MACHBHI» ONEpPaTOpPH OTOJIOMICHHS JIOKAIbHUX [aHWX MpOLEaypH
(3MiHHUX, MacHBiB, 00'€KTIB 1 iH.), TaK i «aKTUBHI», Ki 3MiHIOIOTh CTaHH
apryMEHTIB, JIOKaJbHUX 1 30BHIMIHIX (I700aJbHUX) 3MIHHHX 1 00'€KTIiB. Y
TIJIO MOXYTb BXOJHUTH TaKOX orieparopu Exit Sub, 110 Npu3BOIsThH 10
HETalfHOTO 3aBEepIICHHS NPOLEXypH i Iepeiadl YHpaBlliHHA B 3yXBally
nporpamy. Koxna mporenypa B VB BH3HAa49aeTbcss OKpEeMO Bif iHIIHX,
TOOTO TiIO OJHI€ET MPOTETypH HE MOKE BKITIOYATH OIUCY IHIIKUX MPOIERYP
1 QyHKLIH.

Po3risHeMo JeTanpHile CTPYKTYpY OJJHOTO apryMEHTY 31 CITUCKY
apryMEHTIB.
[Optional] [ByVal | ByRef] [ParamArray] s3miumual ( )]

[As Tun] [= 3HaueHHA-3a-yMOBUaHHAM']
BimzHaumMo oOAHY 1iKaBy OCOONHBICTB, $Ky HE  CIIiJ
BUKOPHCTOBYBAaTH, ajie Ky CJiJ BpaxoByBaTH, — VB gomyckae, mo6

(akTUYHE 3HAYEHHS apryMEeHTy, IepeJaBaHOro 3a IOCHJIAaHHIM, OyJo
KOHCTaHTOI a00 BHpPaXEHHSM BIANOBITHOTO TUIy. B LbOMYy BUNIAIKy
JIAaHUI apryMeHT pO3IJIIa€ThCsl K IEepeAaBaHUi 3a 3HAYEHHSM, 1 He
BHUIAETHCS JKOAHUX TOBIIOMIIEHP NpO NOMMIKY. KirodoBe cioBo
Optional o3Hadae, IO 33JaHUM HUM apryMEHT € MOXJIUBUM — HOro
HEOOOB'A3KOBO 33JaBaTH y MOMEHT BHUKIMKY mpouenypu. Ims Taxux
apryMeHTiB MOJKHA 3aJlaTH 3HAYeHHS 3a YMOBYAaHHSIM. HeoOoB'sI3KOBi
apryMEHTH 3aBX/IU IIOMIIIAIOTHCS B KiHIlI CIIUCKY apTyMEHTIB.

AnbpTepHaTUBHI K04l ByVal 1 ByRef BH3Ha4armOTh CMOCIO
repesiadi apryMeHTy B IIPOLENypY.

ByVal o3Havae, M0 apryMEHT MePEeacThCs 3a 3HAUYEHHIM, TOOTO
IIPY BHUKJIMKY INPOLEAYPH CTBOPIOBATHMETHCS JIOKAIbHA KOs 3MIiHHOI 3
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ITOYaTKOBHM TEpeIaBaHUM 3HAYCHHSIM 1 3MIHH Wil JTOKaJIbHIN 3MIHHIH ITi [
yac BHUKOHAHHS TPOUEAYpH HE BimiO'eThCs Ha 3HAYEHHI 3MIHHOI, IO
mepefajla CBOE 3HAYCHHS B MPOIEAypy Ipu BHKIMKY. llepemaua 3a
3HAYCHHSAM MOXJIMBA JIMIIE IS BXiAHUX MapaMeTpiB, AKi HepemaloTh
iHpOpMaIiio B IPOIEIypy, alle He € pe3yapTataMu. [ Takux mapameTpin
mepefada 3a 3HAYCHHSAM YACTEHBKO 3pydHIlIe, HDK Iepenada IO
3aClIaHHIO, OCKUIBKM y MOMEHT BHKJIHMKY apryMEHT MOXKe OyTH 3ajaHui
CKUIbKM 3aBrOJIHO CKJAQJHHUM BHUPAKCHHSAM. Biamitumo, 1o BXimHi
napameTpu, 1o € 00'ekTaMy, MacuBaMu ab0 3MIHHHUMHU NPU3HAYEHOTO IS
KOpHUCTyBaya THITY, MEPEAAIOThCS 10 3aCIaHHIO, 10 JI03BOJISIE YHUKHYTH
CTBOpEHHs Komii. Bupasm Han TakuMu aprymMeHTaMH BCE OJIHO
HEJIOMYCTHMI, TOMY Hiepe/iaya 3a 3HaUeHHSIM BTpavyae CeHC.

ByRef o3Hauae, MO apryMEHT MEPEIAETHCS 110 3aCIIaHHIO, TOOTO
BCl 3MIHM 3HAueHHs Iepe/iaBaHidi 3MIHHIH NPU BUKOHAHHI NpOUELypH
0e3mocepeIHbO  BiIOYBATUMYTHCS 13 3MIHHOIO — apryMEHTOM 3 Ti€l
IIporpaMy, IO BUKIMKajda JaHy Ipouenypy. Y VB 3a yMoB4aHHAM
apryMeHTH TepefalThes 1o 3aciaHHi (ByRef). Lle He 30BCiM 3pydHO
JUISL TIPOTPaMICTiB, SIKi 3BHKJIH 0 iHIIUX MOB (Hampukian, [lackame abo
C), e 3a yMOBYAaHHSM apTyMEHTHU MEPEAAIOThCS 3a 3HAUCHHAM. ToMy Tpu
OMHKCI TPOIEAYPH PEKOMEHAYIOTh SBHO BKa3yBaTH CIoci0 mepemadi
KOXKHOTO apryMEHTY, HaBiTh SIKIO LIEH apryMeHT 3ycTpidaeThbCsi B JIIBid
YaCTHUHI.

[Mpouenypa VB nomnyckae HEOOOB'SI3KOBI apryMEHTH, SIKI MOXHa
ONYCTHTH Y MOMEHT BHKJIHKY. Y3araJbHCHHSM TaKOrO IIXOQy €
MOJJIMBICT MaTH 3MiHHE, 3a3/aieriip He (piKcoBaHE YHCIIO apTyMEHTIB.
JocsraeThes 1e 3a paXyHOK TOTO, IO OJUH 3 HapaMmeTpiB (OCTaHHIH B
CIIICKY) MOXE 3aJaBaTH MAacHB apTyYMEHTIB — B I[bOMY BHIIQIKy BiH
3aJa€ThCS 3 ONKCYyBaueM ParamArray. SIKIIO CIHCOK apryMeHTIB
BKIIOYa€ MacHUB apryMeHTiB ParamArray, To Kio4 Optional
BUKOPHUCTOBYBATH B CIHCKY He MoxHA. KirodoBe cioBo ParamArray
MOJKe 3'SIBIIATHUCS Tepe]l OCTAHHIM apryMEHTOM B CIHCKY 3 METOIO BKa3aTH,
o0 3a apryMeHT — MacHB 3 [IOBITPHUM YHCIIOM €IIEMEHTIB THUITY
Variant. Ilepen HUM He MOXHa BHUKOPHCTOBYBaTH Kio4i ByVal,
ByRef abo Optional.

3MiHHA — [e iM'S 3MIHHOI, IO MPEeACTaBIAe apryMeHT. SKiio
IiCJIS iIMEHI 3MIHHOT 3a/laHi KPYTJIi {y’KKH, TO [Ie O3HAYaE, IO BiINOBITHHA
rapameTp € MacHBOM.

[MapameTp Twmo 3agae  THIN 3HAYCHHS, I[IE€PEJaBaHOTO B
mponenypy. BiH Moxe Oyt omHum 3 OasmcHux TtHIiB VBA (He
JIOIYCKAlOThCSl JIMIIE psAKA String 3 (IKCOBAHOIO JIOBXKHMHOIO).
OO0OB'SI3KOBI  apTyMEHTH MOXYTh TaKOXX MaTH THI BU3HAYEHOTO
KOpPHUCTYyBadeM 3amucy abo kiacy. SIKmio TUI apryMeHTy He BKa3aHHi, TO
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3a YMOBYaHHSIM HoMy mpumucyeTbcs THI Variant. Tum moxke Oyrtm
omaum 3 tumiB Office 2000. [ns nHeoGoB'siskoBux (Optional)
apryMEHTIB MOJKHa SIBHO 3a/laTH 3HA4YEHHA 32 yMOBYaHHAM. lle KoHcTaHTa
a00 KOHCTaHTHE BHUPa)XCHHS, 3HAUCHHS SKOTO MEPENaeThCsa B MPOLETYPY,
SIKIIO TIPH ii BUKJIMKY BiIOBITHHUN apryMEeHT He 3ajaHuii. [ apryMeHTiB
Tumy 00'ekT (Object) Ak 3HaUEHHSA 32 YMOBYAHHSIM MOXKHA 3a/1aTH JIHIIIC
Nothing.

CuHTakcuc BH3HA4€HHs mpoueayp-QyHKIIH CXOXHH  Ha
BU3HAYCHHS 3BUYAWHUX MPOLEIYD:

[public | Private] [Static] Function im'a [ (crnmcox-
aprymMeHTiB) ] [AsS TUI-3HAUYEHHS]

Timo-byHkiil
End Function

BigMiHHICT JHIE B TOMY, IO 3aMiCTh KJIIOYOBOTO CJIOBa Sub
JUIL  OTOJIONICHHS  (YHKIi]  BHKOPHUCTOBYETHCS ~ KIIOYOBE  CIOBO
Function, a micis CIHMCKY apryMEHTIB CIIiJi BKa3aTu THI 3HAYEHHS, 110
moBepTaeThcsl QyHKHiEr. Y Timi (yHKI Mae OyTH BHKOPUCTaHUHN
oTIepaTop NPUBJIACHEHHS BUAY: 1M's = BMpPaxeHHH

Ty, B 7iBil yacTUHI oneparopa, cToiTh iM's (QyHKILII, a B IpaBiid
— 3HAueHHs BUpa3y, SKUH 3a7ae pe3yiprar oOumcieHHs (yHKIil. SIkmo
IpY BUXOJi 3 (YHKIIT 3HAUCHHS 3MIHHOI 1M ' s SIBHO HE IPUBIIACHEHE, TO
GyHKIIsT MoBepTac 3HAYEHHS BIANOBIAHOIO THIy, BH3HA4YCHE 3a
yMmoBuaHHsAM. st uncnoBux tumiB e 0, 1 pSAKiB — psIOK HYJIBOBOT
JOBXUHH («»), IUIst T Variant (QyHKIisS NOBepHe 3HaYeHHS Empty, a
JUIA 3acJaHb Ha 00'€KTH — Nothing.

{06 HeraiiHo 3aBepuIuTH OO4MCIeHHS (YHKUIT 1 BUHTH 3 Hel, B
Timi GYHKIIT MOXKHAa BUKOPHUCTOBYBaTH orieparop: Exit Function

OCHOBHa BiJJMIHHICTb NpOLEAYp Bix QyHKIIH moJsirac B crnoco6i
ix BuUKOpucTaHHs B mporpami. Hactymna ¢yHkuisi cube mnoBepTae
apryMeHT, TiTHECCHUH B KyO:

Function cube (ByVal N As Integer) As Long
cube= N*N*N
End Function

Buxnuk miei GpyHKIii Moke MaTh BUTIISAT
Dim x As Integer, B As Integer
B = 2
x =cube (y+3)

Bxe roBopmiocs, mo Oyne-sKy (YHKII0 MOXKHA IIEPETBOPUTH B
€KBIBAJICHTHY i TpOUEeAYypYy, NpH IHOMY 3'ABISETHCS JTOAATKOBHIA
mapameTp, HeoOXiqHHUHN [T 3aBHaHHS pe3yipTaTy. OTKe, B eKBIBaJIEHTHOL
npoueaypu cubel aBa aprymeHTH:

149



Sub cubel (ByVal N As Integer, ByRef 3 As Long)
C= N*N*N ' 3000yTTSa pel’yybTaTy B 3MiHHIN, 3amaHin
IIO0 3acCJIaHH

End Sub

[i Mo’kHAa BHKOPUCTOBYBATH NSl TAKOTO K TIiHECEHHS B Ky0:
cubel y+3, x.

AJne ue He O3Hauae, 10 HE Ma€ 3HAYCHHS, SIKUU BUI IPOLEAYP
CJiJT BUKOPUCTOBYBAaTH B Tporpami. SIkOu Bupas, B AkoMy Oepe ydacTb
¢yHK1iA, OyB CKIIAAHIIIE, HATIPUKITA;

x = cube (y)+sin (cube (x))

TO #Oro oO4YMCIICHHS 3a JOMOMOTOK MpOIeaypu cubel
moTpeOyBano 0 BUKOHAHHS ICKUIFKOX ONEpaTOpPiB i BBEACHHS JOJATKOBUX
3MIHHHUX:

cubel y,z: cubel x,u : x=z+sin (u)

PyHKLUiT 3 N06iYHUM edeKTOM

VY Ki1acMYyHOMY BapiaHTi BCi apryMeHTH (YHKIIi € BXIiZHHUMHU
napamMmeTpamH, i €eIUHUN pe3ysIbTaT 00UYHCICHHS (YHKIIT — I1e 3HAUCHHS,
ske BoHa mnoBeprae. [Ipuknamom € ¢yHkuis cubel. Ane Haifyacrime
BHUKOPUCTOBYIOThCS (DYHKINT 3 10OiuHUM edekrom, TOOTO Taki (YHKIIIT,
sKi, OKpiM HaOyTTs 3Ha4YeHHS (YHKII, 3MIHIOIOTH 3HAYCHHS JESKUX
pPEe3YNBTYIOUMX TIapaMeTpiB, MepeAaBaHMX (QYHKIII 10  3aclaHHIo.
Hampuxnan:

Public Function SideEffect (ByVal X As Integer, ByRef Y
As Integer) As Integer

SIdeEffect = X + Y
Y=Y+1
End Function
Public Sub TestSideEffectO
Dim X As Integer, Y As Integer, Z As Integer
X =3:Y=25
72 = X + B + SideEffect (X, Y)
Debug.Print X, Y, Z
X =3:Y=25
7 = SideEffect (X, Y)+ X + Y
Debug.Print X, Y, Z
End Sub
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PesynbraTn 00paxyBaHs:
3 6 16
3 6 17

Sx Gaunre, MOBOAUTHCS 3 (YHKLISIMH, IO BOJIOIIIOTH ITOOITHIM
edexToM, ciig 00epekHO. Y MPHUKIAIl pe3yabTaT O0YHCICHHS CyMU TPHOX
JIOMIaHKIB 3aJICKUTh Bifl MOpsaKy ix 3amucy. Lle 3amepedye OCHOBHUM
NPUHLOMIAM MaTeMaTHKU. bijplnr Toro, ciifi po3ymiTh, IIO pe3ysbTar
0o0uKCIICHHS Hemepen0ayyBaHuii, ockinbku VBA Moxe /i 30UTBIICHHS
e()eKTUBHOCTI 3MIHIOBATH MOPSIOK Jiii mpu oOpaxyBaHHI apu()METHIHUX
BupasziB. ToMy kpale He BUKOPUCTOBYBATH Y BUPAXXCHHI BUKIMK QYHKIIT
3 MOOIYHUM e()EKTOM, IO 3MIHIOE 3HAYCHHS THX 3MIHHHUX, [0 BXOIITH B
HBOTO.

BukavkM npoueayp i GyHKuii

Buknuk 3BuuaitHoi mpouexypu Sub 3 iHIIOT mpoumeaypH MOXHA
odopmutH mo-pizHomy. [epmmii ciocio:

IM's cnmcok QakTUUHMX [DapaMeTpis

ae IM's — iM's mpouenypu, IO BHKIHKA€ETHCS, a CIHCOK
(aKTUYHUX TTapaMeTpiB — CITHCOK apTyMEHTIB, NepeaBaHuX MPOLEAYPi,
BiH IIOBHHEH BIANOBIAaTH CIHCKY AapryMeHTIB, 3aJaHOMYy B OTHCI
npoueaypH. 3aJaT el CIUCOK MOKHA PI3HUMH clloco0aMu. Y IpocToMy
BUIAJKY 3HAYEHHS repeiaBaHnX npouenypi apryMeHTIB
NIepepaxoBYIOTECSl Yepe3 KOMY B TOMY K MOPSAKY, IO 1 B CIUCKY
apryMEHTIB i3 3aroJ0BKa MPOLEIYPH.

Moske BHSBUTHCS, LIO B OJHOMY IPOEKTI AEKiJIbKa MOAYIIB
MICTSITh TPOLEAYPH 3 OJHAKOBUMH iMeHamu. J[Isi BIAMIHHOCTI TaKHX
npoleayp NOTpiOHO NpH X BUKIMKY BKa3zyBaTH IM's MPOLIEAYpPH uepe3
Kparky micist iMeHl MoJyJisi, B SKOMY BOHAa BU3HaueHa. Hampukiaz, sKio
KOXXEH 3 JIBOX MOAYyJiB Modl i Mod2 MiCTHTh BH3HAUCHHS HPOLEIYpH
ReadData, a B mpomenypi Myproc TOTpPiOHO CKOpPUCTATHCS
npoueayporo Mod2, To et BUKIMK Oyie MaTH BUTIIAL:

Sub Myproc ()
Mod2.ReadDate
End Sub

SIkmo moTpiGHO BHMKOPHCTOBYBATH NPOLENYPH 3 OJHAKOBUMHU

iIMEHaMH 3 pI3HUX MPOEKTIB, JOJAWTe O iMEH MOIYJS i MPOUEeIypH iM's
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npoekty. Hanpuknaz, sxkmo moayns Mod?2 BXOAMTh B IPOeKT MyBook,
TOM e BUKIIUK MO’KHA YTOYHHUTH TaK:
MyBook.Hod2.ReadData
Hpyruii crocid BUKIMKY MPOIeTyp HOB'SI3aHUI 3 BUKOPUCTAHHAM
oneparopa Call. B npoMy BUNaaKy BUKIMK NPOLEAYpPU BUIISIAE TaK:
Call im'sg (conmcok-bakTUUHMX-TIAPaMeTPiB)
3BEpHITh yBary Ha Te, IO B IIbOMY BUMAJKY CHUCOK (DAKMUYHUX
napamempie TIOMIIIEHO B KPYTJIi OYXKH, a B MEPIIOMY BHIAAKy — Hi.
Crpoba BUKIHKATH Tporenypy 0e3 omeparopa Call, ame i3 3aBOaHHAM
KPYIJIMX IYXOK, € JKepeloM CHHTaKCHYHUX IIOMMJIOK, OCOOJHMBO JUIs
PO3pPOOHUKIB 3 BETMKHM JIOCBiIOM TporpamyBanHs Ha [lackans ado C, ne
CIHCKM TapaMeTpiB 3aBxau B nyxkax. Ciig 3BepHYTH yBary Ha OJHY
BaXJIMBY 1, MaOyTh, HENIPUEMHY OCOOJIMBICTh BUKIMKY mporenyp VBA.
SAxmo mponenypa VBA Mae nuine oguH mapamerp, TO BOHa MOXe OyTH
BUKJIHMKaHa 0e3 onepaTtopa Call, 3 BUKOPHUCTAHHSAM KPYTJIMX Jy>KOK 1 HE
MOBIZIOMJICHHS! TIPO TMOMMUJIKY BUKJIMKY. Lle Oyno 6 He Tak cTpaimHo, sSikOu
NoBepTaBcs MpaBWILHUN pe3ynbraT. Ha skanb, e He Tak. [Ipoimoctpyemo
CKa3aHe NMPHUKIAJOoM:
Public Sub MyInc(ByRef X As Integer)
X=X+ 1
End Sub
Public Sub TestInc ()
Dim X As Integer X =1
'BUKIIMK NpPOLEenypM 3 IapaMeTpoM B IyXKax
'CMHTAaKCMYHO IOONYCTMMO, ajle MNpalle HEeKOPEKTHO'
Mylnc (X)
Debug.Print X
'KOpeKkTHUM BUKJIIMK
Mylnc X
Debug.Print X
'le TeX KOPEKTHUM BUKIIUK
Call MyInc (X)
Debug.Print X
End Sub

Pesyneratan poboTh:

1
2
3

Xoua mepmmii pa3 mpolenypa BHKIHUKAETbCS HOPMAJbHO 1
301TBIIIY€ 3HAUCHHS PE3YJIbTATY, ajie Micis 3aKiHdeHHS 11 poOOTH 3HAUCHHS
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apryMeHTa He 3MIHIOEThCSA. Y Wil cuTyamii He i€ ommcyBau ByRef,
BUKJIMK iiJie Tak, HIOW mapamMeTp OoNnucaHuii 3 onucyBayeM ByVval.

Sxmo x mporenypa Mae OLTBII HiXK OJUH IapaMeTp, TO crpoda
BHUKIIMKATH ii, B3ABIIM TMapaMeTpyd B KPYTJIi IyKKH 1 0e3 KIF0Yb0BOTO
cnmoBa Call, mpu3BOOUTH A0 CHUHTAKCHYHOI momunkd. Ock mpocTHit
MIPUKIIAN:

Public Sub SUMXY (ByVal X As Integer, ByVal Y As
Integer, ByRef Z As Integer)

Z =X +Y

End Sub

Public Sub TestSumXYO

Dim a As Integer, b As Integer, 3 As Integer

a =3: b =25

'SUMXY (a, b, 3) 'CMHTaKCMUHa IIOMMJIKAa

SUMXY a, b, =3

Debug.Print =3

End Sub

B manomy mpukimazi HEKOPEKTHHH BHKIHK Tporexypu SUMXY
Oylie BUSIBJIICHHI Ha eTami NepeBipKU CHHTAKCUCY.

PosrnsHeMO 1€ OJHY OCOONHMBICTE BHKIMKY VB-mporenyp,
MOB'AI3aHy 3 apryMeHTaMH, NepeaBaHiMH MO 3aciaHHio. Sk mpaBuio, B
MOBaxX MpOTpaMyBaHHS IS TaKMX apryMEHTIB MOXJIMBE 3HAYCHHS
(akTHYHOTO MapaMeTpa 0OMEKYEThCS, — BOHO Ma€ OYTH iM'ssM 3MIiHHOI,
3acllaHHs Ha SIKy IepelaeTbes mporenaypi. VB nomyckae MoximBicTh
3aBIaHHs U TAaKUX apryMEHTIB KOHCTAaHT 1 BUPa3iB y MOMEHT BUKJIUKY.
Bei mi pmomycku poONsSTh MOBY MEHII HAJIHHOK 1 MPH3BOIATH IO
CEepHO3HUX TOMUIIOK.

Burnuxu ¢ynxyiv. OdopmiieHHs] BUKIUKY (QYHKLIT 3aJIEKUTh Bil
TOTO, Y¥ MOTPIOHO BUKOPHCTOBYBATH ii 3HAYEHHs B mpoueaypi. Ko Bu
XoueTe nepegarn oO4ucioBaHe (YHKIIEI 3HaueHHs B 3MiHHY abo
3acTocyBaTd HOro y BHpPaXEHHI IpaBOi YaCTHHM  oOIeparopa
MPUBJIACHEHHS, TO BUKJIMK NpPU3HA4YeHOI Uil KOopucTyBaua (yHKUIT Mae
TOM K€ BHIIISAM, IO 1 BUKIHMK BOYJOBaHOI (DYHKIIIi, HAPUKIAI, Sin (X) .
[Ipu BUKIMKY BKa3yeTbcad iM'd (QYHKIII, a MICII HHOTO HAE CIHCOK
(bakTUYHUX MapaMeTpiB B KPYIIHX AyXKax. Hampukia, sKIo 3aroioBoK
¢yHKmii My func:

Func Myfunc (Name As String, Age As Integer, Newdate As
Date) As Integer

TO BUKOPHCTOBYBATH 11 3HAUEHHS MOXHA 3a JOTIOMOT 00 BUKIIHKIB!

val= Myfunc("Alex",25, "10/04/97")
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abo
x = sqrt (Myfunc ("Alex",25, "10/04/97"))+ x

Sxmo X 3HaYeHHS, IO OOYHCIIOETHCS (YHKIE0, Bac He
LiKaBUTh 1 MOTPiOHO cKopuCTaTHCs numie i MoOIYHUMH edeKTamMH, TO
BHKIIMK (QYHKIIT MOXe MaTH Ty X (OpMy, IO i BUKIHUK IPOLEAYPH Sub.
Hampuxnan:
Myfunc "Alex",I, "10/04/97"
abo:
Call Myfunc (Myson, 25, DateOfArrival)

BuKopUCTaHHA iIMEHOBAHUX apryMeHTiB

Y nonepenHix npuKiagax (GakTUUHI apaMeTpu BHUKIHKY
npoueaypu abo (GYHKIII pO3TAlIOBYBAJIMCS B TOMY K MOPSIKY, IO i
(dbopmanbHi apameTpu B i 3aronoBky. lle He 3aBxau 3pydHO, OCOOIMBO
SKIIO JesKi apryMeHTH HeoOoB'si3koBi (Optional). VB nmo3Bossie
BKa3yBaTH  3HAYEHHS  apryMeHTIB B  JOBUIBHOMY  TOpSJIKY,
BHKOPUCTOBYIOUM ixHI iMeHa. [lpm mpOMy Tmicisg iMeHI aprymeHTa
CTaBJISITHCSI ABOKpAIKa, & TAKOX 3HAK PIBHOCTI, MICNIsl SKOTO TOMILA€ThCs
3Ha4eHHSA aprymenrta (QpaxTuaamid mnapamerp). Hampukman, BHKIHK
PO3MIISIHYTOT BHILIE Mpoleaypu — GyHKIIT My func Moxe BUTJSIIATH TaK:
Myfunc Age:= 25, Name := "Alex", Newdate:=
DateOfArrival;

Crmoci6 oco0imMBO 3pyYHHH TPH BHKIUKY TPOLEAYp 3
HEOOOB'SI3KOBHUMH apryMEHTaMHM, SKi 3aBXIH IOMIMIAIOTHCS B KiHEUb
CIIUCKY apr'yMEHTIB B 3ar0JIOBKY MpOIeypH. Xail, HAPUKJIAJ, 3aroJ0BOK
npoueaypu ProcEx:

Sub ProcEx (Name As String, Optional Age As Integer,
Optional City = "Mockea")

Cmucok  apryMeHTiB  JaHOI MPOLEAYpH  BKIOYAE  OIUH
000B’s3KOBHI apryMeHT Name i JBa HeoOOB'SI3KOBHX: Age 1 City,
MPUYOMY JIJIsl OCTAHHBOTO 3aJaHO 3HAYCHHS 32 YMOBYAHHSAM «MOCKEBa» .
SIKImo mpu BUKIIMKY i€l IPOUEAYpH APYTUil apryMeHT He MOTpiOHUM, TO
IIPH BHUKJIKMKY, II0 HE BHKOPHCTOBYE IMCHOBAaHHMX IapaMeTpiB, caM
mapameTp OIMyCKAa€ThCsl, aje KOMa, IO BHIUILE HOro, IOBHHHA
3ATHITUTHCS:

ProckEx "Oma",,"Tsepp"

3aMicTh IBOTO MOKHA BHKOPHUCTOBYBATH BHKIUK 3 IMCHAMHU
apryMEHTIB:

ProcEx City:="TBepp", Name:="0mna"
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TyT He MOTPiOHO 3aMIHIOBATH MPOIMYIIEHUH apryMEeHT KOMaMH i
JOTPUMYBATH TIEBHUN MOPSAOK DOTPUMAHHSA apryMeHTiB. SIKmio meskuit
HEOOOB'A3KOBHH apryMeHT HE 3aJaHWi IPH BHUKIUKY, 3aMiCTh HBOTO
MICTaBIsI€ThCA 3HAUCHHS, BU3HAYEHE KOPHUCTYBadeM 32 yMOBYAHHSM.
SKmo 1 Take He BMU3HAYCHE, TO IIACTABISIETHCA 3HAYCHHS, BU3HAUCHE 3a
YMOBUYaHHSM JUIS BiANMOBiAHOTO THIy. Hampukian, mpy BUKIHUKY:

ProcEx Name:="Omua"
SIK 3HaYEHHs apryMeHTa Age B Ipoueaypy nepenactscs 0, a ik apryMeHT
City — sBHO 3a/laHe 332 YMOBYAHHAM 3Ha4eHHA «MOCKBay.

Sk mponenypa «Ii3HA€TbCA», UM TEpeNaHuil 1 NpU BUKIUKY
HeoOoB'sI3KOBUiT aprymeHT? s HbOro MOKHa CKOPHUCTATHCS (YHKIIEIO
IsMissing. Bona mo iMeHi aprymeHTa MHOBEpTa€ JIOTIYHE 3HAYCHHS
True, KOJM 3Ha4YCHHs apryMeHTa He IepeiaHe B npouenypy, i False —
SKIIO apryMEHT 3aJaHuil. Ane Ie Bce Npalioe JIMIIE B TOMY BHIAJKY,
SKIIO TapaMeTp Mae Tun Variant. [ BCiX IHIIUX THITB TaHUX
BBa)KAEThCS, 1[0 B HPOLENYPY 3aBXIM IepeJaHo 3Ha4YeHHS NapaMmeTpa,
SIBHO 200 HESBHO 3a/laHE 32 YMOBUYaHHAM. TOMYy SKIIO Taka IEpeBipKa
HeoOXifHa, TO TapaMeTp MOBHHEH MaTH THI Variant. Bigsraummo
TaKOX, L0 ISl MAaCUBY apryMeHTiB ParamArray QyHkuis IsMissing
3aBXKAH MoBepTae False, i IS BCTAHOBICHHS HOTO IOPOXKHEYI MOTPiOHO
NepeBIpsTH, 10 BEPXHI KOPIOH 1HAEKCY MEHIIE HIKHBOTO. Po3risHeMo
(bYHKIIIIO BiJl JBOX apryMEHTIB, APYTHUil 3 IKUX HEOOOB'SI3KOBHIA:

Function TwoArgs (I As Integer, Optional X As Variant)
As Variant

If IsMissing(X) Then

' AKWO 2-uMi apryMeHT B1iAOCYTHiM, TO HOBEPHYTHM 1-M.

TwoArgs = I

Else

' gakmo 2-uM apT'yMeHT €, TO INOBEPHYTM I1IX HOOYyTOK

TwoArgs = I*X

End If

End Function

PesynpraTh  meKiIbKOX BHUKIMKIB 1€l  QyHKOii y BikHI
HaJlaro/pKeHHS:
? TwoArgs (5,7)
35
? TwoArgs (5.5)
6
? TwoArgs (5, 5.5)
27,5
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? TwoArgs (5, "6")
30

AprymMeHT Macusu

ApryMeHTH MpOLEAypH MOXKYTh OyTH MacuBamu. [Iporemypi
mepefiaeThCsl  iM's  MacWBy, a HOrO0 PO3MIPHICTh BHU3HAYAETHCS
BOymoBanumu (QyHKHisMu LBound 1 UBound. HaBenemo mnpukian
MIPOIIETyPH, IO OOYUCITIOE CKANIAPHUIN T00YTOK BEKTOPIB:

public Function ScalarProduct (X () As Integer, Y() As
Integer) As Integer ¢O0OUMCIIOE CKaJIAPHMUM IOOYTOK IOBOX
BekTOpiB. 'llepenBavaeTbCca, WO KOPIOHM MacuBI1B
30iranThCd.

Dim i As Integer, Sum As Integer Sum = 0

For i = LBound(X) To UBound(X) Sum = Sum + X (1)* Y (1)
Next i ScalarProduct = Sum

End Function

OOunBa mapaMeTpu MPOLCAYPH, IEpelaBaHi MO 3acClIaHHIO, €
MacuBamd. PoOoTa 3 HUMH B TN TpOLEAYpPH HE BHUKIUKAE YTPYIHEHB
3aBISIKA TOMY, IO (1)yHI<L[i'1' LBound 1 UBound 03BOJISIIOTh
BCTAHOBUTH KOPIOHM MAacuBy 10 OyIb-skoMy BuMipy. Hasememo
nporpamy, B sikiii BUKIHMKaeThest pyHkuis ScalarProduct:

Public Sub TestScalarProductQ Dim A(1l To 5) As Integer
Dim B(1 To 5) As Integer Dim 3 As Variant Dim Res As
Integer Dim i As Integer

3 = Array(l, 2, 3, 4, 5) For i =1 Te 5 A(i)= C(i — 1)

Next i

3 = Array (5, 4, 3, 2, 1)

For 1 = 1 Te 5

B(i)= C(i — 1) Next i Res = ScalarProduct (A, B)
Debug.Print Res

End Sub

[HKOJINM, KONMM B mpouLeaypy CIHif MepeaaTH JHIIe OJUH MacHB,
MOXKHa BHKOPHUCTOBYBaTH KOHCTPYKIil0 ParaTtArray. HacrymHa
nporenaypa PosNeg MpoYUTye CYMHU HAAXOKeHb Positive i BUTpar
Negative, BKa3aHWH y MacuBi Sums:
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Sub PosNeg (Posltlve As Integer, Negative As Integer,
ParamaArray Sums () As Variant)

Dim I As Integer

Positive = 0: Negative = 0
For I = 0 To UBound(Sums ())' UMKJ IO BClX eJIeMeHTax
MaCUBY
If Sums(I)> 0 Then
Positive = Positive + Sums (I)
Else
Negative = Negative — Sums(I)
End If
Next I
End Sub

Bukimnk npouenypmu PosNeg Moxe MaTuM BUIJIAL:
Public Sub TestPosNeg()
Dim Incomes As Integer, Expences As Integer

PosNeg Incomes, Expences -20, 100, 25, -44, -23, -60,
120

Debug.Print Incomes, Expences

End Sub
B pesynpraTi 3MiHHa Incomes HaOyzae 3HadeHHS 245, a 3MiHHA
Expences — 147. BiaMiTbTe, mepeBarold BHKOPUCTAHHS MAacHBY

apryMeHTiB ParamArray €  MOXIHUBICTh 6e3rocepesHLOr0
nepepaxyBaHHs €JIEMEHTIB MaCUBY Y MOMEHT BHKJIHKY.

IIpore Take BUKOPHUCTaHHS MacuBY apryMeHTiB ParamArray He
BUYEPITYE BCIX HOT0 MOXJIMBOCTEH. Y CKIAAHIMIMX CHTYalisiX MepeaaBaHi
apryMeHTH MOXXYTh MaTH pPi3Hi THIIH. HaBexemo npukman.

3aBAaHHA NPo MeAiaHy

Hnst macuBy M 1 enemeHTta Cand OOYMCIUTH PI3HHIIO MK
YHUCIIOM €JIEMEHTIB MacuBy M, OifbIINX 1 MEHITNX, Hik Cand.

Lle Bapiauwis 3aBIaHHS PO MeliaHy — «CEPEAHIN» eJIeMEeHT
MacuBy. MeJiaHy MO)XKHA BU3HAYWTH, HAIPUKIAJ, TAKUM aITOPHTMOM:
YIOPSIIKYBABIITH MacHB, Y3STH €IEMEHT, 10 3HAXOAUTHCSA B cepeanHi. € i
e(eKTUBHII aJTOPUTMH. Ajie 0OMEXUMOCS TMPOCTIIIMM 3aBJaHHAM —
MIEPEBIPKOI0 HA «MEIaHHICThY. BiAMITHMO: SKIIO BCi €IEMEHTH MacuBy M
Pi3HI 1 4UCHO iX HemapHe, TO JUIS MeAiaHU ITyKaHA B 3aBJaHHI Pi3HUI
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nopiaroe (0. VY 3aranbHOMY BHIIAIKy 3HA4CHHS pPI3HHI € MIpOIo
HaOmDKeHHS mapameTpa Cand 0 MeIiaHH MacHuBy M.

Aue 3aiiMeMocsl acreKTaMy MPOrpaMyBaHHS LbOTO 3aBIaHHS. Y
GyHKIII, IO peai3oBye Iie 3aBIaHHs, Ha BXOJI — MAacuB, a Ha BUXOJI —
ckaysip. Xorinocs 0, mo0 1 QyHKLisS Moryia BUKIMKATHCS Yy (opMyax
pobouoi cTopiHKH, a 5K GakTHuHMN mapamerp i Morim 6 OyTH TmepenaHi
gk offeV1 """e-'' nana IsMediana:

Public Function IsMediana (M As Variant, Cand As
Variant) As Integer

enaHmit MacuB M 1 esemenT Cand. fkx pe3ynubTar
IOBEPTAETHLCA

*pisHMIA MiX UMCIIOM eJileMeHTiB MacuBy M, Oimpmmx 1
MeHmmx Hix Cand. Dim i As Integer, j As Integer niffi

Pos As Integer, Neg As Integer pos 0: Neg = 0
*AHasiz THna napamerpa M
If TypeName (M)= "Range" Then For 1 = 1 To M.Rows.Count

For 7 = 1 To M.Columns.Count If M.Cellsd, j) > Cand
Then

Pos = Pos + 1 Elself M.Cellsd, j) < Cand Then
Neg = Neg + 1 End If Next j Next i IsMediana = Pos —

Neg Elself TypeName (M)= "VARIANTO" Then 'TypeName is
"VARIANTO"

'lle MacuB, ajie He B0BCiM CHpPaBXH1M, s HLOTO He
BM3HAUeH1, 'manpukiazn, oyHxkuii xopmouim: LBound,

UBound. Dim Val As Variant For Each Val In M If Val >
Cand Then

Pos = Pos + 1 Elself Val < Cand Then

Neg = Neg + 1 End If Next Val IsMediana = Pos — Neg
Elself TypeName (M)= "INTEGERO" Then

'lle conpaBxHil MacuB uismx VBA, znjas gxoro 'Bu3HaueHi
byuxuii xopmouiB. For i = LBound (M) To UBound (M) If
M(i)> Cand Then

Pos = Pos + 1 Elself M(i)< Cand Then

Neg = Neg + 1 End If Next i IsMediana = Pos — Neg Else
MsgBox ("Ilpu BuMkIMKY OyHKUMM:IsMediana (M,Cand)"

& "- M He e mMacumBoM aBo o6'exroMm Range!") End If

End Function
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PeKypcuBHi npoueaypu

Pekypcis BimOyBaeThbes, sxmo ¢QyHKIisE abo migmporpama
BUKIJIMKA€E cama cebe.
[psima pexypcis (direct recursion) BUTIAIa€ TPUOIU3ZHO TaK:

Function Factorial (num As Long) As Long
Factorial = num * Factorial (num — 1)
End Function

B pasi mempsmoi pekypcii (indirect recursion) peKypcHBHa
npoleaypa BUKIMKAE IHIIY TPOLENypy, SKa, y CBOIO Yepry, BHKIHUKAe
nepury:

Private Sub Ping(num As Integer)
Pong (num — 1)
End Sub

Private Sub Pong(num As Integer)
Ping (num / 2)
End Sub

CraHmapTHUH TIPUKIAA PEeKypCUBHOI mpouenypu — QyHKmis —
¢axropian Fact(N)= N!. [i BusHauenns B VB:
Function Fact(n As Integer) As Long

If n <= 1 Then ' Basuc 1Hmykiii.
Fact =1 'o! =1
Else ' pexypCMBHUM BUKIMK B pas3i N > 0.
Fact = Fact(n — 1)* n
End If

End Function

Crouatky s (QyHKIiSI TepeBipse, IO YHCIO MeEHIe abo
nopiBHioe 0. dDakrTopian A YMCEN MEHINE HyJsl He BU3HAUEHUH, alie I
yMOBa IepeBipseThCS I MiACTpaxoByBaHHA. SkOn (QyHKIS mepeBipsia
JIUIIE YMOBY JOPIBHIOBAHOCTI YHCIAa HYJIO, TO JUIA BiJA €MHHX YHCEIN
pexypcist Oyna 6 HeCKiHIEHHOIO.

Skmo BXigHe 3HayeHHS MeHme abo popiBHioe 0, QyHKUisn
noBeprae 3HadeHHs 1. B iHmmxX Bumankax 3HayeHHs QyHKUii K0opiBHIOE
NOOYTKY BXIJIHOTO 3HAa4eHHs Ha (akTopian BiA BXiTHOTO 3HAYCHHS,
3MEHILIEHOT0 Ha OJIMHULIO.
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Te, mo ua pexkypcuBHa (YHKIS BPEIITI-PEINT 3YIHHUTHCA,
rapaHtyetscst nBoma (akramu. Ilo-mepmie, mpH KOXXKHOMY HOAAIBLIIOMY
BUKJIMKY 3HAQUSHHS [TapaMeTpa num 3MeHIIYyeThCsA Ha oauHMIo. [lo-npyre,
3Ha4YeHHI num oOMexeHe 3HHM3y HyieM. Komu num popiBHioBatuMe O,
(GYHKIISA 3YNHHAE PEKypcilo. YMOBa, HANPHUKIAL, B JAaHOMY BHIAIKY
yMoBa num<=0, Ha3UBAETHCS YMOBOIO 3YIIMHKH PEKYPCii.

[lpn KOXHOMY BHKJIMKY MiJNPOrpaMu cucrtema 30epirae psn
napaMmeTpiB B CUCTEeMHOMY cTeKy. OCKIIBKM LeH CTEK BiJirpae BaKIUBY
poJb, IHKONM HOrO Ha3WBalOTh IIPOCTO CTEKOM. JSIKIIO peKypcuBHA
¢GyHKIisT BUKIMYe cebe HanTo 0Oarato pasiB, BOHA MOXKE BHYEpIATH
CTEKOBHH TPOCTIp 1 aBapiiiHO 3aBepuIMTH poOoTy 3 momumikon «Out of
stack space».

UYucno pasis, sike (QYHKINS MOKe BHKJIMKATH cama cede J0 Toro,
IK BHUKOPHUCTa€ BECh CTEKOBUH MPOCTIp, B3aleKUTh Bix 00'eMy
BCTaHOBJICHOT HAa KOMIT'FOTEPi TaM'sITi 1 KITBKOCTI TaHUX, IO MOMIIIaf0ThCS
IpOrpaMol0 B CTEK. B omHOMy 3 TecTiB mporpaMa BUueprana CTEKOBHUIl
mpocTip micius 452 pexypcHBHUX BHKIHKIB. Ilicis 3MiHH peKypCHBHOI
¢yHKIIi TaKUM 9HHOM, 00 BOHA BH3Hadana 10 JOKanbHUX 3MiHHUX IPU
KO>KHOMY BHKIIHKY, ITpOrpamMa MorJia BUKJIMKaTH cebe e 271 pas.

OCKIJIbKH KOKEH BUKIJIMK TPOLETypH BUMArae HakJIaJHUX BUTPAT,
edexkTuBHiLIe s (haKTOpiany iTepaTMBHA Iporpama:

Function Factl(n As Integer) As Long
Dim Fact As Long, i As Integer

Fact = 1 0! =1.
If n > 1 Then ' LMK 3aMicTb pexkypcii.
For i =1 To n
Fact = Fact * i
Next i
End If

Factl = Fact
End Function
Hagenemo nporienypy, 10 OILIHIOE Yac BUKOHAHHS PEKYPCHBHOIO
1 HEPEKYpPCHBHOT'O BapiaHTIB:
Private Sub cmStart Click()
' JlopiBHAHHA 3a YacoOM PeKYyPCUBHOIL 1 He peKypCHUBHOIL
peanizauii daxTopiany.
Dim i1 As Long, Res As Long
Dim n As Integer
Dim Start As Single, Finish As Single
'PexypCuBHe oOumciieHHa odakTopiagy
n = txInput.Text
Start = Timer
For i = 1 To 100000
Res = Fact (n)
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Next i

Finish = Timer

1bOutput.Caption = 1lbOutput.Caption & vbCrLf &
"UJac pekypcuBHUX ofBpaxyBaHb:" & (Finish — Start)
'He pexypcuBHe oOOUMCIIeHHS bakTopilasy

Start = Timer

For i = 1 To 100000
Res = Factl (n)

Next i

Finish = Timer

1bOutput.Caption = 1lbOutput.Caption & vbCrLf &
"UJac HepeKypCHUBHMX oOOpaxyBaHb:" & (Finish — Start)
End Sub

Pesynbratn oOumciaeHp puc.5.1 HaBeACHI i ABOX 3aIllyCKiB
TECTIB MPOIEAYPH.

Sk Gauwte, B JaHOMY BHIA/IKy HEPEKYpPCUBHUH BapiaHT IPALIOE B
Tpu pasu mBuame. OkpiM mpoOieM 3 4acoM BHKOHAaHb, PEKYPCHBHI
MPOIEIyPH MOXKYTh JICTKO BHYEpPIATH 1 CTEKOBY maM'siTh, B SKid
PO3MIIIYIOTBCSI apTYMEHTH KOXKHOTO PEKYpPCHBHOTO BHKIHMKY. Tomy
YHUKaiTe HEKOHTPOIBLOBAHOI'O PO3MHOXKCHHS PEKYpPCHBHHX BHKIHKIB i
3aMiHIONTE PEeKypCHBHI alTOPUTMH Ha ITEpaTHBHI TaM, ¢ BUKOPUCTAHHS
peKypcii 1Mo cyTi He OTpiOHe.

S —

Bpema perupcHEHbI BeicnsHu: | 054668
Bpema HSpeRUPCHEHBIX Bl nenui:0,32031 25
Bpema perypCHEHGE: Bbluenanwi: 1, 050781
Bpema HSperUPCHEHBIX BbiueneHUE 0,31 25

Puc.5.1. IlopiBHAHHS 32 YacOM pEeKypCHBHOI 1 HEPEKypCHBHOI peaizarii
¢daxTopiamy
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PeKkypcuBHE 06UACAEHHS HaMBIAbLLIOrO 3araAbHOro AiAbHWUKa

Hauibinvwum 3acanonum Oinenuxom (greatest common divisor,
GCD) 060x uucen Ha3WBAa€EThCSA HAWOINBINE IIiie, HA SKE IUIATHCS Ba
grcia 0e3 3anmmKy. Hampukiran, HaltOUIbIINi 3aradbHAN TUTHHUK 9UCEI
12 19 nopisaroe 3. JIBa yrcia Ha3UBAIOTHCS B3aeMHO npoctumH (relatively
prime), Ko iXHil HAROUTBIINIA 3araNbHUI TUTBHUK TOPIBHIOE 1.

Marematuk Eftnep, mo *XuB y BiCIMHAAIIATOMY CTOJITTi, BUIBUB
nikaBui QakT: koo A 0e3 ocradi AimuThes Ha B, To GCD (A, B)= A.

Imaxkme GCD (A, B)= GCD(B Mod A, A).

Leii ¢akT MOXKHA BUKOPHCTOBYBATH ISl IIBUJIKOTO OOYUCIICHHS
HAMOLIBIIOTO 3arajbHOTO AibHKUKA. Hanpukiam:

GCD(9, 12) = GCD(12 Mod 9, 9) =GCD(3,9) =3

Ha xo’xHOMY KpoIli 4mcia CTaroTh BCE MEHINE, OCKUIBKH 1<=B
Mod A<A, sKmo A He IUIHTHCS Ha B 0e3 3ainumKy. Y Mipy 3MCHIICHHS
apryMeHTiB, BpemTi-pemT, A HaOyme 3HaueHHs 1. OCKUTbKH Oynb-sike
YHCIO TUMUTHCS Ha 1 Ge3 3aJIMIIKy, Ha IbOMY KPOL peKypCisl 3yNUHUTHCA.
Takum 4nHOM, B sIKili-HEOYZb MOMEHT B pO3IUIMTHCS Ha A 03 3aUIIKY, i
po06oTa Iporerypy 3aBepIIUTHCS.

Binkpurrss Eiinepa 3akoHOMIpHMM YHHOM  HaBOIUTH IO
PEKYPCHUBHOTO  alITrOPUTMY OOYHMCIECHHS  HaWOIJIBLIIOTO  3arajlbHOTO
IJIBHUKA:

public Function GCD(A As Integer, B As Integer) As

Integer
If B Mod A = 0 Then ' Uy pinmurbca B Ha A Ges
3aMmKa ?

GCD = A ' Tak. I[lpouemypa 3apBepleHa.
Else

GCD = GCD(B Mod A, A) ' Hemae. Pexkypcis.
End If

End Function

[lo6 mpoaHami3yBaTd dYac BUKOHAHHS IOTO AlTOPUTMY,
HEOOXITHO BU3HAYWTH, HACKUILKA WIBHJIKO 3MEHIIYETHCS 3MiHHA A.
Ockinibk (QYHKITISI 3YMUHSAETHCS, KOJIM A JOXOAUTHh A0 3HadeHHs 1, To
IIBUJIKICTh 3MCHIICHHS A JJa€ BEPXHIM KOPIOH OMIHKKA Yacy BHKOHAHHS
AITOPUTMY. BUSBIISAETHCS, IPU KOKHOMY APYrOMY BHKIUKY (BYHKIT GCD
mapameTp A 3MEHIIY€eThCs, PUHAIMHI, B 2 pasu.

[pumyctumo, A < B. Llg ymoBa 3aBXAM BUKOHYETHCS IPH
nepmoMy BHKIHKY (yHKIi GCD. flkmo B Mod A <= A/2, To mpH
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HACTYITHOMY BHUKJIMKY ¢yHKOii GCD mepmuii mapamerp 3MEHIIUTHCH,
NpUHAlMHI, B 2 pa3H, 1 J0Ka3 3aKiHYeHHH.

[Mepen6aunmo 3BopotHe. [lomyctumo, B Mod A > A / 2.
[epmM pexypcuBHUM BHKJIMKOM (yHKII GCD Oyzme GCD (B Mod A,
A) .

[TincranoBka y ¢pyHKIit0 3HaueHHss B Mod Ai1A3aMmicth A 1 B
Jla€ HaCTYNIHUH PEKypCUBHUM BUKIUK GCD (B Mod A, A).

Aune mu nepenoaumiy, mo B Mod A > A / 2. Tomi B Mod
A pO3OUIHMTHCS HA A JHINE OAWH pas3, i3 3aNumkoM A — (B Mod A).
Ockinbku B Mod A Oimplue, HDKA / 2, TO0A — (B Mod A) mOBHHHE
OyTu MeHme, HDK A / 2. 3HaUUTh, NEPIIMHA MapameTp APYroro
PEKYypCHBHOTO BHKJIWKY (yHKIiI GCD MeHmWH, HOXK A / 2, mo i
NOTpiOHO OYIJIO JOBECTH.

[Mepen6aunmo tenep, mo N — 1ie BUXiJHE 3HAUCHHS Mapamerpa
A. IMicna mBox BHKIWKIB (yHKHiiI GCD 3HAYEHHS MapaMeTpa A TOBHHHE
3MEHIINTUCh, NpHHaiMHI, 10 N / 2. [licmd 4YOTMpHOX BHKIHKIB Iie
3Ha4YeHHsA Oynae He Oinbmie, HK (N / 2) / 2 = N / 4. Ilicnsa
IIeCTH BUKJIMKIB 3HAUCHHS HE repeBepmryBatume (N / 4) / 2 = N
/ 8. VY 3arajpHOMYy BHMOajnKy micis 2 * K BHKIMKIB QyHKHii GCD
3Ha4YCHHS mapaMmerpa A Oyze He Oinpmie, HDK N / 2K.

=T

Fil=e Help
A |1 736751235
B |2135?23523

GCD[A. B] I?1
GCD computedh 7 limes

Puc.5.2. Pe3ynpTaT 00YUCIICHHS HAHOUTBIIOTO 3aralbHOTO
JTHbHAKA
OCKiIbKM ~ aJITOPUTM TOBUHEH 3YIMUHUTHCS, KOJM 3HAYCHHS
napamerpa A fiize g0 1, BiH MOXe MPOJOBKYBATH MPALIIO JIUIIE O THX
mip, MOKM He BUKOHAEThCs PiBHICTH N/2K=1. lle BinOyBaeThbcs, KOIH
N=2K abo xom1 K=10g2 (N) . OCKiIbKH aNTrOpUTM BHKOHYEThCA 3a 2*¥K
KpOKiB, Il O3Ha4ae, 10 ITOPUTM 3YINHMHUTHCS HE OUIbII, HDK depes
2*10g2 (N) KpokH. 3 TOYHICTIO JO MOCTIHHOTO MHOXKHUKA II€ O3HAYaE,
0 aJITOPUTM BUKOHYEThCS 3a 4ac nopsiaky O (log (N)) . AnroputMmu
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mopsiaky O (log (N) ) 3a3BHYail BUKOHYIOTBCS TyKe IIBHIKO, i aTOPUTM
3HAXO/PKEHHSI HaWOUIBIIOr0 3araJibHOTO JUIBHUKA HE € BUKIIOYEHHSM 3
nporo mpaBwia. Hampuknanm, mo0 3HaiTH, 00 HAWOUTBIIMK 3arajibHUN
OUTbHUK umcen 1.736.751.235 1 2.135.723.523 nopiBHioe 71,
(YHKIIS BUKIAKAETHCS BCHOTO 17 pa3iB. @akTHYHO alNrOPUTM MPAKTHIHO
MHUTTEBO OOYHCIIIOE 3HAYCHHS, LIO HE IEPEBUINYIOTh MaKCUMAaJbHOTO
3Ha4YeHHS dncna y ¢opmati long , — 2.147.483.647. DyHKUiga
Visual Basic Mod He Moe onepyBaTu 3Hau€HHSMH, OUIBIIMMHU 3a 1€,
TOMY Iie IPaKTHYHA MeXa JJIs JaHOi peasti3auii allropurmy.

Kopucts Bif peKkypcHBHUX INpoHenyp OiJbLIO MIpOH MOXe
BUSIBUTUCST TpU OOpoOIll JaHUX, IO MarOTh PEKYPCUBHY CTPYKTYpY
(ckaxiMo, iepapxiuHy abo MepeKeBy).

Hebesaneku pekypcii

Pekypcist MOXKe CIyKUTH MOTYXKHUM METOJIOM PO3OUTTS BEIUKUX
3aBlaHb Ha YaCTHWHH, ajlieé BOHA TaiTh y coOi KiibKka HeOe3mek. Y MbOMY
PO3AiTl MU PO3TIITHEMO JIEsKi 3 IIMX HeOe3IeK i MOsCHUMO, KOJH BapTo, a
KOJTH HE BapPTO BUKOPHUCTOBYBATH PEKYPCIiIO.

HeckiHueHHa pekypcis

Haii0inpmr  oueBuaHa  HeOe3meka  pekypcil  mojsirae B
HECKIHYeHHIi pexypcii. SIKIo HenpaBWIIbHO MOOYAYBaTH alropuTM, TO
GyHKIIST MOXe MpPOIYCTUTH YMOBY 3YNHMHKM pekypcii ©  Oyzde
BHUKOHYBAaTHCsl HecKiHYeHHO. Hainpocrimie 3poOUTH 110 MOMMUIIKY, SIKIIO
npocTo 3a0yTH IPO NEPeBipKy YMOBH 3YIHHKH, SIK Ie 3po0ieHO B
HACTYITHIM MOMMIIKOBIH Bepcii hyHKuiT pakropiana. Ockinbku QYyHKIIS He
nepeBipsie, YU JOCSTHyTa YyMOBa 3YIHMHKM peKypcii, BoHa Oyxe
HECKIHYEHHO BHKJIMKATH caMmy cede.

Private Function BadFactorial (num As Integer) As
Integer

BadFactorial = num * BadFactorial (num — 1)
End Function
@dyHKIiS TaKoX MOXE BHUKIMKATH ceOe HECKIHYeHHO, SKIIO
yMOBa 3yIUHKN HE MPUIHHAE BCI MOXKJIMBI NUIAXH peKypcii. Y HacTymHiN
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MMOMIJIKOBIA Bepcii ¢yHkuii Qakropiana, ¢yHKIisS Oyne HECKiHIEHHO
BUKJIMKAaTH ceOe, SKIO BXiJgHE 3HAYEHHS — HE I[IJIE YHCI0, ab0 SIKIIO
BoHO MeHmre 0. 1li 3HaUCHHS HE € MPUITyCTUMHMH BXiAHUMH 3HAYCHHIMH
it QyHKOii QaxTopiama, TOMy B TpOrpami, IO BHKOPHCTOBYE IO
¢GyHKII0, MOXe 3HAaTOOMTHCS TIepeBipKa BXiIHWX 3Ha4deHb. lIpote Oyxme
Kpaiue, SKmo (GYHKIIS BUKOHAE IO TIEPEBipKy cama.

Private Function BadFactorial2 (num As Double) As Double
If num = 0 Then

BadFactorial2 =1
Else

BadFactorial?2 = num * BadFactorial2( num-1)
End If

End Function

Hacrynna Bepcis ¢yHKmii Fibonacci € OUTBII CKIaTHAM
NPHUKIagoM. Y Hili yMOBa 3yIHHKH PeKypCii NPUIHMHAE BUKOHAHHS TiIBKH
JEeKITBKOX MUIAXIB PeKypcii, 1 BUHUKAIOTH Ti K MPOOIEMH, MO W mpu
BHKOHaHHI QyHKIiT BadFactorial?2, sKmo BXiTHI 3HaYCHHS BiX €MHI
abo He 1ii.

Private Function BadFib (num As Double) As Double
If num = 0 Then
BadFib = 0
Else
BadFib = BadPib (num — 1) + BadFib (num — 2)
End If
End Function

I ocranns mpoGnema, TOB'SI3aHa 3 HECKIHYEHHOIO PEKYpCIEIO,
moJisirae B TIM, IO «HECKIHUYEHHA» HACIIPaBAi O3HA4Yae «JOTH, HOKH He
Oyne BHWYepHaHWH CTEKOBUI mpocTip». HaBiTh KOpeKTHO HammcaHi
PEKYPCHUBHI NpoLeaypH OyAyTh 1HOJI MPUBOIAMTH 0 TIEPETIOBHEHHS CTEKa
i aBapiitHe 3aBepiieHHst podoty. HactynHa ¢yHKIis, 10 004YHCITIOE CyMy
N + (N—1) + .. + 2 +1, NpuBOAUTH JO BUYEPIAHHS CTEKOBOI'O
IIPOCTOPY NP BeNUKUX 3Ha4eHHsX N. Haiibinplie MoxinBe 3HaueHHS N,
IIpHU SKOMY Tporpama mie OyZe MpalfoBaTH, 3aJeKUTh BiJ KOHGIryparii
BaIlIOT0 KOMIT'IOTEpA.

Private Function BigAdd (N As Double) As Double
If N <= 1 Then
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BigAdd = 1
Else

BigAdd = N + BigAdd(N — 1)
End If

End Function

IIporpama BigAdd (mucx =3 ODpukiajaMy -— I[anka
ProgR5) peMoHcTpye ned anroputMm. [lepeBipTe, HAacKiIbKH BEIIUKE
BXiJIHE 3HA4YCHHA BH MOXKETe BBECTH B Il mporpami J0 TOTO, SK
HACTYIIUTh TIEPETIOBHEHHS CTEKY Ha BalIOMy KOMII'TOTEPI.

Brpatu nam'ari

Inma HeOesmeka pekypcii momsrae y BrTpatax mHam'sti. Ilpu
KO’)KHOMY BHKIIUKY IiJIIIPOrpaMH CHCTEMa BHJIUISE TaM'ATh JUIsl JIOKaJIbHUX
3MIHHUX HOBOI mpomenypu. Ilix wac ckiIaaHOI  MOCIIZOBHOCTI
PEKYPCUBHMX BHKJIMKIB 3HAaUHa YaCTHHA 4yacy i mam'sti koMmm'totepa Oyne
WTWM Ha BUIIJIEHHA W 3BUIBHEHHSA maM'ATi Uil LMX 3MIHHMX Iif 4ac
pekypcii. HaBith sikmo me He mnpuBelne 0 BUYEPIAHHS CTEKOBOTO
MIPOCTOPY, Yac, BUTPAUCHHA Ha pOOOTY 31 3MIHHUMH, MOXE OyTH 3HAYHUM.

IcHye Kinpka croco0iB 3MEHIICHHS LUX HaKJIagHUX BUTpaT. Ilo-
mepmie, HE CIiJ BUKOPHUCTOBYBATH BEJHKY KUIBKICTH HEMOTPIOHUX
3MiHHHX. HaBiTh sKIO miAmporpama He BHKOPUCTOBYe iX, Visual Basic
OTHAKOBO OyZe BIiNIBOIWTH TaM'saTh Mix Ui 3MiHHI. HacrymHa Bepcis
¢ynkuii BigAdd me mBue TPUBOAUTD JIO NEPENIOBHEHHS CTEKY, HIX
TIOTIePETHSL.

Private Function BigAdd (N As Double) As Double
Dim Il As Integer
Dim I2 As Integer
Dim I3 As Integer
Dim I4 As Integer
Dim I5 As Integer

If N <= 1 Then

BigAdd =1
Else

BigAdd = N + BigAdd (N — 1)
End If

End Function
Skmo BM He BIEBHEHi, YW MOTpiOHA 3MiHHA, BUKOPUCTOBYHTE
oneparop Option Explicit i1 3aKOMEHTYHTE BWU3HAYEHHS 3MIiHHOI.
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[Ipu cipo6i BukoHaTH mporpamy Visual Basic moBiqoMuTs po MOMHUIIKY,
SIKIIIO 3MiHHA BUKOPHCTOBYETHCS B IIPOTPAMI.

Bu Takox MOXXeTe 3MEHIINTH BHUKOPHUCTaHHA CTEKY 3a PaxyHOK
3aCTOCYBAaHHS TI00aNBHUX 3MIHHMX. SIKIO BM BU3HAYMTE 3MiHHI B CEKIIil
Declarations Monmyns 3amicth TOro, o0 BH3HA4aTH iX Y
HMiANporpamMi, TO CHCTEMi HE 3HAJOOUTHCSA BIJBOAUTH TaM'SITh MpPHU
KOYKHOMY BHKJIMKY IiIIPOTrpaMH.

Kpamum pimreHHsmM Oyne BH3HA4YeHHS 3MIHHHX Y INPOLEAypi 3a
JIOTIOMOTOI0 ~ 3ape3epBOoBaHOTO cioBa Static. Cratuudi 3MiHHI
BUKOPHCTOBYIOTHCS CIUIBHO BCIMa €K3eMIULSIpaMM MPOLEAYPH, 1 cucTeMi
HE MOTPiOHO BiJBOAMTH IaM'dATh IiJi HOBI KOMii 3MIHHUX IPH KOXXHOMY
BUKJIMKY MIANPOrpamMH.

HeobrpyHToBaHe 3acTtocyBaHHSA PEKYPCii

MeHII 04eBHIHOIO HEOE3MEKOI0 € HEOOIPYHTOBAHE 3aCTOCYBaHHS
pekypcii. IIpy 1boMy BUKOPHCTaHHS peKypcii He € HaHKpalyM CrocoOoM
pimenHs 3aBnanHsA. HaBenmeHi Bumme QyHKIil (akropiama, HaiOiIpIIOrO
3aralpHOTO fOinbHUKA, uucen @iboHawdi # ¢yskmii BigAdd He
000B'SI3KOBO TIOBHHHI OYTH PEKypCHBHUMHU.

VY Bunanky ¢akropiana # HaHOLIBIIOrO 3aralkHOTO MUTEHUKA
HETNOTpiOHa peKypcis € 1o OuThIIiil YacTHHI HemkimmBor. OOumBi i
(GYHKIIT BUKOHYIOTBCS JOCUTH INBHIKO JUIS JOCHTH BEIMKHX BUXIJIHUX
3HAaueHb. IXHE BMKOHAHHA TAaKOX He Oyne OOMeKeHe PO3MipoM CTeKy,
SKIIO B HE BUKOPUCTOBYB&JIM OUITBIIY YacTHHY CTEKOBOTO IPOCTOpPY B
IHIINX YacTHHAX MPOTPaMH.

3 iHmoro OOKy, 3aCTOCYBaHHSI peKypcii MOTipiIye alropurMm
oOuncienns uyucen Didonaum. J[ust oOumciaenns Fib (N), ajaropurm
croyatky obOpaxoBye Fib (N — 1) i Fib(N — 2). Ame misa
oOpaxyBanHs Fib (N — 1) BiH HOBMHEH cro4atky oOpaxyBatu Fib (N
— 2) iFib (N — 3).Ilpuupomy Fib (N — 2) 00paXxoBYyeThCS IBiYi.

ITonepenniii aHami3 mMbOro AJITOPUTMY TOKa3aB, mo Fib (1) i
Fib (0) obOpaxoByooThcs Fib (N + 1) pa3 mig gac oOpaxyBaHHS
Fib(N). Tomy mo Fib(30) = 832.040 Te, mobO oOpaxyBaTu
Fib (29), nmoBoauThcs OpaxoByBaTH Ti cami 3HadeHHs Fib (0) i
Fib (1) 832.040 pasiB. Ausroput™m oOpaxyBaHHs uucen @Pibonaun
BHUTpavyae BEJMYE3HY KUIBKICTh Yacy Ha OOpaxyBaHHS LUX HMPOMIKHHUX
3HAYeHb 3HOBY i 3HOBY.

Y o¢yuknii BigAdd icHye iHma mnpoOimema. Xoda BOHa
BUKOHYETHCSI MIBUKO, ajie MPUBOAUTH O BEIUKOI MIMOWHH BKIIAJIEHOCTI
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peKkypcii, i Ayke IIBHIKO BHYEPIYE CTEKOBHHA mpocTtip. SxOu He
TIEPENIOBHEHHS CTEKY, IS QYHKIis Morita 6 00paxoByBaTH pe3yabTATH AJIS
OUTBIINX BXiTHUX 3HAYCHB.

Cxoxa mpobnema icHye W y QyHKIil ¢akropiana. Jns BxigHOTO
3HadeHHs N TimOnHa pekypcii it dakropiama ¥ ¢yHkmii BigAdd
nopiBHioe N. dyHkuis ¢akropiana He Moxke OyTH oOpaxoBaHa JIsl TAKUX
OIIPLIIMX BXIMHUX 3HAYeHb, SKI NpumycTHMi Uit QyHKOii BigAdd.
MaxkcumManpHe 3HA4eHHS (axTopiaia, IO MOXXE BMICTHTHCS B 3MiHHIN
tuny double, nopiBatoe 170! ( 7,257E+30), ToMy Iie HaiOiibmIIe
3HAUEHHs, IO MOXke oOpaxoByBath I (YHKIiL. Xoda usg (yHKmis
MIPUBOJMTH 10 TIMO0KOI peKypcii, BOHa BUKJIMKAE TIEPEIIOBHEHHS JI0 TOTO,
SK HACTYIIUTHb NEPETIOBHCHHA CTCKY.

KoAu notpibHO BMKOPUCTOBYBATU PEKYPCIito

Ili mipkyBaHHA MOXYTb 3MYCHTH Bac IyMaTH, ILIO PpeKypcis
3aBXKIM HeOakaHa. Ane e 3BH4YaiiHO He Tak. barato anropurmiB €
PEKYPCHUBHHUMH 32 CBO€IO MPHUPOAOI0. | Xxoua Oynp-sKuil alropuT™M MOXXHa
MepenucaTi Tak, MO0 BiH HE MICTHB peKypcil, 0araTto airopuTMiB
CKIIaNHIIIE PO3YMITH, aHANI3yBaTH, HAJIArODKYBaTH I MiATPUMYBATH,
SIKIIIO BOHH HAITUCaHI HEPEKYPCHUBHO.

SIKIo aJropuT™M pEeKYpCUBHUU 3a NPUPOJOI0, 3alUCYWTE MOro 3
BUKOPHCTaHHSIM pekypcii. Y HalikpaimoMy pasi BH He 3ycTpiHeTecs 3
YKOJIHOIO 3 OITMCAaHUX MpoOJieM. SIKIIO K BU CTHKHETECS 3 JISSIKUMU 3 HHUX,
BU 3MOXKETe TIepenucaTd ajiroputM Oe3 BUKOPHCTaHHS peKypcii 3a
JIOIIOMOT'OI0 METO/iB, IIPEJICTABICHUX Y HACTYIHUX po3zinax. [lepenucaru
JITOPUTM YacTo HabaraTo MpoCTimle, HIK 13 caMOro IoYaTKy HaIHcaTh
fioro 6e3 3acToCcyBaHHS PEKypCii.

XBOCTOBa peKypcis

3rajaeMo TpejAcTaBieHi padinie GYHKOII Uit 0OpaxyBaHHS
¢axTopiayiB 1 HaHOLIBIIOTO 3araJlbHOrO MAIIBHUKA, a TaKoX (yHKIi0
BigAdd, mo NpPUBOIUTH IO IEPEIIOBHEHHS CTEKY HABITH AJS BiTHOCHO
HEBEJIMKHUX BX1THUX 3HAUEHb.

Private Function Factorial (num As Integer) As Integer
If num <= 0 Then
Factorial = 1

168



Else
Factorial = num * Factorial (num — 1)
End If
End Function

Private Function GCD(A As Integer, B As Integer) As

Integer
If B Mod A = 0 Then
GCD = A
Else
GCD = GCD(B Mod A, A)
End If

End Function

Private Function BigAdd (N As Double) As Double
If N <= 1 Then

BigAdd = 1
Else

BigAdd = N + BigAdd(N — 1)
End If

End Function

VY Beix nux (QyHKLISX OCTaHHS [Jis mepe 3aBepIueHHsIM (yHKIIT
— ue pexypcuBHHH Kpok. Lleil Tum pekypcii HampuKiHII Npouexypu
Ha3MBAETHCS X60Ccmosoto pexypcicio (tail recursion).

Yepes Te mo micis pekypcii B mpoueaypi  Hi4oro He
BiIOyBa€ThCS, iICHY€E TPOCTHI croci0 ii ycyHeHHs. 3aMicTh peKypCHBHOTO
BUKIIUKY (YHKIIT Ipoleaypa CKUaae CBOI apaMeTpH, YCTaHOBIOKYH Ti,
siki O BOHA oJieprKaiia PH PEKyPCHBHOMY BHKJIHIKY, 1 TIOTIM BHKOHYETHCS
3HOBY.

Po3srnsiHeMo 3aralibHUi BUNAIOK PEKYPCHBHOI IPOLICTYPH:

Private Sub Recurse (A As Integer)
' BUKOHYWOTHCH saki- abo mii, oOumciwoerbcsa B, 1 T.m;.
Recurse B

End Sub

[ro mporeypy MOXHa mepenucatu 6e3 peKkypcii sik:

Private Sub NoRecurse (A As Integer)
Do While (not done)
' BuKOHYOTbCS saki- abo nii, obumciwerbcsa B, i
T.I.
A =B
Loop
End Sub
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Llst mpouenypa Ha3UBAETHCS YCYHEHHAM X80cmogoi pexypcii (tail
recursion removal). Lle#l npuifom He 3MiHIOE Yac BUKOHAHHS MPOTPaMHU.
PexypcuBHI KpOKH IIPOCTO 3aMiHSIOTHCS MTPOXOJAaMu B IUKI While.

YCcyHeHHsT XBOCTOBOi peKypcii, mpoTe, YCyBa€ BUKIHKU
miAnporpam, 1 ToMy Moxe 30UTBIINTH MBUIKICTh poOoTH anroputmy. Lo
01T BaXKIIMBO, IIEW METO TaK0XK 3MEHIIYE BUKOPUCTAHHS CTEKY.

Jlesiki KOMIUIATOPH aBTOMAaTHYHO YCYBalOTh XBOCTOBY PEKYpCiO,
ane komminarop Visual Basic iboro He poOuTs.

BukopucToByour  yCyHEHHS  XBOCTOBOI  peKypcii, JIerko
nepenucaté QyHKHii (axTopiana, HaHOUIBIIOTO 3arajlbHOTO AIIBHUKA, 1
BigAdd 6e3 pekypcii. Lli Bepcii BUKOPHUCTOBYIOTH 3ape3epBOBaHE CIIOBO
ByVal s 30epexeHHs 3Ha4eHb CBOiX HapaMeTpiB Ul BHUKIMKAIO4Ol

TpoueaypH.

Private Function Factorial (ByVal N As Integer) As
Double
Dim value As Double

value = 1# ' lle Oyme 3HaYeHHAM OGQYHKIIII.
Do While N > 1
value = value * N
N=N-=-—1 ' [ligroTyBaTM apryMEeHTM LIS
"pekypcii".
Loop
Factorial = value
End Function

Private Function GCD(ByVal A As Double, ByVal B As
Double) As Double
Dim B Mod A As Double

B Mod A = B Mod A
Do While B Mod A <> 0
' [ligroryBaTy apryMeHTH misa "pexypcii".

B =2
A = B Mod A
B Mod A = B Mod A
Loop
GCD = A

End Function

Private Function BigAdd(ByVal N As Double) As Double
Dim value As Double

value = 1# ' ' lle 6yme 3HaueHHAIM OQYHKIII.
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Do While N > 1
value = value + N
N=N-1 ' niproryBaTM HapaMeTpu IS
"pekypcii".
Loop
BigAdd = value
End Function

Hnsa  anmroputMiB oOpaxyBaHHsA (akTopiasa W HaiOimpmoIoro
3arajbHOI0 JUIPHUKA MPAKTUYHO HE ICHYE PI3HMII MK PEKYpPCHBHOIO #
HEpeKypCUBHO BepcismMu. OOUIBI Bepcii BUKOHYIOTHCS JOCHTh IIBHIKO, 1
00HIBI MOXKYTh ONIEPYBATH 3aBJaHHSIMH BEJINKOT PO3MIPHOCTI.

Hnst ¢ynkuii BigAdd, mpoTe, pi3HHI Benude3Ha. PekypcuBHa
BepCis MPU3BOJHUTH 10 NIEPEIIOBHEHHS CTEKY HaBITh VIS JOCHTH HEBEJIMKHX
BXIZIHUX 3Ha4eHb. OCKIJIbKH HEpEeKypCUBHA BepCis HE BUKOPHUCTOBYE CTeEK,
BOHA MOKe 0OpaxoBYBaTH pe3yJbTaT s 3HadeHb N ax go 10, ITicns
OO HACTYIHTH IMEPENOBHEHHA Ui NaHUX THIy double. 3BH4aiiHO,
BukoHaHHs 10™* kpokie anroputmy 3aiiMe ayxe 6arato uacy, TOMy
MOXKIIMBO BH HE CTaHeTe NepeBipsATH 1ei ¢axt cami. [loMiTuMO Takox, mo
3HaueHHs wiel QyHKuii 30iraeTbcss 31 3HAYEHHAM OUIBII  MPOCTO
obpaxoByBaHoi QyHKIHI, N * N(N + 1) / 2.

HepekypcuBHe 0b6paxyBaHHA uncea PiboHauu

Ha skanb, HEpeKypCHUBHHMH aJIrOpPUTM OOpaxyBaHHS 4YHCEll
®iboHayM He MICTHTh TUIBKH XBOCTOBY pekypcito. Lleit amropurm
BUKOPHCTOBYE JIBa PEKYPCUBHUX BHKJIHMKH JUIsi 0OpaxyBaHHs 3HA4EHHs, i
Jpyruii BUKIMK Hae micis 3aBeplueHHs nepuoro. OCKiIbKH HepIIuii
BUKJIMK He IiepeOyBae B camMoMy KiHli (yHKLii, TO Lle He XBOCTOBa
pekypcis, i Bim il He MOXHa TO30YTHCS, BHUKOPHUCTOBYIOUH IPHAOM
YCYHEHHS XBOCTOBOI PeKypCii.

Lle moxe OyTH 3B's3aHe W 3 THM, IO OOMEXEHHS PEKyPCHBHOTO
anropuTMy oOpaxyBaHHs uucen (DiboHauM TOB'sI3aHE 3 THUM, IO BiH
oOpaxoBye 3aHajaTO 0arato NPOMDKHUX 3HAa4YeHb, a HE NJIMOWHOIO
BKJIaJICHOCTI peKypcii. YCyHEHHsI XBOCTOBOI peKypcii 3MEHIIye TIIMOUHY
pekypcii, ame He 3MiHIOE Yac BHUKOHAaHHS anroputMmy. HaBiTe sKOm
YCYHEHHSI XBOCTOBOi pekypcii Oymo © 3acTOCOBHE 10 alTOPUTMY
oOpaxyBaHHsi unucen PiOoHauywm, 1el aNTOPUTM OJHAKOBO 3aJHINUBCS O
Ha/[3BUYAITHO MOBIJIBHUM.
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[Ipobmema mporO aNropuTMy B TiM, IO BiH OaraTtopa3oBo
00paxoBye Ti k 3HaueHHs. 3HaueHHA Fib (1) i Fib (0) o0paxoByrOThCA
Fib(N + 1) pa3, koau aiaroputMm oOpaxoBye Fib (N). [us
obpaxyBaHHS Fib (29), anroputM o0paxoBye Ti caMi 3HadeHHS Fib (0)
iFib (1) 832.040 pa3is.

OCKiNbKH adropuT™M OaraTopa3oBO OOpaxoBYe Ti caMi 3HAYEHHS,
BapTO 3HAWHTH CIIOCI0O YHHKHYTH IOBTOPEHHS oOpaxyBaHb. [IpocTtuit i
KOHCTPYKTUBHHMH cmoci®é 3pobutm ne — 1oOynyBaTH —TaOJHIIO
oOpaxoBaHuX 3HaueHb. Konu 3HamoOWTHCS MPOMIKHE 3HAYEHHs, HOTO
MOKHa OyJie B3sTH 3 TaOJMIli, 3aMiCTh TOTO 1100 00PaXxOBYBaTH 3aHOBO.

VY 1npoMy NpUKIaAI MOXHA CTBOPHTH TAOJMIIO JUId 30epiraHHs
3HadyeHb QyHkiii @idoHaun Fib (N) it N, 0 He mepeBepIiyoTs 1477,
Hus N >= 1477 BinOyBaeThCs MEPEIOBHCHHS 3MIHHUX TUIy double,
BHKOPUCTOBYBaHHUX y (QyHKIil. HacTymHA KOJ MiCTUTH 3MiHEHY B TaKUi
croci6 ¢yHKiro, o oOpaxoBye uncia ®idoHaun

Const MAX FIB = 1476 ' MakcuMaJibHEe BHAUYeHHS.
Dim FibValues (0 To MAX FIB) As Double

Private Function Fib (N As Integer) As Double

' OBumMcaMTM 3HAYEeHHS, SAKIO BOHO He IepebyBac B

Tabnamii .
If FibvValues (N) < 0 Then _
FibvValues (M) = Fib(N — 1) + Fib(N — 2)

Fib = FibValues (N)
End Function

[Tpu 3anycky nmporpamu BOHa MPHUBIACHIOE KOXXHOMY €JIEMEHTY B
MacuBi FibValues 3nadenHs -1. IloTiM BOHa MNPHBIACHIOE
FibValues (0) 3mauenns 0, i FibValues (1) — 3uauenns 1. Ile
YMOBH 3yITUHKH PEKypCii.

[Tpn BukoHaHHI (yHKLIi BOHa mepeBipsie, 4n mnepedyBae Bxke B
MacHBi 3HaYeHHs, MO i moTpiOHe. Skmo Horo Tam Hemae, BOHA, 5K 1
paHilie, peKypcuBHO 00paxoBye Iie 3HAUeHHs i 30epirae Horo B MacuBi
JUTSL TIOJJATIBILIOTO BUKOPUCTAHHSI.

IIporpama Fibo2 (mmuck 3 HOpukjIazaMmu - I[anka
ProgR5) BHKOpPHCTOBYe Iled MeTox Uil OoOpaxyBaHHS 4YHCEl
®ubonauun. [Iporpama mosxe mBuAKO oOpaxyBaTe Fib (N) mist N go 100
a6o 200. Ane siko Bu cripobyete obpaxyBaru Fib (1476), To mporpama
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BHKOHA€ TOCTIJOBHICTh PEKypPCHUBHHUX BHKIIMKIB TTHOWHOIO 1476 piBHIB,
10 IMOBIPHO MEPETTOBHATH CTEK BAIIOl CHCTEMH.

[Ipote y Mipy TOrO IK TIporpaMa oOpaxoBye HOBi 3HAUCHHS, BOHA
3aIOBHIOE MacuB FibValues. 3Ha4eHHS 3 MacHUBY JO3BOJIAIOTH (YHKII|
oOpaxoByBaTu Bce OinblIl 1 OUIbLIl 3HAUYeHHA Oe3 TIMOOKOI pexypcii.
Hanpuknan, sxmo oOpaxyBaru nocnigoBHo Fib (100), Fib (200),
Fib (300), i T.A. TO, 3pEUITOI0, MOXHA Oy/ie 3alIOBHUTH MACHUB 3HAYCHb
FibValues 1 o0OpaxyBaTh MakCHUMaJbHO MOXIIMBE 3HAYCHHS
Fib(1476).

[Ipomlec  moBiMBPHOTO  3amOBHEHHS MacuBy FibValues
NPUBOJMTL IO HOBOro MeTony oOpaxyBaHHs 4yucen ®Dibonaun. Komnm
mporpama iHimiamizye MacuB FibValues, BOHa MOKe 3a3dajeriib
oOpaxysatu Bci yrcia PiboHauu.

Private Sub InitializeFibValues ()
Dim i As Integer

FibValues (0) 0 ' IThiuianiszsauia yMOB BYIMHKMU.
FibValues (1) 1
For i = 2 To MAX FIB
FibValues (i) = FibValues(i — 1) + FibValues (i — 2)
Next 1
End Sub

Private Function Fib (N As Integer) As Duble
Fib — FibValues (N)
End Function

[leBHuii yac y npoMy aiaroputmi 3aiiMae CKJIaJlaHHS MacHBY 3
TaOMUYHUMH 3HAYCHHSIMH. AJle TICIsA TOro SK MacHUB CTBOPEHHH, s
OJlep)KaHHs elIeMEeHTa 3 MacuBy INOTpIOHMH BCbOro OIUH Kpok. Hi
npoueaypa iHiniamizauii, Hi GpyHKUis Fib He BUKOPHCTOBYIOTh PEKYpCito,
TOMY OJIHA 3 HHMX HE MNpHUBEIe O BHYEPIaHHS CTEKOBOTO IIPOCTOPY.
IIporpama Fibo3 (mmcxk 3 nNpukjIazmaMmu - nanka ProgR5)
JEMOHCTPY€E LIeH ITiIXi.

Bapro 3rajatu me oguH MeTon oOpaxyBaHHs umcen PiGoHauw.
[Mepmre pexypcruBHe Bu3Ha4eHHs QyHKIIT Pi100HaYN BUKOPHCTOBYE ITiIXiJ
3Bepxy BHM3. sl ojeprkaHHS 3Ha4eHHs Fib (N) alropurM peKkypcHBHO
obOpaxoBye Fib (N — 1) i Fib (N — 2) iHOTIM CKIaJiae iX.

[lignporpama InitializeFibValues, 3 iHmoro 00Ky,
Ipamioe 3HU3Y yBepX. BoHa moumnae 3i 3HadeHnp Fib (0) 1 Fib(1).
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Bona moTiM BHKOPHCTOBYE MEHII 3HAYEHHS I 00paxyBaHHS OUTBIINX,
JOTH, TIOKH TaOJHL HEe 3aII0BHUTHCSL.

Bu MokeTe BHKOPHCTOBYBATH TOH K€ MiIXiX 3HH3Y yBepX IUIs
MIpSIMOTO OOpaxyBaHHA 3Ha4eHb (yHKII1 PiOOHAUN MmOpa3, KoM BaM Oyze
moTpiOHe 3HaudeHHA. llelr merom BuMarae Oinpine dwacy, HiK BHOipKa
3HAa4YCHb i3 MacHBY, aji¢ HE BHMAarae JOJATKOBOI Ham'sTi i1 Tabmiwmii
3HaueHb. lle TmpuKIag TPOCTOPOBO- TUMYACOBOTO  KOMIIPOMICY.
BukopucranHs Oinbiioro odcsry naM'sti Juist 30epiraHHst TabuLli 3Ha4YeHb
pOOHTH BUKOHAHHS JITOPUTMY OiJIbII IIBHIKHM.

Private Function Fib (N As Integer) As Double
Dim Fib i minus 1 As Double

Dim Fib i minus_ 2 As Double

Dim fib i As Double

Dim i As Integer

If N <= 1 Then

Fib = N
Else
Fib i minus 2 = 0 ' CnouaTky Fib (0)
Fib:i:minus:l =1 ' CnouaTky Fib (1)
For i = 2 To N
fib i = Fib i minus 1 + Fib i minus 2
Fib i minus 2 = Fib i minus 1
Fib i minus 1 = fib i
Next i
Fib = fib i
End If

End Function

YCyHeHHs peKypcii B 3araAbHOMY BUMNaAKY

OyHkmii  ¢axTopianma, HAHOIIBIIOrO 3arajdbHOTO MJUTBHUKA, 1
BigAdd MOXHa CHOPOCTHUTH YCYHEHHSIM XBOCTOBOI pekypcii. DyHKIIito,
mo oOpaxoBye yucna DiboHAYM, MOXHA CIPOCTHTH, BUKOPHCTOBYIOUH
TabnMII0 3HaYeHb 200 nepedopMyIIOBaBIIN 3aBAAHHS 3 BUKOPHUCTAHHIM
MiIX0y 3HU3Y HAropy.

Jleski  peKypcWBHI ~ aNTOPUTMH  HACTIIBKM  CKJAaHI, IO
3aCTOCYBAaHHS ITMX METOJIIB yTPYAHEHE 200 HEMOJXKIIHIBE.

OCHOBHHMH MiAXiJ MPH ObOMY HOJATaE B TiM, 100 PO3MIISAHYTH
MOPSAOK BHKOHAHHSA peKypcii Ha KoMm'ioTepi i moTiM cmpoOyBatn
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CIMITYBaTH KpOKH, BHKOHYBaHI Komir'torepoMm. [loTiM HOBHH anropuTtMm
Oyne caMm 3IiHCHIOBATH «PEKypCilO» 3aMiCTh TOTO, MO0 BCIO poboTy
BHKOHYBaB KOMIT'FOTED.
OCKiNbKM HOBHH aJITOPUTM BHUKOHY€E MPAKTUYHO Ti XK KPOKH, II0
1 KOMIT'IOTep, MO>KHA TOLIKABUTHUCS, UM 3POCTE MIBUAKICTH 00paxyBaHb. B
Visual Basic e 3Bu4aifHO He BUKOHY€EThCA. KoMIT'IoTep MOke BUKOHYBATH
3aBIaHHs, SKI MOTPIOHI NpW peKypcii, IIBUAIIE, HIX BH MOXeETe IX
imiTyBatu. [IpoTe omepyBaHHS LMMH JETalsIMH CaMOCTiHHO 3abe3meuye
Kpaliuii KOHTPOJb HAJ BHUIUICHHAM MNaM'sATi Wil JIOKaJbHI 3MiHHI, 1
JI03BOJISIE YHUKHYTH TIIMOOKOTO PiBHS BKJIAJCHOCTI peKypcii.
3BUYaliHO, TPH BUKIUKY MiANPOrpaMU CHCTEMa BUKOHYE TpPHU
peui. Ilo-mepmie, 30epirae maHi, sKi MOTPIOHI 1H JUIA MPOJOBKCHHS
BUKOHAHHS IICIIs 3aBepIIeHHs mignporpamu. I[lo-npyre, BoHa mpoBOAUTH
MATOTOBKY O BUKJIMKY IIIporpaMu i nepexnae iit kepysanns. I[To-Tpere,
KOJIM BUKJIMKYBaHa MPOIEIypa 3aBEPIIYETHCS, CHCTEMa BiIHOBIIIOE J1aHi,
30epeeHi Ha MepIIoMy KpOIIi, i TIepenae KepyBaHHS Ha3al y BigIOBiIHY
Kpanky MNporpamMu. SIKIo BH IEpETBOPUTE PEKYPCHUBHY MpPOIEAYpY B
HEpPEKYPCUBHY, BaM JIOBEIEThCS BUKOHYBATH IIi TPH KPOKU CAMOCTIHHO.
Po3risiHeMo HacTyIHY y3arajibHeHY PEeKYPCHBHY MPOLEAYPY:
Sub Subr (num)
<1 6jyok komy>
Subr (<napameTpu>)
<2 OJoK Komy>
End Sub

OCKINIBKY TMCHS PEeKYpCHBHOTO KpPOKY € IIe ONepaTopH, BH HE
MOJXKETe BHMKOPHCTOBYBATH YCYHEHHS XBOCTOBOi pEeKypcii Ui mboro
AITOPUTMY.

CnouaTky mo3HayuMo nepiui psakd B 11 2 01okax koxay. Iorim
i MITKH OyAyTh BHKOPHUCTOBYBATHCS JUIsi BH3HA4€HHS MiclLsi, 3 SKOTO
MOTPIOHO TPOJOBXKUTH BUKOHAHHS TNPU IOBEPHEHHI 3 «pekypciin. Lli
MITKH BUKOPHCTOBYIOTbCS TUIBKM JUIsi TOro, MO0 JOMOMOITH BaM
3pO3YMITH, IO pOOUTH alrOPUTM — BOHH HE € YACTHHOIO KoAy Visual
Basic. YV npoMy npukiai MiTKd OyIyTh BUTIIAIATH TaK:

Sub Subr (num)

1 <1l 6ok kKomy>
Subr (<napameTpnu>)
2 <2 6Jok KOOy>
End Sub
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BuxkopuctoByeMo crenianbHy MITKy «0» 17 TIO3HAYEHHS KiHIISA
«pekypcii». Temep MoXkHa mnepenwcaTH NPOLEAYPy O€3 BHKOPHUCTaHHSA
peKypcii, HampuKIaz, TakK:

Sub Subr (num)

Dim pc As Integer ' BusHauae, Oe NOTPiOHO NPOINOBXUTHU

pekypcio.
pc =1 ' [louaTy CHIOYaATKY.
Do

Select Case pc

Case 1
<1l 6sok Komy>
If (mocarHyTa yMoBa 3ynmHkM) Then pc = 2

Y .~

[IponyCTUTK peKypciio ¥ nepenTm no OJIOKY 2.

Else

36eperTr 3MiuHH1, norTpibHi nicns pexypcii.
3beperTtu pc = 2. Kpanka, 3 SKO1 NPOIOOBXUTHCSH
BUKOHAHHSA [icysa noBepHeHHs 3 "pexypcii'.
YCTaHOBUTM 3M1iHH1, noTpibH1 mma pexkypcii.

' HampukJiazn, num = num — 1.
' MleperiTu mo OJoky 1 mJjisg HoyaTkKy pekypcii.
End If
Case 2 ' BukoHaTu 2 OJIOK KOOy
<2 BJok Komy>
pc =0
Case 0
If (ue ocrTaHHa pekypcis) Then Exit
Do
' THakme BimHOBMTM pcCc 1 inmi 3miHHI,
' 30epexeHl nepexn pekypcien.
End Select
Loop
End Sub

3MiHHA pc, MO BIAMOBiAA€ JIYMUIBHUKY MPOTPAMH, MOBIIOMIISIE
MpOLENYPY, SIKHH KPOK BOHA MOBUHHA BUKOHATU HacTynHUM. Hanpukiag,
mpu pc = 1, mpoueaypa NIOBUHHA BUKOHATH 1 OJIOK KOAy.

Konu npouenypa mocsirae yMOBH 3YNUHKM, BOHa HE BUKOHYE
peKypciro. 3aMiCTh HOTO BOHA IPHUBJIACHIOE PC 3HAYCHHS 2 1 MIPOJOBKYE
BHKOHAHHS 2 OJIOKY KOJYy.

Sxmo mpoueaypa He JOCATIa YMOBH 3YNUHKH, BOHA BUKOHYE
«pekypciro». Jlis 1mhoro BOHA 30epirac 3HAYEHHS BCIX JIOKaJbHUX
3MIHHUX, SIKi i 3HAMOONATHCS TI3HIIMIE TICHS 3aBEPIIECHHS «PEKypCiiy.
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Bona Takox 30epirae 3HaYeHHA pC U1 OUISHKH KOOy, IO  Oyxe
BUKOHYBaTH TICJIS 3aBEpIUICHHA «peKypcii». VY 1poMy HpHUKIaAi
HACTYITHUM BUKOHYEThCS 2 OJIOK KOJy, TOMY BOHa 30epirae 2 sik HacTyIHe
3HaueHHs pc. Hailnpocrimmii croci6 30epexeHHs 3Ha4YeHb JIOKAJIBHUX
3MIHHHUX 1 PC CKIIQIa€ThCA Y BUKOPHUCTAHHI CTEKIB.

PeanpHuii TpHKIang JIOIOMOXKE BaM 3pO3YMITH II0  CXEMY.
PosrnsHeMo 3merka 3MiHeHY Bepcito QyHKIil ¢(akropiama. Y HpOMY
Iepenicana TiNbKH MiANporpaMa, IO IIOBEpTaE CBOE 3HAYCHHS 3a
JOTIOMOT OO 3MIiHHOT, a He QYHKII (715 CIIpoIIeHHS pOOOTH).

Private Sub Factorial (num As Integer, value As
Integer)
Dim partial As Integer

1 If num <= 1 Then
value = 1
Else
Factorial (num — 1, partial)
2 value = num * partial
End If
End Sub

[Micns moBepHEHHS MPOIEAYPH 3 peKypcii MOTpiOHO JoBimaTucs
BHXiJHE 3HAYCHHS 3MIHHOI num, MO0 BHKOHATH OIEPAIlil0 MHOXCHHS
value = num * partial. OcKuUIbKH NPOIELYPl MOTPIOCH JOCTYII 10
3HAUEHHs Num MICJIs MOBEPHEHHS 3 peKypcii, BoHa MOBWHHA 30epiratu
3HAYEHHS 3MIHHUX PC 1 hum 10 HOYaTKy peKypcii.

HacrynHa npoueaypa 30epirae 1i 3Ha4eHHS y ABOX CTE€Kax Ha
OCHOBI MacuBiB. [Ipu miAroToBLi A0 pexypcii BOHA MPOLITOBXYE 3HAUEHHS
3MIHHUX num i pc y crekd. [Ticis 3aBepiieHHs peKypcii BOHA BUIITOBXYE
JOJaHI OCTAaHHIMH 3HaueHHS 31 cTekiB. HacTymHuit kox IeMOHCTpye
HEepEeKyPCUBHY BEpCilo Mianporpamu odpaxyBaHHs (akropiana.

Private Sub Factorial (num As Integer, value As Integer)
ReDim num stack(l to 200) As Integer

ReDim pc_stack(l to 200) As Integer

Dim stack top As Integer ' BepmmHa CcTeKa.

Dim pc As Integer

pc =1
Do
Select Case pc
Case 1
If num <= 1 Then ' IIs ymoBa
BYMIMHKUA . value = 1
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pc =0 ' Kineusn

pexypcii.
Else !
Pexypcis.
' 36eperTy num 1 HacTyIHE
3HAYEeHHS PC.
stack top = stack top + 1
num_stack(stack top) = num
pc_stack(stack top) = 2 '
BigHoBuTH 3 2.
' TlouaTu pekypcio.
num = num — 1
' IllepeHecTu OJIOK KEPYBaHHS B
IOYaToK.
pc =1
End If
Case 2
' value MicTuTh pesysbTaT OCTAHHBOIL
' pexypcii. [IOMHOXMTM MOT'O Ha nhum.
value = value * num
' "lloBepueuusa" 3 "pexypcii".
pc =0
Case 0
' Kinmeup "pexkypcii".
' AKWO CTEeKM MNOPOXH1, BUX1IHWUMI
BUKJIIUK
' nimgnporpaMu BaBEepUEHNI.
If stack top <= 0 Then Exit Do
' THakme BlOHOBMTHU JIOKAJIbH1 SBMiHHI1 1
pc
num = num stack(stack top)
pc = pc_stack(stack top)
stack top = stac top — 1
End Select
Loop
End Sub

Tak camo, sIK 1 yCyHEHHS XBOCTOBOI peKypcii, meif MeTox iMiTye
MTOBODKEHHST PEKypCHBHOTO airoputMy. llpomemypa 3amiHse KOXHHN
PEKypCUBHHI BHKIJIMK iTepariero mukIry While. OCKIJIBKM 9HUCIO KPOKiB
3aJIMIIAE€TECS TUM )K€ CaMHM, IOBHMH Yac BHKOHAHHSA AalTOPUTMY HE
3MIHIOETBCS.

Tax camo, 5K 1 y BUIIAIKy 3 YCYHEHHSIM XBOCTOBOI peKypcii, 1ei
METO]I yCyBa€ TTUOOKY PEKYPCito, 110 MOXKE MEPENOBHUTH CTEK.
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PekypcuBHa nobyaoBa kpuux lNabbepTa

Kpusi Tinpbepra (Hilbert curves) — me camomonioni (self-
similar) kpuBi, sKi 3a3BMYaii BU3HAYAIOTHCA 32 JONOMOTOIO pekypcii. Ha
puc. mokasasi kpusi ['ins6epTa 3 1, 2 a60 3 mopsky.

KpuBa Tlinpbepra, sk i Oymop-fka iHImA camomozmiOHa KpwHBa,
CTBOPIOETHCS PO3OWTTSAM BEIHMKOiI KPHBOI Ha MeHII dYacTwHHU. [lami Bu
MOJKETe BUKOPHCTOBYBATH ITIO XK KPHBY, HICIIS 3MiHH PO3MIpY i TIOBOPOTY,
Ui TOOyZOBU 1UX dYacTuH. L[i yacTWHU MOXHA pO30OMTH Ha IpPiOHIII
YaCTHHH, 1 TaK Jali, NOKM NpolLec He JOCATHE MNOTPiOHOI TIIIMOMHM
pekypcii. ITlopsmok KpuBOi BH3HA4YaeThCs SK MaKCHUMalbHa TJIMOWHA
peKypcii, SiKy ocsirae npouenypa.

Iporenypa Hilbert yIpaBJisie TJIUOMHOIO pekypcii,
BUKOPHCTOBYIOYH BiNNOBiAHUI mapamerp. [Ipy KO)KHOMY peKypCHBHOMY
BUKJIMKY IIPOLEAYpa 3MEHIIY€ IapaMeTp IMTUOHMHN peKypcii Ha OJUHULIO.
SIKmo mporenypa BHKIMKAETHCS 3 TIMOWHOIO peKypcii, mo aopiBHIOE 1,
BOHA PUCYE MPOCTy KPUBY | MOPSAKY, IIOKa3aHy Ha pUC. 37iBa, 1 3aBepIIye
poborty. Lle ymoBa 3yImHKH peKypcii.

Hanpuknan, xpuBa [impbepra 2 mOpsAOKy CKIATAETBCI 3
4OTHPHOX KpuBHUX [1nbOepra 1 mopsaky. Ananoriuno kpupa [inbdepra 3
MOPSIAKY CKJIAIAEThCsl 3 YOTUPHOX KPUBHX 2 TOPSAIKY, KOXKHA 3 SIKHX
CKJIaJIa€ThCsl 3 YOTHPhOX KpUBUX | mopsjaky. Ha puc. mokazani KpuBi
lNasbepra 1, 2 i 3 nopsaxy. MeHuni KpuBi, 3 SIKMX NOOYIOBaHI KpHBI
O1IBLIOTO PO3MIpY, BU/IUICHI HAIiBXXUPHUMH JIHISIMH.

Hacrymuuii kox 6yaye kpuBy ['insbepra 1 nopsiaky:

Line -Step (Length, 0)
Line -Step (0, Length)
Line -Step (-Length, 0)

Hepez[6aqa€TLc;[, 10 MAaJIIOBAHHSA TMOYHMHAETHCA 3 BEPXHBOI'O

miBoro kyra obmacti i mo Length — 1me 3agaHa HOBXWHA KOKHOTO
BiJ[pi3Ka JIiHIH.
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O o

File Help
Depth

-
s PictureBox
:m HilbertPicture
oo

Puc.5.3. Intepdeiic mporpamu MantoBanHs kpuBux [ imsdepTa

[Iporpama manoBanns kpusux ['ip0epra

Vokkkhkhkhhkhkrhkhkhkhhkhhkhkhhkhkhkhkrhkhkhkhhkrhkhhhkrhkhkrhkkhkhkhkrxkxkkx

' Hilbert.FRM
"' Ipukial PEeKYyPCUMBHOTO MaJlIlOBaHHA KpuBMX ['ispbepra

l KA KK AR KA AR AR KA AR A AR A A A AR AR A A A AR AR A A A A A AR hA A A Ak, Kk

' Kabempa EK, 2003.

T okkdkhkhkhk kb hk bk hkhkhkh kb hhkdhkhkrkhkhkhkhkhkdhhkhhkrhkhkhrkhhhhkrkhdxkhkkxk
Option Explicit

Dim Loops As Double ' #

Thkhkkhkkhhkkhhkhhkhhhhhhkhhhhkhhhhkhhhhhhhhhhhhhhhhkhhkhhkhhkhhkhhkhhkhkrx

' TlouMHaAEMO MaJIoBaTHU KPUBY .
Tokkkhkhkkhkhhkhhkdhkh bk hkhhkhk bk hhkhk ko kb hhkhhkrhkhhkhkhkkhhkhhhkhkhhkhkhhkhkxkkkk
Private Sub CmdGo Click()
Dim start time As Double
Dim depth As Integer
Dim gaps As Single
Dim dist As Single
Dim margin As Single
LoopsLabel.Caption = ""
Loops = 0
If Not IsNumeric (DepthText.Text) Then
Beep
Exit Sub
End If
depth = CInt (DepthText.Text)
If depth < 1 Or depth > 10 Then
Beep
Exit Sub
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End If

margin = 120

gaps = (2 ~ depth) — 1

dist = (HilbertPicture.ScaleWidth — 2 * margin) /
gaps

HilbertPicture.Cls
HilbertPicture.CurrentX = margin
HilbertPicture.CurrentY = margin

start time = Timer
Hilbert depth, dist, 0
TimeLabel.Caption = Format$ (Timer — start time,
"0.00")
LoopsLabel.Caption = Format$ (Loops)
End Sub

] R i I e I I b b b I b I b b b b b I I b b I i b b I I b b b I b b b b b b b I b b b 4
' PoBuMO pO3Mip MaJioHKa MaKCUPUCBHMM IJIS HOBOI'O
' posmipy dbopmm.
' Kk hkhkhkhkkhhkhkhkhhkhhkhkhhkhkr kb hkhkdhhkhrhkhhkhkhkhhkdkhkrkhkhhhkhkdhkrhk ok hhkxx
Private Sub Form Resize()
Dim wid As Single
Dim hgt As Single
! If WindowState = 1 Then Exit Sub

wid = ScaleWidth — HilbertPicture.Left —
HilbertPicture.Top

hgt = ScaleHeight — 2 * HilbertPicture.Top
If hgt < wid Then wid = hgt
HilbertPicture.Width = wid
HilbertPicture.Height = wid
End Sub
| hAhkhkkhkhhkhkhkkhkkhhkhkhhkkhhkhrhkhkhkhhhhkkhhkrhkkhkhkhkhrhhkkhkhkrhkkhkkhkhhrhkhk,kxx
' PucoeMmo kpuBy I'inmbpGeprahe Hilbert.
''" Dx i Dy BKasyowThb HANpsaM IJisg [Oepmol
' yacTuHM KpMBOI.. IHIMMM CJIOBaMM, SKIO KPUBA

' noumHaeThbCHa B Kpanui (x, B), BOHa [OBMHHA 3aKlHUMTUCHA
B

' (X + Dx, B + Dy) nicma npopucChbOBYBaHHSA MepHOl TPeTUHM
' KpUBOI.
v R R R I b S b I Ib I S Sb I Sb b I SR S b S db S I SR 2h b S Sb E Sb b I 2h b S db I Sb b b 3b b S 2 3
Private Sub Hilbert (ByVal depth As Integer, ByVal Dx As
Single, ByVal Dy As Single)
Loops = Loops + 1
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If depth > 1 Then Hilbert depth — 1, Dy, Dx
HilbertPicture.Line -Step(Dx, Dy)
If depth > 1 Then Hilbert depth — 1, Dx, Dy
HilbertPicture.Line -Step(Dy, Dx)
If depth > 1 Then Hilbert depth — 1, Dx, Dy
HilbertPicture.Line -Step(-Dx, -Dy)
If depth > 1 Then Hilbert depth — 1, -Dy, -Dx
End Sub
Private Sub mnuFileExit Click()
End
End Sub

Onepadii Ta B6yaoOBaHi GyHKU]i

Onepauii

VY Oynp-sKiii MOBI TIporpaMyBaHHS IPHUITYCTHMI BHpa3u. Bupasu
OyIytOThCs 31 3MIHHUX, KOHCTaHT, YOy/1OBaHUX (PYHKIIIN 3 BAKOPUCTAHHAM
3HaKiB omepauiil i AyXok. 3amuc BHpa3ly 3afa€ MpaBwio (aJropuTM)
00paxyBaHHs HOro 3HaueHHs 1 Woro tumy. THIT 1 3HAYEHHS BCIX 3MIHHHX
BUpa3dy MOBWMHHI OyTH BH3Hau€HI O MOMEHTY o0OpaxyBaHHA. MoBHu
MPOrpaMyBaHHSI PO3PI3HIIOTHCS MK COOOI0 THM, JIO SIKOTO CTYIEHS BOHH
JIOIyCKAalOTh aBTOMATHYHE [EPETBOPEHHS THIIB JaHUX Yy Tpoleci
oOpaxyBaHHS BHUpa3ly. BBaxkaeTbcs, mI0 MoBa € OUIBII HAAIHHOIO Ta
OXOpOHSIE BiA 0araThOX IMOMIJIOK IPOTpaMmicTa, SKIIO BOHA (MOBa) HE
JIOIlyCKa€ aBTOMAaTHYHOTO IEPETBOPEHHS THMIB. 3BHYAHHO, TYT
HEOOXimHWH po3yMHHI KoMmmpowmic. Tak, BCi MOBH JOMYCKalOTh NpH
o0OpaxyBaHHI BUpa3zy X+Y MIHCHHUN THII U1 3MiHHO X 1 IUIOYHCEITbHUHA
THUI 17151 3MIHHOT Y, TPOBOASYM aBTOMAaTHYHE NEPETBOPEHHS JI0 JIiHCHOTO
TUIy ¥ BUKOHYIOYH, IOTIM yXe, JoJaBaHHA MiiicHuX uncesn. MoBa VBA
010 I[bOTO 3aiiMae 3070ty cepenuny. Cepen 1i yOyaoBanux (QyHKIiH €
BeIHMKa KiJbKICTh (YHKIiH, MPHU3HAYEHHX MJIS SBHOTO II€PETBOPEHHS
THUIIB, IO JO3BOJISE MPOTPAMYBATH B KpAaIIUX TPAAMIIAX HaAIHHUX MOB
[pOrpaMyBaHHs, He JOBIPAIOYH HESIBHUM IIE€PETBOPEHHSIM.

HaBenemo ocHOBHI onepailii, ki MOXXKHa BUKOHYBAaTH HaJ JaHUMHU
B MOBi VBA, kimacudikyoun iX 3a THIIOM i IPiOpUTETOM:
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Tabmuns 5.4

Omnepaumii Ta ixHiil mpiopuTeT

Ipiopn Apﬂ(l)l\:lETﬂ IopiBHsaAHH Toriumi Onuc AesiKHX
TeT YHi 1 onepauii
3BenenHs B | PiBuicte — | 3amepeuenH | Ilpu migHeceHHi 1o
CTYITiHb — =) s — (Not) CTeleHs OCHOBA i
@) MOKa3HUK MOKYTh
1 Oyt
apupMETHIHIMH
BHpa3aMu Oy/Ib-IKOTO
THITY
YHapHuit HepiBHicTb Kon tonk1is
2 MiHyC — —(<>) — (And)
()
MmuosxenHs, | Menie — JIu3'FoHKI S
3 Hinennst — | (<) —(Or)
(@)
Jlinenus Binbme — BunstkoBe JlineHHs Haliio
HAII0 — >) A6o — BH3HAYCHO Ha
4 V) (Xor) [I0YHCETbHIMHE
JaHUMH 1 1a€
pe3yNbTarT IJIOro
THUITY.
SanIoK Menme a6o | ExBiBameHT Oneparis mod
BiJl TUICHHS | JIOPIBHIOE HICTh — BH3HAU€HA HaJ
HAII0 — —(<9) (Eqv) JAHUMH I[iJI0TO THITY
5 (mod) i moBepTae pe3ynbTaT
LLTOTO TUITY —
3aJIMIIOK BiJ AiJICHHS
HAIIIJIO.
JlonaBauusi, | Binbmie abo Imrutikaris Cepen JOTTYHHX
BIIHIMAaHHSA | JOPIBHIOE — (Imp) omnepauiit BU3HaUeHa
—(+,) —(>=) oreparis iMIUTiKaIis,
6 ITOMUJIKOBA B
€IMHOMY BHIIAJKY,
ko nocwika True, a
BrCHOBOK False.
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[Iponowxenns tabi. 5.4

Konkarenar; | ITogoou — Onepais Like
is paakiB — | (Like), TiepeBipsie
(&) PiBHicTE BiJITIOBITHICTB psIKa
MIOCHJIaHb 3pa3ky. Onepaunis Is,
—(Is) Iie Hajx 00'€KTaMM, HE
7 nepeBipse piBHICTH

caMux 00'€KTiB, BOHA
nepesipse 30ir
rmocuinadb, IlocuaanHs
MMOBHMHHI 3a1aBaTH TOM
)K€ CaMUil 00'€KT.

SIkmo BUpa3 MICTHTH omepaunii pi3HUX KaTeropid, TO HepIIuMHU
BUKOHYIOThCS apu(MeTH4Hi omepalii, mOTiM omepanii HOpiBHSHHA U
OCTaHHIMH — JIOT1YHI.

Bci onepariii NOpiBHSHHS MalOTh OAMH NPiOPUTET. ApUPMETHYIHI
1 JIOTi4HI onepallii BUKOHYIOTHCS BiIIIOBIHO 10 BU3HAYCHOTO MPIOPUTETY.

Omepanisi, sika 3amucaHa Kilbka pasiB migpsa, abo omepauii
OHOTO TIpiopuTeTy (MHOKEHHS ¥ MiJCHHS, JOJaBaHHA I BiXHIMaHHSI)
BUKOHYIOTBCS 3JIiBa HalpaBo, — i3 JIBOX ollepawiil HepluIor BUKOHYETHCS
Ta, KOTpa ¥iie JiBile B 3aMuCi BUpasy.

Jy>KKH JO3BOJISIFOTh 3MIHHTH 3a3Ha4YEHHI MOPSAOK 0OpaxyBaHb
BUpa3y, OCKIJIbKM BHpa3 B [Iy)XXKKaX Mae HaWBULIMA TNpiopHTET, TO
00paxoBY€EThCSI TEPUIMM. YCEpeAMHI AYXKOK Ji€ 3BUYANHUI TOPSIOK
oOpaxyBaHHS.

Omneparisi KOHKaTeHallil He € apu(pMETHIHOI, BOHA BUKOHYETHCSI
TTicyIs BCiX apuMETHYHMX OTepalliii, ajie 10 ornepaiil IopiBHIHHS.

Po6orta i3 YncAOBUMU ASHUMU

Apupmernka B VBA mpencrasiena nocuths moBHo. Haramaemo,
10 apuPMETHYHUHN THIT T APO3TUISETHCS HA TATHTIN:
e Byte, Integer, Long — A NOJAHHS I[IIOYHCETbHUX JaHUX.
e Single, Double — s NOJAaHHS TIMCHUX JaHUX.
e Decimal — pnd momaHHA uucen y ¢opmi 3 (iKCOBaHOIO
TOYKOIO, III0 BO)KIIMBO, 30KpeMa, s (piHaHCOBHX 0OpaxyBaHb.
e Currency — CHemiaJbHHAN THII JJIS TOJAHHS IPOIIOBHX JTAHHX.
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Variant — y3araabHCHHH THII, IO IO3BOJIAE 30epiratu i
00po0IATH AaHi Pi3HOTO THILY.
[Mpuknax pobOTH 13 YUCITOBUMH JTaHUMH:

Public Sub WorkWithArithmetic ()

Dim
Dim
Dim

X As Integer, Y As Integer

U As Single, V As Single

Z As Double

15.8: V. = -6.5

U/ V: X=CInt(U / V): Y=U\UV

Debug.Print X, Y, Z, U, V, X \ Y, X Mod Y, U Mod V

End Sub

-2

Ocb pe3ynbTaTH APYKY y BIiKHI HAJIAroJHKEHHS:

-2 -2,43076926011306 15,8 -6,5 1 0 4

[omituMo, WO XOdYa IIJIOYUCENHHI oOIepamii MOXIIMUBI Haj

JIHCHUMH JQHUMH, 3aCTOCOBYBATH iX He Tpeba, OCKUIBKH e OJHUH 3 THX
BUIAJKIB, KOJM BHKOHYIOTHCS BHYTDIIIHI [EPETBOPEHHS, TOYHA
IHTepIIpeTalis SKUX CKJIaJHA, 0 MOXKE, B OCTATOYHOMY MiACYMKY, OyTH
JDKEPENIOM TPOrPaMiCTChKUX TOMHJIOK.

Po3risHeMo ocHOBHI BOyJOBaHI MareMaTiuHi QyHKIII.

MatemaTuyHi GyHKLUT

Hab6ip martemarnunux ¢ynkuii VBA gocuTh craHaapTHHI,

Ha3BEMO iX 3 KOPOTKHMHU ITOSACHCHHAMMU:

Abs (umcyio) — abCOJIOTHE 3HAUEHHS YUCTa.

Atn (umcyo) — apkranreHc (y pajiaHax) apryMeHTa, o

3aJla€ TAHI'€HC KYTa.

Cos (umcyio) — KOCHHYC KyTa, apTyMEeHT 3aJ1a€ KyT y pajiaHax.

Exp (4mcJio) — eKCIIOHEHTa, TOOTO pe3ynbTaT 3BEeJeHHS dnciia

e (macTaBa HATYpaIbHUX JIOTAPU(MIB) y 3a3HAYCHNHN CTEIiHb.

Log (urmciio) — HaTypalbHHN JorapudM Jucia.

Rnd/[ (umcyo) ] — pe3ynbTaT € pPIBHOMIPHO pO3NOAiJIEHE

BUTIAIKOBE 4YHCIO B iHTepBami [0 — 1]. Skmo aprymeHT

YMCJIO He 3aaHuil a00 OinbIne HyJss, TO TOPOJIKYETHCS YEPTOBE

BHIIAJIKOBE YHCIIO, SIKIIO BiH AOpiBHIOE 0, TO pe3ynbTaToM Oyne
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TOTIepeTHE BUIAIKOBE YHCIO, a SKIIO YWMCJIO MEHINEe HyIs, TO
BCSIKMH 4Yac MOPOKYETHCSI OJIHE 1 Te€ caMe YHCIIo, 0OyMOBIICHE
aprymenTom. Ilepex TuM sSK  onepKaTH  IOCHIJOBHICTBH
BUMAJKOBUX  YHCEJ, HEOOXIMHO  BUKIMKATA  (PYHKIIIO
Randomize muas imimiamizamii mocimigoBHOCTI. ITomituMo, mjis
(opMyBaHHS 3HAUCHHS BWITAAKOBHX YHCEN BHKOPHCTOBYETHCS
taiimep. {06 oxmepkaTH  IIOYUCENBHY  MOCIIJOBHICTb
PIBHOMIPHO PO3NOAIJICHUX BHIIAJKOBHX YHCEN B iHTepBami [Min
— Max], BapTO BHKOPHUCTaTH HACTYIIHE II€PETBOPEHHS
Int ((Max — Min +1)*Rnd)+ Min

e Sgn (umciio) — 3HaK yucha (KO uMciio Oumbie Hymsa — 1,

JIOPiBHIOE HYITI0O — 0, MeHIIe Hyys — —1).

e Sin(umMcjo) — CHHYC KyTa, apryMEHT YMCJIO 3aJa€ KyT y
paniaHax.

e Sgr (umcjio) — KBaJApaTHHIA KOPIHb.

e Tan (umcjio) — TAHIEHC KyTa, apryMEHT YMCJIO 3aJa€ KyT y
paniaHax.

Y Bcix mux ommcax mig aprymMeHTtoM (QyHKOIl  urmco
PO3YMI€THCS YUCTIOBUI BHpa3.

VY noBigkoBiii cucremi abo B OyIOb-IKOMY MaTeMaTHYHOMY
JOBITHMKY BU 3MOXETE 3HAMTU BKAa3iBKH, SK Ha OCHOBI IIbOTO 0asucy
MOXKHa 00paxyBaTH BEJIHKY KUIbKICTh IHIIMX MaTeMaTHMYHUX (QYHKILH.
Hanpukian, oOpaxyBaHHS TinepOOJIYHOTO CHHyCa BHKOHYETBHCS 32
(dhopmyoro:

HSin (X) = (Exp(X) — Exp(-X))/2
a 00paxyBaHHS apKKOTAHTEHCA:

Arccotan (X) = Atn(X) + 2*Atn (1)

Pobora 3 paakamu

[pamoBaTy 3 TEKCTaMH MPOTPAMICTOBI, SIK IPaBUIIO, TOBOJUTHCS
3HAYHO YacTillle, HDK MpaloBary i3 yncnamu. Tomy BapTo 100pe ysBISATH
OCHOBHI 0a3uCHi omeparlii Hax psAaKaMH, sIKi B OIBIIOCTI BHITAJIKiB
peami3yrThcsl 3a JOTOMOTo0 BOymoBaHuX GyHKIH. [lomiTHMO, 1O B
VBA Office 2000 momani HOBi omeparii Haa PsAKAMHU, IO PO3IIUPIOIOTH
MOJKJIMBOCTI €(eKTHBHOI poOOTH 3 TIEPETBOPEHHS TEKCTY.
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MNMopiBHAHHA pAAKIB

3BuuaifHi omeparii MOpPIBHAHHS 3aCTOCOBHI M 1O CTPOKOBHX
naHuxX. [HTepmperamis WX oOmeparii 3aJeXUTh BiJ YCTaHOBKH OIIIil
Option Compare.

e JSKxmo ng ommis BCTaHOBIEHa SK Text, TO TOPIBHSIHHA Ha
"OinpIe - MeHme" MpeAcTaBisie JEKCUKOoTrpadiuHe MOPiBHIHHA,
KOJIM pSAOKA TOPIBHIOIOTBCS 3a IXHIM pO3TallyBaHHAM B
cyoBHUKY. [loMiThTe, 11e MOPIBHSAHHS HE YyTJIHMBE J0 PETiCTpa, TaK
mo Benuki i Mami OykBu He pospisHsaloThesa. IIporpamicry,
3BHYaliHO, pO3YMIiIOTh, 1IN0 TOPIBHSAHHS PSAAKIB  O3HAYa€
MOPIBHSHHS KOZIB IXHIX CHMBOJIB, TOMY JIEKCHKOTpadiuHHA
MOPSJOK BU3HAYAETHCS KOAYBAHHSIM CHMBOJIB ajdasiTy.

e  SIKuio 15 ONLis BCTAHOBJIEHA SIK Binary, TO MOPIBHAHHSA iie 10
Oitax. Y 1bOMY BHIIaJIKy MOPIBHSHHS MPHUPOAHO, YYTIUBE 0
perictpa.

e Ilpu pobori 3 psagkamMu B Access 3a 3aMOBYYBaHHSIM
3aCTOCOBYETBCSl COPTYBaHHs, 3aJaHe Ha psAAKax 0a3u JaHMX
Access. TlomithTe, mTpu CTBOpeHHI Momayas B Access 3a
3aMOBUYBaHHSAM BCTaBIETBCA omist Option Compare
Database. 3Bu4aiiHoO, 151 OMIIisl 3aCTOCOBHA TUIBKH IPU POOOTI
B Access.

SKmo TOTpiOHO JIOKAJIBHO NEPEeBH3HAYMTH BHJ IIOPIBHIHHS,
3aJ[aHUH OIII€I0 JUI BCHOTO MOJYJISI, TO MOXXHA BHKOPUCTATH BOYJOBaHY
dyHKIiI0O StrComp, 1O MOBEPTAE PE3yJIbTAT MOPIBHAHHA PAAKIB. Ii
CHUHTaKCHC!

StrComp (stringl, string2[, comparel])

Aprymentn stringl 1 string2 — TOpIBHIOBaHI PSIKH.
Heo0oB's13k0BHit apryMeHT compare BKa3ye CHOCiO IMOPIBHSIHHS PSJIKIB:
3HAUeHHs 3a 3aMOBUyBaHHAM (O BHKOPHCTOBYETHCS, LI00 BHUKOHATH
JBIMKOBE MOPIBHSHHSA, 1 33/1a€ IIOCHMBOJIbHE TIOPIBHSHHS 0€3 BpaxyBaHHS
pericTpa.

Sxmo stringl MeHIe HiX string?2, To pe3yJbTaT JOPIBHIOE
-1, SIKIIO PSAKK piBHI, TO — 0, SKIIO Jpyra MeHme, To — 1, SKII0 X094
OJMH 3 PAAKIB Mae 3HaueHHs Null, TO pe3yJbTaT TaKOXK JOPIBHIOE
Null.

[ToTyXHNM 1 JOCHTH KOPUCHUM 3aCO00M IpH POOOTI 3 TEKCTAMH €
omepanist Like, mo 3agae NOpIiBHAHHA 3a 3pa3koM. HeoOximHicTb
3HAaXO/KEHHS B HaOOpi BCIX pAAKIB, IO 33J0BOJBHAIOTH JACIKOMY
mabnoHy (3pa3Ky), BHHHKAE B HaWpi3HOMAaHITHINIMX 3aBIaHHSIX. VBA
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JO3BOJISIE BUpIOTyBaTH ii B onxHy omepanito. Hasememo Tabnmitio
CIemiaJbHAX CHMBOJIIB, IPUITYCTUMUX NPH 3aBIAHHI 3pa3Ka.

Tabmung 5.5

CrieniasibHi CHMBOITH, BUKOPHUCTOBYBAaHI IIPH 3aBIaHHI [Ia0I0Ha

o9

CumBon InTepnperanis IMpuknaagu
* byne-akuii  Texkctr — | 1laGnony Agent*
JIOBIIbHE YUCJIO | BiAMOBIJalOTh BCI TEKCTH,
CHMBOJIIB 10 TTIOYMHAIOTHCS 31 CII0BA
Agent.
? Onux Oynp-saxuit | 11laGmony Ko?
CHUMBOJ 3aJI0BOJIBHSAIOTH, 30KpeMa,
psaaku Kok i Kyx.
# bynp-saxa uudpa Big 0 | [labmony Agent###

Bignosigae 1000 pisHKX
pAOKIB, ceped  SAKHX 1
Agent007.

[Besniu cu
MBOJI1iB]

Bynb-saxuil cumBoI, 10
HaJIeXKUTh Oe3Mii

3amati Oe3ilid MOKHaA 3a
JIOIIOMOT OO

nepepaxyBaHHs i
IHTEpBaIiB. [abnony
Ko[a - V]
33I0BOJILHSIOTH clioBa

Sy,  «Kok», «Kyk».
UyTnuBICTh A0 pericTpa
3aJIeKHUTh BiJl YCTaHOBKHU

VIMBOJI1iB ]

MpUHAICKHIA — Oe3mivi
CHMBOJI

ormuii Option
Compare.
[!6esniu c | Bynp-skuit He | labmony [!'a — 4]

3a/I0BONBHSIE CUMBOJ, IO
He € OYKBOIO POCIHCHKOTO
angasniry.

Hagenemo npukian po6otu 3 onepartieto Like :
Public Sub LikeOperation ()
Const patl = «[A-Z]»
Const pat2 = «[a-z]»

Const pat3 = «[

la-z]1»

Const pat4 = «[3-5]»

Dim res As Byte
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Dim Sym As String

res = «Kyx» Like «JIO[aoy]zmo»
Debug.Print res

res = «f» Like patl
Debug.Print res
res = «f» Like pat2
Debug.Print res
res = «f» Like pat3
Debug.Print res

res = «5» Like pat4

Debug.Print res

Sym = "3"

res = Sym Like patl & paté
Debug.Print res

res = Sym Like patl Or Sym Like pat4
Debug.Print res

End Sub
Ocpb pe3ynbTaTu ApyKy:
255
0
255
0
255
0
255
3BEpHITh yBary Ha OCTaHHI JiBa pe3yJbTaTH, 10 JIEMOHCTPYIOTh
HEKOPEKTHHH 1 KOPEKTHHH CrocoOu poOoTH 3 00'€qHAHHAM MHOMXHHU
CHMBOJIB, III0 TIEPEBiPSIOTE.

OcHoBHiI onepaluii Haa pAAKaMK

VY KIacuuHI MaTeMaTuIli JaBHO BU3HAUEHWH Habip OCHOBHHX
omepamid HajJ YHACIOBUMH I OymeBumu gaHuMU. CTpPOKOBOIO
apu(METHKOI0 CEepHO3HO CTamu 3aliMaThCsA 3 TMOSBOI KOMITIOTEPIB.
Teepauii cTaHgapT Ha I omeparlii e He ckiaBcs. SIK mpaBwWio, y BCiX
MOBaxX € TIJIBKH OJIHA OIEpallis — KOHKATCHAIlsl PSIIKiB, MO3HAYyBaHA
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cumBoJioM "&". Bci iHIN OCHOBHI oreparii peati3yloTsCs 3a JTOTIOMOTOI0
BOymoBaHMX (YyHKHiH, iIMEHa SKHX 1 IXHIX apryMeHTiB MOXYTh
BapiroBaTHCS Bil MOBH 1O MOBH. biibpIe TOro, BapifoeTbes i caM HaOdip
oux omepamiii. MiHiManpHO, KpiM KOHKaTeHamii HeoOXigHi Ime IBi
omepariii, mepma 3 SKHX JO3BOJISIE BUABUTH 1HIEKC BXOIKCHHS OIHOTO
psAAKa B IHIMMHH, Ipyra — BUAUIATH 3 pAOKa ioro mimpsmok. VBA mae
JOCHUTh TIOTY>KHUH Halip omepauiil. Po3risiHeMo crioyatky Ti oneparii, siki
i paHille iCHyBaJIM B MOBI, a BXK€ IOTIM OUIBII JOKJIQJHO IOTOBOPUMO TIPO
HOBI MOXXJIMBOCTI.

®yukuis Len (string) mnoBeprae JOBXHHY psJKa, 331aHOTO
apryMeHTOM S tring. (YUCIO CHMBOJIB PSAAKA).

Oyukiiss InStr Bu3HAaYae mo3ullito (iHAEKC) MEpIIOro
BXOJDKEHHSI OJTHOTO psiJiKa y cepeAnHy iHmoro psaka. CHHTaKcHC

InStr([start, ]string1, string2[, compare])

HeoOoB's3koBull apryMeHT start 3a7ae TMO3HWINI0, 3 SKOT
MOYMHAETHCS TOMIYK (32 3aMOBUYBAaHHAM — 3 IIEPIIOTO CHMBOIY PSJKa).
AprymeHT stringl 3amae psIoOK, y SIKOMY BHKOHYETHCS IOLIYK, a
string2 — MOPANOK, BXOMKEHHS SKOro INyKaeTbesi. HeoOoB's3koBuid
apryMeHT compare Mae TOH ke 3MicT, o i i QyHkiil StrComp.

3Ha4YeHHs, 0 TOBEPTAIOTHCS, BU3HAYUCHI y TaOJIHIIL.
Tabmus 5.6

PesynbraT pobotn QyHkuii InStr

YmoBu 3HaveHHs ¢pyHkuii InStr

stringl — nopoxHil psamoK 0

stringl abo string?2 pieHi | [lopoxne 3HaueHHs — Null
Null

string2 — nopoxHii psauoK start

BxomxeHHs string2 HE 0
3HaljieHo B stringl

BxomxkeHHs string?2 3Haiineno B | [lo3uilisi BUSBICHOTO MiApsiIKa
stringl

start >Len(string2) 0

Hanpuknan, nBa BukiaMkM 1€l QyHKOii MOBEpHYTH Taki

pe3ynbTaru:
? InStr (4, "XXnXXnXXnXxno", "a", 1)
6

? InStr (4, "XXnXXnXXnXxn", "i", 0)
9
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Oyukuis Left (string, length) Buainse B psAaKy string
3a3HaueHe 4ucio length cuUMBOMIB JTiBOpYY, JO3BOJISIOUM BHIUIUTH
npedikc psaka.

Oyukuiss Right (string, length) BUKOHYE aHAJOTIYHY
orepariio, BUAULIIOYM CHUMBOJIM IIPaBOpydY, IO JO3BOJISE OJIEPIKATH
cyikc (3aKkiHUeHHS) psIKa.

Bimpmr  yHiBepcanbHa QyHKUis Mid(string, start][,
length]) n03BONISE BUAUIUTH 3 PsiKa String MAPSIAOK JOBXKHHU
length, MOYMHAIOYH 3 MO3UIII start.

Ocp mpuKiIa] BUKIUKY LUX (QYHKIiH Oe3nocepeqHbO 3 BikHA
HaJIaro/PKeHHSI:

? VBA.Left ("poxoxo", 3)

noJis
? VBA.Right ("poxoxo", 3)
OKO
? VBA.Mid ("poxoxo",3,3)
KOK

OyHKIiT LTrim(string), RTrim(string),
Trim(string) NOBEPTAIOTH KOMIIO PSJKA, 3 SIKOTO BHIYYEHI HpoOiny,
mo rmepedyBadu Ha TOYAaTKy psaka (LTrim), HAOPUKIHIN psaKa
(RTrim) a0bo Ha modaTKy i KiHIl psaka (Trim) .

@yHkuus String CTBOPIOE PAAOK, KU MICTUTH 3a7laHe YHCIIO
TIOBTOPIOBAHMX CHMBOJIIB.

CuHrakcuc:

String (number, character)

ApryMeHT number 3aja€ AOBXHHY psjaka, a character —
KOA cHUMBOJNIy abo CTpOKOBHH BHpa3, MEpPIIMH CHMBOJI  SIKOTO
BUKOPHCTOBYETHCS IIPH CTBOPEHHI PE3yJIbTYIOHUOTO PSIKa.

@yukuii LCase (string) i UCase (string) mnoBepraioTh
KOIIO psijiKa, CHMBOJH SIKOTO HaBeJeHI 10 HWKHboro (Low) abo
BepxHBbOTO perictpa (Upper).

OyHKIIi1, 10 TOBEPTAIOTh PAIKH, ICHYIOTh Y JBOX BapiaHTax, SIKi
BiIpI3HAIOTECS  iMeHamu. DyHKIii, iMeHa SKUX MH TPUBOIWIH,
MOBEPTAlOTh pe3yibTaT THIY Variant. VY npyromy BapiaHTi iMeHa
(GyHKIOIA 3aKiHUIYIOThCA 3HAKOM $, Hampukiaaa, Mid$, UCase$. VY
LbOMY BHIAJKy pe3yibTaT MOBEpPTAEThCS THIy String. Taki ¢yHkmii
BHUKOHYIOTBCS ILIBHUIIIIE, aJle HE MOXKYTh KOPEKTHO MPAIIOBATH 3 PsAKAMHU,
110 MarOTh 3Ha4YeHHs Null.
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E

HaBenemo sk mpukiia KOpUCHY (YHKINIO, IO 3HAXOAUTH ILIAX
JI0 aKTUBHOTO OKyMeHTa Word i poOuThs po30ip BCiX KOMIIOHEHTIB I[LOTO

LULAXY:

Public Function AppPath(Disk As String, Dir As String,
FileName As String) As String

'Ils dyHKL1s noBepTae sk pes3yJsibTaT NOBHMM WMJISX aKTUBHOTO
IOOKYyMEHTa

'Ii mapamMeTpu MiCTATH KOMIOHEHTM LBOTO WIIAXY — iM's
oOucKa, KaTaJor Ha OMCKYy U iMm'a darny
Dim MyDoc As Document
Dim Path As String

Dim Start As Byte, Finish As Byte

'Bu3HavYaEMO INOBHUM mIax o oGanny, wWo 3alae akKTUBHUN
nokyMeHT Word

Set MyDoc = ActiveDocument

Path = MyDoc.FullName

'BumisisemMo iM'sa OomMcka — Oepumui CUMBOJI IOBHOTO UJIAXY
Disk = VBA.Left (Path, 1)

'BuninsemMo kaTajor, y SKoMy 30epiraeTbcsa OOKYMEHT
Start = VBA.InStr(l, Path, "\")

Finish = VBA.InStrRev (Path, "\")

Dir = VBA.Mid(Path, Start + 1, Finish — Start)

'Buningemo iMm'sa darnny
FileName = VBA.Mid (Path, Finish + 1)

'BepraeTbCcd pesyybTaT — [OBHUM LUISX IO KaTaJjloTy
AppPath = VBA.Left (Path, Finish)
End Function

Public Sub MyPath ()

Dim Path As String

Dim Dir As String

Dim Disk As String

Dim FileName As String

Path = AppPath(Disk, Dir, FileName)
Debug.Print Disk, Dir, FileName, Path

End Sub

Ocb pe3yabTaTH APYKY MiCIs 3aIycKy mporneaypyu MyPath :
02000\VBA2000\Ch8\ Ch8.doc E:\02000\VBA2000\Ch8\
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3BepHiTh yBary, y ¢yHKUii AppPath MH BHKOPHUCTaIH HOBY
¢yHkiito InStrRev, M0 NOJErIIMIO pillleHHsS Hamoro 3aBiaHHs. [lo
ONHCY HOBHX YBEACHUX (QYHKIIH MH 1 IIEPeX0IUMO.

HoBi dyHKLUji AAs po60TH 3 psiAkaMu

B VB nozxani xopucHi GyHKIIT 11 poOOTH 3 psAAKaMU.

@yuknig INStrReV  —  momyk oOCTaHHBOTO BXOMKEHHS
miapsjaka

@Oynkuis InStrRev CUMETPUYHO JOMOBHIOE  (YHKIIIO
InStr, aHaJoOTiYHO TOMY, K (QyHKIiA Right momoBHIOE (QYHKIIiIO
Left. ls ¢pyHkuis urykae BXOJKEHHS MiJpsiKa B PSIOK, ajie HOYHUHAE
CBOIO POBOTY i3 MpaBoro KiHus psAjaka. [i BUKOpHUCTAHHS MOKe iCTOTHO
MPUCKOPUTH POOOTY, SKIIO 3a3galeriib BiIOMO, IO MIyKaHUH
miapsAnok mepeOyBae Jech HANPUKIHII psAoka — JoKepema. SIKmmo
BXOJ/KCHHS [IYKAHOTO MiApsIKa €IUHO, TO 00MIBI QYHKINT Jar0Th TOM
camuii pesynbraT. [Ipy MHOXMHHOMY BXOJDKeHHI (yHKHis InStr
[OBEPTAE MEpLIE BXOMKEHHS, Y TOM yac AK InStrRev — OCTaHHE. fi
CHUHTaKCHC:

InstrRev(stringcheck, stringmatch[, start[, compare]])

[i mapamerpu MaroTh TO# e 3MicT, mo # y yHkuii InStr,
ajie, MOMIThTE, MOPSAOK IXHBOTO 3aBHaHHs 3MiHeHuit. HeoOoB's13k0BUMI
napaMerp Start Temep 3aJa€Thcs TPETiM 3a paxyHkoMm. Koium BiH
ONyIIEHUH, TO 3a 3aMOBUYBaHHSM HOTO 3HAYCHHsS IOpiBHIOE "-1", i
MOIIYK TOYMHAETHCA 3 OCTAaHHHOI'O CHMBOIY. SIKIIO MOBEPHYTHCS [0
OCTaHHBOTO TMPHUKIATYy, TO JUIs pINICHHS 3aBHaHHA OyJ0 MOTpPiOHO
BH3HAYUTH MepIie U OCTaHHE BXO/UKEHHsS cHMBOJIY "\" y psiok, mo
3agae nusix a0 Qainy. Tomy o0uasi QyHKIi Oyau MOCHUTH JAOPCUHI.
IToTpiOHO BiA3HAYHUTH, IO 1€ THIIOBA CUTYAIlisl IIPU PO300pax TEKCTY.

®dyukuis Replace — 3amina Bcix BXxoakeHb migpsaka.

Ile awBHO, Mo B HaOopi BOymoBaHWX (QYHKIIN He OyIo
noternep QyHkiii Replace. 3amMiHa OHOTO MiAPSAAKA HA iHITUH — II€
OJHA 3 OCHOBHHUX omepamiii mpu poborti 3 psakamu. Tomy B apceHari
MPaKTUYHO KOXHOTO i3 mporpamicTiB Oyma cBos Bepcist ¢GyHKIIT
Replace. Temnep MOXHA KOPHCTYBATHCS CTAHAAPTHOIO peanizamiero. i
Oe3nepeyHrM JOCTOIHCTBOM € Te, 110 BOHA JO3BOJISIE 3aMIiHUTH HE
TUIBKH TepIIe BXOJDKEHHS IIyKAaHOTO IIApsnka, amxe ¥ Bci iHOI
BXOJDKEHHsI, HE BUMararouu oprafizamii nukiy. 3 iHmoro 00Ky, MOXHa
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OOMEXHTHCS TITBKH 3aMiHOIO Tepmoro abo [OeKiNbKOX MepuIux
BXOJ/KEHb. PO3TiIsTHEMO CHHTAKCHC Ii€l QyHKITIT:

Replace(expression, find, replace[, start[, count[, compare]]])

[lepmnii aprymeHT expression 3amae CTpOKOBUM BHUpa3,
pe3yNbTaT SKOT0 BU3HAYAE PSJIOK — JIKEPEJIo, y SKOMY 3A1HCHIOETHCS
3amiHa. Aprymentd find i1 Replace 3aJar0Th 3aMiHHY MiIpsSaKa i
Horo HOBe 3HauYeHHSI. ApryMeHT Count BH3HAYa€ YHCIO 3aMiH.
3BHuaifHO BiH JOpiBHIOE 1, KOJXM MOBa HIe MpO 3aMiHy MEpIIOTO
BXOJIKCHHS, a00 ONYCKAaeThCs — Y I[bOMY BUIAJAKy HOTO 3HAYECHHS 3a
3aMOBYYBaHHIM JOpiBHIOE "—-1", 110 O3HAYae 3aMiHy BCiX BXOJKCHbB.
AprymeHT compare Mae 3BUYaillHUI CEHC.

Sk npuknan HaBeneMo GyHKLIO Rep.

Public Sub Rep ()
'lls mpouenypa MNEepPeTBOPUTL BUIIJIEHUNM NIPOTPAMHMUM TEKCT

'Samingoun npobinm Tabynauien ¥ kiHeub adzauny M'AaxuM
KiHUIeM psankxa

Dim TxtRange As String

TxtRange = Selection.Range.Text

'3amMina npobimie: 4-x, 3-x 1 2-x cmMBosiOM TaByianii
TxtRange = Replace (TxtRange, " ", vbTab)
TxtRange = Replace (TxtRange, " ", vbTab)

TxtRange = Replace (TxtRange, " ", vbTab)

'SamiHa kiHUiB abzauy

Selection.Range.Text = Replace (TxtRange, VBA.Chr(13),
VBA.Chr(11))

End Sub

HesBakaroun Ha Bcro KOpUCHICTh (yHKUII Replace, Ham
JIOBEJIOCS HAMKCATH Ie OHY BiacHy mozaudikaiito i€l ¢pynkmii. Crpasa
B TOMY, III0 B Replace € ogHa OCOONMBICTH, Ha Ky BapTO 3BEPHYTH
yBary, — pe3yJIbTaT, 10 NOBEPTAETHCS HEIO, IIOYNHAETHCS HE 3 HEpIIoi
MO3UIIii, a 3 MO3ullii, 3amaHoi apryMeHToM Start. Tak mo kpiM cBO€l
OCHOBHOI poJii BOHa Ie 0OpyOye TOJIOBY psilika, SIKIIO TiIbKH Start,
Bifpi3HA€eThCS Bix 1. OCKibKM 3aMiHy HaifgacTimie noTpibHo poOuTH He i3
€aMoro MoYaTtKy, a OAep>KyBaTH XOUEThCsl IOBHUHN PSIOK, TO MU HaIMcaIn
cBill BapiaHT miel GpyHkuii. HaBegeMo Horo Tekcr:
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Public Function MyReplace (ByVal Expr As String,
find As String,

ByVal

ByVal rep As String, Optional ByVal start As Long

= 1, Optional
ByVal count As Long = -1,

Optional ByVal compare As VbCompareMethod
vbBinaryCompare) As String

'BUKIIMK CTaHmapTHOI ¢yHKkU1I Replace
If start = 1 Then

MyReplace = replace (Expr, find, rep, start,

count, compare)
Else
MyReplace = VBA.Left (Expr, start — 1) &
replace (Expr, find,
rep, start, count, compare)
End If

End Function

Ochb pe3ynpTaTh ACKUTPKOX BUKIHKIB Replace 1 MyReplace

y BIKHI HaJlaroHKeHHs:

? Replace ("A+B *(D*B +B)","B","C",4,1)
*(D*C +B)
? MyReplace ("A+B *(D*B +B)","B","C",4,1)

A+B * (D*C +B)
? MyReplace ("A+B * (D*B +B)","B","C",4)
A+B * (D*C +C)

Bunanenns minpsanka. BunaneHHs BXODKEHb HIJIpsAIKa B PATOK
TaKOX € OJHIEI0 3 OCHOBHUX OIEpaliif Haa psakaMHu. Xoda CIelianbHOi
yOynoBanoi ¢yHkuii DelStr Hemae, aje HamucaTd ii peaizariio,
Maroun Replace, 30BCiM MpocTo. BunmaneHHs Miapsiaka €KBiBaJCHTHE
3aMiHi i mOpokHIM pagkoM. OCh TeKCT, HamucaHoi HaMH (yHKIT

DelStr:

Public Function DelStr (ByVal Expr As String, ByVal find

As String,

Optional ByVal start As Long = 1, Optional ByVal

count As Long = -1,
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Optional ByVal compare As VbCompareMethod =
vbBinaryCompare)

'Bukimk OyHkU1I MyReplace 3 HOPOXHIM psaOKoM Ijis
3aMiHm

DelStr = MyReplace (Expr, find, "", start, count,
compare)
End Function
PesynbraTy 11 BUKJIMKIB y BiKHI HAlaroJHKeHHs:
? DelStr ("T* + Ux*x — y*x", "*")
T+ U—-V
? DelStr ("T* + U**x — y*x" "x" 5)
T* + U -V
? DelStr ("T* + U** — y*", "x" 5 1)
T* 4+ U* — V*

[TomiteTe, NpH BU3HAYCHHI DelStr MU KOPHCTYBAJIHCS BIIACHOKO
Monudikaiiero MyReplace, OCKUIBKH, SIK HAM 37a€ThCS, BOHA OLIBIIIOI0
MIpOIO BiATIOBiA€ CyTi CIIPaBH.

Po36ip psiaka. OyHKuii Split, Join i Filter

BaxnuBy rpyny HOBUX (QYHKLIH CTaHOBIATH (yHKUIT,
npusHadYeHi Ui Po30Opy TEKCTy. IXHS TosBa 03BOJsAE eEeKTUBHO
BHPINIYBaTH IIMK KJIac 3aBAaHb, 1110 4aCTO 3yCTPIYatOThCs NP poOOTI
3 Tekctamu. CyTh CHpaBH Taka: TEKCT, 3aJaHHUi PAIKOM, HaliyacTiiie
MPEJCTaBIsE CYKYNHICTh CTPYKTYPOBaHHMX €JEMEHTIB — a03aliB,
MPOIIO3UIIiH, CIIiB, Ty)KKOBUX BHpa3iB 1 Tak gaiui. [Ipu poOoTi 3 Takum
TEKCTOM HEOOXiZHO PO3IIIUTH HOTO Ha €JIEMEHTH, KOPHCTYIOUNCH TUM,
IO € CIemiaNbHi PO3AUTEHUKH €IEMEHTIB, — II€ MOXKYTh OyTH Mpo0inu,
IYKKH, po3ainoBi 3Haku. [lomiOHe 3aBNaHHS BUHHUKA€E MPAKTHYHO
MOCTIHO TpH poOOTI 31 CTPYKTYpOBaHMMHU TekcTaMH. HoBi ¢yHKmii
ICTOTHO TOJIETIIYIOTh BHpIIIEHHS TakuxX 3aBaaHb. DyHkmis Split
JIO3BOJISIE PO3AUIUTH PSIOK Ha €JIeMEHTH W CTBOPUTH MacHB i3 IHUX
eneMeHTiB. PyHkuis Filter N03BOJIsSE€ BUIUINTH MOTPIOHI elIeMEHTH
B IhOMY MacuBi, a ¢yHKNiZ Join BHpilIye 3BOPOTHE 3aBIAaHHA,
MIEPETBOPIOIOY] MacHB y psAoK. PosrisHemo i ¢yHKIii fokiaaHine.
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MepeTBOPEHHA psiAka B MacuB

Oynkmis  Split.  Ilepenbagaerscs, 1m0 BUXIAHUH  PSAIOK
CKIIAIA€TBbCA 3 eJEeMEeHTIB (MApPAAKIB), PO3OUICHUX CHeUmiaJbHIMHU
CUMBOJIAMHA — po3aiUbHUKamMu. OyHKIIS Split mMoBepTae OXHOMIpHHA
MAaCHB 3 eIEeMEHTIB psjKa. Ii cunTakcuc:

Split (expression[, delimiter[, limit[, comparelll),
ne:

e expression — pAAKOBUH BUpa3, Pe3yNbTaT IKOTO 330a€ PAIOK
— JDKEPETIo, IO CKIAJTAETHCS 3 CIIEMCHTIB 1 pO3AUTHHHUKIB.

e delimeter — psOAOK, IO 3aJa€ MOCTIJOBHICTH CHUMBOJIB,
BUKOPHUCTOBYBAaHHX K pO3AUIBHHK. SIKImo 1meil mapamerp
OIyLICHUH, TO 32 3aMOBYYBaHHSM Iepe0adyacThCsi, 0 B PO
PO3IITbHYKA BUCTYIIA€ IPOOLT.

e limit — HeoOOB'I3KOBHUII mapaMmeTp, IO I03BOJIIE OOMEKUTH
YUCIIO TIOBOPOTHUX CIEMCEHTIB. 3a 3aMOBUYBAHHSAM HOTO
3HAYCHHS JOPIBHIOE — 1, IO 03HAYa€ BUAUICHHS BCIX CJIEMEHTIB.

e compare — HEOOOB'SI3KOBUI MapaMmeTp, M0 Mae€ CTaHTAPTHHUHA
3MICT Yy BCIX OIlepamisix Haj psakamMu. 3a 3aMOBYYBaHHIM
nependavyaeThes BIKOBE MOOITOBE NOPIBHSHHS.

Hagenemo mpukiam, y SKOMY CKIQIHOMIAPSIHA IPOMO3MILIS
PO3IUISETHCS HA POCTI MPOTIO3ULIIi:
Public Sub SplitString()
'V uim npouenypi ckiazmHa mnpomnosuiuis pospinsgeTscsa Ha
IIpoCT1
'TIToB1OOMJISEMO OMHAMI1UHMI MaCUB
Dim Simple() As String, i As Byte

'PosmipHicTe MacuBy Simple yCTaHOBJIOETHCS aBTOMaTWUYHO
'BinnoBizmHO mo po3MipHOCTL MacmuBy, WO IOBEpTaE
byukuien Split
Simple = Split("A ue nmweHMIs, WO y TEMHOMY NIPMKOMipPKY
30epiraersca B OynuHKYy, "

& "saxuy nobynyesas IOxex", ", ")
For i = LBound(Simple) To UBound(Simple)

Debug.Print Simple (1)
Next 1

End Sub
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VY pesymbraTti poOOTH IIi€l MPOLEAYpHU CTBOPIOETHCS MAacHB i3
TPHOX €IIEMEHTIB:
A LUe [numeHusa
sgka B TEMHOMYy IIPMKOMipky 306epiraerscs B OyOUMHKY

aKuy nodbynyBaB IIxXek

3BEpHITh yBary, AJjsi BAKOPUCTAHHS pe3yabTaTiB poOOTH (yHKIIT
Split cTBOpIOEThCS AMHAMIYHUI MacuB psjkiB. [Ipo Horo po3MipHicTbh
HeMae MoTpeOu MiKITyBaTHCS, OCKITBKA B MOMEHT IIPUCBOEHHS PE3YIbTaTy
BUKOHaHHA Split, BIH 3allOBHIOETBHCS eJIEMEHTAMH # Yy HBOTO
3'IBISIEThCS HWDKHS M BepxHsA TpaHuns. Jlami i3 nuM MacHMBOM MOXHa
MPAIFOBATH 3BUYaliHUM YHHOM.

VY o¢yHKkOii Split, Ha HaIl MOTJISIN, € OOWH HEHNONIK. Xoda B
PO pO3IUIBHUKA MOXE BHCTYIATH IIOCIIIOBHICTh CUMBOIIB (y HAIIOMY
MIPUKIIaAIl i€ Tapu CUMBOJIIB "KoMa, poOin"), alie He MOKHa BUKOPUCTATH
Pi3HI PO3IUIBHUKK €IEMEHTIB. Y 3aBIaHHIX MOAIOHOTO POAY THIIOBOIO €
CUTyallisl, KOJM €JEMEHTH BIAJUISIOTECS PI3HUMH PO3JIUIBHUKAMH,
MOXIIMBO, OTOYEHMMHU TpoOinamu. [li3HilIe MM MOKaXXeMO, SK MOXHa
BIOPATHUCSA i3 UM 3aBIaHHSM.

36u1paHHA eAEMEHTIB MacuBy B PSAOK

Oynkmis Join. OyHkIis Join BHpiNTye 3BOPOTHE 3aBIaHHSI —
BOHA BIJIHOBIIIOE PSIOK 3a HOTO €IeMEHTaMU, 10 30epiraloThCsi B MacHUBI,
JI0/IAK0uH PO3IILHUKM B MOMEHT IXHBOTO 00'eiHanHsL. 1i cuHTakcuc:

Join (sourcearray[, delimiter]).

[MapameTpu 3po3ymini 6e3 ocoONMMBUX MOsicHEHb. [lomiTIMO, IO
SKIIO HEOOOB'SI3KOBUI apryMeHT delimiter BiACYTHIH, TO eIeMEHTH
PO3AUISIFOTBCS TpoOiTaMu. SIK mpUKIan HAaBEAEMO 3BOPOTHE CKIIaJaHHS
CKJIaTHOT IIPOTIO3HUIIIT:

Public Sub SplitAndJoin ()

'Y uim npouenmypil ckilamHa Nponosmuis pospinserscs Ha
npocTi

'A nmoTiMm nicis oBpoOKM PANOK BIlOHOBIIOETHCS
'TIOB1OOMJISEMO OMHAMI1UHUI MacCHUB
Dim Simple() As String, 1 As Byte
Dim Simplel() As String, Res As String

'PosMipHicTe MacuBy Simple yCTaHOBJIETHCH aBTOMATUUHO
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'BignoBigHO mo po3sMipHOCT1 MacuBy, WO NOBepTae
byuxuien Split

Simple = Split("A ne nmweHMs, WO y TEMHOMY MNPMKOMIipPKY
30epiraersca B OyIOuHKY, "

T n, ")

& "axuy nodbynysaB IIxexk",
'CTBOPIOEMO HOBUM Macus
ReDim Simplel (1 To UBound(Simple) + 2)

Simplel(l) = "A ue Becenuy nrax — cuHMULa"
Simplel (2) = "sgkxa yacTo Kpazne numeHunn"
For i = 3 To UBound(Simplel)

Simplel (i) = Simple(i — 2)
Next i

'CTBOPIOEMO PAIOK 3 Macupy Simplel

Res = Join(Simplel, ", ")
Debug.Print Res
End Sub
Ocb pe3yabTar JpyKy:
A ue BeceymMM HTax — CUHMISL, WO YacTO Kpane MNUEeHMUID, IO
Yy TEeMHOMY

npuKoMipky 36epiraeTbcsa B OyOMHKY, IO I00ynmyBaB JIbkek

®inbTpaLLis eneMeHTIB MacuBy

@ynkuis Filter. @ynkuis Filter € oaHUM 3 BapiaHTiB HOLIYKY
3a 3pa3KOM cepej eIeMeHTiB MacuBy. TyT He MOTpiOHO TOYHOTO 30iry
eJIeMEHTa W 3pa3Ka, JOCHTh, 1100 PSJOK - 3pa30K YTPUMYBaBcs B PSIKY,
3aJaHOMY eJIeMeHTOM MacuBy. OCKIUTBKH 30iriB MOXe OyTH TOCHUTH Oararo,
TO pEe3yJIbTATOM € MacuB BiaQiIbTPOBAaHHX eeMeHTiB. Jleski aerami
OynyTp moOsicHEHI mpH ommci aprymeHTiB ¢yHkmii Filter. Ocp ii
CHUHTaKCHC!

Filter (sourcearray, match[, include[, comparell),
aec:
° sourcearray — OIHOMIDHUH MacuB, €JIIEMEHTH SKOTO €

psnkamu. Bin moxxe OyTH oTpuMaHWH, HAaIIPUKIAJ, SIK pe3yibTar
PO3ILIEIICHHS PsJIKa B MACUB.

e match — 3pa3ok nomyky (psaoK, BXODKEHHS SKOTO IIYKAETHCS
B KOJKHOMY €JIEMEHT] BUX1JHOTO MAaCHBY).
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e include — HeoOOB'S3KOBHI apryMeHT OyieBoro Thmy. 3a
3aMOBYYBaHHSAM Mae 3HaueHHs True, W O3HaYae, IO €JIeMEHTH,
AKi 3aJJ0BOJIBHAIOTH 3Pa30K, BXOIATH y PE3YIbTYIOUHH MAaCHB.
Slkmo 3agaHoO 3HAaYeHH False, TO pE3yJAbTYIOUUH MAaCHUB
CKJIQIAETHCS 3 €IEMEHTIB, 110 HE 3aJJ0BOJILHSIOTH 3pa30K.

e compare — Mae€ 3BUYAHHUI CEHC.
SIK pe3ynbTaT MOBepTAETHCS MACHB BifA(iIbTPOBAHUX €JIEMEHTIB.

Ham npukian € po3nIMpeHuM BapiaHTOM Npouenypu SplitAndJoin:
Public Sub SplitAndJoin ()
'Y uiy mpouenypil ckJjamHa Oponosmulisa po3niyserbcsa Ha
npocTi
'A noTiMm nicis oBpoOKM PANOK BIlOHOBIIETHCS
'TyT Xe »meMOoHCTpyeThbcsa (inbTpaunis esleMeHTiB MaCUBY
'TIoB1OOMJISEMO OMHAM1UYHMI MaCUB
Dim Simple() As String, i As Byte
Dim Simplel() As String, Res As String
Dim Simple2 () As String
'Po3MipHicTs MacuBy Simple yCTaAHOBJIOETHCS aBTOMATUUYHO
'BinmnoBimHO mo po3MipHOCTL MacmuBy, WO IOBEpPTaE
byuxuien Split
Simple = Split("A ue OmWeHMLId, WO Yy TEMHOMY IIPUKOMIipPKY
30epiraerbca B OyIuHKY, "
& "saxuy nobynyesas IOxex", ", ")
'CTBOPIOEMO HOBUM Macus
ReDim Simplel (1 To UBound(Simple) + 2)

Simplel (1) = "A ue Becexuy nrax — cuHMLa"
Simplel (2) = "sgkxa uyacTo Kpazne numeHuno"
For i = 3 To UBound(Simplel)

Simplel (i) = Simple(i — 2)
Next i

'CTBOPIEMO PSAOOK 3 MacuBy Simplel
Res = Join(Simplel, ", ")
Debug.Print Res

'dinpTpanisa eneMeHT1B MacuBY
Simple2 = Filter (Simplel, "xoTop")
Res = Join(Simple2, ", ")
Debug.Print Res

Simple2 = Filter (Simplel, "xoTop", False)
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Res = Join (Simple2, ", ")
Debug.Print Res

End Sub
Ocsb pe3yabTaT ApyKy:
A uLe BeceyuMM nHTax — CHMHMIL, IO YacTO Kpale MUeHMIn, Lo

Yy TEeMHOMY
npukoMipky 30epiraerbcsa B OyIOMHKY, IO IO0OynyBaB Jxek

AKa YacTO Kpale MIEeHMULD, WO Yy TEeMHOMYy IPMKOMIpKy
30epiraerscsa B OYyIMHKY,

aKuy nodbynyBaB IIxek

A Le BeceyuM InTax — CUHMISA

Po6ora 3 poaTaMmu 1 Yacom

Hdns  Toro mo0 3a0e3neydTH MOpPOrpamicTOBI  MOKIHMBICTBH
KOPEKTHO TIpaIfoBaTH 3 JaTaMd W 4dacoMm, VB Hamae cremianbHUN THI
naHux Date, skuit 30epirae marty it wac. Hax maHuM# 1IbOTO THIY MOJKHA
BUKOHYBaTH JIesKi onepauii, ajge, 3BHYAiHO >, NMpH pPoOOTI 3 HUMHU
HailyacTillie  BUKOPUCTOBYIOTBCS  CIeIliayibHi  BOymoBaHi  (DyHKIII.
CripoOyeMO KOPOTKO PO3IIITHYTH OCHOBHI MOMKJIHBOCTI pOOOTH 3 JaTamu.
Hacammiepen moMiTUMO, IO MOIJIMBHH Jiamma3oH JaT OXOIUTIOE JAaTH Bif
1.1. 100 poky JHo l-ro ciuus 9999 poxky. SKIIO rOBOPUTH
Npo BHYTpILIHE MOAAHHS JaT, M0 3aiiMaroTh 4 Oaiitm mam'sTi, TO Iija
yacTuHa 30epirae 4ucio AHIB BiJ JesKoi MoYaTKoBOi jaaTH, IpoOoBa
yacTuHa 30epirae yac Bix miBHOYi. [TouaTkoBOIO 1aT0K0 € 30— TpynHS
1899 poxky. 3aBIIKH TaKOMY BHYTPIITHROMY MOJAHHIO JOJaBaHHS M
BHpaxyBaHHS IIJIOTO YHUCIAa CIIPUAMAETHCS K JOJATOK a00 BHPaxXyBaHHS
JTHIB.

lNprcBOOBaHHA 3HaUYEHb

[lpu mnpucBorOBaHHI 3HA4YCHb 3MIHHHUM THIly Date BapTo
MOMIIIATH ATy B CHeIliaibHi 0OMeXHHUKH "#" a0 3a1aBatu ii K pAIKOBY
koHcTaHTy. [Ipu 3aBmaHHI 1aTH B OOMEKHHKaX, Hampukian, #9, May,
99 # BOHa aBTOMATHYHO IICPETBOPUTHCA Yy CTaHAAPTHHUA Qopmar
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#5/9/994% (Micsub/menb/pik). OT mpuUKIax AESIKUX Oiff Hax
JlaTaMu:

Public Sub WorkWithDates ()

'PoboTa 3 maTamm
Dim datl As Date, dat2 As Date, dat3 As Date

'IpuCBOKBAaHHSA IaT

datl = 12

dat2 = 9/5 / 99

dat3 = #9/5/1999%
Debug.Print datl, dat2, dat3
datl = "15/7/99"

dat2 = #5/9/1999%

dat3 = dat3 + 100

Debug.Print datl, dat2, dat3
If dat3 > dat2 Then
Debug.Print dat3 — dat2

Else
Debug.Print dat2 — dat3
End If
End Sub
Pe3ynbraT BUKOHAHHS Li€] IPOTrpamMHu:
11.01.1900 0:26:11 05.09.99
15.07.99 09.05.99 14.12.99
219

ITpokOMEHTYEMO pe3ynbTaTH, OCKUIBKH [HesKi 3 HHUX MOXYTh
BUKJIMKATH 3JUBYBaHHS. 3yMMHUMOCS Ha IMEPIINX JBOX NMPHCBOIOBAHHSX.
o6 3po3ymitd IX, TMOTPIOHO 3ragaTd BHYTPIIIHE TOJAaHHA ngaT. Y
MepIIOMY BHUMAJAKY IO MOYAaTKOBOI JAaTH JOJNA€ThCs 12 InHiB, 3BiICH #
BUXomuth 11 ciuna 1900 poky. Y JOpyroMy BHNAJAKY, OCKIJIbKH
BHpa3 y MpaBiii YacTHHI He YKIIAJAEHO B 0OMEKHUKH, BiH 00PaxXOBYETHCS SIK
3BUYAHUN  apuMETHYHWA  BHpa3, OTpuMaHe JApoOOBE  YHUCIIO
CIPUIMAETHCS K Yac BiJ MOYATKy JO0OM, — BOHO H JAPYKY€ETHCS. 3BEPHITH
yBary Ha TpeT€ MPHCBOIOBAHHS: MEpIle YUCIO CIPUAMAETHCS SIK HOMEp
MICSAIsI, TOMY HOTO Kpale 3a1aBaTH, BUKOPUCTOBYIOYH HAa3BU MICSIB, SKi
aBTOMATHYHO OyIyTh IEPETBOPEHI y BIANOBIIHUN opmar.

Hani B mporpaMi TNPOJAEMOHCTPOBAHI JESKi MOXKIIMBOCTI
BUKOHAHHS oOlepaumid Haj JgaraMM — JIOJAaTOK LUIOr0 YHCiA JHIB,
MOPIBHSAHHA JaT, BUpaxyBaHHs naaT. IlomiTbTe, BUpaxyBaHHS JaaT Jae
PI3HMIIIO MK HUMH, BUPQXKXEHY B JTHSIX.
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Y6yaoBaHi pyHKLUIii An pob0oTH 3 AaTaMK

OcHoBHa po0OoTa 3 [MaTaMH BHKOHYETbCA 3 BUKOPHUCTAHHSIM
yOynoBaHuX QyHKIIiH. Po3risHeMo KOpOTKO IXHiH omwuc i MpU3HAYSHHS.
Busnauenns nomounoi oamu abo uacy

e Date — IOBepTa€ MOTOYHY AATy.
e Time — moBepTa€ MOTOYHUHU Yac 32 TOJUHHUKOM KOMIT'IOTEpPA.
e Now — moBepTa€e 3Ha4deHHA THIy Variant (Date), mo

MICTHThP TOTOYHY JaTy ¥ dYac 3a CHCTEMHHM KaJeHOapeMm it

TOOMHHAKOM KOMIT'IOTEpa.

Obpaxyeanns nao damamu

dDyHKui;I DateAdd nmpu3sHaueHa A JOJABaHHA abo
BUpaxXyBaHHs 3a3HAYEHOI0 TUMYACcOBOT'0O IHTEpPBaJly 31 3HAYEHHS J1aTH, 3a ii
JOTIOMOTOI0 MOYKHA 33aJ]aBaTH YaCOBHI iHTEpBaJl HE TUIBKH B THIX, ale H y
MICAIIX, pOKaX 1 Tak Jaji.

DateAdd(interval, number, date),

e

interval — psAOK, IO BKa3ye TN TUMYAcOBOTO iHTEpBaly,
o Jxojae, number — YUCIO THMYACOBHX IHTEpBAJiB, Ha SIKE BapTO
3MIHUTH AaTty, date — nmata, 0 SKOi JOMAETHCSA 3a3HAUCHHUI YaCOBHU

inrepBan. IlpumycTumi 3Ha4YeHHS aprymeHTy interval HaBeJeHI B
TaOJIHI.
Tabmums 5.7

MOKJIMBI TUMYACOBI iHTEPBAIU

3HayeHHs Onuc

yyyy Pix

Q Ksaptan

m Micsub

Y Jenb poky
D JeHb micsist

w HeHb TixHS

ww TwxneHn
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[Ipomomxenus Tadi. 5.7

3HaveHHS Omnuc

H Tognan
N XBUIMHA
S CekyHnu

Jns mpukiamy, HaBEJAEMO [Ba BUKIMKH Ii€l (YHKIIi y BIKHI
HaJIaroHKeHHS:
? DateAdd("m", 1, "31-guB-95")
28.02.95
? DateAdd("m", -1, "31-guB-95")
31.12.94

@ynkuiss DateDiff npusHayeHa il BU3HAYCHHS 4Yacy, LIO
MPOMIIOB MiXK JBOMa mataMu. Hampukianm, 3a ZOMOMOTORO mi€l (yHKIii
MOJKHA 00paxyBaTH YMCIIO JHIB MK JBOMA JaTaMH a00 YHCIIO THXKHIB MiXK
ITOTOYHOIO JIATOXO ¥ KiHIleM poky. CHHTaKCHUC:

DateDiff (interval, datel, date2[, firstdayofweek][,
firstweekofyear]])

ae :

e interval 3agac THO THMYAacOBOTO  IHTEpBAIY HpH
oOpaxyBaHHI pi3HMII MiX maramu datel 1 date2 (iforo
MOJKJIMBI 3HAYEHHS Ti XK, 110 ¥ 17151 PyHKIlii DateAdd)

e datel i date2 — pxBi jAaTH, PI3HHUIIO MK SKAMH BapTo
obpaxyBaTH.
e firstdayofweek — KOHCTaHTa, L0 BKa3ye INEpIIUN JCHb

TIOKHS (32 3aMOBYYBAHHSIM  YBaXKa€TbCs, IO  THKIEHb
MOYHHAETHCS 3 HEMIL).

e firstweekofyear — KOHCTaHTa, IO BKa3ye IEpUINH
TIDKACHBb POKY (33 3aMOBUYBAHHSM IIEPIINM TIDKHEM YBaXKaeThCs
THXKICHb, 110 MICTUTH | CidHS).

[Mpuknax BukimKy 1iei GyHKOIT y BiKHI HalnaroKeHHs:

? DateDiff ("m", "18.10.55", "31-auB-95")
471

? DateDiff ("Y", "18.11.97", "01.01.97")

-321
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Oyukiis DatePart npusHaYeHa IS BH3HAYCHHS 3a3HAYCHOTO
KOMITOHeHTa paaTH. Hanpukiaza, 3a jgonomororo 1€l (yHKUii MoXHa
BU3HAYUTH JICHb THXHS a00 MOTOYHY rouHy. CHUHTaKCHC!

DatePart (interval, date[,firstdayofweek],
firstweekofyear]])

Ie :

e interval 3aJae TUN TUMYACOBOTO IHTEPBAIY, IO TOBEPTAE
e date — mara, mo mimsrae 06pooIIi.

®  HEOoOOB'SI3KOBI apryMeHTH Firstdayofweek i
Firstweekofyear MaioTh TOH k€ 3MICT, IO W Mg QyHKIIT
DateDiff.

IIpuknany BUKIUKY:

? DatePart ("ww", "02.09.89")
35
? DatePart ("w", "02.09.89")
7
Oyukiiss DateSerial n03BoJs€ 00paxyBaTH 3HAYCHHS IaTH
Tumy Variant (Date) mo Il KOMIOOHEHTaX, — POKY, MiCALSA ¥ THS. Ii
CUHTAKCHC:

DateSerial (year, month, day)

3Ha4YeHHsS KOXKHOTO apryMEHTy Mae€ JIeKaTH Y BiAIIOBIIHOMY
miamazoHi: 100 - 9999 mns poxy, 1 — 31 gng gHiBi 1 — 12 mis
MicsiiB. MO)KHa TaK0) BUKOPUCTATHU JJIsl apTYMEHTIB YMCIIOBI BUPA3H LIS
OTIMCY BiTHOCHOI AaTH.

[puknanu:

? DateSerial (1997 — 25, 10 — 2, 18 — 1)

17.08.72

? DateSerial (Year (Now) — 3,Month (Now) — 2, Day(Now) —
1)

08.03.96

Oyukiis DateValue nepeBOIUTh apryMEHT-PAAOK y aary. Ha
BiAMIHY Bix QyHkuii meperBopeHHs CDate, ¢yHKOisE DateValue
MPaBUWILHO 00pOOIIsE€ MPUITYCTUMI JaTH, IO MICTATh MOBHI 200 KOpPOTKi
Ha3BH MICSIIIB.

fi cunraxcuc:

DateValue(date)

205



ApryMmeHT date MOXe 3agaBaTd SK NaTy, Tak 1 yac. MoxuBi
pi3Hi opmaTH 3aBIaHHS JaTH, y TOMY YUCII i 3 HA3BaMH MICSIIB.
IIpuknanu:

? DateValue ("25.04.1997")

25.04.97

? DateValue ("04.25.1997")
25.04.97

? DateValue ("25 xBiTua 1997")
25.04.97

? DateValue ("25 — xBiT.-97")
25.04.97

? DateValue ("KBiTenwn, 25, 97")
25.04.97

? Datevalue ("25/04/1997")
25.04.97

? DateValue ("25.04")

25.04.99

OctaHHS pIBHICTh TOB'A3aHa 3 THUM: IIO 3a BIJICYTHOCTI POKY
¢yHKIOiE DateValue BHUKOPHUCTOBYE NOTOYHHH pIK 32 CHCTEMHHM
KaJIeH/1apeM KOMIT'FoTepa.

Oynknii Day (date), Month (date), i Year(date) €, y
JIeIKOMY 3MICTi, 3BOPOTHHMH JIO JIBOX MonepenHix. BoHu 3a aprymeHTOM-
JIaTOI0  BU3HAYAIOTH HOMEp JHs, Micsius W poky. DyHkuis
Weekday (date, [firstdayofweek]) mnoBeprac 3HA4Y€HHs TUILY
Variant (Integer), mo MICTHTD IIJIE YHCIIO, SIKE NpEJICTABIIIE ICHD
TYOKHS. JIpyruil apryMeHT 3a/1a€ TIepuIuii AeHb THXHSA (33 3aMOBUYBAaHHIM
— Heniss). 3HaYeHHS 2 BigNOBiga€ MOHEAIIKY.

OyHkiii Hour (wac), Minute (uac) i Second(uac) 3a
apryMEHTOM, III0 MIPEACTABIIIE Yac Ta € YUCIOBUM a0 PSAKOBUM BHPA30M,
MOBEPTAE MiJIe YHCIO, IO MIiCTUTh, BIAMOBIIHO, TOIWHH, XBWJIHHU a00
CeKyH/IM B 3HAUCHHI Yacy.

OyHkis  TimeSerial (hour, minute, second)
oOuncimoe pesynpTar Variant (Date), II0 MICTUTh 3HaY€HHS yacy,
sSIKE Bi/IMOBIA€ 3a3HAYCHUM TOJIUHI, XBUJIMHI W CEKYHII.

Oynkris TimeValue (Wac) moBepTae 3HAYEHHS  THUILY
Variant (Date), mo MicTUTh 4Yac. ApPryMeHT uac 3BHYAHHO
3aJa€ThCsl PSIKOBMM BHpa3oM, Mo mpeacrasisie dac Big 0:00:00

(12:00:00 A.M.) mo 23:59:59 (11:59:59 P.M.) BKIIOYHO.
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3amaBaTH Horo MOTPIOHO KOPEKTHO, MO0 HE BHHUKAJIO MOMHJIOK, K B
OCTaHHIX JIBOX MPHKJIaIax:

? Year (Now)
1999
? Month (now)
5
? Day (Now)
9
? Hour (Now)
11
? Minute (Now)
57
? Second (Now)
28
? TimeSerial (Hour (Now), Minute (now), Second (Now))
11:59:00
? TimeValue ("12:30 PM")

12:30:00

? TimeValue ("12.30")
0:00:00

? TimeValue ("12,5")
0:00:00

®yHKuUjA Timer | xpoHOMeTpax obpaxyBaHb

@ysknis Timer TOBepTae 3HaYeHHA THIy Single, mo
NPEACTAaBISIE YUCIO CeKYHJ, L0 MpouuIM micis miBHowi. Ll dyHkuis
LIMPOKO BUKOPHCTOBYETHCS MPU MPOBEACHHI XPOHOMETPaXKy OOpaxyBaHb
y mporpamax. 11lo6 mizBumunTH edeKkTHBHICTH BUKOHaHHS VB mporpam
Hal4acTile JOBOJUTHCS BJIABATUCS 110 NPOBEACHHS XPOHOMETPAXY, 1100
BUSIBUTH HAHOULIBII KPUTHYHI 32 4acOM BHMKOHAHHS AUISHKH IIPOTpaM, a
MOTIM yX€ 3acTOCOBYBAaTH CHELiaJIbHI 3aXOJW ISl HPUCKOPEHHS
oOpaxyBanb. HaBenemo mpukian, y sSKOMY aHalli3yeTbes — Hac,
3aTpadyyBaHHil Ha BHUKOHAHHS OIepauiil HaJ apupMETHUYHUMHU JaHHUMU
PI3HHX MiATHUITIB.
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Public Sub Speed()

'l nporpaMa BMKOHYE BMMipu udacy obpaxyBaHb Hal
OaHVIMM P1i3HOT'O TUILy

Dim Start As Single, Finish As Single

Dim i As Long, j As Long

Dim bx As Byte, by As Byte, bz As Byte

Dim ix As Integer, iy As Integer, iz As Integer
Dim 1lx As Long, ly As Long, lz As Long

Dim sx As Single, sy As Single, sz As Single
Dim dx As Double, dy As Double, dz As Double

For i = 1 To 5 'BoBHimHIV UMKJ IS IOBTOPEHHS BMUMipiB
yacy

Start = Timer
For j = 1 To 100000
bx = 99: by = 101
bz = by * (by — bx) \ by

Next j

Finish = Timer

Debug.Print "Twn Byte: Yac ", i, " =", Finish —
Start

Debug.Print "bz =", bz

Start = Timer

For j = 1 To 100000
ix = 99: iy = 101

iz = iy * (iy — ix) \ iy
Next j
Finish = Timer
Debug.Print "Twn Integer: Yac ", i, " = ", Finish
— Start
Debug.Print "iz =", iz

Start = Timer

For j = 1 To 100000

1x = 99: ly = 101

lz = 1y * (ly — 1x) \ 1ly
Next j

Finish = Timer
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Debug.Print "Tun Long: Yac ", i, " =", Finish —
Start

Debug.Print "lz =", 1z

Start = Timer
For j = 1 To 100000
sx = 99: sy = 101

sz = sy * (sy — sx) / sy
Next J
Finish = Timer
Debug.Print "Twmn Single: Yac ", i, " =", Finish
— Start
Debug.Print "sz = ", sz
Start = Timer

For j = 1 To 100000
dx = 99: dy = 101
dz = dy * (dy — dx) / dy
Next j
Finish = Timer
Debug.Print "Twmn Double: Yac ", i, " = ", Finish
— Start
Debug.Print "dz = ", dz

Next i

End Sub

Aeski iHWi B6ypoBaHi GyHKLi

Sk Mu Bke TOBOpHIIH, BOynoBaHMX (yHKIIH 6e3niu. [lam'staTn ix
yci He MOTPIOHO, OCKIIBKY MiJ] PYKOIO 3aBXKIH € TOBiIKOBa cucreMa. s
3araJibHOTO 3HafOMCTBA PO3MITHEMO JesKi TPYNH (YHKIIH.
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QYHKLIT nepeBipku TUMIB AQHUX

Ho miei rpynu Hanexuth GyHKIisS TypeName, ska 3a iMeHEM
3MIHHOT [TOBEpTa€ 3HAYCHHS TUIY String, M0 MpeacTaBise ii TUIL.

Buknuk mae Bun:

TypeName(nm’13MiHHOT),

Je mapaMeTp M’ a3MiHHOI TpeACTaBIse BHpa3  TUILY
Variant, mo Bu3Ha4yae Oy/ab-sIKy 3MiHHY, 32 BUHATKOM 3MiHHO{ 3 TUIIOM,
00yMOBJICHUM KOPHCTyBa4eM.

Psnok, mo mnoseprae ¢yHkuis TypeName, MOXe MICTUTH
KOXXHHH 3 Takux THUMNIB: Byte, Integer, Long, Single,
Double, Currency, Decimal, Date, String, Boolean,
Error, Empty (fkmo 3MiHHA He iHimiamizoBaHa), Null, Object,
Unknown (Tun HeBimoMuit), Nothing (00'ekTHa 3MiHHA, IO HE YTPUMYE
MOCUJIAHHS Ha 00'€KT).

Jns mepeBipku THNy € Takok Habip ¢GyHKUiH 3 OyieBUMHU
3HAUeHHsSMH. BOHM 3acTOCOBYIOTBCS /0 3MIHHHUX abo BUpas3iB i
BU3HAYAIOTh, YW MalOTh TI 3aJaHMi THUII a00 3HadeHHsA. Y TaOJIMIl
HaBe/eHI QYHKIIT i€l Tpymu # 3a3Ha4eHi 00yMOBIICHI HUIMU THITH.

Tabmus 5.8
OyHKIIIT TepeBipKy THITIB
DyHKUinA o nepeBipsie

IsArray (3MiHHa) Yu € 3MIHHA MAaCHBOM.

IsDate (Bupas) Uu Mo’xe 3HaUEHHS BUpa3y OyTH NepeTBOpeHe
B 3HAYCHHS JIaTH.

IsEmpty (3MiHHA) Uu Oyuna iHimianizoBana 3MiHHA.

IsError (Bupas) Yu npencrapiisie BUpa3 3HaUYEHHS IOMUIIKH.

IsNull (eupas) U € pe3yabTaToOM BUpa3y IOPOKHE 3HAUCHHS
(Null).

IsNumeric (Bupas) Uu mMae BUpa3 4nCIIOBE 3HAYCHHS (1J1s1 BUPa3iB
iy Date moBeprae False).

IsObject (3MiHHa) Un mnpencraBisie 3MiHHa OO'€KTHY 3MiHHY.
IToBeprae True, HaBiTh I 3MIHHOI 3i
3HadyeHHsAM Nothing.
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MNepeTBOpPEHHA TUMIB AAHUX

s mpuBeneHHs MaHWX A0 MOTpiOdHOTro Ty B VB BKIIIOUYeHHH
BenmKkwiA Habip ¢yHkmiit: CBool, CByte, CCur, CDate, CDbl,
Cbhec, CInt, CLng, CSng, CStr, CVar, CVErr, Fix,
Int.

Bci BoHM MaroTh TaKui CUHTAKCHUC:

VM’ abyHkuii (Bupas)

OOOB'I3KOBUI apryMEHT BupPas3 € OyIb-SIKUM PSIAKOBUM
BHpa3oM a00 YHCIOBHM. Y TaOnuimi 3a3HaueHi THNH 3HA4YeHb, IO
MTOBEPTAIOTHCS, Ta IXHI Jiala30HH.

Tabmuus 5.9
OyHKIIT TPUBEICHHS IO THITY

®yukuis | Tun Jiana3oH 3Ha4YeHb apryMeHTa

CBool Boolean Bynp-axuii  mpumyctuMui  pSgok  abo
yycioBuil Bupa3. Hampuxnan, Cbool (0)
= Cbool ("00")= False, Cbool (1)
=Cbool ("-6")=True.

CByte Byte Big 0 mo 255.

CCur Currency Bix -922 337 203 685 477,5808 mo
922 337 203 685 477,5807. Hanpuxkian,
CCur ("25,878755")= 25.8788, a
CCur ("25.878755") — IIOMHJIKOBUH
BUKJIUK, TOMY IO B PSIKY BiJIOKPEMIIIOBATH
JIpOOOBY YACTHHY Ma€ KOMa.

CDhate Date Bynb-sxkuii npunycTUMHII  BUpa3
natu. Hanpuknan, Cdate(32444.5)
=28.10.88 12:00:00,
Cdate ("17/08/1972")=17.08.72,
Cdate ("6:45:28 PM")= 18:45:28.

CDbl Double -4,94065645841247E-324 i BiL €MHHX
gucen; Big 4,94065645841247E-324 no
1,79769313486232E308 nns NO3UTUBHUX

YHUCeJL

CDec Decimal +/-
7,9228162514264337593543950335.
MiHnimanbHe HEHYJIbOBE YHUCJIIO

0,0000000000000000000000000001.
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[IponoBxenHs Ta01.5.9

Oyuknia | Tun Jiana3zoH 3HaYeHb apryMeHTa

CInt Integer Bin -32 768 mo 32 767 3 OKpyTICHHSAM
JIpoOOBOi YACTHHH.

CLng Long Bix -2 147 483 648 no 2 147 483 647 3
OKPYIJICHHSIM Ipo0OOBOI YaCTHHH.

CSng Single Big -3,402823E38 no -1,401298E-45 nns

Bix’emunx uwmcen; Bixm 1,401298E-45 1no
3,402823E38 s MO3UTUBHUX YHCEI.

CVar Variant Jiama3on 3HayeHb Double IS YHCIOBUX
3Ha4yeHb. Jliama3oH 3HaueHb String s
HCYUCIIOBUX 3HAYCHbD.

Cstr String 3HaueHHs oOepHeHOi  ¢yHKOiI CStr
3alexath  Bi ~ apryMeHra  BHpasy.
Hampuxnan, CStr (True) =
"IcTtuHa", CStr(122.344) =
"122.344", CStr(#10/24/47#) =
24.10.47

SIKmo 3HaueHHs apryMeHTa mepenaHe y (yHKIiIo, repeOyBae
11032 TPUITYCTUMHM Jlialla30HOM ISl BiIOBIAHOTO THITYy AAHUX, BUHHKAE
TIOMMIIKA.

@yukuis CVErr noBepTae 3Ha4eHHs THIy Variant 3 miITHIIoM
Error, mo MICTUTh KOJ HOMWJIKH, 3a3HauY€HHH KopucTyBaueMm. Bona
BHUKOPHCTOBYETHCS JIJISI CTBOPEHHSI 00YMOBIICHHX KOPUCTYBa4eM ITOMMUIIOK.

Skmo apoboa uvacTuHa uucia JopiBHIOE 0,5, TO (GyHKIIT
CInt i CLng 3aBXIM OKPYIIIATH YHCIIO 0 HAHOIMKYIOro IMapHOTo YHCIa.

Hampuxnan, CInt (0,5) = 0,aCInt (1,5) = 2.

@yuknii Fix i Int o00paxoByOTh LIy 4acTHHY uucia (0e3
OKpyTJCeHHsS). BoHH Bifpi3HAIOTECS HA BiJ €MHHUX YHCIaX: Fix (-7.6)
= -7,aInt(-7.6) = -8.

®opmartyBaHHA AaHuX. OyHKUT rpynu Format

UucnoBi Ta CTPOKOBI JaHi, NaHi TUIy Jara, NaHI THIy dYac
MOXYTh OyTH BimdopmaTroBaHi BiIMOBIAHO 1O BH3HAYEHOTO B MOBI
dbopmary abo dopmary, nepeadadyBaHoro KopuctyBadeM. st miei metn
BHKOPHCTOBYETHCS rpyna QyHKIIIH GopMaTyBaHHS.
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Oynkmis Format

OyHKIiS TOBepTae pPAOOK, BiA(QOpPMaTOBAHWH BiANOBITHO MO
BKa3iBOK, 3a/IaHUX TPH BUKJIMKY. [i CHHTaKCHC:

Format(expression[, format[, firstdayofweek], firstweekofyear]]])

Ii mapamerpu:

e expression — Oyab-SKWi NPaBIIEHUHA BUPA3.

e format — iM's yOymoBaHoro mapamerpa abo BH3HAUCHHS
KOPHUCTYBaILHUIBKOrO (opMmary. SKio mapamerp omymeHuH, To
3aCTOCOBYETBCSl (hopMar, IO 3aleKUTh BiJA THUIY IEpPLIOTO
aprymeHTa

e firstdayofweek i firstweekofyear — ixHill 3MiCT
OyB ommcaHui, KOJIM MU PO3TILIIAIN pOOOTY 3 AaTaMu
Hagenemo mpukiany, y SKHX 3aCTOCOBAHO (pOPMaTyBaHHS YUCEI

Ha OCHOBI (hopMaTiB, OOYMOBIICHHX 32 3aMOBUYBaHHSIM 1 KOPUCTyBa4YeM:
? VBA.Format (55)

55

? VBA.Format (5.5)

5,5

? VBA.Format (-52.125, "##0.#0")
-52,13

? VBA.Format (-52.125, "000.##0™)
-052,125

? VBA.Format (1152.125, "#,##0.#0™)
1 152,13

? VBA.Format (0.52125, "0.##0%")
52,125%

Kisnpka npukniaziiB popMaTyBaHHS PSIKIB:
? VBA.Format ("5.4")

05.04.99

? VBA.Format ("5,4")

5,4

? VBA.Format ("Mapisa", ">")

MAPIA

? VBA.Format ("Mapisa", "<")
Mapisa

? VBA.Format ("Mapisa", "> Le ")
e MAPIA

Jatu GopMaTyroThCsi 3BUYAiHO 3 BHKOPHCTAHHSIM YOYJIOBaHUX
(dopmariB, aje MOKHA 3aCTOCOBYBATH i BilacHI BU3HaueHHs (opmariB. Ot
KUTbKa TPUKITAIB:
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? VBA.Format (VBA.Time, "Long Time")

16:24:57

? VBA.Format (VBA.Time, "Short Time")
16:25

? VBA.Format (VBA.Time, "hh/mm/ss")
16.26.03

? VBA.Format (VBA.Date, "Long Date")
9 TpaBenb 1999 p.

? VBA.Format (VBA.Date, "Short Date")
09.05.99

? VBA.Format (VBA.Date, "yy/mm/dd")
99.05.09

Oyukiiss Format € 3aralbHOI (YHKIIEK, 3aCTOCOBAHOK 10
JOBITHHHUX BHpa3iB. Asie € (yHKII{ 3aCTOCOBaHI 0 BHPA3iB CIIEIiaIbHOTO
TUIy, BOHH MAlOTh JEsAKi MONATKOBI MOXJIMBOCTI. MU He cTaHeMo IX
JIOKJIATHO PO3MIIAAATH, OOMEKHMOCS ITPOCTHM TIepepaxyBaHHIM:

e FormatCurrency — IIOBepTaE  IpOLIOBUM  BHpas,

BUKOPUCTOBYIOUH T'POIIOBHIT 3HAK.

e FormatDataTime — moBeprae maty abo Jac.
e TFormatNumber — mnoBepTae BHpa3, Bia(GOpMaTOBaHUH SK
YHCIIO.

e FormatPercent — moBepTae BUpa3, 3aJaHUi Yy BiJCOTKaX, i3
BKa3iBKOIO 3HaKa BiJICOTKA.

Pe3ome

Po3riissHyTO OCHOBHI TpyHHM OIEpaToOpiB IMpOrpaMyBaHHS B
cepenosumti  Visual Basic. OcobnuBa yBara mpumiiena po6oti 3
mporerypamMu Ta QyHKIISIME, opraHi3alil peKypCHBHHX MPOIEIYP.

Cnig matm Ha yBasi, WO TpH 3acCTOCYBAaHHI PEKYPCHBHHX
ITOPUTMIB BapTO YHUKATH TPHOX OCHOBHHX HeOe3IeK:

e  Heckinuennoi pekypcii. IlepekoHaliTecs, IO YMOBH 3yHNHHKH
BAILIOTO aJITOPUTMY NPHUITUHAIOTH BCI pEKYPCHUBHI IUISXH.

e 2aubokoi pexypcii. SIKIO anropuTM JOCSTae 3aHaITO BEJHKOI
TIMOWHU peKypcii, BiIH MOXKe TIPUBECTH [0 NMEPEHOBHEHHS CTEKa.
MiHimi3yliTe BUKOPHCTaHHS CTEKa 3aBASKH 3MEHIICHHIO YHCIa
00yMOBIIEHUX Y TIPOIEAYpPi 3MIHHUX, BUKOPUCTAHHS TJIO0ATLHUX
3MIHHHMX, a00 BHW3HAYCHHS 3MIHHMX SK CTaTHYHHX. SIKII0
Iporeaypa OJHAKOBO NPWUBOAUTH OO TEPENOBHEHHS CTEKa,
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TIePEHIIITh ANTOPUTM y HEPEKYPCHBHOMY BH,
BUKOPUCTOBYIOUH YCYHEHHS XBOCTOBOI peKypcii.

Henompibnoi  pekypcii. 3BUYaliHO 1e BigOyBaeThCS, SKIIO
ANTOPUTM THITYy PEKypCHBHOTO OOpaxyBaHHA umcen PiboHaudi
OaraTopa3oBO 00UYHMCITIOE ONHI # Ti K TPOMIXKHI 3HAUEeHHS. SKII0
BU CTHKHETECH i3 Ii€f0 MPOOIeMOI0 y CBOiH mporpami, cripodyiite
MepenucaTy aropuT™, BAKOPUCTOBYIOUH IiXiJ 3HU3Y YrOpy.
3acTocyBaHHs peKypcii He 3aBXIH HenpaBuibHe. barato 3aBnanp

€ PEeKypCHBHHMH 32 CBO€IO IIPUPOJOI0. Y IMX BHINAJAKAX DPEKYypPCUBHHI
anroput™M OyJe HpOCTimie 3pO3yMiTH, HANIATOJUTH W MiJATPUMYBATH, HiX
HOTro HEPEKypPCHUBHY BEPCIIO.

10.

11.

12.

KOHTPOABbHI 3an1UTaHHA Ta 3aBAAHHSA

[NosicHUTH TpU3HAYEHHS ollepaTtopa LHKI 3 JHYMIbHUKOM? SKi
3HaYCHHS Ma€ KPOK HUKIYy? Un 3aBXIM BiH BKa3yeThCs?

UM 3aBxaM MOXHA 3aMIHMTH OIEpaTrop LUKIY 3 JIYHIbHUKOM
OrepaTopoM YMOBHOT'O IIMKITY i HABMAKU?

Y [KMX BUNaJKax BHKOPUCTOBYIOTHCSl OIEPATOPU YMOBHOTO
UKy ?

VY yomy moJsirae BiAMIHHICTh Y BXKHMBaHHI Ki1o4oBuX ciiiB While i
Until?

Yu moxyTh Kkimo4oBi coBa While i Until ogHOUacHO BiKHBaTHCS
B OJIHOMY OIlepaTopi LHKITy?

3 SIKOI0 METOK BUKOPHCTOBYIOThCS MacHBU? HaBecTn mpuKIiagy.
o o3Ha4yae MOHATTSI po3MipHicTh MacuBy? HaBeniTh nmpukiaau
OTHOBHMIpHHUX, IBOBUMIPHHUX 1 TPUBUMIPHUX MACHBIB.

CkigpKy Miclil B mam'siti 3aiiMae neoBuMipauii macus 100x100
eJIEMEHTIB, SKIIO BCi eneMeHTH: a) Tumy Integer, 6) Tumy Single,
B) Tumry Currencu?

SIki crangaptHi GyHkuii mou Visual Basic Bu 3naete?

Jus goro HeoOXximHmit omuc npouenyp? Komu BEUKOHYIOTHCS il
3a3HAYeHi B OMKCI mponexyp?

IMopiBusiite BximHi 1 BuxigHi mnapamerpu? JSlki BHMOrH
BUCYBAIOTBCSl /10 BIiINOBiAHOCTI (OpManbHUX 1 (aKTHIHHX
napameTpiB?

VY yomy BigMiHHICTH QyHKUIT Bix npoueaypu?
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13.

14.

15.

16.

17.

18.

19.

20.

21,

Jani niiicHi, MO3UTHBHI 9UCTA a, b, ¢, X, y. 3'ICyBaTH, 94U Tpoiine
IeTJIMHA i3 pedpami a, b, ¢ B IPAMOKYTHHIA OTBip i3 CTOPOHAMH X,
y. [IpocoByBaTn HermuHY B OTBip IO3BOJAETHCS TIIBKH Tak, OI00
KokHEe 3 11 pebep Oymo mapasenbHUM ab0 IepIeHANKYISIPHIM
KOXKHIH 13 CTOpiH OTBOPY.

Pyka poboTta Mae Tpu JNaHKH, SKi € BiApi3KaMH MPsAMOl JiHii
nmopxkuHoto L1,L.2,1.3 BimnoigHo. KokHa maHka Mae Tpu CTyTeHi
cBoOomu. BusHaumtm, Wm 3Moke poOOT KiHIIEM CBOEI pyKH
micrard 1o il OCHOBH ?

®ipma Bomoxie N makeTamMu akmii pi3HUX eMiTeHTiB. KimbkicTh
akimift B maketi Ai . IMOBipHH# piuHuil IPUOYTOK Ha I-Ty aKIlifo
nopiBHIoe Pi. ObpaxyBatu cepenHill iMOBIpHUH MpuOYTOK QipMu
Ha Oy[Ib - SIKY aKIifo.

BaHTaxx 3aMOBHMKa MEpPEMILIAETHCS i3 MYyHKTY A (KOOpIMHATH
(Xo0,Yo) B yHKT B (koopauHaTu (Xn,Yn) Yepe3 IPOMIXKHI MyHKTH 3
KOOpJMHATAMH (X1,Y1),...,(X2,Y2). Llmsix Mixk CycimHIMU MyHKTaMU
- me BiApi3ok mpsiMoi, mo iX 3'exHye. BapricTh mepeBe3eHHS
BaHtaxy i3 kK-ro B k+1-it mynkr W(K) ymMoBHHX oauHUI 3a
oIMHUIO BifcTaHl. OOpaxyBaTy 3arajibHy BapTiCTh HEpPEBE3CHHS
BaHTaXYy.

Xrtoce NN BHpIIIMB 3aKymUTH HapTilo Oykpy Ha cymy B G
rpuBeHb. Llykop mpomatore M ¢ipm 3a 1iHowo Pi 3a oauHuIIO
Baru, 7ie 1 HoMmep GipMH, IPUYOMY 3amacH IyKpy Ha i-i dipmi
JnopiBHOIOTH Vi Ckinactu mporpamy, sKa BH3HAYae IUIaH
3aKyIKH, [0 MakcuMisye ii 00'em (Bary).

JisnpHicTb (ipMu XapakTepuzyerbes N HapsIMKaMu, cepejt IKUX
BOHA PO3MOALUILE CBIill KamiTan 3rigHo 3 vactkamu (1), q(2),...,
q(N). Pusuk apissibHOCTI 3a i-M HanpsiMKoM (IMOBIpHICTH BTpaTH
Kamitany) nopiBHioe 1(i). HanpsiMku misibHOCTI Mik co0or0
He3aJICXKHI. BU3HAUNTH 3arajibHU# PU3UK BTPATH KaIliTay.

JlaHO TEeKCTOBHMH pSAOK, L0 CKIAAAEThCS 3 OykB 1 uudp.
[TepeTBOpUTH PSIIOK, 3aMIiHMBIIM B HbOMY KOXHY Tpyny OYKB
omHnM mpoOimom. HagpykyBatm MakcHMallbHE UYHCIO B
OTPHMaHiH IOCIiJOBHOCTI YHCEIL.

Hano TexctoBuil psagok. ['pynu cumBomiB, po3disieHi npobimamu
(omHUM 4YM JeKiTpbKOMa) i He Malo4u mpoOiiB ycepeauHi cele,
OynemMo HazuWBaTH cioBaMu. [limgpaxyBaTH CKIJIBKH pa3iB KOXHE
CJIOBO 3yCTPI4a€THCS B TEKCTI.

CkJyiacTu peKypCUBHY MPOIENYPY, IO OOUHCITIOE ABIHKOBUH KO
MO3UTHUBHOTO IJIOTO YHCTIA.



22,

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.
33.
34.

Ckmactd peKypcuBHY (YHKIIIO, IO OOYHCIIOE CEepeaHe
TEOMETpPUYHE N eIEMEHTIB OJHOBUMiIPHOTO MacHBY.

CkJacTH pEeKypCHBHY TPOLEAYypY I IpyKy K-ro eineMmeHTa
MacHUBY IJTUX YUCEL.

CkiacTu peKypcuBHY (YHKLIIO JIOJaBaHHS JBOX LUINX YHCE,
BUKOPHCTOBYIOYH TUTBKH JJOAATOK OJJMHULII.

CkiacTy peKypcHMBHY (YHKIIIIO MHOXXEHHS JBOX IIUIMX YHCEN,
BUKOPHCTOBYIOUH TUIBKH ONEPAIlilo JOAaBaHHS.

CkymacTd peKypcHBHY TIpoueaypy ©Oe3 mapaMeTpiB, ska
MiAPaxoBYe KiNBbKICTh IH(P Y TEKCTi.

JlaHa MHOKMHA TOYOK Ha ILTOMHHI: (X1, Y1), (X2, Y2),.ers (Xn, Yn).
CTBOpHTH TpOLENYpY, fKa BH3HAYAE€ KUIBKICTH TOYOK, IO
HaleXaTh INepeTHHy KpyriB (x-a)>+(y-b)?<=r? ta (x-C)?+(y-d)
2<=5?, CKOPHUCTATHCh LI€I0 IPOLELYPOIO.

CrBoputi (yHKLiIO, sKa OOYHCIIOE IIEPUMETP N-KyTHHUKA,
3aaHOT0 MaCHMBOM KOOPJHMHAT Horo BepiinH. CKIACTH Iporpamy,
sIKa BUKOPHUCTOBYE ITI0 (PYHKITIFO.

CxJacty mpouenypy UUKIIYHOT IIepeCTaHOBKU €JIEMEHTIB MacuBy
a(1), a(2), ..., a(n), mpu sxiit a(1) mepemimaerecs B a(2), a(2) B
a(3)it.m a(n 1) B a(n), a(n) B a(1).

Ckyactd (QYHKIIIO JIOTIYHOTO THITY, SKa BH3HAYa€ HAJCKHICThH
TOYKH X N-BEUMipHOTO mpocTtopy (X=(x(1),x(2),...,x(n))) obmacTi,
1110 33JIA€THCS CHCTEMOIO HEpiBHOCTEH:
a(1,1)*x(1)+a(1,2)*x(2)+...+a(1,n)*x(n)<=b(1)
a(2,1)*x(1)+a(2,2)*x(2)+...+a(2,n)*x(n)<=bh(2)

a(k, 1)*x(1)+a(k,2)*x(2)+...+a(k,n)*x(n)<=b(k)
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Po3ain VI 5
PO3POBKA KOPUCTYBAABHULIBKOTO IHTEP®EUCY

Inrepdeiic — me 30BHINIHA OOOJOHKA JOAATKa pa3oM i3
nporpamMaMu  KEepyBaHHS JIOCTYIIOM Ta IHIIMMH CXOBaHHMH  BiX
KOpHCTyBa4ya MeXaHi3MaMH KEPYBaHHS, SIKa 1a€ MOXKJIMBICTD MPAIIOBATH 3
JOKYMEHTaMH, HaHUMH ¥ iHmOI0 iH(opMariero, mo 30epiraeTbcs B
KoMmm'Iotrepi abo 3a iforo mexxkamu. ['omoBHa MeTa OyAb-IKOTO JOJaTKa —
3a0e3NeYNTH MaKCHMalbHy 3pYy4YHICTh 1 e(eKTHBHICTH poboTH 3
iHpopmamiero:  JHOKyMeHTamu, ©OazamMu  JgaHUX, rpadikoro  abo
300paxkeHHsAMH. ToMy iHTepdelic €, MaOyTh, HAWBAKIUBIIIOW YaCTHHOIO
OyIb-sKOTO T0JIaTKa.

Job6pe po3pobienuii iHTepdelic rapantye 3pydHICTH poOOTH i3
JIOJaTKOM 1 B OCTaTOYHOMY TiJICYMKY HOTO KOMEpUiHHHUN ycIiX. Y 1boMy
po3aini omucaHo BHAM iHTepQeEWciB 1 mpouec cTBOpeHHs iHTepdeiicy 3
yciMa HOro OCHOBHHMH €J€MEHTAMHM KEpYyBaHHS: MEHIO, KOHTEKCTHUM
MEHIO, TTAaHEISIMH IHCTPYMEHTIB, PSIKOM CTaHy.

[IpoekryBaHHs iHTEpdeiicy — mpouec mukmigHuA. Ha mpomy
eTarti po3poOKN JoaaTka Oa’kaHO YaCTIIle CIIIKYBAaTUCS 3 KOPUCTYBAa4aMHU
W 3aMOBHHKAMHU JOJaTKa Ui BHPOOJEHHS HaWOIMbII MPUIHATHHX 32
e(EKTHBHICTIO, 3PYYHICTIO i 30BHIIIHIM BUIIIAIOM iHTEPPEHCHUX PIllICHB.

Bubip Toro abo iHmoro THIy iHTEepdeicy 3aNexHuTh Bif
CKJIATHOCTI PO3POOJIOBAILHOIO JI0/aTKa, OCKUIBKM KOXHHA 3 HHX Mae
JIesIKi HElIOJIKU i OOMEeXeHHsS W IMpU3HAYeHMH JJIsi BUPILICHHS HEBHUX
3apmaHb. IIpu I1bOMY HEOOXIJHO BIAMOBICTH HA PsiJ 3alUTaHb. SKa
KUIBKICTh THINB JOKYMEHTIB OOpOOJISE€THCS B MOMATKy, Y MAIOTh JaHi
JIepeBONOIIOHyY i€papxito, un Oyae moTpiOHA MaHe b IHCTPYMEHTIB, sKa
KUJIBKICTh  JJOKYMEHTIB 00poOJsieThCs 32 TEBHUH IHTEpBaj 4acy
(mampuknanx, 3a ngeHb) 1 T.0. TimpKW Micas IBOrO MOXKHA BUOWpPATH
KOHKPETHHI THII iHTepQeiicy.

PosrnsHemMo MoximBi THOHM iHTEepdeiiciB Ta iX XapakTepHi
0COOJIMBOCTI, 1110 BIUIMBAIOTH Ha BUOIp iHTEp(eCHOTO pillleHHs 10/aTKa.
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3aranpHi TOpay Mo po3podIli iHTepdeicy
IIpu po3pobmi iHTepdeiicy moTpiOHO KepyBaTHCS HACTYITHHIMH

TIPUHIOUITAMH:

CranpapTu3anisi. PekoMeHOyeTbCs BHUKOPUCTATH CTaHAAPTHI,
mepeBipeHMH  OaraTbMa MpoTpaMicTaMH ¥ KOPHCTyBadaMH
inTepdeiicHi pimenns. s Visual Basic me, 3po3ymisno, pimeHHs
Microsoft. [IpuuomMy sik ctaHnapt (3pasok it "HaciigyBaHHA")
MOJXKE CITY)KUTH KOXHHM 3 moxatkiB — Word, Excel abo inrmmi
noxatku Microsoft. Ilin pilmeHHSAME MaroTbCsl Ha yBasi AW3aiiH
(dhopMm, po3noAin eneMeHTiB KepyBaHHS y (opmax, IXHE B3aeMHe
pO3TalIyBaHHs, 3HAYKH Ha KHOINKAaX KEpPYBaHHS, Ha3BH KOMaH]
MEHIO.

3pyunicte i mpocrora po6orm. IHTepdeiic moBuHEH OyTH
IHTYiTHUBHO  3po3ymimmM. bBaxkano, mo0 Bci [Oii  Jerko
3araM'ATOBYBAJMCS M HE BUMarajid CTOMJIIOIOYHX IIPOLEYp:
BUKOHAHHS JIOATKOBUX KOMAaHJ, 3aliBUX HATUCKaHb Ha KHOIKH,
BUKJIMKY POMIDKHIX JTiaJJOTOBUX BIKOH.

3oBuimHiA qu3aiin. He moxHa, m06 inTepdeiic cToMmoBas 3ip.
BiH moBMHEH OyTH pO3paxOBaHWN Ha TpPUBAIY pPOOOTY
KOpHCTYBaya 3 JI0JaTKOM IIPOTATrOM JIHSL.

He mnepeBanTaxenictb ¢opm. Dopmu noOBHHHI  OyTH
ONTHMAJBLHO  3aBaHTaXKEHI elieMeHTaMu KepyBaHHs. [lpu
HEOOXIHOCTI MOKHA BHKOPHCTaTH BKJIaakd a0 0JaTKOBI
CTOpPiHKH (opM.

YrpynoBanus. Enementu kepyBaHHA y ¢opMmi HEOOXiTHO
TpyIyBaTH 32  3MICTOM,  BUKOPHCTOBYIOUH  €JIEMEHTH
YIPYIOBaHHS: paMKH, GpeimH.

Pospinxenicty 00'exkriB ¢opm. EnemeHTH KepyBaHHS BapTo
pO3TaNIOBYBaTH HA JEAKIA BiACTaHI, a HE JIMUATH OJWH Ha
onHoro. Jlns BUJIUIGHHS  €JEMEHTIB KepyBaHHS  MOJXKHa
OpraHi3yBaTu IOPOXKHI POCTOPHU Yy HopMmi.

TyT mepepaxoBaHi OCHOBHI NPHHIUIM, SIKI BapTO BPaxOBYBAaTH

NpU MPOEKTYBaHHI iHTepdeiicy noaaTKa, aje BOHH HE € JOIMO0. 3roJIoM
y mpormeci poOOTH 3 KOPHUCTYBauaMM M HAKONMUYEHHSIM IPAKTHIHOTO
JOCBity OyayTb BHPOOIATHCS W CBOI ONTHMaJIbHI NPHHIMIIK TT00YI0BH
iHTepdeiicy.

220



Tunu iHTepdeci

Hns momatkiB, po3poOmoBanbHUX y cepemoBumli Windows 3a
nonomororo Visual Basic 6, BHKOpHUCTOBYIOTH TpH THIH iHTepdeiicy:
onnonokymetnuin SDI (Single-Document Interface), 6araromokymeHTHuit
MDI (Multiple-Dot Interface) i inrepdeiic Ty nposimauk (Explorer).

[lix moxymeHTOM cnif po3yMmiTH QopMy, ska MpHU3HAUYeHA JUIA
po0OTH 3 TaHNMH, & HE 3 KOHKPETHUM JOKYMEHTOM.

VY 1poMy po3[iii OCHOBHA yBara Oyne NpHIUICHA MEPIIUM JBOM
TUNaM iHTepQency, OCKUIbKM BOHM HAMOIbIIE YaCTO 3aCTOCOBYIOTHCS IS
PO3pOOKM  KOPHCTYBAallbKUX JOAaTKiB. [HTepdelc Tumy mNpOBIAHUK
BUKOPUCTA€ETHCSl B JIOJATKaX HE TaKk 4acTo, TOMY MH JaMO TiJIbKH HOro
KOPOTKHUI1 OIIHC.

OnHonokyMeHTHUH iHTepdeiic — ue Tun inTepdeiicy, y sKomy
HaJa€ThCsl MOMJIMBICTH POOOTH TUIBKH 3 OJHUM JIOKYMCHTOM B OJHOMY
BikHi. [Ipukmamom moxe Oytu pegakrop Microsoft WordPad. [{ns pobotu 3
JEKUTbKOMa JOKyMEHTaMH B TakoMy iHTepdefici HeoOXiqHO Garatopa3oBo
3aIyCKaTH AOJATOK. [yl KOXKHOTO THITy JJaHWX 1 JOKYMEHTIB OTpiOHA CBOS
(dopma #, BiIIOBIHO, CBill JomaTok 3 iHTepdeiicom tumy SDI. ¥V npunHmmmi,
1Ie TeX OJMH 3 MOYJIMBUX BapIiaHTIB, ajic BiH MiAXOIUTh TUIBKH IS pOOOTH
3 HEBEJIMKOI KUIbKICTIO (hopM HoKyMeHTIB. [Ipu 3aBaHTa)keHHI BeIMKOL
KitbkocTi SDI-f0AaTKIB MOYMHAE MEPEIIOBHIOBATHCS ONEPATHBHA MaM'ATh
KOMI'IoTepa ¥ JOJATKU MpaIiolTh Iyke NoBibHO. [llopa3 mpu 3amycky
SDI-nonatka y mam'siTh 3aBaHTaXYIOThCS OJHI I Ti K elleMeHTH (MEHIo,
NaHellb, EJIEMEHTH KEepyBaHHs), IO BHKOHYIOTh OJIHAKOBI [ii, 1€
TIPU3BOUTE 10 Hee(heKTHBHOI I MOBIIBHOI pOOOTH JOIATKIB.

OnHak TOBHICTIO BiIMOBIATHCS Bin iHTepdeiicy tumy SDI nHe
MOTPiOHO, OCKUTBKH BiH HIIKOM TOIMTHCS IJISL POOOTH 3 OJHUM a0 JBOMa
JOKyMEHTaMU (HaIpUKJIal, IJIs KOMOBAHHS 3 OJTHOTO TOKYMEHTA B HIIIHI).
€ ¥ MO3WTHBHI CTOPOHH JOJATKIB TAaKOTO THITy IHTep(elCy — BOHH
3aliMalOTh MEHINIC MICIISI Ha JUICKY W B ONEpaTUBHIN MaM'sTi, Ta i Ha iXHIO
PO3pOOKY iine HebaraTo yacy, 1o OyBa€e BaXIIHBO.

Iarepgeiic Tumy MDI nmae MOXIHBICTH HpAIfOBaTH B OJHOMY
JOJATKY 3 Oy/Ib-SKOI0 KUIbKICTIO BiIKPUTHX BiKOH.
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SDI-iHTepdeliic

Iarepdeiic Tuny SDI noxkazannii Ha puc.6.l. Bin cximagaeTses 3

HACTYITHHUX €JICMEHTIB!
TOJIOBHOT'O MEHIO;

TIaHeJ i IHCTPYMEHTIB 3 elleMEHTaMH KepyBaHHS;
BiKHa JJOJaTKa U PO3MIICHHS €JIEeMEHTIB KepyBaHHA JaHUMU (Y
TAaKOMY BHITJKy IIe BiKHO i3 3aroioBkoM "JlokymeHnT WordPad");

SIIEMEHTIB KepyBaHHS U1 poOOTH 3 maHuMu. Ha puc.6.1 me omHe

°
BCJIMKC ITOJIE IJIA pO6OTI/I 3 TCKCTOM;

psAAKa CTany.
] rdPad
ain Mpaeka Bug Beraeka dopwat  Cnpaska
LEE &k By
kK P EE

w10 = || [Fupunauueckui

Arial
El T 2o 3oncd BB T e g0 T 2 30

AnA BLIEDAE CNPAEKH Ha%HKTE <Fl>
Puc. 6.1. Tatepodeiic Tamy SDI
Le#t tun iHTEpdeiicy miIXoAuTh AN TONATKIB, CTBOPEHUX IS

poOOTH 3 MOKYMEHTOM OJHOTO THITy 3 HEBEIMKOI KiIBKICTIO IIOJIB
(iHakme ¢opMa NepeBaHTAKYETHCS €JIeMEHTaMH KepyBaHHs i iHTepdeiic
CTa€ CKIIAJHUM 1 HE3PYUHHM).

MDl-iHTepdeiic

TomoBHa ocobmuBicte MDI mosnsirae B ToMy, IO IS IBOTO THITY
iHTepdeiicy MoxHa Oaratopa3oBo BiIKpHBaTH (GOPMY OIHOTO BHIY
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IOKYMEHTa Ul JACKITBKOX PI3HHX 3a 3MICTOM NOKyMeHTiB. [Ipukiamom

inTepdeiicy tTumry MDI mosxe Oyti iporpama Microsoft Word (puc.6.2).

ki Noyment? - Microsoft Word EJ@|E‘

3 lokyment1 - Microsoft Word EHEHXl i
% "

PyTa

&l okywme 6 - Microsoft Word |Z|E|

dafin  Mpaeka Bua Bcraska  QopMat  Cepedc  TabnMua  OkHo  Cripaeka  Mnad

OBbMHEI - Times NewRoman = 12

[v]

| c -

ENEIERN | 3 +
=]
¥

cmpo 1 Pasadl 1 Ha T Kon 34N WCTP BAN 3AM yxpe

EEN (=

-
£
Cp. 1 Paal 11 Hazom Tl Koal 41 WM BAN 34N yepansciwd 4 A
I

Cp. i Paal 1l Hazem Crl Konl AN WCTP BAN 3401 ykpanrckwd Y

Puc. 6.2. Tnrepdeiic Tumy MDI

Jns iHTepdeiicy Takoro THITy XapakTepHa HAasBHICTH OJHOTO
ronoBHoro BikHa (MDI-BikHO), moO 3BHYAHO HMEHYETHCS OAThKIBCHKUM
BiKHOM (Ha puc.6.2 11e BikHO i3 3aronoBkoM Microsoft Word), i HeoOXigHOTO
UIT poOOTH KUTHKOCTI MIAMOPSIKOBaHUX (BKJIAJCHUX) BIKOH, HAa3MBaHHMX
novipHiMu (Ha puc.6.2 ne BikHa i3 3arosioBkamu Jlokymenrl, JlokymeHT6).
KinpKicTh BIIKPUTHX IOYIpHIX BIKOH OOMEXKEHO JHIIE MOXKIHBOCTSIMH
KOMIT'IOTEpa.

IMinkpecanmo, 110 6aThKiBChKe BikHO aasi MDI-intepdeiicy mMoxe
OyTH TIJIBKM OJIHE, NPU I[BOMY BOHO € KOHTEHHEPOM Uil BCIX JO4ipHIX
BikoH. lle o3Hauae, 1110 npU MiHIMI3aLil 6aThbKIBCBKOrO BiKHA Pa3oM 3 HUM
MIHIMI3YIOTBCsI i BC1 OUIpHI BiKHA.

Y cBoo uepry, [O4ipHI BiKHa MOXYTh IepeOyBaTH TiUIbKU
ycepenuHi 0aThKiBCHKOTO, TOOTO HPH PO3KPHUTTI Ha BECh €KpaH NOUipHI
BiKHA PO3KPUBAIOTHCS MOBHICTIO TLIBKU B MeXaxX 0aThKIBCHKOTO BiKHA i He
MOXYTh OYTH BUHECEHI a00 NepeMillieHi 3a 11i Mexi.

Jlo cknany intepdeticy MDI BXOISTh Taki eleMEHTH:
TOJIOBHE MEHIO;

TaHeJIb IHCTPYMEHTIB 3 €JIEMEHTaMH KepyBaHHS;
rosioBHe BikHO qoiarka (MDI-BikHO);

JIOYipHI BIKHa;
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e CIeMEHTH KEpyBaHHA Ui POOOTH 3 HaHWUMH, PO3TAIIOBaHI B
JOYipHIX BiKHax (Ha puc.6.2 1e OoIHE BEJHKE IoJie UII PoOOTH 3
TEKCTOM JOKYMEHTa B KOJKHOMY 3 BIKOH);

®  DSJIOK CTaHy.

PosrisiHeMo noOKJamgHimIE eleMeHTH iHTepdeiicy W TEeXHOJOTiIo
IXHBOTO CTBOPEHHS 32 JOIIOMOTOI0 IHCTpYMEHTAITBHAX 3ac00iB Visual Basic.

batbkiBCcbke BikHO MDI-iHTepdency

st nonaBanHs 6aThKiBChKOI GOPMH B MPOCKT MOXKHA BUKOHATH
OJIHY 3 TAKUX JIii:
1. y mento Project (ITpoekr) Bubpatn xomanaxy Add MDI Form
(Jomatu MDI-dopmy);
2. 'y BiKHI IPOBiJIHMKA Ha)kKaTH IpaBy KHOINKY MHUII i BHOpatu 3
KOHTEKCTHOTO MeH0 komammy Add, a morim 3nauenns MDI
Form. MDI

& MDIForm1

Puc. 6.3. ®opma OaTbkiBchbKOTrO BikHa iHTEepdeiicy Tuny MDI

batpkiBcbke ¥ JodipHE BiKHa MalOTh Halip OCHOBHHX
BIIACTUBOCTEH, omucanuii B Tabn. 6.1. JlocTym 1m0 IMX BIIACTHBOCTEH
MOKHa OJIepXKaTH 3a AOMOMOroro BikHa Properties (Bnactusocri).
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Tabmunsg 6.1

Habip ocHOBHMX BIacTHBOCTEH OAaTBKIBCHKHX 1 TOYipHIX BIKOH

BaactusicTs [puznayenus

BackColor Busnauae komip mons ¢opmu. Bubupaerscsa i3
MIPOTIOHOBAHO{ MANITPH

BorderStyle | BuzHaduae THm oOpamileHHS, a TaKOX YIpaBIIIe
3MiHaMH ~ po3MipiB ¢opmu. JloAaTKOBO BU3HAYAE
HasBHICTh KHOTIOK Yy PSAJKY 3arojOBKa BiKHA

Caption 3amae TeKCT, SKUH Oyae BUBENEHHH Y 3aroJIOBKY
hopmu

ControlBox BusHauae HasBHICTB Yy JIIBOMY BEpXHBOMY KYTi BiKHa
KHOIIKM Yy BUIJISIAI 3HayKa, IO BIJAKPHBAE BIKOHHE
MEHIO

Font 3ajae mpudt y BikHI

ForeColor 3ajae  KONbOPUM BUBEICHOTO y BIKHI  TEKCTY.
PexoMeHyeThCSI BHKOPUCTATH CTaHAAPTHI KOJIBOPH
SIK TIOJISL, TaK 1 TEKCTY

Height 3agae  Bucory ¢dopmu. Ilpm  KoHCTpyrOBaHHI
aBTOMAaTHYHO MOJU(DIKyeThCs MpH 3MiHI PO3MIpIB 3a
JOIIOMOTOI0 MUIITI

Icon 3ajae 3Ha40K Jyis JOpMHU

Left 3amae BigcTaHb Bil GOPMU JI0 JTIBOTO KParo eKpaHa

MaxButton VYmpasinse HasBHICTIO KHOIIKH PO3ropTaHHsA
(MakcuMizalrii) BikHa

MinButton VYnpasnse HasBHICTIO KHOIIKH 3rOpTaHHS
(MmiHiMi3aIii) BikHa

MDIChild Ymupaise MOXIHBICTIO TEPETBOPCHHS BiKHA THITY
MDI y nouipre. Ilpuitmae 3HauenHs True abo False.
3a 3aMOBUYBaHHSM IpHiiMae 3HaueHHs False.

N 3amae yHikampHE iM's (OpPMH IJIi BHKOPHCTAaHHS B

ame NpOTpaMHUAX  MOAYISAX 1 Tekcri koxmy. Ilpwm

MPHU3HAYCHHI IMEHI PEKOMEHAYETHCS BHKOPHCTATH
npedike frm a6o mdi

ScaleMode 3amae onuHUIIO BUMipy BractuBocterd Width, Height,

Lefti Top

ShowlInTaskbar

Vmpasmsie BimoOpakeHHsSM 3Ha4YKa BiKHA Ha TaHENl
3aBaaHb cuctemMu Windows

Width

Busnavae mmpuny hopmu
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[IpomorxenHs Tadm. 6.1

BaactusicTs [puznayenus

WindowState

VYupasnsge cranoM (opMH TpH 3amycKy W MOXKe
npuiiMatd  HacTymHi  3HauenHs: 0-Normal —
HOpMasbHuii craH, 1-Minimized — winimizoBaHui
crad i 2-Maximized — makcumizoBaHui CTaH

BrnactuBicth BorderStyle BU3HA4ae THUI OOpaMIIeHHS BikHA U
MOXKe IpUiMaTH 3HaYEeHH:I, HaBeZeHi B Ta0u. 6.2.

Tabmnuns 6.2

Tum oOpaMieHHS BikHA, IO 337a€ BIACTHBICTIO BorderStyle

3HaueHHA
BJIACTHBO
cTi

Tun odpamiieHHs1

0-None

BincytHs pamka BikHA. 3MiHa pO3MIpIB 1 MEpeMIIIeHHS
BikHa 3abopoHeHa. BimcyTHi OCHOBHI aTpmOyTH BiKHa:
3ar0JIOBOK, MEHIO, KHOIIKM 3TOPTaHHS, PO3TOpTaHHA K
3aKpUTTS

1-Fixed
Single

BikHO 3 paMKOIO y BHIUIAOI ONWHAPHOI JiHIIT #H 3
¢dikcoBaHMMH po3MipaMHu. 3MiHa pO3MipiB BikHa 3a
JoroMororo  Mumi  3aboponeHo. OCHOBHI  arpuOyTH
3aroyiopka (oOpMH, 3rajaHi BUIE, IOCTYIHI JUIS LOTO
3HAYEHHS

2-Sizable

BikHO Mae pamKy, poO3Mipu SIKOI MOXXHAa 3MIHMTH 3a
Joromororo mur. J03BoJIeHe TaKOX MEpeMillieHHs BiKHa.
Bci aTpubyTtn 3aronoBka BikHa mpucyTHi. lle 3HavYeHHs
BCTAQHOBIIFOETBCS 32 3aMOBYYBaHHSAM IIPH CTBOPEHHI

dbopmu

3-Fixed
Dialog

BikHO Mae pamKy, po3mipu SKOI 3MIHUTH HE MOXXHA, TIPU
ObOMY JIO3BOJICHE IIEpPEeMillleHHS BiKHA. Y 3arojioBKY
pO3TalIoBaHa TUIBKM KHOIIKA 3aKpUTTA BikHa. Lle 3HaueHHs
BiactuBocTi BorderStyle BukopucraeThcs, B OCHOBHOMY,
IUTS A1aJIOTOBUX BIKOH

4-Rxed
ToolWind
ow

Amnarnoriuno 3HadeHHIO 3-Fixed Dialog. Ilpm npomy
3aroJIOBOK YK€ i MiCTUTP TINbKH KHOTIKY 3aKPHUTTS BiKHA

5_
SizableToo
IWindow

AmnanoriuHo  3HaueHHr0  2-Sizable, o0OJHaK  KHOIIKH
3rOpPTaHHSA ¥ PO3TOPTAaHHS BiKHA MPH FOMY HEJOCTYITHI
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BrnactuBicth ScaleMode 3aa€e OQUHUINO BUMIPY BIACTHBOCTEH
Width, Height, Left i Top 1 MOXe NpPUAMATH 3HAYCHHS,

ommcani B Tadi. 6.3.
Tabmung 6.3

3HaveHHs, SKi MpHiMae BIacTUBICTh ScaleMode

3HavyeHHs OnuHuUsA BUMIpY
0-User KopucryBanpHuIIbKa
1-Twip TBin. € cranAapTHOIO OAMHMIEIO BUMIpy s Visual

Basic 1 BCTaHOBJIOETbCS 32 3aMOBUYBAHHSAM IpH
cTBOpeHHI (hopmMu. B omHOMY miofiMi BTpHUMYETBCS

1440 TBimiB

2-Point Kpanka. HeoOxigHO MaTh Ha yBasi, mo B Iroiimi 72
KpaIKH

3-Pixel [Mikcen. bazoBa amaparHa oguHMI BUMipy. BusHauae

MIHIMATBPHIA TMPHUITYCTUMHUI pPO3MIp Kpamkd eKpaHa
200 KpaIky IpH BUBOZI Ha MPHHTEP

4-Character CumBon

5-Inch oM

6-Milimeter Minimerp

7-Centimeter | Cantumerp

BrnactuBoCTi BiKOH MOXHA 3MIHIOBATH B PEKUMI IMPOCKTYBAHHS.
Kpiwm Toro, Visual Basic qae MOKIHBICTh 3MIHIOBaTH BIIACTUBOCTI BiKOH i3
MPOrpamMH B PEKUMI BUKOHAHHSI.

Tyr BapTO MOMITUTH, WO HA BIAMIHY BiJ IOYiPHBOTO, IS
0aThbKIBCBKOTO BiKHa JIOCTyIIHa TUIBKM 4YacTHHA 3 IepepaxoBaHUX
BiacTuBocTeil. Hampukman, HemocTymHi BnacTuBocTi MaxButton,
MinButton af6o ControiBox, IO KEPYIOTh KHOIKAMU B 3aI0JIOBKY
BiKHa.

VY cBOW0 dYepry, iCHYHOTh BJIACTHBOCTI, XapaKTepHI TITBKH IS
OatbkiBCchKkOro BikHA. Ile BiactuBocTi AutoShowChildren i
ScrollBars. Skmo BaacTuBicTh AutoShowChildren Mae 3HAYE€HHS
True (e 3HauYeHHS BHKOPHCTA€ThCS 32 3aMOBUYBAHHSM), TO NpH
3aBaHTQ)KEHHI OATbKIBCBKOTO BiKHa aBTOMAaTWYHO 3aBaHTaXXyEThCS
nouipHe BikHO. BmactmBicTh ScrollBars BH3HAa4a€ HasBHICTH CMYT
MIPOKPYYyBaHHS B 0aThKiBCHKOMY BiKHI IS TOUIpHIX BIKOH, IIJ0 BUXOJSTh
32 MeXi BHAMMOCTI. 3a 3aMOBYYBAHHSM I BJIACTHBICTH Ma€ 3HAYCHHS
True, mo 103BoJIsI€ BiToOpakeHHS CMYTH NTPOKPYYyBaHHS.
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V  Ttabm.
BUKOPHCTAIOTHCS

6.4 mHaBemeHi OCHOBHI Tmofii, fAKI HaWdJacTiIIe
it gopMm. Y  mpomeci  OpOorpaMyBaHHSA — BH

MO3HAMOMHTECS 3 HUMH O1JIBII JOKJIATHO.

Tabmauns 6.4

[onii, BUKOpHCTOBYBaHI popmMaMu

Tloaist Ommc

Activate BinOyBaeTbcss B TO MOMEHT, Konmu (opma crae
akTuBHOIO. IToB's13aHe 3 moxismu Initialize,
Load, GotFocus. Ipu Bigkpurti ¢dopmu
CHOYaTKy BiAOyBaeThcsl mOAist Initialize,
motiM Load, micas [poro Oe3mocepeqHbo
Activate 1 3aBepllye MPOLEC BIIKPUTTS MOMis
GotFocus

Click BinOyBaeTbcst py HATHCHEHH1 KHOITKH MHIITI

DblClick [onBiftHMIT HATHCHEHHS KHOIKH MU

Deactivate Monis, nporunexHe Activate. BinOyBaeTbes,
KoJI (hopMa CTa€ HEaKTUBHOIO

GotFocus BinOyBaerbcss npu ycranoBui (okyca Ha (opmi,
1110 AKTHUBYETHCSI

Initialize Ininianizanist popmu

KeyUp BinOyBaeTbcsi mpu  HaTHCKaHHI  KiaBimi — Ha
KJaBiaTypi

Load BinOyBaerbcsi mpu  3aBaHTaxeHHI (GopMu Y
am’ ATk JI0 i1 osIBM Ha eKpaHi

MouseUp BinOyBaeTbes ipy HATUCKAHHI KHOTIKH MHIIT

Resize BinOyBaeTbcs ipu 3MiHI po3MipiB popmu

Unload Iporunexne moxii Load. BinOyBaerbcs mepen
BUBaHTa)KEHHSIM (Gopmu 3 mam'ati i BupaneHHsM 1l
3 eKpaHa

I[Ipu mpoexTyBaHHI MOXHA TMEpPErisHYTH CIHMCOK TIIOIH,

moB's3aHUX 3 (hOopMoOI0, y BiKHI pemakTopa komy Qopmu. [ns 1woro
HeoOxigHo BukoHaTH kKomaHay Code (Kox) mento View (Bum) abo
MePEMICTHTH TIOKaKYHK Y T10JIe KOHCTPYIOBaHHS (GOpMH 1 ABiYi KIIAIHYTH
KHOTIKOIO MUIIN. Y BEpXHIA 9acTWHI BiKHA PEIaKTOPH KOAY PO3TAIIOBaHi
IBa CIUCKU. BubepiTs i3 miBoro cmmcky o0'ekTiB motouny (opmy. Ilpn
LOMY B IIPaBOMY CIHCKY OyIyTh pO3TalIoBaHi BeCh Moiii opmu.

[Ipu nmporpamysanHi noziit Visual Basic 6 Binpasy x mpu BuOopi
0TI Ha/Ia€ TOTOBY KOHCTPYKIIiIO (m1abjaoH KOMy) I IpOrpaMyBaHHs Ail
o noxii. Im's mpouenypu o6pobku moAii 3aBXkAM MOB'A3aHE 3 HOTO IM'SIM.
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Hanpuknan, mms oOpobku moxii Load aBTOMaTHYHO HANAETHCS TaKHA
1a0JIoH:
Private Sub Form Load()
KOI mnpouenypm o0pobxm nomil
End Sub

AouipHe BikHo MDI-iHTepdelicy

Houipre BikHO (pumc.6.4) mae Bci ommcani B Tabm. 6.1 Bmacti
BikoH. [IpakTHYHO BCi BOHH JOCTYITHI IPH MIPOSKTYBaHHI.

Puc. 6.4. dopma nouipHboro BikHa iHTepdeiicy Tuny MDI

OCcHOBHI 0COOIUBOCTI TOUYipHIX BIKOH:

e ouipHa (¢opmMa 3aBKIM  PO3TAMIOBYETHCS B  TPAHHUILIX
0aTBbKIBCHKOI;

e JoYipHIO QOpPMYy HE MOYKHA TEPEMICTUTH 3a MeXi OaThKiBCHKOI
opmu;

®  JIOYipHE BIKHO 3TrOPTAETHCS TUIBKH ycepearnHi 0aTbKiBCHKOTO;

e [pu pPO3rOpTaHHI JOYIpHE BIKHO 3aiiMae Bechb BHYTPIIIHIH
npocTip 0aTEKIBCHKOTO BiKHA.
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Po3sramryBaHHSAM MOYipHIX BIKOH y OaThKiBCBKOMY BiKHI MOXKHA
YIOPaBJIATH 32 JOMIOMOTOI0 MeTOy Arrange 0aThKiBCHKOTO BikHa i Habopy
3MIiHHUX, SIKi 33/Ial0Th CTIOCOOH PO3MIIICHHS J0YipHiX BiKOH (Taldi. 6.5).

Tabmunsg 6.5

3Ha4YeHHS KOHCTAHT I METOIy Arrange

Koncranra

3HaueHHs

Onuc

vbCascade

0

Kackamgne posramryBaHHS TOUipHIX
¢dopmM, Ipu HBOMY KOXKHA HACTYyIHA
3pyllIeHa BHHU3 1 BIPaBO NPUOIM3HO
Ha NIMPUHY 3arojoBka Gopmu

vbTileVertical

Po3sranryBanHs y BUTIISII
BEPTUKAJIbHOI MO3aIKU, NP LbOMY
JOYipHi (OPMH MarOTh  BHCOTY
OaTbKiBCbKOT  (GopMH W Taky
LIMPHUHY, I00 PO3MICTUTHCS IO BCiit
IIMPHHI 0aTEKIBCHKOTO BiKHA

vbTileHorizontal

PosranryBanus y BUTIISIII
TOPU3OHTAJIBHOI ~ MO3alkH,  IpH
OpOMY IOYipHI (OpPMH  MAalOTh
ompuHy OaThKiBCBKOT (opMu it
TaKy BHCOTY, IIOO pPO3MICTHTHUCS IO
BCiif BUCOTI 0AaThKIBCHKOTO BiKHA

vbArrangelcon

[Ipu MiHiMi3aIi1 BiKHa
pPO3TAllIOBYIOTBCSI  Ha  HHXKHBOMY
Kpai 0aTbKIBCHKOTO BiKHA

Jns nonaBaHHS NOYipHBOI POPMH B IPOEKT HEOOXiTHO BUKOHATH
komanay Add Form (Jonatu hopmy) mento Project . Sk nouipaio popmy
MOXHa BHKOpUCTATH ()OPMYy aBTOMATHYHO CTBOPIOBaHY WpPH BHOODI
HOBOTO TipoekTy. IIpu npoMy BiactuBicTh MDichiid BapTo BCTAHOBUTH

B 3HA4YEeHHA TrUe.

Juis mociipkeHHS XapaKTEePUCTHK 1 B3aeMOil OaThKIBCHKOTO i
JOYIPHBOTO BIKOH CTBOPHUMO HEBEJIWKUHN J0OAATOK. I I[bOTO0 BUKOHAEMO

HACTYIIHI Jii:

1. CtBOpiTh HOBHH IPOEKT.
NPOEKTy, y THoIe

MyMDIApp.
2. 1106 aBTOMAaTMYHO BUKOPHCTATH CTBOPEHY (OPMY IMPOEKTY B
AKOCT1 JOYipHBOI, BIIKPUHTE BIKHO BIACTHBOCTEH, BUKIMKABIIN
#ioro komanmoro Properties Window (BikHo BiacTuBOCTEH) Y
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menro View (Bum), i BCTaHOBITH Aas BIACTHBOCTI MDichild
3Ha4YCHHA | rue.

BukopucroBytoun BiacTHBICTH Name, yBeAiTh iM's ¢dopmu
frmChildMDI.

Y mome BmactuBocTi Caption yBEOiTh 3aroJOBOK BiKHA
JouipHe Bikno MDI.

Homaiite B poekt MDI-hopmy, Bukonasmu komaunxy Add MDI
Form mento Project.

CKOpHCTAaBIINCH BIIACTHBICTIO Name, YBEOITh IM'S Qopmu
mdiParentMDI.

BukopucroBytoun BiacTHBiCTh Caption, YBeNiTh 3aroyioBOK
BikHa BarbkiBcbke Bikno MDI.

s meMoHCTpalii AesKux Iiif HaM 3HAJOOUTHCSI MPOCTE MEHIO.
CTBOpPUMO HOTO MO KpOoKaM (peIakTop MEHIO OMUCAHUHN y PO3Iiii
"MeHio" 1aHo1 TIaBH).

Bubepits GaTbKiBChbKE BIKHO.

Buxmuure pemaktop MeHo komanmoro Menu Editor (Pegaktop
MmeH0) 3 Merto T00Is (Cepsic).

VY none Name (Im'st) yBenits iM's mnuFile.

VY none Caption (3aroyioBok) yBeIiTh 3arojioBOK MeHIO MDaiiJ.
Tenmep CTBOpITH MYyHKT HBOTO MEHIO. HaTHCHITH KHOMIKY Next i
KHOIIKY 31 CTPiJIKOIO BrpaBo. Y mosie Name BBEIITh iM'sl MEHIO
mnuFileNewFortn, a B mone Caption itoro 3aronosok HoBa
¢opma.

Hemenukwnit nomatox rtoToBHH O0 poOotu. s mepeBipku

BHKOHaiiTe Horo 3a momomMororo komanam Start (3amyctuti) merHro Run
(3amyck). 3ymuHKa J0/aTKa BUKOHYeThcss komanmoro End (3ymuuutn)
TOTO X MEHIO.

9.

10.

3anporpaMyeMo BUKJIHMK IEKIIBKOX JOUipHiX (Gopm. s 1boro
BUJIUITE 0aThKiBCbKY (OpMYy B KOHCTPYKTOpi (opm i JBiui
KJIALHITH JIIBOKO KHOINKOK MHUIII JJIsi BUKJIMKY peIaKTopa KOmy
0aTbKIBCHKOTO BiKHa.

VY cnucky 006'ekTiB (JTIBHH CHHCOK, IO PO3KPUBAETHCS) BHOEPITH
IIyHKT; MeHI0 mnuFileNewForm, Y iBOMYy CIHCKy MOAIN
BHOEPiTh momiro C1ick i HAMKIIITE I HHOTO HACTYITHUN KOJ :

Private' Sub mnuFileNewForm Click ()
Dim frmNewForm As New frmChildMDI
frmNewForm. Show

End Sub
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VY TEeKCTI KOXy MH OTOJIOCHIH 00'eKTHY 3MiHHY frmNewForm
JUIL TIOCWJIaHHS Ha 3HOBY CTBOpEHHMH eKk3eMIUiip BikHa. [lotim 3a
JOIIOMOTOI0  MeTony Show HOBHH €K3eMIUIIp Bi3yami3yeTbCsl B
OaTpkiBcbKOMY BikHI. Jns oO4YHCIeHHS HOMepa TOYipHBOTO BiKHA
BUKOPHUCTOBYEThCsL 3MiHHa frmcount. lLlell Kox BHKOHYETBCS IIpH
Bubopi komanu HoBa ¢opma 3 mento @aiis 6aTbKiBCHKOTO BiKHA.
11. 3a momoMoror IBOro MPOCTOTO JOJATKa MOYKHA MEPEBIPUTH BCi
OCHOBHI XapaKTEepHUCTHKH OaThKiBCBKOTO # mouipHeoro MDI-
BikOH. [ mepeBipKHM MOIIMBOCTEH YHOPSIKYBaHHS JOYipHIX
BIKOH y 0aThKiBCHKOMY BiKHI(BIACTHBICTh Arrange) I0JaMO B
MeHI0O TyHKT BikHo #i KoMaHmy MeEHIO, IO BHKOHYE
BIOPSIAKYBaHHA. J[I1 IbOro BIOKpHHTE pEAaKTOp MeEHIO K
noxaiite myHKT BikHo W HeoOximHy komanay. I[IpuBiacHiTH
MYHKTY MeHIO iM'st mnuwindow, a KoMaHIi, NpU3HAYCHIH ISt
posTaiyBaHHs BIiKOH Kackamowm, im's mnuWindowTiieVerticai.
[Iporpamuuii Kox NOBHHEH BUTJISIATH B TaKHi CIIOCIO:

Private Sub mnuWindowTileVertical Click()
mdiParentMDI.Arrange vbTileVertical
End Sub

Hwxue HaBegeHuii NOBHHUH TEKCT KOAY CTBOPEHOTO HaMU
IPOCTOr0 JOAATKA:

Dim frmCount As Integer

Private Sub MDIForm Load()
frmChildMDI.Caption = "JouipHsa ¢opma 1"
frmCount = 1

End Sub

Private Sub mnuFileNewForm Click ()

Dim frmNewForm As New frmChildMDI

frmCount = frmCount + 1

frmNewForm.Caption = "Jouipusa dopma " + Str (frmCount)
frmNewForm.Show

End Sub

Private Sub mnuWindowTileVertical Click()

mdiParentMDI.Arrange vbTileVertical
End Sub
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[Ipamrorounit OOATOK 3 YHOPSAKOBAaHUMH BIKHAMH
MIpeCTaBICHAN Ha prC.0.5.

W PoauTe nbckoe okHo MDI

MafAn  COKHD

=¥ [louipua opma 1 EI@|E|
3, Jouipua opma 2 EI@|B|

nl HouipHa chopma 3 |:||E E|

Puc.6.5. Pobora mpocToro nonatka y ctuii inTepdeiicy MDI

AHaNOrivyHO  MOXKHa ~ 3amporpamMyBaTH  iHIII  CIIOCOOM
BITOPSAKYBaHHS TOYiPHIX BIKOH y 0aTBKIBCEKOMY.

IHTepdeiic TMny NpoBIAHMK

Inrepdeiic THMy NPOBIIHUK PO3POOISETBCS ISt JOCTYIY 10
i€papXiyHUX  JIEPEBONOMIOHMX  CTPYKTYp, TOOTO J0 Takum, Je
3yCTpiYa€eThCsl BKJIAJCHICTh. [IpHKIaJOM BKJIAJIEHOCTI MOXKYTh CIIYKUTH
nanky i Qainn. Qaiinm nexars y namkax, ski y CBOI 4epry JieXaTb Y
BUIIIECTOSAIIMX MMAankax i Tak jgam. [IpukiaamoM Takoro iHTepdeiicy €
npoBigauk Windows (puc.6.6). Ha pucyHKy HAao4HO BHIHA CTPYKTypa
30epiraHHs mamnok i ¢aiiB, 010 yTBOPHUTH iepapxidHe JepeBo. Ilo croiit
cyri me asanor iHrepdeiicy SDI, pospobnenuii cremnianbHO IS
JIepeBONOAIOHHUX CTPYKTYP.

Inrepdeiic nomaTka THUIMY TPOBIAHMK MICTUTH  HACTYIHI
€JIEMEHTH:

e  TOJIOBHE MEHIO;
e  BIKHO JOJaTKa JUIi PO3MILIEHHS eJIEMEeHTIB KepyBaHHS JaHUMU (y

HAlIOMY BHINAJAKYy L€ BIKHO i3 3aroyioBkom "[IpoBimHHK —

Microsoft Visual Studio™);
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e iepapXiyHHWI CIHCOK €JIEMEHTIB IepeBomoAiOHoi cTpykTypu. Lle

MOXYTh OyTH mankd # aim,

OpraHi3oBaHi B i€papXiduHy CTPYKTYPY;
e CIEMEHTH KepyBaHHA Uli POOOTH 3 NaHUMH: KHOIKH, OIS,

Tpamnopi u T.1.;
®  DSJOK CTaHy.

dafin Mpaeka EBua  MsbpadHoe

(23 Java web Start
[T Javasoft
(23 k-Lite Codec Pack
[ Mathsaft
@ Messenger
(23 microsoft frontpage
[T Microsoft Office
(23 Microsoft SQL Server
B I Microsaft Yisual Studio
(23 Comman

< b

Qe - @ 3 f
Nankx
(23 Easy Wireless Net
[ EsET
23 Far
(O3 Inkernet Explarer
[T Java

CepeMc  Cnpaeka

) Momck H__H NankH -
x [ FFz2
puL=1eEE! file
~ EClass-circl E]NsTALL
|2 Coza-knacca i [ ("
[C)5etup MSDATREP
[ChTemplate %] mspI5110.0LL
() Wizards %] mspoBSD.DLL
[hvepap-08 2] HwIND

~ [Siknacc-Mlepcon | READMEDT
[CHosan nanka @j READMERP
[)Hoean nanka (2) &]READMEYE
& appsccus.ol [ REDIST

) base 2 sCCvBUS
#eELI0 SCCYBLS. CH
ez m
Flcveack £y vB6

[#ata VB, OLE

o [ ZoaTaviEw. oL %) ¥BSDEBUG.DLL

JAOKYMEHTH,

VBEEXT,OLE
| %] vB&IDE.DLL
%] vBas.DLL
YEAEXES
VEDATAYW
YEEXT.5RG
YBHELP.5RG
%] vBscc.oLL
fvispata

)
L

Puc. 6.6. Intepdeiic Tumy nposigauk (Explorer)

EaremeHTH iHTEPdENCY

PosrnsHeMO JmOKNajHINIE OCHOBHI €leMEHTH iHTepdeicy
MOJKJIMBOCTI iXHBOTO BUKOPHCTaHHA B goaaTkax Visual Basic 6.
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MeHio

Bynp-skuii mOJAaTOK CTBOPIOETHCA IS peajizamii KOMILIEKCY
GyHKIIN, 320e3MeuyrounX BUKOHAHHS 3arallbHOTO 3aBIaHHS goxartka. s
IIBUJIKOTO IIOCTYITy O BCiX (YHKIIH HOAAaTKa BHUKOPUCTAETHCS MEHIO:
TOJIOBHE MEHIO J0JaTKa i KOHTEKCTHE MEHIO OKpEeMHX O0'€KTiB JOomaTkKa
(popm, manemnei).

I[lpu mpoexTyBaHHI MEHIO BapTO KEPyBAaTHUCS NCBHUMHU
npuHounamu. [omoBHWIT 3 HuUX — craHgapTH. PekomeHayeTbes
JOTPUMYBATUCS CTaHAAPTHUX Ha3B KOMaHJ MEHIO 1 X po3TamryBaHHS:
HaNpHKIag, MyHKT MEHI0 sl poboTH 3 (aillaMu peKOMEHAYeThCs
Ha3WBaTH y CBOix mojatkax File (Maitn), a mMyHKT MEHIO U BHKIHKY
JOBiIKOBOI cucTeMu noaatka — Help (losiaka). IIpu 1is0My IyHKT MEHIO
File 6axxano posramoByBatu Haiinepiinm, a myHkT Help — octannim. Ha
el craHmapt s Bcix goxatkiB Windows, mo sSKoro 3BUKIH 0OaraTo
MITBHOHIB KOPUCTYBaUiB, MOXKHA ITKOM mosratd. JlomaTok Oyme mpu
IBOMY OUTBIIE 3pO3yMIINM KOPUCTYBAYEBI.

VY mporeci po3poOku MeHIO 0a)xxaHO TPYITyBaTH KOMaHIHN MEHIO,
peanizyroun (QyHKII A7 pilleHHS KOHKPETHOTO 3aBIAaHHS (HAIPHKIA,
poborta 3 aiiiamu), B OIHE MEHIO, IO PO3KPUBAETHCA, SKOMY Oyje
BIINIOBIJaTH MYHKT MeHI0. Hampukman, BCi KOMaHIW, IO PEai3yloTh
¢byHkuil pobotu 3 daiinamu, OGakaHO 3rpynyBaTH B OJHE MEHIO, IO
PO3KPHBAETHCS, 3B'13aHe 3 MyHKTOM MeHo File.

VY nopaTtkax KOXHIM KOMaHAI MEHIO, SIK IPaBHJIO, BIAMOBiZae
"rapsiua" knaBima (KiaBilia IMIBHIKOTO TOCTYMy). PeKOMeHIyeThCcs 1Mo
MOJKJIMBOCTI BHUKOPHUCTOBYBATH CTAaHAAPTHI KIABIMI, HANPHUKIAL, SK B
Microsoft Word. ¥V npuHIuMi, e 101aTOK MOXE CITY>KUTH CTaHIAPTHUM
3pa3KoM IS CTBOPEHHS BIACHUX TOJATKIB TPH po3poOIli He TIIbKU MEHIO,
aJre ¥ BCIX iHIHNX €JICMEHTIB.

Ak 1 Oymp-skuid iHmMAKA OO'€KT JomaTKa, MEHIO Mae Halip
BIacTUBOCTeH. BrmacTWBOCTI MEHIO OCTYNHI Al peAaryBaHHS y BiKHI
Properties (BnactuBocti) ¢dopmu, sikuii HamexuTh MeHI (puc.6.7).
OCHOBHI BJIACTUBOCTI MEHIO HaBejieHi B Ta01. 6.6.
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Properties - O [x]

|III Menu d
alphabetic ]Categorized ]
o]
Capkion DEHO
Checked False
Ensblzd Trus
HelpZonkextID u}
Index
MegotiakePosition |0 - Mone
Shortcut (Mone)
Tag
wvisible True
WindowLisk False
(Manme)
Returns the name used in code to identify
an object.,

Puc. 6.7. BnacTuBoCTi MEHIO
Tab6muus 6.6.

OCHOBHI BJIaCTUBOCTI MEHIO

BaacruBicTh

IpusnayeHHs

Name

HaiimenyBannas (iM's) wmenHro. IloBuHHE OyTH
yHIKanbHUM. BakaHO KOpHCTyBaTHCs CTaHAAPTHUM
MPUCBOEHHSAM  iMeHi, TOOTO iM'sS  TOBUHHE
NOYMHATHCS 3 OYKB mnu

Caption

Tekct, BimoOpakyBaHWH y MYyHKTI MeHI0. SIKmio B
OBOMY TEKCTI Tepel OIHi€l0 3 OyKB IMOMICTUTH
cumBon "&", To OykBa B MYHKTI MEHIO Oymae
migkpecieHa ¥ - kiaBima  1i€i  OykBu  Oyxe
npu3HadYeHa '"rapsuor” KIABIilIEIO sl IIBUJIKOTO
JIOCTYITy JIO JIAHOTO YHKTY MEHIO

Checked

SIkmo 1s BiAcTUBICTE Mae 3HaueHHs True, mpu
poGoTi  momaTka JiBOpYY  BiJ  HaliMEHYBaHHs
00paHOTO MYHKTY MEHIO 3’ ABISETHCS TAJOUYKA

Enabled

BrnactuBicTh, 110 BU3HAYa€ MOXKIIMBICTH BUKOHAHHS
KOMaH/M (ITyHKTY) MEHIO. 3aJeXHO BiJI KOHTEKCTY
00'ekTa KOMaH/M 3a00POHSIIOTECS 200 JI03BOJISTIOTHCS

HelpContexti

Inentndikarop 10BinKOBOI CHCTEMH, IO BiIOBiIAE
JIOBIJIIII TTPO I MEHIO
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[Ipomorxenus Tadi. 6.6

BaactuBicth [puznayenus

Index InenTudikatop MyHKTY MEHIO B MAacHBi
CJICMCHTIB KepyBaHHS JOAATKa

NegotiatePosition | Bu3nauae momoxeHHS MEHIO Ha eKpaHi

Shortcut KomOinaris KJIaBIIII IS IIBHIKOTO
BUKOHAHHS IIyHKTY MEHIO
Visible BusHauae BUANMICTE Ha €KpaHi ITyHKTY

MeHro. [Ipu poOoTi momaTka 3a JOMIOMOTOIO
mi€i BJIACTHBOCTI IYHKTH MEHIO MOXHA
JIMHAMIYHO XOBaTH a00 MOKa3yBaTH

WindowList [Tpu3Hauae BIIACTUBICTb dbopmyBaHHA
JMHAMIYHOTO CIUCKY BiKOH. [Ipu ycraHOBII
1€l BJIACTHBOCTI B MCHIO Oyne J07aBaTUCS
CIMCOK BIKOH y Mipy iXHBOTO 3allyCKy IpH
pobori JI0JIaTKa. Ie BJIACTHUBICTH
BUKOPHUCTAETHCS YISl MyHKTY MEHIO CaMoro
BEPXHBOT'O PiBHS M [UIsi 0ATbKIBCHKOTO BiKHA
JoJaTkiB 3 iHTepdeticom Trry MDI

Pepaktop meHio Menu Editor

JU1s IPOEKTYBaHHS MEHIO BCiX BHJIIB BHKOPHCTAETHCS PEHAKTOP
mento Menu Editor (Pemaktop menio) cepenoBuina npoektyBanus IDE
(puc.6.8). PegakTop MEHIO BUKIIMKAETHCS OIHUM 3 HACTYITHUX CIOCOOIB:

e komanmoro Menu Editor (Pemaktop MeHi0) wmeHio T00IS

(IacTpymeHnTH);

e  HaTuckaHHsM kHonku Menu Editor
IHCTPYMEHTIB;
e  HaTHCKaHHAM KoMOiHawil knasim <Ctrl>+<E>.
PenakTop cTBOpIOE MEHIO Ul aKTUBHOTO B Il MOMEHT BIKHA,
T00TO, KO akTUBHO MDI-BiKHO, IPOEKTYETHCSI MEHIO JUIS HBHOTO, SIKILO
aKTUBHA JOYipHSA (OpMa, IPOEKTYEThCS MEHIO Ui A04ipHBOi (opmu. Ha
puc.6.8 ToKazaHWUH peAAKTOp MEHIO O0aThbKiBCHKOTO BiKHA, CTBOPEHOTO
aBTOMAaTHYHO MaiicTpoMm mozaatkis Application Wizard.
PenaxkTop MeHIO CKIIaAa€ThCS 13 IBOX TPYIL: €IEMEHTIB KepyBaHHS
BJIACTHBOCTSIMH W  €JIEMEHTIB KOHCTPYIOBAHHS CTPYKTYpH MEHIO.
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VYTpaBnsiTH OCHOBHHMHU BJIACTHBOCTSIMA MEHIO, IPO sKi OYyJIO CKa3aHO
BUIIE, MOXHA 33 JOIIOMOTOI0 HACTYITHUX EJIEMEHTIB PEIaKTOPU MEHIO:

mose Caption (3aromoBok) — HaWMEHYBaHHS ITYHKTY MEHIO,
TOOTO TEKCT, 1110 3'IBISETHCS B MEHIO;
monme Name (Im') — im's ™ento. Bukopucraerbcs s

ineHTUdiKaIii 00'ekTa IPH HATMMCAHHI IPOTPaMHIX KOJIiB;
CIHCOK, 10 po3KpuBaeThest, Shortcut (OnepatiBHa KiaBima) —
MpU3HAYae KOMOIHAMIT KIaBIlI JJIs MIBUAKOTO BUKJIUKY KOMAaHIH
MEHIO;

noste HelpContextID (InenTudikatop D0BiaKi) — MOCHIAHHS Ha
TEMy B JIOBITHUKOBII cUCTEMI;

npamnopeis Enabled (JoctymHo) — m0CTyM 10 MyHKTY MEHIO;
npanoperp Visible (Buaumicts) — BusHavae, un Oyne BUIHHI
Ha eKpaHi eJIeMEHT MEHIO;

npanopers WindowList (Criucok BikoH) — BH3HAYa€ HasBHICTh
CIHCKY BIAKPUTHX BIKOH.

Menu Editor

Caption: | &Exit oK

Mame: | Cancel

Indesc: Shorkcut: {Mone) -
HelpContextID: |0 MegotiatePosition: |0 - Mone -
[ Checked V¥ Enabled v visible [~ windowList
ﬂﬂﬂ ﬂ Mext | Inserk | Delete |
&File

cEbew Chrl+M

coBDpen Chrl4+0

CESave

v Save Shs

s Save &al

Puc. 6.8. Bikno penakropa menro Menu Editor

EnemeHnTu rpyny KOHCTPYIOBAHHS CTPYKTYPH MEHIO JO3BOJIAIOTH

NOJaBaTH W BHJAIATH HOBI IYHKTH MEHIO, MEpeMillaTH IyHKTH IO
BEPTHKAJi, MIHSIIOUM MOPAJOK iXHBOTO MPOXO/KECHHS, 1 IO TOPU3OHTAI,
MIHSIOYH PO3TAIyBaHHS IIYHKTIB B i€papXii CHCTEMH MEHIO:
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e KHONDKM 3i CHOPAMOBAaHMMH BOpPaBO ¥ YIiBO CTpLIKaMH
MepeMIIIaoTh IyHKTH a00 KOMaHAN MEHIO B i€papXii MEHIO;

e KHONDKM 31 CHOpSIMOBaHMMH Haropy ¥ VyHH3 CTpUIKaMH
MepeMIIaoTh IyHKTH a00 KOMaHAW MEHIO 33 CTPYKTYPOIO MEHIO;

e Next (Hactymumi) — mepewimae MOKaXYHK IO HACTYITHOTO
INYHKTY MEHIO. SIKIO MOKaXYuK mepeOyBac Ha OCTaHHBOMY
MYHKTI MEHIO, TO CTBOPIOETHCS HOBHH ITYHKT MEHIO a00o HOBa
KOMaH/1a MEHIO TaKOT'o X piBH iepapxii;

e Insert (BcraButn) — n0Aa€ MyHKT MEHIO a00 KOMaHIY B ITyHKT
MEHIO;

o Delete (Buganutu) — BuAansie MyHKT MEHIO ab0 KOMaHAy 3
MYHKTY MCHIO.

J1s fofaBaHHS MyHKTY MEHIO BUKOHAHTE HACTYIIHI KPOKH:

1. Bubepith Miclle B HasiBHiH CTPYKTypi MEHIO.

2. JlomaiiTe myHKT MEHIO, H)KaBIIN KHOMIKY Insert (BcraButn).

3. V¥ none Caption (3arojoBok) yBeAiTh Ha3BY MYHKTY MEHIO, LIO
Oyne BimoOpaxkaTucs B PSOKY MEHIO IIPH 3aIycKy IOAaTKa Ha
BHUKOHAHHSI.

4. Y none Name (Im's) yBeniTh iM's MyHKTY MEHIO, IO SIKOMY BiH
iIeHTH(DIKYETHCS B IIPOIPAMHOMY KOJII.

KOHTEKCTHE MeHto

Ja nomatka OyIb-KOTO THIy MOXXHAa BHUKOPHUCTATH 3pYYHHI
3aci0 MIBHUIKOTO MOCTYyMy 10 (YHKIIH — KOHTEKCTHE MeH0. KOHTeKCTHE
MEHIO MOB'SI3aHa 3 AEAKOI0 Ji€l0 (3BMYAWHO Ie MIMIJIMK MPaBOi KHONKH
MU Ha 00'ekTi) 1 BUKIMKAeThCS B OyAb-iKiM Micmi gomaTka. Y
BHXIJTHOMY CTaHi KOHTEKCTHE MEHIO HEBHANMO ¥ Bi3yali3yeThbcs TOPYH i3
MOKaKYMKOM MUIII IiCHIs BUKJINKY. KOHTEKCTHIM Take MEHIO Ha3MBAETHCS
TOMY, IO BOHO MOSIBIIEThCA MOPYY i3 0OpaHMM 00'ekTOoM, 1 HOTO CKIaxa
3aJIeXKHTH BiJ] 3MICTY (KOHTEKCTY) I1boro 00'ekTa. [licis BuOOpy KoMaH1 3
KOHTEKCTHOT'O MEHIO BOHA 3HHKAE.

ITpoeKTyeThCsl KOHTEKCTHE MEHIO SIK OJJMH 3 MYHKTIB BEPXHHOTO
piBHA psnka MeHI0. OCKITBKM MEHIO TOBHHHE OyTH TpUXOBaHE W
BHKITMKATHCS TIEBHOO Ji€r0, BiaacTuBicth Visible mpoexToBaHoro myHKTY
MEHIO HeOOXiTHO BCTAHOBUTH B 3Ha4YeHHs False.

Jns Bizyamizanii KOHTEKCTHOTO MEHIO Ha €KpaHi HEeoOXiTHO
BuKopucToBYyBaTH Meton PopUpMenu dopmu. Hampukian, st BUKIUKY
MmeHto File (daiin) npu HaTuckaHHI TPaBOi KHONKH MHII JOCHTb
HalucaTy TaKy yMOBHY KOHCTpYKito Jurst moaii MouseUp dopmu:
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If Button = vbRightButton
Then Forml.PopUpMenu mnuFile
End If

Y npoMmy mpukianl npu BHKOHaHHI y Qopmi moxii MouseUp
(HaruckaHHs KHOTIKM MHII) TIEPEBIpSAETHCS, K4 KHOINKA HATUCHYTa. Y
IbOMY BWIIAJKY, TIPH IOTIOMO3i BHYTpimHBOi KoHcTantH Visual Basic 6
vbRightButton (TIpaBa kHOTKa) TIepeBIPSIETHCS HATHCKAHHS HA TPaBY
KHONIKY MUImi ¥ 3amyckaetscst Merony PopUpMenu. Sk mapamerp
3a1a€ThCS IM' HEOOXITHOTO KOHTEKCTHOTO MEHIO.

lNaHenAi iHCTpyMEHTIB

VY IONOBHEHHS A0 psiika CTaHy i KOHTEKCTHOMY MEHIO, ChOTOJIHI
BEJIMKOIO MOIYJISIPHICTIO KOPUCTYIOTBCSL TIaHesi IHCTPYMEHTIB, IO
JI03BOJISIFOTH MPUCKOPHUTH JOCTYI 10 (QYHKIIN oAaTKa. 3BUYaiiHO MaHeb
IHCTPYMEHTIB MICTUTh HalOLIBLI YaCTO BUKOPHCTOBYBaHI KOMaH/IU PsIlIKa
MEHI0O a00 KOHTEKCTHHX MeHI. [Ipum po3poOui JonaTrkiB MOKHA
3aCTOCOBYBATH IIaHENi JIBOX BHJIB: 3BMUaiiHy maHenb TooBar (puc.6.9) i
noninieHy naneib CoolBar (puc.6.10).

DEEHa® SRY & 2R

Puc. 6.9. 3Buyaiina nanenpb iHCTPYMEHTIB

eS8 &RV §BRC o- AHOEEH
ﬂ OObMHEN + Yep » Times Mew Roman - {12 |- K1 = Ig o

Paztien

Puc. 6.10. INoninuena naHenb iHCTPYMEHTIB

Jnst mpoekTyBaHHS TaHened iHCTpyMmeHTIB B Visual Basic 6
BUKOPHCTAIOTBCSL:
e  MaiicTep maHenel iHCTPYMEHTIB, 10 BXOJHTH JI0 CKJIaly MaicTpa

JIOJATKIB;

e cIeMeHT KepyBaHHsS TooBar ais CTBOpCHHs 3BHYAHHOI ITaHENi
IHCTPYMEHTIB;

e eneMeHT kepyBanHs CoolBar /1si CTBOpPEHHS TOJIIIIICHOT TTaHei
IHCTPYMEHTIB.

240



Maitctep naHeAaew iHcTpyMeHTiB Toolbar Wizard

Jiis mpoeKTyBaHHSA TaHeNeil 1HCTpyMeHTIB y mporpami Visual
Basic Mo)kHa BUKOPUCTATH MaiicTep MmaHelel iHCTPYMEHTIB, IO MPAIIoe B
cKkJani Maiictpa nonatkiB VB Application Wizard.

HiamoroBe BiKHO MaiicTpa mokazaHe Ha puc.6.11. Y BepxHiit
YacTHHI BiKHa MaiicTpa poO3TalloBaHA HPOIOHOBaHA 33 3aMOBYYBAaHHIM
MaHeNs IHCTPYMEHTIB, HIDKYE pPO3TAlIOBaHI 1Ba chuckw. JIiBuil crmcox
MICTUTh Ha0ip KHOIOK, III0 MOXKYTh OYTH JI0/iaHl Ha MaHeJb IHCTPYMEHTIB.
[paBwuii criucok BigoOpakae HaOip KHOMNOK, y)K€ PO3MILICHUX Ha MaHeni
IHCTPYMEHTIB.

Jnst nopaBaHHS KHONKM Ha IaHENb IHCTPYMEHTIB HEOOXiTHO
BUOpaTH B JIIBOMY CIIMCKY HEOOXiJIHY KHONKY W IepeHecTH ii B IpaBHid
CIHCOK, BUKOHABIIH OJIHE 3 HACTYITHUX Jii:

e  BiYi KJIAIIHYTH MUILIEIO;
e HAXaTU PO3TALIOBaHY MK CIHUCKAMH KHOIIKY i3 300pa)KCHHSIM

HalpaBJICHOI BIIPABO CTPIJIKH;

®  BHKOPHCTAaTH MEXaHi3M I[ePEHECTU-U-3IMIIUTH, TOOTO HAXaTh
KHOIIKY MUIII ¥, YTPEUMYIOUH ii HATUCHYTOIO, IIEPEHECTH KHOMIKY
B TIPaBHUH CIIMCOK, MICJISl YOT'O BiJIITyCTUTH KHOIKY MHIII.

& Application Wizard - Customize Toolbar

Customize the toolbar by moving the desired buttons to the list on the right. Change the order
with the up/down atrows and add external images with the image button. You may also
dragidrop from list to list,

D|d| & %@l 87|y

[Separatar] ~ ﬂ O mew -
T are Eﬁ Cpen
4 Back ﬂ n Save
— Button ﬂ [Separator]
3 Camera %Print
K Delete J [Sepatator]
isconnect Met Drive J 33 Cut
D pouble Underline W Copy “
< > ﬂ < > Reset |
Help | Cancel | < Back Firish |

Puc. 6.11. BikHo MalicTpa IpOEKTYBaHHS ITaHeJNeH IHCTPYMEHTIB
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I[lpu BuKOHaHHI KOXHOI i3 IWX [Oilf HeoOXigHa KHOIKA
HepeMilaeTbesl B NMPaBHH CIIMCOK 1 OMHOYACHO IONAEThCS Ha MaHeb
IHCTPYMEHTIB.

1106 BigpemaryBaTH HaltMeHYBaHHSA a00 3MIHUTH 3HAYOK KHOIIKH,
pO3MIIleHNX Ha TaHelNi iIHCTPYMEHTIB y BEpPXHil YacTHHI BiKHa MaHCTpH,
HATHCHITH aHy KHOTIKY. BigkpueTscs mianorose Bikuo Button Attributes
(Atpubytn xHomnku) (puc.6.12), y sKOMy MOXHa 3MIHMTH HEOOXiaHI
napamerpu. Jns 3MiHM 3Hauka HaTUCHITH KHOmKy Change Bitmap i 3a
JIOIIOMOTOI0  JIaJIOTOBOTO BiKHA, IO BiJKpWIIOCS, BHOEPiTh rpadiuHuii
(aiin 115 300paXKeHHs, PO3TALIOBYBAaHOTO Ha KHOIILI.

Button Attributes

Button Marne:

|Camera

Tool Tip Texk:

|Camera

Bitrnap

=0 Zhange Eitrmap |
K | Cancel | Help

Puc. 6.12. dianorose BikHO Button Attributes

Kromka Reset (CxumaHHS) TOBEpTae IaHENb iHCTPYMEHTIB Yy
MOYATKOBHI CTaH, SIKMl BCTAHOBIFOETHCS MalWCTPOM 3a 3aMOBYYBAaHHSM.
3MIHATH TOCTIJOBHICTh KHOMOK Ha TMAHENl IHCTPYMEHTIB MOXHA
KHOIIKAMH TepeMillleHHs MO3ULiid y crmucky. Bapro MaTtu Ha yBasi, mio
KHOIIKH MEPEMIILIeHHs MO3HULIH YIPaBISIOTh TUIbKH MPABUM CIIUCKOM.

Buxopucrosyroun kuomky Load an External Bitmap or Icon

||, MOXHa JOJaTH Ha TaHeNb IHCTPYMEHTIB CBOIO KHOIIKY.
KopucTyBanpHHIIPKA KHOTKA PO3MINIAETHCS B MpPaBOMY CHHCKY Il Ha
MaHesi iHCTPYMEHTIB.
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EAnemeHT ynpaBAiHHA ToolBar

Enement  ympammiaas ~ ToolBar  Hamae  MOXIHBICTH
3aCTOCOBYBAaTH B JOJaTKax 3BHUYaiiHI mmaHenmi iHCTpyMeHTIiB. J[ns
BHKOPHUCTAHHS I[HOTO €JIEMEHTa YIPaBIiHHA B IOAATKy HEOOXiTHO
MiIKIIOYATA A0 TpoekTy Oibmioreky Microsoft Windows Common
Controls 6.0, Bubpasmm komanmy Components (KommoHeHTH) MeHIO
Project (IIpoekt). Y Bikami Components, mo Bimkpuiocs mpu
BHKOHAaHHI Ii€] KOMaHIW, HCOOXITHO 3HAWTH B CIHUCKY 3a3HAYCHY
610110TEeKy, YCTAHOBUTH PO3TALIOBYBaHUH 3 JIIBOI CTOPOHU TIpanopeis
i Haxxatn kHomky OK. Ilicns mipximtoueHHs wiel OiONIOTEKH €IEMEHT
kepyBaHHs ToolBar 3'siBUThCS Ha mMaHeJi eIeMEHTIB KepyBaHHSI.

IManens iHctpymentiB ToolBar e konreiiHepoM 1 Moxe
MICTHTH HACTYITHI €IECMEHTH KCPYBaHHS:

e kuomnky PushButton, o npairtoe sik 3Buuaiina kHonka Gopmu;

e kuomka-mpanopens CheckButton, mo npamoe sixk mpamopens i
MOJKe repe0yBaTH B CTaHaX HATUCHYTE/BiIKate;

e Tpymy KHONOK-TlepeMHKadiB ButtonGroup, mo mnpamormTs Sk
aHalor mepemMuKada y (opmi, TOOTO HATHCHYTa MOXe OyTH
TIIBKU OJIHA KHOIIKA 13 TPYIIH;

e  KHOINKAa-poO3JUILHMK  Separator,  BUKOpPHCTOBYBaHa ISt
CTBOPEHHSI IHTEPBAJIIB MiXK KHOTIKaMH;

e xHomka-3aminauk Placeholder, mo cmyxute mis pesepByBaHHS
MICI[SI Ha MaHeJi Ui IHIIMX THIB €JIEMEHTIB KepyBaHHS, TaKHUX
sk, cucok ComboBox, ciimcox ListBox, mepemukau OptionBox,
TexcToBe Tojie TextBox;

® KHOIIKY CIIMCKY, SKMH po3kpuBaeTbcsi, DropDown, mo mnparitoe
AHAJIOTIYHO.

VYrpaBnsATH TNAHEUTI0O MOXHA 33  JIOIIOMOTOI0  OCHOBHHX
BIIACTUBOCTEH, OTMMCAHUX Yy Ta0II. 6.7.

Tabmumsg 6.7

OCHOBHI BJIaCTHBOCTI ITaHEJi iHCTPYMEHTIB

Baactusicth IIpusHayenus

AllowCustomize Jo3BoJiste HACTPOIOBATH MaHeb
IHCTpYMEHTIB TIpu poOOTi T0/1aTKa, TOOTO
JoaaBaTH, BUOAIATH, HepeMiH_IaTI/I KHOIIKH
TaHedi

BorderStyle 3amae Tin 0OpaMIICHHS TaHEi
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[Ipomorxenus Tadi. 6.7

BaacTusicts IlpusHayenus

ButtonHeight 3ajae BHCOTY KHONOK IIaHENi, MpHU IbOMY
ABTOMATHYHO OOYHCITIOETBCS BHCOTA CaMol
naHesni

ButtonWidth 3ajiae MUPHHY KHOIIOK MaHei

Enabled VipaBise AOCTYIOM 10 BHKOHAHHS il Ha
naHesNi iIHCTPYMEHTIB

ButtonHeight VYupagisie 10CTYNOM 10 BUKOHAHHS il Ha
NaHesNi IHCTPYMEHTIB

ShowTips VcTaHoBITIOE pexum BiTOOpaKeHHsI
ITiIKa3KH1 JUIs KHOTIOK NaHeJli IHCTPYMEHTIB

visible 3ajae BUAMMICTh MaHeIi IHCTPYMCHTIB

Wrappable VY CTaHoBIIOE PEKUM aBTOMAaTHYHOTO

MEepeHOCy KHOMOK Ha IHIIMKA psag  TpH
HEJOJIIKY MicCIls

MO>KIIMBOCTI HACTPOIOBAHHS MaHEN iHCTPYMEHTIB PO3TIITHEMO

Ha npuknaii. [ 1boro CKOHCTPYIOEMO HEBEIUKY HaHe b IHCTPYMEHTIB y
nogatky MyMDIApPpP, cTBOpeHOMY HJsl TEpEeBipKH  BIIACTHBOCTEH
inTepdeiicy B ctini MDI. Bukoraemo Ay boro HACTYIHI il

1.
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[Migknrouuts g0 mnpoekty Oibmioreky Microsoft Windows
Common Controls 6.0, y sikiif yTpUMY€ETBCSI €IEMEHT KepyBaHHS
ToolBar, ckopucraBmics miamoroBum BikHoM Components
(KommonenTn).

Homaiite B GatbkiBcbky (opmy oO'ekt ToolBar, masiui
KJAalHYBIIA MHUIIEI0 KHOMKY T100lBar Ha mnademi ejeMeHTIB
KepyBaHHSL.

Biaxpuiite BikHO BiacTHBOCTE#, BHOpaBiiu komauay Properties
Window (Bikuo BiactuBocTe#) y wmenio View (Bumg) mpu
BHIIIEHIN y popMi aHemi iHCTPYMEHTIB.

BuxopuctoByroun BiactuBicTe Name, mpuBIACHITE MaHeNi iM's
tbrTools.

[Tanenp IHCTPYMEHTIB CTBOPEHA, TEMEP HEOOXITHO PO3MICTUTH HA
Hill KHOTIKH. J[J1s1 IIhOTO BHKIIMUEMO BIiKHO MPOEKTYBAHHS ITaHEI,
HOKaBIIM Ha HIA NpaBy KHONKY MuOI i BHOpaBmm B
KOHTEKCTHOMY MEHIO, M0 3'IBMBCsA, KoMaHay Properties
(BmacTtuBocri).

B  nmiamoroBomy BikHI, mm0 Bimkpuiocs, Property Pages
(puc.6.13) 3a 3amoBuyBaHHsAM oOpaHa Bkiagka General
(OcHOBHA), 110 MO03BOJSAE BCTAHOBHTH OCHOBHI BJIACTHBOCTI




magesni. 3aJiIIuMO IapaMeTpH y TOYaTKOBOMY CTaHi. BuOepith
BKimaaky Buttons (KHomkm), 3a JOMOMOTOIO SIKOi CTBOPIOIOTHCS
KHOTIKH TTaHEeJli iHCTPYMEHTIB.

HatucHits kHOmKy Insert Button (BcrtaButm KHOUKY) is
JIOAaBaHHS HOBOI KHONKM Ha TaHENIb iHCTpyMEHTIB. {0 KHOMKY
OyneMoO BHKOPHCTaTH Ul BHKJIWKY HOBOTO MOYipHBOTO BiKHA
¢dopmu, To06TO sk aHanmor komanau Hoa ¢opma meHro Daiin
0aTbKIBCHKOTO BiKHa.

Y monsAx, MmO YHPaBISIOTH BIACTUBOCTSMH KHOIOK, 3ajaiiTe
HACTYITHI 3HAYCHHS:

y nonie Caption yeexits HoBa;

y nosie Key yBeiTh iJeHTU]IKaTOp KHOIKH JUIsi BUKOPHCTaHHS B
nporpamuomy koi ToolsNewForm;

y nosie ToolTipText (ITigkaska) yBeniTh TeKCT BigkpuTu HoBe
gouipHe BikHO, MmO Oyne 3'SIBIATHCS y BBl ITIKa3KH IIif
KypCOpOM IpH HOTO YCTAHOBIII Ha KHOTIKY;

y mone Style samuiuite 3uauenus O-tbrDefault, mio Busnauae
3BHYaliHy KHONKY. Po3mip KHONku Oyze aneKkBaTHUHA yBEAEHOMY
TekcTy B nosie Caption i 3MiHI HEJOCTYITHUIA.

Property Pages E|
General  Buttons IPicture ]
Indes: ,17JJ E Bemove Button |
LCaption: ’7 Diescription: l—
Key: | alue: |D - thrUnpreszed ﬂ
Stuyle: ,Wl width: [Placeholder) ’7
ToolTipT ext: | Image: |
Tag: |

v isible W Enabled [T MixedState

Buttonhdenus

Index: I—JJ Irmsert Buttonh eru |

Text: | Ky | Tag:
M M

[a].5 | CTHEHS | | Cnpaeka |

Puc. 6.13. liamorose BikHO Property Pages

3amporpamyemMo [if0, BHKOHYBaHy TIpH HATHCKaHHI HOBOI
KHOTKH. J[J1 BUKJIMKY peakTopa KOIy ABidi KIAHITh MUIICIO HA
manerni tbrTools. Ipu 1eoMy Gyie aBTOMAaTHIHO BHKOPUCTAHHUIMA
m1a0IIoH I Aii, BUKOHYBAaHHX IIPH HaTUCKaHHI HA KHOTKY MaHedIi
IHCTPYMEHTIB. YBeIiTh MPOTpaMHHUHA KO/, IO CIiAYE:
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Private Sub tbrTools ButtonClick(ByVal Button As
MSComctlLib.Button)

Select Case Button.Key
Case Is = "ToolsNewForm"
Dim frmNewForm As New frmChildMDI
frmCount = frmCount + 1
frmNewForm.Caption = "IJouipua dbopma " +
Str (frmCount)
frmNewForm. Show
End Select
End Sub
He3Baxarouu Ha Te, 10 KHOMKA HA MaHENi IHCTPYMEHTIB YChOTO
OlHA, Yy KOJI BHKOpHCTaHa KOHCTpykmis Select case s
BiIIPAI[bOBYBAHHS i 1HIIUX KHOTOK, IO JO0Jal0Th Ha MaHEIb.
Ha pwuc.6.14 mnokasaHuil m0omaToK, WIO MICTUTh IaHENb
IHCTPYMEHTIB 3 OJTHI€I0 KHOIIKOO.

B MDIPoaMTe NbCHOE OKHO

MaFn OKHO

Hosan

COTEPBITE HOBOS AOHSpHES OKHO

Status 22.11.2010 21:55

2

Puc. 6.14. Ilpuknan 1onaTka 3 BAKOPUCTAHHAM ITaHEN iHCTPYMEHTIB

3aMiCcTh TEKCTY Ha KHOINII MOXHa po3MmicTuTH Trpadiyne
300pakeHHsI, SIK 1€ 3BUYAWHO i pOOUTHCS IIsl eKOHOMIT Mictist. JIJist 1{bOro
HEOOXITHO CIIOYaTKy CTBOPHUTH (aiin rpadigyHOro 300pa)keHHs, a MOTIM
MIIKJIFOYUTHA HOTO 10 KHONKH maHeni. SIk 00'ekT 1uisi 30epiraHHsi CIHCKY
rpadgiuHuX 300pakeHb MOXHA BHKOPHCTATH €JIEMEHT KepyBaHHs
ImageList. CTBOprMO Takuii CIIMCOK y HAIIOMY IOJATKy. JlaHwii enmeMeHT
KepyBaHHs IepeOyBae B Tii ke 0i0mioTer, o W MaHelb iHCTPYMEHTIB,
TOMY JOAATKOBOIO MiJKIIOUEHHs Oi0mioTek He moTpioHO. Jlns
posmimieHHs y Qopmi enemeHta ympaeninHs ImageList BukoHaiiTe
HACTYIIHI il
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1. Posmictith B GarbKiBCBKiH Qopmi o6'ekt ImageList, nBiui
KJIAalHYBIIM MHIOIE0 KHONMKY ImageList £ Ha TaHewi
€JIEMEHTIB yIPaBJIiHHSL.

2. Y BiKHI BJacTUBOCTCH 3ajaiiTe IM's CTBOPEHOro 00'ekTa
imlimageL.istToois.

3. Bwuainite 00'eKT, HATUCHITH NpaBy KHONKY MHII W BUOEPITH Y
KOHTEKCTHOMY MEHIO, 10 3'SBWIOCS, Komaumy Properties
(BmactuBocti). Binkpuerbcs miamoroBe BikHO Property Pages
(CTtopiHKH BIAaCTHBOCTE), 3a [OTIOMOTOIO SKOTO CTBOPHMO
CIICOK TpadiuHuX 300paxkeHs (puc.6.15).

4. Bubepits Bkianky Images (3o0paxeHHs).

Property Pages El

General Images ]CD|DF ]

Current Image

Indes: Kew: |

Inzert Picture. .. | Bemove Picture | Image Count: |3
8], I OTHMEHA | | CNpaEka |

Puc. 6.15. [lianorose BikHO Property Pages 00'exta ImageList

5. [Jna imenrudikamii crmucky 300paxkeHp yBemiTh y moine Key
(Kirou) im'st crimeky imlTools.

6. 106 momatu B crucok rpadiuHe 300pakeHHsI, HATUCHITh KHOIKY
Insert Picture (BcraButu 306pakents). Binkpuerscs mianmorose
BIKHO MOIIYKy rpadiunux ¢aitniB. Bubepits HeoOXimHwMiA dailr i
HATHCHITh KHONIKY Biakpuru. I'padiune 300pakeHHs T0Aa€THCA
B cIMCOK. J{J14 1ogaBaHHS €eMEHTa, 110 CIILY€e y CIUCKY 3HOBY
HATHCHITE KHOMKY Insert Picture. 3asepmuBmm (GopmyBaHHS
BCBOTO CHHCKY TpadidyHMx 300paxkeHb, HAaTHCHITH KHONKy OK
JUISL 3aKPUTTS JiajloroBoro BikHa Property Pages.

Jns cTBOpeHHsI NaHeni 1HCTPYMEHTIB y CBOEMY JOAATKYy MH
ckopucTtaemocs rpagiuauMu ¢aiinamu New.bmp i Open.bmp 3
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KaTajory Wisual Basic
\Common\Grafics\Bitmaps\OffCtrIBr\Small\Color.

Crmcok 300pakeHp TOTOBWH. JIns MiAKITIOYEHHS CTBOPEHOTO
CIHCKY 300pakeHb MO TaHeN HEOOXiTHO BHKIMKATH BIKHO
BJIACTHUBOCTEH maHeni Ha Bkiamui General (3aranshi) i BuGparu
HalilMeHYBaHHS CTBOPEHOTO TpadidyHOTO CIHCKYy 300pa)keHb B
CIHCKY, 110 BiaKpuBaeThes, Imagelist (Crircok 300paxeHs).

Jns  posMimieHHss rpadiyHOro 300paKeHHS HAa KHOMIN MaHewi

=

IHCTPYMEHTIB BUKOHAWTE HACTYITHI Jii:

Binkpwuiite mianorose BikHO Property Pages.
Ha Bxmagumi General BuGepite 31 coucky ImageList
HallMEHYBaHHS  CTBOPEHOIO  HaMH  CIHCKYy  300pakeHb
imlImageListTools.
MepeiiniTe Ha BkIanaky Buttons. VYcrawosite B mome Index
3HA4YCHHA |, YKa3yrO4H, 10 BUOMPAETHCS NepIia KHOIKA.
VYcranoBiTh B mone Image 3HadeHHs 1, ykasyoud, IO
BHOMpAeThCS Tepie 300pakeHHS 31 cnmcKy. Ha kHommi micis
LBOTO 3'BISETHCS HEOOXiAHE 300paxkeHHS. Po3Mmipum KHONKH
aBTOMAaTUYHO  BCTaHOBJIIOIOTHCS  BIAMOBIAHO 70  pO3MIpy
300pakeHHSI.
Jonatok, 110 MICTUTh Ha MaHesl IHCTPYMEHTIB rpadidHy KHOIKY,
MoKa3aHo Ha puc.6.16.

MDIPoauTEABCKOE OKHO

M ®afn  OKHO

|=1= 2]

OTEPBITE HOBOE AO0HEpHEE OKHO

I Status 22112010 22:13

e

Puc. 6.16. ITanens iHCTpYMEHTIB JOAATKa MICTUTh I'padiuyHy KHOIKY

Jist cTBOpEHHsSI IHTEPBAJIIB MDK KHONKaMH BHKOPHUCTAIOTHCS

KHOTIKH, JJIs SIKAX BJACTHBICTh Style yCTAaHOBJICHa B 3HAYCHHS
tbrSeparator.
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EnemeHT ynpaBAiHHA CoolBar

3a pmomomororo emementa ympasmiHHI CoolBar wmoxHa
CTBOPIOBATH B JOJATKy IIONIINIICHI TMaHeldi iHCTpyMeHTiB. s
BUKOPHCTAaHHSA IHOTO €JIEMEHTa YIPaBIiHHA B JOJATKy HEOOXiTHO
MIKTIOYATH 10 TpoekTy O0ibmiotexky Microsoft Windows Common
Controls-3 6.0, ckopucraBmmcs giamoroBuM BikHoM Components
(KommoHeHTH), 1m0 BiAKpWBaioTh NpH BuOOpi komanau Components
(Kommonentn) mento Project (Ilpoekr).

Ha Biaminy Bim o6'ekta ToolBar, enement kepyBanust CoolBar
OUThII YHIBEpPCAJIbHUN 1 KpPIM KHOMOK MOJXKEC MICTHUTH IHIII EJIEMEHTH
KepyBaHHs, y TOMY 4ucIi i madeni tumy ToolBar. Y nockoHaneHa maHesnb
sBsie coOOI0 KOHTEHHEp, NPUYOMY BiH CKJIAJa€TbCs 3 MAJICHBKUX
koHrteriHepiB Band (Cmyra), ski € 00'ekTaMu # 0€3MOCEPEAHBO MICTATh Y
co0i Bci eneMeHTH KepyBaHHs, o BBoAsTs B CoolBar.

Jlnst cTBOpeHHsI B TpoOeKTi maHemi inctpymentiB tumy CoolBar
BHUKOHAETE Taki mii:

1. Migxmrouith 1mo mpoekty 6ibmioteky Microsoft Windows
Common Controls-3 6.0, ska MICTUTh EIEMEHT YIPABIiHHS
CoolBar.

2. Jlonaiite B 6aThKiBChKY (popmMy 00'ekt CoolBar, nBiui KinarHyBIIx

mumrero kHorky CoolBar Eﬁ_mj Ha TIaHEelli eIEMEHTIB YIPaBIIiHHS.

[TpuBnacHiTe HOBOT NaHeni iHcTpyMeHTiB iM'st cbrTools.

4. Buginite o6'ekt CoolBar, HaTuUCHITH NpaBy KHOIKY MUII U
BHOEpITh y KOHTEKCTHOMY MEHIO, IO 3 SBUIIOCS, KOMAaHIY
Properties (BiactuBocri). Bigkpuerscs nianorose BikHO Property
Pages (puc.6.17), npusHaueHe s CTBOPEHHS IIAHENI THUITY
CoolBar.

5. Buxopucroytoun kHOTUKy Insert Band (BcraButm cmyry),
JoJaliTe Ha TAaHeIh IHCTPYMEHTIB IIle Kibka 00'exTiB Band.

w
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Property Pages E

General Bands]
Indesx: h » Inzert Band | Remove BEand |
Child: [Mone) |
Shyle: |D - c3B andtormal ﬂ
v UseCoolbarPicture LCaption:
| Width: (2880
Mirtdidth: ]
T MinH eight,
MinHeight: 360
—1
Eey:
v UzeCoolbarColars Tao:
|| r_______
R
v isible r
v Allowy ertical W FixedBackground
(0], | OTMEHS | | Cnpaska |

Puc. 6.17. lianorose BikHO Property Pages nms 06'ekta CoolBar

Tenep HOBY IIaHCJIb MOJHA HACTPOKOBATH, AOAA0OYHW Ha Hel

HeoOXigHI 00'ekTH abo Bupamsroud iX. JlogamMo, HampWKial, KHOIKY
KEePYyBaHHS [yl BHKIUKY JOYIpHBOrO BikHA. [t 1IOrO BHKOHAEMO
HACTYIIHI il

1.

Buxopucrosyroun kHomky ~CommandButton wa maneni
€JIEMEHTIB KepyBaHHs, pO3MICTITh Ha CTBOPIOBaHiil maHeli
iHCTpYMEeHTIB CoolBar KHOIKY KepyBaHHS.
Ckoperyiite y Bikui Properties (BmactuBocti) [uis CTBOpeHOT
KOMaH/IHOi KHOIIKM HacTYITHI BIACTHBOCTI:

O 'y TpaBuil CTOBIENb BIACTUBOCTI Name YBEIiTh

HaiiMeHyBanHs 00'exta CbONewCoolBar;

o y siactuBicte Caption yBenits Tekct HoBa,

o yBuactuBicTh Height kHONKY BBeniTh 3HaueHHS 300;

O IS BIAcTUBOCTI Top 3a/jaiTe 3HAYCHHS 25.
Jnst CTBOpPEHHS KOy, BHKOHYBaHOTO NpW HATHCKAaHHI HOBOT
KHOIIKH Ha MaHeJIi iHCTPYMEHTIB, y BiKHI peZaKTopa KOy BBEIITh
HACTYITHI KOMaH/IH, 110 3/IIHCHIOIOTh BUKJIMK JOYipHBOT GOpMHU:

Private Sub cbNewCoolBar Click() -

Dim.

frmNewForm As New frmChildMDI

frmCount = frmCount + 1
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frmNewForm.Caption = "JouipHsa t¢opma+ Str (frmCount)
frmNewForm. Show
End Sub

4. 3amycTiTh TOJATOK Ha BUKOHAHHSA. [Iparrorounii 101aToK 3
nanesutio inctpymenTiB Ty CoolBar mogano Ha puc.6.18.

W MDIPoayTe AbCHOE OKHO [g

hakn  OkHo t

Status 22.11.2010 22:34

Puc. 6.18. Jlonatok 3 maneutio incrpymentis Ty CoolBar

AianoroBi BikHa

B Visual Basic 6 icHye cniemianbHUIA BUA BIKOH — JIiajOTOBi. Y
PO3MOPSIIDKEHHI po3po0ItoBaya € 100pe pO3BUHYTHI IHCTPYMEHTApii s
iXHBOro cTBOpeHHs. Jlianorosi BikHa OyBalOTh IBOX THIIIB — MOJJIbHI i
HeMoJalbHI. Mooanvhe dianoeoge 6ikHO — 1€ BIKHO, 3 SKOTO HE MOXHa
MepedTH B IHIIE BIKHO, HE 3aKPHUBIIX MOTOYHE. JaHWi BUI IiallOrOBHX
BIKOH BUKOPHCTOBYETHCS [UIS MMOCHUJIAHHS MOBIJOMJICHH MPO XiJ poOOTH
JI0JlaTKa, HOro HAcTPOIOBaHHS ab0 YBEAEHHs SIKHX-HEOyIb MJaHUX,
HEOOXimgHUX it poOoTu. [IpuKIamoM Takoro diaJoroBOro BiKHA B
nporpami Visual Basic € BikHo About. MoznaisHe AiaoroBe BiKHO 3MYIye
KOpHCTYBa4a poOWUTH Jesiki nii abo BIANOBIAATH Ha 3amHT JOJAaTKa
YBEJICHHSM iH(pOopMalii a00 BUKOHAHHAM SIKOT-HeOy b il.

Hemooanvue Oianocoee 6ikno — 1ie BIKHO, IO JIO3BOJISE
nepeminiati GoKyc Ha iHIIe BIKHO a00 (opmy 0e3 3aKpUTTS MOTOYHOIO
BikHa. JIaHWI THI qiaIOTOBMX BIKOH BHKOPHCTAETHCS Piako. [Ipukimamom
HEMOJAILHOTO Aiagorosoro BikHa B Visual Basic € BikHo Find (ITomryk),
10 1a€ MOXKJIMBICTh 3/1MCHIOBATH MOIMIYK MOTPiOHOT iH(OpMaITii.
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Haiimpocrimi 3 nmiamoroBmx BIKOH — I€ BiKHA ITOBiZOMIICHB i
BiKHA, SKi IpU3HAYEHI [UIA BBeAeHH: iHpopmamii. Ha momatox mo HEHX B
Visual Basic 6 icHye Habip OiNbIN CKIagHUX CTAHAAPTHUX MiaTOTOBUX
BIKOH JUT JOHATKIB:
e Open (Bigkputn) — miajgoroBe BIKHO AJIS MOUIYKY y (ailyioBii
CTPYKTYpi oTpiOHOTO (aiiry;
e Save As (30epertu siIK) — AJs HOIIYKY Micis 30epiranHs ¢aiiny
Ta BBEAECHHS HOT0 IMEHi;

e Font (ILlpudr) — st BUOOPY Ta ycTaHOBKH MIPUDTY;

e Color (Konbopu) — mist BuOOPY KOJpHOT MamiTpy;

e  Print (ITeuaTka) — /15l HACTPOIOBAHHS PSKUMY MICUATKY;

e Help (HoBigka) — mis pobOTH 3 OBIAKOBOIO CHCTEMOIO
Jo/IaTKa.

PosrisiHemMo mianorosi BikHa OUIBII TOKJIAIHO.

[pomec BuBemeHHs iHQOpPMAIl € BaXXITUBOIO YaCTHHOK OYHb-
kol mNpuKIagHol mporpaMd. B 3aBkKIM TOBHHHI TPUMAaTH CBOIX
KOPHCTYBaYiB B KypCi TOTO, IO BiIOYBAETHCSA B IPOTPaMi i B IKOMY CTaHi
BOHa 3HAaXOAMThCA. [ 1HOro BapTO BHKOPUCTOBYBATH CIIELialbHO
NpU3Ha4YeHi 3aC00M — BiKHA NOBIOMJICHb.

Bixno nosidomnens (message box) — HaWIMPOCTININI BHIIISAL
dbopmu 3 onHIEID a00 MEKIIbKOMa CTaHAAPTHUMH KHOTIKAMH, TaKHMHU SIK
Ok abo Cancel, npu3HaYCHUMH /IS BiTOOpaKEHHsI [TOBIOMIICHb.

BikHO noBipAOMAEHb (MsgBox)

HianoroBe BikHO moBimomieHHs (puc.6.19) He Bumarae
NPOEKTYBaHHS i BUKIIMKAEThCA 13 mporpamu koManjaow MsgBox abo 3a
JornomMoroto aHaioriynoi QyHkuii MsgBox (), mo Mae HacTymHHA
CHUHTaKCHC!

MsgBox (prompt [, buttons] [, title] [,
helpfile, context])
ne:
e prompt — TEKCT TMOBIAOMJICHHS B [iaJOrOBOMY BiKHI.

MakcumanbHa noBxuHa TekcTy 1024 cumBona. Y neil Tekcr
MOJKHA BCTaBUTH SIK PO3IUIBHUKH PAIKIB TEPEBOJ KapeTKH
Chr(13), nepeBop psiaka Chr(l) abo ixHro koMOiHaIIiIO;

e Dbuttons — 4uCIOBUH BHUpa3, IO 3a7a€ IapamMeTpu i
KHONIOK KepyBaHHA # 3HAuKiB y [1aJOTOBOMY BiKHi, BiH
CKJIaJICHMHA 3 KOHCTAHT, IO HajaHi B Tabm. 6.8 1 6.9. Skmio
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3HA4YCHHS HE 3a3HAu€He, TO 3a 3aMOBUYBAHHSM IPHUBIACHIOETHCS
3padeHHs 0;

e title — TEKCT 3aroJIOBKa IiaJIOrOBOI0 BIKHA;

e helpfile — mocunaHHs Ha (DAl JOBITKOBOI CHCTEMH;

e context — TOCHIAHHS Ha 3MIiCT y (ailsti JOBIAKOBOI CHCTEMH.
HeoOxigHo Matu Ha yBas3i, IO /U1 3aBIaHHS JCKIIBKOX

mapaMeTpiB KHONOK 1 3HAaYKiB OJHOYACHO, BapTO IIPOCTO CKIACTH
BIMOBITHI KOHCTAHTH.

Jnsa mpukiaza BBEXiTP Yy KOMaHIHOMY BiKHI cepefoBHUINa
npoekTyBaHHs Immediate HacTymHy KOMaHmy ¥ HATHCHITH KiaBimy <
Enter>:

MsgBox "BiTaemo Bac!", vbYesNo + vbExclamation, "BixHO
noesimomiienn"

VY BiAMOBiAE OJEpKUTE iaTOTOBE BIKHO, MOKa3aHe Ha puc.6.19

BikHo nogigomae He |g|

' 'j BiTaemo Bac!
L

Aa | Het

Puc. 6.19. Jliamorose BiKHO IMOBiTOMJICHHS

Tabmmig 6.8
KoncranTn mapaMeTpiB A1 3HAYKIB JiaJIOTOBOTO BiKHA
MOBIIOMJIEHHS
3Havok Koncranra 3navenn | Tun
' NOBiTOMJICHHSA

] ‘_\ vbExclamation |48 [onepemxenns

*

2 vbQuestion 32 3anur
2

i vbinformation | 64 Indopmarnis
8 vbCritical 16 TTomunka
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YV  mianorosux

BIKHAX

MOB1OMJIEHD

MOXKHA  YIPaBISATH

BiIOOpaXyBaHNMH Y BIiKHI MOBIOMJICHHS KHOIKAMH W YCTaHOBKOIO
¢oxyca Ha OAHIM i3 KHONOK MpH BIAKPWUTTI BikHa. [ mporo Mo’kHA

BHKOPHCTATH KOHCTaHTH, HaBeJeHi B Ta0I. 6.9.

Tabmaumnsg 6.9

KoncranTn mapameTpiB HassBHOCTI KHOTIOK y BiKHI TIOBiJOMJICHHS
i ycTaHOBKH (hOKyca Ha KHOIIKY

Koncranra 3HayeHHs Haoip kHonok y
AiaJIoroBoMy BikHi
vbOKONly 0 OK
vbOkCancel 1 OK, CkacyBaHHsI
vbAbortRetrylgnore 2 Crom, HosTop,
IIponycturu
vbYesNoCancel 3 Tak, Hi, CracyBauHs
vbYesNo 4 Taxk, Hi
vbRetryCancel 5 ITosTop, CxacyBaHHs
vbDefaultButtonl 0 BCTagan}oe (1).0Kyc Ha
TIePITii KHOMII
vbDefaultButton2 256 Beranosmoe dokye na
JpYT1d KHOMIIL
vbDefaultButton3 512 BCTaEOBmoe beI(yc Ha
TPET1M KHOIII1
vbDefaultButton4 768 BCTaHOB.JEIOG ‘bOK.yc Ha
YCTBEPTIM KHOIIIL
IIpuznauae
MOJIAJIBHICTh 0aTKa.
Miamorose BikHO Oyze
vbApplicationModal 0 MOZianbHUM,  T0GTO
moTpeOyrUnM
000B'SI3KOBOTO
3aKpUTTA JUIS

repexo/y B iHIII BiKHA
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[Ipomosxenus Tadum. 6.9

Koncranra

3HavyeHHs

Ha0ip kHomok y
niaj0roBomMy BikHi

vbSystemModal

4096

IIpusnauvae
MOJIAIbHICTh CHCTEMH.
[iamoroee BikHO Oyze
MOJaJbHUM Ha PiBHI
CHCTEMHM, TOOTO IOKH
IiaJoroBe BIKHO HE
3aKpUTe, Y OYyIb-SIKHiA
THIITAHA IOIATOK
MEepeTH HE MOXKHA

vbMsgBoxHelpButton

16384

Jlomae B aiajorose
BiKHO KHONIKY JloBiKa

VbMsgBoxSetForegro

und

65536

IToBimomise
JIiaJoroBE BIKHO
(hOHOBHM BIKHOM

vbMsgBoxRight

524288

BupiBHIO€ 110 TIpaBOMY
Kpai TEKCT y
JIiaJIorOBOMY BiKHI

vbMsgBoxRtIReading

1048576

IlepeBeprae TekeT s
YUTaHHS 3 [IPaBa yJiBo

3ajexHo Bii BUOOpPY KHOIKH JiasioroBe BikHo MsgBox noseprae
OJlHE 31 3HAYeHb, 3aJ]AHUX CHCTEMHHMH KOHCTaHTamH. Lle HeoOXinHO s
aHaJi3y HATUCHYTOI KHOIKU ¥ BUKOHAHHS BIAMOBIIHUX Ail y porpami. Y
BUXITHOMY KOJi JUIs IIbOTO MOYKHA BUKOPHCTATH KOHCTAaHTH, 3a3HAa4eHi B

Taou. 6.10.
Tab6mmmg 6.10
3HaYeHHsS KOHCTAaHT, IO IOBEPTAIOTHCS KHOIKAMH BiKHA
MOBIIOMJIEHHS
Knonka Koucranta 3HayeHHS NPH HATHCKAHHI Ha
KHONKY
OK vbOk 1
Ckacysanus | vbCancel 2
Cron vbAbort 3
IToBTOp vbRetry 4
IIponyctutu | vblgnore 5
Tak vbYes 6
Hi vbNo 7
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AianoroBe BiKHO BBeAEHHS iHpopmalii (InputBox)

JlocuTtp 9acTo B [iaJIorOBOMY BiKHI HEOOXiTHO HE TUIBKH Ha)XaTH
KHONIKM BHOOpY nii, ajme ¥ BBeCTH IeBHY iH(OpMaIlifo, IO IMOTIM
aHaJi3y€eThCs Mporpamoro. [l BUKOHAHHS Takoro poxy niit B Visual Basic
MOXKHa BUKOPHCTATH MdiaJloTOBE BIKHO BBeZeHHs iH(popMarii InputBox
(puc.6.20). @ynkuis InputBox Mae HaCTYITHUI CHHTAKCHC:

InputBox (prompt [, title] [, default] [,
Xpos] [, ypos] [, helpfile, context])
Ie:
prompt — TEKCT TMOBIIOMICHHS B [iaJIOTOBOMY BiKHi.

MakcuManbHa A0oBXkHMHA TekcTy 1024 cumBomy. Y mell TEKCT MOXKHA
BCTaBUTH SK PO3AUIBHUKH pskiB mepeBoa kapetku Chr(13), mepeBox
psaka Chr(10) abo ixHIO KOMOiHAIIO;

title — TEKCT 3aroJIOBKa JiaJOrOBOTO BiKHA;

default — 3Ha4Ye€HHA TEKCTOBOIO IO BBEACHHA 3a
3aMOBYYBAHHAM. JSIKIIO mapameTp BIACYTHIH, pAOOK 3alUIIAETHCS
TTOPOXKHIA;

XpPOS — TMO3WLIS IO TOPU3OHTAJl JIBOrO BEPXHBOTO KyTa
IiaJorOBOTO  BiKHA IIOAO JIBOTO BEPXHBOTO KyTa eKpaHa. 3a
3aMOBYYBAHHSAM NPHUBIACHIOEThCS 3HAYCHHS, IIO BIATIOBiTaE cepeanHi
eKpaHa;

YyPOS — TO3WIis MO BEPTHKANI JIBOTO BEPXHBOTO KyTa
JIaJIorOBOr0  BiKHA BiMHOCHO JIBOIO BEPXHBOTO KyTa e€KpaHa. 3a
3aMOBYYBAHHSAM NPHBIACHIOETHCS 3HAYCHHS, IO BIINOBIZAa€ CepeAwHi
eKpaHa;

helpfile — mocHIaHHS Ha (aiii JOBIIKOBOi CHCTEMU,

context — IOCHIIAHHS Ha 3MICT Yy (aii 10Bi1IKOBOT CUCTEMH.

Jns mpuknaza BBEHITP Yy KOMAaHIHOMY BIiKHI cepefoBHINa
NPOEKTyBaHHA Immediate HAaCTYIIHYy KOMaHay:

strUserTest = InputBox ("YBemiTp naposb", "3amyck
,HO,HaTKa", ll****ll)

VY pe3ynbTati oJiepKHUTE iajJoroBe BiKHO, IOKa3aHe Ha puc.6.20.
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3
Yeeaime napone

Cancel

3anyck godatka

]

Puc. 6.20. Jliamorose BiKHO BBEIACHHS
Ha Bigminy Bim miamoroBoro BikHa MsgBox, y BikHi InputBox
3akad € Tinbkd aBi kHomku kepyeanus: OK i Cancel. Kuonka OK
miaTBEp/DKYE BBEACHHS JaHux, kHomka Cancel — 3akpuBae miamorose
BIKHO O€3 BBEIECHHSA JaHUX.

BukopuctaHHA enemeHTa kepyBaHHA CommonDialog ana
CTBOPEHHS AiaAOroBMX BiKOH

Bci  miamoroBi BikHa, IepepaxoBaHI Ha IOYATKy pO3ALIY
"liaymoroBi BikHA", MOKHA CTBOPHUTH 32 TOTIOMOTOI0 €JIEeMEHTa KepyBaHHS
CommonDialog. ITepm Hi>xk HOro BUKOPUCTATH, HEOOXiTHO MiAKIIOYHTH
no mpoekty 6i6moTtexy Microsoft Common Dialogs Control 6.0 uepes
niamorose BikHo Components (KoMmoHeHTH) cepeIoBHIla MPOSKTYBaHHS.

Jns BUKIMKY JIialOTOBHX BIKOH HEOOXIJIHO BHMKOpPHUCTATH
BIMOBIHI KOKHOMY 13 [HX BIKOH METOAM €JIEMCHTA KEepyBaHHS
CommonDialog, 3a3Ha4eni B Tabu. 6.11.

Tabmuus 6.11
Metonu enementa kepyBanHst CommonDialog
Merton Onuc
ShowOpen Buknmukae miamoroBe BIKHO, BHKOPHCTOBYBaHE ISt
BiIKPHUTTS (ailiy
ShowSave Buknmukae miamoroBe BIKHO, BHKOPHCTOBYBaHE ISt

30epeskeHHs (aiiry

ShowColor Buknnkae nianoroBe BIKHO HAacTpPOIOBaHHS KOJIPHOI
AT TPH
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Ipomorxenns tadi. 6.11

Metox Onuc

ShowFont Bukiukae niajoroBe BIKHO HAacTpOIOBaHHS MIPUQTIB

TEKCTY

ShowPrinter | Bukiukae mianoroBe BIKHO HACTPOIOBAaHHS IEYATKH i

1aJIOrOBE BIKHO II€YaTKU

ShowHelp [Tinkmrouae noBifKoBY cucteMy B cTiini Windows

HJ'IH BUBUYCHH L[iaJ'IOFOBI/IX BiKOH, YTBOPCHHUX 3a JO0IOMOI0I0

enemeHTa kepyBaHHs CommonDialog, cTBOpHMO HEBEIHMKHI MPOEKT.
Bukonaiite HacTynHi Iil:

1.
2.

CTBODITh HOBHH CTaHJAPTHUI IPOECKT.

[pusnacuite  mpoekty  iM's  MySmallProject.  TIlicns
nepeiiMEHyBaHHA  INPOCKTY [ KOMaHga IpHiiMe  BUI
MySmallProject Properties (BiactuBocti MySmallProject).
Higxmouite g0 mpoekty 0i6mioreky Microsoft Common Dialog
Control 6.0. [Ins usoro B meHo Project (IIpoekt) BuOEpiTh
komarny Components, y miaJoroBoMy BiKHi, IO BiJKPHIIHCA,
BCTAaHOBITh Mparopelb, PO3TallOBaHUI TOpYY i3 HA3BOKO Mi€l
0610J1I0TEeKH.

3anaiite HallMeHyBaHHSA ¢dbopmu IIpoexTy
FormForControlCommbDialog.

BukopucroByroun  BnactuBicth Caption ¢dopmu, yBenith
3aroJoBoK  BikHa @opma aaa  mepeBipkum  aiajoris
CommonDialog.

Honaiite y ¢dopmy emement kepyBaHHs CommonDialog, aidi
: .
KIanHyBIIM Mumer kHonky CommonDialog Ha mnaHeni
€JIEMEHTIB KepyBaHHs. SIKIIO L5 TaHeb BiICYTHS Ha €KpaHi, TO B
menio View (Bum) Bubepith komanmy ToolBox (ITaxens
IHCTPYMEHTIB).

[IpuBnacHiTh CJIEMEHTY KepyBaHH:I CommonDialog
HaiimenyBanHs cdMyDialog. |

Hopnaiite y ¢opmy kHonky ympasiinHs Tuiry CommandButton i
Ha3BiTh 11. cbControl. Lst kHOMKa Oyne BUKOPUCTATHCS HAMU IS
BUKJIMKY JianoroBoro Bikua mo noii Click.

BukopucroByroun BnactuBicts Caption, yBeIiTh Ha3By KHOIKH
IepeBipka gianorise CommonDialog.

OTtpumaHnii 1oaTok mpenctaBieHuid Ha puc.6.21. Ileit mpoexr,

KU MICTUTh eJleMeHT KepyBaHHsa CommonDialog, Oynemo BUKOpUCTATH
JUTSI CTBOPEHHS JTiaJIOTOBUX BIKOH 1 3HAMOMCTBA 3 HWMH, PO3MIMIAIOYH B
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monii Click xmomkm cbControl koxm HacTporOBaHHS MapaMeTpiB
HEOOXiJHOTO [iaIOTOBOTO BiKHA ¥ BUKJIMKY BiITIOBITHOTO HOMY METOIY.

. DopMa AnA nepeeipkK Alanorie Co

Puc.6.21. TIpoekr MySmallProject ans mepeBipkd IiaTOTOBHX
BIKOH, CTBOPIOBAaHHX 3a JIOIIOMOTOI0 elleMeHTa kepyBanHs CommDialog

Aianorose BiKHO BipAKpUTTA danny

JianoroBe BIKHO BiJKpUTTS (ailily NPU3HAYEHO MJIs IOUIYKY
(aiiiiB, BAKOPUCTOBYBAHHX y mporpami. IM'st oOpaHoro daiiny abo criucky
¢aiiniB Bepraetbes y BiaactuBocti FileName 06'ekta CommonDialog. s
BUKJIUKY JIaJIOTOBOTO BiKHA BIIKpUTTs (hainy (puc. 6.22) HEoOXigHO B
momii Click xuomku cbControl nomatka MySmallProject BBecTH
HACTYIIHUI KOJA:

Private Sub cbControl Click()
cdlMyDialog.ShowOpen
End Sub

Jlist BBEZIeHHsI KOAY TOCHTH JIBiYi KJIaIrfHyTH Ha 00'ekTi cbControl
JBOIO KHOMKOIO Muimmi. [Ipw mboMy BiIKpHBAa€eThCS pemakTop Komy i3
mabnonom koay anst nofii Click i€l kHomkw.

3nauenHs i BiactuBocti cdiMyDiaiog. Flags 3a3naueni B Ta01.
6.12.
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Marka: | ) VB3R j @ i

| 11 £ MIPDBAO.DLL  [4] vBAENES
4 112 23| ) ) VEDATAVW. TLE
Henasrie |STR £/ REPYB.DLL | veExT.RG
ADKYMEHTE] | Template | REPVERCDLL  |8]VBHELP. SRa
! | Tsgl S REPYBTIMDLL 45 ¥BSCC.DLL
| Wizards 5 50CvBLS @vsoata
Pafioweron 116y appsccls.oll (8] Scoveus.cHI
. e 1 e
| (Ele: (] e, LB
o wa wicAcK ) YBSDEBLG.DLL
| DATAVIEW.DLL  |&]VEGEXT.OLE
BLINE | YBBIDE.DLL
lu 4 MSDISUO.OL 45| VBAG.DLL

=

Mot komneTeR

&u Wra paiina: | j Orkpeme |
j (rmera

Cererne Tun gaiinoe: |

OKPYKEHHE
[ Toncko yretme

Puc. 6.22. Jliajorose BikHO BIAKPUTTS (ailiry, CTBOPECHE 32
nonomoroto 00'ekra CommonDialog

Tabmuug 6.12

3nauyenHs A metony Flags miamoroBoro BikHa BiTKpHUTTS (aitmy

Koncranra 3HaueHHA Omnmc

BcTaHOBIIOE  MOXIIHMBICTB
MHOKHHHOTO BUOODPY
¢aitmis 'y mianoroBoMy
BikHi. IMeHa QaiiniB, 1O

cdlOFNAllowMultis II0BEPTAIOTHCHL,
&H?200
elect nepe0yBaroTh y
BlacTuBocti FileName
elIeMCHTA KepyBaHH:I
CommonDialog i

po3nineHi npobizaMu
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IIpomorxenns Tadu. 6.12

Koncranra

3HaueHHA

Onuc

cdlOFNCreatePromp
t

&H2000

YcTaHoBmoe s
JIiaIoroBOT0 BiKHA 3aITUT Ha
T ATBEP/PKEHHSI CTBOPEHHS
HOBOTO (haiiiTy, SIKIIO BiH HE
icHy€

cdlOFNExplorer

&HB80000

[Ipu3Hayae gianoroBomy
BIKHY CTHJIb TIPOBiTHUKA

cdlOFNExtensionDi
fferent

&H400

TToBigomiise, 110
postmpenHs haiiny
BiZpI3HAETHCA Bij
YCTaHOBJICHOTO 32
3aMOBYYBaHHSIM Y
BIacTHBOCTI Defaul tExt

cdlOFNFileMustExi
st

&H1000

BcTaHOBIIOE  MOXKIIMBICTD
BBE/ICHHS B JIiaJIOTOBOMY
BiKHI TITBKHI iMeH
icaytounx  ¢aiimis. Ilpu
BBEICHHI HEICHYI0Y0TO
¢aitry BHJAETHCS
TIOBITOMJICHHSI mpo
TOMUJIKY

cdlOFNHelpButton

&H10

Bka3sye Ha HeEoOXigHICThH
PO3MIllIEHHS B
J1aJIOrOBOMY BiKHI KHOIKH
JoBiaka

cdlOFNHideReadOnl
Yy

&H4

®daiiny TIABKY I YATaHHSA
He BiToOpakaroThes

cdlOFNLongNames

&H200000

Jlo3BoJisiE  BUKOPUCTAHHS
JIOBTHUX iMeH (hainiB

cdlOFNNoChange
Dir

&HS8

[Ipusnayae manky, IO
BiJIKpHBAaE 3a
3aMOBYYBaHHIM npu
3aITyCKY AiaJOrOBOTO BiKHA

cd1lOFNNoLongNames

&H40000

3a00poHsI€E BHUKOPUCTAHHS
JIOBTUX iMeH (haitiB
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IIpomorxenns Tadi. 6.12

Koncranra

3HaueHHA

Ommc

cdlOFNNoReadOnlyR
eturn

&H8000

VYka3zye, 10 BHBEICHI B
niajoroBomMy BikHI aitmu
HE MOBUHHI Oytun
MPU3HAYCHI TUTbKH  JJIS
YUTaHHS # HE Iepe0yBaroTh
y Karamosi, 3axHUIIeHOMY
Bim 3amucy (Write-
protected)

cdlOFNNoValidate

&H100

[MoBigomiisie mpo yBeIeHHs
HENPUITYCTUMUX CHMBOJIIB
B iMeHI (aiiny

cdlOFNOverwritePr
ompt

&H2

Bcranosnioe TS
IiaJIOrOBOro  BiKHA 3alUT
Ha MiATBEPIKCHHS
nepesanucy ICHYI04O0T0

Gaitmy

cdlOFNPathMus
tExist

&H800

Bcranosiroe BUMOTY
BKa3IBKH IIOBHOTO LULIXY
1o (aitry

cdlOFNReadOnly

&H1

3ajae mepeBipKy Hpanopist
TUIBKH YATaHHS

Cd1OFNShareAware

&H4000

3amae ITHOpPYBaHHS
TIOMUJTKH TUITY
OIIOKyBaHHS,  3alHATOCTI
¢aitmy (Sharing
violation errors)

AianoroBe BikHO 36epexeHHs1 panny

Hnsa momryky caimy, y skoMmy OyayTs 30epekeHi maHi i3
MIPOTpaMH, BHUKOPHCTOBYETHCS JiaJIOTOBE BIKHO 30epexeHHs (airy
(puc.6.23). lle nianmoroBe BIKHO BHUKJIMKA€ThCS TaK Ccamo, SK BIKHO
BiKpuTTs Gaiiny. s fioro crBopenns B noxii Click xHonku cbControl
nonatka MySmaHProject HeoOxiqHO 3aMiHUTH KO/ HA HACTYITHUM:
Private Sub cbControl Click()

cdlMyDialog.ShowSave

End Sub
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Henastme
AOKYMEHTE

Patiowii cron

]
 {

}
b om nokyreHTE

A

o

ol KorBTED

| W0
=
Ceresoe
OKPYHEHHE

1 4| MSFDBEO.DLL ] VBAEWES
12 ] ) VEDATAYW, TLE
15TR £ REPYE.DLL | veExT SR G
| Template 4 REPYBRC.OLL  [#]VEHELP.5RG
) Tsql | REPYETIM.DLL ') ¥BSCC.OLL
| Wizards [ 5CCvBUS BHvisoata
& ADDSCCUS.DLL (8] SCCYBUS,CHE
#eieLic 5 VEE:
(iler) | vee.OLE
ncypack 44 WBEDEBLIG.DLL

' DATAVIEW.DLL |8 YBEEXT.OLE
mLINK 4 ¥BAIDE DLL
4 MSDISILODLL 45 YBAG.DLL

- e B ek E-

Hran qaiing: |

CoxpaHuTe |

Tun daiina: |

[
j OrreHa

Puc. 6.23. lianorose BikHO 30epeskeHHs (aiiily, CTBOpEHE 3a
noromororo 06'ekra CommonDialog

SIk BHAHO 3 PHCYHKa, Ll JaJIOTOBE BIKHO aHAJOTIYHO BIKHY,
NPU3HAYCHOMY ISl BIIKpUTTs aiiny. [Ipanopu 1poro nianoroBoro BikHa
nepepaxoBasi B Ta0u. 6.12.

AianoroBe BiKHO HACTPOIOBAHHA KOAIPHOI MaAITPH

Jlnst HacTPOIOBaHHS KOJBbOPIB MOJsi GOPMH i PO3TAIIOBAHUX Y
(dbopMi eJeMEeHTIB MOXHA BUKOPHCTATH J1iaJlorOBE BIKHO HACTPOIOBAHHS
KOJNipHOT mamiTpu (puc.6.24).

JJis BUKIIMKY OO JIIAJIOTOBOT'O BiKHA HEOOXIJTHO 3aMIHUTH KO
y noxii Click knomku cbControl nogatka MySmallProject Ha HacTyHUiA:
Private Sub cbControl Click()
cdlMyDialog.ShowColor

End Sub
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,D.DI'IDJ'IHMTBJ'IbeIE LEETA:

NN
AEEEEEEEN

JnpeenTe LEET >3

QK | OrtreHa |

Puc.6.24. [lianoroBe BiKHO HACTPOIOBAHHS KOJIPHOL

namiTpu

KoHCTaHTH, BHUKOPHUCTOBYBaHI JJIsi HACTPOIOBAHHS JiaJIOTOBOTO
BikHa BHOOpPY KOJIpHOI majiTpu, nepepaxoBani B Tabi. 6.13. Posmupene
JIlaJIoroBe BIKHO HACTPOIOBAHHs KOJIPHOT MaJiTPM MOXXHA CTBOPHUTH 32
noromoroio 06'ekta CommonDialog (puc.6.25).

Tabmmg 6.13
3naveHHs s Mmetony Flags miamoroBoro BikHa KOMiIpHOI HAiTpH
KoncranTa | 3Ha4yeHHs Omnuc
ITomimae B miamoroBe BIKHO TOJATKOBY
kHOTIKY [/lomatu B HaOip i KOIipHE MmoJe 3
cdlCCFul &2 MapKepoM 1 JIHIHKOIO TNpU3HAYCHHS
10pen BITIHKY JJs JOJABaHHS KBITIB y MO
JlonaTkoBi KOJBOPW [iaJIoTOBOTO BiKHA
KoipHOT marnitpu (puc.6.25)
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ITpomowxenns Tadin. 6.13

Koncranra | 3nHayeHHs Onuc
cdlCCSho &HS Honae B pmiamoroBe BIiKHO KHOIIKY
wHelp HoBigka
cd1lCCPre ITpuxosye kHomnky Jlonatn B Habip
ventFull &H4
Open
cd1CCRGB &HI BimHoBmioe B miamoroBoMy  BiKHI
Init BHXI1JTHUI HA0ip KOJIBOPIB

OcHoBHbIE LBETS:

M A
HM RN N
=

O

m
]
0
.
.

Orrenok: | 160 KpacHei: 3

KoHTpacr: ,U_ 3eneHbii: ,3_

| LlBET|3aJ'IHBKa ﬂpmm—b_IS_ CHHM ’3_

oK | OTreHa |

NoBaeuTe & Hatiop |

Puc. 6.25. PoszmmpeHe 1ianorose BiKHO HACTPOIOBAHHS KOJipHOT
MAIITPH, CTBOPEHE 3a gomoMororo o6'ekra CoitimonDialog i3 mpanopom
cdICCFullOpen

AianoroBse BiKHO HACTPOIOBAHHA LWPUPTIB TEKCTY

JUIs  BUKIMKY [iaJIOTOBOTO BiKHA HAacTpPOIOBaHHS LIPUQTIB
(puc.6.26) neoOxinno B nmoxiro Click knorku cbControl yBecTn HacTyImHHI

Kona:

Private Sub cbControl Click()
cdlMyDialog.Flags = cdlCFBoth + cdlCFEffects
cdlMyDialog. ShowFont

End Sub
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. WphdT

Ll pacper: HauepTaHue: Pazmep:

|.f3«rial HHPHBI a 0k |
< OrtmeHa

€} @dnial Unicode M5 [a| | ofbuHBI
)} Zgency FB
Algerian

HHPHEIR KUPCHE 11
Arial Black 12
() Arial Marow 14
€} 2sial Rounded MT Baoll * 16 =
BuaouzraeHeHMe Oapazey
[ 3aseprHyroii
AaBbYyZz

™ NoguepkryTHI
UEer:
|- YepHbli ﬂ Hafiop cHEanoe:

Wkt OpenType. OH MCNONESYETCA 409 BRIBOGA KAaK H3 SKPaH,
Tak 14 Ha NpMHTED.

Puc. 6.26. Jlianorose BiKHO HACTPOIOBaHHS MIPUPTY, BIIKPUTE 3
BUKopHcTaHH:IM 00'ekta CommonDialog

[lpanopu  nmiajoroBoro  BiKHA  HAcTpOIOBaHHS  LIPUTIB
mepepaxoBaHi B Ta0IL. 6.14.

Tabmumg 6.14
3naueHHs 11 Metoy Flags niamoroBoro BikHa HACTPOIOBaHHS
mpudTiB
Koncranra 3HaYeHHS Onuc
cd1CFANSIOnly [Mpusnauae BuOip TIIBKKM i3
&H400 : .
CHCTEMHUX HaOOpiB wIpUQTIB
Windows
cd1CFAppl 0J1a€ B JIiaJIOTOBE BIKHO KHOTIK
pply &H200 Honae B 1 Yy
3acrocyBaTu
cd1CFBoth &H3 [IpuzHauae BUKOPHCTaHHS
eKpaHHUX IIPUQTIB TpUHTEpa,
3a3Ha4yeHoro y BiractuBocti hDC
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ITpomorxenHs Tadu. 6.14

Koncranra 3HaveHHs Onmnc

Cd1CFEffects &H100 Bkaszye Ha HEoOXiIHICTh
PO3MILIEHHS B 1iaJIOrOBOMY BiKHI
CJIEMEHTIB ~ KEpyBaHHS, IO
331a10Th  €()eKT IiAKPECICHHS,
3aKpECIIFOBaHHs Ta KOJIbOPH

cdlCFForceFon | &H10000 [Tpu3Hauae BUBiA NOIEPEKEHHS

tExist Npo TOMWIKY Tpu  BHOOpI
HeiCHyI0490ro mpudry

cd1CFHelpButt &H4 Jlonae B miajoroBe BiKHO KHOIIKY

on JoBinka

cdlCFLimitSiz | &H2000 IMpm3nauae  BuOip  po3MipiB

e mpuQTiB B iHTepBal,
3a3HAYCHOMY Y BJIACTHBOCTAX
Min i Max

cdlCFNoFaceSe | &H80000 Binkmouae Bubip HaiiMeHyBaHHS

1 mpupTy

cd1lCFNoSizeSe | &H1000 Bigkmouae  BuOip  posmipy

1 mpupTy

cdlCFNoSimula &H200000 Bigximodae B mianoroBomy BikHi

tions rpadivni mpudTH

cd1CFNoStyleS &H100000 Binxmrouae BUOIp CTHIIIO

el mpupTy

cd1lCFNoVector | &HB800 Bigxmoyae BHOIp  BEKTOpPHHX

Fonts nipudTis

cdlCFPrinterF | &H2 [Tpu3Hauae BHUOIp TUIBKH

onts mpuQTiB MpUHTEDA, 10
3a3HaueHHH y BiacTuBocTi hDC

cdlCFScreenFo | &H1 [puzHauae BUOIp TUTBKH

nts EKpaHHHUX MPHUPTIB CUCTEMHU

cd1lCFTTOnly &H40000 [puzHauae TUIBKH BUOIp
mpudTiB THIY True Typi

CA1CFWYSIWYG &HB8000 [Mpusnauae BHOIp

TUTBKA ~ TUX  mpu@TiB,  SKi
MIXOJATh OJHOYACHO ¥ Juis
npuHTEpa 1 ana ekpana. [lpum

OOMY  [OBHHHI  JIOJATKOBO
BUKOPHCTATUCS Mpanopu
cdICFBoth i 71

cdICFScalableOnly
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AianoroBe BiKHO neuatku

Jiasorose BIKHO NEYaTKH MOXKHA BHKIMKATH 3a JONOMOTOIO
ememenTa kepyBanHs CommonDialog, 3aminmBmm kox y momii Click
KHOTIKH 3 HaiiMeHyBaHHAM cbControl Ha HacTymHUIL:

Private Sub cbControl Click()
cdlMyDialog.ShowPrinter
End Sub

Binxpute mianorose BiKHO MMoKa3aHe Ha puc.6.27.

Skmo moTpiOHO MONEpeAHBO HACTPOIOBATH  IEYaTKy, TO
HEOOXIIHO BCTAHOBUTH IUTS BJIACTUBOCTI Flags 3HAYEHHS
cdIPDPrintSetup. V upoMy BuOaaKy Ko Oylae BHIUISAATH B Takuid
crocio:

Private Sub cbControl Click()
cdlMyDialog.Flags = cdlPDPrintSetup
cdlMyDialog.ShowPrinter

End Sub

3anyctuBum gogarok MySmallProject, Bu oxepxute mianorose
BIKHO, IMOKa3aHe Ha puc.6.28.

Oowme ]

EreiSepure npuHTERD

-

= P -

WCTaHoEKa Microsoft Microsoft KPS 3
MNpHHTEDa Office Doc... Document ...

-

CocTtoanue: MoTos [ Mevare B Pain HacTpoiika
Fazrmewene:

- Haimu npuHTep. ..
K. OrAREHT SpLAci:
JAranasoH cTpaHHL,
* Bre HHC A0 Konmi: 1 -

" Bewenerue o
‘-

Mevare I OTtizHa

Puc. 6.27. Jlianorose BiKHO NeYaTKH, BIJKPUTE 3 BAKOPUCTAHHIM
obnsexkra CommonDialog
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Ornpaeure B OneMote

CocToaHMe: [oToE

Twn: Send To Microsoft Onetote Driver

MecTo: Send To Microsoft Onetote Port:

F.orraEHT 3pLi:

Eyrara OpreHTauMA

Pasmmep: |A4 j *  KHukHan
Maogava: |I'I|:u1aqa Bytdari j e

Certe... oK | Orrena

Puc. 6.28. JliamoroBe BIKHO HACTPOIOBAHHS MIEUYATKH, CTBOPCHE 32
noromororo 06'ekra CommonDialog

[pumyctumi  mpamopu  OialorTOBHX — BIKOH — MEYaTKH U
HACTPOIOBAHHS TEYATKH MepepaxoBaHi B Ta0. 6.15.

Tabmung 6.15

3naueHHs st Merony Flags nianoroBoro BikHa me4aTku

KoncranTa 3HayeHHS Onuc
IToeptae abo
cd1PDAHPages &HO | POTANOBIIOC cra
nepeMuKaya nevyaTku
BCIX CTOPIHOK
cdlPDDisablePrintToF Pobuts HEIOCTYITHUM
ile &HB80000 | mpamopems miaoroBOrO
BikHa [leuaTka y daiia
cd1PDHelpButton &Hgoo | Alonac B Hiasorose sikio
kHONKy JloBigka
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ITpomowxenns Tadm. 6.15

Koncranra

3HayeHHs

Onuc

cdlPDHidePrintToFile

&H100000

[IpuxoBye mnpanopens
I11aJTOrOBOTO BiKHA
Ileuatka y daiin

cdlPDNoPageNums

&H8

[IpuxoBye  eneMeHTH
KepyBaHHI B TIpymi

JApykyBatu

cd1lPDNoWarning

&H80

CkacoBye
HOTIePEIKESHHS po
BIZICYTHICT  NPHUHTEpA
3a 3aMOBYYBaHHSIM

cdlPDPageNums

&H2

PoOute HeJOCTYMHUMH
EIIEMEHTH  KEpyBaHHS,
po3ramioBaHi B 00macTi

JApykyBatu

cdlPDPrintSetup

&H40

BuBoauth  mianorose
BIKHO  HAaCTPOIOBaHHSI
MeYaTku

cdlPDPrintToFile

&H20

[osepTtae abo
BCTAHOBIIIOE CTaH
npanopust Ileyarka y

cdlPDReturnDefault

&H400

daiin

[oBepTae iM'st
NPUHTEPA,
BUKOPUCTOBYBaHE  3a
3aMOBYYBaHHSIM

cd1lPDUseDevModeCopies

&H40000

Skuo IipaiiBep
NpUHTEpPA HE NiATPUMYE
CTBOPEHHS KOIIiH,
pOOUTH  HEIOCTYIHUM
JIYATBHUK Yucao
KOII. Sxmo
KOITIFOBAaHHS
MiATPUMYETBCS, BKa3ye,
o HOMED Kortii
30epiraeTbes y
BiactuBocti Copies
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JoBiakoBa cuctema B CTUAi Windows

[Ipamopu nianoroBoro BikHA JOBIAKOBOI CHCTEMH TepepaxoBaHi B
Tabnm. 6.16. Jlas BHUKOpPHCTaHHS IIHOTO MdiaJlOTOBOTO BiKHa HEOOXiTHO
CTBOPHTH JOBIAKOBY CHCTEMY I JoJaTKa ((aii ToBinkm).

Tabmus 6.16
3nauenHs ansg merony Flags miamorosoro BikHa TOBiITKOBOL
CHUCTEMH
Koncranra 3HaveHHH Onuc
cdlHelpCommadHelp &H102 Buknukae JIOBiTKOBY
cUcTeMy OKPEMOIO
KOMAaH[010
cdlHelpContents &H3 Buknukae 3MiCT JI0OBiZKOBOT
CHUCTEMH
cdlHelpContext &H1 Buknukae  okpemy — Temy
JTOBIAKOBOI CHCTEMH
cdlHelpContextPopup | &H8 Buknukae TeMmy OBIIKH IO
IHACKCY
cdlHelpIndex &H3 Buxknukae MOKKYUK
JIOBIIKOBOI CHCTEMH
cdlHelpKey &H101 Bukinkae 10BiJKOBY cuCTEMY
10 KJIFOYOBOMY CJIIOBY
PAapoK ctaHy

Psinok craHy — 11e crieniaJibHUN eJIEMEHT BiKHA, IO CKIaIaeThes
3 KUIBKOX TMaHesNed Ui BioOpakeHHs MoTo4HOi iHdopmanii mpo craH i
pexxuM pobotn noxatka. Ha puc.6.29 mokazanuii psitok craHy, IO
BioOpakae cTaH JoJaTKa, HaTy W IOTOYHMH cucTeMHUH dyac. llei
eIeMeHT iHTepdeiicy 3BHYAHO pO3MIIIAETECA B HUXKHIM 4YacTHHI
0aTPKiBCHKOTO BiKHA JJOJaTKa, KO HE MOTPiOHO crelialbHO BCTAHOBUTH
HoTo B iHIIIM MicIli BikHa. Take TOJIOKEHHS psIJIKa CTaHy € CTAaHJIAPTHHUM.
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Status 22.11.2010 12:14

Puc. 6.29. Psanok crany nonatka

Jdnst nopaBaHHA psAKa CTaHy y (OpPMY BHKOPHCTOBYETHCS
enemeHT ympaBiiHHsS ~StatusBar. I1lo6 meli o0'ekt Moxna Oyio
BHKOPHUCTATH B IOAATKy, HeoOxigHo y BikHi Components (KommoneHTH)
MAKTIOYATH 10 o0OpaHoro mpoekty Oibmioreky Microsoft Window
Common Control 6.0. [Ilicms migxmo4eHHS O610MIOTEKH  €IEMEHT
kepyBaHHS StatusBar 3'sSBiseThcs Ha TaHemi €JIEMEHTIB YIIPaBIiHHS
CepeloBHILIA POSKTYBAaHHA 1 Oro MOXKHa foJaTH y GopMy CTaHAApPTHUM
croco0oM, SIK 1 BCi iHIIN €IeMEHTH KepyBaHHS.

Psinok craHy ckiamaetscsi 3 HaOOpy naHened, KOXKHa 3 SIKHX €
00'eKTOM 1 Ma€e HacCTyITHI OCHOBHI BJIACTUBOCTI:

e Alignment — 3amae BHUpPIBHIOBaHHS TEKCTy Ha IAHENi psaKa
CTaHy;

e Bevel — BcraHoBmroe 3aTiHeHHS IS JOAaHHSA 00'€eMHOCTI
HaHEeIsIM;

e Minwidth — Bu3Hauae MiHIMaJIBHUI pO3MIp mHaHene# psika
CTaHy;

e Picture — 3anae rpadiune 300paxeHHs, 10 Oyae pO3MIIIEHO Ha
MaHeni;

e Style — Bu3Hawae Tun naHenmi. Moxke HpUAMATH 3HAYCHHS,
3a3HayeHi B Tabm. 6.17;

e ext — 3ajae TeKCT, pO3TallOBYBaHWiI Ha maHelni. Sk mpaBuio,

et TekcT GOPMYETHCS [IPOTPAMHO;
e TooiTip — 3agae TeKCT MmimKa3ku sl TAaHENi. BHBOMUTHCS MU
3aTPUMIIl TOKAKYMKA MHIII HA TTAHEI.

Tabmmmg 6.17

3HaueHHs BJIACTUBOCTI Style maHenel psaaKa cTany

Cruib 3HavyeHHs Onuc
sbrText Hae MoxmuBicTh BimoOpakaTw TeKCT abo
0 300pakeHHS y BIACTUBOCTAX MaHeNi Text
i Picture, BiINOBiIHO
sbrCaps Bimobpaxae craH KJIaBiIi <Caps

Lock>. SKmo us KiaBilla HATHCHYTA,
Tekcr CAPS Ha maHenl ;{CKpaBI/Iﬁ, SAKIIO
BIKATO — 3aTIHEHUI
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ITpomorxenns Tadu. 6.17

Cruib 3HauyeHHsI Omnuc

sbrNum 2 Bigo6paskae cran knasimi <Num Lock>

sbrins 3 BinoOpaxae cran kiaBimmi <Ins>

sbrScrl 4 Bigo6pakae cram kmaBimi <Scroll
Lock>

sbrTime 5 BuBoauTe noTO4HMI Yac

sbrDate 6 BuBoauTe NoTOYHY IaTy

General Panels lFont ] Picturel

Indes: ol Inzert Panel | Bemowe F‘anel|

Text |Ter<c1' MoaCkaskM

ToolTipTexst: |

Key: Minimum Width: (14400002
Tag Actual Width: 1440,0002

Alignment: 0-sbrleft - Picture

Bevel: 1-sbrlnset = |

AutcSize: 0 - sbrd odwite = v Erahled v Wisible
Ok | OTMEHA | Cnpaeka |

Puc. 6.30. Jlianorose BikHO Property Pages s psaka
CTaHy

HacrporoBanHs psiika craHy 6 KEpyBaHHS HUM BHKOHYETHCS 3a
JOTIOMOTOI0  BiKHA BJacTUBOCTell Property Pages (Cropinka
BIIACTUBOCTEH) IBOTO €NeMEHTa KepyBaHHS, IO BIIKPUBAETHCA MpPHU
BHOOpI KomaHAM Properties (BmacTuBocTi) KOHTEKCTHOTO MEHIO
o0'exta (puc.6.30).

Po3rissHeMO CTBOpEHHSI psjKa CTaHy Ha MPHKIAJAlI HAIIOro
noxatka MyMDIApp. Binkpuiite 101aTOK 1 BUKOHAETE HACTYIIHI il

1. [Homaiite y d¢opmy enemeHT KepyBauHs StatusBar, msiui

_
KJIAalHYBIIM MHUIIEI0 KHOMKY StatusBar Ha TaHell
€JIEMEHTIB KEpyBaHH:.
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10.

11.

[icna mosBun 'y ¢dopMi psnka craHy IPHUBIACHITE HOMY
im'st sbStatusBar.

BcTaHOBITE Kypcop Ha pSAOK CTaHy, HATHCHITH NPaBy KHOIKY
MUII # BHOEPITh i3 KOHTEKCTHOT'O MEHIO, IO 3'SBUBCS, KOMAHIY
Properties (BmactmBocti). BinkpueTscs — miagoroBe  BiKHO
Property Pages mis HacTporoBaHHS psiiKa CTaHy.

C nomomororo kHorku Insert Panel (BecraBuTu maHess), nonaite
B PSAZIOK CTaHy L€ /IBi IaHelI.

Buxopucrosyroun miumiphuk Index (Immekc), mepeiimite 1o
HacTporoBaHHs maHeni 1. [lanemi psaxa craHy NIPOEKTYIOTHCS
He3aJIe)KHO OJIMH Bifl OJJHOTO, TEPEKIIOYEeHHS 3 OJHi€l Ha iHIIY
BHKOHYETHCS 32 IOTIOMOTO0 JliunabHuKa Index.

[lepmy mnanenp OyaemMoO BHUKOPUCTATH Ui BimoOpaXKeHHS
TeKCTOBOI iH(opMmariii. Beranosits mias Hel Bmactusicts Style y
snagenus 0 — sbrText, morim y Bractusicts Text miei manerni
BBENITh 3HaueHHA Texcm niokazku.

[epefiniTe M0 HacTPOIOBAaHHS APYTOi IMaHENi, YCTAHOBHUBIIHU IJIS
nmigunpauka INndex sHagenns 2.

Jpyra naHenp OyJie BAKOPUCTATHCS ISl BiTOOpa)KeHHsI TIOTOYHOT
natu. BeranoBits st BinactuBocti Style smayenns 0 — sbrDate.
[lepeiiniTh 10 HACTPOIOBAaHHS TPETHOI MaHEsl, BCTAHOBUBILY IS
nmiumibHuKa Index 3HaueHHs 3.

Bcranosite s BnactuBocti Style 3mauennst 0 -sbrCaps. lle
Oyne maHeb, o BimoOpaxkae cran kiasimi <Caps Lock>.
3amycTiTh OTPUMAaHUM JOAATOK Ha BHKOHAHHS KOMaHAOIO Start
MeHto Run. CtBopenuii fonaTok npeacrabieHui Ha puc.6.31.

i MDIPogMTEn

arn  OkHO

EpHAA diopa 1

Fawor mppoadanyy | S ST L

Puc. 6.31. PobGora nomaTka, 1110 MiCTUTh PSIOK CTaHY



Pe3ome

B posmim  posrmsHyTo THOH  iHTep(eiciB  Ta  OCHOBHI
KOHCTPYKIIHHI €JeMEHTH, MOJaHO TEXHOJIOTII0 IXHBOTO CTBOPCHHS 3a
JOTIOMOTOI0  IHCTpYMEHTambHUX 3aco0iB  Visual Basic, OcobmmBo
AKPECICHO OCHOBHI MPUHIIUNM, SKi CJIiJ] BpaXOBYBATH IIPH MPOEKTyBaHHI
iHTepdeiicy monarka, ajie BOHH HE € JOTMOIO, TOMY IO 3T0JIOM, Y TpoIeci
HAKOMHMYEHHS TPAaKTUYHOIO JOCBiTY, BHPOOJSAIOTHCS CBOI ONTHUMaJbHI
MIPUHIUITH TO0YI0BY iHTEpdEicy.

KOHTPOABbHI 3an1UTaHHA Ta 3aBAAHHSA

1. SlkuMu IPUHIMIIAME CITiJ] KEPYBATUCS TPU po3poOIl iHTepdheicy

?

[MepeniyiTh Ta 0XapakTepu3yiTe OCHOBHI THITH iHTEP(EUCY.

SIki eneMeHTH BXOIATH 10 ckiaxy MDI-intepdeiicy ?

OxapakTepu3yWTe OCHOBHI BJIACTHBOCTI OaThKIiBCHKOT'O BiKHA

inTepdeiicy Tammy MDI.

[epenidiTh OCHOBHI MoAii TOB’s13aHi 3 GOPMOIO.

[TepeniviTh 0COOTUBOCTI JOUYIPHIX BIKOH.

SIki eneMeHTH MicTUTB iHTEpdEiic 1oaaTKa THITY MPOBITHUK?

SIki  iHCTpyMeHTallbHi ~ 3acO0M  BHKOPHCTOBYIOTBCS VISl

MPOEKTYBaHHs maHeneit inctpymentis B Visual Basic?

9. Ski TMIH JiaJIOroBHX BIiKOH icHYIOTh y Visual Basic ?

10. [datu BU3HAYEHHS MOJAJHHOTO Ta HEMOJAIBHOTO JiaJIOrOBOrO
BiKHa.

11. Hamuurite nporpamy Juist crangapTaoro mabnony mento File, a
TaKOX MPOTPAaMHUI KOJ, SKWH 3IIMCHIOE BUKOHAHHS KOMaHI
Open, Save, Save as Ta iHIIHX.

12. Po3po0iTh maHeNb IHCTPYMEHTIB 3 TpPhOMa KHOIKAMHU, SIKY
KOpHUCTYBavi 3MOKYTh II€PECYBaTH 10 BEPXHbOI, HUKHBOI, IIPaBoi
a0o0 J1iBOT MEXIi BIKHA.

13. Po3pobite nporpamHuil KoJ, SIKMH MOTOYHY JaTy Ta 4dac Oyne
Bi0OpakaTu y pAIOK CTaHy.

14. Po3pobite mporpamy, sika 3a JOIOMOTOIO CMYT NPOKPYIyBaHHS
Oyze ynpaBIsiTH THIIOM KOHTYPY 1 CTHiIeM OOpaMIICHHS eJIeMEHTY
ympasiinas Shape.

15. Po3pobits nmporpamMHuil KoM, SIKMH ITpHU BBEAEHHI KOPHCTYBaueM
1apoJIro Oyne KOHTPOJIIOBaTH TIPOMIXKOK qacy.
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Po3aia VI
CTAHAAPTHI EAEMEHTHU YINPABAIHHA

BukopucTaHHsA CTaHAAPTHUX EAEMEHTIB YynpaBAiHHA

Bimpiicte nmomaTkiB, ctBopeHux B Visual Basic, mpamroroTs B
IHTEepaKTHBHOMY pexxumi. Ha expaH BHBOAUTHCS iHpoOpMallis, Mpu3HaueHa
JUIL KOPUCTYyBada MPOTPAaMH, i OUIKYETHCS HOTO BIAMOBiHA peakIis y
BHTJISAI YBEICHHS MaHWX ab0 KoMmaHH. [HTepakTHBHHN momaTtok B Visual
Basic cTBoproeTscs Ha 6a3i Gpopmu, 10 €, K TPABUIIO, OCHOBHAM BiKHOM
inTepdeiicy. EnemenTn ynpaBmiHHS (QopMH 3a0€3MEUyIOTh B3aEMOI0 3
kopuctyBadamu. JloOpe 3HaHHA HaWOIIBII YAacTO BHKOPHCTOBYBAHUX
eJIeMeHTIB ympaBiiHHsA Visual Basic, iXHIX OCHOBHHX BJIACTHBOCTEH
HEOOXITHO PO3POOHKKY MPOrpaMHOro 3ade3nedeHHs. B mpoMy po3aini Mu
MO03HAHOMHMMCSI 3 OCHOBHUMH €JIEMEHTaMHU YIPaBIIiHHS.

VY nocrauanns Visual Basic BIItOUeHHMI NOCHTH BENUKHUII HaOip
€JICMEHTIB yIpPAaBJIiHHS, 32 JOIIOMOTO0 SKAX MOXKHA BHUPIIIUTH O1BINICTH
TUNOBHX 3ajad. Jleski 3 eNeMeHTIB yIpaBiiHHS 3'SBISIOTHCS Ha EKpaHi
Bimpa3sy micis 3amycky Visual Basic. Bonm po3ramoBani B Omomi
WHCTPYMETIB 1 BHUKOPHUCTOBYIOTHCS 4UACTIIle 3a BCE IIPH CTBOPEHHI
nporpam. Taki eleMEHTH YIpPaBIIHHS HA3UBAIOTBCS  GHYMPIWHIMU.
[epenix craHTapTHUX eIEMEHTH YIIPaBIiHH MOJaHUHA y Tabm.7.1.

Tao6muus 7.1
CraHAapTHI €JIeMEeHTH YIPaBIiHHS
Enement Ha3sga IIpusnayenus Onuc
A Label Hamuc Cayxuth JUISL
BiT0OpakeHHS TEKCTY,
KU KOPUCTYBau HE MOXKE
3MIHUTH
I_Elbl TextBox TekcroBe moste | CiryXuTh TS
BioOpakeHHsI, BBEJACHHS 1
penaryBaHHs TEKCTY
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ITpomorxenns tadm. 7.1

Enemenr

Ha3sBa

IIpusHayeHHs

Onuc

_

CommandBu
tton

Knomnxka

Cayxurs mus  iHimiamii
NeSKUX MOii  [porpaMu
Mmcias KIAllaHHS Ha Hik
KHOIIKOIO MMIII

CheckBox

[Ipanopeus

CityXHTb I yCTaHOBKH
1 BimoOpaXeHHS JIOT1YHUX
(tumryTakx/Hi) mapameTtpis
Iporpamu

OptionBox

Ilepemuxau

Cnyxute gt BHOOpPY
OMHOTO  MapameTpa 3
KIJIbKOX TPE/ICTABJICHUX B

rpymi

ComboBox

ITone i3
CIIUCKOM

Jlo3BoJisie KOpHCTYBaueBi
BUOpaTH OJIHE 3HAYEHHS
i3 CIOHUCKy, a TaKOX
BBOJWTH HOBE 3HAUCHHS B
TEKCTOBE TI0JIC

ListBox

Crncok

Cnyxutre nans  BuOOpPY
€JIEMEHTA i3 CIIUCKY

Timer

Taiimep

JHo3Boiste nporpamamM
BHKOHYBaTH pi3HI mii 3
TaliMepoM

Image

MaitroHoK

Cny)uthb s
BiZIOOpa)KeHHsI MaJIOHKa

y hopmi

~

Frame

I'pyna

CayxuTe KOHTEHHEpPOM
JUIS  IHIIMX ~ €JIEMCHTIB
ymnpasminasa. Kpim Toro,
BiH J03BOJISIE 3rPYIyBaTH
JIeKiTbKa €JIEMEHTIB
YIpaBITiHHS

PictureBo
X

I'padivnuit
¢peiim

Opeitm JUIsL
BiZIoOpaXkeHHs rpadiuHuX
300paxens. Kpim Toro,
BiH  MOXE  CIYXHTH
KOHTEHHEpOM Il 1HIINX
CJIEMEHTIB YIIPaBITiHHS
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BiaobpaxeHHs TEKCTY B NMOAsIX TUNa Label

OCHOBHIM TIpU3HAYCHHSIM C€IIEMCHTIB YIpaBIiHHA THIY Label €
BiZIOOpaXXeHHS TEKCTy Ha eKpaHi. Haifyacrilie BOHM BHKOPHUCTOBYIOTHCS
JUISL TIANUCY PpO3TAIlOBaHUX TMOPSA 3 HUMH TEKCTOBMX momiB. Jlis
BUKOPHCTAaHHS JaHOTO EJIEMEHTY YIpPaBIiHHS HEOOXiTHO pO3TallyBaTh
Horo y ¢opmi, JaTd Ha3By 1 BBECTH TEKCT HANUCy Yy BIACTUBICTH
Caption.

I xoua KOpHCTYBau He MOXKE 3MIHUTH TEKCT, IO 3HAXOAUTHCS B
nojsx Tuna Label, mnpore, 3 TOYKM 30py MPOrpaMmicTa, BOHH €
MOBHOI[IHHUMH  €JIEMEHTaMH  YIpAaBNIHHS, OCKUIBKM  IUI1  HHUX
nepenOavyeHuil MeBHUI HaOip BiacTHBOCTel 1 moaiid. Bce ne mo3mosse
IPSIMO 3 TIPOTPaMHU YIPABIISTH 30BHILIHIM BUIJISZOM 1 BMICTOM MOJIB THIIA
Label.

Po3srissHemMo OumbIn OKIATHO HOro BIacTHBOCTI. TEKCT MITKU
3aJla€Thesl BIAcTUBICTIO Caption. Bin Moxe OyTh BCTaHOBIICHUH Y BiKHI
Properties abo mporpamHo. Illpudpt TexcToBOi iH(pOpMamii
BU3HavaeThes BiactuBicTio Font (Ipudt). dns Bubopy wpudTy y BikHI
BJIACTHBOCTEH BCTAHOBITH KypCOp y JIaHy BJIACTUBICTb I HATHCHITH KHOIIKY
i3 TppOMa KpamkaMd B TpPaBOMY CTOBIII BIACTHBOCTI. BimkpuBaeTscs
nianorose BikHO Bu6ip mpudty (puc. 7.1), 110 MICTUTB TPH CIIUCKH, L0
JI03BOJISIFOTH YKa3aTH HaiMEHYBaHHsI, HAKPECJICHHS i po3Mip wpudTy.

BukopucroByroun BiactuBocti ForeColor i Backcolor,
MOXKHa 3aJ[aTH KOJbOPU TEKCTOBOI iH(opMamii # KOIbOpH Tia eJeMeHTa
kepyBaHHA. BnactuBicth BorderStyle (CTuib paMKn) BH3HA4Ya€ THII
oOpamiieHHs1 HaBKOJIO 00'ekta Label, 03BOJISAIOYM OGOPMUTH HAIUC Y
BUTJISIII TEKCTOBOrO mouisl. [ 1bOro 3amicTh BHKOPHCTOBYBAHOI'O 32
3aMOBYyBaHHsIM 3HadeHHs NONe HeoOXiZHO BUOpaTH ISl BIACTHBOCTI
snayenns Fixed Single.

BrnactuBicth Appearance J03BOJSIE JOAATH TEKCTY JESIKY
00'eMHICTB.

BrnacrtusicTs Alignment (BupiBHIOBaHH!) BH3HaYae
BUPIBHIOBaHHSI TEKCTYy B €JIEMEHTI KepyBaHHS IO NPaBOMY, JIiBOMY Kpai
abo mo mmpuHi. Skmo iHopmanis B 00'ekTi po3MilieHa Ha JIEKUIBKOX
psiKax, TO BUPIBHIOBaHHS 3/1IHCHIOETHCS HA KOXKHOMY PSJIKY.
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W puepr

WpwepT: Havepranue: Pazrep:
|MS Sans Senf |>|<upru‘»’| | 0K |
Ofib4HEIR g

I . KUPCHE 10 J Oretia
H MT Entra

(} Palsting Linotype

HHPHEIE KYPCHE 14
B PhingLil) = 18
PROMT Helv Cyr 24
PROMT HelvwE x| =
BugousmeHeEHKE Odpazew
[ 3aueprHyTol
[ MogyepkHYTEIE AaBbBﬁq)(p
Hatiop cureanos:
| FupHaniua ﬂ

Puc. 7.1. [lianorose BikHO BuGip mpudty

OdopmileHHS HamuCiB B eleMeHTI kepyBaHHs Label miHse€ThCS
3aJIeKHO BiJ 3HAa4YeHHS BiacTuBocTel Alignment,

Appearance U
BorderStyle (puc. 7.2).

. InemenT ynpaenenua Label

- 10]x]

CeoiicTeo Alignment Ceoiicteo BorderStyle u Appearance

|EbIDaBHHBaTb M0 NEEDMY KpaK TEKETOBEA HHEPODMAUMA B85 PaMKK

| BripaBHuBaTE N0 LEHTRY | [n0ckan parka

| Buipaeruaart no npasomy kpat

[DffemHan patdka

Puc. 7.2. OdopmiieHHs HamTUCIB

Tekct, mo 3amaeTscs 00'ekToM Label, MoOxe MaTtd IOCUTH
BEIUKHUN PO3Mip 1 3aliMaTH KiJIbKa psAIKiB. MakcUMallbHA KiTBKICTh HOTO
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CUMBOJIIB — 65528. 3amat po3mipum HamUCy MOXKHa 3a JIOTIOMOTOIO
HACTYITHHX 3aC00iB:

e  MpII;

e  KIABIMI-CTPiNbILI MPH HATUCHYTIH KiIaBimi <Shift>;

e BractuBocTi Height (Bucota) i Width (Illupuna);

e  BIACTHBOCTI AutoSize i Wordwrap.

Iepmi Tpm cmocoOM 3aBHaHHS pPO3MIPY TEKCTOBOTO 00'ekTa
3py4Hi B THX BHIIAJIKaX, KOJM BiH Ma€ HEBEIMKHN KOHKPETHO 3aJaHH
po3mip. Anme Xoda KOpPHCTyBad IOIaTKa HE MOJXKE 3MIHIOBaTH TEKCT,
BimoOpakyBaHHI 3a JONOMOT0r0 00'ekTa Label, HOro MOXKHA 3MIHIOBATH
nporpamMHo. Y [bOMY BHUN3AKy TOYHMH pO3MIp TEKCTOBOTO 00'€KTa
3a3JaNerifb He BIOOMHIA, 1 U1 3aBHaHHA WOTOo pPO3MIpYy 3pydHO
BHKOPUCTATH BIACTHBOCTI Autosize 1 Wordwrap. PosrmaHemo ix
01T JOKJIAJHO.

Bnaactusictb AutoSize

BrnactuBicth Autosize Moxe Mard jaBa 3HaueHHs. [lpu
ycraHoBIi 3HaueHHS False po3mip o0'ekTa 3amUIIAETbCs MOCTIHHUM 1 HE
3aJICKUTH BiJI TOBXKWHH 33/IaHOTO BIACTHBICTIO Caption TeKcTy. SKmo
JOBXXKMHA TEKCTy TIePEBHUINye MHOBXHHY 00'ekta Label, dYacTuHa
iH(opMallii, 10 He moMicTHIIACs B 00'ekT, Oyae He BuaHA. [Ipu ycTaHOBII
UIS BIACTHBOCTI Autosize 3HaueHHA [ruU€ HOBXKHHA 00'ekTa
BCTaHOBJIIOETHCS TAaKUM YHHOM, 100 y HBOMY ITOMICTHIJIACS TEKCTOBa
iH(pOpMaIis 3a1ae, MO BIACTUBICTIO Caption.

Baactusictb Wordwrap

BrnactuBicth Wordwrap aHaJOTi4HO BIIACTHBOCTI Autosize,
ajie B [bOMY BHIIJIKy 3MIHIOETLCSI BUCOTA 00'€KTa, a IMUPUHA 3ATTUIIAE€THCS
He3MiHHOI. TIpu yCTaHOBII 1Ist JaHOT BIACTUBOCTI 3HaueHHs False posmip
ob'ekta Label MoXe 3MIHIOBAaTHCS TUIBKH B TOPH30HTAJIHEHOMY
HampsAMKY. SIKII0 3HAYEHHS BIACTHBOCTI Wordwrap MAOpiBHIOE True,
po3mipu ol'ekta Label OyayTh 30UIBIIYBATHCS y BEPTHKAIEHOMY
HANpsSMKYy BHHU3, IOKH HE TIOMICTUTBCS BECh TEKCT. Ilpu mbomy
3MIMCHIOETHCS aBTOMATHYHUK TepeHoc cimiB. Y Tabn. 7.2  3a3HavyeHi
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po3Mipu TEKCTOBOTO OO0'€eKTa 3aleXHO BiX 3HAYCHHS BIACTHBOCTEH
WordwrapiAutosize.
Tabmuus 7.2

3HaueHHs BIaCTHBOCTeH Wordwrap i Autosize

3uauenns . Po3mip 00'exra Label
BJIACTHBOCTeil
WordWrap= False O6'ext Label Mae criouaTky 3amaHi 7151 HbOTO
AutoSize= False po3mipH
WordWrap= True O6'ext Label mae criouaTky 3amaHi 7151 HbOTO
AutoSize= False po3Mipu
Slkmo iHdopmaris, 3aaHa BIaCTHUBICTIO
Wordwraps= False Caption, He MICTUTBCS B 00'€KTI, 3MIHIOETHCS
AutoSize=True PO3MIp MO B TOPU3OHTAIILHOMY HANpPSIMKY TIPH
HE3MiHHIH BHCOTI
Sxmo iHdopmaris, 3amaHa BIACTUBICTIO
Wordwraps= True Caption, He MICTHTBCS B 00'€KTi, 3MIHIOETHCS
AutoSize=True PO3MIp N0 Y BEPTUKAIEHOMY HAIIPSMKY TIPH
HEe3MiHHIH MIUPHHI

BrnactuBocti AutoSize i Wordwrap 3pyYHO BUKOPUCTATH UIS
HAIHUCIB, PO3MIPU SIKMX MOXYTh 3MIHIOBATHCS B IPOLECi BUKOHAHHS
¢dopmu. 106 mpu 3MiHI po3Mipy 00'eKTa y BEepTUKAIHHOMY HANpPsIMKY HE
3MiHWJIacs HWOro IIMPHHA, HEOOXiJHO CHOYaTKy BCTAHOBHTH 3HAUCHHS
True mig BaacTHBOCTI Wordwrap, 1 JIMIIE MOTIM aHAJIOTIYHE 3HAYCHHS
IUIA BJIACTUBOCTI AutoSize.

Baactusictb UseMnemonic

Brnactusicts UseMnemonic enemenTa kepyBaHHs Label no3Bosse
BU3HAUMTH, SK OyAe IHTepIpeTyBaTUCs CHMBOJI ammepcanna (&),
po3Mimenuii y BaactuBocti Caption. SKio BcTaHOBIIEHO 3HaYeHHS TrUe,
TO aMIlepCcaH] i3 TEeKCTy BIJIANSEThCS, a CHMBOJ, TEpea SKAM BiH
pO3TallIOBaHUM, MiIKPECHIOETbes. LIsi MOXIIMBICTH 3aCTOCOBYETBHCS JUIS
BHM3HAYEHHS KJIABIIl MIBUAKOTO AOCTYIy. [IpMm BHKOpHCTaHHI MITKH SIK
KJIABIIIM IIBHUAKOTO JOCTYIy KOPHCTYBad MOXE KOMOIHAIli€l0 KIIaBill
<Alt>+<migkpeciieHa KiaBilla B MITII> yCTaHOBIIOBaTH (oKyc Ha
eJIEMEHT KepyBaHHS, IO CIiIye MO MOpSAKy s kimasim <Tab> 3a
MITKOIO.
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PosrnsHemo Takmii mpukian. Y ¢Gopmi po3TamoBaHO KilbKa
elleMeHTiB kepyBaHHA. Cepel HHX € TEKCTOBE IOJe, y SKe BH XOYeTe
MepedTH HATUCKAaHHSIM KIJABIII IIBHAKOTO TOCTYIy. Y [BOMY BHIAIKY
BHKOHA€TE HACTYITHI il

1. CrBOpiTh MITKY A7 TEKCTOBOTO TIOJIS.

2. Bingkpwuiite BiKHO BiacTUBOCTEH Properties Mitkw.

3. Buninure BnactuBicTh Caption 1 B TEKCT MITKH Iepes
CHMBOJIOM, III0 BH XOYeTe BHUKOPHCTATH SIK KJIaBillla IIBHUAKOTO
JOCTYITY, IOMICTHTE CHMBOII aMIIePCaHAA.

4, 3a gomomororo BiactuBocTi TabIndex MITKH I TEKCTOBOIO IOJIA,
BCTaHOBITh JUIA MITKM 3HAa4Y€HHS Ha OJWHUIIO MEHbBIIE, HiK Y
TEKCTOBOTO TIOJIS.

SIkmo  eneMeHT KepyBaHHS Ma€ BJACTHBICT Caption
(mampukinan, eneMeHT CheckBox), TO A 3aBJaHHS KIIABIMI ITBUAKOTO
JOCTYITy HEOOX1THO BUKOPUCTATH HOT'O BIIACHY BJIACTUBICTB.

[Ilo0 moekcnepruMEHTYBAaTH 3 BIACTUBICTH Caption, CTBOPITH
HOBHH CTaHOapTHHUH MpoekT Visual Basic i mOMIiCTHTE y GOopMy eleMeHT
yopaBiiHHA THIA Label. [IBivi KIamHITF Ha HHOMY 1 BBEAITH Y BIKHO
KOJa TeKCT MPUBEACHOT HIKYE Iporeaypu o0poOku momii Click.

Private Sub Labell Click()
Labell.Caption = "Current time: " & Time$
End Sub

KoxHoro pasy, sk TiJbKH BH KJIAI[HETE MHINCIO Ha EJICMEHTI
yrpaBiiHHs Tana Label, y HbOMY 3'IBUThCS TOTOYHHIA Yac.

[IpuBnacHIOIOYN TEKCT BIACTUBOCTI Caption, MOXXKHA 3MYCHTH
MepeiTH HOro Ha HOBHM psAAOK. i 1[bOr0 MOTPIOHO BKIIFOUHUTH B TEKCT
CIeIiagbHi CHUMBOJM YIPABIIHHI — TaK 3BaHI CHMBOJH IOBEPHECHHS
KapeTKH 1 Imepexoay Ha HOBUH psaok. Y Visual Basic mis mepexony Ha
HOBHI PAIOK MOTPiOHO momicTuT B TekcT crenianbHi ASCII cumBomm —
13 (mepexmax psaka) 1 10 (moBepHeHHs Kaperkw). g miel metn
nepenbaveHa crerianpHa koHctanTta vbCrLf. Hibkde HaBeneHwit pukia
YCTAaHOBKM  BJIACTHBOCTI Caption, KOIMM TEKCT HAa  CKpaHi
BiI0OpaXKyBaTHMETHCS B JIBA PSAKH:

Labell.Caption = "llepumit psapgox" & vbCrLf &
"Ipyruii pAanox"
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BBeAeHHS TEKCTY B TEKCTOBI MOAS

Enement ympasninas TextBox, posmimennit y ¢opMi, CIyXUTh
JUI YBEACHHS KOpPHUCTyBadeM iH¢popMamii mix gac poOoTh momatka abo
BimoOpakeHHs iH(opMaIii, mo 3aJaeTbes BIAaCTHBICTIO Text mporpamHO
abo npu po3pobmi. O0'ext TextBox, Tak camo sK i MiTKa, BiIPi3HAETHCS
OUTBIIIM HaOOPOM BIIACTHBOCTEN. PO3riIsiHeMO 1X OUTBII OKITAaIHO.

BAaCTMBOCTI, LLLO BU3HaUYaoTb OPOPMAEHHS TEKCTY

Jns 3aBiaHHS CTHJIIO PaMKH TEKCTOBOTO IOJIS 3aCTOCOBYETHCS
BiacTuBicTh Borderstyle (Crtmip pamku). Bona wictuth nBa
3HAYeHHs. 3a 3aMOBYYBaHHSIM BUKOPUCTA€ThCs 3HaueHHs Fixed Single,
TIpH SIKOMY TI0JIe BHAiNIeHe pamKoro. [Tpn ycraHoBIi 3HaueHHs NONe pamka
HaBKOJIO IO BiACyTHSA. BracTuBicTh Appearance [O03BONSE AONATH
00'eMHICTh TEKCTOBOMY IIOJIIO, 1[0 MA€ PaMKy.

BrnactuBocti Backcolor i ForeColor [03BOJSIIOTH
BIZIMIOBITHO 3a7aTH KOJBOPH IOJSI i KOJBOPU TEKCTY, PO3TAllIOBYBAHOTO B
eJIEMEHTI yrpalliHas TextBox.

3a pomomororo BinactuBocTi Alignment (BupiBHroBaHHS)
MOJKHA 3aJIaTH BapiaHT BHPIBHIOBaHHA iH(pOpMAIi B ITOJi: IO IEHTPi, IO
JiBOMY 200 TIPaBOMY Kparo.

Jlnst 3aBJaHHs HAMEHYBaHHS, pO3Mipy i HakpecieHHs mpUTYy,
BiZIOOpa)KyBaHOTO B TEKCTOBOMY I10J1i, BAKOPUCTAETHCSI BIACTUBICTh Font

(Ipudr).

barartocTpou4Hi TEKCTOBI NMOASA

3a 3aMOBUYBaHHAM Iepe0avacThCs, M0 TEKCTOBE IOJIC CITYXKUTh
JUIL YBEICHHS OJTHOTO psiika TekcTy. BmactmBocti MultiLine i ScrollBar
eleMeHTa ynpaBliHHA TextBox M03BOJSIOTH HACTPOITH OO'€KT TaKuM
YHHOM, III0 BiH OyJe BUKOPUCTATHUCS IJIS BBEIECHHS ACKIIBKOX PAAKIB ab0
HaBiTh BEJIMKOI0 OJIOKY TEKCTOBOI iH(opMarii (Tabi. 7.3).
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Tabmung 7.3

[pu3nayenns BnactuBocteit MultiLine i ScrollBar

BaacruBicTh

IIpusHayeHHs

MultiLine

Buznagae crioci6 BigoOpakeHHs nois. [Ipu BctaHOBIEHOMY
3HaueHHI True TEKCT AaBTOMAaTHYHO TEPEHOCHTHCS 3a
cloBaMHU Ha Kinmbka psinkiB. [lpu yBenmensi iHdopmanii B
noje JUIsi Tepexoly Ha HOBUHM PSJOK  HEOOXiIHO
BUKOPHCTATH KJaBimy <Enter>

ScrollBar

Jlana BIIACTUBICTP BUKOPHCTA€THCA, SKIIO BIACTUBICTH
MultilLine wMae 3HaueHHs True 1 po3Mip MOJIA HE
JI03BOJISIE BiOOPA3UTH 33/laHUH y BIACTUBOCTI Text TEKCT.
BracTuBicTh MOXE IPUIMATH OJJHE 3 HACTYITHUX 3HAYEHb:
0-None — cMyra TpOKpydyBaHHS BIiACYTHIH 1-—
Horizontal — TOpHU30HTaJdbHA CMyTa MPOKPYYyBaHH:I
2-Vertical — BepTHKaJIbHA CMyra NPOKPYYYBaHHs 3-—
Both — TOpU3OHTanbHa W  BEPTUKAIBHA CMYIH
IPOKPYYyBaHHS

Bua TEKCTOBOrO MO MIHSETBCS 3AIEKHO BiJ 3HAYCHHS
BractuBocteit MultiLine i ScrollBar (puc. 7.3).

. Form1

Bua TEKCTOBOrD N0AA B SAEMCHMOCTH OT SHAUEHME
ce0fcTe MultiLine v ScrollBar

ID,ELHDCTDD'-IHDB Tekctosoe none. MultiLine=F alse u ScrollB ar=None

MHOrOCTpOYHOE TEKCTOB0E NONe. MHorocTpoYHOE TEKCTORDE NONe, &
tultiLine=True 1 ScrollBar=Mone Multiline=T rue u

ScrolB ar=\ertical

||

4]

MHOrOCTpOYHOE TEKCTOB0E NONe. MHorocTpoYHoE TEKCTORDE nnne.;l
MultiLine=T rue 1 ScrollBar=Horizontal Multiline=T rue u ScrollBar=Both
-

A Y| | »

Puc. 7.3. Bua TeKCTOBOrO OJIS 3aJIEKHO Bl 3HAYEHHS

BiactuBocteil MultiLine 1 ScrollBar
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KepyBaHHSs TekcToM B 06'exTi TextBox

[Iporpama Visual Basic mo3Boisie min 9ac BUKOHAHHS HMPOTpPaMu
YOPaBJIATH TEKCTOM, BiTOOpakyBaHUM Yy TEKCTOBOMY IOJi, 32 JOIIOMOTOO
BiactuBocteii SelStart, SelLength ta SelText.

VY Bumnanxy, koum (hOKyC ymepliie IepexoanuTh Ha TEKCTOBE IOJIE,
Kypcop 3a 3aMOBYYBaHHSAM YCTaHOBIIOETHCS JIBOPYY BiJ TEKCTy, IIO
nepebyBae B moJie. Y pe3ynbTari yBemeHHS abo meperisimy iHdopmarii
Kypcop MOXe TepeMilnaTucs: B Mexxax mnostst. [Ipy HacTynHOMY MoBepHEHHI
(dokyca Ha TOJEe Kypcop YCTaHOBIIOEThCS B TE Miclle, Kyau BiH OyB
YCTaHOBJICHUM BOCTAHHE.

BukopucroByroun BiacTuBicTh SelStart o0'ekta TextBox,
MOXKHa BKa3aTH Miclle pO3MIIIEHHS Kypcopy B TMOJi€ TNPH yCTaHOBI
¢oxyca. 3nadeHHs ( BiamoBimae KpaifHii miBii mo3umii. BmactuicTs
SelLength 3a7ae MUPHUHY Kpamku yBeJAeHHs. 3a 3aMOBUYBaHHSM BOHA
nopiBaroe 0, TOOTO B TIM Micli, A€ Kypcop YCTaHOBJICHHUI, MOXKHA
MOYMHATH YBEJCHHS CHMBOJIB, HE BHAAISIOYH PO3TAIIOBAHOI B HHOMY
inpopmanii. Posrisiaemo HactymHuMi npukian. HeobxinHo, mo6 y gopmi,
sIKa IPU3HAYEHA JUISl YBEICHHS IaHUX, PO3MIIECHI 1aHi 3aMiIancs HOBOO
iHpopmaniero. s mporo mpu ycraHoBui (oKyca Ha IOJ€, CUMBOJIU
MOBUHHI BUIUIATHCS 1HBEPCHUMHU KoJbopamu (puc. 7.4) 1 mpu yBeneHHi
JIaHux Bigmamsarucs. BiactuBicte SelText H03BONSIE 3aJaTH TEKCT, IO
3aMiHUTB IIiJ] Yac BUKOHAHHS IPOTPaMH BHIUICHUH (pparMeHT.

Po3srisiHeMO TIpHKIAL CTBOPEHHS HEBEJIHMKOIO JI0JaTKa, II0
MicTHTh (hopMy, TIpencTaBieHy Ha puc. 7.4. @opMa MICTHTh 3aroJOBOK i
TEKCTOBE I10JIe, Y SIKOMY IIPH YCTaHOBLI (POKyca BHIUISETHCS PO3MILLICHHIA
y HbOMY 3a 3aMOBUyBaHHSIM TeKCT. [Ipu cTBOpeHHI Jojarka OyaemMo
BHUKOPHCTATH PO3IIISTHYTI HaMu ejleMeHTH kepyBaHHs Label i TextBox.

im. Form1 | _ (O] x|

Mcnonesosanue ceokicte SelStart 1 Sellength
408 BEAENEHHA MHPOPMALWH B TEKCTOB0M

Puc. 7.4. TIporpamHe BunineHHs iHpopMarii, po3MilieHol B
TEKCTOBOMY IO
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1. Jnst cTBOpeHHST HOBOTO JojaTka B MeHio File BubGepith komanmy
New Project. Binkpusaetbcst BikHo Project 3 posramioBaHoi B
HBOMY HOBOIO (hOpMOIO.

2. IIlo6 po3mictuTu y (opMi 3aroJIOBOK, HATHCHITH KHONIKY Label
HA TIAHENI eJICMEHTIB yNpPaBIiHHSI, BCTAHOBITH KypCOP Y BEPXHIO
4acTHHY (POPMHU i HAMAITIONTE paMKy HEOOXiZHOTO pO3Mipy.

3. Binkpuiite BiKHO BIAacTHBOCTEH, BUAUTUTE  BIACTUBICTH
Caption, BBemiTh y IpaBOMY CTOBIII TEKCT 3ar0JIOBKA.

4. 1Ilo6 30eperTy mHepBiCHY IIMPUHY 3arojioBKa M po3TanlyBaTd
TEKCT y JBa DPSIKM, BCTAHOBITH Ui BJIAacTHBOCTI WordWrap
3HAYEHHA | rue.

5. Jlna 3aBOaHHA TOYHOI IIMPUHM 3arojiOBKa  IPHUBJIACHITH
BJIACTHBOCTI Autosize 3HaueHHs True.

6. 3a 3aMOBYYBaHHSM TEKCT 3aroJIOBKa BUPIBHSHHM IO JiBOMY Kpai.
[[lo0 #oro OTHEHTPYBaTH, BUAUIITH BIACTHBICTE Alignment
(BupiBatoBanH:). [loTiM y TIpaBOMy CTOBIIII HATHUCHITH KHOIIKY
PO3KpPHTTS CITUCKY i BHOepiTh i3 HhoTO 3HaueHHs Center.

7. Jna 3agaHHA BHKOPHCTOBYBaHOTO B OGOPMIICHHI 3arojioBKa
HaliMeHyBaHHS wWpH(Ty, HOro po3Mmipy © HaKpeCIeHHs
ckopucraiitecs BiactuBictio Font (Ipudr).

8. Posmictumo Temep y ¢opmi TekctoBe mone. s 3amaHAS TEKCTY,
BiIOOpaXyBaHOTO Y TEKCTOBOMY MOJIi IpW BUKOHAaHHI popmu y
BJIACTUBICTh TeXt BBeiTh, HANpUKIaK, Texcmose nose.

9. Mu xouemo, moO TPH yCTaHOBII (POKyca Ha TEKCTOBE IIOJIC B
HbOMY BUIUISABCS PO3MIIICHHUIT TEKCT, TOMY CTBOPHMO HPOLEAYPY
00poOku mmomii. [l BiZKpHUTTS BiKHA pENaKTOPH KONy IBidi
KJIAIHITh MHIIEIO Ha 00'ekTl TextBox.

10. V Bikui pemaktopa komy 3i crmcky Object obpane 3nauenms
Textl, mo Bka3ye HaliMeHyBaHHS TEKCTOBOTO MMoJisi. Bubepith i3
npasoro crucky Procedure 3nauenns GotFocus, mo no3Bosse
3aJ1aTH MpoLeaypy 0OpOOKH MOJIl 0JiepKaHHS TEKCTOBUM MOJIEM

¢oxyca.
11. B obnacti cTBOpeHHs IpOLEAYpH MiX orepatopamu Private
Sub Textl Got Focus () 1 End Sub posramyere

HACTYITHI KOMaH]T!:
Textl.SelStart = 0
Textl.Sellength = Len (Textl.Text)

[lepma komaHga 3a7a€ MOYATKOBE ITOJIOKEHHS BHIUTIOBAHOTO B
moJs Tekcry. Jpyra komaHzna nmpoueaypH 3alac JIOBXHHY BHIUTIOBAHOTO
¢parmenra TekcTy. BuxopucroByBana B Hiii ¢yHkmis Len oOuuciIOE
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JNOBXHWHY TEKCTy, PO3MIIIEHOT0 B TEKCTOBOMY IIOJI

BlacTuBicTI0O Text. Ha pmc.7.5 moka3zaHe BIiKHO pemakTopa KOIy 3
YBEJICHUMH KOMaHJaMH.
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‘wg, Project] - Microsoft Yisual Basic [design]

W 3amaHoro

Fille Edit “iew Project Format Debug Hun Ouew Diagram Tools Addins  Window

Help

w Project] - Form1 (Form)
m]

General |

a

|3 5 A@dsEanloc], 1 aNFE

EE Eg R RSN EES SRS UR RSN
= B A Project] - Form1 [Code) [_ (O] x|
e i ITexﬁ = |GutFocus =l
= 7 3]
a
&= A End Sub
@ . Private Sub Textl GotFocusi)
Bl Textl.3elStart = 0
Textl.Sellength = Len(Textl.Text)
End Sub [

Puc. 7.5. BikHo pegakTopa Komy

SIKmo BM XOdYeTe IijJ Yac BHUKOHAHHS MPOTPaMH 3aMIiHHUTH
BUJIIJICHY B TEKCTOBOMY IOJIi iH(opMalilo iHIINM TEKCTOM, TO MOXKETe
BHUKOPHUCTATH BJIACTUBICTh SelText i BCTABUTH B MPOIEAYPY HACTYIIHY
koMaHIy: Textl.SelText = "[Hhopmaris, 0 BBOAUTE 32 JOTIOMOTOI0

BiactuBocti SelText". Y namkax po3TalloBYeThCS PO3TAIIOBYBAHUH Y
TEKCTOBOMY I10JIi HOBUH TEKCT.

KOZY.

12. Tlicna yBemeHHsSI TEKCTY MPOIELYPH 3aKpHUHTE BIKHO pedakTopa

13. 3amyctiTe mporpaMmy Ha BHKOHaHHs. Pe3ynprar mpeacraBieHuit

Ha puc. 7.4. Iudopmariss B TekcTOBOMY IOJli BHUILIEHA, 1 BH

MOXeETe BiZipa3y >k YBOJIHUTH Ha Ii Miclie HOBY.



TeKCTOBI MOASA, LLIO HE peAarytotb

Sk Mu BXE TOBOPWJIM, TEKCTOBI MOJS, HA BIIMIHY BiJl MITOK,
MIpU3HAYCHI [UIA YBEACHHS iH(popMamii KOpHCTyBadyaMH XOJaTKa. AJe B
TOMY BHUNAJIKy, SKIIO BH Xod4eTe, 100 NaHi NpoIIspandcs, aje He
penaryBajucs, TO MOXETe CKOpUCTaTHcs BiacTHBICTI0O Locked. Ilpm
YCTaHOBILI 3HA4YEeHHS |FUE KOpUCTyBad 3MOXeE IeperiisijaTH jaaHi 0e3
MOXKJIMBOCTI IXHBOTO peJiaryBaHHs. Y LIbOMY BHIAJKy 3MiHa iH(opmauii B
TEKCTOBOMY ITOJIi MO>K€ BUKOHYBATHCS TUIBKH HPOTPAMHO.

lNepeBipka NpaBUAbHOCTI YBEAEHHSA AQHUX

I[Ipu poboTi 3 TEKCTOBUMH TMOJSIMH BWHHKA€ HEOOXiTHICTH
MIEPEBIPKU TAHUX, IO BBOIATHCS KopucTyBadeM. B Visual Basic mrs mux
niteld mpu3HavYeHa mofis Validate. Hampukmaa, posmimiene y ¢opmi
MoJIe CIIY>KUTh JJIsl YBEJEHHS JaTH i BHM XoueTe, 1100 NIpH YBeACHHI
iHpopmanii B iHmoMy QopmaTi 3'SBILLIOCS BIAMOBIIHE IOTEPEIKCHHS.
JJis IbOTO BIKOHAETE HACTYITHI JIii:

1. PosMicTiTh y hopMi TEKCTOBE TIOTIE.

2. [nsa 3aBmaHHs mpouexypu oOpoOku nomii Validate Bigkpuiite
BIKHO penakTopa Kojay, JBiui KJIAlHYBIIM KHOIIKY MHII Ha
TEKCTOBOMY TIOJIi.

3. 3i cnucky Object 3a 3aMOBUyBaHHAM oOpaHe 3HaueHHs Textl,
10 BKa3ye HallIMEHYBaHHsS €JeMEHTa KepyBaHHA TextBox. I3
IpaBoro CIHCKy Procedure BHOepiTh 3HaueHHS Validate,
IO JIO3BOJISIE 33JIaTH MPOLEAYPY NEPEBIPKHU. JaHUX, IO BBOJISTH
y noute.

4. CTBOpiTh HACTYIHY NPOLEAYPY:

Private Sub Textl Validate

If Not IsDate(Textl) Then MsgBox "YBOoIAaTb HaHHBEE, 1O,
rnoBMHH1I GyTm maTon"

End Sub

1. 3akpuiite BikHO pemakTopa Koxy. Posmictith y ¢opmi me oxaHe
TEKCTOBE I10JI€, 110 Oy/ie BUKOPUCTAHO SIK 00'€KT, HA SIKUH MOXKHA
nepeBecTH (OKYyC Micis yBeJeHHs iH(pOopMalii B eplue mnoJie.

2. 3amycTiTh AOAAaTOK HA BUKOHAHHS.
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3. VYBemite y cTBOpeHe Tone iHpOpMALiI0 B SKOMY-HEOYIb
JOBITBHOMY (hopMaTi, HallpHUKIIaa TEKCTOBY, 1 HATUCHITH KJIABIITY
<Tab> mua mepemimeHHs ¢okyca Ha apyre moie. Ha ekpami

3'IBUTHCS NonepeaKEHHA, aHaJIoTiuHe npeaACTaBIICHOMY Ha pHUC.
7.6.

Projectl

BBD.IJ,HMbIE O3HHEBIE 40M+HHE] AkbME OaTOH

Puc. 7.6. TlonepemxeHHsl, 1110 3'SBISETHCS NIPU YBEACHHI JaHUX,
110 HE BiJIMIOBIIAIOTh 33laHUM YMOBaM

BuKOPUCTAHHA TEKCTOBOIO NMOASl AAA YBEAEHHSA NMapoAs

TekctoBe mone B Visual Basic xapakTtepusyeTbcs IBOMA
BJIACTHBOCTSIMH, IO JTO3BOJIIIOTH BUKOPHUCTATH iX MpPU CTBOPEHHI IOJIB,
110 TIPH3HAYAIOTE IS YBEIACHHS MapoJIs:

e passwordchar — 3aJae CHMBOJ, BiIOOpaXyBaHHWH y TIOJE
3aMIiCTh CHMBOJIIB, 1[0 BBOISATS;

e MaxLength — MakCUMaJbHE YHCIO CHMBOJIB, IO BBOJATH Y
oJIe.

Ha pwmc. 7.7 mnoka3zama ¢opma, y sKif SK CHMBOJ,
BiIoOpakyBaHMil B  TEKCTOBOMY TIOJIi MNpH  yYBEAEHHI  Iapouis,
BUKOPHCTAETHCSI CUMBOJI 3iPOUKH.

. Forml MI=] E3

xxxxxxx:1
BeenuTe naponk:

Puc. 7.7. ®opma, npu3HaveHa A5l yBEACHHs Mapos
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Miakaska

Visual Basic mo3Boisie 3a monomororo BractuBocti ToolTipText
(Texkcr migka3KW) CTBOPIOBATH TEKCT KOPOTKOTO TIOSICHEHHS, IO
3'BIISIETBCS. HUXKYE KYpCOpY, KOJHM BiH BCTAHOBIIIOETHCS Ha Touie (puc.
7.8). 106 3amaTi TEKCT MOSCHEHHS IO TEKCTOBOTO IIOJISA, YBEHIiTH TEKCT
ITiAKA3KX B IPABHA CTOBIEIh BIACTHBOCTI.

%, Form1 _ O] x|

BegnmTe naponk:; I

||-|I:IJ'IE! AnA BE00a NaponA

Puc. 7.8. Bnactusictb ToolTipText no3BoJisie 3axaTu miIKasKy,
110 3'IBIIETHCA il KypCOPOM

EAeMeHTH ynpaBAiHHA AAA YXBaAEHHS pilLeHHSA

Mu po3risHyIH CrocoOM BBOJIa B Mporpamy 4ducesl abo psKiB
TeKCTy. Anle K OyTH, SKIIO TOTPiOHO 3'ICYBaTH y KOPHCTyBada IMpPOCTE
muTaHHsA, Tina 4u "€ y Hboro mammHa?" abo "Axkuil Horo cimeiHUi
cran?". ﬁuenca PO TaKWi THUIl MUTaHb, HA SKi MOYKHA JaTH OJHO3HAYHY
BimnoBins "Tax/Hi" abo "Onpyxenwit/Heompyxkenuit". BiamoBimi Ha
MTOCTABJICH] 3allUTaHHS MOXHO OJAEP)KaTH CKOPHCTABIIUCH CIEIiabHOI0
TPYIIOI0 €JICMCHTIB YIPaBIiHHSA, MPU3HAYCHUX IS YXBaJICHHS PINICHHS:
CommandButton, Check Box, Option Button, List Box,
Combo Box.

BkazaHi eneMeHTH yNpaBIiHHSA TpHU3HAYEHI ISl BBEACHHS 1
BiZIOOpaXCHHSI Ha €KpaHi JIOTIYHMX AaHuX. JleTanbHime BOHHM OymyTh
PO3TISIHYTI B OJAIBIINAX PO3IUIAX Li€T TIaBH.
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KHonka (enemeHT CommandButton)

MalyTh, OIHMM 3 HaMBaXJIMBIIIMX  EJEMEHTIB
YIpaBIiHHS Uit OyJb-SKOTO 3aCTOCYBaHHs € KHOIIKa abo €JIEMEHT THUIa
CommandButton. Bin npusHadeHuid s iHiNialii KOPHCTyBa4eM B
mporpami JIesKuX [ii, sSKi MOYMHAIOTH BifOyBaTHCS MICNs KIAI[AHHA Ha
HbOMY KHONKOIO MuIli. BHUKOPHCTOBYBAaTH eJIEMEHT YIPaBJIiHHS THIIA
CommandButton Jayxke NPOCTO — CIOYaTKy WOro MOTPiOHO MOMICTHTH
y ¢opMy, a MOTIM PUBIACHUTH HOTO BIACTHBOCTI Caption TEKCT, KUt
Mae BinoOpaxyBaTHCsi Ha KHOIII. [IOMICTHTH NpOrpaMHUil KO., IO
BUKOHY€e TOTpiOHI nii, B mpoueaypy oOpoOku monii Click. Y npanii
npoueaypi, sk i B Oynp-aKii iHII, MOXXHA BHKOPUCTOBYBAaTH OyJb-sKi
nonyctumi B Visual Basic oneparopu.

Xoy4a OUIBIIICTh KOPUCTYBaYiB BBAXKAIOTh 32 Kpalle KialaTH Ha
KHOTIKaX MHUIICIO, JEsSKI BCE K JIIOOIATh KOPHUCTYBATHUCS KJIABIATYpOIO 1
BBOJUTH KOMAaHJM BHKJIKYHO 3 ii jJomomoror. Jlyxe wyacTto Tak
MOCTYNAlOTh KOPHUCTYBaui, SIKi BBOJATH BEJIMKY KUIBKICTH iH(opmauii B
KOMIT'IOTEp, HAIPUKIAl 3alOBHIOIOTH MOisA (opMH 1 BigNpaBisAIOTH
iHpopmamito B 6a3y maHux. [ 3a10BOJICHHS MOTPEeO OCTAaHHBOI KaTeropil
KOPHCTYBadiB, TOTPiOHO 3poOMTH Tak, MO0 HATHCHEHHS HAa NICBHY
KiaBimry abo KOMOiIHAIiFO KJTaBill MPU3BOAMIO IO BHHUKHEHHS ITOIi,
aHaNOTiYHOl KJAal@HHIO MuInero Ha kHomui. Ile serko 3pobutw,
NPU3HAYMBIIM KHOMNI KJaBilly IIBHUAKOTO jgoctymy. Tomi, SKIIo
KOpUCTYBa4 HAaTHCKyBaTuMme Kiasimy <Alt> i, He Bimmyckawoouu Ti,
HATHCKYBaTHME BKa3aHy Ha KHOII KJIABIIIy IIBHIKOTO JIOCTYITY, BAHUKHE
moxist C1ick ams naHoi KHOTKH (GopMHu.

Krnagima MIBUAKOTO JOCTYIY TIPU3HAYAETHCS Y MOMEHT
NPUBJIACHEHHS 3HAYEHHs BJIACTMBOCTI Caption eJeMeHTy YNpaBiHHS
Tuna CommandButton. [loMicTuTh B psAaKy, skuii Oyne MpUBIaCHEHUH
BiracTuBocTi Caption, cuMBonm ammepcanna (&) mepen OykBoro,
BIAMOBIAHIN OakaHil KIaBilli MBUAKOTO NOCTYIy. Hampuknan, Ko Bu
xoyere, (00 TMicas HATHUCHEHHS KoMmOiHamil xiaBim <Alt+P>
CHpanboByBajla KHOIKA, Ha sIKii HamucaHe Print, TNIpHUBIAcHITH
BIACTUBOCTI Caption 1€l KHOMKH psAmok &Print. Cam cuMBOX
amriepcaHia He BimoOpakyBaTUMEThCS Ha KHOII, 3aMiCTh IHOTO
HACTYIHMH 32 HUM CHMBOJ OyJie MiJAKpECIeHHH, B pe3yabTaTi Ha KHOIII
3'sBUThCsl Hamuc Print. lle o3Hauae, mo Ui JaHO! KHOIKH BHOpaHa
KOMOIHAIIS KJIABINI IIBUIKOTO IOCTYITy <ATt+P>.
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[Ipu cTBOpeHHI Gopmu, 0AHY 3 1i KHOITOK MOKHA 32 YMOBYAHHSM
moMictuTH y (hokyc. Taka KHONKA HAa3WBAETHCA CTaHAApTHOIO (default
button). Tomi, skmo micas BIAKPUTTS (QOPMH  KOPHCTYBay
HAaTHCKYBaTUMC KnaBimy <Enter>, craHerbcs momigs Click misg
CTaHAapTHOI KHONKM. BkazaHa nis aHaJioriyHa KiIalaHHIO MUIIEI0 Ha
CTaHAapTHI KHomii. AOM BHM3HAUMTH CTaHJAPTHY KHONKY Qopmu,
moTpiOHO mTpuBIacHUTH 11 BiactuBocTi Default 3HadeHHs True.
3BepHITH yBary, mo y Gopmi Moke OyTH JIHIIE OJJHA CTAHJAPTHA KHOTIKA.

VY dopmi MOXHA TakoX NPHU3HAYUTH KHOIKY BiJMIHM Omepaii
(Cancel button), sika aHanOrivHa OMHCAHIA B MOMEpeIHBOMY ab3ai
CTaHJApPTHIH KHOIII, 32 BHHATKOM TOTO, IO moxis C1ick BHHHUKAE MiCIA
HAaTUCHEHHA KnaBimi <Esc>. Jlng 0poro mNpuBIAcHITH BIACTHBOCTI
Cancel mnoTpiOHOI KHONKM 3HaueHHS True. Sk 1 y monepegHbOMYy
BHIIAJIKY, ¥ popmi Moske OyTH JIMIIIe 0JJHa KHOTIKA BiIMiHH omeparii. Ko
BIacTUBOCTAM Default i Cancel [esSKHX KHOMOK IPUBIACHUTH
3HaueHHs True, TO aHAJONIYHUM BJACTHBOCTSAM IHIIMX KHOIOK
aBTOMAaTHYHO OYIyTh NPUBIIACHEHI 3HaUCHHA False.

Jlyis ynpaBiiHHS 30BHINIHIM BHUIJIAIOM KHONKH BHKOPHCTAETHCS
BracTuBicTh Style (Crtunp). BoHO MicTUTh JBa 3HAYCHHA. 3a
3aMOBUYYBaHHSIM YyCTaHOBJeHe 3HaueHHs Standard, mo mpumyckae, 1o
KHOMKa OyJIe MICTUTH TEKCT, L0 3aJa€ BIAcTUBICTIO Caption. Bu
MOJKETe BHUKOPUCTATH y (opmi TrpadidHi KHONKH. Y [HOMY BHIIAAKY
3aMiCTh TEKCTOBOI'O HANWNCy Ha KHOMNII pO3MIIAETECA Tpadivne
300pa)keHHs, IO 3aJa€ BJIACTHBICTIO picture, a BiIacTHBICTE Style
moBMHHE MaTH 3HayeHHs Graphical.

Just 3aBnaHHs rpadiqHOro 300paXKeHHs, 0 IMOMIIae Ha KHOIIII,
BHIIINTE BIACTHUBICTh picture 1 HATHCHITH KHOIIKY, PO3TallOBaHy B
MpaBOMy CTOBIII. Y pe3yibTaTi BiIKpUEThCs mianoroBe BikHo Load
Picture (puc. 7.9), BUKOPUCTOBYIOUH sIKE BU MOXETe BHOPATH HA JHCKY
(aii, 110 MICTUTH 300paKEeHHSI.
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Load Picture EE3
Manka: I_\JGauge j "= & E3-

IS CIRCLOCK. BMP @THEHLFT.EMF‘ @VDLBDT.EMF‘
d DOME . BMP @THEHMID.BMF’ @\-"DLTDF’.BMF’
dHORZ BMP @THEHMIDH.BMF’

AHORZ1.BMP @THEHHT.EMF’

W paiina:  [THERTOP.BMP OTkpemb

Toin cpaitnoe: | &1l Picture Files =l OieHa

LCnpaeta

i

Puc.7.9. [Tianorose Bikao Load Picture, npusHaueHe 1yis BUOOpyY
300pakeHHs, 110 MOMIIIAE HA KHOIIII

Kpim nepepaxoBaHHX BHUINE BIACTUBOCTEH, 11 KEPYBAHHS BHIOM

rpadigroi KHOTIKH BUKOPHCTAIOTHCS TaKOX BIIACTHBOCTI
Disabledpicture i DownPicture. BrnactuBicth
DisabledPicture no3Bomsie 3amath  TpadidHe  300paskeHHS
HEaKTUBHOI KHONKH, a DownPicture — rpadiuHe 300paskeHHS,

BioOpakyBaHe Ha KHOIIIII NP ii HATUCKAHHI.

Mpanopeub (enemeHT Check Boxes)

W

= [Tpanopii BUKOPUCTOBYIOTBCS sl BioOpakeHHs1 y (opmi
JIOTIYHMX JJAHUX, TOOTO NaHMX, SKi MOXKYTh HAOYBaTH JIMIIIE /1BA 3HAYCHHS,
— True abo False. IHmmmu cinoBamu, 3a JIONOMOIOIO IPANOPLIB y
KOPHCTYBa4a MOXKHA 3alUTAaTH BIJINOBiAI Ha IIOCTaBIEHI MPOTPaMOI0
nutaHHA y popmi "Tax/Hi". Pobota gaHoro eneMeHTy ynpaBiliHHSI YAMOCH
Harajaye 3BU9aifHAN eJIeKTPUYHUN BUMUKad. BiH MOXKe 3HAaXOTUTHCS JIUTIIE
B JIBOX CTaHaX — BHUMKHEHOMY a00 BKIIIOUCHOMY; >KOJHHX MPOMIXHHX
craniB Oytu He Moxe! Konm mpanopens 3HaxoauThes "y BKIIIOUEHOMY
crani", Ha HbOMY 3MajJboBaHa rajodka (v). Lle o3Hadae, mo KopucTyBau
MO3UTHBHO BIJNOBIB Ha IIOCTaBJIEHE MUTaHHA. SIKIIO >X mparopens
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3HaXOAWTHCS "y BHMKHEHOMY cTaHi", KBajpaTHK Oyne mopoxHiMm. Lle
03HAaYaE, 10 KOPUCTYBa4 HETATUBHO BiJIOBIB HA IIOCTaBJICHE TUTAHHS.

[Ipore, Ha BimMiHY BiI EJIEKTPUYHOTO BHMHKAda, IPATOpenb
MOXE 3HAaXOJUTHCS B TaK 3BAHOMY mpembomy cmani. B 1boMy BHIAagKy
rajouka 300paxaeTscs Ha (QOHI ciporo KBajgpaTHKa. Takuil peskuM 9acTo
BUKOPHUCTOBYETHCS IIPH HAIMCAHHI MPOTpaM yCTAaHOBKH, KOJH ITiJ OJHUM
npanopueM "3axoBaHUH" LMK HAOIp IHIIMX HParopIiB, IPUIOMY JAESKI 3
HUX (asie He Bci!) 3HaXOASTHCS Yy BKIFOYEHOMY CTaHi.

30BHIMHIA BHUIJIS BKIIOYEHOIO 1 BHMKHEHOIO IIpanopus
3aJIeKHUTh BiJl 3HAYEHHS HOro BiacTHBOCTI, Style. SIKIo BCTaHOBUTH
3HA4YCHHS JaHOi BIAcTUBOCTI piBHUM 1 — Graphical, To 3amicTh
3BUYAaHOTO KBaJpaTWKa 3 TaJO4yKO0, Tpamopenb Oyae MaTu BHIJISA
KHOITIKH, CTaH K01 (BTOILICHWH a0 IMiIBECHUI) 3aJIC)KUTh BiJl 3HAUCHHS
BiINIOBiTHOTO JIOTiYHOTO Mapamerpa. KpiM Toro, Ha KHOTIKY MOKHA HaBiTh
MTOMICTUTH SKUH-HEOYIh MATIOHOK.

Jns Bubopy 300paxkeHHs, sIKe MOTPIOHO TOMICTUTH Ha KHOIIKY
BHKOPUCTOBYIOTBCSA JIBI BIACTUBOCTI — Picture 1 DownPicture.
[Nepiia BnacTUBICTh BU3HAYa€ KAPTUHKY, SIKa 3'IBUTHCS Ha KHOIIL, KOJH
BOHa 3HAXOIWTHCS y BimpkaToMmy, abo MigBeIEHOMY CTaHi. BiamoimHo,
Jpyra BIacTUBICTh BU3HAYA€ KAPTHUHKY, SIKa 3'IBUTHCSI HA KHOII, KOJH Ta
3HaXOJUTHCS B HATHCHYTOMY a00 BTOIJICHOMY CTaHi..

MNepemukay (enemeHT option Button)

[HKONM mepemuKadi Ha3WBalOTh pajiokHonkamu (radio
button), ockigbku X (yHKUIT Jyke cxoxi Ha (QYHKUIl, BHKOHYBaHi
KHOTIKAMH TICPEMUKaHHS Jialla30HiB B aBTOMOOUIPHHUX palionpuitMadax.
[Mepemukaui 3aBXIM TOBMHHI 3HAXOAWTHCS B TpyNax, NPUUOMY JIHIIE
OIMH 3 TEepeMHKadiB Tpymu Moxke Oytu "HarucHytuii" abo Oytu
aKTHBi30BaHUH. ONHMCYBaHWN €IEMEHT YIPaBIiHHS CIYXHTb AL BHOOPY
OIHOTO TapaMeTpa 3 NPEACTaBICHOI TPyNH  B3a€MOBHKIIOYHUX
mapameTpiB. JlaBaiiTe moekcrnepuMeHTyeMO 3 mepeMrkadaMu. [lomMicTuTs y
dbopmy Tpu mepemukadi. Ilpu CTBOpeHHI mepemMuKava, HOro BIACTHBOCTI
Value 3a YMOBYAHHSIM MPUBJIACHIOETHCA 3HAaUeHHS False. TakuMm unHOM,
y BUXIJTHOMY CTaHI IepeMHUKa4 BUMKHEHO. 3BEPHITh yBary, 110 JHIIE OJ1H
3 NepeMHKaviB TPy MOKE 3HAXOMUTHCS Yy BKIIOYEHOMY CTaHi. [HmmMun
CJIOBaMHU, SIK TUIBKM BU BCTAHOBHUTE 3HAYCHHS BJIACTUBOCTI Value OJHOTO
3 mepeMukadiB piBHMM True, aHaJOriyHi BJIACTMBOCTI BCIX IHIIMX
NIepeMHKadiB 1aHOI IPyNU CKUIAl0Thcsa B False.
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| [lle pepMHIEaUM Q@@

™ Kakao

Puc.7.10 Bukopucranss nepeMuKadiB
JUIsL BUOOPY €JIEMEHTY 13 CITUCKY

VY mporpami nepeMuKadi Mo)KHa BUKOPUCTOBYBATH JBOSKO. SIKII0
MOoTpiOHO BUKOHATH SIKi-HEOY b il MICIA TOTO, K KOPHCTYBad BCTAHOBUB
OJIMH 3 TEepPEeMHUKaYiB, MOMICTUTH BiINOBITHHUI KOJI B TPOLEAYpYy 0OpoOKH
noxii Click. daHuil MeTton IOyxe HoOpe Npawioe, SKIIO MepeMHUKadi €
YaCTHHOIO MacCUBY €JEMEHTIB YIpaBIiHHS, SK IOKa3aHO Ha HACTYITHOMY
TIPUKITAII:

Private Sub optDrink Click(Index As Integer) Select
Case Index Case 0

MsgBox "Bu BuOpanm uamn" Case 1
MsgBox "Bu BubGpasmu xaBy" Case 2
MsgBox "Bu BuOpasu kaxao" End Select End Sub

He mnowmimaiite xom B mnpomenypu oOpoOku mofiii, Mo
MOCTYMAIOTh Bil OKPEeMHX eJIEMEHTIB IepeMuKada. SIKmo mnoTpibHO
BU3HAYUTH CTaH MepeMHuKada, CKOpUcTaiTecs: oneparopom If, sk mokazaHo
HIDKYE.

Private Sub cmdStartDrink Click() If optSugar — True
Then

DoWithSugar Else

DoWithoutSugar End If End Sub

Hpyruii croci6 BUKOPHCTOBYETHCS B TOMY BHIIQJIKY, SKIIO
MOTPiIOHO JATH MOXKJIMBICTH KOPHCTYBaueBi 3poOMTH BHOIp, TOOTO micis
YCTAaHOBKM MNOTPIOHOTO TIIepeMHKaya NporpamMa HE IIOBHHHAa HeEraiHO
BHKOHYBATH sIKi-HEOY b Mii.

3 pwuc.7.10. BUXOmUTH, IO JIMIIE OJWH 3 IIEPEMUKAUIB,
po3TamoBaHuX y (GopMi, MOXKe 3HAXOIUTHCSA y BuOpaHoMmy crtaHi. Ilporte
iHKONM Tpeba TOMICTHTH y ¢opMy AeKibka HaOopiB mepemMuKayiB i
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BCTaHOBUTH IO OJHOMY IIepeMUKady B KOKHOMY Habopi. i BupimenHs
moIiOHOTO 3aBAaHHS HaOip JIOTIYHO 3B'I3aHUX OJAWH 3 OJHUM IEPEMHUKAUiB
MOTPiOHO TOMICTUTH B 00'€KT-KOHTEHHEp, SIKUM 3a3BUYall € TpyIa.
BuxopuctanHs 00'€KTiB-KOHTEHHEpIB, TaKWX SK EJIIEMEHTH YIPABIiHHA
tuna Frame, Oyne po3ristHyTO HIDKYE. A JOKH MOTIISIHBTE Ha puc.7.11., Ha
SIKOMY TIOKa3aHO, K MOXXHa 00'€THAaTH JBa HaOOPH TEpPeMHKadiB B pi3Hi

TpyIH.

| [le peMHKaum

™ Kooe

™ Karao

Hoparkoso

(o 3 uykpord

" Bes uykpy

Puc.7.11. Habopu nepemukauiB 00’eqHaHI B TPyIH

Cnucok (enemeHT ListBox)

EH Coucku abo enemeHTu ympaBminns Ttuna ListBox
BUKOPUCTOBYIOTbCS B MpOorpaMax s HAOYHOTO MpPEICTaBICHHS
iHdopmarii, a TakoXK Al HAJAHHS KOPUCTYBAa4yeBi MOXMIIMBOCTI BHOOPY
OJIHOTO €JIEMEHTY 3 JIeIKOT KiJIbKOCTI MPEACTABICHUX B CIIUCKY. 3HAUCHHS
B CIIUCKY MOXKYTh pO3MIlIaTHCS B OAHY a00 JIeKiJibka KOJIOHOK. KilbKicTh
CTOBMYMKIB 3aaeThcsl BiacTuBicTio Columns (CroBmumka). Y Tomy
BUIAJKY, SIKIIO €JIEMEHTH CIIMCKY HE MICTATBhCS y BUIUICHY IS HUX Y
¢dopmi 006macTe, 3'ABIAIOTECS CMYTH HPOKPYYYBAHHSA, IO JO3BOJIIOTH
MIEPETJITHYTH BECh CITHCOK.

Enement ynpapminas tuma LiStBoX xapakrepusyerscst Takumu
rapaMeTpamu K

e Cnucox enemenmig. Sk BUWIIIMBAae 3 Ha3BH, I€ CIHCOK THX

@JIEMEHTIB, 3 KHX KOPHUCTYBad MIOBHHEH 3pOOUTH CBil BUOIp..
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e  Bubpanuii enemenm. lle TOW eleMeHT, Ha SKOMY 3yNHHUB CBii
BUOIp KOpHCTyBad. 3aleXHO BiJf THNA CHHCKY, BHOpaHHA
eneMeHT Oyne ab0 MiACBIUYETHCS B CIUCKY, 200 TOPST 3 HAM
Oyze BCTAaHOBJICHHUI MIPANIOPELb.

e Cwmyea npoxpymku. IlosBa cMyTu IPKPYTKH CBIJUHUTH IIPO T€, IIO0
B CHHCKY 3HAXOAWThCA OUIBIIE E€JEMEHTIB, UMM IIOKAa3aHO HA
ekpani. Kpim TOro, cmMyra mpokpyTKH I03BOJISIE KOpUCTyBayam
"IMPOKPYTUTH" CIHCOK BHU3 a0 Bropy y IOIIyKax HEOOXiJHOTro
eseMeHTy. Jli1st 11boro MOTpiOHO abo mMepeTArHyTH OIryHOK B
NOTpiOHOMY HampsiMi, a00 KIAHYTH HA OAHIH 13 CTPUIOK CMYTH
MPOKPYTKH.

@dopMyBaHHSIM E€JIEMEHTIB CIIMCKY 3aliMaeThCs MPOrpaMmicT Ha
eTami po3poOKH mporpamu abo cama Iporpama IijJ 9ac CBOrO BUKOHAHHS.
KopucTyBau Mosxe nuiire 3poOUTH BHOIp i3 3aIIPOIIOHOBAHOTO CITHCKY.

[pu nomileHHI MepuIoro eaeMeHTy ynpasiinds tuna ListBox y
(¢opMy BH mobaunTe Ha €KpaHi MOPOXKHIM MPIMOKYTHHK, YCEpEAHHI IKOTO
3HAXOJUTUMEThCA TEeKCT Listl (craHmapTHE iM'Sl CIHCKY, NpHU3HAYCHE
Visual Basic). ¥V HOBOMy cmmcky He OyIae Hi CMYTH TPOKPYTKH Hi
eJIEMEHTIB, SKi 3MOXXe BHOpaTH KOpHCTyBad. BepTukambHa cmyra
MIPOKPYTKH 3'SIBISIETHCS B CIIUCKY aBTOMATHYHO, SIK TIIbKH HOBUH EIEMEHT,
110 TOJAETHCS JI0 CIUCKY, BXKE HE BMIIIATUMETHCS Y BUIUICHIN JUIS CIUCKY
oOmacTi Ha ekpaHi. 3BEpHITh yBary, IO B CIIUCKY HEMae TOPH30HTAIBHOI
CMyTH TIpOKpYTKH. TOMy BHM NOBHHHI MOMIKIyBaTHCS PO Te, mo0 Horo
muprHa Oyja JOCTaTHBOIO ISl BiOOpaXKEHHS MIOHANAOBIIOTO €IEMEHTY
CIIHCKY.

BuKopuCTaHHSA CNUCKiB

HaiimpocrimuM  cmoco60oM  HAalOBHEHHS  CIHUCKY  HOBHMH
eneMeHTaMHu € BHKopuctanus Merony Addltem. Tlpu BHKIMKY 1BOTO
MeToNy HOMy MOTpiOHO TepejaTH JiMile OAMH HapaMeTp — TEKCTOBHi
PSZIOK, SIKUH ITOTPIOHO MOMICTHTH B CIIMCOK. A Tenep JaBaiTe po3riITHEMO
HECKJIQJIHUI MPUKIIA] 3 eIEMEHTOM yIpaBiiHHs Tuna ListBox.

[MoyniTe HOBMI cTraHmapTHUIT npoekT Visual Basic, moMicTuth y
¢dopMy eneMeHT ympaBiiHHA THna ListBox, IcIs 4YOro mgomaiTe
MIPUBEJCHUI HIDKYE (parMeHT KoAy B mporenypy oopo6ku moxii Load
T POPMHL.

Private Sub Form Load()
Dim i As Integer
For i = 1 To 100
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Listl.Addltem "EnemenT HOMep " & 1
Next i
End Sub

B HaBeseHOMY BHIIle NTPUKIIAJl HAOBHEHHS CIHCKY €JEMEHTaMU
CTaJIOCSl y MOMEHT BUKOHAHHS IIPOTPaMHU, aJle iCHY€E MOKJIUBICTh CTBOPUTH
TOTOBHMH CIUCOK IIE M Yac po3poOku mporpamu. Jns mporo morpidbHO
MOMICTUTH €JIeMEHTH CIHCKY Yy BiacTuBicTh List. KoxkeH psagok
BJIACTHBOCTI List BiAmOBiZae oqHOMY eleMeHTy crucKy. [Ticis BBeaeHHs
MIOTOYHOTO €JIEMEHTY JUIsl Iepexoy Ha HOBHH PsIOK HAaTHCKYHTE KiaBili
<Ctrl+Enter>.

3amycTuTh NpPOEKT Ha BHKOHaHHA. Ha ekpani Bu moGauure
CIIUCOK, B sKoMy 3HaxomutumeTbcs 100 ememeHtiB. i OYMICHHS
CIHUCKY Bif Horo BmicTy icuye meton Clear: Listl.Clear

Enementn crmcky 30epiraroTbes y BUDIIANI MacuBy. o Oynb-
SKOTO 3 HHX MOXXHA 3BEpHYTHCS 3a IONOMOrol BrmactuBocTi List
enmeMeHTy ynpaBminas tuma ListBox. Ilepmumii  iHgekc MacuBy
MOYMHAETHCA 3 HYJS, TOMY, 1100 BHBECTH Ha €KpaH NEpLIMH eJIeMEHT
CIIUCKY, CKOpHUCTalTecs HaCTyIMHUM OonepaTopoMm: Print
Listl.List (0)

1106 mpoTtecTyBaTH POOOTY LBOTO OIEPATOpa, MEPEPBITH POOOTY
MporpaMu, HATHCHYBIIN KiaBimi <Ctrl+Break>, micinsa goro HabepiTh
ueii oneparop y BikHi Immediate.

IcHYIOTH 111 [1BI KOPHCHI BJIACTUBOCTI, SIKi BIUIMBAIOTh HA POOOTY
enmemeHTy ynpamimiHas tuma ListBox, — ListCount i Listindex. 3a
JIOIIOMOT0I0  BAacTUBOCTI ListCount MOXHa BHU3HAYHUTH, CKIJIBKH
€JIEMEHTIB 3HAaXOJAUThCS B CIUCKY; BJIACTHBICTh Listlndex MiCTHTh
HOMEp BHOPAHOTO €JIEMEHTY CITHCKY.

Haituacrimie 3HAYEHHS BJIACTHUBOCTI ListCount
BHUKOPHCTOBYETHCSI IPU 0OpOOILII BMICTY BCIX €JIEMEHTIB CIHCKY B IMKJI.
IMpore mpu mpomMy He BapTo 3a0yBaTH, IO IHJIEKC NEPIIOTO EIEMEHTY
CIHCKY JIOpIBHIOE HYJIO, a He OnuHMII. ToMy MakcHMalbHE 3HA4YeHHS
3MIHHOT LIUKJTy, sIKa BUKOPHUCTOBYETHCS K 1HJIEKC MacuBy, Mae OyTu Ha
OJIMHUIIIO MEHIIe 3Ha4eHHs BiIacThBocTi ListCount. Hwkve HaBeneHuit
MIPUKJIIAJ IPOTPAMH, sIKa 0OPOOITIOE EIEMEHTH CITUCKY B ITHKITI.

For i = 0 To Listl.ListCount-1
' Obpobra ejgemeHTy Listl.List (i)

Next i

Skmo KoIeH eleMeHT He BHOpaHWH B CIHUCKY, 3HAYEHHS
BiacTuBOCTI Listlndex mopiBHroe -1.
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[[lo6 moekcrmepuMeHTyBaTH 3 BiacTHBicTIO Listlndex,
nonaiite B o0pobHuk moxii Click HactymHuMi psmox kony: Msgbox
Listl.List(Listl.Listlndex)

3HOBY 3alyCTHUTh IpOrpaMy 1 KJIAlHITh HAa OJJHOMY 3 €JEMEHTIB
CIHcKy. B pesynpraTi Ha ekpaHi MOBHHHO 3'SBHTHCS [IaIOTOBE BIKHO, B
SIKOMY 3HaXOAUTHCS BUOPAHUI €JIEMEHT CITHCKY.

IcHye me onuH croci0 mi3HATHCA, SIKUI €IeMEeHT CIUCKY BHOpaB
KopucTyBad. s IIbOT0 MOTPIOHO CKOPUCTATHUCS 3HAYCHHSM BIACTHBOCTI
Text elneMeHTy ympaBimiHHA THHa ListBox. Pi4 y ToMmy, o 3HaYCHHAM
JaHOT BJIACTHBOCTI € PSIOK CIMCKY, IO 3HAXOAWUTHCS Yy (okyci. Takum
YMHOM, B Pa3i MPOCTOTO CHHCKY PAMOK, Ha SKOMY KJIaI[HyB KOPHCTyBad,
aBTOMATHYHO TOMIIIA€THCS y BIACTUBICTh Text. SIKIIO )KOIEH €JIEMEHT B
CHOHMCKY IIe He BHOpaHMH, 3Ha4yeHHS BiacTuBocTi Text mopiBHIOE
opoXkHBOMY PaKy (" ").

Private Sub Listl KeyDown (KeyCode As Integer, Shift As
Integer)

If KeyCode = vbKeyDelete And Listl.Listlndex <> -1 Then
Listl.Removeltem Listl.Listlndex

End If

End Sub

3amycTuTh MporpaMmy i IEPEKOHAETECS, IO MPH HATUCHECHHI
knaBimi <Delete> gilicHO BiIOyBaeTbCs BHIAJNCHHS 13  CIHHCKY
BUOPAHOTO €JIEMEHTY.

AoAaBaHHA EAEMEHTIB Y CNIUCOK

EnemMeHTH B CIIMCOK MOXYTh JI0JjaBaTHCS MiJ 4Yac po3poOku i
MIPOTPpaMHO 3 BHUKOPUCTaHHAM Meroay Additem. Ilpm QopmysanHi
CHMCKY MiJZ Yac po3poOKM y BiacTHBOCTI List BpydHy 3alaeTbcs Bech
HeoOXigami crucok. JlaHi He 000B'I3KOBO BBOJWTH 32 a0ETKOIO, TOMY IO
iX MOXHa BHOPSAKYBaTH, YCTAaHOBHBINM JMJIS BIIACTMBOCTI Sorted
(CopryBaHHs1) 3HaueHHs True. Y 11boMy BHUMAIKY €JIEMEHTH, 110 BBOISTH
3HOBY y CIHICK TaKOX OyAyTh PO3TAIIOBYBAaTHCS 32 aOETKOIO.

OmnmncyBaHa MOXIMBICTh COPTYBAaHHS CIIMCKIB € JY)X€ 3pYYIHOIO i
JO3BOJISIE IIBHAKO YHOPSIKYBaTH JaHi. lIpore 3MIHUTH 3HAa4eHHS
BIACTUBOCTI Sorted Ui KOHKPETHOTO CIIMCKY MOXKHA JIMIIE MpH
po3pobui mporpamu. Tomy, SIKIIO Iij 4ac BHKOHAHHSA IPOTPaMH BaM
MOTPiOHO MEPiOANIHO BiAKIIOYATH COPTYBAHHS, CIiJl CKOPHCTATHCA JBOMA
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CIIIICKaMHM, OJUH 3 SKUX OyIe BiICOPTOBAHO, a MpYyTuil — Hi. 3MiHIOIOUH
BJIACTUBICTh Visible, BH JleTko 3MoOKeTe BimoOpakyBaTW Ha eKpaHi
MOTPiIOHUH CIIHCOK.

HebaxaHO BHKOPHCTOBYBATH COPTYBaHHS, SIKIO JIaHI B CITMCOK
OynyTh nmonmaBathucs MeTogoM Additem 3 BHKOPHCTaHHSIM Iapamerpa
Index.

Jis monmaBaHHA €IIEMEHTIB y CHHCOK IPOTPAMHHM CIIOCOOOM
npusHaueHui Meto AddItem, AKUIl Mae HACTYITHUN CUHTAKCHC:

Namelist.AddItem BupaxeHHs [, Index]
ze:
e NamelList — HailMeHyBaHHS CIHCKY, LIO 3aJa€ BIACTHBICTIO
Name;
e BUPaxXeHHS -— €EJIEMEHT CHHCKY. Koo 16 CUMBOJIBHA
BEJINYMHA, TO BOHA TIOBUHHA OyTH IOMIIIEHA B JIATIKY;
e TIndex — NOPSOKOBUN HOMEp €JIEMEHTA B CIHCKY. SIKIIO Lel

napameTp BiJICYTHIH, €IEMEHT JOJA€ThCS B KIHEIlb CITUCKY.

[Ipu BukopucranHi mapamerpa Index HeoOXigHO BpaxoOBYBAaTH,
II0 HyMepallisi eJIeMEHTIB IToYrHaeThCs 3 0.

Hanpuxnan, nust mporpaMHOro GOpMyBaHHS BMICTY CIIUCKY BaM
HEeoOXiTHO 3aJaTH HACTYITHY NPOLEAYpPY:

Private Sub Form Load /()
Listl.AddItem "Mockea"
Listl.AddItem "C.IlleTepbypr"
Listl.AddItem "Ilcxo"
Listl.AddItem "Homropon"
Listl.AddItem "UeBGoxcapu"
End Sub

Ha puc. 7.12 nokaszaHe BIKHO peJakTopa KOIy, L0 MiCTHTh
nporenypy hopMyBaHHS CIIUCKY MICT.
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i Project] - Form1 [Form]) O] =]

Cw [} ™ Project! - Form1 [Code) M[=] E3
- |List
: IFurm j ILual:I j
‘W
. Priwvate Sub Form Loadi() N
.. Listl.iddItemn "Mockea"
e Listl.iddItem "C.Ierepbypn™

_ Li=ztl.AddItewn "lcroe™
Listl.iddItem "HoeBpopon™
Listl.iddItem "Ueforcape™

End Sub -

=)=« 1

Puc.7.12. BikHO pemakTopa KOy i3 Ipoueayporo, mo hopmye
CITUCOK

Micra B CIIUCKY PO3TAILIOBYIOTHCS B TIM MOPSIIKY, Y SKOMY BOHH
3amaHi B mpoueaypi. Hampukian, skmo psgok koay Listl.Additem
"Yebdokcapu" 3aMIHUTH PSAKOM

Listl.Additem "YeBoxcapu", O

TO B cITUCKy MicT Yebokcapu OyayTh MOMIMICHI B IEPIITy MO3HII0 (pHC.

7.13).

[porpaMHHoe gOpMUpOBAHWE CAMCKA

Yefokcank
Mockea
C.MNereptypr
Mckoe
Hoeropog

Puc. 7.13. Bukopucranus napamerpa Index nossoisie 3anatu
MOPSIJIOK €JIEMEHTIB y CITHCKY
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BuaaAeHHA eAeMEHTIB 3i CNIUCKY

Visual Basic m0o3Boisie mporpaMHO BHIANSATH €IEMEHTH 31 CIIHCKY
3a JOMIOMOTOI0 MeToy Removeitem, 1o Mae HACTYITHHIA CHHTaKCHUC:

NameList.Renioveltem Index

ne NameList — HaliMEHyBaHHS CIHMCKY, W10 3aJa€TbCS
BJIACTHBICTIO Name,

Index — NOPSAKOBUI HOMEpP €IEMEHTA, 10 BUIAIAETHCS.

Hanpuknan, nmo6 BUIAIUTH 31 CTBOPEHOT'O HAMH B IOIEPETHHOMY
NpUKIaAl cnucky Listl papyruil eJeMeHT, HeOOXiAHWH HacTymHHN
MIPOrpaMHUI KOA:
Listl.Remove Item 1

11106 BHamuTH BCi €NEMEHTH 31 CIIUCKY, MOXXHAa BUKOPHCTAaTH
Meto] Clear (Ounctuth). Y 1[bOMY BUMNAJIKy IPOTPAMHUII KOJ BUIIIAA€E
TaKk: Listl.Clear.

CTAb OPOPMAEHHS CMUCKY

Jlnst kepyBaHHS 30BHIIIHIM BHUIJISZAOM CIHCKY BHKOPHCTA€THCS
BracTuBicTh Style (Crtunp). Bona mictuth aBa 3HadeHHs: Standard i
CheckBox. 3a 3amoBuyBaHHSIM BHKOPHCTAETHCS 3HadeHHs Standard, mo
MU BXE€ po3rjsimanu paxime. IIpu ycTaHOBIN JUlsi BJIacTHBOCTI Style
snauenns CheckBox mo emementiB crincky 0yayTh AoaaHi npamopii. Ha
puc. 7.14 moka3aHi JBa BUJIU CITUCKIB 3aJIS)KHO Bill 3HAYEHHS BIACTHUBOCTI
Style.

s, Form1 _ O]

MporparrHoe hOpHMUPOBAHME CMIMCKE

Mockea []Mockea
C.Nereptiypr C.Neteptypr
HCKUB [ Nekos
OErOpod Hoeropon
Yefiokcape [ Yeiocape

Puc. 7.14. IBa ctuini ohopMIIeHHS CTIMCKIB 3aJI€KHO BijT
3HAYEHHS BJIACTHBOCTI Style

303



Jns 3MiHM 3HaYeHHS BIACTHBOCTI Style mix Wac BHUKOHAHHS
JoJaTKa MOJKHA BHKOPHCTATH KOHCTaHTH Visual Basic
vbListBoxStandard i vbListBoxCheckBox.

Bubip AEKIAbKOX eAeMEHTIB 3i CIUCKY

IIporpama Visual Basic mo3Bonsie BHUKOPHCTATH CIHCKH, IO
HA/Ial0Th KOPHCTYBAaYeBi MOXKIIUBICTh BUOMPATH JEKiIbKa eleMeHTiB. s
CTBOpPECHHsST TaKWX CIHMCKiB MpW3HaueHa BruactuBicts MultiSelect
(MuoxnHHME BuOip). BoHa Moke mpuiiMaTH 3HAY€HHS, MPEICTaBIICHI B
Tabn. 7.4.

Tabmuus 7.4

3uauenns Biaactusocti MultiSelect

3HayeHHs
. Onuc
BJIACTHBOCTI
CraHnapTHHM CHHMCOK, BHUKOPHCTOBYBaHHI 3a
0-Non (Hemae) 3aMOBYyBaHHAM. Jlo3Boisie  BHOWpAaTH  OIHE
3HAYCHHS
Jo3BoieHo BUOIp IEKITBKOX eJIEMEHTIB
1-Simple KJIallaHHIM MM a00 HaTHCKaHHAM  KjIaBimil
(ITpocTwit <Spacebar> (Ilpobir). s ckacyBaHHS BHOOPY

MHOXKUHHUH BHOIp) | HEOOXiMHO KIAHYTH MHIIC0 ab0 HaXaTH
KJIaBimy <Spacebar> mie pa3s

Jo3BoneHo BUOIp [EKIIBKOX  €JIEMEHTIB 32
JIOLIOMOrot0 ~ croco0y, BHKOPHCTOBYBAaHOTO B
Windows. [Iyis BUOOpY €/IeMEHTIB, pO3TallIOBAHUX
migpsiJ, HEOoOXiZHO IpM HATUCHYTIH KJaBimi
2-Extended <Shift> BuOparu nepiinii eJIEMEHT i3 0OUPAHHUX,
(Pozurmpenmii a moTiM octarHid. [Ipu oMy OynyTh 0OpaHi BCi
MHOXHHHUH BHOIp) | pO3MilleHi MiX HHUMH eieMmeHTH. Jlns Bubopy
€JIEMEHTIB, PO3TAIIOBAHMX HE OJWH MO OIHOMY,
HEOOXigHO  HaxaTW KmaBimy <Ctrl> |,
yTpUMYIOUHM 1i HATHUCHYTOi, BHAUIMTH HEOOXiIHI
€JIEMEHTH CIIUCKY

Jnst 0O6poOkM MHOXXMHHOTO BHOOpPY HE MOKHa BHKOpHCTaTH
BIAacTHBICTh Listindex, 3acTocoByBaHy mpH poOOTI 31 3BHYAWHUMH
cnuckamu. Bubip ekiIbKOX eeMEeHTIB CITUCKY (iKCYEThCS Y BIACTHBOCTI
Selected, mO € MacHWBOM, PO3MIPHICTb SIKOTO JOPIBHIOE KiJIBKOCTI
€IEMEHTIB y CHOHMCKY (BM3HAYA€ThCS BIACTHBICTIO ListCount).
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OOpaHOMY €NeMEHTy CHHCKY BiAIOBimae 3Ha4eHHSA | rUE BiAMOBiIHOTO
eJIeMEHTa BIACTHBOCTI Selected, a inmum — False.

PosrisiHeMo TpuKiay BUKOPHCTAaHHS BIIACTHUBOCTI Selected.

Po3micTaMo y dopmi 1Ba cEicKH. Y TEpIINii CIIHCOK YBEIAEMO SIIEMEHTH 3
BUKOPHUCTAHHSAM BIAcTHBOCTI List. CHIHCOK €NeMEeHTIB y HApyromy

CIHCKY
BHOODY

Oyne dopmyBaTuCs NpU HEpeMillleHHI Ha HBHOro (oKyca ITicis
SJIEMEHTIB IepLIOro CIHUCKY. TakuM YMHOM, IpYrHil CIIMCOK Oyne

MICTHTH 00paHi B MEPIIOMY CIUCKY eleMeHTH. Iyl CTBOpeHHs AOoAaTKa
BHKOHA€TE HACTYITHI il

1.

Po3MicTiTh y (opMi 1Ba CIIMCKH 3a JOTOMOTOr0 KHOTKH ListBox
HA TTaHelli eJIEMEeHTIB KepyBaHHS.

BukopucToByroun BIacTUBICTh LisSt MEpHIOro CIHUCKY, YBEHITh
€JIEMEHTH CITHCKY.

1106 mo3BomuTH BUOIp 3 MEPUIOTO CIUCKY JCKITBKOX SIIEMEHTIB,
YCTaHOBHUTE A BIacTUBOCTI Multiselect 3HaueHHsa 1-
Simple.

Tenep HeoOXimHO 3azaTH Tpouenypy (GOpMyBaHHS E€IEMEHTIB
JPYroro CIHCKY IpH INepeMilieHH] Ha Hporo ¢okyca. s nuporo
JIBiYi KJIAIHITH MHUIICIO HA IPYTOMY CIIHICKY.

V BiKkHI, [0 BIZKPHIIOCS, peAaKTopa koxy Procedure 3i CITUCKY
BUOepiTh mofgito GotFocus (OnepxaHHs (okyca) i BBEIITh
HACTYNHUN KOA:

Private Sub List2 GotFocus/()

List2.

For i

Clear
= 0 To Listl.ListCount — 1

If Listl.Selected (i) Then List2.Addltem (Listl.List

(1))
Next

End Sub

Ha puc. 7.15 npencrapienuil OTpuMaHuil pe3ynbTar.

. CNMCKM, noseonanmme MHoxecTeeHnwi excop =] E3

Mockea

Puc. 7.15. Bino6paxeHHs 00paHHUX 3HAYCHb Y IPYTOMY CIIHCKY
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AcouiaLisi AaHUX 3 eAeMEeHTaMU CrNrcKa

Jyxe dYacTo BUHHKA€ 3aBHAHHS TPEICTABUTH CIIMCOK SKHUX-
HeOy/lb €NEeMEHTIB, 3 SKUMH OIepye Iporpama, B HAOYHOMY BHTJIISIL.
Hagenemo mpoctuii npukian. [IpunycTiMo, mo Bu CTBOprOeTe 0a3y TaHMX
CHIBpOOITHUKIB sKOTO-HeOyAp Bimminy. KoxHoMy i3 CHiBpoOITHHKIB
MIPUBJIACHEHUH TaOeNbHUII HOMEp, MO SKOMY IporpaMa 'Bmi3Hae" IO
moxuny. KopuctyBadeBi Bamoi mporpamm  TaOelnbHHHA  HOMEp
CHiBpoOITHUKAa HI PO MO He ToBOpUTh. [l Hporo OaxaHo, mI00
nporpama BHBOJMJIA CIIUCOK CIIBPOOITHHUKIB B 3BUMHOMY BHUIJISLII, TOOTO 3
iMeHaMH 1 mpi3BUIAMH. TakuM YHHOM, MOTPIOHO CHOPMYBATH CITUCOK
CHIBPOOITHUKIB 1 aCOINIOBATH 3 KOXXHUM EJIEMEHTOM ILBOTO CIIUCKY
TabenpHU HOMep. s 1iel metu B Visual Basic nmependayena cremiajibHa
BJIACTHBICTh €JIEMEHTY YNpaBliHHA THHa ListBox, sKe Ha3WBA€ThCS
ItemData. /lana BIacTHUBICTh € MACHBOM I[LIMX YHCEI MMOABIHHOI TOYHOCTI
(Long Integer), PO3MIpHICTh SKOTO BIAMOBIJA€ 3aralbHOMY YHUCIY
eneMeHTiB crucka. OnHIEI0 3 BaXIMBHX OCOOIHMBOCTEH OIHCYBaHOI
BJIACTHBOCTI € Te, IO MOPSIOK EIEMEHTIB B CIIMCKY HE BIUIMBAE Ha IaHi,
K1 3HaxXOOAThC B MacuBl ItemData. IHIIMMHM cloBamMH, SKIIO BH
ACOIIIOBANIN 3 IKUM-HEOyIb €JICMEHTOM CITUCKY JEsSKE YUCIIO i MTOMIiCTHIN
Horo y BIATIOBiTHE MicTO BIACTHBOCTI ItemData, TO Ie YHCIO K OH
"mpusumnae" 10 TaHOTO €IEMEHTY CIHCKY, HaBiTh SKIIO 3rOJ0M HOPSIOK
€JIEMEHTIB B CIIUCKY Oy/e 3MiHEHHH, HAIPUKIIAJ] BHACIIZOK COPTYBAaHHS.
Hagenemo npukian. 11060 oTpumaty 4UCIIO, 10 ACOIUIOETHCS 3 MEPIINM
eIeMEHTOM chucky Listl, Tpeba CKOpPHCTATUCS  HACTYITHHM
OTIepaTopoM:

Listl.ItemData (0)

A SIKIIO TOTPIOHO OTPUMATH YHCIIO, 1[0 ACOIIIOETHCS 3 TOTOYHUM
BUJIIJICHUM €JIEMEHTOM CIIHCKY, CKOPHCTAUTECS] TAKUM OINEPaTOPOM:
Listl.ItemData (Listl.Listlndex)

Haragaemo, mio y BmactuBocTi ListIndex 30epiraerbes
IHJIEKC MOTOYHOTO BUOPAHOT'O €JIEMEHTY B CITUCKY.

SIK TINBKU B CHICOK JOAAETHCSI HOBUM €JIEMEHT, JUIsl HbOTO TYT XKe
CTBOPIOETHCSA BiJIMOBiHE 1MOJIe B MacuBi ItemData. 3po3yMiJio, IO Bale
3aBJaHHA TIOMICTUTH B TIPaBWJBHE II0JIE IIHOTO MACHBY acOIliHOBaHE
9UCII0. AJie IK BU3HAYUTH HOTO HOMEP, OCOOIUBO SKIIO MiCIs JT0TaBaHHS
HOBOTO €JIEMEHTY, CITUCOK Oyne BimcopToBaHo? Ha macTts, B Visual Basic
Ile 3aBHaHHA BHUPINIyeTbcsA 1yke mpocTto. IloTrpibHO CcKopucTaTHCs
sHaueHHsM BiactuBocti Newlndex enemenrty ympapminas ListBox. Y
HbOMY 3HAaXOIMTHMETBCS IHJIEKC OCTaHHBOI'O JIOJAHOTO B CIIMCOK
eJIeMEeHTy. Y HaBeJCHOMY HIDKYE NPHUKIAIl /0 BiCOPTOBAHOTO CIIUCKY
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CIIBpPOOITHUKIB I0A€ThCS HOBHUH €JIEMEHT, IICJISI 9OTOo TaOeIbHUI HOMED
HOBOTO CITIIBpOOITHHMKA 3alMCy€ThCSI B TIPABIIIBHE II0JIE€ MAacCHBY
acormioBanux gqa"Hux ItemData.

lstCustomers.Addltem "IBaHOB, eTpo"

lstCustomers.ItemData (1stCustomers.Newlndex) =
21472301

CTBOpHUBIIN MacWB acoUifOBaHWX JaHUX, BH Binpa3y "BOmBaere
nBox 3admiB". Ilo-mepmie, KopucTyBad MOXKE JIETKO BHOpAaTH i3 CHHCKY
moTpiOHOro cmiBpoOiTHMKa 1O ¥oro mpizBumy 1 imeHi. Ilo-apyre,
mporpaMa Bifpa3dy X BH3HAYa€ acoOUiHOBAHWH 3 IMM CHiBPOOITHHKOM
TaObeIbHUIA HOMEP 1 BUKOHYE 3 HUM sIKi-HeOY/Ib nii. Binmamgae HeoOXimHICTh
y BUKOHAHHI MPOMDKHOI omepauii — MOUIyKy TaOeJbHOTO HOMepa Io
iMeHi crmiBpoOiTHuKa. [TokakeMo i€ Ha TPUKIAAI MPOUEAYPU OOpOOKU
momii Click, 1m0 BigOyBaeTbcs y MOMEHT BHOOpPY MOTPiOHOrO
CIIBpPOOITHUKA B CITUCKY.

Private Sub 1lstCustomers Click()
Dim 1gThisCust As Long
1gThisCust
=]lstCustomers.ItemData (1lstCustomers.Listlndex)
Call LookUpAccount (1gThisCust)
End Sub

MNoae i3 cnuckom (eaemeHT ComboBox)

EE ITosie i3 CITUCKOM € IIIe OHUM €JIEMEHTOM YIpPaBIIiHHS, 110
JI03BOJISIE TIPEJICTABJIATH y BHIJISNI CIIMCKA BeJUMKI oOcsru iHdopmarii.
IcHye nexinbka BapiaHTiB BUKOPHCTAHHS MOJIIB 13 CIIMCKOM.

14. [lone i3 cnuckom, wo po3xpusacmuvcs. JlaHWW TUN eNEeMEHTY
VOpaBITiHHSA € 3BHYAHIM TEKCTOBHUM IOJEeM, 00'€qHAHUM i3
CIIMCKOM, IO po3KpuBaeThcs. KopucryBau moxe abo BuOparn
TOTOBUH EJIEMEHT i3 CIHUCKY, ab0 BBECTM HOBHMH €IIEMEHT B
TEKCTOBE TIOJIE.

15. Ilone i3 36uuaiinum cnuckom. Y UbOMY THIII EJIEMEHTY
ynpaBiiHHS iH(OpMais BigoOpaxyeTbecsi B 3BUUaiiHOMY (110 HE
PO3KPHBAETHCSA) CHUCKY. Sk 1 y IomepegHpOMy BHIAJIKY,
KOPHCTYBa4 MOXKE BHOpaTH TOTOBHH €JE€MEeHT i3 CHHCKy abo
BBECTH HOBHH €JIEMEHT B TEKCTOBE TOJIE.
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16. Cnucok, wo poskpusaemoca. Sk BUILTUBaE 3 WOTO Ha3BH,

CHOYATKy CHHCOK 3HAXOAUTHCS B 3TOPHYTOMY (3aKpUTOMY) CTaHi.

[ITo6 3pobutn BHOiIp, KOPUCTYBad MOBHHEH PO3KPUTH CITHCOK,

KJIAIIHYBIIM Ha HampaBleHiH BHH3 crpimai. OCHOBHOIO

BIIMIHHICTIO JAaHOTO €JIEMEHTY YIPaBIiHHSA BiJl JBOX IMOMEPEIHIX

€ Te, MO0 KOPHUCTYBad HE MOXCE BBECTH HOBHI E€IEMEHT B IOJC.

Bin Mo>xe BUOpatH JuIe Te, 0 NPeICTaBICHE B CITUCKY.

3 TOYKHM 30py HpOrpamyBaHHs, poOOTa 3 IOJSIMH i3 CIIHCKOM
HIYMM HE BiJIPi3HSETHCS BiJ POOOTH i3 3BHUYAHUMU criickamu. [1Jis1 3MiHA
BMiCTy chucka BHKOpHCTOBYIOThcs Mmeroau Addltem, Removeltem i
Clear. EnemenTty criucka MOXYTh OyTH SIK BiJCOPTOBaHi, Tak i Hi. Y moJs
i3 chmUckamMu TakoK 1nepenbadeHi BiactuBocTi  Itemdata 1
Newlndex. €nuHa BIAMIHHICTH ONWCYBaHHMX CIIMCKIB — HasBHICTb
TEKCTOBOTO ITOJIS 11 BBEICHHS iH(OpMAIIii.

Crurem odopmienHs cmucky tumy ComboBox ympasise
BIAaCTHBICTh Style. BoHa Moxe mpuilMaTH 3HA4eHHs, NMpPEACTAaBICHI B
Tabmn. 7.5.

. CNHCKM, no3Eonsnwme MuoxecTeenuA swtop =] B3

Bua cnucra ComboBox B 38EMCHMOCTH OT SHEY4EHWA CEONHCTES Style

Style 0 Shyle 1 Style 2
j K.uer Orack, j
MockEa Fues
[ Kypox
AHana bHck:
Dok AHana

Puc. 8.16. Ctuii opopmierns ciimcky tuny ComboBox
Jlnst BcTaHOBJICHHS 3HaYEeHHS Style MO)KHa BUKOPHCTATH TaKOX

BHYTPIIIIHI KOHCTaHTH Visual Basic vbComboDropDown,
vbComboSimple, ta vboComboDropDownL.is; BianosinHo.
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Tabmuns 7.5

3HaueHHS BIaCTUBOCTI Style

3HayeHHSs

. Omnuc
BJIACTHBOCTI

Crtunb, BUKOPHUCTOBYBAHUH 3a 3aMOBUYBaHHAM. JaHuit
CHHCOK TMOKa3aHui Ha puc. 7.15 miBopyd. KopuctyBau
MO>K€ BBECTH 3HAYCHHS B TEKCTOBE I0JIE, PO3TAILIOBaHE
Yy BEpXHId YacTHHI CIHCKY, a00 BIIKPUTH CIHCOK,
Ha)KaBIIM KHOMKY 31 CIIPAMOBaHOIO BHH3 CTPIUIKOIO 13
MpaBoOi CTOPOHHU OIS, 1 BUOpATH HEOOXiHE 3HAYCHHSI.
OO6paHe 3HaYeHHS IEPEHOCUTHCS B TEKCTOBE TOJIE

0-Dropdown
Combo

Bun gaHoro criMcKy mokasaHuit Ha puc. 7.15 y neHtpi.
[lpn naHoMy 3Ha4YeHHI CIHCOK BiIOOpPAXKAEThCS Y
¢dbopMi y BigKpuTOMY CTaHi. SIKIIIO BCi CIEMEHTH B
1-Simple HBOMY HE MICTATBCS, 3'SIBIISIETHCS BEPTUKAIbHA CMyTa
Combo MIPOKpy4yBaHHA. KopHucTyBau MoXKe BBECTH 3HAUECHHS
B TEKCTOBE II0JIe, IO PO3TALIOBYETHCS y BEPXHIH
YacTHHI CIUCKY, abo BHOpaTw HEoOXigHEe 3HAYCHHS,
mo Oyze NepeHeceHo B TEKCTOBE MOJIe

2-Dropdown

List Bun nanoro cnucky nokasanuii Ha puc. 7.16 npaBopyy

AopaBaHHA eneMeHTiB y cnucok Tuny ComboBox

Enementn B crimcok Ty ComboBOX MOXyTh JomaBaTUCs T
yac po3poOKM 3a JIONMOMOTOI0 BJIACTHBOCTI List 1 mporpamHo 3
BUKOPHUCTaHHAM MeToy Additem Tak camMo, SK Yy CIUCOK THILY
ListBox. [Ipn ¢dopmyBaHHI clMCKy ITig Yac po3pOOKH y BIIACTHBOCTI
List BpyuHY 33/1a€ThCsl BeCh HeOOXiaHUIT crucok. JlaHi, BiqoOpaxkyBaHi
CIHMCKOM, MOXHA BHOPSAIKYBaTH, yCTAHOBHBIIN ISl BIACTUBOCTI Sorted
(CopryBanHs) 3HaueHHs True.

Jnst folaBaHHS €JIEMEHTIB Yy CIIMCOK NPOTPaMHO BUKOPHCTAETHCS
mero Additem, 110 Ma€ HaBeACHUI HUXKYE CHHTAKCHUC:

NamelList.AddItem BupaxeHHs [, index]

Je:

NameList — HalilMeHyBaHHS CIIMCKY, IO 33a[Ja€ BIIACTHBICTIO
Name;

BMpPAXEHHS — €JIEeMEHT CHUCKY. SIKIo' 1e CUMBOJIbHA

BCJIMYMHA, TO BOHA ITOBHHHA 6yTI/I HOMiH_[CHa B JIAIIKH,
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Index — NOPAAKOBHII HOMEp eIEMEHTA B CIIHCKY.

SIKmo npu onaBaHHI €JIEMEHTIB y CHHCOK mapamerp index
BIZICYTHIH, TO €JIEMEHT IOJIA€ThCS B KiHELb CITHCKY.

3BUYaliHO JUIst MPOrPaMHOTO (dopmyBaHHS CIIHCKY
BUKOpHCTaeThes mpoueaypa Form Load o6pobku monii. Hanpuknan, mo6
porpamMHo copMyBaTH eJeMeHTH it chucky Turmy ComboBox, o
MICTHTb CIIUCOK MICT, BaM JOCUTB 3aJaTH HACTYIIHY IPOLENYpPY:

Private Sub Form Load()
Combol.Additem "Mockea"
Combol.Additem "C.lleTepbypr"
Combol.Additem "IlcxoB"
Combol.Additem "Homropoxn"
Combol. Additem "Ueboxcapmu"
End Sub

Skmo npu (GopMyBaHHI CHHCKY BU HE BHKOPHCTAETE Mapamerp
Index, exeMeHTH B CIIMCKY PO3TALIOBYIOTHCS B TIiM MOPS/IKY, Y SIKOMY BOHU
3ajaHi B npouenypi. Hanpukmaz, sIKIo 10 HaBEAEHOTO HUXXYE MPOLEaypi
JOAATH PAJOK KOIY

Combol.AddItem "Kuir",O0
To B cniucky mict KuiB Oyzne nomileHuit y mepiny mo3uiito, a BCi iHII
€JIEMEHTH 3MIMIeH]I Ha OJTHY MO3HIIil0 BHU3.

BuaaneHHs eneMeHTIB 3i cnucky Tuny ComboBox

Bupnanenns enemeHTiB 3i criucky Tty Combobox 3ailicHioeThCs
3a I0OMOMOTr010 MeToly RemoveItem, 0 Ma€ HACTYIIHUI CUHTAKCUC:

NameList.Removeltem index

Je NamelList — HaliMEHYBaHHS CIIMCKY, IO 33Ja€ThCs
BIACTUBICTI0O Name, @ Index — NOPSIIKOBUI HOMEp eJIeMeHTa, IO
BHJIAISIE, Y CITUCKY.

Hampukman, ans BUgaleHHS 31 CIUCKY, [0 Ma€ HallMEHYBaHHS
combol, meporo enemMeHTa, MOKHa BUKOPUCTATH HACTYITHUHN KOJI:
Combo 1. RemovelItem 0

Juis BUIANEHHS BCIX €JIEMEHTIB 31 CIIHCKY MOXXHA BHKOPUCTATH
MeTog Clear (Oumctuth). Y 1IbOMY BHIMAJAKY IPOTPAMHUIA KO BUTIISAAE
Tak: Combol. Clear.
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AocCTyn A0 eAeMEHTIB CNIUCKY

Jus onmepaHHSA AOCTYIy IO OOpaHOTO eJIeMEHTa CIUCKY THILY
ComboBox MOXXHa BHKOPHCTATH BIACTHBICTE Text. 3HAUCHHAM i€l
BJIACTHBOCTI € YBEJICHE B TEKCTOBE IOJIE CIUCKY (U1 CHMCKIB, Y SKUX
sHaueHHs Style mopisaioe 0-Dropdown Combo a6o 1-Simple Combo)
abo oOpaHe 3i CHHCKY 3HAUCHHS.

[[o6 omepkaTH IOCTYN IO ENEMEHTIB CITUCKY, BHKOPHUCTAWTe
BIIACTUBICTh List. 3HaUCHHS Ili€i BIACTHBOCTI € MAacCHBOM, PO3MIipHICTh
SIKOTO JIOPIBHIOE 3HAYEHHIO BIACTHBOCTI ListCount, TOOTO KUTBKOCTI
eJIEMEHTIB y CIMCKy. Hampukiaz, 3Ha4eHHs! MEpIIoro ejJeMeHTa CITHUCKY
Oyne mopiBHioe Combol. List (0), apyroro — Combol.List
(1) iT.0.

Jns  BU3HAUCHHS TIOJOXKCHHS €IIEMEHTa B CIUCKY THITY
ComboBox MOKHa BUKOPHCTATH BIACTHBICTh ListIndex . Hampuknan,
npu  BHOOpI TEpLIOro  eNeMEHTa CIMCKY 3HAa4yeHHS BJIACTHBOCTI
ListIndex Oyae mopiBHtoe 0.

3HaueHHs BiacTUBOCTI ListIndex mopiBHIOE -1, sKmo 3i
CHHCKY HE OOpaHMH eJEeMEHT, a TaKOX SKIIO eIEeMEHT y TEKCTOBE MOoJIe
CIIICKY YBEICHUI KOPUCTYBaueM BPYUIHY.

Jns  onmepaHHA 1HOEKCY OCTaHHBOTO IOJAHOTO B CIHCOK
eJIEMEHTa MOXKHAa BUKOPUCTATH BIACTHBiCTh Newindex (HoBwmii iHmekc).

EAeMeHTH ynpaBAiHHA cneujanbHOro NpusHaYeHHs

OcraHHIO TpyIy BHYTPIIIHIX eleMeHTiB yrpasiinas Visual Basic
MU Ha3BaJM "eJeMeHTaMH CIELiaIbHOTO NMpPU3HA4YeHHs", OCKUIBKU 1X He
MOYKHa BIJIHECTH JI0 )OJHOTO 3 OINKMCaHUX BuIle THIiB. [IpoTe 1e 30BciM
HE 03HAYae, [0 BOHM PiIKO BUKOPHUCTOBYIOTHCS 200 aOCOIIIOTHO JapeMHi.
Hwkdue mpuBeneHMH CHUCOK CHELiaIbHUX EJIEMEHTIB YIPaBIIiHHSI, IO
PO3MIISIAIOTHCS B JAHOMY PO3MII.
-  Cmyrum 1pokpytkun (edemMeHTH THnma VScrollBar i
HScrollBar).
- Taiimep (enemeHT THIA Timer).
- I'pyna (enemeHr tuna Frame).
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CMYyr NnpoKpyTKK

[MpuHIMI poOOTH CMYr HPOKPYTKH YMMOCH Haraaye MOB3YHOK
peryioBaJbHUKA TYYHOCT] cTepeocucTeMd. BOHHM BUKOPHCTOBYIOTBCS IS
BCTAQHOBJICHHS IapaMeTpa, 3HaYEeHHs SKOT0 MOXKE MIHATHUCA B JESKOMY
niarmazoHi — Bi MiHIMYMY 0 MaKCUMyMY. 3 TOYKH 30py MPOrpaMyBaHHS,
ONMCYBAaHMWI ENIEMEHT YIpPAaBIiHHSA IOBEPTA€ YUCIOBE 3HAYCHHS, SKE
3aJISKUTH BiJ TOJOKEHHS OIryHKa, a TaKOX BiJ BHOPAHOTO MPOTPaMiCTOM
niamasoHy uyucen. Te, sSK e YMCIO BHKOPUCTOBYBAaTH B IIpOTrpami, Aaii
BUPIIIy€E IPOrpamicT.

Y Visual Basic nepen0aueHo [Ba THUIM CMYr HPOKPYTKH:
BEpTHKaJbHA 1 TOPU30HTaNbHA. Y JOKYMEHTAalil BOHUM HA3UBAIOTBCS SIK
enementn ynpasminas tana VScrollBe HScrollBar siamosigHo.

OmnucyBaHi J1Ba TUOM CMYT TNPOKPYTKH BiJpI3HSIOTHCS JIUIIIE
30BHIIIHIM BUTIISAOM, a00 HampsAMOM pyxy OiryHka. Y MpHKIagax, mo
PO3IJIAIAIOTECS HIDKYE, MU KOPHUCTYEMOCS TOPHU30HTAJBHOK CMYTOHO
MIPOKPYTKH, X04a Bce iHPOpMaIis BiTHOCUTHCSA TaKOXK 1 T0 BEPTHKAIBHOT
cMyrH pokpyTKH. Li aBa eneMeHTH aOCOMOTHI PiBHOMPABHI.

CTBOpPEHHA CMYIH MPOKPYTKH

3 TOYKH 30py MPOTPaMyBaHHS, CMYT'H MPOKPYTKH € OJHUMH 3
HAWIIPOCTIIINX eJeMeHTiB ympasmiHHi. [lepen moyatkom poOoTH Bam
HEOOXiTHO BHM3HAYMTH [[ialla30H YHWCEN, IO BBOJSTHCS, BCTAHOBMBIIN
3HaueHHs1 BiacTuBoctedl Min i Max. [lojanbiia pobora 3 ONMCYBaHUM
€JIEMEHTOM YIPABJIIHHSA MOJSITa€ B YWUTAHHI 1 YCTAHOBIII BJIACTHBOCTI
Value. Sk npauiio, BuOMpaeThes mianasod uncen Big 0 g0 100. ockinbku
NpU  YUTaHHI 3HA4Y€HHS BJacTHBOCTI Value BeNWYMHHM TOBUHHI
BHPaXKATHCS Y BIICOTKAX.

3naueHHs BiactuBocTed Min, Max 1 Value enemenTiB
ynpaBiiaHs tuma vScrollBar i HScrollBar € mimmvu ywmcnamu, TOOTO
miama3oH 1X 3MiHeHHsS Bix -32768 mo +32767. 3HadyeHHs BIIACTHUBOCTI
Value 0Oe3nocepeHbO 3a€KHUTh BiJl MIHIMAJIBPHOTO 1 MaKCHMAalbHOTO
3HAUEHHS [ialla30Hy, BCTAHOBIEHOTO y BiIAacTUBOCTSAX Min i max. He
3a0yBaiiTe Tpo Ieé TpH MPOTPaMyBaHHI, OCKUIBKH BHKOPHUCTAHHS
HENpaBUILHOTO THIA JaHUX a00 YCTAHOBKA HENPABUIIBHOTO 3HAYCHHS LIUX
BJIACTHBOCTEH NpUBEJIE 1O TTOMMJIKH.

IIpu 3MiHI 3HaYeHHS BIACTHBOCTI Value aBTOMaTHYHO BUHHKAE
mogis  Change ommcyBaHoro emementy  ympasiidas.  JlaBaiite
MOEKCIIEPUMEHTYEMO 3 TOPU3OHTAIBHOIO CMYTOI0 NPOKpYTKH. CTBOPITH
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HOBHH cTaHAapTHHH mpoekT Visual Basic i1 posramyiite y dopmi
TOPU30OHTANbHY CMYTy HPOKPYTKH 1 TekcroBe mosie. [lomicTuTh
NPUBEACHHI HIDKYE TEKCT IPOTPaMH Y BIKHO KOZY.

Private Sub Form Load()
HScrolll.Min = Me.Left
HScrolll.Max = Me.ScaleWidth
End Sub

Private Sub HScrolll Change ()
textl.Left = HScrolll.Value
End Sub

3amycTuTh nporpamy. 3BepHITh yBary, 10, K TUIbKH BU IIOYHETE
MepeTAryBaTd OIrYHOK CMYTH TPOKPYTKH, TIOJIOKECHHS Ha eKpaHi
TEKCTOBOTO TMOJSI CHHXPOHHO 3MIHIOBaTUMEThCs. Jlis mepemilineHHs
OiryHKa MOXETe TaKOX CKOPHCTATHUCS KJIABIIIAMH YIPABIIHHI KypCOPOM,
a takox <Home> 1 <End>.

3MiHa BEAUYMHM NEepEeMILLEeHHS

Sxmo BaMm OBOAMIIOCS TparfoBaTH 3 oxHielo 3 Windows-
Iporpam, HallpuKiIaj, BH, HAllEBHO, 3BEPTAJM yBary, MO 3a JOIOMOTOIO
CMYTY NPOKPYTKH MOXKHA IIBUIIKO MEPEMIIIATUCS TI0 JOKYMEHTY, a TaKOX
BUKOHYBaTH HOT0 IUIaBHY HPOKPYTKy. Hampukiajn, sKIo KiIalHyTH Ha
OJHIH 13 CTPLIOK, PO3TAIIOBAaHUX HA MOYATKY a00 KiHII CMYTH IPOKPYTKH,
JOKyMEHT Oyae IUIaBHO TepeMillleHud Ha HEeBENWKY BIJCTaHb Y
BIJIMIOBITHOMY HAIPSIMI, a AKIIO KJIAIIHYTH MPSIMO HA CMY3i MPOKPYTKH (HE
Ha OiryHKy!), To OyZe BUKOHAaHA IIPOKPYTKA JOKYMEHTA Ha ILTy CTOPIHKY.

BenmuuHa 3MiHM 3Ha4eHHS BIACTHBOCTI Value micis KiallaHHS
HAa OJHIA 13 CTPUIOK CMYTH WPOKPYTKH 3aJIe)KUTh BiJl 3HAYCHHS
BaactuBocti SmallChange. fIx BummBae 3 Ha3BH, BJIaCTUBOCTI
SmallChange noTpiOHO NMpUBIACHUTH HEBEJMKE 3HAUCHHS, a0M OTpUMATH
IUIaBHE IlepeMilieHHs OiryHka. 3a yMOBYaHHSIM HOMY IIPHBIIaCHEHO
3HaueHHs |, Ike MOKEe 3aCTOCOBYBATHUCS B OUTBIIIOCTI BUIIAJIKIB.

SIKmo KJIamHyTH Ha BUTBHIM YacTHHI CMYTH NPOKPYTKH (MiX
TOB3YHKOM 1 OJIHIM 13 CTPiNOK), 3HAUYEHHS BJIACTUBOCTI Value 3MiHHUTBCS
Ha OUTBIY BeNWYMHY, HIXK IICIS KJTallaHHS Ha OAHIN i3 cTpijiok. BoHo
BU3HAUAEThCS 3HA4YeHHsM BiactiBocti LargeChange. 3a ymoB4YaHHSM
3HAuUEHHS 1€l BIACTUBOCTI, K i BiacTuBocTi SmallChange, nopisHioe 1.
[pore, 3as1e:xHO BiJ BUKOHYBaHMX (pyHKLIH Bamoi mporpamu, B NOBHUHHI
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MPUBJIACHUTH BJIACTHUBOCTI LargeChange BiONOBimZHE 3HAYCHHS.
Hanpuknan, sKIo NOJNOKeHHS OIryHKa BiJUIIYyBaTUMETBHCS Yy BIICOTKax
(Todro 3HayenHs Min = 0, a Max = 100), To HaiOITBII BIATOBITHUM
3HAYCHHAM JIJIsI BIACTUBOCTI LargeChange Oyne 3HaueHHs 10.

BiaobpaxeHHs1 3HaueHHsi BAacTUBOCTI Value Ha ekpaHi

Xo4a Bi3yanbHE MPEACTABICHHS YHCEN AYKE 3pYYHO, 1HKOJIH Y
KOpHCTyBa4a BHHHKAE IOTpeda BH3HAYMTH TOYHE 3HAUCHHS ITapaMeTpa,
SIKOMY BIAIIOBiJja€ MEBHE MOJIOKEHHs OiryHka. Kpim Toro, iHkoiam cmyru
MIPOKPYTKH BHKOPUCTOBYIOTBCS SIK €JIEMEHT iHTepdelcy, 10 I03BOJIsIE
BCTAHOBUTH  JIesIKe 3HA4YEHHS MPEICTABICHOI0O HHM  IapaMmerpa.
Hanpuknan, cMyry HOpOKpYTKM MOYKHa BUKOPHCTOBYBaTH MJIsl BHOOpY
onHiei 3 OykB andapiTy, 110 BU3HAYae€ KpHUTepiil Mmouryky B 0a3i JaHHX.
TakuM 4YMHOM, NpH TepeMilleHHI OiryHKa Ha eKpaHi OJHE 3a IHIIMM
3'IBISATUMYTBCS. HOBI 3HA4YCHHS 3MIHHOTO Tmapamerpa SIK TilnbKn
KOPHCTYBa4 BIAIyCTUTh KHOINIKY MUIII, OyIe BHUKOHAHWH TOIIyK B 0asi
JaHUX.

OCHOBHa XUTPICTh OITUCYBAHOTO CHOCOOY TOJISITAE Y TOMY KyIU
moMictuTH niporpamMHui kox. 11{o6 3HaueHHs BmactuBOCTI Value 3aBxnn
BiZOOpaXkyBaJlocsi Ha €KpaHi, MOTpPiOHO 00poOWTH TpH MOJIl, BKa3aHi
HIDKYE.

1. Form_Load. Lls momis BHKOPHUCTOBYETHCS IJIsl BiZOOpaKCHHS
MOYaTKOBOT'O 3HAY€HHs BIACTUBOCTI Value micis mNpu3HAuYSHHS
Jiama3oHy 3MIiHEHHs i€l BJIACTHBOCTI.

2. Change. Jlana mofist BiOyBa€ThCSI y MOMEHT BIITYCKY KHOITKH
MUIII TICHS MEPeTsATaHHsd CMYTOI MPOKPYTKH OIryHKa B HOBE
monoxkeHHa. KpiM Toro, 1 & mofis BiIOYBa€eTbCS TaKOX MICIIA
KJIAI[aHHS MUIICI0 Ha OJHIN i3 CTPUIOK ab0 Ha OPOXHIKA 007acTi
CMYTH TIPOKPYTKH.

3. Scroll. s moxist BUHMKAE Ticis MepeMillleHHsT OiryHKa CMyrd
NIPOKpyTKU. BoHa m03BONIsE BimoOpakyBaTH Ha €KpaHi 3HAUCHHS
BracTuBOCTI Value abo BuKoHaTH SKi-HEOYAb 1HIII il O TOTO, K
cranetbes moxis Change.

[[o6 peamizyBaTH OMHCAHWI BHIIE TPHUKIAL 3 BHOOpPOM OYyKB
andasiTy, CTBOPiTH HOBHU CTaHmapTHHIA npoekT Visual Basic. ITomictuTh
y GopMy cMyTry TpOKPYTKH i eleMeHT ymnpaBniHHs Tuma Label. ¥V BikHO
KOJly BBE/IiTh TEKCT IPOTPaMH, IPUBEACHUN HIKYE
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‘' [lpuMkinan BUMKOPMCTAHHSI CMYT'M NPOKPYTKM
Private Sub Form Load()

' BCTaHOBMMO UMCJIOB1 3HAUYEHHS BJlacTUBOCTEM Max
i Min

Hscrolll.Max = Asc("z")

Hscrolll.Min = Asc("A")

! BimoBpaxyBaTuMMeMO [IOYATKOBE SHAUEHHS BJACTUBOCTL
Value

Labell.Caption = Chr$(KScrolll.Value)

End Sub

Private Sub HScrolll Change()

Labell.Caption = "Momwyxk " &
Chr$ (HScrolll.Value)

! TyT noTpi6HO NOMICTUTU KOO IJIF TMOUWYKYy S3HAUYEHHS
B 0asl maHux

End Sub

Private Sub HScrolll Scroll ()

Labell.Caption = "BignycTmuTe  KHOIKY, abu BubpaTu
" & Chr$ (HScrolll.Value)

End Sub

3amycTuTh Nporpamy i 3BEpHITH yBary, SK 3MIiHIOBATHMETHCS
TEKCT HAmMCy Yy MIpy TOro sSK BHM MAaHINyJIOBaTUMETE 3 DI3HUMH
YaCTHHAMH CMYTH HPOKPYTKH. [IOMICTHBINU KOJ B MOTPiOHI mpouexypu
00poOKH TofNiHl (K MOKAa3aHO B JIICTHUHTY ), BU 3a0e3Me4miIN MpaBUIbHE
(GYHKLIIOHYBaHHS MporpaMu. [HIIMMHM CJIOBaMH, mporpaMa 3aBXIH
Bi0oOpakyBaTHMe Ha €KpaHi IMpaBIIbHE 3HAUYCHHS BIaCTHBOCTI Value ms
CMyrH TPOKPYTKH, a TaKOXX BHKOHyBaTHMe 3aiyMaHi Aaii (B HaHOMY
BUIIJKy TIOIIYK B 0a3i JaHKX) JIMIIE B HOTPIOHI MOMEHTH Yacy.

Tanmep

B Visual Basic icHye enemeHT KepyBaHHA, 1m0 00poOisie aaHi
cucteMHHOr0 wacy. Lleif 00'ekT Ha3MBaeThCs TaiiMepoM. Voro Moxxa
BHUKOPHCTATH Ul BAKOHAHHS NIEBHUX il Yyepe3 3a/laHuii iHTepBal Jacy.

Ha BinMiHy BiJ peaslbHOTO TOAMHHUKA, €JIEMEHT YIPaBITiHHS THIIA
Timer He BHIAa€ »KOAHUX CHIHAIIB MO JOCATHEHHIO 3aJaHOTO MOMEHTY
yacy. 3aMicTh LILOTO BiH 3aITyCKae BiIOBiIHY Mpouenypy oOpoOku mosii
Timer.
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Enement ympaBminHs THma Timer Moxe Garato pasis
BUKOHYBaTH BUIIIK 3aJaHOTO iHTEpBaNly dYacy, SKIOIO0 3HAYCHHS
BiactuBocTi Enabled piBHe True.

OnuncyBaHMi €JIEMEHT YNpaBIiHHS NPU3HAYCHUH Ui BIUTIKY
HEBEJIMKHUX MPOMIXKIB yacy (He Oinblie 1 XBUIUHN).

VY npuKiIagHUX Oporpamax TaiiMep BUKOPUCTOBYETHCS JUISl PI3HUX
IiTed, AK, HANPHUKIAJ, BUKOHAHHS TEBHOI Mii depe3 3amaHWid iHTepBai
gacy ab0 BUKOHAHHS SIKUXOCH i i3 CKIaJeHOT0 3a3aJIeTiab PO3KIAIy.

Hnsa po3mimenHs y ¢opmi TaliMepa BHUKOPHUCTAETHCS KHOITKA

Timer (Taiimep) Ha TIAHEJI eJIEMEHTIB ympaBiiHHSA ¢opmu. OO'eKT
JTAHOTO THITYy Ma€ HACTYITHI BIaCTUBOCTI (Tabi. 7.6)
Tabmuns 7.6

BractuBocti 06'ekty Timer

BaacrusicTh IIpusHayeHHs
InrepBan akTuBi3allii 00'ekTa B MmIiceKyHaax. Moxke
Interval P o YHA
npuitMati 3HadeHHa Big 0 mo 64767 (Bim 0 mo 64,8
(IaTepBai)
CEKYH]IH)
YcTaHOoBIIOE pekuM poOOTH TaiiMepa. SIKIIO 3HAYCHHS
BiaactuBocti jgopiBHioe True (Ictuna), TO Talimep
MMOYHHAE BiIPaxOBYBAaTH Yac BiIpa3y > MICIA 3aIlycKy
Enabled ¢dopmu. Y MPOTHBHOMY BUMAJKY BH HMOBHUHHI 3aIyCTUTH
(JoctymHo) TaiiMep IO sKii-HeOyab 30BHIMIHIN TOAil (HApHUKIAL,

IpU  HAaTHCKaHHI HAa KHONKY). YCTaHOBKa Ui
BIIACTUBOCTI 3HaueHHs False mpumumHsie omepanmii
TaiiMepa

Ioxis Timer (Taiimep) oO'ekTa-TaliMepa HacTymae uepes
KO)KHAH BCTAaHOBIICHHW Yy BIIACTHBOCTI interval mpomikok dacy. VY
mporexypi 0OpoOKH naHoi moii HeoOXiTHO BU3HAYUTH Jii, BAKOHYBaHI i3
3a]aHOI0 YacTOTOIO.

Jdnst 3amycky TaliMepa MOKHAa BHMKOpDHCTaTH METOJl Reset
(YcranoButn). Lleit meTox He NOB's3aHUI 3 SIKOIO-HEOYAD MOII€I0, TOMY
BH TMOBWHHI BUKOHATH WOTO TPW HACTaHHI SKUX-HEOYIb IHIIMX TOIiH,
HalpHKJIaJ IpU HATUCKaHHI Ha KHOIIKY 3aITyCKy TaliMepa.

Bukopucrannst o0'ekra-taiiMepa pO3INITHEMO HA NPHUKIAAI
¢dopmu, y sKii yepe3 3aJaHuil iHTEpBaI 4acy Ha eKpaH Oyae BHBOIUTHCS
cUcTeMHUI 4ac komr'torepa. [ cTBopeHHS naHoi (OpMH BHKOHaMTE
HACTYIIHI il

1. Bigkpwuiite BiKHO IJIsi CTBOPEHHS HOBOT'O IIPOEKTY.
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2.

[owmictith y ¢dopMy MITKy ams BigoOpa)keHHS MOTOYHOTO
cucteMHOro yacy. CTBOPITh MOSICHIOBAJILHUN HAIIHC 10 MiTKH.
Jlnst cTBOpeHHST 00'€KTa-TaliMepa HATHCHITE KHOTKY Timer
(Taiimep) Ha maHeni eIEMEHTIB YIPaBIiHHSI W pO3TalIyeTe Horo y
¢dopwmi.

PosMimennii y hopmi eeMeHT yrpaBiiHHs Timer 306paxyeThest

y BHUIJIAAlI 3HaYKa, MOKa3aHoro Ha puc. 7.17. Ilpum 3amycky dopmu Ha
BHUKOHAHHS BiH CTAa€ HEBUIMMHUM KOPHCTYBA4CBi TOJIaTKA.

&y, Project] - Microsoft Visual Basic [design]
Eile Edit ¥iew Project Format Debug Bun Query Diagram Tools Add-lns Window
Help

ERR =Y TG
]

ceneral i Project! - Form1 [Form) Properties - Ti.. I

. Alphabetic | C:

>
4

abl

Timer1
True

-+ CuctemHoe epems

=
v o Label2
EH =8
o
T
= ITimer1 d ITime
@ = Privare Sub Timerl Timer ()] fo... g
D fLabelZ.CaptiDn = Time W
End Jub -
B~ 4
=l [

Puc. 7.17. ®opma 3 po3MillleHuM y Hiit 00'ekTrom Timer

Busnauute iHTEpBan uacy, uepe3 sIKMil HEOOXiqHO poOuTH
Hns  uporo ckopucraiTecs
3HAUEHHS SKOTO 3a/lacThCsl B
MIUTHCeKYHIax. [l BiJHOBJIGHHS Yacy IIOCEKYHIH BBEIITh

4,
BITHOBJCHHSA dYacy Yy (opmi.
BlIacTHBICTIO Interval,
snauenss 1000.

5.

Bigkpuiite BIKHO pefakropa KOIy i CTBOPITh MPOCTY HPOLEIYPY,
110 MPUBJIACHIOE BilacTUBOCTI Caption MITKH MOTOYHUIT Yac:

Private Sub Timerl Timer ()

Labell.Caption = Time

End Sub

(DopMa 3 pO3MiIIICHI/IMI/I CJICMCHTaAMH praBJ'IiHHS[ II0Ka3aHa Ha

puc. 7.18.

6. 30epexiTh CTB

opeHy (GopMmy U 3amycTiTh ii Ha BUKOHaHHI. Bu

nobaunTe yac, 0OHOBIIOBaHUH MoceKyHu (puc. 7.18).



. Tafmep _ O] =]

CUCTEMHOE EpEMA

0:31:48

Puc. 7.18. Bukopucranus taiimepa

Pe3ome

IntepakTuBHMi nonatok B Visual Basic cTBoproerbesi Ha 0asi

¢dopMu, sika € OCHOBHMM BIKHOM iHTepdeiicy. Enementu ympaBiiHHS
¢dbopmu 3a0e3meuyrOTh  B3a€EMOJII0 3 KOpUCTyBauamMu. JoOpe 3HaHH:S
HaKWOIBII YacTO BUKOPUCTOBYBAaHUX €JIEMEHTIB yrpasiiHasg Visual Basic,
iX OCHOBHHX BJACTUBOCTCH HEOOXIMHO PO3POOHHKY MPOTPAMHOTO
3abe3ncucHHs. B JaHOMy poO3Iili B TMO3HAHOMWIKCS 3 OCHOBHHMH
CTaHAAPTHUMH €JIEMEHTAMH YIIPABITiHHSL.
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KOHTPOAbHI 3an1UTaHHA Ta 3aBAaHHA

JaiiTe mepenik OCHOBHHMX CTaHJapTHUX E€JIEMEHTIB YNpaBJIiHHSA,
SIK1 BXOIATH B roctayanus Visual Basic.

SIki  eneMeHTHM  yNpaBIiHHS  BHKOPUCTOBYIOTBCS VIS
BiZIoOpa)KeHHsI TeKCTy ?

[MepeniviTh BIAacTHBOCTI, ejeMeHTa ynpapiiHHs 1extBox, mo
BU3HAYAIOTh O(OPMJIICHHS TEKCTY.

Sk y Visual Basic opraHi3yeTbcsi NepeBipKM JaHHX, IO
BBOJISITHCS] KOPUCTYBayeM ?

JaiiTe mepenik eleMEHTIB YNpaBJiHHA, AKI NpHU3HAYECH] Ui
BBEJICHHS 1 BiTOOpa)kKeHHS Ha €KpaHi JIOT1YHUX JaHUX.

Sxumu mapaMeTpaMu XapaKTepH3yeThCs €JIEMEHT YIpPaBIIiHHA
ListBox?



10.

11.

12.

13.
14.

Ski emeMeHTH VYUpaBIiHHSA  BIIHOCATBCS O  EJICMEHTIB
YIpaBITiHHS CIIEHiabHOTO MPU3HAYCHHS ?

J171s1 40ro BUKOPHCTOBYETHCS CMYyTa MPOKPYTKH ?
Sxi TiIM cMyT IPOKPYTKH icHYe y Visual Basic ?

Sk y Visual Basic opraHizyeTbCsi BUKOHaHHS TEBHOI Iii yepe3
3alaHuid iIHTepBa yacy?

Po3po06iTh momaTtok Uit COpTyBaHHS TeKCTOBOro (airy i3
BUKOPHCTaHH:IM esieMeHTy ListBox.

Hamumiite  mporpamy, ska y cmmcky ListBox a6o vy
KoMGiHOBaHOMY cricky COmboBOX MiHse mOpsAIOK po3MileHHS
€JIEMEHTIB Ha 3BOPOTHIH.

Po3po0iTh yHiBepcasibHe [iaoroBe BIKHO BBOJLY HapoJIs.

Po3pobite mpouenypy, ska Oyzxe BimoOpakaTH NOTOYHHI dHac.
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_ Pozaia Vill
POBOTA 3 GAVNAMM TA OPTAHI3ALIS| APYKY

[Tpu npoekTyBaHHI JOAATKa JOCUTh YaCTO BUHUKA€E HEOOXIITHICTh
npairoBati OesnocepenHbo 3 ¢ainamu. lle morpidHO, Hanpuknam, It
JOJaBaHHSA, BHOANEHHS (aiiriB abo kaTayoriB (Mamok), 3alucCy MaHUX Y
¢aiimn abo0 YMTaHHA 3 HHUX AK MPOTPAMHO, TaK 1 B I1HTEPAKTUBHOMY
pexxnmi. HeoOxigricTh poOOTH 3 (paiiiraMyu BUHUKAE TaKOXK MPU CTBOPCHHI
mporpamMu  iHCTaAWii  poO3poOJICHOTO JoJaTKa Ha  KOPHUCTYBAIbKi
KOMIO'IOTepPH, YUTAHHSA NaHWX 3 (ailiB TpW iHiMiamizamii JomaTka 3
BHKOPHUCTAHHAM (aillliB HACTPOIOBAHH:, OpraHi3aiii BUBEeJeHHS (aililiB Ha
apyk. 3 mieto Mertoro Visual Basic mae moBHuit Habip ¢(yHKuUii, mo
MPALoI0Th 13 (aitiamu, mankaMu i MPUCTPOSIMHU.

VY Visual Basic icHye moHsATTS Tumy (aiiny, o0 BU3HAYAETHCS
OpraHizaiiiiHOI CTPYKTYpPOIO 30epirants iHpopmarii y daiimi i ciocodom
Joctymy 1o ui€l inpopmaii. [IpuitHaTo BT Taki THIN (aiiiis.

Daiinu nocrioogHo2o docmyny. SIK TpaBUIO, e TEKCTOBI (aiiim
abo ananorivHi HmM. Taki Qaiimm SABIAIOTH COOOI TOCITITOBHICTH
cumBoiiB. Ilpm mpoMy HaHi MOXyThb OyTH 3 pO3AUTBHHKaMH abo 0e3
PO3MINBHUKIB, TOOTO 3MiCT (afry MOXKe MaTH SKyChb CTPYKTYPY.
CTpYKTYpHOIO OIMHHIICI0 BMIiCTy B TMOAIOHUMX (haiinax, SK IPaBHIO, €
psanok. IlpukmagamMu Takux Qairie € TekcroBl ¢dainmm W daim
iHiIiami3anii nporpam.

Q@aiinu dosintbhozo docmyny. lle crpykrypoBani ¢aiinu, ski
MicTaTh iH(popMalito y BUrIai 3anucis. [Ipukinanom MoxyTs OyTu daiinu
0a3 JaHUX.

sitixosi (6inapni) gatinu. Paitnu 3 M00aWTOBUM JOCTYIIOM. Y
MPUHIMII, 11e Ti %K (ailyid 3 MOCTIIOBHUM IOCTYMOM, ajie iHdopMarlis B
HUX HE OprafizoBaHa B psaku. OcoOmmBicTh maHux (aimiB — podoTa 3
Oaditamu abo Onokamu OaiiTiB. o Takux QaiiimiB MOXHa BiTHECTH
BHKOHYBaHi mporpamu, (ainn qTuHaMigHEX 0107i0TeK, (ailii JOKYMEHTIB
Word.

[MoniOuuit posmonin ¢aiiaiB Ha THUIHM JOCUTH YMOBHUH K
BU3HAYa€ThCcs OCOOJIMBOCTSIMU Oprasizamii ¢ainiB i gocTymy 10 JaHHX.
Hanpukmnan, ¢aiii i3 mociaiZoBHAM JOCTYIIOM MOKHA BIIKPUTH U Y PeXIMi
IBiHKOBOTO AOCTYyIy. SIKIIO 1e# ¢aiin Mae po3aUTBHUKIB, TO JUII pOOOTH 3
HUM JIOBEJIETHCS HAMMCATHU CIEIiaIbHY MPOLEaypy 00OpOOKH PO3AITbHUKIB
1 po300opy naHuX, TOMY IO JBIMKOBHI JOCTyN 3abe3rnedye 1mo OaiToBuid
3amuc/auTaHHg 3 ¢aitmy. OueBmaHO, mo e He3pyuHo. Came Tomy W
YBEJIEHO YMOBHUI po3Mo/is paililiB Ha THIH 3aJISKHO Bix opmary daidiny
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i mocTtymy mo maHux. BimmoBimHo 3rpymoBaHi W ¢gynkmii Visual Basic ms
3aIMCY/YUTaHHS JaHUX.

Tun Qaiiny 3amae ontuManbHuE HaOip QyHKUIH 3amucy #
yuTaHHS JaHux 3 (airy. Tomy mpu poGoTi 3 QaiimamMu AN HaTUCAHHS
e(peKTHBHOI MPOTpaMy 3aBXKAW HEOOXiTHO MaTH iH(opMaIiio Mmpo THIH
¢aiinis, 3 sKUMH OyIe MPaLIOBATH IPOrpama, i Ipo opraHizarii 30epiranas
JaHuX y 1Mx (Qainax. lle mae MOXIMBiCTh 3a0€3NEYUTH ONTHMAIBHUNA
JOCTYII 1 BAKOPUCTATH BIAMOBIHI IIbOMY JOCTYNY (yHKIii.

TpaauLUiRHKWIA niaxia npu po6orti 3 daknamu

Tpaauniiiauii migxix npu poOoti 3 daitnamMu 3aaMIIaEThCS
HE3MIHHMM IIpakTHYHO 3 mepimux Bepciii Visual Basic 1 momsrae y
BUKOPHCTaHHI (YHKIIH 1 omepaTopis, 110 3a0€3MeUy0Th NPSIMHUNA IOCTYII
1o indopmanii y dainax. OyHkuii i omepaTopu, BUKOPHCTOBYBaHI MpH
po0ori 3 Qaiinamu, HaBeneHi B Tadm. 8.1. Y croBnmi Tum gaiimy Tadmumi
MIPUHHATI TaKi CKOPOUYCHHS THITIB (aiiiliB:

e II— daiin mociiZOBHOTO TOCTYILY;
e ]I — caiin HOBUTBHOTO JOCTYITY;
e b — GinapHuii daiin.

Mu po3risiHeMO TiJIbKM OCHOBHI (yHKLIi it onepaTopu, HeoOXiIHI

JUIS OJiepKaHHS HaBUYOK poOOTH 3 (haitmamu.

Ta6muus 8.1
Oyukuii it onepaTopu i podoTH 3 ¢aiinamMu
Pyricuis, Onuc Tun paiiny
oneparop
Open BigkpuBae daiin I, A, b
Close 3akpuBae Bci daitim I, 1, b
Close # 3axpuBae ¢air no ineHTH(dIKATOPY I, /1B
(meckpunropy)
Reset 3akpuBae BCi  BiAKpuTi Gbaiinu, IL LB
3anucye BMICT OydepiB
Print tt 3anmcye paHi y daitn II
FileCopy Komiroe ¢aiin I, A, b
EOF BusHauae MiTKy KiHLg daitiny I, 1, B
FileAttr HOBepTae PexiM JOCTYILY IL LB
BIAKpHUTOTO haiiny
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[Iponorxenns Tadum. 8.1

Dyncuis, Onuc Tun daiiay
oneparop
FileDateTi | IloBeprae mary I 4yac CTBOpEHHS
. I, A, b
me (aiiny
FileLen [ToBeprae po3mip ¢aitny B Gaiitax IL, 1, b
IToBeprae HOMeEp BIJIBHOTO
FreeFile ineHTH(iKaTOpa ¢aiiny | I, 1, b
(meckpurtopa)
GetAttr Opeprxye aTpudyTH (aitry IL, 1, b
SetAttr Bceranopmoe atpudyTn datiry I, 1, b
Loc HOBfipT.a€ HOMEp TOTOYHOI MO3HUIIi1 1.5
y datimi
LOF HOE;epTae 3 po3Mip  BIAKPUTOTO 1L JL B
(hatiry B OaiiTax
Seek BCTaHQBnme Ha 3ajiaHy HOMEPOM 1L JL B
no3uito abo 3ammc y daitmi
Dir IToBepTae BMICT MOTOYHOI MANKH I, A,b
Kill Bunanse daiin I, A,b
Brnokye (¢aiimn npm poboti B
Lock 0araToKOpUCTYBAIIbKOMY I, 4, b
CepeIOBHUIII
3uiMae  OnokyBaHHs  (aitny B
Unlock 6araToKOpUCTYBaI[bKOMY I, 1, b
CepeJIOBHUII
Name 3ajnae (nepeiimenoBye) iM's pany | I, I, b
Get # YuTae nai 3 daidiny I, b
Input YuTae nai 3 daidiny I1, b
Input # Yurae nani 3 dainy I1
ilne Input Uurae psamok 3 Qaitmy II
Put # 3anmcye naHi y daiin A, b
Write # 3anmcye paHi y daitn 1
Hdnst 3pyuHocTi 3rpymyemo  ¢yHkuii H  omepatopu  3a

BHKOHYBaHOI Ji€r0, K 1e npuitHiaro y Visual Basic. Take o0'eqHanHHS
3py4yHO Tipu BHOOPi GyHKIIi a00 omeparopa Uil BUKOHAHHS HEOOXITHHX
Iiit 3 patimamu (Tadm. 8.2).
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Tabmums 8.2

OyHKIiT # oepaTtopy st poOOTH 3 (hafimamu 1o rpymax

BuxonyBana jist

®yHkuii, oneparopu

Binkpurtu abo ctBopuTH daiin

Open

3axpuTH aiin

Close, Reset

BusnadyeHHS TapameTpiB
BUBEJICHHS TaHUX

Format, Spc, Tab,
Width #

CkomiroBaT ¢aiin

FileCopy

OnepixaTu iH(pOPMAIIiIO PO
Gaiin

EOF, FileAttr,
FlleDateTime, Filelen,
FreeFile, GetAttr, Loc,
LOF

Oprani3yBaTH yIIpaBIIiHHSI
¢aitmamu

Dir, Kill, Lock,
Unlock, Name

[IpounraTn naHi 3 paitry

Get #, Input, Input #, Line Input #

OpneprxaTu iH(pOpPMAIIIFO TIPO
po3mip daitny

FileLen

BceranoButH atpubyTH aiiny

SetAttr

3Haiitn no3uuii y daini

Seek

3amucatu aaHi y daiin

Print #, Put #, Write #

Biakputra dainnis

Sk Oys0 3a3HaYeHO BHIIE, poOOTa 3 KOKHHM 3 TUMIB (DailniB Mae
cBoi ocobnuBocti. OxHaK € ABi 1il, 3aranbHi Ui BCiX THIB (ailip —

TXHE BIIKPUTTS i 3aKPHUTTSL.

3po3yMmino, II0 Mepe] THM SK 3amucaTd JaHi y dain ado
MPOYUTATH AaHi 3 (aiiry, He0OXiIHO crioyaTky BiIkpuTH (aitn. Bigkpurrs
(aitry BUKOHYETBCA orepatopoM Open:
Open pathName For mode [access] [lock] As [#]fileNumber

[Len=recLength],
ac

e pathName — noBHe iM's daiiny;

e mode — pexuM Joctymy a0 ¢aitimy. Moxe HaOyBaTH 3HaYCHHS:
Append, Binary, Input, Output a6o Random;

e access — Tul jgoctyny no (aiiny. Busnauae xapakrep mii 3
¢aiinom — wuyuranHa abo 3amuc naHuX. Moke HaOyBaTH
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snauenns: Read (Ywranns), Write (3amuc) a6o Read/Write

(Yuranns/3amnmc);

e lock — THI A03BONy JOCTYIy A0 (ailily iHIINM IIpOIecaM.
BuzHauae MOXIUBICTH OHOYACHOI poOOTH 3 (hailiioM AEKiIbKOX
JoxatkiB  abo JekimbKoX —KopuctyBadiB. Moxke HaOyBaTH
snauenns: Shared (3arampnmit), Lock Read (Bnokysanms
guranns), Lock Write (Broxysanus 3amicy) abo Lock Read
Write (biokyBaHHS YnTaHHS # 3a1UCy);

e fileNumber — OIJIOYNCIOBHN BUpa3, MO 3a7a€ ieHTU(IKATOP
¢aiiny (meckpunrop). Moxke Matu 3HaueHHs Bix 1 mo 511
BKJIFOYHO;

e reclength — uymncno, WO BU3HAYae po3Mip Oydepa AaHUX IS
3amucy/untaHHs y (aitnax mnpsmoro nocrymy. Jns  daiinis
JIOBUIBHOTO JIOCTYIy LI YMCIIO 33Ja€ JIOBXKHHY OJHOTO 3aIHCY
¢aiiny. Moxe marty 3HaueHHs 10 32,767 (OaiitiB).

IIpu pobGoti omeparopa Open CTBOPIOETHCS —CICIiATbHUMA
TMYATBHUK HOMEPIB (imeHTH(]iKaTOPiB) BIIKpUTHUX (aiiiiB (B omepaTopi 11e
napameTp £ileNumber) s OJHO3HAYHOTO BU3HAUCHHS (haiiiny, 3 SKUM
Iporpama Mparroe B JaHWI MOMEHT.

Sxmo 3a3HaueHW B omepartopi Open Qail He 3HAHACHUI 3a
3aJ]aHUM HIIIXOM a0 He iCHYy€, BiH Oy/e CTBOPEHHUH LIUM ONepaTopoM JJIst
pexumiB goctyny Append, Binary, Output a6o Random. Jlus
pexxumy gocTymy Input HOBUI (aiiir He CTBOPIOETHCS.

BaxnuBor OCOONUBICTIO PEXHUMIB JOCTYIy € MOMXKIHUBICTh
0araTopa3oBOro BIAKPHUTTS (ailiny ains pexumiB Binary, Input i1
Random, To0TO haiiyr MOXKHA BIJKPUTH KiJIbKA pa3iB 3 pi3HUMU HOMEPaMH.
Ane nns pexumiB goctynmy Output i Append, BHUKOPUCTOBYBAHUX
JUISL 3aITUCy TaHWX, 11€ HENPHUITYCTHUMO.

Sxmo HoMep (¢aitmy, 1m0 BiAKpUBaE, CIEIialbHO HE
KOHTPOJIIOETLCSI W HE 3aJIa€ThCsl MPOTrPaMolo, HOro MOKHA JIOBijaTHCS 32
nonomoroto GyHkuii FreeFile, 110 MoBepTaE OCTaHHIN BiJIbHUI HOMED
(aiimy, o BiIKpHUBaE.

3akputTa daiinis

3akputTst (ailiB  BUKOHYETBCA Jyke mpocTto. Jius 1poro
HEOOXITHO BUKOPHCTATH oreparop Close, 0 Ma€ CHHTAKCHC:
Close [fileNumberLlist],
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ne fileNumberLlist — cmucok (aiimiB, IO 3aKpUBAIOTH,
NPEACTAaBISIIOTE  HOMEpaMu (aililiB 1 mepepaxoByIOTh dYepe3 KoMy :
[#fileNumber] [, #fileNumber] . . . [, #
fileNumber] . Ilpu npomy HoMep Gaiiny aHaJNOTriYHUN HOMepy (aiiny
y ¢yHKLil Open.

HeoOxigHo MaTy Ha yBasi, SKIIO CTIMCOK (haililiB HEe 3a3HAYCHHUH,
omeparop Close 3akpuBae Bci BigkpuTi daiinm.

Po6orta 3 dpaitnamMy NOCAIAOBHOIO AOCTYMY

@aifM MOCNiZOBHOTO JOCTYIly — 1€, SK HPaBHIO, TEKCTOBI
¢aitmu, T06T0 TOCHimOoBHOCTI ASCII-cHMBOIIB, OpraHi3oBaHi B PSIKH.
[Mpuknagom moxe O0ytu daiin ininiamizanii Windows NT (puc. 8.1).

IMpu BixkputTi (aitniB MOCIIIOBHOIO AOCTYIy MOXIIHUBI TpHU
PEKUMH JIOCTYIY:

e Input — BIAKPHUTHIH AJSI HOCHIZOBHOTO YUTAHHS JTAHUX;

e Output — BIOKPUTHHA IJIs MOCNIZOBHOTO 3aIMCy ITAaHHUX, HPH
bOMY 1H(OpMAIliS 3amUCYeThCSl 3aBXKAM 3 MOYarKy ¢aiiny
(TIonepeTHs 3aTHPAETHCS, AKIO y (haini BXKe MOCh 3alCaHe);

e Append — BIAKPUTHH U JOAABAHHS JAHHUX JI0 BXKE HASBHUX Y
(aiii.

Faiin  MNpaeka [loudck Cnopaeka

[[windouws] il

load=

run=

HullPort=Hone

device=LaserJet LUI ,HPPCLSHS,LPT1:

[esktop]
Wallpaper={HNone}
TileWallpaper=1
Wallpaper3Style=0
DragLeft=1

| | Pl oz

Puc. 8.1. [Ipuknan ¢ainy nocaigoBHOTO TOCTYITY
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YutaHHA AaHUX

UnTaHHS DaHUX 3 (aiiTy MOCTIZOBHOTO IOCTYIy BUKOHYETHCS 32
noroMororo ¢yHKHii Input i omepatopiB Input # 1 Line Input
#. PosrmsHemo mi ¢yHkuii i omeparopu. @yHkuis Input Mae Takui
CHHTaKCHC!

Input (number, #fileNumber),

Je

e number — IiJie YUCIO, IO 3aJa€ KiUJIbKICTh 3YMTYBaHHX 3

(haitry CHMBOIIB;

e fileNumber — HOMep (Qailily, aHAJOTIYHUI HOMEpY (Qaiiny B
omeparopi Open.

@yukuis Input 3uurye 3 ¢ailny 3amaHy KUIbKICTh CUMBOJIB 1
3a3BMYail BHKOPUCTAETHCS JUIA YWTAHHS [aHMX, 3alHCaHUX Yy (aiin
omeparopoMm Print #.

Bapro marum Ha yBasi, mo ¢yHkuis Input BuMarae 3HaHHS
KIJIBKOCTI 3YUTYBaHUX CUMBOJIIB. ToMmy anst uuTaHHs JNaHuX 3 Gaiiny
HEOOXITHO MOTIePEAHBF0 OOYNCIUTH HOTO JOBXKHUHY 32 JOMTOMOTOI0 (PYHKIT
FileLen.

Skmo B mporpami nmotpiOHO mpouMTatd AaHi 3 daitny, y sAKomy
iHopMalis B paaKax Mae CTPYKTYPY 3 PO3AUIbHUKAMHU (SK PO3IUTLHUKA
BUKOPHCTOBYIOTBCS KOMH), HEOOXIZIHO 3aCTOCOBYBaTH orepaTop Input
#:

Input #fileNumber, varlist,
ae

e fileNurnber — HOMep (ailny, aHajOTiuHMIiA HOMEPY (aiiny B
orepaTopi Open;
e varlist — CHUCOK 3MiHHHX.

IMpu poboti 1BOro omneparopa CHOYATKY 3YUTYETHCS DSIOK
MOBHICTIO, @ TIOTIM MiJPSAKH, BiJJUIEHI pPO3IIIbHUKaMU (KOMaMn),
MIOMIIAFOTECA Yy BIANOBITHI 3MiHHI crmmcKy. s KOopekTHOi pobotn
omeparopa psnkd ¢aiimy TOBHHHI MaTth 3ajaHy CTIPYKTYpy 3
po3minpHUKaMHU. 3a3BHUail Iefl omepaTtop BHKOPHCTOBYETHCS B Mapi 3
omeparopom 3amucy Write #.

Jnst uuTaHHA BChOTO BMICTy (aiily 3a JIONOMOIOIO olepaTropa
Input # HeoOXigHO OpraHi3yBaTH IMKJIIYHE 3YMTYBAHHS JaHUX 3 Qailry,
OCKIJIbKH 1aH1 3UUTYIOTHCS UM OTIEPAaTOPOM IO psijIKax.
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Jnst TOpSIIKOBOTO YMTAaHHS JaHWX 3 IIOCHIZOBHOTO (haimy
3aCTOCOBYEThCA omepaTop Line Input #. CHHTakcHC IOTO
oreparopa TaKHii:

Line Input # fileNurnber, varName,
Je
e fileNurnber — HoMmep (aiiny, aHanmoOTiYHUIA HOMEpY Qailry
B omeparopi Open,;
e varName — iM'd 3MIHHOI.

Onepatop Line Input # IOCHMBOJBHO 3YHTY€E BECh PAIOK
maHux 3 (Qaimy W momimae iforo B cTpokoBy 3MiHHY. [lpm mpomy
PO3NITBHUKOM DSIKIB y (aiimi € craHAapTHUH pPO3IITBHUK PSIKIB —
cumBosl noBepHeHHs kaperkn CHR(13) abo mocnifoBHICTH CHUMBOIIB
MOBepHEHHST KapeTku i mepesemenns psaka CHR(13) + CHR(10),
NpUYOMy B 3MiHHY varName 1i pO3JUIBHUKA HE BCTaBILSIFOTHCS.
3a3Buuait omepatop Line Input # BHKOPHCTOBYETBCS B Tapi 3
omeparopoM Print #.

Jus toro mo0 mpoyutaTH BCi AaHi 3 (ailily 3a ITOMOMOIOI0
omepatopa Line Input #, HEOOXiJHO OpraHi3yBaTH LMKJI YUTaHHS
JaHUX.

s BUBUeHHS QYHKIIH i omepaTopiB, IpU3HAYEHUX IS poOOTH 3
¢aiimamMy, CTBOPUMO HEBENUKUH nomaTok. IHTepdelic momatka mis
BHUBYCHHS (QYHKIINA poOoTH 3 (aitmamu moka3anuil Ha puc. 8.2.

. MyFileProject - FormForFile [Form]) =] E3

im. PatoTraem c pafnamu M=l E3

Puc. 8.2. Bun nogaTtka asist BUBYEHHS QYHKINH poOoTH 3
¢aitmamu
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OtpumaHMil ZOJATOK MOJKHA TEIEp BUKOPHUCTATH IS BHBUCHHS
pobotu 3 ¢aimamu. 3amporpaMmyeMo T0JaTOK HAa YATAaHHA JaHUX 3 (aiiry
MOCTITOBHOTO MOCTyIy. JJIs mBOTO BiIKPHEMO BiKHO pemakTopa Komy u
BBEJIEMO TaKHUI KOJI:

Dim strFileName As String

Dim strFileContent As String

Dim nFreeFile As Integer

Dim nFileLenght As Integer

Private Sub cbStart Click()
cdCommonDialog.ShowOpen

strFileName = cdCommonDialog.FileName
nFreeFile = FreeFile

If strFileName <> "" Then

Open strFileName For Input As nFreeFile
nFileLenght = Filelen (strFileName)

strFileContent = Input(nFileLenght, #nFreeFile)
txtFile.Text = strFileContent

Close

End If

End Sub

[Ipamrorounii 1oAaTOK MOKa3aHUi Ha puc. 8.3. Y bOMY BUNAAKY
NPU HATUCKAHHI KHONKM BWKOHATH BiJIKPUBA€EThCS JiAJIOTOBE BIKHO
momyky ¢aiury. Illmax i im's ¢aimy, o TOBEpTaEThCA ialOTOBHM
BIKHOM, 30epiratoTbcst y 3MiHHIH StrFileName. 3Halinenuii ¢aiin (Bin
MOBUHEH OYyTH TEKCTOBHMM) BIIIKPHBAEThCS 3a JOMOMOIOI0 OIlepaTopa
Open mis uutanHs naHux. OyHkuis Input 3uutye Bigpasy Bech daiin y
3MiHHy StrFileContent, 3MicT SKOi IOTIM NMOMIIIAETECS B TEKCTOBE
nojge txtFile. [licis BukOHaHHA Bcix Aid  Qaiin  3akpuBaeTbCs
oreparopoM Close.

{06 mpounTaTé AaHi 3a JOMOMOTOIO orneparopa Line Input
#, HEOOXIZHO 3aMiHMUTH TEKCT KOXy, pO3TAIlOBAHWH BiApasy micis
omneparopa Open, Ha Takuil:

Do While Not EOF (nFreeFile)
Line Input #nFreeFile, strFileContent

txtFile.Text = txtFile.Text + strFileContent +Chr$ (13)
+ Chr$(10) Loop Close

VY npomy nukii gaHi 3 Qairy mo psakax 3UMTYIOTBCS B 3MiHHY
Strfilecontent i 3aHOCAThCS B TekcroBe moie txtFile. Iukn
MIPALIOE 10 TOCATHEHHS KiHI (aifiy, 0 KOHTPOJIOEThCS (yHKILie0 EOF,
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3acTocyBaHHA NHKIy HE BHMAarae€ 3HAaHHSA TOBXHHH (ailiy, o iHOII
BaXKJIUBO.

imi,. Patoraem c pafinamM !E[

ATOT $aiin 0NA NPoESPEM PYHKLME
patoTel o fadinamd Yizual B asic B
Crpoka 1

Crpoka 2

Crtpoka 3

1234567230

B einonHuTE I

Puc. 8.3. 3unTyBaHHS MaHUX 3 (ailmy

Jlis BUBYCHHS poOOTH omeparopa Input # momaiite y dopmy
1€ OJJHe TeKCToBe nojie. Ha3BiTh #oro txtNumber iy BIaCTHBICTb OIS
DataFormat 3anecite 3HaueHHs Number. Tekct y momgatky micis
ornepatopa Open HEOOXiTHO 3aMIHUTH Ha TaKUil:

Dim nFileContent As Integer
Input #nFreeFile, strFileContent, nFileContent
txtFile.Text = strFileContent

txtNumber.Text = nFileContent
Close

im. Patoraem c pafinamu =13

3ATOT Palin 40A NPOESPEM DYHKLMEA

BbINoAHHTE I'I oo

Puc. 8.4. 3unTyBaHHs JaHuX 3 Qaiiny B 3MiHHI
Ipautorounii fogaTok nokasaHo Ha puc. 8.4. Ilpu npomy psaaku
¢aiimy, 0 BiIKPUBAETHCS, MAIOTh CTPYKTYPY, AaHAIOTIYHY TAKOMY PSIIKY:
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e damn nnsa neperipxm dymxuin, 100,
TOOTO TEKCT 1 YHCJIO PO3TAIIIOBAHI Yepe3 KoMy.

Mepexia Ha 3aaaHy No3uuilo y Gamai

[epexin Ha 3amaHy mo3umito y ¢ailli MOXKHA OpraHizyBaTu 3a
JIOIIOMOT 010 orepaTopa Seek, 0 Ma€ HACTYITHUH CHHTAKCHUC:
Seek #fileNumber, position,

ae

e fileNumber — HOMep daiiny, aHANIOTIYHUNA HOMepY (ailry B
oreparopi Open;

e position — IUIOYUCIIOBHUI BHUpa3, IO 3aJa€ MO3MIIIIO

MOKAXIHKA y (aiti.

[o3uiioHyBaHHS MNpH I1IbOMY BUKOHYETHCS ITOCHMBOJIBHO.
Omnepatop Seek BCTAHOBIIOE MOKAKYMUK HA HEOOXIMHY MO3UILI0. SIKIO
TCJIA BOTO BUKOHATH (DYHKIIT YuTaHHS ab0 3aImicy, TO Mis OUX QYHKIIH
OyJe OYMHATHUCA 3 TTO3HLIT MOKaKYHKa, 3HANCHOTO onepaTopoM Seek .

MoxkHa B KOI JojaTka Oesmocepenubo mepen ¢yHkimiero Input
BCTaBUTH BUPA3, L0 3a/1a€ TO3ULIOHYBaHHS:

Seek #nFreeFile, 77
nFilelLenght = nFileLenght — 76

VY npomy BUNAAKy naHi 3 Qainy OymyTh 39UTaHi, MOYUHAIOYH 3
77 dWHUCIOM CHMBOINY, Bil To4yatky ¥ mo KiHnsg Qaiimy. [lpm mpomy
HEOOXITHO 3MEHIIUTH KITbKICTh CHMBOJIIB, SIKI 3YHTYIOTHCS, OCKUIBKU
3YUTYETHCS BECH (DAl

3anuc paHux

JaHni y (haiin mociiIoBHOTO TOCTYITY 3aMUCYIOTHCS 32 JIOTIOMOTOIO
omepatopiB Print # 1 Write #. Omeparop Write # momaTkoBO
AaBTOMATHYHO BCTaBJIs€ y (ail po3IiUIBHHUKH, alle He JIa€ THYYKOCTI Ipu
yopaBiiHHI  (OpMaTyBaHHAM JaHHWX. SIK MOXHa OyJIO TOMITHTH MpH
BHBYCHHI (DYHKIIiIi YMTaHHS JaHUX, KOKHA 3 (YHKIH 3amucCy MpaIoe B
mmapi 3 meBHOIO GyHKUielo yuTaHHs. g omeparopa Print # me ¢yHKmii
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Input abo Line Input #, a amd omeparopa Write # — me
Input #. PexoMeHnyeTbcsi  mpU 3acTOCYBaHHI  omepauii
3aMuCy/4UTaHH JaHWUX 3 (ailjIiB BUKOPHCTATH caMme Taki mapu (QYHKINH i
OTIepaTopiB 3aMCy/dUTaHHS.

PosrisHemo omepatop Print #. Bin Mae Takuii cuHTaKcuc:
Print # fileNumber, [outputlist],

Ie

e fileNumber — HOMep aiiiy, aHATOTIYHUN HOMepy (ailry B
omeparopi Open;
e outputlist — cnucok BUpasiB ab0 3MIHHHX IUIS 3aITUCY.
Onepatop Write # Mae Takuil CHHTaKCHUC:

Write # fileNumber, [outputlist],
e

e fileNumber — HoMmep dQailly, aHalOTriYHUH HOMepy B
omeparopi Open,;
e outputlist — cnucok BUpasiB a00 3MIHHHX [UIS 3aITUCY.

[Tpu BUKOHAHHI 3anucy AaHUX y (aiin onepatop Write # micis
KOXKHOTO psiIka aBTOMATHYHO BCTaBIJIIE CHMBOJI TEPEBEICHHS KapeTKH
CHR(13) i cumBox HOBorO psimka CHR(10).

3aminumo ko y Hamomy foaatky MyFileProject na Taxuii:

Dim strFileName As String

Dim strFileContent As String

Dim nFreeFile As Integer

Private Sub cbStart Click()

nFreeFile = FreeFile
cdCommonDialog.ShowSave

strFileName = cdCommonDialog.FileName
If strFileName <> "" Then

Open strFileName For Output As nFreeFile
strFileContent = txtFile.Text

Print #nFreeFile, strFileContent
Close

End If

End Sub

B oTpumaHOMYy momaTKy laHi, yBeleHI B TEKCTOBE IoJie, OyIyTh
3aIMCyBaTHUCS OTepaTopoM Print # y daiin, 3HalIeHNH 3a TOTIOMOTOI0
JI1aJIOTOBOTO BikHa 30epeKeHHs (paniB.
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Pobota 3 dainaMmu AOBIALHOIO AOCTYNY

@aiii i3 JOBUTFHUM JOCTYIIOM Ma€ 3a3[aJleTiab 3alaHy CTPYKTYpY
i cxmagaeTses i3 3amuciB. KoxHuit 3ammc y daitni — me meska mopiis
JaHWUX, 1[0 Ma€ CTPOTO BU3HAYCHWH PO3MIp i CBilf KOHKPETHHI HOMEp Y
¢aiini. loctyn go naHux y ¢aiini JOBITEHOTO JOCTYITY 3IIHCHIOETECS caMe
3a HOMepoMm 3ammcy. JlaHi 3 (¢ailimy Takoro THIly YHTAlOThCS U
3aMMUCYIOTHCS 3anucam. [IpuknagamMu Qaioy TOBIUTEHOTO JOCTYIY € 0a3u
JaHUX, 110 3aBXK/U MAIOTh CTPOTO BU3HAUEHY CTPYKTYPY.

[Tpu BiaKpUTTI (aiiniB TOBIIBHOIO JOCTYNYy MOMIJIWBHH TiNbKH
OIUH peXuM JocTyny — Random. [lo pedi, Leil pexuM € peKMMOM 3a
yMOBYaHHM 1718 QyHKIIT Open .

BukopucroByroun moxiuBocti Visual Basic, MoxHa cTBOpUTH
Gdaiin  JAOBUIBHOTO [OCTYNMy KOPHCTYBalbKoi, TOOTO CBOEl BIacHOI
cTpyktypu. IIpomemMoHCTpyeMO 1eé Ha HEBENIMKOMY TpHKiIami. 3a
JOIIOMOT 010 omeparopa Type OTOoJOCHMO THII 3MIHHOI, IO Ma€ 3aJaHy

CTPYKTYpY 3amucy:

Type PhisFace
PhisFaseID As Integer
FIO As String * 50
End Type

VY naHoMy NpHKIAAi OroJIONIeHa CTPYKTypa Y BUIIIIL 3amucy i3
nBox moiiB. IlepmmM monem € imeHTH(DIKaTOp, @ OPYTUM — TPI3BHIIE,
iM's Ta mo OarbkoBi. OTOJOIICHHS KOPUCTYBAllbKOTO THUIYy JAHHX
HEOOXiJTHO 3M1MCHIOBATH B MIPOrPaMHOMY MOIYTi.

BiaKpuTTA daitAy AOBIALHOIO AOCTYNY

@ailyl OBIIBHOTO JIOCTYNY BIIKPHBAETHCS TPOXH IHAKIIE, HIX
¢aiin mociinoBHoro pocrymy. CHHTakcuc omneparopa Open INpH LbOMY
BUTJISIIA€ B TAKUH C1IOCi0:

Open pathName [For Random] As fileNumber Len =
recLength,

ac

e pathName — noBHe iM's (aiiry;
e fileNumber — HOMep (aiimy;
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(] recLength — goBXHHa 3amucy B Oaifrax.

[lpu BukopucraHHi omepatopa Open sl BIAKPUTTS (aiimy
JOBUIBHOTO JOCTYITy aTpuOyT For He 00O0B'SI3KOBHiA, ToMy 1m0 y Visual
Basic meii mapameTp YCTaHOBIIOETHCS 3a YMOBUYAHHsM. SIK BUAHO i3
CHUHTaKCHCY, Ha BIIMIHY Bix ¢ailily 3 MOCIIIOBHUM [OCTYIIOM, IIpU
BIIKpUTTI (aiily 3 JOBUIBHHM JOCTYIIOM HEOOXiHO 0OOB'I3KOBO
BKa3yBaTH [OBXHHY 3amucy. IIpum I1bOMy, SKIIO [JOBXKHHA 3alucy
HEBizoMa, ii MOXXHa OOYHCIIHTH 3 BUKOPHCTAaHHIM (PyHKIIT Len.

YutaHHA AaHUX 3 paiAy AOBIABHOMO AOCTYNY

Hani 3 ¢aitny HOBUIBHOTO AOCTYIy, SIK MPABUIIO, 3UUTYIOTHCS
3anucaMu. I bOTO BUKOPHUCTAETHCS omepaTop Get #, 10 Ma€ Takuii
CHUHTAKCHC:!

Get #fileNumber, [recNumber], varName,
ne

e fileNumber — HOMep (aiiny;
e recNumber — HOMep 3amucy y ¢aiii;
e varName — 3MiHHa.
Skmo napamerp recNumber y ¢yHkmii Get He 3a3HaYCHUN,
3YUTYETHCS TIOTOYHHHN 3aI1C, Ha IKOMY MO3UI[IOHOBAaHHUH MTOKaKIHK.
JAnst TO3KIIIOHYBaHHS TOKa)KYMKA MOKHA BUKOPHUCTATH (YHKIIIIO
Seek. CuHHTaKkcHC IIOTO OIlepaTopa TaKUH ke, 5K i1 (Qaiiis
MOCTITIOBHOTO JIOCTYILY, ajie¢ Ma€ IHIIMN 3MICT. SIKIIO UIsl MOCIITOBHHX
(aiiniB MO3WIIIOHYBaHHS BHUKOHYETHCA II0 CHUMBOJAX, TO Ui (aifimiB
JIOBUIBHOTO JJOCTYITY — 3a HOMEPOM 3aIHCY:
Seek #fileNumber, position,
ne

e fileNumber — HOMEep (aiiry;

e position — WINOYKCIOBHUI BHPA3, IO 337a€ HOMEP 3alUCy Y
(atii.
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3anuc y ¢ainA AOBIALHOIO AOCTYNy

Hdusa  zammcy gammx y  Gaim  JOBUIBHOTO — JOCTYIY
BUKOPHCTOBYEThCS OIepaTop Put #, IO Ma€ Takuil CHHTAaKCHC:

Put #fileNumber, [recNumber], varName,
ne
e fileNumbel — Homep ¢Qaiiry, aHaJOTiYHHA HOMEpPY B
omeparopi Open,;
e recNumber — LUIOYUCIOBUIA BUpa3, IO 3aJa€ HOMEP 3aIucy
y (atii;
e varName — 3MiHHA, IO BKa3ye IKEPENO 3aIHCYBAaHUX JAHUX.

Ileit onepaTop BUKOPUCTOBYETHCS TUTHKHU AJIs (hailsliB JOBUTLHOTO
Jgoctymy W OiHapHuX. SIKIIO HOMep 3amucy He 3a3Ha4YeHWi, TO 3a
YMOBYAHHSM OepeThCsl TOTOYHA MO3HIIIS TOKKINKA 3aIUCy.

[Ipu BUKOpHCTaHHI omepaTopa Put HEOOXiOHO MaTH Ha yBasi,
IO JIaHi B 3aIlici i3 3a3HA4YE€HHM B OllepaTtopi HOMEpPOM OyIyTh 3aMiHEHi
Ha Ti, fKi MU 3anucyeMo y ¢aiin. JlonaBaHHs 3alKCiB BUKOHYEThCS 3a
JIOIIOMOT'0I0 LILOTO JK OTEePaTopa, aje 3 ACTKUMH OCOOTMBOCTSIMH.

3MiHa AaHKX y dalini AOBIABHOIO AOCTYNY

Jnst 3MiHM aHuX y 3anucax ¢aiiny (peaaryBaHHs, 10JaBaHHS,
BUJIAJICHHS 3alMCiB) 3aCTOCOBYEThCS omeparop Put #. Ilpm iioro
BUKOPHCTaHHI HEOOXiJIHO MaTH Ha yBasi, 1[0 JAaHI B 3amuci OyayTh
3aMiHeH1 Ha Ti, siKi MU niepenaemo y daiin. [ligkpecnumo, o HOBUiA 3anuc
13 JIaHUMU HE CTBOPIOETHCSI.

Jnst nopaBaHHs 3anuciB y ¢aiitn HEoOXiJHO BKa3zyBaTH HOMEP
3amucy Ha OJMHUIO OUIBIIMH HOMepa OCTaHHBOTO 3amucy. Y IbOMY
BHIIQJIKY 3am¥c Oyzae JomaHuil y Qaiin, a He 3MiHeHud. Hampukman:

Put # FileNum, LastRecord + 1, ForFileRecords

Jnst  oOdYMCIeHHS MOTOYHOTO HOMEpa OCTAHHBOTO 3aIucy
LastRecord MOXHAa BUKOPHCTAaTH JIOBXKHMHY 3aIlicy W posmip caiity,
1o nmoBeprae GyHkiieo LOF .

IlepeitneMo 10 omucy Tmpollecy BHUAANCHHs IaHUX 3 (aiimy
JIOBUTBHOTO JOCTYMy. ICHYIOTH ABa crocoOu. MoXHa MPOCTO OYUCTHTH
BINOBIHI TOJIS 3a3HAYCHMX 3aIUCIB, TOOTO 3amucaTH B HUX TOPOXKHI
3HadeHHA. OfHaK y IbOMY BHIAAKY Yy (aifi 3aiIumaroTbCs IOPOXKHI
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3anmmcH. 3po3yMiJio, IO IPU TAaKOMY HiAXOIi pecypcH (IHUCKOBUH TPOCTIp)
BHUKOPHCTOBYIOTHCS HEpaLiOHAIBHO.

Jias  ocTaTO4HOro  BHIAJEHHSA  3aIMCIB  PEKOMEHIYEThCS
Tepe3anucyBaTH JaHi B HOBHH (haiii, MPOMYCKAlOYH ITOPOKHI 3aIliCH.
ANTOPUTM IHX il TaKHUH:

1. CrBopits HOBHII (paiin 32 gomoMororo oneparopa Open .
2. [Ilepermmiite BCi  HemycTi 3amucd B HOBUH  (aii,

BHUKOPHCTOBYIOYH OIIEPaTop

3. Put #.

4. 3akpwiite BHXiTHMH Qain i BUIANITH HOro 3a JIOMOMOTOIO
omepatopa Kill.

5. [Ilepeiimenyiite HOBHH (haiin y BUXiHMIA oniepaTropoM Name .

OpmepxxyeMo Toit xe (ailm, ame Bke Oe3 IMOPOXKHIX 3aIUCiB.
Ilpyn mpOMy 320IIAJDKYETBCS MPOCTIp AMCKAa M Yac MOIIYKY IaHUX Y
TakoMy (aiii.

Pob6ora i3 ABiikoBUMU dainamu

piiikoBuii  ¢aitn y kopeHi BiApi3HseTbcs Bin - aiiniB
MOCHIZOBHOTO 1 poBiIbHOTO noctymy. Ilogueiteest Ha puc. 8.5. Tyt sik
NpHKIa] JBiliKoBOTO (haiiny 3a gomomororo peaakropa Notepad cucremu
Windows BinkpuTHii BUKoHyBaHui daiin Visual Basic.

E D_priem.exe - WordPad M =13

YPaiin MNpaska Buo Bcraeka Fopmar Cnpaeka

D= Szl s o |=w | ®)

MZ~0000000J0 22 rO00000HO00 O000000I000, DDD*DDDD%
OFl TRO0Owuc%:PRe00) BRSE€£eKFs0€C Ve ¥eE€E: Fe i PE0S
»O0%EBrBH ' OTHIONC ane&00ux a&00xnae00nias00mn a&00
OucCas

Omllas

OME 2001 2E0070K SOVITse s 3% Ia0GE=0c0F= vx:
O1Mm OFe0VHO0P 3500 Tas TO aF waFmsmm T ;FuwwBrm] 7

<M IHEO<+uyB ?+udE00 01 A% EBJOR0 3 A<HeOv 2 <Xr w0<:

50 VOO0 A0 st CHYOcORTaSM] ~ 2T [ PSQRVHU%EI“:EI;I
4 I I »
Ina cnpaekH HamuTe F1 HUM - 2

Puc. 8.5. Ilpuknan aBifikoBoro ¢aiiry
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3 puc. 8.5 BUmHO, MmO HeMa parii meperagaTa (Gain y ducTomy
BHII, HOTO pO3yMi€ TUTBKH CHeUianbHa mporpama. [IBiiikoBuii ¢aiin He
OpTaHi30BaHHUN Y PSIKH, K (Qaiil MOCTiTOBHOTO AOCTYILY, MIPEACTaBICHUN
panime Ha puc. 8.1. Tyr He MOXHa BUAUIMTH PSNOK, 3amuc abo iHITY
iHpOopMaLiltHy CTPYKTYpyY, KpiM OaiiTiB ab0 O10KiB OailTiB.

JIBiiiKOBHI (aii BIIKPUBAETHCS TUTHKH Y IBOX PEKIMAX:

e Binary — JABIWKOBHUI IOCTYI 32 HOMEPOM Oaiira;
e Random — JOBUIBHUH AOCTYIL

st pexxuMy goctyny Random 1o IBIHKOBUX (aiiiniB, Ha BIAMIHY
BiJ (paiiJIiB TOBUIFHOTO JOCTYILY, 3aIIHC HE MA€E CTPOTO 3aIaHOTO PO3Mipy i
3BHYAITHO OOYHCITIOETHCS 32 BiIIIOBIIHAM alIrOpHTMOM abo 30epiraeTecs B
3ammcax Qaiiy.

PobGora i3 pBiiikoBuMu (aiiiamMu  BiIPI3HAETHCS  OUIBIIOIO
cB00O/I0I0 BUKOHAHHSI PI3HUX [Iiif, HIXK 3 (hailJIaMu MOCIiIOBHOTO AOCTYIIY.
Ha Bigminy Big QaiiaiB MOCHIIOBHOTO JOCTYIY, JABifiKOBHi (haiin
BIZIKpUBAETHCS Biipasy W I YATAHHS, 1 JUIsl 3a1UCYy.

BiakpuTtTal ABiliKOBOrO panny

JpiiikoBuil  (aiil  BIIKPUBAETHCS MO-iHIIOMY, HDK (haiin
mocioBHOro noctymy. CHHTakcuc omepatopa Open IS IBIHKOBOTO
(aiiny Burisiiac B Takuii cnocio:

Open pathName For Binary As fileNumber,
e

e pathName — moBHe iM'a ¢aiiny;

e fileNumber — HOMep (aiimy.

UnuTaHHA AQHUX i3 ABIMKOBUX daiAiB

UwuraHHs [aHWX 13 JABIMKOBUX (ailiB  BHKOHYETBHCS 3@
JIOTIOMOT 010 oreparopa Get #, L0 Ma€ TaKUM CUHTAKCHUC:
Get #fileNumber, [recNumber], varName,

ne

e fileNumber — HOMep ¢aiiny;

e recNuinber — po3mip 3amucy B Oaiftax;

e varName — 3MiHHa, y SIKy YATAIOThCS JaHi 3 daiiry.
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3anuc AaHUX Y ABIMKOBI ¢panAv

Hna 3ammcy OaHWX y ABIMKOBI (pailil  BHKOPHCTOBYETHCS
omeparop Put #, II0 Ma€ TaKUi CHHTaKCHC:
Put [#]fileNumber, [recNumber], varName,

ze

e fileNumber — HOMep (aiiry;
e recNumber — po3mip 3anucy B OaiTax;
e varName — 3MiHHA, y fKiii 30epiratoTecs HaHi, 3alUCYyBaHi y
(haiin.
[Mo3uiionyBaHHs y ABiiikoBOMY (haiisli BUKOHYETHCS TaK CaMo, SIK
y (baiii mociIoBHOTO AOCTYILY.

Pobora 3 atpubyramu panais

Hns pobotu 3 arpubytamu (haiiiriB BUKOPUCTOBYIOTHCS (DYHKIIIT
GetAttr i SetAttr. CuaTakcuc (QyHKOII GetAttr, mo moBeprae
aTpuOyTH (aiiiB, TAKKM:

GetAttr (pathName),

ae pathName — nwix, mo BrIoYae iM's ¢aitmy, namky,
MPUCTPIi. 32 yMOBUAHHSM 3aCTOCOBYETHCS IIOTOYHA NAIKa i MPUCTPIl.

Oyukiiss GetAttr moBeprae 4YMCIO, M0 BH3HAYAE aTpUOYTH
¢aiiny. [HTEpIIpeTYyBaTH IIe YHMCIO MOXKHA 3a JOIIOMOTOI0 IapaMeTpis,
OMHCaHMX y Ta0uI. 8.3.

Tabmurg 8.3
KoncranTu atpuOyTiB daiinis
Koncranra Onuc 3HaveHHS
vbNormal 3Bu4aiiHuii (aiin 0
vbReadOnly Daii TIABKY JJIs YUTaHHS 1
vbHidden CxoBaunii ¢aiin 2
vbSystem CucremHunit ¢aiin 4
vbDirectory Karanor(namnka) 16
vbArhive ApxiBHuii daitn 32
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Amnarnoriuao mparoe QyHKIis Setattr, 10 BUKOHY€ yCTaHOBJICHHS
aTpuOyTiB (aiiniB. CuaTaKcHc 1iel QyHKIIT Taknii:
SetAttr pathName, attributes,
Ie
e pathName OUIAX, [0 BKIFOYae iM's (ailmy, mamnky,
HpUCTpPiH. 32 yMOBUAHHAM BHUKOPHUCTOBYETHCS MOTOYHA Iamka H
TIPUCTPIH;
e attributes — gnciao abo Bupas3, mI0 337a€ CyMy aTpHOYTIB.

Y ¢ysknii SetAttr BHKOPHCTOBYIOTHCS BCI KOHCTAaHTH,
onmcasi B Taby. 8.3, KpiM KOHCTaHTH vbDirectory.

Jast Toro mo6 3amaTy Kinbka aTpuOYTIB, MOXHA MPOCTO JTOJATH
3a3Ha4YeHI KOHCTAaHTH. Hampukman, Ui ycTaHOBJICHHS aTpUOYTiB (aiimy
Hidden i Read—only HeE0oOXiIHO BHKOpHCTaTH (QYHKLIO Setattr
TaKOro BHIY:

SetAttr "MyFile", vbHidden + vbReadOnly

Ipu oMy st ¢daitny MyFile 6yayts ycraHoBneni atpubyTu
Hidden i Read—only.

Pobota 3 nankamu i NpucTposMH

daiin mepedyBac Ha camMOMy HW)KHBOMY DiBHI 30epiraHHs
iHdopmanii y ¢aiinoiii cucremi komi'torepa. Buie B iepapxii ¢aiiinoBoi
CHUCTEMH PO3TallOBaHi Manku i nmpuctpoi. [1ig npucTpoeM po3yMmieTbes He
TIIBKKA TBEpAMH IHCK, ane W, HaNpuKiIad, NpUcTpidl ans umtanHs CD-
ROM.
Jns omepaniit 3 mankamMu ¥ mpuctposimu y Visual Basic icHye
Habip ¢yHKUIiN i onmepaTopi (Tabn. 8.4), sKi TO3BOJIAIOTH CTBOPIOBATH W
BU/IAJIATH TIAIIKH, IEPEeHMEHOBYBATH iX, PO3KpUBATH TXHIN 3MICT.
Tabmmmg 8.4

Oynkuii i onepaTopu It poOOTH 3 ANTKAMH M TPUCTPOSMH

DyHKis1, onepaTop BuxonyBana jist
ChDir 3MiHIOE IOTOYHY HAIKy

ChDrive 3MiHIOE IOTOYHUI NPUCTPIN
MKDir CTBOPIOE ManKy

RmDir Bunanse nmanky
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[poxnexenus Tadi. 8.4

DyHKLis, onepaTop BukonyBana ais
Hanae mammi im'st a6o mepeiiMeHOBYe

Name A t P Y
HanKy

CurDir IToBepTae MOTOYHHIA KATAIOT

Dir IoBepTae ciMcoK (BaiiniB Manku

I3 ycroro cmucky QyHKOi Mg poOOTH 3 MamkamM¥ OIHIEO i3
HaiiOimpm KopucHHUX € QyHKmis Dir. [is miel ¢yHKOii Haramye
ananoriuny komanay DOS. 3a gonmomororo i€l (yHKIIii MOKHA OJIepKATH
cnucok (aitniB 3a3HadeHoi mamkw. IIpym mpOMy MOXKHa 3aCTOCOBYBATH
mabioH iMeHi (¢ailly, BHUKOPHCTOBYIOYHM THITOBI MO3HAa4YeHHS "*"
MHOXKHHHA TinMiHa, "?" — MigMiHA OJHOTO CHMBOITY.

OyHKIis Dir Mae TaKuil CHHTaKCHC!

Dir (pathName[, attributes]),

Ie
e pathName — nuiix, MO BKIOYAE iM's (aifly, manky, IpucTpii. 3a

YMOBUYQHHSIM 3aCTOCOBYETHCS MOTOYHA Mamnka # mnpuctpid. s
MO3HAUCHHS IMEHI MOXKHa 3acTOoCyBaTH 1a0ioH 3a aHanoriero 3 DOS.
Sxuo ¢aiin He 3HalICHNIH, TO BEPTAETHCS MMOPOXKHIHM PSIIOK;

e attributes — arpuOyrtu QaiiniB. MaloTh 3HaYCHHS, 3a3HAYCHI B
tabn. 8.5. Slkmo arpubyTH He NpHU3HAuYeHi, TO 3a YMOBYAHHIM
BepTarThes (aitnu 6e3 aTpudyTiB.

VYkazyroun atpulOytu A GyHKUil Dir, MU npu3HadaemMo (inbTp
JUISL CIIMCKY BHMBeAeHHX (aiutiB. [lnsg Toro moO NMpU3HAYUTH OJHOYACHO
KiJIbKa aTpuOyTIB, TX MOXKHA ITPOCTO apU(pMETHIHO JIOJATH.

VYka3yloun KOHKpeTHe 3HauyeHHs Qaity, (yHKLil0o Dir MoOXKHa
BUKOPHUCTAaTH ISl MiATBEp/DKEHHS ICHYBaHHS 3a3HadeHoro Qaiiry Ha
IHCKy. SIKmio 3a3HaueHmiA (aii He iCHYE, TO BEPTAETHCS MOPOKHINA PATOK.

Ta6muus 8.5

Koucrautu arpubyTiB ¢aiinis ¢pyukiii Dir
Koncranra 3HayeHHs Onuc
vbNormal 0 3anae ¢aitnu 6e3 aTpubyTiB
vbReadOnly 1 3anmae (aiiuiy TUTBKU 17151 YUTAHHS
vbHidden 2 3ajae cxoBaHi (aiinm
vbSystem 4 3anae cucteMHi Gainu
vbVolume 8 3a1ae MiTKy TOMY
vbDirectory 16 3anae manky (karaor)
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KopoTko onuieMo cHHTaKCHC IIe JeKUTBKOX KOPUCHUX (YHKIIH,
BHKOPHCTOBYBAHHX IIPH POOOTI 3 MarrkaMu.

Jnsg CTBOpeHHs ManKu 3acTOCOBYEThbCS omepatop MkDir,
CHUHTaKCHC SIKOTO BUIJISIIA€ B Takuii crocio:

MkDir path

ne path — morax, mo BKIOYae iM's (ailry, mamky, IpUCTpi.
3a yMOBYaHHSM BHKOPUCTAE€THCS IOTOYHA Mamnka W NpHcTpid. Skmo
napamerp path He MICTHTH IM's HIPHUCTPOIO, Mamka Oyae CTBOpeHa Ha
[IOTOYHOMY NPUCTPOI.

Jng BumaneHHs ManoK BUKOPUCTAETbCA omeparop RmDir, 1mo
Ma€ HaCTYIIHUI CUHTaKCHC:

RmDir path

Ie path — nuiax, mo BKIFOYae iM's paiiry, manky, npucTpii. 3a
YMOBYAHHSM BHKOPHUCTOBYETHCS TOTOYHA Tamka i mnpuctpiil. Ilpu
BUKOPHCTaHHI onepatopa RmDir HEOOXiAHO MaTH Ha yBasi, IO SKIIO
BUIAISETHCS TAIKa, M0, MICTUTh (aiiu, Oyae BHIABATHCS CHCTCMHE
MOBiZIOMJIEHHSI TIpO NOMHIKY. 11l00 yHUKHYTH IbOTO, PEKOMEHIYETHCS
CHOYaTKy BUAAIMTH Bci (hailyii 3 manku 3a JOMoMoror orneparopa Kill i
JIMIIE TOTIM BUJQINTH 3a3HAYCHY MAIKy.

Jnst BUOOpY IHIIOTO NPHUCTPOIO BHUKOPHCTOBYETHCSA OIEPATOP
chDrive, mo Ma€ Takuii CHHTAKCHC!

ChDrive drive,

ae drive — psAAKOBHH BHpa3, IO MPpU3HAYa€ HOBUH IPUCTPIK.

[Mapamerpom wiei ¢GyHKUIl € JiTepHE MO3HAYEHHS IMPUCTPOIO
Bamoi cucremu. [Ipu BukopuctanHi wiel QyHKUIT HEOOXiIHO MaTH Ha
yBa3i, 0 MPUCTPii TOBUHEH iCHYBATH 1 OyTH JOCTYITHHUM.

OpraHi3aujs Apyky

Jlpyk TekcTy, TOOTO BHBEJEHHS IaHUX Ha IPUHTEP, MOXHA
OpraHi3yBaTH 3a JIONIOMOTrol0 QaiiioBoro oneparopa Print #. JlilicHo, 3
MIOTJIAYy BUWBEICHHS JaHUX, Yy HPUHIMII OJHAKOBO, KyIHW ITI€pPECHIAaTH
iHpopmanito. HeobximHO TiNBKH MPaBUIBHO BKAa3aTH ii 0JepKyBaya.

Jlis mepecumaHHs JaHWX Ha TPUHTEP BUKOPHUCTOBYETHCS HpsSME
npusHadeHHs: nopry npunrepa (LPT1, LPT2) sk onepxyBaua nanux. Lle
MOYKHa 3p00HTH 3a JOTIOMOTI'00 OIlepaTopa BIIKpUTTA daiiiny Open:

Open "LPT 1" For Output As #nPrinterHandle
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[licns BUKOHAHHS IBOTO OMNEpaTopa I aapecamii JaHUX Ha
MIPUHTEP HEOOXiTHO BHKOPHUCTATH JecKpunTop (imeHThdikaTop ¢aitry)
#nprinterHandle. SIkmo B AOAATKy HE MIATPUMYETHCS OOUMCICHHS
inenTugikaTopa (aiiiiB, TO BapTO BUKOPHCTaTH QYHKIiI0 FreeFile mis
foro oO4YHCIEHHS. AHAJIOTIYHO MOXXKHA HAINPAaBUTH MaHi B OyIb-SIKHHA
IHIIWH TOPT KOMITTOTepa abo Mepexi.

[Ticns Toro sk MOPT BIAKPUTHH A NPUHOMY JaHHX, MOXHA
BUKOpHCTAaTH omeparop Print #. Takuil BUpa3 nocuiaae Ha NPUHTEP
JaHi 11 IPYKY:

Print #nPrinterHandle, strExpression

Y mpoMy BHpa3i Strexpression 3ama€ TEKCT, SKHA
JPYKY€ETBCHL.

BukopucroByroun (yHKIIT i oriepaTopy YNTaHHS JaHUX 3 (aiiny,
MOYKHa OPTraHi3yBaTH [UKJIIYHE TOPSIKOBE BUBEJACHHS (hailiy Ha ApYK.

OpHak meit Meroj oprasizarlii BUBEICHHS JAaHUX Ha JPYK Mae
cBoi ToHKOCTi. Bci omepamii pobotm mnpuaTepa (Ilo3umioHyBaHHS
JPYKIBHOI TOJIBKH, MEPEBEACHHS DsJKa, MEPEBEJICHHS CTOPIHKH Ta iH.)
Tenep Oyne mMOTPIOHO mporpamMyBaTH 3a JIOTIOMOIOK  CIHEHiaTbHUX
orepaTopis, sKi po3ymie mpuHTep. Taki omeparopu HasuBaroThcs Esc-
xomamu (Esc-TIOCTiZOBHOCTAME). IXHili OIHC HOJA€THCA JO KOXKHOTO
NpUHTEpa i TYT MU He OyAeMO iX pO3IJIsaaTH.

[Ticns 3aBepILeHHs APYKY JAHUX MOPT 3aKPHBAETHCS ONEPATOPOM
Close, IO TaKOXX BUKOPHUCTAETHCS [UIS 3aKPUTTS (aiiry:

Close #nPrinterHandle
abo

Close

I[Ipu BuxopucraHHi omepatopa Close 0e3 IecKpuITOpa
OJIHOYACHO 3 TOPTOM 3aKPUBAOTHCS W (aiau, 3 SAKUX BHUBOAMUIACS
iHdopmaris.

Pe3rome

dailin BUKOPUCTOBYIOTB ISl TPUBAJIOTO 30€piraHHs JaHWX, IPU
iHcTanmsaii po3poOieHuX JMojaTkiB, INpH iHimiamizamii JIoJaTkiB 3
BUKOpHCTaHHSIM (aiiniB HacTporoBaHHs. (Paitnm 30epiraeTbcs Ha IHCKY,
KiJIbKICTh JJaHUX B (aiiii npu HOro onucyBaHHI HE BKa3y€ThCs, CIEMEHTH
¢aiiiiB He MalOTh IHAEKCIB, TOMy po0OoTa 3 (aiiaMu - BaKIMBUHA HaBUK,
AKAN TOTPiOHMIA Ipu po3poOIli mporpaMHOro 3abe3nedeHHs. TpaauiiiHuii
miaxig mpu poboti 3 daiimamu y Visual Basic momsrae y BHKOpHCTaHHI
¢dbyHKIIH 1 omepaTopiB, mo 3a0e3MedyroTh JOCTym A0 iHpopMarii y
¢atinax. IIpu poboTi 3 daitnamMmu HEOOXiTHO MaTH iHGOPMAIIO TPO THIT
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¢aiiniB 1 opranizamiro 30epiraHHsA maHUX y Qaiimax - 1e 3ade3meuye
BHKOPHCTAHHS BIATOBIAHUX (YHKIINA 00poOKH (aiimis.

S

© © N

11.
12.
13.

14.
15.
16.

17.

18.

19.

KOHTPOABbHI 3anuTaHHSA Ta 3aBAAHHA

OsznaunTt TOHATTS (Qaitn. Ynm cxoxi daitmu i macuBu? Yum
BOHH BiJpi3HAIOTHCA?

Ski maHi MOXyYTh OyTH eleMeHTaMH ¢aitry?
UuM BU3HAYAETHCS MOHATTS TUN (aiiny y Visual Basic?
SIki Tunu QainiB icHyrOTH?
UuM Bimpi3HSIOTECA (alinmu 3 JOBUIBHUM 1 3 IOCTiIOBHUM
Joctynom?
VY oMy MOIATar0Th TPAAMLIHHI MiIX0N TIPH poOOoTi 3 daitmamu?
Ywum 3ymMoBIIeHa OTpeda y BIIKPUTTI Ta 3aKPUTTI (aiinis?
YumM TeKcToBUN (aiin BiAPI3HIETHCS B TUITI30BaHOTO?
CrBopiTh THMI30BaHHU (Qaitm 3 iHQOpMAIiEI0 MPO KHIKKH 3
MPOrpaMyBaHHSI.
[MosicuiTh pizHuio Mix QyHKuisMu FileLen 1 Lof ?

Sk npamoroth GyHkLii Close, Close #, Reset.

Sk oxepkatu iHdopMmariiro mpo paiin?

VY domy ocoOiuBicTh ABiiikoBuX (OiHapHMX) (ailiiB, KomH ix
BHUKOPUCTOBYIOTH?
Sk opraHi3yeThcs 3MiHa JaHUX y (haiinax JOBUTHHOTO TOCTYITY?
Sk mepecunaroThes AaHi i3 ¢paitry Ha mpuHTEp?
CrBoputH aBa Qainu uinux 4yucesl. BigcopryBaTw iX BMICT.
BincopToBaHi (aiinu 371UTH B OJIMH BIIOPSIKOBAHUIH (aii.
3ajnaHo /aBa TekcToBHX (aiinu. Bumanutu 3 umx QaiiiB psaxw,
IO MalTh OJHAKOBI HOMEpH, aje cami He € OJHAKOBUMH.
PesynbraTn 3amucatu B HOBi (aiiim.

3anucaty B mepeBepHYTOMY BHTIISiAI psiaku ¢aiiny f B daitn g.
[lopsimox mpoOXOmKeHHA psAKiB y (¢aili moBuHEH OyTH
3BOPOTHMM IO BiJHOIIEHHIO [0 MOPAAKY PSIKIB BHXIiTHOTO
¢aitmy.

Iepemcarn kommonentn daitny f B daitn ¢, BeraBmsoun B
MOYaTOK KOXKHOTO psiJKa MOpsSIKOBHM Homep psnka. llopsmok
MPOXO/KEHHST KOMIIOHEHT 30€eperTH.
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20.

21.

22.

23.
24.

25.

26.

217.

28.

Otpumat Bci psaku o¢aitny f, mo mictarte sk ¢parMeHT
psimok S.

Bukmount 3 KOXHOTO psijka ¢aiiny d cMMBOJM, BiIMiHHI Bif
OyxB i nudp. Pesynprar 3anucartu B daiin g.

OO0uncIUTH A1 KOXKHOTO PpsiZKa TEKCTOBOro (hailily KiNbKiCTh
BIJIKPUTHUX 1 3aKPUTHUX JTYXKOK i JOMHCATH OOYHCIICHI 3HAYCHHS B
KiHeIlb KOXKHOTO psjKa. Pe3ynpraTy 3amicat y HOBU (aiii.
BunyunTn komeHTapi 3 Hamucanoi Ha Visual Basic mporpamu.

VY aiini 30epiraroTeCs  BIIOMOCTI HPO  IIOCTaBKH TOBApIB:
HaliMCHyBaHHS TOBapy, BapTiCTh, OJWHHUIA BHMIPIOBAHHS,
KUIBKICTh, KpaiHa mocTtaBkd. Po3pobutu nporpamy, sika J03BOJISIE
OJIEp)KYBAaTH CHHCOK KpaiH, IO IMIIOPTYIOTh BKa3aHHW TOBap y
BKa3aHOMY 00CsI3i.

CrBopuTH (aiin, mo Mae Taki MoJsA: AUCHUILTIHA, BUKJIagad, KOJ
Ipyny, JeHb TWXXHS, HOMEp TapH, ayaurtopis. Pospodutn
nporpamy, sika J03BOJIHUThH JPYKYBaTH PO3KJaJ 3aHATh IPyNd B
3alaHUul IeHb THXKHS.

V (aiini 30epiratucs iHdopMariis mpo macaxxkupis i 6arax. barax
nacakupa XapaKTepU3yeTbCs KUIBKICTIO peueil 1 3araJbHOI0
Baroro pedeid. [Ipo nmacaxupa Binomo: I1Ib, Homep peiicy, micto.
UYu € macaxup, 6arax siKoro rnepeBuIye 6arax KOXXHOTO 3 peITH
racakMpiB 3a KUIBKICTIO peueii 1 3a Baroto?

CreopuTH (aii 3amucis, 10 MA€E Taki MOJIS: TPI3BHIIE, IM'S, iM's
1o 0aThKOBI, PiK BCTYIy Ha poOOTY, JOMaIIHs anpeca, TeiaedoH.
Bupanuti i3 ¢aiiny Bci 3anucu, B SIKUX MPi3BUIIE TOYHHAETHCS 3
3aJ1aHOT KOPUCTYBAUYEM JIITEPH.

CreoputH (ailn AIHCHUX YUCENT 1 MepenucaTi HOro KOMIIOHCHTH
y HOBHI1 (aiin y 3BOPOTHOMY TOPSAKY.



Po3ain IX
ANHAMIYHI CTPYKTYPU Y VISUAL BASIC

IcHye 4oTHpM OCHOBHI cnocobu posmoniry mam'siti 'y Visual
Basic: oromnomieHHs 3MiHHUX CTaHAApPTHUX TUMIB (I, i3 IUIABarOYOIO
Kpamkoo 1 T.JA.); OTOJIOIIEHHS 3MIHHAX THIIIB, $Ki BH3HAYeHI
KOpPHCTyBa4eM; CTBOPEHHS €K3EMIUIAPIB KJIACiB 32 JOMOMOTOI0 OIEpaTopa
New Ta 3MiHa po3mipy MacuiB. Kpim Toro, icHye mmie nekiigpka crnoco0iB,
HalpHKiaJg, CTBOPEHHS HOBOro ek3eMiuripa ¢(opmu abo eleMeHTa
KepyBaHHs, ajie BCI i CIOCOOM HE MAl0Th BEJIHMKHX MOJMJIMBOCTCH MpU
CTBOPEHHI CKJIQJIHUX CTPYKTYD JAaHHX.

BukopucToByIOUH IIi METOAM, MOKHA JIETKO OyqyBaTH CTaTH4HI
CTPYKTYpH JaHUX, TaKi SK BEIMKI MAacHBH, THUI SKHX BH3HAuCHHH
KopHucTyBaueM. MoOXHa 3MIHIOBaTH PO3MIp IIMX MAacHBIB 3a JIOIIOMOTOIO
omepatopa Redim. Ilpore mepeposmofinm AaHHX MOXe OYTH IOCHTH
cxinagHuM. Hampuknan, Juis TOro mo0 MepeHecTH eNEeMEHT 13 OJHOTro
KIiHII1 MAacHBY Ha IHIIIH, MOTPiIOHO Oy/e MepeymopsaKyBaTH YBECh MacHB,
3pYLIMBINK BCi €IEMEHTH Ha ONHY TO3HUIII0, MO0 3allOBHHUTH IIPOCTID,
SIKFH 3BUTBHUBCS. | TIBKY MOTIM MOYKHA TTOMICTUTH €IEMEHT Ha HOTO HOBE
MicCIIE.

JlMHaMi4HI X CTPYKTYpPH JaHHMX JO3BOJISIOTH IIBUAKO H JIETKO
BUKOHYBaTH TaKOro poOAY 3MiHHM. YCbOro 3a KUIbKa KpPOKIB MOXHA
MEePEeMICTUTH OyIb-IKUH €JIEMEHT Y CTPYKTYpl JaHHX Yy Oyab-sike iHIe
TIOJIOXKEHHSI.

Ilefi po3min TPUCBIYCHUN OMHMCAHHIO METOHIB CTBOPCHHS
JMHAMIYHMX cruckiB y Visual Basic. Pi3HI THIM CHHCKIB MarTh pi3Hi
BiacTuBOCTI. Jlesiki 3 HUX MPOCTi i MaloTh 0OMeKeHy (YHKI[IOHAJIbHICTb,
IHIIM %K, TakKi AK UKIIYHI CITUCKH, OQHO - a00 JABO3B’SI3HI CIIMCKH € OiIbII
CKIIATHUMH ¥ TiITPUMYIOTH OiJbIII PO3BHHEHI 3aCO0M KepyBaHHS JaHUMH.
Metonu, siki OyIyTh OmMECaHi, BHKOPUCTOBYIOTECS UIS MMOOYIOBH CTEKiB,
4epr, MacHBiB, JIepeB, XEMI-TaONHIb i Mepex. Bam HeoOXigHO 3acBOITH
Marepiai bOT0 PO3ALTY Mepes] THM, SIK ITPOIOBKUTH YUTAHHS 1HIIHX.
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3acTocyBaHHS AUHAMIUHKX CTPYKTYP AaHUX

JwHaMivHI CTPYKTYpH XapaKTEePU3YIOTHCS BIICYTHICTIO (hi3WMIHOI
CYMDKHOCTI €JIEMEHTIB CTPYKTypH B TaM'siTi, HEMOCTIiiHICTIO i
Herepen0adyBaHICTIO pO3Mipy CTPYKTYpH B mportieci 1 06po0ku. OCKiTbKH
ENIEMEHTH JUMHAMIYHOT CTPYKTYpH PO3TaIIOBYIOTECS 3a
HemepenOadyBaHUMHU — aipecaMH  IaM'sTi, ajapeca eJIeMeHTa TaKoi
CTPYKTYpH HE MOXe OyTH oO0dYMCIIeHa 3 aJpecH II0YaTKOBOTO abo
MIOTIEpEeTHBOTO eIeMeHTa. J{1si BCTaHOBJEHHS 3B'A3KYy MK eJIeMEeHTaMu
JUHAMIYHOT CTPYKTYpPH BHKOPHUCTOBYIOTHCS MOKQXYHKH, 4Yepe3 sKi
BCTaHOBJIIOIOTHCSI SIBHI 3B'I3KM MK eJeMeHTamH. Take IpeacTaBiIeHHS
IAaHUX B IIaM'sITI HA3UBAECTLCS 3B'I3HUM.

Ilepesacu  36's3n020 nodamws Oawux — B MOXKIHUBOCTI
3a0e3neueHHss 3HAYHOI 3MIHHOCTI  CTPYKTYp: pPO3MIp  CTPYKTYpH
00MEKYETHCSl TUTBKH JOCTYITHUM OOCATOM MAIIMHHOI ITaM'siTi, TIpX 3MiHi
JIOTIYHOI TOCITOBHOCTI €IIEMEHTIB CTPYKTYpPH MOTPiOHE HE MepeMileHHs
JAaHUX B MaM'ATi, a TITPKA KOPEKIis MOKaXYHKiB, BEIMKAa THYYKICTH
CTPYKTYpH.

OchosHi Hedoniku 38'a3H020 NnoOdauHA: IUIA OpTaHi3aImii 3B'SI3KY
BUTpAyaeThCcs JOAATKOBAa MaM'siTh, JOCTYIl JO €JIEMEHTIB 3B'I3HOL
CTPYKTYPH MOXe OyTH MEHII e()EKTHBHUM 33 4acOM.

3B'A3HE TOJaHHS NPAKTHYHO HIKOJM HE 3aCTOCOBYETHCS B
3ajia4yax, e JOridyHa CTPYKTypa JaHUX Mae BHUJ BeKTopa abo MacuBy — 3
JIOCTYIIOM 332 HOMEPOM eJIEeMEHTa, ajie 4acTO 3aCTOCOBYEThCS B 33j1a4ax, Je
JIOTIYHA CTPYKTypa BHMAarae iHIIOI mo4aTkoBOi iH(opmauii moctymy
(crickw, TabmuI, AepeBa i T.1.).

3HanoMCTBO 3i cnuckamm

Haiinpocrima ¢opma crnmcky - ne rpymna o6'ekriB. Bona mictuts
y co0i 00'eKTH 1 JO3BOJISIE MIPOTpaMi 3BEPTATHCS 10 HUX. SIKIIO 1e Bce, mo
BaM IOTPIOHO BiJl CIIUCKY, BU MOXKETE BUKOPHCTOBYBATH MACHUB SIK CITHCOK,
BIJICIIIIKOBYIOYH 32 JONOMOTO 3MiHHOI Numinlist KiJIBKICTB
€JIEMEHTIB y CIUCKY. BU3HAUMBINM 3a JOIOMOTOO ITi€l 3MiHHOI KUTBKiCTh
HasSBHUX €JIEMEHTIB, MPOrpamMa MOKe IOTIM 110 Yep3i 3BEpTaTHCS 10 HUX Y
UK For 1 BUKOHYBAaTH HEOOX1THI JIii.

Sxmo BU y CBOiK mporpami MoxeTe OOIWTHCS IIMM IiJXOJO0M,
BUKOpUCTOBYHTEe Horo. Lleii edexTHBHMHA METOH, SKHA JIETKO
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MATPAMYBATH 3aBASKH Horo mpocrtoTi. [IpoTe OumpIIiCTE HporpaM He
HACTUTBKH TPOCTA i B HUX NOTPiOHI OLTBII CKIIaaHI KOHCTPYKIIT HABITH IS
TaKAX TPOCTUX OO'€KTIB, K CHHCKH. TOMy B HACTYIHHX MigpO3Aiax
OBOTO PO3IUTY OOTOBOPIOIOTHCS MAEAKI MUIXH CTBOPEHHS CITHCKIB 3
OUTBIIOI0 (PYHKITIOHANBHICTIO.

VY nmaHOMy pO3IiNi ONMMCYIOTHCS NUIAXH CTBOPEHHS CIIHCKIB, SIKi
MOXYTh POCTH ¥ 3MEHIIyBaTHCsS 3rofoM. [HOxi 3a3janeriip He MOXKHA
BU3HAYUTH, HACKUIBKM BEJUKHH CIHMCOK 3HAJIOOWTHCS, Y Takii curyamii
JIOTIOMO>KE CITHCOK, SIKMU TIPY HEOOX1THOCTI MOXKE 3MIHIOBATH CBiil po3Mip.

MosxHa opraHisyBatu Heynopsaokogani cnucku (unordered
1ist), mo D03BOJSIIOTH BUAAISATH €IEMEHTH 3 Oy Ib-AKO1 YaCTHHHU CIIUCKY.
HeynopsiakoBaHi CIIUCKH JAOTh OUIBIINIT KOHTPOJIb HaJ BMICTOM CIHCKY,
HDK TpocTi. BOHM € OUIbII AWHAMIYHUMH, TOMY IIO JO3BOJISAIOTH
3MIiHIOBAaTH BMICT y JOBUIBHHAH MOMEHT Yacy.

Jnst cTBOpeHHS OUTBII THYYKHX CTPYKTYP HAAHUX 3aCTOCOBYIOTh
36's3mi cnucku (linked 1list), siKi BUKOPUCTOBYIOTh HOKadicuuku. Bu
MOXKETe J10JjaBaTH ad0 BUIAJSITH €JIEMEHTH 3 Oy/b-sIKOi YaCTHHH 3B'S3HOTO
CHHCKY 3 MIHIMaJIbHUMH 3yCWJUIIMH. Y JaHOMY PO3ALJl OIMCaHl TaKoX
iHIII  PI3HOBUIW 3B'SI3HUX CITHUCKIB, Taki SK IIUKIIYHI, TBO3B’s3HI abo
CHHCKH 3 TOCWJIAHHAMH.

MpocTi crn1cku

Sxmo y Bamili mporpaMi HEOOXIAHWH CIHCOK IOCTiHHOTO
po3Mipy, BU MOXETE CTBOPHTH HOTO, MMPOCTO BUKOPUCTOBYIOUH MacwB. Y
IFOMY BHITQAKY MOXHA MpPU HEOOXiTHOCTI OMUTYBaTH HOTO €IEMEHTH B
muki For.

Bararo mporpaM BHKOPHCTOBYIOTH CITUCKH, SKi POCTYTBH abo
3MEHIIYIOThCS 3rofoM. MOXXHa CTBOPUTH MacwB, IO BigNOBigae
MaKCHUMaJIbHO MOXKJIMBOMY PO3MIpY CITUCKY, ajJ¢ TaKe PIIICHHS HE 3aBXKIU
Oyne ontuMmanbHUM. He 3aBAM MOXHA 3a3[aJierifp 3HATH, HACKUIBKU
BEJIMKMM MOJXE CTaTH CIIMCOK, KPIM TOTO, IMOBIPHICTh, IO CIFCOK CTaHE
Ny’KE BEJIHUKHUM, MOXXE OyTH HEBEJIHMKAa W CTBOPCHHH MAacCHB TIraHTCHKHX
PpO3MipiB MOKe OUTBITY YaCTHHY Yacy JIMIIE JAPEMHO 3aiiMaTh TIaM'sAThb.
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KoAeKuji

[Iporpama moxe BHUKOpUCTOBYBaTH Kojekmii Visual Basic mms
30epiraHHs CIUCKY 3MiHHOTO po3mipy. Meron Add Item gomae exeMeHT
y konekuito. Meron Remove Buiaisie eneMeHT. HactymHuil ¢parment
KOy IEMOHCTPYE HpOrpamy, ska JOJAa€ TPU CIEMEHTH A0 KOJEKIii i
MOTIM BHAANISE APYTHIA CIIEMEHT.

Dim list As New Collection
Dim obj As Myclass
Dim I As Integer
‘' CTBOPUTHM M momaTu 1 eJIeMeHT.
Set obj = New Myclass
list.Add obj
‘' IomaTu Lijie umciio.
i =13
list.Add I
V' JomaTu pPANOK.
list.Add "Pobora 3 koJiekLigmm"
v BulyumMTHM 2 eJIeMeHT (LiJjie umciio) .
list.Remove 2

Koneknii HamararoTbcsi 3a0e3Me4nTH MIATPUMKY OyAb-SKUX
JIO/IATKIB i BUKOHYIOTh 4y/IOBY POGOTY. IX Jlerko BUKOPHCTOBYBAaTH, BOHH
JIO3BOJISIFOTH BUTATATH €JIEMEHTH, SIKI MPOIHIACKCOBAHI 3a KJIFOUEM, 1 Jal0Th
NPUIHSATHY MPOAYKTUBHICT, SKIIO HE MICTSITh 3aHAATO 0arato eJeMeHTIB.

IIpoTe KOJEKI[iAM BIACTUBI ¥ TEBHI HEMOMIKH. J[Js BEIMKHX
CIHCKIB KOJIEKIIii MOXYTb MpAIfOBATH MOBIIbHIIIE, HDK MacuBHU. SIKIIO y
BaIlliif Iporpami He MOTPiOHI BC1 BIACTUBOCTI, HaIaBaHi KOJEKIII€0, OLTBII
HIBHIKUM MOXK€ OyTH BUKOPHCTAaHHS MIPOCTOTO MACHBY.

Cxema XeulyBaHHS, $Ky KOJEKLil BHKOPHUCTOBYIOTH IS
YIpaBIiHHSA KJIIOYaMH, TaKOX Hakiazae psyg obdmexeHb. [lo-mepiue,
KOJIeKIii He JO3BOJLIIOTH nyOmroBatu kimtowi. [lo-mpyre, ams Komekmii
MOXKHa BHM3HAUUTH, SKMH €JEMEHT Ma€ 3aJaHuil KoY, ajle He MOXHA
JOBiaTHCA, SKWM KITIOY BIiANOBiZae JaHOMY eneMeHTy. [, Hapemrri,
KOJIeKIIii He MATPUMYIOTh MHOXMHHUX KITfo4iB. Hampukian, moxe OyTH,
oo BaM mOTpiOHO, moO mporpama Morja POOUTH TMOIIYK 32 CIHCKOM
CIy’)XOOBIIB, = BHKOPHCTOBYIOUM iM's  cmiBpoOiTHMKa abo  #oro
imeHTUdIKaIHNI HOMEp y CHCTeMi COIiaIbHOTO cTpaxyBaHHs. Komexiis
HE 3MOJKe MMiJATPUMYBaTH OOMIBAa METOJH MOIIYKY, TOMY II0 BOHA 3/1aTHA
OTIepyBATH TUIBKU OJHUM KIFOUEM.

Jani omucyroThCsl METOAM MOOYIOBH CHHCKIB, BUIBHI BiJl ITHX
0OMEKEHb.
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Cnncok 3MiHHOIo po3Mmipy

Omneparop Visual Basic Redim mo3Bosie 3MiHIOBaTH PO3Mip
MacuBy. Bu MoxeTe BHKOPHCTOBYBATH II0 BJIACTHMBICTH I IOOYNOBH
MIPOCTOTO CIHMCKY 3MiHHOTO po3Mipy. [To4HITh i3 orojomeHHs MacuBy 0e3
po3mipy mans 30epiraHHs EJIEMEHTIB CIUCKY. TakoX BH3HAUTE 3MIHHY
Numinlist Juid BIACTEXKEHHS KUIBKOCTI eleMeHTIB y cmucky. [lpum
JI0laBaHHI €JIEMEHTIB IO CIMCKY BHKOPHCTOBYiiTe omepaTop Redim it
30UTBIICHHS PO3Mipy MacuBY, OI00 HOBHH €JIEMEHT 3Mil BMICTUTHCA B
HboMy. [Ipm BHIaleHHI eJIEeMEHTa TaKoXX BUKOPUCTOBYHTE oreparop
Redim s 3MCHIICHHS MAacHUBY U BHBIIBHEHHS HEMOTPiOHOI OinbIie
mam'siTi.

Dim List () As String v CIOMcoOKk eJIeMeHTI1B.
Dim Numinlist As Integer V' YucJio eJIEMEHT1B Yy CIUCKY .
Sub Addtolist (value As String)
‘' 36impmmTM PO3MipP MacCHUBY.
Numinlist = Numinlist + 1
Redim Preserve List (1 To Numinlist)
‘' JlomaTuM HOBUM €JIEMEHT IO K1HLE CIMCKY.
List (Numinlist) = wvalue
End Sub
Sub Removefromlist ()
'\ 3MEeHIMTM PO3Mip MacuBy, 3BijbHS0OUM HaM'ATh.
Numinlist = Numinlist - 1
Redim Preserve List (1 To Numinlist)
End Sub

L5 mpocTa cxema HeroraHo Mpalloe JUIs HEBEIMKHUX CITUCKIB, ale
B Hel € mapa HepouikiB. [o-mepiie, TOBOIUTHCS 4acTO 3MIHIOBaTH PO3MIp
MacuBy. Jlist ctBopenns cnucky 3 1000 exementi goBenethest 1000 pasis
3MIHIOBAaTH PO3Mip MacuBy. ['ipmie Toro, npu 30iIbIIEHH] PO3Mipy CIHCKY
Ha 3MiHy #oro po3mipy Oyzae moTpiOHO Oinblie dYacy, OCKiIbKH
MIPURAETHCS IM0pa3 KOMiIOBATH 3POCTAIOYMH CIIFICOK y TaM'sTi.

JAnst 3MeHIIeHHST YacTOTH 3MiH PO3Mipy MacHBY MOXHA J0JaBaTH
JIONAaTKOBI €JIeMEHTH [0 MacuBy TMpH 30iJbLIEHHI HOro po3Mipy,
Hanpukian, no 10 ememeHTiB 3amicTh oxHoro. Ilpm 1pomy, KoiaM BH
Oynere monaBaTH HOBI €JIEMEHTH JIO CIHMCKY B MailOyTHbOMY, MacHuB BiKe
Oyze MICTUTH HEBHKOPHCTOBYBAaHHI KOMIPKH, y sIKi BH 3MOXKET€ 3aHECTH
HOBI eyleMeHTH Oe3 30iIbLICHHS po3Mipy MacuBy. HoBe 30inblIeHHS
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po3mipy MacuBy Oyne MOTpiOHO TITBKK TOZi, KOJH TIOPOXKHI KOMIpKH
3aKiHYaThCA.

[MoniOHMM YMHOM MOXKHA YHHUKHYTH 3MiHH PO3Mipy MacHBY IpH
KOXXKHOMY BHUJAJICHHI eleMeHTa 31 CIMCKy. MO)KHa IO4YeKaTH, IOKH B
MacuBi Oyne 20 HEBHKOPHCTOBYBAHMX KOMIpOK, HEpII HiXK 3MEHIITYBATH
fioro posmip. Ilpu npomy motpibHO 3amummti 10 BUTBHUX KOMIpOK UIS
TOrO, 11100 MOXHa OYyJIO 10J]aBaTH HOBI eJIeMeHTH 0e3 HeOOXiTHOCTI 3HOBY
301IBIIYBaTH PO3MIpP MacHBY.

3a3HaunMo, L0 MaKcHMallbHa KiJIbKICTh HE BHKOPHCTOBYBAaHHX
koMmipok (20) moBuHHa OyTH OiNIBILOIO, HIXK MiHIMaNbHA KijbkicTs (10). Lle
3MEHIY€E KUTBKICTh 3MiH pO3Mipy MacuBY NpH BHAaleHHI abo NoxaBaHHI
HOTro eNeMeHTIB.

[pu TaKiii cxeMi B CIIHCKY 3BHYAIHO € KiJTbKa BITbHUX KOMIpPOK,
MpoTe iX KITBKICTH JOCTaTHHO Malla, i 3aliBi BUTPATH MaM'SITi HEBEIIHKI.
BimbHI KOMIpKH TapaHTYIOTh MOXJIMBICTE JOIaBaHHA a00 BUIAJICHHSA
eNeMeHTiB 0e3 3MiHU po3Mipy MacuBy. PaKTHYHO, SKIIO BU HEOJAHOPA30BO
JI0a€Te 10 CIMCKY, a MOTIM BHIAJAETE 3 HHOTO ONUH a0o0 IBa €IEeMEHTH,
BaM MOX€ HIKOIIM HE 3HAI0OUTHUCS 3MiHIOBATH PO3Mip MacHBY.

Dim List () As String ‘' CnMcok eJIeMeHTiB.

Dim Arraysize As Integer ' PosMmip MacuBy.

Dim Numinlist As Integer ' UmCJIO BUKOPUCTOBYBaHUX
eJIeMEeHTiB.

'\ SAxmo MacwuB 3aloBHeHMM, 301japmmTy MOTO PO3Mip, IOIABINM

10 xoMipoxk.
loTiM ODOoIaTM HOBUM eJIeMeHT y KiHellb CIMCKY.
Sub Addtolist (value As String)
Numinlist = Numinlist + 1
If Numinlist > Arraysize Then
Arraysize = Arraysize + 10
Redim Preserve List (1l To Arraysize)
End If
List (Numinlist) = value
End Sub
‘' BUIIyuMTM OCTAaHH1M ejieMeHT 31 Cchmcky. SKIO 3ajMimiIoCcCs
Binbme
‘' 20 mopoxHixX KOMipOK, 3MEeHUMTM CIMCOK, 3BljbHA©LUM
nam'saTb.
Sub Removefromlist ()
Numinlist = Numinlist - 1
If Arraysize — Numinlist > 20 Then
Arraysize = Arraysize -10
Redim Preserve List(l To Arraysize)
End If
End Sub
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J1s ny>ke BeJIMKUX MACHBIB L€ PIIICHHS MOXKE TaKOXK BHSBUTHUCS
He HalkpammuMm. SKmo BaM TOTPIOHMH coucoK, mo Mictuts 1000
€IIEMEHTIB, IO SKOTO 3BHYaifHO nomaetbes mo 100 exeMeHTiB, TO yce 1mie
3aHaATO Oararo dacy Oyae BHUTpaudaTHCS Ha 3MiHYy pO3MIpy MacHBY.
O4eBUAHOIO CTPATETIEI0 B FOMY BHIAAKY Oyiio 0 30UIBIICHHA po3Mipy
MacuBy 3 10 mo 100 abo 6impmre komipok. Toxi MmoxkHa Oyno 6 monaBatu
o 100 eneMeHTiB 0AHOYACHO 0€3 4acToi 3MiHU PO3MIpY CIHCKY.

Binpur rHyYKuM pineHHsiM OyJe 3MiHa 301IbIIEHHS 3aJIe)KHO BiJl
po3mipy MacuBy. J[yisi HEBEIUKUX CIUCKIB Iie 301MBIICHHS OYyJ0 O Takox
HeBeJIMKUM. Xo4a 3MiHM pO3Mipy MacuBy BinOyBamucs O yacTimie, BOHH
BUMaraau O BIIHOCHO HeOarato 4acy /Uil HEBENWKMX MacuBiB. Js
BEJIMKUX CHHCKIB 301IbLICHHS po3Mipy Oyne OiIbIuM, TOMY iXHIH po3Mip
Oyze 3MiHIOBATHCS pijIe.

HactymHa mporpama HamaraeTbcsi MiATpEMyBaté npuOIM3HO 10
BIJICOTKIB CIIHCKY BUTPHUMH. KOJHM MacWB 3amOBHIOETHCS, HOTO po3Mip
30impmTyeThes Ha 10 BimcoTkiB. SIKIIO BUTBHUIT IPOCTIp CTAHOBHUTH OiIbIIIE
Hik 20 BIACOTKIB Bil pO3Mipy MacuBy, IporpaMa 3MEHIIye Horo.

[Ipu 306impIIeHHI pO3MIpy MAacWUBY HAomaeTbcs He MeHme 10
€JIEMEHTIB, HaBiTh sKIIO 10 BiZCOTKIB BiJ pO3Mipy MacHUBY CTaHOBJIATH
MeHIy BenauuuHy. lle 3MeHIye KidbKiCTh HEOOXITHHMX 3MiH PO3MIipy
MAaCHUBY, SKIIIO CIIUCOK Jy’K€ MaJMH.

Const WANT FREE PERCENT = .1 ‘' 10% BispHOTO MicLA.

Const MIN FREE = 10 ‘' MiHiMamnbHE UMCJIIO
[IOPOXH1X KOMipox.

Global List () As String ‘' MacuB eJIeMeHTI1B
CIVICKY .

Global Arraysize As Integer ‘' PosMip Macusry.

Global Numitems As Integer ‘' UMCJIO eJIEMEHTI1B y
CIUCKY .

Global Shrinkwhen As Integer '\ 3MeHmmMTM PO3Mip, AKIO

Numitems < Shrinkwhen.
‘' AdKkmo MacuB 3aloBHeHUM, 301abmmMTM MOTO PO3Mip.
‘' [loTiM momaTy HOBUM €JIEMEeHT y KiHellb CIMCKY.
Sub Add(value As String)
Numitems = Numitems + 1
If Numitems > Arraysize Then Resizelist
List (Numitems) = value
End Sub
‘' BulyumMTM OCTAHH1M eJjIeMeHT 31 CHOUCKY.
‘' dxmo B MacuBil GaraTo MHOPOXHIX KOMipOoK, BMEeHmMTU MOTO
posMip.
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Sub Removelast ()
Numitems = Numitems - 1
If Numitems < Shrinkwhen Then Resizelist
End Sub
‘' 36impmmTM po3Mip MacuBy, mo6 10% xoMipok Oynm BijbHI.
Sub Resizelist ()
Dim want free As Integer
want free = WANT FREE PERCENT * Numitems
If want free < MIN FREE Then want free = MIN FREE
Arraysize = Numitems + want free
Redim Preserve List (1l To Arraysize)
'\ 3MeHmmMTM po3Mip MacuBy, skmo Numitems < Shrinkwhen.
Shrinkwhen = Numitems - want free
End Sub

Kaac Simplelist

{06 BuKOpHcTaTH NeHd NMPOCTHH MiXiA, Hporpami HEOOXiTHO
3HATH BCI MApaMeTPH CIIUCKY, P IIbOMY HOTPIOHO CTEKHUTH 32 PO3MipoM
MAacCHBY, KUTBKICTIO BUKOPUCTOBYBAHHUX €JEMEHTIB 1 T.i. SIKImo HeoOXiTHO
CTBOPHUTH OUTBIIE OJHOTO CHHCKY, OyAe MOTpiOHO OaraTo KOmiil 3MiHHEX i
KOJI, IKMH yNpaBJilsie pi3HUMHM CIIMCKaMH, Oyze ;yOmoBaTHCsI.

Knacu Visual Basic MOXyTh CHWJIBHO TOJISTIIMTH BHKOHAHHS
poro 3aBranHsA. Kiac Simplelist iHKAICYNIOE CTPYKTYpPY CITHMCKY Ta
CIIPOIIY€E YIIPABIIHHS CHUCKaMH. Y IBOMY KIaci MpuCyTHI Metoan Add i
Remove s BUKOPUCTAaHHS B OCHOBHIil mporpami. ¥ HbOMY TaKOX €
NpoLeAypH BWTATY BiacTHBOCTell Numitems 1 Arraysize, 3a
JIOTIOMOT0I0  SIKUX TPOrpaMa MOXKE BH3HAYHUTH KUIBKICTH €JIEMEHTIB Y
CITUCKY ¥ 00CsIT 3aliMaHOT HIM TaM'sITi.

IMpouenypa Resizelist orosomeHa sk MpuUBaTHa ycepeauHi
kimacy Simplelist. Ile npuxoBye 3MiHy pO3Mipy CIHCKY BiJ OCHOBHOI
NPOrpaMH, OCKUIBKM IIeH KOJ TIOBHHEH BHKOPHCTOBYBAaTHCS TIIBKU
ycepeanHi Kiacy.

BuxopuctoByroun knac Simplelist, 1€rko CTBOPUTH B
JOJIaTKy KiTbKa crmHcKiB. 7 TOTO 100 CTBOPUTH HOBHM OO'€KT JIA
KOXKHOTO CHHCKY, IPOCTO BHKOPUCTOBYEThCS orepatop New. Koxnuii 3
00'exTiB Mae cBO{ 3MiHHI, TOMY KOXHHH 3 HUX MOXKE YIPABISTH OKPEMHUM
CIHCKOM:
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Dim Listl As New Simplelist
Dim List2 As New Simplelist

IIporpama Simlist (OmMck 3 OpuKJIagaMu — I[anka
ProgR9) IeMOHCTpye BHKOpHCTaHHI kiacy Simplelist. Baemith
3HAYCHHS B TI0JIC BBEJCHHS TEKCTy W HaTHCHITH kHonkKy Add (Jomatn).
[Iporpama momacTp emeMEHT 1O CHOUCKy. I[Ipm HeoOximHOCTi 00'eKT
Simplelist 30imeImHATE poO3Mip MacuBy. Bu 3Mokere BHIyUIHTH
OCTaHHI eNeMEeHT 3a JONOoMOror KHomku Remove (BuiyuwTn), skio
CIHCOK I1I¢ HE TIOPOKHIH.

Konu 00'ekt Simplelist 30iUIbIIyE MACUB, BiH BUBOJUTH BIKHO
MOBIIOMJICHHA, J€ TII0Ka3aHO pO3Mip MAacuBY, KUIBKICTH  HE
BUKOPHCTOBYBaHMX  €JEMEHTIB y HBOMY 1 3HAueHHsS 3MIHHOL
Shrinkwhen. Komu KibKiCTh BHKOPUCTAaHHX KOMIPDOK Yy MacHBi CTa€
MEHINOI, HDK 3HadueHHS Shrinkwhen, mporpama 3MeHIIye pO3Mip
MacuBy. 3a3HauMMO, IO KOJIM MAacHB IPAaKTUYHO MOPOXKHiM, 3MiHHA
Shrinkwhen iHOII JOpIBHIOE HYNIO a0 CTa€ HETATUBHOI. Y IOMY
BUIAJKy pO3Mip MacuBy He OyAe 3MCHIIYBAaTHCS, HABITh SKIIO BHU
BUJIy4YHTE BCI €JIEMEHTH 31 CITUCKY.

IIporpama Simlist momae mo wmacuBy mie 50 BifCOTKIB
MTOPOXKHIX KOMIPOK, SKIIO HEOOXITHO 30UIBIIMTH WOTO PO3MIp, i 3aBKAH
3aJIMIIAE IIPU [IbOMY HE MEHIIE OJHi€l MOPOXKHBOI1 KoMipku. Lli 3HaueHHS
Oynu oOpaHi IS 3py4HOCTI poOOTH i3 IporpaMor0. Y pearbHOMY JOJaTKy
BIJICOTOK BUJIbHOI MaM'siTi MOBHHEH OYTH MEHIIHMM, & KUIbKICTh BUIBHHX
KOMIpOK OubLIoI0. Binbll po3yMHHM y TakoMy BUNaiKy Oyio O BuOparu
3HaueHHs mopsaky 10 BIICOTKIB BiJ MOTOYHOIO pPO3MIpY CIHCKY W
MiHiMyM 10 BiJIBHUX KOMIpOK.

HeynopsiaAkoBaHi CnUcKu

V meskux momaTkax MOKE 3HAJOOWMTHCS BUOAIATH €IEMEHTH i3
CEpelIHU CIHCKY, MOJAI0YH MpPU I[bOMY €JIEMEHTH B KiHElb CIHCKY. Y
IFOMY BHIIAJKy TIOPSIOK pO3TAlIyBaHHS CIEMCHTIB MOXE OYyTH He
BaXIIMBUH, alle MpH IBOMY MOXe OyTH HEOOXiJHO BUAAISATH IEBHI
ememMeHTd 31 comcky. CHOUCKHM — Takoro THIy  Ha3WBAKOTHCS
Heynopaokoeanumu cnuckamu (unordered lists). Bonu Takox iHomi
Ha3MBaIOTHCS «MHOKHHOIO €JIEMEHTIBY.
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HeynopsigkoBaHuii ~ CHOMCOK — TOBHHEH  MiATPUMYBAaTH  Taki
omepartii:
e  JIO/IaBaHHS €JIEMEHTA JI0 CIUCKY;
®  BUJAJIICHHS CJIEMEHTA 31 CITUCKY;
e  BU3HAYCHHS HASBHOCTI €JIEMEHTA B CITHCKY;
® BUKOHAHHS SKHUXOCh OMeEpaliil (HApUKIaa, OPYKy Ha TUCIUICH
a00 MPUHTEP) AT BCiX SIICMEHTIB CITUCKY.
IIpocTy cTpyKTypy, MPEACTABICHY B MOMEPEIHBOMY MiAPO3ILMTi,
MOJXKHA JIETKO 3MIHHTH JJIs TOTrO, mo0 0o0poOmatu Taki crucku. Komm
BUJAISETHCS €JIEMEHT 13 CEPeIUHM CIHUCKY, 1HII €JIEMEHTU 3PYIIYHOTHCS
Ha OJIHY MO3UIIiI0, 3aIOBHIOIOYY TPOMIXKOK, 0 yTBOopuBCs. Lle mokaszaHo
Ha puc.9.1, ne Apyruil eIEeMEHT BHUAATSIETHCS 31 CIHCKY, a TPETii,
YEeTBEPTHH, 1 M'SATUH ENEMEHTH 3PYLIYIOThCS BIIBO, 3allOBHIOIOYU BiJIbHY
TUITHKY .

FXF\F N
A | B|C|D|E

A|C | D|E

Puc.9.1. BuganeHus eneMeHTa 3 CepeIuHI MacUBY

BunaneHHss 3 MacMBY elleMEHTa MPU TaKOMY IMIIXOIi MOXKe
3affHATH JOCHUTH Garato 4acy, 0COOIHMBO SIKIIO BHIAISIETHCS CIEMEHT Ha
novyarky cnucky. L[o6 Bunmyuyutn nepumii enemeHT B macusi 3 1000
€JIEMEHTIB, Oyae NOTPiOHO 3pPYHIUTH BIIBO Ha OAHY Mo3uii0 999
eneMeHTiB. HabaraTo mBu/me MoXHa BUAAISATH SJIEMEHTH 3a JOIIOMOT OO
npoctoi cxemu 36upanns cmimms (garbage collection).

3amicTh BHIAJCHHS C€JIEMEHTIB 3i CHHCKY, IO3HAa4yTe IX $K
HEBUKOPUCTOBYBaHHI. SIKIIO €IEMEHTH CIHCKY - JaHi HPOCTUX THIIIB,
HaIpUKJIa LT, MO)KHA MO3HAYaTH €JIEMEHTH, BUKOPHUCTOBYIOYHU IEBHE,
Tak 3BaHe «cmimmesey 3nauenns (garbage value).

Jnst miiix 9rcesn MOXKHA BUKOPHCTOBYBATH JUIS [[bOTO 3HAUCHHSI
-32767. Ans 3MiHHOI THITy Variant MO)KHa BUKOPHUCTOBYBATH 3HAYCHHS
NULL. Ile 3HaueHHs HaJgaeTbCs KOKHOMY HEBHKOPHCTOBYBAaHOMY
eneMenTy. HacTymauii hparMeHT KOy AEMOHCTPYE BHIAICHHS elIEMEHTA
3 MOAIOHOTO IIJIOYHCIIOBOTO CITUCKY:

Const GARBAGE VALUE = -32767
' [Mo3HaUUTKM eJIeMeHT sK HEeBMKOPMCTOBYBaHMUM.

Sub Removefromlist (position As Long)
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List (position) = GARBAGE VALUE
End Sub

SIKIIO eleMEHTH CIHCKY - [Ie CTPYKTYPH, BU3HAUCHI OTIEPaTOpPOM
Type, BU MOXeTe J0AaTH JI0 Takoi CTPYKTypu HOBe mojie Isgarbage.
Komn ememeHT BHmamseTsCs 31 CHUCKYy, 3Ha4eHHS moiisi Isgarbage
BCTAHOBJIIOETHCS B True.

Type Mydata
Name As Sring v TaHi.

Isgarbage As Integer ‘' el ejleMeHT He
BUKOPUCTOBYETBCA?

End Type
‘' [Io3HAUMTU eJIEMEeHT, WO SK He BUKOPUCTOBYETHLCH.
Sub Removefromlist (position As Long)
List (position) .Isgarbage = True
End Sub

Jis mpocTOTH, mami B IBOMY pO3ALUT, HepemadadaeTves, M0
CIIEMEHTH € JaHUMH VHIBEpCAllbHOTO THIy 1 IX MOXKHAa II03HA4YaTH
3Ha4YeHHAM NULL.

Tenmep MoXHa 3MIHUTH IHIII TIPOLEAYPH, SKi BHKOPHUCTOBYIOTH
CIIHCOK, 00 BOHH TIPOITYCKAM ITO3HAYCHI eleMeHTH. Hampukian, Tak
MOJKHA MOIU(IKYBaTH IPOIEIYPY, KA JPYKYE CITHCOK:

‘' JIpyk eJIEMEeHT1B CHOUCKY.
Sub Printitems ()
Dim I As Long

For I = 1 To Arraysize
If Not Isnull(List(I)) Then vV AKIO eJIeMeHT
HEe MO3HAaUYeHUN
Print Str$(List(I)) '\ HampykyBaTu
1oTOo .
End If
Next T
End Sub

[Ticns BUKOPUCTAHHS HPOTATOM AESKOTO Yacy CXEMH ITO3HAYKU
«CMITTSD CIHCOK MOYKE BUSBHTHCS MOBHICTIO HIM 3alIOBHEHHH. 3PEIITOIO,
miAmporpamu, MoAiOHi 1iil mporexypi, O6inpie yacy OyIayTh BUTpadaTH Ha
MIPOIYCK HETIOTPiIOHNX €JIeMEeHTIB, Hi’K Ha 00pOOKY CIIpaBXHIX JaHUX.
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st Toro mo0 YHHUKHYTH I[[bOTO, MOXKHA MEPIOJHYHO 3aMyCKaTh
mporenypy 30opy cwmirtsa (garbage collection routine). Lls mpomemypa
mepeMiliae Bci HETIOMiueHi 3amrcu B MOYaToK MacuBy. Ilicmsa mporo ix
MOJKHA JOJaTH IO BUTPHHUX €JEeMEHTIB HampukiHIi MacuBy. Komm Oyxme
moTpiOHO JOAATH IO MacHWBY OJATKOBI €IEMEHTH, iX TaKOXK MOXHa Oyxe
BHKOPHCTOBYBATH 0€3 3MiHH PO3Mipy MacHBY.

Ilicas nmonaBaHHS ITO3HAYEHHMX €EJIEMEHTIB 10 IHIIUX BiIBHHUX
KOMIpOK MacHBY TOBHHUII 0OCST BUIBHOTO MPOCTOPY MOXKE CTaTH JOCHTH
BEJHMKHM, 1 B I[bOMY BHIAJKy MOXXHA 3MCHIIWTH pO3MIP MAaCHUBY,
3BUILHAIOYH AM'STh:

Private Sub Collectgarbage ()
Dim i As Long
Dim good As Long
good = 1 ‘' Ilepuny BUKOPMCTOBYBaHMM E€JIEMEHT.
For i = 1 To m Numitems
‘' dxmo BiH He MNOBHAYEeHMM, HepeMicTuTy MOoTOo Ha
HOBe Micle.
If Not Isnull(m List(i)) Then
m List(good) = m list (i)
good = good + 1
End If
Next i
‘' OCTaHHiM BUKOPUCTOBYBAHUM EJIEMEHT.
m_Numitems (good) = good - 1
‘' uy HeoOx1iOHO 3BMEeHWYyBAaTM PO3Mip CHOMCKY?
If m Numitems < m Shrinkwhen Then Resizelist
End Sub

Ilpu BuKoHaHHI 300py CMITTSI BUKOPHCTOBYBaHI e€JIEMEHTH
MepeMILAI0ThCs OJIMKYE 10 TTOYATKy CIIUCKY, 3aIIOBHIOIOYH IIPOCTIP, KU
3aiiMaJM TO3HAueHI eJeMEeHTH. BHXOAWTb, TOJOXKEHHS EJIEeMEHTIB Y
CIIUCKY MOJKE 3MIHUTHCS MiA 4ac Iiei omeparii. SIKmio iHIN YacTHHU
MIPOrpaMH 3BEPTAIOThCS IO EIEMEHTIB CIMCKY 32 TXHIM ITOJIOXKEHHSM B
HBOMY, HEOOX1/THO MO (]IKyBaTH MpOLEAYpPY YUILEHHS MaM'sTi AJIsl TOro,
mo0 BOHA TaKoX OOHOBJAJA ITOCWIAHHA HAa IOJIOKEHHS EJIEMEHTIB Y
CITUCKY. Y 3aralbHOMY BHUIIAJKy II¢ MOXE BUSBUTHCS JOCHTH CKIAJIHUM,
TIPU3BOJISIYM JI0 TIPOOJIEM TIPH CYIIPOBO/I IPOTpam.

MoskHa BUOMpATH Pi3HI MOMEHTH AJIS 3aIlyCKY TPOIeIypH 300py
cMitTs. OJIMH 3 HUX - KOJIM MacUB JIOCSTa€e TIEBHOTO PO3MIpY, HAIIPHUKIIA],
KoJH crmicok MicTuTh 30000 eneMeHTiB.
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IpomMy wmeTOmy BIAacTWUBI TMEBHI HENONIKH. [lo-nepute, BIiH
BHKOPUCTOBY€E BENUKUAN 00car mam'saTi. Skmo BU dacTto gomaere abo
BHIANISETE €JEMEHTH, «CMITTS» Oyne 3aiiMaTé JOCHUTHh BEIHKY YaCTHHY
MacuBy. Ilpm Takiii HeomaanuMBii BHUTpaTi mam'sATi mporpama MoOXKe
BHTpAavYaTH Yac Ha CBOIIHT, X04Ya CIHCOK MIr OM HIIKOM MICTHUTHCS B
mam'sITi X OUIBII 9acTOMY MepeyOpsIKyBaHHI.

Ilo-0Opyze, AKIIO CIIMCOK ITOYMHAE 3aIIOBHIOBATHCS HETIOTPIOHUMHU
JaHUMHM, TIPOLEAYpPH, SKi HOro BUKOPHUCTOBYIOTb, MOXYTh CTaTH
Ha/I3BUYAitHO HeepekTuBHUMU. SIkiro B MacuBi 3 30000 enementis 25000
HE  BUKODHCTOBYIOTHCS,  MIANpOrpaMa  THIy  OIMCAaHOI  BHIIE
Printitems, MOXXe BUKOHYBATHCS JIy’Ke MTOBIIBHO.

I, napewmi, 30upaHHS CMITTS U Ay’K€ BEIUKOTO MAacHUBY MOXKE
moTpeOyBaTH 3HAYHOTO Yacy, OCOOJHUBO SKIIO MpH OOXOMdi CJICMCHTIB
MacCHBY IPOTpami TOBOJMTHLCS 3BEPTATUCS 10 CTOPIHOK, BUBAHTAXKCHUX Ha
auck. Lle Moxe IPU3BOAUTH IO «ITiJBHCAHHS» BalIOl IPOrpaMH Ha KiIbKa
CEKYH/I I1iJT YacC YHUIICHHS MaM'sTi.

{06 po3B'sizaTi 110 MpoOIIEMy, MOXKHAa CTBOPHTH HOBY 3MiHHY
Garbagecount, y skii Oyzae mnepeOyBaTH KUIBKICTh HENOTPiOHHX
eJIeMeHTIB y crucky. Koy 3HayHa yacTHHA Mam'sTi, 3aiMaHOi CITUCKOM,
MICTHTh HENOTPiOHI EJEMEHTH, BH MOXE IOYaTH MPOLCAYPY <«300py
CMITTSIY.

Dim Garbagecount As Long ' UMcJIO HeNOTPiOHUX
eJIeMeHT1iB.
Dim Maxgarbage As Long ‘' Ile 3HaA4YEHHSH

BM3HAUAETHCS B Resizelist.
‘' [Io3HAUMTM EeJIEMEHT SK HEeNOTPiOHMM.
v AKmO «CMiTTa» 3aHanTo faraTo, nouaTM uMmeHHd nam'arTi.
Public Sub Remove (position As Long)

m List(position) = Null

m Garbagecount = m Garbagecount + 1

'V AKIMO «CMiTTa» 3aHanTo BaraTo, NOoYaTy UMIEeHHS

nam'aTi.

If m Garbagecount > m Maxgarbage Then Collectgarbage
End Sub

IIporpama Garbage (mmck 13 nNpukjIajaMy - [anka
ProgR9) meMOHCTpye Liel MeTo]| YMIIeHHs nam'sTi. BoHa mume mopyd i3
HEBHKOPUCTOBYBAHUMH €JIEMEHTaMU CIIHCKY CJIOBO «unusedy, a nopy4
i3 TO3HAaUYeHMMH SIK HENoTpiOHI -  cloBO «garbage». Ilporpama
BUKOPHUCTOBYE KJac Garbagelist mpuOIM3HO Tak camo, K Iporpama
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Simlist BukopucTOBYBaJa Knac Simplelist, ane mpu mbOMY BOHA
111e 3A1HCHIOE «30MpaHHsI CMITTSI.

o6 monmatu eneMeHT IO CIHUCKY, BBEITh HOT0 3HAYCHHS W
HatucHiTh Ha kHONKy Add (Jomaru). [y BUOageHHS eJeMeHTa BHIIITH
Horo, a MoTiM HaTHCHITH Ha KHONKy Remove (Bwryuurn). Skimo crmucok
MICTUTP 3aHAJTO 0araTo «CMITTs», IporpamMa MoYHe BUKOHYBAaTH YUILCHHS
mam'sTi.

Ilpu xoxHIA 3MiHI pO3Mipy cmmcKy o0'ekta Garbagelist
nporpamMa BHBOJIUTH BIKHO MOBIIOMJICHHS, Y SKOMY HABOJHUTBCS YHCIIO
BUKOPHCTOBYBAaHHMX 1 BUIBHUX €JIEMEHTIB Yy CIHCKY, a TAaKOXX 3HAuCHHS
3MIHHUX Maxgarbage i Shrinkwhen. SKkmo BWIyYHUTH JOCTATHIO
KUIBKICTh €JIEMEHTIB, TaKk M0 Oulblle, HiXK Maxgarbage eJIeMEHTIB
OyayTh TMO3HA4YeHI SK HEMOTPiOHI, MporpamMa IOYHE BMKOHYBATM
yuieHHs nam'arti. [licns i 3akiHueHHs IporpamMa 3MEHIIUTH PO3MIp
MacHBY, SKIIO BIiH MICTUTh MeHIe, HiX Shrinkwhen, 3aiiHATHX
CIIEMEHTIB.

SKmo po3Mip MacHUBYy TOBHHEH OYTH 30iNBIICHUH, IMporpama
Garbage momacte a0 MacuBy me S50 BiIICOTKIB MOPOKHIX KOMIpOK i
3aBXKAH 3aTUIIUTh X04a O OJHY MOPOXKHIO KOMIpKY MpH OyIb-sAKild 3MiHi
po3mipy MmacuBy. lli 3HadeHHs Oynmu oOpaHi IS CHpOIICHHA poOOTH
KOPHCTYBaYa 31 CIIUCKOM. Y peajbHii IporpaMi BiICOTOK BLTFHOI IaM'ATi
MOBHHEH OYyTH MEHIIMM, a KUIBKICTh BIIBHHX KOMIPOK - OLUIBIIOIO.
OnTuManbHUMH BUTJBIIAIOTH 3HadeHHsS mopsaky 10 BigcoTkiB 1 10
BUIbHHUX KOMIPOK.

3B'A3Hi CNUCKH

[HmIa crTpareris BUKOPHCTOBYETHhCS NPHU YIPaBIiHHI 3B'S3aHUMU
CIUCKaMH. 3B'sI3aHUM CITUCOK 30epirae eJeMEeHTH B CTPYKTYpax JaHuX abo
00'exTax, SKi Ha3UBAIOTHCS KoMipkaMu (cells). KokHa KoMipka MiCTHTB
MOK&)XXYMK Ha HACTYNHY KOMIpKy B CHHCKY. TOMy HIO €AMHMH THII
MOKa)XXYHKIB, sKi miaTpuMmye Visual Basic — 11e nmocmiaHHs Ha 00'€KTH, TO
KOMIpKH y 3B'SI3HOMY CIFICKY TIOBHHHI OyTH 00'€KTaMu.

VY kiaci, o 3a1ae KOMipKy, MOBHHHA OYTH BH3HAYeHA 3MiHHA
Nextcell, sika BKa3ye Ha HACTYIHY KOMIPKY B CHHCKY. Y HbOMY TaKOX
MOBHHHI OyTH BUW3HAuYCHI 3MiHHI, SKi MICTATh JaHi, 3 SKUMH Oyne
nparoBati nporpama. Lli 3MiHHI MOXYTb OyTH OTrOJOIIECHI SK BIAKPHTI
(public) ycepemuni kimacy, a00 Kiac MOKE MICTHTH HPOLEAYPH IS
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YHUTAHHSA i 3aIMCy 3HAUSHb WX 3MiHHHX. Hanpukiaz, y 3B'I3HOMY CITUCKY
i3 3ammcaMy TPO CHIBPOOITHHUKIB Y HUX MOJAX MOXYTH IepeOyBaTH iM's
CIiBpOoOiTHUKA, HOMEP COI[iaIbHOTO CTpaxyBaHHS, Ha3Ba IOCamdl 1 T.A.
BusnaueHHs U1 Ki1acy Empcell MOXKYTh BUTIIAATH NPUOIN3HO TaK:

Public Empname As String
Public SSN As String
Public Jobtitle As String
Public Nextcell As Empcell

[Iporpama cTBOpIOE HOBI KOMIpKH 3a JOIOMOIOIO OIepaTopa
New, 3ajae ixHi 3HaYeHHs # 3'eAHye IX, BHKOPHCTOBYIOUH 3MIiHHY
Nextcell.

[Iporpama 3aBkau MOBHHHA 30epiraTv MMOCHJIAHHSA Ha BEPIINHY
crucky. g Toro, mo0 BH3HAYMTH, A€ 3aKiHIYETHCS CIIHCOK, IporpamMa
MMOBMHHA BCTAHOBUTH 3Ha4eHHSI Nextcell I OCTAaHHBOTO €JIEMEHTa
CIIHUCKY TakKuM, IO JAopiBHIOE Nothing (miworo). HaBemenuit Hukue
(parMeHT Koy CTBOPIOE CIHCOK, IO MPEACTABIISIE TPHOX CIIBPOOITHHKIB:

Dim top cell As Empcell
Dim celll As Empcell
Dim cell2 As Empcell
Dim cell3 As Empcell

\

CTBOpPEHHS THi3n.
Set celll = New Empcell

celll.Empname = "CriBenc”
celll.SSN = "123-45-6789"
celll.Jobtitle = "ABTOP"
Set cell2 = New Empcell
cell2.Empname = "Kerc”
cell2.SSN = "123-45-6789"
cell2.Jobtitle = "WOpuct"
Set cell3 = New Empcell
cell3.Empname = "Tymni”
cell3.SSN = "123-45-6789"
cell3.Jobtitle = "Meunemxep"

‘' 3'emHaTM KOMipKM, YTBOPKOUM 3B'A3HUI CHOUCOK.
Set celll.Nextcell = cell?2

Set cell2.Nextcell cell3

Set cell3.Nextcell Nothing

'\ 30eperTu NOCMJIAHHS Ha BEPUMHY CIUCKY.
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Set top cell = celll

Ha puc. 9.2 moxazanmii cXeMaTHIHUI BUTISA IBOTO 3B'S3HOTO

CITUCKY.
MepLua komipka
Komipkal Komipka2 Komipka3
CrvBeHe Katc Tyne
123-45-6789 234-56-7890 345-67-89-01
AsTop tOpuct MeHemxep

HC.7.2Z. LXEMAaTUYHEC NNPCACTABJIICHHS ITPOCTOTO 3B A3HOT'O CIIMCK
Puc.9.2.C p p ’ y

[TpAMOKYTHHUKH NPECTaBIAIOTh KOMIPKH, @ CTPIIKH - TOCHIIAHHS
Ha 00'ektn. ManeHbpKI TepeKpecICHUH MPSIMOKYTHHUK MPEICTaBIIIE
3HaueHHd Nothing, sKe mo3Havae KiHeUb CHHCKy. MaiiTe Ha yBas3i, mo
top cell, celll i cell2 - ue He CHPaBXKHI 00'€KTH, a TUIBKH
MOCHJIAHHS, SIKi BKa3yIOTh Ha HUX.

HactynHuii KoJ BHKOPHCTOBYE 3B'SI3HHH CIHCOK, 1MOOYIOBaHUI
3a JIOIIOMOTOI0 MOMNEPENIHbOTr0 MPUKIALY JJIsl APYKY IMEH CIiBpOOITHHKIB
31 cIUCKy. 3MiHHAa ptr BHKOPUCTOBYEThCS SIK TOKKYHMK HAa E€IEMEHTH
cnucky. BoHa crowarky BKasye Ha BEpIIMHY CIHCKY. Y  Koxi
BUKOPHCTOBYETHCS LUKJI DO JUIsl TIepeMillleHHss ptr 3a CIUCKOM JIOTH,
MOKM TIOKXYUK HE Jiije 10 KiHOg crnucky. Ilix gac KOXKHOTO IMKITY
nporueaypa JIpyKye noje Empname KOMIpKH, Ha sike BKasye ptr. Ilorim
BOHa 30UIbIIye ptr, BKa3ylOYM HA HACTYIHY KOMIPKY B CIIHCKY.
3pemToto, ptr mocArae KiHI CIUCKY W oJiepKye 3HaueHHs Nothing, i
LIUKN DO 3yMHUHSAETHCA.

Dim ptr As Empcell
Set ptr = top cell ‘' [louaTy 3 BEPUMHM CIUCKY.
Do While Not (ptr Is Nothing)
‘' BuBecTu nojse Empname niei xoMipxmu.
Debug.Print ptr.Empname
‘' [leperT¥ OO HACTYINHOL KOMipKM B CIMCKY.
Set ptr = ptr.Nextcell
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Loop

[Ticnst BUKOHaHHS KOJTy BH OJICPXKUTE TaAKUH pe3ysIbTat:
CrieeHC
Kerc
Tysi

BuxopucTaHHS TMOKaX4YWKa Ha IHOHMHA 00'€eKT HA3WBAETHCSA
nenpamolo adpecayicto (indirection), OCKiTbKH BH BHKOPHCTOBYETE
MOKaKYKK JUIsl HEIPSMOI0 MaHiIyJIoBaHHs AaHuMuU. Hempsima azmpecais
MoOXe OyTH ayke 3aruryTaHoro. HaBiTh A8 NpPOCTOro po3TalryBaHHS
€JIEMEHTIB, TAKOT'O SK 3B'SI3HUI CIIMCOK, IHOI Ba)KKO 3aram'saTaTH, Ha KU
00'eKT yKa3ye KOXKHE MOCHIIAHHS. Y OUTBII CKIATHUX CTPYKTYpax HaHUX
MOK&XXYMK MOJXKE MOCHJIATHCS Ha OO'€KT, IO MICTUTH IHIIMH MOKAXYHK.
SKmo € KidbKa MOKaXYHKIB 1 KiTbKa piBHIB HENPsMOI ajpecarlii, BH JIETKO
MOJKETE 3aIUTyTaTHCS B HUX.

Jst Toro mo6 MOJIETIINTH PO3YMIHHS, Y KHU31 BUKOPHCTOBYIOTh
iTrocTparii, Taki Ak puc. 9.2, 1mo0 JOMOMOITH BaM HAOYHO YSIBHTU
CUTyalil0 TaM, Je 1€ MOXJIWBo. barato 3 airopurtmi, sKi
BUKOPHCTOBYIOTh NMOKAXYUKH, MOXKHA JIETKO MPOLTIOCTPYBATH MOIOHUMHU
PHUCYHKaMH.

JAopaBaHHA eneMeHTIB

[Ipocruii 3B'sI3HUI CHHMCOK, MMOKa3aHUH HA pHC. 9.2, Mae JeKiibKa
Ba)XJIMBUX BIACTUBOCTEH. [lo-nepuie, MOKHA JyXKe JIETKO I0JAaTH HOBY
KOMIpKYy B II0YaTOK CIUCKY. BCTAaHOBUMO TMOK&KYHK HOBOT KOMIpKH
Nextcell Ha IOTOYHY BEpPIIMHY CIHCKY. [10TIM BCTAHOBUMO IMOKAKUUK
top cell Ha HOBY KoMmipKy. Puc. 9.3 Bigmosimae miii omepanii. Koz
MoBoto Visual Basic mis miei omepariii xyxe mpocTuii:

Set new cell.Nextcell = top cell
Set top_cell = new cell

[NopiBHsliTe po3Mmip 1BOro Koxy W Koxy, sIKMii noBenocst O
Hamucatd JUIs JI0AaBaHHS HOBOTO €JIEMEHTa B MOYaTOK CIHCKY,
3aCHOBAHOTO Ha MacHBi, y sIkoMy Tpeba Oyio O mepeMiCTUTH BCi €IeMEHTH
MacHBy Ha OJHY IO3HMIiI0, MO0 3BUILHUTH Miclie AJIsI HOBOTO €JIEMEHTA.
s omeparis 31 ckmagnictio mopsaaky O(N) moxke morpeOyBaTu Garato
gacy, SIKIIO CHHCOK JOCHUTHh JOBIMH. BHKOpHCTOBYIOUM 3B'SI3HHIH CIIHCOK,
MOYKHa JI0JJaTH HOBHH €JIEMEHT Yy M0YaTOK CIIMCKY BChOTO 3a Mapy KPOKIiB.
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MepLua komipka X_> o NN .

Puc.9.3. JlonaBaHHA eJ1€MEHTa y IOYATOK 3B'SI3HOTO CIIUCKY

Tax camo JIeTKO JOAATH HOBMH €JIEMEHT 1 B CEPEANHY 3B'SI3HOTO
cnucky. Ilpumyctumo, BH mparHeTe BCTaBHTH HOBHH €IIEMEHT MICIIs
KOMIpDKM, Ha sKy BKadye 3MiHHaA after me. BcTaHOBUMO 3HaueHHS
Nextcell HOBOI KOMIpKH TaKuM, o JIOPIBHIOE
after me.Nextcell. Tenep BCTaHOBHMO TMOKaXYUK
after me.Nextcell Ha HOBy KoMipKy. L1 omepawis nokasana Ha
puc.9.4. Koa Ha Visual Basic 3HOBY Jy»e ITPOCTHIA:

Set new cell.Nextcell = after me.Nextcell
Set after me.Nextcell = new cell

Komipka «nicng meHe»

MepLua komipka _>|:|_> . . H

Hosa komipka

Puc.9.4. JlonaBaHHs e1eMEHTa y ITOYATOK 3B'I3HOTO CITUCKY
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BuaaneHHs eAeMeHTIB

Bupgamutu eneMeHT i3 BepIIMHH 3BSI3HOTO CIHCKY TaK caMo
HpocTo, sK 1 fofaty ioro. IIpocTo BCTaHOBITH MOKaXKYMK top cell Ha
HACTYIHY KOMIpPKY B ciucky. Puc. 9.5 Biamosimae it oneparii. Buxigauii
KOJ JUTA 1€ omepanii e MpoCTiluiA, Hi>K KOJ{ IJIsI TOJJAaBaHHS CIICMCHTA.
Set top cell = top cell.Nextcell

BupaneHa komipka

BepxHs komipka X > .

Puc. 9.5. Bunanenss enemeHTa 3 mo4arky 3B'sI3HOTO CIHCKY

Komnu nokaxkunk top cell mepeMillaeTbCs Ha APYTUil €EMEHT
Y CIIACKY, y Tporpami OibIIe He 3alUIIUThCS 3MiHHUX, IO BKAa3YIOTh Ha
nepmuii 00'€ekT. Y HbOMY BUMAIKY JIYMIBHUK MOCHIAHB Ha IEeH 00'e€KT
JOPIBHIOBAaTUME HYIIIO, 1 CHCTEMa aBTOMAaTHYHO 3HUIIUTD HOTO.

Tak camMO TPOCTO BWIIYYHTH EJIEMEHT i3 CEpEeIWHH CIIUCKY.
[Mpunycrumo, BU NparHeTe BHJIYYHUTH €JEMEHT, 10 3HAXOJUTHCS IiCIs
komipkn after me. IIpocTo BCTaHOBITH MOKaXuWk Nextcell miei
KOMIpKH Ha HacTymHY KOoMipKy. Ll omepamis mokasana Ha puc. 9.6. Kox
Ha Visual Basic npocTuii i 3po3yminuii:
after me.Nextcell = after me.Nextcell.Nextcell

Komipka nicns mexe Bupanera komipka

Mepua komipka 4D_» X l

Puc. 9.6. Bunanenss enemMeHTa 3 c€peIMHU 3B'SI3HOTO CIIUCKY

3HOBY MOpPIBHSIEMO IIeH KOA 3 KOJOM, SIKHH 3HamoO0uBCS O is
BHKOHAHHS Ti€l K omepariii, mpy BUKOPHCTAHHI CIIICKY Ha OCHOBI MAacHBY.
Moxna IIBUJIKO MO3HAYUTH BWJIyYEHU M €JIEMEHT SIK
HEBUKOPUCTOBYBAHUH, aje Ii¢ 3aJMIIAE B CIIUCKY HEMOTPiOHI 3HAYEHHS.
[ponenypu, mo oOpOONSAIOTH CIUCOK, MNOBHHHI II€ BPaxOBYBaTH |1
BiJINIOBITHO OYyTH OUTBII CKIAQAHUMU. [IpUCYTHICTH HAJAMIPHOI KUTBKOCTI
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«CMITTSD» TaKOX YTIOBUIFHIOE POOOTY IPOLEYPH, 1, 3PEIITOI0, JOBEACTHCS
MIPOBOJIUTH YHIIICHHS ITaM'STi.

[lpu BupaneHHiI ejleMeHTa 31 3B'I3HOTO CIHUCKYy Yy HBOMY HE
3aJIMIIAETHCS TOPOXKHIX IPOMiXKKiB. [Tporiemypu, siki 0OpoOISIOTH CIHCOK,
yci Tak caMo 00XO[IATh CIIMCOK BiJ IMMOYATKy 1O KiHII 1 HE MalOTh MOTPEeOHn
B Momudikarii.

3HHULLLEHHS 3B'A3HOrO CMUCKY

Mo)KHa TPHUIYCTHTH, L0 U 3HHUIICHHS 3B'SI3HOTO CIIHCKY
HEOOXIHO OOIMTH BECh CIHMCOK, YCTAHOBJIOKOUYM 3HaueHHS Nextcell
JUIL BCiX KOMIPOK TakuM, mo nopiBHIOE Nothing. HacmpaBai mpomec
HabaraTo MpoCTIlNH: TiMbKkK top cell HaOyBae 3HaueHHA Nothing.

Konu mporpama BCTaHOBIIOE 3HaueHH:A top cell Takum, IO
JopiBHIOE Nothing, JYMIBHUK MOCWJIAHb JUIs MEepHIol KOMIpKH
JIOpiBHIOE HYIIO, 1 Visual Basic 3HuIIyE 1110 KOMIpKY.

Ilig yac 3HUICHHS KOMIPDKH CHCTEMa BH3HAYa€, M0 B IOJI
Nextcell wuiel KOMIpKM MICTHThCS TOCWIAHHS HAa IHIIY KOMIDKY.
Ockinpku nepmuii 00'€KT 3HUITYETHCS, TO KiTBKICTh MOCHIIaHb HA JPYTUH
00'eKT 3MeHITYeThCA. [Ipy bOMY JIIYMIBHUK IMOCHIIAHD Ha IPYTHH 00'€KT
CITUCKY JIOPiBHIOE HYJIIO, TOMY CHCTEMa 3HHIIYE 1 HOTO.

ITix yac 3HUIIEHHS APYroro 00'eKTa CUCTeMa 3MEHINY€E KUTbKICTh
MOCHUJIaHb Ha TPETIi 00'€KT, 1 Tak Aaji JOTH, JOKH BCi 00'EKTH B CITUCKY HE
OynyTh 3umiieHi. Koin B mporpami Bke He Oyjae MOCHIaHb Ha 00'€KTH
CHMCKY, MOXXHAa 3HHMIIMTH H YyBECh CIIMCOK 3a JOIIOMOrOI €JIMHOTO
omeparopa Set top cell = Nothing.

CWrHaAbHi NO3HaAUYKK

Jns nmomaBaHHs a00 BWAAJCHHS €JIEMEHTIB 3 IOYaTKy abo
CepeMHU CIHCKY BHUKOPHUCTOBYIOTHCS Pi3HI mpoueaypu. MoXHa 3BECTH
o0u/Ba Ii BUTIAAKH JIO OJHOTO i MO30YyTHUCS HAIJIMIIKOBOTO KOMY, SKIIO
BBECTH CHELIaNbHY cucnanvhy nosuauxy (sentinel) ma camomy mowatky
crucky. CurHaibHy MO3HA4YKy HE MOJYKHA BHJIYYMTH. BOHA HE MICTHTH
JTAHWUX 1 BUKOPUCTOBYETHCS TUIBKH JUIS TIO3HAYCHHS ITI0YATKY CITUCKY.

Tenmep 3amicTh TOro, MO0 OOPOOIATH OCOONMBUN BHITAJOK
JIOJIaBaHHS CJIEMEHTA B IMIOYATOK CITUCKY, MOKHA TIOMIIIATH SJIEMEHT MiCIIs
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MMO3HAYKH. Y Takuil ke CrIocid, 3aMiCTh OCOOIMBOTO BHMAJAKY BHAAJICHHS
HEepIIoro eNeMeHTa 31 CHHCKY, IPOCTO BHAAISETHCS €IEMEHT, IO
BUILIMBAE 32 TI03HAYKOIO.

BuxopucraHHs CUTHAJIBHHX [I03HA4YOK TOKHM HE BHOCHUTH
ocoOmMBHX BimMiHHOCTeW. CHTHANBHI TMO3HAYKH BiNIrPalOTh Ba)XIIHUBY
poms y Habarato OUIBII CKIAJHUX alropuTMax. BOHH JO3BONAIOTH
00po0IIATH 0COONMBI BUMAAKH, TaKi SK OYATOK CIIUCKY, SIK 3BH4aiiHi. [Ipu
LOMY HOTPIOHO HamWcaTH ¥ HaNaroJUTH MEHIIE KOy, a allOpUTMHU
CTaIOTh OUIBII OTOJKEHUMH i O1IBII MPOCTUMU JUTS PO3YMiHHSL.

Y t1abn. 9.1 mNOpIBHIOETBCS CKIAIHICTh BUKOHAHHS JCSIKHX
TUIOBUX OIepaliii 3 BHKOPUCTAHHSM CIIMCKIB Ha OCHOBI MacHBIB 3i
«30UpaHHAM CMITTsI» a00 3B'SI3HHUX CIUCKIB.

Tabmums 9.1

IMopiBHAHHS cITUCKIB Ha 0a31 MaCHBIB 1 3B'I3HUX CIHCKIB

Onepauist Cnucox Ha OCHOBI 3B's13HuUit
MACHBY CIHCOK
O/laBaHHI €JIeMEHTa B
A IIpocto [Ipocto
MOYATOK CITHCKY
O/laBaHHI €JIeMEHTa B
21. Baxxko [Ipocto
KiHeIlb CITUCKY
O/laBaHHI €JIeMEHTa B
A Baxko IIpocTo
CepeNHY CIHUCKY
Bunarenns exemenTa 3
A IIpocro [Ipocro
MOYATKY CITHCKY
Bunanenns exemenTa i3
$ IIpocro [Ipocro
CEpeIMHU CIACKY
Ilepernsa 3HaUNMUX Cepennboi
p A PEAHEOL [Ipocro
CJIICMCHTIB CKJIaTHOCTI

Cnuckd Ha OCHOBI MAacHBIB MarTh OJIHY IIepeBary: BOHH
BUKOPHCTOBYIOTh MeHIIe nam'siti. Jist 3BSIBHMX CHHCKIB HEOOXiIHO
Jojatu mone Nextcell [0 KOXHOIO ejleMeHTa JaHuX. KoxHe
MOCWJIAaHHS Ha 00'€KT 3aiiMae YOTUPH JOJATKOBI OaiTh mam'sti. s myxe
BEJIMKHX MACHBIB IIe MOKE TOTPeOyBaTH OUTBIIMX BUTPAT MaM'STi.

Ilporpama Lnklistl (muck 3 mnOpukjamaMy -— [alka
ProgR9) JeMOHCTpye TMpPOCTHI 3B'I3HUH CIHCOK 13 CHTHAJIBHOIO
MMO3HAYKOI0. YBE/IITh 3HAUEHHS B TEKCTOBE I10JI€ BBEICHHS, 1 HATUCHITH Ha
eNIEMEHT y CITHCKY a0o Ha mo3Hauky. IloTiM HartncHiTh Ha kHONKY Add
After ([Jomatu micns), i mporpama XOJAacTh HOBHIl €IIEMEHT MiCis
3a3HaueHoro. /Iy BujaieHHs eJeMEeHTa 31 CIIMCKY HATHCHITH Ha €JIEMEHT,
a noTiM Ha kHonKy Remove After (Bunydutu micis).

365



IHKancyAsiLis 3B'A3HWUX CMUCKIB

IIporpama Lnklistl (mucx 3 npuxkIazmaMuM -— Ianka
ProgR9) ympasise CIMCKOM sIBHO. Harpukia, HacTyIHHIA KOJI TIOKa3ye,
SK TIporpamMa BHAATSE eIeMeHT 3i crmcKy. Komm miamporpama modwHae
poborty, robanpHa 3MiHHA Selectedindex mae MOJOXKEHHS €JIEMEHTa,
IO Mepeslye eNEeMEHTY, SIKUH BUAAIAETHCS 31 CIHMCKY. 3MiHHA Sentinel
MICTUTh NMOCHJIAHHS HA CUTHAJIBHY ITO3HAYKY CIIHCKY.

Private Sub Cmdremoveafter Click()
Dim ptr As Listcell
Dim position As Integer
If Selectedindex < 0 Then Exit Sub
' BHaAMTKM EJIEMEHT.
Set ptr = Sentinel
position = Selectedindex
Do While position > 0
position = position - 1
Set ptr = ptr.nextcell
Loop
‘' BUIIyUMTM HACTYIHUM eJIEeMeHT .
Set ptr.Nextcell = ptr.Nextcell.Nextcell
Numitems = Numitems - 1
Selectitem Selectedindex' 3HOBY BMOpPaATKM EJIEMEHT.
Displaylist
Newitem.Setfocus
End Sub

1106 copocTHTH BHUKOPHCTaHHS 3B'SI3HOTO CIIMCKY, MOXKHA
iHKancymoBath Horo QyHKOii B kimaci. Lle peamizoBaHe B mporpami
Lnklist2 Ha (muck 3 mnpukjJazmaMmu - nanka ProgR9). L
nporpama asayoriuHa mporpami Lnklistl, aje BHKOPHUCTOBYE JUIS
YHOpaBIiHHS CIHCKOM Kiac Linkedlist.

Knac Linekedlist ympaBise BHYTPIIIHBOIO OpraHi3ami€ero
3B'I3HOTO CNHCKY. Y HHhOMY MepeOyBaroTh MPOIEIypU AJIs AOJAABAHHS ©
BHJAJICHHS €IEMEHTIB, TOBEPHEHHS 3HAUEHHS eJIeMEHTa 3a HOoro iHAEeKCoM,
KUTBKOCTI €J€MEHTIB y CIUCKY, 1 OuHIIeHHs crucKy. Lleit kimac mo3Bosste
TIOBOJIUTHUCS 31 3B'I3HUM CIIMCKOM MaiKe SIK 3 MaCHBOM.

Ile wabarato chopomye ocHOBHY mporpamy. Hampukian,
HACTYNHHMU KOJ TMOKadye, sax mnporpama Lnklist2 (mvcx 3
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npukjanaMmy — rnanka ProgR9) BHOamse eNeMeHT 3i CITHCKY.
Tineku OAMH PSIOK y TpOrpaMi B JIMCHOCTI BiIOBiJae 3a BUAAJICHHS
enemeHTa. [HmI BimoOpaxaioTe HOBUI crnmcok. [lopiBHsiiTe 1el kox 3
MONEPETHHOIO POIIECIYPOIO:

Private sub Cmdremoveafter Click()
Llist.Removeafter Selectedindex
Selecteditem Selectedlist ‘' 3HoBYy BUOpPaTH
eJIEMEHT .
Displaylist
Newitem.Setfocus
Cmdclearlist.Enabled

End Sub

AocTyn A0 KOMiPOK

Knac Linkedlist, BukopucToByBaHuil mporpamoro Lnklst2,
JI03BOJIsIE OCHOBHIN MPOrpamMi BUKOPUCTOBYBAaTH CIIMCOK Maike K MacHB.
Hanpuknan, nignporpama Item, HaBeAeHa B HACTYITHOMY KOJi, IOBEpTa€e
3HA4YEHHS €JIEMEHTA 3a HOro MOJIOKEHHSM:!

Function Item(Byval position As Long) As Variant
Dim ptr As Listcell
If position < 1 Or position > m Numitems Then
‘' Buxinm 3a mexi. I[oBepuyTm NULL.
Item = Null
Exit Function
End If
' BHaANTKM EeJIEMEHT.
Set ptr = m Sentinel
Do While position > 0
position = position - 1
Set ptr = ptr.Nextcell
Loop
Item = ptr.Value
End Function
s mpoueaypa IOOCUTh NOpOCTa, aje BOHA HE BUKOPHUCTOBYE
nepeBard 3B'A3HOI CTPYKTypu chnucky. Hampuknaa, npumycTUMO, IO
nporpami NoTpiOHO MOCHiOBHO NepedpaT Bci 00'ekTH B crucky. Bona
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MorJia O BUKOPHCTOBYBATH MiANPOrpaMy Item s I0YeproBOro JOCTYITy
JI0 HUX, SIK [TOKa3aHo B KOJII:

Dim i As Integer

For i = 1 To Llist.Numitems
‘' BukoHaTM gaki- abo pmii 3 Llist.Item(i).

Next i

IIpr KOXXHOMY BHKIHMKY MNpOIEAypH Item BOHa NEPErIILiaE
CHHMCOK Y TOIIYKy HacTynmHoro eiemenra. I1[o0 3Haiitm enemeHt I,
mporpama MOBHHHA TporrycTuTd I — 1 ememeHrrtiB. [1{o6 nmepeBiputH Bei
€IEMEHTH B CIHCKY 3 N @JIeMEHTIB, Mpoleaypa MpOIyCTUTh
0+1+2+3+..+N-1 =N*(N-1) /2 enemeHnra. [Ipu Benukux N mporpama
BTPATHUTh 0araTo 4acy Ha MPOITYCK EIEMEHTIB.

Kmac Linkedlist MoOXe TPUCKOPHUTH IO OIEPAIilo,
BUKOPHCTOBYIOYHM IHIIMH MeToJ JA0cTynmy. MoKHa BHKOPHUCTOBYBaTH
4acTHy 3MiHHy m_Currentcell A BiACTEXKEHHS IOTOYHOI HO3MLII B
cnucky. Jlns  TOBepHEHHS — 3HAYEHHS ~ [OTOYHOTO  IOJIOKEHHS
BUKOPHUCTOBYETHCS mianporpama Currentitem. IIpouenypu
Movefirst, Movenext 1 Endoflist mO3BOJAIOTH OCHOBHIN
nporpami yrnpasjsiTH MOTOYHOIO MTO3MIIIEI0 B CITUCKY.

Hampukian, kol MicTUTB MmiJnporpamMy Movenext :

Public Sub Movenext ()
'\ SAxmo moTouyHa KoMipka He ofpaHa, Hidoro He poduTH.
If Not (m_Currentcell Is Nothing) Then o
Set m Currentcell = m Currentcell.Nextcell
End Sub

3a J0HOMOror LUX IHpOLENyp OCHOBHAa IIporpamMa MOXe
3BEPHYTHUCS JI0 BCIX EIEMEHTIB CIIUCKY, BAKOPUCTOBYIOUM HACTYIHHUI KOJI.
Ils Bepcis Tpoxu cKiajgHima, HDK HONEpeqHs, ajle BOHa Habararto
edexTuBHiNIa. 3amicTe TOro, mo6 npomyckat N* (N-1) /2 eleMeHTIB i
ONUTYBaTH TO Yep3i BCi N €JEeMEHTIB CIIMCKY, BOHa HE TMPOIYyCKae
xozHoro. Skmo cnucok ckiagaerbest 3 1000 eneMeHTIB, me 3a0MIaKye
MaiiKe MiBMiJIbHOHA KPOKIB.

Llist.Movefirst
Do While Not Llist.Endoflist

‘' BukoHaTu nOii Han enemeHToM Llist.Item(i).
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Llist.Movenext
Loop

IIporpama Lnklist3 (mucx 3 npuxkIamaMu - Ianka
ProgR9) BHKOPHCTOBYE LI HOBI METOIW /IS YIPaBIiHHS 3B'S3HUM
crckoM. Bona anamorigaa mporpami Lnklist?2, ame 6inpm eeKTHBHO
3BEPTAETHCS IO EJIEMEHTIB. JIJIsl HEBETMKHX CITUCKIB, BUKOPHCTOBYBAaHHX Y
mporpami, Il pisHUI HermoMiTHA. [ mporpaMu, sika 3BEpTAEThCs 10 BCiX
€IIEMEHTIB BEJMKOTO CHHCKY, I Bepcis kimacy Linkedlist Oimbm
e(eKTHBHA.

PisHoBWAM 3B'I3HKX CMUCKIB

3B'A3HI CINUCKH BIAIrpalOTh BAXIUBY poib Yy OaraTbox
alropurMax, 1 BU Oynere 3ycTpidaTUcs 3 HHUMH IPOTATOM YChOTO
nociOHuka. Y  HAaCTYNHHMX  MiApPO3JiNaXx  pO3IJIAIOTBCS  KiIbKa
crHeLiaibHUX PI3HOBHUIIB 3B'SI3HUX CITHCKIB.

LIMKAIYHI 3B'A3HI CNUCKHK

3aMicTh TOTO, OO0 YCTAaHOBIIOBAaTH TOKaXYMK Nextcell
TaKUMH, 10 JIOPiBHIOIOTH Nothing, MO)XHa BCTAHOBHTH HOTO Ha MEPIIUii
eNIEMEHT CITUCKY, YTBOPIOKWYH yukniunuii cnucok (circular list), sk
MOKa3zaHo Ha puc. 9.7.

Mepwa KoMipka— - ]

Puc.9.7. LuknivHuM 3B'I3HUH CITUCOK

[ukmigHi CIHUCKW  KOPHUCHI, SKIIO TOTPIOHO OOXOAWTH Pk
€JIEMEHTIB Y HECKIHICHHOMY UK. [Ipu KOXKHOMY KpOIli ITUKITY Iporpama
MPOCTO TepeMilae MOKAKYMK Ha HACTYNIHY KOMIPKY B CITHCKY.
[Ipunyctumo, € NUKIIYHUN CHHCOK €IEMEHTIB, M0 MICTUTh HA3BH JIHIB
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TxkHA. Toxmi mporpama Moria O TiepepaxoByBaTH [IHI MICSI,
BUKOPUCTOBYIOYH TaKHH KOJ:

‘' TyT nepefOyBae KOO IJiI CTBOPEHHS 1 HAaCTPOWOBAHHS
cnucky i T.m.

‘' HampykyBaTM KajleHOap Ha Micsaub.

‘' first day — ue i1HIOEKC CTPYKTypM, MO MiCTMTH HEHb
TVDKHS IJIS
'\ nmepworo mHs Micsaus. Hanpmkian, Micsub MOXe NOUMHATUCS
‘' 'y noHemijoxk.
\
‘' num days — umMcCJO IOHiB y Micaui.
Private Sub Listmonth (first day As Integer, num days As
Integer)
Dim ptr As Listcell
Dim i As Integer
Set ptr = top cell
For i = 1 to num days
Print Format$ (i) & ": " & ptr.Value
Set ptr = ptr.Nextcell
Next I
End Sub

HukoigHI CIUCKU TaKOXK TO3BOJSIOTH JOCSATTH OYb-SIKOTO MicCIIs
B CIHCKY, TOYaBIIM 3 JESIKOrO TOJIOKEHHS B HboMy. lle BHOCHTH [0
cnucky npuBabiuBy cumerpio. [Iporpama Moe 3BepTaTucs 0 YCiX
€IIEMEHTIB CIHCKY Mai’Ke OJJHAKOBUM YHHOM:

Private Sub Printlist(start cell As Integer)

Dim ptr As Integer
Set ptr = start cell
Do
Print ptr.Value
Set ptr = ptr.Nextcell
Loop While Not (ptr Is start cell)
End Sub
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MpobAemMa LUUKAIUHUX MOCUAGHb

3HHIICHHS IUKIIYHOTO CIUCKY BHMAarae TPOXW OiNbIle yBarw,
HDK BHUJQJICHHS 3BHYAHOTO CHHCKY. SIKIIO BHM MPOCTO BCTAHOBHUTE
3HayeHHd 3MiHHOI top cell TakuMm, 10 JopiBHIOE Nothing, TO
nporpama He 3MO)Ke Ounblie 3BepHyTHCS 10 chucky. Ilpore, ockinbku
JYWIBHUK NOCHJIaHb IIEepIIOi KOMIPKH HE JIOPIBHIOE HYJIIO, BOHA He Oyze
3HUIIeHa. Ha KOXHUIl eleMeHT CIUCKY BKa3dye SIKWH-HeOynb 1HIIWHA
€JIEMEHT, TOMY JKOZEH 3 HUX HE Oy/e 3HUIICHHUI.

Le npobaema yuxniunux nocunans (circular referencing
problem). ToMy 1110 KOMIpKM BKa3ylOTh Ha iHIII KOMIpKH, KOJHA 3 HUX
He Oyne 3HmmeHa. [Iporpama He MOXe olepKaTH JOCTYH Hi 7O OJHI€l 3
HUX, TOMYy 3aliMaHa HHMH TNaM'siTb Oyae BHUTpadaTHuCs nxapma Jo
3aBEpIICHHS POOOTH POTpaMH.

[MpoGnemMa IUKIIYHUX TOCHIaHb MOXE 3YCTPITHUCS HE TINBKHU B
LOMY BHIAAKy. barato Mepex MiCTATh IUKITIYHI MMOCHJIAHHS - HaBiTh
OJIMHUYHA KOMipKa, nosie Nextcell skoi BKa3ye Ha caMme II0 KOMIpKY,
MOX€E BUKJIMKATH MPoOIeMy.

Pimenns ii momnsrae B ToMy, 00 PO30OWTH JAHIOT IMOCHIIAHb.
Hanpuknan, Bu MoxeTe BUKOPHCTOBYBAaTH y CBOIi Iporpami Takuil Koj
JUISL 3HUIIEHHS [IUKIIIYHOTO 3B'SI3HOTO CIHCKY:

Set top cell.Nextcell = Nothing
Set top cell = Nothing

[epmmii psmok po30WBae MUK MOCHIAaHb. Y IIed MOMEHT Ha
IpyTy KOMIpKY CIHCKY HE BKa3ye >KOJHA 3MiHHA, TOMY CHCTEMa 3MEHIIYE
JMYAIPHUK TIOCWJIAHB KOMIPDOK 10 Hymsa ¥ 3Hmmye ii. Lle 3menmye
JIYWIBHHUK MOCUIIAHb Ha TPETiH eIEMEHT JI0 HyJIs, 1 BiJIIIOBIIHO, BiH TAKOX
3HMIy€eThes. Lleit mpomec TpuBae J0TH, MOKM He OyayTh 3HHUIIEHI BCi
eJIEMEHTH CIHCKY, KpiM mepmoro. YcCTaHOBKa 3Ha4yeHHA top cell
eneMeHTa B Nothing 3MeHIIye HOTO JIYWIBHUK IOCHIAHB JO HYJS 1
OCTaHHIO KOMIPKY TaKOX 3HHII[YE.

ABOX 3B’s13Hi CMUCKU

ITix gac 0OroBOpeHHs 3B'I3HUX CIHCKIB BM MOTJIM TIOMITUTH, IO
OinpLIicTh ONepaliil BU3Hayamacs B TEpMiHaX BUKOHAHHSA 4YOro-HeOyab
nicis TIEBHOT KOMIPKM B CITMCKY. SIKIIO 3ajaHa INEeBHA KOMIpKa, JIETKO
Joxati abo BHIIYYMTH KOMIPKY micis Hei abo mepemiyuTd KOMIpKH, M0
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HayTh 3a Hero. BumyunTn camy KOMipKy, BCTABHTH HOBY KOMIPKY Hepen
Hero abo TepeTiuyuTH KOMIpKH, 0 WAYTh Teped Helo BXKe He TaK JIETKO.
[IpoTe HeBenrKka 3MiHa TO3BOJIMTH MOJNETIIUTH U Il omeparii.

Jonamo HOBe TOJIe MOKaXKYMKa 0 KOKHOI KOMIpKH, SKa BKa3ye
Ha nonepednlo KOMIPKY B CIHCKY. BHKOpPHCTOBYIOUM II€ HOBE TIOIE,
MOJKHA JIETKO CTBOPHTHU JBO3B’SI3HUH CHUCOK (doubly linked list),
SIKFH JT03BOJISIE TIEPEMIIIaTHCs B IIOYATOK a0 B KiHeIb cHucKy (puc.9.8.).
Temep MoOXHaA JIErKO BHIYYHTH KOMIPKY, BCTaBHTH ii IEpex IHIIOO
KOMIpPKOIO, TIEPEIIYNTH KOMIpPKH B OYIb-IKOMY HAIIPSIMKY.

[

Puc.9.8. JIB03B’ I3HUI CITHCOK

Kitac Doublelistcell, sikuil BUKOPHCTOBYETHCS ISl CITUCKIB
TaKUX THIIIB, MOKE OTOJIOCUTHU 3MiHHI TaK:
Public Value As Variant
Public Nextcell As Doublelistcell
Public Prevcell As Doublelistcell

Yacto OyBae KOPHCHO 30epiraT MOKaXYMKH Ha I10YaTOK Ta Ha
KiHEllb JIBO3B’SI3HOTO CHHUCKY. TO/i B 3MOXeETe JIETKO JI0AaBaTH eIEMEHTH
JI0 KOXKHOTO 3 KIiHIIIB CIHUCKY. [HOAI TakoX OyBae KOPHCHO pO3MilIaTH
CUTHAJIbHI MO3HAYKM Ha MOYaTKy Ta HamnpuKiHOi crnucky. Toxi B mipy
pobOTH 31 CIIMCKOM BaMm HE MOTPIOHO Oyne OmiKyBaTHCS PO Te, YU
MPALIOETE BU 3 TIOYATKOM, i3 CEPEIMHOI0 a00 3 KIiHIEM CITUCKY.

Ha puc. 9.9 mokasaHuii IBO3B’S3HUN CIHCOK 13 CHTHAJIBHUMH
no3HaykamMu. Ha 1IbOMy pHCYHKY HE BHKOPHCTOBYBaHI INOKKYUKH
mo3Hayok Nextcell i Prevcell, BcraHOBIeHi B Nothing. OCKiNbKH
nporpama Ii3Ha€ KiHII CIUCKY, MOPIBHIOIOYM 3HAYEHHS ITOKaKYHKIB
KOMIPOK i3 CHTHaJbHUMM TMO3HaukamMu (TOOTO He TmepeBipse, 4Yu
JIOPiBHIOIOTH 3Ha4YeHHs Nothing), yCTaHOBIEHHS IMX 3HAYECHb TaKUMH,
o JOpiBHIOIOTE Nothing, He € abcomoTHo HeoOxigamm. [Ipote me
03HaKa rapHOTO CTHJIIO.

ITo3Hauka ITo3nauka
IOYATKY IHIISA

X - -— - -

Puc.9.8. JIB03B’I3HUI CIIMCOK 3 TO3HAYKAMH
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Kox s BcraBileHHS W BHOAJIEHHS €JIEMEHTIB 13 IBO3B’SI3HOTO
CIIICKY TOAIOHMI HaBEICHOMY paHille KOAY AJIS OIHO3B'SI3HOTO CIIHCKY.
[ponenypn moTpeOyIOTH JHIIE HE3HAYHUX 3MiH 11 poOoThm 3
MOKaXYnkaMu Prevcell.

Tenep BM MoOKeTe HamucaTH HOBI HPOLEAYpPH JUIS BCTaBIICHHS
HOBOTO €JIeMeHTa JI0 abo ITiCIIsl JaHOTO €JIEMEHTA 1 MPOLEeNypY BUAAICHHS
3a7aHoro eneMenTa. Hampukmnan, miamporpamu, o BUILIHBAIOTh, H0JAI0Th
1 BUJAIIIOTH KOMIPKH i3 JBO3B’S3HOTO CHHCKY. 3BEpHIThH yBary Ha Te, II0
i IpoIeaypH HE MAlOTh MOTPEOH B MOCTYII Hi A0 ONHi€l i3 CHTHAIBHUX
MO3HAYOK CHMCKY. IM MOTPiOHi TUNBKH TOKAXYMKH HA BY3OJN, SKHIl
MMOBHHEH OYyTH BWIIYYCHHH a00 MONaHWA, 1 BY30J, CYCIOHIH i3 TOYKOIO
BCTaBJICHHSL.

Public Sub Removeitem(Byval target As Doublelistcell)
Dim after target As Doublelistcell
Dim before target As Doublelistcell
Set after target = target.Nextcell
Set before target = target.Prevcell
Set after target.Nextcell = after target
Set after target.Prevcell = before target
End Sub

Sub Addafter (new Cell As Doublelistcell, after me As
Doublelistcell)

Dim before me As Doublelistcell
Set before me = after me.Nextcell
Set after me.Nextcell = new cell
Set new cell.Nextcell = before me

Set before me.Prevcell = new cell
Set new cell.Prevcell = after me
End Sub

Sub Addbefore(new cell As Doublelistcell, before me As
Doublelistcell)

Dim after me As Doublelistcell

Set after me = before me.Prevcell

Set after me.Nextcell = new cell

Set new_cell.Nextcell = before me

Set before me.Prevcell = new_cell

Set new cell.Prevcell = after me
End Sub
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Sxmo 3HOBY IIIAHYTH Ha puc.9.9, Bu mobauunTe, M0 KOXKHA Tapa
CyCITHIX KOMIpPOK YTBOPIOE IUKIiIYHE HOcHiIaHHi. lle poOuThs 3HHIIEHHS
ITBO3B’A3HOTO CIHUCKY HeOaraTto OIifbIl CKIAJHUM 3aBIAHHAM, HiXK
3HMIICHHS OMHO3B“S3HMX a00 NHKIIYHUX CHucKiB. Hactymamii kox
MIPUBONTH OJWH 31 CIIOCOOIB OYHINEHHS BO3B’SI3HOTO crMCcKy. CrovyaTky
NOK&KYUKH Prevcell yciX KOMIPOK YCTAHOBIJIIOIOTBCS TAKUMH, LIO
JnopiBHIOIOTH Nothing, mo6 po3ipBaTe nukiivHi mocwraHHig. lle, mo
CyTi, IEPETBOPIOE CIMCOK B OJHO3B'sI3HUN. Kosin mocuinaHHs CHUTHaJIbHUX
MO3HAYOK YCTaHOBIIOWOThCS B Nothing, yci eleMeHTH 3BIIbHSIOTHCS
aBTOMAaTHYHO, TaK CaMo 5K 1 B OHO3B'I3HOMY CITHCKY.

Dim ptr As Doublelistcell

' OumMcTUTM nOoKaxumky Prevcell, mo® poszipBaTy LUMKIIIUHI
[IOCWJIAHHS .

Set ptr = Topsentinel.Nextcell
Do While Not (ptr Is Bottomsentinel)
Set ptr.Prevcell = Nothing
Set ptr = ptr.Nextcell
Loop
Set Topsentinel.Nextcell = Nothing
Set Bottomsentinel.Prevcell = Nothing

SIKIIO CTBOPUTH KJIac, SIKUH 1HKAICYIIIOE JIBO3B’I3HUI CIIMCOK, TO
Horo oOpoOmoBayu monii Terminate 3Moxe 3HUIIYBaTH crucok. Komim
OCHOBHA IporpamMa BCTaHOBUTH 3HAYCHHS IOCWJIAHHS Ha CIIMCOK TaKuM,
mo jaopiBHIOE Nothing, CIHCOK aBTOMATHYHO 3BIIBHUTH 3alMaHy
T1aM'sITh.

IIporpama Dbllink (mmck 3 npuxkIagaMu -— [Ianka
ProgR9) mpalloe i3 ABO3B’A3HMM CIUCKOM. BoHa 103BONIsS€ momaBaTH
€JIEMEHTHU 10 a0 MICII 0OpaHOTO eNEMEHTa, a TAKOXK BUIAIATH 0OpaHHi
€JIEMEHT.

MoTtoku

VY npeskux mporpamax OyBae 3pydHO OOXOIWTH 3B'A3HHUI CITUCOK
HE TUIBKM B OJJHOMY HalpsIMKy. Y Pi3HHMX YacTHHAX MPOrpaMH BaM MOXe
3HAZO0ONTHCS BUBOJUTH CHHCOK CIIBPOOITHHKIB 3a IXHIMH Hpi3BHIAMH,
3apOOITHOIO TUIATOIO, 1ACHTHU(IKAIIHHIM KOJIOM CHCTEMHU COIiabHOTO
CTpaxyBaHHA a00 CIIEIiaJIbHICTIO.
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3BHUaifHU{ 3B'S3HUN CIHUCOK JO3BOJIIE TIEPETIIIATH EIIEMEHTH
TITBKA B OJHOMY HampsIMKy. BHKOpHCTOByHOUM MOKaX4uK Prevcell,
MOYKHa CTBOPUTH JIBO3B’SI3HUI CIIMCOK, SKHH JO3BOJIMTH MEPEMIIIaTHCS 3a
CHHMCKOM BHepen Ta Hazaa. Llei miaxix MokHa po3BUTH ¥ Jaii, 1OJaBLIH
Oijplle TMOKa)KYMKIB Ha CTPYKTYpPY IaHUX, SIKi JI03BOJISITH BHBOJIUTH
CIHCOK B IHIIIOMY TIOPSIAKY.

Habip mocunans, skuii 3agae sSKU-HEOYAb MOPSANOK TEPEriTy,
HasWBaeThcsi nomoxom (thread), a cam OTpHUMaHWil  CIHCOK
bazamonomoroeum cnuckom (threaded 1list). He mmyraiite i
MOTOKH 3 IIOTOKaMH, skl Hagae cucrema Windows NT.

Crucok Moke MICTUTH OyAb-fKy KUIBKICTh IOTOKIB, XOda,
MOYMHAIOYH 3 SKOTOCh MOMEHTY, HE BapTa CIIpaBa 3axOiy. 3aCTOCYBaHHS
MOTOKY, IO BIIOPSIKOBYE CIIMCOK CIIBPOOITHUKIB 3a Tpi3BHILIEM, Oynae
0OIpyHTOBaHO, SIKIIO Ballla MpOrpamMa 4acTo BUKOPHCTOBYE ILIEH MOPSIOK,
Ha BIIMIHY Bii po3TallyBaHHs 10-0aThbKOBI, SKHH 4K HaBpsA Koiu Oyxe
BUKOPHCTOBYBATHCS.

Jlesiki po3TailyBaHHS HE BapTO OpPraHi30BYBaTH y BUIJISLII
noTokiB. Hanpuknaz, notik, 1o BHOPSAKOBYE CHIBPOOITHHKIB 32 CTaTTIO,
Y HaBPsJ TOLUIBHUHA TOMY, IO TaKe BIIOPSAAKYBAHHS JIETKE OAEPXKaTH W
6e3 Hporo. Jlnms TOro moO CKIACTH CHHCOK CIIBPOOITHHKIB 3a CTATTIO,
JOCUTH TIPOCTO OOINTH CIIHCOK 3a OyIb-SKUM IHIIIHM ITIOTOKOM, APYKYIOUH
Mpi3BHUINA XKIHOK, a MOTIM IOBTOPHUTH OOXIiJ IIe pa3, OpyKyOUYH IMpi3BHIIA
4oyoBiKiB. {71 ofep>KaHHS TAaKOro PO3TALIYBaHHS JIOCHUTh YChOTO BOX
MIPOXO/IIB CIIHCKY.

IlopiBHaiiTe 1eil BUMAZOK 3 THM, KOJIM BH IIparHere
BIIOPSIIKYBaTH CIIMCOK CIIBPOOITHUKIB 3a mpi3BUIIeM. SIKIIO CIIUCOK He
BKJIIOYA€ MOTIK IPI3BHIL, BaM JIOBEAEThCS 3HAWTH Mpi3BHILE, siKe Oyie
NepIiuM Y CHHCKY, Jaji Te, 10 HOTiM BuIuMBae, i T.1. Lle mpouec 3i
CKIamHICTIO mopsiaky O (N2) , skuil Habarato MeHIl e()eKTUBHU, Hik
COPTYBAHHSI 3 CTATTIO 31 CKIaMHICTIO TIOpsaKy O(N).

VY 3araqbHOMY BHIAJKy BBEACHHS MOTOKY MOKE OYTH JOIIBHE,
SIKIIO HOTO MOTPiOHO YacTO BUKOPUCTOBYBATH 1 SKIIO MPH HEOOXiTHOCTI
OJIepKaTH TOH K€ MOPSAOK TOCUTH CKiIamaHo. [1oTiKk He MOTPiOHMH, SAKIIO
HOT0 3aBK/11 JIETKO CTBOPUTH 3aHOBO.

[lporpama Treads (muck 3 [OpukjiamaMsM — Ialka
ProgR9) JIEMOHCTPYE MIPOCTHH 6araTonoTOKOBHH CIIMCOK
CIiBpOOITHUKIB. 3amlOBHITH TOJIS TIPi3BHUINA, CHEIaJIbHOCTI, CTaTi W
HOMEpa COIaTbHOTO CTPaxyBaHHsS Ui HOBOTO cHiBpoOiTHHKA. IloTim
HatucHITE Ha KHOmKy Add (Homatw), mo6 mojaTv CHiBpOGITHHKA 0
CIIHCKY.

[Iporpama MICTUTP TOTOKH, $Ki BIOPSJIKOBYIOTH CIIMCOK 32
npizBumeM 3a aiadaBiToM 1 y 3BOPOTHOMY IIOpPSAKY, 32 HOMEPOM
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COMIabHOTO CTPaxyBaHHSI W CIELIaTbHOCTI B TPSAMOMY W 3BOPOTHOMY
MOpSIAKY. Bu MoXeTe BHKOPHCTOBYBATH TOJATKOBI KHONKH AJSI BUOOpY
MIOTOKY, Y HOpSAAKY SIKOrO Imporpama BHBOIUTH cnucok. Ha punc.9.10
MOKa3aHe BIKHO mporpamMu Threads 31 CIHCKOM CIHiBPOOITHHKIB,
YIOPSIIKOBAHUM 32 TIPI3BUILLEM.

Last Name ||

First Name |

55N Ii
I_
Job Class l_

= Mame

Sex

Ordering

Hame [reversed]
Soc Sec #
Job Class

0000

Job Class [reversed]

Ann. Kermn
SSMN: 876-99-1092
Sex: v
job class:6

Jon. Red
SS5SMN: 785-99-1234
Sex: m
job class: ¥

Matli. Portman
SS5MN: 123-44-0987
Sex: v
job class:-8

MHick. Paganini
SSMN: 987-00-8765
Sex: m
job class:6

Puc.9.10. Bikno nporpamu Threads

Knmac  Threadedcell,

Threads, BU3Ha4Ya€ Taki 3MiHHi:

Public
Public
Public
Public
Public
Public

Lastname As String
Firstname As String

SSN As String

Sex As String

Jobclass As Integer
Nextname As Treadedcell

OPSAIOKY .

Public

Prevname As Treadedcell

3BOPOTHOMY IIOPSOKY .

Public

Nextssn As Treadedcell

IOPAIKY .

Public Nextjobclass As Treadedcell '

IpAMOMYy IHOPAIOKY .

Public Prevjobclass As Treadedcell

3BOPOTHOMY IIOPSOKY .
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‘' Ha npisBume B npaMoMy
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‘' I[lo HOMepy B NOPAMOMY
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‘' 3a dpaxom y



Knmac Threadedlist iHKamcymoe 0araTOMOTOKOBHH CITHCOK.
Komn mporpama Bukiukae Mmeron Additem, chmUcok OOHOBISIE CBOT
noToku. sl KOXKHOTO TOTOKY IpOTrpaMa MOBHHHA BCTABUTH €JIEMEHT Y
MpaBUIBHOMY NOpsiaKy. Hampukman, amst Toro moO BCTaBUTH 3amuc i3
npizBumeM «CMiT», IporpaMa 0O0XOIHUTh CITUCOK, BHKOPHCTOBYIOUH ITOTIK
Nextname, IOTH, IOKM HE 3HAWAE CNEMEHT i3 MPi3BUILEM, SKE TOBHHHE
iTh 32 «Cmit». [loTiM BOHa BcTaBisie B MOTIK Nextname HOBHH 3aImuc
nepes UM eJIEMEHTOM.

[Tpn Bu3HauYeHHI Micls pO3TallyBaHHS HOBHX 3aIlMCIB Yy IMOTOLI
Ba)XJIMBY pOJb BIIIrpalOTh CHIHANBHI THo3Hauku. OOpoOmoBau mofii
Class_Initialize kmacy Threadedlist CTBOpIOE CHIHAJbHI
MMO3HAYKW Ha BEPIIMHI H HAPHUKIHIN CIUCKY ¥ iHIMiami3ye iX MOKaKYHKH
Tak, 100 BOHHM BKa3yBaJld OAMH Ha oxHOTro. [10TiM 3HaYeHHs IO3HAYKHU Ha
MOYaTKy CIIUCKY BCTAHOBJIOETbCS TAaKMM YHHOM, 1100 BOHO 3aBXKAW
nepeOyBao B 0yb-sIKOMY 3HAYCHHI pealbHUX JaHUX IS BCIX TOTOKIB.

Hanpuknan, 3miHHa Lastname MoOXe MICTUTH CTPOKOBI
3HadeHHA. [lopokHiH psagok M ime 3a amdaBiTOM mHepen OyIb-sIKIMH
JIMCHUMHU 3HAYCHHSIMHU DSIKIB, TOMY MporpamMa BCTaHOBIIOE 3HAYCHHS
CHUTHAJIBbHOI MO3HAaukW Lastname Ha IOYaTKy CIHCKY TakuM, IO
JIOPiBHIOE IOPOKHBOMY PSIZIKY .

VY rtakmif xe cmoci6 Class Initialize ycTaHOBMIOE
3HAUEHHS [aHMX JUIsI TO3HAYK{ HANpHKIHII CIHCKY, IO IEepeBEpIIye
Oynp-siki peanbHI 3HA4YeHHSA y BCiX moTokaXx. Ockimpku "~" ime 3a
andasiToM micis Beix Bunumux cuMBoiiB ASCII, mporpama BCTaHOBIIOE
3HaUeHHs Mol Lastname i MO3HaYKH HANpPHKIHII CHHCKY PiBHUM

nwon

Hanaroun nosmo Lastname CUTHAJIBHHUX MO3HAYOK 3HAUCHHS '
i ""~"" mporpama mo30yBa€eThCsi HEOOXIJHOCTI MepeBipsATH 0cOOIMBI
BUIIAJIKH, KOJIM NOTPIOHO BCTABUTH HOBHUI €JIEMEHT y I0YaTOK abo KiHelb
cnucky. bBynb-siki HOBI JilicHI 3HaueHHs OyayTh nepeOyBaTH Mix
3HauYeHHsMHM Lastvalue CHIHaIbHUX M03HAYOK, TOMY IporpaMa 3aBxau
3MOK€ BHM3HAUWTH NpaBHIbHE IIOJIOKEHHS JUIS HOBOTO €JIEMEHTa, He
OIIIKYIOUHChH THM, 11100 HE 3aiTH 3a KiHIEBY [TO3HAYKY i HE BUHUTH 33 MEXi
CIIHCKY.

Hactynuuii xon mokasye, sk knac Threadedlist BcraBmse
HOBUI1 eIeMEHT y NMOTOKH Nextname i Prevname. ToMy 1o i MoToku
BHKOPUCTOBYIOTh TOW CaMHWil KIIOY - TMpI3BHINA, TMporpamMa MOxKe
OOHOBIIATH iX OJJHOUACHO.

Dim ptr As Threadedcell
Dim nxt As Threadedcell
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Dim new cell As New Threadedcell
Dim new name As String
Dim next name As String
' BamnmcaTy 3HaYEeHHS HOBOI KOMipku.
With new cell
.Lastname = Lastname
.Firstname = Firstname
.SSN = SSN
*sex = Sex
.Jobclass = Jobclass
End With
' Bus3HauMTM Micue HOBOI koMipkm B noroui Nextthread.
new name = Lastname & ", " & Firstname
Set ptr = m Topsentinel
Do
Set nxt = ptr.Nextname
next name = nxt.Lastname & ", " & nxt.Firstname
If next name >= new name Then Exit Do
Set ptr = nxt
Loop
' BCTaBMTK HOBY KOMipky B noTOokM Nextname i prevname.
Set new cell.Nextname = nxt
Set new cell.Prevname = ptr
Set ptr.Nextname = new cell
Set nxt.Prevname = new cell

{06 Takuii miaxix npairoBas, IporpaMa NOBHHHA TFapaHTyBaTH,
IO 3HAYeHHs HOBOI KOMIPKM  JIe)KaThb MDK 3HAYEHHSIMU ITO3HAYOK.
Hanpukian, sKio KOPUCTyBad yBEE SK MPI3BHIIE ‘" [HKJ BHIIEC 32
MO3HAYKY KiHIS CIUCKY, TOMY 10 =~ jnie micis *~'. [ToTiM nporpama
aBapifHO 3aBepIIUTh poOOTY TpPH Crmpodi AOCTYHmy 1O 3HAYCHHS
nxt.Lastname, 4Kmo nxt 6yn0 BCTAHOBJICHO TaKWUM, IO J:[OpiBHIO€
Nothing.

[HLWi 3B'A3HI CTPYKTYpH

BukoprcToByr0YHM NOKAXXYMKH, MOJKHA MTOOYAyBaTH O€3J1i4 iHIITNX
KOPHCHHUX PI3HOBHIIB 3B'A3HHUX CTPYKTYp, TaKHX SK JIepeBa, HEPETyIApHi
MacHBH, PO3pi/KeHI MacuBH, Tpadu i Mepexi. Komipka mMoxe MicTHTH
Oynp-AKy KIUIBKICTh MOKaXYMKIB Ha iHIN KoMmipku. Hampukman, mus
CTBOPEHHSI JIBIKOBOTO JiepeBa MOXXHa BHKOPHUCTOBYBAaTH KOMIPKY, IO
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MICTHTB JBa MOKaKIUKH, OJUH Ha JIIBOTO HAIAJKa, i APYTHH - Ha IPaBOTO.
Kinac Binarycell MoXe CKIagaTUCS 3 TAKUX BU3HAYCHD:

Public Leftchild As Binarycell
Public Rightchild As Binarycell

Ha puc.9.11 nokazane mepeBo, moOyaoBaHE i3 KOMIpPOK TakKoOToO
tuny. B 11 po3zini nepesa OynyTh 00roBoproBaTHCs GBI JOKJIAIHO.

Puc.9.11 [IsiiikoBe nepeBo

Puc.9.12. 38’4301 CTpYKTYpH

Komipka Moxe HaBiTh MICTHTH KOJEKIIO a00 3B'I3HUHA CIHCOK 3
MOKa)KYMKaMU Ha iHII kKoMipku. Lle n1o3Bossie mporpami 3B's13aTH KOMIpKY
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3 OyIop-aKUM 4mcioM iHmmMX o0'ektiB. Ha pmc.9.12 HaBemeHO mpukiIamu
IHIINX 3B'SI3HUX CTPYKTYpP NaHUX.

lMceBAOMOKaXUYNKH

3a momomoroiro mocwinaHb y Visual Basic MoxHa nerko
CTBOPIOBATH 3B'SI3HI CTPYKTYpH, TaKi SIK CIIMCKH, JEpPeBa W Mepexi, aie
MTOCWJIAaHHS BHMArarmoTh JOAATKOBUX pecypciB. JIIYMIBHUKH TMOCHJIAHD 1
MpOoOIeMH 3 PO3IIOAIOM IaM'sITi CHOBUTBHIOIOTh POOOTY CTPYKTYp JaHUX,
o0y0BaHUX 3 BUKOPUCTAHHSM ITOCHIIaHb.

[Hmoro  crpareriero, AKa  YacTo  3a0e3medye  Kpaury
MPOJYKTUBHICTD, € 3aCTOCYBaHHS MCEBIONOKaxurKa (fake pointers).
IIpn mpoMy mnporpama CTBOPIOE MacHB CTPYKTYp [HaHHX. 3aMICThb
BUKOPHCTaHHS MOCHIaHb JUIi  3B'I3yBaHHSA CTPYKTyp IIporpama
BUKOPHCTOBYE IHJIEKCH MacHBY. 3HaXO/KCHHS CJIEMEHTa B MAacHBi
3nificHioeTses B Visual Basic mBuie, Hixk BUOIpKa HOro 3a IOCHIAHHIM
Ha oO'ekt. Ile mae kpanly NPOAYKTHBHICTH TPH 3aCTOCYBaHHI
NICEBJONOKAXYHMKA Y MOPIBHIHHI 3 BiANOBIJHUMH METOJaMU MOCWIIaHb Ha
o0'exTH.

3 iHIOro OOKY, 3aCTOCYBAHHS ICEBIONOKAXKYMKA HE HACTUIBKU
IHTYITMBHO, SIK 3aCTOCYBAaHHS IMOCHJIaHb. Lle MOXe YCKJIaIHUTH PO3POOKY
W HaJIAroJUKEHHS CKJIQJIHUX aJTOPUTMIB, TAKHX K aJITOPUTMH MEpEex abo
30aJIaHCOBaHKX JIEPEB.

IIporpama Fakelist (mmcxk 3 npuxjagaMu - [anka
ProgR9) yIpaBJsi€ 3B'SI3HUM CITMCKOM, BUKOPHUCTOBYIOUH
TICEBJIONOKXYNKH. BOHA CTBOPIOE MacHWB NMPOCTUX CTPYKTYp NaHMUX JUIA
30epiranHs JaHok crnucky. [Iporpama ananoriuna nporpami Lnklistl,
aJie BUKOPHCTOBYE TICEBAOIIOKaKINKH.

Hacrymauii kox geMoHCTpye, sk nporpama Fakelist cTtBoproe
MacCHB KIJIITKOBHX CTPYKTYp:

' CrpykTypa IaHMxX THizzga.
Type Fakecell
Value As String
Nextcell As Integer
End Type
' MacuB THi3nm 3B'43HOTO CIOMUCKY.
Global Cells (0 To 100) As Fakecell

380



' CuI'HaJIbHA MiTKa CIUCKY .

Global Sentinel As Integer

OCKIJIbKH TICEB/IOTIOKAXKYMKY - 1I€ HE MOCWJIAHHS, a IPOCTO I
4ucna, IporpaMa He MOXKE BHKOPHUCTOBYBAaTH 3HaueHHs Nothing mis
MapKkyBaHHS KiHug crucky. IIporpama Fakelist BHKOPHUCTOBYE
noctilny END OF LIST, 3HaueHHs sKoi JopiBHIOE -32767 s
MIO3HAYEHHS TIOPOKHBOT'O OKaKUYHKA.

Jnst  moneriieHHs BUSIBJICHHS HEBUKOPHCTOBYBAaHHMX JIAHOK
nporpama Fakelist TakoX BHKOPHCTOBYE CICHialbHUN «CMITTEBHI»
CHMCOK, IO MICTUTh HEBHKOPHCTOBYBaHI JlaHKM. HacTtymHuii kon
JIEMOHCTPY€E 1HIIIANI3aIlil0 MOPOKHBOTO 3B'SI3HOTO CHHCKY. Y HBOMY
cUrHaipHa Io3Hauka Nextcell nabysae 3HaueHHs END OF LIST.
[lotiM BOHa mepeMimae HEBUKOPHCTOBYBaHI KOMIPKH B «CMITTEBHI»
CIIHCOK.

' 3B'A3HMM CHOMCOK HEBMKOPMCTOBYBAHMX KOMIipOK.
Global Topgarbage As Integer

Public Sub Initializelist()
Dim i As Integer

Sentinel = 0
Cells(Sentinel) .Nextcell = END OF LIST
' IlepeHecTyr Bci iHmMi xOMipkmM B «CMiTTEBMII» CHOMCOK.
For i = 1 To Ubound (Cells) - 1
Cells (i) .Nextcell = i + 1
Next i
Cells (Ubound(Cells)) .Nextcell = END OF LIST
Topgarbage = 1
End Sub

I[Ipu nonaBaHHI eneMeHTa [0 3B'S3HOTO CIHCKY Mporpama
BHKOPHCTOBY€E TEpIIy MOCTYIHY KOMIPKY 31 «CMITTEBOTO» CIIHCKY,
iHimiami3ye mose komipku Value i BctaBise ii B cincok. Hactymauit kox
MTOKa3ye, K Mporpama JI0Ia€ eNeMEHT Micis 00paHoro:

Private Sub Cmdaddafter Click()
Dim ptr As Integer
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Dim position As Integer
Dim new cell As Integer
' 3HaWTM Miclle BCTaBKU.
ptr = Sentinel
position = Selectedlndex
Do While position > 0
position = position - 1
ptr = Cells(ptr) .Nextcell
Loop
' BubOpaTy HOBY KOMIipKYy 3 «CMiTTEBOTO» CIMCKY.
new cell = Topgarbage
Topgarbage = Cells (Topgarbage) .Nextcell
' BCTaBUTM €JIEMEHT.
Cells (new cell) .Value = Newitem.Text
Cells(new cell) .Nextcell = Cells(ptr) .Nextcell
Cells(ptr) .Nextcell = new cell
Numitems = Numitems + 1
Displaylist
Selectitem Selectedindex + 1 ' BuBpaTu HOBUM
€JIEMEHT .
Newitem.Text = ""
Newitem.Setfocus
Cmdclearlist.Enabled = True
End Sub

[Ticns BunmaneHHs KOMIpKHM 31 CHHCKy mporpama Fakelist
MTOMIIIAa€ BHJIYYCHY KOMIPKY B «CMITTEBHI» CIHCOK, 11100 11 MOTIM MOXXHA
OyJI0 JIErkKO BUKOPUCTOBYBATH:

Private Sub Cmdremoveafter Click()
Dim ptr As Integer
Dim target As Integer
Dim position As Integer
If Selectedindex < 0 Then Exit Sub
' 3BHaMTU eJIEeMEHT.
ptr = Sentinel
position = Selectedindex
Do While position > O
position = position - 1
ptr = Cells(ptr) .Nextcell
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Loop
' [IponyCTUTM HACTYIHMM €JIEMEHT.
target = Cells (ptr) .Nextcell
Cells (ptr) .Nextcell = Cells(target) .Nextcell
Numitems = Numitems - 1
' JlomaTy BUJIydeHa KOMipkaB «CM1iTTEBMII» CHIMCOK.
Cells (target) .Nextcell = Topgarbage
Topgarbage = target
Selectitem Selectedlndex' CHOBYy BMOpPaATHU E€JIEMEHT.
Displaylist
Cmdclearlist.Enabled = Numitems > 0
Newitem.Setfocus
End Sub

3acTocyBaHHs IICEBAONOKAKYMKIB 3BUUAHO 3a0e3redye Kpaury
MIPOXYKTUBHICTh, ane € OimpIl CKIaAHUM. TOMy Mae CeHC CIOYaTKy
CTBOPUTH JOAATOK, BHKOPHUCTOBYIOUM HOCHWIaHHS Ha o00'ektu. IloTim,
SKIIO BU BUSBHTE, II0 IporpamMa 3HAYHY YacTHHY 4acy BHUTpadae Ha
MaHIITyTIOBaHHS  IOCHJIAHHAMH, BH MOJXETe, SKIIO HEOOXimHO,
MIEPETBOPUTH i1 3 BUKOPHCTAHHIM TICEBIOTIOKaKIHKIB.

Pe3rome

BukopuctoByroun mocuinaHHA Ha O00'€KTH, MOKHAa CTBOPIOBAaTH
THYYKi CTPYKTYpH JaHHX, TaKi sK 3B'sI3HI CIIMCKHU, LIUKIIIUHI 3B'SI3HI CIIUCKH
JBO3B’s13HI  criucku. CITUCKM JIO3BOJISIIOTH JIETKO JIOJaBaTH W BHIAJIATH
eneMeHTH. Jlonaroum JOAATKOBI MOCHIIAHHS JI0 KJIACy KOMIPOK, MOXKHa
TIEPETBOPUTH JJBO3B’A3HHUH CIIMCOK Y 0araTonoTOKOBHH.

Po30ynmoByroun # mami I imei, MOXKHa CTBOPIOBATH EK30THYHI
CTPYKTYPH JTAHUX, BKIIIOYAFOYH PO3PIIKEHI MaCUBH, AepeBa, Xem-Ta0muI i
Mepexi.

KOHTPOABbHI 3an1UTaHHA Ta 3aBAAHHSA

1. YwuM BiApi3HSAIOTHCS CTATHYHI 3MiHHI BiJl TUHAMIYHHUX?
2. Unm xapakTepu3yloThCs JUHAMIYHI CTPYKTYPH JaHHX, KOJH 1 Jie
BUAISETHCS IIaM’SITh IT1J] JMHAMIYHI 3MIiHHI?
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B gomy mepeBaru 3B'I3HOTO IpEACTaBICHHS JaHUX?

SIK BCTaHOBJIOETHCS 3B'SI30K MIXK €JEMEHTaMH JWHAMIYHOL
CTpyKTYpu?

o Take BKa3iBHHK, KOJIH 1 i BiH HAOyBa€e 3HaYECHHs?

B gomy mepeBaru i HeJOJIKU CIIUCKIB y MOPIBHAHHI 3 MaCHBaMHU?
Sxuit cIUCOK HAa3UBAETHCS TTOPOXKHIM?

YuM BiJpi3HSAETHCS IMMOYATKOBHH €JNIEMEHT CIHCKY BiJ| PEIITH
€JIEMEHTIB CIHCKY?

SlkuM YUMHOM JOJATH Ta BHJAINTH TEPIINA, OCTaHHIA Ta
BHYTPIIIHII €JIEMEHTH JIHIHHOTO CIHCKY?

3a SKUMH KpPHUTEpIIMH MOXYTh OyTH OpraHi3oBaHi €JIeMEHTH B
6araTo3B’sI3HUX CIHCKAX?

[Ilo Take KigbIICBUH CITHCOK?

SIk Ha3WMBacTbCS MOCIIIOBHHUM CIHMCOK 31 3MIHHOK IOBXKHHOIO,
BKJIFOUCHHSI 1 BHKIIIOUEHHS EJIIEMEHTIB 3 SIKOTO BHKOHYIOTHCS
TITBKH 3 OHOTO OOKY?

SIx Ha3MBAETHCS MOCITIJOBHUHN CIIMCOK 31 3MIHHOKO TOBKHHOIO, B
SKOMY BKJIIOUCHHS €JIEMCHTIB BHKOHYETHCS 3 OJHOTO OOKY
CIHICKY, a BUKJITFOYCHHS — 3 1HIIOTO 60KY?

B uomy mepeBaru i HeIOJIiKM JABO3B’SI3HUX CITUCKIB y MOPIBHIHHI
3 OJIHO3B'I3HUMHU?

CTBOpUTH OJHO3B’SI3HUH JIIHIHHUIA CIIUCOK, €JIEMEHTAMHU SIKOTO €
HATypajbHI  4wciaa. HaapykyBaTh  3HAYCHHS  CJIEMEHTIB,
pO3TalIOBAaHMX MK HAHOLIPIINM 1 HAWMEHIIMM eJeMEHTaMHU
CIIVICKY.

CTBOpUTH OIHO3B’S3HUN JIHIHHUNA CIHCOK 31 CIIB JESKOTO
psilika, po3TallyBaBIIM iX y chucky 3a andasiTom. BuznaunTn
KUTBKICTh ~ ITOBTOPEHB KOXXHOTO clioBa Yy crucKy(CioBom
BBa)Ka€THCS 0OMEXKeHa IPOOiTaAMHU TIOCITIJOBHICTH CHMBOIIIB).
OmnwcaTt Oporeaypy, o ob'ennye nBa miHidHUX crnmcku L1 1 L2
B o1uH 3a mpaBmwiom L = L1 U L2.

Omnucatu poneaypy, mo ob'ennye apa miHiAEMX crmcku L1 1 L2
B ojiH 3a mpaBmwiiom L =11 N L2.

Omnmcatn mporenypy, fka 3a niHiifHUM crmckoM L Oyxye nBa
HOBHUX CIUCKHU: L1 - 3 MO3UTHBHUX ejeMeHTIB, L2 - 3 HeraTuBHUX
€JIEMEHTIB.

Omnwcaty npoueaypy, mo od'enHye nBa miHIHHUX crucku L1 i L2
3a mpaBuiioM: enemeHT L1, enement L2, enement L1, enement L2



21,

22,

23.

24,

25.

T.A. SIKIIO OAWH CIHMCOK KOPOTIIHMHK 3a IHIIMK, TO €JIEMEHTH, IO
SITUIINIINCS, 3aIIACYIOTHCS B 3BUMAHOMY MOPSIAKY.

OmnucaTH mpouenypy, sAka B JIHIHHUA cucoK L BcTamise HOBUI
eneMeHT E 3a KO’KHUM BXOJKCHHSM eleMeHTa B.

CTBOpUTH ABO3B’SI3HUI JIHIHHUN CITUCOK, €JIEMEHTAMH SKOTO €
ClI0Ba TEKCTy. BuBecTM ci0Ba, IO 3HAXOIUATHCS HA IAPHUX
MO3UIISIX M/l Yac Meperiisiy CIUCKY Yy HalpsiMKy BiJ TOJIOBU 1O
XBOCTa, Ta CJIOBA, PO3TAallOBaHI Ha HEMAPHUX MO3UIISIX M 4ac
HEPETIAAY CIIUCKY Yy 3BOPOTHOMY HaNpsIMKY.

CTBOpPUTH IBO3B’S3HUMN JIHIWHHUA CHHCOK I[UIMX YHCEI. 3HAUTH
eJIEMEHT 13 BBEJCHMM 13 KiaBiaTypu 3HaueHHAM. Buectn
MOPSAJKOBUN HOMED LIYKAaHOI'O €JIEMEHTA, PYXaluHCh 3 NIOYATKY
Ta 3 KIiHI CIIACKY.

JlaHO MOKaK4YMK Ha MEPIIMH eIeMEHT HeIIOPOKHBOTO ABO3B’ I3HOTO
criiucky. [IponyOmoBati B CIUCKY YCI €IEMEHTH 3 HEMapHUMH
HOMEPAMHU.

JlaHO MOKaKYMK Ha MEPIINH eIeMEHT HeIIOPOKHBOTO ABO3B’I3HOTO
crucKy. [1epeTBOpUTH CIMCOK y LIUKITYHHMIL.
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Po3sain X
CTEKU TA YEPTU

VY 1poMy po3nini TpUBaE OOrOBOPEHHs CIIMCKIB, po3nodare B 9
PO31illi, 1 ONMUCYIOTHCS 1Ba OCOOJIMBI PI3HOBUIM CITUCKIB: CTEKH M 4Yepru.
Cmex - Te CIHCOK, y SKOMY [OJaBaHHSI W BHAAICHHS EJIEMCHTIB
3MIACHIOETHCS 3 OQHOTO M TOTO X KIiHIA CIUCKY. Yepea - 1€ CIUCOK, Y
SIKOMY C€JIEMEHTH JIONAIOTHCS B OMUH KiHEIb CIMCKY, & BiIHAJSAIOTHCA i3
MPOTHJICKHOTO KiHIA. barato anropuTMiB, BKIIOYAIOYM JesKi i3
NIPEACTABICHUX y HACTYNHHUX pO3AITaX TIOCIOHWKA, BHKOPUCTOBYIOTH
CTEKHU U Yepru.

Creku

Cmexk (stack) — 11e BIOPAAKOBAHUN CIHCOK, Y SKOMY
JOAaBaHHA W BHUIAJICHHS EJIEMEHTIB 3aBXKAM BiIOYBAa€TbCAd Ha OJHOMY
KiHII cnucKy. MoOXKHa YSBUTH CTEK SK KyITy NMPEIMETiB Ha Miano3i. Bu
MOXKETE J0/aBaTH €JIEMEHTH Ha BEpIIMHY W BHIAIATH iX 3BIATH, ajie HE
MOXETe JJOAaBaTH ab0 BUIAJISATH €JIEMEHTH 13 CEPEJMHHU CTOIKH.

CTexu 4acTO HA3UBAIOTh CHUCKAMU MUNy Nepuiull yeitiuoe —
ocmanniii  utimogé (Last-In-First-Out list). 3 icropuuHHx
NIPUYMH JIOJIaBaHHS €JIEMEHTa B CTEK HA3HMBAETBCSI HPOULIMOBXYBAHHAM
(pushing) eneMeHTa B CTeK, a BHIAJCHHS eJIEMEHTa 31 CTEKy —
suwmogxysannsm (popping) enemMeHra 3i CTeKy.

[Nepma peanizarisi IpOCTOro CIMCKY Ha OCHOBI MacHBy, OIHCaHA
Ha moyaTky 9 posminy, € crekoM. [ BIJICTEKEHHS BEPIIMHH CIHCKY
BUKOPHCTOBYETHCS JIUMIBHUK. [10TIM 1€l JIYMIBHUK BUKOPHUCTOBYETHCS
JUIsl BCTaBJICHHs1 a00 BUJIAJICHHS €JIeMEHTa 3 BEPIIMHHU crucky. HeBemnnka
3MiHa - IIe HOBa mpoueaypa Pop, ska BHIAISE €IEMEHT 31 CIHCKY,
OJTHOYACHO IOBEpTaouM #oro 3HaueHHs. [Ipum mpoMy iHIII mponenypu
MOJXYTh BUTSTATH €JIEMEHT 1 BUIAISATH HOTO 31 CITUCKY 32 OWH KpoK. Kpim
i€l 3MiHM KOAYy, KOJ TpOorpamMu 30irae€Tscsi 3 KOJIOM, HaBeACHUM y 9
po3mii.

Dim Stack() As Variant
Dim Stacksize As Variant
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Sub Push (value As Variant)
Stacksize = Stacksize + 1
Redim Preserve Stack(l To Stacksize)
Stack (Stacksize) = wvalue
End Sub
Sub Pop(value As Variant)
value = Stack (Stacksize)
Stacksize = Stacksize -1
Redim Preserve Stack(l To Stacksize)
End Sub

Yci nomepenHi MIpKYBaHHS TMPO CIHUCKH TaKOXK HAEXKaTh 0
[bOT0 BHAY peajizalii cTekiB. 30KkpemMa, MOXXKHA 3a0LIaAUTH Yac, SKIIO He
3MIHIOBaTH pO3MIp TP KOXHOMY JOJaBaHHI a00 BHIITOBXYBaHHI
enemenTa. [IporpamMa Simlist Ha AWCKY i3 NMpUKJIanaMy, OnucaHa B 9
PO3aiJi, IEMOHCTPYE Lieil BUJ MPOCTOI peai3allii CIUCKIB.

IIporpamu YacTo BUKOPUCTOBYIOTH CTCKH i 30epiraHHs
MIOCTITOBHOCTI €NIEMEHTIB, 3 SKUMH IporpamMa OyAe IMpamroBaTH IOTH,
TIOKH CTEK He criopokHie. [lii 3 OJHUM 3 eJIEMEHTIB MOXYTb IIPUBOAUTH JI0
TOTO, IO iHIII OyAyTh MPOINTOBXYBATHCS B CTEK, ajie, 3PEIITOI0, BOHU BCi
OyoyTb BHIydYeHi 31 CTeKy. SIK NpOCTHil NpUKIaX MOXHa HaBECTH
AITOPHUTM O0ITy MOPSAAKY €JIeMEHTIB MacuBy. lIpu IboMy BCi €llEeMEHTH
NOCIIIOBHO ~ MPOLITOBXYIOTBCA B CTeK. [loTiM  yci  emeMeHTH
BHUILITOBXYIOTBCS 31 CTEKY y 3BOPOTHOMY TOPSIKY 1 3aITUCYIOTHCS Ha3aj y
MacHB.

Dim List () As Variant
Dim Numitems As Integer
' Ihiuianisaniaga macurBy.

! HpOU_ITOBXHyTM eJIeMeHTMM B CTeK.

For I = 1 To Numitems
Push List (I)
Next I
' BUIITOBXHYTM eJIeMeHTM 31 cTeky Hazal y Macus.
For I = 1 To Numitems
Pop List(I)
Next I

Y 1npoMy TpUKIALi JTOBXKHHA CTEKy MOXKe 0araTopa3oBo
3MIHIOBATUCS JI0 TOTO, SIK, 3PEIITOI0, BiH CHOpOXKHi€. SIKIIO Bimomo
3a37aJeriib, HACKUJIbKA BEJIMKUM TOBHHEH OyTH MacHB, MOXKHAa Bigpazy
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CTBOPHUTH JOCUTHh BEIUKHN CTEK. 3aMIiCTh 3MIiHH pO3Mipy CTEKy B Mipy
TOTO, SIK BiH POCTE Ta 3MEHINYETHCS, MOKHA BiIBECTH TiJl HHOTO MaM'dATh
HAa IT0YaTKy POOOTH 1 3HUIIUTH HOTO TICII 11 3aBepIICHHS.

Hactynauii ko&m mO3BOJISIE CTBOPUTH CTEK, SKIIO 3a3[JalieriTh
BiOMH# Hioro MakcuMansHuHA po3mip. [lponenypa Pop He 3MiHIOE pO3Mip
MacuBy. Komm mporpama 3akiHuye poOOTy 31 CTEKOM, BOHA IOBHHHA
BUKIIMKATH Ipouenypy Emptystack musa 3BIJIBHEHHS 3aMHATOI I CTEK
mam'siTi.

Const WANT FREE PERCENT = .1 ' 10% BisbHOTO
IIPOCTOPY .
Const MIN FREE = 10 ' MiHiMambHUM PO3Mip.
Global Stack() As Integer ' CTeKOBMUM MACUB.
Global Stacksize As Integer ' Po3Mip CTEKOBOTO
Macuay .
Global Lastltem As Integer ' IHOeKC OCTaHHBOTO
eJjleMeHTa.
Sub Preallocatestack(entries As Integer)
Stacksize = entries
Redim Stack(l To Stacksize)
End Sub
Sub Emptystack()
Stacksize = 0
Lastitem = 0
Erase Stack ' 3BimpHUTKM nam'SATh, BaMHATY
MaCMUBOM.
End Sub
Sub Push(value As Integer)
Lastitem = Lastitem + 1
If Lastitem > Stacksize Then Resizestack
Stack (Lastitem) = value
End Sub
Sub Pop(value As Integer)
value = Stack (Lastitem)
Lastitem = Lastitem - 1
End Sub
Sub Resizestack()
Dim want free As Integer
want free = WANT FREE PERCENT * Lastitem
If want free < MIN FREE Then want free = MIN FREE

Stacksize = Lastitem + want free
Redim Preserve Stack(l To Stacksize)
End Sub
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Leit Bux peamizamii crekiB mocuts edektuBHUA y Visual Basic.
Crex He BUTpadae apMa mmam'sTh i He 3aHaJTO YacTO 3MIiHIOE CBilf po3Mip,
0COOJMBO SKIIO Biipa3y BiZlOMO, HACKIIBKY BEIMKAM BiH TOBUHEH OYTH.

MHOXWHHI cTekn

B oxHOMY MacHBi MOXKHA CTBOPHUTH ABA CTEKH, HOMICTHBIIHU OJHH
Ha TI0OYaTKy MacwWBY, a IHIIWH - HampukiHmi. J[as 1OBOX CTekiB
BHKOPUCTOBYIOTBCS OKpEMi JYIIBHUKH IOBXHHH CTEeKy Top, i CTeKH
POCTYTb Ha3yCTpid OAMH OZHOMY, 5K MOKa3aHo Ha puc.10.1.

_> -—
BepwmHa 1-ro cteky BepLwunHa 2-ro creky

Puc.10.1. [IBa cTeku B OTHOMY MacHBi

Ileit meTox mO3BOJISIE ABOM CTE€KaM POCTH, 3aiMar04u Ty caMmy
007acTh mam'siTi, MOTH, JOKH BOHH HE 3IMITOBXHYThCS, KOJIH MAaCHUB
3allOBHUTHCS.

Ha »asp, MiHSITH po3Mip LUX CTeKiB HernpocTo. [Ipu 30inblneHH]
MacHBy HEOOXIJHO 3pyLIyBaTH BCi €JIEMEHTH Y BEPXHbOMY CTelli, 1100
BUIUIATH TaM'sTh i1 HOBI €JICMEHTH B cepenuHi. [Ipu 3MEHIIICHHI MaCHUBY
HEOOXiTHO CHOYaTKy 3pYLINTH €JIEMEHTH BEPXHbOT'O CTEKY MEpea THM, SIK
MIiHATH po3Mmip MacuBy. Lleil MeTon TakoX CKIagHO MacumITadyBaTH UL
omepyBaHHs OUTBIN HiXK IBOMA CTCKaMH.

3B'SI3HI CHOHCKM HANalOTh OUIBII THYYKHH METOA TOOYIOBU
MHOXXKUHHHUX CTEKiB. /IJIsl IPOIITOBXYBAaHHS €I€MEHTa B CTEK BiH MICTHTBCS
B IIOYATOK 3B'SI3HOTO CNUCKY. [l BHINTOBXYBaHHS €JIEMEHTa 31 CTEeKy,
BUJIQJISIETHCS TIEPILUHA €IEMEHT 31 3B'SI3HOTO CHKMCKY. TOMY IO €JIeMEHTH
JIONAI0ThCsl W BUJAISIOTHCS TUIBKM Ha MOYATKy CIMCKY, JJIS peajizaiii
CTEKiB TaKOTO THITY HE TOTPiOHO 3aCTOCYBaHHS CHTHAJBHUX MO3HAYOK 200
JIBO3B’SI3HMUX CITHUCKIB.

OCHOBHMI HEJOJIIK 3aCTOCYBaHHsI CTEKiB Ha OCHOBI 3B'S3HUX
CITUCKIB TIOJISITA€ B TOMY, IIO BOHM BHMAaraloTh JOJATKOBOi MaM'dTi IS
30epiraHHs MOKaX4uKiB Nextcell. Jlnsd cTeKy Ha OCHOBI MacuBy, IO
MiCTHTh N eJIeMeHTiB, MOTpiOHO BChOro 2 *N OaifriB mam'sTi (o 2 Gaiftu
Ha 1isie yncio). Toit ke cTek, peasli3oBaHUI HA OCHOBI 3B'I3HOTO CIHCKY,
BUMarae JI0JaTKoBO 4*N 0OailTiB mam'sTi JUId IOKaX4YWKiB Nextcell,
30LTBITYIOYH PO3Mip HEOOXiTHOT mam'sITi BTPOE.
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Iporpama Stack (amck 3 mpukimagamMd - manka ProgR10)
BUKOPHCTOBYE JIEKIIbKa CTEKiB, peali30BaHHUX y BUTJISI 3B'I3HUX CITUCKIB.
BukopucroByroun TmporpaMmy, MOXKHa BCTaBISATH W  BHIITOBXYBAaTH
eIEMEHTH 3 KOXHOro i3 mux cnuckiB. Ilporpama Stack2 (mguck 3
mpukinagamMu - manka ProgR10) amanoriusa mid mporpami, ane BOHa
BHKOPHUCTOBYE KIac Linkedliststack amst podoTu 3i cTekamu.

Uepru

VIOPSIAKOBaHUMA CIHCOK, Y SKOMY EIEMEHTH IOAAIOThCS [0
OJHOrO KiHI CIHCKY, a BIIJANAIOTBCS 3 1HIIOIO, HA3HBAETBCS YEP2OH0
(queue). I'pyna nozaei, 10 OYIKYIOTh OOCIYyrOBYBaHHS B MarasuHi,
YTBOPIOIOTH 4Yepry. 3HOBY MPHOYJIi CTAaHOBIATHCS No3aay. Koy mokynens
JIOXOIIUTh JI0 TIOYaTKy dYepru, kacup Horo obcayroBye. UYepes ixHIo
NPUPOJy Yepru 1HOAI HA3UBAIOTH CAUCKAMU MUny nepuiuil Yeitiuios -
nepuwil suiuiog (First—- In-First-Out list).

Y Visual Basic uepru MoxHa peaji3yBaTH BHKOPHUCTOBYIOYU
MeTonu st opraHizamii mpoctux crekiB. CTBOpUMO MacMB 1 3a
JIOIIOMOT' 010 JIYMIIBHUKIB OYZIEeMO BU3HAYATHU IOJIOKEHHS OYaTKy M KiHIIS
4yepru. 3HaueHHs 3MiHHOT Queuefront Jae iHAEKC eleMEHTa Ha 0YaTKy
yepru. 3MiHHa Queueback BH3HAuae, KyAd TNOBUHEH OyTH I0AaHHN
YEeproBUH eNeMEeHT Yepru. Y Mipy TOTrO SIK HOBi €JEMEHTH NOAAIOTHCS B
4Yepry ¥ 3aJumaroTh ii, po3Mip MacuBy, IO MICTUTH 4Yepry, 3MIHIOETHCS
Tak, 10 BiH pOCTE Ha OJHOMY KiHIIi i 3MEHIITYETHCS HA 1HIIOMY.

Global Queue () As String ' MacuB uepru.
Global Queuepront As Integer ' [louaToOK UYepIu.
Global Queueback As Integer ' KiHeub uepru.

Sub Enterqueue (value As String)
Redim Preserve Queue (Queuefront To Queueback)

Queue (Queueback) = value
Queueback = Queueback + 1
End Sub

Sub Leavequeue (value As String)

value = Queue (Queuefront)

Queuefront = Queuefront + 1

Redim Preserve Queue (Queuefront To Queueback - 1)
End Sub

391



Ha >xanp, Visual Basic He 103B0JIsi€E BHKOPHCTOBYBATH KIIOUOBE
CIOBO Preserve B omeparopoBi Redim, SIKIIO 3MiHIOETHCS HIDKHS
rpanuns MacuBy. HaBiTe sxkOu Visual Basic 103BONSIB BUKOHAHHS TaKOi
omepariii, yepra npu LBOMY «pyxanacs» 0 mo mam'sti. Ilpu koxHOMY
JofaBaHHI ab0 BUAAJEHHI e€JeMEeHTa i3 4Yepru, TIpPaHULl MacuBy
30impinyBanucst 0. Ilicns mpomylieHHs JOCHTH BENUKOi  KiBKOCTI
€IIEMEHTIB Yepe3 4epry, il TpaHWIli MOTIM O B OCTaTOYHOMY MiJICYMKY
CTaTH 3aHAITO BEJINKI.

ToMy, komm mMOTPiOHO 3OIMBIIMTH PO3MIpP MACHBY, CHOYATKY
HEOOXiTHO NEepeMICTUTH NaHI B MOYaTOK MacuBy. [Ipm mpomy Moxe
YTBOPIOBATHCS JOCTATHS KUIBKICTh BITBHUX KOMIPOK HAIllPHKiHIII MacHBY,
Tak 110 30UThIICHHS pO3Mipy MacHBY MOXeE BXKe HE 3HaIOOUTHCA. A SKIIO
Hi, TO MOXXHa CKOPUCTaTHCs omnepatopoM Redim aust 30iibLIeHHS abo
3MEHILICHHS PO3MIPY MacHuBy.

SAx 1 y BuUmagky 3i CHHCKaMH, MOXXHA  ITIiJBUIIATH
MPOAYKTUBHICTH, JOAAlOYHM BiApa3y KilbKka €JIEMEHTIB IpH 30LUTbIICHHI
po3mipy MacuBy. Takok MOXKHA 3aO0IIQIUTH Yac, 3MEHIIYIOYH PO3Mip
MAacHUBY, TUIBKH KOJNHW BiH MICTUTH 3aHAaATO 0arato HEBHKOPHCTOBYBAaHUX
KOMIpOK.

VY BuUnaaky mpocTOro CIUCKY abo CTeKy, €JIeMEHTU JAOAA0ThCS i
BIJIAJSIFOTHCS. HA OJJTHOMY HOTO KiHII. SIKIIO PO3MIp CIHCKY 3aJIHIIAETHCS
Maike MOCTIHHHUM, HOro He JOBEAEThCsS 3MIHIOBATH 3aHAATO YacTo. 3
iHIIOro OOKY, TOMY IO €IEMEHTH NOAAIThCS HAa OAHOMY KIHII 4epru, a
BIIAJSIFOTBCS 3 IHIIOTO KIHIA, MOXE 3HAIOOWTHCS dYac Bi dYacy
NepeynopsAKOBYBaTH Yepry, HaBiThb SKIIO 11 PO3MIp 3alULIAETHCS
HE3MIHHHM.

Const WANT FREE PERCENT = .1 ' 10% BimbHOTO
IPOCTOPY .

Const MIN FREE = 10 ' MinimyMm BimbHUX
THizI.

Global Queue () As String ' MacuB uepru.

Global Queuemax As Integer ' Hambimpumii 1HOEeKC
MacCUuBY .

Global Queuefront As Integer ' IloyaTok 4YepIru.

Global Queueback As Integer ' Kineup dyepru.

Global Resizewhen As Integer ' Komm 306impumTy posMmip
MacCUBY .

' Ilpm ininiamisanii nporpama NOBMHHA BCTaHOBUTU
Queuemax = -1

' mokasyouM, MO Nig MacupB le He BMYIOijieHa naMm'SgThb.
Sub Enterqueue (value As String)
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If Queueback > Queuemax Then Resizequeue
Queue (Queueback) = wvalue
Queueback = Queueback + 1
End Sub
Sub Leavequeue (value As String)
value = Queue (Queuefront)
Queuefront = Queuefront + 1
If Queuefront > Resizewhen Then Resizeoueue
End Sub
Sub Resizequeue ()
Dim want free As Integer
Dim i As Integer
' IlepeMicTUTM 3anMCK B I0YaTOK MACHUBY.
For 1 = Queuefront To Queueback - 1
Queue (1 - Queuefront) = Queue (1)
Next i
Queueback = Queueback - Queuepront
Queuefront = 0
' BMiHMTKM po3Mip MacCUBY.
want free = WANT FREE PERCENT * (Queueback -
Queuefront)
If want free < MIN FREE Then want free = MIN FREE
Max = Queueback + want free - 1
Redim Preserve Queue (0 To Max)
' dxmo Queuefront > Resizewhen, 3MiHMTKM pos3Mip
MaCUBY .
Resizewhen = want free
End Sub

IMporpama Arrayq (muck 3 npukiagamu - nanka ProgR10)
BUKOPHCTOBYE L[EW METOJ ISl CTBOPEHHS POCTOT Yepru. YBeAiTh PAIOK i
HATHUCHITh Ha KHONIKY Enter (YBeaeHHs) /1i1s JoAaBaHHSI HOBOTO €JIEMEHTa
B KiHenps yepru. Hatucuite kHomky Leave (IlokuHyTH) U1 BUAaJIeHHS
BEPXHBOTO EIEMEHTA 13 YeprH.

IIpu poboTi i3 mporpaMoro MOMIThTE, IO KOJW BH JOAa€Te U
BUJIAJISIETE €JIEMEHTH, TOTPiOHa 3MiHa PO3Mipy YeprH, HaBiTh SKIIO PO3MIp
4yepru Maibke He 3MiHIOeThCs. (DaKkTHYHO, HaBiTh NPH KiJbKAPa30BOMY
JOfaBaHHI ¥ BHWJAJICHHI OJHOTO e€JEMEHTa po3Mip uepru Oyxe
3MIHIOBAaTHUCH.

Maiite Ha yBa3i, 110 IIPU KOXKHIM 3MiHI PO3Mipy YeprH CIoYaTKy
BCi BUKOPHCTOBYBaHI €JIEMEHTH INEPEMIIaloThCsl B MOYaTOK MacuBy. [Ipn
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FOMY Ha 3MiHY pO3Mipy 4epr Ha OCHOBI MacHBY e OibIe 9acy, HiX Ha
3MiHY PO3Mipy ONMCAHMX BHIIE 3B'SI3HHUX CIIUCKIB i CTEKIB.

Iporpama Arrayqg (amck 3 mpukiamamu - mamka ProgR10)
aHaJIoriyHa mporpami Arrayd, ajle BOHAa BUKOPHCTOBYE Ul KEpyBaHHS
geproro Kjac Arrayqueue.

LIMKAIYHI yepru

UYepru, omucaHi B MONEPEIHBOMY MiAPO3AUT, MOTPIOHO
MIEPEYTIOPSIKOBYBATH Yac Bill Yacy, HaBiTh SKIO PO3MIip Yepry Maibke He
3MiHIO€ThCS. HaBiTh mpH KibKapa3oBOMY AOAAaBaHHI i BHOAIICHHI OHOTO
eJIeMEeHTa HEOOX1THO MepeymopsIIKOBYBaTH YepTy.

Sxmmio 3a3manerigp BiOMO, HACKUIBKH BeJIHKa MOKe OyTH depra,
MIEPEYIOPSAAKYBaHHS MOXKHA YHUKHYTH, CTBOPHUBIINH YUKIIUHY uepey
(circular queue). lges nomsrae B TOMy, MO0 PO3IJSIIATH MAaCHUB
Yepru Ha4eOTO BiH 3aTOPTAEThCA, yTBOPIOOYH KoJo. [Tpn msoMy ocTaHHIN
eIEMEHT MacuBy sK Ou #ime mepen mepmmM. Ha puc.10.2 300paxena

OUKITIYHA Yepra.

) Qy
0499’

Puc.10.2. Hukiniuna gepra

[Mporpama Mmoxe 30epirath B 3MiHHIH Queuefront iHgekc
eJIeMEeHTa, SIKUi HaljoBIIe iepedyBae B 4ep3i. 3MiHHA Queueback Moxke
MICTHTH KiHEIb YePTH, Y SIKUH J10Ja€THCS HOBUH €JIEMEHT.

Ha BimMmiHy Big momepenHpoi peaizarlii, NpH BiJHOBJICHHI
3Ha4eHb 3MIiHHHX Queuefront 1 Queueback  HeobximHO
BUKOPHCTOBYBATH oleparop Mod Juis TOTo, 00 iHIEKCH 3ajMIIajInuCs B
rpaHuIgX MacuBy. Hampukman kxop, mo e HIDK4e, JoJa€ elNeMeHT 0
Yepru:
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Queue (Queueback) = wvalue
Queueback = (Queueback + 1) Mod Queuesize

Ha puc.10.3 nokasaHuii npouec JoJaBaHHS HOBOTO €JIE€MEHTa 10
LUKJIYHOI Yeprd, sKa MOXe MICTUTH 4YOoTHpH 3amucu. Enement C
JOJA€THCS B KiHeIs yepru. [10TiM KiHeb 4epTy 3pyIIyeThCs, BKa3yloul Ha
HACTYIHHUH 3aII¥IC Y MaCHBi.

N ()

/ / N

MouaTtok Yepru Moyatok yepru KiHeLb Yepry

Puc.10.3. logaBaHHS eeMeHTa 10 MUKITIYHOI 9YepTH

VY Ttakmii xe cnoci0, Konu mporpama BUAAISE EIEMEHT 13 YeprH,
HEOoOXi/THO OOHOBIISTH IOKa)KYMK Ha II0YATOK YEPTH 3a JIOITOMOTOI0 TAaKOTO
KOZy:

value = Queue (Queuefront)
Queuefront = (Queuefront + 1) Mod Queuesize

Ha puc.10.4 nokazanmii mnpouec BUIAJICHHS elleMeHTa 13
nuKTigHOi 4epru. [lepmmii eneMeHT, y IIbOMY BUITAJKy CJIEMEHT A,
BIJIANISIETBCSL 3 TIOYATKy 4Yeprd, 1 MOKaX4YMK Ha T0YaTOK Yepru
OOHOBITIOETHCSI, BKA3YIOUX HA HACTYITHUMN €JICMEHT MAacHBY.
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ll Mouatok yepru ll
/' ' Yy '
KiHeupb Yepru

MovaTok Yepru KiHeLb yepru

Puc.10.4. BunaneHss eneMeHTa i3 LIMKIIYHOT Yepru

Jis nUKITYHAX 9epT iHoZi OyBa€ CKIIAJHO BigpPi3HHUTH MOPOKHIO
4yepry BiJ mMoBHOI. B 000X Bumagkax 3HaueHHs 3MIHHHX Queuebottom i
Queuetop Oyayre piBHi. Ha puc.10.5 moka3zaHO ABI HIWKIIYHI dYepr,

IIOPO>KHs ¥ ITOBHA.

[NovaTok Yepru
MoyvaTtok yepru /'

KiHeub yepru

KiHeub yepru

Puc.10.5. IToposxHst i MOBHA LMKJIIYHI Yepru

[pocTuii BapiaHT BUpIMIEHHS Mi€l MpodIeMu - 30epiraTu 4ucio
eJIEMEHTIB y 4ep3i B OKpeMid 3MiHHIN Numingqueue. 3a 10moMororo
HOTO JIYWIBHAKA MOJXKHA JIOBIATHCS, YW 3alUIIMINCS IMe B 4Yep3i
€JIEMEHTH 1 YU 3aJIUIIIOCS B Yep3i MICIIe /U1 HOBUX CIEMEHTIB.

HaBeneHuit koJ BHKOPHCTOBYE BCi IIi METOIW il KepyBaHHS
TUKITIYHOO YEeProlo:

Queue () As String ' MacuB uepru.

Queuesize As Integer ' Hambimpummii iHOEexKC y
4yepsi.

Queuefront As Integer ' IloyaTok 4YepIu.
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Queueback As Integer ' Kineup ueprum.
Numingqueue As Integer ' Uycyo eJIeMeHTiB y
yep3i.
Sub Newcircularqueue (num _items As Integer)
Queuesize = num items
Redim Queue (0 To Queuesize - 1)
End Sub
Sub Enterqueue (value As String)
' dxmo dyepra 3aloOBHEHAa, BMUTU 13 npouenypu.
' ¥V chnpaBXHBOMY IOOIaTKy Oyne noTpibHo Oijbm ckjIagHWMMA
KOX.
If Numinqueue >= Queuesize Then Exit Sub

Queue (Queueback) = wvalue
Queueback = (Queueback + 1) Mod Queuesize
Numingqueue = Numinqueue + 1

End Sub

Sub Leavequeue (value As String)
' JAKmo yepra MNOPOXHS, BUUTK 13 HOpolLenypu.
' Y cnpaBXHBOMY IOIaTkKy Oyne noTpibHo Oisbm CcKJIaOHMNA
KOIl.
If Numinqueue <= 0 Then Exit Sub
value = Queue (Queuefront)

Queuefront = (Queuefront + 1) Mod Queuesize
Numinqueue = Numingqueue - 1
End Sub

Tak camo 5K 1 y BUIIaJKy 31 CHMCKaMH Ha OCHOBI MacHBiB, MOXHa
3MIHIOBATH PO3MIpP MacHBY, KOJIM Yepra MOBHICTIO 3a[IOBHUTHLCS a0 SIKIIO
B MacuBi Oyje 3aHaaTO 0araTo HEBUKOPHUCTOBYBAHOTO MpocTopy. IIpote
3MiHa PO3Mipy MUKITIYHOI YeprH CKIaJHIIIA, HK 3MiHa PO3MIipy CTEKy abo
CIHCKY, 32CHOBAHOTO HA MaCHBI.

Komn 3MiHIOETBCSL pO3MIp MacuBy, KiHEIb YEeprd MOXKE HE
30iratucss 3 KiHIEM MacuBy. SKImO NpocTo 30UMBIINTH MAacuB, TO
€IIEMEHTH, M0 BCTaBJIAIOTHECSA, OyOyTh MepeOyBaTH HANPHUKIHII MaCHBY,
TOMY BOHHM HOTpaIUIATh y cepenuHy cnucky. Ha puc.10.6 mokasano, mo
MOXe€ BIIOYTHCS IIPH TAKOMY 301JIbIIIEHH] MacHBY.
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MovaTok yepru Hosi enementn

_ KiHeub macuBy "

KiHeupb macuBy
) MouaTtok vepru “
KiHeupb yeprm

KiHeub yepru

Puc.10.6. HenpaBunsHe 301TbIICHHS PO3MIpY IUKITITHOT
Yepru
[Ipu 3MeHIIeHHAI po3Mipy MacHBY BHHHKAIOTH CXOXI MPOOJIEMH.
SIKIOIO eNIeMEeHTH OTMHAIOTh KiHelb MAacHBY, TO CJIEMEHTH HaNpUKiHII
MAacHBY, Ki OyIyTs IepeOyBaTH Ha IMOYATKy YepTH, OyayTh 3aryOJieHi.
Hdns  Ttoro mo0 YHUKHYTH UHMX YTpYJHEHb, HEOOXiIHO
nepeynopsaKyBaTH MacuB IIE€pel THUM, SK 3MIHIOBaTH HOTO pO3MIp.
[pocrime BchOro ne 3poOHMTH, BHUKOPHUCTOBYIOYM THMYAacCOBHUH MacHB.
CKOIIIOEMO EJIEMEHTH YeprH B THMYAaCOBHH MacuWB Y IPaBUILHOMY
MOPSIIKY, MIOMIHSIEMO PO3MIp MAacHUBY YEPrH i MOTIM CKOITIIOEMO €IEMEHTH
3 TAMYaCOBOT'0 MacHBY Ha3ajl y MAaCHB YEpPIH.

Private Sub Enterqueue (value As String)
If Numinqueue >= Queuesize Then Resizequeue
Queue (Queueback) = value
Queueback = (Queueback + 1) Mod Queuesize
Numingqueue = Numinqueue + 1
End Sub
Private Sub Leavequeue (value As String)
If Numinqueue <= 0 Then Exit Sub
value = Queue (Queuefront)
Queuefront = (Queuefront + 1) Mod Queuesize
Numingqueue = Numinqueue - 1
If Numinqueue < Shrinkwhen Then Resizequeue
End Sub
Sub Resizequeue ()
Dim temp () As String
Dim want free As Integer
Dim i As Integer

398



' CkomnioBaTy eJIEMEeHTV B TUMUACOBUM MACUB.

Redim temp (0 To Numinqueue - 1)
For i = 0 To Numinqueue - 1

temp (1) = Queue((i + Queuefront) Mod Queuesize)
Next i

' 3MiHMTM pO3Mip MacuBy.

want free = WANT FREE PERCENT * Numinqueue
If want free < MIN PREE Then want free = MIN FREE
Queuesize = Numinqueue + want free
Redim Queue (0 To Queuesize - 1)
For i = 0 To Numinqueue - 1
Queue (i) = temp (i)
Next 1
Queuefront = 0
Queueback = Numingqueue

' 3MeHIMTM Po3Mip MacuBy, skmo Nuningqueue <

Shrinkwhen.
Shrinkwhen = Queuesize - 2 * want free

' He MiHATM pO3Mip HeBenukux uepr. lle MOXe BUKIMKATU

' npobmeMu 3 "Redim temp (0 To Numingqueue - 1)" Bume i

' IPOCTO HEPO3YyMHO!
If Shrinkwhen < 3 Then Shrinkwhen = 0

End Sub

Iporpama Circleq (amck 3 mpuknagamu - manka ProgR10)
JEMOHCTPY€E el Miaxia A0 peamizamii MUKIIYHOT Yepru. YBEIiTh PAIOK i
HaTUCHITH KHONKYy Enter (YBectn) Juis gonaBaHHS HOBOTO ejieMEHTa B
yepry. Haruchith Ha kHonky Leave (IlokuHyTtH) mis BHAaJICHHS
BEPXHBOIO ejJeMeHTa i3 uepru. IIporpama Oyne npu HeoOXigHOCTI
3MIHIOBATH PO3MIp YEpPrH.

Ilporpama Circleqg? ananoriyda mporpami Circleq, aje
BOHA BUKOPUCTOBYE AJIsl poOOTH 13 yeproro kiiac Circlequeue.

[Nam’araiiTe, Mo NMpu KOXKHIA 3MiHI pO3Mipy Yeprd B Iporpami
BOHA KOIIIOE €JIEMEHTH B TUMYAacOBMH MacHB, 3MIHIOE PO3Mip 4epru, a
MOTIM KOIIIOE eneMeHTH Haszan. Lli J107aTKoBI KpOKHM poONsATH 3MiHY
PO3MIpy LHMKJIIYHUX Yepr OLTbII MOBUIBHUM, HIXK 3MiHA PO3MIpY 3BSI3HHX
cIHCKiB 1 crekiB. HaBiTh yepru Ha OCHOBI MacHBiB, y SKHX TaKOX MOTPiOHI
JIOJIATKOBI i1 JIJIs1 3MiHU pO3Mipy, HE BUMAraroTh TAKOTo 00CATy pOOOTH.

3 iHmoro OOKy, SKIIO KUIBKICTh €IEMEHTIB y 4Yep3i He ayxe
3MIHIOETBCSI 1 SKIO MPABUILHO 3aJaTH MapaMeTpy 3MiHH PO3MIpy, MOXKE
HIKOJIM HE 3HAJOOHWTHCS MIHATH po3Mip MacuBy. HaBiTe sikimo iHOmi e
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BCE-TaKM JOBENETHCS POOUTH, 3MEHIICHHS YacTOTH LUX 3MiH BHMarae
JOAATKOBUX 3yCWJIb HA IIPOTPaMyBaHHS.

Uepr1 Ha OCHOBI 3B'I3HUX CIMUCKIB

30BciM HIUIA MiAXig 10 peati3alii yepr mosrae y BUKOPUCTaHHI
JTBO3B’A3HHUX CIUCKiB. J[a BiICTEKEHHS MOYATKY W KiHIM CIIHCKY MOXKHA
BHUKOPHCTOBYBAaTH CHTHaJbHI IO3HA4YKW. HOBiI €leMEHTH MOJArOThCS B
Yepry nepes MO3HAYKOI0 HANPHKIHII YeprH, a €IEMEHTH, 110 BUIUINBAIOThH
3a TO3HAYKOIO TMOYaTKy uepru, BuAausaoThes. Ha puc.10.7 mokazaHwmii
JIBO3B’I3HUH CIIHUCOK, IKUIf BUKOPHCTOBYETHCA SIK Yepra.

JlonaBatu ¥ BUAQIATH €IEMEHTH i3 JBO3B’SI3HOTO CIHCKY JIETKO,
TOMY IIO B I[bOMY BHIMAIKy He OyJe MOTPIOHO 3aCTOCOBYBATH CKIIAQIHUX
ITOPUTMIB JJIs 3MiHM po3Mmipy. [lepeBara pboro MeToay TaKoX y TOMY,
IO BiH IHTYITUBHO 3pO3yMINTIIIMK y TOPIBHAHHI 13 IIMKJIIYHOIO YEProo Ha
OocHOBI MacuBy. Hemoumik #oro B ToMy, IO Ul MOKaXKYMKIB 3B'S3HOTO
crcky Nextcell i Prevcell noTpiOHa mogaTkoBa mam'ste. BiqHoCHO
3aiiMaHOi mam'sTi Y4epru Ha OCHOBI 3B'A3HUX CIIMCKIB HE MEHII e()eKTUBHI,
HIK UKIIIYHI CIIUCKH.

MosHauka
novaTky
A
< TyT enemMeHTN BUOANAKTb
y
Enement 1
A
y
EnemeHT 2
A
< TyT enemeTn gopoarTb
A
[Mo3Hauka KiHuA

Puc.10.7. Yepra Ha 0CHOBI 3B'SI3HOTO CIIUCKY

IIporpama Linkedq (muck 3 mpukiagamu - manka ProgR10) ma
JMCKY 13 TPHUKJIaJaMM MPAIo€ i3 Yeproro 3a JIONMOMOTOI0 JBO3B’SI3HOTO
CIIHCKY. YBeHiTh pSAIOK, HATHCHITH Ha KHONKY Enter, mo0 nomartm
eJIeMEHT y KiHenp 4epru. HaTtucHiTe Ha kHomky Leave s BunpaneHHs
eJIeMEHTa i3 Yepru.
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Iporpama Linkedqg2 (amck 3 mpukiagamu - mamka ProgR10)
a”ayoriyHa nporpami Linkedq, ane BOHa BUKOPUCTOBYE JUISl KEPYBaHHS
yepror knac Linkedlistqueue.

3acTocyBaHHSI KOAEKLIN fK yepr

Koneknii Visual Basic sBisitoTe coboto nayxe mnpocty dopmy
yepru. IlporpamMa MoXe BHKOPHCTOBYBaTH MeTon Add KOJEKIl st
JIOaBaHHs eJIeMeHTa B KiHEelb Yepru i MeTox Remove 3 mapamerpoM 1
JUIsL BUOAJICHHS MEpIIOro elieMeHTa i3 depru. HacTymHuid Kox ympasisie
Yeproro Ha OCHOBI KOJIEKIIH:

Dim Queue As New Collection
Private Sub Enterqueue (value As String)
Queue.Add value
End Sub
Private Function Leavequeue () As String
Leavequeue = Queue.Item(1l)
Queue.Remove 1
End Function
HesBakaroun Ha Te, W0 IeWd KOJ JyXe NPOCTHH, KOJEKLil B
IIfiCHOCTI He TpPH3HAYCHI IS BHUKOPHCTAaHHS SIK 4eprd. BoHM HamaroTh
JOJATKOBI MOJIIMBOCTI, TaKi SIK KJIFOYl EJIEMEHTIB, 1 MIATPUMKA ITHX
JOJATKOBUX MOYKIIMBOCTEH POOUTH KOJEKIIii OiJbII MOBUTEHUMH, HIX 1HIII
peaizanii gepr. [Ipote depru Ha OCHOBI KOJEKIIH HACTIIBKU MPOCTI, IO
BOHH MOXYTh OYTH TpPHHHATHAM BHOOpPOM JUIS JOAATKIB, Y SKHX
MIPOAYKTUBHICTB HE € MPOOIEMOIO.
Iporpama Collectq (muck 3 mpukiagamu - mamnka ProgR10)
JEMOHCTPYE Yepry Ha OCHOBI KOJICKIIiii.

MpioputetHi uepru

KoxHuii eneMeHT y npiopumemniti uepsi (priority queue)
Ma€ TOB'SI3aHUH 3 HUM TpiopHTeT. SIKmo mporpami MOTpiOHO BHITYYUTH
€JIEMEHT 13 Yepry, BOHA BUOMpA€E €NEeMEHT i3 HaMBHIMM TpiopuTeToM. K
30epiraroTbcsl €JIEMEHTH B IPIOPUTETHIN 4Yep3i, HE Mae 3HAYEHHS, SKIIO
nporpama 3aBX/JI1 MOXKe 3HaWTH €JIEMEHT i3 HalBUIIUM IIPIOPUTETOM.
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Jesiki omepariiifHi cHCTeMH BUKOPUCTOBYIOTh NPIOPUTETHI YepTH
JUI TUTAaHYBaHHS 3aBIaHb. B omepariiiHiii cucremi UNIX yci mporecu
MaroTh pi3Hi npioputetn. Konm mporiecop 3BIIBHAETHCS, BHOMPAETHCS
TOTOBHI JI0 BUKOHaHHs Npolec i3 HaWBuIIuM mpiopureToM. [Ipouecu 3
OibII HW3BKUM IPIOPUTETOM IIOBMHHI 4YeKaTHd 3aBepIIeHHS abo
OnoKyBaHHs (HANPHKJIAJ, MpPU OYIKYBAaHHI 30BHIIIHBOI MOMIi, Takoi sK
YUTaHHS JAaHHUX 3 TUCKA) MPOIIECiB 3 OUIBII BUCOKHMH IPiOPUTETAMHU.

KoHnenuiss NpiopUTETHHX dYepr TaKOX BHKOPHUCTOBYETBHCS IIPU
YIOpaBIiHHI aBiarepeBe3eHHAMH. HalBUIWiA TIpiOpUTET MAIOTH JITAKH, y
SIKMX 3aKiHIYEThCS MAIHMBO I 4ac MOCaiku. Jpyruil mpiopuTeT MaroTh
JITaKH, IO 3aXOMATh HAa MOCAAKY. TpeTiii mpiopUTeT MaroTh JiTaKH, IO
mepeOyBaloTh Ha 3eMJIi, TOMY III0 BOHH MepeOyBaIOTh Y OLIbII OE3IIeTHOMY
CTaHOBHILI, HIX JIiTaKK B MOBITPi. [IpiopuTeTH 3MIHIOIOTBCS 3TO0M, TOMY
IO Yy JITaKiB, SIKI HAMArarThCs NPU3EMIIMTHUCS, 3PELITOI, 3aKiHYUTHCS
IAJTKBO.

[pocrwuii cnoci6 opranizanii NpiOpUTETHOT Yepry - MOMICTHTH BCi
€JIEMEHTH B CITUCOK. SIKIIO MOTPIOHO BHJIYYHTH €JIEMEHT i3 Yepr, MOXHA
3HAalUTH B CIHCKY €JEeMEHT i3 HaiBuiuM mpioputerom. {06 momatu
€JIEMEHT Yy 4epry, Horo 3aHOCATh B MOYaTOK cnucKy. [Ipn BukopucTaHHI
IILOTO METOJY [UISl JJOAABaHHS HOBOTO €JIEMEHTAa B YEpry MOTPiOHO TiJbKH
onuH Kpok. 1106 3HaliTH i BUIYYNUTH €JIEMEHT 13 HAWBUIIINM TPiOPUTETOM,
motpiOHO O (N) KPOKiB, SKIIO Yepra MiCTUTh N eJIEMCHTIB.

Hemo kpamoro Oyna 6 cxemMa 3 BHKOPUCTAHHSM 3B'S3HOTO
CIIUCKY, y SKOMY eJleMeHTH Oynu O yHopsSaKoBaHI B mpsMoMy abo
3BOPOTHOMY  TOpSAKY.  BHKOpHCTOBYBaHMH y  CIMCKYy  KJac
Prioritycell Mir OM MOBIAOMIISATH 3MiHHI B TaKUH CIIOCIO:

Public Priority As Integer ' IlpiopuTeT ejieMeHTa.

Public Nextcell As Prioritycell ' IllokaxXuMkK Ha HACTYIIHUM
€JIEMEHT .

Public Value As String ' Iani, norpibHi
nporpami .

[[{o6 momaTu eneMeHT y 4epry, HoTpiOHO 3HANTH HOTo MpaBUIIbHE
MOJIOXKEHHA B CHUCKY W 3aHect Horo Tyau. I1lo6 cmpoctuty momryk
MOJIOKEHHS €JIEMEHTa, MOKHA BUKOPHUCTOBYBATH CHI'HAJIbHI TIO3HAYKU HA
MOYaTKy ¥ KiHIII CIIMCKY, HaAaBIIX 1M BiNOBiAHI npioputer. Hampukian,
SIKIIIO €JIEMEHTH MaroTh pioputetd Big 0 mo 100, MoxHA HAJaTH TIO3HAYII
noyatky npiopuret 101 i mo3nauni kinus — npiopurer 1. [Ipioputern Beix
peaJbHUX eJIeMEeHTIB Oy IyTh epeOyBaTi MiXK IIUMH 3HAYEHHIMU.

Ha puc.10.8 nokazana npiopureTHa 4epra, peanizoBaHa Ha OCHOBI

3B'SI3HOTO CIIUCKY.
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Hactynauii ¢parmeHT KOXy TmOKa3ye sApo IIi€i mporexypu
HOIIYKY:

Dim cell As Prioritycell
Dim nxt As Prioritycell
' 3HaMTK Miclie eJIeMeHTa B CIMCKY.
cell = Topsentinel
nxt = cell.Nextcell
Do While cell.Priority > new priority
cell = nxt
nxt = cell.Nextcell
Loop
' BCcTaBUTM €JIEMEHT IicJjsg THisma B CHOUCKY.

Mo3Hauka novarky Mo3HauKa KiHuA
Mpioputer. - 10 7 4 -32,768
Rati - > 3paiaB [ 3amaiaD [ dagaA -

Puc.10.8. Yepra 3 npiopureTamMu Ha OCHOBI 3B'I3HOTO
CITHCKY

Jnis BUAaNeHHs i3 CIIUCKY eJIEeMEHTa 3 HaWBHIUM MPIOPUTETOM,
MIPOCTO BUAAJSIFOTH €JIEMEHT IICIs CHTHANBHOI IMO3HAYKH MOYaTKy. Tomy
oI0 CHHCOK BiJICOPTOBAHWU Yy TIOPSAKY IPIOPHUTETIB, MEPIIHH EIEeMEHT
3aB)KIH Ma€ HAMBHIUI MTPiIOPHUTET.

JonaBaHHS HOBOTO €JE€MEHTA B If0 Yepry 3aiiMae B CEPEAHBOMY
N/2 kpokiB. [HOmi HOBHII eneMeHT Oy/e BHSBIATHCS Ha TOYATKY CITUCKY,
iHOZI OMIDKYe IO KiHIL, ajie B CEpeHROMY BiH OyIe BHUSBISATHCS JECh B
cepenuHi. [Ipocta yepra Ha OCHOBI cmUcKy BuMarae O (1) KpOKiB JUIs
JOJIaBaHHS HOBOTO ejemMenTa i O (N) KPOKIB I BHIAJICHHS CIEMEHTIB 3
HalBUIINUM IIPIOPUTETOM i3 4epru. Bepcis Ha OCHOBI BIOPSAAKOBAHOTO
3B'SI3HOTO CHUCKY BHMarae O (N) KpOKIiB JJIs JOJaBaHHS eJIeMEHTa W
O(1) KpokiB nns BHIAJICHHS BEpXHHOTO ernemeHta. OOuaBi Bepcii
BuMaraioTh O (N) KpOKIiB sl OJHI€T i3 WX Omepalii, aje y BUMAAKY
BIIOPSIKOBAHOTO 3B'I3HOTO CIHCKY B CEPEIHBOMY MOTPIOHO TUTBKH
(N/2) KpoKiB.
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Iporpama Prilist (amck 3 mpukmagamu - mamnka ProgR10)
BUKOPHCTOBYE BIOPSJKOBaHMH 3B'I3HUH CIHCOK Juii poboTH i3
NIPIOPUTETHOIO Yeproro. Bu MoxkeTe 3amaTh MpiOpUTET 1 3HAYCHHS
eleMEeHTa JaHWX 1 HAaTHCHYTH KHONKy ENnter nns nonmaBanHs Horo B
npiopuTeTHY Yepry. HatucHiTe Ha KHONKY Leave aist BunajaeHHs i3 4epru
eJIEMEHTa 3 HalBHIIMM TIPIOPUTETOM.

Iporpama Prilist2 (amck 3 mpukiagamu - mamka ProgR10)
aHayoriyHa mporpami Prilist, ane BOHa BUKOPUCTOBYE JUISi KEPYBaHHS
yepror knac Linkedpriorityqueue.

JoknaBmim mie Hebararo 3ycwib, MOXHa M0OyIyBaTtu
NPIOPUTETHY 4epry, y SsKiii pJomaBaHHS W BHAAJIEHHS eJeMEHTa
notpedyrote nopsaky O(log(N)) kpokiB. [lnsg ayxke BeNUKHX uepr,
NPUCKOPEHHS pOOOTH MOXXE KOWITYBaTW UHHUX 3ycwib. Lleit Tun
MIPIOPUTETHAX YEPT BUKOPHUCTOBYE CTPYKTYPHU NAHWUX y BUII nipamiou, sKi
TaKOXX 3aCTOCOBYIOTBCS B aITOPUTMI MipaMiZalbHOTO COPTYBaHHS.
[ipamign # mpiopUTETHI YepTH Ha IXHIH OCHOBI OOTOBOPIOIOTHCS OLIBII
IOKJIAIHO Jaui.

bBararonotokosi uepru

[likaBuM  pI3HOBUIOM HYepr €  0OaAeamonomokosi  uepeu
(multi-headed queues). EnemenTH, K 3BHYAHO, IOJAOTHCS B
KiHellb Yepru, aje 4epra Mae Kijpka nomokie (front end) abo econie
(heads). [Iporpama MOXe BHIAISATH €JIEMEHTH 3 OYIb-IKOTO MOTOKY.

[Mpuknagom 6araTornoTOKOBOI YePrH y 3BUYAHOMY XKHTTI € Uepra
KIi€HTIB 'y 0aHKy. Yci KiieHTH mepeOyBarOTh B OIHIA dYep3i, aje ix
o0CITyroBye JieKiibka ClyKOOBLIB. bBaHKIBCbKMI —MpaliBHUK, 10
3BUILHUBCSI, 0OCIYTOBY€E KIIIEHTa, SIKUii epeOyBae B yep3i nepumM. Takuii
MOPSIIOK  OOCIIyrOBYBaHHS BHAAETHCS  CIYIIHUM, OCKIUJIBKH KIIEHTH
00CITyrOBYIOThCS B OPSAKY MpUOYTTS. BiH Takox e(eKTHBHUIA, TOMY 110
BCl CITy»O0O0BII 3AJTUIIAIOTECS 3aWHSITUMH JOTH, TIOKH KIIIEHTH YEKaIOTh y
4epai.

[opiBHsAliTe L THUM Yepru 3 JEKUIbKOMa OJHOIOTOKOBUMH
yepramMM B CyNEpMapKeTi, Yy SKUX THOKynui He 00OB'I3KOBO
00CITyroByI0ThCS B TOpsAKY NpuOYTTA. [lokymens y 4epsi, mo MOBiLIEHO
PYyXa€eThCsi, MOJKE MPOXKIATH JOBIIIE, HiJK TOU, SIKUH MiIHIIOB Mi3HIlIe, aie
ONMHMBCS B 4ep3i, sIka MpocyBaeThes IMmBuaNIe. Kacupu Takox MOXYyTb
OyTn He 3aBXKIU 3aifHATI, TOMY IO sKAach Yepra MOXE BHUSIBHTHCS
MTOPOKHBOIO, TO/I K B IHIINX IIe OyAyTH MepeOyBaTH MOKYIIII.
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VY 3aranbHOMY BHIIAAKY 0araTOIOTOKOBI YeprH OLTBIN eeKTHBHI,
HiX KiJIbKa OJHOIIOTOKOBHUX udepr. OCTaHHIN BapiaHT BUKOPHUCTOBYETHCS B
cylepMapKeTax TOMY, IO Bi3KHM U MOKYIOK 3aiiMaloTh 0arato Micus.
[Ipu BuKOpHCTaHHI 0araTomOTOKOBOI YEPrd BCIM MOKYHIIISIM JOBenocs O
o0’emHatncs B omHy uepry. Komm kacup 3BiNbHUBCS O, MOKyIIEBi
JIOBEJIOCS OW MEepeMICTHTHUCS 13 TPOMIZAKUM Bi3KOM 0 Kacwpa. 3 iHIIOTO
00Ky, y OaHKy BiIBigyBayaM HE IOTPIOHO pyXaTH BEJMKI BI3KH ISt
MIOKYIIOK, TOMY BOHH JIETKO MOXKYTh YMICTUTHCS B OJTHIH 4ep3i.

UYepru Ha peecTpamilo B aeponopTi IHOAI SBISIOTE COOOIO
KOMOIHaIII0 IMX ABOX CUTYaliil. X04a Maca)Kupu MaroTh i3 COOOI0 BETUKY
KiJbKicTh  Oaraxy, B  aeponopTi  BCE-TaAKM  BUKOPHCTOBYIOTHCS
0araTonoTOKOBI 4Yepr, NpPU IOMY JOBOJIUTHCS BIABOAWTH JOIATKOBE
MicIe, o0 macaXHpH MOTIIHM BHIIIUKYBATHUCS IO Yep3i.

baratonoTokoBy 4Yepry mpocTo MmoOyayBaTH, BUKOPHCTOBYHOYH
3BUYaiHY OIHOIIOTOKOBY 4epry. EneMeHTH, 0 MpeiCcTaBIsAIOTh KII€HTIB,
30epiraroTbcss y 3BUYANHIN OAHOMOTOKOBiHM uep3i. Komm areHt (kxacup,
0aHKIBCBKHI CIyXO0Belb i T.A.) 3BUIBHSETHCS, IEPIIUI EIEMEHT Ha
MOYATKY YeprH BUAAIAETHCS i MepeaaeThCs IbOMY areHTOBI.

MoaeAb vepru

[IpumyctuMo, 110 BU BIAMOBIZa€Te 3a PO3POOKY JIUMIBHUKA
peecTpanii Juis HOBOTO TEpMiHajla B aeporopTi i IparHere 3piBHATH
MOXUIMBOCTI ~ OnHiel  06araTomoTokoBoi  ueprd  abo  JAEKUIBKOX
OJIHOTIOTOKOBHX. BaM Oyze moTpiOHa sikach MOJIEIb MTOBEIIHKH MACAXKHUPIB.
J1nst 1pOTo MPUKIIay MOXKHA 3pOOMTH TaKi MPUMYIIEHHS:

- peecTpauis KO)KHOTO NMacaKupa 3aiMae BiJl ABOX 1O I'SITH XBHIINH;

- IIpM BUKOPHUCTAaHHI JEKIIBKOX OJHOMOTOKOBHX Yepr MACAKHPH, IO
puOYBaOTh, BCTAIOTh Y HAUOUIBII KOPOTKY YEPTY;

- IOBUAKICTH NPUOYTTS MacaKUpiB MPUOTU3HO HE3MiHHA.

- Ilporpama Headedq (muck 3 mnpukinagamu - nanka ProgR10)
MOJIEITIOE ITI0 CUTYaIlif0. Bu MokeTe MiHATH JEsIKi TapameTpu MOJIedi,
BKJIFOYAIOYH TaKi:

- KUIBKICTh NacaXHPiB, 110 TPHUOYBAIOTH MPOTATOM T'OJANHH;

- MiHIMQJIBHHUH 1 MaKCUMaJIbHU 3aTpadyBaHUH 4ac;

- KUIBKIiCTh BUIBHUX CIIY>KOOBIIIB;

- may3y MiX KpOKaMH IIpOrpaMH B MiJIICEKyHIIax.

Ilpn BuKOHAHHI MporpaMH MOJEIb II0OKa3ye MHHYJIMH dac,
cepenHii 1 MaKCUMaJIbHUN Yac O4iKyBaHHS MacaXMpaMu 00CITyroByBaHHS
1 BIICOTOK 4Yacy, NPOTATOM SIKOTO CIIY>KOOBII 3aiHSTI.
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[Ipu excrieprMeHTYBaHHI 3 pi3HUMH 3HAYCHHSAMH NapaMeTpiB, BU
IIOMITHTE KIJIbKA [[IKABUX MOMEHTIB.

Hlo-nepwe, s  0araTomoTOKOBOI  dWeprd  cepemHil i
MaKCHMAallbHUH 4Yac odikyBaHHsA Oyme MeHmui. [lpm mpomy ciryx0oBIi
TaKOXX BHSABIIOTHCA TPOXH OiNbINEe 3aBaHTAKEHUMH, HIDK Yy BHIAIKY
OJTHOTIOTOKOBOI 4epru. J[ns 000X THIIB Yeprd € Iopir, MpH SKOMY dYac
OUiKyBaHHS MacaKUpiB 3HA4HO 3pocrae. Ilpumyctumo, 1m0 Ha
00CITyroByBaHHs OJJHOTO Iacaxkupa notpioHo Big 2 no 10 xBuiuH, abo B
cepenHbOMY 6 XBWIIMH. SIKIIO MOTIK MacakupiB cTaHOBUTH 60 ocib y
TOAMHY, TOJI NEPCOHAT BUTPATHTh O1M3bKO 6*60=360 XBWIMH y TOJIUHY
Ha OOCIYyrOBYBaHHS BCiX MacaxkupiB. Po3mimuBiu 1i¢ 3Ha4YeHHsA Ha 60
XBWJIMH y TOIMHI, OJCPKUAMO, IO I 0OCIYTOBYBaHHS KITI€HTIB Y IbOMY
BHIAJIKY Oyzie OTpiOHO 6 KIEePKiB.

Sxmo 3amycTutH nporpamy Headedq i3 IUMHU apaMeTpamu, BH
nobayure, 10 YEPrU PYXalThCs JOCUTh WIBHAKO. sl 6aratornoTokKoBoi
Yepru yac O4YiKyBaHHsI CTAHOBUTHME BCHOTO KiJlbKa XBWIIMH. SIKIIO ponatu
e OJHOrO CIyXOOBIL, MO0 ychoro Oyino 7 CiyXOOBIIB, CepeaHid i
MaKCHUMaJIbHUH Yac OuiKyBaHHs 3Ha4HO 3MeHmarbcs. CepeaHiii vac
OUiKyBaHHS BIaJe MPUOIN3HO 10 OAHIET AeCATOT XBUIMHU.

3 iHmoro OOKy, SKIIO 3MEHIIUTH KUTBKICTh CIYXOOBIIB 10 5, 11e
NIpUBENE 0 BEIMKOTO 30LTBLICHHS CEPEeIHBOr0 W MaKCHMaJbHOTO dacy
ouikyBaHHA. Lli MOKa3HMKM TakoX OymyTb pocTH 3romoM. UuMm moBiie
OyIie mpaIroBaTi MporpaMa, THM JIOBIIE OyIyTh 3aTPHUMKH.

Tabmurg 10.1
Yac ouikyBaHHS y XBHJIMHAX Ta CEKYHIAX I OJHO - 1
6araTonOTOKOBHUX 4epT

Bararonorouyna yepra OaHonoTo4yHa yepra
KinbkicTb Cepenniit | Makcumanbuuit | Cepeaniit | MakcumanbHUR
CIy)k00BIIIB | Yac Jac yac yac
5 11,37 20 12,62 20
6 1,58 5 6,93 13
7 0,11 2 0,54 6
Y r1abn. 10.1 HaBemeHo cepemHid 1 MaKCHMaJbHHMA dac

OUiKyBaHHA AN 2 pisHuX TtHIiB uepr. IIporpama mopemoe poGoTy
IpOTAroM 3 TOIMH 1 MpHITYyCKae, 1m0 NpudyBae 60 macaxupiB y TOIUHy U
Ha 00CITyroByBaHHS KOKHOTO 3 HUX i7e Bif 2 1o 10 XBuinH.
BararonoTokoBa yepra Tako)X 34acTbCsl OUIBII CIYNIHOIO, TOMY
IO MacaXUpH OOCIYroBylOThCS B HOpsAky npuOyrrs. Ha pwuc.10.9
mmokazana mporpama Headedq micis MOAETIOBaHHS JICJBE OLIBIN, HiX
JIBOX TOAWH poOOTH TepMiHayia. Y 0araTomoOTOKOBIH 4ep3i mepIInM CTOITh
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macaxxup 3 HoMepoMm 104. Vci macaxkupw, mo OpuOyiIH 0 HBOTO, YKe
obciyxeHi abo 0OCIyrOBYIOTBCS B IaHMH MOMEHT. B OJHOTOTOKOBIi
4yep3i oOcayroByeThes macaxup 3 HomepoM 106. Ilacaxupu 3 HOMepamMu
100, 102, 103 i1 105 yce mie 4ekarTh CBOEI Yepry, X04a BOHU W TpUOyIn
pasimre, Hix macaxxup 3 Homepom 106.

File Help

CustZhr ’T Multi-Headed Queue Single-Headed Queues
- Clerk Cust Waiting Clerk Cust W aiting
Min T S =S
in Time |2 e FE I —
Max Time |1 [z [354 I
Clerks 5 E E
[« [ ¢ [sa [
Pause |[1p 5 [ s
Time [17:43
Ave Wait [0,00 Ave Wait [0,07
Max Wait[p00 % Clerk Busy [33 Max Wait[7 00 % Clerk Busy [33

Puc.10.9. Bikno nporpamu Headedq

Pe3ome

VY po3minmi po3rismaroThCS 1Ba OCOONHBI PI3HOBHIM CITHUCKIB:
cTeku i yepru. barato anropurmis, BKIIOUaOUH JESKI i3 IPEACTABICHUX Y
HACTYITHUX pO3JUIaX MOCIOHMKA, BUKOPHCTOBYIOTH CTEKHM W HYeprH.
BaxmBo 3HaTH, 110 Pi3HI pearizailii CTEKiB i 4epr MarTh HEOIHAKOBI
BrnactuBocTi. CTeKkM 1 IUKIIYHI 4Yeprd Ha OCHOBI MacHBIB MpocTi M
e(heKTHUBHI, OCOONMBO SKIIO 3a3JaleriAb BiAOMUN IXHIH MOTEHIIIMHMIA
po3mip. 3B'3HI CHHCKH 3a0e3MeuyroTh OUTBIIy THYYKICTB, SKIIO
HEOOXiTHO YacTO 3MIHIOBaTH pO3Mip CHHCKYy. Boroxirounm 3HaHHAMH
MOJKHa BHOpaTH CTPYKTYpy - CTeK abo uepry, sika OurpIne BiAmoBimae
oTpedam aJropuTMy.
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10.

11.

12.

KOHTPOABbHI 3anuTaHHSA Ta 3aBAAHHA

SIxi ocHOBHI omeparii xapakTepHi [ cTeky? B womy mepesaru i
HEeNONKA peawizamii CTeKy 3a JIONMOMOTOI0 MacWBy 1 3a
JIOTIOMOT OO0 CITUCKY?

SIki omepanii MOXKHa BUKOHYBaTH 3i cTekoM 1 yeprow? Ski
MOKKIHUKH IJIS IIBOTO TTOTPiOHI ?

Komn BUKOpPHCTOBYIOTH LMKIIYHI uepru? SIK BUKOHYETHCS
JIOZIaBaHHSI T4 BUJAJICHHS €JIEMEHTa JI0 UKJIIYHOI uepru?

Sk opraHi3yroTh 4Yepru Ha OCHOBI 3B'SI3HUX CITUCKIB?

Y domy mepeBara oprasisaiii 4epr Ha OCHOBI KOJICKIIii?

Y d4oMy mossArae KOHLEMNIS NPIOPUTETHUX dUepr, Je ix
BUKOPHCTOBYIOTH?

Y uomy 3mict OaratonoTokoBoi uepru? Jlatm npuknaau
BUKOPHCTAHHS 0araTornoTOKOBUX YepT.

daiiil MICTHTh TEKCT 3 OJHAKOBOI KUIBKICTIO Iy)KOK, IO
BIZIKpUBAIOTBCS Ta 3aKpuBaloThcs. [loOynyBaru crek abo uepry,
€JIEMEHTAMH SIKUX € YaCTWHH TEKCTY, pPO3TalllOBaHI MK mapamu
BIJMIOBITHHUX OJHA OJHIH mykok. HaapykyBaTu HOMepa MMO3uIii B
TEKCTI ~KOXXKHOI ~Tapu  JIyXOK, [0 BiAKPUBAIOTbCA  Ta
3aKpUBarOThCA, Hanpukmaxa: §,10,12, 161 T.1.

PeanizyBaTn omepario J0JaBaHHS JABOX BEIHKHX 4YHCEl,
300pakeHNX y Gopmi CTekiB. 3HAUCHHSAM eJeMEHTa CTeKy Oyze
3HaueHHs neBHOl mudpu umcna. Ilig vac obGumcineHHs cymu ii
PO3pSIIN TAKOX CJIiI 3allCcyBaTH y CTEK, a MOTIM — BHUBOJHUTH
3HAYCHHS €JIEMEHTIB IIbOTO CTEKY.

BukopucToByroun cTek, HaJpyKyBaTH BMICT TEKCTOBOTO (haifmy
T, nHpyKylouMm JiTepH KOXXKHOTO HOro psijka y 3BOPOTHOMY
HOPSIKY.

BukopucroByroun cTek, nepeBipuTH OajlaHC BiAKPHBAIOYHMX Ta
3aKpHUBAIOYNX JYKOK y 331aHOMY TEKCTi.

BuxopuctoBytoun depry, 3a oauH meperyisin ¢abmy TT 1 6e3
BUKOPUCTAHHS JONMOMDKHHUX (paiiimiB, HaApyKyBaTH eJIEMEHTH
¢aiiny TT y TakoMy mopsiKy: CIOYaTKy — yci 4Mcia MEHII a,
jgam - yci umcna 3 Bigpisky [@, b], Ha kiHeup — Ti, 110



13.

14.

15.

16.

3aUIIMIINCS, 30epiraroud TOYaTKOBHI B3a€MHHUH MOPSIOK Yy
KOXKHIH 13 IUX TPHOX TPYII YHCEL.

Jano nBi He mopoxHi yepru. [lepemicTuTH BCi eeMEHTH mepuiol
Yepru B KiHeLb JPYToi.

Jlana He TMOpOXHS yepra. BuTaryBaTtu 3 4epru eneMeHTH, NOKH
Yeprope 3HaYEHHs eJIEMEHTA YEePry He CTaHE MapHHM.

BukopucToByrouM uepry, BHUPINIMTH TaKy 3aJady: BMICT
TekcToBOro (ainy F, po3mineHuil Ha pAAKH, TEpelHcaTH B
TekcToBUH (paiin G, mepeHOCSYH MPU HOMY B KiHEIb KOXKHOTO
psanka Bci nudpu, sSKi B HBOTO BXOIATH (31 30epexeHHIM
MOYaTKOBOTO B3aEMHOTO TOPSIIKY SAK cepen Iudp, Tak i cepexn
PELITH CUMBOJIIB PSAKA).

Maxopytounm enemerroM y macusi A [1..N] Gynemo HazuBatu
eJIEMEHT, 110 3yCTPIYaeThCs B MacuBi Oinblie Hik N/2 pasis.
Jlerko MOMITHTH, IO B MAacHUBI MOXe OyTH HE OUIBIIEC OJHOTO
Ma)kopyrouoro eneMmenta. Hampuknan, y macusi {3, 3, 4, 2, 4, 4,
2, 4, 4} maxopyrounii eneMeHT 4, Toxi K y MacuBi {3, 3, 4, 2, 4,
4, 2, 4} Maxopyrdoro ereMeHTa Hemae. BusHauuTH, 4u € B
MacuBi MaKOPYIOUHUH €IeMEHT, 1 SKIIO €, TO HAJAPYKYBaTH HOTO
(BUKOPHCTATH CTEK).
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Po3ain Xl
AEPEBAY VISUAL BASIC

MacuBH i 3B's13aHi CIIUCKH BU3HAYAIOTH KOJICKIT 00'EKTIB, JOCTYI
J0 SIKUX 3IIMCHIOETBCS MOCTINOBHO. Taki CTPYKTypW JaHMX Ha3WMBaIOTh
JMHIMHAMA CHUCKAMH, OCKITBKH BOHH MAalOTh YHIKaNbHI Tepmuil i
OCTaHHIH €JeMEHTH i y KO)KHOTO BHYTPIIIHBOTO €IEMEHTa € TiJIbKU OJHH
mociimoBHuUK. JIiHiIAHWIA crmmMcok €  aOCTpakiiero, MO0  JO3BOJISIE
MaHIMyTIOBATH HAaHUMH, SKi TPEACTABIAIOTHECA PI3HAM YHHOM —
MacUBaMH, CTCKaMH, YepraM¥ i 3B'S3aHIMH CIIUCKAMH.

B GaraTpox momaTkax BHABISAETHCS HEMHIMHAN TOPAIOK 00'€KTIB,
Jie eNeMEHTH MOXXYTh MaTH JeKUIbKOX IOCITIJOBHUKIB, HANpHUKIAJ, Y
reHeajoriyHomy jaepeBi. Take BHOPSIKYBaHHS HAa3UBAIOTh 1€PAPXIYHUM.
J1o iepapxiuHHX BIOPSIKYBaHb BIJTHOCSATH JiepeBa.

Ileit posmin mpucBsYeHUE momaHHIO nepeB y Visual Basic,
PO3TIIY AITOPUTMIB 0OPOOKH YIIOPSIKOBAHUX Ta 30aTaHCOBAHUX JICPEB.

OCHOBHi BUSHAUYEHHS

/Jlepeeo — ye neninitina cmpykmypa, wo cKiaodemvcs 3 8y3nie i
2IIOK Ma MA€ Hanpsm i0 KopeHsi 00 308HIUWHIX 8Y371i8(TUCMIB).

HepeBomoiiOHa  CTPYKTypa  XapakTepU3YEThCS  CYKYITHICTIO
BY3JIiB, IIO TMOXOAATh BiJ €JMHOTO MOYATKOBOTO BYy3Ja, Ha3BaHOTO
kopeHeM. KoxHuil By3oi ZiepeBa € KOpeHeM ITiiepeBa, sike BU3HAYA€ThCS
JIaHUM BY3JIOM 1 BCiMa HOTo HaIllaaKaMH.

PexypcHBHO AepeBO BH3HAUAIOTh SIK: MOPOXKHIO CTPYKTYpy abo
BY3011, HA3UBaHU# kopenem (node) nepesa, KU MOB'I3aHUH 3 HyeM abo
Oinbln miggepeBamu (subtrees).

Ha pumc. 11.1 moxka3zano nepeBo, Je¢ KOpEeHEBUH By30m A
MOB'SI3aHMH 13 ABOMa niddepesamu, MO MOYMHAIOTECS y By3nax B 1 C. Ii
BY3JIM NOB's13aHi 3 mignepeBamu 3 kopensamu D, E, F 1 G i T.1.
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Puc. 11.1. [Ipuxnan nepesa

TepMiHomOTisI IepeB sABIsIE COOOIO CYMIII TEPMiHIB, 3aII03UICHUX
3 OortaHiku ¥ reHeanorii. 3 OOTaHIKM NMPUHILIM Taki TEPMIHH, SK 8Y30.
(node), oOyMOBICHHH SAK TOYKa, Yy SKif MOXEe NOYHHATHCA
posranyxeHHs, ciika (branch), oOyMOBIeHa sK 3B'I30K MK JBOMA
By3nami, i sucm (leaf) - By301, 3 IKOTO HEe BUXOATD 1HIII 2LIKuL.

3 reHeanorii MPUHANIIN TEPMiHH, SKi OMUCYIOTH CIIOPiTHCHHS.
Sxmo oxuH By301 nepedyBae Oe3nmocepeHbO HaM iHIINM, BEPXHIH BY301
Ha3MBAEThCS Oambkom (parent), a HWXKHIH Odouipnim eyziom (child).
Bysnu Ha muaxy Haropy Bif By3na 10 KOPEHS Ha3UBAIOTHCS npeoKdamu
(ancestors) Bysna. Hanpukiazn, Ha puc.11.1 By3mu E, B i A - ue Bci
HIpeKu By3aa J.

Bysnu, ski nepeOyBalOTh HHXKYE SKOTO-HEOYAb By3Jlia JiepeBa,
HasMBalOThCs Hawjaokamu (descendants) nporo Bysna. Bysmu D, E, I,
J, K, L na puc.11.1 - e Bci Hamanku By3na B.

[HOAI By37H, IO MalOTh OJHOTO 0aThbKa, HA3UBAIOTHCS GY31AMU -
opamamu abo eyzramu - cecmpamu (sibling nodes).

IcHye mie kinbka TepMiHIB. Brympiwmnivm eyziom (internal
node) Ha3UBAETHCS BY30J, KU HE € JaucToM. [lopsioxom By3na (node
degree) Ha3WBaEThCA YUCIIO WOTO NOUipHIX BY3IiB. [lopsmok aepesa - me
HaMOUIpIINI TOpPSIOK #oro By3miB. [epeBo Ha puc.11.1 - Tpersoro
MOPSAIKY, TOMY M0 By3id 3 HaiOutemmM nopsiakoM C i E marots mo 3
JIOYipHIX By3J1a.

Tubuna (depth) nepesa AOPIBHIOE YUCTY HOTO NPEKiB MUTOC 1.
Ha puc.11.1 rimbuna Bysna E popisaroe 3. Iubunoio (depth) abo
sucomoio (height) nepeBa Ha3WBaeThCs HaiOinbmia TMOMHA HOTO
By3uiB. ['mbuHa nepesa Ha puc.11.1 nopisHioe 4.

JlepeBo Apyroro moOpsiAKY Ha3MBAETHCS OGilIKOGUM JEPEBOM
(binary tree). [lepeBa TpeThOro MOPSAKY 1HOAI HA3HBAKOTHCS
mpitikosumu (ternary) nepeBamu. binbmie Toro, jgepeBa mopsiaky N
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iHoni HaszmBaioThCs N - apHuMH (N-ary) nepeBamu. Jleski yHHKalOTh
3aCTOCYBaHHSl 3alilBUX TEPMIiHIB 1 NIPOCTO TOBOPATH «mepeBa N-TO
IOPAIKY».

lNopaHHA AepeB

OnuH 31 cnoco0iB MOAAHHS JIePeB - CTBOPUTH OKPEMUIl Kiac JUist
KOXKHOTO TUNy BY3JTiB JepeBa. Jlins moOymnoBM nepeBa, MOJAHOTO Ha
puc.11.1, B MO)KeTe BU3HAYUTH CTPYKTYPH JIAaHUX JUIS BY3JB, sIKi MalOTh
HyJb, OOWH, OBa abo Tpu mouipHiX By3mu. LleW minxing OyB OM HOCHTH
He3pyuHUM. KpiMm TOrO, Km0 TMOTPiOHO Oyi0 O YHpaBISTH YOTHpPMa
pI3HUME KIlacaMHd, y Kiacax IMOTpiOHI Oymu O sKi-HeOyOp Mpamopw, IIo
BKa3yBaM O THI JOYipHIX BY3JiB. AJNTOPUTMH, SIKi OlNepyBaiu O IUMH
JepeBaMi, Maiti O YMITH MIPALOBATH 3 yCiMa PI3HUMH THIIAMH JIEPEB.

lNoBHi By3Au

VY SIKOCTI MPOCTOrO PO3B’sI3aHHS MOYKHA BH3HAYUTU OJMH THII
BY3JIIB, SIKMA MICTUTh JIOCTATHE YHCJIO IMOKAKYMKIB HAa HAIIAAKIB JUIs
MOJIaHHs BCIX MOTPIOHMX BY3JiB. 3BHYANHO TakMi MiAXiJ Ha3UBaIOTh
METOJIOM IOBHHUX BY3IIiB, TOMY IO JIesiKi BY3JIM MOXYTh OyTH OLIBIIOTO
PO3Mipy, HiXK HEOOXIIHO HACTIPaB/Ii.

Hepero, 300paxene Ha puc 11.1, mae 3-tiii mopsaok. [is
MoOYZOBH LBOTO JIepeBa 3 BUKOPHUCTAHHSIM METONy TOBHMX BY31diB (fat
nodes) NMoTpiOHO BU3HAUUTH €TUHUH KIIAC, IKUI MICTUTh MOKaXYHKH Ha
Tpu modipHi By3naM. HacTymHuil Kox meMOHCTpye, SIK IIi MOKaXYHKH
MOXYTb OyTH BH3HaueHi B kiaci Ternarynode.

Public Leftchild As Ternarynode
Public Middlechild As Ternarynode
Public Rightchild As Ternarynode

3a JOIOMOT'OI0 1bOr'0 KJIaCy MOKHa H06yﬂyBaTI/I ACPEBO,

BHKOPHCTOBYIOUHN 3amucu Child By3miB, Ui 3B'I3KY iX OAWMH 3 OJHHUM.
Hacrymuauii pparmenT kony Oyaye nepeBo, nokasane Ha puc.11.2.

413



Dim A As New Ternarynode
Dim B As New Ternarynode
Dim C As New Ternarynode
Dim D As New Ternarynode

Set A.Leftchild = B
Set A.Middlechild = C
Set A.Rightchild = D

Puc. 11.2. lepeBo, mobyaoBaHe 3a JOMIOMOTOI0 Kiiacy Shite

CNUCKK HaLLAAKIB

SIKmo TOpSAKM BY3IIB Yy JEpeBi IMOMITHO Pi3HATHCSA, METOX
MOBHUX BY3JiB NPUBOAMTH A0 JAAPEMHOI BHUTPATH BEIHMKOI KiJIBKOCTI
TIam'sTi.

Jleski mporpaMu IOAAIOTh 1 BHAAISIOTH BY3JH, 3MIHIOIOYH
MOPSIIOK BY3JIB Y IpOLeci BAKOHAHHS. Y 1IbOMY BHUIIaIKy METO]| OBHUX
By3JIiB He Oyje mnpamoBatd. Taki AMHAMIYHO 3MIHIOBaHi JepeBa MOXKHA
MOJIaTH, MOMICTHBIIN JOYIpHI BY3JIM B CIUCKHM. € KilbKa MiIXOIB, IO
MOXKHa BHKOPHCTOBYBATH JUUIS CTBOPEHHS CIIMCKIB JOYIpHIX BY3JIiB.
Haii0inpir oueBMAHUI TMiAXig MMoJsAirae B CTBOPSHHI B Kiaci By3ia
Bikputoro (public) MacuBy JOYIpHIX BY3JiB, SK II0Ka3aHO B
HacTymHoMy Koji. Tomi Juis omepyBaHHS MOYIpHIMH By3TaMH MOXKHA
BHKOPHCTOBYBATH METOAM POOOTH 31 CHMCKaMH Ha OCHOBI MAaCHBIB.

Public Children() As Treenode
Public Numchildren As Integer

Ha >xanp, Visual Basic He 103BoJsie BU3HAYaTH BiIKPHUTI MaCHBU
B kiacax. lle oOMexeHHs MOXKHA OOiHTH, BU3HAUYMBIIINA MacHB SIK 3aKPUTHIA
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(private) i omepyioun eleMEHTAMH MACHBY 3a JOTIOMOTOIO MPOIEAYP
BIIACTUBOCTEH.

Private m Chirdren() As Treenode

Private m Numchildren As Integer

Property Get Children(Index As Integer) As Treenode
Set Children = m Children (Index)

End Property

Property Get Numchildren() As Integer
Numchildren = m Numchildren ()

End Property

Hpyruii migxin moisrae B TOMy, 00 30epiraTd MOCWIaHHSA Ha
JOYipHI BY3JIM Y 3B'I3HUX cricKax. KoXKHUI By301 MiCTHUTh MOCHJIAHHS Ha
MepIIOro Hamajka. BiH TakoX MICTHTh IOCHWJIAHHA Ha HACTYIHOTO
HaIaJKa Ha TOMY K piBHI qepeBa. Li 3B'3KHM yTBOPIOIOTH 3B'I3HHUN CIIHCOK
BY3JIIB O/IHOTO PIBHS, TOMY 3BHYaifHO Ll METO]] HAa3UBAIOTh MOJAHHSIM Y
BUJII 36'3H020 cnucky 6ysnie 00nozo piens (linked sibling).

Tperiit migxig momsrae B TOMY, 00 BH3HAYHWTH B KJIaci By3Ja
BIIKPHUTY KOJICKII0, siKa Oy1e MICTUTH JOYipHI BY3JIH:

Public Children As New Collection

Lle po3B’s3aHHS JO03BOJISIE BUKOPUCTOBYBAaTH BCi IepeBaru
konekuiit. IlporpamMa Moke HpH IBOMY JIETKO NOAABATH H BHIAIATH
€IIEMEHTH 3 KOJIEKIii, IPUCBOIOBATH JOYIpHIM BYy3JaM KIIOYi Ta
BUKOPHCTOBYBaTH omneparop For Each i BHKOHaHHA LHKIIB 3
MOCHJIAHHSMH Ha J0YipHI BY3JIH.

IMporpama Nary (muck 3 OpukjIagaMu — Ianka
ProgR11), noka3ana Ha puc.l1.3, BUKOPHCTOBY€E KOJIEKIiIO JOUipHIX
BY3JIiB 1 pobotm 3 nmepeBamu mopsaaky N. YV mildi mporpami Mo)KHA
JI0JIABATH IO KOXKHOTO BY3J1a OyIb-sSIKY KiJTbKICTh HAIaKIB.
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Puc. 11.3. JlemoHcTpariiitia mporpama Nery

Jdunst  toro 1mo0 yHUKHYTH  HaaAMIpPHOTO  YCKJIaIHEHHS
KOpHUCTYBalbKOro iHTepdeiicy, nporpama Nary 3aBxk/IH J0AA€ HOBI BY3JH
B KiHeUb KOJIEKIIii TOUipHiX By3IiB OaThka. Bu Moxere MomudikyBaru 1o
Iporpamy, peaizyBaBIId BCTaBKY NOYIPHIX BY3JIB Y CEpeAMHY KOJIEKIIii,
aJle KOpPUCTYBALBKU iHTEepdeiic Ipu IbOMY yCKIaJHUTHCS.

MNMoaaHHSA 3B'A3KIB HyMepaLlieo

IMonanust 3B3kiB Hymepauielo (forward star) ao3Bodsie
KOMIIaKTHO IIPEACTAaBIISITH JAepeBa, rpapu H Mepexi 3a JI0NOMOTOI0
MacuBy. [ mojpaHHA AepeBa HyMmeparllielo 3B's13KiB y MacuBi Firstlink
3aMMCy€eThCs THIEKC IS IEPUIMX TIOK, 1110 BUXOATH 13 KOXKHOTO By3ia. B
iHIMHA MacuB — Toerede 3aHOCATHCA BY3IIH, /10 IKUX BeJe TIKa.

CurHanbHa MiTKa HanpukiHioi mMacuBy Firstlink ykasye Ha
TOYKY BiJgpa3y IICiIs OCTaHHBOTO e€JleMeHTa MacuBy Tonede. lle
JIO3BOJISIE JIETKO BU3HAYWTH, SIKi T1UIKU BUXOJISATH 13 KOKHOTO By3ia. ['ijKw,
oo BUXOAATH i3 By3nma <, mepeOyBaloTh I HOMEpaMH Bix
Firstlink(I) mo Firstlink (I+1)-1. /nsg momaHHs 3B'A3KiB, IO
BUXOJATH i3 By3ia ¥, MOKHa BUKOPHCTOBYBATH TaKHH KO

For link = Firstlink(I) To Firstlink(I + 1) - 1
Print Format$(I) & " -> " & Format$ (Tonode (link))
Next link
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MNoBHi AepeBa

Tosne Oepeso (complete tree) MICTHTP MaKCHMaJIbHO MOXITHUBE
YHCIO BY3JiB Ha KOXXHOMY piBHI, KpiM HIDKHBOTO. YCi BY3IH Ha
HIDKHBOMY DIiBHI 3pYIIVIOTBCSL BiIiBO. Hampukman, KOXHUH piBeHB
TPIMKOBOTO JIepeBa MICTHTh y TOYHOCTI TPH JOUipHI BY3JIH, 38 BHHATKOM
JUCTIB 1, MOXJIMBO, OJHOTO BYy3Jla Ha OOWH piBeHb BHUINE JHCTIB. Ha
puc.11.4 moka3aHe OBHE TPIHKOBE AEPEBO.

File Help
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Puc. 11.4. TToO6ynoBa TpiiikoBOTO JepeBa

[ToBHI nepeBa BOJIOIIOTH PSAOM BAXIMBUX BiacTuBocTei. [lo-
Tiepiie, 1e HalKOpOTIIi IepeBa, SIKi MOXKYTh MICTHTH 33J[aHe YKCJIO BY3JIiB.

Ilo-gpyre, sKiIO MOBHE JepeBO MOPSAKY D ckinamaerbcs 3 N
BY3JiB, BOHO MaTHUMe BHCOTY mopsaky O (logp(N)) i O(N) nwmcTiB.
Ili daktu MarTh BeluMKe 3HAYCHHS, OCKIJIbKM 0arato aJropuTMiB
00XoITh JiepeBa 3BepXy BHH3 ab0 B MNPOTWICKHOMY HampsiMKy. Yac
BUKOHAHHS aJTOPUTMY, IO BUKOHYE OAHY i3 IUX AiH, Oyne MopsuKy
O(N) .

HanzBuuaiiHO KOpHCHa BIACTHBICTh IOBHHX JIEPEB MOJATAE B
TOMy, 110 BOHH MOXYTb OYTH JyK€ KOMIIAKTHO 3allMCaHi B MacHUBax.
SIKIo pOHYMEpYBaTH BY3JIM B «IIPHPOJHOMY» HOPSIKY, 3BEpPXY BHHU3 i
371iBa HaNpaBo, TO MOKHA TIOMICTHTH €JIEMEHTH JIepeBa B MacCHB y I[bOMY
HOPSAKY.

[Tpn BUKOPHCTAaHHI IIHOTO METOY 3aIMCH JIEPEBa B MacHBi JETKO
U IPOCTO OfiepaTH JAOCTYII 0 HAMAAKIB By3ia. [Ipu oMy He MOTpiOHO
JOJATKOBOI MaM'ATi JJIs1 KOJEKIiH JAOYipHIX BY3/MiB a00 MITOK y BHIIAAKY
MOJaHHS HyMepali€ro 3B'sa3kiB. UwtaHHs W 3amuc naepeBa y dain
3BOJWTHCS TPOCTO 10 30epekeHHS abo dYWTaHHA MacuBy. ToMmy Iie
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0e3CyMHIBHO Kpale MOJaHHA JepeBa U porpam, sKi 30epirarots naHi B
MOBHHUX JIepeBax.

06xia AepeBa

[ocnmimoBHmit  00ir yciX BYy3JmiB HA3WBAETBCA  00X000M
(traversing) nepeBa. IcHye KinbKa MOCTITOBHOCTEH OOXOIy BY3IiB
JBiliKOBOTO fepeBa. Tpu HalmpocrTimn 3 HEX - mOpsMHH (preorder),
cuMmeTpudHuil  (inorder) i 3BopoTHHH (postorder) o0xomu
OIMUCYIOTBCS TPOCTHMH PEKYPCHBHUMH aJTOpUTMaMH. J[is KOXHOTO
3aJIaHOTO BY3JIa aTOPUTMH BUKOHYIOTh TaKi Jil:

Hpsimuit 06xi0:
3BepTaHHA A0 By3Ja.
PexypcuBHuii npsiMuii 00XiJ JIiBOTO MifJiepeBa.
PexypcuBHuii npsiMuii 00XiJ] MPpaBoro mijjiepena.
Cumempuunuii 00Xio:
PexypcuBHMi cuMmeTpryHIA 00Xi]1 JIIBOTO MiaIepeBa.
3BepTaHHsA 10 By3Ja.
PekypcuBHMI cuMeTpryHMIA 00X1]T JIIBOTO MiaIepeBa.
36opomnuii 06xi0:
PexypcuBHUIi 3BOpOTHHUIT 00Xi] JIIBOTO ITiAepeBa.
2. PexypcuBHMIi 3BOPOTHHIT 00XiJ] PABOTo MijJiepeBa.
3. 3BepTaHHs JI0 By3Ja.

VYci Tpu mopsiiku 00XOAy € TpUKIaAaMU 00X00y 8 2nubumny
(depth - first traversal). OOXim MOYMHAETHCS i3 MPOXOAY B
rMMOMHY JlepeBa JOTH, JOKH alropuTM He JocsirHe JmctiB. [lpm
MIOBEPHEHHI 3 PEKypPCHBHOIO BHKIHKY IJOPOTPaMH, alITrOPUTM
MEePEeMILAEThCSl 0 JIEPEBY Y 3BOPOTHOMY HANpsMKY, HEperyisaanydu
LJISIXH, SIKI BIH IPOITYCTHB NPU PYCl BHU3.

OO0xin y TIMOWHY 3pyYHO BUKOPHCTOBYBAaTH B allTOPUTMAX, SIKi
MAIOTh CITIOYATKy OOiNTH NHUCTH.

UerBepTuit Meronm mepebOpy BY3JiB jaepeBa - I 00xio
saewupwky (breadth - first traversal). et werton
3aCTOCOBYETHCA JO BCiX BY3JIIB Ha 3a/laHOMY PiBHI JiepeBa, mepelr THM 5K
MepedTH 10 OibII TTIHOOKNX PiBHIB. ANTOPHUTMH, SKi IPOBOJATH TOBHHUN
MOUIYK T10 JIEPEBY, 44CTO BUKOPUCTOBYIOTh 00Xi/l 3aBIIUPIIKH.

s nepes Oinble, HiX 2 MOPAAKY, Ma€ CEHC BH3HAYATH MIPSIMHUH,
3BOPOTHHH 00Xz, 1 00Xia 3aBIMpuIKK. CUMETPUYHUH 00Xi/] BU3HAYAETHCS

Nogk~owphE

=
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HEOJIHO3HAYHO, TOMY II[0 3BEPTAHHS JI0 KOXHOTO By3Jla MOXE BiOyBaTHCS
TTICJISA 3BePTAaHHSA 0 OJHOTO, BOX, a00 TphOoX Horo HamankiB. Hampuxmaz,
y TpifikOBOMY JepeBi 3BEepPTaHHS /10 By3Jla MOXE BiIOyBaTHCS IiCIA
3BEPTaHHA 10 HOTO IepIIoro Hamagxka ado Iicis 3BEpPHEHHS OO APYroro
Hallaaka.

Hertami peamizamii o0xomy 3aiexaTh Bif TOTO, SK OIMCAHO
nepeBo. Jlns obOxomy JnepeBa Ha OCHOBI KOJCKINM MOYIpPHIX BY3IIB
nporpama Ma€ BUKOPHCTOBYBATH TPOXH 1HIIMH aJITOPUTM, HIX JUIsl 00X0Iy
JiepeBa, OMMCAHOTO 32 JIONIOMOT0I0 HyMepallii 3B'S3KiB.

MoskHa BHKOPUCTOBYBATH 4epry il 30epiraHHs BY3JiB, SIKi e
He Oyinu oGiiineni. CroyaTKy NOMICTUMO B Uepry KopeHeBui By3oul. [licis
3BCpTaHHA 10 BYy3Jia, BiH BUAAAETHCA 3 IOYATKY YCpPTH, a Horo Halaaku
nominiaroTecst B 1i kiHenp. [Iporec MOBTOPIOEThCA NOTH, JOKH 4Yepra He
criopokHie. HacTynmHui Ko JeMOHCTpYE NpoLeaypy 00X0Iy 3aBIIMPIIKH
IUIsL IepeBa, sIKe BUKOPHCTOBYE BY3IIU 3 KOJEKIIisIMU HalllaKiB:

Dim Root As Treenode
' Iniunianizauis mepesa.

Private Sub Breadthfirstprint (}
Dim queue As New Collection ' Uepra Ha OCHOBI
KOJIEKLI1M.
Dim node As Treenode
Dim child As Treenode
' TlouaTu 3 KOpPEeHs IepeBa B ueps3i.
queue.Add Root
' BaraTropaszoBa OOpoOka MNepuoro eJieMeHTa
y ueps3i, MokM uepra He CIOPOXHie.
Do While queue.Count > 0
node = queue.Item(1l)
queue.Remove 1
' 3BepTaHHA OO By3Jja.
Print Nodelabel (node)
' TMlomicTuTM B UepTry HamamkiB By3Jja.
For Each child In node.Children
queue.Add child
Next child
Loop
End Sub

IIporpama Trav2 (oMck 3 OpuKJIagaMmM — IankKa
ProgR11) neMoHCTpye 0OXin IepeB, IO BHUKOPHUCTOBYIOTH KOJEKIIi{
nouipHix By3iniB. [Iporpama e o6'egHaHHSAM IporpaMm Naxy, SKa Onepye
JepeBaMH mopsiiky N, 1 mporpamMm Frawt, sKa JIEMOHCTPYE OOXOIH
JepeB.
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O6epite By3onm i HarucHiTh Ha kHOTMKYy Add Child (Jomaru
JIovipHiit By3oum), mo0 nomatyd Ao Bys3na Hamazaka. HaTHCHITE Ha KHONIKH
Preorder, Inorder, Postorder a6o Breadth First, mo6 no6auurn
MIPUKIIAAX BignoBigHUX 06xoaiB. Ha puc.11.5 nokaszana nporpama Trav?2,
siKa BijgoOpaxkae 3BOPOTHHH 00Xif.

B Trav? E] @ E]

File Help
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Puc. 11.5. Ilporpama Trav?2, sika BijoOpaykae 3BOPOTHUHN 00Xi[

YnopsiAkoBaHi AepeBa

JIBiiikOBi JepeBa YacTO € MNPHUPOJHHM 3acO00M MMOMAHHS W
00poOKM JaHuX y KoMmMI'toTepHux mporpamax. Ockinbku Oarato
KOMIT'FOTEPHHUX OIepalliil € JBIMKOBMMHU, BOHH ITPUPOIHO MEPETBOPSATHCS B
omepamii i3 ABilikoBHMH aepeBamu. Hampuxiaz, MoOXKHa IE€PETBOPUTH
NBINKOBE  BITHOIIEHHS «MEHIIe» Yy JBiiikoBe JepeBo.  SKio
BHKOPHCTOBYBATH BHYTPIIIHI BY3JIM AepeBa UIA MO3HAYCHHS TOTO, IO
«IBHMH HaIaJOK MEHIIE [paBOro», BH MOXXET€ BHKOPUCTOBYBAaTH
JBIMKOBE JIepeBO ISl 3aluCy BHOPSAKOBAaHOTO crucky. Ha puc.11.6
IOKa3aHe JABIHKOBE JEpeBO, IO MICTHTh YIOPSAAKOBaHMH CHHCOK i3
yucnamu 1,2,4,6,7,9.
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Puc. 11.6. JIBilikoBe BiTHOIIICHHS «MEHIIIE», ICPECTBOPECHE Y
NBIKOBE JIEPEBO

JAopaBaHHA eAeMeHTIB

AJITOPUTM BCTaBKM HOBOTO CIIEMCHTa B JCPCBO TAKOI'O THILY
nocuth mpoctuil. [lounemo 3 xopeHeBoro Bysna. Ilo uep3i mopiBHIEMO
3HAYCHHS BCiX BY3JiB 31 3HAYCHHSM HOBOTO eJeMEHTa. SIKIIo 3Ha4eHHS
HOBOTO eIleMeHTa MeHIe ado JOpIBHIOE 3HAUCHHIO BY3INa, MepeiinemMo
BHU3 TIO JIiBi# T AepeBa. SIKIIO HOBe 3HAYCHHS OLUTBINE, HIX 3HAYCHHS
BYy3Ja, IepeiaeMo BHH3 IO TpaBiii rimmi. Koxm meit mpomec midime 1o
JIUCTa, eIEMEHT IMIOMICTHTBCS Y BiIMOBITHE MICIIE.

1106 momicTuTH 3HaYCHHS 8 y IEepeBo, MoKaszaHe Ha puc.11.6, Mu
MMOYUHAEMO 3 KOPEHs, sSKkuil Mae 3HaueHHs 4. Ockiabku 8 Oinblie, HikK 4,
nepexoJuMo Mo TpaBii Tinmi g0 By3na 9. Ockinbkn 8 MeHme 9,
Nepexo MO MOTIM MO JiBiH rini Jo By3ia 7. Ockinbku 8 Oinblie 7, 3HOBY
HAMaraeMocCs MiTH 1O MpaBii T, aje B IOT0 By3Jia HEMae MPaBOro
Hamazaka. TOMy HOBUHM €JIEMEHT BCTABISETHCS B Il TOYIl, 1 BUXOIHUTH
JiepeBo, IoKazaHe Ha puc.11.6 (3 MyHKTHPOM).

Hactynamii koj JoJa€e HOBE 3HAYCHHS HIDKYE BYy3JIa B
yIopsaKoBaHOMy JnepeBi. [Iporpama TOYMHAE BCTaBKY 3 KOpEHS,
BHMKJIMKAIOYM IIpoLeaypy Insertitem Root, new value.

Private Sub Insertitem(node As Sortnode, new value As
Integer)
Dim child As Sortnode
If node Is Nothing Then
' My minmsiy mo JIMCTY .
' BCTAaBUTU e€JIEMEHT TYT.
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Set node = New Sortnode
node.Value = new value

Maxbox = Maxbox + 1

Load Nodelabel (Maxbox)

Set node.Box = Nodelabel (Maxbox)
With Nodelabel (Maxbox)

.Caption = Format$ (new_value)
.Visible = True
End With

Elseif new value <= node.Value Then
' Ileperty no niBiw risui.
Set child = node.Leftchild
Insertitem child, new value
Set node.Leftchild = child

Else
' TleperiTu 1o npaBim Timuai.
Set child = node.Rightchild
Insertitem child, new value
Set node.Rightchild = child

End If

End Sub

Ko s mpouexypa nocsrae KiHIs jAepeBa, BinOyBaeTbCs LIOCH
30BciM HeodeBuaHe. B Visual Basic, koiM BH mepemaeTe mapamerp
mignporpami, el mapamerp nepeoacmuvcsa 3a NOCUNAHMAM, SKIIO BU HE
BUKOPHCTOBYETE 3ape3epBoBaHe cioBo Byval. lle o3nHauae, 1o
mignporpamMa mpamroe 3 TIEK K KOMIEK MapaMmeTpa, SIKY BHKOPHCTOBYE
BUKIIMKAKO4a Tpoleaypa. SKmo migmporpama 3MIiHIOE — 3HAuYCHHS
napamerpa, 3Ha4eHHs Y BUKIMKAIOYiil POLEIypi TAKOXK 3MIHIOETBCS.

Komn mpomenypa Insertitem peKypCHBHO BHKJIHMKAE cama
cebe, BOHA Iiepeiae MOKaXKINK Ha TOUipHiK By301 y nepeBi. Hanpukian, y
HACTYIIHUX OIlepaTopax Ipoleaypa Iepelac IMOKaKYMK Ha IPaBOro
HallaJKka By3Ja SK IapaMeTp By3na mpouenypu Insertitem. Skmo
BUKJIMKYBaHa TPOLEIypa 3MIHIOE 3HAYEHHs Mapamerpa By3Jia, MOKaKUYUK
Ha HallaJKa TaKoXX aBTOMATHYHO OOHOBISIETBCS Y BHKJIHMKAIOYil
npoueaypi. [TotiMm B ocTaHHBOMY PAJKY KOy 3HaUEHHS NIPAaBOro HAIa/IKa
BCTaHOBJIOETbCS PIBHUM HOBOMY 3HAUCHHIO TaK, II0 CTBOPEHWH HOBHH
BY30JI IOJIA€THCSI 110 JIepeBa.

Set child = node.Rightchild

Insertltem child, new value
Set node.Rightchild = child
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BuaaneHHs eAeMeHTIB

BupaneHHs eneMeHTa 3 YMOpPSAKOBAaHOTO JepeBa He HabaraTo
CKJIanHiIe, HiK Horo BcraBieHHs. [licis BHIameHHS eleMeHTa Iporpami
MOJKe 3HAJOOHUTHUCS TepeyNOPSAKYBATH iHIII BY3JIH, MO0 CITiBBiIHONICHHS
«MEHIIE» TPOAOBXKYBAJIO BUKOHYBAaTHCS AL BChoro nepera. Ilpu mpomy
MOTPiOHO PO3TIIAHYTH KiTbKa BHUIIAIKIB.

Ilo-nepuwe, SIKIO y By37a, O BUAATIETHCS, HEMAE HAIIAIKIB, BH
MOXETe MPOCTO BHIYYUTH HOTO 3 JiepeBa, TOMY IO MOPSJOK BY3JIIB, IO
3aJIMIIMINCS, TIPH [[bOMY HE 3MIHHTBCSL.

Ilo-0pyze, aKk110 y By3Ja JIMIIE OAWH JOYIPHiil By30JI, BH MOXETE
MMOMICTUTH WOr0 Ha MiCIle BWIy4eHOro. I[lopsiiok iHIIUX HAINAIKIiB
BUWJIyYEHOTO BY3Jla 3aJMIIMTHCS HE3MIHHHM, OCKUIBKA BOHH € TaKOX
HaIJKaMH i TOYipHBOTO BYy3JIa.

Axwo 8y3on, wo euoaniemscs, Mae 06a Oo4ipHi, TO HE
000B'SI3KOBO OJIMH 3 HUX 3aliM€ MiCIe BHIYYEHOTO. SIKIO HAIIa KN By37a
TaKOX MAalOTh 110 JBa JOYIpHIX BY3JIM, TO BCi HAIIAAKH HE 3MOXYThb
3afHATH MicCIle BIUTyYeHOTO By3Ia. BurydeHuil By301 Mae OJJHOTO 3aiiBOTO
HaIaaKa, 1 JOYipHIH BY30J, SKHHA BH HparHyid O MOMICTHTH Ha HOTO
Miclle, Tako)X Ma€ JBa HalIalKH, TaK LI0 Ha By30J MpHnajio O Tpu
HaIlaKy.

[[1o6 po3B's3aru 110 MPOOJIEMY, BUIIYUYCHHI BY30JI 3aMiHAETHCS
HAWIPaBIlIUM BY3JIOM 3 JIIBOI TUJIKH. [HaKIe Ka)ydu, NOTPIOHO 3pYIIUTH
Ha OJMH KPOK YHM3 1O JIBIH TiNLI, IO BUXOJAWJIA 3 BUIIyYEHOTO BY3Ja.
[MoriM mOTpiOHO pyxaTHCs IO MpaBUX TUIKaX YHHU3 JAOTH, JOKH He
3HaHAEThCS BY30JI, IKAH He Mae TpaBol Tutkd. Lle HalinmpaBimmit By301 Ha
T TiBOPYY BiJ By3Ja, MO0 BUAATSETHCS.

3aNMIIaETbCsl OCTaHHIM BapiaHT: BY30J, IO 3aMIiHSETHCSA, Mae
JIBOTO Hala/Ka. Y HAIIOMY BHIAJIKy MOXHA IIEPEMICTUTH [JbOTO HalllaKa
Ha Miclle, IO 3BITBHIIIOCS B pE3YNbTAaTi IEPEMIlICHHS BYy3Ja, IO
3aMilIaeThCs, 1 IepeBO 3HOBY Oyze pO3TAlIOBaHO B IMIOTPIOHOMY IOPSIKY.
VYike BiOMO, 10 HaMMpaBimuii By30J1 HE MAa€ MPABOrO HAIAJKa, IHAKIIIE
BiH He OyB Ou TakuMm. lle o3Hauae, MO He MOTPiIOHO TypOyBaTHUCS, YU HE
Ma€ By30J1, 110 3aMilIYEThCS, BOX HAIIaKiB.

Ha puc.11.7. HaBenene BuximHe aepeBo (@), 3 SIKOTO TOCHTIIOBHO
BHJIQJISIIOTHCS BEPITUHM 13 Kimrodamu 13, 15, 51 10.
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e:

Puc. 11.7. Buxigae aepeso

Private Sub Deleteitem(node As Sortnode, target value
As Integer)

Dim target As Sortnode

Dim child As Sortnode

' Axmo BY30JI He 3HAMIeHO, BUBECTM [NOB1IOOMIIEHHS.
If node Is Nothing Then
Beep
Msgbox "Item " & Format$ (target value) &
" He 3HalneHuy y nepeni."
Exit Sub
End If

If target value < node.Value Then
' [pomoOBXUTM NOJd JI1BOTO Hinmmepera.
Set child = node.Leftchild
Deleteitem child, target value
Set node.Leftchild = child
Elseif target value > node.Value Then
' [pOmOBXMUTNM OJiS NPaBOTO Nipmepesa.
Set child = node.Rightchild
Deleteitem child, target value
Set node.Rightchild = child
Else
' llyxkaHu BY30JI 3HAMOEHO.
Set target = node
If target.Leftchild Is Nothing Then
' B3aMiHMTM WyKaHUM BY30JI MOTO NPaBUM
HallaTKOM .
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Set node = node.Rightchild
Elseif target.Rightchild Is Nothing Then
' B3aMiHUTM WYyKAHUM BY30JI MOTO JI1iBUM

HamaIKOM.
Set node = node.Leftchild
Else
' Buxnmk nipgnporpamm Replacerightmost nins
3aMiHM
' WyKaHOT'O By3Jla HaMIpaBimmM By3JIO0M
' v moro miBim rvisui.
Set child = node.Leftchild
Replacerightmost node, child
Set node.Leftchild = child
End If
End If
End Sub

Private Sub Replacerightmost (target As Sortnode, repl
As Sortnode)

Dim old repl As Sortnode

Dim child As Sortnode

If Not (repl.Rightchild Is Nothing) Then
' [IpOOOBXMTM PYX BHNPABO M YHUS.
Set child = repl.Rightchild
Replacerightmost target, child
Set repl.Rightchild = child
Else
' JocAarau @OHa.
' Banam'saTaTu BYy30J, WO 3aMiusge, repl.
Set old repl = repl

' BamMiHMTM BY30J repl MOTO JI1BUM HamaOKOM.
Set repl = repl.Leftchild

' BamiHmTK mykaHuM By30J1 target with repl.
Set old repl.Leftchild = target.Leftchild
Set old repl.Rightchild = target.Rightchild
Set target = old repl
End If
End Sub

AJNTOPUTM BUKOPUCTOBYE y MBOX MICIIX, MPUHMaHHI, Mepeaaqy
mapaMeTpiB 'y PpeKypCHBHI MigmporpamMu 3a mocwiaHHAM. [lo-meprme,
mignporpama Deleteitem BUKOPHUCTOBYE 1€ MPUHMaHHS, U TOTO 1100
0aTbKO IMyKAaHOTO BYy3Jia BKa3dyBaB Ha BY30J, 10 3aminse. HacTymHi
oTiepaTopy MOKa3yI0Th, K BUKIMKAEThCS MiNporpamMa Deleteitem:
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Set child = node.Leftchild
Deleteitem child, target value
Set node.Leftchild = child

Komn mpouenypa BusBis€e LIyKaHWM By30JI, BOHAa OJIEPXKYE B
SKOCTI TapaMeTpa By3Jda MOKaX4YMK OaTbka Ha OIyKaHWH BY3OIL.
BceraHoBmroroun mapamerp, IO 3aMillae Ha BY30J, IiANporpama
Deleteitem 3amae novipHiil By30x Uit OaTbka Tak, MoO BiH yKa3yBaB
Ha HOBUH BY301JL.

Hacrymai orepaTopu MOKa3yIoTh, SIK npoueaypa
Replacerightmost peKypcHBHO BHKIHKAE cebe:

Set child = repl.Rightchild
Replacerightmost target, child
Set repl.Rightchild = child

Komu mpoueaypa 3HaxoAWTh HaMmpaBilMii By307 Y JIiBiM BiX
By3Ja, M0 BHUAASIEThCS, TiUIN, y mnapameTpi repl mnepeOyBae
MMOKKYHMK OaThka Ha Halmpasimmii By30i. Komwm mpomexypa BCTaHOBIIOE
3Ha4YeHHS repl piBHEM repl.Leftchild, BoHa aBTOMaTHYHO 3'€IHY€
0aTbka HaWNpaBilIOro By3Ja 3 JIIBUM JOYIPHIM BY3JIOM HaWMpaBillIOro
BYy3JIa.

[porpama Treesort (OMcCk 3 mNpuKIamamy - [Danka
ProgR11) BHKOPHCTOBYE Wi HPOLENYPH JIJIsi pOOOTH 3 YIOPSAKOBAHUMHU
JBIKOBHMH JiepeBaMu. BBeiTh Iiijie YKCII0 1 HATUCHITH Ha KHOMKY Add,
mo0 JoJaTH eNeMEHT 1O JepeBa. BBemiTh Iiiyie 4Mcio i HATHCHITH Ha
KHOIKY Remove, mo0 BmiydnTH Iei eneMeHT i3 jaepeBa. Ilicms
BUJIQJICHHS By3Jla JIEPEBO AaBTOMATHYHO MEPEYNOPSAKOBYEThCS LIS
30epeXEeHHS MOPSIKY «MEHIIE».

06Xxia ynopsinAkoBaHWX AepeB

KoprcHa Br1acTHBICTh YIOPSAKOBAHUX JEPEB MOJIATAE B TOMY, IO
IXHIM MOPAAOK 30IraeThes 3 MOPSIIKOM CUMETPHIHOTO 00XO0y.
Lls BIacTHBICTD CHMETPHYHOTO OOXOAY BIIOPAJKOBAHUX JEPEB
MIPUBOJAUTH J10 IPOCTOTO AITOPUTMY COPTYBAHHS:
1. Jlonmatu eixeMeHT /10 BHOPSIKOBAHOTO JIepeBa.
2. BuBecrtu eneMeHTH, BAKOPUCTOBYIOUH CUMETPHYHHIN 00XiI.
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Leit anropuT™ 3BHUaiiHO mparoe mocuth nobpe. Ilpote, skimo
JOJIaBaTH €JEMEHTH 1O JepeBa B IIEBHOMY IOPAIOKY, TO IEPEBO MOXKE
cratd BHCOKUM 1 ToHKMM. Ha puc.11.9 moka3zaHo BHOpsIKOBaHE IEpeBo,
sIKe BUXOIUTH IIPH JIOJaBaHHI 10 HHOTO EIEMEHTIB y MopsiaKy 1, 6, 5, 2, 3,
4. THmi TOCTiTOBHOCTI TaKOXX MOXYTh NPHBOIHUTH IO TOSBU BHCOKHX 1

TOHKHX IEPEB.
Il Treesort Q@El

Eil=  Help

Value [ | |
[1

El
R g

Puc. 11.9. BriopsiakoBaHe iepeBo Miciis A01aBaHHs 1O HbOTO
CJICMCHTIB

UuM BHINE CTa€ BIOPSIKOBAHE JEPEBO, THM OUIBIIEC dYacy
MOTPIOHO IS T0/aBaHHS HOBHX CJCMEHTIB y HW)KHIO YaCTHUHY JaepeBa. Y
HAWrIpIIOMY BHNAJKY Michs JoAaBaHHsA N EJIEMEHTIB JIepeBO MaTume
Brcoty mopsinky O (N) . IloBHHI 9ac BCTaBKH BCiX €JIEMEHTIB y JEpPEBO
Oyne 3a Takoro mopsaaky O (N2) . OCKiIbKH I 00X0y epeBa MoTpioeH
yac mopsaky O (N) , TMOBHHI 4yac COPTYBAaHHS YMCEN 3 BHUKOPHCTAHHSIM
nepesa nopiBHIOBaTHME O (N2) +0 (N) =0 (N2?) .

SIKIIO IepeBO 3aUIIAETHCS JOCUTh KOPOTKAM, BOHO Ma€ BHUCOTY
nopsaky O (log (N)). VY 1bOMYy BHUNAAKYy Il BCTABKH €JIEMEHTa B
nepeBo Oyne motpibHO mume mopsaky O (Log (N) ) kpokiB. BeraBka Beix
N eneMeHTIB y JepeBo 3axkanae mopsaky O (N * log (N) ) kpokis. Tomi
COpTYBaHHS €JIEMEHTIB 3a JIOTIOMOTOI0 JIepeBa 3a)kajia€ dacy TMOPSAKY
O(N * log(N)) + O(N) = O(N * log(N)).

Yac BukoHaHHsS mopsaaky O (N * log (N) ) Habarato MEHIIWH,
HDK O (N?) . Hanpukmax, moOynoBa BHCOKOTO W TOHKOTO JepeBa, IO
mictuth 1000 eneMeHTiB, 3a)kajac BUKOHAHHS OJIM3bKO MIIBHOHA KPOKIB.
ITobynoBa KOPOTKOTO IepeBa 3 BHCOTOI MOpsaky O (log (N) ) 3aiime
yme 61u3bpko 10.000 KpokiB.
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SIKmo eneMeHTH CIoYaTKy pO3TalloBaHI y BHIAAKOBOMY
mopsaky, Qopma mepeBa Oyle YHMOCH CepeqHIM MK NHMH JBOMa
KpaifHiMH BHIIaAKaMH. Xoda HOTO BHCOTa MOXKE BISIBUTUCS TPOXHU
6inpImoro, HiXK 1og (N) , BOHO, IIBHIIE 32 Bce, HE Oy/Ie 3aHAATO TOHKAM
i BHCOKMM, TOMY QJITOPUTM COPTYBAaHHS BHKOHYBaTUMETBCS JOCHTH
LIBUIKO.

36anaHcoBaHi AepeBa

@dopma BIOPSIIKOBAHOTO JIepeBa 3aJEKHUTh Bil MOPAIKY BCTaBKU
B HBOTO HOBHUX BY31iB. BHCOKI i TOHKI AepeBa MOXYTh MaTd TITHOWHY
mopsiaiky O (N) . BceraBka abo TOmyK eJIeMeHTa B  TaKkOMy
He30alaHCOBaHOMY JAepeBi Moxke 3aiimMaty nopsaky O (N) kpokiB. Haite
SIKIIIO HOBI €JIEMEHTH BCTABJIAIOTHCS Y JIEPEBO Y BHIAIKOBOMY IOPSIKY, ¥
cepenHbOMY BOHM IaayTh JAEpeBO i3 ImuOMHOI N / 2, MmO TakKox
nopsaaky O (N) .

[Mpunycrumo: OynyeTbesi BHOPSIAKOBaHE ABIMKOBE NEpPEBO, LIO
Mictuth 1000 By3miB. Skino aepeBo 30amaHCcOBaHE, TO BHCOTAa JepeBa
Oyne mopsaky log,(1000), abo mnpubmm3HO mopiBHIOBaTUME 10.
BceraBka HOBOrO ejieMeHTa B jepeBo 3aiimMe sume 10 KpokiB. SIKiio
JIEpEBO BUCOKE ¥ TOHKE, BOHO MOxe Matu Bucory 1000. V npomy
BHIIQJIKY, BCTABKa €JIEMEHTa B KiHellb Aepena 3aiiMe 1 000 KpoKiB.

IIpunycrumo Tenep, O MU XO04EMO A0AATH 10 Aepesa e 1000
BY3JiB. SIKIIO IepeBO 3anumIaeThest 30amaHcoBaHuM, TO Bci 1000 By3imiB
MOMICTSThCS Ha HACTYIHOMY piBHi AepeBa. [Ipu npoMy aiisi BCTAaBKM HOBUX
eJIeMeHTiB Oyzae morpidno Oim3pko 10 * 1000 = 10.000 KpoOKiB.
Skuo nepeBo Oyio He 30ajaHCOBaHE M 3aJMINAETHCS TaKMM Yy MpoLeci
POCTY, TO TIPH BCTaBIli KO)KHOI'O HOBOTO €JIEMEHTa BOHO Oy/ie CTaBaTH yce
BuIle. BcTaBka €IeMEHTIB IpU I[bOMY 3axkajaae mopsaky 1000 + 1001
+ .. +2000 = 1,5 MiIbHOHA KPOKIB.

Xoya He MOXHa OyTH BIEBHEHHMM, IO EJIEMEHTH OyIyTh
JIOfaBaTUCsl W BHIAISTHCS 3 JepeBa B MOTPIOHOMY MOPSIKY, MOXHa
BUKOPHCTOBYBAaTH METO/HU, sKi OyIqyTh MiATpUMYBaTH 30alaHCOBaHICTb
JiepeBa, He3aJIS)KHO BiJl MTOPSAKY BCTAaBKH a00 BU/IAJICHHS €JIEMEHTIB.
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ABA- AepeBa

ABIJI - nepeBa (AVL trees) Oynm Ha3BaHiI Ha 9eCTh POCIHCHKHUX
MaTteMaTHKiB AnenbcoHa - Benbcbkoro i Jlenmica, ski X BuHamuin. J{us
kokHOrOo By31a ABJI-mepeBa, BHcoTa miBOro i mpaBoro mimmepeB
Bifpi3HAETRCS HE Oinpmie, HiXK Ha ogumHmmio. Ha puc. 11.10 mokazano
nexinbka ABJI-nepes.

Puc. 11.10. 30anancoBani nepeBa Bucotoro 2, 3, 4

Xoua ABJI-mepeBo Moxe OyTH TPOXH BHUIIUM, HiXK ITOBHE IEPEBO
3 THM CaMHM YHCJIOM BY3JiB, BOHO TaKO)XX Ma€ BHCOTY IMOPSIKY
O (log (N)) . Lle o3nauae, mo momyk By3na B ABJI-nepeBi 3abupae gac
nopsaxky O (log (N) ) , mo gocuTh mBuAKo. He HACTIJILKH OYEBHJIHO, SIK
MOJKHa BCTaBUTH a00 BHIanUTH eneMeHT i3 ABJI-nepeBa 3a wac mopsaky
O (log (N) ), 30epirarouu Ipu IILOMY MOPSIOK JACpeBa.

[Mpouenypa, mo BCTaBiIs€ B AEPEBO HOBHH BY30J, PEKYPCHBHO
CIIyCKa€ThCs JIOHN3Y M0 IEpEeBY, 00 3HAITH MICIIe PO3TaIIyBaHHS BYy3JIa.

[Ticns BcTaBKM  eyieMEHTa  BiAOYBAlOTBCS  ITOBEPHEHHS 3
PEKYPCHUBHHX BUKJIMKIB IPOLIEAYPH 1 3BOPOTHHUIL IIPOXiA yropy IO JIepeBy.
[Ipu xK0’)KHOMY TIOBEpPHEHHI 13 TPOIEIypH TIEPEBIPSIETHCS, YU 30epiraeTbes
yce me BrnactuBicTh ABJI-nepeB Ha BepxHbOMY piBHI. Lleit Tim 3B0poTHOL
peKypcii, KoJi npoleaypa BUKOHYE Ba)JIMBI Jii IPH BUXOJI 3 JIAHIFOKKA
PEKYPCUBHHX BHKIHKIB, Ha3WBA€TBCS gucxionoio(bottom - up)
peKypci€ero.

[Tpn 3BOpPOTHOMY MpPOXOJi Yropy IO AEpeBy IMpOLEAypa TaKOX
nepeBipsie, Y HE 3MIHWJIACS BHCOTA MiAJEPEBa, 3 SIKMM BOHA IIPALIOE.
Sxmo mporexypa OOXOOWTH A0 TOYKH, Yy SKi BHCOTa MiJjepeBa He
3MiHMJIACS, TO BUCOTA HACTYIHUX IiJJIEPEB TaKOXX HE MOTJIA 3MIHUTHCA. Y
IIFOMY BHITQJKy 3HOBY NOTpiOHE GalaHCYBaHHS JIepeBa, i MpoIeIypa MoXxe
3aKiHYUTH TEPEBiPKY.

PosrnsHemo, mo Moke BigOyTHCsS TpuM  BKIIOYEHHI B
36aaHCcOBaHe JePEBO HOBOI BepIIMHHU. SIKIIO B HAC € KOpiHb I i miBe (L) i
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mpase (R) migmepeBa, TO HEOOXITHO PO3PI3HATH TPU MOMIIMBUX BUIAJIKH.
[Mpunycrumo, BKIIIOUYEHHS B L HOBOT BEpIIUHU IPUBE/E 10 301IbILICHHS Ha
1 #0oT0 BHCOTH, TOJIi MOXUINBI TPH BHUITAIKH:

1. hy=hg - L 1 R craHyTth pi3HOi BHCOTH, ajie¢ KpHUTepil
30aJ1aHCOBaHOCTI He Oy/ie MOpYLIEHHH.

2. hi<hg — L iR craHyTh OJHI€T BUCOTH, TOOTO 30aJ1aHCOBAHICTh
HAaBITh MOKPAIIUTHCS.

3. hiy>hg — KpuTepiil 30a1aHCOBAHOCTI MOPYIINUTHCS, 1 JEPEBO

HEeoOXigHO TepeOynoByBaTH.

Bisememo xmepeBo, mpencrtaBieHe Ha puc. 11.11. Bepmman i3
xmodaMu 9 i 11 MOXHa BKIIOYHTH, HE MOPYIIYIOYM 30aIaHCOBAaHOCTI
nepeBa, aepeBo 3 kopereM 10 crae ogHOOIYHEM (BHTANOK 1), a 3 KOpeHeM
8 - nuire kpare 30amaHcoBaHuM (BUMaa0K 2). OqHAK BKIIOYCHHS KITIOYIB
1, 3, 5 abo 7 BUMarae HaCTYMHOTO OAJIAHCYBaHHS.

[Tpu yBaxHOMY BHBYEHHI Li€1 CUTYyallii BUSABISETHCS, 110 ICHYIOTh
JIMIIe JBI MO CyTi pi3HI MOXJIMBOCTI, 1[0 BHMAaraloTh 1HJHUBiTyaJbHOTO
migxomy. Yci iHOI MOXYTh OyTH BHBEIEHI i3 IMX JBOX Ha OCHOBI
cumerpii. [lepimnii BUNagox BHHUKA€E NMPH BKIIOYCHHI B JIEPEBO Ha pHC.
11.11 xmouiB 1 abo 3; curyamis, xapakTepHa I APYroro BHIAIKY,
BHHUKAE MPH BKIIOYCHHI KIFOUiB 5 a60 7.

e

2]

Puc. 11.11. 36anancoBane nepeBo

CxemMaTM4HO 1 BUNAOKK IpejcraBieHi Ha puc. 11.12, ne
NpSMOKYTHUKaMM IO3HAYeHi mijzepeBa, mnpuuoMy "noxana" —TpH
BKJIFOUCHHI BHCOTa BiJ3HAaUeHa MiJKpeciaeHHsM. [IpocTi mepeTBOpeHHS
BiZpasy K BiJHOBIIOIOTH OaxaHy 30alaHCOBAHICTH. IXHil pe3ysbTaT
HaBefeHnit Ha puc. 11.13. 3BepHiTH yBary, mo JONMYCKArOTHCS JIMIIE
NepeMillleHHsI Y BEpPTUKAJbHOMY HampsMKy, TOIl SK BiJHOCHE
TOPU30HTaJbHE pO3TAIlyBaHHA NOKA3aHWX BEpIIMH 1 IiAJepeB Mae
3ajumaThcs 0e3 3MiHu.
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Bunapok 1 Bunapok 2

Puc. 11.12. Hez6amaHcoBaHICTh, [0 BUHUKJIA Yepe3 BKIFOUCHHS

Bunapok 1 Bunagok 2

Puc. 11.13. BignoBneHHs 30aJ1aHCOBAHOCTI

O6epraHHa ABN\-pepeB

IIpu BcTaBmi By3ma B ABJI-mepeBo, 3ajeXHO Bif TOTO, Yy SKY
YaCTUHY JIepeBa JIOJAETHCS BY30JI, iCHYE YOTHPH BapiaHTH OalaHCyBaHHS.
Li crocobn Ha3WBAIOTHCS MPABHM 1 JIBHM OOEpTaHHSAM, i OOEpTaHHSAM
BJIiBO-BIIPaBO i BIIPaBO-BiiBO no3HavatoThesd R, L, LR i RL.
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Micns nepeTBOpeHHs
RIGHT(P,SA,SB) ctae

P
Micna nepeTBOpeHHs @ a
LEFT(P,SA,SB) ctae
6 Ty T2

Puc. 11.14. TIpaBwii i niBHit TOBOPOTH

[paBwuit 1 niBuit MOBOPOTH 300pakeHi BiamoBigHO Ha puc.11.14, a
no.

BcraBka By3AiB MoBoto Visual Basic

Kpim 3BuuaitHux mnoniB LeftChild i1 RightChild kiac
AVLNode MICTUTh TakKOX Ioje Balance, 10 BKa3ye, 1o 3 r[iz[z[epeB
By3;a BHie. Moro 3HaueHHs IOPiBHIOE -1, AKIIO JiBE MiIepeBo BHIIE,
1 — sxmro Bume npaBe, 0 — sKIIo oOWBa MiAJepeBa MAlOTh OJHAKOBY
BHCOTY.

Public LeftChild As AVLNode
Public RightChild As AVLNode
Public Balance As Integer

[[Io6 3pobuTH KON TPOCTINIMM s YUTaHHSA, MOXKHA
BUKOPHUCTOBYBAaTH  MocCTiiiHi ~ LEFT HEAVY, RIGHT HEAVY, i
BALANCED [uig mogaHHsA [IUX 3HAYECHb.
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Global Const LEFT HEAVY = -1
Global Const BALANCED = 0
Global Const RIGHT HEAVY = 1

IIpouenypa InsertItem, HmpeacTaBiIeHAa HUXKYE, PEKYPCUBHO
CIyCKAEThCS YHU3 MO JICPEBY B MOIIYKY HOBOTO MICIs PO3TaIllyBaHHS
eneMenTa. Koy BoHa TOXOAUTH IO HIDKHBOT'O PIBHS JIEPEBa, TO CTBOPIOE
HOBHIA BY30JI i BCTaBIISE HOTO B JICPEBO.

[Morim mnpouenypa InsertItem BHKOPUCTOBYE BHUCXIIHY
peKypcito Juis OanaHCyBaHHsS JepeBa. [Ipu BHXOAI 3 PEKYPCHBHHX
BUKJTUKIB TPOIIEyPH BOHA PyXa€ThCsS Ha3aja MO JepeBy. [Ipu KOXKHOMY
TOBEPHEHH] 13 TpOIEXypH, BOHO BCTAHOBIIOE MapamMeTp has_grown,
100 BU3HAYUTH, YX 30UTBIIIIIACS BHCOTA MiIepeBa, Ske BOHA 3anumiae. B
eK3eMIUIIpi mporenypu InsertItem, mo 3poOHWB Iel peKypCHBHHI
BUKJIUK, TPOIIEypa BUKOPHUCTOBYE IICH Mapamerp Ui BH3HAYCHHS TOTO,
9l € JepeBO, IO MepeBipsA€ThCS, He30alaHCOBaHMM. SIKINO me Tak, To
TIpoIIeTypa 3aCTOCOBYE /i OalaHCYBaHHS [IepeBa BiAMOBITHE 00epTaHHS.

[pumyctumo, mo mpouexypa B Heil MOMEHT 3BEpPTAETHCS IO
By3ia X. [IpumycTtmmo, mo BOHa Iepen MM 3BepTanacs IO IPaBOTO
mijjepesa 3HU3Y Bil By3la X, a mapameTp has_grown JOpiBHIOE true,
03HAUYaI04H, IO MpaBe IMmigaepeBo 30uTpImmIocs. Ko mianepesa By3na X
0 IFOTO MaJH OJHAKOBY BHCOTY, TOAI TpaBe IIAEPEBO CTAaHE TeIep
BHIIE JiBOoro. Y mild Todmi AepeBo 30amaHCOBaHe, alie MiINEPEeBO 3
KOPEHEM Y BY3Ji X BUPOCIIO, TOMY IIIO BHPOCIIO HOTO IIpaBe MiIaepeBo.

Skmio JiBe migmepeBo Bysda X CHOYATKY OyJ0 BHUINKAM, HiX
mpaBe, TO JIiBe W TpaBe MmiJAepeBa Telep MATUMYTh OJHAKOBY BHCOTY.
Bucorta miggepeBa 3 KOpeHeM y By3ii X HE 3MIHWIACS — BOHA, K 1
paHiie, JOPiBHIOE BHCOTI JIBOTO MmijepeBa IUtoc 1. Y mpoMy BHIAAKy
npouenypa InsertItem yCTaHOBUTh 3HAau€HHS 3MiHHOI has grown
piBHEM false, MOKa3yoO4H, 10 AEPEBO 30aTaHCOBAHE.

3pemroro, SKIIO MpaBe MiAIepeBo By3i1a X OYyJI0 CIIOYATKy BHUIIE
JBOTrO, TO BCTaBKa HOBOTO By3Jia POOUTH AEPEBO HE30alaHCOBAHUM Yy
By3ni  X. IIpouemypa InsertItem BHKIHMKaE  MiANIpPOTpamy
RebalanceRigthGrew gma ©OanancyBaHHs JepeBa. [Iporemypa
RebalanceRigthGrew BHKOHye IsiBe o0OepraHHs abo oOepTaHHs
BIIPaBO-YITiBO, 3aJIe)KHO BiJ CHTYaIil.

SO HOBHUH €JIeMEHT BCTABISIETHCS B JIiBE TMiANEPEBO, TO
mignporpama InsertItem BUKOHYE aHATIOTIYHY POLEAYPY.
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BupaneHHsA By3na 3 ABA-AepeBa

Panime Oymo moKa3aHO, MO0 BHAIATH  €JIEMEHT i3
YIOPSAAKOBAHOTO JepeBa CKIAAHIINe, HDK BCTaBUTH Horo. SIkmo
BUANAETHCS €IEMEHT, L0 Ma€ JHIIe OIHOTO Hamlagka, TO MOXKHA
3aMiHUTH HOTO UM HAaIIaaKoM, 30epirmuy mpu IbOMY MOPSIOK JepeBa.
Sxmo B mepeBa qBa JOYipHIX BY3IH, TO BiH 3aMiHAETHCS HAa HAWTIPaBilTHiA
BY30JI y JIiBili Tijpli AepeBa. K0 B IbOTO By3Ja iCHY€ JIiBUH HAIIaJOK,
TO LIEH JTIBUHA HAALOK TAKOX 3aiiMac MOro Micle.

Ockinbku ABJI- nepeBa € 0COOJMBHM THIIOM YIOPSIKOBaHUX
JIepeB, TO Il HUX HOTPIOHO BUKOHATH Ti X cami Kpoku. [Ipore micis
IXHBOT'O 3aBEpINCHHS HEOOXIAHO MOBEPHYTHCS Ha3aj IO JAEPEBYy, 00
MEpeKOHATUCS Y TOMY, L0 BOHO 3aJIMIIMIOCA 30alaHCOBaHUM. SIKIIO
3HAMNETHCS BY30J1, JUIS SIKOTO HE BUKOHYEThCs BiactuBicts ABJI- nepes,
TO MOTPiOHO BUKOHATH JUIsA OaJaHCYBaHHS JIepeBa BiATIOBiAHE oOepTaHHS.
Xoda me Ti X caMi oOepTaHHS, SKi BHUKOPHCTOBYBAIHCS paHiIle LIS
BCTAaBKHM BY3JIa B IEPEBO, BOHH 3aCTOCOBYIOTHCS B IHIINX BUIAAKAX.

Peanizauis BupAaneHHA By3AiB MOBOIO Visual Basic

HinnporpaMa DeleteItem BUIAIE €IEMEHTH 3 JEpeEBa. Bona
PEKYpCHUBHO CIIyCKa€TbCsd IO JEpeBy B IOWIYKYy €JIEMEHTa, W10
BU/IAJIAETHCS, 1 KOJIM BOHA 3HAXOAWTH LIYKaHWH BY30JI, TO BUAAISE HOTO.
SKmo B IBOTO By3jda HEMae HAIAJAKIB, TO MpPOLEAypa 3aBEPIIYETHCS.
SKmo € TUIPKM OAWMH HAIAAOK, TO TMpOLExypa 3aMiHi€e BY30J HOTO
HaIaIKOM.

Skmo By30a Mae JABOX HAINAJKIB, mporeaypa DeleteIltem
BUKJIMKAE mpouenaypy ReplaceRightMost mis 3aMiHM  LIYKaHOTO
By3Jla HaWmpaBillMM By3JIoM Yy Horo JiBid ramysi. Ilponenypa
ReplaceRightMost BHUKOHYETbCS NPUOJU3HO TaK caMo, 5K 1
npoueaypa, o BUAAISE €IEeMEHTH 31 3BHYalHOTO (HEYMOPSIKOBAHOIO)
nepeBa. OcHOBHa BiIMiHHICTh BHHHKA€ IPH IOBEPHEHHI i3 mpoueaypu i
PEKypCUBHOTO MpOXOAYy Haropy mo jaepeBy. Ilpm npomy mnpouemypa
ReplaceRightMost BHKOPHCTOBYE BHUCXiTHY peKypciio, 1100
MIEPEKOHATHUCS, 110 AEPEBO 3AINIIAETHCS 30alaHCOBAHUM JUIS BCiX BY3JIIB.

Public Sub InsertItem(node As AVLNode, parent As
AVLNode,
txt As String, has grown As Boolean)

Dim child As AVLNode
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' dxmo ue HMXHIV piBeHb mepera, noMicruTm
' y OaTbKa NIOKaX4YMK Ha HOBUM BY30JI.
If parent Is Nothing Then
Set parent = node
parent.Balance = BALANCED
has grown = True
Exit Sub
End If

' [pomnoBXMTM 3 JIiBMM 1 mnpaBuM ninmepeBaMu.
If txt <= parent.Box.Caption Then
' BcTaBMUTM Hamangka B JiiBe nimmepeso.
Set child = parent.LeftChild
InsertItem node, child, txt, has grown
Set parent.LeftChild = child

' IlepeBipury, um norpibHe OajaHCyBaHHSA. BoHO Oyme

' He norpibHe, 4KWO BCTaBKa By3Jjla He NOpyWMia

' BaJjlaHCyBaHHSA Iepesa abo BOHO Bxe OyJo
30ajlaHCOBaHe

' Ha Oinbm ryumboxoMy piBHI pexkypcii. Y KOXHOMY
pasi

' 3HadeHHA 3MiHHOLI has grown mopieHoBaTMMe False.

If Not has grown Then Exit Sub

If parent.Balance = RIGHT HEAVY Then
' IlepeBaxaya HnpaBa Tajly3ka, Tenep OajlaHc
' BipHoByleHu. lle nmimmepeBo He BUPOCIO,
' ToMy IHepeBO 30ajlaHCOBaHE.
parent.Balance = BALANCED
has grown = False

ElseIf parent.Balance = BALANCED Then
' ByJso 30ajlaHCOBaHO, TeIep IIepeBaxye Jiea

Tanysb.
' Nonmepero yce ume 30ajlaHCOBAHO, ajle BOHO
BMPOCIJIO,
' ToMy HeoOX1iIHO NPONOBXUTM IIEPEBipkKy
nepesa.
parent.Balance = LEFT HEAVY
Else

' llepeBaxajia JiiBa rajyska, 3ajlMUMUIIOCH
Hez0baJjlaHCOBAHe.

' BuxoHaTu oBepTaHHA nnA OajlaHCyBaHHA Ha
piBH1

' LbOTO BY3Ja.

RebalanceleftGrew parent

has grown = False
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End If ' BakiHumTH HepeBipky OajlaHCYBAaHHS
LIBOT'O By3Ja.
Else

' BcTaBUTM Hamangka B [paBe NinmepesBo.

Set child = parent.RightChild

InsertItem node, child, txt, has grown

Set parent.RightChild = child

' IlepeBipuTn, um norpibHe OajlaHCyBaHHSA. BoHO Oyme

' He norpibHe, 4KWO BCTaBKa By3Jjla He MNOpyWMia

' BajlaHCyBaHHA Iepesa abo BOHO Bxe OyJO
30ajlaHCOBaHe

' Ha Oinbwm rymboxoMy piBHI pexkypcii. Y KOXHOMY
pasi

' 3HadyeHHA 3MiHHO1I has grown mopieHoBaTMMe False.

If Not has grown Then Exit Sub

If parent.Balance = LEFT HEAVY Then
' [lepeBaxaJjsia JiiBa Tranyska, Tenep 6ajlaHC
' BimHoBmeHui. lle mimmepeBO He BUPOCIO,
' ToMy IepeBo 30ajlaHCOBAaHE.
parent.Balance = BALANCED
has grown = False
ElseIf parent.Balance = BALANCED Then
' ByJyio 30ajlaHCOBaHe, TelNep INepebBaxae Npasa
' ranyska. [linmepeBo yce me 30ajlaHCOBAaHE,
' ajle BOHO BUPOCJIO, TOMYy HeOoOx1IHO
IPOIOBXUTU
' nepeBipky nepera.
parent.Balance = RIGHT HEAVY
Else
' [lepeBaxajia opaBa Tajly3kKa, 3aJMUMIIOCS
Hez30ajlaHCOBAaHE.
' BukoHaTH oOepTaHHA mjia OajlaHCyBaHHS Ha

piBHL
' UBLOTO BYy3Ja.
RebalanceRightGrew parent
has grown = False
End If ' BaxkiHuMTK nHepeBipky 6OajlaHCyBaHHSA
L1bOTO By3Ja.
End If ' End if gnag niBoro ninnmepema else
npase ninmepeno.
End Sub

Private Sub RebalanceRightGrew (parent As AVLNode)
Dim child As AVLNode
Dim grandchild As AVLNode
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Set child = parent.RightChild

If child.Balance = RIGHT HEAVY Then
' BukoOHaTHM JiiBe oBepTaHHS.
Set parent.RightChild = child.LeftChild
Set child.LeftChild = parent
parent.Balance = BALANCED
Set parent = child
Else
' BumkOHaTM OOepTaHHS BIPaBO- BJI1BO.
Set grandchild = child.LeftChild
Set child.LeftChild = grandchild.RightChild
Set grandchild.RightChild = child
Set parent.RightChild = grandchild.LeftChild
Set grandchild.LeftChild = parent
If grandchild.Balance = RIGHT HEAVY Then
parent.Balance = LEFT HEAVY
Else
parent.Balance = BALANCED
End If
If grandchild.Balance = LEFT HEAVY Then
child.Balance = RIGHT HEAVY
Else
child.Balance = BALANCED
End If
Set parent = grandchild
End If ' End if mma npaBoro obepTaHHA else
IonBiviHe npaee
' obepTaHHA.
parent.Balance = BALANCED
End Sub

[Tpu KO’)KHOMY MOBEPHEHHI 13 MPOLEAYPH, EK3EMILIIP MPOLEIYPH
ReplaceRightMost BHUKJIMKaE minporpamy
RebalanceRightShrunk, mob mepekoHaTHCS, IO IEPEBO B il ToOUIIi
36anmancoBane. Ockinbku nporenypa ReplaceRightMost OMycKaeThes
1o MpaBiii Tamysli, TO BOHA 3aBXIM BHKOPHUCTOBYE [UIi BHUKOHAHHS
OamaHcyBaHHs — miamporpaMmy RebalanceRightShrunk, a He
RebalanceLeftShrunk.

[Ipu mepmomy BHUKIHMKY mignporpamMu ReplaceRightMost
npoueaypa Deleteltem HampaBisie 11 1o JiBii BiJ By3ia rajy3kH, IO
Buis€ThCsl. [IpM TNOBEpHEHHI 3 TEpLIOro BHKIMKY HiJIporpamu
ReplaceRightMost mpouenypa Deleteltem  BUKOPHUCTOBYE
mianporpamy RebalanceLeftShrunk, mob nmepexoHaTHcs, o IEPeBO
30ajaHcoOBaHe B Il TOYIII.
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[Micms mporo omuH 3a IHMHAM BiKOYBalOTBCS PEKYPCHUBHI
MMOBEpHEHHS i3 Tmpomenypu Deleteltem mpH MPoOXomi 1epeBa y

3BOPOTHOMY HaIpsMKY. Tak caMmo, SIK 1 npouenypa
ReplaceRightmost, npoueaypa Deleteltem BUKJIUKAE
MiATIPOrpaMu RebalanceRightShrunk abo

RebalanceleftShrunk 3aleXHO BiJ TOro, MO SKOMY IUIIXY
BiJIOYBA€ETHCS CITYCK 110 ICPEBY.

[Migmporpama RebalanceLeftShrunk aHaJIoriyHa
mignporpami RebalanceRightShrunk, ToMy BOHa He TOKa3aHa B
HaCTYITHOMY KOJIi.

IIporpama AVL (muMck 3 mOpukjIagaMy -  Ianka
ProgR11l) omepye ABJI- nepeBoM. YBEIiTh TEKCT i HATUCHITH Ha KHOIIKY
Add, 1100 1ogaTu eneMeHt 10 AepeBa. YBEITh 3HAYCHHS i HATHUCHITH HA
KHOTIKY Remove, mo6 BumanuT neil ereMeHT i3 nepesa. Ha pue. 11.15.
nokazaHa nporpama AVL.

EBX

File Help

I [dd ] Remove]
/W““‘a
oS B
23~ owori soF [sFD
o0 R

Puc. 11.15. TIIporpama AVL

Public Sub Deleteltem(node As AVLNode, txt As String,
shrunk As Boolean)

Dim child As AVLNode

Dim target As AVLNode

If node Is Nothing Then

Beep

MsgBox "EjemeHT " & txt & " He BTPUMYyETbCA B
neperi."

shrunk = False

Exit Sub
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End If

If txt < node.Box.Caption Then

Set child = node.LeftChild

DeleteItem child, txt, shrunk

Set node.LeftChild = child

If shrunk Then RebalancelLeftShrunk node, shrunk
ElseIf txt > node.Box.Caption Then

Set child = node.RightChild

DeleteItem child, txt, shrunk

Set node.RightChild = child

If shrunk Then RebalanceRightShrunk node, shrunk

Else
Set target = node
If target.RightChild Is Nothing Then
' HamankiB Hemae ao € Tijbku NpaBuit.
Set node = target.LeftChild
shrunk = True
ElseIf target.LeftChild Is Nothing Then
' € TinbKM OpaBMM HaWAaOoK.
Set node = target.RightChild
shrunk = True
Else
' € IBa HamaIKu.
Set child = target.LeftChild
ReplaceRightmost child, shrunk, target
Set target.LeftChild = child
If shrunk Then RebalancelLeftShrunk node,
shrunk
End If
End If
End Sub

Private Sub ReplaceRightmost (repl As AVLNode, shrunk As
Boolean, target As AVLNode)
Dim child As AVLNode

If repl.RightChild Is Nothing Then
target.Box.Caption = repl.Box.Caption
Set target = repl
Set repl = repl.LeftChild
shrunk = True
Else
Set child = repl.RightChild
ReplaceRightmost child, shrunk, target
Set repl.RightChild = child
If shrunk Then RebalanceRightShrunk repl, shrunk
End If
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End Sub

Private Sub RebalanceRightShrunk (node As AVLNode,
shrunk As Boolean)

Dim child As AVLNode

Dim child bal As Integer

Dim grandchild As AVLNode

Dim grandchild bal As Integer

If node.Balance = RIGHT HEAVY Then
' IlpaBa 4YacTMHa [NepeBaxyBaja, Tenep OajlaHC
BlIOHOBJICHUI .
node.Balance = BALANCED
ElseIf node.Balance = BALANCED Then
' Byno 36ajlaHCOBAaHO, TeIep IepeBaxae Jjiea
YacTuHA .
node.Balance = LEFT HEAVY
shrunk = False
Else
' Jlira uyacTMHa IepeBaxalla, Telep He 30ajlaHCOBaHAa.
Set child = node.LeftChild
child bal = child.Balance
If child bal <= 0 Then
' I[IpaBe obepTaHHA.
Set node.LeftChild = child.RightChild
Set child.RightChild = node
If child bal = BALANCED Then
node.Balance = LEFT HEAVY
child.Balance = RIGHT HEAVY
shrunk = False
Else
node.Balance = BALANCED
child.Balance = BALANCED
End If
Set node = child
Else
' ObepraHHS BJI1BO-BIPaBO.
Set grandchild = child.RightChild
grandchild bal = grandchild.Balance
Set child.RightChild =
grandchild.LeftChild
Set grandchild.LeftChild = child
Set node.LeftChild = grandchild.RightChild
Set grandchild.RightChild = node
If grandchild bal = LEFT HEAVY Then
node.Balance = RIGHT_ HEAVY
Else
node.Balance = BALANCED
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End If

If grandchild bal = RIGHT HEAVY Then
child.Balance = LEFT HEAVY

Else
child.Balance = BALANCED

End If

Set node = grandchild

grandchild.Balance = BALANCED

End If
End If
End Sub

Pe3ome

B po3ninmi HaBeneHI BH3HAYCHHS JepeBa Ta OCHOBHI TEpMiHH,
ommcaHi cmocobu peamizamii gepeB B Visual Basic. IlizkpecieHo, mio
CHoco0iB TpeNCTaBiIeHHA JepeB Oararo 1 KOXEH 3 HHX Hajae
oOpoOmoBady Ti uM iHON MoxkiuBocti. Hanpukman, dopmar Hymepaii
3B'SI3KIB JTO3BOJISIE IIBUAKO BUKOHYBAaTH OOXiJ JepeBa i BUTpayae MEHIIC
mam'sti, HiXXK HaOip HAIIaaKiB, ajle ajJroOpuTM, B TAaKOMY pasi CKJIaaHO
MoaudikyBatu. [IpoaHamizyBaBIIy omneparii 3 1epeBaMH, MOXHA BHOpaTH
MPE/ICTABICHHS, SKE JMO3BOJHTH JOCATTH KPAIIOro KOMIPOMICY Mix
THYYKICTIO 1 IPOCTOTOO BUKOPHCTAHHSI.

KOHTPOAbHI 3an1TaHHA Ta 3aBAaHHA

1. Ilo rtake nmepeBo? UmMm BIiAPI3HAETBCA AEPEBO BiX JMiHIHHOTO
CIIUCKY?

Jlati 03HAYEHHS JINCTKA, KOPEHS, TTMOMHU JepeBa’?
VY gomy mossirae 0co0nMBicTh OiHApPHUX AEpeB?
Sk BKITIOUAIOTH Ta BUKITIOYAIOThH BY3JIM OiHapHOTO JepeBa?

a ks own

Sk Ha3WBa€eTHCS MPOIENypa, MPH BUKOHAHHI KO KOXKHUH BY30JI
JiepeBa 00poOIAETHCS OAMH pa3 ACSIKUM €IMHAM YHHOM?

6. ki OyBaroTh BHaM 00x0xy aepeB?lllo Take HU3XIMHUI 00Xin
nepesa?

7. 1o Take ABJI-nepeBa? [le BOHM BUKOPHCTOBYIOTHCS?

8. Komu Bunukae HeoOXigHicTh Oaancysanus ABJI-nepesa?
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10.
11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Sxi Bunagkum OanancyBanus ABJI-nepeB Bu 3HaeTe?

Slka yactuna ABJI-nepeBa 3MiHIOETBCS TipU OaaHCyBaHHI?
Creoputn  OiHapHe JEpPEeBO  I[UIMX  YHKCEN, BU3HAYUTH
MaKCHMaJIbHE 3HaYEeHHS By3J1a JepeBa.

CrBoputn OiHapHEe JepeBO, BWU3HAYUTH KUIBKICTH BY3JIB Ha
LUULIXY BiJI KOpEeHs [0 By3Ja, 3HAYCHHS SIKOrO BBEJCHE 13
KJIaBiaTypH.

[ToOynyBatu G6iHapHE qepeBO, MOMIHATH MICIIMA HaHOUIBIINIA Ta
HaiiMmeHmmMH Horo emeMeHTH. BimoOpasutm moyaTtkoBe Ta
OTpHUMaHe JIepeBo.

CrBopuTH OiHapHE AEPEBO, IMiIPaXyBaTH KITBKICTh HOTO JHCTKIB.

[MoOynyBatu OiHapHE IEpEeBO, CTBOPHUTH HOTrO KOO, BHBECTH
JiepeBa.

IMoOynyBatu OiHapHE MAEpPEBO, 3HAWTH B HHOMY CIEMCHT i3
3aJJaHMM 3HAYCHHSIM, BU3HAYUTH PIBCHb, HA IKOMY PO3TAIIOBAHO
LIeH €JIEMEHT.

[ToOynyBaTi Ta BHBECTH JEPEBO, CTEMiHb BCIX BEPILIMH SIKOTO,
KpIM JINCTKIB, IOPIBHIOE BBEJICHOMY HaTypaJIbHOMY YHCIy N.
CkJ1acTy Ipolenypy, ska oepiKye NOKaKYUK KOpeHsi OiHapHOTO
JepeBa 1 CTBOPIOE HOBEe OiHApHE IEPEBO, IO € A3CPKATBHUM
BiZloOpaxkeHHsIM miepiioro (ToOTO BCi JBI mijJepeBa CTarOTh
NPaBUMH 1 HABIAKH).

CkJiiacTu pouenypy, sika BU3Ha4Yae, 4u € 3aJaHe OiHapHe JAepeBo
CTpOro GiHAPHMM.

JBa OiHapHi aepeBa MOAiOHI, KO0 BOHM 0oOWABa MOPOXKHI, a00
obumBa He TOpPOXKHI 1 iX JiBi mimgepeBa moniOHi. Ckiactu
MPOIEeIypPY, IO BU3HAYAE MOAIOHICTh JBOX OIHAPHUX JACPCB.
Ckyactu Tponenypy CTBOpeHHs OiHapHoro aepeBa DiGoHaddi
HopsAKy N.

CkJacTd mpoueaypy, o BU3HAYAE KiJIBKICTh JIUCTS B OiHAPHOMY
nepesi @iboHaTUi MOPSAIKY N.

Hammcatn npouenypy, mo Bu3Hauae 4yu € aepeBo DiGoHaudi
CTporo OIHAPHUM JIEpEBOM.

Jns nBOX daleKWX pPOAWYIB 3HAWTH HAHOIMKUOTO 3arajibHOTo
npe/iKa.

Hanwmcatn nponenypy, sfika BH3Hadae TTHOWHY OiHapHOTO JiepeBa
dibonawui mOPIKY N.



Po3ain Xl
AEPEBA PILLEHb

barato ckmagHuX peanpHUX 3aBJaHb MOXKHA 3MOJICNIOBATH 32
JIOTIOMOTOI0  Oepeg piutenv (decision trees). KokHuit By30om nepeBa
MpeACTaBsle OAWH KPOK pimeHHA 3apaaHHA. KoxHa rinka y nepesi
MpEACTaBIsi€e PIlIeHHS, M0 BeAe OO0 OUTHII MOBHOTO pimeHHA. Jlnctm
SIBIISIIOTH COO0I0 OCTAaTOUHI pimmeHHsA. MeTa moisrae y Tomy, mo0 3Haiitu
«HaWKpamit» NUISIX BiJ KOPEHsS O JMCTA NPU BHKOHAHHI MEBHUX YMOB.
i ymoBH # 3HaUeHHS MOHATTS «HAHKpAUIWii» U MUIAXY 3aJICKHUTH Bifl
3aBIAHHS.

JlepeBa pilieHb 3BHYaiiHO MarOTh BEJIWYE3HUH po3Mip. JlepeBo
pillieHb Ui TPH B XPECTUKU - HYJIUKH MICTHTh Oijblie MiBMiNbHOHA
By3:1iB. L[ rpa mocuTh mpocTa, a peajbHi 3aBIAaHHS HA0AraTo CKJIAIHIIII.
BignoBigHi HUM JAepeBa pIlICHh MOTJM O MICTUTH OLbIle BY3JiB, HiXK
YHCIIO aTOMIB y BCECBITI.

Y mpoMy po3mimi  OOTOBOPIOIOTBCS METONH, SKi MOXHA
BUKOPHCTOBYBATH JUISA NOIIYKY B TaKMX BEMMUYE3HHMX JAepeBax. CrodaTky
PO3IIIAAOTECS Oepesa epu (game trees). Ha npuknani rpu B XpecTHKH
- HYJMKH OOTOBOPIOIOTHCS CIIOCOOM TMOLIYKY B JAepeBax TIpU Ul
3HAXOJKEHHSI HAHKPAIIIOr0 MOXIIMBOTO XOJy.

Jlaji omucyroThCsl COCOOM TIOIIYKY B OUIBLI 3arajbHUX JiepeBax
pimens. [y HalMEHIINX AepeB MOXKHA BUKOPHUCTOBYBATH Memoo NOGHO20
nepebopy (exhaustive searching) BCiX MOXIMBHX pilieHb. s
JIepeB OLIBIIOr0 PO3Mipy MOXKHA BUKOPHUCTOBYBATH MeMOO 2LIOK M MedC
(branch - and - bound technique), skuil JA03BOJsIE€ 3HANTH
HalKpaiie pinieHHst 6e3 BUKOHaHHS TIOIIYKY [0 BCbOMY JIEPEBY.

Jdnst  nyxe BEIMKHX JAEpeB IOTPIOHO  BHKOPHUCTOBYBAaTH
espucmuunuii memod abo espucmuxy (heuristic Error! Bookmark
not defined.). [Ipu uboMy OTpuUMaHe pillIeHHSI MOXXE OYTH He HAWKPAIIUM
3 MOXJIMBUX, ajl€é BOHO, IIPOTE, IOCHTh OJIM3bKE /0 HaWKpaIioro.
BukopucToByrour €BPUCTHUKH, MOXKHAa IMPOBOAUTH TOIIYK HNPAaKTHYHO B
OyIb-SIKMX JiepeBax pillleHb.

Hanpukinni miei rmaBu 0OTOBOPIOIOTHCS IEAKI JTyXKe CKIamHi
3aBJIaHHA, AKi BU MOXKETe CIIPOOYyBaTH BHUPIIINTH 33 JOIIOMOTOI0 METOIY
TUIOK Ta TpaHUIb a00 €BPUCTUYHOTO MeToxy. bimbpmicTe 3 muxX 3aBAaHb
MalOTh B@XJIHBi 3aCTOCYBAaHHS 1 3HaXO/DKEHHS JJIS HUX TapHHUX PIillleHb
KOHYE MOTPiOHO.
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MoLlyK y AepeBax rpu

Crpaterito HACTUTPHHX Irop, TaKMX SK INaxXd, INAmKH, ado
XPeCTHKH — HYJIHWKH, MOXKHA 3MOJICIIIOBATH 3a JOIIOMOTOI0 Oepes epu.
SKmo B AKUHCH MOMEHT TpH icHye 30 MOMIJIMBHX XOJIB, TO BiIMOBITHIHA
BY301 y aepeBi rpu Oyne matu 30 rimok.

Hanpuknan, mms rpu B XpeCcTHKH - HYJIHUKH KOPEHEBUH BY30JI
BINIOBiJa€ TOYATKOBiM MO3MUIII, TpW sKiii Aomka mopoxkHs. [leprmmii
rpaBellb MOXE MOMICTUTH XPECTUK Yy KOXHY 3 JCB'ITH KIITHUH JOIIKH.
KoxkHOMY 13 IMX JEB'ITHM MOXJIMBHX XOJIB BIJOBiJa€ TiIKa, sKa
BUXOIUThH 3 KopeHs. [IeB'aTh BY3JiB Ha KIHIX LUX TiIOK BiJIOBINAOTh
JICB'STH PI3HUM IO3ULISIM ITICIIS MIEPIIOTO X0y TPaBLs.

[Micns Toro, sk mepmMi rpaBelb 3pOOHMB Xifl, IPYruil Moxe
MMOCTABUTH HYJIMK Y KOKHY 3 BOCBMH KJIITHH, 110 3anuniincs. KoxxHomy
i3 WX XOMIB BiATIOBifa€ TiNKa, MO BUXOTUTH i3 BY3Ja, SIKUH BiATIOBigae
motouHiii mosmmii rpu. Ha pmc.12.1 moka3zaHO HEBENWKUH (parMeHT
JiepeBa IpH B XPECTUKH - HYJTHKH.

Puc.12.1. ®parmeHT nepeBa I'pd B XPECTUKH - HYJIUKU

Sk MoxHa mobGaunTH Ha puc. 12.1, nepeBo Ipud B XPECTHKH -
HYJIUKU POCTE IyXK€ IIBHAKO. SIKIIO BOHO NPOAOBXKUTH POCTH TaKUM
YUHOM, 0 KOXXKHHUIA HACTYITHWUH BY30J y JIepeBi Oy/ie MaTu Ha OJHY TiIKY
MEHIIIe, Hi’XK oro 6aThKo, TO AepPEeBO IIKOM Oyae matu 9 * 8 * 7 ... * | =
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362880 mmcriB. Y gmepeBi Oyme 362880 MOXIMBHX [UIAXiB, IO
BianoBigaroTh 362800 MOKIMBHUM irpam.

VY niiicHOCTI OaraTo sKi 3 BY3[TiB IepeBa OyayTh BiACYTHi, TOMY
0 BiANOBIgHI IM X0AW 3a00pOHEHI MpaBMIIaMH TPH. SKIIO rpaBelp, 0
XOJWB MEpIINM, 32 TPU CBOIX XOJAU ITOCTaBUTh XPECTHKH y BEPXHIH JiBii,
BepXHill cepenHiii i BepXHIH mpaBiii KIIiTHMHAX, TO BiH BHUTpae # rpa
3aKiHYUTBCA. By3o1, 110 BiAmoBigae it mo3uiii, He OyIe MaTH HaIIalKiB,
TOMY 1110 I'pa 3aBEPLIMThCA Ha IIboMy Kpouli. L[ rpa moka3ana Ha puc.12.2.

X X XX
O )

X| X X[ X]| X

O[O O[O

Puc.12.2. llIBuzake 3aBepiieHHs rpu

[licns BupaneHHs BCiX HEMOXJIMBHX BY3JIB Yy  JepeBi
3aJMIIaeThesl Ol uBepTi MijbioHa JMcTiB. Ile yce mie ayxe Benmke
JIepeBO, 1 MONIYK HOT0 METOAOM IOBHOTO Nepedopy 3aiiMae TOCUThH Oarato
gacy. Jnst OLTBII CKIIAQJHUX iTOp, TAKHX SK MIANIKK a0 IIaXW JepeBa Ipu
MaroTh BEJTMUYE3HUH po3Mip. SIKOM il 4ac KOXKHOTO XOMy B IIIaXax I'paBelb
MaB 16 MOXXJIHMBHX BapiaHTIiB, TO JepeBO TPH Mayio O OLTbIIEe TPHIbIHOHA
BY3JIiB MICJIA IT'ATH XOJIB KOXHOTO i3 TpaBIiB. HampukiHIi mp0ro po3airy
00OrOBOPIOETHCS MOLIYK Y TAKUX BEJIMUE3HHUX JIEPEBAX IPH.

MiHimakcHui nepebip

Jlns BUKOHAaHHS TOIIYKY B JiepeBl TIpu MOTpiOHO Matu
MOJKJIMBICTh BU3HAYEHHS 6@y TO3UIi Ha momy. [ Tpu B XpECTHKH -
HYJUKH JUIS TEePIIOro TpaBls OUIBINY Bary MarOTh MO3WIIi, Y SIKUX TpH
XPECTHUKH PO3TAIIOBaHI B Psill, TOMY IO IPH IOMY MEPUIMH IpaBelb
Burpae. Bara THX e MO3MLIH Uil JAPYroro rpaBlsi Mania, TOMY LIO B
LIOMY BHIIQ/IKy BiH IIPOTpaE.

KosxHmii rpaBenb MoO)ke HaJaTW MO3HUII OAHY i3 YOTHPHOX Bar.
Skmio Bara mo3uuii TOpiBHIOE 4 - 1€ 3HAYMUTh, L0 I'PaBelb y M Mo3uIii
BUrpae. SIKmo Bara JOPiBHIOE 3, TO 3 MOTOYHOTO IOJOXKEHHS Ha JIOLIII
HE3pO3yMiJIo, XTO i3 TpaBLiB Burpae. Bara nosumii 31 3Ha4eHHsIM 2
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mpuBOAWTH Mo Hiumel. I, mapemri, Bara, 31 3Ha4eHHsAM | O3Hadae, IO
BUTPAE CYNPOTHBHUK.

Hdns oOpoOku nmepeBa METOAOM IIOBHOTO Iepedopy MOKHA
BHKOPHCTOBYBATH MiHIMakCHy (minimax) cTpaTerito, B sKiii poOUThCA
cnpoda MIHIMIZyeamu MAKCUMAnbHy Bary, sIKY MOXKE MaTH IO3MIUS JUIs
CYNpPOTUBHHKA ITICJIsl HACTYIHOTO Xony. lle MoxxHa 3poOuTH, BU3HAYMBIIN
MaKCHMaJIbHO MOXJIMBY Bary HO3WIN{ JUIi CYNpPOTHUBHHKA MICIS KOXKHOTO
31 CBOIX MOJJIHMBHX XOMiB i IOTIM, BHOpaBIIM Xif, IO Aa€ IMO3MIII0 3
MiHIMaJIFHOIO Barolo JJIsl CYIIPOTHBHUKA.

[ignporpama BoardValue, HaBeaeHa HIDKYE, OOYUCIIIOE Bary
MO3MIII{ HA IIOMII, TePEeBIPAIOYN BCI MOMIIUBI XOIH. s KOKHOTO X0y
BOHA PEKYPCHBHO BUKJIMKae cebe, 100 3HalTH Bary, siky OyJe MaTu HOBa
MO3MIiA AJI CynpoTHBHUKA. [loTiM BOHa BHOWpae Xif, MpH SKOMY Bara
OTpPHUMaHO] MO3HUIIT VIS CYIPOTHBHUKA OyAe HAMEHIIIO0.

Jnst Bu3HAueHHSA Barm NO3WIII Ha OO Ipouexypa
BoardValue peKypcHBHO BHUKJIMKae ceOe JOTH, TOKH HE BinOymeThcs
o/Ha 13 TPHOX MOAiH. [lo-nepuie, BOHA MOXE TINTH A0 TO3MILI, Y SAKIl
rpaBels BUTpae. Y 1bOMY BHUIIAJKy NpoIleaypa HajacTh Mo3uuii Bary 4,
10 BKa3ye Ha BUTPAII TPaBIs, 0 3pOOMB OCTaHHIH XisI.

Ilo - opyee, mponienypa BoardvValue Moxe 3HAWTH MO3UILII0, Y
SIKIH JKOJICH 13 TPaBLiB HE MOXe 3pOOWTH HACTYNHUI XiA. ['pa mpu npomy
3aKiHYy€ThCsl HIYHMEI0, TOMY HpOoLieiypa Hajae 1ii no3uii Bary 2.

I Hapewmi, nipouienypa MoOXke JOCIITH 3aJaHOI MaKCUMAaJlbHOI
rMOMHN pekypcii. Y mpoMy BuIagKy mporenypa BoardValue Hanxae
mo3unii Bary 3, 1o BKa3ye, [0 BOHA HE MOXE BH3HAYUTU IEPEMOXKIIA.
3aBoaHHs MakCUMalbHOI TIMOMHM pekypcii oOMexye uac IOUIyKy B
nepesi rpu. lle 0co0nMBO BaXKIHBO I OLTBII CKIAJHHUX IrOp, TAKHX 5K
LmIaxy, Je TOIIyK y JepeBi Tpd MOXKE TpPUBATH INPAKTUYHO BIYHO.
MakcumanbpHa TNIMOMHA TOIIYKY TAaKOXX MOXE 3aJaBaTH  piBeHb
MaiicTepHocTi mporpamu. UnMm maii Bnepes nporpama 3MOKe aHali3yBaTh
XO/iM, TUM Kpallle BoHa Oyze rpaT.

Ha puc.12.3 noka3aHo nepeBO TIpU B XPECTHUKU - HYJIHUKH
HaTPUKIHII mapTii. X0aUTh TpaBellpb, 0 TPae€ XPECTUKAMHU, 1 B HbOTO € TPU
MoxnBuX  xoad. 1llo6 BuOpartm Ha#kpamuii xim, Tmporenypa
BoardValue peKypcHBHO IepeBipsi€e KOKEH i3 TPbOX MOXKIMBHX XOJIB.
[epmumii 1 TpeTiii MOXIIMBI X01H (JIiBa ¥ mpaBa raiysi iepeBa) NPUBOIAT
JI0 BUTpaIly CYIpPOTHBHUKA, TOMY IXHS Bara JJisl CYIPOTHBHUKA JOPIBHIOE
4. Jlpyruii MOXIHMBHHA XiJ] TPUBOIWTH IO Hi4yMe€i, i ¥oro Bara mis
cynpoTtuBHHKa jpopiBHIOE 2. [Iponenypa BoardValue Bubupae nei xin,
TOMY 10 BiH Ma€ HaliMEHIIy Bary JUIs CyIpOTHBHHUKA.

446



0
0
Bec gns urpoka O
4 2 4
X| 0| X X| 0| X X| 0| X
X| 0| X X| O] X| O]
[¢) 0| X 0o [X
Bec ans urpoka X
1 2 2 2 1
X|O[ X X|O[ X X|O[ X X[O| X X|O[ X X[O| X
X|O[ X X|O[X X| O] X| O] X| O] X| O]
) 0 0| X 0| X 0o [X 0 [X
O BbIMrpbiBaeT
Bec ansi urpoka O 2 2 ) 2 O BbMrpbiBaeT
X|O[ X X|O[ X X|O[ X X|O[ X
X|O[ X X| O] X| O] X| O]
[§) 0| X 0| X 0 [X
Huubst Huubst Huubst Huubst

Puc.12.3. [lepeBo rpy B XpeCTHKH - HYJIMKW HANPUKIHII MapTii

Private Sub BoardValue (best move As Integer, best value
As Integer, pll As Integer, pl2 As Integer, Depth As
Integer)

Dim pl As Integer

Dim i As Integer

Dim good i As Integer

Dim good value As Integer

Dim enemy i As Integer

Dim enemy value As Integer

DoEvents ' He zammaTu 100% NpoLecOpHOTO uYacy.

' dxmo rymbuHa peKypcii BaHamTO BeJMKa, pPes3yJbTaT
HeBlmoMmit.
If Depth >= SkillLevel Then
best value = VALUE UNKNOWN
Exit Sub
End If

' Sdkmo I'pa 3aBepWyeTbCs, TO pPes3ysbTaT BimoMmii.
pl = Winner()
If pl <> PLAYER NONE Then
' IlepeTBOPUTM Bary IJisd IepeMOxXls pl y Bary s
rpaBua pll.
If pl = pll Then
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best value = VALUE WIN
ElseIf pl = pl2 Then
best value = VALUE LOSE

Else
best value = VALUE DRAW
End If
Exit Sub
End If
' IMepeBipuTn BCi OpUNyCcTMMi XOmOm.
good i = -1
good value = VALUE HIGH
For i = 1 To NUM SQUARES
' MlepeBipuTn xim, sakmwo BiH HO3BOJIEHMI NpaBUJIaMM.
If Board(i) = PLAYER NONE Then
' B3HauTM Bar'y OTPMMAHOTO IOJIOXEHHS LJid
CYNPOTUBHUKA .
If ShowTrials Then
MoveLabel.Caption =
MoveLabel.Caption &
Format$ (1)
' BpobuTtu xim.
Board(i) = pll
BoardValue enemy i, enemy value, pl2, pll,

Depth + 1
' CkacyBaTu xim.
Board(i) = PLAYER NONE
If ShowTrials Then _
MoveLabel.Caption =
Left$ (MoveLabel.Caption,
Depth)

' uy MeHme 119 Bara, H1X OonepenHd.

If enemy value < good value Then
good i = i
good value = enemy value
' AKWO MM BUTPAEMO, TO KpauoTo
pimeHHS HeMae,
' Tomy BUOMpaeTbCA UeM xXin.
If good value <= VALUE LOSE Then
Exit For
End If
End If ' End if Board(i) = PLAYER NONE
Next i
' TlepeTBOPUTM Bary NO3uUil Iy CyNPOTMBHMKA Yy Bary
nJia TpaBLUA.
If good value = VALUE WIN Then
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' CynpOTMBHMK BUTPAE, MM NPOTPAaJIU.
best value = VALUE LOSE

ElseIf enemy value = VALUE LOSE Then
' CynNpOTMBHMK NpPOTPaB, MM BUTPAJIU.
best value = VALUE WIN

Else
' Bara Hiumel ab0 HEBU3HAUEHOL NO3MULIL
' omHakoBa mysa 000X TIpaBLiB.
best value = good value

End If
best move = good i
End Sub
IIporpama TicTac (OoMCK 3 »OprKJIajaMy — I[anka
ProgR1l2) Ha—AHeKy —13—HpHKAaAaMH—BUKOPHCTOBYE TIPOLEAYPY

BoardValue. OCHOBHA YacTHHA KOAY MpOrpamu 3a0e3rnedye B3aeMO/Iit0
3 KOPUCTYBa4yeM, MaJIO€ JIOLIKY, J03BOJISIE KOPUCTYBaueBi BUOUpATH Xi,
3aJ[aBaTH OIIII i Tak Jai.

Skmio He obpana komanna Show Test Moves (TTokasysatu xomu,
o mepeBipstoThes) 3 Menoo Options (Omiii), ToO NPOAYKTHBHICTH
nporpamu OyJie HabaraTo BHIIO. SIKII0 00paHOo IO OMIIiI0, TO IporpaMa
BHUBOJIUTh KOXKHUM Xif, 10 aHAMi3yeThes. IloCTiiiHEe BiTHOBICHHS €KpaHa
3aliMae Habararto OinbIne 9acy, HiX JIHCHAN MOIIYK Y AepEeBi.

I komanan B mento Options mo3BonsiioTh BHOpAaTH piBEHb
MaKlCTepHOCTI porpaMu (MakCHMaNbHY TTTHOWHY peKypcii) i BHOpaTH Tpy
xpecTukaMu abo Hynukamu. [Ipu BHCOKOMY piBHI MailCTEpHOCTI MEpIIHiA
X111 3afimae HabaraTo OinbIIe Jacy.

OnTuMmi3auif NoLyKy B AepeBax pilleHb

SkOu Ui mouIyKy B JiepeBi I'pH MH PO3MOAUIIM O TijbKH
MIiHIMaKCHY CTpaTEerito, TO BUKOHAHHS TOIIYKY Y BEJIMKHX JepeBax Oyio 0
ny)ke ckimagHuM. Taki irpu, sK maxw, HACTUIBKHM CKIIaHi, IO Mporpama
MOXKE MPOBECTH MOIIYK JIMIIE Ha JIEKUIbKOX piBHAX JepeBa. Ha miacts,
ICHYIOTh KiIIbKa HPUHOMIB, SKi MOXHAa BHKOPHCTOBYBATH IJIS TOIIYKY B
BEJIMKHUX JIepeBax Irpu.
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MonepeAHE 06UUCAEHHA NOYATKOBUX XOAIB

[To-mepre, y mporpami MOXyTh OyTH 3amlFcaHi MOYaTKOBI XOMH,
oOpaHi excriepraMi. Mo)kKHa BHPIIIUTH, IO MpOrpamMa TPH B XPECTHKH -
HYJTUKA Ma€ poOWTH MepIInil Xif y LeHTpambHy KIiTHHY. Lle BH3Hauae
MepIly TiNKy JepeBa Ipu, TOMY MporpaMa MOXKe iTHOPYBaTH BCi IUIAXH,
0 HE NPOXOAATH depe3 mepury ruiky. Lle 3MeHmye nepeBo rpu B
XPECTHKH - HyIIUKU B 9 pasiB.

dakTiyHO, MporpaMi He MOTPiIOHO BUKOHYBATH IOUIYK y JiepeBi
JI0 TOTO, MOKH CYNPOTHBHHUK HE 3pOOUTH CBil Xim. Y 1eldl MOMEHT i
KOMIT'IOTEp 1 CYNPOTHBHUK BHOpaiM KOKHHU CBOIO TUIKY, TOMY JAEPEBO,
0 3aJUIIUIOCS, CTaHe Habarato MEHIIHNM, 1 Oy/e MiCTUTH MEHIIE HiX 7!
= 5040 nuwaxis. [IpopaxyBaBiy 3a3qajieriap OJUH Xi, MOKHA 3MCHIIUTH
pO3Mip JepeBa IpH BiJ UBEPTi MUIbHOHA 0 MeHII Hik 5040 nuiixis.

AHAIIOTIYHO MOXXHA 3aIlMCAaTH BigNOBIIl Ha TMEpIIi XOAH, SKIIO
CYNPOTHUBHHK XOIUTH MEpHIMM. € NIeB'sITh BapiaHTIB MEPIIOTO X0y, OTXKE
moTpiOHO 3ammcaTh NeB'sITh BiANOBITHUX XOoiB. Ilpu oMy mporpami He
MOTPiIOHO BECTH TOLIYK IO JEPEBY, AOKH CYNPOTHBHHK HE 3pOOHTH IBa
X0IM, a KOMITIoTep - oxuH. Toxi JepeBo rpu MICTHTHME MEHIN Hik 6! =
720 uuisAxiB. 3anucaHo JHIIE AEB'STh XOJIB, a PO3MIp JAepeBa MpH LbOMY
3MGHIIIYEThCSA JyXe miMiTHO. Ile 11e oaWH mpUKIax MOPOCTOPOBO-
TUMYACOBOTO KOMIpOMicy. BukopucraHHs OuIbIIOI KIIBKOCTI mam'sTi
3MEHIIY€E Yac, HEOOXIIHMIH JIJIsl OUIYKY B JIepeBi rpu.

IIporpama TicTac?2 Ha—AHEKy 13— ApHKAGAIME (IMCK 3
npuxjgazaMy — nanka ProgR12)  BukopucroBye 10 3amucanux
xomiB. 3amaiite 9-ii piBeHp MaiicTepHOCTI i Hexall mporpama poOHThH
nepmwii Xif. [TotiM 3agaiite Ti % ommii B mporpami TicTac. Bu nobauure
BEJIMYE3HY PI3HUIIIO Y MIBUAKOCTI pOOOTH IUX JIBOX IIPOTPaM.

Komepuiiini mporpaMu Ipd B IIaXd TaKoX IIOYHHAIOTH 13
3amMcaHuX XOJIB 1 BIANOBIiJEH, peKOMEHIOBaHUX rpocMmerictepamu. Taki
nporpamMu MOXYTh POOUTH Iepini XoAu ayxe mBuiako. [licns Toro sik
Iporpama BHYEpIIa€ BCi 3alMCaHi 3a3JaleTiib XOAH, BOHa ITOYHE poOUTH
X0 HabaraTo IOBiIBHIIIIE.

Bu3HaueHHsA BaXXAMBUX NO3ULiH

[HomM# croci® moJiNIIeHHsT MOIIYKYy B JEpeBi TpH MOJArae B
TOMY, 0O BHU3HAYaTH BaXKJIMBI NMO3MUIIi. SIKII0 nporpama po3mizHae OaHy
13 IUX MO3MI[i, BOHA MOK€ BHKOHATH II€BHI Aii ab0 3MIHHTH CIIOCIO
MIOITYKY B JIEPEBi TPH.
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[lig gac Tpu B mIaxW rpaBIi YacTO PO3TAIIOBYIOTH (QIrypu Tak,
00 BOHM 3axwmiany iHmi ¢irypu. SIkmo cynpoTuBHHK Oepe Qirypy, To
rpaBenb Oepe Girypy CynpoTHBHHKA 3aMicTh. YacTo Take y3STTS JO3BOJISIE
CYNPOTHUBHHUKOBI y CBOIO 4Yepry B3STH iHINY Qirypy, IO NPHBOIHUTH 1O
cepii oOMiHiB.

Jesxi mporpamMu 3HaXOIITh MOJIIMBI ITOCIHIZOBHOCTI OOMIHIB.
SIkmo nporpaMa po3mni3Hae MOXKJIMBICTH OOMiHY, BOHa TUMYacOBO 3MiHIOE
MaKCHMaJIbHy TJIMOWHY, Ha SIKY Ieperisjaae JepeBo, o0 NPOCTEKUTH JI0
KIHIIA JTaHIIKOK oOMiHiB. Ile m103BoJIsse TporpaMi BUPIIINTH, YU BapTO
it Ha oOMiH. Ilicnst oOMiHy iryp TXHS KiJBbKICTh TaKOX 3MEHIIYETHCS,
TOMY MOIIYK Y I€pEBi I'PH CTa€ B MAOyTHHOMY ITPOCTIIINM.

Jlesiki 11axoBi TPOrpaMy TakKOX BiJCIIIKOBYIOTh POKIPOBKH,
XOIH, TIPH SIKUX TIiJT 3aTPO30I0 BUABIIETHCS Bipasy KinbKa (iryp, max ado
Haman Ha ¢ep3st i Tak Jai.

EBpUCTUKH

B irpax, OimpIn CKIagHUX, HiXK XPECTUKU - HYJIHUKH, MPAKTHIHO
HEMOJKJIMBO TIPOBECTH IIOIIYK HABITh Y HEBEIMKOMY (parMeHti aepeBa
rpu. Y IUX BUNAIKaX MO>KHA BUKOPHCTOBYBATH Pi3HI €8pUCHUKU.

Espucmukoio Ha3uBaeThCs aNroput™M abo eMIipHYHEe MPaBUIIo,
110 IMOBIpHO, aJie He 000B'SI3KOBO JACTh TAPHUIT PE3yJIbTAT.

Hanpuknan, y maxax 3BHYailHOIO €BPUCTHUKOI € «IIOCUJICHHS
nepeBaru». SIKIIO B CYNPOTUBHHMKa MeEHIIE CHJIBHUX (iryp 1 ojHakoBe
YHUCNIO IHIIMX, TO BapTO WTH Ha PO3MIH IPHU KOXKHIH MOMIIUBOCTI.
Hanpuknan, sikio Bu 6epere KOHsSI CyIPOTUBHHKA, BTpAYatouy IpH LIOMY
CBOT0, TO TaKWil OOMIH BapTO BMKOHATH. 3MCHIICHHS 4mcia (iryp, mo
3aNUIIUINCS, POOUTH IEepeBO pIllIEHh KOPOTIIMM W MOXKe 30UTbIIHTH
BiTHOCHY mepeBary. Lls crpareris He rapaHTye BUTpally, ajie IiJABHILYE
Horo HMOBIPHICTB.

[HII1a 9acTO BUKOPHCTOBYBaHA €BPHCTHKA IOJATAE B MPHUCBOEHHI
PI3HUX Bar pi3HMM YacTWHAM JOMIKW. Y IIaXax Bara KJITHH Yy LEHTpi
JOIIKM BHIIE, OCKINBKH (irypw, sKi mepeOyBaroThb Ha IUX TMO3HIIAX,
MOXYTh AaTaKyBaTH Oinplly wacTWHy Jomkd. Komm mpouemypa
BoardValue 0o0OYMCIIOE Bary MOTOYHOI MO3WINI Ha JIOIIIi, BOHA MOXE
HasaBat OuTbIIol Baru Qirypam, sKki 3aiiMaroTh KJIITHHH B HEHTP1 JOIIKH.
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MoLuyK HecTaHAapPTHWX pilleHb

Jesxi MeTogm TMOMmYKYy B JepeBaX TIPH HE3aCTOCOBHI MO
y3araJbHEHUX JepeB pilleHb. barato IUX JgepeB He BKIIOYAIOTh
MMOYEPrOBUX XOJIB TpaBI[iB, TOMY MiHIMakCHHA MeTon 1 oOYHCIeHi
3a3/aleriip X0au B IbOMY BHIIAAKY Oe3riy3ii. Y HaCTYIMHUX Migpo3diiax
OIMCaHi METOAHM, SKi MOXKHa BHKOPHCTOBYBATH Ul IIOLIYKY B JepeBax
piIIeHb TaKOTO TUITY.

iAKW Ta mexi

Memoo zinox ma medxc (branch and bound) € oaHUM 3
METOMIB 6idcikanus (pruning) TUIOK y JAepeBi pilieHb, mobd He
pO3MIIsIaTH BCl TUIKKM AepeBa. 3aralibHUM MiJXiJ NpU IIbOMY IOJSrae B
TOMY, 1100 BiZCTIKOBYBaTH MEXI B)KE BUABICHHUX 1 MOXKJIHBHX PIllICHb.
Skmo B sKiiick TOYLI HaMKpalle i3 BKe 3HAWJICHUX pillleHb e(eKTHUBHIIIE,
HDK HaWKpamie MOXJIMBE pIlIGHHS Ha HIKHIX TiIKaX, TO MOXHa
ITHOpYBATH BCi IUISIXY BHU3 BiJ BY37a.

Hanpukian, mpumyctumo, mo € 100 MinsioHIB monapiB, sKi
moTpiOHO BKIIACTH B KiIbKa MOXIMBHX iHBecTumii. Koxne i3 mux
BKIIQJICHP MAa€ pIi3Hy BapTICTh 1 Jdae pisHUH mnpuOytok. HeoOXimHO
BHPIIIUTH, SK BKJIACTH TPOIIi IOHAKKpaIe, o0 cyMapHUN IpUOyTOK OYB
MaKCHMaJIbHHM.

3aBJaHHs TAaKOTO THUIY HAa3MBAIOThCS 3aBIAHHAM (DOPMYGAHHS
nopmepens (knapsack problem). VY Bac € KiJgbka MO3HUIIMH
(iHBecTHIIIi), SIKI MAarOTH BMICTHTHCS B MOpT(henb (PikcoBaHOTO po3Mipy
(100 minsiioniB nonapi). KoxkHa 3 mo3umiid Mae BapTicTh (Tpomri) i miHY
(rex rpomri). HeoOximHo 3HaiiTm HaOip MO3WIIA, IO BMICTATECS B
noptgeis 1 OyAyTh MaTH MaKCUMaJbHO MOXITUBY IIiHY.

Ile 3aBmaHHS MOXXHa 3MOEJIOBATH 3a JIOIOMOIOI0 JepeBa
pimens. KoxxHnuit By30:1 JepeBa BiAmOBifae meBHiN KOMOIHAIN] MO3UIIHA y
moptdeni. KokHa rinka BigNoBifae yXBaJ€HHIO DPIIEHHS Hpo Te, 100
BHJQINTH TO3UIliI0 3 moptdens ado gomatu ii B Hhoro. JliBa Timka
MIepIIoro By3Ja BiJNOBifae mepiomy BkianeHHo. Ha puc.12.4 noka3zane
JIEPEBO PIlICHb I YOTHPHOX MOKIMBHUX 1HBECTHIIIH.
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Puc.12.4. JlepeBo pileHb Ul MOKJIMBUX 1HBECTHIIN

JlepeBo pilleHb JUIS [BOTO 3aBAaHHs SIBIsiE cOOOI IOBHE
JIBIIKOBE JIepeBO, INIMOMHA SIKOTO JOPIBHIOE 4HCy iHBecTulid. KoxHa
BEpLIMHA BiJIIOBIJIa€ IOBHOMY Ha0Opy 1HBECTHUIIIM.

Po3mip nporo aepeBa ayxxe MIBHIKO POCTE 31 30UIBLICHHSIM YHCIIa
imBecTunid. Jlnst 10 MOXJIMBUX I1HBECTHINH, y JepeBi mepeOyBaTUME
210 = 1024 macra. J]na 20 iHBecTHIIH y IepeBi Oye Bxke OinbIne MiTbHOHA
mucTiB. MoXHa IPOBECTH MOBHUI MOIIYK IO TAaKOMY JEpEeBY, ale IpH
MOANTEIIIOMY 30UTBIICHHI YHCIa MOXJIMBHX I1HBECTHIH po3Mip aepeBa
CTaHEe YK€ BEJIMKHM.

[Io6 BMKOPHCTOBYBAaTH METOJ| TIJIOK Ta MEX, CTBOPUMO MAaCHB,
mo OyJe MICTHTH TO3HWIi 3 HAWKPAIIOTo 3HAHIECHOTO MOTenep PilleHHS.
Ipu iximiamizanii macuB Mae OyTH TOpOXKHIA. MoHa TakoX
BUKOPHCTOBYBAaTH 3MIHHY /IS BIICTEXKEHHs I[iHM LbOTO DIIICHHS.
CnouyaTky Isi 3MiHHa MOXK€ MaTH HEBEJMKE 3HAueHHs, W00 mepiue X
3HaiilleHe pealibHe pillleHHs 0yJIO Kpallle BXiJIHOTro.

[Tpu nowmyky B ZiepeBi pillieHb, SKIIO B SKIMCh TOYIl aHaTi30BaHe
pilIeHHs He MO)ke OyTH KpamuM, HiX iCHYFOYe, TO MOKHA HPUIHHHUTH
MOJATBIIANA TOMIYK UM OUITXOM. TakoX, SKIIO B SKiMCh TOYIi 0oOpaHi
mo3umii KomTyrTh Oinbmie 100 MUTEHOHIB, TO MOXKHA TaKOX MPUITUHHTH
TIONIYK.

SIK KOHKpPETHWH TpHKIAX MPHUIYCTHMO, IO € 1HBECTHUI],
HaBesieHi B Tabn. 8.1. Ha puc.12.4 moka3aHe BIiAMOBIIHE JACPEBO PIllICHb.
Jesxi 13 mUX I{HBECTHIHHMX IIaKeTiB MOPYUIYIOTh TPaHWYHI YMOBHU
3aBmaHHsA. Hanpuknazn, HaWmiBimMiA NUIIX NpUBIB OW 10 BKiIameHHs 178
MIJTBHOHIB I0JIApiB B YCi YOTHPH MOKIMBHX 1IHBECTHIII].
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Tabmumsg 12.1
MooxnuBi iHBECTHIIT

InBecTuuis | Bapricts (Man) | IpudyTok (MiIH)
A 45 10
B 52 13
C 46 8
D 35 4

[Mpunycrumo, o My Mmoyaiay MOUIYK Y JepeBi, 300pakxeHOMY Ha
puc.12.4, 1 BusBMIM, IO MOKHA BUTPAaTHTH 97 MINBHOHIB NOJapiB Ha
mo3umii A 1 B, omepxkapmun 23 wmineiionn mnpuOyTky. lle Bimmosimae
YEeTBEPTOMY JIUCTY JIiBOpYY Ha puc.12.4.

ITpn mpomoBkeHHI MOLIYKY B AEPEBI MOXKHA MIWTH IO IPyroro
niBopyd By3na B Ha puc.12.4. lle BiamoBinae iHBECTHHIHHOMY MaKeTy,
SIKMH BKJIFOYA€E MO3MUIII0 A, He BKIIOYAE MO3MI0 B 1 Mo)ke BKiIrouaTu abo
He BKrouaTH mo3utlii C i D. V miif Touni maker yxxe komTye 45 MiIBbHOHIB
JOJapiB 3aBASKH Mo3uwii A i mpuHOCHTE 10 MiNBiHOHIB MPHOYTKY.

Ho3nmii, mo 3amummics, C i D pazoM y34Ti MOXKYTh IiIBHIIUTH
npudyTtok me Ha 12 wMinbioHiB. Ilorouyne pimeHHs npuHocuts 10
MUIBHOHIB NMPUOYTKY, TOMY HalKpalle MOXJIMBE DIlIEHHS HIDKYE LHOTO
By3Jia ipuHece He Ounbie 11 minbiioHiB mpuOyTKy. Lle MeHIe, Hixk 0Xin
B 23 wMinplioHM IS BXXKE 3HAWAEHOTO pINIEHHS, TOMY HeMa parii
MIPOJIOBXKYBATH MOIIYK YHU3 LIUM LIISIXOM.

Y Mipy mpocyBaHHS TpOrpaMH IO JepeBy ii He MOTpiOHO
MOCTIHO TIepeBipsATH, Y Oyle YacTKOBE pIlICHH:, sSKe BOHA PO3TIANAE,
Kpalle, HDK HalKpamle 3HalijieHe JoTenep pileHHA. SIKmo wyacTkoBe
pimIeHHs Kparie, To Kpame Oyne i HalmpaBillui BY30JI YHHU3Y BiJ IIbOTO
gacTKoOBOro pimeHHs. Lleit By3om mpencrapise Tod caMuii Habip MMO3UIIIMH,
SIK 1 9aCTKOBE PillIeHHs, TOMY IIO BCi iHII MO3HIIT TPH EOMY BUKJIFOUYCHI.
Ile o3nauae, o0 mporpami HEOOXIJAHO INYKATH Kpalle PIillleHHS TiJIbKH
TOZi, KOJIM BOHA JOCATAE JIMCTA.

@akTHYHO OyAb-SIKMH JIMCT, O SKOTO JOXOAUTH IporpaMa
3a621c0u € KpamuM pimeHHsIM. k6w 1ie Oyyio HE Tak, TO TiNKa, Ha AKiA
nepebyBae 1meil nmuct, Oynma O BiaciueHa, KOJIM TporpaMa po3risigana
0aTbKiBCHKHI By30J1. Y IIii TOYIl MEPEMIlIeHHs JI0 JUCTa 3MEHIINUTD IiHY
He BUOpaHUX MO3MLIN 10 Hyis. SKmo IiHa pimeHHs He OuTbIle, HiX
HaliKpalle 3HaiilieHe JoTenep pilleHHs, TO IepeBipKa HIDKHBOI TpaHHI
3YIIMHUTG TIPOCYBAHHS MpOrpamMu 10 Jucra. BukopucroByroun neit daxr,
nporpama MoXe OOHOBIISITH HalKpalle pillleHHs TP AOCSATHEHHI JINCTA.

Hacrymauii ko1 BUKOPHCTOBY€E NEpEBIpKY BEPXHBOI i HIKHBOT
MEXI1 JUIs pealtizanii ailropuTMy T'JIOK 1 MexX:
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' [IoBHMM HepoO3NnoniJjieHuN NpudyTOK.
Private unassigned profit As Integer

Public NumItems As Integer
Public MaxItem As Integer

Global Const OPTION EXHAUSTIVE SEARCH = 0
Global Const OPTION BRANCH AND BOUND = 1

Type Item
Cost As Integer
Profit As Integer
End Type

Global Items () As Item

Global NodesVisited As Long
Global ToSpend As Integer
Global best cost As Integer
Global best profit As Integer

' JopiBHiOe True IOJd MO3UILIN y MOTOUHOMY HAMKPAUOMY

pimenHi.
Public best solution() As Boolean

' PilmeHHg, mO MM HepeBipgeMo.
Private test solution() As Boolean
Private test cost As Integer
Private test profit As Integer

' ThHiuianiszaniga 3MiHHMX 1 MoyaToOK IMOWYKY.
Public Sub Search(search type As Integer)
Dim i As Integer

' 3aBOaHHSA PO3Mipy MacupiB pimeHHs.
ReDim best solution (0 To MaxItem)
ReDim test solution (0 To MaxItem)

' ITniniamisanisa - HOPOXHiM COMCOK 1HBeCTMIIil.

NodesVisited = 0
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best profit = 0

best cost =0
unassigned profit = 0
For i = 0 To MaxItem

unassigned profit = unassigned profit +
Items (1) .Profit
Next 1
test profit = 0

test cost = 0

' I[louHeMO Nomyk 3 nepmoi mo3muil.
BranchAndBound 0

End Sub

' BUKOHATHU IIOIMYK MeTOIOM I'aJly30K i T'PaHMIb IIOYMHAKYU iz

uiei mos3mirii.
Public Sub BranchAndBound(item num As Integer)
Dim i As Integer

NodesVisited = NodesVisited + 1

' Axmo uLe apkyll, TO Lie Kpalle pimeHHs, Hix

' Te, mo MM ManuM paHime, iHaxkme BiH OyB 0Ou

' BimciuveHwr nim yac momyky paHime.
If item num > MaxItem Then
For i = 0 To MaxItem
best solution(i) = test solution(i)
best profit = test profit
best cost = test cost
Next i
Exit Sub
End If

' IHaklle IepelTu Mo Tajly3l yHM3 no rainys3sax Halanka.

' CrnouaTky cHpofOyBaTK OomaTK Lo nosuiio.

IlepexoHaTHncCH,

' MmO BOHa He IepeBuilye OOMEeXeHHS 3a lLiHoo.
If test cost + Items(item num).Cost <= ToSpend Then
' JlooaTy MNo3uilin OO TEeCTOBOT'O pillleHHHA.

test solution(item num) = True
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test cost = test cost + Items(item num).Cost
test profit = test profit +
Items (item num) .Profit
unassigned profit = unassigned profit -
Items (item num) .Profit

' PexypCMBHa IepeBipka MOXJIMBOTO pPes3yJbTaTy.

BranchAndBound item num + 1

' BumanmTy [IO3MI1I0 3 TEeCTOBOI'O pllleHHS.
test solution(item num) = False
test cost = test cost - Items(item num).Cost
test profit = test profit -
Items (item num) .Profit
unassigned profit = unassigned profit +
Items (item num) .Profit
End If

' CnpoByBaTyM BUKJIOUMTM OOo3ulil. 3'acyBaTu, uu
IIPUHECYTH
' nmosuiuii, mo 3aJMIMIKMCHa, JOoCTaTHil moxim, mob
' mWiIax yHM3 DO UiV Tanys3l [NepeBMIMB HWXHIO MEXY .
unassigned profit = unassigned profit -
Items (item num) .Profit
If test profit + unassigned profit > best profit Then
BranchAndBound item num + 1
unassigned profit = unassigned profit +
Items (item num).Profit

End Sub

IIporpama BandB Ha—aAHeky —i3—HpHK#agaMu (IMCK 3
nprkKjIagaMy — nanka ProgR12)  BHKOPHUCTOBYE METOJ IOBHOIO
mepebopy W MeTom TiJIOK Ta MEXK sl BUPIMICHHS 3aBIAaHHSI MPO
(dbopmyBaHHs mopThens. YBeOiTh MakCUMabHy W MiHIMalbHY BapTiCTh i
IiHy, SKi BH XOYeTe HAJaTH TO3WINSIM, a TaKOXX YHCJIO TO3WIIH, 0
notpibHo ctBoputd. [loTiM HartucHiTE Ha KkHomky Randomize
(PanmomizyBartu), 106 CTBOPUTH CIIMCOK TO3HUIIIH.

[orim 3a momomororo nepeMukada 3HH3Yy (opmu BuOEpiTH abo
Exhaustive Search (IToBuuii nepebip), abo Branch and Bound (Meton
raimy3eit 1 rpanuns). Komn Bu HatucHere Ha kHomky GO (Ilowarm), To
nporpama 3Haije Haiikpaiie pilleHHs 3a JOIOMOTOI0 OOpaHOro METOHY.
[lotim BOHa BHBeZe Ha €KpaH L€ PIIICHHS, a TAKOXX YHCIO BY3IIB Y

457




MIOBHOMY JEpeBi pillleHp 1 YHCIO BY3JdiB, fKi Iporpama B IiHCHOCTI
nepesipmia. Ha puc.12.5. mokazaHe BiKHO IporpaMu BindB micis
pieHHs 3aBnanHs GopmyBaHHs nopTdens st 20 nmosuuniit. [lepen Tum,
SK BHKOHAaTH NOBHMU mnepeOip it 20 mo3uuii, cnpoOyiTe crodaTky
3aIlyCTUTH NPUKIJIAAA MEHILIOTO PO3Mipy.

f [l EandE

File Help
ARandom Parameters Yalues Solution

Max Min Cost  Profit Cost  Profit

Cost 75 12 72 22 22
Pofit [1 [0 22 22 25 25

25 25
# Items |1 s T

) 69 69
Randomize 44 44
&0 &0

32 32
Allowed cost |1pg 52 52
(s Exhaustive Search
" Branch and Bound
Modes [2047 Best cost 91
Yisited [2047 Best profit 28

Puc.12.5. BikHo nporpamu BandB

Ilpn momryky MeTroJoM TUIOK Ta MEX 4YHCIO BY3JB, IO
MEPEeBIPSIIOThCS, HA0Arato MEHIe, HiXK MpU MOBHOMY mepebopi. epero
pitens anst 3aBaanHst noptdens 3 20 no3unisMu Mictuth 2.097.151 By30571.
IMpu noBHOMY nepebGOpi NOBENEThCS MEPEBIPUTH iX BCi, MpPU HOIIYKY
METOJIOM T'lJIOK Ta MEX 3HaJ00UThCS MepeBIpUTH TUIbKU nprbnu3Ho 1.500
3 HUX.

Uwucno By3idiB, sKi IepeBipse mporpaMa IpH BHKOPHCTaHHI
METO/ly TUJIOK Ta MEX, 3aJIeKUTh BiJl TOYHNX 3HAYCHb AAHUX. SIKIIO IiHA
MO3MII BHCOKa, TO B MpaBWIbHE pilleHHs Oyne BXOJUTH Hebararo
enemeHTiB. [licis 3aHeceHHs NEKUIBKOX IMMO3MLIH y mNpoOHe pimieHHs,
TO3UIIi1, 0 3aJMIIUIKNCS, 3aHaJTO JOPOTO KOIITYIOTh, 00 MOTPANHUTH B
mopTderni, ToMy OibIla yacTHHA JiepeBa Oye BiAciueHa.

3 iHmoro OOKy, SIKIIO €JIeMEHTH MaloTh HHU3BKY BapTiCTh, TO B
NIpaBUJIbHE DINICHHA YBilJleé BeNUKE IXHE YHCIO, TOMY Hporpami
JOBEIIEThCS JTOCIIKYBaTH Oe3miy koMOiHamid. Y Ttabm. 12.2 HaBemeHO
YHCIO BY3IiB, IepeBipeHe mporpamoro Bind y cepii TecTiB 3a pizHOL
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Baptocti mosumiii. [Iporpama crBoproBanma 20 BHIIQAKOBHUX MO3HIIH, i
MIOBHA BapTIiCTh pimeHHs qopiBHIOE 100.

Tabmumg 12.2
Pesynbratn poboTr nmporpamu Bind y cepii TecTiBFabmt8-2-
Llpeso-pas e Hepepipe e IloBHuit mepedip MeTon rijiok Ta Mex
FoSTE T TARHATE
- N N
rparbCepenns
BapTicTh
Mo3uILii

60 2.097.151 203
50 2.097.151 520
40 2.097.151 1.322
30 2.097.151 4.269
20 2.097.151 13.286
10 2.097.151 40.589
60 2.097.151 203
50 2.097.151 520

LoD 203
0

LD £20
0

LD 2
9

LoD e 4269
9

LoD e 13286
0

LD 40D
0

EBpuctuka

[HO/I HaBITH aNTOPHUTM TIJIOK TAa MEX HE MOXKE NTPOBECTH MOBHHUH
MOIIYK y AepeBi. JlepeBo pimeHs i 3aBaaHHs noptderst 3 65 mo3umisMu
MicTuTh Gibmie 7 * 10 Bysnis. SIKII0 anropuT™ TiOK Ta Mesk TepeBipse
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TIIBKH OTHY JECATY BiICOTKAa IIMX BY3JIB i SKIIO KOMITIOTEp IEpeBipse
MIJTBHOH BY3JIB y CEKYHLY, TO IUIS PIillIeHHS [FOTO 3aBIaHHA Tpeba Oymo 0
Oinmpie 2 MINBHOHIB POKIB. Y 3aBIAHHAX, [UIA SKAX aJTOPUTM TUIOK Ta
MEX  BUKOHYETHCS  HAJATO TMOBUTBHO, MOXHA BHKOPHCTOBYBATH
eBPUCTHYHUM ITiAXi.

SIKmo SKICTH PILIEHHS HE € BaKIMBOIO, TO NMPHHHATHHUM MOXE
OyTn pe3ynabTaT, OTPUMaHMN 3a JIONMOMOIOI0 EBPUCTUKH. Y JESKUX
BUIIaJIKaX TOYHICTh BXIHUX JaHUX MOXKE OYTH HEJIOCTaTHBOIO. Toxi rapHe
€BPUCTUYHE PIILICHHS MOXKE OYTH TaKHMM K€ NPaBWIBLHUM, K 1 TECOPETHYHE
«HaMKpamie» pileHHs.

Y  nomepenHpoMy — NpPUKIAAl  METOJ TUIOK Ta  MeEX
BUKOPHCTOBYBaBCSl sl BUOOpY iHBeCTHLIHHHX MoxiuBocteil. I[Ipote
BKJIIaJCHHS MOXYTb OYTH pH3MKOBAaHWMH, 1 TOUYHI pe3yJbTaTH YacTo
3a3manerinp HeBimoMi. Moske OyTh, MmO 3a3majierigp Oyne HeBimoMuM
TOYHUH J0XiJ a00 HABITh BapTICTh NEAKUX IHBECTHUINNH. Y IIHOMY BHITAIKy
e(peKTHBHE EBPHUCTHUYHE PIMICHHS MOXE OYTH TaKWM >Ke HamilfHuM, 5K i
HalKpale pillleHHs], SIKE BU MOKE OOYHCIIUTH TOYHO.

Y 1npoMy MiIpo3aini OOTOBOPIOIOTHCS EBPHCTHKH, SIKI KOPHCHI
Npy pillleHHi 0araThboX CKJIAJAHUX 3aBJAaHb.. [Iporpama Heur xaAHeryi3
HpHKAAAaMH (OMCK 3 IpUKJIIa OaMu - nanka ProgR12)
JIEMOHCTPYE KOXXHY 3 €BPHCTHK. BOHa Tako) /J03BOJIS€ MOPIBHIOBATH
pe3yabTaTH, OTPHUMAHI 3a JOMOMOIOK) EBPUCTUK 1 METOMIB IOBHOIO
mepebopy ¥ TrUTOK Ta MeX. BBemiTh 3HAYCHHS MiHIMAIbHOT W
MaKCHMaJIbHOT BapTOCTI ¥ /OXOZy, a TAaKOXX YHCIO TO3HWIIH 1 HOBHY
BapTicTh mopTdens Y BiAMoBimHUX Toisax obmacti Parameters
(ITapamerpu), moO 3agaTH MapaMeTpHd CTBOPIOBAHWX MaHHWX. [lOTiM
BHOCPITh alTOPUTM, SKHH BH XO4YeTe MPOTECTYBAaTH, 1 HATHUCHITH Ha
kHOonKy GO. [Iporpama BuBene MOBHY BapTICTh i IOXiA IUIS HaWKPamoro
pillIeHHs, 3HAHEHOTO 3a JOTIOMOT0I0 OOPAaHOTO aNropuTMy. BoHa Takox
COPTYeE PILICHHS 32 MAaKCUMAJIIbHUM OTPUMaHHUM J0XOJIOM i BUBOJUTH 4ac
BUKOHAHHS JUISl KOXHOTO 3 allrOPUTMIB. BUKOpHCTOBY#TE METO/| TJIOK Ta
MEX TUIbKH ]ISl HEBEJIMKUX 3aBJiaHb, @ METO/| IOBHOTO Nepedopy TiJbKH
JUIS 3aBJIaHb 1€ MEHIIIOTro 00CsTYy.

Ha puc.12.6 moxasane BIKHO NporpamMu Hew® MICHA pilICHHA
3aBnanHHs GopmyBaHHs moptdens g 20 mosuniil. EBpuctiku Fixedls
Fixed2 i No Changes 1, saki OyqyTe He3abapoMm OIMCaHi, Jalln
Halikpamni eBpucTHuHI pimeHHsA. [lomiTeTe, MmO mi pimeHHs HebGaraTo
ripmr, HiXK TOYHI pilIeHHS, OTPUMaHi IPH BUKOPHUCTaHHI METOAY TiJIOK Ta
MEX.
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File  Help

Parameters Rank Profit Cost Time
Max  Min [~ Exhaustive Search [ [ [
Cost ’T ’F v Branch and Bound 401 [199 [0.06
Profit 1 J30 W Hill Climbing B B3 [15  [0.00
Blems [0 ¥ Least Cost b 332 [175 0.00
Total cost [200 v Balanced Profit 5 [391 [191 0,00
¥ Random 7 [353 193 0,00
[ Fived 1 N [sm [199 0,00
[ Fixed 2 N fam [199 |0.00
W Mo Changes 1 3 399 200 0,02
¥ No Changes 2 6 377 200 |0.00

v Simulated Annealing  [3° [399 200 [0.01

Puc.12.6. Bikao nporpamu Heur

CxoAXeHHSA Ha naropb

EBpuctuka cxooocenns na nazop6 (hill - climbing)
BHOCHUTB 3MiHH B IIOTOYHE DIilIEHHS, 1100 MakCHMaJbHO HAOIM3UTH HOTO
1o metu. Lleit nporiec Ha3MBa€eTHCS CXO/KEHHSIM Ha 1aropo, TOMy IO BiH
CXOXHMH Ha Te, SIK MaHJAPIBHUK, 10 3a0IyauBcs, Hamarae€Tbcs BHOYI
Jo0patucs 10 BepUIMHH ropu. HaBiTh SIKIO BXE€ IOCHUTH TEMHO, 1100
MOJKHa OyJO IIOCH PO3IVIAHYTH BJAAIMHI, MAaHAPIBHUK MOXe crpoOyBaTu
J00paTucs 10 BEPUIMHU FOPH, MOCTIHHO PyXarouuCh yropy.

3BHYaliHO, ICHY€ WMOBIPHICTb, IO MaHIPIBHUK 3acTpsrHE Ha
BEpLIMHI MeHImoro mnaropba i He nobeperbcst no mika. Lls mpobGiema
3aBXKAM MOXE BHUHHKATH MPH BHKOPHUCTAHHI L€l eBPUCTHKH. ANTOPHUTM
MOXKE 3HAHTH PIIICHHS i BOHO MOXE€ BHMSBUTHCS JIOKAJILHO NPUIHATHHM,
aJie 11e He 000B'I3KOBO HalKpallle MOXKJIMBE PillICHHS.

VY 3amaui npo ¢popMyBaHHs MOPTQEIS METa MOJISITAE Y TOMY, 100
migiOpatn HaOlp MO3MUIIH, IMOBHA BapTICTh SIKMX HE NEPEBHINYE 3aaHO]
MeXi, a 3arajbHa IliHa MakcHMManbHa. Ha KOXXHOMY KpOIli €BpHCTHKa
CXO/KeHHd Ha marop0 Oyne BHOMpATH MO3UINI0, II0 TNPHHOCHTH
HaiiOimpmuit  mpubytok. Ilpm 1poMy pimenHs Oyme yce Kpaime
BIIMTOBIZATH METi - OJCPKAHHIO MAaKCUMAIBHOTO TIPUOYTKY.
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Crouatky mporpamMa Jofa€ 10 pIIEHHS TMO3WIII0 3
MaKCUMallbHIM TpuOyTKoM. IIoTiM BOHAa Jomae HACTYNMHY IMO3HIIIO 3
MaKCUMQJIBHAM ~HPUOYTKOM, SKIIO IIpH LbOMY [OBHa IiHa IIE
3aJIMIIAETHCS B IPUIYCTUMHUX MekaX. BoHa mpomoBiKye NoxaBaTH MO3UIIT
3 MaKCHMaJbHHM NPHOYTKOM JOTH, NOKH HE 3aJMIUUTHCS MO3ULIH, II0
3aI0BOJIBHAIOTH YMOBaM.

Jdns crnucky iHBecTHIid 3 Tabnm. 12.3 mporpaMa crodaTky
BUOUpaE Mo3MLII0 A, TOMY IO BOHA Ja€ MakCHUMaJbHHH NpHOYTOK - 9
MinbioHIB nornapis. IlotiM mporpama Bubupae HactynHy nosuuito C, mo
Jae MpuOyTOK 8 MiNbHOHIB. Y IIeli MOMEHT BUTpPaYCHI Bike 93 MUTbIIOHU 3
100, i mporpama He MOXKe OJIepKaTH OLUTbINE MO3HIiN. PilieHHs, oTpuMane
3a JIONIOMOTOI0 E€BPUCTHKH, BKmtodae mo3unii A i C, mae Bapricte 93
MIJTBHOHH, 1 MPHHOCHUTH 17 MINBHOHIB IPHOYTKY.

EBpucTHKa CXOIDKCHHS Ha marop0 3amoBHIOE TOPTdeNs Iyxe
OIBUAKO. SIKIIO TO3WINT IMOYAaTKOBO OYyJHM BiCOPTOBaHI B MOPSAKY
yOyBaHHS TPHHECEHOrO MPUOYTKY, TO CKJIAIHICTh LHOTO AIrOPHTMY
nopsaky O(N). IIporpama npocto mepeMiniaeTbes 3a CIIUCKOM, TOAAI0UH
KOXKHY TMO3WIif0, Km0 Mg Hei € wmicme. HaBiTe 4KmIo CHECOK He
BIIOPAIKOBAHUM, TO Lie anropuTM 3i ckimaamicTio mopsaaky O(N?). Lle
nabararto kpaine, Hixk O(2N) kpokiB, ski HOTPiOHI /I MOBHOTO MepeGopy
BciX By3niB y gaepeBi. s 20 mo3umiii L eBpUCTHMKA BHMArae JIHIIe
omu3pk0 400 KpOKIB, METOJ TIJIOK Ta MEX - KijbKa THUCSIY, a MOBHHH
nepe0ip - OUIbII HiXK 2 MUTBAOHU.

Tabmmg 12.3
MooxnuBi iHBECTHIIT
InBecTuuist | Bapricts | Binnaua | IIpudyrok
A 63 72 9
B 35 42 7
C 30 38 8
D 27 34 7
E 23 26 3

Public Sub HillClimbing()
Dim i As Integer

Dim j As Integer

Dim big value As Integer
Dim big j As Integer

' BaraTopasoBuii 00X1n CHMCKY M MOWYK HACTYIHOIL
' mosmuuil, WO NPMHOCUTH HaMbinpumy npubyTok,
' BapTicThe SKOI He IEepeBMIlye BEPXHbOIL TI'paHmMii.
For i = 1 To NumItems

big value = 0
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big j = -1
For 7 = 1 To NumItems
' [lepeBipuTy, uM He nepedyBae BiH yxe
' vy pimenni.
If (Not test solution(j)) And _
(test _cost + Items(j).Cost <=
ToSpend) And
(big value < Items(j).Profit)
Then
big value = Items (Jj) .Profit
big_j = j
End If
Next j

' 3YNOMHUTUCS, (KIO He 3HaloeHa nos3uiig,
' WO 3aIOBOJIbLHSE YyMOBaM.
If big j < 0 Then Exit For

test cost = test cost + Items(big j).Cost
test solution(big j) = True
test profit = test profit + Items(big j).Profit
Next i
End Sub

MeToA HaMMEHLLIOT BapTOCTi

Crpareris, mo Yy SKOMYCh 3MICTI WpPOTWIEXKHA CTpaTeril
CXOJUKEHHS Ha Tarop0, HAa3MBAETHCS CTPATETIEI0 HAUMEHWOI 8apmocmi
(least - cost). 3amicTh TOro, 0O HA KOKHOMY KPOI[i HAMaraTucs
MaKCHMaJIbHO HaOJU3UTH DIlIeHHS 0 METH, MOXHa chpoOyBaTH
3MEHIIUTH 6apmicmy PIIICHHS, HACKUIBKM 1I€ MOXJIHMBO. Y TpPHKIami 3
(dopMyBaHHSAM TOpPTQENsT Ha KOKHOMY KpOIi JO pIlIeHHS TOJA€THCS
MTO3MIIisA 3 MiHIMAIIbHOIO BapTiCTIO.

Ll# cTpareris HamaraeTbcs IMOMICTUTH B PIlICHHS MaKCHMAJIbHO
MOXUIMBE 4HCIO mo3umii. Ile Oyme HemoraHwmM pillleHHSM, SKIIO BCi
MO3UIIT MarOTh NPHOJM3HO OJHAKOBY BapTiCTh. SIKIIO JOpora MO3MIis
MIPUHOCHTH OUMBIIMKA MPHOYTOK, TO I CTpPATeTris MOXKE YIIYCTHTH IO
MOXKITHBICTb, JaI04H HE KPaIlnii 3 MOXKIIMBHUX PE3YJIbTATIB.

Jis igBecTuIiii, moka3zaHux y tabn. 12.3, anroputM HaiiMeHIIol
BapTOCTiI MOYMHAE 3 JOAaBaHHA N0 pimeHHA mo3unii E 3 Baprictio 23
MinpiioEM pomapiB. IlotiM BiH BuOupae mosumito D, mo xomrtye 27
MiJTbHOHIB, 1 moTiM mo3utiito C 3 BapticTio 30 MinbHOHIB. Y Mmii TOUII
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anroputM yxke ButpatuB 80 MinbiioHIB 3 100 MOXXIMBHX, TOMY OiJbIIIe BiH
HE MO)Ke BUOpATH Hi O/IHi€T O3HUIIII.

e pimenns mae Bapricth 80 MinmbiioHIB 1 mae 18 MinmbiioHIB
npuOyTky. lle Ha MinpifoH Kpamie, HDK pilleHHS [UII ©BPUCTHKH
CXO/KeHHS Ha Marop0, ajie cTpaTeris HaiiMeHIIo1 BapTOCTI HE 3aBXKIU Ja€
Kpale pileHHs, HiXK CXO/PKeHHS Ha marop6. SIka 3 eBpHCTHK Ja€ Kparii
Ppe3yNbTaTH, 3aIeXXNUTh BiJl 3HAYEHb BXITHUX JaHUX.

CrpykTypa mnporpamu, LIO peajli3ye eBPUCTHKY HalMeHIIOl
BapTOCTi, Maike 1JEHTUYHA CTPYKTYpl MporpaMu Uil EBPHCTHKH
CXOJUKEHHS Ha marop0. €auHe po3X0JDKEHHSI MK HUMH TIOJISITaE 'y BUOODI
HACTYIHOI MO3HUIT A MOJaBaHHS 10 pimeHHs. EBpucTHKa HaWMEHIION
BapTOCTi BUOMpAE MO3MIIIIO 3 MIHIMAJIBLHOKO IIHOK;, METOJ] CXO/DKCHHS Ha
marop0 BHOHpae MO3UIII0 3 MAKCHMaIbHUM MPHOYyTKOM. OCKITIBKH IIi 1Ba
METOIM JyX€ CXOXI, BOHH BHKOHYIOTBCS 3a OJHAKOBMH dac. SIKmio
MO3WMii BIOPSAAKOBAHI BIAMOBIAHUM YHHOM, TO OOWOBA alrOPUTMHU
BUKOHYIOTBCS 3a dac mnopsaky O(N). Skmo mo3urmii po3TamoBaHi
BHIIaJIKOBUM YHHOM, TO BOHU BUKOHYIOThCS 3a 4ac nopsaky O(N2).

Ockinbku ko MoBoro Visual Basic 1umst iux JBOX €BPUCTHK IIyKe
CXOXKHUH, TO MH NPHUBOJUMO TUJIBKH PSIIKH, Y SIKUX BiOyBaeTbcsi BUOIp
4eproBoi Mo3uii.

If (Not test solution(j)) And _
(test cost + Items (j) .Cost <= ToSpend) And .
(small cost > Items(j).Cost)
Then
small cost = Items(j).Cost
small j = j
End If

36anaHcoBaHuWI NpUBYTOK

Crpareris cX0pKeHHS Ha arop0 He BPaxoOBYeE BapTICTh MO3HIIIH,
o0 J0Aar0Thesl. BoHa BHOMpae MO3WIi 3 MaKCHMalbHUM MPHUOYTKOM,
HaBiTh SKIIO IXHSA BapTicTh Benmka. CTpareris HaMeHIIOI BapTOCTI HE
BpaxoBy€ NpUHECEHWI No3ullielo npuOyTrok. BoHa BuOmMpae mo3umii 3
HHU3BKOIO BapTiCTIO, HABITH SIKIO BOHK HPUHOCSTH MaJ0 MPUOYTKY.

EBpuctuka 36arancosanoco npubymky (balanced profit)
MTOPIBHIOE TIpH BHOOpPi BapTiCTh MO3MINH 1 MPUHECEHUH HUMHU NMPHOYTOK.
Ha koxHOMY Kpomi €BpHUCTHKAa BHOWpae TMO3MUIII0 3 HAWOUTBIINM
BiTHOIIEHHSAM NPHOYTOK - BapTICTh.
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VY Tabx. 12.4 HaBexmeHi Ti Xk HaHi, mo ¥ y Tabn. 12.3, ane B HIl
JOJAHWH M1 OWH CTOBIYHK 3 BITHOIIEHHSIM NPHOYTOK - BapTicTh. [Ipm
IBOMY MiAXOAl CHOYaTKy BHOHMpaeTbcs mo3umis C, TOMy IIO BOHAa Mae
MaKCHUMallbHE CITiBBITHOIICHHS MPUOYTOK — BapTticte - 0,27. IloTiM 1o
pimenHs momaetscs mo3uilist D 3 BimHomenHsm 0,26 i mosumist B 3
BigHomeHHsAM 0,20. ¥V miif Touni Oyme BuTpadeHo 92 wimbitonm 3 100
MOXIIMBHX, 1 B pillICHHs HE MOKHa OyJie JoAaTH Oible Hi oHiel mo3uLii.

Pimenns Oynme maTu BapTicTh 92 wMinblioHM # paBath 22
MinbiioHn mnpuOyTKy. lle Ha 4 MinbHOHM Kpamle, HDK pIDIEHHS 3
HalMEHIIO BapTICTIO W Ha 5 MINBIOHIB Kpallle, HIX PIlIEHHS METOJIOM
CXOJDKEHHS Ha marop0. Y 1poMy BHNQJKy Iie OyAe TakoX HaiKpauium
MOJJIMBHMM PIIICHHSIM 1 HOr0 TaK0X MOXKHA 3HAWTH MOBHHUM MEpeOopoM
abo mMeTomoM TiToK Ta Mex. Metox 30amaHcOBaHOTO MPHOYTKY, MPOTE, €
eBPUCTHYHHM, TOMY BiH He OOOB'SI3KOBO 3HaXOAWTh HAWKpalle MOXKIUBE
pimmenHs. BiH yacTo 3HaXOMUTH Kpamie pillleHHs, Hi)K METOAW HaWMEHIIOL
BapTOCTi i CXOIDKEHHS Ha maropo, aie ne He 000B'I3KOBO Tak.
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Tabmumsa 12.4
Mo>knrBi iHBECTHIIIT 31 CITiBBiTHOMICHHSAM PHUOYTOK/BapTiCTh

InBectunis | Bapricts | Bignaya | Ilpudyrox | Ipudyrox/
Bapricts
A 63 72 9 0.14
B 35 42 7 0.2
C 30 38 8 0.27
D 27 34 7 0.26
E 23 26 3 0.13

CtpykTypa mporpaMu, IO pealli3ye eBPUCTHKY 30aJaHCOBAHOTO
npuOyTKy, Maii)Ke 1IeHTUYHA CTPYKTYpi NporpaM Jjisi CXO/DKEHHS Ha
marop6 1 HaliMeHIIoi BapTocTi. €aMHA BIAMIHHICTH IOJSATA€E B METOII
BHOOPY MO3UILIT, 0 JOAAETHCS 0 PIlIICHHS:

If (Not test solution(j)) And _
(test cost + Items(j).Cost <= ToSpend) And _

(good ratio < Items(Jj).Profit / CDbl (Items (]j) .Cost))

Then

good ratio = Items(j).Profit / CDbl(Items(j).Cost)
good_j = J
End If

BunaakoBui NoLuyk

Bunaokosuii nowyx (random search) BHKOHYETbC Y
BIJIMIOBITHOCTI 10 CBO€i Ha3Bu. Ha KOXKHOMY KpOIli alIrOpuT™M J0ja€e
BUIAJKOBY TMO3UIl0, [0 3aJ0BOJIbHSIE BEPXHHOMY OOMEKCHHIO Ha
CyMapHy BapTiCTh mo3uiliii y moptdemi. Ilei MeTox MOIIYyKYy TaKOX
Ha3MBAEThC Memooom Moume-Kapno (Monte Carlo search a6o
Monte Carlo simulation).

MaJoiiMOBipHO, IO BHIIAJKOBO OOpaHE pIMICHHS BUSIBUTHCS
HaMKpammM, OTKe HeoOXigHO OaraTopa3oBO IMOBTOPIOBATH IeH IOIIYK,
mo0 oJepKaTH NPUAHATHHHA pe3yibTaT. Xodya MOXKE 37aTHCs, M0
HWMOBIPHICTh 3HaXOKEHHS TAPHOTO PIIICHHS IPHU [[bOMY MaJja, e MeTo.
1HOJII J1a€ IMBHO TapHi pe3yJbTaTH. 3aJIe)KHO BiJl 3HAYCHb JAHWX 1 YUCIa
MEPEeBIPCHUX BUIIAKOBHUX PIllleHh PE3YNIbTaT, OTPUMAHHN 33 JOIIOMOTOIO
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i€l eBPHCTUKH, YacTO BHABIETHCS KpalluM, HDK Y BHIQAKY
3aCTOCYBaHHS METO/IB CXOKEHHS Ha marop0 abo HailMEHIIIO1 BapTOCTi.

[lepeBara BUIaIKOBOTO MOITYKY HOJATAE TAKOXK 1 B TOMY, IO HIei
METOJ JIETKUH y po3yMiHHI W peamizamii. IHOAI CKIIAAHO YSABUTH, SK
peaitizyBaTH pillleHHS 3aBIaHHS 32 JOMIOMOTOIO €BPHUCTHK CXOKCHHS Ha
marop0, HaiMeHIIoi BapTOCTi, ab0 30aTaHCOBAHOTO JOXOIyY, ajie 3aBXKIU
MPOCTO BUOWMpPATH PIlICHHS BHIAJAKOBUM o0pa3oMm. HaBiTe mms myxe
CKJIaTHUX MpPOOJEeM, BUMAJKOBUI TMOIIYK € TPOCTUM CBPUCTHYHHM
METOJIOM.

[ignporpama RandomSearch y nporpami Heur BUKOPUCTOBYE
¢yHKmito AddToSolution amsd moJaBaHHA IO DIMICHHS BHITaJKOBOI
no3unii. s ¢yHkuis noBeprae 3HaueHHs True, SKIIO BOHA HE MOXeE
3HANTH MO3MIIiI0, IO 33J0BOJILHIE YMOBaM, 1 False B iHIIOMY BUIAIKY.
[ignporpama RandomSearch sukimkae ¢pyHkmito AddToSolution
JIOTH, IIOKH O1IIbIIEe HEe MOYKHA TOJATH Hi OHIET MO3HILT.

Public Sub RandomSearch ()
Dim num trials As Integer
Dim trial As Integer

Dim i As Integer

' Bpobury kijbka cnpo® i1 BuOpaTM HaVKpaumuy pes3yabLTaT.

num trials = NumItems ' BukxopucTOoByBaTU N
crnpo®.
For trial = 1 To num trials

' BunaikoBui BUO1p MO3MUIIiNM, TOKM L& MOXIUBO.
Do While AddToSolution ()

' Bcio poboTy BUKOHYE ObyHKII1sS
AddToSolution.

Loop

' BMB3HAUMTM, UM Kpalle e pimeHHs, Bin
IOTIEPEOHBOTO .

If test profit > best profit Then
best profit = test profit
best cost = test cost
For i = 1 To NumlItems
best solution(i) = test solution (i)
Next i
End If
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' CKUMHYTK OpoOHe pilmeHHS 1 3pobuTHK me OmHYy
crnpoby.

test profit = 0

test cost = 0

For 1 = 1 To NumItems
test solution (i) = False
Next 1
Next trial
End Sub

Private Function AddToSolution () As Boolean
Dim num left As Integer

Dim j As Integer

Dim selection As Integer

' BM3HAUMTM, CKIJIbKM BajauMmmiiocs NO3MLiN, SgKi
' 3aIOBOJIBHAKTL OOMEXEeHHI MaKCUMAJIbHOL BapTOCTi.
num left = 0
For j = 1 To NumItems
If (Not test solution(j)) And _
(test cost + Items(j).Cost <= ToSpend)
Then num left = num left + 1
Next j

' BYOMHUTKCS, SKIO HEe MOXHa 3HAWUTM HOBY MNO3MUIIiL.
If num left < 1 Then

AddToSolution = False

Exit Function
End If

' BubpaTy BUNAOKOBY MMO3UIi0.
selection = Int((num left) * Rnd + 1)

' BHaAVTM BUIAOKOBO OOpaHy HO3MLID.
For 7 = 1 To NumItems
If (Not test solution(j)) And _
(test cost + Items(j).Cost <= ToSpend)
Then
selection = selection - 1
If selection < 1 Then Exit For
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End If
Next j

test profit = test profit + Items(j).Profit
test cost = test cost + Items(j).Cost
test solution(j) = True

AddToSolution = True
End Function

MNMocAipoBHE HABAMXKEHHSA

Ile oaHa cTpareris moisrae B TiM, MI00 MOYATH 3 BHUIIAJKOBOTO
pillieHHsT U TOTIM poOuTH nocaidosni nabaucenns (incremental
improvements). [louaBiy 3 BUNaAKOBO 0OpaHOTO pillleHHs, Mporpama
pobuthk BumagkoBmid BHOip. SIKmo HOBe pimIeHHS Kpame —Bifg
MOTIepeHbOT0, MpOrpaMa 3aKpilUIIOE 3MIHM H IPOJOBXKYE MeEpeBIpKYy
IHIIMX BHUMAJKOBHX 3MiH. SIKIO 3MiHA HE TOJIMIIYE PIlICHHS, IporpamMa
BIJIKH/Ia€ HOT0 i pOOUTH HOBY CIIPOOY.

Jns  3aBmanHs ¢GopMyBaHHS TOpTeEnst OcoOIMBO MPOCTO
MOPOKYBaTH BHIMAAKOBI 3MiHu. [Iporpama mpocto BHOMpae BHIIAJKOBY
MO3MIIIF0 13 MPOOHOTO PIMIeHHS 1 BUAAJSIE ii 3 MOTOYHOTO pimeHHd. BoHa
MOTIM 3HOBY [IOJIa€ BUIIAIKOBI IO3MUINI B PIMICHHS TOTH, IOKH BOHH €.
SIkmo BHJIyYeHA MO3WISA Mayia JyKe BHCOKY BapTiCTh, TO Ha ii Micie
TporpamMa MOKe IIOMICTUTH KiJIbKa TTO3HUIIiH.

MOMEHT 3ynuHKK

€ KiTbKa TapHHX CII0OCOOIB BH3HAYWTH MOMEHT, KOJH BapTo
MPUITMHATH BUMAAKOBI 3MiHHA. [l mpoOiemu 3 N mO3HIISIMH MOXHa
BukoHaTU N 260 N? BUTIaKOBUX 3MiH IEpe] TUM, SIK 3yTTUHUTHCS.

Y mporpami Heur med miaxix peamni3oBaHHE y mporenypi
MakeChangesFixed. BoHa BUKOHY€e MEBHE YMCIIO BHUITAIKOBUX 3MiH 3
PSAAOM BHITQAKOBHX ITPOOHUX PillIeHB:

Public Sub MakeChangesFixed (K As Integer, num trials As
Integer, num changes As Integer)

Dim trial As Integer

Dim change As Integer
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Dim i As Integer
Dim removal As Integer

For trial = 1 To num trials

' 3BHaUTM BuUIIaLKOBe NpoOHe pimeHHs ¥

BUKOPMCTOBYBATU OoT 0

' 9K IIOYaTKOBY TOUKY.
Do While AddToSolution ()

' All the work is done by AddToSolution.
Loop

' MloyaTn 13 UBOTO MNPOOHOTO pimeHHS.
trial profit = test profit

trial cost = test cost
For i = 1 To NumItems
trial solution(i) = test solution(i)
Next i
For change = 1 To num changes
' Bupmanuru K BUINAOKOBMX NO3ULILNM.
For removal = 1 To K

RemoveFromSolution
Next removal

' JomaTy MaKCUMAaJIbHO MOXJIUBE
' uMcJo mo3mUIIiNl.
Do While AddToSolution ()
' All the work is done by

AddToSolution.

Loop

' dxmo ue nosinmye npoOHe pimeHHS,

30eperTu MOTO.

' THakie IIOBEPHYTM KOJIMIIHE 3HAUYEHHHA

NpoBHOTO pimeHHS.

If test profit > trial profit Then
' 36eperTy 3MiHM.
trial profit = test profit
trial cost = test cost
For i = 1 To NumItems
trial solution(i) =

test solution (i)
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Else
' CkuHYTHU NpoOHe pilleHHSA.
test profit = trial profit
test cost = trial cost
For i = 1 To NumlItems



test solution (i) =
trial solution (i)
Next i
End If
Next change

' dxmo npobOHe pilmeHHS kpalle II0NepeIHbOIT'O
' HallkpamoTro pimeHHs, 30eperTu MOTO.
If trial profit > best profit Then
best profit = trial profit
best cost = trial cost
For 1 = 1 To NumItems
best solution(i) = trial solution (i)
Next i
End If

' CKMHYTK OpoOHe pillleHHS Iisg
' HacTynHOl crnpodbu.

test profit = 0

test cost = 0

For i = 1 To NumItems
test solution(i) = False
Next i
Next trial
End Sub

Private Sub RemoveFromSolution ()
Dim num in solution As Integer
Dim j As Integer

Dim selection As Integer

' BM3HAUMTM UYMCJIO NOBMLIiN y pimeHHI.
num in solution = 0
For j = 1 To NumItems
If test solution(j) Then num in solution =
num_in solution + 1
Next j
If num in solution < 1 Then Exit Sub

' BubpaTu BMIAOKOBY I[O3MIi0.
selection = Int((num in solution) * Rnd + 1)

' 3BHaMTM BUIIALKOBO oOOpaHy HO3MUIIio.
For 7 = 1 To NumItems
If test solution(j) Then
selection = selection - 1
If selection < 1 Then Exit For
End If
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Next j

' BumanmTy [IO3MIil 3 pimleHHS.
test profit = test profit - Items(j).Profit

test cost = test cost - Items (j) .Cost
test solution(j) = False
End Sub

[Hma crpareris mosisrae B TiM, m00 BHOCHUTH 3MIiHH TOTH, TOKA
KUTbKa TIOCIIJOBHUX 3MiH HE NMPHUHOCATH HoJimmeHHs. [ 3aBmanHs 3 N
MO3MIISIMU TIPOTpaMa MOKe BHOCHTH 3MIHH JOTH, ITOKH MPOTIroM N 3MiH
MAPS MOJIIIIEHHS He Oye.

s cTpareris peaiizoBaHa B miamporpami
MakeChangesNoChange mporpamu Heur. Bona moBTOpioe crnpobu
JOTH, TTOKH ITEBHE YUCIIO MOCIIAOBHUX CIIPOO HE NACTh HiSKUX MOJIMIIICHb.
Jiis koxHOI cripoOW BOHa BHOCHTH BHUIIAKOBI 3MiHH B MPOOHE pillICHHS
JOTH, TIOKH IIICJIA IEBHOTO YMCIIA 3MiH HE HACTYIUTH HiSKHUX MOJIIIICHb.

Public Sub MakeChangesNoChange (K As Integer,
max _bad trials As Integer, max non changes As
Integer)

Dim i As Integer

Dim removal As Integer

Dim bad trials As Integer ' HeedexTmBHUX CHPOO
ninpsan.

Dim non changes As Integer ' HeedexTwBHUX 3MiH
ninpsan.

' I[loBTOpwBATK CHPOBM, [NOKM HEe 3YyCTPiHEeThCH
max bad trials
' cnpo® nimpsan 6e3 MoJIiNnmeHb.
bad trials = 0
Do
' BubpaTy BUIAOKOBEe MNpoOHEe pilmeHHS Iojisg
' BUMKOPMCTAHHS 9K [IOYATKOBY TOUKY .
Do While AddToSolution ()
' All the work is done by AddToSolution.
Loop

' TloyaTn 13 UBOTO MPOOHOTO pimeHHA.
trial profit = test profit

trial cost = test cost
For i = 1 To NumItems

trial solution(i) = test solution (i)
Next i
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' TloBTOopoBaTKH, MOKM max non_ changes 3MmiH
' nimpsan He HmacThb MNOJIiNmEHE.
non changes = 0
Do While non changes < max non_changes
' BupmamuTty K BMNAOKOBMX I[IO3MILIN.
For removal = 1 To K
RemoveFromSolution
Next removal
' [IOBEPHYTM MaKCHUMAJIBHO MOXJIMBE UMCJIO
O3UL1NM.
Do While AddToSolution ()
' All the work is done by
' AddToSolution.
Loop

' dAxmo ue nojinmye npoOHe BHAYUEHHS,
30eper T MOTO.
' THaklle [NOBEPHYTM KOJIMIIHE SHAUEHHS
NpoOHOTO pileHHS.
If test profit > trial profit Then
' 30eperTM NOJIiMMEeHHS.
trial profit = test profit
trial cost = test cost
For i = 1 To NumItems
trial solution(i) =
test solution (i)
Next 1
non changes = 0 ' This was a good
change.
Else
' Reset the trial.
test profit = trial profit
test cost = trial cost
For i = 1 To NumItems
test solution (i) =
trial solution (i)

Next 1
non_ changes = non changes + 1 !
[lorana 3MiHa.
End If
Loop ' [IpOZOBXUTU INEPEeBipKy BUIAOKOBMX 3MiH.

v

Axmo ua cnpoba Kpame, Hix INONepemHe HamlKpale
pimeHHsa, 30eperTu MOTO.

If trial profit > best profit Then

best profit = trial profit

best cost = trial cost
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For i = 1 To NumItems

best solution(i) = trial solution(i)
Next i
bad trials = 0 ' T'apHa cnpoba.

Else
bad trials = bad trials + 1 !
[loraHa cnpoba.
End If

' CKMHYTM TeCTOBe PilleHHA HAJiA HAaCTyNHOI cnpobn.
test profit = 0
test cost = 0

For i = 1 To NumItems
test solution(i) = False
Next i
Loop While bad trials < max bad trials
End Sub

NOKaAbHi ONTUMYMU

Slkmo mporpaMa 3aMiHA€ BUNAAKOBO OOpaHy IO3MLIIO B
MpoOHOMY pillIeHHi, TO MOXE 3YCTPITHCS pIlIeHHS, SKE BOHA HE MOXE
MOJIMIINTH, aJie sSIKe MPH [IbOMY He OyJie HailKpaliuM 3 MOXKJIMBUX PillIeHb.
Hanpukian, po3ristHeMo CIHCOK iHBECTHIIIH, HaBeeHuH y Tabm. 12.5.

Tabmmmg 12.5
MooxnuBi iHBECTHIIT
InBecTHList BapricTh Binnaua | IIpudyrok
A 47 56 9
B 43 51 8
C 35 40 5
D 32 39 7
E 31 37 6

[Mpunycrtumo, 110 aaropuT™ BUIIAJAKOBO BHOpaB mo3uii A i B sk
nouaTkoBe pimenns. Moro Bapricts Gyme nopiBHioBaTH 90 MimbifoHAM
J0apiB 1 BOHO npuHece 17 MiNBHOHIB TPUOYTKY.

Skmo nporpama BUAAIMTH Mo3ulii A i B, To BapTicTh pileHHs
Oyne yce IIe HACTIIBKW BEJIMKOIO, IO MporpaMa 3MOXKE IOJIaTH JIUIIE
OJIHYy TO3HMi0 10 pimeHHd. OCKiTbKH HaHOMBIINA TPUOYTOK MIPUHOCATH
mo3umii A 1 B, 3amiHa iX IHIIMMH TO3UIISIMH 3MEHIINTH CyMapHHN
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mpuOyToK. BumamkoBe BumaJeHHSA OJHIE] MO3WMIIi i3 HBOTO pIlICHHS
HIKOJIM HE TIPUBEEC J0 MOJIMIICHHS PillleHHS.

Haiikpame pimenns wmictare mo3umii C, D i E. Horo mosna
BapTicTh [OpiBHIOE 98 wMinploHaM [gomapiB i cymMapHuil mpuOyTOK
cTaHOBUTH 18 MinbioHiB momapiB. 1106 3HaiTH e pilIeHHS, aNTrOPUTMY
3HaZoOmIOCA O BUOAUTH 3 pillleHHs BiApa3y oOuaBi mo3utii A i B i motim
JI0IaTH Ha TXHE Miclie HOBI MO3MILI.

PimeHHs Takoro THILy, JUIl SKMX HEBEJWKI 3MIHHM DIlICHHS HE
MOXYTh MOJIIIIATH HOTO, HA3UBAIOTHCS J0KaIbHUM onmumymom (Local
optimum). Mo)XHa BHKOPHCTOBYBAaTH [Ba CIIOCOOW, Ui TOTO mI00
mporpamMa He 3acTpsArajga B JOKaJIbHOMY ONTUMYMi, a Morja O 3HalWTH
anobanvruti onmumym (global optimum).

[Mo-nepuie, MoXHa 3MIHHTH TIpOrpaMy Tak, 1100 BOHA BUIAISIA
Oinplie ofHiel MO3MLIi MiJ Yac BHUIIAJAKOBHX 3MiH. Y LbOMY NPHKJIaIi
nporpama Moria 0 3HaiTH TpaBWJIbHE PIllIEHHS, SIKOM BOHA OJAHOYACHO
Bujasiia O 1Bl BUMaakoBo oOpani nosuiii. [IpoTe st 3aBnanb GiibIIoro
pO3Mipy BHJIAJICHHS JBOX MO3MLINH Moxke OyTu HemocraTHiM. [Iporpami
MOYKE 3HaIOOMTHUCS BUAAISATH TPHU, YOTHPH ab0 OiIblIe NO3UIIIH.

Hpyruii, 61l mpocTHil cnocid, monirae B ToMy, o0 poouTH
Oimpie crpo0, MOYMHAIOYM 3 pPI3HUX IOYATKOBUX pimeHb. Jleski 3
MOYAaTKOBHUX pilIeHb OyIyTh NMPHBOAWTH A0 JIOKAJIBHUX ONTHMYMIB, aje
OJIHE 3 HUX JO3BOJHTH JIOCSTTH ITI00aIBHOTO ONTHMYMY.

IMporpama Heur Ha—aAneky —i3—HpHKAaAaM# (IMCK 3
npukKjIagaMyM — nanka ProgR12) JEMOHCTPYE TPH CTpaTeril
nocminoBHux Habimkensb. [Ipu Bubopi meroay Fixed 1 (Pikcopanmii 1)
pobutbes N cnpo6. ITix vac KoHOI cripoOu BHOMpAETbCS BHIAAKOBO
pillieHHs1, 10 Iporpama MOTiM HamaraeTbest nojdinmuTi 3a 2 * N cnpo0,
BUIIaJIKOBO BUIAJISIIOUH TI0 OJIHIH MO3HMIIII.

IMpu BubGopi eBpuctuku Fixed 2 (dikcoBanuit 2) poOUTHCS JHIIIE
omHa crpoba. Ilpm 1mpomy mporpama BHUOMpae BHIIQJKOBE DIlIEHHS H
HAMaraeTbesl MOJIMIINTH HOT0, BUNAAKOBUM YMHOM BHAAJISIOUN 10 OJHIN
MO3MMii JOTH, MOKH HPOTAroM N TIOCHIJOBHUX 3MiH He OyAe HisSKHX
TTOJITIIIICHb.

Ipu Bubopi eBpuctuku No Changes 1 (bes3 3min 1) nporpama
BUKOHYE€ CIIpOOM JOTH, NOKH miciist N TociiioBHUX crpob He OyJe HiKuX
nosinmenb. Ilig 9ac kokHOI cmpobu mporpama BHOUpPAE BUMAIKOBE
pimmeHHs # TOTIM HaMaraeThCsl MONIMIIUTH HOTO, BUMAIKOBUM YHHOM
BHJIQJISIIOYH 110 OJTHIM TIO3MIIIT TOTH, TIOKH MPOTATOM N MOCHTiIOBHUX 3MiH
He OyJie HiSIKUX MOJIIIIICHb.

Ipu BuGopi espuctuku No Changes 2 (Be3 3min 2) pobuThes
onna cmnpoba. Ilpm oMy mporpama BUOHMpace BHIIAIKOBE DIlIEHHS i
HAMaraeTbesl MOJNIMIINTH HOTro, BUMAAKOBUM YMHOM BHMIAJSIOUH 110 JIBi
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MO3MMii JOTH, MOKH HPOTAroM N TOCTITOBHHX 3MiH He OyAe HisSKUX
moJrineHs. Ha3Bu eBpUCTHK 1 iXHIX ONHCiB HaBeAeHi B Tabm. 12.6.

Ta6muus 12.6
Crparerii mocmiTIOBHUX HaOIMKEHb

Haspa KiabpkicTs KiabkicTs 3Min KiabpkicTn

BUNPOOYBaHB eJIEeMEeHTiB, 1o

BHAAIAOTHCS

Fixed 1 N 2*N 1
Fixed 2 1 10* N 2
No Hoku He 0yne | Joku He Oyne 1
Changes 1 | moimmeHHs noJiniieHHs 3a N

3a N 3miH 3MiH
No N Joku He Oyre 2
Changes 1 nosinmeHss 3a N

3MIH
Mertoa «Bianany»

Merton sionany (simulated annealing) Beae CBiil MOYaTOK
3 TepmojuHaMikd. [Ipu Bimnani Merany BiH HarpiBa€Thesi 10 BHUCOKOL
TemrepaTypu. MoJieKynu B Harpiromy Mertaii  poOJsTh  MIBHAKI
KOJIMBAaHHS, a T[pHU TIIOBUILHOMY OCTUTaHHI BOHH  IOYHHAIOTh
PO3TaIIOBYBATHCS BIOPSJKOBAHO, YTBOPIOIOYM KpHCTand. lIpum mpomy
MOJIEKYJIH ITOCTYNOBO NEPEXOATh Y CTaH 3 MiHIMAJILHOIO EHEPTIElO.

[lpy mOBUTEPHOMY OCTHTaHHI MeTally CYCiIHI KpHCTald
37IMBAIOTHCS OJIMH 3 OJHAM. MOJIEKyJ M B OJTHOMY i3 KPHUCTaJIiB 3QJIMIIAIOTh
CTaH 3 MiHIMAJEHOK €HEPTi€l0 i HaOYBAIOThH MOPSIOK MOJEKYN B iHIIOMY
kpuctami. Enepris kpucrama Oimpmioro po3mipy, IO BHUHIIOB, Oyze
MEHIIOK, HDK CymMa eHepriii JBOX BHUXIJIHUX KpuCTamiB. SIKio
OXOJIOJKEHHS BiJIOYBA€ThCA TOCUTH MOBUIBHO, TO KPUCTAIH CTAIOTh JYyKe
BenukuMH. OCTaTOYHHMH PO3MOIT MOJIEKYJ MPEICTABIAE CTaH 3 JyXKe
HU3BKOIO CHEPTi€I0, 1 METAJI TP IbOMY OyJie TyKe TBepIuM.

IMoynHarouu 3i CTaHy 3 BUCOKOIO €HEPTi€r0, MOJIEKYIH 3PEIITO0
JIOCSITaloTh CTaHy 3 JAyKe HU3BKOIO eHepriero. Ha muisixy no kiHIeBoro
TIOJIO’KEHHSI BOHHU MPOXOSTH 03114 JJOKIBHUX MiHIMyMiB eHeprii. KoxxHe
CHOJIyYEeHHS! KPHCTAJIB YTBOPUTD JIOKAIBHUHM MiHIMYM. Kpucramm MoxyTh
TIO€/THYBATHCS OJIMH 3 OJHUM TiJIbKH 3aBJISIKM TUMYAaCOBOMY ITiABHIIIEHHIO
eHeprii cucTeMH, o0 NOTIM NEPEHTH y CTaH 3 MEHILOIO EHEPTi€lO.
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Mertox Bimnamy BUKOPHCTOBYE aHAIOTIYHUN MiAXiA U1 MOUIYKY
Haifkparmoro pinreHHs 3axadi. [1ix gac monryky pimeHHs IporpaMoro, BOHA
MOXE 3acCTpAITH B JIOKadbHOMY ontumyMmi. o0 yHUKHYTH IBOTO,
Iporpama 4ac BiJf 4aCy BHOCHUTP Y pillICHHS BHITAIKOBI 3MiHH, HABITH SKIIO
yeprosa 3MiHa W HE NPUBOAMTH AO MHUTTEBOTO MOJIMIICHHS PE3YNIbTATY.
Ile MOXe OOMOMOITH TpOrpaMi BHUHTH 3 JIOKaJbHOTO ONTHMyMY M
BIJIIYKaTH Kpalle pimleHHs. SIKmo nsg 3MiHa He BeJe J0 Kpamioro
pileHHs, TO, IMOBIPHO, Yepe3 SIKMICh Yyac IporpaMa Horo BiJKHHE.

I[lo6 mi 3MiHM HE BUHHMKAIM IOCTIHHO, alTOPUTM 3MIiHIOE
WMOBIpHICTh BHHHAKHEHHS BHIAIKOBUX 3MiH 3rozoM. IMmoBipHicth P
BUHMKHEHHS OJHOTO 3 TMOJMIOHMX 3MiH BHM3HAYa€ThCs (HOPMYIIOIO
P=1/Exp(E / (k * T)), ne E— 30inbineHust «eHeprii» cucremMu, k —
Jesika rmocTiiiHa, i T — 3MiHHa, SKa BiAMOBIIaE «TeMIIepaTypi».

Crmouatky TemriepaTypa Ma€e OyTH BHCOKOIO, TOMY i iIMOBIpHICTb
smidH P =1/Exp(E / (k * T)) Takox mOCHTh Benuka. [Hakie BUMAIKOBI
3MiHA MOTJM O HIKOJIM HE BHHUKHYTH. [3 "Wacom 3HaueHHS 3MiHHOI T
MOCTYTIOBO 3HIDKYETHCS 1 MMOBIPHICTP BHIAIKOBHX 3MiH TaKOX
3MeHIIyeTses. [licms Toro, Sk MOJens Iiie 10 TOYKH, y SIKif HisKi 3MiHA
HE 3MOXKYTh MOJIMIINTY pillIeHHs, 1 TemIieparypa T cTaHe JOCHTh HU3KOIO,
o0 IMOBIPHICTh BHUMAJKOBUX 3MiH Oyja Majoro, aurophTM 3aKiH4ye
pobory.

st 3anmaui popmyBaHHs noprdens iHBecTHuiit enepris E — ue
3HAYEHHs1, Ha SIKE 3MEHIIYETHCS TPUOYTOK Yy pe3yibTaTi 3MiH. Hampukiian,
IIpHU BUAAJCHHI MO3MUIi, mo Jae npuOyTok 10 MinpioHIB, 1 3aMiHi 1 Ha
MO3WII0, M0 MPUHOCHUTH 7 MITBHOHIB HPHUOYTKY, €HEpris, HOoAaHa o
CHCTEMH, JOpiBHIOBaTHME 3.

[MomiThTe, MO SAKIIO €HEPris BeNWKa, TO WMOBIPHICTH 3MiH
P =1/Exp(E/ (k * T)) mana, ToMy HMOBIpHIiCTb OLIBIINX 3MiH HIDKYE.

AnropuTM Binnamy B mporpaMmi Heur BCTAHOBIIIOE 3HAYCHHS
MOCTIHHOT Kk piBHUM pi3HUII MK HaWOUTBIIAM 1 HAMEHIIMM TPUOYTKOM
MOXJIMBHX iHBecTHLid. [louaTkoBa Temmeparypa T 3amaeTbcsi piBHOIO
0,75, MOMHOXEHE Ha PI3HUIIO MiXK MaKCHUMaIbHUM Ta MiHIMaTbHUM
mpuOYTKOM Bi MOXJIMBHX BapiaHTiB iHBecTHid. Ilicisi BUKOHAHHS
NIEBHOTO 4YHCIa BHUNAAKOBUX 3MiH, Temueparypa T 3MeHIIyeTbcs
MHOXXEHHSIM Ha nocTiiiHy 0,95.

Public Sub AnnealTrial (K As Integer, max non changes As
Integer, _
max back slips As Integer)

Const TFACTOR = 0.95

Dim i As Integer
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Dim non changes As Integer
Dim t As Double

Dim max profit As Integer
Dim min profit As Integer
Dim doit As Boolean

Dim back slips As Integer

' 3HAWTU [NO3MLil 3 MiHIMAJBbHMM 1 MaKCUMMAaJIbHUM
NprOyTKOM.
max profit Items (1) .Profit
min profit = max profit
For i = 2 To NumlItems

If max profit < Items(i).Profit Then max profit
Items (i) .Profit

If min profit > Items(i).Profit Then min profit
Items (i) .Profit
Next i

t =0.75 * (max profit - min profit)
back slips = 0

' BubpaTu BuIamkoBe NpoOHe pimeHHS
' 9K IIOYAaTKOBY TOUKY.
Do While AddToSolution ()
' Bcsa pofoTa BMKOHYETHCS B IIpoLenypi
AddToSolution.
Loop

' BUKOPMCTOBYBATHU SK NpoOHEe pilleHHd.
best profit = test profit
best cost = test cost
For i = 1 To NumItems

best solution(i) = test solution(i)
Next i

' IloBTOpOBATK, MNOKM MNPOTATOM max non_ changes 3min
' nimpsan He Oyne MNOJIiMMEHb.
non_changes = 0
Do While non changes < max non_ changes

' BumanmTu BMUIAAKOBY IO3MII0.

For i = 1 To K

RemoveFromSolution
Next i

' JTomaTy MaKCUMMAaJIbHO MOXJIMBE UMCJIO IO3ULLiN.
Do While AddToSolution ()
' Bcsa poboTa BUKOHYETHCHS B HNpollenypil
AddToSolution.
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Loop

' dxmo sBMiHa nojsinmye npod®He plmeHHa, 30eperTH

MOoTO.
' THaklle NOBEPHYTM KOJIMIIHE 3HAUYEHHS pilmeHHS.

If test profit > best profit Then

doit = True
ElseIf test profit < best profit Then
doit = (Rnd < Exp((test profit -

best profit) / t))
back slips = back slips + 1
If back slips > max back slips Then
back slips = 0
t =t * TFACTOR
End If
Else
doit = False
End If
If doit Then
' 30eperTy noJiNmeHHS.
best profit = test profit

best cost = test cost
For 1 = 1 To NumItems
best solution(i) = test solution(i)
Next i
non changes = 0 ' T'apHa 3MiHa.
Else B
' Reset the trial.
test profit = best profit
test cost = best cost
For 1 = 1 To NumItems
test solution(i) = best solution (i)
Next i
non_changes = non changes + 1 ' IoraHa
3MiHa.
End If
Loop ' IIPOTOBXUTM MNEepPeBlpKy BUMNALKOBMUX 3MiH.
End Sub

MNopiBHAHHA €BPUCTUK

Pi3HI eBpUCTHKH TO-pi3HOMY IOBOJSTHCS B PI3HHMX 3aBJIaHHSX.
Hnst 3aBpaHHs 1npo QopmyBaHHS mopTdens eBpHCTHKA 30alaHCOBAHOTO
mpuOYTKY Mpamre AOCUTh No0pe 3 omminy Ha il mpoctoty. Crparterii
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MTOCTITOBHOTO HAONMMKEHHS 3BHYAWHO AAfOTh MOPIBHAHHI Pe3yIbTaTH, aje
JUI BETIMKUX 3aBlaHb IXHE BUKOHAHHS 3aiiMae Oinpmie wacy. g iHmmx
3aBllaHb HaWKpamorm Moxe OyTr OyIb-sKa iHIIa eBPUCTHKA, Y TOMY YHCII
3 THX, SIKi He 0OTOBOPIOBANIKCS B IIbOMY PO3MLII.

EBpuctuuHi MeTonu 3BHYAHHO BHKOHYIOTHCS INBHUJIIE, HIXK
METOJ TIOK Ta MeX. JlesKi 3 HMX, HalpUKIaZ, METOAU CXOIKCHHS Ha
narop0, HaiiMeHIIOi BapToCTi it 30alaHCOBAHOTO NMPHUOYTKY BUKOHYIOTHCS
Jy’)ke MIBUAKO, TOMY IO BOHM pO3IJIINAIOTH TUIBKM OJHE MOXIIMBE
pimeHHsi. BOHN BHKOHYIOTBCSI HACTUNBKM IIBHJIKO, IO € CEHC BHKOHATH
yci iX 1o uep3i 1 moTiM BHOpaTH HalKpalie i3 TphOX OTPUMAHUX PillIeHb.
[Ipote 1iHe He rapaHTye TOrO, IO He-PIlICHHS Oy/e HAMKpAIUM, aie Jae
ACAKY BHEBHeHiCTI), 10 BOHO BUABUTHCA NOCUTH I'apHUM.

IHLLI CKAAAHI 3aBAAHHSA

IcHye Ge3niu gy>ke CKIAAHUX 3aBIaHb, OITBIIICTE i3 SIKUX HE Ma€e
pillleHs i3 MOJIHOMIiaNIFHOIO OOYHMCIIOBANIBHOK CKIAAHICTIO. [HakImie
KaXy4H, HE iCHy€ alropHTMIB, sIKi BHpIIIyBamu O Ii 3aBHAaHHSI 3a 4Yac
nopsaky O(N®) s 6yab-saxux nocTiitaux C, Hasith 32 O(N00),

Jami KOpOTKO OIMcaHi IesKki i3 OUX 3aBAaHb. B HHX Takox
[MOKa3aHO, YOMY BOHHU € CKJIaJHHMH B 3araJlbHOMY BUIAJAKYy W HACKUIbKH
BEJMKHM MOJXE BHUSBHUTHCS JCPEBO pIllICHb 3aBHaHHiI. Bu Moxere
crpoOyBaTh 3acTOCYBaTH METOJ| TUIOK Ta MEX ab0 EBPHUCTHKH IS
PIIICHHS ISSKUX 13 I[UX 3aBaHb.

3apaua npo 3AIMCHUMICTb

Skmo e noriuHe TBEepIKEHHs, Hampukiaa, “ (A And Not B)
Or C”; TO YU ICHYIOTh 3HAa4CHHS 3MIHHUX &, B 1 €, mpu SKuUX Ie
TBEpIUKCHHS ICTHHHE? Y HAIIOMY NPHWKIANi JEerKo I[M00aYuTH, M0
TBEPIDKCHHS ICTHHHE, KO0 A = truerB = false+C = false.
Js OibIn  CKJIATHUX TBEPIKEHb, IO MICTSITh COTHI 3MiHHHX, OyBae
JOCUTH CKJIaTHO BU3HAYMTH, YM MOKE OyTH TBEPPKCHHSI ICTUHHUM.

3a  [OMOMOTOI0  METOAY, CXOXOro Ha TOH, KOTpHH
BUKOPHCTOBYBABCS TIPH PILLICHH] 3aBJaHHSA 1o (opMyBaHHS HOpPTQEs,
MOXXHA MOOYIyBaTH JAEPEBO PIIICHb U1 3aBJAHHS PO 3MIHCHUMICTH

480



(satisfiability problem). Koxha rinka nepesa Gyzae BiAmoBigaTu
pIIICHHIO TPO TIPHCBOEHHA 3MiHHIH 3Ha4YeHHS true abo false.
Hanpukian, miBa rinka, o0 BUXOAWTH 13 KOpPEHs, BiANOBigae 3HAYCHHIO
TepIoi 3MiHHOI true.

Skmio B noriuHOMY BUpasi N 3MiHHHX, TO JIEpEBO pillleHb SBJISIE
coboro nBiiikoBe nepeBo Bucotoro N + 1. Lle nepeso mae 2N mucris,
KO)KHUH 3 SIKUX BiATIOBiTae pizHiit KoMOiHamii 3HaYeHb 3MiHHUX.

Y zaBmamHi mpo (¢dopmyBaHHS TOpTdedsT MOXHA Oyio
BHUKOPUCTOBYBAaTH METOJ TLIOK Ta MEX, Ul TOTO 00 YHUKHYTH IOLIYKY
B Oumpmriii wacTwHi AepeBa. Y 3aBIaHHI NPO 3IIHCHUMICTH BUpa3z abo
MpaBWIbHUN, a00 HempaBwiIbHWHA. [IpM [FOMYy HE MOXHA OJEpKATH
YaCTKOBOIO pIllICHHS, SKE MOXKHA BHKOPHCTOBYBaTH [UIsl BiACIKaHHS
LUIIXIB Y JIepeBi.

He MoXHa TakoX BUKOPHCTOBYBAaTH EBPHCTHKH JJsI THOIIYKY
NpuOJIM3HOTO pIlIeHHS sl 3aBOaHHSA Mpo 3IilcHUMICTh. bBynb-ske
3HAUEHHsl 3MIHHHMX, OTPUMaHE 3a J0MOMOIOI0 €BPUCTHKH, Oyae poOuTu
BUpa3 NpaBWIbHUI a00 MOMWIKOBMM. Y MaTeMaTH4Hid JIOTiLli HE iCHYe
TAKOTO ITOHATTSL, SIK HAOJMKEHE PIllIeHHSI.

UYepes HE3aCTOCOBHICTh €BPUCTHK 1 MEHITY €()eKTUBHICTH METOTY
TUJIOK Ta MEX 3aBJAHHS NPO 3AIHCHUMICTh 3BUYAHHO € AyKe CKIaTHUM i
BUPIIIYETHCS TIIBKU Y BUMAAKY HEBEJIMKOTO PO3MIpPY 3aBIaHHS.

3apaua npo po3busky

Skmo 3amaHo Oe3miy ejleMEeHTIB 31 3HaYEeHHAMH X1, Xz, .. ,
Xy, TO UM ICHYE cI1oci0 po30MTH HOTro Ha JIBl MiJIMHOKHHH TaK, 100 cyma
3HaUYeHb BCIX €JIEMEHTIB Yy KOXHIH 3 MiAMHOXHH Oylia OJHAKOBOHO?
Hanpuknan, ko eneMeHTH MarwTh 3HadyeHHd 3, 4, 5 i 6, To iX
MOXXHa pPO30MTH Ha 1BI migMHOXWHH {3, 6} i {4, 5}, cyma
3HA4YEHb CJIEMEHTIB y KOXKHOMY 3 SIKHUX JOPIBHIOE 9.

[IIo6 3MopemoBaTH 1€ 3aBJaHHA 3a JONOMOIOIO JIepeBa,
MIPUIYCTUMO, IO TiJAKaM BIANOBiJa€ MEpPEMIlIEHHs €JEMEHTa B OJHY i3
JIBOX MiAMHOXHWH. JliBa Tinka, 1O BUXOIUTH 13 KOPEHEBOTO BY3Ia,
BIIMOBIZIa€ MEPEMIIIEHHIO TIEPIIOro eIeMEHTa B TepIly IMiIMHOXUHY, a
IIpaBa TiyIka — y IpYTy MiAMHOXHHY.

Sxmo icHye nume N eJIeMeHTIB, TO JIEpeBO PIlIeHHS Oyae SBIATH
co0oto /1BilikoBe siepeBo BUcoTol0 N + 1. Bono Oyzne mictutn 2N auCTIB i
28+1 gy3mip. KoXHUI JIMCT BIIIOBiZa€ OAHOMY 3 BapiaHTIB PO3MIIICHHSI
€JIEMEHTIB Y IBOX M IMHOKHUHAX.
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[Ipu pimeHHi IFOTO 3aBIAaHHSI MOXKHA 3aCTOCYBAaTH METOJ TiIOK
Ta MexX. [Ipm po3rismi  YacTKOBHX — pIOICHb 3aBJaHHSA  Tpebda
BiJICITITKOBYBATH, HACKUIBKH PI3HATHCS CyMapHi 3HAUYEHHS €JEMEHTIB Yy
IBOX MiAMHOXKMHax. SIKII0O B SKWIICB MOMEHT CyMapHE 3HAueHHS
CIIEMEHTIB I OJHi€i 3 MIIMHOXHH Hebarato Bigpi3HAETHCS Bil
CyMapHOTO 3HA4CHHS JUII IHIIOI, a JOJaBaHHA BCIX EJIEMEHTIB, IO
3aJIMIIMINCS, HE JIO3BOJISIE 3MIHUTH II€ CIIBBIJHOIICHHS, TO HEMA€E CEHCY
MIPOJIOBXKYBATH PYX BHU3 I10 IIiif ramy3ii.

Tak camo, 5K 1 y BUNAAKY i3 3aBIaHHSIM PO 3AIHCHUMICTB, IUIs
3aBIIaHHA MPO PO30MBKY (partition problem) He MOXHA ONEPKATH
HaOMIDKeHe pilleHHs. Y pe3ynbTaTi 3aBKIOM Ma€ BHUTH JIBi MiAMHOXHHH,
CyMapHe 3HAa4YCHHS CJIEMEHTIB y AKuxX Oyzae abo He Oyzme omHakoBuM. Lle
03HaYae, 110 JUI PIIICHHS [IbOTO 3aBJaHHs HE 3aCTOCOBAaHI €BPUCTHUKH, SIKi
BHUKOPUCTOBYBAJIIUCS [UIS PILlICHHS 3aBJaHHS PO (GopMyBaHHS HOPTQEs.

3aBaaHHs PO PO30MBKY MOXKHA y3aralbHUTH B TakHid croci6. €
MHOKHHA CJIEMCHTIB 31 3HAUCHHAMH X1, X2, .. , Xy, HOTPiOHO 3HAHTH
Takui crocid po3nmoIiry eJIeMeHTIB Ha ABi MIMHOXHHU, II00 PI3HUIIA CyM
3HAYCHb CNIEMEHTIB y JBOX IiIMHOKHHAX OyIa MiHIMaIbHOIO.

OnepxaTH TOYHE PIMICHHS IHOTO 3aBAAHHS CKJIAJHIIIE, HIXK IS
BUXIZIHOTO 3aBJaHHs INPO po30MBKy. SIkOu icHyBaB mpocTHH crHociod
pilICHHs1 3aBlIaHHS B 3arajJbHOMY BHUNAJIKy, TO HOro MoXxHa Oyyo 0
BUKOPHCTOBYBATH JUIS PIilICHHS BHUXIJHOTO 3aBIAaHHS. Y IIbOMY BHUMAAKY
MOXXHA Oyyno © TMPOCTO 3HAWTH JBI MiAMHOXWHH, IO 3aJ0BOJIBHSIOTH
yMOBaM, a IOTiM TMEPEeBIPUTH, X 30iralOThCS CyMH 3HaYeHb €JICMEHTIB y
HUX.

Jdnst  pioleHHs  3arayibHOIO  BUMAAKY  3aBJaHHA  MOJKHA
BUKOPHCTOBYBAaTH METOJ TIJIOK Ta MEX, NMPUOJIM3HO TaK caMo, SIK BiH
BUKOPHCTOBYBABCS JUIS PIIICHHS “acFHOFO-OKPEMOT0 BHIIAJIKy 3aBIaHHS,
mo0 YHUKHYTH TIONIyKy IO BCBOMY JepeBy. MOKHa TaKOX
BUKOPHCTOBYBaTH NPHW 1IbOMY €BPUCTHYHUI minxin. Hampuknan, moxha
NepeBipsATH €JIeMEHTH B TMOpSAKY YyOyBaHHS IXHBOTO 3HA4YCHHS,
MOMIIAIOYM YEProBUH E€JIEMEHT Yy IMIiAMHOXHMHY 3 MEHIIOK CYMOIO
3HaueHb eJeMeHTiB. Takox MokHa Oyjo O JIerko BHUKOPHUCTOBYBATH
BHITAJIKOBUH MONIYK, METOJ MOCIIiJOBHUX HAOIMKEHb, 200 METOJ| Bilmaty
JUISL TIOHIYKY HAOJMXKEHOTO pIlIeHHS I[bOr0 3aBAaHHS B 3arajlbHOMY
BUIAJIKY.
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3aBAaHHSA MOLLYKY [aMiABTOHOBOIO LUASIXY

Skmo  3amaHO  Mepexy, TO [ aminemoHO8UM — WLIAXOM
(Hamiltonian path) a1 Hel Ha3MBAETHCA LUIAX, IO OOXOIMTH BCi
BY3JIM B MEPEXKI TUTBKHM OJMH pa3 i MOTIM TOBEPTAETHCS B IOYATKOBY
TOYKY.

Ha puc.12.7 noka3ana HeBenuka Mepexa i ['aMiIbTOHOBHMH HIUTSIX
JUIsL Hel, HapHCOBAaHUH )KUPHOIO JIHIEIO.

Puc.12.7. F'aMUIBTOHOBHH HIJIAX

3agaya momyky [aMinbTOHOBOro HUIAXY (DOPMYIIOETHCS TaK:
SIKIIO 3aJIaHO MEPeXy, U icHYe [uist Hel [ aMibTOHOBUH HUIAX?

Ockinbky ['aMinbTOHOBHH HIISIX 0OXOJUTH BCI BY3JM B Mepexi,
TO He MOTPIOHO BHM3HAUATH, sIKi 3 BY3JIiB HOTPAILUISIOTh Yy HHOTO,  sIKi Hi.
HeoOxiTHO BCTaHOBUTH TUIBKH MOPSAOK, Y SIKOMY iX MOTpiOHO OOIWTH [uIst
CTBOpPEHHs [ aMiJIbTOHOBOTO HIISXY.

Jus  MmopmenmoBaHHS 1€l  3amadi 32 JIONIOMOIOI0  JIepeBa
MIPUIYCTUMO, IO T1IKK BiANIOBINAI0TH BHOOPY HACTYITHOTO By3JIa B IILIAXY.
Kopeneswuit By30a Toai Oyae MicTutu N TUIOK, IO BiAIOBITAIOTH MOYATKY
LUBIXy B KOXHOMY 3 N By3iiB. KoxxHuil 3 By3nmiB nepuioro piBHs Oyxe
MaTi N — 1 TiIOK, IO OJHIH TUTBI JUIT KOKHOTO i3 N — 1 BY3IiB, IO
3anmumunncs. By3nn Ha HacTymHOMY piBHI JepeBa OyayTs MaTh N — 2
rimok i tak mami. HrkHiM piBeHb nepeBa Oyae MICTHTH N! JIHCTIB, IO
BIZMOBiatoTh N! MOXIMBHX LUIAXiB. B nepeBi mepeOyBaTnme MOpSIKY
O (N!) By3miB.

Koxumii nuct Bianoigae ['aMiIbTOHOBOMY HUIXY, aje YHCIO
JIMCTIB MOXe OyTH Pi3HUM JJISl PI3HUX Mepex. SKIIo /Ba By3IH B MEpexi
He 3B'A3aHi OJWH 3 OJHUM, TO B JiepeBi OYyIOyTh BIIACYTHI ramysi, sKi

483



BiNIOBIJAIOTh IIEpeX0/iaM MiXK UMM JABOMa By3iamu. Lle 3Mermye gmcio
IUIAXIB Y JepeBi i, BIOIOBITHO, YUCIIO JIUCTIB.

Tax camo, 5K i B 3a1a9ax Mpo 3AIHCHEHHICTD i PO PO3OMBKY, A
3aBJaHHs TOMYKYy [aMiTbTOHOBOrO IUIAXYy HE MOXHA OJepKaTH
HabmkeHe pimreHHs. Lmsax moxe abo O6ytu ['aminsToHOBHM, abo Hi. Le
03Hauae, M0 eBPUCTUIHMHN MiJIXiJ i METOJ TiJIOK Ta MEX HE JOMOMOXYTh
npu nomyky ['amineronoBoro nwisixy. Illo me riprie, nepeBo pilieHs is
3a7a4i nomyKy ['aMiTbTOHOBOrO NUISIXY MICTUTH MopsiaKy O (N!) Bys3miB.
Ile mabararo Oinpme, HiXX mopsaky O (2N) By3MiB, SKi MICTATH JepeBa
pilleHb Juid 3ajmadi mpo 37iicHeHHICTs W po36uBky. Hampukian, 229
mpubim3HO fopiBHIOE 1 * 10 6, Tomi sk 20! cTaHOBUTH ONH3BKO 2, 4
* 1018 -y MutbiioH pa3siB Oinmbiie. Uepes myxe BETUKHI po3Mip JepeBa
pillieHb 3aj7aya 3HAXOMKCHHS [ aMiJbTOHOBOTO HUIAXY, MONIYK Y HbOMY
MOJKHa BUKOHATH TUIBKH JUISl 33/1a4 1y’KE HEBEITUKOTO PO3MIpY.

3apaya kKomiBosxepa

3a0aua xomisosxcepa (traveling salesman problem)
TICHO TOB'3aHa i3 3ajJadyero TNOIIYKy | aMinbToHOBOTO mULIAXY. BoHa
(OpMYITIOETECS TaK: 3HAWTH HaiikopoTmmid ['aMiTbTOHOBHH MUIAX IS
Mepexi.

Ils 3amaua Mae npPHOIM3HO Take K BIAHOMICHHS OO 3aaadi
nouryKy ['amMiIbTOHOBOTO HUISIXY, SIK y3arallbHEHWH BUIIQJIOK 3aBIaHHs
PO PO30UBKY Ui MPOCTOI 3a7adi Mpo po30MBKY. Y MEPIIOMY BHIAAKY
BUHMKAE MUTAHHS PO ICHYBAaHHS PILICHHS. Y IPyromy - ske HaOJIKeHe
pilienHs Oyne HaikpammM. SIkOu icHyBajo npocTe pillieHHs JApyroi
3amadi, To #oro MoXkHa OyJ0 O BHKOPHCTOBYBATH UISA PIICHHS MEPIIOTO
BapiaHTa 3a/adi.

3BHYalfHO 33/1a4a KOMIBOsDKEpa BHHHUKA€E TUIBKM B Mepexkax, L0
MICTSTh BEIIMKE YUCIO [ aMiNBTOHOBHX HUIAXIiB. Y THIIOBOMY HpPUKIAIi
KOMIBOSDKEpPOBI MOTPIOHO BiJBiaTH AEKIJIbKA KIIE€HTIB, BUKOPHCTOBYIOUH
HaWKOpOTHINI MapipyT. Y BUNAJKy 3BHYAHHOI MepexXi ByIUIb, Oyab-sKi
IIBl TOYKH B MEpexi 3B's3aHi MK c00010, TOMY OyIb-SKHil MapIIpyT SBISIE
coboro [NaminpTOHOBHI HUIAX. 3amavya MOJSATaE B TOMY, MO0 3HAWTH
HalKOPOTUINH 3 HUX.

Tak camo, sk i y BHMOAJAKy MOLIYKY [ aMiJbTOHOBOTO MUISXY,
JIepeBo pilIeHb IS I[HOTO 3aBJaHHA MICTUTH mopsAaky O (N!) By3miB. Tak
camo, SIK 1 B y3arajpHEHiH 3amadi mMpo po30MBKY, IS BiJICIKAHHS TiIOK
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JepeBa W TPHCKOPEHHS MOIIYKY pilleHHS 3a7adi CcepegHiX po3MipiB
MO’KHa BUKOPHCTOBYBATH METO/I T1JIOK Ta MEX.

IcHye TakoX KibKa TapHUX EBPUCTHYHHX METOJIB ITOCIiTOBHUX
HaOmDKeHb JUIs  3aJavi  KOMiBosDKepa. Hampwkiaa, BHUKOPHUCTAaHHS
cTpaTerii mapuW IUIAXiB, TpH SKIH TMepeOHparoThcs IMapl  BiIpi3KiB
Mmapmpyty. IIporpama mepeBipse, 4M CTaHe MapLIPYT KOPOTLIE, SKIIO
BU/IQJINTH NApH BIJIPI3KiB 1 3aMiHUTH 1X IBOMa HOBHMH, TaK 1100 MapupyT
IIPY 1IbOMY 3aJIMIIaBcs 3aMKHYTHM. Ha puc.12.8 noka3zaHo, Sk 3MiHIOETbCS
MapImipyT, SKIIO BiApi3kM X1 1 X, 3aMIiHUTH Bifgpi3kamMu Y: 1 Yo.
AHAIOTI4HI CcTpaTerii MOCHiZOBHUX HAOMKEHb PO3TILINAIOTH 3aMiHy
TpBHOX 200 OLIbIIe BiIPi3KiB MIISAXY OJHOYACHO.

X1

Puc.12.8.ITomnimmesHst ['aMiIbTOHOBOTO HUIAXY 3a TOTIOMOTOI0
JIBOX ONTHMYMIB

3BHYAHO TaKi KPOKH IOCIIIOBHOTO HAOJIIKEHHS TIOBTOPIOIOTHCS
OaratopazoBo ab0 JOTH, TIOKH HE OyAyTh MEepeBipeHi BCi MOXKIWBI Mapu
Bipi3KkiB murixy. Ilicms Toro, sK MOXamplli KPOKH HE MPHUBOIATH O
MOJIMIIeHh, MOXKHa 30eperTh pe3ynpTaT 1 TOoYaTd poOOTy 3HOBY,
BHIIAJIKOBUM YHHOM BHUOpaBIIM IHMWANA BHXiZHUH wMapmpyt. [licms
MEPEBIPKU JIOCHTh BEJIHMKOI KUIBKOCTI PI3HUX BHUIAIKOBHX BHXITHHX
MapuIpyTiB HMOBIpHO Oy/ie 3HalIeHNI TOCUTh KOPOTKHUHN LUISIX.

3apaua npo noXexHi Aeno

B3agaya npo noxexHi geno (firehouse  problem)
(OPMYITFOETHCS TaK: SKIIO 33JaHO MEPEXKy, AesKe 4ucio F i BincTtaHb D,
TO YW iCHY€E CMOCiO PO3MICUTH F MOKEKHUX JENO TaKUM YUHOM, 00 BCi
BY3JIM Mepexi nepedyBayid He Jalli, HiX Ha BiAcTaHi D Bij HalOIMKIOTO
MOXKEXKHOTO J1eno?
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ITro 3amady MOXHA 3MOJIEIIOBATH 33 JOIIOMOTOIO JIEPEBA PIllICHB,
y AKOMYy KOXKHa TiJIka BH3HAa4Ya€ MicCIle PO3TAIIyBaHHS BiAIIOBiTHOTO
MMOKEeXKHOTO Jero B Mepexki. KopeHeBuit By3onm Oyze matu N TilOK, IO
BIZIMOBIIAIOTH PO3MIIIEHHIO TEPLIOr0 MOXEKHOTO JIeNo B OAHOMY 3 N
BY3JiB Mepexi. By3mn Ha HacTymHOMY piBHI AepeBa OymyTh MatTu N — 1
TiUIOK, [0 BiJNOBIJAIOTH PO3MILICHHIO APYroro MOXKEXKHOTO JIETo B
omHOMy 13 N — 1, By3&mB o 3ayummincsa. Skmo icHye numme F
MOXEXHHUX JIETNO, TO BUCOTA JepeBa pilieHs Oyae F, BOHO Oyne MICTUTH
mopsaky O (NF) By3miB. Y mepeBi Oyme N * (N - 1) * ... * (N
- F) JuCTiB, IO BiANOBIJAIOTh pIi3HHM BapiaHTaM PO3MIIICHHS
MIOXKEXHUX AEMO B MEPEXi.

Tak camo, sIK 1 B 3a1a9ax Ipo 3MiHCHUMICThEHHETh, PO30UBKY 1
nomyk ['amMiIbTOHOBOTO NUIAXY, Y Ii# 3a7a4l MOTPIOHO JaTH MO3UTHBHY
abo HeraTMBHY BiANOBiNb Ha nuTaHHsA. lle o3Havae, MmO TpH mepeBipLi
JiepeBa pillleHb HE MOXKHAa BHKOPHCTOBYBATH YacTKOBI a00 HaOJMKeHi
pileHHS.

MoskHa, TpOTe, BUKOPHCTOBYBATH PI3HOBHJ METOAY TUIOK Ta
MEX, SKII0 Ha paHHIX eTamax pilIeHHs BHU3HAYUTH, SKi 3 BapiaHTIB
PO3MIIIEHHS TTOKE)XHHUX IEN0 He MPHBOAATH A0 pimeHHsA. Hampukian,
0€e3rTy3/10 TTOMIIIATH YEeProBe JENo MK ABOMA iHIIMMH, PO3TAIIOBAHIMHU
mopyd. SIKIIo Bci By3/IM Ha BiJICTaHI D Bl HOBOTO IMOKEKHOTO JIETIO BXKE
nepeOyBalOTh y MeXax Ii€l BiICTaHI BiJ| IHIIOTO JIENO, BUXOJIUTh, HOBE
JIeT0 MOTPIOHO MOMICTUTH B OyIb-sike iHie micue. I[Ipore Takoro posmy
OOYHCIICHHST TaKOX BiTHIMAIOTH TOCHTH 0arato 4Yacy, i 3aBJaHHs yce IIe
3aJIMIIAETHCS YK€ CKIIaHHM.

Tak camo, sk 1 U1 3amad 1po po3OMBKY ¥ MOMIyK
laminpTOHOBOTO HUIAXY, ICHYE Yy3araJbHEHHH BHUNAJOK 3a4adi IIpo
MOXEeXHI Zeno. B y3aranbHeHOMy BHMIanKy 3amada (OpPMYIIOETHCS Tak:
SIKIIO 3aJ]aHO0 MEPEXKy i Aeske yucio F, y sSIKMX By3JlaX Mepexi HoTpiOHO
MTOMICTUTH F TOXKEXHHX JIeTO0, 100 HaiOUIbIIa BifCTaHp Bif OYy/Ib-IKOTO
By3J1a JI0 TI0’KEXKHOT0 JIeTo Oyiia MiHIMaJIbHOIO?

Tak camo, K 1 y3araJbHCHHX BHIAJKaX IHIIMX 3a1ad4, I
MONTYKY 4YacTKOBOTO W HaONMKEHOro pimeHp Iiel 3agadi  MOXKHA
BHKOPHCTOBYBATH METOJ TiJOK Ta MeX 1 eBpucTHUHHUH miaxin. Lle tpoxu
CIIpOIy€e TepeBipKy JepeBa pileHb. Xoya JepeBO pillleHb yce IIIe
3aJIMIIAETHCS  BEIMYE3HUM, MOXHA, IPUHAWMHI, 3HAWTH NPUOIM3HI
pIlLICHHS, HABITh SIKIIO BOHU 1 HE € HAMKpAIMHU.

Pe3rome
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Bu MoxeTe BUKOpHCTaTH JepeBa pIlIeHb IS MOJEIIOBAHHS
CKIIaMHUX 3aBOaHb. J3HAXO/PKEHHS KpaIloro pilleHHs BigmoBigae
3HaXO/PKEHHIO KpaIloro HIIsIXy depe3 aepeBo. Ha jkamp, mmst Oaratpox
[iKaBUX 3aBJaHb JepeBa pillleHb MAalOTh BEIMUYE3HUH po3Mip, TOMy
BHPINTYBATH TaKi 3aBJaHHS METOAOM IIOBHOTO Iepe0opy CKIaTHO.

3a OOMOMOTO0 METOAY TUTOK Ta MEX MOXKHA CKOpOYyBAaTH
KIJIBKICTB TIJIOK JESIKHX JIEPEB, IO JO3BOJISIE TOYHO BUPILIYBAaTH 3aBJaHHS
BEJINKOI CKJIQTHOCTI.

OpHak y pilleHHI HAWOUTBIIMX 3aBIaHb HE JIOMOMOXE HAaBiTh
3aCTOCYBaHHSI —I[bOT0 METONy. Y TakuX BHINJKaX Tpeda BHKOPUCTATH
€BPUCTUKY, W00 oxepkaTH HaOMKeH! pilmeHHs. BukopucroByoun
METOJY THUIY BUIIAJKOBOTO MOUIYKY a00 IOCIIIOBHUX HAOJIMKEHb, MOXKHA
3HAUTH TPUIHATHE PIIICHHS, HABITH SKIIO HE BiIOMO, YM OyAe BOHO
HalKpaIyM.

KOHTPOABHI 3anuUTaHHA_ Ta 3aBAaHHA

1. Koam BUKOPHCTOBYIOTH epeBa PillleHb?

2. TIlepeniviTe cIOCOOM MOUTYKY TS MaJIUX Ta BEJMKHX JIEPEB.
3. Sk 3a JONOMOTOI0 JIEpeB TPH MOJIEIIOETHCS I'Pa B XPECTUKH -
HYJIUKU?

Y yomy 3MICT MiHIMAaKCHOI cTpaTerii?

e

5. Illo rake espucruka? 110 crijibHE YV EBPUCTHYHUX AJITOPUTMIB?

6. TloscHITH ceHC METOJIA TIJI0K Ta MEXK.

3.7. 111o mpairoe IIBUJIILE €BPUCTUYHI METOJAM YU METOJX TiJIOK Ta
MexK?

4-8. TlopiBHsiiiTe cTpaTerii CXOMKEeHHs Ha maropd Ta HalMeHIIol
BapTOCTI.

5.9. TIosICHITB aTOPUTM METOAY Bimaly.
6:10. VY domy inest MmeTory 30aIaHCOBaHOTO PUOYTKY?

11. Ha3BiTe CKJIAAHI 3aBOAaHHs, B DPIIIEHH] SKHX 3aCTOCOBYIOTH
€BPHUCTHKH.
12. SIk hopMymIIO€TLCS 3a1a49a PO PO3OMBKY?

13. SIk MOJIeNIOEThCS 3a0a4a OPO  TTOXKEKHI JIeTo?
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14. CKIIBKM JINCTIB MOYKE MaTH JEPEBO pIlIeHb JUId 3aBAaHHs IIPO
3I1IHCHUMICTE?

15. EBpuctuku abo MeTOJ TIUIOK Ta MEXK BUKOPUCTOBYIOTH JUIS
MOLIYKY NPUOJM3HOrO pillleHHs B 3aBJaHHI PO 3A1MCHUMICTE?

IIlo Take aepeBO pillleHb B 3ajayl KOMIBOsDKEDA, sIKa BHUPIIIYETHCS

METOJIOM T'JIOK 1 Mex?
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Posaia Xl
METOAU COPTYBAHHA

Copmysanna — ye npoyec  pO3MijeHHA  eleMenmis
NOCIIO08HOCI 8 OESAKOMY YUCLOBOMY DO JEKCUKOZPADIUHOMY NOPSAOKY.

CopryBaHHS — OZHA 3 HAWOUIBII aKTUBHO JOCIHIIKYBAaHAX TEM Y
KOMI'IOTEPHUX aITOPUTMaX 3 PALY NPUYHH.

Ilo-nepuie, cOpTyBaHHS — Lie 3aBIAHH:, AK€ YaCTO 3yCTPidaeThCs
B 0araThoX MPOrpaMHHX JOJaTKax. Byap-skuil ciucok naHuX Oyne HecTH
OlnpIIe 3MICTy, SKIIO HOTro BIOPAIKYBAaTH SKUMOCh dYHHOM. Yacto
HEOOXiJTHO COPTYBATH JaHi IEKIIbKOMA Pi3HAUMH CIIOCOOaMH.

Ilo-Opyee, GaraTo anrOpUTMIB COPTYBaHHSA €  I[IKABUMHU
MIPUKJIaAaMy IPOrpaMyBaHHs. BOHU IEeMOHCTPYIOTh BaXKJIUBI METOAH, TaKi
SK YacTKOBE BIOPSIOKYBaHHS, PEKypCis, 3JIUTTS CIHUCKIB 1 30epiraHHs
JBIKOBHX JIEPEB y MACHBI.

Hapemri, copTyBaHHsI € 3aBIaHHSIM i3 TOYHUMH TEOPETUUHUMU
O0OMEXCHHSIMU TPOAYKTUBHOCTI. MO)KHa IIOKa3aTH, IO 4Yac BUKOHAHHS
OyIOb - SIKOTO AITOPUTMY COPTYBaHHS, LIO BHKOPHCTOBYE MOPIBHSIHHS
mopsiaky O(N * log(N)). Jlesiki anroputMu JOCATalOTh TECOPETHIHOT MEXi,
TOOTO BOHHM € ONTHMAJIbHUMH B IIbOMY 3MICTi. € HaBiTh PsJ aJTOPUTMIB
COpTYBaHHS, SKi BUKOPHCTOBYIOTH 1HIIII METOIM 3aMiCTh MOPIBHSIHB, BOHU
BHKOHYIOTBCS MIBUAIIE, Hixk 3a 9ac mopsaaky O(N * log(N)).

3araAbHi npuHUMNU

Y 1upoMy PpO3AUTI  PO3MOBITAETHCS MPO  JCSIKI  aJIrOPUTMHU
COpPTYBaHHs, SKi TOBOJSTHCS MO-PI3HOMY B pI3HMX OOCTaBHHaXx.
Hanpuknan, Oynp0OamkoBe COpPTyBaHHS —BHIIEpEKae IIBHAKE 32
IIBUJIKICTIO BUKOHAHHS, SKIIO €JIEMEHTH, 1[0 COPTYIOTHCS, SIKOIOCH MIpOIO
BXKE BIOPS/AKOBaHI, ajleé BUKOHYETHCS IOBUIBHINIE TPH XAOTHUYHOMY
pO3TaIlryBaHHI €JIEMEHTIB.

KoxeH migpo3nin NpHUCBSYEHHH SKOMYCh alrOpUTMY. Aujle
CHOYaTKy OOTOBOPIOIOTHCS MHUTAHHS, IO CTOCYIOTBCS BCiX QJTOPUTMIB
COPTYBaHHS B IIJIOMY.
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TabAuLi NoKaXuukiB

[Ipu copTyBaHHI €NEMEHTIB JaHUX IIPOrpamMa OPraHi3ye 3 HHUX
JesiKy TomiOHICTh CTpyKTypu maHux. Lle#t mporec Moke OyTH IMIBHAKIM
a00 TOBUTBHUM 3aJICKHO BiJl THITY e1eMeHTiB. [lepeMileHHs [iroro gucia
Ha HOBE NOJOXEGHHS B MacWBi Moke OyTH HabaraTo IIBHALINM, HIX
HepeMillleHHs BH3HAYCHOI KOPUCTYBayeM CTPYKTYpH HmaHMX. Ko
CTPYKTYpa SABISIE COOOIO CIIMCOK JaHUX IPO CIiBPOOITHHUKIB, IO MICTHTH
TUCAYl OaiiT iHpopMalii, KOmiIOBaHHS OJHOTO €JIEMEHTa MOXKE 3aiHATH
JIOCUTBH OaraTo Jacy.

Jnst migBUIIEHHS TPOAYKTHBHOCTI COPTYBaHHS BEJIIMKHX 00'€MiB
JAHUX MOJKHA 3aHOCHTH Yy TaOJHMIIO 1HACKCIB KIIOYOBI MO JaHUX, SKI
BUKOPHCTOBYIOTBCS ISl COPTYBaHHs. Y Wil Tabnuii nepedyBaloTh KITOUi
3aMUCIiB 1 IHICKCH €JICMEHTIB IHIIIOI0 MAacHBY, Y SKOMY 1 mepeOyBarOTh
3anMcH JaHuX. Hampukmnan, mpuirycTuMo, o BU 30MpaeTech BiICOPTYBATH
CITHICOK 3aITHCIB MPO CITiBPOOITHHUKIB, 00YMOBIICHUI TAaKOIO CTPYKTYPOIO:

Type Emloyee
ID As Integer
Lastname As String
Firstname As String
<iwT.g.>

End Type

\

Bunminury nam'dgres 0in sanmcu.
Dim Emloyeedata(l To 10000)

1100 BimcopTyBaTH CIIBPOOITHUKIB 32 1IeHTHDIKAMIHHIM KOJIOM,
MOTPiOHO CTBOPUTH TAOJMIFO iHACKCIB, KA MICTUTh 1HICKCH W 3HAYCHHS
ID values i3 3ammciB. [HOEKC eneMeHTa MOKa3ye, SIKMI 3aIiC y MacUBI
Employeedata MICTUTh BiAMOBIIHI IaHi.

Type Idindex
ID As Integer
Index As Integer
End Type

V' Tabauusa iHmekcis.
Dim Idindexdata (1l To 10000)
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[poinimianmizyeMo TabMUIIO 1HASKCIB Tak, MO0 Tepmuii iHIEKC
yKa3yBaB Ha MEPIINH 3aKC TaHUX, IPYTHA — Ha JPYTUH 1 T.JI.

For i = 1 To 10000
Idindexdata (i) .ID = Employeedata (i) .ID
Idindexdata (i) .Index = 1

Next i

ITotiM BigCOpPTYeEMO TaONMUIKO I1HIACKCIB 3a 1ACHTHU(IKAIIHHUM
HomepoM ID. Ilicns mporo monme Index y KOXHOMY €JEMEHTI
Idindexdata ykadye Ha BiANOBIAHMI 3anuc JaHuX. Hampukian,
TICPIITHA 3armc y BiJICOPTOBaHOMY CITUCKY - e
Employeedata (Idindexdata (1) . Index) .

Hns Toro moO copTyBaTH [aHi B PI3HOMY MOPSAKY, MOXKHA
CTBOPHUTH KiJbKa Pi3HUX TaONHI 1HAEKCIB 1 YIPaBIATH HUMH OKpeMo. Y
HaBEICHOMY TIPHUKIALi MOXKHa Oymo O CTBOPUTH W€ OXHY TaOJHITIO
iH/IEKCIB, SKa BIOPSIAKOBYE CHIBpOOITHUKIB 3a mpi3umeM. [Ipu nogaBanHi
a0o BUAAJICHHI 3amKCiB HEOOXiTHO OOHOBIATH KOXKHY TAaOJNHINIO iHICKCIB
HE3aJICKHO.

0O6'eAHaHHA Ta CTUCKaHHA KAIOUiB

IHoxi moxna 30epiraTv KIFOYi CIHCKY B KOMOiIHOBaHii a0o
cruciiii popmi. Hampukian, moxsa Oyno 6 o6'conamu (combine) y
Iporpami JiBa IoJisl, IO BiAIOBIAalOTh iMEHI ¥ TPI3BHINY, B OJWH KIFOY.
Ile mo3BoNMIO © COPOCTUTH U NPUCKOPHUTH TOPIBHSHHS. 3BEPHITH yBary
Ha BIIMIHHOCTI MDK JBOMa HACTYITHUMH (QparMeHTaMH KOOy, sKi
MOPIBHIOIOTH JBa 3aIIMCH ITPO CIIBPOOITHHUKIB!

'\ BUKOPMCTOByOUM piszHi xjmoui.
If empl.Lastname > emp2.Lastname Or
(empl.Lastname = emp2.Lastname And
And empl.Firstname > emp2.Firstname) Then
Dosomething

' BuKOpMCTOByUM OO'e€OHaHUM KJIOUY.

If empl.Cominedname > emp2.Combinedname Then
Dosomething
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Takox iHomi MoxHa cmuckamu (compress) kmodi. CTHCHYTI
KJIFOYi 3aliMafoTh MEHIIE Micls Ta 3MEHIIYIOTh PO3Mip TaOIHIb 1HAEKCIB.
Ile mo3Boise€ COPTYBAaTH CHIMCKH OUIBLIOrO po3Mipy 0Oe3 mepeBHUTpaTu
nam'sTi, IIBUALIE IEPEeMIlllaTH eJIEeMEHTH B CIIMCKY, 1 YacTO TaKOX
MIPUCKOPIOE TOPIBHSHHS €JIEMEHTIB.

OnmuH 3 METOAIB CTHCKAaHHS DSAIKIB — KOIYBaHHS iX IUTMMH
gpcaamMu 200 JaHWMH iHIIOTO 4YucioBoro Qopmary. Ymcnoi maHi
3aliMalOTh MEHIIE MicIs, HDK PSAAKH W TOPIBHAHHS [OBOX YHCEIBHHIX
3HAa4YCHb TAKOX BifOyBaeThCs HAOAraTo IIBHIIIE, HDK ITOPIBHSHHS IBOX
psAnkiB. 3BHYAfHO CTPOKOBI omeparmii HE3aCTOCOBHI U PSIKIB,
MIPEACTABICHUX YHUCIAMU.

Hanpuknan, mpumycTiMo, o MU IparHeMo 3aKOAYBaTH PSIOK,
[0 CKJIANAEThCSA 13 BEIUKUX JIATHHCHKUX OYKB. MOJKHa BBaXKaTH, IO
KOXXHHH CHMBOJ — II€ YHCIIO, B3ATe Ha OcCHOBI  27. HeobximHo
BUKOPHCTOBYBaTH OCHOBY 27, mo0 mpeacraButu 26 OykB 1 Iie OAHY
uudpy IS TO3HAuYeHHS KIHLS cjioBa. be3 BIAMITKM KiHLS clioBa
3aK0JIOBaHUU PAJOK AA HIIOB OM Micis psaka B, ToMy 10 B paaKy AA /Bi
mdpw, a B paaky B — oxHa.

Kop Ha ocHOBi 27 a1 pajKa i3 TphOX CUMBOIIB Jae Gopmyna 272
* (meprmma OykBa - A + 1) + 27 * (mpyra 6ykBa - A + 1) + 27 * (Tpets OykBa
- A + 1). SIxmio B psAAKy MEHIIIE TPHOX CHMBOJIB, 3aMiCTh 3HAUCHHS (TPETs
OykBa - A + 1) migcraBiserscs 0. Hanpuknan, psagok FOX KOOyeTbCS TaK:

272 * (F - A+ 1) + 27 * (O-A+ 1) + (X - A +1) =
4803

Psokx NO KoayeThest B TaKHH CIIOCIO:
272 * (N - A + 1) + 27 * (O-A + 1) + (0) = 10.611

Baunmo, o 10.611 6insmie 4803, ockinbku NO > FOX.

VY Takwuii e crocid Mo)KHa 3aKO/lyBaTH PsIOK 3 6 BEJIHKHUX OYKB Yy
Byl uncna y gopmari long i psgok 3 10 OykB — sk gucio y ¢dopmari
double. /IBi HacTymHi Hpoueaypd KOHBEPTYIOTb PSJIKH B dYUCIA Yy
¢dopmati double iHazan:

Const STRING BASE = 27

Const ASC A = 65 V' ASCII xom nJjsa CUMBOJIY
IIAII .

' [lepeTBOpPeHHA panka 13 umcia y ¢opmari double.

\

‘' full len — noOBHa HNOBXMHa, AKY [IOBMHEH MaTu PANOK.
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‘' llorpifHa, AKIO PAOOK 3aHAITO KOPOTKMM (Hanpukian,
HAX wo__

'\ Le pAOOK 13 TPpbOX CMMBOJI1B) .

Function Stringtodbl (txt As String, full len As
Integer) As Double

Dim strlen As Integer

Dim i As Integer

Dim value As Double

Dim ch As String * 1

strlen = Len (txt)
If strlen > full len Then strlen = full len

value = 0#
For i = 1 To strlen

ch = Mid$ (txt, i, 1)

value = value * STRING BASE + Asc(ch) - ASC A + 1
Next i

For 1 = strlen + 1 To full len
value = value * STRING BASE
Next i
End Function

' 3BOPOTHE IOeKOoOyBaHHA panka 3 dopMarty double.
Function Dbltostring (Byval value As Double) As String
Dim strlen As Integer

Dim i As Integer

Dim txt As String

Dim Power As Integer

Dim ch As Integer

Dim new value As Double

txt = ""
Do While value > O
new value = Int(value / STRING BASE)
ch = value - new value * STRING BASE
If ch <> 0 Then txt = Chr$(ch + ASC A - 1) + txt
value = new value
Loop

Dbltostring = txt
End Function

MoskHa TakoX KOJIYBaTH PS/IKH, IO CKJIAAAIOThCS HE TIIBKH 13
BeNukux OykB. Psmox i3 Benmkmx OykB 1 mu(p MOKHA 3aKOIyBaTH Ha
ocHoBi 37 3amicth 27. Kon OykBu A mopiBHioBatuMe 1, B — 2, ..., Z — 26,
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kox 0 6yze 27, ...,19 — 36. Pagox AH7 Oyne KoIyBaTUCS SIK 372* 1 + 37
*8+ 35 =1700.

3BHYaifHO NPU BUKOPHCTAaHHI O1JIBLIOT OCHOBU JOBXHHA DAIKA,
SIKMH MO>KHA 3aKOJlyBaTy YMCJIOM THITy integer, long— abo double
Oyne BigmoBigHO KopoTmor. Ilpm ocHOBi, mo mopiBHIOE 37, MOXKHA
3aKOIyBaTH PSNOK 3 2 cuMBoNiB y umcni ¢opmary integer, 3 5
cuMBOJIiB y umcr ¢opmary long, i 10 cumBomiB y umeni Qopmarty
double.

CoptyBaHHsA BUbHopom

Copmysanns eubopom (selectionsort) — NpocTHH aNroOpUT™M
3i cxnaamicTio mopsaaky O(N?). Ines monsrae B HOLIYKY HaWMEHLIOro
eJIEMEHTa B CIHCKY, SKHH IOTIM MIHSI€TbCA MICIFIMH 3 €JIEMEHTOM Ha
BepuMHi crucKy. [1oTiM HIyKaeTbcss HAaWMEHIIMH €NeMEHT i3 TuX, IO
3aJMIITUIINCS, 1 MIHSETBCS MICIIMH i3 APYTHM eneMmeHToM. [Ipormec TpuBae
JOTH, TIOKH BC1 €JIEMEHTH HE 3aliMyTh CBOE KiHIIEBE MOJIOKEHHS.

IIpu copryBanni macusy a[l], a[2], ..., a[n] MeTogOM TpocTOTO
BHOOPY cepel yCiX eJeMEHTIB 3HAXOMUThCS EJIEMEHT i3 HalMeHIIMM
3HaueHHsM afi], 1 a[l] 1 a[i] oOmiHIOOTECS 3HaueHHsMH. [loTiM 1ei
MPOIIeC OBTOPIOETHCS IS OIep KyBaHux miamacuBis a[2], a[3], ..., a[n],
... a[j], a[j*+1], ..., a[n] moTH, MOKK MU HE AiiieMO 10 MiaMacHBY a[n], 1o
MICTUTh 1O IbOTO MOMEHTY Haii0inblie 3HaueHHs. Pobora aiaroputmy
UTIOCTPYETHCS MUK oM y Tadm. 13.1.

Taomms 13.1
[Mpuknang cOpTyBaHHS IPOCTUM BUOOPOM
IMouaTkoBuii cTaH MacuBy 823565443316
Kpox 1 123565443386
Kpok 2 152365443386
Kpoxk 3 156654433823
Kpok 4 156844336523
Kpok 5 156833446523
Kpok 6 156823446533
Kpox 7 156823336544
Kpoxk 8 156823334465
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Jis Metomy cOpTyBaHHS IPOCTHM BHOOPOM HEOOXiTHE YHCIIO
mopiBHAHP — n* (n-1) /2. Tlopsnok HEOOXiMHOTO YHCIAa TEepecHIaHb
(BIOYaro4n Ti, sIKi MOTPiOHI At BUOOPY MIHIMAJIBHOTO €JIEMEHTa) Y
HalripmoMy pasi craHoBUTh O (n?) . OjHAK MOPSIOK CEPEAHBOTO YHCIa
mepecwnanb € O (n?*1ln n), IO B pAOl BUMAIKIB POOHUTH Ieil MeTox
KpalymM.

Public Sub Selectionsort (List() As Long, min As Long,
max As Long)

Dim i As Long

Dim j As Long

Dim best value As Long

Dim best j As Long

For i = min To max - 1
V' BHaMTM HAUMEHIMM eJIEMeHT 13 Tux, WO 3aJIMIMIINCH.
best value = List (i)
best j = 1
For 7 = 1 + 1 To max
If List(j) < best value Then
best value = List (J)
best j = j
End If
Next j

v\ MlomicTuTy ejleMeHT Ha Micle.

List (best j) = List (i)
List (i) = best value
Next i
End Sub

[pu mnomyky I-ro HaHMEHIIOIO €JIEMEHTa, AallfOPUTMY
JIOBOAUTHCS Tiepedparn N-T eleMEHTIB, sIKi IIe He 3alHsIIN CBOE KiHIIEBE
MOJIOXKEeHHA. Yac BUKOHAHHS alTOPUTMY IpomopuidHmid N + (N - 1)
+ (N - 2) + .. + 1, abo mopsimky O (N2) .

CoptyBaHHs BUOOPOM HETIOTaHO MPALIOE 31 CHMCKAMH, €IEMEHTH
B SIKMX PO3TAallOBaHi BUMAAKOBO ab0 B MpPSMOMY MHOPSIKY, ajie TPOXH
ripire, SKIIO CHHCOK CIIOYaTKy BiJICOPTOBAHHHA y 3BOPOTHOMY IOPSIKY.
Jis momyky HaMMEHIIOro efleMEeHTa B CIHCKY, COPTYBaHHS BHOOPOM
BUKOHY€E TaKui KOJ:

If list(j) < best value Then
best value = list(j)
best j = 3

End If
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SIKIo crovyaTky CHHCOK BiACOPTOBaHUH Yy 3BOPOTHOMY ITOPSAKY,
ymoBa list (j) < best value BUKOHyEThCs OIBIIY YAaCTHHY 4acy.
Hanpuknan, mpu mnepumioMy mnpoxoil BoHa Oynae iCTMHHA JuIs BCIiX
€JIEMEHTIB, OCKIJIbKH KOKHHH €JIEMEHT MEHIIE MONepeIHbOro. AITOPUTM
Oyne GaraTopa3oBo BUKOHYBAaTHU PsJIOK 3 onepaTopoM E£, 110 mpusese A0
JIeSIKOTO BIIOBUILHEHHS pOOOTH allTOPUTMY.

lle He HAMUIBHIIIMKA anropurt™, aje BiH HAJ3BHYAaHO MPOCTHH.
Ile He TinbkM monermye Horo po3poOKy ¥ Bimmanky, ajge il poOWTh
COpPTYBaHHsI BUOOPOM JIOCUThH HIBUAKHMM JIsl HEBEJIMKUX 3aBAaHb. bararo

IHIIUX ANTOPUTMIB HACTIJIBKM CKJIAJHI, IO COPTYIOTh AYKE€ MaJeHBbKi
CIHCKH MOBUIBbHILIE.

PaHpoMi3aLis

VY npeskux mporpamax HOTpiOHE BHMKOHAHHS omeparii, 38B0pOTHOT
coptyBaHHIO. OJepXaBIIM  CIIHCOK  CIEMEHTIB, IporpamMa  Mae
po3TalyBaTH iX y BHUIAIKOBOMY MOPSAKY. Pandomizayito (unsorting)
CIIUCKY HECKJIaHO BHKOHATH, BUKOPUCTOBYIOUU aJTOPUTM, MOMIOHUN 10
COpPTYBaHHs BHOOPOM.

JIJii KOXKHOTO TMOJIOKCHHS B CIUCKY AallOPUTM BHIIAJKOBUM
YHHOM BHOHMpAaE €IEMEHT, KUl MOBUHEH HOTO 3alHATH 3 THX, sKi IIe HE
Oynu mepeMimnieHi Ha cBoe micie. [10TiM 1ie# eneMeHT MiHAEThCS MiCI[SIMU
3 €JIEMEHTOM, KW TiepeOyBa€e Ha Mill O3HUIIil.

Public Sub Unsort(List() As Long, min As Long, max As
Long)

Dim i As Long

Dim Pos As Long

Dim tmp As Long

For i - min To max - 1
pos = Int((max - i + 1) * Rnd + 1i)
tmp = List (pos)
List (pos) = List (i)
List (i) = tmp
Next i
End Sub

Tak siIk aJrOpUTM 3aMOBHIOE KOXKHY MO3MIIIO TUIBKU OAMH a3,
HOTO CKIATHICT MOPsSAKyY O (N) .

HecknamHo mnokas3atd, o HWMOBIPHICT TOTrO, INO €JIEMEHT
BUSIBUTBHCS B sIKiH-HEOyab mo3uIil, popiBHIOE 1/N. OCKIJIbKH €JeMEHT
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MOJKE BHSBUTHCA B OyIb-IKOMY IIOJIOKCHHI 3 PIiBHOIO WMOBIpHICTIO, Il
ITOPUTM IiHCHO IPUBOIUTH IO BUITAIKOBOTO PO3MIIIEHHS €JIeMEHTIB.

PesynbpTaT 3a1€XKUTH Bif TOTO, HACKIIBKH TapHHM € TeHepaTop
BumaakoBux gucen. @Dynmkmis Rnd B Visual Basic nae npuidHATHHN
pesynbrar aus Ounbrrocti BumaakiB. Crif mepekoHaTHCs, IO MporpaMa
BUKOPHCTOBYe orepatop Randomize mns ininiamizanii ¢yHkuii Rnd,
iHaKIIe TPH KOXKHOMY 3aIlycKy mporpamu QyHkuis Rnd Oyzne BumaBaTu
Ty 5K caMy HOCIIIOBHICTh «BHIIAAKOBHX» 3HAYCHb.

[omiTMO, IO A7 ATOPUTMY HE BaXIIMBHUI MEPBICHUN MTOPIIOK
poO3TamIyBaHHS e€NeMEHTIB. JSIKmo BaM HEOOXiZHO HEOIHOPa30BO
PaHIOMYBATH CIIMCOK €JIEMEHTIB, HEMae HEOOXiTHOCTI HOTo ImomepenaHbo
COPTYBAaTH.

[Iporpama Unsort mnoKa3zye BUKOPHCTAHHS I[OTO aJTOPUTMY
JUTS paHIOMi3alii BiICOPTOBAHOTO CIHICKY. YBEHITh YUCIIO EIEMEHTIB, SIKi
BH TIparHeTe paHIOMi3yBaTH, 1 HAaTUCHITH KHOUMKY Go (Ilowarm).
[Mporpama noka3ye BUXiAHWI BiICOPTOBaHMI CIHMCOK YHCEN i pe3yibTar
paHmoMizariii.

CopTyBaHHA BCTaBKOO

Copmyeanns ecmagkoro (insertionsort) — me OAuH
QITOPUTM 31 CKIAAHICTIO mopsaky O (N2) . Ixes mossirae B TOMYy, 11100
CTBOPUTH HOBUH BIJICOPTOBAaHHI CHHCOK, MEPErjsgarou Mo 4ep3i BCi
EIEMEHTH y TOXIJHOMY CHOUCKY. IIpH I1bOMY, BHOHMPAIOYM YEpProBHI
€IIEMEHT, aJrOPUTM MEperyiifac 3pOCTAYUil BiJICOPTOBAHUIN CIIHCOK,
3HAXOJUTh HEOOXIIHE MOJOKEHHS eIEMEHTa B HbOMY 1 MOMIIIIAE EIEMEHT
Ha CBO€ Miclle B HOBHIA CITUCOK (Tabu. 13.2)

Tabmumg 13.2

IIpuknan copTyBaHHsI METOOM IIPOCTOIO BKIIFOUEHHS

ITouaTkoBuii cTAaH MacHBY 823565443316
Kpok 1 823565443316
Kpor 2 852365443316

582365443316
Kpok 3 582365443316
Kpoxk 4 582344653316
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ITpomorxenns Tadn. 13.2

IMouaTkoBuii cTaH MacuBy

823565443316

Kpok 5

582344336516
582333446516

Kpoxk 6

582333441 656
5823331 44656
58231 3344656
581 233344656
518 233344656
158 233344656

Kpox 7

1582333446 65
15823336 4465
158236 334465
1586 23334465
1568 23334465

Public Sub Insertionsort (List ()

max As Long)

Dim
Dim
Dim
Dim
Dim

i As Long

j As Long

k As Long

max sorted As Long
next num As Long

max_sorted = min -1
For i = min To max
‘' e uymMcJO, MmO BCTaBJSETHLCH.
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Next num = List (1)

As Long,

v Tlomyk ¥MOTO MO3MULii B CHOMUCKY.

For j = min To max_ sorted

If List(j) >= next num Then Exit For

Next j

‘' MlepeMicTuTy Oijbmi ejleMeHTM BHM3, mOO

\

3B1JBHUTU Micle IOJid HOBOT'O UMCJia.

For k = max sorted To j Step -1

List(k + 1) =

Next k

V' MloMicTUTM HOBUM EJIEMEHT.

List(Jj) = next num

‘' 30impmMTKM JI1UMIIBHMK B1OCOPTOBaHMX €JIEMEHTiB.

List (k)

max sorted = max sorted + 1
Next i
End Sub

min As Long,



Mo>xe BHABUTHCS, IO U KOXKHOTO 3 €JIEMEHTIB y MOXiTHOMY
CIIICKY, aJTOpPUTMY TOTPiOHO TepeBipATH BCi BKe BiJCOPTOBaHI
ememenTd. lle BimOyBaeThcsa, HANMPHKIAA, SKIIO Yy TOXiJHOMY CITHCKY
eJlleMeHTH OyJi BXKE BiICOPTOBaHi. Y I[bOMY BHUMAIKY AITOPUTM MOMIIIA€e
KO>KHHI HOBHH €JIEMEHT y KiHEIlb 3pOCTal0u0r0 BiICOPTOBAHOTO CIHCKY.

[ToBHE 9nCIO KPOKiB, AKi NOTPiOHO Oy[ae BUKOHATH, CTAHOBHUTH 1
+ 2 4+ 3+ ..+ (N - 1), tobro O (N?) . Ile He Tak e(heKTUBHO,
AKIIO HOpiBHIOBaTI/I 3 TeOpeTUYHO0 Mexerw O (N * log(N)) mia
AITOPHUTMIB Ha OCHOBI omepariiii mopiBHAHHSA. @aKTUYHO IIeH aNropuT™ HE
HAJTO MIBHIKWAN HABiTh Y MOPIBHAHHI 3 IHIINMH aITOPHTMAaMH IOPSAKY
O (N?) , TaKHMH K COPTyBaHHS BHOOPOM.

BcraBka y 3B'ISBHUX CMUCKaX

MokHa BHKOPHUCTOBYBaTH BapiaHT COPTYBAaHHS BCTaBKOKO JUIsl
BIIOPSIIKYBaHHA €JIEMEHTIB HE B MacuBi, a y 3BSI3HOMY crucky. Llei
ITOPUTM NIyKa€ HEOOXiJHE TMOJNOXKCHHS €JIEeMEHTa B 3pPOCTAI0YOMY
3B'A3HOMY CHHCKY, 1 TIOTIM TIOMilla€ TyAW HOBHH  CIICMEHT,
BUKOPHCTOBYIOUH oTiepallii poOoTH 31 3B'I3HUMH CIIHCKaMH.

Public Sub Linkinsertionsort (Listtop As Listcell)
Dim new top As New Listcell

Dim old top As Listcell

Dim cell As Listcell

Dim after me As Listcell

Dim nxt As Listcell

Set old top = Listtop.Nextcell

Do While Not (old top Is Nothing)
Set cell = old top
Set old top = old top.Nextcell

‘' 3HaWTKM, KyIM HeOOX1OHO IMNOMIiCTUTM eJIEMEHT.
Set after me = new top

Do
Set nxt = after me.Nextcell
If nxt Is Nothing Then Exit Do
If nxt.Value >= cell.Value Then Exit Do
Set after me = nxt
Loop

' BCTaBUTM eJIeMeHT nicyua nmosmuil after me.
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Set after me.Nextcll = cell
Set cell.Nextcell = nx
Loop
Set Listtop.Nextcell = new top.Nextcell
End Sub

OcCkinpku TeH anropuTM Iiepedupae BCi €IEMEHTH, MOXKE
3HAZOOWTHCS TIOPIBHAHHSA KOXKHOTO €JIEeMEHTa 3 ycCiMa eJIeMEHTaMH Yy
BiZICOPTOBAaHOMY CIIUCKY. Y IIbOMY HAHTripIIOMY BUMAIKy OOYHCIIIOBAJIbHA
CKJIAIHICTh aNropuTMy nopsanaky O (N?2) .

Halikpamuii BUnajox IUisl LbOI0 aJIrOPUTMY HOCATAE€THCS, KOJIH
BUXIZHUI CHHCOK CIIOYaTKy BiJICOPTOBAaHMH Yy 3BOPOTHOMY MOpsKy. [Ipn
OFOMY KOXHUM HACTYNHHUH €IeMEHT MEHINWH, HiK MOMepeqHii, ToMy
ITOPUTM IIOMIIIIA€ HOTO B MOYATOK BiJICOPTOBAHOTO CHHCKY. [Ipu 1bomy
NOTPIOHO BUKOHATH TUIBKH OJHY OIEpallil0 MOPIBHSIHHS EJIEMEHTIB 1 B
HaWKpanoMy BHIIAIKy 4YaCc BUKOHAHHS alroputMy Oyzae nopsaky O (N) .

B ycepenHeHOMY BHWIIAIKy, JITOPUTMY JOBENETHCS IPOBECTH
MIOITYK TPHOJIM3HO y TOJIOBHHI BiICOPTOBAHOTO CHHCKY, JJIS TOTO OO
3HATH Mice po3TamlyBaHHA eneMeHTa. [Ipu mboMy alropuTt
BUKOHYEThCS Hpubim3uo 3a 1 + 1 + 2 + 2 + .. + N/2, abo
mopsiaKy O (N2) KpOKiB.

[epeBara BUKOpUCTaHHS 3B'I3HUX CIIUCKIB JUII BCTABKH B TOMY,
IO TPH LBOMY IMEPEMIIAIOThCsl TUIBKU TOKKYMKH, a HE cami 3aIlucu
nanux. Ilepenaya MOKaXKUWKIB MOKe OYTH MIBHALIE, HDK KOIIIOBaHHS
3aliCiB IIJIKOM, SKIIO €JEMEHTH SIBISIIOTH COOOI0 BEJHKI CTPYKTYpH
JaHUX.

ByabballkoBe cOpTyBaHHs

bynpbamkoBe copmyeanns (bubblesort) — e amropurm,
MIPU3HAYCHUH JUIS COPTYBAHHS CIHCKIB, SIKi BXe NepeOyBaloTh y Maibke
BITOPSAAKOBAHOMY CTaHi. SIKIIO HA MOYaTKy MPOIELYPH CIIMCOK MTOBHICTIO
BiJICOPTOBaHMH, AJITOPHTM BHKOHYETHCS AY)KE IIBHAKO 3a Yac IMOPSAKY
O(N) . Slkmo vacTMHa eJIEMEHTIB IepeOyBaroTh HE Ha CBOIX MiCIUX,
QITOPUTM  BHUKOHYETHCS HOBUTBHIME. SIKIIO CIIOYAaTKy €JIEeMEHTH
pO3TaIIOBaHl y BHIIQAKOBOMY MOPSIKY, aJITOPUTM BHKOHYETHCS 3a Yac
mopsaky O (N?) . Tomy mepen 3acTOCyBaHHAM  Oymb0amkoBOro
COpPTYBaHHsS BAXJIMBO IE€PEKOHATHUCS, IO €JIEMEHTH B OCHOBHOMY
PO3TaIIoBaHi MO MOPSAKY.
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[Ipu O6ynpOamkoBOMYy COpPTYBaHHI CIMCOK MPOTILINAETHCS JOTH,
TIOKH HE 3HAHIyThCS [BA CYCiTHI €JIEMEHTH, PO3TAIIOBAHI HE MO MOPSIKY.
Toni BOHM MIHAIOTBCS MICHIAMH, i TpOIETypa TPHUBA€E Aaii. ANTOPHTM
MTOBTOPIOE TIeH TPOIIEeC TOTH, IIOKU BCi €JIEMEHTH He 3aiMyTh CBOT MiCIIS.

[lig gac KOXXHOTO TPOXOIY EJIEMEHT IEePEeMIIIae€ThCsI Ha OIHY
MO3MIIi0 ONIKYe IO CBOTO KIiHIEBOIO MOJOXCHHA. BiH pyXaeTrbes IO
BEpPLIMHH CITUCKY TO/AI0HO 10 OYyNbOalIKy rasy, sika CIUIMBE JI0 IOBEPXHI B
ckistHIi Bomu. llei edekr i maB Ha3By anroputMy Oyib0OAaIKOBOTO
COPTYBaHHS.

[Ipocte oOMiHHE copTyBaHHs (Y MPOCTOPivYYl HA3UBaHE "'METOIOM

OynpOamku") aust macuBy a[1], al[2], ..., aln] mpamtoe B TaKui
croci6. [lounmHarounm 3 KiHIM MacWBY IOPIBHIOIOTHCS JBa CYCimHI
enemMeHTd (a[n] 1 al[n-1]) . Sxuo BUKOHYyeTbCd yMOBa a [n-1] >

a[n], TO 3HaYCHHA ENIEMCHTIB MIHAIOTBCA MicisiMu. [Iporec TpuBae s
a[n-1] i a[n-2] i T.a., NOKKd He Oyae 3po0JicHEe MOPIBHAHHS a [2 ]
i a[l]. 3po3ymino, o mcisd HbOTo Ha MicHi & [ 1 ] BUSBUTHCS €IEMEHT
MacHBy 3 HaiiMEeHIIMM 3HaueHHAM. Ha gapyromy kpomi mpoiiec
MMOBTOPIOETHCS, alieé OCTaHHIMH THOpiBHSAIOThCT a[3] 1 al2]. I Tak
nami. Ha ocranHboMy Kkpomi OyayTh IMOpPIBHIOBATHCS TiJIbKM MOTOYHI
3HadeHHA a[n] 1 a[n-1]. 3po3yMmiga aHamoris 3 OyJIbOALIKOIO,
OCKUTbKH HaliMeHII exeMeHTH ( "Hafurermii") mocTymoBo '"CIUMBYTE" IO
BEepXHBOi Mexi MacuBy. [Ipukiaz copTyBaHHS METOIOM OyibOamku
mokazanuii y Tabm. 13.3)

Tabmus 13.3

[Mpuknax copryBaHHs MeTOIOM OynbOamIku

IloyaTKOBHIi CTAH MACHBY | 823565443316
8 23 5 65 44 331 6
8 23 5 65 44 1 33 6
8 23 5 651 44 33 6

Kpok 1 8 23 5 1 65 44 33 6
8 23 1 5 65 44 33 6
8 1 235 65 44 33 6
18 235 65 44 33 6
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ITpomoBxenHs Tadm. 13.3

IloyaTkoBHii CTAH MAaCHBY 823565443316
18 23 5 65 44 6 33
18235 656 44 33
18235 6 65 44 33
Kpox 2 18235 6 65 44 33
185 236 65 44 33
158 236 65 44 33
158 23 6 65 33 44
158 236 33 65 44
Kpok 3 158 236 33 65 44
1586 23 33 65 44
1568 23 33 65 44
156 8 23 33 44 65
156 8 23 33 44 65
Kpox 4 156 8 23 33 44 65
156 8 23 33 44 65
156 8 23 33 44 65
Kpox 5 156 8 23 33 44 65
156 8 23 33 44 65
K 156 8 23 33 44 65
pox 6 156 8 23 33 44 65
Kpok 7 156 8 23 33 44 65

Jiis MeTomy MpocTOro OOMIHHOTO COPTYBaHHS MOTPIOHE YHCIIO
MOpIiBHAHB N* (n-1) /2, MiHIMaJIBHE YHCIO Mepeciianb 0, a cepemHe i
MaKCHUMaJIbHE YHUCJIO Nepecuianb - O (n?) . MokHa BHECTH B alrOPUTM
KiJIbKa TIOKPAIIIEHb.

Ilpn nmepermsanl MacuBy 3BepXy BHH3 — €IEMEHTH, SIKi
MEPEMIIIAIOTECS  YIOpY, 3PYIIVIOThCS JMINE Ha OAHy mo3umito. Ti x
€JIEMEHTH, SIKI TMePEeMIIaIoThCsl BHU3, 3pYIIYIOTHCS Ha KiJIbKa MO3MUIIH 3a
omuH mnpoxin. Llei ¢akt MoXHa BUKOPHCTOBYBATH JJIsi HNPUCKOPEHHS
poboTu anroputMmy OyJbpOalIKOBOTO COpPTyBaHHs. SIKIIO dYepryBaTu
Heperiisii MacHBY 3BEpXY BHH3 1 3HH3Y Yropy, TO NepeMillleHHsI eJIeMEeHTIB
y IpSIMOMY i 3BOPOTHOMY HAIIpsSIMKax Oy/ie 0/IHAKOBO HIBUAKKM.

[Tix wac npoxoxiB 3BepXy BHU3 HAHOULIBIINN €IEMEHT CIHCKY
NIepeMilIaeThesl Ha MICIIE, a I1iJ] 4ac MPOXOJiB 3HU3Y yropy — HalMEeHIIHH.
SIkmo M eneMeHTIB CIHCKY pO3TalIOBaHi HE HAa CBOIX MICLSIX, AITOPUTMY
Oyne moTpiOHO He OUTBII HiXK M MPOXOMIB JUIsl TOTO, MO0 PO3TalTyBaTH
€JIEMEHTH BIOPSAAKOBaHO. SIKIIO B CIHUCKY N €JIEMEHTIB, aJlrOpuTMy Oyze
moTpiOHO N KpPOKiB I KOKHOTO MPOXOAy. TakuMm YHMHOM, ITOBHHH Hac
BHKOHAHHS JJIsl IBOTO aTOPUTMY Oyne mopsaaky O (M * N) .
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OcranHe TONINIIEHHS — OOMEXEHHS MPOXoAiB MacuBy. Ilicis
Heperisigy MacHBY, OCTaHHI IIEPECTABIICHI SIEMEHTH O3HAYAI0Th YACTHHY
MacHBY, SKa MICTUTh HEYIOPSAAKOBaHI eleMeHTH. llpm mpoxomi 3Bepxy
BHU3, HAIPUKIAJA, HAWOULTBIIMHA eIeMEeHT NepeMiIaeTbcs B KiHIEBE
monoxkeHHA. OCKUTBKM HeMae OUTBIINX eJeMEeHTIB, SKi MOTpiOHO Oyio ©
MTOMICTUTH 32 HUM, TO MOXKHA IOYATH YEPrOBHU MPOXiA 3HU3Y yropy i3
i€T TOYKH ¥ Ha Hilf ’Ke 3aKiHYyBaTH HACTYITHI IPOXOH 3BEPXY BHHU3.

VY rtakumii ke cmocid, micas MPOXOAy 3HU3Y Yropy, MOXHa
3PYIINTH TO3MLII0, 3 SIKOI MMOYHEThCS YEProBHH IPOXiJ 3BEpXY BHU3 i
OyIyTh 3aKIHYYBaTHCS HACTYITHI IPOXOH 3HU3Y YIopy.

Peanizanis anropurmy Oynb0alIkoBOro COpTYBaHHS MOBOIO
Visual Basic BHKOpUCTOBYe 3MiHHI mim 1 max Ul [O3HAYCHHS
MEepIIOTO i OCTAaHHBOTO EJIEMEHTIB CIIUCKY, sKi Iepe0yBaloTh HE Ha CBOIX
MicusiX. Y Mipy TOro, siK aJrOpuTM IOBTOPIOE IPOXOJM 3a CIHCKOM, Iii
3MiHHI OOHOBJISIFOTHCSI, BKA3YIOUH MOJIOKEHHS OCTAHHBOT IIEPECTaAHOBKH.

Public Sub Bubblesort (List () As Long, Byval min As
Long, Byval max As Long)

Dim last swap As Long

Dim i As Long

Dim j As Long

Dim tmp As Long

' [loBTOpPOBATM OO BaBEPUIEHHS.
Do While min < max
V' «CrnnmMBaHHS» .

last swap = min - 1
‘' To6ro For i = min + 1 To max.
i = min + 1

Do While i1 <= max
‘' BHanTy «OyJbOaumKy» .
If List(i - 1) > List (i) Then
V' 3HanTH, KyIM ii moMicTuTH.
tmp = List(i - 1)
J =1
Do
List(j - 1) = List(3)
=3+ 1
If j > max Then Exit Do
Loop While List(j) < tmp

List(j - 1) = tmp
last swap = j - 1
i=3+1

Else
i=1i+1

End If
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Loop
' OBHOBMTM 3MiHHY max.
max = last swap - 1

‘' «3BaHypeHHS».
last swap = max + 1
‘' Tobro For i = max -1 To min Step -1
i =max -1
Do While i >= min
‘' BHanTK «OyJbOalKy» .
If List(i + 1) < List (i) Then
‘' 3HaWTH, KyIou ii nmoMicTuTH!.
tmp = List(i + 1)
J =1
Do
List(j + 1) = List(j)
j=3-1
If j < min Then Exit Do
Loop While List(j) > tmp

List(j + 1) = tmp
last swap = j + 1
i=3 -1

Else
i=1i-1

End If

Loop
v OBHOBMTM 3MiHHY min.
Min = last swap + 1
Loop
End Sub

[puxnag — B apxiei PRIMER.ZIP (muck 3 mpukiagaMu, mamka
ProgR13). Hns Toro mo0 MpOTECTYyBaTH alrOpPUTM OyIhOAIIKOBOTO
COPTYBaHHsI 32 JIOIIOMOIOI0 Iporpamu Sort, MOCTaBTe TaJoyKy B IOJI
Sorted (BigcoproBani) B obmacti Initial Ordering (IlepBicHuit
NOPSIIOK). YBemiTh YHUCIO eneMeHTiB y mnone #unsorted (Yucno
HecopToBaHux). [licis HatuckanHs Ha kKHOnKy Go (Ilouarm), mporpama
CTBOPIOE H COPTYE CIHMCOK, a MOTIM TIePECTaBIIsIE BUIAKOBO 0OpaHi mapu
enemeHTiB. Hampukian, sikimo Bu BBeaete yncio 10 y mone #unsorted,
nporpaMa MepecTaBuTh 5 map 4ucels, To0To 10 eleMeHTiB BUSBIATHCS HE
Ha CBOIX MICIIIX.

Jlis mpyroro BapiaHTa MEpBiCHOTO aITOPUTMY Mporpama 30epirae
€JIEMEHT Y TUMYAcCOBiH 3MiHHIA NpH MEepeMillleHHI Ha Kinbka KpokiB. Lle
BimOyBaeThCA M€ IIBUAIIE, SKIIO BUKOPUCTOBYBaTH (yHKIiI0O API
Memcopy. AJroput™M Oynb0almIKOBOTO COPTYBAaHHS B  IIpOrpami
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Fastsort, BUKOPHUCTOBYIOUH (YHKIIII0O Memcopy, COpTye eleMEeHTH B
50 abo 75 pa3 wBuaIIe, HDK HEpBiCHA Bepcis, peanizoBaHa B MpOrpami
Sort.

HesBaxaroun Ha Te, mo Oymp0amIKoBe COPTYBAaHHS IOBLIBHIIIE,
HDK IHIII aNrOpUTMH, Y HBOTO € CBOi 3acTocyBaHHs. bynbOamrkose
COPTYBaHHS YacTo Ja€ HaHKpallli pe3yJbTaTH, SIKIIO CIUCOK CIOYaTKy BXKe
MaiXe BIIOPSAKOBAHMM. JSIKIIO IporpaMa yIpasis€ CIUCKOM, SIKUH
COPTYETHCS MPHU CTBOPEHHI, a TOTIM JI0 HHOT'O JIOJIAFOTHCSI HOBI €IEMEHTH,
Oynp0aIIKoBe COPTYBaHHSI MOXKE OyTH KpaliM BUOOpPOM.

LLIBMAKe copTyBaHHS

Llsuoxe copmysanns (quicksort) — peKypCHBHHH alrOpUTM,
SKMH BHKOPUCTOBYE MiAXi «pO3AULIH 1 maHyi». SIKImo comcok, 1o
COPTYEThCS, OLbIIE 3aJaHOr0 MIHIMaJIbHOTO PO3MIipY, MpoIEeaypa
LIBUIKOTO COPTYBaHHS pO30MBa€ HOro Ha JABa, a IOTIM PEKypCHBHO
BUKJIMKAE ce0Oe Il COPTYBAHHS KOXHOTO 13 ITiJCTTUCKIB.

SIKIO anropuTM BHUKIHMKAETHCS JUIS MIJICIHCKY, IO MICTUTH HE
OUThII OXHOTO eJEeMEHTa, TO MIIACIHCOK B)XXE BiJCOPTOBAHWM, 1
MiAporpamMa 3aBepurye poooTy.

Inakmre mponenypa BuOupae sSKUii-HeOyIb €EMEHT 31 CIUCKY W
BUKOPHCTOBYE MOTo aisi po30MBKM CIIMCKY Ha JiBa IIiACITUCKH. BoHa
MOMIIIIA€ ENIEMECHTH, SKi MEHINe, HiXK OOpaHWiA eINeMEHT, B IePIIHA
MiACTIMCOK, a IHIII — Yy JPYTUH i TMOTIM PEeKYpPCHBHO BHKIHKAe cebe Uit
COPTYBaHHSI IBOX ITiICITHCKIB.

OcCHOBHa iJies JIrOpPUTMY TOJISAra€ B TOMY, IIO BHIIaJKOBUM
YUHOM BHUOMPAETHCS JESIKMH EJIEMEHT MacUBYy X, IIICJII 4OTr0 MAacHB
MIPOTJISLAAETHCS JTIBOPYY, TOKH HE 3YCTPIHEThCS €IEeMEHT a [ 1] Takuid, mo
alil > x, a WOTIM MacuB MpPOTJNAETbCA IPaBOPYdY, IOKH He
3yCTpiHETbCA €lIeMeHT a [j] Takuil, mo a[j] < x. Lli aBa enemMeHTH
MIHSFOTBCSI MICIIIMH, 1 TIpOLleC Neperiisiay, MOPIBHAHHA i 0OMiHY TpHBae,
MIOKM MM He IiiIeMO 10 elleMeHTa X . Y pe3yibTaTi MacuB BHUSBHTHCS
po30WTHM Ha JIBi YaCTHHHU - JIBY, y SIKiii 3HaUeHHS KIIFO4iB OyIyTh MEHIIIe
X, 1 MpaBy 31 3HAYCHHSAMHM KJITIOYiB, OimbmumMu x. Jlai mporec peKypcuBHO
TPHUBAE [UIA JIiBOI i MMPaBOi YaCTWH MAacHBY JIOTH, TOKH KOXKHA YaCTHHA HE
Oyne MICTUTH B TOYHOCTI OJUH €JEMEHT. 3pO3YyMiJIo, IO 5K 3a3BHYal
pEeKypcil0o MOXHA 3aMiHMTH ITEepalisiMM, SKIIO 3amaM'sTOBYBaTH
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BiNOBigHI iHAekcH MacuBy. [IpocTexmmo Iedl mpomec Ha MPUKIAIL
HAIIIOTO CTaHJAPTHOTO MacuBy (Tabm.13.4).
Tabmuug 13.4

[Tpuknan MBUAKOTO COPTYBAHHS

IloyaTkoBHii CTAH MAaCHBY 8 2356544 3316

8 23 5 6 44 33 1 65

8 23 5 6 1 33 44 65

Kpok 1 (y sikocti X BuOupaeThes a[S])

8 23 |5] 6 1 33 44

Kpok 2 (y miamacusi a[1], a[S] y | ———————= |

SKOCTI X BUOMpaeThes a[3]) 1 23 56 8 33 44 65
==

1 523 6 8 33 44 65

1 523 |6] 8 33 44
Kpok 3 (y minmacusi a[3], a[5] y 65

SIKOCT1 X BUOUpaeThes a[4]) | ———=1

8 6 23 33 44 65

8 |6] 23 33 44
Kpok 4 (y ninmacusi a[3], a[4]
BuOMpaeTscs a[4]) ==

1 56 8 23 33 44 65

ANTOPHTM HeZapMa Ha3MBAE€ThCA INBHIKHM COPTYBaHHSM,
OCKUJIBKH Ul HBOTO OIIHKOIO YHMClia MOPIiBHAHB 1 OOMiHIB € O (n*log
n) . Hacnpaszi y OibImocTi yTHimiT, 0 BUKOHYIOTH COPTYBaHHS MacCHUBIB,
BHUKOPHCTOBYETHCS CaMe LIEH allrOpUTM.

Public Sub Quicksort(List () As Long, Byval min as
Integer,
Byval max As Integer)
Dim med value As Long
Dim hi As Integer
Dim lo As Integer
VOAKmo 3aiMmmMiiocsd MeHme 1 ejieMeHTa, I[I1IOCIUMCOK
BilinmcopToBaHMIM.
If min >= max Then Exit Sub

'\ BubpaTy BHaUYEHHS OJid PO3NO0IN1Jy CHMCKY.
med value = list (min)
lo = min
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hi = max

Do
lepernan Bim hi mo sHauenHa < med value.
Do While list (hi) >= med value
hi = hi - 1
If hi <= lo Then Exit Do
Loop
If hi <= lo Then
list (lo) = med value
Exit Do
End If
V' TMloMiHATM Micuamm 3HadeHHsa lo i1 hi.
list(lo) = list (hi)
‘\ Mlepersiang Binm lo mo 3HaYeHHs >= med value.
lo = lo + 1
Do While list(lo) < med values
lo = lo + 1
If lo >= hi Then Exit Do
Loop
If lo >= hi Then
lo = hi
list (hi) = med value
Exit Do
End If
V' loM1HATM MicuaMM 3HadeHHsa lo 1 hi.
list (hi) = list(lo)
Loop

KYPCUBH TYBaHHS OBOX MNimnmcrTisb.
'\ Pe c e co a o c

Quicksort list(), min, lo - 1
Quicksort list(), lo + 1, max
End Sub

€ KiJbKa BaXJIMBUX MOMEHTIB Y I[iif Bepcii anroputmy, ski BapTo
sragatu. flo - nepue, 3na4enHs med value JUId PO3MOJLTY CIHMCKY HE
BXO/AWTh HI B OAMH mijcnucok. lle o3Hawae, mo y IBOX MiJICTIMCKax
YTPUMYETbCS Ha OJUH €JEMEHT MEHIIE, HDK Yy MOXiTHOMY CIIHCKY.
OCKINBKY YHCIIO PO3TISTHYTHX €JIEMEHTIB 3MEHIITYETHCS, TO B OCTATOUHOMY
MiACYMKY alTOPHTM 3aBEPUINTH POOOTY.

s Bepcis anropuTMy BHKOPHCTOBYE SIK PO3AIIBHHMK MNEpIIHi
€IEMEHT y CIHUCKy. B imeami me 3HadeHHS Manmo 6 mepeOyBaTH Jech B
CepenyHi CIHCKYy, TaK 100 aBa MiACIUCKKA OyiIM NPUOIM3HO PiBHOTO
po3Mmipy. IlpoTre, SKIIO eleMEHTH CIOYATKy Maike BiJICOPTOBaHi, TO
Nepmui eneMeHT — HaliMeHmuid y cnucky. Ilpu npoMy anroput™ He
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MTOMICTUTh XOJHOTO €JIEMEHTa B IEPIIUIl ITiJICTIICOK, a BCi CIEMEHTH B
JPYTHH.

Y mpoMy BHNAIKy KOXHHH BHKIMK IANPOrPaMH BHUMarae
mopsaky O (N) KpOKIiB A TIepeMIlIeHHS BCIX EJIEMEHTIB y Ipyrui
migicnucok. OCKIJIbKHM aJiTOPUTM PEKYpPCUBHO BHKIIMKae cedbe N - 1 pas,
yac Horo BUKOHaHHS Oynme mopsaky O (N2) , IIo He Kpamle, HiK y paHim
po3rIsIHYTHX anroputMax. CHTyamito me OibIe MoTipurye Te, 0 PiBeHb
BKIIQJIGHOCTI pekypcii amropurmy N - 1. Jlnd BETHKHX CITHCKiB
BeJNMYe3Ha INIMOMHA peKypcii mpuBene 10 NeperoBHEHHs cTeka it 30010 B
po0oTI mporpamu.

IcHye Gararo crparteriii BuUOOpY po3aijoBoro enemMeHTa. MoxHa
BUKOPHCTOBYBAaTH €JIEMEHT 13 CEepeNMHU CIUCKY. lle Moxke BUSBHTHCS
HEMOoTraHNM BHOOpPOM, IPOTE MOXKE BHUSBHTHCA W Tak, mo ne Oyxae
HaliMmeHImK abo HaWOIIPIIUA eneMeHT chucky. I[Ipm mpoMmy oOnWH
migccok Oyae HabaraTo OinbIe, HiXK 1HIIHH, 10 IPU3BEC 10 3HIDKCHHS
MPOAYKTHUBHOCTI 0 OPsAKY O (N?) i rmubOoKoro piBHS peKypcii.

Inwa cmpameziss MOXe TIONISITAaTH B TOMY, 11100 TIEPETJITHYTH BECh
CIHMCOK, OOYHMCIMTH CcepeiHEe  apupMeTHYHEe BCiX  3HA4YeHb 1
BHKOPHCTOBYBATH HOTO SK po3xaiioBe 3HaueHHs. Llei miaxin Oyne maBatu
HETIOTaHi Pe3yiabTaTH, ajie 3aXagae MOJAaTKOBUX 3yCHIb. JlomaTKOBHH
MpoXiJ 31 CKIAAHICTIO TopsAaky O (N) He 3MIHHTh TEOPEeTHYHHHA dYac
BUKOHAHHS allTOPUTMY, ajie 3HU3UTh 3arajbHy MPOJyKTUBHICTb.

Tpems cmpameeisi — BUOpATH CEPEIHIN 3 CIEMEHTIB Ha IOYaTKY,
KiHII ¥ cepenuHi crucKy. [lepeBara mporo miaxomy y MBUAKOCTI, TOMY IO
Oyne moTpiOHO BHOpaTH IHUIE TPU €IEeMEHTH. [ apaHTyeTbes, mo e
CIIEMEHT HE € HAHOUIBIIUM a00 HalMEHIIUM y CIUCKY i, WMOBIpHO,
BUSIBUTHCS JIECH B CEPENIUHI CITUCKY.

Hapewrri, ocmaunna cmpameeia, 5Ka BHKOPUCTOBYETHCS B
nporpami Sort, mosirae y BHUIaJKOBOMY BHOOpI €IeMEHTa 3i CITHCKY.
MoxnuBo, ne Oyne HemoranuMm BuOOpoM. HaBiTe sKImO me He Tak,
MOJJIMBO, Ha HACTYITHOMY KpOIll AJITOPUTM 3pOOWTH Kpamwmii BHUOIp.
IMOBipHICTH IOCTIHHOTO BHIIaJaHHI HANTIPIIOTO BUTIAIKY JYKEe Maja.

[Ipu BUKOpHCTaHHI iHITUX METOJIB BHOOPY TOYKH IMOJLTY iCHYE
HeBeJMKa HWMOBIPHICTH TOTO, IO NpW NEBHIH Opradizamii CIMCKy dYac
copTyBaHHs Oyne mopsaky O (N2), Xoua MaJOWMOBIpHO, IO MOJiOHA
opraHizamisi CHHCKYy Ha IOYaTKy COPTYBaHHsS 3YCTpiHEThCS HACIpPaB[i,
IpoTe, Yac BUKOHAHHS ITpu IboMy Oyze O (N2) , HeBaxiHBO doMmy. Lle Te,
0 MOKHA HAa3BaTH «HEBEJIHMKOIO WMOBIPHICTIO TOTO, IIO 3aBXIU Oyze
MOraHa MPOJTyKTUBHICThY.
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CopTyBaHHSA 3AUTTAM

SIK i WIBHIKE COPTYBaHHSA, copmysanns 3nummsam (mergesort)
— [e PeKypCHBHHH anropuTM. BiH TakoXX pO3IUIse CIHCOK Ha JBa
IICOUCKH 1 PEKYPCUBHO COPTYE ITiJICTIUCKH.

CopTyBaHHS 3JIUTTAM AUTMTH CIIMCOK HAaBMUI, (OPMYIOYHM [Ba
MiJICOMCKK  OJJHAKOBOTO  po3mipy. [loTiM mifcmHMCKHM  PEKypCHBHO
COPTYIOTBCSL 1 YK€ BIJICOPTOBAHI 3JIMBAIOTHCS, YTBOPIOIOYM IOBHICTIO
BiJICOPTOBaHMH CIIHCOK.

OnavH 3 TOMYJSAPHUX ANTOPUTMIB BHYTPIITHBOTO COPTYBaHHA 3i
3IMUTTSIMU 3aCHOBAHUI Ha TakuX ifesx ( A mpocToTH OyneMo BBaXKAaTH,
10 YHCJIO eJIEMEHTIB y MAacHBi, SK i B HAIIOMy IMPHUKIAdi, € CTYHNCHEM
gpcna 2). Cnodatky NOSCHHUMO, IO Take 31UTTA. Hexail € 1Ba

BIICOPTOBaHI B MOPAAKY 3pocTaHHA MacwBu p[l]l, p[2], ...,
pln] 1 glll, gql2], ..., qgln] i mopoxHiii macuB r[1l],
r(2], ..., r[2*n], sSKdil MU NparHeMO 3aNOBHUTH 3HAUEHHSIMU

MacuBIB p 1 QY HOPSAKY 3pOCTaHHSA. J[JIs 3MATTS BUKOHYIOTHCS TaKi Jii:
mopiBHIOKOTECSE p[1] 1 g[l], 1 MeHme 3i 3HAYCHb 3aMUCYETHCS B
r[1] . Ipunyctumo, mo 1e 3HadeHHs p [1] . Toni p [2] HOpiBHAETHCS 3
gll] i meHme 3i 3Ha4YeHb 3aHOCHTHCA B r [2] . [Ipummyctumo, mo me
3HaueHHs g[1]. Toal Ha HACTYMHOMY KpOLi MOPIBHIOIOTHCS 3HAYEHHS
pl2] i g[2] i T.Ja., MIOKA MH HE JOCITHEMO MEXi OJHOTO 3 MAaCHBIB.
Toai 3aNMIIOK IHIIOTO MAacHUBY HPOCTO JOMUCYETHCS B "XBICT" MacuBy r.
[puknax 37UTTS IBOX MacHBIB IMMOKa3aHUH Ha puc.13.1.

Hns copTyBaHHS 31 37MUTTAM MacwBy al[l]l, al2], ...,
a[n] 3aBoauThCcs mapHud mMacuB b[l], b[2], ..., b[n]. Ha
MEPIIOMY KpOIi MPOBOAUTHCS 3MUTTS a[l] 1 a[n] 3 po3MilleHHIM
pesympTary B [1], b[2], 3mutts a[2] 1 aln-1] 3 po3MiIIeHHIM

pesyapraty B b[3], b[4], .. 3mutrd a[n/2] 1 al[n/2+1] i3
po3MimieHHsAM pe3ynsTaty B b[n-1], Db[n]. Ha apyromy kpomi
MPOBOMUTBCS 3MuTTs map b[l], b[2] 1 b[n-1], b[n] i3
po3MileHHsIM pe3yabTaTy B a[l], al2], al3], al4],3muartsa map
b[3], b[4] i1 b[n-3], Db[n-2] i3 po3MileHHSIM pe3yIbTaTy B
al[5], ale6]l, al7], al81, ...,3nHTmnapb[n/2—1], bln/2]
i b[n/2+1]1, b[n/2+2] i3 po3MileHHsIM pe3yibTaTy B a[n-3],

aln-2], aln-11, aln]. iT.a Ha ocranapoMy kpori, Hanpukiay (

3aJIe)KHO BiJl 3HAYEHHS n), TPOBOAUTHCSA 3JMTTSA TOCTiTOBHOCTEH
€JIEMEHTIB MacUBY JIOBXWHOWO n/2 al[l]l, al2], ..., aln/2] i
aln/2+1]1, aln/2+21, ..., aln] i3 po3MilIeHHIM PE3YyIbTATY
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B bf[l], b[2], eeey b[n]. Jns  Bumagky MacuBy,
BHUKOPHCTOBYBAHOT'O B HAIIMX HPHUKJIAIaX, IOCIIIOBHICTh KPOKIB IIOKa3aHa
B Tabm. 13.5.
Tabmuus 13.5
[MocninoBHICTH KPOKIB COPTYBaHHS MacHUBY

IMouarkoBwuii cran macuBy | 8 23 5 65 44 33 1 6
Kpoxk 1 6 8 1 23 5 33 44 65
Kpox 2 6 8 44 65 1 5 23 33
Kpox 3 1 56 8 23 33 44 65

Ilpu 3acTocyBaHHI COpPTYBaHHS 3JHMTTSM YHUCIO TOPIBHSHB
KJIIOYiB 1 YUCIIO MEPECHNIaHb OILIHIOEThCS K O (n*log n) . Ame ciuifg
YpaxoByBaTH, L0 Ui BUKOHAHHS QJTOPHTMY IS COPTYBaHHS MAaCHBY
po3Mipy n TOTPiOHO 2*n eNeMEeHTIB maM'aTi. Xoda eTam 3JHUTTS JIETKO
3pO3yMITH, IIe HaWlliKaBilla YacTHHA aNropuTMy. [liCIUCKK 37MBaIOTHCS
B THMYacOBHH MAacHB, i pe3yJbTaT KOIIIOETbCS B IEPBICHUH CITHCOK.
CTBOpEHHS TUMYAaCOBOTO MAaCHBY MOXe OYTH HEJOJIKOM, OCOOJIUBO SIKIIO
pO3Mip eJeMeHTIB BeNUKHN. SIKII0 po3Mip TUMYACOBOTO PO3MIpy AyKe
BEJTUKH, BIH MOXXe MPUBOAUTH 10 3BEPTAHHA N0 (Gaiiry minkadyBaHHS i
3HAYHO 3HIKYBATH INPOXYKTHBHICTh. P0oOOTa 3 THMYacOBHMM MacHBOM
TaKOX NPUBOAMTH JO TOTO, IO OiNblla YaCTHHA Yacy HJe Ha KOIIFOBaHHS
€JIEMEHTIB MK MaCUBaMH.

Tak camo, sk 1 y BUNAAKy 31 IIBUAKUM COPTYBaHHSM, MOXHa
NPUCKOPUTH BHUKOHAHHS COPTYBaHHS 3JIMTTSAM, 3yNUHUBIIM PEKYpCito,
KOJIM MIJICHMCKH JIOCSTAlOTh IIEBHOTO MiHIMajbHOrO po3Mipy. IloTim
MOYKHa BUKOPUCTOBYBATH COPTYBAaHHS BUOOPOM /sl 3aBEPLICHHS POOOTH.

Public Sub Mergesort(List() As Long, Scratch() As Long,

Eyval min As Long, Byval max As Long)
Dim middle As Long
Dim il As Long
Dim i2 As Long
Dim i3 As Long
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[ 51 7 144] [ | 8 ]33 [555]
[ 3 ] I I I I I I |
v v
[ 5 ] 7 [44] [ 6] 8 ]33 ][555]
[ 3] 5 ] I I I I I |
v v

[ 5] 7 [44] [ 6 ] 8 [33]555]
[ 3] 5] 6 ] I I I I |

[ 5 1 7 [44] [ 6 ] 8 ]33][555]
[3[] 56 7] I I I |

[ 5] 7 J44] [6 ] 8 [33][555]

[ 5] 7 144] [ 6] 8 133][555]

[ 5 ] 7 [44] [ 6 ] 8 ]33][555]

[ [5]6] 7] 8 [33[4aa] |

[ 51 7 [44] [ 6 ] 8 [33][555]

[ 3] 5] 6 ] 7] 8 [33]44]555]

Puc.13.1. [Ipuknan copTyBaHHSA 3IHUTTIM
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V' dxmo B cnmcky Oimeme, Hix Cutoff enementis,
' 3aBepumMTM MOTO COPTYBaHHsS npouenypoi Selectionsort.
If max - min < Cutoff Then
Selectionsort List (), min, max
Exit Sub
End If

' PekypCHUBHE COPTYBaHHS MN1ACOMCKIB.

middle = max \ 2 + min \ 2

Mergesort List (), Scratch(), min, middle
Mergesort List (), Scratch(), middle + 1, max

‘' 3nmuTr BiOCcOpTOBAHL CHMCKU.

il = min ‘' Inmexkc cnmcky 1.
i2 = middle + 1 ‘' IHOeKC CIUCKY 2.
i3 = min ‘' Inmexc o0O0'eIHAHOTO CIMUCKY.

Do While i1 <= middle And i2 <= max
If List(il) <= List(i2) Then
Scratch (i3) = List(il)
il = i1 + 1

Else
Scratch (i3) = List (1i2)
i2 = i2 + 1
end If
i3 = i3 + 1
Loop

V' OUuMIIEHHS HEeNYyCTOI'O CIMUCKY.

Do While il <= middle
Scratch (i3) = List (il)
il =11 + 1
i3 = i3 + 1

Loop

Do While 12 <= max
Scratch(i3) = List (i2)
i2 = i2 + 1
i3 = i3 + 1

Loop

‘' IlomMicTuTM BimcopToBaHMM CHMCOK Ha Micle BMXiOHOTO.
For i3 = min To max
List (i3) = Scratch(i3)
Next i3
End Sub

[lepeBara copTyBaHHS 3JIUTTSAM y TOMY, 1110 Yac HOro BUKOHAHHS
3aJIMIIAETBCS  OJHAKOBMM  HE3aJEXXHO B PpI3HUX  PO3MOAUNB i
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IMOYaTKOBOTO pO3TallyBaHHA naHuX. IlIBuake X COPTyBaHHA Jae
MIPOAYKTUBHICT MOpsAAKy O (N2) i mocsirae TIMOOKOTO PiBHS BKIIAZCHOCTI
peKypcii, SKIIO CIHCOK MICTHUTh 0araro OJHAKOBHX 3HA4YeHb. SIKIIO
CIIUCOK BCJIMKWM, UIBHAKEC COPTYBaHHS MOXE IIEPCIOBHUTH CTEK 1
MPUBECTH IO aBapiifHOTO 3aBepIICHHsS poOoTH mporpamu. CopTyBaHHS
3MUTTSAM HIKOJIM HE JIOCATAa€ 3aHAATO TIIMOOKOTO pIiBHSA BKIIAJACHOCTI
peKypcii, TOMy 10 3aBXIU IIIUTH CIIHCOK HA PiBHI YaCTHHHU. [ CIIMCKy 3
N eleMeHTIB TIMOMHA BKIAICHOCTI PEKypcCii UII COPTYBaHHS 3IUTTAM
CTaHOBUTH Juie 1og (N) .

MNipamipanbHEe COPTyBaHHA

[Toyremo 13 mpPOCTOro METONy COPTYBaHHS 3a JIONIOMOTOIO
JepeBa, TNPH BHUKOPUCTAHHI SIKOTO SIBHO OyIyeTbcs ABIMKOBE AEpEBO
mopiBHAHHA Kt0UiB. [ToOymoBa nepeBa MOYNHAETHCS 3 JIUCTIB, SIKi MICTATD
yci eleMeHTH MacuBY. 3 KOXKHOI CYCiIHbOT Tapy BUOMPAETHCS HAIMEHILIMIA
€JIEMEHT, 1 Il eJIEMEHTH YTBODPIOIOTh HACTYNHMH (OJMKYMHA 1O KOPEHs
piBeHb JepeBa). 3 KOXHOI CyCiiHBOI Napy BUOMPAETHCS HANWMEHILIUM
€JIEeMEHT 1 T.I., NMOKM He Oyae NoOyHOBaHUH KOpiHb, MIO MICTHTh
HaliMEHIIUH eleMeHT MacuBy. [IBifiKOBe /iepeBO TOPIBHIHHS Ul MacHBY,
BHKOPUCTAHOIO B HAIIMX MNpPUKIaJaX, Moka3aHo Ha puc.13.2. Otxe, Mu
BXE MaeMO HalMEHIIe 3HAa4YeHHs eJIEMEHTIB MacuBy. g Toro mio6
oJIepKaTH HACTYITHUH 32 BEJTMUMHOIO €IEMEHT, CITyCTHMOCS BiJl KOPEHS 110
OUIAXy, IO Bexe OO JIFCTa 3 HaMCHIINM 3HAYeHHAM. Y Iiif JIMCTOBIH
BEPIIUHI MPOCTABIAETECA (IKTUBHHNA KIFOY i3 "HECKIHUCHHO BEITUKUM"
3HAQUEHHSAM, a B yci NPOMDKHI BY37IHM, IO 3aiiMalucs HaiMEHIINM
€JIEMEHTOM, 3aHOCHThCS HaliMEHIe 3HAueHHs 3 BY3JIB - Oe3nocepenHix
HamaakiB (puc.13.3.). Ilpouec TpuBae IOTH, NOKM BCi BY3JH JiepeBa He
OynyTh 3amoBHeHi (GikKTUBHUMHU Kirouamu (puc.13.4 - puc.13.9).
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Puc.13.4. Tperiii kpox
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Puc. 13.7. ocTwHii Kpok
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Puc. 13.9. Bocemuil kpok

Ha xoXHOMY 3 n KpOKiB, HEOOXiJHUX JUIS COPTYBaHHS MacuBy,
notpibHo log n (aBiiikoBuil) nopiBHsHE. OTXe, MOTPiOHO Oyne n*log
n TOpPIiBHSHB, ajie Ui 300pakeHHS AepeBa 3HAAOOMThCA 2*n - 1
JOAATKOBUX OJMHHIb ITaM'sTi.

€ OuIbIl JOCKOHAIMH aJITOPUTM, SIKMH TNPUHHATO HA3WUBATH
nipamizansHuM copTyBanHsaM (Heapsort). Moro izes monsrae B Tomy,
o0 3aMiCTh TOBHOTO JepeBa TOPIBHSAHHA TOXigHWA MacuB al[l],

al2], ..., aln] mepeTBOPIOEThCA B TMipaMigy, IO Ma€ TaKy
BIIACTUBICTh - JUIS KOXKHOTO a[i] BHKOHYIOTBCI yMOBH a[i] <=
a[2*i] 1 a[i] <= al[2*i+1]. lloTtiMm mipamiga BUKOPHCTOBYETHCS

JUISL COPTYBaHHSI.
Haii0inpmr Hao4HO MeTOJ MOOYIOBH MipaMigyl BHIIILIAE TPHU
JIepeBOIOIiIOHOMY 300paskeHHI MacuBy, okazaHomy Ha puc.13.10. Macus
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300paxkyeTscsi y BHII JBIHKOBOTO [epeBa, KOPiHb SKOTO BiATIOBimae
eleMeHTy MacuBy a[l]. Ha mpyromy sipyci mepeOyBaiOTh eleMEHTH
al2] i1 al[3]. Hatperbomy-al4], al[5], al6], al7] iT.n
SAx 6aunmo, A MacHWBY 3 HEMapHOIO KiJBKICTIO €JIEMEHTIB BiJIOBiTHE
nepeBo Oynme 30amaHCOBAaHMM, a UII MAacHUBY 3 TApHOIO KiTBKiCTIO
CIIEMEHTIB N eJeMeHT a[n] Oyne eauHUM (HAWIBINAM) JHACTOM
"maibke" 30aIaHCOBAaHOTO JAepeBa.

OueBuaHO, MO TpHU MOOYHOBI mipaminu Hac OyAyTH IIKaBUTH
emementd a [n/2], aln/2-11, ..., al[l] and MacuBiB 3 MapHUM
YUCIIOM €JeMEHTIB 1 exeMeHtd al (n-1)/2], al[(n-1)/2-1],
..., all] nns MacuBiB 3 HETTAPHUM YUCIIOM

A1=8

A2=23 A3=5

A4=65 A5=44 A6=33 A7=1

A8=6

Puc. 13.10. [IepeBomoniOHe 300paskeHHs MOXITHOTO MaCUBY

eeMEHTIB (OCKUTBKM TUTbKM JUISI TaKMX CJIIEMEHTIB 1CTOTHI
oOMexeHHs mipamifgu). Hexait 1 - HalOUIbIIMI 1HACKC 13 YKCIA 1HIEKCIB
€IIEMEHTIB, U1 SKHX ICTOTHI OOMexeHHs mipamimu. Tomi Oeperbes
eleMeHT a[i] y moOymoBaHOMY JaepeBi W Ui HBOTO BHUKOHYETHCS
mporeypa MpOCiBaHHS, MO IOJISATa€ B TOMY, IO BHOMUPAETHCS TijKa
JepeBa, 110 BiAmoBimae min (a[2*i], a[2*i+1]), 1 3HadeHHs a[i]
MIHSETECS MICIIMH 31 3HAYEHHSM BiANOBigHOro enemenrta. Km0 e
CJIEMEHT HE € JIMCTOM JEpeBa, Ui HbhOI0 BHKOHYETHCS aHAJIOTIYHA
npouenaypa i T.4. Taki aii BUKOHYIOTHCS MOCHIMOBHO mis a[i], al[i-
11, ..., afll]. Jlerko 06auuTH, MO0 B PE3YyIbTaTi MH OICPKAMO
JIEPEBOIONIOHUI BUIJISIIT MipaMiTu JUIsl BUX1THOTO MacuBY (ITOCIiOBHICTh
KPOKIB JII51 BHKOPHCTOBYBAHOTO B HAIIMX MPHKJIAAaX MACUBY MOKa3aHO Ha
puc.13.11-puc.13.14).
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A1-8

A7=1

A5=44 A6=33
Kpok 1
A1=8
A2=23
Ab=44 A6=33

Puc. 13.12. Kpok 2

A1=8

Ad=6
AB=65
AB=65
A4=23
AB=65
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A5=44

A6=33

A3=1

Puc. 13.13. Kpox 3

A7=5




Al=1

A2-6 A3=5

Ad=23 A5=44 A6=33 AT=8

A8=65

Puc. 13.14. Kpoxk 4

CopTyBaHHA niapaxyHKOM

Copmyeannsa niopaxynKom (countingsort) -
CIeLiaTi30BaHU{ aNrOPHUTM, SKHHA TyXe J0oOpe MpaLfoe, SKIO0 eEMEHTH
JAHWX — IIUJT YMCia, 3HAYEHHS SKUX MepeOyBaloTh y BITHOCHO BY3bKOMY
nianaszoHi. Llel aiaroput mpairoe NOCHTHh IIBHIKO, HANPHKNIAJ, SKIIO
3Ha4YeHHs nepeOyBaroTh Mix 1 i 1000.

CopryBaHHs MipaXyHKOM ITOYMHAETHCS 31 CTBOPEHHS MAacHUBY
JUIsL TAPaxXyHKy 4Hucia eJIEMEHTIB, 1[0 MaloTh INEBHE 3Ha4eHHs. SIKIo
3HaueHHs nepedyBaloTh y JiamasoHi Mik min value i-max value;
alrOpUTM CTBOPIOE MacHB Counts 3 HIKHBOIO Mekel min_value i
BEPXHBOI0 MeXel max value. SIKIIO BHUKOPHUCTOBYETBCS MAacuB 3
HONEPEAHBOT0  MPOXONYy, HEOOXiTHO 3Ha4YeHHS HOro  eJICMCHTIB
MIPUPIBHATH OO HYJA . K0 icHye M 3HA4YeHb €NIEMEHTIB, MACHB MICTHTh M
3aIIKCiB, 1 YaC BUKOHAHHS [[bOTO KPOKY HOpsIKy O (M) .

For i = min To max
Counts (List (1)) = Counts(List(i)) + 1
Next i

3pemTolo  aIropuT™M 00XxoauTh MacuB Counts, mnomimarnydn
BIJNIOBITHE YMCJO €JEeMEHTIB y BigcopToBaHMI MacuB. [lng KoXHOTO
3Ha4yeHHd i Mk min_value i-max_value, BiH nomimae Counts (i)
€JIEMEHTIB 31 3HaYeHHAM % y MacuB. OCKUIBKH IIeH KPOK MOMIIIae IO
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OJTHOMY 3aIliCy B KOKHY TO3HIIIF0 B MAaCHBi, BiH BUMarae mopsaky O (N)
KPOKIB.

new_index = min
For i = min value To max value
For j = 1 To Counts (i)
sorted list(new index) = i
new index = new_index + 1
Next J
Next i

Anroput™m LUIKOM BUMarae MOPSAKY
O (M) +0O (N) +0 (N) =0 (M+N) kpokiB. Skmo M majne B MOpPiBHAHHI 3 N,
BiH BHKOHYETbCS IOyXe IIBHAKO. Hampukmax, skmo M<N, To
O (M+N) =0 (N) , mo a0ocuTh mBHAKO. SIkmo N=100.000 i M=1000, T0O
M+N=101.000, Toxi sx N* Log (N) =1, 6 minsiioHa. Kpoku, BUKOHyBaHi
QITOPUTMOM  COPTYBAHHsS MiJPaXyHKOM, TaKOX JIOCHTh IIPOCTI B
MOPIBHSAHHI 13 KpPOKaMH INBUJAKOTO COPTyBaHHA. Yci mi  ¢axktu
MOEHYIOThCSI, 3a0e3MeUyr0Oud Pa30oM HEHMOBIPHO BHCOKY IIBHAKICTH
BHKOHAHHS COPTYBaHHS IMiAPaXyHKOM.

3 iHmoro Ooky, skmo M Oumeme, HiX O (N*log(N)), TO
O (M+N) Oyae Oimpmie, HiK O (N*log(N)). VY [mboMy BHIAIKY
COPTYBaHHS MiJPaXyHKOM MOJKE BHSBHTHUCS HMOBUTBHIIINM, HiXK aJTOPUTMH
31 CKIIamHICTIO MopsaKy O (N* log (N) ) , Taki SK IIBHIKE COPTYBaHHA. B
OJIHOMY 3 TECTIiB IIBUAKE copTyBaHHs 1000 eleMEHTIB 31 3HAYCHHSIMH BiJ
1 no 500.000 3axkamamo 0,054 cek., y TOM 4ac SIK COpPTYBaHHs
MiApaxXyHKOM 3akafano 1, 76 CeKyH].

CopTyBaHHsS MiIpaxyHKOM CIUpaeThbcs Ha TOH (akT, 110
3HAYCHHS JaHUX — IUIl YKCJIa, TOMY I aJIrOPUTM HE MOXKE MPOCTO
COpTyBaTH HaHi iHmuMX TUmiB. B Visual Basic He MO)XHa CTBOPHUTU MacuB
13 MeXaMu Big AAA 10 ZZZ.

BAoKoBe copTyBaHHSA

Ak 1 copTyBaHHA MiAPaxyHKOM, 0J10KO8e  COPMYBAHHS
(bucketsort) He BUKOPUCTOBYE OIEpaIiil MOPIBHAHHS eneMeHTiB. Llei
JITOPUTM BUKOPHUCTOBYE 3HAYEHHSI €JIEMEHTIB JUII pO30MBKH iX Ha OJIOKH i
MOTIM PEKYPCUBHO COpPTYe oTpuMaHi O610ku. Ko G1oku CTaloTh TOCUTH
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MalliMH{, AalTOPUTM 3YNUHSIETbCA W BUKOPHCTOBYE OINBII MPOCTHH
AJITOPUTM THILY COPTYBaHHS BHOOPOM IS 3aBEPILICHHS MTPOIIECY.

3a 3MicTOM IIel aNropuTM MOMIOHHN IO MIBHIKOTO COPTYBAHHS.
[IIBunKe cOpTyBaHHS PO3AIIIE SIEMEHTH Ha [Ba MiJCIUCKH W PEKyPCHBHO
coptye ix. biokoBe copTyBaHHS pOOHUTH TE XK came, ajie AIIUTh CIIMCOK Ha
0e3imi4 OJIOKIB, a HE Ha JIMILIE JBa ITiACIHUCKH.

Jnst po3nojiny CnucKy Ha OJIOKM ajrOpuTM IIPUIYCKae, M0
3HAUEHHS JaHUX PO3MOAIJICHI PIBHOMIPHO, 1 PO3MOAUIAE €NeMEHTH MO
6n0kax piBHOMipHO. Hampukiaj, npuimycTumo, o AaHi MaroTh 3HAYCHHS
B miama3oHi Big 1 g0 100 i anroput™M BHUKOpHCTOBYE 10 OIOKIB.
AJNTOPUTM TTOMIIIa€ €IEMEHTH 31 3HaUeHHsAMH 1— 10 y mepmmii OJIoK, 3i
3HaueHHsMH 11- 20 — y Apyruii i T.14.

SIKIO  eNeMEeHTH pPO3NOALUICHI PIBHOMIPHO, y KOXXHHMH OJOK
MOTpaIuisie MPUOJIM3HO OJHAKOBE YHCIIO €JeMEHTIB. SIKmo B crnucky N
CJIEMEHTIB, 1 alrOpUTM BUKOPUCTOBYe N OJOKIB, y KOXHHH OJIOK
MOTparuisie Jume oauH abo aBa eneMeHTH. [Iporpama Moxe BiCOpTYBaTH
iX 3a KIHIICBE YHCJIO KPOKIB, TOMY YaC BHKOHAHHS QJTOPUTMY B LIJIOMY
nopsaky O (N) .

Ha mpaktumi po3nofin AaHMX 3BUYAHO HE € PIBHOMIpHHM. Y
JesiKi OJI0KY MOTparuise OUTbINE SICMEHTIB, B iHII — MeHie. [IpoTe skio
PO3MOALN Y IiIoMy ONHM3BKHI IO PIBHOMIPHOTO, TO B KOXXHOMY i3 OJIOKIB
BUSIBUTHCS JIUIIIE HEBEJIMKE YUCIIO €JIEMEHTIB.

[TpoOmeMu MOXYTh BHHUKAaTH, TUIBKH SIKIIO CIIUCOK MiCTHTh
HEBEJIMKE YKCJIO Pi3HMX 3Ha4yeHb. Hampukiaj, sIKIIO BCi eJIeMEHTH MaroTh
OJIHE ¥ Te XK 3HAYEHHs, BOHU BCi OyayTh MOMIilleHI B OJuH OJIOK. SIKI0
ITOPUTM HE BHUSIBUTH LI, BiH 3HOBY i 3HOBY Oy/ie IIOMIIIATH BCi €JIEMEHTH
B TOW camMuil OJIOK, BUKIIMKABIIM HECKIHUEHHY PEKYpCil0 i BHYEpHaBIIH
BECh CTEKOBHI MTPOCTIp.

BAOKOBE CcOpTyBaHHS i3 3aCTOCYBaHHSAM 3B'A3HOrO CMUCKY

PeanizyBaTn anxroputM OIOKOBOTO copTyBaHHS Ha Visual Basic
MOXHa pi3HUMH crnocobamu. [lo-nepuie, MOXHa BHKOPHUCTOBYBAaTH B
SIKOCTI OJIOKIB 3B's13HI ciucku. Lle nmonernrye nepemimieHHs eneMeHTiB MixX
6JI0KaMH1 B MpOIIECi pOOOTH aJITOPUTMY.

Leit MeTox Moxe OyTH OLIBII CKIAJHUM, SKIOIO EJICMEHTH 3
CaMoro I0YaTKy pO3TAIIOBaHI B MacHBi. Y IIbOMY BHUIIAJKy HEOOXiJHO
IepeMiIIaTé eIeMEHTH 3 MaCHUBY Yy 3B'SI3HHIA CIIUCOK 1 Ha3aJ Y MACHB MICIIA
3aBepUICHHS COpTyBaHHs. [l CTBOPEHHS 3B'SI3HOTO CIHCKY TaKOX
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moTpiOHa MomaTkoBa MaM'ATh. HacTymHHMI KON IEMOHCTPYE alTOPHTM
OJIOKOBOTO COPTYBAHHS 13 3aCTOCYBAHHSIM 3B'SI3HUX CIHCKIB:

Public Sub Linkbucketsort (Listtop As Listcell)

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

count As Long

min value As Long

max value As Long

Value As Long

item As Listcell

nxt As Listcell

bucket () As New Listcell
value scale As Double
bucket.num As Long

i As Long

Set item = Listtop.Nextcell
If item Is Nothing Then Exit Sub

1

[limpaxyBaTy eJIEMEHTM M 3HAWTM 3HAYEeHHS min i1 max.

count = 1
min value = item.Value
max value = min value

Set item = item.Nextcell
Do While Not (item Is Nothing)

count = count + 1

Value = item.Value

If min value > Value Then min value = Value
If max value < Value Then max value = Value
Set item = item.Nextcell

Loop

1

AKIO min_value = max value, BUXOINUTL, € E€OUHE
3HAYEeHHS, 1 CHOMCOK BiICOPTOBaHMIA.

If min value = max value Then Exit Sub

1

Akmo B CHOMCKY He Oinem, Hix Cutoff enementTis,
3aBEPUMTY COPTYBaHHA mpolenypoi Linkinsertionsort.

If count <= Cutoff Then

Linkinsertionsort Listtop
Exit Sub

End If

CTBOPUTK MNOPOXH1I OJIOKM.

Redim bucket (1 To count)

value scale =

Cdbl (count - 1) /
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Cdbl (max value - min value)

' PosmicTuTKM ejieMeHTM B OJIOKax.
Set item = Listtop.Nextcell
Do While Not (item Is Nothing)
Set nxt = item.Nextcell
Value = item.Value
If Value = max value Then
bucket num = count
Else
bucket num =
Int ((Value - min value) *
value scale) + 1

End If
Set item.Nextcell = bucket (bucket num) .Nextcell
Set bucket (bucket num) .Nextcell = item
Set item = nxt
Loop

' PeKypCUBHE COPTYyBaHHS OJIOKiB, mo MicTaThb
' Bisibll OOHOTO eJIeMeHTa.
For 1 = 1 To count
If Not (bucket(i).Nextcell Is Nothing) Then _
Linkbucketsort bucket (i)
Next i

' O6'enmHaTy BimcopToBaHl CHOMCKM.
Set Listtop.Nextcell = bucket (count) .Nextcell
For i = count - 1 To 1 Step -1
Set item = bucket (i) .Nextcell
If Not (item Is Nothing) Then
Do While Not (item.Nextcell Is Nothing)
Set item = item.Nextcell
Loop
Set item.Nextcell = Listtop.Nextcell
Set Listtop.Nextcell= bucket (i) .Nextcell
End If
Next i
End Sub

s Bepcist OIOKOBOTO COPTYBaHHA HabaraTo IIBHAINIA, HIX
COpTYBaHHS BCTaBKOIO 3 BUKOPHCTaHHSM 3B'SI3HMX CIUCKIB. JJis OUIbII
JOBIHX CHHCKIB pi3HHUI Oyne mie OiNbmIolo, TOMY IO IMPOAYKTHUBHICTH
CopTyBaHHs BCTaBKoo nopsaky O(N?).
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bAokoBe copTyBaHHS HA OCHOBi MacuBy

BrokoBe cOpTyBaHHA TakOXX MOMKHA peali3yBaTH B MAacCHBI,
BHKOPHUCTOBYIOUM imel TMOMiOHI THM, $Ki BHKOPHCTOBYIOTBCS IIPH
COPTYBaHHI MipaxyHKOM. [Ipy KO)XKHOMY BHKJIHMKY aJITrOPUTMY CIOYaTKy
MiAPaXOBYEThCS YUCIO €JIEMEHTIB, SKi BITHOCATHCS O KOXKHOTO OJIOKY.
IToTiM Ha OCHOBI LMX HOaHUX PO3PAXOBYIOThCA 3CYBH B THMYacOBOMY
MAacHBi, SKi IOTIM BHKOPHCTOBYIOTHCS IUISI MPABIIBHOTO PO3TAIIyBAHHS
€JIEMEHTIB Y MacuBi. 3pemror, OJOKH pPEKypCHUBHO COPTYIOTbCS, 1
BiZICOPTOBaHI JaHi MepeMilaroThCs Ha3all y BUXiIHHHA MacuB.

Public Sub Arraybucketsort (List () As Long, Scratch() As
Long,
min As Long, max As Long, Numbuckets As Long)

Dim counts () As Long

Dim offsets () As Long

Dim i As Long
Dim Value As Long
Dim min value As Long
Dim max value As Long
Dim value scale As Double
Dim bucket num As Long
Dim next spot As Long
Dim num in bucket As Long
' dkmo B cOmMcKy He Oimnepm Hix Cutoff esemenTis,

3aKiHUMTM COPTYyBaHHSA mNpouenypoi Selectionsort.
If max - min + 1 < Cutoff Then

Selectionsort List (), min, max

Exit Sub
End If

' 3HAMTM 3HaueHHS min i1 max.

min value = List (min)

max value = min value

For i = min + 1 To max
Value = List (i)

If min value > Value Then min value = Value
If max value < Value Then max value = Value
Next i

' AKmo minivalue = max value, BUXOIONUTL, € E€OUHE

' 3HadeHHsA, 1 cHOMCoOk BilmcopToBaHUIM.
If min value = max value Then Exit Sub
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v

Redim counts(l To Numbuckets)

value scale =
Cdbl (Numbuckets - 1) / _
Cdbl (max value - min value)

' CreopuTu BimpaxyHkM OJIOKiB.

For i = min To max
If List (i) = max value Then
bucket num = Numbuckets
Else
bucket num =
Int ((List (i) - min value) *
value scale) + 1
End If
counts (bucket num) = counts (bucket num)
Next i

' [lepeTBOPUTM BilOpaxyHKM B 3CyB y MacuBi.

Redim offsets (1l To Numbuckets)
next spot = min
For i = 1 To Numbuckets

offsets (i) = next spot

next spot = next spot + counts (1)
Next i
' PoaMicTuUTM BHaUueHHd Yy BianoBimHmx OJjiokax.
For i = min To max

If List (i) = max value Then

bucket num = Numbuckets

Else
bucket num =
Int ((List (i) - min value) * _
value scale) + 1

End If

Scratch (offsets (bucket num)) = List (i)
offsets (bucket num) = offsets (bucket num)

Next i

' PeKypCMBHE COpPTyBaHHs OJIOkiB, mo MicTaTb

' Oijibll OOHOTO €eJIeMeHTa.
next spot = min
For i = 1 To Numbuckets

If counts(i) > 1 Then Arraybucketsort

Scratch(), List(), next spot,

next spot + counts(i) - 1, coths(i)

next spot = next spot + counts(i)

CTBOPUTM IIOPOXHIM MacHB 3 BliopaxyHkaMy OJIOK1iB.
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Next i

' CkomnioBaTu THMMUYACOBMM MACMB Haz3and Yy BUXI1IHUM

CINVCOK.
For i = min To max
List (i) = Scratch (i)
Next i
End Sub

Yepe3 HakmaaHI BUTpaTH, HEOOXigHI Ui poOOTH 31 3B'I3HUMHU
CITIICKaMH, IIsI BepCist OJIOKOBOTO COPTYBAaHHS IpaIfoe Habarato MIBHAIIE,
HIXK BepCis 3 BUKOPHCTAHHSM 3B'SI3HUX CIHCKiB. [IpoTe BHKOPHUCTOBYIOUH
MeTond  poOOTHM i3  IICeBIOBKa3iBHMKAMHM, MOXKHa  MONIIIIUTH
NPOIAYKTUBHICTD Bepcii 3 BHUKOPUCTaHHSAM 3B'I3HHMX CIIHCKIB, TaK IIO
00uABi Bepcii CTaHyTh MPAKTHYHO CKBIBAJICHTHUMH 110 IIBUIKOCTI.

HoBy Bepcilo TakoXx MOXHAa 3pOOMTH INe  IIBHILIOK,
BUKOPHCTOBYIOYH (QYHKII0 APT Memcopy IS KOIIOBaHHS €JIEMEHTIB
3 TUMYacOBOTO MAacHBY Ha3aJl y MOXimHHMH crmucok. 1[0 BIockoHalieHy
BEpCII0  aNropuTMy JAEMOHCTPYE Iporpama (muck 3
npHUKIagaMu - namka ProgR13).

[lepeBarn ¥ HEOONIKM PO3IJSIHYTUX ANTOPUTMIB COPTYBaHHS,

Fastsort

MOJaHi y TaOHIII.

Tabmums 13.6
[lepeBaru it HeOMIKM aANTOPUTMIB COPTYBaHHS
Anropurm IlepeBaru HenoJiku
CopryBaHHs BcTaBkoto | Jlyxxe nmpocTuit Jyxe moBiTEHO
IIBunko coprye Mparoe 3
HEBEJIMKI CITUCKH BEITUKHMU
CIHMCKaMU
CopryBaHnHs BcTaBkoto | [Ipoctuii [oBineHO Tparrioe 3
Ha OCHOBI 3B'SI3HOTO IIIBuaKoO copTye BEJINKUMU
CITHCKY HEBEJIMKI CITUCKH CIHCKaMU

[lepemimae He maHi, a

MOKKYUKH
CopryBaHHS BHOOpOM Hyxe npoctuii [NoBineHO Tparrioe 3
[IBunko coprye BEJIUKUMHU
HEBEJIMKI CIIMCKU CIUCKaMHU
Bynn6amkose IIBuaKo mpartroe 1ist IToBinbpHO TIpaIroe y
COpPTYBaHHs MaiiKe BiZICOPTOBaHMX BCIX 1HIIMX
CIIUCKIB BUIIAJKaxX
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Ipomorxenns Tadm. 13.6

AJroputm IepeBarn Henoniku
IIBunke Bunko coprye Benuki | IlpuBoauTh m0 mpobiem
COpTYBaHHS CITUCKHU NpU  BEINUKIA  KUTBKOCTI

0JTHAKOBHX 3HAYEHb
CoptyBaHHs IBunko coprye Benuki | Bumarae mpocropy mifg
3IUTTIM CIIUCKHU TUMYacoBi 3HAUCHHS
[pamroe moBiNbBHIIIE, HiX
IIBUIKE COPTYBaHHS
[Mipaminansue IBunko coprye Benuki | [Iparroe moBinbHINIE, HiXK
COpPTYBaHHI CIIHCKH COPTYBaHHS 3ITUTTIM
He Bumarae mpoctopy
JUTSL TAMYaCcOBUX 3HAYCHBb
CopryBaHHA Hyxe mBunko mparroe, | [Iparroe mMOBLNBHO, SKIIO
MiApaXyHKOM SKIIO PO3KUJA BXIJTHUX | IiamazoH
3HaYCHb HEBEIMKHUI 3Ha4eHb > log(N)
Bumarae JIOJJATKOBOT
nam'siTi
[parroe TiTBKK 3 TaHUMU
IIJIOTO THUILY
brnokoe Hyxe mBunko mpariroe, | [loBinbHime, HIXK
COpPTYBaHHS SKIIO JaHl PO3MOJUIEH] | COPTYBaHHS MiIPaXyHKOM
piBHOMIpHO
[Ipamoe 3  npaHuMuy,
qiama3oH 3HAYEHB SKHX
BEJIMKHUN
[pamtoe 3 naaUME Oyab-
SIKOT'O THITY

Pe3ome

MokHa BHUBECTH JEKiIbKa IpaBWi, sKi JONOMOXYTh BHOpaTu
ITOPUTM COPTYBAaHHSA 3 MAKCHMAaJIbHOIO IIPOTYKTHBHICTIO!
- SKIIO BaM TOTPiOHO MIBHIKO peajli3yBaTH ajIrOPUTM COPTYBaHHA,
BHKOPHCTOBYHTE MIBHIKE COPTYBaHHS, a MOTIM HpH HEOOXiTHOCTI
MTOMIHSANTE aITOPUTM;

- gKmo  OuIbII

99  BiACOTKIB

CIHCKY

BXKC BiHCOpTOBaHO,

BUKOPHCTOBYHTE OyJIbOAIIKOBE COPTYBaHHS;

- SIKIIIO

CITMCOK

nyxe Mammid (100

BUKOPHCTOBYHTE COPTYBaHHs BUOOPOM;

abo

MEHIII  EJICMCHTIB),
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SKIIO 3HAYCHHS NepeOyBaroTh Y 3B'I3HOMY CIIUCKY, BUKOPHUCTOBYITE
OJIOKOBE COPTYBAaHHS Ha OCHOBI 3B'I3HOTO CIIHICKY;
SKIIO €JIEMEHTH B CHHCKY - LN 4YWCIa, PO3KUA 3HA4YeHb SKHX
HeBeNWKAN ( O IEKINbKOX THCSY), BHUKOPHCTOBYHTE COpPTYBaHHS
M APaXyHKOM;
SIKIIO 3HAYCHHS JIeXATh y MIMPOKOMY Jiama3oHi W He € MUIAMHA
YHCIIaMH, BAKOPUCTOBYITE OJIOKOBE COPTYBaHHS HA OCHOBI MacHBY;
SKIIO BU HE MOXKETE BUTPAYaTH JOJATKOBY MaM'sTh, HEOOXIAHY JUIS
0JIOKOBOTO COPTYBaHHSI, BAKOPUCTOBYHTE IIBUIKY COPTYBaHHSL.

Skmo BM 3HAa€Te CTPYKTYpy JaHUX 1 pi3HI aIropuTMHu

COpPTYBaHHsI, BU MOXXETE BUOpPATH aliTOPUTM, IO HAWOLIBIIE 3aI0BOJIBHSIE
Ballli MoTpeou.
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KOHTPOABbHI 3an1UTaHHA Ta 3aBAaHHA

1. Jlatu BU3HA4YECHHS MPOLECY COPTYBAHHS.

N

HageniTh HalOIBII BiJOMI €IEMEHTAPHI METOAM COPTYBAHHS.

w

[osicHiTh, YOMYy COpPTYBaHHS € 3aBIAaHHSAM 13 TOYHUMH
TEOPETHYHUMH OOMEXEHHSIMH TPOJIYKTHBHOCTI.

SKy omiHKY epeKTHBHOCTI MAarOTh MPOCTi METOAH COPTYBaHHS?
JJ1s 90T0 BUKOPUCTOBYIOTH TaOMHII 1HIEKCIB?

Y "omy nepeBara MeToAy COPTyBaHHSA BUOOpOM?

SIKy CKJIaJIHICTh MA€ AJITOPUTM COPTYBaHHS BCTaBKOKO?
[MopiBHsiTe OyNBOAIIKOBE COPTYBAHHS Ta IIBUIKE COPTYBAHHS.

© LN oM

Jatn BH3HAYeHHS TMOHATTIO Tipamiia y THipamiTadbHOMY
COpTYBaHHI.
10. Ha3BiTb TOJNIOBHI eTany alropuTMy IipaMiJalbHOTO COPTYBaHHI?

11. Slk  BUKOHYETbCS  MoOOyAoBa  mipamMiid B alNrOpUTMI
MipamiTaabHOTO COPTYBaHHS?

12. Slky ouiHKYy e(eKTHBHOCTI Ma€ auropuT™M MipamilaibHOro
COpTyBaHHA?

13. Ilo Take copTyBaHHS IipaxyHKOM?

14. Yum  Bimpi3HAIOTBCS  OJNOKOBE  COPTYBaHHS Ta  OJIOKOBE
COPTYBaHHS 13 3aCTOCYBaHHSI 3B’ SI3HOTO CIIHCKY?

15. B gkuX BHUNaJKax IPOCTi aJrOPUTMH COPTYBaHHS MOXYTb OyTH
OUTBII IPUHHATHAMU, Hi’K BIOCKOHAJICHI?



16.

17.
18.

19.

20.

BimcopryBatm Qaitnm minmx dYHcel METOIOM BCTaBKH, HE
BUKOPHCTOBYIOYH MaCHB.

PeanizyBaTu mporpamMHo-mipamiiaibHEe COPTYBaHHS.

Jlo miaroToBJeHOI CTATTi aBTOP IOAAB CIHMCOK BHKOPHCTAHOI
JmiTepaTypu, aje pO3TallyBaB BHJAHHS B TMOPSIKY TOSBH
MOCWJIaHb HAa HHUX B TEKCTi. PemakTop 3axamaB po3TallyBaTH
JoKepena 3a a0eTKOw. YTOPSAKYBaTH CIHUCOK JITEpaTypu Ha
BUMOTY pelakTopa (KOXXHE BUIAHHS - 3 HOBOTO a03ally: HOMeEp
TI/T1, aBTOP, Ha3Ba po0OOTH i T.11.).

Jekinpka  apuMETHYHMX  Tporpeciii  3agaHo  CBOIMH
napamerpamu: a¥) —mepmmit unen | d¥ - pisaung; n® —xinekicTs
unenip ; d®>0, i=1., m. He 3Haxomsuu camMux MNpOTrpeCii,
MPOBECTH TXHE 3JIUTTS B OJIMH MACHB, 1110 He yOyBae.
Maxopytounm enemerroM y macusi A [1..N] Gynemo HazuBatu
€JIEMEHT, 1110 3yCTpiYaeThCsl B MacuBi Oibin Hixk N/2 pa3is. Jlerko
MOMITUTH, 1[0 B MacuBI MOXe OyTH He OUIbIIe OJHOTO
Ma)kopyrouoro eixeMeHta. Hampuknan, y macusi {3, 3, 4, 2, 4, 4,
2, 4, 4} maxopyrounii eneMeHT 4, Toxi K y MacuBi {3, 3, 4, 2, 4,
4, 2, 4} Maxopyrdoro eleMeHTa Hemae. BusHauuTH, 4u € B
YIOPSIKOBAHOMY MACHBI Ma)XOPYIOUHMH €JIEMEHT, 1 SIKIIO €, TO
HaJPyKyBaTH HOro.

529






Po3ain XIV
NOLWYK

[licns TOro sK CHHMCOK €JEMEHTIB BiICOPTOBaHMI, MOXe
3HAI00UTHCS 3HAWTH MEBHUH EJIEMEHT y CIHCKY. B mpomy po3zminmi mu
PO3TISIHEMO JIeKiTbKA alTOPUTMIB st nouiyky (search) eleMeHTIB y
BIIOPSITKOBaHUX CIHCKaX.

NMpuknaau nporpam

Iporpama Search(auck 3 npukiagamu — nanka ProgR14) B apxisi
i3 MpHKIaJaMH JEMOHCTPYE BCi ONMMCAaHI B PO3MiI anropuTtMu. Beemith
3HAYCHHS EJIEMEHTIB, SIKI Ma€ MICTUTH CITHCOK, 1 IOTIM HATUCHITH Ha KHOIIKY
Make List (CTBOpPHTH CIHCOK), IporpamMa CTBOPHTH CIHCOK Ha OCHOBI
MacHuBy, y SKOMY KOXXHHH €leMEHT OuIbIle MONepeaHbOro Ha umcio Bix 0
1o 5. Ilporpama BUBOAUTE 3HAUEHHS HAHOUIBIIIOTO €IEMEHTA B CITHCKY, 1100
BY ySIBJISUIM JTialla30H 3HaYEHb CJIEMEHTIB.

[licnst cTBOpEHHS CHHCKY, YCTAHOBHBIIM BiAIOBiIHI TparTiopil,
BHOCPITh ANTOPUTMH, SKI BH XOYETEe BHKOPHCTOBYBAaTH. [IOTiM yBemiTh
3HAUCHHS, sKE MOTPIOHO 3HAWTH, ¥ HATHCHITP Ha KHOMKY Search
(ITomryk).IIporpama BHKOHAe MOIIYK €JIEMEHTa 3a JIOTOMOTOI0 OOpaHOTro
BamH anroputMy. OCKUIBKM CITUCOK MICTUTh HE BCI MOXKJIMBI €JIEMEHTH B
3aJlaHOMY Jlialla30Hi 3HaueHb, BaM MOYKE 3HaI00MTHCS BBECTH KUJIbKA PI3HHUX
3HAYEHb, TIEPII HIXK OJJHE 3 HUX HAW/IETHCS B CIIMCKY.

[porpama 103BOJISIE TAKOX 33/1aTH YUCIIO MOBTOPEHB IS KOKHOTO
3 QNITOPUTMIB MOLIYKY. J[esKi alnropuT™MH BUKOHYIOTBCS JTyXKe IIBHIKO, TOMY
JUTSL TOTO, 100 TMOPIBHATH IXHIO MIBHUAKICTH, MOKE 3HAIOOUTHCS 3a/IaTH JUIS
HUX BEJIMKY KiJBKICTh TIOBTOPEHB.

Ha puc. 14.1 moka3aHo BikHO mporpamu Search micisi mouryky
eneMeHTa 3i 3HaueHHsM 250.000. Leii enement nepedysas y no3uuii 99.802
crucky i3 100000 eneMeHTIB.
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File Help
Data Search
# Items 1000 Target Value [2499
Max Value 2499 Repetitions 1
Make List . Search |
Location Searches Time
[v Exhaustive Search [ 1000 | 1000 | 0,01
v Binary Search [ 1000 | 9 | 0.00
[+ Interpolation Search [ 1000 | 1 | 0.00
[w Linked List | 1000 | 1000 | 0.00
[+ Linked List w/Sentinel | 1000 | 999 | 0.00

Puc. 14.1. Bikno mporpamu Search

MoLuyK METOAOM NOBHOro nepebopy

[lpn BUKOHAHHI iHitiHoco (linear) momiyky abo MOIIYKY
METOJIOM 1081020 nepebopy (exhaustive search) Nomyk BeAEThCS 3
MMOYATKy CIUCKY, 1 €IeMEHTH MepeOMparoThCs MOCTIIOBHO, TOKH Cepend
HUX He OyJe 3HalJeHO ITyKaHUi.

Public Function LinearSearch(target As Long) As Long
Dim i As Long

For i = 1 To NumItems
If List (i) >= target Then Exit For
Next i

If 1 > NumItems Then

Search = 0 ' EJIeMeHT He 3HaMIeHO.
Else

Search = i ' EJIeMeHT 3HaliIeHO.
End If

End Function
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OCKUTBKH Tl aNropuT™ IMepeBipsie eIeMEeHTH OCIiJOBHO, TO BiH
3HAaXOJUTh €IEMEHTH Ha MOYaTKy CIHCKY IIBUAIIE, HIX EJIEMCHTH,
po3TamioBaHi HampuKiHIN. HaWripmmii BHIAJOK [UIS IBOTO AITOPUTMY
BHHHUKA€, KOJHM €JIEMEHT IepeOyBae HAINPUKIHIN CIUCKY abo B3arami He
MIPUCYTHIN Y HhOMY. Y IUX BHUITaJKaX AITOPHTM IEpPEBipsi€ BCi EIEMEHTH B
CIHCKY, TOMYy 4Yac HOTro BHUKOHAHHS Yy HAaWTipIIOMYy BHUNAAKY MOPSIKY
O(N) .

SIkmio eneMeHT nepedyBae B CIUCKY, TO B CEPEIHBOMY alTOPUTM
niepeBipsie N/ 2 eJIeMeHTIB 10 TOTO, SIK BUSBUTH IIyKaHUi. TakiuM 9YMHOM, B
YCEepEeAHEHOMY BHIIQJIKy 4YaC BHKOHAHHS QJITOPUTMY TaKOX MOPSIKY
O(N) .

Xouya anropuTMH, SKi BUKOHYIOTBCS 3a yac mopsiaky O (N) , He €
Iy’Xe HIBHIKMMH, I aJrOpUTM JOCUTH NPOCTHI Ta Ja€ Ha MPaKTHI
HeroraHi pe3ynbTaTd. [l HEBENMKHX CIHUCKIB IIeH aJrOpuTM Mae
NPUIHATHY MPOAYKTUBHICTB.

MoLlyK B YNOPSAKOBAHUX CrUCKaX

SIKIIO CMCOK YNOPSOKOBAaHHUM, TO MOXHA 3Jierka MOIUdiKyBaTu
ITOPUTM MOBHOTO Tepedopy, MO0 MiABHIIUTH WOTO MPOAYKTUBHICTE. Y
LLOMY BHIJIKY, SKILIO IiJi YaC BUKOHAHHS IMOIIYKY aJrOPUTM 3HaXOIUTh
€JIEMEHT 31 3HAUeHHSM, OUIBIINM, HIK 3HaYECHHS IIYKAaHOTO €JIEeMEeHTa, TO
BiH 3aBepIye CBOIO poboty. [Ipu npoMy mIykaHuii eleMeHT He repedyBae
B CIFCKY, TOMY II[O iHAKIIIE BiH OW 3yCTpiBCS paHimIe.

Hanpuknan, npuirycTiMo, IO MH IITyKaeMo 3Ha4eHHsS 12 i
nifimum mo 3HadeHHs 17. IIpw mpoMy MU BXKe TPOWIUIM Ty IUISTHKY
CITHCKY, V SKiid Mir OM mepeOyBae eleMeHT 3i 3HaYCHHAM 12, BUXOIUTB,
eneMeHT 12 y cnucky BiacyTHiH. HacTynHuii Kox JeMOHCTpYE H0pOOIIeHY
BEPCII0 aJrOPUTMY IMOLIYKY OBHHM T1€pe0opoM:

Public Function LinearSearch (target As Long) As Long
Dim i As Long

NumSearches = 0
For i = 1 To NumItems

NumSearches = NumSearches + 1

If List(i) >= target Then Exit For
Next i

If 1 > NumItems Then
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LinearSearch = 0 ' EJIeMeHT He 3HalIeHO.
ElseIf List (i) <> target Then

LinearSearch = 0 ' EJIeMeHT He 3HalIeHO.
Else

LinearSearch = 1 ' EJIeMeHT 3HaMuIOeHo.
End If

End Function

s mommbikamis 3MeHIIye Yac BHUKOHAHHS alITOPUTMY, SKIIO
eJIEMEHT BiACYTHIN y crmucky. [lonmepenHniit Bepcii momyky Oyo moTpioHO
MIEPEBIPUTH BECh CIIMCOK JIO KiHIIS, aje IIyKaHOTO €JIEMEHTa B HhOMY HE
Oyne. HoBa Bepcist 3yIMHATHCS, K TUTBKA BUSBHUTH €IEMEHT OUTBINNHN, HIXK
IIyKaHUH.

SIKmo mIyKaHWH  €NEMEHT pPO3TAIIOBaHUM BHIIAJIKOBO MiX
HAMOUIBIIUM 1 HAWMEHIIMM €JIEMEHTAMU B CIHUCKY, TO B CEPEIHBOMY
AITOPUTMY 3HaHOOMThCS TOPAAKY O (N) KpOKiB, 00 BU3HAYMTH, IO
LIYKaHUH eJeMEeHT BiACYTHIH y cmucKy. Yac BUKOHAHHS IpPHU IbOMY Mae
TOW JXK€ MOPSJIOK, aje Ha MPaKTHI HOro NMpOAYKTHBHICTH Oyle TpOXH
Bumoro. [Iporpama Search (myuck 3 npukjgamamMm — [alka
ProgR1l4) Ha [OUCKy I3 TNpHUKIaJaMH BUKOPHUCTOBYE IO BEPCiko
AITOPUTMY.

MNMowyk y 3B'A3HUX CUCKAxX

ITomryk MeToOM TOBHOTO Tmepebopy — 1€ €IUHUN Ccrociod
MOIIYKY y 3B'SI3HUX crnuckax. OCKIIBKH OCTYIT J0 CIEMEHTIB MOMKIHBHIA
TIJTBKH 32 JOTIOMOTOI0 MOKaX4nKiB NextCell Ha HACTYIHUH €JIEMEHT,
TO HEOOXIZHO MEPEBIPUTH O Yep3i BCi €JIEMEHTH 3 MOYaTKy CIHCKY, 00
3HAWTH IIyKaHUU.

Tak camo, sk 1 y BUNIaJIKy MOLIYKY, TIOBHUM 11€pe0OpOM y MacHBi,
SKIIO CIHCOK YNOPSJKOBAaHMW, MOXXHA NPUIHMHUTH IOWIYK, SKIIO
HaWJeThcs €JIeMEHT 31 3HAYCeHHSM, OUIBIINM, HDK 3HAYCHHS NIyKAaHOTO
€JIEMEHTA.

Public Function LListSearch(target As Long) As
SearchCell
Dim cell As SearchCell

NumSearches = 0

Set cell = ListTop.NextCell
Do While Not (cell Is Nothing)
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NumSearches = NumSearches + 1

If cell.Value >= target Then Exit Do
Set cell = cell.NextCell
Loop

If Not (cell Is Nothing) Then
If cell.Value = target Then
Set LListSearch = cell ' EjleMeHT
BHAMOEHUN .
End If
End If
End Function

[Iporpama Search B apxiBi i3 NpUKIagaMi BUKOPUCTOBYE IIeH
ITOPUTM ISl TIOIIYKY €JIEMEHTIB Yy 3B'I3HOMY crucky. Llel anroputm
BUKOHYEThCSl HeOaraTo IMOBIJbHIIIE, HDK aITOPUTM IOBHOTO Hepebopy B
MacHBi dYepe3 MOAATKOBI HAKIAagHI BUTPATH, IOB'SI3aHI 3 YIpPaBIiHHAM
nmokaxynkamMu Ha o0'extu. IlomiTeTe, mo mporpama Search Oymye
3B'I3HI CNHCKH, TIABKH SKIIO CIMCOK MicTuTh He Oimbmie 10.000
€JIEMEHTIB.

[I{06 anropuT™ BUKOHYBaBCs HeOaraTo IIBUJIIE, Y HHOI'O MOXHA
BHECTH 1Ile OJIHY 3MiHy. SIKI0 30epiraTu noka)xynK Ha KiHelb CIIUCKY, TO
MOJKHA JIOJIaTH B KiHEIb CHHUCKY KOMIpKy, IO OyAe MICTUTH ITyKaHWH
eneMeHT. Llel elleMeHT Ha3MBa€ThCs cucHanbHor mimkor (sentinel).
e n03BoIIsIE OOPOOIATH OCOOIMBUI BUIIAIOK KIHI[SI CITIUCKY TaK CaMo, 5K 1
BCI iHIII.

VY HamoMy BUNAJKY J0/laBaHHSI MITKH B KiHELlb CITUCKY TapaHTYE,
110 3PEITOr0 HTyKaHUH eneMeHT Oyne 3HaiineHo. Ilpu oMy nporpama He
MOJKe BHWTH 3a KiHEUb CIHCKY, i HeMae HEOOXiTHOCTI IMEPEBIpATH YMOBH
Not (cell Is Nothing) y koxHOMY Iukii While.

Public Function SentinelSearch(target As Long) As
SearchCell

Dim cell As SearchCell

Dim sentinel As New SearchCell

NumSearches = 0
' YCTaHOBUTU CUTHAJIbHY MI1TKY.
sentinel.Value = target

Set ListBottom.NextCell = sentinel

' 3HAWTK WYyKAHUM eJIEMEeHT.
Set cell = ListTop.NextCell
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Do While cell.Value < target
NumSearches = NumSearches + 1
Set cell = cell.NextCell

Loop

' uy BUBHAUMTK 3HaAUOEHUM WYKAHUM €JIEMEHT.

If Not ((cell Is sentinel) Or _
(cell.Value <> target))
Then
Set SentinelSearch = cell ' EJleMeHT
3HAMIOEHO.
End If

' BUOAJMUTU CUTHAJIBHY MITKY .

Set ListBottom.NextCell = Nothing
End Function

Xoua MOXKE 37aTHCS, IO L 3MiHA HE3HAYHA, MepeBipka Not
(cell Is Nothing) BHKOHYETBHCS B IIHKII, IO BHKIHUKAETHCS TyXKE
gacto. 7 BEMUKUX CHHCKIB IeH IMKI BUKIHKAETHCS Oe3mid pasis, i
BHTpAIl 4Yacy MiIcyMoBYyeTbca. B Visual Basic ma Bepcis amroputmy
MIOIITYKY Yy 3B'A3HHUX CIUCKaX BUKOHYETHCSA Ha 20 BiICOTKIB MIBHIIIE, HIX
morepenHsa. Y mporpaMmi Search HaBeaeHi oOWABI Bepcil IOTO
QITOPUTMY 1 BU MOYKETE MOPIBHATH iX.

Jlesiki alrOPUTMU BUKOPHUCTOBYIOTH IMOTOKH ISl TPHUCKOPEHHS
MOITYKY Y 3B'SI3HUX CIUCKaX. Hampwkian, 3a JOIOMOTO MOKAXYHKIB B
KOMIpKax CIIHCKY MOKHa OpTaHI3yBaTH CITUCOK Y BHUJI IBIHKOBOTO JepeBa.
[Nomyk eneMeHTa 3 BHKOPHCTAaHHIM LBOTO JepeBa 3abepe 4yac MOPSAKY
O (log (N)), saxmo aepeBo 30amaHcoBaHe. Taki CTPyKTypH AaHUX HE €
MPOCTO CIUCKAMH, TOMY MH iX HE PO3TJISIIaeMO.

ABilikoBUWiIA NOLLYK

Sk yxe 3raayBajocs paHille, IOUIYK IIOBHHM IepebopoM
BUKOHYETBCS JIyXKE IIBUAKO Ui MaJUX CIIMCKIB, ajie Uil BEIHKUX
Ha0araTo INBUAIIE BUKOHYETHCS JIBINKOBMH  TOIIYK. AJITOPUTM
IBilikoBoro nomyky (binary search) HOpIBHIOE €JIEMEHT y CepeHHi
CITCKY i3 IIyKaHUM. SIKIIO NIyKaHW{ eJIeMEeHT MEHIIe, HiXk 3HAlIeHNH, TO
QITOPUTM MPOJIOBXKYE TMOLIYK Yy TEpUIid MOJOBUHI CIHCKY, SKIIO

6inplie — y Apyrid nonosuHi. [Ipukian nomryky 300pakeHuii Ha puc.14.
2.
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[Z]4[5[7[8 [0 [2]HB[17[1][2][5]27[28]3B]37]

min mid max

(2457809 [12]14[ar[a9]22] 25 [27[28]33]37]

min mid max

[2]4]5 789 ]12]14[27]19]22]25][27][28]33]37]

min - mid max

(245789 [12[14[17[19][22]25[27[28]33]37]

FOUND

Puc. 14.2. Ilpuknan GiHAPHOTO NOLIYKY

Xouya 3a CBOEIO MPUPOJIOIO 1IN alNrOPUTM € PEKYpCHUBHHUM, HOTO
JOCUTh TIPOCTO 3amucaté i 0e3 3acrocyBaHHA pekypcii. OCKUIbKH LeH
AITOPUTM TPOCTHU U PO3YMIHHS B OyIb-sIKOMY BapiaHTI (3 peKypciero
abo 0e3), TO MU HaBOAMMO TYT HOTO HEPEKypCHBHY BEpPCifO, IO MICTHTH
MEHIIIE BUKJIAKIB (DYHKITi.

OcHOBHa i71es, yKJIa/ieHa B I[bOMY aJITOPUTMI, IIpOCTa, ajie AeTaii
1l peamizamii gocuTh CkiagHi. [Iporpami TOBOAMTHCSA —aKypaTHO
BIJICJTIIKOBYBAaTH YaCTHHY MAacHBY, III0 MOXXE€ MICTUTH IIYKaHUH €JIEMEHT,
1HaKIIIe BOHA MOKe HOTO MPOIMYCTUTH.

AJNTOpPUTM BHUKOPUCTOBYE JBI 3MiHHI: min 1 max, y SKHUX
nepeOyBalOTh MiHIMAIBHUH 1 MAKCUMaIbHUH 1HIEKCH KOMIPOK MaCHUBY, SIKi
MOXYTh MICTUTH IIyKaHWH eneMeHT. [lix Yac BHKOHAHHS aJrOPUTMY
IHIEKC NIyKaHOi KOMIPKHM 3aBXAM JIEKUTh MDK min i max. IHakme
KaXy4yd, min <= target index <= max.

[Tix uyac KOXHOTO TPOXOJIY AQJIrOPHUTM BHUKOHYE IPUCBOEHHS
middle = (min + max) / 2 i mepeBipse KOMIpKy, iHIEKC SKOi
nopiBHioe middle. SIkmio #oro 3HaueHHs JOPIBHIOE IIYKaHOMY, TO MeTa
3HaMJIeHa 1 aITOPUTM 3aBEPIIy€E CBOIO pOOOTY.
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SIKoio 3HauYeHHS IIYKaHOTO EJISMEHTa MEHINe, HiK 3HAYCHHS
CepeIHBOT0, TO AITOPUTM YCTAHOBIIOE 3HAYCHHS 3MIiHHOT max pPiBHHM
middle - 1 i mpoxoBxkye nomryk. OCKUIBKM 1HAEKCH €JIEMEHTIB, SIKi
MOXYTh MICTUTH IIyKaHUH €IeMEeHT, Telep nepeOyBaroTh y JiamazoHi Bif
min g0 (middle - 1), mporpama BHKOHYE IOIIYK Yy IEPIIiii MOJIOBHHI
CIIHCKY.

3pemroro mporpamMa abo 3Haiije IIyKaHWA elIeMeHT, abo
HACTYIHUTh MOMEHT, KOJNM 3HAa4YeHHS 3MIiHHOI min craHe OiumbIme, HiK
3HaueHHs max. OCKUIBKM 1HJEKC LIYKaHOTO eJeMEeHTa Mae IepeOdyBaTu
MDK MIHIMaJbHMM H MaKCHMaJIbHUM MOKJIMBHMHU 1HIEKCAMH, II€ O3HAYac,
0 IIYKaHWK eNIEMEHT BiACYTHIN y CIIHCKY.

HactynmHuid Ko JeMOHCTpY€e BHKOHAHHS JBIHKOBOIO IOIIYKY B
nporpami Search:

Public Function BinarySearch(target As Long) As Long
Dim min As Long

Dim max As Long

Dim middle As Long

NumSearches = 0
' IIig yac nomwyky 1HIEKC WMyKaHOTO eJjiIeMeHTa
nepebyBaTmMe

' Mix Min i1 Max: Min <= target index <= Max
min = 1

max = NumlItems

Do While min <= max

NumSearches = NumSearches + 1
middle = (max + min) / 2
If target = List(middle) Then ' My sHaNMIn

WYyKaHUM eJieMeHT !
BinarySearch = middle
Exit Function
ElseIf target < List(middle) Then ' lowmykx y JjiBim

[IOJIOBMHI .
max = middle - 1
Else ' Tomyk y npaBily HOJIOBMHIL.
min = middle + 1
End If
Loop

' AKWO MM BMSABMIIMCS TYT, TO WYKAHOTO e€JIEMEeHTa HeMae€ B

CIVICKY .
BinarySearch = 0
End Function
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Ha KOXHOMY KpoOIi YHCIIO €JIEeMEHTIB, SIKi IIe MOXYTh MAaTH
IOIyKaHe 3HA4YCHHS, 3MEHIIyeTbes BaBiui. [lma cmmcky posmipy N
AITOPUTMY MOXE 3HamoOuTHcss MakcuMyM O (log (N)) KpokiB, 100
3HalTH Oynb-sIKUil eeMeHT a00 BU3HAYMTH, III0 HOTO HeMae B crucKy. Le
Ha0araTo MIBHAIIE, HK Yy BHIIAJKY 3aCTOCYBAHHS ITOPUTMY ITOBHOTO
nepebopy. [loBHMIT mepedip cuCKy 3 MiNbiloHA €IEMEHTIB 3aXkanaB Ou B
cepenuaboMy 500.000 kpokiB. AJTOPUTMY JBIHKOBOTO TMOIIYKY Oye
noTpibHo He Oinbine, HiXXK 1og (1.000.000) abdo 20 kpokiB.

IHTEpPNOAALIMHUIA NOLYK

JBiiikoBuii momryk 3abe3redye 3HAYHE 30UMBIICHHS MIBHUAKOCTI
MIOITYKY B TIOPiBHAHHI 3 TOBHUM IIepeOOpPOM, OCKITBKM BiH BHKIIIOYAE
BEJMKI YacTHHHM CIIMCKY, HE TEPEBIpSIOYM MpH [bOMY 3HAUCHHS
€JIEMEHTIB, II0 BUKJIIOYAIOTHCA. SIKIIO, KPiM TOTO, BiIOMO, IO 3HAYCHHS
€JIEMEHTIB PO3MOAUICHI JOCUTh PIBHOMIPHO, TO MOXXHa BUKJIIOYATH Ha
KO)KHOMY  Kpoli  Ime  OUIbllle  ENEeMEHTIB,  BUKOPHUCTOBYIOYU
iHTeproNANiiHuil momyk (interpolation search).

[HTeprONAIi€l0 HA3MBAETHCS TPOLEC MPOTHO3YBaHHSA HEBiIOMHUX
3HAYEHb HA OCHOBI HasiBHUX. Y IIbOMY BHIIQJIKy 1HIEKCH BiJOMHUX 3Ha4CHb
y CIIMCKY BHKOPUCTOBYIOTBCS Ul BU3HAUEHHS MOJIIMBOTO IOJOXKEHHS
LIYKaHOTO €JIEMEHTAa B CITUCKY.

Hanpuxknan, npumycTumo, 1o € CIMCOK 3Ha4ye€Hb, IIOKA3aHUHI Ha
puc.14.2. 1leii cnucok MicTUTh 16 eneMeHTIB 31 3HaYeHHAMH Mix 2 i 37.
[Mpunycrumo Temnep, M0 MOTPIOHO 3HAWTH E€NEMEHT Y CHHCKY, L0 Mae
3HaueHHs 22. 3Ha4eHHs 22 cTaHOBUTH 63 BiCOTKH BijncTaHi Mixk 2 i 37 Ha
mKanmi 9uced. SIKmio BBakaTH, MO 3HAYCHHS €JIEMEHTIB PO3IMOJIUICHI
pPIBHOMIpHO, TO MOXXHa NPUIYCTUTH, M0 IIYKaHUH  eJIeMEHT
pO3TalIOBaHWI MPHONM3HO B TOYI, IO CTaHOBHTH 63 BIICOTKH BiX
po3Mipy CHHCKY, i 3aiiMae mo3umiro 10.

Skmo  mo3mmis, oOpaHa 3a  JONOMOTOK)  IHTEPHOJIALIT,
BUSIBJIIETHCS] HENPABUIIBHOIO, TO aJITOPUTM IIOPIBHIOE IIyKaHe 3HAYCHHS 31
3HAYCHHAM eJieMeHTa B 00paHii mo3umii. SIKIo mykane 3Ha4eHHS MEHIIIE,
TO TMOUIYK TPUBA€ B TMEPIIiil YaCTHHI CHHCKY, SKIIO OinbIne — y ApyTiit
YaCTHHI.

IIpn nABIMKOBOMY IIONIYKY CIMCOK IIOCHTIJOBHO PO30MBAETHCS
MOCepeINHI Ha AB1 YAaCTHHHU. IHTEpHOIMIHHUI MOIIyK Iopa3 po30mBae
CIMCOK, HaMaralo4uch 3HAWTH HAWOMIDKYMKA /10 IIYKaHOTO EJIEMEHT Y
CHHCKY, TIPH [IbOMY TOUYKa PO3OMBKH BU3HAYAETHCS TAKUM KOJOM:
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middle = min + (target - List(min)) *
((max - min) / (List(max) - List(min)))

Ie#t omepatop momimae 3HaueHHs middle Mik min i max y
TaKOMY K CIIIBBiIHOIICHHI, Yy SKOMY IIyKaHe 3HaueHHsS mepeOyBae Mik
List (min) i List (max). SIkmo mykaHuil exeMeHT rmepedyBae mopsi
i3 List (min), To pi3HHIsA target — List (min) Maike JOPIBHIOE
Hymo. Toxi Bce CriBBiIHOMIEHHS MIJTKOM BHUTJISIIAE Maibke Sk middle =
min + 0, ToMy 3HayeHHs 3MiHHOI middle maiike 1opiBHIOE min. 3MicT
LLOTO MOJIAATA€ B TOMY, IIIO SKIIO 1HAEKC €IeMEHTa MaiKe JOPIBHIOE min,
TO WOTO 3HAYCHHS MaiKe JOpiBHIOE List (min).

AHAJIOTIYHO, SKIIO NIYKAHUH eJeMEeHT mepedyBae mopsa i3
List (max), To pi3HMI target - List (min) Maibke HOpIBHIOE
pizHEOI List (max) - List(min). IxHs wactka maibke TIOPIBHIOE
OJIMHMIN, 1 CHIBBIIHOIIEHHS BHUIIAmac Maibke sk middle = min +
(max - min), abo middle = max, SAKIIO CIOPOCTUTH BUpa3. 3MICT
[BOTO CITIBBITHOIICHHS MOJATAaE B TOMY, IO SKIIO 3HAYCHHS CIIEMCHTA
O6mu3pke 10 List (max), To HOTOo iHICKC Maike JOPIiBHIOE max.

[Ticnst Toro, sik mporpama oO4YMCINTH 3HaueHHs middle, BoHa
MTOPIBHIOE 3HAYCHHS eJIeMEHTa B I[iif MO3UIIIT i3 IIYKaHUM Tak camo, K i B
ITOPUTMI JBifiKOBOro momryky. SIKmo i 3HayeHHs 30iraroTbcs, TO
HIYKAaHUM €JEeMEHT 3HAiIeHO 1 Mmpolec 3akKiH4eHO. SIKIo 3HAaYCHHS
[IYKAHOTO EJIEMEHTa MEHINe, HiX 3HAYCHHS 3HAWICHOro, TO MporpaMa
BCTAaHOBJIIOE€ 3HAueHHs max piBHUM middle - 1 i MPOJOBXKYE MOIIYK
€JIEMEHTIB CIHCKY 3 MEHIIMMH 3HAYCHHSAMH. SIKII0 3HAYEHHS IIYKAHOTO
eJleMeHTa OuTbIe, HiXK 3HAYCHHS 3HAWJICHOTO, TO MpOorpamMa BCTAHOBIIOE
3HaueHHs min piBHUM middle + 1 i HNPOJOBXKYE MOUIYK EJIEMEHTIB
CITHCKY 3 OUTBIIUME 3HAYCHHSIMHU.

ITomiTbTe, MO B 3HAMEHHHKY CITiBBiJIHOIICHHS, IO 3HAXOIHTH
HOBE 3Ha4YeHHs 3MiHHOI middle, mepeOyBae pisHMI (List (max) -
Lsit (min) ). Skmo 3HauyeHds List (max) 1 List (min) OIHAKOBI,
TO BiJAOyJeThCS PO3IMOJI HAa HyJNb 1 NporpaMa apapiiHO 3aBEepIUUTH
poboty. Take Moxe BimOyTHCs, SKIIO JBa €IEMEHTH B CITUCKY MalOTh
oHakoBi 3HaueHHA. OCKUTBKH adTOPUTM MiATPUMYE CITiBBiITHOIIEHHS min
<= target index <= max, TO Oi mpodieMa MOXKE TaKOK
BUHHUKHYTH, SIKIIO min Oyae pOCTH, a max 3MEHIIIYBaTHCS JOTH, IOKH iXHi
3HAYCHHS HE 3PIBHIIOTHCS.

[[To6 ymopatucs i3 1ie0 npobIemMor, Tporpama mepen
BHKOHAHHAM OIlepamii po3MoauTy TepeBipse, YM He CII1BNanaioThb
List(max) 1 List(min). SKmo me Tak, 3HAYUTh, 3aJTHIIUAIOCT
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NEepeBIpUTH TIIBKM OJHE 3HAa4eHHsA. [lpW oMy Iporpama HPOCTO
miepeBipsie, 9n 30iraeThesl BOHO i3 ITyKaHUM.

[Ile omHa TOHKICTH TONATaE B TOMY, IO OOYNMCICHE 3HAYCHHSI
middle He 3aBXOH JIGKUTh MK min i max. Y HAHOPOCTIIIOMY BHITAAKY
e MOXe OyTH Tak, SIKIIO 3HAYeHHS IIYKaHOTO €JEMEHTa BUXOJHUThH 3a
MeXI Jiara3oHy 3Ha4YeHb €JEeMEHTIB y cmnucky. I[Ipumyctumo, mo mu
Hamaraemocs 3Haiitu 3HadeHHs 300 y crimcky 3 exemenTiB 100, 150 i 200.

Ha mepmiomy kpori obuncinerns min = 1 imax = 3. Tomi middle =
1 + (300 - List(l)) * (3 - 1) / (List(3)
List(1l)) = 1 + (300 - 100) * 2 / (200 - 100) = 5.

Ianmexc 5 He TinpkH He nmepeOyBae B Aiama3oHi MK min i max, BiH TaKOX
BUXOJMTh 3a MeXi MacuBy. SIKIIo mporpama crpoOye 3BEpPHYTHCS 0
elleMeHTa MacuBy List (5), TO BOHa aBapiiiHO 3aBepUIMTh POOOTY 3
MTOBIIOMJICHHAM TIpo MOMWIKY “Subscript out of range”.
IMomibHa mpobmemMa BHHUKAE, SKIIO 3HAYCHHS CJICMCHTIB
po3moAiNeHi Mixk min i max ayxke HepiBHOMipHO. [IpumycTimMo, mo Mu
xo4eMo 3HaiTH 3HaueHHsA 100 y criucky 0, 1, 2, 199, 200. Ilpu nepmomy
oOuncneHHi 3Ha4eHHS 3MiHHOI middle MM OAEpPKMMO B TIporpami

middle = 1 + (100 - 0) * (5 - 1) / (200 - 0) = 3.
ITotiM mporpaMa MOPIBHIOE 3HAYCHHS eleMeHTa List (3) i3 mykaHuM
sgadyeHHAM 100. Ockinpku List (3) = 2, mo menme 100, BoHa 3amae
min = middle + 1,T00TOMmMin = 4.

[lpu mnonanpiioMy oO4YMCIIEHHI 3Ha4YeHHs 3MiHHOI middle
nporpamMa 3HaxoguTh middle = 4 + (100 - 199) * (5 - 4)
/ (200 199) = -98.3nayenHs —98 He MOTpAIUILE B Iiara30H min
<= target index <= max 1 TakoX JaJeKO BHUXOIMUTb 332 MEXIi
MacuBy.

SIkmo po3mIsiHyTH Tporec obuucieHHS 3MiHHOI middle, To
MOJKHa MM00AYUTH, IO ICHYIOTH JIBa BapiaHTH, NPU SKUX HOBE 3HAUCHHS
MOJKE BUSIBUTHCS MEHIIMM, HDK min abo OimbimmM, HiX max. CrodaTky
MIpUIycTUMO, o middle MeHme, HiX min.

min + (target - List(min)) * ((max - min) / (List (max)
- List(min))) < min

[Ticns BUpaxyBaHHS min 3 000X YaCTHH PiBHSHHS, OJIEPXKUMO:

(target - List(min)) * ((max - min) / (List (max) -
List (min))) < O
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OCKimbKM max >= min, pi3HUOA (max - min) Mae Oyt
outeine Hynsa. Ockimbku List (max) >= List(min), pi3HHANA
(List (max) - List(min)) Ttakox Mmae Oyru Oumpmme Hymsi. Tomi
00u/IBa 3HAYCHHS MOXYTh OyTH MEHIIIE HYJs, TUIbKH KO (target -
List (min)) menwe Hynd. Lle o3Hauae, M0 mIyKaHe 3HAUEHHS MEHILE,
HDK 3HAUCHHS elleMeHTa List (min). Y IbOMYy BUMNAIKy IIyKaHWA
CJIEMEHT HE MOXE MepeOyBaTH B CITUCKY, TOMY IO BCI CIIEMEHTH CITHCKY 31
3HAYCHHSAM MCHIIMM, HiXK List (min) , Bxke Oy BUKIOYCHI.

Tenep mpurryctumo, mo middle Oinmpire, HiX max.

min + (target - List(min)) * ((max - min) / (List (max)
- List (min))) > max

[Ticnst BUpaxyBaHHS min 3 000X YaCTHH PiBHSHHS, OJCPKUMO:

(target - List(min)) * ((max - min) / (List (max) -
List (min))) > 0
MHuosxeHHs1 000X yacTuH Ha (List (max) - List(min)) /

(max — min) IPUBOIUTH CHIBBIIHOIICHHS O BULY:
target - List(min) > List(max) - List(min).

I, mapemiri, tomaBmm 10 000X 9acTH List (min), oJepKUMO:
target > List (max).

Ile o3Hauwae, mO0 IIykaHe 3HA4YEHHA Oinblle, HDK 3HAYECHHS
eneMeHra List (max). Y IbOMy BUIAAKYy INyKaHE 3HAYCHHS HE MOXE
nepeOyBaTH B CHHCKY, TOMY IO BCi €JIEMEHTH CITMCKY 31 3HauYCHHSIMH
OUThIIMMY, HIK List (max) BXe OyIIM BUKIIOUYCHI.

3 oAy Ha BCi Il pe3yNIbTaTH OJCPKYEMO, 110 HOBE 3HAUCHHS
3MiHHOI middle MOXe BHHTH 3 [iama3oHy MiX min i max TiTbKH B TOMY
BUIAJKY, SKIIO IIyKaHe 3HAUEHHS BHUXOAWTb 3a MEXI Miana3oHy Bij
List (min) g0 List (max). ANTOPUTM MOXX€ BHKOPHUCTOBYBATH I
(axT npu 00UMCIICHHI HOBOTO 3Ha4eHHs 3MiHHOI middle. BiH cnouaTky
nepeBipsie, un nepedyBae HOBE 3HaUeHHS MK min i max. Skmo Hi, TO
LIYKaHOTO eJIeMEHTa HeMa€ B CITUCKY i po0oTa anropuTMy 3aBeplieHa.

HactymHmii Kox IeMOHCTpye peanmizalilo iHTEepHoJLiiHOTO
TIOUIYKY B nporpami Search:
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Public Function InterpSearch(target As Long) As Long
Dim min As Long

Dim max As Long

Dim middle As Long

min = 1
max = NumlItems
Do While min <= max
' YHMKAEMO PO3INOINijly Ha HYJb.
If List(min) = List (max) Then
' lle mykKaHUM eJIeMeHT (9Kmo BiH € B

CIUCKY) .

If List(min) = target Then
InterpSearch = min

Else
InterpSearch = 0

End If

Exit Function

End If

' BHaAMWTU TOUKYy PO3OMBKM CIUCKY.

middle = min + (target - List(min)) *
((max - min) / (List(max) - List(min)))

' IlepeBipuTNM, UM HE BUMIUIM MM 3a MeXi.

If middle < min Or middle > max Then
' IlyxkaHOT'O eJIEMEHTa HEeMae B CIUCKY.
InterpSearch = 0
Exit Function

End If
NumSearches = NumSearches + 1
If target = List(middle) Then ' llyxaHUM

eJIeMeHT S3HaMIeHWUM.
InterpSearch = middle
Exit Function
ElselIf target < List (middle) Then ' Tlomyk y JiBiM
YyacTUHI .

max = middle - 1

Else ' TMowyk y npaBiy yYacTumHi.
min = middle + 1

End If

Loop
' dxmo MM OinmuimM Oo 1iel ToukM, TO eJIEMEeHTAa HeMae€ B
CIMCKY .
InterpSearch = 0
End Function
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JIBiiikoBHIf  TOIIYK  BHKOHYETBHCA  TyKe  IIBHIOKO, a
IHTePHOMANIHHUA IIe MmBHAMIE. B OZHOMY 3 TECTiB ABIMKOBHII MOMIYK
3akazaB B 7 paziB OibIIe yacy Ui MOIIYKY 3HaueHb y cmrcky 3 100.000
enemeHTiB. Ll pisauns morna 6 Oyty me Ounpine, SKOM JaHi nepedyBaim
Ha IUCKY ab0 SKOMY-HEOyIb IHIIOMY MOBUIEHOMY NPHCTPOi. Xoda mpu
IHTepPHONAIIHHOMY TOIIYKY Ha OOYHCIeHHS Hae Oinplme dacy, HIX y
BUIAJKYy IBIMKOBOTO IOIIYKY, 3aBISKH MEHIIOMY YHCIy 3BEpPTaHb [0
JICKa MU 3a0I1a iy O Habarato OuIbIIE Yacy.

CTpPOKOBI AaHi

SIk110 naHi B COUCKY € PsAAKaMH, MOXKHA 3aCTOCYBATH JIBA PI3HUX
migxoau. Bimbin mpocTHil MOJSIra€ B 3aCTOCYBaHHI JBIHIKOBOTO TMOIIYKY.
Ilpn pBiliKOBOMY TIOIIYKY 3HA4YCHHS CJIEMEHTIB  IOPIBHIOIOTHCS
Oe3rnocepeiHbO, TOMY LIl METOJl MOXKE JIETKO MPAIfOBATH 3 PSAKOBUMHU
JTaHUMH.

3 iHmoro OOKy, IHTCPHOJAMIHHUN TOIIYK BHKOPHCTOBYE
YHUCEeNbHI 3HAYCHHS €JEMEHTIB IaHUX Uil OOYMCICHHA MOXKIMBOTO
MIOJIOKEHHS IIYKaHOTO €JIEMEHTa B CIHCKY. SIKIIO €JIEMEHTH SBISIOTH
co0OI0  psiiKM, TO [efl aIropuTM HE MOXe 0Oe3rmocepesHso
BUKOPHCTOBYBAaTH 3HAYEHHsS JAHMX JUIsi OOYHCIEHHS mHependavyBaHOro
TMOJIOKEHHS IIYKaHOTO eJIEMEHTa.

SIKIO PSIIKK JIOCUTHh KOPOTKi, TO MOJXKHa 3aKOJIyBaTH iXx 3a
JIOTTIOMOT OO ITHX Yrcea abo uucen Gopmaty long abo double. Ilicus
I[bOTO MOKHa BHUKOPHCTOBYBATH AJISI 3HAXO/DKEHHS EJIEMEHTIB y CITHCKY
IHTEePIONAMIHHUH MTOIIYK.

SIKIO psAKHM 3aHAATO JIOBTi 1 1X HE MOXKHA 3aKOAYBAaTH HaBIiTh
grciaamMu y gopmari double, TO yce IIe MOXXHAa BHKOPHUCTOBYBATH ISt
iHTeproNsNii 3HaueHHs psakiB. CrovyaTKy 3Hai/1eMO MEepIIui CHMBOII, 110
BiJIpi3HSIEThCS, st paakiB List (min) 1 List (max). [Torim MoxHa
BUKOPHCTOBYBAaTH 1IIi 3HA4€HHs JUIS BHMKOHAaHHS 1HTEPHOJISILIHHOTO
MOUIYKY.

Hanpuknan, mpumyctumo, o MU HIYKaeMO psaok TARGET y
cnucky TABULATE, TANTRUM, TARGET, TATTERED, TAXATION.
Axkmo min = 1imax = 5, To nepeBipsroThCs 3HaYeHHsT TABULATE i
THEATER. Lli psaxu BiIpi3HSIOTECSA B APYIOMY CHMBOJI, TOMYy MOTPiOHO
po3MIIsIaTH TPH CHMBOJIH, IO HOYMHAIOThCS 13 xapyroro. Lle Oymytsb
cumBo ABU mns List (1), AXA mansg List (5) 1 ARG i MIyKaHOTO
pszka.
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i 3HadeHHS KOmyrOThCs dmcmamu 804, 1378 1 1222
BimnoBigHO. IlimcTaBnsroum 1i 3HA4YeHHS Yy GoOpMydy s 3MIHHOI
middle, ogepxKuMo:

middle = min + (target - List(min)) * ((max - min) /
(List (max) - List(min)))= 1 + (1222 - 804) * ((5 - 1)
/ (1378 - 804)) = 2,91

Ile mpubmu3HO MOpIBHIOE 3, TOMY HACTYITHE 3HAUCHHS 3MIHHOT
middle nopiBHioe 3. lle monoxeHHs psgka TARGET y CHHCKY, TOMY
TIOIIYK MIPH I[bOMY 3aKiHIYETHCS.

MNoLuyk, LLO CTEXUTb

[ITo6 modyaTH ABIMKOBHH MOMIYK, MO CTEXHUTh (binary hunt
and search) mopiBHIEMO ITyKaHe 3HAYCHHS 3 MONEPEIHBOTO TOIIYKY 3
HOBHMM IITYKaHUM 3HAYCHHSAM. SIKIIO HOBE 3HAYCHHS MEHIIE, MMOYHEMO
CIOCTEPEKEHHS BIIiBO, SIKIIO OlNIbIlle — BIPABO.

JIyis BUKOHAaHHS CIOCTEPE)KCHHS BJIBO, BCTAHOBHUMO 3HAYCHHS
3MIHHUX min 1 max,mo [IOPIBHIOE IHACKCY, OTPUMAHOMY IIija dac
MOTIEPETHHOTO MOMTYKY. [10TIM 3MEHIIMMO 3HAYCHHS min Ha OJWHUIO Ta
MOPIBHAEMO MIyKaHE 3HAYCHHS 31 3HAUCHHSM eleMeHTa List (min).
S0 IIykaHe 3HAYCHHS ~MEHINE, HDK 3Ha4eHHA List (min),
BCTAaHOBUMO max = min i min = min -2 i 3poOuMo IIe OxHYy
MepeBipKy. SIKINO MIyKaHe 3HAYCHHS yCe M€ MCHIIE, YCTAHOBUMO Max
min imin = min -4, AKmO I¢ HE AONOMOXE, YCTAHOBUMO Max =
min i min = min -8 i Tak gam. [IpoAOBXKMMO BCTAaHOBIOBATH
3HAYCHHS 3MIHHOI max pIBHAM 3HAYEHHIO 3MIiHHOT min 1 BimHIMaTH
YeproBi CTYNEHI NBiMKH 31 3HA4YeHHS 3MIHHOI min JOTH, TOKH HE
HalJIeThCs 3HAYEHHS min, JJsg SKOTO 3HAUCHHS eJeMeHTa List (min)
Oy/ie MeHIIE ITyKAHOTO 3HAYCHHS.

HeoOxigHO cTexkuTH 3a THM, MO0 HE BHHTH 3a MEXi MACHBY,
SIKIO Min MEHIe, Hi)K HWKHS TPAHUIS MacHBY. SIKIIO B SKHICH MOMEHT
[Ie BUSIBUTHCS TaK, TO min MOTPIOHO HAJATH 3HAYEHHS HIDKHBOI TPAHHMII
MacuBy. SIKIIO IpU LbOMY 3HAUY€HHs ejleMeHTa List (min) yce me
OUTbIIE [IYKAHOTO, 3HAYHTH INYKAHOTO €JIIEMEHTa HEMAaE B CITHCKY.
CriocTepeXeHHsI BIPABO BUKOHYETHCS aHANOTidHO. CroYaTKy 3HAYCHHS
3MIHHUX min 1 max BCTAHOBIIOKOTHCSA PIBHUMH 3HAYCHHIO 1HJEKCY,
OTPUMAHOTO TiJ 4Yac WOMEepeaHpOoro momyky. IloTiM mocnizoBHO
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BCTAHOBJIIOETHECS Min = maximax = max + 1,min = maximax
= max + 2,min = maximax = max + 4 1Tak Jali IOTH, IOKH B
SIKIfiCh TOYIIl 3HaYCHHS eJeMEHTa MacuBy List (max) He craHe Oiibmie
IIyKaHoro. | 3HOBY HEOOXIHO CTEXKHTHU 3a THUM, 100 HE BUUTH 32 MEXY
MAacCHBY.

[licns 3aBepuieHHst a3y CHOCTEPEKEHHS BIZIOMO, IO I1HJIEKC
IIYKaHOTO eJieMeHTa repedyBae MK min i max. [licas mporo MoxHa
BUKOPUCTOBYBATH 3BUYAWHMI JBIMKOBUH TONIYK IJIsl 3HAXOJKCHHS
TOYHOTO MOJIOKEHHS IIYKAHOTO €JICMEHTA.

Slkmio HOBWI IIyKaHWI €IeMEHT nepeOyBae HEHANCKO BiX
MONEPETHHOTO, TO AJTOPUTM IOIIYKY, IO CTEKUTH, TYKE MIBUIKO 3HaiIe
3HaueHHs Max i1 min. Skmo HOBUM W crapuil IIyKaHi eJIeMEHTH
BIJICTOSITh OJIMH BiJ OJHOro Ha P mosuiiii, To Oyme MOTPiOHO MOPSAKY
log (P) KpOKIB [UIs MOIIYKY HOBHX 3HAYCHb 3M1HHMX MIN 1 max.

[pumyctrMo, 0 MU TTOYaNK 3BUYaWHUHN NBIHKOBUI TOMIYK Oe3
¢a3u crocrepexerHa. Toxai Oyae moTpidHO mopsaky log (NumItems)
- log (P) KpOKIB Ajis1 TOTO, 1100 3HAYCHHS min i max Oynu Ha BifcTaHI
He Oimpime, HiX P mo3umiii oawH Big onmHoro. lle o3Hadae, mo CiigKy
BaJbHAU MOLIYK OyJe IIBUAIIC 3BUYAHHOTO IBIKOBOTO TONIYKY, SKIIO
log (P) < log(NumItems) - log(P) . JlogaBmm 10 000X YacTUH
piBHsHHS log (P), omepxumo 2 * log(P) > log(NumItems).
Sxmo 3BecTH OOWABI YACTUHH PIBHSHHSA B CTYIIHb JBIHKH, OIEPKHAMO
22*1log(P) < plog(NumItems) 60 (2109(P))2 < NumItems, abo micis
crpouieHHs P? < NumItems.

I3 11bOTO CITIBBIHOIICHHS BHIHO, IO MOIIYK, IO CTEXKHUTh, Oy/e
BUKOHYBATHCS MIBUJIIC, SKI[O BIJCTAHb MIX IOCIIIOBHHUMHU HIYKAHHUMHU
eJieMEeHTaMH Oy/e MEHIle, HXK KBaJIpaTHUH KOPIHb 13 YHCIa eJEeMEHTIB Y
cnucky. SIKIO iaydd OJWH 3a OJHUM IIyKaHI €JeMEHTH pPO3TalloBaHi
JIaJIeKo, TO Kpallle BAKOPUCTOBYBATH 3BUYAWHUI JABIHKOBUH MOIYK.

IHTEPMOASALIIMHKMIA NOLLYK, LLIO CTEXMUTb

BukopucroByrour MeTOAM 3 IONEPEeNHIX PO3JUIB, MOXHA
BUKOHATH IHTEPNOSILIAHMIA MOIIYK, O CcTeXuTh (interpolative
hunt and search). Cnodarky, SK i paHimie, MOPIiBHIEMO IIyKaHE
3Ha4eHHS 3 TMONEPEeIHbOr0 IMOWIYKYy 3 HOBUM. SIKII0O HOBE IIyKaHe
3HAQUEHHS MEHIIE, IMOYHEMO CIIOCTEPEXKEHHS BIIBO, SKIIO OuIbIIe —
BIIPABO.

Jis cnocTtepeskeHHS BIIBO OyneMoO Temep BUKOPHCTOBYBAaTH
IHTEePHOJIALII0, 00 NPUIYCTUTH, Jie MOXKE Iepe0yBaTh IIyKaHe 3HAYEHHS
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B Jiama3oHi MDK TIOMEpeAHIM 3HAYEHHSAM 1 3HAYCHHSIM elleMEeHTa
List (1) . Axe me Oyzae mMpOCTO IHTEPIIOILIHHIN TOMIYK, Y SKOMY min
= 1 i max /JOpIBHIOE IHIEKCY, OTPUMAHOMY IiJl 4Yac IONEPEIHBOIO
momryKy. [licis mepmmoro kKpoky ¢asza CriocTepeskeHHs 3aKiHIy€eThCS W Jaiti
MOJKHA MPOJOBXHUTH 3BUIAWHUH 1HTEPIOAIIIHAN ITOIIYK.

AHaIOTIYHO BUKOHYETBCS CIIOCTEPEXKEHHS BIpaBo. I[Ipocto
HagaMo max = Numitems 1 BCTAHOBUMO min piBHUM IHJEKCY,
OTPUMAHOMY TiJ dYac MOIepeAHbOro TomyKy. IloTiM NpoxOBXUMO
3BUYAIHAN 1HTEPIIOJAIHHINA TOITYK.

Slkmo 3HaYeHHS MJaHUX pPO3TAIIOBaHI MaiKe PIBHOMIPHO, TO
IHTePHONANIHHUN TOMIYK 3aBXIW BHOMpAe 3HAYCHHS, OO0 IepedyBae
HOPSA 13 NIYKaHUM Ha repiioMy abo HacTymHoMy Kpoui. Lle o3Hauae, 1o,
MOYMHAIOYHM 3 IOINEPEJHBOr0 3HAMIEHOro 3HAYCHHs, HE MOXKHA 3HAYHO
MOJIMIINTH el anroput™. Ha nepriomy kpoti, HaBiTh 0€3 BUKOPUCTAHHS
pe3yNbTaTy MONEPEeaHbOr0 MOIIYKY, IHTEPIOSIIHHUKA MOIYK, IMOBIpHO,
BuOepe iHAEKC, 10 nepedyBae JOCHTh OJHM3BKO BiJl 1HIEKCY IIYKaHOTO
eJIeMEeHTa.

3 iHIOro OOKy, BUKOPUCTAHHS IMOMEPEIHBOTO 3HAYCHHS MOXKE
JOTIOMOTTH y BHIAJKy, SKIIO AaHI PO3IOAUICHI HEepiBHOMIipHO. SKIIo
BIZIOMO, IO HOBE MLIyKaHe 3Ha4YeHHS IepeOyBae OJIM3BKO IO CTaporo,
IHTepIOSILIHNIA MMONIYK, IO MOYHWHAETHCS 3 MONEPEIHBOIO 3HAYCHHS,
00OB'SI3KOBO 3Haie eleMeHT, Mo INepedyBae MHOpAA i3 HONIEpeIHBO
3HaieHuM. lle o3Ha4ae, IO BHUKOPUCTAHHS SK CTapTOBOI TOYKH
MOTIepeIHHOT0 3HAIICHOT0 3HAUSHHS MOXKE JJaBaTH MEBHY IepeBary.

Pesysnprar momnepegHbOro IOIIYKY TaKOX CHIIBHILIE OOMEXYye
Jiama3oH MOXKJIMBHX II0JI0)KEHh HOBOTO €JeMEHTa y IIOPIBHSHHI 3
niamazoHoMm Bix 1 go Numltems, TOMy ajaropuT™M MOXKeE 3a0IIAJUTH [PU
pOMy oAMH abo nBa Kpoku. lle 0coOMMBO BaXKNHMBO, SKIIO CIHCOK
nepeOyBae Ha AUCKY ab0 SIKOMYCh IHIIOMY HOBUILHOMY HpuCTpoi. SKkio
30epiraTd pe3yJbTaT IONEPeAHBOro IOIIYKY B MaM'dTi, TO MOXHa,
MpUHAiMHI, 3pIBHATH HOBE NIyKaHe 3HAYCHHA 3 TIONepenHiM 0e3
3BEPTaHHSA JI0 JAUCKA.

Pe3rome

SIkmo  enmemeHTH mepeOyBalOTh y  3B’SI3HOMY  CITHCKY,
BHKOPHCTOBYHTE MONIYK METOIOM IIOBHOTO mepebopy. SKimmo MoxHa,
BHKOPHCTOBYHTE CHUTHAJIBHY MITKY HAIllPHKIHII CIHCKY JJIS TPHUCKOPEHHS
MIOIITYKY.

SIxmo BaM MOTpiOHO HYac BiA Yacy MPOBOJUTH IOUIYK Y CIHCKY,
10 MICTHTB JECSTKH €JIEMEHTIB, TAKOK BUKOPHCTOBYHTE MOIIYK METOJIOM
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MOBHOTO Tiepebopy. AJNTOPUTM Yy IIbOMY BHIIAQAKY Oyae NpOCTimie
BIATTIADKYBAaTH ¥ MiATPUMYBATH, HiXK OUTBIN CKJIAaTHI METOTHU MOIIYKY, 1
BiH Oy/ie JaBaTH MPUHHATHI pe3yIbTaTH.

Jlns BUKOHAHHS TOUIYKY Y BEIHKHX CIIMCKaxX BHKOPHCTOBYHTE
IHTePHONMAMIHHUN TOImyK. SIKIO 3HA4YeHHS MAaHWX PO3MOJIICHI JOCHTH
pIBHOMIpPHO, TO IHTEpHOJAMIMHUNA TONIYK 3a0e3nmeunTh HaHKpamry
MIPOXYKTUBHICTh. SIKIIO CITUCOK IepedyBac Ha JUCKY a00 SKOMYCh iHIIOMY
MOBUTBHOMY TPHUCTPOI, PI3HULS Yy IIBUAKOCTI MK IHTEPIOJSLIHHIM
TIOUIYKOM Ta 1HIIMMH METOJIaMH TIOIIYKY MOXe OYTH TOCUTH BEJIUKOIO.

I[Ipu poboTi 3 psAIKOBUMH JaHMMH MOXHa CIpoOyBaTH
3aKolyBaTH iX unciamu y popmari integer, long abo double, npu
OMY JUIi IXHBOTO TIOIIYKY MOXHa OylJe BHKOPHCTOBYBAaTH
IHTEePHOJIHHINA MeTOA. SIKIIO PSOKU 3aHAaJITO JIOBI1 H HE MOMIIIAIOThHC
HaBiTh y uHciaa Qopmary double, TO mpocrilie BUKOPHCTOBYBATH
nBifikoBuid momryk. Y  a0m.. 14.1 HaBemeHi mepeBarw ¥ HENONIKU JUISA
PI3HUX METO/IB MOIIYKY.

BuxopucroByroun IBiHKOBHIA a00 IHTCPHOJMIHHMN TMOMIYK,
MOXHa [IyX€ IIBUIKO 3HAXOIWTH €JIIEMEHTH HaBiTh y Ay)KE BEJIMKHX
cnouckax. SIKIIO 3HAYeHHs JaHUX PO3NOAUICHI PIBHOMIPHO, TO
IHTEPIOJSIIHHINA TIOIIYK JO3BOJISIE JIMIIE 32 KiNbKa KPOKIB 3HAHTH
€JIEMEHT y CITHCKY, 1[0 MICTHTh MUIbHOH CJIEMEHTIB.

IIpoTe y Takuii BENMKUN CIIUCOK BAYKKO BHOCHTH 3MiHH. BcTaBka
abo BHIANICHHS €JIEMEHTA 3 YHOPSIKOBAaHOTO CIHCKY 3a0epe yac MOpsAKY
O(N) . SIkmo enemeHT mepeOyBae Ha IOYATKy CHHCKY, BUKOHAHHS IIUX
orepamnii Moxe 3axaJaTH AyXe BEIMKOi KITBKOCTI Jacy, 0COOIMBO SKIIO
CHHCOK TepeOyBae Ha SKOMYCh MOBUIBHOMY HIPUCTPOT.

Tabmuug 14.1

[epeBaru it HEOMIKU PI3HUX METOMIB MOITYKY

Metox IlepeBarn Henoaikn
[ToBHuit mepedip IIpocroTa Hwusbka mBuaKicTh 15
Bucoka mBHIKICTb aJst BEJIMKHX CITUCKiB

HEBEJIMKUX CIIUCKIB

JBiiikoBuil momyk | Bucoka mBUAKICTE Aiist
BEJIUKHUX CIIUCKIB

He 3anexxuts Bix po3momginy
aHUX

Jlerko npaitoe 3 pAaKOBUMHU
JaHUMU
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[ponosxenus Tabnuis 14.1

Merton IlepeBarn Henouiku
TuTepnonsmiiHmii Jly*e BUCOKA NMIBUKICTh Jyxe cknaaHuit
UL BEJIUKUX CIIUCKIB Jani MaroTh OyTH
PO3MOLICHI

piBHOMipHO. CKIIaIHO
NpaLIoBaTH 3
PSLIKOBHMH JaHUMH

KOHTPOABbHI 3an1UTaHHA Ta 3aBAaHHA

1. TosicHiTP anroput™M MeETOAy TMOBHOTO  Tmepebopy. Sk
MoIu(IKyBaTH aITOPUTM IOBHOTO mepebopy, 00 MiABHIIUTH
HOTO IPOAYKTHBHICTH?

2. YuM BigpI3HAIOTHCSA NOIIYKH B YHOPSAKOBAaHMX Ta 3B S3HHUX
CIHUCKax ?

3. B uomy ceHc agiiikoBoro nomyky? Ha3BiTe nepeBaru JBiiKoBOIro
MIOIITYKY.

4. o Take GiHapHE NEPEBO MOMIYKY?

5. TloscHITH CEHC IHTEPHOJISIIIHHOTO MONIYKY, KOJH IOILiIbHE HOro
BHUKOPUCTAHHA?

6. Komm mepeBaxHille BHKOPHCTaHHS JiepeBa IOUIYKY HIXK
COPTOBAHOTO MACHUBY?

7. Illo Ttake BHUPO/DKEHE [EPEBO TMOLIYKY 1 SIK BOHO MOXe
BUHUKHYTHU?

8. Enemenramu macuBy a [1..n] e Hecmagnumu macuBamu [1..m]
oimmx 4ucen. BimoMo, mo icHye d9mcno, sKe BXOOUTH Y BCi
MmacuBH a [i] (icHye Take X, o st Besikoro i 3 [1 .. n] 3HaiieTbes
j3[1..m], mns sixoro a [i] [j] = X). 3uHaiiTi oJHE 3 TAKUX YHCE X.

9. Hanucatu migmporpamy, sika B nsoBuMmipHomy macusi A(N, M)
OUTHX 9ucen, TakoMy, 1o juist Beix | Big 1 no N, J Big 1 go M-1
Bukonyetbess A (I, J)> A (I, J+1) i mns Beix | Big 1 mo N-1
BukoHyetbes A (I, M)> A (I +1, M), 3Haxomuth Bci enemenTtn A
(1, J), pini J + |, a6o BCTAHOBIIIOE, 1[0 TAKUX EIIEMEHTIB HEMAE.
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10.

11.

12.

13.

14,

15.

Ha mpsawmiit cBoimm kinmsgmu 3amami N BiapizkiB i Touka X.
BusnaunTi, M HaNeXHUTh TOYKA MIKBIIPI30YHOMY iHTEpBay.
SKmo Tax, TO BKa3aTH KiHIIEBI TOYKH BOTO iHTEpBay. SIKmIo Hi,
TO 3HAUTH, AKill KIIBKOCTI BiZIPi3KiB HAJICKUTH TOUKA, TKUM caMe
BiJpi3KaM HAJICKHUThH TOUKA.

Ha mpsimiii cBoimu kinmsMu 3amani N BigpiskiB. 3HaWTH TOUKY,
10 HaJISKUTh MAaKCUMAIIbHOMY YHCITY BiIpi3KiB.

BBoauThCS TOCHITOBHICT, N HAaTypaldbHUX uucend. HeoOXimHO
BU3HAUATH HailMEHIIe HaTypajbHE 4YHCIO, SKOTO HEMae Yy
TOCiTOBHOCTI.

Ha poerii mepdoctpiuni 3ammcani N  momapHOo pi3sHHUX
MO3UTUBHUX MHiIuX umcen. Bama EOM wMoxe mepeMoTyBaTu
CTPiYKy Ha IIOYaTOK 1 3YMTYBaTH dHCIa OJHE 3a OIHHUM.
BHyTpimHA maM'aTh MaIIUHN MOXKE 30epiraTé TiIbKH KiTbKa
nimmx gucen. [ToTpiOHO 3HAWTH HaliMEHIE JOAATHE IiJie YUCIIO,
SIKOTO HeMae Ha cTpiuri. ONUIIITE aNTOPHUTM, KU 3p0OUTH TIe 3a
HEBEJHKY KUTbKICTh IEPEMOTOK CTPIUKH.

Ha crom y ABOX CTOBIMYMKAX JiexkaTh 64 3010THX 1 64 cpiOHHX
MOHET BimmoBimHO. Sk cpiOHi, Tak i 30JI0TI MOHETH CKJIAICHI y
MOpSAIKY YOyBaHHS Mac. Macu BCiX MOHET pi3Hi. SIKy HaiiMeHITy
KUTBKICTh 3Ba)KyBaHb HEOOXiTHO TPOBECTH MJIs BH3HAYCHHS
LTICTAECAT YETBEPTOi MOHETH B TOPSJKY YOYBaHHS Mac cepej
Bcix 128 moHer? 3a oauH pa3 MOXKHa 3Ba)KyBaTH JIBI MOHETH i
BHU3HAYMTH, KA 3 HUX Baxkue. BiamoBias 0OTpyHTYBATH.

3amano N HaOOpiB MOHET 3 pi3HUX KpaidH. HaGopu BropsakoBaHi
3a 3pOCTaHHsIM Macu MOHeT. Y i-My Habopi aj Moner. HeoOxinHo
3a MiHIMaJbHE YMCJIO 3BAXYBaHb Ha YAIIKOBUX Barax BU3HAYHUTH
K-Ty 332 MacOI0 MOHETY Cepe]l yCiX MOHET.



KAIOUOBI TEPMiHU

Boot loader - 3aBanTaxyBau oxHiei 3 gekimbkox OC,
BCTaHOBJICHUX Ha JIEIKOMY KOMIT'IOTEpi, KEPOBAaHMH CIIElialbHUM MEHIO
IIpY BMUKaHHI KOMI'IoTepa.

Bluetooth — inTepdeiic mis 6e3apoTOBOrO MigKIIOUYCHHS (32
JIOTIOMOTOI0 ~ Pajio3B'sA3Ky) OO KOMIT'IOTepa MOOUIBHUX TeneOHiB,
opraHaiizepiB, HaBYIIIHUKIB, IUICEPIB Ta IHIINX BUIB IPUCTPOIB.

BluRay — auck — pi3HOBHI KOMIIAKT-THUCKIB BEIMKOT €eMHOCTI (25
— 50 I'baiir).

CISC (Complicated Instruction Set Computer — kommn'iotep 3
YCKJIATHEHOI0 CHCTEMOI0 KOMAaHI) — ICTOPHYHO TEpIIUH Miaxix 1o
KOMI'IOTEPHOI apXiTeKTYpH, CEHC SKOTO IOJIra€ B YCKJIAJHEHOCTI B
cUCTeMi KOMaHJ BHACHIIJOK peanizalii B HUX CKJIaJHHX 32 CEMaHTHUKOIO
orepariif, WO peali3yloTh TUIOBI Jii, YacTO BUKOPHCTOBYBaHI IpH
nporpaMyBaHHI i 1pH peajizauii MOB (HalpHKIIa, TPYHOBE MEepECUIIaHHs
PAIKIB).

COM (communication port, serial port, nocaizoBuuii nopr) —
NOpT Ui MiAKIIOYEHHS JO KOMII'IOTepa pIi3HUX KOMYHIKaI[iiHUX
NPHUCTPOIB, HATIPUKIIA, MOAEMIB.

DMA (Direct Memory AcCeSS) — KOHTpoJepHu i3 MpsIMAM
JOCTYIOM  JIO  OIEpaTHBHOI  HaM'siTi, MHHAIOYM  BHKOPUCTaHHSI
CIIeIIiaJi30BaHOT MaM'sITi IPUCTPOIO.

Double bootable system - komm'totep, Ha SKOMY BCTAaHOBIIEHI JBi
(abo OinmpIIIe) omeparliifHi CHCTEMH, TIPU BKJIFOUSHHI SKOTO KOPHCTYBayeBi
BUJIAETHCSl TIOYATKOBE MEHIO ISl yTOuHeHHs, siky came OC mnoTpiOHO
3aIyCTHUTH.

EPIC (Explicit Parallelism Instruction Computers -
KOMI'IOTEPH 3 SIBHUM PO3NAapajeIOBAaHHAM KOMaHI) — IAXix 0
apxiTekTypu kKomn'rotepa, ananmoriyauii VLIW, ane 3 mogaBaHHsIM psgy
BIOCKOHAJICHb, HANPUKIIAJ, CHEKYJISATHBHUX OOYHCICHb — IapalielbHOrO
BHUKOHAHHS 000X T'JIOK YMOBHOT KOHCTPYKIIii 3 00YHCICHHSIM YMOBH.

EPP (Extended Parallel Port) — nBonampaBneHuii pexum
pobotn mopty LPT, y skomy BiH MOXe NpamioBaTH HE TIJIBKH IS
BHBEJICHHS, aJie i JJIs BBeICHHS iH(QOpMAIii.

Hard real-time — cucrema peanpHOro 4acy, y SKdil mOpH
MOPYIIEHHI THMYACOBHX OOMEXEHb MOXE BUHUKHYTH KPUTHYHA ITOMHIIKA
(BiZIMOBa) KEpPOBAHOTO HEIO 00'EKTA.

HDMI (High Definition Multimedia Interface) — inrepoeiic i
MOPT, WO MO3BOJSIE€ MiAKITIOYUTH 10 KOMITIOTepa TeneBi3op abo iHIIe
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BiJleOyCTaTKyBaHHS, 110 3a0e3reuye HalKpamry sKicTh BinTBopeHHs (HD —
High Definition).

IEEE 1394 (FireWire) — mopT aJIst i IKITFOYEHHS 10 KOMIT'I0Tepa
uudpoBoi Bineokamepu abo oroamapara.

LPT (Bix line printer), abo mapajieabHUii MOPT - 3acTapinnii BUA
mopTa s MiAKIIOYEeHHS MpHHTepa abo CKaHepa 3 TOBCTHM Y Iepepisi
KabeseM 1 BeMKMM pO3HIMayeM, 10 BUMarae IolepeaHbOr0 BUMUKAHHS
KOMIT'FOTepa ¥ MPUCTPOIO JUIsl IXHHOTO OE3IIEUHOTO 3'€THAHHSL.

Original Equipment Manufacturer (OEM) - ¢ipma-
PO3po0IIOBaY SKOTOCH 30BHIIHBOTO MPUCTPOIO, IO 3BUYAHHO PO3pOOIIsE
it npaiiBep 10 HBOTO.

PCI (Personal Computer Interface) — Haiibinpin mommpeHuit
THII CHCTEMHOI INMHH, JO SKOi NPHEIHAHI Npouecop, MaM'saTh, AUCKH,
TIPUHTEP, MOAEM Ta iHIIII 30BHIIIHI MPUCTPOi KOMITFOTEPHOI CHCTEMHU.

RISC (Reduced Instruction Set Computer — xomn'iorep 3i
CIPOIIEHOI0 CHCTEMOI0 KOMAH/A) — CHPOIICHUN MiIXiT IO apXiTeKTypH
KOMI'IOTEPIB, MO XapaKTepPU3YEThCS TAKUMHU IMPUHIHUIAMH: CIPOIICHHS
CEMaHTHKU KOMaHJ; BiICYTHICTh CKIIAHUX TPYMOBUX ONEpalliii; OJHAKOBA
noBxuHa komaHn (32 abo 64 0Oira, 3a PO3MIpOM MAIIMHHOIO CIIOBA);
BUKOHAHHS apu()METUYHUX Omepamiid TIIBKUA B pericrpax i BUKOPUCTaHHS
creuiaibHUX KOMaH/ 3alucy W 34MTYBaHHS PEricTpiB IaM'sTi; BIZICYTHICTh
CHewLiali30oBaHUX PEriCTpiB; BUKOPHUCTAHHS BEJIMKOTO HAOOpy pericrpis
3arajJpHOTO MpHU3HAuUeHHs (peecTpoBoro (hailmy); mepemada MpHU BUKIHKY
NpoLEeyp NapaMeTpiB 4epe3 pericTpH.

RS-232 - iama (61 3acTapina) Hazpa mopry COM.

SCSI (Small Computer System Interface) — iurepdeiic,
amanTepu # TOPTH M MiJKIOYCHHS LIMPOKOTO CIEKTpa 3O0BHILIHIX
MPUCTPOIB — JKOPCTKUX JHCKIB, CKaHEpiB 1 1H. 3 MOXJIHBICTIO
00CITyroByBaHHs TipJisiHAM HpUCTPoOiB, o MawoTth pisai (SCSI 1Ds)
HOMeEpH Ta migkmoueHi 10 ogHoro SCSI-Tlopry.

SCSI ID — nomep mpuctporo (Bim 0 10 9), 1m0 € YaCTHHOO
ripasinan SCSI-IIpucrpois, niakmouenux 1o ognoro SCSI-TTopry.

Soft real-time - cucrema peanpHOTO Yacy, MOPYIICHHS
TUMYACOBHX OOMEKEHb SIKOI HE MPUBOJMUTH 10 BIIMOBH KEPOBAHOI'O HEIO
o0'exra.

TV-Tionep - mpucTpiil aus npuiioMy TeJeBi3iHHOTO CUTHATY 3
AHTEHH I OKa3y TeJeBi31MHOr0 300pakeHHs Ha KOMIIT'IOTEpi.

USB (Universal Serial Bus) — naiinommpeHimuii yHiBepcaibHuit
MopT KOMITtoTepa (3 XapakTepHUM IIJIOCKMM pO3HIMaueM, po3MipoM
nopsiaky 1 oM, i3 300pakeHHAM TpU3YyOLsl), 10 SKOTO MOXYTb
IIKJIFOYaTHCs KJIaBiaTypa, MUIIA, 30BHIMIHIA JUCK, TIPUHTEP, CKaHEep Ta
1HII 30BHINIHI PHCTPOI.
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VLIW (Very Long Instruction Word - xommn'worepu i3
HIMPOKHM KOMAHIHHMM CJIOBOM) — MIIXiT A0 apXiTeKTypH KOMITIOTEPIB,
3aCHOBAHMI Ha TaKMX NPUHLUIAX: CTATUYHE IUTAHYBAHHS IapaielbHUX
00YHCIICHD KOMIIUIATOPOM Ha PiBHI OKPEeMHX ITOCIIIOBHOCTEH KOMaHI i
MAKOMAaHI; MOMAaHHA KOMAaHIN SIK "OIMPOKOi' - YTPpUMYIOUoi HeKilTbka
MiAKOMaH/I, BUKOHYBAaHUX IapaieibHO 32 TOH caMWil MallMHHUN TaKT Ha
JCKIIbKOX ~ OJHOTHITHHX IPHCTPOSX IIPOLIECOpa, HANpUKIAA, JABOX
MIPUCTPOSIX JI0JIaBaHHS 1 IBOX JIOTTYHHUX MPUCTPOSIX.

ABtomMarmsanisn  ynpasiinas (Computer Aided Controlling) —
KOMIUIEKC TCEXHIYHMX, OpraHi3aliiHuX, EKOHOMIYHMX /i 1 3aXOJiB,
peaizalis SKuX 3a0e3neuye 3HWKEHHS a00 BUKITIOUCHHS 0COOUCTOT yJacTi
JIIOAMHYU Y 3IiMCHEHHI Mpolecy ynpasmiHHA. [lo CyTi 1ie BIpOBaKCHHS
HOBOI TEXHOJIOTii 00poOKH iH(pOPMAILIiT i3 3aCTOCYBaHHAM CYyJacCHHX 3ac00iB
OOUYHCITIOBATIBHOI ~ TEXHIKM, CTBOPCHHSIM aBTOMATH30BaHOI  CHCTEMH
YIpaBITiHHS.

ABromMaTH30BaHa cucreMa (B iHGoOpMALiiiHMX TeXHOJIOTifAX)
(Automated System (In Information Techology) — cucrema, 1o peanizye
iHpOpMaIliiiHy TEXHOJOTiI0O BHKOHAHHS BCTAHOBICHHMX (YHKIIH 3a
JIOTIOMOT'OF0 TIEPCOHATY Ta KOMILJICKCY 3aCO0IB aBTOMATH3allii.

Anpeca (address) — 00'ekT, 1110 BU3HAYAE POIMIIIIEHHS JAHKX.

AcuMeTpUYHA KJacTepu3anis (asymmetric clustering) -
oprasizamisi KOMIT'FOTEPHOTO KJacTepa, KOJIU OJUH KOMITIOTEp BHUKOHYE
JIOIaTOK, a 1HIII IPOCTOIOOTh.

AcMMEeTpHYHA MYJBTHIPOIECOPHA cucTema (asymmetric
multiprocessing) — GararomporiecopHa KOMITIOTEpHA CUCTEMa, Y SKid
MIPOIIECOpPH CIIeIiaTi30BaHi 32 CBOIMH (DYHKIIISIMH; € TOJIOBHUH TMpOIecop,
10 TIaHy€e POOOTY MAJIETIINX MPOIECOPIB.

ACHHXpPOHHE BBeJeHHS-BHBeIeHHsI — BBE/ICHHSI-BHBEICHHS,
BUKOHYBaHE MapalielIbHO 3 BUKOHAHHSAM IIPOTPaMH KOPUCTYyBada.

AcouiaTuBHa mam'aTe (kem — cache) — ningHka mnam'sTi,
po3ramioBaHa B OUIbII IIBUAKOMINHIA cHcTeMi mam'sTi, ska 30epirae
€JIEMEHTH OiJbII TMOBUIBHOI MaM'sATi pa3oM 3 IXHIMH aapecamu, IO
HaKWOIIBII YacTO BHKOPUCTOBYIOTBCS, 3 METOI ONTUMI3alii 3BepTaHb 110
HUX.

Bararosinepuuii komn'iorep ( multi-core computer) -
Halirommpenima B Hamt yac (2010 p.) apXiTekTypa KOMIT'IOTEPIB, IPH SKil
KOXKHHH TIpollecop Mae Kijbka sjep (cores), o0'€qHaHMX B OJHOMY
KpHUCTaNi ¥ Taki, 0 MPAIIOITh HA OJHIN 1 Till jke 3arajbHild mam'sTi, 1o
Jla€ MHUPOKI MOXKIIMBOCTI JUIS TTapajeIbHUX OOYHUCIICHb.

BararouinboBi  komm'torepu  (KoMN'lOTepH  3arajbHOroO
npu3HavYeHHs, mainframes) — TpaaumiiiHa icTopuYHAa Ha3Ba I
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KOMIO'IOTepiB, po3moBcomkennx B 1950-x — 1970x pp., mo
BUKOPHUCTOBYBAJINCS [UIS BUPIIICHHS OyIb-SKUX 3aBHaHb.

Ba3oBuii perictp (base register) — cucTremHHii perictp,
BUKOPUCTOBYBAaHUI Ui 3aXUCTy DNaM'ATi Ta Takdid, IO YTPUMYE
MMOYaTKOBY anpecy IUISHKA NaM'dTi, BHUIUICHY KOPHUCTYBaJbHHUIBKIN
TIpOTPaMi.

Bit pe:xxumy — Oit, mo 30epiraeTbcss B CHCTEMHOMY pericTpi i
3aj1a€ NOTOYHUH PEKUM BHUKOHAHHS KOMaH: 1opiBHIOE 0 JUIsi CHCTEMHOTO
peXUMYy i 1 — JUI KOPUCTYBAIBHHULIBKOTO PEXUMY.

Bpay3ep (browser) — BikHO meperisimy — mnporpama (B CHCTeMax
nporpamMyBaHHsi 3 0araTOBIKOHHMM  JOCTYNIOM), IO Jla€ 3MOTY
neperisiaTd B IPyNi BUAIICHUX BIKOH TEKCTOBI YSIBICHHS Iporpam i
JaHHX.

Bygep (buffer) — ob6nacts onepatuBHOl mam'siti, M0 TUMYACOBO
MICTUTh IaHl Yy TIpoOIeci IXHBOTO OJep)KaHHsI, IepeJaBaHHs, YNTaHHSI a0o
3anncy. BUKOPHCTOBYEThCS IUIsl 3IUIAJKYBaHHS MIBUIKICHUX a00 4acOBHX
XapaKTePUCTUK IPHCTPOIB, 3aCTOCOBYEThCSA Y TepMiHataX, nepudepiiHux
NPHUCTPOSX, 3OBHIIIHIX 3aMaM'ATOBYIOUMX MPUCTPOSX 1 LEHTPAIEHOMY
IPOIIECOopI.

Anropurm (algorithm) — dopmansaa nporemypa, 1m0 rapaHtye
oJiepKaHHs ONTHMAIIBHOTO 200 KOPEKTHOTO PO3B'SI3KY 3a/adi.

Anajiz BuMor (requirementi analyses) — mOCTiXKEHHS BHUMOT
KOpHUCTyBaya Jijist crieudikaiii CHCTeMH.

Amnauniz panux (data analyses) — nocnmipkeHHS TaHUX y peasibHil
a00 MPOEKTOBAaHIN CHCTEMI.

Atpubyr (attribute) — naiimenyBanHs BiacTHBOCTEW OJHOTO abo
KUTBKOX 00'ekTiB. ATpuOyT iMEHye BIAaCTUBICTh, a HOro 3HAYCHHSA
BU3HAYa€ KOHKPETHY BIACTHUBICTb.

Beo-CepBep (Web server) — komMm'orep 1 mporpamse
3a0e3neueHHs, 10 Hagae aocTtym kiientam depes WWW mo Web-
CTOpiHOK, pO3TAIIOBaHMX HA KOMIT'IOTEpi-CepBepi.

BekTop nepepuBanb (interrupt vector) — pe3ueHTHHI MacuB B
onepaTHBHIN HaM'siTi, y SKOMYy 30€piraioThCsi JOCTYIHI IO HOMepax
IepepuBalb agpecd MiANporpamM-oOpoOIoBaviB MepepuBaHb (MOIYIiB
00).

Bipryanashnmii (virtual) — xoHienTyansHHI Y4 MOXJIMBUIA, ane He
TOH, 110 peainbHO icHye. Bka3ye Ha Te, 1110 €l1eMEHTH aHnX, CTPYKTypH abo
oOnasHaHHS TOJAIOTh TIporpamicTy abo KOpHCTyBaueBi y BHI, SKUH
BiZIpi3HA€ThCA Bia peanbHOro. IlepeTBopeHHs! €IeMEHTIB i3 peanbHUX Ha
BipTyaJIbHI BUKOHYETHCSI IPOTPaMHUM 320€31eYeHHSIM.
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Busnauenns 3anaui (problem definition) — popmysroanss 3anaui,
SIKE MOYKE MICTHTH OIIMC JaHUX, a TAKOXK METOJ, IPOLEAYPU W aNropuT™ ii
PO3B'SI3aHHS.

Buytpimmnsa cxema (internal schema ) — o¢isnuna crpykrypa
JaHUX.

BropunHa mam'ate (Secondary storage) — mam'sath, IO He €
CKJIQIOBOI0 YAacCTHHOIO OOYMCIIOBAIBLHOI MalIMHH, ajie 0e3nocepeHbO 3
HEIo MMOB's3aHa 1 KepoBaHa Helo (BiHuectep, rHydki aucku, CD—ROM Ta
iH.).

Bipryansnnii COM-Ilopt — ysaBmoBanuit COM-IlopT (Taxwuii,
0y AIACHOCTI He iCHYe i He Mae po3Himaya), mo OC Haue iHCTAIIOE B
CUCTEMYy IpH YCTaHOBLI, HANpUKIAJ, JApaiBepa Uil B3aeMoOii uepes
Bluetooth abo depe3 kabemp KOMITIOTEpa 3 MOOUTBHHUM TIPHCTPOEM.
3a3Buyail Mae BEIUKUN HOMEp, HapuKiIaj, 18.

liopuaauii mpomecop — HOBUH MigXig IO apXiTEKTypH
KOMI'IOTEPIB, SKUH IyXe MOIMPIOETHCS, NPH LBOMY MiIXOIi mpouecop
Mae TIOpUAHY CTPYKTYpy — CKJIaiaeTbesi 3 (OaraTosiepHoro)

uentpanpHoro npouecopa (CPU) i (takox OaratosiepHoro) rpadidaoro
npouecopa (GPU — Graphical Processor Unit).

I'ipasupa  SCSI-IIpucTpoiB  —  JTaHIIOXKOK  IPUCTPOIB,
nigknrouennx no oxuHoro SCSI-Ilopry, siki wmarote pizai SCSI IDs
(HOMepnm).

Hani (data) — indopmarnis, momana y (opmanizoBaHOMY BHI,
MPUIATHOMY JIJIsl TIEpeCyYBaHHs, iHTeprpeTalii abo oOpoOIeHHs 3a ydacTi
JIFOIMHU UM AaBTOMAaTHYHUMH 3ac00aMu.

Jeiiikouii momyk (binary search) — wmerox mnomyky B
yropsinkoBaHiii Tabmumi  abo  ¢aitmi. I[lpoumemypa momsrae y momimi
PO3TISIAYBAHOI IUISHKM HABIUI Ta BHOOpI 11 BepxHBOI ab0 HIKHBOL
gacTHHH. BuOIp TIpyHTyeThCS HAa aHANi3i 3HAYCHHS KIIOYa BCEPEIUHI
JinsHkd. BuOpana yacTuHa moTtiM 3HOBY MOJUISETHCS HABIIUI 1 TAK TPHUBAE
JIOTH, TIOKH He Oy/Ie 3HAMICHO MOTPIOHMIA CIIEMEHT.

Heckpunrop (descriptor) — aapecHe cI0BO B cCHCTEMax 3
TEroBOI0 apXITEKTYypOI; MICTUTh TETJIECKPUIITOP, aJapecy I0YaTKy
aJpecoBaHOrO MACHBY B MaM'sATi, JOBKUHY MAacHUBY i 4 OiTH 3ammTi — Bij
YyUTaHHA, BiI 3amucy, Bil BHKOHAHHSI ¥ BiA 3amucy ajapecHoi
indopmamii.

JepeBo wmijeii (aim tree) — mozmens y Buai 3B's3HOTO Tpada,
BEpIIMHU SIKOTO IHTEPNPETYIOTHCS SIK eleMeHTH (LI, AL, pecypcu)
JepeBa, a peOpa rpada — sK 3BSI3KM MK HUMH. OCOOJHMBICTIO Takoro

JiepeBa [UIeH € Te, 0 OJHA i Ta caMa BEpLIMHA HIDKYOTO PiBHA iepapXii
MOXe OyTH OJHOYACHO MiANOPSIKOBaHA JBOM a00 KIIbKOM BEpIIUHAM
Bumoro piBHA. JlepeBo Moxe OyTHM TOOymOBaHe y ABOX BapiaHTax. Y
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MIepIIoMy — €JIEMEHTH JiepeBa IIiJiell po30MBArOTHCS Ha LITBOBI €JIEMEHTH
Takoi caMoi mpHupoaw (IUTb — ML TIEePIIOTo PiBHS, ML IPYroro piBHA
i T. 1). Y mpyromy - nepeBo mitel OyayeThcs 3a MPHHIMIIOM "Iimi —
3aX0M — pecypcu', BKIIOYAE SK IIJI, TaKk 1 3aXOAM IIOAO iXHBOTO
JOCSATHEHHA Ta MOTPiOHI pecypen.

JepeBonogiona (iepapxiuna) crpykrypa (tree (hierarchical)
structure) — CTpyKTypa [aHHX, SKi € MHOXHHOK, YacTKOBO
BIIOPSIIKOBAHOIO TakK, IO iCHYE JIMIIE OAWH €JIEMEHT Li€l MHOXXUHH, SKHA
HE Mae TIONEepeAHbOro eJeMEHTa, a pEelliTa €JIEMEHTIB MaloTh JIUIIE OJUH
TIOTIEpEeIHIH eIIEMEHT.

Hianoroemii pexxum (interactive mode) — pexum ornepaTHBHOT
B3a€MO/Iii KOPHCTYBaua 3 00UHCITIOBAILHOIO CUCTEMOIO.

Juuamiunmii po3noain (dynamic resource allocation) — posmozisn, 3a
SKOTO pecypcd, INpW3HAa4eHi JUII BHKOHAHHA IIPOrpaM, BH3HAYAIOTHCH
KPHUTEPIsSIMH, TII0 3aCTOCOBYIOTBCS y TOTPIOHMIT MOMEHT.

Juuamiuamii posmoain mam'siti (dynamic storage allocation) —
HaJaHHA D[aM'sTi [POLENYpH 3TiJHO 3 OIEPATHBHUM 3allUTOM Ha
NpOTHBAry HAJaHHIO TaM'saTi [poulexypd Ha TACTaBi Hamepen
nepen0avyBaHoro 3ammTy.

Hopixkka (track) — yacTuHa KOPCTKOr0 JMCKA, PO3TalllOBaHA
MIX TBOMa KOHIICHTPUYHUMH KOJIAMU Ha OJTHOMY i3 MarHiTHHUX JUCKIB, IO
JOT0 CTAaHOBJISATH.

JpaiiBep — HU3bKOpIBHEBA CHUCTEMHA Nporpama Juis KepyBaHHs
SIKIMOCH 30BHIIIHIM IIPUCTPOEM (HAIIPUKIA[, dKOPCTKHM JHCKOM).

Koperknii quck (hard disk) - pi3HOBHA 30BHIIHBOI maM'sTi,
mo (i3UYHO CKIAIA€ThCA 13 TBEpPAMX IDIACTHH 3 MeTary abo CKia,
NOKPUTUX MArHITHAM [IapoM JUIsl 3amucy, INOHHASNS I TOJOBOK
3YHTYBaHHS — 3aITUCY.

Eaemenr (element) — o6'ext (MarepiaibHHii, €HEPreTUYHHH,
iHpopMauiitHuii), SKUM CIIiJ onepyBaTd B JOCIIJDKEHHI CHUCTEMH, aje
BHYTpilIHs OymoBa (3MICT) sSIKOrO O€3BIIHOCHA JO0 METH pO3TIILY.
EnementaMu MOXyTh OYyTH KHUra, BEpCTaT, MpAIBHUK, JIOKyMEHT,
MAPUEMCTBO, CHJIA, Maca, SHepris, haiii, MaTpull, 3amnuc ¢airy Tomlo.

Eaement nanux (data item, data element) — ogununs ganux, mo
B IIEBHMX KOHTEKCTaX PO3IJISIIAETHCS SIK HEMOIIIbHA.

3anut (record) — 3BepHEHHS [0 MPOTrpaMH 3 METOK OJCPIKAHHS
iHdopmarii, mo Mictutecs B 0a3i JaHWX, sK€ (DOPMYIIOETBCS y BHUII
MIPONO3HuIlii 200 KOMaH]IH.

3oBHimHi npucTpoi - us. IIpucTpoi BBeeHHA-BHBEICHHSA

3oBHIlIHA (BTOPMHHA) NaM'ATh — pPO3LIUPEHHS OCHOBHOL
nam'sTi, mo 3abe3neuye (QyHKIIOHAIBHICTH CTIHKOI ( 1m0 30epiraerscs)
MaM'siTi BEJIMKOTO 00CsTY.
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Inentudikarop ob'exra a6o Tumy cyrsocri (entity identifier) —
aTpuOyT abo CyKymHICTh aTpHOyTiB, SKi OJHO3HAYHO iIEHTH(DIKYIOTH
00'eKT 200 THIT CYTHOCTI IPOOIEMHOI cepu.

Iepapxis (hierarchy) — pisHOBHI CTPYKTYpH CHCTEMH, €lEMEHTH
SIKOT HAAUIAIOTBCS BIIACTHBICTIO MiAMOPSAAKYBaHHA. lepapXis Ha3MBAa€THCS
cuipHOIO (iepapxis Tumy "nepeBo"), SKIIO MDK PIBHAMH iepapXigHOi
CTPYKTYpPH ICHYIOTh B3a€EMOBIJHOCHHU CYBOPOi MiAMOPSIKOBAHOCTI
KOMITOHEHTIB HI)KYOTO DIBHS OJHOMY 3 KOMIIOHEHTIB BHILOIO PiBHS.
lepapxist Ha3uBaeThCs ClIaOKOIO, SIKIIO OJUH 1 TOW caMuil By30J HIXKYOTO
piBHA iepapxii Moke OyTH HiINOPSIKOBaHHMH KUIBKOM BY3JIaM BHILOTO
piBHA. OCHOBHE NpH3HAYEHHs 1€papXiuyHOi opraHizauii y CTBOpPIOBaHiH
cucTeMi — po3moAin (QyHKIiH oOpobneHHs iHpopMmauii Ta 3xiliCHEHHS
npouenyp BUOOPY MixK OKPEMHMH €JIEMEHTaMH CUCTEMH.

IniniaTuBa Mmoo HagiMHUX 1 O0e3mMeYHHX OO0YHCIEHBb
(trustworthy computing initiative) — iniriaruBa kopmopauii Microsoft
(2002), meTor0 sKOI € MiIBUIICHHS HAMIMHOCTI ¥ O€3MeKH MpOrpaMHOTO
3a0e3IeUeHHs, HacaMIepe — ONePaLifHIX CHCTEM.

Inpexce (index) — tabmnuils, 110 BUKOPUCTOBYETHCS TSl BU3HAUCHHS
MICIIS 3HAXO/KCHHSI 3aIUCYy.

Intepunperarop (interpretive routine) — nporpama, 110
po3imppoBye KOMaHAN Y TICEBOKOAAX I HEraifHO BUKOHYE X Ha BIAMIHY
BiJl KOMILUIATOPA, SKAH po3miudpoBye MCEBIOKOAU Ta (GOpMye Mporpamy
MAaIIMHHOO MOBOIO JIJIsl [TOJIJIBIIOTO BUKOHAHHSI.

InTepdeiic, npyxwuiii 10 kopucrysaua (friendly user interface) —
BIIACTUBICTh, MO 3a0e3medye KoM(GOpTHE poOoYe cepeloBUIE MpH
B3a€MO/IiT KOPHUCTYyBada 3 iHQOPMAIIIHHOIO CHCTEMOIO.

Intepdeiic kopucryBaua (user interface) — wactuna nporpamu,
10 BiMOBIZa€ 3a JiaJlor 3 KOPHUCTYBA4eM 1 MOXe MaTh (hOpMy IPHPOIHO-
MOBHOI CHCTeMH (IUIs1 IHTEJIEKTyalIbHUX 0a3 TaHUX Ta eKCIIEPTHUX CHCTEM).

IndpavepBonnii mopr (IrDA) — nopr A MiAKIIOYEHHS
HOyTOyKa 70 MOOUIbHOTO Tenedona (abo aBOX HOYTOYKIB OAMH [0
OJIHOTO) uepe3 iHhpayepBOHHUI 3B'I30K.

Indopmauniiina cucrema (information system) — cucrema, o
oprasi3ye nam'siTb 1 MaHIy TIOBaHH iH(pOpMAaIIieo po mpodieMHy chepy.

Indopmanin (information) — 3mamss npo mnpenverw, Qaxtw,
MOHATTSL TOIIO MpoOJMeMHOI cepH, SKMMH OOMIHIOIOTBCS KOPHCTYBadi
cucTeMH 0OpOOJICHHS TaHUX.

Knacrepu 3 6anancyBannsM 3aBantaxenns ( load-balancing
clusters) — koMm'lOTepHi KJacTepH, SKi MAlTh KilbKa BXiTHHX
KOMIT'TIOTEpiB, mo OamaHcyroTs 3amutu ( front- ends) Ta posmominstoTs
3aBJaHH MK KOMIT'TOTEpaMH CEpBEPHOTo OeK - eHAa.
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Knacrepu 3 Bucoxomsuakicaum gocrynom ( high-availability
clusters;, HAC) - «koMm'oTepHi KiacTepw, I10 3a0e3MeYyIOTh
ONTHMAIBHUHA JOCTYIl [0 PEcypciB, HaJaHUX KOMITIOTEpPaMH KiacTepa,
HaTIpUKIa, 10 6a3 JaHUX.

Kaacrepn komm'ioTepiB — rpynu KOMITIOTepiB, (ismaHO
po3TamioBaHi mopsAn i 3'€AHAHI OOWMH 3 ONHHM BHCOKOIIBHIIKICHUMH
LIMHAMU # JTIHISIMHU 3B'SI3KY.

Knientr-CepBepHa cucreMa — pO3IOJIEHA KOMITIOTEpPHA
cUcTeMa, y SKild TeBHI KOMIT'IOTEpPH BiAirparoTh poOJb CHELiali30BaHUX
cepBepiB, a iHIII — POJIb KIIIEHTIB, 110 KOPUCTYIOTHCS IXHIMH MOCITyTaMu.

KumenskoBuii nopraTusanii komn'rorep (KIIK, opranaiizep)
- MIHIQTIOPHUH KOMIT'IOTEp, 110 ITOMILIAETHCSl HA JAOJIOHI a00 B KHIIIEHI, 32
CBOIMH TapaMeTpaMH Maike TIIOpIBHIOBAHMM 3 HOYTOYKOM, BiH
NpU3HAYCHNUH U1 TOBCSKACHHOTO BHKOPHCTAHHS 3 METOIO 3aIlucy,
30epiranHs W wWTaHHS iHpOpMAIii, Y TOMY YHCIi — MYIBTHMENIHHOI, i
KOMyHiKaIlii gepe3 [HTepHer.

Kem-nam'sirs (Cache memory) — HajonepatuBHa mam'sTh, Kelll.
3amam'ITOBYIOUMIA TPUCTPI 3 BHCOKOIO IMIBHIAKICTIO AOCTYIy (B KiTbKa
pasiB OULIBIIOI, HDK IIBUAKICTH JOCTYIy JO OCHOBHOI ONEpPaTHBHOI
nmam'siTi), IO 3aCTOCOBYEThCS [UIsl THUMYACOBOTO 30€piraHHs MPOMIKHHX
Pe3yJIbTaTIB 1 BMICTY KOMIPOK MaM'sITi, sSIKI 4aCTO BUKOPHCTOBYIOTBCSL.

KinbueBa crpykrypa (ring structure) — opramizamis gaHux y
JIAHIIOKKH, B SKAX KiHElb JIaHIIO)KKAa BKa3ye Ha HOro MOYaToK,
YTBOPIOIOYN TAKUM YHHOM KUJIBIIE.

Knacudixauis (classification, eio nam.classis — pospso, fasio —
po6ne) — OIVH 13 HAUTPOCTIMIMX PI3HOBHIIB MOJCIIOBAHHS, PO3MOILT
NPEeAMETIB  TIEBHOTO pPOAY Ha B3a€MO3B'I3aHI Kjach 3TifHO 3
HaWCYTTEBIIMMH O3HAaKaMH, BIACTHBUMH NpeIMETaM OIHOTO pOJIY, SKi
BIZIPI3HAIOTH X BiJl MPEMETIB IHIIUX POIIB.

Kirou (key) — igentudikarop, Mo MIiCTATBCS B cepemuHi Habopy
€JIEMEHTIB JaHHX.

Koy Bropunnmii (Secondary key) — wmow, 1mo Moxe
IIeHTA(IKYBATH IOHAHMEHIIIC OMH 3alKC; KIIFOY, SIKUA MICTUTh 3HAYCHHS
aTpuOyTy (eleMeHTa JaHWX), BIAMIHHOTO Bi/I yHIKaJBHOTO ineHTH(]iKaTopa
(TTouryKOBHH KITFOU).

Kirou 3oBuimmiii (foreign key) — arpulyr mignopsiakoBaHoro
JIOTIYHOTO 3amucy, [0 € TEPBUHHUM KIIOYEM HOPOKYBaJIbHOTO
JIOTTYHOTO 3aIUCY 1 CIYTY€ JUIS 3'€THaHHS 3aMUCIB 32 UM aTPHOYTOM.

Komn'torep mnepeHocHuii - HaaMIHIaTIOpHUE KOMITtOTED,
yOynoBaHuii B omir abo IMIUIAHTOBAHWH y TUIO JIOJWHH, NPH3HAUYCHHUN
st oOpoOku iH(popMarii Bif AATYMKIB, YIpPaBIiHHS CHELiali30BaHUMHU
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mpucTposiMH  (HAampUKIaA,  KapIiOCTHMYNATOpoM), abo  BHmadi
pexoMeHAarii 3 HaBiramii f BUKOHAHHS 1HIINX TUIOBUX il JIFOAWHU.

KonTposaep nmpuctporo — crierianizoBannii mpouecop (pUCTpin
KepyBaHHS) UL SAKOTOCh IPUCTPOI0 KOMIT'IOTEPHOI CHCTEMH - OCHOBHOL
mam'sTi ab0 30BHINTHHOTO TPHUCTPOIO.

Kountposnna touka/pecrapt (check point /restarti) — croci6
MOBTOPHOTO ITYCKY IPOTPaMH 3 TOYKH, 110 BiJPI3HAETHCS Bij MOYATKOBOI.
BukopucToByeTHCS MTicisi BHHUKHEHHS aBapiiHOT CUTYyallii 4u nepeprBaHHsI.
KoHTponbHI TOYKH MOXYTh OYTH CTBOpEHI 4yepe3 IeBHI HPOMIKKH Hacy
poboT mpuKnaaHOi mporpamMu. B HHUX 3amam'sTOBYIOTBCS 3allUCH, IO
MICTSATh JIOCTaTHIO KUIBKICTH iH(oOpMamii mpo craH HporpaMu i JaroTh
3MOTY 3IIMCHUTH il pecTapT i3 3a3HAYCHOT TOUKH.

Konrpoabuuii npuxian (check problem) — npuxian i3 Bimomum
PO3B'A3KOM, II0 BUKOPHUCTOBYETHCS Ul MEPEBIPKH MPaBHIBHOCTI poOOTH
(YHKIIOHATHHOTO OJIOKA.

KopucryBaibuuubkuii (HenpusijieiioBanuii) pesxxkum (user
mode) — CcTaHOapTHHH pEXHUM BUKOHAHHA MpOrpaM, Yy SKOMY
BHKOHYIOTBCSI TIPOTpaMH KOPHCTYBadiB. Y JaHOMY peXnMi 3a00pOHEHi
JesKi npuBineiioBani omeparii (HampuKiIad, 3MiHA CHCTEMHHX IUISHOK
mam'siTi i pericTpin).

JliuMiIbHUK KOMaHJ — ajapeca II0TOYHOI BHKOHYBaHOI abo
nepepBaHoi KOMaHIu IIpolecopa.

Jloxannna mepeska (local area network(lan)) — mepesxa nepenaui
JaHUX, IO 00'elHye KiTbKa NU(PPOBHX HPHUCTPOiB, PO3TAIIOBAaHWX HA
00OMesKeHiH U0, SKa He IEPEBHIIYE NECATKH KBaIpaTHUX KUTOMETpiB. Sk
MPUCTPOI MOXKYTh OYTH po0OdYi MICISL, MiHI - Ta MIKPOKOMII IOTEpH,
IHTeNeKTyalbHa IHCTpYMEHTAJIbHA arapaTypa TOLIO.

Maremarnune 3a0esmeuennsi  (mathematical  support) —
CYKYITHICTh CKOHOMIKO-MaTeMAaTHYHUX METOMIB, MOJENEH Ta alrOpPHTMiB
00po0eHHst iHpopMarlii B aBTOMaTU30BaHIH iHGOPMAIiHHIH cHCTeMI.

Marepuncbka mnjara (motherboard) — ocHOBHa ApyKoBaHa
IuIaTa KOMIT'foTepa, Ha sIKiii 3MOHTOBaHI IIPOLECOp 1 MaM'sTh.

Mepexnauii agantep (Mepe:kHa KapTa) — OPUCTPIH uIs
MAKITIOYSHAS KOMIT'IOTEpa J0 JIOKAJTBHOI Mepesxi.

MoGiabHuii mpucTpiii (MoOLILHUN TeJeOH, KOMYHIKATOP) —
KUIIEHHKOBUHM NPHUCTPil, MPU3HAUYCHUH UIS TOJIOCOBOTO 3B'SI3KY, OOMiHY
KOPOTKMMHM TIOBIJOMJICHHSIMHM, a TakOX JUIi 4YHWTaHHS, 3amucy M
BIZITBOPEHHS MyJIbTUMEIiHOT iHpOopMaii i komyHikauii uepe3 [HTEpHET.

Mopem (abpeBiaTypa Bin MOXYJSITOP — 1deMOIYJATOP) —
NpUCTpii Ui BuXony B IHTepHeT 1 mepenaui iHpopmanii mo aHanorosii
abo mu¢poBiii TexedoHHIH TiHIi.
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Mosa onucy ganux (data description language) — mryusa mMoBa
JUTSL OTIMCY TaHWX Ta iXHIX B3a€MO3B'S3KiB y 0a3i JaHUX.

Mogean (model, 6id s1am. "3pazox') — WTYIHO CTBOPEHMI 00'€KT
(peampHmit  a00 imeanpbHU), SAKWH, OyAydl AaHAJNOTIYHUM (TOXiOHUM)
JIOCITIKyBaHOMY 00'€KTy, BimoOpakae 1 BIITBOPIOE Y TIPOCTIIIOMY
BHTIISIAI CTPYKTYpPY, 3B'S3KH Ta B3AaEMO3B'S3KHM MK eIeMEHTaMH
JOCIIDKYBAaHOTO 00'€kTa, OC3MOCEpEIHE BUBUCHHS SIKOTO IOB'S3aHO 3
NEBHUMH TPYJHOIIAMM, THM CaMHM IIOJIETIIyE TIPOLEC OJepIKaHHS
iHpopMarii Ipo HHOTO.

MopesroBannsi (Modeling) — Bu TBOpYOi AiSITBHOCTI JIFOJIMHH, 11O
MICTUTh Taki NpOUENypU: KOHCTPYIOBaHHS MOJENI Ha IiJCTaBl
MOMEPEIHHOTO  BHBYCHHSA O0'€ekTa 1 BHIUICHHS WOrO0  OCHOBHHX
XapaKTePUCTHK; CKCICPUMCHTAIBHUA Ta TEOPSTUYHUH aHalli3 MOZe;
3iCTaBICHHS pE3yNbTATIB 3 JaHUMH TPO O0'€KT, KOpEKIis Mozaewi; ii
BUKOPHCTaHHS B Mi3HABAILHOMY, TBOPYOMY 200 BUPOOHHYOMY IpoLecax.

Mopaenn maremaruuna (mathematical model) — abcrpakrha abo
3HaKOBa MOJeJb, MoOyJoBaHa 3acob0aMu MareMaTuku (Y BHAI CHCTEMH
piBHSIHB, Tpada, popMyiH JIOTIKH).

Monyas (module) — minmicHa rpymna eneMeHTiB CHCTEMH, ONHUCaHa
TIIBKA CBOIMH BXOJaMH 1 BHXOAaMH. MoAayib SK 4YacTHHA CHUCTEMH
BiIOOpaxye 3B'SI30K MIXK €JIEMEHTaMH, TOOTO OOMiH PEUOBHHOIO, CHEPTIETO,
iHpopMmaniero. MonynpHHH MiAXi Ja€ 3MOry 3HAa4uHO CIPOCTUTH OIIHC
CHCTeMH 1 3pOOMTHM BHAMMHUMH Ta JOCTYIIHUMH Uil  PO3YMiHHS
HaWCKJIaHIII CHCTEMU.

MyasTunporpamysaunnst (multiprogrammihg) — peskum pobotw,
o mependavae moyeproBe BUKOHAHHS JBOX a0 OLUTbIIIE IMpOTpaM OJHHM
HPOLIECOPOM.

Hacrinbhuiik koMn'iorep — MEPCOHANBHUH  KOMIT'IOTED,
pO3TamIoByBaHUH Ha poOOYOMY CTOII I BUKOPUCTOBYBAaHHUH Ha po0OOTi a00
JoMa.

OOuncioBaibHE CcepelOBHMINE — IHTEIPOBaHA pPO3MOJIiJIeHa
KOMIT'IOTepHA CHCTeMa JUIsi DIlIeHHs 3aBJaHb y SKHUXOCh IPOOJIEMHHUX
chepax.

Onepauniiina cucreMa — 0a30Be CHCTEMHE MPOTpPaMHE
3a0e3meueHHs, MO YNpaBisie poOOTOI0 KOMITIOTEpa i € MOCEPEAHUKOM
(iHTepdeiicom) MK  amaparyporo, — NPHUKJIAJHUM  IIPOTPaMHHAM
3a0e3MeueHHsIM 1 KOpHUCTyBa4eM KOMIT'IoTepa.

OmuryBannsi npuctpois (polling) — xii onepaniiiHoi cucremn
10 TIepioINYHIM 1epeBipii cTaHy BCiX HOPTIB 1 30BHIMIHIX IPUCTPOIB, IO
MOXYTb MIHATHCS i3 4aCOM.

OcHoBHA (OTMEpaTHBHA) MAM'ATHh — IIBUAKOIII0YA ITaM'sTh, 1O
AKO1 Iporiecop Mae Oe3rmocepenHiil JOCTyN i Yac BUKOHAHHS NPOTrpaMH,
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mo 30epirae mporpamu i maHi, iHpopMmaris B sKiii He 30epiraeTbes MmicIs
BUMHUKaHHS KOMIT'IOTepa a0o Mepe3anycKy CHCTEMH.

[am'sATh — YacTHHA KOMI'TOTEpa, IO 30epirae naHi i mporpamu.

IMapanenpHa KoMI'l0TepHa cHCTeMa — MYJBTUIIPOLIECOPHA
cuCTeMa, IO CKJIANAETBCSA 3 JCKUIBKOX Oe3rmocepeqHbO B3a€MOMIIOUIX
TIPOIIECOPIB.

Mapanensuuii mopt, ao LPT (a6periaTypa Bin Line PrinTer)
— TOpT U1 WAKIIOYSHHS 3acTapiiuX Mojeneid mnpuHrepiB. Jlns
MiIKJIIOYEHHST TpUHTEpa 4Yepe3 JaHWil MOpT NOTPIOHO MOINEepeaHbo
BIZIKJIIOUUTH ¥ IPUHTED, 1 KOMIT'TOTEP.

IlepepuBanHs 3a TaiiMepoM — NepiOANYHI NEepepUBAHHS Yepes3
NEeBHUH KBAaHT yacy, NMPU3HAUYEHI JI1 ONMUTYBAHHS MPHUCTPOIB i iHIIMX
HeoOXigaux nepiogumyanx it OC.

Iepenouenns (overflow) — curyarisi, kosu 3amuc (ab0 cerMeHT)
HEe MOXe OyTH PO3MIILCHUI 3a HOro BIACHOK aIpecolo, TOOTO aapecoro
TIaM'sITi, SIKY JIOTI9HO OyJI0 IPUCBOEHO HOMY B TIPOIIECi 3aBaHTaKECHHS.

Hincucrema (Sybsystem) — gactiHa cucTeMH, IO BUBYAETHCS ab0
JOCTIDKYETBCSL  CAMOCTIHHO. € KOMIOHEHTOM OUTHIINM, HDXK. OKpPEeMHUit
€JIEMEHT CHCTEMH, ajleé MEHIIMM, HDK cucTeMa 3arajoM. [loBuHHa Maru
BJIACTHBOCTI CUCTEMH, aJie JUIsi Hei Mae OyTH chopMysibOBaHA CBOS JIOKAJIbHA
MeTa (YHKIIOHYBaHHSI.

MMincucrema ynpasJiinHus pecypcaMu — KOMIIOHEHT OllepariiiHol
CHCTEMH, L0 YIpaBIsic 00UNCIIOBAILHUME PECypcaMy KOMIT'FOTepa.

Moxkasxkuuk (pointer) — azapeca 3anucy (abo iHIIOTO IPYIyBaHHS
JaHUX), MO MICTHThCA B IHIIOMY 3amuci. [IpoYuTaBIIM ONWH 3aITuC,
nporpaMa, BHKOPHUCTOBYHOYM MOKaXKYUK, MOXE OJEepKaTh JOCTYI 10
iHmoro 3ammcy. Axapeca Moke OyTH aOCONIOTHOK, BiHOCHOIO a0o
CHUMBOJIIYHOO.

IoJie naunx (date field) — cknagosa yactuna 3anucy, o BiAMOBiga€E
MIEBHOMY aTpUOyTYy.

Mopr — npuctpii 3 po3HiMaueM 1 KOHTPOJIEPOM  JUIsi
MIAKTFOYCHHS 0 KOMITIOTepa 30BHIIIHIX PUCTPOIB.

MopraruBHMii kKoMn'l0Tep (HOYTOYK, JIANTON) — MiHIaTIOPHUN
KOMIT'IOTEp, 3a CBOIMH MapamMeTpaMd He YCTYNae HACTUILHOMY, alie 3a
CBOIMH pO3MipaMH BUIBHO TIOMINIA€TBCS B HEBEIUKY CYMKYy H
NIpU3HAaYeHUH JJIs1 BAKOPUCTAHHS B MOT3/I11i, 0Ma, Ha Jlaui.

Ipuknagna 3apaya (application problem) — 3anauva, ininifioBana
KOpHUCTyBaveM, 1o notpedye it ii po3s'si3aHHs 00poOIeHHs iHpopMarii.

IIpo6aema (problem) — curyauisi, sika Mae HasBHWI 1 OakaHUi
cranu. KoxkeH 3 HUX MICTHTh HaOip 00'€KTiB, BIACTHBOCTEH Ta 3B'S3KIB,
00'emHanmx y mporec. [IpobieMu MOaLISIOTE HAa KiBbKICHI, sKiCHI, ciabo-
CTPYKTYpOBaHi Ta MilllaHi.
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IIpuknagHe nporpaMHe  3a0e3ledyeHHss —  Iporpamy,
MIPU3HAYCHI JJIS PIIICHHS Pi3HUX KIIACiB 3aBIaHb.

Ipucrpoi BBeIeHHS-BUBEIEHH — TPUCTPOi KOMITIOTEpA, IO
3a0e3nedyroTh BBeIEHHS iHpopMmamii B KOMIT'IOTEp 1 BHBEICHHS
pe3ynbpTaTiB poOOTH mporpaMm y (opmi, CpuiiMaHOi KOpHCTyBadeM ado
IHIIUMH TTPOTpaMaMH.

Ilporpama, kepoBana uepepuBanHsiMu (interrupt-driven
program) — mporpama, 10 3allyCKaeThCsi aBTOMATHYHO NMPH BUHUKHEHHI
NepepuBaHHs  LEHTPaJbHOrO Mpolecopa (HaNpHKIAA, omepauiiiHa
CHUCTEMA).

IIporpamyBanbHe nepepuBanus (trap; IOCIIBHO — TacTKa) —
NepepUBaHHs, sIKE SIBHO TEHEPYETHCS 3 JIOMIOMOTOI0 CIIeliaibHOT KOMaHaAN
mporiecopa (3a3Buuaii 1t 00poOKH MOMIIIKH B TIPOTPami).

[poxcu-CepBep — KoMI'IOTEp 1 MporpamMHe 3a0€3MEUCHHS, IO €
YACTHHOIO JIOKAJIBHOI Mepexi W miaTpumye e(eKkTHBHE 3BEPHEHHS
KOMIO'IOTEpiB JOKaimbHOI Mepexi no IHTepHery, ¢imprpamito Tpadika,
3aXHCT BiJ 30BHIIIHIX aTaK.

IMpoumec (Process) — TMOCHIOBHICTH CTAaHIB CHUCTEMH, IO
BIINOBIZIa€ BIOPSAKOBaHIN 3MiHI KOHKPETHOTO MapaMeTpa, sIKHi BU3Havyae
XapaKTepHI BIaCTHBOCTI CUCTEMHU.

PeasnHuii yac (real time) — ugac, o 36iraetecst 3 (GakTHUHEM
yacoM rmnepebiry ¢isumuHoro mporecy. CTOCOBHO pexuMy OOpOOJICHHS
JaHWX 1€ O3Ha4yae, MI0 MOTPIOHI PO3paxyHKH BHKOHYIOTBCS I dac
(dakTH4HOTO TIEepediry BimMOBIAHOTO (I3MYHOrO TPOIECy TakK, IO
pe3ynbTaTi OOYMCIICHb MOJKHa BHKOPHCTOBYBATH JUIS KEpPYBaHHS IMM
nponecoM. CTOCOBHO MNPHKJIAAHUX MpOrpaMm Iie¢ 3HA4YWTh, IO B HHUX
BINOBiZp Ha iH(OpMAIi0, SIKa BBOAUTHCS, (POPMYETHCS TOCHTH IIBHIKO,
TaKk 110 BOHa MOXXE BIUIMBATH HA MOJaJbIe BBEACHHS NaHWX (IiaJIorOBHUiH
pexuM).

Pericrp mexi (limit register) — cucremHuii perictp,
BUKOPHCTOBYBaHHH JJIsl 3aXHUCTY MaM'sITi i Takui, 0 YTPUMYE JOBXKUHY
JUISTHKY TIaM'sITi, BUJIIEHOT KOPUCTYBaJIbHUBKIH porpami.

Pexypcisi (recursion) — BnacTHBICTh CTPYKTYpH HaHHX a0o
NpaBuiia, 10 MOJArae B MOMIJIMBOCTI 3BEpHEHHsI 10 caMoi ceOe OJUH 4u
OinpIe pasis.

Po6oua mam'site (Working storag ) — yacTiHa onepaTHBHOI aM'ATi
EOM, mo pe3epByeTbcs JUIsi PO3MINIEHHS THMYacOBUX pE3yJIbTaTiB
OTIeparlii.

PoGoua cranuis (workstation) — migkaroYeHHH 1O Mepexi
NIepCOHAIBHUI KOMIT'IOTEP KOPUCTYBada, SIKOMY JIOCTYIIHI il pecypcH.

Po3B'ssyBannst 3agaui (problem solve) — mpouec onep:xaHHs
MJCYMKOBOTO TIOKa3HWKAa (JOKYMEHTa, BiJeokaapa), IO MiCTHTh
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iHpopMarito U TPUHAHATTS pillleHb I Yac YHPaBIiHHA [iSUTBHICTIO
cy0'exTa TOCIOAapIOBAaHHS.

Po3noginena cucrema (distributed system) — komm'roTepHa
cucrteMa, y sKiff OOYHCICHHS PO3IOAUICHI MK MeKinbKoMa (ismaHMMHA
mporiecopaMu  (KOMIT'IoTepaMu), o0'€MHAHUMH MDK COOOI0 B MEpPEexy
MIPOBOTHY a00 OE3NPOBOIHY MEPEKY.

CeKkTop — YacTHHA KOPCTKOI0 JHCKAa, OOMEXeHa AOPIKKOI0 1
JIBOMa pajilycamMu.

Cepgep 6a3 nannx (database server) — komn'roTep i nporpamse
3a0e3neyueH s, 10 HaJae JOCTYI IHIIMM KOMITIIOTepaM Mepexi o 0a3
JIaHUX, PO3TAllIOBAaHUX Ha KOMIT'IOTEPi-CepBepi JIOKAJIbHOT MEpexi.

Cepgepuuii 6ex-enn (Server back-end) — rpyna (myin) 3B'si3aHuX
Y JIOKaJIbHy MEPEXY CEpBEPHHX KOMIT'IOTEPiB, BAKOPUCTOBYBaHMX 3aMiCTh
OJIHOTO cepBepa, 3 METO OiumpIIol HamiifHOCTI ¥ HamgaHHSA OLTBIIOTO
00csTy pecypcis.

CepBep noaarkiB (application server) — xkomm'ioTep i
IporpaMHe 3a0e3NeUeHHs, 0 HaJla€ OOYMCITIOBAaNbHI pecypcu (mam'sarth i
mporiecop) 1 HEOOXiHE OTOYEHHS i BiANAICHOTO 3aIlyCKy II€BHUX
KJaciB (SIK MpaBuIio, OUTBLINX) JOJATKIB 3 IHIIUX KOMITIOTEPIB JOKAIBHOT
Mepexi.

CepBep eJEKTPOHHOI MOMITH — KOMIO'IOTEp 1 MpoOrpamHe
3a0e3neyueHH s, 0 BUKOHYIOTh BiJIIPAaBIICHH, OJepKaHHs i "po3knaaky”
€JISKTPOHHOT MOIITH ISl KOMIT'IOTEPIB JesKol JIoKanbHOI Mepexi. Moxe
3a0e3meuyBaTi TaKoXK KPUITYBaHHS MOMTH (email encryption).

CuHXpOHHe BBE/ICHHSI-BHBEJAECHHSI — OIEpalis BBEACHHS-
BUBEJICHHS, BUKOHAHHA SIKOi IPHBOAWTH A0 INEPEXoJy NpOrpaMu B CTaH
OUiKyBaHHS, JOTH, IIOKM OIepalis BBEICHHA-BUBEJICHHS He Oyze
MTOBHICTIO 3aKiHYCHA.

CucremHuii BukJHK (system call) — sBHuUH 3anur
KopuCTyBanbHHUIBKOI TiporpaMu 10 OC NUIIXOM BHKINKY CHCTEMHOI
MiATPOrpamMH.

Cucrema peadbHOro 4acy — OOYHCIIOBAIBHA CHCTEMA,

NpU3HAaYeHa JUIsl YIPaBIiHHS TEXHIYHUM, BINCHKOBUM 200 iHIIUM 00'€KTOM
Yy peXuMi peaabHOro Jacy.

Cucremuuii (mpusineiioBanuii) pexum (system mode, kernel
mode, monitor mode) — ocobauBuii peXUM BUKOHAHHS KOMaH/, Y IKOMY
BUKOHYIOThCS Moxydi siipa OC, mo JONMycKaroTh BUKOHAHHS DALY
NIpUBLICHOBaHMX OTepallii, HAPUKIIAA, 3MIHY CUCTEMHHX JUISTHOK Tam'sITi
i pericTpi

CucremHna muna (system bus) — komyHikauiitHuit npucTpiii, mo
3'elHye MK cO00I0 BCi MOJYNI KOMIT'IOTEPHOI CHCTEMH - LEHTPaJIbHUH
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mporiecop, MmaM'siTb i KOHTpOJEpP Mam'sTi, 30BHINIHI MPHCTPoi 1 IXHI
KOHTPOJICPH, SKi depe3 CHCTEMHY IIUHY OOMIHIOIOTBCS CHTHAJIAMH.

Cnado 3B's3ana cucrema (loosely coupled system) -
pO3MOAiNIeHa KOMITIOTEpHA CHCTEMa, V Kl KOXKHHN IPOLecop Mae CBOIO
JIOKaJbHY IaM'siTh, a Pi3HI IpOIlecCOpH B3aEMOJIIOTH MK c000I0 depes
JiHIT 3B'I3KY.

Cxanep — npucTpiil 1y onupyBaHHS MaNepoBUX 300pa’KeHb,
HaINpHKIaJ, iAMICaHNX a00 PYKOIMCHUX JOKYMEHTIB.

CuMmerpnuHa kjaacrepusania (symmetric clustering) -
oprasizanisi KOMITTOTEPHOTO KijacTepa, NMpH sIKid BCl MallMHU KiacTepa
BUKOHYIOTh O/IHOYACHO Pi3HI YaCTUHU OJHOTO BEIIMKOTO JOAATKA.

CuMeTrpnyHa MYJbTHIIPOLECOPHA  cHUcTeMa  (symmetric
multiprocessing - SMP) - 6araTonpouecopHa KOMIT'FOTEpHA CHCTEMa, BCi
NpOLIECOPH AKOI PIBHONpPAaBHI il BHKOPHCTOBYIOTH Ty camy komito OC;
omepaniifHa cucTeMa MpPU LBEOMY MOXE BUKOHYBATHCS HA OyIb-SKOMY
TIpoIIecopi.

CepBep Mepexi (Server) — koMI'toTep, MiIKIFOYSHHN 10 MEPexi,
II0 HAaJa€ MEBHI MOCIYTH KOPUCTYBayaM.

Cucrema (System) — CyKyIHICTh €JIEMEHTIB, 3B'A3KH MiX SIKUMHU
3'€IHYIOTh 1X Yy CTPYKTypY; OO0'€KTHBHO ICHYIOUMI KOMIUIEKC IPOLECIB i
SBUIN, a TakoX 3B'3KkiB. OCHOBHI O0OCOOJMBOCTI CHCTEM: IIIICHICTD,
BITHOCHA BiJIOKPEMJICHICTh BiJl HABKOJIUIIHBOTO CEPEIOBHIIA, HASBHICTH
3B'A3KIB 3 HUM, HAsSBHICTh YaCTHH 1 3B'I3KIB M)XK HUMH (CTPYKTYpPOBaHICTb),
M ATTOPSAKOBAHICTE BCi€l CHCTEMH KOHKPETHIH METi.

Cucrema 30upanns gauux (date acquisition (collection) —
HaWMpOCTilIa cucTeMa TeleoOpoOIeHHs, NMPU3HAYeHa BOHA Ui Iiepenadi
iHpopmarmii Big aO0OHEHTCHKHX CHCTEM [0 TIporecopa. Hampukman,
JWCTIETYepChKa ciyx0a, mo 30mpae iHPOpMAIilo Bi aOOHEHTCHKHX
cucteM, 00poOuisie 1i Ta nepenae Ha LIEHTPaJIbHUI AUCTICTYEPCHKUI TYHKT.

Cucrema KOJIEKTHBHOIO KopucryBanus (multiaccess system) —
yHiBepcajlbHA CHUCTEMa, OpPIEHTOBaHA Ha IHTEPAKTHBHHUH PEXHUM pOOOTH
BiJUIaJICHUX KOPHCTYBaJiB.

Cucrema o06podaennst nanux (data processiong system) —
CHCTEMa, IO CKIATAEThCA 3 CYKYIHOCTI TEXHIYHHMX i MPOTPaMHUX 3aCO0iB,
a TakoXX OOCIYrOBYIOUOTO TIEpCOHANy, SIKi 3a0e3nedyroTh 00poOIeHHS
JIaHHX.

CucremMa nNiITPUMKH NPUIAHATTA pilleHb (OdeCiSion Support
System) — iHTepaKTHBHA MpPUKJIAIHA CHCTeMa, IO 3abe3neuye KiHIEeBUM
KOpHUCTyBa4aM, sIKi MPUHAMAIOTh PIillIeHHs, JISTKUH Ta 3pY4YHUH JOCTYH 10
JaHUX 1 MOJIeNIel 3 METOI0 NPUHHATTS pillleHb Y MOTaHO CTPYKTYpPOBAHMX
Ta HECTPYKTYPOBAHMX CHTYalisX Pi3HUX cep JI0ACHKOT MisITbHOCTI.
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Cucrema peannHoro 4acy (real-time System ) — indopmariiiito-
Kepyroua cucreMa, 1o 3ales3medye Imepefady Ta OOpOONIeHHS NaHWX 3i
IIBUIKICTIO, $Ka BIAMOBila€ MIBHAKOCTI Tmepebiry kepoBaHoro abo
KOHTPOJILOBAHOI'O ITPOLIECY.

Cucrema posnogisienoro oopoosenns ganux (data distributed
processing system) — cucrema 0OpoOJIeHHS MaHWX, y sKiii 6asa JaHuX €
LEHTPaTi30BaHOI0 (KOPIOPAaTHBHOIO), a OOYHMCIIOBAIBHI IOTYXKHOCTI Ta
mporpamMHe 3a0e3MeUCHHs PO3IOIIICHI MK B3aeMO3B'ss3aHuMu EOM.

Craagnictb (complexity) — BrnactuBicte sBuma (00'ekTa,
IpoLecy,  CHUCTEMH), IO  MpPOSBISETCS B HECHOAIBAHOCTI,
HerepeadayyBaHoCTI, HE3PO3yMIJIOCTI, BHUIIaIKOBOCTI,

"aHTHIHTYITUBHOCTI" HOTO TOBeAiHKM. BHHHKae BHACIIZIOK HEHIpPOCTOl
B3a€MOJIl BEIUKOI KIIBKOCTI 00'€KTIB, MOBEIIHKA OJHOrO ab0 KIJIBKOX
00'€XTIB BIUTUBA€E Ha MTOBEAIHKY 1HIIIHX.

CopryBanns (S0rt) — ynopsakyBanHs (aiiiny 3riHO 3 3aJaHHM
KJIFOYEM.

Cnucok (list) — ynopsiikoBaHa MHOXHHA €JIEMEHTIB IaHUX.

CraH npouecopa — 3HaUYCHHS PETicTPiB 1 3HAYCHHS JIYHMIbHUKA
KOMAaH] .

Crpykrypa (Structure, i0 .nam. "6yooea') —  cyrTeBi
B3a€EMO3B’SI3KM MK €JIeMEHTaMHU Ta IXHIMHU Tpynamu (IicHcTeMaMH), sKi
MaJIo 3MIHIOIOTHCS IPU 3MiHaX y cHcTeMi i 3a0e3meuytoTh ii iCHyBaHHS Ta
OCHOBHI BIacTHBOCTI. 300paxaroTh i y BHII CXeMH 3 KOMIpKaMmH, IO
BiJITIOBIZAIOTh €IEMEHTaM abo TPpyIaM eIEeMEHTIB, 1 JTiHIIMH, SKi 3'€THYIOTh
iX.

CymnepkoMn'ioTep — MOTYXHUI 0araTomporecopHuil KOMI'IOTep
3 TMPOAYKTHBHICTIO N0 JAeKimpkox meraduonc (1015 nmificHux omepamii y
CeKyH[y), IPU3HAYCHUH JUIs pIllICHHS 3aBJaHb, 10 BUMAararTh BEIHMKUX

00YHCITIOBATEHUX MTOTY>KHOCTEH, HaIPUKIIA], MO/ICITIOBAaHHS,
IIPOTHO3YBaHHS MOTOJIH.

CytHicTh (entity) — Oynb-sikuii KOHKpeTHHI a00 aOCTpaKTHHI
00'eKT 31 3B'13KaMU MIXK 1HITUMH 00'€KTaMU.

Tadauus craHy npuCTpPOiB — Tabmuus, sKy 30epirae Ta

BUKOPHUCTOBY€E OINepaliiiHa cuctemMa, y SKiH KOXHOMY IIPHCTPOIO
BIIMOBiZIa€ €EMEHT, IO MICTHUTh THII MPUCTPOIO, HOTO aapecy ¥ CTaH, a
JUISL 3aiHATOTO MPHUCTPOIO — IOCWIAHHS Ha uepry oOpoOIIOBaHMX 3aIHTiB
JI0 HBOTO.

Taiimep — cucTeMHUIT pericTp, IO MICTHTh JAEsSKE BCTAHOBJIECHE
crHeniaJIbHOK KOMAaHJI0I0 3HAYEHHS 4acy, 10 3MEHIIYEThCS Yepe3 KOKHUN
KBaHT (TaKT) IpouecopHoro yacy. Koum 3Ha4deHHs TaiiMepa JOpiBHIOE
HYJIIO, BiIOYBa€ThCs IEPEPUBAHHSL.
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Ticno 3B's3ana (tightly coupled) cucrema — mapanenpHa
KOMI'IOTepPHA CHCTEMA, Y AKii TPOLECOPH PO3IUISIOTH 3arajibHy IIaM'sTh i
TaiiMep (TaKTH); B3a€EMOMISI MK HHUMH BiIOYBa€Tbcs dUepe3 3araibHy
IaM'sTh.

Texuiune 3a6e3meuennst (hardware) — KOMIUIEKC TEXHIYHUX
3aco0iB, MmO 3abe3meuyloTh poOOTy aBTOMATH30BAaHOI iH(OpMaLiHHOT
CUCTEMH.

TexHosoriune 3a6e3neuenns (technology support) — cykynaicts
OpraHi3aliifHUX, METOJMYHMUX 1 TEXHOJOIIYHMUX JOKYMEHTIB, IO
PErJIaMEeHTYIOTh TIPOLIEC JIIOANHO-MAIIMHHOTO 00poOieHHs iHpopMalii B
aBTOMAaTH30BaHil iH(OpMaLiiiHii cucTemi.

TexHosorisi  eyiekTpoHHoi momru  (e-maii  technology) —
TEXHOJIOTiS KOMITIOTEPHOTO CIIOCO0Y TEepecHyaHHsS Ta O0OpOoOIIeHHS
iHpOpMaNiHHIX MOBIIOMIICHB, IO 3a0e3Medye ONepaTHBHUAN 3B'S30K MiXK
PI3HOMAaHITHIMH KOPUCTYBauaMH.

Tpau3zakuis (tranSaction) — BxiqHe MOBIIOMIICHHS, IO HAICKUTD
JI0 HasiBHOTO (pafiiry. OmHcye MOIiro, sIka 3yMOBIIOE a00 (JOpMYyBaHHS HOBOTO
3ammcy (aitry, abo 3MiHy 9 BIJIyYeHHS HAsBHOTO 3ammCy. TpaH3akxiis B
CIThOBOMY CEpEIOBHILI O0UHCIICHD (PO3MOAiICHa TPAH3aKIlis) — JIOTIYHA
OIUHUIL pOOOTH, a TaKOX OJWHHUI BiJHOBICHHS, Napajeiizmy i
LIUTICHOCTI.

Tpadik (traffic — mnorik indopmariiinoro o6miny, poboue
HaBaHTAKEHHS JiHi{ 3B'A3KY.
Yupasiinust (direction) — nporec opraizarii

[UTECTIPSIMOBAHOTO BIUTMBY Ha O00'€KT (CHCTEMY), BHACHTIJOK SKOTO BiH
MIEPEXOAUTh Y MOTPIOHAHN MITFOBHUI CTaH.

Yrnpagsjsioya nmporpaMa — KOMIIOHEHT OIepaliifHOi CHCTEMH,
VOpaBISAIOU0i BUKOHAHHSAM IHIIUX MporpaM 1  (yHKIIOHYBaHHIM
MIPUCTPOIB BBOAY-BUBO/IY.

®aiiu (file) — MHOXWHA 3aNIMCIB OTHOTO THITY.

@aiin-Cepep (file server) — xomm'iotep 1 mporpamue
3a0e3nedeHH s, 0 HAJAI0Th JOCTYI JI0 MiAMHOXHHU (aiJoOBUX CHUCTEM,
pO3TalllOBaHMX Ha JUCKax KOMII'IOTepa-cepBepa, IHIIMM KOMIT'IoTepam
JIOKAJIbHOT MEPEXKI.

O@aemw-Ilam'sare  (poremka) — MoOIynb 30BHIMMHBOI TaM'sATi
KOMITaKTHOTO po3Mipy, mo miakimrodaetbess udepes USB-Ilopt 1 mae
emuictb 1o 128 I'baiir.

XMmapHi o0umMciIeHHSI — MojeNb OOYMCIICHb, 3aCHOBaHa Ha
anHamMiyHO MacmTaGoBaHux (scalable) i BipryamizoBaHmx pecypcax
(manmx, nomatkax, OC 1 iH.), SIKI JOCTYNHI W BHUKOPHCTOBYIOTBCS SIK
cepBicm  uepe3  IHTepHeT 1  peami3yloThcs 32 JIOIIOMOTOIO
BHCOKOIPOAYKTHBHHX LeHTPiB 00podku nanux (data centers).
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HenTpanbHuii mpouecop — ICHTpajbHAa YacTHHA KOMITIOTEpA,
10 BUKOHY€ HOro KoMaHIH (1HCTPYKIIii).

Huainap — yacTUHA KOPCTKOr0 JIMCKA, IO TPEICTABISAE COO0I0
CYKYITHICTh HOPIsKOK OTHOTO AiaMeTpy, Mo HepeOyBaroTh Ha BCiX HOTro
rapaenbHO PO3TAlIOBAHUX MarHITHUX JUCKAaX.

Yepra nepepuBanb — cucreMHa crpykrypa OC, mo 3abe3mnedye
o4YeproBy 0OpoOKy BCiX BUKJIMKAIOUUX II€PEPHBAHb.

Slnpo — OCHOBHHMI HH3BKOPIBHEBUII KOMIIOHEHT Oy/b-KOI
orepariifHoi CHUCTEMH, BUKOHYBAaHWH amaparypol0 B IPHBiJIEHOBaHOMY
PEeXHMI, IO 3aBaHTaXyeThes mpH 3amycky OC i pe3suieHTHO nepedyBae B
Tam'sTi.
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