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1 Bseaenue

1.1 Ot aBTOpPa

[TpusercTyto, koyutern! Haunnas paboTy Hall 9THM JOKyMEHTOM S HE CTaBMII 1IEJIbIO Ha-
nMcaTh o4epeaHol y4eOHuK 1o s3biky C mim nocnoputs ¢ Tpynamu Kepuurana, Putum n
Crpayctpymna. S gymaro, 9To IOHI, TOYeMY ITPOTPaMMUPOBAHHAE KAYKETCS TAKIM CJIOKHBIM:
HE HallUIOCh HU OIHOTO MarepHalla, HAMCAaHHOTO MOHATHBIM U IPOCTHIM s13bIKOM. B 3TOM 10-

KYMCHTC s MOCTAaparoChb HC MOBTOPUTH 3TOM ,HOC&Z(HOﬁ OIIMOKH UMEHUTBIX aBTOPOB.

Bpaitan Kepuuran: «A3b1k C — HHCTPYMEHT, OCTPBIH, Kak OPHTBa: C €ro IOMOIIIBIO

MOXKHO CO3/1aTh ¥ 3JIETAHTHYIO ITPOTPaMMy, ¥ KPOBAaBOE MECHBO.»

Ja, crracu60o KitaccukaM 3a peaynpekaeHHs, TOCTapaeMcsl, TAKXKe, 3TOW pabOTON HE CO3/1aTh

KpOBaBOC MCCUBO.

1.2 HucTpymeHTapuii

B 3TOM JIOKYMEHTE CO3HATENIHHO MPOITYCKACTCs MOAPA3/e, MOCBIUIEHHBIH BHIOOPY U Ha-
CTpOIKe HHCTPYMEHTApHsl, IOTOMY YTO LEJbI0 JOKYMEHTA HE SBIICTCS HA4alI0 04epeIHOro
paynzaa 00opbOBI 32 IPaBO KAKOTo ObI TO HU OBLIO KOMITWIIITOPA W/WITH Cpe/ibl pa3paboTKy Ha-
3BIBaThCSl EIUHCTBEHHO BEPHBIM, Ja)KE€ C TOUYKU 3PEHUSI OTIEIBHO B3STOTO aBTOPA OTAEIBHO
B3TOM KHUrH. O003HAYMM JINIIb IOIMYJISPHBIC BApUAHTHI JUI1 OCHOBHOM TPOMKH orepanu-

onHbIX cucteM (Windows, Linux, Mac OS X). Kommunstopsr:
* clang;
* GCC/MinGW;,
*+ MSVC.

OcranbHbIe, Takue Kak, Hanpumep, Borland C++ MOXXHO cuuTarh 3K30THYECKUMU U HE TIbI-
TaThCs KX YCTAHABIMBATH 0€3 SKOHOMUYECKOT0 000CHOBaHMUs. IHTErpHpOBaHHBIE CPE/IbI pa3-

pa60TKI/I U MpOorpaMMBbl UTs pEAAKTUPOBAHUA KOJAA:

» CLion;

Visual Studio;
* VSCode;

* Qt Creator;



« CodeBlocks;
* Notepad++;
* Sublime Text.

DTOT CIIUCOK MOXKHO mpoaoJIKaTh MOYTHU GCCKOHCLIHO, TMOCKOJIBKY p€AaKTUPOBAaTh KOA MOXKHO

B a0COJIOTHO JIFOOOM PEIaKTOpe, TIO3BOJISIONIEM COXPAHATH MIPOCTOM TEKCT B (DaitIIb.

1.3 HemHoro ucropuu

Ilepsas Bepcus s3p1xka C 66u1a pazpadorana B 1972m roxy Jlennucom Putau asis mporpam-
MHPOBAHMS B HEJJABHO CO3JaHHOM Ha TOT MOMeHT cpene UNIX. 3wk pazpabarbiBaics He TO-
CYIapCTBOM, & OOBIYHBIMU MTPAKTUKYFOIUMH IPOrpaMMHCTamMu. B HEM cpa3y OBUIH yUTCHBI U
HCIpaBJIEHBI Bce Hey100cTBa cymecTBoBaBIMX Ha TOT MoMeHT FORTRAN u PASCAL. ITo-
CKOJIBKY MHTEPEC K S3bIKY CO BpeMEHEM He IPOoTajall, a TEXHOJIOTUH Pa3BUBAJINCH, TIOSIBIIIUCH
penakmun s3p1ka, Takue kak C99 (1999 rom) C11(2011 rox). B s3p1ke C ecTs BO3MOXKHOCTD
paboTarhb ¢ ykazarensiMu Ha pU3nUecKue sSYeHKH OTIlepaTHBHON MaMsATH KoMbioTepa. Koneu-
HO, 9TO He0e30MacHO, HO TIPH JOJDKHOHN KBaNM(HUKALIMK IPOrPaMMHKCTa O3BOJISIET MOTYyYUTh
MaKCUMaTbHO 3((hEKTUBHEIN KO, OJIM3KUH K SI3BIKY acceMOJiepa U JTa)ke MAIlHHHBIM KOJIaM
KOHKPETHOTO Tiporieccopa. C SBIIeTCS KOMITHIHNPYEMBIM IIPOLIEAYPHBIM SI3BIKOM CO CTPOTOMH
CTaTMYECKON THUIM3aIMel, YTO MO3BOJIIET IHCaTh MAaKCUMalIbHO Oe30IacHbIil Koj, U OTCe-
aTh 0OJBIIYIO YacTh OMIMOOK emé Ha 3Tane KoMnusinuu npoekra. Ha a3pike C HamucaHo
OTPOMHOE KOJIMYECTBO MPOrpamMM, OMONIHNOTEK, ¥ JaXKe ONepalMoHHbIX cucteM. Kakas-051 y
Bac Hu Obla ycTaHOBJIGHA OIIEpallMOHHASI CHCTEMa, OYCHb BEPOSTHO, YTO OHA HAIMCaHA Ha
C. Ha s3pike C nuuryT npaiiBepsl AJ1st HepuepuitHoro 000pyIoBaHus, IPOrpaMMHUPYIOT KOH-
TPOJUIEPHI JJIsl KOCMUYECKOH ammaparypbl, MUIIYT BEICOKOCKOPOCTHBIC PUIIOKEHHs. [loMu-
MO 3TOTO, ceidac CTPeMUTENFHO HaObWpaeT NOMYyIAPHOCTh TAKOE HAIMIPaBICHNE, KaK «yMHAs
TEXHUKA» U «MHTEPHET Beliei». IMEeHHO 13-3a 3THX TPEHAOB s3bIK C 32 MOCIeIHUE apy JeT
cHoBa nogusics B peittunre TIOBE na nuaupytomue mecta. Kakoit 651 361K IporpaMMupo-
BaHMs BbI HU M3y4alid, 3HaHUe si3bika C HY)KHO [TOTOMY YTO SI3bIKH BBICOKOTO YPOBHS JICJIAIOT
MHOTO Belllel OTHON KOMaH/IOMH, a eclTi BBl XOTUTE HE MPOCTO CTaTh IPOTPAMMHUCTOM, a OBITh
XOPOIINM IIPOrPaMMHCTOM - BBI IOJKHBI IOHUMATh, YTO TaM, BHYTPH, IIPOMCXOUT Ha CAMOM
nene. 3uanue s3bika C MOXKHO CPaBHUTH C YMCHUEM €3[IUTh HAa aBTOMOOMJIC C MEXaHHUCCKON
KOpOOKOii Iepead: KOpoOKa-aBTOMAT pe3KO CHIDKAET IIOPOT BXOXKIACHHUS B YIACTHUKH JJOPOXK-
HOTO ABWDKCHHUS, HO, 3a9aCTYI0 HACTONBKO YXYAIIAeT KaueCTBO YIPABICHUS aBTOMOOWIEM,

YTO 3TO ONPUBOJAUT K CaAMbIM I€YaJIbHBIM MMOCJICACTBUAM.



2 OcCHOBHBbIC MOHATHSA

2.1 Komnuiasnus

[Ipexne, 4eM roBOPUTH O sI3bIKAX MPOrPaMMHUPOBAHUS U O TOM, YTO TAKOE KOMITMIIALUS,
KaK OHa pa60TaeT " OpOoUrX MHTCPECCHBIX BEIlaX, HAM HCO6XOI[I/IMO IMO3HAKOMUTHCA C MMOHA-
THEM, KOTOpoe OyJeT COMPOBOXKAATH BECh KypPC H B IIEJIOM BCIO IIPOTPAMMHUCTCKYIO KHU3Hb -
9TO TOHATHE UMEHU. VM4 - 3TO HEKUii CHMBONBHBIN HIIeHTH(UKATOp (TIepeMeHHast, KOHTEH-
Hep) A1 HEKOTOPOTO YHCa (UUCIIOM B CBOIO OUEpeb SIBIAETCA aApeC sUCHKH MaMsaTH, Kyzaa
3anKCchIBaeTCs 3Ha4YeHue). FIMEeHOBaTh MOYKHO Kak NepeMeHHbIe, Tak U QyHKuuu. [Ipocreii-
KW IPUMEP - 3aliCh paBEeHCTBA: name = 123456. Paznuune Mexay UMEHEM U YUCIIOM
3a/1aeT IPU3HAK YKCIa, B IporpaMmmax Ui KOMIbIOTEPOB IPU3HAKOM YMCIIA SABJISETCS NEPBBIA
CHMBOJI, UM (MJICHTU(HKATOP) HE JIOJDKHO HaYMHAThes ¢ UGpbl. TakuM 06pa3oM KOMITHIIS-
TOPbI OJTHO3HAYHO MOT'YT ONPCACINTD, YTO ABJISACTCA UMCHEM, a YTO YHCJIOM. DTO oTIIMYME
HaKJIaJbIBAET HA IPOrPAMMHUCTA OUEBUIHOE OTPAaHUUYEHHUE: HEBO3MOXXHOCTD CO3/1aTh UACHTHU-
¢ukaropsl, HaunHaromuecs ¢ nudp. Taxxke, YTOOBI HE CO3aBaTh HEOMHO3HAYHOCTH B TIOBE-
JICHUH ITPOTPaMMBbI HEJIb3s1, YTOOBI IMEHA B PAMKax OTHOH IPOTrpaMMbl TOBTOPSUTHCE. OOIuii
AITOPUTM PabOTHI CO BCEMH KOMIIMIMPYEMBIMH S3bIKaMH, B TOM uncie C++ BBIVISIAUT Clie-

IYIOUIAM 00pa3oM:

1. mporpaMMHUCT IHIIET TEKCT IPOTrPaMMBI Ha KAKOM-JTHOO SI3BIKE IPOTPaMMHUPOBAHUS, B

HauieMm ciyyae 31o C;

2. TpH MTOMOIIH TPOTPAMMBI-TPAHCIISTOPA U, 389aCTYI0, acceMbiiepa STOT TEKCT mpeobpa-
3yeTCsl B HCIIOJIHSIEMbIE MAIIMHHBIE KOJIBI, 3TOT MPOLECC, OOBIYHO, COCTOUT U3 HECKOJIb-

KHUX 5TallOB X HAa3bIBACTCA O6H.[I/IM CJIOBOM «KOMITHJIALIUSA |

3. WCHONHSEMbIE KOJIBI 3aITyCKAIOTCS Ha [[EJIEBOM KOMITBIOTEpe (Jallie BCEro, 3TO cepBep

nim HCpCOHaHLHBIﬁ KOMIIBIOTEP HOHBSOBaTCJIH).

[TpumenrM 3TOT OOUTHIT aNTOPUTM IS HAITMCAHUs TIepBOi mporpammbl. [Ipeanonaraercs,
YTO Ha JaHHBIA MOMEHT y Bac ycraHoBneHa nmmbo cpena pa3paboTku, THOO TEKCTOBEIHN pe-
JTAKTOP W KOMITWJIATOP O OTJENEHOCTH, YTOOBI HIMETh BO3MOXKHOCTh ITOBTOPHUTH STOT U BCE

NoCJIEAYIOIUEC MTPUMEPBI CaMOCTOATEIBHO.

IlepBasi nporpamma, ¢aiiji program.c s HanrcaHus MPOTPaMMBbI, OTKPOEM BHIOpaH-
HBI TEKCTOBBIN PEAAKTOP WU CPeAy IMPOrpaMMIPOBAHUS, H HATIMIIEM CIICIYIONIHE CTPOKH
(BayKHO OTJIMYATH 3aTNIaBHBIC U CTPOYHBIC OYKBBI, TO €CTh, HApUMep Int U int - 3To pa3HbIe

CIIOBa, M IIEPBOE, HAIIMCAHHOE C 3aIIaBHOM OYKBEHI, OyZIeT HE MOHITO KOMITMIIATOPOM):



/*

* Project: yet another basic C guide

* Author: Ivan I. Ochinnikov

* program.c

*/

#include <stdio.

int main(int argc, char** args) {
printf ("Hello, World!\n");

return 0;

3anyck KOMOWJISINA U UCHOJHEHNe MPOrpaMMbl B 3aBUCHMOCTH OT BBEIOPAaHHOTO WH-
crpymenTtapust 1 OC npouecc KOMIWISIINHN (TPAHCIALNHN) U 3aIyCKa TPOrpaMMbl Ha HCTION-
HEHHE MOXKET HE3HAUUTENIFHO OTIIMYAThCS, Jajiee OyayT MPUBEJCHBI HECKOIBKO BApHAHTOB.
EcrecTBeHHO, YTO HE HY>KHO BBIIOJIHATH MX BCE, a CIIEAYET BHIOPATH OJHMH, KOTOPBIA cpado-

TaeT UMeHHO ¢ Bammm Habopom nHcTpyMeHTOB. TpaHCamust (KOMIMIISLNS ):

clang -o program program.c
(mnm) gcc -o program program.c

3amyck OymeT oTam4gaThes TOIbKO st Windows (CHMBOJIaMH JOJIapa U YIIIOBOW CKOOKH
0003HaYCHBI IPUIIAICHHS UNiX-TEPMHUHANA U KOMaHAHOMH CTPOKH Windows, COOTBETCTBEH-
HO):

non-windows $ ./program
windows > .\program.exe

Janee B TekcTe B LEISIX AEMOHCTpAlMU OyIeT UCIONB30BaThCs 3allyCK B CTHIE NOn-
windows, a Takke, OyAeT OIMyCKaThCs AEMOHCTpAIUS dTama KOMIHISAIHNA (KpoMe CITydaes,

Koraa caM npouecc KOMIUIAINN OT.]'II/I‘IaeTCH).

2.2 labnon mporpamMMbl

Kak u mporpamMmel Ha JTF000M IPYTroM sI3bIKE, IPOTpaMMEI Ha si3bike C MMEIoT psia 00s13a-
TEJBHBIX JIEMCHTOB, TAK)KE Ha3bIBACMBIX MIA0JIOHOM MPOTPaMMEBL. PaccMOTpHM 3TH 31eMeH-
ThI OJPOOHEE HA IPUMEPE TOJIBKO YTO HANMCAHHOW MEPBOM MPOTPaAMMBI (). Hexotopsie,
HEe3HAYUTEIbHBIC aCIeKTHI, OyAyT pacCCMOTPEHEI Cpa3y H MTOJHOCTHI0, KOMMEHTAPHH, HAIIPH-
Mep, HO HEKOTOpBIE OyIyT pacCMOTPEHBI TOBEPXHOCTHO, IIOCKONIBKY SIBISIOTCS MACIITaOHBI-
MH, CJIOKHBIMU JIJIsl IOHUMaHUsI (pyHJaMEHTAIbHBIMA MEXaHU3MAaMH S3bIKa, KOTOPBIM OyIyT

TIOCBAUICHBI LHEJIBIC CTICHHUAIBHBIC pa3/iCIbl.




KommenTapun Hexoropsle cpeibl pa3pabOTKH OCTaBISIOT B HIanke (aiiia KoMMeHTapuH
00 aBTOpe u aare co3naHus ¢aiiina. Hekotopble KoMaHabl pa3paboTKH perIaMeHTHPYIOT Ta-
KHe KOMMEHTapHUH U PeKOMEHIYIOT UX HalMcaHue KaXIbIM ydyacTHHKOM. KoMMeHTapwuii 310
000} TEKCT, HAMCAHHBIH I yI00CTBa MIPOrPaMMHUCTa U HTHOPHPYEMbIH KOMITHIIITOPOM.
KomMeHnTapuu ObIBaIOT Kak OHOCTPOYHBIE, TAK 1 MHOTOCTPOYHBIE. B penknx ciaydasx Mox-
HO BCTPETUTHh BHYTPUCTPOYHBIE KOMMEHTApHUHU, HO X JIy4llle CTapaTrbCs HE HUCIONb30BaTh,

OHH CYUTAIOTCA AYPHBIM TOHOM, IMTOCKOJIBKY PE3KO CHUXAKOT YATACMOCTb KOJa.

KomMmeHnTapuii - 3T0 pparMeHT TEKCTa IIPOrpaMMBbl, KOTOPBII OyleT MPOUTHOPUPO-

BaH KOMIIUJIATOPOM s3bIKaA.

OdeHb cTapble KOMIHISATOPHI TOIMYCKAJM TOFKO KOMMEHTAPHU B CTHIIE / * xxx */, celd-
4ac JJOMYCTUM TaKXKe CTUIIb // XXX, 3aBEepIIAeTCs TaKOH KOMMEHTapHil KOHIIOM CTPOKH (TO
€CTh BCS OCTaBIIASCS CTPOKA, IOCIIE CHMBOJIOB / / Oy/IeT IPOUTHOPUPOBaHA KOMITUIISITOPOM).
KomMmeHTapun B Koie BayKHBI, 0COOCHHO ISl OTMCAHUS U TIOSICHEHUST HEOUEBUIHBIX MOMCH-
TOB, HO BOKHO COONFOCTH 0aJlaHC U HE TPEBPATHTH MPOTPaMMy B OJFH CIUIOIIHOW KOMMEH-

TapUii, HHOT/a IPEPBIBAIOLIUICS Ha PaOOTAIONINI KO,

JIMpeKkTHBBI Mpenponeccopa 3TO TAKHE KOMAHJIbI, KOTOPbIE OYAyT BBIMOJIHATHCS HE IIPO-

CTO 10 3aIlyCKa IPOrpamMMbl, HO AaK€ O KOMIMISALUN.

Ectps MHeHUE, uT0 C/C++ MPOrpaMMHUCTEHI - 3TO HE MTPOrPaMMHUCTHI Ha si3bIke C/C++,

a IpOrpaMMHMCTBI Ha A3BIKE NPCIIPOLECCOPA UCTTOJIb3YyEMbIX MU KOMITUJIATOPOB.

B nupexTuBax mpenpoueccopa MoAKIIOYaoTCs BHELIHHE 3aroJIOBOYHbIE (haiiibl, 1 onpeaess-
I0TCSI HEKOTOpPbIE a0COIIOTHBIE 3HAaUeHNUs TpoekTa. OOpaTnTe BHUMaHHE, YTO TUPEKTHUBBI IIpe-
IIPOLIECCcOpa ATO JIOCTATOYHO CIIOXKHBIH WHCTPYMEHT, U UCIIOIB30BaTh €r0, HAIIPUMED, TOJIb-
KO JJIsl OTIPEZesIeHHsI KOHCTAHTHBIX 3HAYCHHI - He Jydllee apXUTeKTypHoe peuieHue. J{ns
HAaIIeTo TPOEeKTa HaM IOHafo0HuTCs nupekTuBa #include <stdio.h> - 3Ta OUpeKTH-
Ba MOJKJIIOYNT OMONINOTEKY CTaHIAPTHOTO BBOJAA BHIBOJA B HAIIl IIPOCKT, YTO MO3BOJIUT HAM
”0011aThCs”’C MMOJB30BATENEM HAIlle MPOrpaMMBI, UCIIONB3Ysl TEPMUHAT OIEPALlUOHHON CH-

CcTeMbI (KOMaHIHYIO CTPOKY B TepMuHax Windows)

@dynknuda main () {} »To Touka Bxoxa B mporpammy. IIporpamma MOXeT COCTOSITH W3
OrpoMHOTO gucia (aiioB 1 QyHKINH, HO ONepalliOHHAs CHCTEMa KaK-TO JTOJDKHA MOHSTH,
OTKyJa €1 HAaYMHATh UCIIOJHEHHUE NMPOrpaMMbl. Takol TOUKOM Hayana MCIOIHEHUS SIBISIETCS

q)yHKIlI/Iﬂ main KOTOpas JOJ’KHa OBITH HaNKMCaHa KMEHHO TaK:



int main(int argc, char** args)

Goee moApPoOHO 0 PYHKIHSIX, UX CHHTAKCHUCE M apTYMEHTaX MbI [IOTOBOPUM IT03/IHEE, Ha 1aH-
HOM 3Tare MOKHO IIPOCTO 3alIOMHUTD TaKoe (HJIH K€ YIpOImEHHOe int main () omucanne
IJIaBHOHM (yHKIMH J1T000# mporpamMel Ha si3b1ke C. [lanee B purypHBIX CKOOKaX MHUIIETCS TaK
Ha3bIBAEMOE «TEJI0» MPOTrPAMMBI, TO €CTh UMEHHO T€ OTIePaTOPbl, PYHKLIUH U aITOPUTMBI, KO-
TOpBIE ABIAIOTCS nporpammoit. [1o cyTu, Bc€ Hamie mporpaMMHEpOBaHUE OyIET IPOUCXOIUTh

00 B 3T0# pyHKIMH, THOO OyAET TOBOIBHO TECHO C HEH CBA3aHO.

BosBpar u3 pyHkuun return; 5To oneparop sSBHO 3aBEpIIAIONIHIA BHITOJIHEHHE (YHK-
LIMU main M, COOTBETCTBEHHO, IPOrpaMMbl. Bce omepaTopsl, kpoMe TUPEKTHB Hpernpornec-

copa, KOMMEHTapHeB U OTIMCAHMNA Tell PYHKIHHA JOJDKHBI 3aKaHIABATHCS TOYKOU C 3aIIsITOH.

Buumanmue! J[anee Bol mpounTaeTe Te3uc, KOTOPBIH SIBISAETCS 3HAYUTEILHBIM YIIPO-
LIEHHEM PEaJIbHOM cUTyaluu. ABTOp MOUIEN HA TAKOE YIPOILEHHUE 110 AByM IIPUYHU-
HaM: BO-TIEPBBIX, IOCKOJBKY B KiaccuaeckoM C mena oOCTOSIIM MMEHHO Tak, a B
COBPEMEHHBIX KOMITBIOTEpAX CUTYAaIlUsl MEHSACTCSI HACTOJILKO OBICTPO, YTO HUKAKOM
TEKCT HE CMOXCT OCTaBaThCA aKTyaJIbHBIM, 1 BO-BTOPBIX, IIOCKOJIBKY LEJIBIO JaHHOI'O
JIOKYMEHTA HE SIBJISIETCS JETAIbHOE OIMCAHUE apXUTEKTYP COBPEMEHHBIX ONEpaLu-

OHHBIX CUCTCM.

[Mockonbky nporpamma HanucaHHast Ha si3bike C paboTaeT Ha OJHOM YPOBHE C ONEpalioH-
HOW CHCTEMOIi, a He B cpelaXx BUPTyalU3aluy, Kak 3TO IPOUCXOAUT B Java, Halpumep, OHa
JIOJDKHA COOOIIUTE OTIEPAIIMOHHON CUCTEME, UTO OHa OTpaboTana HOpMaabHO. DTO JAeIaeTCs
MIOCPEACTBOM BO3BPaTa B KAUECTBE PE3ysIbTaTa padoThI IPOrpaMMBbl Kojla HOJIb. B HameMm ciry-
yae, oneparop return coodmaer koj 0, rOBOPSIIIMNA 00 yCIIEITHOCTH 3aBepIICHHsT PaOOThI
nporpaMMsbl. Takoli BO3BPaTHBIN KO - HCTOPUUYECKH CIIOKUBLIASICS IOTOBOPEHHOCTD MEXY
MIPOrpaMMHUCTaMHU: HEHYJICBOI KOJ 03HaUaeT aBapHIHOE 3aBEPIICHIE IPOTPaMMBI U COO0IIa-
€T CHCTEMeE, YTO IPOrpaMMa 3aBepIlIeHa HEKOPPEKTHO ¥ HEOOXOIMMO JIOTIOIHUTENEHO 1 SIBHO

OCBOOOKATh 3aHSTHIC €10 PECYPCHL.



3 ba3oBblii BBOA-BBIBO]

3.1 ®opMaTHPOBAHHBIN BHIBO/

OO0mieHne ¢ nonb3oBareseM Ha 9uctoM C MPOUCXOAUT dYepe3 KOHCOIb. s Toro, 4To0sI
BBIBOJJUTH KaKyr-1100 HH(GOPMAIIUIO JUTS YTEHHS T0JIb30BATENIEM - UCIIONb3yeTCsl (DYHKIMS
printf () ; mpemHazHadeHHas i1 GOPMATHPOBAHHOTO BBIBOJA HEKOTOPOTO TEKCTAa B KOH-
conb. OyHKIUS ONMCcaHa B 3arojoBke stdio . h, M0O3TOMY Mbl U BKIIIOUMIIM JaHHBIN 3aroJio-
BOK B Harry nporpammy. Kakoro poma ¢hopmMaTrpoBaHUe PHUMEHSIETCS IIPH BBIBOJIC CTPOK B
KOHCOJIb? CyIlIeCTBy}OT JIBa OCHOBHBIX HHCTPYMCHTA IPHUJAaHNS BBIBOAY H606XO)Z[I/IMOI‘O BUaA:

SKpaHUPOBaHHBIE TIOCIIENOBATEILHOCTH (escape sequences) u 3amoaHuTenu (placeholders).

JKpaHHPOBAHHAS MOCJIEIOBATEILHOCTh 3TO OyKBa WJIM CUMBOJI, HAIMCAHHEIC ITOCIIC 3HA-
ka oOparHoro cimina (\ ), KOTOpPbIe MPH BBHITIOHEHUH MPOrPAMMBI OyIyT Ha YTO-TO 3aMCHCHHBI.

CaMmble 4acTo UCIOIb3yeMbIe ITO:
* \' - oqMHApHAs KaBBIYKa;
e \" - IBOWHAas KaBbIUKa;
* \ ? - BOIIPOCUTEIILHBIH 3HAK;
* \\ - oOpaTHbIi1 cio1I;
* \ O - HyJIEBO! CUMBOJI;
* \b - 3a6oii (backspace);
* \f - mepeBoJl CTPAHUIIBI - HOBAsi CTPAHHUIIA;
* \n - IepeBoJl CTPOKHU - HOBasi CTPOKA;
* \r - BO3BpAT KapeTKH;
* \t - ropu3oHTaNbHAs TaOyIALNS;
* \V - BepTHKaJIbHas TaOyIIsIHs;
* \nnn - NPOU3BOJIbHOE BOCEMEPHYHOE 3HAYCHUE;
* \XNn - NPOU3BOJIBHOE IIECTHAAATEPUYHOE 3HAYCHNUE;

* \unnnn - npousBoibHoe KOHKKOI-3HAUEHME.
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UYUroObl yOeanuTCst 9TO 3TO NPaBHIBHO paboTaeT BBIBEAEM €Ille OAHY CTPOKY (B JONOIHEHHE
K KOJLy CO CTPAHHIIBI []) ¢ HaAMMCHIO0 «JTO HOBas CTPOKA» Ha CIEIYIONIYI0 CTPOKY Hamreil
kxoHcomnH. Takxe 100aBUM K enié OAHOM CTPOKE CUMBOJ TaOyNIAIMH YTOOB! YBUAETh Kak OH
pabotaet. U cpasy paccMOTpHUM SKpaHHPOBAHHYIO MTOCIIEIOBATENIFHOCT \ \ OHA JeflaeT HA
YTO MHOE KakK J00aBisieT CHMBOJI OOpaTHOIO CJI3IIA B HAll TEKCT. AHAJIOTMYHBIM 00pa3oM
paboTaroT M Ipyrue CUMBOJIBHBIC SKPAaHUPOBaHHA. DTO HYXKHO, YTOOBI KOMITHJISITOP MOT OT-
JIMYUTH, HAIPUMEP, CUMBOJI HBOﬁHBIX KaBBIUCK B CTPOKE, HaIIMCaHHOMU IporpaMMuUcCTOM, OT
CHMBOJIA JIBOMHBIX KaBBIYEK, 3aBEPINAIOIIETO CTPOKY B Kozie porpaMmsbl. OOpaTtute BHUMa-
HUE YTO HE MOCTAaBUB B KOHEIl CTPOKH HOCIEJ0BAaTEAbHOCTh \11 MBI 3aCTABUM KOMIIUJISTOD
MIOCTOSIHHO MUCATh TEKCT Ha OJHOM CTpOKe, He IepexoAs Ha HoBy!o. M HakoHen \ O cooOmmaer
KOMITMJIATOPY YTO CTPOKA 3aKOHUYMIIACK. J{aske eclii y Hac eCTh elle KaKue-TO CHMBOJIBI 10 3a-
KPBIBAIOIINX KaBBIYEK KOMITHIIATOP MX MPOCTO MIPOUTHOPHPYET. JJ0O0aBUM B KO MPOrpaMMBI

emg napy CTpoK, TaKUM 00pa3oM Telo (GyHKIMH Ma in JOJHKHO NPUHATH CIEAYIONIUN BH:

printf ("Hello, world!\n");

printf ("This is a new row");

printf ("This is \"\t\"tab\n");

printf ("This is \\ symbol\n");

printf ("This is a terminant \0 it ends a string");

3armycTUB MpOrpaMMy MBI MOXKEM yOeTuThCs, 9T0 BCE paboTaeT Tak, KaK MBI OIIMCAIH B
TEKCTe: CHadasa UAET IPUBETCTBUE MHPY, HA HOBOW CTPOKE COOOIIEHHE O TOM, UTO 3TO HOBast
CTpOKa, JaJiee Ha TOH Jke CTpOKe (BeIb MBI HE IIEPEXOIMIIN Ha HOBYIO ) IEMOHCTpanus npooerna
u cumBoia TalOynsiuyu. Ha nociienHux JByX CTpOKax MPOUCXOIUT IEMOHCTpALs 00paTHOTo

cJoaia 1 TCpMUHAHTa, BUAHO, YTO OCTAaTOK CTPOKH HE ObLT BBIBCJICH HA OKpaH.

$ ./program

Hello, World!

This is a new rowThis is " "tab
This is \ symbol

This is terminant

$

3anoHUTENIb  ITO TaKXKe CIeIHalbHAas I0CIEA0BaTeNbHOCTb, HO OHA TOBOPUT KOMITHJIATO-
PY, 9TO Ha MECTO 3TOH MOCIEe0BAaTEIbHOCTH HEOOXOANMO BCTaBUTh HEKHH apryMeHT, KOTO-
PpHIii OyzeT mepenan mocie CTpOKH, 4epes 3aIsATyIo, IPH BEI30BE JaHHON QyHKIMu printf () ;.

3aroIHUTeIh HAYMHACTCS CO 3HaKa MMponeHTa U 0003HaYaeT TUI BCTaBIsSAEMOI HepCMCHHOﬁ.
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* %% - CUMBOJ IIPOLICHTA;

.
o\

i (%d) - mensie yucna (integer, decimal);

.
o

1d (%$11i) — uemsle uncna (long int);

* s - IS BBIBOJA CTPOK;

* $C — JJIA BBEIBOJIa CHMBOJIOB;

* %p - A BBIBOJA yKa3areseu;

e $f — JI71 BEIBOJIA YHCEI C TIIaBaIOIICH TOUKOM;

* $1f — st BBIBOJA YKCEI C TUIABAOIIEH TOUKON YIBOCHHON TOUHOCTH;
* $x (%X) - 6e33HAKOBOE [IENOE B MIECTHAAATCPHUIHOM BHJIE.

Kak BuiHO, CyIIECTBYIOT 3allOTHUTENH AJISl BCEX OCHOBHBIX THIIOB JJAaHHBIX U JUIS 3KpPaHUPO-
BaHMS CaMOTO CHMBOJIA Hayaa 3arloJHUTEI. 3allOTHUTENIN MOXKHO U HY’KHO KOMOMHHPOBAThH
B CTPOKAX KaK MEXIy cOOOH, TaKk M ¢ 9KPaHHPOBAHHBIMH ITOCIIEJOBATEILHOCTAMI. YMEHHUE
paboTarh ¢ 3arOJIHUTEISIMHI IPUTOANTCS HE TOJIBKO B KOHCOJIU, HO M TIPH ()OPMHUPOBAHHH JIO-

KaJIN30BaHHBIX COOGHIeHPIﬁ B 00JI€€E CIIOKHBIX MMPUIIOKCHHUAX, B TOM YUCJIC HA APYTUX A3BIKAX.

int a = 50;

printf ("%d\n", a);

printf ("$5d\n", a);

printf ("%05d\n", a);

printf ("%.2f\n", 5.12345);

printf ("Placeholders are \"%5d%%\" of formatting\n", a);

Tak mepBeIii orepaTop BBIBEIET IMPOCTO YMCIIO. BTOPOi 3TO e 4KciIo, HO OCTaBHB JUIA
€ro 0TOOpaXeHUs MATH MPOOENTBHBIX CUMBOJIOB (JIBa OKaXKYTCS 3aHATHI paspsiiamu ducia 50,
U emgé TpU OCTaHyTCsI CBOOOIHBIMHU, CJIeBa OT 4yucia). Tpetuii oneparop GpopMaTupoBaHHO-
TO BBIBOZIA BIMIIET YMCIIO B IISITh OTOOPa’kaeMBIX CHMBOJIOB, HO 3aIIOJIHUT IIYCTOTY HYJISIMH
(3armuch ¢ TUIMPYIOIMMHI HYJsIMH, leading zeroes). UeTBEPTHIN OCYIIECTBUT BBIBOJ YHCIIA C
IUIaBAOLICH TOYKOM, OrPaHUYUB APOOHYIO YacTh JByMsl OTOOPaKaeMbIMU CHMBOJIAMH, MPH
9TOM Ba)KHO, YTO HE MPOU30HAET MAaTEMAaTHIECKOTO OKPYIVIEHHS, CHMBOJIBI IPOCTO HE OTOO-
passTcsi, Takoe 0TOOpaKeHNE YacTO MCIIONb3yeTCs IS IEMOHCTPALMHN ICHEKHBIX 3HAUCHNH
B JIOJJIapax U LIEeHTax, pyOossix 1 konelkax, u np. [locienHuii sxe oneparop BBIBEAET Ha SKpaH

HaJIIKICh, THPOPMHPYIOIIYIO O TOM, YTO 3aloHUTENH - 3T0 50% (opmaTupoBanusi:
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$ ./program
50
50
00050
5.12
Placeholders are " 50%" of formatting

$

Juns 3anonaureneil $d, $1i, $£ 4acTO UCHOIB3YIOTCS AONOJHUTENIbHbIE IAPAMETPBIL, Ta-
KM€ KaK KOJMYECTBO 3HAKOB IOCIE 3aIATOM, HAPUMED, % . 2f MIM MUHHMAJIBHOE KOJINYe-
CTBO 3HAKOB JUIsl OTOOpaXXeHHs Iieoro yncia $5d. Takxke B mons3y omneparopa Gopmarnpo-
BAaHHOTO BBIBOZIA TOBOPUT TOT (aKT, 4To, Harpumep, B C++ cTaHIapTHBINA BBIBOA B KOHCOJIb
OCYIIIECTBIIETCS ¢ IOMOIIBIO KOMaHABl std: : cout, KOTopas He nojaepxuBaia Gpopmaru-

pOBaHHE CTPOK BILIOTH JI0 PUHATHUS cTanmapra C++20.

3.2 ®opMaTUpPOBAHHBbII BBO/

HOFOBOpI/IB O BBIBO/ZIC B KOHCOJIb HCJIB3A HE CKa3aTh O ITOJIb30BATCIILCKOM BBOAC JaHHBIX.
O,HI/IH M3 CI0CO0O0B IOJIB30BATEILCKOTO BBOJJa JAHHBIX B IPOrpaMmy - 3TO HUCIIOJIb30BaHUC

¢yuxumu scanf () ;. [Ipeanoxum nonb30BaTeTio BBECTH HEKOTOPOE YUCIIO:

int input;
printf ("Please, enter a number: ");
scanf ("%d", &input);

Oyukius scanf () ; — 310 QyHKIMA GopMaTHPOBaHHOTO BBOAA. [IpuHIMT e€ padoThI
OY€Hb MOXOXK HA MPUHIHMI PaboThl QyHKIMU printf () ; B ABOWHBIX KaBbIYKAX MBI yKa-
3BIBACM B BUJIC 3AMOJTHUTEIIS THIT IEPEMCHHOM, KOTOPYIO OJKUAAEM OT IOJIb30BATEIIS, a B Ka-
YECTBE JOMOIHUTEIHLHOIO apryMEHTa YKa3bIBaeM apPEC TOH MEPEMEHHOM, B KOTOPYIO XOTUM
3anucarh BBeJEHHbIE MOJIb30BaTeIeM JanHbie. [lomydyaercs mpoiece npsmMo MPOTHBOIMOIONK-
HBIA BBIBOMY. B 3TOM (hyHKIIMK MOXHO HCIIOJIb30BAaTh BCE TE XK€ 3AMONHHUTENH, YTO U MPH
BBIBOJIC, IIOATOMY IOJIb30BATEIIh MOXKET BBECTH KaK IICIIbIC YMCIIA, TAK U CHMBOJIBI, CTPOKH U

quciia ¢ MIaBarolied TOYKOH.

printf ("You entered %d, let's double it: %d\n", input, input * 2);

BI)IBG,HGM B KOHCOJIb UI3BMEHEHHOE 4qucIo, BBEIIEHHOE IIOJIB30BAaTCIICM, YTOOBI YAOCTOBEPUTH-

cs1, 4yTo BCE pabotaeT. B pesynbrare 3amycka MporpaMMbl, KOHCOJIb 3aCTHIHET B OXKUIaHUH
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IIOJIB30BAaTCIBCKOI'O BBO/JA. Ilomp30oBarens COO6H.[aeT KOHCOJIN (TCpMI/IHaJ'Iy OHepaHHOHHOﬁ

CI/ICTCMLI) 00 OKOHYAHHH BBO/Ia HAXKaTUEM KJIaBUILIM Enter:

$ ./program

Please, enter a number: 50

You entered 50, let's double it: 100
$

q)yHKHI/IH (bOpMaTPIpOBaHHOI‘O BBO/1a MO3BOJIACT HE TOJILKO IPUBOANUTDH II0JIb30BaTEILCKUI
BBO/T K HY’>KHOMY THUITY JaHHBIX, HO U CUUTHIBATH PA3HBIC CJIOKHBIC ITOJIb30BATCIILCKUE BBO/IbI

13 MHOXECTBA NIEPEMEHHBIX, paSZIeHéHHBIX CHMBOJIaMH.
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4 TIlepemMeHHBbIe ¥ TUIIBI JaHHBIX. BazoBble MAHUNYJISILIUH €

JAHHBIMH

4.1 IlepemenHble B nporpamMme Ha sizbike C

DTO HEKUE UMEHOBAHHbLE KOHm@leepbl, THUIT KOTOPBIX CTPOro OIMUCAH MpHU UX CO3JaHUHU,
Ka)K,HHﬁ N3 KOTOPBIX MOXET COAECPKATH OAHO U TOJIBKO OJHO 3HAYCHHE B €AMHUIY BDEMCHH.
Ha3zpanus mim nmeHna NEPEMECHHBIX HE MOT'YT HAYMHATHCA C LII/I(i)p " CIICICUMBOJIOB, a4 TAKXKC

He I0IKHBI TToBTOpsThCs (2.1]).

HNnentuduxarop nepeMeHHOH - 3TO €€ UMsl, KOTOpOe AJId MPOrpaMMbl HE Cyllie-
CTByeT 0e3 MPUBSA3KH K THITM3AINH, TO €CTh I OOBSIBICHHUS IIEPEMEHHON MBI ITH-
nreM e€ TUI U Ha3BaHKE, YTO BMECTE COCTaBIsieT uneHTudukarop. [lo nnenrnduka-
TOpY MEPEMEHHOI MBI MOXEM 3alucarh B He€ 3HaueHHe, IPOUUTATh TeKyllee 3Ha-
YeHME, Y3HaTh apec XpaHEHUs 9TOro 3Ha4eHMs, U T.A. JIuTepaJ - 3To 4ucio uiu
CTPOKa, KOTOPBIE MBI IIUILIEM B TEKCTE SIBHO. JIUTepaisy Hesb3sl IPUCBOUTh 3Haue-
HUE, JINTepall 3TO M €CTh 3HaueHue. JIutepan (Hi CTPOKOBBIHN, HU YHCIOBOW) HENB3S
M3MEHUTh. Eciy n3MeHnTh KakoH-TO JUTepall, TO 3T0 OyIeT yxKe Ipyroil Jurepa,
SIBHO U3MEHEHHOE B KOJIe 3HaueHue. Takxke ecTb TepMUHBI 1value u rvalue. Ec-
JIM OYEeHb CHJIFHO YIPOIIaTh, TO X MOKHO OTOXXIECTBHUTH C MACHTH(PHUKATOPOM U
autepasioM: lvalue - 3T0 TO, Kyda NpUCBauBaeTcs, rvalue - 3T0 TO, Ymo NpH-

CBanuBacCTCs

[lepemeHHbIe IensATCS HA 11€I0YMCICHHbBIC, CHMBOJIBbHBIC, YKA3aTelld M YUCia C IJ1aBarolei
TouKoii (anr. floating point, npodHoe uncio). Bee, kpome ykazaresneil 1 CHMBOJIBHBIX TIepe-
MEHHBIX OBIBAIOT KAK 3HAKOBBIMH TaK M 0€33HAKOBBIMU. TO €CTh B 3HAKOBBIX CAMBIN CTAPIIUIA
OWT B JIBOMYHOM 3aITUCH 3TUX MIEPEMEHHBIX OTBOAUTCS MO ONIPEACIICHHE, SBIISCTCS JIH YUCIIO
OTPULATCIIBHBIM, UJIHU IMTOJIOKUTEIbHBIM, B 6633HaKOBBIX BCEC 6I/ITBI HCHOJIB3YIOTCA IJId 3alTUCH
YHCIIa, YTO YBEIHYMBACT €r0 JHANa30H BO3MOXKHBIX 3HAYEHHH, HO MTO3BOJISIET 3AMTUCATH TOJb-
KO TIOJIOXKUTENBHEIC Yiciia. B kinaccudaeckom C HeT OyJIeBOTO THIA, BMECTO HETO HCIIONB3Y-
€TCsI [IEJIOC YMCIIO W 3HAYCHUS HYJIS ISl JIUKHM U J17000€e IPYTOe YHCIIO IS HCTHHBI, OOBIYHO
ato enuauna. OO ykazatensx u OyaeBoid anredpe Mbl OyZieM MoIpOOHO TOBOPUTH B OJHOM H3

TIOCIEAYIOIUX pa3aeiioB.
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Tun [osicuenue Criermuduxarop
¢dopmara
char LenouncneHHbIN, caMblil MaJeHbKUI U3 aape- | %cC
CyeMbIX TUIIOB, Auana3oH: [—128, +127]
short TwuI KOPOTKOTO IIEI0T0 YKCIa CO 3HAKOM, aua- | %ohi
short int Ma30H:
[-32 768, +32 767]
int OCHOBHOH THII LIEJIOTO YKCIa CO 3HAKOM, aua- | %l miau %d
Ma30H:
[-2 147 483 648, +2 147 483 647]
long Tur JIMHHOTO IIEJI0T0 YKCiIa co 3HakoM, aua- | %oli mmm %ld
long int [1a30H:
[-2 147 483 648, +2 147 483 647]
long long | Tum nBoiftHOTO ANMMHHOTO 1Enoro umciaa co | %lli
long long | 3HakoM, AWarna3oH:
int [-9223 372 036 854 775 808, +9 223 372 036
854 775 807]
float Tum BemecTBEHHOTO YHcIIa ¢ IIaBaronieit 3a- | %f (aBromarnde-
MATOH (OJMHAPHON TOYHOCTH) ckn mpeobpasy-
ercs B double st
printf())
double Tum BemiecTBEHHOTO YKCia ¢ TaBamomeit 3a- | %f(%F)
IATOH (IBOMHOMN TOYHOCTH) (%If(%lF)  nas
scanf())

%g %G %e %E
long Tum BemiecTBeHHOTO 4ncia ¢ maBaromeit 3a- | %Lf %LF %Lg
double ISITOM, cTaBsiuiicss B coorBercTBHe opmary | %LG %Le %LE

MOBBIIEHHOM TOYHOCTH C IUIaBaroLled 3ars-
TOU

CuMBOJIBHBIH THII HE TAaKOM MPOCTOH, KaK MOXET MOKa3aThCsl Ha MepBblid B3MIsiA. Eciau
BKpATIIE, TO B IEPEMEHHOH TUIIAa Cha ¥ XpaHUTCS YUCIO, KOTOPOE MOKHO HHTEPIIPETUPOBAThH
Kak cuMBOJIL. 1o yMOT9aHHUIO THIT 3HAKOBBIH, TO €CTh MOXKET COZIEPKaTh 3HaYeHUs OT —128 10
+127, HO CHMBOJIBI B TaOIHIIE ASCII, YTO COBEPILEHHO JIOTHYHO, UMEIOT TOJIBKO MOJIOXKH-
TeJbHbIE UHAEKCHI, IOATOMY B YUUTAEMBIN TEKCT B CTaHAAPTHOM C MOXHO MPEBPATUTh TOJIb-
KO JIATUHCKHUH aJi()aBUT U HEKOTOPBIA HAOOP 3HAKOB U CUMBOJIOB, HAXOSIIAECS HA MEPBBIX
128-mm MecTax B 3TOH Tabmuie. Takke MOXKHO SIBHO yKa3aTh KOMITWJIATOPY, YTO MBI XOTHM
HCTIOJB30BaTh 3Ty IIEPEMEHHYIO Kak 0€33HAKOBYO, JIJIsl 3TOTO HCIONIB3YeTCs KIIFOYEBOE CIIOBO

unsigned, YTO MO3BOJMUT HaM XPAaHUTDH TOJIBKO MOJIOKUTCIBHBIC YHUCJIa TOpa3ao OOJIBLINX

1: OcHoBHBIE THUIIBI JAHHBIX B A3bIKe C

! American standard code for interaction interchange
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3HadeHNH. Hanmpumep ms mepemerHo# Timma unsigned char 3to OymyT 3HadeHus ot 0
Jo 255, a uiga nepeMeHHoM Tuna unsigned int MOXXHO MOXHO XpaHUTh 3HauyeHus ot 0
10 +4.294 MunnmapioB ¢ KaKUMHU-TO Komeiikamu. B 6oee Mo3aHUX penakiusax s3bIka ObUTH

YTBEpKAEHBI THIIBI 1 ong 1long U Apyrue, At XpaHeHHus 64-X pa3psaaHbIX LENbIX YHCE.

o

unsigned char symbol = 75;
printf ("75 stands for: %c\n", symbol);

COOTBETCTBEHHO, IIPOrpaMMa BBIIIE BHIBEAET B TEPMHHAI MH(OPMAIMIO O TOM, KaKOH
nMeHHO cuMBoI B Tabmume ASCII cooTBeTCTBYeT mO3UIKN 75, IO GONBIIOMY CUETY, MOX-
HO ObUTO 0OOMTHCH M Ge3 KITIOYEeBOro ClioBa unsigned, HO KOrJa Mbl TOBOPHM HMEHHO O
CHMBOJIaX, a HE MPOCTO O MUHUMAJIBHBIX 110 32aHUMAaEMOMY pa3Mepy LENbIX YHCIIaX, IPUHSITO
BBIJCIISITh UX:
$ ./program

75 stands for: K
$

Yucaa ¢ muiaBaionieil TOUKol (APoOHbIE) IPEICTABIECHBI IBYMS THUIIAMH: YETHIPEXOaNT-
HBIM £loat 1 BockMubaiTHEIN double (Takke HazbiBaeMbli long float). Xpansitcs B mamsi-
TH B HESIBHOM BHJIC, a pa3AelEHHbIC HA MAHTHCCY SKCIIOHEHTY U 3HAK, YTO JENAeT X OTHUMHU

U3 CaMBbIX CJIOXXHBIX B pa60TeE.

BaxHO, 4TO KOMIHISATOP, IPU PAOOTE ¢ TEKCTOM MPOrPaAMMBbI CYMTAET BCE JTUTEPA-
JIbI B KO ynuciaamMu Tuia double, a 3HauuT ko Buga float var = 0.123;
OyZeT OTMEYeH KOMITIIIATOPOM KaK HEBEPHBIH, MOCKOJIBKY KOMITHIISTOP HE B COCTO-
SIHUU TIOJIOKUTh BOCEMb 0aWT MH(POPMAILIUH B YETHIPEXOANTHYIO IepeMeHHy0. To
€CTb, €CJIM Mbl XOTUM HHULIMAJIU3UPOBATH lTepeMEHHY0 Tumna £ 1oat, To HaM HyKHO
CIIEITUATBHBIM 00pa3oM MOMETUTh Jutepan: float var = 0.123f;. CumBon

f B KOHIIE SIBHO YKa3bIBacT HA TO, YTO JIUTCPATI UMCCT TUIT float.

ITpu pabore ¢ yucaaMu ¢ IUIABAIOIIEH TOYKOM HYXHO oOpariarh 0COOCHHOE BHUMaHHE Ha
THUII IEPEMEHHOMN, IOCKOJIBKY CPABHEHNE BHEIITHE OJMHAKOBBIX YHCEN PA3HBIX THUIIOB C TOYTH

CTOHpOHeHTHOﬁ BEPOATHOCTBIO NaCT JIO>KHBIN PE3YyIbTaT, B OTIIMYHEC OT CPAaBHCHUS ITPOCTHIX

231ech MMeeTCs BBUITY BHYTPEHHss paboTa caMoro KOMIbIOTEpa, a He paboTa ¢ TAKMMH THIIAMU ¢ TOYKH 3pEHHs
IporpaMMHCTa. VIMEHHO H3-3a CIIOKHOCTH, MHOTHE CTapble IIPOLECCOPHBIE apXUTEKTyPhI HE UMEIH BOSMOXHOCTU
paboTarh ¢ NepeMEHHBIMH TaKOTO THIIA
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TCIIBIX YUCECII. 00 onepanuAax U orneparopax CpaBHCHUA Mbl IIOTOBOPUM I1037KE, ceitgac po-

CTO HpI/IBeﬂéM Har. J'IH[[HLIﬁ MMpUMEP TOI0, KaK 3TO pa60TaeT.

float real = 5,345f; // 4 bytes
double realdouble = 5,345; // 8 bytes
printf ("float and double: %d\n", real == realdouble);

int a = 10;
int b = 10;
printf ("integers: %d\n", a == b);

3amycTuM KOfI, BRIBOASIIMN pe3ynbTaThl CPaBHEHUI U yOeIUMCs B TOM, YTO IIPSIMOE CpaB-
HEHHUE IPOOHBIX YHCEN MOMyCKaTh HexenareabHo. OOBIYHO, €CIH €CTh HEOOXOAMMOCTh B
CpaBHCHHH JIPOOHBIX YHCET MPUMEHSIOT CPAaBHEHUE C HEKOTOPOH ITOIMYCTUMOW TOYHOCTBIO,
HATpUMep, 10 TPETHEro WIH ISITOT0 3HAKa Mocie 3ansaToil. O TakuX CpaBHEHHUSX MbI IOTOBO-
pHUM MO31HEE.
$ ./program
float and double: 0

integers: 1

$

WHorna ObIBaeT BaKHBIM OTMETHUTH, UTO paccMOTpeHue si3pika C Ul peleHus 3a1ad Ha
YPOBHE TIEPCOHAIBHBIX KOMIIBIOTEPOB MOXKET OTIIMYATHCS OT pacCMOTpeHus s3b1ka C [t pe-
[ICHUS TPUKIaTHBIX 334 armnaparypsl (MEKPOKOHTPOJLIEPOB U MUKPOIIPOIIECCOPHBIX OIIe-
palMOHHBIX cucTeM). Tak MOXKEeT OKa3aThCs Ba)KHBIM, YTO THII JaHHBIX int He Bcerna siB-
JIAETCSL TPUALATUIBYXPA3PSIHbIM, a €0 pa3Mep anmnaparHo-3aBUCHMBIA. [ paspemieHus
MTOJJOOHBIX HETOYHOCTEH B OOJiee HOBBIX CTAaHAAPTaxX S3bIKa BBOAATCSA M MPHUHAMAIOTCS Ta-

PaHTHPOBaHHO (PMKCHUPOBAHHBIE TI0 pa3Mepy NepeMeHHbIE

Tun naHHbIX - ykazateab. Kak ObUIO cka3aHO - epeMEeHHas 5TO UMEHOBAaHHBIA KOHTEH-
Hep. Y KaKIIOTO TaKoro KOHTEHHepa €CTh CBOM COOCTBEHHBIN a/Ipec B ONEPATUBHON ITaMSITH.
A3pik C mO3BOJISIET Y3HATH TOT aApec U padoTarh ¢ HUM. Omeparop B3ATHS apeca 3To 3HaK
amriepcan] (&), HaNMCAHHBIN Mepe UMeHeM nepeMeHHoi. To ecTh y 11060l epeMeHHoN
BCEI/a €CTh 3HAYCHHE H aJPec I7Ie 3TO 3HAYeHNe XpaHUTCs (HeMHOro moxpodHee Ha cTp. 59).
s BBIBOZIa B KOHCOJb aJpeca UCIOIb3YeTCs CIeIHATbHBINA 3aTI0MHUTEND - $P.

[Ipu HEOMHOKpPATHOM 3aITyCcKe KOfa MOKHO OOpaTHTh BHHUMAaHHE, YTO IEepPBBIC HU(MPHI B
azipece BCETa OCTAIOTCSl HEM3MEHHBIMH, a IOCIIEAHUE MEHSIOTCS PEAKO, 3TO CBS3aHO C TEM,

YTO B COBPEMCHHBIX OIIECPAUOHHBIX CUCTEMAaX IMOJIB30BATEIIO IJId €T0 pa6OTBI qame BCEro
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printf ("Variable a has value: %d \n", a);
printf ("Variable a stored at: %$p \n", &a);

BBICIIAETCS HEKOTOPOE aIpPECHOE IPOCTPAHCTBO, KOTOPOE IIOTOM IIPOCTO IIEPEUCIIONb3YET-
cs U nepe3anuceiBaeTca. [Ipu 3amycke TOUHO Takoro e koga Ha Bamem xomnbrotrepe, Bbl

YBUANTE, 9TO afpec XpaHEHHs IEPEMEHHON HaBepHsIKa OyJeT OTINYaThCs, 3TO HOPMAJIBHO.

$ ./program

Variable a has value: 10

Variable a stored at: O0x7ffe6aal36ct
$

4.2 ba3zoBas apupmernka

Pa3 yxx B npenbiayiiem pasnelie Mbl KOCHYJIHCh apU(PMETHYECKUX BBIPaKCHUH, TOTOBO-

pUM HEMHOTO 00 apudMeTUKe.

[poctbie apudmeTnyeckue onepanun. B sa3vike C monnepkxuBaroTcs Bce 6a30BbIe apud-
METHUYECKHUE ONEpali, TaKUe KaK CI0KEHNe, BBIYUTaHNe, YMHOXKEHHeE, fenenue. Onepauuu
OouHapHOI apudmernku (OyaeBoii anredpbl), Takue Kak U, UJIN, HE, UCKJIIQUAIOLEE WJIN,
CIOBWIM. A Taxke BCE BBIIICTIEPEUNCIICHHBIC OTIEPAIlii C TIOCIEAYIONINM ITPHUCBAMBAHUEM
B [IEpBYIO NIepeMeHHy10. [IJ1 Hauana, MHULHAIU3UPYEM IEPEMEHHYIO TUIIA 1nt 3HaYEHUEM,
Hanpumep, 70, U BBIBEIEM €€ B KOHCOJIb. MBI MOXEM MPOU3BOAUTH C 3TON IEPEMEHHON BCe
MIPUBBIYHBIE 0a30Bble APUPMETHYESCKUE MAHUITYJISILIUK, POBHO TaKXKe, KaK Mbl MOYKEM ITPOH3-

BOAWUTH 3TU MAaHUITYJIAUU C JINTEPATIOM, KOTOpBIﬁ en IIPpHUCBaNBacCTCA:

int variable = 70;

printf ("The variable = %d\n", variable);
printf ("The variable = %d\n", wvariable + 10);
variable = variable + 50;

printf ("The variable = %d\n", variable);
variable = 123 + 50 * 12;

printf ("The variable = %d\n", variable);

To €CTb, HAaM JOCTYIIHbI OlI€paliun CIIOKECHHS, YMHOXCHU A, BBIYUTAHUA U NCIICHUS. Kaxk
BUAHO B pE3YJIbTATC pa6OTLI IporpaMmsbl, €CThb MpAMast 3aBUCUMOCTb MCKIY ﬂeﬁCTBHTeHL—

HBIM 3HAQUYCHHCM HepeMeHHOﬁ U TTIOPAAKOM ITPUCBAUBAHUA B Heé 3HaA4YCHUA, TaK B TPECThEM
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BbIBOZI€ 3HaueHHUe paBHO 120, To ectb 70 + 50, a 3HaUUT BO BTOPOM BBIBOJIE MPHUCBAHBAHUS

HoBoro 3HadeHus 70 + 10 B nepeMeHHyI0 variable He MPOU30LLIO.

$ ./program

The variable = 70
The variable = 80
The variable = 120
The variable = 723
$

Omneparop JejeHHs1  3aCITy)XHBacT 0COOCHHOTO BHUMaHMS, TOCKOJIBKY Y HETO €CTh JBa pe-
XKHUMa paboThl, OTIIMYAIOIIUE 3TOT OIIEPaTop OT NPUBBIYHON HAM apru(METHKH: €CII MBI ITPO-
HU3BOAMM OIIEPALMHU C LIEJIbIMU YUCIAMU TAKUMU Kak int, short wim char omneparop ne-
JIeHUs Bcerna OyIeT BO3BpaIaTh TOJIBKO IEIbIC YHCIa, 0TOPOCUHB APOOHYIO YaCTh. DTO MPO-
HCXOANT HU3-32 ONTHUMHU3ALUN KOMIHIIATOPA, TO €CTh €CIIU OMEPAHBI - 3TO LIEebIE YHCTa, TO U
PEe3yaBbTaTOM [0 MHEHHIO KOMITBIOTEPA MOXKET OBITh TOJIBKO LEJI0€ YUCIIO, @ M3-32 CTPOrOCTH
TUINU3aLUU MBI HE MOXKEM IIOJIOKUTh B LIEJIOUHCIICHHYIO IEPEMEHHYIO 3HAUEHUE C IIaBalo-
el TOYKOM.

Takum 006pa3oM, OTCIIS)KUBAaHNUE TOYHOCTH BBIYHCICHHUI IOJIHOCTHIO BO3JIaraeTcs Ha Iiie-
Yy [IPOrpaMMuUcTa. BaxkHO, 4TO KOMIMIIATOP HaM B 3TOM IIOMOI'aeT, XOTb U HE AEIIAET BCIO pa-
60Ty 3a Hac. KomnunsaTop, Ipu npeodbpa3oBaHUM ONepannii aBTOMaTH4YE€CKHA IPUBOIUT THIIBI
OIlepaHJ0B K Hanbolee MOAXOIAIIEMY U IHPOKOMY. To €CTh, €CIIN MBI, HaIIpUMEp, CKIazbl-
BaeM JiBa uucia int u char, To char OyaeT aBTOMAaTHYECKH pacIMpeH A0 int, moTomy
4YTO MAKCUMAJIbHOE 3HAY€HHE char TOYHO IIOMECTUTCS B IEPEMEHHYIO THUIA int, a Mak-
CUMaJIBHOE 3HAUEHUE int TOYHO HUKAK HE CMOXKET IIOMECTUTHCS B IEPEMEHHYIO C TUIIOM
char. TouHo Takke ecnu yMHOXKATh int u £1loat, To int OymeT nmpeodpazoBan Bo float
I10 TOM e MPUYMHE - 1nt COBCEM HUKAaK He yMeeT paboTars ¢ IuaBaronield Toukoi, a float
BITIOJIHE MOXKET COZIepKaTh YHCIIo O6e3 ApoOHoM yacTH. M3-3a atoro si3piku C/C++ cuurarorcs

c1abo TUITA3UPOBAHHBIMHU.

variable = 10;
variable = variable / 3;
printf ("The variable = %d\n", variable);

float var = 10;
var = var / 3;
printf ("The var = $f\n", var);
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B npumepe Bbire, 0OparnTe BHUMaHHUE, YTO MEepeMeHHast variable He Oblna MHULIN-
QIM3UPOBaHA, a € MPOCTO OBLIO MPUCBOEHO 3HA4Y€HHE. JTO CIETaHO II0TOMY, YTO JAHHBIH
YYacTOK KOJia SIBJIITCSI TPOIOJDKEHHEM KO/Ia IPUMEPOB NMPOCTON apu(pMETHKN U3 TIPEIbITY-
mero naparpada. IIpu ncnonp30BaHUM ONIEpaTopa JSNCHNS ¢ [ET0UNCICHHBIMY OTIEpaHIaMH

TEPACTCA TOYHOCTDH BBI‘IPICHGHPlﬁ, YTO HEAOMMYCTHUMO.

YroOsI onieparop JeICHHs OTPAO0Tal B HE LIETIOUUCICHHOM PEKUME, HY)KHO, YTOOBI

XOTs1 ObI OIMH OTIepaH] ObLI HE I[EIOUHCIICHHBIM.

Yaiiie BCETO 1EJIOYUCIICHHbBIC TMEPEMCHHBIC UCTIOJIB3YIOT B KAYC€CTBE C'-IéT‘II/IKOB, HHACKCOB U
APYTHUX BCIIOMOTATEJIBbHBIX IEPEMEHHBIX, ITIOOTOMY MAaTEMATUIECKNUE ONI€palini C HUMHU BEChH-

Ma pPacHpOCTPaHEHBI.

$ ./program

The variable = 3
The var = 3.333333
$

I[eJIEHl/Ie mo MOIyJII0. Takke 0COOCHHOTO BHUMaHUS 34CIIy’KMBACT O1IEpaTop MOJYUYCHHUA
ocCTaTKa OT ACJICHUS, HHOIAa Ha3bIBa€MBbII OIICPaTOpPOM B3ATUA IO MOAYIIIO. 3anuceIBaeTCs

KaK CUMBOJI $ U BO3BpalIacT OCTATOK OT HCJIOYHUCIICHHOTO ACJICHUA IIEPBOI0 YUCJIia Ha BTOPOC:

int remain = variable % 5;

printf ("Division remainder of %d by %d: %d\n", variable, 5, remain);
variable = variable + 50;

printf ("The variable = %d\n", variable);

variable += 50;

printf ("The variable = %d\n", wvariable);

JIroOble apudmMeTHIecKre Onepaui MOYKHO BBITIOJIHUTH C MOCIIEAYIOIMM ITPUCBaVBaHuU-
€M B IIEPBYI0 IIEPEMEHHY0. TO €CTh 3TO 03HAUAET, UTO 3alUCh BuAavariable = variable
+ 50; MOXHO COKpaTUTh A0 variable += 50; M 3alyCTUB CIEAYIOLINHI KOA Mbl MOXKEM
yOequThCs, YTO Ha4YaIbHOE 3HAYCHUE TIEPEMEHHON YBEIMYHMIOCH CHadaua Ha 50, a 3aTtem emé
Ha 50.

HNuxpeMeHT U fekpeMeHT. Tak, 6erio paccMOTpeB apupMeTHKY B s3b1ke C HEIb3s He YIIo-

MSHYTb 00 oreparopax yBCJINMYCHHUA U YMCHBUICHUS 3HAYCHUA HepeMeHHOﬁ Ha €uHuny C
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$ ./program

Division remainder of 3 by 5: 3
The variable = 53

The variable = 103

$

MOCIEAYIOIMM NprcBanBaHneM. OHH Ha3bIBAIOTCS ONIEPAaTOPaMy HHKPEMEHTA (++) 1 IeKpe-
MeHTa (——). DTO yHapHBII oIlepaTop, IO3TOMY 3alMCHIBACTCSI CO CBOMM OIIEPAHJIOM CTPOTO
0e3 mpobenoB: variable++; U PeAKO UCIONIB3YETCs KaK CaMOCTOSITEIBHBIN Olleparop Ha
OTAETHHOM CTpOKe. Y omeparopoB MHKPEMEHTAa U JIeKPeMEHTa eCTh JBa BHJA 3allUCH: Ipe-
(uKCHBIN 1 mocTGUKCHBIA. X oTIMYaeT BpeMs IPUMEHEHNS TEKYIIEro 3HaYCHNS 1 €T0 H3Me-
Henus. [Ipu noctdukcHOM 3amicu, CHaualla HpOUCXOUT TPUMEHEHHE TEKYILEro pe3ysbTara,
a 3aTeM ero U3MEHeHue, a NIPH NPePUKCHOI 3aIKCH - CHaualla ”3MEHEHHE, a 3aTeM [IPUMEHe-

Hue. Hanpumep:

variable = 50;

printf ("1. Postfix increment: %d\n", variable++);
printf("1. Next line of code: %d\n'", variable);
variable = 50;

printf ("2. Prefix increment: %d\n", ++variable);
printf ("2. Next line of code: %d\n'", variable);

B pesynbrare BbINOMHEHUS 3TOT0 KO/Ia Mbl MOKEM BUAETh HA KPAHE CIEYIOLIUN pe3yJib-
TaT:
$ ./program
1. Postfix increment: 50
1. Next line of code: 51
2. Prefix increment: 51
2. Next line of code: 51
$

4.3 byaesa aaredpa v 1BOMYHbIE€ BLIYUCICHUSA

JIBoM4YHAas cCCTeMa CUMCJIEHUs TIPE/ICTaBIsIET OCOOCHHBIN HHTEpEC s 00ImacTi HHGOP-
MalMOHHBIX TEXHOJIOTHH, ITOCKOJIBKY BCSI SJIEKTPOHMKA PabOTaET 110 IPUHLUITY «ECTh HaIpsi-
JKCHHUEC UJIK HET HAIIPSYKECHU D, CAMHUIA UJIW HOJIb. Bce uncna u3 J'l}O6bIX CUCTCM CUHUCIICHUSA

B pe3yJbTaTe MpeodpasyroTcs B IBOMYHYIO U MPEICTABIAIOTCS B BUE HA0Opa eIWHUI U HY-
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sed. Tak Juist 3alucu JeCATUYHOrO yuciaa 116 ucnonb3yercs ABouyHas 3anuch 1110100.
[IpeoOpazoBaHue U3 CUCTEMBI CUUCICHUS ¢ OOIBIINM OCHOBAHHEM B CUCTEMY CUHMCIICHUS C
MEHBIIAM OCHOBAaHUEM IPOU3BOAUTCS IOCIIEI0BATEIBHBIM JCIEHUEM UCXOIHOIO YHCiIa Ha
OCHOBaHHWE CHUCTEMBI CYMCIICHUSA U 3aIIMCH OCTATKOB TAKOTO JEJICHHs B MJIAJIINE Pa3pslbl.
Hanpumep:

116 _ 58(0) _ 20(0) _ 14(1) _7(0) _3(Y) _11) _ _,
- - - - - ==

B aTOM npuMepe mosTyueHHbIE OCTAaTKH OT JICJICHHsI 3allMCaHbl B CKOOKAaX U MOXHO o0Opa-
THUTH BHUMAHHE Ha TO, YTO OHU HOJTHOCTHIO ITOBTOPSIIOT 3aITUCh YMciia 1 1 6 MOKa3aHHYIO paHee
B 3epKaJIbHOM oTpakeHnu. OOpaTHOE MPeoOpa30oBaHKeE - ITO MOCIEAOBATEIHHOE YMHOXKEHHE
Pas3psI0B YKCIIa Ha BEJIMUUHY KKIOTO pa3psia ¢ MX aKKyMYJINPOBaHHEM K 00ILIeMy pe3yilb-

Tary:

1110100 =0 2° + 0% 21 +1%22 4+ 0% 23 + 1% 2* + 1% 25+ 1% 26 =
O0x14+0%x2+1%44+0x8+1%x16+1%x32+1%x64 =
44+16+32+64=116

HOCKOJ'II)Ky JIBOMYIHAS CUCTEMa CUMCIICHHUS SIBISETCS OCHOBHOM IS KOMHBEOTepHOﬁ TCXHHUKH,

IIOMHUTDb, HAIPUMEP, 3HAUCHUSA CTelcHEeH ﬂBOﬁKH - O6BI‘IHO, Xopomee nmoACrnopbe B pa60Te.

ByseBa ajaredpa 3To oauH U3 0a30BBIX, HO BMECTE C TEM OIUH M3 CAMBIX MOIIHBIX HH-
CTPYMEHTOB B IIPOTPAMMHUPOBAHNH. [IBOMYHBIC BEIYMCICHUS BBIIONHSAIOTCS OBICTpEE Jecs-
TUYHBIX, TOCKOJIBKY SIBIISTIOTCS €CTECTBEHHBIMH I I POBOit TexHUKH. B OnHApHOI anreo-
p€ HUCHONB3YyIOTCS omeparopsl M (&), VMIJIM (|), HE (~), MCKJIIOUAKOIEE MM (") u
omnepanuu CIBVI'A BieBo (<<) u BnpaBo(>>). PaboTatoT 3Tu onepaTopbl OTHOCUTEIHHO

pa3spsaa0B ABOMYHOTO NMPEACTABICHUA YUCECII, T1I€ UCTUHA — OTO €JIMHUIA, a JIOKD - OTO HOJIb.

Paznuna Mexay JOrH4eckuMH U apu(MEeTHUECKMMH OMHAPHBIMH OIlepaTopamMH B
MPEACTaBICHUH ONEPAaHAOB: JIOTHUECKUE ONEPUPYIOT YUCIOBBIMU JIHUTEpAJIaMU U
MIEpPEMEHHBIMH LIETUKOM, a apu(MeTHIeCKUe YnciIaMu nopaspsaao. Pabory smoru-

YCCKUX OIIEPATOPOB MbI PACCMOTPUM B CIICAYIOIICM pa3aCIIC.

VYci10BHSI ICTUHHOCTH JIBOMYHBIX apH()METHUECKUX OIIEPATOPOB CIIETYIOINE:

* omeparop J BO3BpaliaeT eAnHMILY TOJIBKO KOTia 00a onepanaa eMHHUIIbI;
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oliepaH] | omepaHj | pe3yJibrar

0 0 0
0 1 0
1 0 0
1 1 1

* ormeparop MJI/ Bo3BpamIaeT eIUHAIYY KOTJa XOTs ObI OMUH U3 OTIEPaHAOB CIUHHIIA;

OTlepaH] | OmepaH] | pe3yJbTar
0 0 0

0 1 1
1 0 1
1 1 1

* omneparop HE BO3BpalllacT AUHUILY KOTIa ONIepaH PaBeH HYIIO;

OTlepaH] | pe3ynbrar
0 1
1 0

 oneparop VCKJIIOUAKIET'O WJIV Bo3BpallaeT €AMHUILY KOTJa OIIE€paHIbl pa3In4yaroT-

csl.
oliepaH/ | OmepaHn | pe3ysbTar
0 0 0
0 1 1
1 0 1
1 1 0

Ha ocHoBe 3TuX 3HaHUI MBI MOKEM JUIS ITPUMEpa HalucaTh IporpaMMy, MEHSIOILYI0 Me-
CTaMH 3HAYEHHS IEPEMEHHBIX 0€3 HNCIIOIb30BaHUS TPETheil, BCIOMOTATENbHOH 1 OBITH yBe-
PEHHBIMH, YTO IEPEHOIHEHUS IEPEMEHHBIX HE MPOM30MIET, KaKk 3TO MOIVIO OBl MIPOM30TH,
HarpuMep, MPH UCTIOJIb30BAHHUH CIIOKEHHS U 00paTHOTO BhIYMTaHUsL. OOBSIBUM JIBE IIEpeMEH-
HBIX @ M b, IPUCBOUM MM 3HA4E€HUS M BBIBEJEM UX B KOHCOJIb. TakKe IMOITOTOBHM BBIBOJ

M3MCHCHHBIX 3HAYCHUH a B b B KOHCOJIb:

char a = 11;

char b = 15;

printf("a = %d, b = %d\n", a, b);

// here will be the swapping algorithm
printf("a = %d, b = %d\n", a, b);
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[anee, HanumeM HEKyI0 KOHCTPYKIIHIO, KOTOpast IPH JICTaIbHOM U3Y4E€HHHU HE TIPe/ICTaB-
JsieT U3 ce0s HUKaKoi Maruu. B mepeMeHHyro a HyXKHO OyleT 3amucarb pesysbTaT BhIYHC-

A

JICHUS a b, B mepeMeHHyI0 b HY>XHO OyleT 3amucaTh pe3yJabTaT BEIYUCICHHA b " a |
HaKOHEI] B TIEPEMEHHYIO a HyKHO OyZIeT 3amucaTh pe3yibTaT BEIYHCIEHHA a " b, B Koze

HIDKe OyZleT NpUBEeHa Cpas3y COKPAIIEHHAS 3aliCh:

>

. o~

>

[Vl o]
>
Il
oo o

~

Hy>HO cpa3y OroBOpHUTECS, YTO 3TOT AITOPUTM MOXKET HEKOPPEKTHO paboTaTh C OAUHA-
KOBBIMH M OTPHUIATEIHHBIMHI YHCIAMH, 3TO OYAET 3aBUCETH OT KOMIIIIISITOPA, II03TOMY, €CIIH
BKJIFOYATh 3TOT aJITOPUTM B COCTaB 00JI€€ CIIOKHBIX, JIYUIIe OCYIIECTBIATh OTIOIHUTEIbHbIE
MpOBEPKH. BBIBOX 3TOI KOHKPETHOH NpOrpaMMBbl OY/IET CIIEYIOIINM:

./program

$

a 11, b = 15
a =15, b =11
$

I[OHOJ'IHI/ITCJ'IBHO, JJIL HallMCaHUA 3TOTO JOKYMCHTA ObLI HpOBe[[éH pAd TECTOB:

Test project ~/Documents/c-basic/build

1/7 Test #1: Swap.TwoPosNumbers ..... Passed 0.00 sec
2/7 Test #2: Swap.SamePosNumbers .... Passed 0.00 sec
3/7 Test #3: Swap.OneNegNumber ...... Passed 0.00 sec
4/7 Test #4: Swap.TwoNegNumbers ..... Passed 0.00 sec
5/7 Test #5: Swap.SameNegNumbers .... Passed 0.00 sec
6/7 Test #6: Swap.BareOverflow ...... Passed 0.00 sec
7/7 Test #7: Swap.OverflowNumbers ...***Failed 0.00 sec

86% tests passed, 1 tests failed out of 7
Total Test time (real) = 0.04 sec

OxugaeMo, He MPOIIEN TECT, B KOTOPOM MPUCYTCTBOBAJO MEPENOTHEHNE NTEPEMEHHOI],
9TOT Cciy4ail Takke ObUI OTMEUeH NpeAyNpeXIeHHEM KOMIMIATOpa O TOM, YTO MPOTpaM-
MHCT TIBITAETCS MIPUCBOUTH MEPEMEHHOM 3Ha4deHHe, OOIbIIee, 4eM MepeMeHHas CIocoOHa

BMCCTHUTD.
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3nech ObIT IpeAHAMEPEHHO UCII0JIB30BAH TECT C MIPOBAJIBHBIM PE3yIbTaToM, AJs 60-
Jiee SIBHOM IE€MOHCTpaLMy IPOUCXOISAIIEr0 BHYTPU aJrOPUTMa, M IOTOMY 4TO HaM
HE Hy)KHa JalbHeHWass KOMIIISIHS POJAKIIH Kosa. OOBIYHO, TECT-KEHCHI C OXKH-
JaeMbIM IIPOBANIOM MHIIYTCS C HHBEPCHUEH MPOBEPKU, TO €CTh, €CIIH MBI OXKUIAEM,
YTO HEKOTOpbIE 3HAYCHUsI HEe OyoyT paBHbI TaJOHHBIM, HEOOXOAMMO IMPOBEPSTH

3HA4YEHUs HAa HEPABEHCTBO, TAKMUM 00pa30OM BCE TECT-KEHCHI IPOUIYT YCIEUIHO.

PaccmoTpum npoucxoasdiree A1 NpUBeIEHHOTO IpUMepa Kojia OIIaroBo: oneparop MCKIIOUAIIET'O
VJIVI BBITIOJTHSIETCSI CAEAYIONTMM 00pa3oM: pe3ysbTar OyJeT paBeH 1 eclii omepaH/bl (B 1aH-

HOM cIly4ae, pa3psasl IBOMYHOTO MPEACTABICHHUS YHCia) pa3nnyaroTcs U O eclii OHH COB-

najaroT. M3HadyanbHO MMeeM JIBe TIEpEMEHHBIX, a U b - uncno 11 tuma char (B ABOMYHOM
npezactasieHud 370 00001011), u yucno 15 (3ro 00001111). B xome HUXKE MOKHO Ha-

IJBSITHO PacCMOTpeTh paboTy oneparopa UCKIIIOUAKIETO VIJIN:

// a =11 (00001011)
// b =15 (00001111)
= a ”~ b; //00000100

[Tocie BEITOIHEHMS IEPBOTO OTIEpaTOpa B IIEPEMEHHYIO & Oy/IeT IOJI0KEHO IPOMEKYTOU-
Hoe yrcio 00000100 —a3to nudpa 4, a B mepeMeHHol b ocranercs yncino 15 (00001111).
Ko Bropomy aelcTBUIO MBI IPUXOJUM C HaualbHBIMU 3HaueHusMu: a = 4 (00000100),
b = 15 (00001111),mpousBoaum ornepannio MCKIIOUAIMET'OC IV ¢ MOCIERYOINUM
IIPUCBaUBAHUEM B IIEpEMEHHYIO b ¥ mony4daeM 00001011 —Te.b = 11 (00001011).

// b =15 (00001111)
// a =4 (00000100)
b=D»b " a; //00001011

W nocne BRIMIOTHEHMSI TPEThero oneparopa MCKIOUAIINET'O VIV B IepeMeHHYIo a 0y-

net nonoxkeHo 3HadeHne 00001111 —sto mudpa 15.

// a =4 (00000100)
// b =11 (00001011)
a=a " b; //00001111

Onepaunun caABura OBIBAIOT JIOTHUYECKUE, apu(pMeTHUeckne U mukiandeckne. B s3pike C

p€anmm3oBaH JIOTHYECKUIA CABHI, TO €CTh HEAOCTAIOMINE Pa3psAabl IPU CABUIC 3AIIOJTHAIOTCA
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HYJISIMH, @ BBIXOJISIIHE 3a TIPE/IeIIbl XPaHEHHS IEPEMEHHOI TepstoTCst 6€3 BO3MOXKHOCTH BOC-
cTaHOBJIeHHs. MTak, JOIMyCTUM, 4TO HaM HYXHO NIEPEMEHHYIO & CABHHYTbH BJIEBO Ha 3 OuTa,
Ha caMOM JIelle 3TO 03HAYaeT uTO MBI MIEPEMEHHYI0 a yMHOKUM Ha 23. B mpumepe Hike,
MIEPEMEHHYIO L MBI CIIBUHEM BIIPaBO HA 2 OHMTa, 3TO O3HAYAET, YTO MBI IEPEMEHHYIO b pa3-

JCJINUM Ha 22, IIpHU 5TOM BaXKHO YIIOMSAHYTb, YTO 6yz[eT MMPOU3BEACHO LCIOYUCICHHOC NCIICHUC.

CnaBur BJieBo yncna k Ha n - 310 yuHoocenue k + 2. CnBur Bnpaso yncna k Ha n

k

- OTO YyejioducienHnoe oenenue on -

10 TOXKE cCamoe UTo 3anucarh a*8 u b/4. [IpocTo Ha MATOMOLIHBIX KOMIIBIOTEPAX BBITIOIHHT-
cs1 3TO Topasno ObicTpee. buHapHas anredopa 310 OOJbINAs U UHTEPECHAS TeMa, Ha KOTOPYIO
HAITICAHO HEMAJIO CTaTeH ¥ IaKe KHHUT, HO MOAPOOHOE e€ N3yUeHne BBIXOIUT IaJIEKO 38 paM-
KH 3HAKOMCTBA C CHHTAKCHYECKMMH OCHOBAMH sI3bIKa. Takske BaKHO TIOMHHTB, 9TO OWHapHast

anre6pa HC pa60TaeT C ILpO6HLIMI/I YuciiaMy 110 MPUINHE UX CIO0XKHOI'O () XpaHCHUA.

a = 15; //00001111
b = 11; //00001011
printf ("a = %d", a);
a=a<<3; // 15 * 8
printf("a = %d", a); //a = 120; //01111000
printf("b = %d", b);
b=Db>>2; // 11/ 4
printf("b = %d", b); //b

2; //00000010

ITpumenHsaTh OMHAPHYIO anTeOpy MOKHO U B OOJIBIINX MPOEKTaX, pabOTAIOIINX CO CIOXK-
HBIMH BBICOKOYPOBHEBBIMH abCTpakiuusamMu. [ITOMUMO 3TOTO BaYKHO IIOMHUTD, YTO TIOICPIKKA
OMHAPHBIX OINEPAIUil €CTh B IMOJABIISAIONICM YKCIIE S3bIKOB MPOrpaMMHUPOBaHus. Vcnonb3ys
OMHAPHYIO anreOpy MOXKHO CO3/1aBaTh ONTHUMAJIbHBIC MPOTOKOJBI MEePEeIady JaHHBIX H/HIIH

AJTOPUTMBI XpaHEHHsI 1 00pabOTKH.

$ ./program
a = 15

a =120
b =11

b =2

$

Tema OUTOBEIX onepaunﬁ IMOCTCIICHHO TEPSCT CBOXO aKTYaJIbHOCTDL, B CBA3U C PaA3BUTHECM

TEXHOJIOTHH, CKOpOCTel, 00bEMOB. CKopee Bcero, OUTOBBIE OTepalluu B OKaniieM Oymy-
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IEeM IEepeiIyT B pa3pss y3KOCIEHAIbHBIX 3HAHUH U OyIyT IPUMEHSTHCS TOIBKO TIPH ITPO-
rpaMMHPOBAaHUN MUKPOKOHTPOJUIEPOB, HECMOTPSI Ha TO, 4TO paboTa ¢ JIBOMYHBIM MPEICTaB-
JICHUEM YHCeN OTKPBIBAET Iepe]] IPOTrpaMMHUCTOM IIMPOKHUI TPOCTOP K ONTUMHU3AINH U YCKO-

PEHHIO COOCTBEHHOTO KOJIa.
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5 Y¥YcaoBus, 6,10KkH KoAa, BUIUMOCTH

5.1 YVYcioBHbIi onepaTop

if () mokamyi, camMblif YaCTO UCIIOJIB3YEMBbIH B JIIOOOM SI3BIKE ITPOrPaMMHUPOBAHUS, B TOM
yucie U B s3pike C oneparop. Oneparop if () MO3BOJSET MporpaMMe NPHHATH PELIeHUE O
BBITNOJIHEHWH WJIM HEBBINIOJIHEHUH TOTO MM MHOTO JIEHCTBHS B 3aBUCHMMOCTH OT TEKYIIETO
cocTostHUS. B ciydae, eciu yciioBre B KpyIIIBIX CKOOKAX BBITIOTHUTCS, BHITTOTHUTCS H TTOCIIC-
JYIOIIUH KO, KOTOPBIH Yalle BCero numeTcs B purypHeIx ckookax. Ecim ycinoBue B KpymiibIx
CKOOKax He BBITIOJIHUTCS, TO BCE OIIEPAaTOPhl BHYTPU UAYIIHX CIEAOM (GUTYPHBIX CKOOOK Oy-
IyT IPOUTHOPHUPOBAHEL.

Hanpumep, 3a1aium 1osbp30BaTestio BOIPOC, XOUET JIK OH, YTOOBI €ro MONpHBETCTBOBAIIH,
JUISL 5TOTO OIUILIEM NepeMeHHyI0 char answer, KoTopas OyJeT XpaHUTh OTBET I10JIb30Ba-
TeJIA B BUJIE CUMBOJIA M CITPOCHUM Y TIOJIB30BATENIsl B TEPMHUHANE, XOUET JIU OH, YTOOBI MBI €70
MIONIPUBETCTBOBAIH, BBIBEEM Ha 3KpaH CTPOKY € IpHUITIAIIEHHEM. Jlanee P MOMOIIHN yKe
3HaKOMOW HaM (PyHKIMK scanf () ; cuyMTaeM OTBET IOJIH30BATENS B IEPEMEHHYIO, U, B 3a-
BHCHMOCTH OT IOJIb30BaTEIbCKOIO BBOJIA, TIPOrpaMma JIM00 HOIPUBETCTBYET MOIb30BATENLS,

00 HET, 3TO peneHue OyIeT MPUHATO ¢ TIOMOIIBI0 omepaTopa if ().

char answer;
printf ("do you want me to salute you (y/n)? ");

scanf ("%s", &answer);
'

if (answer == 'y') {
printf ("Hello, user");

else 3ayacTyro CKJIAJBIBAIOTCS CHTYAIMH, KOT/Ia HY)KHO BBIIIOJIHUTH Pa3Hble HAOOPHI AeH-
CTBHH, B 3aBUCUMOCTH OT pe3yJbTaTa MPOBEPKU yCIOBUs. I TAKUX CTy4aeB HCIIOIb3YyeTCs
JIOIIOJIHEHHUE K orieparopy 1 f () - omeparop else, B KOTOPOM OIMUCHIBAECTCS TOCIEN0BATENb-
HOCTb JEHCTBHI BBINOIHAEMAs B CIIydac €CIH yCIOBHE B KPYDIBIX CKOOKAaX Jayio JOXKHBIA
pe3ynbrar. Kog HeMHOTo m3MeHHTCSI, He OyieM MPUBOANTH MOBTOPSIOIINECS YacTH, B3aUMO-
JICHCTBHUS C [I0JIb30BATEIIEM, CKOHLICHTPUPYEMCs Ha YCIOBHOM OILIEPATOpE:

Kak BBI BUAUTE, B 3aBUCUMOCTH OT TOT'O YTO BBEJI IMMOJB30BATC/Ib MBI PCAJIM3YEM TY HUIIU
HHYI0 BEeTKy oneparopa if-else. KoHcrpykuus if-else sBAsETCS €AMHBIM ONEPATOPOM
BBIOOpA, TO €CTh BBIIIOJIHUB KOJ B (PUI'YPHBIX CKOOKax rocie if mporpamMa He CTaHeT BbI-

TIOJIHATH KO/ B €1 se, U Ha00OopOT.

29




1

if (answer == 'y') {
printf ("Hello, user");
} else {
printf ("I didn't want to salute you anyway");

else if () MHOXeCTBEHHBII BBIOODP MPH MOMOIIX Oreparopa i f MOXKHO OCYIICCTBUTh
HCIIONB3Ysl KOHCTPYKIUio 1 f-else 1if-else. /laHHOE yCIOKHEHUE TAKXKE OYIET ABIATHCS
€IMHBIM OIepaTopoM BBIOOpa. JJo0aBMM B Hamry KOHCTPYKIHMIO €Ile OIHO yCJIOBHE W OIH-
[IeM ITOBEICHIE TSI OTBETA «Ia» U OTBETa «HEeT». B aToM mpumepe omepatopom el se Oyner
HETIOHMMAaHHE IPOrpaMMBbl TOTO UTO BBEJ I0JIb30BaTelb. BriBeneM B KOHCONIb HAANUCh «S He

MOTY NOHATh Bam BBoay.

if (answer == 'y') {

printf ("Hello, user");
} else if (answer == 'n') {

printf ("I didn't want to salute you anyway");
} else {

printf ("I can't understand your input");

OmneparopoB else 1f B OmHOM omepaTope BHIOOpPA MOXKET OBITH CKOJIBKO YTOAHO, B OT-

J4me oT oneparopa i f u omeparopa el se KOTOPBIX HE MOXKET OBITh OOJIBINIE OTHOTO.

$ ./program

do you want me to salute you (y/n)? y
Hello, user

$ ./program

do you want me to salute you (y/n)? n
I didn't want to salute you anyway

$ ./program

do you want me to salute you (y/n)? x
I can't understand your input

$

TepHapHblii onepatop. i1 KOPOTKOW WIIM BHYTPUCTPOUHOM 3aIIUCH YCIOBHOTO OIleparo-
Ppa, a TaKKe IS MPUCBAaNBAaHUS ICPEMECHHBIX TI0 YCIIOBHIO MOYKHO HCIIOTB30BaTh TEPHAPHBIT
onepaTop, TaKXKe Ha3bIBAEMbIH OMEPaTOPOM YCIOBHOIO TIEpexo/ia U 3alUChIBAEMBII ¢ TOMO-

LIBIO CIENYIOLIETO CUHTAKCUCa: (ycyioBmue) ? MCTMHa : JIOXb. Hampumep, coznamum
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TPH [EIIOYHCIICHHBIC TIEPEMEHHBIE &, b, C B 334aJiM JIByM U3 HUX KaKue-HUOYIb HaualbHbIC
3Ha4YeHus, gomyctuM a = 10ub = 15.IlocraBum cebe 3a1ady: IPUCBOUTH IEPEMEHHOM
C HauMeHblIIee U3 3HaUeHHH a Wik b. Eciau MBI OyZieM UCTIONB30BATh TOJIBKO YTO U3yUEHHBIN

Hamu oneparop if-else y Hac HOIDKEH HMONYyYUTHCS TAKOH KO

int a = 10;

int b = 15;
int c;
if (a > b) |
c = b;
} else {
c = a;

3anuck yCI0BHOTO OIepaTopa MOXKHO 3HAYUTENIFHO COKPATUTh, IOCKOJIBKY B Tl oepa-
TOpa IPOUCXOINT BEIOOP: Kakoe 3HAU€HHE IIPUCBOUTH B C IO YCIOBHIO B KPYIIIBIX CKOOKaX.
VYcnoBure octaBisieM, a a ¥ b IEpeHOCHM B CEKIIMU MCTUHBI ¥ JKH, COOTBETCTBEHHO. [lomydnm

3alrcCh BUJA:

int a = 10;
int b 15;
int ¢ = (a > b) ? b : a;

KoTOpast OyzeT 0003HauaTh, 4TO B CIIyYae €ClIM & > b, B IEPEMEHHYIO C 3alUIIETCS 3Ha-
yeHue b, 1 Ha00oOpoT ecmM b > &, TO B MEPEMEHHYIO C 3alHMIIETCs 3HAYCHUE a. Takke Tep-
HapHBIH OIlepaTop MOXKHO MCIIONB30BaTh sl yIOOHOTO (hOpMaTHPOBAHHOTO BEIBO/A, HAIIPH-
Mep onuieM GyHKuuio printf () ; koropas Oyaer neyarath HaM CTPOKY, U B 3aBUCUMOCTH

OT YCIOBHS, 3TO Oymer "true" mubo "false":

printf ("%s", (1 > 0) 2 "true" : "false");

HpOBepI/IM KakK 3TO pa60TaeT, 1 B pE3YyJIbTaTC BUAUM true, IMMOTOMY 4YTO €AUHUIIA JICHCTBUTEIb-

HO OOJTbIIIe HYJIS.

$ ./program
true

$

BiioskeHHbIe ycJIOBHS ¥ cOKpameHusi BryTpu hurypHbsix ckoOOk KOHCTpYKIMi 1 £ () Ha-

XOIUTCS KOJI TPOTrpaMMbl, IIO3TOMY TaM MOTYT HaXOJIUTbCS U IPYyTUE YCIOBHBIE OMEPaTOpPhl.
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VYenoBus, pacrooKeHHbIE TAKUM 00pa3oM Ha3bIBAIOTCS BIOKEHHBIMH. Hukakux orpanuye-
HUI Ha HCTIONIb30BAaHUE BIOXKEHHBIX ycI0BU B s13bike C HeT. B mpumepe Hibke nokazaHo, 4To
YCIIOBHS BCETJa BBIMOIHAIOTCS (€IMHMIIA B KPYIIIBIX CKOOKax OyneT 03HadaTh, YTO yCIOBHE
BCET/[a NCTUHHO), & KOMMEHTApHAMHU C MHOTOTOYHEM IOKa3aHO, I1I€ MOXKET PacIioararbCs

KOl IPOTPaMMBI.

if (1) |
// operators
if (1) |
// operators
}

// operators

Takke BaXKHO OTMETHTh, YTO €CJIM TOCJIE YCIOBHBIX OMEPATOPOB CICAYST TOIBKO OJHH
OIIepaToP s3bIKa, KaK B IPUMEPE HIIKE, TO UCTIOJIL30BaHNE PUTYPHBIX CKOOOK HE 00513aTeIIbHO,

XOTA U CYUTACTCA XOPOIIUM TOHOM ITHNCAaTh UX BCETAA:

// one operator condirion
if (1) |
// single operator

// also one operator condition
if (1)
// single operator

// another one operator condition
if (1)

// single operator
else

// single operator

[Tpn ucnonb30BaHUN TAKOH 3aIIMCH MOYKHO JIETKO JIOITYCTHTh OIIHOKY: 3a0BITh O HEOOXO-
JMMOCTH 00BbEeJMHEHHNS Kofia (GUTYPHBIMU CKOOKaMH, U IIPEAIoNararb, YTo HECKOJIBKO oliepa-

TOPOB MOTYT BBIIIOJHUTECS IO YCIOBHIO 06€3 (PUTYPHBIX CKOOOK.

Yacrto 310 336J'Iy)KZleHI/IC NPUBOAUT K TPYAHOYJIOBUMBIM omuOKaM B KOJI€, KOoraa

IporpaMmMa KOMIWJINPYETCH, 3aIllyCKacTCs, HO pa60TaeT HE TakK, KaK CJICAYECT.
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5.2 Omnepanuu cpaBHeHHS

ApudmMeTnyeckoe CpaBHeHHE 1TO 3HAKOMBIC U MPUBBIYHBIC HAM CO IIKOJBI OMEPATOPHI
«bompmie» (>), «meHbiey (<), «OONbIIe WIN PaBHO» (>=), «MEHbBIIIE WM paBHO» (<=), a
Takxke B s3bike C IPUCYTCTBYIOT B BHJE OT/ICIBHBIX OMEPATOPOB «IIPOBEPKA HA PABEHCTBOY,
KOTOpasl 3aITUCHIBACTCS B BHJIC IBYX 3HAKOB PABEHCTBA (==), M «IIPOBEPKA HA HEPABECHCTBOY,
KOTOpAasi 3alKChIBAETCSl B BUJIE BOCKJIMIIATEIBHOIO 3HaKa U cMMBoOJIa paBeHcTBa (! =). Bos-
BPAIIAIOT UCTHHY, KOT/IA BBIMOIHSIOTCS COOTBETCTBYIOIME HA3BAHHUSIM YCIOBHS U JIOKb, KO-
I71a YCIOBUSI HE BBIMOIHSIOTCS, YTO OYEBHIHO. EAMHCTBEHHOE MCKITIOUYEHHE, KOTOPOE OBLIO
oroopero panee (B.1), cpaBHEHHE PA3HOTUITHEIX HELIEIOUHCIICHHBIX 3HAYCHHUIT IOJKHO OCY-

LECTBIIATHCA YePEe3 CPaBHEHUE JONYCTUMOM AEIbThI 3TUX 3HAYCHUH, HAIPUMED:

float £ = 0.5f;
double d = 0.5;
fouble diff = (£ >d) 2 £ -d : d - £f;
if (diff < 0.00001) {
// useful code here

Jloruyeckue oneparopsl  UxTtpu:3to¥ (&&),MIIM (| |),HE (!).Bommuune ot apud-
METUYECKUX ABOUYHBIX ONIEPATOPOB - JIOTUYECKHUE BO3BPALLAIOT UCTUHY WIIU JIOKB T.€. B CIIy-
gae sa3pika C - 1 mu6o 0 1 paboTaroT ¢ OIepaHJaMHy CIICBa M CIIpaBa IICIHKOM, a HE Iopa3-
psAaHO. B 3TOM Jlerko yOeauThCs, TOMBITABIINCH BHIBECTH HA IKPaH Pe3yJbTaT CPABHCHUS C
3aBEIOMO HEBEPHBIM ()OPMATHPOBAHUEM H IOJIYUYHMB OMIHOKY, TOBOPSIIYIO O TOM, YTO KOM-

MIUJISITOP OKUJIAJ OT HAC YMCIIO, @ MBI XOTHUM €T0 OT(OpMATHPOBATH B CTPOKY.

printf ("$s\n", 1 == 1);

HeKOTOpI)Ie KOMHI/IHHTOPLI BbBIJAKOT OI_HI/I6Ky Ha 5Tarc KOMIIWJIALMH, HeKOTOpI)Ie KOMHI/IHI/Ipy-
IOT TaKOW KO, HO MpOTpaMMa HE CMOXKET BBIMIOJHHUTHCS M BHIIACT OIIHOKY Segmentation
fault, To ecTh OIIMOKY AOCTYMA K TaMsITH (TIOTBITKA 00PATUTHCS K HEAOCTYTHON NaMSTH WK
MOMBITKA OOPATUTHCS K MaMATH Hemomo0aromuM 00pa3om). B 3Toil KOHKpEeTHOW CUTyalluH,
MBI [IOIIBITACMCSA I/IHTepHpeTI/IpOBaTI) KaK CTpOKy HacCTb IIaMsITH, KOTOpaS[ HaAaXOOAUTCH 110 aﬂpe-
cy 1, 9To HaxomUTCA NANeKo 3a MpeAesaMy TOCTYTa MPOrpaMMEl. DTO ToBeAcHHE (OmmoKa
KOMITHJISIIIUH WK OIINOKA BPEMEHH BBITIONHEHUSI) 3aBUCHT OT OOJIBIIIOTO KOJMuecTBa (hakTo-
pOB, TAaKUX KaK THUII OHepaLlHOHHOﬁ CUCTCMBI, TUIT 1 BepCI/lﬂ KOMHI/IJ'IHTOpa, BepCl/lH HUCIIOJIb-

3yE€MOro CTanJiapra A3bIKa.
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OTaensHOrO BHUMAaHMS 3aCy’KMBaeT NMIPUMEHEHHE oleparopa rnopaspsiiHoro (apudme-

TU4ecKoro) MCKIIOUAKIET'O WMJIV B Ka4ecTBe JIOTHUECKOro. B ciryuae Takoro mpuMeHeHus

omneparop VICKJIIQUAKIET'O WM, pakTHUECKH, TyOIUpyeT CpaBHEHUE Ha HEPABEHCTBO, 3TO

JICTKO OG’biICHI/ITB, TMIPOBEAS aHATIN3 IPOUCXOIAIIETO C YHUCIaMU IIPU TaKOM CPaBHECHUU:

int a = 11;

int b = 11;
//

if (a » Db)

{

~

//00001011
//00001011

00000000

printf ("numbers are not equall\n");

JanHblit kox BHYTpH (DUTYPHBIX CKOOOK oreparopa if () HHMKOTAA HE BBINOIHUTCS, HO-

ckonbKy B C omeparop cpaBHEHHs pabOTaeT ¢ YUCIaMH, HHTEPIIPETUPYS HOMNb KaK JIOXKb, a

mo0oe HEeHyJIeBOe 3HaYeHUE KaK UCTHHY, Mbl HaOtonaeM, 4To noourosoe VICKIIOUAINEE

WJIN - 3TO TOXKE CaMO€, YTO IMIPOBEPKA Ha HEPABEHCTBO.

* omeparop /I (&&) BO3BpaIlaeT UCTHUHY TOJIBKO KOraa 00a orepaH/ia HCTUHHBL,

OIlepaH]] | OmepaH] | pe3yiabTaT
0 0 0
0 1 0
1 0 0
1 1 1
e omeparop MJIM (| |) BO3BpAaIlacT UCTHHY KOTJA XOTS OBl ONUH U3 ONIEPaH0B UCTHH-
HBIM;
omepaHj | OomepaHi | pe3ynbTaT
0 0 0
0 1 1
1 0 |
1 1 1
* omeparop HE (!) BO3BpalllaeT UCTHUHY KOTJIa OTIEPaH]I JIOMKHBIH;
onepaHj | pe3yabrar
0 1
1 0

I/ICHOJ'H)?)YH JIOTUYCCKHUE ONTIEPATOPHI B IPOTPAMME Mbl MOKEM HAIMMCATDL JIOTUKY IMTPAKTUYC-

CKH JF00011 ciioxHOCTH. B s1361Ke C HET OrpaHUYeHU Ha UCTIOJIB30BAHNE CIIOKHBIX YCIOBHUIL.
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CloXHEIe YCJI0BUA 3TO TAaKUC, I'I€ B KPYIJIbIX CKOOKax BBINOJHSAETCS Oosiee OHOI0 CpaB-
HCHUSI. CpaBHeHI/IH IMMPOU3BOAATCA B IMMOPAAKE 3apaHeC OrOBOPECHHOI'O NPUOPUTETA. B crmcke

HIKE YKa3aHbl OIIEPATOPBI B IOPSAIKE YMEHBIICHUS UX IPUOPUTETA:

2. <, <=,>,>=

IIpuBenémM KOpOTKU IPUMEpP: AaHA HEKOTOPAs LIEJIOYUCIICHHAs [IEPEMEHHAs U HY>KHO BbISC-
HUTb, HE BBIXOJUT JIM 3TA IEPEMEHHAs 32 PAMKU 33JaHHBIX 3HAYCHUH, HAIIpUMED OT HYJIs 10
JecATH. YCIIOBHE MOXHO OyneT CKOMOMHHpOBaTh Tak: x >= 0 && x <= 10. B ciyuae

€0 ICTUHHOCTH - BhIAaAUM COOGIHCHI/IG O TOM, 4YTO X MNOAXOOUT.

int x = 7;
if ((x >= 0) && (x <= 10)) {
printf ("X Fits!\n");

B ,Z[aHHOﬁ 3all1MCHu Mbl BUIUM, YTO CHa4aJla X CpaBHHUBACTCA C HyJ'IéM, 3aT€M C A€CATHIO, U

B KOHIIE pe3yJIbTaThl OYlyT CpaBHEHBI MEXKJLy COOO.

$ ./program
X Fits!
$

CamMplif HE TIPUOPHUTETHBII ONepaTop TEpHApPHBINA, BHUMATEIbHBII YUTaTeNb MOT 3aMe-
THTB, YTO OH JIa7K€ HE BOIIEIN B CIIMCOK BBIIIIE, OTO CAEIAHO, MOCKOIBKY HCIIOIBb30BAHUE TEP-
HApPHOTO OIepaTtopa BHYTPH yCIIOBHH HeXeIaTeNIbHO. TepHapHbIil onepaTop BHYTPH yCIOBUN
PE3KO CHMXKAET YUTAeMOCTh KOZIa U YCIIOXKHSIET ero unTepnperanuto. Ecou Bel comHeBaeTech
B IPHOPUTETE CpaBHEHUH WM Bam HE0OX0MMO omHcaTh KaKoe-T0 OYCHb CII0KHOE yCIIOBHE,
BCET/[a MOYKHO BOCIOJIB30BaThCS IIPOCTHIMHA MaTeMaTHIEeCKUMH KPYTIBIMHE CKOOKaMH, 3371aB
TIPUOPHTET OTIepaIii IBHO. B TakoM cirydae B mepByto ouepeib OyyT BHIIOIHEHbI ONIEPALIIH

B CKOOKax.
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5.3 bBJuoku Koaa u 00J1acTh BUAUMOCTH

ToBops 06 oneparopax si3bika C U yNpaBisSIONIMX KOHCTPYKIMSAX HENb3sl HE CKa3aTh O
«OJIOKaxX Kozia» M «00nacTsax BUIMMOCTHY. Kak BUAHO, YCIOBHEIE OIIEpaToOphl COAEpIKaT 3a-
MCH B QUTYPHBIX CKOOKax. B Takme e CKOOKM 3aKITFOUEH KO PYHKIIMK main. ITH CKOOKH
Ha3bIBAIOTCS «OIIEPATOPHBIMIY, @ TO YTO B HUX COZICPXKHUTCS, HA3bIBACTCS «OJIOKOM KOa» HIIH
«TenomM» oneparopa win ¢pyHKuuU. Bee nepeMeHHbIe, KOTOpble MHUIUAIU3UPYIOTCSI BHYTPH

0710Ka KOZa, CYIIECTBYIOT M «BHIHBI» TOJIBKO BHYTPH KOZ0BOro Onoka. IToatomy nmpocrpan-

CTBO MCXKAY OICpaTOPHbIMH CKOOKaMU TaKK€ HA3BIBAIOT «00IACThIO BUIAUMOCTH.

int x = 7;

if ((x >= 0) && (x <= 10)) {
int var = 0;
printf ("X Fits!\n");

}

printf ("%d", var);

Ha sToM mpumepe MOXXHO yBHAETH, YTO MBI HE MOXKEM HaIledaTaTh 3HAUCHHE ITEPEMEH-
HOH var, IIOCKOJIbKY OHa OblIa co3aHa BHyTpH Olloka koza oneparopa 1 f () u mepecrana

CyILIECTBOBATh ISl HAILIEH IPOrpaMMbl KaK TOJIBKO MbI BBILUIM 3a €ro Ipenaesbl. Takol Kof

Jlake HEe CKOMITHIIHPYETCS:

$ gcc -o program main.c

error: 'var' undeclared (first use in this function);
did you mean 'char'?

printf ("sd", wvar);

A

char
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6 IuKJbI

TenepL, KOTZla Mbl Y3HaJIk, YTO MOXKHO /ZI€JIaTh B IIPOrpaMME C UCIIOJIb30BAHUEM yc.]'[OBPIﬁ,

TIPpUIIIIO BPEM TO3HAKOMUTLCA C TAKUM 0a30BBIM IIOHATHEM IIporpaMMUpOBaHUA, KaK [TUKII.

LUK - 3TO OIHO WJIM HECKOJIBKO JEHCTBUM MOBTOPSAIOMIMXCS J0 TEX MOp MOKa He

HACTYHIUT YCJIIOBHUC, IPCKpAIAOIICC OTU ,Z[eﬁCTBPI?[.

C MMOMOLIBIO HUKJIOB B MIPOrpaMMHUPOBAHUU BBIITOJIHAIOTCA BCC PYTUHHBIC 3a1a4U, TAKHUC KaK
TTOMCK 3HAYCHHI B OONBIIMX HA0Opax NaHHBIX, CO3/IaHNE PA3HOTO POJia MPOTPECCHIA, ITOCTPO-
eHre TpapuKOB, COPTHPOBKH, OXKHUIAHHE OTBETOB HA 3allPOCHI, YTCHHE MOTOKOB MAHHBIX U

MHOTHUE ApYyTHe.

6.1 Omneparopsbl HUKJIOB

6.1.1 while()

BazoBsrii 1iukin B s13b1ke C 3amuchIBaeTCs MPY MOMOIIH KJIFOUEBOTO cioBa while () mocie
KOTOPOTO B KPyTIIbIX CKOOKax mumiercst ycnosue. [Ipn HCTHHHOCTH TaHHOTO YCIIOBUS OyneT
BBINOJTHATHCS TEJIO IIUKJIA, KOTOPOE B CBOIO OYepeb MUIIETCS B (pUTrypHBIX ckoOKax. OOmmii
BHEIIHUI BUJ] OYEHb ITOX0XK Ha YCIOBHBIN Omeparop, ¢ TOM JAHIIb pa3HULIEH, YTO 110 OKOHYA-
HUH BBITIOJIHEHUSI ONIEPaTOPOB BHYTPU (PUTYPHBIX CKOOOK MBI IIEPEXOIUM HE Ha CIIECIYIOILYIO
CTPOKY, a 0OpaTHO B IIPOBEPKY YCIIOBUSL.

Jlis mpuMepa, BBIBEAEM Ha 3KpaH BCE YUCIIA B 33JJaHHOM IIPOMEKYTKE, IPaHHLIBI KOTOPO-
ro Mbl 0003HaYMM Kak a u b. Jisg 9Toro Ham HeoOXOAMMO MX MHHULINAIU3UPOBATh, TO €CTh
OOBSIBUTH U 3a4aTb Ha4YaJIbHBIC 3HAYCHUA, U TIOKAa a MCHBIIC b 3axX0aUTh B TEIO IUKJIA TIE
MBI OyZIeM BBIBOJWTH Ha 3KPaH U WHKPEMEHTHPOBATh MEHBILEE YUCIIO, TIOKAa OHO HE CTAHET
paBHBIM BTOpoMy. Kak TOJIbKO YMCIlIa CPAaBHSIOTCS YCIIOBHE BXOJa B TEJIO LUKJIA IEPECTAaHET
OBbITh MCTHHHBIM, U MBI HEe 3aiiIEM B HEro, OKa3aBILMCh Ha CIEAYIOIIEH Nocie Tesa UK

CTpOKe.

int a = 10;

int b = 20;
while (a < b) {
printf("%sd ", a++);

3amycTuM mmporpammy 1 yoenumcs 4To Bce paboTaer:
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$ ./program
10 11 12 13 14 15 16 17 18 19
$

B nanHOM KOJie MBI MCIIOIB30BAJIH OTIEPaTOp MHKPEMEHTA B MTOCT(UKCHOMN 3aIluCH, KOTO-
past 03HayaeT, YTO 3HAUCHHUE NEPEeMEHHOH a cHadasla OyfeT nepefaHo (GyHKIMU BBIBOZA Ha

9KpaH, a y’Ke ITOTOM YBEIHYCHO Ha CIUHHILY.

OpuH npoxox Tejaa HUKIA U BO3BPAT B YNPABISAIOIIYI0 KOHCTPYKIIMIO Ha3bIBAaCTCS
HTepauueii, 3TOT TEPMUH MOXXHO OYEHb YacTO YCIBIIIATh B Oecemax mporpaMMu-

CTOB, a 3a49aCTyI0 1 HE TOJIBKO B 6ecenax O IIpOrpaMMHpPOBAHUHA.

Takoke J0IMyCTMMO UCIOJB30BaTh NPE(PHUKCHYIO 3allUCh ONepaTtopa MHKPEMEHTa, IIPH KOTO-
PO, KaK He CIIOKHO A0TaaThCs, 3HAYEHUE CHadana OyaeT yBeJIHIeHo, a yyKe TOTOM IiepeiaHo

(YHKIMHU BBIBOJIA HA DKPaH.

int a = 10;

int b = 20;
while (a < b) {
printf ("%d ", ++a);

3armycTHM CHOBa, YTOOBI YBUJIETH Pa3HHUILY: ITOCTIE 3aITyCKa IEpBOr0 BApHAaHTa Mbl yBHU Ie-
U B TepMuHaie 3HaueHus oT 10 1o 19, a mocne 3amycka BTOpOro BapuaHTa 3Ha4eHus ot 11
1o 20.
$ ./program

11 12 13 14 15 16 17 18 19 20
$

JlaBaiiTe HanuIeM ené OaUH IPUMEP, B KOTOPOM MOJCYMTAEM CKOJIBKO YETHBIX YHCEN B
IIPOMEKYTKE OT a /10 b. J[j1s1 Toro HaMm NoHa J0ONUTCS TMKINYECKH IPOHTHCH 110 BCEM YMCIIaM
OT a JI0 b ¥ B KaXI0} uTeparyu IuKIIa, To eCTh U KaXI0T0 YUCIIa, CAeNaTh IPOBEPKY, SB-
JIIETCS JIX YUCII0 YETHBIM. ECIU ABIIAETCS, yBENUYUTD CYETYUK YETHBIX YUCEN AJIS 3aJAHHOTO
npoMexyTka. OOpaTute BHUMaHKE, YTO NPHPAIICHUE 3HAYCHHS IEPEMEHHON a MPOUCXOIUT
IIPSIMO B TIpOBepKe yciaoBHs. OOBIYHO TakoW KOJl CYMTAETCS TPYAHOUUTAEMBIM, MOCKOJIBKY
CJIOXKHO Cpa3y oOpaTUTh BHUMaHKE Ha TO, YTO B IISATOM CTPOKE MPOUCXOIUT HE TOJIBKO CpaB-

HEHHe, HO M IOCT-HHKPEMEHT ITIePeMEHHOH a.
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int a = 10;
int b = 20;
int evens = 0;
while (a < b) {

if (a++ & 2 == 0)
evens++;
}
printf ("There are %d even numbers in sequence", evens);

[ocme ToTO, KaK MEpecTaHeT BBHIMOJIHATHCS YCIOBHE B CKOOKaX, M HAIl IUKJ OyIeT 3a-
Bep]lIéH, BBIBCJIEM B KOHCOJIb HOJ'Iy‘{I/IBLHCCCH KOJIMYECTBO YETHBIX YHUCEIN. 3al'Iy€TI/IM Hamy
MporpaMMmy u yOeuMcsi B IPABHILHOCTH €€ paOOThI.
$ ./program

There are 5 even numbers in sequence

$

ITporpamMMa BeIasia pe3yabTaT: MATh YETHRIX YHCEI, JaBaliTe epecuuTaeM BpyuHyo: 10,
12, 14, 16, 18, 3Hauenne 20 He BOWIET B pe3yabTaT pabOTHI IPOTPaMMBI, TOCKOIBKY Ha TI0-
CIIeHEH uTepanun, Korma a = 20 YCIOBHE B KPYINIBIX CKOOKaX OKaXKEeTCs JIOKHBIM: JIBa-
JUAaTh HEe MEHbIIIE ABAIUATH. A pa3 yCJIOBUE HE BHIIIOJHEHO MbI HE MOMAJAAeM B TEJO IUKIIA.

Iukn while () ucmonab3yeTcsl KOrja Mbl HE MOXKEM JIOCTOBEPHO CKa3aTh CKOJIbKO UTE-
panmii HaM IOHaTOOUTCS BBIIONMHUTH. Ha 3TOM IprMepe MBI BUIMM YTO TEJIO IUKIA MOXKET
OBITh JI000I CIO)KHOCTH, OHO MOXCET COACPIKaTh KaK YCIOBHEIC OIEPaTOPhl TaK M IPyTHE

UKIIbI.

6.1.2 do {} while():

IIpocroit nuki while (), M0 OYEBUAHBIM IPUYUHAM, IIONANAET B KATETOPHUIO LIUKIIOB C
npenycnosueM. CHagana nporpaMMa IpoBepsieT YCIOBUE, 3aT€M, 110 pe3ynbTaTaM 3TOH Mpo-
BEPKH, JTMOO BBIMOIHSET JINOO HE BBIMOIHSET TEJO IUKIA. A pa3 €CTh IUKIIBI ¢ IPEAyCIOBU-
€M, TO JIOTUYHO NPEANONI0KNTh HATNYNE UKIIOB C MOCTycnoBueM. Kak HM yJMBHUTENBHO, B
s3pike C eCTh ¥ Takoi. DTO pa3sHOBUAHOCTH IMKIA while (), KOTOPBIM 3aIHCHIBACTCS KAk
KJIIOUeBOe CJI0OBO do  {Tejyio umkiya} while (ycsosme) ;, B 3TOM KOHCTPYKIMU CHA-
Yajla TapaHTUPOBAHHO OJUH pa3 BBIMOJHHUTCA TEJIO IUKIIA, U TOJBKO ITOTOM 6y)1eT IIPUHATO
peleHne, HyKHO JIM BBINOJIHATH €70 CHOBA. Takue HUKIIBI MIMPOKO MPUMEHSIOTCA JUI IIPO-
BEPKH I10JI30BAaTEIILCKOIO BBOZA 0 IOIYyYEHU IPUEMIIEMOIO pe3yibTara U Ul OXKUIaHUs
OTBETOB Ha 3aIlPOCHI, YTO JOTUYHO, ITOCKOJIBKY TIIYIO OBIIO OBl 0XKHMJATh OTBET, HE MOCJIAB

3amnpoc.
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Hanpumep, MBI TAIeM KainbKyIsSTOp, ¥ 3HAEM, YTO B apu(METHKE YHCITA HENb3S ST
Ha HOJb. [Ipeamonoxkm, 4To Halll OJIBb30BaTeNb 3TOro He 3HaeT. UTo Xk, OyaeM mpeiarath
TI0JIb30BAaTEI0 BBECTH JIENIUTENb, IIOKA OH HE BBEJIET YTO-TO OTIIMYHOE OT HyJs1. Eciin monb30-
BaTEJILCKHI BBOJ paBeH HYIIIO, 3HAYUT HAM HYKHO CIIPOCUTH €T0 CHOBA. JDTO U OyIeT yCIOBH-
€M JUISI OUepeHOM nTeparm ukita. Korma moiap30Bareib BBEAET yAOBICTBOPSIONISE HAIIIEMY

YCJIOBHUIO YUCJIO HpOI/I3Be,HéM HCO6XOJII/IMI>IC MOJICUETHI M BEIBEAEM UX PE3YyIbTAaThl B KOHCOJIb.

int input;

do {
printf ("Enter a divider for 100, ");
printf ("remember, you can't divide by zero: ");
scanf ("%d", &input);

} while (input == 0);

printf("100 / %d = %d", input, 100 / input);

3amyctum nporpaMmy. Kaskaplii pa3 Korzia Mbl BBOAUM HOJIb, IpOrpaMMa OyJIeT TOBTOPHO

3aJaBaTb HaM BOIIPOC.

$ ./program
Enter a divider for 100, remember, you can't divide by zero: 0

Enter a divider for 100, remember, you can't divide by zero: 0
Enter a divider for 100, remember, you can't divide by zero: 5
100 / 5 = 20
$

Korma BBenem ro00e qpyroe 9uciio MOIyIHM Pe3ysbTaT Hallero AeTICHHS.
6.1.3 for(;;)

3agacTylo, CKIabIBAIOTCS CUTYaI[IH, KOTJa Mbl TOYHO 3HA€M, CKOJIBKO MTEpaliil LIUKIIa
HaM [TOHAJOOUTCS, HAIPUMEP, KOT/Ia MBI IIOCTIeIOBAaTEIIHLHO ITPOBEPSEM COIEPKUMOE CO3IaH-
HOTO HaMH YHCJIOBOTO Psi/ia, MM 3aIOJIHSEM 3HAUCHUSIMH TaOJIMIIbI, TPAHUIIBI KOTOPBIX 3a-
paHee M3BECTHBI. B KOHIlE KOHIIOB, /IS TOJCYETA CPEAHETO apH(PMETHIECKOTO HEKOTOPOTO
KOHEUHOTO YHCJIOBOTO psAfa. B 3THX cuTyanMsx MPUHATO UCHONB30BaTh. DTO IUKII C Ipea-
YCIIOBHEM, TJIe 3apaHee OTBEACHO MECTO /ISl HHUIMATN3AINH IepEMEHHON-CIETINKA, YCII0-
BUS 3aX0/1a B CJIEAYOUIYIO UTEPAIMIO IUKJIA U M3MEHEHUs TIEPEMEHHON cueTdrka. B Gonee
no3aaux Bepeusix C (C99) nosiBuitach BO3SMOXHOCTH OOBSIBISTH NEPEMEHHYIO CHETUHUK TIpsi-

MO B YIIPABISIOLIEH KOHCTPYKIUH.
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Jliis mpuMeHeHus 0oJiee TO3JHEr0 CTaHAapTa B MPOEKTE, HEOOXOMUMO YCTaHOBUTH
CIIEMAIbHBIA KII0Y KOMITIISIIUMN —std=c 99, To eCTh IOJIHAsT KOMaH1a KOMITHIIS-
UM UCXOAHOTO Kona it Tpanciaropa GCC OyaeT BHIVISIETh TaK:

gcc program.c -std=c99 -o program

B knaccuueckoM C He00X0AUMO 0OBSBUTH EPEMEHHYO CYETUHK 3apaHee, a B YIpaBIIsSIONIe
KOHCTPYKIIMM MO>KHO TOJIBKO 331aTh €l Ha9aIbHOE 3HAYCHHUE. YCIOBHE 3aX0/a B CICAYIOIIYIO
UTEPALUIO IMKJIA 3TO JIOTHYECKOE BHIPAKCHUE, KOTOPOE MOXKET MPUHUMATH JBa 3HAYEHHSL: NC-
TUHA U JIOXKb. ECM yclioBHe UCTHHHO - HJEM Ha CIETYIONIYI0 UTEPALUIO (UCIOIHIEM TEI0
LIMKJA), €CIH JIOKHO — BBIXOJMM M3 IMKJIA U IepeMeIIaeMcsl Ha CIEeIYIONIHHA TOoCe IHKIIa

oreparop.

// classic style

int 1i;

for (i = 0; /*condition*/; /*increment*/) {
// body

// C99 and later

for(int i = 0; /*condition*/; /*increment*/) {
// body

}

// Example:

int 1i;

for (1 = 0; 1 < 5; i++4+) {
printf("sd ", 1i);

I{uki u3 npuMepa BbILIE BEIBEAET Ha SKPaH YMcia OT Hyis 10 yeThlpéXx. Ha kaxknoi ure-
panmu MBI OyieM HHKPEMEHTHPOBATh 3HAYCHUE 1, COOTBETCTBEHHO, ITOKA JIOTHYECKOE YCIIO-
BHE 1 < 5 BepHO, MbI OyJIeM 3aXOIUTh B TEIIO IIUKIIA, a KAK TOJBKO 1 CTAHET paBHBIM IISITH,

JIOTHYECKOE YCJIOBHE BEpHET JI0Kb (0) M MBI U3 HETO BEHIiIEM.

$ ./program
012 3 4
$

6.2 VYnpapieHue HUKIAMH

OnepaTopLI, KOTOPBIC OCYIIECTBJIAIOT YIIPABJICHUC IUKJIAMH HAa3bIBAIOT OIICPpATOpaAMU 0e3-

YCJIOBHOI'O IEPEX0Aa, MOCKOJIbKY OHH IMPOCTO NEPEMEIIAIOT BBITIOJIHEHUEC ITPOrpaMMBI Ha IpYy-
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T'YIO CTPOKY, HEB3UPaAsA HU HA YTO. HpOFpaMMI/ICT JOJDKEH CaM OIIMCATh JIOTUKY TAKOI'o nepe-

MCIICHHUA, UCTIOJIb3YyA YCJIOBHBIC OIICPATOPLI.

Oneparop continue; HyXeH AT TOTO, YTOOBI IPOTPaMMa IPOUTHOPHPOBAIIA OCTABILIH-
ecst AEHCTBUS Ha TEKyILeH UTEpaliH [IUKJIA, 9aCTO MCIIONb3yeTCs Al OTOPAChIBAaHMUS HETIO-
XOISIIIMX 3HaUeHUH npu nepebope 6onbImx 00bEMOB naHHBIX. Oneparop continue mpo-

CTO HAIPOCTO MepeaéT ynpaBIeHHE JIOTHUECKON KOHCTPYKIIUH [IUKJIIA.

Oneparop break; ucnoab3yercs U TOro, YTOOBI BHITH 3a TPEENbl IUKIIA, MBI Cpa3y
TIoTIa/IaeM K CIIeAYIONeMy IT0oCiie MKIIa oreparopy, 0e3 mepeaadn yrpaBIeHHs JTOTHUECKOH

KOHCTPYKILHHU.

6.3 IlpakTuyeckue 3a1a4m

Bo3Benenue B creneHb  PeniiM HEMHOTO Ooliee CIOKHYIO, UM BBIBEICHUE B KOHCOJIb YHC-
JIOBBIX PAZOB 337a4y BO3BEACHUS 4HcCia B cTeneHb. SI3bIk C He MpenocTaBisieT onepaTopa
BO3BEZCHUS B CTETIEHb 110 YMOIYAHHUIO, KaK 3TO AENAIOT HEKOTOPBIC IPYTHE S3BIKH BBICOKO-
rO ypOBHS, Takue kKak Python, mostoMmy /st 3TOH MareMaTH4eckod onepanuu HaM Hy>KHO
MOAKIIIOYATh CIEUUAIbHYI0 MaTeMaTn4ecKyto Oubnmoreky. Ho MHOTIa 3TO MOXKET OKa3arhbCs

W3IUITHAM, Be/lb HE TaK CJIOKHO HAMCaTh COOCTBEHHYIO (YHKIIHIO, KOTOopas ObI Jenana 3To.

Kak H3BCECTHO, BO3BCJACHUC B CTCIICHL - 3TO IMMOCJICA0OBATCIbHOC YMHOXCHHUEC OCHO-

BaHMS Ha caMmo cebs YKa3aHHOC KOJIUYECCTBO pas.

A pa3 3apaHee U3BECTHO, CKOJIBKO pa3 MbI OyJjeM yMHOXAaTh OCHOBAaHHE CaMo Ha ce0s, 3TO
pabota s mukina for (; ;) . OOBIBUM NEPEMEHHYIO-UTEPATOP 1, TEPEeMEHHYIO-0CHOBaHHE,
IIepEeMEHHYIO-110Ka3aTellb U IEPEMEHHYI0, B KOTOPYIO Oy/IeM COXpaHSATh IPOMEKYTOUHbIE U

KOHEYHBII PE3YJIbTaThI.

int 1i;

int base;

int significative;
int result = 1;

[puHIUT BO3BEACHUS YMCIIA B CTCIICHD CICIYIONIUI: PE3yIbTaToM OyIeT COBOKYITHOCTb
Pe3yabTaTOB MPEABIAYIIUX UTEPAMA YMHOXKXEHHBIX Ha OCHOBaHUE. A 3HAYUT U AJITOPUTM

6yneT TIOBTOPATHCA CTOJIBKO pa3, CKOJIBKO YKa3aHO B ITOKAa3aTeJi€, Ha Ka)XIOM ITOBTOPECHUU
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YMHOXKasg HpOMe)KyTO‘IHLIﬁ Ppe3yiabTaT HA OCHOBAHUEC, COXPAHsIA HPOU3BCACHUC 06paTHO B IIC-

PEMCHHYTIO C IPOMCIKYTOUHBIM PE3YJILTATOM.

(i =05
result =

i < significative; i++) {

result * base;

for

3amuchBUma result result * base; MOXHO COKpAaruTh 10 result *= base;,

1 BBIBCJICM PE3YyJIbTAThI pa6OTBI IUKJIa B KOHCOJIb.

for (1 = 0; 1 < significative; i++) {
result *= base;
}
printf ("%d powered by %d is %d \n", base, significative, result);

KOHG‘IHO, MbI MOXEM CIHPOCHUTH y ITOJB30BATCIAI KAaKOC YUCJI0, U B KAKYIO CTCIICHb OH
XO4YCT BO3BCCTH, HJId 3TOr0 MPUMCHUM YIKC€ IMPUBBIYHLBIC HAM KOHCTPYKIUH. TaK, BCCh KO

IIpOTrpaMMBbI OyZeT UMETh CIIeIyIONINI BUI:

#include<stdio.h>
int main(int argc, char *argv[]) {
int 1i;

int base;

int significative;
int result = 1;
printf ("Enter base:
scanf ("%d", &base);
printf ("Enter significative:
scanf ("%d", &significative);

"y ;
’

")

for (i = 0; i1 < significative; i++) {
result *= base;
}
printf ("%d powered by %d is %d \n", base, significative, result);

3anmycTHM Hally IporpaMMy, BBEAEM Julsi 0a3bl 3HaUYCHHE J1Ba, JUIS IIOKa3aress JeCsTh.
V6enumcs, 4To Hallla porpamma pa6oTaet koppekTtHo, 2'° = 1024. EctecTsenHo, uto cy-
IIECTBYIOT OOJIee ONTUMAIbHBIE AITOPUTMBI BO3BEICHHS B CTENICHB, HAIPUMED, BO3BEACHHE B
CTeIeHb C HCMOJb30BaHMEM CBOHCTBA YéTHOCTH cTenenH, 210 = 45, To ecThb nipu uéTHOM MO-
Ka3aTeJie MOXHO BO3BECTH OCHOBAHHUE B KBAJPaT, a MOKa3aTellb MOJASIUTh Ha ABa, TEM CaMbIM

COKpaTuB KOJIMYECTBO I/ITepaHI/Iﬁ IIPOCTOT'0 IUKJIA, ONMCAHHOI'O BBIIIE, BABOC.
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$ ./program

Enter base: 2

Enter significative: 10
2 powered by 10 is 1024
$

IIpocroe yucao Pemum emé onHy HeCHOXHYIO 3aaady. HanumeMm nporpammy, KoTtopas
OyzeT ONpenessTh, ABIAETCS JH BBEAEHHOE MOIB30BATEIEM YMCIO NPOCTHIM. MBI HanumieM
HE CaMblii OBICTPBIN U ONTUMAJIBHBIN aITOPUTM, HO IIOCTapaeMcsl HCIIO0JIb30BaTh BCE JIOCTYII-
HbIC HAM KOHCTPYKIHH. To €CTb, OTa 3ajJia4ya Ipu3BaHa NPOACMOHCTPUPOBATE BO3MOXKHOCTH
SI3bIKa, @ HE YAy4IINTh MM 3aMEHUTH CYIIECTBYIOIIHE, 00JIee ONTUMAIBHBIC aITOPUTMBI ITPO-

BEPKH.

Yro Takoe mpocroe Yuciao? DTO TaKoe YKHCII0, KOTOPOE UMEET POBHO JIBa JIEITUTEIsS

C HCJIOYUCICHHBIM PE3YJIbTATOM - €AUHUILY U CaMO ceOs1.

Hamra nporpamma OyzeT 3ampamuBaTth y MOAb30BaTEIs YKCIO M ONPELIIATh, IPOCTOS OHO
nwim HeT. g 3Toro 3aBeféM MEpeMEHHYI0, M MPUBBIYHBIMH HaM (YHKIHSIMH, ITOTPOCUM
TTOJI30BATENS BBECTH YHCIIO, KOTOPOE MOJIOKUM B He€. [ moacyeToB HaM MOHAI00ATCS
JIOTIOTTHHUTEEHBIC IEPEMEHHEIC, HAIIPUMEp, IIepeMEHHAast KOTOpasi OyIeT XpaHUTh KOJTHYECTBO
JIeTUTEeNCH, Ha30BeM ee dividers U mepeMeHHas UTEpaTop 1 3HaAYCHUE KOTOPOI Oy/eT yBe-

JIMYUBATHCA OT CAUMHHUIBI 1O BBCACHHOTO IT0JIB30BATCIICEM YHCJIA.

int number;

int dividers = 0, i = 1;
printf ("Enter number: ");
scanf ("%d", &number) ;

ITockonpky MBI HE 3HAaEM, CKOJIBKO HUTEpalnii MOHAI00UTCs, HaluIeM UK while, u
IIPOIAEMCS OT €AMHUIIBI, KOTOPYIO MBI 3allCAIIM B MEPEMEHHYIO 1 10 BBEIEHHOIO IOJIb-
3oBarenieM umcia. [locae Toro kak Ml epedepeM Bce BOZMOXKHBIE BapHAHTHI OT €AMHHIIBI
JI0 BBEIEHHOIO I10JIb30BATEIEM YKCJIA BBIBEJEM B KOHCOJb IONYy4MBIIMNCS pe3ynsTar. Ha-
MIUIIEM BBEAEHHOE YHCIIO, a JTANbIIE MPEIOCTaBUM IIPOTpaMMe BEIOOp CTAaBUTH JIM YaCTHUILY
«HE» IIPH MTOMOIIY 3aMOJIHUTENS $S U TEPHAPHOTO oneparopa. B ciydae nCTHHHOCTH ycno-
BUsA dividers == 2 TepHapHBII ONEpaTOp BEPHET MYCTYIO CTPOKY, B CIy4ae JOKHOCTH,
BEpHET YacTuly «He». OOpaTHTe BHUMaHHE Ha TO, KaK OIEpaTop BBIBOAA HA DKpaH Harlu-

CaH B HECKOJIBKO CPOK. Takue pas3aciaCHnd Ha HECKOJIBKO CTPOK MOXXHO 4aCTO YBUAECTH, €CIIN
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OIlepaTop UIMHHBIN 1 MOXKET, HAallpUMep, BEIMTH 3a IIPeJeibl SKpaHa.

while (i <= number) {
// here will be the check algorithm
}
printf ("Number %d is%s prime",
number,
(dividers == 2) 2 "" : " not

)

Htak, 4ro OyaeT mpoMCXOMUTh Ha KaXAOH urepauny 1ukiaa? Ml OyneM npoBepsTh Jie-
JINTCS JI1 BBEEHHOE T0JIb30BATENIEM YHCIIO0 HA TEKYILIEEe 3HaUeHUe CYETHOM epeMeHHOi. Ec-
JIM OCTATOK OT JI€JIEHHUS UCXOJHOIO YHCia Ha TEKYIUH IE€IUTENb PaBEeH HYIIO, TO MbI YBEJIH-

YUM CUYCTUUK KOJIHYCCTBA LCIIOUYUCIICHHBIX ﬂeHI/ITeﬂeﬁ JJIA JaHHOI'O YucJia.

CHoBa oOparnTe BHUMaHHUE, YTO IepeMEHHAs-UTePaTop, IIOCIEAOBATEIEHO TTepeOu-
paromias AeIUTEIH, yBEININBACTCS IPSIMO B KPYIIbIX CKOOKax oreparopa if. Ta-
KM 00pa3oM aBTOp XO4YeT IOJUEPKHYTh, YTO B KOJE, KOTOPBIH MHUIIYT XKHUBBIE JIIO-
I, TaKue KOHCTPYKIIMHU BCTPEYAIOTCS Yallle, YeM XOTesoCh Obl. HacTo naxe MOXKHO
BCTPETUTh NHKPEMEHT CUETUHKA MPSIMO B IIPOBEPKE YCIOBHS 3aX0/a B TEJIO LIUKIIA

M 3TO €lIE CUIIbHEE BIMAET KaK HA YUTAEMOCTh KOJa, TaK U Ha €0 MIOHATHOCTD.

Teno uukia st Hale 3a1a4u IPUMET CIEAYIOIMINI BU:

if (number % i++ == 0) {
dividers++;

} else {
continue;

if (dividers == 3)
break;

Ecnu xonmn4ecTBO LEI0UYHUCICHHBIX ACIUTENEH HE U3MEHIWIOCh, TO MBI IIPEKPAaTUM TEKY-
LIYI0 UTEPALMIO LUKJIA ITPH ITOMOILIH KIIF0YEeBOTO ciaoBa continue. Kak MblI 3HaeM, onepa-
TOp continue mepenact ynpasjIeHUE B JIOTHYECKYH KOHCTPYKIIMIO LIUKJIA, 3aCTaBUB IIPO-
rpaMMy IPOUTHOPUPOBATh BCE JaJbHEHIINEe HHCTPYKIUHU B paMKax Tekyieil urepanuu. Ec-
JIM KOJIMYECTBO LIEJIOUYNCIICHHBIX AEIUTENIeH TOCTUTHET TPEX, UTO OyJeT O3HAYaTh HELleJIECO-
00pa3HOCTh JATBHEHUIINX BBIYHCICHUH, MBI PA30PBEM LUKJI TPH HOMOIIY KIFOYEBOTO CIIO-
Ba break. Hanmomuum, uto oneparopel break; u continue; ABAfAIOTCA ONEpaTOpaMu
0e3yCIIOBHOTO TEpexosa, a 3HAYUT JOCTHTHYB MX IIpOrpaMMa IIepeaacT yNpaBIeHHE COOT-

BETCTBYIOIIEH CTPOKE 0e3yCI0BHO ¥ 0€3 MpeaynpekacHuil. M MOMHbINA MOMYYHBIIHICS KO

45




TIPUIIOKEHHS Oy/IeT TaKow:

stdio.h>

int main(int argc, char *argv[]) {
int number;

int dividers = 0, i = 1;
printf ("Enter number: ");
scanf ("%d", &number);
while (i <= number) {
if (number % i++ == 0) {
dividers++;
} else {
continue;

}
if (dividers == 3)
break;
}
printf ("Number %d is%s prime",
number,
(dividers == 2) 2 "" : "
)

not"

EcrecTBeHHO, MOBTOPUMCS, 3TOT KO MOKHO ONTHMH3HPOBATh 110 MHOXKECTBY HallpaB-
JIeHWH, KaK MUHUMYM, COKPaTHB KaK KOJIMYECTBO MPOBEPOK, TAK U TPAHHIIBI ITPOBEPOK (HET
CMBICIIa IIPOBEPATH Yucia Oomblle, yeM v number). JONOIHUTEIBHO MOXKHO HE IIPOBEPSThH

4y€THBIC YKCIIa, HAPUMED.

$ ./program

Enter number: 2
Number 2 is not prime
$ ./program

Enter number: 7
Number 7 is prime

$ ./program

Enter number: 457
Number 457 is prime

$ ./program

Enter number: 1457
Number 1457 is not prime

$
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6.4 MHuoxecTBeHHbII BbIOOP switch () {}

[Tpuwio BpeMst HOrOBOPHUTH 00 OlepaTope MHOKECTBEHHOTO BbIOOpa switch () { }. Tem
Oosee, 94TO Temeph MBI O0JagaeM BCEMH HEOOXOAMMBIMU I 3TOro 3HaHUAMH. OmepaTop
MHOXECTBEHHOTO BBIOOpA MCIIONB3YeTCs KOTIa MBI XOTHM OIIHCATh JCHCTBUS IS KAKOTO-TO
OTrpaHMYEHHOI0 KOJIMUeCTBa yCclIoBUH. B oTinuune ot onepatopa 1 £ (), KOTOPBI MOXET UC-

TIOJIB30BATHCA TAKKE U JUIA ITPOBEPKU TUAITa30HOB 3HAYCHUH.

OTO HE COBCEM TOYHO, TOTOMY uTO switch () { } B s3bike C TOXKE MOKET UCIIONIB30-
BaTbCA JId MPOBEPKU JUAITa30HOB 3H&‘-ICHI/II>1, HO 3TO JOBOJIbHO PEAKO NIPUMECHACTCH,
a B C++ n apyrux s3bIKax MOXKET BoBce He paborars. He cTout myrarbcs, yBuznes
case 5 ... 50: 3T0 Kak pa3 IpoBepKa AHaNa30Ha LENOYNCICHHBIX 3HAUCHUN

oT 5 10 50 BKIIOUYUTEIBHO.

VYmoOCTBO MpUMEHEHHS TOTO WJIM MHOTO OIIepaTopa, €CTeCTBEHHO, 3aBUCHUT OT 3amadu. Jlo-
BOJILHO BaXKHBIM OTpaHUYeHuEM oneparopa switch () Bs3bike C ABIsI€TCA TO, UTO OH yMEET
paboTarh TOJBKO C 1IEIbIMU YuciaaMu. /s mpuMepa, HamuieM CBOM COOCTBEHHBIH MaJleHb-
KAl KanbKynsaTop. Cpasy HpearoiaokuM, 9TO KalbKyIITOpOM OyAeT MOibh30BaThCsi BHUMA-
TEJBHBIA YEIOBEK, KOTOPHIA IIOHIMAET, YTO apH(PMeTHIESCKAE NEHCTBUSI MOXKHO COBEPIIATh
TOJIBKO C YMCIIAaMH, U YMHOXKaTh CTPOKHU WJIA CUMBOJIBI - HE IIOJIYYUTCS.

3aBeneM B Hallel mporpamMMe nepeMeHHsle Tuna £loat, KoTopeie OyayT XpaHHUTh Olle-
PaHIBI — YMCIIa HaJl KOTOPBIMH OyIyT MPOU3BOIAUTECS NeiicTBrs. 1 mepemMeHHyro Tima char
JUIsl XpaHeHus onepauuu. CpocuM y MOJb30BAaTENs, KAKUE YUCIa OH XOYET MOCUUTATh, JIJIs
3TOTO KCIONB3YeM YKe MPHUBBIYHYIO HaM CBsI3Ky printf () ;/scanf () ;. [Jamee, Takum
e 00pa3oM MPEATIoKHUM IOIb30BaTEeN0 BBECTH JeHCTBUE, AEUCTBHE MBI 3aKOAUPYEM B BHJIE

YHCeT:
* 1 — crnoxxeHue;
e 2 — BBIUMTAHUE;
* 3 — yMHOXEHUE
* 4 — neneHwue.

31Mech BCTymaeT B CHIIY TOT (DaKT, 9TO Ha HOJb JCTHUTH HEIb3s, IO3TOMY HaM HYXKHO HE JaTh
TI0JIb30BATENI0 BBECTH B Ka4eCTBE BTOPOro omnepanaa " 0", eciii B Ka4eCTBE Oleparopa OH
BEIOpan nenenne. KoHEYHO, TO MOYKHO OCTAaBUTh HAa YCMOTPEHHE TIOJIB30BATEISI, HO MBI, KaK
CO3HATEIbHBIC MTPOTPAMMUCTHI, HE AJHM II0JIE30BATEN0 B apU(PMETHISCKOM TOPEIBE CIIO-

Marhb Hairy nporpammy. CoBepIIEeHHO O04€BH/IHO, YTO IIPOCTO CKOITMPOBATh BBOA Oy/I€T HENpa-
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BIWJIBHBIM JieicTBHEM. [|j1st TOTo 4TOOBI HE 1aTh MOJIb30BATEIO CAEIaTh HENPAaBIUIILHBIA BBOJ
BBEJIEM B IIPOPaMMYy YCJIOBHE: €CJIU T0JIb30BATEINb BBIOpaII JIeJICHUE, NCTIONb3Yst MK do  { }
while () ; Oyzem OpOCHTB €ro BBECTH BTOPOI ONlepaH OTIIMUHBIN OT HYJIs, a €CJIN BEIOpaH-
HBII OIEPATOp HE ABIAETCA AEIEHUEM, TO MPOCTO MOMPOCUM IMOIb30BaTENsl BBECTH BTOPOE

4HCI0, 6€3 MPOBEPOK U MMOBTOPEHHH.

if (operator == 4) {
do {
printf ("/nEnter second operand: ");
scanf ("%f", &second);
} while (second == 0);
} else {

printf ("/nEnter second operand: ");
scanf ("%f", &second);

Ecnu Mel BOCIIOJIB3YEMCS HAIMMU 3HAHUSIMU Ha TCKyHII/Iﬁ MOMCHT, TO MbI HAaITUIIIEM ITPpU-
MEPHO CIICAYIOUICE: €CJIN OoN€paTop paBCH €AUHUIIC, TO A€JIaTh 3TO, B IPOTUBHOM CJjiydaec, €C-
JIKX OII€parop paB€H JABYM, TO JA€JIaTh BOT 3TO, U TaK JAJICC, OIMMChIBAIN OBl BCE BO3MOXKHBIC

JEUCTBHUS YCIOBHBIMU oreparopamu. Ilomyunscs Obl BeCbMa rPOMO3IKHH KOI.

if (operator == 1) {
/...

} else if (operator == 2) {
VA

}

VA

Ho xopormast HOBOCTE B TOM, UTO CYIIECTBYET ropaszo Ooee ynoOHsIH oneparop switch () { }.

Bocnonb3yemcs UM OTHOCUTENBHO EPEMEHHON operator. Paznenum neiictBus oneparopa
switch () {} Ha HECKOJIbKO TaK Ha3bIBAEMBIX KeliCO8.

Omneparop switch () {} TmocinemoBareIbHO MPOBEPUT BXOASAIILYIO MIEPEMEHHYIO Ha CO-
OTBETCTBHE ONHCAaHHBIM B Keiicax 3HaueHMsX. B ciydae, eciy 3HaueHHE COBHANET, OymeT
BEITIOJTHEH OJIOK Kofa 7o omeparopa break ;, eciu e 3HaYCHUE IEPEMEHHOW HE COBIMAAET

HU C OJJHMM M3 OMHUCAHHBIN B KeWcaX, BBITOIHUTCS OJIOK 1Mo yMonmyanuto default.

Ba)xHo MOMHUTB, YTO B Cily4yae OTCYTCTBHs BHYTpU case oneparopa break; , mpo-
rpaMmMa Oy/IeT BBITOJHATH MOCTIeMYIOIHe KEHCHI, TOKa He HAAET break; WM Mo-

Ka HE 3aKOHYMTCA KOHCTPYKIUA switch () { }, To eCTh TOKa HE BCTPETUTCS €€ 3a-

KpbIBatolas GpurypHas ckoOKka.
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switch (operator) {
case 1:
result = first + second;
case 2:
result = first - second;
case 3:
result = first * second;
case 4:
result = first / second;
default:
printf ("Unknown operator\n");

B keiicax MbI ONMIIEM NIPHCBaWBaHNE PE3yIbTaTa B IEPEMEHHYIO result, a mocie BEIXoAa
n3 switch () {} - BBIBOI pe3ynbrara B KoHCOIb. KeficoM 1o ymomganuto OyzieT BEIBO ITOJThb-
30BaTelll0 COOOIEHNUS O HEBO3MOXKHOCTHU Paclo3HaTh oeparTop. Tak IoIydaeTcs, 4To Jaxe
€CJIM MBI BBEJIM HEU3BECTHEIH OIepaTop, IporpaMma IMOIMbITAE€TCS BBIBECTH B KOHCOIb PE3yIIb-
TaT, 4yTo HenmpuemieMo. [ToaToMy Keiic Mo yMOIHaHHIO TOJKEH COAEPXkKaTh TAKXKe U OIepa-
TOp return 1; BEIHYXIAIOUMH MPOrpaMMy 3KCTPEHHO 3aBEPIIUTHCS C KOJIOM OIIMOKH 1.
3armycTUB ONUCAHHBIM HAMM KaJbKYIATOp, yoeauMes uTo Bce paboTaeT. CBIMUTHPYEM Hepa-
JMBOTO TIOJIB30BATEIIsl M HECKOJIBKO pa3 MoNpoOyeM BBECTHU IIPH UCTIOIb30BAHUHU YETBEPTOTO

oneparopa I_II/I(i)py HOJIb, IpOrpaMMa €CTCCTBCHHO HC JACT HaM 3TOI0O CACIaTh.

$ ./program
Enter first operand: 10
Enter 1 for (+), 2 for (=), 3 for (*), 4 for (/): 4

Enter second operand: O
Enter second operand: O
Enter second operand: O
Enter second operand: 3
Result is: 3.333333

$ ./program

Enter first operand: 10

Enter 1 for (+), 2 for (-), 3 for (*), 4 for (/): 5
Unknown operator
S

Takoke MPUBEIEM MOTHBI IMCTHHT MOMyYHBIIeHCS NporpaMmsl B npuioxkennn [A. Jla-
Jiee HEKOTOpbIE IPUMEPBI OyAeT HEBO3MOXHO IPHBECTH MOJIHOCTHIO, TI03TOMY COOMPATh MX

B €IMHBIN pabOTAIONINIA KOA YUTATEh OyeT BEIHYKACH CAaMOCTOSTEIBHO.
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7 D®OyHKIUH

7.1 Ilonsitne pyHKI UM, IAPAMETPbI M APTYMEHThI

OyHKIUA - 9TO Takast 000COOJICHHAS YacTh KOJIa, KOTOPYEO MOXKHO BBIITONTHSTH JIF000€E KO-
JIUYECTBO pa3. Y (QyHKIHUi 00s13aTEILHO B TAKOM HOPSIIKE TOJDKHBI OBITh OMMCAHBI: THIT BO3-
BpamaeMoro 3Ha4eHUs, Ha3BaHHE, TapaMeTPhl U TaK Ha3bIBaeMOE TeJNO, TO €CTh, COOCTBEH-
HO, HCIIOTHIEMBIN Kofl. PaccMoTpum Gornee neranpHO GyHKOMIO int main (int argc,
char *argv[]): yka3aHHbIi TUO int - 3TO mun 6o3épawjaemozo 3uauenus, TO €CTb Ha
TOM MECT€, OTKy/1a Oy/eT BbI3BaHa 3Ta (PYHKI[HS, B pe3yibTare e€ paboThl 10 (PaKTy BBITOTHE-
HUS orepatopa return;, HOSBUTCS HEKOE IIeJoe 4rcio. Bo3BpamiaeMplie 3HAYEHUS MOTYT
OBITH JIOOBIX THIIOB. B cirydae ke xorna (yHKIUS HE JODKHA BO3BpAIATh PE3YIBTaT CBOCH
paboThI, MM HUKAKOTO BO3BPAIIAEMOI0 Pe3yJbrara He MPEIoIaraeTcsl, YKa3bIBaeTCs KITkO-
4yeBoe c10BO void (aHm. - myctora). To ecTh Ha MecTe BbI30Ba (DYHKILUH, B pe3yJbTare eé
BEITIOJTHEHHS, HE MTOSBUTCS HUKAKOTO 3Ha4eHUs (0OBIYHO, TAKUM 3Ha4UeHHEM ObIBaeT rvalue).
Omeparop return; oOs3areneH it He-void GpyHKIHH, a B void QyHKIUSIX MOXET NpH-
CYTCTBOBATh WJIM HET, HO HUKOTJIA HE COAEP KUT BO3BpalllaeMoro 3HaueHus. HamucanHoe c
MaJIeHBKOHM OYKBBI CIIOBO main - 3T0 Ha3gaHue (ynxyuu. DyHKINUI UMEHHO ¢ TAaKUM Ha3Ba-
HYEM, HAIHCAHHBIM C MAJICHBKOI GYKBBI, BCEIJIa SIBIISETCS TOUKOH BX0a B mporpammy (2.2).
OmnepanroHHasl CUCTEMa HIIET KMEHHO 3Ty (YHKIUIO, KOT/Ia MOTyYaeT KOMaHIy Ha BBIIOJI-

HEHUE NPOrpaMMBl.

Hazpanus QyHKIHMHA B paMKax OXHOW MPOTPAMMBI HE JOJIKHEI IIOBTOPATHCS U HE
JIOJDKHBI HAYWHATHCS ¢ IIU(P WK CIIEIICHMBOJIOB, TAK)Ke, KaK M Ha3BaHUS IIEPEMEH-

HBIX (cM cTp. [§) HMKaKuX JPYrUX OrpaHuyYeHHil Ha Ha3BaHUe (YHKIHIT He HAK/IAIbI-

BacTCA.

Konctpykius B KpymibIX ckoOkax (int argc, char *argv[]) -3Tonapamempul (hyHk-
yuu. [lapaMeTpsl (GYHKINH - 3TO TAKHE IIEPEeMEHHBIE, KOTOPBIEe CO3/Ial0TCs MIPH BHI30BE (PYHK-
MU ¥ CYIIECTBYIOT TONBKO BHYTpHU He€. C UX MOMOIIBI0 MOXKHO ITEPeAaTh B PyHKIIHIO KaKue-
TO apryMEHTBI M HCXOIHBIE JaHHBIE At paboThl. [lapaMeTpbl muuIyTcst B KpyIIbIX CKOOKax
cpasy nocie Ha3BaHus GyHKIWH. B ciiydae eciii GyHKIMS HE MPUHUMAET TapaMeTpoB HEOO-
XOIUMO IOCTABUTH ITOCIIC Ha3BaHUSA ITyCThIe KpyIible ckoOKH ( () ). Bech kom, coneprkammiics
B (UTYPHBIX CKOOKaX MOCIIE MapaMeTPOB (PYHKIIMH HA3BIBACTCS MeIoM QyHKYuU. ITO TE OIIe-
paTopbl M KOMaHIbl, KOTOpBIE OyIyT MOCIeI0BaTeIHLHO BHIMIOIHEHBI IPH BhI30BE (GyHKINU. B
Tene pyHKIMK MBI MOYKEM BBI3BIBATH ApyTHe (QYHKINH, HO HUKOIAA He MOXKeM 00bSBJISITh,

ONHCHIBATH HJIM CO3/1aBaTh B Tesle PyHKIMM Apyrue pyHknuu. Hukakux apyrux orpanu-
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20

YeHH Ha HalMcaHWe Tena (QyHKIMHU S3bIK He HakianpiBaeT. Takum oOpazoMm, oOuIMil BUA
(YHKIMY CIIeTyFOLHNI:

TunBosBpamaeMmoro3Haueuusa VMg (COMCOKAPIYMEHTOB)

{
TenodyHKUUNU
return BosppauwaeMoe3HadeHUe;

Hanee npuBenéM HeGOIBIIION PUMED, KOTOPBIH MTPU3BaH MPOJAEMOHCTPUPOBATH, KAK BbI-
DBSLIUT POCTeiiee obwvasienue u onucanue pyuxuui (function declaration and definition),

a TakKe WX BBI30B M3 QyHKIMH int main (int argc, char *argv([]).

void somefunction() { // <-- this is a function
printf ("some function\n");
// some useful things

int anotherFunction () {
printf ("another function\n");
// more useful things happened
return 10;

int main (int argc, const char* argv[]) {
printf ("main function\n");
// more useful things

somefunction () ; // <-- this is invocation
int x = anotherFunction();
printf ("x = %d\n", 10);

return 0;

Tak, Ha IIECTHAALIATON CTPOKE KO BEIIIE MBI BHIUM, YTO BepHyBIIeecs U3 QyHKINH,
OOBSIBJICHHOW Ha MIECTOM CTPOKE Leioe yuciio 10 OymeT MprCcBOCHO EPEMEHHON X U BBIBE-
JIEHO B TEPMUHAJ CEMHALIATON CTPOKOM.
$ ./program
main function
some function
another function
x = 10
S

q)yHKI_[I/II/I IIPUHATO Ppa3aACIIATh Ha IIPOBEPAIOIINE, CHUTAIOUINE U BRIBOAAIINE, U KaXKJasd U3
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BBIIICONNCAHHBIX (DYHKIMH HE I0JKHA HECTH AOTIOTHUTENILHOM HAarpy3KH. To ecTh, PyHKIHA
HeE JIOJDKHA 3HAaTh OTKY/A B IIpOrpaMMe TOSIBIINCH €€ mapaMeTpebl, U rie Oy/leT UCIIONb30BaH
pe3yabrar e€ padotsl. To ecTh caM s3bIK TAKUX OTPaHUUYECHUIT He HAKJIaAbIBAaET, HO TAKOM MO/~
XOJ] K HAITMCaHUIO (PyHKINH JeTaeT NX 3HAYUTEIbHO 00nee THOKUME B JaéT UM BO3MOXKHOCTD
OBITH IIEPENCIIONB30BaHHBIMY. be3 mpuMeHeHus Takoro moaxoaa Obu1o ObI HEBO3MOXKHO ITH-

carb abcTpakTHbIe OMOIMOTEKH U HPEHMBOPKH.

IMapameTpbl pyHKIMH - 3TO TC MEPEMEHHBIC, KOTOPHIC YKA3BIBAIOTCS B KPYIIBIX
CKOOKax MIpH ONpeae/icHUH Win onucanuu GpyHkimu. [Tapamerpsl QYHKIUH CyIiie-
CTBYIOT KaK JIOKaJIbHbIE IEPEMEHHBIC B KOJIOBOM OJIOKe Tej1a QyHKIMU. APryMeHThI

(l)yHKIII/lI/l - OTO T€ 3HAUYCHUS NCPEMCHHBIX HUJIN JIMTCPATIOB, KOTOPLIC YKA3bIBAOTCA

B KPYIJIBIX CKOOKax P BBI30BE (PYHKIIHH.

Jnst mpumepa onuineM (yHKIHIO, CyMMHPYIOIIYIO ABa 9ucia. [y mpocTOThl, B KauecTBe
apryMeHTOB OHa OyJeT NMpHWHHUMAaTh IEJble YMClia ¥ BO3BPAIIATh IIEIOYHCICHHBIH pe3yiib-
tar. OOpaTuTe BHUMaHUE, YTO (DYHKIMS HE «3HAET» OTKY/A B3SUIUCH 3TH YKCJIA, MBI MOKEM
HX TPOYMTATh M3 KOHCOJH, MOXKEM 3a[aTh B BHJE KOHCTAHT WM IOJIYYHUTH B PE3YIbTare
paboThl KakoW-TO apyrodt GyHKOWH. BHyTprm dyHKIME int main (int argc, char
*argv[]) mporpamma BbI3bIBaeT Hally GyHKIMIO sum (int x, int y) cymmupyio-

ILIYIO /IBa YHCJIa ¥ IIepeAaéM B Ka4eCTBE apryMEHTOB 3TH YHCIIA.

int sum(int x, int y) {
int result = x + y;
return result;

int main (int argc, const char* argv[]) {

int a;

scanf ("%d", &a);

int x = sum(50, a);
printf ("x = %d\n", 10);

return 0;

OOparuTe BHUMaHKE, YTO B KAYE€CTBE apIyMEHTOB MbI MOXKEM IEPEIaBaTh KOHCTAHTHBIC
3HAYCHMUSI, a TAK)KE IEPEMEHHBIC. 3HAYCHNUS IEPEMEHHBIX MBI MOXKEM ITOJTyYUTh HAIIPUMED U3
KOHCOJIH, JIN0O B pe3y/IbTaTe BBITIOJIHCHHS KaKOW-HUOYIb PYroi QyHKIUH.

Kak yxe ObUIO CKa3aHO, mapaMeTphl - 3TO MePEMEHHbBIE, KOTOpPbIE XPaHAT B ce0e HeKo-
TOpbIC HAaYaIbHbIC 3HAYCHUSI BbI30Ba (QyHKUMH. [lapamerpu3aliys MO3BOJISET UCIIOIb30BATH

OAHHU U TC XKC (l)yHKIII/II/I C pa3HbIMU MCXOJAHBIMU JTAHHBIMU. HpI/Il"J'IHHI/IMCH IIOBHUMATCJIIbHEC
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$ ./program
x = 110
$

K XOpOIIO 3HakoMo# HaMm ¢yHkimu printf () ;. CTpoka, KOTOPYIO MbI IUIIEM B KPYIJIBIX
CKOOKax B JIBOMHBIX KaBBIYKaX - 9TO apryMeHT QyHKUUH. To ecTh MBI 3HaeM, 4TO (QYHKIHS
yMeeT BBIBOAWUTH HA DKPAH CTPOKH, KAK MMEHHO - HaM HET JeJa, a KAKHe UMEHHO CTPOKH -
MBI YKa3bIBaeM B KauecTBe apryMeHTa. OyHkuus printf () ; mpuMedaTenbHa €lie U TeM,
YTO OHAa MOXKET NMPUHUMATh B ce0si He(PUKCHPOBaHHOE KOJIMYECTBO aprymMeHToB. OnucaHue
paboThl TakuX (YHKIMH, a TAK)KE UX HAIMCAHUE BBIXOJUT JIAJIEKO 32 MPEJIeNIbl OCHOB SI3bIKA,
HaM Ba)KHO MIOMHHTH YTO MBI MOJKEM 3TO HCIIONB30BaTh. B aprymente ¢yHkmmm printf ()
MBI MOXKEM HANHCaTh 3aMOIHUTENb COOTBETCTBYIOILETO TUIA M, HAIIPUMEDP, BBI3BATH HAILy

GyHKIUIO sum () .

7.2 Odopmienne pynkuuii. I[lonsitue pedaxkropunra

Teneps Mb1 0e3 pobiieM MOXKeM 0POPMHTH yXKE CYIIECTBYIONIHME Yy HAC IPOTPaMMEI B BU-
ne gynkumii. Hampumep, oopmuM B BuE GpyHKIUH TPOrpaMMy IPOBEPKU IPOCTOTHI YHCIIA.
Jast aToro onmieM (PyHKIHIO KOTOpasi BO3BpAIIAET LIEJI0e YNCIIO, Ha30BeM ee isPrime (),
B KauecTBE MapameTpa oHa Oy/eT MpUHUMATh 1IeJI0e YKCII0, Ha30BeM ero number. Haiinem
B IpebLIyIuX pasaenax (crp. Bf) nporpamMMy ompeneseHus IPOCTOTHI YMCIA U CKOIHPY-
eM B Teo GpyHKuuKM. BHeceM HeOoubIie NpaBKH, yoepeM BBIBOJ Tak Kak 3TO Oy/leT, MOXKHO
CKa3aTh, KJIACCHYECKas MPOBepstomas (PyHKIHS, BBIBOA OCTaBUM I pyHKIMH int main

(int argc, char *argv[]),IIycTh O HAIMYUH y HAC TEPMHUHAIIA «3HAET» TOIBKO OHA.

Takoii mporiecc, MEPEeHOC YYacTKOB KOjIa MEXKAY (DyHKIIMSIMH, BBIICIICHUE YIaCTKOB
Koza B QyHKIINH, CHHTaKCHYECKHe, CTHINCTHYECKUE U IPYTHE YIyqIIeHNs, Ha3bIBa-
eTst pepakTopunrom. OObI9HO, pe(hakKTOPHHTOM 3aHUMAIOTCS CaMH Pa3paboTUHKHI

B CBO60I[H0€ OT OCHOBHOM ACATCIIBHOCTHU BPEMCHH, B IEPHUOABI KO PEBbIO WUJIH 11O

HEOOXOIMMMOCTH YIYYLIHTh YATAEMOCTh/TIOBTOPSIEMOCTh COOCTBEHHOTO KOZIA.

CrnenoBarenbHO, TOMUILEM YCIIOBUS: €CIIM JEIUTEIEN ABa, TO YKCI0 IPOCTOE, BO3BpaLIaeM
VCTYHY, TO ecTh Jr000¢ HEHYJICBOES 3HAYCHHE, B HAIIEM MpUMepe - eauHuIly. Eciu ke ae-
JuTeNen 0oJbIIe — YMCIIO He MPOCTOE, Bo3BpaiaeM JIOXb, B HallleM ciiydae, 5TO HOJb. Takon
BBIBOJI MOYKHO 3aIlFICaTh M IPYTUM CIIocoboMm, return (dividers == 2) —3To0 BBIpa-
JKEHHE B CJIy4yae UCTUHBI BEPHET €AUHUILY B CiIydae JLKU HOJb. M MOXKHO BOCIIOIB30BATh-

¢s1 TEpHApHBIM OIIEPATOPOM, TO €CTh, HANKCATh return (dividers == 2) ? 1 : O:
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GCHHYCHOBHCBCKO6KaXHCTHHHOBCpHeTCﬂeﬂHHHHa,HOKHO—lHHE.TaKKCBaXHO,qTOBHﬁ-

TH U3 (byHKI_II/II/I MBI MOXKEM Ha JIF0OOM JTarie ee BBITIOJIHEHM S, HATPpUMED €CJIN ,Z[eJ'IHTeJ'[eﬁ YKe

TPH, TO HAM HY)KHO HE 3aBEpIlaTh UK, @ BEPHYTh JIOXD U3 QYyHKIIHH.

int isPrime (int number) { 1| int main(int argc, char
2 int number;
int dividers = 0, 1 = 1; int dividers = 0, 1 =
4 printf ("Enter number:
5 scanf ("%d", &number);
while (i <= number) { 6 while (i <= number) {
if (number % i++ ==0) 7 if (number++ % i ==
dividers++; 8 dividers++;
else 9 } else {
continue; 10 continue;
11 }
if (dividers == 3) 12 if (dividers == 3)
return 0; 13 break;
} 14 }
return (dividers == 2) 15 printf ("Number
} 16 number,
17 (dividers == 2) 2
18 )i
9] }
20

nn

*argv[]) |
1;

")

0) {

%d is%s prime",

"

not"

HemHoro moampaBuB BEIBOJ, BHECEM B HETO BBI30B QYHKIUH 1isPrime () U OOBIBUM

NepeMeHHyo int num, KoTopyto OyaeM mepenaBaTh B KadeCTBE apryMeHTa B (DYHKIHIO

isPrime (). 3amycTUM Hally mporpaMMmy W yoeaumcs 4To Bce paboTaer — uncio 71 mew-

CTBUTCJIIBHO ABJIACTCA IIPOCTBIM.

int main (int argc, const char* argv[]) {
int num = 71;
printf ("Entered number %d is%s prime \n",
number,
isPrime (num) 2 "" : " not"
)i
return 0;

Tenepp MbI MOXEM HaIcaTh MPOrPaMMBbI JIO00H CIIOXKHOCTH, cofepkaliue (GpyHKIUH
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isPrime () mwm sum (). O ToM, 9TO MBI paboTaeM ¢ KOHCOIBIO, B HAIIIEM CITydae JOJDK-
Ha 3HaTh TOJbKO QyHKIMS int main (int argc, char *argv[]), mO3TOMY BBOA
3HAUEHUU U BBIBOJ] HA SKPaH MbI OCTaBUM B HEH, a OACUETHI, IPOBEPKHU WIH JPYTUE BaXKHbIE
JEHCTBUS M aITOPUTMEI TTOJIOKHM B pyHKIMA. IMEHHO 3TO abCcTparnpoBaHue SBISETCS CHITb-
HOW CTOPOHOW MCIIOTB30BaHUS (PYHKIIHIA, TaK, HAIPHMEP, Y HAC HET HEOOXOMUMOCTH KaXKIbIH
pa3 BCTaBJIATH B IPOrpaMMy KO B3aUMOZEHCTBUSA C KOHCOJIBIO MPU BBIBOJIE KAXKI0M CTPOKH,

a MOXKHO OTPaHHYUTHCS BBI30BOM (yHKIMK printf () ;.

7.3 Ilpororun (pyHKIMH, 3aT0J0BOYHbIE (ATJIbI

3a4acTyio BO3HHMKAIOT CHUTyallMH, Koraa (YHKIMs He OIMcaHa JI0 TOYKH BXOJa B IIPO-
rpaMMy, WM BOBCE JIEKHUT B APyroM (haiiie, BO3MOXKHO, Ja’ke HallCAaHHOM He HaMH. B aTom
ClTy4ae MBI IOJKHBI COOOIIUTE KOMIHIIATOPY, YTO TaKylo (DYHKIHIO IPHAETCS JOIOTHUTEIb-
HO TouckKarb. JIJist 3Toro He0OX0ANMO yKazaTh BCIO MH(pOpMAIHIO 0 QyHKIMH, KpoMe e€ Te-
na. Takoe 0ObsBIEHNE HAa3bIBACTCS MPOTOTHI WJIN onpenenenue GpyHkuuu (aHr. function

definition).

C ompeneneHneM QyHKIUH TECHO CBA3aHO MOHATHE cucHamypul GyHkiun. Curaa-
Typa QYHKIMHU JUIS PAa3HBIX S3BIKOB MPOTPAMMHPOBAHUS MTPEACTABISETCS HEMHO-
TO pa3HBIM COCTAaBOM CBEICHMH, TaK, HaNmpuMep, B s3bike C cUTHATypa - 3TO THUI
BO3BPAIAEMOro 3HAUCHNUS, Ha3BaHNE (PyHKIUH U TOPSATOK THIIOB ITapaMeTpoB, Ha-

npumep, A1 QYHKIMA CyMMHPOBAHHMS YMCEN, ONMMCAHHOM BhIIIe, 3TO Oymer int

sum (int, int).

Ommmem npororun ¢yHKIMK 1isPrime (), onmucaB curHarypy 3toit ¢gynkmun. O6parute
BHUMaHHE, YTO JOIyCTUMO B ONpEeNICHNH (yHKIMH TaKXKe MHCcaTh Ha3BaHUs I1apaMeTpoB,

a HC TOJIBKO UX THUIIBI, HO 3TO HE00sI3aTeIBHO.

int isPrime (int number) ;

U3 Takux onpeneneHuid 4acTo COCTABIISIIOT TaK Ha3bIBAEMBIE 3020/1080UHble ()alinbl. 3ar0N0-
BOYHBIE (PaiJIbl 3TO MOUTHBIA HHCTPYMEHT MOAYABHON pa3paboTKu. MBI y)Ke HEOAHOKPATHO
BHJICITH MTOJKITFOYCHHUE 3aT0JIOBOYHOTO (aiina stdio . h, OOHapyXUB NaHHEIHN (aiir Ha Iwc-
Ke KOMIBIOTEPa, MBI YBHUIUM, YTO B HEM COJCPIKATCS IPYyTHE TOAKIIOUCHHS OUOIHOTEK, JTH-
PEKTUBEI Mpenporieccopa (0 KOTOphIX Oosiee oAPOOHO MBI OyneM TOBOPUTH B CIEIYIOIIMX
paszenax) ¥ MpOTOTUIIB (GYHKIMH (HarpruMep, TaK 9acTo MCIIONb3yeMoi HaMu printf () ).
3aroI0BOYHEIM 3TOT (haiill Ha3BIBAETCS, HOTOMY YTO €r0 OOBIYHO MUIIYT B KOIIE TPOTPaMMBI B
CaMOM BEpXY, U, PaKTUUECCKH, KOMITMISTOP MPOCTO BCTABISAET €ro COACPIKUMOE B TEKCT MPO-

rpammbl. Pacimpenne ¢aiina (. h) sBisercst cokpalieHreM oT aHmumiickoro ciosa header,
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3aronoBok. O0OparuTe BHUMaHUE, YTO MOAKIIIOYAs 3arojoBOYHbIM (aitn stdio.h mbl mo-
JlyyaeM BOOOIIe BCIO (DYHKIIMOHAIBHOCTh CTAHIAPTHOTO BBO/IA-BBIBO/IA, TO €CTh, HAPHMED,
paboty ¢ daittamu, KOTOPYIO MOXEM U HE HCIOJb30BaTh. B cranmapre C++20 ObUIO mpH-
HSATO PEIICHUE O TIePEeXOoe Al MOJIEPKKH MOBTOPSIEMOCTH KOJia OT 3aroJ0BOYHBIX (haiinoB
K [EITOCTHBIM MOIYJISIM, UIMIIOPTHPYEMBIM OTIEIBHO. JTO MO3BOJISET HHTEIPHPOBATH B IIPO-

rpaMMy TOJIBKO HYXXHBIH (pyHKIIMOHAJ, UTHOPUPYS BCIO OCTAJILHYIO OHOIHOTEKY.
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8 VYkazareim

Bort u npunuia nopa noroBOpUTh 0 CEPrEIHOM HU3KOYPOBHEBOM MporpammupoBaHuu. O
TOM, OT Y€Iro CTaparoTCA OIrpaaruThb IIPOTPAMMUCTOB A3BIKHA BHICOKOT'O YPOBHSA U COBPEMECHHBIC
¢petimBopku. OO yKkazaTensx, 9TO TaKOe YKa3aTelHd U KaK OHU COOTHOCSATCS C OCTATbHBIMHU
IIepEMEHHBIMH, YTO TaKOe Meperada apryMeHTa [0 3HAYCHHUIO U 10 YKa3aTelo.. DTOTo pas-
roBopa 00sTCS BCC HAYMHAIOIIME MPOTPAMMHUCTBI M He 0€3 MPUYHH: padoTa ¢ yKa3aTelIsiMu
Ha nMaMATb MOXKET HE TOJIBKO HABPCAUTH IPOTrpaMMeE, HO U, HAIPUMEP, OKa3aTh BIIUAHUC HA
OTIEPALIMOHHYIO CHCTEMY (aBTOp 3HAET, YTO 3TOT TE3WC HE BCETAa CIpPABEIUINB, TaKKe, KaK
Te3uc co crp. J, Ho MBI CHOBa MJIEM HA TaKoe YIPOILIEHHE PajH TOTO, YTOObI GBIIO MOHAT-
HO, HACKOJIBKO 3TO MOIIHBIM HHCTpYMEHT). Takxke cpa3y OTMETHM, YTO yKa3aTelsIM JOCTaJICs
CBOM COOCTBEHHBIH pa3iell B 3TOM JOKYMEHTE, XOTsI (POPMAIBHO ATO MPOCTO €MIE OMH THIT
JTAHHBIX.

Kak mb1, HaBepHsIKa, TOMHUM, BCE IIEPEMEHHBIC U KOHCTAHTBI, UCTIOJIb3yEMBbIC B TIPOTPaM-
Me, XpaHATCS B ONIepaTUBHOM MaMaATH. OniepaTHBHAS MaMATh pa3/iesieHa Ha HECKOJIBKO yyacT-
KOB, HO HE 3TO [yl Hac celyac BaykHO. BaXKHO To, YTO y KaX10i1 IEPEMEHHOM U KOHCTaHTHI B
TIAMSATH €CTh CBO COOCTBEHHBIN ajipec. Aipeca MPUHSATO MOKA3hIBATH HA OKPAHE B BHJIE IECT-
HaJIaTUPUYHBIX YUCEN. DTOT aJpec BhIIAETCS Halllel mporpaMMe ONepaluOHHON CUCTEMOH,
a s3Ik C TO3BOJISIET UCTIOIB30BATh €TO Ha YCMOTPEHUE MporpaMMucTa. IHBIME CIIOBaMU B
si3p1ke C €CTh BO3MOYKHOCTB MOJYYHTH AOCTYI K IIEPEMEHHON HE TOJBKO 110 IMEHH, HO U IO
anpecy. [lomydeHne nocTyma K 3HAYCHUIO IEPEMEHHOI TI0 afpecy Ha3hIBACTCS pa3bIMEHOBA-
HueM. [[aBaiiTe BBIBEIEM B KOHCOJIb BCIO UMCIOIYIOCS UH(GOPMAITUIO O IEPEMEHHON a. MBI

3HACM, YTO OTO LCIOYUCICHHAA NCPEMCHHAA 3HAYCHUEM 50, KOTOpasd XpaHUTCA 110 KAKOMY-TO

anpecy.

int a = 50;
printf ("value of 'a' is %d \n", a);
printf ("address of 'a' is %p \n", &a);

Anpec nepeMeHHON MOXKET XPaHUThCS B CIIELUATIBHON TIepeMEHHOMN, KOTopast Ha3bIBaeT-
cs ykazarenb. s oOBSBICHUS yKa3aTeis MUIITYT THII MEPEMEHHOH, aJpec KOTopoi OymeT
XPaHHUTHCS B yKa3arelne, 3HaK 3BE3N0YKM U UM yKazaTels. TakoMy yKa3aTellto MOXKHO MpH-
CBOUTH 3HAUCHHE aJpeca CYLIECTBYIOLICH MepeMEeHHON, TakXkKe KaK Mbl JeNIaly 3TO paHblIe
C IpyT'MMH TUIIAMU JAHHBIX. [ HAaIIITHOCTU CHOBA BBIBEJIEM BCIO UMEIOLIYIOCS Y HAC HA
JaHHBII MOMEHT nH(popMaIio Ha 3kpaH. HarmomHro, 1711 BBIBOAA aipeca UCTIOIb3YETCs 3a-

TIOJTHUTCIIb %p BLIBC,Z[@M B KOHCOJIb ACCATUYHOC 3HAYCHUC HepCMeHHOﬁ pointer " azapec
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NIepeMeHHOH pointer. YBUIUM, 4TO 3HaUEeHHE NIEPEMEHHON pointer sBusercs Kak Oyn-
TO OBbI COBEPILIEHHO CIIyYailHbIM YHCJIOM, HO HM)KE MBI ITPEACTaBUM 3TO 3Ha4YE€HHUE HE B BHIE
OOBIYHOrO LIEJIOTO YKCa B IECTUYHON CHUCTEME CUMCIICHHUS, a B BUJE aApeca (3aloNHUTENb

%$P) TO BCE BCTAHET HAa CBOM MECTA.

int * pointer;
pointer = &a;

printf ("value of 'pointer' is %d \n", pointer);
printf ("address of 'pointer' is %p \n", &pointer);
printf ("value of 'pointer' is %p \n", pointer);

Tak, 00beTMHEHHBINA BBIBOA JIBYX IPEABIYNINX JUCTUHIOB OyIeT MPUMEPHO TaKoH, H

MOJHO SIBHO YBUJCThH, 4YTO aApeC a - 3TO 3HAYCHHUC HCpCMCHHOﬁ pointer:

value of 'a' is 50

address of 'a' is 000000000061FE1C

value of 'pointer' is 6422044

address of 'pointer' is 000000000061FE10

value of 'pointer' is 000000000061FE1C

B 06miem-To, Moka 4To0 HUYEro HeOOBIYHOTO, BCE ATH ONEPALIMY MBI BHIITOIHSIIN Ha TIPEJIbIAY-
mux ypokax. Ho mockonbky pointer 3To HEMHOro HEOOBIYHAs MEPEMEHHas, a yKa3arellb,
TO MBI MOXXEM MOIyYUTh HE TOJIBKO €€ 3HAUCHUE, HO U 3HAUEHUE NEPEMEHHOU, HA KOMOPYIO
OHa yKazvléaem, AIMEHHO 3TOT MPOLECC Ha3bIBAETCS Pa3bIMEHOBAHMEM yKasarensd. JlaBaiite
3aIMIIeM, BHIBECTH B KOHCONb «II€pPEeMEHHasl pointer yKa3plBaeT Ha TaKOe-TO 3HAYCHUE» H
pa3zbiMeHyeM pointer. To ecTh MOXYYUM JOCTYI K 3HAUEHUIO IIEPEMEHHOM, HAa KOTOPYIO

CCBUTAeTCs yKas3arenb pointer.

printf ("variable 'pointer' points at: %d", *pointer);

Taknm 00pa3oM, MomydaeTcs, 9TO B yKa3arelle XpaHHWTCS CChUIKA Ha 3Ha4eHHE HEKOTOPOH
MIEPEMEHHOI, U MBI MOXEM JTO 3HAYEHUE U3MEHUTH. [laBaliTe H3MEHUM 3HaUEHUE NIEPEMEH-
HOW a, HE Ha MPSIMYIO, a C UCIIOIb30BaHNEM yKa3arensd. Kak BUauM, 3HaUeHHE epeMeHHOH

HU3MCHUJIIOCH.

*pointer = 70;

printf ("value of a is %d \n", a);

To ecThb YKasatejib - 9TO HpOCTeﬁmHﬁ CCBLUIOYHBINH THII JaHHBIX. be3 yKa3aTene171 HCBO3MOXK-

HO cebe MMPEACTAaBUTHh CO3AaHUC KIIaCCOB, U BCEMU JIFOOUMOTO 06’beKTHO-OpI/IeHTI/IpOBaHHOFO
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IIpocroe urenue IepemenHas Xpasut caoé
W/WITA 3aTHCh (nnenTnduKaTOp)
3HauCHHE 10
i TOXXE MepeMeHHast
3HaueHUe NePEMEHHON P Anpec
MTO3TOMY - JIsl HETO
TOXKE CO3MAETCSA
uaeHTUHUKATOP
PaspIMeHOBaHUE Ykasarenb
(Kax JJIs YTeHHUs, TaK CoxpansieTcs B
W JJTS 3aITUCH)

2: OTHOUIEHHS yKa3aTenei, alpecoB, HICHTH(OUKATOPOB U 3HAUCHUH

MPOrPaMMHUPOBAHUs, AK€ MACCUBOB WJIM CTPOK. Temeps, Korjaa MbI 3HaeM 00 yKazaressax, U
YM€EeM I0JIy4aTh 3HAYECHMS IEPEMEHHBIX, Ha KOTOPBIE OHU YKa3bIBAIOT, 4 TAK)KE U3MEHATH UX,
mepel HAMH OTKPBIBAIOTCS. HEBOOOpa3UMBIC paHee IMEePCIICKTHUBBI. MBI MOXKeM mucarth (QyHK-
M1 HE CO31aBasd B HUX KOIIUU HepeMeHHbIX, a nepe,uaBaTb B HUX yKa3aTem/1 Ha y)Ke CleJ,C—
CTByIOI_HI/Ie nepeMeHHHe, TEM CaMbIM DKOHOMJ ITIaMATh, U yCKOp}I}I BBITIOJIHEHHUC HpOFpaMMH.
Hanpumep, He cOCTaBUT TpyZa HAMUCATb NPOcpAMMY, KOTOpast Obl MEHsIa MeCTaMH 3HAYCHUS
JBYX mepeMeHHBIX. Ho Hamucarb gyrkyuro, KoTopasi Obl IIPOAETBIBANIA TOXKE CaMOe HEBO3-
MOXKHO 0e3 mpuMeHeHus ykazareneil. [louemy? OdeHb MpocTo - B nmapaMeTpe QYHKIUU CO-
3MIAI0TCSI CBOM COOCTBEHHBIE TIEPEMEHHBIC, 3HAYCHHUS KOTOPBIX 3a1a0TCS KOTUPOBAHUEM ap-
TYMEHTOB BBI30Ba, U MEHAIOTCS MECTaMU UMEHHO 3TH, CKOITMPOBAaHHBIE 3HAYEHUS B JIOKAJIb-
HBIX MTEpEeMEHHBIX. W ake eciii MbI BEpHEM OIHO M3 3TUX 3HAYCHUMN — KaK OBITh CO BTOPBIM?
A TIOYYHTh JOCTYI K 3HAYCHHIO BTOPOH MEPEMEHHON MBI HE MOXKEM, IIOCKOJIBKY, TOMHHUM,
OHa HaXOOUTCA B 001aCTH BUAMMOCTH (DYHKITMH U HEOCTYITHA M3BHE. Takas mepeaada apry-
MEHTOB Ha3bIBaCTCA nepedaueti no sHaveHuro (Mbl OepéM 3HauCHIE HEKOTOPOH mepeMeHHON
Y KOTIHPYEM BHYTPb (DYHKIHH, HHOT/IA TAKYIO Tiepeiady 3HAYCHUH eIIé HAa3hIBAKOT nepedauel
xonuposanuem). T.e. MbI 6epeM 3HaUEHHUSI HEKOTOPBIX IEPEMEHHBIX B QYHKIMH int main
(int argc, char *argv[]) u nepemaeMm ux B (DyHKIHIO, TJe CO3MaéM HOBBIC IEpe-
MEHHBIE C ITUMU, IEPEJAHHBIMU, 3HAYECHHUSIMU.

Kak pemmuts 31y npoonemy? [lepenaBarh He 3HAYCHUS TICPEMEHHBIX, a UX aJpEC, TEM Ca-

MBIM COO6IJ_II/IB q)yHKHI/H/I, YTO HY>XHO H€ CO3J1aBaTh HOBBLIC KOIIMU MEPEMCHHBIX, a CACIATh
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YTO-TO C YK€ CyHICCTBYIOIINMU, U, CCTECCTBCHHO YKa3aTb aJApeC, ¢ KAKUMHU UMCHHO. Hepez[a-
Ya B Ka4€CTBEC apryMeHTa agpeca, u Co31aHuc B TCJIC (byHKHI/II/I HOBOTI'O YKa3aTeJisl Ha3bIBACTCA

nepeoaueti no ykazameinto.

Js a3bika C Takxke CIIPaBeIJIMBO BBIPAXKEHUE «IIEPEefada MO CCBhUIKE», IOCKONbKY
B s1i3pIke C HET OTAEIBHOI onepaliuy epeiadu 1o cChuike. Tak, HarpuMep, B S3bIKe

C++ nepenaua 1o cChUIKe U nepenada Mo yKa3arelo - 3TO pa3Hble ONepalnH.

To ecTh (yHKIUS OYIET CCHUIATHCS Ha MIEPEMEHHbIE, Ha KOTOPHBIC MBI YK2)KEM H ONCPUPOBATH
UX 3HaYCHUAMH. JlaBaiiTe HEMHOTO MOTU(DHUIIMPYEM HAIIy IPOrpaMMy OOMeHa 3HAYCHUSIMHU
BHYTPH ABYX IEPEMEHHBIX (@): omumreM e€¢ B BuAe (QYHKIUH, IPUHAMAIOIIEH B KaueCTBe
TIapaMeTpOB JiBa yKas3aTellsd Ha Leble YUCla TUIIA char, U NnepefaauM aapeca CO3JaHHbIX
Bint main (int argc, char *argv|[]) mepeMeHHbIX. BHyTpu dQyHKIUH, pH €€
BBI30BE, Y Hac OyQyT CO3JaBaThCsl HE NEpPEMEHHBIE, a YKa3aTell Ha MepeMEeHHbIE, TO eCTh
MBI OyZIeM CCBUIaThCA Ha T€ CaMble IIEpEeMEeHHBIE, CO3JaHHbBIe BHE (PyHKINH, U OyIeM MEHATh
MMEHHO HX (TeX MepeMEHHBIX) 3HadeHus. TakuM oOpa3oM, HaM HE HY)KHO HHYETrO BO3Bpa-
IaTh, IOTOMY 4YTO B (DYHKIIMH HHUYETO HE CO3/1aBalOCh, M THIIOM BO3BPAIIacMOT0 3HAYCHUS

(byHKIMU qOMmKeH ObITh void.

void swap (char* a, char* b) { 3

*a *= *Db; 4

} 71 int main (int argc, char* argvl[]) {
8 char a = 11;
int main(int argc, char* argv([]) { 9 char b = 15;
char a = 11; 10 printf("a = %d, b = %d", a, b);
char b = 15; 11 *a *= *b;
printf("a = %d, b = %d", a, b); 12 *b = *a;
swap (&a, &b); 13 *g "= *b;
printf("a = %d, b = %d", a, b); 14 printf("a = %d, b = %d", a, b);
return 0; 15 return 0;

IIpumenenne Takoro moaxoAa OTKPBIBAET NEpe]l HaMU IIUPOKHE BO3MOXHOCTH. BaxHo,

Ha CXEME CO CTP. @, YTO YKa3arejib - 9TO TOXKE NMEPEMCHHAA, TIO3TOMY Mbl MOKEM CO3/1aBaTh
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YKa3areiiki Ha YKa3aTeJyii, U TaK AaJie€, yKa3aTelin JII000H CJIOXKHOCTH, TEM CaMbIM YBCINYNBast

YPOBCHb aGCTpaKIII/II/I MporpaMmal.

61



9 MaccuBbl

B stom pazaeiie Hac ¢ BaMU KAYT MacCCUBBI. MHuoro maccuBoB. U emié apa CJOB O Ju-
PEKTHUBAX KOMIIUJIATOPY, MHOTIA TAKKEC HAa3bIBACMBIX JUPEKTUBAMU IIPCIIpoLeccopa. CHuxX u

HagHEM.

9.1 /upextuna #idefine

ITomuMO yske XOpOLIO 3HAKOMOM BaM IUPEKTHBBI #include, YACTUYHO ONMCAHHOU B
pasnene 2.2, ecrectpenno, CYLIECTBYIOT U Ipyrue. HekoTopble U3 HUX OrpaHU4MBaIOT IMIOPT
OITMCAaHHBIX B 3aT0JIOBOYHOM (aiiyie yHKIHI1, HEKOTOPhIE «OMUCHIBAIOT)» KaKHE-TO KOHCTaH-
TBI U Iake AeHcTBUs. BOT, IMpEeKTHBY OMUCaTh MBI 1 pacCMOTPUM MoapoOHee. OHa He 3ps
HA3bIBAETCS JUPEKTHBOM MIPEMPOLIECCOPa, MOCKONBKY HAET yKazaHHe He MPOLeccopy BO Bpe-
M3 BBIITOJIHEHMS NIPOTPAMMEI BBIIEIUTE IMAMSTE, IPUCBOUTEH 3HAYEHMS, 8 HEIIOCPEICTBEHHO
KOMIIIATOPY: 3aMEHHUTH B TEKCTE IIPOTrPaMMBbI OIHU CJIOBa Ha pyrue. TakuM o6pa3oM MOX-
HO 3aaBaTb KOHCTAHTHI IMPOCKTA, U JAXKE JCIIaTh COKpaL[IéHHI)Ie 3aIllMCH LICJIBIX }:[GﬁCTBPIfI.
Hampumep, namucas #define ARRAY LENGTH 50 MBI IpEANUIIEM KOMITHIATOPY, ITe-
pell 3allyCKOM TPaHCIIALMHU HaIIero Koja 3aMEHHTh Bce cioBa ARRAY LENGTH Ha mudpy

50. B Taxoi 3anucu, cioBo ARRAY LENGTH OyJeT Ha3bIBaThCA MAKPOKOHCIAHMO.

OOpartuTte BHUMaHUE, YTO AUPEKTHBA ITUILIETCS HEMHOTO HE TaK, KaK OOBIYHBIN OTe-
parop sI3bIKa, XOTh 1 MOXKET HAXOJUTHCS B IFOOOM MeCTe KoJa. B KoHIIe THpeKTHBBI
HE CTaBUTCS TOYKA C 3aISTON. DTO BAXXHO MMEHHO [TOTOMY YTO JMPEKTHBHI paboTa-
0T C TEKCTOM IIPOTPaMMBbl, TO €CThb €CJIH TOUKa C 3aISITON BCE ke Oy/eT MoCTaBlIeHa,

TEKCT NMPOTPaMMBI OyET BCET/Ia COAEPKATh BMECTO MAKPOKOHCTAHTBI YUCIIO U TOU-

Ky C BaHHTOﬁ, YTO MOXET B KOPHC UBMCHUTb CMBICJI IPOIr'PAMMBI.

Becpma yno0HO, HO 3TUM MOXHO HE OTPaHUUMBATHCS, MBI MOXKEM MOMPOCUTH KOMITHIISTOPD
3aMEHHUTDH BBI3OBH (PYHKIMH M ONEPaTOpHl Ha KOPOTKHE, YAOOHBIE HaM clioBa. BaxHO moM-
HUTb, YTO JUPEKTUBHI Mpemnporeccopa paboTalT ¢ TEKCTOM MPOTPaMMBIL, TIOATOMY HE OCY-
MIECTBISIOT HUKAKUX JTOTOJHUTEIBHBIX MPOBEPOK. DTO CIOKHBIA U MOUTHBIA MHCTPYMEHT,
KOTOPBIH Yaliie BCEro UCIIONb3YeTC sl IS PEIISHUs] HETPUBUAIBHBIX 33]1ad, HAIIPUMeEp, BBIOOD
KOZIa, KOTOPBIN MOMaAET B KOMITMIIAIIMIO B 3aBUCHMOCTH OT OTIEPallMOHHON cucTeMbl. MHoTIa
B [IPOTpaMMaxX MOXXHO BCTPETHUTH OITUCAHUE HEJOCTAIOIIEr0, HO TAKOTO MPUBBIYHOTO OyiieBa

THUTIA TIPY TIOMOIIIM AUPEKTUB Tperpolieccopa:
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Ho Ham moka 4To ZOCTaTOYHO YMEHHUS CO3JaTh NNIOOATBHYI0 HIMEHOBAaHHYIO KOHCTAHTY.
Kon H1ke IeMOHCTpHpYET, YTO AUPEKTHUBBI HE 00513aTeNIbHO IPYIIINPOBAaTh IMEHHO B Havaje
(¢aiina, a MOXHO HCIIOJIB30BaTh TaM, IJie¢ 3TO YIIOOHO U YMECTHO, TaK Mbl MOXeM OOBSBUTH
KOHCTaHTYy C JJIMHOW MaccHBa B Hauase (aiiia, a MoYKeM MPSIMO BHYTPU GYHKIMHU int main

(int argc, char *argv([]).

1 int main(int argc, char* argv[]) {
2 #define ARRAY LENGTH 50

3 int a = ARRAY LENGTH;

4 printf("a = %d", a);

5 return 0;

PesynpraroM paboTHI 3TOH (QYyHKIMH OyIeT OXKHUIaeMoe:
$ ./program
a = 50
9.2 MaccuBbl

Berynenue npo AUpEeKTUBHI IPENpoIieccopa HaIpsAMYIO He CBSI3aHO ¢ TEMOI MacCHBOB,
HO nupekTrBa #define At oOBABICHMS pa3Mepa MacCHUBA MPUMEHACTCS YpE3BbIYaiHO Ya-

CTO. PaCCMOTpI/IM MMpUpOAY STOTO SABJICHUA 1YTh ITO3XKE.

MaccuB — 3T0 MHOKECTBO JaHHBIX OTHOI'O TUIIA, PACIIOJIOKCHHBIX B ITAMATH IOAPAI.

SA3pix C CTpOro TUMU3UPOBAH, IO3TOMY HEBO3MOXHO CO3/1aTh MAaCCHUB U3 Pa3HBIX THIIOB JIaH-
HbIX. Ha maHHOM 3Tame MbI paccMaTpuBaeM TOJIBKO MPOCThIE TUIIBI JaHHBIX, TIOATOMY U Mac-
CHBBI OyZieM paccMaTpHuBaTh cTarnueckue. CTaTHIeCKUM MacCHBOM Ha3bIBAIOT MACCHUB, KOJIU-
YECTBO IEMEHTOB KOTOPOTO 3apaHee M3BECTHO M HE U3MEHSETCS 32 BpeMs pabOoTHI ITporpam-
MBI. AJIBTEPHATHBON CTaTHYECKOMY MAacCCHBY SIBIISICTCSl TUHAMHYECKHH, TAKUX MacCHBOB B
a3b1ke C He CyIIecTBYET, HO BCErla MOXXHO CAMOCTOSTENIBHO ONUCATh TAKYI0 CTPYKTYpY JdaH-
HBIX, KOTOpasi OyZleT XpaHUTh 3HAYCHHS, TMHAMUIECKN PACIIUPSSCh U CYXKasicCh. Taxoke I

Havajla OrpaHUYUM Hally 6606,[[}’ OJHOMCPHBIMU MAaCCHUBAMHU, TO €CTb TAKUMH, KOTOPBIC MOXK-
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HO 3aItucarb B BUJI€ 3HAYCHUU qepe3 3aIITyro. Cratnyeckue OJHOMCPHBIC MAaCCUBBI IPUHATO

OOBSIBISTE ABYMSI CLIOCOOAMMU:
* 1pocToe 0ObSBICHHE C yKa3aHHEM pa3Mepa;
* 0OBSBIIEHHE, COBMEIIEHHOE C HHUIIMATU3AINEH

Jnis mpuMepa 00bSIBUM MacCHB, COAEPIKAIIN JIEMEHTHI THITA 1 nt, TaauM eMy HACHTH()HKA-
TOPp WJIM UM MACCHBa arr (COKpPAEHHO OT aHTII array), yKaKeM MaKCHUMaIIbHOE KOJIMIECTBO

OJIEMCHTOB KOTOPBIC MOKET BMCCTUTH B cebs MacCCHB, HAlTPUMEP, IIATh. Kak YK€ TOBOPUIIOCH

int arr([5];

arr[0] = 10;
arr[l] = 20;
arr[2] = 30;

MacCHUB 3TO MHOKE€CTBO JAHHBIX WJIH AIEMEHTOB. K KakJIoMy 2JIeMEHTY MacCHBa MOXKHO 00-
paTUThCS IO €ro HOMepY, KOTOPBIA MPHUHATO HA3bIBaTh MHACKCOM. MHIeKcanus 3JIeMEeHTOB
HaurHaeTcs ¢ Hyls. JlaBaiiTe 3all0HUM Halll MAaCCUB 3HauUeHUsIMU Tuna int. s aToro no-
CJICZIOBATEIILHO 00PATUMCSI K Ka)XIOMy 3JIEMEHTY U MPUCBOUM 3HaueHue. OOparuTe BHUMA-
HUeE, 4To s3bIK C HE TapaHTHPYeT YTO WHUIIMATH3AIMOHHOE 3HAYCHHE DIIEMEHTOB MacCHBa
OyZeT paBHO HYJIIO, €CIIH 3TO HE YKa3aHO SBHO, IIO3TOMY BEIBE[S HA SKPaH COACPKUMOE Mac-
CHBa, Mbl MOXXEM TapaHTUPOBATh 3HAYEHHUS TOJBKO MEPBBIX TPEX DJIEMEHTOB, KOTOPBIE MBI
yKa3aJiu B kojie. BTopoii crmocod o0bsBICHHUS, COBMEIIEHHBINA C WHUIMATH3AIUCH MacCcuBa
HCTIONB3YIOT, €CIM MAacCHB CPaBHUTEIHFHO HEOONBIION M €ro 3Ha4eHHs 3apaHee W3BECTHHI,

Harpumep:

int arr[6] = {1, 1, 2, 3, 5, 8};

[Ipu 3TOM, ecnm cpa3y 3amoIHSIOTCA BCE DJIEMEHTHI, Pa3MEPHOCTh MOKHO HE yKa3bIBATh.
Wrak, MBI HayYMIMCh CO3JaBaTh M 3aIOJHATH 3HAYCHUSIMH MacCHBHL Temeps oOree mpa-
BIJIO OOBSBICHUS MacCHBOB B C: IpH OOBSBICHUN MAacCHBa HYXXHO YKa3aTh €ro MMs, TUI
9JIEMEHTOB, KOJIMUYECTBO AJIEMEHTOB, OMIIMOHATBHO - YKa3aTh caMH 3TH 3JeMeHThI. Komuue-
CTBO JIEMEHTOB €CTh HATYPaJIbHOE YHCIIO, TO €CTh LEN0e MOJIOKUTEIFHOE, HOIh HE MOXKET
OBITh KOIMIECTBOM dJIEMEHTOB. Henb3st 3a1aBaTh mmepeMeHHOe KOJTMYECTBO AIICMEHTOB Mac-
cuBa. Tak MbI 00513aHBI CO3/1aBaTh MACCHUBBI TOJIBKO C TOYHO YKa3aHHBIM YHCIIOM 3JIEMCHTOB.
s si3pika C 3T0 TO3BOJICHO CAENATh OOBSBICHHEM KOHCTAHTHI BPEMEHU UCTIOTHEHHSI Const

int elements; int arr[elements], Ho, HanpuMep, B C++ Takas 3aIICh BHI30BET
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int nArr([100]; // An array for 100 int's;

float fArr[5]; // BAn array for 5 float's;

char cArr[2]; // An array for 2 char's;

int varElem;

int nArr([varElem]; // Compile error! Number of elements must be constant;

OIlII/I6Ky KOMIIWJIAOWHA, TIOOTOMY TaM HeO6XOI[I/IMO CTPOTO YKa3bIBaTb pasMep YMUCJIOBBIM JIN-

TepaJIoM WM OOBSIBUB €ro TUpeKTHBOH #define, 9To, (pakTHIECKH, OTHO U TOXKE.

B 6ornee mo3maux cranmaprax C++ MOSBHIOCH KITFOYEBOE CIIOBO constexpr, mo3-

BOJIAIOIICC OOBSABIIATE KOHCTAHTEI BPEMCHU KOMITUJIAIIUU U OTKA3aTbCs OT 00bsBIIE-

HU pa3MEPOB MaCCUBa TOJIBKO JIMTEPATIOM

Teneps naBaiiTe HaydnMcs MOTy4aTh JOCTYI K lIeMeHTaM MaccuBa. Het Hudero mpomie, Tem
OoJiee, 4TO MBI 3TO Y)Ke JIeJIan OOBSIBISUTH MACCUB | JUISl TIPUMEpa ero 3arnoiHsuid. J{ns no-
CTyIa K KOHKPETHOMY 3JIEMEHTY MAacCHBa HY)KHO yKa3aTh UMs MacCHBa M MHJIEKC 3JIEMEHTa
B KB3/IpaTHBIX CKOOKax. KBaspaTHbIE CKOOKH - 3TO TOXKE ONEPaTop SI3bIKa, OH Ha3bIBACTCS

onepaTopoM MHACKCHOTO JOCTYyIIa: HpI/I IOMOIIY MAaCCHUBOB PCHIAOT MHOXXECTBO 3a/1a4, Ta-

int a = arr[0];
printf ("’ lets see whats in 0-th element: %d", a);

KHX KakK ITOUCK, COPTUPOBKA, COCTaBJICHUE TaOJIUI] COOTBETCTBHS, CO3JaHNE YaCTOTHBIX Jna-
rpamM. Ha ocHOBe MaccHBOB cO31at0T OoJiee CIIOKHBIE CTPYKTYPBI AaHHBIX. [l KOPOTKOTO
MUHIMAaJIBHOTO IPUMepa, JaBaliTe HANHIIEM IPOrpaMMy, KoTopasi OyzeT rmedaraTs Halll Mac-

CHB B KOHCOJIb. Takasi HECJIO)KHAsl IporpamMMa JacT HaM ciexyronmii pesynsrar (O6parure

int main(int argc, char *argv[]) {
int arr([5];
int 1i;
printf ("Your array is: ");
for (1 = 0; 1 < 5; i++) {
printf("%d ", arr[i]);
}

return 0;

BHUMAHUE, YTO IpH TaKoOH VHHUIIHAJIIN3alluH, a TOUYHCC eé OTCYTCTBUH, 3HAYCHUA BHYTPU Mac-
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CHBa HE rapaHTHpyloTcs. B pesynbrare 3amycka nporpaMmbl Ha KOMITBIOTEPE aBTOpa IepBhIe
YeThIpe UHJEKCA OKA3aJIUCh PABHBIMU HYIIIO, a MATHIN MPUHS CTPAHHOE OTPHULIATEIBHOE 11e-

JIOYUCIIEHHOE 3HAYCHHUE):

$ ./program
Your array is 0 0 0 0 -497067408

MBI Hay9HITHCH CO3aBaATh, HHUIINATN3UPOBATH MACCUBBI U 00PAIIATHCS K €T0 SIIEMEHTaM.
Termepb pemum 3a/1ady MOCIOKHEE: HAITUILIEM IIPOTrpaMMy, KOTOpast TPOBEPUT HACKOIBKO CTa-
TUCTUYECKH XOPOII ONMUCAHHBIN B CTaHAapTHOW OuOInoTeke (s3bika C) reHepaTop NCeBIo-
ciydaiiHbIX gncen (pyskius rand () ;). st Takol cTaTHCTUYECKON MPOBEPKU HAM ITOHA-
nobutcest chopMHUPOBATh TAaK HA3BIBAEMBIH YACHIOMHbIL MACCUE, MACCUB, B KOTOPOM OyieT
coziepKaTbesl MH(OpPMAIHS O TOM, CKOJIBKO Pa3 TO I MHOE YHCIIO MOSBHIOCH BO MHOXE-
CTBE 3HAUEHUH, MOJYYCHHOM MPHU MOMOINY TeHeparopa MCeBAOCTYYailHBIX YMCEN, YacToTa
BXOXKACHHUS 3HadeHnH. CaMa TeHeparys MCeBIOCTyYaHbIX YHUCEN MPOUCXOIUT MPH TOMO-
i GyHKuH rand () ; KOTopas co3maér menoe gucio Tuma int. Ho, mockonbky memoe
YHCIIO B TAKOM JUANa30HE HAM HE HY)KHO, MBI €r0 COKPATHM IPU MOMOIIH OIIepaTropa moiy-

YEeHHUs OcTaTKa OT faesieHust. O0paruTe BHUMaHue Ha 1450 CTPOKY: [T CTeHEPHUPOBAHHOTO Ha

S H

RRAY

#define 10

#define NUMB 1 DUNT 1000000

int main( int argc, char *argvl[]) {
srand (time (NULL)); // initialize PRNG
int frequency[ARRAY LENGTH] = {0};
int a;
int 1i;

for (1 = 0; 1 < NUMBERS AMOUNT; i+4+) |
a = rand() % ARRAY LENGTH;
frequencylal++;

for (1 = 0; 1 < ARRAY LENGTH; i+4+) {
printf ("Number $d generated %$6d (%5.2f
il
frequency[i],
((float) frequency[i] / NUMBERS AMOUNT * 100));

times\n",

}

return 0;

131 crpoke uncna O yBennuuM 3HaueHue B 0-if siuelike MaccuBa, A uucna 1 - B 1-if, u T.1.

JlaHHas mporpamMma HarIsSAHO JEMOHCTPHPYET He TOJIBKO paboTy ¢ MacCHBaMH, HO U TO, YTO
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TEHEePaTop MCEBAOCITyUYaiHbIX YHcen B A3blke C reHepupyeT CTaTUCTUYECKH BEPHYIO T0Ce-
JIOBaTeIbHOCTD CIy4YalHBIX unces. MHunuanu3anus reHeparopa IMCEBAOCITy4aliHbIX YUCEN
Ha BOCBMOM cTpoke srand (time (NULL) ) ; IPOUCXOAUT 3HAYEHUEM TEKYIIETO BPEMEHU
CHCTEMBI, TO €CTh MBI TapaHTUPYEM, YTO HaYaJIbHOE 3HAYCHHUE TeHEpaTopa OyaeT OTINIaThCs

OT 3aIlyCKa K 3aIlyCKY, a 3HAYWUT HAIlIC UCCIICAOBAHNUC 6y/:[eT 9yThb Oonee JAOCTOBCPHBIM.

$ ./program

Number 0 generated 99955 (10.00%) times
Number 1 generated 99977 (10.00%) times
Number 2 generated 100156 (10.02%) times
Number 3 generated 99952 (10.00%) times
Number 4 generated 100212 (10.02%) times
Number 5 generated 100713 (10.07%) times
Number 6 generated 99418 ( 9.94%) times
Number 7 generated 99768 ( 9.98%) times
Number 8 generated 99918 ( 9.99%) times
Number 9 generated 99931 ( 9.99%) times

3amyck mporpaMMBl (J1axke HEeCKOJIBKO 3aITyCKOB) ITOKa3bIBAET, YTO BCEX 3HAYCHUH MOIy-
YUIIOCH OKOJIO JECATH MPOLEHTOB, YTO TOBOPHUT O TOM, YTO IIOCIEI0BATEIBHOCTD IICEBIOCITY-

YaHBIX YHUCEINI CTAaTUCTHISCKU BCpHA.

9.3 MHneHTudukaTop MmaccuBa

Ot0 OymeT HeMpOCTO, HO MBI IOTOBOPHM O TOM, YTO U3 ce0sl IpeACcTaBiIsIeT HIeHTH(HHUKA-
TOp MaccHBa, YeM YPEBaT BHIXOJ 3a Mpe/esibl MAaCCHBA, 3aTPOHEM TeMy apu(pMETHKH yKa3a-
TeJIel U Hay4uruMCsI Tiepe/iaBaTh yKa3aTelu Ha MaccuBbl B pyHkuu. Kak ynomuHanock pasee,
MACCHB - 9TO CCHUIOYHBIN THII TaHHBIX. TO €CTh B HIACHTH(PHUKATOPE XPAHUTCS aJPEC, CChUTKA
Ha HepBhIi GallT NepBOro IEMEHTa MaCCUBA, NaJbHEHUIINH TOCTYII K JJIEMEHTaM OCYILECTB-
JISIETCS IOCPEACTBOM CMeWeHIs OMHOCUMENbHO d9mozo baiima. Takum o0pa3oM 3amuch BUIa
array[0] TOBOPUT HaM O TOM, UYTO HY>KHO B35Th aJAPEC MAaCCUBA U CMECTUTh yKa3aTellb Ha
0 DJIEMEHTOB TOTO THIIA, U3 KOTOPHIX COCTOUT MaccuB. OTCIOfa CTAHOBHUTCS SICHO, OYEMY
WH/IEKCHPOBAHME MACCHBOB HAYHHAETCS € HYJIS.

Jagaiire monpoOyeM BH3yaJIM3MpoBaTh MOJIOKEHHE Belleil B MaccuBax. Ha pucynke co
ctp. b8 MoxkHO yBHIETH cO3MaHMe MaccHBa Ha TEPBOIl CTPOKe, Aajiee JOCTYT K JIByM €ro
sYeifKaM JUIsl 3allMCH B HUX 3HaueHWH. COOTBETCTBEHHO, KOTa MBI O€peM SIIEMEHT C HyIle-
BBIM CMEILCHHEM, TO €CTh [0 HYJICBOMY MHIEKCY, 3TO OyIeT sueiika maMsITH, HaXOLALIasCs
POBHO 1O a/ipecy MaccuBa. Bce ocTanbHbIe siueiiku Mbl IpocTo UTHOpHpyeM. [lanee, 6epem

CIEeAYIOIMUN 3MEMEHT MaccuBa. J[Jst 3TOro BO3bMEM CMEIIEHUE B €IUHUILY, TOMYCTUM, 3TO
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int arr[ARRAY LENGTH];
arr[0] = 20;
arr[1l] = 50;

3: BI/I3yaJ'II/I3aIII/I$I CO31aHuA U MHACKCAIlUK MaCCHuBa

Oynet uncno 50. CooTBETCTBEHHO CMemIeHne OyneT Ha oqHy s4eiky Tuna int. To ecTh MBI
UTHOPHPYEM HYJIEBOH 3IeMEHT U OepeM repBblit. CTAHOBUTCS OYEBUIHO, YTO €CIIH MBI B CBO-
€M KoJie HalMIIIeM TaKOH MHJEKC, KOTOPBIH HaXOANTCA 32 MpeAeIaMH ONMCaHHOTO MacCHBa -
MBI IPOCTO MOJYYUM KaKOe-TO 3HaUYeHHE, KOTOPOe HUKAaK He MOXKEM IIPOTHO3HPOBATb.
OTHOCHTETIBHO BBIXOJA 3a ITPeielIbl MacCHBa HaJl0 CKa3aTh, YTO HU KOMITHJIATOD, HU TEM
OoJiee ONepalMOHHAas CUCTEMa HUKAaKUX IPOBEPOK HE ETAI0T, IOITOMY TaKUe IIPOBEPKH (da-
111€ BCETO CaMOIIPOBEPKH Ha Talle HAIIMCAHMS KOJIa) ITOJTHOCTBIO JIOXKATCS Ha IUIEYH ITPOrpam-
mucrta. S3eik C He MPEAOCTABIIACT HUKAKUX CPE] BUPTyaIn3allu, HUKAKUX IMOJACUCTEM UC-
KJIFOUCHUH, TOJIBKO BbIaYa CITy4allHbIX JaHHBIX, KOTOPBIE MOT'YT IIONIACTHCS HAILIEH IIPOTrpaM-

Me. Wnm 3ammce B ﬂqeﬁKH, KOTOPBIC COBCPIUICHHO HE rAPpaHTUPOBAHHO OCTAHYTCA IyCTBIMH.

B cBsa3u ¢ TEM, HHACKC MaCCHBA - 3TO 3HAYCHUEC CMCIICHUA, OTHOCUTCIIBHO €0 Ha-
qajia, U, KakK CJICACTBUEC, MHACKCHI MaCCUBa BCCra OTCUYUTBHIBAIOTCA C HYJIA, BAXKHO
IIOMHHUTD, YTO IPHU CO3JJaHUKU MAaCCHBa U3, HAIPUMEDP, ACCATH IJIEMEHTOB JIeCATRIN

WHIEKC OyIeT HaXOAUTRCS 3a MpefeslaMi MacCHBa.

Hano cka3arb, uto Bcé-Taku OOJblIasi 4acTh 3HaYECHHWH 3a NpejiesiaMu MaccuBa OyleT pas-

Ha HYJII0, HO BCE PABHO JIMIIHUI pa3 dKCIEPUMEHTUPOBATh HE CTOUT. Kak MbI yxe 3HaeMm, B

NTEEp— HEEEEEEEEEE

4: BeIxoa 3a npeneisl MacCuBa

nAEeHTH(HUKATOPE MacCHBa XPAaHUTCS CChUIKA Ha TMEPBbIM OaiT mepBOro 3MeMeHTa MaccuBa,
T.€. UICHTU(QHKATOP SIBIAETCA, 10 CYTH, yKa3arenaeM. Ho cymiecTByeT HECKONBKO OTIIMYHIA:
yKazarellb - 9TO IepeMEHHasl, K HEil MPUMEHUMBI, HalIpUMeEp, Ollepaliul UHKPEMEHTA U Jie-

KpEMEHTA, Y€Tr0 KOHEYHO HEJIB3A ICJIaTh C HHCHTHq)HKﬁTOpOM MaccHuBa.
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Wnentnduxarop maccusa He siBjsieTcst [value, Ho onus snemMeHT MaccuBa siBisieTcs
lvalue. Tax, 3anucu Buaa arr++; Wik arr = 5 OyIyT SBIATHCS OIIMOOYHBIMH,
MOCKOJIBKY B HHUX MPOHMCXOOUT OOpalleHne He K KOHKPETHOMY JIEMEHTY C LENbI0

€ro UIBMCHECHUS, & K MAaCCUBY LIEJITMKOM.

OOpaTHBIINCH K UIICHTU(PHUKATOPY MAaCCUBA Mbl MOXKEM IOJIYYUTh JOCTYII K DJIEMEHTaM Mac-
CHBa HE TOJIFKO IPH IIOMOIIIN 3aIIACH WHAEKCA B KBAIPATHBIX CKOOKAX, HO U MPH IOMOIIIX TaK
Ha3bIBacMOH apu(pMeTnKy ykasarenei. Mbl 3HaeM, 9TO MacCHB - 3TO €WHAast 00JIacTh Mamsi-
TH, U 3HAUEHUS B HEM PACIIONIAraroTCs MOAPAL I10 OYEPEdH, 3HAUUT, OTCUUTAB OT yKa3aTelsl
Ha TePBbIi MH/IEKC HY)KHOE KOJMYECTBO OAlT - MBI IIOJyYHM yKa3aTelb Ha BTOPOI MHIEKC.
Jagaiite 11 mpuMepa MOACUYUTAEM CpelHee apru(hMETHIECKOE BCEX YHCEN B MACCHBE, C UC-
TIOJTb30BaHNEM apH(METHKH yKa3aTelIeH.

Bynem 3anpamuBars 3HaueHUs A1 pacd€ToB y nmoab3oBaTens. Co3naauM BCIOMOraTelb-
HyIO0 nepeMeHHyto float result;, Ui XpaHeHHUs pe3ysibTaTa U B LUKIIE Oy/1eM 3anpaliu-
BaTh y MOJIb30Baress yncia. KomnuecTBo BBEIGHHBIX IU(P T0KHO COOTBETCTBOBATH KO-
YECTBY 3JIEMEHTOB MacCHBa, II03TOMY YCIIOBHEM BBIXO/1a M3 IMKJIA Oy/eT paBEeHCTBO CUETUHMKA

1 MOCJICAHETO MHACKCAa MacCUBa, TO €CTh, AJIMHBI MaCCHMBa MUHYC CIMHUIIA.

OO6paruTe BHUMaHHUE, YTO B KOJIE MBI YKa3aJIH YCIOBHEM BBIX0JIA U3 [IUKJIA CTPOroe
HEPaBeHCTBO, TO €CTh CO 3HAYCHUEM 1 PaBHBIM JJIMHE MACCHBA B TEJIO IUKJIA MBI

HE nomnaaem.

TToMHMM, YTO WHJIEKCAIMSI MACCUBA HAYMHACTCSI C HYJISI, TOTOMY JUTHHA MAaCcCHBa BCEra Ha
eIMHUILY OOJIBIIE TTOCICIHET0 HHICKCA. BrIBeieM B KOHCOJIb HA/IITUCh «BBEAUTE 3HAUCHHUCY,
npu nomonu GyHKIMU scanf () ; cuuTaeM ero u cpasy IPUBBIYHBIM 00pa3oM, Omeparo-

POM MHACKCHOI'O J0CTYyIIa, IOJOKHUM B MaCCHUB. BriBenem B koHCOMTB HOJ'Iy‘{I/IBH.II/II\/’IC}I MacCCHB

int arr[ARRAY LENGTH];

int i = 0;

float result = 0;

while (1 < ARRAY LENGTH) {

printf ("Enter value %d: ", 1);
scanf ("%d", arr([i]);
i++;
}
TIpH ITOMOIIH IUKJAa for (; ;) WIpUBEIYHON HaM QyHKIuMU printf () ;. Caeqom HamumieM

eIé OAUH LIUKI B KOTOPOM NOACUUTACM CPEIHEC apI/I(l)MeTI/ILIeCKOG. ﬂﬂﬂ 9TOI'0 K pE3yJIbTaTy

Oyzem mpuOaBiATh CYIMIECTBYIOMUN PE3yIbTaT U 3HAYEHHE MACCHBA Ha KOTOPOE YKa3bIBaeT
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yKe He Takasl IpUBBIYHAS, KaK KBaJpaTHbIE CKOOKM KOHCTPYKIHUS * (arr + 1), KOTOpYIO

Cpasy u pa36€péM. Kak BoI BUAWUTE, HECKOTOPBIC NOJACUCTHI IPOrpaMMa BBITIOJIHACT 3a HAC - MblL

printf ("Your array is: ");
for (1 = 0; 1 < ARRAY LENGTH; i++)
printf("%d ", arr[i]);

printf ("\nAnd the average is: ");

for (i = 0; i < ARRAY LENGTH; i++)
result += *(arr + 1);

printf ("$f\n", result / ARRAY LENGTH);

IprOaBIIsieM K yKa3aTelro eIUHNILY, ABOWKY, TPOHMKY U T.XI, a IPOrpaMMa ITOHUMAET, YTO HaJl0
B3ATh HE CIIEIYIOMuii o cuéTy OaiT, a cieayronmii ykasaresnb. Tak Kak B JaHHOM IpUMeEpe
MBI UCITIOJIB3YEM MacCHUB B KOTOPOM XPaHATCA 3HAYEHUsA TUIA 1nt, a Kak Bbl IOMHUTE int B
TIOAABIISIOIIEM OOJBIIMHCTBE CITy4YaeB - 3TO YEThIpe OaiiTa, TO MPH yBEIMUCHUH yKa3aTels Ha
€IMHUILY, MBI 00paTHMCs K 00JIacTH MaMsTH HaxoJIIelcsl Ha JeThlpe OaiiTa janblie naeH-
TU(UKATOpa, IPH YBEIMYSHNH Ha IBOKKY Ha BOCEMb 0allT U Tak aajiee. [loxcunrars cpennee
apu(pMeTHIeCKOe HE COCTABUT TPYAA, STOT aITOPUTM HaM 3HAKOM €O cpeaHeil mxomsl. lanee
pu oMoty GyHKIMK printf () ; BeIBeZEM B KOHCOJB CpenHee aprudmMeTndeckoe. 3amy-

CTHM, IOBBOANM LIU(PHI B yOeANMCS 4TO Bce paboTaer.

$ ./program
Enter value

Enter value

.e

Enter wvalue

Enter wvalue

.

Enter value

.e

Enter wvalue

Enter value

0
1
2
3
Enter value 4
5
6
7
8

Enter value

1
2
3
4
5
6
7
8
: 9
Enter value 9: 10
Your array is: 1 2 3 4 56 7 8 9 10

And the average is: 5.500000

BuuMarenbHbI YnTaTeNh MOT 3aMETUTh, UTO MBI IIPUMEHSIEM OIEPALMIO PA3bIMEHOBAHUS.
UTO MpOUCXOAMT, KOTZIa MBI TAKMM 00pa3oM obparaemcs kK MmaccuBy? Onepanusi pa3sIMeHO-

BaHU TOJYYa€T JOCTYII K 3HAYECHUIO, HAXOAAIIEMYCA 110 aAPECy. Az[pecc MaccCuBa - 3TO aJipecC
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€ro MEepBOTO IEMEHTa, IT03TOMY KOHCTPYKLHS *arr BEpHET 3HAUCHUE HYJIEBOTO AIIEMEHTa
MaccuBa. A nmpubaBieHHe 3HaYeHUH K 3TOMY yKa3arelsto OyleT CMelIaTh ero Takxe, Kak 3To
JIeTIaeT ONepaTop KBaJpaTHbIX CKOOOK.

Kak yxe ynmomuHaN0CH, HISHTH(UKATOP MacCHBa - 3TO HEe OOBIYHBIN yKa3arenb. OObrd-
HBIN yKa3aTelb XpaHUT B ceOe afpec KaKoW-TO APYrod IIepeMeHHOM, ¥ caM I/Ie-TO XPaHHUTCSI.
VYka3zarenb Ha HayaJlo MaccuBa XpaHHUT B ce0e aJpec MaccHBa, TO €CTh aApec ero HyJIeBOTO
9NIEMEHTa, M CaM ATOT yKa3arellb HaXOAUTCS B 3TOM caMoM MecTe. Ha mepBblii B3MIsiz CII0XK-
HoBato? Ho mycTs Bac 310 He cOmBaeT ¢ TONKy, Ha Aese BcE He Tak XKyTko. Ha gemne 3to o3Ha-
YaeT, YTo NpH Nepesiade MaccuBa (YMTai naeHTurKaTopa MaccuBa) B (QYHKIMIO B Ka4e€CTBE
AprymMeHTa, Mbl HE JOJI)KHBI MUCIIOJIL30BAaTh ONIEPATOP B3ATUA aJpecCa, IMMOCKOJIbKY I/lﬂeHTl/I(l)l/I-
KaTop MacCHBa caM 110 ceOe sBIseTcs yKa3aTeineM Ha COOCTBEHHOE Hadaslo. DTO OTKPHIBAET
JUISL Hac IIMPOKHE BO3MOXKHOCTH TI0 HAMCAHMIO (DYHKIUH, padOTAIOMNX ¢ MaCCHBaMH JaH-
HBIX. B TONBKO YTO HamycaHHOW Hamy HporpamMMe Oo(OPMHUM BBIBOJI MAacCHBA Ha JKpaH H
MIOUCK cpefHero apudmeTrndeckoro B Buae ¢pyHkimu. OnumeM QyHKIMK printArray ()
u average () B KOTOpbIE MEpealiM yKa3aTelb HA MAaCCUB U €T0 IUIHHY, T.K. B MACCHBE HE
COZIEPKUTCSI CBEJICHUI O €ro pa3mepe.

[Tockonbky MBI nepeaéM B (yHKLHMIO yKa3arellb, TO BCE NEHCTBHSI KOTOPBIE OIMHMCAHbI
B 3TON ()YHKIIUH OYyIyT MPOUCXOAUTH C MACCHBOM KOTOPBIH MBI CO3/1ajl B OCHOBHOM 4acCTH
MIPOTrPaMMBI YePE3 3TOT yKa3aTelb, KOTOPBII MBI IEPEIaIN, HUKAKOTO KOTMPOBAHHS 3HAYCHUH
WJIN 9eTo TO No00HO0T0. JI7st KOPPEeKTHOM paboThl HamMX (QYHKIHN 0OBSIBUM B HUX CUETUHK

1 UBMCHHUM Ha3BaHW MCPCMCHHBIX HAa Ha3BaHUA MMapaMCTpPOB.

void printArray(int* array, int length) {
int i;
for (i = 0; 1 < length; i++)
printf ("%d ", arrayl[il);

float average (int* array, int length) {
float result = 0;
int 1i;
for (i = 0; 1 < length; i++)
result += *(array + 1i);
return result / length;

TaK, MOJIHEINA JTUCTHHT 3TOTO npuMepa B IPpUIOKCHUN E
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1

9.4 MHoromMepHbie MaCCHBBI

Maccus B s3bike C MOXKET UMETh CKOJIBKO YTOAHO U3MepeHuil. Bce MaccuBbI, ¢ KOTOPHI-
MU MBI HIMENHN JEN0 0 5TOr0 MOMEHTA - OMHOMEPHBIE, UX JIETKO BU3YaJlIM3UPOBAaTh B BHUJE
IIPOCTOTO TIEPEUNCIICHNUS JIEMEHTOB, BOSMOXKHO, KaK CTPOKH HMJIM KaK TaOJIMIIbI, COCTOSIIECH
u3 ofgHoM cTpoku. Camble pacrpoCTpaHEHHbIE MHOTOMEPHBIE MACCUBEI - 3TO JIBYMEPHBIE U
TpEXMEpHbIE, KOTOPbIE JIETKO ce0e MPEeCTaBUTh B BUJE TAOIHIIBI HIIK Ky0a COOTBETCTBEHHO.
Hrak, MaccuB 3TO CTPYKTypa, CoAeprKallasl 31eMEHThI. [IByMEpHBIIl MacCHUB - 3TO MacCHUB U3
MacCCHBOB, COAEPKAIIUX 3AEMEHTBI. TpEXMEPHBIH - 3TO MAaCCUB U3 MACCUBOB, COAEPIMKALINX
MacCHUBBI, KOTOpBIE coziepKaT aieMeHThI. M Tak nanee. B MaccuBe MOTYT HaXOqUTHCSI JIIOObIE
THUIIBI TaHHBIX, MBI, I y100CTBa, OyeM paccMaTpuBaTh paboTy MaCCHBOB C YHCIAMHU.

[ompoGyem Bu3yann3upoBaTh IBYMEpHBIi MaccuB. Co31aauM JAByMEPHBI MacCHB B KO-
e, HarrpuMmep, 5x5 anemeHToB. MaccuB 5x5 — 310 5 cTo0110B 1 5 cTpodek. COOTBETCTBEHHO,
Kaokcoast cmpouka — 3mo 6yoem y Hac MAAOUWUT UHOEKC, A KaXCOblll Cmonbey — Cmapuiiii uH-
Oexc. TpexMepHBI MacCHB MOXET ObITh, HalIpuMep, 3x3X3 — ero MOXHO BH3YJIU3UPOBATH
KaK BCEM M3BECTHBII KyOHK PyOmKa To €cThb, 3TO TpH CTOSIIUX APYT 3@ APYTroM Tabmumbl 3x3.
Taxoxe onmiem ero B koze Huke. [lomydaeTcs, 4To Mbl K Tabnune (IUpUHE U BBICOTE) 100a-
BUJIM TPEThE M3MEpPEeHHe, TI03TOMY ¥ MacCUB N0JIy4aeTCss MHOTOMEPHBIM, B JAHHOM CIIydae,
TPEXMepPHBIM. MaccuBBI OOIBIINX Pa3MEPHOCTEN TOXKE MOKHO BCTPETUTH B IIPOrpaMMax, HO
3HAYUTENLHO PEKE, TONBKO JIUIIB TOTOMY, YTO UX JEHCTBHTEIEHO HEMHOTO CIOXKHEE Ipe-

CTaBUTH cele.

int threeDimensional[3]1[3]1[3];

int twoDimensional[5][5]; ‘

0,0 0,1]02]03] 04
0| L1 [12]13] 14
20| 2,1 |22 |23 | 24
30 | 3,1 | 3,233 |34
40 | 4,1 |42 |43 | 44
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Kak paboTars ¢ MHOTOMEPHBIMH MaCCHBaMH MBI paCCMOTPHM Ha IpUMepe JBYMEPHOTO
MaccuBa. [TocraBum juist cebds 3anaqy: copmuposars Tabnuiry [Tudaropa (panblie Takue Ha
TETpasAX B KJIETKY Mevarain Ha oOpaTHoil ctopone). Tabnuia moxpa3zyMeBaeT HaJIuure IBYX
HM3MEPEHHI: CTPOK U KOJOHOK. 171 3TOTO0 OOBSIBUM KOHCTAHTHI TOWS U COlS U IPUCBOUM UM
3HadeHus 10, rows —3TO KOJMYECTBO CTPOK, a CO 1S, COOTBETCTBEHHO, CTONONOB. Co3maaum
JBYMEpHBII MaccuB, table [rows] [cols]. Takum oOpa3oM, MBI CO3/1aJIM MacCUB pa3Me-
POM TOWS, B Ka)/IOM 3JIEMEHTE KOTOPOTO COJCPIKUTCS CChUIKA Ha MACCUB pa3MepoM cols, T.e.

MacCCHUB MAaCCUBOB COACPKAMINX HEMOCPEACTBEHHBIC 3HAUYCHUSA.

BaxHO MOMHHUTB, YTO OMTUCAHHOE CTPOCHUE MACCHBA SIBIISICTCS TOHATHHHBIM, U (pu-
3UYECKH B MaMATU AIEMEHTHI XPAHITCA UHA4YE, HO HA OCHOBE ITOT'O ITOHATUS MOXK-
HO M3y4YUTh paboTy omeparopa pa3bIMEHOBaHUS yKazaTeJel B 4aTh pabOTHI C MHO-
TOMEpPHBIMU MAacCCHUBaMHM, TaK Ui IOJIY4EHHUS AOCTYIIA K 3HAYEHUIO C MHIEKCOM
cube[1] [1] [1] HYXHO TPUXKABI pa3bIMEHOBATH cube:

*( *( *(cube + 1) + 1) + 1)

Tabnuua [Ingaropa npexcrasiser codoi TabIUILY, IJIe CTPOKH M CTOJIOLBI 03ary1aBIeHbl MHO-
JKUTEISIMY, a B siUeiKax TaONHIIbl HAaXOJUTCS MX Mpou3BeneHue. BoT 3To camoe npousBene-
HUE MBI U OylleM CHadaja CYATATh W 3aliCHIBATH B MAcCHB, a 3aT€M BHIBOIUTH Ha DKPaH.
3arnonHeHne MHOTOMEPHBIX MaCCHBOB 3HAYEHUSIMH HUYEM HE OTIMYACTCS OT 3aIlOIHEHHS O/
HOMEPHBIX MaCCUBOB. 3alIOJTHUM HAIIly MaTPHILy MOIEMEHTHO: HallUIIIeM JBOMHON LUK KO-
TOpBIi Oynet 3amonHATh Tabnuiry. OOBSIBUM IepeMeHHBIC-UTEPATOPHI. M ¢ TOMOIIBIO BHEIII-
Hero nukia for (; ;) mpoiimeMcs o BCEM CTPOKaM MacCHBa, a C MTOMOIIBIO BIOXKEHHOTO -
110 BCEM CTOJIONAM Ka)KIOH CTPOKM MaccuBa, IIPH 3TOM Oy/ieM 3alMChIBATh B KaXKIIbIH dJie-
MEHT (S4elKy TaONMuIlBl) pe3ynsTar yMHOKeHus. Popmyna (r + 1) * (c + 1) mo3Bo-

JISIET UCKITIOUNTH HYJIN U3 Halled TaOmuIbpl yMHOXKEeHUS. U emié pa3: BHEITHUH UK TIPU Kax-

const int rows = 10, cols = 10;
int table[rows] [cols];

int r, c;

for (r = 0; r < rows; r++) {
for (¢ = 0; ¢ < cols; c++)
table[r][c] = (r + 1) * (c + 1);

JI0H UTepaliy epeMeliacT Hac Ha OIHY CTPOYKY BHH3. BIOJKeHHBIH, TpH KaXk0ii uTepanny,
IepeMeIaeT Hac Ha OHO 3Ha4€HHUE BIPaBO. BaXkHO MOHSTH, YTO HA OJHY UTEPALUIO BHEIII-

HEro LIUKJIA IPUXOIUTCS CO 1S UTepalui BIOKEHHOro. T.e. ¢ IOMOIIBIO TaKON KOHCTPYKLUU
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MBI BCEr/ia MOOYCpeaAHO nepe6epéM BCC 3JICMCHTHI MaCCHBa.

Cpa3y OTMCTHUM, YTO IIOMHUMO TaKOTI'O, ITIO3JICMCHTHOI'O CHOCO6a, TaK)Xe eCTh Croco0 3a-
TOJHATH MHOTOMEPHBIEC MAaCCUBBLI IMOCPEACTBOM KOHCTPYKIHU B (I)I/II‘ypHBIX CKO6KaX, 9TOT
TIOAX0A 9aCTO MUCIOJIB3YyETCs KOIIa MBI 3apaHEEC 3HA€EM BCE 3HAYCHUSA U UX HE OYCHB MHOTIO.

Hampumep, BOT Tak 00BsIBIISIEM M HHULIMAIU3UPYEM JBYMEPHBIN MacCUB pa3MepoM 3x4:

int arr[3]1[4] = {
{0, 1, 2, 3},
{4, 5, 6, 7},
{8, 9, 10, 11}
}i

Kak u B ciy4ae Takoll WHHIMAIM3AIMKA OJJHOMEPHOTO MAacCHBA, yKa3aHHE Pa3MEpHOCTH B
KBaJ[paTHBIX CKOOKax He oOs3arenbHO. OOpaTHTe BHHUMAaHUE, YTO MPH TaKOW WHHUIIHAIHA3A-
MU yIOOHO MUCATh KAXKIYIO CTPOKY MacCHBa OTACIbHOMN CTPOKO# B KOJIE, COOTBETBTYIOIIUM
o0Opa3oM paccrapiss GUTYpHBIE CKOOKH U 3amsThie, Takoe oGopMIIeHHE KoJa 3HAYUTEIHLHO
YAy4IIaeT ero YnTaeMocth. Bepuémes k Tabmuie [Tudaropa u HamuieM Takoi sxe (KaK u st
3aITOJTHEHUS ) IBOMHOM IMKII, KOTOPBIH OyIeT BEIBOMUTH HA SKPaH HAIIH JIByMEPHBIC MACCHBBI

B YJIOOHOM JUIs1 HAacC BUJE.

for (r = 0; r < rows; r++) {
for (¢ = 0; c < cols; c++)
printf ("%3d ", tablelr][cl);
printf ("\n");

3anmycTHB Hally nmporpammy ¢ (JOpMHpPOBAHHEM TAOIHIBI YMHOXKEHUSI YBUIMM, YTO BCE OT-
JIMYHO paboTaeT. [1oMHbIA JIMCTUHT MPOTpaMMBbI IIPUBOJUTH HE 11€7€CO00Pa3HO, MOCKOJIBKY
9TO LUKJI C 3aIIOJHEHUEM H LIUKJ ¢ BBIBOJIOM, IIOJTHOCTBIO NpUBeA§HHbIE BhIe. K ToMy xe,
TAKOW KOA HOCHUT UCKJIFOUUTENIBHO aKaAeMHYCCKHI XapakTep, U B Clydae ACHCTBUTENBHOM
HeoOxoxumocTH GopmupoBanus Tabnuubl [Tudaropa Ha skpaHe MPOMEKYTOUHOE 3aIOJIHE-
HHe MaccuBa OyaeT W3JUIIHUM, pe3yiIbTaT YMHOXKEHHUS Lielecoobpa3Hee cpa3y BEIBOAUTD Ha
9KpaH.

Kak y»e roBopuiiock, Bce MaCCHBBI MOT'YT COJICPIKaTh IAHHBIE JIIOOBIX THIIOB, B TOM YHCIIE
U ykazaresnu. VIMEHHO 3TO ITO3BOJISIET MacCHBY XPaHUTh JPYTHe MAaCCHBBI, CTPOKHU M IPOYHE
CCBUIOYHBIC TUIIBI JaHHKIX. VICTIONB3Ys MaCCUBEI yKa3aTellel, MbI MOYKEM CO3/1aTh, HAIIpUMep,

MacCHuB CTPOK.
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char* stringArray[3] = {"Hello", "C", "World"};

int r;
for (r = 0; r < 3; r++)
printf ("%s ", stringArrayl(r]);

3T0 yKkaszaTenu Ha CTPOKH, a TOYHEE, Ha CTPOKOBBIC JIUTEPasibl. Takoi THI JaHHBIX (CTpO-
KOBBIW JIMTEpal) SBISETCS yKazareneM. [ Mbl MOXKeM co3JaTh U3 ATUX yKa3aTrejeld MacCuB.
Hcnonb3yst MacCUBBI yKa3aTeseil, Mbl MOXKEM CO3/1aTh, HAIIPUMEP, JBYMEPHBII Maccus, I1e
KaXXIIBIi DJIEMEHT He 00s13aH OBITH TOTO k€ pa3Mepa, 9TO U OCTaNbHBIC (HO 00513aH OBITH TOTO
’Ke TUIa, KaK MbI IOMHUM). HO CTPOKH U CJI0KHO COCTaBIICHHBIC YKA3aTeIH - 3TO TEMBI, KO-

TOPBIC OY€Hb CUJIbHO BBIXOAAT 3a paMKHU OcHoB SA3bIKA, XO0Ts, KOHCYHO, OTO HC IIOMCIIACT HAM

HEMHOTO MoApoGHee pa3o0opaThes CO CTPOKAMH B CIICAYIOMIEM pasiele.
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)

w

10 Crpokn

10.1 OcHoBHbIC HOHATHUSA

[onmyunB B IpeapIAYIIKX pa3Ieiax MpeaCTaBICHUE 00 YKa3aTesiX 1 MACCHBaX, U BCKOJIb3b
HECKOJIbKO Pa3 YIOMSIHYB CTPOKH, ITPUIILIA TI0pa U3YyYHUTh UX NOpoOHEe.

Hrak, 4To e Takoe CTPoKa. B moBCeTHEBHOM KU3HU CTPOKA 510 HAOOP Ui NOCLe008a-
menvrHocms cumeonos. Tak BOT B s13b1ke C CTPOKA - 3TO TOXKE ITOCICAOBATEIIEHOCTE CHMBOJIOB.
A TmocnenoBaTeTbHOCTH 3HAUEHUH, B TOM YHCII€ CUMBOJIBHBIX, B s13bIKe C MpeAcTaBIeHbI, KaK
BBI, YK€ 3HaeTe, MacCUBaMHU U yKka3aTelsiMu. Hukakoro nmpumutuBa string B s3bike C HeT.
Kak 651 HaM 3TOTO HE XOTeNOoCh - ero HeT. Ho ecTh 1 Xopomiast HOBOCTb, IPAMUTHBA string
HE CYIIECTBYET U B JPYTHX S3bIKaX (37€Ch MIMEIOTCS BBULY, KOHEYHO, CH-TIOOOHBIC SI3BIKH, TO
€CTh IPUMEPHO TPETh BOOOIIE BCEX S3BIKOB MPOrPAMMUPOBAHHUS, U3BECTHBIX ceronHs). Pa3
CTPOKAa - 3TO MACCUB WJIN YKAa3aTellb, 3TO BCEIA CCbUIOYHBIN TUI JaHHbIX. Hanpumep, cTpoky

MOYXHO OOBSIBUTH ABYMsI CIOCOOAMM:

// crpoka
char str[50] =
{Vh!,!el,llllvl|’VOV,l l,IE\]V’|OV’VVSl,|;V’VdV,V\Ol};

// mmnTepan
char* str = "Hello world";

Pa3 ctpoka - 310 Habop CUMBOJIOB, JaBaiTe HEMHOTO BCTIOMHHM YTO TaKOE CUBOJIBI U KaK
¢ HUMH paboTarhk. Kak BaM yke W3BECTHO, CHMBOJIbHAS TIEPEMEHHAs 3TO ITEpEeMeHHas THIIa
char. B ommuuue OT CTPOKH 3TO MPUMUTHBHEIH, YHCIOBOM, THII TAHHBIX, U K HEMY TPUMEHH-
MBI BCE OTEPALUU JOMYCTUMBIE JIJIsl MPUMUTUBOB, TAKUE KaK MPUCBAUBAHHE, CIIOKEHUE, BbI-
YHTaHUE, YMHOXCHHUE, JISJICHIE, XOTS HE BCE UMEIOT CMBICII, TaK aBTOP, HAIIpUMEpP C TPYAOM
MOXET IPEICTAaBUTh CUTYAIlHIO B KOTOPOH HEOOXOANMO YMHOXATh HIIH JCITUTh KOJBI CHMBO-

JIOB, KpOMe, oy, kpunrorpapun. OOpaTiM BHUMaHHE Ha CIIEIYIOIIYIO 3aluCh: 3/1eCh

char cO0 75;
char cl = ‘K';

3HayeHueM cO0 siBisieTcs 75, 9To aOCOMIOTHO SKBUBAJIEHTHO 3HAYEHUIO IIEPEMEHHON C 1, paB-
Holt cuMBoiIy K. To ecTh MOXKHO CKa3aTh, UTO IpeoOpa3oBaHUE YUCET B CUMBOJIBI M HA000pOT

cormacHo TabmuItel, Harogo6ue ASCII, uacTHuHO MpHBEAEHHO# Ha cTp. [17, BerpoeHa B pabo-
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TY KOMIIMJIATOPA A3bIKa C. O,I[HaKO JUIA YIIyHIICHUSA YATACMOCTH KOJA JIyYIlIe MCII0JIb30BaATh

BapuaHT sym = 'K'.

dec hex val dec hex | val || dec hex | val || dec hex | val
000 | 0x00 | (nul) || 032 | 0x20 | O 064 | 0x40 | @ || 096 | 0x60 ¢
001 | 0x01 | (soh) || 033 | Ox21 ! 065 | 0x41 | A 097 | 0x61 a
002 | 0x02 | (stx) || 034 | 0x22 ” 066 | 0x42 | B 098 | 0x62 | b
003 | 0x03 | (etx) || 035 | 0x23 # 067 | 0x43 | C 099 | 0x63 C
004 | 0x04 | (eot) || 036 | 0x24 $ 068 | 0x44 | D 100 | 0x64 d
005 | 0x05 | (enq) || 037 | 0x25 | % || 069 | 0x45 | E 101 | 0x65 e
006 | 0x06 | (ack) || 038 | 0x26 | & || 070 | 0x46 | F 102 | 0x66 f
007 | 0x07 | (bel) || 039 | 0x27 ! 071 | 0x47 | G 103 | 0x67 g
008 | 0x08 | (bs) 040 | 0x28 ( 072 | 0x48 | H 104 | 0x68 h
009 | 0x09 | (tab) || 041 | 0x29 ) 073 | 0x49 I 105 | 0x69 i
010 | 0x0A | (If) 042 | Ox2A | * 074 | 0x4A | ] 106 | 0x6A | j
011 | 0xOB | (vt) 043 | 0x2B | + 075 | 0x4B | K 107 | 0x6B | k
012 | 0x0C | (np) 044 | 0x2C ’ 076 | 0x4C | L 108 | 0x6C 1
013 | 0xOD | (cr) 045 | 0x2D | - 077 | 0x4D | M 109 | 0x6D | m
014 | Ox0E | (so) 046 | Ox2E . 078 | 0x4E | N 110 | Ox6E | n
015 | OxOF (si) 047 | O0x2F / 079 | 0x4F | O 111 | Ox6F | o
016 | 0x10 | (dle) || 048 | 0x30 0 080 | 0x50 | P 112 | 0x70 | p
017 | OxI1 | (del) || 049 | 0x31 1 081 | 0x51 | Q 113 | 0x71 q
018 | Ox12 | (de2) || 050 | O0x32 | 2 082 | 0x52 | R 114 | 0x72 r
019 | 0x13 | (dc3) || 051 | 0x33 3 083 | 0x53 S 115 | 0x73 S
020 | Ox14 | (dc4) || 052 | 0x34 | 4 084 | 0x54 | T 116 | 0x74 t
021 | Ox15 | (nak) || 053 | 0x35 5 085 | 0x55 | U 117 | 0x75 u
022 | 0x16 | (syn) || 054 | 0x36 6 086 | 0x56 | V 118 | 0x76 %
023 | O0x17 | (etb) || 055 | 0x37 7 087 | 0x57 | W 119 | 0x77 | w
024 | 0x18 | (can) || 056 | 0x38 8 088 | 0x58 | X 120 | 0x78 X
025 | 0x19 | (em) || 057 | 0x39 9 089 | 0x59 | Y 121 | 0x79 | y
026 | Ox1A | (eof) || 058 | Ox3A : 090 | Ox5A | Z 122 | 0x7A | z
027 | Ox1B | (esc) || 059 | 0x3B ; 091 | 0x5B [ 123 | 0x7B {
028 | Ox1C | (fs) 060 | 0x3C | < 092 | 0x5C \ 124 | 0x7C |
029 | 0x1D | (gs) 061 | 0x3D | = 093 | 0x5D | ] 125 | 0x7D | }
030 | OX1E | (rs) 062 | Ox3E | > 094 | Ox5E | ~ 126 | OX7E | ~
031 | Ox1F | (us) 063 | 0x3F ? 095 | Ox5F | 127 | Ox7F | o

5: ®parment Tabmmier ASCII

Taxux TaOIUI] KOTUPOBOK HECKOIBKO, 2 MOXKET, Ja’ke M HECKOJIBKO 1eCATKOB. Pa3Hble ore-
PALMOHHBIE CHCTEMBI U pa3HbIC MPIIIOKEHHS UCTIONB3YIOT Pa3HbIE KOAUPOBKH, HAIIPUMED, B
pycckosa3eraHoit Bepcuu OC Windows o-yMoT4aHHIO UCTIONB3yeTcs cpl251, B To BpeMs Kak
B KOMaHJHOM cTpoke 3Toi xe OC ncnons3yercs cp866. Daitnb MoxxHO coxpanuTtsk B Unicode

i ANSI. UNIX-nono6usie OC, takue kak Linux 1 Mac OS X o6braH0 uctons3ytotr UTF-8
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IS

nm UTF-16, a 6onee panHue onepannoHHbIE CHCTEMBI M HHTEPHET IIPOCTPAHCTBA B PYCCKO-

SI3BIYHOM cerMeHTe ncnonb3oBaiu KOIS-R.

10.2 Oco0ennocTH

HeMmHoro BCrioMHHB, UTO TaKO€ CUMBOJIBI, IEPEXOUM K cTpokaM. CTpOKaMU MbI TIOJIb3Y-
€MCSl C CaMBbIX TIEPBBIX CTPAHMII STOTO JOKYMEHTA: HAlKMCaB B IBOMHBIX KaBblukax «[Ipuser,
Mup», MBI HICTIONIB30BAJIH CTPOKY, a €CIIH TOYHEE, CTPOKOBBIN uTepai. CTpOKH HHOTIA Ha3bI-
BalOT TUIIOM JaHHBIX, HO B s13bIKe C CTPOKA 3TO yKa3aTellb Ha IMOCICAOBATEIbHO 3aICaHHBIN
HA0Op CHMBOIIOB, TIOATOMY pabOTaTh ¢ HUM MOXHO, Kak ¢ MaccuBaMu. CTpoku B si3bike C

MOXHO OIMUCAThb JABYMSA crocodamu: Kak YKas3aTejib 1 KaK MaCCUB M3 NIEPEMCHHBIX TUIIA char.

OOBsBIICHIE CTPOKH KaK YKa3aTeJIs Ha CHMBOIIHI B s13bIKe C++ IIOTHOCTHIO 3aMEHHITH
Ha yKa3aTellb Ha KOHCTAHTHBIA HA0Op CUMBOJIOB, YTOOBI IOAYCPKHYTH HEH3MEHSIC-
MOCTb Jiutepaina. To ectb, ecnu B si3bike C cUUTaeTCss HOPMaIbHOM 3amuch char ™
s = "Hello"; 1o B C++ 3T0 MOXHO 3amucaTh TOJAbLKO Kak const char* s
— " L0

= "Hello"; mpu 3TOM B 00OWX S3BIKAaX ITOBENIEHIE TAKOTO yKa3aTels OymeT oOu-

HaKOBBIM.

[HapaiiTe co3naguM CTpOKy B BUE MaccuBa W3 char Ha3oBeM ee stringl W 3anuinem
BHYTpb JuTepan This is a string! - ato crpoka. Takxke co3manum yka3aTeib, Ha30-
BeM €10 string?2 u 3anmmieM B Hero jmrepan This is also a string! —aT0 TOXKE
CTpOKa. BrIBeieM HamIM CTPOKU B KOHCOIb B YOSIMMCS, UYTO aBTOP HE OIIUOCS U MX JICHCTBHU-

TEJIHLHO MOXKHO TaK OOBSBIATE.

char stringl[256] = "This is a string!";
char* string2 = "This is also a string!";
printf ("%s \n", stringl);
printf ("%s \n", string2);

VY kaxxzmoro u3 cnoco6oB ecTb cBou ocobenHoct. Tak, Hapumep B Maccuee U3 nepe-
MEHHBIX THNa char Mbl MOXXEM U3MEHATh CUMBOJIbL. Beé padoraet. [TonpoboBaB n3MEHUTH
Kakoi-HHOy#b CUMBOM B stringl, HampuMep, IMATHIH, HA CHMBOJ X MOXKHO OyAeT yOenuTh-
Csl, YTO OOBSIBIICHHAsI TAKUM 00pa3oM CTpOKa M3MEHsAEMasi, B OTIINYUE OT CTPOKOBOTO JIMTE-
pajia, HOIbITKa U3MEHUTH KOTOPBIH NPUBEAET K OIIMOKE BO BPEMs HCIIOIHEHHUS IIPOTPAMMBI.
VYkazaTenb Ha char HaM He 1a€T BO3MOXXHOCTH YaCTUYHO MEHATH COAEP)KUMOE BHYTPH CTPO-
KH, 1, TIOTy9aeTcs, IpeAcTaBIsieT coboif immutable string — Hen3MeHsIEeMyTO CTPOKY.

O6paTI/ITe BHHUMAHUEC, YTO KOMIIWJIATOP HE CHUTACT TAKYIO 3allUCh HCBepHOﬁ U oImuoKa
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-~

n

stringl[5] = 'X';
printf ("%$s\n", stringl);

string2[5] = 'X';
printf ("%s\n", string2);

MIPOSIBIISIET Ce0sl TOIBKO BO BpeMs HCIIOJHEHHs MporpaMMbl. TakuM oOpa3oMm, CTaHOBUTCS
OYEBHU/IHO, YTO IPOrPAMMHUCTY HEAOCTATOUHO MPOCTO YOSTUTHCS B TOM, YTO €r0 KO KOM-
MTUITPYETCs, HO HEOOXOIMMO U TIPOBEPHUTH €r0 padoTy BO BpeMs HCIOJIHEHU. YacTo B 3TOM
nomoratoT Unit-Tectsl. Cpean HepaauBbIX IPOrPaMMUCTOB OBITYET MHEHHE, YTO BOOOIIE BCE
TECTHI JOJDKHBI TUCATh CIIEUANINCTHI B TECTUPOBAHUH, HO HA IIPUMEpE BBIIIE, KOTIa KO KOM-
MTUINPYETCS, a IporpaMMa BCE paBHO He pab0TaeT TOIKHBIM 00pa3oM, MBI BUIMM, YTO HEKO-
Topast Ooiee TIIaTeNbHAsI TPOBEPKA CBOEH pabOTHI MOJDKHA OBITH BHINTOJIHEHA HMEHHO IIPO-
IrPaMMHCTOM, @ TECTUPOBAHHE - 3TO JIUIIb HHCTPYMEHT, IOMOTalOIUIf aBTOMaTU3UPOBATh Ta-

KH€ TIPOBEPKHU.

$ ./program

Hello, world!

Hello, world!

HelloX world!

zsh: bus error ./program

$

10.3 Crpoku n pyHKIUH

Ho noBonbHO 00 orpaHnyeHusX. YKa3aTesld Ha CTPOKH He TakHe YK OeCHoye3HbIe, MBI
MOXKEeM, HaIlpUMep, BO3Bpamars ux u3 GyHknuid. To ecTh, MBI MOXEM OOBSBUTH TUII BO3BPa-
1aeMoro 13 (PYHKIIMM 3HAYSHUs KaK yKa3arelb char*, BEpHYTh U3 HEE CTPOKY H, HallpuMep,
BBIBECTH B KOHCOJIb. DTO OTKPBIBAET Iepell HaMy LIMpodaiIirie BO3MOXKHOCTH 10 paboTe ¢

TCKCTaMH.

char* helloFunction() {
return "Hello!";

int main() {
printf("%s \n",* helloFunction ());
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OTOT KOJ BBIBEAET B KOHCOJIb OXKMAAEMOE MpHUBETCTBHE. [lapaienbHO ¢ HaMCaHueM
(YHKIUY, TPUBETCTBYIOIICH MUP, IPEJIAra0 H3y9IUTh HEKOTOPhIC CTAHAAPTHBIC BOBMOXKHO-
ctu s13bika C 1715t paboThl co cTpokamu. Hanmpumep, ciennanbHyo GyHKIIUIO, KOTOpast Tpu3Ba-
Ha BBIBOIUTH CTPOKHU B KOHCOJIB: puts () ; paboTaeT oHa O4YeHb MOXOKHAM Ha printf () ;
00pa3oM, HO MOXKET BBIBOJUTH TOJIBKO CTPOKH, 0€3 KaKHX-TO IPYTUX MMapaMeTpOB, H BCETIa
JO00ABIISACT CUMBOJ KOHI[A CTPOKHU. TaKke U3yYHM CIECIUANBbHYI0 QYHKIUIO gets () ; KOTO-

pad nIpu3sBaHa CYUTHIBATE CTPOKU U3 KOHCOJIM U 3aITUCBIBATh UX B IICPECMCHHBIC.

OyHKIMA gets () ; HEKOTOPHIMU KOMIIMIIATOPaMy IIpU3HaHa HeOe30macHoi, e€ wc-
HOJIb30BaHHE PEKOMEHAyeTcs 3aMeHuTh Ha gets s () ; B Cl1 u no3nHee Hebes-

omacHast (pyHKI[HsI ObllIa BOBCE yJaJicHa M3 CTaHIAPTHOM OMOIHOTEKH sI3bIKA U Tie-

pecrana nmogaCpKUBaTbCa BCEMU IMPOU3BOAUTEIIAMU KOMITUIIATOPOB.

Co3naguM U3MEHsAEMYIO CTPOKY Tuna char [ ], Ha30BEM e€ name, IepejaiuM 3Ty CTPOKY B
GyHKIMIO gets () ; ¥ BbIBEIEM Ha DKpaH pe3yJbTat, MOJyYeHHBIH U3 KOHCONIU. D10 Oyaer

O4YCHB ITOJIC3HAS 3ar0TOBKA JIJIS TaIbHEHIIIErO OOIIIEHHS C MOJIb30BATCIIEM.

char name[255];
gets (name) ;
puts (name) ;

Tenepp, Mbl MOXKEM MONPUBETCTBOBATH MOIB30BATENs HALIEH MPOTrPaMMBI KaK CIELYET,
1o uMeHH. B Hamell cymecTBoBaBieil GpyHKINH MPUBETCTBHS BHECEM HEOOIBIINE H3MEHE-
nust. Co3aaauM CTPOKY, B KOTOPO# OyneM XpaHNUTh IPUBETCTBEHHOE CIIOBO, M B KOTOPYIO Oy-
JIET NONHMCBIBATHCS MMs 1TOJIb30BaTels. [IpuMeHnM QyHKIHMIO ckiienBaHus cTpok. [Tockonbky
CKJICUBAaHHE - HEHAy4YHbBIH TEPMHH, OyJeM HCIIOIB30BaTh CIIOBO KOHKaTeHaumms. 1 mmMen-
HO 3TO CJIOBO MO/ICKa3bIBaeT HaM Ha3BaHHE (DYHKIMH, KOTOPYIO MBI OyZeM HCIIOIb30BaTh:

strcat ()

Jst ucrionb3oBaHus QyHKIUM strcat () ; HEOOXOMUMO TMOIKIIOYHTH B MPO-

rpaMMy 3aroJOBOYHBIA (hailn, comepskamuid GyHKINH, paboTaroNnHe cO CTPOKAaMH

#include <string.h>

OyHKIMS MPUHUMAET Ha BXOJ] JIBa MapaMeTpa - CTPOKY, K KOMOopou HY>KHO 4TO-TO Tipubda-
BHTH, M CTPOKY, KOmMopyio HyKHO pHOaBUTh. JIOTHYHO TPEAIIONOKNTE, UTO TIEpBas CTPOKa
JIOJDKHA OBITh M3MEHSIEMOH (TO €CTh SBIATHCS MACCHBOM CHMBOJIOB, a He JIUTepaioM). OyHK-
Ul IPUOABUT BCE CUMBOJIBI BTOPOW CTPOKH B MEPBYIO (€CIM B MACCHBE XBAaTHT MECTA) U

BEpHET yKa3aTenb Ha M3MEHEHHYIO CTpoKy. O4eHb yqo0HO. 3alyCTHM Halll IPOCKT, BBEIEM
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UM 1 y6e,Z[I/IMC$[ YTO BCE CJIOMAJIOCH.

char* helloFunction (char* name) {

char welcome[255] = "Hello, ;

return strcat (welcome, name);

int main(int argc, const char* argv[]) {
char name[256];

gets (name) ;

puts (helloFunction (name)) ;

return 0;

Uro xe cmygmnoch? MBI MOXKeM BO3BpaIars u3 (GyHKINH TOIBKO (PUKCHPOBAHHBIE CTPOKH,
Kak B IpeJplIyieM npumepe. To ecTb, MoaydyaeTcsi, Hy»KHO MUCaTh Keic, B KOTOPOM Cofep-
JKATCs BCe BOBMOXKHBIC MMEHA, M ONEPaToOpoM Bpojae switch () mepebuparh BCe BO3MOXK-
HbIE BAPUAHTHI BBOJIA, U ONHMCHIBATH BCE BO3MOXKHBIC IIPUBETCTBUS MTOJIb30BaTeNIeH, HHAUE MBI
yCTpamBaeM yTEUKy ITaMsATH, co3IaBasi OONTAOIMIACS B BO3MyXe YKa3aTreib, KOTOPHI HUKAK
He ynamum? Her, Hac 3T0, ecTeCTBeHHO, He ycTpanBaeT. Uto nenars? Kakoii ObI MBI HH cO3/1a-
JIU yKa3aTelb B QYHKIIUH - OH IICPECTAHET CYIIECTBOBATH, KAK TOJHKO MBI BBIHIEM U3 00JIaCTH

BHIMMOCTH 3TOH (PyHKINH.

B HEKOTOpBIX CIydasx MOXET MOKa3aThCsl, YTO HUKAKOH MpOOJIEMBI HET, TIOCKOIb-
Ky HalvcaHHasi TaKUM 00pa3oM mporpamma OaronoixyqyHo HOIPHBETCTBYET MOJb-
30BarTeNsd, HO Takoe MOBEACHNE HE TapaHTHPYETCS HU OXHUM KOMITIIIATOPOM M HU
OJTHOH OTIepaIrMOHHON CHCTEMOH, TOCKOJIBKY BO3BpAIIaeMBI TAKHM 00pa3oM yKa-

3areiib MOXET ObITh nepenrucan abCOIIIOTHO 1000 CJ'IGILyIOHICﬁ PIHCprKIII/Ieﬁ Kozaa.

Takoe ucyesaroujee 3SHaUCHNEC Ha3bIBaCTCsL xvalue.

Berixon oueHb npocToil: pa3 ykazarenb He uAETB int main (int argc, char *argvl[]),

HaM0 4yToOBl int main (int argc, char *argv([]) mam Ham ykasatenb. Jlo0aBumM
B IapaMeTpsl (QyHKINHU yKa3aTelb Ha BRIXOJHYIO CTPOKY, M HAITMIIEM YTO JUIS Hadaia CJo-
XKHTb CTPOKH U TIOJIOXKUTDH B JIOKAIBHBIN MaccuB strcat (welcome, name)./lo6aBum B
OCHOBHYIO (DYHKIIMIO MaccuB char result [ ], KOTOpBIi OyJeT XpaHUTb pe3yibTaT U Iepe-
JaauM B QyHKIMio helloFunction aprymeHTsl name v result. A pa3 ¢pyHkuus Oosplie

HUYETO HE BO3BPAILACT, BIIOJHE JIETABHO cenaTh e€ void.
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void helloFunction (char* name, char* out) {
char welcome[255] = "Hello, ";
strcat (welcome, name);

out = welcome;

int main(int argc, const char* argv[]) {
char name[256];
char result[256];

gets (name) ;

helloFunction (name, result);
puts (result);

return 0;

3amyckaeM, 1 CHOBA He padoTaeT, 1a emé u Kak uHTepecHo, cmorpute! Ipenynpexne-
HUE, JIaJHO, TIOHATHO, MBI O HEM TOBOPHIIM, HO Janblile, KOTa Mbl BBOJUM UM Ha BBIXOJIE

TTOIYy4YacTCa KaKasg-TO COBCEM YK HEIMOHATHAA CTPOYKa, COBCEM HE IMOXO0XKast Ha IPUBETCTBUEC.

$ ./program
warning: this program uses gets(), which is unsafe.

Ivan

?7:

$

A Bce [1eJ10 B TOM, YTO CTPOK B si3bike C 3a BpeMsi IOBECTBOBAHUS HE MOSBUIIOCH, M BCE MaHH-
MYJSIHAA CO CTPOKAMH - 3TO JJOBOJIBHO CIIOXKHBIE aJITOPUTMBI PAOOTHI C MAMSATHIO U MACCHUBA-
MU cuMBOJIOB. [To3TOMy, paboTas co CTpOKaMu, MbI JOJIKHEI UCIIONIE30BATh OHMOINOTCUHBIC
¢byHKIMY, HanpUMep, ecTh GYHKIHMSA Strcpy (), KOTopas He IPOCTO MepeKIaablBaeT yKa3a-
TEJb B ONMPECIICHHYIO IIEPEMEHHYIO, @ KOITUPYET CTPOKY.

Ecnu mprucMOTPETHCS, TO MOYKHO 3aMETUTh, YTO Bee (DYHKIMU PAOOTAIOIINE CO CTPOKa-
MU, IMEHHO TaK U JIeJIAl0T - 3alPAlINBAIOT HCTOYHUK JAHHBIX U KOHECUYHYIO TOYKY, KyIa JaH-
HBIC HY)KHO MOJIOXKHTh. A KTO MBI TAKUE, YTOOBI CLIOPHUTH CO CTAHAAPTHBIMU OUOIHOTECUHBIMU
¢yuxausmu? OOpaTuTe BHIMaHHUE HA TO, 9TO QYHKIMH strcat () ; M strcpy () ; BO3-
BPAIIAIOT yKa3aTelb HA MOJTYyYUBIIYIOCS CTPOKY. MBI IepecTaiy BO3BpallaTh yKa3areiab Ha
MTOJYYHBIIYIOCS CTPOKY, MIOCKOJIEKY HUKTO HE TAPAHTUPYET, YTO OH IMPOCYIIECTBYET TOCTA-

TOYHO J0JII0, U TYT BCTAET BOIIPOC O BBI3BIBAIOIIEM (byHKHI/IIO KOHTEKCTC, HY>KCH JIM OTOT YKa-
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void helloFunction (char* name, char* out) {
char welcome[255] = “Hello, ”;
strcat (welcome, name) ;
strcpy (out, welcome) ;

}

int main(int argc, const char* argv[]) {
char name[256];
char result[256];
gets (name) ;
helloFunction (name, result);
puts (result);
return 0;

3aTelb BRI3bIBaONIEMY. B ciryuae He0OX0AMMOCTH, KOHEUHO, eT0 MOKHO BepHYTh. PaboTa co
crpokamu B C 10 CHX TTOp SIBJISIETCSA OYCHD M OYCHB aKTYaJIbHOM TEMOH Ha IPOTPaMMHUCTCKUX
(opymMax, MOXKETE yIOCTOBEPUTHCS B ITOM CAMOCTOSTEIBHO.

Pa3 yx 3aroBopmwin 0 cTaHIapTHON OMOIMOTEKE, pACCMOTPUM eIIE Mapy-TpoiKy HHTe-
pecubix ¢yHkuuii. Hanpumep, cpaBHeHUe cTpOK: QYHKIUA strcmp () ; AOIMYCTHM, S X0UY,
4T00BI IMEHHO MEHS IIporpaMma MpHUBETCTBOBAIA Kak-TO HHaue. PyHKIMS BO3BpaIaeT OT-
pUIAaTEeNbHbIE 3HAYEHHUS, €CJIU IIEPBasi CTPOKA MEHbIIE BTOPOH, OIOKUTEIbHBIE, €CIH IIEpBast
OoJtbIlie BTOPOM, M HOJIb, €CJIM CTPOKH PaBHBI. DTO (DYHKIIHS, KOTOPYIO YIIOOHO ITPUMEHSTH B
ycnoBusix. Ecnu cTpoku OyayT A€HCTBUTENBHO PaBHBI, MBI CKOITUPYEM B CTPOKY C UMEHEM

c10BO Creator.

void helloFunction (char* name, char* out) {

char welcome[255] = “Hello, ”;
if (strcmp("Ivan", name) == 0)
strcpy (name, "Creator");

strcat (welcome, name) ;

strcpy (out, welcome) ;

W3 Beex (hyHKIuMi 11t pabOTHI CO CTPOKAMHU YPE3BBIYAITHO YACTO HCIONB3YIOTCS atol () ;
uatof () ; mepeBoIsIIMe HAMMCAHHBIC B CTPOKE MU(PHI B UNCIICHHBIE IEpEMEHHBIE BHYTPH

nporpaMMsbl. atoi () ; mepeBoautT B int,aatof () ; Bo £loat, COOTBETCTBEHHO.

CyIecTByeT HECKOIBKO JICCATKOB (DYHKIUI, Pa3HOOOpa3HO MPeoOpas3yIomuX OTHHI
TUIIBI TAHHBIX B IpPyrUe U 00parHoO, Hampumep, QyHKIHKM atoi () ; U atof () ;
MMEIOT OTBETHBIE itoa () ; u ftoa () ;. Takue GyHKIMH THOTYTCS U IS BBICO-

KOYPOBHEBBIX OHOINOTEK, HAapUMep, peoOpa3oBaHUe CTPOKOBOH 3aIMCH B OHST-

HBII KOMIIBIOTEPY 11 coeanHenus IP-aapec.
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s mpuMepa oO0BSBUM MEPEMEHHYIO Num, IMPEIIIOKUM ITOIT30BATEII0 BBECTH ITUPPY, ecTe-
CTBEHHO B BUJIC CTPOKU. ByieM npuHIMATh ee IPH MOMOIIY HeOe30MmacHo# GpyHKImu gets ()
XOTsI KaK MbI TIOMHHUM, MOTJIH ObI U scanf () ; KOTOpBIH cpa3y Obl mpeoOpa3oBall CTPOKY CO-
IJIACHO MCIIOIH30BAHHOTO 3aIIOTHUTENS. 3aBeJieM IIEpeMEeHHyI0 int number 1 XpaHSHUS
pe3ynbTara paboThl pyHKIMK peoOpa3oBaHus. 3aTeM, JaBaliTe YMHOXKHUM PE3yIbTaT caM Ha
ce0s1, YTOOBI YOSIUTHCSI, YTO ATO M MPABAA YHUCIIO, IPUIEM UMCHHO TO, KOTOPOE MbI BBEJIH, U

BBIBCICM OKOHYATCIIBHOC YHUCJIO B KOHCOJIb.

o

IS

v

char num([64];

puts ("Enter a number: ");
gets (num) ;

int number = atoi (num);
number *= number;

printf ("We powered your number to %d", number);

[omHbI# cicok GYHKIHIA [Tt pabOTHI CO CTPOKAMH MOKHO IIOCMOTPETH B 3aT0JIOBOYHOM
¢aiine string.h. Onucanue 1 MeXaHUKa UX PaOOTHI JIETKO TYIIUTCS, JOKYMEHTAIUH 110

SA3BIKY OY€Hb MHOTO.

10.4 PabGora ¢ cuMBOJIaMHU

B 3aBepiieHue Oeceibl 0 CTPOKaX U MAHHITYJIALUSAX ¢ HUIMH, CKa)XXeM elIé mapy ClIoB 00
o0paborke cumMBoJIOB. DyHKIMH 17151 paOOTHI C CHMBOJIAMHU COZIEPIKATCS B 3ar0JI0BOYHOM (haii-
e stdlib.h. EcrecTBeHHO, Hala mporpaMma MOKET IOJyUYUTh OT TOJIb30BaTENs KAaKHUe-TO
3Ha4eHUs B BUE CTpoK. He Bcerna e ecTh BO3MOXKHOCTb UCIONb30BaTh scanf () ; Hampu-
Mep, CYUTHIBAHUE U3 rpa)UIeCKUX MOJICH BBOJIA HIIH ITOTOKOBEII BBOJ JaHHBIX U3 CETH Aa&T
HaIlIeH TporpaMme 3Ha4YeHUs B Buze cTpok. CtaHmapTHas Oubnuoreka si3pika C mpemocTas-

nseT HaM (PyHKIHHM U1 pabOTHI C KayKABIM CHMBOJIOM CTPOKH, HAIPHMeEP:

e isa a ; — BO3BpaliacT UCTUHY, €CJIIU CUMBOJI B apTYMCHTEC SIBJISICTCS CUMBOJIOM
1lpha () A

n3 andaBuTa;
* isdigit () ; —BO3BpaIIaeT UCTHHY, €CIIM CUMBOJI B apryMEHTE SIBIISICTCS] LU(POH;

* isspace () ; — IPOBEPSET, ABISIETCS JIN NIEPeTaHHbIN B apIYMEHTE CHMBOJ IIPOOEITh-

HEIM;

* isupper(); islower () ; — HaxXOAMUTCS JIM MEPEJAHHBII B apryMeHTE CHMBOJ B

BEpXHEM W HIDKHEM PETHCTPE;

* toupper (); tolower () ; —NepeBOIAT CUMBOJ B BEPXHUN WIH HUKHUNA PETUCTP,

COOTBCTCTBCHHO.
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BAOXKmIHCHOHBSOBaTBOﬂHyIK}HHXCOOTBGTCTBGHHO}HHHCﬁSaﬂaqe,HOHYCTHM,HOHBBOBaTCHB
MOXKET BBOJUTH CBOE UM KaK C 3arJ1aBHOMN 6yKBI)I, TaK 1 BCEMU CTPOUYHLIMU. ypaBHHeM 0ba

BapuaHTa JyIsl Hallell NpoBepKku ogHOW cTpoko name [0] = tolower (name[0]); a

’

TOCIIE TIPOBEPKH BEPHEM 3aITIaBHYI0 OykBY Ha MecTo name [0] = toupper (name[0]) ;

14
M YIOCTOBEPUMCS UTO JIAKE €CITH MBI HAITUIIIEM CBOE MM ¢ MaJIEHBKON GYKBHI - IporpamMma
HAIHUUIET €ro ¢ OOJIBIION.

void helloFunction (char* name, char* out) {
char welcome[255] = “Hello, ”;
name [0] = tolower (name[0]);
if (strcmp("ivan", name) == 0)
strcpy (name, "Creator");
name [0] = toupper (name[0]) ;
strcat (welcome, name) ;

strcpy (out, welcome) ;
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11 Crpykrypsl

11.1 Onmneparop typedef

WHorna 6b1BaeT yno0HO co3aaBaTh Uil paOOTHI MOHATHBIE WIIM COKPAIIEHHbBIE Ha3BaHUS
THIIOB JIAHHBIX. MBI y’ke paccMaTpUBaIH OHH U3 crocoGoB co3nanus omucanmii (D.1]), Ho
9TO OBUIM ONHCAHUS, PadOTAIOIINE C TEKCTOM IIPOrPaMMBI, TI03BOJISIOMINE 3aMEHSATh IIeTIbIe
(parMeHTHI KoJ]a KOPOTKIMH ITOHATHBIMU codeTaHmsMu. Oneparop t ypede £ paboraert He ¢
TEKCTOM IIPOTrpaMMBbl, a C MEXaHU3MaMU KOMIIUJISTOPA, II03BOJIsAS CO34aBaTh TaK HAa3bIBACMbIE
TICeBJOHUMBI (aHII. alias) Jy1st TUIIOB AaHHBIX. Tak, HapUMep, MOXKHO CO3/1aTh TPOCTEHILIHIA
TICEBIOHUM ISl OyJieBa THIA, KOTOPBIH (DaKTHUECKH SBISETCS IETBIM YHCIOM. JTO JIeia-
€TCsl IIpU MOMOIIM KitoueBoro ciosa typedef. Ero cunTtakcuc mpocrt, nuuieM typedef
Ha3BaHUE CTApOro THIA JIAHHBIX HAa3BaHHWE HOBOTO THUIIA, T.€. KaK MbI Oy/IeM Ha3bIBaTh €r0 B

aJbHEHUIIeM:

typedef int boolean;

OOparuTe BHUMaHKe, YTO B OTJIMYHE OT AUPeKTHBHI #de fine ato omeparop s3bika C, a He
MpempoIeccopa, ModTOMY B KOHIIE 00s3aTeIbHO CTaBUTCS TOUYKa ¢ 3arsToi. HammcaB Takoi
IICEBIOHUM MBI B JIFOOOM MeCTe MpOrpaMMbl MOXKEM THCaTh boolean BMeCTo int, 4To

JOJI2KHO IIOBBICUTH ITIOHATHOCTB KOJda IJIA moaeﬁ, KOTOpbIC 6yﬂyT C HUM paGOTaTI).

11.2 CrpyKTYypbl JaHHBIX

Hecmotpst Ha TO 4O s13b1K C CcO37aBacs B He3araMATHBIE BpPEMEHa, YK€ TOTIa IIPOTrpaM-
MUCTBI TIOHUMAJIH, YTO IPUMHUTHBHBIX THIIOB JAHHBIX HEJOCTATOYHO AJIsI KOM(OPTHOTO Ipo-
rpaMMHUPOBaHHs. MUp BOKPYT MO’KHO MOJICITUPOBATh Pa3IMYHBIMU criocobamu. CaMbIM ecTe-
CTBEHHBIM M3 HHX SBJSETCS MPENCTaBICHUE 0 HEM, Kak 0 Habope 0OBEKTOBHO BaXKHO MOM-
HUTB, 9T0 C - 3TO MPOLELYPHBIN A3BIK, B HEM HE CYIIECTBYET 00bEKTHO-OPHEHTHPOBAHHOTO

MIPOrPaMMHUPOBAHUSL.

CymecTByeT ImIyTKa, YTO HENb3s 3a7aBaTh BOIPOC IporpaMmucty Ha C, sSBIsSeTCS

JM CTpyKTypa oObeToM. [lymaro, 1ero B ToM, 4T0 3T0 BBen€T C-mporpammmucTa B

OecKoHEYHOE 00yMBIBAHHE TAKOTO BOIIPOCA.

TeM HE MeHee, y KaXXJI0T0 00BEKTa B MHpPE €CTh CBOM CBoicTBa. Hamprmep, mms gemoBeka
9TO BO3pPACT, IOJ, POCT, BeC M T.A. g Bermocumnena — THII, pa3Mep Koiéc, Bec, MaTepHuall,
M3rOTOBUTENH U Tpoune. [y ToBapa B Mara3uHe — apTUKYJ, Ha3BaHUeE, FPyMIa, Bec, LIeHa,

CKHIKA U T.J. Y OOBEKTOB OJHOTO THUIAa HA0OP ATHUX CBOWCTB OJMHAKOBBIN: BCE, HAIIPUMED,
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CcO0aKHU WIIH KOTBI MOTyT OBITH OIIMCAaHBI, C TOH I UHOHU TOYHOCTBIO, OAMHAKOBBIM Ha60p0M

CBOICTB, HO 3Ha4Y€HHs 3TUX CBOMCTB Oy1yT pasHbIe.

Cpasy HeboIIbIIoe OTCTYIUICHHE, U TEX KTO H3y4al BEICOKOYPOBHEBBIE SI3BIKH, Ta-
kue kak Java uim C#, B C OTCYTCTBYIOT KJIACCHI B TOM BH/IE€ B KOTOPOM BBI IPUBBIKIIN
uX BHAETh. {151 0OBEKTHO-OPHEHTUPOBAHHOTO MTPOrPaMMHPOBaHUs ObLT pa3pabo-

TaH 36K C++, KOTOPBINM N3HaYaIbHO Ha3biBanK CH-c-KIaccaMiu.

Tak, s paboThl ¢ 0OBEKTOM HaM HEOOXOIMMa KOHCTPYKIIHSA, KOTOpast OBl MOTJIa arperupo-
BaTh M WHKAICYJIUPOBATh PA3IMYHbIC THUIIbI JAHHBIX MO OAHUM MMEHEM — TaK MOSBUIIUCH
cTPYKTYpHI. T.e. CTPYKTypa AaHHBIX - 3TO Takas CYIIHOCTb, KOTOpasi 0ObeIUHSIET B cede
HECKOJIbKO IIPUMUTHBOB WM APYTUX CTPYKTYyp. JiIs mprMepa, CO3AaIuM CTPYKTYPY «IIpo-
cTast ipoOby. B mporpaMMupoBaHuK CyIECTBYIOT JPOOHbIC YMCIIA U MPECTABICHBI OHU TH-
namu float u double. Ho 310 necsatuunbie qpodu. Mel sxe OyaeM OMUCHIBaTE OOBIKHOBEHHYIO,
MIPOCTYI0, CMEIIAHHYI0 Opo0b (TY, Y KOTOPO KpOMe YHMCIUTENsI U 3HAMEHAaTelsl ecTh euié
1esas 4acTh).

Jnst onucanust cmpykniypel UCTIONB3YETCsI KIIFOYEBOE CIIOBO Struct W Ha3BaHHE CTPYK-
Typbl. [lanee B GUTrypHBIX CKOOKaxX OMHCHIBAIOTCS ITEpPEMEHHBIE, BXOIINE B CTPYKTYpy. B
HallleM TpHMepe 3To OyAyT liejiasi 4acTh, YHCIUTENb M 3HAMEHATelb. Y ITHUX IIEPEMEHHBIX
HE rapaHTHPYIOTCSl MHUIMATH3AIMOHHbIC 3HAYEHHS, T.€. Mbl HUUEr0 He MPHCBAMBACM MM H3-
HAYaIbHO, 91O HPOCMO ONUCAHUE, KOTOPOE TOBOPUT KOMIIHJISITOPY O TOM, YTO KOTJa B KOZIE
BCTPETUTCS MHUIMAIN3AINS HAllleH CTPYKTYPBI, I €€ XpaHEeHHsI TOHaJ00NTCs BOT CTOJIBKO

naMATH, KOTOPYIO HY>KHO Pa3METHUTH UIA XPAaHCHUA BOT 3TUX IEPEMECHHBIX.

struct fraction {
int integer;
int divisible;
int divisor;

}i

Jyis cokpallieHus 3aIycy OIUIIIEM HOBBIA THIT JaHHBIX, Ha30BEM ero apodb. [lamee OyayT
MIPUBEICHBI JIBA PAaBHO3ZHAYHBIX CITOCO0a COKpAIIEHHUS 3allUCH CTPYKTYp: TIEPBEIi crtocob co-
3Ma€T TICEBJOHUM JUIS YK€ CYIIECTBYIOMIEH CTPYKTYPHI, & BTOPOU CO3IAET IICEBIOHUM ISt
CTPYKTYPBI IPSIMO B MOMEHT €€ ONMUCaHUs, IOITOMY U CaMy CTPYKTYPY MOXHO HE Ha3bIBaTh,

a 0o0paIaTbes K Hel TOJIBbKO 4epe3 MCEBIOHUM:

87




// alias for existing struct

typedef struct fraction Fraction;

// alias-defined structure
typedef struct {
int nat; // natural (integer)
int num; // numerator
int den; // denominator

} Fraction;

OOBIYHO TOCTYH K NMEPEMEHHBIM BHYTPH CTPYKTYPBI OCYIIECTBISIETCS MPUBBIYHBIM JUIS
BBICOKOYPOBHEBBIX SI3BIKOB CIIOCOOOM - uepe3 TouKy. EcTh 0mHO HCKITIOYeHHe, HO 00 3TOM
qyTh mo3xke. Co3mamaiuM TpH MepeMEeHHBIX Ul XPaHEeHHs IBYX Ipo0Oei, ¢ KOTophIMU Oynem
COBEpIIATh ONEpalui, U OJHY JUIS XpaHEHHs pe3yibTara. MHunmanusupyeM nepeMeHHbIe
KaKI/IMI/I-HI/IGy)IB sHaueHusIMu. Onuirem LHCIOYHCICHHBIC 3HAYCHUA, OIIUIICM JACIIUMOC JIA
o0enx pobeit i OTHIIIeM ACTHTENb s 00enx apodeit. s mpocToTs! OyneM HCIIOIh30BaTh

IIPOCTHIE Ipodu: 1% u 71%.

int main(int argc, const char* argv[]) {
Fraction f1l, f2, result;
// f1 = -1 | 1 /5
fl.nat = -1;
fl.num = 1;
fl.den = 5;
// f2 =1 ] 1 /5
f2.nat = 1;
f2.num = 1;
f2.den = 5;
// result = 0
result.nat = 0;

result.num = 0;
result.den =

|
o

11.3 Paborta co cTpyKTypamu

BHyTph GyHKIMi CTPYKTYphl JaHHBIX MOXKHO Iepe/laBaTh Kak 110 3HAYEHHUIO, TaK U I10
ccputke. OnumieM (yHKIUIO, KOTOpast Oy/AeT BHIBOAUTH HAIly NpoOb Ha dKpaH. B a1y dyHK-
LU0 MBI MOXXEM TepeiaTh Hally CTPYKTYpy IO 3HaueHHIo. T.e. BHYTpPH KakKJOTrO BBHI30Ba
(GyHKIMU MBI OyeM co3/1aBaTh KOIHIO CTPYKTYPBI THIIA ApoOb, U 3aIIOMHATH €€ TEMH 3Haue-

HUSIMH, KOTOpPBIE TIepeiaiiM B apryMeHTe. BeiBox kax10# 1poOu Ha SKpaH OyJeT 3aBHCETh OT
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psina ycinoBuid. IMEHHO 3TH yCIIOBHS MBI M OIIMIIEM BHYTpHY (DYHKIIMH BBIBOZA Ha KpaH. Ec-
JIM IENIMMOE PaBHO HYJIIO, TO Y IpOOH HaJI0 BHIBECTH TOJIBKO LIEJTYIO YACTh, €CIIU XKe JISTUMOE
HE paBHO HYJIIO U 1eJ1asl 9acTh paBHA HYIIO — BBIBOIUM TOJBKO JPOOHYIO YacCTh.

[Mumem: eciu nenumoe He paBHO 0 TO BCTYIIAET B CHILY CICAYIOIIEE YCIOBUE — €CIIH LieJIast
YacTh paBHA HYJIIO, TO IeyaTaeM JpoOb CIEAYIOIIM 00pa3oM: YNCIIo, 3HAYOK APOOH, YHCIIO,

A€ Yucijia 3TO ACINMMOC U JCIIUTCIIb, COOTBCTCTBCHHO.

void frPrint (Fraction f) {

if (f.num != 0)
if (f.nat == 0)
printf("'sd / %d'", f.num, f.den);
else
printf("'%sd | %d / %d'", f.nat, f.num, f.den);
else

printf("%d", f.nat);

[TpoBeprM, HACKOJIBKO XOPOILO MBI HAKMCANN HaIly (QyHKIHIO, JJIsl STOTO BHI30BEM €€ U Iie-
pemamuMm Tyaa 3HaueHUsl Hammx JapoOeit. OOparuTe BHMMaHWE, YTO B CTPOKaxX oreparopa
printf () ; B KOHIIE HET HU MPOOEJIOB HU MEPEXO0B Ha HOBYIO CTPOKY, 3TO CAETaHO Ha
clty4ai, eciiil y Hac OyJieT HeoOXOIMMOCTb BCTaBUTh HH(OPMAIIHIO O APOOU B KAKOH-TO TEKCT

WM 0TOOPAa3UTh B COCTABE YPABHEHUs, HATIPUMED.

$ ./program
'-1 11/ 5"
'T |1/ 5

0

BeInisagut Henoxo, 1Jis MOMTHOTBI KAPTUHBI HE XBaTaeT TOJIbKO HAyUYUThCSI BBITOIHSTD C ATH-
MU JIpo0sSIMU Kakue-HHOyab neiicTBus. [yig npumepa Bo3bMEM YTO-TO MIPOCTOE, BPOAE YMHO-
xeHus. [lepenaanm Bo BHOBb CO3aHHYIO (DYHKIIMIO 3HAYEHMS HAIINX ABYX Apo0Oei U yKa3a-
TeJIb Ha CTPYKTYPY, B KOTOPYIO OyZieM CKJIaIbIBaTh pe3yisTaT BhIUUcIcHUH. HazoBem Harry
¢yuxmmio frMultiply () ; mepenamuM Tyna HEOOXOIUMbIE apTYMEHTHI 1 HEMHOTO BCIIOM-
HUM MaTeMaTHKy. J[s Toro 4ro0s! NepeMHOXUTH ABE APOOH HaM Ha/l0 MPUBECTH UX K MPO-
CTOMY BHJY, T.€. JMIIUTH LEIOW YaCTH, a 3aTEM IEPEMHOKUTh YHCIUTENN M 3HAMEHATEIN.
Jnst mepeBona B mpocToit Bua onuiieM ¢yHKuio frDesinteger () ; B KOTOpyro Oyznem
TriepenaBaTh ajpeca epBol U BTOPOH APoOH, 4TOOBI U3MEHSTh HE KOIHH, @ CAMH CO3/IaHHBIC B
int main (int argc, char *argv[]) apo6u. To ects mapamerpamu 3TO# (PyHK-

LM TOJDKHBI CTaTh yKa3aTeld Ha CTPYKTYPHI.
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AHaJIOTHYHBIM 00pa30M, KCTaTH, MOYKHO HAIMUCATh (PYHKIHIO HHUIIHATU3AIUH IPO-

OM 3HaYCHUSIMU, YTOOBI HE OBLIO HEOOXOUMOCTH ISl KAXKIAOH IPOOH KPOME CTPOKH

0O0BSBIICHHS MMHCATh emé TPpHU CTPOKH C MHUIIHATA3AINCH.

YToObI HE mepernyTarh JOKaIbHbIE CTPYKTYPbl B (JYHKIIMH M yKa3aTeJId Ha BHELIHUE CTPYK-
TYpBbI, JOCTYII K [IOJIIM BHYTPH yKa3aTeslel Ha CTPYKTYphl IOJIY4YaroT HE IIPY IIOMOILU TOUKH,
a TpH NOMOIIHY CHENUAIBHOTO ONIEPaToOpa AOCTyNa K YJIeHAM yKa3aTels, KOTOPBIN BBIVISIUT

Kak cTpeika (—>).

void frDesinteger (Fraction *f) {
if (f->nat == 0) return;
int sign = (f->nat < 0) 2?2 -1 : 1;
if (f->nat < 0)
f->num = -f->num;
f->num = f->num + (f->nat * f->den);
f->nat = 0;

Amnanorn4Ho 1 result g pyHKmum frMultiply () ; sBIsSeTcs ykasarelieM, a 3Ha-
YUT MBI OyJIeM 3aIHChIBaTh PE3yNbTaT HE B JIOKAJIBHYIO CTPYKTYpY, 8 HEIIOCPEICTBEHHO B
Ty CTPYKTYpy, KOTOPYIO MBI 00BSBMIM B int main (int argc, char *argv([]) u

nepenaiy e€ aapec Hamed QyHKIIUH.

void frMultiply(Fraction f1l, Fraction f2, Fraction *result) {
frDesinteger (&fl) ;
frDesinteger (&£2) ;
result->num = fl.num * £2.num;
result->den = fl.den * f2.den;

Tenepb MOXXEM BBIBOJUTH PE3YJbTAT YMHOKEHUS Ha 3KpaH. [ 3TOro BBI30BEM Hallly
¢yrakmuio frMultiply () ;, B KOTOPYIO MepefaInM IBE Ha4aJbHBIC IPOOH U ajpec pe-
3YABTUPYIOMICH Jpo0u. 3aTeM BbI30BeM (YHKIUIO evyaTn frPrint () ; ¥ mepeaaauM Tyna

B KaueCTBE apryMEeHTa Hally Pe3yJIbTHPYIOILYIO Ipo0k.

. /program
Before:
fl: -1 1/5
f2: 1 1/5
result: O
After:

result: -36 / 25
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3amycTuB nporpamMmy, yoeaumcst 9To Bc€ paboTaeT KoppeKTHO. [TomyueHHbIX 3HaHUI HaM
XBaTHUT MTPAKTHYECKHU JUIS JIIOOBIX ONepanui co CTpyKTypamHu. [10IHBINH JTUCTHHT NPOrpaMMBI

YMHOXEHHS Apo0eii B mprIoxkennn J

91



12 Paianl

B npenpinynmx pasaenax Mbl HO3HAKOMHUIIUCH IIOYTH CO BCEMU CYIIECTBYIOLIMY B SI3BIKE
C TMnamMu TaHHBIX, KAaK IPUMUTHBHBIMH, TaK M CCHUTIOYHBIMHU. JIOBOJIBHO OAPOOHO PaccMOT-
penu paboTy IMOUTH BCEX OIepaTopoB s3bIKa. [IpHITo BpeMst BEIMTH 3a IIpENebl IPOTPaMMBI
(XOTst OBI B 4aCTH XpaHEHUsSI TaHHBIX) U TOTOBOPHUTH O B3aUMOACHUCTBHIH MPOTPaAMMEI C OITe-
PAIMOHHOI CHCTEMOM, a UMCHHO - O YTCHHUHU W 3alUCH B (aIOBYIO CHCTEMY KOMIIBIOTEPA.
daiinoBas cuctema 1706020 KOMIIbIOTEpa - 3TO cTpyKTypa. Jlns s3pika C daiin - 310 Toxe
cTpykrypa. CTpyKTypa, XpaHsmas JaHHbIE O MOJIOKEHHH Kypcopa B Qaiiie, ero Ha3BaHUE,
Oydepsl, Gprakkn 1 mpourie cBoiicTBa. Daiiibl ENATCS Ha JBa OCHOBHBIX THIIA - TEKCTOBEIC U
OuHapHbIe. MBI pacCMOTPHUM PabOTy C TEKCTOBBIMH, TOCKOJIBKY paboTa ¢ OMHAPHBIMU TIPaK-
TUYECKH HUYEM HE OTIIMYAeTCs, a TEKCT BCE-TAKH MPOILE BOCIPUHUMACTCS.

C MecTa B Kapbep, OITUIIIEM IIEPEMEHHYI0, XPaHAIIYIO yKa3aTelb Ha CTPYKTYPY «haitmy».
Bces ocHOBHast pabota OymeT mpoxoAauTh yepe3 He. J[iist Toro, 9ToObI MPHCBOUTE 3TOH mepe-
MEHHOH yKa3aTelb Ha Kakol-TO peasibHbIN (aii OymaeM monb30BaThes GyHKIHMEH fopen () ;,
KOTOpast BO3BpaIaeT yKas3aresb Ha agpec B mamsaTi. OyHKIHS MpUHAMAET B Ka4eCTBE apry-

MCHTOB UMA q)aﬁna B ,IlBOfIHBIX KaBbIYKaX U PEIKHUM €Iro OTKPLITHUA.

FILE *f;

OCHOBHBIX UCIIOJIb3YEMBIX PEKHUMOB IIECTh:
* YTCHHUE,

* 3aIHCh,

* noOaenenue,

* JIBOMYHOE YTEHHE,

* JIBOMYHAS 3aITUCh,

* JIBOMYHOE J0OaBICHUE.

12.1 3anuch

OyHKIUH 3aNIHCH M 100aBJIeHUsI co30arom (DAl B Ciydae ero OTCYTCTBHSL. A (DYHKI[HSI
3anucu cmupaem (Qani, eCIi OH CYIIECTBYET U He MycToil. MTak co3maamm TeKCTOBEIH (aiin
C KaKMM-TO HEOXXHJaHHBIM Ha3BaHHEM, Bpoe filename . txt, 1 cKaxeM Hamlel mporpam-
M€, YTO HY>KHO OYJIET €ro CO3/1aTh, €CIIM €ro He CYIIECTBYET, Iepe3anucarh, €CJIU CyILECTBYET,

a Janpline Mbl OyZieM B HeTO 3alliChIBATh JaHHBIE, TO €CTh PEKUM OTKPHITUSA OyzeT "w" . M
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(aiina B apryMeHTe MOXET OBITh KaK IOJHBIM (a0COMIOTHBIM), Bpoze C :
FILE.TXT Torna daitn Oyxer coznan B kopHe aucka C, wim /home/user/file.txt.
Taroxe nMs ¢aitia MOXXeT OBITh M OTHOCHTEJIBHBIM, KAKMM MBI €0 yKa3aJli celyac, 3To 3Ha-

4uT, 4To (haitn OymeT co3naH B TOH Marke, B KOTOPOI 3aITycKaeTcsl Hallla IIporpaMma.

f = fopen("filename.txt", "w");

B cnygae, ecnu daiin He HalICH WK TTO KaKOH-TO MIPUYMHE HE CO3/IAJICS, B IEPEMEHHYIO
f 3amuIeTcs HyJIeBO# yKa3aTelb, TOTOMY Iepe]] TeM, KaKk HadaTh padoTy ¢ (aiiyioM, HyKHO
MIPOBEPUTH, CMOJIA-JIM MPOTrpamMma €ro OTKpPBITh, Ul ITOTO 3alUIIeM YCIOBUE, YTO €CIIU B
HaIll yKa3arejb 3alucayics HyJeBOW yKa3arenb, TO AajbHeiliee BRINMOTHeHHE QyHKIUN int

main (int argc, char *argv[]) He UMEET CMbICHA.

if (file == NULL) return 1;

Ecnm Bcé xopo1io, MoxkeM 3anmichiBaTh B Gaiit JanHble. 11 3armicu B Gaisl eCTh HECKOIBKO
(YHKIUI, MBI BOCIIOJIB3YEMCsI CaMOH IIPOCTOH 1 odeBHIHON: fprint £ () ;, B HeE B KauecTBe
IIEPBOTO apryMEHTa 00s13aTeNIbHO HY)KHO TIepe/iaTh yKa3arelb Ha (aiiil, B KOTOPBIA MBI COOH-
paemMcs mucaTh, a JAaJibllle MOXKHO MCIIOIb30BaTh KaK 3HaKOMBIN Ham printf () ; co Bcemu
ero ynoOCTBaMH, 3alOTHATENSAMH, YKPaHHPOBAHHBIMH MOCIIEIOBATEIFHOCTSIMH H JTOTIONTHHU-
TENBHBIMA apryMeHTaMHu. [locie Toro kKak MbI 3aKOHYIJIH 3aIiCh B (paiii ero HeoOXOmIuMo

3aKpbITh, BBI3BaB QyHKIMIO fclose () ;

fprintf (f, "Hello, files! %s", "we did it!\n");
fclose (f);

3armycTUB MPOEKT, IOCMOTPHUM YTO y HAC MOMY4HIoCh. B TepMuHane He OyeT HUKAKOTO BBI-
BOJIa, HO €CIIM MEPEUTH B IMPOBOIHUK, TO MOKHO YBHJIETh, YTO B MANKe MPOEKTA MOSBUIICS
¢aiin filename. txt, B KOTOPOM HallMCAHO HamIe cosepkumMoe. OTKPBIBACTCS TAKOH TeK-

CTOBBIH (haiii1 JTF0OBIM OOBIYHBIM GJIOKHOTOM

12.2 UYrtenue

OTiIM9IHO, IporpaMMa Telepb YMEET COXPaHATh Pe3ylbTaThl CBOCH paboThI B (ailyibl, TO
€CTh Yy HAC MOSBUIIOCH €€ OJJHO CPEICTBO BBIBOJAA MH(OpMaIiK, moMuMo TepmuHana. Te-
Iephb JaBaiTe pacCCMOTPHM HE MEHEE BAXKHYIO TEMY, & IMEHHO - YTeHue u3 Qaiiia. Beap To-
I71a Mbl CMOXKEM HE IIPOCTO WHa4e BHIBOAUTH MHPOPMALIUIO, HO U COXPAHATH €€ Ha KECTKOM
JIMCKE OT 3aIlyCKa K 3aIlTyCKy MPOrpaMMBbl, a 3HAYUT XPAHUTh KAKUE-TO HACTPONUKHU HJIH MPO-
MEXKXYTOUHbBIE 3Ha4YEHHSL. J[JIsl 5TOr0 HaM HY>KHO COBEPIIUTH HECKOIBKO HECIOKHBIX ICHCTBUIA
C MPUMEHEHUEM HEOKUIAHHO 3HAKOMOH (yHkumu fscanf () ; 4ToOBI MpoUUTATH (PopMa-

THUPOBaHHbIC 3HaUCHHUs U3 (aiina:
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* co3mare MaccuB char [ ], I mpuMepa, Ha30BEM €ro word,
* HYXHbIH (Daiis1 OTKPHITH B pEIKMME YTCHUS;

* mpu nomonw pyakumu fscanf () ; cuntarh U3 (aitia HEKOTOPYIO CTPOKY, KOTOPYIO

IIOJIO)KHUM B 3TOT MaCCHUB.

Jlarnee BbIBEZIEM B KOHCOJIb CTPOKY KOTOPYIO IPOYUTAIIH, IS 3TOTO BOCHOJIb3yeMCs IPUBBIY-
HoH HaM ¢yHKIMeH printf () ; a 3aTeM BBIBEAEM IMYCTYIO CTPOKY. 3allyCTHM Hally Ipo-
rpaMMy M YBHJIUM, YTO B KOHCOJIb BBIBEJIOCH CJIOBO Hello, gyHkuust fscanf () ; omm4HO

orpaboraia, IpoYnTaB Bce CUMBOJIBI U3 (haiina 10 nmpoderna.

char word[256];

f = fopen("filename.txt", "r");
fscanf (f, "%s", &word);
printf ("%$s\n", word);

Ho ckonpko mannbIx untath? Kak y3HaTh, 4TO JOCTUTHYT KoHell (hafina? J[is sToro mpuy-
Mamu pyHkuo feof () ; (anm. file: end of file) Bo3Bpararomryto HOMb, ecu KoHeI (aiina
HE JIOCTUTHYT, U €IMHUILY €CIIH JOCTUTHYT. OTHIIEM IUKII, KOTOPBIA BBIBEJET B KOHCOIb BCE
mony4deHHsle fscanf () ; crpoku u3 Hamero (aiina. To ecTh, MBI TUKIHMYESCKH IPOHAEMCS
o BceMy (paiiiry, moka He OyAeT MTOCTUTHYT €T0 KOHEIl U Oy/IeM BBIBOIUTH CYUUTAHHBIC CTPOKH

B KOHCOJIb:

char word[256];

f = fopen("filename.txt", "r");
while (!feof(file)) {
fscanf (£, "%s", &word);
printf ("%s ", word);
}
printf ("\n");
fclose (f);
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13 Pacnpenesienne namMsiT

DTOT pa3iel HaXoIUTCs B KOHIIE JIOKYMEHTa, HO He 10 Ba)KHOCTH. CHIiIbHAsi CTOPOHA SI3bI-
ka C (u, kak crneactsue, C++) He TOIBKO B BO3MOXXHOCTH paboTaTh C yKa3aTelsiMd, HO U
B BO3MO)KHOCTH CaMOCTOSITEIILHO YIIPABILATh BBIACIIEMOH NaMATHIO BHYTPH IporpaMmbl. B
SI3bIKaX BEICOKOTO YPOBHS JaHHAs BO3MOXKHOCTB 3a4aCTYIO CKPBITa OT MPOrPAaMMHKCTa, YTOOBI
IO CIy4aifHOCTH MporpamMMa He TpHBENa K 3aBHCAHHUIO CPEAbl BUPTyaIHU3alui, 10 HEOCTO-
POXHOCTH HE TONBITAJIACH BOCIIOJIB30BATHCA BCEH BO3MOKHOI OHepaTHBHOﬁ IIaMATBIO UJIN HE
CclIOMaJia ONEePalMOHHYI0 cucteMy. MTak, Kak MBI yXKe 3HaeM, BCe IIEPEeMEHHBIE BCEX THIIOB
KaK-TO XpaHATCS B [IaMATH, ¥ 10 TOTO0 MOMEHTA HAC yCTPanBaJo, KaK OIepalioHHas CUCTe-
Ma HaM 3Ty namsth Bbijensier. Ho, mpumnio Bpems B3siTh Opa3zibl MPaBJIeHUsI B CBOU PYKH.
IMponecc BbIAeJeHHs] NAMATH JUIS IPOrpaMMBbI HazbiBaeTcsd memory allocation, orcrona u
Ha3BaHHe (QYHKIWH, KOTOPAs BBIACIACT NaMsTh U MHLICT B IPEIOKSHHBIH HICHTU(PHKATOD

YKa3aTejib Ha Ha4aJ10 9TOM 00JIACTH.

13.1 void* malloc(size) ;

Oynkiust void* malloc (size) ; IpUHUMaET B Ka4eCTBE apryMeHTa pa3Mep Bblje-
nsieMoid namsity. Kak BuauM, GyHKINS BO3BpAIaeT JOBOJIBHO HEOOBIYHBIH Ha TEPBBIN B3IISA
TUI: vOoid*, TO ecTh 00JacTh MaMATH OyleT 3aUKCHpPOBaHa, HO HEe pa3MedeHa. To ecTh 3TO
OyZeT IpOCTO HEKOTOpas IycTast 00NacTh U3 size OalT.

YToObI IMETH BO3MOXKHOCTH B 3TOH 00JIaCTH XpaHUThH 3HAYEHHS HaM HY>KHO €€ IOJroTo-
BUTH JJIsl XpaHEHHS 3TUX 3HaYEHUH — pa3MeTHTh. Harpumep, Mbl yBepeHbl, 4To OyJeM cKiia-
JBIBATh B HAITy OOJACTh MAMATH KaKHE-TO IeJble Yucia Tuna int. /s 3Toro mpu BeI30BE
(YHKIMM HaM HaJ0 UCIIOIb30BATh CHHTAKCHC MPUBEICHUS TUIIA MTOTyYeHHOW oOmacti. Ml
3HAeM, 4TO Ka)X/asl IepeMeHHas THIIa 1 nt XpaHUTCS B IaMSTH B 4eThIpEX Oaiitax. Hanpumep
MBI CO3/1a€M yKa3aTelb Ha HEKOTOPYIO O0JIaCTh COCTOANIYIO U3 123 GailT — TakuM oOpazom
Oyzmet BbIzesieHa TaMATh As 123 Gaift, HO OHa HUKaK He OyaeT pa3MedeHa. A TpH MOMOIIH
ollepaTopa MPHUBEICHNS THITA MBI CKa)KEM KOMITHIISITOPY, YTO HaM HEOOXOMMO HE TOJIBKO BbI-
JICTIUTh HEKOTOPYIO 00JIacTh MaMsITH, HO U HOJIENIUTD €€ Ha SUeHKH pa3Mepa int, U Kakaou

TaKoM siueiike JaTh CBOM ajpec.

void* area = malloc(123);

int *array = (int*) malloc(123);

3I[CCB BAa’XXHO OTMCTHUTH, YTO MMCHHO TAaKOC BBLIACJIICHUC ITaMATH, KaK Ha BTOpOﬁ CTPOKE,
HE IMeeT 0co00TO CMBICIIA, TOCKONBKY 123 He 1enuTcs Ha Y4eThIpe HaIello, TIOATOMY Y TaKOH

obrmacT maMATu OyIeT He COBCEM XOPOIIO OMpeAeiEHHBIH XBOCT (TIOCIEOHNE TP Oaifra).
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)

CoBpeMeHHbIE KOMIMIISITOPHI AEHCTBYIOT HEMHOTO YMHEE, Y€M ITUILET IIPOrPaMMHCT, T0ITO-
My, CKOpee BCero, OyJIeT BBIJIENICHO 4y Th OoJbliIe aMsaTH (00bIYHO, 3TO 00BEM B OaliTax, pas-
HBIN CTETIEHAM JBOMKH), TO €CTh JUIS Hallero ciaydas, 128. Ho pacuuTeIBaTe Ha 3TO ¥ CTPOUTH
Ha 3TOM JIOTHKY IPOTpaMMBI HE CTOUT, BO H30€KaHUE HOCATHBIX OIMOOK. Tak, KaK y3HaTh,
CKOJIbKO HY)KHO BBIJICJIIUTH IAMSATH U IIPU 3TOM He 3amyTarbes. [l 3Toro He 00s3aTenbHO

3HATh pa3MEphbl BCCX TUITOB JAHHBIX A3bIKA, IJId 3TOTO MMPUAYyMaJId OIepaTop S izeof ().

HHTepecHo, 4To sizeof () - 3TO UMEHHO ONepaTop, XOTh U BRINNIATUT Kak (QyHK-

LS.

OH Bo3BpamaeT pa3Mep epeMeHHOH (THIa JaHHBIX) B OaiiTax. Ml HarnmmeM sizeof (int)
1 YMHOXXHM €r0 Ha JIeCSITh, TAaKMM 00pa3oM MbI BBIJIEIMM NamsTh B pazmepe 40 Oaiit, niam
nox 10 nenovncineHHbIX epeMeHHbIX. [IpuBeieHreM THIa MBI pa3METHM BBIJCICHHYIO 00-
JIaCTh IO XpaHEHUE ePEMEHHBIX THIa 1int. OakTH4ecKH, MBI CIIETaIH TO XKe CaMoe 4TO U
OIMCaHNE MAacCHBa THIA 1nt MY IOMOIIHN 3alIUCH OOBABICHHUS MACCHBA C UCTIONB30BAaHUEM

KBaJApaTHbIX CKOOOK.

int *area = (int*) malloc(sizeof (int) * 10);

int array[10];

[TomHwMTE, MBI TOBOPHIIH PO apu(METHKY yKazareineit? Bor ato - To camoe MecTo, rie oHa
HaM IIOMOXXET IOHSTh, YTO BOOOIIIE TPOUCXOAUT. JaBaliTe peain3yeM JiBa MacCHBa: MPHUBbIY-
HBIM HaM CIOCOOOM M MPH ITOMOIIH JUHAMHYECKOTO BBIACICHHS NaMsITu. s peanusanuu
MacCHBa HaM IMTOHAJO0HUTCS €ro pa3Mep, ONpeeNIUM ero KaKk KOHCTaHTy SIZE. 3aMeHHM B
00BsiBIeHHOM MaccuBe 10 Ha STZE ¥ 3al0JIHMM 3TOT MacCUB KaKUMH-HHOY/Ib 3HAYCHHUSMH.

W HanuieM BTOpOM LUK JJ1s1 BBIBOZA 3TOI'O MAacCHBa B KOHCOJIb.

const int SIZE = 10;
int *area = (int*) malloc(sizeof (int) * SIZE);
int array [SIZE];
int 1i;
for(i = 0; 1 < SIZE; i++)
array[i] = 1 * 10;
for(i = 0; 1 < SIZE; i++)
qa "

printf("%d ", arrayl[i]);

I[O6aBI/IM IMyCTYH0 CTPOKY U NPOACIIAEM TOXKE CaMO€ CO BTOPbIM MAaCCHUBOM, KOTOpHﬁ MbI
WHUIHUATIA3UPOBAJIN KaK obOnacth mamsatu. B 3Tom BUJIC JAHHBIN KO SIBHO JACMOHCTPUPYET UTO
MBI MOXXEM OIWHAKOBO pa6OTaTI> n C MaCCuBaMH, 00BSIBIICHHBIMU TIPUBBIYHBIMHA criocobamu
n C JMHAMHUYCCKU BBIZ[CHCHHOﬁ 00J1aCTHIO TaMSTH. I[J'I?[ Ooiee HaFJIHI[HOﬁ Pa3HUlLlbL, IpH 3a-

TOJTHEHHHU U BBIBOJE B KOHCOJIb BTOPOT'O MaCCHUBa, BOCIIOJIb3yEMCsL apH(bMeTHKOﬁ yKa3aTeJ1eI71.
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puts ("") ;

for(i = 0; 1 < SIZE; i++) areal[i] = 1*10;

for(i = 0; 1 < SIZE; i++) printf("%d ", areali]);
for(i = 0; i < SIZE; i++) *(area + 1) = 1 * 10;
for(i = 0; 1 < SIZE; i++) printf("sd ", *(area + 1i));

HaHOMHIO, MBI pCaJIN30BaJIM MAaCCHB area Bpy4HY0. TO €CTb BBIIIOJIHACM IIOYTH TC K€ OIIC-
paluru, KOTOPBIC BBIMIOJHACT KOMIIWIATOP IMPpU p€aln3allii MaCcCUBa array. HpaKTI/I‘IGCKI/I,
Pa3IoKNUIN CUHTAKCUC Ha 6a3oBbIC ornepanuu. O‘IGBI/I}IHO, YTO 3TO 3HAHUEC OTKPLIBACT HAM
BO3MOXHOCTB PaACIpCacCIATh MaMATh B HAIICM TIPUJIOXKCHUN JJIA JI00BIX THUIIOB JaHHBIX, B

TOM YHCJIC U CJIOXHBIX, TAKUX KaK CTPYKTYPEI.

Ecnu npumenuTs oneparop sizeof () K yka3aresio Ha JIOKaJIbHBINH MaccuB (00b-
SIBIIEHHBIN Yepe3 KBaJpaTHbIE CKOOKH), BEPHETCS pa3Mep MacCHBa, a €CJIM IpUMe-
HHTB 3TOT ONEPATOP K ANHAMUUYECKH BBIACTICHHOMY MacCCHBY (OOBSBICHHOMY Uepe3
orneparop malloc () ;) BepHETCS pa3mep ykaszareins (8 6alT mist 64-Xpa3psIHbIX

OTIEPALIMOHHBIX CUCTEM).

Jl7st ToTO, 9TOOBI KX IBIH pa3 He IEPECUUTHIBATE Pa3MEPBl IEPEMEHHBIX BPYIHYIO, 0COOCHHO
9TO aKTyaJbHO JUI CTPOK U CTPYKTYP, UCIIONB3YIOT oneparop sizeof (), KOTOPHI BO3Bpa-
LIaeT LEeJIOYMCIICHHOE 3HaYeHHe B OalTax, KOTOpoe 3aiiMET B MaMsTH Ta WM MHAasl [IepeMEeH-

Hasd.

13.2 void* calloc(n, size);

Oyukmmsimalloc () ; pe3epBUpPYyeET NaMATh IS HALllEH IPOTPaMMBbl, HO JIEJIAET 3TO BECh-
Ma IPOCTO, BMECTE CO BCEMH TEMH CIlyYalHBIMH IIEPEMEHHBIMH, KOTOPBIE MOTYT TaM Xpa-
HutThes. Ecam B Kone w3 mpenplaymiero nojpasseinia yopars 3alojHeHHe MaccuBa area, ¢

OOJIBIION JnoJen BCPOATHOCTHU, YBUJIUM B KOHCOJIM HCIIOHATHBIC HCHYJICBBIC 3HAUYCHUA.

BaxHo, 4TO BbIACIIEHHAs IAMATh «HE TAPaHTUPYET HYJIEBbIX 3HAUCHUI» B TUCHUKAX,

TO €CTh 3HAYCHUSA BIIOJIHC MOT'YT OKa3aTbCsA HYJICBBIMH, HO 3TO HE TapaHTUPYCTCA.

Jlist Toro uToObl TAPAHTUPOBAHHO OYHCTHTH BHOBb BBIIEICHHYIO OONACTH MAMSITH UCIIOJb-
3y1oT GyHKIMIO calloc () ; - clear allocate, koTopasi He TOJBKO BBIICIUT HAM MaMsITh, HO U
OYHCTHT coziepxkumoe. II0CKONBKY (YHKIHS HE TOJBKO BBIACISICT MAaMATh HO U OYHIIAET e,
CUMTAETCS, YTO OHA paboTaeT MemIeHHee, 4eM malloc (). CHHTakcHC e€ BechbMa TIOXOX,

TOJIBKO pa3Mcphbl HeOGXOL[HMOﬁ 00J1aCTH IaMATH nepeaaroTcsa AByMs apryMCeHTaMU - HepBLIﬁ
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- CKOJIBKO 3JICMCHTOB, BTOpOﬁ - KaKkoro pasmepa 6yZ[yT OJICMCHTBI.

int *area = (int*) calloc(SIZE, sizeof (int));

B ocranbsHOM Xe BBIACJIICHHAA 00J1acTh MaMATH HUYEM HE 6y}1€T OTJIMYATHCA OT BBIJACIICH-

HOM ¢ roMomplo malloc () ;

13.3 void free(ptr); void* realloc(ptr, size);

[To oxoHwaHuM paboTHI C 00JACTHIO MAMSITH HAIO €€ OCBOOOAWTH, YTOOBI OIEpaIliOH-
Hasl CHCTeMa MOriia e€ MCIOJb30BaTh M0 CBOEMY YCMOTPEHHIO. Jlenaercst 3T0 mpy mOMOIIH
¢yukun free (). Ecnu He 0cBOOOXKIATh TAMSTH MOCIIC HCIIOIB30BAHUS - BEITUKA BEPOSIT-
HOCTB TOTO, UTO MBI, HATPUMEP, B KAKOM-TO LIUKJIE OyZIeM BBIIEIATH ce0e MECTO O] KAaKyI0-TO
CTPYKTYPY, ¥ PAHO WJIH [TO3[JHO ChEAUM BCIO MamsiTh. HempusTHO MOXeET nony4uuthest. Takue
CUTYallil HAa3bIBAIOTCS «yTEUKAMH ITAMSATH» U MOTYT BO3HHKATH 110 OTPOMHOMY KOJHYECTBY

MpUYnH, 0COOEHHO BO BCTpAaUBACMbIX 1 MHOTOIIOTOYHBIX CUCTEMAX.

free (area) ;

OnHOM U3 OCHOBHBIX 33/1a4 IPOrPaMMUCTA SIBIIETCS HEAOMYIIEHUE TAKUX yTEUEK.

W Hanocnenok: JOBOJIBHO YaCTO BO3HUKAIOT CUTyalluH, KOT1a HaM HY>KHO IIpUaTh Halei
IporpaMMe KakoW-TO JMHAMHKH, B 3TOM CIy4ae Mbl MOJKEM U3MEHUTH Pa3Mephl yXKe BBIAC-
JIEHHOTO OToKa mamsTH. Hamprumep, pacMpuTh Halll MacCUB, 10OABHB Ty/a Mapy JIEMCEH-
TOB. DTO JeiaeTcs NpH MOMOIN QyHKIUK realloc () ; B KOTOPYIO MBI JOJDKHBI IEpeaTh
yKa3aTejb Ha 00JacTh MaMsTH, KOTOPYIO XOTHM M3MEHHTh, U pa3Mepbl HOBOI o0slacTH ma-
MATH B Oaiitax. [Ipu momomu 31o# GyHKIMHA 00JIaCTH MAMATH MOXKHO KaK YBEINIHBATh, TAK
1 YMEHBIIIaTh, HO B 3TOM IIPOLIECCE E€CTh JOBOJILHO MHOTO OCOOEHHOCTEH, KOTOPBIE BEIXOIST

JaJICKO 3a MPCACIIbl OCHOB SA3bIKA.

int newsize = SIZE + 10;

area = realloc(area, newsize * sizeof (int));

for(i = 0; 1 < newsize; i++) *(area + 1) = 1 * 10;
for(i = 0; 1 < newsize; i++) printf("sd ", *(area + 1));

BOJIBIIMHCTBO KOMITMIIATOPOB BBIICISIOT HaMsATh OJOKaMH, pa3Mepbl KOTOPBIX OOBIYHO
PaBHBI KaKOW-TO M3 CTEIEHEH JBOWKH, MIO3TOMY IIpU OOBSBICHUU WM U3MEHEHHUH 00IacTH
naMaTu B 20 GaifT, ckopee Bcero (HO 9TO HE TapaHTHPOBAHO, MOCKOJIBKY HE PEerIaMeHTHPY-
eTcsl CTaHapToM) OyneT BhlJelieHa 001acTh B 32 Oaiira, uiau eciiu Mbl 00bsiBuM 70 6aiiT, TO
ckopee Bcero Oyzet BeiaeneHo 128. To ecTs mpu paboTe ¢ 001acTsIMHA TaMATH HE CTOUT OXKH-

JIaTh, 9TO OHU OYIyT AaBaThCs HAIIEH MporpamMme MOAPsA. JTO MPUBOIMT Hac K Oecene o
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(bpaFMCHTaL[I/II/I MNaMsATU U JPYTUX UHTCPECHBIX ABJICHUAX, TAKIKC HC ABJIAOIIUXCA OCHOBAMU

SI3bIKA.
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14 HUrtorm

Cracu00, 32 BHUMaHUE W UHTEPEC, MPOSBICHHBIN K 3TOW KHUre. B TpuHamuaru kopor-
KHX TJIaBaxX Mbl y3HAIHM KaK YCTPOCHA MPAKTHUYECKH JIF00asi MporpaMMa U3HYTPH, HAYIHITUCh
paboTaTh ¢ MaMATBHIO U yKa3aTeNsIMH, y3HAJIN OCHOBHBIC NPHHIUIBI I MEXaHU3MBI PaOOTHI
MPOrpaMM Ha YPOBHE ONEPALMOHHOW CUCTEMBI. 3alIIHYJIU BHYTPb NMPUBBIYHBIX CUHTAKCH-
YECKUX KOHCTPYKIIUI, HEMHOIO 3aIVIIHYJIM, UTO JIEJAI0T ¥ YTO CKPBIBAIOT OT MPOrPaMMHUCTOB
cpeabl BUpTyanu3anuu u GpeiimMBopku. [IpomomkaiTe H3y4arh TEXHOJIOTHH U HE TEPSUTE Be-

pYy B ceds, Korza 94To-TO He MOyJaeTcs C MEPBOro pasa.

100



punoxenus

IToHBIi JTUCTHHT MPOrpaMMbl MPOrpaMMbl TEPMUHATBHOIO KaJb-

KyJsiTopa

int

nclude <s

main (int argc, char *argv[]) {
float first;
float second;
float result;

int operator;

printf ("Enter first operand: ");

scanf ("%f", &first);

printf ("/nEnter 1 for (+), 2 for (=), 3 for (*), 4 for (/): ");
scanf ("%d", &operator);
if (operator == 4) {
do {
printf ("/nEnter second operand: ");
scanf ("%f", &second);
} while (second == 0);
} else {
printf ("/nEnter second operand: ");

scanf ("%f", &second);

}

switch (operator) {

case 1:
result = first + second;
break;

case 2:
result = first - second;
break;

case 3:
result = first * second;
break;

case 4:
result = first / second;
break;

default:
printf ("Unknown operator\n");

return 1;
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40

41

printf ("Result is: %f \n", result);

return 0;

IToHBIM JUCTHHI NPOrPAMMBI BIYHC/ICHHS CpeIHero apugmernye-

CKOro

dlib.h>

void printArray(int* array, int length)

int i;

for (i = 0; i1 < length; i++)
printf("%d ", arrayl[il]):;

printf ("\n");

float average (int* array, int length) {

int

float result = 0;

int 1i;

for (1 = 0; i < length; i++)
result += *(array + 1);

return result / length;

main (int argc, const char** argv) {

Y LENGTH 10

#define AR
int arr[ARRAY LENGTH];
int i = 0;
float result = 0;
while (i < ARRAY LENGTH) {
printf ("Enter value %d:", 1i);
scanf ("%d", &arr[il]);
i++;
}
printf ("Our array is: ");
printArray(arr, ARRAY LENGTH) ;
printf ("And the average is: %f \n",
average (arr, ARRAY LENGTH));

return 0;

{
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C IloaHbIH JUCTHHT IPOrpaMMbl YMHOKeHUs poodeit

39

40

41

typedef struct {
int nat; // natural (integer)
int num; // numerator
int den; // denominator

} Fraction;

void frPrint (Fraction f) {
if (f.num != 0)
if (f.nat == 0)
printf ("%d / %d", f.num, f.den);
else
printf ("%d %d/%d", f.nat,f.num,f.den);
else
printf ("%d", f.nat);

void frDesinteger (Fraction *f) {
if (f->nat == 0) return;
int sign = (f->nat < 0) 2 -1 : 1;
if (f->nat < 0)
f->num = -f->num;
f->num = f->num + (f->nat * f->den);
f->nat = 0;

void frMultiply(Fraction f1l, Fraction £f2, Fraction *result)
frDesinteger (&f1) ;
frDesinteger (&£2) ;
result->num = fl.num * £2.num;
result->den = fl.den * f2.den;

int main(int argc, const char* argv[]) {

Fraction f1, f2, result;

// £f1 = -1 | 1 /5

fl.nat = -1;

fl.num = 1;

fl.den = 5;

// f2 =1 | 1 /5

f2.nat = 1;
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45

46

47

48

49

50

f2.num = 1;
f2.den 5;
// result = 0

result.nat = 0;
result.num = 0;
result.den = 0;

printf ("Before:\n");

printf (" £f1: "); frPrint(f1l); printf("\n");
printf (" £2: "); frPrint (£2); printf("\n");
printf ("result: "); frPrint(result); printf("\n");
puts ("After:");

frMultiply(f1l, £2, &result);

printf ("result: "); frPrint(result); printf("\n");
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