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NMEPEAMOBA

Po3pobxka nporpam — 11e CKIaIHUN 1HKEHEPHHUH MPOoIiec, HEMOXK-
nuBuUi 0e3 BianoBiaHOI TexHoaorii. CaMe 03HaOMIIEHHS 3 MexXHOA0-
2I€10 CMBOPenHs NPoSpam € METOIO TIOCIOHHKA.

IIponoHoBaHwMi1 MOCIOHNK BUCBITIIOE OCHOBHI MOHSTTS MPOTPaMy-
BaHHJ, JaHi 0a30BUX THIIIB i onepauii MoBu C++, iHCTpyYKii, miAmpo-
rpamu. MoBa nporpamyBanHs C++— 1e "xuBa" MoBa, 3aco0M K0T
PO3BUBAIOTHCS W yIOCKOHAIIOIOTHCS, IIPOTE IPYHTOBHE BUBUCHHS BCIX
MO>XKITUBOCTEH MOBH ¥ UHCIICHHHMX 010i0TedHNX 3ac00iB HE MOXE Oy-
TH MPEAMETOM BCTYIHOTO Kypcy mnporpamyBaHHA. OTxe, HaHOLIbIIY
yBary B TOCIOHHKY TPHIIIEHO OCHOBHUM MOBHHUM KOHCTPYKIISIM i
TEXHIIIl X 3aCTOCYBaHH:, a HE MOKJIMBOCTSM 0i10i0TeK abo HI0aHCaM
KoMIiATOpiB. [TOCIOHMK TakoX MpENCTaBiIsA€ €NEeMEHTH TEXHOJIOTIT
MpOrpaMyBaHHS: MPOEKTYBAaHHS ¥ YTOYHEHHS MPOrpaMu, BUOIp iMeH,
KOMEHTYBAHHS, PO3MO/LUT 000B'S3KIB MiXK YaCTHHAMHU KOy, BUKOPHC-
TaHHS MiAPOrpaM, CTBOPEHHS MPOTPaMH 3 KUTBKOX (haiiiB.

[epenbayaeTbcsi BUKOPUCTAHHS NOCIOHMKA HA MPAKTUYHMX 3aHSIT-
TSX 1 U1 CaMOCTIHHOT poOOTH CTYICHTIB. BiH MICTHTH YHCIIEHHI TTPH-
KJIagu mporpaM, QYHKIIH 1 OKpeMHX (parMeHTIB KOy, IO HAOYHO
UTIOCTPYIOTh BUKIIAJIeHUH Marepian. [lyxe OaxaHo, 1100 CTyAeHT, Ipa-
LIOIOYH HAJI TEKCTOM 1 BIpaBaMH MOCIOHMKA, MaB MOXIIUBICTh Bipasy
cmeopiogamu Ul 3anyckamu npozpamu Ha komn'rtomepi. HaBeneHi B no-
CIOHMKY 3aJadi € MiHi-TIPOEKTaMH JJIsl CAMOCTIIHOI PO3POOKH.



PO3A4I1nN 1
3ATANbHI NOHATTA

1.1. Nporpamu, paHi, mogeni, MoBMn

CyuacHa JrOJIMHa BUKOPUCTOBYE KOMI'IOTEp AJIsI PO3B'sI3aHHS Pi3-
HOMAaHITHHX 3a7a4 — BiJl BUKOHAHHS MPOCTHX apHu()METHIHHUX T IO
MO/ICTIFOBaHHS aTMOC(hEpHUX SBUIIL 1 KEPYBaHHS IMOJIHLOTAMH B KOCMOC.
HacnpaBni Bce, 1m0 "BMI€" KOMI'IOTEp — L€ GUKOHYSAMU NPOSPAMU.
[Ilo6 xomMn'toTep po3B's3aB MOTPiIOHY 3amady, HEOOXIIHO CIOYATKY
CTBOPHTH BiIIOBIHY MPOTPaMy, a IMOTiM 3aIyCTHTH i Ha BUKOHAHHSI.

Mporpama (program) — ue onuc TUX Ain, sKi Ma€e BUKO-
HaTM kKoMn'toTep, Wob6 po3B'a3aTu Aesky 3agadvy. Mporpa-
MYBaHHA - Ue AiSbHICTb, fKa MNOoNsAra€ y CTBOPEHHi npo-
rpaM. MeTta nporpamMyBaHHs — 3abe3neumTtn, W06 3aMicTb
NOAVHU TY UM iHWY poboTy BUKOHYBaB KOMM'tOTep.

VYei mii koMIT'torepa TOB'si3aHI 3 00POOKOI0 JTaHUX — YHCIOBHUX,
CHUMBOJIBHUX, TEKCTOBUX Tomo. 3rigHo 3 B. M. [mymikoBum, maHi
(data) 300paxyroTh (IIO3HAYAIOTH) AESKUI 3MmicT, abo iHndopmamiro.
[TonsTrs 3Micty Ta iHdopMallii He MalOTh YITKOTO O3HA4YeHHS abo
TilyMadeHHs. ByemMo po3yMiTH X sik 3HaHHS, BiZIOMOCTI ITPO LIOCh.

Hpuxaagu. Cioso HEBO 3anucano wotupma mitepamu. 3MicCT,
SIKUI TTO3HAYEHO HUMH, HE € YITKUM, aie I KOKHOI JIIOIMHH IIe
I0Ch BEJIMKE HaJ TOJI0BOIO, OJIAKUTHE BJIECHH 1 YOpHE BHOYI. YTOUY-
HIOBATH Jaji He OyJieMo.

3amuc 1001 no3Havae 4ncio — ysBHE MOHSTTS, IO BUPAXKAE KiJlb-
KicTb. Mu cnpuiiMaemo 1i faHi K "Trcaya i onuH" (MIpeaMeT, pik
To1o) abo "Tucsya i ogHa" (Hiy, IPIOHUIS TOIIIO).



Konn 6atbku peecTpyroTh HAPOIKEHY JUTHHY, BOHH OTPUMYIOTh
CBIIOITBO NP0 HAPOPKEHHS, B SIKOMY BKa3aHO iM'sl Ta Mpi3BHUIIE HO-
BO1 JIFO/IMHU, AaTy ¥ MicIle HapOoJKeHHs, iMeHa 0atbkiB. Lli dawi npo
J0OUHY TIO3HAYAIOTH (PAKT 1 AEsIKi 3 00CTaBWH 11 MOSBY HA CBIT. 4

OT1xe, 300pakeHHs 00'€KTIB PeaibHOTO CBITY 3a JOMOMOTOI0 Jia-
HHUX € OCHOBOIO OYyIb-SKOT B3a€MOJIi, y TOMY YHUCIi i KOMIT'foTepa i3
30BHIIIHIM CBITOM.

Komm'torep Mae po3B'sizyBaTd 3amadi Jisl JIOJUHA. Y IHX 3aj1a-
yax (IrypyrTh pi3HOMaHITHI 00'€KTH PEAJILHOTO CBITY — KAPTHHKH,
(hizuuHi sSBUMIA, 0cOOH, TeXHOJOTIYHI Tporteck Tomo. 11{o6 3ampor-
pamyBaTtu 0OpoOKy HaHWX, MOB'S3aHUX 13 HUMH 00'ekTamu, Tpeda
CIIOYATKY 300paszumu 00'exmu y 6ueisioi 0aHux.

3o00pakeHHs 00'eKTa, siBUIIA a00 MpOLECy 3a JOMOMOTOI JaHUX
PO HLOTO € HOTro Mmodennto. Y3araii, MOaeJb — II¢ CIIPOIICHE 30-
OpaxeHHs 00'ekTa a0o sIBUIA, 110 BigoOpakae Horo HeoOXiJaHi CyT-
TeB1 BIAcTUBOCTI. B 00poO1i maHMX MOJENb € CyKYIHICTIO BIacTH-
BOCTEH 1 CITiBBITHOMIEHb MK HUMH, III0 BiIOOpaKarOTh CyTTEBI PUCH
JOCITiKyBaHoro 00'ekta, siBuma abo mporecy. Mojenb 3a3Budail
MICTUTh ONKC HE JIUIIE JaHUX, a TAKOXK iX 00pOOKH, siKa BIATBOPIOE
peanbHi IPOIECH, TOB'sI3aH1 3 00'EKTOM.

Icuye 6e3niv pisHOBUAIB Moneneld. OauH i To# camuii 00'eKT pea-
JBHOTO CBITY MOKE MAaTH KillbKa Pi3HUX MOAEJeH, 0 BHPaXKaroTh
BJIACTUBOCTI, MOTPiOHI 3 Pi3HUX MOTJISIIB HA HBOTO.

Mpukaagn

1. CBimonTBO PO HAPOKEHHS ab0 MACIOPT € TyKe IPOCTOI0
Moneitto moauHu. CKIAJHIIIOW €, HANPHKIAT, MEIUYHa KapTka,
[0 MICTHTH JaHi mpo ¢i3udHi # ¢i3i07J0TIUHI BIACTHBOCTI JFOIMHH,
3MiHy iX y 4aci Tomo. 30BCIM iHIII JaHi MO JIOAWHY MPHUCYTHI B
tabeni HaBuaHHA 200 aTecTaTi.

2. 1106 po3B's3até piBHAHHA BHrIALY ax’+bx+c=0, moTPiGHI
JIUTIE WOTO KOedillieHTH — 9ucia ¢, b, ¢, TOOTO TpiliKa MHUX YHUCET
(mani) 300paxxye piBHSIHHS.

3. KoxxHe cyuacHe mignpreMCTBO Ma€ MPOrpaMHi CHCTEMH, IO aB-
TOMAaTH3YIOTh OOJIK KaJpiB, 3apo0iTHOI TTaTHI, piHaHCOBOI 1 BHPOO-
HMYOI AisiapHOCTI. KOJKHA 3 TaKHMX CHCTEM Mae€ BJacHI AaHi, MOB'sI3aH1
3 MIiAPUEMCTBOM, 1110 BUKOPUCTOBYIOTHCS i1 0OPOOIISIFOTHCS TUIBKU B
Hili. 11i 7aHi CTaHOBIATH YaCTHUHY BiANOBIAHOI (KaxpoBoi, piHaHCOBOL
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TOIII0) MO MiAIpHUEMCTBA. [HITa YaCTHHA MOEII OTIHCYE, SIK HasB-
Hi B MOZEII IaHi BUKOPUCTOBYIOTHCS i OOPOOIISIOTHCS. 4

BrnacuHe nani — 1e nesiki Mo3Ha4YeHHs, TOOTO 3amKcH, IO MO3Ha-
YaroTh BIIACTUBOCTI 00'exTa. OgHAK A7 MPABMIIBHOTO PO3yMIiHHA
3anucy (BIJHOBJICHHS MO3HAYEHOIO HUM 3MICTY) HEOOXIIHO 3HATH,
IO caMe MO3HAYaroTh HOro OKPEMi €lIeMEHTH.

CucteMa nosHadeHb AeAKOro 3MiCTy Ha3snBAETbLCS MOBOIO.
MoBa BKJHOYAE enneMeHTapHi MOo3HaYeHHs, nNpaBuna yTBOpPEH-
HS CKMIagHIWmMX rMo3HaveHb i3 NpocTiwuX i npaBunia, 3a SKMMu
3MiCT i No3HayeHHs BignosigalTb oAHe oaHoMy. [lpaBuna
YTBOPEHHS MO3HayeHb BU3HayalTb CMHTAKCUC MOBW, a npa-
BWNa, WO 334al0Tb 3MIiCT NO3HAaYEHb, — CEMAHTUKY.

J1st ciinkyBaHHS ¥ MECIICHHS JIFOJIMHA BHKOPUCTOBYE NPUPOOHI
Mosu (YKpalHChKy, POCiiicbKy, aHrmiiicbky Tomio). [Ipore B Haymi i
TEXHILi NpUpOIHI MOBH Hee(heKTHBHI a00 HEIOCTaTHi, TOMY PO3pO0-
JIEHO TAKOXK CHEILlianbHi wmyyni Mosu. IX 3aCTOCOBYIOTH HacamIepe
Uil oOMiHYy iH(OpMaliel0 MK KOPHCTYBadeM i/a00 MpHUKIaIHUMH
nporiecamu. OJTHUM 13 KJIACiB MITYYHUX MOB € MOBU NPOSPAMYBAHHSL,
MIpU3HAYEH] IS 3aIHCy TPOTpaM.

1.2. AaroputMm Ta iXHi BJ1aCTUBOCTI

IIporpamy, mpu3HadeHy IS BUKOHAHHS KOMITIOTEPOM, MOKHA
PO3TJISIATH SIK PI3HOBH/] AJITOPUTMY, IO € 3arajbHIIIUM MOHSATTSIM.

ANroputM - Le OnNUC MocCnifoBHOCTI Ain, Aki Tpeba Bu-
KoHaTK, wWwob po3s'asaTu aAesdKky 3agadvy. [Mo3HayeHHsa A y
anropuTMi HasuBalTbCS KOMaHAAMM abo iIHCTPYKLiAMMK
(statement).

3a3Bu4ail y anropuTMi BKa3aHO JAedKi BXiAHi, pe3yabTaTHi
(BuxigHi) Ta mpoMixKHi 1aHi, 110 HE € Hi BXiJHUMH, Hi BUXiTHAMHU.

MocnigoBHICTb AiN, WO BMKOHYETbCSA 3a aJropuTMOM, Ha-
3MBAETLCH NMPOLLECOM.

ANropuTM 3a3BHYail BU3HAUAE HE OJMH, a JNESKY MHOXHUHY IMPO-
IIeCiB.

Ipuxnan. PosrnssaemMo 3amady: OOYHMCINTH KOpEHI pIBHSIHHA
ax*+bx+c=0, 3anasoro koediuientamu a, b, ¢ (3a ymoBH a # 0). An-

6



TOPUTM PO3B'SI3aHHA ITi€l 3a7adi, TOOTO ONMUC BU3HAYCHHS KOPCHIB,

MOKE€ MaTH TaKUM BUTJIS.
1. HIpoumraru xoedbinienTn a, b, c.
2. O6umcymTy muckpmMinHaHT d = b*b — 4*a*c.

3. SIxmo d > 0, ToO
“b-Nd __ -bid

oBumcmT™it x1 = —— , x2 = i mammcaTu ui
2a 2a
uucna;
inakme, sxmo d = 0, TO
-b

oBunMCINTN X = M HanmucaTyu Lie Yucio;

2a
inakme mHammcaTm "piMicHMX KOpPeHiB Hemae".

VY mpoMy anropuTMmi BXITHUMH JaHUME € KoedilieHTHn a, b, c,
NPOMIDKHAMHU — JUCKPUMIHAHT ¢, BUXIJTHUMH — JIBa KOPEHi (MOXKITH-
BO, 0JIMH) 200 TeKCT "NiHCHUX KOpeHiB HeMae".

3a IUM AITOPUTMOM, 3AJICKHO BiJl KOHKPETHHX BXIIHUX JaHUX,
MOJKHa BUKOHATH OJIHY 3 TPhOX IOCIiIOBHOCTEH JIil.

1. Ilpountatn xoedilieHTH, OOUUCTUTH d, TIepeBipuTH, uu d > 0
(i me Tak), oouncauTH x1, X2 ¥ HaUCaTH IIi YucIa.

2. IlpounTtatn KoedirieHTH, OOUUCIUTH d, TIepeBipuTH, Y d > 0
(1 ue He Tax), nepeBipuTH, 9u d =0 (i e Tak), OOYUCINTH X 1 HamuMca-
TH 1I€ YUCIIO.

3. IIpountatn KoedirieHTH, OOUUCIUTH d, TIepeBipuUTH, Y d > 0
(1 me He Tak), neperipuTH, yu d=0 (i e He TaK), i HANKCATH, IO
IiiCHUX KOPEHIB HEMAE. 4

Bnpaga 1.1. Monudikyiite HaBeASHUH aITOPUTM ISl PO3B'SI3aHHS
3a/1a4i OOUHCIICHHS KOPEHIiB PiBHSHHS ax’+bx+c= 0, 3amaHoro xoedi-
Li€HTaMH a, b, ¢, Ha BUTIAJIOK BiZICYTHOCTI 10AaTKOBOT yMOBH a # 0.

ANTOpPUTMH MarOTh KiJlbKa 3arajbHUX BJIACTHBOCTEH: 3pO3yMi-
JICTh, pE3yJIbTATUBHICTh, OHO3HAYHICTh, TUCKPETHICTh, MAaCOBICTH i
BHKOHYBaHICTh. PO3risiHEMO iX.

3po3ymimdicTs. [Ii1 BUKOHAHHS alrOpUTMy 3aBXKIU MOTPiOCH
suxonaseyw. Lle Moxxe OyTH mropMHa a0o0 Neska TeXHIYHA CHUCTEMA,
30KpemMa KomI'torep. Hampuknax, BUKOHYBaTH apu(METHYHI ii,
PO3B'sA3yI0YM KBagpaTHe piBHAHHS (1 HE TUTBKH), MOXe moauHa. Of-
HaK BOHA MOJKE MEPEKJIACTH IF0 poOOTYy Ha KOMII'IOTED, SIKIIO CTBO-
pUTH BIANOBITHY MPOrpaMy Ta MPUMYCHUTh KOMI'IOTEp i1 BUKOHATH.
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Tak caMo 30upaTy NMpuiagd MOXeE CIelliajibHa aBTOMAaTU4HA JIiHis,
SIKIII0 BUKOHYE BIJIMOBIIHY MPOTpaMy.

3pO3yMUTICTh aNTOPUTMY TIOJISTAE B TOMY, III0 BUKOHABEIH MOXKE
NPaBWILHO 3pO3yMITH 1 BUKOHATH KOMaH]U, 3aIlIMCaH] B allTOPUTMI.
Komanau 3aBxkIu 3alMCYIOTHCS 32 TOTIOMOTOIO MIEBHOI CHCTEMH TI0-
3Ha4YeHb, TOOTO MoBH. OTXe, BUKOHABEIh MOBUHEH PO3YMITH MOBY
3aInCy aNTrOpUTMY.

PesynabTaTuBHicTh. BukoHanHs OyIb-sIKOTO aNropuTMy Mae
MIPUHOCUTH HOTO BUKOHABIIO a00 iHIIIH 0c001 BiIYyTHI pe3yJIbTATH.
Hamnpuknaz, "kopeHi piBHIHHS BU3HaYeHO", "mpuiian 3i0paHo" Toio.

OnHo3HayHicTh. B anroputMi He IOMyCKAarOThCS KOMAaH[H,
3MICT SIKHX MOXKHA CHPUHHATH HeoAHO3HauHO. Hampuknaza, skOu B
ITOPUTMI PO3B's3aHHS KBaJpaTHOTO PIiBHAHHS Oyna xkoMaHza "o0-
YUCIIMTH X a00 HaIMCaTH, 10 KOPEHIB HeMmae", TO BHKOHABEIhL HE
3HaB 0W, M0 came oMy poboutu. OKpiM TOTO, TMICIsA BUKOHAHHS KO-
YKHOI KOMaH/IM BUKOHABEIlh IOBUHEH TOYHO 3HATH, 1[0 POOUTH Jalli.

JAuckpeTHicTh. JINCKPETHICTh ANTOPUTMY TOJSATAE B TOMY, IIO
BIH 3aJ1a€ MOCJIIIOBHICTb JIil, YiTKO BIIOKPEMJICHHX OJHA BiJ OJHOI.
O1xe, aii, 3aaH1 KOMaH0I0, MAlOTh OYMHATHCS JIUIIE ITiC/Is 3aKiH-
YeHHS i 3a TomepeqHnor0 kKoMaHmoro. OKpiM TOro, BHKOHAHHS
KO>KHOT KOMaH/I{ IIOBUHHE 3aiiMaTH OOMEXECHUH MPOMIXKOK Yacy.

MacosBicTs. Konkperni 00'€kTH, 10 SKHX 3aCTOCOBYIOTBCS Iii
ITiJ] YaC BHUKOHAHHS aJITOPUTMY, BU3HAYAIOTh KOHKPETHI 3ajadi, 10
4acTO HAa3WBAIOThCS eK3eMIIsipaMu 3aaayi. Hanpukian, KoHKpe-
THa Tpikika yucen 3, 10, 2 BiANOBiIa€ KBaAPaTHOMY DIiBHSHHIO, SKE
Tpeba po3B's3aTu. MacoBiCTh aNTOPUTMY IOJIATAaE B TOMY, IO BiH
3aCTOCOBHHUI 10 Pi3HUX HAOOpIB BXIMHWUX NAaHWUX, TOOTO JO Pi3HUX
eK3eMIUIIPIB 3aa4. HalfuacTiie aaroput™M omucye He OJIVH, a JEsIKY
MHOJICUHY npoyecie, sKi BiIOYBarOThCS TIPU PO3B'S3aHHI BCIX MOX-
JIUBUX €K3EMIUTAPIB 3a/1avi, X04a iCHYIOTh 1 aJlTOPUTMH, IO 337aI0Th
TIJIBKY OJMH MPOIIEC.

BukonyBaHicTh i cKiHUYeHHicTb. ANTOpUTM Mae OyTH TaKuM,
o0 Ha KOXKHOMY €K3eMIULIpI 3a/1adi Horo MoxkHa Oyno euxowamu
0o kinys (i orpumatu pe3ynbsTar). Koxken mporec, 3aaHuil anropu-
TMOM, Ma€ OyTH cKiHueHHUM 1 TPUBATH CKiHYeHHUH Yac. OKpiM ToTO,
MpoIIeC He noguneH obpusamucs 6€3 OTpUMaHHS pe3yJbTaTy.



Mpukaan. [lineHds yucia B CTOBIYMK, TOOTO YTBOPEHHSI JECAT-
KOBOTO JIpo0y, MOKe OYyTH, 3aJIe)KHO BiJ] KOHKPETHOTO YKCIIa, CKiH-
YEeHHUM a00 HeCKiHUeHHUM (11 5/4 npib ckiHYeHHUH, 1 5/3 — Hi).
SKIIO 3a JSSIKUM aJIrOPUTMOM IOTPiOHO JUTUTH YKCHA, 1 AUTBHUKOM
€ 0, To TIJICHHS HEMOXJIMBE, 1 HE3PO3yMiJIO, III0 POOUTH Jai. 4

ANropuTM Ma€ BpaxoByBaTWM MOXJ/IMBICTb HECKIHYEHHOro BUKO-
HaHHS il a0 HEMOXMBICTb BUKOHATW HACTYMHY Ait0 1 MICTUTU KO-
MaHAM, WO 3abe3neyytoTb 3aKiHYeHHS Aji 3 AesKUM pe3ynbTaToM 33
6y b-SKUX YMOB.

VY Jeskux CHUTyallisiX pO3TJsaloTh peajibHY BUKOHYBAHICTh,
YpaxoBYIOYH BHMOTH [0 TPUBAJIOCTI IMPOIECY, SKi BHCYBalOTHCS B
KOHKpPETHUX 3ajadax. ICHyIOTh 3ajaui, Uil SIKUX CEKyHJa — Ie 3a-
HAJTO JIOBTO, & € TaKi, 10 PO3B'SI3YIOTHCS MIPOTITOM KiTbKOX Ai0.

1.3. Mopenb koMn'roTepa

Hes3Baxaioun Ha TEXHOJOTIYHMH Hporpec, OUIBLIICTH CyYyacHUX
KOMITTOTEPiB MOOYAOBAHO 332 TUMH CaMUMH TIPHHIUIIAMH, IO ¥ 00-
yrcaroBaibHi MammHu 40-x pp. XX cT. B X OCHOBI JIe)XUTh TaK 3Ba-
Ha apxitekTypa (oHn Heiimana (3a iM'ssM BUZaTHOrO aMEPHKaHCHKOTO
BUEHOTO, SIKUH TepmuM c(hopMyITtoBaB TOJIOBHI 3aCai apXiTeKTypH
CJIEKTPOHHUX O0YHCITIOBAIbHUX MAIIIWH).

3arajibHy CTPYKTypy KOMI'IOTepa HaBeJeHO Ha puc. 1.1 (Hacmpa-
BJli BOHA Ha0araro CKJIajHima). 3 OCHOBHUX €IIEMEHTIB KOMIT'OTepa
Ha3BEMO JIMIIIe MATEPUHCHKY IUIAaTy, IEHTPAIBLHHN MPOIIecop, onepa-
TUBHY IaM'sITh 1 30BHIIIHI mpucTpoi. Ha matepuHChKii mmaTi po3ra-
LIOBaHi: LEHTpaJbHUNA mpouecop, onepatuBHa mnam'sate (OID),
LEHTpaJbHa MaricTpayib Ui 3B'SI3Ky MiXK ycCiMa HPHUCTPOSMH KOM-
n'toTepa, THi3Aa VIS MiIKIFYCHHS IHIIMX IUTaT KePYBaHHS 30BHIII-
HIMH IIPUCTPOSIMU H JEsIK 1HII €IEMEHTH.

3oBHINIHI TpUCTPOi (MPUCTPOi BBEACHHA-BUBEICHHS) — II€ IHCII-
neil (MOHITOp), KJaBiaTypa, MaHimynsTop '"mMumia", AUCKOBOIAM Ta
iHmn (ckaHep, MoJeM ToIo). BoHU kepyroTh 0OpOOKOIO JaHWX Ha
30BHIMIHIX HOCiAX. [IpuCTpoi BBEIECHHSA-BUBEACHHS MAlOTh BIACHI
NPOIIECOPH, SIKI MOXYTh NMEPEHOCUTH JaHi 13 30BHILIHIX HOCIIB 10
OIEePaTHBHOI MaM'saTi a00 HaBIaKH.
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OmnepaTtuBHa HaM'siTh

Expan (qucmeit)

Lentpanbuuil npouecop

{ e

MarepuHcbKa miaTa I‘L > Knasiarypa
\ " "
| JluckoBos | | JuckoBoj | Muna

Puc. 1.1. 3aranpHa cxema komn'ioTepa

Komm'torepna mporpaMa € MOCTIIOBHICTIO KOMaHZ, OCHOBHHMA
3MICT SKHX — 06pobKa danux. LleHTpambHUA poliecop 3YUTYE MaHi i
KOMaH/IM TPOTPaMH 3 OTIEPATUBHOI Mam'sTi Ta BUKOHYE iX. Komanau
3aJaf0Th 3YMTYBAaHHS JAaHHUX 13 MaM'siTi, CTBOPEHHsS HOBHX JaHHX i
3amuc iX y nam'stb. € TakoX KOMaH/AH, 32 SIKUMH JaHi HAAXOISTh O
30BHIIIHIX IPUCTPOIB 200 3UUTYIOTHCS 3 HUX.

VYci maHi B KOMITIOTEpi € TTOCTiToBHOCTSIME O Ta 1. 3HaUeHHs 0 Ta
1 BIJIIOBIAIOTH JBOM CTIMKHUM CTaHAM €JIEMEHTA IaM'sTi, 10 Ha3H-
BaeTbes OiT (bit, abo binary digit — nBiiikoBa mudpa). Bicim moci-
JIOBHHX OITiB yTBOPIOIOTH OAMT.

OnepaTuBHa MaM'sITh — 1€ TOCHIIOBHICTh OaWTIB, B K KOXEH
OaiiT Mae cBiii HoMep — aapecy. Jleske 3HaYeHHs (YUCIIO, CUMBOII
TOIO) y MaM'sTi 3a3BUYail 3aiiMae Killbka CyCigHIX OaifTiB i BKa3zy-
€TBCS aJIPECOI0 MEPIIOTO 3 HUX.

Aolpesiatyporo s Oita € "0", s Oaiita — "B". Bin Oaiita moxo-
IATh Taki omuHUI iHGopmamii, sk Kb (kimobair, 219=1024 b),
MB (mera6aiit, 2*° = 1048576 B), I'b (rira6aiit, 2°° = 1073741824 B)
i TB (tepabaiir, 1024 I'B, To6T0 2*’ B)'. Po3mip onepartuBHoi mam'ati
BHUMIpIOEThCA 3a3BUUail coTHsIMHU 1 Tucsiuamu Mb 1 cepenniit po3mip
ram'siTi KOMITIOTEPiB IMOPOKY 3POCTAE.

'V merpuuniii cucremi omuaune CI npedixe "kino" Binnosizae 1000, a "K" mo-
3Hauae KenbBiH (oquHUI BUMipy Temnepatyph). Tomy nosnadenus 1024 GaiiTis sk
1 Kb € ycranenum y nporpamicTCbKOMY Cepe/OBHIL, alie He BiJIOBigae MiXKHAPOI-
HHMM CTaHAapTaM. 30KpemMa, HIBUAKICTh NepeAaBanHs AaHux | kinoGiT/c po3yMieTbes
sik 1000 0it/c, a He six 1024 Git/c.
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MariuHHI KOMaHIH, K 1 IaHl, TAKOX 3alUCYIOThCS MOCII0BHOC-
TsmMua 0 11. CrpoIeHo MOKHa CKa3aTd, 10 KOMaHAa MICTHTb KOO
MawunHol onepayii Ta adpecu 0aHux, 10 SKUX 3aCTOCOBYETHCS OIIe-
pamis. Cuctema KoMaHJ, sIKi MOKE€ BHKOHYBAaTH IPOIIECOp, HA3UBa-
€TBHCS MALIMHHOI MOBO. /) TIOAMHU MAITUHHI MOBH JTy)KE He-
3py4Hi, BOHH BHMAaraioTh TTUOOKMX 3HaHb MPO YCTPiil BY3JiB KOM-
m'foTepa W MoApoOUIli BUKOHAHHS TporpaMu. [{umu MoBamu Kopuc-
TYIOTBCSI PO3POOHUKH KOMI'TOTEPIB 1 AESKi 1HII CHEmiaTiCTH.

1.4. 3o06pakeHHsA uncen

1.4.1. ABinKkoBMMX 3anuc uucen

Yci paHi B koMn'toTepi 306paxytoTbCa (KOAYOTbCA) Y BUrNsAi
nocnigoBHocTel 0 Ta 1. 306paXkeHHs1 uncen 3a AoMnoMorow 0 Ta 1
Ha3MBAETbCA ABIMKOBUM, TOOTO 306paXXeHHsM Y ABIMKOBIN cucTe-
Mi YNCNEHHS.

3BuyHa fecsaTkoBa cuctema Mae 10 mudp. Y 3anuci yuciaa mono-
mmra udpa mo3Hadae KimbKiCTh OJMHUIG, HACTYIIHI — KUTBKICTD Jie-
CATKIB, COTE€Hb 1 momanpmux crereHiB yucna 10. KoxkHa KiIbKIiCTE
Moke OyTH Big 0 10 9. Y NBIMKOBIN CHCTEMI POJIb ICCATKU Bifirpae
yrcio 2, a mudpu 0 Ta 1 MO3HAYAIOTh MOXKIIMBY KiuTbKicTh 0 abo 1.
Hudpu mo3HauaroTh KUTBKICTh BiANOBIMHUX CTereHiB ducna 2. OT-
e, TOCIiIoBHI HaTypanbHi yucna 0, 1, 2, 3, 4, 5 mMatoTh IBIHKOBI
3ammcu 0, 1, 10, 11, 100, 101. 30KpeMa, y 3aluCi Yuciia BUTIISALY
2" (tob6to 1, 2, 4, 8 Tomo) crapmia uudpa 1 i gani n HyIiB, a 3aIKc
2"—1 — 11e n OUHHIIB, IO TIO3HAYAIOTH CyMY 2yt 421420

PosrnsHemMo nomaBaHHS IMIIMX YWCed Yy JABIHKOBOMY 3aIluci:
0+0=0, 1+0=0+1=1, 1+1=10, 1+1+1=11. JdomaBaHHsA ABIHKO-
BUX YHCEN Y CTOBITYUK, MOYNHAIOYH 3 MOJIOIIINX PP (PO3psaiB),
nae 3HaveHHs 0 abo 1 y pospsai it nepenecenns 0 abo 1 y Hactyn-
Huli po3psn. Hampuknan, npu momasanui 111+110=1101 i3 moro-
JIIIOTO po3psiay (BiH mepmuii mpaBopyd) neperocutses 0 y apyruid,
3 apyroro — 1 y Tperiii, a mepeHeceHHs 1 3 TPEThOrO CTa€ YeTBEp-
THUM PO3PSAIIOM CYMHU.
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VY necsatkoBoMmy JIpobi KOXHa Udpa Mmo3Hayae KimbKicTh (Bin 0
10 9) Bix'emHux crenenis uncna 10. AHaJIOTIYHO y ABIHKOBOMY JIpoO-
01 mudppu 0 abo 1 MO3HAYAOTH KITBKICTh Bil'€MHHUX CTENEHIB YHC-
na 2, Tobro 1/2, 1/4, 1/8 Tomo. Hampuxman, 3amuc 0,11 mo3HaYae
27" +22=3/4, a 3ammuc 0,0001 — gpcio 2™, To6T0 1/16, M0 Mae mecsi-
TKOBMH 3amuc 0,0625.

1.4.2. MpuHUMNKM 306parkeHHNA Yncen
y koMmn'rotepi

CrannapTHe 300pakeHHs 4MceN y KOMI'TOTepi 3aiiMae KijbKa 1mo-
ciigoBHUX GaiitiB. Omuu Gaift Moxke Matu 2°=256 cramis i 306pa-
JKYyBaTH KOXKHHM 13 HUX OJHE 3 256 3HaueHb, HANPUKJIA LIJIE YHCIIO0
Bix 0 mo 255 abo mime gymcio Bix -128 mo 127 (axux tex 256), abo
mock inme. JIa Gaiiti MoxyTh Matn 2'®=65536 crauiB i 306paxy-
BaTH HUMH 2'° Pi3HUX 3HAYEHb TOLIO.

Hini yucaa. [im gucna 300paxyrOThcs B KOMITHOTEpI MiepeBa-
JKHO y TBOX (popmax — Oe3 3Haka ¥ 3i 3HakoM. Lli popmu Ha3HBaOTH-
cst komamm’. UKCIa OTOTOXKHIOIOTBCS 3 iX 300PaKEHHSMH, X04a 3
TIOTJISITy MAaTEMAaTHKH 11€ € XUOHHUM.

Be33HakoBHii Koa 3aiiMae Kkimbka OaifTiB (Haikuactime 1, 2, 4
a60 8). Omun Gaift 300paxkye gucna Bix 0 mo 255 B iX ABIHKOBOMY
3amuci, MOXKJIMBO, 3 HE3HAYYIIUMM HYJSIMH, a came: Oairt
00000000 — yuciyio 0, 0alT 00000001 — ymuciao 1, GalT 00000010 —
gucno 2 tomo. baTi 1111 1110 Ta 1111 1111 300paxkyI0Th HalOi-
b ypca 254 =2%-21255=2%-1.

JonaBanns 1 10 umcia 3 KogoM 1111 1111 Ja€ HOCTiZOBHICTE Oi-
TiB 1 0000 0000, TOOTO 255+1=256. Ilepenecennst 1 3i crapmioro
po3psiay 30inblIye KidbKicTh HUGP 1 HE A03BOJISE 300pa3sUTH CyMy
256 B ogHOMY Oaiiti. IlepeHecenns 1 3i cTapiioro po3psiay Ha3uBa-

2 Kon minoro — ne 300pakeHHs1, 0 HaOyBa€e CBOTO 3HAYCHHS ITiJl Yac iHTepIpeTa-
mii. ¥ pi3HMX MOBax IporpaMyBaHHs iHTEpIpeTalii MOXyTh Biipi3HATHCS. TyT omu-
CaHO 3araJibHi IPUHLMIIN 00y 10BN OalTIB KoMy 4YHCIIa, ajle He 3a(hiKCOBAHO MOPSIOK
ix ¢isuuHoro posramrysanus. I[Ipore y 4-0aifToBoMy KO MOXKHA CHOYATKy 3aIrlHCaTd
JIBa MOJIOMIINX, & TMOTIM JBa CTapuIMX OaliTh, a MOXKHa ¥ HaBmaku. Y 90-x pp.
XX cr. monibHi po36ixHOCTI icHyBamu Mix MS Visual Basic i MS Visual C++.
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€Tbcsi mepenoBHeHHAM (overflow). SIko irHOPYBAaTH TEPETIOB-
HEHHS, TO PO OJHOOANTOBI YKCIIa MOXKHA CKa3aTH TaKe:

— HACTYITHHUM 32 HAHOUTBIIIMM YHCIIOM € HaliMEHIIIE;

— SIKIIIO cyMa JIBOX OJHOOAMTOBUX umcen Oiibine 255, To iX oj-
HoOaiToBa cyMa Ha 256 MEHIIIe CTIPaBXXHbOI CyMH.

3a OUIbIIOT KIJIBKOCTI OalTIB, SIKUMH 300paskeHO YHCiIa, CUTYaLlis
aHaJIOTIYHa, JIWIIe Jiama3oH umcen iHmwid. Hampuknan, nea Gaitn
306paxyroTh umcna Bix 0 g0 65535 (e 2'°-1), wornpu — Bix 0 10
4294967295 (ue 2**-1) Tomo.

3HakoBi KoM TakoX 3aitmarots 1, 2, 4 abo 8 GaiitiB. Crapmmii
0iT 300pakye 3HaK ymcna: 0 — "+", 1 — "-". [looamui ducia 300paxy-
IOTBCS TaK caMo, SIK 1 0€33HAKOBI, JIMIIE 32 PaXyHOK 3HAKOBOrO 0iTa
ix miama3oH — Big 0 1o 28N'1-1, ne N — kinbKicTh OaiitiB. Take 300pa-
KCHHSI HA3MBA€ThCA MPAMHM KomoMm. Hampuxnax, umcmo 2*'-1
Ma€ mpSIMHN KOJ 011...1. Bid'emnui 9yncia MaloTh A0AATKOBHI KO,

Kon Bin'emuoro uncina 4 no3Hadaerbes D(A) i yTBOPIOETHCS TakK.
1. 3a npsimmM kxomoM umcna |A| sBamimow Bcix 0 Ha 1 i BCix
1 Ha 0 oTpmmMyeMo oBepHeHmit konm R(A) .
2. B3a R(A) six 6e33HAKOBMM LiJIMM YMCJIOM OBYMCIIIOEMO KOXI
D(A) = R(A)+1.

Mpuknag. [HoOynyemo omHOOAWTOBUH MONATKOBUH KO YHC-
ma -72. 72 = 64+8 =2%+2°.

Npsimmit xkoxm |A| 0100 1000
O6epHenmit konm R(A) 1011 0111
IomaeaHHst 1 1
DonmaTkoBuit kox D(A) 1011 1110 |

BinHOBUTH 33 10AaTKOBUM KOJIOM BiJl'€MHE YHCIIO MOXKHA Y 3BO-
POTHOMY HOPSAKY .
1. D(A) posrnssmaeMo sik 6eBBHaKOBe Ijijle, OBYMCIIIEMO
R(A) = D(A)-1.
2. Kon, obepHeHmit mo R(A), € npsMmM KomoM umcia |A].
OTxe, 0THOOANWTOBI KOJU BiJl 0000 0000 0 0111 1111 300paxy-
1oTh uncna Big 0 1o 127, a xoau Bijg 1000 0000 10 1111 1111 — yuciaa
Big -128 mo -1. Ananoriudo Oe33HAKOBHM KoOZaM, AoJaBaHHs 1 1m0
127 nae mepenecenHs 1 y 3HaKOBHi po3psil, TOOTO, IrHOPYIOUH Tie-
peHeceHHs, OTpUMY€eMO Ko urcia -128. Tak camo, SKIIO cyma ABOX
JOJTATHUX OJHOOAWTOBHX yucel Ouibine 127, To B ogHOMY OaiTi 3a-
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JIUIIAETHCS 300paXKeHHs Bi'€MHOTO YMCIa, sike Ha 256 MeHIe crpa-
BXXHBOI CyMHU.

Y nmBox Oaiftax 31 3HaKOM 300paXyIOTbCS YHCIAa Bif
-32768 go 32767, T0oOTO BIX 25 10 215-1, y YOTHPHOX — Bij
2147483648 (ue -2°") no 2147483647 (ue 2°'-1) Tomo.

Bunpasu

1.2. Ykazatu ABOOANTOBHU TOAaTKOBUI KOJI YHACEIN:

a) -1, -8, -9, -32767, -32768;
0) -255, -256, -640, -641.

1.3. Hexaif npu momaBaHHI ¥ BiqHIMaHHI Yrcel y 3HAKOBOMY 300pa-
JKEHHI MEPEHECEHHS 31 CTapIIOro IU(PPOBOro PO3PsAY CTa€e 3Mic-
TOM 3HaKOBOTO PO3psiAy, a MEPEHECCHHsS 31 3HAKOBOTO PO3PSILY
BTpaudaeTbcd. Hexall maxi W mini O3Ha4arOTh MakCUMaJlbHE U
MiHIMaNbHe 1 yucia. Yomy nopisHioe: a) maxi + 1; 0) mini - 1?

Hivicui yncaa. Jlesaxi ocoOIuBOCTI 300paskeHHSA AIMCHUX YUCET
TYT OMNYyUICHO 100 HE 3arpOoMajKyBaTH BUKJIaJeHHS. [Ins MificHUX
YHCeJl HalJacTillle BUKOPUCTOBYIOTh 6, 8 a0 10 0aiiTiB, moziieHux
Ha moJst (MOCIiJOBHOCTI OITIB) <sHak><nopsidox><manmuca>. 1li
TOJISl 03HAYAIOTH TaKe.

[Mone <gnax> mae noBxuHy 1 6T, HOro 3HAUCHHS 300pAKYE ZHAK:
0-"+",1—3Hak "-". [lone <nopsoox>y nesxuii crieniaJbHANA CIIOCIO
3aJIa€ NOKA3HUK cmenersi aucia 2 (BiH Moxe OyTH SK JTOJaTHUM, TaK
i Big'emanm). [lone <manmuca> o3Hauae 0po6o8y uacmumny — HEBif -
€MHE YHCJIO CTPOro MeHmie 1.

[Tosis 300paXKyrOTh YHUCIIO TaKUM YUHOM. MaHTHCa I0JAEThCS
o 1, cyma MHOXHUTBCS Ha CTEIiHb YUCNA 2, 33JlaHUH MOPSIKOM, i
BpaxoBYeThes 3HAK. OTiKe, YHCIIO € 3HAUCHHSM BUPa3y BUTIISTY

+(1 + opobosa wacmuna)-2""“"",

Cyma B mayxKax He MeHie | i cTporo MeHie 2, ToMy KaXyTh, IO I1e
300paXCHHS YKCIIa € HOPMAJIi30BaHUM.

[ilicHi uncna B onmncaHoMy 306paXkeHHi YTBOPIOOTb O6MEXeHy
MTIAMHOXYIHY MHOXWHW paLiOHasbHUX Yncen; 30Kpema, cepes HUX €
UNUCNO, HaviMeHLe 3@ MOAY/IEM i BiaMiHHE Bi 0, a TAKOX YMUCNO,
HaUbInbLLIE 3@ MOJY/IEM.
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Mk ABOMa MOCNIAOBHMMM YNCIAMWU B ONMMCAHOMY 300paXkeHHi € He-
Hy/1b0Ba pisHMyS. BoHa fyxe Mana, sKwo ymcna 6nmsbki go 0, i gocs-
ra€ AecsTKiB TUCAY, SKLIO Yncna 65m3bki 0 HAMBINbLLOro 3a ModyneM.

IIlo Oinbire GaiiTiB 3aifiMae 300paXKeHHsI, TO OLIbIIIEC YHCET BOHO
AO03BOJII€ 3aKOAYyBaTU.

1.5. MoBu nporpamMmyBaHHSA

Ilin MoBaMu mporpaMyBaHHs PO3yMiIOTh IITyYHI MOBH, IIPH3HA-
YeHi 1 3anucy nporpam. [leprmmmu MoBamMu MporpamMyBaHHS OyIi
MamHHI MoBH. OJHAK AJS JIOJMHU BOHH JYyKE HE3py4Hi, TOMY B
1950-x pp. Oymo posroyaTo BUHAWIECHHS MOB MPOTpaMyBaHHS, sIKi 3a
¢dbopmoro Manu OyTH ONMMKYMMHU IO MOBH MaTeMaTHYHHUX (OpPMYI i
JFOJICBKUX MOB, a TaKOK BUIBHUMH BiJl MAIIMHHHUX MoApoOuis. Bon-
HOYAC LI MOBH MajH OyTH TakMMH, 100 3amucaHi HUMHU MPOrpaMH
MOJKHa OyJI0 nepexiacmu y BIATIOBIIHI MallMHHI MPOTPaMH 3d OOHO-
Moeoio camoi mawunu. Taki MOBU HEBIIOB31 OYII0 pO3pOOIIEHO.

Jii xomn'toTepa B WX MOBax MajH BHCOKHH PiBeHb aOCTpakiii,
TOMY iX Ha3BalI¥ MOBaAaMHM BHCOKOIO PiBHS.

[IporpamMyBaT MOBOIO BHUCOKOTO PiBHS MOXKHA, SIKIIO € TPaHC-
JISATOP — CIellialbHA MPOorpaMa, 1o 3/iHCHIOE TIepeKiIal BUCOKOPIiB-
HEBOi HporpaMM Ha MamMHHY MOBY. Lleli mepekiax Ha3HBa€eThCS
TPaHCASANI€0 TPOTPaAMH.

[IpoTsiroM KiTbKOX AECATHIITH OyJIO CTBOPEHO THUCSYi MOB TPO-
rpaMyBaHHS i TPaHCIATOPIB, 1 KUIBKICTb iX MOCTIMHO 3pocTae.

1.6. Buau gisanbHoOCTI
3i CTBOpPEHHSA nporpamm

[Ipomiec cTBOpeHHs MporpaMu B Hai3araibHINIUX PUCaX BUMarae
KUIBKOX BHUIIB IIsUTBHOCTI:

— aHai3 3aJa4i i yTOYHEHHS 11 TOCTaHOBKH;

— IIPOEKTYBaHHS POTPaMH;
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— po3pobOka mporpamu (KOAyBaHHS);

— TiepeBipKa nporpaMu (TeCTyBaHHS);

— mepeaada 3aMOBHHUKY (YTIPOBaKEHHS).

AHani3 3aaa4i i yrouHeHHs ii moctaHoBku. CrioyaTky 3a-
MOBHHK (hOPMYJTIOE 3a/1a4y, Ky oMy HE0OXiTHO po3B's3aTu. 3axauy
3a3BU4all cOpPMyIbOBAHO HEIOCTATHHRO TOYHO, HABITh MOXE OYTH,
10 3aMOBHHK YiTKO HE YSBISE, IO caMe oMy HacmpaB[i MOTPiOHO
©. Came Tomy poboTa Haj MPOrpaMoI0 MOYMHAETHCS 3 aHAJI3Y 3a/1a-
4i i yTOYHEHHs ii TOCTaHOBKH. {151 IOTO MOTPIOHO 3ariaHOUTHCS B
MpeIMeTHy 00JacTh 3aMOBHUKA i y Jialio3i 3 HUM YTOYHHUTH JEsKi
NUTaHHs]. 3a3BHYail 3a pe3ysibTaTaMHM aHali3y 3anadi OyayeTbes
CIpOIIlEHA MOJEIh MpeAMeTHOI 00J1acTi, y TepMiHaxX SKOI yTOYHIO-
€Thcs 3amada. HeoOXimHO Takox 3'sCyBaTH BXifHI JaHi MalOyTHBOI
MporpaMu W pe3yibTar ii poOoTH Hax HUMH. SIKIIO PO3B'sI3aHHS I10-
CTaBJICHOI 3a/Ja4di MOKJIMBE HE 3a BCIX BXIJHHMX NaHUX, TO CIIiJ 6U-
BHAYUMU NOBEOIHKY NPO2PAMU HA HEKOPEKMHUX 6XIOHUX OAHUX.

Hpuxaaa. Posrnsaemo 3amady: HamucaTH Mporpamy TUTEHHS
JIBOX 4KCeJ. BXiTHUMM TaHUMHU € 1mapa 4uce: mepiie — aijIeHe, Apy-
re — ninbHUK. [IpoTe nani 3 ginmeHuKOM 0 € HekopekTHHMU. OTXKeE,
YTOYHEHHS TIOCTAHOBKH TIOJIATA€ B TOMY, IO JJIsi KOPEKTHHUX BXiJ-
HUX JaHUX IporpamMa Ma€ BHBOJMTH YaCTKy BiJl JIJICHHS IEPIIOrO
YHClia Ha IpyTe, a )il HEKOPEKTHUX — TIOBITOMJICHHSI PO HEMOJKJITH-
BIiCTh AUICHHS. 4

B yMoBax HaBUaJILHOTO IMPOIECY 3aMOBHUKOM BHCTYIIA€ BUKJIA-
nad. [Ipore ymoBa 3aadi Bce piBHO HE 00OB'SI3KOBO (hPOPMYITIOETHCS
LIJTKOM TOYHO ¥ OJTHO3HAYHO (JIMB. TIOTIEPETHIN TPUKIIA).

SKLIo He NpOBECTW aHani3 3aAayi 1 Ha MOro MiacTaBi HE YTOYHUTU
il NOCTAHOBKY, TO MOXHA PO3B'A3aTV He Ty 3afdady. AHani3 3agadi
[IO3BONISIE BU3HAYMTK, SKUMKM caMe 3acobamu (MaTeMaTUYHUMK Ta
NporpaMHMMK) po3B'a3yBaTh 3ajady, a YyTOYHEHa MOCTaHOBKA — WO
came 1 y SIKUX cuTyaLisix Ma€e pobuTy nporpama.

IMpoexkTyBanns mporpamu. Mix HanmMcaHHSM TBOPY Ta IMPO-
rpamMu € TieBHA aHaiorisA. [Tucatu TBip MOYMHAIOTH 13 IMJIAHY, SIKHIA
Jlalli pO3KPUBAIOTh ¥ TBOPi. Tak camMo 3 mporpamoro: crovatky ¢op-
MYJIIOIOTh 11 IJTaH y BHTJISI MPOEKTY, @ MOTIM BTLUTIOIOTh el TU1aH y
KHUTTS— MUIIYTh KOJ| (TEKCT) MPOTPaMH.
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[Tix yac mpoekTyBaHHs 3'SICOBYIOTH CTPYKTYpY IpOrpamH, ii cKiia-
JIOBI YaCTHHU Ta B3a€MOJII0 MiXK HUMHU. TYT MOCTYIIOBO YMOUYHIOIONDb
Oii’ 3 po3B'sI3aHHA 3a1a4i ma ix onuc. 3'ACOBYIOTh 1 ymouH0oms 0aui,
NOTPiOHI JyIs po3B'si3aHHs 3aaad4i. Jly)ke yacTo B 3a7ayi MOXKHA BHIi-
JIMTH KiJbKa nid3adqy 1 omucarty iX po3B's3aHHs okpemo. Toxi i anro-
PUTM CKJIaJIa€THCH 31 3B'13aHMX 1 Y3TO/PKEHUX MiXK COOO0F0 YacTHH (0o-
NOMIJCHUX anieopummie), O OMHUCYIOTh PO3B'A3aHHS ITiA3a/1ad.

OHOYACHO 3 MPOSKTYBAaHHIM 3a3BHUYai BiIOYBAETHCS MMOAANIBIIIC
YTOUHEHHSI MOCTAaHOBKM 3ajaui W Mojeni mpeaMeTHoi obmacti. Ha
MIPAKTHIN 3aMOBHUK MOJK€ BHUPIIIUTH AEMIO0 3MIHUTH YMOBY 3ajadi
(mpruomMy Oynb-KoiH!), 1 TOMI JOBOJUTHCS 3HOB YTOUHIOBATH MOCTA-
HOBKY Ta aHaJIi3yBaTH 3a/1a4y.

PesynpraromM mpoekTyBaHHS € MoOJeNb (MPOEKT) MPOrpami, 1o
Jlali TTOCTYTIOBO TIEPETBOPIOETHCS HAa TEKCT mporpamu. Ll momens
MoOJKe OyTH 3amvcana, HallpHUKJal, Y BUTTSA alTOPUTMY 3 TOCTaTHBO
abCTpaKTHUMU KPOKaMH.

Ipuxiaaa. 3a yTOYHEHOIO TMOCTAHOBKOIO 3ajadi JUTEHHS JBOX

YHUCEJI CIIPOCKTYEMO IIPOTPaMy y BUIJIS/II aITOPUTMY.

1. ¥YBecTM napy umces.

2. SIKWO AiJIeHHsT HEeMOXJIMBE, TO MNOBiJOMMTM NpPO HNOMMIKY M
3aBepunTyI BMKOHAHHS .

3. OBuMCINTM YACTKY .

4. HagpykyBaTu obBumciieHe BHaueHHst. 4

Y 6araTbOX NporpaM € YOoTMPWU OCHOBHI YaCTMHWU: OTPMMaTK BXigHi
AaHi, 06pobuTtn HEKOpeKkTHi BXigHi AaHi, 06pobuTN KOpeKTHi BXiaHi
[aHi, BUBECTM pe3ynbTath 0b6pobku. Y HaBefeHOMy NpuKiadi umm
YacTMHaM BignNoBiAaTb Kpokn 1-4.

Juist cKMagHImMX 3a/1a4 IiJ] 9ac MPOEKTYBaHHs MOTPIOHO BH3HA-
YaTH HE JIUIIE 3arajbHUI aIrOPUTM POOOTH MPOrpaMu, aje i HeoO-
XiIHI CTPYKTYpH NaHUX 1, MOXIHBO, MPOTpaMHi 3aCO0M TSI CTBO-
PEHHS IIPOrpaMH Ta ii OKPEMUX YaCTHH.

Po3po6ka mporpamu (koayBanus). Komu il Ta nani yrod-
HEHO JI0 BUIJIANY, B SIKOMY iX MO>XHA BHUPa3UTU MOBOIO IPOrpamy-
BaHHS, MIOYMHAIOTH PO3pOOKy mporpamu. Halgacrime nporpamy 3a-
MUCYIOTb MOB0I0 6UCOK020 pieHsi (IHKOJM OKpeMi 11 4acTHHH — Pi3-
HUMU MOBaMH).

Po3pobmnstoun mporpamy, MOKHa MPHUITYCTUTHCS MTOMIIIOK, IO
BUSIBJISIOTBCS i 4Yac TpaHCIAIil a00 BUKOHAHHS mporpamu. Ilo-
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MUWJIKH HEOOX1THO BUSBISTH W BUIPABISATH, TOOTO HalaroKyBaTH
nporpamy. Hajarom:keHHss mporpamMu mojsirae B TOMy, 1o ii Oa-
raTopasoBoO 3allyCKaloTh 31 cneyianvHo nidiopanumuy BXiTHUMH Oa-
HUMH, 5K TOTIOMAararOTh BHSBUTH M BIAIIYKATH ITOMHJIKH, a TIOTIM
BUIIPABUTH IX.

[IpoexT mporpaMu Moske 3ajekaTH BiJ MOXIJIMBOCTEH MOBHU MpO-
rpaMyBaHHsS Ta OOJafHaHHA. Y OOBIOTPUBAINX IIPOCKTAaX Tparsi-
€TBCS, IO TiJl 9ac PO3pOOKH 3MIHIOIOTHCS MPOTpPaMHI W amapaTHi
3aco0H, 3aMOBHHK YTOYHIOE 3aJa4y BiJIOBITHO O HOBUX MO>KJIUBO-
cTel cBOro 00JasHaHHA, TOMY BCl IIPOLIECH TIOYHMHAIOTHCS] HAHOBO.

IlepeBipka mporpamu (TecTyBaHH#). Y pealbHUX BHPOOHMU-
YHX Tpolecax IporpaMmy po3poOIIsSIOTs MPOrPaMicTH, a MEePeBipsIIOTh
HIII CHewialJicTH — TeCTYBAJbHHUKH. TeCTyBaHHS MOYMHAETHCS,
KOJIU TIPOTPaMICTH BIIEBHEHI, 10 Tporpama (abo meska ii yacTuHa) €
MPaBWIBHOW. 3aJadyer0 TeCTyBaHHS € JIUIIE BCTAHOBJICHHS (akTy
BiJICYTHOCTi a00 HAsSBHOCTI MOMMJIOK. 3a3BHYail CIIOYaTKy TECTyBa-
JEHUKU BUSBISIIOTH ITOMIUIKH, 1 UK "po3poOKa — TecTyBaHHA' TIO-
BTOPIOEThCS. B yMOBax HaBYaHHS CHUTYyallisi aHAIOTIYHA, TITBKH B
POl TporpamicTa BHCTYIIAE CTYACHT, a TECTYBaIbHUKA — CHOYATKY
CTYZAEHT, a MIOTIM BUKJIazad.

Ilepenauya 3amMoBHHUKY (YNpPOBaJ:KeHHs1). Y HAUMPOCTIIIOMY
BUMAJIKy poOOTa MporpaMicta HajJ MpOrpaMor0 3aBEpIIYEThCS Iepe-
Jayero IporpaMu i CyNpoBOKYBaIbHOI JOKyMeHTawii 3 ii BUKopuc-
TaHHS 3aMOBHHUKOBI. J[J1s1 cepHo3HIMMX IporpaM MOXe 3HATOOUTHCS
HE TPOCTO MEPEAaTH KoJl 3aMOBHHUKY, ajie i YCTaHOBUTH IPOTpamy B
3aMOBHHKa, 30KpeMa y BUMAJKaX, KOJIH Mporpama notpedye creria-
JHHOTO HAJIAIITyBaHHS MapaMeTpiB. [HKOIM MOTPiOHO HABUWTH IIEp-
COHAJI 3aMOBHHKA MPAIIOBATH 3 MPOrpamoro. Yci i nii (nepemaBan-
HS, YCTAHOBJICHHS, HABYaHHS), IO J03BOJISIOTH 3aMOBHUKY KOpHC-
TYBaTHUCS MPOrPaMOI0 y CBOIX BUPOOHHYMX IMPOLECAX, € YACTUHOIO
BIIPOBA)KEHHS IPOTPaMH.

Cepiio3Hi porpamMu NOTPeOYIOTh CYNPOBOAKeHHs. Po3poOHUK
BUIPABJISIE TOMUJIKH, BUSIBJICH] i Yac eKcIulyartalii mporpaMu, Mo-
JepHi3ye i, mepeaac OHOBIIEHI BapiaHTH KOPHCTyBa4aM TOIIIO.

VY peanbHUX BENHKHUX MPOEKTaX OJHOYACHO MOKYTh BUKOHYBATHU-
csl KUTbKa BHIIB pOOIT. SIK TUTbKM IMOCTAHOBKY 3ajiadi OiIbII-MEHII
3pO3yMiJI0, MOKHA MPOEKTYBATH MporpaMy, oOupaTu mporpamHi 3a-
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coOu JuIs peatizaiii, IMCaTH YaCTUHHU KOJY ¥ TECTYBaTH IX, IEMOH-
CTpYBaTH TOTOBI YaCTHHU 3aMOBHHKY, OTPUMYBATH BiJl HHOTO YTOY-
HEHHs I HaBYaTH HOro KOpHCTyBaTHCA NMPOrpaMoro. 3a3BHUail mpo-
rpama Ta ii MOXKJIMBOCTI HapOIIYIOTHCS TTOCTYIIOBO, IIUIIXOM Oararo-
Pa30BHX MTOBEPHEHB JI0 aHAIi3y 3a[adi Ta iHIIUX BUAIB POOOTH.

1.7. Kpoku po6otm 3 nporpamMmoro

Tumnosa moCiiAOBHICTH POOOTH 3 MPOTPaMOI0 BKIIIOYAE TaKi Kpo-
Ku: HaOWpaHHS TEKCTy, KOMITUIAIS, KOMIIOHYBaHHS, 3aBaHTaXKCHHS
1l BUKOHAaHHS a00 1HTepIpeTartis.

HaGupanus tekcry. TekcT nporpaMid MOBOIO BUCOKOTO PiBHS
(BXigHHM# TeKCT) HalgacTinie HAaOMPAIOTh 3a JIOIOMOTOO CIIeIia-
JILHOT IPOrpaMu (TEKCTOBOTO PEelaKTopa) 1 3a3BUYail 3alKCyOTh Ha
JWCK y BUIIIAAAI BXigHOTO (paiiny (puc. 1.2). [Iporpama moxe ckiaga-
THUCS 3 KUTbKOX (aiifliB — y BENUKUX Mporpamax ix MOXyTb OyTH Iie-
CSTKH U COTHI.

Komniasiuis. Komminsarop — ne mporpama, mig 4ac BUKOHAHHS
SIKOT YMTAETHCS BXIJHUN TEKCT 1 CTBOPIOETHCS HOTO MAIIMHHUHN €KBi-
BaJIeHT — 00'ekTHHIT Kox (puc. 1.2).

o1l
Texcmosuii pedoakmop Komninamop
XX /)' N\
N 2 AN
Tekcr nporpamu, 110 V{uck
HaGHP%FTLC" Ha Texer y daitni OG'ekTHUI KOJT
KJaBiaTypi i BUBOJMUTHCS y daiti
Ha eKpaH

Puc. 1.2. CTBopeHHS il KOMIUIALA TEKCTY
3a3Bruyail 00'eKTHUH KOJI MPOTpaMU MICTHTh JaJIeKO HEe BCi HE0O0-

XiI[Hi KOMaHIU — IporpaMa MOXKE CKJIaaaTUCsd 3 YaCTHUH, ILGHKi 3 HUX
€ CTaHJapTHUMMU.
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KomnonyBanus. O0'ekTHHI KO 00poOJIge€ IIe OmHA Iporpa-
Ma — KOMNOHYBaJabHUK. L[s nporpama "30upae 3 gactTun" (komro-
Hy€) BUKOHYBaHHMH KOJ, TOOTO MAallMHHY MPOTpamy, i 3aucye Horo
a0o B omepaTHBHY Nam'sTh (3aBaHTaXKYye€), a0 Ha JUCK Y BUTIISII
(atiny, comosoeo do euxonanns (puc. 1.3). Takuit daiin MoxHa 3a-
BaHTAXWUTH TI3HIIIIE.

orr
Buxonyemucsa IIporpama
KOMNOHY8ANbHUK ~ == (BUKOHYBaHUI KOJI)
~
\~\A
7 ~— S
VIuck
Bibmioreka cuctemu N
MporpaMyBaHHsI Ta 1HII Of'exruii Hporpana
porpamy Kox (BHKOHYBaHHIT KOTT)
miporpaMu

Puc. 1.3. KoMnonyBaHH1 ii 3aBaHTa:KeHHs IPOrpamMu

3aBaHTaKeHHs i BAKOHAHHSA. 3alyC MaIMHHOI IPOrpaMU B OIle-
PaTHBHY TIaM'sITh HAa3MBA€ThCS 3aBaHTA:KeHHsM (puc. 1.4). Horo 3iii-
CHIOE criellialbHa [TporpaMa — 3aBaHTAXKYBaY, SIKHH MOXKE BXOJIUTH JIO
CKJIaly KOMIIOHYBaIbHHKA. SIKIIO 3aBaHTa)KEHHS 3/iHICHEHE YCITIIIHO,
TO TIOYMHAETHCSI IPOLIEC BUKOHAHHS 3aBaHTAKEHOI POrPaMHL.

oI1,

Ilpozpama-3asanmasicysay

v

3aBaHTa)KeHa KOIIisl IPOTpaMH

A

Huck
[porpama y daiini

Puc. 1.4. 3aBaHTaKeHHs IPOrpaMu

Inrepnperanis. Lle Takuii cmoci6 0OpoOKM BHUCOKOPiBHEBOI
MporpamMu, 3a SKUM MalllHHHA TIporpaMa He CTBOproeThes (puc. 1.5).
BxinHa BUCOKOpiBHEBa Mporpama 0OpoOISETHCS CIEiaFHO MPO-
rpamoio — inTepnperatopom. [Ipu pomy nii BXigHOI mporpamu,
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SIKi BOHA 3aJ1a€, Bi[pa3sy BUKOHYIOThCS. 3a3BUYall iHTepIpeTallis BXi-
JTHOI MpOorpaMu BiAOyBAE€ThCS MOBUIBHIIIE, HI)K BUKOHAHHS BiJIIIOBI-
JHOI MAaIIMHHOI POrpaMHu.

o1l

Iumepnpemamop

II N
N Huck
BibmioTeka cucremn
MpOrpaMyBaHHA Ta iHIII
HinporpaMu

Jlani Ha BXOZi i Ha
BxigHuii TeKCT BUXO/I1 IporpaMu
nporpamMu

Puc. 1.5. InTepnperanisi BUCOKOPiBHEBOI IporpamMu

InTeprperartisi mporpaMu BUKOPUCTOBYETHCS B TaKOMY iHCTpY-
MEHTI, K HaJIaroaxyBa4. Bin 3a0e3neuye iHTepnpeTanito BXigHoi
MPOTrpaMu HEBEJIMKUMH MOPLIAMH (KPOKaMH) 1 1a€ MOXKJIMBICTh I10-
0auynTH pe3yNbTaTH BUKOHAHHS IMICJIS KOXKHOTO KpoKy. Lle monermye
BUSIBJICHHS IOMMJIOK Y BX1JIHIH Iporpami.

[HKOMM KOMIUIALIIIO Ta iHTEPIpPETalilo y3arajibHIOIOTH CIOBOM
TPAaHCJANis, HA3UBAIOYM TPAHCIATOPAMM BCl BUIM IIpOTpaM Iepe-
TBOPEHHS BX1IHUX TEKCTIB J0 MAIIMHHOT'O YH MTPOMI>KHOT'O BUTJISY.

Onwcani 3aco0u (TEKCTOBUH peJaKTop, KOMIUIATOP, IHTEpIIpeTa-
TOp, KOMIIOHYBAJIbHHUK, 3aBaHTa)XyBad 1 HalaroipkyBad) 3a3BHYail
YTBOPIOIOTH CHCTeMY NporpamMyBaHHsA, a0o iHTerpoBaHe ce-
penoBumie. Kpim HUX, 10 CKIIaay Ii€l CUCTEeMU BXOAUTH 0idaioTe-
Ka CTAHJAAaPTHHUX MiANporpam, siki MO)KHa BUKOPUCTOBYBATH il
4ac CTBOPEHHS [IPOrPaMH.

LLlo kpawe po3pobHMK nNporpaMu BOMOAIE TEXHOMOriSAMMU, iIHCTPY-
MEHTOM i 6ibnioTekamu, To 1Moro poboTa edekTuBHILWA.

KOHTpONbHI 3anUTaHHA

1.1. Illo Take Mmonens? HaBeniTh nmpukiIamm MojeIei.
1.2. o take moBa?
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1.3. o Take cuHTAKCUC?

1.4. o Take cemanTuka?

1.5. Illo Take MOBa mporpaMyBaHH:?

1.6. o Take anroputm?

1.7. UuM anropuT™m BiIPI3HAETHCS BiJl IPOIIECY PO3B'S3aHHS 33a4i?

1.8. Ha3BiTb BIaCTHBOCTI aNrOPUTMY.

1.9. fxi ¢pyHKIIOHATBHI O10KH Mae KomiT'totep? Ske 1xX mpu3HadeHHs?

1.10. o Take GiT i 6aiiT? CKiIbKK CTaHIB BOHH MOKYTh MaTh?

1.11. Yomy umcna B KOMO'TOTEpi 300pakyrOTbCS 3 BUKOPHCTAHHAM
IBIMKOBOI CHCTEMH YHCIICHH?

1.12. Yum MOBH MporpamyBaHHSI BUCOKOTO PIBHSI BIPI3HSIIOTHCS BiJl
MaIIMHHUX MOB?

1.13. 1o Take TpaHCHALIs 1 IO TaKe TPAaHCIATOP?

1.14. Ha3BiTh 1 onwImiTh OCHOBHI BHAW POOOTH 31 CTBOPEHHS IPO-
TpaMH.

1.15. Yomy, cTBOpIOIOYM HpOrpaMy, HE MOKHA BiApa3y MOYMHATH
nucaty ii TexcT?

1.16. Y yoMy mossirae HaJaroKeHHs porpaMu?

1.17. Yum Biipi3HAETHCS KOMITUISINS BT IHTepIIpeTartii?

1.18. SIki 3acobu BXOHATH 1O CKJIamy IHTETPOBAHOTO CEPEIOBUINA
MporpamyBaHHA?
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PO3A4IN 2
ENEMEHTU MOBU C++

2.1. 3 icTopii ctBOpeHHA moBu C++

Icropist moBu C++ (Ci-tutroc-oroc) movanacs 3 moBu C (Ci).
Kowmmanis Bell Laboratories Ha mouatky 1970-x pp. cTBOpriIa MOBY
C sk iHCTpYMEHT po3poOku omnepaniinoi cucremu UNIX. Crouarky
Maprtin Pigapac po3poous moBy BCPL, notim Ha ii ocHoBi Ken To-
MIICOH — MOBY B, 1 HapemuTi, [lennic Piui — moBy C. 3aBasiku 1akoHi-
YHOCTI, BUpa3Hill MOTYXHOCTI W HAaTIHHIM KOMIUIATOpaM I MOBa
MpOTrpaMyBaHHs Iy>Ke HIBHIKO CTajla OIHIEI0 3 HAMMOMYJIPHIIKX 1
Haiimommpenimux. [Ipote 3 wacoMm po3Mipu i BUMOTH 1O Mporpam
3pocTanu, TOMy MOXJIHBOCTI MOBH C Ta iHIMUX MOB, MOZIOHUX 1O
Hel, TOCTYNIOBO BHUYCPITYBAJIHCS.

Kpmzy B mporpamyBaHHi, W0 HaMiTHiIacs B KiHII
1970-x pp., OyJ0 MOIONIAHO 3a JOMOMOTOK, TOJOBHUM UYHHOM,
00'cxmuo-opicumosanozo npoepamyeannsi. OIHIEW 3 00'€KTHO-
opienToBaHUX MOB Oyna moBa C++, siky Ha 6a3i moBu C po3poOuB
biiopn Crpayctpyn y kommnanii Bell Laboratories y kiaui 1970-x pp.

VY HactynHi aBa aecaTwiiTTs MoBY C++ Oymo 30aradeHo i craH-
JApTU30BaHO. 1i BTiIEHO B KiTbKOX CYYacHHMX CHCTEMaX Mporpamy-
BaHHsI, 30kpeMa B Microsoft Visual C++ (icHye Kinbka Bepciid LbOTo
Iy’Ke TOTYXXHOTO 3aco0y MporpaMyBaHHS), 1 Ha Hel OpiEHTYIOThCA
aBTOPHU B MPHUKIIAIAX €] KHATH.

3 € Ttakox iHII CHCTeMH mporpamyBaHHS Ha 6a3i C++, manpukman Dev-C++
a6o Code::Blocks, siki MarOTh BiIMiHHOCTI B iHTep(dEiCi i CHHTAKCHYHHUX ICTaNsX.
3ayBaxxumo: Microsoft Visual C++ mae HallKpally T0BiIKOBY CUCTEMY.
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Hamankamu moBu C++ € MmoBu Java ([Ixapa) Ta C# (Ci-mrapn abo
Ci-nie3), cnemianizoBaHi Uil MpOrpaMyBaHHs B Cy4acHHX KOMII'TO-
TepHHUX Mepexax. LI MoBH 3a cTpykTyporo cxoxi Ha C++, ToMy, BO-
nonitoun C++, HeBaKKO mepeiiT Ha Java a0o C#, 1 HaBmakwu.

2.2. Nepwa nporpama - "Hello, World!"

[Iporpama moBoro C++ 3amucyerbes y ¢ailn 3 po3MUPEHHIM
. cpp, HaIlIpuKJIaJ prog001. cpp.

Mpukaan. Y KHUKKAx i3 MOB MPOTpaMyBaHHs JyKe 4acTo mep-
LIOI0 HAaBOJATH MIPOTpamy, sika "BiTae CBIT", TOOTO BUBOAMUTH Ha €K-
paH PSIOK-TIPUBITAHHS.

#include <iostream>

using namespace std;

int main ()

{
cout<<"Hello, World!'";
return 0;

}

prog001.cpp

VY mepuiomMy psAKY 3amucaHo AMPEeKTHBY mnpenpouecopa. Ipe-
npolecop — Ii¢ CKJIaJ0Ba YaCTHHA KOMIIUISITOPA, SKa MPOBOJMTH T10-
nepeiHI0 00poOKyY mporpaMu. JIMpEeKTHBYU 3aMUCYIOTh B OKPEMHUX Ppsi-
JIKax 1 MOYNHAIOTH CHMBOJIOM #. CIIOBO include (BKJIFOUMTH) O3HAYAE,
IO TPETPOIIECOp Mepe]l KOMITUISAIIEI MporpaMy Ma€e BKJITFOUMTH B Hel
BMICT CHeliajibHOTO (aifiy 3i CKJIagy CHCTEMH MpOrpaMyBaHHs, iM's
SIKOTO iostream 3amycaHe B KyTOBHX Ay)XKaxX. Y mboMy aiimi oro-
JIOIIIEHO 3acO0W BBEACHHS I BUBeNEHHS (IM'S cout, omepariiro << i 0a-
raro iHmux). be3 BkitoYeHHs 1bOro (aiity iM's cout OyJlie HEBU3HA-
YEHUM, 1 KOMITUISTOP TTOBIIOMHTS TIPO IO IIOMUJIKY.

®daill iostream € onHUM i3 OaraThox 3aroJioBHuUX (header)
¢aiiniB (abo h-¢aiiniB), MO BXOIATH 10 CKIaAy CHCTEMH MpOrpa-
MyBaHHS, TOOTO € CTaHIApTHUMHU. Y JUPEKTHUBAX iIMEHAa CTaHIApT-
HHUX 3arojioBHUX (aiyliB 3amiCcyIOThCcS B KyTOBHX JyKKax. bararo
CTaHAAPTHUX 3aroJIOBHUX (ailyliB Mae MOPOKHE PO3IMUPEHHS, IS
PEIITH TPaAULIIHHO BUKOPHCTOBYIOTh PO3IIMPEHHS h.
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Y npyromy psuKy po3TallOBaHO IHCTPYKIIO KOMITUIATOPY "BHU-
KOPHUCTATH TPOCTip iMeH std". He mosicHIOIOUN 3HaYeHHS CITiB "TIpo-
cTip iMeH" (IeTanpHilIe AWB. MiAPo31. 9.3), CKaKeMO JIUIIIe, 1110 TPo-
CTIp IMEH std € CTaHJAPTHUM. Y CydaCHHX CHCTEMax MporpaMyBaH-
Hs1 MOBOI0 C++ y HbOMY omucaHo Bci 0610mi0Te4Hi 3aco0U 0CTaHHBO-
TO TMOKOJIHHS. 3aBASKH HaBEIEHIH iIHCTPYKIIi CIIPOIIYETHCS JOCTYII
1o 6i6mioTeyHux 3aco0iB (OAMH 3 HUX, 3 IM'SIM cout, BUKOPHCTOBY-
€Tbcs B mporpami). I[IpoTe KOMITIIATOPH MOIEPEAHBOIO MOKOIIHHS
i€l THCTPYKIIT "HE pO3YMIIOTB", TOMY JJIsl HUX THCATH 11 HE MOXKHA.

Hasenena nporpama ckiafaetses 3 OfHi€T PyHKIIT 3 iM'IM main.
CnoBa int main() y TPETbOMY DPSIKY — LI€ 3aroJJ0BOK (YHKIII.
Hdyxku () micns iMeHi main YKa3yIOTh, IO 1€ iM'sl came (QYHKIII.
IM's int mepen iMeHem (yHKLIi € CKOpOUeHHAM clioBa integer i
o3Hauae, Mo (QYHKIlS Mae IOBEPTATH I[iJIe 3HAYCHHSI.

®yHKUiS 3 iM'IM main Ha3MBAETbCH FOJIOBHOK (PYHKUI€EO.
BoHa Mae 6yTn B KOXHil nporpami, afpke caMe 3 Hei MOYMHAETHLCS
BMKOHAHHSA NpOrpamm 1 3a3Buyai Helo 3aKiHvyeTbCs. IM'A main He €
3ape3epBOBaHMM, asne BUKOPUCTOBYBATW MOrO 3 iHLWKWM MPU3HaYeH-
HAM He cnia.

Bwict psanxiB 4-7 yTBOpIO€ Tijio QYyHKIIi, 110 TOYNHAETHCS CHM-
BoJIoM { i 3akiHuyeThbes }. Y Timi pyHKIIi 3agaH0 A1l y BUTIISI MO-
caigoBHOCTI iHcTpYyKUIiii. [HCTpyKLis B M'ATOMY PSIIKY 3a71a€ BU-
BEIICHHS Ha €KpaH MOBiJOMJICHHS Hello, World!. Bono 3'sBnseTncs
y BiKHI Iporpamu, sKe Ma€ BiAKpUTHCS Ha eKpaHi mix vac ii BHKO-
HaHHA Ta 3HUKHYTH MiCJIsl 3aBEepIIeHHS. TEeKCTOBE MOBITOMIICHHS, IO
BUBOJUTELCA HA €KpaH, 3alMCYEThCS B JalKax " " .

3a IHCTPYKUIEI B MIOCTOMY PAAKY (YHKIiS Ma€ MOBEPHYTH 3Ha-
uenns 0 (Hynb)'.

OTxe, 3allycTUMO NporpamMy Ha BUKOHaHHS. UM BCTUTHEMO MH
moch modauntu? Biamosine 3anexuts BiJ CHCTEMHU NPOrpaMyBaHHS,
10 BUKOPHUCTOBY€EThCS. Jlesiki, ajie He BCi, CHCTEMH MpOrpamyBaHHS
JIO3BOJISIIOTH TIEPETJIsIIaTH BIKHO MPOTpaMHu Micis ii 3aBeplieHHs. 3

* [oBepHyTH MOYHA TAKOXK iHIIE [ 3HAYCHHS. SHAYCHHS, IO [TOBEPTAETHCS
¢byHKIi€EI0 main, nepenaeTbes ONepaLiiHii cHcTeMi sIK pe3yIbTaT BUKOHAHOT Ipo-
rpamu. 3a Tpaguuieio 0 € 03HAKOI BAAIOT0 BUKOHAHHS MPOTPaMHU.
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1HIIOro OOKY, BUKOHAHHS TPOTpaMH MOKHA 3aTPUMATH 3a JIOTTOMO-

roro 0i0JioTeyHOi QYHKIT system.
#include <iostream>
using namespace std;
int main () {
cout<<"Hello, World!'";
cout<<endl;
system("pause") ;
return 0;

}
prog002.cpp

3a IHCTPYKLI€EI0 system("pause"); BUKOHAHHS NPOrpaMy MpH-
3YNHUHSAETBCS M HA €KpaHi 3'ABJISIETHCS TOBIJOMIIEHHS, IO Tpeba Ha-
TUCHYTH OyIb-AKy KiaBimry. [licist HaTUCKaHHS mporpama 3aBepliry-
€TbCs. 3aBISKHU MONEPEAHINH IHCTPYKLI cout<<endl; MOBiIOMIICHHS
BHUBOJIUTHCS B HOBOMY psaKy. SIkOu wiei iHcTpyKuii He Oyio, moBid-
OMJICHHSI 3'SIBJIsLTOCS O Bifipa3y Imicis ciliB Hello, World!. 4

HaBegeHa nporpaMa CKNafa€eTbCa 3 ABOX AMPEKTUB i rONOBHOI
(yHKUji. Y3arani nporpama Moxe MicTuth 6arato dyHKLiN, AMPEKTUB
i AEAKMX iHLUNX eJIeMEHTIB.

Bmpaga 2.1. 3'icyiiTe, mo Oyae BUBEICHO 3a HIDKYCHABEICHUMH
nporpamami. [1oSCHITH Pi3HULIIO MK HUMHU.

#include <iostream>

using namespace std;
int main() {
cout<<"Microsoft";
cout<<"Visual";
cout<<"Studio";
cout<<endl;
system("pause") ;
return O;

#include <iostream>

using namespace std;
int main() {
cout<<"Microsoft ";
cout<<'"Visual ";
cout<<"Studio";
cout<<endl;
system("pause") ;
return 0;
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2.3. AndasiT i cnoBHUK moBu C++

Koxna MoBa Mae angaBiT — CKiHUEHHY MHOXKUHY CHMBOJTIB, JTO-
3BOJICHHX JJI1 BUKOPHUCTaHHS. AJ(aBiT JJis HATUCAHHS TPOTPaM MO-
BOI0 C++ MICTHTE:

—Jaitepu (0YKBM) — BEJIUKI i MaJi JIATUHCHKI A, B, ... Z, a, b, ... z,
a TaKO’K CUMBOJI IiJKpeciIeHHs _ Ta "gomap” $;

—necsaTkoBi uugpu o, 1, 2, .., 9;

—3HAKM ONYHKTyamii + - * ~ / \ $ 2?2 ! =< > | ~ #
P O B A R A

— JIeSIKi 1HIII CUMBOJIH.

I3 cumBoiB andasiTy yTBOPIOIOTHCA JeKceMu — "ciosa', TOOTO
MTOCTIIOBHOCTI CHMBOJIIB, III0 PO3MISIIAIOTHCS K HEMOAUThHI W Ma-
10Th BiacHuii 3MicT. Cepen iekceM MoBU C++ BHIUISIOTH KOHCTaH-
TH, IMEHA, 3HAKH OTeparliii ToIo.

KoHcTaHTa (constant) - ue No3HauyeHHs 3Ha4YeHHsa (4n-
cnosoro abo iHworo). KoHCTaHTM TakoX Ha3MBawTb niTte-
panamu (literals).

Ham noOpe Bijiomi YKMCIIOBI KOHCTAHTH, HAPUKIIA 273, 3.1415926,
2.71828 (I1iJla YaCTUHA BiJ] IPOOOBOT BiIOKPEMITFOETHCS KPAITKOIO, a HE
KoMOI0). B amoctpotax 3ammcyroThCs CHMBOJIBHI KOHCTAHTH, y Jall-
Kax — pH,Z[KOBi, Hanpukimag '3°, 'A', '\n', "University",
"3.1415926", "". JlokagHie KOHCTAHTH ONICAHO HIDKYE.

IM'a - ue nocnigosBHicTb niTep andasity 1 umdp, Wo no-
UMHAETLCA 3 NITEPU°, HANPUKNAA A, x1, la$2,best student.

Benmuki ¥ Maimi JniTepu B iMEHAxX 6i0pi3HsIOmMbCs: Name, NAME,
name — I1¢ pi3Hi iMeHa. JJOBKHHY iMeH He ofMmedceno’.

IM's 3aBIH iMenye IKUHCH 00'€KT, BUISJIIOUH 3-TTOMIXK 1HIIHUX,
TOOTO i0eHmuikye Woro, TOMy iM'sl 1Ie¢ Ha3UBAIOTh imeHTH(Pika-
TOPOM.

> CHMBOJI IiIKpecIeHHs _ MOxe OyTH HEpLIOK JITEepOoro iMeHi, ane iMeHa, 1o
MOYHMHAIOTHCS 3 OJHOTO UM ABOX _, MailoTh y C++ creniansHe npusHadeHHs. ToMy
BUKOPUCTOBYBaTH IMEHa 3 _ Ha MOYATKy HE PEKOMEHY€ThCSL.

6 ®dopmanbHo noBXKHY iMeH y C++ He 00MEXeHO, alle, HAPHKIIAA, KOMITUIATOP
Microsoft Visual C++ 2005 po3pizase nume nepiri 2048 cHMBOIIB iMEHi.
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Jesiki iMeHa (aHTJIIHCHKI cI0Ba a0 iX CKOPOYCHHsI) MalOTh CIIe-
MiabHAN 3MICT, HAIPUKJIAA const, else, int, sizeof. BoHM Ha3m-
BalOThCS 3ape3epBOBAHMMH cJoBaMu. BukopucroByBatu ix 3a
IHIIMM TPU3HAYEHHSAM HE MOXKHA (I[HOTO TPOCTO HE JIO3BOJIUTH KOM-
MMJIATOp). 3ape3epBOBaHi CIIOBA 1HKOIHM BBa)KAIOTH OKPEMHM Pi3HO-
BH/JIOM JICKCEM.

3Hak onepauii, abo onepaTop (operator) - ue no-
3HayeHHs onepauii, BUKOHaHHS AKOi Haj Yncnamm Ta iHWnumMm
3HAYeHHSMU NOPOAXYE umcao abo iHwe 3HaAYeHHS. 3Ha4yeH-
HA, A0 SKMX 3aCTOCOBYETbCHA oOrnepadid, Ha3mBalTbCA i
onepaHpaaMmm (operand), a NOpoa)XyBaHe 3HAYEHHS — pe-
3ynbTtaTtomMm (result).

Onepariii MO3HA4YalOTh OKPEMHMH CHMBOJIAMH, HANpHUKIAa +
abo -, a TakoX IMeHaMH a0o0 IOCHIJTOBHOCTSIMH IHIIHX CHMBOJIIB,
HANpPUKIA] sizeof abo <=.

JlexcemMyn 4acTo BiZJJOKPEMITIOIOTHCS TaK 3BAaHHMHU MOPOKHIMH
CHMBOJIAMH, SIKi HE MaIOTh 300pakeHHS. BOHM 3'IBIIAIOTHCS B TEK-
CTI mporpamMu, sKII0, HAOWpaloyl HOro, HATHCKATH KIaBillli Space
(po0in), Enter (KiHEIb psAKa) i Tab (CUMBON TaOysmii). Bymb-sxi
JIB1 JIEKCEMH MO>KHA BIZJOKPEMHUTH TTOPOKHIMH CUMBOJIAMU B JTOBLJTb-
Hill KinbkocTi. KoMminarop, o6po0bisitoun TEKCT IporpaMu 3 IesiKol
ITIOTOYHOI TO3WIII{, 3aBXKIU BUAUISE HAWIOBITY MOXIIUBY JIEKCEMY.
ToMy TOpPOXHI CHMBOJHM MK CYCIOHIMH JIeKCeMaMH OOOB'SI3KOBI
JIMIIIE TOJ, KOJIM, 3allUCaHi pa3oM, IIi JICKCEMH YTBOPIOIOTH JIGKCEMY.
Hampukinaz, 3anucu 1+2, sizeof-2 Ta 1<=2 I03HAYAIOTh 3aCTOCY-
BaHHSI BIATOBIMHHUX OIIepalliii i He € JIEKCEMaMH, a sizeof2 € IM'sIM,
TOOTO OJIHI€EI0 JICKCEMOTO.

2.4. NMoHATTA TUNY AAHMUX

Kowmm'totep mMoxe 300pakyBaTe Ta 0OpOOISATH AaHi Pi3HOI MPH-
pomu. Hampuknaa, pik HapoMKeHHs JIOAWHU 300paKylOThb IIUM
YHCJIOM, Bara Moke OyTH He JIMIIE LiI0I0, aje # ApoOoBoIo, a mpi-
3BHINE MMO3HAYAIOTH IMOCIIJOBHICTIO CHMBOMIB. Yrcina MoXKHA Ao7a-
BaTH ¥ BiAHIMATH, MOCJIIOBHOCTI CUMBOJIIB — JIOMMCYBATH OIHY O
onHoi. OTke, pi3HI 32 IPUPOAOIO0 AaHi (3HAUEHHS) MAIOTh Pi3Hi CIO-
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co0u 300pakKeHHS ¥ JOIMYyCTUMI orepariii, 1 3a [IMMH O3HAaKaMHU MO~
JISIOTHCS HA TUIIH.

2.4.1. Tunu paHunx

Tvn AaHUX - Ue MHOXMWHa 3HayeHb pPa3oM i3 MHOXWHOIO
3aCTOCOBHMX A0 HUX onepauir. MHOXMHa 3HauyeHb Ha3uBa-
€TbCA HOCIEM TUNY, MHOXXWHA Onepauii — CArHaTypolo.

Y nporpamyBaHHI BUKOPHUCTOBYIOTHCS THITH YHCEJ, CHMBOJIHUX 1
JIOTIYHUX 3Ha4YeHb. Lli 3HAUCHHS PO3TIIANAIOTHCS SK IUTICHI SJIEMEH-
TH, IO HE MAIOTh OKPEMHUX CKJIAJOBUX YACTHH, TOMY Ha3MBAaIOThCA
CKaJAPHUMH Ha BIIMiHY BiJl CTPYKTYPHHX, CKIaIEHUX 3 OKpe-
MUX KOMITOHCHTIB. THIIN CKaISIPHUX JAHUX HA3UBAIOTHCS CKAJSIP-
numu. KoxxHa MoBa nporpamyBaHHs 3a0e31euye [Ty CiM't0 CKasi-
pHUX THIB. BOHM MaroTh TIEBHI, O3HAYeHI Harepend (CTaHAApTHI)
iMEHa i HA3WBAIOTHCSA 0A30BHUMHU CKAJISIPHUMHU TUNAMH MOBH.

Cepen 6a30BUX CKAISPHUX TUIMIB MOBH C++ € THUIM IIUIKX 1 diiic-
HUX YUCEJI 3 IMCHAMU int i double, a TAKOX THUIT CUMBOJIIB char (int
i char — ckopodeHHs Bix integer i character, double — nmonBiviaui) 1
JoriyHuK THI bool (bool— ckopoueHHs Bin boolean). Kpim Toro,
YacTO KOPUCTYIOThCS TaKOX THUIIOM O€33HAKOBUX IUIMX YHCEN
unsigned int, 200 IPOCTO unsigned.

2.4.2. MiHimanbHi BigoMmocTi npo 6a3osBi TMnu

Tunu int, unsigned, char Ta bool y MOBi C++ BIIHOCATH 0 Ii-
aux (integral) TumiB. Yucna Ty int 300pa)KyIOTHCS B 3HAKOBIiH (o-
pMi i 3aiimaroTs 4 GalTH, TOMY HOCIH I[bOTO THITy YTBOPEHO LIJIMMHU
yrcnamu Bif -2147483648 mo 2147483647 (nuB. c. 14). Yucna tuiry
unsigned (IEpeKIagacTHCA K OE33HAKOBUIT) MAIOTh 300pakeHHS 0e3
3HaKa, TOMy iX mianma3oH — Bif 0 g0 4294967295. MinimanbHe i Mak-
CUMaJIbHE 3HAYCHHA THUIy int MO3HAYEHO iMEHaMu INT MIN Ta
INT MAX, MaKCUMaJbHE 3HAUEHHS TUIY unsigned — UINT MAX.

3HauYCHHSI CHMBOJIBHOTO THIy char 3aiiMaroTh | OalT; yChOTO
1x 256. Jloriunuii THI bool Ma€ [aBa 3HAYCHHS, IO ITO3HAYAIOTHLCS
iMEeHaMM false i true (XMOHICTH Ta iCTHHA) i 300paXyIOThCS B KOM-
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M'I0Tepi ynciamu 0 Ta 1, BiANOBiAHO. 3HaueHHA "XuOHICTH" Ta "ic-
TUHA" HA3WBAIOTHCSI OyJIeBMMH Ha YeCTh BUAATHOTO aHTITIHCHKOTO
Jorika i matemaruka />xopaxka Byos.

JiticHi 4ncna TNy double 3aiiMaroTh 8 OaMTiB, TOMY IX MHO-
KMHA MicTHTb Maibke 2°* umcen (kiTbka 3 ycix MOMIHBUX KOMGi-
Halliil HyJiB 1 OMHUIE HE € 300pakeHHsAMU ducen). L{s obmeocena
CKiHYeHHa MHOXKWHA YHCeNl € CHMETPHYHOI0 BimHOCHO umncna 0.
Hait0ineie i Halimenmre BigMiHHI Big 0 goaTHI 4uciia ITO3HAYEHO
iMeHamMH DBL_MAX Ta DBL_MIN. L{i yucna nopiBHIOIOTH MPUOIU3HO
10°*® ta 10°%. 3ayBaxumo: yci uini umcna THIIY int MaOTh 306pa-
JKEHHS B THUIII double.

Llini Ta 4incHi TMNn pasom Ha3snealTe apUuPpMeTUYHUMM.

2.5. PiZHOBMAMN KOHCTAHT

Y oMy Miapo3/ili HABEICHO MiHIMaIbHI BIIOMOCTI PO BUIJIS
koHCcTaHT MoBU C++ 1 3aco0u iX BUBEIEHHS.

2.5.1. CMMBOJIbHi KOHCTAaHTM

CHUMBOJIBHA KOHCTAaHTa — II¢ CUMBOJI B arioctpodax ('A', '1','. ")
a0o0 JIBa CUMBOJIM B anocTpodax, MepiimM 3 SKUxX € \ (3BOPOTHA CKi-
cHa, abo backslash). Hampuxmnan, koHCTaHTH '\'', '\"', "\\' IIO-

3HA4Yal0Th CUMBOJIU, 1110 HAa3MBaIOThcs "amoctpod", "manku" Ta "3Bo-
poTHa ckicHa". € KilbKa KOHCTaHT, Hampukiag '\n' abo '\t', 1O
MICTSITh Mally JIATHHCHKY JiTepy (KepyBaJibHi cuMBoJH). BoHn
BUKOPHUCTOBYIOTBCS B CHCI[aJIbHUI CHOCIO MMiJi 4ac BUBEACHHS Ha
30BHIIIHI HOCIi maHuX. 30KpeMa, '\n' 3aJa€e Tepexil Ha HOBUH psi-
JIOK EKpaHa.

CHMBOJIbHI KOHCTaHTH 300paXKyIOTh 3HAUEHHS THUITY char, sIKi 3a-
“MaroTh ofuH Oaift. Llei O6alT sk 300paskeHHsS yucia 0e3 3Haka Jae
Koa cuMBoJy (uucio Bix 0 mo 255), a 3i 3HakoM — Bix -128 mo 127.
BigmoBignicTs Mix unciamu Big 0 10 127 i cumBosiaMu 3a(iKCOBaHO
B AMepuKaHcoKoMy cmanOapmuomy Kooi 0iisi 0OMIHY iH@opmayicio
(tax 3Bana mabauysa ASCII), pemrti KOmiB MOXYTh BIATIOBiAATH Pi3HI
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Habopu cuMBOIiB. Hampuknan, koHcTanTa' ' (mpoOim) Mae kox 32,
a'\0' —kox 0. Oxpemumu BnactuBocTsimMu Tadmuii ASCII € Taki:

—CcuUMBOJIaM ' 0','1',...," 9° BIANOBIZAIOTH IOCJIJTOBHI KOIHU Bif
48 no 57,

— CHMBOJIaM 'A’', 'B', ..., 'Z' — Big 65 10 90;

— CHMBOJIaM 'a', 'b', ..., 'z'—Big 97 mo 122.

IHCTI)YKHiSI cout<<'Z'; BUBOAUTH 3HAYCHHA KOHCTAHTHU 'Z' — HaA
€KpaHi 3'IBJISETHCA Z. AHAJOTIYHO MOXKHA BUBECTH I1HIII CHMBOJIBbHI
KOHCTaHTH. Jlys Toro, moo HaCTyIIHE [MOBIJIOMJIEHHS] BUBOIMJIOCS 3
HOBOTO PsiIKa, MOKHA CKOPHCTATHCS IHCTPYKIIIEI0 cout<<endl; a0o
cout<<'\n';

3a iHCTPYKUIE BUrNSQy cout<<kxomncramra; 0OPOBGNSETLCA He
KOHCTaHTa, a 300paxeHe Hero 3HauyeHHs. ocnigoBHICTL CMMBONIB,
YTBOPEHA 33 3HAYEHHSIM, MOXE BiPI3HATUCA Bifl KOHCTAHTMU.

Buopasu
2.2. Illo 6yzae BuBenIEHO 3a IPOTPamMor0?

#include <iostream>
using namespace std;
int main() {

cout<<'l'; cout<<'\n';
cout<<'Y'; cout<<'e';
cout<<'s'; cout<<endl;

system("pause"); return O;
}
2.3. HammucaTtu nporpamy, 10 APYKY€E CUMBOIHA ', ", \.

2.5.2. PaakoBi KOHCTaHTH

PsaxoBi KOHCTAaHTH ITO3HAYAIOTh MOCIIJOBHOCTI CUMBOJIIB 1 3aIIH-
CYIOThCS B JIallKaX, HAIPHUKIA] "You are welcome!". CuMmBoOIHM
", \, " Y PAAKOBil KOHCTAHTI 3aMUCYIOTh K \', \\, \", BIAMOBIIHO.
Jlo 3HaYeHHs, 3a1aHOTO PSIIKOBOIO KOHCTAHTOIO, Y MaM'STi TOa€Th-
¢ CUMBOJA '\0', AKHH II03HA4Ya€ KIHEIb MOCIIAOBHOCTI CHMBOJIIB.
OxkpiM TOrO, SKIIO B KOHCTAHTI MPUCYTHIN CUMBOJ '\0', TO 3HAYCH-
HSM, SIKE BOHA 3aJla€, € MOCJIAOBHICTh CUMBOJIB mepen '\0'. Ha-
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MIPUKJIA],, KOHCTaHTI "\"A'BC\"\0Ozz" BIJMIOBia€ IOCIIiJOBHICTh
0alTiB 13 CHMBOJIAMH

" A ' B C " '\0' z z '\0°
3HaveHHs YTBOpPEHE IMEpIIMMHU MIicThMa cuMBojamMu "A'Bc". Came
BOHO BUBOJIUTKCS 3a IHCTPYKINEIO cout<<"\"A'BC\"\0zz"; .

3a JIOMOMOTOI0 PSAAKOBUX KOHCTAaHT TEpPENMUIIeMO Iporpamy 3i

BIpaBu 2.2.

#include <iostream>

using namespace std;

int main() {
cout<<"1l\nYes\n";
system("pause"); return O;

}

prog003.cpp

Bupasu

2.4. HaniucaTtu nporpamy, 10 BUBOJUTH iM'S IUCKOBOTO KaTaJory, B
SKOMY BCTaHOBJICHO CUCTEMY IIporpaMyBaHHs C++.

2.5. TlosCHITH Pi3HUITIO MiXK 3HAUYCHHIMH "a" Ta 'a’'.

2.5.3. Hini KOHCTaHTH

ini KOHCTAHTH TO3HAYAIOTH IIUII YKCIA i MAalOTh JIECATKOBY,
BiCIMKOBY ¥ IIICTHaALSATKOBY (hopMy 3amucy (PO CHCTEMH YWCIICH-
Hs auB. gogaTok A). Y moBi C++ 1ii KOHCTaHTH HeBix'emHi. Jdecs-
TKOBAa KOHCTAHTA — IIe, K i B MaTeMaTHIIi, OCTIIOBHICTh JIECT-
KOBUX LU}p, OO0 HE IMOYUHAETHCA 3 0: 273, 1024 TOIIO. 3ammc
MiCTHAANSITKOBUX KOHCTAHT IIOYMHAETHCS CHMBOJIAMU 0x
abo ox. Hampumkiam, koHCTaHTa 0x1l IMO3Ha4Yae 4mcio 17, a Oxf
Ta 0xF — uncio 15. [lina KoHcTaHTa, [0 MMOYNHAETHCA 3 0 1 Jaii Mic-
Tk 1dpu Bix 0 mo 7, € BiciMmkoBo10. Hanpuxiram, KOHCTaHTH 0 Ta
010 mo3HayaroTh yncia 0 Ta 8, BiAIOBIIHO.

Skio B mporpami crieriialibHO He BKa3aHO 1HIIE, 3HAYCHHS IIUTUX
KOHCTaHT HE3aJIeKHO B GOPMH iX 3aMHUCY GUBOOAMBCS 6 eCAMKO-
eomy 3anuci. Hanpuknag, 3a iHCTPYKIIEIO cout<<ll; Ha €KpaH BH-
BOJMTHCSA 11, a 32 cout<<0x1l; —17.
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Bupasu

2.6. [TosicHUTH pi3HUITIO MiX @) 0, '\0' Ta '0'; 0) 123 Ta "123".

2.7. lllo BUBOAUTHCS HA €KpaH 3a TakMMH JABoMa mporpamamu? [lo-
SICHITh PI3HHINIO MXK HAMH.

#include <iostream> #include <iostream>

using namespace std; using namespace std;

int main() { int main() {

cout<<13; cout<<'\n'; cout<<"13"; cout<<'\n';
cout<<013; cout<<'\n'; cout<<"013"; cout<<'\n';
cout<<0x13; cout<<endl; cout<<"0x13"; cout<<endl;
system("pause") ; system("pause") ;

return 0; return 0;

} }

2.5.4. []iNCHI KOHCTAHTH

Posrmssaemo mpukian. Yucmo 12,34 mMoXXKHA TMO3HAYMTH, HAIPH-
knan, tak: 123,4-100. Y IIbOMY 3aITUCi € IiJTa YacTHHA 123, TpoOoBa
YacTUHA , 4 1 AECATKOBUN TOPSAIOK —1. 3amKCy BiIIOBia€ KOHCTaHTA
123.4E-1, B AKill 123 — yiza 4acTuHa, .4 — 0pobosa, a E-1 — NOPSIOOK.
Ile came ymcno MoxHa 300pa3uUTH W IHIIUMH KOHCTaHTaMH: 12 .34,
1234.e-03, 1234e-03, .1234E2, 0.01234E+3 Tomo. OTxe, Lijla yac-
THHA — 1€ HETTIOPOKHS ITOCITIOBHICTE TGP, IpoOOBa — OCTITOBHICTh
mudp i3 kpankoro Ha MOYATKY, NOPSAIOK — JJaTHHCHKA JIiTepa E a0o e 3
OJIHi€I0 a00 KiJIbKoMa IU(paMu, MOXKIIKMBO, 31 3HAKOM + a0 -.

KoHcTaHTa, B SKi wifa YyacTMHa MiCTUTb OAHY uMdpy Bia
1 [0 9, Ha3MBAETLCA HOPMAanizoBaHOM, Hanpuknag
1.234E+1, 9.81 a6o 1.0E2 (ansa umcna 0 Takoto € 0.0).

Hiticni xoncmanmu 3anucyiomvcsi mineku K Odecamkosi. SIKio
KOHCTaHTa Mae€ IUTy YacTHUHY, TO 3a HE[ Wae MpoOoBa 4acTWHA W
MOPSIOK (MOKIIMBO, ojHe 3 HUX). [Ipn 1ipoMy B poOOBii yacTuHi,
SIKIIIO BOHA €, TU(p MOKe He OyTH, alle Kpamka 000B's3koBa. SIKIo
LiJI0i 9aCTUHU HEMAa€, TO KOHCTAHTa MOYMHAETHCA KPAIKOIO, IiCIIA
sKoi Mae Oytu xoua 0 oxHa nudpa. Ilopsgok HeoOoB's13koBHM. [TpH-
KJIaau HaBeneHo Buie. [lepen KOHCTaHTOIO MOXKe OyTH 3HAK —; TOJI
BOHA 33/1a€ BiJ'€MHE 9NCIIO: —1.2345EL.

3HaueHHs JIHCHUX KOHCTAHT BUBOJATHCS B pi3HUX (hopmax (gho-
pmamax). 3HAYCHHS, 300paXKeHi JIHCHUMHA KOHCTaHTaMH, BUBOJISATh-
cs a0o 3 pikcoBaHOMO (fixed) kKpankoro, abo B HOpMaJrizoBaHilii
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(maykoBiii — scientific) ¢popmi; Hanpuxnan, ans gucna 12,34 me
BIAIMOBITHO 12.34 Ta 1.234e+001. Bix woro 3anexuts popmar Bu-
BEJICHHS Ta SIK HUM KepyBaTH, AuB y 1. 3.3.2.

Buopasu
2.8. [odcHiTh, y 4OMYy pi3HHUIISI MiXk 314. Ta 314.
2.9. loscHiTh, y YOMY pi3HHUIIS MiX 12.151 Ta "12.151".

2.6. MOHATTA 3MIHHOI BEJIMUNHMU

2.6.1. 3MiHHI BeIMYUUHM

[onsTTs 3MiHHOT YMCIOBOT BEIMYMHH 3'IBIIIOCS B poboTax Jlexap-
ta B XVII ct. [li3Hime 3'sicyBanocs, 1m0 3MiHHA BETUYNHA MOXE OYTH
HE JIWIIE YUCIIOBOIO. Y HAWIIMPIIOMY pO3yMiHHI 3MiHHA BeJIUYUHA —
IIe 3arajibHe MOHATTS PealbHOTO Y ysIBHOTO 00'ekTa (abo ioro okpe-
MOi XapaKTEepPHCTUKH), SIKMA MOXKe TMepedyBaTh B pI3HUX CTaHax.
3MiHHI BEJIMYMHHU MO3HAYAIOThH iMEHaMU,; HaNpUKIa, y APYromy 3a-
koHi Hetotona a = F/m imeHa m, a, F m03Ha4aloTh 3MiHHI — Macy TiJa,
MPUCKOPEHHS HOT0o pyXy ¥ cuily, o i€ Ha HBOro. Y MporpaMyBaHHi
3MiHHA € MOJICILTIO (300paXKeHHIM) 00'€KTa B TaM'sTi KOMITTOTEpa.

3MiHHaA B MAlUMHHIN nporpaMi - ue aingHka nam'ari,
AKa MOXe MaTW Pi3Hi CTaHu 11 306paxyBaTv HUMW Pi3Hi CTaHK
o6'exTa.

3MiHHY B ITPOTpaMi MOBOIO BUCOKOTO piBHS Mo3Havae im'a. Koxna
JUISTHKA TaM'sITi KOMIT'IoTepa Mae ajapecy (HoMep repiioro Oaira -
JSTHKW), 1 L€ a/Ipecol0 MO3HA4YaeThess B MaIIMHHIN mporpami. Ka-
KyTh, IO ajpeca ekasye, abo nocunacmvess Ha JSHKY. [lin gac
TPAHCIALIT TPOTpaMH iM'st 3MIHHOI IEPETBOPIOETHCS Ha a/Ipecy AesKOl
IinsHKA naM'aTi. OTxe, BBAKAaTUMEMO, IIO i 4ac BUKOHAHHS IIPO-
rpamu iM'st 3MiHHOT 6Ka3y€ Ha OUISHKY nam'ati (puc. 2.1).

| Im'a y npozpami |—>| 3minna |

Puc. 2.1. 3minna Ta ii im's1
Cranam o00'ekTa, 300paKyBaHOTO 3MIHHOIO, BIIIOBIJAIOThH il
3HAYeHHA (YMUCIIOBI Ta iHIIN), IO HaJEkKATh MEBHOMY THUMy. Twum
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3MIHHOI Ta 11 iM'sl 32J1aI0Thcs B iHCTPYKUil orosomeHHst iMeHi
3MiHHOI1, [0 Ma€ BUTIISII
iM'g-muny im'ss-BMiHHOI;
[Ticnst iMeHi THIYy MO>KHA 3allUCATH KiTbKa iMEH 3MIHHUX Yepe3 KO-
My. [HCTpyKLisg OrojomeHHs iMeHi 3MiHHOI OTHOYACHO € 03HAYeH-
HfIM 3MiHHOI, TOOTO 3amae MUISHKY TaM'ATi, Ha Ky BKasye iM's
3MIHHOT.

Ipuxaanu.

1. IncTpyxmii
int numberOfStudents;
double radius, circlelLength;

3aJaf0Th YTBOPEHHS NUISTHKH MaM'sTi, sKa ieHTU(IKYEThCS IMEHEM
numberOfStudents 1 MOXke 30epiraTul IUTI YHCTa, 1 JBOX MIJISTHOK 3
iMEHaM¥ radius i circleLength; X 3HAYEHHSIMH MOXYTh OyTH Iiii-
CHI 4HcTa.

2. KBaapaThe piBHAHHS ax’+bx+c =0 BH3HAYAETHCA TPHOMA Jific-
HUMH KoedirienTaMu a, b, c¢. 11106 300pa3uTw piBHAHHS, 03HAYUMO
TpH 3MiHHI: double a, b, c;. 4

IMeHa 3MIHHUX Ta IHIIMX 00'€KTIB 0OMPAOTh TakK, 1100 BOHU OYyJIH
MoB's3aHi 3 00'eKTaMu a0 XapaKTepUCTUKAMHU, SIKi BOHU 300paxy-
I0Th, HAIIpUKJIA] temperature, radius, circleLength (TeMHepaTy-
pa, paniyc, JOBXHHA KOJa).

3aBAsKM 3MICTOBHMM iMEHAM TEKCT NpPOrpaMu CTaE 3po3yMi-
niwmm,

Im'stm 3MiHHOT He MOe OyTH 3ape3epBoBaHEe ClIOBO. IMeHa, 03Ha-
4eHi B 0i0NioTeKkax CUCTEMH MPOrpaMyBaHHS, BUKOPHCTOBYBATU K
iMEHa 3MIHHMX MO>)KHA, ajie Kparie II-0T0 He pOOHTH.

Hanani Oyaemo moTpuMyBaThCs TakuxX yrofa. IM's 3MiHHOI OYH-
HAEMO 3 MaJoi JIiTepH; AKIIO BOHO YTBOPEHE 3 KUIBKOX CIIiB, TO BCi
CJIOBA, OKPIM TEPIIOro, 3alUCyeEMO 3 BEJIHMKOI JITEPH, HAIPUKIA
circleLentgh. Ll cuctema 3anmcy HHHI € HAWITOIIMPEHILIOKW Y CBi-
Ti ¥ depe3 30BHIIIHIA BUIJISAA IMEH Ma€e Ha3By ''BepOJIIoKuii 3a-
nuc" (camel notation).

Skmo noTpiOHa HeBenwKa i BijoMa Harepe.l KiTbKiCTh 3MiHHUX,
10 MTO3HAYAI0Th OJHOTHITHI CYyTHOCTI, TO B KiHIII iMEHI MOYKHA JTOTIH-
CaTh HOMEp, HAIpUKJIAa radiusl, radius2.
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IcHye maBHs Tpamuiis, 3a SKOIO iMeHa i, j, k, m, n JTAlOTh 3MiH-
HUM IiuX TumniB. HaligacrTimie 11i 3MiHHI [M03HAYal0Th IHACKCH (HO-
MepH) a0 KiJBKOCTI.

VY3araii, 3MiHHa MOKe OyTH CKJIQJIOBOIO YaCTHHOIO 1HIIOI 3MiH-
Hoi. ToJli BOHA IMO3HAYAETHCS HE IM'sIM, a ISSIKAM CKJIATHIIITAM BHpa-
30M. OJTHaK TIOKH 10 He OyIeMO Ha IIbOMY 30CEPEIKYBaTHUCS.

Bunpasu
2.10. Hancatn o3Ha4eHHS 3MIHHHX, IO 300paKyIOTh: a) J€Hb, Mi-
CSAIb 1 PiK HAPOJKECHHS; 0) TOUKY IUIOIIWHY, B) KIITUHKY Ila-
XOBOTO TOJISA; T) Api0; 1) KBaapaTHE PIBHSHHS; €) IPSIMOKYTHHK
Ha IUTOIIHHI.
2.11. IlosicHUTH pI3HHUIIO MiXK: a) aTa 'a'; 0) a Ta "a".

2.6.2. YBeaeHHSs 3Ha4YeHb Yy 3MiHHI
 BUBeAEeHHSA iX Ha eKpaH

€ nBa cnocoOM HazmaTH 3MiHHIM 3HA4EeHHS — YBECTH i3 30BHILI-

HBOTO HOCIisl 200 TIPHUCBOITH. Y HAWMPOCTIIOMY BHIAAKY iHCTPYK-
1isl BBeJeHHsl 3HAYCHHS B 3MiHHY Ma€ BUTJISIT
cin >> iM'ss-8MiHHOL;
1 3a/1a€ BBEIICHHA 3 KiaBiaTypH. IM's cin, fIK i cout, OroJOLICHE Y
¢aiini iostream. BukoHyroun omepaunito BBeIEHHS, KOMI'IOTEp 3Y-
MUHSAETHCA 1 OUiKy€ Ha 3HAYCHHS JJIS 3MIHHOI. Y BIATOBIAb Cix Ha
KJIaBiaTypi HaOpaTu JesiKy TOCIHiOBHICTh CUMBOIIB, IO 300paxye
3Ha4YeHHs (Ui CUMBOJIM 3'ABJIATHCS HA €KpaHi), 1 HATUCHYTH Ha Kia-
Billy Enter. [licis mporo 3a BBEAEHOIO MOCHIZOBHICTIO (BXiTHOIO
KOHCTaHTOIO) CTBOPIOETHCS BIAIOBITHE 3HAYCHHS Ta IPHCBOIOETHCS
3MiHHI}. 3a cTaHIApTHUX HANANITYyBaHb 3aIMC YUCIA CIIPUHMAETHCS
SIK JECSITKOBU.

SIKIIO HATUCHYTH Enter, He HaOpaBIIM HIYOTO, OKPIM MPOOILNIB,
TO KOMIT'IOTEp 1 Hajami 4yekaTume. Y3araii, nepej BXiIHOIO KOHCTaH-
TOI0 MO)XHa HaOpaTH AOBUTPHY KUTBKICTH MOPOXHIX CHMBOJIB, IO
BIJIMIOBiIalOTH KJIABillIaM TIPOOLTY, TaOyMAIlil Ta Enter. 3a cTaHAAPT-
HUX HaJallTyBaHb yCi HOPOXKHI CHMBOIU Oy/ie MTPOMYIICHO.

B iHCTpyKLii BBeIEHHS MOYKHA 3alicaTH KiTbKa iMEH 3MiHHHX,
KOJKHE MICIS BIAMOBIIHOTO 3HAaKa >>. 3a BUKOHAHHS TaKOi IHCTPYKIIii
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Tpeba HaOpaTu Ha KJaBiaTypi BiANOBIHY KUTBKICTh BXiJIHUX KOHC-
TaHT, BIJIOKPEMUBIIH 1X OJHUM 200 KiJIbKOMa MOPOXKHIMUA CHMBOJIAMH.

Hpuxnaam

1. Hexaif € 3MiHHAa char c; 1 BHKOHYETbCA IHCTPYKIIS
cin >> c;. lllo6 mpucBOiTH 3MiHHINM 3HAYECHHS 'A', TpeOa HATHUC-
HYTH TIOCJTIIOBHO Ha KJIaBillll A Ta Enter, a 3HAYCHHS '7' — Ha KJa-
Billll 7 Ta Enter. SIKIIO mepe] KiIaBimiero A abo 7 KibKa pa3iB HATH-
CHYTH Ha KJIaBilll Enter 200 Space, TO pe3yJIbTaT OyJie TOH CaMUM.

2. Hexait 3MiHHI double a, b, c; 300paXylOTb KOeQilliEHTH
KBaJIpAaTHOTO PIBHSHHS. YBECTH B HHUX JIACHI 3HAYEHHS MOXHA 3a

JIOTIOMOT'OI0 TPhOX OKPEMHUX 1HCTPYKIIIH:
cin >> a; cin >> b; cin >> c;

Ti cami aii Oyne 3a7aHo ¥ OHIEI0 IHCTPYKITIETO:
cin >> a >> b >> c;

B 006ox curyanisix Ha KiIaBiaTypi ciig HaOpaTH TPH KOHCTAaHTH,
HaTUCKAIOYHM MK HAMHU Ha KJaBimn mpoOiny, TaOysiii abo Enter.
BuxoHaHHS IHCTPYKIIiH 3aKiHUNTHCS, KOJU MICISI TPETHOI KOHCTAHTH
Oyze HATUCHYTO Ha Enter. 4

MpakTUYHO nepen KOXHOW iHCTPYKUIEID BBEAEHHS 3 KrasiaTypu
BApTO 3anucaTy iHCTPYKLIiIO BUBEAEHHS, SiKa 3anpoLUye A0 BBEAEHHS
3Ha4eHb | BKA3YE, CKisIbKM Ta AKUX TUNIB.

Mpukaaa. YBeaeHHs 3HAUCHb Y JIMCHI 3MiHHI, 110 300paKytOTh KO-

ediLieHTH KBaJPpaTHOTO PiBHAHHS, MOKHA O()OPMHUTH TAKUM YHHOM:
cout << "Enter coefficients of quadratic equation ";

cout << " (three real or integer numbers) :\n";

cin >> a >> b >> c;

[Ticns mosiBM 1HOTO 3aIpOILEHHS Kypcop Oyne mepeBeeHo B HACTY-
MHUHA PSIOK €KpaHa, 1 3 HhOTO MOYHETHCS BiNOOpaKeHHS! CHUMBOJIIB,
HaOpaHNX Ha KJIaBiaTypi. 4

Busecmu 3nawenns 3sminnoi Ha €KpaH MOXKHA 3a JIOTIOMOTOIO iH-
CTPYKUIi BUTTISILY
cout << imM's-BMiHHOIL;

Mpuknan. [icns BBegeHHS 3HAYEHb TPHOX AIHCHHUX 3MIHHHX 32
IHCTPYKLI€IO
cin >> a >> b >> c;

MO>KHa BUBECTH iX Ha €KpaH, BiIOKPEMHBILH MTPOOIIaMu:
cout << a; cout << ' '; cout << b;
cout << ' '; cout << c;
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Ti cami Aii MOKHA 3aJaTH 1 OJTHIEIO IHCTPYKIII€IO:
cout <K a << ' ' KK b K ' ' L ¢;

Sxmo BBeneno 1, -3, 2, To Oyzae HaapyKoBaHO 1 -3 2. 4

Bnpaga 2.12. ll{o Oyne BuBeaeHO Ha eKpaH, AKIIO i 9ac BHKO-
HaHHS MPOrPaMU BBEACHO CUMBOJIA 15 n Ta HATUCHYTO HA KJIABIITYy

Enter?
#include <iostream>
using namespace std;
int main() {
int n; char a;
cin >> n >> a;
cout<<"n="<<n<<' '<<"a="<<a<<endl;
system("pause"); return O;

2.6.3. NpucBoloBaHHA:
onepauis, iIHCTpyKuUifa, Bupa3

Hamaty 3HadeHHS 3MiHHIA MOMKHa 3a JOIIOMOTOIO0 omepamii
NPUCBOIOBAHHSN 3HAYeHHN 3MiHHIiMH, sKa KOIIOE 3HAYCHHS Jie-
SIKOTO BHpa3y B 3MiHHY. 3HAKOM orlepaiii € =, ii Mo)kHa 3a/1aTH B iH-
CTPYKUii NpucBoOBaHHA (assignment statement):
iM'a-sMiHHOLI = BHpas;

Criouatky 0OYHCITIOETHCSI BUpa3 MPaBoOpyY, HOTIM HOTro 3HaYeHHS
3allUCYETHCS B 3MiHHY, yKa3aHy JiBopyd. HaiinpocrimmMu Bupazamu
€ KOHCTAaHTH Ta IMeHa 3MIHHUX, CKIaHIII OIHMCAaHO HIXKYE.

Hpuxnaau

1. SIkmo € cuMBONBFHA 3MiHHA char c;, TO IHCTPYKIIS c='0";
HaJa€ 1 3HA4YEHHA '0'.

2. 5Ixkmo € mina 3MiHHA int i;, TO mepIIa 3 IHCTPYKINH i=13;
cout<<i; Hajae il 3HayeHHs 13, a Ipyra BUBOAUTH CUMBOJIM 13 Ha
eKpaH.

3. Hexaii niiicHi 3MiHHI double a, b, c; 300paXKyIOTh KBajpaTHe
piBHstHES ax’+bx+c=0. 11[06 3anati piHAHHS x*-3x+2 = 0, IPHCBOi-

MO 1M 3Ha4YeHHS BiAMmoBiAHO 1, -3, 2, a MOTIM BUBEIEMO Ha EKpaH.
a=1.0; b=-3.0; ¢c=2.0;
cout << a << ' ' << b << ' ' << ¢;

[1ix yac BUKOHAHHS Ma€ OyTH HAAPYKOBaHO 1 -3 2. 4
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B iHCTpYKLii NMPUCBOIOBaHHS im's-sMinmoi = Bupas; JIBOPYY
iM'sl 3MIHHOI TI03HAYa€E AUISHKY TaM'siTi, B sIKY 3HAYCHHS 3aIHCYy€Th-
cs, a y BHpa3i MpaBOpydY — 3HAYCHHS, IO NOOYBAETHCS 3 AIISHKH.
JoOyBaHHA 3HaUYEHHSI 3MIHHOI Ha3UBA€ETHCA ii pO3iMeHyBaHHAM.

Mpukaagu

1. SIkmIo 3MiHHI a Ta b OJHOTHIIHI, TO IHCTPYKIIiSI a = b; KOIIiIO€
3HA4YEHHS 3MIHHOI b y 3MiHHY a.

2. 1106 0OMIHATH MiCLSIMH 3HAYEHHS IBOX OJHOTHUIIHUX 3MIHHHMX
a Ta b, CKOPUCTAEMOCS TPETHOIO 3MIHHOIO ¢ TOro camoro tumy. Ilpu-
IyCTHMO, IO 3MiHHI a Ta b MalOTh MOYATKOBI 3HAYEHHS V| 1 Wy, i
MPaBOPYY YKaXKEMO 3HAYCHHS, SIKUX HAOYBalOTh 3MiHHI MIiCIs BUKO-
HaHHs iHCTpyKUid. [TouaTkoBe 3HaUEHHS 3MIHHOI ¢ BBaXKA€THCS He-

BU3HAYEHUM 1 [IO3HAUEHE 3HAKOM 2.
c a B

Criouatky ? Vi Vy
c=a; Vi / Vi V2
a=b; Vi Vs / Vs
b=c; Vi x’ Vi

MNepen TMM, K BUKOPWUCTOBYBATWU 3HAYEHHSI 3MIHHOI, HEOOXi4HO
3abe3zreqyuTy, Wob paHilwe usa 3MiHHA 1Woro oTpuMana (nig 4Yac npu-
CBOIOBaHHS abo BBeAEHHS), iHaKwWwe MOXuBi HenepeabadyBaHi Hac-
nigkn. 3asBuyait KOMMINSTOPW SIMLIE MonepemkatoTb, WO 3MiHHa He
OTpMMasna 3HaYeHHs nepes BMKOPUCTAHHSM, TOMY 3a UMM Ma€ CTe-
YKUTK NPOrpamicT.

Bnpaga 2.13. HanmcaTy iHCTpYKIIii OroJIOMIEHHST TiHCHUX 3MiH-
HUX a, b, ¢, IPUCBOIOBAHHS iM MOYAaTKOBHUX 3HAYEHb Ta OOMiHY Mic-
ISIMH VX 3HAYEHb 332 KOJIOM: 3HAYCHHS a MEPECYBAETHCS JI0 ¢, ¢ JI0
b,b— 110 a. [lopada: TOYHITH i3 MIPOEKTYBAHHS KOY.

3anuc surnagy im's-3MiHHoi = Bupa3 (6e3 ; B KiHUi) Ha-
311BAETbC BUPA30OM NPUCBOIOBAHHA. /0ro 3HaueHHAM €
3HAYEeHHS, MPUCBOEHE 3MiHHIN.

Bupas mpucBoOBaHHS MOXKHA 3alKcaTH MPaBOpyY BiJ 3HaKa =,
Halpukiaa, a = b = 2. Jlng HaogHOCTI "BHYTpimHE" MTPHUCBOIO-
BaHHS MOJKHA 3allHCaTH B MyXKax: a = (b = 2) — il OyayTh Ti
cami. [HCTpyKIist a = b = 2; 3amae B mporpami Ti cami aii, mo i

39



MOCIIOBHICTE b = 2; a = b;. /J[OBXHWHY JTaHIIOTiB IPUCBOIOBaHb
He 00MEXKEHO.

[HCTpyKUii Ta BUpa3u MPUCBOIOBAHHS MOXYTh OYTH HYacCTHHOIO
IHCTPYKLIH 1HIIMX Pi3HOBUAIB (HANPUKIIA, IHCTPYKLIH KEpyBaHH:),
OITMCAaHUX HUXKXYC.

CyKYMHIiCTb 3MiHHMX, iMEeHa SKMX O3Ha4YeHO B nporpami,
Ha3MBaETLCA MaM'ATTIO NporpaMu’, a BiANOBIAHICTb Mix
iMEHaMM 3MiHHMX Ta iX CTaHaMn — CTaHOM naM'aTti npo-
rpamm. [puCBOOBaAHHSA 3HA4YeHHSA 3MiHHIN 3MIHKOE CTaH
nam'sti nporpamm.

IM'a  3MiHHOI € nNpuMKNagoOM  3aranbHIiWOro  MOHATTA
- |-Bupas. Tak Ha3MBaKTb BMpa3, KM MOXHA 3anucaTtu ni-
BopydY (left) y Bupasi npuceBoroBaHHA. BiH no3Hadae 3MiHHY.
Bupas, WO MO3Ha4Ya€ 3HaYeHHs 1 3anuCyeTbCA MpaBopyud
(right) y Bupa3sax npuMcBOKOBaHHSA, HAa3MBAETLCA r-BUPa3oM.

2.6.4. IHiyianizauifa 3MiHHUX

[IpucBoitu moyarkoBe 3HAYEHHsS 3MiHHIM MOXXHa B ii O3Ha4EHHI
(imimianizyBaTu 3MiHHY), ZONMCABIIN A0 iMEHI 3MiHHOI 3HaK = i
BUpa3. Y BHpa3i MOXKYTh OyTH KOHCTaHTH Ta iMeHa 3MiHHHX (3BU-
YaifHoO, SIKIIO BOHU BXK€ OTPUMAaJI 3HAUEHHS).

Hpuxnaam

1. 3a iHCTpYKLi€IO int a = 44, b = a, c; CTBOPEHI 3MiHHI a
Ta b OTPUMYIOTH 3HAYCHHS 44, a 3HAUYCHHs 3MIHHOI c 3alIHIIA€THCA
HEBU3HAYCHUM, TOMY BHUKOPHCTOBYBATH Ii 3HaUCHHS MOXHA TITbKH
IICJIS TOTO, IK BOHA HOTO OTPUMAE.

2. [HCTpyKIiA int i=j=k=0; CTBOPIOE 3MiHHI i, j, k, AKi Bigpazy
OTPUMYIOTh 3HAYE€HHS 0. ¢

Bnpaga 2.14. Koo Ha 1wiomuyHi MOKHA 3a7aTd HOTO IIEHTPOM i
paniycom. Hamucatu nporpamy, B siKiii 3MiHHI, 110 300pa’Kyl0Th KO-
JI0 Ha IUTOIIMHI, OTOJIOMIEH] Ta iHII[iaTi30BaHi IS KOJa 3 EHTPOM Y
touti (1,5; 2,3) 1 pagiycom 3,5. [Iporpama Mae BUBECTH KOOPAMHATH
LEHTpa KoJia Ta fioro pazaiyc.

7 Jlami moGaumMo, 1O B POLEC BUKOHAHHS IIPOrPaMK 3MiHHI MOXYTb J01aBa-
THCS 10 11 mam'sti a0o, HaBIIaKH, BUITyYaTHCS.
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2.7. NMoOHATTA BXiAHOro NOTOKYy

2.7.1. TOHATTA NOTOKY

YV moBi C++ OCHOBHHM TIOHSATTSIM YBEICHHS 1 BHBEICHHS NaHUX
€ MOTIiK — MOCIIIOBHICT, CHMBOJIIB 200 1HINMX JaHUX. Y Mporpami
NnoOmiK € npedcmasHuKom (izuyHo2o ¢haiiry Ha 30BHIITHBOMY HOCIT
JIaHuX (OUCKY, KaBiaTypi abo eKpaHi MOHITOpa), a omnepauii 0OMiHy
JaHUX 13 QaiiioM 300pakeHo sIK oreparii JoOyBaHHS JaHUX 13 MTOTO-
Ky abo JomnucyBaHHS iX 10 HBOTO.

VY mporpamyBaHHI iCHy€ MOHATTS cTaHAapTHUX ¢aiiaiB yse-
IEHHS W BHWBENEHHS — 3a3BHYaii HUMH € KiaBiaTypa Ta ekpaH. Y
C++-niporpami iM BiANOBIJAIOTh CTAHAAPTHHUI MOTIK yBeJeHHS
3 IM'IM cin 1 CTAHAAPTHHUN MOTIK BUBeAEHHS 3 IM'IM cout. OT-
e, IMeHa cin 1 cout, O3Ha4eHI y (paiili iostream, HACTIPaBIi IIO-
3HAYAIOTh HE KJIaBiaTypy Ta €KpaH, a OTOKH, IO BiAMOBIAAIOTH IIHM
MIPUCTPOSM y Tiporpami. Ha movyatky BHKOHaHHS TIporpamMu OoOHIBa
MOTOKH cin 1 cout MOPOXKHI.

I3 3ac00iB 0OpOOKHM ITOTOKIB PO3TIISTHEMO JIMINE OIeparii BBe-
OeHHs1 >>, a00 100yBaHHS, JaHUX 31 BXIJHOTO TOTOKY, i BUBe-
OeHHS <<, a00 BCTaBKHU (insertion), NaHUX y BUXiTHUN MOTiK. Po3-
U] HIIUX 3aC001B BUXOJUTH 3a MEXKI 1i€] KHUTH.

2.7.2. Onepauina BCTaBKM 3 NOTOKY

Bupas i3 onepariiero BBeleHHs (BCTaBKH 3 MOTOKY) >> MAa€ BHU-
U cin >> im's-smimmoi. JlofaBImm B KiHII BUpa3y CHMBOI ;,
MaEMO IHCTPYKIIiIO BBEJCHHSI.

BukoHytoun omnepanito BBeJICHHS, KOMITIOTEp 3abupae 31 BXiTHO-
r0 MOTOKY TOCIiJJOBHICTh HEMOPOXHIX CHMBOJIB, 32 SIKOIO CTBOPIOE
BIJIMOBI/IHE 3HAYCHHS Ta MPUCBOIOE 3MiHHINA. Y Ci IOPOKHI CHMBOJIH
MIPOMYCKAIOThCA. SIKIIO y BXIJHOMY MOTOLI HEMA€e HEMOPOKHIX CUM-
BOJTIB (ITOTIK TIOPOXHIi), TO KOMIT'IOTEp OYiKy€e Ha HOTO MOTIOBHEHHS.
[MoTik MOMOBHIOETHLCS, KOJH JIIOAMHA HAaOUpae Ha KIaBiaTypi IEsKy
MIOCITIZIOBHICTh CUMBOJIIB (BOHU 3'SBIISIIOTHCSA Ha €KpaHi) 1 HATHCKae
Ha KJIaBillly Enter.
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3rigHO 3 TMNaMKU 3MiHHUX, B SIKi BBOAATBHCS 3HAYEHHS, onepauis
>> PO36MBAE BXIAHMY OTIK HA siekcemy (NOCNIAOBHOCTI HEMOPOXKHIX
CUMBONIB) | NEPETBOPIOE iX Ha 3HAYEHHS NeBHUX TUNIB (/HTEPrpeTyE
siexkcemy). OTe, onepawiio >> MOXHa po3rnsaaaTu SK iHTeprperayio
BX[/JHOro r10TOKY CUMBO/IIB.

3HauYCHHSIM BUpa3y BBEJCHHSI € TOU MOTIK, 3 SKOTO B35ATO CUMBO-
mu. JIo HhOTO 3HOBY MOKHA 3aCTOCYBATH OIEPAIlilo >>, TOOTO MOX-
TIMB1 BUPA3H BUTIISITY
cin >> iM's-8Minroi 1 >> iM's-BMinHOI_ 2
Ta aHAJIOTIYHI iM 13 OIIBIIOK KUTBKICTIO 3MiHHUX. HaBeneHuil Bupas
€KBiBJICHTHUI BUPa3y
(cin >> iM'g-8Mimnoi 1) >> iM'a-sMiHHOI 2
# 3a7ja€ MOCIITOBHE BBEICHHS 3HAYEHb IBOX 3MIHHUX.

Mpuxnan. SIkmo € 3MiHHI char cl, c2; 1 Wi YaC BUKOHAHHS
cin >> cl >> c2; HATUCHYTH KJIaBillli Space, W, Space, Space, 3, Q,
Enter, TO 3MiHHI OTPUMAIOTh 3HAYCHHS 'W' Ta '3', a Q 3AJIUIIUTHCS
y BX1IHOMY TIOTOIII. ¢

3a cTaHAapTHUX HanawTyBaHb orepauis >> rnponyckae BCi Nopo-
XKHi CUMBONN BXiHOrO MOTOKY.

3a CTaHIapTHUX HAIAIITYBaHb, YTBOPIOKOYH 32 BXIJIHOKO ITOCTIIO-
BHICTIO YHCIIOBE 3HAUCHHS, ONeparllist >> PO3rIsiAae BXiHY ITOCIIIOB-
HICTB SIK Oecsimioge 300pakeHHs yrcia. J{ificH] yrcia Mo)kKHa 3a/1aBa-
TH B HOpMai30BaHiil ¢popmi, a Takox 6e3 IpoOoBoi yacTUHU. Y ApO-
0OBiif YaCTUHI BUKOPUCTOBYETBCA Kpanka, a He koma. [y minux 4u-
cen ApoOoBa YacTHHA W TOPSIOK HE JOMYCKAIOThCS;, 3aaHe UHCIIO
MOBUHHO HAJISKATH Jiala30Hy MOKJIMBHX 3HAYCHb THUIlY, KM Mae
3MiHHA, IHaKIIle BBEICHHS MOXE MaTH Herepe0adyBaHi HaCIiIKH.

Mpuxnan. fxmo € 3MiHHA int k; 1 MmO Yac BUKOHAHHA
cin >> k; HATUCHYTHW KJaBimm 0, 1, 1, Enter, TO 3HAYCHHAM k Oy-
e 11. Skno € 3MiHHA double x; 1 MiJl YaC BUKOHAHHS cin >> x;
HATUCHYTO KJIABIIlIi 8, Enter, TO x OTPUMY€E 3HAUCHHS 8.0, a SKIIO 1,
e, 2, Enter, — 3Ha4YCHHS 100.0. 4

Ilin wac yBeneHHs 3 KiaBiaTypu IMOMHIIKH HAH4YacTillle Tparuis-
FOTBCS 3 YMCJAOBMMH 3MIHHUMH. SIKIIO IMiJl 4ac BUKOHAHHS BUpPa3y
BBEJICHHS CTajacsl MOMHIIKA, TO BXIJHHH IMOTIK MEPEXOAUTh y CTaH
NMOMUJIKH, B TKOMY BUKOHAHHA HOOANbULUX ONEepayill y8eOeHHs He-
Modiciuge. 3a HASBHOCTI TOMMJIKW 3HAYCHHS 3MIHHOI, B Ky MAaJio
BiIOyTHUCS BBEeNEHHS, He 3miHoembes. OTxke, KO 3MIHHY HE 1HIIi-

42



aTi30BaHO Ta 3HAYCHHS 1l HE MPUCBOEHO, TO i1 3HAYCHHS 3aJIUIIAETH-
cs "BUIIAAKOBUM CMITTIM"!

Bupasu
2.15. Hexaii mix yac BUKOHaHHS POTpaMH KOPUCTYBad MOCIIiJOBHO
HATHCHYB Ha KJaBilli 5, Enter, 7, Space, 9, Enter. Illo BiH mo-
0aunTh Ha eKkpaHi?
#include <iostream>
using namespace std;
int main() {
int i, j, k;

cout<<"Enter 2 integers:"; cin>>i>>j;

cout<<"Enter an integer:"; cin>>k;

cout<<"Entered integers: " << i <<
"," <K< j <", " << k <<endl;

system("pause"); return 0;
}
2.16. Un Moxe 3MiHHA char cl TiJ 9ac BUKOHAHHS cin>>cl OTpH-
MaTH 3HaueHHsS ' ' (mpoOi)?
2.17. 3amycTiTh Ha BUKOHAHHS IPOTpaMy, HaOepiTh 100e777 i HATHU-
CHITb Ha Enter.
#include <iostream>
using namespace std;

int main() {
int i; double x;

cout<<"Enter one real:"; cin>>x;
cout<<"Enter one integer:"; cin>>i;
cout<<"Entered numbers: "<<x<<", "<<i<<endl;

system("pause"); return 0;
}
[Ilo 6yne BuBeneHo Ha ekpan? Yn Oyae KOMI'IOTEp OYiKyBaTH BBe-
neHHsI 1ijoro yucia? [TosScHITh OTpuMaHi pe3yJIbTaTH.
2.18. lIlo 3MiHUTBCS Yy BHUKOHAHHI TOIMEPEIHBOI MPOTPAMU, SKIIO
3aMiCTh IHCTPYKITIH int i; double x; 3ammucaTa
int i=0; double x=0;?

KOHTpONbHI 3anuTaHHA

2.1. ki 000B'I3KOBI YaCTUHU MOBUHHA MaTH MporpamMa Moot C++?
2.2. 3 IKUX IBOX YaCTUH CKIIAAaeThes GyHKIlis MoBu C++?
2.3. SIxi OCHOBHI rpyIy CHMBOIIB € B anaiti MoBu C++7?
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2.4. SIki BUIH JIEKCUYHUX OJUHUILG € B MOBI C++?

2.5. o Take im's B MmoBi C++7?

2.6. o Take 3minHa? Lo Take 3MiHHA B MpOrpaMyBaHHi?

2.7. o Take tun ganux? 1o Take HOCI# i cUTHATYpa THITY?

2.8. o Take koHcTaHTa? SIKi PI3HOBUIM KOHCTAHT € B MOBi C++?
2.9. 1o Take BUpa3 Ta IHCTPYKIIisl IPUCBOIOBAHHS?

2.10. Y yomy moJsrae ceMaHTHKa IHCTPYKIIil TPUCBOIOBAHHS?

2.11. 1o Take mam'siTh MPOrpaMu Ta CTaH MaM'sATi Iporpamu?

2.12. Ilo € ceMaHTHUKOIO MOCIiAOBHOCTI IHCTPYKIIi IPUCBOIOBAHHS?
2.13. Ilo Take MOTiK 3Ha4YEHbL?

3apaui

2.1. Harmmmite mporpamy, sika BUBOAUTH TIOB1TOMIIEHHS
Each algorithm is a list of well-defined instructions
for completing a task. Starting from an initial state,
the instructions describe a computation that proceeds
through a well-defined series of successive states,
eventually terminating in a final ending state.
3BEpHIThH YBary Ha po3TalllyBaHHS TEKCTY 1o psakax. [1{o06 orpu-
MaTH OXaiHe MOBIJOMIIEHHS, 32 HEOOXIJHOCTI MOYMHANTE BHBE-
JICHHS 3 HOBOTO psIIKa.

2.2. Hanmmmite mporpamy, sika ApyKy€e oxXaiHe MOBiIOMICHHS TaKOTO
3MiCTy: Lo mporpaMy CTBOPMB CTYHAEHT .. T'PyoM .. y .. pPo-—
ni. 3amicts ".." BcTaBTe OcOOMCTI aHi (Tpi3BHUILE, iM'S Ta MO-
0aTbKOB1, HOMEP IPYIH 1 PiK HAMCAHHS IPOTPaMH).

2.3. [ligroryiite pedepar Ha Temy: "CrnocoOH 3armmcy CUMBOJIBHUX

KOHCTAaHT i CHMBOJIiB Yy psakax y MoBi C++".
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PO3A4IN 3
NMPOCTI MATEMATUNYHI
OBYMCJIEHHSA

3.1. ApucpmMmeTnuHi onepauii

3.1.1. Onepauii, onepaHaun, BUpasm

OOuncnroBanpHi Aii B MporpaMyBaHHI Ha3WBAIOTHCS OMepalis-
mu. Omnepariii 3aCTOCOBYIOTBCS IO OMepaHAiB, TOOTO 3HA4YeHb. 3a-
CTOCYBaHHsI OIlepauili A0 3Ha4YeHb ONUCYIOTh Yy BUITLIAI BMpa3y
(expression). TlocnigoBHICTD 3aCTOCYBaHHS OINEpallii Ha3MBAETHCS
00YMCJIEHHSIM BUpa3y W Mae pe3yjbTaTOM 3HAYEeHHSI BHPa3y.
Oneparii y BUpa3i NO3HAYAIOTHCS 3HAKAMH (OMepaTopaMu), a 3Ha-
YeHHS — KOHCTAaHTAMH Ta iIMEHaMH 3MIHHUX. Y BHpa3i TAaKOX MOXKYTh
OyTH OyXK{, II0 BHU3HAYAIOTh HOPSIOK 3aCTOCYBaHHs OIeEpariil.
HaiinpocTimumu Bupa3amMu € Ti, IO HE MICTATH omepauid, To0To
KOHCTaHTHU Ta iMEHa 3MiHHHX.

Mpuxnan. Bupaz 2+2 o3Hayae: AoAar0Thes 2 Ta 2 1 3HAYCHHAM
BHUpa3y € 4; BUpa3 2*radius — 2 MHOXXUTHCS Ha 3HAYCHHS 3MiHHOL
radius 1 3HaUEHHAM BHpa3y € MOABOEHE 3HAYCHHS i€l 3MiHHOI;
142*3 — MHOXAThCS 2 Ta 3, oTpuMaHuil [oOyTOK 6 momaerbes 1o 1 i
3HAYCHHSM € 7; (1+2)*3 — gomawTbes 11 2, X cyma 3 MHOXHUTBCS
Ha 3 Ta 3HaYeHHAM € 9. J/[Ba ocTaHHI BUpa3H IEMOHCTPYIOTh, SIK JIy-
KKH BIJIMBAIOTh HA IOPSIIOK omepamin. 4

Bvpa3 Mae noagiiiHy ceMaHTUKY — r10C/7i40BHICTL onepawyiyi 3 one-
paHAAMW, @ TAKOX 3HAYEHHS, WO € PE3yNbTAaTOM L€l NOCMiAOBHOCTI.
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Onmnepallis 3 0THUM a00 KiJIbKOMa 3HAYCHHSIMHU, PE3yJILTATOM SKOI
€ YHCIo, Ha3WuBaeThca apupmMeTHdHO. CIOYATKy PpO3TISTHEMO
TINBKU A€sIKi 3 0araTboX apuQMeTHIHUX oneparniii mosu C++.

Onepartii foqaBaHHs, BiTHIMAHHSA, MHOMKEHHA U JiJTeHHHA
MaloTh 3HaKH BiJIIOBIHO +, -, *, /. Pe3ynpraTom onepartii 3 yirumu
YUCIIAMHU € yijle YUCIIO, 3 diticHumu — Oiliche. Hanpukian, 3HaYeHASIM
BHpa3y 4/2 € IijJe YHUCIo 2, a BUpa3y 4.0/2.0 — milicHe 2.0. 3acTo-
CYBaHHS OTIepalliil 10 PiI3HOTUITHUX 3HAYCHb PO3TIISTHYTO HIDKUE.

3HaK - IO3HAYa€ SK JBOMICHY OIEpallilo BiJHIMAHHS, TaK 1 OJ-
HOMICHY omeparlito "MiHyc": -32768, -(2+3). 3HaK + TaKOX MOXE
[M03HAYATH OJJHOMICHY OTIepaIlito.

PesynbraToMm mineHHs / MUIMX YHCEN € yiia Yacmka BiIl JiIEHHS 3
OCTaver0, HATPHUKIIA/, BUpa3 7/3 Mae 3Ha4deHHs 2. [[iny ocmauy Bin mi-
JICHHSI OOYMCITIOE OTepallisl %: 3HAYCHHIM BHPa3y 7%3 € 1. 3ayBaxKuMo:
3HaK OCTadi 30ira€Thesl 31 3HAKOM JALIEHOTO, HAIIPUKIIA], 0OUABa BUPA3H
-7%3 Ta -7%-3 MalOTh 3HAYCHH -1, a BUPa3 -7%-3 — 3HAYCHHS 1.

Pesynbprarom misieHHsI IMCHUX YUCEN € YHCIO B HOTO JiHiCHOMY
300pakeHHi, HaNpPWKIaA, 3HaYeHHSIM BHpa3y 7.0/3.0 € JesKke Ha-
OJIMKEHHS 710 YKcia 2. 33.., a BUpa3y 6.0/3.0 — YUCIIO 2. 0.

Onepalist $ [0 AiNCHUX YNCEN HE33CTOCOBHA.

BukoHaHHs onepauii / abo % 3 ainbHMKoM 0 Npu3BOAWTL A0 aBa-
PiiHOro 3aBepLUEHHS MPOrpaMu.

[HCTpYKIIiS BUTISAAY cout << Bupas; OOYHCIIOE Ta BUBOJUTH
3HAYCHHSI BUPa3y.

Bunpasu

3.1. o 6yxe BUBEICHO HA €KPaH 3a TAKUMH iHCTPYKLISIMHU?
cout<<9/5<<' '<<-9/5<<' '<<9/-5<<' '<<-9/-5<<endl;
Ccout<<9%5<<' '<<-9%5<<' '<<9%-5<<' '<<-9%-5<<endl;
cout<<9./5.<<endl;

3.2. o Gyne BUBENICHO HA €KPaH 32 TAKUMH iHCTPYKIISIMHU?
cout<<7/3<<' '<<1l/6<<endl;
cout<<7./3.<<' '<<1l./6.<<endl;

3.3. [IpumycTumo, 110 3HaYeHHS AiHCHOI 3MiHHOI length BiAIOBima€e
JOBXKHWHI OyiBii B MinmiMeTpax. Hammrcatu Bupas, mo 3amae 10B-
XKHUHY OYy[iBIIi B METpax.
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3.4. Hexaii 3HaueHHS L1071 3MiHHOI sizeOfFile 3a1a€ po3Mip daii-
my B Oaiitax. Hammcatu Bupas, 3Ha4YE€HHSAM SIKOTO € PO3MIp
¢atiny B Kbaiitax.

3.5. Hexaii v — iM'st U101 3MIHHOI 3 HEBII'eMHUM 3HadueHHsIM. Harmca-
TH BHUPA3, KUK OOUMCIIOE: ) 3HAYEHHST MOJIO/IIOI AECSITKOBOI LIH-
(pu gncna v; 0) 3HAYSHHS MOJIOMIIOT ABIHKOBOI Iwippy umcna v.

OpnHoMicHa ormepallis sizeof OOYHUCIIIOE 1Y KilbKicmb Oauimis,
3aiHATHX 11 omepaHAOM (HaHi THIY char 3aiiMaioTh 1 Oaift, THIy

int — 4 GaiiTH, double — §8). OTXe, miJl Yac BUKOHAHHA IHCTPYKITii
cout<< sizeof 'A' << ' ' << sizeof 1 << ' '
sizeof 0.0 << endl;

OTpHMaEeMo 1 4 8.

3.1.2. CtaplIMHCTBO onepartopiB
i NOpAAOK BUKOHAHHA onepayin

MoBa C++ B OCHOBHOMY BIAINOBiZa€ yrogaM MaT€MaTHK{ IIPO
MOPSIIOK 3aCTOCYBaHHS omepawiil y Bupaszax. Lle no3sonse He 3amu-
CyBaTH 3aiiBi IOYXXKW, HANpHUKIa, 1-2*3 O3Ha4ae T€ came, o M
1-(2*3). Ha mopsgok oOuucieHHS BHpa3y 3a BiICYTHOCTI OYKOK
BIUTUBAE CTAPMIMHCTBO (precedence), abo mpiopuTeT, omneparo-
piB: SIKIIO MOPYY i3 TIO3HAYEHHSM OIIEpaH/Ia 3alliCaHo JBa OIeparo-
PH, TO CIIOYATKy BUKOHYETHCS OIEpaLlisl, IO BiANOBIAA€ CTAPILIOMY
oreparopy (3 BUIIUM TipiopuTeToMm). Hampukian, mpiopuretu * ta /
OJTHAKOBI ¥ BUII 32 + 1 -. OJJHOMICHI OTIEpaTOpH CTapIii 3a JIBOMIC-
Hi, a TBOMICHI *, /, %, -, +, CTapIIli 3a BCi IHII IBOMICHI, Y TOMY YH-
CJTi IPUCBOIOBAHHS.

OxpiM TIpiopHUTETIB, ONEPATOPH MAIOTh BIACTHUBOCTI MpaBo- abo
niBoOiyHOTO 3B'si3yBaHHS. Y MOBI C++ yci MBOMICHI OmepaTopw,
OKpiM TPUCBOIOBaHb, MAaIOTh BJIACTHBICTH JiBOOGiUHOro 3B'A3y-
BaHHS: SKIIO JIBOPYY 1 IpaBOpyY BiJ] MO3HAYCHHS OTEpaHa 3aIu-
CaHo 3HAKH OTepaliil 3 OJHAKOBUM CTapIIMHCTBOM, TO OIEPaH] 3B's-
3YETHCS 3 OTNIEPATOPOM, YKa3aHHM JIiBOpYY (ISl Omepariisi 3aCTOCOBY-
€ThCA CTOYATKy). JlokamHimme mpo MpiopUTETH ONepaTopiB i Biac-
TUBOCTI 3B'sI3yBaHHs JUB. y J0AaTKy b.
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Hpuxnaau

1. 3HayeHHsIM BUpa3y 4+7/5 € 5, OCKUJIbKH CIIOYaTKy OOYHCITIOETh-
cs 7/5 13 pe3yNnbTaToOM 1, a TOTIM 4+1 i3 pe3yJbTaToM 5. 3HAUYCHHAM
BUpa3y (4+7)/5 €2, OCKUIBKH CIIOYATKy OOUYHMCIIOETHCS OTepallisi B
IOy’)KKax (4+7) —1i 3Hayenns 11, a moTiM 11/5 i3 pe3yabTaToOM 2.

2.Y BUpa3i sizeof 2.0+4 OOYHUCIIOETHCSA sizeof 13 pe3yJjbTa-
TOM 8, TIOTIM JOAAETHCS 4.

3. 3HaueHHs BHUpa3y 4-3-2 MOPIBHIOE -1, OCKIJIBKU CIIOYATKy 00-
YHUCITIOETBCS 4-3, TOOTO 1, a MOTIM 1-2; Y BHpa3i 2*7%8 CIIOYATKY
00YHCITIOETHCS 2*7 (11e 14), TOTIM 14%8, TOOTO 6.

4. Hexaii nificHi 3MiHHI a, b, ¢ 300paXkyI0Th KOe(II[iEHTH KBaapa-
THOTO piBHAHHS ax +bx+c=0. JIUCKPUMIHAHT PiBHSHHS BHM3HAYa-
€TBbCS BUPA30M b*b-4*a*c. [IpucBoiMO Horo milicHii 3MiHHIH d:
d=b*b-4*a*c. ¢

MpiopuTeTV onepaTopiB AO3BONSAKOTL HE 3aNUCYBaTU 3alBi AYXKKMY,
ane 310B8xuBati LuM He 4. THkonn HeoboB'A3KoBa Mapa AyXOK
3HAYHO NigBMILYE 3po3yMinicTb 3anucy. Hanpuknag, vy Bupasi
sizeof 2.0+4 npobin MK sizeof Ta 2.0 NPOBOKYE NOAUHY CrO-
yaTky (NOMUKOBO) O6YMCIMTM 2.0+4, a NOTIM sizeof. [lpoTe
sizeof (2.0)+4 € OYEBUIHUM.

Bunpasu
3.6. 1o OGyxe BUBEICHO HA €KPaH 3a TAKUMH iHCTPYKLISIMU?
cout<<1l+4/2<<' '<<(1+4) /2<<endl;
cout<<2*4%7<<' '<<2* (4%7)<<endl;
cout<<51/6%7<<' '<<51/(6%7)<<endl;
cout<<2* (7%8)<<' '<<12/6%8<<' '<<5-3%2<<endl;
3.7. o 6yxe BUBECHO HA €KPaH 3a TAKUMH iHCTPYKLISIMHU?
cout<<4*6/8<<' '<<4/8*6<<endl;
3.8. o O6yxe BUBECHO HA €KPaH 3a TAKUMH iHCTPYKLISIMHU?
cout<< (-3+5) * (2%7/3+4*2) <<endl;
3.9. o 6yxe BUBEICHO 32 TAKUMH iHCTPYKLISIMHU?
a) int a=2, b=3;
cout<<"a*b="<<a*b<<";\n***"<<endl;
6) int a=3, b; cout<<a*a<<' '<<a+4<<'\n';
3.10. Hexaii a, b, ¢ — AilicHi 3MiHHI, 1110 IMO3HAYAIOTh JOBXXUHH CTO-
piH TPUKyTHHKA. 3alUIIITh BUPa3, IO 3aJa€ MEPUMETp, Ta iH-

CTPYKIIifO, sIKa MIPHCBOIOE IEPUMETP 3MiHHIH p.
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3.1.3. Bi6bnioTeuHi MaTteMaTU4Hi dyHKUII
Ta KOHCTaHTH

Jeski onepariii 3 YuciIaMu MO3HAYAIOTh BUKJAMKAMH QYHKUIH,
TOOTO y BUTJISAAL £(...), Ie £ MMO3HAYae NeBHe iM's. PosrisHeMo nBi
(hyHKIIi1, 03HAYEHI B yCix peamizalfisx Mmosu C++. J{ist BUKOpUCTaHHS

nux (YHKUIN y mporpami HEoOXiHO MiJKITIOYUTH MOAYJb cmath:
#include <cmath>

OpHoMicHa QYHKLIS sqrt OOYMCIIIOE KBaJpaTHUH KOPiHb CBOTO
HEBIJ'€MHOTO AifiCHOTO omepaHa. 3HAaYeHHSM BHpa3y sqrt(2.0) €
NpUONM3HO 1.41421, a sqrt(4.0) —3Ha4YeHHs 2.0. J[o minuX ymcen
bYHKIIS He3acmocosHa.

JBoMmicHa QYHKLIS pow OOYUCIIOE AIMCHUHA CTEMiHb, OCHOBOIO
SIKOTO € TIEePIIUi onepaHi, MOKa3HUKOM — Apyruid. Hanpukian, 3Ha-
YEeHHSIM BHpa3y pow (2.0, 3) € 8.0, BUpa3y pow(2, 0.5) — nNpubIu-
3HO 1.41421. PesynpraToM (GyHKIIT pow 3aBXKIH € TiHiCHE 3HAYCHHS.

OyHKIIS 1og 00YKMCIIOE HATYPaJIbHUH JIOTapru(M CBOTO T0JATHO-
ro JifiCHOTO apryMeHTy, (YHKIS loglO — AECATKOBUH JIOTapuQM.
3acTocyBaHHS QYHKLiH 1O IITUX apryMEHTIB € HOMUJIKOBHM.

OyHKIIS fabs 00YHCIIOE AiliCHE 3HAYEHHSA |x| 32 MIHCHUM apry-
MeHTOM X. DyHKIis abs i3 0i0Mi0TEKH cstdlib OOYHCIIOE 1Iijie 3Ha-
YeHHS |x| 32 WM apryMEHTOM X; SIKIIO apryMEHT AIMCHUIA; o0uuc-
JICHE 3HAYCHHS MOJKE BIJPI3HITHUCS BiJl MATEMaTHYHOTO.

Mpukaagu

1. Kopinb 13 HEBig'€eMHOTO OUCKpUMiHAaHTa KBaJIpaTHOTO PiBHSH-
HA 3 JIACHUMH KoedillieHTaMHu a, b, ¢ MOXXHA OOYHCIUTH BHUPA30M
sqrt (b*b-4*a*c), a JIMCHI KOPEHI PIBHSHHI — BHpPa3aMu (-b-
sqrt (b*b-4*a*c) )/ (2*a) Ta (-b+sqrt (b*b-4*a*c))/(2*a).
JyXKu B 3HaMEHHHUKY 000B's13K0Bi. SIK10 iX He 3amucartu, TO Bigoy-
JIeThCS HE IIeHHS, a MHOKCHHS Ha a.

2. Bupa3z pow (b*b-4*a*c,0.5) MMo3HAa4Yae OOYMCICHHS KBajpat-
HOTO KOPEHSl 3 b*b-4*a*c, BHpa3 pow(b,1.0/3.0) — OOYMCIICHHA
KyOiYHOTO KOpeHss 3 b, a oOuaBa BHpa3HM pow(2.0, 5) Ta
pow(2, 5.0) — IiTHECCHHs MIMCHOIO YKcia 2.0 0 CTEIeHs 5. 3Be-
PHITB yBary: BUpa3 pow (2, 5) i3 IBOMa IUIMMH apryMEHTaMH € T10-
MIJIKOBUM.
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3. 3HaueHHSIM 1logl0(2.0) € (Habmmkeno) 0.30103, 3HaveHHSIM
log (1) — miticue 0.

4. 3HaueHHsIM fabs (-2.0) € filicHe 2.0, 3HAYCHHSIM abs (-2) —
iie 2. 4

V¥ crangapti moBu C++ BiJICYyTHI MaTeMaTH4YHI KOHCTaHTH, 30K-
pema Ti, mo mo3HavaroTh yncia t=3.141593... Ta e=2.7182818....
HatomicTs y 0i0mioTeni cmath O3HAYEHO KOHCTAaHTH® 3 iMeHaMu
M_PI (uyucio m), M PI_2 (m/2),M PI_4 (n/4),M 1 PI (l/m), M _E (uuc-
70 e), M IN2 (In 2), M 1N10 (In 10) i mesxi inmi. 1I{o6 xopuctyBaTu-
Cs1 HUMH, HEOOXITHO Iepe/ MiIKII0YCHHIM 0101i0TeKH cmath 3aIlu-
CaTH JUPEKTUBY #define _USE_MATH DEFINES (define — o3Hauuth).

IIpukaan. IIporpama
#include <iostream>
#define USE MATH DEFINES
#include <cmath>
using namespace std;
int main() {

cout<<"pi="<<M PI<<endl;

cout<<"e="<<M E<<endl;

cout<<endl;system("pause"); return O;
}
BUBOJINTH 3HAUYCHHS MAaTEeMaTHYHUX KOHCTAHT T Ta €. 4

bibmoTexn cuctem mporpamyBaHHS MOBOIO C++ MICTATH Pi3HO-
MAaHITHI KOHCTaHTH ¥ YMCIICHHI MiAIpOrpaMu, IO peali3yloTh MaTe-
MaTH4Hi Ta iHmI ¢GyHKLIi. 3ayBaxuMo: ckiajx 0i0mioTeK y pi3HHX
CepeIOBHINAX MOXKEe OYTH Pi3HUM, TOMY BHUEPITHY iH(MOpMAIIit0 PO
BMicT 6i0i0TEeK MOJKE JaTH JIAIIE JTOBiKa B KOHKPETHOMY CEpelo-
Bumi abo cami GibmioTeuni ¢ainm. oxmagnime mpo 3a3HaueHi i
Jesiki iHmn GyHKOii uB. y goaatky B.

dyHkUia B MoBi C++ — ue yacTuHa nporpamm, oopm-
NeHa cneuianbHUM YNHOM.

Slximo mporpama omnucye fii 3 po3B'si3aHHs IeSKOoi 3a1adi, To QyH-
KIIisl OMHUCYe Mii 3 pO3B'I3aHHS JEAKOi YaCTWHH IIi€i 3amadi, TOOTO
mig3anadi. [leid Tepmin Oyzie yTOYHEHO B po3a. S.

8V nestkux Bepcisix MoBu C++ 11l KOHCTaHTH 3aMiHCHO BiAMOBITHUMH 0i0ioTE-
YHUMH (QyHKIIIMH.
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Bupasu
3.11. Hatmcatn Bupa3 moBu C++, BIIMOBITHUN 10 MaTEMaTHIHOTO
BHpa3sy:

a) Va* +b2;6) (a+b)"7;8) (@2 +52)3; 1) ‘JZ—\/Z‘.

3.12. Y maremaruni € ToToxHicTe log, y =Iny/lnx. Hamucatu
Bupa3 MoBu C++, BIANOBIIHUN 10 MAaTEMaTUYHOTO BHUPA3Y
log, ».

3.13. Hanmcatu nporpamy, 1110 BUBOAWTH 3HAYEHHS V2.

3.14. HanucaTy nporpamy, o BUBOAWTS 3HaueHHs (2,5)"C.

3.15. HanucaTu nocimiioBHI iHCTPYKLii IPHCBOIOBaHHS:

a) 3MiHHiil d 3HAYEHHs MATEMaTHYHOrO BUpasy b’-4ac, a x1 Ta

x2 — Bupasis (-b—~d)/(2a) Ta (=b++/d)/(2a);
0) 3MiHHIA p 3HAYEHHS MaTeMaTUYHOro Bupasy (at+b+c)/2, a
3MiHHIN s — BUpa3y \/p(p —a)(p-b)(p-c).

3.16. Hanncatu nporpaMy BHBEIEHHS Ha €KpaH YUCEI T Ta e.

3.1.4. CknaaeHi NnpucBoOOBaHHSA

Bupasu npucBorOBaHHS JIy’Ke 4acTO MalOTh BUTIISA, HAIPUKIAI,
a=a+b, a=a*b TONIO, TOOTO 30UIBIIYIOTh 3HAYEHHS 3MIHHOT a Ha Be-
JINYMHY b, MHOXXaTh Ha b ToII0. Taki NpUCBOIOBAaHHSI MOXKHA 3aja-
BaTH 3a JOMOMOIO0I0 CIEIiaJbHIUX ONEPATOPIB y CKOPOUCHIH (hopmi:
a+=b, a*=b, AKi HA3UBAIOTh CKIAACHUMHU (compound) IPUCBOIOBaH-
HaMu. Ha michi b MoxHa 3anucatu OyIb-sKUil BUpa3 BiAIOBITHOTO
TUITy. 3HAYEHHSM BUpPA3y NPHUCBOIOBAHHS € HOBE 3HAYCHHS 3MIiHHOL
B Horo miBiii wactwHi. Hampukiam, 3Ha4eHHSIM a+=b € HOBE 3Ha-
YEHHS 3MIHHOI a.

B omnucanwmii crocid 10 3MIHHOI MOXKHA 3aCTOCYBaTH OYAb-AKY 3
omepariii +, -, *, /, %, a Takox Jeski iHmi. Hanpuknan, 3aMicTh
number=number%10 MO>XHa HanucaTu number$%$=10, 3a-
MICTB degree=degree+pow (2,n) — BUPa3 degree+=pow (2,n) .
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Bupasu
3.17. 3anmucatu KilbKa BapiaHTIB BUpa3y, IO MOJBOIOE 3HAYEHHS
1101 3MIHHOA.
3.18. 3anucaru Kinbka BapiaHTIB BUpa3y, IO 30ibIIye 3HAYECHHS
o1 3MIiHHOT Ha 2.

3.1.5. Oco6auBocTi WiAnx TMniB

Kosken 1inuii TAM 3alUKIEHO, TOOTO HACTYITHUM ITiCJISI MaKCH-
MaJIHOTO YHUCJIa B THUII € MiHiManbHe (muB. c. 13). Hexaii y mino-
My TH € 2" 3HaYeHb (1 — KUTBKICTh OITiB y 300pa)KeHHI JTaHUX
HOTO THUITY) 3 BIAMOBIJHUM MaKCUMAalIbHUM, K€ IMO3HAYNMO MAX.
Akmo cyma abo pi3HULS ABOX YHCEI I[IJIOT0 THUITY OUJIbIIE MAX, TO
BOHA 300paky€ThCs B THITI YUCIIOM, sIK€ Ha 2" MEHIIE CIPaBKHbOT
CyMH YH pi3HHUII. SIKIIO crpaBXHA cyMa a0o Pi3HHISI MEHIIE Mi-
HIMQJIBHOTO 4YHCJa IOrO THIY, TO pe3yjibTar Ha 2" Oimbiie ii.
AHAIIOTIYHO Pe3yIbTaTOM MHOXEHHS JBOX YUCEI JIESIKOTO THUITY €
JesIKe YHCII0 IILOTO CaMOTro THUILY, PI3HHUIIS MK SKUM 1 CIIPaBXKHIM
n00yTKOM KpaTHa 2".

Mpuxaan. Y tumi int 3HadenHs 12! =479 001 600 300paxkyeTbes
npaBwibHO, a 13!=6227020800 300paxyerbes sk 1932053504,

10670 13-23%. ¢

Bupaga 3.19. Illo Oyze BuBeaeHO Ha €KpaH 3a MPOrpaMoro?

#include <iostream>

using namespace std;

int main() {
int iMax=INT MAX, iMin=INT MIN;
cout<<iMax+1<<' '<<iMin-1l<<endl;
system("pause"); return 0;

52



3.2. CyMicCHIcCTb i NnepeTBOpPEeHHSA TUNiB

3.2.1. CyMicHicTb TMNIB 3a NPUCBOIOBAHHAM
i nepeTrBOpeHHA TMNIB

CyMicCHICTb TMNIB 3a NPUCBOKBAHHAM — L& MOX/N-
BiCTb MPUCBOKOBATN 3MIHHMM OAHOIO TUMY 3HAYEHHS iHLIOrO.

VYeci 6a30Bi T MoBu C++ cyMmicHI 32 IPUCBOIOBAHHSAM OJIMH 3
oauuM’. Y BUpa3i IPHUCBOIOBAHHS 3MiHHA OTPUMY€E 3HAYCHHS, Iepe-
TBOPEHE 110 11 TUILY.

YTBOPEHHS 3HAYEHHS OAHOr0 TUMY 3@ 3HAYEHHSM iHLWOro
Ha3MBAETLCA NEPETBOPEHHAM TUNY.

[Ipu nepeTBOpeHHI LiJIOr0 3HAYEHHS A0 AIMCHOTO THITY BiANOBiI-
HE YHCIIO 300pa)XyeThCsl B IIbOMY THIIl. 32 LIUM IPAaBUJIOM KOXKHE
3HAYEHHS TUIY int MOXe OyTH 300pakeHe B THII double. [Ipu me-
PETBOPEHHI AiIMCHOTO 3HAYEHHS 70 TUIY LUJIUX Y HhOMY BiJKUIA€Th-
cs1 ApoOoBa YacTuHA. SIKIIO IiTa YacTWHA, MO 3aJHUINWIACs, HE Ha-
JICKUTH JIalla30Hy YHMCEN TUIY int, TO PE3YJIbTAT MEPETBOPCHHS
OyIie TOMILTKOBUM.

Hpuxnaau

1. Sxm10 3MiHHIA double x MPHCBOIOETHCA 1, TO ii 3HAYCHHSIM
cTae fiiicHe 1.0.

2. Skm1o 3MiHHIA int a TIPUCBOIOETHCA 1.9, TO il 3HAYCHHAM
CTa€ 1, a SIKMIo -1.9, TO -1.

3. Hexaii € Taki 3MiHHI Ta TPHUCBOIOBaHHS:
double dd=3.5e38; int id=dd;
3MiHHI OTPUMAIOTh 3HAUEHHS: dd=3.5e38, id=-2147483648. ¢

MpuCBOIOKOYM BMPA3 OAHOrO TWMY 3MiHHIN iHLWOrO TUMYy, KOHTPO-
nonTe, Wob 3HayeHHst BMpaly MoxkHa 6yno 306pasvTu B TUMi 3MiH-
Hoi 6e3 BTpaT. YHWKaiTe MPUCBOIOBaHb AIVNCHWX BUPA3iB 3MiHHUM
Linnx TUMiB, OCKINbKK Lie MOXEe MaTWN HenepeaoadyBaHi HacligKu.

Y moBax MpOTrpaMyBaHHs HE BCi THIM CyMiCHI 3a MpuUCBOrOBaHHsIM. Hampu-
KJ1a/l, € MOBH, 10 HE JO3BOJISIFOTh JICHE YW CUMBOJIbHE 3HAYCHHS MPUCBOITH LTI
3MiHHIH, a I[iJie 3HauYeHHs — CUMBOJbHII. [IpoTe OGibLIICTE MOB JI03BOJISIOTH HPH-
CBOIOBATH IIiT1 3HAYCHHS IIHCHUM 3MIHHUM.
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3a IHCTPYKUI€IO int i=UINT MAX; 3MiHHa i OTpUMAa€ 3HAYCH-
Hs -1. He HaBoAsIYM MOBHOTO MEepeNiKy MpaBWII IEPETBOPEHD THUIIIB,
3a3HaYMMO JIMILIE, 10 KOHCTaHTA UINT MAX 3aja€ HaiOinbiue 0e33-
HaKoBe I1ij1e uncio 4294967295, a BOHO He MOXKe OYTH 300pakeHO
B THIIi int.

ApudMeTHUHHI TUT BBaXKA€ThCS OIMBIIMM 32 1HIIMHA apudme-
TUYHUAW TUT, SKIIO JUIS 300payKeHHs 0oro 3HaueHb NOTPIOHO OibIIe
0aifTiB a00 BiH Mac OiIbIIe MaKCHMaTbHE 3HAUYCHHS.

YHMKaNTe NPUCBOIOBaHb 3HaYeHb BiMIbLIOrO LiIOro TUMy 3MiHHUM
MEHLLOro Uinoro TWny, OCKIfIbKM Le MOXe MaTu HerepenbadqyBaHi
HAC/TgkH. 30KpeEMA, YHUKaWTe NepeTBOPEHHS 3HauyeHb 6Ee33HAKOBUX
LiSIMX TUMIB Ha 3HAYEHHS 3HAKOBWX TUMIB.

[Ipu mepeTBOpeHH] 3HaYEHHsI TUIY char O TUIY int OJHOOAM-
TOBE 300paXKEHHS CUMBOITY PO3IJISAEThCA AK 300paKeHHs ' YHCIIa.
[Ipu 3BOpoTHOMY TIepeTBOpeHHi uncna Bix 0 mo 127 (a 3a cranmapT-
HUX HaJalTyBaHb KOMMiIsTOpa ¥ uucen Bix -128 no -1) go Tumy
char Pe3yJIbTaTOM € CHMBOJI, 300pakeHHii B OJJHOMY OaiTi Tak camo,
K 1 1ie yucio. Hanpuknaz, yucmy 32 BigmoBigae ' ' (mpobin), uuc-
my 48 — cuMBOJI '0', 49 - '1' TOIIO, YHCITy 65 — CHUMBOJ 'A', 66 —
"B' TOMIO, 9UCITy 97 — 'a', 98 — 'b' TOMIO.

JloriuHe 3Ha4YeHHS false IEPETBOPIOETHCS HA IJIE YHCIO O, a
true — Ha 1. HynpoBe 3HaueHHS OyIb-AKOTO YHCIOBOTO THILY IEpe-
TBOPIOETHCS Ha false, a BCi HEHYIJIbOBI 3HAUEHHS — HA true.

Bnpaga 3.20. fIxe 3HaueHHS OTpUMae 3MiHHA c 32 IHCTPYKIIEIO
char c=0; ?

3.2.2. CyMicHicTb i NpaBu/ia NnepeTBOpPEHHSA
TMNIB y BUpa3ax

CyMicCHicTIO BigMiHHMX MiX cob0l TUMiB y Bupasax Ha-
3UBAETLCS MOXJ/IMBICTb CYMICHOMO BMKOPUCTaHHSA onepaHAiB
UMX TUMIB.

Tunm AiCHUX 1 HIJTUX YMCEN € CYMICHUMH, TOOTO Y BHpa3axX Mo-
JKHA 3alKMCyBaTH OINEPAaHIN IMX Pi3HUX THUIIB, HANPHUKIA, 1+2.0.

19 3amexHO Bix HanAIITYBaHb KOMIIIATOPA BOHO MOXKE GyTH 3HAKOBHMM (3a CTa-
HIAPTHUX HaJIAIITYyBaHb) a00 O€33HAKOBHM.
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Skimo onuH 3 omepaHiB MUTHH, a APYTHHN TIMCHUM, TO 3a IUIMM 3Ha-
YEHHSIM YTBOPIOETHCS BIMOBIAHE JiHCHE, 1 omepais 3aCTOCOBY€ETh-
Csl 10 AIMCHUX 3HAYEHb.

OTxe, 32 BAKOHAHHS 1+2.0 CIIOYATKY IijIe 1 MEPETBOPIOETHCS Ha
JIKCHE 1.0, a MOTIM J0JAI0THCS AiHCHI YMCIA.

VYeci mini (integral) Tunn TakoX € CYMiCHUMH Y BApa3ax. 30Kpema,
npu OOYMCIICHHI BHpa3iB 3HAUEHHS THUIIB char Ta bool CIIOYATKY
3aBXK/IM MEPETBOPIOIOTHCS HA 3HAYCHHS TUITY int. ToMy BHpasu '5' -
'1' Ta 'F'-'A' € CHHTaKCHYHO NMPaBWJIBHUMU W MalOTh 3HaueHHS 4
Ta 5, BIAIIOBIAHO.

Bupagsu
3.21. lllo Oyne BuBeAeHO Ha €KpaH 3a MporpaMoro? 3BEpHITH yBary

Ha BIJIMIHHICTb JJIEHHSA [IJINX 1 JIHCHUX YHCEI.

#include <iostream>

using namespace std;

int main() {
cout<<(3/5) *20+32.<<' '<<(3/5.)*20+32<<endl;
system("pause"); return O;

}

3.22. Slke 3HaYEHHS OTpPUMaE 3MiHHA c 32 IHCTPYKII€IO char c='f'-

'b'; ")
3.2.3. fiBHe NnepeTBOpPEHHSA TUNIB

[leperBOpeHHs TUMIB 3Ha4YeHb, OMHUCAHI BHIE, BiIOyBalOThCS O3
SIBHUX Ha 1€ BKa3iBOK, TOOTO HesiBHO. [lepeTBOpeHHS MOXHa 3a1aTu
S6HO Y BUITISII Twm (Bupas) a00 (rmm) supas. [IpiopuTeT nepeTBOpeHHS
TaKW’ CaMUii sIK 1 B IHIIUX MPeQiKCHUX OHOMICHHX OIIepPaTOpiB.

Ipuxaanu

1. Bupa3 int (2.8) Mae 3Ha4eHHS 2, double (-2) /3 — 3HAYCHHS -
0.666.., a double (-2/3) — 3HAa4YCHH:A 0.0.

2. 3HaueHHSIM BHpa3y char(48) € CHMBOJI '0', a BHUpa3y
char('0'+7) — CUMBOJI '7"'.

3.V Bupaszax 4acTo 3yCTpidalOThCs HiHCHI 3HaYeHHs ApoOiB i3
LTMMH YMCEIbHUKOM 1 3HAMEHHUKOM. SIKIIO HEe IepeTBOPUTH OJUH
13 IUX OTMEepaH.iB A0 AIMCHOTO TUITy, TO 3HAYEHHS BUPA3y BiApi3Hi-
TUMEThCS BiJ moTpiOHOro. Hampukian, 3a Oyab-sKOro JIOJaTHOIO
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3HA4YeHHS 117101 3MiHHOI n Api0 n/ (n+1) Mae 3HaYeHHs 0; MI00 OTPH-
MaTH MOTpiOHe JIiliCHEe 3HaUYeHHs, HEOOX1HO SIBHO MEPETBOPUTH THIL:
(double)n/ (n+1), double (n) / (n+1) a00 n/double (n+1) . <

3.3. BuBeaeHHs1 3Ha4yeHb BupasiB

3.3.1. Onepauis BCTaBKM y BUXiAHUM NOTIK

Bupas i3 omepamieto BuBeneHHS (BCTaBKH) Y BUXIIHUH TOTIK <<
Ma€ BUTISA cout << Bmpas. JlomaBmiM B KiHIII BHpa3y CHMBOI ;,
OTPUMAEMO 1HCTPYKIIIFO BUBEACHHS.

Onmnepartisi << BUKOHY€ThCS Tak. OOUHCTIOEThCS 3HAYCHHS BUPA3y
MPaBoOpyY, 3a HUM YTBOPIOETHCA MOCITIJOBHICTH CUMBOJIB, KA 30-
Opaxxye e 3Ha4eHHS, 1 BUBOJIUTHCS B MOTIK (32 cout — Ha €KpaH).
PesynpraTrom omepariii € MOTIK, 1 10 HOTO MOXXHa 3HOBY 3aCTOCYyBa-

TH onepaui}o <<. L[e YMOXIIMBJIFO€ BUPA3U BUTIIALY
cout << Bmpas 1 << Bupas 2

Ta aHAJOTIYHI 3 OUIBIIOI KiTBKICTIO BHpa3iB. Komu mociigoBHO BU-
BOJIITHCS JIBa BUPA3H, MPOOLIH Mk HIMH He JOJAl0ThCs. 3a cTaHa-
PTHHUX HaJlAIITyBaHb YUCJIa BUBOAATHCS B JIECATKOBOMY 3aIlUCI.

Mpukaan. [Ticns BUKOHAHHS THCTPYKLIH
int a=44; double b=1l.2e-2;
cout << "a=" << a << ";\n[" << "b=" << b << ']';

Ha €KpaH BUBOIATHCS TaKi pAnKuy:

a=44;

[b=0.012]

3 KOHCTaHTH " ;\n[" BUBOIMUTHCSI CHMBOJI R KepYBaJ'IBHI/Iﬁ CHUMBOJI
\n 3aJa€ nepexiJ Kypcopa Ha HOBHH PAIOK, B IKOMY IEPILUM € CHM-
BOI[. 4

MpiopUTET onepaTopa << HWXX4YMI 3a NPIOPUTET + Ta — i BULLUIA
3a npiopuTeT nopiBHSHb (AMB. foaaTok b).

Mopsiaok 06UMCIEHHS BUPA3iB-ONepaHaiB << 3aneXuTb Big, KOMNins-
Topa. BinbluicTb KOMMINATOPIB 6yAylOTb MAaLUMHHWUIA KOA, B SIKOMY BMpa-
31 0BUMCNIOITLCA Y 3BOPOTHOMY MOPSAKY, TOBTO B4 OCTaHHLOro 40
nepLoro. Lie BaXnnBO, KO/ BMPasn 3MIHIOIOTb 3HAYEHHS 3MiHHUX.
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Hpukaan. [licns BUKOHAHHS IHCTPYKLIN
int k=3; cout << k*1l << ' ' << (k=7) << '\n';

Ha €KpaH BUBOISTHCS CUMBOIU 77 7, OCKUIBKH CIIOYATKy 3HAYCHHIM

k CTa€ 7, a MOTiM, YK€ 32 HOBOT'O 3HAYCHHS k, OOUMCITIOETHCS k*11. 4
BupaziB BuBe[eHHS, 10 3MIiHIOKOTH 3HAYEHHS 3MiHHHX, Kpalle

yuuxamu. Hampukiam, 1HCTPYKINIO BUBEIECHHS 3 HaBEICHOTO IIPH-

KJIAy Kpaille 3aMiHUTH TaKUMU:
k=7; cout << k*1l << ' ' << k << '\n';

Sxmio k croyatky Tpeba HaJpyKyBaTH cTape 3HaYeHHs 3MIiHHOI k,

IIOMHOKEHE Ha 11, a IMOTIM Ti HOBE 3HAYEHHSI, TO CJIiJI ITHCATH TaK.
cout << k*1l1l << ' '; k=7; cout << k << '\n';

3.3.2. EnemeHTN popMaTyBaHHSA
BUXiAHOro NOTOKY

Bbibnioreka iostream MiCTUTH 3aCO0H, 110 JIO3BOJISIOTH KEPYBaTH
mporiecaMyl BBEJCHHS i BHUBEICHHS. Po3riisHeMo JesKki 3 HUX, IO
JIO3BOJISIIOTH KepyBaTH (JOPMOIO 300paXKeHHsI JIHCHUX 3HAYCHB, K-
PHHOIO TOJIS Ta CIIOCOOOM MPUTHUCKAHHS J0 HOTO KpaiB.

®opmartu IilCHUX 3HAYeHb. [HCTpYyKLis
cout << 1.0 << ' ' << 0.1 << ' ' << 0.00000001;

BUBEJIE Ha €KpaH 1 0.1 le-008. Ilepiie uncno BUMIsIae SK wine, apy-
re Mae IpoOOBY YaCTUHY, TPETE — Bi'eMHUI mopsiok. Yomy dopmaru
(abo hopmm) BUBEIEHHS YKCEN TaKi pi3Hi Ta IK HOIMU KepyBaTH?

JlificHi 3Ha4YeHHS BUBOIATHCA ab0 3 dikcoBaHow (fixed) kpan-
K010, a00 B HOpMaJji3oBaniii (Haykosiii) ¢opmi. Ilicns iHCTpyKUii
cout<<scientific; JiliCHI Yicia BUBOIATHECS B HOpMaITi3oBaHil (o-
pMi, a TIcIs cout<<fixed; — 3 (hikcoBaHOIO Kpamkoro. /s 06ox ¢o-
pMaTiB IHCTPYKISA BUTISIAY cout.precision(2); 3ala€ KUIBKICTh
3HaKiB po0oBoi YacTuHH (TYT iX 2). SKio crociO BUBEIEHHS SIBHO HE
BCTaHOBIICHO, TO 3aCO0M BUBEICHHS OOMPAIOTh HOTO caMmi.

Hpukaan. [licns BUKOHaHHS IPOTpaMu
#include <iostream>
using namespace std;
int main() {

cout<<scientific; cout.precision(1);

cout << 1.14 << " " << 0.16 << '\n’';
cout<<fixed; cout.precision(1);
cout << 1.14 << " " << 0.16 << '\n"';

system("pause"); return O;

}
prog005.cpp
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OTPHMAEMO Pe3yJIbTaT
1.1e+000 1.6e-001
1.1 0.2

3BepHIThH yBary: BiIOYJIOCS OKpyeieHHs HIMCHUX YUCell 10 BKa3aHOi
KUTBKOCTI TPOOOBUX 3HAKIB. 4

Bupasu

3.23. lllo Oy/e BUBEIEHO 3a IHCTPYKIIIMU?
cout << fixed; cout.precision(2);
cout << -123.321 << ' ' £<345.2 < ' '
11.777 << ' ' << 13, << ' ' < T;

3.24. 1llo O6yme HaAPYKOBAHO 32 IHCTPYKITISIMH?
cout<<scientific; cout.precision(2);
cout<<12.151; cout<<" 12.151"; cout<<'\n';
cout<<fixed; cout.precision(2);
cout<<12.151; cout<<" 12.151"; cout<<'\n';

3.25. Hanmcatu nporpamMy, 10 BUBOJUTH 3HAYEHHS J2 3 BicbMoma
3HAKaMH TICISI IECATKOBOI KPAIKH.

3.26. Hamicaty mporpamy, 1o BHBOAMTH 3HaueHHs (2,5)"° i3 worn-
pMa 3HaKaMH IiCIs IeCATKOBOI KPaIKy.

InTepnperanisi cumBoiB. Onepaniss << MEPETBOPIOE 3HAUCHHS
IIEBHOTO THUITy HA TOCIIIOBHICTb CHMBOJIB, SIkKa 300paxkye Iie 3Ha-
YCeHHS, 1 BUBOJMTS ii y BUXimHuil notik. [Ipu ubomy 6u6ioni cumeonu
inmepnpemyiomscs, TOOTO BUKOHYIOTbCSA OCOONMBI Aii, 3amaHi ne-
SIKHMH CHMBOJIAMH, HAIPHUKIIAJ, 32 TMOSIBH KEPYyBaJbHOTO CHMBOITY
'"\n' BUBEICHHS MPOJOBKYETHCA B HOBOMY psAnky. Came iHTeprmpe-
Tallisl CHMBOJIB JO3BOJISIE BUBOJUTH OJHI U T1 cami 3HAYCHHS B pi3-
HUX (opmarax, sIK, HAIPHUKIAA, AIMCHI yucha 3 Pi3HOIO KiJIBKICTIO
JECATKOBHX 3HAKIB.

Kinenp psiika MOXXHAa TIO3HAYWTH IMEHEM endl (CKOPOYEHHS Bij
end of line — KiHeUp psiziKa): BUPa3 cout<<endl, SIK i cout<<'\n', 33/1a€
BUBEJICHHS CUMBOITYy '\n' y BUXiJHUWI motik. HacrpaBai BiH 03Ha4ae
JIETIo OiTbIITe, aje Po3TJIsaa IIbOT0 BUXOIAWTE 32 MEKi TTOCIOHMKA.

MlupuHa noJis Ta NPUTHCKAHHSA /10 HOro Kpaw. Bukink QyHk-
il width J03BOJISIE 334aTH NIEBHY WUPUHY HOJISL, SIKE 3aIMyTh CHMBO-
7 3HaYEHHsI, O OyJie BUBOMUTHUCS HAacTynHUM. Hanpuknan, iHCTpY-
KISl cout.width (10) ; ycTaHOBIIOE mmpuHy ot 10. Axmo mms Ha-
CTYIHOTO 3Ha4YeHHS MOTPIOHO OLIbIIle CHMBOJIB, HXK BU3HAYAE 3aJaHa
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LIMPHHA, TO IPYKYIOTCS BCi CUMBOJIH, @ SKIIO MEHILE, TO CIIOYaTKy
BHBOJATHCS TIPOOLTN (JIOTIOBHIOIOYH KUTBKICTh CHMBOJIB 3HAYEHHS 10
3a7aHOi IIMPUHM), & MOTIM — CUMBOJIM 3HA4YEHHS. Y CTaHOBJICHA IIH-
pHUHA CTOCYETbHCS JIUILIE OHOTO €lIeMEHTa BUBEICHHSI.

Mpukaan. 3a BUKOHAHHS IHCTPYKLIH
cout<<'#'; cout.width(4); cout<<1l2<<'#';
cout<<'#'; cout.width(4); cout<<123456<<'#';

Ha eKpaHi 3'IBUThCS TEKCT # 12##123456#. TyT BUBeneHO 1Ba
npodinu mepen 12 i Bci umdpu 123456. Ha cumBonm '#', TOOTO
€JIEMEHTH, 10 HIyTh 3a YUCIOBUMH KOHCTaHTAaMH, YCTaHOBJICHA
IIMPHHA I10JI HE BIUIUBAc. 4

3a BCTAHOBJIEHOI MIMPUHHU TI0JII BUBITHI CHMBOJIH MPHUTHUCKAIOTh-
csl 10 TpaBoro Kparo moid. [IpuTuckaHHA A0 JBOrO Kpar MOXKHA
3a7aTH iHCTPYKIII€IO cout<<left; . i /i MOMMPIOETHCSA HA BCi MO-
Janbllli BUBEACHHS, B SIKAUX YCTAHOBJICHO IIUPWHY MOJS, TOKH HE
Oyze 3agaHO TOPUTHCKAaHHS [0 TPaBOro  Kpawo, TOOTO
cout<<right;

Bupasu
3.27. Hamcatu mporpamy, o 3alHUTye B KOPUCTYBada KOOPAMHATH
TOYKHM AIHCHOT TUIOLIMHU, a MOTIM BUBOJUTH OTPHUMaHy TOYKY.
3BepHITh yBary Ha 30BHIIIHIN BUIIIAA APYKOBAHOTO PE3YIIBTATY.
3.28. Harmcatu mporpamy, o 3aIiuTy€e B KOPUCTyBada KoedillieHTH
piBHSHHS ax’+bx+c=0, a HOTIM BHBOIUTb OTPUMAHE PiBHAHHS
(x* MO’XHa BUBECTH Y BHIJIAI x~2). 3BEPHITh yBary Ha 30BHilI-
Hifl BUTJIST PYKOBAHOTO PiBHSIHHA.

3.4. NMpuknag nporpamMmm M NOHATTA
SIKOCTi Koy

3.4.1. KomeHTapi Ta sKicTb KOy

Hamumemo mporpamy, mo BBOAWTH TemmepaTypy 3a Llembciem
(mime gwcnmo) 1 BUBOOUTH Temmeparypy 3a KembBiHOM, Oinbiny Ha
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273 (273 — xoncranta KenbBiHa). PosriasHemMo modaTkoBuit (HE
Halkpamuii!) BapiaHT.
/* Iporpama BEOOMTE TeMmnepaTypy 58a lembciem i
BUEOIUTE TeMNepaTypy 3a KemsBinoM */
#include <iostream>
using namespace std;

int main()
{
int tC, // Temmeparypa sa llensciem
tK; // Temmeparypa 3a KenbeinoM

cout << "Celsium to Kelvin.\n";
cout << "Enter temperature by Celsium " <<
" (int>=-273) :";
cin >> tC;
tK = tC+273;
cout << "temperature by Kelvin: " << tK << endl;
system("pause"); return 0;

ITopiBHSHO 3 MOTNEpPEeNHIMH TPUKIAAaMH I IIPOrpaMa Mae HOBI
eJIeMEHTH. Y TepIioMy U ApyroMy psaKax 3allkMcaHo KOMEHTap —
MTOCITIIOBHICTh CHMBOJIIB MIJK ITapaMU CUMBOJTIB /* Ta */, siKa HE Mic-
TUTH */. Takuii KOMEHTap MOKe 3aiiMaTH KiJTbKa PSAIKIB i OyTH 3amu-
CaHUM MiX OyIb-KMMH JBOMa JIeKCeMaMH. [HII KoMeHTapi € mo-
CITIIOBHOCTSIMA CHUMBOJIIB, IO MTOYMHAIOTHCS MApOI0 CUMBOIIB // 1
3aKiHYYIOTHCS B KiHIII psjKa, SKUM X MicTUTh. [lig 4ac koMmimisimii
KOMEHTapi IPOIyCKalOThCA.

IIporpaMu Mo’kHa OIIIHIOBATH 3a SAKICTIO, IPHUYOMY 3 PI3HUX ITO-
sumii. Ha mpuknaai obuucieHHs temmeparypu 3a KenbBiHOM po3-
TJITHEMO SIKICTh TPOTPaMH 3 TIOTJIALY JIETKOCTI ii PO3yMiHHS, BUKO-

pucTaHHs ¥ Moaudikalii. Po3risiHeMo 1ie oJuH BapiaHT IpOrpamMu.
#include <iostream>
using namespace std;
int main()
{ int tC, tK;
cin >> tC;
tK = tC+273;
cout << "temperature by Kelvin: " << tK << endl;
system("pause"); return O;

OO6wuBi MporpamMu po3B'sSA3yIOTh OJHY W Ty caMy 3ajady, aje Ie-
plua Kpaiia TUM, 1o 3po3yMiTH ii Habarato nerme. OTxe, K00 nogu-
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HeH yumamuca ma cnpuimamucsa K po3mosHa mosa. Maptin ®ay-
nep chopMyJIHOBaB I TaK:

"KoxeH AypeHb MOXe HamucaTu Ko, 3po3yMinui Komn'toTepy.
[06pi nporpaMicTy NUWYTb KO, 3pO3yMinui noasm."

YoMy ko nosunen 0yTd 3po3ymisum jroauHi? CnpaBa B TOMY,
10 KO, SIKMH Y Cy4acHHX Mporpamax BUMIpIOeThcsa MisbiioHamu (!)
PAOKIB, HEOOXiTHO 00CAYTrOBYBAaTH — HAJIATO/KYBAaTH, BUIIPABIISTH
MOMWJIKH ¥ MojudikyBaTH B pa3i 3MiH BHMOT JI0 HBOTO. | poOuth
BCE 1€ Ma€ He KOMIT'IOTeD, a JII0JUHA.

LWo6 nonerwuntn nioauHi poboTy 3 KOAOM, MOXHa BUKOPUCTaTM
KoMeHTapi. OgHak HMMK He cnig 3noBxmeaTth. KomeHTap 6inst KOXXHOI
HCTpyKUii NporpamMy He 3pobuTb KOA 3pO3YMinilmMM. BUCOKOSKICHUIA
KOA Ma€E MICTUTW KOMEHTapi TiflbkW TaM, e BOHW AiINCHO HEoOXIAHI.

3MiCT KOMEHTapiB MOke OyTH NOBUILHHMM, aji¢ 3a3BH4Yail y Ko-
MEHTapsX 3a3HAYAI0Th:

— III0 TIOBMHHA BUKOHYBATH MpOrpama, QyHKIis 9i (parMeHT Koy;

— Ky CYTHICTb MOJIEITIOE a00 IJIsl YOT'O BUKOPUCTOBYETHCS 3MiHHA,;

— YMOBH, III0 MalOTh CIIPABIKYBATUCS neped BUKOHAHHSIM TIEB-
HUX IHCTPYKIIH, m00 3a0e3neunT iX KOPEKTHICTh (Tak 3BaHi pre-
YMOBH, 200 MepeIyMOBH);

— YMOBH, IIO CIIPABIKYIOTHCS 1iC/isi BAKOHAHHS IIEBHUX 1HCTPYK-
miii (post-ymoBH, 200 micJasIyMOBH);

— TIOBEIHKY MPOTpaMH 32 HEKOPEKTHUX AAHUX.

3.4.2. 3MicTOBHI iMeHa

OTxe, onHUM 13 3ac00iB MPOSICHUTH MPU3HAYEHHs KOOy i moe-
TIIATH WOTO CIIPUUHATTS € KoMmeHTapi. [Ipore mns epexruBHOTO 06-
CIIyrOBYBaHHS KOJAY ix 3amaio. SKmio koj HeoOXiJHO BUIIPABUTH
abo mMoxudikyBaTu, TO Bce PiBHO AOBEAETHCS PO3iOpaTHCS B HHOMY
JI0 TPiOHUIT.

Kog Mae 6ytn 3po3yMinuM HasiTe 6€3 [04aTKOBUX KOMEHTAPIB.
(3BicHO, Npo cknagHi MaTeMaTUYHI anropuTMuU TYT He MAETHLCS.)

Ha npakTuii, sIKIIo Ko cTae qye 3alUTyTaHUM 1 HE3pO3yMiINM,
TO JUIA BUIIPABIIEHHS HaBITH OJHI€] MOMWJIKH B HOro JoTimi OyBae
MIPOCTIIIe MepennucaTH BCE 3 YUCTOTO apKyIa, Hi’XK BHECTH 3MIiHU B
icHytouHii KoJ. | KoMeHTapi TYT He BPATYIOTh!

61



[Ilo0 yHHKHYTH 3aliBUX KOMEHTapiB, BapTO oOWpaTH iMeHa, II0
BiOOpakaloTh MPHU3HAYCHHS BIAMOBITHUX 3MIHHUX 1 QyHKOiIH. Y
MIPUKJIAJl € KOMEHTapi 100 MPU3HAYEHHS 3MIHHUX tC Ta tK. [Ipo-
rpama KOpOTeHbKa, 1 modaunTu KoMeHTapi Jierko. Ilpore 3a 6inbimoi
IporpaMu JoBeNocs O MIyKaTHW BIiATIOBIAHI TOSCHEHHS cepel THUCSY
psakiB koxy. OTxe, Kpallle He KOMEHTYBaTH 3MICT 3MiHHUX, a AaTH
iM 3micmogHi imena, O BiMOOPaXaroTh IX MpU3HAYCHHS. 3aMiHUMO
IMEHA tC Ta tK IMEHAMHM tCelsium Ta tKelvin, BIAIOBIAHO, A€ JiTE-
pa t € CKOPOUYCHHSIM BiJl temperature (TEMIIEpaTypa). 3ayBaKUMO: y
010mioTeKax CyyaCHHX CHCTEM IPOTrpaMyBaHHS BHUKOPHCTOBYIOTHCS
caMe 3MICTOBHI iMeHa (cin, cout, pow, sqrt TOIIO), i II¢ iICTOTHO I10-
JIETIIy€ CIPUUHATTS KOZY.

3.4.3. IMeHyBaHHA KOHCTAHT

IIle oauH HemoJiK HAIIOI MPOrpaMH — BUKOPHCTaHHS KOHCTaH-
T 273. Taki "Mariyni" KOHCTaHTH MOXYTh 3'ABJISTHCS B PI3HUX Mic-
ISIX [IPOTpaMu, aje JIOAWHA MOXKe IOMIIMTHCS, 1 lech HabpaTu He
273, a, CKaxiMo, 237. CHHTaKCHYHO IporpaMa 3alHULINTHCS IpaBH-
THHOIO, a ceManTudHo — Hi. [lle ogra mpobiema 3 "mMarivHUMHU" KOH-
CTaHTaMM BHHUKA€E, KOJIM B TPOLIECI CTBOPEHHS POTpaMH TaKy KOH-
CTaHTy HOTPiOHO 3MIHUTH. AJKe B yCiii mporpami BoHa Ma€ 3MiHH-
THUCSI 0OHAK0B0!

OpHuM 13 3ac00iB YHUKHYTH "MariuHux" KOHCTaHT € JUPEKTHBA

#define (03HAUMTH). Y HaWTIPOCTIIIOMY BUIIAJIKY ii 3aITUCYIOTh TaK:
#define imM'sa BHaveHHS

Ilicns Takoi AMPEKTHBHU BCi JIEKCEMHU BXITHOI Mporpamw, mio 30i-
raroThCsl 3 YKa3aHUM IMEHEM, MPENpOIeCOp 3aMIHIOE Ha BKa3aHE
3HA4YeHHs. 3HAYEHHSM MOXe OyTH JOBUIbHA MOCIITOBHICTH CUMBO-

niB. Hampukiianm, 3a HassBHOCTI TUPEKTHBU
#define ZERO 0

IHCTPYKIiS int i=ZERO; TIEPETBOPUTHCS IPEMPOIECOPOM Ha
int i=0;, a IHCTPYKMI{ int ZERO1l; Ta cout<<"ZERO"; 3aJUIIATHCS
0e3 3MiH, OCKIJIBKH JIEKCEMaMH B HUX € ZERO1 Ta "ZERO", a HE ZERO.

Slkmo B MUPEKTHBI #define BKA3aHO TIIBKH iM'S, a 3HAYCHHS
BIJICYTHE, TO TPEMPOIECOP BBaXKa€, IO iMEHI BiJIMOBia€ MOPOXKHS
MOCJIJOBHICTH CHMBOJIIB.
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MoxHa BBaXxaTW, WO AMPeKTUBA #define [A€E KOHCTAHTI iM
TOBTO /MEHYE KOHCTAHTY.

3a HasSBHOCTI TUPEKTUBU #define KELVIN 273 3aMiCTh 'Marid-
HO{" KOHCTaHTH 273 MOKHa BUKOPUCTOBYBAaTH iMEHOBAaHY KOHCTAHTY

3 iM'sIM KELVIN i 3Ha4eHHsM 273. OTxke, mporpaMa CTaHe TaKor:
/* IporpaMa BEOAUTE TeMnepaTypy 3a llensciem i */
/* BMBOAUTE TeMIepaTypy 3a KenbBinomM */
#include <iostream>
using namespace std;
#define KELVIN 273
int main ()
{ int tCelsium, tKelvin;

cout << "Celsium to Kelvin.\n";

cout << "Enter temperature by Celsium (int>=-"

<< KELVIN << "):";
cin >> tCelsium;
tKelvin = tCelsium+KELVIN;

A,

cout << "temperature by Kelvin: " << tKelvin << endl;
system("pause"); return O0;

}

prog006.cpp

4

3.4.4. KOHCTAHTH SIK 3MiHHI
3 He3MiHHUM 3HAUYEHHSM

JupekTnBa #define Mae KilbKa HEIONIKIB, 3 AKHX PO3TIISTHEMO
nBa. [lo-miepiie, y TUPEKTHBI SIK 3HAYEHHS MOXHA 3arucaTv OyIb-
SIKY MOCJIIOBHICTH CUMBOJIIB, TOMY 4epe3 HeoOepe:KHUH 3aIuc au-
PEKTUBH MPETPOIIECOP MOXKE 3MIHUTH JIEKCHYHY CTPYKTYpy Iporpa-
mu. Ilo-mpyre, THIO 3HA4YEHHS HE 3aJaHO SBHO, TOMY HOro BU3Hayae
KOMIIUISITOD, a [Ie HE 3aBXKIU 0a)KaHO. YHUKHYTH IIUX HEJIOJIKIB MO-
’KHA, BUKOPUCTOBYIOUY 3MiHHI 3 He3MiHIOBAHUM 3HAYEHHSAM.

3ape3epBOBaHE CIIOBO const (MOro Ha3WBAIOTh cnenu@pikarTo-
poM Tumy) Tiepe]] iMEHeM THITy B IHCTPYKIii OTOJOIIEHHS iMEeHi
3MIHHOI O03HAYa€, M0 3HAYCHHS 11i€i 3MIHHOT HE MOXKHA MOTU(DiKyBa-
TH. 3MiHHA iHINIATI3y€ThCS B OTOJOIICHHI 3HAYEHHSIM OYIIb-SIKOTO
BHpa3y BiAMOBIAHOTO THITY (AKIIIO BHPA3 MICTUTH iM'd 1HIIOI 3MiHHOI,
TO iif panime Mae OyTH MPUCBOEHO 3HAa4YeHH:). 3amuc i iMeHi JiBo-
PYY B IHCTPYKLIi NPUCBOIOBAHHS € TIOMHJIIKOIO.
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Hpuxnaau
1.Y mporpami mpo TeMmeparypy 3aMicTb  JUPEKTHBH
#define KELVIN 273 MOXHA 3allliCaTH 30BHIIIHE, TOOTO PO3TAIIO-

BaHE 306Hi 20106HOI (YYyHKYii, OTOTOIIEHHS IMEHi:
const int KELVIN=273;

OroJonIeHHs 3a1a€e iM's 11101 3MiHHOI 3i 3HaYeHHAM 273. Ii MoXHa
BHUKOPUCTOBYBaTH y (YHKIISX, 3alMCAHNX HIKYE B mporpami. Pem-
Ta MPOrpaMH 3aIUIIAETHCS O€3 3MiH.

2. Po3rnsiHeMO IHCTPYKIIii OTOJIOIEHHS
int good=8, bad;
const int good4=4*good, bad4=4*bad;
3MiHHA good4 OTpUMAaE 3HAYCHHS 32, sIK€ B IoAajJIbIOMy HE MOXKHa
3MIHHTH, a 3HAYEHHS bad4 HemependadyBaHe, OCKIIBKHY mepen ii iHi-
Iiajizamiero 3MiHHA bad 3HAYCHHS HE OTpuMaja. 4

3MiHHi, OrosioWweHi 3i CNI0OBOM const, YaCTO BUKOPUCTOBYIOTb AN
iIMEHYBAHHS KOHCTAHT. B iMeHax KOHCTaHT MpuiHATO (Xo4ya M He
060B'43K0B0) BUKOPUCTOBYBATY TiNlbKMN BENWKi Nnitepu.

KopucHo iMeHyBaTV BMpasy 3 KOHCTAHTHUM 3HA4YeHHsM, ocobnu-
BO SIKLIO BOHM MOTPIi6HI B H6araTbox Micusax nporpamu. ¥ umx Micusx
3aMicTb BMpa3y AOCTaTHLO 3anucaTti nuiie noro iM's. OKpiM Toro, 3a
Heob6XiAHOCTI 3MIHUTU BMPa3 AOCTaTHLO 3pOSMTU Ue nuwe B iMeHy-
BaHHi, @ SKLLO BMPa3 He iMEHOBAHO, TO A0BEAETHCS 3MiHIOBATH 1Or0O
BCIOAM, [ie BiH 3yCTpivaeThCs.

KOHTpO/NbHI 3anUTaHHA

3.1. llo € cemanTHKO0O apu(PMETUIHOTO BUpa3y?

3.2. Slka MaremMaTU4Ha OIepalis, oneparop sKOi BiACYTHIH y MOBI
C++, Ma€ BIIaCTUBICTH MPABOOIYHOTO 3B'A3yBaHHs?

3.3. Slkuii BUIIISL Ma€ BUKIUK QYHKIIT?

3.4. 1o Take CyMicHICTb THITIB?

3.5. o Take nepeTBOPEHHS TUILY ?

3.6. l1{o Take cyMmiCHICTH THIIIB 32 IPUCBOIOBAHHSIM?

3.7. Sk Burnsaae iBHE NEPETBOPEHHS TUILY ?

3.8. Un KokHE IiliCHE YHCIO MOXKHA TOYHO 300pasWTH B THII
double?
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3.9. 3 IKuX OCHOBHHUX CTPYKTYpPHHX YaCTHH CKJIAJA€ThCS Mporpama,
3anucaHa MoBoro C++7?
3.10. Yn MoxHa CTBOpPHUTH 3MiHHY a00 KOHCTAaHTy 3 IMEHEM int,

const?

3.11. Yn MoxHa CTBOPUTH 3MiHHY a00 KOHCTAaHTY 3 IMEHEM sqrt,
main?

3.12. Yum Biapi3HsA€THCS IMEHYyBaHHsS KOHCTAHTH BiJ iHimiamizarii
3MIHHO1?

3.13. Jlnst woro B mporpaMax BUKOPHCTOBYIOThCS KOMEHTapi?
3.14. Yomy 1 3MiHHHX BapTO 0OMpaTH 3MICTOBHI iMeHa?
3.15. Ski icHyr0Th )OpMAaTH BUBEACHHS IIHCHUX YKcen?

3apaui

3.1. Hanucatu mporpamy, 110 3allUTy€ B KOPHCTyBaya J1Ba AIMCHUX
YHCIIa, a TOTIM BUBOAMTS iX CyMy ¥ PI3HHUIIIO.

1/2

3.2. Maremaruunuit Bupas ((x; — x2)2 + (- y2)2) 3asae 004n-

CJICHHS BIJICTaHI MK TOYKAMHU TUIONIMHH 3 KOOpAUHATaMH (X1, ;)
Ta (X2, y,). Hanmcatu nporpamy, 1o 3anuTye B KOpUCTyBa4a KOOp-
JUHATH JBOX TOYOK JAIHCHOI IUIOLIMHH, a MOTIM BHBOJWTH 3a/aHi
TOYKHM ¥ BiZICTaHb MK HUMH (TUB. BpaBy 3.27, c. 59).

3.3. [ligrotyBaTtu pedepat Ha Temy: "[IpaBuna nmepeTBOPEHHS LUTHX
(integral) tTuniB y moBi C++". Hanucatu nporpamu, 1mo AeMOH-
CTPYIOTh Pe3yJbTaT BiATIOBIAHUX MIEPETBOPEHD.
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PO34I1N 4
HANNPOCTILII 3ACOBM KEPYBAHHSA
NOPAAKOM OBYMUCJIEHDb

4.1. YMmoBM

4.1.1. Onepauii NOPiBHAHHSA

JIBoMicHI omeparrii mopiBHAHHS MaIOTh 3HAKH ==, !=, >, <, >=, <=
("nopisHroe", "He nopiBHIOE", "OlnbIIE", "MeHIIE", "OlIbIIE 200 I10-
piBHIOE", "MeHme a0o mopiBHIOE"). Pe3ymbraToM NOpPIBHAHHS €
false ("xuOHicTB") 200 true ("icTHHA") € 3HAYEHHS JIOTIYHOTO TUILY
bool. Haragaemo, o npu nepeTBOpeHHi JIOTIYHUX 3HaYEHb A0 THITY
Uinux false cra€ 0, a true - 1. [Ipu 3BOPOTHOMY TEepeTBOpPEHHI
HEHYJILOBI 3HAUEHHS JIAIOTh true, a 3HaueHHs 0 (HyJb) — false.

Mpukaagu

1. Bupasu 1==2 Ta 'A'=='a' MalOTb 3Ha4€HH] false, BHpa3u
1!'=2 Ta 1>=1— 3HAYEHHS true. 3HAUCHHIM BHpa3y sizeof (b*b-
4*a*c)>0 € true.

2. 3HayeHHSM BHUpPA3y b*b-4*a*c>0 3a a==1, b==5, c==4 € true,
3a a==1, b==2, c==1 Ta a==1, b==1, c==1 — false. 4

ITopiBHIOBaTH OJHE 3 OJHUM MOYKHA HE JIMIIIC YHCJIOBI, aje i cH-
MBOJIBHI Ta JIOT14HI 3HaYeHHs. [Ipy IbOMy CHMBOJIBHI i JIOTi4HI 3Ha-
YEHHS! IEPETBOPIOIOTHCS 10 IUTHX.

[pukaan. 3HayeHHsIM BUpazy 'a'<='A' € false, a BHUpa3iB
'4'<'9' Ta 'A'<'Z' — true (3HAUEHHSIMHU int('a'), int('A'),
int('4'), int('9'), int('2") € uncna 97, 65, 52, 57, 90, BiamoBi-

67



IHO). 3HAaYeHHSM BHpa3y false==true € false, a BHpPa3y
false<true — true. ¢
Bupasu
4.1. Y oMy BiIMiHHICTh BHpa3iB a=3 Ta a==3?
4.2. O0unMcuTH  3HAYGHHI  BUpasiB a)1.5<7; 0)'3'<'a’;

B) 'Z'<'a'; T') false<true; 1) false<-1? SIKi HEsBHI IEPETBO-
PEeHHSI TUIIIB BUKOHYIOThCA MiJ] 4ac X o0unciIeHHs?

4.1.2. JloriuHi onepauii

JBowmicHi onepartii "i", "abo" Ta omHOMicHa "He" (BigmoBigHO Oy-
JIeBe MHOXKECHHsI, a00 KOH'FOHKITis, OyieBe MomaaBaHHs, a00 TU3'FOHK-
1isl, 1 3amepeueHHs) y JIOorili i MaTeMaTHuIll Ha3UBaIOThHCS OyJIeBH-
MH, a00 JOTiYHHMHU, 1 3aCTOCOBYIOTBCSA J0 OYyJIeBUX 3HA4YCHb. Y
MOBi C++ BOHHM BIiANOBIJHO MarOTh 3HAKH &&, || Ta !, 3aCTOCOBY-
IOTBCSI 710 3HAYEHD JIOTIYHOTO THITY ¥ MOPOJKYIOTh 3HAaUCHHS false
a60 true. [X 03HAaueHHs HaBeNEHO B TAOIMIIL.

A B A && B A|| B 'a
false false false false true
false true false true true
true false false true false
true true true true false
Hpuxnan. Bupasu (2<3) &&(2<4), (0>1) | | (1>0) Ta

'('a'=='x') MalTb 3HAYCHHS true, BUpPA3U
! (5==5) — 3Ha4YCHHA false. 4

MpiopuTET MOPIBHSIHb HDKYMIA 32 MPIOPUTET +, —, << i BULIWI 32
npiopuTeT &&, | |. OnepaTopun >, >=, <, <= MalOTb BULLWIA NPiOpUTET
HXK ==Ta '=, @ && — BULMI HiX | |.

JoknagHime npioputeTy onepaTopiB AuB. y AoAaTKy b.

Mpukaagu

1. YpaxoByroun NpiopUTETH omepauil, BUpa3 (k>0) && (d>0) Mo-
JKHa 3aIucartu K k>0&&d>0, aje nepma ¢popma 3arnucy CpuiMaeThb-
Cs1 JIIOAMHOIO Kpalie.

2. MatemaTuyHy yMOBY x<y<z MO)KHa 3amucaTd MoBoio C++ sk
(x<y) && (y<z). 3alluC x<y<z BUpPAKA€ 30BCIM IHIIY YMOBY, a caMme

(2<-2) &&true Ta
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(x<y) <z. OOUHCINMO BUpPaA3 (-3<-2)<-1. 3HAUYEHHAM BHpa3y (-3<-
2) € true. Jlanmi 0OYUCITIOEMO true<-1, TOYMHAIOYH 31 3BEJICHHS ap-
CYMEHTIB MOPIBHSAHHS A0 THIY int, TOOTO B KiHLI OOYHCIIIOETHCA
1<-1 i HOro 3HaYEeHHSM € false. [IpoTe 3 noerdy mamemamuxu 3a-
muc -3<-2<-1 iCTHHHHIA.

3. MaremMaTtu4Hy yMOBY X=)=z TOTO, IO YHCIIA X, ),z TIOMApHO
piBHI MDK co0or, MoXHa 3anmucatd MoBow C++ K
(x==y) && (y==z). Jlis nilicHUX 3MIHHUX x, y, z BUpa3 x=y=z CK-
BiBaJICHTHHH BHUpa3zy x=(y=z) 1 3aJa€ IMPHCBOIOBAHHS 3HAUYCHHS
3MIHHOT z 3MIHHUM y Ta x; HOTO pe3yJbTaToM OyJe 3HaYCHHS 3MiH-
HOI z — JedKe JiHiCHE YUCIIO. 4

3anucyloun BMpasu, He 3M10BXWBaWTe npiopuTeTaMu onepawii!
Yac, Wo eKOHOMUTBLCS Ha Ay)XKax Yy Bupasax, notiM 6aratopasoBo
BMTPAYa€ETbCs Ha po3LWncpyBaHHS NOMiKM BUPA3iB i MOLLYK MOMMUIIOK.

Komminatopu C++ 3a6e3neuyroTh Tak 3BaHe Jegaue'’, a6o cko-
pouene, obduncienHs OyneBux omepauiil && Ta | |. CiouaTky o04u-
CIIIOETHCSA 1X Mepmmid onepany. JKuio i onepaii && 1e false, TO
IpyTuid omepaHy OOYMCIIOBaTH He Tpeda, alKe Pe3yJabTaTOM yce
onHO Oyne false. AHAJIOIYHO, SKIIO MEPLIMHA onepaH] onepauii | |
Ma€ 3HAUEHHS true, TO APYTHi ONepaH]l He MOTPiOeH.

Mpuxnan. Y Bupaszi (2*2==5) &&(323345%2209==37) OOYHUCIIIO-
€ThCA TiJBKH 2%2== (xuOHiCTD), a y BUpasi
(2%2==4) | | (323345%2209==37) — TUIbKH 2*2==4 (icTHHA). 4

Bupasu

4.3. O0uncIuTH 3HAYCHHS BHpa3zy: a) !true==0;
0)!'false| | (false==1); B) (2>1) &&! true.

4.4. O0uncnUTH 3HAYCHHS BUPA3y 6<3&&7<5] | 3==5.

4.5. [llo 6yae BUBEACHO HA €KpaH 3a IHCTPYKITISIMU?
int a=3; bool b=(2<3) || (a=-1); cout<<a<<endl;

1 [MpuHnun nepaunx obuncieHb: "OOGUUCITION TUTBKU Te, 110 Tpeba". JleBizom
JKe eHepriiHuX obuncieHs €: "O04nciIo Bee, Mo MOXKYy".
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4.1.3. YMOBHIi Bupasu

Bupasu, mo MoxyTb OyTH a0 icTHHHMMH, a00 XMOHMMU, HA3U-
BalOTHCI YMOBHUMHU, 200 yMOoBaMu. Y mporpaMyBaHHI BOHHU Bifi-
rpalTh OCOOJIUBY POJIb, OCKUIBKM € OCHOBOIO JUISI IPUUAHATTS Pi-
IIeHb 13 BUOOPY MOAAJBIIOTO NIISAXY 00YHCIeHb. 3HAYEHHS! YMOBHO-
ro BHpa3y HaJEXXHTb JIOTIYHOMY THITy (a00 MOke OyTH TepeTBope-
HHM JI0 HBOTO).

Hanpukman, ymoBoro toro, mo piBHSHHS ax+b=0 3 koedimieH-
TaMu @ Ta b Mae eIMHUHN PO3B'SI30K, € HEPIBHICTh a # (. 3aekKHO Bij
3HAYEHHS] YMOBH true a00 false MOXXHa OOYHCIUTH PO3B'S30K PiB-
HSIHHS 200 3'iCyBaTH, YM Ma€ BOHO HECKiHUEHHO 0araTo po3B's3KiB,
Y HE Ma€ XKOTHOTO (IS bOTO MOXe 3HamoouTucs ymona b = 0).

YMOBY 4acTO BHUKOPUCTOBYIOTH SIK O3HAK) JIESKOI BIIACTHUBOCTI.
O3Haka ICTHHHA, SKIO BJIACTHUBICTL Ma€ MicCIle, iHAKIIe — XUOHA.
Hanpukmnan, ymoBa a # 0 € 03HaKow TOro, mo piBHSHHA ax+b=0
Ma€ OJIMH PO3B'A30K.

Haitinpocmiwi ymosu pyxe 4acto MaroTh BUTJISAA TOpiBHSAHB. Ha-
MIPUKJIA]], YMOBOIO TOTO, IO 3HAYSHHS IiJIOi 3MiHHOI a mapHe (mi-
TUTHCS Ha 2 0e3 ocradi), € Te, Mo BOHO Aac octady O Bif AiTCHHS
Ha 2: a%2==0.

Crknaoniwi ymosu (HOpMYyIIOIOTH SK CHCTEMH ab0 CYKYITHOCTI,
CkianeHi 3 mpocTimux ymoB. Cucmemu yMo8 3aIUCYIOTh MOBOIO
C++ 3a omomMororo oneparii &&, CyKynHoCcmi — 3a JJOTIOMOTOIO | |.

Mpukaagu

1. YMOBOIO TOTO, IO YUCIIO X HAJCKHUTh MPOMIKKY [a; b], € Ma-
TeMaTHIHUH BUpa3 a <x < b. Bupazumo il Tak: (a<=x) && (x<=b).
AHAJIOTIYHO YMOBY TOTO, IO 3HAYEHHS 3MIHHOI char c € JIECSATKO-
BOIO ITU(POIO, MOXKHA 3aITUCATH K ('0'<=c) && (c<='9").

2. [lpummyctumMo, 110 3HAYSHHSI YUCIIOBUX 3MiHHHUX a, b, ¢ 300pa-
KYIOTh JOBKMHH BiJIpPi3KiB. YMOBOIO TOTO, IO 3 BiIPI3KIiB MOXHA
YTBOPUTH TPUKYTHUK, € CHCTEMAa HEPIBHOCTCH:

a>0,b>0,c>0,ath>c,atc>b, b+c>a.

Li#t cuctemi BiAmoBigae BUpa3 (Iy>KKHA HE 00OB'SI3KOBI, aje T0Aaf0Th

HAOYHOCTI)
(a>0) && (b>0) && (c>0) && (a+b>c) && (a+c>b) && (b+c>a)
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3. Toi ¢hakt, mo iyl HeHyIHOBI YKCHA @, b, C yTBOPIOIOTH TreoMe-
TPUYHY TPOTPECito, MaTEMaTUYHO MOXKHA BUPA3HUTH sIK b/a=c/b. Pe-
3yapTaTOM AiUTeHHS nimux y C++ € mise, ToMy BUpa3 (b/a)==(c/b)
y3araii He 8ionogioae MamemamuyHiv YMOGI. Bupas
( double (b) /a)==(double (c) /b) BHpilIye NpoOJIEMy 3 AUICHHSIM
UTHX, aje TexX He ¢ nputinamuum. CrpaBa B TOMY, IO THI double
MOJKE€ MICTUTH JIUIIIE HAOIMKEHHS CIPaBKHIX YUCIOBUX 3HAYEHb b/a
Ta ¢/b, TOMy pe3yJbTaT MOPIBHSHHS 3HAYCHb TUNY double MOXE
BIJIPI3HATHCS BiJ] MaTeMaTUIHOTO MOpPiBHSIHAA. [1l00 yHHKHYTH 1IHO-
ro, 3alMIIeMO BUPa3 y MaTeMaTUYHO €KBiBaJeHTHIN ¢opmi: bb=ac.
OTxe, yMOBa TOTO, IO YUCIA @, b, ¢ yTBOPIOIOTH TEOMETPUYHY TPO-
rpecito, y C++ Mae BUTIIS b*b==a*c. 4

Mepw HiXX 3anucyBaTM MaTeMaTW4Hy YMOBY MOBOK MNporpamy-
BaHHs, CnpobyiTe NPOBECTM MaTEMATUYHI NEPETBOPEHHSI.

Bupasu

4.6. Harmcatn yMOBY TOTO, IO 3HAYEHHSIM 3MIHHOI a CHMBOJIBHOTO
TUMy €: a) nudpa 1; 0) JmiTepa h.

4.7. HartmcaTn yMOBY TOTO, IIIO 3HAYEHHS I[iJIOT 3MIHHOI b IITUTHCA
Ha 3 0e3 ocTayi.

4.8. Hammucatu yMOBY TOTO, IITO 3HAYEHHS IUIMX 3MIHHUX a Ta b Ma-
I0Th OZAHAKOBY HapHICTh.

4.9. JliticHi 3MiHHI a, b 33JIal0Th KiHII Bijpi3ka JificHoi npsmoi. Ha-
MUCaTH BHUpa3, SIKUH 3a7la€ 03HAKy TOTO, IO JTIOBKKWHA I[HOTO Bifl-
pi3ka meHie abo nopisaroe 0,001.

4.10. Hamcatu yMOBY TOTO, 110 3HAYEHHSIM 3MIHHOI ¢ CHMBOJIBHOTO
TUILY €:

a) BEJIMKa JIATUHCHKA JiiTepa (Bl 'A' 10 '2');
0) mricTHaAUATKOBA IUdDA.

4.11. Hanucatu yMOBY TOTO, IO 3HAYCHHSI JIHCHUX 3MIHHUX X, y, Z
TTOTIApPHO Pi3Hi.

4.12. Hanimcatn yMOBY TOTO, IO IIiJie a IUIMTHCS Ha wije b 6e3 oc-
taui. He 3a0yapTe BpaxyBartu, 10 3HAUYSHHSAM b MOXke OyTH 0.

4.13. Hanimcatu yMOBY TOTO, 1110 Bifpi3ku [a, b] Ta [c, d] oci Ox:

a) HE MarOTh CILJILHUX TOYOK;
0) MaroTh x04a O OJIHY CITLIIBHY TOYKY.

71



4.14. Hanmcat yMOBY TOTO, IO TOYKH 3 KOOpAMHATaMH (X, }1) Ta
(x2, y2): @) 30iraroThcs; 0) He 30irarOThHCsL.

4.15. Hanmmcatu ymMOBy TOrO, IO TOYKHM 3 KOOpAMHATaMu (Xxi,y1),
(x2, 12) Ta (X3 y3) MEKATH HA OJHIN IPAMIH.

4.16. [IpsiMmy Ha IJIOUIMHI MOXKHA 33JaTH JAIMCHUMHU Koe(ilieHTaMu
a, b, c piBasHHEA ax+by+c =0. Hammcatn yMoBy TOTO, IO AiHCHI
4yucia a, b, ¢ 3anaioTh:

a) npsMy; 0) BEpTUKAJIBHY IPSAMY;
B) TOPH3OHTAIBHY MPSIMY;
T) IpsAMY, 10 IPOXOJUTh Yepe3 MOoYaToK KOOPAHHAT.

4.17. IlpsiMmy Ha TIOUIMHI 33a7aHO MiHCHUME KoedilieHTamu a, b, ¢
piBHsAHHS ax+by+c=0. Hanmmcatn ymoBy TOTO, III0 TOYKH 3 KO-
opauHatamu (xi, ¥1) Ta (X2, y2) JeXKaTh Y Pi3HUX MiBIUIOLIMHAX
BIIHOCHO 3aTaHOI MPSMOT.

4.18. Hanmucatu ymMoBYy ToOro, 10 JBi psAMi, 3a7aHi TpilikaMu Koedi-
IIE€HTIB PiBHAHHS ax+by+c=0: a) 30iraroThcs; 0) mapayienbHi;
B) mapaiensHi W  He  30iraloTeCsi;  T') MEPETHHAIOTHCS;
1) IEPIICHINKYJISPHI.

4.19. JlilicHi 3MiHHI a Ta b 337Jaf0Th KOe]illieHTH piBHAHHSA ax+b=0.
Hamncaru ymoBy TOro, 110 BOHO:

a) Ma€ €IMHUIA PO3B'SI30K; 0) HE Ma€ JKOJHOTO PO3B'A3KY;
B) Ma€ HECKIHUYEHHO 0arato po3B's3KiB.

4.20. JliticHi 3MiHHI a, b, c 3aalOTh KOCQIIlI€EHTH PIBHIHHSI
ax*+bx+c = 0. Hamucats yMOBY TOTO, IO BOHO:
a) Ma€ piBHO J1Ba JIIMCHI KOPEHi;

0) Ma€e eMHUN TIMCHUN KOPIiHbB;
B) HE Ma€ >KOJTHOTO PO3B'SI3KY;
T') Ma€ HECKIHUCHHO 0araTo po3B's3KiB.

4.21. Hanimcatu yMOBYy TOTO, IO TPSAMOKYTHY IETJIMHY 3 JOBKWHA-
MU pebep a, b, ¢ MOXKHA IPOCYHYTH B MPSIMOKYTHE BiKHO X Ha y
Tak, Moo ii rpaxi Oynu mapanensHi CTOpOHAM BiKHA.

4.1.4. Onepauisi po3rajsy)eHHs

Moga C++ micTUTh omepariio ?:, sika Ha3UBAETHCS OMepaliclo
po3raayxeHnsi, abo yMOBHOIO, i BUKOPHCTOBYE yMOBH. Bupas
pO3rajlyKeHHs BUTIIAJAE TAK:

Bupas_1 ? Bupas_2 : Bupas_3
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3a {oro BUKOHAHHS OOYHUCIIOETHCS 3HAYEHHS IEPIIOro BUpa3y Ta
3BOJUTECS [0 JIOTIYHOTO THUITy. SIKIIO [ie true, TO 3HAYEHHSM BHPA3y
po3ranykeHHs OyJe 3HaueHHs JPYroro BHpPa3y, 1HAKIIE — TPETHOTO
BUpazy. B 000x Bumagkax 3HaYeHHS MEPETBOPIOETHCS IO THITY, Oi-
JBIIIOTO 3 THITIB JPYTOTO ¥ TPETHOTO BHPA3iB.

[piopuTer omeparii po3ranxyXKeHHsI HWK4Ye HiX Y JIOTIYHUX OTIe-
pauii, aje BUIIE HIXX Y IPUCBOIOBAHHS.

Mpukaagu

1. 3HaueHHsIM BUpa3y (x>=0?x:-x) € MOIYJb YHCJIOBOIO 3Ha-
YEeHHS 3MIHHO] x.

2. 3HaueHHsIM BHpa3y (a<b?a:b) € MiHIMaJbHE 31 3HaUYCHb YHMC-
JIOBUX 3MIHHHX a Ta b. 4

Bunpagsa 4.22. Hanrcatu Bupa3, 3Ha4€HHSM SIKOTO € MaKCHUMallb-
HE 31 3HAYCHb YHCJIOBHUX 3MIHHHUX a Ta b.

4.2. IHCTpYKLUIi po3rasly>KeHHSs

PiBusinHs ax+b =0, 3aJ1€KHO BiJi KOHKPETHUX 3HAYCHb d, b, MOXKE
PO3B'I3yBaTHCS OJHUM i3 TphOX croco0iB. CriociO odbupaeTbes micis
BH3HAUYCHHS, YU CIIPABIKYETHCA YMOBa a # (); AKIIO 1€ HE TaK — TO
4n fgificia ymoBa b =0. PosrissHemo 3aco0u, 110 T03BOJISIOTH yKa3a-
TH BUOIp crmoco0y OOYUCIICHb 3alIe)KHO BiJ THX 200 1HIIMX YMOB, i
CKOPHUCTAEMOCS HUMU JIJIsl PO3B'SI3aHHS PIBHSIHHSL.

Bubip omHOTrO 3 BOX MOXKJIMBHX IIUISIXIB OOYMCIICHHS MOXKHA 3a-
JaTd 3a JOTIOMOTOI0 IHCTPYKIii po3ray:KeHHsI (YMOBHOI iHCTpPYyK-

uii). [HcTpyKIist po3ranmyxeHHs B MOBHii (popMi Mae BUTIISIT
if (ymoma) incrpyknisl else iHcTpykiuis2

CrnoBa if Ta else € 3ape3epBOBaHUMH, JTY>KKH HABKOJIO YMOBH 000-
B's3koBi. Lliit iHCTpyKIii BinmoBimae Omok-cxema Ha puc. 4.1, a. -
CTPYKIlisi BUKOHYEThbCS TaK. OOUYHCIIOETHCS 3HAYCHHSI YMOBH. SIKIIO
Ile true, TO BUKOHYEThCSA imcrpyxnisl 1 BUKOHAHHS 3aKiHIYETHCS.
SKIo K 1e false, TO BUKOHYEThCS imcTpyxmis2, 3aliCaHa MiCIs
else. KoxkHa 3 IUX iHCTPYKIIii MOXe OyTH TIPUCBOIOBAHHSIM, pO3ra-
JTy>KeHHSIM a00 1HCTPYKII€I0 1HIIOTO BUTIISLY.
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CkopoueHa ¢opma IHCTPYKIii po3raTyKeHHI:
if (ymoma) iHcTpyxuis
SKI0 O0YMCIICHHS YMOBU Jla€ 3HAYCHHS false, TO BUKOHAHHS iH-
CTPYKIIIi pO3TalyXeHHS 3aKiHdyeThCs (AWB. OJOK-CXeMy Ha
puc. 4.1, 0), iHaKIIe BUKOHYETHCS iHCTPyKLis.

true ¥ false true ¥ false
incmpyxyial iHcmpyKkyia2 iHCMpYKYis
a) Vv 6 v

Puc. 4.1. Biaok-cxeMu ABOX (opM iHCTPYKUIT po3ranyKeHHs

Mpuxnag. Po3risHeMo Taki iHCTPYKIIii:
int n, z;
cin >> n;
if (n%2==0) z=1; else z=-1;

SIKIo BBENEHO HEBiN'€eMHE 3HAYCHHA n, TO OOYHCIIEHHS BHUpAa3y
n%2==0 (IepeBipKka YMOBH) Ja€ 3HAYEHHS true, i 3MiHHA z OTPUMYE
3Ha4YeHHs 1. SIKIIO X yBeleHe 3HaueHHS Bi'€MHE, TO BHpa3 n%2==
Ma€ 3HAUeHHS false, 1 3HAUEHHSM z CTa€ -1.

3aMicTh IHCTPYKIT
if (n%2==0) z=1; else z=-1;

MO>KHA 3aIlMCaTH TaKi:
z=-1; if (n%2==0) z=1;

ﬂKHIO 3HAUYCHHS n HETIAPHE, TO 3HAYCHHAM z 3aJIMIIINATLCA -1.
3a3HauMMoO: HaBeJeHUH (pparMeHT Kooy OOUYMCIIIOE 3HAUEHHS BU-
pasy (-1)" i nprcBOOE #Or0 3MiHHIH 2. 4
[I1o6 mporpama sermie cupuitManacs, IHCTPYKIIIO PO3TaTy KeHHS
4acTO 3alUCYIOTh TaK:

if (ymMoma) AGo if (ymMoma)
iHcrpykiisal iHcrpykiisal
else iHcTpyknis2 else
iHCcTPyKIisT2
Hpukaan 4.1. Hanumemo mporpamy, 1o po3B'si3ye piBHSHHA
ax+b=0.
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YTouHeHHSI MOCTAHOBKH 3ajavi. Bu3sHaunmo BXifHi i BUXi-
IIHI TaHi mporpamu. Bxio: KoeillieHTH PiBHAHHS — IBa MIACHUX YH-
cina a ta b. Buxio: KUTBKICTh PO3B'SI3KiB; SKIIO PO3B'SI30K OAMH — TO
came I1eit po3B'sI30K.

MaremaTuunuii anani3 3aaauvi. 3a ymoBu a # (0 piBHSHHA
Mae OIMH PO3B'SI30K - b/a; 3a yMoBH a =0, skmo b=0, TO piBHIHHA
Ma€ HeCKIHUEHHO 0araTo po3B's3KiB, IHAKIIIE — KOJTHOTO.

OTxe, yci BXiHI 1aHi KOPEKTHI, TOMy 00poOKa IMOMIIOK HE TIO-
TpiOHa.

IpoexkTyBanusi mporpamu. Haifyacrinie airoputMm cTBOpIO-
I0Th, TIOCTYIIOBO YTOYHIOIOUHM TIOHSATTS, NOB'sI3aHi i3 3a/1ayelo, i He-
o0ximHi aii. Tomi kaxyTh, O PO3pOOKY BEAYyTh 3rOPH TOHU3Y. Y
3araqbHOMY BUTJISII alTOPUTM TaKHiA:

1. OrpumaTy BXiaHI IaHi.

2. O0poOuTH BXiHI MaHi.

3. BuBectu pe3ynsTaT 00poOKH.

YTOYHMMO KOXKEH i3 KPOKIB allTOPUTMY.

"OtpuMaTy BXigHi maHi".

1.1. BuBecTu 3anpoIIeHHs] Ha BBEACHHS TaHUX.

1.2. YBecTHn KoedillieHTH PiBHAHHS B JIHCHI 3MiHHI a Ta b.

"O6pobutn BxigHi maHi". Ha ocHOBI aHamizy 3amadi, sxmo a # 0,
TO KIJIBKICTh PO3B'SI3KIB JOPiBHIOE 1, a po3B'sI3KOM € -b/a. B inmomy
BHITAKY, KO b=0, TO MHOXHHA PO3B'sI3KiB HECKiHUEHHA, 1HAKIIIE
KinpkicTh qopiBHIOE 0. KibKicTh pO3B'sI3KiB MPUCBOIMO IILMIH 3MiH-
HI{ n, IPA IIbOMY 3HAYEHHS -1 300pakyBaTHMe HECKIHUYEHHY MHO-
JKUHY pO3B'sa3KiB. PO3B'S30K 3amam'sitaeMo B IiHCHIH 3MiHHIH x.

"BuBectu pe3yabTaT 0OpoOKH".

3.1. BuBecTu piBHSIHHSI, yBEJICHE KOPHCTYBaYEM.

3.2.3a DOIOMOIOK0 3HAYEHb 3MIHHHX n Ta x BHUBECTH KUIBKICTH
PO3B'A3KIB PIBHSHHS 1 PO3B'S30K, SKIIO BiH OJIUH.

Hapermri, MojkHa KOyBaTH.
//nporpamMa, mo posB'sisye piBHsHHs ax+b=0
#include <iostream>
using namespace std;
int main () {
double a=0, b=0;
int n; //xinekicTe poBB'sBkieE piBHsIHHS ax+b=0;
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// -1 nosnauae "HeckiHueHHO 6Bararo"

double x; // poBB'sB0K PiBHSHHS
// orpumMarTu BxingHi mani

cout<<"Enter coefficients a and b of " <<

"equation ax+b=0 (2 reals)\n";
cin>>a>>b;
// obpoburm BEemeHi maHi
if (a'=0) n=1;
else if (b==0) n=-1;
else n=0;
if (n==1) x=(-b)/a;
// noBimomMmTM pesynbTaT

cout<<"Equation "<<a<<"x"

if (b>=0) cout<<"+"<<b;

else cout<<b;

cout<"=0 ";

if (n==1) cout<<"has one solution "<<x<<endl;

else if (n==0) cout<<"has no solution\n";

else cout<<"has each real as a solution)\n";

system("pause"); return 0;

}
prog007.cpp 4

VY uiii mporpami KoXeH (parMeHT KOay 3aja€ IMeBHi il Jyis
OTPUMAaHHSA HEOOXiJHOTO Pe3yNbTaTy, TOOTO Ma€ CBOE NPU3HAYCHHS,
abo cBiif 060B'sA30K. Ha mepmmii mormsaa, mporpaMy MoXxHa 3po0H-
TH KOPOTIIOIO: SIKOM OOYMCIIOBATH I Bifpa3y BUBOJUTH KiJIbKICTh
PO3B'SI3KiB, TO MEPEBIPKH YMOB CKOpOTHIHCS O yaBiui. OnHaK TOxi
KOJI 00poOKu jaHux OyB O nepesanmasicenuii 00608's13xkamu, TOOTO
BiJNOBiAaB 3a KiJibKa pi3HUX (QYHKUIHA (TYT — OOYMCIICHHS i BUBe-
JIEHHS Ha eKpaH).

SKWwo koxeH dparMeHT KoAay Mae CBOE, NepcoHanbHe Mpu3Ha-
YeHHs, TO Le, no-nepwe, pobuTb 3aranbHy CTPYKTYpy nporpamu
Npo30piLLoto i, No-apyre, nonerwye moaudiKaLilo OKpeMUX YacTUH
nporpamu.

Y HaBeJleHOMY NpUKJIa/i MOKHA 3a0axaTh 3MIHUTH BUXiJHE TEK-
CTOBE TTOBIIOMJICHHS, 1 II¢ HE BIUTMHE Ha aJITOPUTM OOYHCIICHHS pe-
3yabrary. OTXKe, BiTOKpeMIIEHHS OOpOOKH BiJl BUBE/IEHHS pe3yJIbTa-
TiB IIUTKOM OOTPYHTOBAHE.
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Ipukaan. Harmmcatn gparMeHT Koy, IO 3a MIHCHUM X 00YHC-
JIIOE 3HA4YEHHS f{X) 1 IPUCBOIOE HOTO JiMCHIM 3MiHHIH .
x, akuo 3<x <7,
X+ 2, akuo x > 7,
f()= 2x, akugo —5< x <3,
0, axwo x <-5.
[Mo-nepure, nepenumiemo Gopmyny obuncieHHs f{x) y ekBiBajeH-
THOMY BUTJISII.
0, saxwo x < -5,
2x, akuo —5<x<3,

fx)=

x, akuo 3<x <7,

X+ 2, akuwo 7 < x.

3a hopmyoro 3anmuieMo Takuid (parMeHT KOy:
if (x<=-5) y=0;
if (-5<x && x<3) y=2*x;
if (3<=x && x<=7) y=x;
if (7<x) y=x+2;
Ieii ko € MPaBWILHUM, aJie HeONMUMAIbHUM 33 KITBKICTIO BUKOHY-
BaHMX ONepamii. SKmo 3HaYeHHSIM 3MIiHHOI x € -9.0, TO 00YHCITIO-
FOTBCSL BCI YOTHPH YMOBH, X04a 3 MOIJISAY MaTEMAaTUKH 3PO3yMiJIo,
IO 3a ICTHHHOCTI YMOBH x<=-5 pemira ymMoB Xxu0OHi. Omxe, Monudi-
Ky€eMo (hparMeHT KOJy.
if (x<=-5) y=0;
else if (-5<x && x<3) y=2*x;
else if (3<=x && x<=7) y=x;
else if (7<x) y=x+2;
Temep 3a 3HaueHHS -9.0 OOYHUCIIOETHCA TiIMBKW TMepma ymoBa. He-
Xail 3HaYCHHSM 3MiHHOI x € 0.1. ToJi BUpa3 x<=-5 € XUOHUM, 1 00-
YUCITIOEThCS BUPA3 -5<x&&x<3. OJHAK x<=-5 XHUOHUH, TOMY -5<x €
icTHHHAM ! OTtxe, 3HAYEHHSIM BHpazy
- 5<x&&x<3 € 3HaYCHHS x<3. MipKyIO4H Tak caMmo Aalli, OTPUMYEMO
IIe OJTMH BapiaHT.
if (x<=-5) y=0;
else if (x<3) y=2*x; // Tyr sHaueHHs -5<x icTuune
else if (x<=7) y=x; // TyT sHaueHHs 3<=x icTunHe
else y=x+2; // TyT BHadeHHs 7<xX icTMHHe
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3ayBaKUMO: HACTYIHHI (parMeHT KoLy ISl HAalIol 3ajadi € no-
MUTKOBUM.
if (x<=-5) y=0;
if (x<3) y=2*x;
if (x<=7) y=x;
else y=x+2;
SIKIo 3HaYeHHAM x € 1.0, TO yMOBa x<3 ICTHHHA, TOMY CHOYaTKy
BHKOHYETHCSl TMPHCBOIOBAHHA y=2*x. [IpoTe mOTiM mepeBipseTbes
YMOBa x<=7, BUSBIISIETHCS ICTUHHOIO, 1 BUKOHY€ETBCA y=x, 1110, BOYe-
BH[Ib, € IOMUJIKOBUM. 4

Hy»xe yacTo iHCTPYKILIii po3ray>KeHHs € YaCTHHOIO 1HIINX pO3Ta-
JTy>KEeHb, TOMY IX 3alHCYIOTHh "CXIAIIMH'", 3CyBarO4M BKIJIAJCHY iH-

CTPYKIIiIO TIPaBOPYY, HAIIPHUKIIA]I, TAKUM YUHOM:
if (ymomal)
if (yMoma2)
iHcTpykisl
else
iHCcTpyKIia2
else
[HKOJIM BUHUKAIOTH JIOBTI JIAHIIOTH PO3Tally’KEHb, B IKUX 32 CJIO-
BaMU else I/IyTh HACTYITHI pO3TalyXeHHA 3 if Ha modatky. Kpare

3aIlMCYBaTH iX y TAKOMY BHIJISIAL:
if (ymoma)
iHCcTPYyKLis
else if (ymoma)
1HCTPYKLis
else if (ymoma)

Buopasu
4.23. lllo BUBOAMTH IIpOrpama, sKIIO BBeneHo: a) 1; 0) 2; B) 3; 1) 47

#include <iostream>

using namespace std;

int main() {
int x,y;
cout<<"Enter one integer:"; cin >> x;
if (x==1) y=16;
else if (x==2) y=256;
else if (x==3) y=4096;
else y=10000;
cout << y <<endl;
system("pause"); return 0;
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4.24. Kacupy noTpiOHO BHAATH JESIKy LTy CyMy TPOIIeH # MOHEeTa-
MU HOMIHAQJIOM 110 5 1 2 (AKuX € HeoOMeXeHUH 3arac) i BUTpa-
TUTH SIKOMOTa MeHIlle MoHeT. Hamucaru mporpamy, 1mo oo4uc-
JIFOE ¥ BUBOJUTH KIJILKOCTI MOHET HOMIHAJIOM 5 1 2, K1 Ma€ BH-
JnaTh Kacup. SIKIO cyMy BHIATH HEMOXJIMBO, TO BUBECTH Bij-
IOBIIHE TOB1JOMJIEHHS.

4.3. bnok

[[o6 HamucaTw KijgbKa iHCTPYKIIA TaM, J¢ 3a MpaBWIaMA MOBHU
Mae OyTH OflHa, HAIIPUKJIIAJ, SIK TUIKY B YMOBHIH 1HCTPYKIIii, BUKOpH-
CTOBYIOThH 0JI0K — TTOCHIIOBHICTh IHCTPYKITIH Y AyXKKax {}. Bin mae

TaKWH 3araJbHUN BUTIISIT:
{

iHCTPYKIis

iHCTPYKIisT
}
BukoHaHHs 0JIOKY TOJISITae B TIOCHIOBHOMY BUKOHaHHI iHCTPYKLIH,
3aIMCAHUX Yy HBOMY.

Hpukaan. Y npuxmani 4.1 (mus. c. 74), oOpoOnstoun BBeIeHI
JlaHi, KUTbKICTh PO3B'SI3KiB PIBHSHHS M PO3B'SI30K MOXXHA OOUHCIUTH
pa3zoM B oJHOMY OJoIIi (caMe Iie BiJIOBija€ MaTeMaTHIHIH po3po0Ili

ANTOPUTMY PO3B'SI3aHHS).

if (a'=0) {n=1; x=(-b)/a;}
else if (b==0) n=-1;

else n=0;

4

4.4. O6nacrtb Ail OronoweHHA iMeHi

Tino ronoBHOI, 5K 1 Oyap-saKkoi iHmoOl ¢yHKuUii, € 6mokoMm. biok
MICTUTh TIOCHTIIOBHICTh 1HCTPYKIIi, sIKi, y CBOIO 4epTy, MOXKYTh MicC-
TUTH OJOKU 1 T. J. Y KOKHOMY OJIOLI MOKHa OTOJIOITYBaTH iMeHa
3MIHHHX 1 JesIKUX iHINX 00'eKkTiB. BUHHKa€e MUTaHHS TPO TE€, B SIKUX
MICIISIX TIPOTPAMH JTi€ T€ UM IHIIIE OTOJIONICHHS, a B SKHUX HI.
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O6nacrtb pAii orosiowleHHA iMeHi — LUe CyKYMnHIiCTb
MiCUub y Mporpami, B SKux ue iMm'a no3Hayae came Te (3MiHHY
abo iHWKNI 06'EKT), WO ONNUCAHO B OrONOLUEHHI.

OO6acTh i OTOJIOIICHHS BUBHAYAETHCS TAKUM TTPABUIIOM.

OronoweHHs ai€ Big Micus 3anucy Ao KiHusa 610Ky, B SKOMy 3anu-
caHe. lMpoTe, SKWo BcepeamHi upboro 610Ky € we oavH 610k (Bkna-
AEHMUI) | B HbOMY OrOJIOLLIEHE Lie caMe iM's, TO e BHYTPILUHE Oro-
NOWEHHN Ai€ A0 KiHUS BKnageHoro 6noky. IHWuMK cnoBamm, orosno-
LWEHHS iMeHi B 6noui "nepekpuBac” OronoweHHs UbOoro X iMeHi 3a
Mexamm 610Ky .

30BHIWHE orosioweHHs (po3TalloBaHe 3a MeXxaMu 6yab-sikoro
610Ky) Ai€ 3a UMMM CaMMMM NpaBwWIaMK Big MicUs 3anmncy Ao KiHUs
(haiiny, B IkOMy BOHO 3anucaHe.

IIpaBuito, mo BU3HAaYa€ 00JaCTh Ail OTOJIOMICHHS IMEHI, JO3BOJISIE
B PI3HMX YacTHHAX Mporpamu (TOUHIile, y Pi3HUX OJIOKAx) JaBaTH
pi3HUM 3MIHHUM OJHAKOBI iMeHa. OJHAK KOAHE iM's 3MIHHOI He
MO3ke OyTH OToJIOIIeHe B 60111 O1NTbIIe OHOTO pasy.

IIpuxaaa. Po3risineMo nporpamy.
#include <iostream>
using namespace std;

int a=99; // "soBHiums" sBMinHa
int main() {
cout <K a << ' '; // Buxim: 99
int a=1; // BMimHa B 6ioui oymxumii
{ // BrIameHwm GJIOK: [OYATOK
cout << a << ' '; // Buxin: 1
int a=2; // we omma BMiHHA
cout < a << ' '; // Buxim: 2
} // BKIamemwni 6JIOK: KiHelpm
cout << a << endl; // Bxinm: 1

system("pause"); return O;
}
prog008.cpp

ITix gac i BuKOHAHHS Oy/e BUBEAEHO 99 1 2 1. ¢

3MiHHa, BU3Ha4YeHa 30BHIWIHIM OrosioWeHHsAM, € rnobanb-
HOKO Ta cTaTuyHot. 3 nornagy C++, 3MiHHi, OorofoweHi 3a
Mexamum 6nokie, € rno6anbHuMM (y mexax cganny). Cra-
TUYHMMM HA3UBAKTLCH 3MiHHI, WO CTBOPKKTLCA OAUH pa3
Ha No4YaTKy BWMKOHAHHSA MNporpaMu Ta 3HULLYKTLCH B KiHUI,
TO6TO ICHYIOTb MPOTArOM YCbOrO BUKOHAHHS Nporpamu.
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He BapTo Bci 3MiHHI TIporpamMu poOUTH TII0OaTBHIMH (X04a e U
MO>knB0). KokHa yacTiHa mporpamMu MOBHHHA MATH JOCTYII TUTBKH
10 THX 3MIHHHX, fKi il HeoOXinHi. Lle mo3BoMse yHUKATH iX Hempa-
BHJIHOTO BUKOPHCTaHHS (HAIIPHUKIIAL, KOJIH 3MiHHI, 1110 300paxyoTh
MEeBHI CYTHOCTI, "pantoM" CTarOTh IOTMOMIKHHUMU B OOYHMCICHHSX).
I'moGanbHi 3MiHHI HalyacTille MPU3HAYAIOTHCS 11 30€peKeHHs 3a-
TalbHUX HaNalITyBaHb MporpaMu abo ii OKpeMHUX YacTWH. Y cydac-
HOMY TpOrpaMyBaHHI PEKOMEHAYEThCS 3a MOXIIMBICTIO VHUKAMU
2100aNbHUX 3MIHHUX, & JJi1 OOMIHY JaHUMU MK 4YaCTHHAMHU MPO-
rpaMu 3aCTOCOBYBATH iHIII 3aCO0H.

Bunpasu
4.25. lllo Oyme HaAPYKOBAaHO 3a MPOTPaMol0, SKIIO BBecTH: a) 0
6) 12
#include <iostream>
using namespace std;
int main () {
int a, b=9%99, c=777;
cin >> a;
if(a)
{int b=1; cout << b KK ' 'Ke K "' ";}
else
{ c=0; cout << b ' '<Kec<kK"'"'";}
cout << b << ' ' << ¢ << "\n';
system("pause"); return 0;
}
4.26. lllo Oyme HaApPyKOBAaHO 3a MPOTPaMol0, SKIIO BBecTH: a) 0
6) 12
#include <iostream>
using namespace std;
int b=99;
int main () {
int a, c=777;

cin >> a;
if(a)

{ int b=22; cout <K b KK ' ' K ec <K' ';}
else

{c=0; cout << b ' 'KKe<K"'"'}
cout << a<< ' ' << c < '"\n';

system("pause"); return 0;
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4.5. Bubip i3 KinibKOX BapiaHTIiB

VY curyarlii, KoM BapiaHT NIISAXY OOYMCIICHb BU3HAYAETHCS OJ-
HUM i3 KUTBKOX 3HaY€Hb LIIOT0 200 CHMBOJIBHOTO THITY, OOUMCIICHHS
MOXHa OIMHCATH 3a JIOTIOMOTOI0 iHCTpykuii BMOOpPy BapiaHTa,
abo mepeMuKkayva. Po3risHeMo 11 Ha mpUKITai.

Hpukaan. Po3s'sokeMo 3aauy: yBeCTH 3 KiaBiaTypH JificCHE dHC-
70, 3HaK oreparii (+, -, * ado /), e oJJHe YMCII0 i HAAPYKyBaTH pe-
3yJbTaT 3aCTOCYBaHHS omepamii 7o nux gucen. Hampukianm, micis
BBEJIEHHS 2, +, 3 BUBOANUTHCS 5, a MICIHA 2, /, 3 — IPUOIU3HO 0. 667.

Jlii cripolieHHs IPUITyCTUMO, 110 KOPUCTYBad MPOrpaMu MpaBH-
JHHO BBOAWTDH YHCIIA, alleé MOKe HaOpaTH HEJOIyCTHUMHUHN 3HAK OIle-
partii. Ille omHi€r0 TOMIIIKOIO MOXe OyTH OoTepaHa 0 micis 3Haka /,
T00TO cripoba moxiauTH Ha 0.

Onepanam 300pa3uMo TIHCHUMH 3MIHHAMH opl Ta op2, 3HAK OIle-
pauii — cMMBOJIBHOIO sign. Pe3ynbrar onepauii 30epexeMo B AiiicHIH
3MiHHIN res. Hexail mina 3MiHHA state 300pakye cTaH mpolecy o0-
YUCIIEHHS:

—3a KOPEKTHHX BXITHUX JAaHHUX ii 3HAYCHHSM € 0 (BIIACYTHICTBH
TTOMHIJIKH);

— SIKIIIO BBEIICHO HEIOMyCTHMHM 3HAK omeparlii, To ii 3HaYeHHIM
CcTae 1;

— SIKIIO 3a7aHo au1eHHs Ha 0, To T1 3HaYeHHSIM CTac 2.

Criouatky, KOJIM BXiJTHUX JIJaHUX II[¢ HEMAE, TO HEMAE i TIOMUIIKU
(ne Oynemo Hamepe]] 3BUHYBauyBaTu Kopucrysada ©), Tomy modar-
KOBUM 3HAYCHHSM state € 0. YBeJIeMO onepanau Ta 3Hak. [lotim 3a
3HAYEHHSIM sign BHOEpEeMO OAHY 3 omepalliil (IoJaBaHH:, BiqHIMaH-
HS, MHOXKEHHsSI a00 TiJICHHS) 1 BUKOHAEMO OOYHCIIEHHS, OJHOYACHO
BH3HAYAIOYM CTaH NpoLecy OOYUCIeHHs. Y KiHLi NOBIJOMHMO pe-
3yJabTati 00poOku. Bubip BapiaHTa Jidi 3a 3HAKOM oreparlii crovar-

Ky OIIMII€MO JIaHIIO’KKOM PO3ralyKCHb.
// nporpaMa OBUWMCIIEHHsI pesyJBETaTy onepaniil
// Ba ii smakoM (+,-,*,/) i onepanpamm
#include <iostream>
using namespace std;
int main() {

double opl, op2, res;
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char sign;
int state=0;
// yeepemms
cout << "Enter double, sign (+,-,*,/)," <<
" and double\n";
cin >> opl >> sign >> op2;
// oBumcnennst
if (sign=—'+') res=opl+top2;
else if (sign='-') res=opl-op2;
else if (sign='*') res=opl*op2;
else if (sign=='/")
if (op2!=0) res=opl/op2;
else state=l;
else state=2;
// noBimoMneHHs1 pesyJBTaTy
if (state==0)
cout << "==\n" << res << endl;
else if (state==l)
cout << "Division by zero\n";
else cout << "Wrong operator\n";
system("pause") ; return O;
}
prog009.cpp
PosrisremMo iHmwmiA ommc BUOOpPY BapiaHTa oOuumcieHHs. Posra-

JIy>KEHHS 3a 3HAQUEHHSIMHU sign ONIUIIIEMO TaK:
switch (sign) {
case '+': res=opltop2; break;
case '-': res=opl-op2; break;
case '*': res=opl*op2; break;
case '/': if (op2!=0)
res=opl/op2;
else state=1;
break;
default: state=2;
}
AHAJIOTIYHO 3aMUIIeMO IHCTPYKIIIO TOBIJOMJICHHS:
switch(state) {
case 0: cout << "===\n" << res<<endl; break;
case 1l: cout << "Division by zero\n"; break;
default: cout << "Wrong operator\n";
}
4

CrnoBa switch, case, default € 3ape3epBOBAHMMH; BOHH MMO3HAYA-
I0Th BiNIOBiAHO "mepemukayu”, "Bumaaok", "3a BincyTHocti". [HCTpyk-
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Lisl break; 3aKiHYy€ BUKOHAHHS 1HCTPYKUii, B sIKiH 1i 3amucaHo (TyT —
yca IHCTpYyKIig-TiepeMuKad). Bupas y mykkax micis cioBa switch
(y mpukiafi e iM'sl sign) HA3UBAETHCS CEJIEKTOPOM BapiaHTiB.

3a iHCTpYKIi€l0 BHOOPY BapiaHTa CIIOYATKy OOYHMCIIOETHCS 3Ha-
YyeHHs cenekTopa. [1oTiM BOHO TMOCTIIOBHO TMOPIBHIOETHCA 31 3HA-
YeHHSIMH (MIiTKaMu BapiaHTiB), yKa3aHUMHU TicClsl CIIB case.
TinpKku-HO 3HAUEHHS CENEeKTOpa 30IracThCsl 3 MITKOIO, BUKOHYETHCS
MIOCITIIOBHICTD 1HCTPYKIIIH, 3amucada Micis 1€l MITKU Ta JBOKpal-
KM, 10 HAlOIMK4I01 iHCTPYKLIT break, sIKa 3aKiHUy€e BUKOHAHHS BCi€l
THCTPYKILIi BUOOpY BapiaHTa. SIKII0 3HAUEHHS CelleKTopa He 30irmocs
3 JKOJTHOIO MITKOIO BapiaHTa, TO BUKOHYIOTBCS IHCTPYKIIii, 3amucaHi
ICJIsl CI0Ba default, a SIKIIO CJIOBA default HEMae, TO BUKOHAHHS
repeMrKada 3aKiHIy€eThCS.

CenexTop BapiaHTiB € BUpazoM mijoro (integral) Tuiry abo Tako-
T0, SIKHI OHO3HAYHO NEPETBOPIOETHCA O LIIOT0, MIiTKH BapiaHTiB —
KOHCTAaHTHUMH 3HaY€HHSIMH TOTO CAMOTO THITY, IO i y CENEKTOpA.

BapiaHT 3 MiTKOIO default MOXKHa 3amucaTl Oyab-7e, aje peKo-
MEH/Iy€ThCsI 3alIUCYBAaTH HOTO OCTaHHIM.

[MocainoBHiCTh IHCTPYKLIN MiCHA MITKH BapiaHTa MOke OyTH TO-
POXHBOIO. 3a 30iry 3HAYCHHS CENIEKTOpa 3 II€I0 MITKOI BHKOHY-
IOTBCS HAWOMIKYi 1HCTPYKIIi TiCIe HACTYymHHUX MITOK (abo Hidoro
HE BUKOHYETbHCS, SIKILIO MITKa OCTAaHHS).

SIkImo neskwii BapiaHT HE MICTUTH IHCTPYKIIi break, TO MICHS iH-
CTPYKIIIH IIFOTO BapiaHTa BUKOHYIOTHCS 1HCTPYKIii, 3arvcaHi B II0-
JAJIBIIMX BapiaHTax — JI0 HaHOJMKIOro break a00 0 KiHIIS TIEPEMHU-
Ka4ya. B ocTaHHBROMY BapiaHTi MMCATH break HEMA€E CEHCY.

Bunpasu
4.27. Onucaty, K BUXIJ 3aJ€KUTHh BiJ 3HA4Y€HHS 3MIHHOI char c,
KOJI BUKOHY€ETHCS TaKa IHCTPYKIIis:
switch(c) {
case 'A': cout << 'A'; break;
default: cout << '*';
case 'B': case 'C': cout << "[B or C]";
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4.2

4.1
4.2

43
4.4

4.5.

4.6
4.7
4.8

4.9

8. HammucaTtu mporpamy, 1o 3a HOMEpOM MICALA BUBOAUTH MOPY
POKY.

KOHTpPONbHi 3annUTaHHA

. HaBectn 3naku onepariii mopiBHSAHHSA i JIOTTYHUX ONEpaLii.

. SIki 3HayeHHs1 B MOBi C++ 300pakyroTh JIOTi4Hi 3HAUeHHS "XHO-
HicTh" Ta "icTUHA"?

. 3a AKMMH MTpaBUIIaMHU OOYMCITIOIOTHCS JIOTIUHI OTepartii?

. Ilpu obuncnenHi skux omnepariii y MoBi C++ BHKOPHUCTOBYETHCS

CTpAaTeTis Je1a40ro 00UHCICHHS?

Onucatu pi3HOBUIM W TOPSJAOK BUKOHAHHS IHCTPYKIIIHA po3ra-

JYKCHHSI.

. [llo Take 60K?

. [Ilo Take o6macTh Ail OroJONIEHHS iMEH1?

. Onucaru mpaBuia, 10 BH3HAYAIOTh 00JIACTH il OTOJIOIICHHS
IMeH.

. Onmcaty BUTIIAL 1 TOPSIIOK BUKOHAHHA 1HCTPYKIIT BUOOPY Ba-
piaHTa.

4.10. Yu Moxe celneKTop BapiaHTiB MaTH JilicHUI TUN?

4.1

4.1.

4.2.

4.3.

44.

1. Yu MoXxe celeKTop BapiaHTIB MaTH JIOTIYHUI THTT?

3apavi

Hanmcaru mporpamy, 1o 3a JiHCHUMHE X Ta y O0YHCITIOE 3HAYEH-

Hi log, y.

Hammcaru mporpamy, 1o 3a TpboMa JiHCHUMH YUCIAMU — JOB-
KMHAMH CTOPIH TPUKYTHUKA — BU3HAYa€, Y € BiH TOCTPOKYT-
HUM, TIPSIMOKYTHHUM 200 TYTIOKYTHHM.

Hammcaru mporpamy, mo [uist piBHIHHS ax*+bx+c =0 3HAXOIUTD
JIHCHI PO3B'SI3KH Ta IX KiJIbKICTb.

Hanwmcaru nporpamy, sika 10 3a4aHOTO LJIOTO YUCIa, 10 BU3HA-
Yae BiK JIIOIWHH, fonHcye cinoBo "pik", "poku”, "pokis" BiamoBi-
ITHO /IO TIpaBWJI YKpaiHChKOi rpamatuku. Hampuximan, 21 pik,
34 poku, 14 pokis.
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4.5. Haitbnmxdaa kpamuung mnpamroe 3 7.00 go 19.00 i3 nepepBoro Ha
00ix i3 13.00 mo 15.00. T'actporoMm, 1o posramoBanuii y 20 xB
xoxpbu, mpamoe 3 8.00 mo 20.00 i mae mepepBy 3 14.00
no 16.00. Ha Bincrani, mojonatu siky MOXHa TUIBKH 3a 45 XB,
po3TaroBaHuii cymepMapker, mo mpaitroe 3 8.00 go 23.00 6e3
nepepBu. Hammcatu nporpamy, sxa 3a 3aJaHUM 9acOM BH3HAUaE,
IO Kparie:

— BIIBIIaTH HAMOIMKYY KPAMHUIIIO;

— IIATH 10 TaCTPOHOMA (3 YpaxyBaHHSAM Hacy Ha JOPOTy);

— pyIIaTH B cynepMapKeT (TeX 3 ypaxyBaHHIM 4acy Ha JIOpOTy);
— 3aJTMILUTHCS BAOMA, OCKIIBKH BCl MarasuHU 3a4NHEHO.

Yac yBoIMTBCA Tak: TOJUHHM, ABOKPAIKa, XBHUJIMHH, HAIIPHUKIAL,
15:30 o3nauae 15 rog 30 xa.
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PO3AIN 5
A ONOMIXKHI ®YHKLUII,
ABO NIANPOrPAMM

5.1. Nignporpama -
onuc po3B'ss3aHHA nia3aapavi

[Iporpama — 1ie ommc po3B's3aHHs neskoi 3amadi. [lpakTuyHOo B
KOXKHIN 3a/1a4i MO’KHA BHIIJTUTH OKPEMi TOTIOMIXHI nidzadaui. Jleski
mij3aaa4i JOBOJUTHCS PO3B'A3yBaTH B 0araTboX Pi3HMX 3aja4ax, Ha-
MpUKIaa, OOYMCICHHS MaTeMaTHYHUX (QYHKIIH a00 BBEJCHHS i BU-
BeleHHs naHuXx. s Takux cmandapmuux nio3aday y KOXKHIA CHC-
TEeMi MPOTpaMyBaHHS € BEIIMUE3HUNA HAOIp comosux nionpoepam, 3i-
OpaHux y crenianbHi Habopu — Oibniomexu. BukoHaHHs Takoi 0i0-
JTIOTEYHOI MiANPOrpamMM 3aJaeThesl il 6UKIUKOM, B SIKOMY BKa3aHO
BHpa3u abo 3MiHHI, ITI0 MalOTh 0OPOOIIATHCS ITiT Yac i BUKOHAHHS.

Y npakTUYHOMY nporpaMyBaHHi 3HaTW CTaHAAPTHI nignporpamu
KOPUCHO 11 HeobxiaHO, agke 3acTocoByBaTV roTosi AeTani HabaraTto
Neriie, HiXk CTBOptoBaTH iX CamMoMy.

[IpoTe 3amporpamyBaTH pO3B'A3aHHS BCIX MOXIJIMBUX MiJ3anad —
YTOIIisl, TOMY TIPOTpaMicTaM JIOBOJUTHCS IMOCTIHO CTBOPIOBATH Bia-
CHI T ATIpOTpaMHu.

BukopucTaHHsa nignporpam BTINIOE 3aranbHWU NpUHUUN " po3ginsav
/ naHyd', po3sBonsie cTBOptoBaTM A06pe CTPYKTypoBaHi Ta 3po3yMini
nporpaMu, CyTTEBO NOMErLYE iX NPOEKTYBaHHS i PO3pObKY.
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5.2. ®DyHKLUifA Ta il BUKJIMKKN

5.2.1. Npuknap pyHKUIi y nporpami

PosrisreMo 3aco0u cTBOpeHHS miamporpaMm MoBoro C++. YV miid
MOBI mifmporpama HaszuBacThcsl (QyHkUi€w. [Iporpama 3a3Buuaii
MICTHTh TOJIOBHY (DYHKIiIO Ta KiJIbKa JOMOMDKHHX, SIKI OHHCYIOTbH
pO3B'sI3aHHS MMi3aMad OCHOBHOI 3amavi. O3HaOMHMOCS 31 CTBOPEH-
HSAM QYHKIIM Ha TPOCTOMY IPUKIAI].

Hpukaag. OGuucIuTH NEepUMETp TPUKYTHHKA Ha IUJIOLIMHI,
3a1aHOTO KOOPJMHATAMH HOTO BEpIIINH.

Hexait  (x1,»1), (x2,)2), (x3,)3)— KOOpPAWHATH BEpIINH
TpukyTHUKa. {06 oGumciuTu oro mepuMeTp, MOTPiOHI IOBKUHH
CTOPIH (BiApi3KiB i3 KIHIISIMH y BEpPIIHHAX )

\/(xz _xl)2 +(» _J’1)2 )
\/(x3 _xl)z +(»s —J’1)2 )

\/(x3 —x2)2 +(»s _J’2)2 .

BoHu 004HCITIOIOTECS, IO CYTi, OJHAKOBO, JIUIIE 3 PI3HUMH Napamu
tTouok. OmHAK Ii JAOBOJII TPOMI3AKI ¥ JyKe CXO0XI BUpa3U MUCATH
Tpudi He OyIemMo, OCKUIbKM BCi BOHM OINHUCYIOTh KOHKPETHI
PO3B'I3aHHS Takoi 3aeanvbHoi nid3adayi: OOYUCINTH TOBXHUHY Biapi-
3Ka 32 YOTHPMa KOOpAWHATAMU HOTO KIiHINIB. JIOBXKHWHA 3aJI€KUTh Bif
YOTHPHOX BEIWYMH — mapameTpiB migzazavi. Komu poss'szyerses
miA3anada, mapaMeTpud MaroTh KOHKPETHI 3HAYEHHSA-KOOPAMHATH —
apryMeHTH B [IbOMY KOHKDEIMHOMY PO36'S3aHHi.

OnwumiemMo po3B's3aHHS BKa3aHOI Mif3agadi y BHUIISAAI OKpEMOi
¢yHKIiT 3 iMeHeM dist, TapamMeTpaMH SKOi € YOTHpU MdiiCHI
BEJIMYMHH, [T03HAYCHI iMeHaMu. Y TOJ0BHiH xe (yHKuii Hanumemo
TpU BUKJUKH (QyHKIOI] dist, B SKHX YKOKEMO KOOPAMHATH

MMOTPiOHUX HaM TOYOK.

// obumcieHHs nepuMeTpa TPMKYTHMUKA
#include <iostream>

#include <cmath>

using namespace std;

double dist(double al, double bl,




double a2, double b2)
//distance from (al,bl) to (a2,b2)
{
return sqrt((al-a2)* (al-a2)+(bl-b2)*(bl-b2))
}
int main()
{ double x1, yl, x2, y2, x3, y3;
cout << "Enter three pairs of coordinates: ";
// yBeneHHsT KOHKPETHUX KOOPAMHAT
cin>>x1>>y1>>x2>>y2>>x3>>y3;
cout << "Perimeter = " <<
dist(x1l,yl,x2,y2)+ //Bukauk — mnepma CTOpPOHA
dist(x1l,yl,x3,y3)+ //Buxauk - gpyra CTOpPOHa

dist(x2,y2,x3,y3); //Buxkauk — TpeTss CTOPOHA
system("pause"); return 0;
}
prog010.cpp

VY HaBegeHOMY TEKCTi Heplli JBa PsSAKH MIiCis iHCTPYKLIi using
YTBOPIOIOTH 3aroJioBok ¢ynkuii. OyHkuis onucye OOYUCICHHS
JIOBXKMHM BiApi3Ka — MIHCHOTO YHCIIA, K€ NOBEPMACMbCA 3 GUKIUKY
¢ynknii. Tum 3Ha4eHp, OI0 MOBEPTAIOTHCSA, YKA3aHO B ii 3ar0JIOBKY
nepen imeneM QyHkuii. ITicns iMeHi B KpYIVIMX Jy>KKax OTOJOLICHO
nmapaMmeTpu QYHKIII — AiCHI 3MiHHI 3 iIMEHaMU al, bl, a2, b2. [licna
3aroJIOBKY 3alMCaHO KOMEHTap, KU Xo4a i He 0OOB'SI3KOBHH, aie
OyXe KOPUCHUH: BIH HOBIIOMJIE, LIO0 Ma€ OOYHCIIOBATH LA
¢dynkmis.  [Jami  #ige Timo ¢ymkumii — Onok, 1O MICTHTB
MIOCTIIOBHICTD IHCTPYKIIA. TyT numie ogHa 1HCTPYKINiS, SKa 3a7a€
oOumcneHHss ¥ TIOBEpHEHHA MIMICHOTO 3HAYEHHS BHUpa3y —
3ape3epBOBAHE CIIOBO return O3HAYac "MOBEPHYTH".

VY ronoBHii QyHKOIl BUKIHKK QyHKLIT dist 3amMcaHo y BUPa3i —
3HA4YeHHS, MI0 MOBEPTAIOTHCS 3 BUKIMKIB, JOAAIOTBHCS, 1 L cyma
BUBOJUTHLCS. 4

OrosnomeHHss TapaMeTpiB  (QyHKIII, Xoda ¢ po3TamioBaHe 3a
MexkaMu 00Ky (yHKIIi, Ji€ B boMy 070111 g0 #oro kiHmg. [Tapamer-
pH QyHKILIi, iMEHa SKUX OTOJIOLIEHO B 3arOJIOBKY, B JiTEpaTypi 4acTo
Ha3MBaIOThCs (POPMATBHMMH NapaMeTpaMH, a Bupasu abo imeHa
3MiHHUX, 3alMCaHi y BUKIHKY, — GaKTHYHUMHU NapaMeTpaMHu.
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dyHKUIS MOXe He MaTW napaMeTpiB, ane Kpyrfi AOyXKu B ii
3arosioBKy 060B'13KOBI.

Buknuk QyHKOil € BUpa3oM i MOXXe BHCTYNATH ONEPaHAOM B
IHIIINX BUpa3ax. Moro TMnoM BBaXaeThCs BKA3aHHii Y 3arojJ0BKY THIL
3HA4YCHHs, KE€ ITOBEPTAETHCH.

Byab-ske BUKOHaHHS byHKLI, WO NOBEpTaE 3HAYEHHS, Ma€E 3a-
KIHYYBaTUCA BUKOHAHHAM iHCTPYKLUii return i3 BMPA3OM, TUMN KOO
MOoXKe 6yTW MepeTBOPEHMI A0 TWMYy 3HayeHb, WO MoBepTaloTbCs. B
iHLIOMY BMNAaAKy BMKOHaHHSA (YHKUIi MOXe MaTu HenepeabayyBaHi
Hacniaku.

Bunpasu
5.1. Hanmucatu (QyHKIiO, 110 NOBEPTaE MaKCHMalbHE 31 3HAYCHb
JBOX 11 NIMCHUX MapaMeTpiB.
5.2. Harmucatn ¢yHKIiI0O 3 OiTUM TapaMeTpoM 7, sika IOBEpTae
3Hauenns (-1)".
5.3. Hanucatu GyHKUiIO 3 NIHCHUM ITapaMeTPOM X, Ka IOBEPTAE:
a) -1, 0, 1, BigmoBigHo, kim0 x < 0, x=0, x > 0;
0) ApoOOBY YaCTHHY X; B) pE3yJIbTAT OKPYTJICHHS X JIO LILJIOTO.
5.4. Hammcatu QyHKIIiIO0, IO 32 3HAYCHHSIMH JIMCHUX 3MIHHUX X Ta
x+2, axwo 0<x<3,

00YHCITIOE 3HAUCHHS Z 32 POPMYJIO z =4 X — ), skuo x <0,
x+y, akwo x> 3.

5.5. Hammucatu QyHKIif0, sika 3a MiHCHIME 3HAYEHHSIMH X Ta ¥ 009H-
CITIO€ 3Ha4YeHHS log, v, AKIIO I1e MOXIINBO, iHaKmIe noBepTac 0.

5.6. Hamucatn ¢QyHKOifo, 1mo mepeBipse, Yd MOKHA YTBOPHUTHU
TPUKYTHHK 13 TPHOX BIJIPI3KiB i3 33/IaHIMH JIOB)KHHAMH.

5.7. BiamoBigHO A0 TpaBHJI YKPaiHCHKOI TpaMaTHKH, MICIS ILiJIOT0
quclia, M0 3a/1a€ BiK JIFOWHY, MUIIEThCS OJHE 3i ciiB "pik", "po-
ku", "pokiB": 21 pix, 34 poku, 14 poxie. Hanucatu ¢yHKIiIO,
sIKa 3a 33/IaHUM [IJTMM YMCJIOM BU3HAYa€ il TOBEpTa€ pe3yJibTarT,
o 300paxkye BiamoBigHe cioBo. Hampukman, 3a dncma 21 pe-

3yJibpTatoMm Mae Oytu 1,3a 34 —2,3a 14 — 3.
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5.2.2. MpotoTun pyHKUII

ImM's dyHKUii HEOOXiZHO OTOJIOCUTH B TEKCTI MPOTPaMu A0 TOTO,
SIK BOHO OyJie BUKOpUCTOBYBaTHCs. [IpoTe 3amucyBaty BCro (DyHKIIiO
BHIIE BiX TI BUKJIIMKIB HE 000B'SI3K0OBO — JOCTAaTHLO 3aMCATH JHIIe Ti
3aroJI0BOK.

3aronoBok (yHKIi 31 3HaKOM ";" y KiHIII HA3UBAETHCS MPOTOTUIIOM
¢ynknii. Ilporotnnm € iHCTpyKIi€t0 OrojomeHHs QyHKIH i
MOBIIOMJISIE  KOMITUTSITOPY, 1I0 B mporpami € Taka (yHkiis. [licis
OrOJIONICHHS (DYHKIIIIO BCE OJHO HEOOXIHO O3HAYUTH, TOOTO OIMUCATH
3amaHi Heto aii. O3HavyenHs GyHKUiT CKIIagaeThCs 13 3ar0I0BKa i Tina.

3aranbHONPUHHATOIO MPAKTHKOIO MPOrpaMyBaHHs MOBo0 C++ €
3allUC NPOTOTUMIB (YHKIIH mporpamu Ha ii MOYaTKy (3a3BHYAi
MiC/sl 30BHINIHIX OTOJIONMIEHh IMEH KOHCTaHT, THUMIB 1 3MIiHHHX).
[Ticst mpoToTHITIB 3a3BUYAil 3aNMMCYIOTHh TOJIOBHY (DYHKIIIIO, a 32 HEIO
—oroJonreHi Ta iHmi ¢yHkii. [lopsiok po3TanryBaHHs OrOJIOMIEHHX
¢yskuii moxxe Oytu nosimpHMM. [lopyu i3 mpoTtoTumom ¢yHKii
BapTO BKa3aTu:

— mpu3HaYeHHs QYHKIIii, TOOTO IO camMe BOHA BUKOHYE Ta SKHM €
3MicT i1 mapameTpis;

— nepeAyMOBH — YMOBH, L0 MalOTh CIPaBIDKyBaTUCS neped il
BHUKIIMKOM, 30KpeMa yMOBH s il aprymeHTiB ((pakTHIHUX
napameTpiB);

— HicJASIyMOBH — YMOBH, 110 CHPAaBIKYIOThCS nicas ii BUKIUKY,
30KpeMa, K (PyHKIIiS 3MiHIO€ TTI00aTbHI 3MiHHI IPOTPaMu;

— MoBeIiHKY (QYHKIIIT 32 HEKOPEKTHUX (haKTHYHUX MapaMeTpiB.

Mam'aTaiTe: npoTOTMN YHKUii MUIWIETbCA HE Tifbku  ANs
KOMMindTopa, ane M Ans Nporpamicra, SIkKMi Mae BUKOPUCTOBYBATK
dyHkuito. OTXe, NPOTOTMN CNig NMCaT Tak, WOH, He unTalum Tina
yHKUIi, MOXXHa 6yN0 3pO3yMiTH, K HEIO KOPUCTYBATUCS.

3amumemo npototun GpyHKIIT oOYrcIeHHs BicTaHi 3i c. 88.
double dist(double al, double bl,
double a2, double b2);
//distance from (al,bl) to (a2,b2)

VY mpotoTwIli, Ha BiIMIHY BiJl CIIPaBXHBOTO 3arojioBka (yHKII,
MO’KHA HE BKa3yBaTH IMEH MmapameTpiB. 30Kkpema, MpoToTHM QyHKIii

dist i3 MOTJIAAY CUHTAKCUCY MOXKEC MAaTH BUTJIA
double dist(double, double, double, double);
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[pote BiH He Aae iHOpMaLIT PO MPU3HAYCHHS TTapaMeTpiB PyHKIIII.
Tomy 1e, ckopillie, TPUKIAJ TOTO, SIK He CIi0 THCATH TPOTOTHII
¢$yHKUil, agKe BIANO HA3BaHI MapaMeTpu U cama (YHKLIS 03BOJIS-
I0Th YHUKHYTH 3aliBUX TOSICHEHB OO ii MPU3HAYEHHS. 3aMiCTh CKO-
pOYEHOTO iMeHi dist Kpaiie 0yio 0 y3sTu distance (gidcmany), ane
BOHO O3HadeHe B 0i0moTekax Mo C++, TOMY 3aJIMIIAMO dist.

Koxen enemenT mporpamu (3MiHHA, (DyHKIIiS TOIIO) TIOBUHEH Ma-
TH iM'sl, IKMM BiH NO3HAYA€ThCA. [leput Hidic KOpUCMY8amucs eneme-
Hmom, HeobxioHo Uozco ozconocumu. OTOJOINIEHHS IMEHI eJIeMEHTa
JIUIIIE OMUCY€E WOTO, ajieé He CTBOPIOE caM elleMeHT. lIpore, mob6 Bu-
KOPUCTOBYBATH €JIEMEHT MPOrpaMH, HEOOXiHO CIOYaTKy CTBOPUTH
Horo B mam'sti mporpamu. CTBOpDEHHSI €JeMEHTa 3aJaeThCsl HOro
O3HAYCHHSIM.

OyHKIIiS, CKIaJICHA 3ar0JIOBKOM 1 TUIOM, € O3HAYCHHSM, OCKLUIbKH
Iii, 3amadi (PYHKIN€0, Y BUMIILAI MAIIMHHAX KOMaH]I 3alMCYIOThCS B
MIeBHY AUTIHKY mam'saTi. [IpoTtoTum ke muie moBigoMisie mpo GyHKINO
1 He ONFHCYe€ KOIHUX Jii, TOMY € OTOJOIIEHHM i1 iMeHi. O3HaueHHs i
OTOJIOIICHHS 3MIHHHUX PO3IIISIA0THCS B MiAPo3a,. 9.2.

5.2.3. ®yHKLUifA, WO He NoOBepTa€E 3HaYeHb

Mpukiaaa. Touky TUTOMMHA 3a7aHO IBOMA ii MIHCHUMH KOOPIH-
HaTamMu. Hanumemo QyHKIiI0 BHBEJCHHS KOOPAMHAT TOYKU Y BH-
msal (x, y), HAMpUKIan (1.5, 3.12).

TyT Hemae 3HaueHHS, SIKE MOTPIOHO MOBEPHYTH, TOMY (DyHKIIs
HIYOTO HE TMOBEpTae. Y 3arojIoOBKy TaKMX (PYHKIIN 3aMiCTh iMeHI TH-
Iy 3alUCY€ETHCS CIOBO void (BUIBHHIA, MOPOXKHI). OTKe, QyHKIIA

BUBCICHHS KOOPAMHAT TOYKH BUIJIAJAE TAK:
void outPoint (double x, double y)
{ cout << "(" <K X <K< ", " <K<Ky <K< ")"; }

3aMicTh PSIIKOBOT KOHCTAHTH " (" MOXXHA OyJI0 O BUBECTH CHMBOII
' ('. OmHak, SIKIIO Jaxi BUHUKHE MOTpe0da BUBECTH, HAIIPHUKIA, IS
MPOOLT MmicHs AYyXKKH, TO 3allkC ' ( ' TpHU3BEAE 0 HerependadyBa-
HHX HACIJKIB ITiJl Yac BUKOHAHHA, a 3amuc " ( " — Hi. OTke, 00paHO
BapiaHT, OE3MEeYHILIHIA AJIS Tporpamicra. 4
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BHKIHK void-QyHKIIT 3aIMCYETHCS B OKpEMIil iHcmpyKyii auriu-
Ky ¢yukyii, a He AK omepaHn y Bupasi. Hampukman, BUKITHUK QyHKIIT

outPoint MIT OM OyTH TaKuM:
.; outPoint (1.5, 2.3);

Y void-yHKLUii He MoXxe ByTH IHCTPYKLi NOBEPHEHHSI 3HAUYEHHS
BMpasy, ane MoXyTb 6yTu iHCTpyKuii noBepHeHHs 6e3 Bupasy, Wo
MaloTb BUIMNA4 return,; .

Bupasu

5.8. Hammucatu ¢ynkuito, mo 3a gificanMu koedilieHTaMu a, b pis-
HSHHSA ax+b =0 BUBOINUTH PIBHSIHHS Ha €KpaH.

5.9. Hanucatu ¢yHKUito, M0 3a KUIBKICTIO PO3B'A3KIB 77 1 caMHUM
pPO3B'I3KOM X piBHSAHHS ax+b=(0 BHBOIAWTH TOBIJIOMIIEHHS IPO
PO3B'sI3KU piBHSAHHA Ha eKpaH (IuB. mpukian 4.1).

5.10. Hanucat (QyHKIit0, 110 BUBOAWUTH JIOTIYHE 3HAYCHHS Y
BHTJISII Yes (IS true) a00 No (I £alse).

5.3. NMNapamMeTpu-3Ha4YeHHA
M NnapaMeTpu-noCuUJiIaHHA

5.3.1. iBa pizHOBMAM NapaMeTpiB

[HCTPYKIIiS return 3/aTHA MOBEPHYTH 3 QYHKIIT 0OHe 3HAUEHHS.
A mo pobuth, konn y GyHKIIT Tpeda 3MiHUTH Kitbka 3HaveHb? Ha-
MIPUKJIA, y 3a/adi BU3HAYCHHS 3a TpbOMa TOUKaMHM, YU YTBOPIOIOTH
BOHM TPUKYTHHK, MOTPiIOHO BBeCcTH Tpu To4KH. L[i moBTOproBani mii
JOLIITBHO 0(OpMUTH (DYHKITIERO, STKa Ma€ BBOJUTH, a OTXKE, 1 3MiHIO-
BaTH 3HAYEHHS IBOX KOOPAMHAT TOYKH.

Jnst imoctpamii po3risiHEMO TPOCTINTY MPOTrpaMy 3 BHKIUKOM
(yHKII1, s’IKa Ma€ BBECTH KOOPAWHATH TOYKH Ta MPUCBOITH iX ABOM

CBOIM JIHICHUM IapaMeTpam.

#include <iostream>

using namespace std;

void inPoint (double x, double y)

{ cout<<"Enter point (real x and y): ";
cin >> x >> y;

}
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void outPoint (double x, double y)
{cout << "("Kx K", "KLKy« ")";}
int main () {

double x=0, y=0;

cout << "\"0ld value\": ";

outPoint (x,y); cout<<endl;

inPoint(x,y) ;

cout << "\"New value\": ";

outPoint(x,y); cout<<endl;

return O;
}
prog011.cpp

l'onoBHa ¢yHKIIS crOYaTKy BWUBOAWTH 3HAYEHHS KOOPIWHAT,
SIKUMH X TpoiHirianizoBano. [lotiM, mig yac BUKOHAHHS BUKIUKY
(GyHKIIT inPoint, KOOPAWHATH Malii O OTpUMATH 3HaUeHHS. Mau 0,
aje He ompumyioms — TPo 11e CBiAYATH Ti caMi 3HaYEHHS KOOPJAMHAT
MIC/Isl BUKIMKY. SIKIO BBECTM 4yuclia 1 Ta 1, TO TEKCT y BiKHI TPO-

rpamu OyZie TaKuM:

"0ld value": (0, 0)
Enter point (real x and y): 1 1
"New value": (0, 0)

A Temep — yBara! Y 3aronoBky QyHKIIi nepea iMeHaMu Imapa-

METpIB x Ta y TOJaMO CUMBOIT &.
void inPoint (double &x, double &y)

[Ticxst mporo, SKIIO BBECTH Ti caMi YKCiIa, HOBa MPOrpaMa Ja€ iHIIHMd

BUXIJ,.

"0ld value": (0, 0)

Enter point (real x and y): 1 1
"New value": (1, 1)

Sk Gaunmo, i Yac BUKOHAHHS BHKJIMKY (PYHKIi inPoint 3MiHHI x
Ta y OTPUMAaJId HOBE 3HAa4YCHHs. [IpuunMHA B TOMY, IO 3i 3HAKOM &
napameTpu (GyHKILIT CTaly NapaMeTPaMu IHU020 Pi3HOBUOY.

MapameTpu, orosioweHi 3i 3HaKOM & nepej iMeHeM, Ha3su-
BalOTbCA MapaMeTpaMu-nocusiaHHAMMU, a 6e3 Hboro -
napamMeTrpamMm-3HaYeHHAMM.

3HaK & MOXKHA 3alUCYBaTH K OKPEMO BiJ iMEH HaBKOJO HBHOTO
(double & x), Tak i pa3oM i3 HUMH: doublesx, double& x abo
double é&x.

Orxe, y HOBIH (pyHKIIIT inPoint MapaMeTpHu x Ta y € Iapamer-
paMU-TIOCHIIAHHSIMH.

Skwo € Bubip, BUKOPUCTOBYBATM MapaMeTpu-NoCUNIaHHS Yu rno-
6anbHi 3MiHHI, TO BigAaBalTe nepeBary napamMeTpaM-nocuIaHHsM.
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5.3.2. NoBepHEeHHA 3HA4YEeHb
3a AONOMOrolo napameTpis

PosrisHeMo (yHKIIi0, sika Ma€ BBECTH ¥ MOBEPHYTH I[iJIe YHCIIO
i3 3aJaHOTO Jiama3ony [min; max]. SIKIIO KOpUCTYBauy yBeAe 3Ha-
YeHHS 32 MEXaMH Jiala3oHy, TO HOro MOTpiOHO 3aMiHUTH 3HAYCH-
HSM JTiBOi MexXi Miama3oHy. Ha mepmmii mormsig 3ma€eThesi, MO IO
(hyHKIIiI0 MOXXHA HAIIMCATH 3 TPOTOTUIIOM
int f£(int min, int max);

VYTim, KoM BBE/ICHE 3HAUSHHS 3aMiHSETHCS HA min, MPO 1€ KOPUCHO
nogidomumu. YpaxoBYIOUH I, 3MIHUMO HPOTOTHN (DYHKIIi Ha Ta-
Kuii (HeoOXiZiHI KOMEHTapi 10 HhOI'O HAMUIIITh CAMOCTIIHO):

bool f(int min, int max, int &res);

OTprMaHe YHCIIO MOBEPTAETHC Yepe3 MapaMeTp-IIOCHIIaHHS res,
a (yHKIIiS TOBEpPTa€ O3HAKY TOTO, IO OYJIM TMOMMWJIKH TIi/T 9ac yBe-
JeHHS 9nciia (true, SKIO KOPUCTYBAd 3aJlaB YHICIIO 11032 Jiamaso-
HOM, iHaKIe false).
bool f(int min, int max, int é&res)

{ cout << "Enter integer in [" << min <<
", " << max << "]: ";

cin >> res;

if (min<=res && res<=max) return false;

res=min;

return true;

}

3a3HauuMo, 110 MICJII BUKOHAHHS IHCTPYKII] return false; MOJa-
JbLII IHCTPYKUIT 3 TeKCTY (DYHKUIT BXKe HE BUKOHYIOTHCS, TOMY IHCa-
TH JUISI HUX CEKIliI0 else He MOTPiOHO. lle BimcikaHHS 00p0OICHUX
BapiaHTIB JTy>K€ YacTO NTO3BOJISIE YHUKATH BEIMKOI BKJIAJACHOCTI iH-
CTPYKIIH pO3ramy’KeHHS if.

Otxe, y QyHKUil £ mapaMeTpd min 1 max € TapaMmeTpamu-
3HAYCHHSIMH, res — MapaMeTpoM-niocuiianusM. HaBenemo dparmeHT
TOJIOBHOI (PYHKIIT 3 BUKIMKOM (DYHKIIT £.
int main()

{ int a, b, c;

bool isERROR;

a=1l; b=9; isERROR=false;

isERROR=f (a,b,c) ;

return 0;
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5.3.3. MiactaHoBKa apryMeHTiB
Ha Micue napaMmeTpiB

VY 11p0My MyHKTI pO3TJISHEMO, IO BiOYBA€THCS 3 MapameTpamu-
3HAYCHHSIMH U NapamMeTpaMU-MIOCHIAHHAMH IiJ Yac BUKOHAHHS BU-
KIUKY (YHKLI.

ITapamerp-3HaueHHsi. Ha mouatky BUKOHAHHS BUKIHMKY YTBO-
pIOETbCS HO8a 3MiHHA, SKy HaAall TO3HAYa€e IM'sl TapaMmerpa-
3HAa4YeHHS. APryMEHTOM, IIO BiNOBia€ mapaMeTpy-3Ha4eHHIO, MO-
ke OyTH OoginbHull eupa3. 3HaYCHHS apTyMEHTY OOYHCIIOETHCA Ta
MIPUCBOIOETHCS IiH HOBiH 3MiHHIMH.

Onucanunin cnoci6 nepegaui gaHnX y yHKUilO HAa3nBa€ETb-
Cq MiACTaHOBKOK  aprymMeHTy Ha Micue napameTpa
3a 3HaYEeHHSAM.

Komu BukoHYyIOThCA 1HCTPYKWii 3 Tina (yHKOii, yci 3MiHH, IO
CTOCYIOTBCSI TIapaMeTpa-3HaueHHs, BiAOyBalOThCA B WOTO BIACHIN
3MIiHHIH 1 HE BIUTUBAIOTH HA MaM'ATh, NTOB'S3aHy 3 apTYMEHTOM Y BH-
kiuky. OTKke, y QyHKIIT £ 13 IPUKITaAy iMEHa min i max MO3HAYAIOThH
BJIACHI JIJISHKHM ITaM'ATi, HisIK HE ITOB's13aHi 31 3MIHHUMH a Ta b IroJjio-
BHOT (hyHKII.

[Mapamerp-nocuianus. Y BUKIMKY apryMeHT, IIO BiAINOBiJae
napaMeTpy-IOCUIAHHIO, MA€ MO3HAYATH 3MIHHY MO20 CamMo20 Muny,
wo 1 y napamempa. Y HaWIPOCTIIOMY BHIMAAKY 1€ iM'S 3MIiHHOT,
TUI AKOI 30iraeTeCs 3 TUMOM Napamerpa. Ha moyaTtky BHUKOHaHHS
BUKJIMKY BU3HAYA€THCS MOCWIIAHHS Ha 110 3MiHHY (ii agpeca) i mepe-
naetbest A0 GyHkuii. Il yac BUKOHAHHS BUKIMKY QYHKIIT iM's ma-
pameTpa-ImoCHIIaHHs M03HAYa€E 3MiHHY, 3a/IaHy apTyMEHTOM, 1 BC1 Oif
3 NApamempomM-noCulaHHaM HACnpagoi GUKOHYIOMbC HAO 3MIHHOIO,
sKa 8I0N0BI0AE apeymMenmy.

Onucanunin cnocié nepegavi gaHux y nignporpamMy HasuBea-
€TbCA NiACTAHOBKOK AapryMeHTy Ha Micue napameTtpa
3a NOCUJIaHHAM.

Konu BUKOHYIOTBCS 1HCTPYKIIT 3 TijIa PyHKII1, 3MiHK TTapaMeTpa-
MOCHJIaHHS BiI0OYBalOThCS B IMaM'ATi, MO0 BIiJNOBIAa€ apryMeHrTy,
TOOTO € 3minamu apeymenmy. OTxe, y ApyroMmy BapiaHTi QyHKIii £
miJ 4yac BUKOHaHHs ii BUKJIMKY IapaMeTp res [O3HAYa€ 3MiHHY c
roJIoBHOI (yHKLIi, 3aBASKM YOMY BOHAa OTPHUMYE HOBE 3HAYEHHS. Y
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MOJIOHUX BUIAIKAX KaXKyTb, IO 3HAUEHHS NOBEPMAEMbCA 34 OONO-
MO2010 napamempa-noCuIaHHA.

Mpuxaan. Pisuumio Mixx napamerpamy-3HadeHHAMH ¥ mapameTpa-
MHU-TIOCHJIAHHAMU (DYHKIIT £ CXeMAaTHYHO [IPOUTIOCTPOBAHO Ha puc. 5.1.

Kon ¢ynkuii main Kon dynxuii £
a b c isERROR min max res
/S [ S/ /[ L
1 9 5 false 1 9
3MiHHI QyHKLII main 3wminHI QyHKnii £

Puc. 5.1. [lapameTpu-3Ha4YeHHs i apaMeTPU-NOCHIAHHS

[IpointocTpyeMO CYTTEBI MOMEHTH BUKOHAHHS HABEICHOI BUIIEC
MporpaMu 3a YMOBH BBeJeHHS uncia 33. CTOBMUMKH TaOiwii 30-
OpaXyroTh 3MiHHI, TOOTO TUISHKH MaM'SITi, MOCIIIOBHI PSIIKA — 3Mi-
HU cTaHy mam'ati. [lo3HaumMo 3MiHHI, IO € mapaMeTpaMu (YyHKIIII,
JIOJaBIIM il IM'S: £.min, £.max, f£.res. OCKUIbKM £.res II03HAYa€
IOUITHKY MaM'siTi 3MIHHOI ¢, TO AJIsl CIIPOIIEHHS B TabiMLi iMeHi c i
napaMmeTpy £.res Bi/IOBIa€ OJIUH 1 TOW caMUil CTOBIYHK.

o BUKOHYETHCS Yci HasiBHi 3MiHHI
YTBOpCI{HSI SMIHHEX | |yl o | ;sErROR
TOJIOBHOT PyHKII1
a=1l; b=9;
?
iSERROR=false; o) o false
Buknuk £ (a,b,c) 1{9] 2 false
YTBOp?{HSI SMIHHHX 1| 9|f.res| false f.min |f.max|
¢GyHKIT £
IpucBoroBaHHA mini | 1| o| » false 1 9
max
cin>>res; 1]19] 33 false 1 9
if(...)... 1|9 1 false 1 9
iaKIH‘-IeHHH BUKIMKY | [ o 1 false
isERROR=f (a,b,c) 1|9 1 true
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3ayBakuMO: SIKOM B TiNli QyHKLIT OyJI0 3MiHEHO min a00 max, 11e 6
HE BILUIMHYJIO Ha 3HAYCHHA a a00 b, OCKUILKH IMEHAM min 1 max Bij-
[OB1AI0TH BJIACHI 3MiHHI.

SIk1o o3HaKa MOMMIIKH, SIKY TTOBEPTAE BUKIHK £ (a,b,c), Aaji He
MOTpiOHA, TO  IHCTPYKIIFO  TIPUCBOIOBAHHSI 3  BUKIHKOM
isERROR=f (a,b,c) ; MOXXHA 3aMIHUTH THCTPYKII€IO BHKIUKY (YHK-
uii £(a,b,c) ;. 3HaYCHHS, IKe HOBepTa€e (PyHKIIis, qaJli MPOCTO irHO-
pyerbses. 4

Bunpasu
5.11. Lo 6yne HagpyKOBaHO 3a MPOTPaMoro?

a)
#include <iostream>
using namespace std;
int £(int a)
{ a+=1; return a; }
int g(int &x)
{ x=2; return x; }
int main() {
int a=3, b=44;
cout << f(a);

cout<' '<< g(b);
cout<< ' ' <K a

' 'L b;
system("pause") ;
return 0;

}

a)

#include <iostream>

using namespace std;

int a=1, b=1, c;

int f(int x, int &y)

{ x+=1; y+=2; c=a+tb;
return x*y; }

int main() {
cout<< f(a,b);
cout<<' 'K a ' '

b ' ' KL c¢c;

system ("pause") ;
return 0;

0)

#include <iostream>
using namespace std;
int f(inté& a)
{ a+=4; return a; }
int g(int x)
{ x=3; return x; }
int main() {

int a=2, b=1;

cout << f(a);

cout << ' ' << g(b);
cout << ' ' <K a K

' '<< b;
system("pause") ;
return 0;

}

5.12. 1o Oyne HampyKOBaHO 3a MPOrpaMor0?

0)
#include <iostream>
using namespace std;
int a=2, b=2, c;
int £(int & x, int y)
{ x+=1; y+=2; c=a+tb;
return x+y; }
int main() {
cout<< f(a,b);
cout<<'
b ' ' <KL¢;
system("pause") ;
return 0;

}
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5.3.4. ®yHKLUiA 06MiIHIOE MicUSAMM ABa 3HAYEHHSA

PosrisreMo 3amady: yBecTH TpH IUIMX YKCTa i BUBECTH iX, YIIO-
PAIKYBaBILIU 32 HECIIAJIAHHSIM.

YBeneMo 4uciia B 3MiHHI a, b, ¢, 33 TIOTPeON OOMIHIEMO MICIISIMH
iX 3HaYeHHS Tak, MO0 CHpaBIKyBamHuca HepiBHOCTI a < bhTa b <c, i
BHBEAEMO 11l 3HAYEHHS. Y TOUHUMO Jii 3 YIIOPSIIKYBaHHS 3HAYCHD.
if (a>b) obmimstTM MicusiMm BHaueHHst a Ta b; // a < b
if (b>c) obMimsiTM MicusMm BSHaYeHHss b Ta c;
// b<c, a<c, ToBTO BHaueHHSsI C - Haibinble,
// ame a<b MOxe CTaTM XMOHMM, TOMY:
if (a>b) obmimsiT Micusimi BSHauennst a Ta b. // a <b

Y 1poMy anropuTMi HEBaXKKO TMOOAYUTH MMim3anady "oOMiHSTH
MICIIIMU 3HAuYeHHS JBOX 3MIHHHMX'", SKa PO3B'I3yETbCS TpPUYL 3
pi3HUMH mapamu 3MiHHUX. Jna wmiel 3amadi Hanmmemo (QyHKIiO
swap 13 IBOMa ITapaMeTpaMH-MIOCHIIaHHIMU.
#include <iostream>
using namespace std;
void swap(int&, inté&); // nporormn dpyHruii o6Miny
int main() {

int a, b, c;

cout << "Enter three integers: ";

cin>>a>>b>>c;

if (a>b) swap(a,b);

if (b>c) swap(b,c);

if(a>b) swap(a,b);

cout<<a<<' '<<b<<' '<<c<<'\n';

system("pause"); return 0;
}
void swap(inté& x, inté& y)
{ int t=x; x=y; y=t; }
prog012.cpp

Konm BuUKOHYIOTBCS TIepmiuii i TpeTid BUKINKH (QYHKIIi swap, ii

IMEHa x Ta y TIO3HAYAIOTh 3MiHHI a Ta b, a KOJIA APYTHHA — b Ta c.

5.3.5. NapameTp-nocusaHHA
4yu napamMeTp-3HayYeHHA?

Hapenemo MipKyBaHHS, IO JO3BOJISIOTH BHU3HAYATH IOTPIOHMIA
pi3HOBU Mapamerpa (YHKII — mapaMeTp-3HA4YCHHS YU Tapamerp-
IMOCHJIAHHS.
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SIKLWO Nicns BUKAKMKY MianporpaMn BUKOPUCTOBYETLCA CTape 3Ha-
YeHHS1 apryMeHTy abo apryMeHTOM Moxe 6yTu AOBifbHUIA BUpa3, TO
MOMy MaE€ BiAMNOBIAATW 118PaMETD-3HAYEHHS.

SIKLWO nicns BMKAUKY MiANporpaMu Ma€e BUKOPUCTOBYBATUCA HOBE
3HAYEHHS apryMeHTy, OTpMMaHe caMe nif 4ac BUKOHAHHS BUKIIUKY,
TO NapameTp Mae€ byTn r1apameTpoM-rnocuIaHHsIM.

Bupasu
5.13. Hanucatu ¢yHKLiIO, 0 BBOAWTH KOE(ILIEHTH KBaAPaTHOTO
piBHsHHS ax’+bx+c=0. (3BepHiTh yBary: Mae BHKOHYBATHC

ymoBa a # 0.)

5.14. Hanucatu yHKIIit0, 1110 BBOAUTH KOCPIIIIEHTH a, b, ¢ PIBHIHHS
npsimoi ax+by+c=0. (Koeditientn a Ta b He TOBUHHI OJTHOYACHO
OyTH HYJILOBUMH. )

5.4. Nepeo3HauyeHHA (PYHKLUIN

Hpuknan. [punyctumo, y nporpami noTpiOHI ABI QYHKIII: oxHA
Mae OOYMCIIIOBATH MAKCUMyM 3HA4YeHb JIBOX IUIMX IapameTpiB, iH-
ma — TppoX. MoykHa Hamucaty (yHKIIi 3 IMEHaMH, HalpUKJIa max2 1
max3. [Ipore moBa C++ no3Bosie gatu iM oHE ¥ Te came iM'S max, 10
BUTTIsIAa€ pupoaHime. PosrnsHemo 1i ¢yHKLIT B Takiii mporpami:
#include <iostream>
using namespace std;
int max(int, int); // BBa pisHux npoToTHUnM
int max(int, int, int); // onHoMMeHHMX OyHKIIiM
int main()

{ int a, b, c;

cout << "Enter three integers>";

cin >> a >> b >> c;

cout << max(a,b) << " " << max(a,b,c) << endl;

system("pause"); return O0;

}

int max(int x, int y) // mnBa napameTpu
{return x>y ? x : y;}

int max(int x, int y, int z) // Tpu napameTpnu
{int t=max(x,y); return t>z ? t : z;}
prog013.cpp <
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OronoweHHs pi3HMX 06'ekTiB NporpaMmn 3 TMM CaMuUM iM'AM
Ha3MBAETbLCS Nepeo3HaAYeHHAM iMeHi.

Y moBi C++ 0o3s0s1eni nepeoznauenns @yHkyil 1 3a00poHeni ne-
DEO3HAYEHHS SMIHHUX.

OpHoiiMeHHi (yHKIIi MOBUHHI MaTH Pi3HI KUTBKOCTI TapaMeTpiB
a00 pi3HI MOCTIOBHOCTI THUIIB 3HAYEHB, IO MOBEPTAIOTHCS, 1 apa-
MeTpiB. [Ipu 1bOMY BiAMIHHICTE TakWX (YHKIIH JIHIIE 32 THIIOM

3HA4YCHb, 10 MOBEPTAOTHCA, € IOMHUJIKOLO.
int f(double, double);
double f (double, double); // nommnxa!

VY BukiMKax (yHKUii TUIIM apryMEHTIB MOXKYTh BiIPi3HATHUCS Bix
TUTIB mapameTpiB. J[J1s1 BUKOHAHHS BHKJIMKY KOMITUISTOP OOHMpae Ty
3 OAHOWMEHHHMX (QYHKIiH, KUTBKICTh 1 TUIIM MapaMeTpiB sKOi 30ira-
IOTBCS 3 KUIBKICTIO W TUIAMU apryMEHTIB y BUKIMKY. SIKIIO Takoi
HEMae€, TO OOUPAEThC (YHKIIisI, POTOTHIT IKOi YTBOPIOETHCS IIIIIS-
XOM aBTOMATHYHHX IME€PETBOPECHb TUIIIB apTyMEHTIB y BUKIHKY. SIK-
o 1eil Bubip HEOJHO3HAYHHIA, TO KOMITUIATOP MOBIIOMIISIE TIPO TO-

MuIKy. Hanpukmnaz, 3a HassBHOCTI IPOTOTUIIB
int f(double, int);
int f£(int, double);

BHKIIUK £ (1,2) HE J03BOJISE KOMIIUIATOPY BU3HAYUTH (PYHKINIO JUIS
BHKOHAHHS BUKJIUKY, 1 JJI1 KOMIUIATOPA 1€ nomuaka. [logiOHuX cu-
Tyalii cil yHUKaTH.

KOHTpPONbHi 3annUTaHHA

5.1. o Take mianporpama i ¢pyskuis B MoBi C++?

5.2. o Take BUKIWK (YHKIIIi?

5.3. lllo Take nporoturt QyHKIIII?

5.4. SIki enemeHTH 3aroyioBka (pyHKIII MOXyTb OyTH BiACYTHI B ii
MIPOTOTHIII?

5.5. o Take dopmanbHi ¥ pakTHYHI TapaMeTpu (TIapameTpu Ta ap-
TYMEHTH)?

5.6. Ha3BiTh 0coOMMBOCTI B 3ammuci i BUKIMKaX (YHKIIIH, 10 HE IT0-
BEPTAIOTh 3HAYCHb.

5.7. Uum Biapi3HAETHCS MiACTAHOBKA apryMEHTIB Ha MiCIle TapaMeT-
piB-3Ha4YeHb 1 Ha Micue mapaMeTpiB-IOCHIaHb?
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5.8. Ui MOKHa BUKOPUCTOBYBATH iM'sl, OToJIoNIeHe y (yHKIIIi, B iH-
mux QyHKIISIX, 3aMcanuX micis Hei?

5.9.B skux cutyauisx napamerp ¢(yHkuii mae OyTH mapameTpom-
HOCUWJIAHHAM?

5.10. o Take nepeo3HaueHHs iMEHi?

5.11. Yn MOXyTh 3arojOBKH Nepeo3HadeHuX (QYHKUIN BiApi3HATHCS
JIMIIE TUTIOM 3HA4€Hb, 10 TIOBEPTAIOTHCS?

3apavi

5.1. Haniucatu mporpamy, 1110 3a TpbOMa TOYKaMH IUIOIIMHN BU3HAYAE,
YH yTBOPIOIOTH BOHU TOCTPO-, IPSIMO- 200 TYMOKYTHUM TPUKYTHHK.
(Brasisxa: MO’KHA BUKOPHCTATH €JIEMEHTH 3a1adi 4.2, c. 85).

5.2. Moaudikysatu nporpamy 3amaui 4.3 (c. 85) Tak, mo0 i BBe-
JICHHSI PIBHSHHSI, 3HAXO/PKEHHS HOTO PO3B'S3KIB 1 OBIIOMIICHHS
pe3yNbTaTy BUKOPHUCTOBYBAIHCS (DyHKIIII.

5.3. Hammmcatu niporpamy, mo i npsimoi ax-+by+c =0 Bu3Havae, uu
JeKaTb TOYKH 3 KOOpAMHATaMHU (X1, y1) 1 (X2, ;) y pi3HUX TiB-
IUIONIMHAX BiJIHOCHO HET.

5.4. Hartucatn mporpamy, mo BHU3HAYa€, YA MarOTh ABI NpsMi Ha
IUIOIMHI CIIJIbHI TOYKH.
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PO3AIJ1 6
LINK/IIYHI AJITOPUTMU

6.1. NpocrTi IHCTpYKUil
NOBTOPEHHNA 06uncneHb

6.1.1. LUnkniyHe obuncneHHsa dpakrTopiana

OyHK1is ¢akTopiana 7! HEBI'€EMHOTO IIJIOTO YMCIa # BU3HAYA-
etecsi  dopmynoro  n!l=(@m-1)!'n 3a n>0, O0!=1. 3igcm
n!=12-...-(n-1)-n. 1lo6 obuucnuTu nei noOyToK 3a n >0, MOXKHA
moyatd 3 H00yTKy | i Jaii mocnioBHO OTpuMyBaTH AOOYyTKH 1-1,
1-1.2,1-1.23, ..., 1-1-2-...«(n - 1)-n, mwopasy 301IbIIYyIOYN HACTYTHHN
MHOKHHUK.

VY mux MIpKyBaHHSX TPUCYTHI MOHSATTA 00OYMOK 1 HacmynHuu
MHOCHUK. 300pa3uMO iX ITITMMH 3MIHHUMH fact 1 k. 32 O3HAUYCHHSAM
3a k=0 Maemo fact = 1. BisbMemo HacTynHe 3HaueHHs k=1. OTxe,
[MOYMHAEMO 31 3HAYCHb fact=1, k=1, a JIajli HA KOXXHOMY KpPOIli MHO-
XKHUMO fact Ha k, 30epiraemMo 100yTOK y fact 1 301bIIyeMo k Ha 1.

Kpoxu noBToproemo, noku k < n.

fact=1; k=1;

nokn (k<=n) noBropoeBaTm { fact*=k; k=k+l;}

Mosoro C+ 11 BUITISIZIAE TaK:

fact=1l; k=1; // nouaTox oBumMcieHb

while (k<=n) // mDoBTOPEHHST KPOKiB
{ fact*=k; k=k+l; }

// nicns sakinueHHst noBTOopeHs k=n+l, fact=n!
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6.1.2. IHCTPYKLUIA UMKy 3 NepeayMoBOIO

VY HaBeneHOMY MpPHKJIAAi HUKIIYHI, TOOTO MOBTOPIOBaHi, o04HC-
JICHHS 33[JaHO 3a JOIOMOTOI0 IHCTPYKUil HHMKJIY 3 mepeayMo-

BOI0 (while-iHCTpyKii). BoHa Mae 3aranpHAN BUTIISL
while (yMoBa) iHCTpPykIis

CnoBo while € 3ape3epBOBaHMM, JYXKKH OOOB'SI3KOBI,
while (ymoma) — II€ 3ar0JIOBOK UMKIJY, d iHCcTPyKLisa — Tijgo.

[HCTpYKIis LMKy BHKOHYETbCA Tak. CHo4aTKy OOYHCIIOETHCS
yMOBa B 3arojOBKy. SIKIII0 BOHA iCTUHHA, TO BUKOHYETHCS TUIO IHK-
Jqy Ta 3HOB OOYHCIIOETHCSI YMOBa. SIKIIO BOHA iCTHHHA, TO BCE MO-
BTOPIOETHCS. BUKOHAHHS 1HCTPYKUIi HUKITy 3aKiHUY€ThCS, KOJIU 00-
YHUCJICHO 3HAYCHHS YMOBH false, TOOTO XMOHICTh. OTXkeE, B OCTaH-
HbOMY UK TiJIBKA OOYHCIIOETHCS YMOBA, @ TiJIO HE BUKOHYETHCS.
SKmo npu mepuioMy OOYUCICHHI yMOBa XHOHA, TO TiNO LUKITY HE
BHUKOHYETBCS JKOJHOTO pasy. [lepeBipky yMOBU LMKy ¥ BUKOHAHHS
IicIst Hel Tia UKITY 1HKOJIM Ha3UBAIOTh iTEPali€l0 MUKJTY.

[HCTpYKIiT THKITYy 3 MepeayMOBOIO BigNoOBimae OJOK-cxema Ha
puc. 6.1.

[
»

false

VYmoBa

[HCTpYKIIiS
—_ !

Puc. 6.1. biok-cxema iHCTpYKUIii HUKJIY 3 IEPeAYMOBOIO

YMOBY B IHCTPYKILIi MKy HAa3MBalOTh YMOBOIO IPOJOBIKEH-
H$1, OCKUTBKH, SIKIIO BOHA ICTWHHA, TO BUKOHAHHS 1HCTPYKLIi LIUKITY
MIPOJIOBXKY€EThCA. MK MOYMHAETHCS OOYUCIICHHSM YMOBH, TOMY ii
IIe Ha3UBAIOTH MEPEAYMOBOIO.

IHCTpYyKUii UMKy 3 NepedyMOBOO 3aCTOCOBYIOTb 3a3BMuYai Tofi,
KON KiNbKICTb NOBTOPEHb UNKIY Harnepes HEBILOMA.
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Hpuxnaau

1. 3a winuM a > 0 oOuKcIuTH HAliMEHIIIE 7, 3a SIKOro n! > a.

Bynemo B mukii oOYHCIIOBATH TOCIIJOBHI 3HAYEHHS 71!, TIOKH
BOHH HE CTaHyTh OuTbIe ¢. Komu 1110 ymoBy Oyne mopyiiero, # oyze
Ha 1 OiybITe MOTPIOHOTO 3HAYCHHS.
int minArgFact(int a)

{

int n=1, fact=l;

while (fact<=a) { fact*=n; n=n+l;}

// fact=(n-1)!', fact > a

return n;

}

3ayBaxxumo, mo 3a a>12! (e gucno mopsaky 500 MminbpiioHIB) 3a-
MicTh 13! 00YHCIIIOETHCS ITOMMIIKOBE 3HAYE€HHS, OCKUIbKH 13! He €
YHUCIIOM THUITY int.

2. O6uucnuty cymy nudp 3a1aHOT0 HATYPAILHOTO YHCIIA.

[[lo6 3HaliTh cymy IH(p 33aqaHOTO YUCIA 1, MOXHA JISTH Tak.
Crouatky cyma gopiBaroe 0. Jlani 6epemo momomry mudpy 4mcia,
nomaeMo ii 1o cymu i BHKpecmroeMo 3 yucna. [loBroproemo i mii,
MOKU B uucii € nudpu. Mosoia mudpa ducia n € 3Ha4eHHSIM BH-
pa3y n%10, 1l BUKpECIeHHs] MO>KHA 300pa3uTH SIK n/=10, HAIIPHUKIIA]
123%10 = 3, 123/10 = 12. OdopMuMO po3B'sI3aHHA (PYHKLIEIO 3

[apaMeTpoM n, siKa IIOBEPTAE OOUUCIICHY CyMy IUQp.
int digitsSum(int n)
{ int sum = 0; // nouarxoBa cyMa umdp
while (n>0)
{ sum+=n%10; n/=10; }
// n=0, y sum HakonmuyeHO CyMy uudp
return sum;

6.1.3. 36inbWIeHHA Ta 3MEHLUEeHHSA

VY mUKIIIYHAX OOYHCIICHHSX y’KE YacTO BUKOPHCTOBYIOTHCS MPU-
CBOIOBaHHS BUIVIAIY x=x+1 Ta x=x-1. IX MOXHa 3aJaTH B CKOpOUe-
Hill (opMmi 3a IOMOMOro0 OJHOMICHHX OMEpaTOpiB 30idbUIeHHS
(IHKpeMeHTY) ++ 1 3MeHUIeHHs (1ekpemeHTy) --. Lli oneparopu (i
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BIAIOBITHI omeparllii) MaroTh mpedikcHy (++x, --x) i1 mocTdikc-
HY (x++, x--) ¢popmu.

Bupas i3 mocrdikcHUM omepatopoM x++ abo x-- 3MiHIOE 3Ha-
YeHHs 3MIHHOI x Ha 1, ajie 3HAUeHHSM CaMOr0 BHpa3y € 3HAYCHHS x
nepeo 3minor. Bupas i3 mpedikCHUM oImepaTopoM ++x ab0 --x Tex
3MIHIOE x Ha 1, aJie 3HAUYEHHSIM BUpPa3y € 3HAUCHHS x, OTPUMaHEe nic-
751 3miny. 111 BIAMIHHOCTI BUSIBIISIIOTBCS, KOJNM ONEPAaTOpH ++ Ta —-
3aCTOCOBYIOTBCS BCEpEANHI BUPa3iB.

Ipuxaanu

1. [HCTpYKIisl y=x++; PIBHOCWJIBHA y=x; x=x+1;, a IHCTPYKIIs
y=++x; — x=x+1; y=x;. HKIIIO 3MiHHA x MaJia 3HA4YECHHS 1, TO micis
y=x++ 3Ha4eHHAM y Oyne 1, a mcis y=++x - 2. B 000X curyarisx
3HAYEHHSIM x CTaHe 2.

2. lluxn while (k<=n) {fact*=k; k=k+1;} 3a JOMOMOIOIO OIle-
paropa ++ MOXHa 3anicaTH B OyAb-siKii 3 Takux Gopm:
while (k<=n){ fact*=k; k++;}
while (k<=n){ fact*=k; ++k;}

4

Onepariii ++ Ta -- BUKOHYIOTHCS IIBUJIIE HIK BIAMOBITHI TIpH-
CBOIOBAaHHS BUITIALY x=x+1 Ta x=x-1, TOMY PEKOMEHIYETHCS BUKO-
puctoByBaTH came ix. Omepairii ++ Ta -- 3aCTOCOBHI O 3MIHHHX
OyIb-saKOro 3 6a30BHX THIIIB, XO4a HaiyacTile IX BUKOPHCTOBYIOThH
13 LIIMMU 3MIHHUMH.

Ckpi3b, Jie HeMae HeOOXIHOCTI BUKOPHCTOBYBATH CTAape 3HAYCH-
HS 3MIHHO1, PEKOMEHAYETHCS 3 BUPa3iB BUIVIY n++ Ta ++n BUOMpa-
TH ++n, OCKIJIbKY BiH BUKOHYETHCS MIBU/IIE i TPOCTIIIIE.

Crioci6 i1 mopsaok oO4YNCIeHHs BUpa3y 3ajeKUTh Bil KOMITUISTO-
pa, TOMy Kpallle 3alMCyBaTH orepariii 301IbIICHHS a00 3MEHIIICHHS B
OKpEMHX BHpa3ax abo IHCTPYKISX, a HE y CKJIaJi IHIIMX BUPA3iB.
Hampukinazn, 3Ha4eHHS BUPA3iB (n++) * (n++) Ta (++n)* (++n) y pi3-
HUX CHCTeMax MpOorpaMyBaHHS HaBITh MOXKYTh BigpiszHsTHCcA. ["apan-
TOBAHO JIMIIE T€, 10 JI0 3HAYEHHS 3MIHHOI n JIBiYl JoAa€ThCs 1.
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Bmopaga 6.1. lllo 6yne HanpykoBauo 3a mporpamoro? lloscautn

3B'I30K MiK 3HAYCHHSIMH 3MIHHUX i Ta x 1 y:

a)
#include <iostream>
using namespace std;
int main() {
int i=1, x=1, y=2;
while (x<y) {
it++; x*=i; y*=2;
cout<<ik<" "<<x<<
" "<<y<<endl;
}
system("pause") ;
return O;

0)

#include <iostream>
using namespace std;
int main() {
int i=1, x=1, y=2;
while (i<=10) {
i++; x*=i; y*=2;
cout<<i<<" "<< x <<
" "<<y<<endl;
}
system("pause") ;
return O0;

} }

6.1.4. IHCTpYyKUiA UUKAY 3 NICASYMOBOIO

[HCTpYKIis LUKy 3 MicASyMOBOIO, a00 do-IHCTPYKIIisl, Ma€ 3a-
rajJbHUU BATIAL
do iHcTpykuis while (ymoma);
C10BO do (BHKOHYBaTH) € KIFOYOBHM. [HCTPYKIISl HUKITY 3 Ticis-
YMOBOIO BUKOHY€ETHCS TaK. CIOYaTKy BUKOHYETHCS TiJ0 LHUKILY, IO-
TIM OOYHUCITIOETHCS yMOBA. SIKII0 BOHa XMOHA, TO UKIT 3aBEPIIYETh-
s, 1HAKIIE MTOBTOPIOETHCS TiJO I 3HOBY OOUYMCIIOETHCS yMoBa. Ha
BiIMiHY BiJI iHCTPYKIIi UKy 3 TEPEAYMOBOIO, UK HOYUHAEMbCS
Oisimu 8 mini i 3aKiHIY€ThCS OOYNCIEHHSM YMOBH.

Huxkoty 3 miciastyMOBOIO BiJINOBiae OJ0K-cxema Ha puc. 6.2.

v

[HCTpyKIIiS

true

VYmoBa

Puc. 6.2. Biok-cxeMa iHCTpYKUil HUKJY 3 MiCJSyMOBOIO
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YMOBa NepeBipsSETLCS MiC/Ig BUKOHAHHSA Tifla UMKy, TOMY il Ha3u-
BalOTb MICNAYMOBOIO. TiNO UMKIY, 3aA4aHOro do-iHCTPYKUI€ED, BU-
KOHYETbCA 060B'A3KOBO Xxo4Ya 6 ogmH pa3 (Ha BiaMiHY BiA while-
iHCTPYKLUiT).
[HCTPYKIIiI0 UKy 3 MiCASYMOBOK BHKOPHUCTOBYIOTH, KOJIA I10-
TPiOHO CMOYaTKy BHKOHATH TLIO LUKIY, 1 JIMIIE MOTIM HEpeBipsATH
YMOBY TIPOJIOBKEHHS.
Hpuxnaau
1. IoTpi6Ho 3 KMaBiaTypu BBecTH 1ise uncio Bix 10 go 99. Sxuio
KOPHCTyBa4 HaOpaB YMCIIO 32 MEXKaMH I[bOT0 Jliala3oHy, TO CIif #o-
emopumu cnpo6y. OTxke, cnoyatky Tpeba BBOIAUTH YHUCIIO, & TIOTIM
[IEPEBIPSATH YMOBY TOTO, 1110 YUCIIO € JBO3HAYHHUM.
do {
cout << "Enter one integer in [10,99]>";
cin >> k;

} while (! (10<=k && k<=99));

// 10<=k && k<=99

2. 3a 1BOMa HATypaJIbHUMHU YUCIAMH 71 1 M BU3HAYMTH, Y MOYKHA
7 TIOJIATH SIK CYyMY JIBOX HATypajdbHHX JIOJIAHKIB, a m — K CyMy iX
kBazpari. Hanpuknan, 10=7+3, 58 = 72+ 3%,

JonankiB aBa, ane IS iX BU3HAYEHHS JOCTATHHO OJTHOTO ITUKITY
32 MOXIJIMBUMH 3HAYCHHSIMH TIEPILIOTO JIOJAAHKA X, & IPYTUA JOJJaHOK
BH3HAYAETHCA 32 YMOBOIO K y=#-X. 3HAUYEHHS X TepeOuparoThCs,
TIOKH HE 3HAWJIEHO PO3B'SI30K Ta X HE OiIbIIe y. SIKIIO miCIs BUXOAY 3
LUKy X He OUIbIIE ), TO pO3B'SI30K 3HAWEHO, 1HAKIIE PO3B'A3KiB He-
mae. OdopMumo oOuucineHHs y BUMIAAl (yHKOii, 0 TOBepTae
O3HaKy YCITIITHOCTI TOMIYKY ¥ HaJlae 3Ha4eHHS JBOM ITapaMeTpam-

MTOCHJIAaHHSIM (HYJIi, SIKIIIO MOIIYK HEYCIIIIHUN).
bool twoltems(int n, int m, int & x, int & y){
x =0;
do {
xX++; y = n-x;
} while (x<=y && x*x+y*y!=m);
if (x<=y) return true;
else { x=0; y=0; return false; }
}
4

[HCTpYKIIiT IMKITY 3 TCITYMOBOIO € B 0araTb0X MOBax Mporpamy-
BaHHsI, aJIe B JISSKUX MICISyMOBA PO3YMIEThCS SIK yMOBA 3aBEPIICHHS
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(a He mpomoBkeHHs) IMKITY. ToMy IpH Mepekialli TaKuX iHCTPYKIIH
THIIUMHA MOBaMU MOJCYMb BUHUKAMU HENOPO3YMIHHSL.

KoxXeH UMK i3 MiCnsiyMOBOK MOXHA 3aMIHUTU LMKIIOM 3 1IEPESY-
MOBOIO, SIKWI B YCiX MOBaX MpOrpaMyBaHHs PO3yMIETbCS OAHAKOBO.

Hampuxitan, kox i3 npukiany 1 (c. 108) HaOyne Buriasay
k=1; // mo6 iminimBaTM BBeHEHHsSI, NPMUCBOIMO
// BMiHHiZ k "HenpaBunbHE'" BHaYEHHS
while (! (10<=k && k<=99)) {
cout << "Enter one integer in [10,99]>";
cin >> k;

}
// v xinuni umkny rmaxk camo 10<=k && k<=99

6.1.5. NepepmBaHHA Ta NPOAOBXXEHHSA LNKNY

VYnepie iHCTPYKIIiIO break Oyii0 HaBeneHO B Mmiapo3n. 4.5, me 3a
il JOMOMOror 3aKiHYYyBajoCs BHKOHAHHS 1HCTPYKUii-IepeMuKaya.
Bukonanns miei iHcTpyKUil BcepenuHi UMKy OyIb-IKOTO Pi3HOBHIY
IepepuBac i 3aBeplrye MUK Aalli BUKOHYIOTBCA Iii, HACTYIHI 3a
UM [IUKIIOM.

SIK1I0 break 3amKcaHO B IHCTPYKIIIT IMKITY, BKJIAJICHIH B 1HITY iH-
CTPYKILIIO LUKIY, TO BUKOHAHHS break 3aBepIlly€ BKJIAJACHUH LUK, a
30BHIIIHIA UK MPOJOBKYETHCA. |HCTPYKIliS continue BCEpEIWHI
LUKy 3aja€ MepexiJ] Ha KiHellb Tiia MUKy, B IHCTPYKIiSIX HHUKITY 3
nepe- i MiCIsTyMOBOIO IICHS continue OOYHCITIOETHCSI YMOBa MTPOJIO-
BXKCHHS LIUKITY.

Ipuxaan 6.1. 3a 1OIOMOTO0 KJIaBiaTypH BBOIUTHCS MOCITIIOB-
HicTh AificHux yucen. [TorpiOHO migpaxyBaTu cymy ii JomaTHUX
eJIeMEHTIB, a 3a mosiBu 0 BUAATH HAKONHMYEHY CyMy W 3aBEpLIMTH
pobory.

3anporpaMyeMo ITHKJ, B STKOMY BBOJIUTHCS i 0OpOOIISETHCS TMO-
CIIiTOBHICTH YHCEN. YBeleHe YHcIo 30epiracMo B 3MiHHIH x, a CyMy
JIOJJATHUX €JEMEHTIB — y 3MiHHIN sum. SIKIMO mix 9ac yBeAE€HHS Tpa-
MWIacs TOMHJIKA, TO MOJANBII il 3 YBEA€HHS HE BUKOHYIOTHCS, a
3MiHHA x 30epirae cBoe ocTaHHE 3HaueHHA (muB. 1. 2.7.2, c. 42). To-
My YMOBOIO IPOJOBKEHHS LUKy OyZe came BiACYTHICTh IOMMJIIOK
yBeneHHd. (IHakme MOXXHA OTpUMAaTH LMK, KUK HIKOJIM HE 3aBep-
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mmthes!) Lo yMOBY 3aae 3HaUeHHS BUpa3y BBEIEHHS cin>>x, Ie-

PETBOPEHE 110 JIOTIYHOTO THUITY.

#include <iostream>

using namespace std;

int main()

{ double x;
double sum=0;
cout<<"Enter reals:\n";
while (cin>>x){

if (x=0.) break; //Buxommo B LMKITY
if (x<0.) continue; //mpomyckaemo Bipn'emmi
sumt+=x;

}
cout << "sum=" << sum << endl;
system("pause"); return O;

}

prog014.cpp

3a3Ha4MMoO, IO BUKOPHUCTAHHS IHCTPYKII continue B Il Mpo-
rpami € ayxe mry4auM. [lle omHUM HEJIOIIKOM € Te, IO B KiHI He
TTOB1IOMIIAETHCS, UM OyIJIM ITOMIUIKHY ] 4ac yBeneHHs. [Ipote oOpo-
OKa MOMIIOK y BX1THUX JAHUX BUXOJIUTH 32 MEXI ITI€] KHIKKH. 4

[HCTpYKIIIT TpOrpamMul BUKOHYIOTBCSL 8 HOPSOKY iX 3anucy 8 npoepa-
wmi. TIpo Taky mporpaMy Kax<yTb, III0 BOHa CTPYKTypoBaHa. [HCTpyKIIii
break i continue nopyuyioms 1eH NOPSIOK OOUYKCIICHb, 3aILTY TYFOUH
TEKCT mporpamu. ToMy, KOPUCTYIOUHCS HHUMH, TIPOTPaMiCT TOBHHEH
PETENIbHO BiJCTIIKOBYBATH TOYKY IIPOTPaMHM, SKOH IPOJOBKYHOTHCS
oOuucieHHs. [HKoMM 111 IHCTPYKIIT JIMCHO CKOPOYYIOTH 3aIliUC PO3ra-
Jy’XK€Hb y IMKJi, MPOTe B OLTBIIOCTI BUMAIKIB Ti K cami Hii moorcHa
onucamu 6e3 nux. OTKe, He 3II0BKHUBANTE break 1 continue.

Bupasu

6.2. Monmudikyiite mporpamy prog014.cpp, mo6 mo30yTHucs break i
continue.

6.3. Hantucatu (hyHKIII0, 110 32 IIJIMM YUCIIOM BU3HAYAE:
a) KUIbKICTh (P HOro JeCcATKOBOTO 3aIuCy;
0) uM 3ycTpidaeThecs B HOTO AECATKOBOMY 3aIlnCy 3ajaHa nudpa;
B) KUIBKICTh BXOJKEHB 331aH01 IU(PH B HOTO JECATKOBHIA 3aIIHIC;
T) cTapury nudpy HOro AECSATKOBOTO 3aIHCYy;
1) MiHIMaJIbHY (MakCHMalbHY) I(PY HOTO ECITKOBOTO 3aIHCy.
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6.4. Hartucatu QyHKIIifO, 110 3a I[IJIMM @ OOYHUCIIIOE 1 MTOBEPTAE Haki-
Oinple 7, 3a sKoro n! < a.

6.5. Hartucatu ¢yHKIIO, 10 32 I[UUIMMU 7 Ta M OOYUCIIOE U MOBEp-
tae [log, m]. (Y nepenymoBi 1o ¢yHKLIT 3BEpHIThH yBary Ha 3Ha-
4yeHHS (DYHKIIIT y BUMTAAKY HEKOPEKTHUX BXITHHUX JaHUX.)

6.6. Ha BXig mporpamu Ta€Thcst MOCHTIIOBHICTh cMMBOMIB ( Ta ). [lo-
CJIIIOBHICTh BBYKAETHCS NPABUIBHOIO, SIKIIIO BOHA MICTHTH O/I-
HAKOBi KUTBKOCTI CHMBOJIIB ( 1 ) Ta B JOBUTbHOMY 1i MOYaTKOBO-
My BiZ[pi3Ky CHMBOIIB ( HE MeHIIe Hix ). O3HaKOO 3aBepIICHHS
MOCIIIZIOBHOCTI € BBEACHHS OY/Ib-KOTO HEIOPOKHLOTO CUMBOJIY,
BiAMiHHOIO Bif ( Ta ). [IporpamMa mae BU3HAUWTH, Y € BXiJIHA
MOCIiIOBHICTh TPaBUIIBHOIO.

6.7. [Iporpama B mpukiani y 1. 4.5 3a BBeJIHUM i3 KJIaBiaTypu Jiiic-
HUM YHCJIOM, 3HAKOM omeparii (+, -, * abo /) i IIe OJHUM 4YHC-
JIOM JIpyKyBaJia pe3yJibTaT 3aCTOCYBaHHs OIepallii 10 [HUX YHCEIL.
MonudikyBaty 1i, mo0 Mmicis KOXKHOrO OOYUCIICHHS BOHA 3allv-
TyBaJIa KOPUCTYBada, Yu Tpeda BUKOHATH 1€ OJTHE OOYHCICHHS, 1
3a 3ro/Id KOpPHCTyBaya BUKOHYyBalia Horo. Bimmosijgs kopuctyBa-
Ya TIPOMOJIENIOBATA CHMBOJIBHOIO 3MIHHOIO: 3HAYEHHS Y, y Bij-
MOB1JAI0Th HEOOX1AHOCTI IMOJAJIBIINX OOUYKCIIEHD.

6.8. TadymoBannsa (pynkuii. Hexaii 3agano niiicui uucna a, b, npu-
qomy a < b ([a; b] — Biapi3oK, HA SIKOMY BHKOHYETHCS TaOYJIro-
BaHH#), 1 JIoAaTHE JificHe 4ucio i — Kpok TaOymroBaHHs. Heob-
X1THO BUBECTH Ha €KPaH JIBa CTOBITYMKH — MEPIIAN 3a/1a€ TOCITi-
JIOBHI 3Ha4YeHHS da, ath, at2h, a+3h, ..., b aprymenty QyHKIIT 3
BiApi3Ky [a; b], a apyruii — 3Ha4eHHs QYHKUII Sin X y BiIHIOBiA-
HUX TOYKaX. He3anmeXHo BiI TOTO, UM AUTATHCS JOBXKHHA BiIpi3-
Ka HallJIo Ha /i, OCTAHHIN PSJIOK MOBUHEH MICTUTH 4Mcia b Ta
sin b. Po3B's13koM Mae OyTH void-(QYHKIIS 3 mapameTrpamu a,
b,h. Y KOMeHTapi BKa3zaTH NEpPEAyMOBH BHKIWKY (YHKIII Ta
OIKCATH i1 MOBE/IIHKY 32 HCKOPEKTHUX BXIJHUX JIaHUX.

6.9. Hanucatu ¢yHkuito, o Ha Bigpi3Ky [a; b] i3 KpokoM /i Tabymroe
o0uABi QyHKIIT Sin X 1 COS X.

6.10. TadymoBannsi ¢ynkuii cropinkamu. Hamicaru ¢yHkuito, 1mo
Ha BIAPI3KY [a; b] Tabymioe 3 KpokoM A (yHKIIIO Sin x, ajne micis
BUBENICHHS KOXKHUX /1 PAIKIB BUBOAUTHCS 3aITUT, YU MIPOIOBKYBATH
npyKyBaHHs. PoboTa 3aBeprryerbest micist Bianosiai "0".
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6.2. IHncTpyKuUia umnkny for

Hpuxaan. Haragaemo: 3Hauenns dakropiaia n! HEBII'EMHOTO ITi-
JIOTO Yucia n BU3HA4aeThes popmynoro n!=1-2-...-(n-1)-n npu n >0,
0!=1. [Ilo6 obumcnuTH el JOOYTOK, MOXHA B3SITH MOYATKOBE 3HA-
geHHs | 1 MOCIIIOBHO TOMHOKATH HOTO Ha KOKHE Yncio Big 1 1o ».

luMm misiM BiAMIOBia€e TOCHIMOBHICTh IHCTPYKIIiM, B SIKIA 1HCTPY-
KITi1 #f BUpa3M BiOITparoTh YiTKO BU3HAYCHI POJIL.

fact=1; // mouaTkoBe BHaAYEHHST HOBYTKY
k=1; // nodYaTox nepebGMpaHHsT MHOXHMKiB
while (k<=n) { // nepeBipka yMOEM NPOHOBXEHHS
fact*=k; // ocHoBHa mist
++k; // nepexipmHa mist nepen HACTYIIHMM KPOKOM
} // nicns sakinueHHsT noBTopeHs k=n+l, fact=n!

Ili eneMeHTH BHKOHYIOTBHCSI B TOMY CAMOMY IOPSAKY, SIKIIO 3a-

MHACATH iX TaK:
fact=1;
for (k=1; k<=n; ++k) fact*=k;
4
[HeTpyKuis nMKIy for, abo for-IHCTPYKLis, Ma€ 3aralbHUH

BUITISIN
for (mowarxoea gis; yMoBa; nepeximHa n[is)

OCHOBHA HQis

CrnoBo for 3ape3epBoBaHe, AYKKH Ta [[Ba 3HAKH ; YCEpeauHi Iy-
KOK € 000B'si3koBrMU. [louaTkoBa fisi, yMoBa i mepexigHa Iis € 6u-
pazamu (KOXeH i3 HUX MOXe OyTH MOpOKHIM), OCHOBHA Jisl — iH-
cmpykyiero. TinoM LUKy for Ha3WBalOTh HOrO0 OCHOBHY [ir0. IH-

CTPYKIIis for BUKOHYETLCS TaK CaMo, SIK 1 IHCTPYKIIIT BUTIISAY
novyarkosa Ois;

while (ymoma)

{

OCHOBHa HJisd;
nepeximHa »is;

[HCTpYKIiS break y TiJi IUKIY for 3aBEpIly€E HOTO BUKOHAHHS, a
THCTPYKIIisI continue 3aBepIIy€ BUKOHAHHS JIUIIE TLIA [IUKITY; Bijpa-
3y micyst Hel BUKOHYEThCS TIepexiaHa Jisl.

Mpukaagu

1. ly>xe yacTo iHCTPYKLiS HUKITY for 3yCTPIHA€THCS Y BUTIISII
for (k=0; k<n; ++k) iHcTPpyx1is
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W 3aj1ae BUKOHAHHS iHcmpykyil 3a 3HaueHb k=0, 1, 2, ..., n-1 abo y
BUTIAIL

for (k=1; k<=n; ++k) iHcTpyxuis

i 3aj1a€ BUKOHAHHS [HCMpyKyii 3a 3Ha4eHb k= 1,2, ..., n, a00 y BUTJISII
for (k=n; k>0; --k) imcTpyxiis

Y 3a/1a€ BUKOHAHHS iHcmpyKkyii 3a 3HaueHb k=n, n-1, ..., 2, 1. 3min-
HY k Y IIUX CUTYAaIisIX 1HKOJIX Ha3UBAIOTh JiYMJIABHHUKOM IHKJY.

2. OyHKIIiS printFraction JIpyKye Mepii k JpOOOBUX 3HAKIB JICCATKO-

BOT'O 3aNuCy JiricHoro yrcia v Big 0 1o 1 (1uB. anroput™ y nofatky A).
// pre: 0<=v<l && k>0, inaxwe ¢yHKuis
// Hidoro He BMBOIMTEL
void printFraction(double v, int k) {
int d; //norouna umppa
if (! (0<=v)&&(v<1l) &&(k>0)) return;
for (;k>0;k--){
v*=10; d=int(v); v-=d;
cout<<d;
}

Onepauis nociaigoBHOro o64yucieHHsl. Y TNpuKiIaai 3 o0uuc-
JeHHs (akTopiaja crodaTKy Tpeda NPUCBOITH 3HAUYEHHS HE TITBKH
TYAIBHUKY k, aje W 3MiHHIN fact. Ha BigmiHy Big OaraThox MoB
nporpamyBanHs, C++ 103BOJIs€ TIOETHATH 1l ABi Ail B OMHOMY BHpa-
31 — 3a JIONIOMOTOFO OIepallii MOCIiIOBHOTO OOYUCIICHHS.

Oneparis 3i 3HakoM "," MO3HaYa€e MOCTIJOBHE OOYUCIICHHS BUpa-
3iB, 3aMMCcaHuX Yepe3 KoMy. L[ mocmigoBHICTE BUPa3iB pO3MIIAAA€THCS
SIK OJIMH BUPa3; IOro 3HAUCHHSM € 3HAUYEHHSI OCTAHHLOTO BHPA3y.

3anuiemo 3 il BAKOPUCTaHHSAM LUK 004YnciIeHHs (akropiana:
for (fact=l,k=1; k<=n; k++) fact*=k;

Onepauis NocniaoBHOro 06YMCNEHHS A03BONSE HA MicUi 0AHOMO
BMpa3y 3anucaTu Kinbka.

Bupagsu
6.11. 3a n>0 3nauenns n!! (moaBiiiHUil akropian) 3amaeThCcs Tak:
oN=1, 1"=1, n!! =n-(n-2)!!, sxmo n > 2. Hanucaru Qyuxitiro,
110 3a LIUM YMCIIOM NIOBEpTae Horo NoABiiHui (akropia.
6.12. Hanincatu ¢yHKIIiO, 110 32 3alaHUMH TIHCHUMH d, /i 1 LIIUM m
Ipykye 3HadeHHA (QYyHKIIl arctg(sinx) y Toukax a, ath, ...,
a+mbh.
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6.3. PekypeHTHI cniBBiAHOLWIEHHSA
B LMKJIIYHUX afiropMTMax

6.3.1. PeKypeHTHI cniBBigHOLWEHHSA

[ToBepHemocs 10 3amadi oO4KCICHHS (akTopiana HEBiA'€MHOTO
uinoro uucna n. Jns po3s'a3anHs 1iei 3aga4i cepes iHIIMX BapiaHTiB

OyJ10 mo0yTOBaHO KO
fact=1;
for (k=1; k<=n; k++) fact*=k;

Moro MoxHa poYnTaTH 1 TaK:
baxTopian umcna 0 mopiBuie 1;
InoKM He BHamgeMmo bakTopian umcia n
oBumcimoBaT dakTopias KOXHOT'O HACTYIHOT'O uMCIa
Ak pakTopias monepemHBLOI'O, MHOXEHOT'O Ha ILie YMCJIIO;
//ocTanHe BHalimeHe BHaueHHsT pakTopiayNa € WyKaHUM

CyTT€BUM y IBOMY QJITOPUTMI € T€, IO IIYKAETHCS €IEMEHT T10-
ciigoBHocTi akropianis 0!, 1!, 2!, ... 3 neBHuM HOMepoM. [1pu npo-
My caMa MOCJiIOBHICTh BU3HAYAETHCS JIBOMA 3aKOHAMM: OAMH 3aJ1a€
TIePIINA €IEeMEHT TOCIITOBHOCTI, 1HIIMHA TOSCHIOE, K OOYMCIUTH
€JIEMEHT 3a HOro HOMEpOM 1 monepeaHim eneMenToM. OTke, € mova-
TKOBI YMOBHM i pEKypEeHTHE CIIiBBIJHOLIEHHS, SIKi pa3oM 3aJaroThb
MTOCIiAOBHICTh. /)1 OCHimOBHOCTI (hakTOpiasliB TOYATKOBI YMOBH —
ue 0! =1, a pexypenrtHe cniBBigHomeHHd — n!=(n - 1)!-n 3a n > 0.

Posrngremo 3arampHinmty cutyatito. llpumyctumo, mo meprri k
€JICMEHTIB IMOCIIZIOBHOCTI dg, A1, ..., Ay, ... 33JAHO SBHO (1IC MOYAT-
KOBi YMOBH ay, 4y, ..., dj1) 1 € 3aK0H F, SIKUH T03BOJISIE 32 HOMEPOM
eleMeHTa Ta/abo NEeIKUMH TOTepEeTHIMH eIeMEHTaMH 3HAWTH BCl
1HIIT €JICMEHTH:

a;=F(,a;y, ...,ay) 3aBCIX >k
OcTaHHIO pPIBHICTh HAa3WBAIOTh PeKYPEHTHUM CHiBBiHONIIEH-
HsaM. KoxxHe pekypeHTHe CHiBBiTHOLICHHS Pa3oM i3 MOYaTKOBHMU
YMOBaMH{ BU3HAYa€ NMEBHY MOCIiAOBHICTb.

Hpuxnaau

1. PexypeHTHE CHIBBIIHOIICHHS a,=a,.1+d, n>1, 3 IOYaTKOBU-
MH YMOBaMH dp=a 3aa€ apu(METHYHy MPOTPEciio 3 MOYaTKOBUM
eleMeHTOM a Ta KpokoMm d. CHiBBIAHOIIEHHS a,=q-d,i, n=>1, Ta
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YMOBH do=da BU3HAYAIOTh F'€OMETPUYHY MPOTPECi0 3 MOYATKOBHM
€JIEMEHTOM @ Ta KOE(IlIEHTOM ¢.
2. PexypentHe cmiBBigHOMmEHHS S, =S, +sin(n), n > 1, 3 modar-

KOBUMH yMoBamHu Sy = 0 3a1ae cymy Zzzl sin(k) .

3. PexypenrtHe cniBBigHomeunus F,=F,+F,,, n > 2, 3 mo4arko-
BuMHU yMoBaMu F=0, Fy=1 Bu3Ha4Yae peKypeHTHY MOCIiIOBHICTb,
10 Ma€ Ha3By MocaiioBHicTh @idoHauyui. Bona mae takuii moua-
Tok: 0,1,1,2,3,5,8,13,.... 4

6.3.2. MporpaMyBaHHSA LUKJIYHUX O6YnCneHb
3a peKypeHTHMMMU CniBBiAHOWEHHAMM

3a mOmOMOTOI0 PEKYPEHTHUX CITiBBITHOIIEHh MOXKHA PO3B'sI3aTH
yuMalo 3anad. ['oloBHE — 3HAWTH pEeKypeHTHE CIHIBBiAHOIICHHS W
moyaTkoBi ymoBu. Jlaii Ge3mocepenHbO 3a HUMH HEBAXKKO 3aIlpor-
paMyBaTH ITUKIIIIHI OOYHCIICHHS.

Hpuxaan. 3a minum gucioM n > 0 3HaliTH grcito @idonaudi F),.

Jliis po3B'si3aHHs 1i€l 3a/aui 3anporpaMyeMo OOUHCIICHHS 33 pe-
KYPEHTHUM CHiBBiAHOIICHHAM F,=F, +F,,, n>2, i MOYaTKOBUMH
ymoBamu Fy=0, Fy=1.

Skmo n =0, To pesyabraToM € 0; Ko #» =1, To pe3yabraToM € 1.
3a n>2 OyneMo OOYHCITIOBATH €IEMEHTH MTOCIIIOBHOCTI OMH 32 O/
HUAM, JTOKH HE OTPHMAaeMO YHCJa i3 3aJaHiuM HoMepoM. 3a Fy Ta F)
obuncnumo F,, 3a F 1a Fr— F3 1 T. 0. [Ipu upomMy, 100 00YMCIUTH
HACTYITHUH €IEMEHT, MOTPiOHO 3HATH JIBa OCTaHHI €NeMEHTH, o Ho-
My nepenytoth. 11106 ByacHO 3ynuHUTHCA, TOTPIOHO TaKOX 30epiraTu
i mopazy 30UTbIyBaTH HOMEp elIeMEHTa, 00UYMCICHOTO OCTAaHHIM.

3BepHITb yBary: Wob 3HaWTV /-1 eNeMeHT NOCTiA0BHOCTI, 3aAaHoi
peKypeHTHMM CniBBigHOLWEHHSAM, HeobxiAHO NocnigoBHO obumncntosa-
™ 1-11, 2-14, ..., /-1 €NEMEHTMU.

OTKe, BUAUTUMO TOHATTS: NepedO0CMaHHE HUCL0, OCMAHHE 1 Ha-
cmynHe, a TAKOX HOMep 4YUCIia, OOYUCIICHOTO OCTaHHIM. 300pa3umMo
iX 3MIHHUMH £2, £1, £ Ta i, BIAMOBIAHO. 3MIHHI £2, £1 MOXHA ySIBUTH
SIK BIKOHIISI, 1[0 TIEPECYBAIOThCA MOCIi0BHICTIO Di00oHAYYI.
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i= i=2

£f2 | £1 f2 | f1
0 1 1 ]2 3|5 0 1 1 213]|5
i=3 i=4
£2 | £f1 f2 | f1
0 1)1 2 3|5 o1 (|1]2 3 5

OTxe, 31 30UIBIIEHHSM i BIKOHIIE IEPECYBAETHCS HA OJHY IO3H-
ito mpaBopyd. [Jist IbOro OOYUCITIOETHCSI HACTYTIHUH eJIeMeHT i 30e-
piraeThcs B 3MiHHIN £, 3HAUCHHS £1 CTa€ 3HAYCHHSAM £2, a £ — 3Ha-
YEeHHSM £1.

byno £2 f1 £
f2+£1
Crano f2 f1l

Peanizyemo HaBeeHi MipKyBaHHS Y QYHKITIT.
int fibo(int n) {
//pre: n>=0, inakwe noeepraemo -1

int £2=0, fl=1, £;

if (n<0)return -1;

if (n==0) return £2;

if (n==1) return £f1;

int i;
for (i=1l; i<n;i++) {
f=f1+£2;
f£f2=f1; fl=f; //BcyB BikoHIsS
}
return £;

VYeara! Ilig 4yac 3cyBy BIKOHIIS IEPIIOK HOBE 3HAYCHHS Mae
OTpUMYBaTH Horo "Haiictapima" 3MiHHa, TOOTO crmoYaTKy £2, a
moTiM £1. [IpucBotoBanHs £l=f; £2=£1; Oymm O myxe rpy0oro
ITOMUJIKOIO.

116



Junst mepeBipku 1i€l QyHKIii MOTPiIOHO, HANPHKIIAM, Y TOJOBHIH
¢yHKUii mporpamu 3aiaTH apryMeHTH B ii BUKIUKY -1, 0, 1, 2 Ta ne-
sIK1 1HIII Tak, o6 OyJo mepeBipeHo 00poOKYy HEKOPEKTHUX MapamMe-
TpiB, OOYMCIICHHS MOYATKOBHX EJIEMEHTIB, OJIHO- i Oararopa3oBe
BHKOHAHHSI TiJia [IUKITY.

3ayBaxxMMoO: TOCTiMOBHICTH uucen DiboHauywi 3pocTae ITOBOII
LIBHJIKO, HAMPHKIAA, S0-Te YicIo He BMIIIAETHCS B TUII int. 4

Y HaBepeHOMY MPHKIAN B IHCTPYKIIi HUKIY i3 3aroJOBKOM
for(i=1; i<n; i++) 3MiHHA i BUKOPUCTOBYETHCS TINbKH B TiJi M-
kiy. MoBa C++ 103BoJIsi€ Taki 3MiHHI 0200ulyéamu 6 HOYamKosil
0ii’ yuxny for. lle oronomenns Oynme MisITH OO KiHIA Tijda LUKIY.

BignoBigauii pparMeHT Koay Takuii:
for (int i=1l; i<n;i++) {

f=£f1+£2;

£2=£f1;£fl1=£;//8cyB BikoOHUs
} //oromomennss imeni i Bxe He gmie

PexypeHTHI cIiBBIHOIIEHHSI BAKOPHCTOBYIOTh Y IPOrpaMyBaHHI
00YNCIIEHD, MOB'I3aHUX 13 MOCHiMOBHOCTSIMH. CIIIBBIIHOIIEHHS I0-
3BOJISIIOTh (DOPMANBbHO BUPA3UTH 3AJICXKHOCTI MIXK BEITUYMHAMM, SIKi
00YHCITIOIOTHCS MTOCIIOBHO, @ HA OCHOBI IIMX BUPAa3iB JIETKO 3aIpor-
pamyBatu k. s po3B'sa3aHHS 3aqa4i Tpeda:

a) 3pO3YMITH, [0 BETHINHHN YTBOPIOIOTH MTOCITIIOBHICTS;

0) 3anmcaTH BiJIOBiAHE PEKyPEHTHE CITiBBiAHOILICHHS;

B) BU3HAYUTH TIEPIIl WICHH MOCTIAOBHOCTI, IO OOYHCIIOIOTHCS
0e3 CIiBBIAHOIIICHHS (32 MOYaTKOBUMH YMOBaMH);

) chOpMYJIIOBAaTH YMOBY NPOJIOBXKEHHS, 3a SIKO1 3aCTOCOBYETHCS
CHIBBiTHOIIICHHSI.

[Ticas uporo 3rafani BUmIe Ail i TOPSAOK IX PO3TANIyBaHHS B ajro-
PUTMI CTaIOTh OYCBUIHUMU.

Bunpasu
6.13. flkum Oyne 3HauYeHHsI BHpa3y £ibo(5), SIKIIO 3CYB BiKOHIIS
3aIMCATH B 1HIIIIH OCTITOBHOCTI, TOOTO SIK £1=£; £2=£1; ?
6.14. Hanucatu ¢QyHKIIi0, 1110 32 HiIUM 7 > () oBepTae n-ii eJIeMEHT
MOCTIIOBHOCTI, 3a/laHOi  PEKYPEHTHHM  CIIiBBiZIHOLICHHSM
a,=3a,1-a,0,n>3,a1=3,a,=-2.
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6.15. Hanimcatu (yHKIIIO, 10 3a 3aJaHUM LUIAM YHCJIOM A 3HaXo-
IUTh HaliMeHnie uucino Pidonauui, sike Oiubine 7. (BkasiBka:
00YHCIIEHHS eIeMEHTIB ToCiToBHOCTI DiOoHaUYl Ma€e 3aKiHYH-
THCS, KOJIM OCTaHHIM 00YHMCIICHHH €JIeMEHT Oy 1e OuIbIIIe 71.)

6.16. BuzHaunty Haitbinbine yncno didoHaydi B MeXax TUIY int Ta
HWOro HOMeEp.

6.3.3. MNpuknaan 3actocyBaHHSA cniBBiAHOLWEHDb

1.3a HarypagpHEM #  OOYMCIHTH  3HA4YEHHS  BUpPa3y

\/2 +V2+...+ J2 (n 3HaKIB KOpEHS).

3ayBa)kMMO: pe3yJbTaT MOXHA OOYHUCIIUTH SIK A-H €IEMEHT To-

CJIIIOBHOCTI \/5, \/2+\/§, \/2+\/2+\/§, .... Hexai
anz\/2+\/2+...+\/§ (n 3HAKIB KOpEHS).

[IIo6 po3B's3aTu 110 3amady, 3HAWIEMO I MOCITITOBHOCTI (a,)
PEKYpEHTHE CIIiBBIIHONIEHHS ¥ To4yaTKoBI ymoBH. Ha KoOXHOMY
KpOIIi IO MONEePEIHBOTO PEe3yIbTaTy JOAAEThCH 2 H OepeThCsl KBa-

paTHuil KOpiHb i3 Li€l CyMu, OTXKE, a,= /2 +a,_; (1€ Hale peKype-

HTHE CITIBBigHOMmEHH:). 3a3HaunMo, 10 a;= 2 =+/2+0. Tomy
JUTS CUCTEMAaTHIHOCTI TTOKIIaeMo ao = 0 (11e HaIli mo4aTkoBi yMOBH).
Otxe, MO0 OOYHMCIUTH @,, TOCTATHHO, TIOYNHAIOYH 3 do, 1 PA3iB BU-
KOHAaTH OOYMCIICHHS 32 PEKYPEHTHHM CITiBBiTHOLIEHHIM. Bignosigni
THCTPYKLIi Ay’Ke MPOCTi:
double res;
for(res=0, int i=0; i<n; i++){

res=sqrt (2+res) ;

}
2. ®opmyna Oinoma HpwrtoHa (a+5b)" = ZZ=0 Ckafpm* -
n!
k'(n—k)!

Ha3MBalOThCA OiHOMHHUMH. OO0uuciIMMO OIHOMHUEH Koe(illieHT 3a
3alaHUMU 71 1 k.

oJHa 3 HaWBigoMmimux y maremaruni. Koedinientu C,’; =
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MoxHa HanucaTH QYHKIO Ui 004YrCIeHHs aKTopiaiiB i Tpudi
il BUKJIMKATH, ajle e AyXe HeparioHanbHo. [lo-mepiie, omHi ¥ Ti
caMi 3HA4€HHsI, 110 BUHUKAIOTH y Ipoleci o0uucieHHs (pakTopiaia,
oOuncmiotoThes Tpudi. [lo-apyre, GpyHKis m! 3a 301IbIIEHHS M 3pO-
CTa€ JyKe IIBHUIKO, TOMY ICHYE YMMAJIO 3HA4YeHb 7 1 k, 3a SIKUX 3Ha-

yenna C ,]f MOJKHA 300pa3UTH B IIUIMX THIAX, a 1! 1 k! — Hi.

3a ymoBH k > 1 neperBopuMo opmyiy O6iHOMiaTsHOTO KOoedi-
mi€HTa

ok _ n! _ nt(n—k+1) _
K-k k(=D n—k)(n—k+1)
B n! n—k+1 4 n—k+1
T Gh-Din—k+D)! k" k&
MaemMo  peKkypeHTHE  CHIBBIJHOIICHHS  JJIS  MOCIIIOBHOCTI
c?, C, ..., C" Ginomuux xoedirieHTin
ck=cht . 12hT] _]’:” .

[ToyaTkoBi ymoBH C,? =1.

VYci enemMeHTH MOCTIAOBHOCTI IiJTi, TOMY OOYMCIIEHHS MOJKHA 3a-
JaTH TaK:
int i, d;
for (d=1,i=1; i<=k; i++)

d=d* (n-i+1) /i;

VpaxyBaBIlIU TOTOXHICTb C,l; =C, | kinbkicTs HOBTOPEHb LIMK-
a1y 3a k < n/2 MoxxHa 3poOHUTH PiBHOIO k, iHakIie — n-k. [Ipuragaemo

TaKOX, M0 C,lf =0 3ak>n, k<0 abo n<0. OpopMUMO 00UHCIICH-

HS Yy BUIAL QYHKII 3 UIMMH TapamMeTpamu n ik, gKa IOBEpTae

3HAYCHHA THUITY int.
int Cnk(int n, int k)
{
if (k>n || k<0 || n<0) return O;
int 4, i;
if (k>n/2) k=n-k; //C(n,k)=C(n,n-k)
for(d=1,i=1; i<=k; i++)
d=d* (n-i+l1) /i;
return d;
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Jnst mepeBipKy, Yd TPaBUIILHO 3amporpamMoBaHO OOYHCICHHS,
Tpeba 3amaTi TpU MapH 3HAYEHB n 1 k, 32 SKAX PE3yIbTaTOM Mae Oy-
i 0, a TaKOXK MapH, 3a SIKMX IHUKJI HE BUKOHYETHCS >KOJHOTO pasy,
BHKOHYETHCS OJMH 1 Kijbka pa3iB. OcoOnMBOi yBaru moTpedyrTh
BUIIAJKH, KOJM k=n/2 Ta k=n/2+1, OCKUIbKH 3a X 3HAYECHL k npu
¢dikcoBaHOMYy n OIHOMHI Koe]ilieHTH MaKCHUMajbHi. BapTo Takox
JOCHIJUTH TPAaHWYHI MMapH 3HAYeHb n 1 k, 332 AKUX NPaBUILHUNA pe-
3yJIbTAT BMIIIA€TLCS B THIII int.

3. AHTHYHI TpPEKH BMIJIM MPUOIU3HO OOYNCITIOBATH v a , e a > 0,
3a JOMOMOTOI0 PEKYPEHTHOI ITOCITIIOBHOCTI YHCEII, sKa 30iraeThCs

10 +a . 3a anroputMoM ['epoHa MOCHIIOBHICTh YTBOPIOETHCS IIJIS-
XOM 3aCTOCYBaHHS PEKypEHTHOT O CHiBBiTHOLICHHS
x,=(x,,+al/x,;)/2, nounHaroun 3 OyAb-SIKOTO MONATHOTO X|,

Hanpuknam, 3 x; = (a + 1)/2.
OpHie0 3 BIACTHMBOCTEH MOCIIAOBHOCTI € Te, W0 |x,- va|<

X, - x,.1] 3a n>1. Ile no3BOJsE 3a YMOBY MPOJOBXKCHHS B3SATH
X, - x,.1| > d 3a mesxoro d>0. Y 1iii yMOBI BKa3zaHO JBa CyCiIHI
YWIEHH, TOMY MOTPiOHI B1 3MiHHI, III0 TOBUHHI MaTH Pi3HI 3HAYEHHA
nepe] KOXKHOK MEPeBipKo0 yMoBH mpoaoBxenHs. [1[o0 3a0e3neun-
TH 1le, Tpeba mepea MHUKIOM i B WOTO TUT CIIOYATKy 3aram'siTaTH
OCTaHHE O0YHCIICHE 3HAYEHHS, a TTOTIM OOYHMCIIUTH HOBE Ta 30eperTu
B iHMIIIN 3MiHHIA. HoMepr wieHiB MOCTiOBHOCTI HAC HE IIKABIIITH,

TOMY QJITOPUTM Ma€ BUTIIA

double mySqrt (double a)

{ x=(a+l1)/2; // %X — ocTaHHEe BHaYeHHS
y=0.5* (x+a/x); // y — HOBe BHaueHHS
double d=le-6; // d - MoxnmeBa noxmbxa
while (fabs (x-y)>d)

{ x=y; y=0.5*%(x+a/x); }
// |x-yl<=d, Tomy iz |y-sqrt(a) |<d
return y;

Buopasu
6.17. Hatmcatn ¢yHKITII0, 0 32 3aJaHUM 7 OOYHCIIOE 3HAYEHHS

BUpasy \/3 + \/6 +. 43 -1 ++3n (1 xopenis).
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6.18. Hartucatn ¢yHKMito, fKa 3a 3aJaHUM 71 BU3HAYAE YHUCIO, IO
YTBOPIOETBCS OOEpHEHHSIM JIECATKOBOTO 3ammcy 7. Hampukian,
obeprenHsiM 123 € 321, 340 — 43 (He3HavyIIi HYTI BiAKUAAIOTHCS).

6.19. He kopucrytouncs (yHKIIERO 0O0YUCIICHHST OIHOMHOTO Koedi-
Li€HTa Ta BKJIAACHUMH LUKJIAMH, 3aIpOTrpaMyBaTH BHUBEACHHS

IOCJIIJOBHOCTI:
0 1 n., n n no .
a) Cno Cn""’ Cn’ 6) n+0» n+ls s Cn+n’
k k+1 k+n
B) Cn+k ’ Cn+k+1 > o “ntk4n

6.20. Hantmcatu ¢yHKIIi10, 110 3@ IUIMMHA 7 1 m TIOBEPTA€E KIIbKICTh
ITUX HeBiT'€eMHHMX ymcen, ski meHme 10" i maTh cymy
udp m.

6.21. Hantmcatn (yHKITit0O OOYMCICHHS \/; , ne a 2 0, 3a anropur-
MoM ['epoHa Ta yMOBOIO MPOJOBXKEHHS, KA BiAMOBiAa€ HEPiB-
HOCTi |x,,” - a| > d.

6.22. TlocninoBHICTH (x1), 3a/1aHa CITIBBIJHOIICHHIMU

x1 = (atm-1)/m, x;= ((m-Dx,. + alx ™ Ymzai> 1,

36iraetbes 10 a'”. 3anporpamyBaTy oGunciIeHHS @' 3a TOBIIBHOTO
JOIaTHOTO MIHCHOTO @. 3a MOoTpiOHE Ymcio OepeMo IepIie xnu,
JUTSL SIKOTO |X,, - X,,.1| < € (€ — JOJJaTHA KOHCTAHTA).

6.3.4. CucteMu peKypeHTHUX CniBBiAHOLWEHb

Posrisaemo 3agady HaOMMKEHOTO O0UMCIICHHS! HECKIHIEHHOT CYMU
3 5 k-1 _2k-1
X X )" x
S(x)= x-—+—-...+L+
3 s 2k -1)!
Bigomo, 110 mocaiJ0BHICTh YaCTKOBHX CYM (S),), /1€

. x-£+£-_“+ (=1)™1 52 o (=1)k1 241
! 35 (2n-1)! k=l 2k —1)!
3a -1 <x<1 mocraTHO MBHIKO 30iraeTscs n0 S(x)=sinx, TOOTO
¢yHKUito sin x Ha iHTepBam xe(-1; 1) MoXHa 300pa3uTH CyMOIO
(=1)k1 x 241
k-1

xe(-1; 1) moxna oO4yncIUTH HAOMIDKEHO K Tepiie S, 3a SKOTO

b

. 0 .
CTETEeHEBOT0 pAAy sinx= Zk:1 . 3HayeHHd Sinx 3a
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la,|=1S,-S,.1| < € (¢ — neska noxatHa koHcTaHTta). L{e € Ha3BeMo TOuU-
HICTIO OOYHCIICHHS.
(_1)k—1x2k—1
2k-1)!
(Sx) 3aIOBOJIBHSIE CITIBBiTHOMIEHHS S, =S).| + ax3a k>0, a Sp=0.
Y mnepriomy HAOMWKEHHI QJITOPUTM OOYHCICHb Ma€ BUIJIS
(iM'IM eps ITO3HAYEHO &)
a=x; s=0; k=1;
while (fabs(a)>=eps)
{ s+=a; // momamauus ak

k++; // HacTynmmuizt HOMEp
obumcinTn a=ak;

Hexaii a; = . Toni Sg=a;+...+a;, mOCHiAOBHICTE CYM

}
s+=a;
// lal < eps, ToMy |s-sin(x)| < eps

®dopMyIa HACTYITHOTO WICHA PSAY aj MPOCTa, aje, SKIO 3aCTOCY-
Batu ii Oe3mocepesHbO, TO IS KOXKHOI'O WiICHA PsAy J0BEICThCS
o0umncIIoBaTH CTemiHb i (hakTopian. [IpoTe MOCTIMOBHICTD TOMAHKIB
TEX HEBaXKO OIHCaTH PEKYpPEHTHO: a=x Ta

2
—X

Ap——————— 3
2k-2)2k-1)
3HAYCHHS ay, TpeOa JWIIe TOMEePETHE dy.; TTIOMHOXHUTH Ha % i noi-
ity Ha (2k-1)(2k-2).
OTxe, OOYUCITIOBAH] BEJIMUMHU MOXKHA OTIHCATH CUCTEMOIO PEKY-

PEHTHUX CITIBBITHOIICHB

e — 3
(2k-2)2k-1)
So=0, S,=Si.1 +a,3ak>0.

3a 1i€l cucTeMu MOXKHA YTOYHHATH TUTO IUKITY:
s+=a; // cnouaTky OOZAaEeMO OCTAaHHili JOmaHOK

k++; // nmoriM nepexomuMo AO HACTYIHOTO
a*=(-x*x)/ ((2*%k-2) * (2*k-1)) ;

[Moninmumo HaBeneHU# anropuTM. 3ayBakKUMO: IIOpa3y BiaOy-
Ba€ThCS MHOXKCHHS Ha -x*x, ajie x y IHKII He 3MiHoeTbesa! Tomy
MOXHA Tepe]] MUKJIOM 3alaM'sTaTH -x*x Yy JOIIOMDKHINA 3MiHHIN:
x2=-x*x. Tak caMO Ha KOXHill iTepauii OBi4i OOYHCIIOETHCS BH-

ai= a i>1. 3Bigcu, mo0O OTpUMATH HACTYITHE

ak>1,

a|=xTada,=Aap
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pa3 2*k. YBeAeMo MOHSATTS "HOJBOEHWH HOMEp JojaHKa - 1" i B
[IbOMY 3HA4Y€HHI BXKMBATHMEMO 3MIHHY k, MEpe]] [IMKJIOM MPHUCBOIB-
i iid 1. OTKe, ONTUMI3YEMO ITHKIT;

s+=a; // cnouaTkKy Ooma€eMoO OCTAaHHil JOmaHOK

k+=2; // nomBoenmit HOMep B6inbwyeTbCsT Ha 2

a*=x2/ (k* (k-1));

SAKIWO B UMK OBUNCIIOETBCA AESKWIM BUpa3s i3 HE3MIHHMM 3Ha-
YEHHSIM, TO Kpallle NPUCBOITU MOro AOMOMDKHIM 3MiHHIN nepea LMK-
JIOM i BUKOPUCTOBYBATH i B LMK,

OdopMHMO anTOpUTM OOUYUCIIEHb SK (QYHKIIIO 3 MapamMeTpoM x
(x < 1). Tounicts eps = 10 3aamo0 nepes QyHKIII€I0 SK KOHCTAHTY.

#define eps le-6

IMeHa 3MIHHHX BiAMOBIAAIOTH YK€ BBEJCHUM MTO3HAUYCHHSM.
double sum(double x)
{ // oBumcnenns dpyrkuii sin(x) B8 TouricTi eps

double a=x, // x - nepumit DOZaHOK
s=0, // cronouaTky momaHKiB HeMae
x2=-x*x; // MiHyC KBagpaT apryMeHTy
int k=1; // nonmeoenmit HOMep nmomarka - 1

while (fabs(a) >= eps)

{ // wounicTe He ROCSITHYTO
st+=a;
k+=2;
a*=x2/(k* (k-1));

// lal < eps - TOYHiCTBE HJOCSITHYTO
return s+=a; // ocTaHHiM JOmaHOK Tex JOJAEMO

Hns nepeBipku ¢yHkuii Tpeba 3a6e3neunty, mob B i BUKIMKAX
Oynu aprymentu 0, 3HaueHHs, Om3bKi 710 1 Ta -1, a TAKOXK MPOMIXKHI
3HadeHHs, Hanmpukiax 0.5, -0.5.

JlomaTKOBO 3ayBa)KMMO: SIKIIO 3HAYEHHS X BEJMKE 32 MOMYJIEM,
TO BKa3aHa B YMOBI cyMa 30ira€Tbcsl HOBIJIBHO, 1 32 BEIMKOI KibKOC-
Ti iTepaliii HaBiTh BMHMKAIOTh YMCIIA, SKi HE MOXXHA 300pa3uTH B
TUII double. [IpoTe Ha Biapi3Ky [-m; m] oOuncneHHs Oe3mneyHi, a 3a x
30BHI IIbOTO Bipi3Ka CIIiJ CKOPUCTATHCSA THUM, 11O Sin (x+2km)=sin x
3a Oy/Ib-SIKOTO LIJIOTO A.
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Bupasu
6.23. Haniucat ¢QyHKIiI0 3 HiTUM MapaMeTpoM 7, IO TOBEPTae
3HAYCHHSA d,, O0OYHCIICEHE 32 CUCTEMOI0 PEKYPEHTHHUX CITiBBij-
HOUIEHb a;= 1, bl = 1, akzbk_1~ak_1 + 2-ak_1, bkzak_l%bk_l +
2-arq3a k> 1.
6.24. Hantmcatu (yHKIIIO, OO0 32 33JaHUM A OOYHCIIOE 3HAYCHHS

1 .
ey
i in 7
ja%m

BHpa3y er_lzl . TpuronometpuuHi QyHKIIT T KOXK-

HOTO apryMEHTY MalOTh OOUMCITIOBATUCS TUTHKH TI0 OTHOMY pasy.
6.25. OGumcmatn Y, (x* /K1), ne -1 <x<1, kI'=1-3-...k 3a ne-

napHoro k, k!!=2-4-...-k 3a mapHoro k.

KOHTpONbHI 3anUTaHHA

6.1. Onucatu 3aranbHUK BUTJSIN 1 THOPSIIOK BUKOHAHHS 1HCTPYKMIi
LUKITY 3 IEPEIYMOBOIO.

6.2. Onncatn 3arajdbHUN BHUTIIAL 1 TOPSAJOK BUKOHAHHS IHCTPYKII
LUKITY 3 MiCITyMOBOIO.

6.3. 3a sAKuX 0OCTaBHH TJIO LMKIY 3 MEPEIYMOBOIO HE BUKOHYETHCS
YKOJIHOTO pa3zy?

6.4. SIxumu MOXXyTh OyTH MIPUYUHH 3aIMKIIIOBAHHS TIPOTpamMu?

6.5. Y doMy moJjsirac CTpyKTYpHICTh iHCTpYKui? Ski iHcTpykuii ii
MOXYTb MOPYIIUTH?

6.6. Onucaty 3aradbHUN BHUIJIA 1 TMOPSAJOK BUKOHAHHS IHCTPYKIIT
UKy for.

6.7. CKiJIbKH pa3iB 00YHMCIIOETHCS TOYaTKOBUI BUpPa3 32 BUKOHAHHS
UKy for?

6.8. Un Oyap-skuil OUKIIYHUA MpoLeC MOXKHA 3alporpaMmyBaTti, 3
pi3HUX (POPM IUKITIB BUKOPUCTOBYIOUH TiTBKH OIHY?

6.9. Ha3BiTh T0OI0BHI BiAMIHHOCTI MiX Tpe(iKCHUMH i MOCT(IKCHU-
MU OIepailisiMu 3011bIIeHHS (3MCHIIICHHS).

6.10. HaBeniTh mpuKJIaa CIiBBiTHOMICHHS, III0 HE € PEKYPSHTHUM.

124



3apavi

6.1. [IporabymtoBatu (auB. Brpaeu 6.8, 6.10 mo m. 6.1) GpyHkmil fx),
S(x) Ta S(x) - f{x) Ha BiApi3Ky [a; b] 3 KpokoM h, 1e ay<a, b<b, Ta:

. ( l)n 2n+l1
a) ag=-0.9, by=0.9, flx) =arctg x, S(x) = 0 92541 :
n= n+
2n
0) ap=-0.9, by=0.9, f{x)=ch x, S(x) = Zn 0(2 )|
x2n+1
B) ap=-0.9, by=0.9, flx)=sh x, S(x) = Zn 0(2n—+1)'

1) ap=-0.9, by=0.9, fix)= m!/(1-x)"*",
. |
S( ) Z+ (l’l + m) :
1) ag=-0.9, boz 0.9, fx)=2x/(1-x)%,
Sx)= Z:zl n(n+1)x";
e) ap=-7/5, by=7/5, fx)=cos x,
S@)= D" (=D)" x> /2n)!;
€) ap=-1, by=1, fix) = 2(arcsin(x/2))?,
(n') L2
S ;
®=200 (2n + 2)'
x) ap=-1/3, by=1/3, fix)= (arcsin(2x))/ 2,
% (2n)! 2041
S(x) = X ;
2neg 2 2n +1)
3) ap=1/10, by=1, fix)=1In x,

S@)= 3o (D" ="/

125



3
u) ag=-1/5, by=1/5, fix)= (1-4x) 2,

w n+l) ,

S(x)=zn:o (n1)? *

i) ag=-1/5, bo=1/5, fix)= — (1 - 4x)"'?,
w (2n)! n

S — o \&= .

® ano(n!)z(Zn—l)x

i) ag=-1/5, by=1/5, fix)= (1 —4x)"'?,
© (2]’1)' n

S(x)=znzo(n!)2x .

[Tix yac oOuucneHs sk 3HaYeHHS S(X) y3sITH MEpITy YaCTKOBY CyMY
S,, 3a gK01 |S,-S,..1| < €. 3HaueHHs a, b, i Ta € 3a]]a€ KOPUCTyBaH.
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PO3AIN 7
PEKYPCIS

OpHuM 31 cnocoGiB onmcy 00'€KTIB € pekypcis. PekypcuBHUMH
MOXYTh OYTH TpaBWJia, IO OMHUCYIOTh CTPYKTYpY BHUpa3iB JEsKOI
MOBH, O3HAUCHHS MaTeMaTUIHUX (QYHKIIH, aaroputMu tomo. Pexy-
pcist € oMM 13 GyHIaMEHTaIbHUX HOHSATH NpOrpaMyBaHHs i Mare-
MaTHKH. 3aBISKU i pi3HOMaHITHUM 00'€KTaM MOKHA JaTH 3pO3yMi-
Ui 1 KOMIIAKTHUH OITHC.

VY mpoMy po3aisi po3TISHYTO peKypcuBHI ¢yHKIii MoBu CH+.
[Ipote couaTky, moOO6 Kpaie po3yMiTH iX BUKOHAHHS, PO3IIISTHEMO,
SIK y3arajii BUKOHYIOTbCSI BUKITUKH (YHKIIIH.

7.1. BUKOHaHHSA BUKNUKY DYyHKUII

7.1.1. NaM'aTb BUKNUKY PyHKLIT

CyKyIHICTb 3MiHHHX, IO YTBOPIOIOTHCS Mijl Yac BUKIUKY (PyHK-
uii (mamporpaMu), Ma€ Ha3By maM'fiTb BUKJHUKY (pyHkuii, ado,
HE 30BCIM TOYHO, — JIOKaJbHA maM'aTh QyHKIil. 3MiHHI B miif ma-
M'ATI HA3WBAIOTHCSA JIOKAJBLHUMH I BiJIIOBIIalOTh MapaMeTpam
Ta iMeHaM 3MiHHHUX, 03HAYCHUM Y TiT QyHKIIII.

JlokanpHa maM'aTh (QYHKIT MICTUTH IlI€ OJUH €JIEMEHT — IOCH-
JIaHHSA Ha MicIle, 3 SKOTO Ma€ BUKOHYBATHCS MpOTrpaMa icis 3aKiH-
YeHHs BUKJIMKY. Hanpuknan, ronoBHa (yHKIs Ha ¢. 99, 110 MiCTHTB
TPH BUKIHKH (YHKII] swap, MICIS WX BUKIHKIB TPOIOBXKYETHCS
TphbOMa PI3HUMH IHCTPYKIiAMA. Micie MpoaoBKEeHHS HA3UBAETHCA
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TOYKOI0 MOBepHeHHA 3 (yHKUii, a mocunaHHs Ha Hel 30epira-
€THC TIiJ] 9aC BUKOHAHHS BUKINKY (DyHKIIIT.

7.1.2. Ornsp npouecy BUKOHaHHSA BUKJINKY

1. Buninserscs mam'aTh 7Sl TOYKK MOBEPHEHHS i TTapaMeTpiB QyH-
kuii. [locunanusg Ha TOUKY HOBEPHEHHS 3 PYHKLIT 3amam'sTOBY€ThCSI.

2. OOYHCIOIOTECS 3HAYEHHS apryMeHTIB sl  MapaMeTpiB-
3HAa4YeHb, ITOCWJIAHHS HA IaM'iTh apPryMeHTIB MJs MapaMeTpiB-
nocuianb. BinOyBaeThCs miICTAHOBKA apTryMEHTIB.

3. Buaingerbcs naM'sTh, BIANOBIHA A0 JOKAJIBHUX 1MEH 3MIHHHX
(OKpIM JIOKATBPHUX CTATUYHUX 3MIHHHX (IUB. Miapo3a. 8.2)).

4. BukoHyI0TBbCSl 1HCTPYKUIT Tina (QYHKLIT 10 iHCTPYKLii moBep-
HEHHS.

5. Slkmo mianporpaMa He € void-(YHKIIE, TO 3HAYCHHS, IO
MOBEPTAETHCS 3 11 BUKIIUKY, KOTIIOETHCS Y MaM'saTh (YHKIIIi, sika Mic-
THJIA BUKJIUK.

6. @yHKLis, 0 MICTHIAa BUKIUK, POJOBXKYETHCS 3 TOUKU IOBE-
PHEHHSI.

3MiHHI B JIOKaJIbHIM mam'siTi QyHKOil HE BiINOBIOAalOTH iIMEHAM Y
(hyHKIIi, 0 MICTHIa BUKIHMK, TOOTO I MaM'ATh HEAOCTYMHA ITiCIIs
TOTrO, SIK BUKJIMK 3aKiH4eHO. BoHa BBa:Ka€ThbCsl 3Bi/IbLHEHOIO; 1i MOXXHA
BUKOPUCTOBYBATH ISl HACTYITHOTO BUKJIMKY IL1i€1 a00 1HIIOT (yHKLII.

BinbyBa€eTbCa s1oridHe 3Bi/IbHEHHS, TOBTO 3MICT NOKaNbHOI Nam'aTi
He 3MIHIOETbCS, ane CTa€ HeJOCTYMHUM.

7.1.3. ABTOMatu4yHa nam'sarb,
a60 nporpaMHuM cTekK

JingHKy maM'aTi BUKIHKIB (DYHKIH YTBOPIOIOTHCS Ta 3BIIBHS-
IOTBCS B CIIeLiaNibHiM 007acTi maM'saTi mpolecy BUKOHAHHS Mporpa-
MU — aBTOMAaTHYHiil mam'aTti. HazuBaeTbcs BoHa Tak ToMy, 11O 3a
BUKOHAHHS BUKJIMKIB (PyHKIIN MaM'iTh BUIAUIAETHCS Ta 3BUTBHIETHCS
0e3 SIBHUX BKa3iBOK y Mporpami, HamrucaHiii MOBOIO BUCOKOTO PiBHS,
TOOTO aBTOMAaTHUYHO.
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Ilix yac BUKOHAHHS BUKJIMKIB (DYHKIIH JUISTHKH aBTOMATHIHOI
MaM'sTi BUOUISIOTHECS Ta 3BUIBHSIOTHCS 3a MPHUHIIAIIOM '"OCTaHHBOIO
3al{HATO — MEPLIOI0 3BUIBHEHO". SIKIO CKMajgaTu apKyull mamepy B
CToC i OpaTH iX TUIBKK 3rOpH, TO apKyll, IO MOTPamUB 10 CTOCY
OCTaHHIM, 3a0HMparoTh NepIHMM. AHTIIHACHKOIO0 CTOC HAa3HUBAETHCA
stack (cTex), a KIagyTh 1 OepyTh apkymni 3a mpuHOunoMm "Last In —
First Out" (LIFO), To0TO "OCTaHHIM NPHUHIIOB — MEPIIMM MiIIOB".
Tomy aBTOMaTH4HYy MaM'siTh MPOTPaMu TaKOX HA3UBAIOTh MpOrpa-
MHHM CTEKOM.

AHanoriuHo Ha0il, 3aMTOBXHYTHH y MarasuH aBTOMara OCTaH-
HiM, BUJIITa€ MEPIINM, a 3aIUTOBXHYTHH nepmuM (BiH Ha AHI Mara-
3WHA) BIJIiTa€ ocTaHHIM. MOXKHa BUCTPIIUTH HaOill 3 MarasuHa it Ha
HWOTO MicIle ToJaTh HOBUH. Tak camo, KOJH TOCIiJOBHO BUKOHYIOTh-
csl Ba BUKJIHMKH (YHKIIH y TUTl QYHKIIi, TO AJS APYTOTO BUKIHAKY
BHIUISETLCS TIaM'sTh, 3BUIBHEHA ITiCIIS TIEPIIOTO.

Hpukaaa. PosrnsHemo iMiTyBaHHS Takoi IpoOrpaMu:
#include <iostream>
using namespace std;
int f(int x)
{ return ++x; }
int g(int& x)
{ return x/=2; }
int main() {
int a=12;
cout << f(g(a)) << ' ';
cout << a << endl;
system("pause"); return 0;
}
prog015.cpp
ImiTyroun nmporpamy, 10 iM€H 3MiHHUX, OTOJIOMIEHNX Y QYHKIIfX,
MNPUIUCYEMO iMeHa UMX (QyHKMiH, HAIPUKIAA main. a a0o £.x. IM'a
rapaMeTpa-MocuIaHHs Ta iM'st 3MIHHO1, IO € BIATIOBIAHUM apTyMeH-
TOM Y BHKIIMKY, [I03HAYaIOTh OJHY W Ty camy 3MiHHY. Yepe3 £.r Ta

g . r MMO3HAYMMO 3HAYEHHSI, 1[0 TIOBEPTAIOTHCA 3 (DYHKITIH.
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II{o BUKOHY€EThCSH 3miHHI Beix QpyHKIii
main.a

int a=12 12

MOYATOK out<<f (g (a)) 12

BHKJIMK £ (g (a)) 12 f.x

II0YATOK £.x=g(a) 12 ?

BUKJIUK g (a) g.x ?

g.x/=2 6 ?

g.r=g.x 6 ?

TIOBEPHEHHS 3 g 6 ? g.r=

3aKIHYEHHS £.x=g (a) 6 6

++£f.x 6 7

f.r=£f.x 6 7

IIOBEPHEHHS 3 £ 6 7 £.r=7

BUBEICHHS £ (g(a)): 7 6

BUBEICHHS a: 6 6

BuKkoHaHHS BUKITUKY £ (g(a)) IMOYMHAETHCS 3 OOUMCIICHHS BUpa-
3y g(a) — apryMeHTy AJisl mapamerpa f£.x, TOMY HOYMHAETHCS BU-
KIMK QYHKIIT g 3 apryMeHToM a. Lleit aprymeHT mijcTaBisieThesl 3a
MOCUJIaHHSIM, TOMY IMEHA g.x 1 main.a IM03HAYaIOTh OAHY i Ty camy
3MiHHY. 3 BUKJIHKY (DYHKII g IOBEPTAETHCSA 6 1 MPUCBOIOETHCSA Ta-
pametpy £.x. [lam'site QyHKUIT g 3BiIbHAETHCA. TiNbKM TeNep BUKO-
HYIOThCSI IHCTpYKIii GyHKii £. [licns X 3akiHUeHHS B TONOBHY (Y-
HKILIIO MOBEpTa€Thcs 3HaYeHHs 7. [lam'aTe BukimMKy QyHKUii £ 3Bi-
TBHAETBCA. Y TOJOBHINM (DYyHKIIIT BUBOAWUTHCS 3HAYEHHS 7, OTPUMAaHe
3 BUKJIMKY, & IOTIM — 3HaYCHHS 3MIHHOI main. a. 4

7.2. O3HAaUOMJIEHHS 3 pPeKYPCi€ro

7.2.1. MOHATTA Ta NpUKNaamn peKypcii

O3HayeHHs Ha3nBaETbCH PEKYPCUBHUM, SKLO BOHO 3a-
[A€E efleMeHTU MEeBHOI MHOXWHW 3a AO0MOMOrol iHWux ene-
MeHTIB ui€i caMoi MHOXMHU. O6'eKT, 3aA4aHMN peKypCUBHUM
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03HAYEHHSM, TaKOX HA3UBAETbLCA PEKYPCUBHUM, a BUKO-
PUCTaHHS TakMX 03HaYeHb — peKYPCi€lo.

Hpuxnaau

1. 3nauenns QyHkmii "daxTopian" MOXHA 33aMaTH TTOYaTKOBUM
exemenToM 0!=1 1 pekypeHTHUM cmiBBigHOIIEHHAM n!=n-(n-1)!.
VYci eneMeHTH 1i€l MHOXKHHH, KpiM TEPIIOTO, 03HAYAIOTHCS PEKYp-
CHBHO. Y3araii, OyIb-sike pEKypeHTHE CIiBBiTHOIIEHHS pa3oM i3
MOYaTKOBUMH YMOBAMH € MIPUKIIAIOM PEKYPCUBHOTO O3HAUYEHHS.

2. ApudmMeTnyHi BUpa3d 3 KOHCTAaHTaMH, 3HAKOM oIlepartii + i
IOYKaMH OIUILIEMO TaK:

a) KOHCTaHTa € apu(pMETUIHUM BHPA30M;

0) sxmo £ ta F'— apudmernyni Bupasy, To (E)+(F) — Takox Bupas;

B) iHIIMX apu(METUYHUX BUPA3iB, KPIM YTBOPEHHUX 3a TIL. a) Ta
0), He icHYE.

OnucanuMu BUpazamu €, Harpukian, 1, 2, (1)+(2), ((1)+(2))+(1).

3. Inctpykuii MmoBu C++, 1m0 3a7al0Th PO3TANYKEHHS W LHKIIH,
cami MICTATh iHCTpyKLUii. OTKe, MpeNCTaBHUKUA TOHATTS "iHCTPYK-
mist" € peKypCUBHUMU. 4

PexypcuBHE 03HaueHHS MOBMHHO HE MaTH '3ayapoBaHOro Koia',
KOJIM B O3HAa4YeHHI 00'€KTa BUKOPUCTOBYETHCA BiH caM abo iHmI 00'-
€KTH, 33/1aHi 32 HOro JOIOMOTOIO.

Opuxnaa. 3minumMo  o3HaueHHs  ¢yHkuii  "daxropian":
n!=n-(n-1)! 3an >0, 0! =1!. 3nauenns ¢pyskuii Big 1 Bupakaerbcs
yepes 1i  3HaueHHs Big 0, siKe, y CBOIO Uepry, — 4epe3 3HaYCHHS
Big 1. 3a muM "o3HaueHHSIM" HE MOJKHA MI3HATUCS, SKHUM YHCIOM
ell. «

7.2.2. NMpuknaan peKypcuBHuUX pyHKLIN

®OyHKIIIT, 10 MICTATh BUKJIMKH CaMUX ce0e, SIK 1 caMi 1 BUKIIUKH,
Ha3WBAIOTHCA PeKYPCUBHUMH. BUKINK pexypcuBHOI (QyHKINT BH-
KOHY€ETBCS TaK CaMo, AK 1 BUKJIUK OyIb-sIK01 (pyHKIIIT.

Mpukaagu

1. Ha knaBiatypi HaOuparoTbes il uncna, He piBHi Hymro. [losBa
0 o3Havae KiHeUpb yBeAeHHs. 3afaya: MPOYUTATH YUCIa W BUOATH iX
y 3BOPOTHOMY MOPAAKY (KiHIeBuii 0 He BUBOAUTH).

[lepmre uncio Tpeba BUBECTH OCTaHHIM, APYTe — MePEeAOCTaHHIM 1
T. 1. OTxe, st 00pOOKU BXOTY MOTPIOHO MPOYMUTATH TEPIIE YUCIIO
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i, k1o 1e e 0, To 6 maxuti camuii cnoci6 0OpOOUTH PEIITY BXOIY U
MOTIM BUBECTH Tiepie yucio. Skmo npountano 0, To 00poOKy BXif-
HUX JaHWx 3akindeHo. [li nxii onmcye pexypcuBHA (yHKIIS
outReverse.

#include <jiostream>

using namespace std;

void outReverse ()

{ int n;
cin >> n;
if (n==0) return; // ysemero 0 — noBepHeHHs
outReverse () ; // yBemeno He 0 — BarymbnenHs

// nicist noBepHeHHST 3 PEeKYPCUBHOI'O EUKIMKY
cout << n<KK " ";
return;
}
int main() {
cout << "Enter integers, the last should be 0\n";
outReverse() ;
cout<<endl;
system("pause"); return 0;
}
prog016.cpp

VYBeseHe YuCIo 3aMUCYEThCs B JI0KAIbHY 3MIHHY n (QyHKIIT; KO-
YKeH BUKJIMK JOJa€ JI0 IPOTPAMHOTO CTeKa HOBHH ek3eMIuwip n. [lic-
75t BBeleHHS () BUKJIMKH 3aKiHUYIOTBHCS B MOPSIKY, 3BOPOTHOMY [0
TOTO, B SIKOMY MOYHMHAIUCS. 3BiACH 1 3HAYECHHS JIOKAIbHUX 3MIHHUX
n BUBOJATHCSA Y 3BOPOTHOMY MOPAAKY. Y TOJOBHIM (yHKII mOTpi-
OeH Juile BUKJIMK QYHKLIT outReverse.

2. IIpounTaTy HEBiA'€EMHE YHCIIO 71 TUITY int (SK 3BUYAlHE JeCsT-
KOB€) Ta OCHOBY CHCTEMH YHCIEHH: p, 2 < p < 37. BuBectu p-koBuii
3anuc uncna. dkmio p >10, To s 300paxenns yucen 10, 11, 12, ...,
ckopucrarucs "mudpamu a, B, G, ....

3HaueHHs] MOJOIIO] IIU(PH B p-KOBOMY 3aIHCi YMCIIA € OCTAYEIO
BiJl AilleHHs umcia Ha p. Jami, y3sBIIM 3aMiCTh YHCIa YacTKy Bij
HOTO AiNIEHHS Ha p, MaK camo OTPUMAEMO 3HAYCHHS HACTYMHOI LH-
¢pu. Tak MOXKHa IiATH, TOKH HE 3aJTUIIUTHCS YUciIo MeHIie p. [1po-
Te nudpy, ompumany nepuioro, Tpeda 6ueecmu OCMAHHLOI, TOMY
3armaM'aTaEMO 3HadeHHS MOJOMIIOI mU(pH, Aaji PeKypCHBHO BHBE-
ZIeMo cTapir nudpu, a ToTiM — MOJIOAITY Py .

l'onoBHa ¢yHKLisS BBOOUTDH ABa YMCIIA — YUCIIO # Ta OCHOBY CHC-
TEMH YUCIIEHHS p, 32 iX KOPEKTHOCTI BUKIHKAE (DYHKITIIO outNP BH-
BEJIEHHsI p-KOBUX UG YKCIa /1, IHAKIIIE MTOBIIOMIISIE TIPO TTOMILIKY .
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VY ¢dynkuii BuBeneHHS UQP outNP (n, p) 3arTHOIIOEMOCS B PEKYp-
Cit0, SIKIIO 7 > p (YUCIIO 7 MA€e HE MEHIIIE JIBOX p-KOBUX UQP), i BU-
BOJWMO OCTaHHIO HU(py. MoxIuBUM 3HaYeHHsM mudp Bix 0 mo 35
BiJIMOBialOTH IIU(PU — CUMBOJIH Big '0' 10 '9' Ta Bix 'A' 10 'Z'.
IL]'ISI NEpETBOPCHHA I_II/I(i)pI/I Ha il CUMBOJILHE 306pa)K€HH$I BHUKOpHUC-
TOBYETBCS TOTIOMIXKHA (DYHKIIIS digit.
#include <iostream>
using namespace std;
char digit(int v) // umdpa 3a SHaUEHHSM V
//pre: 0<=v<=35
{ if(v<10) return char(int('0')+v);
else return char(int('A')+v-10);
}
void outNP(int n, int p)
// BUBeneHHs1 p-KOBMX LMdp uUMcCia n
//pre: n>=0 && p>=2
{ if(n>=p) outNP(n/p, p); // BarnubneHHs
cout << digit(n%p); // BMBOAMTBCST OCTaHHs umbpa
return;
}
int main() {
int n, p;
cout << "Enter one nonnegative integer and\n" <<
" one integer between 2 and 36 >";
cin >> n >> p;
if (n>=0 && 2<=p && p<=36) outNP(n,p);
else cout<<"You enter wrong numbers";
cout<<endl; system("pause"); return O;

}
prog017.cpp

s mepeBipku nporpamu 3agaite yuciao 2147483647 (Haiibinb-
IIe YHCII0 THITY int) Ta OCHOBH 2, 8, 16, 32. BianoBiqHUME pe3yib-
TatamMu MarTh Oyrtu 11.1 (31 "1"), 17777777777, TFFFFFFF,
1vvvvvv. [lepeBipre TakoX KigbKa YHCEN i3 MaKCHMAaJIbHOIO OCHO-
Boto 36, Hampuknan 35, 71 Ta 1295 (pe3ynbraramMu MaroTh OyTH Z, 12
Ta zz). TakoX CIIia MepeBipuTH HEKOPEKTHI YHcia i OCHOBU CHCTe-
MU YUCIEHHS. 4

3 KOXHUM PEKYPCUMBHUM BUKIMKOM 3aiHsiTa YaCTMHa NporpamHo-
ro creka 36inbLYETbCS, @ i3 3aKiHYEHHAM BUKIUKY — 3MEHLUYETHCS.
Po3Mip cTeka 0BMeXeHMWil, TOMy MOX/IMBA CuTyauis (ocobnueo 3a
BUKOHAHHS PEKYPCUBHUX (DYHKLI), KOSIM NaM'ATi B CTEKY 3abpakHe I
nporpaMa 3aBepLUMTbCS aBapilHO.
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Y pekypcuBHilt pyHKLiT 060B'A3KOBO MaE 6yTn ymMoBa, 3a iCTUH-
HOCTi AIKOi BigbyBa€ETbCs MOBEPHEHHS 3 BUKIMKY (AMB. MpPUKIaau
Bulle). Lig yMoBa BU3Hayae gHO pekypcii, ke nia Yac BUKOHaHHS
YHKUIT 060B'93K0B0 Mae 40CAraTmcs, iHaKWe BUKIIMKU NPU3BeayTb
[0 NepenoBHEHHS NporpamMHOro creka abo iHwWux Henepeabayysa-
HUX Hacniakis.

Ipuxaanu

1. st pyHKIIIT outNP i3 HOTIepeTHBOI IPOrpaMu KOJKEH BHUKITHK 3Me-
HIITy€ 3HAYEHHA TapaMeTpa n, TOMY JTHO PEKypCii B Hil TOCSTAETHCA.

2. PosrnsHeMO GYHKITIIO 3 He80anoio yMo6oo TIOBEPHEHHS 3 pe-
Kypcii.
void badFunc (int x)

{ if(x==2) {cout << x; return;} // noBepraemocst
badFunc (x-2) ; // Barmmémoemocs:
}

3a BUKOHAaHHS BHKJIHMKY badFunc(6) BigOyBalOTbCS pPEKYpPCHUBHI
BUKIIMKH 3 apryMEHTaMHu 4 Ta 2. 3a x==2 3arjuOJIeHHS B PEKypCito
HEMa€e, TOMY BUBOJIUTHCSA 2, a MOTIM HOCHIJOBHO 3aKiHYYIOThCS BU-
KITUKH 3 apTyMEHTaMH 2, 4 Ta 6. [IpoTe BUKIMK badFunc (5) MpHUBEe
JI0 PEKYPCUBHUX BUKJIMKIB 3 apryMEHTaMH 3, 1, -1, -3, ..., B IKHX YMO-
Ba TIOBEPHEHHSI x==2 HIKOJIM HE CTaHE ICTWHHOIO, TOMYy BHUKOHAHHS
PEKYPCHBHUX BUKIIHKIB NEPENOGHUNb NPOSPAMHULL CHIEK. 4

Y 1poMy po3misi pO3IISAAETHCS TUIBKU MpsAMa peKypcis, KOIH
({yHKLIS MICTUTh BUKJIIMKH caMoi ce0e. Y mporpaMyBaHHI TaKOX BH-
KOPHUCTOBYETBCS HeNpsima peKypcis, KONMU (QYHKII MICTATh B3aEMHI
BHKJIUKH.

Bnpaga 7.1. lllo Oyne BUBeIeHO Ha €KpaH, SKIIO IIiJl 9YaC BHKO-
HaHHS nporpaMu BBectH a) 10; 6) 7; B) 57
#include <iostream>
using namespace std;
void func (int n) {

if (n>7) func(n-1);

cout<<n<<" ";

return;

}
int main()
{ int n;

cout <<"Enter one integer\n"; cin >> n;

func(n) ;

cout<<endl; system("pause") ;return O;
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7.3. "MiaBoaHi kaMmeHi" pekypcii

7.3.1. XaHoucCbKi BeXi

Ha mommmii — tpu crpmwkHi: 1, 2, 3. Ha nepmioMy po3MillieHO BEXY
3 1 JIUCKIB; HWKHIM JIUCK Ma€ HAWOLIBIIUH JiaMeTp, a JiaMeTp KOxX-
HOTO HACTYIHOTO MEHILMH 32 JiaMeTp NOoNepeAHboro. 3a OJUH XiX i3
OyIb-SIKOTO CTPYKHS MOYKHA B3SITH BEPXHIN JWCK 1 MEPEMICTUTH Ha
IHIIWI CTPUKEHb, alle JO3BOJICHO KJIACTH AWCK JIUIIE HA JOUIKY abo
Ha JucK Oinmpimoro amiamerpa. Tpeba mepeMiCTHTH BCIO BEXy 3i
CTpUXHS | Ha CTpUXKEHB 3.

s rpa HasuBaeThes " XaHOMCHKI Bexi". 3a IETeH 010 M0 TPY II0-
YaJy MOHAJ] TUCSYY POKIB TOMY Y€HIIl B OJHOMY MOHACTHpPi IOOIU3Y
Xanos y B'ernami. Y uenmiB Oyno n =64 nucku. Komu BoHH 3aKiH-
4aTh TPy, HacTaHe KiHemb YcecBiTy. Po3B's3koM miei rpm-3amadi €
MOCIIIOBHICTh TIEPEHECeHb NHCcKiB. Hammmemo mporpamy BUBeEIEH-
HS IO3HAYeHb [IUX TTEPEHECEHb.

o6 mepenecTr Bexy 3 7 AUCKIB 31 CTPIKHA | Ha CTPHIKEHB 3, He-
00XiIHO IEpEeHEeCTH BEXY 3 /-1 IUCKa Ha CTPHKEHD 2, TIOTIM IepeHec-
TH HUOKHIA TUCK HA CTPIKEHB 3, TOTIM — BeXy 3 2 Ha 3. [Ipu nepene-
CeHHI Bexi 3 1 Ha 2 JONMOMIXHHMM OyJie CTPYIKEHb 3, a IPH IepeHe-
ceHHi 3 2 Ha 3 — 1, mpuYoMy >KOJHA iHIIIA TTOCIIAOBHICTD Iilf HEMOX-
muBa. OTKe, po3B'A3aHHA 3a4a4i AJsl BEX1 BHCOTOIO 71 OMMCAHO 3a J0-
MIOMOT'OI0 PO3B'SI3aHHS [UIsl BEXK1 BUCOTOIO #1-1, TOOTO pexypcusHo.

Hexaii diskMove (a,b) MO3HAYa€ MEPEHECEHHS OTHOTO TUCKA 3i
CTPWXHSI a Ha CTPUIKEHD b, a tower (h,a,b,c) — IEPEHECEHHS BEXI
BHCOTOIO h 3 a Ha b 3 BUKOPUCTAHHSIM CTPHXKHA ¢ SK JOITOMIXKHOTO.

3a h > | BUKOHAHHS tower (h,a,b,c) Oy/e TaKUM:
tower (h-1,a,c,b);
diskMove (a,b) ;
tower (h-1,c,b,a)
3a h=1 mnepeHOCATh TUIKH OJIWH JUCK, TOOTO BUKOHYIOTh
diskMove (a,b) . OTXKe, OYEBUIHOIO € TaKa Mporpama:
#include <iostream>
using namespace std;
void diskMove (int diskFrom, int diskTo)
{ cout << diskFrom << "->" << diskTo << ' ';
return;

}
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void tower (int height, int from,int to, int wvia)
//height - Bucora, from - 3, to - Ha, via - uepes
{ if (height==1) diskMove (from, to) ;
else
{ tower (height-1,from,via, to);
diskMove (from, to) ;
tower (height-1,via, to,from) ;
}
}
int main()
{ int n;
cout << "Hanoi towers\n";
cout << "Enter a number of disks>";
cin >> n; if (n<l) n=1;
tower(n,1,3,2);
cout<<endl;
system("pause") ;return O;
}
prog018.cpp

Bu3HaunMo KiNBKICTh NEpeHeceHb OUCKIB y BUIIAI (QyHKIIT
s(n), ne n — Bucora Bexi. OueBuano, mo s(1)=1 1 s(n)=2-s(n-1)+1.
Ak 6aunmo, 5(2)=3, s(3)=7, s(4)= 15 romo. Koxxne HacTynHe 3Ha-
YEHHS TIOJIBOIOETHCS 3 JIOJABAHHAM |, TOMY HEBaXKKO IMEPEKOHATHUCS,
o s(n)=2"-1. 3uauenns s(64) npubmmsno nopisuioe 10", Skuro
MPUITYCTUTH, IO YEHII MEePEHOCATh OIMH AMCK MIOCEKYHAHU, TO IS
TIepeHeCeHH s TaKoi Bexi moTpiGHo 6impme 10'* pokis!

PekypcuBHa yHKLUiS 6e3 )X0AHOro LMKy MOXe SIerko npuxosaTu
BeNMYe3Hi 06csarn obuncnerb. Ak i 6yab-skuii MOTYXXHWI 3aci6, pe-
Kypcist BUMarae o6epexxHoro BUKOPUCTaHHS.

7.3.2. TnnbuHa pekypcii ¥ 3aranbHa KiNnbKIiCTb
PEeKypPCUBHUX BUKJINKIB

3 peKypcuBHUMH (DYHKLISIMHU TTOB'I3aHO ABa BAXKJIMBUX HOHSTTS —
INIMOWHA PeKypcii i 3aralibHa KiTBKICTh BHKIIMKIB, TOPOJKEHUX BH-
KIMKOM PEKYpCHUBHOI MiAmporpamu. bynemo BiApi3HATH TIIMOMHY
peKypcii, Ha sKili mepedyBae BUKIUK, i INTMOUHY peKypcii, mopomke-
HY BUKJIHKOM.

rmnbuHa pekypcii, Ha AKih nepebyBae BUKJIUK
nignporpamMm — Ue KifbKiCTb peKypPCUBHUX BUKIUKIB, pO3-
noyaTux i He 3aKiHYEHNX Y MOMEHT MoYaTKy LibOro BUK/IMKY.
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rnnébuHa pekypcii, nopoaXxeHa BUKJIMKOM — Lg
MaKCMManbHa KiNbKiCTb PEKYPCUBHUX BUKIUKIB, SIKi pO3Mno-
4YaTO M He 3aKiHYeHO NiCNs NOYaTKy LbOro BUK/NKY.

Hampuxiiag, y mporpami "XaHOHChKI Bexi" BUKIUK (QyHKIIT
tower i3 BHCOTOIO /i mepeOyBae Ha riuOWHI peKypcii n - 4 1 opo-
TOKy€ TIOuny /1 - 1.

Ko BUKOHY€ETHCS BUKIHMK QYHKIIT, sIKHid TiepeOyBae Ha TIHOWHI
pekypcii m, ogHOYacHO icHye m+1 eK3eMIUIsIp JIOKAJIBHOI mam'sTi
(dyukmii. KoxkeH ex3eMInisip 3aiMae TUITHKY TIEBHOTO PO3MIPY, TOMY
301IbIIEHHS] TIUOWHY, K OYJIO CKa3aHO BUIIE, MOXKE MPU3BECTU IO
nepenosHen s NPOSPAMHO20 CIeEKd.

3aranbHa KiNbKiCTb PeKYPCUBHUX BUKJIUKIB, Mo-
POAKEHUX BUKIIMKOM PEKYPCUBHOI (YHKLUIi, — Ue KiNbKiCTb
BUK/UKIB, BAKOHAHUX MiXK MOro MOYaTKOM i 3aBEPLUEHHSM.

Hampuknan, y 3amadi "XaHOWCHKI BeXi" KOKEH BHKJIHK 3a/1a€ OJ1-
HE TIEpPEeHeCeHHs JMCKA Ta, SKIO BiH HE € HaWOUIBII 3arinOIIeHUM,
[IOPOJIKYE JiBa PEKYPCUBHUX BUKIHMKH. HaMm yxe Bigomo, 110 mepe-
HECEHHsI BEKi BHCOTOIO 7 BuMarae 2"-1 mepeHeceHb IUCKIB, TOMY
MIDXK TIOYaTKOM 1 3aKiHYEHHSIM BHUKIIUKY 3 apTyMEHTOM # BUKOHYIOTh-
cst 2"-2 peKypCUBHI BUKJIHKH.

3aragpbHa KUTBKICTh MOPOKEHUX BUKJIMKIB BH3HAYAE TPUBAICTH
BHUKOHAHHS BUKJIMKY. Sk 6a4nMo, KUIbKICTh BUKJIMKIB y 3a1aui "Xa-
HOMCBHKI Bexi" 32 3HAUEHB /1 YXKe MOPSIIKY KUTBKOX JIECATKIB MPHU3BO-
JUTh JIO HEMPUITYCTUMO JIOBIOT0 BUKOHAHHS IPOTPAMH.

3anncyoun pekypcmnBHy (yHKLIiO, HEOBXigHO BMITU OLHWTM MO-
XNMBY rMBUHY peKypcii, po3Mip naMm'aTi BUKNNKY yHKLIT 4 3aranb-
HY KiJTbKiCTb PEKYPCUBHUX BUKJIUKIB.

7.3.3. Npuknaa HeaoOpe4YHOro BUKOPUCTaHHSA
pekypcii

IToBepuemocs no uncen DidoHAYUI, IO BU3HAYAIOTHECS PEKYPEH-
THUM CHIBBiAHOIICHHM F,=F, | +F,,, n>2, i MI04aTKOBUMH YMOBa-
mu Fy=0, Fy=1. 3a UM 03HA4YEHHSM Jy>K€ JIETKO Hamucat (yHK-
1ito o0umcieHHs yuciia ®i0oHauyi 3a HOro HOMEPOM.
int £(int n) //pre: n>=0, inakwe nosepraemo -1
{ if (n<0) return -1;

if (n==0) return 0;

if (n==1) return 1;

return f(n-2)+£(n-1); // mBa BUKINKK

}
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IE AYXE IOTAHA ®YHKIIIA!!! Ii ronopuuii Henomik:
BOHA NOPOOIICYE AOCONOMHO HenOMpPIOHI ba2amopazoei 0OUUCIeHH S
mux camux eeauuur. PO3TISTHEMO, HANPHUKIIAJ, OOYHMCICHHS £ (6) .
OdeBHIHO, IO BUKIUK £(4) BHKOHYEThCSA ABIYi, £(3) — TpUYi,
£(2) — 'ATh paziB, £ (1) — BiciM pa3iB, £ (0) — I'ATh pasiB..

VY 3aranpHOMY X BUMNAIKy 3a n >3 oO4HCIeHHS F, MOpOIKye
JIBA BUKIIUKU f (n-2), TPU BUKJIMKH £ (n-3), II'ATh BUKJIUKIB £ (n-4),

.., I, BUKIIUKIB £(2), [, BUKIUKIB £ (1) 1 F,.; BUKJIHKIB £ (0) .
[I{o6 BuKOHATH BCi IIi Aiil, MOTPIOHO Yacy HE MEHIIE HiX I Tepe-
HECCHHsI XaHOMChKOI Bexi BucOTOIO 1. OJIHAK Ha BiAMIiHY Bij 3a/a4i
PO BEXi, ITi il He € 00OB'I3KOBUMH, aPKe ITUKIITHIHN alrOpUTM Ha
c. 116 (m. 6.3.2) BUMarae Jyuiie 0JHOTO JIOJaBaHHS Ta JIBOX IPUCBO-
FOBaHb Ha KOXHE 3 uucen [, F3, ..., F, (TUTF0C IpHCBOIOBaHH, 10/1a-
BaHHsI 1 MIOPiBHSHHS HOMEPIB).

Bnpagsa 7.2. Hanmmite ¢yHKUiro, 110 3a HUIMM 3HaYEHHSIM n [IOBEPTa€e
KLUIBKICTh BKIIAJICHUX BUKIIVIKIB HaBeIeHOT (PyHKIIIT £ 32 BUKIIUKY £ (n).

KOHTpONbHI 3anUTaHHA

7.1. YoMy mam'siTb, YTBOPEHY JIOKaIbHUMH 3MiHHUMH BUKJIHKIB (y-
HKIIi#1, HA3UBAIOTh MMPOTPAMHUM CTEKOM?

7.2.3a sxoi yMoBH y (YHKLII MOKHa BUKOPUCTOBYBAaTH iMeHa, HE
OTOJIOIIEH] B Hil?

7.3. SIke iM'st Ha3UBAETHCS Y DYHKIIT JIOKAJIEHUM, a SIKE — TI00aTbHAM?

7.4. Un MokHAa BUKOPUCTOBYBATH JIOKAJIbHI iMeHa (QYyHKIIi B 1HIIHX
(GYHKLISAX, 3aTIMCaHUX MicTs Hel?

7.5. Yn € rnobanbHUMH 3MiHHI QyHKLI main?

3apaua

7.1. ApudmeTnyHi BUpa3u 3 KOHCTAaHTaMH, 3HAKaMH orepauiit (+, -,
* 200 /) 1 {y’KKaMU OIUIIIEMO TaK:
a) milficHa KOHCTaHTa € apu(METHIHUM BHPa30M;
0) sxmo E ta F' — apudmernyni Bupasy, 1o (E+F), (E-F), (E*F),
(E/F) — Takox BUpasw;
B) IHIIMX BHPa3iB, OKPIM YTBOPEHHUX 3a MPaBUJIaMU IIII. a) Ta 0),
He icHYyE.
HanwmcaTtu nporpamy, 1110 3a BBEIEHUM i3 KJI1aBiaTypHu apruQMeTH-
YHUM BHUPA30M BHBOJHUTH HOTO 3HAYCHHS.
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PO34I1/1 8
OBPOBKA TA OTPUMAHHSA
NOCNIAOBHOCTEM

8.1. NMNocnipoBHOCTI
ncesfoBUNaAKOBUX unucen

VY Garathox 3ajauyax (BiJl MOAETIOBaHHS NMPUPOJHUX ab0 coIianb-
HUX TIPOIIECIB 0 PO3KIAIaHHS KapT) MOTPiOHI MOCIiAOBHOCTI YHCE,
10 HaJeKaTh MTEBHIM MHOXHHI, aje OlIbIIe HiSK HE IOB'I3aHi OJHE 3
oguuM. Taki 4yuciaa Ha3MBAIOTLCA BHHAAKOBHMH. [IoCiigoBHOCTI BH-
MAIKOBUX YHCEN 9acTO IMITYIOTh, BHKOPHUCTOBYIOUHM I'€HEPaTop Iice-
BIOBHIIAJIKOBHX YHCEJ — IIANPOrpamy, ska 3a IEBHUM aJITOPUTMOM
YTBOPIOE TIOCIIIOBHICTh YHUCEIN, IO BHUIJISAAE BUMaAKoOBOKO. 1106 ko-
KHOTO pa3y OTPUMYBATH Pi3Hi IMOCTIJOBHOCTI, JITOPUTM iHILiami3y-
FOTb YHCJIOM, SIK€ 3a3BHYail BU3HAYA€E BCIO IOCJIIIOBHICTb.

Mosoto C++ TOCITIOBHOCTI IICEBIOBUITATKOBAX YHCET MOJKHA
OTPUMYBATH 32 JONOMOIOI0 OBOX (YHKLiH, orosomenux y daiini
cstdlib. q)yHKHiH 3 IIPOTOTUIIOM void srand(unsigned int);
YCTaHOBIIIOE TIOYATKOBE 3HAYEHHS MOCIIIOBHOCTI, BAKOPUCTOBYIOUH
JUISL [IHOT'O apTyMEHT Y BUKJIMKY (HEUM Mae OyTH HEBLI'€MHE IIijie Yu-
cio). OyHKIIis 3 IPOTOTUIIOM int rand (void) ; 00YHCIIOE i TIOBEp-
Ta€ HACTYIHE TCEBIOBUIAIKOBE 3HAUCHHS. Y Ci 3HAYCHHS € I[IJIMMU
yrciaaMu B aianasodi Big 0 mo 32767. Yucio 32767 no3HayaeThes
KOHCTAHTOIO RAND MAX, SIKY T€X OTOJIOLICHO y (aiini estdlib.

IM's rand € ckopodyeHHSM cioBa random (BUIAIKOBU), a
srand — CKOPOYCHHSIM seed random (3acCisiTH BUIAAKOBE). 3HAUYCHHS
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aApTyMEHTY y BUKJIHKY srand HAa3WBa€ThCs 3€PHOM, OCKUIBKH "3ep-
HO'" € TOJIOBHUM 3HAYCHHSIM aHTIIHCHKOTO CIIOBA seed.

PosriissHeMo mpuKIaj mporpamu, Mo OTPUMYE BiJ] KOPHCTyBayda
3€pHO, CTBOPIOE THUCSAYY IICEBIOBUITAIKOBUX JIMCHUX YMCEI Y Jiamna-
30Hi [0; 1] Ta oOumcmioe ix cepenHe apudmMeTrudHe (BOHO Mae OyTH
nocuth 0nm3bkuM 110 0,5). JlidicHi yuncna 3 [0; 1] yTBOpIOOThCS Is-

XOM JUJIEHHSI LIIMX [ICEBJOBUIIAAKOBUX YHCEJ HA RAND MAX.
#include <iostream>
#include <cstdlib>
using namespace std;
int main() {

double sum;

int k, seed;

cout << "Enter int seed>"; cin >> seed;

srand (seed) ;

for (k=0,sum=0; k<1000; ++k)

sum += rand()/double (RAND_MAX) ;

cout << sum/1000 << endl;

system("pause"); return 0;
}
prog019.cpp

3epHO MOKHA 3pOOWTH BHIAJKOBHUM 3a JONOMOTOK (yHKIIi
time, SIKY OTOJIOIICHO Y (hailii time.h. [ IbOrO NOTPIOCH BUKIIMK
srand (unsigned (time (NULL))) ;

(DYHKHiH time 3BEPTAECTHCS IO B6YIIOBaHOFO rOJIMHHUKA ¥ OTpHU-

MYye€ BiJl HhOT'O YHCJIO, TIOB'A3aHE 3 MOTOYHMUM JHEM 1 9acOM.

Bupasu

8.1. Hanmmmite (yHKIIITO, IO 32 KOXHOTO CBOTO BHUKIIUKY TIOBEPTaE
HaCTyIIHE IICEBIOBUIIaIKOBE AiMiCHE YKCIIO 3 Biapiska [a; b].

8.2. Hamuiite QyHKIIIO0, 0 38 KOXKHOTO CBOTO BHKIIMKY MOBEpTa€e
HACTyIHE TICEBOBUIAIKOBE ITiJIe YHCIIO 3 IPOMIXKKY [a; b]. Bka-
3iéka. I1epeTBOPUTH YHCIIO X, HATPHKIAL, 3 MPOMDXKKY Bix 0 1o
100 Ha wuwmcno Bim -5 g0 4 MoxHa 3a  (HOPMYIIORO
x%(4-(-5)+1)+(-5).
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8.2. CratmyHa naM'aTb

Haragaemo (amB. migpo3n. 4.4): iM's, oroioineHe 30BHI (GYHKITIH,
HA3MBAEThHCS TJI00AJBLHUM. 3MiHHI, OrOJIONICHI 30BHI (DyHKIIIH, ic-
HYIOTb IIPOTSITOM YChOTO Yacy BUKOHAHHS MIPOTPaMu Ta 30epiraroThb-
cs B OKpeMii oOmacti mam'sati. O61acTh mam'sTi 31 3MIHHAMH, IO
ICHYIOTb TIPOTATOM YCBHOTO Yacy BWUKOHaHHsS HpOrpaMu, i cami wi
3MiHHI Ha3WBalOThCS CTATHYHHUMH. CTaTHYHUMH MOXYTh OYTH SIK
riao0ainbHI 3MiHHI, Tak 1 JIOKaJIbHI.

Ipuxnan. PosrnsgaeMo mporpamy, B sIKiii CTAaTHYHOIO € caMe JIo-

KaJbHa 3MIiHHA.
#include <iostream>
using namespace std;
int nCalls() {
static int i=0;
return ++i;
}
int main () {
cout << nCalls() << endl;
cout << nCalls() << endl;
system("pause"); return 0;
}
prog020.cpp

Crienikarop static B O3HaYeHHI static int i=0; yKa3ye, III0:

—TaM'sITh IJIs 3MIHHOI i BHIIISETHCSA B CTATHYHIN MaM'sATi Tpo-
rpaMy Ha MOYAaTKY BUKOHAHHS NMPOrpaMM Ta 3MiHHA Biapa3sy
1HIIaTI3y€eThCS 3HAUYEHHSIM 0;

— Y BUKJIMKaxX (YHKIII nCalls Ui 3MIHHOI i maM'ATh He BUi-
JAETHCSH;

—MDK BUKIHKaMH (YHKIII nCalls 3MiHHa i 30epirae cBoe€
3HAYEHHA.

Koxxen Buknmk QyHKIii nCalls 301IbIIyE 3HAYSHHS 3MIHHOT i Ha
1 i noBeptae Horo. OTke, 3a MEPIIOT0 BUKIUKY (YHKIIisSI TOBEpHE 1,
3a APYyroro — 2 ToIo. Y3arami, (GyHKIlisS nCalls MOBEPTAE KIIBbKICTh
CBOIX BUKJIVKIB.

Crenugikarop static HE BIUIMBAE Ha OOJACTH JIii OTOJIONICHHS
iMeHi. IM's i oromomeno B TiNi GpyHKLIl nCalls, TOMy iM'sl 3MiHHO{
i € nokanepHUM Yy QYHKLII, a 32 MexaMH (DyHKUIi nCalls 15 3MiHHA
HeIOoCTymnHa. 4
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JloKanbHi CTaTM4YHi 3MiHHI BAapTO BMKOPUCTOBYBAaTW, KOMM HEO6-
XigHO 3abe3neunTn HeAOTOPKAHHICTb 3HAYeHb 3MIHHMX DYHKUIT MiX i
BUKJTUKAMW.

Bnpaga 8.3. Hanucatn ¢yHKIi10, KOXEH BUKJIHK SKOI HOBEpTae
HactynHe yncino PiboHauyi, ToOTO nepuuit BUKIuK — 0, aApyruii — 1,
HactynHi — 1, 2, 3, 5 Tommo.

8.3. O6po6ka nocnigoBHOCTEMN

8.3.1. 3aranbHa cxema no6byaoBu nporpamm

VY npuknani 6.1 Ha c. 109 po3bupanacs 3amada: BU3HAYUTH CyMy
JMOJTATHUX YHCEN Y IMOCIiOBHOCTI, IO BBOIWTHCA 3 KiaBiaTypw i
3aKiHYY€EThCS YyuciioM 0, sike 710 MOCIi0BHOCTI He BXOIUTh. J[iist 1€l
3a/1a4i XapaKTepHUM € T€, I10:

— BXOJIOM € TIOCJIOBHICTh YHCEN, KUIBKICTh SKUX Harepes HeBi-
JoMa;

— BX1J] MICTHTb O3HAKy 3aBEPILLICHHS MOCIiIOBHOCTI (yncio 0).

s 3amaya € TUNIOBOIO, TOMY ITOOYAYEMO ii pO3B's3aHHS TaK, 11100
Horo MoxHa OyJIO MPHCTOCYBAaTH 0 IHIIUX AHAIOTIYHUX 3ajad i3
MiHIMaTbHUMHA 3MiHaAMH. CQOPMYITIOEMO alTOPUTM pO3B'A3aHHS B

3araJilbHOMy BI/IFJ'ISI,Z[i.

Ininianisanis

TonoBHMII po6oumMii UMK, a caMe:

while (e HacTynHuMII eJIeMeHT)
o6po6UTK HACTYIHMUIA E€JIeMeHT

BaBepuweHnHs

Inimianizamisn — we nii, migroToBYi 1O OTPUMaHHS BXiJHOI IO-
CIIIZIOBHOCTI (HANpHKIIAA, BUBECTH 3alpOLICHHS I KOPUCTyBaua) i
10 OOpOOKHM BBEeIEHUX eNeMeHTIB (Hampukiaa, ycraHoButd B 0.0
CyMy BBEACHUX IomaTHUX ywced). [oI0BHHI podoumii MUK —
IIe TIOBTOPIOBaHI Mii 3 OTpUMaHHSA W OOPOOKH €IEMEHTIB ITOCIiIOB-
HOCTi. 3aBepIIeHHS — 11 3aKIFOYHI OOYMCIIEHHS Ta, MOXKIIUBO, Jii,
noTpiOHi, 100 KOPEKTHO 3aKiHYMTH 00POOKY MOCIiZOBHOCTI.
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PosrissHeMo rosoBHui pobGouuii muki aetanbHime. Koxken dpa-
IMEHT KOIy NMOBMHEH MaTH OIUH OOOB'S30K, TOMY OTPHMAHHS ejie-
MEHTIB TIOCJIIIOBHOCTI CIIiJl, HACKIJIBKH II€ MOXJIMBO, BiJOKPEMHUTH
BiJ iX 00poOku. OTpUMaHHS HACTYITHOT'O €JIeMEeHTa "CXOBaeMo" y
¢dyHskuito. Hxepenaom, 3 IKOTO HaJIXOAUTH MOCIIIOBHICTh, MOXe OY-
TH HE TUIBKH KJIaBiaTypa, ajie 3a MexxaMu (QYHKIIT 8i0 djcepena Hiujo
He 3anedcamume.

Sxoro mae Oyt 1 QyHkuis? BoHa Mae moBepTaTH HACTYITHHIMA
€JIEMEHT IOCJIIIOBHOCTI, SKIIO BiH €, a SIKIIO HEMA€ — TO AKOCh PO
[1e OBiIOMIIATH. BOHA Takok Mae MOBIIOMIISTH MPO HEYCHIITHICTH
CHpoOH OTPUMATH HACTYIHHUHA €JIEMEHT, TOOTO mpo moMuiKy. OTxe,
(GyHKLIS Ma€e MOBEPTAaTH CTATYC OCTAHHBOI omepauii OTpUuMaHHs
eJIeMEeHTa TIOCHIIJIOBHOCTI Ta caM 1ei enemeHT. CraTyc OyaeMo Io-
BEPTATH sIK 3Ha4eHHs (YHKIIi, a €IeMEHT — 3a JIOTIOMOT 00 ITapaMeT-
pa-nocunaHHs. JOMOBUMOCS: SIKIIO OTPUMATH HACTYIIHUHM €IeMEHT
MOCJIIOBHOCTI HEMOKIIMBO, TO (YHKLISI HE 3MIHIOE 3HAUEHHS Hapa-

MeTpa. OTxe, mpoToTHIl GYHKLIT Oy1e TaKuM:
int get (double &x);

PosriisHeMo BUKOpUCTaHHA (YHKIII get y TOIOBHOMY ITHKII.
3HaveHHsI, SKi MOXe MOBEPHYTH (DYHKIIiSI get, MO3HAYMMO iIMEHAMU
OK (eJeMeHT OTpUMaHo), EOS (CKOpPOYeHHS Bix end of sequence —
MIOCIIZIOBHICTh BHYEPIIAHO) Ta ERROR (Crpoba OTpHMAaTH eleMEHT
HeycmimHa). s Toro, mo6 oOpoOUTH MOMUIIKY B 3aKIIOYHUX 00-
YHUCIICHHSX, OyJieMo 30epiratu craryc BUKIHKY get Y JOIIOMDKHIH

3MiHHil state (cTaH). OT)Xe, OCHOBHUI poOOUMiA UK Oy 1€ TaKUM:
while ((state=get (x))==0K)
o6poburTn x;

[IpoaoBKHUMO BiJIOKPEMJTIOBATH OOYMCICHHS BiJ IOBIJOMJICHB.
OO0uucieHHs peani3yeMo B OKpeMiil (DyHKIIT process, a BUBCIACHHS
pe3ynbTaTiB — y ronoBHIM (yHKII. DyHKIS process IMOBEPTAE
03HAaKy YCIIIIHOCTI 00pOOKH MOCTIIOBHOCTI (OK, SIKIIO BCE rapasi,
iHaKIe ERROR) Ta OOYMCIIEHY CyMy 3a JOIOMOIOIO IapameTpa-
nocwinanHs. ['ooBHa (yHKIIiS BUKIMKA€E process, OTPUMYE Bil Hel
pe3yNbTaTH i BUBOAWTH BIAMOBIIHI TaH1 Ha €KpaH.
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Peanizyemo QyHKIiIO get 32 YMOBH, IO MOCIIOBHICTh JIHCHUX
quceJl BBOOUTHCA 3 KHaBiaTypI/I, a yucao 0 BBaXKaeThCSI O3HAKOIO KIH-
111 ITOCI1TOBHOCTI.

#include <iostream>

using namespace std;

const int OK=0, EOS=1, ERROR=2;

int get(double &x) // oTpuMaTM HACTYNHUII E€JIEMEHT

{ double y;
cout<<"Enter one real (0 to finish):\n";
if (! (cin>>y)) return ERROR;

if (y==0.0) return EOS;
x=y,; return OK;

}

int process(double &sum) // pose'sizsanHs Bagmaui
{ double x;
int state=OK; sum=0; //ininianisanis
while ((state=get(x))==0K){ //e noTounmuit eneMeHT
if(x>0.) sumt=x; //oBpobuTH NMOTOUHMII E€JIEMEeHT
}
// state == EOS || state == ERROR

if (state == ERROR)
return ERROR;
else
return OK;
}
int main()
{ double sum;
int state;
state = process(sum) ;
// BUBeneHHs1 pes3ynbTaTiB
if (state==ERROR)
cout<<"An ERROR exists.\n";

else
cout << "sum=" << sum << endl;
system("pause"); return O0;

}
prog021.cpp

Hagenena cTpykTypa nmporpamu J03BOJISIE€ 32 HEOOX1THOCTI JIETKO
3MIHHTH JDKEPEeJIo TOCTIIOBHOCTI, YMOBY ii 3aBepHIeHHS a00 THII
BXITHUX JAHUX, OCKUIBKHA JIA I[HOTO JOBEIETHCS MOIU(DIKyBaTH
TIIBKU (DYHKINIO get. 3MiHA X Jiil, BUKOHYBaHUX 3 €JIEMEHTaMH I10-
CJiTOBHOCTI, MOTpedye 3MiH TUTBKK Y (PYHKIIT process.
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8.3.2. 3MiHa yMOBM 3aBeplUEeHHS NOCNifO0BHOCTI

PosrmsiHemo monepenHio 3a7ady 3a YMOBH: O3HAKOIO 3aKiHUEHHS
MOCJTIZIOBHOCTI € YUCIIO, IO 30IraeThesl 3 TEPIIUM 1 JIO ITOCIiJOBHOCTI
He BXoauTh. Hampukinan, nmocminoBHicTh 1, 3, 4 3ala€ThCs BXOAOM
1 3 4 1. [Ilo6 BHU3HAYNTH, YU JOCSATHYTO KiHENb MOCITiJOBHOCTI, Y
dbyHKIIIT get OymeMo 30epiratu mepiie BBelAeHe 3HAUCHHS (Y 3MiHHIN
first). OCKUTBKY TiepIe 3HaUYeHHS 00pPOOIISETHCS HE TaK, SIK HACTYTI-
Hi, TO HEOOXiHO 3HATH, BBOAUTHCS TEPIIMH UM HE MEPIINi eIeMEHT
mocioBHOCTi. O3HaKy TMEpIIOro eleMeHTa BHPAa3HMO JIOTIYHOIO
3MIHHOIO isFirst. 3MiHHI first Ta isFirst MarOThb OyTH IOCTYIHH-
MU Jiuie y GYHKIIT get 1 30epiraTi CBOE 3HAUCHHS MiXK ii BUKJIMKaMHU,

TOMY 3p0OMMO iX cTaTHuHUMHU. OTKE, 3MIHUMO JiHIIE QYHKIIIO get.
int get(double &x) {
static bool isFirst=true;
static double first;
double y;
if (isFirst) cout<<"Enter real:\n";
else cout<<"Enter real ("<<
first<<" to finish) :\n";
if (! (cin>>y)) return ERROR;
if (isFirst)
{ isFirst=false; first=y; x=y; return OK; }
else
{ if (y==first) return EOS;
x=y; return OK;

}

8.3.3. 3miHa Aiin, BUKOHYBaHMUX i3 NOCNIQOBHICTIO

PosrnsHeMo, K 3MIHIOETBCS TIPOTrpaMa, SKIIO 3 IOCIITOBHICTIO
BHUKOHYFOTBCS 1HIII i

Mpuxnag: makcuMaiabHuii exeMeHT. HeoOXigHO 3HAWTH Mak-
CHUMaJIbHE YHCII0 MOCTiA0BHOCTI. OTPUMYy€EMO TIepIIle YUCIIO — CTIoYa-
TKYy BOHO MakCHMaJIbHE, TOMY 30epekeMo Horo B 3MiHHIN max. Jlami
B TOJIOBHOMY POOOYOMY LIMKJII OTPUMYEMO HACTYIIHI €IEMEHTH, I10-
PIBHIOEMO iX 31 3HAUCHHSM max 1 32 HEOOX1THOCTI 3MIHFOEMO HOTO.

VY wiif 3a1a4i € BiIMIHHICTD Bij] IONEPEIHBOI: Y TIOPOXKHIHN TOCII-
JIOBHOCT1 CyMa 4YHCell HYJIbOBA, ajlé MaKCUMaJbHOTO €JIEMEHTa He-
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Mae. Tomy, SIKIIO MOCTIOBHICTH MOPOXKHS, (PYHKIiSI process Mae
MTOBEPHYTH O3HAKy I[bOT0 (aKTy — 3HaueHHS EMPTY. OTxe, pe3yib-
TaTOM OOpOOKH IOCIIJJOBHOCTI € OJHAa 3 03HAK: ERROR — BHHHKIIA
[MOMIJIKA, EMPTY — TIOCJIIIOBHICTh TIOPOXKHS, OK — 3HAMJIECHO MaKCH-

MaJbHUH eleMeHT. J1o1aMo 10 IHIIMX IMEH KOHCTAHT iM'sh EMPTY.
const int OK=0, EOS=1, ERROR=2, EMPTY=1;
3rigHo 3 HaBeJeHNMH MipKyBaHHIMH 3MiHUMO (DYHKIIIO process

1 TOJIOBHY (DYHKILi1O.

int process(double &max)

{ double x;

int state=0K;
state=(get (max)) ;
if (state==EOS) return EMPTY;
if (state==ERROR) return ERROR;
// noMmnky HeMa€, NOCHiZOBHiCTE HENOPOXHSI
while ((state=get (x))==0K) {
if (x>max) max=x;
} // state==EOS || state==ERROR
if (state==ERROR) return ERROR;
return OK;

}

int main()

{ double max;

int state;
state=process (max) ;
if (state==ERROR)
cout<<"An ERROR exists.\n";
else if (state==EMPTY)
cout<<"The sequence is EMPTY.\n";
else
// noMmnky HeMae, NOCHiNOBHiCTE HENOPOXHSI
cout << "max=" << max << endl;
system("pause"); return 0;

Ipukjiaa: MOHOTOHHA MOCTiNOBHicTH. HeoOXimqHO BH3HAYHTH,
YW € BXiJHA IOCJIiJJOBHICTh MOHOTOHHO. PO3B'SDKEMO 3arajbHilIy
3a/lavuy: BU3HAYUMO THUII HEMTOPOKHBKOI TIOCHIIOBHOCTI — CTaIlioHapHa
abo HecTallioHapHa, a caMe: HecmajHa, He3pocTaroda abo HEMOHO-
ToHHA. O3HaKaM I[MX THUIINB JaMO IMEHA BINIMOBIJHO CONSTANT, UP,
DOWN Ta OTHER. OJHe 3 X 3Ha4eHb (PYHKIIIS process Ma€ TOBEP-
HYTH 32 JOMOMOTOI0 CBOTO MapaMeTpa-IOCHUIIaHHS sort (THII), KO
OTPUMAaHO X04a O OIMH eIEMEHT MOCIiJOBHOCTI.
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Anroput™M 00poOKM TOCHIAOBHOCTI Takuid. OTpUMaeMo MepIInii
€JEMEHT IOCITITOBHOCTI. I10CITiIOBHICTE 3 OJHOIO €IEMEHTA € CTaIlio-
HapHOIO, TOMY 3MiHHAa sort Ma€ 3HAYCHHS CONSTANT. Jlami, Hexail
00po0IIeHnt TOYaTOK MOCITITOBHOCTI MAa€ THIT sort, BIJOMUH TOTEepe-
TTHIM €JIeMEHT TOCITiIOBHOCTI prev i OTPUMAaHO HOBUH €JIEMEHT x. 3a-
JIEKHO BIJI CIIBBIIHOIIEHHS MK 3HAYEHHSMM prev Ta x THII IIOCIII0-
BHOCTI 3MIHIOETKCS, 5K 1€ BKa3aHO B TAOMMIII. B iHIMNX CHTYaIlisX THIT
TTOCJTiTOBHOCTI HE 3MIHIOETBCS, TOMY I1i CHTYaIlil He BKa3aHo.

3HaueHHs sort | CroiBBigHomenHs | Hose 3HAYECHHS
sort
CONSTANT prev>x DOWN
prev<x UPp
Up prev>x OTHER
DOWN prev<x OTHER

3amuiieMo O3HAYeHHS THUMIB MOCHIIOBHOCTI ¥ (yHKIIO
process.
const int CONSTANT=0, UP=1, DOWN=-1, OTHER=2;
int process(int &sort)
{ double prev, x;
int state=0K;
state=get (prev) ;
if (state==EOS) return EMPTY;
if (state==ERROR) return ERROR;
sort=CONSTANT ;
while ((state=get (x))==0K) {
switch (sort) {
case CONSTANT:
if (prev>x) sort=DOWN;
else if (prev<x) sort=UP;
break;
case UP: if (prev>x) sort=OTHER; break;
case DOWN: if (prev<x) sort=OTHER; break;
}
prev=x;
} // state==EOS || state==ERROR
if (state==ERROR) return ERROR;
return OK;

[lepeBaroo bOro KOy € T€, IO BiH YiLIKOM HPO30PO 3A0a€ N02i-
Ky nepesipku nociioognocmi. ABTOpH Oadmim 0arato IMOMHIKOBUX
IporpaM MepeBipKy MOCTIIOBHOCTI HA MOHOTOHHICTh, Halripiium y
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HUX OYJIO Te, MO CIpOOW BUNPABUTH IMOMHJIKH CIPHYUHSIIN TOSBY
THIINX TOMUJIOK, KOJ 3aITyTyBaBcs, 1 BUXi OyB JIUILE OJMH — IOoYa-
TH BCE 3 HYJIL.

"Poa3uHKor0" HABEACHOTO CIOCO0Y IMEPEBIPKU IMOCTITOBHOCTI €
Te, 10 3HAYCHHS 3MIHHOI sort (DAKTHUYHO GU3HAYAE CMAH NPOYecy
00pobKu nocnioosnocmi U kepye yum npoyecom. CaMe 3a CTaHOM
BUPILIYETHCS, SIKE 31 CHIBBIAHOLIEHb MIX IONEPEeNHIM 1 HACTYITHUM
€IIEMEHTOM CJIi/I TIepPeBipATH, a Pe3yIbTaT Ii€i MepeBipKH BU3HAYAE
HOBUH CTaH OOPOOKH.

Miaxia i3 BUKOPUCTAHHSAM CTaHIB 3aCTOCOBHUIA [0 BENKOI KiflbKO-
CTi 3agay nporpamyBaHHs.

Bnpaga 8.4. Hantmcatu ronoBHy (yHKIIifO, IO JJIST BU3HAYEHHS
THUILy MOCJIIOBHOCTI BUKJIHMKAa€e (PyHKIIIO process 1 3a 1i pe3ysbTa-
TaM{ BUBOJUTEL Ha €KpaH BiAOBIIHE MTOBIOMIICHHSI.

KOHTpONbHI 3anuTaHHA

8.1. YnM Bifpi3HSIOTHCS CTATHUYHI 3MiHHI (DyHKIIT BiJ 3BUYAHUX 1T
3MIHHUX?

8.2. 3a sIK010 03HAKOIO 3MIHHI ITOAUISIOTLCS Ha I7100aIbH1 M JIOKaIbH1?

8.3. 3a K010 03HAKOIO 3MIHHI HOAUISIOTHCS HAa CTaTUYHI il aBTOMa-
THYHI?

8.4. YoMy oamH (parMeHT KOy HE NMOBHHEH MAaTH KiIbKOX Pi3HHUX
000B'sI3K1B?

3apavi

8.1. Ha xorTtponsHO-nipontyckHomy myHKTi (KIIIT) mutHHUI mpaitioe
olHa Opuraaa iHCIEKTOPiB. ABTOMOOUII MiA'i31ATh, CTAIOTh Y
4yepry (SKIIO BOHA €) 1 MPOXOIATh MEPEBIPKY B HMOPSIKY YEPIH.
JI1st KOKHOTO aBTOMOOIJIS BijlOMa TPHUBAJIICTh HOTO TIEPEBIPKH £:
aBTOMOOUTL BUi3auTh 13 KIIII yepes ¢ onuHuIh Yacy micis nova-
TKy Horo mepeBipkd. MoMeHTH HpUOYTTs aBTOMOOLTIB 3aJaHO
BIJHOCHO NpUOYTTs momepeaHboro aBromoOins. Tpeba BusHa-
YUTH MOMEHTH BHUi3y aBTOMOO1IIB. MOMEHT npuOyTTs Ta TpH-
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8.2.

8.3.

8.4.

8.5.

8.6.

8.7.

BaJlicTh 0OPOOKH aBTOMOOLISI BBOJSITHECS 32 JOIIOMOTOIO KIaBia-
TypH, TpuBanicth 0 mo3Hauae KiHenb poOoTH. Ilicis kokHOTO
BBEJICHHS BUBOJUTHCS MOMEHT BHi3]ly aBTOMOO1IIS.

B ymoBax momepennpoi 3amgadi Ha KIIII MuTHUIN mpaiioe He
OJllHA, a JIBI OpUrajy IHCIEKTOPIB, i KOXKEH aBTOMOOIJIb MepeBi-
psie onHa 3 HUX. SIKIIO BinbHI 00MIBI Opuraay, TO MOYMHATH PO-
00Ty MOXke OyIp-siKa 3 HUX. BU3HAUATH MOMEHTH BHI3y aBTO-
MOOLTIB.

B ymoBax monepeHboi 3a1a4i BXi/iHI 1aHI OTPUMYIOTBCS 3a JI0-
MTOMOTOI0 TEHEepaTopa IICEBJOBHUIIAIKOBUX YHCEN, JI€ MOMEHT
npuOyTTsS MOKe HaOyBaTu 3Ha4YeHHs 3 Biapiska [0; 100], a Tpu-
BaJicTh MepeBipku — 3 Bigpizka [0; 200].

Ha BXif i3 KJ1aBiaTypy MOAA€THCS MOCHIIOBHICTD BiJPi3KiB M-
MOI, SKi 3aIlaHO KOOPAWHATAMH KIiHITIB. 3HAWTH MIEPETHH Biapi3-
KiB. PoboTa 3aKkiHuy€eThCA, SKIO MEPETHH YKe BBEICHUX BiApi3-
KiB OPOXHiK a00 BBEJECHO BiAPi30K HYJIbOBOI JOBXKUHHU.

Ha Bxim i3 kimaBiaTypu NOHA€ThCS TOCTIIOBHICTH KBaApaTiB
IUIOIIMHU Y BUIJIAAI KOOPJMHAT IICHTpa U JOBXHHU CTOPiH, Ia-
paJyielbHUX OCSIM KOOPAMHAT. 3HAWTH MepeTHH KBaapatiB. Pobo-
Ta 3aKiHYY€ThCS, AKIIO TMEPETHH YK€ BBEACHUX KBaJPaTiB IO-
POKHil a00 BBEIEHO KBaJApar i3 HYJILOBOK CTOPOHOIO.

Ha BXij i3 Ki1aBiaTypy NOAAETHCS MOCTIAOBHICTh YUCEN i, Ay, ..,
sIKa 3aKiHYY€ThCSl TTIOBTOPHUM YBEACHHSM IIOTIEPEIHBOTO YHCIia
(mpyruii pa3 BOHO B MOCIIIOBHICTh HE BXOAWTH). KiNbKicTh 4n-
cel HiuuM He oOMexeHo. Hammcatu mporpamy, ska:

a) o0umcCIoe cepeqHe apu(pMeTHIHE BBEJICHUX YHCET,

0) o0UHnCITIOE CepeTHE TCOMETPHYHE BBEICHUX YHCET;

B) BU3HAYa€ HAWMEHIIINI eIEMEHT TOCIIiTOBHOCTI;

') BU3HAYa€, Y1 MICTUTh MOCIIOBHICTh BiJ'€MHI YHCIIa;

) IepeBips€ MOCIiAOBHICTD Ha HECTIAAAHHS;

€) 00YHCITIOE, CKITBKU Pa3iB 3HAKW YHCEN 3MIHIOIOTHCA Ha MpPO-
THIIEKHI,;

€) MOPaxoBYeE CYMY ai-ap + ay-az + ... + a,-a, + a,a;.
Hammcatu nporpamy, mo 3a BBEJCHHWM LIJMM YUCIIOM 1 OCHO-
BOIO CICTEMU YHCIICHHS p:

a) o0uHuCIIIoe cepefHe apudmernyHe 3HaueHb wHMdp Horo
P-KOBOTO 3aITiCy;
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8.8.

0) 00YMCIIIOE CepeaHE TeOMETpPUYHE 3HaueHb 1udp Horo
P-KOBOTO 3aITiCy;

B) BU3HAYa€ HaliMeHIIy nudpy HOro p-KOBOTO 3amKCy i BUBO-
JIWTH i1 3HAYEHHS B IECITKOBOMY 3aIlUCY;

T) IepeBipsie MOCHIiAOBHICTD LU(P HOTo p-KOBOTO 3aMucy Ha MO-
HOTOHHICTb;

1) OOYHCITIOE, CKUTBKH pa3iB y p-KOBOMY 3aIlMCi TTOBTOPIOIOTHCA
cyciani mudpmu.

Inanera ®oprt-Hoxe. Ha maneri ®opr-Hoke nexars 30moti
3TMUBKH y (opMi IPSAMOKYTHOTO Tlapasnenerinena. KocMiuauii ko-
pabenb Mae BUBE3TH YaCTHUHY 3JMBKIB y TPIOMi, BXOJIOM JI0 SIKOTO
€ TPSAMOKYTHE BikHO. [l0 BiKHA 3J7IMBKU IMOJa€ KOHBEEP. 3IMBOK
JISKUTH Ha KOHBEEP! HIKHBOIO TPAHHIO, a Horo OiYHi rpaHi mapa-
JeNbHI HampsIMKy pyXy. KoHBeep 37aTeH BHKOHYBAaTH oOIlepartii
TPbOX THUIIB: MOBEPHYTH 3JIMBOK TakK, MI00 HOro BEepxHsS IpaHb
CTaja MepeHbOI0, TOBEPHYTH TaK, 00 BEPXHS IpaHb cTaja 0id-
HOIO, 1 CKHHYTH TIapalielierine;]] 3 KOHBeepa. SIKIo 3MBOK MiCis
Oy/b-sIKUX MOBOPOTIB HE MOXE MPONTH BiKOHIIE a00 Horo o0'eM
MEPEBUIILYE TTOJIOBUHY 3aJIMIIKY 00'eMy TPIOMY, TO KOHBEEpP CKH-
Jae voro. Hamucatu nporpaMy, o MOJAETIOE 3aBAHTAKEHHS KO-
palJist # BHBOAMUTH IPOTOKOJ poOOTH KOHBEEPA: PO3MIpH d, b, ¢
KOXKHOTO Tapajiesienimne/ia, MOCIiJOBHICT onepailiii KOHBeepa 3
HUM. Y KiHIII pOOOTH BUBOJWTHCS 3arajibHUN 00'eM 3aBaHTaXKe-
HUX 1 CKUHYTHX 31uBKiB. IlouaTkoBuii 00'eM TproMy W po3Miph
37IMBKIiB OTPUMYIOTBCS 32 JIOTIOMOTOI0 TeHepaTropa IMCeBIOBHUIIAI-
KOBHX YHCE]L.
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PO3A4IN 9
CTPYKTYPHA OPTAHI3AL|ISA
NPOrPAMM

CydacHi porpamMu MIiCTATh TUCAY] PSAAKIB KOAY ¥ BUKOPHCTOBY-
IOTh pi3HOMaHITHI 010;1i0TeKkd. BOHM HACTIIBKM BEJIHKI, IO I Yac
HaNMCaHHA MPOCTO HEOOXiAHO po30MBaTH iX Ha OKPEMi YaCTUHH, SIKi
MOKHa OyJio 6 oKpeMo po3poOIATH, KOMITITIOBATH, TECTYBATH, a I10-
TiM 3 HUX OyayBatu mporpamy. lIpuponHo, mo Ii YaCTWUHU MaloTh
OyTH 3amucaHi B pi3HUX (aiinax, siKi KOMIIUTIOIOTECS OKPEMO, a TI0-
TiM KOMIIOHYIOTECSI B €IUHY IIPOTpamy.

9.1. Mporpama B Kinbkox cpannax

VYV KOXHIN mporpami Ii€i KHUTH 3ycTpidanacs AMPEKTHUBA IIpe-
npouecopa #include <iostream>, sKa Hi;[KJ‘IIO‘IaC CTaH,I[apTHI/Iﬁ
0i0mioTeuHNI halil iostream i3 3ac00aMu poOOTH 31 CTaHIAPTHUMH
MOTOKaMH TOIo. BUHUKAE MpUpoIHE NUTAHHS, YA MOKHA CTBOPUTH
BJIACHUH (aiis 3 0O3HAUEHHSIMHM NMEBHUX (PYHKIIH 1 TAK caMO BUKOPH-
CTOBYBaTH HoOro B 0araThOX pi3HHX mporpamax. MoBa mporpamy-
BaHHs C++ Mae Taki 3acobu!

CriouaTKy pO3IJISTHEMO, IO CaMe MICTHTh 3aroJIOBHHMN (haiin
iostream i SIK II€ BCE TPAITIOE. 3a TUPEKTUBOIO #include <iostream>
MIPEIIPOIIecop J0AAE 0 TEKCTY Mporpamu BMICT (ailily iostream (BiH
3a3BHYail MICTHTBCS B MiAKAaTano3i include KaTaJioTy i3 CHCTEMOIO
mporpaMyBaHHsI). BMICT ¢ailly iostream— T€ 02or0uleHHss iMEH
3MiHHHX, 0i01i0TeuHNX (QyHKUIN Ta iHIIMX €JIEMEHTIB MPOrpamu, He-
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00X1THUX TSI BUKOPHCTAHHS TMOTOKIB. Lli orosomeHHs T03BOJIIOTH
KOMITUIATOPY MEPETBOPUTH 1HCTPYKIIi MPOrpaMu 0 MAaIIUHHUX KO-
niB, TOOTO MOOYyBaTH 00 'exmmuii KOO.

Jliig Toro, 100 CTBOPUTH SUKOHYSAHUL KOO, 10 TIPOrpaMu HEOoO-
X1JIHO JIOJIaTH, cepejl IHIIOro, Koau 0i0Mi0TeYHrX (PyHKIIN, 10 BH-
KJIMKaroThesl B mporpami. Lli koan micTaThes y BiAmoBigHUX 6i0mio-
TEYHHUX (paiiaax, 10 TaKOX BXOIATH IO CKJIAAy CUCTEMH IIpOrpamy-
BaHHs. CTBOPUTH BUKOHYBaHHWH KOJ — 3ajlada KOMIIOHYBAJIbHHUKA.
OTxe, SIK UIsL KOMITUISIIT TporpamMu 3a3BHYail MOTPiIOHO KiJibKa BXi-
THUX (aifiiB, Tak 1 Ui KOMIIOHYBaHHS — KijbKa 00'ekTHUX. Llmmu
¢aitnamu MokyTh OyTH He nuiie (ailyl i3 TOJIOBHOIO (YHKIIIEI0 Ta
(aiinu 31 cKkiIagy cUCTeMH IporpaMyBaHHs, ane i iHmi daiiim, cTBo-
PEHi IPOrpaMicToM.

[IpoimrocTpyeMo CTBOpPEHHS MPOTPaMH, CKIAJeHOT 3 KUTBKOX BXif-
Hux (aiiiiB, Ha TpoCcTOMY MpHKIadi. Y mixpos3nd. 5.3 (aus. c. 94) Ha-
BEACHO mporpaMy 3 (YHKLISIMA BBEICHHS W BUBEICHHS KOOPIMHAT
TOYKH IDIOMIWHHY, SIKi BUKIMKAIOThCS B TONOBHIM GyHKII. i GyHKii
po0OTH 3 TOYKAMH MOXYTh 3HAIOOWTHCS B IHIIMX MpOrpamax, aye
JyOJIIOBATH iX y KOXKHY HOBY IPOrpamy 30BCIM HE 000B'I3KOBO.

PosrissreMo croci0, KM MOKHA YHUKHYTH AyOIItOBaHHS (DyHK-
uid y mporpamax. IlepeneceMo (yHKuii BBeZCHHA I BUBEICHHA
KOOPJIMHAT TOYKH IUIOMMHM (a TaKOX J0JaMO HEOOXiJaH1 Jyisd iX yc-
MIITHOT KOMITUTALIT AUPEKTUBHU) Y HOBUH (aiii 3 iM'sIM points. cpp.
#include <iostream>

using namespace std;
void inPoint(double &x, double &y) {

}
void outPoint (double x, double y) {

}
points.cpp

IIpore micns mepeHeceHHs iIMEeHa inPoint 1 outPoint Y 3aJIUIIKY
[IpOrpaMy He OroJIOLIEHO, TOMY BUKOPUCTOBYBATH iX HE MOXkHa. Bu-
[IPaBUMO Iie. 3aluIIeMO IPOTOTUIIN NEpPEeHEeCeHuX (YHKLIA B OKpe-

MUH 3arOJIOBHUH (aiii (3 iM'sIM points . h).
void inPoint (double &x, double &y) ;
void outPoint (double x, double vy);
points.h
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®aiin points . cpp 3aMMIIUMO 0e3 3MiH. Y (aiini 3 rojgoBHOIO dy-
HKLIEIO JI0aTKOBO BKAXXKEMO BKJIIOYECHHS (ailny points.h i 30epe-

’KeMO HOro SK prog022.cpp.
#include <iostream>
#include "points.h"
using namespace std;
int main () {

}

OTtxe, maeMo Tpu ¢aitin. PDaill points.h MICTUTH 3arojOBKH
¢yHKUIN poOOTH 3 KOOpAWHATAMH TOYOK, (aiiil points.cpp — caMi
¢byHkmii ¥ HeoOXimHI  CcTaHAapTHI  JTUpEeKTHBH, a  (aiin
prog022.cpp — BKJIIOUEHHS points.h 1 rOJIOBHY (YHKIIiIO.

®aiin 31 ckIamy CHCTEMH MPOrPaMyBaHHS B IUPEKTHBI include BKa-
3YEThCS B KYTOBHX JIy)KKaX SIK <iostream>, a (paiiyl, CTBOpEHHI Mporpa-
MICTOM — y JIaTIKaX SIK "points.h". KyTOBi Iy»XKy BKa3yrOTh, IIIO TIpe-
MIPOIIECOP Ma€ IIyKaTH 3aroJIOBHUM (paiiy, MOYMHAIOYM 3 IMiAKATAJIOTY
include KaTaloOry i3 CHCTEMOIO MPOrPaMyBaHHS Ta WOTO MiJKaTaJIOTIB,
JIAIKY — 3 KATANOTy 3 TIOTOYHHM cpp-(aiinom'’. Omxke, (ailmi points. h
Ta prog022.cpp Kpallle PO3MICTUTH B OJTHOMY i TOMY CAaMOMY KaTasio3i.

3a3Buyaln y 3arofioBHUX ainax 3anucyroTb OrOSIOLIEHHS iMEH
(byHKUIN, 3MIHHKX Ta IHWMWX €NIEMEHTIB NPOrpamu.

Ans KoXHOro cpp-anny, Wo MiCTUTb dYHKUIi, NOTPIGHI B Pi3HMX
YyacTuHax nporpamu (abo B pi3HMX nporpamax), 3a3Buyai CTBOpIO-
I0Tb OKpemuii h-cbaiin. (Y npuknaai 3a ¢ainoM points.cpp CTBO-
peHo points.h.) Y Uei h-ain 3anncyoTb Oro/OLLEHHS iMEH (yH-
KUiM i 3MiIHHMX, fKi MalOTb BMKOPWCTOBYBATWCS 3a MeXaMu cpp-
¢ariny. Mpu UbOMy AesKi AOMOMKHI (hyHKUii abo 3MiHHI B 3arosoB-
HoMy dhaiini MOXyTb 6YTU HE OrONIOLLEHI.

Tekct y (aiinax points.cpp Ta prog022.cpp € OAMHUIAMH
TpaHcaauii (translation unit), a0 NPOrpaMHUMHA OJHHUISIMHU.
KoxHa OAMHHIIA MIiCTUTh HOCTIIOBHICTh (PYHKIIH, TUPEKTHUB Ipe-
mpolecopa Ta  IHCTPYKUIH  OrojomeHb  iMeH.  3a3BHyaid
C++-iporpamMa CKIIATaeThCS 3 KUTBKOX OJTMHHUITH TPAHCIIAIIIL.

KoxHy OIUHHMINIO TpaHCHAIii MOXXHA CKOMITUTIOBATH OKpEeMoO. Y
HAIOMY MIPUKIIal pe3ysibTaToM OyayTh 00'€KTHI (aiiiii 3 po3IIHpeH-
HSM ".obj" (a00 ".o"). JlaJi 3a JOMOMOI0I0 KOMIIOHYBAJILHUKA 3 IIUX

2 AGO B IOIATKOBHX KATANIOTax, sKi 3a3HAYA€ MPOrpaMicT (BUCBITNCHHS IHX
MOXKJIMBOCTEH CHCTEMH MPOTrpaMyBaHHs BUXOJUTH 32 MEXKI KHUTH).
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(aiiniB MOKHa 310paT BHKOHYBaHMI Ko mporpamu. IIpote 3pyuHi-
1€ CKOPUCTATHCS 3ac00aMU CUCTEMH TPOTpaMyBaHHS, MPU3HAUYCHUMH
came Uil CTBOPEHHS IporpaM i3 6aratboX BXiJHUX (aiiiiB.

V¥ cucremi nporpamyBanHs Microsoft Visual C++ 3acobamu me-
HIO CTBOPUMO HOBHH mNpoeKT. THIIOM MpoeKTy BUOEepeMo
Win32 Console Application — KOHCOJIbHA IIporpama Ha ImiaTdop-
Mi Win32 (y3arami, y MeHIO MaiicTpa CTBOPEHHS NPOEKTY MOXYTh
yKa3yBaTHUCS TAKOX iHII TIaTGOpMH). 3a JOOMOTOI0 MEHIO 0AaMO
IO TpPOEeKTy BXimHI (alinu (Source Files) points.cpp Ta
prog022.cpp. Mani 3amumaerbcs MOOyQyBaTH BUKOHYBaHUH KOJ
(BiH MaTHMe iM'sl POEKTY 3 PO3IIHPEHHIM " . exe").

Criucok (aitniB MpoOeKTy BEEeThCS CHCTEMOIO MPOTpaMyBaHHS B
cneniansHOMY (haiimi (Horo iM's Ta 3MICT 3ayIeXaTh BiJi KOHKPETHOI
cucremn). lle 3HauHO monermrye po3poOKy HporpamMu 3 KiJIbKOX
(haiiiB, 0COOJIMBO SKIIIO 1X Oararo.

Bunpasu

9.1. MomudikyBaTH TpOEKT MNPUKIANy: JojaTd g0  (aiiis
points.cpp Ta points.h (pyHKIiIO dist OOYHUCIIEHHS BijcTaHi
MDX IBOMa TOuKamH (auB. 1. 5.2.1, c. 88) 1 mepepoOUTH rOIOBHY
¢yHKII0 Tak, mo0 mporpama 3amnuTyBala B KOPHCTyBada KOOp-
JUHATH JBOX TOYOK IUIOIIMHM 1 BUBOAWIA BiACTaHb MK HUMH.

9.2. CTBOopHTH TIPOEKT 1 BHKOHYBaHy Mporpamy mis 3amadi 6.1 y
cnoci0, onucaHui y HbOMY MiAPO3IiIi.

9.2. O3Ha4YeHHSA 1 OroJiIolleHHs
iMeH 3MiHHUuX

VY . 5.2.2 Ha c. 91 posrisnanvcs o3Ha4eHHS i oroyomeHas QpyHK-
niti. Haragaemo: oroJioneHHsl MOBiJOMIISE PO HASBHICTH IMEHI Ta
HOTO THITY, a 03HAYEHHS CTaBUTh y BIATIOBIAHICTH IMEHI MIEBHY AiJIS-
HKy Tam'sTi (3MiHHa 30epirac 3HaueHHS MEBHOTO THUILY, (DYHKILS —
OTIMC BUKOHYBaHUX Jiif). 3a MpaBUIaMU MOBH, KOJCHE 020]10UleHe iM's
Mmae Oymu o3Havenum (y NESIKIA POTrpaMHIii OJJMHUII MPOEKTY). Po3-
TJITHEMO O3HAYCHHS 1 OTOJIONICHHS 3MIHHUX JIeTANIbHIIIe.

[HCTpYKIIiS int x; HE TIIBKH OTOJIONIYE, aje ¥ O3HAYaE iM'A x,
aJDKe 3a I[IE0 IHCTPYKIIIEI0 YTBOPIOETHCS 3MiHHA x, TOOTO JIJIS iMEHI
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x MIPU3HAYAETHCS AUISIHKA maM'siTi. HasBHICTE 4M BiACYTHICTH iHiMia-
mi3arii 3MiHHOI TYT Hi Ha IO HE BIUTMBAE: YCE PIBHO I1e O3HAUEHHS.

Ko nporpama ckiagaeTses 3 KUTbKOX (aiiiniB, MOXKe BUHUKHYTH
HEOOXiTHICTh y TNI00aJHHUX 3MIHHHX, II0 BUKOPHUCTOBYIOTHCS B Pi3-
HAX OAWHWILIX TpaHcuarii. [IpoTe 3MiHHA HE MOXE MaTH OiIbIIe
onHoro o3HaueHHs1! Tomy 11 HEOOXITHO o3Hauamu MinbKu 6 OOHIl
OOUHUYT MPAHCTAYTL, a 8 YCIX THUUX — TUEe 020]I0ULY8AMIL.

OroornieHHs T100aNbHAX 3MIHHUX Y MOBi C++ Ma€ BHTIIST
extern iM'ss-Tuny iM'si-8MiHHOIL;

O3HaueHHAM int a; Ta int b=3; BIANOBINAIOTH OrOJIOLIEHHS
extern int a; Ta extern int b=3;. 3a mpaBwiamu moBu C++,
SIKIIO TI00aJbHY 3MiHHY O3HA4€HO 31 criequ]iKaTtopoM const, Ha-
MIPUKJIA]] const int OK=0;, TO BiJIIOBiJIHE OT'OJOUICHHS TEX MOBH-
HHO MaTH Iied crenudikarop i Te came iHiIiami3yroue 3HAYEHHS:
extern const int OK=0;.

OrosonieHHs TI00aNbHUX 3MIHHHMX 3a3BHYAll 3alHCYIOTh Y 3aro-
JIOBHOMY (aiii.

3a Oro/fIOWEHHSIM 3MiHHOI, SIKE He € O3HAYeHHAM, OKpeMa AinsHKa
nam'aTi nig 3MiHHY HE BMAINSAETbCS.

Bnpaga 9.3. MoaudikysaTu mnporpamy prog021l.cpp (c. 144),
BUAUTUBINY (PYHKIIIO get B OKpEMY OAMHUIIIO TPAHCIMLI, i CTBOPH-
TH A5 Hel IPOEKT 1 BUKOHYBaHy Iporpamy B CIOCiO, ONMMCaHui y
BOMY TiIPO3LTi.

9.3. NMoHATTA NpOCTOpPY iMEH

Y 110My TIIpO3IiTi BUKIIAICHO JIMIIE TOYAaTKOBI BiZIOMOCTI TIPO TIPO-
cropu iMeH y MoBi C++ (etaibHirre quB. 6161i0rpadiqHui CIIMCOK).

[Tounemo 3 nmpuknany. Binomo, o B meTpuuHiit cucremi npedik-
cu "kino" it "mera" 3amaioTh MHOXeHHs Ha 10° Ta 10°, ane y Bumaaky
BUMipIoBaHHS 1H(opMmaii nporopaMiCTI/I 4acTO BUKOPUCTOBYIOTH ILii
npediken mws muoxennst Ha 2'C ta 2%°. Hexaii € cpp-daitmu (i Bix-
MOBiHI h-aiinm), KOKeH 3 AKX MICTUTh (QYHKII{ kilo Ta mega IS
MEPEeTBOPEHHS] OJMHUIL BUMipioBaHHs "Kinmo" i "mera" Ha mpocTi
onuHUI. BigMiHHICTE Mi>k IMMU [BOMA (haillaMu JIHIIe B TOMY, IO
B nepuioMy (DyHKIii BUKOHYIOTh MHOKEHHS Ha BiATIOBIAHUH CTEMiHb
gucna 10, a B mpyromy — Ha cremnins 2. [Ipumyctumo, mo B nporpami
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HeoOXiaHi ¢yHKUIT 3 000X ¢aitnis. Crnpoda BriIoYUTH 00MIBa (aii-
T B TIPOEKT OyJ/ie HEYCHINIHOK, OCKUTFKY (PYHKIIA kilo Ma€ B TPO-
eKTi ABa O3HA4eHHs (y TaKUX CHUTYyalisX KaXyTb, II0 BUHUK KOHQ-
Jikm iMen). YHUKHYTH WX TPOOJIEM MOJKHA, SKIIO CKOPUCTATHCS
npocmopom imen (namespace).

MpocTip iMeH - ue iMeHOoBaHa 4YaCTMHa nporpamu, LWo
MiCTUTb OrOJIOLIEHHSA, O3HAYEHHS Ta iHLWi efleMEeHTU MOBM.

[Ipoctip iMeH Mae Takuii CHHTaKCHUC:
namespace imM's-npocropy {

BMicT mpocTopy iMeH, TO6TO OI'OJIOWEHHS,
OBHAa4YEeHHsI Touo
}

Im's1, oromomreHe BcepeAwHI MPOCTOPY IMEH, OTPUMYE IOJATKO-
B igeHTH(iKaTOp — iM's mpocTopy. Hampukiman, Hexaii 3ammicaHo
MPOCTip iMEH mySpace.
namespace mySpace { int name; }

IM'St name, orosomieHe BCepeAMHI MPOCTOPY, IUIsI KOMIUIATOpPA
3aJIAEThCS 2100aIbHUM 1ICHTU(]IKATOPOM mySpace: :name; HOTO Iie-
plna JacThHa BKa3ye xowmekcm (TYT Iie TPOCTIp IMEH), ApyTa — J10-
KanbHe IM'SL B MeKaX KOHTEKCTy (mpocTopy imeH). Omeparop : : Ha-
3MBAalOTh ONMEPATOPOM PpO3B'SI3aHHNI  KOHTEKCTY (scope
resolution operator). HepopMmalibHO BHpa3 mySpace: :name MOXHA
pO3yMiTH sK "IM'S name, OTOJIONIICHE B MeXaxX mySpace'. Pesynpra-
TOM 3aCTOCYBaHHS OIllepaTopa poO3B'sI3aHHS KOHTEKCTY € KBaJdigi-
koBaHe im's (qualified, 3 anrn. — kBaniikoBanuii, crierudikona-
HUH, YTOUYHEHHIT). Y MeXaX MPOCTOPY mySpace JIIOTH SIK JIOKAJIbHE
iM'l name, Tak 1 KBami)ikOBaHE mySpace::name, aJIle¢ 32 MEXaMHU
MpOCTOpy — JiMIIe KBalli(ikoBaHE mySpace: :name. [HIIMMU CIIOBa-
MH, O0JIACTIO /i OTOJIOIIEHHS iIMEeHI name € MPOCTIP mySpace, TOMY
3a Oro MeXaMu OrOJIOLIEHHS IMEHI name JISTH ¥ HE IOBHHHO.

3aBasKy TOMy, WO 06nacTb Aii OrosoWeHHs iMeHi 0bMEXeHO NMpPOoCTo-
pOM iMeH, OAHAKOBi iMeHa, OrosioLleHi B Pi3HWX MPOCTOpaXx, CTalTb AN
KoMninsiTopa pisHMMK. CaMe Lie 1 403BOSISIE YHMKATU KOHNIKTIB iMeH.

IToBepHeMocCs 10 3adadi MPO OJWHHUIN BHUMIPIOBAHHS. YBEIEMO
JIBa MPOCTOPU iMEH (PYHKLIH: metric — i1 OOUMCIIEHb 32 METPHY-
HOIO CHCTEMOIO, binary — 3a JIBiliKOBOIO cucTemoro. DyHKIi1 mpoc-

TOPY binary OroJIOCUMO Y (aiifi prefix2.h.
namespace binary {
double kilo (double x);//*1024
double mega (double x);//*(1024%1024)
}
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VY (aiini prefix2.cpp 3alUIIEMO O3HAYCHHS (PYHKIIN (TaKoK y
TIPOCTOPi).
namespace binary {

double kilo (double x)

{ return x*1024;}

double mega (double x)

{ return x*1048576;}
}

Tak camo y (aiimi prefix10.h OrojocuMo (YHKII MPOCTOPY
metric.
namespace metric{

double kilo (double x);//*1000
double mega (double x);//*(1000*%1000)
}
VY ¢aiini pre£ix10 . cpp 3aIUIIEMO iX O3HAYCHHS.
namespace metric{
double kilo (double x)
{ return x*1000;}
double mega (double x)

{ return x*1000000;}
}

[IpoimtocTpyeEMO BUKOPHCTAaHHS PO3pO0JIeHNUX cpp-(hailiiB mpoc-

TOIO MPOrPaMOIo.
#include <iostream>
#include "prefix2.h"
#include "prefixl0.h"
using namespace std;

int main () {

cout<<metric::kilo(l)<<endl; // 1000

cout<<binary: :kilo(1l)<<endl; // 1024

system("pause"); return 0;

}

[IpakTnuHO BCi HaBeleHI BHUILE NPOrPaMH MICTATH JUPEKTUBY
using.
using namespace std;

Bomna 3aa€ BUKOPUCTAHHA CTAHAAPTHOIO IMPOCTOPY iMeH std.
Hacnpagni 6i0ioreuni 3acoou MoBu C++ it poOOTH 3 TIOTOKaMH,
HaIpuKJaj] iM'S cout, OTOJIOMIEHO B MPOCTOPi IMEH std. 3a MeKaMHu
HOTO TPOCTOPY CTAHIAPTHUH TOTIK BUBEACHHS JUIA KOMIILISTOPA
iTeHTH]IKyeTbCA HE iIM'IM cout, a KBamipikoBaHHUM iM'IM
std: : cout. OTXXe, IHCTPYKIlis BUBEJCHHS IMIOBUHHA Oyia O MaTH BH-
S]] std::cout<<"some text";. IIpore nupekTMBa using
namespace std; JIO3BOJISE Jalli IO3HAYATH CTAHJAAPTHHI TMOTIK BH-

BCACHHS ITPOCTO JIOKAJIbHUM IM'SIM: cout<<"some text" ;.
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JYMpeKTUBY BUIIISIY using namespace im's-mpocropy; 3a0e3-
MIEYYIOTh 1€ OJIWH Croci0 yHUKaTH KOHQIIKTIB iMeH. ObmacTio mii
JIMPEKTHBH using namespace, 3allMCaHOI 1033 OJIOKAMHU, € TEKCT
porpaMu A0 KiHIM Qaiily, B skoMy ii 3anucaHo. Skuio x ii 3anuca-
HO B OJIOIi, TO BOHA Ji€ B MeXax IhOTO OJOKY. 3BIICH B pi3HUX,
He 6K1a0eHuX OWH B OAHOTO, OJIOKaX MOJKHA BKa3aTH BUKOPUCTAHHS
PI3HHX TPOCTOPIB iMeH, 1 Aaji B KOXKHOMY 3 OJIOKiB 3aITMCyBaTH iMe-
Ha 3 BiANOBIIHOTO MpOCTOpY, He KBamidikyoun ix. Hanpukian, Ha-

BeJIeHY BUIIIE TOJIOBHY (PYHKIIF0O MOKHA HAIKACATH TaK:
int main() {
{ using namespace metric;

cout<<kilo (1)<<endl; // 1000
}
{ using namespace binary;
cout<<kilo (1)<<endl; // 1024
}
system("pause"); return 0;

}

KoxxHa mupexkTuBa BUKOPUCTAaHHS MPOCTOPY Yy CBOiM oOxacTi Aii,
O CyTi, J0/A€ JIOKaJIbHI IMEHa LILOTO MPOCTOpPY. SIKIIO MK iMEHaMH
PI3HUX TPOCTOPIB, MOTPIOHKUX y TIpOTpami, HeMae KOH(PIIIKTIB, TO AU-
PEKTUBY BUKOPHCTAaHHSI BCIX IMX MPOCTOPIB MOKHA 3alycaTH Ha MOo-
YaTKy MpOrpamMH W Jaii MpaIfoBaTH JIAIIE 3 JIOKATbHUMH IMEHAMHU.
Hanpukan, sikmo B mporpami moTpiOHI iMeHa JIMIIE 3 TPOCTOPIB std

Ta binary, TO JeCh Ha il MOYATKy BapTO 3aMUCATH OOK/IBI TUPEKTHUBH.
using namespace std;
using namespace binary;

3aBISKM HUM Jajli B IPOTrpaMi MOKHA KOPHCTYBAaTUCS HEKBali(iko-
BaHUMH IMEHAMU cin, cout TOIO, 4 TAKOX kilo TA mega.

JlocuTh YacTo B TIporpaMax MmoTpiOHi JIMIIe OKpeMi JIOKaTbHI iMeHa,
OTOJIONIEHI B JIESIKOMY MPOCTOPi iMeH. 3aMiCTh BUKOPUCTAHHS BCHOTO
MIPOCTOPY MOKHA OTOJIOCUTH JIHIIe TIOTPiOHI iMeHa, KOYKHE Y BHUTIISIIL
using iM's-mpocTopy :: JOkaJdBHE-iM's;

Hanpuknan, y Ginbliocti mporpam 1i€i KHHXKH 3aMIiCTh JUpEK-
THUBU using namespace std; MOJKHa OyJjio O HamMcaTy JBa 30BHIII-
HIX OTOJIOIICHHS using std::cin; using std::cout; a00, SKIIO 3
HaBeJIeHUX BHLIEC (YHKIIH MEepeTBOPEHHS B OJHOMY OJIOLi MOTPiOHI
binary: :kilo Ta metric: :mega — TO OTOJIOCUTH iX Yy IIbOMY OJIOII.
using binary::kilo; using metric::mega;

e nmo3BonuTh 3BepTaTHCs A0 (QYHKIIH, HE BKa3ylOUH IPOCTOPIB
iMeH, SKIM BOHH HaJIeXKaTh.
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Yci iMeHa, OrosioleHi rnosa Mexamu NpoCTOpiB iMEH, He3aneXxHo
BiJ X pO3TallyBaHHS MO OAMHWUUAX TPaHCIsAUii HanexaTb €ANHOMY
rno6anbHOMy NPOCTOpPY iMEH.

CTBoptotoun 6ibnioteky yHKLIiM, NpusHaveHnx ans GaraTtopaso-
BOrO BMKOPUCTAHHS B Pi3HWX MporpamMax, BapTO O3HAa4nTW BECb KOA
y NEBHOMY NPOCTOpi iMeH. Lle Moxe 3HaYyHO MONErwuT MOro BMKO-
pPUCTaHHS.

Brnpasa 9.4. 3 BUKOpUCTaHHSIM PO3POOJICHUX Y ILOMY MiAPO3ILTi
0ibmioTeyHnx QailyiB HaUCATH MPOTrpaMy, IO 3aMUTY€E B KOPHCTY-
Baya OJIMHHMLIIO BUMIpY (KiT0OalT abo Kijorpam) i KUIbKiCTh Ta mepe-
TBOPIOE OTPUMAaHy KiTBbKICTh Ha OalTH um rpamu, BiamoBigHo. CTBO-
PUTH A7l Hel MPOEKT 1 BUKOHYBaHy Mporpamy.

KOHTpPONbHi 3annUTaHHA

9.1. Uu mosxe nporpama MoBor C++ CkiIamaTUCs 3 KUIbKOX (aiiin?

9.2.3 (aiiniB sKkOoro pi3HOBHUIY OYIy€e Iporpamy Ipernpouecop, a
SIKOT'O — KOMITOHYBaJIbHUK?

9.3. Inst woro B MoBi C++ BHKOPHCTOBYIOTBCS 3aroJIOBHI (aiinu?
[Ilo BapTO B HUX 3anucyBaTU?

9.4. lllo Take mpocTip iMeH?

9.5. 1o Take kBamiikoBaHe iM's1?

9.6. Y yomy mossirae CyTh OIeparopa po3B's3aHHS KOHTEKCTY?

3apavi

9.1. IlinroryBatu pedepar Ha Temy: "Pobora 3 mpocropamu iMeH y
MoBi C++".

9.2. IlinrotyBatn pedepar Ha Temy: "JHMpeKTHBa W OTOJIOLICHHS
using y MoBi C++".
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AOOATOK A
CncremMm UncneHHs

MOHATTA CUCTEMM YNCIIEHHSA

CucreMa YMCNeHHN - Lie CUCTeMa npasus 3anucy Ymcen.

JlronuHa 3BUKIIA 10 JECATKOBOI CHCTEMH YHCIICHHS, IO 3'sSBHUIIACS
B cTaponaBHix BaBwioni ta IHzil, moTiM crama Bigoma apabam i 3a-
BIISIKK iM moTpammia 1o €Bponu. Y mild CUCTEMi € decsmb 3HAKIG —
uudp, SKUMH TO3HAYAIOTh YMCIIA Bix 0 a0 9. binbmii uncna mo3Hava-
IOTh nocridosHocmamvy udp. 3HaKK B MOCITITOBHOCTI 3aiiMarOTh Pi3Hi
no3umii (po3psian): 1udpa MpaBopyd MO3HAYAE KiIBKICTh OMHUIb,
HACTYTHA — KUTBKICTh JiecsaTKiB Tomio. L{udpa 3amexno Bix mo3uiii
3aja€ pi3Hi 3Ha4eHHs (y 3amuci 32 mudpa 2 — OBl OAWHUII, a B 23 —
nBa necatkn). Lo cucteMy 3amucy uucesn Ha3UBalOTh MO3HIIHOIO.

KinbKicTb 3HaKiB y CUCTEMi YMCNEHHSA HA3MBA€ETLCA i OC-
HOBOHO.

Jlroau KOPUCTYIOTBCS 3aIIMCOM YHUCEN 3 OCHOBOIO He Tijbku 10,
ane ¥, Hanpuknana, 12, 60 abo 5. ¥V mporpamyBaHHI MOYKHA 3yCTpPIiTH
3aIuyc 4ucen 3 OCHOBOIO 8 Ta 16.

VY necsaTkoBii cucteMi udpa mpaBopyd y 3ammci Yuciia Ha3KBa-
€THCS. MOJIOANIONO, JTIBOPYY — CTAPIIOI0. Po3psia oauHMIb Ha3HBa-
€ThCS HYJILOBUM, JICCITKIB — MEPIIUM, COTEHb — JPYyTUM TOII0. Po3-
pAd yKasye, Ha SSKHi cmenins yucaa 10 mpeba nomuosxcumu yugpy B
uboMy po3psai (oauuuui — Ha 10°, necsatku — Ha 10', cotni — ma 107
toto). OTKe, YUCIIO 3alUCYETHCS K CyMa MOOYTKiB 1udp 4ucia Ha
BI/IMIOBITHI CTETEH] ACCATKH, HAIIPHUKIIAT,

5834=5-10"+8-10>+3-10'+4-10".

SKuio 3anmc yucia Mae ApoOOBY YAaCTUHY, TO JOAAIOTHCS yu@pu,
Oinewi Ha 10 y  6iOnogiOHuUX  cmenewsx,  HATPUKIA,
0,234=210"+3-107+4-10",

Tak caMo0 4YWcna 3alMUCYHOThCS 3 IHIIUMU OCHOBaMu Oinbiie 1.
[TutanHs nuie B TOMY, SKi 3HaKH € nudpamu. Ko ocHoBa He 0i-
npine 10, To 6epyTh 3BUYHI JECATKOBI U(pPHU (CTINBKH 3HAKIB, CKi-
neKku Tpeba). Ilpore 3a ocHoBM Ginbire 10 moTpiOHI H0OAATKOBI 3HA-
KU, 1100 MMo3Ha4yaTH aecarkosi uuciaa 10, 11, .... ¥ XX cr. mig 1iporo
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CTaJTi BUKOPHUCTOBYBATH IIOCIIZOBHI BENHKi JITepH JATHHCHKOTO
andasity — 4, B, C toro.

Hpuxnaam

1. Y nBiliKoBifi cuUCTeMi 4YHCIIeHHS nwire AaBi 1udpu — 0 Ta 1.
JIBiitkoBi 3amucu 10, 11, 100, 101 IO3HAYAIOTh ACCATKOBI 2, 3, 4, 5.
3ammc 1101 mo3Hadae uwuciao 1-2°+1.2%+0-2'+1.2°= 13, 3ammc
0,101 — gmcno 1-27'4+0-27+1-27=0,625.

2. Y cucrtemi 4HCIEHHs 3 OCHOBOIO 8 IS 3aIHCy YHCEll € Iu(pu
0,1, 2,3, 4,5, 6,7, "Bara" KOKHOTO PO3PSAY YHCIA € BiIMOBITHUM
crerieHeM BiciMku. OTKe, TIEpIIi Yncia 3aNuCyIOThCS 5K 0, 1, ... 6,
7, a qam uayTs 3ammcw 10, 11, ..., 17, 20, 21, ..., 77, 100, .... Bicim-
KOBE 10 — II€ 3BUYHE JECATKOBE 8, 11 — 3BMYHE 9, 20 — JIECATKO-
Be 16, ToOTO 1Biui 110 8. A BiCIMKOBI 100, 200 Ta 400 — Ii€ JECATKOBI
64, 128 Ta 256, ToOTO OAMH, ABA i YOTHUPHU pa3d MO 8 y KBajpaTi.
Tak  camo  342,=3-8+4.8'+2.8°,  0,3424=3-8"+4.87+2-87,
34,23=3'81+4-80+2-8'1 (po BICIMKOBHIH 3amUC CBiJYUTh MaJCHbKA
uudpa 8 yHU3y).

3.V micTHaauATKoBIM cucreMi yucia Big 10 mo 15 mo3HadaroTh
tak: 10—-a, 11-B, 12-c¢, 13-p, 14-g, 15-F. Tom
28,6=2-16'+10-16"= 42, FFo=15-16'+15-16"=255,
0,Ci6=1216"=%=10,75. <

NMepeTBOpeHHA 3anNucy Yicna
3 HeleCATKOBOI CUCTEMMU HA AECATKOBY

VY koMmn'totepi umciaa 300paxyloThCsl y OBIMKOBIH cHCTeMi 4mC-
nerHs. [Ipore mroawHI 3pydYHilIe BBOAWTH YHCIAa B KOMITIOTEp Ta
OTPHMYBATH iX BiJl HBOTO SIK AECATKOBi. BuHHUKae 3amaua mepe-
TBOPEHHS 3aMHUCy YHCJA 3 OJHI€] CHCTEMH Ha iHITYy (30Kpema, 3
JIBIHKOBOT Ha JICCATKOBY /i HABIIAKH).

3amuc (x,...X1Xo,X.1...X4)p 3 P-koBUMU mmppamMu x; 3a7a€ YUCIO
Xp P+ . Ay Plxg PAx P+ xye PR, Ludypu x; y widt cymi mosna-
yaroTh yucia Big 0 go P—1. 3Biacu, o6 3HalTH AecaTKoBe 300pa-

JKEHHSI YUCJIa, IIOTPIOHO:

BsanmMcaTi B OEeCATKOBiM cmumcreMi umcio P Ta
P-xoBi umbpm umcna;

obumcanT cyMy no6yTKiB BHaueHBL nLudp

i BignoBigHux creneHieB umcia P.
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Hpuxnaau

10011, = 1-2*40-23+0-2%+1-2'+1-2°= 19;

10,011, =1-2'+0-2°+0-2"+1-2%+1-2° =2,375;

1BC;s= 1-16°+11-16'+12-16" = 444;

1B,Cis=1-16'+11-16"+12:16"'=27,75;

12,2;=1-3'+2-3%+2.31=5,666..., T06TO UnCIO 3aHUCYETHCS HE-
CKIHYCHHUM TIEPIOJUYHHUM JIECSITKOBHM JPOOOM. 4

Bunpasu
A.1. IlepeTBOpUTH IITiCTHAAIATKOBI 3aITMCH YUCENT HA JECATKOBI:
a) F1; 6) FF; B) 4AB; 1) FFFE.
A.2. TlepeTBOpHUTH BiCIMKOBI 3aIIMCH YUCET HA IECSTKOBI:
a) 377, 6) 1777; B) 1232; ) 400.
A.3. 3a ocHOBOIO P Ta P-K0BUMH 3amucaMu ApoOiB () HaBeCTH iX
JECATKOBE 300pasKeHHS:
a) P=2; 0=0,0001; 0,1111;
0) P=3;0=0,22;0,(11);
B) P=16; 0=0,1; 0,F; 0,8; 0,(7);
r) P=2; 0=0,001; 0,1101; 0,000001;
m) P=3; 0=0,(20); 0,(02); 0,11;
e) P=16; 0=0,1F; 0,FE; 0,81; 0,3(F).

YTBOpEeHHA HeAeCATKOBOro 3arnucy
uinmx ymcen

PosrnsiHeMo, sk 3a HATypalnbHUM 4YHCIIOM N Y JIECATKOBOMY 3aIlHCi
oTpuMatu nudpu P-xoBoro 300paskeHHA. HeBimomi ani cami mmgpwu,
aHi ix kimbKicTh. [IpoTe BimoMo, 1110 P-KOBHIA 3amuc 33/1a€ YUCIO SK CY-
My MOOYTKIB 3Ha4eHb IU(p Ha BIAMOBITHI CTeTeHi yncia P, To0To 3a
JeSIKOTO HEBIIOMOTO 7 1 HEBIZIOMUX LIU]P Xi CIPaBIKY€ETHCS PIBHICTD

N= (... X1%0)p =Xy P'+.. . 4x1-P4xg-P°.
3ayBaXMMO: yCi JIOJIAHKH, OKPIM OCTaHHLOTO, MAlOTh MHOXHUK P,
Toxi 3HaYeHHSAM MOJIOAILIOT HUPPH X, € OcTaya Bix aineHHs N Ha oc-
HOBY P, a cyma T =x, P+ Ax PP = (x,...x1)p MOPIBHIOE ITLTIH Yac-
tii Bixm nminenns N Ha P. IlomimmBmm mo cymy Ha P 3 ocradero,
3HAWJEMO OCTavy X| 1 HACTYIHY YacTKy 1 TaK Jaji, IOKH Ha SKOMYCh

162



KpOIll YacTKa Bix nijgeHHS He craHe piBHOIO 0. OcTtaHHA ocrada i
Oyze crapiiorw nudporo X,,.
Hpukaagu. YTBoprUMO BiciMKOBHI 3amuc yucia 202.
202 : 8 = 25 (ocTaya 2 — MOJO/IIa IUdpa),
25 : 8 = 3 (ocraua 1 — HaCTyIHa IU(ppa).
3 : 8 = 0 (ocraua 3 — ocraHHs, crapia nudpa).
OTxe, orpuMano uudpu 2, 1, 3 (Big MOJOAIIOL A0 cTapuioi), TOOTO
BiCIMKOBHIA 3aIuc 312,
3ammmemo 202 B HIiCTHAAIATKOBIA CHCTEMI.
202:16=12 (0ocTaya 10 — 3HAYCHHS MOJIO/IIOL IU(PH A ),
12:16= 0 (ocTaya 12 — 3Ha4eHHS cTapuIoi uudpu C).
Orxe, gecarkose 202 Ma€ NIICTHAAUATKOBHUI 3aIIUC CA. 4
[lo3naunmo octauy Bin minenHs 7' Ha P Hauino gk 7 % P, yacrt-
Ky — sk T/ P. OnumiemMo yTBopeHHs1 P-koBoro 3amucy uucia N 3a

JIOTIOMOT'010 aTOPUTMY.
1. Cnouarky uwacTka T mopiBHie N, a BammMc HNOPOXHiNM.
2. Mok T > O,

obumcauT ocrady R sik T $ P

i Hopy wacTky T six T / P

(wIsIXOM OiJIeHHsT B CTOBIYMK) ,

B06pasuTt R y P-koBiM cumcreMi umcneHHs

ax uubépy C, Bignoeimmy gmo R,

i mommcarm umppy C mo Bammcy niBopyu.

Bnpasa A.4. [lepeTBopuTH ACCSITKOBUH 3aIUC HA ABIHKOBHIA, Bi-
CIMKOBHH 1 IIICTHAALSATKOBHIA:

a) 94; 6) 768; B) 16382; 1) 65537.

YTBOpPEHHSA HeAeCATKOBOro 3anucy
Apo6oBux uucen

PosrisemMo, sk 3a jpomatHuUM JilicHUM 4yuciioM V <1 orpumaru
uugpu Woro P-koBoro 3amucy (MpUHAWMHI KiJbKa MEPIINX, OCKiThb-
KM 3aI1C MOXKe OyTH HECKIHYCHHUM). 3a CIIOCOOOM 3aInucCy

V=(00x1... %4 ) P=x1-P '+, +x P+ ..

3 HeBiOMUMU 3HauYeHHsIMH 1Hdp. [ToMHOXHMMO OOU/IBI YACTHHU pi-
BHOCTI Ha P ii OTpuMaeMo piBHICTh
V-P=xtx,P'+.. .-i-x_k-P'k+1 +o o= (X0 X .)p=x_1+P'1~
. (0, X2 Xg.. .)p .
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3Bigcu x=[V-P], a P1-(0x,...x4...)P={V-P}, ne [V-P] ta {V-P}
[03HAYAIOTh 1Ty W IpoboBy uyacTuhu V-P. Jlani Tak caMo NOMHO-
xuMo {V-P} Ha P, 3HOBY OTpUMaeMo LTy i ApoOOBY YacTHHU (1iia
OyJe 3HAYSHHSIM X.5) 1 T. II.

Hpuknax. YTBOprMO IBIKOBHIA 3amIHC AeCATKOBOTO Npo0dy 0,75.

0,75-2=1,5,[1,5]=1 (nepma udpa), {1,5} =0,5;

0,5-2=1, [1]=1 (mactynna uudpa), {1} =0.
VYeci nopanemi nudpu 6yayTe 0, TOMy 0,11 € CKIHYCHHUM JIBIHKO-
BUM 300pakeHHsM 1151 gecsitkoBoro 0,75.

YTBOpUMO OBIHKOBUII 3amHC AecATKOBOTO 1poly 0,1.

0,1-2=0,2, [0,2] = 0 (mepma uudpa), {0,2} =0,2;

0,2-2=0,4, [0,4] =0 (nacTynHa uudpa), {0,4} =0,4;

0,4-2=0,8, [0,8] = 0 (HacTymHa mudpa), {0,8} =0,8;

0,8-2=1,6, [1,6]=1 (HacTynHa uudppa), {1,6} =0,6;

0,6-:2=1,2,[1,2]=1 (nactynHa uudpa), {1,2} =0,2.
Hami mudpu 0, 0, 1, 1 OyAyTh MOBTOPIOBATHCA J0 HECKiHYEHHOCTI,
TOOTO TOYHUM ABiIMKOBUI 3ammc jgecsaTtkoBoro 0,1 € mepioguuHUM
0,0(0011) . Bynap-gKkuii MOYAaTOK IFOTO 3aIKCy MO3HaYa€ HAOIMKEeH-
H 10 necsitkoBoro 0,1, manpuxman, 0,00011,=1/16+1/32=0,09375
(oMMITKa — TPUOJTU3HO TTICTh TUCIIHHX ).

YTBOPUMO HITICTHAAISATKOBUHN 3aMHC JECATKOBOTO Apody 0,8.

0,8-16=12,8, [12,8] =12 (mepma mudpa c), {12,8} =0,8.
Jami nudpa ¢ Oyne HECKIHYSHHO TOBTOPIOBATHCS, TOMY 0, (C) € TO-
YHHMM IIICTHAIISITKOBUM 3aIIMCOM JecITKOBOro 0,8. ¢

Skiio V € ckiHueHHUM JECSITKOBMM JPoOOM i ocHOBa P Mae mpocTi
MHOXKHHKH 2 Ta 5, TO uicno ¥ MoxHa 300pa3uTH CKiIHYEHHUM P-KOBUM
3anucoM. [Hakmie P-KOBHH 3aImic MOXKe OYTH HECKIHUEHHHM; TOJIi CKiH-
YEeHHA KUTBKICTh KPOKIB Ja€ HaOaudicerHe 300pasicensi aucna V.

Otxe, 3a pificauM umcioM V, V' <1, MoxkHa opepxaTa R nmeprinx

uugp Woro P-kKoBOTo 300pakeHHS, BUKOHYIOUH TaKHH aJrOpUTM:
1. Cnouarky Bo6paxeHHsiM € "0.".
2. Iloku ojepxaHO MeHWe Hix R gpo6oBux uubp,
obumcanTu V-P, obumcimTu d sk [V-P]
(zinme umcyno Big 0 mo P-1) Ta V sk {V-P}.
BammcaTn BHauveHHsa d Ak P-xoBy umbpy #u
pommcaT il mo Bo6paxeHHsI NpPaBoOpPYyY.
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3anucyu miuX 1 APoOOBUX YHCEN MEPETBOPIOIOTHCS 3 OJHIET CHC-
TEMH YUCIICHHS Ha 1HILY 3a pisHumu areopummamu. Tomy, mepekia-
JAI0YM 3alliC YMCia, O Ma€e Ly Ta IpoOOBY YacTHHH, Tpeda cro-
YaTKy BUJUINTH i YACTUHU I MOTIM MEPETBOPHUTH IX OKpeMo.

V3araii, mo0 MepeKIacTy 3arnKuc Yucia 3 JOBIIbHOI CHCTEMH YH-
CJIEHHS Ha iHIIY, HEOOXiJHO BUKOHATH Oarato apu(METHUIHUX Ail Yy
HE3BUYHIN HEIECATKOBiH cucTeMi. [HKONMHM MpoCTilie CKOPUCTATHCS
JIECATKOBOIO CHCTEMOIO SIK TIPOMiXKHOIO.

Bunpasu

A.5. 3anucaTu P-xoBe 300paxxeHHs JeCSITKOBOTO Apody O, ne:
a)0=0,5;P=2,3,8,16; B)Q=0,75,P=3,8, 16;
0) 0=0,1; P=3, 8, 16; r) 0=0,2; P=2,3,8, 16.

A.6. [lepeTBOpUTH NECATKOBUI 3amiC Ha JBIHKOBUH, BICIMKOBHIH i
[IICTHAAISITKOBHIA:

a) 94,341; 6) 16382,55; B) 2948,77; 1) 65537,33.
KOHTpPOJIbHI 3anUTaHHA

A.1. SIxi cucTeMHy YHMCIICHHS BH 3HaeTe?

A.2. IIlo Take mO3ULIHHA CHCTEMA YUCICHHS?

A.3. Sk xomytoTecs u(pu B cECTEMax YUCIICHHS, OCHOBA SKHUX Oi-
JIBIIIE IECATH?

A.4. HaBecTH anropuT™ MepeTBOPEHHS ASCATKOBOTO 3allUCY YHUCIIA B
CHUCTEeMY YHCJICHHS, BIIMIHHY Bif] IECATKOBOI.

A.5. HaBecTn anroput™ NepeTBOPEHHS 3alKcy 4Hcia 3 HeJeCsSTKO-
BO1 CHICTEMU YHCIICHHS B JIECATKOBY.
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AOAOATOK b
MpiopuTteTr onepartopiB moBu C++

Y tabnuni npucyTHI He BCi oreparopu MoBu C++, a JuIme Ti, mo
3yCTpIHarOThCSA B Mik KHIKI. OmepaTopyu BKa3aHO 3a CIaJaHHIM
MPiOPUTETY 3TOPH JOHH3Y.

Onepanii Omneparopu 3B's3yBaHHSA
‘= | moctdikcHi ++, --
8
3 izeof, ++ ]
= | npedixcni sizeoL, *H =% 5 % «
+
5
MYJIBTHIUTIKATABHL * /%
aJUTUBHI +, -
BCTaBKH <<, >>
BIJIHOIIICHHS <, >, <=, >=
'E | piBHOCTI ==, 1=
‘2 | soriune "i" &&
& | noriune "a6o" I
YMOBHA ?: <«
MPOCTI  Ta CKIAJCHI | =, +=, -=, *=, /=, %=, -
[PHCBOIOBAHHS &&=, | |=
MOCITiZIOBHOTO  00YH-
CJICHHSI '

3HaK < Mo3Hayae oreparlii 3 TpaBoOIYHUM 3B'SI3yBaHHSM; peEIlITa
€ JIIBOOIYHUMHU.
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AOOATOK B
Aesiki 6i6nioTeuHi mMateMaTUYHi PYHKUII

Buuepnay iHpoOpMamiro nmpo BMIcT 0i0MiOTEK MOXe IaTH JIUIIe
JIOBiIKa B KOHKPETHOMY cepefoBHUIll abo cami 0iGmioTeuHi Qaiiu.
SIK1o iHIIOTo He 3a3HaYeHo, TO PYHKLIT MOXKYTh MAaTH SIK I, TaK i
IilicHI apryMeHTH, a 00YHCIIOIOTh JifCHI 3HAUCHHS.

Buxkiauk  |IIo o0unciarwerbes Ipumitkn

acos(x)  |arccosx xBix -1 10 1, 3HaueHHs Big 0 1o

asin(x)  |arcsinx xBig -1 mo 1, 3HAYeHHs Bix -T/2 110
/2

atan (x) arctg x 3HAYEeHHS Bi -1v/2 10 11/2

atan2 (x,y |arctg (x/y) 3HA4eHHs Bif -1/2 10 1/2

)

ceil (x) 1ite, Haitomokdye 10 x|ceil(-1.9) =-1, ceil(1.1)=2
3ropu

cos (x) COS X X — KUIBKICTB pajjian

cosh(x)  |coshx=(e™+e”)2

exp(x) |

fabs (x) Lx|

floor(x) |nyine, Haiibmoxue no x|floor(-1.1)=-2, floor(1.9)= 1
3HU3Y

fmod (x,y) |nilicna ocraua Bin mi-[fmod (4.7, -2.2)=0.3, fimod (4.7,
JIGHHsI X Ha Y HAIILJIO 22)=-03

log (x) Inx x>0

logl0 (x) 1gx x>0

pow(x,y) |y 0= 1; 3a x<0 i HeLWIOro 3HAYCHHS y

a60 x= 0 Ta y<0 oOuMCIIEeHHS TOMIII-
KOBE

sin(x) sin x X — KUTBKICTh pajiiad

sinh(x)  |sinhx=(e"-€”)2

sqrt (x) \/; x>0

tan (x) tgx X — KUTBKICTh pajiiaH

tanh(x)  |tanh x=sinhx/coshx

167




BIGNIIONPA®IYHMU CNINCOK

OcHoOBHa nitepartypa

1. JoBuc, C. C++ mia "vaitaukos" / C. J[oBuC. — 6-¢ u3m. — M.:
Wza. Hom "Bumesmc", 2010.

2. JIubeptn, x. OcBoit camoctostenbHo C++ 3a 21 neHs
/ k. JIm6eptu, Jx. bpammu. — 5-e uzn. — M.: Uzn. Jlom "Bunb-
stme”, 2010.

3. Crpaycrpyn, b. IlporpammupoBanne ¢ npumepamu Ha C++:
npuHiunel u npaktuka / b. Crpayctpyn. — M.: Uzn. [lom "Bumb-
sme", 2010.

4. uanar, I'. Tlonueiit cnpaBounuk mo C++ /T, Iuoar. —
M.: Uzna. Jlom "Bunesmc", 2010.

AopaTtkoBa nitepaTtypa

5. Mioccep, A. C++ u STL : cmopaBouHOEe pPYKOBOJCTBO
/' 1. Mroccep, XK. Jlepmxk, A. Ceitan. — M.: Uzn. Jlom "Bumesmc", 2010.

6. Carrep, I'. Cranmaptel mporpammupoBanust Ha C++: cepus
"C++ In-Depth" /T'. Cattep, A. Anekcanapecky. — M.: Uzn. [lom
"Bunbsmc", 2008.

7. CenxBuk, P. Anroputmer Ha C++ / P. CemxBuk. — M.: U3n.
Howm "Bunesamc", 2010.

8. maar, I C++: Meroauxu nporpammupoBanus lunara
/ T. IHumar. — M.: U3a. lom "Bunesmc", 2008.

168



NMPEAMETHUN NOKAXYUK

#define, 62 return, 24, 90
#include, 24, 151 scientific, 57

abs, 49 sqrt, 49

bool, 29 srand, 139

break, 83, 109 std, 24, 157
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