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ITossa I[IEOM Habarato posiuupuna Koja0 KOPHCTYBa-
4iB 0OUMCITIOBaNILHOT TEXHIKH, 3MIHHBCS i CKJlaj nmporpa-
MHoro 3a6e3neuyeHHs EOM, y skoMy Ginblue Micue 3a-
HMaloTh TOTOBI NPUKIALHI CHCTEMH, IO MOJETIIYIOTH
KopuctyBayeBi 3actocyBaHHs EOM ais pizHux BUiiB po-
6it. Tum He MeHe, MOCTIHO BUHUKAE NOTPeda po3LIU-
puTH Ta MoaudixysaTn QyHkuii rorooi cucremu. Camy
NPUKJIAJHY CHUCTEMY TaKOX HEOOXiAHO mporpamyBaTH
KOI0-HeOyIb MOBOIO BHCOKOro pieHs. Takowo MoBoO
nporpamysaHua ans FIEOM crana mosa C++. Moa C++
BXE CTaja yHIBEPCaJbHOIO MOBOIO JJISl MPOrPaMICTiB Li-
noro cBity. Jlana MoBa Moxe OyTH 3acTocoBaHa (aKTHY-
HO AJ1s NporpamyBaHHst Oyab-sKkoi 3agaui. Moea C++ yac-
TO BUKOPHCTOBYETHCS AN TAKUX MPOEKTIB, K CTBOPEHHS
onepauifHUX CUCTEM, PEIAKTOPiB, CUCTEM KepyBaHHs 0a3
JaHHUX, MYJIbTUMeNia-Nporpam, nepcoHanbHUX iHgopma-
LWIAHUX CHCTEM ISl PO3B’S3aHHA €KOHOMIYHHMX, HayKoO-
BHX, IHXKEHEPHHX 3a/1a4. bisplna yacTHHa cyyacHOro cuc-
TEMHOTO Ta NPHKIAJHOTO APOrpamMHOro 3abesneyeHHs
pO3pobNAETLCS caMe  LEI0 MOBOIO.

Jinsa BUBYEHHS CHCTEMH nporpamysaHusi MOBolO C++
caMe i MpH3HAYeHa AHCLMIUIIHA «ANrOpUTMi3auis Ta
nporpaMyBaHHs npoueayp obpobku iHdopmauii» ans
niaroropky 6akanaBpiB 3 €KOHOMIKH, SIKi HaBYAIOThCA 3a
cneujanpHicTioO « EKOHOMIuHA KiGepHeTHKa».

MeTto10 BMBYEHHS AUCUMIITIHU € HaOYTTH CTYAEHTaMH
3HaHb Ta NPaKTHYHMX HABHUYOK 3 aJIFOPUTMI3allil THTIOBUX
npoueayp o6pobku couiabHO-eKOHOMIUHOT iHdopMaii,
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TeXHOJIOTiT MPOEeKTYBaHHA Ta NMpOrpaMyBaHHs, IIpoOrpamMmy-
BaHHS BIACHHUX MPOrpaMHHUX NMpPOAYKTiB MOBo1o C++.

IMig wac HaBYaHHA ClyXayi AUCLMIUIIHM HabGyBaloTh
NPaKTHYHHUX HABHYOK 3 aNrOpUTMi3aLii Ta BiNpalboOBY-
10Th TUNOBI €EMEHTU MPOrPaMyBaHHS, BUBYAIOTh TEXHO-
noriro nporpamyBaHHs, HaOyBarOTh HaBHYOK Hajnaro-
JDKeHHs. Ta BHKOHAHHS nporpaM y cepezosuii Borland
C++, BUBYAOTH HOBi 3aco0W NporpamMyBaHHS MOBOIO
C++, peanizyloTb KOMIUIEKCHI BHpOOHHMYI CHTyauii,
NOB’s3aHi 3 MPOEKTYBaHHAM, NPOrpaMyBaHHAM Ta HOKY-
MEHTYBaHHsSIM TNpPOrpaMHHUX KOMIUIEKCIB, Oprasizaui€ero
inTepdeiicy 3 KOPHUCTYBaueM 3a AOMOMOIOI0 CTBOPECHHs
BiKOH Ta MEHIO, BAKOPHCTaHHA rpadiyHux MOXJIMBOCTEMH
CHCTEMH.

OCHOBM )
AJIFOPUTMIZALYI

Po30in 1

ANrOPUTM, CITOCOBM MO0 NOJAHHS.
TN ANrOPUTMIYHUX NPOLIECIB
TA NPUHLUNU X NOBYQOBU

1.1. NIOHATTA AJITOPUTMY

V cBoiif NoBCAKACHHIH AISNBHOCTI HAM TMOCTIMHO J0-
BOAHMTHCA CTHMKATHCH 3 Pi3HOMaHITHUMH MpaBHIaMH, LIO
TIPUITUCYIOTh NOCTiJOBHICTh Ail, METa SKUX CKIAJAcThCA
B JOCSTHEHHI MEBHOTO HeoOXifHOro pe3ynstaty. [loniGHi
npaBuaa nyxe yucieHHi. Hanpuknan, Mu gotpumyemocs
NEeBHUX NpaBuJ, o6 3atenedoHyBaTH, BUKOHATH TEBHY
NOCIIJOBHICTH Ai#, WOO 3BapUTH CYN, IPUrOTYBATH JIiKH
abo oOumcnuty AOGYTOK OBOX OaraTo3HaYHHX YHCE.
[IpuKsaau Takoro poay Ha3UBalKOTh ATOPHTMaMHU.

[TorynsApHiCTh NOHATTS aNrOPUTMY B Halll Yac 3yMOBJIE-
Ha pO3BMTKOM i IUMPOKHM 3aCTOCYBaHHAM EJIEKTPOHHO-
obuncmoBanbHOT TexHikM. Bukopucrannas EOM cnpusiio
TOMY, 11O po3pobka alropuTMy — HeoOXiaHUH eTan y
npoueci po3s’s3aHHs 3a1a4 Ha EOM.

[ToHaTTs anroputMmy, WO HanexXWUTh A0 ¢yHIaMeH-
TaJIbHUX KOHLENUii iHhOpMaTHKH, BUHHKJIO 33JI0BrO J0
nosen EOM i cTano ogHuUM 3 OCHOBHHX MOHSATH MaTeMa-
THKH. TepMiH «aNropuT™M» NOXOAUTDH Bifl IMEHi BEJIMKOTO
y36eLpkoro MmateMatka Myrammana 6eH Myca anp Xo-
peami (IX B.), algorithmi — ue naTHHCEKa TpaHCKpUNLLis
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iMeHi anb-Xope3Mi, Lie CI0BO BUKOPHCTOBYBAJIOCS B MATEMATHL JUlsl
TMO3Ha4eHHs NPaBJI BUKOHAHHA YOTHPBOX apUPMETHIHHX Ni: noja-
BaHH, Bi/IHIMaHHA, MHOXEHH i INICHHs Ha)l YNCIIAMH B IECATKOBH
cucreMi gucneHts. CyKymmHICTh IMX MpaBuil y €Bpor CTajiH Ha3HBa-
TH «aJIrOpU3My». 3TOIOM lie CJIOBO MEPEpPOAMIOCS B aNTOPUTM i 3po-
6uitocst 30ipHOK0 HAa3BOIO OKPEMUX MpaBUJl EBHOrO BUIIISAY i HE JH-
mie npaBun apupmervyHux Aid. [Iporarom Tpueanoro uacy woro
BKMBAJH TIJILKH MaTEMaTHKH, MO3HAYalO4YH NpaBHia PO3B’ A3aHHA pi-
3HUX 337a4.

Ho anb-Xopesmi icuyBano Ayxe 0ararto NpHAOMIB BHKOHAHHI
apudMeTHIHMX oNepauliil, y SKMX BpaxoByBanucs Ti a0 iHui 0cob-
JIMBOCTi KOHKPETHMX 4YMcell, Hal IKUMH NPOBOAMIMCA Wi omepailii.
Hanpuxnag, AKIO OAMH 3i CIIBMHOXHUKIB 300paxcae 4HMCJIO, IO
CK/AJa€ThCA 3 OAHHX HEB’ATOK, TO A0 iHIIOro CMiBMHOXHHKA Tpeba
JOTHCATH YHCIIO HYNIB, piBHE YHCITY JEB’STOK Yy NMEPIIOMY CMiBMHO-
)KHMKY, i NOTIM Bif 10OyTOro 9ycia BiAHATH APYTHi CIiBMHOXHHK.
Hanpuknaz, Ko YMcno 999 noTpiGHO NOMHOXHTH Ha 5, 10 uKppH
5 cnm AONATH TPU HyJl, OCKLIBKH B NEpUIOMY CI'IIBMHO)KHMKy TpH
JeB’ Tk, — oTpumaemo 5000, a MOTIM BiftHATW ApYyruil CMiBMHOX-
HHK, ToOTO uMcio 5. Pesynprarom Oyne uucno 4995, ske i € nodyr-
KoM uuncen 999 i 5. Mu noci kopucryemocs GaratbMa npuiomamu
mBKHAKOT ycHoT Jliubu. Hanpuknaz, mo6 NoMHOXHTH OyAb-sike YUCTIO
Ha 5, HeoOXigHo ponucaty a0 Heoro 0 i po3ainuTy 100yTe YUCHO Ha-
Brij. 1106 MOMHOXHMTH YKcaO Ha 25, JOCHTb NMOMHOMHUTH L€ YHCIIO
Ha 100 i posninuty pesynstaT Ha 4. OgHak Takoro poAy NpUHOMH
MOXHa 3aCTOCOBYBATH NIULIE B THX BUMALKax, KOJIM X0 6n oauH 3i
CNIBMHOKHMKIB Ma€e coeljanlbHuii BUrnsa (Bci neB ATKM, 5,25 i T. 11)
Anb-Xope3Mi 3ampornoHyBaB npasuia, npujaTHi y BCiX BUMNaakax i
OJHaKOBi i Oyap-AKUX Nnap Yucen.

Anzopumm — ye mouHe NPUNUCAHHA, WO BUBHAYAE NPOYeC nepe-
MBOPEHHS NOYAMKOBUX OQHUX O/IsL OMPUMAHHA KIHYeBUX pe3yibmamie
nio uac po36’a3aHHA NEGHO20 KIACY 3a0aY. Y yboMy MOYHOMY Npunu-
CanHi 3a0aI0MbCA BKA3IBKU NPO BUKOHAHHA 6 NEeGHOMY NOPAOKY NeGHOL
cucmemu onepayiti i npasuna ix 3acMOCY6anns 00 ROYAMKOGUX 0d-
HUX 018 pO38’A3aHHA 3a0ai.

ITOHATTA aNropuTMy — OJHE 3 OCHOBHMX MOHATb MaTEMATHKH,
OCKi/IbKM BiJHAXODKEHHSA MPUIYCTHMOTO alnropuT™My AJs Pi3HHX Kia-
ciB 3a1au € ofHi€lo 3 Uineii MatemaTuku. HaBeneHe BU3Ha4YeHHs an-
POpUTMY HE € TOUHHM MAaTEMAaTH4HMM, 3 JIMILE NOACHIOE CMHUCA JaHO-
ro ciaosa. 3 nosBolO OGUHCIIOBANBHOL TEXHIKH 3’ BANACS HCO6X111-
HICTh YTOYHEHHS TIOHATTS aJrOPUTMY K 00’€KTa MaTeMaTHYHOI TEO-
pil. Lle MOSCHIOETBCSA THM, 1110 BUHUKIM NOTpeOy B 3arajJbHUX CNoco-

6

6ax ¢opmanizanii i OIHOMaHITHOTO PO3B’A3aHHA LLIMX KJIACiB 3a1a4
Ha 6asi MoryTHix YHiBEPCAIBHHX AJITOPHTMIB.

CripoGu 3HaiiTi Ta C(oOpMYBaTH B CyBOpHX TepMiHax TpuiioMu
¢opmu n0GyaOBH AINOPUTMIB, JOCHTE CTPOTi B IUIAHI MATEMaTHIHMX
JOCIDKEHD | JOCHTD 3araiibHi, 06 BUPOKATH BCiIAKi aITOPHTMH, NPH-
BEJIM 10 BUHHKHEHHS CaMOCTIHHOI JMCLMIUTIHY — Teopil ajlrOpUTMIB, Y
SIKifi PO3KPHMBAIOTECS TEOPETHYHI MOXUIMBOCTI pO3pOOKH e(eKTHBHHMX
aJIropuTMiB 0GYMCIIIOBATEHHX NPOLECIB i IX NPUKIAJHUX 3aCTOCYBAHb.

1.2. BTACTHUBOCTI AJI'OPUTMY
(ALGORITHM PROPERTIES)

ITin yac po3s’a3aHHA Oyab-IKOl 3a4avi 3BUYAHO BHXO-
JATH 3 HASBHOCTI JESAKHX MOYaTKOBHX JAHHX i MalOTh YABJIEHHS PO
pe3yibTart, skuii Tpeba onepxaru. Ilpuctynaoun no piweHnns, cro-
4aTKy HaMi4aioTh TUIaH i MOCHiAOBHICTh Ail, AKi BiJ MOYATKOBUX Ja-
HUX MOBMHHI NPHBECTH A0 IIYKAHOTO pe3yJbTaTy, TOOTO MparHyTh
noOy1yBaTH aNrOpuT™M po3B’s3aHHs. Takuil NaHUIOKOK Aiii, KOXKHA 3
SKHX, 33 MPUNYLIEHHSAM, BilOMUM crniocoGoM 3aiiicHeHa, i ckiajae
aJIFOPUTM; HOro BUKOHAHHA Ha3HBAETLCS QI2OPUMMINHUM NPOYECOM,
a KOXHa JIaHKa L{bOTO JIAHLI0XKKA — KPOKOM aJITOPUTMIYHOrO mpoLe-
cy, a6o anroputmy. Mo)kHa cka3arty, 110 aJrOpUTM BKa3ye MOCITifoB-
HiCTb Ji¥i 3 mepepobKH MOYaTKOBHUX JaHUX Y Pe3yIbTAaT.

Bynn-sikuii anropuT™ Mae BiANOBiIaATH TAKHM BUMOTaM:

1. Macogsicmes — 3aCTOCOBHICTb aNropuTMy A0 OyAb-KHX AaHHX
3aja4y neBHoro xiacy. Lls BmactuBicTh anroput™my 3abesneuye
po3B’si3aHHA Oyab-AKOi 3a1ayi 3 K1acy OAHOTHITHUX 3aAad NpH Oyab-
AKHX MOYAaTKOBHMX AaHHX. Tak, anroput™ o64HMCIEHHA NIOLLI TPHKY-
THHKA 3aCTOCYEMO 10 OYAb-IKMX TPUKYTHUKIB. [l aaroputMy Mox-
Ha OGparu pi3Hi HabOpH BXiJHNX AaHUX, TOOTO MOXKHA 3aCTOCOBYBATH
OJMH i TOH camMHii aNrOpUTM AJs1 PO3B’A3aHHA LIJOro KJacy OAHOTH-
NHUX 3a1a4. Hanpuknaz, anroput 1/ po3B’s3aHHSA CUCTEMH JliHil-
HHX piBHSHB NOBMHEH OyTH 3aCTOCOBHMII JO CUCTEMH, L0 CKJIAJAECTh-
csl 3 JOBIJILHOrO 4YWCNIa piBHAHb, NpPUYOMY MOYATKOBI JaHi 1s
aJICOPUTMY MOXXHAa BUOMpaTH 3 MEBHOT MHOXUHH. Pa3oM 3 TUM, icHy-
I0Th i TaKi aNrOpUTMH, IO 3aCTOCOBHI JIMILE JO €AMHOrO Habopy no-
4yaTKOBMX JaHuX. Jo iX yncna HanexaTh alrOpUTMH KOPHUCTYBaHHS
pI3HHMH aBTOMaTaMM, HaNpWKIaj, aBTOMATOM, LIO NPOJAE a3eTH,
ab0 TeneoHOM-aBTOMATOM, SKIIO BOHH PO3PAaxOBaHi Ha OJHY MEBHY
MOHETY 4M XKETOH, aITOPUTMH CITiYBaHHS N0 MaplIpyTy, WO NO4HHA-
I0TBCA B NEBHOMY NYHKTI i BeLyTh B 3aJjaHe Miclie, i 6araTo iHILIHX.
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SIke  3HAYEHHs MOTPIOHO BKJIAAATH B TEPMiH «MacoBicTe»? Ciif
BBAXXATH, IO A/ KOXKHOTO alIrOPHTMY iCHY€E NeBHHUIT Kac 00’ €KTiB, i
BCi BOHM JOMYCTHMI SIK MO4aTKOBi JaHi. [l aaropuTMiB BUKOHaHH
apuMeTHUHHX Ollepaliii — A0JaBaHHsA, BiJHIMAHHA, MHOXEHHS i
AineHHs, Takul Kiac cknajae Bei Aificni ykcna. MacosicTs anropur-
My — L JAOMYCTHMICTS YCix 00’€eKTiB BiZINOBITHOTO KJacy, a 30BCiM
He JIOMYCTUMICTh AKOICh 1X KUIBKOCT (KiHUEBOrO YH HECKiHYEHHOTO).
A cxinyeHHa ab0 HeCKiHYEHHA KiNBKICTh JOMYCTHMHX 00’ €KTiB — Lie
BXKE BJIACTUBICTH BKa3aHOTO KJIacy.

2. Busnauenicmo (Oemepminoganicms)(determinancy) — Habip
BKa3iBOK Ma€ GyTH TOYHMIA, HE 3aJeXXaTH BiA BUKOHaBIA. 111 xapak-
TEpUCTHK2 . 3a0e3redye BH3HAYCHICTH, OJHO3HAYHICTH pE3YNbTATy
npouecy, [0 OMUCYETHCS HUM TPHU 3a4aHuX NOYaTKOBUX JaHMX. Ko-
*KeH KPOK MOBHHEH OyTH 4iTKO Ta HEABO3HAYHO BU3HAYEHHH i HE Nno-
BUHEH JONYCKATH JOBINbHOIO TPaKTyBaHHA BHMKOHaBUeM. Ilix wac
BMKOHAHHS aJTOPHTMY BUKOHABELb Ma€ AisTH CyBOPO BiATIOBIZHO 10
iforo mpaBui i B HEOrO He Ma€ BUHHKATH NOTpeOH poOHUTH sKi-HEOY b
Iii, BiAMIiHHI Bil MPOJMKTOBaHHX anropuTMoM. CTpOro BHU3HAaYEHHMM
NOBHHEH OyTH i MOpANOK BUKOHaHHA Aill. L{s myke BaxknuBa Baactu-
BIiCTH O3HAYaE, 10 SKIIO OJWH i TOW caMMii aATOPHUTM AOPYUNTH IS
BMKOHAHHS Pi3HUM BHUKOHABLIIM, TO BOHH NPHIHAYTh A0 OAHOTO i TO-
ro CaMOro pe3ynbTary.

Hagenemo NPHK/IA1 aITOPHTMY NOAiLY BiApizka HaBMia 32 AOMO-
MOTOI0 LPKyJist # ninifiky. [inst Toro, mo6 noxinuTy BiApisoK Hasmi,
HeoOXiHO BIAKPUTH UMPKyJIb Ha NOBXHHY Bifipi3Ka i 3 KiHUIB Bifpi3-
Ka ONUCATH LIMM pafiycoM Koso. Yepes TOUKH MEpETHHIB Kil IpoBe-
aeMo npsmy. Lls npsma nepetHe 3anaHuii Bifpi3oK y Touwi, fKa i €
CePEeAMHOIO JaHOTO BifpisKa.

AHajli3 2IrOpUTMIB NOKa3ye, WO KOJIM 3aCTOCOBYBATH aNrOPUTMH
MOBTOPHO A0 OJHHX i THX CaMHX MOYATKOBUX JAaHMX, TO NiCTaBaTHMe-
MO OIvH i TOM xe pesynbrar. Hanpuknan, skmo 3aCTOCOBYBATH HaBe-
ACHNA BUILC ANTOPUTM MOAINY BIAPi3Ka HABNIA O ONHOTO i TOrO Ca-
MOrO BiIpi3Ka, TO [Opa3y OTPUMYBAaTUMEMO OIHY i Ty CaMy TOUKY.

1 SIKIO NIpK UBOMY KOXEH Pa3 MOPiBHIOBATH Pe3y/bTATH, OTPUMA-
Hi MiC/Is BIANOBIAHKX KPOKiB JAropUTMi4HOrO MPOLIECY, TO BUABHTh-
cAl, WO MPH OHHX i TUX K€ MOYATKOBMX JAHUX Wl Pe3ynsTaTd 3aB-
KaM O6ynyTb oaHakOBUMH. TakuM YMHOM, MOXXHa TOBOPUTH Npo
BH3HAYEHICTb i OZIHO3HAYHICTb AJITOPUTMIB.

3. fluckpemuicmy — po3ueHOBaHICTh MpOLECY, MO BU3HAYAETHCA
anropuTMOM, Ha OKPEMI €/IEMEHTAapHi oneparlii, MOXIMBICTb BHKO-
HAaHHSA AKMX JIIOAHHOIO a60 MaLIMHOK HE BHUKJIMKA€ CYMHIBiB. l'[po-
LEC, AKUH BH3HAYa€TbCA aJrOPUTMOM, [OBMHEH MAaTH AHCKPETHHH
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XapakTep, ToOTO ABJIATH cOOO0I0 NOCTIIOBHICTh OKPEMHX KpOKiB. Bu-
KOHAHHS aJITOPUTMY PO3YWIEHOBYETHCS HA BUKOHAHHS OKPEMHX Kpo-
KiB, BUKOHaHHS KOXKHOTO YepProBOr0 KPOKY TMOYMHAETHCA IChs 3a-
BEPUICHHS MONEPeAHBOTO.

4. 3po3yminicme — 3HaHHA BUKOHABLA NpoO Te, WO TpeGa pobutH
JUIst BUKOHAHHS IOTO anroputMy. I1py 1bOMy BUKOHABELb aJTOPHT-
MY, BUKOHYIOUH Horo, llie «MEeXaHI4YHOY», TOMY GOpMYIIIOBaHHA aJIro-
pHTMY Ma€ OyTH HaCTiIbKH TOYHE i 0IHO3HaYHe, 100 MOIJIO MOBHiC-
TIO BH3HA4YaTH Bci Aii BUKoHaBUY. JIroqWHa, HaBIiTL HE BTacMHUYEHA B
Til cepi, And po3B’A3aHHA 3a1a4 AKOT PO3poCICHM aNropuT™, aje
AKa po3yMi€ BKa3iBKH, IO MIiCTATHCS B HBOMY i TOYHO TX BUKOHYE, —
060B’13KOBO JiCTa€ LIYKaHe pO3B’I3aHHA 3a4aui.

5. Pezynemamuénicmbs — KiHLIBKa NPOLECY HNEPETBOPEHHS BXij-
Hoi iHdopMaLil y BuXiaHy. Pe3yabTaTUBHICT BKa3ye Ha Te, 110 3a-
CTOCYBaHHS aJroputMmy Ao OyZAb-SKOro JOMYCTUMOro Habopy BXil-
HMX JaHMX 32 KiHLEBE YUCIO KPOKiB 3a0e3neuye OTpUMaHHs NEBHOTO
pe3syabTaTy. I1in yac BHKOHaHHS aNropuTMy AesAKi HOro Kpoku Mo-
XYTb MOBTOpIOBaTHCS 6arato pasiB, 0fHaK BUKOHAHHS aJrOpHTMY BCE
K 3aKiHUMThCA 3a KIHLEBE YUCNIO KpokiB. TOOTO cMUCH pe3yabTaTHB-
HOCTi NOJArae B TOMY, 1O aJrOPUTMi4HUH Npouec noBuHeH OyTH Ki-
HLEBMM: 33 MEBHE YMCIO KPOKiB TNMOBMHEH OyTH n0OYyTHIl LIyKaHWi
pe3yiabTaT ab0 AOBEAEHO, WO ANFOPUTM HE 3aCTOCOBAHHIA OO JAHOT
MHOXXHHHM NOYaTKOBHUX JaHuX. HenpuaartHicTe anroputMy no gomyc-

THMUX NOYATKOBHX JaHMX Ma€ Micue abo mijl yac NOpyIIeHHsS YMOBH

CKIHYEHHOCTI aJIFOPUTMIYHOroO MpPOLECy, HEOOXiJHOIO BHSABIAETLCA
HECKiHUEHHa KiJIbKICTh KPOKiB anroputMy, abo mif 4ac BMHMKHEHHS
HenepeGOPHHUX NepeLKOo 10 HOro BHKOHAHHS Ha AKOMYCh KpOLi.

VY mareMaTuui € 00UMCIIOBaNbHI MPOLIECH, IO MAOTh aJIFOPUTMi-
YHMIi XapaKTep, aje He BOJOAIIOTb BIACTHBICTIO KiHLiBKH. Tak MOX-
Ha copmyimosatu npoueaypy obuucneHus yucna 7. Taka npoueny-
Pa ONMCYE HECKIHYCHHHMI NPOUEC i HiKOMM He 3aBEpLIHTLCS. SKuo
€noci6 OTpMMaHHA HACTYIHOT BEIMYMHMU 3 AKOICH 33AHOT HE MPHUBO-
JAMTb O pe3yNIbTaTy, TO MOBMHHA 6yTH BKa3iBka, WO TpeGa BBaXkaTu
pe3yNbTaTOM alropHTMy. Y HAlOMY BMMaAKy MOXKHa BBECTH YMOBY
3aBEpLUCHHS Mpouecy OOYUCIEHHst BUAY: «3aKiHUYUTH OGUHCIEHHS
nicas OTPUMaHHA N JAECATKOBMX 3HAKIB YMCNHA T», — TO BUiiiE anro-
PHUTM OOGYMCIIEHHS N AECATKOBUX 3HaKiB Yucna T. Ha upboMy npuHUM-
ni 6asyeThcs OTpUMaHHA 6araTboX OOYMCIIOBAJIbHUX aNrOpPUTMIiB:
OynyeTbcsa HeCKiHYEHHHUH, 301XKHHIi 10 yKaHOTO PO3B’A3KY NpoLec.
Bin o6puBaerbes Ha neBHOMy Kpoui, i 106yTe 3HaueHHs NpuiiMacTs-
cl 3a HaOMDKEHUH PO3B’A30K 3a4adi, Wo po3rnsaactbea. [pn usomy
TOYHICTh HaOJIDKEHHS 3aNIKHUTD BiJ YHCIIa KPOKIB.
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6. Popmanvricms — pe3yJIbTaT BUKOHAHHS aJTOPUTMY HE MOBM-
HEH 3ajexaTH BiJ 6yab-iKkuX (aKTopiB, AKi HE € YACTUHOIO LBOTO aJl-
roputMmy. Bynp-akuii BUKOHaBelp, 30aTHHI cripUiiMaTH i BUKOHYBa-
TH BKa3iBKH aJIrOPUTMY (HaBiThb He PO3yMilOuM iX 3MicTy), AilOYM 3a
aNropuTMOM, MOX<€ BUKOHATH NOcTaBlieHe 3aBAaHHs. 151 BracTuBicTh
Mae ocobnuBe 3HaYeHHA Ui BUKOHaHHA anroputmiB. O4eBHIAHO,
€JIEKTPOHHO-00YHNCIIIOBaIbHI MAIIWHH HE MOXYTh PO3YMITH CYTi 3a-
BAAHb i OKPEMHUX BKa3iBOK aJTOPHTMIB, XO4Ya YCHiIIHO BHKOHYIOTH
pi3Hi aJITOPUTMH.

Hasenemo TouHime BU3HaYeHHs alropuT™y. Anieopumm — ye CKin-
YeHHA NOCNIO0BHICMb OOHOZHAYHUX DO3NOPAOIN’CEHb, GUKOHAHHA SIKUX
00360.151€ 3a OONOMO2010 CKIHYEHHO20 YUCAA KPOKIe ompumamuy po3e’s-
3QHHA 3a0aul, WO OOHO3ZHAYHO BUHAYAECMbLCS NOYAMKOGUMU OGHUMU.
XapakTepu3ye alroputM Horo 3po3yMuTiCTh [l BUKOHABLA; JETEpMi-
HOBAHICTh (BM3HAYEHICTh), TOOTO OAHO3HAYHICTH PE3yJbTaTy NpHU 3a-
AaHUX MOYATKOBMX JIAHUX; JUCKPETHICTH MpOLECy, WO BU3HAYAETHCS
aJITOPUTMOM, — MOXUIMBICTb PO3WIeHYBaTH HOro Ha OKpeMi eJIeMeH-
TapHi onepalrii, sKi J1erko 34iMCHUTH; MacoBiCTb — TMOYATKOBI JaHi,
IJIS IKUX 32CTOCYEMO alllfOPWTM, MOXKHA BUOMPATH 3 MEBHOI MHOXXHHH
AOIYCTHMHX 3Ha4€Hb JAHKX, L1 MHOXHHA MOXKe OyTH K CKiHYEHHOIO,
TaK | HeCKiHYeHHOIO, TOOTO anropuT™M TNOBHHEH 3abe3nevyyBaTH
po3B’sa3aHHA 6yab-sIKOT 33Aa4i 3 MEBHOIO KJIaCy OJHOTHITHUX 3a/1au.

He3sBaxkaroud Ha 3poOseHi YTOUHEHHS MOHATTA alrfOPUTMY, MU
OTPHMMAJIH YSBIIEHHS NPO aJITOPUTM B iHTYITUBHOMY 3Ha4eHHI, IKUM i
Oynmemo Hajasi KepyBaTHCS.

[TonaHi BUILEe KOMEHTapi MOACHIOIOTH IHTYITUBHE HOHATTA ajro-
pUTMY, alle caMe Lie MOHSATTS He CTa€ BiJ LUbOro Ginbll YiTKUM i CTpO-
rum. TIpoTe MaTeMaTHKH TpUBaNMit Yac 3aAOBONBHANMCS UM MOHAT-
TAM. JIMiie 3 BUABJIEHHAM alrOPHUTMIYHO HEPO3B’sI3HHMX 3a/1ay, TOOTO
3ajay, [ pillleHHS KUX HEMOXJIMBO NoOGYAYyBaTH anroputM, 3’ BH-
nacsi notpeba B mo6GynoBi (OpPMaNLHOrO BM3HAUYEHHS AJITOPHTMY,
BiJINOBIAHOTO BiAOMOMY iHTYiTUBHOMY NMOHSATTIO.

IHTYiTUBHE MOHATTA aNrOPUTMY BHACJIAOK CBOET PO3NIUBYACTOCTI
He Moxe OyTH 06’€KTOM MaTeMaTHYHOTO BUBYCHHS, TOMY A AOKa3y
iCHyBaHHA aJropuTMy po3B’A3aHHs 3ajaui Oyno HeoOxinHe ctpore
¢dbopManbHe BUSHAYEHHS aJIrOPUTMY.

IMo6ynoBa Takoro ¢gopmansHOro BU3HaYeHHs Oyna nouara 3 ¢op-
Manizallii 06’ekTiB (onepaHiB) alropuTMy, OCKIJIbKH B iHTYITHBHOMY
TIOHATTI AJTOPUTMY HOro 06’€KTH MOXYTh MaTH JIOBiJIbHY NPUpORY.
Humu MoxyTs OyTH, HanpHKial, YMcia, JaHi JATYUKIB, O (iKCYIOTH
napaMeTpu BUpOOHHYOTO Mpolecy, WaxoBi ¢irypu Ta no3uuii i T. iH.
OpHak, NpUITYCKalO4YH, IO aJFrOPUTM MAaE CIpaBy HE 3 CaMHMH pe-
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aNbHUMH 00’ €KTaMH, a 3 IXHIMH 300pa’keHHSAMH, MOXKHA BBaXKaTH, IO
OTepaH/ii AJITOPUTMY € cloBa B JIOBiIbHOMY andasiti. Toai Buxo-
JITh, IO alrOPUTM NEPETBOPIOE CIIOBAa B JOBiIbHOMY andasiTi Ha
cioBa toro camoro ajndasiry. [ogansima dopmanizallis NMOHATTS an-
rOpUTMY TOB’si3aHa 3 (opmarisanicio il Hax onepaHnamM i NOPSA-
koM ux Aii. OnHa 3 Takux ¢opmanizauiii 6yna 3anponoHoBaHa B
1936 p. anrnificbkum MateMaTHkoM A. ThiopiHroMm, axuii popManbHO
onKcaB KOHCTPYKIIiIFO MeBHOT abCTpakTHOT MAlOWHM, BiZIOMOI miJ Ha-
3BOI0 MAaIMHU ThHIOpiHra K BUKOHABLS alTOPHTMY i BUCIIOBUB TE3Y
Npo Te, O BCAKUH anropuTM Moxke OyTH peanli3oBaHMii BiINOBIAHOO
MamuHOK0 Thiopinra. TIpubnusHo B Leil ke yac aMEpHKaHCHKMM Ma-
tematkoM E. Tlocrom Oyna sanponoHoBaHa iHIa ¢popmanbHa anro-
puTMigHa cxema — MaiuuHa [Tocta, a 1954 poky papsHcekuM mate-
MaTukoM A. A. MapkoBuM 6yna po3pobnieHa Teopis Kjacy ajaropmr-
MiB, Ha3BaHUX HHAM HOPMaJbHUMM anropugpmami, i BHCIOBIEHA OC-
HOBHA T€3a MpO Te, 0 BCAKUH aNIrOpUTM MoXe 6YTH HOpMaNbHUM.

Lli anropuT™idHi CxeMH € eKBIBAICHTHIMH B TOMY 3Ha4€HHi, MO
aNroOpUTMH, SIKi OMHCYIOTECS B OIHIM 3i cxeM, MOXyTb GyTH Takox
onucaHi i B iHIWiH, N anroput™Mu 06’€Il,HyIOTbC$l mn Ha3BOIO JIOTIYHI.

JloriyHi anropuTMH LiJIKOM TIPHIATHI JUIs PO3B’SA3aHHS TEOPETHY-
HUX MUTaHb NPO ICHYBaHHA YH HEICHYBAHHS aJITOPUTMY, ajie BOHH Hi-
SIK HEe JONOMAraroTh Y BUNaAKax, KoMK noTpibHo onepxat noOpwuii
aAroOpUTM, MPUAATHHH ANS MPAKTUYHOrO 3aCTOCYBaHHA. 3 MOFNSALY
NOTIYHHMX TEOPiH, aNrOPUTMHM, MPU3HAYEHI /I NPAKTHYHHUX 3aCTOCY-
BaHb, € AITOPUTMAMH B IHTYITHBHOMY 3Ha4eHHi. ToMy nij yac po3s’s-
3aHHA npo6neMm, Mo BUHHUKAIOTH Mil YaC CTBOPEHHS I aHaNi3y TAKMX
aNropuTMiB, HEPIIKO KEPYIOTHCH JIMIIE IHTYIIIEIO, 2 HE CTPOTOK Ma-
TEMATH4HOIO TEOPIEIO.

Takum YMHOM, MIPaKTHKA IOCTaBHJIA 33/1a4y CTBOPEHHS 3MiCTOBHOI
TeOpii, NpeiMeToM siKoi Gy 6 anropUTMH 5K Taki i ska no3sonsina 6
OLiHIOBATH iX AKICTh, AaBana 6 NMpaKTHYHO NPHAATHI METOAM iX mo-
6yn0BH, EKBiBAJICHTHOTO NEPETBOPCHHS, 10Ka3y MPaBUNBLHOCTI i T. iH.

3MICTOBHa (aHaJlITHYHA) TEOPis aJIFOPUTMIB CTala MOXKJIMBOIO JIMLLE
3aBAKM QYHAAMEHTaNbHUM poOOTaM MaTeMaTHKIiB Y rajysi JIOMiuHHX
Teopiit anroputmis. Po3BUTOK Takoi Teopil MOB’A3aHuit 3 NoAaNbILKMM
PO3BUTKOM i PO3IIMPEHHAM (POPMAIBHOIO MOHATTA ANFOPUTMY, SKE Y-
e oOMexKeHe B paMKax JloriyHux Teopii. @opmanbHuii XapakTep no-
HATTS J03BOJIMTH 3aCTOCOBYBATH 0 HbOI'O MaTeMaTHYHI METOU NOCJIi-
IDKEHHS, a HOro mMpoTa Mae 3abe3neyuTH MOMXUTUBICTE OXOMJIEHHS BCiX
TUTIIB ANITOPUTMIB, 3 IKUMH JOBOAMTHCS MATH CPaBy Ha MPAKTHLIi.

Jloknaguni po3risy MUTaHb TEOPil airOPUTMIB BUXOAUTH 33 pam-
KH JaHOTO HaBYaJLHOrO MOCIOHUKA.
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1.3. CMOCOBH NPEACTABJIEHHS AJITOPUTMIB

IIlo6 moBecTH 4o KOPHUCTYBa4ya alropHTMHU B 3aJEXKHOCTI
Bix iX NMpH3Ha4yeHHs, BOHM MawTh OyTH (opMani3oBaHi 3a IEBHUMH
[paBHJIaMH 32 JONOMOTOI KOHKPETHHX 300pakaibHuX 3acobiB. 3a-
cobH, [0 BUKOPHCTOBYKOTHCA [UIA 3allUCy alrOPUTMIB, 3HAYHOIO Mi-
POIO BHU3HAYAIOTECS THM, IS SKOTO BUKOHABLs NPHU3HAYAETHCS aro-
pUTM. SIKILO anropuTM NpPHU3HAYECHMH IS BUKOHABLA-IIOJUHH, TO
Horo 3amnuc Moxe OyTH He MOBHICTIO (JOpMali30BaHUi, y LIbOMY pasi
roJIoBHE B (POpMi 3amucy — Lie HAOUHICTB i 3po3yMiicTh. Jlng 3anucy
QJITOPUTMiB, IPU3HAYCHUX [UIs peanizalii Ha EOM, HeoOxinHa ctpora
dopmaiiszauis. Jlo ocHOBHHX 300paxcanbHUX 3aco0iB aJropuTMIB Ha-
nexaTh Taki cnocobu X 3amucy: cloBeCHUH, HOpMYIbHO-CIIOBECHHI,
CXEMH alropuTMiB, MoBa onepaTtopHux cxem, HIPO-cxemu, ncesno-
KOJ¥, MOBH IporpamyBaHHs. Po3risHeMo OCHOBHI, TpaauiiiiHi cno-
cobM npeacTaBaeHHS aJITOPUTMY.

CnoBecHuii 3anuc anropurmy. [Ipu nanomy cnoco6i sanucy an-
rOpUTMY KOXKHA ONepallisi nepeTBOPEHHs HOPMYIIOETLCS TPHPOTHOIO
MOBOIO y BUIIAAI npaBuia. [IpaBuna HymepytoThes, 100 MaTH MOX-
NMBICTh HA HUX MOCHJIATHCH, 1 3a3HAYa€ThCS MNOPAMOK X BMKOHAHHS.
Ochb NpuKIaj coBECHOI GOpMH 3aNUCy aNrOPUTMY U1 3HAXOPKEHHS
HaiOinbIIoro 3 TpOX uKcen. MaeMo 4ucna a, b, d. 3HalTH Yucno x,
piBHe HaiibinpuroMy 3 Hux. CniouaTky 3HaiiiemMo Haibinbuie 3 ABOX
qucell, HanpHUKIIag, a i b. SIkmo a MeHe, HiX b, TO, NPUIYCTIMO,
x=b, AxmO X a Ginblue, HiX b, TO, NPUOYCTIMO, X=a. TakuM YHHOM,
BHACJIiIOK MOPIiBHAHHA @ 3 b MU OTPHMYEMO BEJIMYHHY X, SIKa piBHa
Halibineomy 3 HHX. IlopiBHsieMo Tenep x i d. SIkmo x 2 d, To 3Ha-
YeHHSA X MOTPiOHO MPHIAHATU AK pe3ynbTaT. AKmo X x < d, TO X no-
TPiGHO noknacTH piBHUM d. TakuM YMHOM, 5K pe3yabTaT A00yBaeMO
BEJIHUUHY X, IKa piBHA HalHOuIbWOMY 3 a, b, d.

ANropuTM poO3B’3aHHSA HAaHOI 3ajadi MOXKHA NMPEACTaBUTH YiTKi-
III€ TAKMM YHHOM:

1. Sxmo @ 2 b, To nepeiith 1o n. 4.

2. X NOKNacTH piBHUM b.

3. [lepeiitu no n. 5.

4. x NoKNacTy piBHUM a.

5. Axmo x = d, To nepeiitu go 1. 7.

6. x noknactu piBHuUM d.

7. BuBeleHHA X.

Henonikom cioBecHoro cnocofy npeicTaBieHHs anroOpuT™My €
BiZICYTHICTB CTpOroi ¢opmanizalii i HAOYHOCTI, aje HUM MOXHa OMH-
CyBaTH aJrOPUTMH 3 JOBUILHOIO MipOIO JeTasli3yBaHHS.
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®opmy.iLHO-cJI0BecHHH cnoci6 3anucy. Leii cnoci6 3amucy an-
FOPHTMY IPYHTY€ETBCS Ha 3aBAAaHHI iHCTPYKLiH MPO BUKOHAHHS KOHK-
PETHHX AiH y NEBHi# NOCTIJOBHOCTI 3 BUKOPHCTAHHAM MaTEeMaTHYHHX
CHMBOJIIB i BUPa3iB 3i CIIOBECHUMH MOSCHEHHAMHU.

Hanpuknan, morpibHo 0o6uMCIMTH 3HauYeHHA MHorowieHa Pn(x)
CTElNeHs n B NEBHi# Touni x. MHorouwieH MoxkxHa 306pa3utu B Tpaju-
HiiHi# dpopwmi:

n -1
P,(x)=a,x" +a,,x" +..+a,x +a,,
abo y BianosigHocTi 3i cxemoro 'opHepa:
P, (x): (...((anx +a, )X+a,., )x +...+a, )x +a,.
Hampuknag, anan=4
P,(x)=((a,x +a,)x +a,)x +a, )x +a,.

CnosecHo-hopmynbHUl 3anuc oOUUCTEHHS 3HAYEHHA MHOTO4IE-
Ha CTeNeHs n 3a cxeMoto ['opHepa MOXUTHBHH, HaNpUKJIal, TaKHif:

l.i:=n.

2.8:=0.

3.8: =S*x + 4,

4.i:=1—1.

5. Slxuwo i 2 0, To nepeiity go mo. 3.

Iynkru 1, 2 BUKOHYIOTBCA IO OZHOMY pa3y, a Ni. 3—5 BUKOHYIO-
TbCsA N + 1 pa3is.

(Dopmynbﬂo-cnonecunu cnoci6 3anucy anroputMy Ginbli KoMmna-
KTHHH | HAOYHMH B NOPIBHAHHI 3i CJIOBECHUM, aie He € CTporo ¢op-
ManisoBanuM. Jlanuii cioci6 npuiiHATHRA Nia vac onucy pisxoro poay
MaTeMaTHYHUX BHKJIANOK, AOKa3iB TeopeM. BiH serko uurtaerbes i
3po3yminuii 6arateoM axisLsam 6e3 criewiasbHOT MiArOTOBKH.

IBIuMM iHCTpYMEHTOM, HIO YacTO BHKOPHCTOBYETHCS AN 3aMHUCy
alrOpMTMIB, € cxeMH anaropurmiB. Cxema airoputMy [ﬂowchart
flow diagram] sBase coGoto rpadiyne 30Gpanents npouecy po3ss’s-
3aHHA 3aja4i y BUMJIAI DOCTIAOBHOCTI G/IOKIB crieniabHOro BUIris-
Ay, WO Bif0GpaKaloTh coeungiky nepersopens iHpopmauii i cno-
JYEHHX MK COGOIO JIHIAMH 4M CTpINKAMM, MO BKa3yIOTh YEpro-
BiCTh BUKOHaHHs 6J10kiB. AGO iHakle cxeMa ajropuTMy nporpamMu —
METOJ po3poOKU Mporpam, KU BHKOPHUCTOBYE HaGip CTaHJapTHHX
rpadgiuHux 300paxkeHb Ui TNpelcTaBleHHs OOUMCIIOBANBLHMX [iif.
BcepeauHi KOXHOro 610Ky CTHCNIO 3aMHMCYETBCA 3MicT KOHKPETHOI
AUISHKYM PO3B’si3aHHs anropuTMy 3agavi. lcnye AepKaBHUI CTaHAAPT
Ha YMOBHi NO3HaYeHHs (CMMBOJM) B CX€MaX aJlOPUTMIB, Nporpam,
JaHHUX | CHCTEM, BiH BCTAHOBJIIOE MpaBHJIa BUKOHAHHS CXEM, IO BH-
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KOPHCTOBYIOTbCSL JIJIs . BimOOpaXKeHHsl PI3HMX BHAIB 3amad 06poOKu
JaHMX i 3aco6iB Tx po3p’a3anHa. OQOpMIEHHS CXeM AIrOpUTMIB i
NporpaM MOBHHHO BHKOHYBAaTHCS BiATOBIZHO IO BUMOT LOFO CTaH-
Aapty: «€anHa cucrema nporpaMHoi IOKyMeHTauii. CxeMu airopur-
MiB, TIpOrpaMm, AaHUX i cUcTeM. YMOBHI MO3HAYEHHs | MpaBuiia BUKO-
Hauus» FOCT 19.701-90 (MCO 5807—285).

CxeMmu mporpam BinoOpaxaroTh MOCHIIOBHICTb onepauii y npo-
rpami. Cxema nporpaMu CKJIagacTses 3:

1) cuMBoNiB HpoLecy, Mo BKa3yloTh (pakTHuHI omepauii o6pobku
JaHuX (BKJIIOYAIOYH CUMBOJIH, IO BU3HAYAIOTh LUIAX, SKOrO MOTPio-
HO JJOTPHMYBATHCS 3 ypaXyBaHHSM JIOTIYHUX YMOB);

2) niHifHUX CUMBOJIIB, SIKi BKA3YIOTh IOTiK KEPYBaHHS;

3) crenjiaNbHAX CHUMBOJIB, IO BHKOPUCTOBYIOTHCS JUIS MOJIEr-
IICHHS HAaNMMCaHHSA i YUTAHHS CXEMH.

[Mpuitnari rpadiuni 3006pakeHHs 610KiB HaBeneHi B Tabn. 1.1.

3axinuenns maon. 1.1

Cumeon HaiimenyBanus cuMBony DyHKIlig

Tabnuys 1.1
OCHOBHI CMMBOJIH CXEM AJIT'OPUTMIB.
3ACTOCYBAHHS CHMBO.IIB
CumBon HaiimenyBanus cuMBONY Oyukilis

BukonaHHs neHoi onepauii abo rpy-
, NM omepauiii, 1O TNPH3BOAMTL [0
OcHosHi 3MiHK 3HaYeHHR, GopMu aGo po3mi-
weHHs iHdopmMauil uM 40 BH3HAYEH-
HA, 33 AKHM 3 JEKUIbKOX HANpAMKIB
HOTOKY NOTPiGHO pyxatHca.

CuMBOJIH IIpoLIeCy

ITpouec

BinoGpaxae sipouec, o CKIanae-
ThCA 3 OnHiel abo Kinbkox onepa-
3yMoBneHu#i npouec uiit, abo KpoOKiB Mporpamm, sKi BU-
3Ha4yeHi B iHWoOMY Micui (B mig-
fporpami, MOAyi).

Creyugpiuni

BinoGpaxae Moaudikauiro  ko-
MaHAM Y4 PYNH KOMaHK 3 METOIO
BIJIMBY HA NEBHY HACTYnHy ¢yh-
KUujlo (yCTaHOBKAa nepeMuKaua,
moaudikauis iHAEKCHOTO pericTpa
a6o ininianizauis nporpamu).

Bka3sye Bubip HanpsMy BHKOHAaHHA
<> Po3B’A3aHHs AITOPUTMY 4H NPOrpaMM B 3anex-
HOCT} Bifl IEBHHX 3MiHHHX YMOB,

Iliaroroeka

BigoOpaxae CUHXPOHIZaWil0 ABOX

— -~ ) i~
[apanenesi aii a60 Ginbie napanenbHAX onepatiil.

CumBon CK/Iana€ThCs 3 ABOX Hac-
THH 1 BigoOpaxkae MOYATOK i Ki-
Heup WiiTy. OOUABI YaCTHHU CHM-

BOJIy MaloTh ONWH i TOH camuit
- inesrrudixatop. YMoBH Wi iitjani-
S\ Mexa unky 3alfi, IPUPOCTY 3aBEPLICHHA i T. 1L

BMILIYIOTBCA BCEPEAHHi CHMBOJIY
Ha MOYAaTKy YH B KiHUi B 3aJI€XKHO-
CTi BiA po3TamyBaHHA omnepalii,
1O MepeBipae YMOBY.

CumBoam niniit CuMBOJ Bimo6paxae MOTiK JAHHX
. a6o kepysaunus. [Ipu HeobxinHoC-
Ocnoeni Ti 260 1A NiABMIICHHA 3PY4HOCTI
Jisiin YMTAHHA MOXYTb OyTH ponaHi
CTPINTKN-NOKKIHKY.

Cneyucpiuni CumBon Bmo6pa>|cae ansTepHaTH-
BHMA 3B’A30Kk Mik ABoMa abo
——————— IMyHkTHpHA NiRis Oifblie CMMBONAMH, a TaKoX BH-
KOPHUCTOBYETbCA s  OOBEACHHA
aHOTOBAHOI JiNAHKM.

CneniajibHi cHMBOIH Binobpaxae BUXifl y 4acTUHY CXe-
MM i BXil 3 iHIWIOI 4YacTMHM wUi€i

CXEMH i BHKOPUCTOBYETLCA 1A 06-

O 3’ennysay puBY NiHii i npoaoBkeHHA ii B iH-

lllOMy MICLlI Bllll'lOBlJlHl CHUMBOJIH-
3 C,IlHyBa'-ll MOBHUHHI MICTHTH OIHE
/i Te caMe YHIKQJIbHE MO3HAYEHHA.

Bu3suauae mo4arok i KiHelb CXeMH
NpOrpaMy, 308HILIHE BUKOPUCTAH-
HA i JDkepeno abo MyHKT NpH3HA-
YCHHA JaHUX.

BUKOPHCTOBYIOTH I NOJABaHHA
- [ KomenTap

OMHCOBHX KOMeHTapiB abo mosc-
HIOBAILHUX 3aMHUCIB 3 METOK T10-
ACHEHHA YUY MPHMITOK.

BHKOPHCTOBYIOTH y CXEMax JIf Bi-
AOOpakKEeHHA TMPOMYCKY CHUMBOIY
a6o rpyny CUMBOJIIB, Y IKHX HE BH-
3Ha4eHi Hi TUM, Hi YUCTIO CHMBOJIB.

— - Tpomnyck
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V cxemax anropuTMiB Uit OOUYMCNEHHS 3HAY€HHs 3MIHHHUX 3BH-
4aiiHO KOPUCTYIOThCS 3HakoM : = (mpuceoitH). Lle no3sonsie Bigpis-
HATH 3a0MC y:=a, AKMH YUTAETbCA AK «3MIHHIH Y NPHCBOITH 3HaYEH-
Hsl, piBHE a», BiJl y=a, 110 03HA4a€ MepeBipKy PiBHOCTI ABOX 3MiHHHX.
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Po3pi3HsloTE YKpYNHEHY Ta AeTallbHy CXEMH aJIrOpHTMy. YKpyI-
HeHa CXeMa alropuTMy 300pakae 00UHCIIIOBAILHUN MPOLEC B YKpyII-
HEHOMY IIaHi Ha PiBHI TMMOBMX NpolieciB 0OpoOKH JaHUX, IO 3alie-
KaTh Bif Kjacy 3ajay, 1O BUpimyloTecid. Hanpukiaan, nim dac
00pOOKY €KOHOMIYHMX JaHUX THIIOBHMM IIPOLIECAMH € BBEJEHHS Ha-
HMX, KOPEKTYBaHHs, COpPTyBaHHs, 0OpoOka aanux i T. in. Mo cknanas-
HA JETaJbHHX CXeM AQJITOPMTMIB MPUCTYNAIOTh IMNCId PETebHOTO
aHalizy YKpyHNHEHHX cxeM airoputiB. KoxkeH OIOK ykpymHeHO!
CXEMH aJIFOPUTMY [PEACTABISETHCS Y BHUIVIAAI OKpEMOI CXEMH, IO
JeTai3ye cxeMy oOuHC/ieHHA. Y neTallbHil cXeMi alropuTMy Bpaxo-
BYIOTBCS B JA€TAJISX YCINAKi JIOTIYHI 3B’I3KM MiXK €TanaMH nepepobku
JlaHUX it eneMeHTapHi onepallil, o BUKOHYIOTCS B HHX.

Ha puc. 1.1 npeacraBnenuil y BArsai cxemu anroppmvl BHM3Ha-
YEHHS pO3B’A3KY KBaJPATHOIO PiBHAHHS.

[Mouarox

OronouenHs
3MIHHEX
|

Bseaenus a, b, ¢

Tak
a=0 ‘ x=~c/b BuBeaeHns x
Hi
d:=b%-4ac
. Busenenns
Hi Hi | nosigomnenns
«HeMae nificaux
Tak Tax KOpEHiB»
=—_b_+£ xl:=x2:=-b/2a
2a
I .
-b-d
X2z ————
2a
[<
BuBeneHus
x1, x2

Puc. 1.1. CxeMma anropurMmy po3s’i3aHHA
KBaJIpaTHOTO PiBHAHHA
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CxeMu anroputmiB MarOTh OiIBITY HAOUHICTB, HiX CJIOBECHHIL 3a-
nic anropurMy. Cxema J03BOJISE HiTKO YABUTH cO6i JIOriyHi 3B’ A3KH
MK YaCTUHAMM alIrOPUTMY, MPOCTEKUTH 3a MOCHIAOBHICTIO Aill B an-
rOpUTMI, NEepeBipUTH, YU BCi MOXKJIMBI BapiaHTH 3ajayi 3HaluimM B
HBOMY BifoOpakeHHs. [TpoTe 11 HAOYHICTD WIBMAKO BTpAdaEThCH Mil
gyac 300paKeHHs CKiIbKU-HeOYab BEAMKOrO aJrOpuTMy — B LBOMY
pasi cxemMa BUXOIMTE ITOraHO HOCTYIHOO s OrJIAMY.

Hactynnum 306paxansHUM 3aco60M aNropuTMy € OTIEpaTOpHi cxe-
mu. OnepaTopHuit METO[ 3armucy anroputMy O6yB po3pobaeHuil paasH-
cbkuM matematukoM O. A. JlsmyHoBum y 1953 p. OnepartopHa cxe-
Ma — aHaniTHYHa (opMa NPeiCTABNEHHS alropuTMy 3a IOMOMOIOHO
OMepaTopiB, WO MitOTh Ha AEAKi eneMeHTH indopmanii. [ins sanucy an-
FOPUTMIB 3aCTOCOBYIOTb TaKi OCHOBHI TUIH ONepaTopis: apudMeTHyHi,
TIOTi4Hi, OMNiepaToOpy Tiepeajipecallil i BiZHOBJIEHHS, OTIePaTOpy TNepeHe-
CeHHsl, omepaTop opmyBaHHs. OriepaTopHa cXema MOKasye, 3 AKX
onepaTopus MepeiYeHuX BHIIE THIB CKI3JATUMEThCH allOPHTM
PO3B’sA3aHHA 3aJa4i | IKMM € BiJIHOCHE PO3TaLlYBaHHS LIMX OTNEpaTopiB.

OnepatopHa ¢opma 3anucy anrOpUTMiB BUKOPHCTOBYE JJIS OTHCY
X CTPYKTYpH CnelianbHi CUMBOIM, KOXKEH 3 SKUX BiAMOBiJAa€ NEBHO-
My onepatopy. Bubip 6ykB 111 no3HaYeHHs ONepaTopiB A0 BiAbHMIA.

ApudmeTH4HI onepaTopy CiyXaTb ISl 3anucy pi3HWX apudmernd-
HUX Ail | TO3HAYAIOTHCA NOYATKOBUMY OyKBaMy IATHHCbKOTO andasiTy.

Jlo oneparopiB nepeBipkH JIOMYHUX YMOB BAAIOTHCS JUIA BH3HA-
YeHHs NopAaKy poGOTH anropuTMy i NO3HayYaOTh X ManTUMU OykBa-
MH NaTHHCBKOTO angasiTy.

Oneparopu nepeajpecauii i BiJHOBJICHHS CITyXaTb 1Sl 3MiHH Pi3HHX
napameTpis i aipec, Bl KHX 3aliexaTh ONEPaTOpU NMporpamu; A Bill-
HOBJICHHS 3Ha4Y€Hb NapaMeTpiB i aapec, siki Oyiu 3miHeHi B npoleci po-
60tu anroputMy. OnepaTtopu nepeajpecarii i BiHOBJIEHHs NO3HAYAIOTD
niteporo F 3 BKa3iBkOIO B Jy)KKax 3MiHHOI aapecy uu napamerpa. Ha-
MPHKNAA, ONepaTop, WO 3MiHIOE i Ha OAMHUIIIO, Oyae o3HayaTHes F(i).

Oneparop nepeHeceHHs BUKOPHCTOBYIOTh JUIS MEPEHECEHHS OA-
HOro MapameTpa Ha Micue iHIIoro, ToGTO AN 3aMiHW OJHOrO Napa-
meTpa iHIKM. OnepaTopu nepeHeceHHs no3HavaroTe: [a— b ).

Onepatop ¢opMyBaHHA NpH3HaYEHHii 1 GOPMYyBaHHS NOYATKO-
BHX 3Ha4eHb AesAKMX oneparopiB. Bonu nepenocaTs neski sasznasne-
riap 3aHeceHi Haka3M B neBHi Micug anroput™y. Hanpuknan, {1 — i }
03Hauae, WO NOYATKOBE 3HAUCHHS NapaMeTpa | Ma€ AopiBHIoBaTH |.

B onepatopHiii cxemi anroput™m 306pakacTbCs y BUMAAi MoChi-
JIOBHOCTi oneparopis, 11O 3an£cym‘rmsr "B ORMHPANOK. : OnepatopH. -
3abe3neuyloTbC HOMEpamu- mpelccamn BIATIOBIHHO: i nopsmxy IX
posTainyBaHHs B cxeMi. [Ipu ug ng}é P AKHM

r«r"




1) omepaTopH MarOTh HACKPi3HY MOPSAKOBY HyMEPALi0 HE3alexk-
HO Bif TX Npu3Ha4YeHHS;

2) AKILO CMMBOJIM JBOX OMNEPATOPiB CTOATH NMOPYY, TO e O3HAYAE,
IO ONepaTop, KUl CTOITh NpaBOPYY, OTPUMYE KepyBaHHs Bil cycii-
HBOTO 3J1iBa;

3) sKWO Ooneparop, IO CTOITh NPaBOPYY, HE OTPUMYE KepyBaHHS
Bi orepaTopa, 1[0 CTOITh JAiBOPYY, TO MiXK LIMMH ONepaTopaMH CTa-
BUTHCA Kpamka 3 KOMOIO;

4) nepeaya KepyBaHHS O ONEpaTopa, IO HE CTOITh NpaBopyY
TopsizL, MO3HAYAETHCS CTPLIKOIO.

BuKOHaHHA anropuTMy MOYMHAETHCSA 3 HaHiBIIOro oneparopa
cxemu. Ilicng LBOro BUKOHYETHCS ONEpaTOp, 3alHCaHHi IMpaBopyY
Bii HBOTO. SIKIO Lie JIOriYHHUIt ONepaTop, TO nepeBipAETECS YMOBa 3a-
naHa HuM. I1ig yac BUKOHAHHSA Lii€] YMOBH YeproBUM CTa€ OMeparop,
IO CTOITh MPaBOPYY BiZ HHOTO. B iHIIOMY pasi, KOJIM JOriuHa yMOBa
He JOTPHUMYEThCS, OMeparTop, WO MMLIra¢ YeproBoMy BUKOHaHHIO,
BKa3yeThCs CTPIJIKOMO, 10 Oepe nouaTok BiJ AaHOTO JOTIYHOIO ome-
patopa 0 UsOro ueproBoro omeparopa. [lis KOMNAaKTHOCTI 3amKCiB
Ha N0YaTKy i KiHLi CTPiJIOK MOXKHa CTaBUTH HOMEPH, 3HAK |; O3HaYaE
1104aTOK CTPiNIKY, a 3HaK ¥; — i KiHeub. OHAKOBUMH HOMEpaMH Mo-
3HaYalOTLECA TOYaTOK i KiHele OJHi€ET 1 Tiel caMoi cTpisiku. BukoHaHHs
JIFOPUTMY 3aKiHYY€EThCS TOJi, KOJIM OCTaHHiH onepaTop MiCTHThL BKa-
3iBKy npo HOro npunuHeHHs abo KOJM Ha MEBHOMY eTari He BUSBISIE-
ThCS TAKOTO €1IEMEHTa CXEMH, siKi MOBUHEH OYB O BUKOHYBaTHUCS.

3a JOMOMOroK OnepaTopHOi CXeMW NOAaMo aJrOPUTM 3Haxo-
JKEHHs Halb1nbIIOro 3 TphOX HepiBHUX yncen. Y Tabn. 1.2 HaBeneHi
CHMBOJIH-OMIEPATOPH, 1O BHKOPHCTOBYIOTHCS B OMEPATOPHIH cXeMi
aJIrOpUTMY JAHOrO MpUKJaay.

. Tabnruyi 1.2
CUMBOJIN-ONIEPATOPH OTIEPATOPHOI CXEMH
Ne n/ni | Cumeon-onepatop | Eram 06po6Kku AaHUX, WO OIIMCYETHCS CUMBOJIOM-0MIEPATOPOM
1 "B, BBefeHHs MOYaTKOBHMX JJaHUX X, Y, Z
2 px>y) INepeBipka BUKOHAHH JIOTIYHOT YMOBH X >y
3 [x—R] R npucBOiTH 3HaYEHHS X
4 [y—=R] R npuUCBOiTH 3HaYEHHA Y
5 ps(z > R) INepeBipka BUKOHAHHA JOriYHOT yMOBH Z > R
6 [z—R] R npucBOiTH 3Ha4EHHA Z
7 I, Jpyk pesynsrary o6umcienss R
8 Oq 3ynunka
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OmnepaTopHy cXeMy ajJirOPUTMY MOXKHA NPEACTABUTH TaK:

v v
B,p, (x> y)lk =R} [y = Rlps(>R)lz—R]M1;0;-

MeTton onepaTopHMX CXeM NaB MOXJMBICTh Gimbin dopmanizosa-
HO 3amucyBaTh anroput™. Lis ¢popma 3anucy go3soise 306pazutu an-
rOpUTM HAMKOMMAKTHIlLE, ajle He PO3KPHBA€E 3MICTy ONEpaTopiB, TO-
My B CKJIaJlHUX CXeMaX NOTpiOHa po3mmdpoBKa iXHIX 3Ha4€Hb, TOOTO
3ajay4yeHHs1 TekcTyalnsHO! popmu. Lleit MmeTon He 3HaHINOB IIMPOKOro
nowMpeHHs. B pamkax oneparopHoro Meroay 6ys noGynoBanuii pag
popManbHUX MOB, IO AO3BONAIOTH €KBiBaJICHTHO NEPETBOPIOBATH
CXEMH aJIFOPHUTMIB.

IceBaoxon (Pseudecode). [cesnokon — MoBa, IO Haraaye Mo-
By MporpamyBaHHs, ajieé BUKOPHCTOBYETHCS IJISi OMKCY NPOrpamMH B
3arajibHUX pucax, 300paxae OAWH 3 METOAIB CKIA[aHHI Nporpam.
IceBnokon sBnse cobOl0 CUCTEMY MO3HAYEHD | MPaBWl, NPHU3HAYEHY
IJ1s1 OJHOMAHITHOTO 3anucy anropuTMiB. BiH 3afiMae npoMixkHe Micue
MiX NPUPOJHOIO i GOPMaNBEHOK MOBaMH.

[Ncepnoxon 6MU3bKKUA A0 3BMUAHHOI NPHUPOIHOT MOBU, TOMY aJiro-
PUTMH MOXYTh Ha HbOMY 3alMCYBATMCS i YMTATHCH K 3BMYAHHUI
TeKCT. 3 iHWoro GoKy, B NCEBXOKO/I BUKOPHCTOBYIOTHCA neski ¢op-
ManbHi KOHCTPYKUIT i MaTeMaTu4Ha CHUMBOJIiKA, O HaOMHKae 3aMuC
aJICOPUTMY A0 3arajibHOMPUITHATOrO MaTEMaTHYHOTO 3aMucy.

VYV nceBnoKOJi He NPMIHAHATI CTPOri CHHTAKCH4YHI NpaBuia Iuis
3aMUCy KOMaHA, BAAcTHBI GOpMaJIEHUM MOBaM, IO MONErLIY€E 3aMuc
alrOpuTMy Ha CTaAili NPOEKTYBaHHA i JIa€ MOXJIMBICTE BUKOPUCTATH
IMpLUMii HaGip KOMaH/, pO3paxoBaHMH Ha aGCTPaKTHOrO KOPHUCTYBa-
ya. [IpoTte B NCeBAOKOAI € AesAKi KOHCTPYKLi, BNacTHBI (popmManbHUM
MOBaM, L0 MOMEriye Nepexil BiJ 3anucy Ha NceBroKOAi O 3anuCy
anroput™y (opmansHol0 MOBOO. Y TCEBAOKOH, TaK CaMO 1K i B
dopManbHUX MOBaX, € CHy)XOOBi CJlOBa, 3HAYEHHA AKHX BHU3HAYEHE
pa3 i HazaBXAW. BOHH BUALNAIOTECSA B APYKOBAHOMY TEKCTI XMPHHM
mpHUGTOM, a B pYKOMUCHOMY — MiAKPECITIOIOThCS.

€aunnoro abo ¢opmaibHOro BM3HaMeHHs MCEBAOKOLY HE iCHYE,
TOMY MOX/IHBI Pi3Hi NICEBAOKOAH, WO BiAPI3HAIOTHCA HAGOPOM CIlyXK-
6OBUX CiB | OCHOBHMX KOHCTPYKLiH.

Sk NpuKNaj NpUBEAEMO 3AMUC NCEBAOKOAY oGUHCACHHS hakTo-
piana, Bigomo, wo n! = 1-2.3...(n-1)-n.

aJropuT™ gakmopian;

NoYaToK

BBEIICHHS (n);
f:=1;
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k: =0;
mokn k #n
NOBTOPIOBATH
M0YaToK
k: =k+1;
f: = fxk;
KiHelb;
BuBeJieHH (f)

KiHenb

EneMeHTapHOIO CTPYKTYPHOIO OJUHHLEIO OyAb-AKOTO aaropHTMy
€ TpoCTa KOMaH/a, L0 NO3HAaYa€ OJUH eleMEHTapHUi KpOK nepepod-
K4 4Y BiJjoOpaskeHHs iHpopMaliii.

3anuc ajqropuTMy Ha NMCEBJOKOi MOYMHAETHCA i3 3ar0JIOBKa ajl-
TOpPUTMY, IO MIiCTHTH CNY>XOOBE CJIOBO ajJropuHTM, 3a SKHM iie
iM’a anroputmy (izenrudikatop). InenTudikarop He Moxke MicTu-
TH 1pobiny, TOMy, SKIIO iM’s CKIaJaeThCca 3 KiJIBKOX CIiB, TO Wi
CII0Ba MHILYTHCA pa30OM, HaNpHUKIad, AJFOPHTM CYMA000amHUX.
HasaBhicTh iMeHI B 3arojioBKy JO3BOJIS€ Hajali TIOCHNIATHCSA Ha aj-
FOPUTM.

3MiHHIl BenuunHi MoXke OyTH MPUCBOEHE 3HAYEHHS i 32 JONOMO-
IO KOMaHJ! BBEJCHHS, SKa Nepeiac BUKOHABLIEBI 3HAYEHHS 3MiHHOT
3 MEBHOIO 30BHIIIHBOrO Mxepena. Hanpuknan, koManaa

BBeJeHHA (n)

O3Hayae, 10 BUKOHaBelb HabyBae i3 30BHILIHBOrO JpKepena 3Ha-
4eHHs, AKe Mae OyTu npucBoeHe 3MiHHIN n. KoManja BuBeieHHS

BuBeeHHA ()

O3Ha4ae, WO BUKOHABELb MOBUHEH BHUAATH JUIS OMJISAAY 3HAYEHHA
BeNUuuHY f.

3 MpOCTHX KOMaH[ i NepeBipKU YMOB YTBOPIOIOTHCH CKJIANECHi KO-
MaH[H, OCHOBHI THIIH CKJIQICHUX KOMaHJ| aJrOpuTMy € KOMaHAaa Cii-
JlyBaHHS, KOMaH/ia BUOOPY, KOMaH/Ia IIOBTOPEHHS.

Komanna cninyBaHHS yTBOPIOETBCS 3 TOCIHIOBHOCTI KOMaHJl, Ha-
CTYNHUX OJAHa 3a iHwWot. Ha nceBmokoni koMaHau BigAinsioTbCA
OJlHa BiJ iHINOi 3a JOTIOMOTOIO Kpamnok 3 Komolo. [1ix yac BUKOHaHHA
aNropuTMy KOMaHJM BHKOHYIOTBCS OJ[HZ 3a OZIHI€IO0 B TOMY MOPSAKY,
Ak BOHM 3anucani. Ciyx00Bi cjloBa MOuaTOK i KiHenb BHKOPHCTO-
BYIOTbCSA 1A TIO3HAYEHHS FOYATKY i KiHNA CKJIAJGHHX KOMaHj, Wi
ci1y00Bi cI0Ba BUKOHYIOTH pOJib AY>XOK. HasBHICTh XyKOK 103BOIsAE
pO3risAaTH CKIAJICHHH ONEpaTop AK €AUHY Iil0, IO PO3MANAETLCSA Ha
NOCJIiAOBHICTB MPOCTIMMX Ajif.

KomMaHpa ciityBaHHs Moxe OyTH 3anncaHa Tak:

NOYATOK <HifA>; <mis™>; ...; <Ais> KiHenb
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ITix miero po3ymiemo abo mpocty, abo ckiageny komanay. Lli ko-
MaHIH MOXYTb 3alUcyBaTHCA abo B pAJoK, abo B CTOBNELb — OJHA
AiJ iHILOKO.

3a pomomororo koMaHaM BUOOpY 3.ilCHIOETECA BUOIp omHIeT 3
JABOX MOXUJIMBHMX Jiif y 3anexHocTti Bix ymoBM. Ha ncesmokoai wo
KOMaHIy MOXKHa 3afUCaTH TaK:

KO <yMOBa~>

TO <11ist 1>
inakme <pis 2>

Bce

Jii, BkasaHi micias cnyxGoBHX CIHB TO i iHaKwie, MOXyTh OyTH
npoctuMu abo cknaseHuMH koMaHaaMy. ITin yac BUKOHaHHS KOMaH-
1 BHOOPY BHKOHYEThCS TiIbKU OJIHA 3 Miii: SKLIO yMOBA iCTHHHA, TO
BUKOHYEThCA Ais 1, B iHILIOMY pa3i — jis 2.

KomaHpna BuGopy MoXke BHKOPHUCTOBYBATHCS B CKOPOUCHOMY BH-
rAs4i, B pa3i HEIOTPUMaHHs YMOBH HifIKa Jlisi HE BUKOHYETBCS:

KLU0 <yMOBa>

TO <z1ia1 1>

BCe

Jns nosHauyeHHs Ai#f, wo 6araTo pasiB MOBTOPIOIOTHCSA, BHKOPHC-
TOBYIOTb KOMaHAYy NMOBTOPEHHS, BOHA MIiCTUTB YMOBY, 10 BMKOPHC-
TOBYETbCS 171 BU3HAYEHHA KiNbKOCTi nosropeHb. KomaHaa noero-
peHHs 6yBa€ 1BOX BHIiB 3 NEPEAYMOBOIO i 3 MICATYMOBOIO.

Komansa noBTOpeHHs 3 NepeayMOBOIO 3aMUCYETHCA OCh Y AKOMY
BUTJIAAL

MOKH <yMOBa>

NOBTOPIOBATH <1it0>

Cnouatky nepeBipsaeTbcsl yMoBa. SKIO BOHa iCTHHHA, TO BUKOHY-
€TBCs1 KOMaHJia, 3alMcaHa Micis ciy>)kO0BOro CjioBa MOBTOPIOBATH.
[Micna uporo 3HOBY nepeBipsAeThes yMOBa. BukoHaHHs MKy 3aBep-
IIYETHCA, KOJM YMOBa CTaHE NOMMWIKOBOIO. Jlnsi poro HeoOXiaHO,
o0 XOMaHAa, O BUKOHYETHCA B LIMKIIi, BIUTHBAJIAa HA YMOBY.

KoMaHaa noBTOpEeHHS 3 MicisyMOBOIO BHKOHYETBCS TAKMM YHHOM:
YMOBa NnepeBipAETbCA MiCNs BUKOHAHHA KOMAaHIM, a MOBTOPEHHS BH-
KOHAHHA KOMaHAH BiAOYyBaeTbCA B TOMY pasi, KOJIM YMOBa HE JIOTPH-
MaHa, TO6TO MOBTOPEHHS NPOBOAMThCA N0 mepeBipkH ymoBd. Ha
NCeBAOKOAI KOMaHAA NMOBTOPEHHS 3 MICIAYMOBOIO 3aITHCYETHCA Y BU-
rasai

OBTOPIOBATH <Hil0>

10 <yMOBa>

[lin yac 3anucy anropuTMy Ha NCEBAOKOAI BUXOAUTH TEKCT, AKHi
MOXKHa uuTaTH 6€3 nepepBH 3ropd AOHH3Y, K 3BHYAMHHI TEKCT.
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Bhacniok cBoix 0coOIHMBOCTEH ICEBIOKOAH, K 1 1HIII OMUCaHI BHILE
3aco0M 3aNUCy aNropUTMiB, OPIEHTOBaHI Ha JIIOJUHY.

Ta6mmust poss’siskiB [decision table]. Tabnuus poss’sskis —
onuc Ail, sKi MaloTh CyTH BEKOHAHI IiA Yac pisHUX KOMOiHawji ymMOB
¥ BANISAI MaTpuLi 3i CTOBIILLIMA, Bl,III'lOB],Z[HHMI/I KOMOiHaLisM yMOB, i
PALKAMH, Bllll'IOBllIHI/IMH JisM. Ta6nuu;1, B fKil BKa3aHi BCi MOXIIHBI
CHTYaL{, IO SBJISIOTH iHTEpeC NiJi Yac po3risiiy 3ajadi, i Aii, aki no-
BUHHI OyTH 3p06neH1 B 3aJI€XKHOCTI BiJl pi3HUX YMOB, LI0 BUHHKAIOTb.
V tabauui po3B’A3KiB y HaOUHil (hOpMi NpeacTaBAseThCS BIATIOBII-
HIiCTh YMOB, HIO MiAJIATalOTh MEpeBiplli B NEBHOMY Iporieci, i Ailf, 1110
BUKOHYIOTBCS B pa3i 3aJI0BOJIEHHs YMOB. TaOnuui po3s’sa3kiB 3py4Hi
JUIsi BUPaXECHHS aJITOPUTMIB, Y KUX € MHOXHHA IUIAXIB po3B’A3aHHS
3aaadi, IPUYOMY [UISXH BU3HAYAIOThCS KOMOIHALi€I0 3HAYEHb ICTHH-
HOCTi 3aJaHOi MHOXKMHH YMOB. ICHYIOTH pi3Hi Moaudikauii Tabauup
pO3B’A3KiB, 3BU4aiiHO Tabnulls po3B’A3KiB NpeJCTaBIsAEThCA Y BUMIIS-
ni neBHol Tabnuil, po3xineHoi Ha ABi Tabyuuui: Tabnuui crany i Tad-
ML pillleHb.

Hanpuknaa, o6unciuty 3Ha4eHHs QyHKUIT y, 3a1aHoT GopMyJIoio

x?  mpum x<O,
x+1 npu x=20.

Anroput™ obuucienHs wiel (pyHKLIT mogamMo B Tabnuii po3s’s3KiB.

Cran
His
x<0 x>0 x=0
x> 1 0 0
x+1 0 1 1

Y Tabnuwi craHy NepepaxoBYIOTECS npOCTi YMOBH, WO Rijsra-
10Tb TiepeBipui. Y Tabnuui Aiil 3axatorbes Aii, IO AiANAralOTH BUKO-
HAHHIO, & TAaKOX 3a3HAYAETBCA, JUIA AKUX KOMOIHaUifi iCTHMHHOCTI
YMOB Jiii BUKOHYIOTBCS UM Hi. SIK MO3HAa4Y€HHS JUis 3HAUEHb iICTUHHOC-
Ti 3BMYaiiHO BHKOPHCTOBYIOTH cuMBOIHM «TAK» a6o «1», mo o3Ha-
YaloTh, L0 BiANOBIAHY Ail0 NoTpibHo BukoHaTH, «HI» a6o 0 o3Hauae,
LIO Jisi HE BUKOHYETHCA.

Tabnuui po3p’sa3KiB 3py4Hi JUIs 3aCTOCYBaHHA NPH GopMynIOBaH-
Hi JIoriky iMiTaWiifHUX MoJenel, y 3a4ayax ynpaBiiHHA BUPOOHHMIIT-
BOM, JUIA NpUHHATTA pilueHHs, A GopMymoBaHHS 3anuTiB y 6a3ax
JIaHUX Ta iH.

HIPO-cxemu [Hierarchcal Input Process Output Diagramms].
HIPO-rexHonoris — ne 6araTopisHeBa IUCLMILTIHA NPOEKTYBaHHS Ta
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JOKYMEHTYBaHHs nporpaM. TexHouorisi 3abe3neyye moenHaHHA Ha
KOXXHOMY €Tarli npolecy po3wieHyBaHHs MeBHOT (YHKIIT anropuT™My
Ha pAJ He3aJIeXKHUX 3a KepyBaHHAM miA(hyHKuUiH | nnanyBaHHA 0OMi-
Hy iHpopmauiero Mixk HuMM. [Ipu npoMy nepeabadaerbest HiTKMIA
OMHC yCiX (YHKI anropuTMy Bifi CAMOr0 BEPXHBOIO 10 HHUXKHEOTO
pisnis. HIPO-TexHonorist nepeaGayae CTBOPEHHs IOKYMEHTauii, wio
CYNpPOBOAXKYE Npoliec po3pobku nporpam Ha Beix etamax. Ld Joky-
MeHTallisl 3a6esneuye HaO4YHE 300paXeHH: y $hopmanizoBaHoMy BH-
rsai iepapXiuHoi CTpYKTYpH Nporpamu, Beix ii GyHKUIR, BXiAHUX i
BUXIIHUX JaHUX, WO BMKOPWCTOBYETHCS i LIO FEHEPYETHCA UMMM
(GyHKHiIMH, L03BOJISE NPOCTEXUTH BCi NOTOKM 0OMiHy iH(opmauieo
B mporpami.

HIPO-cxeM1 € OCHOBHUMH B TEXHOJIOTII 1 KOXKHA 3 HUX CKNaJa€Th-
cA 3 YOTHPbOX PO3JifiB: 3aroyioBka, BXody, npouecy (abo o6pobku),
BUXOAY.

3aronoBOK CXEMH MICTHTb 3arajibHy m(bopmauno npo $yHkuiro,
O OMUCYEThCA: 1T KOPOTKE 3MIiCTOBE HaliMEHYBaHHsl, iM’1 BiANOBi-
HOro nporpamHoro 610Ky, iieHTHU}ikaLiliHUil HOMep, Npi3BUILE aB-
Topa i HaliMeHyBaHHA Gnoky. Ha3ga, 110 NpUCBOIOETLCS NpoOrpam-
HOMy 0JIOKY Ha O[Hiii cxeMi, Ma€ 6yTH KOPOTKOIO, 3araibHO3pO3yMi-
noko i 060B’13k0BO 36epirarncs 6e3 3MiH Ha BCiX cxemax po3pobKu.
TIpn Heo6xinHOCTI KOXHA Ha3Ba MOXke OyTH YTOUHEHa, PO3LLHPEHA i
noscHena B cnenjansuii obnacti HIPO-cxemu, sika HasuBaerbes 00-
nactio cneuudikauiii. Y uiii obnacti MOXXyTb OyTH 3anucaHi NeBHi
peKoMeHIaLIl 3 TOro, «AK» peanizoByeTbcst GJOK Ha JaHOMY piBHi
posrnsny.

V nepuuiii KOJOHL 3anucyeThes BXinHa iHdopmauis, 1o Ha BXoai
airOpUTMY, B OCTaHHii — BHXi/IHa, 110 HA BUXO/I, a B APYTiii onuca-
Hu#i fpouec, ToO6TO anropuTM, skuii iHGOPMaLLIIO Ha BXOJI MepeTBo-
pioe y Buxigny. Mosa 3anoBuenns HIPO-cxemn moxe 6ytn 6yab-
AKOIO, B SIKiii HA3UBAETBLCA ILOY, a HE «AK» POOHTL KOXKEH NMporpam-
HHMI MOAYJbL Ha JaHomy piBHi npoektyBahHHsA. Koxna HIPO-cxema
BiANOBIJAE OIHOMY eTanoBi (KpoKy) npoekTyBaHHs. Ha onHiil cxemi
mae 6yTH He Ginblie 6—7 nporpamHux GIOKIB, L0 YTOUYHIOIOTb Ha3BY
(xapakrep pobGoru) manoi cxemu. Bei HIPO-cxemu marote ctporo
dbopMainizoBaHy cUCTEMY NOCHNIaHb, AKILO AKMHACH OJOK YTOUHIOETHCS
inmmu HIPO-cxemamu, TO oMy NpUCBOIOETLCS BiAMOBIAHMA HO-
mep. SAkuio 610K He Mae YTOYHIOIOHOro HOMEpa 3B’A3Ky, TO Horo jie-
Taji3alis 3akiHyeHa i Bin Moxe OyTu Oe3nocepesHbO 3aKOAOBAHWH
BiANOBiAHOIO MOBOKO nporpamysaHHs. 3riano 3 HIPO-texHonorieto
NPoLEC NPOEKTYBAHHA CHCTEMH 3aKiHYYETBCS JIMILE NiCs 3aKIHYEHHS
3anoBHeHHs Beix HIPO-cxeM npoekTy 1 yB’s3KM iX OZiHA 3 OAHOIO.
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ABTOP UlenpinaO. 1. [IPOTPAMA PiBusHHA
OYHKLIS Po3s’s13aHHA KBaAPATHOrO PiBHAHHA

Nel.0
IM’A1 urav. cpp

Bruaaru nosinomnenns
«Hemae milicHuX KOpeHiBY»
KBubopy

BuBeneHss x), X3

[ Bsix . O6pobka Busix ]
BcTaHOBUTH NMOYATKOBI 3HAYEHHS l1:a
2:b
3:c¢c
IA F——Bnenemm KoedimienTis a, b, € @
@——— SAxmo a=0 .
@— x, =—c/b; 4%
O X, =0; 5:%
( ) Inakine
: d=b*~4ac; 6:d
: KSkino
@_}Ixmo d>0 |
1= “b+ Jd_"' @
‘ 2a
(2) ®
_=b+ Jg
T
Sknod=0
X, ==b/2a —@
x, =-b/2a @
[Hakuie :
®

g ﬁ“’XPT
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HAyxe Baxcnuum B HIPO-TexHooril € siBHE 3a3HAaYCHHS AaHUX Ha
BXOJi 1 BUXOJli KOXHOIO alrOpPUTMY — Te, 110 B 3BUYAHHIA TexHOIO-
rii yTpUMY€ETbCS NMPOTrpaMicToOM y AyMmui nig 4ac nMo6yAoBH BiAmosia-
Hol nporpamu. ¥ HIPO-texHonorii 1aHi Ha BX0ni i BUXOJi BKazyio-
ThCs SIBHO, MOB’s3aHi 3 mpouecoM oOpoOKH i BMIIIEHI CTPYKTYpHO
371iBa 1 npaBopyy npoekrtHoro apkywa. L{um HIPO-texnooris icrot-
HO BiZIpi3HAETHCA BiJ ONMCAHUX BHUIE CIIOCOGIB 3aMHCy aJITOPHTMIB.

AurropurMmivni MoBu. HuHi HafinoBepiueHimuM 3aco6oM i 3a-
THMCY aJITOPUTMY € aNropUTIMiyHi MOBH, SIKi J103BOJISIIOTH aBTOMATH3Y-
BATH NPOLIEC NPOTPaMyBaHHA 33 PaXYHOK TOTO, IO MEPEKIIaz 3 ajro-
PUTMIYHHX MOB MOBOIO MaUIHHU 3IiHCHIOETHCA aBTOMATHYHO CaMOI0
MallMHOMO 33 IOTIOMOTOIO CIIELiaibHUX NporpaM-TPaHCIsTOPIB.

[TosiBa anropuTMivHUX MOB 30JIM3MJIa NOHATTS aNrOPUTMY i Npo-
rpaMH, OCKiJIbKHM 3 iX JOMOMOIOIO CTaja0 MOXJIHMBO 3aMMCYBaTH ajro-
PUTM DPO3B’s3aHHS 3ajadi, SKUM OJHOYACHO CIYXHUTh MOYATKOBOKO
Nporpamoro, 1o 6e3nocepeaHbo CApUHMAETbCs MALIHHOLO.

Jns onucy anropMTMiB BUKOPHCTOBYIOThCS Pi3Hi cnocobw, 1o pi-
3HATBCA MipolO AeTanisyBaHHs i dopmanizauii. TeopeTnunuit onuc
3BHYAHO JAETBCA B CJOBECHOMY BHMKIa[i, METa AIKOTO — OBIPYHTY-
BatH Oe3 3aiiBUX MoApoOHLb MPOLELYpPY, MO NPONOHYETHCA AK ajro-
put™. JInsl HAOYHOTO NPEACTABJICHHS CTPYKTYPH aNTOPHTMY LIKPOKO
BUKOPHCTOBYIOTBCA CXEMHU anroputMy. DopmanbHuii i NOBHUIA oTHC
QJIFOPUTMIB 3/1i HCHIOETLCS ANTOPUTMIYHUMH MOBaMH.

1.4. TUITA AJIFTOPUTMIUYHUX ITPOLECIB

CykynHicTs 0GUHC/IIOBAIBHUX NPOLIECIB, ika BUKOPHCTO-
BYETbCS ANsl Pi3HOTO POJly MAaTEMATHYHHX, HAYKOBO-TEXHIYHMX, €KO-
HOMI4HMX M iHIWMX 3afay, Moxke OyTH po3aijeHa Ha TpW rpymu: Ji-
HiliHi, po3rany)eHi i LWUKIiYHI npowecy.

JTinifinuM Ha3HBACTHCA TAKHI] 00UMCNIOBAIbHUHA NPOLIEC, Y AKOMY
obpobka iHdopMmaLii MPOBOANTECA B CYBOPiH MOCHILOBHOCT, WO HE
3a7eXXKUTDb Bijl 3Ha4eHb JaHuX, sKi oOpobnsioTbes. Ha cxemi anropur-
My NiHidHUN OOYHCIIOBaNbHUK NpoLec NOAAETHCA MNOCIiAOBHICTIO
6nokiB. ITpu 1poMy Ha cxeMi OJI0KH, L0 BUPAXKAIOTh aBTOHOMHI €Ta-
1 064YMCeHb, PO3MILIYIOTBCS 3rOpH JOHH3Y B MOPSIAKY 1X BUKOHAHHS.

Hanpuxnaa, cknactu cxeMmy anroputMmy obuHCleHHs apupMeTHY-
HOro BHpasy

_x2+x+1
2+l
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TTouatok

Beenenns x

I

yl: = x*x+x+1

[

y2: = x¥x+1

y:=yl/y2

]

BuseneHns y

JliniiiHi anroput™miyHi npouecu € oc-
HOBHOIO YacTHHOIO 6ym,-su<oro ajnropu-
T™y. [Ipote B npam*um pO3B’A3aHHS 3a-
Jay LNKOBUTO JIiHIHHI 3ajadi 3ycTpiva-
10ThCA HaATO pigko. Y GaraThox BuIaj-
Kax, Y 3aJIe)KHOCTi BiJl 3HaYeHb MOYATKO-
BUX AaHuX abo MPOMIDKHHUX pe3yJIbTATIB,
HeoOXiJHO TNPOAOBXUTH MEPETBOPEHHS
iHpopmauii 3a oAHUM 3 KiNbKOX mepe-
nbauenux HanpsamiB. KoxeH okpemuii
HanpsM OO4YKCIIEHb Ha3WBAKOTh BITKOK
obuucnens. Bubip Tiel uu Ti€el BiTKH 06-
YUCJIeHb 3/iHCHIOETHCS MEPEBIPKOIO BHU-
KOHAHHS JIOTIYHOI YMOBH, L0 BH3HA4ac
BJIACTUBOCTI MOYAaTKOBUX JaHMUX i Mpo-
MDKHHUX pe3ysbTaTiB. Y KOXHOMY KOHK-
PETHOMY BUNAJKY MpPOLIEC peai3zoByeTh-
cA TUIBKH 3a OHICIO BITKOIO, 4 BUKOHAH-
HA iHWHKX BHKAoYaeThes. [loaibHi npo-

tecu obpobkH Ha3HBaIOTLCA po3rany-

= XKEHUMH. _
Po3ranyxkeHUM Ha3WBacTbCA MpO-

‘ ec, y AKOMYy peatizallis o6uucieHs Bia-
Puc. 12, Cxema anropurmy OyBaeThCA 3a OJHUM 3 KUJIBKOX 3a3jae-
JIHIMHOrO npouecy rigp mepeAabayeHUX HampsAMIB Y 3aJiex-
HOCTI BiJ] MOYaTKOBMX 3HaYeHb abo mpo-

MDKHHX pe3ynbTariB. Posranyxeni anroputmu OyBaloTh NpocTi i
cknagui. [TpocTuii npouec, mo posramyKyerbes, — Le TaKHii npouec,

KOJIM Meplla nepeBipka Ja€ ONHO3HAUYHHUH pe3yNbTaT BUKOHAHHA.

CxagHuil — KONHW Mepila nepeBipka YMOBH He Ja€ OAHO3HaYHOIO
pe3ynbTary, @ BAMarae nepeBipkH HaCTYNHHMX YMOB.

B ocHOBi opranizanii po3rajiyXeHb JISKHTh NEpeBipka 3HaYeHDb
O3HaKM Ta TEpeXiJ Ha Ty 4M Ty BITKY OOUMCHIOBANIbHONO Mnpouecy B
3aJIeXKHOCTI Bifi 3HAYEHHS L€l O3HAKH.

Ha puc. 1.3 npeacraBiaeHuii anroput™M NpocToro po3raly)KeHOro
npoiecy, a Ha puc. 1.4 — cknagHoro.

V npoueci po3B’si3aHHs peansHUX 3a7a4 AOCHTh YacTO CrOCTEpi-
ractbcs 6aratopasoBe MOBTOPEHHS OKPEMMX €TariB OGUHCIOBAILHO-
ro npouecy. O6G4YHCIIOBaNBHI NPOLIECH, B AKHX 0JHa a6o Kijabka one-
pauifi HEOAHOPa30BO MOBTOPIOIOTECS, HA3WBAIOTHCS UMKJAIMHUMH.
TosTopenns eTamis 0GYHCIEHb y UMKIITYHOMY MpoLEci BinGyBaeThes
10pa3y 3 BAKOPHUCTAHHAM HOBMX 3Ha4€Hb 3MiHHHX, IKi Ha3MBalOTHCS
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Tloyatok [Nouarok

OFO.IIPH.ICHHH OFOJIOIUCHHX
3MIHHHX 3MIHHHMX

BBeneHHi a, b, ¢

Beeneuns a, b

Hi_

Busenenns y BuBenensa y

Puc. 1.4. Cxema

Puc. 1.3. Cxema
aNnropuTMy CKJIARHOIO

aNrOpHTMY MPOCTOrO
po3rany>eHoro npoLecy po3rany:eHoro npouecy

napamMeTrpaMu LWK1Y. BuKOHaHHA uMKJi4YHOrO 0OYHCIIOBANBHOrO
npouecy 3BOAHTBECA KO 6araTopa3oBoro o6UMCIEHHS 3a OAHI€lO i
TIEK0 CaMOI0 MATeMaTHYHOIO 3aJIEXHICTIO MPH Pi3HMX 3HAYEHHAX
BEJIMUWH, IO BXOAATH N0 HHMX. LIUKIM € OCHOBHMMHW YacTHHaMH
BCiX Mporpam, 1o MPaKTHYHO BUKOPHCTOBYIOTHCS, TOMY OpraHisa-
i UMKNY € TAaKUM 3aBAAHHSM TNpoOrpaMyBaHHs, L0 Halvacrile
3yCTPi4a€EThCA.

SAKuwo BeepeAMHI LMKITY MICTATBCA iHILI LMKIH, TO BOHH Ha3uBa-
I0TbCA CKJIAIHAMM, B IHIIOMY pa3i — npocTHMH. CTyniHb BKJIAAEHOC-
Ti B JAHWA UMKI iHUIMX UMKNiB Ha3HBAETBCS PIBHEM BKJIAJCHOCTI
(nesting level). Y 6aratbox MOBaX MporpamyBaHHs Taka BKJaJEHICTh
NIMITYETBCA 3BMYaHHO 0 ECTH PiBHIB.
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SIk mpMKNajA po3risHEMO 3HAXOKEHHS CyMH NOOYTKY eJleMEHTIB
BEKTOPiB A = [ay, ay, ..., aj9] i B =[by, b, ..., big] 32 popmyJioro

S= albl + a2b2 +...+ a;gbip = aibi. (11)

Jlns oTpuManHg 3HaueHHS S HeoOxinHo 10 pa3is BHkoHaTH oniepa-
L0 MHOXKEHHS €IEMEHTIB BEKTOPIB i onepaLilo AonaBanHs. I1ia yac
KOXXHOrO BHKOHaHHS NAaHHMX ONepalliii 10 MonepeIHbOro pe3ynbTaTy
JI0NAEThCS 3HAYEHHA N0OYTKY 4eproBUX eNEMEHTIB BekTopiB. ToOTO B
LMKJIi BHKOHYETBCA ALITHKA aNnrOpUTMy BHLJLAY

S:=S+ aibi.
Illnsaxom nocninoBHOI 3MiHM iHAekcy i Bia 1 no 10 3 kpokom 1 3a-
BesneuyeTbes nepebip ycix eneMeHTiB BEKTOPIB AJIi MHOXKEHHS 1 J0-
JaBaHHs B LK. OTKe, LIMKIIOM Kepye iHAEKC 3MIHHOI 1, AKa Ha3uBa-

€ThCS NAPaMETPOM LIMKITY.
CxeMma anropurMy UHKITIYHOTO NpOLIECY HaBeieHa Ha puc. 1.5.

Tlouarok
OronomeHns
3MIHHHX

1 s:=$+ a*b;
S = 0
|
1 ..
=i+l
Bsejenns n
I Ta
ii=1 f
Hi
——>] BuBenenHs s

Brepeuns a;, b;

:

=i+l
Tak
Hi
ii=1
Puc. 1.5. CxeMa anroput™My LHMKIIIYHOTO
@ npouecy '
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V 3anexHoCTi Big 0OMexeHHS YyHcia IOBTOPEHb LMKIY pO3pi3Hs-
I0Th LMIKJIH 3 BiXOMOIO KiJIBKIiCTIO MOBTOPEHB Ta iTepallifiHi HUKIM.

JUis LMKJTiB 3 BiIOMOIO KUILKICTIO NOBTOPEHb XapaKTepHE 3aBJaH-
HsSl TTOYATKOBOrO i KiHLEBOro 3Ha4YeHHs INapaMeTpa LUKy, NpaBHIIO
3MiHM MapaMeTpa LUKAY MiJ 4ac KOXHOTO HOro MOBTOPEHHs, Kilb-
KiCTh HEOOXiJTHHX MOBTOPEHD LIMKJTY.

Hanpuknan, BHiepo3rnsHyTHR anroputM oO4YMCIIEHHS BHpasy
(1.1) peanizoByeTbca 32 JOMOMOroOO LMKIY 3 BiJOMOIO KiIbKICTIO MMO-
BTOpeHb. [loyaTkoBe 3HaYeHHs napameTpa UMKIY i AopiBHIOE 1, KiH-
uese — 10. IToyaTkoBe 3HaUeHHs 3MIHIOETbCS 32 MPaBWIOM apudMe-
THYHOI mporpecii 3 kpokoM 1. TakuM YMHOM, KiNBKICTH HEOOXiZHHX
NOBTOpPEHb LMKIYy cTaHOBUTH 10. OcKkiIbkH B TAaHUH UMK HE BXOAATDH
iHILi LMKIIY, LMK € NPOCTUM.

Ipouec o6umcaEHD, MO IPYHTYETHCS Ha NOBTOPEHHI TOCiI0BHO-
CTi onepauii, i Ha KOXXHOMY KpOLli NOBTOPEHHS BHKOPHUCTOBYETHCS
pe3yNIbTaT MONEPEAHbOro KPOKY, Ha3MBaeThes itepauieto. Toai ime-
payitinum Ha3HUBAETbC OOYMCIIOBaNBEHMH NpPOLEC, Y AKOMY Ui BH-
3HAYECHHA NOJANBIIOr0 3HAYEHHS 3MiHHOT BUKOPHCTOBYETHCS il flomne-
peaHe 3naveHHsa. Ilia yac BHMKOPHCTAHHA iTepaLlifHWX TpOLECIB
peanizoBy€EThCA METOA NMOCHIIOBHUX HaGNvkeHb. ToX iTepauiiti uu-
KJIiyHi npouecu 6a3yioTeCa Ha TOMY, WO LIYKaHii BETWYMHI 331a€Thb-
CA MEBHE MOYAaTKOBE 3HAa4YeHHA, OyAyeTbcsa itepauiitHa ¢opmyna-
YTOYHEHHS L(bOr0 TMOYATKOBOrO 3HAYEHHS A0 3aAaHOI TouyHocTi. ITe-
pauifiHi cniBBiHOWEHHA OYAYIOTBCS 32 NMPUHLUMIIOM PEKYPCUBHMX
BiIHOIIEHb, KONHM KOXXHE HOBE 3HAYEHHs BIAHAXOAMTHCA uepe3 I0-
nepeaHe. [lpouec yTOYHEHHS WYKaHOI BENMYMHH TNPOAOBKYETHCA
AOTW, JOKH Pi3HULA MiX 3aNaHMMH 3HAYEHHAMH HE CTAHE MEHLIOIO
Bi/l 3aaHOT TOYHOCTI.

Jing npuknagy posrisHEMO anropHTM OGYHCIEHHS KOPEHs p-ro
CTyR€EHA 3a iTepauiiiHoio ¢opmynoro:

|
Y41 =;((p—l)><y.. + ). (11.2)

p-1
n

[orpimnicts 06uncnenb |yn+. ~ ¥n | < € 1NOYaTKOBE HaONMKEeHHs
Yo=h

linaxom nocnimoBHOro HabAMKEHHS JO 3a4aHOrO 3HAYEHHS € 3a
AAHOKO iTepauiiHOI0 (POPMYNIOIO BUXOAWTH LUYKAHWH pe3yabTaT KO-
pens. KinbkicTe noBTOpeHb LMKy [0 peanizauii 06GUHCIIOBANLHOTO
NpoLeCy HeBioma. ¥V oMY pasi LMKIOM Kepye 3ajiaHa NOTPillHiCTh
oGuncnens €. Skmo Ha 4eprogiii itepauii NOrpilHICTs > €, TO UMK
HPOAOBKYETHCA I OOYHMCIIEHHS TIOAANBLINOTO HAGIMKEHHS 3HAYEH-
Hsl pE3YNIbTATY Y41, IHAKILE BiIOYBAETHCA BUXI/ 3 LMKITY.
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. Ha puc. 1.6 HaBeneHa cxe-
Ma anroputMy s 3HaXol-

Oromomenma KEHHS P-TO CTYINEHsS BEeNH4YM-

3MIHHHX HH X 3a ¢popmyuomo (1.2).

r Ilpy 3HavyeHHi norpiimHOC-

Ti |y, -yo| 2 € muka mpo-
JOBXyeTbea. Y Onoui 6 pe-
I 3y/AbTaT NOTIEPEAHBOT iTepaLlil
Yo 3aMiHHTBCS Ppe3yJbTaTOoM,

Beenenna x, p, h, €

:=h
Yo OTPUMAHUM TMpH MOAANBILIH
——l itepauii y,. Ilicna uporo ke-
yie=1/p((p- 1?>< PYBaHHS  nepeacTbcs  Ha
X Yo+ x/¥o” Onok 4, ne 3a itepauiiiHolo

($OopMYJIOI0 BUXOJUTh YE€pProBe

Tak Bubenenns y, HaONKEHHS 3HauY€HH KOpe-
Hi y; HeoOXiHOT TOYHOCTI

Hi I obumncnenb. Kosn jpocarHyra

Yo =) ( Kiwew ) Toumicrs | Y1 =Yo |< &, 3piii-

CHIOETBCA BHUXIA 11X LHMKIY

— LUSIXOM Nepefadi KepyBaHHs
Puc. 1.6. Cxema anropurmy Groky 7. . . .
064HCNICHHS KOPEeHs P-TO CTYIEHS 3 1MKNIB 3 BiJOMOIO Kilib-

KiCTIO MOBTOpeHs i iTepauiii-
HUX LIMKJiB MoOxHa OyamyBatu
CKIajHi LMKIYHI NpouecH 3, BKJIafeHUMM uuknamu. Lluknm, wo
BKJIIOYAIOTh 1HWI LMKIIA, 3aBefleHO Ha3MBaTH 30BHIIUHIMH, @ UMKIIH,
IO BXOAATE Y 30BHILIHI LMKITH, — BKIafEHUMHU. J[N11 KOXKHOrO LMKy
BUOMpAETBCS CBifl MapameTp i LWMKNiuHME npouec OYAyeThCA TakuM
YYHOM, 1O (IKCYETHCS KOXHE 3HAuUEHHS Mapamerpa 30BHILIHLOrO
LMKy i O HbOTO MapameTp BKJIAAEHOrO LMKIY MpuiMac BCi CBOT
3HAYEHH. SIKINO LMK € BKJIaJEHUM, TO BiH Ma€ 3aKiHYUTUCA AO TOrO,
K 30BHIMHIN UMK Aiiae KiHus.
Posrnsnemo apyruii npukian itepauiitnoro upioty. HotpibHo 06-
YUCIMTH HabnwkeRUMK MeTolaMu 3HaueHHs In(1 + x) 3a dhopmynoro

o X k
In(1+x) =Y (- —
k=t k

3 TOYHICTIO €, fIka BBOJUTHLCA 3 KiaBiaTypu. BBaxkaTH, 110 TO4HICTB,
fKa MoTpiOHa, NOCATHEHA, AKIIO JOAAHOK HE CTAaHE 32 MOAYJIEM MEH-
MM Bifl 3ajiaHoi TOYHOCTI. 3HaYeHHs QyHKuii o6GuucauTH ans x Big 0
Jo 1 3 kpokom 0,1.

Cxema anropurMmy HaBeieHa Ha puc. 1.7.
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OronoueHHs 3MIHHHX

BseneHHs TOYHOCTI
OOUHC/IEHHS €

x:=0
>]
sum: =0
]
k:=1

R |

ot |

= (¥ =k

1

sum: =sum+r

Tak @

Hi

BuBeaeHHa sum

Puc. 1.7. Cxema anroputMmy cKJIagHoro itepauiiinoro npotecy
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CKHa}leMO CXEMy airopHTMy ISl PO3paxyHKy CymH i KinbkocTi
AOJATHHX 1 Bifl'€MHUX €/ICMEHTIB Manmu A = [aj; |, A€ aj; — ente-
MEHTH MaTpuui; nepummii iHaekc i (i=1, 2, ..., m) o3Ha4ae HOMep

psijiKa, a APYTHi €NEMEHT j — HOMep CTOBHLA (j =1,2, .., 3). Cxema
aNTOPUTMY HaBeZieHa Ha puc. 1.8.
o
Oronowenss =1
3MiHHHX :
I —————>
sp:=so:=0 ji=1
kp: =ko:=0
]
Sp: =sp + a;
Beenenns n, m ® p kl:) + lJ
I $0: =50 + 3
=1 ko:=ko+1
> —
: j=j+1
=1
= =
BreneHHs a;; T
B it=i+1
=i+l
>
Tax
@ Hi
Hi BuseneHHs
sp, so, kp, ko
it=i+1
: Kineus
w
Hi
Puc. 1.8. Cxema anropuTMy CKJIaaHoro
0 UUKI{YHOTO IIpoLECy
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Po3din 2

ANrOPUTMI3ALISA NPOLIEAYP
OBPOBKU COUIANLHO-EKOHOMIYHOI
IHdJOPMALl,II

2.1. MOHATTA NPEAMETHOI OBJIACTI
TA OCOBJIMBOCTI KATEI'OPII
COIJAJIBHO-EKOHOMIMHA TH®OPMALIA

ITin indopmauieio posymiroTh BilOMOCTI Npo sBHILA, PO~

LleCH Ta MPEAMETH HABKOMUIIHBOTO CBITY, i BOHA € OJHMM 3 PECypCiB,
110 BUKOPHCTOBYIOTECS JIIOMMHOIO B TPYAOBIi Ais/bHOCTI Ta DOOYTI.
Ane naHi He 3aBXAM HecyTh y cobi 6Ge3nocepenHpo Ty iHdopMmallito,
sika HeoOxiaHa ans Tux abo Tux uinei. JIng Toro, mo6 orpumary HeoO-
XigHy iHopmauiro, fani NOBHHHI OmiAnsraTi neesiii odopobui. Cknan-
HicTh 06pOOKY JaHUX 3AJIEKHTH SIK Bif ix o0Ocsry, Tak i BiJ CKJIaqHOCTI
BiANOBIAHUX alropuTMiB. Y Ham yac obcsru indopManii, 1o uupKy-
JHo€e y BUpOOHKYIH, HAYKOBI#, colfianbHil cdepax, MBUAKO 3pOCTAIOTH
y 3B’3KYy 3 Pi3HOMAHITTAM 3B’A3KiB MK 00’€KTamu, sIKMX Ui JaHi CTO-
cytorses. ITpu oMy onHi i Ti cami JaHi MOXyTh MaTh GaraThboXx CIio-
’kuBauyiB. | ToAi Ha JONOMOrY NPUXOASTE KOMI'IOTEpPHI iHpopMauiiiHi
CHCTEMH, LLIO MOXYTh 3AIHCHIOBATH 0OpOOKY, 30epiraHHs Ta MepeTBo-
peHHs aaHux. CykymHicTe 3aco0iB, o 3abe3neuytoTs iHdopmauieto
fIEBHE KOJNO KOPUCTYBAYiB, Ha3UBaIOTh 1HOPMALIIHHOIO CHCTEMOIO.

KopucryBauamu ingopmaniiHUX CHCTEM € OAM, IO BUKOPHCTO-
BYIOTD CHCTEMY B CBOIH npO(beciﬁHif/’l JisIBHOCTI | 3HAOMI 3 OCHOBa-
MU KOMIT'IOTepHOI TpaMoTHOCTI. Lle MoXyTb OyTH IHKEHEPH, eKOHO-
MICTH, HayKOBI MpaLiBHUKM, Pi3HUIA ynpaBliHCLKNI nepcoHan Ta in.
BinbuicTs iHopmaLiiiHux cucTeM 36epirae AaHi, WO ONUCYIOTH Mpe-
AMeTHY 00nacTh y pi3HUX acrekTax.

IpeameTHa 06aacTh — Lie CyKynHicTb iHGOpMaLiAHUX NPOLECB i
X XapaKTEPHUCTHK, IO NMpPOTIKAIOTHL Y paMKax 00’ekra, BUOpaHOTO A
aBTOMaTu3allii, To0To 1e iHdpopMauiitHuit 6ik byHKIIOHYBaHHS aBTO-
MaTH30BaHOI CHCTEMM, L0 Bi0Opaxae MHOXHHY 00’ €KTIB i 3B’43KiB
MiX HUMH. MozientoBaHHs npoLeciB npeaMeTHol obnacti nepeanbayae
ii popManbHHIt ONUC y BT YETBIPKA MHOXKHH

A={x,y, z,d}.
- MHoXxuHa X sBase cob0r0 MHOXMUHY BXifAHHMX (MOYAaTKOBMX) Ja-
HUX, AKi BUHUKAIOTD Yy il npeaMeTHiii obnacti x = {x;}.
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MHuoXunHa y — Lie MHOXHHa BUXifHO1 (niiicyMKoBoi) iHdopmanii
y = {yi}-

MHOXHHa Z — MHOXHHA NPOMDKHOI iHpopmanii z = {z;}.

MuoxuHa d — CyKYMHICTh aHANITHYHWUX BHpa3iB, IO BCTAHOB-
JIFOIOTH B3a€EMO3B’ 130K MiXK MHOXKHHOIO X, Y, Z, d ='{d;}.

Ha nepuomy eTani MOJIE/IIOBAHHS TMpeaMeTHOI obnacri BibyBae-
TBCSl OMMC ICHYIOUOT CHCTEMH KepyBaHHS 00’€KTOM, IPH LBOMY OC-
HOBHa yBara NpuaiIAETbCA TEXHOJOTIT 06poOku tHpopMmaii.

Ha pnpyromy etani npoekryerscs inpopMalliiiHa 6a3za (X, y, z) Ho-
BOI iHpOpMaLiifHOT CHCTEMM | TIPOBOJUTHCA AOKJIAJAHMIA OMNMC KOXKHO-
ro eneMeHTa 6a3u, CTPYKTYpPHU3aLlisl €1EMEHTIB.

Ha tperbomy erami ¢opMyeTbcs MoAenb NpeaMeTHoi obnacTi,
TOOTO BH3HAYAETHCA MHOXKHHA d, KA 3aae adropUTMiYHUA Onuc iH-
dopmauiiiHuX npouecis.

Kosxkna cdepa noacbkoi IisIBHOCTI Mae CBOIO iH(OpMalLLiio, Bifo-
Opa’keHHS CYCHiIbBHO-€KOHOMIYHUX SIBMLL | TIPOUECIB CKJIAJAE CYT-
HICTb €KOHOMI4HOT iHGOpMaLlii Ha BIAMIHY, HANPUKIAA, Bil TEXHIYHOT
un Giosioriunoi. EkoHoMiuHa iHdopMauisa [economic information] —
iHdopMallis npo cycnijibHi NMpouecH BUPOOHULTBA, po3noainy, obMmi-
Hy Ta CIIO’KUBAaHHS MaTepianbHUX OJar.

VY pamkax npeaMeTHo! o6nacTi opraHizaiuii kepyBaHHs i eKo-
HOMiKU TIOTPiOHO BPAaXOBYBATH Taki OCOONMBOCTI €KOHOMIYHOT iH-
¢bopmauii:

1) nucKkpeTHmit xapakTtep iHdopMallii;

2) BesuKi 06¢CATH BXiAHUX JaHUX i pe3y/bTaTHOI iH(opMmallil;

3) cxiaHy CTPYKTYpYy Ta i€papxiyHy B3aeMOMiANOPSAKOBAHICTH
CTPYKTYPHHUX eNleMeHTIB iHpopMaLiiiHoT 6a3u;

4) 3HayHe nepepaxkaHHs B npoueci 06po0KU Joriynux onepauin
HaJl apuPMeTUYHNUMM (TTOLIYK, NOPIBHSHHSA, 06’ €AHaHHS);

5) NpocTOTY | TMOBICTE ApHPMETHIHHX OTepaLliii;

6) LMKITiYHICTh 00poOKH iH(pOpMALLil, TOGTO 3aCTOCYBAHHS OJHMX
1 TMX caMUX aHaNiTHYHMX BHUpa3iB 1y 0OpoOKM iHpopMmallii pizHOpi-
IOHUX 00’ €KTIB;

7 HeplOILl/I‘JHiCTB‘O6po6KH inpopmauii — BHMKOHaHHS TOBHOTO
Lukny o6pobku ingopmaLii uepes neBHi NPoMiXKKH yacy;

8) 3HayHi 06cArM yMOBHO-TIOCTilHOT iH(pOpMaLiT;

9) lMpoKe BUKOPUCTaHHS JOKyMeHTapHO! (OpPMHU Npe/ICTaB/ICHHS
iHQopmaLii;

10) nasBHicTs y npoueci 06poSky iHpopmaLiiiHnx o6 ekTiB ABOX
THITIB: PEKBI3NTiB-03HAK, SKi OMUCYIOTh AKICHI XapaKTePUCTUKH
00’€KTiB, i PEKBI3UTiB-OCHOB, sIKi ABAKIOTH COBOIO KibKiCHe NpencTa-
BJICHHS PeKBi3UTiB-03HaK;
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11) o6pobxa exonomiunoi ingopMarlii 34iHCHIOETECS, K MPABHIIO,
nopuisMH (MiHIMaIBEHOIO MOPLI€I0 MOXKE OYTH PAIOK JJOKYMEHTA).

BnactuBocTi ekoHoMiuHOi iHQOpMaLii cnij Opath 10 yBaru npu
po3pobui KOMI'IOTEPHUX iHGOpPMALIHUX CHCTEM, MpPH BU3HAYEHHI
BHUMOT 0 BCIX BHIIB 3a0€3MEYEHHS 1IUX CHCTEM.

O6pobka cowianbHO-eKOHOMIYHOT iHdopMallii 3a JONOMOroi0
EOM BumMarae i1 060B’13k0B01 kKi1acH(piKaLlii Ta KOAYBaHHS PEKBi3HTIB
o3Hak. Knacudikanis — cucrema posnoainy o6’exriB (npeaMeTis,
ABMII, NMPOIIECIB, MOHATH) 33 KJIACaMH BiANOBIZHO O MEBHHUX O3HAK.
Koxen 06’ ekt knacndikauil xapakTepusyeThes pAAOM O3HaK, iKi Ha-
3MBAlOTBCA O3HaKaMM Knacudikauii. ¥ npoueci knacudikauii yrso-
PIOIOTBCS. MHOXKHMHM | MIAMHOXUHH 32 OJIHIEI0 YM KiJIBKOMa O3HaKa-
MH, sKi Ha3uBalOThb KnacudikauiliHummn yrpynosanusamu. Knacui-
KaTop — UE CHCTEMaTW30BaHWii Mepenik HaWMeHyBaHb KiacHdika-
LifHUX YrpyNoBaHb 3 iX KOAAMM, SIKI ABJSIIOTH COOOIO YMOBHi MO3Ha-
YEHH$, NTPHUCBOEHI 32 NEBHUMU MPaBUIAMH.

CyKynHICTh npaBui, 3a AKUMH Bii0YBa€ThCA NMPU3HAYEHHSA KOJIB,
HA3UBAIOTL cUCcTEMOIO KoayBaHHA. Haiiuacriine B 3amauax o6pobku
€KOHOMiYHOT iHopMaLil BAKOPUCTOBYIOTH CHCTEMY KOJ1yBaHHS:

1) nopsaaxoBy. KoxyBaHHs peKBi3UTiB-03HAK, NPH SAKOMY BCi 3Ha-
YEHHA, WO KOLYIOTHCS, 3BEJIeHI B CMUCOK i KOJIOBOIO KOMOiHaLli€to
KO>XHOTO 3Ha4YEHHS € HOTO NOPANKOBHI HOMEp Yy CITUCKY;

2) cepiiiny abo cepiiiHo-nopsaxosy. [lopsakoBe kopyBaHHs, mpu
AKOMY MOCJIJAOBHICTb MOPAAKOBHX HOMEPIB-KOAIB MOAINAETECA Ha
rpynu-cepii, mo 06’€AHYI0Tb 06’ €KTH 3a AKOKOCH 03HAKOIO.

3) nosuuiiiny. Cnoci6 koayBaHHsI PEKBi3HTIB O3HAK, 110 HabyBa-
10Tb iikcoBaHe YKUCNO 3HAUYCHD, NPU AKOMY JOBXKHMHA KOA0BOI KOMOI-
Hallil BCTaHOBIIOETHCA PIBHOIO YMCIYy MOXKIIMBHX 3HAUYEHD PEKBI3UTY.

2.2. TUIIN IPONEAYP OBPOBKU
COUIAJIbHO-EKOHOMIYHOI THOOPMALITI

Po3B’si3aHHS €KOHOMiuHMX 3amay BUMarae o6pobKH Be-
NAKKX 06CATiB iHGOPMALIHHNX CYKYNHOCTEH, WO MaIOTh CKIajHy ie-
papxiyHy CTpyKTypy, plBHOMaHlTHy dopmy Npe/ICTaB/ICHHS (umncna,
TEKCTH, rpadiku, Tabauui # T. iH.), pi3HUH THUMUYACOBHUI LIMKJ HAKO-
NMHYeHHs, 306epiraHHa | goctyny Ao KomnoneHTiB. EkoHomiuna iH-
¢opMaulis 3BMuAHO PO3TALLOBYETHCS B €KOHOMIUHMX JOKYMEHTaX i
ABASE COOOKO CYKYIHICTb pi3nommmx JaHWX Pi3HOT po3MipHOCTI,
o nepe6yBaroT|> B l€papXiuHiii 3a1eXHOCTI OAHI BiA ofHHUX. Jloriu-
HU B32€EMO3B’A30K MiXK OKpEMHUMH €1€MEHTaMH eKOHOMI4HOT iH(op-
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Malii BCTAHOBJIFOETBCA B KOXKHOMY PSAKY AOKYMEHTa, IO IMiJJiArae
06pob1i 32 OJHUM 1 TUM CaMUM aJITOPHUTMOM.

Hani s 30epiraHHg B nam’siTi KOMITIOTEpa 3aBXK/IU NIEBHUM YH-
HOM Oprasi3yroThcs, TOOTO PO3UICHOBYFOTBCSI Ha OKPEMi 4acTHMHH,
110 BiIHOCATBCS IO MEBHOI MpeAMETHOL obmacti. CyKynHicTh 3rpymno-
BaHMX mq)opmaummx BiIOMOCTEH, po3MillleHy Ha 30BHILUHEOMY HO-
cil inpopmauii, 3BUYaiiHO Ha3UBAIOTD Ha6op0M nanux. Habip panux,
o 30epiraroTbecs Ha 30BHILIHBOMY HOCIi, 3aBelIeHO Ha3uBaTH (aii-
aoM. OOMiH HaHUMM MiX 30BHIIIHIMH HOCIIMH W OCHOBHOKO
nam’ITTIO 3A1HCHIOETECA HE MO OJHOMY 3HaKy, a OUIbLIMM OAUHUIS-
MM — Gnokamu. BJIOK K OIMHULFO Nepenadi JaHUX Ha3uBaroTh Bi3u-
YHUM 3anucoM. Bok Moxke MICTUTHU KinbKa JoriyHux 3anmcis. Jlori-
9qHUii 3anuc daiina sease coOO0 HAGIp NOTIYHO MOB’SI3aHWUX AAHUX
(mouriB) i € oguHULEIO 06MiHY MiX TporpaMoro Ta 6ygepom BBeaeH-
HS-BUBEACHHSI.

®aiin JaHUX MICTHTH AaHi NPO MHOXHHY OJHOTHUITHHX 00’ €KTiB
npeameTHoi obaacti. KoxxHoMy 00’exTy NpuUTaMaHHUiA psiji XapakTe-
pHUX I HBOTO BlAacTHBOCTEH (03Hak, napamertpis). Hanpuknap,
piractupocTi 06’exkta CTYJIEHT: IIPI3BUILE, I’'M5, 110 BATDH-
KOBI, ®AKVJIbTET, CIIEUIAJIBHICTD, KYPC, I'PVIIA, TATA
HAPOJIXXEHHA, PIK 3AKIHYEHHA LUKOJIM, CTATb, HALIO-
HAJIBHICTD Tta iH. CykynHicTh yciX AaHMX, WO XapakTepusyloTb
neBHUil 00’ ekT (abo mpouec, CYTHICTH i T. 1H.) 3 AaHOT MHOXHHH, €
3anucoM daiina.

BnactuBocTi 06’ekTa BinoOpaxaroThCs 3a JOMOMOrOK 3MIHHHX
BEUYHH, SKi € eJIeMEHTapHUMH OAMHALMK iHbOpPMaLT | HasnBalo-
ThCA anI/l6yTaMld abo pexsizutamu. Ampubym (attribute) — ue nori-
YHO HENOJiILHUI €JIEMEHT, 110 BIIHOCUTHCSA 0 BIACTHBOCTI NEBHOIO
006’exTa uu npouecy. JIns KoxxHOro atpubyra BU3HAUAETHCA MHOXKHHA
3HaueHb. KoXKHHI1 aTpubyT Mae neBHe 3HauYEHHs, AKE BUKOPUCTOBYE-
TbCs B pouecax o6podbku. Tak, arpubyr JEHb THXXHS moxe martu
ciM 3HaueHb, a atpubyT OLIIHKA — yotupu 3Hauenns.

Ilin yac mpoexryBaHHs CTPYKTYpu daiina i 06pobku iHdopmanii
aTpulyTH MOAINAIOTECA Ha aTpUOYTH-03HAKM Ta aTpUOyTH-OCHOBH.
Cmpyxmypa ¢paiuna [file structure] — ue onuc daitna, mo BKAOYaE
BU3HAYEHHs CTPYKTYpu 3anuciB (aiina, nopsnok ix PO3MilLeHHS i
Aoctyny A0 HuX. Cmpykmypa Oanux — L€ MHOXMHA eNeMeHTIB Jla-
HUX, 00’€JHaHUX i BIOPSAKOBAHMX OAHHM 3 NPUAHATHX crnocobis.
Ampu6ymu-o3uaxu (xmoui) € AKICHOIO XapaKTepHCTHKOI 00’€eKTa 1
3BUYaiHO OepyTh Yy4acTh Y JIOTIYHUX ONepaLisx, TakKuX, SK COpTYBaH-
Hsl, IOpiBHSAHHS, KOMIMOHYBaHHs, pefaryBaHHs. Ax a’rpn6ym 03HaKH
MOXyTh BUCTynatH, Hanpukian, HOMEP 3AJIIKOBOI KHUXKH,
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IMPI3BUIIE, ®AKVJIBTET, KA®EIPA, KYPC, I'PVITA Tomo.
Ampubymu-ocHoéu XapaKTepU3yIOTh KiIbKICHHMM Gik 06’ekTa, 3aie-
KaThb BiJi aTpuOyTiB-03HaK i 6epyTs yyacTh B 06UMCIIIOBAJBHUX OIlE-
pauisx; ue, Hanpuknag, BAT'A, KUIbKICTh, BAPTICTD, PIK. At-
puOyTH-OCHOBH 6€3 aTpuOyTiB-03HaK He JAalOTh BH3HAYEHHs 00 €KTa.
KoxeH 06’ekT xapakrepusyeTbcsi HabopoM arpuOyTiB-03HAK i aTtpm-
OyTiB-OCHOB. By/1b-AKui JOKYMEHT HaBiTh HallCKIaAHILIO CTPYKTYpH
MOXKHa NMPEACTABUTH y BUIIIAAI aTpUOYTiB-03HaK i aTpUOYTiB-OCHOB.

Y ¢aiini 3BpyaiiHO BHAINAIOTH OAMH abo Hekinbka arpubyTiB, ski
BIZITParOTh pOJib O3HAKH, IO IO3BOJISIE BiPI3HATH | MPYIyBaTH 3anu-
CH, Takuii aTpubyT HasuBaloTh Kiovem. Kiou, WO cKknagacrbes 3
oJiHOTO aTpubyTa, Ha3UBAETHCS MPOCTHM, KJIOY, IHO CKIIAJAETHCS 3
KiNBKOX aTpnOyTiB, — cknanHuM. Tak, atpubyt [TPI3BBUILIE Moxe
O6yTH npocTUM KSlodyeM, a cykymHicte atpudytis [IPI3BHULLE, IM’ 41,
1O BATBLKOBI — cknagHum.

SAximo ans ¢akina BU3HAYCHHUH KJIOY, TO KOXKEH 3aMUC XapaKrepH-
3yeThCA 3HAYEHHAM LBOTO Kmoya. I8 npocToro Kiaoua ue 3HavyeHHs
BIAMNOBIAHOrO aTpnOyTa, a U1 CKAAHOTO KJlo¥a Ue BNOPSA/AKOBaHa
NOCNIAOBHICTH BIAMOBIAHUX 3HAYEHb.

Inpopmauiiina cucTema MoBUHHa 3a6e3neyyBaTH KOXKHOMY Kxopu-
CTYBaueBi AOCTYN NUIIe 10 Ti€i YaCTMHU 2HHX, 5IKA CTOCYETHCA HOro
3amad, 1 B TOM XK€ 4ac MOBMHHA 3aXHILATH [aHi BiJ HECAHKLiOHOBAHO-
ro 10cTyny, Wo6 YHUKHYTH YMTAHHS CEKPETHHX JaHuX abo iX CTBO-
penns. Tomy B iHbopmaUilHil cuctemi moxe OyTH nependaueHa
npouezypa 3axXuCTy BiJ HeCaHKUiOHOBaHOro noctyny. HaiinpocTiumii
3aXMCT JaHWX 3abe3neuyeThCs 3a gonomororo naposis. Tlaponem
[password] Ha3uBaeTbcs Kon abo cekpeTHEe CJOBO, LIO Npen’sBis-
€TbCSA KOPUCTYBAYEM CHCTEMI Uil OTPUMaHHsA AOCTYNy A0 A2HUX i
nporpam. 3BM4aiiHO KOXEH Kjac JJaHMX MOJXKE MaTH CBiH mapoJb, 3a
AKMM JaHl MOXyTb Oyru BUOpaHi. [HUIMI Naponb MoXKe NO3BONUTH
OHOBJIEHHS JaHHX.

Bynb-sika indopmauniiina cucrema 3abe3neuye KOpUCTYBaueBi BH-
KOHaHHA TaKHX QyHKUiH B y3aranbHEHOMY BUrAANI: BBEJSHHA JaHUX
B iHQopMaLiliHy CHCTEMY; KOpUI'yBaHHs AaHMX; 00poOKa JaHuX; BH-
BEIEHHS AaHUX 3 iHpopManiiiHOT cucTeMy.

Beeaenns gaHux B iHpopMalliliHy CHCTEMY MOXeE 31iliCHIOBaTHCS
B 1iaJIOTOBOMY UM MAKETHOMY PEXMMi 3 MarHiTHOro AMcka, pe3yibra-
TOM BBEACHHA 3aBXAM € (aiin Ha MardHiTHOMY AMCKY BiAmMoBigHOT
CTPYKTYpu. Y ¢aiin norpanastors auilie BiApeAaroBaHi 3afucH, LIO
NpOHLIIM CHHTAKCUYHUHA KOHTPOJIB.

Jas Toro, mo6 iHdopmauis, 1o BBOAUTECS 10 iHbOpMaLiiiHOT cu-
cTemMH, OyJla KOPEKTHOIO, i HeoOXilHO KOHTPOJIOBATH MiJ 4ac BBe-
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nenns. ToMy iHpopMailiiiHa cucTeMa TOBHHHA BK/IOYATH 3acobu-
KOHTPOIO iHhOpMaLi, 1o BBOAUTECS, SKi MOXHA 3[iHCHIOBATH TPO-
IPaMHO YK BPYYHY, YacTillle 3a Bce — Bi3yasIbHO.

JInst BUSABJIEHHS TIOMMJIOK Y BXIJIHUX AaHHX MOXKHA BHKOPUCTATH
Ppi3Hi METOIH CHHTAKCHYHOIO KOHTPOJIIO:

KOHTPOJIb Jliana3oHy;

KOHTPOJIb JIOTIYHUX OOMEXEHB;

KOHTPOJIb 33 AOBIIHHKOM;

KOHTPOJIb THNY JAHUX. o _

Koumponw dianazony o3nauae, 1o AesAKi BXifHI JaHi HE MOXYTh
6yTH MeHIIMMH a60 GLIBIIMMY Biji SKMXOCH 3a3jaleriib BiOMHX
sHadeHb. Hampukian, mix vac BBeneHHs CTUNEHAIT BifoMmi MiHi-
MaJIbHMH | MAaKCUMAalIbHHM pO3Mip CTUMEHIIl 3a KaTEeropiiMH CTy-
IEHTIB,

Koumpone noziunux o6medicens 03Ha4ae, WO BXiAHI JaHi HIKOIM
HE MPUIAMYTH OesSKUX 3Ha4eHb. Hanpukniaj, nia yac BBEAEHHS TaKMX
JaHMX, K Mics1b abo JeHb, MOXKHA BBECTH NEPEBIPKY, L0 NOKa3ye, 10
4HCIIO MicALIB He Moxke OyTu GinbmmM 12, a anis — 28, 29, 30, 31.

IMix wac xonmponto 3a 008IOHUKOM BUKOPHCTOBYIOTHCS JOBiAHU-
KM, [0 MICTATH 3HAYEHHH, SKi MOXYTb NPUHMATH JaHi, WO BBOASTH-
cst. JIoBigHuKY 0OPMISIOTECS y BUIIIsAA] okpemux ¢ainis. Ckaximo,
MiJ yac BBEJECHHS KOXLY q)alcyaneTy 31iHCHIOETCS MepeBipka 3 N0Bi-
RHUKOM baKynbTeTiB, AKAA MiCTMTb KOAW i HAWMEHYBaHHA BCIX da-
KYJABTETIB yHIBEPCHTETY i MNOCHILOBHO MEPErNsAAeTbCA Mijl Hac BBe-
neHns ¢akynbrery. Takux JoBigHukiB B iHopmaliitHili cucTemi
Moxe OyTH JeKiJibKa.

ITio wac xonmponio muny oanux HeOOXiIHO KOHTPOINIOBATH, wob
3HAYEHHIO, OTOJIOIIEHOMY SK CMMBOJIbHE, BIAMOBiJANW CHMBOIH, &
OroJIOIEHOMY SIK LH(POBE — TLTEKY LubpH, i T. .

3Buyaiito Aani BBOAATECA B (aiin 3 KiNbKOX N0/, TOMY nepesip-
Ky MOXHa nepeadayrTy Mic/sl BBEACHHS KOXKHOIO NOJis, Uif0To 3alu-
CY 4M IpyIH 3aIucCiB.

ITix wac BBeleHHs Beaukux oOcaris indopMmaiii 30inbLIyETHCS
AMOBIpHICTE MOSBY MOMMWIOK. [[Ns cBOEYACHOTO 1X BHSABJIEHHS MOXHA
BBECTH CIElliaJibHi MOJIA, IO MIiCTATL KOHTPOJbHI CyMH. KOHTpONbHA
cyMa siBjisie co60I0 CyMy BCiX YMCIOBUX aTpHOYTIB psaKa JOKYMEHTa,
IO MiAJsAraloTh KOHTPOIIO, PO3PAXOBYETHCS 32 IOTIOMOTOIO KallbKy-

- JIATOpA # 3anMCYEThCs K OKPEMMii aTpHOYT IOKYMEHTa B KiHLi psa-
Ka, BBOANTBCA AK i iHwi arpubyry. Ilin yac BBEACHHA JaHUX MOXKe
6yTH 3/iliCHeHe MOBTOPHE I11ACYMOBYBaHHS MPOrpaMolo i MOpiBHAHHS
OTPHUMAHOTO pe3ylbTaTy 3 OTPUMAHOK KOHTPONIBHOK cymor. Pis-
HiCTh CYM NpHU [IbOMY CBiIYUTH NPO NMPaBUIbHICTE BBEACHHS.

38

Sxumo nig yac BBeAeHHs OyaM BUSBIICHI MOMMIIKHY, CiJi BUIABATH
Npo 1€ NOBi1AOMJIEHHS B 3py4HOMY BUTTISI AT iX MIBUAKOTO HOIIYKY
i BunpasneHHs. I[1oTiM BBeIEeHHs AaHWX MOBTOPIOETHCS AJIst BUIPAB-
J€HHS TOMMJIOK.

Kopurysaxusa naHux Moke MPOBOZMTHCA Ha PiBHI 3aIMCy 3araiom
abo okpeMuX Horo aTpubyTis, BiH BK/IFOYAE Onepalii 3MiHU (OHOBJIEH-
HfT), OJaBaHHs Ta BUy4eHHd. I1in yac nojasanus i 3minm 3anucis abo
10J1iB HEOOXIJHO MPOBOAWTH CHHTAKCHYHHMI KOHTpPOJb JaHMX, IO BBO-
aathea. KopuryBanHs B cyvacHuX iHpopManiHHAX cHCTeMax, SIK MpaBu-
710, 34IHCHIOETECS B [1iaJIOTOBOMY PEXXHMMi, NPH SKOMY KOPHCTYBa4 CHC-
TEMHM B MPOLIECi Aiajlory caM BU3HAYa€ HEOOXI1JHi oniepariii KOpUTyBaHHS.

ITip 4yac poboTH MpakTHUHO 3 OyAb-AKUMH JOKYMEHTaMM MOLIYK
HOTPiOHHUX JaHMX Nerie 3MiHCHIOBATH TOAi, KOJH JOKYMEHTH BIIO-
pankoBadi. [Tpouenypy BTOPS/IKYBAaHHS HA3HBAIOTH LIE COPTYBAHHAM.

Llix copryBaHHAM JaHUX MPUHHATO PO3YMITH MpOLUEAYpY PO3NOA-
Jly 3anMCiB 3a IpynaMM BIAMOBIAHO IO NEBHUX MNpaBHi abo 3rigHo 3
O3HaKaMH, L0 BUKOPHCTOBYIOTHCS IUTA ileHTU]iKaUil 3anucy — KiIto-
yamu. MosxkHa 3MIHCHIOBaTH COPTYBaHHA Oe3nocepenHbo Iiji yvac
BBEJIEHHA JAAHMX, aje Lei npouec 34iCHIOBATUMETHCS NMOBIIBHO M LE
MOX€E NPU3BECTH 0 NpobiieM, SKILO 03HAKa, 3a AKOIO 31iHCHIOETHLCS
COpTYBaHHA, BBE/IeHa HenpaBuiabHO. Halikpaine npoBoautu copry-
BaHHS, KOJIM aHi BBEACHI, NepeBipeHi i 3anucaHi Ha JCK. BukoHan-
Hsl COPTYBaHHA BUMArae 3Ha4HWX PECypCiB yacy i nam’ari. ¥ anex-
HOCTI Bia XapakTtepy 06poOkm iHpopMauii pospisHAIOTL Taki crioco-
6u: posnoaiy, ynopsakyBaHHa, niabip, Bubipka Ta 06’ €HaHAS.

CopryBanHs crniocoboMm posnoainy nepenbadae MoAin 3anucis, 1o
COPTYIOThCSl, Ha TPYNH, SKi XapaKTePH3YIOThCS OJHAKOBMM 3HAYCHHAM
03HaKH, Lo copryeThes. [Tpn TakoMy crocobi 3anucH 3 0IHAKOBUM 3Ha-
YEHHAM O3HAKH, WO COPTYEThCA, 30UparOThCs B OAHY rpyny, NPHUOMY
NIOPSAA0K PO3MIILEHHSA 3aMHUCIB YCEPEANHI IPYNM HE Ma€e 3HAYEHHS.

[Tin yac copryBaHHA crnoco6oM ynopsAKyBaHHs 3alUCH PO3TaLLO-
BYIOTbCA B MOPSAJAKY 3pOCTaHHA abo0 cnajaHHs 3HaY€Hb O3HAKH, LIO
COPTYETHCA.

CopryBaHHs croco6oM nigbopy 03HayYae 3HAXOMKEHHS [l KOX-
HOTO 3anucy 3 OJHI€l rpynu AaHUX BiAMOBIAHOTO 3aMKCy 3 TAKHM e
3HAYEHHAM O3HAKH, LIO COPTYEThCH, 3 iHWOI rpyny AaHux. Ipu upso-
My 3anucu 060X rpyn AaHux MoxyTh GyTH BnopsakoBaHi abo He
BIIOPSAKOBAHI.

CopryBanns cnocobom BuGipkH NpusHauene ans siabopy 3 rpynu
JaHMX 3aMKCiB, IO XAPaKTEPU3YIOTbCA MEBHUMM 3HAYEHHAMH O3HA-
KaM, Hanpukiai, BuOip 3amuciB, WO HajeXaTh OJHOMY i TOMy ca-
MOMy 00’ €KTy.
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CopryBaHHs MeToI0M 00’ €qHaHHA nepefbadac OTPHUMAHHs OJHIel
HOCJIAOBHOCTI 3amKCiB, MOOYAOBaHOI 32 MEBHHM NPaBUIIOM, 3 JABOX i
6inpLIe TMOCTiIOBHOCTENH, MOOYI0OBAaHMX 33 TUM K€ NPABHIIOM.

[Mpouenypa o6pobku gaHuX. Y 3arajbHOMY BHIAJKYy pPO3B’SI3aHHS
3a7a4i 06pOOKM AaHUX BUMArae rneperisay oJHoro abo Kutbkox ¢ai-
J1iB, BUKOHAHHS JSAKUX OMepaiiiii HaA JaHuMu 3anucis i dopMyBaHHs
BHMXiJHOTO JOKYMEHTa YM BUXigHOTO (aiina.

Jlina toro, 106 OTpuUMaTH BUXiJHI (aiiny 3 BXigHUX, HEOOXimHO
BHKOHATH MEBHY MOCMITOBHICTH Jiff, Ky Ha3MBalOTh MpPOLIEXYPOIO
00pobku. B 06pobui naHux € npoueAypH, THMOBi JUIS BCIX 3ahad.
Onniero 3 HuX € Bubipka. 1lg mpouenypa BUKOPUCTOBYETBCS 1)1 BU-
AiNleHHs 3 oYaTKoBUX ¢aitniB motpibHoi iHpopMmanii. Bubipka naHnx
BiIOyBa€TbCs LIBHMINIE, SKLIO 3aMUCH TIOYAaTKOBOro (aiiia Bnopsa-
KOBaHi 3a TUM K/TIOYEM, 3a SIKMM Bi0yBaeThCs BUOIpKa.

Hexaii, nanpuiiiaj, € ek3aMeHalliiiHa BiIOMICTh, ;[aHi SIKOI 3HaXo-
HATECS B aiim EKZ (rabu. 2.1), noTpiGHO oTpUMAaTH BiIOMiCTB, 11O
B Hilf BKa3aHi BCi CTyZIEHTH, K CKJIaM iCMIMT Ha «BiAMIHHOY.

Tabnuya 2.1
DAL EKZ
pizsume Jucuumina Ouinka
AHppieHKo Buuia MareMarika 5
AHgpieHko Komm’torepHa TexHika 4
AHzpieHko Cratuctika 5
Angpienko Couionoris 4
Besboponrko Buina MareMaTHKa 5
Bezboponsko Komn’toTepHa TexHika 5
Bes6opoapko CraructHka 4
Besbopoasko Coujonoris 4
Bacunenko Buma maremarixa 5
Bacunenko Komrm’1otepHa TexHika 5
Bacunenko CrarucTika 5
Bacunenko Coujosnoris 5

YacTo-rycTo B MOBCAKACHHOMY JKHTTI BUHHKae HeoOXinHIiCTh BM-
OupaTy JHiue OJMH 3aIHC 3 AAHUM 3Ha4eHHSM Kmowa. Hanpuknaz,
Hac MOJKe LiKaBHTH, Ky OLiHKY Ma€ CTyJeHT BacuneHko 3 suinol ma-
TEMAaTHKH.
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Bubipka € 0CHOBHOIO TpoLEeAyporo It Oyab-akoi iHpopMaLiHHOT
cvcTeMu. B Takux cucTemax JIIOAMHA JUIS OTPUMAaHHA HEOOXiJqHOT iH-
dopmauii Mae cHOpMyYITIOBATH 3aIIUT, ¥ AKOMY 3aJalOTHCA YMOBH BH-
6ipkH, TOOTO BKa3yIOThCS Ti 3HAYEHHsI BEJIMYMH, 33 SKHMH NPOBOJAH-
TAMEThCA BiAOIp iHdopManii, abo BkasyeThCs [iamasoH TaKHX
BENUYMH. YMOBU BUOIpKM MOXYTh OyTH mpocTumu aGo CKiIaaHuMu.
ITpocTi ymMOBY 3a4aI0TECS 32 JOTTOMOTOIO OTiepaLliii BiJHOCHH: Giibiie
HDX, MEHIIe HiX, piBHO, He piBHO, Oinbiue a6o piBHO, MeHINEe abo piB-
Ho. CkaxiMo, yMOBa «OLiHKa =5» € mpoctoro ymoBow. Cxiaaui
YMOBH ABJIAIOTH COO0K0 KOMOIHALIIIO MPOCTHX YMOB, CITOJyYEHHX JIO-
riunumu 3B°s3kamu «I», «ABO», «HE». Hanpuknaza, ymosa «ouin-
ka =5 ABO ouiHKa = 4» € CKJIaIHOIO YMOBOIO, 1O Nepeadavac BU-
6ipKy CTY/EHTIB, sIKi CKJIAMH icHUT 6€3 «TPiiHoK».

Ilponenypa Bubipku € npoueayporo A OTPUMaHHS BUXIAHUX Ja-
HHX 3 oaHoro BXipHoro. Ilpore B Garatbox 3amayax 0OpoOKH AaHMX
BUHHWKA€E HEOOXIAHICTH OTPUMAHHS BUXIAHHUX JAHUX 3 JEKiINLKOX BXi-
AHUX aiimis. Ao BXijgHi aimm cK1agaloTHCA 3 OJHUX 1 THX caMHUX
BEJIMYMH 1 OIHAKOBO BIOPSAKOBAaHI 32 OJHHM i THM CaMMM KJIIOYEM,
TO A OTPHMMAHHA pe3yibTytodoro ¢aiina, Mo BKIOYAE 3a0MCH NO-
YaTKOBHX MAaCHBiB, BUKOPUCTOBYETECS MpPOLIEypa 3aUTTS. 3IUTTS —
06’ennanHs ABoX abo Oinbiue daitnis B opun daiin. IMicna 3nurtra pe-
3yneTyrounit Qaitn Oyne TakoXk yNOpAAKOBaHWH, K YMOPSAAKOBaHI
BXiaHi. [Iporenypa 31UTTS 4acTO-TyCTO BUKOPHCTOBYETHCA NPH Ha-
KOIHMYEHHI OHOTUINHOI iH(opMaLii, 110 HAAXOAUTH 3 PI3HUX JKEPEN
y IIOCiA0BHI IIPOMIDKKH Hacy.

Sxmo nmouaTkoBHi dalin HapiBHI i3 3aralTbHUMH Mae Pi3Hi BeJU-
YUHM, TO AJIsl OTPUMAaHHSA pe3ynbTylouoro daina, mwo MicTuTh JaHi 3
KUIBKOX (haiiniB, BUKOPUCTOBYETbCS Npoleaypa 3’eqHaHHs (ainis.
[Tin yac 3’enHanns nBOX (aitniB 3a KIHOYEM MHOKMHA 3HAYEHD KJIIO-
YOBMX BEJIMYUH PE3YNbTYIOUOro (aiisa JOPIBHIOE Mepepisy MHOMXKHH
3Ha4yeHb KJIOUOBMX BEJNHYHH BXinHoro daiina. [Tpoueaypy 3’eqnanns
BUKOPHCTOBYIOTh Y THX BHIIafKaX, KO HE0OXinHO 3i0pati B OXMH
taiin pisni nasi npo oaHi i Ti cami 06’€KTH, 1O 3HAXOAATHCA B pi3-
HUX BUXiAHUX daiinax.

PosrnsinyTi BMlLE npouenypu nepeHOCUIH n0Tpi6Hi naHi Ge3 3MiH
J10 pe3yibTyto4oro daina, To0To pe3yibTytounii paiin MicTHTb nHiLe
Ti JaHi, ski € B BXifHOMY (aiini. ins 6inbwocti 3apaq 00pobku na-
HUX BHXiJHI JaHi NOBHHHi MiCTUTH BEJMYHUHH, 3HAYEHHS SIKMX BIACY-
THi B IOYAaTKOBHX J@HUX, aje SKi MOXKHa OTPUMATH i3 3HAUEHDb BEJIU-
YUH [OYATKOBMX JAHHMX, MPOPOOMBIIM 3 HUMM MEBHI OOYUCIEHHS.
HaHi as oGuMCneHs MO3XKYTh OpaTHCS 3 OIHOTO 3aITHCY, 3 MHOXKHHH
3Ha4eHb OZHIET 1 TiET caMOi BENUUMHY 3 YCiX 3anKCiB a00 XK YaCTHHU
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3anuciB. Y NepHioMy BHMAAKy BUKOPUCTOBYEThHCS TIpoLienypa obuuc-
JIEHHs1 BCEpElIHi 3aIucy, B Apyromy — oOUYHCIeHHs BeepeauHi- daii-
na. Ilix yac BUKOHaHHs mpoueaypu OOYHCIIEHHS BCEPEIWHI 3anucCy
Moke OyTy obumciieHa He OJlHa HOBA BeNHWUWHA, a ACKiJbKa, fKi BH-
KOHYIOTBCSI 32 IIEBHUMH (OPMYJIaMHu.

KoxeH novatkoBHii ¢aiiyi MOXKHA YMOBHO pPO3OWUTH Ha rpynu
3alNciB, O MalOTh OAHY W Ty camy BlacTuBicTh. Hanpuknaz, 3anu-
CH, IO BiHOCATBHCA 10 OAHI€T i TIET XK rpymu, Ao OAHOTO KypCy, IO
ofHoro ¢axynsreTy. B cBOIO uepry, rpynd 3aluciB MOXYTb GyTH
PO30HTI HA MIATPYNH, IO BU3HAYAIOTHCS AKOIOCH O3HAKOIO.

ITix yac BUKOHAHHA NMpoLeAypy OOYUCIICHHS BCepeauHi (aitna ap-
TyMEHTaMH JUIE OTPUMAHHS MiJICYMKOBHX 3Ha4Y€Hb CJYXKATh 3HAYCHHS
BEJIMYMH, IO BXOAATH IO Pi3HMX 3aluCiB NEBHOI rpynu (Miarpymnu)
3anuciB moyaTtkoporo (aiina. Jlana mpouenypa BHUKOPUCTOBYETHCH
A1 OTPUMaHHA MiJICYMKOBUX 3HayeHb MEBHUX BEJMYHH y Tpynax
3alMCiB, WO MalOTh OJUH 1 TOM camuii koY, ab6o no Bcromy daitiy
3arajioM. 3BMYAHO JO TakMX MiACYMKOBMX 3HAYCHb BiJHOCATHCS:
KiNIbKiCTB, CyMa, CEpeaHeE i T. iH.

3a3Buuaif i yac BUKOHAHHA MPOLEAYPH KPiM HiICYMKOBHX 3Ha-
YyeHb y rpyliax 3alliciB rMoyaTKoBoro (aiila oOGUHCIIFOETECS TaKOX
NiJJICYMKOBE 3HaYeHHs 110 BChboMy (haiiny 3arajnom, Lo npoleaypy Ha-
3UBaIOTh arperyBaHHsIM JaHuX.

HesBaxkatouu Ha BiMiHHICTb BapiaHTiB po3B’s3aHHs Tiel abo Tiel
3ajadi B npouesypi 06pobku exoHOMi4HOT iHpopMawii MoxHa Buai-
ATy ABi QyHKUT: 0OpoGKy 3anuTy # OTPUMaHHS 3BITY Y4 BiLOMOCTI.
O6pobka 3anuty nependayae Binbip 3anucis 3 daina BianosiaHo 1o
3afaHoi yMOBU. Hanpuknaz, BUBEEHHS CTYACHTIB, AKi HApOAMAUCs B
NOTOYHOMY MicCsLl, 3 3a3Ha4YeHHAM JaTH HapomkeHHs. AGO BUBEIEH-
Hs BiAMiHHHUKIB Apyroro kypcy dakynsrety iHQopmaLiiHux cucreM i
TexHosorit. @opMyBaHHs 3BiTy (BiAOMOCTI) BiApi3Hs€TbCS BiA 3anu-
TY THM, WO 3BIiT OXOMMIOE HE YacTUHY (aiina, sik 3anur, a Woro win-
KOM; ripu GopMyBaHHI 3BiTY iHpopMaLlis, K NpaBuno, 06podAseETbCS.
Tomy 3BiT He TiLKK BigoOpaxkae 3MicT ¢aina, a it NEBHUM YMHOM
aHaji3ye Horo.

INpouec 06pobxu indopMauii 3aBepiyeTbcs BHAAUEIO BHUXIAHMX
JNOKYMEHTIB Ha Juciiieii a0 Ha MpUHTEp, a TakoX 3anucoM y (aitn
BUXigHWX maHux. Ha pucnne# wacrtime BuBonasThcs AaHi B dopwmi,
6s3bKil 10 ¢opmu ix 30epiraHHsa. O6csaru JaHuX, IO BUBOISTHCA
NpH LBOMY, K MPaBUIIO, HEBENUKI. 3HaYHA YacTHHA pe3ynbTaTiB 00-
pobKkH naHuX GOpMy€ETHCA Y BUIIISAAL APYKOBAHUX JOKYMEHTIB.

[Ipuknaau ajaropuTMiB TUMOBUX mpoueayp oOpobku coljianbHO-
€KOHOMiYHOT iHopMaLii HaBeeHi B JOAATKY.
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Po390in 3

ETANU PO3B’A3YBAHHA
3A0AU! 3 BUKOPUCTAHHAM NEOM

3.1. KAUTTEBUN IUKJI ITIPOTPAMHOI'O BUPOBY

[TonsTrs po3s’sizapHs 3amaui 3 gonomorow ITEOM He
OOMEXYETbCS TUIbKM €TanoM OOuYMCIICHb, IO [POBOAATHCS Ha
[TEOM. ToMy HeoOXinHO BUKOHATH MEBHY NiAroToBYy pobOTY, pi3-
HOMaHITHY 3a xapaktepoM. Llo pobory MoxHa po36uTH Ha eramny,
NPUUYOMY TIepeXi IO KOXHOTO HACTYITHOrO eTany MOMNUIMBUIL nuwe
nicjis Toro, sk 6ynyTh BUKOHaHI BCi monepeaHi.

INpotec po3poOku Ta BUKOPHUCTAHHS MPOrpaMHOro BHpoOy Ha3d-
BaeThCA HOTo XXUTTEBUM LIMKNOM. JKummeguit yuxn — ue 6e3nepeps-
HUH MpOLIEC, 110 MOYHMHAETHCS 3 MOMEHTY MPUHHSATTS pILLEHHS Tpo
HeOOXIIHICTE CTBOPEHHS MPOrpaMHOro BUpoOy i 3aKiHUYeTbCS B MO-
MEHT HOro MoBHOro BHJY4eHHs 3 ekcryartanii. OCHOBHI eTanu 1yK-
Jy: NPOEKTYBaHHs, MPOTPaMyBaHH:, HaJlaroJPKEHHs, AOCHiAHa eKcn-
Tyarauis, 30epiraHts, 1poMKCITOBa €KCMJlyaTallis Ta CyNpOBOIKEHHS.

CrpykTypa xutTeBoro uuksty 3a cranaaprom ICO/IEC 12207 6a-
3YETbCS HAa TPHOX IPynax MpoLECiB:

® OCHOBHI MPOLECH JXUTTEBOro LUy (npuabaHHs, NOCTayaHHs,
po3pobka, excrijiyaranis, CynpoBOAXKEHHs);

¢ IONOMiXHI npouecy, o 3abe3nedyioTs BUKOHAHHS OCHOBHMX
npoieciB (ZOKYMEHTYBaHHS, KepyBaHHd KoHQirypauicto, 3abe3ne-
YeHHs fKocTi, Bepudikallis, aTecTalis, OUiHKaA, ayauT, PO3B’sA3aHHA
npobsem);

¢ opraHizauifini npouecu (ynpaeniHHs NpoeKTaMu, CTBOPEHHS iH-
GbpacTpyKTypH NpOEKTY, BU3HAUEHHS, OLIHKA i MOMJIMWEHHS caMoro
XHUTTEBOTO LIUKIY, HAaBYAHHS).

Po3pobka Bkitouae B cebe BCi poOOTH 31 CTBOPEHHS MPOrpaMHOTO
3abe3ne4eHHs Ta Moro KOMIMOHENTIB BiAMNOBIAHO A0 3aJaHHX BUMOT,
HaBiTb O(OPMICHHS NPOEKTHOI Ta eKCIUlyaTaliliHOl ROKyMeHTaLji,
MiAroTOBKY MatepiaiiB, HeoOXiAHUX IS MEpeBipku NpaLesaaTHoCTi i
BIAMOBIZHOT AKOCTi NIPOrPaMHUX MPOAYKTIB, MaTepiaiis, HeoOXiaHUX
ISl opraHi3auii HaBUaHHs nepcoHany, i T. iH. Po3poGka nporpamMHoro
3abe3nedeHHs BKtouae B cebe aHani3, MpPOEKTYBaHHS, KOJYBaHH:A
(nporpaMyBaHHs), TECTYBaHHS.

ExcrinyaTauis Bknwoyae B cebe poGOTH 3 BNPOBaAKEHHS KOMIIO-
HEHTIB NMporpamMHoro 3abe3nedyeHHs B eKCMiyarawiio, B TOMy uMcii
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KOHQIrypyBaHHs Ga3M NaHux i poGouymx Micllb KOPHCTyBadyiB, 3a0€3-
NIeYeHHS eKCIUTYyaTalliifHO DOKYMEHTALi€l0, NMPOBEJEHHA HaBYAHHS
nepcoHany i T. iH., i 6e3nocepeHbO eKCINTyaTalilo, B TOMY YUCi JIo-
Kai3alio npo6aeM i yCyHeHHs NpUYUH iX BUHUKHEHHS, Moaudikamii
NPOTPaMHOro 3abe3NeueHHs B PaMKaX BCTAHOBJIEHOTO PETIAMEHTY,
TiZFOTOBKY IPOMO3HLIH 10 BAOCKOHANCHHS, PO3BUTKY H MOJiepHi3a-
uii cucteMu.

VrpaBiiHHS NPOEKTOM I1OB’si3aHe 3 NUTaHHAMH IJIaHyBaHHs H Op-
raHizanii po6it, CTBOpeHHS KOJEKTHBIB PO3POOHUKIB | KOHTPOJO 3a
TepMiHaMH i SIKICTIO BUKOHaHHS 3aBjiaHb. TexHiuHe Ta opranisauiine
3abe3meyeHHs NPOeKTy BKIOYAE BUOIp METOMIB i iHCTPYMEHTANbHUX
3acobiB 1yis peanizaull npoexkTy, BU3HAUCHHS METOJIB OMUCY NPOMi-
’KHHX CTaHiB po3poOKH, po3poOKy MeTOAIB i 3ac06iB BUTIPOOYBaHb Npo-
rpamHoro 3ade3rieueHHsl, HaBYaHHA MepcoHany H T. iH. 3abe3zneueHHs
AKOCTI TPOEKTY MOB’s3aHe 3 npoOyieMaMy BepHudikauii, nepeBipky H
TeCTyBaHHs MporpamHoro 3abesnevyeHns. Bepudikauis — ne mponec
BU3HAYEHHS TOrO, YW BiANOBiAa€ NOTOYHHWI CTaH po3poOKH, HOCATHY-
THH Ha JaHOMY eTani, BUMoram wuporo erany. [lepesipka mae moxnu-
BiCTb OILIHUTH BiANOBiIHICTH NapaMeTpiB po3poOKH NMOYATKOBUM BUMO-
ram. [lepeBipka 4acTKOBO 30ira€rbCsl 3 TECTYBaHHAM, IOB’S3aHWM 3
meﬂmcbucame}o BIAMIHHOCTeH MiXK JIHCHUMH Ta OUiKYBAHUMH PE3YIib-
TaTaMM H OLIHKOIO BifNIOBIJHOCTI XapaKTepyuCTHK IPOrPaMHOro 3abe3-
MeYeHHsl IOYaTKOBMM BUMOraM. Y npoueci peasizallii NpoeKTy Ba)Jiu-
Ba pOJIb HAJIOKUTh MMUTAHHAM iJEHTUGIKALIT, OIMCY Ta KOHTPOJIO
KoHDirypanii okpeMHUX KOMNOHEHTIB i BCi€l CHCTEMU 3arajoM.

KepyBanHs xoHdirypauiero € 0qHUM 3 JONOMiXHHUX MPOLECIB, L0
MiATPUMYIOTH OCHOBHI MPOLIECH XMTTEBOTO LMKy FPOrpaMHOTO 3a-
Oesrnevenns, nepeayciM Nnpouecy po3poOKW i CyNpOBOMKEHHS Tpo-
rpamMHoro 3abesnedyeHts. [Ipy cTBOpEeHHI NPOEKTIB cknagHux indop-
MallifHUX CHCTEM, WO CKJIaJaloThes 3 0araTbOX KOMIOHEHTIB,
KOXKHHH 3 AKMX Moxe MaTH pisHOBUIM abo Bepcil, BUHWKae npobaema
o0niKy iXHiX 38’3KiB | QyHKUIN, CTBOPEHHS YHI(IKOBAHOT CTPYKTYpH
Ta 3a0e3Ne4eHHs PO3BUTKY Linoi cucremu. KepysaHHs koudirypaui-
€10 N103BOJISIE OpraHi3yBaTH, CHCTEMATHYHO BPaXxOBYBaTH i KOHTPOJIO-
BaTH BHECEHHs 3MiH J0 MporpaMHoro 3abe3nedeHHst Ha BCiX cTalisx
HKUTTEBOTO LIUKITY.

KoxeH npolec XapakTepu3yeTbCs NEBHUMU 33Ja4aMu | METOAaMU
iX BHUpIiLIEHHS, MOYaTKOBUMH JaHHMHU, OTPUMAHUMH Ha MOMNepeaHbOo-
My eTari, i pe3dynbratamMu. XXuUTTeBUi LMK mporpamHoro 3abesne-
yeHHs HOCHTH iTepaliiiHMii XxapaKTep: pe3yjbTaTd YEeproBOro eramy
YacTO BHKJIMKAIOTh 3MiHM B MPOEKTHUX PpillleHHAX, 3AiHCHEHUX Ha
OifblI paHHIX eTanax.
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XKuTTeBMH LMKN MOYMHAETHCS 3 PO3YMIiHHA HEeOOXIZHOCTI Ta MO-
TpeOu B TAKOMY NIPOTrpaMHOMY BHUpOOi, 3 BUBYEHHS Ta BU3HAYEHHS 3a-
BaaxnA. ITicns roro, sik chopMyirOBaHa MOCTAHOBKA 3a]ayi, OYMHAE-
TBhCS MPOEKTYBaHHs. BoHO O3Hayae BU3HAUEHHS CTPYKTYPH NAHMX,
alFOPHTMIB PO3B’s3aHHs 3ajadi, CTPYKTYPH MpOTPamMM Ta NOPAIKY
B32€EMOJIii CK/aZl0OBHUX KOMIIOHEHTIB | KOMILIEKCIB IPOrpaMHOIO BHpPO-
6y. KoxeH KOMMoOHEeHT KOJyETHCA MOBOIO MPOTpaMyBaHHsl, Hajaro-

JOKYETBCSA CMIOYATKY OKPEMO, 2 MOTIM Y KOMIUIEKCI, ITiCIs LBoro npo-
rpaMHHii BUIG € roTOBUM /10 eKcrutyaTauii. ¥ npouecn eKcIutyaTanii
MOXYTh OyTW BUSABJIEHI TIOMWIKH, sKi He Oynu 3HaliieHi paHiie.
Y 3B’A3Ky 3i 3MIHOIO YMOB 3aCTOCYBaHHSi KOPHCTYBAay YCBIZOMIIFOE
notpeby abo B MojepHi3aLii nporpamu, a6o po3poOKH LiAKOBUTO HO-
BOI NPOrpamMH — i LIMKJI TIOBTOPIOETHCA.

Xwrresnii unkn mopinserscs Ha cragii. Ilepwoto cragiero € mex-
Hiune 3a60anna. Ha uii crafii MaioTe OyTH BU3HAYEHi BUMOrM 10
nporpamH, sika pospobnserses. Jlsi 1bOro BUKOHYIOTH aHaNi3 aHaNo-
FYHKUX CHCTEM, 1O ICHYIOTb, NPOBOJATH AOCHIJOKEHHS 3iHCHIOBAHHA
Ta OOIPYHTOBYIOTH €(PeKTUBHICTH NPOrPaMH, IKa PO3POBIAECTLCS.

Y uei ke yac HeoOXiAHO 3’sICYBaTH iCTOTHI OOMEXKEHHs Ha Npo-
rpamy (BOHM NOBHHHI OyTH CHOPMYNILOBaHI JOKNAIHO) TA BCTAHOBH-
TH X npiopuTeTHicTb. TakoX HeobXiHO BUPOOMTH kOMMpOMIC Mix
KOH(IIKTYIOUUMH BUMOTaMMU.

Hactyntoto cranieto € nosicniosansha sanucka. s ctagis po6ir npu-
CBAYEHA 30BHILUHLOMY NPOCKTYBAHHIO NPOrpamMHOro BUpoGy, po3pobui
Horo apxiTektypy. 3oBHiwHi cnieuudikauii, sxi € pe3yNbTaToM 30BHiLL-
HbOTO MPOEKTYBAHHS, ONHCYIOTH OYiKyBaHY NOBERIHKY MpOrpamMHOro BH-
poy 3 Mornsay KopucTyBaua, ToGTO BCi MOXCUIMBI BXiAHI JaHi cucte-
MM — SIK JIONYCTHMI, TaK i Hi, Ta BILNIOBiAHY peakuilo cHCTEMH Ha Lii
nani. Ha 1somy erani nounHaerbest po3poGka TecTiB ycboro BUpoby.

P03po6|<a apXiTeKTypu nporpamHoro supoby € NpoLecoM po36us-
KM BENMKOI CHCTEMM Ha MEHLII YaCTUHHU: MPOrpamu, MiANporpamH,
Mozyni, GyHKuii.

Texuiunuii 1poexm — TPETs CTajlisl KUTTEBOTO LMKy nporpamy. Ha
L cranii pobiT 3AIHCHIOETECS NPOEKTyBAHHS apXiTeKTypH nporpamy,
AIKa BKNOYAE BU3HAUCHHS BCIX MOAY.1iB nporpam, X B3a€MO3B’SI3KH.

Moayne — ue nociiloBHICTb JIOTiUHO MOB’SA3aHMX hparmenTis,
Mo 0GopMISIOTECA SIK OKPEMa YaCTHHa nporpamu. Moayns Mae Bia-
NOBIAATH TAKUM BUMOTraMm:

KOXXEH MOAYJTb MOXe€ KOMITiIOBATHCA OKPEMO;

MOJyNli He3aIeXKHi OZMH Bift 0HOTO, TOGTO 3MiHIOBAHHS B OJHOMY
MOJZYJli He BUMArae 3MiH B (HINUX;

MOZYJIb peaizye ofHy q)ym(uuo abo rpyny nor’sa3aHux (GyHKiii.
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Poboue npoexmysanns. Jlana crazis 3aBepliye po3poOKy nporpa-
MH. BUKOHYeTECS KOJIyBaHHS aIrOPHIMY MOBOIO NpOrpaMyBaHH,
3AIHCHIOETCS IHAMBIAYaNbHE HANAroJKEHHs MOAYJIiB, 06°€AHaHHs ix
Y KOMIUICKC 1 HaJlarOJPKEHHsI BCbOrO KOMILIEKCY, NepeBipka poboro-
3JaTHOCTI 32 JIONIOMOT'OK0 PO3pOOJIEHNX TECTIB.

Hanazooacenns [debugging] — npouec BUABNEHHs, okanizanii Ta
YCYHEHHS MOMHJIOK y MIPOrpami.

CyTb HanaroJKEHHsI IoJsrae B TOMy, 10 KOPUCTYBaY MiArOTOBNsE
CUCTEMY TECTIB, 3 AOMOMOIOIO SIKOi IMEPEBipAeThCs poboTa nporpaMu
B Pi3HMX MOXJIMBHX pexkxumax. KoxxeH TecT MiCTUTh Habip modaTko-
BHX JIaHHX, Pe3yJbTaT SKWX BifloMHid. SIkuo B pesynbTaTi poborH
TpOrpamMK 3 IaHHM TECTOM BUXOJATH Pe3yJIbTATH, AKi BiAPIHAIOTECS
BiJl O4iKyBaHUX, TO L€ CBIIYMTH NPO HAABHICTb MOMUIKH. TecT HeoO-
XiiHO NoOyAyBaTH TaK, mOO BiH He JIMIIE BCTAHOBIIOBaB caM ¢akT
NOMUJIKH, a H JIOKani3yBaB L0 TIOMUAKY, TOOTO 3BYy3MB YaCTHHY, LOO
Mi103PIOETECA, MPOTPaMH, K2 MICTUTH MOMUJIKH.

HanaropkeHHS BETMKHX i CKIaAHHUX MPOrpaM € NpoLecoM Tpyao-
MICTKMM BHACHIJOK CKJIaAHOCTI iX CTPYKTYpH, TOMY chlia niabupatu
He OJIMH, a KiJIbKa TecTiB, 06 nepeBipUTH HalbiNbile YHCTIO MOXKIIH-
BUX CHUTYyaliii, SIKi MOXYTh TpPanmHMTHCA B Mpoleci pobOTH nporpamu.
Tox KOoXHa nporpaMa miJ Yac Hanaro/PKEHHs BUMAara€ perebHOro
nigbopy CHCTEMH TECTiB.

Hasnaro/pkeHHs NOYHHAETBCS i3 3aMyCKy NPOrpamMy 3 HaiANpocTi-
UMW JIaHUMHM, 10 BBOAsATHCA. [10TiM nepeBipseTbes, K nporpama
MIOBOJUTHCS IPY MAaKCUMalbHUX | MiHIMAIbHHUX 3HAYEHHAX, 1O BBO-
ISITHCSI, TIOTIM MOXKe OYyTH 31iiiCHeHa nepeBipka MOBEAIHKH POrpaMu
NpH BBEJCHHI 3HAaUeHb, Ha AKi BOHa He po3paxosaHa. [ToTim 3aifcHIo-
€THCS MEPEBipKa JaHUX, 1O BUBOJAATHCS MPOrPaMolo.

Ha cranii énposadoicennss BUKOHYIOTLCS MIZATOTOBKA Ta nepejpada
Oporpamu Ta NporpaMHoOi JOKYMEHTALT 1J1 CYNPOBOKEHHS KOpHC-
TyBau€Bi.

Crapnist excnnyartallii He € cTafielo po3poOKu, BUKOHYIOThCS pobo-
TH, AKi NMOB’A3aHi 3 BUMpPABIECHHIM NporpaMHux JedekrtiB abo 3 He-
3Ha4YHUMH 3MiHaMU B NIporpami.

Hepxcrangapt 19.102—77 «ECIIA. Craaii po3podku» nepeada-
Yae Taki cTafil po3poOKy: TeXHIYHE 3aBJaHHs, €CKi3HUH NPOEKT, TeX-
HiIYHUI NpOEKT, poOOUYe NPOEKTYBAaHHS, BIPOBAKEHHS.

Ha cranii TexHidHOro 3aBAaHHs BUAINAIOTE TAKi €TAITH:

1) oOrpyHTyBaHHs HeOOXiHOCTI Po3pobKU MporpamMu: MNOCTAHOBKA
3ajadi; 30ip BUXiAHMX naHMX; BUOIp 1 0OIpyHTYBaHHSA KpUTEpIiB ede-
KTHBHOCTI Ta AKOCTi MPOTpamMM, 1IO0 PO3po0sIeEThCs; OOrpYHTYBaHHSA
HeoOXiJHOCTi MPOBEJCHHA HAYKOBO-JOCHIIHAX POOIT;
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2) HayKoBO-fOCHiAHI po6OTH: BU3HAYEHHA CTPYKTYpH BXiIHHUX i
BHXiJJHHX AaHHX; IOTiepeaHif BUOIp METOIB PO3B’13aHHs 3a/aui; 00-
TPYHTYBaHHsl JAOLUIBHOCTI 3aCTOCYBaHHS MporpaM, siki po3poGei
paHille; BU3HA4YCHHS BMMOT IO TEXHIYHHX 3ac00iB; OGIpyHTYBaHHS
NPHUHLIMMIOBOT MOXKIIMBOCTI BUKOHaHHSI MIOCTaBJICHOTO 3aBIaHHS;

3) po3pobka Ta 3aTBEp/DKCHHS TEXHIYHOTO 3aBIAHHA: BU3HAYEHHS
BUMOT 10 MIPOrpamMH; po3poOKa TEXHIKO-€KOHOMIYHOTO OOIpyHTYBAaHHS
po3po6KH NMPOFpamMy; BU3HAYEHHS CTajlill, €TamiB i TepMiHiB PO3pOOKH
nporpamMM Ta AOKYMEHTalii 1o Hei; BUOIp MOBH NpOrpamyBaHHS; BH-
3HAYECHHA HEOOXIAHOCTI MPOBEAEHHS HAYKOBO-AOCHIIHUX pobiT Ha Ha-
CTYNHHX CTaJisX; MOTOKEHHS Ta 3aTBEP/DKEHHS TEXHIUHOTO 3aBIAHHS.

Crazisi €CKi3HOTO MPOEKTY CKIaAacThCA 3 TAKHX €TaniB:

1) po3pobka ecki3HOro NpoeKTy: nonepeHs po3po61<a CTPYKTYpH
BXIJHHX i BHXiJHUX JaHHUX; YTOUHEHHS MeTomB pO3B’sA3aHHA 3ajaui;
po3pobka 3araJbHOrO ONMCY aJrOpUTMY pO3B’sA3aHHS 3a1ayi; po3po6-
Ka TEXHIKO-€KOHOMIYHOTO OOIpYHTYBaHHS;

2) 3aTBEpMKECHHs €CKI3HOIO MPOEKTY; po3poOKa MOSCHIOBAIBHOT
3aMMCKH; TIOTOJKEHHS Ta 3aTBEPKEHHS €CKI3HOFO MPOEKTY.

Ha cTanii TexHiuHOro npoexTy ciii BUAINUTH TaKl eTanu:

1) po3pobka TexHiYHOTO MpoeKTy: YTO4YHEHHS CTPYKTypH BXiJ{HMX
| BUXIAHHX NaHWX; Po3pobKa aNropuTMy po3B’si3aHHs 3ajlaui; BU3HA-
yeHHs1 GopM NOAaHHA BXIJHHWX i BHXIOHHX HAHWX; BU3HAYEHHS Ce-
MaHTHKH T4 CHHTAKCHCY MOBH; po3po6ka CTPYKTYpH NPOrpaMmu; ocTa-
TOYHE BU3HAYEHHSA KOHpirypalii TeXHiYHHX 3ac0o0iB;

2) 3aTBepIXKEHHs TEXHIYHOTO MPOEKTY: po3pobOKa MiaHy 3axoAiB 3
po3poOKH Ta BNPOBa/KEHHS TPOrpaM; po3poOka MOACHIOBANLHOT
3aITHCKH; NOTOMKEHHS Ta 3aTBEPIKEHHS TEXHIYHOTO NPOEKTY.

Ha cTaaii po6o4oro npoexTy BU3Ha4alOTLCS TaKi €TaNy:

1) po3pobxa nmporpamu: po3pobka Ta HalaroUKEHHs POrpamH;

2) po3pobka nporpaMHoi JOKyMeHTalil: po3pobka NporpamHoi
JOKyMeHTaLil BianoBiaHo Ao Bumor Jlepxcranxapry 19.101—77;

3) BunpoOyBaHHs mporpamu: po3pobka, MOTOMXKEHHS Ta 3aTBep-
JUKEHHS NporpaMM Ta METOAMKH BUNpoOyBaHb; MPOBEAEHHs Nonepe-
JHIX Jep>KaBHUX, MiIXBiZOMUYMX, NPHHMAJbHO-30aBabHUX TA IHIUMX
BHMAIB BUNPOOYBaHb; KOPUryBaHHsS MpOrpaMHM Ta MNPOrpamMHoi JOKY-
MEHTALlii 3a pe3ynbTaTaM1 BUNpoOYBaHb.

Ha crapnii BupoBajkeHHs 3AiHCHIOETBCA NIArOTOBKA Ta nepeaaya
nporpaMu: MiroToBKa Ta nepejaya nporpamMu Ta MPOrpamHOl AOKY-
MEHTaLii Ui CYyNnpoBOPKEHHA Ta (a60) BUroToBicHHS; 0GOPMIIEHHS
Ta 3aTBEP/DKEHHSA aKTa MpO Hepejayy NporpaM Ha CyNpOBOMKEHHS
Ta (ab0) BHUrOTOBJIEHHs; Tiepenaya nporpamu y ¢GoHA anropuTMie i

Aporpam.
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Jinst BUKOPHCTAaHHS MPOTpaMHMX 3aCO0iB, KPiM BIacHe Nporpam,
HEOOXIHO CTBOPIOBATH MOBHY T4 SIKICHY NPOrPamMHy JOKYMEHTALLO.
IIporpamui JOKYMEHTH MICTSTh BiZOMOCTI, HEOOXiAHI Ms po3pobKy,
BHIOTOBJICHHS, €KCIUTyatallii Ta CylpoBOKeHHs nporpaM. [lo HuX BiI-
HOCSITh cneuml)ix(aui}o, BiIOMiCTh TPMMauiB OpHriHAlIB, TEKCT Mporpa-
MH, OITHC TPOrpamMu, Mmporpamy Ta METOAMKY BUIPOOYBaHb, TEXHi4HE
3aBJaHHs, MTOSCHIOBAJILHY 3aITUCKY, €KCILUTyaTalliiiHi JOKYMEHTH.

Excrutyatauifiti JOKyMEHTH MICTATb BIJOMOCTI [l 3a0e3neueHHs
dyHKwioHyBsaHHs Ta excrutyarauii nporpamu. [lo HUX BiIHOCATE: Bifo-
MIiCTh eKCIUTyaTaLiHHuX JOKYMEHTIB, GOPMYJAp, ONKC 3aCTOCYBaHHS,
nocibHUK CHCTEMHOro Mporpamicra, NOCiOHUK nporpamicra, nNociGHUK
KOPUCTYBa4a, OIIHC MOBH, TOCIOHMK 3 TEXHIYHOrO 0OCIyroByBaHHS.

3.2. CYYACHA METOJ0JIOT'I51 PO3POBKH
IMPOrPAMHOTI'O 3ABE3IIEUEHHSI

Crangapt ICO/IEC 12207 He nponoHye KOHKPETHY Mo-

Aenb XKUTTEBOTO LMKIY i MeToAH po3pobkn mporpamHoro 3abesre-
4EHHS, BIH OINHCYE CTPYKTYpPYy NMPOLECIB XUTTEBOTO LMKJIY Mporpam-
Horo 3abesmeueHns (KKL| [13), ane He KoHKpeTH3ye B AeTandx, AK
peanizyBaTy a00 BUKOHATH [il Ta 3ajaui, BKIIOYCHI B L MPOLECH. Min
mozesmo K1 p03yM1€MO CTPYKTYpY, IIO BH3HAYAE NOCHIAOBHICTb
BHKOHAHHA | B3a€MO3B’3KH NMpPOLECIB, 1ii i 3aBAaHb, LHO BUKOHYIOTh-
Csl IIPOTATOM XUTTEBOTO LIMKITY. Monenb :HUTTEBOrO LUKIY 3aIEKUTD
Bin cneuudiky iHpopMaLiifHOT cUCTEMH | cneuuikn yMOB, ¥ SIKHX
OCTaHHs CTBOPIOETHCA | PyHKUIOHYE. BUAINAIOTE Taki MoaeNi )KUTTE-
BOT'O LIMKJTY:

TpaznuuiiiHa (KycTapHa);

MOZAEIb HIBUAKOTO IPOTOTHIY;

Mojaens, 1o 6a3yerscsi Ha NMOBTOPHOMY BUKOPMCTaHHI KOMIIO-
HEHTIB;

MozeJb, O 6a3yeThCs HA aBTOMATU30BaHOMY CHHTE3i Nporpam;

KacKaJ(Ha; '

cripanbHa;

CASE-meron.

3rilHo 3 TpaAMUIHHOIO MOJEIIO KOAYBaHHS Ta HANaroJykeHHs
NporpaMHi BUKOHYIOTBECA Ha TIOYATKy po3po61<n a NoTiM nporpamy
JOBOIATE A0 BUMOT KopHCTyBaqa B Tpaauuiiiniii Moneni BiacytHi
eTanM aHalli3y Ta NPOEeKTyBaHHs, i, K HACIINOK, NPOrpaMHuii BMPIO
Ma€ HU3bKi XapaKTEPHCTHKH axocn, BHCOKa TPYAOMicTKicTh MOAUDI-
Kauii TAKHX Mporpam, MpoLeCy ynpaBiiHHA NPOEKTOM B3araii HEMae.
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Merox mBHAKOrO TPOTOTHITY nepen6aqae po3pobKy B CTHCII
CTPOKH A{H04Or0 MaKeTa HalKpUTHYHILIOT 10 BUMOT KOpHCTyBaua ya-
CTHHH MPOrpaMHoro 3abe3neyeHHs i IpoBeJeHHS AOCIIAHOT eKcITya-
Tauii MakeTa nepes TMM sK nepeiTd A0 po3poOKH MOBHOMACIITAOHO-
ro 3paska. 3a3Bu4ail Hacammnepe] NPOTOTUIYBaHHIO MiUIArae iHrep-
delic kopucTyBaua 3 MalibyTHBOIO cucTeMoro. Lle 1o3BosIse 3anyunTy
KiHIIEBUX KOPHUCTYBAdiB 0 aKTHBHOI CHIBNpalli Ha NMOYaTKOBUX CTa-
HisX po3poOKH MporpamMu i TaKUM YMHOM YHUKHYTH HOPOOOK yiKe 3a-
KIHYEHOT CHCTEMM, 1110 NMOTpedye 3HauHUX koiuTtie. OCHOBHE OpU3Ha-
YeHHS AaHol MOZeNi — TONErUTH BUSBICHHS BCIX BUMOT KOPHUCTY-
Bava. ToMy, IK PaBMJIO, IPOTOTHII MICJAs pO3pOOKH TEXHIYHOTO 3aB-
OaHHs OiJiblle He BUKOPHUCTOBYETHCA | pELITa MOJE/ HKUTTEBOTO LIMK-
7y 30iraeTbes 3 KaCKaaHolMo.

Mogenb, 110 6a3yeTbesi Ha NOBTOPHOMY BUKOPHUCTAHHI KOMIOHEH-
TiB, € OCHOBOIO TaK 3BAHOI0 MOHTa)XXHOTO TPOrpaMyBaHHs, SKe HO-
3BOJISIE CYTTEBO CKOPOTHTH TPHBANICTh PO3poOKH MPOTpaMHOTO 3a-
Be3neyeHHs, NiABULLMTH HaAIWHICTE MPH OJHOYACHOMY CKOpPOYEHHi
3aTpaT Ha cynpoBomkeHHs. Haiibinbmoro edexry nia wac BUKOpHC-
TaHHA L€l MOAEN! NOCATAETbCSA B TUX BUMAAKAX, KOAHM 3HAUYHY YACTH-
HY 3aBIaHb MOXKHa COPMYIOBATH B TEPMiHAX MOPIBHAHO HEBENHKOT
KIJILKOCTI MNij3aBAaHb, siKi BiANOBIAAIOTb CTaHJAAPTHUM TMANpPOrpa-
mam. Toai pospobka NpOrpamMHoro 3a0e3neyeHHs 3BOUTHCS A0 Hank-
CaHHs NOPIBHAHO HECKJIAAHOT NPOrpaMy, sika BUKJIMKAE Wi 0ianpor-
pamu B OTPiOHIHA NOCHILOBHOCTI Ta Opranisye OOMiH JaHMMH MiX
Humu. Taxuit niaxin nepebavae BUBYCHHS MOHATD i BianoweHs BiA-
NoBiaAHOT obnacTi i po3poOKy nakeTa NPUKIIAAHNX NPOrpam, 1o pea-
Ji3y€ Ui NOHATTS | BIAHOIUEHHS, @ TAKOXK BUBYEHHS TEXHOJIOTIT 3aCTO-
CYBaHHS UbOTO Makera niag 4vac dopmanizaunii 3asaaHus. OpHak
yHiKaJIbHI ajgroputMu o0pobku indopmanii cKiaaHUX 3aBjaHb 3a J10-
NIOMOTOI0 CTaHJAPTHUX NPOrpaM OMHUCATH NPAKTHUUHO HEMOXKJIHBO.
Tomy monens, wo 6asyerbest Ha NOBTOPHOMY BHUKOPUCTaHHI KOMIIO-
HEHTIB, y YUCTOMY BHIJIs/II HE 3aCTOCOBYEThLCH.

Mouem,, 1o 0a3yeTbesi HA aBTOMATH30BAHOMY CHHTE3I MPOrpam,
basyeTbcsa Ha MPEACTaBJIEHHI 3HAaHb SIK PO NpejMeTHY 001acTh, TakK i
po NpolecH CTBOPEHHs nporpamuux 3acobie. Peanizauis uiei moaeni
norpebye JOCTATHLO BUCOKMX MOYATKOBHX BUTpAT Ha noby/0BY MO-
Aeneii 3HaHb Ta CTBOPEHHs IHCTPYMEHTanbHMX 3acobiB juis 1X MiA-
TPUMKH, 110 NOB’SA3aHO 3 PU3UKOM 3HAUHOTO MOJOPOKYAHHS PO3POOKH.

OCHOBHOIO XapaKTEPUCTHKOIO KACKAAHOT MOAECII € PO3OMTTA BCieT
po3po0KH Ha eTanu, NpU4OMY Mepexill BiJl ONHOTO €Tally A0 HacTyf-
HOrO Bif0YBa€TbCA TUILKK MiChs TOro, ik Oy/e MOBHICTIO 3aBepllcHa
pobota Ha notouHoMmy (puc. 3.1.). KoxkeH etan 3aBepuiyeTscst BUILYC-
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KOM IIOBHOTO KOMIUIEKCY JOKyMEHTalii, JOCTaTHBOI A/ TOro, 106
po3pobka Morsia 6yTH NPOJOBKEHA iHILIOK KOMaHAOKO PO3POOHHKIB.
Kackanuuit niaxin HaliGinbm npuaatHuil A1 nobynosu ingopma-
LifHUX CHCTEM, [UIA SKHX Ha CaMOMY NOYaTKy po3poOKU MOXHa 10-
CHUTh TOYHO i MIOBHO C(OPMYIIIOBATH BCI BUMOTH, 06 HaJaTH po3po-

6HMKaM MOXUIMBICTB peajii3yBaTH iX siknaikpame. JIo 1iei xateropii

HaJIeXaTh CKJIAJHI PO3pPaXyHKOBI CHCTEMH, CHCTEMH PO3B’sI3aHHS 3a-
Jladi B pexuMi PeasibHOro 4acy.

Onnak, y nporeci BUKOPUCTaHHA UBOTO MiAXOAY BUABMIIOCS, LIO
peanbHui NpONEC CTBOPEHHs NPOTPamMHOro 3abesneyeHts Hikosu no-
BHICTIO HE BKJTa/IaBCsl B TaKy OPCTKY CXeMy, NMOCTIHHO BRHMKa€ no-
Tpeba B l'lOBepHeHHl IO MONepe/iHix eTaliB i yTOYHEeHHi Y nepernsai
paHilie NPUAHATHX pillleHb.

OCHOBHMM HEJOJIIKOM KacKaJHOTO MiJXOAY € ICTOTHE 3armi3Hio-
BaHHS 3 OTPUMAHHSAM PE3yNbTaTiB. Y3ropKeHHs pe3y/IbTaTiB 3 KOpUc-
TYBa4aMH BUKOHYEThCA TiJIbKM ITiC/Sl 3aBEPIICHHS KOXHOrO eTamy
poOiT, BUMOTH J10 iHpOpMauiiiHOT CHCTEMHU Y BUIIISIAI TEXHIYHOTO 3a-
BIAHHS Ha BeCh 4ac ii CTBOPEHHS HE 3MiHIOIOThCS. TakuM YHHOM, KO-
PHCTYBaui MOXKYTb BHECTH CBOI 3ayBaXkK€HHs JIMLUE MiCAs TOTO, K po-
6ota Haj cuctemoro Oyae MOBHICTIO 3aBepuieHa. Y pa3i HETOYHOTO
BUKNaay BUMOTr ab0 3MiHM NPOTAroM TPUBAJOTO NEPIORY CTBOPEHHS
1H(OPMaLIHHOI CHCTEMH, KOPHCTYBa4i OTPUMYIOTH CUCTEMY, IO HE
3aJI0BOJIBHAE TXHIX NOTpes.

[ AHani3s

l Peanizauis I_l
| Bnpoaaﬂ)xel;nu—l—l

| Cynpoaozm&emlil

Puc. 3.1. Kackaana moaens po3pobku nporpamHoro 3adesneveHHs

Jnd nomonaHHs HEMONIKIB KacKaaHOT Moaeni OyJa 3anporoHoBa-
Ha cnipanbHa MOJENb KMTTEBOTO LMKy, 1O poOUTH HAronoC Ha 1o-
YaTKOBHMX €Tanax XHTTEBOIO LMKITY: aHani3 i npoextyBanHs. Ha umx
eTanaX MOXIHMBICTh peajlisalii NPOSKTHHX pIlIEHb MepeBipAETECS
IUIIXOM CTBOpPEeHHA npotorumiB. KoxkeH BUTOK cmipani Bianosinae
CTBOPEHHIO ()parMeHTa 4M Bepcii nmporpamHoro 3abe3neueHHs, Ha
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HBOMY YTOYHIOIOTHCS LiJIi Ta XapaKTEPUCTHKH MPOEKTY, BU3HAYAETD-
¢ MOro AKiCTh i MIAHYKOTBCS pOOOTM HACTYNMHOTO BHMTKa CrHipai
(puc. 3.2.). TakuM YHMHOM 3arNUOIIOIOTECA 1 MOCHIAOBHO KOHKPETH-
3yIOTBCS JIETANli NIPOEKTY, i y pe3ynbTaTi BUOHpaeThCs 0OrpyHTOBA-
HMi BapiaHT, KUl JOBOAMUTLCA 0 peanizalil.

BrunpoGyganns
Ta OLliHKA

InTterpauis

BusHayeHns
BUMOT

Amnanis
Peanizanis
i TECTyBaHHS

NPOTOTHUITH

IpoextyBaHHs

Puc. 3.2. CnipajibHa MOJEJb )KUTTEBOIO LUKITY

Po3pobka itepauismu BigoOpaxkae 06’€KTUBHO iCHytouuit cni-
panbHHii KUK CTBOpPEeHHA cucTemu. HenoBHe 3aBepiueHHs pobiT Ha
KOXXHOMY eTani J03BOJISIE NEPEeiTH A0 HACTYNHOTO €Tary, HE YEKAIOUH
TIOBHOTO 3aBEPLICHHA PobIT Ha notounomy. flpu iTepauifiHoMy cno-
cobi pO3poGkH pobory, akoi Gpakye, MoxHa Oyje BUKOHATH Ha Ha-
CTYNHiH iTepauii. A rof0BHUM 3aBJAHHAM € IKHAHLIBMALIE NMOKA3aTH
KOpHCTYBa4aM CHCTEMH Npaule3faTHHiIl NPOAYKT, THM CaMUM aKTHBI-
3yIO4H MPOLEC YTOYHCHHS Ta JIOMOBHEHHS BUMOT.

OCHOBHUM HEAOJIIKOM CMipanbHOT MOZeNi ¢ BU3HAYEHHSI MOMeElI-
TY Nepexoay Ha HacTyNHuMH etan. J{ng uboro BU3HaueHHs HEOOXiAHO
BBECTH THMYACOBI OOMEXKEHHS Ha KOXHUIA 3 €TaniB >XUTTEBOTO LIMK-
ny. Tlepexin 3aiHCHIOETbCSA BIAMOBIAHO 0 MJaHy, HABITb AKIUO HE
BCA 3anjaHoBaHa poborta 3akiHuena. IlnaH ckaaaaeTbes Ha OCHOBI
CTATHCTUYHUX AAHHUX, OTPUMAHMX Y TIONEPEAHIX NpoeKTax, i 0coOHU-
cTOro JocBiay po3podbnuxiB. llle ogHUM HeAONIKOM CMipalibHOI MO-
Jieli € 3Ha4HI BUTPaTH pecypciB MijJ yac po3poOKH BETUKUX MpoeK-
tiB. ToMy w0 MoJens BUKOPUCTOBYIOTb TOAI, KOJIK MacuuTabu
NPOEKTY HEBEJWKI, ane iCHye 3HauHa HEBU3HAYEHICThb LIOJO BUMOT

51



KOpHUCTyBadiB. SKINO  NPOEKT AOCTATHBHO BEIHKUH, TO B HHOMY
MOJKHA BHIITHTH O0OMexeHy 3a o6csArom mijgcucremy, siKy, Cripasii,
JOUUIBHO pO3pO0JIATH, BHKOPUCTOBYIOUM CHipajibHy MOAEHb. Y
3B’A3Ky 3 TPYAHOLIAMH TUIaHYBaHHA poOIT [0 MoJAeNb HaiyacTime
3aCTOCOBYIOTh Y BHUNIaAKax, KONM po3poOHHUK i KOpUCTYyBa4 — OJHA
/i Ta cama opraHizaris.

v Tenepimﬂiﬁ yac po3pobui NpOrpamMHoro 3abe3neyeHHs npura-
MaHHM#A BUCOKHIA CTyNiHb aBTOMATH3aL{I BCiX POBIT i nepexia 1o iH-
AycTpiamizailii usoro npouecy. lle Bupaxaerbcs nepeayciM y Bnpo-
BakeHHI CASE-cucTtem, sike peanizye EBHY METO/I0JIOTiI0 PO3poOKU
nporpaMHOro 3a6e3nequHa, 110 OXOILMIOE BECH KUTTEBUN LMK NPO-
rpamHoro 3abesneucHus. Tepmin CASE (Computer Aided Software
Engineering) Ha0yB y Halll 4ac BeJibMH mUpoKoro 3Mmicry. [Touatkose
3HayeHHs TepMiHa CASE, oOMexeHe JiMlIe MUTaHHAMY aBTOMATH3a-
uii po3pobku nporpamuoro 3abe3neyeH s, HUHI HabyJl0 HOBOIO 3Mic-
Ty, IKHH OXOIITIOE MPONEC po3pobKH CKIAIHUX iHGOpMaUiiHHX CHC-
TeM y uinomy. Tenep nia tepminom CASE-3aco0y posymitoTe npo-
rpamHi 3acob, 10 MIATPUMYIOTh MPOLECH CTBOPEHHS i CyNpOBO-
IKEHHA iHopMaLliiiHUX CHCTeM, BKIIOYAIOYM aHaliz Ta ¢Gopmymo-
BaHHA BUMOT, TPOCKTYBaHHS TPUKIAJHOIO MporpamHoro 3abesne-
yeHHs 1 6asy JIaHNX, TeHepaLito KOy, TeCTYBaHHs, JOKYMEHTYBaHHS,
3abe3nedenHs SKOCTI, KOHOIrypauiliHe KepyBaHHSA | KepyBaHHS Mpoe-
KTOM, a TaKox iHui npouecu. [1ig 3acobamMu npoextyBaHHs iH(Op-
MalifHUX cucTeM OyaemMo po3yMiTH KOMIUIEKC iHCTPYMEHTAJIbHUX
3ac00iB, 110 3abe3neuyloTh y paMkax BUOpaHOi MeTOA0NOrT Npoek-
TYBaHHS NIATPUMKY MOBHOI'O XXHMTTEBOTO LMKAY iHpOpMaLiiHuX cHc-
teM. CASE-3acofu pa3om i3 CUCTEMHMM MporpaMHuM 3abesneueH-
HSIM | TEXHIYHUMH 3ac00aMH YTBOPIOIOTb NIOBHE CEPEAOBHILE PO3POO-
ku inpopmauiinux cucrem. CASE-trexHosoris asnsge co6oro metojio-
JIOTiFO MPOEKTYBaHHA NporpaMHoro 3abe3neyeHHs, a Takox HaGip iH-
CTPYMEHTAJIbHMX 3acO0iB, IO AO3BOJISIOTH Y HaouHii dopmi mojue-
JIOBATH NPEeAMETHY 001acTb, aHaNi3yBaTH 110 MOJEJb HA BCIX eTanax
PO3po0OKHK i CYNPOBOKEHHsI MPOrpamMHOro 3abe3rneyeHHs ta po3po6-
JSTH MPOrpaMH BIAMOBIAHO A0 noTped KopucTyBadis. BinblicTs ic-
Hytounx CASE-3aco6iB 6GasyeTbcst Ha METOAONOTISIX CTPYKTYPHOTO
abo 00’€KTHO-OPIEHTOBAHOTO aHanisy i NpoeKTYBaHHs, WO BHKOPHC-
TOBYIOTb cneuminkauu Y BUIJIANL Aiarpam abo TEKCTIB 1s onucy 30-
BHIIIHIX BHMOT, 3B "A3KIB MIDK MOJENISIMM CHCTEMH, JMHAMIKH TIOBO-
JOKEHHS1 CHCTEMM H apXiTEKTypH nporpaMHux 3aco6lB. CASE-MeTo-
IoJIoTisl MPHITYCKAE, K NPAaBHUIIO, HASBHICTH TAKMX €TaIiB: CTpaTeriy-
HE IUIAHYBaHHS, aHaNi3, POEKTYBaHHs, peanizalilo, BNIPOBaIKEHHS,
EKCIUTyaTalilo Ta CynpoBo/keHHs. KokeH eran xapakrepusyeTbes
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MIEBHUMH 331a4aMH | MeToaMH 1X po3B’si3aHHs, NOYaTKOBMMH JaHU-
MH, OTPHMaHHUMH Ha MONepeIHbOMY €Taili, i pe3ylbTaTaMu. ’

Ha erani cTpaTteriyHoro njaaHyBaHHs po3poOJsiETbes y3arajibHe-
Ha MOJeNb Oprafizaliii, 1o OTHCye il indopManiiini motpebu i (abo)
NPOLECH, IO TPHBAKOTH y Hil. Po3pobnecHa Mofeis cTae OCHOBOIO
ANls IPOLIECY aBTOMATH3aLii JaHOi OpraHizauil Ta IDKepesioM IIaHy-
BaHHs UpOro mpouecy. Ilranyiors posnoain ycix BuiiB pecypcis,
BM3HAYAIOTh [OC/TIAOBHICTh pOGIT i iX npioputerd. [lauuii eran y -
CASE-cucremax BiacyTthiii. PesyabraToM poOoTH Ha LbOMY €Tani €
KOHLENTyaNbHa MOAENb, 0 Oyfe OCHOBOIO AJIA €Taly aHanisy, i
TTaH po3poOKH.

Eran aHanisy MoYHHAETbCS 3 AETaNli3yBaHHA KOHUENTYAJIbHOI MO-
Iesi, Ha 1IbOMY eTarni BU3HaYaeThe, 110, BIacHe, Niansrae po3podul, i
nepenbavyaerses po3pobka CYKYMHOCTI MoJenei, AKi BigoOpaxaioTs
pi3ui acnext npo6nemu. I[lpouecu i noroxu indopmauii Bigo6pa-
JKAKOTHCS JiarpaMaMy MOTOKIB JaHuX, iHpopMauiiiHi noTpedu cucre-
MM, 1O PO3pOGNAETLCS, — JiarpaMamy CyTb-3B’s130K, TUM4acoBi ac-
nektn (YHKUIOHYBaHHS — JiarpaMamM CTaHiB-nepexoliB. Yci TpH
TUMNK Jiarpam 3aCTOCOBYIOTHCS | HA eTani CTPaTeriyHoro nJaHyBaHHs,
ajie Ha y3arajbHEeHILOMY PiBHi.

Ha piarpamax noTOKiB AaHUX Bi10Opa)xaloTbCs MOTOKW JAHMX,
TIPOLIECH, IO MEPETBOPIOIOTH BXiAHI MOTOKU y BHXIiAHI, CXOBULUA iH-
dopmauii, 30BHILWHI 10 BiAHOWEHHIO Ko cucTemu. KoxeH 3 npouecis
Moxe OyTH npeacTaBieHMit piarpamoto Guibll HU3bKOro pisHa. Ha-
Jani ui aiarpamy cayxarb OCHOBOIO AAs (POPMYBaHHS CTPYKTYpH
nporpamHoro 3abesneueHHs, wo po3pobaserscs. Ha aiarpamax cyte-
3B’5130K MOKA3ylOThCs TaK 3BaHi CyTHOCTi (iHdopMaLis, wo ABs€E iu-
Tepec 3 NOMSAAY NOAANBIHOrO 30epiraHHa) i 3B’ A3KU MIXK CyTHOCTSIMH
3 BinoOpaxkeHHaM Xxapaktepy 3B’a3kiB. Ll aiarpama € ocnosoro s
npoekTyBanHa 6a3 nanux. Ha niarpami cranis-nepexonis BinoGpa-
KAIOTHLCA CTAHH, B AKUX MOXE 3HAXOJAMTUCS CHCTEMA, i MOXUIUBI Me-
pexoau 3 OAHOrO cTaHy B iHmMi. Ha ocHOBI Alarpamu notim rnipoek-
TyeTbC  iHTepdeiic kopucryBaya. JlaHuit eran 3akiHYyeTbCA
BUOMpaHHAM MONEPEHBOT aPXiTEKTYPH CHCTEMH 3 CYKYMHOCTI MOAE-
nei, 1 ug inopmanis nepenaeTbcs Ha HacTynHuid eTan. PopmyeTbes
TaK 3BaHHH CNOBHUK JJAHWX — TEpeliK OMUCIB YCiX €JIEMEHTIB MOJE-
neid. Y pesyinbTaTi OTPUMYEMO MOJE/bL NPOrPaMHOro 3abesneueHns,
o ABasE cOGOI0 CYKYIHICTh MOAENEH NOTOKIB AaHWX, CYTb-3B’5130K,
CTaHiB-TIEPEXO/iB; CIOBHWK JaHMX 3 ONHCOM YCIX €NeMEHTIB Moje-
JIeid: MOTOKIB IAHKX, CXOBHIL JaHUX, POUECIB, CYTHOCTEH | iIXHIX aT-
puOYTiB, a TAKOX 3B’A3KiB MiX CYTHOCTSMH, CTaHiB 1 NEPEXO/AiB; MaH
TECTYBAHHS; NONEPEHIO apXITEKTYPy CUCTEMH.

53



Otpumana indopmMarnis Ha3UBAETHCS CTPYKTYpPHOW cneuumdikani-
€10 Ha nporpamHe 3abesnedeHHs, IO po3podIAeEThes, i BimoOpaxae
BUMOTH Ha HOro po3pobKy.

ETan 3aralbHOro nmpoekryBaHHs MOYMHAETBCS 3 aHawi3y mornepe-
JHBOT apXiTEeKTYPH, CPOPMOBAHOIO Ha MoOfepeHBOMY €Tami. AHai3
IPYHTYEThCS Ha KpnTepmx SIKOCTI, BU3HAYEHHX AJIsl apXITEKTYpH. Ap-
x1TeKTypa Ma€ JIOTIYHUI XapakTep y TOMYy IUIaHi, IO BOHA He
NpHUB’s3aHa A0 KOHKPETHUMX MOB NpOTpaMyBaHHs, OMfepaliiifHux cHc-
TEM Ta OCOOJIMBOCTEH KOMM'tO0Tepa. Y pe3ynbTaTi OTPHMYEMO: apXi-
TEKTYPY CHMCTEMH Y BUIVIAJI TaK 3BaHOI CTPYKTYPHOI CXEMH, Ha sKiii
BifloOpaskeHi MporpamMHi MOy Ta 3B’A3KM MK HMMH, a TAKOX JaHi,
IO NEPENAlOTHCS Bijl OHOIO MOJYNA IO iHILOro; MPOeKT 0a3 AaHMX i
inTepeiicy KOPUCTYBaya; CIOBHHK JAHHX, WO MICTHTH OTIHC IMX Jia-
HUX 1 TXHBOT CTPYKTYpH; cneundikaii MOAyiB 3 ONKCOM iX MpU3Ha-
YeHHs Ta 0cOONNBOCTEH; NPOEKT aAPXITEKTYPHMX TECTIB.

Bea ug indopmanis nepenaetbca Ha eran AETadbHOTO MPOEKTY-
BaHHA. TyT po3pob/sIOTECA aNrOpUTMH IPOrpaMHUX MOAYJIB HA OC-
HOBI ix crienwdikalliii, oTpumMaHuX Ha MOTIEPEIHEOMY €Talli, a TaKoX

TIPOEKTH MOLYIBHHX TECTIB 3 YPaxyBaHHAM IXHbOT CTPYKTYpH, BCE LE

TIePEXOANTH Ha eTall peanisauii.

Ha erani peanisaiii nporpamui Mmoayni KoayroTecst BUGPaHOK MO-
BOIO TIPOrpaMyBaHHs BiANOBIJHO JO PO3po0JIEHUX aNrOpUTMIB i Ha-
naroJUKyroThes. Jlani 3a njaaHoM TECTyBaHHSI NPOBOJAUTLCS TECTYBaH-
HA nporpaMHoi cucteMd. Ilicng uporo pospobieHe nporpame
3abe3nedeHHs MeEpeNacTbess Ha CYNpPOBOMKeHHsS. JKMTTEBMI UMKN
po3pobKkKM Ha LIbOMY 3aKIHYYETbCA | MOYUHAETHCS KUTTEBHUI LMKII
nporpaMHoro 3abe3neyeHHs.

CASE-texHonoris — MoTyXHUH 3acib, npy NpaBUIBHOMY BHKO-
PHCTaHHI AKOTo mpouec po3pobkH iHhOpMaLiRHUX CUCTEM CIPOLLy€E-
ThCsl 3aBJASKY BUKOPMCTAHHIO MEBHOro komrutekcy nporpam (CASE-
3acofy) Ta HOBOTO MiAXOLY A0 METOJOJIONIT Ta MpaBuil, 3a SKMMH Bill-
OyBacTbCsi CTBOPEHHS iH(pOpMAUiHHUX cHCTEM pospobHukamu. 3a
CASE-rexHoJtorieto iHOpMaLiiiHi CUCTEMH CTBOPIOIOTLCS iTepaLifi-
HHUM LWISXOM, TIPH SKOMY KiJIbKa pa3iB BiIGyBa€TbCsi MPOLEC MpOXo-
JKEHHs! OHMX 1 TUX caMMX eTaniB po3pobku. Lle cTae MOKIMBUM 3a-
BIAKHM TOMY, 110 BHKOPHMCTOBYIOTECS aBTOMAaTH30BaHi 3acobu 306epe-
XKEeHHs iHpopMaLii npo nonepeaHiii cTaH po3pobku KOXKHOT 3 pobiT, 3
AKUX CKJIAZacThes npouec po3pobku cucremu. Ilpu 3mini y dopmari
abo mepeniky BXiIHUX a00 BMXIAHHX AAHHUX OJHI€l 31 CKMafOBUX A5
BCiX iHUIMX, fAKi MOB’SA3aHi 3i 3MiHOK, aBTOMATHYHO BCTABISETHCS
nparnop, KW BKasye Ha Te, 1O Biadynacs Taka 3MiHa i po3poOHMKH
TIOBHHHi 3BEPHYTH yBary Ha Hei ¢axr.
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Aste cnip iyxe o0epexHo MiAXOAUTH 1O np06neMﬂ nepexony Ha
HOBY CHCTEMY TpOEKTYBaHHS npoeImB Lie moB’s3aHO He TiNBKH 3
Npo6IEMOIO BUBYEHHS MOXUIMBOCTEH Ta (YHKLIH HOBUX MPOTPaMHAX
NaKeTiB, 3a JOMOMOTIOIO SIKUX 1 Bil0yBaeThCs nporec po3pobku mpoe-
KTy, @ H 3 THM, HIO NPOEKTYBaJIbHUKAMH BUTPAYaTUMYTHCS AOCHTH
3Ha4Hi 3yCWIUIA Ha BUBYEHHS HOBHX TEXHOJOIH Ta METOAMK MpOEK-
TYBaHHS.

CASE-3aco6u 3abe3neuyioTh Taki OCHOBHI MOXIJIMBOCTI 3 MPOEK-
TyBaHHs Ta MoAHdiKaLiil iHpopMaLiiHUX cHCTeM:

1) mBuaKoi MoGyAOBH CTPYKTYpHO-NOMIYHOTO OIKUCY CKJIAJAHUX
KOMIJIEKCIB Ta CUCTEM 00’ €KTiB, 0 B3aEMOAIIOTH MiX c0000, AWHA-
MiYHHX NPOLIECiB, MOTOKIB Ta 0a3 JaHWX miA uac NOOYIOBH apXiTek-
TypH 1HpoOpMaLUiiiHOT cucTeMu, moO MoaemorThes. LlBuakicTe po3-
poOKH € NPUHLMNOBO BaXJIMBOIO, OCKIJILKY MOJENIFOBaHHS Mae OyTH
HE ransMOoM, a HaBMaky — TNPHCKOPIOBAYEM MPOLIECY TIPOEKTYBAHHS
CHCTEMH;

2) npencTaBieHHs JOTIYHO-JUHAMIYHUX MpoleciB 0OpoOKM iH-
hopmaniiinux i MaTepiaibHHX NOTOKIB CHCTEMH Ha PI3HUX PIBHAX Jie-

) Tam3auu apxnrem*ypn 3 BMKOpl/lCTaHHﬂM y3araaneHb AKI a}lCKBaTHl

XaHuM piBHa AeTasisauii. MOXAHBO onucyeatd ojHi # i caMi npo-
LECH 3 Pi3HOIO MipoiO JieTanizallii, a TakoX BHOCHTH 10 MO airo-
putMu dyHKuionyBaHHa opraisauii y surnaai Gissec-npasui, wo
q)opmymo}oﬂ)ca excnepramu. I1in yac onucy apxirektypu iHpopma-
WiMHOT CHCTEMM € MOXIIMBICTb HABOAWTH B MOAEIi y3araibHeHi npa-
BUWJIa JIOriuHOT opraHizaii npouecis 06pobku iHnpopmauii, obMexeH-
Hsl Ta BJIACTMBOCTI apXiTeKTyp, 1O MOJEIOIOThCS;

3) NpoTOTHNYBaHHA AWHAMIYHUX MOAENEi apxiTekTyp, TOOTO
npeAcTaBieHHs 1X Y GopMi, sika € BIAKpUTOIO, MoaudikoBaHoro, ne-
TanizoBanoto. Jlns BeMKMX opraHizailiil npouec CTBOPEHHS NpUKia-
OHUX MOJEJIeH MOYKE pO3rOYMHATHCS Ta MapanejibHO PO3BHBATHCS B
pi3HUX Toukax. ToMy HeoOXximHo 3abe3neuntH eauHy opMy cTBO-
peHHs Moaenei Ha Gasi opHoro npororuiy. Taka gopma npeacTas-
NeHHsl MOJieNleli Biflirpae TakoxX poJb NPOTOTHIY apXiTeKTypH iHgop-
MaLiHHOT CMCTEMH, Mic/g YOro NOC/i0BHO YTOUHIOETHCS Ta AeTali-
3YETHCH 10 OTPUMaHHA pe3yabTaTUBHUX pillleHb. Baxsneo, mob uei
Mpouec He CyNpoBOAXKYBaBCS KOXKHOTO pasy nepenporpamyBaHHAM
MOJieJIeld, a nonisras y KOpuryBaHHi Ta IlCTaJ]l3dLlll POCTHX CTPYKTY-
PHO-Bi3yanbHUX KOMIOHEHT, JIOMYHMX 3B’A3KiB Ta npaBua QyHKLIO-
HYBaHHA MOAENEH;

4) ctBopenHs 6ibaioTex TMMOBMX 0G’€KTIB Ta MOJENEH THNOBHX
npoLecis, 3a JI0NOMOTOI0 IKUX MOXYTh GyTH CTBOpEHi MOAEi HOBHX
npoekrtiB. ITosuHna Oyt 3abe3neueHa MOXIUBICTB iHTerpawii pe-
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3yNbTaTiB MOAENIOBAHHS OIHI€l 3 iHpOpMAIIITHAX CHCTEM, IO B3ae-
MOIIFOTh MDX CcO0O0I0, IO IMITAiHHUX EKCTIEPUMEHTIB 3 iHOIOIO iH-
(dopMaLliifHOIO CUCTEMOIO Ul CIIPOIIECHHS MPOLECy NOCIHIKEHHS iX
CYMICHOTO (YHKI{IOHYBaHHS;

5) MOXNMBICTE iHTENIEKTyalbHOI OOpOOKH pe3ysibTaTiB AUHaMIY-
HOTO MOJICJIIOBAHHs JUIsi ONIEpaTMBHOTO OTPMMAaHHA HEOOXiHUX OLli-
HOK METPHK Ta XapaKTepUCTUK apXiTeKTypH iHPOPMALIHHAX CHCTEM,
O JOCHIJPKYIOTECS, 32 pe3yJbTaTaMy IMITalliiHUX €KCIICPUMEHTIB
NpOTArOM BEJMKHX BiJIPi3KiB MOAEILHOTO Yacy;

6) noOynOBY IMHAMIYHUX MOJENEH, sIKi € OpiEHTOBAHMMH Ha pO3-
poOHMKIB iHdopMaLliiHUX CUCTEM Ta €KCHEPTIB OpraHizaiiii, sKki BU-
KOHYIOTb He e GOpMYBaHHA Ta OL[IHKY BUMOT A0 iHpopMaliiHuX
CHCTEM, a H peimkeHipuHr 6i3Hec-npoleciB opraHizanii, 110 aBTOMa-
THU3YETHCA.

3.3. TEXHOJIOT'IA IIPO'PAMYBAHHS

VY Mipy po3BUTKY OOUYMCIIOBANLHOI TEXHIKM BHHHUKAJIN
pi3Hi TexHoOrii NporpaMyBaHHs. Ha koxHOMY eTarni cTBoproBascs
HOBUI MiaXiJ, AIKUM JoNomaras TpoOrpamicTaM JaBaTu pajy Aciati
OiNbIIOMY YCKNAZHEHHIO MporpaM. Texuonozis npozpamyeanns
[programming tecx—mology] — cUcTeMa MeToiB, cnocobiB i nphiio-
MiB po3poOKH i HaNaroJHKeHHs Nporpam.

Bucxione npozpamyeanns (npocpamyeanns «3nu3sy e2opy») [bottom
up programming] — croci6 po3poOku nporpam, miji yac SKOro cno-
YaTKy NPOEKTYIOTBCS i HaNaroJUKyIOTbCsl NporpaMy Ans BUKOHAHHS
MPOCTHX OmepaLii, a noTimM po3pobieHi Moayi 06’ €AHYIOTbCS B €11~
Hy nporpamy. IIpu usomy ctpykTypa i pyHKuUioOHaNbHE NPHU3HAYCHHA
GyHxui# Ginbll BUCOKMX piBHIB BUTIKAE 3 QYHKILIN HHKHBOTO piBHS.

Husxione npozpamyeanns (npozpamyeanust «320pu enus») [top-
down programming] — cnoci6 po3p06Ku nporpam, 3a sKOro Ha KOx-
HOMY KpOUI JeTani3yBaHHs /i KOXHOI 337aui CKJIaJacThes mporpa-
Ma B TEpMiHAaX BHAINEHHX B Hiif nia3ajay. AJNropuTM po3B’s3aHHS
3aaavi po30UBa€eThCs Ha MpocTitii yacTuHu abo niazagayi. IMigzanayi
BUIIIAIOTH TakK, 100 BoHK Oyau HesanexHumu. Ilpy upoMy cknana-
FOTh MJJaH PO3B’S3aHHS LiNOT 3a/4adi, NMyHKTAMHK SIKOrO i € BHLJIEH]
yacTuHH. [Tnan 3anucyroTs rpadiuyHo, BU3HA4arOTh OJIOBHY i niajer-
ni nig3anayi Ta 3B’43KH MiX HUMH, BCTAHOBJIIOIOTh, AKI JaHi oTpUMye
KOXKHA NiA3ajaya Jyisi (QyHKUiOHYBaHHSA i sSKi pe3yJbTATH BW/IAE.
CxnajaeTecs mporpama, sika MICTUTH BMKJIMKM mignporpam (npo-
uenyp adbo ¢yHkuiit), BitnoBinHUX BuaideHuM ninzagadam. Lo npo-
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rpaMy MOXHA Bipa3y Hanaro[uKyBaTH, IiJITpOrpaMH IS Wijg3ajad
THMYACOBO 3aMIiHIOIOTHCS «3arlylIKAMW». AHAJOTTYHO NPOBOAMTECS
AeTanisaiis i mporpaMyBaHHs KOXHoI mia3ajgadi. [Ipouec nocimiios-
HOT JeTanizanil BigOyBaeThCs JOTH, JOKH He Oy/e HamncaHa nporpa-
Ma [ist KokHoro ¢parmenta anroputmy. [IpH 1BOMy Ha KOXHOMY
eTani BUPOOJIEHHS MpOrpaMH € Ail0YdH BapiaHT Mporpamu, Hajaro-
JUKEHHS SIKOT Be/IEThCA IO X0y BCi€l i po3pobKy.

Cmpyxmypue npozpamysanus [structured programming] — KOH-
CTPYIOBaHHSI IPOIrpaM, 10 BHKOPUCTOBYE JIMLIE i€PapXidHO BKJIAJAEHI

. KOHCTPYKLii, KOXHA 3 SKHX Ma€ €JUHY TOYKY BXOJY Ta €AUHY TOYKY

Buxoay. CTPyKTypHe NporpaMyBaHis nepejbauae CTBOPCHHs 3p03y-
MiJUX, JJOKaJbHO MPOCTHX 1 3pYYHHX A0 YMTaHHS NPOrpaM, XapakKTe-
PHUMH 0COGNMBOCTAMH SIKMX € MO/YJIbHICTH, BHKOPUCTAaHHS YHi(iKO-
BaHHUX CTPYKTYp CJilyBaHHs, BMOOpY 1 TOBTOpPEHHS, BiIMOBa Bil
HECTPYKTYpPOBaHHX MNepeay KepyBaHHsS, OOMEXEHHs BHKOPUCTaHHS
r100anbHUX 3MiHHHX.

IlpuHLMNaMK CTPYKTYPHOTO MPOrpaMyBaHHs €:

1. Husxiaxe nporpamyBaHHs, Nl 4ac AKOTO 3a/a4a PO3OMBAETHCH
Ha Kilbka Niasanay, uio NporpamyloTbCs y BUIISAI OKPEMHX MOJYJTIB.

2. BukopucTaHHs Nif 4ac NporpaMyBaHHs TPbOX CTPYKTYp Kepy-
BaHHA XOJOM NpOrpamMu: CRifyBaHHs, BHOIp i NOBTOpEeHHS. 3 1nX
CTPYKTYp MOXe OyTH obynoBaHa nporpama Oyb-aKoi Mmia3aaadi.

3. Biamosa Big 6e3yMOBHUX niepenay KepyBaHHs. bynb-skui npo-
rpamHuii 610K Mae €qMHUN BXil i eanHui Buxin. Bin moxe OyTtH
NPOCTO YaCTHHOIO NPOrpaMu, ajie MOXKE MaTH BULSAA MOAYJS, NiA-
nporpamu abo ¢yHkuii. bnok 3aBxau NOBEpPTAe KePyBaHHs ONepaTo-
PY MpOrpamu, HaCTYNMHOMY TiCIIs TOTO, AKKI 3BEPHYBCS 10 HBOFO.

CrpykTypHe nporpamyBaHus noneruye i NPUCKOPIOE HaMKUCaHH:
BEJIMKOT MPOrpamH, CNpoLLye HANaroKeHHs Nnporpamu, aomnomarae
MOJLiTy pOGOTH Mk BUKOHABLIAMH i BiAKpMBa€ MOXJIMBOCTI JUis NO-
Jasibioi Mmoaudikanii nporpamu. _

HanaromkeHHs nporpamMd MOXHa MOYMHATH A0 HANHCaHHA BCiX
610KiB, BCTaBUBLUM 3aMiCTh BIACYTHIX OJI0KIB siKi-Heby b onepaTtopy,
Wo iMiTYfOTH iX poboTy i narors nesHi Bianosiai. CTpykTypoBaHy
nporpamy Jjeriue noTiM YTOUHIOBAaTH, BJIOCKOHAJIIOBATH | HaBITb nepe-
poOAsATH.

VY uei yac HaHMOMYJISIPHILIOI TEXHOJIOTIEID MPOrpaMyBaHHs €
06’ekTHO-0opieHTOBaHe nporpamysanus (OOIl). 06 ’ckmno-opicnmo-
eaiie npozcpamysanns [object-oriented programming] — KOHCTpYtO-
BaHH# NpOrpam y BUSAI iepapxquo BMOPAJKOBaHUX KiaciB 00’ek-
TiB, L0 OMKUCYIOTH AaHI Ta onepawii Haj 06’ eKTamMH, siKi MOXYyTh 83a-
eMofiATH 3 iHmuMHU 06’ektamu. Llentpanshoto igeelo OOIT € inkan-
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CyJiLis, TOOTO CTPYKTYypYBaHHS INMpOrpaMH Ha MOAYJi 0COGIHBOrO
BUTJISILY, 110 06 enHye AaHi i npouexypu ix oOpoOkH, NpUIOMY BHYT-
pilHi AaHi MoxyJs He MOXYTh OyTH 0OpoGiieHi TibKH nepenbaye-
HHMH A8 LbOro npoueaypamu. ¥ pisnux Bapiauisx OOIl wueit mo-
Ay7nb Ha3uBaloTh a00 KjiacoM, abo abCTpakTHUM THUMOM JaHuX, abo XK
kiactepoM. KoxHuit Takuil Kilac Ma€e BHYTPILIHIO YACTHHY, SIKa HA3H-
BAETHCS peastizali€lo, i 30BHIIIHIO YaCTHHY, sIKa HA3UBAETLCS iHTEp-
(eicom. Jloctyn 0 peanizauii MOXIMBMH JMiIe depe3 iHTepdeiic.
3Bu4aiiHo B iHTEpdEHCi PO3PI3HIOIOTH BAACTUBOCTI, SIKi CHHTAKCHYHO
BHIJIJAIOTE SK 3MiHHI, 1 METOAM, AKi CHHTAaKCHYHO BUITIAAAIOTH K
npouenypy abo ¢ynkuii. Kinac moxe MaTu MeToH, sKi HA3WBAIOTHECA
KOHCTPYKTOPaMH Ta JeCTPYKTOPaMH, WO AO3BOJISIOTE Mijl 4aC BUKO-
HAHHA NPOrpamMH AMHAMIYHO MOPOJXKYBATH i 3HULLYBATH EK3EMILISPH
Knacy. Exsemmspu onHoro kiacy cxoxi Mk coboto i HACHIAyIOTh
METOAM KJacy, ajle MaloTh pi3Hi 3HaueHHs BnacTuoctel. Knacu Ta
eK3eMIUISIpH: KJIaciB Ha3MBaIOTE 00’ €KTaMH, 3BiIKM H BUHHMKAE Ha3Ba
00’ €KTHO-Opi€HTOBaHe NPOrpaMyBaHHs.

OOII nosBonsie nporpamicty 06’e¢aHyBaTH B OAWH OJIOK jaHi Ta
NporpamMHUi Koz, o o6pobase iX.

BukopucTaHHS CTPYKTYPHOIO MpOrpamMyBaRHS AJisl NOMIPHO cKia-
JHHX NpOrpaMm Ja€ NO3UTHUBHI Pe3y/NbTaTH, ajle BOHO BHSABIAETLCS HE-
CMIPOMOXHMM, KOJIM MPOrpaMa J0CATHE TeBHOT JOBXHHHU. Y pe3yib-
Tari 6yJ1 po3pobieHi NPUHLKMIK 06’ EKTHO-OPIEHTOBAHOTO nporpamy-
BanHs. OOIT akymyitoe Kpaili inei cTpykrypHOro nporpamyBaHHsl i
MOEAHYE 1X 3 MOTYTHIMW HOBUMM KOHUEMLISIMHU, SIKi JI03BOJAIOTH Of-
THMaJlbHO OpraHisyBatu Bawi nporpamu. OOIT no3Bosisie po3knacTy
npobneMy Ha cKknaaoBi yacTHHU. KoXHa cknanoBa ctae caMOCTIiHHUM
00’€KTOM, 110 MICTUTh CBOT BJIACHI KOAM i JAaHi, AKi BiAHOCATLCS 10
uporo o6’ekra. B upoMy pasi Bcs npouesypa crnpoltyerbes, i npo-
rpamicT OTpUMY€E MOXIMBICTh OonepyBaTh 3 Habarato OijibIIKMH 32
o0csArom nporpaMamu.

OOII nosBonse Tomﬂme MOJIEJTIOBATH TpoliieMy, 1110 iCHYE B pe-
allbHOMY CBITi, IS PO3B’AI3aHHS SIKOT MUILETHCA nporpama. OcKinbky
00’€KTH — He3alexHi, BIIOKpeMJIeHi Bijl IHLIOI YaCTMHU NpOrpamu,
O70KK Koy, iX NMpPOCTille HanaroJ)KyBaT, 3MiHIOBATH i BUKOPHCTO-
ByBaTy. SKL10 00’€KTH 100pe CKOHCTpyHOBaHi, TO MOXHa BHKOpPHC-
TaTH MOBTOPHO Habararo GiNbly YaCTUHY NPOrPaMH, HiXK Y CTPYKTY-
pHOMY nporpamyBaHHi.
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TEXHONOTIA
NMPOrPAMYBAHHHA
MOBOIO C++

Po30in 4

BCTYN
A0 NMPOrPAMYBAHHA
MOBOIO C++

4.1. IOHSATTS AJITOPUTMIYHOI MOBM.
ii TUITOBI KOMNNOHEHTH

CuinkyBanHsa MiX crioxuauyamu iHdopmauii 3aiic-
HIOETBCS 3a JI0MTOMOTOlO MEBHOT MOBU. Moga — e CyKy-
NHicTs cnocobiB ans dikcauii NoBigOMAEHb Ta nepeja-
BaHHA 1X BiJ Mxepena indopmauii no cnoxupava. Habip
CHMBOJIIiB 3 33JaHUMH NPABUIAMH YTBOPEHHS 3 LIUX CHM-
BOJIIB KOHCTPYKILiii, 32 JONOMOFOIO SIKNX OMUCYETHLCH MOo-
PSIIOK BUKOHAHHS aJIFOPHTMY, HA3MBAETLCA AN2OPUmMMIY-
HO10 M08010. TeopeTdHy OCHOBY MOB IIpOrpaMyBaHHs
CKJIaal0Th aJIFOPUTMiYHI MOBM. 3BMYaHHO NpH po3pobui
MOBH MPOTpamMyBaHHS BHCOKOrO piBHS CIOYATKY CTBO-
pIOCTLCS ANTOPUTMIYHA MOBA 3 TI€IO XK HA3BOI0. ANropu-
TMiYHa MOBa, MPU3HAYEHa AJIs ONUCY AJITOPUTMIB PO3B’ s~
3anHA 3aga4 Ha EOM, HazuBaeTbCs M06010 npozpamyean-
ns. MoBM NporpaMyBaHHsi yMOBHO K1acu(ikyioTbes Ta-
KMM YMHOM: MAIUHHHI, 2CeMOIepiB, MALIMHHO-OPIEHTOBAHI
Ta aBTOKOAM, MpPOLEAYpHO-Opi€HTOBaHi Ta npobiemHo-
opieHTOBaHi, 00’ €KTHO-OPiEHTOBaH, BidyasibHi. 3 MOMEHTY
nosisn EOM MoOBH nporpamyBaHHS MpOMLLIM BEINKUiA
ILASX PO3BUTKY, KM MOXIIMBO MOJATH Y BUMMIAAI iepapxil
piBHiB (puc. 4.1).
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PiBenp MoBM mporpamysanHs :

0-Buii — TlporpamMyBaHHf y KO#aX KOHKPETHUX MAlllHH

1-uit — IlporpamMyBaHHs y MHEMOKOAAX

2-nit —— TIporpaMyBaHHS B aBTOKOZAx

3-uif — TIporpamyBanHHA Npo6IIEMHO-OPIEHTOBAaHHMH MOBaMM
4-nit — TIporpamyBanHs npoueuypﬁo-opieHTOBaHnMH MOBamH
5-uit —— IlporpamyBaHHA QyHKUiOHATBHUMH i JOTTYHUMH MOBaMH
6-uit —— TlporpamyBaHHa MoBamu 6a3 JaHHX

7-nit —— TlporpamyBaHHs 06’€KTHO-OpPiEHTOBAHMMH MOBaMH

8-mit L TlporpamyBaHHs Bi3yaJbHUMH MOBaMH

Puc. 4.1. PiBni apTomMaTH3allii nporpamMyBaHHs

HyneoBuil piBeHp — nporpamMyBaHHs 3 BUKOPUCTAHHIM MallMWH-
HHX MOB [computer (machine) language]. Mawunna moea — mosa
NpOrpaMyBaHHs, NPU3HAYeHa /Il NPE/ICTABCHHA TIPOrpam i naHux y
$opmi, npunatHiii ans Ge3nocepeAHbOro CIPUIHATTA X NPUCTPOAMH
JaHOoI0 06qncmoaaanoro MaluuHoo. ABnsie codoro CHCTEMY KOMaH],
OaHUX i lHCprKU,lH o MaloTh GopMy ABIHKOBHX KOJB, AKi He BM-
MararoTh TpaHcJsAUil i 6e3nocepeanbo i IHTEPMPETYIOTHCS NPOLECOPOM
EOM. Komanna CKNIajiaeThes 3 KOy onepallii, ajipec onepanis, 03Hak
moaudikanii Ta ingekcanii agpecu. Kon onepauii Bkasye A0, sIKY Mae
BUKOHATH MaIIMHA, HANPHUK/AL, N0AABAHHS, MHOXKEHHS, ANEHHs 1 T. 1.
AJnpecu onepaH/iB BU3HA4alOThb JaHi, wo GepyTh yyacTh B onepaiii.
Osnaxa moaudikanii aapecu CKIagacThes 3 03HAKK ajpecalil, ika BKa-
3ye. Jii Hax onepaHzamu. O3Haka iHaekcauil BKAsye il 3 iHAeKCHUMH
pencrpamn Take TPOrpamMyBaHHs AOCHTb CKNAAHE B NPaKTHYHOMY
3ifICHEHHI, BAXKKO 3AIMCHIOBATH i EpeBipKy TaKUX KOAIB.

Ilepumit piBeHs — nporpamyBaHHS MOBaMHU CUMBOJIYHOIO KO-
BaHHA (MHeMoOKonamu). Moea cumeoniunozo kodyeanns [symbolic
language] — MoBa nporpaMyBaHHs, L0 OPiEHTOBAHA HAa KOHKPETHY
EOM i nondrae B CHMBOJIbHOMY KOJyBaHHI MallMHHMX onepatliii 3a
JIOTIOMOTOI0 TIEBHOr0 HabOpy MHEMOHIYHMX cMMBONiB. MoBa yrBo-
PIOETBCS BHAC/IN0K NIPOCTOT 3aMiHH B KOAAX MalUMHHKMX onepauii Tiel
a6o tiei EOM ngiiikoBux KoAiB onepaiil 6inpiu 3BUUHEMM 07151 JTHO-
AuHA OyKBEHMMH ab0 OyKBEHO-UM(PPOBUMM KOAAMH 3 JECATKOBUMH
uudpamu. JIBiliKOBi KOAM agpec y KOMaHJax 3aMiHIONTbCA AECATKO-
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BUMH KoJaMH. TpaHcisiis 3 Takol MOBH Ha3MBA€THCH MHEMOHIKOIO i
3BOJUTHCA O NMPOCTOrO TEepeKoAyBaHHs. BUKOPUCTaHHs TaKol npoc-
TOl BXiJHOI MOBM HabaraTto CIpollye MpOrpaMyBaHHA 1 3MEHLIYE
KiNBKICTh MOMHJIOK. MHeMOKoAM € 633010 Il CTBOPEHHS JOBEpILe-
HIIIMX CHCTEM aBTOMAaTu3allil MporpaMyBaHHs, a TAKOXK BOHU MAalOTh
caMOCTiliHe 3HaYeHHs SIK CHCTEMH NporpamyBaHHs Anas Manux EOM,
AJIs IKMX HE MOXXHA CTBOPHTH TPAHC/STOPU 3 MOB BHCOKOTO PiBHS
BHACJIIOK OOMEKEHNX MOXKIIMBOCTEH MaIINHH.

[Togansima aBTOMATHU3ALli TPOTPaMyBaHHsS Ha piBHI MallMHHO-
OpiEHTOBaHMX CHCTEM CKIAIA€ThCS Y BHKOPHCTAHHI agmokooie (Mak-
pomos) [autocod (macro language)]. BxigHowo MOBOIO aBTOKOJIB €
MOB2 PiBHS OAWH JIO AEKiNBKOX, TOOTO ONHiMH ABTOKOJOBI 1HCpr1<m1
BiANoBigae Kinbka MamuHHUX kKomaHA. OCHOBOKO aBTOKOJ0BOI MOBU
€ MaKpOKOMaH[IH, L0 BKa3yloTh ¢yHKIi0 abo npoueaypy 3a 10noMo-
TOK0 OJHOTO 3aImcy. MakpOKOMaHIM IHTEPNPEeTYIOTECS B MaliWHHI
KOMaHAu crneljansHuMi nporpamamu. CTpyKTypa KOMaHJ aBTOKONy
BM3HAYa€ThCs CTPYKTYPOIO KOMaHA i JaHNMH MaUlMHHOI MOBH, ajie
aBTOKOJ| JOMYCKAae Ha BiAMiHy Bil MallMHHOIO 3aCTOCYBaHHA OyKBe-
HUX MO3HayeHb Ans onepauiii i agpec. Y NopiBHAHHI 3 MHEMOKOAAMH
aBTOKOAM MAtOTh PsiJl NEPEBar: HasIBHICTh JOCKOHANIILINX METOIIB BH-
ABNEHHA NMOMMJIOK Ha eTani TPaHCHAL{i, PI3HOMaHITHUX MAKPOKOMaH]
BBE/ICHHSA-BUBEACHHA, 3MEHIUEHHS TPYAOBMX BUTpAT Ha CKAAaHHA
nporpaM. MakpoMOBHM HapiBHI 3 CHMBOJIIYHHM KOJYBaHHAM JOMYC-
KalOTh BUKOPHCTAHHS KOMaHJ, 10 HE MAlOTh MPSIMHUX aHAJIOTIB y Ma-
LMHHIA MOBI, MiA yac TpaHCIsLIT TaKi KOMaHAN 3aMiHIOIOTBCS Kislb-
KOMa MaulMHHUMHW KOMaHAaMM. 3aCTOCYBaHHA MaKpOMOBHM CKOpOUy€
nporpaMy i 3Ha4yHo NoNeruye npouec nporpamysanns. o mosy aa-
HOTO TUMNY BiAHOCUTBCS aBTOKOA «IHxkeHepy, MoBa AcembOnepa.

Mosu nepuioro i apyroro pmms BiJIHOCATbCA 10 MAalLWHHO-
opieHTOBaHUX MOB. Mawunno-opicumogana moga [computer-oriented
language] — MoBa nporpamyBaHHs, SKa BifoOpaxae CTpyKTypy Aa-
Hoi EOM a6o pauoro knacy EOM.

IloynHatoun 3 YETBEPTOro piBHA PO3TALLOBaHI MalIMHHO-HE3a-
nexHi MOBH. Mawunno-nezanexcna moga [machine-independent lan-
guage] — MOBa nporpaMmyBaHHs, CTPYKTypa Ta 3acoOH IKOi HE NoB’1-
3aHi Hi 3 4K0t0 KOHKpeTHOoI EOM i n03BOJISIFOTh BUKOHYBATH CKJaae-
Hi Ha Hili nporpamun Ha Oyab-skux EOM, 3abe3neuenux TpaHcisaTo-
pamu 3 wiei MmoBM. IIpobremno-opicnmosana mosa [problem -oriented
language] — moBa nporpamyBaHHs, NpU3HaueHa Ans PO3B’si3yBaHHs
MEBHOrO KJacy 3aaay (1pobnem). MoBa no MOXIMBOCTI BUKOPHCTO-
BYE CUMBOJIIKY Ta CUCTEMY MOHATh BiAMOBIAHOT NpobaeMHoT 06nacTi.
Jlo uporo Tuny mos BigHocarsca Jlicn [Lisp], PIII' [RPG Bin Report

61



Program Generator], Cumymna. Lli MOBH BUKOPHUCTOBYIOTBCS IS 3aTiy-
Cy 3a7a4 y TepMiHOJOTIT criokuBaya. AngapiT LUX MOB — TepMiHH
TUX rajy3eil HayKy 1 TeXHiKH, JUId GKUX CKJaJaeTbes rporpama. Li
MOBH HE BHMAraroTh 3aIlMCy alrOpUTMY fIK [OB’S3aHO JIOriYHOI 1MO-
chigoeHocT Riii. JIOCHTh BH3HAYUTH BXiAHI JaHi, BKasaTH Ail, sKi 0O-
BHHHI IPOBOJMTHCS HaJl HUMH, i SKi pe3yJIbTaTh NoTpiGHO OTpUMaTH
Ha BUX0Ji. Bei iHImi ¢yHKLIT MOKIanaoThes Ha TPAHCIATOP, WO BU-
3HaJae, fKa JIOriyHa cxeMa notpibHa Juis po3B’s3aHHA 3ajadi, i cKiia-

nae nporpamy. Ilporpama, HamucaHa npo6aeMHO-OPIEHTOBAHOIO MO- -

BOIO, — KOMINAKTHa, 3po3yMina (axiBUeBi B AaHiif ranysi 3HaHb. Jlng i
CKJIAAaHHs HE NOTPIOHO MonepeHiX 3HaHb TEXHIKH TIPOrpaMyBaHHsI.

Ilpoyeoypno-opienmosana mosa [procedure-oriented language] —
npo61eMHO-OpiEHTOBaHa MOBA, LIO MOJIETLIYE BUPAXCHHS MPOLIELyPH
AK TOYHOrO aaroput™y. OCHOBHI MpOLEAYpH, WO 3YCTPIYArOTECA B
3a/1249aX KOHKPETHOTO KJIacy, peasli3oByloThes Haiinpocrie y Biano-
BiaHIH ﬂpOHC,[lypHO-OplCHTOBaHIM moBi. KoxHa 3 HHX npusHaueHa
JUIA 32ITHCY QJITOPHTMIB PO3B’SI3aHHS 3a/ia4 NeBHOro knacy. Buains-
I0Th TPU BEJIMKUX KJIacH 3ajlaq: HAyKOBi, iH)KEHEPHI Ta €KOHOMiYHi.
Cretudika KOXKHOTO Klacy 3HaMILia CBOE BigoOpaXKeHHs B pisHOMa-
HITTi MOB NporpamyBaHHs. [[ns po3B’sA3aHHs 3a/1a4 KOXKHOTO 3 BKa3a-
HHX KJIaciB cTBOproBanucs cBol MoBU. Hanpuknan, moBa Anron npu-
3HayeHa JJIs PO3B’A3aHHS HayKOBHX 3ajzau, PoprpaH — aasa iHxe-
HepHux, Kobon — exoHoMiunux, CHO6041 — 3a1a4 0GpoOKH CUMBOJIb-
HUX JIaHUX.

VY 1px MoBax oOYHCIOBAIBHUIA MPOLIEC 3aMUCYETHCA K AOKaAHA
NOCJIIIOBHICTE MEBHMX MPOUENYP, IO HE 3aJIeXaTh Bia MamuHu. Bu-
KOPHUCTaHHS MPOLEAYPHO-OPIEHTOBAHUX MOB JO3BOJIMJO: CIIPOCTHTH
HaMCAHHS NPOrpaM, CKOPOTHTH 9ac iX Halaro/KeHHs, BUKOHYBaTH
Mporpamy, CKAafeHy JUlsl OAHIET MaluMHK, Ha iHMWiH.

lapanessHo 3i cneuianizaLiero MOB y po3pisi knacis 3afau icHyoTh
YHiBepcaJlbHi MOBH, SIKi MOXHa BUKOPHUCTaTH LISl MPOrpaMyBaHHS 3a-
Aad Kinbkox knacis. J[o Takux MoB Hanexxats Mou I1J1/1, IMackans, C.

Mosn 1’ATOro piBHA NpU3HaYeHi AN NporpaMyBaHHs 3a1a4 y ra-
Jy3i WTY4HOro iHTeNEKTY. OCHOBHOIO OCODIMBICTIO MOB LIBOTO PiBHS,
Lo BiAPI3HAIOTH iX Bij yCiX IHIIMX MOB, € JEKNapaTHBHMIA Xapakrep
HaMMCaHKX Ha HHX nporpaM. [lexnapaTusHi MOBH JI03BOJISKOTH NpO-
rpalvucTy BU3HAYWTM MNpaBuia 3a pilleHHSIM JaHol 3ajaui, B3ae-
MO3B’sI3Ky MiX 06’exTamu, 3 sIKHMHU Mae crpaBy nporpama. Jexknapa-
THBHI MOBM MOAINAIOTECS HA JIOriYHI Ta QyHKUIOHaNBHI. Mosa no2iu-
Ho20 npozpamyeanns [rule-oriented language] — mosa nporpamy-
BAHHS, KA IPYHTYETHCA HA MPUHLMII 3aBAAHHA CYKYITHOCTI NpaBu
6e3 ABHOI BKa3iBKM MOCJIAOBHOCTI iX 3acTocyBaHHs. Halisinomimoro
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MOBOIO JioriyHoro tury € [Iponor. ByxiBensHuMuU G10KamMu NporpamMu
€ MHOXHMHA 06’€KTIB NIEBHOI CTPYKTYpH, a Takoxx (yHkuii i BigHO-
IIEHHS, 0 3B°A3yI0Th 1i 06’ exTH. [Tporpama mosoto Ilporor He € Ta-
KOKO B TPaAMIIMHHOMY pO3yMiHHi, OCKiJbKM HE MIiCTHTh KEPYHOUHMX
KOHCTPYKL(# THIy YMOBHUX OMNEpaTopiB, OnepaTopip LuKi1y abo me-
pexony. BoHa siBase co60t0 MOJ€b NIEBHOTO (pparMeHTa MpeaMeTHOT
obnacTi, Npo sKuii ixeTecs B 3a/aui, WO po3B’s3yeThes. ToMy npo-
rpamyBanHs [Iponorom BuMarae iHIIOro CTHIIIO MUCIEHHS, BiZIMOBH
Bl NOLIMPEHHX MPOTPAMICTCHKMX CTEpeOTHIIB. 3aMicTh TOro, 106
3a/[aTH NEBHY MOCHINOBHICTh AiH, L0 IPUBOAATH [0 PO3B’A3AHHA 3a-
nadi, B porpami MoBoio Ilponor Tpeda onucary i BMICT y TepMiHaX
00’€KTIB i BIHOIEHb MK HUMH. TakuM YHHOM, 3aMICTb anTOpHTMY
PO3B’s3aHHs 33J]a4i NPOrpamicT CKIIajae Horo Joriudy cneuudikanio.

Moega ¢ynxyionanenozo npocpamyeanns [functional language] —
JeKNapaTHBHa MOBa TNPOrpamyBaHHs, LIO IPYHTYETHCA Ha MOHSATTI
¢ynkuii. @yHkii B MOBi 3aJaf0Th 3aJEXHICTh, ale HE BU3HA4aAIOTDb
NOpAAOK 06t| ucnenb. 3 QyHKIIOHANLHMX MOB HaiiBigoMmitoto € Jlicn.

MoBHY N’ATOro piBHA 3aCTOCOBYIOTHCS JUIl CTBOPEHHS €KCHEPTHHX
CHUCTEM, iHTENIEKTYaNnbHUX iHPOPMALIHHUX CHCTEM, IHTENIEKTYaNbHHX
HaBYAIOYMX CUCTEM.

Jlo MOB 1IOCTOro piBHA Hanexath mogu 6az oanux |database
language]. Ha gopma MoBK nporpamyBaHHs i KepyBaHHs Npu3HaueHa
ans poboTu 3 oaHieio neBHO 6a3ot0 JaHKX i 3aifickioe Ti il npo-
rpamu, siki MatoTh OyTH aBTOMATH30BaHI.

06’ exkmno-opicHmogana Mo8a — MOBa MPOrpamMyBaHHs, fKa M-
TPHUMYE 00’ €KTHO-OpieHTOBaHe nporpamyBaHHs. Jlo JaHoi rpynu Mos
Hanexarb C++, Smalltalk.

Bci mou OOIT 6a3yioTbCs Ha TPHOX OCHOBOMOJIOKHUX KOHLEMU-
X — Ha iHkancynsuii, noniMopdisMi Ta ycnaakyeanHi. Inkancyns-
i — Lie MeXaHi3M, sikui 00’€qHye daHi Ta KOJ, L0 MaHinmysoe 3
LMMH JJaHUMHU, 3axuiac X Bil 30BHIIHBOrO BTpyyaHHs abo Henpa-
BUIbHOrO BHKOpHcTanHs. Y OOIT gani Ta nporpamunii koa, 1o o6-
pobiisie Tx, MOXxyTh OyTH 06’ €iHaH| pa3oM, TOAI KaXyTh, IO CTBOPIO-
eTbca 06’ekT. OB6’eKT -— CyThb, fIKa BKJIOYAE HE TiNbKK AaHi, a i
npouexypu (meroau) ix obpobku. CyTTio Moxe OyTH, Hanpuknan,
3anuc npo cryaenta. O6’ekr Biovae B cebe Bei JaHi, siKi HEOOXiaHi,
o6 onucath cyThb i yHkuUil, a0 METOAM, AKI MaHIMYTIOIOTH LUMH
nanumu. Beepeamni 06’exta koau i AaHi MOXKYTh OYTH 3aKpUTHUMM
s uboro 06’exta abo BiaKpUTMMHU. 3akpuTi koau abo aaHi Heno-
CTYINHI JJ1 THX YACTHH MPOrpaMHu, AKi iCHYIOTb no3a 06’ exrom. SAkuto
KOAM i JlaHi € BIAKPUTHMH, TO HE3BaXKAlOYW Ha Te, 110 BOHM 3aJlaHi
BcepeMHi 00°€KTa, BOHM JOCTYMHI JUIS IHILMX YaCTHH NPOrpamu.
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MoXnHBICTE OMUCYBATH HEOOXINHI THITH JaHUX, BAKOPHCTOBYIOUH
KJacH, 103BoJisie 6araTo pasis BHKOPHCTATH HaIMCaHy i HanaroKeHy
nporpamy. Skmo BaM notpibeH Maibke Takui caMuit 06’€xT, sIK po3-
poOneHuit, ane sikuii Mae CBOI BJIaCHI BU3HAUEH] XapaKTEPHUCTHKH, TO
MeXaHi3M ycrnaiKyBaHHS Ja€ MOXJIMBICTH Oinbll Jierkoro Gararopa-
30BOTO BUKOPHUCTaHHs 00’ €KTa, Micisl HEBEJIMKOro KOperyBaHHs. Yc-
NaJKyBaHHs — LI€ TPOLEC, 3a JOMOMOTOIO SIKOr0 OJIHMH 00’€KT MOXe
HaOyBaTu (yCNMaAKOBYBaTH) OCHOBHHMX BJacTHBOCTEH iHIIOTO 06’eKTa
i ToJaBaTH 0 HUX PUCH, XapaKTepHi TUIBKH AJIst HBOTO.

[MonimMopizM nae MOKIHBICTH MOBOAUTHCS 3 00’ €KTaMH Pi3HOTO
TUIY TaK, HiIOW BOHHM € 06’ektamu oxHoro Tumy. Ilonimopdiszm Bu-
KOpHCTOBY€ 6a30BHi KJac SIK 3arajbHUM THIT i1 00pOOKH MHOXKHHM
NOXiAHMX TUMIB. Y 3arajJbHOMY 3HaueHHI KOHLENUIEW noJimMopgis-
My € ifes «onauH iHTepdeiic, MHOXXMHA MeToliBY». Lle o3Hauae, o
MOJKHa CTBOPUTH 3arajibHuil iHTepdeiic nas rpynu 61M3bKUX 3a 3Mi-
crom xiit. [ToniMopdisM ponomarae 3HMKYBaTH CKJIalHICTh Nporpa-
MH, J03BOJISIFOYM BUKOPUCTAHHS TOr0 caMoro iHtepdency s 3a-
BIAAHHs €AMHOIO Kiacy aiif. Bubip ske KOHKpeTHOI Aii, B 3ajieXHOCTI
BiJ| cHTyallii, MOK/1ajaeThest Ha Komninsrop. [onimopdism aae 3mo-
r'y MaHinymoBaTH 06’ €KTaMu pi3HOT MipH CKJIaJHOCTI IIIXOM CTBO-
PEHHS 3arajlbHOTO Ul HUX CTAHAApTHOTO inTepdeiicy Juis peanisa-
1T CXOXKUX il

TlowmpenHs rpadiyHux iHTepeHCiB KOPUCTYBa4iB NPUBEO A0
MOSIBU Bi3yaJlbHUX CepedoBUlLl po3poOkH. Bizyarsna mosa nporpa-
MyBanHs [visual programming language] — MoBa B3aemMoaii KopHc-
TyBaua 3 CHCTEMOIO MPOrpaMyBaHHS, IO peani3oBYEThCS Aiajoro-
BUMH 3acobamu rpadiuHoro iHTepdeiicy kopuctyBava. [losBa
Bi3yansHHUX MOB OyNa HaCHiJIKOM CKJIAJHOCTI MpOrpamyBaHHs Fpa-
¢iuHoro inTepdeiicy nporpam, npU3HAUYEHUX /11 BUKOHAHHS B Olle-
paniiinux ccepepoBumax tuny Windows. 11[o6 nonerwutn nporpa-
MYBaHHs €JIEMEHTIB rpadiyHoro iHrepdelcy i BUKOPUCTOBYIOTHCS
BisyanbHi MoBM. Hanpuknan, ManioBaHHA 1ianoroBoro BikHa BBe-
JICHHsS IaHWX 3BOJMTBLCS O MallOBaHHs HOro Ha expadi abo 0o BH-
00py i koperyBaHHs NMPOTOTHITY, IO NPONOHYETHCS B PEXHUMI aiano-
ry. Ilpu 11bOMy 33CTOCOBYIOTBCS MOKAXKYHK MHUILI, KHOIIKH, MEHIO Ta
iHWi eneMeHTH. BisyanbHUMU MOBaMH MpOrpaMyBaHHs MOXHA pO3-
PoOAATH SIK OGOIOHKHM A0 MPOrpaM, Lo BXe iCHYIOTb, Tak i CTBOPIO-
BaTH HOBi. JUIst bOrO B MOBax Bi3yasbHOTO NPOrpamMyBaHHA po3po-
OneHHH 3pydYHMiIl MeXaHi3M HalWcaHHA | MiAKIOYEeHHS Ha 6a3oBii
MOBI MpOrpamMyBaHHsA BUCOKOro piBHs, Takoro sk beiicik, [Tackans,
C++. o uiei rpynu MoB nHanexath Visual Basic, PowerBuilder,
Borland C++ Builder.
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HaBenena knacugikanis € yMOBHOIO, OCKiNIbKH MPAaKTHYHO BUKO-
PUCTOBYBaHi MOBH MOEJHYIOTh BJIACTHBOCTI Pi3HHX MOB 3 HaBENEHOT
Kiacugikauii.

KoxHa anropurmiyna MOBa Ma€ CBOIO CTPYKTYpy. CTpyKTypa Mo-
BH BH3HAYAETHCSI MHOJXKHHOIO ITOYATKOBUX CHMBOJIIB, 3 SKHX 3a AOIO-
MOTOIO CYKYTHOCTI NPAaBHNI YTBOPIOKOTHCA MOBHi KOHCTPYKLUii. 3Bu-
YaiiHo B MOBI BHJIUIMIOTH: OCHOBHI cumBONM (andasit), ciosa,
BHpa3H, pedeHHs (onepaTopu).

V cnpomeHOMy BUINIAAI MAaIlIMHHO-HE3alle)kHa MOBa MOXE po3r-
napaTHCs K Habip clliB, 00’€IHAHUX Y peUueHHs 32 JONOMOTrOIO BHUKO-
PUCTAaHHSA rPaMaTHYHHX TIPABUIL.

I ‘Moga

CnoBHUKOBHI OHA I'pamarnanmii cxian
(CnoBHuK) (I'pamatuka)

JUisi nobynoBH cimiB iCHYroTh NeBHi mpaBwia. Halbip npasun ans
YTBOPEHHS CJIiB ONUCYeThes Mopdotorieto MoBU. CIIOBHHKOBHI cKnaj
BU3Hayae ii nekcuky. EnemMenTom 6yan-sxoi MOBU € andasir.

Mopdonoriuni
npasuna
Andasit » CnoBHukoBHit ¢poua

MoBHa rpaMaTHKa CKIAafacThcsl 3 ABOX PO3JIiNIB: CHHTAKCHYHOTO
(3anae npasuna i cnocoGu noOynOBH CNOBOCMONYYEHb, Pi3Hi THNH
pedeHpb Ta YMOBH iX BUKOPUCTaHH); CEMAHTHYHOTO (BUBYAE CMUCIIO-
BE 3HAYEHHS CJIiB Ta BUpa3iB).

CHHTaKCHC
['pamarnka
CeMaHTHKa

CuHTaKCHC MOBH ONMCYETbCS B OCHOBHOMY 3 JOMNOMOIOI0 MeTa-
MOB, OCHOBY AKMX CKJIa[alOTh METaNiHrBiCTHYHI popMyan. Metamosa

[metalanguage] — MoBa, WO BHUKOPHCTOBYETHCA IS OMHUCY iHINMX
MoB. MeTaniHrsictuuHa popMyiia — Lie napa:
<A>=X,

Je A — Ha3Ba MOBHOT KOHCTPYKIi, 10 BU3HAYAETHCS, MPaBUia 3anu-
Cy fKOI 3aalOTbCd MPaBOI0 YaCTHHOIO (opMynH, AN NO3HAYCHHS
Ha3B KOHCTPYKLIH BHKOPHCTOBYIOTBCS CJIOBa, IO BigoGpaxaioTsh
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3HA4YEeHHS WX CHHTAaKCUYHHMX KOHCTpyKuii; X — CYKyNHICTh MOX-
JIMBUX CHMBOJIIB andaBiTy MOBHM i Ha3B KOHCTPYKIL{H; 3HAaK «::=»
03HAYae «3a BU3HAYEHHAM €». Ha3Bu KOHCTPYKLUiH y MeTamiHrBiCTH-
yHuX hopmynax 6epyThecs B KyTOBI Ay)KKH <. CHMBOJI «{» YUTAETHCS
Ak « abo». Hanpuknan,

<uudpa>: : = 0/1/2!1314!5)6,7,8.9.

V niBiii i npasiii yacTuHax GopMyJt MOXKYTh CTOSITH OIHI i Ti caMi
HaliMEHYBaHHS €JIEMEHTIB, L0 BM3HAYalOThCS, Taki (popmynn Hazu-
BAIOTBCA pexypcHBHUMH. Hanpukian,

<iiiste yncno 6e3 3Haky>: : = <undpa> | <uine yucio 6e3 3HaKY> | <undpa>.

Lla ¢opma 3anmucy KOHCTPYKLi##i MOBU Ha3MBaeThes HoTaujieto ba-
kyca-Haypa.

TeopeTnuHa GpopMyna MOBH Ma€ BUIIISA:

Asnroputmiuna Moea = CnoeHukoeuit goua (andasir, Mopdono-
rig) + ['pamaThka (CHHTaKcUC, CEMAaHTHKA).

Ocb cxemMa MOOYAOBH KOHCTPYKLIT MOBH:

Mopdonorisa I'pamatuka pamarnka
Andagir ———> CnoBo MoBH ————> Bupazy ————> PeueHHs 5.

(onepaun) (onepauii) {oneparopu)
I'pamatnka
——————— TeKCT nporpamu

BuBueHHA Oyab-1KOT MOBM MouydHaeThCs 3 aidaity. Andasit €
BIOPANKOBAaHA MEBHUM YHMHOM CYKYIHICTh Pi3HUX 3HakiB. Mojenb
andapity Moxke OyTH MojaHa TakKMM YHHOM:

Jlitepu
Andasit Lndpu
CrieujanbHi CHMBOJH

CnoBo gBase cobo NMoeIHaHHS CHMBOJIIB, [0 MAlOTE NIEBHE 3HA-
yeHHA. CnoBa € MiHIMATbHUMU OJIMHHULAMHA MOBH, SKi MalOThL BlacHe
CMMCJTOBE 3HaYeHHa. Moaess ciosa:

Kntouosi cnosa

CnoBo 3Minni
KoncranTu
Mitka

OkpiMm ciiB gy YTBOpeHHSs (hpa3 i peyeHb BUKOPHCTOBYIOTh Halip
obMexxyBauiB — creliaJbHUX CUMBOJIB, IO 331at0Th GopMy MOBHHX
KOHCTPYKILii.
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Jyxku

ObMexyBayi 3Haku onepauii

Poaninopaui

Bupa3s B anropuTMiuHUX MOBaX — NOCHIOBHICTH 3MiHHUX Ta/abo
KOHCTAHT, NO€JHAHHX 3HAKAMM orepaliii Ta JxyxxaMu. Buau Bupasis:

ApndmMerHuni
Jloriuni
Bupazu [opiBasHHS
Hapn psaxamu
3mimasi

Yci nepepaxosaHi KOHCTPYKLIT € OKPEMHMHU €leMEHTaMH MOBH,
AIKI HE 3[aTHI OMHUCATH 3aKiHyeHy AyMKy. Jlis onucy 3aKiHyeHoi aym-
KH BUKOPHCTOBYIOTbCA PE{EHHs i TeKkcT, T06TO rpyna, Habip B3aeMo-
OB’ A3aHUX pey€Hb, IO AO3BOJISIOTH NEepeaaBaTH BU3HAUYEHHI 3MICT.
Peuenns 3apae onuc NeBHOI YaCTHHM OOHYUCHIOBANILHOIO MpPOLIECY.
Bech 0o0uncmoBanbHuii npoLec ONMCYETBCS 32 JONOMOroW paly
OnepaTopiB. [X NoeHaHHS € 3aNHCOM aJITOPHTMY.

4.2. XAPAKTEPUCTHKA MOBH C++

Cepen cy4acHux MoB nporpamysaHHs MoBa C++ € ofiHi€l0
3 HAMMOLUMpPEHIiLIMX.

C++ 6yna po3pobneHa cniBpoOGITHIKOM HAyKOBO-AOCIiAHOTO 1IEH-
tpy AT&T Bell Laboratories Boaprom Crtpayctpynom 1979 poky.
[Tepen Crpayctpynom ctosnu Apa 3aBaaHHg: 3poOuTy C++ cymicHoo
3 MoBoto C, posuinput C KOHCTPYKUIAMHU 00’ €KTHO-OPi€HTOBAHOIO
nporpaMyBsaHHsl. IlepBunHa Haszpa «C 3 knacamu» Oyna 3miHeHa 1983
poky Ha C++, 1o BioOpa3unio 110X04keHHs HOBOi MOBH Big MoBH C.

Mosa C pospobnena bpaiianom Kepniranom i [lenHicom Pitun
1972 poky nip uac poboTu Hag onepauiiiHoto cucremoro UNIX sk
yHiBepcajJlbHa MOBa 3arajlbHOro NpHU3Ha4YeHHs, O JO03BOJsIE ePEKTH-
BHO peanizyBaTH Ha EOM 3aaaui npakTHUHO HEOOMEXKEHOTO CNEKTpa.
3acobH MOBH 103BONAIOTH NUCATH KOMNAKTHI NPOrpamu, ski 3a npo-
AYKTHBHICTIO, SEKTHBHICTIO, 3aTPAaTaMK Ha KOMITUISLLIO, KOMNAKTHi-
CTIO KOAY i LIBUAKOAIEI NpOrpaM MOXKYTh KOHKYPYBaTH 3 MporpamMa-
MH, HanucaHuMH MoBowo Acembnepa. [lpn wsOMYy mporpamu,
HanucaHi C, € KOMNaKTHIIUMH i TPOCTILIMMU B CYTPOBOJI.
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Mosga C mae psag icTOTHUX 0coOIMBOCTEH, sKi BULINAIOTH i1 cepen
iHIIAX MOB MporpamyBaHHs. 3 ofHoro 60ky, MoBa C miATpuUMye NoB-
HUM HAbip KOHCTPYKUiH CTPYKTYpHOro MNpOrpamMyBaHHsS, MOZY.lb-
HICTb, GOKOBY CTPYKTYpY IpOTpamM, PO3AIIbHY KOMMiIALit0. 3 iH-
moro Goky, B Hel BKJIIOUEHi 3ac00M nporpaMyBaHHs Ha piBHI AcemO-
nepa (BUKOPUCTaHHA BKa3iBHUKIB, 1MoOIiTOBI omepalii, oneparii 3cy-
BY). To6T0 MoBa C Mae [1Ba piBHS: HUXHi} piBeHb — IJI CHCTEMHOTO
nporpamyBava; BepXHiil piBeHb — JUIs IPUKJIAIHOTO MpOrpamicTa.

MoBsa C — mo0iibHa MOBa, 10 O3HAYa€ MOXKJIMBICTh MEPEHECEHHS
porpam 3 OfiHi€l OGYHCTIOBaNBHOI CUCTEMM B iHILIY NPaKTHYHO Oe3
aminK TexcTy. Lle mocsraeTeca LUISXOM mepeHeceHHs Halbinbin 3a-
nexuux Big cumereMu EOM 3aco6iB, a came 3acobiB BBeICHHS-
BHBEICHHS, PO3MOALTY NaM’4Ti, MaHiIyIOBaHHs 3 €KPaHOM i3 anapa-
THOT YaCTHHH MOBH Y 016J1i0TeKy cTaHAapTHUX (YHKLIH, IKi MOXYTh
JOTIOBHIOBATHCS crielbiYHIMH QYHKUIAMH, MO SKHAHKOHKpPETHIIe
BUKOPHCTOBYIOTh 0COOIUBOCTI KOHKpeTHOI EOM.

MogHi 3acobu C yrpumytoTs NoBHUI Habip oneparopis, ski nif-
TPUMYIOTh TEXHOJIOTII0 CTPYKTYPHOTO MpOrpaMyBaHHs, MOBHI 3ac0o6H
C++ — 06’ekTHO- opieHTOBaHoro TpoTpaMyBaHHs.

Mosa Ma€ wupokuii Habip oneparlid, GinbicTs 3 sIKUX BiANOBiae
MaIUMHHMM KOMaHJaM i TOMy [ONyCKae npamy Tpancisuito. C uia-
TpUMye poOOTY 3 BKa3ziBHMKamMu Ha 00’€KTH MpOrpamu, ki ABJSIOTH
coboro maiuHHy aapecy O3I1 saHoro o6’exra. MaHinynsuis 3 aape-
caMH J03BOJs€ ePeKTHBHO BUKOPHCTATH PECYPCH MaM’ATi.

Mosa C yTpumMye y CBOEMY CKJIaJii Mpenpouecop, sIKui [103BoJsE
BCTaBJISITH TEKCTH B IIOYATKOBUH MOAYJNb IO €Taly TpaHCsuil.

Moga C Mae mupoKuii CrEKTp CTAHAAPTHUX THIIB JaHUX i 3pyu-
HHI MeXaHi3M KOMIMO3HLIT CTAaHAAPTHUX Y ckiaaHiwi. MoBa jJae po-
rPaMiCTOBI WIMPOKY cBOGOAY y BHOOPI CHHTAKCHYHMX KOHCTPYKLUiH,
JIOTyCKa€e BHKOPHCTaHHs BKa3iBHUKIB. Y MoBi C € 3acobu po6oTH 3 cu-
CTEMHUMM | NpU3HAUCHUMH AJis KOpHCTYBada Gibniorexamu mosu C.

Hespaxkarouu Ha eQEKTUBHICTb | MOTYXHICTh KOHCTPYKLiii MOBH
C, Bona BimHOCHO Mana 3a o0carom. Y HbOMYy BifCyTHi BOynOBaHi
oneparopy AJisi BUKOHAHHS BBEACHHA-BUBEICHHSA, AMHAM{YHOIO po3-
fojity mam’siTi, KepyBaHHsA mpolecaMy i T. iH. Bonu peanisoBaHi y
6ibnioreui cranmaptHux ¢QyHkuiit. Bunecenns uux ¢yHkuin y 6i6-
NiOTEKy AO3BOJSE BiANIMUTH OCOOIUBOCTI apXITEKTYPHU KOHKPETHOrO
KoMI’'1oTepa i yroa onepauiiiHoi CUCTEMM Bifl pealizauil MOBH, 3po-

OUTH MporpaMy MakCHMAalbHO HE3aJIeXKHO Bif AeTaneil peanizauii

ornepaliifiHoro cepel0BHILA.
[MTonanemum etanom po3sutky MosH C ctana Mosa C++, gKa € Cy-
nepMHokHHOO MOBHM C. C++ migTpuMye 06’ €KTHO-OpiEHTOBAHE Mpo-
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rpaMyBaHHs, II0 BUKOPHCTOBYE KJACH, SIKI € PO3BUTKOM KOHLIEMLIi{
CTPYKTYP, IO JI03BOJIAE iHKAICY/IIOBATH OTOJIOIISHHs AAHHUX i KOZY.
C++ niaTpumye KoHUeMNujo yCHanKyBaHHs, KOJIM OAMH KJIac € NOXif-
HUM Bifl iHmoro. C++ miarpumye Taki 10aTkOBi 3ac00H, K WaGI0HHU
Ta 06’ €KTHO-Opi€HTOBaHY 06po0Ky BUHATKOBHX cutyauiil. C++ Hajae
cTangapTHy 6i6mioTeKky mabioHiB pa3oM 3 pAAKOBUM aGioHOM. 3a-
BISAKHM LIMM MOJIMBOCTSM MOXHA MHCATH NpOrpaMHu, CYMICHI 3 iHUIM-
My Komninatopamu ANSI C++. C++ poswuproe C-noaibHi yacTuH#
MOBM, OJIHOYACHO CHPHAIOYH BUKOPHUCTAaHHIO HOBHX NPUIOMIB i CTH-
JNiB MporpaMmyBaHHs i poGiaun MoBy C++ 3Ha4HO 6araTiior 3a CBOi-
MH MOXIMBOCTSIMH Bifl GiJIBLIOCTI MOB BUCOKOI'O PiBHS.

Moga C++ Bxke ctana yHiBepcaabHOIO MOBOKO AJS NPOTPaMicTiB
ycboro cBiTy. JlaHa MOBa Moxxe OyTH 3aCTOCOBaHa JJIsl IPOrpamMyBaH-
Hst Oyab-siKoi 3ama4i. MoBa C++ 4acTo BUKOPHUCTOBYETBCS JUIS TAKMX
TPOEKTIB, K CTBOPEHHS OMNEPalifHUX CHCTEM, PEJaKTOPiB, CHCTEM
KepyBaHHa 6a3 JaHUX, MyJbTUMEia-porpam, NepcoHanbHuX iHdop-
MalifiHUX CUCTEM [J PO3B’SA3aHHA €KOHOMIYHHX, HAYKOBUX, iHMXKeE-
HepHMX 3anad. bijblma yacTHHa Cy4acHOro CHCTEMHOrO Ta NpHKJIal-
HOI'O NMPOrpaMHoOro 3abe3nevyeHHs po3pobAfETHCS caMe LIEI0 MOBOIO.

4.3. OPTAHIBALIA IHTETPOBAHOI'O
CEPEAOBHUIIA MOBH C++ HA TIEOM

HeobxinHicTh nepeBelleHHs TEKCTY MpOrpaMu, Hamuca-
HOI'O aJArOpHTMi4YHOIO MOBOIO, B MOBY MAalIHHHUX KOJIB KOHKPETHOT
EOM Bu3Hauae HasBHICTL B ONepalliiHiii cucTeMi cenianbHUX Nnpo-
rpaMHHUX 3acobiB, WO BUKOHYIOTh BkasaHi ¢yHKuii, ski, BnacHe, i €
cepedosuujem, abo XK iHmezpoBanUM OMOYEHHAM MOBU.

) T'onosue micye 6 cepedosuyi 6y0b-sikoi MOBU HAREHCUMb KOMN-
e | Jlexcy npoepamnux 3acobis, AKuil HA3UBAEMbCA MPAHCSMOPOM.
Icuyroms mpu 6uou mpanciamopis: komninsmopu, inmepnpe-
mamopu, acembnepu.

Komninamopom Ha3MBa€TbCsl CUCTEMHA Mporpama, O Ha OCHOBI
aHaji3y MporpamH, HankcaHoi MOBOIO BUCOKOTO piBHS, MEHEpYeE Mpo-
rpaMy MOBOIO MaUIMHHMX KOMaHJ, fKa € TOYHOIO KOMI€I0 MOYaTKOBOT
fiporpamu 3 MorIsAy BHKOHYBaHWX ¢yHkuii. [Iporpama, wo naaxo-
JUTh Ha BXiJi KOMMINATOpa, HA3UBAETBCA MOYAMKOBOIO HPOZPAMOIO
ab0 No4yaTKOBUM MOJYJIEM; Mporpama, OTpUMaHa Ha BUXOJi KoMmijg-
TOopa — 00 'exmnum mooynem. ToOTO KOMMINATOP — Lie TPAHCIATOP,
IO BUKOHYE MEPETBOPEHHA MpPOrpaMy, CKIafeHOI MOYaTKOBOK MO-
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BOIO, B 00 €KTHUH MOAyNb. Y npoueci TpaHC/siii KoxkeH omepaTop
MPOrpamMu 3aMiHIOETHCS TOCHIJOBHICTIO BUKOHABUMX MAIIMHHUX KO-
MaHZ (ab0 KOMaH] pe3epBYBaHHS I1aM’ ATi).

Xou 00’ eKTHHI MOYJIb MiCTHTh TEKCT Y MallIMHHMX KOJaX, BiH He
rOTOBHit 10 BUKOHAHHS, OCKUIBKH Y HBOMY HE peasii3oBaHi 3BEPTaHHA
3 MOTOYHOI NMpOrpaMi A0 iHLIMX MPorpaM, MO NPaKTHYHO 3aBXKIU €
TIPUCYTHI, | He BU3HAYEHI KOHKPETHI aZpecH 3aBaHTAXKCHHs NPOrpamMu
B O3I1. Tomy HacTynmHMM mic/isi KOMIUIALII eTaroM oOpoOKHU mpo-
I'paMU € eran pefaryBaHHS 3B’S3KiB, SKMH BHKOHYE clielliajbHa Ipo-
rpama, IO Ha3UBAETHCS PEAAKTOPOM 3B’ SI3KiB.

- TTicis KoMIMiFOBaHHS 3MiMCHIOETBCS €Tan pelJaryBaHHS 3B s3KY.
Ha Bxin pemakropa 3B’A3Ky HagXOAUTh 00 €KTHUIM MOZAYIb, Micas pe-
amizauii MDXKMOIYJIBHHMX 3B’SI3KiB Ha BHUXOAL peaakTtopa ¢GopMyeThes
3aBaHTaXyBaJbHUHM MOZYJb, TOOTO Tiporpama, sika roToBa A0 3aBaH-
Ta)KeHHS y aM’ATh Ta BHKOHaHHA. Uepe3 Te, WO CTPYKTYypa 00’ €KT-
HOTo MOAYJA B Mexax oaHoro tuny EOM ojHakoBa, BUAINEHHS LbO-
ro erary 06poGKy Mporpamy Aae MOXKIUBICTb 00’€iHATH OKpeMi 4ac-
THHY TIPOTPaM, HalIUCaHKUX PISHUMHU MOBaMH NIPOTPaMyBaHHS.

OcTaHHIM eTanoM 06poOKM NPOrpamu € 3aBaHTAXEHHs! | BAKOHaH-
Hsl. 3aBaHTaXXeHHS MPOBOAUTHCA CIELIANIBHOI MPOrpamMol0 — 3aBaH-
TaxxyBayeM. L{g nporpama cnouaTky BCTaHOBIIOE apecH BiJibHUX NO-
niB mam’sti O3[1, a moTiM MPOBOAMTL KOPUI'YBaHHs aipec 06’ €KTiB
nporpaMu Ta 3aBaHTaxeHHs nporpamu B O3II. Ilporpama-zasanra-
XYBau BCTaHOBIOE ajipecu BinbHuX nosis nam’ati O3I1. Ilicas uporo
KepyBaHHS MlepeIacThesl Mepiliil KoMaH/i IporpaMu.

Acembrepom Ha3UBAIOTH TaKHI BUJ KOMMINATOPA, AKUH TPaHCIIOE
ONepaTopH MOYATKOBOI NPOrpamMu y MalllMHHI KOMaHAX 33 ApUHLM-
TIOM «OAMH B OlH». Acembiiep 3AiCHIOE MArOTOBKY MPOrpamMH Ma-
IIMHHOIO MOBOKO WLISAXOM 3aMiHM CUMBOJIIYHHMX iIMEH onepauiid Ha
MalliHHI KOJH, a CUMBOJIIYHUX aJipec — Ha aOCOJIIOTHI HOMepH, a
TaKOX BKJIIOYEeHHs 6i6mioTeuHUX nporpam i reHepaLiio rnociijoBHoc-
Teil CUMBOJIIYHMX KOMaH/ LIUISIXOM 3a3Ha4Ye€HHs KOHKPETHUX Mnapame-
TpiB Y MaKpOKOMaH/aXx.

Iumepnpemamop — Bun TpaHCNATOPa, WO 3AIACHIOE Mooneparo-
pHy (MOKOMaHAHY) 0OpOOKY i BUKOHaHHs NMpOrpamMu 4W 3amuty, Ha
BiIMiHYy BiX KOMMijsTOpa, IO TPAHCIIOE BCIO MporpaMy 6e3 11 BUKO-
Haubs.  IHTeprperatop TPAHCJIOE KOXEH OMNepaTop MOYaTKoBOrO
MOJYNA Y TIEBHUI NPOMIKHUA KOJ, IHTEPNPETye HOTO 3a JI0MOMOTOH0
OZHi€l a00 KiNBKOX MALUMHHUX KOMAHJ i Ofpasy BHKOHYE Li KOMaH-
au. Ha BiaMmiHy Bia kommninaTopa Ta aceMbiepa iHTepnpeTaTop 3a3BH-
Yaif He reHepye 06’ eKTHHI KO, a BUIAE JIMIIE pe3ynbTar poOoTH mno-
CJTiIOBHOT'O BUKOHAHHS OMEpaTopiB NOYaTKOBOT NPOrpamMHu.
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Kpim KOMIIOHEHTIB, HIO NepeJliyeHi, 0 cepeoBUIIa aaropHTMid-
HOi MOBM BiJHOCATBCSA TakoX OiOMiOTEKHM CTaHOAPTHHUX QYHKLIH,
TOOTO 00’€KTHHX MOJIyJiB, sIKi MOXYTH BHKIMKAaTHCA 3 OyAb-sKoi
TNpoOrpamMH, MiJroTOBIEHOI NPOTpamMicTOM 3a 3a3Aajieriib BU3HAYECHH-
MM CHHTaKCHCOM MOBY mpasuiamu. Ile Haityactime maremarHaHi
byHxuif, }yHKUiT BBeACHHA-BUBEACHHA i T. iH. Jlo cepe/ioBHIIA anro-
PUTMIYHOT MOBH TaKOX HaJleXaTh CTELjalbHi MporpaMHi 3aco0u Ha-
NaroJUKeHHs!, sKi JO3BOJISIOTh BHABATH IOMUJIKH, NOJETIIMTH PoGoTy
3 X po3Mi3HaBaHHS Ta YCYHEHHSI.

KoxHa 3 nepepaxoBaHHX TPYN NpOrpaMHUX 3acO0iB MiATPHMKH
MOBH Y BH3HAUYCHHX ONEpAalifiHMX CHMCTEMaX MOXe BiIpi3HATHCA
CKJIA/IHICTIO BUKOHAHHsI, MAacIITabaMH BUKOHaHNX $yHKuii, i npakTy-
4HO BCi 3 IIEpepaxoBaHUX 3ac00iB 3aBXK/IU € MPUCYTHIMH.

Posrasparoun npouec JoOBeACHHs NMporpaMu a0 poOOYOro cTaHy
iz yac poOOTH 3 KOMMINATOPOM Ta iHTEPIPETATOPOM, MOXJIMBO 3pO- -
OUTH BUCHOBOK MpPO CKITAAHICTE POOOTH 3 KOMIIAATOPOM Ta MPOCTOTY
npouecy iHTepniperanii. Ciif 3a3HaYMTH, MO CKNAAHICTL KOMITIALIT
BUSIBJIAETHCS TiIBKH B nepion HanarojKeHHs nporpamu. Hanaromke-
HHUJ 3aBAHTAXYBaJIbHUI MOJYJIb MOXKE BUKOHYBATHCA 3a BilICYTHOCTI
B O3I1 xomnisnsTopa i peakropa, 10 3HAYHO MiABHILYE LIBUAKICTH
NIPOBEJICHHA PO3PaxyHKiB, 3a0LIa/Ky€E MaM’iTh Ta 3abe3neuye BHLLY
IIBHMAKICTE BUKOHaHHA. Po6oTa 3 iHTepnpeTraropoM € OpocCTiiol B
npoueci HanaroAXeHHs NporpaMy, aje BUKOHyBaHa nporpama 36epi-
ra€Thecsl B MOYATKOBOMY BUIIAAI H MOTpebye NMpUCYTHOCTI iHTEpMpe-
TaTopa, Ta, NPUPOAHO, WIBUAKICTD 1l BHKOHAHHS HEBUCOKA.

4.4. TEXHOJIOT' 151 HAJIATO’KEHHS [IPOTPAM
Y CEPEJOBHLI CUCTEMMU BORLAND C++

VY renepimniii yac ana [IEOM po3spobreHo Bennky Kinb-
KicTh peanisauiif mosu C++, aBTOpaMu AKHX € pi3Hi GipMu Ta opraHi-
3auii. Jlo umx peanizauiii Hanexars Borland C++, Microsoft Visual
C++, Watcom C++, Symantec C++. Yc¢i nepepaxoBaHi cHCTEMH npa-
LIOIOTH 3a MPUHLMNOM KOMMLIATOPIB.
dipma Borland € ogHum 3 npoBigHMx BHpoGHMKIB C-kOMMijfA-
topiB. Borland C++ Bepcii 5 € HaiiMOTyTHILIMM i TaKuM, WO Ma€ Haii-
Oinbili MOMKJIMBOCTI KOMITIIATOPOM Ha ChOTOAHIWHIN aews. 11iii Bep-
cii KoMMiAATOpa NpUTaMaHHa BUCOKA LUBMAKICTh KOMMiAUii Ta edek-
THBHICT KOJy, 10 cTBOproeTbCs. Borland C++ cknamaerses 3 Tppox
xoMninsropis: kommninarop C, xomminarop C++, € minTpumka Java,
MOBM NpOorpamyBaHHs AJist Internet
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Konuenuia Borland nepexfayae KoHLEHTpaLil0 MOBHOro Habopy
nporpamMHuX 3aco6iB, HeoOXiAHUX 1 0GPOOKH NporpaM, HamUCaRUX
MOBaMH BHCOKOTO piBHs. J[o LIUX MporpaMHMX 3aco0iB HaJleXKaTh:

1) inTerpoBaHe cepeaoBHILE NPOrpaMyBaHHs;

2) KOMIIUIATOP MOYATKOBOI'O TEKCTY MPOrpaMH;

3) penakTop 3B’ 3Ky (yKnanay);

4) 6i6aioTeku 3aroyoHux ¢aiinis;

5) 6i6miotexu GyHKLI#;

6) nporpaMy YTHIITH.

[HTerpoBaHe cepefoBALIEe — NPOrpama, o Mae BOYxoBaHui pe-
JIAKTOP TEKCTiB, MiACHCTEMy POOOTH 3 dailiaMu, CHCTeMy OTIOMOTH
(HELP), B6yIl0BaHPIPI Hanaro/Kysad, HI,ILCI/ICTCMH KepyBaHHS KOMITi-
JNIALIEIO Ta peJaryBaHHs 3B S3KiB, KOMIIJIATOP Ta PeNAaKTOp 3B’A3KY,
MeHeDKEp TMPOEKTiB Ta iHIIe.

Borland C++ mae aBa BapianTi po6OTH iHTErPOBaHOTO CEPEAOBUIIIA!

bc.exe — a1 poGOTH B peanbHOMY PEXXHUMI;

bcx.exe — s poBOTH B 3aXHIIEHOMY PEXHMI.

Kpim BOyZ0BaHOrO B iHTErpoOBaHe CEpEeAOBHUILE KOMMiNATOpA, Ma-
KET Ma€ INEe OJUH KOMIJIATOp, IO HAa3HBAETHCS KOMMIISATOPOM KO-
maHaHoro pazaka (bec.exe, bee32.exe). bee.exe — ans komminanii 16-
6itopux DOS- i Windows-nporpam, Hanucanux moBamu C i C++.
bee32.exe — 32-Gitosmii komminsarop. TpaHcmoe daiinu and BUKoO-
pucranns B cepenosuimi Windows NT a6o Win32s (nig kepyBaHHAM
Windows NT, a6o Windows 95, aGo Windows 98). Komninsrop ko-
MaHJHOIO psAKa 32 3aMOBYYBAHHSM ITiCIIs 3aBEPLICHHS KOMMISLii
aBTOMATHYHO BUKJIMKAE PEAAKTOP 3B’ A3KY.

brcc.exe, bree32.exe, bre.exe, bre32.exe i rlink.exe 11 KoMmmins-
nii onucis pecypcie Windows i 06’ caAHaHHS pe3ylbTyOuMX ABIHKO-
BHUX (paiiiB pecypciB y nporpaMHHid Gaiin 3 po3MUPEHHAM .€Xe.

make.exe (B 3aXUILIEHOMY peXuMi) | maker.exe (B peaibHOMY pe-
KMi) — /71 aBTOMaTu3allil cTBopeHHs 6ararodaitnosux nporpam;

tasm.exe — aceMbnep;

cpp.exe — NPENIPOLECOP;

td.exe — HanaromKyBay;

tprof.exe — nporpama npogintoBaHus i 38’A3aHi 3 Heto daiiny;

¢aiumm kondirypauii: turboc.cfg i tlink.cfg, bee32.ctf i tlink32.cfg;

tchelp.tch — nosinka,

bcinst.exe — nporpamMa HaCTpPOIOBaHHS;

3aroJioBHi (aitmu — *.h-daiiny;

6i6mioTeuni daitnu — *.lib i *.obj-datinu.

BibnioTeka ‘ctaHaapTHUX (YHKIiA MOBM Ma€ IHPOKE BHUKOPHC-
TaHHA i )KOJ{HA TIPOrpama KOPHUCTyBaua He 3Moxe Oe3 HuX OyTH peani-

72

3oBaHoK0. KoxkHa rpyna ¢yHkuiii (3a npu3HaueHHAM) Mae CBiii 3aro-
noBHuii .h-daiin, skuil nosuHeH GyTH min’enHaHKHA 10 nporpamu Ko-
puctyBada min 4gac poGoTH 3 Oyab-skoro QyHKui€lo ui€l rpymu.
ITin’epnanus BinOyBaeThecs Ha PiBHI IPenpouecopa MOBH.

bibniorexka craHAapTHUX QYHKLUIN BKIIOYAE: dynkuii xnacndixa-
1iif cuMBOJIIB; QyHKLIi NIepeTBOPEHHs ps/ka CUMBONIB; GYHKLIT Ma-
HiMTyTIOBaHHSA PAAKaMH CUMBOJIB, MaTEMAaTHYHI (byHI(uu dyHKUiT Ke-
PyBaHHs mpouecamy, sKi mmpumy;on 06po0Ky noMunok; dyHKuii
JAMHAMIYHOTrO po3mnojiny mam’sti, GyHKLii, 1o MATPUMYIOTE poGOTY
3 JIaTOIO Ta 4acoM, QYHKLiT BBEICHHA-BUBECHHS Ta IH.

' Hanaromxeﬂm nporpaM Moxe BiIOyBaTHCS 32 JBOMA TEXHOJIOTISAMH:

1) 3a 1ONOMOTOI0 aBTOHOMHOTIO KOMITLISITOpa (32 JONOMOIOI0 KO-
MaHAHOIO psJIKa);

2) 3a AONMOMOT0IO IHTErPOBAHOTO CEPENOBHILA PO3POOKH.

AsTOoHOMHI KoMmninsitopu Borland C++ 3anyckalorscs 3 komaHj-
Horo psaaxa DOS.

bce <options> <names>

A€ options — omuii; names — iM’ MOLYJIs, AKMit HEOOXIJHO CKOMITI-
JIIOBATH.

Axwo Ha6pam Ha KnapiaTypi Tifibku bcc, TO MOXHa OTpUMaTH
abpesiarypy onuii. Cumsonu onuiii 3anexars Bin perictpa. Hampux-
naj, onuis — ¢ — KOMMioe B .obj- -haiin, ane He kommonye, a on-
nig — C — no3Bonse BKNaAeHi KOMEHTapi.

bcc — ¢ mmain.cpp

Psajox MicTHTh 3aBaaHHA cKOMIiMOBaTH Moayilb mmain.cpp, B
pe3ynbTaTi Oyie cTBOpenuii 06’ ekTHUI daiin 3 po3iuMpeHHsaM .obj.

bce mmain.obj ss.obj

Hannii pagok BukaMue yknajay ans Ttoro, o6 o6’eaHaTH
00’€ekTHI MOayi B aiin, wo BHKOHYEThCA 3 PO3WHPEHHAM .eXe.

BinminHiCTIO Apyroi TexHoNorii € Te, WO aKkTHBi3aNis NporpaMHKX
KOMITOHEHTIB NPOBOJAMTLCA Ha Pi3HMX eTanax o6pobku nporpam He
IUISIXOM BUKJMKY 3a BiANOBIAHUMH iMEHaMM, a LIISXOM aKTHBizauii
NOTPiGHOI MO3HLIT MEHIO IHTErPOBAHOTO CepelOBHLIA PO3POOKH.

Texnonoris HanaromkeHHs oaHodaitnoBux nporpam mnix kepy-
BanHAM Windows a6o DOS cknapaeTbcst 3 Takux Kpokis.

1. 3anycrits IDE, BuknukaBwu B Windows nporpamy Borland
C++. (Puc. 4.1)

2. Binkpuiite HoBrii daiin nouyarkosoro tekcry: File (Daiin)/New
(Hosu)/Text edit (Texcmoguii ¢paiin). SIko novatkosuii daia yxe
icHye, BiaxpwiiTe ioro, Bubpasiuu File/Open/.
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3. Biakpuiite onepaTUBHE MEHIO, TIEPEMICTUBLIM Kypcop MMLUi Yy
BIKHO peJaKTOpa i HaTHCHYBIIY OJVIH Pa3 Ha TpaBy KHONKY MUINI, i
BubepiTe komaHny Target Expert (Excnepm 3 memu). Ha expani
3’ABHTHCA Aianorose BikHO Target Expert.

4. Jxmo BH 3AIMCHIOETE HANArOMWKEHHS NPOrpamMHy IMijl KepyBaHHIM
DOS, 1o subepits Application (.exe) (0ooamox) 3i ciiucky Target Type
(munu 0odamxie) i DOS Standart (¢cmanoapmua ons DOS) y ciucky
Platform (nnamgopma), Small (mana) B cnucky Target Model (modens).

Axio Baina nporpama opieHToBaHa Ha Windows, To Bubepite Tin
pesynstary EasyWin[.exe] 31 ciivicky Target Type. Platform Ttpeba
BCTaHOBUTH piBHOT Windows 3.x [16] i Target Model noBuuna 6yrn
Large. 11i ycTaHOBKH JitOTh 32 3aMOBUYYBaHHSIM.

Bubepits kHonky OK nns 3akpurta aianory Target Expert.

5. BBeAiTb 1M04aTKOBHI TEKCT nporpami i 36epexiTs itoro, HaTHC-
HyBLIU Knammy [ F2], 3’aBuThca manoroae BiKHO, B SIKOMY Heo6xm-
HO AaTH iM’s Bamii nporpami. Lli x Aii MOXcHa BUKOHATH 32 AONOMO-
TOI0 KOMaH MEHIO.

Hoei ¢aitnn cnouarky HasuBatotbcs NONAMEOO.CPP. Tlpu
CTBOpEHHI KiJIbkoX Oe3iMeHHUX (paiiniB y Katanosi HoMep B iMEHi aB-
TOMaTH4HO 30inbuyethes Bix 00 mo 99. Skuio Bu 36epiraere ¢aiin 3a
nonomoroto koMmaua File/Save abo File/Save as..., IDE 3anponoHye
BBeCTH iM’s (aiina.

6. Cxomnimoiite noyarkoBuii daitn (HATUCHITH KHOMKY NaHesi iH-
crpymeHTiB Compile abo BuGepits komauny Project (Ilpoexm)/Com-
pile(Komninosamu,).

Sxwo xoMmingTop BUSBMB MOMHUIIKH, TO 06’exTHHH Koa He (op-
MYETBCS | PEAAKTOp 3B’A3KiB HE BHK/IMKA€TbCS. ABTOMATHYHO Bil-
KPUBAETHCA BIKHO TNMOBIJOMIICHb 3 MOCUJIAHHAMH Ha MOMMJIKH, BHeE-
CiTh BHIIpaBJEHHSA B NOYAaTKOBUIi TeKCT. [ToBTOPITH KOMMINALILKO.

7. Cxomrionyiire daiin nporpamu, Bubpasiuy komanny Link (Pe-
O0akmop 36’a3kig) onepaTusHOTo MeHI0 ab0 HATHCHYBILM KjaBiwy
[F9]. Bu MoxeTe BMKOHATH KOMHIJ‘IﬂUJ}O i KOMIIOHYBaHHs 32 OJMH
KPOK, HATUCHYBLUM KHOTIKY naHeni iHCTpyMeHTiB Make all abo Build
all abo BubpaBLIM oaHy 3 KoMaHf Project (IIpoexm)/Make all (Ilepe-
oghopmumu) abo Project/Build all(Chopmysamu)). Ina DOS-popat-
KiB BUKOHAHHs LIBOTO MYHKTY 000B’43K0BE.

8. BukoHalite nporpaMmy, HATHCHYBIUM KHOTIKY NaHeJi iHCTPYMEHTIB
Run abo BuOpasiin Debug (Bionaoxka)/Run (Buxonamu) abo HaTHUCHITDb
[Ctrl+F9]. CraneTbest koMninsuist i 30upaHHa nporpamu. SIKILO He BU-
HUKHE N0BiOMJIEHB PO NOMUJIKH, NporpamMa 6ye 3anyLieHa.

Hns DOS-ponatkiB HeobxinHo Buiity B DOS i 3anycTUTH BHKO-
HyBaHuii daiin .exe.
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Cxema MiIrOTOBKH MNporpamMH, IO BHKOHYETHCS, HaBeJcHa Ha

puc. 4.2.
|

] ; noqancomm
Bi
PenakTop TeKcTy Bﬂpﬂor'l‘::m‘:;y —@ MOIYNb *.cpp
o
TIpenponecop | TpenpouecopHa ,
*h o6pobka TekcTy —@ EOBH":M:?:C:
*.cpp ] nporpaMu porp PP
— |
Komminauis L 06’ eKTHMIT MOIY/b
*.cpp . Kommninanis _@ nporpamm * 0]
. |Tak
BeeneHnsa aMix
JI0 [Iporpamu
‘ Hi
X':)J;)?ﬂaq (Lmker) ] PenaryBanHs 3aBaHTaXYBIbHHUiL
] : x*
Bibnioteuni daitnu 38 A3KIB MOy T.exe

BukoHaHHA 3aBaHTA-
KYBIBHOTO MOZYJIA |
B cepeaosuuie B OC

Pesynbrar

BuKoHaHHA
yermitxe?

Tak

Puc. 4.2. Cxema niAroToBKH NporpamMmu

Borland C++ Moxe xomninoBati nporpamu Mosamu C abo C++.

V 3aralbHOMY BUMajKy, AKIIO NporpaMa Mae po3LIMpPEHHs .Cpp, TO -

BOHA KOMITUTIOETECA SIK fiporpama MoBoto C++, a AKWIO pO3IUUPEHHAM
e C, To BuKkopucToByeThea Komninsitop C. Tomy Ha#npocTitumit ¢no-

¢ci6 mpumycuti Kommiastop Borland C++ npoeecty Komminsuiro 3a

npasunamu C++ nonsira€ y BUKOPUCTaHHI PO3IIMPEHHS .Cpp.
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Po3din 5
OCHOBHI TUINK QAHUX

5.1. AJI®ABIT, IIEHTU®IKATOPMY,
KJ/IIOYOBI CJIOBA, KOMEHTAPI

Komminsirop moBu C++ cripuiiMae NOYaTKOBHH aiin, o
MICTHTS NIpOrpaMy MoBolO C++ sk MOCHIZOBHICTL TEKCTOBUX PA/IKIB.
Komninsrop Mosr C++ noctioBHO NPOUHTYE PsAKA Nporpam i po36u-
Ba€c KOXEH 3 MPOYHTAHUX PAJKIB HA IPYNY CHMBOJIB, SKi HA3MBAIOTHLCHA
nexceMaMu. Jlexcema — OJUHMLI TEKCTY NPOTpaMu, SKa Mae caMoCTii-
HMH 3MIiCT A4 KOMIIIATOpa MOBM i HE MICTHTH iHIIHX JiekceM. Ilotim
KOMIIIATOP HA OCHOBI IPAMATHKH MOBH PO3Mi3HAE CMHUCJIOBI KOHCTPYKLi
MOBH (BHpa3H, BU3HAYECHHS, OIKCH, ONIEPaTopH i T. 1.), noOynoBaHi 3 LyX
nexceM. B C++ € wiicTh TMNIB JieKceM: ineHTHGIKaTOpy, KIOYOBi CIIOBa,
KOHCTaHTH, PAJIKOBI JITEpaIIH, 3HAKH OnepaLlii Ta po3AiIbHAKH.

Am[)aezm MOBU BKITIOYAE JIiTepH, LHGPH, Crewianbhi 3HaKK.

BykBn BknOYalOTH Mani i BeNuKi 6yKBH NaTHHCBKOTO andasity,
NpHYOMY KOMMINATOP PO3riAfac OfHY i Ty caMy BEIMKY i pAAKOBY
OyKBH sIK Pi3HI CHMBOJIH.

Sk uudpH BUKOPHUCTOBYIOTECS apaGebKi undpn: 0,1,2,3,4,5,6,7,8,9.

bykeu Ta uMdpu BUKOPHCTOBYIOTHCA Nip yac q)opmyBaHHa KOHC-
TaHT, iAEHTH(]IKATOPIB i KIIOYOBUX CIliB.

CneuianbHi 3HaKu nepeniveHi B Tab. 5.1.

KoMninsaTop, BHUKOHYIOUH JIEKCHYHMI aHali3 TeKCTY Nporpam
moBoto C++, 1715 po3ni3HaBaHHs noyatky i (a6o) KiHUA OKpeMuX fek-
ceM BUKOPHCTOBYE NpobifbHi CHMBOJIM.

Ilpobineni cumeonu — npobis, cuMBoONM TabyNsAUil, NepeBeaeHHs
pAnKa, TIEpeBeIeHHs KapeTKH, BepTukanbHoi tabynsauii. Lli cumBonm
BiJULIJIIOTb OOWH BiJl OJHOTO JIEKCEMH, HANpPUK/IAJ, KOHCTAHTH Ta
inentudikatopu. Jlo NpoOiIBHHX CUMBOJIIB HaleXaTh KOMEHTAPI.

Kpim nepepaxoBaHHX 3HAKiB y MOBi BUKOPHCTOBYIOTHCA KEpyHOUi
nociiaoBHocTi (Esc-nocninosrocri). Kepyioui nocrioosnocmi — cre-
LiajbHi CUMBOJIH, 11O [03BONAOTH NPEACTABNATH NPObinbHi Ta He-
rpaiuHi CHMBOIM Y CUMBOJIbHMX | PSJKOBHX KOHCTaHTax. Ix 3acTo-
COBYIOTH /il MPEACTAaBJIEHHS! CUMBOJIB abo yucen, sKi He MOXKHA
Ge3nocepeHBO BBECTH 3 KiasiaTypH. J[nsi BBEAEHHS KEPYIOUMX ITO-
CIiIOBHOCTEH, L0 A03BONAIOTH OTPUMATH Bi3yanbHE MpPeACTaBAEHHS
JEeSIKUX CHMMBOJIIB, IO HE MalOTh rpadiyHOTO aHanora, BAKOPHCTOBYE-
ThCs CUMBOJ1 3BOpOTHOT noxuiol pucd (V). V tabn. 5.2. mepeniueHi
nonycTuMi kepyroui nocnigosHocti Borland C++,
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Tabnuya 5.1
CIIEIJAJIBHI 3HAKHT
Cumson HaifmenyBauns Cumgpon HaiimeHyBaHHs
, Koma ! . | 3uax okauky
Kpanka : BepruxansHa puca
H Kpanxa 3 koMO10 / IToxuna puca rpaBopyy (cJel)
JlBokpanka \ go;(;zie%l)ca niBopy4 (3Bopo-
? 3HaK NUTaHH ~ Tunspa
! MoonuHoka narika (anocrpod) _ [TinkpecneHss
( JliBa kpyrna xyxka # 3Hak HoMepa
) Tpasa Kpyria 1yxKa % Biacorok
{ JliBa dirypHa nysxxa & Amnepcanz,
} IpaBa QirypHa ayxka A Crpinka Bropy
< 3HaK «MEHLUey - 3Hak MiHyc
> 3Hak «Binsie» = 3Hak piBHOCTI
[ JliBa kBanpaTHa Jyxka + 3Hak naoc
] IlpaBa kBanpaTHa AyXKKa * 3Hak MHOKEHHS (3ipotKa)
" Jlanku
Tabnuys 5.2
KEPVYIOUI HOCIIIOBHOCTI MOBU C++
Kon HaiimeryBaHHs Jecsitkose lUic;r('l(:chmT- nméﬁ;ﬂgﬁ""ﬁ
\a |3ByxoBuit curuan 0x07 BEL
\b | [oBepHeHHS Ha OJMH KPOK 0x08 BS
\f | IlepeBencnus Ha HACTYMHY CTOPiHKY 12 0x0C FF
\n | Iepexin Ha HacTynHUH pIAOK 10 0x0A LF
\r |TlepeBencHns kaperku 13 0x0D CR
\t | FopusontansHa TaGynsuis 9 0x09 HT
\v | Bepruxansya tabynsinis 11 0x0B VT
\\ | 3BopotHa xoca puca 92 0x5C \
\" | Anoctpod 39 0x27 !
\" | oasiiiHi nanku 34 0x22 "
\? | 3nHax nUTaHHA 63 0x3F ?
\000 | BicimkoBuii koa cuMBoITYy Byap-xTo | Byap-xto Byab-xro
\x00 | HlictrapuaTkoBuii ko CUIMBONY Byas-xto | Byap-xTO Byns-xT0
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loenmugpixamopu — e yMOBHI NO3HAUEHHA 3MiHHHX, QYHKLIlH Ta
NO3HAYOK, iHMMX 06’€KTiB, MO BU3HAYAIOTECS KOPHUCTYBA4YEM, BHKO-
pUCTOBYBaHHMX y mporpaMi. laenTudikatop Moxe cKiagaTHca 3 I0-
CNIJOBHOCTI OZHi€T 4M KiNBbKOX JIiTep, UM}p Ta 3HAKiB MiAKpecIto-
BaHH. BOHM MOXyTs OyTv mNpakTH4HO OyAb-SKHMHM 3aBHOBXKH.
IneHTH(bu(aTopn TNOBMHHI PO3PI3HIOBATHCS B Mepux 32 CHMBOJAX,
4HCJIO CUMBOJIIB, IO PO3Pi3HIOIOTHCS, MOXE OYTH 3alaHe 3a JOIOMO-
rOI0 IMyHKTY Compzle/Source xomanou Options/Project.... 1nentndi-
KaTop MOXE BKJIFOYaTH MPONKCHI Ta PAAKOBi OYKBH, ajie BOHU He no-
BHHHi 36iraTucs 3a HaNMCaHHSIM 3 KJIOYOBUMM cnosaMu. Hanpuknazn,
Name, name, NAME — 1ie abcommoTHO pi3Hi ireHTHiKaTOpH.

II[CHTH(biKaTopH 3MIHHHX HE IOBWHHI:

1) nounHaTHcs 3 uudpH;

2) mictutu npobiny;

3) MicTuTH crienianbHi CHMBONIM 32 BUHATKOM CHMBOJY MigKpec-
TIEHHA _;

4) 3biraTuca 3 KJIOYOBHUMH clloBaMu MOBH C++ i 3 iMeHamy 6i6-
noTeyHMX PyHKUiH.

Ha3py 3MiHHMX He MOBUHHI NMOUMHATHCA 3 UMPPH, MICTUTH NPO-
6inu, cnewuianbHi CUMBOJIK Ta KiIrO4OBi ciaoBa B C++, 36iraTuca 3 Ha-
3BaMHu GibnioTek dyHKILji.

Hwxde HaBefeHO KiibKa MpPHKIALIB KOPEKTHUX i HEKOPEKTHHX
IMEH 11eHTU}IiKaTOPIB.

KopekTHi HexkopekThi
Value 3value

testS re!salt
h_balance h-balance
_word $word

Knrouoei cnosa — ue ineHTHdiKaTopH, AKi MalOTh NMEBHHIA 3MiCT
ana komninsropa Moy C++. BoHu 3apezepBoBaHi B MOBI a1 crielli-
aJbHOTO BUKOpUCTaHHA. Kio4oBi cioBa 3aBXAM NUUIYTHCA MalUMH
OykBamu. ¥V Tabn. 5.3 HaseaeHi knovosi cnosa C++.

Komenmapi — nocnifoBHICTb CUMBOJIIB, iKa ITHOPYETHCA KOMIi-
NIATOPOM i CIPUHMAETHCA HUM K OKPEMHIA NPOGibHUI CUMBOJL.

KomeHTapi — noBinomiieHHs, ki MOSACHIOIOTh BaM, WO pOOMTb
nporpama B ToMy 4H iHwomy Micli. KomenTtapi notpiGHo BHkopHc-
TaTH, KONKW HEOOXiAHO MOACHWTH sKy-HeOyab onepauito koay. Ko-
MEHTAapi 3aB)KAH MalOTh HECTH MEBHE CMUCJIOBE HABAHTAXKEHHA, a HE
nepedpaszoBysaTu onepauii MoBH. [TucaTn KoMeHTapi ciig napanens-
HO 3 NpPOrpamolo, L0 CTBOPIOETHCA. ICHYe Ba CNOCOGH BKJIHOUEHHS
KOMCHTapiB JI0 NpoTpaMHu: Tpanuuiﬁnuﬁ meron C i meropg C++. Tpa-
auuiiinui komentap C Mae Takuil BUrA:

/*<nocnigoBHICTE CHMBONIB>*/
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KJIIOYOBI CJIOBA MOBH BORLAND Ci+

Tabnuysa 5.3

__ asm ___ cdecl
__€s __ except
__ finally __ huge
__ near __ pascal”
__ss __ stdcall
__ cdecl __¢s ‘
__ far _ fastcall
__ loadds __ hear
__ S8 __ stdcall
break case

class const
delete do

enum explicit
float for

if inline
mutable namespace
pascal private
reinterpret_cast return
static static_cast
this throw
typeid typename
virtual void

__cs
___export
___import
¥t

__ thread
__ds
___huge
___pascal
asm

catch
const_cast
double
extern
friend

int

near
protected
short
struct
true
union

volatile

__declspec
__far
__ interrupt
__saveregs
try

__¢es
__import
__saveregs
auto

cdecl
continue
dynamic_cast
false

goto
interrupt
new

public
signed
switch

try
unsigned

wchar_t

_ds

___fastcall
__loadds

___export
__ interrupt
__seg
bool
char
default
else

far

huge
long
operator
register
sizeof
template
typedef
using

while

KomeHnTapi MOXyTh 3aiiMaTi OlibLIe 3a OJUH PALOK, ane HE Mo-

KyTh OyTH BKIageHuMH. Hanpuknan:
/* 1le onHopsaxoBuii komeHrap B ctuni C */
/ * Lle 6araTopsAKOBUIt KOMEHTap
y ctuii C */

Y C++ xoMeHTap MOYMHAEThCA 3 MOABIKHOT Moxuinoi pucu (/) i
NPOAOBXKY€EThCA A0 KiHIA noToyHoro psaaka. Hanpuknan:

// Komenrapi gonomaraiots JOKyMEHTYBATH [IPOrpamy.

80

3BHyYaiiHO MporpamicTH BHKOPHCTOBYIOTH ctuis C s Gararto-
PSIKOBHX KOMEHTapiB, a 41 KOPOTKHX 3ayBaXK€Hb BUKOPUCTOBYIOThH
OJTHOPSIIKOBI KOMeHTapi cTimo C++.

Xou moBa C++ He JOMycKae BKJIaAEHOCTI KOMEHTapiB Oyab-iKHX
cTvniB, ane Kommiaarop Borland C++ nosBonse omHOpsakoBHii Ko-
MeHTap y ctuni C++ BKJIajaTH BcepeuHy 6aratopsaKoBOro KOMeH-
Tapsa. Hanpuknan;

/* 1le baraTopsAKOBHI KOMEHTap,

yceEpEeaUHY SIKOr0o BKJAaACHHI OJHOPAAKOBUM KOMEHTAp.

// OpHOpsAKOBUH KOMEHTap

// 1le ouH OAHOPAAKOBHI KOMEHTAp

Lie 3akiHueHHs 6araTopsAKOBOro komenraps */

Jns poro HeoOXiqHO BKIHOUKTH om0 Nested Comments y Bik-
Hi, sKe 3’ABISETbCA TIPA BHUKOHAHHI MOCHIJOBHOCTI KOMAaHJ:
Options/Project/ + Compiler/Source. BknaaeHi komeHrapi 6yBaioThb
KOPHCHI IS HaTaroJUKEHHsI OKpeMHX ()parMeHTiB nporpam, ki mic-
TATH YUCIIEHHI KOMEHTapi.

5.2. TATIK JAHUX

5.2.1. Tunu apugpmMemuyHUX KOHCMaHm
ma 3MiHHUX

Tun Oanux xapaKTepu3ye BeJIHKa KibKICTb 3HauYeHb, AKi
MOXe npuiimMaTu 06’ €KkT; Belnka KIHBKICTL onepaum SIKi MOXYTB 3a-
CTOCOBYBaTHCS 10 06’e€kTa; po3Mip nam’sTi, WO 3aiMaeTbca 06’ ek-
ToM. OCHOBHMMM €fleMeHTaMH AaHHX (00’ eKTaMH) MOBU € KOHCTAHTH |
3MiHHi.

VY C++ yci Tnu AaHux po3OHBaIOTHCS Ha:

1) «nopoxHii» Tin (BiACYTHICTb THIY, TOOTO THN void);

2) cKkaJIApHUiA THI,

3) Tun «dyHKLiA»;

4) arperatoBaHui THN.

Jlo ckanspHUX BIiIHOCATb apUMETHYHI THMH, MEepenivyBafbHUi,
BKa3iBHWKHW, THUN rocunaHHs. Jlo arperaroBaHWX THMiB BiAHOCATHL
MAacHBH, CTPYKTYpH Ta 06’€/lHaHHs, a TAkOX KnacH. Tunu Tak camo
MOHA PO3/IINTH Ha OCHOBHI Ta noXinti. OCHOBHI TMIIM — we void,
char, int, float i double pazom 3 short, long, signed i unsigned Ba-
piaHTamMK AedakuX 3 HuX. [TOXiAHI THOM BKANOYAIOTH BKA3IBHUKM i
NIOCHJIAaHHS Ha iHLII TMMW, MacHBH, (YHKWIT, KNacH, CTPYKTYpH i
00’ eHaHHSA.
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Koncmanma — e 06’ €exT nporpamu, KUl BUKOPUCTOBYETHCS IS
3alaBaHHA NOCTiiHUX BennunH. Koncranta — ¢ikcoBaHe 3Ha4YEHHS,
sIKe He MOJKe 3MiHIoBaTHCS Tiporpamoro. KoHcTanTa — uHciio, oKpeMi
CHUMBOJIH, PAJAKY CHMBOJIB.

V moBi C++ po3pi3HSIOTE I Th THITIB KOHCTAHT: LiJ; 3 MJIaBalo-
4OIO KpaIKOI0; CAMBOJIbHI; CHMBOJIBHI PsiIKU a00 psAAKOBI, mepenivy-
BaJbLHHUHA THIL.

Hina xoHcTaHTa — JIECATKOBE, BICIMKOBE, INICTHAALATKOBE YUCA,
IO MPEJCTABIAIOTH Lijie 3HaUCHHS apu()METHYHOT KOHCTAHTH.

JlecsaTkoBa KOHCTaHTa — LiE OJiHa 4M Oiyiblue AecaTkoBUX uudp Big 0
J1o 9 3i 3HaKOM ab0 6e3 Hporo. JlecaTKoBa KOHCTAHTA HE TIOBUHHA MOYH-
HATHUCS 3 HyJI, SIKIIO L€ YUCIIO HE HYJib. JIeCATKOBI KOHCTAHTH MOXYTb
npuiiMaTty 3HaYeHHd Bix 0 no 429467295. Hanpuxnan, 23, 989, ~111.

BiciMkoBa KoHcTaHta — mocnifoBHicTs uddp Big 0 o 7, ska
000B’A3KOBO TMOBHHHA MO4YMHaTHCA 3 Hyns. Hampuknan, 012, 076,
0111. BiciMKkoBI nOAaTHi KOHCTAaHTH He MOBHUHHI TEPEBUIIYBATH
037777777777, nng HeraTMBHUX KOHCTAHT abCONIOTHI 3HAYEHHS HE
noBuHHI nepesuurysata 020000000000.

[icTHaausATKOBa KOHCTaHTa — L nocigoBHicTs undp Big 0 10 9
i OykB Big A no F, axa Mae 0060B’I3K0BO NMOYHHATHCA 3 oeAHaHHs 0X
abo 0X. Hampuknan, 0x12, 0xAF, 0x8B. LlicrHaausaTkoBi aoaaTHi
KOHCTaHTH He nepesuinytots 3HayeHHa OxFFFFFFFF, a nna Bin’em-
HHMX KOHCTaHT aOCONOTHI 3HAYeHHs He NOBUHHI MNEpPeBHILYBaTH
0x80000000.

Bin’eMHi KOHCTaHTH BUXOJATH 3aCTOCYBaHHIM ONepalii yHapHUi
MIHYC JI0 BiATIOBiNHOT JOJATHOT KOHCTAHTH.

KoxkHa 1ina KoHcTaHTa Mae THIL, WO BU3HAYa€ il MPeACTABIEHHS B
nam’ati. JlecATKOBI LiTi KOHCTAHTH MOXYTh MaTH TUI int (LiKit), long
int (xoBruii winmii), unsigned long int (6e33HaKOBHIA NOBTHH LiinIniA).

BiciMKoBa i WIiCTHAIUATKOBA KOHCTAHTH MOXYTh MaTv THI int,
unsigned int, long int, unsigned long int.

SKio B 3anuci KOHCTaHTH 3ycTpivaerbes cydike L(1), komninsrop
iHTepnpeTye koHcTaHTy sik long. Cydike U(u) o3Hauae, 0 KOHCTaHTa
mae TMn unsigned. JlozBonsieTbes KoMOiHyBaTH obuaBa cydikey B
6yap-saxkoMy nopsaky. Hanpuknaa, 12L, 765LU, 0121, 0x4LU.

V tabn. 5.4 HaBeneHi Aiana3oHW 3HAYEHb KOHCTAHT PIi3HHUX THIIB
Ul KOMIT'IOTEpa, Ha sKUX Int Mae AOBXHHY 4 Oafita i tun long —
NOBXUHY 8 GaiiTiB.

Sxkmo koHcTanTta mae cydike L abo 1, i Tun Oyne nepiuuii 3 long
int, unsigned long int, sakuii MoXe BiNOBIAATH iT 3HAYEHHIO.

SIxkmo koHcTaHTa Mae obuasa cydikeu U i L (ul, ul, UL i 1. 1.), if
THN AaHUX Oyne unsigned long int.
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LIl KOHCTAHTH I iX THIT

Tabruys 5.4

3uayeHHs KOHCTAHTH

Tun gapnx

JlecATKOBI KOHCTaHTH:

Big 0 mo 32 767

Bin 32 767 no 2 147 483647

Big 2 147 483 648 no 4 294 967 295
noHan 4294967295 :

int

long

unsigned long
TeHepYEThCA MOMMIKA

BiCiMKOBi KOHCTaAHTH:

Big 00 no 077777

sig 0100000 no 0177777

Bia 02000000 no 017777777777

Bin 020000000000 no 037777777777

int

unsigned int
long

unsigned long

noHan 037777777777 IEHEPYETHCH NOMMIIKA
LHicTHAanUATKOBI KOHCTaHTH:

Bix 0x0000 no Ox7FFF int

gig 0x8000 no OxFFFF unsigned int

Big 0x10000 no Ox7FFFFFFF long

pig 0x80000000 no OxFFFFFFFF
nousag OXFFFFFFFF

unsigned long
reHepyeTbea NMOMMITKa

3minna — cMMBOJIbHE NO3HAUYEHHA MO Nam’aTi, MPU3HAYeHe A0
30epiraHHs BEJIMYMHM, AKa MOXe OyTH OTpHMMaHa Ta 3MiHEHa Ipo-
rpamoto. Jlo npoBeleHHs onepalliif i3 3MIHHAMU B TEKCTi Nporpamu
mae 6YTH HaBeACHHs i OroJIOIIEHHs 3a JOTMOMOTOIO0 KJIFOYOBHX CAiB,
1[0 BU3HAYAIOTH TUMH AAHHX, 9Ki MOXYTb OyTH 3anucaHi y Bi/IBeieHe
st poboTu none. [1pu oronotuenHi 3miHHOT TH Moxe OyTH npucBoe-
HE MOYaTKOBE 3HAUEHHS! LIUIAXOM BMilLlyBaHHs 3HaKy PiBHOCTI I KOHC-
TAHTH MicasA iMEHI 3MIHHOT, Lieil MpoLec Ha3HBAETHCS iHILlaNi3aLji€ro i
B 3araJlbHOMY BUNaJKy Ma€ BUIJISL!

mun iM’s_3MIHHOI=KOHCManma;

Lini aminni MoxyTts 6yTH: int, unsigned int, signed int, short int,
unsigned short int, signed short int, int long, unsigned long int, signed
long int.

Bonu moxyTb 6yTH onucaHi 6e3 iHilianizawir:

int a;

long c, d, f; unsigned long t;

i 3 iniuianizauiero:

int a= -3;

unsigned int a=3;

long c, d, f=66L;

long m= —455;
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Koncmanma 3 nnasaiouoio kpankoio, 10610 HificHa KOHCTaHTA —
1i¢ AilicHe AECATKOBE YMCIIO, NpeACTaBIeHe B Takiii ¢opmi:

[<umdpa>][.<undpa>][Eie][+-][<undpa>];

<imbpa> — ofHa YM Oinbine aecATKoBUX uudp Bin 0 10 9;

<€> — 03HaKa €KCIIOHCHTH, 1Mo 3ajacrbcs, cuMBoiiB E abo e. B
KOHCTaHTI 3 IUIaBalo400 Kpankow Moxe OyTu onymeHa abo uina, abo
1poboBa YaCTHHA KOHCTAHTH, ajie He OOMBi Bifpa3y.

Excnionenta cknagaerses 3 CHMBOITY €KCIIOHEHTH, 3a SIKHM 1€ LILIO-
YHCENbHE 3HAYECHHS €KCMOHEHTH, MOXJIMBO, 31 3HAKOM Unoc abo MiHyc.

Hanpuxnan:

15.75E1 15.75 0.15E2 15.E2  —17¢e2

ITpn BiacyTHOCTI Oyap-KkuX Cy(QiKCiB KOHCTAHTH 3 IJIaBAKOYOIO
Kpamnkoto MatoTe THI AaHux double. MoxkHa npuUCBOITH KOHCTaHTI 3
nnasaro4oro kpankoto Tin Aanux float, nonasium no Hei cydike f abo
F. V Takuit xe cnoci6 cydikc |1 abo L npucBoiTe KOHCTaHTI THH Ja-
Hux long double.

KoHCTaHTH 3 M1aBalOY0I0 KPAIKOK MOXYTh OYTH TPhOX THMIB:

Sloat (nnasarounit TMIT 3 OAWHAPHOIO TOYHICTIO) 3aiiMae B mam’ATi
32 6irta, 3 HUX OJuH OiT BiIBOAMUTECA ANs 3HaKY, 8 OITiB 1u1g nojaHHs
eKCTIOHEHTH NOPAAKy, 23 Gita Anst nofaHHs MaHTucK. TouuicTe fe-
csaTkoBuX uudp 7. I[lanasoH MOPSIIKY BIIL —38 no +38;

double ( rmaBa}oqym THI MO/IBIHHOT TOYHOCTI) 3aiimMae B rnam’sri 64
ita, 6iTH Mam’ATi PO3NOMINAIOTECS TaKMM YUHOM: | GiT anst 3HaKy,
11 6iTiB Ans exkcrioHeHTH i 52 6iTa AT MAHTHUCH, TOUHICTH NECATKO-
BUX uudp — 15, nianazon nopsaaky six —308 no +308;

long double (noBruii naBaroyMit TUI NOABIHHOT TOUHOCTI) 3aiiMae
B mam’sati 80 6iTie, 3 Hux 1 6iT Ay 3HaKy, 15 GIiTiB A% €KCMIOHEHTH i
64 6iTa 011 MaHTHCH, TOYHOCTI AeCcATKOBUX Undp — 19, nianason
NOPSKY CTaHOBUTH Bix —4932 o 4932.

3MiHHI 3 TIABAIOYOIO KPANKOK OMUCYIOThCA 3 BHKOPHUCTAHHAM
cneumdikaropis Tuny float, double, long double. 3minna 3 nnaeato-
YOI Kparkolo MoBMHHa OyTH OMUcaHa B MporpaMi 3a JOMOMOTOIO
BKa3aHMX BUe THMNiB. Hanpuknan, 6e3 iHijanizanii:

float a, b;

doublec, d, f;

long g;

3 iHiuianizauiero:

float a=15.35;

double pi=3.14159265359;

long double=6.63e-34;
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5.2.2. Tunu cuMeosbHUX KOHCMaHm ma 3MiHHUX

Cumeonvna xoncmanma — ue nitepa, uuppa, posaimo-
pau a6o0 ESC-cuMBOJ, fAKi B3ATI B mooauHOKi jankd. CUMBOJIbHa
KOHCTaHTa Ma€ Taky ¢opmy:

'<CUMBOI>';

<CHUMBOJI> MOX€ OyTd Oylb-SKUM CHMBOJIOM 3 MHOXWHH 306pa—
AYBAHUX CUMBOJIIB, Y TOMY 4Hcii Oyab-KUM crieniaJibHHM CHMBO-
JIOM, 32 BUHATKOM TaKMX CHMBONIB: anoctpod, 3BOPOTHHI cliell, HO-

BU# pAaoK.

Hanpuknag, 'a’, ' ', \n'.

Ins Toro, o6 BUKOPUCTOBYBATH SIK CUMBOJ MOOAMHOKY JarKy,
notpibHo 3anucatu y Buragi ESC-cumeona '\, Ui BUKOpUCTaHHS
3BOPOTHOT Kocol — "\\'.

3Ha4Y€HHA CUMBOJIBHOT KOHCTAHTH € YHC/IOBE 3HAYEHHS 1T BHYTpI-
wHboro koay. B C cHMBOJIBLHI KOHCTAHTH BBaXalOThCS JaHUMH THITY
int, BoHa 36epiraerbcst B 16 6iTax 3 HyNbOBUM cTapiium Gaiitom. ¥V
C++ cumBoaBbHA KOHCTaHTa Mae Tun char.

CuMBOJIbHA 3MiHHA 3aiiMa€ ofiMH GaitT mMaM’ATi Ta ONUCYEThCA 3
BUKOPUCTaHHAM KJ1t040BOTO cioBa char. Hanpuknan,

char symbol='k’; char k;

Cumeonbhuti psi0ook — 1 NOCHJAOBHICTD, WO CKIAMAETHCS 3 OJAHO-
ro 4y OuIbLIE OJIHOTO CHMBOJIB, B3STUX y NOABIkHI Janku. Inakwe
CUMBOJIbHI PANKHM HAa3WBAKOTh JIITEPHUM PSAAKOM, PAAKOBUM JliTepa-
oM abo pAAKOBOIO KOHCTaHTO0. CUMBONBHUI pAnOK Mae Taky dop-
MY MpeACTaBIEHHS:

"<CUMBONIK>";

<CHMBOJI> — L€ JOBiJIbHA KUILKICTE CHMBOJIIB 3 BENHKOI KiJlb-
KOCTi 300pa>kyBaHMX CUMBOAIB, 32 BUHATKOM CHMBOJIIB NO/BiiiHa Ja-
1IKa, 3BOPOTHHUH ciell, HOBUil pAaAoK. BecepeauHi cCMMBONBHUX PALKIB
JonyckaeTscs BUKopuctanus Esc-nocnijioBHocreit. Hanpuknan,

"lle pankoBa koHcTaHTa"

llA" "$"

Jut gopmyBaHHA CHMBOJIBHUX PAAKIB, IO 32HMAIOTH ACKilbKa
psakiB TeKcTy NpOrpamMH, BHKOPUCTOBYETHCA KOMOiHauis cuMBO-
JIiB — 3BOPOTHMIA CJICL | HOBUH PAOK. 3BOPOTHHIA Criewl irHOPYETh-
Csl KOMNINATOPOM, I HaCTYMHUI PANOK BBAXAETLCA NPOJOBKEHHIM
MoNepeAHEOIO.

Hanpuknan, paakoBuii nitepan

"aHuii npuknaj nokasye, 1Kk MOxcHa\

aBTOMAaTHYHO\N3/iMCHIOBATH 00’ € AHAHHA\

PAAKIB y y>Ke JOBruid psaok"
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iZIEHTUYHU# JTiTepany

"JlaHuil IpUKJIAJ MOKa3ye, IK MOXHA aBTOMAaTHYHO

3aiHicHIOBaTH 00’ €AHAHHSA PAIKIB Y JyXe HOBrUif psaaok”

V moBi C++ Hemae chneliajJibHOro omucyBaya JJisi CHMBOJIbHHX
pAAKiB, BOHH MOXYTh OyTH onucaHi Jivine sik MacuBH THMy char, yci
CHUMBOJIM KOHCTaHTH PO3TAlIOBYIOTECS B CyMDKHHX Oaifrtax mam’sTi.
OcTaHHIM eneMEHTOM MacHBY 3aBXIU € Esc-CHMBOJI HybOBHI CHM-
Boa (\0"), axwuii o3Hayae kiHeup paaka. lleit cumBos dopmyerbcs aB-
TOMAaTHYHO Il Yyac HaTHCHeHHA knasimi Enter. Tomy peancHuii ma-
CUB, KM 3aN1aM’SITOBYEThCS, B MaM’ATi 3aBXJI¥ MICTUTUME Ha OJUH
eJIeMeHT OiIpIiie, HiX y 30BHIIUHBOMY NpPEACTaBICHHI.

plalx|lo]|x|\0

Tun cUMBONIBHOTO psfKa — MacuB ejieMeHTiB TMny char[n+]1], xe
n — L€ KiIBKICTh OAUHHUYHUX CHUMBOJIIB, IO 00 €NHYIOThCS B PAAOK,
JAOJATKOBUHM CHMBOJI IpY3HAUSHU Ans 30epiranns o3Haku "\0'.

Hanpuknag,

char array[20];

char string[6]= "CroBo";

Cumsonpnuit pajgok C i C++ Mae Tdn paHuXx int.

5.2.3. BkaszieHuk

¥ moBi C++ nepenbadeHi MOKIUBOCTI poOOTH 3 CUMBO-
NiYHUMM ajpecaMu Tam’sTi, y BCSKWiA po3TalioBaHuii 06’eKkT npo-
rpamu. JIist IbOrO BBOAMTUCS MOHATTS BKa3iBHHUKA.

KoncTaHTa THNYy BKa3iBHUK Bu3Hayae Ge3rocepeHe 3HaueHHs afl-
pecu Oyap-sikoi 3MiHHOI, TOOTO onepaTHMBHOI nam’sTi. BkasiBHuK-
3MiHHa (200 NPoCTO BKA3iBHUK) — Ii¢ 3MiHHA, NpU3HAaUCHa Juisa 30epi-
raHds agpecu ob’exra meBHoro tuny. Y Moei C++ BusHaveHi ABi
crenjanbHi onepauii s JOCTynmy A0 3MIHHUX Yepe3 BKa3iBHUKH:
onepais & i onepaliis *. Pesynsratom onepauii & € aapeca 06’ekra,
JI0 SIKOrO oIepallist 3acTOCOBYeThes. JKIO iM’sl 3MiHHOT, BUKOPUCTO-
BYBAHOI y mporpami prt, To, 10Jal04H Tiepe], iM’aM onepauilo BU3Ha-
YeHHs aapecH &prt, oTpuMaeMo azapecy i€l 3MiHHOT nam’sti. Onepa-
TOp y=&prt; NpHcBOIOE ajpecy prt 3miHHOI y. Omepauis * — ue
ornepailis 3BepHEHHs 0 3MICTy MaM’ATi 3a aApecolo, 1o 30epiracThes
B 3MiHHIH BKa3iBHHMKY, a60 piBHOMY BKa3iBHHKY-KOHCTaHTi. Hanpuk-
naj, onepaTrop X=*y; NPUCBOIOE X 3HAYEHHS 3MiHHOIO, 3alHCaHOIO 3a
azpecoro y. SIkmo y=&prt; i x=*y; , T0o X=prt;.

86

3MiHHa TUMY BKa3iBHHK MOKE MpHMiMaTU y mpoueci BUKOHaHHS
nporpaMu Oyap-iKi 3HaYeHHA KOHCTaHT THMY BKa3iBHUK. BoHa mo-
BUHHA OyTH 000B’A3KOBO OMKMcaHa y Takiii ¢popwmi:

<THIT 3MiHHOI> * <iM’4 3MIHHOT>;

Je Tan — e 6yab-akuill gonycramuii Tun (6a30BUil THN BKa3iB-
HMKa), a iM’sl — Lie iM’g 3MiHHOT-BKa3iBHMKA. ba3oBwit TUIl BKa3iBHHU-
Ka BU3HAYA€ THI 3MiHHOI, Ha SIKY BKa3ye BKa3iBHHK.

Hanpukunapn, int *p; 3MiHHa p ABnse co00K0 BKa3iBHHK Ha THI Lji-
JU#A THIL

char *t; oronouryeTbcs BKa3iBHUK 3 iM’sIM t, KW BKa3ye Ha 3MiH-
Hy TUny char.

MoxHa 3MiLIYBaTH OrONOLUEHHS BKa3iBHUKIB | 3BUYaMHUX 3MiH-
HMX B OJHOMY paaxy. Hanpuxian,

int x, *y;

Oronoluye X K 3MiHHA LIJIOrO THIY, a y — sIK BKa3iBHUK Ha Lijl0-
YUCENbHUH THI.

5.2.4. Byneeuli mun daHux

Tun panux bool npu3HaueHwit mist OyneBUX BeNMYMH.

Boxu MoxyTh HabyBaTH TinbKW ABOX 3HauYeHb — frue (icTUHA) i false
(xubHicTs). [Ipn BukopucTaHHi GyJeBUX THNIB y HEOYNEBUX BMpa3ax
BOHH aBTOMATMYHO NEPETBOPIOKOTHCS HO THUMy uWinux uucen. C++
NPOJOBKYE MOBHICTIO NiXTPUMYBaTH (pyHnameHTanbHy KOHUENILIO
Npo Te, 0 HEHYNLOBI 11iJi YKCa BiANOBiJalOTh 3HAYEHHIO ICTHHA, a
HYJIbOBE 3HAYECHHS BiJNOBIAa€ 3HaUeHHIO XUMOHicTh. Hanpuknan,

bool outcod,;

outcod=false;

5.3. TUMTI3OBAHI KOHCTAHTA,
THMYACOBI 3MIHHI

Tunizoeani koHcmanmu — Ue 3MiHHI, 3HAYEHHS AKMX HE
MOXKHa 3MiHUTH, BOHM 3aJalOThCS 3a JAOMNOMOroiw Moaudikaropa
const nepea Tvnom. Hanpuknag,

const float pi=3,1415926;

const int maiint=32767;

OrosoleHHs 3MiHHOIO 3 KJIIOYOBMM CIOBOM cONst CTBOPIOE 3MiH-
Hy Jvine juis udtanHa. Taka 3MiHHa Mae OyTH iHilliani3zoBaHa mig yac
omnucy, i 6yab-sika cripoba 3MIHWTH i 3HaYeHHs NpU3BeAe A0 NOMMI-
KH KOMITLSILLT.
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const int i; / Lie HeBipHE

IM’s1 Takol 3MiHHOT He MOX€ 3HaXOJUTHCH Yy JIiBIH YacTUHI orepa-
TOpa MPUCBOIOBAHHSA, a TAaKOXK OYTH apryMeHTOM OIepaTopiB iHKpe-
MEHTa Ta JEKPEMEHT.

MonudikaTtop const BUHKOPUCTOBYETECH TINBKM 3i 3MIHHHMH, LIO
MaloTh KJIac nam’ATi static. PerictpoBi Ta aBToMaTHU4HI 3MiHHI HiKOJIH
HE OrOJIOLIYIOTHCS KOHCTAHTAMHU.

Buxopucranus MoaudikaTopa const oroMara€ yHUKHYTH BaXKKO-
BIOBUMHX MOMMJIOK NporpaMyBaHHs. Hanpuknaza, sKio B KilbKOX
MicLiTX MpPOorpaMy BUKOPUCTOBYEThCS OJJHA M Ta caMa KOHCTaHTa 3 Be-
JIMKOIO KUTBKICTIO 3HAKiB, TO € BeJIMKa HMOBIpHICTH 3pOOHTH IIOMUIIKY
mij yac Habopy i1 3HaveHHA. Y TOf ke yac MOMHJIKA B HaOOpi iMeHi
3MiHHO], onucaHol 3 MoaudikaTopom const, Oyae HeraifHO BHsBJIEHA
KOMITiJIATOPOM.

Mouaidikatop volatile o3Hauae, 10 3MiHHa MOXe 3MIHIOBATHCA HeE
JYIIe MOTOYHOIO MPOrpamolo, a i iHMMMK NpolecaMu, HanpuKiaj,
nporpamMoro oOpoOku nepepuBaHb. Jauuii monudikaTop nosigomnse
KOMIIIATOPY He pOOUTH SAKUXOCH MPHUMYILIEHb BiTHOCHO MaWOyTHiX
3Ha4yeHb 3MiHHOI. Hanpuknan,

volatile int vint; // 3minroroye e

Buxopuctanns moaudikaropa volatile nae mMoxnuBicTs onucy
mum4acogux 3minHux, To6TO 3MiHHHMX, 3HAYEHHS SIKUX MOXYTb NpH-
CBOIOBATHCSI HEKOHTPOJILOBAHWUM 3 OOKY MporpaMu crnocodom, i Ha-
BiTb Yy TOMY pas3i, KOJH Ui 3MiHHI onicani 3 MOIK(pIKaTOpoM const.

Hanpuxknapn,

volatile const vcint=100; //3MiHrOI04Ya KOHCTaHTa

Y upoMy BHNajKy KOMIiNsITOp He JOTYCTHTD, WwoG Bawa nporpa-
Ma 3MIHWJIA 3HAYCHHS 3MiHHOI, i B TO# Xe 4ac He poOMTHME HiSKMX
[PUITYLLEHB MPO 11 BMICT.

5.4. PO3SMIPU 3BEPII'AHHA TA AIAIIA3OH
3HAYEHb OCHOBHHX TMIIIB JAHUX

B C++ moxHa BUKOpHCTaTU p13Hl TUNY AaHUX AN Opel-
CTaBJICHHS mq)opmauu o oOpobIsieThes | 1o 36ep|raen>cs1 JaHi xo-
XKHOTO THUIY 3alMaroTh NEBHY KiIbKICTH OalTiB nmam’sati H MOXyTb
NpuAMaTH 3HaYeHHs Y BiJoMOMY Aianazoni. Po3mip i gomycTumuii aia-
Na3oH JUIA HUX Y PISHMX peanisallisix MOBM MOXYTb Bigpisustucs. Y
Tabn. 5.5 nonaui Bei ponycTumi komGinaii 6a30BMX TUNIB JAHMX, J10-
CTYIHMX JJI IpOrpaM, opieHToBaHMX Ha cepenoBuine DOS abo 16-6it
WINDOWS.
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Tabnuya 5.5
BA30BI TUIIN JAHUX U 16-B1ITOBHUX CJIIB
Tun Iv’s Posmip Miarrazon
JaHuX OrOJIOLIEHHS y Gaiirax 3HaYeHb
CHuMBONBHAM char 1 - 128 = 127
Bessnakoruit cumMBonBHHii | unsigned char 1 0+255
3Hakosuii cumBoneHUE | signed char 1 - 128 =127
Llimuit int 2 —32768 + 32767
BessHakoBu# Linmit unsigned int 2 0+ 65535
3uaxoBwit Winuii signed int 2 — 32768 = 32767
Koporkuit ninnii short int 2 ~ 32768 + 32767
5?33531(08"?' kopoTkui unsigned short int 2 0 +65535
nisuii
3nakoeui KOpoTKHii unsigned short int 2 -32768 + 32767
uinuit
Josruit uinui long int 4 B % ii; 32?; gj?l M
o NV I . —2 147 483 648+
3HaxoBnii A0Bruii Linunit | signed long int 4 2 147 483 647
Bexsnakonuit 10Bruit uinmi | unsigned long int 4 0+ 4294 967 295
3 nnaearoyoto kpankowo | float 4 h gig + gg M
3 nnaBalokoI0 KPankoro -1.7E-308 +
MOABIHHOT TOYHOCTI double 8 1.7E + 308
JHosgre 3 miasaio4oio —34E—4932 +
Kpankoto nojBiiHoT long double 10 34E +4932

TOYHOCTI

VY 1a6n. 5.6 mictutbcs iHpopmMauis npo 32-61TOBi THNH AaHKX
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: Tabruys 5.6
BA3OBI THIIN JAHUX JJI41 16-BITOBHX CJIIB
Tun Im’s Po3mip Hianason
JIaHHX OTOJIOLICHHSA y Gaiitax 3HaYeHb

CuMBOBHUIA char 1 —128 + 127
BessnakoBult cumBonbHuii | unsigned char 1 0+ 255
3HaKOBMI CHMBOJIEHMI signed char 1 -128 + 127
T e
BezsnakoBuii minmii unsigned int 4 0+ 4294967295

N . . —2147483648 +
3HakoBuit uinui signed int 4 2147483647
Kopotkuii yinuit short int 2 -32768 + 32767
Ee33HéKoauﬁ KOPOTKHH . . R
ninuii unsigned short int 2 0+ 65535
3HaxoBHit KOpoTKHMi uimiit | signed short int 2 32768 + 32767
JloBru uinui long int 4 _2-21411‘;74‘8%362‘7‘8 N
3HaKOBMIA JOBrHil Linuii signed long int 4 -2_21411‘7"/4‘81?62‘7‘8 N
Bes3nakoBuit poeruit uiymit | unsigned long int 4 0-+4294 967 295
3 11aBarOYOI0 Kpankoio float 4 —3.4E-38 + 3.4E+38
3 IJ1aBarOU0I0 KPAIKoIo —1.7E-308 +
noABifiHoT TOUHOCTI double 8 1.7E+308
JloBre 3 IU1aBarOYyol0 Kparn- —3.4E-4932 +
KOO NMoJBiifHOT TOYHOCTI long double 10 3.4E+4932
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Po30in 6

BUPA3U TA ONEPALIII. TEXHIKA
BUKOPUCTAHHA B NPOI'PAMAX
CTAHOAPTHUX ®YHKUIN

6.1. BUPA3

Bupaz — niocninoBHicTs 3MiHHHX, QyHKUIH Ta KOHCTAHT,
NOEJHAHWX 3HaKaMH omepaiil Ta Ay)KKkaMu. BUpasd 3a TUIIOM BHKO-
HYBaHHX OIlepaliii nop;inmorbc;[ Ha:

1) apmbme'mqm onepaun

2) rlopo3p;u[H1 NoriyHi onepauii;

3) omepallii 3cyBy;

4) noriuHi orepamnii Ta onepatiii BiIHOUICHH;

5) onepatiio yMOBH;

6) onepauiio NPUCBOIOBAHH;

7) BU3Ha4YeHHs pO3Mipy B baiitax (onepauito sizeof);

8) nepeTBOpeHHs THHIB y BUpa3ax;

9) onepaliii 3BeieHHs THIY;

10) onepaliii Hax BKa3iBHUKaMHN.

Bupa3z Moxe cknagarucs 3 oiHI€T uu Olibine onepauiii i Bu3Hava-
TH BUKOHAHHA LIJIOrO psjly €1eMEHTapHUX KPOKiB 3a NepeTBOPEHHS
indopmauii. EnemeHTrapua onepauist 3 nepersopeHHs indpopmauii 3a-
JacTbcs 3HaKoM onepaitii. OnepaHad — e 3MiHHI, KOHCTAHTH a6o
iHImi BUpazy.

IOTh Ha:

& ynapui — B onepatlii 0epe yyacTb OAMH ONEpaH;

® Oinapui — B onepaulii 0epyTh y4acTb 1Ba ONepaH/iu;

% mepHapui onepayii — Tpu onepanu.

Onepallis NpUCBOEHHS MOXKe OYTH K YHApHOIO, Tak i BiHapHOl0.

Bei onepaui'l' Bl'lOpﬂ,IJ,KOBaHi 3a ﬂpiOpMTCTOM AKUH BH3Hauac
nopsAoK iHTepnperauii Bupasy. Bin Moxke 3miHiOBaTHCS KpyranMu
AyxKamu. Ko BCepeamnHi JlyKOK abo npu BiACYTHOCTI AYXOK
y3arani y BUpa3si € KijbKa onepauiii oqHoro nplopuTeTy, KOMMiJIs-
TOp BpaXOBYy€ A0JATKOBO NOPSIAOK BUKOHAHHS onepaLlii, Hanpuk-
naj, 3niBa HanpaBo abo cnpaBa Hanipo. Y Tabn. 6.1 HaBexeHuiH
nepestik ycix onepauiii MoBu C++, BNOpPAAKOBaHUX Y TIOPSAAKY
yOyBaHHs mpiopuTeTy (TOHKa pucka BifAinse onmepauii 3 oAHaKo-
BUM MPIiOPUTETOM).
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TIIPIOPUTET ONMEPAIII BORLAND C++

I TTOPAAOK OBYHCJIEHHS (ACOI[IATI/IBHICTL)

Tabnuys 6.1

Zaxinyennsa maba. 6.1

Hassa

Cumson [opsnox
omnepaii o0uMCneHHa

JHopiBHio€

== 3niBa Hanpaeo

He nopiexioe

1= 3niBa Hanpaso

Topospanne 1

& 3nisa Hanpago

IMopo3spsaaxe Bukmoune ABO

A 3niBa HampaBo

Iopospanue ABO

| 3niBa Hanpapo

Jloriune |
Jloriune ABO

&& 3niea Hanpaso
I 3niea Hanpaso

YMOBHa onepallis

7 CrnipaBa HaniBo

[TpricBo€eHHA

= Cnpasa HaniBo

IpucBoeHHA noOYyTKY
TIpucBOEHHA HacTKU
[1pucBO€EHH ocTadi
T1pricBOEHHA CyMH
TpucBoEHHs pi3HuLi

IMpucBo€HHSA 3CYBY JIiBOpYY
[1pucBoenns 3cyBy npaBopyy
TlpucBoenna 1

IpucBoenns BuionoyHe ABO
INpucsoenns ABO

Onepauis «koma»

*= CrnipaBa HaJliBo
/= Cnpasa Haniso
To= Cnpasa HaniBo
+= Cnpaea HaniBo
—= Cnpasa Haniso
<<= Cnpaga HaniBo
>>= Cnpasa HaniBo
&= Cnpasa HaniBo
A= Cnpasa Haniso

|= Cnpaga Haniso
, 3nisa Hanpaso

Bineute a6o n0piBHIOE

Tlo;

Hazsa (ﬁ:?:;flji!l’ oﬁanz:zlll::(:{l:m
3pepHeHHs 0 QyHKUIT 0 3niBa Hanpaso
Buninenus enemMeHTa Macusy 0 3nisa HanpaBo
Buninenss nons cTpyKTypPHOIO 3MiHHOO . 3nisa HanpaBo
BuaineHHs mons CTPyKTYypHOK 3MIHHOKO 3a BKa3i- - 3niBa HanpaBo
BBMKOM Ha Ti ToYaTok
Oneparis 103BOJTy BUIHM OCTi H 3nisa HanpaBo
Jloriune zanepeyenns (HI) ! CnpaBa HaliBo
Iopospsaaxe 3anepede HHs ~ Cnpasa HaniBo
VuapHuii MiHyc - Cnpasa HaiBO
VYHapHuit nmoc + Cnpasa HaniBo
IHKpemeHT ++ CnpaBa HalliBO
JekpeMeHT - Cnpasa HaniBo
Ornepartis OTpHUMaHHA aJpecH onepanja & Cnpasa Haniso
Onepaulis 3BepTaHHS 3a a1Pecolo * CnpaBa HaniBo
[leperBopenns THITy (tvm) Cnpasa HaniBo
Onepauis BU3HaYeHHA po3Mmipy B baitTax sizeof CnipaBa HaniBo
BuainenHs BinbHOT AiNSHKY B OCHOBHIiT mam’sTi . new Cnipasa Haniso
3BiNbHEHHS BHIINEHOT OMEpANiEld NEW IiSISHKH delete Cnpasa HaniBo
nam’aTi
TIpsiMe 3BepHEHHS [0 KOMIIOHEHTA Kjacy 3a iM’am L * 3niBa Hanpaso
00’ekra i BKa3iBHUK HAa KOMITOHEHT
Henpsme 3BepHEHHS 10 KOMIIOHEHTA Knacy uepes > 3niBa HanpaBo
BKa3iBHMK Ha 06’€KT i BKa3iBHUK HA KOMITOHEHT
MHo%eHHs * 3nisa Hanpaso
Hinexnns / 3niBa HanmpaBo
JixeHHa 3a MomyneM % 3nisa Hanparo
JlonaeaHHA + 3nisa Hanpaso
BinuiMaHHA - 3niBa Hanpaeo
3cys niBopy4 << 3niBa Hanpaso
3cys npasopy4 >> 3niBa HanpaBo
Menwe, Hix < 3nira Hanpaso
‘Menme a6o ROpiBHIOE <= 3niBa Hanpaso
Binbie, Hik > 3niBa Hanpaso

3niBa Hanpaso
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6.2. APUOMETHWYHI BUPA3H

Y MOBI BH3HAueHi Taki apudpMeTHuHi onepauii:
6iHapHi — noaaBaHHa (+), BiAHIMaHHA (~), MHOXKEHHs (*), dineH-

Ha (), ILIJICHHH 3a MOJlyNeM (%);

YHapHi — YHapHUii MiHYC (=), IHKPEMEHT (++), AEKPEMEHT (- -).
Onepannamu apugmMeTHIHUAX BHpa3iB MOXYTh OyTu apudMeTHuHi

3MiHHI, PyHKLUT Ta apudmMeTHUHI KOHCTAHTH.

Aoumusni onepayii. Onepallii nofaBaHHS Ta BIAHIMAHHA HaJe-
KaTh 10 aAMTHBHUX onepauniii. [Ipy apguTHBHMX oMnepauisx BUKOHYIO-
ThCA 3BMYAMHI apmbmemqm NIEPETBOPEHHS 32 3aMOBYYBAHHSIM, THII
pe3yNbTaTy € THM onepaHmB nicus MepeTBOPEHH. V npoueci Buko-
HaHHA aJWTHBHUX oONepalliii CUTyamis MNepernoBHEHHA abo BTpaTH



3HAYHOCTI HE KOHTPOMOETHCA. SIKIO pe3ynbTaT afUTUBHOI onepanii
He Moxxe OYTH NMpeJCTaBICHUH THIIOM ONEpaHIiB MiC/s NEepeTBOPEH-
HA, TO iH(OpMaLlisl BTPaYa€eThCs.

Orepaulist 1oJiaBaHHA CTAHOBHTE J1Ba ONEPAHAH, OnepaLlist BiXHIMAHHS
BilHiMae JIpyruii onepaHa 3 mepmoro. OauH 3 onepaHaiB Moxe OyTu
BKA3iBHUKOM, TOAI iHIIMI NOBUHEH OYTH LIIHM 3HAYEHHSIM, PE3yJILTATOM
Takoi ajpecHoi omepalii Oyne 3HauyeHHs BKa3iBHHMKa runoc abo MiHyc
3HaYeHHs JIPYroro orepaHaa, NOMHOXEHe Ha po3Mip 00’eKTa, Ha KW
TOCU/AETbCS BKa3iBHUK. JIOMYCKAETbCs BiAHIMAHHS JBOX BKa3iBHHUKIB,
Pe3yNBTaT 0 3HAKOBOTO WIONO THNY IUAXOM AIICHHA PI3HULI Ha [OB-
XKHAHY TUITY, sIKHii aJipecyeThCsi BKa3iBHHKaMU. Pesynetar mpencrapnsie
YHCJIO €JIEMEHTIB MaM’ATi JaHOTo vy MiX JIBOMa BKa3iBHUKaMH.

Mynomunnixamueni onepayii. Onepauii MHOXEHHS, NiNeHHs i Ai-
JIeHHs. 33 MOJAYJEM Hanexarb [0 MyJIbTHIUIIKATHBHHUX onepaum
Onepanay B oriepalisx MHOXKEHHS i AUICHHS MOXYTb MaTH UiHii abo
MJIaBaro4Mid THIT, a B onepatlii AUICHHS 3a MOAYJIEM JINLLE LW TU.
Onepanis QineHHs Hajl LiMMH 4HCIaMH BUKOHYETHCA HE TaK, AK Hal
AQHUMH 3 ILIABAIOYOIO KParkoio. ¥V nepuioMy BUNaAKy B pe3yibTari
BiZKKaaeTeCs ApoboBa YacTHHA, iHAKILE NPOBOAWTLCS OMNepallis Bil-
KHJIaHHS, TIPY LBOMY Pe3yJbTat He OKPYIJISETHCS A0 HaHOIMKUOro
1inoro, a NpUBOJUTHCA A0 MEHILOIO 1INOro YUca.

PesyneraTtom onepauiil pij€HHA 32 MOJyJeM € ocTaya BiJf AiNeHHs
NepLIoro onepaHaa Ha Apyrui.

B onepauisx JONABaHHS, BIAHIMAHHS, MHOXKEHHS, uineuuﬂ pesyib-
TaT BUKOHAHHS Olepalii BU3HAYAETHCS B TOMY K BUIMIAAIL, 1O if ore-
paHu micns apudMETHYHMX NMEPETBOPEHb. Y pesynbTaTi BUKOHaHHS
onepauii AiNeHHs 3a MoAyleM 2 BiakuaaeTsest ApoGosa uactuna (one-
pauis BigxugaHHs). [Ipy 1poMy pe3ynbTaT He OKPYIIHOEThCS 10 Hald-
OMmDKYOro Liaoro, a NPUBOAMTHECA A0 MEHLIOro ijloro yucna. Onepa-
Lis JiNeHHs 32 MOZyJIeM 2 MPOBOAUTECS TiNlbKH 3 LiINMMU YHCIAMH.

Onepauis IHKpemeHnm (+1) 30i/blIy€e 3HaYEHHS CBOTO OliepaHa Ha
OIMHULYO. € 1B MOXIHBOCTI BUKOHAHHS Onepaui:

1. CumBony ++ 3HaxoAsAThed 3NiBa Bix 3MiHHol, ++a; (npedikcha
¢dopma 3anucy).

2. CumBOAM ++ 3HAXOAATHCA CTpaBa BiJ 3MiHHOI, a++; (mocrdik-
cHa ¢opma 3anucy).

[i MOXNMBOCT] BiZPi3HAIOTLCA OJHA BiJl OXHOT TUM, Y SIKW MO-
MEHT Bi0OyBaeThcs 301NbleHHS ONIepanis:

AKIIO 3HAK onepauil 3HaXOAHThCS JNiBOpPYY, TO 36iNblICHHS 3MiH-
HoOl BixOyBa€eThCs nepel THM, SK BOHa BUKOHYEThCH,;

AKIO 3HAaK ornepalil 3HaXOAUTBCH MpPaBOpyY, TO 30iNbUICHHS
3MiHHOI BiIOYBa€TBCA ITiC/s TOTO, AK 11 3HaYEHHS BUKOHYETHCH.
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3actocyBaHH4 i€l onepauil y BUMAAAl ++a NPUBOAUTE CIIOYATKY
JI0 36iNbIICHHS 3HAYeHHs a, TIOTIM 10 BUKOHAHHSA Jii, B ikomy Gepe
y4yacThb 3MiHHa a. Hanpwuknan,

int a=1;

cout << ++a;

3MiHHa a CNIOYaTKy MpuiiMe 3HaYeHHS 2, noTiM Oy/e BUBEJEHa Ha
€KpaH.

Onepauis a++ o3Hauae, WO CIOYATKYy 3HAYCHHS 3MiHHOI a Oepe
yyacTh Y BAKOHaHHI Bi/INIOBIHOT Aii, 2 notiM 36isLIyeTses. Hanpuknan,

int a=1;

cout << a++;

3MiHHa a HalOyae 3HaueHHA 2, ajie 3a3jaieriib Oyne BUBeACHE il
KOJIMIUHE 3Ha4YeHHs 1, TOOTO MpUpicT 3HaYeHHs BUKOHYEThCS MicCJis
BUKOHAHHA Oneparopa, B SkoMy 6epe yyacTs 3MiHHa.

Onepauist dexpemerm (— —) 3MEHLUYE 3HAYEHHS CBOTO ONiEpaHia
Ha OOWHUINO. TexHiKa BMKOHAHHA NEKPEMEHTAa € aHAJOri4HOK iH-
Kpementy. Hanpuknan,

a——;—-a;.

Onepauis ynapruit minyc (—) BUKOHYE 3anepeyeHHs CBOTO OrepaH-
Aa. OnepaHa NoBUHEH MaTH LiMii abo riaBatouuii Tvn. Iia yac BUKo-
HaHHs ofepallii BAKOHYIOTbCS 3BUUaiiHi apu)MeTHUHI 1IepeTBOPEHHS.

/I ApudmernuHi onepauii // ApudmeTnaHi onepauii

//nnst WiaMx Yucen //nns uucen 3 MIABAKOYOIO KPANKOKO
#include <stdio.h> #include <stdio.h>

int main (void); int main (void);

{ {
int a=10, b = 7,¢c=0; float a=10, b=7,c=0;
c=a+b; c=a+b;

printf ("\na+b=%d" c);

c=a-b;

printf ("\na—-b=%d" c);

c=a*b;

printf ("\na*b=%d"c);

c=a/b;

printf ("\na/b=%d",c);
c=a%b;

printf ("\na\x25");
printf ("b=%d"c);
c=a++;

printf ("\na++ %d" c);
printf ("\ta =%d",a);
c=++b;

printf (M\na+b=%f" c);
c=a-b;

printf ("\na-b=%f" c);
c=axb;

printf ("\na*b=%f"c);
c=a/b;
printf("\na/b=%f" c);
c=a++;

printf ("\na++ %f" c);
printf ("\ta=%f" ,a);
c=++b;

printf ("\n++b %f" c);
printf ("\tb=%f",b);
c=a——;
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printf ("\n++b %d",c);
printf ("\tb=%d",b);
c=a——;

printf ("\na— — %d", c);
printf ("\ta=%d",a);

printf ("na—- - %f", c);
printf ("\ta=%f",a);
c=—-b;

printf ("\n— —b %f" c);
printf ("\tb=%f"b);

c=—-b; return 0;
printf ("\n—-b %d" c); }

printf ("\tb=%d",b);

return 0;

}

Ha expan 6yne BuBeaeHuli pe3ynbTaT BAKOHAHHS MPOrpam:

a+b=17 a+b=17.000000

a-b=3 a-b=3.000000

a*b=70 a*b=70.000000

a/b=1 a/b=1.428571

a%b=3 a++ 10.000000 a=11.000000
a++ 10 a=11 ++b 8.000000 b=8.000000
++b8 b=8 a—— 11.000000 a=10.000000
a--11 a=10 ~—b 7.000000 b=7.000000
~--b7 b=7

Vc¢i onepallii BIOPSAKOBaHI 32 MPIOPUTETOM, SKUH BH3HAYAE M10-
panox inTepripeTauil Bupasy. [lopsaox Moxe 6yTu 3MiHeHWi myxka-
Mu. SIKuio Beepeauni ayxok abo 3a BiACYTHOCTI iX y BMpa3i € KijibKa
onepaiiii OIHOro NpiopuTeTy, TO KOMNINATOP BPaxoBYy€ J0JaTKOBUA
NOpsil0K BUKOHAHHS onepaLiiit.

6.3. TIOPO3PSIIHI JIOI'TYHI OIIEPAL

C++ miaTpuMye Taki Nopo3psHi JIOriuHi onepauii:

e iopo3psaHe jgoriune 1 (&);

s mopo3psaue soriude ABO (});

e iopo3psiaHe BuKtoune AbO (%);

* [TOpO3psAHE 3anepeyeHHs (~).

Ornepalau NOpo3psAHUX ONepaLiii MoxyTs 6yTH Oyab-AKoro wi-
noro tuny. Hax onepanjaMy BUKOHYIOTbCS NEPETBOPEHHS 32 3aMOB-
YyBaHHAM. THI pe3y/bTaTy BU3HAYAETHCSA THIIOM OMEpaHAIB Micis
NepPEeTBOPEHHS.

V 1abn. 6.2 nepeniveHi pe3ynbTatH Mopo3psagHux onepaniit I,
ABO, Buxmoynoi ABO ans Bcix kombiHauiii ABOX OQHOPO3PALHHX
oliepaH/iB.
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} Tabnuya 6.2
IIOPO3PSIHI JIOTTYHI ONEPAIT
et | Smemn b | g ans alb
0 0 0 0 0
1 0 0 1 1
0 1 0 1 1
1 1 1 0 1

Onepatop Nopo3psAHOro 3alepedYeHHsl € YHAPHUM OMNEPaTopoM,
AKUH Tiepelye CBOEMY onepaHDy MOAIOHO 0 yHapHOro MiHyca, Ko-
xKeH OiT 3 0 BctaHOBIOETECS B 1 1 KodkeH GiT 3 1 BcTaoBmoeThes B 0.
Axmo onepana Mae 3HaKOBHH OiT, TO GIT 3HaKy TAKOX IHBEPTYETbCA.
[Topospsaana onepatiis 3anepedeHHs Ma€ HaliBULUMIA NPIOPHTET 3 YCiX

NIOPO3PAAHUX OlepaLliii.
VY Tabn. 6.3 HaBeseHi NpPHKIAAN BUKOPHUCTAHHA NOPO3PSAHMX
onepauii 411 poOoTH 3 OKpeMUMH GiTaMK 3HAUEHb 3MiHHHUX.

. Tabnuys 6.3
TNMOPO3PAAHI ONEPALL 1A POBOTH
3 OKPEMWMM BITAMM 3HAYEHDL 3SMIHHIX
Onepauis Omnuc Hpuknan
BukoHye onepauito nopo3psHOro Nori4Horo I. &b
TopiBHIOE KOkeH OiT omepaHma NiBOpYY 3 BiANOBIA- 21‘011 & 1010
& HUM OiTOM onepaxia npasopyd. ko obunsa, wo -
NOPiBHIOIOTLCS , OiTH AOpiBHIOKOTS 1, TO GiT peynsTary 111811) 3"“06
BCTAHOBJ/IOETLCA Y |, B iHIIOMY BUnanky — B 0.
Buxonye onepauito nopospsaaHoro oriunoro ABO. 'b
MopisHtoe koxHMIE GiT onepaHaa niBopy4 3 Bimo- ?(I)l L ' 1010
! BigHUM OiTOM omepaHia npasopyd. SIKIO OAMH 3 b
6itis, mo nopisxioOTLCA, piBHUI 1, TO 6iT peayns- TSII”IBH'O €
TaTy BCTAHORJIIOETBCA Y 1, B iHIOMY Bunagky — B 0.
BukoHye onepauiro Nopo3psAAHOTO BHKJIHOYHOIO
ABO. IlopiBHioe koxHuii GiT onepanna nieopy4 3 [ a”b
A BiANOBiAHMM onepaHaoM npasopyy. fAkwo oaun 3 | 1011 ~ 1010
6iTis, O MOpiBHIOIOTCA, JOPiBHIOE 1 (ane He oG- | nopisHIOE
IBa Bipa3y), To OiT pe3ynsTaTy BCTaHOBMOETLCA Y | 0001
1, B iHIIOMY BHnaaKy — B 0.
BukoHye omnepaniio nopo3paaHoro zanepeveHts. | a~b
~ Axkwo 6iT Mae HyNLOBE 3HAYEHHA, BCTaHoBMOE Ao- | 1011 gopie-
roB 1, skuwo 1 —BO0. Hioe 0100
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6.4. OIIEPAILIIL 3CYBY

Omnepauii 3cyBy 3CyBalOTh onepaHi JHiBopy4 (<<) abo
npaBopy4 (>>) Ha uucio 6iTiB, 3afiaHe ApyriuM onepanaoMm. O6unsa
onepaHAH MOBMHHI OyTH UinMMH BenMYMHAaMH. BHKOHYIOTbCS 3BH-
yaifHi apudMeTHUHi nepeTBOpeHHA. TUN pe3ynpTary — L€ THM Ji-
BOrO olepaHja micyis nepeTBopeHHs. [lin yac 3cyBy niBopydY mpasi
OiTH, 1O 3BiMBHAIOTHCSA, BCTAHOBIIOIOThCA B Hynb. Ilix yac 3cyBy
MPaBOPyY METOJ 3allOBHEHHs JIBHX GiTiB, 110 3BiNBHAIOTECH, 3ale-
)KMTh, BiJl THIy, OTPUMAHOTO TMiCIs IEPETBOPEHHS NEPLIOro Ore-
panza. Sxmo Tvn unsigned, To BibHi MiBi 6iTH BCTAHOBIIOIOTECH B
HyJ6. B iHIIOMY pa3i BOHM 3alOBHIOIOTHCS KOMi€lO 3HaKoBOro OiTa.
Pesynprar onepauii 3cyBy He BU3Ha4yeHHUH, AKIIO JAPYrUH onepaHj
Bin eMumit. YV tabn. 6.4. HaBeJeHi NpUKJIaA¥ BUKOPUCTAHHSA OllEpa-
il 3cyBy.

Tabnuys 6.4
OIEPAIII 3CYBY
Onepautist Onuce Hpuxnan

3cys Ha onuH GiT npaBopyd. ) a>>b

> 3cys npaBopy4 onepaHja 3niea Bill 3HAKY | 1011552 JOpiBHIOE
onepauii Ha YMCO ABIAKOBMX PO3PAAIB | ;|
TpaBopyd Bia 3HaKy omepauil.
3cys Ha oauH 6iT siBopy4. ) a<<b

<< 3cys niBopyd onepaHja 37iBa Bid 3HAKY | {011<<2 HopiBHIOE

onepauii Ha uMcnO ABIMKOBMX PO3psAiB 1100
MpaBoOpYY BiJ 3HaKy onepauil.

3cys onepanziB JiBopyd Ha 1, 2, 3 i Ginbwe 3a po3psaau —
HaMmBHALIMI crioci® MHOXEHHS Ha 2, 4, 8, i T. &. 3anuc a << b ekBsi-
BanenTHuit a*2". 3cyB omepaugie npaeopyy Ha 1, 2, 3 i Ginbwe 3a
po3psanu — HaHBHALIKK cnoci6 aineHHs Ha 2, 4, 8 i T. 4. 3anuc
a >> b exsiBanenTHuii a / 2°., .

OGMexkeHHsIM ONepallil 3CyBY € Te, IO YHCJIO ABIHKOBUX PO3pAAIB
IUI 3CyBY ONepaHaa 3jiBa Moxe OyTY 3aaaHuil JMIIE KOHCTaHTOMO
a60 KOHCTAHTHUM BHpPa30M, TOOTO BMPA30M, 1O LiJKOM CKJIaJa€ThCA
3 KOHCTAaHT. TOMY KOMIIJIATOp 3reHepye NOBiAOMIJIEHHS NPO NOMMIKY
B TaKOMY BUIAJKY:

inta=4,b=5,¢;

c=a>>Db;
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6.5. BUPA3H1 BITHOIIEHHS

C++ ninrpumye Taki onepayii sioHowenHs (nopieHanns):
menwe (<), 6inpure (>), MeHIe i JopiBHIOE (<=), OiibLIE 1 AOPIBHIOE
(>=), piBHO (= =), He mopisHioe (!=).

Onepauii BiAHOIEHHS BUKOPUCTOBYIOTLCH IJIS OMKCY YMOB XOAY
Pi3HOMAHITHHX aJIFOPUTMIYHHX NPOLECIB, B OCHOBHOMY JUIsl peaisa-
Ui posray)keHHs Ta OpraHizaiii BHXOIB 3 UMKJIiYHMX NpPOLECIB.
Onepangamu onepaliii BifHOLICHHS MOXYTh OyTH KOHCTAHTH, 3MiHHI
uijioro THIy abo 3 MIABaOHOK KPAIKOK, CHMBOJBHI JaHi, BKa3iBHH-
k. ToTpi6Ho 3BepHYTH yBary Ha BUKOPHCTaHHS LMX Oflepailili s
AaHuX 3 M1aBaoyolo kpankoto. Halikpaine mns HUX npawosaty jiuie
31 3HaKOM < a60 >, OCKiJIBKH BHAC/JOK OKPYIJIEHHS pe3yIbTaTy 3HaK
PIBHOCTI MOJXKE He CrpalbOBYBaTH.

Peanizaulis onepaiii BiHOLIEHHs NOJATac y BU3HAYEHHI iX iCTHH-
HoCTi. Slkimo ymoBa, 3ajiaHa OMepaui€lo BiIHOWIEHHS, BUKOHYEThCS,
TO (POPMYETHCA 3HAYCHHS «ICTHHAY, AKINO HE BUKOHYETHCA — «XHO-
HiCTb». MalllHHHOIO peaizali€lo «iCTHHW» B iHTEpNpeTaLii KoMnins-
TOpa € Oy/b-Ka YHCIIOBA KOHCTAHTA, IO HE JOPIBHIOE HyJIEBi, «XHO-
HICTB)» IHTEPIIPETYETHCA AK HYJIb.

Onepauii BiIHOWEHHA, 10 BUKOPHCTOBYIOTHCS B JIOMYHHUX BHpa-
3ax, onMcadi B Tabn. 6.5.

) Tabnuyn 6.5
OIIEPAULII IMOPIBHSAHUA
Onepauis Onnc Tpuknaa
Mene. . a<b
< TloBeprac 3HaueHHA «icTMHA», AKMWO pe3ynbTaT 06auc- | 5 <7 icTuma.
JICHHA BHpa3y JIIBOPYY MEHILMI, HiX BHpa3y NpaBopyy. 5 <3 XHOHICTB.
5 <5 xubHicTs.
Menwe a6o aopiBHioE. | a<=b
<= IToBeprac 3HadeHHs «iCTHHA», AKMO pesynbTar obuuc- | 5 <=7 ictuna
- JICHHS BUpa3y JiBOpydY MeHIMil a0 fopiBHIOE Bupasy | 5<=3 xubnicts
MpaBopy™. 5 <=5 icHha
Binsue. . ) a>b .
S IlobepTae 3HadveHHs «icTHHA», AKWO Bupas nisopyu | 3 > 7 xubhicrs.
OinbIIRH, HiX BUPa3 NPaBOPYH. 5> 3 icThHa.
5> 5 xubHicts.
Binbwe a6o aopiBHIOE. . a>=b
>= IloepTac 3HAYEHHA «iCTMHAY, AKIIO BUPA3 JiBOpyq | 5> =7 xubHics.
- 6inbLinii aGo JOPIBHIOE BUPA3y PaBOpYH. §>=73icTuHa,
§>= 35 ictyHa,
OpiBHIOE. . . a==b
== OBCPTAC 3HAUCHHS (ICTHHA», AKIIO BUPA3 J1BOPYY N0pi- | §==7 xubHicTs.
BHIOE BMpa3y NpaBopyy. 5==35icruna.
He nopiBHioe. . . al=b
t= TloBeprae 3HaueHHs «icTuHA», AKWO BHUpa3 niBopyy me | 51 =7 icTuna,
JIOPIBHIOE BUPA3y NpaBopyd. 5!=15 xubHicts.
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Onepallis BiZHOLIEHHS HOPIBHIOE = = BiApi3HAETHCA Bif oneparii

npucBoenHs =. Onepanis NPUCBOEHHS =.

NPHCBOIOE 3MiHHI}, 0

3HaxXOAUTHCSA 3J1iBa Bif 3HaKy =, 3HAYEHHs, IO CTOITh cIpaBa Big =
Jloriyna onepaum == nepempae YH € 3HAYCHHA msopyq BiJ 3HaKy
TaKMM CaMuM, SIK 1 IPaBOPyd, ajie He 3MiHIOE 3HaUeHb 3MiHHUX.

V nopiBHAHHI 3 apuMETUHHUMH ONEPALiIMH IPIOPUTET onepaLii
BiJHOIUEHD BBAXKAETHLCA MEHIIHM, TOOTO 3anmUC X >y +2 i X > (y + 2)
BBaXKa€ThecA aHajoriunum. Omnepanis BiAHOUWIEHHS HHXK4Ya MpPiOpUTeE-
TOM 32 apH(METUYHY OTIEPALLiIO.

6.6. JJOI'TUHI BUPA3H

Jloriuni omepauii nmpu3HayeHi A8 poGOTH 3 BupaszaMu
THITYy BiHOLIECHHS, sKi HeoOXigHO 00’€QHaTH y CKIaAHI BHUpasu.
CkJ1an NOTiYHHX BHUPA3iB 3a MPIOPUTETHICTIO TAKUH:

» | — inBepcis (Jloriune «HID» );
o && — KOH’IOHKIJ,iSl (JIoriune «I» );
* || — nu3’ronkuis (Jloriune «<ABO»).
Ornuc JioriyHKXx onepatiif npeacrasieHui B Tabn. 6.6.
Tabauys 6.6
JIOTTYHI OTIEPAILIIT
Onepauis Onuc [Tpuknan
Jloriune «HI» alb
' [MoBeprac 3HaueHHA «iCTHHa», AKIO pe3ynbraT 00- | {1 XuGHICTS.
: YMCIEHHS BUpaly NpaBopyY Bil 3HaKy xuOuuii, B | 10 icruna.
OPOTUIEKHOMY pasi Aae «XUOHICTbY.
Jloriune «I». a&&b
& IMosepTac 3HAYEHHA «iCTHHAY, IKLIO BHUPa3y NiBOPYY | 5&&5 ictuna.

i npaBopyH Bij 3HaKy iCTMHHI, B IPOTHICKHOMY pasi
Ja€ «XUOHICTbY.

0& &5 XuOHICTh.

HOMY pasi Ja€ «XUGHiCTb».

Jloriune ABO. ay 'b
" ToBeprac 3uaueHHs «icTHHAY, AKILO BHpa3 Bix sHaky | Iy 0 icTuHa.
" abo niBopyy, a6o npaBopyu icTHHuuiA, B npotunex- | 1} 1 icTuHa.
0|} 0 xubHicTb.

Jloriyni BUpa3y 0GYHUCIIOIOTHCS 37iBa HANpaBo, OOYHCIEHHS MPH-
NAHSAIOTECS WOHHO OyAe BCTAHOBIICHA ICTHHHICTb YChOTO BHpa3y. Jlo-
rigdi onepauii He BUKOHYIOTb CTAHAAPTHI apu(bMeTuqu NepeTBOpeH-
Hs. BOHH OLIHIOIOTH KOXEH OnepaH] 3 MOINsAAy HOro exBiBajeHT-
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HOCTi HyseBi. ITopiBHAHO 3 onepaLlisMy BiAHOLIEHHS JIOTiUHi onepaii
MaIOTh HUXKYHMH MPIOPUTET, TOMY aHAJOTiYHHMH BBAXKAIOTHCS 3aMUCH
a>b&&b>c|b>d;
((a>b) && (b>0)) || (b > d;

6.7. OIIEPAIII] 3 BKASIBHUKAMHU

Bupazy, mo BHKOPHCTOBYIOTh BKa3iBHUKH, ITiANOPSIIKO-
BYIOTECSl TUM CaMMM MpaBuJiaM, 1O if 3Buyaiini BHPa3H.

Y moBi C++ 103BONEHO 37iiiCHEHHS TaKWX BHIIB ONepauii Haj
BKa3iBHUKaMU:

1) npucBOIOBaHHS BKa3iBHHKIB;

2) oTpUMaHHA aJpecH BKa3iBHUKA;

3) BU3HAYEHHs 3HAUEHHA MO NaM ATi;

4) 36inblIeHHS BKa3iBHUKA;

5) 3MEHUIECHHS BKa3iBHHUKA;

6) NopiBHAHHS BKa3iBHHKIB.

ITpucsotosanns anpecu BKaBIBHHKy Bm6yBaeTbcsl TaKUM Ke YH-
HOM, SIK i NPUCBOIOBAHHS 3HA4Y€EHb MiJ Yac muuamzaun 3MIHHOI, pO3-
TIISHYTE BHLLE, TOOTO 3a IOMOMOTCHO 0,£lHl€l 3 onepauii TpPUCBOIOBaH-
H. MoXxHa npucBoloBaTH OIHH BKa31BHUK mmomy Ils onepauis mae
3HAYEHHs JIMINE B TOMY pa3i, AKLIO oOMABAa BKa3iBHUKH aJpecytoTh
ONMH i To# camuii Tun. Hanpuknan,

#include <stdio.h>

int main (void)

{ int x;

int *pl, *p2;

pl=&x;

p2=pl;

printf("%p %p", pl,p2); // BuBOAMTE appecy, wo 3GepiraloThCs B
} /1 p1, p2, BOHM JlopiBHIOBATHMYTS return 0,

OtpumanHs afpecH BkasiBHHKa BinOyBaerhes, K 6yno 3a3HaYEHO
BHILE, 32 JOMOMOrOI0 onepauii &, ska 3amMCyeThCsA NeEpel iM’am
3MiHHO1. HanpukJag,

p=&n;

BMillye aapecy 3MiHHOT n B p. Onepauito & MoKHa poO3TIAAaTH K
«B3ATTA anpecu». ToMy nonepeaHiii onepatop MOXHa TNPOYMTATH SIK
«P OTPHMYE aJpecy ny».

BusHaueHHs 3HaueHHA MOJsA Mam’aTi 34IMCHIOETBCS 3a AOMOMOIOIO
onepauii *, sIka 3aIUCYETHCS NepPel 3MIHHOIO TUIY BKA3iBHHK, 1O BU3HA-
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yae ajipecy BKa3zaHOro nojsi nam’sti. ToOTo omepallis * NoBepTae 3Ha-
YEHHs 3MiHHIIA, IO 3HAXOANTECS 32 BKa3aHOIO afpecoto. Hanpukian,
#include <stdio.h>
void main (void)
{ int n = 100, k; int *pl;
p = & n; // p oTpuMye aapecy n
k = * p; // k 3a monoMororo p NpHCBOIOE 3HAYEHHS N
printf ("%d", k); // BuBeaenns 100

p MIiCTHTH aapecy 3MiHHOI n, To k = * p; BmicTHTH n B k. Onepa-
{10 MOXHA PO3LIAAATH K «B3STH 3HAYEHHS 32 afipecoion, TOMYy BH-
IUEHABEIEHHI OMepaTop MOXHa Npodutaty sk «k HabyBae 3HauYEHHA
32 ajipecoIo p».

Jlo BKa3iBHHKIB MOXYTb 3aCTOCOBYBATHCS JILLIE B apmbmemqm
onepauii: 1oaaBaHHA i BimHiMaHHsA. 36iNbIIEHHSA BKa3iBHUMKA NpPOBO-
JMTBCA 3a JOMOMOTOK0 3BHYHOI ornepallii JoAaBaHHsA abo 3a J0NoMo-
TOI0 ornepallii iHKpeMeHTa ++. 3MeHIIeHHs BKa3iBHAKA aHaJIoriyHo 3
ToTIepe/IHiM TIPOBOJUTECSA 32 AOTIOMOTOI0 onepauii BinHiMaHHs a60
orepanii AeKpeMeHT — —. Hanpukiaz, sKuio p — U BKa3iBHUK Ha -
e, mo MictuTh 3HaueHHs 1000, To micns Bupasy p++; BMICT craHe
1002, ockinbkH Lijie Mae ZOBXUHY 2 GaliTH, TO NpH 36iNbLIEHHI P HA
OAMHMLIIO BKa3iBHUK Oyle BKa3yBaTH Ha HacTynHe wine. Bupas p+2
nae 3HadeHHs anpec 1004, ockinbkn 1000+2+2,

[{opasy kosu BKa3iBHHK 30iNbLIYETHCS, BiH YKa3ye Ha HACTYITHHI
enleMeHT 6a30BOro THIY, LOPa3y KOJIM 3MEHIIYETHCA — Ha NONepeaHii
enemeHT. Moxna noaBaty abo BinHiMaTH 3 BKa3iBHHKIB LI YMcha.

p=p+2;

Kpim nomaBanHs Ta BiZHIMaHHS BKa3iBHMKIB i LJMX 4YMces AOIyC-
KaeThCs 3HAXOKEHHs Pi3HMLi ABOX BKa3iBHMKiB. Lla onepauis Buko-
PUCTOBYETHCS AJS 3HAXOMKEHHA NOBXHMHH €JIEMEHTA, BH3HA4EHOIO
TIepIIHAM BKa3iBHUKOM. PisHHUA Mik ABOMa BKa3iBHHKaMH MEPETBOPIO-
€TBCA 10 3HAKOBOTO LJION0 3HAYEHHS LUAAXOM AUICHHA Pi3HULI Ha
JNOBXWHY THIY, IKMi aJipecyeTbcsl BKa3iBHHKaMu. PesynbTaT npeacra-
BJISIE YHCJIO €JIEMEHTIB MaM’ATi JJAHOTO THIY MDK IBOMa aipecaMH.

MosxinBe NnopiBHsHHS ABOX BKa3iBHUKIB. [lopiBHAHHA ABOX BKa3i-
BHHKIB OHI€T 3 onepauiif BiHOLIEHHA Ma€ 3Ha4Y€HHs B TOMY pasi,
KOJIM 00M/ABa BKa3iBHUKH aJipeCyiOTh 3arajbHuii 1)1l HUX 00°€KT, Ha-
NpUKJIaJ], MacuB abo psIoK.

#include <iostream.h>

void main(void)

{inta=3,b=3;

int *pl, *p2;
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pl = &a; p2 = &b;
if (p1! = p2) // p1 i p2 He nopiBHIOKOTECS, TOGTO BOHH BKa3ylOTb
// Ha pi3Hi 06’ €KTH.
cout<< "BxkasiBHuku pl i p2 He HOPiBHIOIOTHCA.”
else
cout << "Lleit psanok He ApyKyeThCs.”
}

He MoXHa MHOKHTH YH AUIMTH BKa31BHUKHM, HE MOXKHA CKIaJaTH
BKAa3iBHMKM, HE MOXXHA 3aCTOCOBYBaTH Omepalii 3CyBYy A0 BKa3iBHH-
KiB, HE MO>KHa JoaaBaTH abo BiaHiMaTi T float aGo double.

6.8. IEPETBOPEHHSA THITIB JAHHUX Y BUPA3ZAX

V Bupaszax, HanMcaHUX MOBOIO C++, JO3BOJISETHCS BH-
KOpUCTaHHsA Pi3HUX TUMiB onepanAiB. Ilig yac oGuncneHHs BUpasiB
Jesiki onepallii BUMararoTh, o0 onepaHay Many BiANOBIAHMI THII, a
KO0 BUMOTH IO TUITy HE BUKOHAaHI, CIPHYMHSAIOTh PHUMYCOBE BUKO-
HaHHs MOTPIGHMX MEPeTBOPEH.

Y npoueci HamMCaHHs BUPa3iB y NporpamMax HEOoOXiAHO MparHyTH
JI0 BUKOPHUCTAHHA 3MiHHUX | KOHCTAHT OJHOTO THIY, 60 1ie J03BOJIHTH
BUKJIIOYUTH 3aTPaTH Yacy Ha aBTOMAaTUYHE MEPEeTBOPEHHS JaHHX, BH-
KJIIOYMTH NOMUJIKH BUKOHAHHS MPOrPaMH. '

Konu 3MiHHI Ta KOHCTaHTH Pi3HUX THMIB 3MIlIYIOTbCA Y BHpa3ax,
TO BiAOyBa€eThCcs MEpeTBOPEHHS 0 oaHoro tumy. Komninatop nepe-
TBOPIOE BCi ONEPAHAHM BiJl HIXKYOro THMY 10 BuLloro. [TocnigoBHicTb
THMIB BiJl KHUKYOTo» 10 BHIIOTO» € TAKOI0:

char, unsigned char, short int, unsigned short int, int, unsigned
int, long int, unsigned long int, float, double, long double.

3acTocyBaHHs unsigned MiABHMLIYE PAHT Bi/MTOBIAHONO 3HAKOBOIO THITY.

Komninstop MOBM BUKOHY€E MEpeTBOPEHHA THNIB AaHUX BiAMOBiA-
HO JIO TaKUX TIPABUII:

1. Sxmo ABa onepaHau Bupa3y MalOTh pi3Hi THMH, TO MEPETBO-
peHHs BiAOyBaeThes A0 BUIIOro 3 HUX. Llel npouec Ha3uBaeThes miA-
BUIIEHHAM THY.

» Bci 3minni TMny char i short int nepersopioloTbes 0 THMy int.
¥Yci 3Mingi Tuny float — o Tuny double.

¢ Slkmo oaMH 3 mapu onepaniis Mae Tun long, To iHIKKA onepana
NEPETBOPIOETECA JI0 THITY long. Skmo oauH 3 Mapu onepaHiiB Mac
THN double, To iHmMA onepaHn nepeTBOPIOETbCS 1O THITY double.
Sxmo oauH 3 Mapu onepaHiB Ma€ THN unsigned, To iHIWIA onepaHA
NEPETBOPIOETHCA 10 TUITY unsigned.
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2. Y MOMEHT NpHCBOIOBaHHA OOYHCIIEHOrO 3HAYeHHS BHpasy
3MiHHiMH, M0 CTOITh JiBOPYY Bif 3HaKy NPHCBOIOBAHHS, BiOYBA€ThHCS
ABTOMATHYHE NEPETBOPEHHS 3HAYCHHS BUpasy [0 TUiy 3MiHHOIL. [lpu
HHOMY MOJXKE BiAMIYaTHCS MiABHMINEHHS, HI0 OMUCAHO BUINE, Ta TIOHU-
XKCHHS THITY, IIPH SKOMY BEJIMYMHA NMPUBOAUTHCS [0 TUIY AAHHX, IO
MalOTh HalHKYHI NpiopHTET.

Jlns mpukiamy, po3riISHEMO TMEpPEeTBOPEHHS THMIB, 1OKa3aHe Ha
puc. 6.1.

char a;

int b;

float c; double d;

resultat =(a/b) + (¢ *d) — (c + b);

int double | double
I l
double
double
Puc. 6.1.

IlinBuiieHHA THIYy 3BHYaHO He NPU3BOIAMTH A0 HebaKaHHX Ha-
CJIIAKIB, OCKINIbKHM PO3Mip MaM’sTi JaHUX BULIOTO THITY OiLIbLIHM, HiX
y NepeTBOPEHUX 3Ha4yeHb. HeBianoBiaHicTe po3MipiB Moke npussec-
TH 0 YCKJIaAHEHb y npoueci noHwkeHHs tuny. Hanpuknan,

long a = 12345678,;

int b;

ITlo craHeThCs, KO b NpUCBOITH 3HaUCeHHS a?

b=a;

3MiHHa b MOXe 3aram’sATOBYBAaTH 3HaueHHs —32768 mo +32767,
BOHA HE 3MOXK€ BMICTUTH 3Ha4eHHs 3MiHHOI a. Komninsarop npuceo-
iThb b 3HauenHs 24910. Lle ocraua Bix mineHHs uucna 12345678 uHa
guciao 65536, To6to Haiibinele Ge33HakoBe Lije, SKE MOXE MICTH-
THCA B 1BOX OaifTax.

3MilIEHHs LiTKMX 3HAYEHb 3 MJIaBalOYOKD KPArNKOK CIIPHYUHSE Me-
PETBOPEHHSI THILiB, alie Pe3y/bTaT He 3aBXA1 MOXKHA Nepea0aunTH.

intd=4;

float f = 2.8;

d=d=*f;

Yomy popisHroBatuMe d? Y 3arajpHOMY BHNAAKY B 3MilllaHMX BH-
pasax 3Hauy€HHA 3 MEHIUUM Jiana30HOM PO3ILUPAIOTECSA 10 3HAYEHB 3
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BENIMKHM Jliana3oHoM, 1 mo6 o6poburn BHpas d * f , xomminsrop
CIIOYaTKy MEepeTBOPIOE Ly 3MiHHY d B 3HaueHHs float, MOMHOXUTE
ne 3Havenns Ha f (4.0 *2.8 = 11.2), a noTiM NPUCBOITE pe3ynbTaT
3BOpoTHO 3MiHHOT d. Ha ocTanHiii crazii 3HaueHHs 11.2 3ByxyeThcs
JIO THITy int, MPUCBOIOKOYM 3BOPOTHO 3MiHHOT d 3HaueHHs 11.

JIns BUKIIIOYEHHS CUTYyalil MOHWKEHHS THNY y BHpa3ax MOXHa
BUKOPUCTOBYBATH OMeEpalilo 36edenHs munig. BoHa nepexbavae 3a-
nuc BHpasy Oe3nocepeaHbo rnepej 3MiHHOIO, 1O noTpedye mepeTBo-
peHHs omMcyBaya THUIy, B SKHH HEOOXiTHO TEpPEeTBOPUTH 3MiHHY.
OrmicyBay TUITY 3aNMCYETbCS B KPYTJIHX AYXKaX i Ma€ Takuil popmart:

(<mun>) <eupaz>

Jle <mun> — 1 OJVH 3i CTAHAAPTHUX THITIB JaHHUX a0 O3Haue-
HUX KopucTyBadeM TumniB. Hanpuknan,

int a; float b;

a = (int)b + (int)1.5;

6.9. CTAHXAPTHI ®YHKHII MOBH
11X BUKOPUCTAHHS Y BUPA3AX

Bibnioreka craHnapTHUX QYHKI{H MOBH AYXe LLIMPOKA i
HapaxoBye noHaz 300 ¢yHkui, mo 36epiraiotbes y Burnsaai 6i6nio-
TeuHUX aiiniB y BiAKOMIINLOBaHOMY BUrsAl (Y BAMIAAL 00’ €KTHUX
MoJayniB *.0bj y miakatano3si LIB) i miaknroualoThes A0 NporpaMu mij
yac pejaryBaHHs 3B’s3kiB. bibmioreka — ue 3i0paHHs dyHKLUiH.
v 6i6ni0Tequmy ¢aiini 30epiracTeCs Ha3Ba KOXKHOT QYHKLT, o6’eKT-
HUi koA GYHKLT Ta indopmauis, HeoOXiHa Ans pefaryBaHHs 38°53-
kiB. Kosn nporpama pobute nocunants Ha QYHKUIIO, 10 MICTHTBCA
B 6ibnioreni, yknagau Bimuykye uto QyHkuiro i ponae T kox jo
nporpamu.

Kpim Toro, B 6i6sioTexy BXOnsTh 3aroNoBHi ¢alinu, B SKUX MicTS-
ThCA BU3HA4EHHs HEOOXiAHMX TUMIB Ans poborn 3 GibaioTeuHumu
$yHKLiSIMK Ta NIPOTOTHNIH GyHKLH.

Y mosax C i C++ cranaaprHa 6i6ioTeKa cCunbHille iHTerpoBaHa 3
MOBOIO B MOPIBHSIHHI 3 iHLIMMUY MOBaMH NporpamysaHHsi. be3 Bukopuc-
TaHHA QYHKLIHA He Moxe OyTu HanMcaHa xxoaHa C— abo C++ nporpama.

J{ns BUKOpUCTAHHS CTAaHAAPTHUX (YHKUIR K onepanais Bupasis
HeoOXiqHO BUKOHATH TakKi Ail:

1. BcraHoButH iM’s Ta ¢opmat 3BepTaHHS 10 (YHKLIi, a TaKoX
BCTAHOBUTH iM’s1 3aroloBHOro daiina, 1o BKIOYAETHCA, 3 MigKaTAIIO-
ry INCLUDE, y sxomy Bu3HauyeHi TMNH AaHHX, 1O MEepelaroThes, i
KOHCTAHT, HEOOXiTHUX 111 BUKOPUCTOBYBaHHS (PyHKLUIT.
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2. Ilepen dyHKUi€O main nporpaMH KOpUCTYBaya 3anMCaTH oOlie-
parop mpenpoiiecopa MoBH #include i3 3a3HaueHH:sM iMeHi h-¢aiiny 3
3aroJIOBKOM (pyHKLIi:

#include <iM’s 3arosioBHOroO Qaitny>

3. V noTtpiGHOMY Miclli BUpa3y 3aIMcaTH 3BepTaHHsA 10 QYHKINT 32
(dopmaToM:

iM’s1 GyHKUT (cUcOK HaKTHYHKX NapaMeTpiB);

PesyneraT oOumcnenb QyHKUil nepeNacTses y TyHKT il BHKJIHKY.
Hanpuknan, HeoOXiAHO OOUUCTIUTH ¢ = a’.

#include <iostream.h> // ninxmo4eHHa 6i0nioTekH KnaciB BBEJCH-

/I nsi/BUBEICHHS

#include <math.h>  // niaxiroueHHs GiOMIOTEKHM MAaTEMATHUHMX

// byHKui
void main ()
{ float a, b, c;
a=4.0;b=4.0;
¢ = pow(a,b); // oG4HCeHHS MIAHECEHHS a X0 CTyneHs b
cout << ¢; // BUBeAEHHA 3HAYEHHS C

}

Cknaa craHgapTHUX GYHKUiM MOXHA MiAPO3AIIMTH HA Taki rpynu
3a X NpU3HaYEHHAM:

1) @yHKUii BUSHAUCHHS KJacy CUMBOJIB Ta NEPETBOPEHHS CUMBO-
niB. ®yHKuUii Liel rpymd BUKOHYIOTh NMEpeBipKy CUMBOJIIB HAa MpPHUHA-
JIeXHICTB 0 BiANOBIAHOIO Kknacy (andaBiTHO-LUM(PPOBUX CHUMBOIIB,
OykB, KepylO4MX CHMBOIIB, WICTHALUATKOBMX UMD, ApyKapChKUX
CHMBOJIB, MaKX OYKB, BEJIUKMX OYKB, NPOGINIBHUX CHMBOJIIB, 3HAKIB
rIyHKTyaun'), a TAaKOX NepeTBOPeHHs OYKB 3 MaJlMX y BEIMKi i HaBnaku.

2) ®yHkuii nepeTBopeHHs AaHuX. OyHKUT Liel rpyny BUKOHYIOTh
NIEPETBOPEHHS UMCIOBUX JaHWX 3 PAAKOBOrO MPEJCTABACHHS B YMCIIO
Tumy int, long, float, double i HaBnaku.

3) DyHkuii 06po61(y1 panka cumeodis. Ll pynxuii BUKoHYI0TH n10-
PiBHSHHS PAAKIB, NOLIYK OKPEMMX CHMBOJIiB 260 CUMBOIB i3 3a1aHO-
ro Habopy B psJIKY, KONiIOBaHHS PSAAKiIB, EPETBOPEHHS CHMBOIIB Y
3aroJIOBHi aGo MPOMHUCHI, 3aIOBHEHHS pAJKa 3alaHUM CHMBOJIOM, iH-
BEpPTYBaHHA PAAKa (3MiHAa Ha 3BOPOTHY IOC/IJOBHICTb CHMBOJIB Y
PSAKY), 3’ €AHAHHS PAAKIB, 3HAXO/UKEHHS JOBKMHH PAJKA.

4) Oynkuii xepyBanus karanoramu. L{i ¢yHxuii possonsiots
BCTAHOBJTIOBATH LUISIXM JOCTYNY A0 (aitiiiB, CTBOPIOBATH, 3MiHIOBATH,
BUJIyYaTH KaTaJlor, 31ificHioBaTH noluyk aiina.

5) ®yukuii kepyBannsa dainamu. Li ¢yHKUii A03BONAIOTHL OTPH-
Matu iHdopmaLilo npo ¢akis, nepeBipuTy 1| SMIHUTH PEXHUM AOCTYMY i
po3smip daiina, BUunyuutn abo nepeiiMeHyBaTH daiin.
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6) ®yHkuil BBedeHHs-BUBeACHHA. PyHkuii Uiei rpynu 3abesne-
4ylOTh BBEIEHHA-BHUBEICHHS IIOTOKOM, HH3bKOpDiBHEBE BBEICHHS-
BUBEJIEHHS, KOHCOJIbHE BBCIECHHA-BHBEJCHHA Ta NopTiB. DyHKUIT no-
TOKy 3a0e3nedytoTh Oydepusalliio BXiJHUX | BUXiZHHX, popMaTOBaHe
Ta HepopMaToBaHe BBEACHHS-BHBeACHH. DYHKUIT KOHCONBHOTO BBE-
JCHHA-BUBEJICHHA Ta BBEJCHHSA-BHBEACHHSA MOPTIB € pPO3LUMPEHHIM
NOTOKOBOIO BBEICHHA-BUBEACHHS JUISl BUKOPUCTaHHS nepudepiiinmx
npuctpoiB. HusbkopiBHeBi QyHKIIT BBeIeHHA-BUBEACHHS MPaLOIOTh
6e3 Oydepuzauii Ta popMaTyBaHHS, BOHH PO3MIIANAIOTECA K BUIIIHK
J0 MOXJIMBOCTEH BBEACHHS-BUBEIECHHS ONepawiiiHol CHCTEMH.

7) Maremartnuni ¢ynsxuii. i ¢yHkiii 3abe3neuyrors o6uncaeHn
TPUFOHOMETPHYHUX i rinepOoniuaux QyHKUIN, 3HAXOMKEHHS LIIOI
YaCTUHH YUCJIa, aOCOMIOTHOTO 3HAYEHHS, KOPeHsl KBaJpaTHOro, mMij-
HECEHHS IO CTYNEHs, 06uMCIeHHs norapudma, oGurcIeHHs QYHKUIT
beccens.

8) ®yuknii AuHaMiyHOro posnoainy mam’sati. [li ¢pyHkuii mo3so-
JSAXOTH JHHAMIYHO 3aNUTYBaTH, NEPEPO3NOMINATH i 3BUILHATH mam -
AThb y Pi3HUX MOAEAAX fam’sTi.

9) ®dynknii kepyBaHHs npoliecaMu. TepMiH «riponecy BiAHOCUTD-
€5 10 NpOrpaMH, iKa BUKOHYETHCS Mijl KEpyBaHHAM ONepauiiHoOi chc-
TeMH. DyHKUIT KEpyBaHHA NPOLIECOM AO3BONSIOTH iAeHTU(DIKYBaTH
npouec YHiKalbHMM HOMEpPOM, MOYATH HOBMM NpPOLEC, 3aBEPLIMTH
npouec, 06poOUTH CHrHan NepepUBaHHS, MOCIATH CHIHAA NPOLECY,
BUKOHATH QyHKIIT Nia Yac 3aBepLIEHHs NPOLECY, BAKOHATH KOMaHJLy
onepauiiHoOT cucTeMu.

10) ®dynkuii, mo 3abesneuyiots iHTepdeiic 3 DOS i BIOS. L
dyHkuii 3a6e3neuytors intepdeiic 3 BIOS 3a nonomoroto Buzaui Bia-
TIOBiIHMX TIEpEpUBaHb, a TAKOXK iHTepdeiic 3 onepauiiHUM cepeo-
puieM DOS 3a 1onoMoroio cUCTEMHHX BUKJIHKIB.

11) Tpagiuni PpyHkuii. PyHKUT JaHOT rpyNH AO3BOAAIOTL KEPYBATH
rpaiyHOIO CHCTEMOIO, 3AIMCHIOBATH YCTAHOBKH MNapaMeTpis 300pa-
’KEHHs1, OTPHMYBATH 300pXKCHHS Ha EKPaHi i NapaMeTpH 300paKeHHs.

12) d)yHKu.u nouyky i coprysanhs. Lli gpyHkuii 3abesneuytors 6i-
HapHHUii | NiHIAHUA NOLIYK | BUKOHYIOTDb LUBHAKE COPTYBAHHSI.

13) CDyHKuu CUCTEMHOTO 4acy. Y mio rpymny BXOIATbH (byl-ucuu
YCTAHOBKHM i UNTAHHS CHCTEMHOTO TaliMepa | NepeTBOpEHHs JaTH i
4acy B pi3Hi MpeacTaBIeHHS.

C++ niatpumye Bei ¢yHkuii BBeaeHHs-BUBeaeHHS C i BH3Hauae
CBOO BJIACHY 00’€KTHO-OpIEHTOBaHY CUCTEMY BBEIEHHS-BUBEIECHHS.
Jlo wiel GiGnioTteku BigHOCATbCS ©0i0NIOTEKa KNACiB BBEIACHHS-
BHBE/ICHHSA, KJAacH MOTOKIB BBEIEHHS-BUBEJCHHA Ha 0a3i MacuBiB
(bopmartyBaHHs nam’sTi).
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Po30in 7

3ACOBU NMPOrPAMYBAHHSA NIHINHUX
TA PO3TAIYXXEHUX NPOLIECIB

7.1. OCOBJIMBOCTI PEAJII3ALIIE
BBEJEHHS-BUBEAEHHSA IIOTOKOM

Baxxko co0i yABUTH KOMII'YOTEpHY MPOrpamMy, Aka He Mae
OTIepaTopiB BBEIEHHA-BMBEACHHS. SIK y)Ke 3a3Hayaaocs BHILE, B MOBI
C BiacyTHI omepaTopy BBeAEHHA-BUBEJIEHHS, il onepanii BBEJEHHs-
BUBEJICHHS 3/1iHCHIOIOTHCS 32 A0IIOMOr00 CTaHAAPTHUX QYHKLUIH, 10
CTBOPIOIOTBCS pO3pobHUKaMU KoMmingTopa MoBH. Y 6ibnioTewi € Tpu
rpynu QpyHKUii BBEICHHS-BUBEACHHS: TOTOKO30PIEHTOBANE, HU3BKO-
piBHEBE, KOHCONIBHE BBEACHHA-BUBEAEHHS.

Haii6inpuii 3pyyHoCTi JUI KOPHCTYBayiB CTBOPIOE rpyna QyHKLIH,
O 3AiACHIOIOTh TIOTOKOBE BBEJCHHSA-BMBEACHHS, NMPH AKOMY JaHi
nepenarThes K 6e3nepepBHa NocninoBHicTs cumponis. Lle#t Bum ne-
penadi janux nepenbavae BukopuctaHus 6ydepa, To6To cnewianbHoi
o6nacti O3I1, ska npu3HayeHa Jng 00’ €IHaHHS OJMHMYHUX CHUMBO-
7B, MO nepenatoThes B 610ku. 3 Oydepa 610KkH NepeaaloTLCS Ha 30-
puimHii 3I1. ITepeara BukopuctanHa Oydepa nonsrac y niBUIIEH-
Hi IIBUAKOCTI OOMiHY JaHUMH, Y MOXIMBOCTI KOpUryBaHHs iH}op-
Mallil, IO nepeaacTbes.

DyHKLIT NOTOKO30piEHTOBaHOI Nepeiayi 3abe3neuytoTs GhopmaToBa-
HE BBE/ICHHSA-BHUBE/ICHHS 3 BUKOHAHHAM MPY HEOOXIIHOCTI NEPETBOPEHb.
Hanpuiiaz, 3MiHHa B TEKCTI iporpamu Moxxe 6yt onucaxa sik float, a
¢opmar 1i BUBEIEHH MOXHA 33JaTH 5K int, To6TO cTaHAapTHI dyHKUil
0ibnioTeKH BBECHHA-BUBEACHHA 3a0e3neuyloTh MOMNUIMBICTH peaary-
BaHHA JaHMX NiJ] 4ac BUBeAeHHs. KoHconbHe BBEACHHA-BUBENCHHS Bill-
HOCHTBCA 10 MO/, IO BUHUKAIOTE Bifl KNaBiaTypH abo Ha eKpaHi.

Haiinomupenimumu  ¢ynkuismu npu poboti 3 knaiarypoio Ta
€KpaHOM € KOHCONBHI QYHKLii — printf Ta scanf, SKi BU3HaueHi y 3a-
rojioBHoMY (aitni <stdio.h>. ynkuis printf 3aiiicHioe dopmaToBaHe
BUBEJCHHA Ha expaH. Popmat QyHKUIT printf € TakuMm:

printf ("<kepyrouuit panox>",<cnucok apryMeHTiB>);

printf("3nauenns uucna I1i nopisntoe %f" , pi);

| 1\

Kepytounii panox Aprymem
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Kepyrounit psgok (abo dopmatHuit panok, abo psuok popmary)
$yHKuii pringf omucye BHIMIAA pO3TallyBaHHs [AaHHX, NOJAHMX y
CTHCKY apryMeHTIB Mpu ApyKyBaHHI. CIIMCOK apryMeHTIB MOXE Mi-
CTHTH OfiHy ab0 KijbKa 3MIHHHX, KOHCTAHT a0 BMpasiB, MOxe OyTH
1 nopoxHiM. SIKINO y CHCKY apryMeHTIiB JeKiibka 00’ €KTiB, TO BO-
HH 3aMUCYIOThCS Yepe3 KoMY.

Kepyrounit psgox MoXke MiCTHTH TPOIMYCKH, CHMBOJIK andasity,
ESC-cumBonu kepyBaHHs APYKOM, a TaKoX cnelHdikalio nepetso-
peHb hopMaty 3HadeHb, IO APYKYIOThes. Padok ¢popmamy — 1e cu-
MBOJIbHUH PAZNOK, HIO CK/IAJAEThCS MPOCTO 3 CUMBOJIIB, SIKi NEPEHOCsI-
ThCs Y BiANOBiqHE Miclie O3 3MiH i cneumdikaliil nepeTBopeHHs.

KepyJuil paaok : := [mponyck][nitepan][crnenudikawis nepeTBopeHHs|

Creuudikauii nepersopenHs ¢popMaTy MalOTh TaKHid BUTIISD:

%[npanopu][mwmpurHa][.TounicTs|[Moaudikarop|<Tumn>

KoxHa crneundikarisi noynHaeTsCs 3 CUMBOJY NpPOUEHTA, B KBaJl-
paTHUX LyXKaX NpeacTaBieHi He0OO0B I3KOBI €JIEMEHTH.

[Ipanopy 3aparoTh cnoci® BUPiBHIOBAHHA B NOJI BUBEAEHHS, Ha-
KasytoTh BHBEICHHA 3HAKA y YMCIIA, BUSHAYAKOTH MOJIOKEHHS NECAT-
KOBOT KparnkH, peryroloTh BUKIOUYEHHs XBOCTOBHX HYJIB, 33/ai0Th
BICIMKOBI Ta LiCTHAAUATKOBI npediken.

IHypuna BuzHayae MiHIManbHE YMCIIO CUMBOJIB [UI BUBEACHHH,
BKJIIOUat04M npoOiiu Ta HyJi.

TouHicTh BM3HaAUYae MAaKCUMAaNbHE YMCIO CUMBOJNIB AJI1 BHUBEEH-
HSl, N1 3MIHHHX LJIOro THMY BW3Ha4ae MiHiManbHe uncio uudp nig
Yac BUBEHCHHSI.

Moaugikatop n03BoNfE BKa3aTH XapaKTePHUCTHKH, TNMOB’A3aHi 3
PO3MIpOM 3HAYEHHS, O BUBOAUTLCS: N — near-BkasiBuuk, F — far-
BKa3iBHUK, h — 3HaueHHs Tuny short int, | — 3Hauenns tuny long,
L — 3nauenns Tuny long double.

HeobxiaHuii THN JaHKuX BUOMpaeThCs BIANOBIIHUM CUMBOOM fe-
PETBOPEHHS.

[lepenik cumMBoniB THNIB, Ki MOXYTb BUKOPHUCTOBYBATUCS Y Crle-
uudikauii popmary Busony, TaKkMii:

%C — MOOAHHOKHI CUMBOIL;

%S — pAOK CUMBOJIIB;

%d — pecATKOBe YHC0 3i 3HAKOM;

%1 — necATKOBE 4MCIIO 31 3HAKOM;

%0€ — YMCIIO 3 NIIABAOYOIO KPAMKOKO B EKCMOHCHL{AIBHOMY (Hay-
KOBOMY) 3afnuci (€ — mana jirepa);

%E — 4ucno 3 mmaBalouoI0 KPAnKOKW B EKCIOHCHLIaJbHOMY
3anuci, (E — nponucHa jitepa);
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%f — 4KcIo 3 MIaBalOYOr0 KPanKkoio B AECATKOBOMY 3aIIUCi;

Y%g — 3a q)opMaTOM %e uu %f, 3a sxoro BuBeeHHS OyAe KOPOT-
WM, BeAly4i HyJli He BUBOIATHCS;

%G — Te came, 1o i %og, ane, KO BUKOPHCTOBYETHCS €KCIIOHE-
HUianpHa (opMa 3aIuCy, EKCTMIOHEHTa MHINETHCS TPOMHUCHAMM OyK-
BaMn — E;

%u — 6e33HaKOBe JIeCATKOBE YHUCJIO;

%0 — 6e33HaKOBE BICIMKOBE YMCJIO;

%X — 0e33HaKoBe INICTHAALMTKOBE YHCIIO, BUKOPUCTOBYE Mali

nmiTepu;

%X — 6e33HaKOBe HIICTHAALSTKOBE YHCIIO, BUKOPUCTOBYE MpPO-
TIMCHI JliTepu;

%p — BUBOJWThL 3HAYCHHS BKA3iBHHUKA.

KosxHoMy apryMeHTy i3 cnycKy aprymeHTiB noBnHHa o60B’s13K0-
BO BiANOBiAaTH cricuuikalis Gopmaty BUBEAEHHA KEPYIOUOTO psjKa.

CuMBon nparmopa kepye BUDiBHIOBAHHAM BMBEJCHHS i ApyKOM
3HaKy uucna, npobinis, npedikciB BiciIMKOBOT i 1UICTHAAUATKOBOI CH-
CTeM uucieHHA. Y cneuudikauii ¢opmary moxe OyTH 3aAaHO He
6inblie 3a onuH npanopels. Y tabn. 7.1. HaBeAeHi CUMBONM Mpano-
piB i iXHE NpU3HAYEHHSI.

. Tabnuya 7.1
ITIPAIIOPH 1 IXHE INIPU3HAYEHH S

Ipanopu Onne

Pesynbrar BUpiBHIOETECA N0 NiBOMY Kpaio BUAIEHOrO MO, IO
3IMLIMBCA NPaBOpyY, MOPOXKHIM MpPOCTIp, WO 3aNMIIMBCA, 3aNOB-
HIOETBCA Npo0inamu. 3a 3aMOBYYBaHHAM PE3YJILTAT BHPIBHIOETHCS
TIPABOPYY, 3aNOBHIOETLCA Npobinamu abo HysAMu 35iBa.

e e

BuBoauTbca 3Hak «+» abo «-». 3a 3aMOBYYBaHHAM 3HAK «—-»
3’ ABJIAETHCA TiNILKK JNA Bil’EMHUX 3HAY€EHD i3 3HAKOM.

IMepen noaaTHUMH YMCAOBHUMH 3HAYCHHAMM BMBOAWTLCA Mpobina-
IIpo6in | mMu, a nepen Bin’eMuumu — 3HakoM Minyca. ITpo6in irnopyerbes,
| AKIIO OAHOYACHO BKa3aHi NPanopH «podim» i «+».

BuBoantieca igeHTndikatop cucremu uMcneHHs. Y pa3i cumBosia
nepersopendsd X abo X HEHyNbOBI apryMeHTH BHIIEPELKAIOTLCA
npedikcom 0x a6o 0X BianosiaHo. Y pasi cMMBONA NEPETBOPEHHS O
pe3yJIbTaT BHINepeKacTbea LMdpoio 0. SIKUI0 BUKOPUCTORYIOTLCA €,
# E abo f, pesynsrat 3askan Gyne MiCTUTH AECATKOBY KpallKy, HaBiTb
AKLIO 32 TOYKOK He MOTPIGHO HiAkuX wHbp. 3BHUaHO, NecITKOBa
Kpanka 3’SBNA€TbCA, TUILKHM AKIIO 32 Heto iae undpa. Skuo Buko-
pucToBYI0TECS g a60 G, pe3ynbraT MiCTUTHME NECATKOBY Kpanky,
XBOCTOBi Hy/li HE YCYBalOTbCA.

IrHOpy€TBCA, KOMH BUKOPUCTOBYETHCA 3 dopMarToM ¢, d, i, u, s.
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3HaueHHs IIMAPYHM BCTAHOBIIOE MiHIMaNbHY LUMPUHY MO JUIs
BUBEJICHHA. SIKINO KiIBKICTh CUMBOJIB Y 3HaUY€HHI, IO BUBOAMTHCS,
MEHINa, HDXK 33JJaHO B T10JIe JOBXUHH, 1O BUBOANTLCS, 3HAYEHHS J0-
MOBHIOETHCH MpOOiNaMu 0 3aJaHOI MiHIMAaJBHOI JOBXMHH. SIKIo
3Ha4yeHHA MMPHHH 3aJaHE 3 NOYaTKOBHMHU HYJISIMH, HYJi HOJAIOTHCA
JIO 3Ha4Y€HHs, IO BHBOAUTHCS, JO 33JaHOTO MiHIMaabHOTO pO3MIipy.
HenocraTHs mupyHa nons Hi B AKOMY pa3si He NpUBeJe 0 BiKHIAH-
Hs nond. JIKmo KinbKiCTh CUMBOJIB pe3yibTaTy OinbIua, HiXK OroJio-
HIeHa IIMpHMHA NoJd, noJjie 6yne MpocTO pO3MHPEeHe N0 HeoOXinHOI
nmmpuad. Hanpuknan,

flloat t=15.54321;

printf ("\n%f", t);

printf("\n%10f", t);

printf ("\n%012f", ¢);

Ha expan Oyne BuBeaeHuii Takuii pe3ynebrar:

15.543210

15.543210

00015.543210

Posrnsuemo e oauH ¢pparMeHT nporpamu:

printf ("\n/%d/", 123);

printf ("\n/%2d/", 123);

printf ("\n/%10d/", 123);

printf ("\n/%-10d", 123);

Pe3ynbTaT BUKOHaHHS NMPOrpaMu Mac TakKui BUrIS:

/123/

1123/
123/
n23 /

Cneundikanis ¢popmaty %d He MicTHTE MOAKGIKATOPIB, TOMY MOJE
BHBEJEHHS Ma€ ILIMPHHY, IO AOPIBHIOE KINBKOCTI UMdp AaHOTO Yuca.
Cneundikauis popmaty %2d Bkasye, 10 WIKPHHA NONS NOBHHHA IODi-
BHIOBaTH 2, ajie, OCKIIbKH YHCJIO CKJIAAAEThCS 3 TpboX LMdp, nose as-
TOMaTHYHO PO3LUMPIOETBCS 0 HeobxiaHoro posMipy. Cneuundikanis
%10d noxasye, 110 WHpPHHA MO AOpiBHIOE 10, MiXk CHMBoIaMK / € CiM
npoGiniB i TpU UUEPH, YKCIO 3CYHYTE NO MPABOFO KPalo MOJs BHBE-
nenns. Crneundikanis %—10d Bkasye wHpuHy nons, wo aopisxioe 10,
a 3HaK «—» NPUBOAMTSH JI0 3CYBY BCHOTO YHCIA 10 JIIBOTO Kparo.

3HaueHHs TOYHOCTI 3aBXKAW MOYMHAETLCA 3 KpankH (.), o Biami-
nsi€ 11 BiJ NOMEPEAHBOTO 3HAUEHHS IIMPHHHU. 3a KPamnkow MOBMHHO
WTH 1ijse 3HAY€HHA, BOHO BM3HAa4ac TOYHE YMCJIO CUMBOJIIB, fKi Ma-
10Th 6yTH HaapykoBaHi, abo Micue JecaTkoBoi kpanku. IHTepnpeTa-
LIS TOYHOCTI 3aJIEXKUTD Bil TUMY eNeMEHTa, o GopMaTyeThCS.
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3a 3aMOBYYBaHHSAM TOUYHICTb piBHA | 11 CUMBOJIIB IEPETBOPEHHSA
d, i, 0, u, x, X; 6 nna e, E, f; BuBoasATECA BCi 3HAUY1UI uHpy st cH-
MBOJIiB MepeTBOpeHHs g, G; BUBOANTHCS CHMBOM Ul C; BUBOAATHCA
BCi CHMBOJIM 10 HYJIbOBOTO CUMBOJIA JIft S.

Jnsa cumBoniB niepeTBopeHHs d, i, 0, u, X, X BH3Hauae MiHIMaJIbHEe
ypcino wudp, ki 6ynyte BuBeAeHi. Skwo uuciao nudp y pesynbTari
MEHIIE, HIXX TOYHICTh, 3HAYEHHS], IO BUBOAUTHCS, AOJAETLCA HYJIAMM.
3HayeHHs He BiICIKAETHCA, AKIO KiJIBKICTh (P NEPEBULIYE TOUHICTB.
s cumBontiB nepetBopeHHs e, E, f TouHicTs Bkazye umciio uudp, sKi
O6ynyTh HajpykoBaHi micis AecsatkoBoi kpankk. OctaHHsa uwudpa, mo
BHBOJMTHCSA, 320KPYrIFOETbCs. st CUMBOJIB g 1 G TOUHICTH BKa3ye Ma-
KCUMaJIbHE YHCIIO 3Hauymux uudp, ski 6yayrs BuBogurHcs. s cum-
BOJIIB [IEPETBOPEHHS S BU3HAYA€ MAKCHMAIbHE YKHCJIO CUMBOJIIB, IO BHU-
BOIATECA. CHMBOJIH, IO NMEPEBHLLYIOTH TOYHICTb, HE APYKYIOTHCS.

Hanpuknan,

float pi=3.1415926

printf ("\nUucno ni = %10.4f", pi),

Pesynprar: Uncno ni = 3.1415

%10.4f BUBOAUTE YMCNIO 3 JOBXKUHOIO B JECATH LGP, NpHIOMY MiJX
APO6GOBY YACTHHY BiJIBOAATLCS YOTHPH CHMBOJIM.

#include <stdio.h>

#define str "CuMBOIBHMI paOK"

void main()

{ printf ("\n/%f/", 1234.98);

printf ("\n/%e/", 1234.98);
printf ("\1/%4.21/", 1234.98);
printf ("\n/%3.11/", 1234.98),
printf ("\n/%10.3f/", 1234.98);
printf ("\n/%10.3e/\n", 1234.98);
printf ("/%2s/\n", str);

printf ("/%20.s\n", str);

printf ("/%20.6s/\n", str);

printf ("/%-20.6s\n", str);

Peaynpratr MaTuMe TakUil BUTTISIL:
/1234,980000/
/1.23498e+03/
/1234.98/

/1235.0/

/ 1234.980/

/ 1.23e+03/
/CUMBOBbHHI pAIOK/

/ CuMBONBLHHME paaoK/
/ Cumson/
/CumBon /
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Cneuudikanis ¢popmaty %f Bkasye, o MHUPHUHA M0/ BUBEACHHS
i TounicTh GepyThcs 3a 3aMOBUYBAHHAM, IUPUHA JOPIBHIOE KIBKOCTI
uudp AaHOro YKCHA ITIOC CHMBON HA KPAINKY, YHCIO Mdp MpaBopyH
Bil A€CATKOBOI KparnkH fopisHioe 6. Ilpu BukopucTaHHi cneunikauii
%e BUBOAMTHCA ofHa Lmdpa 31iBa Bil ACCATKOBOI Kpanky i LICTs
npasopy4. Tomy B iHIHX crieludikanisx popMmaty 1 JaHUX 3 [1a-
BAIOYOIO KPATKOKO 33/1aHa TOYHICTb, TIPU LIbOMY TPOBOAUTHECA OKPYT-
JIEHHS IaHKX, WO BUBOAATHCA. HeoOXinHo 3BepHYTH yBary Ha Te, IO
crielikais ToYHOCTi 0OMEXye YHCIO CUMBOJTIB, 110 BUBOJATHCA Ha
apyk. Cnenudikauii popmary %20.6s i %-20.6s Bka3zyloTb Ha HEOO-
XiJIHICTb BUBEJECHHS TUIBKH LIECTH.

Mouaudikatopu F i H garoth MOXINBICTb KOPUCTYBaueBi NOAaBH-
TH YFOAM 3a 3aMOBUYYBAaHHIM MpO ajpecaliio B MOAENi mam’ATi, 110
BUKOPHCTOBYETbCS. F BHKOPUCTOBYETHCS NS BUBEJCHHSA 3HAUYCHB, SKI
6ynun onucai sk far B maniii Mmogeni nmam’sarti. N npusHaueHuid nns
3Ha4YeHb near B CepeaHiii, BENMKii | HaABeNuKiii Moaessx nam’sTi.
Moaudikatopu F i T maioTe 6yTH BUKOpUCTaHi JIMIIE 3 CHMBOJaMH
neperBopeHHs "%s", "%p", OCKUIbKY BOHH MAlOTh 3HAUEHHS TilbKH 3
apryMeHTaMmH, 10 33al0ThCo AK BKa3iBHUKKM. Moaudikatopu L, |, h
BU3HAYaIOThL PO3MIp OHiKyBaHOTO pe3ynpTary: h BUKOpUcTOBYETHCS 3
CUMBOJIaMH nepeTBopeHHs d, i, 0, X | X Ui 3a3Ha4€HHs TOTO, 1O THII
aprymenTy short int, abo 3 u — JJ19 3a3HaYeHHS, WO TUN apryMEHTY
short unsigned int. | BUKOPHCTOBYETBCS 3 CHMBOAMM MEPETBOPEHHS d,
i, 0, X i X ;U1 3a3HauYeHHs TOro, 10 THMN apryMenTty long int, 3 cuMBO-
JIOM U — 717151 3a3HadeHHsl, 1o Tun aprymeHTy long unsigned int, 3 ¢, E,
f, g, G — ans 3a3Ha4YeHHs TOro, 1o Tumn aprymenTy double, a ne float.

scanf ("<kepyrouuni pagok>", <CMCOK apryMeHTiB>);

®ynkuis scanf 30ilicHIOE BBEIEHHS JaHKX 3 KJ1aBiaTypH.

Y kepylouoMy psaKy scanf BUKOPUCTOBYIOTbCS Ti caMmi cneuudi-
kauii gopmary, wo i ana ¢yskuii printf. [lorpi6Ho 3a3HauuTH, UL
cneundixauii neperopeHHs %e, %E, %f, %g ta %G ekBiBaneHTHI
3HAYEHHAM 3 MIaBalOYOIO Kpankoio npu BeeaeHHi. Crneuudikauis %os
npuUMyLIye (‘byHKlli}O scanf uMTaTH CUMBOJIH, NOKK HE 3yCTPIiHETHCS
crewianbHui CHMBONL — 11po6in, HoBuil psfok, Tabynsuis, BepTH-
kanbHa Talynsuis aGo nepeseaeHHs Qopmarty. PisHuus mix unmu
aBoma QYHKUIAMH T101sra€ B OCOO/IMBOCTAX CITMCKIB aprymeHTis. ¥
CITMCKY apryMeHTIB scanf [N03BOJSETHCA BHKOPHCTOBYBATH TiIbKH
BKa3iBHUKM Ha BiAMOBiAHI 3Ha4YeHHs (ToOTO nepea iM’ M 3MiHHOT Mae
Oytu 3anucaHui &). Konu HeoOXiZHO BBECTHM 3HAYEHHS PAAKOBIiH
3MiHHi#, BUKOpPHUCTOBYBaTH CHMBOJ % He Tpeba. Ilic/is BUKOHAaHHS
byHKuil scanf 3AiACHIOETBCA aBTOMaTHUYHE MepeBeAeHHsS Kypcopa Ha
HACTYMHMUII pAJIOK.
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Hanpuknan,
#include <stdio.h>
void main()
{ int ncel; float nplav; char nchar[20];
printf ("\nBeexiTs Oyap-sike Line 4ucno, He Oisblue TpeoX po3psiais");
scanf ("%d", & ncel);
printf ("\nBeexits Oyap-sike uncno, He HisbLe TPHOX po3psaLiB\n");
printf ("B uiniii i gpo6osiii yacturax");
scanf ("%f", & nplav);
printf ("\nBeexnitp Bare npizeuine");
scanf ("%s", nchar);
printf ("\n%s", nchar);
printf ("\Bu BBenu nBa uucna %3d %7.3f", ncel, nplav);
}

SIK nprKan HaBeaemo Lie OJIHy NPOrpamy, sika IeMOHCTPYE OfHC pis-
HUX 3MiHHKX, BBEJICHHS iX 3 KJTaBiaTypy i BUBSJCHHS Ha eKpaH AHCILIEs.
#include <stdio.h>
void main()
{ int a;
char b;
float c;
double d;
short x;
long y;
unsigned z;
scanf ("%d %c %If %d %u", &a, &b, &c, &d, &x, &y, &z);
printf ("%d %c %19.11f\n %ld %u", a, b, ¢, d, X, y, z);
)
Sk i B C, BBeneHHs | BUBeaeHHA B C++ He € YaCTHHOIO MOBM, a
3a0€3MeYyrOTbCs 30BHIIUHIMY 6I0NI0TEHHUMH MOAYSIMH.

7.2. OTIEPATOP IPUCBOIOBAHHSI

Onepartop npucBOOBaHHA € OCHOBHUM OMNEPATOPOM, LLIO
peanizoBye rnepeMiileHHs AaHux y mexax O3I1.

®opmar oneparopa NMpUCBOIOBaHHS:

<3MiHHa> = <BHpa3>;

Hanpuxknaz, x = 0; 3MiHHi# X npucBoroeThes 3HaueHHs 0. MoxHa
NPHUCBOIOBATH KiJIbKOM 3MiHHMM OAHi i Ti caMi 3HaYEHHS LUISXOM
BUKOPHCTaHHS YMCJICHHMX TPUCBOEHB B OJAHOMY onepatopi, TobTO
x=y=2=0;.
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SIKimo B TIpoleci NPUCBOIOBAHHS TUIIM 3MiHHHX 1 pe3ynbTaTiB 0O4H-
CIIeHHS BUPa3iB He 30irarorbes, TO BiAOYBA€ThCS aBTOMATHYHE Mepe-
TBOPCHHS THITY PE3YJIBTATY JO THITY iMeHi 3minHOi. SIKwo BinOyBary-
METBCsl TIEPETBOPEHHA X LJOro YMCHa O CUMBOIY, 3 JIOBFOrO L0
ro — JIO LiJ0ro i 3 L{iJIoro — J0 KOPOTKOTro LIIoro, To cTapui OiTH
BTpayatoThes. 8 OiTiB BTpavaeThes NpU HMepeTBOpeHHi 16-0iTHoro uimo-
ro J0 cuMBOJY, 16 6itiB OyayTh BTpaueHi OpH NepeTBOPEHHI BiJl JOB-
roro tinoro go uinoro. Ta6s1. 7.2. MiCTHTB yci NEpEeTBOPEHHS THIIIB.

Tabnuys 7.2
PE3VJIBTATH ITEPETBOPEHHS TUIIIB
ITouarkoBuii Tun Tun neperBopeHHs Pesynprar
unsigned char signed char f&%‘:ﬂgﬁ:i‘g&;}ﬂ’ pesynuTar Gyne
short int char Crapuii 8 6itis
int (16 6iT) char Crapuii 8 6itiB
int (32 6iT) char Crapuui 24 6itiB
int (16 6it) short int Hemae
int (32 6iT) short int Crapuui 16 6iris
long int int (16 6iT) Crapii 16 6iTiB
long int int (32 6iT) Hemae
double float TouHicTb, pe3ynbTaT OKPYIMOETHCA
long double double TouHicTb, pe3ynbTaT OKpYIJIOETHCA

Jlnst oTpriMaHHsl NEPETBOPEHHS, He BKazaHOro B Tabn. 7.2, Heob-
XiHO MOKPOKOBO TEPETBOPIOBATH THIH A0 OTPUMAHHS MOTPIOHOrO.
Hanpuknana, nns nepersopenns 3 double B int notpibno nepersoputy
double B float, a norim float B int.

Kpim npoctoro npucsoroBaHHs B MOBi C++ € ckilaioBe NPUCBOIO-
BaHHS, K€ MPOBOJAUTLCS 32 JAONOMOTOIO Onepailiii iHKpeMeHTa i IeK-
peMeHTa, a TakoXK aJJANTHBHHX ONepalliif, WO 3a4al0ThCs 3HaKamMH +,
= */, %, <<, >>, &, ,|. DopmaT RaHOro OMepaTopa € TAKHUM:

<3minHa><3Hak 6iHapHOI onepaLii™> = <Bupa3>;

Ha nouyatky o64YuCiIOETbCS 3HAUEHHSI BUPa3y, NOTIM BUKOHYEThCS
Jlisi, BKazaHa onepauicio (J0JaBaHHA, BiAHIMAHHS, MHOXEHHS i T.A.
BUpa3y i 3HaY€HHs 3MiHHOT), 3i 36epekeHHAMH MOoNnepeaHbOro 3Ha-
yeHHst 3MiHHOI. TakuM 4YMHOM, 3anuc a+ =1 aHanoriyuuii 3anucy
a =atl; B—=c; aHanoriyHa y = B—c; . ¥ tabn. 7.3 HaBeAeHi npukia-
I¥ BUKOPUCTaHHA CKJIaIOBUX OMepaLlili NpUCBOEHHS.
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CKJIAJIOBI ONEPAIIIT IPHCBOCHHS

Tabnuys 7.3

Onepanis

Onuc

Hpuxnan

HpHCBOCHHﬂ CyMH.
}Ioz(a'm 3HaY€HHA, U0 3HAXOAUTHCA Tpa-

a+=b;
a+=35; moparu 5 Ao a,

+= - . .

BOPYY RiJl 3HaKy, 10 3HaueHHs 3MinHOi, | ToGTOa=a+5;
pO3TalloBaHoOl 3/1iBa.
TTpucrocHns pisHHLI. a—=>;

-= Bimsat 3uaYeHHA, WO 3HAXOAMTLCA Mpa- | @ —=5; BiauaTH 53 a,
BOPYY BiJl 3HaKY, 10 3HAYEHHA 3MiHHOL. To6To a=a—>5;
IMpucBoeHns no6yTKy. a*¥=b;

*= TTOMHOXKMTH 3HAY€HHA, WO 3HaXoAMTLCA | a ¥ = 5; noMHOXMUTH 5 HA
TIpaBOPYY Bill 3HAKY, 10 3HaYeHHH 3MiHHOI. | a, Tobroa=a*5;
ITpHCBOEHHS YaCTKH. a/=b; .

/= Po3finuTy 3HavYeHHA, 1O 3HAXOAMTHCA | a/=5; po3diNATH 5 Ha a,
NpaBOpYy4 Bij 3HaKy, 10 3HAYEHHA 3MiHHOI. | TobToa=a/5;
puceoenna ocraui, a/=b;
30epertu B 3MiHHIN, posrawoBaniil ni- | a % = 5; ocTava Bin 111-

Yo= BOPY Bifl 3HAKY, 3HAYEHH, piBHE OCTa4i | JeHHA Suaa NPUCBOITH a,
Bif AIeHHA wlei 3MiHHOT Ha 3HaueHHsA, | To6To a=2a % 5;

110 3HAXOAUTLCA MPABOpPYY.
IIpncBOEHHA J1iBOTO 3CYBY. a<<b;

<<= BukoHaty 3CyB NiBOpyY 3HaueHHs 3MiH- [ a <<=2; To6TO
HOl po3TalloBaHoOl iBOPYY Bifl 3HaKy, Ha | a=a <<2;
KinbkicTs GiTiB, BKa3aHUX NpaBopyy.

IIpucBO€EHHS MpPaBoOro 3CyBY. a>>=b;

- BHKOHaTH 3CyB NpPaBoOpyd 3HAYEHHS MiH- | @ >> = 2; T06TO
HOV, PO3TalIOBaHOT NiBOPYY Bill 3HaKy, Ha [ a=a>>2;
KinbKiCTH 6iTiB, BKA3aHHUX NpaBoOpyY.

[Ipuceoenns nopospsaanoro I. a&=b;

BukoHatn omepauilo nopospsapHoro fo- | a & = 2; To6to

&= TiYHOro | 3HaYeHHA 3MiHHOT, po3TaloBa- =a&?2;

HOT JIIBOpYY BiI 3HaKy, Ha 3HAYEHHs, IO

3HAXOOUThCA NPaBOPYY.

[Tpucsoenus nopospaaHoro ABO. a i =b;

BukoHat omepauito nopospaaHoro jo- | a,; = 2; ro6ro
= riunoro ABO 3HaueHHA 3MiHHOT, po3Tra- | a=a,2;

1IOBaHOT JIiIBOpYY Bin 3HaKy, Ha 3HaueH-

HA, 1[0 3HAXOUTHLCH NpaBoOpyY.

[TpUCBOEHHA MOPO3PASZHOTO BHKIIOUHO- | A =b;

ro ABO. a”=2; tobro

BukoOHATH Omepauiio nopo3paaHoro Bu- | a=a”2;

kmounoro ABO 3HaueHHA 3MiHHOI, po3-
TalOBaHO! JHBOPYY BiJ 3HAKYy, Ha 3Ha-
YeHHA, 110 3HAXOJIUThLCA NPaBopyY
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7.3. YMOBHA OIEPALIISI

YV moBi C++ € oaHa TepHapHa omnepalis — YMOBHa ole-

. ®opmMar wi€i onepauii € TAKUM:
<3MiHHa> = <pupa3 1> ? <pupa3z 2> : <supa3 3>;

s onepanis cknajgaeTses 3 ABOX YAaCTHH i MICTHTH TPHM ONEPaH-
na. BukoHanHs yMOBHOT onepauii MOUMHAETHCA 3 aHajli3y 3HaYEHHs
Bupasy 1. ko ymoBa «icTiHHa» (BiaMiHHa Big 0), To obyucmoe-
ThCA BUpa3 2. SIkuio ug ymoBa «xubHa» (Bupa3s gopiBHioe 0), To Ak
3HAYE€HHs BCHOr0 YMOBHOrO BMpa3y o0UMcmOETbCs BUpa3 3. 3aBKAM
0OYHCTIOETHCA TiJILKM OJUH 3 ABOX BHMpa3siB, PO3AUIEHHUX ABOKpArl-
KOt0, BUpa3 2 abo Bupa3 3, aje He obuasa. Hanpuknan,

y=(a>b)?a:b;

JlaHuii onepaTtop A03BOJISE MPUCBOITH 3MiHHIHA ) 3HaYEHHS OULIb-
07 3MiHHOI 3 a 1 b.

Onepanilo yMOBH 3pYy4HO BHKOPHCTOBYBATH TOJi, KOJM € TIEBHA
3MiHHAa, SIKiii MOXHA MPHUCBOIOBATH OAHE 3 ABOX MOXUTMBHX 3HAYEHbD.

pauia ? :

7.4. YMOBHUM OMEPATOP

VYMOBHHUI1 oniepaTop if BUKOPUCTOBYETHCS AJist OpraHizanii

posramyxeHux ajaropurmis, @opmar oneparopa € TaKHM:

if (<Bupaz>)

<onepartop 1>;

[else <oneparop 2>; ]
A€ BUpa3 y AYXKax — lie NpocTHii abo ckiaaHMK BUWpa3 THUNY BigHO-
LLEHHS;

<onepartop> — 000B’3K0BO NpPOCTHii abo ckiaseHuit onepaTop.
V cBoto uepry, Moxe OyTH 3HOBY yMOBHUM. CKnajeHni onepatop —
rpyna orepatopis, y3atux y ¢irypHi aysxku. Oneparop else He 0608’-
A3KOBHH.

CrannaprHa dopma oniepatopa if 3i CKaJoBUM ONEPaTOPOM € TaKOIO:

if (<Bupaz>)

{<riocniaoBHICTH ONEpPaTopiB>;

}

[ else

{<nmocnigoBHICTL OnepaTop>;

}]

ITin yac BUKOHAHHS onepaTopa if cnoYaTKy OOUMCITIOETbCS TOTTUHHIH
Bupa3s. Aku1o pe3ynbTar «icTMHaY (He JOPIBHIOE HYJItO), TO BUKOHYETHCS
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oneparop 1, 3armucanuit Mmicns BUpasy, sKIIO «XUOHICTE» — orieparop 2,
3arMCaHNi 3a KIIFOUOBUM CJIOBOM else. Sxujo 3Ha4eHHS BUpasy «IIOMMII-
KOBE», alle KOHCTPYKILiA else BiCYTHS, TO KepyBaHHs NEpefiacTbCs Ofe-
paTopy, HACTYIIHOMY B IpOrpami micss onepatopa if: Slkio samicte oa-
Horo omeparopa micns If abo else NOTPIGHO BMKOHYBAaTH Kinbka
OTEpaTopiB, TO BOHM BMIIyOThCs Y (iryphi ayxku. Hanpuknan,
if(a>b&&b>c)
{S=S+b;
S2 =352 +c;

}
else S1 =S1 + a;

OnepaTopn 112 cami MoxyTb 6yTH onepatopami if, yTBOPIOIOUH
TaK 3BaHui BKiajeHuii if. Ilpu BriIafeHHi oneparopis if pekoMeHaye-
TBCS 719 ACHOCTI TPyNyBaHHs ONepaTopiB BUKOPUCTOBYBATH (irypHi
JYXKKH, 10 0OMeXyloTh <omeparopu 1> Ta <oneparop 2>. 3riaHo 3
npuiiHATolo B C++ yrosoto, cioBo else 3aBXAH BiJHOCHTBCS 10 Hal-
oskdoro, o nepenye, Homy if. Hanpuknag,

#include <stdio.h>

void main ()

inta=4,b=9,c=5;
if (a > b)
{if(b<c)
c=b;
}

else ¢ = a;
printf ("\nc = %d", ¢);
}

PesynpTaT BUKOHAHHSA NPOrpamu:

c=4

Sxuwio B UiH nporpami onycTut GirypHi ayxxu B oneparopi if, To
nporpama MaTUME OCb SIKU# BUTJIAN;

#include <stdio.h>

void main ()

inta=2,b=7,¢c=3;
if (a>Db)
if(b<ce)

c=b;
elsec=a;
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printf ("\nc = %d", c);
}

VY 1poMy pasi KJIO4YOBE CJOBO else BiZHOCHUThCS JO APYroro ore-
patopa if.
PesynbTaT BUKOHaHHS NPOrpamMu:
c=5
#include<stdio.h>
main()
{ int x;
printf ("\nBeexiTe wine uuciao");
scanf ("%d", & Xx);
if (x%2 ==0 && x>0)
printf ("\nYucno, sixe BBeAEHO, MapHe i fogaTHe");
else
if (x%2! =0 && x>0)
printf ("\nYucro, sixe BBeAEHO, HENapHe i AoAaTHe");
else
if (x%2 ==0 && x<0)
printf ("\nHucno, sike BBEACHO, NapHe i Bia’eMHe");
else
printf ("\n4ucno, sike BBeAIHO, HenapHe i Bia’emue");

}

KOHCprKum if-else-if MOXe BUKOHYBATH YHCICHHI NEPEBIPKH, ane

BOHa BUXOIMTB JIOBIOIO i HE 3aBXK/M 3p03yMisoto. lnwnm cnocobom

opraHizauii BUOOpY 3 BEJMKOI KiJIbKOCTI BapiaHTiB € BUKOPUCTAHHS
onepaTopa MHOXXHHHOTO BUOOpY switch.

7.5. ONEPATOP MHOXKHHHOI'O BUBOPY

YacTo B nporpamyBaHHI BUHHKA€E 3aj1a4a BUOOPY OHOTO
3 MHOXKMHH BapiaHTtiB. MoxHa ue 3poOUTH 3a 10NOMOrol0 BKAaaeHo-
ro YMOBHOIO ONeEpaTopa, ajie OfiepaTop MHOXHMHHOTO BUGOPY pobHTL
TEKCT MPOrpaMy HAOUHMUM i JIAKOHIYHHM, JI03BOJISIE LUBMLLE peatizy-
BaTH BUOIp.
Onepatop mae Takuii popmar:
switch (<Bupaz>)
{ case <koHcTaHTa 1>:
{ <oneparop 1>;
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[<omepaTop n>;]
[break; ] }
case <KOHCTaHTa n>:
{ <onepatop 1>;

<omepartop n>;
[break; ]}
[default: ]
{[<omepaTop n>;] -
[break; ]}
}

BukonanHs oneparopa swifch MOYHUHAETHCS 3 OOYHC/ICHHS BHpasy
micnsl KIOYOBOTO clioBa switch. Tun Bupa3zy moxe GyTH int, unsigned
int, char, long int, unsigned long. O6uncnene 3Ha4€HHs MOPiBHIOETHCA
31 3HAYEHHAM KOHCTaHT ab0 KOHCTAHTHUX BHpa3iB. Y pasi piBHOCTI BH-
KOHYIOTECA omeparopu abo oneparop, IO HAYTH MICHS KJIOHOBOFO
ciosa case. IloTim KEPYBaHHs NEPE/IACTLCA Ha OMeparTop, KW CTOITh
nicna switch, SIKILO Y 3HAHJIeHil rpyni case € onepatop break, y npo-
TUJIEKHOMY Pa3i BUKOHYIOTBCA HAaCTYIHi 33 HUM OTIEPaTOPH JIOTH, 110~
KW B HMX He 3yCTpiHEThCsl ornepatop break abo He Oyae BHKOHaHMit
OCTaHHiI onepaTtop y Mexax switch. SIKLO He 3HAaWIEHO XOJHE 3Ha-
YEHHS] KOHCTAHTH, sIKe AOPIBHIOE BUpPa3y, TO BUKOHYIOTbCA OMEPATOPH,
1o HAYTh IMC/s KJIKOUOBOro ciosa default. Slkuio B oneparopi switch
HeMae Ipyny default, To KepyBaHHA nepellacThCsl HACTYMHOMY onepa-
TOpY micis oneparopa switch. I'pyna default He 0boB’s3koBa i peko-
MEHIYEThCS Ti CTaBUTH OCTAHHBOIO B CNUCKY BapiaHTis. Hanpukiag,

/I lemoHcTpauis switch

#include<stdio.h>

#include<conio.h>

main()

int y,a,b;
char znak;
printf ("\nBeenits a i b\n");
scanf ("%d%d", &a,&b);
printf ("\nBBeziTb 3Hak onepauii");
znak=getche();
switch(znak)
{ case '+": y = a+b; break;
case '—':y = a-b; break;
case '*': y = a*b; break;
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case '/": y = a/b; break;

case '%": y = a%b; break;

default: printf ("\nHegipxa onepauia™);
break;

}
if ((znak = = '+)||(znak = ="-)||(znak = ="+")||(znak = =7/")||(znak =='%"))
printf ("a %c b = %d", znak,y);

CHHTaKCU4YHO KOHCTPYKUIT case i default € mitkamn. BoHu icToTHi
JMIE TIPU MOYATKOBi NepeBipli, KONY BHOWpaeThCa oneparop AJs
BMKOHAHHA B TiJli switch. Bci onepatopu Tina, HacTymnHi 3a BUGpaHuM,
BHUKOHYIOTbCA TNOCHIAOBHO, HIOH HEe NOMIYalOuM MITOK case i default,
AKIIO TiNIbKH AKKi-HEOY b 3 OnepaTopiB He nepeaacTs KepyBaHHS 3a
Mexi Tijla onepaTtopa switch. JIns BUXony 3 Tina oneparopa 3BHUANHO
BUKOPHMCTOBYETLCS oneparop break.

OcKiNbKM KITIOYOBE CJIOBO case Pa3oM 3 KOHCTAHTOIO CAIyTry€e Tpoc-
TO MITKOIO i SIKLIO OYAyTh BUKOHYBATHCH ONIEPATOPH JUIsi AKOTOCH Ba-
piaHTa case, TO Aanl BUKOHYBATUMYTbCSl OMEPATOPH BCiX HACTYIHHUX
BapiaHTiB, MOKH He 3yCTpiHeThes break, Wwo 3aiMcHIOE BUXiA 3 onepa-
TOpa swifch 10 HACTYMHOTO 32 HUM OMePaTopa.

B onepatopi switch He MOXYTb MOBTOPIOBATUCS KOHCTAHTH, afie 3
PiI3HMMH KOHCTAHTaMH MOXXYTb TTOB’A3yBaTHCS OfIHI i Ti cami onepa-
TOpU. Y UbOMY pa3i JONyCTHMa 3aITuc:

switch (<Bupas>)

{ case <koHcTaHTa 1>:

case <KOHCTaHTa 2>
{ <omepatop 1>;

<onepartop n>;

[break; ]}
{default: ]
{[<onepaTop n>;]
[break; ]}

V pa3i Bubopy BapiaHTiB Ha OCHOBi OOUYHCJ/ICHHS Ta aHasli3y 3MiH-
HOI 3 II1aBalOUOI0 KPankKow Oneparop switch BUKOPUCTOBYBATH He
MOX(Ha, HE MOXXHa BUKOPHCTOBYBATH JaHWM onepaTop i TOAi, KOJH
MOJKJIMBI 3Ha4YEHHS 3MiHHMX, L0 aHaM3yIOThCs, NOTPATUIAIOTh Y Me-
BHMH Jjana3oH, TOOTO onepaTop switch MOXe BHUKOHYBATH TUIbKH
omnepaltlii CTporoi piBHOCTI.
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He moke GyTH ABOX KOHCTAHT B OJHOMY omieparopi switch, 1o
MaloTh OJHaKOBi 3Ha4YEHHs. AJle onepaTop switch, Mo BKJIIOYAE B Ce-
e iHIMit onepaTop switch, MOXe MICTUTH aHAJIOTIYHI KOHCTAHTH.

Bknazeni oneparopu switch. Oneparop switch MOXe MaTH cepel
HOC/IiAOBHOCTI OnepaTopis iHmuii oneparop switch. SIkimo KOHCTaHTH
case BHYTpILIHBOTO i 30BHIIIHBOTO OTEpaTopa MaloTh OAHAKOBI 3Ha-
YEeHHS, He BUHMKA€E KOH(IIKTHOT CUTYaLii.

Hanpuknap,

switch (ch)

{ case 1:

switch (x)
{ case O: printf ("dinenns Ha 0, nomuaka");
break;
case 1: error(fl);
break;
}

case 2:

7.6. OIIEPATOP IIEPEXOY

Onepamop nepexo0y BUKOPHCTOBYETLCS LSl 3MiHM NpH-
pPOIHOT MOCHIAOBHOCTI BUKOHAaHHA oneparopiB nporpamu. ®opmar
oneparopa € TakKuM:

goto <MiTka>;

<MiTKa>: <omeparop>;

ne <mitka> — inentudikarop, akuii 3anMCyeTbCA Nepex oneparo-
POM Mporpamy, sikOMy HeoOXifHO nepeaaTH KepyBaHHs. MiTka Bia-
AINSETHCS BiJi onepaTopa aABokpankoto. Hanpuknaa,

k=k+1;

if (k>5)

Ilpuiinata B uel yac AMCUMMIUIIHA NPOrpaMyBaHHS PEKOMEHAYE
ab0 30BCiM He BUKOPHCTOBYBATH goto, abo 3BeCTH 1Or0 3aCTOCYBaH-
Hs A0 MiHIMYMY | JOTPMMYBATUCS TaKUX MPAaBHIT:

*HE BXOJNTH BcepearHy 6Jioka no3a 610kom;

*HE BXO/IMTH BCEpeIMHY YMOBHOTO oneparopa if, ToOTo He nepenasa-
TH KEpYBaHHs1 OMepaToOpaM, PO3MILLEHMM NiCHst KIIO4OBHX CIiB if a00 else;
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*He BXOJMTH 330BHI BCEPEIUHY orepaTopa switch;

¢ HEe MepelaBaT KepyBaHHA BCEPEeUHY ONlepaTopa HUKIY;

#He BXOIUTH B OJIOK 330BHi.

PexomeHayeThCA BUKOPUCTATH AaHMIT ONepaTop JIMIE B TOMY pa-
3i, KOJAM HEOOXiMHO mepenaTH KepyBaHHS B IporpaMi «3ropH BHHU3Y,
3a00pOHAETHCS BUKOPUCTOBYBATH OTEpaTop IS nepeaadi KepyBaHHS
«3HH3Y BrOpy»

7.7. CKJIAJEHHH I HOPOXXHIN OITEPATOPH

Ilopoosicuiti onepamop — oneparop, sSIKHH CKJIAOAeTbCs
TIIBKM 3 CHMBOJIY Kparka 3 KOMo ; . BiH BUKOHYEThCS TaMm, A¢ 3a
npaBUJIaMM CHHTaKCHCy NMOTpibeH onepaTop, ajne 3a JOriKo nporpa-
MU OnepaTop NOBHHEH OyTH BifcyTHIM. HeoOXiAHICTP BHKOPUCTAHHS
NOpOXHBOTO ONEpPaTopa BUHUKAE Yy TAKUX BUMAJIKaX:

1) B onepatopax uuiity do, for, while Ta ymoBHOMY omneparopi if,
KOJIM TiJI0 OnepaTtopa He MOTPiGHO, X04a 32 CHHTAKCHCOM MOTPibeH
xo4a 6 oauH oneparop. Hanpuknaz, HeoOXiAHICTs y BHKOPUCTaHHI
NMOPOKHBOTO ONEPATOpPa BUHUKAE NPH MPOrpaMyBaHHI LWMKIIIB, KONH
Ail, AKi MOXKYTb OYTH BUKOHAHI B Tifi IUKIY, LiJIKOM BMilHYIOTHCS B
3aroioBok uukiy. O6uncauty akropian S!.

for(i=0,p=Li<5i+1,p*=1)

b

Tino unkny cknanaerscsa 3 NOPOKHBOrO ONEPATOpa, OCKIJIbKM He-
Mae noTpebH B iHILMX OonepaTopax.

2) npy HeoOXiAHOCTI NO3HAYUTH QiTypHY AYXKKY MITKOIO.

IMopoxHili onepatop, noaibHO J0 OyAb-IKOro iHILIOrO oneparopa
moeH C++ Moxe 6yt nosHaueHuii mitkoro. Hanpuknan, mo6 nosxa-
4ynTH QirypHy LyXKKy CKNaZieHOro oneparopa, sika He € ONepaTopoM,
noTpiGHO BCTaBUTH Nepe/| HEIO NO3HAYEHHMI MOPOXKHii onepaTop.

main ()

for (...){
for (...){
while (...){
if (...) goto end;
}
}
)

end:;
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Cknaoenuii onepamop. Byjb-sKa IMOCNIZOBHICTE ONEPaTOpiB, y34-
TUX y QITypHI AYKKH, € ckiaoeHum onepamopom. BiH He NOBUHEH
3aKiH4yBaTHCs KpaIlKolo 3 KOMO1o, 60 x oOMexyBaueM OJ10Ka ciyrye
cama Ryxka. BcepequHi 610ka KoXXeH onepaTop NOBHHEH 3aKiHUyBa-
THCSI KPaIKoIO 3 KOMOIO.

®opmar oneparopa:

{ [oronomenus];

oneparop;
[onepatop n];

VYci oronolieHHs, BMillleHi y CKaJeHUi oneparop, NOBUHHI 6yTn
Ha No4aTKy. BHKOHaHHs CKIIa€HOro oreparopa Mojsrae B nocaiao-
BHOMY BHMKOHaHHI OnepaTopiB, 3 SKHX BiH CKiIafaeTbes. Tunose BH-
KOPMCTaHHA CKJIaJeHOro omeparopa fK Tina iHIIOrO OnepaTopa, Ha-
npuKnaj, oneparopa if.

if(i>=0

{intj=i+1;

n+ =j /m;

3MiHHI, fiKi OnMCaHi BCepeluHi CKIaJeHHUX ONepaTopiB, MOXYThb
OyTH BUKOpHCTaHi nuie BcepeanHi Gnoka. 3MiHHA j BCepeanHi ay-
’KOK He BH3HAYeHa.

Oneparopy, WO BXOJATh Y CKJIQJIOBHI ONEpaToOp, Y CBOKO Yepry
MOXYTb OYTH CKIaAeHUMH.

7.8. INPEKTHUBH IMPENPONECOPA,
X BAKOPUCTAHHSI Y IIPOrPAMAX

OTpHMaHHA NpOrpaMy, O BUKOHYETHCS 3 MOYAaTKOBO-
ro tekcty mosoto C++, BigbyBaerbcst B Kinbka etanis. Ha Haiinep-
LIOMY €Tani 3 MOo4YaTKOBUM TEKCTOM HpOrpaMM Mpaufoe creiliajibHa
nporpama — npenpouecop. Ipenpouecop — nporpama, WO BHKO-
PHCTOBYETECs 115t 06pobKM noyaTkoBoro ¢ailna Ha HynbOBii dasi
KOMALIAUIT i 3aMiHIOE CHMBOJIIYHI abpeBiaTypyu B mporpami Ha Bit-
noiani AupexTHBU. Bin Biawykye inwmi daiiny, HEOOXiaHI juis BH-
KOHaHHs NpOrpamM, i Moxe 3MiHUTH yMOBU KoMuisLii. OCHOBHa
METa Npenpouecopa — 3aKiHYUTH OCTATOYHHI TEKCT MpPOrpaMu Ha
C++. IloTiM ocTaTouHUlE TEKCT mporpaMu 3asHae koMminsanii. J{u-
PEKTHBH npenpouecopa — IHCTPYKIil, 3anMMcaHi B MOYaTKOBOMY
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TekcTi mporpamMu MoBoro C++ i mpu3HayeHi My BUKOHAHHA. Ipe-
npouecopom Mopu C++. Ilpenponecop MoBH aHajisye mporpamy
710 KOMIIIsTOpa i 3amiye CHUMBOJIiYHI aGpeBiaTypu y nporpami Ha
BIAMOBiAHI AUpPEeKTUBH. J[MPEKTHBM Hpenpouecopa Ha3MBalOTh 1e
KOMaHIHUMH psAAKaMH, BOHH MOUMHWHAIOTHCS 3i CMeliaJIbHOrO 3HaKa
#, o BMimyeTbes B nepiuii mo3uuil psaaka. Jlupextusu npenpoue-
copa J03BOJIAIOTh:

1) onucysati MaKpo, siki SMEHIUYIOTE TPYAOMICTKICTb HaIHCAHHS
NporpamH i NOMIMNLIYIOTh 3pO3yMiNiCTh MOYaTKOBOrO TEKCTY MpOrpa-
MH. BUKOpHCTaHHS Makpo 3aMicTh QyHKUiH 301IbLIy€e MBUAKICTD BU-
KOHAHHS NpOrpaMM 3a PaXyHOK BHKJIIOUEHHS BTpaT yacy Ha BHIKJIMK
¢GyHKUiH, ane 3a paxyHOK 30iMBLIEHHA PO3MIPY 3aBaHTaXYBaJbHOI'O
MOJYJisi IPOrpaMH;

2) BKJKOYATH TEKCT 3 IHIIWX TEKCTOBUX (aiiiB, O MICTATH NpO-
TOTUNH 6i6I0TE HNX | HANMCAHKUX KOPUCTYBayeM (yHKUiH, mabioHH
CTPYKTYPHUX 3MiHHHX, 00’ €HaHb, NepeliuyBalbHUX THIIB, 30BHIII-
HiX 3MiHHMX, CUMBOJIYHMX KOHCTaHT. lle miaBumye MOBLbHICTS
nporpam npH Nepexoi 3 OJiHi€l CUCTEMH NMPOrpaMyBaHHs Ha iHILY;

3) opraHi3yBat¥ YMOBHY KOMMUIALLKO, TOOTO B 3aJIEXKHOCTI Bij 3a/1a-
HHUX Yy KOMaHAHOMY psaKy aGo cepelli mapaMerTpiB OTpUMYBATH Pi3HUH
NIpOrpaMHUii KOJ, IO NOJINIIYE NEPEHOCUMICTD | HANArO/PKEHHS KOLY.

Haiiuacrilie BHKOPHCTOBYIOTHCS AUPEKTHBH Tipenpouecopa #define
Ta #include.

#define — moxe OyTH 3anmucaHa B Oyab-1KOMY MicCLi nporpamy i
Ma€ CHiy Bii Micusl nosBU A0 KiHUA ¢aiina. JlupekTuBa BUKOpPHCTO-
BYETHCA A1 BU3HAUYEHHS CUMBOJIIYHMX KOHCTaHT. PopMaT AUpeKTH-
BH € TaKUM:

#define <MakpoBH3HaUEHHA> <PANOK 3aMilLECHH>

Sk MaKpOBHU3HAUYEHHS MOXYTb BUKOPHCTOBYBATHUCS KOHCTaHTH,
3MiHHI Ta BUpa3u. MakpoBU3HaYeHHS MOxe OyTH 3 apryMeHTaMH,
AKi OepyTbCsA y Kpyrii AyXKH. 3a CHHTAKCMCOM MaKpOBH3HAY€HHS
3 aprymeHTaMH 30iraerbcs 3 QyHKLUi€lO, ajle 3a MexXaHi3MOM [il B
HUX € CyTTeBa BiAMiHHICTb. [Ipn Buknuky ¢QyHKnil 3Ha4eHHs ap-
ryMEHTY MepeaacThes MiJl Yac BUKOHAHHs NPOTrpaMu, NPH BUKIUKY
MaKpOBH3HAYEHHs PSAOK apryMEHTIB NIEPEAAETLCS Y MPOrpamy Ao
KOMMIAALT, TAKAM YHHOM 3MIHWTH 3HAYCHHS apryMEHTY HEMOX-
nuBo. He no3BonserTscs y MakpOBM3HAYCHHI BMKOPHUCTOBYBA-
TH npobiny, 60 npenpouecop cnpuitMae IX K MOYaTOK psjKa 3a-
MiLUEHHS.

CxeMa Jiiif AMPEKTHB TaKa: LOWHO B TEKCTI NPOrpamMu 3yCTPIiHETh-
€A MAKpPOBM3HAUYEHHS, BOHO TYT XK€ 3aMIHIOETbCA «PAAKOM 3aMillieH-
Ha». Hanpuknan,
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#define k 10
#define pr "3HaueHHs pe3ynbTaTy = %d\n"

if (ik)m=m +1;
printf (pr, m);

JUis ckacyBanHs aupektuBu #define icHye nupexruBa #undefine.
Bona Mae ochb gxwmii BUrnaa:

#undef <MaKpOBH3HaYEHHA>

#define KL 100

#undef KL // KL Tenep He BU3Ha4YeHHIH

Y moBi C++ iCHYIOTb CTaHAAPTHI MAaKpOBH3HAYEHHS, AKi HE TI0-
TpibHO BH3HayaTH B AMpekTHBi #define, ane MOXXHa BUKOPHCTOBYBa-
TH 32 3aMOBUYBaHHAM, HaNpUKIag

_FILE _ TIME__ _ LINE_ __DATE___ STDC__

Bonn He MoxyTh OyTH nianaHi BnuBy aupektusu #undef, ix He
MOXKHa NEpPEBU3HAYHTH.

ﬂupercmuea #include Bmmykye HaCTyMHe 3a KJIKOUYOBUM CJIOBOM
#include imM’st daiina i BkIOUae HOro B TEKCT MOYATKOBOI MPOrpaMHu.
@opmar IUPEKTUBU € TAKUM:

#include <im’s daiina>

#include "iM’s daiina"

Axuo imM’s ¢aiina 3anaHe B KyTOBHX AYXKKax, TO noiuyk ¢aiina,
IO BKJIIOYAETHCA, 3AIHCHIOETBCS B CTAHJAPTHHX KaTajorax CHCTe-
MH. Skio imM’a daiina 3anane B nankax, To HOIYK CIOYATKY MPOBO-
AUTBCA B pobouoMy KaTanosi, a moTiM y)ke B CTaHAApTHUX.

JupekrthBa #include He oOMexXyeThCst JTHIIEe BKIIIOYEHHAM 3aroJioB-
Horo Qaitna. 3a monomoroto #include Moxkna nigxmoyatn C-momyi,
Ki HeoOXiTHO KOMMI/MIOBATH CyMICHO 3 MOYATKOBOKO Nporpamoro. k-
1110, HalpHKIaj, OKPEMHUIT MOAYJb Ballol NMporpaMu Mae iM’s sort.cpp,
TO MOXXHa, BUKOPUCTOBYIOUHM AupekTuBy #include “sort.cpp”, kommi-
J¥OBATH ii CNBHO 3 OCHOBHOIO MPOTPaMolo.

Oxpim Ha3BaHMX AMPEKTHB, TAKOX BUKOPUCTOBYIOThCA: #undefine
(BiZMiHWTH BH3HAUCHHS).

Hupextusn #if, #else, #endif BiagnosifaroTs BUKOPUCTAHHIO JOTi-
YHOro oneparopa if.

#if Bupas 1

// nociioBHICTH ONEpaTopis

#elif Bupas 2

// mocninoBHICTH Omeparopis
#elif Bupaz 3
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// NOCH IOBHICTE ONEpaTOpiB
#else
// nocnigoBHICTE ONEPaTOPiB
#endif
HupexTusa #elif o3Hauae “iHakile AKIO™ | BHKOPUCTOBYETHCS IS
nobynoBu xouctpykuii if-else-if. 3a elif cnigye koHcTaHTHHMIA BUpas.
[Mpuknax BUKOPUCTAHHA AUPEKTHB YMOBHOI KOMITIIALII.
#define US 0
#define ENGLAND 1
#define FRANCE 2
#define COUNT RY US
#f COUNTRY==US
char currenc [] = "dollar";
telif COUNTRY =ENGLAND
char currency[] = "pound”;
telse

char currency[] = "franc";
#endif

7.9. 3YMOBJIEHI MAKPOCH

Borland C++ 3ymoBitoe Taki rnobaneHi iaeHTHdikaTopy.
3a BuHaTtkoM __ cplusplus i WINDOWS, koxxeH 3 HUX NOYHHA€ETHC |
3aKiHYy€eTbca noaBiHUM niakpecneHHsam (" ").

__BCOPT__ — BusHauenuii B |, K10 BUKOPHCTOBYETbCS ONTH-
Mi3aris.

__ BCPLUSPLUS__ — BusHaueHwuii, aximo BHOpaHa KoMMinaLis
nporpamy sik C++ -nporpam.

__BORLANDC__ — MicTHTb MOTOUHY BEpCit0 KOMOINATOpA.

__CDECL__ — BcraHoBAeHHMid B 1, AKIIO BHKOPHCTOBYETHLCA
cTaHzapTHa yroga npo BUKAWK ¢yHkuiii y C i C++; iHakiue He Bu-
3HaYCHUH.

__CHAR_UNSIGNED — BH3Ha4Y€HHH, AKIIO CTAHAAPTHUM CHM-
BOJIEHMM THTIOM cTae€ unsigned.

__CONSOLE___ — Bu3HayeHHUii, SKILO NporpamMa € KOHCONbHUM
A0JAaTKOM.

__cplusplus — BcTaHoBneHHit B | 1y 32-po3psaaHOro KOMMOiAATO-
pa, Ko nporpama Oyae kommimosarucs sk C++ -nporpama, B iH-
WX BUMAAKaX He BU3HauUeHUH.

__DATE__ — MicTUTe pSOOK CHMBOJIB Y BHMIAAdi Micsaup/
JeHb/piK, BiANOBIqHMI AaTi KOMOLAALIT NporpaMu.
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__DLL__ — BcTaHOBJieHHH B 1, SKIHO KOMMOLIIOETECA Mporpama
i Windows DLL; inaknie He BU3HAYEHHIH.
__FILE__ — micTuTh iM’s moyaTkoBoro ¢aitia, o KOMNITIOETh-

Csl y BHUIJIAAI CHMBOJBHOTrO psimka. LleH Makpoc 3MiHIOETBCA, KOIM
KoMIIiATop o6pobnse nupexTuBy #include abo #line abo xonu BKIIO-
4yeHHs ¢alina 3apepmeHo.

__LINE _ — Buzae HoMep NOTOYHOTO psijika NMoYaTkoBoro daii-
Jla, 1o 06p06J‘Iﬂ€TBCﬂ C++, y BUIVIAAI MecATKOBOI KOHCTAHTH. 3BH-
qaifHO MepIuuii psAIoK NovaTkoBoro ¢aiina BusHaueHu# sk 1, ane au-
pekTuBa #line MoXe 3MIHHUTH Lie.

_M_IX86_ — Bu3HaueHuUH 3aBXKIN.
_ MSDOS__ — BCTaHOBJEHUIH y Lty KOHCTAaHTy 1 A7is KOMAiis-
uist MS-DOS.
__MT__ — BcraHoBaenuii B 1, sikuio OararonorouHa GiGmioreka
BUKOPUCTOBYETHCA 3 32-po3paaHUM KOMHiuﬂTopOM
_ OVERLAY__ — BcTaHOBJIEHHH B 1, SKIO KOMMIIOETHCA

MOZYJTb 3 OnLjielo —Y (ImiaTpHMKa oBepei Blc.moqeﬂa) iHaKLie HE BU-
3HaYCHMH.

_ PASCAL _ — BcraHoBneHnii B 1, sxuo npy xKoMmninsuii npo-
rpaMy BUKOPHUCTOBYEThCS yroja npo Bukinkd ¢yHkuii Tlackamo;
iHaKuIe He BU3HAYEHHUH.

__STDC __ — BcranoBneHuii B 1, SKIWO KOMMISUIA Nporpamu
BinOyBaeTbcs 3 BUKOpucTaHHaM craHaapty ANSI C 3 nepesipkoio Ha
CYMICHICTb, B IHIIOMY pa3i HE BU3HAUCHUH.

__TCPLUSPLUS__ — micTHaaUuATKOBe 3HAaUYE€HHS, SKe BiAMOBi-
Jlae Bepcii KoMIiasTopa.
__TEMPLATES__ — BcranoBneHuii B | ans BCix Bepciit KOMMi-
JATOPIB, 11O ni;rrpnmy}oTb 1abaoHHU.
__TIME__ — MicTuth uac novarky Komnmnuu nporpamu B ¢op-
MaTi FOAMHM:XBHITHHH:CCKYHIH.
__TLS. — Bu3HaYeHHH He HYJbOBUM 3HAY€HHAM s 32-
PO3pAAHOTO KOMAUIATOPA.
__TURBOC__ — Bu3HaueHHii AK WHCTHAMUATKOBA KOHCTaHTa,

36iNBIIYETHCA 3 KOXKHOIO HOBOIO BCpCl€}O

_WCHAR_T — scraHoBieHuii B 1 jng 3a3Ha4€HHS TOro, o THM
wchar_t € B6y1OBaHUM THNOM JaHUX.

_WCHAR_T_DEFINED — BctaHoBnenuii 8 1 ais 3a3HayeHHs
Toro, mo Tun wchar_t € BOy10BaHUM THIIOM AaHUX.

_Windows — Bu3HauyeHuH, KLU0 KOMNIIIOETLCS Mporpama s
Windows.

__WIN32__ — BcraHoBieHuii B 1 Ans 32-po3psaaHoro Kommi-
nsTopa.
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Po30in 8

®OPMATOBAHE
BBENEHHA-BUBE[IEHHA C++

8.1. ONEPANIA ITOMICTHTH B I10OTIK
1 ONNEPANISA B3ATH 3 [IOTOKY

C++ minTpumye Bei GyHKUiT BBeaeHHs-8HBeaeHHs: C i BU-
3Ha4ae CBOIO BIIACHY 00’€KTHO-OPI€HTOBAHY CHCTEMY BBELEHHS-BH-
BeacHHs. 106 3abesneuntn noctyn mporpami o 6ibaiotekn moro-
KiB, HEOOXiZAHO MIAKIIOUUTH 3aronoBHUi aiin <iostream.h>, y sxo-
MY BU3Ha4eHi CKJIaaHi HabopH iepapxii k1aciB, Mo MiATPUMYIOTH Onle-
pauii BeeicHHsA-BuBeAeHHs. Knac ios 3abe3neuye niarpumky ¢opma-
TOBAHOTO BBEICHHA-BUBEACHH:A, KOHTpPONb MOMMIOK i indopmauito
[pO CTaH MOTOKY BBEJACHHA-BUBEAEHHS. Bil HbOro MopoKeHi kiacu
istream, ostream, iostream, siKi BUKOPUCTOBYIOTHCS BIIIOBIJHO TS
CTBOPEHHS MOTOKIB BBEACHHS, BUBEIEHHS i BBEICHHI-BUBEICHH.

Onepauis aiBoro 3cyBy BHUKOPUCTOBYETHCH B C++ sk onepalis
nomicmumu 8 nomix, a onepalis npaBoro 3cyBy BHKOPHUCTOBYETbCS
AK onepallisi 83amu 3 nomoxy. KoxHa 3 X onepauiii nepesaHTaxeHa
B 6i6nioteni knacis C++. Take nepeBaHTaXeHHS JO3BOJIAE BUKOPUC-
TATW OJAHOMAHITHUI CHHTAKCHC 1T BBEACHHS | BUBEAEHHS, CHMBOIB
PAAKIB, UinOro i AilicHUX umucen. Y 3aralbHOMY BUMaiKy AJs BHBe-
JEHHA Ha €KpaH MOHITOpa BUKOPHUCTOBYETECS Taka (hopMa onepauii <<:

cout << gupas;

ne eupaz Moxe 6ytH 6yab-ikuM Bupaszom C++, BKIIOUYaIOYH iHLI
BUpa3H BUBEIECHHS;

cout — CTaHAAPTHHI MOTIK BUBeAeHHs, TOOTO 3BMYAlHO Ha €K-
paH, ane moxke OyTH 3B’ A3aHHH 1 3 IHLIAM NPUCTPOEM.

Y 3aranbHOMy BUNAaKy AJIS BBEJICHHs 3HaueHb 3 KiaBiaTypu BHU-
KOpHUCTOBYEThLCS Taka gopma onepanii >>:

cin >> aminna;

A€ Cin — CTaHAApPTHHI NOTIK BBEAEHHS, 3BMYaliHO 3 KnaBiaTypw,
ajte Moxe OyTH 3B’s13aHUH i 3 iHLIUM NPUCTPOEM.

KoxHa 3 nepesanTaxkennx onepauiii << i >> moxe 6yTH BUKOpHC-
TaHa B 34enneHin ¢opmi, To6TO B OAHOMY BHpa3i BBEAEHHA-
BHBEJICHHS MOXXHA BUBOAMTH Oinblue 32 oxHY BennuuHy. Hanpuknan,

// 064YMCNIeHHs CYyMH IBOX LiIMX YHCEN

#include <iostream.h>

int main()
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{intx,y; .
cout << "BeeaiTs ABa IiIUX YHCHA! ]
cin>>x >y §
cout << "Cyma umcen” << x << "{" <<y "piBHa" << (X +Y) <<
endl;
return O;

}

SIK BUAHO 3 LIBOTO TNIPHKJaZy, MOXHA BBECTH B O/IHOMY OTepaTopi
KinbKa eneMeHTiB nanux. I1in yac BHBEJCHHS pe3ysbTaTy Ha eKpaH
TNOTPIGHO BKIIOYATH NPoGinu MK eeMEHTaMH JaHHX s 3pY4HOCTI
yuTaHHs iHpopMaLii, 10 BUBOAMTHCH.

8.2. D°OPMATOBAHE
BBEJAEHHSI-BUBEJIEHHS

Bi6miorexa notokis C++ nepepbauae GopmaTyBaHs BH-
BeJICHHS: BUKOPUCTAHHA QyHKUiM-4IeHIB Kkiacy ios, Npanopis i MaHi-
ITyJISTODIB.

8.2.1. lpanopu ¢hopmamyeaHHsA

Koxen 1oTik BBEACHHS-BUBEACHHS MOB’A3aHMH 3 Habo-
pom npanopis popmarty, sxi KepyloTb cnocobom popmatyBaHHs iH-
q)opmauu i aBn0TE coboro Gitosi macku. Lli mackn oronoweni B
Knaci ios sK NaHi nepesiuyBajbHOro THUMY, i 3HAYE€HHS HeoOXimHi
JUIA BCTAaHOBJIEHHs a0 ckupanHs npanopis ¢popmary. [1panopu dop-
MaTyBaHHs BBEJCHHI-BUBEICHHs nepepaxoBani B Tab. 8.1.

Konu npanop skipws ckuHenuii, HEBUAUMI CUMBONH HE BiKUAAIO-
Thesl. SIkwo npanopu left, right, internal, To 3a 3aMOBYYBaHHAM BHKO-
PHCTOBYETHCS BUPIBHIOBaHHS MO MPaBOMY Kpalo. 3a 3aMOBUYBaHHIM
YMCJIOBI 3HAYEHHS BMBOIATHCS B JECATKOBiH cHCTEMi YMcieHHs. SIk-
110 JKOJIEH 3 MpamnopiB scientific abo fixed He BCTaHOBICHMIA, TO KOM-
ninatop cam BuGUpae BIANOBIAHUI cnoci6 BUBeAECHHS. 3a 3aMOBYY-
BaHHAM KOJM BCTaHOBNEHWIA mpanop fixed, ans aecatkoBux uudp
BUBOAMTBCS LIICTh NO3MIIHA.

Kepytots ycTaHoBKaMH nparnopis (bym(uu setf, unsetf i flags.

JUns BCTaHOBJICHHS MpanopiB BUKOPUCTOBYETbC QYHKuis setf{ ),
sKa Ma€ Takuii popmar:

long setf (long flags);
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Tabnuys 8.1
NPATIIOPA ®OPMATYBAHHSI BBEJAEHHS-BUBE/AEHHS

Mpamop | [pusHaveHns
skipws Tlpormyckae npu BBEAEHH] NPoOi/IH, CUMBONH TaGyIALIL i HOBOTO pAaKa.
left BupiBHIOBaHHS BUBEAEHHS 110 JTIBOMY Kpalo.
right BupisHIOBaHHA BUBEIEHHS IO MPABOMY Kpalo.

Jlna 3amoBHEHHA MOs BUBEACHHA BinbGyBaeThcs BcTaBKa MpoOLIiB

internal L . "
MDK yciMa uudpamH i 3HaKaMu 9ucna.

dec BuBeeHHS 3EiICHIOETECH B 1€CATKOBIM CHCTEMI YHCACHHS.
oct BuseneHHs 30IHCHIOETBCS Y BICIMKOBiH CHCTEMI UMCIIEHHS.
hex BuBenenHs 30iiCHIOETECS B IIICTHAAUATKOBIN CHCTEMI YUCIEHHS.

showbase [ IToxa3yBaTH Npu BUBEAEHHI OCHOBY CHCTEMH UMCIICHHS.

showpoint | Jlna AificHux YHcen BUBOAUTH JeCATKOBY Kpamnky i mojansui Hyni.

I1pH BUBENEHHI BUKOPHUCTOBYE GYyKBM BEPXHLOrO perictpa: cumpon X
uppercase |i 6ykeu A, B, C, D, E, F 119 micTHagUATKOBUX 4MCEN, CHMBON MO-
paaxy E nns BicCiMKOBHX uucen.

showpos | JonaTHi 4dcna BUBOAATHCS 3i 3HAKOM +.

scientific | Bukopucraru ekcrioHeHUiabHY (HayKOBY) HOTaU|HO A MiiCHUX uKce.

fixed Jna nifCHUX BUKOPHCTATH npenctasieHHs 8 ¢popmarti 3 GikcoBaHOIO
KparKolo.
unitbuf Bydep ouniaerses nica KOXKHOT onepauii BCTaBKH.
stdio Oumninae notokH stdio, sterr micng KOXKHOro BUBEACHHS.
YEHH r i i
boolalpha 3Hauenna 6yneBoro TMNY BHBOAATLCA Y BULIALL KIIIOYOBMX CAIIB true

i false

Ipu Moandikanii oCHOBH CHCTEMH YHCIEHHS MOXKHA BAKOPUCTATH
npanop basefield sx apyrnii napamerp yHkuii setf{ ), ue nos3sonse
BCTAHOBHMTH OJMH 3 NpamnopiB oct, dec i hex, AKILO KOAEH 3 LUX MNpa-
NOpiB HE BCTaHOBJICHHH, TO 3a 3aMOBYYBAHHAM YHC/A TPAKTYIOTHCS
SIK NECATKOBI.

Ipu 3aBpaHHi cnoco0y BUPIBHIOBaHHS MOXKHA BUKOPHCTATH Mpa-
nop adjustfield sx apyruii napamerp QyHkuii seff{ ), e rapaHtye, 1o
GyHKLIA seff{ ) BCTAHOBUTH JMILE OAMH 3 TPLOX Npanopis left, right,
internal.

Ipanopu adjustfield, basefield, floatfield 3py4yno BuKOpHCTaTH B
TOMY pas3i, KOJU Mepeli YCTaHOBKOIO npanopa noTpioHO CKMHYTH BCi
npanopu, ki He MOXYTb OyTH OIHOYACHO 3 HUM BCTAHOBJEHi.
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Ipu 3aBaaHHi HOTAWl JIHCHHX YMCEN MOXKHA BHKOPHMCTATH Mpa-
nop floatfield sk apyruit mapamerp }yHKuii setf( ), BuKanK cout. setf
(0, ios::floatfield) BinHOBMOE B cHcTEMi opMaT BUBEHEHHA 3 IUIaBa-
IOUOIO KPANKOIO 32 3aMOBUYBAHHSM. .

Jlana ¢yHkuis noBepTac NONEPENHE 3HAYEHH:A Mpanopa, BCTAHOB-
JIOI0UM MOr0 HOBE 3HAYEHHS PIBHUM 3HAUCHHIO, 33JaHOMY NapaMer-
pom flags. ITpu LpOMY BCi iHIII IPAOPH 3aJIMINAIOTECA HE3MiHHMMM.
Hanpuknaa, mist Toro, nio6 BCTaHOBUTH npanop showpos, MOXHa BH-
KOPMCTATH TaKy IHCTPYKLiIO:

TOTiK_BBeICHHs-BUBeIeHHS. setf (10s::showpos);

Ie nomix_eeedenHs/euseOenns — e NOTIK, Ha KW HeoOXinHO
BIUIMBATH.

cout. setf (ios::showpos);

OCKiJIbKH Mpanop BU3HA4YeHi B KJaci ios, BOHH BUKOPHCTOBYIOTh-
4 i3 3a3HAYEHHAM IMEHi KJIacy Ta omnepali€lo Ko3Bony obnacrti BUAH-
Mocri (::), To6T0 cam mparnop showpos 3a1aTH He MOXHa, HeoOXiAHO
HamucaTtH ios::showpos. Cnin nam’statd, wo $yHkuis setf{ ) € une-
HOM KJIacy ios 1 BIUIMBa€ Ha CTBOPEHI UM KJ1aCOM NMOTOKM BBEJEHHS-
BUBeJICHHS, TOMY Oyab-sikuii BUKIMK QYHKUIT setf{ ) poOUTbCS BiLHO-
CHO KOHKpeTHOro notoky. He Moxxna BukiMkaTH yHkuito setf( ) ca-
My 1o cobi. KoxxHu#i moTik BBeleHHA-BUBEJEHHA NMIATPUMYE BIACHY
iHdopmauito npo craH Gopmary.

3aMicTb MOBTOPHUX BUKIMKIB (yHKLIT seff{ ) B ONHOMY BHKIMKY
MOJKHa BCTAHOBHTH BiApa3y KilbKa Nparnopis, 1uisi 06’ €HaHHS Heob-

. XiOHMX fpanopiB BHKOPUCTOBYETHCA omnepauis nopospsaHoro ABO.
Harnpuknagn,

cout.setf (ios::hex | ios::scientific);

Jns BiAKIOYEHHs mMpanopiB MOTpiGHO BHKopucTaTH (YHKUIIO
unsetf{ ). [lporotun nanoi GpyHkuii Mae BUrnsn:

long unsetf (long flags);

@OyHKLis MoBepTae 3HAUCHHSA NOMNepeHbOT YCTaHOBJIEHHS Mparo-
piB i ckuae npanopu, Bu3HaueHi napamerpom flags. Hanpuknan,

cout.unsetf (ios::scientific);

Jns Toro, o6 y3HaTH NOTOYHI YCTAHOBKHM MPAriopiB i Npu LbOMY
HIYOTO HE MIHATH, BUKOpUCTOBYETbCsl dyHKuis flags( ), Aka Mae Ta-
KWl MPOTOTHMN:

long flags ();

Lls pyHK1is noBeprae MOTOYHUIA CTaH npanopiB noToky. OyHKUisA
flags( ) mae npyry ¢opmy, sika 103BOJs€ BCTAHOBUTH Npanopam 3Ha-
YEHHS, 110 NOBIJOMJISIETHCS MapaMeTPOM 1 TMOBEPHYTH MNOMNEpPENHE
3HauyeHHs npanopis. I[IporoTun GpyHKLIT TaKKWil:

long flags (long flags);
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8.2.2. ®yHkuyii width( ), precision( ), fill( )

KpimM npanopiB y knmaci ios BH3HaueHi TpH (yHKii-
YIEHH, SIKi JO3BOJAIOTE BCTAHOBHTH ILHHPHUHY MOJIA MOTOKY, CUMBOJ
JUIs1 3aMIOBHEHHS i YHCIHO IHUGP MiCHs AECATKOBOI KPamnKH.

int width (int len);

@Dynxuis width( ) noBepTae NOTOYHY IHPHHY HOJS MOTOKY i BCTa-
HOB/IIOE HOBE MiHiMaJIbHE 3HAaYEHHS, 10 BH3HAYACTHCS NApaMeTPOM
len. SIxmo 3HaveHHs, IO BUBOAMTHCS, MA€ MEHIIY LIMPHHY, HDK 3a-
JlaHa WIMPHHA TI0JIs, TO 3aiBi NO3HLLIT 3aMOBHIOIOTECS MOTOYHHM CHM-
BOJIOM 3alOBHEHHS, 32 3aMOBYYBaHHAM BHU3HayeHWd npobin. Skimo
3HAYCHHA, IO BUBOAMTECA, NEPEBEPLIYE MiHIMANBHY IIHUPUHY MO,
TO BOHO YCIKa€TbCS, 3HA4YEHH len IrHOPYETHCS | 3HAYEHHST BHBOAUTH-
cst noBHicTiO. SKiNO (YHKLIS BUKOPUCTOBYETHCA MiJ 4aC BBEACHHS,
TO MapameTp 3a1a€ MaKCHMAaJIbHE YUCJIO CUMBOJIIB, 1O YHTAIOTHCS.

int width ();

®Gynkuis width( ) 6e3 napameTpiB MOBepTac MOTOMHE 3HAYECHHS
3MiHHOT LUMPUHH TTOJIS TOTOKY.

Jins yutanns abo 3MiHH MOTOYHOrO CHMBOJY 3afOBHEHHSI MOXHA
BUKOpHcTaTH QyHKILi10 fill.

char fill ();

Jlana ¢pyHKuUis noBepTae NOTOYHMI CHMBOJI 3aIOBHEHHS.

char fill (char ch);

s pyHKLIS NOBepTae KOIMILHE 3HAYEHHS CUMBOJIY 3aNOBHEHHS i
CUMBOJI ch CTac HOBUM CHMBOJIOM 3anoBHeHHs. CHMBOJ 3aNOBHEHHS

. BUKOPHCTOBYETBLCSA )il 3aTIOBHEHHS MOPOXKHIX Micub BiANOBIAHO 10

3anaHoi cnieupdikauii lUpUHU oA,

3a 3aMOBYYBaHHAM NpH BUBEACHHI 3 MJIaBalOYOK KPANKol TOY-
HiCTb JOPIBHIOE ECTH LKbpaM, OLHAK LE YUCIO MOXKE OyTH 3MIHEHO
3a gonomororo GyHkuii precision. IlpotoTn GyHKuIT € TaKUMH:

int precision (int num);

int precision ( );

Ilepma QyHKUis BCTAHOBIIOE TOYHICTE (4HCA0 UMD, WO BUBOLS-
ThCsl TIC/IS KPANKH), 3a/laHy napaMeTpoM num, i MOBEPTAE KOJNULIHE
3HauyeHHs TOYHOCTi. Hikye HaBeaeHa nporpaMa, mio JEMOHCTPYE BH-
KOPHUCTaHHS UMX QYHKLIH.

#include <iostream.h>

int main ()

{ cout.setf (ios::scientific); /uMcao BUBOANTECS B HAYKOBIHM HOTaL(]

cout << 987.65 << endl;
cout.setf (ios::fixed); //MUCTIO BUBOAUTHCA B 3BMYAlHIH HoTaLl
cout.width (10); //BCTaHOBJICHHS WIHPUHH MOJIS
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cout.precision (3); //BCTaHOBJIEHHS TOYHOCTI B 3 1udpu
cout << 987.654321 <<endl;

cout.width (9);

cout.fill ("*"); //BCTAHOBNICHHS CHMBOJTY 3alIOBHEHHS *
cout.precision (2); //BCTaHOBNEHHSA TOYHOCTI B 2 Luppr
cout << 987.654321;

return 0;

}

ITics BUKOHaHHS NPOrpaMHu Ha eKpaH Oyae BUBEIEHO:
9.876500e+02

987.654
*%%087.65

8.2.3. Marinynamopu eeedeHHsA-eusedeHHs

Cucrema BefieHHS-BUBeieHHs C++ HaJae 11e oJuH cno-
ci6 3miHn napametpiB gopmarysanHs noroky. Lleit cnoci6 BHKopuc-
TOBY€ crenianbHi QyHKuUii, ki Ha3UBalOTLCS MaHimnyasTopaMu. Mani-
MyJATOPY BBEJEHHS € B JEIKUX BHIMAAKaX 3py4YHILIMMH, HDK npanopu
Ta GyHkuii opmary kiacy ios. MaHninyastopu MoxyTb OyTH BKIIO-
YyeHi y BUpa3u BBeieHHA-BUBeeHHA. Hanpuknan,

coutc<setw(6)<<x<<setw(4)<<y;

€KBiBaJEHTHO

cout.width(6);

cout << X;

cout.width(4);

cout <<y;

Po3pi3HstoTs NpocTi i MapaMeTpU30BaHi MaHIMyAsTOpH, SKi BUMa-
raloTh BKas3iBKu napaMeTpa. J[is nocTyny A0 MaHimyisTopiB 3 napa-
MeTpamMM HeoOXiiHO B TIporpamy BKIIOYMTH 3aronoBHWi (aiin
<iomanip.h>. Maninynsropy HaBeJieHi B Tabsn. 8.2.

MasinynsTop BrMBaE JuLLE HA TIOTIK, YaCTHHOIO SIKOTO € BMPa3 BBe-
JEHHA-BUBEJICHHS, L0 MiCTUTh MaHIMyJIATOp, BOHW HE BIUIMBAIOTH Ha BCi
BiZIKPUTI B JaHHI1 MOMEHT NMOTOKW. MaHinynatop setbase BCTaAHOBIOE
OCHOBY CHCTEMM YHMCJIEHHA. 3HaYeHHs napameTpa base MOXyTb Oytu: 0,
8, 10 i 16. [Tpu BukopucTaHHi napamerpa (), OCHOBa 32 3aMOBYYBaHHSAM,
Npy BUBEACHHI BHKOPHCTOBYETHCS JIECATKOBA OCHOBA, NPU BBEJCHHI YH-
CJ1a, O NOYHHAETHCA 3 ‘0°, BBAXKAETLCH BICIMKOBOIO, 4HCIIa, I1I0 MOYHHA-
erscs 3 ‘Ox’ — wicrnaguarkoBumu. Ilpu BHKopHcTaHHi napamerpa 8
BBKAETHCA, 1110 BAKOPHCTOBYEThCS BiciMKOBa OCHOBa, npu 10 — necsr-
KoBa i npu 16 — uricTHaauATKOBA. IHIIII OCHOBH irHOPYIOTHCSL.
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Tabnuya 8.2
IPOCTI 1 TAPAMETPM30BAHI MAHIITYJIATOPH
Mauinynarop Omuc

boolalpha IMpu BBeAeHH] i BUBEACHHI BCTaHOBNECHHA npanopa boolalpha.

dec ITpu BBEjeHHI i BUBEJCHHI BCTAHOBIOE MPAnop AEeCATKOBOI CHC-
TEMH YUCIEHHA.

endl BuBelcHHA HOBOTO PA/IKa i YHLUECHHS MOTOKY.

ends BuBejicHHs HYNLOBOT 03HAKH KiHLA pAaka.

fixed Ipu BMBeAeHHI BCTaHOBNIEHHA Nparnopa fixed.

flush Ouuiuae BUXiaHuit noTix (ckupace iforo 6ydep).

hex [1pu BBefEHHi i BHBEJCHHI BCTAHOBJIIOE NMpPANop WiCTHAALUATKOBOT
CHCTEMH YHCJICHHA.

internal Tpu BHBECHH] BCTAHOBJACHHA Nparopa internal.

left MMpu BuBeneHHI BCTaHOBJIEHHS Nparopa left.

noboolalpha | Tlpu BBenenHi i BuBeneHHi ckuaaHHA npanopa boolalpha.

noshowbase | [1pu BuBeneHHi ckupaHHs npanopa showbase.

noshowpoint | [1pu BuBeneHHi ckuaanHa npanopa showpoint.

noshowpos Ipu BuBeneHRi ckuAaHHA panopa showpos.

noskipws Mpwu BBenenHi ckuaanns npanopa skipws.

nounitbuf Ipn BuBeaeHHI ckupanHs nipanopa unitbuf.

nouppercase | [Ipu BMBeeHHI cCKMAaHHA Npanopa uppercase.

oct Tpu BBeneHHi i BUBENCHHI BCTAHOBIIOE IPANoOp BiCIMKORBOT CHC-
TeMH YHCJIEHHA.

Elcggg(gﬂags Tpu BBEReHHi | BUBEAEHHT CKHIAE IPaNopH, 3a1aHi napaMeTpom f.

right INpu BUBeneHHi BCTAaHOBNEHHS npanopa right.

scientific Tpu BuBeAeHHI BcTaHOBNEHHA Npanopa scienfitic.

:ﬁ:?f;;i e) BcTaHOBAIOE OCHOBY CHCTEMH HHCIICHHA.

setfill (int ch) | Ipu BuBenAEHH] BCTAHORJIOE CHMBON 3aNOBHEHHS, 1O AOPiBHIOE ch.

setiosflags Ipu BBeAeHHI | BUBeAECHHI YCTaHOBKA NPanopa, 3afaHoro

(long f) napameTpom f.
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3axinyenns mabn. 8.2

Masimynsrop Ormuc
iient?;%cmon ITpu BuBeAeHH] 3a1a€ TOUHICTE U1 AiMCHUX dUCe.
setw (int w) BcTaHOBIMOE IIMPHHY 10714, AKa JOPiBHIOE W.
showbase IMpy BuBeneHH] BcTaHOBNEHHS npanopa showbase,
showpoint Tpu BHBeA¢HHI BCTAHOBJICHHS Npanopa showpoint.
showpos [pu BUBe/IeHHI BCTAHOBMNEHH Npanopa showpos.
skipws [Tpu BBeAeHH] BCTAHOBIEHHS npanopa skipws.
unitbuf T1pu BUBEEHHI BCTAaHOBJIEHHS Dpariopa unitbuf,
uppercase [Tpu BUBeICHHI BCTAHOBJIGHH: Nparopa uppercase.
ws Tpu BBeeHH] ITHOPYE MOYaTKOBi CHMBOJIH NPODiny.

Hanpuknan,

#include <iostream.h>

#include <iomanip.h>

void main()

{ cout << setiosflags (ios::fixed);
cout << setprecision(2) << 500.6754 << endl;
cout << setfill (‘#) << setprecision(4) << 1.23456;

}

Po39din 9
MACUBU OAHUX

9.1. OrOJIOLIEHHS
TA IHIITAIIBAINISL MACUBY

MacuB € cTpykTypoBaHUM THMIOM AaHMX. MacuB — we
CYKYTHICTb €JIEMEHTIB OIHOTO THII, SIKi BUKOPHCTOBYIOTECS B MPO-
rpamax niz oxHuM iM’sM. KoxeH MacuB Mae iM’s, sIke TOBHHHO Bill-
NOB1ATH THM e NIpaBUIaM, IO i iMeHa 3MiHHHX.

JlocTyn 0 OKpPEMHX €NEMEHTIB MacHBY 3AiHCHIOETECS 32 iMEHEM
MacuBy Ta iHAEKCOM (IOPSAKOBUM HOMEPOM) eJIEMEHTa, AKHIf BKa3ye
BIAHOCHY MO3MU{I0 eneMenTa. [HAekc — ue 4ucno, 32 AOTIOMOTOIO
SIKOTO PO3PI3HSAIOTHCA €JIEMEHTH MAacHBy. EneMeHTH — e OKpeMi
3MiHHI B MacuBi. KnacMuHMMK npukiasaMu MacHBiB € BeKTOp i MaT-
puus. OCHOBHI BJacTUBOCTI MACHBY:

1) BCi eneMeHTH MacuBy MalOTh OJWH i TOM caMuii T,

2) yci eIeMEeHTH MacUBY PO3TaIlOBaHi B MaM’ATi OAUH 3a OJHHM.
Innexc nepiuoro eneMeHTa JOpiBHIOE HYJIO;

3) iM’a MacHBY € BKa3iBHHKOM-KOHCTaHTOIO, L0 JAOPIBHIOE aJpeci
noyaTKy MacHBy (Tiepioro 6aiiTa nepumoro e1eMeHTa MacUBy).

Jina poboty 3 MacuBOM Y nporpami HeoOXigHo 3a aHasoriclo 3
NIPOCTHMU 3MiHHUMH 3poOUTH HOTO OroJIOIIEHHS Ha NOYaTKy rOJIOB-
HOT QYHKUT yu 6)10!()' ®opmart OroJloLIEHHS MacHBY € TAKUM:

<THMN JaHuX> <iM’a Macmay> [po3mipHicTs MacuBy]

Tun nanux Npu ONMCi MacHBIB 3aJa€ THII ENCMEHTIB MacyBy i Bi-
OMpaeTbCs 32 TUMH X MPaBUIAMH, 1O i JUIS IPOCTUX 3MIHHHX.

IM’a MacuBy popMyeThCs 3a THMH CaMMMM TIpaBUNIAMM, 110 i iMe-
Ha NPOCTHX 3MiHHHX.

PosmipHicTh MacUBY — 11€ YHCNIO iHIEKCIB, 1110 BUKOPUCTOBYIOTh-
Cfl NS NMOCUNAHHS Ha KOHKpETHUH efeMeHT MacuBy. PoamipHicTh ma-
CHBY OIUCYETHCS JUIS KOXHOrO iHIeKcy okpemo. Bona Bu3Hauae
KUIBKICTh 3Ha4eHb KOXHOIO iHIOEKCY i MOBHHHA OYTH 3a]aHa KOHC-
TaHTOIO, BKAa3aHOIO SIBHO B KBaApaTHHUX AyXKax, abo moBuHHA GyTH
BM3HAYeHA 3a JONOMOroto AupekTHBu #define s aBTOMaTHYHHKX
3MiHHUX. HymepaLis eleMeHTiB MacuBy NOYMHAETLCA 3 HyJs, TOMY,
KO B OlIHOBHMlpHOMy MacuBi 50 eneMEHTIB, TO BEpXHA Mexa 3Mi-
HU ingekcy paopisHioe 49. Tobto mepruuii enemeHT MacuBy array
03Ha4aeTheA Ak array[0], apyruit array[1], ocranmii array[49]. Sxuwo
aBoBUMipHUit MacuB Mae 10 psaakis i 10 cTosnuis, TO iHAeKC psjka
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npuiiMaTMe BEpPXHE 3HAa4YeHHA iHIeKcy, ceOto 9, i cToBmusd — 9.
Puc. 9.1 imocTpye 3MiHy iHAEKCY 32 pALKAMU i CTOBIUAMH B JBOBH-
MipHOMY MacHBi.

Pagok 0
Panok 1
Panok 2

Crosneus 0

Crosrens 1

CroBneus 2

Croanewsb 3

a[0][0]

af0](1]

a[0][2]

a[0]1[3]

a[1][0]

a[l][1]

afl1][2]

a3

a[2][0]

a2](1]

a[2](2]

a2](3]

Puc. 9.1. [TsosumipHuii MacuB 3 TpbOMa PAIKaMH i 1OTHPMA CTOBILAMHU

[Tpuknaj oronomeHHs MaCHBIB:
#define k 10
int main()
{ float a[k]; // oromomenHst MacuBy a 3 10 enemenris Tuny float
int b[10][10]; // oronowenHs aABOBUMipHOro macury 3i 100 ene-
// MenTiB UiTOro TMMy
int ¢ [9]; // oronoleHHs OAHOBUMIPHOTO Macvmy 3 9 enemMeHTIiB
// ninoro Tumy

C++ miarpumye GaratoBumipHi MacuBu. HalinpocTiwikum BHAOM
6araToBUMipHOr0 MacHBy € JBOBUMIpPHUI MacuB, kWi MOXKHa mipe-
ACTABUTU AK MacWB OJHOBUMIPHWUX MacuBiB. JIBOBUMipHUH MacuB
sBjise co0O0K0 MaTpULO, Je NMEepIIKil iHAEKC BIANOBIAAE 3a PANOK, a
apyruit 3a crosneup. KojkHa po3MipHICTb MacHBY BMIlly€ThCs B
OKpeMi KBajapaTHi Ayxkd. baratoBumipHuii MacuB oronomyeTbcs
TaKUM YHHOM:

<tun JgaHux> <iM’s macuBy> [po3mipHicte N]...[po3MipHicTs 2]
[po3mipnicTs 1];

EnemeHTn 6araroBuMipHOro MacuBy 30epiratoTbcsi B Tlam’saTi B 1o-
PsAKY 3pOCTaHHs Halnpasiloro iHaekcy, To6To 3a psakamu. lle o3Ha-
yae, 110 NpaBHil IHAEKC 3MIHIOETLCA WIBUALLE JiBOrO, SKILO NepeMila-
THCS MACUBOM Yy MOPSAKY PO3TAILYBaHHS €EMEHTIB B 11aM’ATi.

Hepeﬂ; THM SIK BUKOPMCTAaTH MAacCHB, Heo6meo NPUCBOITH 3Ha-
yeHHs Horo enemeHTaMm. Y C++ MacuBu He iHiuianisylorscs i He 06-
HYJIIOIOTHCS aBTOMATHYHO. EneMenTamM MacuBy MOXHA 3a11aTH MoYaT-
KOBi 3HayeHHs TpboMa cnocobamu: iHiujanisauiero, NPUCBOEHHIM
a6o seenenHam. Ilpu omici MacuBy Moxe ByTH BHKOHaHa iHiLianiza-
st €JIEMEHTIB MacHBY.
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€ jBa MeTOoAM iHiIjami3amil:

1) iniyianizayis 3a 3amosuysantsm. SIKWO HE TPOBOAUTHCS iHiLja-
Ji3aList ENEMEHTIB MaCHBY, TO BCi €JEMEHTH CTATMYHMX Ta 30BHIMIHIX
MacHBiB iHILIA3YIOTBCS KOMITLIATOPOM HYJISIMH, a €JIEMEHTH aBTOMa-
THYHHX i PEriCTPOBUX MACHBIB BH3HAYEHi Ha HEOUUILEHY TaM’Th;

2) siena iniyianizayin enemenmis. Ilicns ONHCY MAacHBY MOXKHa
3aMucaTH CIIMCOK ITOYAaTKOBHX 3HAY€Hb MacHBy, siKi OepyTbes y ¢i-
TypHi AY>KKH.

IcHytoTh ABi popMH ABHOT iHiLliaTIzaIT:

1) sABHE 3a3HAYEHHA 4YUC/IA €NIEMEHTIB MAcHBY Ta CNKMCOK MOYAT-
KOBUX 3HaueHb, MOXJIMBO, 3 MEHIIUM YHCJIOM €JIEMEHTIB.

<TWIT JaHUX> <iM’ MacHUBY> [po3MipHicTs N]...[poamipHicts 1] =
{<crcok 3HaueHb>};

Hanpuxknag, iniuianizauis 30BHiLIHBOT0 MacHBy 3 10 eemeHTiB:

intarray [10] ={1,2,3,4,5,6,7,8,9, 10};

Skuo oronowenuit Macus b 3 10 enementis

intb [10] ={1,2,3,4};

TO MepIi YOTUPH EJIEMEHTH MaCHBY iHillianizysaTy unciaamu 1, 2, 3 i
4. 3nayeHHs IHIIMX lIecTH eneMeHTiB abo mopiBHIOE 0, SKINO Macus
30BHILUHIA YK CTATUCTUYHMI, ab0 He BHU3HAUEHO, SKINO MACHUB aBTO-
MaTHYHHUHA Y perictpoBuid. IIpy BUKOPUCTAHHI AaBTOMATHYHHMX MacH-
BiB MPOTpaMiCT MOBHHEH NMPUCBOITH HY/LOBE MOYATKOBE 3HAYEHHA
NpHUHAMHI NEPLIOMY eJIEMEHTOBI AJ1s TOTo, o0 aBTOMaTHYHO Oynu
oGHyneHi eneMeHTH, 1o 3anummiucs. [py iHiuianizauii 6araToBumi-
PHHX MacHBiB MOXKHa J0JaTH (QITypHi JY)KKH HaBKOJIO KOXXHOTO BH-
miproBanHs. Hanpukan,

intd [2][3] = {{1, 2, 3},{4, 5, 6}});

SIKIMO NaHMX PiBHO CTiNbKM, CKiflbkW Ma€ GYTH NpH 3aMOBHEHHI
BCIX eleMeHTiB, To dirypHi AYXKKH B CIIMCKY MOXYTb OyTH onylueHi,
TOAI HACTYIHI ABA 3aMUCH €KBIBAJICHTHI:

int f [2][2] = {{1, 2}, {3, 4}}; int f[2](2]) = {1, 2, 3, 4};

3aBAaHHA B CMHCKY NOYATKOBMX 3Ha4eHb GifbLIOro uydcia 3Ha-
Y€Hb, HIXK € EJIEMEHTIB Y MacHBi, € CHHTAKCHUIIOIO MTOMUJIKOIO;

2) 6€3 SIBHOTO 3a3HAYCHHA €JIEMEHTIB MACHBY, TIJIbKH 3i CMIUCKOM
No4YaTKOBHMX 3Ha4YeHb. KoMningaTop BU3HAUYA€E YUCIO ENEMEHTIB MacH-
BY 3a CIMCKOM iHiLjianizanii.

<THn JaHux> <iM’s MacuBy> [ |[posmipHictb N-1]...[po3mipnicts 1] =

{<cnucok 3HauyeHb >};

Hanpumaﬂ,

intarray [ ] = {1, 2, 3, 4};

Y pesynbTaTi CTBOPIOETBCA MacuB 3 4OTWUPHOX €JEMEHTIB, i wui
€JIEMEHTH OTPUMYIOTH IT04ATKOBI 3HAYEHHS 3i CIUCKY iHiuianizawif.
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MacuBy CUMBOJIIB MOXKHA 33/IaBaTH TMOYAaTKOBI 3HAYEHHS, BUKOPU-
CTOBYIOYHM PAAKOBY KOHCTaHTY. HanpuKiiaz, orosoumeHHs

charc[]={"ABCD"};

IPHUCBOIOE €JIEMEHTAM MAacUBY ¢ IIOYAaTKOBI 3HAYEHHS K OKPEMi CUM-
o panka “ABCD”. PosMip MacuBy ¢ BH3HAYaeThCS HAa OCHOBI
JOBXXKUHH PAAKa IUIIOC HYJbOBUI CHMBOJI 3aKiHYEHHs DsiJIKa, TaKUM
YHHOM MACHB MICTHTh ISTh eJieMeHTiB. CHMBOJIbHHI MacHB MOXKHA
3allaTH OKPEMHMH CHMBOJIbHUMH KoHcTaHTamu. [Tonmepenme oroso-
IIeHHS €KBiBaJICHTHE HACTYNHOMY:

charc[]={'A",'B,'C, D, \0'};

Jlns 6araToBUMipHMX MacHBiB HEOOXiTHO BU3HAYMTH BCIO PO3MIp-
HICTB, KpPiM HaMIiBILLIOT, KOMMUIATOP BH3HAYa€ YHUCIIO ENIEMEHTIB 3a
YKCJIOM 3HAYEHBb y CIMCKY iHinianizauii. Hanpuknaga,

1ntarray[][3]-{0 1,2,3,4,5});

TOOTO KOJKEH PANOK MICTUTMME TPH €€MEHTH, HynboBUH — 0, 1, 2;
nepuwmi — 3, 4, 5. Siano NOTPIOGHO MpOiHiLiani3yBaTH He BCI €NEMEHTH,
B CNHCKY iHinianizauii BAKOPUCTOBYIOTECA (DirypHi AY>KKH, HaNpHKIIaL:

intarray [ 1(3] = {{0}, {3, 4}};

m [0][0] mopintosatume 0, m [1]{0] — 3, m [1]{1]—4.

BUKOpHCTOBYIOUH OliEpanilo MPUCBOEHHS, MOXHA B Mporpami
NPUCBOITH 3HAYEHHS KOXKHOMY €JIeMEHTY Macusy abo, BUKOpPHCTO-
BYIOYK OTepatop UMKy i QYHKL|T BBEAGHHS, MOXHA BBOAMTH 3Ha-
YeHHs eleMeHTiB 3 knasiatypu. Lli cnocobu ininianizauii macusy Gy-

JyTh MOKa3aHi HIDKYe.

9.2. JOCTY1 10 EJJEMEHTIB MACHUBY

Hoctyn IO eneMeHTiB MacuBy MOXKE€ BHKOHYBAaTHCS 3a
JIONIOMOTOKO onepallil inaekcauii abo 3a 10NOMOrol0 MeXaHi3my BKa-
3iBHHMKIB. ¥ NepiuoMy BHNaAKy AJS 3BEPHEHHA A0 €JEMEHTIB MacUBy
JIOCTATHBO B MOTPIOHOMY Micii BKa3aTH iM’1 MacHBY Ta NOTOYHMH
HoMep iHgekcy. Ilpu BUKOpHMCTaHHI omepauii iHaekcauii ans nocu-
NaHHS Ha HEOOXiJHWI eNneMEeHT BKa3yeTbCsi HOro HOMEp Yy MacHsi,
BMimeHuit y [ ].

'V moBi C++ [103BOJISIETECS JIMLIE MOEIEMEHTHE 3BEPTAHHS 0 Ma-
CHBY, IIPH AKOMY MOTOYHE 3HaYEHHA MOoxe OYyTH 3a/1aHE KOHCTAHTOIO,
3MiHHOIO uM BupazoMm. Hanpuxnan,

int a[9]; a[0] = 0; a[1] = 0; a[2] = 0; a[3] = 0; a[4] = 0; a[5] =0
a[6] = 0; a[7] = 0; a[8] = 0,

V maHoMmy npHKnaai oOHyNISIOTBCS elleMeHTH MacuBy a. Onepauil

3 6araTOBUMipHUMH MacvBaMH 3pYYHO BHKOHYBATH, BUKOPHCTOBYIO-
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Yy OnepaTop LMKIY for. Hacrynnuii ¢parmeHT nporpamu riokasye,
AK OOHYJIMTH €JIEMEHTH ABOBUMipPHOT MATPHILIi.
int b[9][9], 1, j;
for(1=0;i<9;it++)
for(G=0;j<9;j++)
alifljl = 0;

Inmmmii croci6 AOCTYIY [0 €]EMEHTiB MacHBy — BHKOpHCTaHHﬂ
MeXaHi3My BKa3iBHHKiB. IM’s1 MacHBY, L0 BUKOPHCTOBYEThCS O€3 Ha-
cTynHux [ ], sBisge coboro aapecy moyatKy MacuBy. OCKiJIbKHM iM’s
MacCHBY — Ii¢ BKa3iBHHMK-KOHCTaHTa Ha nepuuii 6aiiT nepioro ene-
MEHTa MacHBY; TO, BHKOPHUCTOBYIOYH OMEpalil0 OTPUMaHHS 3HA4eH-
Hsl 3a ajpecoro (*), MOXKHa BUKOHATH AOCTYN 0 OyAp-AKOro efleMeH-
Ta MacuBy. To6To OyAyTh €KBiBaJICHTHUMH 3aIKC A0 MOCHJIAHHA Ha
i-ii eJleMEeHT MacuBy array array[i] i *(array+i).

Hexaii € onuc macusy int a[5], sxuil MicTuTh 5 eneMenTis: a[0],
a[1], a[2], a[3], a[4]. Anpeca i-ro enemeHnTa MacHBY JOPiBHIOE CYMi
aJIpeCH TNIOYaTKOBOIO €JIEMEHTa MacHBY i 3CyBaHHs LbOTO €JleMEHTa
Ha [ OIMHMLb BiJi MOYATKY MacuBy. SIKIO pa — 1€ BKa3iBHHK Ha liiJie
int *pa; , To nicas BUKOHaHHA onepaTopa pa = &a[0]; pa MICTHTb af-
pecy enemenTa a[(0)]. Bupa3 pa+1 Bkasye Ha HacTymHHUik ENIeMEHT, pa+i
BKa3ye Ha i-ii eneMeHT MacHuBy, ToOTO € aapecoto afi], Toai *(pati) €
BMICTOM i-T0 enemeHTa. OCKilbKU iM’sl MACHBY OTOTOXHIOETHCA 3 a1~
pecoto Horo nepuioro efeMeHTa, To oneparop pa = &a[0]; exsiBanen-
THUH ofiepaTopy _pa=a; , ToMy OyayTb eKBiBaJIEHTHUMH 3alUC 10
NnocunaHHA Ha i-i enemeHt MacuBy a[i] 1 *(a+i). Bynp-sixuii macus i
iHAEKCHMH BHUpa3 MOXKHa NPENCTABUTH 33 JONOMOroK BKasiBHuKa. B
TOMH K€ Yac MiX iM’M MaCHBY if BiAMOBI{HMM BKa3iBHMKOM € iCTOTHa
BigMiHHicTb. Tpeba nam’stat, 1m0 BKa3iBHHK — L€ 3MiHHA, & iM’d
MacuBy — KOHCTaHTa. ToMy pa=a; i pat++; gomycrumi onepauii.
OnepaTopu Burasiny a = pa; a++; BUKOPHCTATH HE MOXHA, OCKIJIBKH
3HaYEHHs KOHCTAHTH MOCTilHE i He MOXKe GyTH 3MiHEHE.

SKmo 10 BKa3iBHMKA J0JAETHCS Lijie, KOMIINATOP aBTOMAaTHYHO
maciutadye uije, MHOXKa4M Horo Ha 4yucio Gaiitis, BinmosigHe Tuny,
3a3HA4YCHOMY B OTOJIOLUEHHI BKa3iBHHKA. Po3MillicHHsl MacHBY a B nam’si-
Ti MOIAHO Ha pHC. 9.2, AKIIO BiH po3ramoByeThes 3 agpecy 1000.

1000 1002 1004 1006 1008
*pa *(pat+l) - *(pa+2) *(pa+3) *(pat+d)

a[0] a[l) a[2] a[3] a[4]
*a *(a+l) *(a+2) *(a+3) *(a+4)

Puc. 9.2. Po3milueHHs MacuBy B i1am’sTi
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Toni Bupas pa+3 abo a+ 3 nmae 3naueHHs aapecu 1000 + 3*si-
zeof(int) = 1000 + 3*2 = 1006. B3sBumiK 3Ha4eHHS 3a WI€O afPeECOLo,
MOKHa Ha0yTH 3HauYeHHsi YETBEPTOrO elleMEeHTa MacHBy, TOOTO
*(pa+3) abo *(a+3). O6uzBa cnocobH eKBiBaJIEHTHI.

IIpu poboTi 3 ABOBMMIPHUMH MacHBaMH MOJXKHa TaKOX BHKOPHC-
TaTH BKa3iBHUKH. Y LbOMY pa3i TOYKOIO BiJUliKy MoXe OyTH K Haii-
NeplMii eIeMEHT MacHBY, TaK | MEPLUHiA €IEMEHT KOKHOIO 3 PAAKIB.
[epen6auumo, mo € orosoweHHs

int array[4][2];  // macuB array Tuny int 3 4 psaaxiB i 2 cToBnuiB

int *pa; // BKa3iBHHMK pa Ha UM THII

pa=&array[0][0]; // Bka3iBHWKY pa NPHCBOITH aJpecy NepLIOro
enemenTta macuy a[0][0]

pa = &array[0][0]; MoxHa 3amucatu pa = array; TOO6TO array =
= &a[0][0];.

JIBOBUMIpHHit MaCHB pO3TaLLIOBYETHCA B NaM’ATi MOAIOHO O OJHOBHMi-

PHOTO MacHBY, 3a psSAKaMH, CTIOYATKy NepIlHi psaaoK, MOTIM ApyTHi,

TpeTili i T. A., MOCNiZOBHO 3aHMatouy eneMeHTH nam’aTi. TakuM YMHOM,
pa = = &array[0][0];

pa + 1 == &array[0]{1];

pa + 2 == &array[1]{0];

pa + 3 == &array[1]{1];

Toni pa + 6 BkazyBaTuMe Ha enemeHr array[3][0].

SIKIO BUKOPHCTOBYEThCS BKa31BHUK HA MEPLUNii €IEMEHT paKa, TO
MacHB NpeACTABNAEThCS IK MACUB MacHBiB. SIK1110 MacuB array 3 rore-
PEAHBOrO TIPUKIANy Ma€ YOTUPH PALKH, KOXEH 3 SKMX € MacHMBOM 3
ABOX eneMeHTiB. IM’s nepiioro psaaka array[0], im’s apyroro array[1]
i T. 0. IIpoTe iM’sl MacHBY € TaKOXK BKa3iBHUKOM Ha LieH MacHB, TOMY,

array{0] = = &array[0][0];

array[1] = = &array[1][0];

array[2] = = &array[2][0];

array[3] = = &array[3][0];

Toai AocTyn 10 enemMeHTa MacHBy, SIKIO BUKOPHCTOBYETLCA BKa-
3iBHUK Ha MEPIUIMH eJIEMEHT PANKA, MOXHA 3AIHCHUTH 33 JONOMOIoI0
Bupa3y (array[i]+j), a o6 HabyTH 3HaYeHHs, pO3TaLIOBAaHOIO 3a Li€I0
ajipecoro, HeoOXimHo BUKOpucTaTu Bupa3 *(array[i]t+j). Axuio imM’s
MacHBy BMKOPHCTOBYETHCSA K afpeca Mo4yaTrky MacHBY BKa3iBHHKIB,
To BUpa3u *(*(array+i)+j) i array[i][j] € exBiBaneHTHUMH.

BaratosumipHuit MacuB y MoBi C++ — Lie MacHB MacHBiB, TOOTO
eJIeMEeHTaMH SIKOro € MacUBM. JIBOBUMIpHHMII MacHB MOXHA po3risija-
TH SK OJHOBHUMipHHI MacHB, €JEMEHTAMH SKOTO € PSIKH MacHBY.
Hexaii jaHa MaTpuL a, sika Ma€ m psAKiB i N CTOBMLUIB. YNOPAIKY-
BaHHS €JIEMEHTIB MAaTPHULi 3a PAAKAMH € MOCNiAOBHICTh!
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a[0][0], a[O][1],. .. a[Ol[n], a[1][0], a[l}(1],. .., a[1]{n], a[m][1],
a[m][2],. .., a[m][n].

Toni anpeca Oynp-AKOro ejleMEHTa BU3HA4AETHCA 32 POPMYJIOHO:

anpeca a[i][j] = anpeca a[0][0] + n*i + j;

JIBOBHMipHMii MacHB MOXKHa PO3IJIAJATH SK MACHUB, €JeMEHTaMHU
SKOro € CTOBIMLI MAaTpHLli, TOAi MAaCHB CKJIAJAETHCS 3 M €JIEMEHTIB.
YnopsaKyBaHHS €J1€MEHTIB MaCHBY a 3a CTOBNLSIMH € TIOCJTi IOBHICTb:

a[0][0], a[1][0], ... a[m][0], a[1][0], a[1][1], ..., a[m][2], a[l][n],
a[2][n]}, ..., a[m]{n].

Toni anpeca Oynp-sAKOro ejleMeHTa MacuBy BU3HA4YaeThea 3a ¢op-
MYJIOHO:

aapeca a[i][j] = aapeca af0][0] + m*j + i;

9.3. MACHMBH BKA3IBHHUKIB

EnemeHTH MacuBy MOXYTb MaTH Oyab-sIKWii THI, y TOMY
yhchi i 6yTH BKa3iBHUKaMH. MacvBH BKa3iBHUKIB MOJKHAa BUKOPHCTA-
TH JUIs poOOTH 3 yciMa THNAaMU JaHUX, ajle Haiuacrilie iX BUKOpHUC-
TOBYIOTb ISl 30€piraHHs CUMBOJIBHUX PAAKiB pi3HOT JoBxkuHU. Oro-
JIOWIEHHs1 MACHBY BKa3iBHMKiB BUKOHYETHCA TAKMM YHHOM:

char *name[10]; // oronomwenHs mMacuBy BKa3iBHMKiB name 3 10
€JIEMEHTIB

EnemeHT oronouieHHs char* Bkasye, 110 THN KOXHOIO €Jl€MEHTa
MacuBY hame — BKa3iBHHUK Ha char. MacHBY BKa3iBHHKIB MOXHA iHi-
uianisyBaTu npu orosoweHHi. Hanpuknan,

char *name [ ] = {"Tloneainox", "Bisropok", "Cepena", "Uetsep",

"IT’atHuug", "Cybota", "Heninga"};

Komninstop pesepBye Micue 1y ceMH BKasiBHUKIB. BoHM HaOy-
BAlOTH [0YATKOBOIO 3HAYEHHA, WO JAOPIBHIOE ajpeci MOYaTKy B
nam’4Ti BiANOBiAHMX psakiB cumBoaiB. Ha puc. 9.3 mokasaHo npesx-
CTaBJICHHS1 MACHBY name B 1aM’ATi.

1000 1002 1004 1006 1008 1010 1012
name[0] name( 1] name([2] name{3) name[4] name[5] | name[6]
2000 2010 2019 2026 2033 2042 2049

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
(o Ju Je Ja Ji s o T« Jo ]
2010 2011 2012 2013 2014 2015 2016 2017 2018
B i o [r JoJo Jo [xTo ]

Puc. 9.3. TpeacraBneyHs B maM’ATi MacUBY BKa3iBHUKIB
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Po30in 10

3ACOBU PEANI3ALII
LMKNIYHUX NMPOLIECIB

10.1. OIIEPATOP LHHKJAY 3 BITOMOIO
KLIBKICTIO TIOBTOPEHD

Jlo ocobaunBoCTE# OpradizaLlil UHMKJIB 3 BIIOMOIO KiJIbKiC-

TIO IOBTOPEHb MOTPiGHO BigHECTH OG0B’ A3KOBY HasBHICTh Kepylouoi
3MiHHOT1, a00 X rapaMeTpa HUKIY, Ka Ma€c NIEBHE MOYaTKOBE, KIHIEBE
3HAYCHHA 1 3aKOH BM3HAYCHHS KOXKHOTO HACTYIHOIO 3HayeHHs. [lo-
TOMIXKHI i, SiKi BAKOHYIOTbCS 3 BU3HAUEHHS NMOYaTKOBOro i NMOTOY-
HOr0 CTaHy NapaMeTpa LMKITY, a TAKOX 3 MEPEBiPKH HA BUXiJ 3 LIMK-
Ny, Ha3UBAIOThCS 3arOJJOBKOM LIMKJY. 3arojloBOK BUKOPHCTOBYETHCS
IUt opraHizauii MOBTOPEHb Tila LMKy, TOOTO CyKYMmHOCTI [ii, Lo
T IAraoTs 6araTopas’oBoMy BUKOPUCTAHHIO.

OcoGnuBocTi opraHizanil 3aroJloBKa LMKIY 3 BiJOMOIO KiJIBKICTIO
TIOBTOPEHB pealli3oBaHi B onepaTopi for. @opMar onepaTtopa € TakKuM:

for([<Bmpa3 1>]; [<Bupas 2>]; {<Bupa3 3>])

< oneparop>;

ne eupaz 1 3aac MOYATKOBE 3HAYEHHA 3MIHHOI, KEpYyKO4Oi LIMKIIOM,
supas 2 BU3Ha4Yac YMOBY, NpH sKiif onepatop uuKity Oyae BUKOHYBa-
THCH, 6Upa3 3 BU3HAYAE XapaKTep 3MiHM KEPYIOHOIO 3MiHHOIO. Bupasu
B KPYIJIMX JyXKaX SBIIOTH Cco0O0KO 3aroloBOK LMKITY, NpOCTHil abo
CKJIaJIeHHH omepaTtop, y3sTHii B GirypHi AY>KKH, SBISIOTh TilO LUKIY.
Cxema BUKOHaHHS OMepaTopa € TaKoIo: COYaTKy 0OYMCIIOETBCS BU-
pa3 1, wo 3a3Budail BUKOPHCTOBYETHCS VIS iHiliamisanii kepyro4oi
3MiHHOT LMKiIOM. IToTiM OGUHCIIOEThCS BUpa3 2, SKIIO BUpa3 iCTHH-
HHUH, BUKOHYeThCA Tino uukiay. ITorim OGUHCIIOETECS HOBE 3HAYEHHS
Kepyrouoi 3MiHHOT, 3anane BHUpasom 3. SKkuo BUpa3 2 iCTUHHMI And
HOBOTO 3HAUEHHS KEPYIOYOi 3MiHHOI, TO A HBOTO 3HAYECHHS Kepyro-
401 3MIHHOT BUKOHY€EThCA Tijio nukny. [Ipouec npomoBKyeTbCs NOTH,
NOKH 3HAYeHHS KePYHOUoi 3MiHHOT He 33JI0BOJIbHUTE YMOBY BHXOJY 3 LIMK-
JTy, BU3Ha4eHy BHpa3oM 2, To0To Bupa3 2 crane xubHuM. Hanpuknan,

inti,s=0;

for(i=1;1<10;i++)

s+=1;

cout << i;

Konu oneparop LMKy HOYMHAE BUKOHYBATHCS, KepYIOdi 3MiHHiH
i MPHCBOIOETHCA NOYaTKOBE 3HaUeHH 1. [loTiM nepeBipseTscs yMoBa
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NpOJIOBXKEHHA LMKy i<I0. OCKUIBKH MOYaTKOBe 3HAa4€HHA i JOpiB-
Hioe 1, To i MmeHme 10, ymMoBa iCTHHHA, BUKOHYETHCS OMEPATOp TiNa
Ky s+ =1;. [ToTiM Kepyloua 3MiHHa 30iABHIYETHCS HA OJMHULIO,
TOOTO BUKOHYeThCA i++. Jlani mepeBipserscs yMoOBa MpOAOBXKEHHA
uKiry. OCKiIBKHM 3HaYSHHA [ IOPIiBHIOE Tenep 2, TOOTO € MEHIUNM Bij
10, To BHKOHYeTBCA Tino wukiy. Llel mpouec nMpoAOBKYEThCS, TIOKH
Kepyroya 3MiHHa i He 36inpmuTecs 10 10, yMOBa NPOJOBKEHHS LUMKITY
NOPYIUHUTBCA | TOBTOPEHHS 3aBEpIIMThCS. BukoHaHHS Mporpamu npo-
JOBXHTHCSA 3 MEPILOro ONEepaTopa, po3TAIIOBAHONO MicCHA for, y 1BO-
My pa3i OyJe BUKOHYBaTHCS Ooneparop cout.

Ha puc. 10.1 nomaHo onuc onepaTopa for y BULDJIALI CXEMH anro-

pHTMY.
‘ Bxin
Bupaz 1

Buxin

Puc. 10.1. Cxema oneparopa for

Sxwo B Tini for € 6inplue 3a 0AUH onepaTop, TO I BU3HAYEHHS
Tila MKy 000B’A3KOBO NOTPIOHO B3ATH OmepatopiB y (irypHi aysk-
K. 3a cHHTakcucoM Moeu C++ onepaTop Moxke OyTH MOpOXKHIM, Yy
LBOMY pasi B Tili LIMKIly CTABUTECS ;

Y moBi C++ Ha Biaminy Bin iHIKX MOB NporpamyBaHHs € WMPOKi
MOX/IMBOCTI AJIs1 OpraHizallii 3arojioBka LMKy onepatopa for. Ilpu
nepesipLi rPaHUYHO JOMYCTHMOTO 3HAYEHHS Kepyloqoi 3MiHHOT LIMK-
JIOM MOXHa BMKOPHCTaTH BHpa3, sikui GhopMyeThes Ha MOro OCHOBI.
Hanpuknan,

for(k=1;k+k<100;k=k +4)

’

O HEe MPHUIYCTHMO B IHIUMX MOBax MporpamyBaHHs. Y npoueci
3MiHH Kepylo4oi 3MiHHOi y Bupasi C++ HOMycTHMi pi3HOMaHITHi
¢dopmH 3anKCy, HalXapaKTEPHIIMMH 3 SIKHX € BUKOPHCTaHHS omepa-
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mit +, —, ++, ——, *, /, +=, —=, *=, /= Hanpukmnan, sgx Bupa3s C MOXyTb
BUKOpUCTOBYBatucA Taki Bupasu: k=k+2; k+=2; k-=2; kt+;
k—-— k=k*3; k¥*=3k=k/2; k/=2;iT. .

Moga C++ JomnycKae ONUC 3MIHHOT B caMOMY 3aroyioBky (yHkuii,
ane 06nacTh BUAUMOCTI 3MIHHUX, SIKi onucaHi y Bupasi 1, po3moscro-
JDKYETHCA JIMILE Ha UMK for. Y Bepcisx, Hk4nx 3a Borland C++5.0,
061acTh BUAMMOCTI 3MiHHOI BM3HAa4anacs BiJl MICLSI BU3HAYCHHA 10
KiHUg 670Ky, M0 MicTUTE onepatop for. Lie o3nauae, w10 BH3HAYEHI
3MiHHi B 3aT0JIOBKY LMKITy BHKOPHCTOBYIOTECS BCcepeauHi uuiay. To-
My TIi/l Yac KOMMOUIALIT NpOrpaMy, 1O MICTHTh HACTYNHMIA (parMeHT,
Oy/te BUaHa NOMMIIKA.

int a[10], b[15];

for (int i = 0; i<10; i++)

al[i]=0;
for (i = 0; i<15; i++) // Komninarop Bupacte nomuiky Undefined
/l symbol '
b[i]=0; // (HeBu3znaueHumit CMMBOIL.)

VCyHYTH L0 TIOMUIIKY MOXHA TAKUM YHHOM:

for (int i = 0; i<15; i++)
bli] = 0;

Koxken i3 TphoX BUpasiB MoXKe CKJIAJaTHCs 3 KibKOX BHpasis,
o0’ enHanux omnepatopoM koma (,). lle gossonse BuKopucraty ne-
KiJIbKa 3MiHHHUX, [0 KEPYIOTb LIUKJIOM.

for (step = 1, proc = 1; proc + step < = 50; step+ = 2, proc+ = 2)

3MiHHY LMKy B Ooneparopi for MOXHa MOPIBHIOBATH HE 3 KOHC-
TaHTOIO, a 3 iHHIOK 3MiHHOW. Hanpuknan,

int i, num, sum = 0, oz;

¢in >> num,

for (i = 0; i< = num; i++)

{ cout << endl <<"BpeniTb OLiHKY"
cin >> oz;
sum + = 0z; }

Bynp-akuii 3 TppOX BMpa3iB MOXe MICTUTH Oy/b-sIKHil KOPEKTHHH
BMpa3, AKU MOXe He BUKOHYBATH JIil, XapaKTEPHi /15 KOXKHOrO BH-
pasy. Hanpukniaa, Ha Micui iHillianizanii 3MiHHOT LMKILy MOXE CTOSTH
BuKIMK Gi6nioTeunoi GyHkuii a6o yHkuii kopuctyBaya.

for (printf ("\nBeeaitb uucno"); i == 33; printf ("\nUucno");

scanf ("%d", & num);

3aronoBOK LMKIY MiCTHTb BMKIMK QYHKUiH printf, ki BMBOAATH
NiZKa3Ky A8 KOpPUCTyBaua, MpudoMy nopijomieHHs "Beeaith umc-
10" 6yzne BuBeaeHo oauH pa3. Liukul 3aBepunThes, AKio Oyne BBeae-
HO uucno 33.
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3MiHHI, IO BXOASTH y BMDa3W 3arojioBKa LMKy, MOXKHA 3MiHHTH
miJ Yac BUKOHAHHA omepauiit y Tini umkimy. Hanpuknan,

for (step = 1, proc = 1; proc< = 50; step* = 2)

proc = proc + step + 2;

Bupasu B 3aroJIoBKy for € HeOGOB’sI3KOBUMH, TOMY MOXHa OmMyc-
TUTH Oy b-IKHH 3 TPHOX BI/Ipa3IB abo Bce Bmpa?,y, ane npy LbOMY TIO-
TPiGHO 3aJMIIHTH CHMBOJ “Kpanka 3 KoMoio”. SIKio Hemae Bupasis 1
Ta 3, TO kepyroua 3MiHHa TIPOCTO HE BHKOPHCTOBYETBCS. SIKio mpo-
NyWEHNi BUpa3 2, TO BBAXKAEThCA, [0 BiH ICTUHHUIA i LMK He 3a-
BEPIUYETHCS. Takum YHHOM,

for (; ;) {...} abo for ; 1;) {...}
€ HECKIHYEHHHUMH LIMKJIaMH, 3 SIKHX BUXOAATH iHIHUMH crniocobamu.

Bupas 1 y 3aronoBky Moxxe OyTH BUHECEHHUI 3a MeXi oriepaTopa i
3aMiICTb HBOTO MOXKHA 3amUcaTH Oyab-aKHii onepatop abo ¢yHkLUito.
Skmo Bupas C++ BiACcyTHiH, To 3MiHa Kepyloqoi 3MiHHOI MOBUHHA °
3IifCHIOBATHCS B TUII LMKJTY, 00 3MiHa 3MiHHOT He MOTpiOHa. Y me-
XKaX KOXHOIT YaCTHMHM 3aroJIOBKy BHKOHAHHS OMepaTopiB MPHUCBOIO-
BaHHs Ta onepalliii BiIHOILEHHS 3MiCHIOITHCSA 3J1IBa HANPABO.

Hpuknan Bukopuctanus onepatopa for. Cknactu nporpamy obumc-
JNIEHHS CYMH Ta KiJIbKOCTi A0JAATHUX Ta Biji’€MHHX €IEMEHTIB MaTPHUL.

#include <iostream.h>

#define m 10

#define n 10

void main()

{ int a[n}[m];

int sump =0, sumo =0, kolp =0, kolo =0, i, j, nl, m1;
cout << end] << "BBeme po3MipHicTh MaTpuULL";
cin >>ml >>nl;
// BBeneHHs Mannui
for (i=0;i<nl;i++)
for j=0; J<m1 j++)
{ Cout << endl << ”BBCIIITIJ a[u << l << ll][ll <<J << n] ",
cin >> a[i][jl;

// BUBeAeHHS MATPHL, {0 BBEJEHA
for (=0;i<nl;i++)
{ cout << endl;

for (j =0;j <ml; j++)

cout << a[i][j] <<

!/ nmpaxyﬂox JIOAATHHX i Bil’EMHHX €JIEMEHTIB
for (1 = 1 <nl;i++)

for(j=0;j <m1 j++)
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{ if (alil(j]1 > 0)
{ kolp++;
sump = sump + alil(j];

else

{ kolo++;

sumo = sumo + a[i][j];
}

cout << end] << "CymMa A0AaTHHX elleMeHTiB = " << sump;
cout << endl << "KunskicTs noaatuux eneMeHtis =" << kolp;
cout << endl << "Cyma Bifi’eMHHX eneMeHTiB =" << sumo;
cout << endl << "Kinekictsk Bi’eMHMX enemeHTiB = " << kolo;

}

10.2. ITEPALIVIHI HUKJIIYHI TIPOLECHA

B iTepalifiHHX HMKNIYHHX NPOLECaX HEMOXIMBO 3a3)a-
nerigp nepen6aqmn KinbKicTk noBTOpeHs. [lepeBipka Ha BHXiA 3 UM-
K1y 3}11HCHl0€TBCH LINISIXOM npoc*ron abo CKJIaHOT YMOBH. JIOBom ya-
CTO B 1Tepau1ymux UMKNaxX BiICYTHiH nmapametp uukiy, ui oco6nu-
BOCTI NIOBHHHI 3HaWTH BigoOpa)keHHs B 3aroIOBKY BiAANIOBIAHOIO orle-
paropa. ¥ MoBi C++ icHYIOTh [IBa OnepaTopH, 3arOIOBKHM SKMX Nijl-
XOJATH Od UMX uinei. @opMart nepiuoro 3 HUX € TaKUM:

while <Bupa3z> // 3aronaoBoK

<orepaTtop>; // Tino uMKIy
e BUpa3 — Li¢ 3BHYaliHO BUpa3 TUMY IOPiBHAHHS, NOPOXHiH, npoc-
il a0 cKJIagHMM, ane Moxke OyTu Bupa3oMm Oyab-skoro Tumy. One-
paTop — Lie NOpOXKHiil, npocTHit abo cknaanuit oneparop.

CxeMa gii omeparopa Taka: CO4aTKy OOUYHMCIIOETHCS 3HAYEHHS
BUpa3y, AKIO obYMCIIeHe 3HAYSHHS He JOPiBHIOE HyJeBi, TO6TO BH-
pa3 iCTHHHHH, TO BUKOHYETBCS TifI0 LMKy, NOTIM BHpa3 nepesipse-
ThCSl 3HOBY. Hﬂ MOC/IOBHICTE Ailf BUKOHYETbCA 10 THX Iip, MOKH
3Ha4YeHHS BHpa3y He JOpiBHIOBATHME HyneBi, TO6TO BMpa3 npuiime
XuOHe 3HaueHHs. Y LbOMY pasi TiIO MKy HE BUKOHYEThCS, a Kepy-
BaHHA NEpeNacThCs ONepaTopy, HACTYMHOMY 33 OMEpaTopoM LMKIY.
OcobnuBocTi BUKOpUCTaHHs oneparopa while:

1. Tlepen BXOmXEHHSM B OrepaTop MarTh OyTH BU3HAueHi BCi
CKJIAJOBI 1yist OOYMCIIEHHS,

2. V rini uuxity Heo6XigHO nepeabadydTH 3MiHY napaMeTpiB JJist
BH3HAYEHHS KOXXHOIO NOTOKOBOTO 3HAYEHHS BHpa3y;
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3. Axuio iTepamiitHuii Nponec Mae napaMeTp, TO Tepeajpecallia
napaMeTpa IIOBMHHA Bif0YBaTHCS B TiJli LMKJIY;

4. TToyaTKOBE BXO/DKEHHA Yy LIUKJI MOXIIMBE TiJIbKH B TOMy pa3i,
KOJIM ITOYATKOBE 3HAYCHHA BUPa3y He JOPiBHIOBATHME HYNEBi.

Ha puc. 10.2 nopaso onuc oneparopa while y BArnaai cxemu an-
FOPUTMY.
;l Bxin

Ictnuno
Buxin

Tino uukny

Puc. 10.2. Cxema oneparopa while

Oneparop while € onepatopoM HMKIY 3 NEpeLyMOBOI, OCKINbKH
ICTUHHICTL YMOBH TIEpEBIPSETLCS IEPEs BXOAOM y LMK, TOOTO Tijo
LMKy MOXKE HE BUKOHATHCS XKOIHOTO pasy.

while (1); Jlanunit onepatop 3abe3neuye HECKiHUSHHHUI 1IMKA 3 No-
POXKHIM ONEPATOPOM SIK TiJIO LUKITY.

IIpuxnao. Cknactu nporpamy OOYMCIEHHA HAONIDKEHMMH METO-

Y12 3 Tou-
k=1 k
HICTIO €, O BBOAMTHCS 3 KjaBiaTypu. Baxartu, o HeobxinHa Tou-
HICTh JOCATHYTA, SKIIO 4epProBUi JOJAHOK BUSBMBCS 3a MOAYJIEM
MEHIUMM, HDX €. 3HaueHHs ¢yHkuUil obuucnutn ans x Bia 0 g0 1 3
Kkpokom 0,1.

#include <iostream.h>

#include <iomanip.h>

#include <math.h>

void main()

namu 31adenns In(1 + x) 3a popmysoio Inl+x)=

int k; float x, e, r = 0, sum;
cout << endl << "BaeJiTh TOYHICTL 00UMCIEHHA";

cin >> ¢;
for(x =0; x<=1.0; x+ =0.1)
{k=1;sum=0;
r=pow(- 1, k + 1) (pow(x, k)/k;)
sum+ =r;
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while (fabs(r) > e);
{

k++;
r=pow(- 1, k + 1) (pow(x, k)/k;)
sum+ =r1;

cout << endl <<"In("<< setprecision(l) << x+1 << ") ="
<< setprecision(5) << sum;
}
}

®opmar iHIIOro omepaTopa LMKy [ OopraHisauji iTeparifiHux
MIPOLIECiB € TAKUM:

do

<orepaTop>;

while(<Bupasz>);

Jie oneparop TiNla LMKy Moxe 6yTH npocTum abo cKJIaieHHM onepa-
TOpOM, BUpa3 — ne Oyap-skuil nonmycTumMuil y MOBi BMpa3s.

Cxema Aii oneparopa Taka: croyatrky, xoda 6 ollMH pa3, BUKOHY-~
€THCS TIO LMKIY; B LUBOMY MOJIAra€e HOro OCHOBHA BiMiHHICTb Bij
onepaTopa while. Ilicng ioro 3aBepiueHHs 06UYHCIIOETECS BUpa3 mi-
cns kno4oBoro cnosa while. Skio Bupas iCTUHHUHA, TO BUKOHYETD-
s TiNNO LUKy, SIKINO Hi, TO 3AIHCHIOETHCSA BUXiZ 3 LMKAY, TOOTO Ke-
pYyBaHHS NEPEJAETHCSA HACTYITHOMY 32 HUM ONEPaTOPOBI.

Ocob6a1BOCTi BHKOPUCTAHHS ONEPATOPA € TAKUMMU:

V Tinmi nmkay HeoOXxigHo nepeadaunTv 3MiHY NapaMeTpiB s
obuucneHHs BUpa3y.

Skwo 1Tepaummm nmpouec Mae napamerp, To Horo nepeajapeca-
Lit0 CJIij 3AIHCHIOBATY B TiNi LMKIY.

Ha puc. 10.3. nogano onuc oneparopa do while y Burnaai cxemmn
aNroOpUTMy.

Y

Bxia

Tino uukny

IcTHHHO

Puc. 10.3. Cxema oneparopa do while

150

Oneparop do while € onepaTopoM LMKIY 3 MOCTYMOBOIO, TOMY

TiJIO UMKy BUKOHYETBCSA NpUHaNMHI oauH pa3. HecKiHueHHHMI UK
3 NOPOXHIM ONEPATOPOM K TiNO MOXKHA 3aNUCATH TAKAM YHHOM:

do; while(1);
Ipuxnad. Cxnactu nporpaMy 3HaxomxeHHs In(1+x), Bukopucro-

Bytouu onepatop do. .. while

#include <iostream.h>
#include <iomanip.h>
#include <math.h>
void main ()

int k; float x, e, r = 0, sum;
cout << endl << "Bseznits TOUHICTb OOUNCAEHH";
cin >>¢;
for (x =0; x<=1.0; x+ =0.1)
{ k=1; sum=0;
do

{
r = pow(— 1, k+1)(pow(x, k)k;)
sum+ =r;
k++;

}
while (fabs(r) > e);
cout << endl << "In("<< setprecision(l) << x << ") ="
<< setprecision(5) << sum;
}

}

10.3. CKJIAAHI HUKJIIYHI [TIPOUECH

Crraonum Ha3MBacTbes LMKIIYHUIA npouec, KM Mic-
TUTh OJMH 200 KijbKa UMKIIYHUX NPOLECIB aHANOrIYHOro YW iHIOro
purasay. Y mporpami ckIaJHWR UMKIIYHWE nipoliec peanisyeTbcs
LLJIAXOM BKJaJaHHs OJAHOrO oneparopa LUKy B Tijo iHWIOro onepa-
Topa uuKiy. I1py 1boMy HisKHX OOMeXeHb Ha BUTs/| onepaTopa Liu-
Ky HE HaKJIaJaeTbCsl, TOOTO 30BHILIHIA LUK MoXke OyTH 3anucaHuii
3a J0IIOMOTOI0 OmepaTopa for, a BHYTpIlLHIH Moxke onucyBaTHcs 3
JonoMoroo for, while abo do-while i HaBnakwu.
Y nonepeaHboMy NpUKIaZi LHKN for € 30BHILUHIM LUKIOM, a LUK
do-while BHy’I‘pllquM BxnageHuM HA3ZUBAETLCA LMK, IO 3HAXOMUTECS
BcepeauHi iHworo uukny. Llukn do-while € BknaneHuM y uuka for.
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10.4. BUKOPUCTAHHSA OIIEPATOPIB
BREAK I CONTINUE B OITIEPATOPAX HHUKJIY

Oneparop break MoXe BUKOPHCTOBYBATHCS B TiJli LMKILY
omniepatopis for, while, do while jy1a HeraiflHOro BUXOZLy 3 oIlepaTopa
uukiy. Hpy 1poMy KepyBaHHs NEpPeNacTbCsA HACTYNHOMY 3a Omepa-
TOPOM LMKJIy ONEpaTopy, AKIIO UMK/ HEe € BKIAJEHUM B iHIUMH LUK
Sxuo break BUKOPUCTOBYEThCS y CKIaIHUX LUKIIYHUX MpoLecax, TO
HOro J1ist MOIMPIOETHCS JIMILE HA CaMy BHYTPIIUIHIO CTPYKTYPY, B AKiH
BiH Oe3nocepenHpo nepedypae. Hanpuxnan,

#include < iostream.h>
void main ()

for (inti=1;1< 10; i++)
{if i=="7)// uxia 3 uuxiy npui=7
break; ‘

~r

cout << endl << "[Ipu i1 piBHOMY " <<i << "UMKR nepepBaHUil";

}

Onepatop continue BHKOPUCTOBYETBCS B ONEPATOPAX TAKOXK K
oriepatop break B onepatopis for, do while, while, ane Horo nis nons-
rac He y BUXOJi 3 LIMKJIy, @ B NPOMYCKaHHI YaCTHH OHepallii, Lo 3a-
NHIUAIKCE, | Mepexoai OO0 Mo4aTky HactynHoi. KepyBaHus nepenae-
ThCA TNEpPeBipOYHOMY BUpasy LukJiB while, do while abo Bupasy
KepyBaHHS LIMKIIOM B for. Hanpuknag,

#include < iostream.h>
#define min 10
#define max 15
void main ()
{ int i=0;
while (1 < 20)
{i+=1;
if (i > min && i < max)
continue;
cout << " i=" << i;
}
}

'V pesynbTaTi BUKOHAHHS TPOrpaMM Ha expad OyayTb BuBenehi
Taki 3HaueHHda i: 1,2, 3,4,5,6,7, 8,9, 10, 15, 16, 17, 18, 19, 20.
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Po3din 11

KNACY NAM'ATI
TA IX BUKOPUCTAHHS
B MOAYNbLHOMY MPOrPAMYBAHHI

11.1. KJIACH IIAM’ATI TA BUJM I IMEH 3MIHHHX.
OBJIACTh BUTNUMOCTI TA YAC )KUTTHA

KoxHa 3miHHa | QyHKUif, onHcaHa B MporpaMi MOBOIO
C++, Hanexuts 10 sKoroch kiacy mam’ari. Knac mam’ati sMiHHol BU-
3Haua€ yac ii iCHyBaHHs (4ac XXUTTA 00’€kTa), 06nMacTh BUAMMOCTI i
Micle, Je 06’€KT po3TaloBYEThCS (BHYTPILIHI pericTpH rpoiiecopa,
CErMEHT NaHUX, CErMEHT cTeka). Obnacms euoumocmi — 1e 06nacThb
MOYaTKOBOroO KOAy IpOrpaMH, 3 SKOro MOXIJIMBUHA KOPEKTHHI JOCTYI
Ja0 nmaM’ari abo ¢yHkuii 3 BHKOpHCTaHHAM igeHTH(ikaTopa. Yac
Jicumms BU3Hayae yac iCHyBaHHs 3MiHHOI B poLeci BAKOHAHHS Npo-
rpaMu. 3 MOrnsay 4Yacy XHUTTA 00’€kTa pO3pI3HIOITb TPU THIHM
00’€eKTIB: CTATHYHI, JIOKaNbHi TA AMHAMIYHI.

O6’exTi 3i cmamuynolo mpuganicmio Jcummsi OTPUMYIOTh PO3-
NOALN NaM’4Ti Ha NOYATKY BUKOHAHHA IPOrpaMu — Takud po3nouin
nam’aTi 36epiraeTbcs 10 BHXOAY 3 NPOrpam, po3Millly€ThCsl B cer-
MEHTI JaHHX.

O6’ekTH 3 IOKANBLHOIO MPUBANICMIO HCUMMA CTBOPIOIOTLCSA MPH
BX0Jli B (PYHKL{IO, a NpH BUXOAi 3 PYHKUIT 3HULLYIOTHCS, PO3MILLYFO-
ThCSl B CTEKY YH pericrpax.

O6’exTn 3 OQunamiunolo mpuganicmio dcumms CTBOPIOIOTHCS i
3HUILYIOTLCS CneuialbHUMH QYHKUISIMH KEpyBaHHA Mam’STTIO, po3-
MILLYIOTBCS B KYTi.

IcHytoTb 4OTHPH 061acTi BUAMMOCTI 3MiHHKX: 610K, QyHKUis, MPO-
TOTHI (byHKuu i daiin. 3Minni, oronoweHi BeepeauHi ONOKY, MatOTh
obnactio 1111 610K. BlOK no4nHaeThECd OTOJOIEHHAM 3MiHHUX | 3aKiH-
4y€eThCsl KiHLUEBOIO NpaBoto (irypHoto Nyxkow Onoky. SAkwo Gaoku
BKJIa/IEHI i 3MiHHA Y 30BHILUHbOMY O/0LI Ma€ Take caMe iM’4, K 3MiH-
Ha y BHYTpILIHBOMY O5011i, 3MiHHa 30BHIUHBOTO GJIOKY HEBHIMMA [0
MOMEHTY 3aBepIlEHHst pobOTH BHYTPIlUHBOro 650Ky. 3MiHHI, oroJo-
eH1 Ha novartky ¢yHkuii, 061acTO BUIMMOCTI MatoTh 610K, SKHii No-
BHICTIO MICTUTb TiNlo QyHKUiT. 3MiHHI, OroJIOLIEH] BeepeMHi NpOTOTH-
ny ¢yHkuii, MaloTh cneujanbHy 061acTh BUAMMOCTI, KA NPOCTATaEThb-
Cs1 Bii TOUKM OTOJIOLLEHHA A0 KiHLs NpoToTHny (yHKUiil. 3MiHHI, oro-
noeHi nosa 6yab-sakoto QyHKLIEIO, MaroTh obnacTio i daiin.
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MosxnuBicTs poGOTH 3 pisHUMM KlacaMd ITaM’ATi B Ipolieci mpo-
rpaMyBaHHS Ja€ NporpaMicTy MeXaHi3m CTBOPEHHSA IHYHKHX 3 [IOTIA-
Ay BUKOPHCTaHHS O3II nporpam. Knac nam’sri, 1mo TIPU3HAYAETECA
3MiHHi}{, BU3HAYae He JIMIIE TPUBAIICTh 36epe)KeHHﬂ il 3HaueHs, a #
Takox cmoci6 indopmauiiiHoro 3s’s3Ky 3 HWUME GYHKLSMH, SKi
TEX MPaLjoloTh 3 1i€ro 3MiHHO0. Y MoBi C++ pO3pi3HATE YOTHPHU
KJ1acH f1aM’siTi, ki 03HaYaroThCs TAKMMHU KIFOYOBUMH CJIOBAMHU:

*auto (aBTomaTuqHa nam’siThb);

s extern (30BHILUHA MaM’ATh);

« static (cTaTuuHa naM’;ITb)

s register (pericTpoBa nam SITB).

BusHaueHHs Kiacy nam’sTi 4ns 3MiHHOT BiaGyBaeTses Ha eTani ii
OrOJIOILIEHHS B NpOrpaMi. 3a 3aMOBuyBaHHAM, TOOTO fAKILIO HE 3ajac-
TBCA MPOrpaMicToM, 3MiHHIHM npusHayaeTbes knac auto. Knac nam’sri
115 3MiHHOT 3a7aeTbes abo 3a po3TallyBaHHAM il onucy, abo 3a no-
nomoroto crietdikaTopis knacy, nepeniyeHux suiie. Cneuudikaro-
pY nepenyroTh OroJIOMEHHIO 3MIHHOI.

11.2. ABTOMATHYHI 3MIHHI

ABTOMAaTHYHI 3MiHHi, a00 X auto, ONHCYIOTLCA BCEpEAHH]
BiANOBiAHOT GYHKLIT i AinsiHKa 1X AT 1EXKUTH Y MEXax AaHoi GyHKLT,
TOOTO 3MiHHA MOYMHAE iCHYBaHHA B MOMEHT aKTHBi3alii QyHKUIT i
3HMKAE B MOMEHT 3aBepuieHHs ¢yHkuji. Ille aBToMaTHYHi 3MiHHI Ha-
3MBAIOTh JIOKaAbHUMH. Cripo6Ga poGOTH 3 JIOKaJILHOKO 3MIHHOIO B iH-
KX QYHKUIAX NPU3BOAMTH 10 MOoMMIOK. OCKiNbKY 3a 3aMOBYYBaH-
HAM 3MiHHMM NpU3HAYae€ThCA KJAc aufo, TO KIIOYOBE CIOBO auto
MO>KHa HE BUKOPHCTOBYBAaTH.

JlBa HaBeJEeHi HUKYE 3aMMCH MOXKHA BBAXKATH €KBiBAJIEHTHUMMU.

float a, b;

auto float a, b;

O6nacTh BUAMMOCTI 3MiHHOI aBTOMaTHMYHOrO Kjacy nam’sari no-
YUHAETBECA 3 1l BH3HAUEHHS i 3aBeplIyeETbCs NMpPU BHABNEHHI KiHLA
610Ky, B IKOMY Ll 3MiHHa BW3HaueHa. JlocTyn OO0 TaKHMX 3MiHHHX i3
30BHIIIHBOTO 00Ky HeMOMUIMBMHA. OCKinbKYU JIOKaNnbHi 3MiHHI 3HU-
LLYIOTECS TIpM BUXOZi 3 QYHKLUIT, B AKili BOHW OroOLeHi, TO Ui 3MiHHI
He MOXKyTh 36epiraTi 3HaueHHs MiX BUKIHMKaMU QyHKuii. SKwo He
BH3HaveHe Miclle Juis 30epiraHHs NoKanbHUX 3MiHHHX, TO BOHU 30epi-
rarotbcs B creky. [1aM’aTh Ay aBTOMaTH4YHMX 3MiHHHUX BiBOJUTHCS
AMHAMIiYHO MiJ Yac BUKOHAHHSA MpOrpamu npH BXofi B 610K, y AKOMY
onucaHa BianoeigHa 3MiHHa. [Ipu Buxoni 3 610Ky naM’sTh, BiABEAEHA
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OiJ yci oro aBTOMaTU4Hi 3MiHHI, aBTOMAaTHYHO 3BiIEHAETHCS. 3BiACH
il moXoauTh TepMiH asmomamuyni 3minni. JJocTyn 10 aBTOMATHYHHX
3MiHHHX MOXIHUBHH aume 3 610Ky, e 3MiHHI onMcaHi, OCKIIBKM 10
MOMEHTY BXOAy B 610K 3MiHHa B3araii He icHye i mam’aThb mix Hel He
BUALJICHA.

11.3. I'”TIOBAJIBHI 3MIHHI

30BHiLLHI 3MiHHI, 200 X extern, ONUCYIOTHCA 1032 PyHKLL-
€10, ajie MOXKYTh OYTH ONuUCaHi i BCEPE/IuHi PyHKuii — 0OOB’S3KOBO 3i
cneumbucaTopOM extern. JlinsHKoIO Aii 3MiHHUX € Bei GyHKuii nporpam-
HOTO KOMIUIEKCY, TOMY Ui 3MiHHI iHaKLIe HA3UBAIOTb 2106ANLHUMY.
k1o 3MiHHA BU3HaYeHa iepel OCHOBHOIO (YHKIIEIO MPOrpaMHoO-
ro KOMIUIEKCY, TO B IHIIMX (PYHKI[AX, IO BXOAATH Y NPOrpamMHHii
¢aiin, 17 MOXKHA HE OMKCYBATH SK 30BHIIIHIO, BOHA i TaK HisTHME B
Hux. JIo HUX MOXHa OTpuMaTH Aoctyn y Oyab-sikoMy BUpasi, He3a-
NIEXKHO BiJl TOTO, B sIKii (yHKIIT 3HAXOAUTHCS JaHUii BUPa3.

Onuc 3MiHHOT 5K extern ycepeayHi GyHKUiT MOTPiOHMI ¥y TUX BU-
najgKax, Koju Lo 3MiHHY HEOOXiZJTHO BUKOPHCTATH, 2 BOHA BU3HAYEHa
a6o B QyHKLIl, KA aKTHBI3yeThCs MisHimIe, abo B iHIIOMY MPOrpam-
Homy daiini. Hanpuknan,

funk ()

{ extern double pi;

}
double pi = 3.14159;
void main ()

(.
}

@yukuii main () i funk Q) p03TalHOBaHl B OJHOMY NO4aTKOBOMY
taiini, ane BU3HAYEHHS 30BHILHBO] 3MIHHOI pi 3HAXOAWTBCA micns
¢yHkuii funk (), y uboMy pasi noTpiGHe OroJioiieHHs 30BHILIHBOT
3MmiHHOI pi B QyHKUiT funk 3i cneundikatopom extern. OrojiolueHHs
30BHILUHIX 3MIHHHX iH)OPMYE KOMMIJIATOP, IO Taka 3MiHHA BXe ic-
HYy€ | naM’aTh /s Hel BXe BUJieHa.

Hna Toro, wod q)yHKui'l' MOTJIM MpaLOBaTH 3 30BHILUHLOK 3MiH-
HOIO, BU3HAYEHOIO B iHIIOMY (baum BOHM MTOBUHHI TaKOX MICTHTH Ti
oronoweHHs. Hanpuknan,

/I daiin fl.cpp

double pi = 3.14159;
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void main ()

}

// daiin £2.cpp
funk ()

{ extern double pi;

3

Sxmo BcepenuHi 610Ky onycaHa aBTOMaTHYHA 3MiHHA, iM’g SKOi

36iraeTbcs 3 iM’aM rmobanbHOI 3MiHHOT, TO BCepeAnHi 60Ky rio-
fanpHa 3MiHHA MacKyeThCs Mif JokaieHy. Lle o3Hauae, 1o BeepequHi
JAaHOro JjokanbHoro 6joky Oyne BUAHA aBTOMATH4YHA 3MiHHA. [{ns
po3B’s3aHHA L€l mpobneMn B C++ MOXHAa BUKOPMCTATH OTepauliro
A03Bosly 00/1acTi BUAMMOCTI : . YHapHa onepauis @ : J03BOJSE OTPH-

MaTH JOCTYIM O 30BHILIHBOI iIMEHOBAHO! 00NacTi NaM’sTi 41 NeBHOT

¢yHxuii. Hampuknap,

#include <iostream.h>

int x; /[ TnobankHa 3MiHHA

void main( )

{ int x=1234; // JlokanbHa 3MiHHA
1:x=23; // I1pucBoiTH 3Ha4EHHS rNodanbHili 3MiHHIH
cout << "\nJlokanpHa 3MiHHa X=" << X;
cout << "\nl'nobanbHa 3MiHHa X=" <<: :X;

}

Bupas : :x Bka3sye, 110 BUKOPUCTOBYETHCS 3MIHHA X 30BHILIHBOL

obnacri aii, a He JIOKallbHA.

JInist 30BHIMIHIX 3MiHHHUX NaM’SITh BiIBOAMTHCA OAMH pa3 i 3anMlua-
€TbCS 3aHATOIO 10 3aKiHYEHHs BUKOHAHHS riporpamu. SIKIO Kopuc-
TyBa4 He BKaX€ [0YATKOBOTO 3HAYEHHS rnodajibHUX 3MiHHHUX, TO iM
Oyne npucBoeHe 3HaueHHA Hyhb. [nobanbHi 3MiHHI 30epiraloTecs y
¢ikcoBaHii 061acTi naM’ATi, 11O BCTAHOBJIOETHCSH KOMIJIITOPOM.

11.4. CTATUYHI 3MIHHI1

CraTuuni 3MiHHI, a0 X static, MalOTh TaKy X AUIAHKY
A1, IK i aBTOMATHYHI 3MiHHi, ane BOHU HE 3HHKAIOTb, KONK (PYHKLIS,
1o iX MICTHTh, 3aKiH4MTh cBol pobory. Kommninarop 36epirac ix
3Ha4YEeHHs BiJ OAHOro BHKJIUKY GyHKUil a0 iHworo. JlokansHa ctaru-
4YHa 3MiHHAa NpU 3aBepuleHHi QYHKUIl, B AKiii BOHa OrojolieHa, He
BTpayae CBOro 3HaueHHs. CTaTH4YHA 3MiHHA 3aJIMIUAETHCA IOKANBHOIO
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s uiel ¢yukuii. [pu yepropomy BHKIHKY (yHKUIT BoHa 306epirae
CBOE KOJHUILIHE 3HaueHHs. Hanpuknan,
#include<iostream.h>
void main ()
{intt=0,1;
int t (void);
for(i=0;i<3;i++)
{ t=st();

cout << t;}

int st()

{static int s = 0;
§ = s++;
return(s);

BHacnigok po6otu nporpamu 6yayTh BUBEACHI Taki 3HaueHHd: 1,
2, 3. s inimianizyerscs 0 npu nepmomy BUKIHMKY ¢yHKUiT, npy yepro-
BOMY BHKAMKY (YHKUIT S He iHiLiani3yeThcs, BOHa 30epirae nonepe-
IHE 3HAYEHHS.

CraTuuHi 3MiHHI MOXYTh OYTH onHcaHi no3a Oyab-sAKo QYHKIL-
€10, TOZl BOHH IHTEPNPETYIOTHCS K 30BHILIHI 3MiHHI. Pi3HHUA Mix
30BHIIIHLOKO 3MiHHOIO T4 CTATHYHOIO 30BHILIHBOIO 3MiHHOK MOJIArae
B TOMY, L110 OCTAaHHA 3 HUX MOX€e OyTH BUKOPHCTaHA TiIbKH (yHKLis-
MH TOro nporpaMHoro ¢aiina, B roJoBHii ¢pyHKUIT AKOTO BOHA BU3HA-
yeHa, ToOTO AOCTynHa y BnacHoMy ¢aiini i Ginbie Hine.

B C++ craruvHa 3MidRa, AKa He iHilianizoBaHa, BCTAHOBIIOETHCS
B HYJIb.

Yac »UTTSA CTAaTUYHHUX 3MIHHHMX MI00anbHUii: MOYNMHAETHCS Mic/s
BU3HAY€HHs 3MIHHOI i TpHBae IO KiHUg nporpaMu. O6nacte BUAUMO-
CTi CTATHUHMX 3MIHHUX 3aJIEXATHME BiJl TOTO, € BOHU 30BHILWIHIMH YK
BHYTPILIHIMH.

11.5. PEI'1ICTPOBI 3MIHHI

Pezicmpogi 3minni, abo X register, 3anam’ATOBYIOTbCS He

B O3TI, sk yci iHWi 3MiHHI, a B pericTpax LEHTpaJdbHOro npouecopa,

A€ NOCTYN 20 HUX i poboTa 3 HIMH BUKOHYIOTbCS HabaraTo wauawe,

HiX y nam’aTti. B iHwWomy pericTpoBi 3MiHHI aHanoriyni aBToMaTHy-
HUM 3MiHHHM.

Ipu BuaineHHi pericTpoBoi Nam’ATi 3aMUT nporpamicra moxe Gy-

TH HE 3aJ0BOJICHUH, OCKIJIbKH PEricTpH B MOTOYHHI MOMEHT uacy
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MOXYTb OyTH HEJOCTYNHi. ¥ I[bOMy pa3i perictpoBa 3MiHHa CTa€
NPOCTOK ABTOMAaTHYHOIO 3MIHHOIO.

3MiHHi pericTpoBoro Kijiacy nam’sti MaloTh Taki caMi 00acTh BH-
IUMOCTI Ta Yac KHUTTA, K i aBToMaThadi 3MiHHI. He Moxna 3actoco-
BYBATH register 10 IN10GaNBHUX 3MiHHKX.

Y npouecn HalHCaHHs IPOTPaMHUX KOMIUIEKCIB HEobXiHoO crioy-
YaTH pi3Hi BUAU 3M1HHHX 3a BUKOpHCTaHHsM nam’siti. HaitekonomHire
BUTPAYaEThCs MaM’ ATk NpU PoOOTi 3 aBBTOMATHYHUMU 3MiHHUMU. Tomy
Tpeba nMparHyTH TaM, e MOXKHa, BHKOPUCTOBYBATH Liei KJiac nam’sti, a
iHIIi 3aCTOCOBYBATH B THX BHITQJIKaX, KOJIM 11¢ HeoOXi/IHO, a came:

30BHIIIHI 3MiHHI CJlii BAKOPUCTOBYBATH, KOJH NMOTPIOHO opraHi-
3yBaTH MepeAady BeNHMKUX o0CATIB JaHUX MK KiJIbkOMa QyHKL{iSIMY;

CTaTM4Hi 3MiHHIi B TOMY pa3i, KOJH HEOOXigHO HEOJHOPa30BO
3BepTaTHcA A0 QYHKIIT i B npoleci KOXKHOIO 3BEPTAHHS BUKOPUCTO-
BYBAaTH pe3yJ/IbTAaTH MONEPEJHBOrO 3BEPTaHHS;

PeriCTpoBi 3MiHHi BUKOPHCTOBYBAaTH 3 METOIO (IPHCKOPEHHA PO3-
PaxyHKiB.

VY T1abn. 11.1 HaBeneHi oOnacTe BMAWMOCTI Ta Yac XUTTA AJd
3MIHHHX Pi3HUX KJlaciB ram’sTi.

Tabauya 11.1
OBJIACTh BUAUMOCTI TA YAC KUTTH 3MIHHUX
Knac mam’sri Cneundikarop Yac Kutrs O6nacth BUAMMOCTI

ABTOMAaTHYHa auto Tumyacose JlokansHa
PerictpoBa register Tumyacose Jlokanpha
CrarvyHa static IMocriiine JlokanbHa

] . ['mobasnibHa
30BHiWHg extern TocTiiine (Bci daitm)
30BHIlIHA CTATHYHA static [Tocriiine T'nobankHa

(onuH ¢atin)

11.6. TMHAMIYHUNA PO3MOILJ ITAM’SATI

Y moBi C++ nporpamicT Mae MOX/JMUBICTb MPOBOAHUTH
PO3MOAiN MaM’siTi He JMIIE Ha NO4YaTKy Nporpamu, a ¥ y npoueci ii
BUKOHaHHA B HeoOxigHoMy Micui. JInst Lporo ciia ykasaTd posmip
670Ky MmaM’sTi, 10 BUAINAETLCS SK apryMeHT 6iGmioTeuHoi QpyHKLil
malloc (). [IporoTun dyHkuiT Takuii:
void *malloc(size_t size);
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Jie size — HeoOXiHHif po3Mip y OaiiTax nam’sTi, O BHALISETHCS,
THMN Size t BU3HAYEHHIi AK Oe33HaKOBe wije.

Jlana yHKuUis BUIiNAE NMaM’ AT i MOBEpTAE BKAa3iBHUK TUMy void*
Ha NMOYaTOK BMALICHOT ITaM’ATi, a AKIIO BHALUIATH- TaM’ AT HE BAACTE-
cs, To noseprac NULL. IIporotun ¢yHkuii 3HaXoauThCS B 3ar0J0B-
nux (aiinax <stdlib.h> i <alloc.h>. Hanpwmiotan,

char *p;

p = (char*) malloc (100);

Buninserscs obnacte nam’sati B 100 Gaiiris, angpeca skol npucso-
10eTbesl 3MiHHIA p. Ockineku malloc () moBeprae BKa3iBHUK THIY
void*, T0o HeoOXiHO BUKOPUCTATH NMpPH MPHUCBOEHHI NEPETBOPEHHS
OJHOI'O THIY BKa3iBHUKA HA iHILWIA.

Sximo HeoOXigHO BUIINWTH MaM’STh JI1 MacHBY, TO LE MOXHA
3pobuTH 3a nonomororo ¢pyHkuii calloc (), nporoTHn AKOi € TakuMm:

void *calloc (size_t n, size_t size);

Jle N — KiJbKiCTb HEOOXiAHUX €1EMEHTIB nam’sTi, size — po3Mip
y Gaiitax OJHOrO elleMeHTa, a Po3Mip BHIINEHOT nam’sATi AOPiBHIOE
BeNMUUHI n*size. TloBeprae BKa3iBHUK Ha nepuunii OaliT BuineHol
naMm’aTi, SKWO X MaM’ATi HEAOCTATHBO, TO NOBEPTAECTHCH HY/ILOBHM
BKa3iBHUK. Hanpuknap,

float *p;

p = (float*) calloc (100, sizeof (float));

Buninsersca nam’sate ans 100 eneMeHTIB, KOXHHA po3Mipom y 6
Gaiitis.

Aprymerntu yHkuiii malloc () i calloc () nosuuHi Gyrn ninoro
tHny. ®ynkuis calloc () ronatkoBo a0 BUAiNEHHA nam’sTi 3aifcHIOE
OGHYIEHHS! BCHOTO BUAINICHOrO GI0KY.

Hns BBlﬂbHeHHH BuaineHoro ¢ynkuismu malloc () i calloc ()
06’eMy mam’ati BUKopUcTOBYeThesl QyHkuis free (). [Ipororun ¢yu-
KUiT € TAKUM:

void free (void *ptr);

Jie ptr — BKa3iBHHK Ha GJOK Nam’siTi, 11O 3BiBHAECTHCA.

DyHKLisA noBepTac Nam’ATh, HAa SIKY BKa3ye napameTp ptr, B Kymy.
Jinsi 3BinbHEHHS Nam’aTi 3 NonepeaHbOro NpUKIaay HeoOXigHO 3anu-
caTH Takui Bupas:

free(p);

OckinbKy nam’aTh BUIINAETCA 171 MEBHOT METH i 3BiJIbHAETHCH,
KOJH Ti BUKOPHCTAHHS 3aBEPLINIIOCS, TO MOXHA BUKOPHCTATH Ty Camy
nam’aTh B iHUIMHA MOMEHT vacy /s iHIMX Uined B iHIIM 4acTHHI
nporpami.
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11.7. OIEPALIIi NEW I DELETE
. JUI JUHAMIYHOI'O PO3HOlIIJIY
IIAM’SITI

MoBsa C-++ puainse asi onepauii Aisi JUHAMIYHOTO po3-
noairy mam’ati — new i delete. Onepauii new i delete BUKOHYIOTD
JVHaMIYHUH PO3MOAIN i CKaCyBaHHS PO3MNOALTY nam’sTi, ane 3 Oibin
BHCOKHM MPiOPUTETOM, HiXK CTaHAapTHi GibnioTeuni Gpynkuii malloc i
free. @opmar ixHiH € Takum:

<3MiHHa BKa3iBHHK> = new <Tun 3MiHHOI> (<iHiuianizaTop>);

delete(<aminHa Bka3iBHUK>);

Jie 3MiHHA BKa3iBHUK — 3MiHHA THNY BKa3iBHHK; iHil{ianizaTop — ue
BUpA3 y KPYIIIHMX JyXKKax.

Onepaum new 1103BOJNSE Bpmmum 1 3pOGUTH AOCTYNHOIO AiNAHKY
B OCHOBHIH nam’ATi, po3Mipy K0T BiANOBIAIOTh TUIYy AaHHX, 1O BH-
3HAYAETHCA iM’AM THTY. Y BUAINICHY HiNSHKY 3aHOCHTBECA 3HAYEHHS,
110 BU3HAYAETHCS iHiLIaMi3aTOPOM, SKHWii HE € OOOB’I3KOBHM €JIEMEH-
ToM. Y pa3si ycmillHOro BMKOHAHHSA onepauil new roBeprae aapecy
noyaTKy BUAINEHOT AiNSIHKM maM’ATi. Skuo rinsHka notpibHux pos-
MipiB He MoxKe OyTH BHAiNEHa, TO Onepalis new NnoBepTae HyJIbOBHH
BkaziBHuk (NULL).

Bka3ziBHHK, SKOMY NPHCBOIOETHCS 3HAYCHHS aJIpecH, 1O OTPUMY-
€TBCS, MA€ BIJHOCUTHCS OO TOTO CaMoro THIY HaHWX, MO H <THn
3MiHHOT> B onepauii new. Hanpuknagz,

new float;

new int(15);

VY nepuiomy BUNaaKy ornepanis new BUALISE AiNAHKY nam’sTi
po3mipom 4 Gaiity, y apyromy — IiNsHKY nam’saTi B 2 Gaiity it iHiui-
astizye 1o AUIAHKY 3HaueHHsM 15,

int *h; // BU3HayeHHs BKa3iBHHKA

h = new int(2); // BuaineHHs naM’sari gnd int i iHinianizanis 2

delete h; - // 3BiNBHEHHS NaM’sTi

BxasisHuk h nop’sg3auuii 3 HIIAHKOIO 11aM’siTi, BUAIIEHOK 1J1s BE-
nuquHM uinoro tumy. Hagani aoctyn no BuaineHOT AUISHKH nam’sTi
3abesnevye Bupas *h.

Tlpu BuaineHHI nam’ATi A1 MacuBY 3amnuc onepauii Oyxe TakuM:

<3MiHHa BKa3iBHHUK> = new <THM 3MiHHOT> [<pO3MipHicTb>];

Bepranuii new BKa3iBHHMK, BKa3ye Ha MEpLINii elEeMEHT MacHBy.
Hanpuxknag,

int *mat_ptr = new int[3][10];
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Byne BupineHa AxijisHKa AMHAMIYHOI MaM’saTi po3Mmipom 3*10*2
Gaiiru.

Ilpu BHAiNEHHI HuHAMI4HO! Mam’saTi JUIA MacHBY HOTO pO3MipH
MaioTh OyTH MOBHICTIO BU3Ha4eHi. TiNbKH nepiumii (HaliniBiluuii)
PO3Mip MacUBY MOXe OYyTH 3alaHuii 3 JONOMOT'OKO 3MiHHOT, 1HIII PO3-
MipH 6araToMipHOro MacHBy MOXYTh OyTH BH3HaueHi JIHLIE 332 JOIO-
MOT'OX0 KOHCTaHT.

TpuBanicTe icHyBaHHS BHUAINEHOI 32 JONOMOTOO onepauii new Hi-

JISTHKM naMm’STi — BiJl TOYKH 1i CTBOpeHHA 10 KiHINg nporpaMu abo 1o

SIBHOTO i 3BIJIbHEHHS 3a JIONIOMOrOIO oniepalii delete.

delete <sMinna BKa3iBHUK>;

A€ BKa3iBHMK ajipecye MUISHKY MaM’sITi, O 3BUIBHAETHCS, paHille
BHAUICHY 3a JOMOMOroro omnepanii new. IloBropHe 3acTOCYBaHHS
delete 10 TOro caMoro Bka3iBHHKA JJa€ HEBU3HAYECHUI pe3yJIbTaT.

JInst 3BUTBHEHHS AMHAMiYHO PO3MIIIEHOTO MacHBy HEOOXiIHO BH-
KOpHCTaTH Taky Gpopmy 3anucy delete:

delete[ | <3miHHa BKa3iBHMK™>;

KBa,upaTm AYXKH TIOBIIOMIISIIOTE TIPO Te, IO He06meo 3BUIBHH-
TH mam’ siTh, BUALIEHY 111 MacuBy. Hanpuknan,

delete[ ] matr_ptr;

Ipuxnao. Buginsersca nam’sate A 10 eneMeHTiB MacUBY THIY
float. EnemenTamM MacuBy NpHCBOIOIOTECS 3HaveHHA Big 100 go 109.
BwMict MacHBY BUBOAHTBLCS Ha €KpaH.

#include <iostream.h>

void main()

{ float *p; int i;

p = new float[10];
for (i=0;1<10; i++)
*p+1) =100 +1;
for i=0;1<10;i++)
cout << *(p+i);
delete [ ] p;
}

Onepallis new Mae psiJ mepeBar nepen (byHKLuelo malloc (). Tlo-
Nepiue, new aBTOMATHYHO OGYMCIIOE PO3MIP nam’sTi, HeMae Heob-
XigHocTi BUKOpHUCTaTH onepauito sizeof. Ilo-apyre, onepauis new aB-
TOMAaTHUYHO MOBEPTAac BKa3iBHUK HeoOXiJHOro Tuny, HeMae HeoOXia-
HOCTi BUKOPHCTOBYBAaTH ONEpalLlifo nepeTBopeHHs Tumy. [lo-Tpere, €
MOXJIHBICTS iHillianizauii 06’ exTa npy BUKOPHCTAHHI oniepauil new.
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Po30in 12

OPIAHI3ALIA ©YHKLIN
Y MPOrPAMAX | PEANISALIA
3BEPHEHb 4O HUX

. 12.1. MOAYJIbHA CTPYKTYPA IPOI'PAM
I CIIOCOBHU THOOPMAILIIMHOI'O 3B’AA3KY MOAYJIIB

[porpamHe 3a6e3neueHHs aBTOMAaTH30BAHUX KOMILIEKCIB
3a/1a4 Mae, SK MpaBUJIO, MOAYJIBHY CTPYKTYpY, TOOTO CKlafaeTbes 3
NOCJTIAOBHOCTI OKPEMHX MOJYJIB, YNOPAAKOBAHUX 32 EBHOIO CHCTE-
MOI0. ¥ Pi3HUX iHCTPYMEHTAIIbHUX CHCTeMaX NPOrpaMyBaHHs MOLY b
MOCTae y BUIVISIALI MEBHOT CTPYKTYPHOT OAMHHLY: GJIOKY, nmnporpamu
byukuil. Y Mosi C++ Mmoaynem € pyHKLUis.

[TpoexTyBaHHs NporpamMHOro 3abe3neuyeHHs 3MiHCRIOEThCS 3a 3a-
3Janerigs BUOPaHOI MPOEKTYBalnbHUKOM cTparerieto. Haituactime
BHKOPHCTOBYETHCS CTpPATETiss HU3XiJHOTO CTPYKTYPHOTO NPOEKTY-
BaHHA, MiJ 9ac SKOro po3pobka MOYMHAETLCA 3 BU3HAUCHHS 3araib-
HOT QyHKIiT, ab0 kK MeTH, Kka noBuHHa OyTH peani3oBaHa KOMIIEK-
COM 3arajioM, a INOTiM peani30BYEThCsl MOKPOKOBa AeTamizamis wiel
GYHKUIT JOTH, 0K Bech KOMIUIEKC He Oyae onncaHHil JOCTaTHLOKO
MIpOIO AOKNAAHO.

Ha xoxHOMY Kpoui oOHY 4M KilibKa okpeMmux niguined ¢ynkuiit
NpeACTaBNfgloTE abo 3a JONOMOroK OKpeMHX MOAYyNiB, abo rpyn
monaynis. Ilpu upomy 3’aBnseTbes HEOOXiHICTD Y J€Tani3yBaHHI HO-
BUX pyHKUiH iT. 1.

3pewToo, 3aranbHa QYHKLis MPOrpaMHOro KOMIIEKCY BHpaXxae-
THCA 32 JOTIOMOTOI0 €KBIBAIEHTHOT CTPYKTYPH BIANOBIAHUM 4MHOM
crionyueHux miagyHkuiit. KoxHa 3 Takux niadyHkuii Bupiwye nu-
e YacTUHY 3aJadi, O[JHaK BOHa € MPOCTILLOO Bi MOYaTKOBOT (PyHK-
uii i yacTo Aonyckae noganslie po3OUTTs, 06’ €qHAHHS Ta NEPEBipKyY.
Omnucanuii mpouec He MoBUHEH OyTH uucTO QopmanbHUM. Ko
OTpUMaHa Ha SKOMYCh Kpoui ¢YHKUisl AOCTaTHBO NpPOCTa, TO if He
CJIiJ WTYYHO YCKIaAHIOBATH LIJIIXOM NOJANIBILOrO pO3OUTTS.

[Ticna Toro, Sk BU3HauyeHa GYHKLIOHaNbHA CTPYKTYpa NporpaMHo-
ro KOMILIEKCY, 3’SICOBYETBCS TEXHONOTis OOpoOKH JdaHMX, TOOTO
3aificHIoeThest BUOip makeTHol abo AianoroBoi TexHosorii. Y Tenepi-
WHil yac HaiyacTilie BUKOPUCTOBYETHCS JialoroBa TEXHONOTIA, NPH
AKif ZOCTYN KOpHCTYBaya 10 npouecy oOpoOKM AaHHX Pi3KO PO3LIM-
proeThes, TOOTO KOpUCTYBau OTPUMYE MOMUIMBICTH 3BEpPTaTHCs TO-
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CJIIIOBHO IO MOAYNIB, MO 06pobasioTh KoxkeH Kpok. InTepdeiic kxo-
pHcTyBada, ToOTO HOTO 3B’ 430K 3 NMPONECOM OOpOOKM JaHUX, Y HBEOMY
BapiaHTi JOLIBHO peai3yBaTH Ha OCHOBI CHCTEMH MEHIO Pi3HOTO pi-
BH# lepapxii.

IIporpamauii koMruiekc MoBoto C++ sBiase coOOI0 MHOXHHY
(byHKUIH, MDK IKUMH peasti3yloThCst BU3HaueHi indopMauiiiti 38’ a3Ku
1 IKi aKTUBI3YIOTECS B HaMepe] BU3HAYEHIH Ta iepapXi4HO yMOpsIKO-
BaHi#i nociigosHocTi. Ilicng BU3HaUYeHHst MOAYJIBHOI CTPYKTYPH NPO-
TPAMHOIO KOMIUIEKCY MPOrpaMicT BUPILYe€ NUTAHHS NP0 CTPYKTYPY
BXIIHUX Ta BUXIAHUX AAaHHUX, siKi MalOTh 6yTH cTporo yHiikoBaHi B
MeXax 3afad, npo CKJaj pobovuX 3MiHHMX Ta KJIaCH BUKOPUCTOBY-
BaHol nam’ati. Jng BM6oOpy Kiacy nam’sTi JUist KOXKHOI KOHKpPETHOT
3MiHHOT aHaJi3YIOTBEC MOXIIMBOCTI MepelaBatHs (i 3HAUEHHS B iHI
MOAYII, BUMOTW 10 30epexeHHs ii 3HaueHHs B MOMEHT 3aBepHICHHS
NEBHOTO MOAYJIA.

O6nacts nii 3MiHHUX BUOHPAEThCS B MEXaX BUKOPUCTOBYBAaHOTO
nporpaMiCTOM Klacy naM’sTi, BHM3Hayae BUA iHdopMaUiiiHOro
3B°513KYy MK OKPEMHMH MOAYISMH. Skuwo nporpama BHKOPHCTOBYe
ABTOMATH4YHI YU peec*rpom 3MiHHi, TO MDKMOAYJIbHHI 3B’ 130K NOBH-
HeH OyTu OpraHi3oBaHuii Yepe3 apryMeHTH i mapameTpH, siki 6esno-
CEpeiHbO BKA3YHOThCH Y npouec1 3BepTaHHsA 0 QYHKILT 1 B 3arofos-
KOBIiii 1T yacTHHI. Y LIbOMY pa3i HAeTbCA NPO BUKOPUCTAHHA QyHKLIT 3
napameTpami.

ITpy BUKOpHCTaHHI BKa3aHUX BMILE BUAIB 3MiHHMX MOXE BUHUK-
HYTH CHTYyaLisi, KOnM HeoOXiAHO akTUBi3yBaTH (yHkuito 6e3 nepena-
BaHHs apryMEHTIB, TOOTO MiXX MOIYNAMH He icHye iHdopmauiitHoro
38’53Ky. B pomy BUMajKy q)ymcum ocbopmmoeTbcs: AK (yHkuis Ge3
NapaMeTpiB i B MOMEHT il aKTHBI3aLT CIIUCOK apryMeHTI8 He OTMCye-
TbCA. SIKIIO MpOrpaMicT BUKOPUCTOBYE 30BHILIHI 3MiHHI, TO iHpOp-
MauifHui 3B’ 130K MK MOAYASMH 3AIHCHIOETHCA Ha X OCHOBI O3 ne-
pellaBaHHs apryMeHTIB Ta napameTpis. ¥ uboMy pasi rOBOPATE NPO
BUKOpHcTaHHS PyHKLIT 6e3 napameTpis.

12.2. BAU3BHAYEHHS, OIrOJIOLUEHHA
TA BUKJIUK ®YHKLIT

Dynxyia — e NOriYHO caMOCTiHHA YacTHHA MPOrpam,
KOTPOI MOXYTb MepeiaBaTHCA MapaMeTpH i sika MOXKE MOBEPTaTH
3HayeHHs. KoxHa (yHKUis NOBMHHA MaTH iM’S [ BUKIHKY (yHK-
uu IM’sa OAHOI 3 dyHKUi# — main( ) — mae 6yTH NPUCYTHIM Y KOX-
Hili nporpami, i BOHO 3ape3epBOBaHe.
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[Tpu poGoTi 3 IOKaNbHUMH 3MIHHUMH iHOOpMaLiHUN 3B’ 30K €
€IUHHAM BHAOM MIXKMOIYJIBHOTO 3B’ SI3Ky. 3 BUKOPUCTAHHAM (yHKLUH
y MoBi C++ moB’s3aHi TpY MOHATTA: BH3Ha4deHHA (YHKUii; orosno-
weHHs QyHKI{; BUKJIHK.

BusHaueHHAM yHKLIT Ha3UBAE€THCA KOJ, IKUI OMHMCYE TE, 1NO PO-
6uth QyHxuis. BusHauenHs ¢pyHkuii noTpiOHO IPOBOAMTH 32 TAKOIO
CXEMOIO:

<THIT BEPTAHOTO 3HAYCHHA> <iM’s PyHKIIT> (<CrHcoK MmapaMeTpis>)

{<tur> <BHYTpimHi 3MiHHI>;

<orneparopu;

[return(Bupa3s);]

Ilepen nepmoro GirypHoIo 1y»KKOIO CTOITh 3ar0JIOBOK BU3HAYEHHS
dynKLii, Mix QirypHIMH AyKKaMH MICTHTBCS TiNO BU3HA4YEHHs QyH-
kuii. Tino ¢pynxyii — 1€ cKNafoBHil onepaTop, O MICTHTL ONEPaTo-
py, ski BU3HavaroTh Aii QyHkuii. Cunrakcue mosn C++ 3abopouse
BCEpelMHi BM3HAYeHHs QYHKUIi NOMillaTH BU3HAYeHHs Lle OJHIEI
¢yHkuii. TekcTr Beix QyHKUiA NOBUHHI 6yTH 3amMcaHi MOCAIAOBHO,
OJIWH 32 HIUMM.

void fun (int x, float y) // 3aronoBok ¢yHkuii

{ // noyatok Tina GyHkuii

} /I kineup Tina GyHKUIT

Tun eéepmanozo gyHryiclo 3Havenns BKa3ye TAI JaHUX Pe3ysibTa-
Ty, LIO NOBEPTAEThCA i3 GyHKLUIT onepatopy ii Bukanky. B C, sikwmo
THI 3HAYEHHS, IO NOBEPTAEThCS (PYHKLIEI0, HE 3afaHui, To dyHKuia
3a 3aMOBYYBAHHAM IOBEpTAc 3HaueHHs int. B C++ neobxinHo siBHO
OTOJIOINYBATH THI 3HAYCHHs, WO noBepTaeThes Qynkuiamu. Axwo
byHKIis He BepTac 3HAYEHHs, TO 1I TMI NOBUHEH OyTH BKa3aHWMH sK
void. _ _

IM’ s Gynkuii GopMyeTbes 3a NpaBUNIaMy HanUcaHHs ifeHTUdiKa-
topa. [ToTpiGHO nam’sTaTH, O cUHTaKcHe MoBUM C++ uyTnueuii no
pericTpa CUMBOJIiB, TOMY

int Fun()

int fun()

int FUN()

BiIHOCATECS A0 3ar0JIOBKIB TPOX Pi3HMX PyHKLIH.

Cnucox napamempie — iHaKuie HOro Ha3UBAIOTh CHIMCKOM (op-
MaJIbHUX NapaMmeTpiB — PO3/iNCHUA KOMAMH CIIMCOK 3MIHHHUX, Kl
NpUIMAIOTs 3HAYE€HHs B MOMEHT aKTHBi3awii QyHKuii mia yac il BU-
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KIHMKY. SIK 00’€KTH cIUCKy MOXYTh BHKOPUCTOBYBATHCS IIPOCTI
3MiHHi, MACHBH, BKa3iBHUKH, a TAKOK THUIIH, IO BU3HAYAOTHCS KopHu-
ctyBayeM. Cnucok mapameTpiB Moxke OyTH BinCyTHIM, Tomi CIIHCOK
napaMeTpis 3a1aeTbes K void. Crucok napaMeTpis 6epeTses B KpyT-
T Iy’XKH, MiC/s AKMX TOYKa 3 KOMOIO He cTaButhes. C++ BinpisHse-
ThCst Bi C Cmoco6oM 3aBJaHHsS IOPOXKHBOTO CIMCKY HapaMeTpis.
Y C nopoxHii CIUCOK MapaMeTpiB 03HayYae, WO MepPeBipKa apryMeH-
TiB BIACYTHS, TIpH BUKIHMKY (yHKUil MOxe Gyrd nepemanuii 6ymsn-
AKUA aprymeHT. Y C++ 1ie o3Havae BiICYTHICTb apryMeHTIB, HacTyn-
Hi JIBa OroJIoIeHHs ekBiBaneHTHi. Hanpukian,

int fun ( );

int fun (void);

VYci 06’exTu cniucky MaroTe OyTHM OMHCaHi BiAMOBIAHUMHM THIIAMU
6e3rnocepeJHBO B CITUCKY MapaMeTpiB repejl BiANOBiAHUM eJeMEHTOM
CTIHCKY.

float Sum (float v, int d)

IToriM 3anucyeTbes CKITafHUN ONMEpaTop, ¥ SAKOMY ONMHCYIOTHCS
3MiHHi, WO OepyTh y4acTh y po3paxyHKax ycepeauHi (yuxkuii i 3a
HeoOXiHOCTI OnepaTOp IOBEPHEHHS 3Ha4eHHs return. Oneparop
return MOXe MOBEPTATH B TOYKY BUKIMKY QYHKUIT JiMine OfHE 3Ha-
YEHHH, K€ MOXe OyTH BMpa3oM, 3MiHHOK, KOHCTAHTOK YH BKa3iB-
HukoM. Kpim nepenadi 3HadeHs onepartop return 3aBepiiye BUKOHAH-
Hs QyHKUIT | nepenae KepyBaHHsA HACTYNHOMY OTIEPaTOPy BUKIMUHOT
¢yHKLIi, HABITh Y TOMY pa3si, AKIIO BiH He € ocTaHHIM. Konu dyHkuis
HE NOBEPTAE HiAAKOro 3Ha4YEHHS, TO BUpa3 B OMepaTopi BiacyTHil, y
LLOMY BHMITAJIKy ONEPATOp return MOXHA ONYCTHTH.

3Bepranns io GyHkuii Mae 6yt peanizoBaHe 3 iHMOI PyHKLIT, B
Kid 000B’A3KOBO NMOBMHEH MICTHTHCS OMMC THNIB BEPTAHOTO (YHK-
ui€io 3HaYeHHs i 6yTu Bkazane iM’s QYHKUIT 3i CIUCKOM apryMeHTiB
(abo x dhakTHYHMX apryMeHTiB 44 (GakTHYHUX MapaMeTpiB) y NoTpi-
6Homy Mici 6yab-Koro Bupasy.

<im’s1 QyHKLIT> (<CMHCOK apryMeHTIB>);

ApryMeHTH NoBHHHI OyTH MonepesHbO onucaHi. Y CNMCKy apry-
MEHTIB BOHH 3HAXOAATLCA Y Til caMiif MOCTiAOBHOCTI, MO il Y CMCKY
napameTpiB GyHKIii. APryMEHTH NEpenaloTbCs 3 BUKIMYHOT PYHKLT
B QyHKILIIO, 110 BUKAUKAETHCS, 33 3HAYEHHAM, TOOGTO 0OYHCIIOETHCS
3HAYEHHA KOXXHOTO BHpa3y, IO NPEACTABIAE APTYMENT, i Lie 3HAYEH-
H BUKOPHMCTOBYEThCA B Tifi QyHKLUiT 3amicTh BimnosiaHoro ¢op-
ManbHOro napamerpa.

ApryMeHTH MOXYTb OYTH KOHCTaHTaMH, NMPOCTHMH 3MiHHHMH,
MacuBaMM, BKa3iBHMKaMu. besmocepeaHb0 B MOMEHT aKTHBi3awii
dynxuii BinbyBacThcs GOpMyBaHHA CTeKa NepelaBaHHX Y QyHKI[IO
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3HaYeHb, B IKOMY JOBXHHA KOXHOIO 3HAYEHHS BU3HAYACTHCS THIOM
apryMeHTy, 110 NepeacTbes. BUHATOK CTaHOBIATH BKa3iBHMKH, MpH
iX BMKOPHCTAHHI Bif0yBa€ThCA HE MEpe/laBaAHHs 3HAUYCHb, a Mepeaj-
pecatlis napameTpis GyHKUiT 32 KOHKPETHUMU aPECAMU NaM’ ATI.

OroJioleHHS Q)yHKun — Li¢ OIIepaTop, IO BKIIOYAE B cebe THN
BEPTAHOTO 3HAYCHHS, M’ ¢ynxuii Ta il napamerpu. ek omepartop
3aKiH4yeThCs Kpamnkoio 3 komoro. Mosa C++ Bumarae, o6 orosio-
wenHs QyHKUii nepeaysaso if BU3HAaYCHHIO ab0 NEPIIOMY BUKOpPHC-
TaHHIO B Tiporpami. Take oOrojoLIeHHs Ha3MBAETHCH IPOTOTUIIOM
¢ynxkuii. Ilpororun yHKLIT BKasye KOMIILIATOPY THIT AAHKX, IO TI0-
BEPTAIOTHCA (YHKLIEIO, KUIBKICTh MapaMeTpiB, SKy dekae byHKLis,
THIT NApaMeTPiB i OuiKyBaHMH MOPAOK X CIIiIyBaHH. Kowmrmizsirop
BMKOPHCTOBYE MPOTOTHIN QYHKLUI Anst mepeBipkyu NpaBUIbLHOCTI BH-
KnukiB pyHkuii. IlpoToTHn q)yHKuu Ma€e BUMIISAN!

<THI BEPTaHOIO 3HaueHHS™ <iM’s1 QYHKUIT> (<CMMCOK apryMEHTIB>);

Hanpuxknaga, int sum (int, int, int);

Lleit npoToTUn BKa3ye, 110 SUM Ma€ TPH apryMeHTH THIly int i no-
BEpTAE pe3yJibraT TUMY int.

IMpoToTUn po3Mily€ETHC Y BUKIMYHIK Nporpami 10 3arojioBky
main( ). TIpu HasBHOCTI NMPOTOTUMY rNepeadayacTbesl NeEPETBOPEHHS
apryMeHTiB 10 akTHBizaWii GyHKLi B TUN, 3aBAaHUIi N8 BIATIOBIHO-
cTi napameTpiB y npororuni. Hanpuknan,

int f(float a, float b)

main ()

{ float al, int bl;

t=f(al, bl);
-}

Hemzmommucn) TURIB apryMeHTIB Ta NapaMeTPiB MOXE NPH3BE-
CTH JI0 HENPaBHNIBHOT IHTEpNIpETALL NepeaaBaHhX 3HAUCHD Y MOMEHT
axTuBizalil pyHKUT, Konu GopMyeTBCS CTEK 3HAUEHD, NIEPEJABAHNX Y
byHKLjtO.

[porotin ¢yHKuii, po3MilieHHii no3a OnMCcoM AKOICH dyHKuiT,
Bi/IHOCUTBCS [0 BCIX BHKJIMKIB AAHOT QYHKU{I, sIKi BUHWUKAIOTh MicHs
OO NpOTOTHITY B AaHOMy (aitii. ITporotun ¢yHxkuii, PO3MiLLeHUIA
BCEPEAHMHI OTIHCY NEBHOI ¢yHKUii, BiHOCUTECS AWLIE 0 BHKJIHMKIB
ycepelnuHi uiel QyHKui.

Jipyrum cnoco6oM oronomeHHs QyHKUIT nepes BUKOPHCTAHHAM €
MOMiIeHHs NPOTOTHNIB ¢yHKUIH y 3aronoruii daiin (Paiin 3 pos-
wrpernaM .h), akuil migkmodaeTses qupektuBoto #include 1o Tekcty
ApOrpammy.

CniMckM apryMeHTiB i napameTpiB MOXKYTh MiCTHTH HEBHU3HA4YeHY
KiBKicTh 06’ €KTiB. ¥ ubOMY pasi y cnucky napameTpiB Micis OCTaH-

166

HBOTO CTABATHCS Kpanky (. . . ). ko y cnucky napamerpis BkasaHi
TiJIbKH KPAIIKH, TO CIIUCOK MOXKE Gy TH MOPOXKHIM.

IIpoTorun ¢yHKuil, 3ar0n0BOK GyHKUIT | BUKIMK QYHKLUIT NOBHUHHI
OyTH y3romkeHi Mix coGoro 3a KifbKICTIO, THIIOM, MOPAIKOM Clily-
BaHHS apryMEHTIB i mapaMeTpiB Ta 3a TUIIOM BEepTAHHX 3HAYEHB.

Hanpuknaa, Bu3HaueHa kopucTyBadeM ¢yHKLis sum( ) BUKOpHC-
TOBYETBHCS AJI pO3paxyHKy CyMH psany. Llg cyma BepTaerscs 3 Aomno-
MOTOIO oTiepaTopa return y GyHkuio main( ) i BUBOAUTECS Ha IPYK.

// TlizpaxyHOK CyMu psagy

#include<iostream.h> :

int sum(int, int, int); // npororun QyHKuii

main()

{ int nach, kon, shag;

cout << "\n BBeziTe moyaTkoBe 3HAYEHHS YJieHA pAdY: ";

cin >> nach;

cout << "\n BBeziTh KiHLIEBE 3HaUEHHA YNeHa psay: "

cin >> kon;

cout << "\n Beeaite kpok 3MiHU uneHa paay: ";

cin >> shag;

cout <<0 "\n Cyma psany nopiBHioe " << sum (nach, kon, shag);
return O;

// BuznaueHHs GyHKL{i sum
int sum (int nachr, int konr, int shagr)
{ int i, sumr = 0;
for(i = nachr; i< = konr; i+ = shagr)
sumr+ = i;
return (sumr);

}

12.3. OPTAHIBALIISI TA AKTUBI3ALIISA @ YHKIIHA
3 IHOOPMALITHUM 3B’S3KOM

YEPE3 APT'YMEHTH I TIAPAMETPU.

MEPEJAYA 3HAYEHb ®YHKIII{

B C++ tpu ciocobu nepenayi apryMeHTis y gyHKuiio: ne-
penaya 3a 3HaYEHHSM, Mepeiaya 3a MOCHJAHHAM 3 apryMeHTaMH-BKa-
3iBHUKaMH i mepejiada 3a NOCHIaHHAM 3 apryMEHTaMH-TIOCHIAHHAMM.

Konu aprymentn NepealoTLCS B (yHKUiO 32 3HAYEHHAM, TO BiA-
OyBaeTbCs CTBOPEHHS KOMid apryMeHTiB, mepemauva ix y q)yHKuuo i
NPHUCBOEHHA napameTpaM. BukinkaHa ¢yHKLIS npalyoe 3 Koriero ap-
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rYMEHTIB, TOMY KOJHi 3MiHM 3HaYCHb NapaMeTpiB He Bili0’tOTECA Ha
3MiHi aprymeHTiB. SIKImo 3a 3Ha4YEHHAM nepenacTscs Oifblie, Hik
OII¥H apryMeHT, TO KOMii KOXKHOT 3 HUX MPHUCBOIOIOTHCA BiAMOBIIHUM
nmapameTpaM QYHKI|i, IKy BUKJIHKAIOTb.

Y nonepeansoMy mpuknadi ¢yHkuis sum( ) nepenae Komii 3min-
Hux nach, kon, shagr, siki BAKOpHCTOBYIOTbCS (DYHKI€IO K 3HAYEHHs
11 mapameTpiB nachr, konr, shagr.

Buknuk ¢QyHKiii 32 3HAYEHHSIM 3aCTOCOBYETHCA B THX BHNAAKaX,
KOJIM 00CATr apryMeHTiB, HIO NMEepealoThes B GyHKILIO, HEBETUKMH 1
(YHKLis He MOBEPTAE BEIHUKOro 06’ eMy JaHHUX.

12.4. BUKOPUCTAHHSA BKA3IBHUKIB

IPH POBOTI 3 ®YHKIICIO

3 JAHUMUN APTYMEHTAMH 1 TAPAMETPAMM.
ITEPEZAYA BKA3IBHHUKIB

[I{o6 MaTH MOXNUBICTH Ge3nocepeaHhO 3MIHIOBATH 3Ha-
YeHHS 3MIHHMX BHKJIHYHOI NpOrpamu, HeOOXiAHO BUKOPHCTATH nepe-
Jaqy 3a MOCWJaHHAM 3 apryMeHTamu-BKasiBHukamu. lle, 3BHuaiino,
HeoOXiZHe B pasi, KOJU B BUKIMYHY NporpaMy notpibHo nepeaasaru
GinbIe OHOrO 3HAYEHHS i MOBEepHYTH Oinblle 3a oAHe 3HaueHHs. Ilpu
LBOMY Mepe/IafoThCsl He KOTiT 3MiHHMX, a Komii afgpec 3MIHHMX. DyHK-
Lisl, BUKOPHCTOBYIOUH BKa3iBHHUK, 3IiliCHIOE JOCTYN A0 NOTPiOHUX ene-
MEHTIB MaM’ATi, | MOXKHa 3MIHIOBATH 3HauYeHHs 00’€KTa, pO3TalloBaHi 3a
wieto aapecoro. JlaHa nepejaya J03BOJISIE NEPEAABATH B BUKITHYHY (YH-
KL[F0O MACHBH SIK apryMeHTH. SIKIO MacuB BUKOPHCTOBYETHCS SIK apry-
MeHT (bYHKIIT, nepefacThes TiMbKY apeca MacuBy, a He KOTIii BCiX erne-
MenTiB. [Ipn BUKIIMKY QyHKLIT 3 iM’siM MacuBy B QYHKLIiIO NepeaacTses
BKa3iBHMK Ha TeplIuii eleMeHT MacuBy. IcHye Kinbka cnocobiB oroso-
ILIEHHA MapaMeTpa, NMPH3HAuYeHOro At OTPUMAHHS BKa3iBHHKA Ha MacHB.
Hepmm?l BapiaHT MOJIrae B TOMY, 100 BUKOPHUCTATH 5K apryMEHT
dynxuii im’s macusy. I1pn nepenadi MacuBy B QYHKLIIO NepeacTbes
TaKoX PO3MIPHICTh, 1106 (yHKUiA MOra oGpobnsTH 3ajaHe 4MCIO
eNeMeHTiB ¥ MacuBi. HasBHICTb po3MipHOCTI iHAEKCIB B OroMNOLIEHHI
napameTpa noBigomise GyHKLUIIO, K PO3TAlLOBaHi €1EMEHTH B MAcHBi.
SIKIo MU nepenaeMo OAHOBUMIPHMI MacHB K apryMeHT QyHKLii, B
cnHMcKy napameTpiB ¢yHKUIT po3MipHICTE MOXe 6yTH onyiieHa, ToOTo
KBaJpaTHi AY>KKH GyayTh mopoxHiMH. Po3MipHicTs mepiuoro injaekcy
GaraToMipHOro MacuBY TAaKOXX MOXKHA He BKa3yBaTH, aj€ BCs IHILA
PO3MIpHICTH iHIEKCIB MOBMHHA OyTH 3a3HaueHa. Hanpuknaa, nigpaxy-
BAaTH IUTOMY Bary JOAATHUX i HENAPHHUX 32 3HAYEHHSM E€/IEMEHTIB.
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// leMoHcTpanis nepegadi B GyHKUiIO IBOBUMIPHOIO MACHBY
#include <stdio.h>

#define n 10
float nd (float [ J[n], int);
void main()

float a[n][n] aa;
inti, j, nn;
prmtf ("\nBBeaiTp KiNBKiCTH pAAKIB");
scanf (" %d", &nn);
for (i = 0; i<nn; i++)
for (j = 0; j<nn; j++)

printf ("\nBeenits enement");
scanf ("%e", &aa);
a[i][j] = aa;

printf ("\n Pe3syastar %f", nd(a, nn));

#include <math.h>
float nd (float al[][10], int n1)
{

int1, j;

float sl =0,s2 =0;

for (i = 0; i<nl; i++)
for (j = 0; j<nl; j++)

sl+ = al[l][]]
if(al[i][j]>0 && fmod(all[il[j}], 2)! = 0)
s2+ = al[i][j];

return (s2/s1);
}

Hpyruii cnoci6 nonsrae B ToMy, Wo6 BUKOPUCTATH SK aprymeHT
q)ymcun BKa3iBHHK Ha Macus. [Ipouuocrpyemo e Ha TakoMmy MpH-
Knazi. I'Iapm 3a 3HAYEHHAM €EMEHTH MATpHL TIAHECTH B KBaJpaT, a
HenapHi 3MEHIUMTH B ABa pasu. [linpaxyBaT nuTOMY Bary nmapHux i
HETapHHUX €JIEMEHTIB.

#include <stdio.h>

#tdefinen 5

#tdefine m 5

void nd (float*, double*, double*, double*, double*, double*, int, int);
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main( )

float a[n][m], aa;
double s1 =0,s2=0,s3=0;
double ndl, nd2;
int nn, mn, i, j;
float *ra;
ra = &al0][0]; : .
printf ("\nBBenite KineKicTh psAAKiB ");
scanf (" %d", &nn); .
printf ("\nBeegite KiibKiCTh CTOBNLIB ");
scanf (" %d", &mn);

for (1 = 0; i<nn; i++)

for (j = 0; j<mn; j++)

printf ("\nBeenits enemeHT MaTpuii");
scanf (" %e", &aa);

ali](j] = aa;

}
nd (ra,&sl,&s2,&s3,&nd1,&nd2, nn, mn);
rintf ("\n pesynsraT %f i %f", nd1, nd2);

#include <math.h>

void nd (float *rra, double *rs1, double *rs2, double *rs3, double *mdl,
double *rnd2, int nl, int m1)

int i, float k;
for (i = 0; i<n1*ml; i++)

k = *(rra+i);
if (fmod(k, 2) == 0)

*(rra+i)* = *(rra+);
*rsl+ = *(rra+H);

i}f (fmod (k, 2)! =0)

*(rra+i)/ = 2;
*rs2+ = *(rra+i);

’;rs3+ = *(rra+i);
*md] = (*rs1)/(*rs3);
*md2 = (*rs2)/(*1rs3);
return,

}

170

12.5. IEPEJAYA 3A IIOCUHJIAHHAM

B C++ moxHa 31ilCHIOBaTH nepeady 3a NOCHIAHHAM 3
apryMeHTaMH-NnocwiaHHAMH. Ilocwianns € HesIBHUM BKa3iBHUKOM i
BHKOPHCTOBYETHCA sK iHIIE iM’S BXe icHyro4oro o6’ekra. Popmar
BH3HAYEHH: MOCHIAHHS € TAKHM:

<TH>& <iM’s NOCUNIaHHA> = <BHpa3; 260

<TUI>& <iM’S IOCHIAHHA> (<BHpa3>);

Sk Bupa3, mWo iHinianisyerscs, Mae OyTH iM’st MEBHOrO 00’ €KTa,
10 Ma€ MicLe B NMam’ATi. 3HaYeHHAM MOCHIAHHS MIiCJs BU3HAYEHHS 3
iHiLiani3awLieto cTae agpeca uporo 06’ekra. Hanpuknan,

intx=7; //BusHaueHa i iHiljianizoBaHa 3MiHHa X

int& ref=x;  //BusHaueHe NOCHMNIAHHA pa i 3HAYEHHAM 1i € aj-

peca 3MiHHOT X

Jna poctyny oo BMICTY JAINISHKM Nam’sTi, Ha sIKMi BKa3zye NMOCHU-
naHHs, He TpeGa BUKOHYBAaTH PO3iIMEHYBaHHS, 10 € 00OB’I3KOBUM TIpH
3BEpHEHHI 10 3HaYeHHs 3MiHHOI Yepe3 BKa3iBHHK. KoxxHa oniepauis Han
MOCUNIAHHAM € ONEepAIEIO Hajl TUM 00 €KTOM, 3 SKUM BOHA TOB’A3aHa.
MosxHa 3MIHHATH 3HaYEHHA X, 3a0HcaBiluy X = 35; abo ref = 35;.

[cHy10TH OOME KeHHs NpY BU3HAYEHH1 | BAKOPUCTAHHI NOCHIIAHb!

1. He MoxHa B3STH aZipecy 3MiHHO1 THMY NMOCHJIaHb,;

2. He MoHa CTBOpUTH MacHB NOCHNAHD;

3. He MOHa CTBOPHTH BKa3iBHUK Ha MOCHJaHHS,

4. He nonycxatorbes nocunanns Ha 6itosi nons.

[Ipy BUKOpHCTaHHI NOCHIAHHS SK TapaMeTpa 3a0e3eyuyersesi J0CTyI i3
Tina QyHKL{T 10 BiNOBIAHONO apryMeHTy, TOOTO AISHKK Nam’sti, BUAIIEHOT
AJ15 apryMeHTy, TOOTO MOYaTKORA 3MiHHA MOXe OyTH 3MiHEeHa 3a JOMOMOTOK)
BUKIIMUHOI (yHxuii. 11106 ykasaty, mo napametp ¢yHkUiT nepeaaeTbes 3a
TNOCHAAHHSM, MiC/s TUMY NapameTpa B MPOTOTHUI PYHKLT 3aNMCyETECA CHM-
Boa &. Y Bukinky dyHKuii 3MiHHa BKa3yeThCsl Ha iM’s, ane BoHa Oyne rnepe-
JlaHa 3a nocuiaHHsaM. KilacHuHHMM NMpUKIaoM nepenadi apryMeHTIB 3a 11o-

CHJIAHHSM € (PYHKLIS, LLO MiHSE MICUSIMM 3HAUEHHS IBOX CBOIX apryMEHTIB.
#include <iostream.h>
void ref(int&, int&);
void main()
{inta=7,b=17;
ref(a, b);
cout << "a=" << g << endl << "b=" << b;

}
void ref(int& x, int& y);

{ int z;
Z=X;
X=vy;
y=1z

}
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12.6. OPTAHI3AINISI TA AKTUBI3ALUS
®YHKIIN 3 IHOOPMAILITHHAM 3B’ S13KOM
YEPE3 30BHILIHI 3MIHHI

O6nacTio Ail 30BHIIIHIX 3MiHHMX € BCl QyHKLT mporpa-
MHOrO KOMIUIEKCY, fAKIIO 1i 3MiHHI OnuMcaHi mepeln sKolo-HeOylb
Pyuxuiero, abo sk extern ycepenusi ¢yskuii. Lie o3nauae, 1o npa-
IIOBATH 3 30BHIIHIMH 3MiHHMMH MOXXHa B MeXax KOMILIEKCY i 3Ha-
ueHHs1, o GOPMYIOTECA TPH UBOMY, JOCTYIHiI AN BCiX GyHKuih. ¥
UbOMy pa3si HeMae HEOOXiXHOCTI 3MiHCHIOBATH MIKMOZYJIBHHIA 3B’s51-
30K Yepe3 apryMEHTH i IapaMeTpH, a IOCTATHHO JIMIIE aKTHBI3YBaTH
Heo6xiAHy QYHKLIIO i MPONOBXHTH BHKOHAHHA Xii 3 30BHIIUIHIMU
3MiHHEMH, siKi Gynn posnouati B iHWKX QyHKUisX. IMeHa sMiHHUX B
ycix <1)ym<umx I TIO3HayYeHHs BIiAMNOBiZHUX 0G’€KTiB NOBHHHI
060B’A3k0BO OYTH OAHAKOBHUMH.
IIpuknao. BuzHa4uTn CyMy JOJAaTHHX i Bil’€MHUX €JIEMEHTIB Ma-
TPHILIL.
#include <iostream.h>
const int n = 10, m = 10;
int supm, sumo;
int main( )
{ int a[n][m], *pa, koli, kolj;
void sum(int *, int, int);
pa = &a[0]{0];
cout << "\n BeeziTh po3MipHicTs MaTpuLi";
cin >> koli >> kolj;
sum(pa, koli, kolj);
cout << endl << "Cyma J01aTHHMX ENEMEHTIB JOPiBHIOE" << sump
<< endl << "Cyma Bil’éMHMX €/IEMEHTIB JOpiBHIOE"
<< sumo;

void sum (int *ppa, int koli, int kolj))
{ extern int sump = supo = 0; int i, j;
for (i = 0; i<koli*kolj; i++)
{ cout << endl <<"Beenits enemenT matpui";
cin >>*(ppa+i);
if (*(ppa+i )>=0)
sump+ = *(ppa-+i);
else
sump+=*(ppa+i);

172

12.7. PEKYPCHUBHI ® YHKIII{

DyHKLisL HA3UBAETHCSA PEKYPCUBHOIO, SAKIIO BOHA BHKJIU-

Kae cama cebe. Po3pisHsIOTE NpsAMy Ta HenpaMy pekypcii. DyHkist
Ha3MBAEThCA HEMPAMOIO PEKYPCHBHOIO B TOMY pasi, SKIIO BOHA Mic-
TUTh 3BE€pHEHHS 10 iHIWOi QyHKLil, Mo MicTUTH NpsiMuii abo Hemps-
MUH BUKJIHK nepoi ¢yHKiji. JAkumo B i $yHKUiT SIBHO BUKOPHCTO-
BYETbCS BMKIMK Liei ¢YHKWil, To Mae Micue mpama pekypcis.
KaciyHuM npuknagoM pekypceii € obuucneHHs pakropiana. Qaxro-
piaJ HeBiJ’EMHOTO LIOT0 YHCIIA N JOPiBHIOE

nx(m-)xm-2)x..x3x2x1,
NMPHYOMY 3a BU3HAUEHHAM (baKToplan 1! i 0! npopiBHioe 1. (Damoplaﬂ
4uciia AOPiBHIOE JOOYTKY NONEpeAHiX IOJ0 HHOro MOCIIiZOBHOCTEH
uycen, To6To n! = nx(n-1)!. SIxmo obuucaenus pakropiana odpopmu-
TH y BUAI PeKypCHBHOI QYHKUii, To nporpama moxe OyTu mojasa B
OCb SIKOMY BUIISANI:

// O6uucneHns ¢akropiana

#include <iostream.h>

unsigned long factonal (unsigned int);

void mam( )

{ int i; unsigned int n;

cout << endl << "BBeziTh nine noaaTHe Yyucio";

cin >> n;
for i =0; i< =n;i++)

cout << endl <<" Qakropian " << i <<"!=" << factorial(i);
return;

unsigned long factorial (unsigned int num);
(if(n==1n==0)
return 1;
else
return (num*factorial(num-1));
}

PekypcuBHi ¢pyHkuiT 06pobasioTsca NOBUTBHO i 3aiiMaloTh GisbLie
CTeKOBOT Nam’sTi, HiXX iXHi HepekypcuBHi ekBiBajientH. Haaro Benn-
Ka KifIbKiCTE PEKYPCHBHUX BHKUIMKIB (YHKUIT MOXE MPU3BECTH J0
nepenoBHeHHs cTeka. OCKLIbKHM MicueM 36ep|ram-m napamertpis i jo-
KaJIbHUX 3MiHHUX QyHKuUIT € CTeK, i KOXXeH HOBHH BHUKIHMK CTBOpIOE
HOBY KOI{lO 3MiHHMX, NPOCTip cTeka Moxe OyTH BUYEpNaHHWii, 1€ BH-
KJIMYe NOMMIKY MEeperioBHEHHs i npu3Bene 1O aBapifiHOI 3yNWHKY
nporpamu.

173



12.8. BEYJIOBAHI ®YHKIIT

B6yooeani ¢pynxyii (inline) — ue dyHkuil, ume Tino nij-
CTaBAETECH B KOKHY TOUKY BHKJIHKY, 3aMiCTh TOTO, 106 T€HEpyBaTH
ko BrKIMKy. Moauoikarop inline nepen BKa3iBKOIO THIly Pe3yIbTa-
Ty B OTOJIOWICHH] (QYHKL] 3arajye KOMILIATOPY 3reHepyBaTh KOO
kody GyHKUii y BIANOBiAHOMY MicLi, OO YHHKHYTH BUKIMKY el
dbyukuil. V pesynbraTi BUXOJUTH MHOXMWHA KOMiH Komy GyHKUiH,
BCTABJIGHUX Y NMporpaMy, 3aMicTh €JHHOI KOMii, SIKOX NEPEeJacThCs
KEPYBAHHS NP KOXXHOMY BUKIAKY QYHKLIT. Monu(bmaTop inline ne-
00XiHO 3aCTOCOBYBAaTH JUIS HEBEJIUKHX i YacTO BMKOPHCTOBYBaHHX
¢ynkuiit. Hanpuknan,

#include <iostream.h>
inline int min (int x1, int y1)
{if (x1 <yl)
return (x1);
else
return (y1);

void main( )

{intx,y, z;

{ cout << endl << "Bgenitb Ara uisaux yucna ";
cin >>x >>y;

z = min(x, y);
cout << endl <<" MiniMansHumM 3 " << x <<"i" <<y<<"e"
<< z;

}

Komninstop Moxe irHopyeatu moaudikarop inline, aKiio BOya0-
BaHUIA KOJ HAJTO BEIUKHUH, KOMIIISTOP 3reHepy€e 3BUUaliHUA BUKIINK

byHKuLiT.

12.9. IEPEBAHTAXEHI ®YHKLII{

C++ no3ponsge BU3HAYATH (byHKu,i'l' 3 OAHAKOBHMH iIMeHa-
MH, aJle YHiKaJbHUMU TUIIaMK aprMCHTlB V upoMy pasi AIpo GyHKLUil
KaXyTh, 110 BOHH nepeBaHTamem IlepeBanTaMeHHA GYHKLIT BUKO-
pncrosye’rwﬂ 3BUYAMHO Ui CTBOpPEHHS KibkoX (yHkuii 3 O/IHaKo-
BMM iM’AM, TIPU3HAYEHHX UL BUKOHAHHS CXOXMX 3ajad, ayie 3 pi3-
HUMU TUNaMy gaHux. Hanpuknapn,
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#include <iostream.h>

int fun (int x, int y)

{ return (x*x+y*y);}

float fun (float x, float y)

{ return (x*x+y*y); }

main( )

{int x1 =10, y2 = 3; float x2 = 13.75, y2 = 11.25

cout << endl <<"CyMma kBagpaTiB yucen " << x1<< " i " <<yl
<< "nopiBHro€ "
<< fun(x1, y1)
<< endl <<"Cyma kBazpatiB upcen " << x2<< " i " <<y2
<< "popiBHio€ "
<< fun(x2, y2)

return 0;

}

[MepeBaHTaXkeHi QYHKUIT PO3PI3HAIOTECA 32 JOMOMOIOK CHUTHATY-
pu — KoMbiHauil iMeHi QyHkuii i TuniB ii napameTpis. Komniasitop
xonye ineHTudikaTop kKoxHOi GyHKUIT 32 UUCIIOM i TUMNOM 1i Mapame-
TpiB, Lie Ha3UBAETHCA AEKOPHPYBAHHAM iMeHi, 00 MaTH MOXKIUBICTD
3nificHIOBaTM HafiliHe 3B’s3yBaHHA TuniB. HanifiHe 3B’A3yBaHHA TH-
NiB rapaHTye, MO BUKJIMKAETHCA HanexHa QYHKUid i 1O apryMeHTH
Y3TOJDKYIOTECS 3 TIapaMeTpamH. Kommningrop BusBIsSE€ TMOMMIKH
3B’ 'A3yBaHHS i Buaac MoOBiAOMJEHHA npo HuX. KoxHe AexopoBaHe
iM’sl IOYNHAETBCA 3 CUMBOJTY (@, AKUH nepeaye iMeHi GyHKui. 3ako-
JOBaHUi CMCOK MapameTpiB MOYMHAEThCA 3 CUMBOJNIB $g. Tunu 3Ha-
veHb (PYHKLIH, L0 MOBEpPTAIOThCA, HE BiIOHBAIOTHCA B JIEKOPOBaHMX
imeHax. [lepeBanTaxkeHi QyHKUiT MOXYTh MaTH pi3Hi abo omHaKoBi
THNK 3HaYeHb, 1O MOBEPTAIOTHCS, i 000B’43KOBO MOBHWHHI MaTH pi3Hi
cnucku napametpiB. JIBi ¢yHKUil, BIAMiHHI JIMLIE 32 THNIAMU 3HAYEHb,
LII0 MOBEPTAIOTHCS, BUKIUUYTh IOMUIIKY KOMMIAALIT.



Po30in 13
CTPYKTYPA BAHUX

13.1. TIOHATTSA CTPYKTYPU

Moga C++ Bonofie MOryTHiMH 3aco0aMy NpeacTaBAeHHS
CKJIaJIHHX JaHKX | Hajae KOPHCTYBAaueBi MOXNKIMBICTh KOHCTPYIOBATH
3 OCHOBHHMX THITIB MOXi/IHi THIM A@HUX: CTPYKTYPH JiaHuX, GiTOBi No-
1151, 06°€AHAHHS, NepenidyBaibHUi THN | CTBOPEHHS HOBHX TURiB. ¥
LBOMY pO3IiJli pO3risiHeMO 0COBIUBOCTI CTPYKTYP.

Cmpyxkmypa — ue THII CKNafOBMX (arperaToBaHux) AaHHMX, 10
ABJIAIOTE COOOI0 CYKYNHICTb PI3HOMAaHITHHX €NEMEHTIB, JIOTYHO
NOB’A3aHMX MiX co0010 B npoLeci po3s’a3aHHs 3aaaui. [puknanom
CTPYKTYPH MOXE CIYKUTH ocobucTa kaprka cryaeHra. CTyaeHr
onucyeTbcs HaOOpoM aTpuUOYTIB, TAKHX, 5IK HOMEP 3aJliKOBOI KHH-
KKH, 1M’d, JaTa HaApOIKEHHs, CTaTh, ajapeca, (aKylbTeT, Kypc,
rpyna i T. 1. B cBowo uepry, aesiki 3 uux atpubyTiB cami MOXYTb
BUABMTUCS CTPYKTYPamu, Hanpuknaj, iM’s, nata HapoKCHHS, af-
peca. KoxHa cTpykTypa BKMo4Yae B cebe 04UH 4M Kinbka 06’ €xTiB
(3MiHHMX, MacHBiB, BKa3iBHUKIB, CTPYKTYp), AKi Ha3UBaIOTLCA elle-
MEHTaMHU CTPYKTYpH. EnemMeHTH cTpyKTypH 4acTo Ha3HBalOTb 4e-
Hamu cTpykTypd abo monsmu. CTpykTypa MOXKe MaTH iM’s, 1 KO-
JKEH €EMEHT CTPYKTYpH 060B’A3K0BO NMOBUHEH MAaTH YHiKalbHe B
MeXax CTPYKTypH iM’s. Enememn o6’eaHaHi y CTpYKTypy, Mo-
XKyTh OyTH Pi3HOrO TUNY i 0O0B’S3KOBO OMUCYBATHCS BiAMOBIHM-
MU aTpubyTamu.

13.2. IHABJIOH CTPYKTYPH.
CTPYKTYPHA 3MIHHA

TepMiH «CTPYKTYpa» B MOBI BiJTIOBIIa€ JBOM pi3HUM
HNOHATTAM:
1) nosHaueHHs Micus y nam’sti, Jae po3milyeTbest iHdopmaLis
(mani ne Micue Ha3UBAETbLCS CMPYKMYPHOIO 3MIHHOIO);

2) npaBuna GopMyBaHHs CTPYKTYPHOT 3MiHHOT, BHKOPUCTOBYBAHOT

KOMIIIJIATOPOM 18 BUAIJIEHHs i# Micust B mam’sTi Ta oprasizanii ao-
cTyny 1o i1 nosiiB. ani Taki mpaBuiIa Ha3UBAIOTHCS Wabi0HOM cmpy-
kmypu abo CTPYKTYPHOIO 3MiHHOIO.
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Sk 1 Oyap-gKa 3MiHHA, CTPYKTypHa 3MiHHA OBMHHA OIUCYBATUCA
B nporpami. Onuc CTPYKTYpHOT 3MiHHOI y nporpami BigOysaeThcs B
J(Ba eTanH:

1) onuc cTpykTypHOro ma6n0Hy,

2) o3HaueHHs CTPYKTYPHOI 3MIHHOI.

dopMmat omUCy CTPYKTYPHOro ABIOHY € TAKUM:

struct [<iM’s wabnoHy>]

{ <Tun enemeHTa><iM’q eleMeHTa>[pO3MIipHICTb];

K

D€ Struct — KJIIOUOBE CJIOBO MOHATTS «CTPYKTYpa», sKe MOBiIoM-
JII€ KOMIUIATOPY MPO OTOJIOIEHHS CTPYKTYPH;

<iM’s wabnouy> iHaKWE «Ter», iM’s TUIY CTPYKTYpH abo sapauk
CTPYKTYpH € HEOOOB A3KOBUM | MOXKe (POpMYBaTUCS JOBINLHO 3a Mpa-
BiUNamMu nobyoBH iaeHTU(IKaTOpiB MOBH. IM’s Wabnony He € iM’am
3MiHHOT, BOHO SIBJISI€ COOOIO MITKY, IKY MOXKHA BUKOPHUCTATH JUIsl NO-
CHJIaHHA Ha WO CTPYKTYpy. IM’st mabnoHy € 060B’I3KOBHM y TOMY
pasi, konu 1wabnoH BU3HAYEHMI B OMHOMY Micl, a GaKTHUHI 3MiHHI B
iHwoMmy. lnst iMeHi [abNoHy nam’siTh HE PE3ePBYETHCS, IOKHU He Oy-
Jle OroJIoLlEHa BiJiMOBIJHA CTPYKTYpHA 3MiHHA. IMeHa wab/oHiB no-
BMHHI OyTH yHiKalbHUMM B MEXax ix obnacti su3HaueHHsA. Y Mexax
oJHi€T byHKUIT MOke OyTH e onuH mabnon 6e3 imeHi. IM’a wab-
TIOHY MOJXe 36iraTucs 3 iMeHaMM eJleMeHTIB WabloHy, IMEHAMU 3MiH-
HuX abo MITOK.

Jani nepepaxoByloThCsl Yepe3 Kpanky 3 KOMOK OMUCH €NIEMEHTIB,
mo 00 €AHYIOTHCA B CTPYKTYpY. Il KOXHOro enemMeHTa 3ajJaeThea
THM, IM’4 i, AKILO €1EMEHT € MACHBOM, TO i HOro po3MipHicTb. Imena
€NEMEHTIB B OJHOMY WabNoHI NOBUHHI OYTH yHiKanbHUMU. Y pi3HMX
aboHax MOXKHA BUKOPHUCTATH IMEHA €JIEMEHTIB, 1O 30iratloThes.

OrosiowWeHHs! 3aBEPIIYETLCS KPATIKOK 3 KOMOI), OCKiAIbKH OFOJIO-
LIEHHS CTPYKTYpU — Lie OrlepaTop.

LLabioH CTPYKTYpH € NHLIE OMHCOM CXEMH PO3MIlleHHs i elle-
MEHTIB, sIKa NOBIAOMIISIE KOMMIIATOPY, ajle He BUKIMKAE HiSKHX AiH,
TOOTO BU3HaueHa TijibkW (opMa Janux. 3ajaHHs WaGNOHY He
NoB’A3aHO 3 pe3epByBaHHAM Oyib-ikoi nam’aTi komninaropa. 11la6-
JIOH Jla€ KOMMINATOPY BCIO HeoOXiaHy iH(opMauilo npo nos crpyk-
TYpHOT 3MiHHOT /15 pe3epByBaHHS NaM’aTi H oprauisauii jocryny Ao
uiel naM’sATi N 4ac OMKCY CTPYKTYPHOT 3MiHHOT i MOCH/IaHHsI Ha
OKpeMi NoJst CTPYKTYpPHOI 3MiHHOT.

O3HaueHHA CTPYKTYpPHOT 3MiHHOT NoNsrac y HakjafeHHi 1abnaoHy
Ha peayibHy 3MiHHY nam’sTi. JIOBXKHHA 3MIHHOT, 110 BHAIISETHCS Ml
CTPYKTYPY, JOPIBHIOE CyMi IOBXHH YCiX if €leMeHTiB.
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OsHayeHHs CTPYKTYPHOT 3MiHHOT MOXKHA 3MiMCHIOBAaTH JIBOMa
cocobamu. B nepiroMy BunaikKy iM’s 3MiHHOT 3aITMCyeThes Oe3mo-
CepenHbO HlCJ‘lﬂ ma6n0Hy, 100TO Michs DyXKd }, WO 3aKPUBAETHCA,
BKa3yeTbeA iM’s1 3MIHHOT | CTaBMTHCS Kpanka 3 Komoto ; . [Ipu upomy
iM’sT TUMy CTPYKTYpH BKasyBaTHM He notpibHo, 60 onmc mabiony
CyMilleHUH 3 BH3HaYeHHSIM CTPYKTYpHOI 3MiHHOI. Burasp oroso-
WEHHSA CTPYKTYPU TOAi € TAKUM:

struct [<imM’q wabnony>]

{ <tun enemeHTra><iM’sg eneMeHTa>[po3MipHICTb];

}< cnMcoK IMeH CTPYKTYPHHUX 3MiHHHUX>;

V 1pOMy BUMAAKy BH3HAYEHHs CTPYKTYPHOro Imabiony Ta CTpyK-
TYpHOT 3MiHHOT CyMilleHi. IMeHa CTPyKTYpHMX 3MiHHMX y CIIMCKY Bi-
JIOKPeMJTIOIOThCS MiXk coboto komamu. CTpYKTYpHi 3MiHHI abo im’s
11abIoOHy MOXKYTh OYTH BiJICYTHIMH, ane He ogHO4acHo. Hanpuknan,

struct anketa

{ int zalik_nom;
char fio[20];
char pol;

} stl, st2;

[1la6nox Mae iM’st anketa, cTpyKTypa MiCTUTb TPH €/IEMEHTH: Liise,
CHMBOJIBHAHA MacuB 1 cMMBOJbHe. IMeHa eneMentis: zalik_nom, fio,
pol; oronotuedi ABi CTPYKTYpHi 3MiHHI stl, st2, st IKMX KOMMINATOp
pe3epBy€ nam’sTh.

V iHwoMy BHNaaKy notpibHa o608’ s3KoBa HAasABHICTb iIMEHI THITY
CTPYKTYpH (iveni maGnoHy), OCKiIBKM BH3HAYEHHsS CTPYKTYpHOI
3MIHHOT BUHOCUTBCS 3a ONHUC WabnoHy. @opmar BU3HAUEHHs 3MIHHOT
NpY LBOMY € TaKUM:

struct <im’s mwabaoHy> <iM’si CTPYKTYPHOT 3MIHHO>;

Hpyruii BapiaHT BU3HaY€HHS 3pYyYHO BUKOPHCTATH B TOMY BUMAaJ-
Ky, KOJIM CTPYKTYpHUH 1abnoH BUKOPHCTOBYEThCS Oinblle 3a OAMH
pa3. Hanpuknapn,

#include <stdio.h>

#define sizel 30

#define size2 6

struct stt
{ char fio[sizel]; //I1Ib cryneHTa
char nz[size2]; // HoMep 3a1iKOBOI KHHXKH
float sum_st; // cyma cTuneHait
- b

void main()

struct stt st; // BU3HAYEHHSA CTPYKTYPHOT 3MIHHOT
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13.3. IHIITAJIBALIIA CTPYKTYP

IcHye nBa cnocobM iHiljanizalil eeMeHTIB CTPYKTYpH.
MoxHa mnpoiHiliali3yBaTH €JEeMEHTH MNPH OroJIOUICHHI CTPYKTYpH
a60 BUKOHATH iHiLliami3aLiio B TiJli MPOrpamMHu.
IHinianizanist CTPyKTYpHHX 3MiHHHX MPHUITYCKAETHCS JIMIE B TOMY
pa3i, KOJY BOHH ONMCaHi AK 30BHIIIHI 44 cTaThuHi. Hanpuknan,
#include <stdio.h>
#define sizel 30
#define size2 6
struct stt
{ char fio[sizel];
char nz[size2];
float sum;
K
struct stt st =
{"IBanenko",
"608103",
25.00};

/foronotueHH | iHiuiami3aLis 3MiHHOT st THITY stt

Ho3Bonserscst 00’ eHyBaTH 3aAaHHA WAabGNOHY, ONHUC CTPYKTYp-
HMX 3MIHHMX 1 1X iHiliani3auilo B oJHOMY peueHHi MOBU C++, Ha-
npuKiaj,

#include <stdio.h>

#define sizel 30

#define size2 6

struct stt

{ char fio[sizel];
char nz[size2];
float sum:;

yst ={

"IBaneHkoO",

"608103,

25.00};

IHmMm cnocoboM € iHiuianizauia OKPEMHX eJIEMEHTIB CTPYKTYp-
HOT 3MiHHOT B TiJli TIporpamu 3a A0NOMOrolo onepatii kpanka ‘.. Ha-
npukaaa, st.nz = "608103";. 3a monoMoroto maHOT onepaiii MOXHa
BBOJIMTH JaHi B CTPYKTYPY 3 KJaBiaTypH, BUKOPHUCTOBYHOUM (YHKUIT
BBEEHHS.
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13.4. 30BHILIHINA TA BHYTPILUIHIA IIABJIOHHU

Sx i mpocta 3MiHHa, WabloH Mae o6nacTe BU3HAYEHHS
(BupgumMmicTs). Skuo mabmoH onucaHuil yeepeauni GyHkuil (Bcepeau-
Hi 610Ky {}) — ue nokanpHUH WaON0H, BUIUMUE JiMIlIe 3 MEX JaHOT
¢yukuil (nanoro 6isoky). Skio onucu wWabsoOHy BMiIeHo no3a 6:0-
KaMH, Takui WabloH BUAMMO B YCiX (YHKUiIX HWXKYE BiJ TOYKH
onucy mabnony no mexi ¢aiina. He moxxnHa onucyBaty 1iabnoH 3
KJIFOYOBHM CJIOBOM extern.

Onuc wabjoHy CTPYKTYpH MOXe IPOBOAMTHCS NMo3a (yHKUIEO
Ha PiBHI JUPEKTHB npenpouecopa. 30BHIMHIA onuc wabaoHy poOuTsh
floro AOCTYNMHUM [aas Beix QyHKOil, WO HAYTH 3a HOro BU3HAYCH-
HsAM. IIpuHaNeXHICTh CTPYKTYPHOT 3MiHHOT O 30BHIIIIHEOTO THIY 3a-
JIeXKUTH Bill TOTO, Jie BU3HAUEHA CTPYKTYPHA 3MiHHa, a He Je BH3Haue-
Huit wabaoH.

13.5. MACHB CTPYKTYP I HOTI'O OIIHUC
Y TEKCTI [IPOTPAMU

MacuB, eneMeHTaMH SIKOTO € CTPYKTYPH, Ha3HMBaETHCS
macugom cmpykmyp. Onic MacuBy CTPYKTYp BinOyBaeThcs 3a aHaso-
ri€l0 3 OMUCOM OKpeMOT CTPYKTYpH B JiBa €Tanu, NpH LbOMY OfHC
mabNoHy HIYMM He BIAPI3HAETHCS, a NpPH BU3HAYEHHI CTPYKTYPHOI
3MIHHOT nicas 11 iMeHi BKa3yeThCA PO3MIPHICTL y KBaApaTHUX AYXK-
Kax, To0TO

struct <iM’s 1aboHy> <iM’s CTPYKTYPHOT 3MIHHOT>[ pO3MipHICTb];

Hanpuknapg,

struct stt d[100];

BU3Ha4YeHU MacuB d, wo cknagaersest 3i 100 enemeHTiB UMy stt.
VYV 1npoMy pasi KOMNIASATOp BUIUISE Nam’aTh Ads cTa ejieMeHTiB d,
JOBXUHA KOKHOT'O 3 IKMX € CYMOIO IOBXKHH €JIEMEHTIB CTPYKTYpH Stt.

13.6. BKIIAJAEHI CTPYKTYPU

VY MOBi A0NyCKAa€ThCS BUKOPUCTAHHS BKJAJCHHX CTPYK-
TYp, TOBTO CTPYKTYp, €JIEMEHTH SKMX y CBOIO HYEPTY € CTPYKTYypaMu.
EneMeHT, 10 € CTPYKTYporO, Ha3MBAETbCSA BKJIAJEHOIO CTPYKTYpOIO.
Hampuknan,
struct name
{ char i[sizel]; /liM’s
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char ofsize2]; // 1o 6aTbKOBI
char f{size3];}; // npizBuiye
struct stt { // BKNajieHa CTPYKTYpa
struct name fio; // ma610H BKIaAeHOT CTPYKTYpH name
char nz[size2]; // moBuHeH GyTH Bie BiIOMUI1 KOMIIIIATOPY

float sum;

|5

struct stt d;

OOMexeHHs Ha BKJaJieHy CTPYKTypY MOJArae B TOMy, 1O CTPYK-
TYpa HE MOXe BKlalysarucs cama y cobi. ToMy HacTynHuH BHpas
HE € KOPEKTHUM

struct stt {

struct stt fio;
char nz[size2];
float sum; };

13.7. 3BEPHEHHS 10 EJIEMEHTIB CTPYKTYPHA
TA MACHBIB CTPYKTYP

INpu 3BepHEHHI O €NEMEHTIB CTPYKTYpU HEOOXiIHO 3a-
3HAUYUTH B MOTPIGHOMY MicLli BHpa3y 4M oneparopa He fHILE iM’s
eJieMeHTa, a i iM’Sl CTPYKTYpHOi 3MIHHOI, fKa BMU3HauyeHa paHile.
@dopmar 3BepHEHHS € TAKHM:

<iM’sl CTPYKTYPHOT 3MiHHOT >.< iM’s eJleMeHTa>

Hanpuksan, ans toro, mob 3BepHYTHCS [0 €JIEMEHTA cyMa cmu-
nenoii, neobxiano sanucartu d.nz.

Mpu 3BepTaHHi N0 €NEMEHTIB MacMBy CTPYKTYp A0JATKOBO /0
nonepeaHboro y ¢dopmaTi HeOOXiAHO BKa3yBaTH KOHKPETHHH IHAEKC
CTPYKTYPHOT 3MiHHO1, TOOTO

< iM’st CTPYKTYpHoOI 3MiHHOI >[inpekc].< imM’s enemeHTa>

Hanpuxnan, d[5].nz.

[MocunanHs Ha noni BKIaaeHO! CTPYKTYpH (opmyeTbes 3 imei
CTPYKTYpPHOT 3MiHHOT, iIMEHi CTPYKTYPHOTO eJieMeHTa, iMEHi eJleMeHTa
BKJIasigHoT cTpykTypu. [lepesiueHi HazBU PO3LINAOTBCA KPAMKOIO.
IMepeniueni iMeHa po3ainsAlTbess cMMBONOM () omepauii Kpamnka.
dopmar 3BEpHEHHS A0 NOJA BKIALEHOT CTPYKTYPH € TaKUM:

< iM’s CTPYKTYpPHOT 3MiHHOT >.<iM’s CTPYKTYpHOrO €JIEMEHTa™.
<iM’s enemeHTa>

Hanpuknag, d.fio.i = "Onena"
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HpOIII}OCpreMO p060Ty 3 MacHBOM CTPYKTYp Ha nporpam AKa
3[ificHIOE BBEACHHS BiAOMOCTEW NpO CTUNCH/IIO CTYICHTIB 1 X BUBE-
JCHHS Ha €KpaH.

// BBeieHHS AaHUX NIPO CTYAEHTIB

#include <stdio.h>

#define size 30

t#tdefine sizel 7

#define kol 30

struct stt { // oronomeHHs wWabnoHy

char fio[size]; // TIIB ctyneHra
char nz[sizel]; // N 3anikoBOT KHUXKH
float sum; // cyma cTvneHail

K

void main( )

struct stt d[kol];

int i; float sum_st;

for (i = 0; i<kol; i++)

{printf ("\nBeeaite npizeuine: ");

scanf ("%s", &d[i].fio);

printf ("\n Beenite HoMep 3anikoBol kHuxku: ");
scanf ("%s", &d[i].nz);

printf ("\nBeeaits cymy cTunenzii: ");

scanf ("%e", &sum_st);

d[i].sum = sum_st;

// OTONOILEHHS MACHBY CTPYKTYP

// BuBeneHds naHux

for (i = 0; i<kol; i++)

printf ("\n %?29s %6s %4.2f", d[i]. fio, d[i].nz, d[i].sum);
}

13.8. BKA3IBHHUK
HA CTPYKTYPHY 3MIHHY

3BEpTaHHS A0 €EMEHTIB CTPYKTypH MOXHA OpraHi3oBy-

BaTH 32 IMEHEM €NeMEeHTa i 3a AONOMOrow BkasiBHuka. Ipu UpOMY
BecepeauHi QyHKUIT NOBMHHA GyTH onMcaHa 3MiHHA THNY «BKa3iBHHK
Ha CTPYKTYpY» 3a TakuM (opMaToMm:

struct <iM’s abnoHy>*<iM’s BKa3iBHHKa™>,

Il 3MiHHa mepej 3BEPHEHHAM JI0 CTPYKTYpH a60 MacuBy CTpyk-
TYp NOBMHHA OyTH BCTAHOBJIEHA HAa MOTPIOHY CTPYKTYpY:

<iM’3 BKa3iBHHKa> = &iM’S CTPYKTYPHOI 3MiHHOI [3HauYeHHs inaexcy];
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TinbKM Micag LBOTO € MOXKJIMBHM 3BEPHEHHS A0 €JIEMEHTA:
iM’ 1 BKa3iBHUKA —>iM’ 4 efleMeHTa

ITpuxnao. CkoprcTaeMocs YMOBOIO MonepeHbol 3aadi.
#include<stdio.h>
ttdefine size 30
#tdefine sizel 7
#define kol 5
struct stt {
char fio[size];
char nz[sizel];
float sum;
b
main( )
{struct stt d[kol];
struct stt *pa; // oronomeHHs BKa3iBHUKA pa Ha CTPYKTYpPY
// 3 abmoHoM stt
int i; float sum_st;
for (i = O;i<kol;i++)
{ printf ("\nBBenire npizsume: ");
scanf ("%s", &d[i}.fio);
printf ("\nBBeaiTe HoOMep 3aJ1iKOBOT KHHKKH: ");
scanf (" %s", &d[i}.nz);
printf ("\nBeaite cyMy cTunenaii: ");
scanf ("%e", &sum_st);
d[i].sum=sum_st;
}
// BKa3iBHHKY pa NPUCBOIOETHCS NIOYATKOBA ajipeca MacuBy cTpykTyp d
pa = &d[0];
for (i = 0; i<kol; i++)
{printf("\n%29s %6s %4.2f", pa—>fio, pa—>nz, pa—>sum);
pat++;}

Ilpn BMKOpHMCTaHHI BKa3iBHUKIB Ha CTPYKTYpY 3BEpPHEHHS [0
€JIEMEHTAa CTPYKTYpH MpPOBOJWTBHCS TaKUM YWMHOM: pa—>sum. Llei
BMPA3 O3HAYAE, L0 MM 3BEPTAEMOCS 10 TPETHLOrO ENEMEHTa CTPYK-
Typu 3 macuBy d. llo6 otpumaru anpecy npyrm CTPYKTYpH 3 Macu-
By cTpykTyp d, Tpeba BKa3iBHUK pa, KW MICTHTL aapecy nepiuoi
CTPYKTYpH 3 MacuBy d, 30inbMTH Ha ojMHKLIO. JIAs uporo BUKO-
PUCTOBYETbCA OHCpaLliﬂ iHKpeMeHTa pa++;.
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13.9. BUKOPUCTAHHS CTPYKTYP Y @ YHKIIIAX

BkasiBHMK 4acTO BHKOPHMCTOBYEThCS Uil Mepepadi Aa-
HHX, 00’eaHaHuX y CTPYKTYypH Mix (QyHKuismu. Lle moschioeTses
THM, IO B CIIMCKAX apryMCHTIB i MapaMeTpiB HE J03BOJISETECS BHKO-
PUCTOBYBATH Hi iMEHI THILy CTPYKTYPH, Hi CTPYKTYPHOI 3MiHHOI, a
NMIe iMEHA OKPEMHUX €JIEMEHTIB CTPYKTYpH. JKOAHHUX 0OMexeHb He
HaK/1aJa€eThCs Ha Niepefiavy aJpec OKpeMHUX €JIEMEHTIB CTPYKTYPH.
SIKmo npoJOBXKHUTH NONIEPEHIA NpUKNA, peasli3oByfodd AOJAAT-
KOBO 10 BBEJEHHS AAHMX MO Ipyni CTyJAEeHTIB QYHKIUiIO MiapaxyHKY

3arajbHOI CTMNEH/IT, aATOPUTM SKOT peai3oBaHHit okpeMo B (yHKLT

sums, TO 3BEpHEHHs [0 Wiel QyHKUIT 3 BUKNHKAIOUYOT PYHKLIT MaTHMe
OCh SIKMH BHUINISA:
for (i = 0; i<kol; 1++)
sums (d[i].sum);

ITepenaua anpecu OKpeMOro eJleMeHTa Mae BUTTISI/L

sums (&d[i].sum);

Jns nepecunanus y QyHkuito iHpopmauii CTpyKTypH B UIoMy
HeoOXiHO opraHi3yBaTH nepeaavy agpecy CTPYKTYpPHOT 3MiHHOT Jia-
HOT CTPYKTYpH. 3 L{i€I0 METOIO B CNKMCKY apryMEHTIB BUKIHYHOT PyH-
KLii GopMyeThCs azpeca CTPYKTYpH:

iM’ s yHKUIT (&M’ A CTPYKTYPHOT 3MiHHOT);

VY 3arosioBKy BHKJMKYBaHOI (yHKLUiT B CNUCKY napaMerpiB mae
OyTH npeAcTaBjieHUi NapaMeTp, LIO ONMUCYETLCS SIK BKAa3iBHUK Ha
M’ TUIY CTPYKTYpH:

<tun GyHKUIt> <iM’s GyHKUIT> (<BKA3IBHUK>)

<iMm’s BKaziBHUKa> <iM’s THUIy CTPYKTYpH> *<iM’s BKa3iBHMKA>;

Tinekn micnst Takoi opradizauil nepefadi CTPYKTYpH MOMIHBO
3BEpTATHCH JI0 1T €JIEMEHTIB 33 JONOMOI0K BKa3iBHHKA:

<iM’s BKaziBHUKa> —> <iM’s eJIeMeHTa CTPYKTYpH B LuabnoHi>

Js nepecunants B QyHKLIIO MACUBY CTPYKTYp HeoOXiHO nam’s-
TaTH, WO iM’s1 Oy/B-IKOTO MacuBy € CHHOHIMOM HOro ajpecH i ToMy
iM’S1 MacHBY CTPYKTYp MOXHa miepefiaBaTH Y QyHKILiI0, Ge3nocepe-
HBO BKa3ylO4u iOro B CIIUCKY napaMeTpiB.

V cnucky napametpiB GyHKLUIT, SKY BUKAMKAIOTh, JA€THCA BKa3iB-
HMK, AKMH 332 aHAJIOTI€I0 3 OAMHUYHOIO CTPYKTYPOIO HANIAIITOBY€ETHCS
Ha iM’s TUNY CTPYKTYPH. 3BepHeHHs 10 eleMeHTiB BinOyBaeThes AK |
MY OAMHHUYHIH CTPYKTYPI, aie nonepeaHbo noBvHHa OyTH nepeaba-
YeHa repeajipecallis BKasiBHUKA. Hanpuiraz, y ¢dyHkuiT sums( ) po-
OUTBCS MiAPaxyHOK CYMH CTHIEH I 1Mo rpyni.

#include<stdio.h>

#define size 30
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#tdefine sizel 7
#define kol 5
struct stt {
char fio[size];
char nz[sizel];
float sum;
|5
main( )
{struct stt d(kol];
struct stt *pa; .
int i; float sum_st;
void sums (struct stt *pa);
for (1 = 0;i<kol;i++)
{ printf ("\nBBeaiTs npizBuiLe: ");
scanf (" %s", &d[i].fio);
printf ("\nBBemiTe HoMep 3a/1iKOBOT KHHXXKHU: ");
scanf (" %s", &d[i].nz);
printf ("\nBBexiTs cymy cruneuaii: ");
scanf ( "%e", &sum_st);
d|i].sum=sum_st;

}
pa = &d[0];
sums (pa);

void sums (struct stt *pr)
{float s; int i;
for(i = 0, s = 0;i<kol;i++, pr++)
§+ = pr—>sum;
printf ("\nCymma cTurrenaii o rpyni: %4.2f", s);
}

AnpecH CTpyKTYpHOT 3MiHHOT MOXKHA OTPUMATH, BAKOPHCTOBYHOYH
onepauito &, roai pa = &d[0]; Bmiutye anpecy macuBy cTpyktyp d y
BKa3iBHUK pr. Skmo nepenatv 1o aapecy B GyHKIii, TO BOHa OTpuU-
Mae JOCTyN AO BCiX €/EMEHTIB CTPYKTYpH. Ui JoCTyry A0 4YJIeHIB
CTPYKTYPH 3a JOTIOMOTOIO BKa3iBHHKAa Ha CTPYKTYPY BHKOPHCTOBYeE-
THCSI ONEpauifs —>, 1 JOCTyNny A0 €NeMEeHTa sum 3 JOMOMOrol pr
3aMucaHo: pr—>sum.
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Po30in 14

TEXHIKA OBPOBKH

SAUNIB AAHUX

3 BUKOPUCTAHHAM 3ACOBIB
NOTOKOOPIEHTOBAHOIO
BBEAEHHA-BUBEQEHHA

14.1. BATAJIbHA XAPAKTEPUCTUKA
TEPEJABAHHSI ®AWJIIB ITOTOKY.
MOTOKH I ®AMIN

Ha BigMiny Bin iHIIMX MOB nporpamysaﬂﬂﬂ C++ He mae
KOMaH/, BBEJACHHA-BUBCACHHS, a pealisallis BBeACHHS-BUBEACHHS B
nporpamax 3ailicHioeTsest Ha 6a3i ynkuiit. Borland C++ mae yotupu
CHCTEMH BBEJCHHS-BUBEICHHS:

1. TlorokoBe BBeNEHHA-BUBEIEHHA (CHCTEMY BBEACHHA-BUBEAECHHS
ANSI C);

2. HispkopiBHEBE BBEINEHHS-BUBEACHHS (CHUCTEMY BBE/ICHHS-
BuBeenHs UNIX);

3. KoHconbHe BBeACHHSA-BUBEACHHS;

4. O6’eKTHO-OpiEHTOBaHY CHUCTEMY BBeAEHHs-BUBeleHHA C++
(6ibnioTeky kyaciB BBeACHHSI-BUBeACHHSI C++).

Cuctema BBeneHHA-BUBeaeHHs C i C++ rpyHTYyeTbCs Ha KOHUENUIT
notokie i aiinis. ITomokom Ha3MBaeTbcs abCTpaKTHE NMOHSATTA, IO
CTaBHTHCS 710 Oyab-AKOTO MEPEHECEHHA NaHUX Bix Mkepena (abo
rocrayanbHUKa JaHUX) A0 npuiiMaya (abo cnoxxuBaua aanux). Ilotik
BBE/ICHHA-BUBE/IEHHs. — L JIOTIYHMIT NPUCTPil, Aknd BUAAE i npu-
iiMae indopmauito kopuctyBauya. [loTik BU3HaYae nocailoBHicTb Oaii-
TiB (CUMBOIIB) i 3 MOTNIAAY NPOrpaMu He 3aJEXHThb Bifl TUX KOHKpET-
HUX mpucTpoiB (dailn Ha aucky, NpUHTEp, KiaBiaTypa, AWCNIEH
i T. iH.), 3 AKMMM BeneTbes 00MiH fannmy. Torik BB’ﬂsyCTbcsl 3 KOHK-
peTHUM (ailJioM 3a J0MOMOrOI0 onepaii BiAKPHTTS, 3B’530K NOTOKY
3 (haltioM 3HMLLYETHCS 38 JIOITOMOTOIO onepauu 3aKPHTTS.

@aiin — ue iIMeHOBaHa JlifITHKa nam’sTi, sika Moxe 30epiraty JaHi,
nporpamy 4u Gyab-sky iHuly indopmauito. 3acobu onepalliiiHoi cructe-
MU 15 JocTyimy 1o dhaiiniB npu3HaveHi AJ1si BAKOHAHHSA TAKWX olepaLiiii:

1) ctBopeHHs ¢aiinib;

2) 3HULIeHHs aiinis;

3) nowyky ¢aiina Ha QUCKy;

4) yuTaHHS-3anUCyBaHHs iHbopMmauii 3 daiina (y daiin);
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5) 3axucT aiiB BiJi HECAHKL[IOBaHOTO AOCTYIY;

6) BinkpHTTS daiiis;

7) 3akputTs aiinis.

3 mornany nporpamicta ¢ain y Mosi C++ po3risjaerbcs K Mo-
CIIiIOBHICTE CHMBOJIiB a60 GaiiTiB, 1O Ma€e MOYaTOK i KiHeup. Y daiini
BH3HAYCHNH BKa3iBHUK 3aMMCYBaHHSA-YUTaHHS — I0TOKOBa MO3ULid
MOCN/(OBHOCTI BaMTiB, 10 sIKMX 3AiHCHIOETEC pocTyn. [Tpn koxHOMy
YNTaHHI 200 3aNUCYBaHHi BKA3iBHMK aBTOMATHYHO nepemilyeTbes
BIEPE] Ha MEPEHECEHY KUIBKICTH OalTiB, AKIIO MpPH ULOMY KiHeup
¢aiina He nocarHytiid. JlocsaraeHHs Kinng gaiina 3aiHCHIOETBCS One-
PalliiHOIO CHUCTEMOIO, SKa MOBIIOMIIZE MpPO LEe B Nporpamy rnepeia-
yero creuiansHoi ymoeu EOF (ymoBa EOF — End-of-File). YmoBa
EOF peectpyeTses onepaniifHOIO CUCTEMOKO B TOH MOMEHT, KOJIH BKa-
3iBHMK JOCATA€ 3HA4YEHHs, piBHOTrO po3Mipy ¢aiina. Cuctema nporpa-
MyBaHHs MOBOIO C++ U1 uMTaHHs 1 3anNKUCcyBaHHA indopmauii 3 daii-
niB BUKOPUCTOBYE cBOT GibnioTeuHi QyHKUIT, NesAKi 3 HUX BUKOHYIOTD
YMTAHHA TaK 3BaHUX TEKCTOBHX (aiinie abo TEKCTOBUX MOTOKIB.

TexcroBuii ¢aiin mMicTuth iHQOpMaLIIO Y BUrNSLI CUMBOJIIB KOLY
ASCIIL. Y neomy moxHa 306epirath TekcroBy, uudpoBy indopmadito,
No4aTKOBI TEKCTH mporpam, dainn naketHoi o6podbku. Koxen cum-
BOJI Ma€ 30BHILIHE | BHYTpIWHE (ABIHKOBUH KOA) NpeacTaBieHHs i
Bi/INOBIJHUH HOMY BHYTpILUHIN JBIAKOBHI KOJ TAKMX BUAIB:

1) xonu nirep, PO3ALTOBHX 3HAKIB, UM i T. A.;

2) KOAX CHMBOJIB (bOpMaTyBaHHﬂ Hanpuknapn, «nosepHenHs Ka-
peTkuy, «nepeeaeHHs paaka» i T. 4. Lli cumBonn naiiuactiwe 3y-
CTPIYAIOTLCS NSt KEPYBAHHS, NCPERYCIM NPUCTPOEM JIPYKY, AK SOTiu-
Hi MITKH KIHUS psifKa B (baum

3) KO CUMBONIB 3B’ 3K
TEKCTY», «KiHEUb nepenaui» i T. iH., IKi BAKOPUCTOBYIOTHCA MPH Ie-
penauyi iHpopmMauil kaHanamu 38°A3Ky.

HosxuHa psaka texcroBoro akina Hiuum He obMmekena. Psanok
MPOJOBKYETHCSA 10 THX Nip, MOKK HE 3yCTPIHYTHCS CHMBOMIN «TIOBep-
HEHHS KapeTku» i «nepeseeHHs paaka». CraHaapTHi nporpamui 3a-
cobM, HarpuKnag, TEKCTOBi TNPOLECOPH, MOXKYTh OOMEKYBaTH JOB-
XKMHY psaka, Hanmpukiag, 10 80 cumBonie (6iTiB). Y ubomy pexumi
KoMOiHaList CUMBOJNIB «MOBEPHEHHS KapeTKU» i «NepeBefeHHs pal-
Ka» TPaHCJIIOETbCS B €IMHUI CUMBOJI KMEPEBEASHHS pPsaKa» MpH BBe-
AcHHi. [Ipy BHBegeHHI CUMBOJI BBEACHHS PALKA TPAHCIIOETLCS HA3a.
y KkoMGiHauito CHMBOJIB «TMIOBEPHEHHS KapeTKu» i «MepeBEeNCHHs
paaka». V paai BUNaiKiB Npy BBEJCHHI-BUBEACHHI HebaxaHo 3pific-
HIOBaTH TaKi NepeTBOpeHHs. Y IBIHKOBOMY pexuMi Taka TpaHCIALis
kombiHallii noaaBseTbes.
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Heitixosuti ¢paiin — TocniAoBHiCTh 6aliTiB, 1O MArOTh OJJHO3HAYHY
BiANOBiAHICTH 3 GaliTaMK B 30BHIITHBOMY MPHCTPOT. :

OyHkIiT MepeaBaHHA AaHUX NMOTOKY 3AIACHIOIOTE 06poOKy JaHUX
K 6e3nepepBHOrO MOTOKY CHMMBOJIIB. BOHM [03BOJISIOTH 3aIIUCYBaTH
JaHi 3 OyQp SKOTO 30BHILIHBOrO 3anam’ SATOBYBAJBHOIO MPUCTPOO
(33I1) B O3I1 i Hazax. [ToTokoBi GyHKLIT BUKOHYIOTH J10JATKOBY Oy-
depusauio Ha piBHI onepauiiiHol cucTeMu i Ha piBHI 6ibs1ioTeUHNX
¢yukuiit. [lorokoi GyHKLil BBeleHHA-BUBEAECHHA 3a6€e3neuytoTh Oy-
dbepuszoBany o6pobky naHux. bydep — ue cneuiansna obnacte O3II,
AKa BUIINAEThCS 1)1 0OCITYrOoBYBaHHS MpOLECY NepeJaBaHHd OaHUX.
BukopucroByBanHs Oydepa 3abesnedye nepenady AaHUX y ABa eTa-
Ty Ha nepuoMy — JAaHi 3 pobouux noi O3I1 3a komaHxaMu BHBe-
JICHHS IPOrpaMy [IEPeMiLLyIOTECS 10 BIANOBiAHOro Oy(epa BUBEICH-
Hi; Ha iHIIOMY eTami, konu Oydep MOBHICTIO 3aNOBHEHMH, AaHi
nepemimytorscs Ha 3oBHiWHIA 3I1. I1pu Beesenni manux 3 331 B
0O3Y npouec npoxoauTe ananoriyxo. [1pu BUkopucTanHi Oydepa no-
CAraeThCs BHINA IBUIKICTH BUKOHAHHA NPOrpaMH 3a paXyHOK CKOpo-
YeHHs KilbKOCTi peanbHux 3BepTanb 10 33I1. V Toii e yac y npoueci
BMKOHAHHSI [IPOTPAaMH MIOTPIOHO CTEKUTH, 1100 AaHi HE 3aNMIIWIKCS B
Oydepi Ha npomixHii cTaaii o6pobku. Lle moxe 6yTH B npoueci it
BBEJICHHS-BUBEJCHHA, KOJIH 6y(bep 3a/IMIAETBCS HEMOBHICTIO 3aMOB-
HeHMM, a60 B NpoLIEC aBapiiiHOT 3yNUHKK NPOrpaMH, KO Oydep He
OHOBJIOETbCA i Aani MOxyTb Gyt Brpadeni. [lpn BBeaeHHI nanux i3
soBHinboro 3I1 B O3I1 npouec BiAOYBaeThCS aHANONIUHO.

®yHKuii BBeACHHA-BUBEAEHHS NOTOKY 3abe3nedytoTb popmarosa-
He BBEJICHHSA-BUBEINEHHS 3 NMpoBeJeHHAM pejaryBaHHsa. JUna dybxuii
MPUNYCKAIOTh MOCUMBOMNbHE BBeJEeHHA-BUBeAeHHA. Jlna poborn 3
(GYHKUIAMY BBEJEHHS-BUBEACHHS TMOTOKY [0 Nporpamu MoTpioHo
nig’eaHaTy <stdio.h>.

14.2. BUIAJIEHHS | TEPEAMEHYBAHHS ®ARJIB

VY moBi C++ € 1ina rpyna ctaHgapTHUX QYHKLUIT, fKa 10-

3BOJIsIE KepyBaTtu (aiinamu. OJIHI/]M 3 apryMmeHTiB Lux GyHKUii 0060-
B’5I3KOBO BUKOPHCTOBYETHCA iM’a aitna, 114 skoro Heo6XiAHO BHKO-
HaT¥ NeBHi Aii.

Och nepenik OCHOBHUX (QYHKLiH BKa3aHO! Ipymnu:

emktemp — CTBOpeHHs YyHikajabHOro iMeHi daita, reHepye yHi-
KaneHe iM’s ¢aiina. [Tporotun ¢yHkuii MicTuTecs B daiini <dir.h > i
Ma€ TaKUid BUTJAA:

char *mktemp (char *template);
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ne char *template — BKka3iBHUK Ha PSJOK, AKUIl MOBHHEH 3aBep-
IyBaTHCA.

OyHKUis yTBOPUTH YHiKalbHEe iM’s (bai‘/'ma o He 30iraerbest 3
’KOLHMM 3 IMEH y NMOTOYHOMY AMPEKTOpIl, 38 0NOMOro Moaudixa-
Lii 3alaHOrO iMeHi femplate. PsOK iMEHi Npe/CTaBIAETECS y BUMISAL
baseXXXXXX, ne base — Habip, o MIiCTUTL He OinbLle INECTH
Oyab-SKHX CHMBOJIB, Ki 000B’A3KOBO BKJIIOYAKOTHCA B iM’s, 1110 re-
HepyeTbes. CumBonu X' o3HauaroTh Mo3wuuii, Aki OyayTe 3amiHeHi
CHUMBOJIAMH YHIKaJIBHOTO iMEHi, MPUUOMY TpeTill 3 HHUX 3aBXKIU CHM-
Bon . @yHkuUis mktemp( ) mouMHae reHepalilo iMeH 3 koMOiHauji
AA.AAA. OyHkuis noBepTae BKa3iBHUK Ha iM’4 ¢aitna, y pa3i nomu-
aku noeeprae NULL. CI)yHKum He cTBopioe Qaiina. Hanpuxian,

#include<dir.h>

#include<stdio.h>

int main(void)

/* fname Bu3Hauyae MacKy JuUis iMeHi (aiina */
char *fname = "TXXXXXX", *ptr;

" ptr = mktemp (fname);
printf ("%s\n" ptr); // BuBeneHus imeni TAA.AAA
return O;

}

* remove — BUAaJieHns ¢aitna. ITporoTun dyHkuii 3HaxoanTbCS Y
¢aiini <stdio.h>.

int remove(const char *filename);

ne const char *filename — BKa3iBHUK Ha pANOK, AKMH MICTUTH
iM’s1 (paiina, o BUANAETHCS, i MOXKE BKJIHOUATH HOro MOBHUIA Mapi-
pyT.

Ilepen BukopucTaHHAM ¢yHKUIl remove daiin, wo BUAyYaeTbes,
noBuHeH OyTu 3akpuTuMm. Skuwo ¢aiin BunyyeHuit — noseprae 0,
AKLIO TIOMHJIKA NOBepTac — | i BCTAHOBNIOE 3MIHHY €rrno, Wo AopiB-
nioe EACCES (noctyn 3aGopoxenuii) Ta ENOENT (¢aiin aGo kara-
Jor He 3HaiaeHui). DyHkiis peanizoBaHa siK MaKpoOC, WO BHKIMKAE
¢ynkuiro unlink().

srename — nepeiimenyBanHs ¢aiina. IlporoTun ¢yHkuii 3Haxo-
auteea y ¢aiini <stdio.h>.

int rename (const char *oldname, const char *newname);

ae const char *oldname — Bka3iBHMK Ha PsOK, IO MICTHTD iM’s
¢aiina;

const char *newname — BKa3iBHHUK Ha PAJOK, LLO MICTHTL HOBE iM’s1.

Panok, wo 3anae iM’s, Moxe MICTHTH iM’g THCKOBOAA M KaTtaiora.
®yHKUisA rename Moxe 6yTH BUKOpUCTaHa 15 nepeMilieHHs daiina 3
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OJHOTO KaTajora B IHIIMH, 3afaBIUM iHIUE iM’S LUIIXY B newname.
[Tpu mepeitMeHyBaHHi (aiiniB BOHH 3a3aajerigs 3aKpUBarOThes. Bka-
3iBKa JWUCKY NMOBUHHA OyTH oAHa i Ta cama. @yHKLia rename nosep-
Tae 0 npu nepeiiMenyBaHHi ¢aiina, — 1 y pa3i MOMHUIKH i BCTAHOBIIOE
3MiHHY errno, popiBHoe ENOENT (daiin abo karanor He 3Haiige-
auit), EACCESS (moctyn 3aboponennit) Ta ENOTSAM (pisHi nuc-
KOBOAM).

14.3. CTAHJAPTHI ITIOTOK
BBEJAEHHA-BUBEAEHHA

Ha nouatky BukoHaHHS Oynb-iKOi NpOrpaMH cuctema
AaBTOMATHYHO BiJIKpHUBa€ I’STh 3yMOBJICHWX NMOTOKIB (fKi iHaKile Ha-
3MBalOTHCS CTAHAAPTHUMHM (aiinamu):

stdin — cTraHzapTHEe BBEAEHHS;

stdout — CTaHJapTHE BUBEHEHHSA,

stderr — cTaHIapTHE BUBEACHHS MOBIAOMJIEHb PO [TOMUIIKH;

stdaux — CTaH,uapTHuﬁ MoC.1iA0BHUH NOPT;

stdprn — cTaHAapTHHH NPUCTPiii APYKY.

Hani noToku He Tpeba sBHO BiAKpUBATH i i 3aKpHBATH. 3a 3amoB-
uyBaHHAM stdin, stdout, stderr opienToBani Ha nUcIIeH, stdprn — Ha
npuHTEp, stdaux 3a 3aMOBUYBAHHAM HE 3aJla€TkCS, a 3ale)KHUTb BiJl
KOHKpETHOT KOHirypanii cucTeMH, 3BM4aiiHo Lii MOTOKY 3B A3YIOThH 3
NocNiIoBHUM NOpTOM 1 npuHTepoM. OnepauiiiHi cucremu Windows i
DOS nonyckatoTh nepeHanpaBieHHs BBEJAEHHA-BUBEACHHs, 11€ O3Ha-
yae, Wo iH(opmallis, gKa HAAXOAWTb 3BUYAMHO Ha OOWH NPUCTPIH,
nepeHanpasJsSeThCs Ha IHIIWHM npUcTpiii onepaLiiiHoT cucTemu.

14.4. KEPYBAHHS BY®EPU3ALICIO

Bydepusauis norokis stdin, stdout, stdprn BinbyBsaerbcs
3a 3aMOBYYBaHHSM 3aBXJAM, a MOTOKIB stdaux, srderr nuuie B TOMY
pasi, KOJIM BOHM 3YCTPUIMCH Yy BIiAMOBIAHMX (YHKISAX BBENCHHS-
BuBeaeHHsA. Ilotoku stdin, stdout, stderr 3a 3aMOBUYBaHHAM BilKpU-
BAIOTbCA B TEKCTOBOMY pexuMi, a stdaux i stdprn — y pBilikoBomy.

Jns 3MiHH peXxuMy MOXKHa BUKOPUCTOBYBaTH GYHKUIO setmode( ).

IMpororun ¢pyHKuIT € TaKKUM:

int setmode (int handle, int mode);

int handle — noTouHnit HoMep NOTOKY (AECKPUNTOP) BCTAHOBIIO-
€TbCs 32 onomororo dhyHkuii fileno( ).
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int fileno (FILE * stream);

ae FILE *stream — BigkpuTuii (bamlomm MOTIK;

JIns 3aBaHHS PEeXHUMY BUKOPHUCTOBYIOTHECS CHMBOJIbHI KOHCTAHTH:
O_TEXT, O_BINARY. Akimo Tpanwiacs nmomMuwika — (yHKLis no-
BEpTAE 3HAUCHHA — 1,

@yHKLT [I0TOKOBOTO BBE/IEHHA-BUBECHHS BUKOPHCTOBYIOT BOY-
foBaHy Oydepusauiio s nifHeceHHs epeKTUBHOCTI 0OMiHYy 3 30B-
HilUHIMY npucTposMu. Po3mip BHyTpimubsoro 6ydepa 6i6nioTedHmx
¢ynkuiii Borland C++ 3a 3amoBuyBanHsAM BcraHOBIIOEThC 512 K6
JUd perysipHux ¢aiiniB (perynspauid ¢aitn — ue 3BUYaiiHKi daiin
Ha nucky), 128 K6 nna cranpapranx daiinis stdin, stdout, stderr. Bu-
KOpUCTOBYBaHHSI MeXaHi3My Oydepusalii nos’s3aHe 3 MOXIUBICTIO
BTpatu iHpopMmauii B 6ydepi B pasi HecnoziBaHOro (HEOUiKyBaHOrO)
ab0 NOMMJIKOBOTO 3aKiHUEHHS MporpaMu. Y cTaHAapTHii OionioTewi €
ABt QyHKLIT, 10 A03BONAIOTE 300 MOBHICTIO BUKMOYHTH Oydepusa-
uito, abo 3azaTH HeoOXigHUii po3mip Oydepa, abo BUKOpUCTOBYBATH
K Oydep ANIAHKY NaM’sTi, IO HAJAETHCA NPUKJIARHOIO NPOrPaMolo.
Jns ctBopeHHs Oydepis notokiB stdout, stdaux, stderr MOXKHA BHKO-
puctatn pyHkuii kepyBanHs Oydepusauieto servbuf( ) i setbuf( ).

int setvbuf (FILE *stream, char *buf, int type, size_t len);

ne FILE *stream — BigkpuTnii gaiinoBuit notik;

char *buf — BkasiBHuk Ha Oydep, 1ie 3BUUaiHO MacHB eJIEeMEHTIB
Tuny char;

int type — Tnn Gyepusauii;

size_t len — posMip HoBoro Oydepa B Gaumax, ane Hi Ginblue
32767. Tun size_t BU3HauEHHI B aiti <stdio.h> sk Ge33HaKoBe Line.

Dyukuis setvbuf( ) 3piitciioe 3aminy Gydepa BBeACHHS-BUBEACHHS
¢aiina. lana ¢yHkuis noseprae 3sauenns 0, akuwo ¢yHkuis cnpauo-
BaJla NPABHIILHO, HEHY/ILOBE 3HAYCHHS, SKIIO cTajacs nomuiika. Ap-
T'YMEHT type 3aaac BCTaHOBAeHHi cniocib Oydepu3zallii i 3anaeTbes Ta-
KHMU KOHCTAHTamM:

_IONBF — 6ydepu3anis BHIIIOYAETHCS, TOAI 1HWWI €leMEHTH ir-
HOPYIOTECS;

IOFBF — nosHa 6y¢epusauis, To6To nepeaaBaHhs aanux i3 Oy-
depa y daiin BinbyBaeThcs nic/isA NOBHOro 3anoBHeHHs Gydepa;

_IOLBF — nopsaakoBa 6ydepu3aunia. [Ticns koxHoro 3anucy cu-
MBOJIa «HOBMH psinok» BinOyBaeTbCs aas Oydepa BBEACHHS — OUM-
IEeHH, a 11 6ydepa BUBEJEHHS — NMEPEHECEHHSA BMICTY y daii.

void setbuf (FILE *stream, char *buf);

ae FILE *stream — BKa3iBHUK BiAKPMTOro NoTOKY;

char *buf — Bka3iBHUK Ha HOBHWi1 Oydep, akuii 6yne BHKOpUCTO-
ByBaTHCs sl BBeJeHHA-BUBeAeHHA. Po3Mmip Oydepa BusnauyeHuit y
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<stdio.h> koncranroro BUFSIZ mo nopisaioe 512 Gaiiram. 106
BiAMiHMTH Oydepu3auito daiina, noTpibHO 3podutH posmip Oydepa
HYJIBOBHM. '

dyHKuUis npu3HaueHa 1A KepyBaHHA Oydepusalieio notoky. He
Ma€ 3HaYEHHS, IO MOBEPTAEThCA. SIKIIO 3HaUeHHA apryMeHTy buf no-
piBHioe NULL (uynpoBuil BKa3iBHMK), TO Oydepusaiys BiAMiHAETbCS.
HaHa QyHKUisS BHKOPUCTOBYEThCS B TOMY pasi, KO HEOOXITHO Bif-
KTIOYHMTH Oydepusauiro nmoBHicTio abo sk obnacth s O6ydepa BHKO-
pucToByBaTH obsactk mam’sti 512 K6.

SIkmo Oydep cTBOpeHHIT CUCTEMOIO, TO BiH HEAOCSKHHUI 1A KO-
pHCTyBaya, OCKLIbKH HE Mae iMeHi. SIKo € HeoOXiAHICTb 3BITBHUTH
y nporpaMi 6ydep N0 HOro MoBHOro 3afMoOBHEHHS, TO BUKOPHCTOBY-
10Th GyHKUIT fflush( ) i flushall( ).

int fflush (FILE *stream);

ae (FILE *stream) — Binkputuii ¢aiinoBuii noTik.

®yukuis fflush( ) 3BinpHse Oydep NOTOKY Ha BIAMOBIAHOMY MpH-
CTPOT HE3aJIeXKHO BiA ioro 3anoBHeHOCTi. [ToBeprae 3navenHs 0, sk-
o Oydep oHOBICHHH, a AKIO NiJ Yac BUKOHAHHA GYHKUIT cTanMcs
NIOMUJIKH, TO noBepTae 3HaueHHsa EOF.

int flushall (void);

@yHKuis 3BiNbHAE BCi Gyepu BIAKpUTHX noTokis. [losepTae 3Ha-
YeHHS KUIbKOCTI BIIKPUTUX MOTOKIB y pa3i YCOILIHOTO 3aBEpLIEHHS,
snayeHHs EOF, skuio BusiBNeHi skicb NOMWIKKW. 3akpuTta aiinis Ta-
KO MPHUBOJUTD A0 OUMLLEHHS Oydepis.

14.5. BIAKPUTTA I SAKPUTTS ®ANJIA

SIKILO KOPHCTYBay y MporpaMi KpiM CTaHAApTHHX daiiB
MOBMHEH 3JiICHUTH OMpauoBaHHs BIacHUX (daiiniB JaHUX, TO HEoO-
XiJIHO MPOBOAMTH TX BIAKPUTTS Ta 3aKPUTTS 32 AONOMOTOI0 CTaHAAPT-
nux yskuiit: fopen( ), freopen( ), fclose( ), fcloseall( ). ynkuin Bin-
KPWTTS NOBEPTAE 3HAUEHHs BKA3IBHUKA THIlY FILE, BcraHOBNEHMiA Ha
daitn (motik). ToMy B ONMCOBIA YacTHHI MPOrpaMu NMOBHHEH 6ym
NPUCYTHIM OMKMC BKa3iBHUKa Ha (aiin:

FILE *<im’s Bka3iBHHKa Ha daiin>;

Bxasisnux na ¢paiin — ue BKa3iBHUK Ha iHpopMallilo, 10 BU3HAYaE
pi3Hi napameTpH (haiina, BKMOYAIOUH HOTO iM’4, BKa3iBHUK NOTOYHOI
no3uuii B Qaiini, BKa3iBHUK Ha 6yq)ep i #ioro p03M1p Ta iH. BkasiBHuK
Ha daiin inenTudikye KoHKpeTHHil AMCKOBUH dailn | BUKOpUCTOBYE-
THCS MOTOKOM [Ulsl BAKOHAHHS orepallii BBeJeHHs-BUBEICHHA. Bkasi-
BHUK Ha (aiin — ue 3MiHHa-BkasiBHUK Tvny FILE.
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Y noTpiGHOMY Micni MpPoOrpamm 3anucyeTbCst QYHKLIA BiIKpUTTS
¢aiina:

<iM’q Bka3iBHHKa Ha (aiin > = fopen (const char *filename, const

char *mode);

ne const char *filename — BKka3iBHHK Ha pAJoK iMeHi daiina, sxuit
MOJKe MiCTHTH iHGOpMaL(ilO MPO AUCKOBOAM Ta KaTaJIOTH;

const char *mode — BKa3iBHHK Ha PAJIOK, SIKUii 3a]a€ pexuM Jo-
cTymy no daiina i MoXxe HabyBaTH TaKUX 3HAYEHb:

"r" — BiAKpUTH Dl TiNbKM A9 YHTAHHA, NP UBoMY daiin yxe
NOBHHEH iCHYBaTH;

"w" — BilKpuTH nopoxmm aiin ans 3anucyBaHHs, KO LeH
¢haiin paniime icHyBas, To Horo BMicT BiLIaNIeThCA;

"a" — igkputH daiin AN KOAaBaHHA 3aNMCIB y KiHElpb, SKIUO
aiin He icHye, TO BiH CTBOPIOETBCS,;

"r+" — BiAKpUTH dalin ONHOYACHO ANIA YMTAHHA Ta 3aNUCYBAHH,

daiin noBuHen icHyBaTH;

"wt" — Buu(pum aitn st uMTaHHA Ta 3aMKCYBaHHA, AKMO Bai
paHilue icHyBaB, TO HOTO BMiCT 3HHLIYETHCH;

"at+" — BiakpuTH Qaiin 1ng YUTaHHS Ta NOJABAHHS 3aNMCIB Yy Ki-
Hellp, AKo paiin He iCHYE, TO BiH CTBOPIOETHCS.

HonarkoBo 10 6yaAb-AKOro 3 LMX PEXHUMIB MOXHA JOJATH CUMBOJI
t — AKiE (aiist noTPiGHO BiAKPHUTH B TEKCTOBOMY PEXHMMI, CHMBOJ
b — y aBilikoBoMy pexumi.

V pasi ycniwHoi po6oTu naHa ¢GyHKLisS NoBepTac BKa3iBHHK TUINY
FILE, sxuii inentudikye Binkputuit daiin i BAKOPUCTOBYEThCA daii-
noBuMHM (QYHKUIAMH, a B pa3i MOMHIKM ¢yHkuis noeprac NULL-
BKa3iBHUK.

I1pu 3aBepieHHi poboTy 3 daitnoM nosuHHa Gyt 3anucaHa ¢yH-
KList 3aKpuTTA (aitna:

int fclose (FILE *stream);

J€ stream — L BKa3iBHMK Ha (aiin, noBepHeHmii fopen( ).

Dynkuis flose( ) noseprae 3HaueHHs 0, AKWIO MOTIK 3aKPUTHIA yc-
nimwHo. ¥V pasi NOMMIKY 3Hau€HHA, L0 NMOBEPTAETHCSA, JOPIBHIOE 3HA-
yenHio EOF, To6ro noBepraeTbes o3Haka KiHug daiina, Bu3HayeHa B
¢aiini <stdio.h> sk —1.

SAxmo noTpibHO 3aKpUTH BCi BIAKPHUTI (aiinu, KpiM CTaHAAPTHHX
¢atinis BBeICHHA-BUBEAEHHSA, BUKOPUCTOBYIOTH GyHKUiIO fcloseall( ).

int fcloseall (void);

@yHKUisA MOBepTae 3arajibHE YMCIO 3aKPUTHX MOTOKIB, SKUIO BH-
ABNIEHI AKi-HeOYAb NOMUNKK NpH 3aKkpuTTi ¢aitnis — EOF.

Skmo notpi6Ho BiakpuTH (haitn 3 IHIWIMMK NpaBaMH AOCTYMY, TO
CJlii BUKOPHUCTOBYBATH yHKLIiIO:
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FILE =*freopen (const char #filename, const char *mode,
FILE *stream);

ne const char *filename — Bka3iBHMK Ha PSAOK HOBOTO iMeHi
baifna, Ha AKU NIEPEeBU3HAYAETHCS MOTIK;

const char *mode — pexum 06pobku 1151 HoBoro ¢aiina, mWo BiA-
KPUBAETHCS, BU3HAYAETHCS 3a aHANOTIEIO 3 fopen( );

FILE *stream — BKa3iBHUK Ha BiJKPUTHH MOTIK, [0 3aKPUBAETHCA.

OyHKIis 3aKpuBa€ MOTOYHHI BIAKpUTHHA ¢aiinoBuil noTik 1
3B’A3ye Lieli MOTIiK 3 HoBUM ¢aiinom. Y pasi ycniixy QyHKLis noBeprae
BKa3iBHUK HA 3HOBY BIIKPUTHI1 NOTIiK. SIKIO BUHUKIA IIOMHUIKA, KO-
JUIIHIA nonepenHid daitn 3akpuBacThes, a QyHKLIS MOBepTae 3Ha-
yeHds NULL. IToBTopHe BimkpuTTs TOro camoro (aiina 3miHwoe npa-
Ba JOCTYMy, OYHMINAae BHYTpilIHi OydepH i MO3HLIOHYE BKa3iBHHK
noTouHoi nmo3uuii abo Ha noyatok daima ("r", "r+", "wW", "w+"), abo
Ha Horo kinens ("a", "at"). Skumo gaiinm pi3Hi, NEPEBIAKPUTTS MpH-
BOAMTH [0 nepeanpecaun ¢aiinoBoro BBeAeHHsA-BUBeIEeHH:. Hacrilue
32 BCe Ll (YHKUis BHKOPUCTOBYETHCS JJIS NIEPENPU3HAUCHHS CTaH-
NapTHHUX NOTOKIB stdin, stdout, stderr na iHwi dainu. Hanpuknan,

freopen("out.txt", "w", stdout);

BUKOHYE Niepeajpecallito CTaHAapTHOro BUBEACHHS B (ailit out.txt.

14.6. CKJIAJ ®YHKLIIH
BBEJEHHS-BUBEJAEHHS IOTOKOM

[Ticas ycmiwHoro BinKputTTa aiina MoXHa BHKOHYBATH (haiinose
BBeJCHHs-BMBeACHHs. DYHKUIT NOTOKOBOrO BBEACHHSA-BUBEAEHHA MOX-
Ha NOJINMTH Ha YOTHPH IPyNu:

1) ¢yHKUIT NOCMMBONBLHOIO BBEACHHA-BUBEACHHS;

2) dyHkuUil NOPAAKOBOTO BBEACHHA-BUBEIEHHS;

3) dhyHkuiT 670KOBOrO BBEAEHHA-BUBEAEHHS,

4) pynxuii GopmMaTOBaHOTO BBEACHHA-BUBEAEHHS.

Dynkyii nocumeorbHozo 6eedenns. Y pasi ycnixy yHkuii nosep-
TalOTh 3HAYEHHS CUMBOJTY. SIKILO BKa3iBHUK NOTOYHO! MO3MLIT 3HaX0-
JMTHCS 3a Horo KivileM abo BUHUKIHM sIKich NOMUAKH, noBeptae EOF.

int fgetc (FILE *stream);

®yHxuis fgetc( ) uuTac OOMH CUMBON 3 NOTOKY Stream 3 NOTOMHOI 110-
3uLi | nepeMiLye BKa3iBHAK NOTOYHOT NO3MLIT Ha HACTYMHUIT CUMBOJL.

int fgetchar (void);

®yHKUig fgetchar 30IHCHIOE YHTaHHA CUMBOJIYy 3 CTaHAApTHOIO
daiina stdin (3 xnaBiatypn), exBiBaneHtHa fgetc (stdin);.

int getc (FILE *stream);
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Makpoc getc( ) noBepTae HaCTYIHUU 3a IMOTOYHOK MO3ULIECIO CU-
MBOJI i3 33aHOTO BXiJJHOTO TIOTOKY strean.

int getchar (void)

Makpoc getchar( ) noseprae cumpon 3 ¢aiina <stdio.h>, exsipa-
neHTHHU getc (stdin);.

Dynxyii nopadkoeozo egedernns. Y pasi ycnixy ¢yHkuii nosepra-
10Tb BKa3iBHUK Ha IPOYMTaHUI PSAJIOK CUMBOJIB. Y pasi noMuiky abo
JOCSTHEHHs1 yMOBHM KiHL ¢aiina Beprae NULL.

char *fgets (char *s, int n, FILE *stream);

@DyHKuUis fgets nocninoBHo yuTae 3 ¢aitoBoro noroky FILE
*stream CHMBOJIM aX IO CUMBOJIa HOBOTO psAAKa, BKIIIOUAKOYM HOTrO,
abo makcumyM n—] cuMBoJiiB. [IpoYuTaHi CUMBOJIH BMIlLyIOTBCS, 11O~
YHHAIOYH 3 KOMIPKH, IIO aJpecyeThes apryMeHToM char *s. Jlo kiHus
pAJKa NpUEIHYETECA CUMBOJ HOBOTO PsiJIKa, AKIIO BiH MPOYMTaHUM, a
TaKOX HYNbOBHH CHMBOIL.

char gets (char *s);

Yurae 31 CTaHAAPTHOTO BXiJHOTO MOTOKY CUMBOJIM, BK/IIOUYAOYH
npoGiny ¥ Tabynsuii, MOKK He 3YCTPiHEThCS CHMMBOJ HOBOTO psKa,
SAKWH 3aMiHIOETECS HYJIbOBUM CHMBOJIOM. [locnigoBHICTS NPOUHTaAHNX
CHUMBOJIIB BMILYETHCS B AUITHKY NaM’sITi, Ha SKY BKa3ye .

Dynkyii nobnoYHO20 66€0EHHA.

size_t fread (void *buf, size_t size, size_t n, FILE *stream);

Je void *buf — BkasiBHUK Ha Oydep, y akuii ¢yHKuis 3anucye
GaifTu, MpounTaHi 3 NOTOKY;

size_t size — po3Mip y GaiiTax OZHOTO €JIEeMEeHTa, L0 YUTAETHCH 3
¢aiinoBoro noToky;

Size_t n — KiJIbKiCTb €IEMEHTIB, II{0 YHTAIOTbCS;

FILE *stream — BKa3iBHUK Ha BiJKpHUTHii daiin;

DyHKUIA 3YUTYE n €NEMEHTIB PO3MipoM size GaiTiB KOXEH, B Ai-
NSHKY naM’sTi, BA3Ha4YeHy BKa3iBHUKOM buf 3 Biakpurtoro daiina, Ha
AKWH BKasye stream. Y pasi yCHilUHOTO BUKOHAHHS MOBEPTAE UMCO
NPOYNTAHUX EJIEMEHTIB, a He GaitiB. Yucno npounrtannx Gairis no-
PiBHIOE pe3y/bTaTy (QYHKUII, IOMHOXEHOMY Ha 4ucio GailTis B ene-
MeHTI. ¥V pa3i MOMUIIKM UM JOCSATHEeHHs KiHug daiina noBsepTae EOF.

Dyukyii popmamosanozo eeedenns. Tloseprae KinbKicTh apry-
MEHTIB, SIKUM cnipaBHi Gynu NpUCBOEH] 3HAYEHHS], MMOBEPTAE 3HAYCHHS
0, AKLWO HEMae eneMeHTiB, ski Oynu 6 npuceoei; EOF, axwo pocsr-
HyTO KiHlg daiina.

int fscanf (FILE *stream, const char *format [,address,...]);

ae FILE *stream — Bka3iBHUK Ha BiaKpUTHIi (aiin;

const char *format — psanox dopmarysaHHs, KU 3a/1a€ThCS aHa-
JOTIYHO AK y GyHKUIT scanf;
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address — CMCOK afipeCHUX BKA3iBHUKIB, 110 OAHOMY JUIsl KOXKHO-
ro 31 cnienudixaiiiero Gopmary.

@yHKilis fscanf{ ) unTac AaHi 3 BKA3aHOro BXiHOTO MOTOKY stream,
BUKOHY€ (hopMaTyBaHHS il OTpHUMaHi 3HAUCHHs 3alKCY€E B 3MiHHI, aape-
CH AKHX 3aJal0ThCS apryMeHTaMu address. @yHKLis Npaioe TaK camo,
AK 1 QyHKUis scanf{ ), 32 BUHATKOM TOrO, L0 BOHA NPOYUTYE iHopMa-
1il0 3 MOTOKY, BKa3aHOTO apryMEHTOM stream, a He 3 stdin.

int sscanf (char *buffer, const char *format [, address,...]);

®yukiig sscanf{ ) aHanoriuna QyHKuii scanf{ ), ane naHi npouu-
TYIOTBCS 3 MacHBY, BKa3aHOTo aprymenToMm buffer, a He 3i cTaHAapT-
HOTO IIOTOKY <stdio.h>.

OyHKYli nOCUMBOILHO20 GUEeOeHHs. Y pa3i yCNILTHOTO BHKOHAHHSA
NOBEPTAE 3HAYEHHS 3aMKCaHOro CUMBOJA. Y pasi NMOMMIKK MOBEPTAE
EOF, ockinbku ans agilikosux ¢aitnis 3naueHns EOF mMoxe 6yt npoc-
TO OJIHKM 3 eJleMeHTIB Gaiina; [/ BU3HAYEeHHs TOTO, YM NiHCHO BUHUKIA
MOMMJIKE, HeOOXiZTHO BUKOPHCTATH (pyHKLiIO ferror( ). ApryMEHTH CUM-
BOJIBHOTO THIly TIPY BUKJIUKY (PYHKLUT NPHUBOAATBCS JO LNOro, 3BHyai-
HO SIK apryMEHTH BUKOPUCTOBYIOTBCSA CUMBONBHI 3MiHHI. SKLI0 BUKOpH-
CTOBYETBCH LIiNE YUCIIO, TO CTApIIMK GalT BiAKMaaeTbCA.

int fputc (int ¢, FILE *stream);

Bwmintye cumBo, 3amauuii ¢, y BiakpuTHid Qaiin, Ha AKuUii BKasye
stream.

int putc (int ¢, FILE *stream);

Makpoc putc( ) 3anucye cUMBON, 3afaHuil ¢, B NOTIK BUBEACHHH,
Ha AKWH BKasye stream.

int fputchar (int c);

®ynkuis fputchar( ) 3niHCHIOE BUBEJEHHS CUMBOJY B CTaHAAapT-
HUM MOTiK BUBEACHHS (Ha €KpaH).

int putchar (int c);

Maxpoc putchar( ) 3anucye CUMBOJI, 3aJaHWH ¢, B CTAHJAPTHU
MOTIK BUBeNEHHS stdout.

DyuKyii NOpaOK08020 8UBEOEHH.

int fputs (const char *s, FILE *stream);

DyuKuis fputs( ) BABOAUTL CUMBOJIM 3 PAAKA, HA AKWUHA BKasye s,
y MOTIK, Ha AKWIl BKasye stream. [lepeHECEHHsS NPUIUHAECTLCS TIPH
JOCATHEHHI CHMBONY KiHL pAnKa, kWit y dain He NepeHOCHThC.

int puts (const char *s);

DyHKUisA puts( ) BABOAUTH CUMBONM 3 PSiIKa, HA KUK BKasye s, ¥
CTaHNapTHUM notik BuBeaeHHs stdout. CumBon KiHus psagka "\O'
TPAHCIIIOETHCS| B CHMBOJI HOBOTO pazka "\n'.

DyHKYin no6AOYHO20 BUBEOCHHS.

size_t fwrite(void *buf, size_t size, size_t n, FILE *stream);
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ae void *buf — BkasiBHMK Ha JinsgHKY mam’sTi, 3 SKOi QyHKLis
3anucye OalTH B MOTIK;

size_t size — po3Mip y GaliTax OJHOTO e/lEMEHTa, 10 3aMUCYHOTh-
cs1 B ainosuit noTik;

size_t n — KiNbKiCTh €1€MEHTIB JaHHX, MO 3alIMCYIOTHCSA, KOXKHUM
po3MipoM size GaTiB;

FILE *stream — BKa3iBHUK Ha BiIKpuTHii ¢aiin y 11B1171K030My
pexuMi;

3nificHioe BUBeeHHs HEOPMATOBAHUX JAHUX Y TOTIK, 3aICyBaHHs
1 €JIEMEHTIB pO3MipOM size GalfTiB KOxHHMH 3 00MacTi mam’sTi, BU3Ha4e-
HOI apryMeHTOM buf y BIIKPHTHH (aiii, BKazaHuii stream. CDyHKum To-
BEepPTaE KiNbKIiCTh AIHCHO 3amucaHux eneMeHTiB. Yncno sanucanmx Gai-
TiB JIOPIBHIOE pe3yNbTaTy QyHKLi, IOMHOXXECHOMY Ha 3HAUEHHS apryMeH-
Ty size. Y pasi IOMHIIKM abo JOCATHEHHs KiHL (paiina noseprae EOF.

Dynxyii popmamosanozo 8ueedeHHs.

int fprintf (FILE *stream, const char *format [, argument,...]);

ne FILE *stream — Bka3iBHUK Ha BiAKpWTHH (aiin;

const char *format — psaok GopmaTyBaHHs, IKMH 3aJa€ThCs aHa-
NorivHo K y byHkuUil printf

argument — CITMCOK apTyMEHTiB, N0 OAHOMY 115l KOXHOTO 3i CIie-
undikauii popmary.

3nilicHI0€ BUBeNeHHS (POPMATOBAHHX MAHHX y MOTIK abo BiAKpH-
Thii daiin. [Toseprae KinbKicTh 3anMUCaHMX y NOTIK GaTiB, SAKIIO BU-
sBieHa nomuika, noseprae EOF. Panok format i aprymentn 3apato-
ThCs aHanoTiuHO GYHKUIT printf{ ).

int sprintf (char buffer, const char *format [, argument,...]); _

DQyukuis sprintf{ ) ineHTHYHA printf{ ), 33 BUHITKOM TOTO, IO BU-
BeJlcHHA (PopMaTOBaHMX AAHMX MPU3HAYAETBCA CUMBOJILHMUM MAaCH-
BOM, aJipeca sIKOTO 3a1a€Thesl apryMeHToM buf. Tloseprae uncno Bmi-
LWEHUX Y LICH MacCHB CUMBOJIIB, HE BKJIIOYAIOYH 3aBEPLUATIEHUM HYIb.

14.7. ®YHKLIT MO3UIIIOHYBAHHA

Micue y ¢aiini, kyan 3anocutses iHgopmauis aGo 3Binku

BOHA YWTAETHCS, BU3HAYAETHCA 3HAYEHHSM BKa3iBHMKA NMOTOYHOI Mo-
34Ul 3anucyBaHHs-untanus aiina. BiGnioreka C++ 3ailicuroe no-
cTyn Ao 6yae-sikoro Oaiira daina. [Ipyu BUKOHaHHI MociJ0BHOIO J0-
CTYNy BKa3iBHMK NO3UL[IOHYETHCA aBTOMATHYHO Mpu Oynb-sikiil one-
pauii unTaHHs abo 3anUCyBaHHA.

int fseek (FILE *stream, long offset, int fromwhere);

FILE *stream — BKa3iBHUK Ha BiAKpUTHH (DaiIoBUil OTIK;
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long offset — ue Bupa3 y Oaiirax 3cyBy (3MilllCHHS) Bifl MO3MLI, 1110
BU3HAYAECTECA fromwhere. 11[06 nepeMicTUTH BKa31BHUK MOTOYHOI IO3U-
1il B 3BOPOTHOMY HampsiMmi, y HanpsiMi 10 nodaTky aiina, HeobXigHo
BCTaHOBHTH offSet Tak, 100 BiH JOPIBHIOBAB Bifi’ EMHOMY 3HaUEHHIO.

int fromwhere — 3anae TOUKy BiAJIIKy IJis1 3CYBY.

®yuKuis nepemilye BKa3iBHUK NOTOYHOI no3uLii B dakini Ha HOBE
micue B (aiini, ske 0OUUCFOETHCS 32 3MIIUEHHAM | BKa31BKOWO HANps-
My BiIJliKy. ApryMeHT fromwher MOXe NpUAMATH 3HAYCHHS TaKHX
KOHCTaHT:

0 a6o SEEK_SET — 3cyB BUKOHY€EThCA Bif royatky daiina;

1 a6o SEEK CUR — 3cyB BMKOHYETHCA BiJl MOTOYHOI MO3WLIT
BKa31BHHKA;

2 a6o SEEK_END — 3cyB BukoHyeTbcs Bift KiHU daiina.

Sxauo 3MiuenHs Oiibllie HyJsl, BKa3iBHUK NOTOYHOI Mo3uui (aiina
niepeMiLIyeThes B Oik KiHuA (aiina, KO 3MIlLEHHS MEHLLE HyJis, TO Te-
peMillicHHsT BKa3iBHNKA BUKOHYETECS Ha MoyaTok aiina. ¥V pasi ycniluso-
10 BUKOHaHHs (yHKUis noBeprae 3HadeHHs 0, y pasi nomunxm — EOF.

long int ftell (FILE *stream);

INoBepTac MONOXEHHs BKa3iBHMKA IIOTOUHOI MO3MUii alina,
[IOB’SA3aHOTO 3 IOTOKOM stream. T103Muis BHAAETbCS SK 3MIlLEHHS
BiJHOCHO nouaTKy (aiyia. 3HaueHHs, 110 OBEPTAETLCS, Mae THI long
int. V pa3i nomunku ¢yHknis noseprae — 1L.

void rewind (FILE *streamy);

IepemileHHs BKa3iBHUKA MOTOYHOT MO3HLIT B IOYATOK BKa3aHOTO
daiina stream. s gyHKuis ouniae npanopelb OMUIIKH | npanopeL
inauKauii KiHog gaiina.

int fgetpos (FILE *stream, fpos_t *pos);

Bu3Hauae noTouHe MojioXeHHs BKa3iBHHUKA ¢aiina, skl Bmillye-
THCA 32 AZPECOIO NaM’ATi, WO 3aa€ThCs BKa3iBHUKOM pos. Tun fpos_t
Bu3Hadyenuit y daitni <stdio.h> sk typedef long. V pasi ycnixy naHa
QyHKLis NOBepTae HyNb, Y pasi MOMHUIKH ~ | BCTAHOBNIOE errno, L10
nopierroe EBADF (Henpasunpnuii Homep daiina) abo EINVAL (ne-
NpaBWIbHUIA aprymMeHT).

int fsetpos (FILE *stream, const fpos_t *pos);

BcTaHOBMIOE BKAa3iBHYMK NOTOYHOT NO3MLLT B (aiisi Y BiANOBiJHOCTI
3i 3HaYeHHsM *pos. V pasi ycrixy noBeprae Hyfb, y pasi NOMMIKH —
HEeHYNbOBE 3HaYEHHSI.

JBi ocranui pyHkuil fgetpos( ) i fsetpos( ) BAKOPUCTOBYIOTHCS AJIst
36epexeHHs | HACTYNHOTO BIAHOBJIEHHS MO3MLIT BKa3iBHUKA.

Jlnst orpumatHs indopMauii Npo NOToYHMIA CTaH BifKpHTOro daii-
J1a BUKOPHCTOBYIOTH QYHKLIT mepeBipku 3akinyeHns ¢aiina Ta 06po6-
KH TIOMHJIOK. ‘
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14.8. ®YHKILISI IEPEBIPKA 3AKITHYEHHSA ©®AMJIA

Jlns OTpUMaHHA MOTOYHOTO CTaHy BimKpuroro ¢aiina Bu-
KOPUCTOBYETBCS (PyHKUIs feof.

int feof (FILE *stream);

DyHKUiA BH3HAYA€, YU JOCATHYTUH KiHeUp JAHOTO IOTOKY, Ha
SIKH# BKasye stream. SIkmo nocArHyTHil KiHeup ¢aiina, To oneparis
YMTaHHA MOBEpTaTHME CHMBOJ KiHUA Qaiina (3nayenns EOF), noxu
He Oyae BUKnHKaHa GyHKLUig rewind().

14.9. ®YHKIII OFPOBKHY IOMUJIOK

int ferror (FILE *stream);

3nificHIOE TiepeBipKy HAasBHOCTI MOMMJIOK TIpY  UMTAHHI-
3anKCyBaHHI JJIsl 33laHOTO TOTOKY, Ha KM BKasye stream. SIKimo
BCTaHOBJICHA O3HaKa [TOMHUIIKM NIOTOKY, TO BOHA 30epirae il 10 MOMeH-
TY 3aKPUTTs NOTOKYy abo 10 BUKIHKY QyHKUiH clearerr( ) i rewind( ).
[loepTae HeHynbOBE YMCIO, AKIIO MIA BiOKpHTOro Gailna, Ha KW
BKA3Y€ stream, BUHMKIIA IOMUIIKA, B iHIIOMY pa3i [IOBEpTaE HYJlb

int clearerr (FILE *stream);

OumMimae 03HaKy NOMWJIKH Ta O3HAKHM KiHus ¢aiina A1s BKa3aHOro
NOTOKY.

PosrisneMo ommcani QyHkuii Ha npuxnaai. Ckaximo, moTpiGHo
0BYMCIMTH KiNBKICTh NpaLliBHHKIB, IO MalOTh Ge3nepepBHHil 3arab-
Hul cTaxk poboTy 0 5 pokis, Big 5 1o 10 pokis, Big 10 g0 20 i 6inb-
we pokis. HeoGxixno cTeoputu daiin aaHux Ha MarHiTHoMy jaucKy,
AKMU MICTHTHME TaKy iHGOPMaLLIO: KOX MiANPUEMCTBA, KO LIEXY, Ta-
GenbHuMil HOMEp MpauiBHHKA, CTaX 3aralibHuUii, cTax Oe3nepepBHUIL,
po3psaa. Buxiany indopmattito ciif npeacTaBuTH ock y sikiii gopmi:

Koxn Kinbxicrs npauisuykis 3 GesnepepsHUM craxem
nignpuemMcrsa

1o 5 pokis I Bin 5 no 10

Bia 1010 20 l TIOHAJ

/I CTBOpeHH: ¢aiina faHnux
#include <stdio.h>
#include <conio.h>
// OronoleHHs cTpyKTypHOro mabioHa
struct sv {
int vz;
char kpr[6];
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char kcf3];
char tab[6];
char gr[3];
int sto;
int stn;
char razr[2];};
void main( )
{ struct svv; // OronouweHHs CTpyKTYpHOI 3MiHHO1
struct sv vi;
FILE *fl; // OrosnoiueHHs BKa3iBHUKa Ha ¢aitn
int priz = 0;
clrser( );
fl = fopen ("sved1", "w+");
printf ("\n IIponoBxenus — 1");
do{vvz=0
printf("\n Beeaits ko niagnpuemcTaa ");
scanf ("%s",&v.kpr);
printf ("\n Beexits xon uexy ");
scanf ("%s",&v.kc);
printf ("\n Bexits TabeabHuit Homep ");
scanf ("%s",&v.tab);
printf ("\n Beenith pik HapomkeHHs ");
scanf ("%s",&v.gr);
printf ("\n Beenits 3aransHmii ctax");
scanf ("%d",&v.sto);
printf ("\n Beexits 6e3nepeprHuii crax");
scanf ("%d",&v.stn);
printf ("\n Beenits po3psazn ");
scanf ("%s",&v.razr);
fwrite (&v,sizeof(v),1,11);
printf ("\n Beeaits o3Haky npogoexeHHs");
scanf ("%d",&priz);

while (priz = = 1); // Llukn ¢popMyBaHHs 3amnucy
clrser ();
rewind (f1);
do
{fread(&vi,sizeof(vi),1,f1);
if(!feof(fl))

{printf("\n%2d%6s%3s%65%3s% 2d% 2d%2s" ,vi.vz,vi.kpr, vike,

vi.tab,vi.gr,vi.sto,vi.stn,vi.razr);
getch(); }
}
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while (!feof(fl));
fclose (f1);

}
// Obpobka ¢aitna
#include <stdio.h>
#include <conio.h>
#include <string.h>
#include <stdlib.h>
struct sv {
int vz;
char kpr[6];
char kc[3];
char tab[6];
char gr[3];
int sto;
int stn;
char razr[2];};
struct itog {
char kpr[6];
intsl;
int s2;
int s3;
int s4;
b
main( )
{ struct sv v;
struct itog i;
FILE *fl;
clrser();
fl = fopen ("svedl","r");
// BuBeneHHS 1IATIKH BUXiJIHOTO JOKYMEHTA.
printf ("\n :
printf ("\n| kox  |[kon-Bo pab. ¢ wenp. crax. |");
printf ("\n|npexnp. |ro 5| 5-10|10-20| cesiwue |");
printf ("\n ");
fread (&v,sizeof(v),1,fl); / Uuranus nepworo 3anucy 3 daiina.
/I O6pobka NPOYUTAHOTO 3aMUCy
while (feof(fl) == 0)
{ stpcpy (i.kpr,v.kpr);
1.81=0;152=0;153=0;1s4 =0
?vhile (feof(fl) = = 0 && atoi(v.kpr) = = atoi(i.kpr))
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if (v.stn<5)
1.81++;
else if (v.stn> =5 &&v.stn<10)
1.82++;
else if (v.stn> = 10 &&v.stn<20)
1.83++;
else
1.54++;
fread (&v,sizeof(v),1,f1); / UnTaHHs ueproBoro 3anucy
if (feof(fl) && v.vz ==
while (Ifeof(fl) && v.vz==1)
{ fread (&v,sizeof(v),1,1);
if (feof(fl)) break; }
if (feof(fl) = = 0 && atoi(v.kpr)! = atoi(i.kpr))
{ printf ("\n| %5s | %d | %d | %d | %d |",
i.kpr,i.s1,1.82,1.83,1.54);

}
if (feof(fh)! = 0)
{ printf("\n| %5s | %d | %d | %d | %d |",
i.kpr,i.sl,i.s2,i.53,i.54);
printf("\n ")

b
getch();
fclose(fl);
}

Po3din 15

TEXHIKA OBPOBKHN

dAUNIB AAHUX

3 BUKOPUCTAHHAM 3ACOBIB
HU3bKOPIBHEBOI'O
BBEAEHHA-BUBENEHHA

15.1. 3SATAJIBHA XAPAKTEPUCTUKA
HHU3BKOPIBHEBOI'O IEPEXABAHHS JAHUX

bi6niotexa moBu C++ niatpumye UNIX-noniGry cucre-
MY BBEACHHA-BUBeACHHA. DYHKUIT HW3LKOPIBHEBOro BBEIEHHA-
BUBEJICHHS HE BUKOHYIOTh Oydepu3auito i popMmaTyBaHHsS AaHHX, L€
03HaA4ae€, 1O BBENEHHA-BHBEACHHS BiAOYBA€TbCA Ha €NEMEHTapHi-
oMy piBHi, HK MOTOKO30PIEHTOBaHMH, (pakTUYHO Ha piBHI onepa-
uiHoi cucremu. Jins norokosoro o6po6atoBaHoro ¢aia y nporpami
HE JONYCKAETbCS 3MilCHHS QYHKLiH NOTOKOBOTO Ta HU3bKOPIBHEBO-
rO BBEJICHHSI-BUBEICHHSI.

Sxino daiin BiAKpUBAETBCS SK HU3bKOPIBHEBHH, TO HOMY BiAMOBI-
nae oeckpunmop (handle) — uine yncno (nNOpsaKoBuUit HOMep), HIO
XapakTepH3ye po3MilleHHs iHdopmaLii npo BiaKpuTHIA (aiin y BHYT-
pilHIX TabnuUAX cUCTeMM. 3HaueHHs ejieMenTa uici Tabnuui € no-
PANKOBUM HOMEPOM y MacuBi onuciB BiakpuTux daiinis. Neckpunrop
BUKOPHCTOBYETHCA B HACTYNHUX OMepauisx Ans nocunaHHs Ha (aiin.
[Tpn BHKOHaHHI OyAb-1KOI MPOrpamMy BU3HAYAETHLCS I’ STH CTAHAAPT-
HHUX MOTOKIB:

[Morix 3HaueHHs AeCKpUINTopa
stdin 0
stdout 1
stderr 2
stdaux 3
stdprn 4

I1i daiinu, sx i B NOTOKOBOMY BHAI mepeaBaHHs, MOXKYTh BHKO-
puctoByBaTHcsa 6e3 nonepenHboro Biakpurra. [IporoTunu dyHkuiii
HU3bKOPIBHEBOIO BBEJCHHSA-BUBENEHHS 3HAXOAATbCA Y daiim <io.h>.
barato ski 3 ¢yHKUil HH3bKOPIBHEBOTO BBENEHHA-BUBEACHHS y pasi
TIOMMWJIKH 323/aJIETiib BCTAHOBMIOOTh NEBHY MNOGANLHY LIIOYHCIOBY
3MiHHY errno y BiANIOBIAHUH KOJ MOMMJIKH.

203



15.2. BUIKPUTTS TA 3AKPUTTSI GARJIA

Jnst poboTH 3 (aitnamu JaHHX KOPUCTYBaya 1X MOTPiOHO
BiIKPUBATH 3a NOTIOMOTOH0 QyHKIIH open, sopen, creat. Daiin Moxe
Oyry BIAKpHUTHHA y TEKCTOBOMY ab0 ABIHKOBOMY PEKMMAX s 3aIH-
CYBaHHs, YATAHHS i A/ 3ANHCYBAHHSA Ta YNTAHHA OJHOUACHO. DYH-
KISt BITKPUTTS NOBEpTAE AECKPUNTOP (aiinia, sKKii MOXKHA NPUCBOITH
ik 3MiHHIH i NOTIM BUKOPUCTaTH LIO 3MIHHY AJisl NIOCUJaHb Ha
¢aiin. OyHKUis open Bigkpusae dailn i MAroTOBIAE HOro A YATAH-
Hs1 200 3aMUCyBaHHS, NPOTOTUIT PYHKLIT € TAKHM:

int open (const char *filename, int access [, unsigned mode]);

ne const char *filename -— imM’s ¢aiina, sKMil BIAKPHBAETBCS, B
[TOABIAHMX JIANKAX;

int access — peXuUM 10cTyny A0 (aiina, IKMA BU3HAYAETLCA OHEIO
a6o koMOiHallier0 KiTBKOX KOHCTaHT, BU3HaueHHX y daiini <fentl.h>.
Sk 3anano 6inblie 3a 0IHY KOHCTAHTY, TO BOHM PO3AUIAIOTHCS 3 10-
nomoroto jioriuHoi onepauii ABO (}). Cxuiai KOHCTaHT € TakuM:

O _APPEND — nepemictuty Bka3iBHHK (aiina B KiHeub (aiina
nepes KOKHUM 3BEpHEHHAM JUIs 3aNHCYBaHHS;

O_CREAT — cTBOpuTH HOBMIA (aiin i BIAKPUTH #oro Ans 3anu-
CYBaHHSl, HE Ja€ pe3ynbraTy, aKuwo daiin yxe icHye;

O_EXCL — sukopuctoByetbesl pazoM 3 O_CREAT i noseprae
3HAUYEHHS NIOMMWIIKY, AKIO (aitn 3 TakuM IM’ M yxKe iCHYE;

O_RDONLY Gain BiAKpUTM aMIWIE ANA MMTAHHA, Hi
'O_RDWR, ni O_ WRONLY ne MoxyTb 6yTH 3a1aHi;

O _RDWR — ¢aiin BiaKpuTH As 4WTaHHA Ta 3aMUCyBaHHA, Hi
O _RDONLY, i O_WRONLY ne MOXyTb OyTH 3a1aHi;

"0 TRUNC — (baun BpruTn i npuBecTH 10 A0BXKHHU 0. Daiin
MOBUHEH MaTH J103BiJ Ha 3alMC, HOro BMICT 3HMLLYETHCS;

O WRONLY — daiin BigkpuTH Jnuwe s 3anucyBaHHs, Hi
O_RDONLY, ni O_RDWR He MoxyTs 6yTH 3a/1aHi;

"0 BINARY (bal/m BiKPUBAETHCA B ABIKOBOMY pexumi;

O _TEXT — daiin BiaKpUBAETLCA B TEKCTOBOMY PEXHMMI.

Apryment mode BUKOPUCTOBYETHCSI B TOMY pasi, SIKILO apryMeHT
access 3apanmii kocrauroro O_CREAT. Sxwo daitn icHye, 3HaueH-
HS apryMeHty mode irHOpyeThes. Bin BU3Hauae cnoci® goctyny 1o
daiina, konu Bigkpusaerbes daitn. KoHcTaHTH 411 apryMeHTy mode
3HaxXoJAThCA y (paiini <sys\stat.h>.

S_IREAD — pocTyn 4515 4dTaHHS;

S_TWRITE — mocTyn A1 3aNUCyBaHHS;

S IREAD | S IWRITE — nocTyn ans 4ATaHHS i 3aNHCyBaHH.
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SKIo KoCTYN He 3aaaHuil, paitn BiAKpUTHIL NKiie i YATAHHS.

@DyHKUiS open MOBepTaE AECKPUITOP HA BIAKpUTHH daitn. ¥V pasi
NOMHUJIKY NoBepTae —1, Lie 03Hauae, o (aitn He Moxe OyTH BiaKpu-
THit i BCTAHOBJIOE Y 30BHILIHIN 3MiHHOT errno OfHE 3 TAKMX 3HAUCHb:
ENOENT — daiin aGo karanor He 3nalineHi; EMFILE — Bigkpuro
nyxe Oararo ¢ainis; EACCESS — Heno3sonenuit BUA goctyny,
EINVACC — neBipHMii kox noctyiy.

int sopen (const char *filename, int access, int shflag, unsigned mode);

Binkpuae daiin filename 1 rorye Horo o HaCTYIHOrO OKpPEMOro
YUTaHHS Ta 3anUcyBaHHA. DyHKLUiA sopen NOBepTaE AECKPUIITOpP LI
BifikpuTOoro (paina, y pasi NoMuiku noseprac — 1. AprymeHr file-
name, apryMeHT daccess, apryMeHT mode 3aat0ThCsl aHAIOTIYHO (YyH-
Kuii open. AprymenT shflag € KOHCTaHTHUM BHpPa3oM, SIKWii cknanae-
ThCsl 3 KOHCTaHT, BU3HaYeHUX y ¢aiini <share.h>.

SH_DENYRW — 3a60poHuTH A0CTYN A0 (aiina Ans YUTaHHA Ta
3anHCyBaHH;

SH_DENY WR — 3a6oponuty noctyn Ao Qaiina ais 3anucyBaHHs;

SH_DENYRD -— 3a6opoHuTi goctyn fo ¢aiina ans YMTaHHs;

SH_DENYNO — g03B0IMTH gocTyn 00 daiina st YHTaHHA Ta
3afUCYBaHHS.

OyHKLifA sopen noBeprae AECKPUNTOP Ha BiAKpUTHH ¢aiin. ¥V pa3i
NMOMMJIKM BepTa€ -1 i BCTAHOBMIOE y 30BHILIHIA 3MiHHOI errno Ko
MOMMJIKH.

int creat (const char *filename, int amode);

OyHKuig creat abo CTBOpIOE HoBHii (aiin, abo BiakpuBae Ta 3BY-
xKye 10 DOBXHHK O i (CHYIOUMH ¢aiin. Aprymenr filename Ta aprymenT
amode 3a1al0TbCs aHanoriyHo QyHKILIT open.

Axwo q)ann, o BKasaHuH aprymentom filename, ne ICHY€, CTBO-
PIOETbC HOBUIA (haiin i3 334aHAM J0CTYNOM i BiAKPHMBAETHCA A
3anucyBanHs. Skuo q)aun yXKe iCHye 3 JOCTYNOM ANIS 3afUCyBaHHs,
TO q)yHKum 3BYXKYE #oro 1o AoBxuHM 0, 3HMLUYE MONEPeAHi AaHi i
Bi\KpUBaE Horo jis 3anucyBaHHs. Skuwo daiin icHye i nocTynHui
nile Ans 3anucyBaHHsA, To QYHKUiA creat BepTac 03HAKY MOMMIIKH i
¢aiin 3anuiaerscs HeamiHeHuM. T1paBa noctyny no ¢aina, wo BeTa-
HOBJIIOKOTBECS apryMEHTOM amode, 3aCTOCOBYIOTbCS TiAbKH sl HO-
BOCTBOpIOBaHMX ¢aiiniB. HoBuii ¢aitn oTpumye BkasaHi npasa Ao-
CTymy nicns Toro, sk BiH Oyae 3aKpUTHid.

int access (const char *filename, int mode);

DyHKLUiA access BUKOPUCTOBYETbCA JJis nepeBipKn iCHYBaHHS
aiina. BoHa MOxe TakoX BMKOPHCTOBYBATHCS AJIs 3’SCYBaHHs, i
saxulieHni Gaiin Big 3anucy i 4u € (aiinom, WO BUKOHYETHCA. IM’5
¢aiina, 10 nepeBipSeTbCs, BKA3yeThCs 332 JONOMOrOK apryMEHTY
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filename. AprymeHT mode BU3Hauae, WO caMme TepeBipse access, i
MOXK€e HabyBaTH TaKUX 3HaYeHb:

0 — daiin icHye;

1 — daiin, 1O BUKOHYETHCS;

2 — daitr gocTyIHHIM I 320KCY;

3 — daiin focTynHUI 1)1 YUTAHHS,

4 — ¢aiin goCTYNHUM AJIst YNTAHHA-3aTTHCYBAHHS.

@ynkuis access noseprae 0, K110 BUX AOCTYITY, LIO HEPEBipsA€TH-
Csl, MO3BOJIEHUI; B iHLIOMY pa3si, noeeprae — 1. 'nobansHa 3miHHa
€rrno BCTaHOBJIIOETBCS B OAHE 3 Takux 3HaueHb: ENOENT — daiin
abo karanor He 3Haiinennit, EACCESS — BKazanuii BUj JOCTYNY He
Jo3BosteHuii. Hanpuknan,

if (laccess ("test.txt", 0))

printf ("®aiin icHye");
else
printf ("®aitn He 3HalineHuit");

3akpurTd daitna 3aificHioeTses pyHkuicto close.

int close (int handle);

@yHkuis close 3akpuBae (aitn, Mo s3aHUN 3 AECKPUITOPOM
handle. ®ynxuis noseprae 3HaueHus 0, akuo dain ycnimmo 3akpu-
THH, 3Hau€HHA —] CBIAYMTH PO NMOMHIKY, IPHU LULOMY 3MIHHOT errno
npucsoroeTbest EBADF — HenpaBunbuuii Homep ¢aiina.

15.3. YNTAHHS 1 3ATIMCYBAHHSA JAHUX

JInst 4MTaHHA | 3aMMCYBaHHA JaHUX NMpU3HaueHi 1Bi pyH-
Kuil: read i write.

int read (int handle, void *buf, unsigned len);

ae int handle — peckpuntop Biakpuroro ¢aiina;

void *buf — BkasiBHUK Ha Oydep, y sKuil KONiIOIOTLCA NPOYUTaHI
JaHi;

unsigned len — MakcuManbHa KUTLKICTb 1IpOYMTaHUX GaiiTis.

DQynkuis read BUKOHYe unTaHHA len Gaiitis, 3 ¢aiina, noB’a3aHoro
3 JECKpUNTOpOM handle, B ninsiHKy nam’sti, aapeca sIKOi BU3HaYa€Th-
CAl 3HAYCHHSM apryMeHTy buffer. Onepaum MUTaHHS NIOYMHACTHCS 3
NMOTOYHOT NO3MUIT BKa3iBHMKa (aiina, noB’si3aHOro i3 3aJaHUM
daiinom.

VY pa3i ycnilIHOro YMTaHHS MOBEPTAE KiIbKICTh IMPOUYNTAHUX
Gaiitie. [loBepHyTe 3HaueHHs uKncia GaiitiB MOXXe OyTH MEHIIUM Bij
3anuTaHoro uucna len, akwo ¢akin € TekcroBuM, abo uuciao Gairis,
wo numunucs y ¢aiini, meHwe, Hix len. Ilpu nocsrnexHi KiHug
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datina ¢ynkuis noseprae 0, y pasi nomuniku noseprae — 1. fAxwo
cTanacd MOMHIKA, €rrno BCTAHOBIIOETECA B OJHE 3 TaKUX 3HAUYCHB:
EACCESS — nepo3poaenuii Bua gocryny, EBADF — Henpapuiib-
HUi1 HoMep (aiina.

Axmo ¢aitn 6yB BiakpUTHI y TEKCTOBOMY pPeXuMi, NMOBEPHYTE
3HaueHHs AJa QyHKUii read MoXe He BiANOBIZATH 4HCHy HiliCHO
npountanux Oaiitis. lle BigOyBaeThes TOMy, WO KoxkHAa KoMOiHaltis
CUMBOJIIB <MepeBeleHHs KapeTKu> <HOBUM pAOOK™> 3aMilllyeThCs
CHMBOJIOM HOBOTO pSJKa, i TiNBKM Lieif CUMBOMN BpaXOBYETHCS Y HO-
BEPHYTOMY 3Ha4€HHi.

int write (int handle, void *buf, unsigned len);

®yHkuig write BUKOHye 3anuc len OGaiftiB y Bimkpurtuii daiin,
noB’sizanuit 3 aeckpuntopoM handle. JaHi, 1O 3anUCyOTHCS, 3HAXO0-
JSThCS B ONEPAaTHBHIl naM’sTi, TOYMHAIOYM 3 aApecH, 110 33]acThCs
BKa3iBHMKOM buffer. Onepallis 3anucy IMOYMHAETHCSA 3 MOTOUHOT T110-
3uuiil BkaziBHUKa aiina. [licna omepauii 3anucy Bka3siBHUK ¢aiina
30inbUIYETBCA Ha YHUCJIO peallbHO 3amucaHuX y daiin bGalitie. Sxwo
Gaiin BiAKpUBAETECS JIg JOAAHHSA 3alKCIiB, TO BUBEACHHSA 31iHCHIOE-
ThCA B KiHensb (aiina.

DyHKLis MOBEPTAE YUCNO AIHCHO 3anncaHnX GaiiTiB, 0608’ S3K0BO
binblie abo piBHe 3a1aHOMy 3HaueHHio len. Jns Tekcroux (aitnis
CHUMBOJI KiHLSl psIKA 3aMiHIOETbCA Ha MOCNIAOBHICTH <IIOBEPHEHHS
Kaperku> — <nepeBejicHHd psAllka™>. 3JHAUYEHHA, WO NOBEPTAETLCS
—1 — Bkazye Ha noMunky. KO BUHUKIA NOMMIIKA, €7TnO BCTAHOB-
JOETbCS B 0JHe 3 HacTynHux 3HayeHb: EACCESS — HenossoneHnit
Buz pocryny, EBADF — nenpasunsauii Homep daiina.

15.4. KEPYBAHHS BKA3IBHUKOM
MOTOYHOI MO3MLYT

long Iseek (int handle, long offset, int fromwhere);

int handle — neckpuntop Biakpuroro daiina;

long offset — 3MmilueHHs, Bu3HaueHe B Oaiitax, akwo offset >0,
BHKOHYETHCS 3CYB Y Oik KiHug daiina, offset < 0 — BUKOHY€eTbCA 3CYB
y 6ik nouatky (aiina;

int fromwhere — 3agae Hanpsm BiUIIKY ANS 3CYBY i MOXe npH-
AMaTH OHE 3 TAKHX 3HAYEHbD:

SEEK SET a60 0 — 3cyB BUKOHYETHCSA BiJl no4arky (jJauna

SEEK_CUR a6o | — 3cyB BMKOHYETLCS Bifl MOTOMHOI MO3MLIT
BKa3iBHMKa (aiina;

SEEK_END a6o 2 — 3cyB BUKOHY€ETbCA Bifl KiHLA ¢aina.
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OyHkiis Iseek y pa3i ycnmilIHOro BHKOHAHHS BepTae 3MiLICHHSI B
Gaifrax HOBOI NO3uLLi BKa3iBHMKA Bi mowaTKy (aiiia, B pasi NOMHIKH
BepTac —1L, errno BCTaHOBMIOETECA B OJ{HE 3 TakuX 3HaYeHs: EBADF —
HenpaBUIIbHUA HoMep ¢aiina, EINVAL — HenpaBHIbHUI apryMEHT.

long tell (int handle); _

®DyHKuis fell BUKOPUCTOBYETHCS JUIl OTPHMAHHA [TOTOYHOI ITO3MILLT
BKa3iBHHKa (Qaiina, nop’a3aHoro 3 jeckpuntopoM handle. Tlozunis
NpeAcTaBJsIETECA AK 3MillieHHs B Oaiftax Bin mouartky ¢aiina. ¥V pasi
MOMMJIKHM NOBepTac 3Ha4eHHA — lL, AKwo 3agaHe HenpaBWiIbHE 3Ha-

YEHHs1 apryMeHTy handle, npy 1BOMY 3MiHHOI errno MPHCBOIOETHCA
3HaueHHs EBADF.

15.5. NEPEBIPKA KIHLISI ®AMJIIA

JInsa aHanisy ymoBH KiHug ¢daiina Moxe BUKOPUCTOBYBa-

THCS QYHKLUISA eof.

int eof (int handle);

®yHKuis eof Bu3Hauae, 4M OyB JOCATHYTHH KiHeub ¢aiina, nop’s-
3aHul 3 neckpuntopoM handle. [ToBeprae 1, KO AOCArHYTO KiHeUb
daiina; 0 — sKkmo KiHeup ¢aiina He HOoCArHyTO; — 1 — AKIIO BUHHKIIA
NOMMJIKA, [IPH LIbOMY BCTaHOBJIOE B errno 3HadeHHs EBADF. '

PosrasuyTi gyHKuil npoimocTpyemMo NpukIaaoM cTBopents daii-
na GYHKUiSIMH, HU3bKOPIBHEBUM BBEJEHHSIM-BUBEACHHSIM.

/I CTBOpeHHs ¢aiina

#include <io.h>

#include <stdio.h>

#include <fentl.h>

#include <conio.h>

main()

{

int f, an;

unsigned char answ, answl;

struct dat

{
char pred[6], ceh[3], tab_n[5], fio[31], god[5], nats[3], sem([2],
st_o[3], st_n[3], prof[5], razr[2], oklad[7];

}

db;

printf ("\n\n I1lo poburu? \n 1—lepermcaru\n 2—/Ionatn\n Beegits:");

scanf("%d", &an);

switch (an)
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case 1: f = open ("data.hol”, O_CREAT | O_WRONLY);
case 2: f = open("data.hol", O_RDWR | O_APPEND);

}

break;
break;

do

{

do

printf ("\n\n Beeaite koA nianpuemcTBa—");
scanf ("%5s", db.pred);

printf ("\n Benite ko uexy—");

scanf ("%2s", db.ceh);

printf ("\nBBeaith HoMep pobiTHHKa—");
scanf ("%4s", db.tab_n);

printf ("\nBeeaits I[1Ib po6oyoro—");
scanf ("%30s", db.fio);

printf ("\nBeaith pik HapomKeHHs—");
scanf ("%4s", db.god);

printf ("\nBBexiTk koA HaLioHaNLHOCTI—");
scanf ("%?2s", db.nats);

printf ("\nBBC}llTI: cimeiinuii ctran—");
scanf ("%1s", db.sem);

printf ("\nBBexitb 3arajibHUi cTax—");
scanf ("%2s", db.st_o);

printf ("\nBBexits 6e3nepepBHuii crax—");
scanf ("%?2s", db.st_n);

printf ("\nBeeairs kon npodecii—");

scanf ("%4s", db.prof);

printf ("\nBBeaite po3pans—");

scanf ("%]1s", db.razr);

printf ("\nBeeaits oxnag—");

scanf ("%4s", db.oklad);

printf ("KOPCKTyBaTH (y/n)?\n");

scanf ("%s", &answ);

while (answ =="y' || answ = ="Y");
an = write(f, &db, sizeof(db));
printf ("me BBoguTH (Y/n)?");
scanf ("%s", &answl);

while (answl =="y'}| answl =="Y");
close (f);
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Po39in 16

®AUNOBE
BBEAEHHA-BUBEAEHHA C++

16.1. IOTOKH
BBEJAEHHA-BUBEJEHHA C++

C++ niarpumye Bci ¢yHkuii BBeaeHHs-BuBeneHHa C i,
KpiM TOTO, BH3HAYa€ CBOIO BJACHY 00’ €KTHO-OPIEHTOBAHY CHCTEMY
BeRecHHA-BUBeAeHHA. CucreMa BBeaeHHsA-BHBedcHHa C++, ak i C,
orepye NOTOKaMH.

Intepdeiic GiGIOTEKH NMOTOKIB iostream po306HTHIT Ha KijlbKa 3a-
TOJIOBHUX (aiiniB:

<iostream.h> MICTHTb OCHOBHi KJacM NOTOKOBOIO BBECHHS-
BHBEJICHHS;

<iomanip.h> BU3Haua€ MaHIMyNATOPH MOTOKOBOFO BBEACHHA-
BHBEJICHHS, a TAKOX Pi3Hi MaKpocH s CTBOPEHHs MapaMeTpH30Ba-
HUX MaHinyasTopiB;

<fstream.h> MiCTHTb OTOJIOLIEHHS MOTOKOBUX Kiacis ¢ain0Boro
BBEJICHHS-BUBEICHHS;

<strstream.h> MiCTHTb BU3Ha4€HHs ITOTOKOBHX KJjacis as Oaiito-
BUX MacHBiB Mam’ATi.

bibnioTeka iostream micturh Oararo Knacie Ans o6poOku mupo-
KOTO CIIeKTpa orepaliiii BBeieHHs-BUBeAeHHS. [Tpn 06pobui daiinis B
C++ BUKOPUCTOBYFOTbCS TaKi KJIacu:

Knac ifstream, o BAKOHYE onepallii BBeJleHH: 3 daiina;

KJac of stream, W0 BUKOHYE onepanii BuBeacHHs B daiin;

KJac fstream, pU3HaYeHWI A1 onepalliil BBEICHHS-BUBEACHHS.

Knac istream i xyac ostream € NoxXiJIHUMH Klacamu NpsSMOro yc-
najaKysaHHs 6azoBoro kiacy ios. Knac iostream € noxiiHuM knacom
MHOXXMHHOTO YCIIaJAKYBaHHS KNaciB istream i ostream. Knac ifstream
yCIAJKOBY€E KJac istream, KNac ofstream yCNaJKOBY€ Kiac ostream,
Knac fstream — knac iostream. CTpykTypa 3B’A3KiB YCMaJKyBaHHs
KJIaciB MOTOKIB BBEJCHHA-BUBEICHHA HaBeAeHa Ha puc. 16.1.

Konu 3anyckaersea nporpama C++, aBTOMaTHYHO BiJKPHBAIOTBCS
YOTHPHU TIOTOKU: Cin — CTaHIAPTHHI NOTIK BBEAEHHS, coul — CTaH-
JapTHUHA NOTIK BUBEIEHHS, cerr — HeOydepuzoBaHnii cTaHaapTHUH
MOTiK BHBEeJEHHS NMPO MOMHJIKHY, clog — OydepusoBanuii ctanaapr-
HMIi MOTiK BUBE/IEHHS PO TIOMHUIIKH.
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ios

T

istream ostream

ifstream  jostream  ofstream

fstream

Puc. 16.1. YactuHa iepapxil KnaciB NOTOK{B BBEACHHA-BUBECACHHS
3 KJIIOYOBUMM KJlacaMH 06poOKu ¢aiiniB

16.2. BIAKPUTTA I 3AKPUTTS ®AAJIIB.
BU3HAYEHHS KIHIS ®ANIA

B C++ ¢atin BinKpuBa€eThCs 3a AONOMOTOK HOro ckpin-
JIEHHS 3 MOTOKOM. € TPW TUNH TIOTOKIiB: BBEJICHHS, BUBEACHHS, BBE-
neHHs-BuBeAeHHs. [lepen TiM sk BiikpuTH aiin Tpeba cTBOpUTH NO-
TiK. JIs CTBOpPEHHS NMOTOKY BBEOEHHS HEOOXIAHO OroJIOCHTH 06’ €KT
THNY ifstream. JIna CTBOpEHHs MOTOKY — 00’ €KkT THNY ofstream. Tlo-
TOKH, 5IKi BUKOHYIOTh OJHOYAaCHO BBEJCHHs | BHBEAEHHS, NMOBUHHI
orosiolyBarucs sk 06’ exra tamny fstream.

Ilicns cTBOpeHHSI MOTOKY, OOHHM 3i crnoco®iB 3B’s3aTh HOro 3
daiinom e pyHkuis open( ). g GyHKLiA € 4NEHOM KOXHOTO 3 TPLOX
MOTOKOBUX KJjiaciB. BoHa Mae Takuii nporoTun:

void open (const char *filename, int mode);

ae const char *filename € iM’ M daiina i Moxe BKIIOUATH BKa3iBKY
SXY;

int mode — BH3Hauae pexxuM BiKpUTTH (aiina, 3HaUEHHS SKOro
MOXe OyTH OAHMM 3 HACTYMHUX, BU3HAYEHHX Y 3aroJioBHOMy ¢aitii
<fstream.h>:

ios::app — BiAKpUTTA daiina B pexxumi AoNaHHs B KiHeub dakina.
Ile 3HaueHHa Moxe npuiAMaTHcs auie 10 ¢GaiiniB, WO BiAKPUBAIOTLCS
1151 BUBCACHHS;

1os::ate — BMKJIMKae MOWYK KiHUsA ¢aiina B MOMEHT BiAKPHTTA
daiina, nani MoxxyTs 6yTH 3anucaHi B Gyab-ske Mmicue daiina;

10s::binary — BHKNUKae BIAKpUTTA ¢aiina B ABiKOBOMY pexuMmi.
3a 3aMOBYYBaHHAM (hailiiv BiIKPHBAIOTBCS B TEKCTOBOMY PEXKUMI;

i0s::in — 3aJa€ peXxuM BiakpuTTa daiina nns BBeACHNS,

i0s::0ut — 3ajae peXXUM BiAKPUTTA daiina 1 BUBEJEHHS;

ios::trunc — Bupanse BMIcT (aiina, MO paHiue iCHyBaB 3 Ti€W X
Ha3BOIO, i ycikae ioro 10 HynboBoi JoBxXHHH. [Ipu cTBOpeHHi noToky
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BUBEJEHHS 32 JOINOMOrOI0 KIIOYOBOIO ClOBa ofStream Oyab-sKuil
¢aiin, mo paHilwe iCHYBaB 3 TMM Xe iM’SIM, aBTOMaTUYHO yCiKaeTbCs
A0 HyJIbOBOI NOBXKUHU.

MosxHa koMOiHyBaTé [Ba i GiNblie 3 UYX 3HaYeHb, BUKOPHCTOBY-
toun nopozpsaaHe ABO. Hanpuxknan, oronomenss

ofstream outFile;

crBoproe 00’exT outFile knacy ofstream.

outFile.open ("test.txt", ios::out);

OyHKUIA open xnacy ofstream Bigkpuae ¢aiin i1 38’ s3ye Horo 3
icHyrouMM 06’€KTOM Kitacy ofstream.

Knacu ifstream, ofstream i fstream MiCTATh KOHCTPYKTOPH, IO aB-
TOMaTHYHO BIKPHUBAIOThH Gaiin. Konctpykropu maroTs Ti caMi napa-
METpH i 3HaUeHHs 3a 3aMOBUYBaHHAM, O # dyHKuUis open( ). Tomy
HaHTUMOBILIMM CITOCOOOM BIAKPUTTS dakina € Takwuii:

ofstream outFile ("test");

Binkputn ¢aitn 1y BUBEJEHHS, PEXXUM BCTaHOBIIOETLCSA 3a 3a-
MOBUYBAHHSAM.

Ao 3 akuxoch npuyuH daiin He Moxxe OyTH BIAKPUTHI, 3HAYEH-
Hsl acolliiioBaHoro notoky aopisHioBatiMe NULL.

if ('outFile)

{cerr << "®aitn He MOxe GyTH BiAKpHTHI";
exit(1);}

Jlnst Toro, o6 3akpury daiin, HeoOXigHo BUKOpUCTaTH (QyHKLIIO-
uneH close( ). Hanpuknan,

outFile.close( );

DyHKuiA close( ) He Mae napaMeTPiB i 3HAYEHHS, O MOBEPTAETHC.

JIlns BU3HAuUeHHs JOCATHEHHS KiHLS (Qaiia MOXXHa BUKOpPUCTaTH
byHK1iIO-41eH eof{ ), Axa Ma€ ochk IKMI NPOTOTHN:

int eof();

®yHKuisn NoBepTae icTHHY, Ko OyB AocarHyTHH KiHelb daiina, B
iHIoMy pa3i QyHKLis moBepTae XUOHICTb.

16.3. POPMATOBAHE
BBEJEHHS-BUBEJEHHA

[Ticnga Toro, sk daiin BiAKpUTHIL, MOXKHA APOYUTYBATH |
3amMCcyBaTH B Hboro nasi. J{ns rexcroBux ¢alinip MoxHa BUKOpHCTa-
TH onepatopy <<i>>, 1K ue poOunocs AJisl KOHCOJNBHOTO BBEIACHHS-
BUBeAeHHs. TinkKN HeoOXiAHO 3aMiHUTH TIOTIK cin abo cout Ha NOTIK,
3 IKAM NoB’ 13aHu# Gaiin.
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16.4. BBEJEHHS-BUBEIEHH/I,
11O HE ®OPMATYETHCA

Jlns npodnTaHHs Ta 3anUCy GIOKIB JaHKX BHKOPUCTOBY-
OThCS (bym(uu read( ) i wrzte( ), AKi € WieHaMH IIOTOKOBHX KJIaciB
BBE/ICHHS | BUBeAEHHS BianosinHo. Ilpororunu dbynxuii Taki:

istream &read (char *buf, streamsize num);

ostream &write (const char *buf, streamsize num);

DyHKUisA read( ) npo4uTye num GalTiB i3 BUKJIMKAIOYOro TOTOKY i
nepenae ix y 6ydep, Bu3HaueHuii BKasiBHUKOM buf. Tun streamsize
BU3HAYCHHH K 1iie yncno. Skmo KiHug ¢aiyia JOCATHYTH 1O TOrO,
AK Oyno NMpo4UTaHO num OaiTiB, BAKOHAHHA (DYHKUIT NPHIMHAETHCS,
a Oydep MICTUTB CTiIBKM CHMBOJIB, CKiNBKH OyJ0 HpouMTaHo. Bu-
3HAYMTH, CKUIBKH OYJIO NPOYUTAHO CHUMBOJIB, MOXKHA, BUKOPHCTOBY-
104U (PYHKHiO-UJIEH gcout( ), TPOTOTHII IKOT € TAKHM:

int gcout( );

QDyHKUis MOBEpTAaE KiMBKICTh CHMBOJIB, MPOYMTAHUX IijJ Yac
OCTaHHBOI OrepaLlii BBEACHHS.

®ynkuis write( ) 3anucye y BianoeiaHuil notik 3 6ydepa, saxuit
BH3HAYCHHI1 BKa31BHUKOM buf, 3aaHe num 4ucno Gaiitis.

16.5. IOBLUIBHHUH JOCTYII

Cucrema BBeleHHA-BUBeAeHHs C++ no3Bossie 3aiicHIO-

BaTH JAOBINBHUI AOCTYNn 3 BHKOPUCTaHHAM QYHKUWIH seekg( ) i
seekp( ). Bona xepye nBoMa BKa3iBHMKaMM, IOB’3aHMMH 3 (aitnom.
[lepinii — ue BKka3iBHUK NpOYUTaHHS (ge! point), AKWii BH3HAYAE Mi-
cue B daiini, kyau 6yne Bogurucs inpopmauis. Jlpyruit — ue skasi-
BHHK 3anucy (put point), akuif 3afa€ HacTynHe Micue y daiiii, kyau
Oyne BuBoxuTHcs indopmauis. Lllopasy, konu 34iHCHIOIOTECS onepa-
uii BBEeIEHHSA-BUBEJEHHS, BiJNOBIIHMH BKa3iBHUK aBTOMATHYHO TMe-
pecyBaeTbes. 3a jonoMororo QyHkLiH seekg( ) i seekp( ) MOXHa 3iii-
CHIOBAaTH AOCTYN 10 (aiina B 1OBINLHOMY MiclLii.

istream &seekg (off_type offset, seek_dir origin);

DyHKuia seekg( ) nepemillye BKa3iBHMK NPOYMTaHHS Ha offset
6aMTiB BiA 3a/1aHOTO Origin, 10 HabyBac OJIHE 3 TAKHX 3HAYEHD:

i0s::beg — moluyk Bia noyarky ¢aiina;

i0s::cur — nouIyK BiJ MOTO4HOT NO3uUiT (aiina;

ios::end — nomyk 3 KiHug ¢aiina.

ostream &seekp(off_type offset, seek_dir origin);
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dynkuis seekp( ) mepemiilye BKa3iBHUK 3amucy Ha offset Gaiiris
BiJl 3aJaHOTO Origin, WO NpUAMaEc OJHE 3 BUILIE3raJaHUX 3HAUEHb.

Tun off_type — ue uinuii THI 1aHUX, BU3HAYCHMH y Kiaaci ios, THI
seek_dir — ue nepenik, BU3HaUeHUH y Knaci ios.

Bu3HauuTH NOTOYHY MO3MI{IO KOXKHOIO 3 ABOX BKA3IBHMKIB MOMK-
Ha 3a JOTIOMOTOIO (pyHKLIiH:

pos_type tellg();

post_type tellp( );
post_type — He LiIMii TN AaHNX, BU3HAYEHUH Y KNaci ios 1 34ar1-
HU#i 30epiraTy sKHaKOIbIIe 3HAYEHHS BKa3iBHHUKA.

16.6. KOHTPOJIb CTAHY
BBEJEHHS-BUBEJEHHSA

VY cucremi BeeieHHsA-BUBeaeHH C++ niaTpuUMyeTbCs iH-
‘bopMmauis mpo craH TicAs KOXHOI onepauii BBEACHHS-BHBEIEHHS.
IToTouHWit cTaH MOTOKY BBEACHHS-BUBEIEHHS, KM 30epiracThesl B
00’eKTi TUY iostate, € epeniuyBalbHUM THIIOM, BU3HAYEHUM Y Kia-
ci ios, i MICTUTB TaKi YIeHU:

goodbit — momMuIKK HeMace;

eofbit — pocarHyTte kiHus dafina;

failbit — Mae Micue HedaTaabHa IOMUIIKA;

badbit — mae micue daranbHa roMuiKa.

OpHuM 3 cnocobiB oTpuMaHHs iH$opMaLlii nNpo cTaH BBEAEHHS-
BUBEJIEHHS € BUKIMK QyHkuii rdstate( ). [IporoTun yHKLUIT TakuiA:

iostream rdstate( );

@yHKis MOBepTae MOTOYHUI CTaH NparopiB NOMUIIKHK, NpY BiA-
cyTHOCTi sikoi 6 To He Oyn0 NMOMWIKK moBepTaeTsest npanop goodbit,
B iHIIOMY pa3i BOHa NoBepTae npanop NOMHIIKHU, 3HAYEHHS SKOTO Mne-
pepaxoBaHi BUIIIE.

[HIHM criocoGOM BU3HAUEHHS TOro, YM Maja Miclie NOMHUIKA, €
BUKOPUCTaHHS OJHI€T YN KiTbKOX HACTYNHWX GYHKLiH-uNIeHiB Kna-
cy ios:

boll bad( );

boll eof( );

boll fail( );

boll good( );

Oyukuis bad() moBeprae iCTHHy, SKIIO BCTaHOBJIEHWH npanop
badbit. ®yuxuis fail( ) noBeprae iCTHHY, AKIO BCTAHOBJIEHWH Mpa-
nop failbit. Oyukuisn good( ) noBeprae iCTUHY Np BiACYTHOCTI MO-
MMJIOK, B iHLIIOMY pa3i noBepTae XMOHICTb.
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ITicaa nosABM MOMMIIKH HEOOXiAHO CKMHYTH Lied CTaH mepej THM,
K MPOJOBXXHTHU BUKOHAHHS nporpaMi. JIns 1Iboro BUKOPHUCTOBYETHCS
bynxuis clear( ). IlpotoTHn QyHKUil € TAKHAM:

void clear (iostate = ios::goodbit);

Je s — ¢ npanop, Mo JOPiBHIOE goodbit, 3HAUCHHS 3a 3aMOBYY- -
BaHHAM, TO CKHIAIOThCA NPANopH BCiX MOMUIOK. B iHIIOMY pasi 3MiH-
Hiii PHCBOIOETHCS 3HAYEHHS THX IPAINOPIB, AKi HEOOXiAHO CKUHY TH.

IloTpi6Ho crBOpMTH (halin JaHUX Ha MarHiTHOMY IHCKY,
Ipuknad AKMHA MICTUTHME Taky iHoOpMalilo: KOA MiUpUEMCTBA,

" KoA 1exy, TabenbHuH HOMep NpaliBHUKA, PIK HapO/KeH-
Hi, KO/ HALIOHANIBHOCTI, CiMefiHuif cTaH, CTax pobOTH 3araibHui, CTaX po-
60Tn Ge3nepepBHUii, koA npodecii, po3paz, oknan. Ha ocrosi sanuty o6um-
CIINTHA KIJIBKICTh Ta IHTOMY Bary BiKOBHX rpym npaiieuukis (0 20 pokis,
Bia 20 no 30, Bia 30 mo 40 pokiB Ta crapmux 3a 40 pokiB) y po3spisi koaiB
npodeciii. 3HalieHi MOKa3HUKA BUBECTH B TakKiii Gopmi:

Bik, pokis
K no 20 Big 20 no 30 | mix 30 no 40 noHaz 40
(1)1}
ninpu- Kon Koz
A o« A A
emctea | US| mpodecii g e S § ) § £ E
1) 2 Q g2 o =) =]
g | X g =S I N - O I -
2 = @ ) m Z )

// CtBopeHns aiina

#tinclude <iostream.h>

#include <fstream.h>

#include <stdlib.h>

#include <ctype.h>

struct work

{ char kpr [6]; char kc [3]; char tab [5];
char namp [31]; char gr [5]; char naz [3];
char fs [2]; char stz {3]; char stn [3];
char prof [5]; char rozr [2]; float okl;

main ()
{intr, b, a;
work w;
ofstream outwork ("test.dat”, ios:: out);
if (! outwork)
{ cerr <<"®aiin He Moxxe 6yTu BiakpuTHii."<<endl;
exit (1);
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do
{ cout <<”BBCI[1TI> JaHi \n";

{ cout <<"Bpexitb xox mianpueMcrsa:";

r=0;

cin>> w. kpr

for (int 0;p<5; ++)
1f('1sdp igit(w.kpr(p]))

1f(r == 1)
cout<<"ITomunKa BBeacHH:.\n";

}
while (r==1);
do
{ cout <<"BemiTb Ko uexy:";
r=0;
cin>> w. kc;
for (int ¢ = 0; c<2; ¢c++)
if (! isdigit (w ke [c])
r=1;
if(@r= )

cout <<"HOMHJ‘lKa BBeJeHHS. \n";

}
while (r = = 1);
do

{ cout <<"BaeziTs TabeabHUI HOMEp MpaLiBHUKA:";

r=0;
cin>>w.tab;
for (int n = O;n<4;n++)
if (! 1sd1g1t(w tab[n}))
r=1;
ifr==1)
cout<<"ITomunka BBeaeHHs. \n";

while (r==1);
cout <<"BeeaiTp npi3puiue:";
cin>>w.namp;
do

{ cout <<"Beenitb pik HapoKEHHA:";

r=0;

cin >> w.gr;

for (int y = 0;y<4;y++)
if (! isdigit(w.gr[y]))
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r=1;
ifr==1)
cout<<"Tlommuika BBeeHHs. \n";
} while (r==1);
do
{ cou}) <<"BBeniTh KO/ HaliOHaNLHOCTI:";
r=0;
cin >>w.naz;
for (int nac = O;nac<2;nac++)
if (! isldigit(w.naz[nac]))
r=1;
if(r==
cout<<"[Tomuska BBeeHH. \n";

}
while (r==1);
do

{ cgut <<"Bpeaith cimelinuii ctaH:";
r=0;
cin >>w.fs;
if (sltrcmp(w.fs,")K")! =0 && strcmp(w.fs, "X")!
r=1;
ifr==1)
cout<<"Tlomunka BBeLeHHs. \n";
} while (r == 1),
do
{ coua <<"BBeaiTh cTaxx poOOTH 3aransHuii:";
r=0;
cin >> w.stz;
for (int t = 0;t<2;t++)
if (lisdigit(w.stz[t]))
r=1;
ifr==1)
cout <<"IToMunka BBegeHHA. \n";
d} while (r==1);
o

{ cout <<"Bpenits cTax po6oTH Ge3nepepBHuii:";

r=0;

cin >> w.stn;

for (int d = 0;d<2;d++)
if ('1sld1g1t(w .stn[d]))

ifr==1)
cout<<"lTomunka BBeeHHs. \n";

} while (r==1);
do

{ cout <<"Beeaitb koj npodecii:";
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r=0; ‘
cin >>w.prof;
for (int gr = 0;pr<d;pr++)
if (! is1 igit(w.prof(pr]))
r=1;
ifr==1)
cout<<"[Tommunka BeeseHHs \n";
} while (r==1);

do
{ cout <<"Bpenitb po3psax:";
r=0; :

cin >>W.rozr;

for (int r = O;r<1;r++) if(tisdigit(w.rozr(r]))
r=1;
if (atoi(w.rozr)>6 || atoi(w.rozr)<1)

r=1;
if (r = = 1) cout<<"[Tomuska BBezficHHs. \n";
} while (r==1),
cout <<"Bpenith oknaz: ";
cin >>w.okl;

cout<<"BpexiTs 1, gKi110 mijJ yac BBeAEHH: 3pobneHa nomuika:";

cin >>b;

}

while (b ==1);

outwork.write ((char *)&w,sizeof(w));
cout <<"Baeaitb | a1s npogoBXKeHH:";
cin >>a;

} while (a == 1);

outwork.close();

return O;

}

//O6po0bka daitna

#include <iostream.h>

#include <fstream.h>

#include <stdlib.h>

#include <ctype.h>

#include <string.h>

#include <iomanip.h>

struct work

{ char kpr[6]; char kc[3]; char tab[5];
char namp(31]; char gr[5]; char naz[3];
char fs{2]; char stz[3ﬁ char stn(3];
cha prof[5]; char rozr{2]; float okl;

main ()
{ work w,wl;
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int year, p,t1 =0,t2=0,t3 =0, t4 = 0;
float tlpr = 0, t2pr = 0, t3pr = 0, t4pr = 0;
ifstream inwork ("test.dat" ios::in);
if (Yinwork)
{ cerr <<" ®aiin He Moxe OyTH BiakpuTim”<<endl;
exit(l);
} cout<<endl<<"Baeaits koa mignpuemcTea”;
cin >> wl.kpr;
cout<<endl<<"\nBseaits xox uexy";
cin >>wl.kc;
cout<<endl<<"\nBeezniTb Ko npodecii”;
cin>>wl.prof; :
cout<<endl<<"\nBseaiTs noTouHuii pik";
cin>>year;
inwork.read ((char *)&w,sizeof(w));
while (! inwork.eof())
{ p = year — atoi(w.gr);
if(stremp(wl.kpr,w.kpr) = = 0 && stremp(wl.kc,w.ke)= =0 &&
strcmp(wl.prof,w.prof) = = 0 && p<20)
tl++;
else
if (stremp(wl.kpr,w.kpr) = =0 && stremp(whke,w.kc) = =0 &&
stremp(wl.prof,w.prof) = = 0 && p> = 20 && p<30)
t2++;
else
if (stremp(wlLkpr,w.kpr) = = 0 && stccmp(wl ke, w ke) == 0 &&
strcmp(wl .prof,w.prof) = = 0 && p> = 30 && p<40)
t3++;
else
if (stremp(wl kpr,w.kpr) = = 0 && stremp(wl.kc,w.kc) = =0 &&
strcmp(wl .prof,w.prof) = = 0 && p> = 40)
td++;
inwork.read((char * )&w,sizeof(w));
} inwork.close(); ‘
tlpr = (float)(tl * 100/(tl+t2+t3+t4));
2pr = (float)(t2* 100/(tl +t2+t3+t4));
t3pr = (float)(t3* 100/(tl+t2+t3+t4));
tdpr = (float)(t4* 100/(t] +t2+t3+t4));
cout<<endl; "
cout<<"
<<"
<<"
<<endl; . 8)
cout<<" |"<<setw(12)<<" "<<"|"<<setw(4) <<" "<< |"<<setw(
<<" "<<"|"<<setw(47)<<"BIK,POKIB "<<"|"<<endl;
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cout<<"|"<<setw(12)<<"KOJ "<<"|"<<setw(4)<<"KOJ
<<"|"<<setw(8)<<"KOJI "
<<" "<<|| .
<<endl;

cout<<" |" . .
<<setw(12)<<"TIHIITPUEMCTBA"<<"|"<<setw(4)<<"LEXVY"<<"|
<<setw(8) <<"TIPODECII "<<"|"<<setw(11)<<"J0 20"

<<"|"<<setw(11) <<"BIJ] 20"<<"|"<<setw(11)

<<"BIJ] 30"<<"|"<<setw(11)<<"[IOHAJ 40"<<"|"<<end};

cout<<" |"<<setw(12)<<" "<<"|"<<setw(4)<<" "
<<"|"<<setw(8)<<" "<<"|"<<setw(11)

<<" "<<"|"<<setw(11)<<"JI0 30"<<"|"<<setw(1 1)<<"JI0 40"
<<"|"<<setw(11)<<" "<<"|"<<endl;

cout< " ["<<setw(12)<<" "<<"|"<<setw(d)<<" "<<"|"<<setw(8)

<<" "<<""<<setw(40)

" "

<<

<<"|"<<endl;
cout<<" |"<<setw(12)<<" "<<"|"<<setw(4)<<" " <<"|"<<setw(8)
<<" "<<"|"<<setw(5)<<"Kinp-"<<"|"<<setw(5)
<<"Big-"<<"|"<<setw(5)<<"Kinp-" <<"|"<<setw(35)
<<"Big-"<<"|"<<setw(5)<<"Kinp-"<<"|"<<setw(5)<<"Big-"
<<"|"<<setw(5)<<"Kimp-"<<"|"<<setw(5)<<"Bin-"<<"|"<<endl;
cout<<" |"<<setw(12)<<" "<<"|"<<setw(4)<<" "<<"|"<<setw(8)
<<" "<<"|"<<setw(5)<<"kicTp"<<"|"<<setw(5)<<"coTok"
<<"|"<<setw(5)<<"kicTp"<<"|" _
<<setw(5)<< "corok"<<" "<<setw(5)<<"kicTb"
<<"|"<<setw(5)<<"corok" <<"|"<<setw(5)<<"kicTp"<<"|"
<<setw(5)<<"corok"<<"|"<<endl;
cout<<"
: <<l| "
cout<<" " «<<endl;
cout<<" |"<<setw(12)<<" "<<"|"<<setw(4)<<" "<<"|"<<setw(8)
<<" "<<"|"<<setw(5)<<tl<<"|"<<setw(5)<<tlpr<<"|"<<setw(5)
<<t2<<"|"<<setw(5)<<t2pr<<"|" ‘
<<setw(5)<<t3<<"|"<<setw(5)<<tIpr<<"|" <<setw(5)<<td<<"|"
<<setw(5)<<tdpr<<"|"<<endl;
cout<<" "
<<Vl "
cout<<"
<<endl;
return 0;

}
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Npuknad 1

lpuxnad 2

Tpuknad 3

Tpuxnad 4

lpuxknad 5

fipuknad 6

Hodamox

TIPUKITIALIN ATITTOPUTMIB OBPOBKU

COLIAJTTIbHO-EKOHOMIYHOI IHOOPMALJIT

[To6ynyBatn anroputm crBopeHHs ¢aiina maHuX, Axuii
MicTUTE TaKy iHGopMalliio: koA MiANMPUEMCTBa, KOJ LEXY,
tabensHUH HOMep MpaliBHHKA, CTAX POOOTH 3arajbHUH,
cTax poboTH GesnepepsHuii, po3paa. Ilig yac BBeneHHS
3[iliCHIOBATH CHHTAKCUYHMI{ KOHTPOJIb JAHHX, IO BBOAA-
ThCH (puc. 1.1).

Ha ocHosi ¢aiina, crBopeHoro B npuknagi 1, nobyaysaru
aNropuT™ AOTOBHEHHA (aiina JaHUX HOBUMHU 3alMHCaMH 3
CHUHTAKCUYHUM KOHTpoJieM (puc. 1.2).

[o6ynyBaTn anroput™ xopuryBaHss ¢aiina, cTBopeHOro
B npuknani 1. Ilin yac BBeAeHHA HOBUMX AaHUX 3AiiliCHIO-
BaTH CMHTaKCUYHMUI1 KOHTposb (puc. 1.3).

ITo6ymyBaTi anroputm BuslydeHHs 3anucy 3 ¢aiina, cTBO-
peHoro B npuknazi 1 (puc. 1.4).

IToOyayBaT anropuT™M MiApaxyHKY KiJIbKOCTI MpanisHH-
KiB, ki MaloTe Oe3nepepsHuii 3arajbHUi cTax poboTH
Ilo 5 pokis, Bin S no 10 pokis, Big 10 o 20 i Ginslue po-
kiB. BukopucroByBat d¢aiin, crBopennii y nmpuxnani 1
(puc. 1.5).

BukopucroByrouu ¢aiin 3 mpuiiagy 1, mo6ymysarn anro-
puTM 06pOOKH 3aNMuTY NpO KiJIbKICTH NpaliBHHUKIB 3aja-
HOTO MiAOPHEMCTBA, 110 MaIOTh Oe3nepepBHUI 3araib-
HHii cTaxk po6oTH A0 5 pokiB, Bia 5 no 10 pokis, Big 10 no
20 i 6inbme pokiB (puc. 1.6).
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( ITouarok D

OroJIolueHHS 3MiHHMX
Ta BCTAHOBJICHHS
MOYaTKOBUX 3HAUEHb

]
CtBopenHs (dafina

[ Creopenns daiina, Bin-

JaHUX

®daiin cTBO-
penuit?

Tak

KPHUTTA HOro s 3arucy

CTBOPUTH haiimy

y -
BeeneHHs xoay
NiAnpUEMCTBA

TTomunka
BBEAEHHA?

Tax -
BuBeieHHA OBiAOM-

JIEHHS PO MOMUJIIKY

)

BeeneHus
KOOy LEXy

[lomunka
BBEJCHHA?

Hi

BuBeneHHT NOBIIOM-
JIeHHS TIPO MOMMIIKY

-
| B

BeeneHHs TabenbHOTO
HOMepa npauiBHHKa

Tlomunka
BBENEHHA?

Tax BuseneHHs MOBiIOM-

JICHHA NMPO NMOMUIIKY

Hi |«

BeeneHHs poky
HApOMKEHHS

ITomunka
BBEJACHHA?

3axinuenns puc. 1.1

Beenenns
3arajJIbHOrO CTaXy

BuBeneHHs NOBiAOM-
neHHs « HeMoXIHBO ‘——@

Momunka
BBEACHHN?

Hi

Bueenexns mosinoM-
JICHHS PO HOMUJIKY

Brenenns 6esnepeps-
HOT'0 CTaxkKy poboTH

Iomunka
BBeNeHHA?

Hi |

Busenennsa norinoM-
JICHHS TIPO NOMMIIKY

Beenenus
po3psany

ITomunka
BBEIEHHA?

3anucaTH 3anuc
y ¢aiin

[ponoexxutn
BBEAECHHSA?

BuBeaeHHs NOBIAOM-
JIEHHS TIPO MOMMIIKY
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C Kineus

Burenenns nosigoM-
JIEHHA PO TOMHIIKY

Ilepesipka kiHus
BXigHOTO Habopy
JaHNX

Puc. 1.1. Cxema anroputMy cTBOpeHHs aiina naHux
3 CHHTAaKCMYHUM KOHTpOJIEM
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C ITouarok )

I
OronoieHHs 3MiHHHX
Ta BCTAHOBJIEHHA
NOYATKOBHX 3HAYEHH
1
Bigkputu daitn nanux
JAN% A0MOBHEHHA

daiin cTBO-

BuseneHss NMoBiZoMIIEHHS
«HeMOxn1BO BiAKpUTH
(haiin o IONOBHEHHSD»

la

Brenenus kogy
HiAmpUEMCTBA

IMomunka
BBEACHHA?

BuBeaeHHs nOBIIOM-
JIEHHS [IPO TIOMMJIKY

<

Beenenus
KOOy Lexy

Tlommnnka

BBEACHHS?

Busenenss nopinom-
JIEHHA PO TOMUJIKY

BreneHus TabenbHoro
HOM€paA nMpauiBHUKa

Tak

Tlomunka
BBefeHHA?

Hi Je

BupeneHHs MOBiOM-
JIEHHA NPO NOMHUJIKY

Beenenns poxy
HapOMKEHHA

IMomunka
BBeACHHA?

Busenexus mosigom-
JIEHHS TIPO MOMMUJIKY
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3axinuennsa puc. 1.2

@

Beenennd 3araisHoro
cTaxy poboru

TToMnnka
BBEICHHA?

Bugenenns nosinom-
JIeHHA TIPO TIOMMWJIKY

Hi e

Beenenns 6e3nepepe-
HOTO CTaxy poboTH

INoMmunka
BBEJEHHA?

Busenenss MoBigoM-
JICHHSA TIPO MOMMIIKY

Hi

-
<

BeeneHns
po3pany

IMomunka
BBEACHHA?

Busenenns nopigoMm-
JIEHHS NPO NOMUNKY

3anncaTH 3anuc
y daiin

TIponosxutn
BBEJCHHA?

C Kineup )

Tepesipka kinus
BXIJJHOrO Habopy

-e——o OAHUX

Puc. 1.2. Cxema anroput™y J0TNoBHeHHs ¢aitna gaHux 3

CHHTAaKCUYHUM
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( TlouaTok )

OrofouesHa 3MiHEUX
Ta BCTAHOBJIEHHS
MMOYaTKOBMX 3HAYEHb

|
Biaxpuru daiin
JaHUX Jy1st 3MiH

Daiin
BiIKpUTHI?

Tak

Bupenenns nosigom-
JienHs «Hemoxnngeo
BiakpuTu Qaiiny

-l
e

BBenenns kony
nignpueMcTaa

ITomunka
BBEIEHHA?

Hi

BuBeaeHHs NosiaoM-
JIEHHS NPO MOMMJIKY

<

Beepenns
KOAy 1exy

TTomunka
BBeIEHHA?

-

Hi

BuBeaenus nosigoMm-
JIEHHA PO MOMMIIKY

1=

BBenenHs TabenbHOro
HOMeEpa MpaliBHHKA

[MoMunka
BBEeNEHHA?

@——————)

Tak

Busenenns nosigom-
JIEHHA NP0 MOMHUNKY

YuTaHHg OqHOrO
3anucy 3 daiina
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Kinens
¢aiina?

IIpooosdicenns puc. 1.3

BuBeneHHs MoOBiIOM-
JIEHHS TPO TOMUIIKY

«3anuc He 3HalneHni»

O

Beenenns kony
i ATTPHEMCTBA

TTomunxa
BBEIEHHSA?

BuBenenHs mosinoM-
JIEHHSA ITPO NMOMHUNKY

Hi I<

Beenenus
KOy Liexy

Tax

TTomunxa
BBEJCHHA?

Beenenns raGenbHOro
HOMepa npauiBHUKa

IMomunka
BBeJEeHHA?

Hi

| BueneHHs nosinoMm-
JICHHS NIPO HOMMJIIKY

Busenenus nosigoMm-
JICHHA TIPO MOMMUJIKY

[

BeeneHHs poky
HapOIKEHHS

ITomunka
BBeeHHA?

BuHBeneHHs NoBIIOM-
JICHHSl TIPO IOMUJIKY
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3axinuenna puc. 1.3

I

cTaxy poboru

BeeneHH4 3araibHOro

TTomunka
BBECHHA?

.

BuBeneHHs MOBIIOM-
JIEHHS TIPO MOMMIIKY

Hi <

HOr'o CTaxy podoTH

Beenenus 6esnepeps-

IMomunka
BBeaeHHA?

| BuBeneHHs HOBinOM-
JIEHHA TIPO HOMHIIKY

Beenenns pospsany

Iomunxa .
BBEAEHHA?

Tak "
Busenenns nopinom-

JICHHA NIPO NOMUIIKY

3anucaTH 3anuc
y daiin

TIponoBxutH
KOpUryBaHHs?

INepeBipka kinug
BXiAHOTrO HaGopy
JaHUX Ol KOpH-
---------- ryBaHHs

3akpuTy daiin

(&) —

( Kikeus

D

Puc. 1.3. Cxema anroputMmy KOpUryBaHHA Gaitna nanmx
3 CHHTAKCHYHUM KOHTDOJIEM
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< Iouwarox )

T
Biaxpuru
BxifHui daitn

BusepenHs noBigoM-

JeHun «Hemoxauso ____@

Biakputu daiiny

Datin
BiZKpHTHH?

Binxputy (aiin qanux
I 3MiH

BuBeenHs MOBIXOM-

nexns «HeMOXJIHBO __._@
BifkpuTH ainm

Daiin
BiOKpUTHIA?

Tak

-
-

YuraHHA OAHOrO 3aITH-
cy 3 BxiaHoro daiina

Tak

3amuc no-
3HauUCHU AK
BHJIy4CHMIA?

3akputy daiinu 3anmcatH 3amnmc
y BuxiaHuit daiin
T
BxigHnii daiin
BWIY4HTH
Buxizunii daiin Jlatu iM’s BXiaHoro
NIEPEHMEHYBATH,  —====== taina BuXiHOMY
AIK BXiIHHIH

@————»
C Kineus )

Puc. 1.4. Cxema ¢yHKUil BUITydEHHS 3anucis
(ouneHHA daiina Bix BUAYydYEeHHX 3aMUCIB)
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C TToyaTok )
[

OronoleHHs 3MIHHIX
Ta BCTAHOBJIEHHS
[IOYaTKOBHX 3HAYEHb

]
Binkputn daiin
JAaHUX 11 3MiH

BuBeneHHs MOBiaoM-
nerns «Hemoxnnso
Binkpuru daiiny

daiin
BigKpUTHIA?

@ Ry Tax

BeeneHHs kony
HiAMPHEMCTBA

BuBeneHHs MoBigoM-
JIEHHS MPO MOMUIIKY

ITomuika
BBEEHHA?

Hi

-
1=

Beenenns
KOIY Uexy

ITomunka
BBEACHHSA?

BuseneHHs noBiaom-
JIEHHS TIPO TIOMWJIKY

BeeneHHs taGenbHOro
HOMepa npauiBHHKa

Tak

IMomunka

. Busenenna nosigiom-
BBeieHHA?

JICHHA PO NMOMUJIKY

YuTaHHA OIHOr O
3anucy 3 daiina
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BuseneHHa nosigom-
JIEHHA NP0 TIOMUIKY _@
«3anuc He 3HaiineHRiN

i.kpr:=v.kpr

Tak

BunyueHHs 3anucy

BuseneHHs
NOBIAOMJIEHHA
«3anuc BUYYEHHI»

IMepeBipka KiHus
BXiHOro Habopy
JNAaHHUX [ BHITYYCHHS

MponoexuTh
BHWIyYeHHA?

3akpuru paiin

G)—
C Kineus j

Puc. 1.5. Cxema anroputmy BunyueHHs 3anucis
3 ¢aiina nanux
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3axinuenns puc. 1.5



C IToyatok )
|

3axinyenns puc. 1.6
OronoueHHs 3MiHHAX
Ta BCTAHOBJIEHHA
MOYATKOBUX 3HAYECHb >
¢ v.stn =101 . .
| v.stn < 20 1.83: =is3+1
Binkputn daitn
JaHUX IS YMTaHHA Hi
Daiin BuBenerHHs NOBiJOM-
: 50 nenns «HeMoxnuBo ———@
BiIKpHTHIA? - o
BigkpuTu daitn» . .
Tak isd:=is4+1
BuBeaeHHA IIANKH

JIOKyMEHTa @ ’
I

YurtaHHA 3anucy
3 ¢paitna

e
)

Yuraty HacTynHui
3ammc 3 daiina

BuseaesHs nosiioM-

neHns «Y daiini Hemae ———@
3aIMHCiBy

1 Kineup Tax
. ¢aiina?
. TIpucBoiTy 3miHHiii i.kpr 3Ha-
ikprr=vkpr  pooooeo ’ P

yeHHs KOJly NiANPHEMCTBA i3
3aIMCy, KU NPOUNTAaHHHA
I

1.51: =0;152: = 0;

i.83:=0;i54: =0,

3akputH (aitn BuBenenns i.s1, i.s2,
.83, 1.s3

isl:=isl+1

&O—

RO
is2:=1is2+1 —’@

C Kineup )

Puc. 1.6. Cxema anroputmy o6poOku daiina
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C Tloyatok )
|

OronolieHHs 3MIHHUX
T4 BCTAHOBJICHHS
MOYATKOBUX 3HAYEHB

Binxpurn daiin nannx
IJ1s1 YUTAHHA

daiin
BiAKpUTURA?

Tak

Beenenus marku
JOKyMeHTa

Busenenss nopigoMm-
JienHs «HeMoxnuso
BiZKpUTH daiin»

e
I<

Busenenns kony
nianpueMcTBa

ITomunka
BBEACHHA?

YuTaHHA 3ancy
3 daiina

Kinens
¢aitna?

BuBeieHHS NOBLAOM-
JIEHHS TIPO MOMUITKY

1.81:=0; 1.82: =0;
i.83:=0; 1.54:=0;

O——

BugenenHa kony
uexy

TTomunxka
BBEICHHA?

Tak

BuBeneHHa NOBigOM-
JICHHA [IPO MOMMIIKY

Busenenns rabensHoro
HOMepa npaLiBHUKa

TTomunka
BBEICHHA?

IIpooosorcenns puc. 1.7

BuBenenHs noBizom-
| nenns «Y ¢aiini He- —@
Mae 3aIuciBy

IopiBHATH 3HAYEHHS 3MiH-

HOI i.kpr 3i 3HaueHHsM Koy

MiANMPHEMCTBA i3 3a1HCy,
AKHH MPpOUHTaHUH

vsin< 5

Lsl:=isl+1 |

1s2: =152+ 1

i.83:=1s3+ 1 |

Tax

Busenexns nosigom-
JIGHHS TIPO TTOMHUIIKY

1.84:=1is4+ 1

—

<
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