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Code: :Blocks is a cross-platform IDE that supports compiling and running multiple programming languages.

It is available for download from:

Bl Introduction:
Compilers
[l Basics of C++:
- Structure of a program
Variables and types
- Constants
‘Operators
Basic Input/Output
Program structure:
Statements and flow control
- Functions
- Owerloads and templates
Name visibility
Compound data types:
- Arrays
Character sequences
- Pointers
Dynamic memory
Data structures
- QOther data types
Classes:
~ Classes (I)
- Classes (IT)
Special members
+ Friendship and inheritance
Polymarphism
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http://wew.codeblocks.org/

Code: :Blocks can work with a variety of compilers.

For Windows, it is offered optionally with the MingW compiler. This version that includes MingW is sufficient to follow
these tutorials, letting you compile the examples right away. If unsure, download the one named "codeblocks XK. ¥¥-

mingw-setup.exe’.

For Linux and Mac users, download the version correspending to your distribution.

¢ Installation
On Windows, run the downloaded executable file, and follow its instructions. The default options are fine.

& Support for C++11

If you have a version of GCC as compiler (such as MingW for Windows), chances are it will come with support for the
most recent version of C++ disabled by default. This can be explicitly enabled by going to:

Settings -> Compiler...
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Al He NnporpamMmucT. U A He roTOB K pPaccKasy o NPOrpaMMMUPOBaHNN HU Kak 0 GUNOCOPCKOM yUeHUHU, HU
Kak 06 MHCTPYKUMKM MO MpUMeHeHUto. 3To Tak. Ho cerogHs MHorue paguontobuteny mHTepecyoTca
NpPorpaMmmmpoBaHNEM MUKPOKOHTPOJI/IEPOB, YTO C MOE TOYKMU 3peHus noapasymeBaeT obasaTesbHoe
3HAKOMCTBO C A3bIKOM MPOrPaMmMMpPOBaHUA BbICOKOTO YPOBHA. CnpaBesiMBO rOBOPAT, YTO HET NIOXMX
A3bIKOB NPOrPaMMMPOBAHUSA, ECTb NI0XME NPOrPAMMMUCTbI, NO3TOMY BblBGOP A3bIKa — AEN10 KaXKAO0rO.

OAMH M3 MONyAspHbIX CEerofgHA A3blKOB MPOrpammMmmnpoBaHMa — 3To Cu. A ecnm BCMOMHUTb, YTO 4YacTo
YCTPOWCTBA Ha 6a3e MUKPOKOHTPOIEPOB, KAaK CBOIO YacCTb UCMO/Ib3YIOT KOMMbIOTEp, TO C++.

3aHMMAACb COYNMHNTENBCTBOM, A HE 3aHUMALOCb nporpammumpoBaHnem, NO3ToOMy 3abbiBato TO HEeMHOroe,
4YTO KOrga-Tto 3Han. [oatomy Bpema OT BPEMEHMU MbITaloCb BOCCTAHOBUTb NOTEPU.

B nouckax 6ecniaTHoM cpeapbl pa3paboTKM A HATKHY/ICA Ha ynomuHaHue nporpammbl Code::Blocks Ha
caiiTe, KOTOpPbIA MOKa3aH Ha 06M0XKKe, a, MPOCMATPMBAA HAaMMCaHHOE, Ha pacckas o A3blke C++. MHe
MOKa3a/ioCb, YTO 3TOT pacckas Haubosiee NpaKTMYECKoe M3 TOro, YTo A BCTPe4yan paHble. He 3Halo
aBTOpa, HO Hajetlocb, OH He byaeT NPoTMB NepeBosa ero pacckasa. Ho ewé 6osble HagelCh, YTo ero
paccKkas 6yaeT noneseH Tem, KTo HaYMHAEeT 3HaKOMCTBO C A3bIKOM NPorpammunpoBaHmsa Cu.
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Bcrymienue

Bcé, 4TO HanMcaHO MHOWM B 3TOM BCTYMJ/IEHUM, Bbl NPOYTETE B PYKOBOACTBE HUMKE, FAe OHO OMUCAHO U
nosiHee, 1 ny4ywe. Ho AECATOK CTPaHMUL, Kak MHE KaXeTcsa, CnocobHbl 040NETb M Camble HauyMHaloWwMme, u
camble HeTepnenmsble, YTOObI ONpPeaennTbCs, CTOMT 1M YUTaTb OCTanbHoe. UTak.

Niobasa nporpamma — 3TO NOCNEA0BATENbHOCTb AEUCTBUIA, KOTOPble AO0NXKEH BbIMOJHUTL MPOLECcCcop,
yTOobbI peann3oBaThb Hally 3aZlyMKy. 3aAyMaem NPOoCTYIO Belllb — C/IOKMUM ABa YMCcna.

Al ncnonb3yto B KayectBe cpedpl ans pabotbl Code::Blocks, nockonbKy c 3Tol nporpammbl BCE U
HaunHanocb. Mo3xKe B camMoOM PYKOBOACTBE MOXKHO YBMAETb, YTO NMOCAE 3aMycKa Nporpammbl MOXKHO
BbIOpaTb BUA NpuAoXKeHus. Al BbIOMpalD ceidac KOHCOJIbHOe npuaoxKeHue. locne 3aBeplUeHUs
npeasapuUTenbHbIX HAacTPoeK (MMA NpoeKTa, ma dalina 1 T.n.) B pegaktope ob6HapyKMBAETCA 3aroTOBKa
C NPOrpaMmon, KOTopyto Bce HasbiBatoT «MpuseT, mup!». A ybepy 3Ty nporpammy v Hanuwy CBOW Koz,
Nporpammbl, Ha30BEM €€ «KaNbKyNATOP»:

#include <iostream>
using namespace std;

int main ()

{
int a;
a = 2+3;
cout<<a;
return 0O;

Moit TeKcT nporpammbl BblaeneH uBeTom. [lposepum, paboTaeT AW nporpamma, 3anycTMe eé Ha
KoMnuasaumio 1 paboTy. s aToro (Nocne nNpaBKKW TEKCTA) Cy*KaT NYyHKTbl OCHOBHOIO meHto Build->Build,
3aTemM Run, UNN KHOMKW MHCTPYMEHTANbHOW NaHenu.

i C\Users\vladimin\Desktop\he_35\add\bin\Debug\add.exe -

returned O {Ox0> execution time : 0.008 s
ny key to continue.

Puc. 1. PaboTa nporpammsbl B KOHCO/IU

KctaTy, B 3anMcKn a = 2+3 3HaK paBEHCTBA He O3HAYyaeT PaBEeHCTBa, KaK 3TO MPUHATO B mMaTemaTuKke. B
3TOM MOXKHO ybeauTbCs, eciM M3MEHWTb BblpaykeHWe Ha cneaytowee: a3 = a + 1. C TOYKM 3peHwusn
apMoMeTMKM 3TO HenpaBwW/bHAA 3anucb, a nNporpamma byaer paboTaTb. MpPUUMHA B TOM, YTO 3HaK
paBeHcTBa B A3blke CM — 3TO onepaTop NpuMcBamBaHMA. TO e€CTb, KarKAoe M3 BbIpaKEHWUA MOXKHO
NPOYMTaTb TaK: «a eCTb...» AW «a NPUCBAUBAETCA 3HAYEHME...».
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B BEpPXHEW YAaCTU KOHCOAM MOXKHO YBUAETb YMCIO 5. 9TO 1 ecTb pe3ynbTaT paboTbl Nporpammsl. B Koge
nporpaMmmbl 06bAB/MEHA MepeMeHHas «a», KOoTopas npuobpeTaeT 3HayeHWe Moc/ie CAOMKEHUA ABYX
yucen, a 3aTeM BbIBOAUTCA Ha 3KPaH. BOT TaKoM y Hac KanbKynaTop.

[ymato, HUKTO He ByaeT CnopuTb, YTO 3TO Ka/IbKYyAATOP — OH BbIMNOJIHAET C/l0XeHWe. Ho HUKOMY U He
6yaeT HyXeH TaKoW KanbKynaTop, BbIMOMHSAIOWMA TONIbKO OAHY €AMHCTBEHHYHO onepauuto. Mepsas
NPUYMHA y6orocTn NPorpammbl B TOM, KaK i UICMO/1b30BaA AaHHble (OHM e onepaHapbl B HaWeM c/yyae).
Al yke roBopun, 4tTo Nt0Haa Nporpamma BbINOJIHAET HEKOTOpPble aelicTBuA. Cellyac nporpamma LOKHa
CNIOXWUTb ABa YMcaa. ITM YMCNa A 3aNMcan Kak NOCTOSIHHbIE 3HaYeHus. B ntoboit nporpamme Bbl AOMKHbI
06bABUTb MHOTOE, YTOObl KOMMUAATOP NOHMMAA Bac. s pesynbTaTa onepaumm a 06vABUA (MK, ecnu
YyrogHo, AeKnapupoBasn) NepPeMeHHylo, C KOTopolk npoueccop OyaeT BbINOAHATb Mpouecc uau
onepupoBaTb, U A (M He TONbKO f) AO/MKEH BblbpaTb TUM AaHHbLIX ANA 3TOM nepemeHHol. Otyero A
roBOpto 0 nepemeHHoM? MNoKa onepayuna He ByaeT BbINOAHEHA, 3TOT 0ObEKT HE NOAYYMT 3HavyeHuA. Ho B
nporpamme He MOXKET ObITb HEACHOCTEN, MO3TOMY N1H0Oble 06EKTbI AONKHbI UMETb KaKME-TO 3HAUYEHMUS.
Mo ymonyaHMIO nepemeHHol 6yaeT MNPUCBOEHO 3HayeHMe (MM Mbl MPU KeNaHUU MOXKEM €ero
NPUCBOUTb CaMOCTOATE/IbHO). Mocne onepaLymm 3TO 3Ha4YeHUEe U3MEHUTCA. BOT 0TYero mbl Meem 4eo ¢
NnepemeHHoM, a He ¢ NOCTOAHHON. EcTb dyHAaMeHTanbHble TUMbI AaHHbIX, C KOTOPbIMKU paboTaloT Bce
A3bIKM NPOrpamMmMmnpoBaHmMA. PasHble TUMbI JaHHbIX CBSA3aHbl C TEM, YTO BCA NPOrpamma, Bce onepaHabl B
N06OM KOMMblOTEPE XPaHATCA B MNamATM, rae 0a3oBOM AYEMKOM NAaMATM C MOMEHTa CO34aHuA
onepaTUBHON NaMATM KOMMbOTEPOB Oblna BOCbMM GUTOBAnA KOHCTPYKUMA. Bocemb 6UT — 3TO 6aiT.
Mepebupasn Bce BO3MOMKHbIe KOMBMHALUMM 418 BOCbMU BUT, Bbl 06HAPYKUTE, YTO MaKCMMa/IbHOE YUCNO,
XpaHMMOe B TaKol avelike namatn, byaet 255. Cornacutech, YTO KaZibKyAATOP, FOE Bbl MOXETE C/IOKUTb
yncna ¢ cymmoit He bonee 255, 3To COBCEM MJIOXOM KanbKynaTtop. Mo3aTomy ANa XpaHeHWs AaHHbIX U
pes3ynbTaToB onepaumin NoTpeboBanocb NOCAef0BaTe/IbHO COEAUHATb AYEMKU Namatu. MuHMMaAbHan
LernoYyka — 3To ABe AYenKkM namatn. OHW NpeaHa3HayYeHbl gNA XPaHEHMA LLENbIX YACEN B AMaNa3oHe A0
64 Tbicay. Takol KanbKynsaTop yKe No3BOSAET UCNONb30BaTh €ro AN MHOMUX uenein. [laHHble, KoTopble
Mbl Ha3bIBaN Le/biIMM YMcnamn, 0603HavaloTca c1oBoM int (YacTb cnoBa integer, uenoe). U, HakoHel,
Halle YMCNo, KaK pesy/bTaT onepaumm, A0XKHO bblTb Kak-To 0603HavyeHo nan naeHtTudmumnposaHo. To
€CTb, Halla nepemeHHas A0/KHA UMeTb UMs (MaeHTudMKaTop). B BbibOpe MMEHW Mbl OrpaHUYEHbI
TONIbKO YCNOBUAMM, 3aSIBISEMbIMU KOMMUAATOPOM. KOMMNUAATOP - 3TO TPaHCAATOp (NepeBoAyuk) c
A3blKka CM Ha UCNOIHAEeMbIA KoZ, NPOrpammbl, COCTOALLMNI M3 HYNEeN U eauHUL, — eAUHCTBEHHbIN A3bIK,
KOTOPbIA MOHMMAET KoMMbioTep. Bo MHOMMX caydanx ecTb OrpaHUYEHUs Ha AJIMHY MMEHU, BO MHOTMUX
CNly4anx ecTb U Apyrve orpaHUYeHUs, 0 KOTOPbIX Bbl MPOYMTaETe NO3Ke. A ceiyac s HECKOIbKO YC/IOXKHI0
nporpammy, 3anmncas Takon Koga,

const int a = 2;
const int b = 3;
int ¢ = 0;

c = atb;

YcnoxkHeHue KOCHY/10Cb TOJIbKO TOro, 4YTtO A 3aMeHWUN ABa 4YnCna UX npeacraBneHnem B BuOe Takoro
O6'beKTa, KaK KOHCTaHTa. KOHCTaHTamu aTn ABa umcna v ABnatoTca. Ho gna mnx 06bABNEHUSA KOHCTaHTaMM
HOTpe6OBa}10Cb MCNO/b30BaTb KAO4YeBOe C/A0BO const. KnoyeBoe, MOCKO/IbKY OHO «OTKpbIBaeT» WX
CYWHOCTb. Kpome TOro, A ABHO 3a4a/z1 NepBOHa4Ya/ibHOE 3HA4YeHUE ﬂepeMEHHOﬁ «c». Bbl moxKete
y6e,L'J,MTbCF|, YTO pe3ynbTaTt pa6OTbI nporpammbl HE U3MEHWUNCA. Cl'lanJVIBaeTCFI, 3a4eM YCNOXKHATb
nporpammy? Korga nporpamma CTo/Ab NpoCTa, CMbICAA eé YC/IOXHATb, A COrnaceH, HMKakoro. Ho B
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60/bLUIOM nporpamme, ec/it Bam ﬂOTpE6y€TC‘iI U3MEHUTb 3HAaYE€HUA NMOCTOAHHDbIX, MpouLle 3TO CAeNaThb B
OoAHOM MmeCTe, a He 6eraTtb No Bcewn nporpamme B NOUCKax MeCT, rge Bbl UCNO/b3yeTe Ball NOCTOAHHbDIE.

MoKa Mbl He yWwAW OT NPOCTENLLEN NPOrpamMMbl, AaBaTe 3aMeHUM TN Halwmx Yncen. Oba onepaHaa
nomecTaTca B 6aiT. MycTb 370 6yAeT 6aiT. PasHble KOMNUAATOPbI NOAAEPKMBAIOT pa3Hoe 0603HaYeHue,
NPUMEHUM TUN char, NpeaHa3HAYeHHbIN ANA XpaHeHUA cMMBO1I0B. CUMBO/IbI MOMELLAIOTCA B OANH BanT.
Y Hac He CMMBO/bI, @ 4YMCNa, HO WU CUMBOJIbI, B KOHEYHOM CYETE, MMEIOT BUZA YMCEN, MOCKOJbKY
KOMMbIOTEP MOHMMAET TO/IbKO Yncaa.

const char a = 200;
const char b = 100;
char ¢ = 0;

c = atb;

cout<<c;

Mporpamma 6yAeT UcnpaBHO OTTPAHC/IMPOBAHA, HO Bbl-TO 3HAETE, YTO Pe3y/bTaT He NOMeCTUTCA B BalT.
Mo3Tomy c/ieayeT OCTOPOXKHO U BHUMATE/IbHO OTHOCUTCA K TUMam AaHHbIX.

OAHaKo faxe A1A NPOCTOro Ka/lbKyAATOpa, BbIMNOJHAIOWEr0 TONbKO CAOMEHMEe, Halla nporpamma
CAMWKOM nioxa. Jasalite ucnpasmm eé. Oba onepaHaa mbl byaem BBOAUTbL C KnaBuaTypbl. 1A 3TOro
KpoMe KOMaHApbl BbIBOAA HAa 3KpaH (cout<<c;) AobaBMMm ABe KOMaHAbI BBOAA C KNaBUATYypbl:

int a = 0;
int b = 0;
int ¢ = 0;
cin>>a;
cin>>b;
c = atb;
cout<<c;

Tenepb nporpamma no3BOJIAET HaM BBeCTU ABa Yucna (Ka)'l-(AOe OXUAOAEeT HaXaTuA Kaasuliun Enter),
CNOXUTb UX, N BbIBOAUT pe3ynbTart. BoT Tak:

L] C\Users\vladimir\Desktop\he_35\add\bin\Debug\add.exe = =

[Process returned O (Ox0> execution time : 9.312 =
[Precs any key to continue.

Puc. 2. PaboTa MoaMdULUMPOBaAHHOWM NPOrpammbl

Haw Ka/IbKyZ1IATOP HEMHOIo nos3pocnsen, HO OCTAéTCA OYeHb Hey,El,O6HbIN\ Aaxe anAa CoXeHuAa OByX
uenbix ymncen. CnoxKne aBa 4ymcna, Mol BbIHYXXA€Hbl 3aMyCKaTb NPOorpaMmmy BHOBb, €C/In HAaM 3aXO4eTCA
CNOXUTb eLWé aga uncna. Y106bI 3TOTO M36e)KaTb, Mbl MOXET UCMO0/1Ib30BaTb TAKON 3N1eMEHT nporpammel,
Kak umkn. OH ecTb B ntobom fA3bIKe nporpammumpoBaHuAa. bonee ToOro, ectb pa3Hble BUAObI LLMKNIOB. C
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HUMW Bbl TOXe€ MO3HAaKOMUTECb B pPyKOBOACTBE pAanee, a cenyac ncnonbsyem LUUKN while. LUmnkn

O3HayaeT, 4YTo 610K Nporpammbl, 3aKIOYEHHBLIA B Tene UMKNa, byaeT NOBTOPATLCA A0 Tex Mop, MokKa

BbINO/THAETCA YyC/N0OBUE pa6OTbI uMKna. B Hawem C/lydae Mbl Nno3xXKe 03aboTtumcs BOMPOCOM, KaK

NpeKkpaTUTb PaboTy LMKANA, @ CeMYaC 3anmem Nporpammy B TaKOM BUAE:

int a = 0;

int b = 0;
0
)

’

int ¢ =
while (1
cin>>a;
cin>>b;
c = atb;
cout<<c; }

3anycTms Nporpammy nocsae KOMNUAALUK, Bbl YBUAUTE cneaylollee (nepsoe cnoxeHue - 310 10+20,

BTopoe 100+200):

C C\Users\vladimir\Desktop\he_35\add\bin\Debug\add exe - F

Puc. 3. PaboTa nporpammbl B 6ECKOHEYHOM LMKe

EcTb HebonbLoOe Heyﬂ,O6CTBO — nocne CnoXeHna AByX NepsBbiX HACEN U BblIBOAA pPe3yanbTaTa caeaytoulee

YNUCNO 3aNnnCbiBaeTCA 3a pPe3yNbTaTOM CJ/I0XKEeHUA. 3To wucnpasndaerca LI,O6BBI'I€HVI€M cneywnanbHOro

CMMBO/A, KOTOPbIN 03HAYaeT, YTo cnedyeT NepenTn Ha HOBYIO CTPOKY «\Nn». BbIrnaaMT 3TO Tak (4YacTb

Koaa):

cin>>a;
cin>>b;
c = atb;
cout<<c;
cout<<"\n";

OcTanocb ellé oaHo HeyaobcTBo — 6ecKOoHeUHbIM UUKA. KOHeYHO, ecTb NpaBu/ibHble peLleHns 3ToW

npobsembl, HoO 06 3TOM Bbl Y3HAaeTe W3 PYKOBOACTBA, a Ceiyac MOXKHO JIMOO OCTaBUTb BOMPOC

OTKpbITbIM, 60 nonpobosaTb 060kt MNpobnemy. B KauyectBe 06x04HOro MaHEBpa A npeanarato

ncnpaBuTb Npobemy Tak:

int a = 1;

int b = 0;

int ¢ = 0;

while (a != 0)
{

cin>>a;
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cin>>b;
c = atb;
cout<<c;

}

Mpea B Tom, 4To HUKOMY HE HYXHO CnoXeHue C HyﬂéM, a ABa CMMBOJ1a «l=» 03HaualoT «He PaBHO», TO
€CTb, NOKa a He PaBHO HY/O UMK BbINO/HAETCA.

Ecnn Kakoii-To 6/710K Koga 4acTo BbINOMHAETCA B Nporpamme, ero yaobHo o6beaMHUTb B HEKOTOPbIM
06beKT, KoTopbii B Cu HasbiBaeTca ¢yHKUMel. Bnok Kopga, KoTopomy Mbl gaém uma, byaer
BbINONHATLCA, KOrAa Mbl €ro Bbi3blBaem B nporpamme. MogobHbI 610K KOoAa Mbl A0/XKHbI NOKa3aTb B
nporpamme Ao eé Hayana. 3TO CTAHOBMTCA aKTyasibHO, KOrga Mbl 3alyMbiBaEM KPOME C/IOXKEHUA Ha
Hallem KaJibKy/iAaTope BbIMOAHATbL U BblMMTaHME. B 3ToM cnyyae nocnenoBaTeNbHOCTb onepauuii no
3TUM onepaumam Mbl 06beanHMM B ABa 6/10Ka, a B nporpamme 6yaem Bbi3biBaTb PYHKUMU. HauHEM,
BMPOYEM, C OAHON onepaunu, OT/IOKMB BTOPYIO OMepaumtio U UMKA A0 Ccleaylolmux BapuaHTOB
nporpammsil.

#include <iostream>
using namespace std;

int a = 0;
int b = 0;
int ¢ = 0;
int add ()
{
c = atb;

return c;

int main ()

cin>>a;
cin>>b;
add () ;
cout<<c;
cout<<"\n";
return 0;

NTaK, Mbl BblAENAN YaCTb MHCTPYKUMUI B B/10K, KOTOPbIA HasBaau add. Mo npaBunam HanMcaHWA Koaa
nepes umeHem 610Ka 0603HauYeH TMN BO3BPaLLAeMOoro GyHKLMEN 3HaYEHMA, @ 33 UMEHEM Napa CKOBOK.
CaMu MHCTPYKUMM 3aKAtoUeHbl B GUrypHble CKOBKKU. B OCHOBHOI Nporpamme mbl Bbi3biBaem QYHKLMIO,
3anucbiBan eé nms.

EcTb, NpaBAa, 04HO HeyAO6CTBO — GYHKUMIO Mbl AOJIKHbBI OMUCaTb 4O OCHOBHOW MPOrPaMMmbl; HO Mbl
ncnonbsyem B QYHKUMM MepemMeHHble, KOTopble BbIHYXAEHbI BbIHECTU 3a npenenbl OCHOBHOW
nporpammbl. YTobbl 3TOro M36eKaTb, Mbl MOXKem nepedatb GYHKUMM 3HAYEHMA NEepPeMeHHbIX Mpu
BbI30Be OYyHKUMK. ITO noTpebyeT HebONbLIONM Nepeaeniku B onMcaHnumn GyHKLMKU U Npu e€ Bbi30BeE.

#include <iostream>
using namespace std;
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int ¢ = 0;

int add (int one, 1int two) {
Cc = onettwo;
return c; }

int main ()

int a = 0;
int b = 0;
cin>>a;
cin>>b;

add (a,b) ;
cout<<c;
cout<<"\n";
return 0O;

BbinoaHeHWe nporpammbl He OT/IMYAETCA OT BbIMOJHEHMA NpeablayLWnX BapnaHTOB:

[ CA\Users\wladimir\Desktop\he_35\add\bin\Debug\add.exe = = “

s returned O {(Ox0> execution time : 4.539 s
any key to continue.

Puc. 4. PaboTa nepeaenaHHoOn NporpaMmmbl

To, KaK Mbl 06owanch ¢ GyHKUMeN, HasblBaeTca nepegayeit napameTposB GYHKLUMM NO 3HaYeHuto. To
€CTb, NPW BbI30BE QYHKUMM eil NepenaloTcs 3HaveHus, Heobxoanmble et ana paboTbl. Mbl roBopuau,
yTO MpU onpeaeneHun GyHKLUKM nepes eé MeHem CTOMT TUM BO3BpallaemMoro 3HadeHusa. Kpome Toro,
670K onepaumnin B QYHKLMM 3aBEPLUAETCA KAHOYEBLIM CAOBOM return, CONPOBOXAAEMbIM MMEHEM
BO3BpallaeMoii nepemeHHoOW. Mbl moxeM yb6eauTbcs, UTO 3TO He NycTble CNOBa, €C/IM HEMHOTO
N3MEHMM NpeablayLWwnii BapuaHT 0CHOBHOro 6/10Ka Nporpammel.

int main ()

{

int a = 0;
int b = 0;
cin>>a;
cin>>b;

cout<< add(a,b);
cout<<"\n";
return 0O;
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Mporpamma CNOXWUT 4Ba Yucaa W BbIBEAET Ha 3KpaH pesynbTaT. Mmes roToBbiit 60K (yHKLMIO)
WHCTPYKLMIA AN C/IOMKEHUS ABYX YMCE/l, Mbl MOMKEM nepefenaTb ero noj onepauuto BblYMTaHUA ABYX
yucen. A ana Bbibopa onepaumm 406aBUTb 3HAKK NKOC U MUHYC, YTOBbI 06BABUTL NPOrPamme, YTO Mbl
XOTUM cAenatb. Tenepb «Hall Ka/lbKy/NATOP» HayMHaeT MOXOAWUTb Ha HeyTo 6onee Mnoxoxee Ha
peanbHbli KanbKynaTop.

#include <iostream>
using namespace std;

int add (int one, int two) //byHKUMA CJIOXEHUS IOBYX UMCEJI
{

int rez = 0;

rez = one+two;

return rez;

int sub (int three, int four) //byHKUMS BHUMTAHUA IOBYX UYMCEJI

int s = 0;
s = three-four;
return s;

int main ()

int a = 0;
int b = 0;
char c;

cin>>a;

cin>>b;

cin>>c;

if (c=="+") cout<<add(a,b);
if (c=="'-"') cout<<sub(a,b);
cout<<"\n";

return 0;

BcnomHMB Npo UCNoAb30BaHUE LMK/A, Mbl MOXEM YCOBEPLUEHCTBOBATL NPOrpammy.

int main ()
{
int a = 0;
int b = 0;
char c;
while (c !'= 'e') {
cin>>a;
cin>>b;
cin>>c;
if(c=='+') cout<<add(a,b);
if (c=="'-"') cout<<sub(a,b);
cout<<"\n";

10
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return O;

Mporpamma MO3BO/IAET MHOFO pa3 NPOWM3BOAMTbL OMepauun CAOXKEHUA M BbluMTaHuA. BoT paborta

nporpammoi:

u CA\Users\vladimir\Desktop\he_35\add\bin\Debug\add.exe = =

returned 0 (Ox0> execution time : 26.343 s
any key to continue.

Puc. 5. PaboTa ycoBepLIEHCTBOBAaHHOIO KalbKyaTopa

B paboTe nporpammbl ocTaércsa AedeKT, OH OTMeYEH Ha PUCYHKe. ECIn Mbl XOTUM BbINTU M3 NPOrPamMbl,
Mbl JONKHbI BBECTU ABa /IOBbIX YMC/a nepes, BBOAOM CMMBO/IA BbIXOAa M3 Mporpammbl. 3TO cO34aET
HeKoTopble HeyaobcTBa, a Npu BBOAE CMMBOAA BbiIXoAa M3 NPOrPaMmbl BMECTO MepBOro 4mcna
nporpamma paboTaeT HenpaBuAbHO. M 3TOT AedEKT MOXKHO YCTPaHUTb, €C/IM 3aMeHUTb NOPSAA0K BBOAA

n AO6aBVITb Hebonbluoe AONO/IHEHUE!

int main ()

{

Il
(@)
~.

int a
int b
char c;
while (c !
cin>>c;

Il
(@)
~.

Il
(0]

if (¢ == 'e') break;
cin>>a;
cin>>b;

if (c=="+") cout<<add(a,b);
if (c=="'-"') cout<<sub(a,b);
cout<<"\n";

return 0;

Tenepb nporpamma crana y,u,o6Hee. I'Iepep, BBOOOM [AaHHbIX Mbl BBOAUM oOnepaunio, NMOCKOJIbKY Mbl
3HaeMm, YTO Mbl XOTUM caenaTb ¢ Yncnamu. A ana sbixoga us nporpammobl BBOAUM Hy)KHbIVI CUMBOJI.

11
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u CA\Users\vladimir\Desktop\he_35\add\bin\Debug\add.exe = =

[Process returned O (Ox0> execution time : 24.906 s
Precs any key to continue.

Puc. 6. OKoHYaTebHbIN BapMaHT paboTbl NporpaMmbl

A Aymato, 4YTo Bbl IETKO MOXKeTe MPOoLOIKUTb YCOBEPLUEHCTBOBAHME MPOrPaMmmbl KaabKyaaTopa, HO A
XOTen MoKasaTb TO/IbKO OAHO: MporpamMmma CO3Z4aéTcA TaK Ke, Kak co3gaérca ntobas anekTpuyeckas
cXxema. Bam Hy)KHO 3HaTb 3HayeHMe U paboTy BCEX KOMMOHEHTOB 3/1eKTPUYECKON cXeMbl. BaM HY»KHO
NMO3HAaKOMUTbCS C Hambosnee ynoTpebutenbHbIMU 6/IOKAMU:  YCUAUTENb, CTabuamsatop W T.M.
AHaNorM4yHoO AnA NporpammMmpoBaHMA Ha A3bike CU Bbl AONXHbI 3HaTb MpocTeliliMe cocTasiAwoLLme
A3blKa: NepemMeHHble, NpUcBanBaHue, nepexodbl M yca0BUA U T.N. U A0MKHbI 3HaTb, Kak co3aaTtbh 610K
onepauuii, Kak nNpaBWIbHO €ro WCMoNb30BaTb. Bcemy 3TOMYy MOXKHO Hay4yuTbCA, WCMNO/b3yA
npeanaraemoe pykosoAcTBO. M NycTb Bac He CMYLLAET, YTO BCe NPorpaMmmbl paboTatoT B KOHCOU, a Mbl
OAaBHO NPUBbIKAKN, YTO Ntobas Nporpamma co3faéT KapTUHKY C MeHI0 M npounmu aTpubytamu. A 6bl
ynogobun nocnegHee opopmaeHuMo ycTponcTea: byaer M nnata neyvyaTHoOM MAKM HET, Kakaa Kopobka
6yaeT UCNoAb30BaHa U C KAKUMM HaaNUCAMMK U T.4. Ho Ans 3TOro BHayane Hy»HO Hay4yuUTbCA CO34aBaTb
ycTpoicraal

12
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Code::Blocks

Code::Blocks - 3To Kpocc-nnaTtdopMeHHas cpeaa pa3pabokun, KoTopas NoaaepXXMBaeT KOMMUISALMIO U
paboTy C MHOTMMU A3blkaMyK MPOrpaMMMpPoOBaHUS.

3arpy3ka BO3MOXHa C:

http://www.codeblocks.org/

Code::Blocks moxeT paboTaTb C pa3HbIMM KOMNUIATOPaMMU.

Onsa Windows npeanaraetca He o6s3aTenbHbi koMmnunatop MingW. Bepcusi, Bkiatoyatowas MingWw,
NOAXOAUT ANA N3yUYeHUs 3TOro pyKOBOACTBA, MO3BOJAS BaM NpaBMIbHO KOMMNUANPOBATbL NpUMeEpHI.

Ecnu Bbl He yBepeHbI, 3arpysnTe BEpCUIo, Ha3BaHHyt "codeblocks-XX.XX-mingw-setup.exe",

[na nonb3oBaTenei Linux n Mac 3arpysute Bepcuio, COOTBETCTBYIOLLYIO BalleMy ANCTPUBYTUBY.

YcTaHOBKaA

B Windows 3anycTuTe 3arpy>eHHblii UCnonHsAeMbIN dalin yCTaHOBKM U CNeAyNTe ero MHCTPYKUMAM,
Onuwum No yMon4YaHUio BMoJsIHE NO4OMAYT BaM.

Moapep>xka C++11

Ecnn y Bac Bepcusa komnunsatopa GCC (takoro kak MingW ans Windows), ecTb WaHCbl, 4YTO OHa
npuwia c NoaaepXXKon camoi nocneaHen Bepcum C++, KOTOpasi HEAOCTYMHa MO YMOJYaHUIO. ITO
Jlerko McnpaBuTb TakK:

Settings -> Compiler...

File Edit View Search Project Build Debug wxSmith Tools Tools+ Plugins DoxyBlocks | Settings | Help
Fiz 3 §| & B | ™ | =<‘5 @& B @S |Build target: Environment... [
(E || e [B] Q) | e = £ chan =il || Edior.

Compiler...
Menagement X | Starthere x =l r
1 | Projects | Symbols Files W Debugger... F
(J Workspace Global variables...

Scripting...

Edit startup script

3pecbk B "Global compiler settings" Ha 3aknagke "Compiler settings" oTmeTbTe okowko "Have g++
follow the C++11 ISO C++ language standard [-std=c++11]":

13
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Global compiler settings

Selected compiler
GMNU GCC Compiler W

Set as default Copy Rename Delete Reset defaults

Global compiler settings Compiler settings | Linker settings | Search directories | Toolchain executables | Custom variables | Build options | 14| %

Palicy:
s

Compiler Flags | Other options | #defines

Categories:

<All categories =
Profiler settings

Produce debugging symbols [-g]

Profile code when executed [pg]

In C mode, support all IS0 €90 programs. In C++ mode, remove GMNU extensions that conflict with ISO C+
Enable all compiler warnings (overrides many other settings) [-Wall]

Enable extra compiler warnings [“Wexira]

Stop compiling after first error [-Wfatal-errors]

Inhibit all warning messages [-w]

Batch builds Have g++ follow the 1998 IS0 C++ language standard [-std=c++35]

Have g++ follow the coming C++0x ISO C++ language standard [-std=c+-+0x]

Have g++ follow the C++11 IS0 C++language standard [-std=c++11]

Enable warnings demandad by strict IS0 C and ISO C++ [-pedantic]

Treat as errors the warnings demanded by strict IS0 C and IS0 C++ [-pedantic-errors]
Warn if main(} is not conformant [-Wmain]

KoHconbHOE npunoxxeHune

Y10o6bl KOMNAMPOBATbL M 3aMyCTUTb MPOCTbI€ KOHCOJIbHbIE MPUIIOXEHUS, KaK Te, YTO UCMNOJIb3YLTCS B
KayecTBe MpPMMEpPOB B 3TOM PYKOBOACTBE, AOCTAaTOYHO OTKpbITb @ainn nporpammoin Code::blocks un
HaxaTb F9.

B kauectBe npumepa nonpobynte:

File -> New -> Empty File
34ecb HanuwuTe crnegyioulee:

#include <iostream>

2 int main ()

3|

4 auto x = R" (Hello world!)";
5 std::cout << x;

6|}

3aTem:

File -> Save file as...

M coxpaHuTe ¢ain C MMeHEM M pacClUMPEHNEM . cpp , HaNpMMep, example. cpp.
Tenepb, HaXxxaB F9, Bbl CKOMAUAMPYETE M 3anyCcTUTE NporpaMmmy.

Ecnn nosasutcsa owmnbka, cBA3aHHas C TUMOM NepeMeHHON x, 3TO O3HAYaeT, YTO KOMMUAATOP He
NMOHUMAET 3HaYeHMs HOBOro TUMNa nepeMeHHon auto oT C++11. MNoxanylicTa, ybegmtech, 4UTo y Bac
NOAXOASALWNI KOMNUAATOP M YTO Bbl 3a4anu onuuio Ansd komnunatopa C++11, Kkak onMcaHo BblWe.

14
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MpuMeyvyaHue:

B AaHHbIN MOMEHT ecTb Bepcusa nporpamMmbl 13.12. Mpu 3anycke nporpaMMbl NOSBASIETCA NEPBOE MEHKO
Bblbopa:

File Edit View Search Project Build Debug Fortran waSmith Tools Tools+ Plugins DoxyBlocks Settings Help
GeEA ey LmAaAaiorsen gzl glal N0 @ | 5 W
NEEEIEECIEEETECNERE EEY

Management x

|| Starthere x|

" Code::Blocks
ﬂ . The open source, cross-platform IDE

Belease 1317 rev 9501 (2013/12/25 1§:95:45) gee 471 32 bit

_— e
.ﬂ Create a new project % Open an existing project Tip of the Gay
Vit the Code:Blocks forums  Reporiabug  Reauest s new feature
e

Recent projects

cu o0
Q cu obp

Recent files

No recent files.

©2004 - 2013, The Code: Blocks Team.

Logs & others

4| J) CodesiBlocks | Searchresults x| /i Coee X | €3 Buildlog x| ¥ Buldmessages x| /) CopCheck x|

v
X
»

Start here default =

MNMocne nepBoro 3anycka Havyano AENCTBUMWA — 3TO co3faHue HoBoro npoekta (Create a new project). B

AManoroBbiX OKHAX MOMOLWHWKA CO34aHNA NpoekTa 3aaaéTtca nMsa M NyTb K NpoekTy. Ho npeaBapsieTcs
3TO Bbl6p0M TUMNa NpoeKTa.

Projects Category: | <Al categories=>
Build targets

Files % @
Custom N g

User templates ARM Project  AVR Project  Code::Blocks Console
plugin application

D application Dynamic Link Empty project
Library

m B 8 B
FLTK project  Fortran DLL Fortran Fortran library
application

GLEW GLUT . @ View as
@u @ @ Large icons

GLFW project GLUT project  GTK+ project  Irrlicht project OList

TIP: Try right-dicking an item

1. Select a wizard type first on the left

2. Select a spedific wizard from the main window (filter by categories if needed)
3. Press Go

MoxHo BblbpaTb NycTol npoekT (Empty project). B 3ToM ciyyae Mbl NonyymMMm cneaytollee:
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File Edit View Search Project Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings  Help

Logs & others %
4| Jcodenlocks x|l Searchresuts x| fjCoer x| €yBuidlog x| ¥ Buidmessages  ><| /| CppCheck X /] Cppcheckmessages X b

default =]

Tenepb MOXHO co3aaTb HoBbI darin (File->New->Empty file). ByaeT npeanoxeHo aatb eMy uma (Kak
onuvcaHo Bblwe). B OKHO pepakTopa MOXHO CKOMMPOBATb TEKCT MpPOCTEWWENn MporpamMel,
NpeanoXeHHO! paHee B KayecTBe NPOBEPOYHOro NpoeKkTa.

File Edit View Search Project Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help

i |O| A == =om| 8|8 Cf ViR 000 Ve = L |
= ———

J *proba2.cpp )(1
| Projects i isccal 1 #include <iostream>
o Workspace 2 int main()
- My proba2 3 {
4 anto x = R" (Hello world!)";
3 std: :cout << x;
] }
7 ||
g8
< b3
Logs &others b
4| Jcodenlods x| Searchresuts x| fjCoer x| €yBuidlog x| ¥ Buidmessages | /) CppCheck X /] CppCheckmessages X b

C:\Users\vladimir\Desktop\he_35\proba2\proba2.cpp  Windows (CR+LF) default Line 7, Column 1 Insert Modified  Read/Write default 2=

HaxaBs knaeuwy F9, Mbl NMOAYYUM:
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O C\Users\vladimir\Desktop\he_35\proba2\bin\Debug\proba2.exe = B “

COx0> execution time : 0.023 =
Prezs any key to continue.

Ho MOXHO MOCTYNUTb U MHa4ye, €CnNu MNoc/ie 3anycka nporpamMMmbl U Npu BbiGOpe BMAa HOBOro MpoekTa
Bbl6paTh HE MYCTOM MPOEKT, @ KOHCO/IbHOE MPUSIOXKEHUE.

New from template “

Projects Categary: | <All categaries> ) Go
Build targets -
~
Files G‘N @ fﬂ Cancel
\F

Custom . )
User templates ARM Project  AVR Project CUd;:;:SEkS

a8 & =5 [

D application DirectX Dynamic Link Empty project
project Library

m B g B

FLTK project  Fortran DLL Fortran Fortran library
application

GLEW GLUT yet” View as
[ [ @ S

(®) Large icons
GLFW project  GLUT project  GTK+ project  Irrlicht project

v
TIP: Try right-dicking an item

1. Select a wizard type first on the left
2. Select a spedific wizard from the main window (filter by categories if needed)
3. Press Go

[anee B Ananore Hy>XHO AaTb UMS NPOEKTY U MOXHO BblbpaTb A3bIk Cu unu C++. MNocne 3aBeplieHuns
CO34aHns HOBOrO NMpoeKTa Bbl MONYUYUTE U UCXOAHbIN dalin.

e main.cpp [proba3] - Code:Blocks 13,12 = =
File Edit View Search Project Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help
CeB@ «3 % S By @ P % S 6 |Debug v|i B WEGI %D 4D Gl F W& % |~ <]
: Misy§ v| e = £ dda = i
Management 3| [—
4| Projects | Symbols | Fies ¥ 1 #include <iostream>
(O Workspace F
=By proba3 3 using namespace std;
=-F Sources 4
main.cpp 5 int main()
6
7 cout << "Hello world!" << endl:
g return 0;
9
10
< >
Logs & others x
4 /| CodenBlods x| (Searchresuls x| /] Cece | € Buildlog | % Buldmessages | /| CopCheck x| W
C:\Users\vladimir\Desktop Windows (CR+LF) ~ WINDOWS-1251  Line 1, Column 1 Insert Read/Write  default =]

Knaeuwa F9 BHOBb MO3BOJSIUT KOMMWIMPOBATb W 3anyCTUTb NPorpamMMy (HWYEro He HyXHO A06aBnsATb
WM UCNpaBnsTh).
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O C\Users\vladimir\Desktop\he_35\proba3\bin\Debug\proba3.exe = B “
ello world?

ss returned O (Ox0> execution time : D.016 =
Precs any key to continue.

Pesynbtat paboTbl nmporpaMM OAMHAKOB, XOTA TeKCT pasnuyaercd. C nogobHbIMW pasnmMuuMsMu Bbl
MOXeTe BCTPETUTbCS W MO3Xe, MyCTb OHW BacC He CMyLUalT, OBNajeB $3blkOM, Bbl camu byaeTte
BbI6MpaTb yAOOHbIM BaM CTU/Ib KOAUPOBaHMUS.
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A3bik C++

3TO pyKOBOACTBO pacckasbiBaeT 0 A3blke C++ OT OCHOB A0 MOCNEeAHUX BO3MOXHOCTEN, BK/TOUEHHbIX B
Bepcuio C++11. MNaBbl MMEOT NPaKTUYECKYH OPUEHTALMIO, @ MpMMepbl NporpaMM BO BCEX pasaenax
npeaHasHayeHbl K NPUMEHEHMIO Ha NMpaKTUKe.

BBegeHue

KoMmnunartopbl

HeobxoAnMbIMU CpeaCcTBaMu ANS Cef0BaHUSA STOMY PYKOBOACTBY 6yAyT KOMMbIOTEP U KOMAUAATOP,
npurogHbli ana koMmnunaumm C++ Kofa u cosaaHusa paboTatoweit NnporpaMmsl.

C++ — 3TO A3bIK, KOTOPbIA 3BOMOLMOHMPOBAA Ha NPOTSAXKEHNUM MHOMMX NIET, @ 3TO PyKOBOACTBO
3aTparmeaeT MHOrMe BO3MOXHOCTW, fob6aBneHHble B A3blK HeJaBHO. TeM He MeHee, 4To6bl NpaBuIbHO
cnepoBaTb PYKOBOACTBY, BaM MOHaZobuUTCA COBPEMEHHbIN KOMAWSATOP, NOAAEPXUBAOLWMNI (XOTS bbl
YacTU4HO) cTaHaapTt 2011.

MHoOrme NnponMsBOANTENIN KOMMUAATOPOB YUNTbIBAIOT HOBblE BO3MOXHOCTU B pa3HbiX 06béMax. BHU3y
3TOWM CTpaHWULbl YKa3aHbl HEKOTOPbIE KOMMNUASTOPbI, KOTOPbIE UMEIT NoAAEPXKY TpebyeMbiX HOBLUECTB.
HekoTopble n3 KoMNUAATOpoB OTHOCATCS K CIMO!

ECcnn no KakMM-TO NpUYMHAM BaM HYXEH HEKWIA CTapblil KOMAWISATOP, Bbl MOXETE NOSy4YUTb AOCTYM K
CTapbiM BEPCUSAM 3TOro pykoBoacTBa (6onee He 06HOBNASIEMBIM).

Y10 Takoe KOMNUAATOP?

KoMMbloTepbl MOHUMAKT TOMIbKO OAWH S3bIK, U 3TOT A3blK COCTOUT U3 Habopa MHCTPYKLUUIA, COOCTOSLLMX
U3 eANHUL U HyJlel. DTOT KOMMbIOTEPHbIN A3blK CMPaBeaMBO Ha3bIBAOT MaLUMHHbIM S3bIKOM.

OTaenbHas MHCTPYKLUNS KOMMbloTepy ByAeT Noxoxa Ha 3Ty:

100000|[10011110

YacTtb nporpamMmmbl Ansgd KOMMNbOTEPa Ha MallMHHOM 43blKe, NO3BONAOWada Nojib30BaTeN0 BBECTU ABa
4yncna, CNoOXunTb X n OTO6pa3VITb pe3ynbTaT, AO0/1XKHa BKAK4YaTb MHCTPYKLUUN MaAlWWMHHOINO KoAaa:

looooo|{10011110
l00001/[11110100
100010|[10011110
looo11|[11010100
loo100|[10111111
l00101/[00000000

Kak Bbl MOXETE BUAETb, NPOrpaMMMpPOBaHME KOMMbIOTEPA HEMOCPEACTBEHHO B MALLMHHbLIX KOAAX,
NCMOJIb3YIOLLMX TOSIbKO €AVHULbI U HYMN, 3aHATME BECbMa YTOMUTENbHOE, YBENNYMBAIOLLEE LAHCHI Ha
OWMNBKKN. YTO6bI 061EMUNTL NPOLIECC NPOrPaMMUPOBaHNS, 6bln pa3paboTaHbl A3bIKM BbICOKOIO YPOBHS.
MporpaMMbl Ha A3bIKE BbICOKOIO YPOBHA TaKKe 06/71eryatoT nporpaMMMcTaM Ux npoBepPKY U MOHUMaHMe.

BoT dparmMeHT Kofa, HanncaHHoro Ha C++, KOTOPbIV CITYXXUT TEM Xe LeNsiM:

int a, b, sum;

cin >> a;
cin >> b;
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sum = a + b;
cout << sum << endl;

[axke ecnu Bbl NoKa eLlé He MOXETEe MOHATb KOA Bbille, Bbl COr/lacuTeCh, YTO Tak NporpaMmMmMpoBaTh
MHOro ner4ye, 4em C UCnoJib3oBaHMeM MallMHHbIX KOAOB.

MoCKO/bKY KOMMbIOTEP MOHMMAET TOMbKO MalUUHbIN A3bIK, @ I0AM XOTAT NUCaTb Ha A3bIKE BbICOKOMO
YPOBHSI, KOA A0/KEH 6biTb NepenucaH (TPaHCIMPOBaH) B KAaKOW-TO MOMEHT Ha MalUMHHbINA A3blK. TUM
3aHMMalOTCS CreunanbHble NPorpaMMbl, KOTOPbIE HA3bIBAOTCA KOMAUAATOPAMWU, UHTEpPNpeTaTopaMm
nnu accembniepaMmn, N KOTOpble BCTPAMBaKOTCA B PasHble MPUIOXKEHUS ANA NPOrpaMMMUpPOBaHUS.

A3bik C++ pa3paboTaH Ana KOMAUASALMK, YTO O3HAYAET, YTO TPAHCAAUNSA NPOrpaMMbl Ha MalUMHHbIN
A3bIK AO/DKHA 6bITb NOHATHA HENOCPEACTBEHHO CMCTEMe, Aeflas CreHepMpOBaHHYO NMporpamMmmy
BbICOKO3(PEKTUBHOM. 151 3TOro Hy>eH Habop MHCTPYMEHTOB, U3BECTHbIX Kak «development
toolchain, pag nHcTpymeHTOB A5 pa3dpaboTku». OCHOBY 3TOro COCTaBASOT KOMAUASTOP U
KOMMOHOBLUMK.

KoHcoJibHbIE NporpaMMbl

KoHconbHble NporpaMMbl NpefiHa3Ha4vYeHbl 4719 KOMMYHUKaLUMKX C Mofb30BaTeNsAMN Yepes BbiBOJ, TEKCTA
Ha 3KpaH 1 BBOA AaHHbIX U KOMaHA C KnaBuaTypbl.

C KOHCONbHbIMX MpPOrpaMMaMu Nerko B3anMoAencTBoBaTh, W, KaK NpPaBuIo, Y HUX NpeackasyeMoe
noBefeHne, KOTOPOe OAMHAKOBO ANa Bcex nnatdopM. OHWM Nerko peanunsytoTcs, a, CeAoBaTeNbHO,
OY€Hb MNOJIE3HbI MNPU U3YYEHUM OCHOB Si3blKa NPOrpaMMUpPOBAHUS: NPUMEpPHLI B 3TOM PYKOBOACTBE
npeacTaBneHbl UMEHHO ANA KOHCOJIbHbIX MPOrpaMM.

Cnoco6 KoOMMUASILMU KOHCO/TbHBIX MPOrpamMM 3aBUCUT OT KOHKPETHOIO MHCTPYMEHTapusl, KOTOPbI Bbl
ncnosnb3yerTe.

CaMbli NErkmMn NyTb A/ HauMHatowero komnunuposate C++ nporpamMMbl — 3TO UCMNOJSIb30BaTb
Integrated Development Environment (IDE, nHterpupoBaHHas cpeaa pa3paboTtku). IDE 06bI4HO
BKJ1IOYAET HECKOJIbKO MHCTPYMEHTOB A5 pa3paboTKn: 3TO TEKCTOBbLIV pefaKTop U CpeacTBa
KOMAUASLMM NporpaMMbl HENOCPEACTBEHHO U3 Hero.

BOT MHCTPYKUMKN, KaK KOMAUINPOBaTb W 3anyckaTb KOHCOJIbHble NPOrpaMMbl, UCNOJIb3Yysl pa3Hble
ceobogHble Integrated Development Interfaces (IDIs):

| IDE || Platform || Console programs |
|Code::b|ocks ||Windows/Linux/MacOS”Komnmnﬂu,Mﬂ nporpamm B Code::blocks |
|Visua| Studio Express||Windows || Komnunauusa nporpamm B VS Express 2013|
|Dev-C++ ||Windows || Komnunnauua nporpamm B Dev-C++ |

Ecnu Bam cny4ymnocb MMeTb CpeacTBa pa3paboTky B Linux unm Mac, Bbl MOXETe KOMMUAMPOBATb
npuMepbl HENOCPEACTBEHHO M3 TepMMHANa, BkItouMB C++11 dnaxku B KOMaHAbl AN KOMAWUIALUUK:

Compiler|| Platform || Command
GCC Linux, among g++ -std=c++0x example.cpp -0 example program
others... —
cl 0S X, among clang++ -std=c++11 -stdlib=libc++ example.cpp -0
ang others... example program
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OcHoBbl C++
CTpyKTypa nporpamMmm

Hannydwmnii cnocob n3y4ymTb NporpaMMmpoBaHue — 3To NucaTb NporpaMMbl. TUMUYUHLINA Cly4Yan NepBoi
nMporpaMMbl HauMHaOLWEro — 3To NporpamMma, Ha3saHHas "Hello World", koTopasi npocTo BbIBOAUT
dpasy"Hello World" Ha akpaH Balwlero KoMnbloTEpa. XOTA OHA KpamHe npocTa, OHa COAEPXUT BCe
dyHAaMeHTanbHble KOMMOHEHTbI, KOTOPbIE UMEIOT NporpamMmmel Ha a3blke C++:

// Mos mnepBas nporpamMa Ha C++ Hello World!
#include <iostream>

int main ()

{
std::cout << "Hello World!";

JleBas naHenb nokasbiBaeT C++ KoJ 3Tol nNporpaMmsl. MNpaBasa naHenb NokKasbiBaeT pe3ynbTaT, Koraa
nporpamMMa BbIMOJIHAETCS KOoMMbloTepoM. Cepble HOMepa CfieBa OT NaHesieln — 3To HOMepa CTPOK,
obneryatrouwme obcyxaeHne nNporpamMmbl U OTbICKAHME OWMO60K. OHU He ABNAKTCS YacTbio NPOrpaMMbl.

[NaBanTte o6cyamm 3Ty nporpaMMy CTpOKa 3@ CTPOKOW:

Ctpoka 1: // mos mnepsas nporpamda Ha Ct++
ﬂBOl‘/llHaﬂ KOCasa 4YepTa NoKa3bliBa€T, YTO BCA CTPOKa 3a Hewn — 3To KOMMEHTapMVl, BCTaBJ/IEHHbIN
nporpaMMmMCcToM, HO HE CKa3b|Ba|'OLU,V|I7|CF| Ha noBeaeHNN NporpaMmsbl. I'IporpaMMVICTbI NoNb3ykoT
UX ONA BKIIOUYEHNSA KOPOTKUX MOSICHEHUI UM 3aMedyaHuii 0 Koae nporpaMmbl. B aToM cnyyae
KOMMEHTapMVI npeacTtaBnsaeT cobou KpaTKoe BBeAEHNE B ONMCaHNE NporpaMmmeol.

Crpoka 2: #include <iostream>
CTpoKa HauMHaeTca co 3Hauka pelétku (1), KoTopbli yKasbiBaeT, YTo 3TO NpefHasHavyeHo 4
YTEHUS N MHTEpnpeTaumm TeM, YTO U3BECTHO KakK rpernpoLeccop. OTo cneumanbHble CTPOKM,
MHTEPNpeTUPYyEMble A0 Hayana CO6CTBEHHO KOMMUASILMM NporpaMMbl. B gaHHOM cnyyae
aupekTuBa B cTpoke #include <iostream> MHCTPYKTUPYET MpenpoLeccop BKAYUTb
pasaen ctaHaapTHoro koga C++, M3BECTHbIN Kak header iostream (3aro/10BoYHbIN aiin
MOTOKOBOIro BBOAA&/BbIBOAA), NO3BONASIIOWMIA BbINONHATL CTaHAAPTHbIE Onepaunn BBoAa M
BblBOJA, TakMe Kak BbiBoA B nporpamme (Hello World) ya skpaH.

CTpoka 3: uucrtas cTpoka.
Yucrasa CTpoka He cka3sbiBaeTcs Ha paboTte nporpamMmmbl. OHa NpPOCTO yny4waeT 0603pmMMoCTb
Kozaa.

Crpoka 4: int main ()
OTa cTpoka obbasnseT dpyHkumio. Mo cywecTBy pyHKUMS — 3TO rpynna MHCTPYKUNIA KoAaa,
KOTOPOM AaHO MMS: B A@aHHOM Cnydae 3To UMS «main» ans rpynnbl Koga ganee. ®yHKuUnm
6yayT AeTanbHO 06CyXXAaTbCs B cneaytowen rnaese, Ho, CO6CTBEHHO, UX onpeaeneHne
BBOAMTCA nocnefoBaTenibHO TMNoM (1int), nmeHem (main) n napoi ckobok ( () ), BKIOUAOLWMX
(He obs3aTenbHO) NapameTpsbl.

dyHKUMS, Ha3BaHHas main, 3to cneunduyeckas dyHkUMsA Bo Bcex C++ nporpammax; 3To
yHKUUS, BbI3bIBaEMasi Npu Nycke nporpamMmsl. BeinonHeHne Bcex C++ nporpamMM HaumMHaeTcs
cmain yHKUUKN, HA3aBMCMMO OT TOrO, B KAKOM MecTe 3Ta MyHKLMUS pacrnosioxeHa B Koae
nporpamMmsl.

Ctpoku 5mn 7: { n}
OTkpbiBatowan ckobka ({) B cTtpoke 5 nokasbiBaeT Hauyano onpeaeneHnsa GyHKUum main, g
3aKpbiBaoLLan ckobka (}) B cTpoke 7 nokasbiBaeT eé oKoHUaHne, Bcé Mexay 3TMMM ckobKamm
- 3TO TeNo PyHKLMK, onpeaensoLlee, YTo CYYMTCS, KOoraa dyHKuMa main 6yaeTt Bbi3BaHa.
Bce dyHKUMM MCNONb3YIOT CKOBKM ANnsi 0603HAUYEHNS Havyana M OKOHYaHMS UX onpeaeneHus.

Ctpoka 6: std::cout << "Hello World!";
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DTO CTpoKa M3MOXEHUSA MHCTPYKLUMIA Ha C++. BbipakeHnst B 3TOM MU3M0XEHUN KoAa — 3TO TO,
4TO peasnbHo NponsBoanT 3ddeKT npu paboTe NporpaMmbl. 3TO CyLECTBO NPOrpaMMsbl,
onpegensiollee eé akTyasnbHOe noseAeHue. BbipaxeHns BbIMOMHATCSA B TOM
nocnenoBaTeNlbHOCTU, B KaKoi OHU MOABAAKOTCS B Tene GyHKLMK.

ITO U3NOXEHUE MMEET TpU YacTu: nepeas, std: :cout, kotopaa wuaeHTUdUUMpPYET
CTaHAApTHOE YCTPOMCTBO CMMBOJIbHOIO BbiBOAA (06bIYHO 3TO 3KpaH KOMMbIOTEpa); BTOpas,
onepatop BBoda (<<), NokasbiBaeT, YTo cneayollee BBoaUTcsA B std: :cout; HakoHel,
npeansioxeHne B ABOMHbIX KaBblykax ("Hello world!") - aTo coaepxaHue, BBoAnMoe B
CTaHAapPTHbIM BbIBOA.

3aMeTbTe, YTO BblPaXXeHUS 3aKaHYMBAKOTCHA TOUKOM C 3ansaTon (7). DTOT CMMBON OTMeYaeT
KOHEeL, BblpaXXeHNs TakK Xe, KakK ToYKa OTMeYaeT KoHeL, NpeasioXeHns B aHIJINIACKOM Si3blKe.
Bce BbipaxeHns B C++ 00KHbI OKAaHYMBATbLCSA TOUKOM € 3anaTon. OaHa M3 o4YeHb
pacrnpocTpaHEHHbIX CMHTAKCM4Yecknx owmnbok B C++ — 370 3abbiTOE OKOHYAHMNE BblpaXeHus
TOYKOM C 3anATOM.

Bbl MOrnu 3amMeTuUTb, UTO HE BCE CTPOKWM 3TOW NPOrpamMMbl BbINOSHAKT HEKME AENCTBUS MPU
BbINO/THEHUW Koaa. EcTb CTpoka, coaepallas KoMMeHTapuii (HaumHatowwmics ¢ / /). EcTb cTpoka ¢
OVUPEeKTMBOM Ansa npenpoueccopa (HaunHanmowascs ¢ #). N ectb cTpoka, onpeaensiowas GyHkumio (B
HalweM cnyyae main dyHKUMI0). HaKoHEeL, eCTb CTpOKa C BblpaXeHWEeM, 3aKaHUYMBaOLWMMCA TOUYKOW C
3anaTtoi (BBoa B Cout), koTopsbli 6611 B 6510Ke, orpaHmyeHHoM ckobkamu ({1 ), dyHKumMm main,

MporpamMMa 6bina CTPYKTYpMPOBaHa pa3HbIMM CTPOKaMK U BblAesieHa OTCTynaMu, 4tobbl obneruntb eé
NMOHUMaHWe YeoBEeKOM, YnTatowmm eé. Ho C++ He UMeeT CTPOrMx NpaBusl, OnNpeaensaioWmx, Kak
pasfaenaTb MHCTPYKLUMM MO pasHbIM CTpokaM. HanpuMmep, BMecTo

int main ()
{
std::cout << " Hello World!";

Mbl MOrnM 6bl HanMcaTb:

int main () { std::cout << "Hello World!"; }

BCE B OJHOM CTPOKE, 1 3TO UMEET TOT e CMbIC/1, UTO N paHee NpuBeAEHHbIN Koa.

B C++ pa3geneHue mexay BblpaXeHUsMU 3a4aETCS 3aBepLlatowMMmn TOUKON ¢ 3anaTton (7 ) ¢
pa3MeleHneM Ha pasHbIX CTPOKAX, YTO He CYLLeCTBEHHO A5 3TUX uenein. MHorme BbipaxeHus MoryTt
6bITb HaNMCcaHbl O4HOM CTPOKOW, UM KaXXA0€ BblpaXK€HMe MOXET UMETb COBCTBEHHYIO CTPOKY.
PacnpegeneHune koga rno pasHbiM CTPOKAM CAYXWUT TONbKO AN 6onblien YETKOCTM U CXeMAaTUYHOCTHU
ANS YyenoBeka, YMTaKLWero Ko4, HO He CKa3sblBaeTCs Ha peasnbHOM NOBEAEHWN NPOrpaMMel.

Tenepb aaBaliTe fo6aBMM BbipaXKeHUE B HalLy MEPBY NPOrpamMMy:

// my second program in C++ Hello World! I'm a C++ program
#include <iostream>

int main ()

{
std::cout << "Hello World! ";
std::cout << "I'm a C++ program";

B 3TOM ciyyae nporpaMMa BbINOJIHAET ABa BBoAa B std: :cout B AByX pa3HbIX BblpaxeHusax. N onste,
pasgefieHne Koaa Ha CTPOKM MPOCTo AAET 6osblie yao6CTBa Npy YTEHUU NPOrpaMMbl, MOCKOJIbKY Main
6yaeT NpaBUIbHO OMNpeaesieHa v Tak:
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int main () { std::cout << " Hello World! "; std::cout << " I'm a C++
program "; }

NcxoaHbIf KOA MOXHO pasfenuTb Ha 6oMbluee YMCIO CTPOK:

int main ()
{
std::cout <<
"Hello World!";
std: :cout
<< "I'm a C++ program";

W pesynbTaT 6yAeT TaknuM Xe, Kak U B NpeablayLimMx npuMepax.

IvpekTuebl npenpoueccopa (Te, YTO HauMHaTca ¢ #) BbINAAAOT M3 3TUX 06LMX NPaBUI, NOCKONbKY
OHW He SBNSTCS BblpaXXeHUsAMU. OHM YMTALOTCS U BbIMOTHAOTCS MPenpoLeccopoM A0 Havana
KoMNuAsumMn. JMpeKkTMBbl NpenpoLeccopa A0/KHbI 3a4aBaThCs B OTAENbHbIX CTPOKAX, U, MOCKOJbKY
OHM He SBNSATCS BblpaXeHUSAMM, He 3aBepLuaTbCs TOUKOM € 3ansaTon (7).

KoMmMeHTapum

Kak oTMeuyeHo Bbllle, KOMMEHTApPMN He CKa3biBalTCA Ha pa60Te nporpamMmbl; 0OgHAKO OHM
npeacTaBnsoT BaXHbIM aCNeKT HENoCPeACTBEHHOIO AOKYMEHTUPOBAHMSA B MCXOAHOM Koae,
noacKa3sbiBagd, YTO NporpamMMma AenaeT U KakK OHa 3TO AENaeT.

C++ noaaepXxueaeT ABa cnocoba KOMMEHUTpOBaHUA KoAaa:

// cTpoka KOMMEHTapug
/* BJyok KoOMMeHTapusa */

MepBbI N3 HUX, U3BECTHbIN Kak line comment (CTpoka KOMMEHTapus), NCKo4YaeT BCE, UTo MAET 3a
napow Kocbix yépTtouek (//) BNonoTb A0 KOHLA CTPOKMW. BTOPOI, u3BecTHbI kak block comment (670K
KOMMEHTapUs), UCKIIOYaeT BCE, YTO HAaXOAUTCA MexXay CMMBONaMu, /* oT 3TUX CUMBOJIOB M [0 NEPBOro
nosiBNieHNs CUMBONOB */, Npeanonaras, YTo MOXHO BK/OYAaTbh MHOXECTBO CTPOK MEXAy CUMBOMAMMU.

[aBaiiTe no6aBMM KOMMEHTapUK K Hallel BTOpOM NporpamMmMe:

/* Modg BTopasg mporpamMa Ha C++ Hello World! I'm a C++ program
C IJIMHBIM KOMMEHTapuem */

#include <iostream>

int main ()
{
std::cout << "Hello World! ";
// BEBOmMT Hello World!
std::cout << "I'm a C++ program";
// BEHBOIMT I'm a C++ program

}

Ecnu KOMMeHTapuu BCTaB/EHbl B UCXOAHBIV KO NMporpaMMbl 6€3 UCnosib30BaHWs CMMBOJIOB
KOMMeHTapua // nm /* or */, koMnunaTop 6yaeT cumTaTh UX BbipaxeHuamn C++, UTo, BeposTHee
BCero, NpMBeAET K 0TKasy Npu KOMAUASLUN C OAHOW NN HECKONIbKUMKU COObLLIeHMAMN 06 olmbkax.
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Mcnonb3oBaHue npocTpaHcTBa MMEH std

Ecnu Bbl paccmaTpuBanu kog C++ B caMOM Hadane, Bbl MOMIM 3aMeTUTb Cout (umtaetcs - cmayT),
ncnonb3ytouleeca BMecto std: :cout, Oba BapmMaHTa Ha3bIBAOT TOT Xe CaMblii 06BEKT: MepBblit
BapuaHT Ucnonb3yeT ero unqualified name (cout), HekBanMdUUNPOBaHHOE NUMS, TOrAa Kak BTOpoi

BapuaHT KBanuduuUupyeT ero HenocpeacTBEHHO BHYTpK (NpOCTpaHCTBa UMEH) namespace std (kak
std::cout),

cout - 3T0 yacTb CTaHAapTHOM 6MBNMOTEKM, N BCE €ro 3/IEMEHTLI B CTaHAapTHoOM 6mubnunoteke C++
06bABNEHbl BHYTPU TOrO, YUTO Ha3sblBaeTcs namespace (npocTpaHcTBo MMEH): namespace Std,

B nopsaake obpalleHusa K aneMeHTaM B NpocTpaHcTBe UMEH std nporpamma nubo kBanudbuumpyer
KaXAbli U KaXxaoe NCrofib30BaHME 3/1eMEHTOB 6UBIMOTEKN (KaK Mbl A€fann C NOMOLLbIO NpeaBapeHns
cout ¢ nomolubto std: ), nM6o BBOAUT BUAMMOCTb €ro KOMNOHEHTOB. Hanbonee TMNNYHbLIN cnocob
BBECTM BUAMMOCTb 3TUX KOMMNOHEHTOB — 3TO JEK/1apUpPOBaHNE UCI0/Ib30BaHMNS:

using namespace std;

O61bsiBNeHne Bbille NMO3BOJISET BCEM 3/IEMEHTAM B NMPOCTPaHCTBE MMEH Sstd nosBnaTbCA Ha
HekBannguumpoBaHHbIKi MaHep (6e3 std: : npedwukca).

NMes 3TO B BUAY, NOC/EAHNN NPUMEP MOXHO NepenncaTb, CAeNaB HEKBA/IMPBULUMPOBAHHOE
ncnosb3oBaHue cout kak:

// my second program in C++ Hello World! I'm a C++ program
#include <iostream>
using namespace std;

int main ()

{
cout << "Hello World! ";
cout << "I'm a C++ program";

Oba cnocoba pgocryna K 3neMeHTaM NpoCcTpaHCcTBa MMEH std (NpuMeHsas kBanubuunpoBaHue un
obbsaBneHne ncnonb3oBaHusa (using)) npasuibHbl B C++ 1 oNpeaenstoT oAnHaKoBoe noseaeHune. ns
YNPOLEHUS U YNYULIEHUS YUTAeMOCTU NpUMeEpPbl B 3TOM PYKOBOACTBE 6yAyT 4acTo MCNONb30BaTb
nocnegHWn BapuaHT C AeKnapauunen ncnonb3osanusa (Using), XoTa oTMeTbTe, UTo explicit qualification
(sBHas kBanaugpukayms) — 3T0 eAUHCTBEHHbIN MyTb, rapaHTUPYIOWMIA, YTO HUKOrAa HE BO3HUKHET
KO/TN3UN UMEH.

MpocTpaHcTBa MMEH NoApobHee paccMaTpUBaOTCA B CeayioLLei rnase.
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NepeMeHHble U TUNbI

Monb3a nporpamMmbl «Hello World», nokasaHHON B npeablayLlen rnase, AOBObHO COMHUTENbHA. Mbl
AO/KHbI 6bIIM HaNWcaTb HECKOJ/IbKO CTPOK Koda, KOMMUAMPOBATb MX, U 3aTeM BbIMOHUTb
pe3ynbTUPYIOLLYIO NPOrpaMMy TOJIbKO AJ1 TOro, YTobbl MONYYMTb B pe3ysibTaTe NpoCToe NpeanoXeHne
Ha akpaHe. boicTpee 6b1710 6bl HaNUCaTb 3TO NPeAsioXXeHMe BPYUHYIO.

OAHaKo NporpaMMMpoBaHUE He OrpaHMYEeHO TOMbKO NeyvyaTbio MPOCTbIX TEKCTOB Ha 3KpaHe. B nnaHe
AaflbHeWLWero NpoABMXXEHUS, U YTobbl CTaTb CMOCOBHbLIMM HanMMcaTb NPOrpaMMbl, BbIMOHSOWME HEYTO
nonesHoe, peanbHO NoaaepXxuBatollee Halwy paboTy, HaM HYXXHO BBECTU KOHLUEMUWUIO nepeMeHHoM
(variable).

[aBanTe npeacTtaBuM, YTO A NPOLY BacC 3aNOMHUTL YMC/I0 5, @ 3aTeM O4HOBPEMEHHO COXPaHUTbL B
naMmaTy Yncno 2. Bbl TONIBKO COXPaHWUIN B CBOEW NaMATWU ABA pasHbiX 3HadeHus (5 u 2). Tenepb, ecnu 4
nonpowy Bac Aob6asBuTb 1 K NepBOMY Ha3BaHHOMY MHOW YMCAY, Bbl AO/MKHbI 6yaeTe XpaHUTb Yncno 6
(4to ecTb 5+1) 1 2 B Bawelr NaMATU. 3aTeM Mbl MOXEM, HanNpUMeEp, BbIYECTb 3TU 3HAYEHUSA U NOMAYUYUTb
B pe3ynbTaTte 4.

Becb npouecc, onmncaHHbIi Bbille, MOX0X Ha TO, YTO KOMMbIOTEP MOXET cAenaTb C ABYMS
nepeMeHHbIMU. ITOT MPOLIECC MOXET 6bITb NpeacTaBfneH B C++ creaylolmM HabopoM BblpaXKeHU:

a = b5;

b = 2;

a=a+ 1;
result = a - b;

[MOHATHO, 3TO OYEeHb NPOCTOM NPUMEP, MOCKOAbKY Mbl MCMOMNb30BaNM TONbKO ABa MaNIEHbKUX LieNbiX
4Yyncna, HO nNnpeacrtaBbTe, Ball KOMMNbOTEP MOXET 3aNOMUHATb MUNJTUOHBI YNCEN NoAO6HbIX 3TUM
OAHOBPEMEHHO M NPOBOAUTL C/IOXXHbIE MaTEMATUYECKKE onepaunn ¢ HUMN.

Tenepb Mbl FOTOBbI ONPEeAEeNUTb nepeMeHHyro (variable) Kak YyacTb NaMATU AN XPAHEHMS 3HAYEHUS.

Ka)xgasa nepeMeHHas Hy>XAaeTcs B UMEHU, KOTopoe naeHTuduumpyeT eé n oTIM4aeT oT APYrux.
HanpuMmep, B NpeabiayuieM KoAe MMeHa NepeMeHHbIX 6biin &, b n result, Ho Mbl MO Ha3BaTb
nepeMeHHble N06bIMKM MMeHaMu, KoTopble npuayManu 6bl, ¢ AnnHOM, gonyctumon anga C++
NAeHTUNKaTOPOB.

NaeHTudunkartopbobl

MpaBunbHbIN ugeHTudukatTop (valid identifier) — 3To nocnegoBaTenbHOCTb O4HOM UK 6onee 6yks,
umdp niam cumeonoB noavyépkneaHus (_). NMpobenbl, 3HaKM NpenuHaHns U ciyXebHble CUMBOJbl HE
MOryT 6bITb YacTblo naeHTuduUKaTopa. Baobasok, naeHTMdUKATOP AO/MKEH BCerga HauyMHaTbCs C
6ykBbl. OHM MOryT HaUMHaTbLCA TakxXe C CMMBO/a NoavYépkneaHms (_), HO NnogobHble naeHTUdUKaTOphLI
BO MHOIMX C/ly4asiX 3a4yMblBasivCb ANS pe3epBMPOBaHUS Ccrneunduyecknx KOMNbIOTEPHbIX KHOYEBbIX
C/I0B WM BHELWHNX MAEHTUDUKATOPOB, Kak U naeHTMdunKaTopbl, cogepxalune rage-nnbo asa coceaHmx
cMMBONa NoayYépkmBaHua. HM B KOeM criyyae OHM He MOryT HaunHaTbCs € umMdpbl.

A3bik C++ MCMNOSIb3yeT HEKOTOPOE KOJIMYECTBO KJIHOYEBLIX C/I0B ANS UAEHTUhMKAaLMM onepaumii u
onucaHus AaHHbIX. Mo 3ToW NpuyMHe naeHTUdUKATOpbI, Co3AaBaeMble NPOrpaMMUCTOM, HE AOJIKHbI
coBnajaTtb C 3TUMM K/tOYEBLIMU CrioBaMu. CTaHAapTOM 3ape3epBMPOBaHbI KJlOYEBbIE CI0BA, KOTOPbIE
He AO/KHbI MCMO1b30BaTbCsl MPOrpaMMUCTOM NPU CO34aHUM MAEHTUDNKATOPOB:

alignas, alignof, and, and eq, asm, auto, bitand, bitor, bool, break, case,
catch, char, charlé t, char32 t, class, compl, const, constexpr, const cast,
continue, decltype, default, delete, do, double, dynamic_cast, else, enum,
explicit, export, extern, false, float, for, friend, goto, if, inline, int,
long, mutable, namespace, new, noexcept, not, not eq, nullptr, operator, or,
or eq, private, protected, public, register, reinterpret cast, return, short,
signed, sizeof, static, static _assert, static cast, struct, switch, template,
this, thread local, throw, true, try, typedef, typeid, typename, union,
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unsigned, using, virtual, void, volatile, wchar t, while, xor, xor eq
HekoTopble KOMMUAATOPbI MOTYT MMETb AOMNOJIHUTENIbHbIE 3ape3epBMpPOBaHHbIE K/loUeBble C/10Ba.

OueHb BaXXHO: 5A3blk C++ OTHOCUTCS K S13blKaM «4yBCTBUTE/bHBIM K PErNCTPY>». DTO 3HAUMUT, YTO
naeHTMdUKaTop, HanncaHHbIM 60NblWMMK ByKBaMn He SKBMBANEHTEH APYrOMY, KOTOPbIA UMEET TO Xe
WMsl, HO HanMcaHHoe ManeHbkuMn bykBamu. To ecTb, Hanpumep, nepeMmeHHass RESULT He Ta xke, 4TO
nepeMeHHas result unm nepemeHHast Result, 310 Tpu pasHbiX naeHTUdUKaTopa, onpeaensowmx
pa3Hble NepeMeHHbIe.

CDyHn.ameHTan bHbI€ TUNbl AaHHbIX

3HaAUEHUNS NEPEMEHHbIX XpaHATCA rae-HMbyab B HeonpeaenéHHOM MecTe NaMaTU KOMMboTepa Kak Hyan
M eamHuubl. Hawer nporpaMMe HET HEO6X0ANMMOCTM 3HaTb KOHKPETHOE MECTO XPaHEeHWUS NMEePEMEHHON;
OHa MOXET NMpOoCTo 06paLlaTbCs K NEPEMEHHOIN Mo MMeHU. Ho B YéM nNporpamMMa Ao/KHa 6biTb YBEPEHA,
TaK 3TO B TOM, KaKOro poAa AaHHble XpaHUT nepeMeHHas. COBCEM HE OZIHO N TO XE — XPaHUTb n
NMPOCTOE Lienoe, Kak XpaHuTcst 6yKBa, UM XpaHUTb 60/1bLLIOE YMCIIO C MNJlaBatoLlell TOUKON; XOTS BCE
OHM MPEACTaB/IEHbl HYNAMU N €ANHMULAMKN, TPAKTYIOTCA OHM MO-Pa3HOMY, @ BO MHOMUX C/y4asx OHM
TpebyloT pa3Horo KoiM4yectsa namaTu.

dyHAaMeHTasnbHble TUMbl AaHHbIX — 3TO OCHOBHbIE TUMbl, BCTPOEHHbIE HEMOCPEACTBEHHO B A3blK,
KOTOpbIV NpeacTaBnsieT OCHOBHbIE eAMHULbI NaMATU, NoAAEPXKMNBAEMbIE UCXOAHO H6OMbLWMHCTBOM
cucteM. OHM MOryT KnaccmduumpoBaTbCA:

e CMMBOJNDbHbIE TUMbI: OHW MOrYT NPeACTaBAATb €AUHCTBEHHbI CUMBOJ, Takoi kak 'A' unu
'$'. OcHoBHOM TMN - 3T0 char, aensawowWwmincs o4HO6aNTOBbLIM. pyrue TUnbl NpeaycMoTpeHbl
ANS paclUMPEHHbIX CUMBOJIOB.

e UYucnosble Uenbie TUMbI: OHWM MOMYT XPaHWUTb Lesble 3HaueHus, Takne kak 7 uam 1024, Ouu
MOryT 6bITb pa3sHbIX pa3MepoB, U MOryT 6bITb U signed (co 3HakomM), n unsigned (6e33HakoBbI€)
B 3aBMCMMOCTM OT TOr0, NOAAEPXKUBAIOT SIN OHM OTPpULLATENIbHBIE 3HAUYEHUS USIN HET.

e Twnbl C NNaBaKoLWEen TOYKONU: OHN MOTYT NOAAEPKMBATL AENCTBUTENbHbIE 3HAUYEHUS, Takne
kak 3-14 unaun 0.01, c pasHoi CTeneHbio TOYHOCTM, UTO 3aBUCUT OT TOr0, Kakon 13 TpEX TUMOB
C NnaBakLen TOYKON NCNOSb3YyeTCS.

e bBynes T!n: 6ynes Tmn, nsBectHblilt B C++ kak bool, MoxeT npeacTaBnAaTh TONbKO ABa
coctosiHus true ynm false,

BOT MOJIHbIN CNMCOK hyHAaMEHTaNbHbIX TUMNOB B C++:

lpynna || WmeHa TMnos* || 3aMedyaHue no pasMmepy / TOHHOCTHU |
|char ||T0L|Ho 0AuH 6aiiT, 8 6uT. |
|char16_t ||He MeHee, yeM char. o kpaliHen mMepe, 16 6uT. |
CMMBO/TbHbIE TUMbI |char32_t ||He MeHee, YyeM charl6 t. XoTa 6bl 32 6ura. |
wehar t MoxeT npeacTaBnATb HaMboNbLLWMIA NOAAEPXKMBAEMbIN
- Habop cMMBOOB.
|signed char ||To Xe pa3smep, 4to U char. XoTs 6bl 8 6UT. |
|signed short int ||He MeHee, 4yeM char. XoTsa 6b1 16 6uT. |
U'(?nb'e Tnel |signed int ||He MeHee, YyeM short. XoTa 6bl 16 6uT. |
(signed)
|signed long int ||He MeHee, yeM int. XoTs 6bl 32 6uTa. |
|signed long long int ||He MeHee, YeM long. XoTs 6bl 64 6uTa. |
|unsigned char |
Uenble Tunbl |unsigned short int |
- - . (TOT e pa3mep, YTO UX ABOMHUK CO 3HAKOM)
(unsigned) lunsigned int |
|unsigned long int |
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unsigned long long

int

|float || |
C nnaléarol.u.eﬁ |doub1e ||TquOCTb He MeHee yeM float |
TOYKOM

|1ong double ||TquOCTb He MeHee yeM double |
|5yneB ™n ||b001 || |
|Void ™n ||void ||He OTBOAWTCA MECTO 4151 XpPaHeHus |

|

|Hynesoit ykasatens |[decltype (nullptr) I

* /IMEHa HEeKOTOPbIX LiesblX TUMOB MOryT 6bIThb YKOpOUYeHbl 6e3 nx signed y int cocraBnawowmnx —
TOJIbKO YacTb 6€3 BblAeNeHUs KypCcuBOM TpebyeTca Ans uaeHTUdUKaUum Tmuna, 4acTb, Bblae/leHHas
KYpCMBOM, Heobs3aTenbHa. To ectb, signed short int moxeT 3anucbiBaTbcs Kak Signed short,
short int mam npocto short; oHn BCce MAGHTUDULMPYIOTCS KaK TOT e dhyHAaMeHTaNbHbIA TUM.

B kaxaon M3 rpynn Bbile pa3sinyne Mexay TMnamu ToNbKOo B MX pa3Mmepe (TO ecTb, Kak MHOro MecTa
OHM 3aHMMalOT B NaMATU): NEePBbIA TUM B KaXA0OW M3 rpynn caMmbli MaseHbKWNIA, @ NOCNEAHUI CaMblIit
60nbLWON, rae Kaxabln TN HE MeHee NpeablAyLero B TOM Xe rpynne. 3a UCK/II0YEHMEM TOro, YTO TUMbI
B rpynne nMeelT OAWHAKOBble CBOMCTBaA.

3aMeTbTe, UTO B TabmLe BbIlLE UHblE TUMbI, YeM Cchar (MMetowmii pa3mep TOYHO B 0AMH 6aKT), HK
OAMH U3 PyHAAMeHTaNbHbIX TUMOB HE UMEET 3a4aHHOro CTaHAAPTHOro pa3Mepa (ToNbKO MUHMMabHbIN
pa3mep, camoe 6onblee). CnegoBatenbHO, TMN He TpebyeT (M BO MHOMMX Cy4vasx 3TO Tak) B TOUHOCTU
3TOr0 MMHUMAasIbHOro pa3Mepa. OTO He 03HAYaeT, YTO 3TU TUMbl UMET HeonpeaenéHHbIN pa3Mep, HO
TOJIbKO TO, YTO HET CTaHAapTHOro pasMepa A1 BCEX KOMMUAATOPOB M KOMMNbIOTEPOB. B kaxaomn
peanusaumn KoOMNuasaTopa MOryT 3ajaBaTbCs pasMepbl AN 3TUX TUMOB, Hauy4ywmM obpasom
noaxoasilme K apxutekType KoMnbloTepa, rae nporpamma byaet paboratb. OTa, ckopee
yHuBepcasnbHas, cneumdukaumsa ana TMnos NpuaaéT a3biky C++ 6onblwyto rmbKocTb B agantauum K
onTuManbHon paboTe Ha Bcex nnaTdopmMax, Kak CyLeCcTBYOWNX, Tak n byaywmx.

Pa3smepbl TMMOB Bbille BblpaXeHbl B 6utax; yem 60sblie 6UTOB MMEET TUM AaHHbIX, TeM 6oblue
pPa3NMYHbIX 3HAYEHUN OH MOXET NPEeACTaBasATb, HO B TO Xe BpeMs n oTbupaeT 6onblie namsaTu:

|Pa3mep||YHuKaanb|e npeacraBiisieMble 3|-|aqe|-|m||| NMpumeuaHuna |
[8-bit || 256||= 2° |
|16-bit_|| 65 536|[= 21 |
[32-bit || 4 294 967 296|[= 2% (~4 Munnuapaa) |
[6a-bit || 18 446 744 073 709 551 616|(= 2 (~18 munnnapaos munnvapaos)|

[Ons uenbix TMNOB Hanbonee NnpeacTaBUMbIE BEIMUYMHbBI 03HAYAKOT, YTO AMANa3oH BENYMH, KOTOpble
OHUW MOryT npeactaensatb, 6onbwe. Hanpumep, 16-6utoBoe 6e€33HaKoOBOE Le10e MOXET NpeacTaBuTb
65536 pasHbix 3Ha4yeHMin B AnanasoHe oT 0 go 65535, Toraa kak ero ABOMHUK CO 3HAKOM CMOXeT
NnpeacTaBuUTb, BO MHOMUX CNy4vasax, 3HadYeHus mexay -32768 n +32767. 3ameTbTe, UTO AMana3oH
NONOXUTENbHbIX Ynces NpnbAN3NTENIbHO BABOE MEHbLUE MPU CPpaBHEHUM AaHHbIX CO 3HAKOM C
6e33HaKoBbIMK, MOCKOJIbKY OAUH 6UT 13 16 ncnonb3yeTca ANsa 3HaKa. 3TO OTHOCUTENIbHO CKPOMHas
pa3HuLa, U OHa peaKko onpaBAbiBAaeT UCMOb30BaHWe 6e33HaKOBbIX TUMOB, OCHOBaHHbIX YNCTO Ha
AvanasoHe NOoJIOXUTENbHbIX YNCeN, KOTOPble OHWU MOTYT NpeAcTaBNAaTb

[ns TMNoB ¢ nnasatoLien TOUKON pa3Mep 3aBUCUT OT UX TOYHOCTU, NMESA 6onble nnm meHbwe 6MTOB
A1 UX 3Havallelr 4yacTu M SKCMOHEHTHI.

Ecnu pasMep uam TOYHOCTb TMMA He BaxkHbl, Torga char, int y double o6bluHO BbIGMpalOTCa ANs
MCMOMb30BaHMs C CUMBOIAMM, LLENbIMU U YACIIAMUM C NaBaloLeid TOYKOM COOTBETCTBEHHO. [pyrue TuMbl
B MX COOTBETCTBYIOLMX IPynmnax UCMoNb3YyHTCA TOIbKO B OCO6EHHbIX Cy4asXx.

CBoicTBa pyHAAMEHTaNbHbIX TUMOB B 06bIYHBIX CUCTEMAX U peanmnsaumsax KOMMNUASTOPOB MOryT 6biTb
noslyyYeHbl NPy UCMoJIb30BaHUK Knaccos numeric_limits (cM. cTaHAapTHbIM 3arofloBOYHbLIX hain
<limits>), ECnu ecTb KakMe-To COO6paxeHus, KOraa HY>Hbl TUMbl 0CO6bIX pa3MepoB, 6ubnmoteka
onpeaensieT HEKOTOPble afbTEPHATMBHbIE HAa3BaHWSA TUMOB (PUKCMPOBAHHOIO pa3Mepa B 3aro/I0BOYHOM
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d)a[/’me <cstdint>,

Tunbl, oNMcaHHble Bbile (CUMBOMbHBIE, Liefble, C NaBatolleit TOYKON 1 6yneBbl), COBMECTHO U3BECTHbI
Kak apudMeTnyeckmne Tunbl. Ho ecTb ABa AOMOMHUTENbHbIX (yHAAMEHTaNbHbIX TUMNa: void,
naeHTMdULUMPYOLWMIA OTCYTCTBME TUNA, U TMn NUllptr, koTopblii 03HaYaeT cneuunanbHbli TN
ykasaTtens. O6a Tuna 6yayT 06CyXAaTbCA NO3XE B rNaBe, NOCBALWEHHON yKa3aTensam.

C++ noaaepxuBaeT 60nblwoe pa3Hoobpasne TUNOB, OCHOBaHHbIX HA dMYyHAAMEHTabHbIX TUNax
AAHHbIX, OMUCaHHbIX Bbile. DT Apyrue TUMNbl U3BECTHbI Kak compound data types (C/10XKHbIe TUrbl
AaHHbIX), U OHN NPEACTaBASAIOT OAHY M3 OCHOBHbIX CUJIbHbIX CTOPOH si3bika C++. Mbl nx pasbepém
Takxxe 6onee getanbHO B CneaylowWwmx rnaBax.

O6baABNEeHMne NepeMeHHbIX

C++ - 5A3blK CO CTPOrMM KOHTpOsieM TMMNOB. DT0 TpebyeT, uTobbl Kaxaas nepeMeHHas 6bina obbasneHa
C €€ TMNOM A0 NepBOro UCMob30BaHMS. DTO OMOBeELLaeT KOMNMAATOP 0 Heob6xoAMMOM pa3mepe
pe3epBMpyeMon NamMaTn U O TOM, KakK MHTepNpeTMpoBaTb 3HaYeHMe nepemMeHHon. CMHTaKCcnc
06bsABNEeHMs HOBOWN nepemMeHHor B C++ NpsMON: Mbl NPOCTO NULWIEM TN Nepej UMeHeM nepeMeHHOoM
(To ecTb, €€ ngeHtndukatopom). Hanpumep:

int a;
float mynumber;

34echb ABa MPaBUibHLIX 06bSABEHUS MepeMeHHbIX. MNepBoe 06bABAAET NepeMeHHyIo Tuna int ¢
naeHnTUdUKaTopoM 2. Bropoe o6bsaBNAeT NnepeMeHHyto Tuna £loat c naeHtudumkatopom mynumber,
Koraa oHW 06bsB/IEHBI, MEPEMEHHbIE & M Mynumber MoryT UCMosb30BaTbCA BHYTPU OCTasIbHOM UX
061acTv NpUMeHeHWs B nNporpamMme. Ecnn o6bsiBneHo 6oiee 0HOM NEPEMEHHON C TEM XE TUMOM, OHU
MOryT 06bABAATLCSA B OAHOM CTPOKE C UMEHAMM, pasaensieMbiMu 3anaTbiMU. Hanpumep:

int a, b, c;
3TuM 06BABNAOTCA TPU NepeMeHHble (&, b 1 C), Bce oHM TMNa int, n 3To 3HaUMT TO XXe camoe, 4To:

int a;
int b;
int c;

YT06bl MOCMOTPETb, KakK BbIrMSAUT 06bSABEHNE NEPEMEHHON B AENCTBUKN, B NporpaMMe, AaBaiTe
paccMoTpuM Becb ko C++ npuMmepa, NpeaoXXeHHOro K MbIC/IEHHOMY 3KCNEPUMEHTY B Havasne 3Toi
rnasbl:

// operating with variables 4

#include <iostream>
using namespace std;

int main ()

{
// oBBgBJIEHUE MMEepPEeMEeHHEBIX :
int a, b;
int result;

// mpouecc:

a = 5;

b = 2;

a=a+ 1;
result = a - b;

// BHIBOI pes3yJbTaTa:
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cout << result;

// 3BaBepluieHVE IPOTPAMME:
return 0;

He 6ecnokoinTech, ecnun 4Yto-To, Kpome o0b6bsABNeHns cobCcTBEHHO HGDEMeHHOVI, BbIrNaanT Anga Bac
HEMHOro cTpaHHo. Bcé 3To 6yp,eT AETAaJ/IbHO pPa3bACHEHO B CieAy WX rnaBax.

MHuUMann3aumsa nepeMeHHbIX

Koraa nepeMeHHble B NpUMepe Bblle 06bSABMEHbI, OHWN UMEIDT HeonpeaenéHHoe 3HadYeHne, Noka UM
Bnepsble He 6yaeT NPUCBOEHO 3Ha4YeHne. Ho MOXHO 3aaaTb NepeMeHHOM 3HadeHne npu eé
06bSABNEHMWN. DTO HA3bIBAETCH MHMLMAIN3ALNEN NEPEMEHHOMN.

B C++ ecTtb Tpu cnocoba nHMUManmsaumm nepeMmeHHbiX. OHU BCe paBHO3HAYHbl U HAaNoOMUHAKT 06
3BOJIOLMM sI3blKa B TEYEHME MHOTUX JET.

MepBbIN, N3BECTHbIN Kak c-like initialization (C-nogobHasa nHnumnanunsaums, NOCKONbKY OHa nowna oT
sa3blka Cn), 3akodaetca B fobaBneHMn 3HaKa paBeHCTBa U 3HAYE€HNS, KOTOPbIM MHULMANU3UPYETCS
nepeMeHHas:

type identifier = initial value;

Hanpumep, ansa obsaBneHus HepeMEHHOVI TMna 1nt ¢ uMeHeMe X 1M HavasibHbIM 3HAYEHUEM HOSb npu
06bsABNEHNM Mbl MOXEM HanucaTb:

int x = 0;

BTopoit MmeToa, U3BECTHbIN Kak constructor initialization (KOHCTPYKTUBHas MHULUManNM3auus, BBeaEHHas
Aa3blkoM C++), pa3pellaeT BCTaBAATb HayalibHOE 3HauYeHne Mexay ckobkamu (()):

type identifier (initial value);
Hanpumep:

int x (0);

HakoHeu, TpeTuin MeTod, U3BECTHbLIN Kak uniform initialization (eanHoobpa3Has nHnUmMaan3aums),
NOX0X Ha NpeablAyLWwMin, HO UCNOoNb3yeT durypHole ckobkn ({}) BMmecto 06bluHbIX (3TO 6bISI0 BBEAEHO
npu pesmsnun ctaHgapta C++ B8 2011):

type identifier {initial value};

Hanpumep:
int x {0};
Bce Tpu cnocoba nHMumManusaumm npasusibHbl U 3KBUBANEHTHbI B C++.

// MHMLIMaI/3auus IepPEeMeHHBIX 6

#include <iostream>
using namespace std;

int main ()

{
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int a=5; // HauvaJlbHOe 3HadeHue: 5
int b (3); // HadajbHOEe 3HadeHue: 3
int c{2}; // HadajbHOEe 3HadeHue: 2

int result; // HauaJlbHOE 3HAUEHEe He ONpelIeJieHO
a=a + b;
result = a - ¢c;

cout << result;

return 0;

BbisBneHune tuna: auto m decltype

Koraa viHMunanunsnpyeTcs HoBas nepeMeHHas, KOMNUAATOP MOXET aBTOMaTUUYECKU BbISCHUTbL TUN
rnepeMeHHOM C NOMOLLbIO HULKanu3aTopa. [na 3Toro AoCTaTto4HO UCMOoJIb30BaTb auto B kayecTse
Tuna, onpeaenéHHoro Ans nepeMeHHon:

int foo = 0;
auto bar = foo; // To %e, uro: int bar = foo;

3pech bar peknapupyetcsa Kak nepeMeHHas, uMetowast Tmun auto; noatomy TMn bar - ato TMN
3Ha4YeHMWs, UCMOJIb3YEMBIN AN MHULUMANU3aUMnN: B HalLeM cilydae ucnonbayetca Tun £0o, oH xe int,

MepeMeHHble, KOTOpble HE MHULMANM3UPOBaHbI, MOTYT TakK)Xe UCMOMb30BaTh BbiBEeHWE THMa
cneundmkaTtopom decltype:

int foo = 0;
decltype (foo) bar; // To xe, uTOo: int bar;

3neck bar peknapupyertca Kak UMeRLLMiA TO Xe Tvn, yto un oo,

auto y decltype - 370 MoLLHbIE CpeAcTBa, Ao6aB/EHHbIE B A3bIK HEAaBHO. Ho BbisBNeHMe TUNa,
BBOAMMOIO UMW, NpeaHa3Ha4vYeHbl 418 UCNonb3oBaHus nnbo Toraa, Korga TMN HE MOXET 6bITb MonyyeH
ApyrMMu Metoaamm, nmbo Toraa, Koraa UxX MCnosib30BaHME yNydllaeT YMTAaeEMOCTb kKoaa. [lBa npumepa
Bbile He 6biKn, CKopee BCero, 0AHUM U3 3TUX C/Ty4aeB MCMNosb30BaHMsA. bonee Toro, oOHM, BEPOSATHO,
CHUXKAIOT YUNTAEMOCTb, MOCKO/IbKY MPU UTEHMM KOoAa MPUXOAMTCA MCKaTb TMn £0O ang noHMMaHuma Tuna
bar,

BBeaeHue B CTPOKM

OyHAaMeHTanbHble TUMbl NpeacTaBnAT coboli camble OCHOBHblE, NoAAEPXMBAEMbIE KOMMNbOTEPAMU,
Aans pa60TbI Ha KOTOpbIX KOA4 U co3aaétcsa. Ho 0AHUM N3 OCHOBHbIX AOCTOUHCTB S3blKa C++ gasnsiercsa
ero 6oratbin Ha6op CNOXHbIX TUNOB, AN KOTOPbIX d)YHLI,aMEHTaﬂbeIe TUMNbl CTAHOBATCA NPOCTbIMU
CTpOUTENbHbIMU 6nokamu.

MpMMEPOM CIOXHOro TMa sBnsieTcs knacc string, NepeMeHHble 3TOro TMMa Crnoco6Hbl XpaHUTb
nocnefoBaTeIbHOCTM CUMBOJIOB, TakMe Kak C/i0Ba UK npeanoxeHnsi. O4eHb none3Has BO3MOXHOCTb!

MNMepBoe oTnMuMe oT PyHAAMEHTaNbHbIX TUMOB AaHHbIX B NOPSAKE 00BbSBIEHUS U UCMOJIb30BaHUS
06beKTOB (NepeMeHHbIX) 3TOro TMna, B NpOrpaMMy HYXHO BK/OUYUTb 3arosioBOYHbIN daiin, rae
onpeaensieTcs 3ToT TUM BHYTPU CTaHAAPTHON BUBAMOTEKN (3aronoBOYHbIN dain <string>):

// my first string This is a string
#include <iostream>

#include <string>

using namespace std;
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int main ()
{
string mystring;
mystring = "This is a string";
cout << mystring;
return O0;

Kak Bbl MOXeTe BMAETb B NpUMepe Bbllle, CTPOKU MOTryT MHULMANU3UPOBaTbCA nbbiMn AonyCTMbiMU
CTPpOKOBbIMKX CMMBOJ1aMH, noao6bHo TOMY, KaK nepeMeHHble YAC/TOBOIro Tuna MOryT
MHNUMANN3NpoBaTbCA nobbiMn [ONYCTUMbIMW YNCNOBbIMU cMMBOamMu. Kak n c CDYH/J,aMEHTaJ'IbeIMVI
TUNnamu, BCce CbOpMaTbI MHUUMannsaunmmn cnpasensimebol U ANa CTpokK:

string mystring = "This is a string"
string mystring ("This is a string")
string mystring {"This is a string"};

o Ne N

Co cTpokaMn MOryT TakXe BbIMOSIHATLCA BCE 6a3zoBble onepaunn, 4Tto n C CbYH,CI,aMEHTaﬂbeIMVI TMNnaMmu,
noaobHo 06baABMeHUo 6€3 HavYanbHOro 3Ha4eHNs N U3MEHEHUS 3HAYEHUS B npouecce BbINMNOJIHEHUA .

// my first string This is the initial string content
#include <iostream> This is a different string content
#include <string>

using namespace std;

int main ()
{
string mystring;
mystring = "This is the initial
string content";
cout << mystring << endl;
mystring = "This is a different
string content";
cout << mystring << endl;
return 0;

MpuMmeyaHme: BcTaBka endl — 310 MaHunynaTop ends the line, koHey cTpoku (NeyaTb CMMBOJSI@ HOBOM
CTPOKM U OYMCTKa NOTOKa).

Knacc string NpUHaanexuT K compound type (cioxHbibi Tui). Kak Bbl MOrW BUAETh B NpuMepe
BblLLE, C/IOXHbIE TUMbI UCMOJIb3YIOTCA TaK Xe, Kak U pyHAaMEHTa/IbHbIE TUMbl: UCMOJIb3YETCA TOT Xe

CUHTAKCuUC npu 0b6bsBNeHUN NnepeMEHHbIX N X UHNUMann3auun.

Bonee petanbHO co ctaHaapToM CcTpok C++ MOXHO 03HAaKOMUTLCS MO CCblSIKE KacC string.
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NMoCcTOsIHHbIE

locTosIHHbIE — 3TO BblpaXeHUst C PUKCUPOBAHHBIM 3HAYEHUEM.

Jintepansl

JinTepansl - 3T0 Hanbosee ABHbIN BUA KOHCTAHT. OHU UCMONb3YIOTCS A/ YCTaHOBKM OnpeaenéHHbIX
3HaYeHWI BHYTPU UCXOAHOMO KoAa NporpaMmbl. Mbl yxe MCNob30Basiv HEKOTOPbIE U3 HUX B
npeablaywmx rnaBax, 3agaBasi 3HaueHUs NepeMeHHbIM UK yCTaHaBMBas COOBLLEHNS, KOTOPbIE Mbl
xoTenu 6bl, YTo6bI Hala NporpaMMa pacrneyaTana, HanpuMep, Koraa Mbl NULEeM:

5 B 3TOM YacTu koaa 6bino literal constant (nutepasibHass MOCTOSHHAS).

JlnTepanbHble KOHCTaHTbl MOMyT KJlacCMUUMPOBaTbCS B: LENbIX, C NiaBatoLen TOUKON, CUMBObHbIX,
CTPOKOBbIX, 6YyNeBbIX, YKasaTeNbHbIX U ONpeaeséHHbIX NONb30BATENEM UTEPAnax.

Llenblie uncna

1776
707
=273

DTO YNCNIOBbIE KOHCTAHTbI, KOTOpPblE NAEHTUMDULMPYIOT Lesible 3Ha4YeHus. 3aMeTbTe, YTO OHUM He B
KaBbl4KaX Uan Apyrux cneunanbHbIX CMMBOJ1aX; 3TO NPOCTO nNocneaoBaTe/iIbHOCTb LI,VICbp,
npeacrtasnsdaOWlasa uenoe gecATM4yHoe 4Ynmcmno, HanpuMmep, 1776 BCerga npeactaBnsaeT 3HavyeHne ogHa
TbiCSi4Ya CEMbCOT CEMAECAT LUECTb.

B pononHeHWe K AeCATUYHbBIM Yncnam (Tex, 4To Mbl MCNOJb3yeM KaxaoaHeBHO) C++ nossosser
MCMoNb30BaTb BOCbMEPUYHbIE Yncna (C ocHoBaHueM 8) u wecTtHaguaTepuyHble yncna (C OCHoBaHMeEM
16) Kak nuTepasnbHble KOHCTaHTbl. 15 BOCbMEpPUYHbIX MTepanoB uMdpbl npeasapsaoTcs cumosiom O
(Honb). A Ang WecTHaauaTepuyHbIX npeaBapsitotTcs cumeosioM 0x (Honb, X). HanpuMep, cneaytowme
nuTepanbHble KOHCTaHTbl BCE 3KBUBAJSIEHTHbI:

75 // mecaTuyHOe
0113 // BOCBMEpPMUHOE
0x4b // mecTHamlaTepudHOe

Bcé 3710 npeactasnsieT 04HO 4Uncno: 75 (cemaecaT NaTb) BblpaXeHHOe AeCATUYHbIMWU, BOCbMEPUYHbLIMU
W WwecTHaguaTepmMyHbiMU LmMdpamMm COOTBETCTBEHHO.

DTW NUTepasbHble KOHCTaHTbl UMEIOT CBOM TUM, KaK U nepeMeHHble. Mo yMonYaHuio Lenble nutepansl
nMeroT TMn int, OgHaKo K LenbiM nuTepanaMm MoryT 6biTh 06aBeHbl HEKOTopble CydDdOUKCHI,
3afaloline pasHble Lesble TUMbL:

|Cycb¢m<c]|MonucbuKaTop Tuna|

|u oruU ||unsigned |

|lorL ”long |

|ll or LL ||long long |
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Be33HakoBble (unsigned) MoryT KOM6MHUpPOBATLCS C NO6bIMU APYrMMK ABYMS AN HOPMUMPOBaHUS
unsigned long ynm unsigned long long,

Hanpumep:
75 // int
75u // unsigned int
751 // long
75ul // unsigned long
751u // unsigned long

Bo Bcex cnyyasx Bblwe cyddUKC MOXET 6bITb 3ag4aH C MCNOSb30BaHMEM NMB0O NPONUCHLIX, TNM60
CTPOYHbIX BYKB.

Yucna c nsiaBalowler TOUKOM

OHM NpeacTaBnsitioT AEACTBUTENbHbIE YMC/A B AECATUYHOM U/UAN BKCNOHEHUMaNbHOM Buae. OHU MOryT
BK/OYATb MO0 AECATUYHYIO TOUKY, CUMBOS € (BblpaXkaloLWnin «4ecsiTb B cTerneHn X», roe X — 370
uenoe, cneaywuiee 3a CMMBOIOM €), NMb0 1 TO, AECATUYHYIO TOYKY, U ApYroe, CUMBOJ €:

3.14159 // 3.14159
6.02e23 // 6.02 x 10723
1.6e-19 // 1.6 x 107-19
3.0 // 3.0

BoT yeTbipe uncna B gecatnyHom euae B C++. lNMepBoe umncno - 3to PI, BTOpoe — 04HO M3 yncen
ABOragpo, TpeTbe — 3/71eKTPUYECKNn 3apas 371eKTpoHa (OYeHb ManeHbKOe YMCI0) — BCE OHU
npubnusuTtensHbie — a nocnegHee YACNO TPy BbIPAXXEHO KakK YMCIOBOM nuTepas C njiasatowen TOUKON.

Mo yMonyaHuio 4Ns NUTEPasoB C NiaBatolent TOYKON npegHasHaveH tun double, Nutepansl C
nnasatoweli Toukon Tmnos float unn long double moryT 3apaBaTbca fo6aBfeHMEM O4HOMO U3
cneayrwmx cydpdumnkcos:

[Cydbdukc||  Tun |
lforr  |[float |

h,orlj ”long double|

Hanpumep:

3.14159L // long double
6.02e23f // float

Jllobas 6ykBa, KOTopas MOXeT 6bITb YacTblo YNCNOBOM KOHCTaHThbI C Nnasatollei Toukoi (e, £, 1)
MOXET 3aMnmncbiBaTbCsl Kak B HMXXHEM, TaK U B BEPXHEM PErucTpe, YTO HE MEeHSIET CYLLHOCTHU.

CUMBOJIbHbIE U CTPOKOBbIE NUTEpanbl
CVMBOJIbHbIE U CTPOKOBbIE NNTEPAsibl 3aKHO4YakTCA B KaBbl4YKW:

7
lpl

"Hello world"
"How do you do?"
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MepBble ABa BblpaXXeHUs NMPeAcTaBNAT 0T4e/IbHble 6YKBEHHbIE INTEPAJIbI, @ Cneaywme aAsa
NpeacTaBAsItOT CTPOKOBbLIE INTEPAJIbI, COCTOSILLME U3 HECKOIbKMX CMMBOJIOB. 3aMeTbTe, YTO ANS
npeacTaBneHns eANHCTBEHHOIO CMMBOJIA Mbl 3aK/1l0YaEM ero B 0AWHOYHbIE KaBbluku ('), a ansa
npeacraBneHns cTpokn (06bl4HO coaepxalen 6onee ogHOro CMMBOJIA) Mbl UCMOJIb3YEM ABOWNHbIE
kaBbluku (").

M oAnHOYHbIE CMMBOJIbLI, U CTPOKOBbLIE NUTEpassbl Tpe6YIOT KaBbl4EK BOKPYI HUX, YTO6bI OTANYNUTL UX OT
BO3MOXHbIX VID,eHTVId)MKaTOpOB rnepeMeHHbIX WX 3ape3epBUPOBaHHbIX KOYEBbIX C/10B. OTMeTbTe
pasnnyna Mexay 3TuMn AByMA BblpaXXeHUAMU!

X
!

34ecb OANHOYHOE X ByAEeT OTHOCUTBLCS K MAEHTUDUKATOPY, TaKOMY Kak UMS MEPEMEHHOM Uiun
CNOXHOMY TUNy, Toraa Kak 'X' (3ak/lo4éHHOE B OAMHOYUHbIE KaBblukn) 6yaeT OTHOCUTLCA K nuTepany
6ykBbl 'X' (cMMBONY, NpeAcTaBNAlWEMY 6YKBY X B HUXKHEM PETUCTPE).

CVMBOJIbHbIE U CTPOKOBbIE IUTEPasbl MOTYT TakKXe NpeAacTaBAsATb CrieunanbHble CUMBOJbI, YTO TPYAHO
WM HEBO3MOXHO BbIPa3nTb MHAYe B UCXOAHOM KoAe MporpaMMbl NoA06HO CMMBOMY HOBOM cTpoku (\n)
nnu Tabynaumm (\t). Bce 3T cneumanbHbie CUMBOMbI NPEABApSIOTCS CUMBOIOM 06paTHOM KOCOW YepThbl

().

BoT cnncok 0AMHO4YHbLIX CUMBOIOB escape codes:

|Escape code]| OnucaHue |
\n ||Hosas nuhus |
\r ||Bosspat kapeTku |
I\t |[Tabynsums |
|\v ||BepTV|Kaana;| Tabynsaums |
\b ||Bosspat Ha cumBon |
|\f ||I'Ipor0H ¢dopmsbl (Nepesos CTpaHI/ILI,bI)|
Na |lcurnan (ryaox) |
|\' ”OAMHOHHaﬂ KaBblyka (') |
|\" ||£|,|3017|Ha;| KaBblyka (") |
|\? ||3Ha|< Bonpoca (?) |
|\\ ||O6paTHa;| kocas yepta (\) |
Hanpumep:

"\n'

N

"Left \t Right"

"one\ntwo\nthree"

B koMnbloTepe CUMBOJbI NPeACTaBNEHbI KaK YMCNOBbIE KOAbI: Yalle BCEro UCMONb3YHTCS O4HO U3
pacwupeHnii cumonosB ASCII cucrtembl kogmupoBaHus (cM. ASCII code). CMMBObI MOFYT 6bITb TakXxe
npeacTaB/ieHbl MTepanamMmu, NCNOMb3YHLWNUMN NX YNCTOBOWM KOA, 3anucCaHHbI nocne obpaTHOM KOCOM
yepTbl (\) B BOCbMEpUYHOM (Ha 6a3e 8) unu wectHaauaTepuyHoM (Ha 6ase 16) yncnosom euge. Ans
BOCbMEPMWYHbIX 3HAYEHUN YNCNO CeayeT 3a KOCOM YepToM, a WeCTHAAUATEPUYHOMY 3HAUEHUIO
npealecTsyeT CMMBO X 3a 06paTHOM Kocol vepToi (Hanpumep: \x20 uan \x4A),

HecKkonbKo CTPOKOBBIX JIMTEPAsIOB MOrYT 06beAMHSTLCS BMECTe B OAWH CTPOKOBbIN SiMTepar, NpocTo

OTAENUTE UX OAHUM MM HECKONIbKUMUK Npobenamun, B TOM Yucie Tabynsaumeil, HOBO CTPOKOM U
APYrMMU NOAXOASLWMMM CUMBONAMu nNpobenos. Hanpumep:

"this forms" "a single" " string "
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"of characters"

CTpoKOBbI NMTepan Bbllle 3KBUBANIEHTEH:

"this forms a single string of characters"

3ameTbTe, YTO Npobesibl BHYTPM KaBbl4eK — 3TO YacCTb inTepana, a BHE KaBblYEK HET.
HekoTopble MporpaMMmUCTbl NCMONbL3YIOT TPIOK ANS BKAKOYEHUS AJIMHHOIO CTPOKOBOIO nTepana B
HEeCKONbKO CTpok: B C++ o6paTHas kocas yepTa (\) B KOHLE CTPOKM 060CHOBbIBAET CUMBON line-

continuation (npogoJsixeHne CTPOKM), KOTOPbIN CBSA3bIBAET 06e 3TN CTPOKK B OAHY. TakuM obpa3om,
cneaylwmin Koa:

X = "string expressed in \
two lines"

SKBUBANEHTEH!

x = "string expressed in two lines"

Bce cMMBONbHbIE NUTEpanbl U CTPOKOBbIE SITEPasbl, ONUCaHHbIE Bbile, COCTOAT U3 CUMBOJIOB TUNa
char, [Apyrue Tvnbl CMMBOJIOB MOTYT 3a4aBaTbCsa C UCMOIb30BaHMEM OA4HOI0 U3 HDECbMKCOBZ

|I'Ipec|mxc||Tun cuMBona|

|u ”charl6_t |
U char32 t
L wchar t

3amMeTbTe, YTO B OT/IMUME OT CyDPUKCOB ANS LenblX 1MTepasnoB 3T NpeduKCobl YyBCTBUTE/IbHbI K
perucTpy: cTpodHble gns charlé_t u nponucHele gns char32_t y wchar_ t,

Onsa CTPOKOBbIX NUTEpPasioB MOMUMO BblllEeyKa3aHHbIX U, Un L ectb aBa AOMNONHUTENBHbIX npechKca:

|npe¢m<c|| OnucaHue |
|u8 ||CTp0|<osbu7| nutepan B Kogmposke UTF-8 |
|R ||CTp0|<osbu7| nuTepan - 31o HeobpaboTaHHas CTpOKa|

B HeobpaboTaHHOI CTpoKe o06paTHblE KOCbIE U KaBblUKW, OAMHAPHbIE U ABOMHbIE, BCe 6yayT
npaBW/IbHbIMW CUMBOJIAMWN; COAEPXaHWE NnuTepana orpaHMyeHo Hadanom R"sequence (n
OKOHYaHWeM) sequence", rge sequence - 310 Ntob6as NoCNeAoBaTENbHOCTb CUMBOJIOB (BKJ1HOUas
NycTyto nocregoBaTenbHOCTb). Coaep)xaHne CTPOKM — 3TO BCE, UYTO NEXUT BHYTPU CKOOOK, UTHOPUPYS
caMu orpaHuuuTenun sequence. Hanpumep:

R" (string with \backslash)"
R"&%S (string with \backslash) &%S$"

O6e cTpoKkM Bblille 3kBMBaneHTHbl "string with \backslash", Mpedukc R MoxHO KOME6MHMPOBATL
C ApyrMMn npeduKcammn, Taknumm Kak u, L uamn us,
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Apyrve nutepanbl

B C++ ecTb nuTepansbl TpEX KNtoyeBbix cnoB: true, false y nullptr;

e truey false - 370 gBa BO3MOXHbIX 3HAaYE€HUs ANA NepeMeHHon Tuna bool,
e nullptr - 310 3HaueHue null pointer (HyneBos ykasartesib).

bool foo = true;
bool bar = false;
int* p = nullptr;

TUNU3MPOBaAHHbIE KOHCTAHTbI BbiPpa)XeHUM

NHoW pa3 yaobHO AaBaTb MMEHa KOHCTaHTaM:

const double pi = 3.1415926;
const char tab = '\t';

[Mo3>e X MOXHO MCMNOoJS1b30BaTb BMECTO nntTepanos, Angd 4ero oHn n onpeaensannchb:

#include <iostream> 31.4159
using namespace std;

const double pi = 3.14159;
const char newline = '\n';

int main ()
{

double r=5.0; //
radius

double circle;

circle = 2 * pi * r;

cout << circle;
cout << newline;

Onpeanenexnun npenpoueccopa (#define)

[pyroin MEXaHU3M MMEHOBaTb KOHCTAHTbl — 3TO MCMOJIb30BaThb OnpeaeneHus npenpoueccopa. OHu
NMeIoT crieaytoLlyto hopMy:

#define identifier replacement

Mocne 3Toit AuMpeKTMBLI Nto6oe nosieneHme identifier g koge NporpaMMbl MHTEPNPETUMPYETCS Kak
replacement, rge noacrtaHoBka (replacement) — 371o nobas Nocneno0BaTeIbHOCTbL CUMBOOB (0
KOHLLA CTPOKM). ITO 3aMeLleHNE BbIMOSHSAETCSA NPENpPoLECCOPOM, N NMPOUCXOAUT Nepel KoMAuasaumen
nporpammbl. Takum 06pa3oM, 3TO NPUBOAUT K YEMY-TO BPOAE C/IEMNOIN 3aMeHbl: NpaBUIbHOCTb TUMOB
NN CUHTaKCUca He NpoBepsieTcs B 1t060M ciyyae.

Hanpumep:

#include <iostream> 31.4159
using namespace std;
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#define PI 3.14159
#define NEWLINE '\n'

int main ()

{
double r=5.0; // radius
double circle;

circle = 2 * PI * r;
cout << circle;
cout << NEWLINE;

3ameTbTe, YTO CTpOKa #define — 3TO AMpeKTUBaA Npenpoueccopa, 1, Taknm obpasom, asnaseTcs
OAHOCTPOYHOWM MHCTPYKUMEN, KOTOPAs, B OTAIMYKNE OT BblipaxeHnit C++, He TpebyeT TOUKKN C 3ansaTomn
(;) B KOHUE; ANpeKTMBa pacnpoCTpaHAeTCs aBTOMAaTUYECKM A0 KOoHUA CTPOokU. Ecim Touka c 3ansaTomn
eCTb B CTpOKe, oHa byaeT yacTbio NocsefoBaTelbHOCTY 3aMeleHns (replacement) v Takxxe nosiBUTCA
BO BCeX C/y4asiX MoACTaHOBKM.
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OnepaTtopbl

Koraa Mbl 03HAKOMUIUCL C NepPeMEHHbIMN U KOHCTaHTaMKu, Mbl MOXEM HayaTb ONepupoBaTb C HUMK,
ncnonb3ys orneparopsl. To, 4TO Aanblle — 3TO MOJHbIN CMNCOK onepatopos. B OAHHbIN MOMEHT,
NMoxXoXXe, HET HY>XAbl 3HaTb X BCE, HO OHW BCE NepevyncneHbl 34eCb, YTO6bI HA HUX MOXHO 6bIN0
CCblnaTtbCA.

OnepaTop npucBaunBaHusa (=)

OnepaTop npucBanBaHne NpuUcBaMBaeT 3HAUYEHUE NEPEMEHHON.

DT0 BblpaXeHWe NpUCcBanBaeT Lesfioe 3HaveHne 5 nepemeHHol X. Onepauus npuceanBaHus Bceraa
MMeeT MecTo CrpaBa HaflleBo, M HMKOrAa He HaobopoT:

X =Yy

DT0 BblpaXeHMe NpucBanMBaeT NepeMeHHoW X 3HauyeHue, coaepiKalleecs B NepeMeHHon Y. 3HadyeHne X
B 3TOT MOMEHT TEPAETCA U 3aMEHSAETCS 3HAUEHUNEM V.

YUuTuTe, 4TO Mbl MPUCBOUIN 3HAYEHNE Y HGDEMeHHOVI X TO/IbKO B MOMEHT onepaunn npucsanBaHug. To
€CTb, eC/in Y U3MEHUTCSA NO3Xe, 3TO HE U3MEHUT 3HAYeEHUE X,

Hanpumep, AaBaliTe B3rnsgHeM Ha C}'IED,YI'OLU,VII‘/II KoA — A BKIIKOYUI USMEHEHNE COAEPXMMOIo NnepeMEHHbIX
B KOMMEHTapunu:

// assignment operator a:4 b:7
#include <iostream>
using namespace std;

int main ()

{

int a, b; // a:?, b:?
a = 10; // a:10, b:?
b = 4; // a:10, b:4
a = b; // a:4, Db:4d
b =717; // a:4, Db:7

cout << "a:";
cout << ay
cout << " b:";
cout << b;

OTa NnporpamMMa BbIBOAWUT HAa 3KpaH OKOHYATE/bHbIE 3HAYEHUA & U b (4 n 7 COOTBETCTBEHHO). 3aMeTbTe,
yTO @ He 6blNa 3aTPoHYTa nocneaHen moandukaumein o, xota Mbl 06bABUIM @& = D paHee.

Onepauun NnpuceBanBaHUsa — 3TO BbIPaXeEHUS, KOTOPbIE MOIMYT BbIYMUCAATLCA. YTO 03HAYaeT, YTo

npucBanBaHMe caMo MMeeT 3HadyeHue, U AN dhyHAaMeHTalbHbIX TUMOB 3TO 3HAYEeHUe NPUCBANBAETCS
npv onepaunu. Hanpumep:

B 3TOM BblpaXxeHUn Y NpuceBamBaeTCs pe3ynbTaT CA0XeHUs 2 N 3HaYeHne APYroro BblpaXKeHus
npuceanBaHua (KOTOpoe MMEET CaMO 3Ha4yeHne 5). 210 ﬂpM6ﬂVI3MTe}'IbHO SKBUBANEHTHO!
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x = 5;
y = 2 + x;

C oKOH4YaTesIbHbIM pe3yfnbTaToOM NnpucesavBaHua 7 Ansa y.

Cneaytoliee Bbipa)KeHne Takxe npaBusibHO B C++:

DTo nNpucBanBaeT 5 BCceM TpPEM NepeMeHHbIM: X, Y U Z; BCerga crnpaBa Haneso.

ApucdmMmernueckue onepartopnbl ( +, -, *, /, % )

MNaTb apudmeTnyecknx onepauyunin, nogaepxmsaemoie B C++, 370:

lonepatop||onucanmue)|

|+ ||cno>KeHV|e |
|— ||Bb|L|V|TaHV|e|
|* ||YMHO)KeHI/Ie|
|/ ||,qeneHv|e |
% ||0CTaTOK |

Onepauunmn CroXeHusl, BblYUTaHUSA, YMHOXEHUS U AENIEHUSI COOTHOCATCS 6yKBasIbHO C UX
MaTeMaTU4yecknMmm onepatopamu. MocneaHnn modulo operator, npeacTaBfieHHbIN 3HAKOM NpPOLEHTa
(%), naét ocTaTok OT AeneHus AByX uucen. Hanpumep:

x =11 % 3;

pe3ynbTaT B NEPEMEHHON X — 3TO 2, MOCKONAbKY Npu geneHnn 11 Ha 3 nony4daercs 3 C OCTaTKOM 2.

Cno)xHoe npucsauBaHue (+=, -=, *=, /=, %=, >>=, <<=,
&=l A=l I=)

OnepaTopbl CTOXHOIo NPUCBaNBaHUSA U3MEHSIIOT TEKYLLEE 3HAaUEHME NepeMEHHON, NPOM3BOAS Haa Hel
onepaumn. OHN 3KBMBANIEHTHbI NMPMCBaNBaHUIO pe3ysbTaTa onepaumm NepBoMy onepaHay:

| BbIpa)keHue I 3KBUBAJIEHTHO... |
ly = =i by = v + x5 |
|x -= 5; ”x = x - 5;

= /= v = = = / v |

|price *= units + 1;|price = price * (units+l);

M Tak ANs BCEX C/I0XKHbIX ONepaTopoB NpucBavBaHus. HanpuMep:

// compound assignment operators 5
#include <iostream>
using namespace std;

int main ()

{
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int a, b=3;

a = b;

at+=2; // BKBMUBAJIEHTHO a=a+2
cout << ay;

MHKpeMeHT n aekpeMeHT (++, --)

HekoTopble BblpaXeHWs MOXHO CYLLEeCTBEHHO COKpaTUTb: onepaTtop ysBenuueHusa (++) n onepatop
yMeHblleHUs (—~) yBeNMuYnmBaeT U yMeHbLllaeT Ha eANHULY 3HadeHne, XpaHuMmoe B nepeMeHHon. OHu
skBMBaneHTbl +=1 n -=1 cooTBeTCTBEHHO. TO €CTb:

+4x;
x += 1;
x = x+1;

BCE 3T NpPpUMEPbI 3KBUBANEHTHbI MO CI)YHKLJ,VIOHaﬂbHOCTVI; OHM yBeNYMBAKOT Ha eAUHNLY 3Ha4vyeHune X,

B paHHuUX koMnunaTopax Cu Tpu NpeabiayLwnX BblpaXXeHUs MOram npomsBoauTb pa3HbIl7I NCNOSTHAEMbIN
KoA4, 3aBUCALWMA OT TOro, Kakon n3 BapuMaHTOB ncnonb3osaH. CerogHsa onTuMusaumsa Kona 06bI4HO
NpoOM3BOANTCHA aBTOMATMYECKN KOMMUISTOPOM, TaK YTO BCE TPWU BblpaeHus AaAyT OANHAKOBbLIN
NCMNOSTHAEMbIN KOA.

OcobeHHOCTb 3TMX OMepaTopoB B TOM, YTO MOXHO MCMOMb30BaTb 06a 1 Kak npedukc, n kak cyddumkc.
DTO 03Ha4YaeT, YTo OHM MOryT 6bITb 3anMcaHbl NM60 nepen MMeHeM nepemeHHon (++x), nnbo nocne
Hero (xt+). XoTs B NpOCTOM BbIpa)XeHMKN, NOXOXeM Ha Xt+ nnmn +1x, oba nmetloT coBepLleHHO
OAMHaKOBOE 3Ha4yeHne; B APYrnX BblpaXXeHUsX, rAe BblUMCASETCS pe3ynbTaT onepaumn MHKpeMeHTa
WU AeKpeMeHTa, OHM MOTryT CUJIbHO pas3nimyaTtbhCs. B cnyyae, ecnu onepatop MCNonab3yeTcs C
npedukcom (++x), BblpakeHne paccumTbiBaeTCs, KOrga 3HayeHmne X yxe ysenmyeHo. C apyroun
CTOPOHbI, B Cilyyae, Korga ucnonbdyercs cypdukc (X++), 3HadeHMe Takxe yBe/IMUMBaeTCs, HO
BblpaXeHne BbIYUCNAETCS A0 yBenmuyeHus X. OTMeTbTe pasHuLy:

| Mpumep 1 || Mpumep 2

x = 3; x = 3;

y = ++x; y = X++;

// x comepxutr 4, y comepxut 4// x comepxutr 4, y comepxuT 3

B lpumepe 1 3HavyeHne, NpucBaMBaeMoe Y, 3TO 3Ha4YeHMe Noc/e Toro, Kak X 6bino yBenndeHo. A B
lpumepe 2 3HaveHne X 6bIS1I0 YBENMYEHO NOCe NPUCBOEHUS.

Onepatopbl OTHOLWIEHUA U cpaBHeHua ( ==, I=, >, <, >=, <= )

[lBa BbIpaX>xeHWUs MOryT CpaBHWBATLCS, UCMOMb3Yst ONepaTopbl OTHOLIEHWUI N SKBMBANEHTHOCTU.
HanpuMep, 4To6bl Y3HaTb, PaBHbl JIM ABA 3HAYEHUS UM OAHO U3 HUX BoNbLUE, YEM APYroe.

PesynbTaT 3TOM Oonepaunmn nnbo nctmHa (true), nubo noxb (false), To ectb, 310 6yNEBbI 3HAYEHUS.

OnepaTopbl OTHOWeEHW B C++:

loneparop|| onucaHue

|== “3KBMBaneHTHo

|!= “He SKBWBaJIEHTHO

|
|
|
|< “MeHee, yeMm |
|
|

|> ||50nee, yem
|<: “MeHee, UeM WU 3KBUBASIEHTHO
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|>: ||50nee, yeM MUY SKBUBA

neHTHO |

BoT HecKkonbko NpuUMepos:

(7 == 5) // MONy4dnuTCs
(5 > 4) // MONy4nuTCs
(3 '= 2) // MONy4dnuTCs
(6 >= 6) // TOJIyunTCH
(5 < 5) // MONy4dnuTCH

false
true
true
true
false

KoHeYHO, cpaBHMBATbLCA MOMYT HE TOIbKO YMCOBbIE KOHCTaHTbI, HO M Nto6ble 3HaUeHns, BK4Yas,
KOHEYHO, nepeMeHHble. Monoxum, uto a=2, b=3 n c=6, Toraa:

(EE=—N5) // TOJIyunTCH
(a*b >= c) // MONy4dnuTCs
(b+4 > a*c) // momyumrTcs
((b=2) == a) // nomyumTcsd

false,
true,
false,
true

[IOCKOJIbKY a He paBHO 5
IIOCKOJIbKY (2*3 >= 6) sTO true
nockoJbky (3+4 > 2*6) sTo false

ByabTe BHUMMaTenbHbI! OnepaTtop npuceamBaHusa (onepaTop =, C O4HMM 3HAYKOM PaBHO) — 3TO He TO Xe
camoe, YTO oMepaTop 3KBMBAJIEHTHOCTU (onepaTop ==, C ABYMS 3HauKaMu paBHO); nepsbii (=)
npucBanBaeT 3HauYeHue crpaBa NepeMeHHO, KoTopas cfieBa, a Apyroi (==) cpaBHUBaET, 6yayT nu

3HauyeHns No ob6e CTOPOHbI OT onepaTopa paBHbl. [o3ToMy B nocneaHeM BbipaxeHuu ( (b=2)

CHa4alna npuceanBaeM 3HayveHUe 2

== a) mMb
nepemMeHHon b, a 3aTeM Mbl cpaBHMBaeM eé ¢ a (KoTopas Toxe

XPaHUT 3HayeHue 2), nonyyasa true,

Jlornyeckue oneparto

pol (!, &&, |])

OnepaTop «!» - 310 onepaTtop C++ ans 6ynesa onepatopa NOT (HE). OH MMeeT TO/IbKO OAWNH
ornepaHp cripaBa, U UHBEpPTMpPYET ero, npomnssoaa false, ecnu ero onepaHg true, n true, ecnu
onepaHa false, Mo cywecTBy, 3TOT onepaTop BO3BpaLLAET NPOTUBOMNOJIOXHOE 6yNeBo 3HAaUeHMe,
nMeBLleecs y onepaHaa. Hanpumep:

1 (5 = 5) // TOJydnTCH
1 (6 <= 4) // TOoJyumnTCH
ltrue // momydmTcs
|false // momydmTcs

Jlornuyeckue onepatopbl && un | | nc

false, nockoJyibKy BHpPaxeHMe crnpaBa (5 == 5) true
true, nockoJbkKy (6 <= 4) Oymer false

false

true

NONb3YyKTCA, KOraa OoUEHNBAOTCA ABa BblpaXeHUA ANA nNony4dyeHuna

eANHCTBEHHOro pesynbTaTta oTHoweHusa. OnepaTop && OTHOCUTCS K 6yfeBoi NorMyeckoi onepaumm

AND (M), koTopas paért true, ecnu

o6a onepeHaa true, n false B npoTMBHOM crydae. Cneaytowas

Tabvua nokasbiBaAeT pe3ynbTaT onepaunn && NpUMEHUTENBHO K BblpaXeHuto a&&b:

|&.& OPERATOR (and)|
| | b Jla s& b|

|true ”true ”true

a

|true ”false”false

|false”true ”false

|false”false”false

OnepaTop | | oTHoCUTCA K 6yneBoit

norunyeckon onepaumn OR (UN), koTopasa pgaét true, ecnn xoTsa

6bl 0ANH M3 onepaHaoB true, a pesynbTtat false 6ynet Toraa, koraa oba onepaHaga false, Bot

BO3MOXHble pe3ynbTathl &l | b:
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| 11 OPERATOR (or) |
L 2 |[[ b |allD

|true Htrue Htrue |

|true Hfalse”true |

|false”true Htrue |
|false”false”false

Hanpumep:
( (5 == 5) && (3 > 6) ) // nomyumTrcsa false ( true && false )
( (5==05) |l (3 >6) ) // nonyunrcsa true ( true || false )

Mpu “Ccnofb30BaHUN NOrMYecknx onepatopoB C++ BbIYUCISAET TONBKO TO, YTO HEO6XOAMMO CleBa
Hanpaso 40 GOPMMPOBaHUS pe3ysibTaTa OTHOLLEHWUS, THOPUPYS ocTanbHoe. [03ToMY B nocieaHeM
npumepe ( (5==5) | | (3>6)) C++ BbluncnseT BHayvane, 6yaer num 5==5 o3HauaTb true, a ecnu Tak, 1o
HUKOrAa He CTaHeT npoBepATb, 6yaeT nn 3>6 o3HauaTh Lrue uam HeT. To U3BECTHO Kak short-circuit
evaluation (3aKopO4YeHHOE BblYUC/IEHME), U PabOTaAET OHO TaK Xe ANA CNeytoLmMX onepaTopos:

onepaTop” short-circuit

Ecnn BbipaxeHune cneBa false, KOMBMHMPOBAHHbBIN pe3ynbTaTt 6yaeT false (BblpaxeHue
CnpaBa He paccMaTpuBaeTCcs).

&&

Ecnu BblpaxeHue cneea true, KOMOMHUPOBaHHLIN pe3ynbTaT 6yaeT true (BblpaxeHue

||
crnpaBa He paccMaTpuBaeTcs).

CaMoe BaxHOe, Korga BblipaxeHue cnpasa nmeet nobouHbl 3PpheKT, TaKoN KakK U3MEHEHME 3HAYEeHUs:

if ( (i<10) && (++i<n) ) { /*...*/ } // BaMeTbTe, YTO YyCJIOBME
MHKPEMEeHTUpyeT 1

3aecb KOMBUHUPOBAHHOE BbipaXKeHune 6yeT YBeNnuMBaTh 1 Ha eANHULLY, HO TOMIbKO, €CIN YC/I0BUuE
cneBa && Bynet true, nockonbKy B MPOTUBHOM Cllyyae ycnosue cnpasa (++1i<n) He 6yaeT
paccMaTpuBaTbCS.

YCnoBHbIW TepHapHbi onepaTtop ( ? )

YCNoBHbIN onepaTop BbIYUCASIET BblpaXKeHWe, BO3Bpalllas 0HO 3HAUEHME, eCNN Pe3ynbTaT BblUMCIEHNS
true, u apyroe, ecnu BbipaxeHne false, Ero cuHTakcuc:

condition ? resultl : result?2

Ecnu ycnosue true, pesynbTaTt cTaHoBUTCS resultl, a yHave resultz,

T7==5 2 4 : 3 // mojyumTca 3, NOCKOJIbBKY 7 HE B3KBMBAJIEHTHO 5.
T7==5+2 2 4 : 3 // nomyumTcsa 4, NOCKOJIbKY 7 SKBUBAJIEHTHO 5+2.
5>3 2 a : b // mojyuymuTcsd BHauyeHue a, I[IOCKOJbKy 5 6oJjblle, uyeM 3.
a>b ? a : b // mojyuuTCca a MM b, B 3aBUCUMOCTM, UTO OOJble.
Hanpumep:
// conditional operator 7

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

{

cout << ¢ << '\n';

B 3ToM npuMepe & 6b1n10 paBHO 2, a b 6bi510 7, U BbipaxkeHWe 6bi1o onpeaeneHo (2>b) kak He true,
TaK 4TO NepBoe 3HayeHue, 3aaHHOoe NOC/e 3Haka Bonpoca, 6610 OTBEPrHYTO B NMOJIb3y BTOPOro
3HauyeHus (nocne ABoeTouuns), Kotopoe 6bis10 b (co 3HaueHnem 7).

OnepaTtop 3anaTou (, )

OnepaTtop 3anaTol (s ) UCNONb3yeTcsa ANs pasaeneHns Asyx unn 6osee BblpaXXeHWUn, KOTOpble TaM, rae
0XnAaeTcst TONbKO O0AHO BbipaxeHue. Korga HeCKobKO BbipaXKEHUM pacCyYMTbIBAOTCS, TONIbKO camoe
npaBoe BbipaxeHune byaeT pe3ynbTUPYIOLWMM.

Hanpumep, cneayowmn Koa:

a = (b=3, b+2);

HauMHaeTCs C NpUCBaMBaHMUA 3HaAUYeHUsA 3 nepeMeHHo b, a 3ateM npucBansBaeTca b+2 nepemeHHol a.
Takum 06pa3oM, B 3aBepLUEHME NepeMeHHas & 6yleT coaepxaTb 3Ha4YeHMe 5, XxoTs nepeMeHHas b
6yneT nmeTb 3HayeHune 3.

Mo6uTtoBble onepaTtopbl ( &, |, A, ~v, <<, >> )

MobutoBble onepaTopbl MOANDULNPYIOT NEPEMEHHbIE, YUnTbiBas 6MTOBbIN Habop, KOTOPbIN
NpeacTaBnsieT 3HaUYeHMs, XpaHALLMecs B HUX.

|onepa'rop||asm 3KBuBaneHT|| onucaHue |
|& ||AND ||I'|06MT0|30e AND |
|| ||OR ||B|<moqarou.|,ee no6utosoe OR |
|A ||XOR ||l/lcr<moqa+ou.|,ee noéutosoe OR |
|~ ||NOT ||YHapHoe AononHeHne (MHBepcuUs 6VITOB)|
<< ||lseL |\Cagur 6uTos Bneso |
[>> ||lsErR |\Cagur 6utos Bnpaso |

OnepaTtopbl ABHOro npuBeaeHusi TUNoB

OnepaTtopbl SBHOrO NpmBeAeHUst TUNOB NO3BOJISAOT Npeobpa3oBaTh 3Ha4YeHWe AaHHOro Tuna B
3Ha4yeHue gpyroro TMna. Ectb Heckonbko crocobos caenaTb 310 B C++. lNMpocTenwmin, KoTopbin 6bis
yHacnenoBaH oT si3blka Cn, npeaBapuTh BbipaxeHue a5 npeobpasoBaHnsa B HOBbIM TN 3aKIl04EHNEM
B ckobkm (()):

int i;
float £ = 3.14;
i = (int) £;
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Mpeabiaywmin Koa npeobpasyeT uncio ¢ nnasatouwen Toukon 3 .14 B Lenoe 3HadeHue (3); ocTaTok
TepseTca. 34ech ornepaTop npuBeaeHuns 6bin (int) . Apyroi cnocob caenaTb 310 B C++ — 3T0
ncnosb3oBaTb NpeaBapeHune hyHKUMOHANbHOW 3anncy BblpaXXeHusl, NpeaHa3HayeHHoro Ans
npeobpa3oBaHnsl, TUNOM U 3aK/TIOYEHNEM Bblpa)eHUA B CKOBKU:

i = int (£f);

Ob6a cnocoba npuBeaeHUs TMNOB AONYCTUMbI B C++.

sizeof

DTOT onepaTtop NpPMHUMAET OAMH NapaMeTp, KOTOPbIN MOXeT 6bITb TMH60 TUNOM, TIM60 NepeMeHHoN, a
pe3ynbTaToOM CTaHET pa3Mep B 6anTax 3Toro Tuna mnun obbekTa:

x = sizeof (char);

34ecb X NpUHUMAET 3HauveHne 1, nockonbky Char — 3To TMN c pa3MepoM B 0AMH GaWlT.

3HauyeHue, BO3BpaLLaemMoe sizeof - 3T0 KOHCTaHTa B npouecce KoMmnmnauun, Tak 4to 31O BCErga
onpeaeneHo A0 BbIMNOJIHEHUA NMpoOrpamMMsbl.

Apyrve onepaTtopbl

[Mo3Xe B 3TOM pyKOBOACTBE Mbl MO3HAaKOMUMCS eLé c onepaTopamu noao6bHo YNOMNUHABLINMCA
yKasaTtenam mnun CFIELI,VICDVILIECKMM Aana 06'bEKTHO—OpVIEHTVIpOBaHHOFO nporpaMmMmmpoBaHunsa.

NMpuopuTteT onepaTopos

EAWHMYHOE BblipaXeHWe MOXeT MMETb MHOIMO onepaTopoB. Hanpumep:

x =5+ 7

o©
N
~.

B C++ BblpaxeHue Bbillle BCceraa AacT 6 A8 NepeMeHHon X, NOCKOMbKY onepaTtop $ MMeeT NpuopuTeT
Bbllle, YeM onepaTop +, M BCEraa BblUMCNAETCS paHblue. YacTu Bbipa)keHMs MOryT 3ak/io4yaTbhCs B
CKOB6KM ANns nepeonpeneseHms 3Toro nopsiaka NpuopuTeTa, UK YTobbl CAeNaTh ACHEE XenaeMblit
pe3ynbtaT. OTMETbTE pasHuULY:

// x = 6 (TO Xe, UuTO M 6e3 CKODOK)

// x =0

OT HanbonbLero A0 HanMeHbLero npuoputeTa onepatopbl C++ pa60Ta+0T B cneaywweM nopsaake:
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|Yposenb|| Fpynna npnopureral| Onepatop || OnucaHue |rpynnuposanme|
|1 ||Scope || : ||Onpep,enMTenb rpaHunupbl ||CneBa Hanpaso |
- MOCTPUKCHBIN UHKPEMEHT /
nekpemeHT
2 Postfix (unary) L0 || ®yHKunoHaneHbie hopmel | Cnesa HarnpaBso
|[] ||Crw|c0K WHAEKCOB |
|. -> ||,EI,OCTyn K YfieHaM Knacca |
- MpedUKCHbIN MHKPpEMEHT /
nekpemeHT
o no6utosoe NOT / nornyeckoe
NOT
3 Prefix (unary) |+ _ ||YHapru7| neppuke |CnpaBa Haneso
|& * ||CCbIJ'IKa / pasblMeHOBaHuWe
|new delete ||pa3me|_u,eHV|e/ ocBoboxaeHne |
|sizeof ||I'IapaMeTp 6noka |
|(type) ||CM CTWAb NPUBEAEHUS TVNa |
|4 ||Pointer—to—member ||* —>* ||,IJ,OCTyn K yKasarento ||CneBa Hanpaso |
|5 ||Arithmetic: scaling ||* /% ||YMHO>KeHV|e, [eneHne, ocTaTok ||CneBa Hanpaso |
|6 ||Arithmetic: addition ||+ - ||CJ'IO)K€HVIe, BblYMTaHWNE ||CneBa Hanpaso |
|7 ||Bitwise shift ||<< >> ||C,qBV|r BJ1IEBO, CABMI BMpaBo ||CneBa Hanpaso |
|8 ||Relational ||< > <= >= ||OnepaTopb| CpaBHeHUs ||CneBa Hanpaso |
|9 ||Equa|ity |== I= ||PaBHO / He paBHoO ||CneBa Hanpaso |
|10 ||And ||& ||I'IoGV|Tosoe AND ||CneBa Hanpaso |
|11 ||Exc|usive or ||A ||I'IoGV|Tosoe XOR ||CneBa Hanpaso |
|12 ||Inc|usive or ||| ||n06MTOBOG OR ||CneBa Hanpaso |
|13 ||Conjunction ||&& ||ﬂormqecr<oe AND ||CneBa Hanpaso |
|14 ||Disjunction ||| | ||ﬂorw-|ecr<oe OR ||CneBa Hanpaso |
= *= /: S= 4=
-= MpucsavBaHune / cnoxHoe
15 Assignment-level >> = <<= &= |[npucBavBaHve Cnpasa Haneso
expressions A==
|? ||YCnOBHb|17| onepartop |
16 ||Sequencing ' ||Pa3ﬁ,enMTeana;| 3anqaTas ||CneBa Hanpaso |

Koraa B BblpaXeHWW ABa orepaTopa C OAMHKOBbLIM YPOBHEM MpuopuTeTa, rpynnupoBaHue (grouping)
onpepensieT, KOTOPbI U3 HUX BbIMOSHSAETCS NepBbiM: NM60 cneBa Ha nNpaso, NM6o cnpaBa Haneso.

3ak/toueHme Bcex noadopMyn B CKObKM (Aaxe Tex, UTo He TpebytoT 3TOro Mo Coo6paxeHMaM
npuopuTeTa) yaydllaeT YATAaeMOCTb KoAa.
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Ba3oBbiX BBOA/BbIiBOA

MpuMepbl NporpaMM B Npeablaywmx pasgenax Maao B3anMoAencTsoBaamn C Nonb3oBaTenNeM, eciu
BoobLe 370 agenanu. OHM NPOCTO BbIBOAM/IM MPOCTbIE 3HAYEHUS Ha 3KpaH. Ho cTaHaapTHas
61MbnnoTeka NoAAEPXUBAET MHOMO AOMOSIHUTENbHbBIX CNOCO60B ANS B3aMMOAENCTBUSA C MOJsib30BaTeNeM
yepes eé BO3MOXHOCTM BBBOAA/BbIBOAA. B 3TOM paszene 6yaeTt npeacTaB/ieHa KpaTkas MHCTPYKLUMS MO
NpMMEHEHUIO Hanbosiee NONE3HbIX U3 HUX.

C++ ucnonb3yeT yaobHyo abcTpakumio, Ha3BaHHyo streams (MOTOKM) AN BbINOJHEHUSA onepauni
nocnenoBaTelbHOrNO BBOAA M BbIBOAA B TAaKOW cpefe, Kak 3KpaH, knasuaTtypa nnn damnn. Notok
(stream) — 310 06bEKT, KyAa nporpamma MoxeTt iMb6o BCTaBUTb, NMB0O OTKyAa MOXeT M3BNeYb CUMBOJIbI.
HeT HeobxoaAMMOCTM 3HaTb AETann O cpeae, acCoOLUMMPOBAHHOM C MOTOKOM Mnu NtobbiMn ero
BHYTPEHHMMM ONUCaHUSAMM peanm3aumn. Bcé, 4yTo HaMm cnepyeT 3HaTb, 3TO TO, YTO NMOTOKM —
WUCTOYHUKM/MeCTa Ha3Ha4YeHns CUMBOJIOB, U YTO 3TWU CUMBOJIbI MNOCTABAKTCSA/NONYYaOTCS
nocnenoBaTenbHO (TO eCTb, OAWH 3a APYIrUM).

CraHpapTHas 6ubnuoTteka onpeaensieT noaaepXky o6beKToB NOTOKa, KOTOPbIE MOryT 6bITb
MCNoJsIb30BaHbl ANS AOCTYNa, YTO Noapa3yMeBaeT CTaHAapPTHblE UCTOYHMKM M MeCcTa Ha3HauYeHus ans
CMMBOJI0OB, NoaaepxaHHble o6opyaoBaHmeMm, rae pabotaet nporpamMMa:

InoTok| onucaHue

|cin ||CTaHp,apTHb|171 NOTOK BBOAA

|cerr ||CTaH,qapTHbu7| noTtok owwunbok (BbiBOAA)

|
|
|cout ||CTaH,qapTHbu7| NMOTOK BbIBOAA |
|
|

|clog ||CTaH,qapTHbu7| NoOTOK perncrpauum (BbiBoaa)

Mbl cobupaemca 6onee getanbHO PaccMOTPeTb TONbKO Cout u cin (untaerca cm-ayT U CU-UH,
CTaHAapTHble MOTOKM BblBOAA M BBOAA); CEXTr n clog — 3To TOXE NOTOKM BblBOAA, KOTOPble paboTatoT
noao6bHo cout, Ho C OTANYMEM, KacaloWMMCA MAEHTUDUKALMM NOTOKa ANS CNeumanbHbIX Lenen:
coobueHuni 06 owmnbkax n xxypHanmposaHus. KoTopble BO MHOMMX CAy4YasXx, valle BCero npu yCtaHoBKe
obopyaoBaHus, peanbHO AenakoT TO e CaMOe: OHUW BbIBOAAT HA 3KPaH, XOTS OHWM MOryT 6biTb U
WHAMBMAYASIbHO NepeHanpasfeHsbl

CtaHaapTHbIN BbiBOA (cout)

[Ons 60onblWKMHCTBA NPOrpamMM CTaHaapTHbIM 060pyAoBaHMEM ANS BbIBOAA MO YMOJIYaHUIO sSiBAsieTCs
3KpaH, a ans obbekTa notoka C++ onpeaeneHue gna Aoctyna - 3To cout,

[Ona dopMaTMpoBaHHbIX onepauunii BbiIBOAA UCMOJb3yeTcs COut COBMECTHO C 0r1epatopomM BCTaBKM
(insertion operator), KOTOpbI/ 3anncbiBaeTcs Kak << (TO eCTb, ABa 3aHauyKa «MeHblle, YeM»).

cout << "Output sentence"; // meuaraeT Output sentence Ha sKpaHe
cout << 120; // meuataer umcyio 120 Ha BKpaHe
cout << x; // medyaTaeT 3HAUYEHME X Ha DKpaHEe

Onepatop << BCTaBNSAET AaHHble, KOTOPbIE CIEeAYIOT 3@ HUM, B MNOTOK, NpeaLwecTeyowmii emy. B
npuMepe Bbllle OH BCTaBAsIET nuTepan cTpoky Output sentence, yucno 120 n 3HaueHue
nepeMeHHOM X B CTaHAAPTHbIN BbIXOAHOW MOTOK COUL, 3ameTbTe, UTO NpeasioXXeHMe B MepBOM Cly4yae
3aK/1I0YEHO B ABOVHbIE KaBblukKM ("), MOCKONbKY 3TOT NUTEpan — CTpoKa, Toraa Kak B nocregHem
npuMepe X TaKOBbIM He ABNSeTcs. [BONMHbIe KaBblUKW — 3TO TO, YTO BHOCUT pa3snuune. Korga Tekct
3aKN04€H B KaBblYKW, OH neyaTaeTcs 6ykBaMu, a Koraa ux HeT, TeEKCT MHTEPNPETUPYETCS Kak
naeHTudnKaTop NEPEMEHHON, N BMECTO TeKCTa BbIBOAUTCS 3Ha4YeHue nepemMeHHon. Hanpumep, a3tn aBe
¢ pasbl MMeIOT pa3Hblli pe3ynbTaT:

cout << "Hello"; // meuaraer Hello
cout << Hello; // medaTaeT comepxumoe nepeMeHHOM Hello

Heckonbko BCTaBOK onepaTtopoB (<<) MOXHO CBA3aTb B €4MHOM BbIpaXXE€HUN:
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cout << "This " << " is a " << "single C++ statement";

3To0 nocneaHee BbipaXkeHWe 6yaeT neyataTb TekcT This is a single C++ statement, MogobHoe
CBSi3bIBAHME BCTABOK MOME3HO MpU YepeaoBaHUM NUTEpanoB 1 NEPEMEHHbIX B €ANHOM BbipaXXeHWn

cout << "I am " << age << " years old and my zipcode is " << zipcode;

lMpuaaB nepeMeHHON age 3HadyeHne 24 n nepeMeHHon zipcode 3HavyeHmne 90064, Mbl NONY4YUM BbIBOA
npeablayLliero BblpaXeHus:

I am 24 years old and my zipcode is 90064

A BOT TO, UTO He 6YLl,eT caenaHo aBTOMAaTU4eCKu, He 6YLI,ET nobasneH KoHey, CTPOKWU, €CJi TOJZIbKO HE
caenaTb 3Toro. Hanpumep, nonoxum, cneaywowme ABa BblpaXXeHUs BBOAATCS B cout:

cout << "This is a sentence.";
cout << "This is another sentence.";

BBog 6yaeT caenaH B 0A4HY CTPOKY 6e3 paspbiBa Mexay NpeasoXeHusammn, nogobHo cneayrowemy:
This i1s a sentence.This is another sentence.

YT106bI npeaoTBpaTUTb 3TO, HYXXHO BCTaBUTb CMMBOJ HOBOM CTPOKM B TO MECTO, rae CTpokKu AOJ/IKHbI
npepsaTtbca. B C++ CMMBOM HOBOW CTPOKM MOXET 6biTb 3a4aH Kak \N (To ecTb, obpaTHas Kocas 4yepTa
C nocnepytoulen cTpoyHon ). Hanpumep:

cout << "First sentence.\n";
cout << "Second sentence.\nThird sentence.";

DTO CO3A4acCT C/eAYoWMn BbIBOA:

First sentence.
Second sentence.
Third sentence.

ANbTEPHATUBHO MOXHO MCMOJIb30BaTb M MaHunynsTop endl ans stoi xe uenun. Hanpumep:

cout << "First sentence." << endl;
cout << "Second sentence." << endl;

YTo HaneyaTaeT:

First sentence.
Second sentence.

Manunynsatop endl co3aaéT CMMBOM HOBOW CTPOKM, KakK M BCTaBka ' \N', HO OH TaKXe U MeHseT
noseseHune: 6ydep notoka (ecnm ecTb) oUMLLAEeTCs, YTO O3Ha4YaeT — BbIBOA 3anpalimBaeT Gpuanyeckyto
3anucb B YCTPONCTBO, €C/IN 3TO YXe He cAenaHo. DTO BAUSET, B OCHOBHOM, Ha Mo/iHy0 6ygpepusamio
noToka, a cout (kak npaBuno) He MoJIHOCTbIO bydpepusyer notok. CnenoBaTenbHO, He Noxas uaes
ncnonb3osaTb endl ToNbKO TOrAa, KOrAa Hy>Ha ouMCcTKa NoToka, a ' \n' B NpoTUBHOM cnyyae.
WmenTe B BMAY, YTO ONepaumns OYUCTKM MPUBHOCUT HEKOTOPLIE U3AEPXKKM, @ HEKOTOPbIE YCTPOMCTBA U
TOPMO3AT BbIBOA.
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CtaHpgapTtHbin BBOA (cin)

B 60/1bLUMHCTBE MPOrpaMM no yMOJIYaHUIO CTaHAAPTHLIM YCTPOMCTBOM BBOAA C/YXXWUT K/laBMaTypa, a B
C++ 06bEKTOM MoTOKa, onpeAenéHHbIM AN A0CTyrna K Hel, aBnseTtca cin,

[ns dopMaTMpoBaHMa onepauum Cin ncrnonb3yeTcs COBMECTHO C ONpepaTopoM BBOAA, KOTOPbIA
3anuncbiBaeTcs kKak >> (To ecTb, ABa 3Hauka «bonblue, yemM»). 3a 3TMM OoNepaTopoM cneayeT
nepeMeHHas, B KOTOPOI COXpaHSATCA BBOAMMbIE AaHHble. Hanpumep:

int age;
cin >> age;

MepBoe yTBEpXAeHNe 06bsABMSET NEPEMEHHYIO LIe/Ioro Tuna int , Ha3eaHHyO age, a BTopoe
M3BMEKaeT U3 Cin 3HauyeHWe, XpaHUMoe B Hell. DTa ornepauuns 3acTaBaseT NporpamMMy xaaTb BBoAA U3
cin; 06bIYHO 3TO 03HAYAET, YTO NporpamMma 6yAeT XAaTb, UTO MOMb30BaTENb BBEAET KaKy-TO
nocsiefoBaTeNbHOCTb C KNaBuaTypbl. B JaHHOM Cilydae OTMEeTbTE, UTO CMMBOJIbI C KNlaBUaTypbl
nepeaatoTcsl NporpaMMe TONbKO TOrAa, Koraa HaxaTa knasuwa ENTER (unn RETURN), B TOT MOMEHT,
KOrfa BCTpeyaeTca onepaTtop Cin, nporpamma 6yaeT XAaTh CTOIbKO, CKOMbKO HYXHO, UTO6bI KaKo-To
BBOA OblN OCYLWECTBNEH.

OnepaTtop BBOAa CiNn MCMOMbL3YEeT TN NEpPEMeHHOoN Nocne oneparopa >>, ytobbl OnpeaenunTb, Kak eMy
WHTEpNpeTMpoBaTb CUMBOJIbI, MPOUYUTbIBAaEMbIE Npu BBoAe. Ecnn 3To uenoe, npeanonaraembiii popmat
— 3TO NOCNeA0BaTENbHOCTb UNGP, eCnn Xxe CTpoKa, nocneaoBaTeslbHOCTb CMMBOJIOB U T.4.

// i/o example oxaaycTa, BBemuTe Lejioe umcjo: 702
Uyciio, koTopoe BH BBesu /02, a ero
#include <iostream> yoBoeHme 1404.

using namespace std;

int main ()

{

int i;
cout << "lloxajgymcTa, BBEeOIMUTE Iliejoe
uycigo: ";

cin >> 1i;

cout << "Umciyo, KOTOPOE BHE BBEJU
<< i;

cout << ", a ero ymBoeHume " << 1*2
<< ".\n";

return 0;

1]

MpuMeYyaHune: Bbl MOXETE UCMO/Ib30BaTh NPUBEAEHHbIE B PYKOBOACTBE MPOrpaMMbl, HO ByabTe
OCTOPOXHbI C TEKCTOM Ha PYyCCKOM $i3blKe, KOTOPbI NpuU NepeBoae CAeNaH Ajs SyYlero NoHMMaHus
NPOMUCXOASILLErD, HO MOXET HEBEPHO 0TOBpaxaTbCsl B KOHCO/N.

Kak Bbl BUAWUTE, BbIBOA M3 C1N 03HAUaeT BbINOMHEHME 3alaHUs MO MOJIyUEHMIO BBOAA OT CTAHAApPTHOro
YCTPOWCTBa BBOAA A0BOJILHO MPOCTO U ACHO. HO 3TOT MeToA TakKe MMeeT U B60SbLION U3bAH. YTO
CNYYUTCSs, €CNn NoJSib30BaTeNlb BBEAET HEUTO, UYTO He MOJIyUUTCA pacrno3HaTh Kak Lesnoe? B aToM cnyvae
onepauus BBoaa npoBanuTca. M 3To, No onpeaeneHnto, No3BosnT NporpaMMe NpoaosnxaTtb paboTaTb
6e3 3aaHna 3HaUEeHMsA NepeEMEHHON 1, NponsBoAs HenpeacKasyeMblil pesynbTaT, ecnu nepeMeHHas i
NCMOJIb3yeTCcs Mo3Xe.

3TO 04YeHb MPUMUTUBHOE MOBEAEHMWE MPOrpamMmbl. BONBLWIMHCTBO NPOrpaMM OXuMAaeMo BeayT cebsi BHe
3aBMCUMMOCTM OT TOFO, YTO BBEAYT MOSIb30BATENM, NOAAEPXKMBAS HaAexalmMm 06pa3oM HEBEPHbIe
3HayeHusl. ToNIbKO O4YeHb NPOCTble NporpaMMbl 6yayT NonaraTbCsl Ha 3HAYEHUS, MONYYEHHble
HenocpeaCTBEHHO OT Cin 6e3 ganbHenweln NpoBepku. YyTb No3xe Mbl YBUAWM, Kak MOXHO
NCNONb30BaTb CTPOKOBbLIE MOTOKU (Stringstreams) Ana yny4leHUs KOHTPOJIS Haj NMOSb30BaTe/IbCKUM
BBOJOM.
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BBoA Cin MOXHO ToXe cuennsaTh, 3anpawwvsas 6onee 04HOr0 4AaHHOIMO B €AMHCTBEHHOM BblpaXKeHUN:

cin >> a >> b;

DTO 3KBMBANEHTHO:

cin >> a;
cin >> b;

B 0boux cnyyasix nonb3oBaTenb 0683aH BBECTM ABa 3Ha4YeHUsl, O4HO ANSl MEPEMEHHOW &, a BTOpoe Ans
nepeMeHHon . Jlloboro poaa npob6esnbl MCNOMb3YTCS ANS pa3AeneHns ABYX nocnenoBaTenbHbIX
onepaumin BBoAa; 3To MoXeT 6bITb 1 npoben, n Tabynauns, n CUMBOS HOBOM CTPOKM.

cin U CTPOKM

OnepaTop BBOAA MOXET UCMNOJIb30BATLCA C cin Anga nonyyvyeHma CTpokK CMMBOJIOB TakK Xe, KakK U Ans
BBOAA CDYHLI,aMeHTaJ'IbeIX TUNOB AAHHbIX:

string mystring;
cin >> mystring;

OAHako BBOJA C Cin Bceraa yuuTbiBaeT npobesbl (CO6CTBEHHO npobenbl, TabynaummM, HoBas CTpoka...),
Kak npepbiBaHne BBOAMMOr0O 3HaYeHUs, U, TakuM 0bpa3oM, BBOA CTPOKM O3HayaeT Bceraa BBOA OA4HOMO
CcnoBa, a He ¢pasbl UM LLeIoro NpeanoXxeHus.

YTo6bl MONYYUTL LIENYIO CTPOKY U3 Cin, ecTb MyHKUUSA, Ha3BaHHasa getline, koTtopas 6epéT noTok
(cin) B KauecTBe NepPBOro apryMeHTa, a CTPOKOBYIO NMEPEMEHHYIO0 B KauecTBe BTOporo. Hanpumep:

// cin with strings Kax Bame mMsa? Homer Simpson
#include <iostream> [lpyBeT Homer Simpson.

#include <string> Kakasa Bama JjobmuMas kKoMaHza? The
using namespace std; Isotopes

MHe HpaeuTca The Isotopes Toxe!

int main ()
{

string mystr;

cout << "Kak Bame wmMga?

getline (cin, mystr);

cout << "llpmeBeT " << mystr <<
".A\n";

cout << "Kakas Bama JoduMas
koMaHnma? ";

getline (cin, mystr);

cout << "MuHe HpaBuTca " << mystr <<
" Toxe!\n";

return 0;

"w.
’

3amMeTbTe, Kak B 060MX BbizoBax getline, Mbl UCNOMb3yeM OAMHAKOBbIA MAEHTUGHUKATOP CTPOKK
(mystr). Yto nporpamMMa AenaeT npu BTOPOM BbI30BE, 3TO MPOCTO 3aMeLLEHME NPeabIAYLLErO
CoAEepXKaHMs HOBbIM, BBEAEHHbIM BO BTOPOW pas.

CraHpapTHOe noBeaeHne, KOTopoe 60/bLWKMHCTBO NOib30BaTeNIeN 0XMAAET OT KOHCOJIbHOM NpOrpamMmsl,
3TO TO, YTO KaXAbll pas, Koraa nporpamMma 3anpalimBaeT OT Nosib30BaTeNs BBOA, NoOAb30BaTe b
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BBOAWT YTO-TO B none, a 3ateM HaxumaeT ENTER (nnn RETURN), CkaxeM Tak, 0b6bl4HO BBOA
npeanonaraeT CTPOKN B KOHCOJIbHbIX MPOrpaMMax, YTo MOXEeT 6bITb BbINO/HEHO C UCMNOSIb30BAHUEM
getline gns nonyyeHuns BBoAa OT Mosib30BaTeNsA. TakuM 06pasoM, Noka He BO3HWKHET npobsieM, Bbl
LOJSKHbI MCnonb3oBaTb getline ana BBoAa B BAWMX KOHCOJbHbLIX NPOrpaMMax BMecTo BBoAa M3 cin,

CTpokoBbIM NOTOK (stringstream)

CraHaapTHblli aiin 3arofoeka <sstream> onpeaenser TUMN, Ha3biBaeMbi Stringstream, koTopblii
no3sossieT cTpokn obpabaTbiBaTb Kak NOTOK, U 3TUM ONepaunam BBOAA MM BCTAaBKU U3/B CTPOKKU Tak
e, KaK BbINOMHATCA Cin p cout, 3Tn cpeacTBa BeCcbMa Mone3Hbl AN KOHBEpPTaLMM CTPOK B
YMcnoBble 3Ha4YeHns n HaobopoT. Hanpumep, B nNjiaHe U3BNEYEHUS LeNoro n3 CTpPOKU, Mbl MOXEM
HanucaTb:

string mystr ("1204");
int myint;
stringstream (mystr) >> myint;

370 aeknapupyet string c unnumnanmsaumeit sHaveHnem "1204" p 06bABNSET NEpEMEHHYIO TMNa
int, 3aTeM TpeTbs CTPOKA MUCMOMb3YET 3TY NEPEMEHHYI0 AN8 M3BJieyeHns u3 stringstream
CO34aHHOM CTPOKM. DTa YacTb KOAA XPaHUT YMcioBoe 3HaveHne 1204 B nepeMeHHOI, Ha3BaHHOM
myint,

// stringstreams BBenure 1eHy: 22.25
#include <iostream> BBemiuTe KOJIUYECTBO: 7/
#include <string> Obmasa crTomMocThb: 155.75

#include <sstream>
using namespace std;

int main ()

{
string mystr;
float price=0;
int quantity=0;

cout << "Brenure ueny: ";
getline (cin,mystr);
stringstream (mystr) >> price;

1]

cout << "BBemuTe KOJMUECTBO : g

getline (cin,mystr);

stringstream (mystr) >> quantity;

cout << "OBbmasa cTomMOCThL: " <<
price*quantity << endl;

return 0;

B 5TOM npumepe Mbl NoslydaeM YMCNoBble 3HavYeHus u3 standard input KOCBEHHO: BMECTO U3BJIeYEHUSA
UYMCNOBbIX 3HAYEHWUIM NPSIMO M3 cin Mbl 6€péM CTPOKY U3 HEro B CTPOKOBbIN 06beKkT (mystr), a 3aTeM
Mbl U3BNIEKAEM 3HAUYEHUS U3 3TOM CTPOKU B NMEPEMEHHbIE price U quantity. [OCKOAbKY 3TO
YMCNOBblE NepeMEeHHbIe, K HUM MOryT NPUMEHSATBCA apudMeTMyeckue onepaunm, Takme Kak
YMHOXeHue, 4Tobbl NoNyunTb 06LYy0 CTOMMOCTb.

C 3TMM NOAX0A0M MOSYYEHUSI BCEM CTPOKU M U3BMIEUEHUNS €€ COAEPXMMOro, Mbl pasaenseM npouecc
nosly4eHus nonb3oBaTesieM BBOAA M MHTEPNPETALMMN ero AaHHbIX, YTO AA&T npoueccy BBoAa 6biTb TeM,
YTO OXWZAAEeT MNOSIb30BaTENb, @ B TO K€ BPEMS Mbl YCU/IMBAEM KOHTPO/b Haa npeobpasoBaHueM
COLEPXMMOro B MOJie3Hble AaHHbIE C MOMOLLbIO MPOrpaMMbl.
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CTpyKTypa nporpaMmMmbl

OnepaTopbl U ynpaBJieHUe NOTOKOM

MpocTtble C++ onepaTopbl — 3TO MHAUBUAYASIbHbIE UHCTPYKLUMM NMPOrpamMMbl NOA06HbIE 06BSABIEHUIO
nepemMeHHONM 1 BbipaXeHUsIM, NoKasaHHbIM B NpeablayLmnx pasaenax. OHW Bcerga 3aBepLliarTcs TOUKON
€ 3ansATon (7 ) M BbIMNOJIHSIOTCS B TOM MOpsiAKe, B KaKOM OHU MOSIBASIIOTCS B NMporpaMMe.

Ho nporpaMMbl He orpaHM4YMBatlOTCS JIMHEHONM NocneaoBaTENbHOCTbIO onepaumin. B npouecce
BbINOJIHEHMS MpOrpamMMa MOXET NOBTOPATb CEFMEHTbI KOAA, MOXET NPUHMUMATb PeLLUEHUS U
OCYLLUECTBNATb BeTBNeHUe. Ansa 3Tux uenen C++ noaaepXmBaeT onepauumn ynpaBneHUs NoTOKOM,
KOTOpblE CNyXaT AN 3a4aHus TOro, YTo AO0NXKHO 6bITb CAENaHO Halel NporpaMMoin, Koraa u npu
Kaknx obcrtoaTenbcTBax.

MHorme n3 onepauni ynpasJieHUsi MOTOKOM B 3TUX pasaenax TpebyrT OCHOBHbIX (no4)onepauuin B
KayecTBe 4acTn ux cuHtakcuca. MNoaobHbIi onepaTop MOXeT 6biTb 60 NpocTbiM C++ BblpaxeHuneM,
KaK eAVHNYHAas MHCTPYKLMS, NpekpawaemMas ToOUKoM € 3anaTon (7 ), TaK U CIOXHbIM BblpaXXE€HUEM.
CnoxxHoe Bblpa)keHWe — 3To rpynna onepaunii, Kaxxaas 3aBepluaeTcs CBOel TOUKOWN C 3ansTol, HO BCE
cobumpaeTcs BMecTe B 0AMH 610K, 3aKHOYEHHDbIN B purypHole ckobkn {3}:

{ statementl; statement?2; statement3; }
Becb 6510k onpegensiet oanH onepatop (COCTaBMEHHbIN N3 HECKONbKNX OornepaTopoB). MOCKObKY

obuee BblpaXXeHne ABNAeTCA 4YaCTbio CMHTAKCUCa onepaTtopa ynpaBiaeHna NOTOKOM, 3TO MOXET 6bITb 1
MPOCTbIM BblpaXXeHUeM, N CNOXHbIM.

OnepaTtopbl Bbibopa: if n else

Kniouesoe cnoBo if ncnonb3syercsa Ana BbIMNOMHEHUS BbIpaXeHUs Unmn 6110Ka, ecnu, 1 ToNbKO ecnu,
ycroBue BbiNosIHAETCS. CUHTAKCUC:

if (ycmoBue) BrpaxeHue

3LI,ECb YCJIOBME — 3TO BbIPpaXEHNE, KOTOPOE BbIYNCIIAETCA. Ecnu ato yciioBue MCTUHHO, BEIPaXeHME
BblNoJSIHSieTcs. Ecnn OHO NoXHO, BEIPaXeHME He BbINoJIHSeTCs (OHO MPOCTO UrHOopUpyeTcs), a
nporpaMMa npoao1XKaeTtca gasblie, nocne BCEro 6noka onepartopa.

HanpuMmep, cneayouwmnini pparMeHT Koga BbiBoauT coobuieHme (x is 100) Tonbko B TOM cnyuae, eciu
3HaueHMne, KOTOPOE XPaHUTCS B NepeMeHHon X, aenctentenbHo 100:

if (x == 100)
cout << "x is 100";

Ecnu X He paBHO 100, 3Ta onepaums UrHOPUPYETCH, U HAYEro He ByAeT BbiBEAEHO.

Ecnu Bbl XOTUTE BKIOUNTL 60M1€e OAHOMO BblipaXeHUs ANS BbIMNOSIHEHUS, KOrAa YCNOBUE BbINMOMHSETCS,
3TU BbIPaXXeHUSA J0/KHbI 6bITb 3aKtoUeHbl B uUrypHble ckobku ({ 1), dopMupys 6nok:

if (x == 100)

cout << "x is ";
cout << x;

Kak npaBuno, oTCTynbl 1 Nepexoj Ha HOBYIO CTPOKY B KOAE HUKAK He CKa3blBAlOTCA Ha pe3ysbTaTe, Tak
YTO KOJ BbllLE 3KBUBAJIEHTEH
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if (x == 100) { cout << "x is "; cout << x; }

Bbl60p Bblpa>XeHuna C 1f MoXeT Takxe 3a4aTb TO, YTO CNy4YUTCA, KOrga yCcyioBue HeE BbINOJIHAETCA, €Cln
NCNonb30BaTh KJKOYEBOE C0BO €lse AN BCTaBKW afibTEPHATUBHOIO BblpaXeHusd. CUHTaKCUC TaKoB:

if (ycnoBue) BopaxeHmel else BHpaxeHUe2

roe BrHpaxeHuel BbINOJHAETCS B C/llydae UCTUHbLI NPY NPOBEPKE YC0BUS, @ €C/IN HET, TO BbINOJIHAETCS
BEIPaXeHUE?2,

Hanpumep:
if (x == 100)
cout << "x is 100";
else

cout << "x is not 100";

370 BbIBOAUT X 1s 100, ecnun aenctBnTenbHO X MMeeT 3HayeHne 100, HO ecnn 3TO He TakK, BbIBOAUTCS
X 1s not 100,

CTpyKTypa 13 Heckonbkux if + else MoxeT 6bITb COCTaBNEHAa C LEe/bio MPOBEPKN HECKONTbKMX 3HAYEHUN.
Hanpumep:

if (x > 0)

cout << "x is positive";
else 1f (x < 0)

cout << "x 1s negative";
else

cout << "x is 0";

DTUM BBbLIBOAUTCSA, BYAET /X X MOSIOKMUTENBHO, OTPULATENBHO UKW PABHO HYJIO, Kak pe3ynbTaT
CTPYKTYpbl U3 ABYX if-else. BHOBb, BMO/IHE BO3MOXHO BbINO/HWUTL 60/1ee 0AHOMO BblpaXKeHus Ans
KaX[0ro ciyyasl, ecnm rpynnupoBaTtb UX B hUrypHbix ckobkax { }.

MoBTOpsowMecs BbipakeHus (LUMKIbl)

LiMKnbl NOBTOPSAIOT BbIPaXeHU HEKOTOPOE KOMIMUECTBO pas, UM Moka He 6yaeT BbiMOSHEHO HEKOTOpoe
ycnosue. OHU BBOAATCS KOYEBbIMK cnoBamn while, do y for,

LUukn while
MpocTeiwen pasHOBMAHOCTLIO LUWKNa aBnseTca umkn while. Ero cmHtacuc:

while (BrpaxeHme) ornepaums

Lunkn while npocto nosTopseT onepauuio noka BEPaxeHMe UCTUHHO. Ecnn nocne BbINOMHEHNUS
onepaumy, BEPaXeHMe nepectano 6biTb UCTUHHBIM, LMK 3aKaHUYMBAETCS, @ NporpaMma npoaoskaeT
BbINOJIHEHME OCTaBLUerocs Koga nocsne umkna. Hanpumep, gasanite B3rnsgHeM Ha obpaTHbIA OTCYET,
ncnonb3ayowmn umkn while:

// custom countdown using while 10, 9, 8, 7, 6, 5, 4, 3, 2, 1,
#include <iostream> liftoff!
using namespace std;

int main ()

{
int n = 10;
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while (n>0) {
cout << n << ", ";
--n;

cout << "liftoff!\n";

MepBoe BbipaXkeHWe B Main 3aaaéT n 3HayeHne 10. ITo nepBoe YMCIo Npu 06paTHOM OTCUETE. 3aTeM
HaunHaeTcsa unkn while: ecnu 310 3HaueHue yaosnetsoput ycnosuio n>0 (n 6onble Hyna), Toraa
610K, CreayoLmii 3a YC/IOBMEM, BbINOSIHAETCA M NOBTOPSAETCA A0 TeEX Nop, noka ycnosue (n>0)
OCTaéTCsl UCTUHHbIM.

Becbk npouecc npeabiayliiein nporpaMMbl MOXHO MHTEPNPETMPOBaTh COrMlacHO CleayloLeMy OnMCaHuio
(HaumHawLeMycsa ¢ main):

1. n nonydvaer 3HauyeHune
2. Ycnosue B while nposepsierca (n>0), B 3TOM MecTe ecTb AiB€ BO3MOXHOCTU:
O  yCnoBMe UCTUHHO: Bblpa)keHne BbiNonHsaeTcs (40 wara 3)
O  yCNOBWE NNIOXHO: Bblpa)eHMUe UTHOPUPYEeTCs, U NporpaMMa NpoAo/HKaeTCsl Nocne Hero
(mo wara 5)
3. BbINOMHATCS BblpaXeHus:
cout << n << ", ";
--n;
(BbIBOANTCS 3HA4YeHWe N n N yMeHbluaeTcs Ha 1)
4. KoHeu 6noka. MNporpamma Bo3BpallaeTcs aBTOMaTU4YeCKU K wary 2.
5. TMpoagomkaeTcsa nporpamma cpa3sy nocne 6soka:
BoiBOoauTCA 1iftoff! u nporpamma 3aBepaercs.

CMbicn obcyxaeHuns umkna while B8 TOM, 4TO LMK AOMXKEH 3aBEpPLUMNTLCH, TO €CTb, Bbipa)KeHue B Tene
LuMKIa AOIHKHO MEHSATb 3Ha4YeHne, NpoBepsieMoe B YC/10BMK, TaK, YTO6bl 3aCTaBUTb €ro CTaTb JIOXKHbIM B
KaKOW-TO MOMeHT. B npoTnuBHOM cnyvae umkn byaet npoaosmkatbcsi 6€CKkoHeYHo. B HaweM cnyvae umkn
COAEPXWUT ~~11, YTO YMEHbLUAET 3HAa4YeHMe nepeMeHHon (), oueHBaemMoe B yC/I0OBUM, Ha eauHMLY —
3TO, B KOHEUYHOM cuéTte, caenaet ycnosue (n>0) foXHbIM NOCNE HEKOTOPOro YMCa MPOXOA0B LUMKAA.
Bbonee To4HO, nocne 10 npoxonoB I CTaHOBUTCS paBHO 0, caenas yCnoBMe JIOXHbIM, YTO U 3aBepliaeTt
unkn while.

3aMeTbTe, UYTO CNIOXKHOCTb 3TOro umkia 6aHanbHa 4519 KOMMNbIOTEPA, @ BECb 06paTHbI OTCYET
BbINOJIHSETCA MFHOBEHHO 6e3 Kaknx-nnbo nays mexay anemeHTtamm cyéta (ecnm BaM MHTEPECHO,
MoXeTe NocMoTpeTb sleep for - npumep o6paTHOro OTCYETA C Nay3amu).

LUunkn do-while
OuyeHb NOX0XUN unkn - umkn do-while, cMHTaKcmMc KOTOporo:

do BmpaxeHue while (ycmoBue);

OH BelET cebs nogobHo UMKy while, ncknoyas To, YTo YCIIOBME NMPOBEPSETCA NOC/E BbIMOTHEHUS
BEIPAXEHMS, @ He A0 3TOr0, YTO rapaHTUPYET XOTs 6bl O4HO BbINOSIHEHME BEPAXEHN, AaXe eClm
YCJIOBME HMKOMAA He BbINOSHAETCS. HanpuMep, cneaytowas nporpamMa noBTopsieT Nto6oi TEKCT,
BBOAMMbIV Nofib30BaTeneM, noka ToT He BBeAET goodbye:

// echo machine Beenure TexcT: hello

#include <iostream> Ber BBeyqu: hello

#finclude <string> Beenure TekcT: who's there?

using namespace std; Bel BBenm: who's there?
BeemuTe TexcT: goodbye

int main () Bel BBRenu: goodbye

{

string str;
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do {
cout << "BpemuTe TekcT: ";
getline (cin,str);

cout << "Bm BBequ: " << str <<
"\n';
} while (str != "goodbye");

Lnkn do-while 06bl4HO NMpuUMeHSETCS BMECTO unknia while, korga Hy>Ho, YTobbl BEIpaxeHmne
BbINOJIHWUIOCb XOTS 6bl OAWH pa3. A NpoOBepKa YC/I0BUS B KOHLE UMKa NoapasyMeBaeT, yYTo TO, YTO
npoBepsieTcs B YC/I0BUWU, ONpeAenssocb BHyTPpM camMoro umkna. B npeabiayuiem npumepe BBoA
nonb3oBaTeneM BHYyTpu 60Ka onpeaensieT, 6yaeT v UMK 3aBepluéH. TakuM obpasoM, aaxe ecnu
Nosb30BaTE/Ib XOUET 3aBePLUUTb LMK/ KaK MOXHO paHblle, BBeaa goodbye, 6ok BHYTpU UMKIa
OOMKEH BbIMONHUTLCS XOTS 6bl 0AHaXAbl, YTOBbI OCYLLECTBUTbL BBOA, a ycnoBue, dakTUUECKN, MOXKET
6bITb ONpeaeneHo Nocne BbINOMHEHUS 6oKa.

Uwnkn for
Umkn for npuayMmaH Ana NOBTOPEHUS BbIPAXXeEHUA 3a4aHHOE KOIMYecTBO pas. Ero cMHTakcuc:

for (MHMUManIM3aLMA; YCJOBME; MHKPEMEHT) BHPAXEHNE;

Moao6bHo uukny while aTOT UMK NOBTOPSiET BEPAXEHME NoKa YCIIOBME UCTUHHO. HO AOMNONHUTENbHO
uuKn for NpefoCcTaBAsSeT MECTO A/ XPaHEeHUA MHMLVATIVSALUA | BblpaXXeHUss MHKPEMEHTA,
OCYLLECTB/ISEMOIO A0 Ha4yasia NepBOro BbIMOJHEHUS LMK 1 MOCAE Ka)XA0ro npoxoaa COOTBETCTBEHHO.
M3ToMy BecbMa Nosie3HO B Ka4YeCTBE NepeMeHHbIX CYETUMKA BbIBMpPaTb TO, UYTO NPOBEPSETCS B
YCIIOBUMN,

Bcé a1o paboTaeT crneayowmnM o6pasom:

1. mHMOMaNM3auMus pbiNoaHAeTca. O6bIYHO 3TO 06bsSABNEHNE NepeEMEHHON CYETUMKA U 3ad4aHMe el
HEeKOTOpOro Ha4yasibHOro 3HayeHus. 3TO BbIMOMHAETCS OAHOMOMEHTHO B Hayane umkna.

2. ycinoeue nposepsieTcs. ECAM OHO UCTUHHO, UMK NPOAOIKAETCS; WHaye UMK/ 3aBepLiaeTcs, a
BEIPaXeHMEe MponyckKaeTca Ao wara 5.

3. BBIPaXeHME BbINONHAETCA. Kak 06bl4HO, 3TO MOXeT 6bITb NM60 eAMHCTBEHHOE BblpaXKeHune,
160 610K BbIpaXXeHWU, 3aK/TOUYEHHbIX B hUrypHble ckobku { 1.

4, MHKPEMEHT BbINOJIHAETCS, a UMK/ BO3BpallaeTcs K wary 2.

5. uukn 3aBepluaeTcsa: BbINOSHEHME NPOAOIXKAETCSA CO CEAYIOLLEro 3a LMKIOM BbIPaXXeHMUS.

BoT npumMep o6paTHOro cuyéTumka, MCnosb3ytoLllero Uukn for:

// countdown using a for loop 10, 9, 8, 7, 6, 5, 4, 3, 2, 1,
#include <iostream> liftoff!
using namespace std;

int main ()
{
for (int n=10; n>0; n--) {
cout << n << ", ";
}
cout << "liftoff!\n";

Tpu nons B umkne for He o0b6s3aTenbHbl. OHM MOTYT OCTaBaTbCs NyCTbIMU, HO B Nt060OM cnyvae
TpebyeTcsa Touka C 3ansaToi Mexay HuMu. Hanpumep, for (;n<l0;) - 3710 unkn 6€3 uHUyMaIn3aumm
N MHKpeMeHTa (3KBMBaNeHTHO umkny while); a for (;n<l0;++n) - 3To UMK C MHKPEMEHTOM, HO 6€e3
nHuymnanusaymm (BO3MOXHO, MO NPUYMHE TOro, YTO NepeMeHHas 6bina yxe mHuLmaan3poBaHa nepea
umknom). Llnkn 6e3 ycioBusa sKBMBaANeHTEH UMKNY, rAe ycnosue Bcerga true (To ectb, 6€CKOHEYHbIN
umKn).
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MockonbKy Kaxaoe nosie UCMOMHAETCA B OTAE/bHOE BPEMS B XU3HW LUMKAA, MOXET 6biTb NOME3HbIM
BbIMOMHATE 60N1€ee 0OAHOrO BbIpAXEHUs U AN MHULMAAN3aLUUM, N ANS yCI0BUSI, U ANS BbipaxkeHusi. K
COXaJleHUIo, HET BblpaXKeHWn KPOMe MPOCTENLLMX, @ UX HeNb3sl 3aMeHnTb 6nokamu. OAHako B
BblIpaXeHMSX MOXHO MCMOJ/Ib30BaTb OnepaTop 3ansaTou (s ): 3TOT onepaTop — pa3AeunTeNb BblpaXeHWH,
N OH MOXEeT pa3AensTb MHOXECTBO BblpaXeHWui, rae 06bI4HO OXuMAaaeTcs ToAbKo oA4HO. Hanpumep,
NCNONb3ys €ro, MOXHO ANS uMkna for noaaepXxuBaTh ABe NepeMeHHble cYéTa, NX UHULManm3aumm un
WHKpeMeHTa obeunx:

for ( n=0, i=100 ; n!=i ; ++n, —--i )
{

// whatever here...

DTOT uMkn 6yaeT BbinoneHeH 50 pas, eciv HU 1 HU 1 He MeHATCA BHYTPU LMKNa:

» ThitiglizZation
w Condition

|
for (|n=0, i=100 n'=i

H s ++n, —-1i)

Increase

N HaumHaeTcs co 3HayeHua 0, a 1 ¢ 100, ycnosume n! =1 (To ecTb, N He paBHO 1). MocKoNbKY N
YBENNUMBAETCA Ha eAMHULY, @ 1 yMeHbLUAeTCs Ha eaMHULY NPU KaXAoM npoxoAe, yCloBue Uuukna
CTaHEeT JIOXKHbIM nocne 501 NoBTOpeHuin, Koraa n N u i ctaHyT paBHbl 50.

LUmkn for Ha ocHOBe MHTepBana

Lnkn for B 3TOM cny4dae MMeeT ApYron CUHTAKCUC, KOTOPbI UCNONb3YEeTCAa UCKTIOUUTENBHO C
WHTepBanamu:

for ( oObaBJieHME : MHTEepPBAJl ) BHPAaXeHUE;

DTa pa3HOBMAHOCTb LUukia for NoBTOpSETCSA No BCEM 3/IEMEHTAM B MHTEepBane, rge OObABIIEHNE
3a4aéT HEKOTOPYHO NEPEMEHHYHO, CMOCOBHY0 NMPUHMMATbL 3HAaYEHUsl 3/IEMEHTOB B 3TOM UHTEpBane.
NHTepBanbl — 3TO NOC/IeA0BaTENIbHOCTM 3/IEMEHTOB, BK/IlOYAs MacCMBbl, KOHTENHEPDLI U Ntobble apyrue
TUMbI, NOAAEPXNBAEMbIE PYHKLUMAMM Pegin y end, BoNbWNHCTBO 3TUX TUMOB MNOKa HE BCTPEYasnuch B
3TOM pPYKOBOACTBE, HO Mbl YK€ 3HAaKOMMU/IUCb, MO KpaWHel Mepe, C 0A4HUM U3 TUMOB, CTPOKAaMM,
KOTOpble NpeACcTaBASIOT NOC/eA0BaTEIbHOCTb CUMBOSIOB.

Mpumep uukna for Ha OCHOBE MHTEpBasa, UCMOJb3YOLNIA CTPOKK:

// range-based for loop [Hl [el [1]1[1][o] ']
#include <iostream>

#include <string>

using namespace std;

int main ()
{
string str {"Hello!"};
for (char ¢ : str)
{
std: :cout << "[" << ¢ << "]n;

}

std::cout << '\n';

3amMeTbTe, YTO Nnepea ABOETOUMEM () B LMKIE 06bABNSETCS NepeMeHHas char (anemMeHTbl CTPOKU BCe
Tuna char). 3aTeM Mbl UCMOJIb3yEM NEpPEMEHHYI0 C B 6J10Ke BbipaXeHUI, NpeacTaBiosaWNX 3HaUYeHUs
KaXx[oro n3 aNeMeHToOB B MHTepBarsne.
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OTOT UMK aBTOMaTU4YeCKUI, OH He TpebyeT SBHOro 06bsABNEHMS KaKo-NMbo nepeMeHHON CUYETUMKA.
LMKbl, OCHOBaHHble Ha MHTepBasie, 06bIYHO MOrYT TakXXe MCMOosb30BaTh OTC/EXMBaHME TUNa

3/1IEMEHTOB C NMoMolbto auto, Kak npaBuno, UnMKnbl, OCHOBaHHbIE HA MHTEPBAJi€ KaK BblllE, MOXHO
3anuncbliBaTb U Tak:

for (auto c : str)
std::cout << "[" << ¢c << "]";

34ecb TMN C aBTOMaTU4YeCcKn onpenenseTcsd TUNMOM 3/1IEMEHTOB B str,

OnepaTtopbl NpbKKOB (Jump)

MHCTpYKUMM NpbibkKa (Jump) No3BoNsitOT M3MEHUTb XOA4 NMPOrpPaMMbl, BbIMOMHAS Nepexol B 3a4aHHoe
UMW MECTO.

UHcTpykuua break

break 3aBepuwaeT unKn, gaxxe eciun ycnosue ansd €ro saBepleHums He 6b1/10 BbIMOAHEHO. DTO MOXET
6bITb MCMONBL30BAHO ANS NpepbiBaHUS HE€CKOHEYHOro UnKia nnm Ans yCKOpeHHOro 3aBeplieHns ao
€CTeCTBEHHOI0 OKOHYaHUA UuKna:

// break loop example 10, 9, 8, 7, 6, 5, 4, 3, countdown
#include <iostream> aborted!
using namespace std;

int main ()
{
for (int n=10; n>0; n--)
{
cout << n << ", ";
if (n==3)
{
cout << "countdown aborted!";
break;

MHcTpykumua continue

MHCTpyKumMa continue npuBoAuT K TOMY, YTO NMporpaMMa rnponycKaeT OCTaBLUYCA YacTb LUUKA Npu
TeKyLlWweM npoxoae, Kak ecnun 6bl 6611 4OCTUTHYT KOoHew, 6510Ka BbIpaXKeHUn, 3acTaBnas HadaTb
cneaywowmii npoxoa unkna. Hanpumep, aaBarte NponycTuM ymcnio 5 B Hawem o6paTHOM CYETUMKE:

// continue loop example 10, 9, 8, 7, 6, 4, 3, 2, 1, Edit
#include <iostream> liftoff! &
using namespace std; Run

int main ()
{
for (int n=10; n>0; n--) {
if (n==5) continue;
cout << n << ", ";

}
cout << "liftoff!\n";
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OnepaTtop goto

goto no3BonseT caenatb abCoNOTHbIN NMPLPKOK B APYroe MecTo NporpaMmbl. TOT 6€3yC/oBHbIN
NPbPKOK UTHOPUPYET YPOBEHb BIOXXEHHOCTU N He Bbi3blBaeT aBTOMATUYECKOM OYNCTKM cTeka. [MoaTomy,
NoAO6HY BO3MOXHOCTb C/leAyeT UCMOb30BaTb OCTOPOXXHO U XKenaTeslbHO B TOM Xe 6noke
BblpaX€HW, 1, rMaBHbIM 06pa3oM, NPU HAMUYNK JIOKAsbHbIX MEePEMEHHbIX.

Touka HasHadeHunsa naeHTnduunpyeTcs meTkoi (label), koTopas 3aTeM UCMNOJSIb3YETCA B KavecTse
aprymeHTa ans onepatopa goto. Metka co3paétcsa, kak noaxoAaswmn naeHtndgukartop,
conpoBoOXAaeMbl ABoeToumeM ().

goto 06bIYHO CYMTAETCSH 3/IEMEHTOM HU3KOI0 YPOBHS, HE UMEKLLUM NPaKTUYECKOro NPpUMEHEHUSs B
COBPEMEHHOI NapaAurMe BbICOKOYPOBHEBOIO NMpPorpaMMMpoBaHus, ucnonblyemon B C++. Ho B
KayecTBe npuMepa npeasiaraeM Koz nporpammbl 06paTHOr0 CYETUMKA C LMKIIOM, UCMOMb3YHOLWUM goto:

// goto loop example 10, 9, 8, 7, 6, 5, 4, 3, 2, 1,
#include <iostream> liftoff!
using namespace std;

int main ()

{
int n=10;

mylabel:
cout << n << ", ";
n--;
if (n>0) goto mylabel;
cout << "liftoff!\n";

Apyroe BbipaxeHue Bblbopa: switch.

CuHTakcuc nepekntodaTtens (switch) HeMHoro ceoeobpasHbin. Ero HasHauyeHMe — NpoOBEpPUTb 3HAYeHMe
cpeniv HECKOJTbKMX MOCTOSIHHbIX KOHCTAHT. DTO MOXO0Xe Ha CBA3KY BbipaxkeHui if-else, Ho
orpaHMyMBaeTCcs KoOHCTaHTaMu. CaMbl TUNMUYHbBINA CUHTAKCUC 3TO:

switch (BepaxeHue)
{
case koHcTaHTal:
Tpynna-BepaxeHmi—1;
break;
case KOHCTaHTaZ:
TpyNIa=BbPaXeHUN—2 ;
break;

default:
npenonpenesyiéHHasa—Ipylla—BEHPaXeHUN

PaboTaeT 370 cneaywolmM o6pa3om: sSwitch pbinonHaeT BEPaxeHue y nposepsaeT, 6yaeT am
pe3ynbTaT 3KBMBaJIEHTEH KOHCTAHTAal; ecnun 3To Tak, BbINOMHAETCS T'Pynia-BhHpaxeHuii-1 noka He
6yneT HalijeHa MHCTpykuma break, Koraa o6HapyXuBaeTcs MHCTpyKUMa break, nporpamMma
nepenpbIrMBaeT Ha KoHel, Bcero onepatopa switch (sakpbiBatowas ckobka).

Ecnu BblpaxkeHue He paBHO KoHCTaHTal, Torga nposepsieTcs KOHCTpaHTaZ, Ecnv o6HapyXunBaeTcs

paBEHCTBO, BbIMOJIHAETCA TPYyNIa=BHPaxXeHur—2 Moka He AoWAET Ao break, koraa ocyuiectsnaercs
MpbIXXOK A0 KOoHLa switch.
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HakoHel, ecnn 3HaYeHNE BblpaXeHMs He CXOAUTCA C paHee 3aAaHHbIMWM KOHCTaHTaMun (MOXET 6bITb
nboe UX KOTMYECTBO), NporpaMMa BbIMOJTHAET BblipaxeHusa nocne metkn default: ecnu oHa ecTtb (TO
€CTb, OHa He obsazaTenbHa).

Ob6a cneaytowmx dparmeHTa Koga obHapyXunBalOT 0OANHAKOBOE NoBeAeHue, AEMOHCTPUPYS
SKBMBasneHTHOCTh if-else n switch onepaTopos:

switch npumep || if-else akBuBaneHT
switch (x) { if (x == 1) {

case 1: .o "

cout << "x is 1"; ) cout << "x is 1%;
ca:geg]f’ else if (x == 2) {

. cout << "x is 2";

cout << "x is 2";

break; J
default: else { . .,

cout << "value of x unknown"; ) cout << "value of x unknown®;
}

NHCTpyKumMa switch umeeT AOBONBbHO cneundUUEcKnii CUHTAKCUC, YHACNe0BaHHbIN OT paHHUX
BEPCUI NEePBbIX KOMMNUAATOPOB CK, NOCKOJIbKY UCMOMb3YHTCA METKM BMECTO 6/10K0B. Bo MHOMMX
TUMWUYHBIX NPUMEpPax UCMoNb30BaHMsA (MOKa3aHHbIX Bbllle) 3TO 03HAYaeT, YTO NPUXOAUTCS
MCMo/Ib30BaThb BblpaxeHue break nocne kaxaow rpynnbl BblpaXKeHUn AN Kaxaon MeTku. Ecnu break
He BKJ/TIOUYEHO, BCE BbIPaXKeHUS, cneaylolmne 3a case (BKa4Yasa To, YTo noa nobbiMn ApyruMu
MeTKaMM), TakxXe BbIMOHAITCS, Noka He 6yaeT AOCTUrHYT KoHel, 6110ka onepartopa switch unu
WMHCTPYKLMM nepexona (Takol kak break),

Ecnv B NpvMepe Bbille TepseTca MHCTPYKUKUSA break nocne nepeow rpynnbl AN ciayyas oauH,
nporpaMMa He nepenpbirHET aBTOMaTUYECKM K KOHLY 6110Kka switch nocne BbiBogaa X 1s 1, n 6yger
BMECTO 3TOr0 NpPOoA0/HKaTh BbIMOMHEHWE BbIPAXXEHUIN ANA cyyas ABa (To eCTb, BbiBeAeT n x is 2), U
Tak 6yAeT nNpoAonXaThca 40 BCTpeun ¢ break unam koHuoM 6noka switch, 31o aenaet nuiHUM
3aK/I0UEHME BbIPAXEHWUI AN KaXAoro ciydvas B ckobku {}, n Takxe MoXeT 6biTb NOME3HO BbIMOMAHNUTb
TY Xe rpynny BbIPa)K€HUI ANna pa3HbiX AOMYCTUMbIX 3Ha4YeHuii. Hanpumep:

switch (x) {
case 1
case 2
case 3:
cout << "x is 1, 2 or 3";
break;
default:

cout << "x is not 1, 2 nor 3";

3aMeTbTe, YTO onepaTop switch orpaHU4YeH Npu CpaBHEHUN BbIYMUCIIEHHbIX Bblpa)KEHMﬁ C METKaMu
TEM, YTO OHWN — KOHCTaHTbl. Henb3s MCNonb30BaTb NepeMeHHbIE UM MHTEPBAJibl B KAYECTBE METOK,
MNOCKOJNbKY OHU He SABASAKTCA NPaBUbHLIMU NOCTOSAHHbLIMWU BblpaXXeHusmu B C++.

[na NpoBepKM MHTEPBASIOB WM 3HAYEHMI, KOTOPblE HE ABASIOTCS MOCTOSIHHBIMU, Ny4dlle UCMOJIb30BaTh
KacKagHYl KOHCTPYKUMIO U3 BblpaXXeHUn if n else if.
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DOYyHKLUUM
DYHKLUMN NO3BONSAOT CTPYKTYPUPOBAThL NporpaMmbl 610KaMu KoAa, BbIMOJHSAWNMN MHANBUAYASIbHbIE
3aJauun.

B C++ dyHKUMSA — 3TO rpynmna MHCTPYKUUIA, KOTopast UMEET UMS U K KOTOPOWM MOXHO obpallaTtbCs us
pasHbIX TOYEK nporpammbl. Hanbonee o6Wmii CUHTaKCUC onpeaeneHuns GyHKUUN BbIraauT Tak:

type name ( parameterl, parameter2, ...) { statements }

Fpne:

- type - 370 TMN 3Ha4yeHusl, BO3BpaLLaEMoro yHKLUNEN.

- name - 370 WAEHTUPUKATOP, MO KOTOPOMY MOXHO BbI3blBaTb (PYHKLMUIO.

- parameters (cTonbko, CKOMIbKO HYXHO): Ka)kAbli MapaMeTp COCTOUT M3 TMMNa C NOC/eAYoWnM
MAEHTUDUKATOPOM, KaxAbl NapaMeTp OTAENSETCS OT ApYruX 3anaTon. Kaxabli U3 napamMeTpos
BbIFISIAUT TaK Xe, Kak 06blyHOe 06bsiBNEeHUEe nepeMeHHon (HanpuMep: int x), u dakTnyecku
OencTByeT BHYTPM dyHKUMK, KaK 0bblYHaa nepeMeHHas, HO nokanbHas, paboTalowas BHYTpU
¢dyHKUMN. Ha3zHaueHMe napaMeTpoB — NO3BOJIMTb NepeaaTb apryMeHTbl B QYHKUMIO U3 MecTa, OTKyAa
OHa BbI3bliBaeTCs.

- statements - 3710 Teno PpyHKUNM. DT0 610K BbipaKeHU (MHCTPYKLUMN), OKaUMNEHHbIN DOUFYPHBIMK
ckobkamm { }, KOTOpbIN 3a4aéT TO, UTO PyHKUNS peasibHO AeNnaerT.

[aBaiiTe B3rnsHEM Ha npuMep:

// function example PesymnbTar 8
#include <iostream>
using namespace std;

int addition (int a, int b)
{

int r;

r=a+b;

return r;

int main ()

{

int z;
z = addition (5,3);
cout << "PesymnbTarT " << z;

DTa nporpaMMa pasgefieHa Ha Ase pyHkuumn: addition y main, MOMHMTE, UTO HE MMEET 3HAUYEHUS
nopsiAaoK, B KOTOpPOM yHKUMK onpegenstTcs, B C++ nporpamMma Bcerga CtapTyeT C Bbl30Ba PyHKUUM
main, @akTMYECKN Main — 370 TONLKO YHKUMS, Bbi3biBaEMasi aBTOMATUYECKN, @ KOA B APYrUX
DYHKUUSAX BbIMNOMHAETCS TOMILKO B TOM C/lyyae, Koraa GyHKLMSA Bbi3blBaeTca M3 main
(HenocpeaCTBEHHO UM KOCBEHHO).

B npumMepe Bblwe GYHKUMSA Main HauyMHaeTca ¢ 06bABAEHUS NepeMeHHOoN Z Tuna int, a cpasy 3a aTum
OHa BbIMOJTHAET MEepPBbIi BbI30B (hYHKLUMM: OHA Bbi3BaeT GyHkumio addition, BbizoB dyHKUUN cneqyeT
CTPYKTYpE o4YeHb NOXoXel Ha eé o6baBneHue. B npuMepe Bbilwe Bbi30B PyHKUMM addition mMoxeT
6bITb CPaBHEH C eé onpefenieHMeM HECKOSTbKUMWU CTPOKaMM BhlLLE:

int addition {int a, int h)

r 1

z = addition { 5 , 3 ):

59



B.H. T'osi010608B O nepeBo/ie 0THOTO PYKOBO/ICTBA

MapaMeTpbl B 06bABNEHUN DYHKLMU UMEIOT MPSMOE COOTBETCTBME C apryMeHTammn, nepeaasaeMbiMu
npu Bbi3oBe MYHKUMK. Bbi30B nepenaét aBa 3HayeHns 5 u 3 B PyHKUMIO; 3TO COOTHOCUTCS C
napaMeTpamun a u b, 06baABNEeHHbIMU Ana dyHKunn addition,

B sTOM MecTe, rae dyHKUMS Bbi3biBaeTCa U3 main, ynpasneHue nepeaaércs dpyHkumm addition,
BbinosfiHeHWe dyHKUMM Main npMocTaHaBIMBAETCSA, @ BO30OHOB/AETCS TO/IbKO MOC/Ee 3aBepLleHuns
paboTbl pyHKUMM @addition, B TOT MOMEHT, KOoraa @yHKUMSA BbI3BAETCS, 3HaUYeHNe 060MX apryMeHToB
(5 1 3) KonupytoTCsa B NoKasbHble NepeMeHHble int a n int b BHyTpM dyHKUMM.

3ateM BHyTpu addition gpyraa nokanbHas nepeMeHHas, o6bsiBNIeHHasn B Het (1nt r), c momoulklo
BblpaXkeHua r=a+b, kak pesynbTaT a nnc b, npuceaMsaeTca T'; B HallleM C/lyyae, Koraa & paBHo 5 u
b paBHO 3, r npucBanBaeTca 8.

3aK1ounTENbHOE BbipaXeHue B hyHKUUN:

return r;

3aBeplieHne paboThl dyHkunn addition posepauwlaer ynpasneHe o6paTHO B TO MECTO MPOrpamMmbl,
roe dyHKUMS Bbi3Banacb, B HalleM cflyyae B GyHKUMIo Main, IMEHHO B 3TOT MOMEHT nporpamma
nepeksoyaeT CBOE BHUMaHWE Ha Main, Bo3Bpallascb TOUHO B Ty TOUKY, rae 6bina npepsaHa Bbi30BOM
dyHKumn addition, Ho gobasum, uto addition gosspaliana TMN, BbIYNCIEHHbIA NPU BbI3OBE U
ob6peTInit 3HaueHne. ITO 3HaveHue 6bI10 3a1aH0 B BblpaXkeHun return, sapepwmsiem addition: g
HaLlEM YaCTHOM Cnlyyae 3Ha4YeHUe IoKanbHOM NepeMeHHOM ¥, KoTopasi K 3TOMY BpeMEHU Ans
BblpaxkeHnsa return nonyymna sHayeHue 8.

int addition (int a, int h)

lS

z = addition { 5 , 3 );

Takum o6pa3oM, BbizoB addition - 370 BbipaXeHne Co 3Ha4YEHMEM, BO3BpaLLlaeMbiM PyHKUMEN, B
HalWeM cny4dae 3TO 3HaYeHue 8, KOTOpoe NPUCBAETCHA NEPEMEHHON Z. DTO BbIMMAANT TaK, Kak ecnu 6bl
BeCb BbI30B yHKumMM (addition (5, 3)) 6bin 3aMeHEH BO3BPALLAEMbIM €10 3HayeHmeM (To ecTb, 8).

QOYHKLUMSA main nNpocTo BbIBOAUT 3TO 3HAYEHME C MOMOLLbIO:

cout << "The result is " << z;

QOYHKLUWSA MOXET BbI3blBaTbCA MHOXECTBO pa3 B NporpaMme, a e€ apryMeHTbl He orpaHuYeHbl TObKO
nnTepanamu:

// function example The first result is 5
#include <iostream> The second result is 5
using namespace std; The third result is 2

The fourth result is 6
int subtraction (int a, int b)
{
int r;
r=a-b;
return r;

int main ()
{
int x=5, y=3, z;
z = subtraction (7,2);
cout << "The first result is " << z
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<< '"\n';

cout << "The second result is " <<
subtraction (7,2) << '\n';

cout << "The third result is " <<
subtraction (x,y) << '\n';

z= 4 + subtraction (x,Vy);:

cout << "The fourth result is " <<
7 €€ "\mYg
}

Mono6bHo dhyHkumn addition uz npeabiayllero npuMepa B 3ToOM onpeaensertca dyHKUusa subtract,
KOTOpast MPOCTO BO3BPAlllaeT pa3HOCTb Mexay eé AByMsa napaMeTpamu. B 3ToT pas main pbi3biBaeT 3Ty
(bYHKUMNIO HECKOJIbKO pas, IEMOHCTPUPYSA BO3MOXHble CNOCO6bl BbI30Ba (YyHKLMM.

[JaBainTe nNpoBepuM KaxKabll U3 3TUX BbI3bIBOB, AE€PXXa B NaMATM TO, YTO KaXAbl BbI30B MYHKUMN — 3TO
HeKoe BblpaXeHue, KOTOpoe BblYMCASET BO3BpaLllaeMoe 3HayeHne. BHOBb, Bbl MOXeT AyMaTb O HEN,
KaK 0 3aMeLlleHnn eé Bbi30Ba BO3BpaLLlaeMbIM 3HaUYEHUNEM:

z = subtraction (7,2);
cout << "The first result is " << z;

Ecnun Bbl 3aMeHUTe BbI30B (PYHKLMWN 3HAYEHNEM, KOTOPOE OHa Bo3BpauwaeT (T.e., 5), To nonyuuTe:
z = 5;

cout << "The first result is " << z;

C Tow ke caMoi npouenypoin Mbl MOXEM UHTEPMNPETUPOBATDL:

cout << "The second result is " << subtraction (7,2);
Kak:
cout << "The second result is " << 5;

NMoCcKosbKY 5 — 3TO 3HaueHuWe, Bo3BpallaemMoe subtraction (7,2),

B cnyuae:

cout << "The third result is " << subtraction (x,Vy);

apryMeHTbl, nepeaaBaeMble dhyHKUUK subtraction — 3To nepeMeHHble, a He nuTepansl. M 3To Toxe
NpaBubHO, 3TO TOXeE MPEKPACcHO paboTaeT. OYHKLMSA Bbi3bIBAETCSH CO 3HAYEHUSAMU X U Y, UMEIOLLIMMHI
Ha MOMEHT Bbl30Ba: 5 1 3 COOTBETCTBEHHO, M BO3BpaLLAET B KauecTBe pesynbrata 2.

YeTBEPTbIN BbI30B OMNSATh MOXOX:

z = 4 + subtraction (x,Vy);

B aTOM Bbi30Be (hyHKLMN BbISIO TOIbKO A406ABNEHO CMIOXEHUE M ONEpaHA B onepauun CrioXxeHus. BHOBb,
pes3ynbTaT TO XE, YTO U NMpU 3aMelLeHnn hYHKLNU BO3BPALLAEMbIM 3HAUYeHMEM e€ paboThl: 6. 3aMeTbTe,
yTO 6n1aroAaps NepecTaHOBOYHbLIM CBOMCTBAM CIIOXEHWS, BblpaXKEHME Bbille MOXHO nepenncaTb Tak:
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z = subtraction (x,y) + 4;

C TeM xe pe3y/bTaToM. U elé 3aMeTbTe, UTO HET HEOBXOAMMOCTM B TOYKE C 3aMnaTOM NOC/E BbI30Ba
dyHKUMN, HO, KaK BCeraa, B KOHLIE BCEr0 BblpaXeHust 3To Heob6xoanMo. BHOBb, 3a 3TUM fierye
npocMaTpMBaeTCs IOrnmKa, ecfiv 3aMeHUTb Bbi30B YHKLMW BO3BpaLlaeMbiM 3HAUEHNEM:

’

// same as z = 4 + subtraction (x,y)
subtraction (x,y) + 4;

2
4 // same as =z

+
+

Ne N

=4
z = 2

dyHkUuMa 6e3 Tuna. Ucnonb3oBaHue void

CVHTaKCKC, NoKa3aHHbINM Bbile Ans QyHKUMRA, 3TO:

type name ( argumentl, argument?2 ...) { statements }

TpebyeMoe 06bsABEHME AOMIKHO HAUYMHATLCS C TMMaA. DTO TUM 3HAYEHWS, BO3BPaLLAeMoro hyHKUMe.
Ho uTo ecnn dyHKUUN He HY>KHO BO3BpallaTh 3HaueHue? B 3TOM cnydyae ucnosb3yerca Tmun void,
KOTOPbIN SABASIETCS CneuManbHbiM TUMOM ANS MPeACTaBleHUss OTCYTCTBMSA 3HavyeHus. Hanpumep,
YyHKUMS, KOTOpas MPOCTO BbIBOAUT COOBLLEHNE Ha 3KPaH, HE HYXXAAEeTCSA B BO3BPALLEHUN 3HAYEHUS

// void function example I'm a function!
#include <iostream>
using namespace std;

void printmessage ()

{

cout << "I'm a function!";

int main ()

{

printmessage () ;

void MOXeT TakXe MUCMoNb30BaTbCA B CNMWCKE MapaMeTpoB (yHKLMKM, ABHO MOKasbiBasi, YTo PyHKUMS
He MPUHMMAET Mpu BbI30BE MapaMeTpoB. Hanpumep, pPrintmessage mMoxeT 06bABNATLCA KaK:

void printmessage (void)
{

cout << "I'm a function!";

B C++ nycTOl CNMCOK NapamMeTpoB MOXET UCMO/b30BaTbCA BMECTO VO1id, nMes To Xe CMbIC/, HO
ncrnonb3osaHme void B apryMeHTax 6bi/10 pacrnpocTpaHeHo B A3bike Cu, rae 1o Tpebyercs.

HeuTo, UTO BCeraa He aBnseTca HeobazaTeNbHbIM — 3TO CKOHKM 32 UMeHeM (PYHKLMWN, OHN 06a3aTeNbHbI
n npu o6bsaBNEeHNn PyHKUNK, 1 Npu eé Bbi3oBe. N gaxe ecnu pyHKUMS HE UMeeT napamMeTpos, XOTs 6bl

nycTas napa ckobok Bceraa f06aBnseTca K MMeHn dyHKUUKU. BOT Kak Bbi3blBAeTCs (yHKLMA
printmessage B npumepe paHee:

printmessage () ;

Ckobku oTimyaoT MyHKUMIO OT APYroro poaa o6bsiBneHunin nnm BoipaxeHuin. Crnegytoulee HanucaHme
He CMOXET BbI3BaTb (PyHKLMIO:

printmessage;
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Bo3BpalwjaeMmoe 3HadyeHne pyHKUMM main

Bbl MOr/IM 3aMeTUTb, YTO BO3BPaALLAaeMoe 3HaveHne dhyHKuumn main 3to int, Ho 60NbLWNHCTBO
NnPMMEpoB B 3TOM M NpeablayLnX pa3genax B AENCTBUTENbHOCTU HE BO3BPALLAET HUKAKOrO 3HaYeHMS
M3 main,

Xopollo, BOT B YEM MOABOX: €C/MM BbIMNOMHEHWE (YHKLMM Main 3aBepllaeTcs HopManbHO 6e3
NnosiBNIEHUs BblpaxkeHus return, koMmnunsatTop 6epéT Ha cebs 3aBeplieHne DYHKLUMU CKPbITbIM
Bblpa)keHnem return:

return 0;

3aMeTbTe, YTO 3TO OTHOCUTCS TOSIbKO K (YHKLUMM Main 1 no MCTOpUMYECKMM NpuunHaM. Bce apyrue
(pyHKUMN, 4YTO-TO BO3BpaLULAIOLME, AOKHbI 3aBepLIaTbCs NpaBWUIbHbIM BblpaxeHueMm return, kotopoe
BK/IlOYaeT BO3BpallaeMoe 3HavYeHne, gaxe ecsiv 3T0 U He NCMNOoMb3yeTCs.

Korga main posBpallaeT HoMb (60 ABHO, NMM60 HESIBHO), 3TO MHTEPMPETUPYETCA OKPYXKEHNEM KaK
ycrewHoe 3aseplueHne nporpammbl. ®yHKUMER Main MoryT BO3BpaLATLCA APYrMe 3HaYeHus, a
OKpY>XeHWe AaéT KakMM-To 06pa3oM AOCTYMN K 3TUM 3HAaYEHMAM Bbi3BaOLLEN NporpaMMe, XoTs
nofobHoe noBeaeHue U He 06s13aTeNlbHO, U He BCeraa nepeHocMMo Mexay nnatdhopMamu. 3HaueHus
AnA main, koTopble KAKMM-TO 06pa3oM rapaHTMpoBaHO 6y4yT MHTEPMNPETUPOBAHbI AM1s BCEX MIaThopM,
3ToO:

| 3nauenne || onucaHue |

|O ||ycneLUHoe 3aBepLlueHne nporpamMmmsl |

3aBeplieHune ycnewHo (Kak u Bbiwe).

EXIT SUCCESS o .
- DT0 3HaueHuMe onpeaesieHo B 3aro/ioBOYHOM daline <cstdlib>.

MporpamMMa 3aBepLuMIach HeyaauHo.

EXIT FAILURE . .
- DTO 3HaYeHMe OnpeseneHo B 3arofioBoYHOM daitne <cstdlib>.

MocKoNbKY HasBHOE BblpaxeHue return 0; ansg dyHKuMmM Main gengaeTcs MCKIYEHUEM, NPOCTO
TPIOKOM, HEKOTOPbIE aBTOPbl CYMTAIOT XOPOLUMM NMPaBUIIOM SIBHO 3aMUCbiBaTb 3TO BblpaXeHue.

Nepenaya apryMeHTOB MO 3HAYEHUIO U MO CCbIJIKE

B dpyHKUMAX, KOTOPble Mbl BUAENW paHbLUe, apryMeHTbl Bcerga nepefaBanunch ro 3HadyeHuo. 310
O3Ha4yaeT, 4YTo Koraa PyHKUMS BbI3bIBAETCS, TO, YTO nepedaércsa B PyHKUMIO, eCTb 3HAUYEeHUS Tex
apryMeHTOB Ha MOMEHT Bbl30Ba, KOTOPbIE KOMUPYIOTCA B NepeMeHHble, NpeacTaBsfiowme napaMmeTphbl
dyHKUMN. HanpuMep, BO3bMEM:

int x=5, y=3, z;
z = addition ( x, y );

B 3TOM cnyyvae pyHKUMKM CNOXeEHUA nepepatoTcs 5 n 3, KoTopble eCTb KOMUSA 3HAYEeHUN X n Y
COOTBETCTBEHHO. DTU 3HauveHus (5 1 3) ncnonbayrTcs AN UHUUMaANM3aumMm Habopa NnepeMeHHbIX, Kak
napameTpoB dyHKUMK B eé onpeaeneHnn. Ho nobblie M3MeHEeHUS 3TUX NepeMeHHbIX BHYTPU OYHKLUMN
HEe CKaXKyTCs Ha 3HAYEHUAX ITUX NEPEMEHHbIX X U Y BHE €&, MOCKO/bKY NepeMeHHbIe X U Y CaMU He
6b11M NepefaHbl B GYHKUMIO NMPU €€ BbI30BE, HO TOJIbKO KOMWUU 3TUX MEPEMEHHbIX.

int addition (int a, int h)

T 1

z = addition { & , 3 )

B HeKoTOpbIX Criy4asix MOXeT OKa3aTbCs MOMe3HbIM AOCTYN U3 CbYHKLI,I/II/I K BHEWHWNM NepeEMEHHbIM.
YT106bI 3TO OCyLleCTBUTb, apryMeHTbl MOT'yT nepenaBaTthbCa B CPYHKLI,M}O 10 CCblJIKE€, a HE 10 3Ha4YeHNK0.
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Hanpumep, dyHkumnsa duplicate B koae HUxXe Ay6AMpyeT 3HauyeHne TPEX eé apryMeHToB, YTo
NPUBOAUT K U3MEHEHUIO NEPEMEHHbIX, UCMOJIb30BAHHbIX B KAYeCTBE apryMeHTOB Npu Bbl30BE:

// mnepenada napaMeTpOB I10 CCHUIKE x=2, y=6, z=14
#include <iostream>
using namespace std;

void duplicate (inté& a, int& b, int& c)
{

a*=2; // BCIHOMHMTe, a=a*2
b*=2; // BcnoMmHuTe, b=b*2 m T.1H.
c*=2;

int main ()
{

int x=1, y=3, z=7;

duplicate (x, y, 2);

cout << "x=" <K x << ", y=" KKy K", z="
<< z;

return 0;

YTo6bl MONYYUTL AOCTYN K €€ apryMeHTaM, dhyHKUNS 06bABNAET CBOM NapaMeTpbl Kak cchbliku. B C++
CCbIIKM 0603HaYaloTcs amnepcaHaoM (&), cneaylowmM 3a TUMOM NapaMeTpa, Kak cAenaHo y
napamMeTpoB, NpMHMMaeMbIX dyHKumel duplicate, B npumepe Bbille.

Korana nepeMeHHas nepenaéTcs ro ccbl/ike, TO, UTO nepenaércs, y)Xe He Konusl, a cama nepeMeHHas.
MepeMeHHas, naeHTUdOMLUMpPOBaHHAA NO NapaMeTpy pyHKLUUK, CTAHOBUTCS, KaKUM-TO 06pa3om,
CBsi3aHa C apryMeHToM, nepeaaBaeMbiM B QYHKUNIO, a Ntoboe eé n3MeHeHMe COOTBETCTBYHOLLEN
JIOKanbHOM rnepeMeHHoM B pyHKLWM OTpPa)KaeTcs Ha NepeMeHHoN, nepefaBaeMon B KayecTse
aprymeHTa npm Bbi3oBe (QyHKUNUM.

roid duplicate {int& a,int& b,int& o)

duplicate { = , ¥ , =z };

daKTMyeckn &, b 1 C cTaHOBATCA NCEBAOHMMAMM apryMeHToB, nepeaaBaemMbiX B MYHKLMIO NPpU BbI30BE
(%, Y n 2), a nobble nameHeHnsa a B GyHKLUMN peanbHO MEHSIIOT NeEPEMEHHYI0 X BHe dyHKuUnK. JTiobble
n3MeHeHus b MoandULMpYIOT ¥V, @ U3MEHEHUSI C MeHAIT Z. BoT nodeMmy, Koraa B NpuMepe Bbille
dyHKkuus duplicate meHseT 3HaUeHUS NepeMeHHbIX &, O 1 C, 3aTparnBalTCa 3HAYEHUA X, Y U Z,

Ecnn 6bl BMecTO onpegenenus dyHkuum duplicate kak:

void duplicate (inté& a, inté& b, inté& c)

61510 onpegeneHne 6e3 3HaKoB amnepcaHaa:

void duplicate (int a, int b, int c)

TO MepeMeHHble nepeaaBanncb 6bl He 10 CCbIIKE, a M0 3HaYEHUIO, CO3AaBast KOMUN 3TUX NMEPEMEHHbIX.
B 3TOM cnyyae BbIBOA NMpOrpaMMbl Nokasas 6bl 3HaYEHMS NEPEMEHHbIX X, Y U Z 6e3 uaMeHeHu (T.e.,
1,3n7).
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CoobpaxeHuns 3cb(PpeKTUBHOCTU U CCbINIKK const

Bbi30Bbl hyHKLMKM C MapaMeTpaMn, nepesaBaeMbiMK MO 3HAYEHMIO, NMPUBOAUT K KOMUPOBAHMUIO
MepeMeHHbIX. OTO OTHOCUTENIbHO SKOHOMHAas onepauuns Ans dyHAaMeHTaNbHbIX TUMOB Kak int, Ho
€CNM NapaMeTpbl 0Ka3bIiBaOTCS 60/bLINX COCTaBHbIX TUMOB, 3TO MOXET CTaTb HaknaaHo. Hanpumep,
B3MISIHUTE Ha CneayLyo @yHKUMIO:

string concatenate (string a, string b)
{

return a+tb;

OTa DyHKUMS 6epET CTPOKM B KayecTBe NapaMeTpoB (M0 3HAYEHMIO) M BO3BpaLLaeT pe3ynbTaT ux
o6beanHeHus. Mpu nepegade apryMeHToB Mo 3Ha4YeHU0, GYHKUMS NPUHYAUTENbHO KONUpyeT
apryMmeHTbl & u b, nepefaBaeMble il Npu BbI30BE. A eC/iv 3TO AJ/IMHHbIE CTPOKU, TO 6yAEeT KONMpoBaHue
60/bLIOr0 KOIMYECTBA AaHHbIX TOMbKO A8 Bbl30Ba (QyHKUNN.

Ho sToro KonnpoBaHMA MOXHO BMoJiHE VI36e)KaTb, ecnu oba napaMeTpa caenaHbl CCblJZIKaMu:

string concatenate (stringé& a, string& b)
{

return a+tb;

ApryMeHTbl MO CCblJIKE HE TPeBYIOT KONMpoBaHnsa. OyHKUNSA onepupyeT HEMOCPEACTBEHHO CO CTPOKaMU
(nceBooHMMaMK), nepeaaBaeMbiMU B KaYeCTBE apryMeHToB, 1, yalle BCero, 3TO MOXET 03Ha4aTb
nepefavy HeEKOTOpbIX yka3laTenel B dyHKUMIO. Bnarogaps aToMy Bepcus concatenate,
npuUHMMaKLLAa ccbikn, 6onee ahdeKTUBHA, YEM BEpPCUA, KOTOPas MPUHUMAET 3HAUEHUS, MOCKOMbKY
HEeT HYy>Abl KONMMPOBaTb MPOMO3AKME CTPOKMW,

C apyroi cTopoHbl, hYHKUUWU CO CCbITOYHBIMU NMapaMeTpaMmn 06blYHO BOCMIPUHUMAIOTCSA Kak dyHUUM,

KOTOpPbl€ U3MEHAIOT NepeagaBaeMble apryMeHTbl, MOCKOJIbKY 3TO TO, AJ1A YEro CCbIJI0OYHbIE NapaMeTpPbl N
npeaHa3Ha4eHbl.

EcTb peweHune anst dyHKUUKU, rapaHTUPYIOLLEe, UTO CCbINIOYHbIE MapaMeTpbl He 6yayT
MOAMDULMPOBaHbI 3TOM yHKLUMEN. DTO MOXHO cAenaTtb, KBannduumpys napaMeTpbl Kak KOHCTaHTbI:

string concatenate (const string& a, const string& b)
{

return a+tb;

KBanuouumpys nx Kak const, dyHKUMA 3anpeLlaeT U3MEeHATb 3HAaYeHNa U &, U Db, HO MoXeT
[EeNCTBUTE/bHO MONYYUTb AOCTYMN K 3HAUEHUSAM KAk CCbifikaM (NceBaoHMMaM apryMeHToB) 6e3
Heo6X0AMMOCTN KOMUPOBAHMUS CTPOK.

Takum obpasom, const ccbinkn NnogaepxmBarT PyHKLMOHANBHOCTb NoA06HY0 Nepefaye apryMeHToB
NO 3HAaYEeHWUIO, HO NOBbLIWAKT 3PDEKTUBHOCTb A1 NapaMeTpos 60abWMX TUAOB. DTO TO, NOYEMY OHU
oyeHb nonynsipHbl B C++ 4158 apryMeHTOB C/I0XKHbIX TUMOB. 3aMeTbTe, YTO Npu 3TOM A1 60abWIMHCTBA
yHAaMeHTanbHbIX TUNOB pasHULbl B 3PHEKTUBHOCTU HET, @ B HEKOTOPbIX Cy4Yasax CCblIKM const
MOryT OKa3aTbCsa U MeHee 3(PPeKTUBHbIMU!

dyHkuum Inline

Bbi30B dyHKUMM 06bIYHO HECET HEKOTOpPbIE N3AEPXKN (MCNOMb30BaHUE CTEKA AN apryMeHTOB, MPbIKKK
W T.4.), Taknm obpa3om, Ans o4eHb KOPOTKMX PyHKLUMIA, MOXeT 6biTb, 6onee apdekTMBHO NpoCTo
BCTaBUTb KOA PYHKUMM TyAa, OTKyAa DYHKLUS Bbl3bIBAETCH, BMECTO TOro, YTobbl BbIMOMHATL Npouecc
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¢dopManbHOro BbizoBa GyHKUNU.

MpeaBapeHne byHKUUKU 06baBeHMeM 1nline nepenaét KOMNUAATOPY UHAMOPMALMIO, YTO BCTPOEHHOE
paclumpeHune npeanoyTuTesnbHee, YeM 06bIYHbIM MEXAaHMU3M Bbi30Ba (MYHKUNM AJ11 KOHKPETHOM
dYyHKUMN. DTO COBCEM HE MeHseT nosegeHne MyHKUMKN, HO NPOCTO npeanaraet KOMNUASTOPY BCTaBUTb
KoA, reHepupyeMmblii pyHKUKWENR, B TO MecTo, rae dyHKUMS Bbi3biBaeTCs, BMECTO obpalleHns K
06bI4YHOMY BbI30BY (PYHKLUMW.

Hanpumep, dyHkumnsa concatenate, nokasaHHas Bblle, MOXET 6bITb 06bsABNEHA inline Kak:

inline string concatenate (const string& a, const string& Db)
{

return a+tb;

3T0 MHPOPMUPYET KOMAUAATOP, YTO Korga concatenate ppi3biBaeTcs, AN NPOrpaMMbl
npeanoyYTuTenbHee, YTobbl yHKLUMSA 6blla BCTPOEHA KakK pacluMpeHne, a He BbIMOSTHANCS 06blYHbIN
BbI30B (byHKUMM. 1nline 3a30aéTcA TONbKO NPU 06BABNEHMM (YHKLIMM, HO HUKAK He Npu eé BbI30BE.

3aMeTbTe, UYTO HO/IbLUIMHCTBO KOMMUASTOPOB YXXe ONTUMU3UPYIOT KoAa, YTo6bl creHepupoBaTh inline
PYHKUMN, KOrAa OHW BbIFSAAT NOAXOAAWMMN ANS yBenndeHns 3d@PeKTUBHOCTU, AaXe eC/in OHU He
oTMeueHbl creundmrkaTopom inline, Takum 06pasoM, 3TOT crneumduKaTop NPocTo NoKasbiBaeT
KOMMUAATOPY, YTO npeanoyTuTenbHee Tak 060MTUCE C 3TOM PYHKUMEN, XOTH KOMNMNATOP He o6sa3aH
370 AenaTtb, a cBobogeH B Bbibope M MHOrO noaxoAa K ontummsaumn. B C++ onTumMmnsaunsa — aTo
3ajava, nenerMpoBaHHas KOMMNUAATOPY, KOTOPbIK BNpaBe reHepupoBaTth 110601 KO4, OCHOBbIBAsAChb Ha
pe3ynbTMpYoLWEM NoBeAEHMN NPOrpamMMbl, 3a4aHHOM KOAOM.

NMpeponpepenéHHblie 3HAUYEHUA B NnapaMeTpax

B C++ dpyHKUMM MOFYT nMeTb HeobsA3aTeNbHble NapaMeTpbl, A8 KOTOPbIX He TpebyloTCcA apryMeHThbl
npu Bbi3oBe. B 3TOM cnyyae, Hanpumep, dYHKUMSA C TpeMs napaMeTpaMm MoXeT 6biTb Bbi3BaHa, UMes
TONbKO ABa. [Ang 3Toro MyHKUMS BKAOYUT NnpeaonpenenéHHoe 3HayeHue Ans 3Toro nocneaHero
napameTpa, KOTOpbli UCNONb3yeTCs PYHKUUEN MPU BbI3OBE C HECKO/IbKUMU aprymeHTamum. Hanpumep:

// default values in functions 6
#include <iostream> 5
using namespace std;

int divide (int a, int b=2)
{

int r;

r=a/b;

return (r);

int main ()

{
cout << divide (12) << '\n';
cout << divide (20,4) << '\n';
return 0;

B 3TOM npvMepe ABa Bbi3oBa pyHkumm divide, Mpu nepBoM Bbi3oBE:

divide (12)

BbI30B Nepeaaér ToNbKO OAMH apryMeHT B PyHKUMIO, XOTS PyHKUMS MMeeT ABa napamertpa. [ns 3Toro
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cnyyast pyHKUMS npuceBanBaeT BTOPOMY NapaMeTpy 3HavyeHne 2 (0bpaTuTe BHMMaHWe Ha onpeaenieHne
dyHKUMKN, KOTOpOe 06BbABNSET BTOPOM napameTp kak int b=2), Takum o6pa3oM, pesynbTar
CTQHOBMUTCSI paBeH 6.

Mpw BTOPOM BbI3OBE:

divide (20,4)

BbI30B NepenaéT ABa apryMeHTa B pyHKumio. TakuMm o6pasoM, npegonpeaenéHHoe 3HavyeHme ans b
(int b=2) urHopupyetcs, a b npuHMMaeT 3HaueHue, nepegaBaeMoe Yepes apryMmeHT, 3To 4, UTo
NpUBOAUT K pe3ynbTaTy 5.

O6bsaBneHne PyHKUnMN

B C++ VID,eHTVICbVIKaTOp MOXET MCNOJIb30BaTbCA B BbIpa>XXeHUAX TOJIbKO Nocsie Toro, Kak oH 661N
obbsABNEH. HanpuMmep, HeKOoTOpas NepeMeHHas X He MOXeT MCMNOoJIb30BaTbCA A0 eé ob6bsaBneHns B
BbIpa>XeHn, TakoM Kak:

int x;

DTO Xe OTHOCUTCA U K DYHKUMAM. OYHKLUM HE MOTYT BbI3blBaTbCsA A0 UX 06bsaABAeHns. o aTomn
NpUYMHE BO BCEX MPeAbIAyLMX npuMepax MyHKLMUIN OHM BCeraa onpeaensiorcs A0 GyHKUun main,
KoTOpas sBnsieTcs hyHKUMEN, N3 KOTOPOI BbI3BAKOTCA BCE OCTasibHble MyHKUMKU. Ecnn dyHKumnsa main
6blna onpeneneHa 40 APYruxX GyHKUWNA, 3TO HapyLlwaeT NpaBuio, 4To MYHKLUUN AOMKHbI 06bABNATLCS
A0 NX UCMOb30BaHMS, BCNeACTBME Yero OHM He ByayT KOMAWIMpoBaTbCs.

MpoToTnn yHKUMM MOXET 06BbABNATLCS 6€3 nonHoro onpeaeneHms MGyHKUMKN, AaB OCTAaTOYHO
petanein, 4tobbl NO3BONUTL NPU Bbi30BE PYHKLNM OMO3HATb BCE TUMbl NepeMeHHbIX B QYyHKLUMN.
EcTtecTtBeHHO, yHKUMA ByaeT onpeaeneHa rae-To eweé, noxoxe, rno3)xe B koge. Ho, no kpanHen mepe,
obbsiBNeHHasa Tak MYHKLUMSA MOXET yxe 6biTb Bbi3BaHa.

Ob6bsasneHune byaeT BkAOYATL BCE UCMNOb3yeMble TUMbl (BO3BPaALLAEMbIN TUM U TUMblI apryMeHTOB),
NCNob3ys TOT e CMHTAKCUC, YTO UCMO/b30BaH B onpeAefnieHnn PyHKLMN, HO C 3aMeLleHneM Tena
dyHKUMM (6/10K BblpaXXeHWn) 3aBepLuaroLlen TOYKON C 3ansTon.

Cnncok napaMeTpoB He HyXAaeTcsl BO BK/IIOYEHUM MUMEH, HO TONIbKO MX TMMOB. VMIMeHa napamMeTpoB
MOryT BCE-Taku 6bITb 3aAaHbl, HO OHU He 0653aTeNbHbl, U HET HEOH6XOAMMOCTU COOTBETCTBUSA UX B
onpeaeneHnn dyHkumMn. Hanpumep, dyHKuMsa, Ha3BaHHas protofunction ¢ gBymMa napametpamu int,
MOXET 6bITb 06bsABNEHA NMO6bIM U3 3TUX BbipaXXeHUN:

int protofunction (int first, int second);
int protofunction (int, int);

Kak 6bl TO HW 6bI/10, BKIIOYEHME MMEHWN ANSA Ka)A0ro napamMeTpa Bceraa ynydwaeT yntabenbHOCTb
obbaBneHus.

// declaring functions prototypes Please, enter number (0 to exit): 9
#include <iostream> It is odd.
using namespace std; Please, enter number (0 to exit): 6
It is even.
void odd (int x); Please, enter number (0 to exit):
void even (int x); 1030
It is even.
int main () Please, enter number (0 to exit): O
{ It is even.
int i;
do {
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cout << "Please, enter number (0

to exit): ";
cin >> 1i;
odd (1) ;

} while (i!=0);
return 0;

void odd (int x)
{

if ((x%2)!=0) cout << "It is
odd.\n";

else even (x);

void even (int x)
{

if ((x%2)==0) cout << "It is
even.\n";

else odd (x):;

ITOT NpUMep, KOHEYHO, He SIBNSeTCs NpuMepoM 3hdOEKTUBHOCTU. Bbl MOXeTe, BO3MOXHO, HanucaTb
CBOO BEPCUIO 3TOI NporpaMMmbl, MMEIOLLYIO BABOE MEHbLUEe CTPOK. B noboM cnyyae, 3ToT npumep
NNIOCTPUPYET, Kak PYHKLUU MOTYT 6bITb 06bAB/IEHBI A0 UX OMpeaeNeHns:

Cneayrowmne CTpoKu:

void odd (int a);
void even (int a);

AeKnapupytoT npotoTunbl MYHKUKUIA. OHM yXe copaepxaT BCE, YTO HEO6X0AMMO ANS UX Bbl30Ba: UX
MMEeHa, TUMbl UX apryMeHTOB, U UX Bo3BpalllaeMblie TUnbl (VOid B HaweM cnyuvae). C pasMelleHnem
06bABNEHMIA STUX NPOTOTMMOB PYHKLUN MOrYT BbI3blBaTbCA (B Main) ao Toro, Kak 6yayT MOJSIHOCTbIO
onpeaenexs.l.

Ho o6bsiBNeHne pyHKLMN 10 UX ONpeaeseHnss He TONIbKO MOJIE3HO NpU peopraHnsauunm nopaaka
dyHKUUM B KOAe. B HEKOTOPbIX Cny4vasix, Kak B 3TOM YaCcTHOM npuMmepe, Tpebyetcs xoTs 66l ogHa U3
Aeknapaumin, nockonbky 0dd p even Bpi3BalOTCA COBMECTHO; €CTb Bbi30B €ven g odd p Bbi3os 0dd B
even, U, TakuM o6pasoM, HeT cnocoba CTPYKTYpMpPOBaThb KoA, NOCKONbKY dyHKUua odd onpeaeneHa
[0 onpeaeneHns even, g even nepeq 0dd,

PeKypCUBHOCTb

PeKypCcMBHOCTb — 3TO CBOMCTBO, No3Bonstowee PyHKLMN Bbi3BaTb caMy cebs. 3To nonesHo Ans
HEKOTOPbIX 334a4, TaKMX KakK COPTUPOBKA 3/1IEMEHTOB WK BbluMcneHns daktopuana ymcen. Hanpumep,
B NJiaHe nosydeHus daktopuana yncna (n!) matemaTuyeckoi opmynoi 6yaet:

n! = n * (n-1) * (n-2) * (n-3) ... * 1
Bonee koHkpeTHo, 5! (daxkTopuan uncna 5) byger:

5! =5 * 4 *» 3 * 2 *x 1 =120
A pekypcuBHas @yHKUMSA A8 BbluncneHus storo B C++ 6ygert:

// factorial calculator 9! = 362880
#include <iostream>
using namespace std;
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long factorial (long a)
{
if (a > 1)
return (a * factorial (a-1)):;
else
return 1;

}

int main ()
{

long number = 9;

cout << number << "! =" <<
factorial (number):;

return 0;

3ameTbTe, Kak B pyHKuUmMuM factorial Mbl BKtOMaeM BbI3OB €€ caMOM, HO TOSIbKO B TOM C/lydae, ecnm
nepeagaBaeMblii apryMmeHT 6bi1 6onble, yeM 1. Tak Kak B MPOTMBHOM cniyyae yHKuus byaeTt
BbINOJIHATb 6€CKOHEUHbI LMK, B KOTOPOM N0 AoCTMXKeHun 0 oHa byaeT npoaomkaTte NepeMHOXeHne

BCeX oTpuLaTeNbHbIX Yncen (BO3MOXHO, MPOBOLMPYS NepernosiIHeEHME CTeKa M3-3a TOro Xe B npouecce
paboThbl).
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NMeperpy3ka v WaboOHbI

NMeperpy>xeHHble PyHKLUUN

B C++ aBe pa3Hble pyHKUMWN MOFYT MMETb OAMHAKOBbIE MMEHa, eC/In UX NapamMeTpbl pasnm4yarTcs nmbo
TeM, YTO OHW UMEKT pa3HOe KOJIMYECTBO NapaMeTpoB, TM60 TeM, UTO X NapaMeTpbl UMEIOT pa3HbIn
T™™nN. Hanpumep:

// overloading functions 10
#include <iostream> 2.5
using namespace std;

int operate (int a, int b)
{

return (a*b);

double operate (double a, double b)
{

return (a/b);

int main ()

{
int x=5,y=2;
double n=5.0,m=2.0;
cout << operate (x,y) << '\n';
cout << operate (n,m) << '\n';
return 0;

B 3TOM npumepe ecTb ABe PyHKUMM, Ha3BaHHble operate, Ho ogHa U3 HMX MMEET ABa NapaMeTpa Tuna
int, Torga kak gpyras nmeet nx tTuna double, KoMnuasaTop 3HAET, K KaKoi U3 HMX 06pallaTbca npu
Bbl30BE B KaXZ0OM c/iyyae, NpoBepss TUN nepegaBaeMbliX UM apryMeHToB. ECnv BbI30B C ABYMSA
aprymeHTamu tuna int, KoMnunaTop Bbi3biBAET 0HY (PYHKLMIO, KOTOpas UMEET [ABa napaMeTpa Tuna
int, a ecnn BbI3bIBAETCA € ABYMs Tuna double, oH BbI3bIBAET Ty, YTO C ABYMSA NapaMeTpaMu Tuna
double,

B 3ToM npumMepe 06e YyHKLUN Pas/IMyaloTCs COBEPLLUEHHO pasHbIM MoBeaeHneM, Bepcus int
nepemMHoXaeT eé apryMmeHThl, a Ta, uto double Bepcus, AennT Ux. OTo, KOHEYHO, HE camasa xopollas
naes. OT AByX YHKUUNA C OANHAKOBbIMU MMEHaMN 06bIYHO OXnaaeTcs XoTs 6bl oagnHakoBoe
rnoBeaeHWe, HO B HalLleM NpUMepe AEMOHCTPUPYETCSH, UTO 3TO COBCEM He obszaTenbHo. [lBe
neperpyxeHHble dyHKUMK (T.€., ABe PYHKLUMN C OANHAKOBbIMWU MMEHAMM) MMEIOT BIMOJIHE pa3/inyaeMble
onpeaeneHusi; OHM ANns Bcex uenemn pasHole GyHKLMK, HO UM He NOBE3/10 MMeTb OANHAKOBbLIE MMEHa.

3amMeTbTe, YTO (hYHKLMMU HE MOryT 6biTb OMNpeaeneHbl Kak Neperpy>XeHHble TOIbKO Mo TUMy
BO3BpalLlaeMoro UMmn 3HadeHusi. Xots 6bl OAMH U3 UX NapaMeTpoB A0JKEH ObiTb Apyroro Tuna.

LWa6noHbl hpyHKUMMU

MeperpyxeHHble YHKLMM MOTYT UMETb U OAMHAKOBOE onpeaeneHne. BoT npumMep:

// overloaded functions 30
#include <iostream> 2.5
using namespace std;

int sum (int a, int b)

{
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return a+tb;

double sum (double a, double b)
{

return a+tb;

int main ()

{
cout << sum (10,20) << '\n';
cout << sum (1.0,1.5) << '"\n';
return 0;

34ecb Sum reperpy>XXeHHas d)YHKLI,VIFl C pa3HbiMK TUNaMn napamMeTpoB, HO C coBeplIEHHO OANHAKOBbIM
TENOM.

DYHKUMS SUM MOXEeT 6biTb NeperpyxeHa MHOXECTBOM TUMOB, U OHA A0JIXKHA 6biTb YyBCTBUTESIbHA K
HMM BceM, 4YTObbl MMeTb oAMHaKoBOe Teno GyHKuuu. s cnyvaes, Takmx Kak aToT, C++ nMmeer
BO3MOXHOCTb onpeaeneHnst hyHKUMn ¢ 6a30BbIM TUMOM, U3BECTHbLIM Kak wabs1oH @yHKymnn (function
templates). OnpeaeneHne wabnoHa GyHKUNM CneayeT TOMY e CUMHTaKCUCYy, YTO U 0bblyHasa dyHKUMS,
3a UCKJ/IOYEHNEM TOro, YTO OHa NpeaBapseTcs K4YeBbIM cioBoM template y psgomM napameTpos,
3aK/IOYEHHbIX B YI/1I0Bble CKOBKM <>

template <template-parameters> function-declaration

MapameTpbl wabnoHa - 370 Nocaen0BaTeNbHOCTb NapaMeTpoB, pa3aenéHHbIX 3anaTbiMU. DTU
napameTpbl MOryT 6bITb 6a30BbIMM TUMaMK WabnoHa, 3a4aBaeMble NMbo class, nubo typename
K/IIOYEBBLIMWU C/TOBaMM, CONPOBOXAAeMbIMU naeHTUdUKaTopamn. MaeHTudmKaTop MoXeT bbITb 3aTeM
MCNONb30BaH B 06bABNEHUN PYHKUMU, KaK 3TO Aenaetcsa B 06bluHOM pyHKUMK. Hanpumep, 6a3oBas
sum yHKUMS MOXeT 6bITb onpeaesnieHa Kak:

template <class SomeType>
SomeType sum (SomeType a, SomeType Db)
{

return a+tb;

BespasnunyHo, 6yaeTt nm 6a30BbI TUM UMETb KJOYEBOE C/I0BO Class ynmu typename B cnucke
arpymeHToB wabnoHa (oHM 100% CHMHOHUMbI B 06bsABNEHUN LWabnoHa).

B koae Bbiwe o0b6bsABneHne SomeType (6a30BbIi TMMN B NapaMeTpax WwabfioHa, 3aK/0YEHHbIN B Yri0Bble
CKO6KM) NO3BOJISIET UCMOMb30BaTh SomeType B noboM MecTe B onpeseneHnmn hyHKUMM, paBHO Kak 1
nobon apyron Tnn. 310 MoOXeT 6bITb NCNONb30BAHO KaK TUMN NapaMeTpa, Kak Bo3BpallaemMbli TUMN Unun
npu o6bABNEHNM HOBOW NepeMeHHOW 3TOoro TMna. Bo Bcex cnyyasx oH npeacTtaBnseT 6a3oBbiv TUM,
KOTOpbI 6bl1 onpeaenéH Ha MoMeHT o6paboTku wabnoHa.

Onsa nnnctpauum Tembl WabnoHa MOXHO NPUMEHUTb WAab/oOH K Co34aHnI0 PYHKLWM, NCMONb3YIOLWEN
06blYHbIE TUMbI MM NEPEMEHHbIE B KayecTBe NapaMeTpoB 3TOro wabnoHa. 3TO BbIMOAHAETCS BbI30BOM
wabnoHa ¢pyHkuymm (function template) c Tem e CMHTaKCMCOM, YTO U NPU Bbi30BE 06bIYHON DYHKLUMN,
HO C 3aJaHMeM apryMeHToB wabnoHa, 3aK/IOUYEHHbIX B YI/10Bble CKOOKU:

name <template-arguments> (function-arguments)
HanpumMep, wabnoH dyHKunm sum, onpeaenéHHoOn Bblwe, MOXeT 6bITb Bbl3BaH:

X = sum<int>(10,20) ;

OyHKUMsA sum<int> - 3T0 TOMbKO 0A4HA U3 BO3MOXHbIX A€MOHCTpaLMit WwabnoHa GyHKUMM Sum, B 3ToM
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cnydae, ucnonbsysa int B kauectee apryMeHTa WwabnoHa npu Bbi30BE, KOMMUAATOP aBTOMaTUYECKM
npeacTaBnsieT BEPCUIO SUm, rae nNpu Kaxaoh BcTpedye ¢ SomeType npoucxoAmuT 3aMeHa Ha int, kak
ecnu 6bl UMeNo MecTo onpeaesieHme:

int sum (int a, int Db)
{

return a+tb;

[aBaiiTe pacCMOTPMM KOHKPETHbI NpuUMep:

// function template 11
#include <iostream> 2.5
using namespace std;

template <class T>
T sum (T a, T b)
{
T result;
result = a + b;
return result;

int main () {
int i=5, j=6, k;
double f=2.0, g=0.5, h;
k=sum<int> (i, J);
h=sum<double> (f, g) ;
cout << k << '\n';
cout << h << '"\n';
return 0;

B AaHHOM cnyyae Mbl ucrnosib3oBanm T B KauecTBe UMeHW napameTpa wabnoHa Bmecto SomeType, 370
He urpaet ponu, a T A0BONLHO pacnpoCcTpaHéHHOe UMs napaMmeTpa wabnoHa Ana 6a30BbIX TUMOB.

B npumepe Bbllle Mbl BUAENM, YTO LWABMAOH PYHKLUKM SUM UCMONb30BaH ABaxdbl. B nepsbIit pa3 oH
MCMoJIb30BaH ¢ TMMNoM 1nt, a BTopoit pas ¢ aprymeHToM Tuna double, KomnunaTtop 3to obpaboTan, a
3aTeM Bbi3Bas B 060MX C/lyyasix MOAXOASALLYI0 BEPCUIO DYHKLNN.

3amMeTbTe Takxe, kak T ncrnonb3oBanock Ans 06bABNEHUS SIOKaNbHOM nepeMeHHon aToro (6a3zoBoro)
Thna B sum;

T result;

Takum o6pasoM, result 6yaeT nepeMeHHon Toro e Tuna, 4YTto U napameTpbl @ U L, paBHO Kak 1 Tvn,
BO3BpallaeMblilt pyHKUNEN.

B 3TOM crneundurueckom cnyudae, rae 6a3osbit TN T MCMONb3yeTca Kak napaMmeTp Aas sum,
KOMMUAATOP CNocobeH OTCeAnTb TUM AAHHbIX AaXe aBTOMaTUYEeCKn 6e3 NonyvyeHmus nx SsBHoro
3a4aHusl B YrnoBbIX CKO60K. [M03TOMY, BMECTO SIBHOIO YKa3aHWs apryMeHTOB LabnioHa:

k = sum<int> (4i,73);
h sum<double> (f,q);

€CTb BO3MOXHOCTb NMPOCTO HanmncaTb:
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6€e3 TMna, 3aK/ItOYEHHOTO B Yr/ioBble CKOBKM. KOHEUHO, ANSt 3TOro TUM A0JIKEH 6blTb TOYHO BbIPAXEH.
Ecnn sum BbI3bIBAETCA C apryMeHTaMmn pasHblX TUNOB, KOMAUASTOP HE CMOXET aBTOMaTUUECKN
onpeaenutb TMN T,

LLIa6bsoHbI — 3TO MOLWHOE U YHUBepcasibHOe CpeACcTBO. MOXXHO MMEeTb MHOXECTBO NapaMeTpoB wabnoHa,
a CPYHKLI,VIH MOXeT MCMOoJ/Ib30BaTb MOMUMO TOFO N ObbIYHbIE, He YKa3aHHble wabnoHOM TuMbl. Hanpumep:

// function templates x and y are equal
#include <iostream>
using namespace std;

template <class T, class U>
bool are equal (T a, U b)
{

return (a==b);

int main ()
{
if (are_equal (10,10.0))
cout << "x and y are equal\n";
else
cout << "x and y are not
equal\n";
return 0;

3aMeTbTe, YTO B 3TOM MpUMEpPe MUCMOJb3YEeTCS aBTOMATUMCKOe onpeaeneHne napaMmeTpos wabsioHa npu
Bbl30Be are_equal:

are equal (10,10.0)

YTO 3KBUBANIEHTHO!

are equal<int,double>(10,10.0)

Mockonbky B C++ uenble nutepansl 6e3 cybdukca (nogobHo 10) Bceraa tnna int, a nutepansl ¢
nnasatowlelt Toukon 6e3 cyddukca (kak 10.0) Bceraa Tvna double, 3geck HET MecTa COMHEHMUSAM, U,
cnefoBaTeflbHO, apryMeHThl WabsioHa MOryT 6biTb NPOMNYLLEHbI MPU BbI3OBE.

HectaHpapTHble apryMeHTbl WwabsnoHa

MapameTpbl WabnoHa BK/IOYAKT HE TOJIbKO TUMbl Class unun typename, Ho MOTYT TaKXe BKJ1l04aTb B
Bblpa>XeHn4a 06bIYHblE TUMbI:

// template arguments 20
#include <iostream> 30
using namespace std;

template <class T, int N>
T fixed multiply (T val)
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return val * N;

int main () {
std::cout <<
fixed multiply<int,2>(10) << '\n';
std::cout <<
fixed multiply<int,3>(10) << '\n';
}

BTtopow aprymeHT WwabnoHa @yHkumm fixed multiply MMeeT TN int. M OH BbIFSAUT Kak napameTp
PYyHKUMN 06LIYHOrO TUMA, U MOXET AENCTBUTENBHO UCMOAb30BaTbCA 06bI4YHBIM 06pa3oM.

Ho 3pecb ecTb M rnaBHOe OT/IMYME: 3HAYEeHMs NapaMeTpoB WabnoHa onpeaenstTcs BO BpeMs
KOMNUASILMK, YTOBbI reHepupoBaTh pasHble 3k3eMnasapbl GyHKUMKN fixed multiply. Takum obpasom,
3HauyeHne 3TOro aprymeHTa He nepefaérca npu pabote: ABa Bbi3oBa fixed multiply B main Mo
CYLLECTBY BbI3blBalOT ABE Bepcun yHKLMN, NepBas BCeraa YMHOXaeT Ha ABa, a Apyras Bceraa
YMHOXaeT Ha Tpu. M3 3Tux coobpakeHnin BTOpOK apryMeHT wabnoHa AoMXeH 6biTb KOHCTAHTOM (OH He
MOXET nepefaTb NePEMEHHYI0).
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BnanMocCcTb UMEH

MpaHuLbI

MMeHOBaHHbIE CYLLHOCTN, Takne Kak NepeMeHHsble, CbYHKLI,VIVI W CNOXHble TUMbl, AOMXHbI 6bITb
06bsABNEHbI A0 UX Ucnonb3oBaHus B C++. Touka B nporpamme, rge amm obbsaBneHns nmeoT MecCTo,
BNIMSIET Ha BUAMMOCTb 3TUX 06bABMEHHbIX 06HEKTOB:

CywHocTn, ob6bsiBNneHHbIe BHe ntoboro 6noka, nMetoT rsiobasibHbie rpaHuibi (global scope),
O3Hauvawuue, 4To UX MMeHa paboTalT B nobom MecTe koaa. Koraa xe 06bekTbl 06BbABASIOTCS BHYTPH
6510Kka, Takoro Kak yHKUMS UK OTAENbHOE BblpaXeHue, OHU UMetoT rpaHuybl 6s10ka (block scope), n
UMelT BUAMMOCTb BHYTPU OTAENbHOro 6/10Ka, B KOTOPOM OHM 06bSIBIEHbI, HO HE BHe €ro.

lMepeMeHHble € rpaHMuamm 610Ka M3BECTHbI KaK J1oKasibHble nepemeHHbie (local variables).

Hanpumep, nepemeHHas, obbsaBNeHHasa B Tene QyHKUMWN — 3TO JI0Ka/IbHas nepeMeHHasi, Kotopas
JeNCcTBEHHa 10 KOHUA dyHKUMK (T.e., A0 CKOBKU }, KOTopas 3aKpbiBaeT onpeaeneHne gyHKUMn), Ho
He BHe eé:

int foo; // TrnobayibHasa NepeMeHHad

int some function ()
{
int ba

r // JokajibHas NepeMeHasd
bar = 0

’
’

int other function ()

{

// ok: foo aBugeTcs TUIOOAJILHOM IIE€PEMEHHONI

// HeBepHO: bar sBJsgeTCHd JIOKAJbLHOM B €& byHKUMU

foo =1
bar = 2

’
’

B KaxAbIxX rpaHnuuax uMsa MOXeT NpeacTaBnAaTb TO/IbKO OAWH 0bbekT. Hanpumep, He MOxeT 6bITb AByX
nepeMeHHbIX C 0OAMHAaKOBbIMN MMEHAMWN B OAMHAKOBbIX rpaHMLUAax:

int some function ()
{
int x;
x = 0;
double x; // HEeBEepHO, UMS yXe MCIOJIb30BAHO B 3TUX I'PAHMUIAX
x = 0.0;

BuagmmocTtb o6bekTa B rpaHuyax 6s10ka pabotaeTt no KoHua 6noka, Bkao4Yas BHyTpeHHMe 610ku. Tem
He MeHee, BHYTPEeHHUI 610K, MOCKOMbKY 3TO APYroin 610K, MOXET NOBTOPSATbL MMS, CoAepiKalleecs BO
BHELWHMX rpaHuuax, agpecysicb K pa3HbiM obbekTaM. B 3ToM cnydae nMs 6yaeT OTHOCUTLCA K pa3HbIM
o6bekTaM TO/IbKO BO BHYTpeHHeM 6110Ke, CKpbiBasi 06beKT, MMEHOBaHHbLIN BHe 6n10ka. byayum BHe
6n0ka, oH 6ypeT agpecoBaTbCa K OpUrMHanbHOMY 06bekTy. Hanpumep:

// inner block scopes BHYyTpeHHUM OJIOK:
#include <iostream> x: 50
using namespace std; y: 50
BHEIHNM OJIOK :
int main () { x: 10
int x = 10; y: 50

int y = 20;
{
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int x; // ok, BHyTpeHHME TPaHLE
x = 50; // 3HaueHMe BHYTPEHHEMY X
y = 50; // 3HaueHMe BHEUWHEMYy YV
cout << "BHYyTpeHHUN OJiok:\n";
cout << "x: " << x << '"\n';
cout << "y: " << y << '"\n';

}

cout << "BHemHM 6isok:\n";

cout << "x: " << x << '"\n';

cout << "y: " << y << '\n';

return 0;

3aMeTbTe, YTO Y HE CKPbITO BO BHYTPEeHHeM 6/10Ke, a, CefoBaTe/IbHO, NMPUCBOEHME 3HAaYeHUsa Y BCE
ewé AOCTYMHO AN BHELIHEN NepeMeHHoMN.

lMepeMeHHbIe, ob6bsiBNeHHble B 06baABIEHUAX, npeacrtaBnAarWwnx 610K, Taknx Kak napaMeTpbl CbYHKLI,VIVI

N NepeMeHHble, 06bsIBIEHHHbIE B LMKAAX U yCroBuUsaX (Taknx, kak obbasneHHble ans for unu if)
SABNSAIOTCS NOKaNbHbIMK Ans 6/10Ka, NX NpeacTaBAsoLwero.

NMpocTpaHCTBO MMEH

To/IbKO OAWH 06BEKT MOXET CYLLECTBOBATb C UHAMBUAYAIbHBIM UMEHEM B MHAMBUAYAJIbHbIX FPaHMLUax
BpeMeHaMu 3TO CTaHOBUTCS NMpo6sIeMON ANs NoKanbHbIX UMEH, MOCKONbKY 6/10KM MMET TEHAEHUMIO
6bITb OTHOCUTENBbHO KOPOTKMUMU, @ UMEHA B HUX MMEIT cneunduryeckme CBOMCTBa, Takme Kak
MMEHOBaHWE NepeMeHHbIX CYETUMKA, apryMeHTbl M T.M.

Ho HenokanbHble MMeHa NpeaBHOCAT 60/1blle BO3MOXHOCTEN ANSA KOMTU3UN UMEH, B YAaCTHOCTU C
YUYETOM TOr0, UTO 6UBNMOTEKN MOTYT 06BABAATE MHOMO (PYHKLMWIA, TUMOB, MEPEMEHHbIX, KOTOPbIE MO
CBOe npupoae He 6yayT /IOKasbHbIMU, @ HEKOTOpbIE 1 6a30BbIMU.

MpocTpaHCTBO MMEH NO3BOJISIET HaM rpynnMpoBaTb MMeHOBaHHble 06beKTbl, KOTOpble nHave 6yayT
nmeTb rs1o6asbHble rpaHnubi (global scope), B y3Knx rpaHuuax, aaBast UM rpaHulbl MpoCcTpaHCcTBa MMEH
(namespace scope). OTo NO3BONISET OPraHM30BaTb 3/IEMEHTbl MPOrpaMM B pasHble ormyeckme
rpaHuupbl, 0603HAYEHHbIE MMEHAMM.

CuHTaKkcuc ansa obbsasneHns NpoOCTpaHCTBa UMEH:

namespace identifier

{

named entities

3pech identifier genserca KakMM-TO NpaBuibHbIM MAeHTUdMKaTopoM, a named_entities
ABNSEeTC HabOPOM MepeMEHHbIX, TUMOB U YHKLMI, KOTOPblE BK/IIOYEHbI B MPOCTPAHCTBO UMEH.
Hanpumep:

namespace myNamespace

{

int a, b;

B 3ToM cniyyae nepeMeHHble & U b — 3To 06blUHbIE NepeMeHHble, 06BbABIEHHbIE BHYTPU NMPOCTPAHCTBA
UMEH, Ha3lbiBaHHOro myNamespace,

DTW NepeMeHHble MOryT 6bITb AOCTYMHbI B MX MPOCTPAHCTBE UMEH 06bI4HbLIM 06pa3oM Mo nx
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naeHTndunkaTopy (nmbo &, nnbo b), Ho ecnm AOCTYN OCYLIECTBNEH U3BHE NPOCTPAHCTBA UMEH
myNamespace, oHWM A0/KHbI 6bITb COOTBETCTBYIOLWMM 06pa3oM KBannMdUUMPOBaHbl C MOMOLLbIO
onepaTopa rpaHuy : :. Hanpumep, ans 4OCTyna K nNpeabiaywmMM nepemMeHHbIM 3a npeaenamm
myNamespace ouH AOKHbI KBaANdUUMpPoOBaTbCS:

myNamespace: :a
myNamespace: :b

MpocTpaHCTBO UMEH 06bIYHO MOME3HO ANSA TOro, YTobbl M36eXxaTb KOMIN3MA MMEH. Hanpumep:

// namespaces 5
#include <iostream> 6.2832
using namespace std; 3.1416

namespace foo

{

int value () { return 5; }

namespace bar

{
const double pi = 3.1416;

double value() { return 2*pi; }
}
int main () {

cout << foo::value() << '\n';

cout << bar::value() << '\n';
cout << bar::pi << '\n';
return 0;

B faHHOM cniyyae ecTb ABe PyHKLMM C OAMHAKOBbIMU MMeHaMu: value, OgHa onpeaeneHa B
npoctpaHcTBe MMEH £0o, n apyrasi B bar. Ho He 6yaeT ownbok nepeonpeaenenus, 6narogaps
MpOCTPaHCTBaM MMEH. 3aMeTbTe, Kak P1 noseasetcs HekBanmduuMpoBaHHbIM 06pa3oM B MPOCTPaHCTBE

MMEH bar (Tonbko Kak P1), u BHOBb MOSABNAETCA B Main, HO 31eCb HYX/AaeTca B KBannduKaumum Kak
bar::pi,

MpocTpaHCcTBa MMEH MOTryT Pa3BETBASATLCS: ABa CerMeHTa Koga MoryT 6biTb 06bsiIBNEHbl B O4HOM
MPOCTPAaHCTBE UMEH:

namespace foo { int a; }
namespace bar { int b; }
namespace foo { int c; }

34ecb 06bSABASIOTCA TPU MEPEMEHHbIE: & 1 C B MPOCTpaHCTBe MMEH £0O, Toraa kak b HaxoaunTtcsa B
NpoCTpaHcTBe MMEH bar, MpocTpaHCTBO MMEH MOXXET MPOCTMPATLCA AaXe Ha pasHble eaunHULbI
TpaHcasumm (T.e., Ha pasHble daliabl MICXO4HOMo KoAa).

using

KntoueBoe c/ioBo USing BBOAUT UMSA B TEKYLLYHO 06/1aCTb 06bsIBNEHN (Takyto, kKak 610K), nsberas
Heo6xoAnMMOCTU KBanuuumposaTb UMs. Hanpumep:

// using 5
#include <iostream> 2.7183
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using namespace std; 10
3.1416
namespace first

{

int x 52
int y = 10;

namespace second

{
double x = 3.1416;
double y = 2.7183;

int main () {
using first::x;
using second::y;
cout << x << '\n';
cout << y << '"\n';
cout << first::y << '\n';
cout << second::x << '\n';
return 0;

3aMeTbTe, Kak B Main nepeMeHas X (6e3 kakoro-nnbo kBanmdukaTopa MUMeHM) agpecyeTcs K
first::x, Torga KaKk Yy cceinaercs Ha second: 1y, paBHO Kak M 3a[aHO 06bsBNEHNEM using,

MepemMeHHble first::y n second: : X MOryT 6bITb A4OCTYMHbI, HO TPEBYIOT MOMHOW KBannduKaumm
NMEH.

KntoueBoe c/ioBo US1ing MOXET TakXe UCMob30BaThCA B KAaUeCTBe AMPEKTUBLI A/ BBOAA BCEro
MPOCTPaHCTBA UMEH:

// using 5

#include <iostream> 10

using namespace std; 3.1416
2.7183

namespace first
{
int x = 5;
int y 10;

namespace second
{
double x 3.1416;
double y = 2.7183;
}

int main () {
using namespace first;
cout << x << '\n';
cout << y << '"\n';
cout << second::x << '\n';
cout << second::y << '\n';
return 0;

B aaHHOM cnyvae, 06bsIBAASA, UTO Mbl UCMOMb3YeM MPOCTPAHCTBO MMEH £irst, Bcé npsimoe
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ncrnonb3oBaHme X U vy 6e3 kBanudbukauum MMEH ByaeT paccMaTpuBaTbh UX B NPOCTPaHCTBE UMEH first,

using y using namespace UMerT 3aKOHHOCTb TOMIbKO B TeX 6/10KaxX, B KOTOPbIX OHU 06bABNAIOTCA,
nnn Bo BCEM dalisie MCXOAHOI0o KoAa, eC/i OHM UCMOMb3YOTCA HENnoCpeaCTBEHHO B rnobanbHbIX
rpaHuuax. Hanpumep, 6yaeTt BO3MOXHO NepBOe MCMNOosib30BaHWe 06beKTOB 04HOMO NPOCTPAHCTBA MMEH,
a 3aTeM Apyroe pasgefieHue Koha B pa3Hbix 6n1okax:

// using namespace example 5
#include <iostream> 3.1416
using namespace std;

namespace first

{

int x = 5;

namespace second

{
double x = 3.1416;

int main () {

using namespace first;
cout << x << '"\n';

using namespace second;
cout << x << '\n';

}

return 0;

NMceBAOHUMbI NPOCTPAHCTBA UMEH

CyuwecTBytouiee NpoCcTpaHCTBO UMEH MOXET 6bITb 3aMeLLEeHO HOBbIM MMEHEM C MOMOLLbIO cnepywulero
CUHTaKCuca:

namespace new_name = current_name;

NMpocTtpaHCcTBO UMEH std

Bce 06bekTbl (NepeMeHHbIe, TUMbl, MOCTOSAHHbIE U PyHKUNK) BubnmnoTtekn ctaHaapta C++
06bSABNAOTCA B MPOCTPAHCTBE MMEH Sstd, Bosbluas YacTb NPUMEPOB B 3TOM PYKOBOACTBE haKTUYECKN
BKJ1OYAIOT C/leAyHoLLy0 CTPOKY:

using namespace std;

DT0 BBOAMT NpsIMyt0 AOCTYMHOCTb BCEX MMEH npocTpaHcTBa Std B kode. B pyKoBOACTBE 3TO cAeNaHo

ansa obneryeHns NOHMMaHUSA U YMeHbLUEHUS ATMHbI MPUMEPOB, HO MHOIME NporpamMMbl NpeanoYnTaoT
KBanMdunuMpoBaTb KaxKabl U3 3N1EMEHOB CTaHAAapTHOW 6nbnnoTekn, MCNOAb3yeMbiX B UX MpOrpaMMax.
Hanpwumep, BMecTO:

cout << "Hello world!";
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4acCTO MOXXHO BUAETb:

std::cout << "Hello world!";

ByayT N1 3/1eMeHTbl NPOCTpaHCTBa UMEH Std BBeAeHbl C NOMOLbIO 06bABAEHUS US1NG UK NOJHOM
KBasMdMKaumMein nNpm KaxxaoM UCMoNb30BaHUM, HUKOMM 06pa3oM He U3MEHUT NOBeAEHME UK
3 HEKTUBHOCTb pe3ybTUPYOLWEeN NporpaMMbl. 3To B 60/IblUEl Mepe BONPOC CTUISA, XOTS ANs
NMPOEKTOB CO CMeLlaHHbIMU 6MBanMoTeKaMmn NpeanoUTUTENbHEE UCMOIb30BaTb SBHYIO KBanvdukaumio.

Knaccbl naMmatum

XpaHunuue nepeMeHHbIX C noMowwbto global nnn namespace scope (rnobanbHoe nan B rpaHunuax
NpOCTPaHCTBa MMEH) CyLLEeCTBYET Ha NPOTSXXEeHNM BCel paboTbl NporpamMMbl. 9TO U3BECTHO Kak static
storage (cratnyeckoe xpaHuauLye), N 3TO KOHTPACTUPYET C XxpaHeHueM local variables (rn1okanbHbIX
rnepeMeHHbIX), KoTopble 06bsBnsatoTCs B 6/10Kke. MoAo6HbIN MEXaHM3M M3BECTEH Kak aBTOMaTuyeckoe
XpaHeHue. XpaHunuiie ansa nokKasabHbIX NepeMeHHbIX 4OCTYNHO B 6/10Ke, B KOTOPOM OHM 06bSABNEHDI.
Mocne yero 3T xpaHunuia MOryT UCMOAb30BaTbCS A5 JIOKaAbHbIX NMepeMeHHbIX KaKon-To Apyromn
dYHKLUMM NAN NCNONb30BaTbs KaK-TO MHAYe.

Ho ecTb Apyras cywecTBeHHas pasHuua Ans nepeMeHHbiX Mexay static storage (cratnyeckmm
XpaHeHueM) v automatic storage (aBTOMaTtnM4eCKUM XpaHEHNEM):

- NepeMeHHble C static storage (Takue, Kak rnobasibHble NepeMeHHble), KOTOpblE HEe
MHNUMANN3NPOBaHbl ABHO, MHNUNAJTU3NPYIOTCA aBTOMaTU4YECKU HynéM.

- NepeMeHHble c automatic storage (Takmne, Kak JioKasibHblE NEPEMEHHbIE), KOTOPbIE HE
MHNUMANN3NPOBaAHbl ABHO, OCTAlOTCA HE MHUUMNATM3NPOBaHbI, TO €CTb, NMEKT Heonpe,u.enéHHoe
3Ha4eHue.

Hanpumep:
// static vs automatic storage 0
#include <iostream> 4285838

using namespace std;
int x;

int main ()

{
int y;
cout << x << '"\n';
cout << y << '"\n';
return 0;

PeasnbHbIii BbIBOA MOXET BapbMPOBAaTbLCA, HO TOMILKO 3HaueHue x 6yAeT rapaHTUPOBaHO PaBHO HYNIO. v
MOXET peasnibHO CoAepXaTb /lo60e 3HaueHne (BKoYas Hyb).
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Cno>xHbie TUnbl AaHHbIX
MaccuBbl

MaccmB - 3TO psg 3N1EeMEHTOB OAHOIO M TOrO Xe Tuna, pasMewéHHbIn B NocnenoBaTeNbHbIX S4enkax
namaTu, KOTopble MOryT 6bITb UHANMBMAYANBHO AOCTMXUMBbI Yepe3 gobaBneHne nHaekca K YHMKalbHOMY
naeHTndunkaTopy.

DT0 03HAyaeT, HanpuMep, UYTO MNATb 3HAYeHU Tuna int MoryT 06bLABNATLCA B KayecTBe Maccusa 6e3
Heo6X0AMMOCTN 06BABNATL MNATb PA3HbIX NMEPEMEHHbIX (KaXXA0e CO CBOMM CO6CTBEHHbIM
naeHTMdnKaTopom). BMECTo 3Toro, MCMosb3ys MaccuB, NATb 3HaAYeHU 1nt xpaHaTcs B
nocnefoBaTeNbHbIX AYenkax NaMmsaTi, U BCE MSATb MOTYT 6biTb AOCTUMHYThI MPU UCMOMb30BAHMM TOMO Xe
naeHtTudunKaTopa ¢ NoAXoAAWMNM UHAEKCOM.

Hanpumep, Maccmns, cogepxXaliuii NaTb LEenblX 3HauyeHnin tuna int, HaseaHHbIn £00, MOXeET 6bITb
npeacTtaBfeH Kak:

0 1 2 3 4

foo |

———
int

roe Kaxaasa nycragd KNneTkKa npeactaBasa€eT 3/1IEMEHT MaCCUBa. B AAHHOM C/fiy4dae 3TO 3Ha4YeHuUsa Tuna
int,

OTn anemeHTbl 0603HaueHbl Yncnamm ot 0 o 4, rae 0 nepBoe, a 4 nocneaHee. B C++ nepBblii 3N1€MEHT
B Maccuee Bcerga HymepyeTcs Hyném (a He eanMHMLUEN) BHE 3aBUCUMMOCTM OT AJIMHbI MAcCcuBa.

Moao6bHo 06bI4HOM NepeMeHOon MaccuB AoKeH 6bITb 06bsBNEH A0 €ro UCMONb30BaHMA. TunnyHoe
obbsiBNeHmne maccuea B C++ BbIrSAUT Tak:

type name [elements];
roe type - nogxogawmin Tun (kak int, float,.)), name - noaxoaswmit naeHTudnKaTop, a elements
- 3To nosie (KOTopoe Bceraa B KBaapaTHbIX ckobkax [1), 3apatouiee AnnHY MaccMBa B TEpMUHAX

KoJZ1n4yecTtBa 3JIEMEHTOB.

TakuMm o6pa3oM, Maccme £OO ¢ NaTblo aneMeHTaMmn TMNa int MoxeT 6biTb 06bABNEH Kak:

int foo [5];

3aMmeTbTe: none elements B kBagpaTHbIX ckobkax [ ], mpeacTaBnsiowee KOANYECTBO 3/IEMEHTOB
MaccuBa, A0MXKHO 6bITb constant expression (MOCTOSIHHOE BblPa)Ke€HUE), MOCKObKY MAaCCUBbI SBASIOTCS
6/10KaMK CTaTUYECKOW NaMsaTW, Yeit pasMep A0/KEH 6biTb onpeaeniéH BO BPeMS KOMMUASLUMN A0
BbIMOSIHEHWUS MPOrPaMMbl.

UMHuuuymanusayumsa MaccmBoB

Mo yMonuaHuto o6blYHbIE MACCUBbI J10KasibHOM obaactu, local scope (Hanpumep, 06bsABEHHbIE BHYTPH
dyHKUMN), ocTaroTcsa 6e3 MHUUManmMn3aumm. To 03HavaeT, YTO HM O4HOMY M3 3/1EMEHTOB He 6bI10
NPUCBOEHO 06bIYHOE 3HAUYEHME; UX COAEPKMMOE He ONnpeaeneHo B MOMEHT 06baABNEHNS MaccuBa.

Ho anemeHTaM MaccuBa MOryT 6biTb NMPUCBOEHbI HauasbHble 3HAYEHWUS MPU 06bABIEHUN, ECU
3aK/0UNTb 3TU 3HAYEHUS MHUUMANU3aunn B urypHbole ckobku {}. Hanpumep:

int foo [5] = { 16, 2, 77, 40, 12071 };

oT0 Bblpa>XeHune obbasnser MaccuB, KOTOprVI MOXeT 6bITb npeacrtaeneH cneaywowmm o6pa30M:
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0 1 2 3 4
foo | 16 2 77 40 12071
[—
int

KonnuecTtBo 3HaueHuii B ckobkax {} He Ao/xHO 6biTh 60/blUE, YEM KOJIMUECTBO 3/1IEMEHTOB B MAacCUBE.
HanpuMmep, B npumMepe Bbilwe MaccuB £00 6bin1 06bSABMAEH C 5 aneMeHTamMu (Kak 3a4aHo UMNCIIoM,
3aK/I0UYEHHBLIM B KBagpaTHble ckobku [1), a durypHble ckobku {} cogepaTb pOBHO 5 3HaueHuit, no
OAHOMY [NA KaXKA0ro 3fieMeHTa MaccuBa. Ecnn 3asBfeHo MeHblle 3HaYeHU, OCTaBLLIMMCS 3/IEMEHTAM
NPUCBaMBaOTCA MX 3HAUYEHUSA MO YMOJSTYAHUIO (UTO A1 OCHOBHbIX TUMOB 03HAYAET, UTO D/IEMEHThI
3ano/iHATCS HynsaMu). Hanpumep:

int bar [5] = { 10, 20, 30 };

3T0 €O3AaCT MaccmB NoAo6HbIN 3TOMY:

0 1 2 3 4
bar | 10 20 30 0 0

L ———
int

MHMumManmnsaumns MoXeT Aaxe He UMETb 3HaLIEHVIl7I, a TONIbKO CKO6KM:

int baz [5] = { };

DTUM CcO3AaETCA MAcCUB NATU 1Nt 3HAYeHUN, rae KaxaoMy NpUCBaAMBAETCS 3HAYEHUE HyNS:

0 1 2 3 4
baz | 0 0 0 0 0

|—|
int

Koraa 3HauyeHus nHuumnanmsaumm npeaocraenstoTca maccuBy, C++ NO3BONSET OCTaBUTb KBaapaTHbIE
CKO6KM nycTbiMu [ 1. B 3TOM ciyyae KOMNUASATOP aBTOMATMUYECKU ONpeaenunT pasMep MaccuBa,
COBMAAAOLWMIA C YNCIIOM 3HAYEHWNI, 3aKTIOUYEHHBIX MexXay PUrypHoiMn ckobkamm {}:

int foo [] = { 16, 2, 77, 40, 12071 };

Mocne sToro obbaBneHns Maccms £00 6yner 5 int gnMHOM, NOCKOMBLKY Mbl MPEANOXUAN 5 HaYanbHbIX
3HaYEHUN.

HakoHeu, asontouuna C++ npueena K BbIbOpy yHMBEpPCaibHON MHUUMAAN3ALMU N MacCMBOB. MNo3ToMy
6onble HeT He06XOANMMOCTU A1 3HAYKa paBeHCTBa Mexay obbsBneHnem u nHmymanmsatopom. Oba
BblpaXK€HMS HUXEe IKBUBAJIEHTHbI:

int fool[] = { 10, 20, 30 };
int fool] { 10, 20, 30 };

CraTnuyeckme MaccuBbl U Te, YTO 06BABASAIOTCA NPSAMO B MPOCTPaHCTBE UMEH (BHE Kakux-nnbo
pyHKUMI), BCEerga MHNLMaNN3NpyoTcs. ECAn aBHbIM MHMLMANM3aTop Ha 3ajaH, BCE 3/1IEMEHTHI
WHULMANMU3NPYOTCA N0 yMOAYaHuo (Hynsamu ans 6asoBbiX TMMNOB).
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AocTtyn K 3Ha4yeHnsaAM B MaccuBe

3HauyeHune nboro anemeHTa B MacCCMBE MOXHO NnoNy4ynTb TakK Xe, KakK N 3Ha4YeHune 06bI4HOM
nepeMeHHoﬁ TOro xe Tuna. CMHTaKCcUC TakoB:

name [index]

Cnepnysa npeabiaywemy npumepy, rae £0o0 nmeet 5 aneMeHTOB, a KaXxAblil U3 3TUX 3/1EMEHTOB TUMa
int, nMeHa, KOTOPbIE MOXHO MCMNOMb30BaTh AN CChIIKM Ha KaX bl U3 SN1EMEHTOB, Clneaylollme:

foo[0] foo[l] foo[2] foo[3] fool[4d]

foo |

HanpuMmep, cneaytollee BblpaXxeHWe OTNpaBAsieT Ha XpaHeHWe 3HadyeHue 75 B TpeTuit anemeHT foo:

foo [2] = 75;

W, HanpuMep, cleayoLWnM KONMpPYeTca 3HaueHne TpeTbero aneMeHTa 00 B nepeMeHHyo X:

x = foo[2];

CnepnosaTesibHO, BblpaxeHue £0o[2] camo sBnsertcs nepemMeHHol Tuna int,

3aMeTbTe, YTO TpeTuit anemeHT £00 3anaéTtca kak £oo[2], nockonbky nepsbit — 310 £0o [0], BTOpOIA
- foolll, a, 3HauuT, Tpetuit £ool2]. N3 3TX coobpaxeHuit NnocneaHuii anemeHT 6yanet foo[4],
TakuM 06pa3oM, eciv Mbl Hanuwem £oo [5], Mbl nonbiTaeMca 4o6paThCsa A0 LWECToro aneMeHTa £oo,
YTO B AENCTBUTENBHOCTU NPEBbLIIAET pa3Mep MaccuBa.

B C++ CMHTaKCUMUeCcKM NpaBu/ibHO MpEeBbIWaTh AONYCTUMbIN Npeaen AManasoHa MHAEKCOB MaccuBa.
DT0 MOXET co3faBaTb NpobseMbl, MOCKOJbKY AOCTYMN K 3/1IEMEHTaM BHE AMana3oHa He BbI3blBaeT
OLLMBKM MPU KOMAWUMALMUKN, HO BbISOBET OLLIMGKY Mpu paboTe nporpaMmbl. MprUUMHA Takoro NoMoXeHUs
fAen 6yneT nokasaH B crieayloleit rnaee, NpeacTaBasioWel ykasaTenu.

B 5TOM MecTe BaXXHO SICHO pa3nnyaTth ABa MCMOSb30BaHUA KBaapaTHbIX ckobok [] oTHocuTenbHo
MaccuBoB. OHM BbIMOMHAT ABE pasHble 3a4aun: 0A4Ha — 3a[aTb pasMep MaccuBa Npu ero Aexknapauuu;
a BTOpas 3a4aTh MHAEKC AN KOHKPETHOro 3/1eMeHTa Maccmea, Npu AOCTyne K HeMy. He nyTaiTe aTn
ABa ncronb3oBaHusa ckobok [1 ¢ maccmsom.

18 // OBBABJIEHME HOBOTO MacCCHUBa
foo[2] = 75; // OOCTyIl K BJIEMEHTY MacCCuba

OcHoBHas pa3Huua B TOM, 4TO obbsBneHuto npeawecrByeT TUN 3/1IEMEHTOB, TOrAa Kak npu gocryne
3TOro HET.

HekoTopble Apyrve onepauum ¢ MacCMBaMU:

foo[0] = a;

foola] = 75;

b = foo [a+2];
foo[fool[a]] = foo[2] + 5;
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Hanpumep:

// arrays example 12206
#include <iostream>
using namespace std;

int foo [] = {16, 2, 77, 40, 12071};
int n, result=0;

int main ()
{
for ( n=0 ; n<5 ; ++n )
{
result += foo[n];
}
cout << result;
return 0;

MHOromepHbieé MaCCUBbI

MHoromepHble MaccmBbl MOTyT 06BbABNATLCA KaK «MacCMBbl MAacCUBOB». Hanpumep, ﬂ,BYMeprIVI MaccuB
MOXeT 6bITb NpeACTaB/ieH, Kak AByMepHas Tabnnua, cocTaBfeHHas U3 3/1EMEHTOB, BCE U3 KOTOPbIX
O4HOIo0 " TOro Xe Tnna AaHHbIX.

0 1 2 3 4

jimmy

jimmy npeactaBnseT AByMepHbIi Maccue u3 3 anemeHToB (0,1,2), KaxAbliA U3 KOTOPbIX UMEET 5
anemenToB (0,1,2,3,4) Tvna int, CuHtakcuc C++ ansa 37oro:

int jimmy [3][5];

W, HanpuMep, ccblfika Ha BTOPOW 3/IEMEHT MO BEPTUKANWN U YETBEPTbI MO FOPU30OHTaNMN B BblpaXXeHUU
6bynet:

Jimmy [1] [3]
0 1 2 3 1
jimmy -
2
L
jimmy [1] [3]

(NMOMHWUTE, YTO MHAEKCHI MAacCMBa BCEraa HauMHATCSA C HYNS).

MHOroMepHbI€ MacCUBbl HE OrpaHMYMBatOTCS ABYMS MHAEKCaMu (T.e., ABYMS uaMepeHusiMun). OHU MOTyT
WUMeTb CTOJIbKO UHAEKCOB, CKOJIbKO HEOOX0ANMO. XOTa 6yAbTe BHUMATENbHbI: KO/IMYECTBO NaMsaTy,
TpebyeMoe MacCcMBOM, YBEIMUYNBAETCS SKCMOHEHUMANBHO C KaXAblM U3MepeHueM. Hanpumep:

char century [100][365][24]1[60][60];
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06bSABNAET MAaccMB C 3/IEMeHTaMM Tuna char ang Kaxaoro B coTHe. DTo 6osee, 4eM 3 MUAIMapaa
char! Tak uTo, 3TO 06BbsABNEHNE ByAeT 3aHMMaTh 6onee 3 rurabanT namsaTu!

B 3aBeplueHne, MHOroMepHbIe MacCUBbI — 3TO TOJIbKO a6CTpaKU,VI$| Ana NporpaMMmUCTOB, NOCKOJTIbKY
TaKue Xe pe3ynbTaTbl MOTYT 6bITb nony4yeHbl C NOMOLWbIKO MNPOCTbIX MaCCUBOB, €CJZIM YMHOXXAaTb UX
MHAOEKCDHI:

int jimmy [3][5]1; // BKBMUBAJIEHTHO CJIeOyIeMy
int jimmy [15]; // (3 * 5 = 15)

EcTb 04HO B 3TOM OT/IYME OT MHOIFOMEPHbIX MACCMBOB — KOMMUAATOP aBTOMaTUYECKM 3anoMuHaeT
rny6uHY KaXxZloro 3 BoobpaxaeMbix nsmMepeHuii. Cnegyolumne asa hparMeHTa Koda AaloT 0AUHaKoBble
pe3ynbTaTbl, HO OAMH UCMONb3YET ABYMEPHbI MAaccuB, a APYroi UCMofb3yeT NPOCTO MaccuB:

| MHOFOMeprIﬁ MaccuB || nceBAO-MHOFOMeprIﬁ MaccuB
#define WIDTH 5 #define WIDTH 5
#define HEIGHT 3 #define HEIGHT 3
int jimmy [HEIGHT] [WIDTH]; int jimmy [HEIGHT * WIDTH];
int n,m; int n,m;
int main () int main ()
{ {
for (n=0; n<HEIGHT; n++) for (n=0; n<HEIGHT; n++)
for (m=0; mM<WIDTH; m++) for (m=0; m<WIDTH; m++)
{ {
Jimmy [n] [m]=(n+1)* (m+1) ; Jimmy [n*WIDTH+m]=(n+1) * (m+1) ;
} }
} }

Hu oauH u3 AByx chparMeHTOB KoAa Bbille HE BbIBOAUT YTO-TO Ha 3KpaH, HO 06a nNpucBauBatoT
3Ha4YeHus 610Ky MaMATU, Ha3blBAHHOMY jimmy cneayowmm o6pasom:

0 1 2 3 4

. 1 2 3 4 5
Jimrmy 1 2 4 = 8 10
2 3 & 9 12 15

3aMeTbTe, YTO KOA UCMNOJIb3YEeT KOHCTaHTbI AN WWMPUHBI U BbICOTbI BMECTO UCMONb30BaHUSA UX
HEenocpeacTtBeHHOro Y1MCsaoBOro 3Ha4YeHu4. DTO genaer koA nyduwe 4YntaeMmbiM U No3BONIAET USBMEHUTb
KOoA4 nerye, ncnpasume TOJ1IbKO B O4HOM MECTE.

MaccuBbl KaK napaMeTpbl

lae-To HaM MoxeT NoHafobuTbca NepeaaTb Maccme B PyHKUMIO Kak napameTp. B C++ HeT
BO3MOXHOCTW nepeaasaTth Uenbli 610K NamMaTn, NpeacTaBNsaoWwmnini Maccme, B OYHKUMIO
HEenoCcpeACTBEHHO KaK apryMeHT. Ho To, 4To BMECTO 3TOro MOXHO nepeaaTb, 3TO agpec. Ha npaktuke
3TO AaéT TOT Xe addeKT, NPUTOM nepeaaya ocyLecTBAsSeTCs MHOro 6eicTpee, 1 3Ta onepauns MHOro
pe3ynbTaTMBHee.

Mpun NpMMeHeHMN MaccMBa B KayecTBe napameTpa ans dyHKUuMn TUn napaMmeTpa AoJIXKeH 6biTb
06BbABNEH KaK MacCuB, HO C NYCTbIMW KBaAPaTHbIMW CKOBKaMu, rae NponyLeH peasnbHbI pa3Mep
MaccuBa. Hanpumep:

void procedure (int argl[])
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STa yHKUMA MMeeT napaMeTp Tuna "array of int" (MaccuB AaHHbLIX LENOro TMNa), HasBaHHbIM arg. B
nopsiake nepenayun B 3Ty PyHKLMIO MaccMB 06bSIB/IEH KaK:

int myarray [40];

1 Npu Bbi30OBE GYLI,eT AOCTATOYHO HanucaTb:

procedure (myarray):;

BoT nosHbIi npumep:

// arrays as parameters 5 10 15
#include <iostream> 2 4 6 8 10
using namespace std;

void printarray (int arg[], int
length) {
for (int n=0; n<length; ++n)
cout << argln] << ' ';
cout << '\n';

int main ()
{
int firstarrayl[] = {5, 10, 15};
int secondarrayl[] = {2, 4, 6, 8,
10};
printarray (firstarray,3);
printarray (secondarray,5);

B koae Bbiwe nepsblit napameTp (int argl]) npuHuMaeT no6oi MaccuBe, y KOTOPOro 3/1EMEHTbI TUNA
int BHe 3aBMCUMOCTM OT €ro ASIMHbI. M3 3TUX COO6PaxXeHN Mbl BKTIOYMIN BTOPOI NapameTp, KOTOpbIi
NosICHAET YHKUMN ANMHY KaXA0ro MaccmBa, KOTOPOW Mbl nepefaéMm el Kak nepsbli napameTp. 370
No3BOASET UNKNY, KOTOPbIA BbIBOAUT Ha 3KPaH MAcCuB, MOHATb KOIMYECTBO UTepaumin ans
nepegaHHoro maccmsa, 6e3 Bbixoaa 3a npejensl AnanasoHa.

B 06bsaBNEHUN DYHKLMM TaKKE MOXHO BKJ/IOYATb MHOrOMepHble Maccuebl. dopMaT Ans napameTtpa
TpéXMepHOro Maccuea byaert:

base type[] [depth] [depth]

HanpuMmep, dyHKUMSA C MHOFOMEpPHbLIM MacCMBOM B KauecTBe aprymeHTa byaer:

void procedure (int myarray[][3][4])

O6paTuTe BHMMaHWe, 4YTo nepBble ckobku [1 ocTatoTcs NycTbiMK, TOraa Kak creayowme 3agatoT
pasMepbl UX COOTBETCTBYIOLINX U3MEPEHUIA. DTO HEOBXOANMO KOMMUAATOPY, YTO6bI ONpeaeTb
rNYyBUHY KaXaoro 13 AOMNOMHUTENbHbLIX U3MEPEHUIA.

B KaKkoW-TO Mepe nepefaya MaccuBa B KayecTBe apryMeHTa Bceraa BeAéT K notepe pasMepHoCTHU.
rlpVI'-H/IHa B TOM, YTO €CTb UCTOPUYECKMNE MOTUBbI — MAaCCUBbl HE MOTYT KONMMpPOBaTbCA HENOCPEACTBEHHO,
NoO3TOMY B peasibHOCTV NepeaalTcs Yepes yKasaTtenu. ITo 061Ut UCTOYHMK OLWMGOK AN HaYMHAIoLWMX
nporpaMmMmnUCTOB. XOoTHa ACHOE MOHMMAaHne y|<a3aTene|7|, OMMCaHHbIX Aanee, AOJIXXHO NMOMOYb B 3TOM.
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Bbné6nmnoreyHblie MaccuBbI

MaccuBbl, 06CyXAEHHbIE Bbllle, HEMOCPEACTBEHHO BCTPOEHLI B A3bIK U YHacneaoBaHbl oT Cu. OHK
OT/INYHbIE (DYHKLUMU, HO NMPU OrPaHNUYEHUN HA KOMMPOBAHME U NETrKOM pasBeAeHUMN Ha yKasaTenu, OHM,
BO3MOXHO, Upe3MEepHO CTpaAalT OT ONTUMU3ALMN.

YT106bI NPpeoaoNeTb HEKOTOPbIE M3 3TUX pe3yNbTaToB CO BCTPOEHHbIMU B A3blKk MaccmBamu, C++
npeanaraeT anbTePHATUBHbIA TUMN MAacCUBa, TaKOM KaK CTaHAAPTHbIA KOHTEMHEpP. DTO TMN WwaboHa
(knacc wabnoHa, dakTuyeckun), onpeaenéHHblli B 3arofloBo4YHOM darine <array>,

KoHTelHepbl — 3To 6ubnmnoTeka pyHKUNIA, KOTOPbIE BbIXOAST 3@ PaMKM 3TOr0 pyKOBOACTBA, U MO 3TOM
NpuynHe 3TOT KNacC He paccMaTpuBaeTcs 34ecb B AeTanax. [oCTaTOYHO CKasaTb, YTO OHW ONEpPUpYIOT
CX0XMM 06pa3oM CO BCTPOEHHbIMM MacCMBaMM, 3a UCKJIFOYEHMEM TOr0, YTO MOFYT KonupoBaTbes (B
OEeNCTBUTENBbHOCTN AOBOJIbHO pacToyMTeNbHas onepaums KonmposaHusa uenoro 61oka namMsaTn, Tak 4To
cnepnyeT eé Ncnosb3oBaTh OCTOPOXHO) U MEPexoaAnTb K yKasaTenaM ToNbKO Toraa, Koraa ux siBHO K
3TOMY MOHYXAalT (MOCpeacTBOM MX yneHa data),

Tonbko B KayecTBe rnpmmepa - BOT ABEe BepCUN OAUHAKOBOIo o6pa3|_|,a McnoJsib3oBaHMA BCTPOEHHOIO B
S13bIK MAcCMBa, OMUCAHHOIo B 3TOW InaBse, n KOHTeVIHepa B bubnmoteke:

MacCUB, BCTPOEHHbIN B A3bIK MaccuB Kak 6M61MOTeUHbIA KOHTelHep

#include <iostream>
using namespace std;

int main ()

{

int myarray[3] {10,20,30};

#include <iostream>
#include <array>
using namespace std;

int main ()

{
array<int, 3> myarray {10,20,30};

for (int 1=0; 1i<3; ++1i) for (int 1=0; i<myarray.size(); ++1)
++myarray[i]; ++myarray[i];

for (int elem myarray) for (int elem myarray)
cout << elem << '\n'; cout << elem << '\n';

Kak Bbl BuaAnTE, 0b6e pPa3HOBUAHOCTN MaCCUBOB NCMOJIb3YIOT OAVHAKOBbIN CUHTAKCUC AN AOCTyna K nx
3/ieMeHTaM: myarray[i]. 3a UCKJIIDYEHMEM 3TOrM0 OCHOBHAas pasHuULUa NexuT B obbaBneHnn maccmea u
BKJTIOYEHUN AONOJTHUTENBHOIO0 3aro/1l0BO4YHOIo cbaﬁna ana 6ubmoTeku MaccmBoB.
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NMNocnepoBaTesIbHOCT CUMBOJIOB

Knacc string 6b1a1 3aTPOHYT B NpeablayLwmnx pasaenax. 1o 40CTaTOYHO MOLLHbIA Knacc Ans
NnoAaepXKU 1 onepaunin c Nocies0BaTeIbHOCTAMU CMMBONOB. OAHAKO, MOCKO/IbKY CTPOKK — 3TO
haKTMyecKn nocnenoBaTe/IbHOCTU CUMBOJIOB, Mbl MOXEM MPEACTAaBUTb UX TakKXKe Kak MpoCTble MacCcuBbl
3/1IeMeHTOB Tuna char,

Hanpwumep, cnenyowmn Maccus:

char foo [20];

3TO MacCcuB, KOTOprVI MOXEeT XpaHuTb A0 20 3/1eMeHTOB TUNa char, Ero MoxHo npeacTtaBnTb Tak:

foo

TakuM 06pa3oM, STOT MacCUB MMEET EMKOCTb AS1 XpaHeHUs nocneaosatenbHocTu Ao 20 cuMBosos. Ho
3Ta EMKOCTb He 0653aTefIbHO A0/IXKHA MOMHOCTBLIO UCMOMb30BATLCA: MAacCUB MOXET pasMellaTtb bonee
KOPOTKYI0 MOCNeA0BaTe/IbHOCTb. HanpuMep, B KaKOM-TO MecTe nporpaMMbl M60 NocneaoBaTe/lbHOCTb
"Hello", nu6o nocnepoBatenbHocTb "Merry Christmas™ moxeT xpaHuTbecss B £00, nockonbky o6e
NMOMECTATCS B MOC/eA0BaTeIbHOCTM EMKOCTbIO B 20 CMMBOJIOB.

O6bIYHO KOHEL, CTPOKU, NpPeACTaBfieHHbIN B NOC/eA0BaTebHOCTU CUMBOJIOB, 3a4aETCA creunasnbHbIM
CUMBOJIOM: HYJIEBLIM CMMBOJIOM, NTEPaNbHOE 3HaYeHne KOTOPOro MOXeT 3anucbiBaTbca kak ' \0'
(obpaTHaga Kocas 4yepTa, Hyb).

B aTOM cnyyae MaccuB 13 20 aneMeHToB Trna char, Ha3eaHHbIN £0O, MOXKeT 6bITb NpeAcTaBneH npu
XpaHeHun nocnenosaTenbHocTn cumeosnos "Hello" py "Merry Christmas" kak:

foo
Hle|l|1l|o|w

M|e|r|r|v Clh|r|i|s|t|m|a]|s|\0

3aMeTbTe, Kak nocne cobCTBEHHO COAEPXKUMOro CTPOK 6bin fobasneH Hynesoit cumeon ('\0'), uTobsbl
0603HauYMTb KOHEL NOC/IeA0BaTENbHOCTU. SUeiikM Ceporo LBeTa NpeACTaBSIOT 3/IeMeHTbl char ¢
HeonpeaenéHHbIM 3HaYEHNEM.

MHnumanmsauyma nocnenoBaTtesibHOCTU CUMBOJIOB C HYJ1b-
CMMBOJZIOM

MocKoNbKY MacCMBbl CUMBOJIOB — 3TO 06blYHblE MaCCMBbI, OHWU CNeAYT TEM Xe npasuiam. Hanpumep,
npu MHUUMaNU3auun MaccMBa CMMBOJIOB NMpeaonpeaenéHHON NocneaoBaTelbHOCTbIO Mbl MOXEM
caenaTtb 3TO Tak Xe, Kak Ansa ntoboro Apyroro Mmaccuea:

char myword[] = { 'H', 'e', '1', '1l', 'o', '"\O0' };

Bbilwe 06bABAEH MAcCMB U3 6 31EMEHTOB TMNAa Char ¢ HayanbHbIMKM CMMBOIAMK, HOPMUPYIOLLMMUA
cnoso "Hello" nnioc Hynesos cumson '\0' B KoHUe.

Ho MaccuB CMMBOJIOB MOXET 6bITb MHULMANN3UPOBAH MHAYE: UCMONb3YS CTPOKY /INTEPasIoB
HenocpeaCTBEHHO.

B Bblpa)eHNAX, MCNOSIb30BaHHbLIX B HEKOTOPbIX NMpuMepax nNpeabliayLwmx rnas, nMtepansl CTPOK yxe
nokKasaHbl HECKOJIbKO pas. DTo 3a4aéTcsl 3aK/IlOYEHMEM TeKCTa B ABOWMHbIE KaBbluky (™). Hanpumep:
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"the result is: "

3TO CTPOKOBbIN INTEPAJT, BO3SMOXHO, UCMOMb30BAHHbIN B HEKOTOPbIX NMpeablayLnX npuMepax.

MocnenoBaTenbHOCTb CUMBOJIOB B ABOMHbIX KaBblukaX (") — 3T0 iMTepasibHble€ KOHCTaHThl. VI ux Tvn
haKTMUYECKN MaccuB CMMBOJIOB, 3aBEPLLAILLINXCA HY/Ib-CUMBOJIOM, DTO 03HAYAET, YTO CTPOKa
nuTepanos scerga umeet cumson null (' \0'), aBTomaTuueckn gobasnseMblii B KOHLE.

Takum 06pa3oM, MaccuB 31eMeHTOB char, Ha3BaHHbI Myword, MOXEeT MHMLMANIU3UPOBATLCA
nocneanoBaTesibHOCTbIO CMMBOJIOB C HYJ1Ib-CMMBOJIOM OAHUM U3 OBYX cnocoboB:

char myword[] = { 'H', 'e', '1', '1', 'o', '\O' };
char myword[] "Hello";

B 06oux cryyasix MaccuB cMMBOJIOB Myword o6baBASIETCA C pa3MepoM B 6 aneMeHToB Tuna char: 5
CMMBONOB, cocTasnsowme cnoso "Hello", nntoc 3asepwatowmii null cumson (' \0'), koTopbili 3apaéT
KOHeLl, nocneaoBaTebHOCTU, @ BO BTOPOM C/lyyae, Koraa UCMo/b3yHTCs ABOWHbIE KaBbluku ("), Hy/b-
CMMBOJ A06aBNseTCa aBTOMaTUYECKM.

3aMeTbTe, UYTO 34eCb Mbl 06CYXAANMM MHULMANU3ALUMNIO MAacCMBa CUMBOJIOB B MOMEHT ero 06baABMEeHUs,
HO He 06Cy»aanu NPUCBOEHMSA 3HAYEHUI eMy no3xe (Koraa oH yxe 6bin AeknapupoBaH). dakTuuecku,
MOCKOJIbKY CTPOKOBbIE NITEPasbl OTHOCATCA K 06bIYHbIM MAacCMBaM, OHU MMEIOT T XE OrpaHnNUeHUs n
MM He MOryT MpUCBaMBaTLCS 3HaUYEHUS.

BbipaxxeHus (koraa myword yxe 6bln1 06bsIBNEH, KaK BbilLE), TaKNe Kak:

myword = "Bye";
myword[] = "Bye";

He 6yAyT NpaBWbHbI, TOrAa Kak cneaytollee 6yaet:

myword = { 'B', 'y', 'e', '\0' };

3T0 NpoUCXoAWUT NOTOMY, YTO MaccMBaM He MOTyT MpMCBauMBaTbCs 3HadeHUs. Ho 3ameTbTe, UTO
KaXI0My 3/1IeMEHTY MacCMBa MOXHO MPUCBanBaTb 3HAYEHUE MHAMBUAYANbLHO. HanpuMep, cneaytoulee
6yAeT KOppeKTHO:

myword [0] 'B';
myword[1l] = 'y';
myword[2] = 'e';
myword[3] = '\0';

CTpoKM M nocneaoBaTesibHOCTU CMMBOOB € null-
3aBepLieHueM

MpocToli MaccuB C HyN1b-CMMBOJIOM B NOC/eA0BaTENIbHOCTU CUMBOJIOB — 3TO O6bIYHbIA TUM,
ncnonb3yemblil B si3blke Cu ANns NpeacTaBsieHnst CTPOK (3TO TO, MOYEMY OHU U3BECTHbI Kak C-strings,
Cu-ctpokn). B C++, xoTa cTaHaapTHas 6ubnuorteka onpeaenseTt cneunduyeckmii Tun ansa CTpok
(knacc string), o6blYHbleE MAaCCUBbI C HYNIEBbIM CUMBOJIOM B MOCNeA0BaTENbHOCTU cMMBOOB (C-
strings) Bcé ewé ocTatoTcs 06bl4HbIM CNOCO60OM NpeacTaBfeHNs CTPOK B A3blke. PakTuyeckm
CTPOKOBbIe NIMTepasnbl BCE ewé Bceraa npomsBoasT NOCIeA0BaTENbHOCTU C HYJIb-CUMBOMIAaMU, a He
string obbeTsbl.

B ctpanpapTHoi 6MbnunoTteke oba npeacraBneHus ana cTpok (C-strings n 6ubnmoTeyHble CTPOKK)
COCYLLECTBYIOT, U 60/1bWMHCTBO DYHKUNI, Tpebyrowmx CTpokK, 6yayT neperpy>XeHHbIMW 415 NOA4EPXKKMU
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obounx.

Hanpumep, cin n cout nogaepxwusatoT null-3aBeplieHme NocnenoBaTesibHOCTU HEMOCPEACTBEHHO,
No3BOMSAS UM HaMNpsIMYto U3BMeKaTbCs U3 C1n unu BCTaBAATbCS B COUL, MpoCTo Kak CTPOKM.
Hanpumep:

// strings and NTCS: What is your name? Homer
#include <iostream> Where do you live? Greece
#include <string> Hello, Homer from Greece!

using namespace std;

int main ()

{

char questionl[] = "What is your
name? ";

string question?2 = "Where do you
live? ";

char answerl [80];
string answer2;
cout << questionl;
cin >> answerl;
cout << question2;
cin >> answer2;

cout << "Hello, " << answerl;

cout << " from " << answer?2 <<
" \nn .

.- r

return 0;

B s3TOM npumMepe oba MaccmBa CMMBOJSIOB MCMOJb3YOT NOCNEA0BATENbHOCTb C HY/N1I€BbIM CUMBOJIOM, U
NCMONb3YTCA CTPOKM. OHU MOSTHOCTbIO B3aMMO3aMeHSIEMbl B UX COBMECTHOM MCMOJIb30BaHUM B Cin un
cout, Ho 34eCb 3aMeTHa OLlyTMMasa pasHuLua Npu UX 06BLABNEHUN: MacCUBbl UMEOT BUKCUPOBAHHbIN
pa3sMep, YTO HYXXHO NPW 3aA4aHWM, SBHOM WM HESIBHOM, W NPV AeKnapupoBaHmu. questionl pmeer
pa3Mep cTporo 20 cMMBOOB (BK/tOYas 3aBepLiatolmii Hylb-CUMBOJT), @ answerl ymeet pasmep 80
CUMBOJIOB, TOrAa Kak npu o6baBNEeHMM CTPOK pasMep He 3ajaH. ITo npoucxoauT 6narogaps ToMy
dakTy, UTO CTPOKM UMEIOT AMHAMUYECKOe onpeeneHe pasMepa npu paborte nporpammbl, a pa3mep
MacCMBOB ONpeaenseTcs Npun KoMnuaauum 4o Havyana paboTbl NporpamMmel.

B nto6boM cnyyae nocnenoBaTeslbHOCTM C HYJIEBbIM CMMBOJIOM M CTPOKM NIerko TpaHcdopMupytoTcs u3
OZHOro NpeAcTaBfieHUs B Apyroe.

MocneposatenbHocTb € Null-3aBepLialolMM CUMBOIOM MOXET 6bITb NpeobpasoBaHa B CTPOKY HESIBHO, a

CTPOKa MOXET NpeobpasoBbiBaTbCA B NOCMEA0BATENLHOCTb C HYfIb-CUMBOJIOM MPU UCMONb30BaHWUM N60
string dyHkumm-uneHa c_str, nubo data:

char myntcs[] = "some text";

string mystring = myntcs; // koHBepTuMpyeT c-string B string
cout << mystring; // BHBOIUT KakK OUOIMOTEUHYIO CTPOKY
cout << mystring.c str(); // BHBOOMT KakK C-CTPOKY

(3ameTbTe: M c_str, M data YNeHbl string 3KBUBANEHTHbI)
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Ykasartenum

B npeablayuimMx rnaBax nepeMeHHble 06bACHAIUCE Kak 06/1aCcTU KOMMNbIOTEPHOW NaMATU, KOTOPble MOTyT
6bITb AOCTYMHbI MO UX MAEHTUDUKATOPY (MX MMEHM). TaknuM cnocoboM NporpamMMa He HyXAaeTcs B
3a6oTe 0 HU3MUYECKOM adpece AaHHbIX B MaMATU, OHa NPOCTO UCMONb3YET UAEHTUDUKATOP, rae bbl el
HW MOHaAo06MNOCh COCNATbCS Ha NMEPEMEHHY!IO.

Ons C++ nporpaMM namsTb KOMMbloTepa NogobHa NoCeAoBaTeIbHOCTM AYeeK NaMsTh, Kaxaas
pa3MepoM Mo OAHOMY 6alTy U Kaxaas C YHUKanbHbIM aapecoM. Tn ogHob6anToBble SYENKN NaMsATH
ynopsiAo4eHbl Tak, YTobbl MO3BOINTbL AAHHbLIM ObITb NpeaAcTaBieHbIMU 6onee YeM OAHMM 6aliToM,
3aHMMas A4Yenku NaMsaT, KOTOpble UMEIOT COCeAHME aapeca.

TakuM 06pa3oM, Kaxaas saueiika MoXeT 6biTb IErKO JIOKaNM30BaHa B NaMATM 3HAUEHMEM CBOErO
YHUKanNbHOro agpeca. Hanpumep, sueika namatv c agpecom 1776 Bcerga cneayet HENOCPeACTBEHHO
3a aueinkol c agpecoM 1775 n npeawecTtsyeT Aveiike 1777, n poBHO ThicAua Ayeek nNamaTtn 6yaet
nocne 776, u poBHO TbiCcsiYa siueek namsaTn dyaet nepeq 2776,

Korpa obbsaBnseTcs nepeMeHHas, NnamsaTb AO/HKHA XpaHUTb MPUCBOEHHOE el 3HayeHne B 3a4aHHOM
MecTe namsaATh (no agpecy B namatn). O6biyHO C++ nporpamMmmbl He aKTMBHO ONpeaensoT aapeca
namsaTu, rae XpaHaTcsa nepemMeHHble. K cyacTblo, 9Ta 3a4ava oCTaéTcs 3a OKpYXeHueMm, rae
BbIMOSIHAETCHA NporpaMma — 06bIYHO 3TO ONepauMoHHas CMCTEMa, KOTOpasi peLlaeT, B YacTHOCTH,
BOMPOC MUCMOJIb30BaHMS NaMsATU B MOMeHT paboTbl nporpammbl. OgHaKo nporpaMme MoxeT 6bITb
rnofeseH AOCTyn K agpecaM nepeMeHHbIX B Npouecce BbINOSIHEHNS, ANs TOro, YTobbl MONy4YnTb 40OCTYN
K fi4ellKaM AaHHbIX, KOTOpble HAaXOASATCA B ONpeAesieHHOM MOOXEHUM MO OTHOLIEHMUIO K HUM.

Onepartop nonydyeHus agpeca (&)

AZpec NepeMeHHOo’ MOXET ObITb NOJSTy4YeH NpeaBapeHneM UMeHU NepeMeHHoON 3HakoM amnepcaHaa (&),
M3BECTHOrro Kak address-of operator (onepatop nony4yeHus agpeca). Hanpumep:

foo = &myvar;

DTUM aapec nepeMeHHoi myvar npuceamBaetcs £00, MpeaBapsis UM NepeMeHHol Myvar onepaTopom
nonyyeHus aapeca (&), Mbl 60/blUe HE NPUCBaAUBAEM COAEPXaHUE CaMOWM NMepeEMEHHON mMyvar
nepemeHHoin £00, HO TonbKoO eé aapec.

PeanbHblii agpec NnepeMeHHoW B NaMsATM He MOXET 6biTb M3BECTEH A0 BbIMNO/HEHWUS MPOrpaMMbl, HO
[laBaiiTe NpeanosioXXnM B NopsiAKe NMOMOLUM B YSICHEHUN HEKOTOPbLIX KOHUEMNLMIA, YTo MyVvar npu pabote
nporpaMmMbl pacriofnaraercs B namaTv no agpecy 1776,

[na atoro cnyyas pasbepém creayownin dparMeHT Koaa:

myvar = 25;
foo = &myvar;
bar = myvar;

3HaueHus, CoaepXKallmMecs B KaXaol U3 nepeMeHHbIX Nocse BbINOSHEHNSA 3TOro hparMeHTa, NoKasaHo
Ha cneaylowen guarpamme:

myvar
25
1775 1776 1777

&y’ N

foo bar
17176 2h

BHauyane Mbl NpucBamMBaeM 3HadyeHue 25 NepeMeHHo Myvar (nepeMeHHHON, Yei agpec B NamMaTh Mbl
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NpeanosnoXuam, 4to oH byaet 1776),
BTopoe BbipaxeHue npuceameaeT 00 agpec myvar, KOTopbli Mbl Npeanonoxunm kak 1776,

HakoHeu, TpeTbe BblpaXkeHue NpucBanBaeT 3HaYeHWe, coaepixalleecs B myvar nepeMeHHon bar, 370
CTaHAapTHad onepauna npuceBanBaHUA, Kak Mbl 3TO A€a/iM HE pa3 B Npeabiayunx rnaBax.

OCHOBHas pasHuLa Mexay BTOPbIM U TPETbMM BblpaXKeHUAMU — 3TO NOsIBSIEHUE onepaTopa B3sTHS
aapeca (&).

MNepeMeHHas, KoTopas XpaHUT aapec ApYroi nepemMeHHol (nogobHo £00 B npeabiaylleM npuMepe),
310 TO, uTto B C++ Ha3BaHo pointer (yka3zartesib). YKasaTenn — 0O4eHb MOLLHOE CpeaCTBO A3blKa,
KOTOpPOE MMeET MHOXECTBO NMPUMEHEHWNI B MPOrpaMMMpPOBaHNM HU3KOIO YPOBHSA. UyTb Mo3Xe Mbl
YBUOUM, KaK 06baBASTE U MCMNONb30BaTb yKa3aTenu.

OnepaTop pa3biMeHOBbiBaHua (*)

Kak Mbl TO/IbKO YTO YCTaHOBW/IM, MEPEMEHHAs, XPaHALAsa aapec APyroii NepeMeHHoi, Ha3bliBaeTcs
yKasartesib, pointer. YKasaTenu, Kak roBOpsT, «yKa3blBalOT Ha» NepPEMEHHYI0, Yeill aApec OHU XpaHsT.

MNHTepecHOe CBOWCTBO yKasaTesieli B TOM, YTO OHM MOryT obpallatbsi K mepeMeHHON, Ha KOTopYto
yKa3sblBaloT, HEMOCPEeACTBEHHO. DTO OCYLLEeCTBNSETCA NpeaBapeHneM MMEHU yKasaTens orneparopom
pa3biMmeHoBbiBaHua (dereference operator) (*). OnepaTop caM MOXET UNTaTbCA KaK «3HauyeHue,
yKasaHHoe nM».

Takum 06pa3omM, cneaytollee Co 3HaYeHWeM npeabiayLero npuMepa, BbipaxeHve 6yaeT:

baz = *foo;

DT0 MOXHO MpoYnUTaTh TaK: "Daz 3KBUMBANEHTHO 3HAUYEHUIO, yKa3biBaeMoMy £0O", n BbipaxkeHne 6yaet
peanbHO NPUCBanBaThb 3HaveHne 25 nepeMeHHon baz, nockonbky £00 310 1776, a 3HaueHue
yKasaHHoe agpecom 1776 (cneaya npumepy Bbile) 6yaet 25.

foo

1776
[

1775 1776 1777
25

[mmemor )

1
25
baz

OueHb BaXKHO YACHUTb pasHuly: £oo cchinaertcsa Ha 3HauveHue 1776, Torga kak *f£oo (co 3Haukom
3BE340YKM *, NpeALllecTBYOWMM NAEHTUdUKATOPY) YKa3biBaeT Ha 3HAYEHUE, XpaHMMOE Mo aapecy
1776, koTopoe B gaHHOM cnyyae 25. OTMeTbTE pasHULY BKIIIOUYEHUS UK He BKIIIOUYEHUS orlepaTopa
pasbIMEHOBbIBaHUSI (HUxe fo6aBfeH NOACHALWNA KOMMEHTapUI AN KaXA40ro U3 3TUX ABYX
BblpaXX€HWN, KaK OHU AO/DKHbI YNTATbCH):

baz = foo; // baz sxBuBajieHTHO foo (1776)
baz *foo; // baz »KBMBAJEHTHO 3HAaUYeHMO, yKas3aHHOMYy foo (25)

OnepaTopsbl YKasaTens v pa3biIMEHOBbIBAHWS, TAKUM 06pa3oM, KOMMIEMEHTAPHbI:

. & 3TO onepaTop B3ATUA agpeca, N MOXET UNTaTbCA NPOCTO KakK «agpec...»
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(] * 3TO onepaTtop pa3bIMEHOBbLIBAHUA, N MOXET YNTATbCA KaK «3Ha4YeHNE, YKa3aHHOeE...»

NTaK, OHW MMEeIOT Kak 6bl MPOTMBOMOJIOXKHOE 3HAUYEHME: aAapec, NosyyaeMbiii C MOMOLLbIO &, MOXET
pa3bIMEHOBbLIBATLCS C MOMOLLbIO *.

Bbiwe Mbl nCNonb30oBanu crefylowuve ABa onepaTtopa rnpucsamBaHus:

myvar = 25;
foo = &myvar;

Cpasy nocne aTux ABYX BblpaXK€HUI, BCe creayrolmne 4aayT UCTUHHbIA pe3ynbTaT:

myvar == 25
sgmyvar == 1776
foo == 1776
*foo == 25

lMepBoe BblipaXeHNs COBEPLUEHHO SICHO, YTBEPXXAas, YTO onepauns NpucBOEHMUS, BbINMOJHEHHAs C
myvar, 6bina myvar=25, Bropoe UCnosb3yeT onepaTop rnonyvyeHus agpeca (&), KOTopblit Bo3BpallaeT
agpec Myvar, npuceamsas 3HauyeHue 1776, TpeTuin — 3To caMa O4eBUAHOCTb, NOCKOJIbKY BTOpOEe
BblpaXeHue 6b1/10 UCTUHHO, a OnepaLns NPUCBOEHUS, BbiNosiHeHHaa ana £oo, 6eina foo=&myvar,
YeTBEPTOE BblpaXK€HMe NCMOJb30Bano 0r1eparop pasbiMeHOBbIBaHUA (*), KOTOPbIA MOXET UMTaTbCA Kak
«3HauyeHMe, yKa3aHHoe...», a 3HayeHune, ykasaHHoe £00, aeicreutensHo 25,

NTak, nocne BCEro 3TOro Bbl MOXETE TakXe CAenaTth BbiBOA, YTO MOCKOMbKY aApec, yKasaHHblin £0o,
OCTaéTCsl HEM3MEHHbIM, ClefyloLEee BbipaXeHNe ToXe UCTUHHO:

*foo == myvar

O6bsaBNEeHMe yKa3aTeneun

Bnarpaps BO3MOXHOCTU yKasaTesNsi HeNOCPeACTBEHHO CCbI1aTbCsl HA 3HA4YeHMe, Ha KOTOpPOe OH
yKa3blBaeT, yKka3aTeslb MMEET pasHble CBOWCTBA, KOrAa yKkasbiBaeT Ha char, unu korga ykasbliBaeT Ha
int unmn £loat, MockonbKy ectb pasnunuuns, HEo6XoAMMO 3HATb TUM. A A1 5TOro 06bsABEHNE
yKasaTens BK/UaeT TUN AaHHbIX, Ha KOTOPble yKa3blBaeT yKa3aTellb.

Ob6bsBneHune ykasaTtensa nMmeeT cneaylowmin CUHTaKCuC:
type * name;

roe type - ato tmvn AaHHbIX, Ha KOTOpPblE€ YKa3blBAE€T yKa3aTe/lb. ITO He Tun camoro YK3aTend, HO
MMEHHO TUN yKa3blBaeMbIX AaHHbIX. Hanpumep:

int * number;
char * character;
double * decimals;

D70 Tpu 06bABNEHUA yK3aTenen. Kaxaoe U3 HUX NPUHAANEXUT yKa3aTesto Ha pasHble TUMbl AaHHbIX,
HO haKTMUYEeCKM BCE OHW yKasaTesu U BCE OHU, MOXOXE, 3aHNMAIOT O4MHAKOBOE MECTO B NaMsiTK
(pa3mep, 3aHMMaeMON yKasaTesieM NaMsaTu, 3aBUCUT OT nNaaTdopMbl, Ha KOTOpon paboTaeT
nporpamMa). TeM He MeHee, AaHHble, Ha KOTOpble OHM YKa3blBaloOT, HE 3aHMMAOT OAMHKOBOE MECTO, He
6yAay4M OAHOTUMHBLIMW: NEpPBbIA yKasbliBaeT Ha 1nt, BTopoi Ha char, a nocnegHuii Ha double, Takum
06pa3oM, XOTS 3TV TPU MpMMepa NepeMeEHHbIX BCE YKasaTeu, OHU UMEIOT pasHble Tunbl: int*, char*,
n double* cooTBETCTBEHHO, B 3aBMCMMOCTU OT TMMaA, Ha KOTOPbIN YKasblatoT.
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3aMeTbTe, YTo 3BE3a04Ka (*), McnosibayeMas Npu o6bABNEHUN yKa3aTess, 03Ha4yaeT ToJIbKO, YTO 3TO
yKasaTenb (3TO YacTb ero cneuyudumkaTopa CNOXHOM0 TMNa), U He cneayeT eé nyTaTb C 0r1epaTopoM
pPa3bIMEHOBbLIBAHMSA, MOKAa3aHHbIM YyTb paHee, KOTOPbI TOXe 3anucbiBaeTcs co 3B&3ao4koi (*). OHu
MpoOCTO ABE pa3Hble Bellu, NpeacTaBNeHHbIe OAHUM N TEM XKE 3HAYKOM.

[aBaiiTe B3rnsiHeEM Ha NpMUMepbl yKasaTenei:

// my first pointer firstvalue is 10
#include <iostream> secondvalue is 20
using namespace std;

int main ()

{
int firstvalue, secondvalue;
int * mypointer;

mypointer = &firstvalue;

*mypointer = 10;

mypointer = &secondvalue;

*mypointer = 20;

cout << "firstvalue is " <<
firstvalue << '\n';

cout << "secondvalue is " <<

secondvalue << '\n';
return 0;

O6paTtuTe BHMMaHWe, yto HM firstvalue, yn secondvalue HenocpeACTBEHHO HE MOJMyYaloT Kakoro-
160 3HaueHust B NporpamMme, 06a OKasbliBAlOTCSA CO 3HAYEHUAMU, MOMYUYEHHLIMU KOCBEHHO MpU
NCMoMb30BaHMy mypointer, BoT KakK 3TO CYYMUIOCh:

MepBoe, mypointer npucBoeH agpec firstvalue c ucnonb3oBaHWeM onepatopa nonydyeHus agpeca (&).
3aTeM 3HayeHuio, yKasbliBaeMoMy mypointer, npuceavBaetca BennumHa 10, Mockonbky B 3TOT
MOMeHT mypointer ykasblBaeT Ha MECTO pacnosioxeHus B namstn firstvalue, atum cdakTuyeckm
mMoauduumpyetcs 3HauveHune firstvalue,

B nnaHe AeMOHCTpaLUMKM TOro, UTO yKasaTeslb MOXET YKasbliBaTh Ha pasHble NepeMeHHble B npouecce

cBOeli paboTbl B MporpaMMe, NpuMMep NOBTOPSIET npouecc ¢ secondvalue y TeM xe ykasaTenem
mypointer,

BoT npumMep Heckonbko 6osiee NpoAyMaHHbIi:

// more pointers firstvalue is 10
#include <iostream> secondvalue is 20
using namespace std;

int main ()
{

int firstvalue = 5, secondvalue =
15;
int * pl, * p2;

pl = &firstvalue; // pl = ampec

firstvalue

p2 = &secondvalue; // p2 = azmpec
secondvalue

*pl = 10; // BHaueHue,
ykaszeBaemoe pl = 10

*p2 = *pl; // BHaueHUO,

YyKas3bBaeMoMy P2, OPUCBOEHO 3HAUeHNEe,
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yk3aeBaemoe pl

pl = p2; // pl = p2
(BHaUeHMe yKazaTeJsid KOIMPYyeTCHd)

*pl = 20; // 3HaueHUe,
ykaszeeaemMoe pl = 20

cout << "firstvalue is " <<
firstvalue << '\n';

cout << "secondvalue is " <<

secondvalue << '\n';
return 0;

Kaxxaas onepauus npucBanBaHuUs Bbille BKIKOYAET KOMMEHTapun, NokasbiBaloWMiA, Kak Kaxaas 13
CTPOK A0JKHA BOCMPUHMMATLCS: TO eCTb, 3aMeHss aMmnepcana (&) Ha «aapec...», a 3Bé3aouky (*) Ha
«3HayeHue, yKasbiBaeMoe...».

3aMeTbTe, YTO eCTb BbIpaXeHUs C ykasaTensmu Pl u p2 c u 6e3 onepatopa pasbiMeHoBbIBaHUs (*).
3HauyeHne BblpaKeHUs, UCMOJIb3YIOLLEro ONEPATOp pa3biMEHOBbLIBAHMS (*), OUeHb OT/IMUYAeTCs OT TOro,
KOTOpPOE He UCMob3yeT 3ToT onepaTtop. Koraa onepaTtop npeaBapseT UMS yKasaTens, BblpaKeHue
CCbI/TAaeTCA Ha YKasblBaeMoe 3HauyeHne, a Korga uMs ykasaTensa nosiensietcs 6e3 aToro oneparopa, OHO
CCbINIAeTCA Ha 3HauYeHne caMoro ykasaTens (To ecTb, Ha aApec, UCMOJb3YEMbIN yKa3aTenem).

EwWwé oaHO, 4TO MOXeT npuBieyb Balle BHUMaHUE B CTpOKe:

intE % pl, ¥ P2g

OTUM 06BbSABNAOTCA ABa yKasaTens, UCMofib30BaHHble B NpeablayeM npuMepe. Ho oTMeTbTe, YTO €CTb
3Bé&3704Ka (*) AN KaXA0ro yKasaTesns, B MjaHe Toro, yto o6a nmetoT Tun int™* (ykasartenb Ha int),
2710 TpebyeTca us-3a npasuna NpealecTsoBaHmsa. 3aMeTbTe, YTO ecnm 6bl BMecTo 3Toro 6bin Koa:

int * pl, p2;

Pl 6bin 6bl AeiicTBUTENbHO TUMNA 1nt*, HO P2 6bIN 6bI TMNA 1nt. Mpobenbl He UrpaloT Pon B 3TOM
cmbicne. Ho kak 6bl TO HM 6b1710, NPOCTO He 3abbiBanTe 06aBNATbL O4HY 3BE3A0UKY Ha yKasaTenb —
3TOro A0CTAaTOYHO Ans 60NbLWNHCTBA C/lydaeB MCMOb30BaHUS yKasaTenemn, eCnm Bbl 3anHTepecoBaHbl B
06BABNEHMN MHOXECTBA yKasaTenen B 04HOM BblpaXeHuwu. nn gaxe nydlle: UCnosib3ynTe pasHble
BblpaXKeHMs ANS KaXA0W nepeMeHHON.

YKka3zartenam m MaCCMBbI

KoHuenums MmaccMBOB CBs3aHa C KoHLUenuuen ykasatenein. ®akTtnyeckm, Mmaccmebl paboTaloT OUeHb
MOXOXe Ha TO, KakK 3TO AesakT yKasaTenum, eciim paccMaTpmBaTb UX NEpPBble 351eMeHThbl. U
OenCcTBUTeNbHO, MacCUBbl BCeraa MoryT nerko npeobpa3oBbiBaTbCs B yKasaTenum noaxoaswero tmna.
Hanpumep, paccMoTpuM ABa 06bsBIEHUS :

int myarray [20];
int * mypointer;

Cnepytowas onepauns npucesamBaHmsa 6yaeTt cnpaBenivea:

mypointer = myarray;

Mocne yero mypointer y myarray 6yayT 3KBMBaJIEHTHbI, M 6y4yT MMETb OYE€Hb NOXO0XMWE CBOWCTBA.
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OCHOBHas pasHuMLa OCTaHEeTCs B TOM, 4YTO yKasaTento mypointer MoryT 6biTb MPUCBOEHbI pa3Hble
ajpeca, Toraa Kak MaccuBy Myarray HUMKOrAa He MOXET 6biTb MPUCBOEHO HUYEro, U 3To Bceraa byaer

npeacTasnsATb TOT xe 650K M3 20 351eMeHToB TMna 1nt, Tak yTo, crneayollee nNpuceansaHne He byaer
BEPHbIM:

myarray = mypointer;

[aBaiiTe B3rNsiHEM Ha NpUMep, KOTOPbI CMELIMBAET MAacCMBbI U yKasaTenu:

// more pointers 10, 20, 30, 40, 50,
#include <iostream>
using namespace std;

int main ()

{
int numbers[5];
int * p;
p = numbers; *p = 10;
pt+t; *p = 20;
p = &numbers[2]; *p = 30;
p = numbers + 3; *p 40;
p = numbers; *(pt4) = 50;
for (int n=0; n<5; n++)

cout << numbers[n] << ", ";

return 0;

YkasaTenum n maccuBbl noanepXmnBarT TOT XKe Ha6op OI'IGpELI,VIVI C OANHKOBbIM 3HavyeHneM. PasHuua B

OCHOBHOM 6Yﬂ,eT B TOM, YTO yKasaTensdam MoryT 6bITb NMpuUCBOEHbI HOBbIE agpeca, Torga Kak MmaccmBaMm
HET.

B pasgene o maccuBax ckobku ([1) obbacHanMCh 3a4aHMEM UHAEKCA 3/IeMEHTa B Maccmee. XOopoLuo,
dakTnyeckun 3T CKoObKMN ecTb onepaTop pa3biIMEHOBLIBAHWUS, U U3BECTHbIN Kak offset operator
(onepatop cmeleHuns). CKobKN pasbIMEHOBLIBAOT NMEPEMEHHYIO, 3@ KOTOPOW cneaytoT, NoAo6HO ToMy,

Kak 3To AefnaeT onepaTop *, HO OHM Takxe Ao6aBNSIOT YAC/IO B Ckobkax Ans agpecaumm Toro, 4to
6yneT pa3biMeHOBbIBaTbLCS. Hanpumep:

als5] = 0; // a [cMmemenue Ha 5] = 0
*(a+5) = 0; // ykasarenb Ha (at+5) = 0

OTW ABa BblpaXeHUs 3KBUBAJSIEHTHbI U NPaBU/bHbI, HE TONIBKO €C/N & ABNAETCSA yKa3aTeneM, HO Takxe
n Torga, Korga & maccus. NMOMHUTE, YTO €CNM €CTb MacCuB, ero MMst MOXeT 6bITb UCMOIb30BaHO
noao6Ho YKa3aTeslo Ha ero FIepBbIﬁ SNIEMEHT.

NMuvmunanumsaumna ykasarens

YKazatenu MoryT MHMLMaNmn3npoBaTbCs, 4yTO6bI 334aTb MECTOMOJSIOXKEHNE B MOMEHT onpeaneneHna:

int myvar;
int * myptr = &myvar;

Pe3ynbTupyloLee COCTOSIHME NEPEMEHHbIX MOC/E 3TOro KoAa Takoe Xe, Kak rnocre:

int myvar;
int * myptr;
myptr = &myvar;
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Korga ykasaTenu noayyatoT HayaslbHOe 3HaYeHue, To, YTO UMM UHMUMANU3NPYETCS — 3TO aapec, Ha
KOTOPbI/ OHM yKa3biBaloT (T.e., MYPLr), HO HMKaAK He 3HayeHue, Ha KOTOpoe yKasbiBaeTcs (T.e.,
*myptr). Takum o6pasoM, KoA BbllLe He ByaeT cnyTaH C:

int myvar;
int * myptr;
*myptr = &myvar;

KoTopblii, no-ntobomy, He nMeeT rinyboKoro cMmbicia (M He 6yaeT npaBuibHbIM KOAOM).

3Bé3gouKka (*) B 06baBNEHMN yKasaTena (CTpoka 2) TO/IbKO MOKa3asbIBAET, YTO 3TO yKa3aTeslb, HO 3TO
He onepaTop pa3biMeHOBbIBaHMA (Kak B cTpoke 3). B o6oux cnydasx UCnosib3yeTcs 04MHAKOBbIN
3Ha4yok: *. Kak Bcerga, npobesibl He UMEKT 3HAaYEHNS U HUKOTAA HE MEHSAIOT 3HAUEHUS BblipaXKeHus.

YKkasaTtenu MoryT 6biTb MHULMANN3UPOBaHbl 1M60 aipecoM NepeMeHHol (Tak, Kak B C/lydae Bbllle),
Nn6o 3HaYeHneM Apyroro ykasartens (UM MaccmBa):

int myvar;

int *foo = &myvar;
int *bar = foo;

ApndmMeTuka ykasarenen

MoBeaeHue apudMeTUUYECKMX onepaLmin ¢ yKkasaTensaMn Mano OT/IMYAETCA OT UX MOBEAEHUS C
06bIYHbIMW LEeNbIMM TUNAMKN. YTOBblI Ha4yaTb C YEro-TO — paspeLleHbl TONIbKO onepaLmmn CRoXeHUs n
BbIUMTAHWNA, OCTalbHble onepauun IULIEHbI CMbIC/IA C TOUKW 3peHUS yKasaTenen. Ho u cnoxeHue, un
BblUMTAHNE NMEIOT HEKOTOPLIE OTNMYUS B NOBEAEHNM C yKasaTeNnsaMu, n3-3a pasMepoB TUMNOB AaHHbIX,
Ha KOTOpble YKa3bIBaOT yKa3aTesu.

Koraa obcyxaanncb 6a3oBble TUMbl AaHHbIX, Mbl BUAENN, YTO TUMbl UMEIOT pa3Hble pasMepsbl.
Hanpumep, char sceraga nMmetot pasmep B 1 6aiT, short o6bi4yHO 6osiblue ogHoro 6aiTta, a int un
long ewé 60sblie; KOHKPETHbIA UX pa3Mep 3aBUCUT OT CUCTEMbI. [laBaiTe NpeacTaBMM, YTO B AaHHOW
cucteme char zaHumaet 1 6aiT, short zaHmumaert 2 6aiita, a 1ong sce 4.

Monoxunm Tenepb, YTO Mbl onpeaensdemMm Tpu yKasaTensd B paMKaX 3TOro KomMnumndartopa:

char *mychar;
short *myshort;
long *mylong;

M YTO Mbl 3HAeM, YTO OHM YKa3blBalOT Ha pacrosioXXeHne B NnamsaTh no agpecam 1000, 2000 p 3000
COOTBETCTBEHHO.

[Mo3TOMy, ecnu Mbl HanuLwemM:

++mychar;
++myshort;
++mylong;

mychar, kak oxuaanocb, 6yaer uMeTb 3HadeHne 1001. Ho, uyTo He Tak odyeBMaHo, myshort 6yaer
coaepxaTb 3HauveHue 2002, a mylong umetb 3HauyeHne 3004, XoTS Kaxablii U3 ykasaTesnei 6bin
WHKPEMEHTMPOBAH TOJIbKO OAMH pa3. [puymMHa B TOM, 4TO Npu AobaBneHnn eanHNLbI K yKasaTesto,
yKasaTesib A0JKEH YKa3bliBaTb Ha CleAYIOWMIA dN1eMeHT TOro Xe Tuna, a, cnegoBaTesibHO, pa3mep B
6ariTax TMNa, Ha KOTOPbI yKa3biBaeTcs, Ao6aBnseTca K ykasaTento.
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1000 100l

F—
nqthar——I++

2000 =001 2002 2003

——
Flfshﬂrth ++

3000 3001 3002 3003 3004 3005 3006 3007

lTI'._'._F]I.Dl'I.g T ++

3TO NPUNOXKUMO U K CITOXKEHUIO, N K BblYMTAHUIO SIIO60ro YMcna U3 ykasaTtens. OTo Npou3onaéT Tak xe,
Kak ecnun 6bl Mbl Hanucanu:

mychar = mychar + 1;
myshort = myshort + 1;
mylong = mylong + 1;

KacaTesnbHO onepaTopoB MHKkpeMeHTa (++) 1 agekpeMeHTa (~—), OHM 06@ MOryT MCMOJ/Ib30BaTbLCS Kak B
npeduKCcHOM, Tak 1 B CyddUKCHOM BMAe B BblpaXeHUsIX C He6ObLIMM OT/IMYMEM B MOBEAEHUMN: NPU
npeduUKCHOM UCMOJIb30BAHUN MHKPEMEHT MPOUCXOANT A0 BbINOSIHEHUS BblpaXxeHus, a B CyhPUKCHOM
WHKPEMEHT MMEET MECTO Mocsie BbIMOSIHEHUS BblpaXKeHUs. ITO TaKXXe OTHOCUTCS K BbIPaXXEHUSIM U
WHKPEMEHTMPOBAHUS U AEKPEMEHTUPOBAHNS yKa3aTesiel, KOTopble MOTyT 6biTb YacTbto 60J1ee CMOXHbIX
BblpaXXeHWI, BK/OYas onepaTtopbl pa3biMeHOBbIBaHUA (*). MoMHSA npaBuia NpuopuTETa ONEepaTopos,
Mbl MOXXEM NMEPENHAYMUTb TaK, YTO NOCTPUKCHbIE ONMEepaTopbl, TakKMe KaKk MHKPEMEHT N AeKPEMEHT,
UMeloT 60MbLWNIN NPUOPUTET, YeM NpedurKCHbIE OnepaTopbl, Takne Kak onepaTop pasbiMEHOBbIBaHMS
(*). Takum o6pa3oM, creaytollee BblpaXxeHue:

Ratal

BbINOJIHAETCA Kak * (P++) . U 4To NPOUCXOAUT — UHKPEMEHT 3HaYeHuns P (MOCKOsbKY 3TO Tenepb
yKasaTeslb Ha C/IeAyHoLNA SNIEMEHT), HO, MOCKOJIbKY T+ MCMOMb3yeTcsl Kak NOCTGUKC, BCE BbipaxeHne
BbIMO/IHAETCS Kak OPUrMHasibHOe 3HAYeHMe, yKa3blBaeMoe ykasaTeneM (aipec, Ha KOTOpbI OH
yKa3blBaeT A0 BbINOJHEHUSI UHKPEMEHTA).

B cywWwHOCTH, ecTb YeTbipe BO3MOXHbIX KOMbMHaLUUM onepaTopa pa3blMEHOBbIBaHWS C NPedUKCHbIMU U
Cyd®DUKCHbIMM BEPCUAMIN OnepaTopa MHKpeMeHTa (3T0 e NPUMEHMMO U K ONepaTopy AeKpeMeHTa):

*pt+ // To xe, uTOo * (pt+): MHKPEMEHT yKas3aTeJsid, pPas3bIMEeHOBEBAHME HE
VHKPEMEHTVMPOBAHHOT'O ampeca

GRS // TO xe, uTOo * (++p): MHKPEMEHT yKa3aTeJjid, pPa3bMeHOBLIBAHUE
MHKPEMEHTVPOBAHHOTO azmpeca

410 // To xe, uTO ++ (*p): pasbIMEHOBHBAHME yKa3aTejid, MHKPEMEHT S3HaueHud,

Ha KOTOpOe yKas3BBaeT yKa3aTellb
(*p) ++ // pasbBIMEHOBHIBAHUE yKa3aTesid, NOCIEeNyl I MHKPEMEeHT SHaueHMrd, Ha
KOTOPOE OHO YyKa3bBaeT

TunnyHoe, HO He B TaKOM MPOCTOM BbIpa>XeHUWU, NpUMEHEHNE 3TUX ONEepPaToOpPOB:

WO = WEErrg
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Mockonbky ++ MMeeT 6onee BbICOKUI NPUOPUTET, YeM *, 06a U P, U 4 UHKPEMEHTUPYIOTCS, HO,

rnockonbky oba onepaTtopa MHKpeMeHTa (+1) NCnonb3yTCs Kak NOCTPUKCHbIE, @ HEe NpedUKCHbIE,
3HayeHune, NpMcBaMBaeMoe *P, eCcTb *d A0 TOro, Kak U P, 1 9 MHKpeMeHTUpylTcs. A 3aTeM oba
WHKpeMeHTUpYoTCA. IT0 6yaeT NpMbnmM3anTeNnbHO SKBMBAIEHTHO:

*p = *q;
++p;
++q;

Kak Bcerga, ckobkm YMEHbLIAKT 6ECI'IODF|LI,OK, nobasnss YLI,O6OLIVITaeMOCTVI BbIpa>XeHnsM.

YKa3zaTtesim M NOCTOSAHHbIe

YKasaTtenu MoryT UCMoJib30BaTbCa A/ AOCTYNa K NepPeMeHHol No eé agpecy, U 3TOT AOCTYMN MOXET
BK/IlOYATh MOAMPMKALMIO YKA3bIBAEMOrO 3HaYEHMNs. HO TakKe MOXHO 06bSABNATL YKa3aTeNnn, KoTopble
MOryT AaTb AOCTYM K YKa3biBAEMbIM 3HAUEHUAM A8 UX UYTEHWUS, HO HE ANS UX MoAuduKaumu. nsa aToro
[I0CTaTOYHO KBanMdUUMPOBaTb TUM yKasaTensa Kak const, Hanpumep:

int x;

int vy = 10;

const int * p = &y;

X = *p; // ok: uuTaem p

*p = x5 // ommbKa: M3MEeHeHMEe yKa3hBaeMOTO P, SBagBJIEHHOTO KOHCTAHTOM’

34ech P yKasbiBaeT Ha NEpeMEHHYI0, HO yKa3aTeslb Ha Heé 3asBfneH Kak const, yto o3HavaeT, 4To OH
MOXeT uMTaTb yYKasblBaeMoe MM 3HauYeHue, HO He MoOANDULMPOBATb 3TO 3HaUeHne. 3aMeTbTe Takxe,
YTO BblpaxeHue &Y Tuna 1nt*, Ho 3To NpucBamBaeTcsa ykasaTento Tvna const int*, Yro nossonser
cnepytowee: ykasaTesb Ha HEe KOHCTaHTY MOXeT 6bITb HEABHO KOHBEPTMPOBAaH B yKa3aTeslb Ha
KOHCTaHTy. Ho He HaobopoT! B KayecTBe NpeaoxXpaHUTENa — yKasaTenn Ha Const He KOHBepPTUPYEMBI
HEeABHO B yKasaTesin Ha He-const,

OAVH M3 BapMaHTOB UCMOMb30BaHNA yYKa3aTenen Ha 3feMeHTbl CONsSt — MpUMEHUTb NX B KayecTse
napamMeTpoB PyHKLMK: dDYyHKLUS, KOTOpas NPUHUMAET NapaMeTpoM yKasaTeslb Ha He-const moxer
M3MEHATbL 3HaYeHMe, NpepeaaBaeMoe B KaUecTBe apryMeHTa, Toraa Kak yHKLUMs, KoTopas npuHMMaeT
yKasaTesb Ha const kak napameTp, He MOXeT.

// pointers as arguments: 11
#include <iostream> 21
using namespace std; 31

void increment all (int* start, int*

stop)
{
int * current = start;
while (current != stop) {
++ (*current); // increment value
pointed
++current; // increment
pointer

}

void print all (const int* start,
const int* stop)
{
const int * current = start;
while (current != stop) {
cout << *current << '\n';
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++current; // increment
pointer

}

int main ()

{
int numbers[] = {10,20,30};
increment all (numbers,numbers+3);
print all (numbers,numbers+3);
return 0;

3aMeTbTe, UTo print_all MCMONb3yeT yKa3aTeNn Ha NOCTOSIHHbIE 3N1IEMEHTbI. DTU yKa3aTenu
YKa3blBalOT Ha NOCTOAHHOE COAEPXMNMOE, KOTOPOE OHN HE MOIryT MEHATb, HO OHM CaMU HE ABNAOTCA
MOCTOAHHbLIMU: T.€., YKasaTe/n MOryt MUHKpeEMEHTUPOBATbCA UIN UM MOTYT NPpUCBamMBaTbCA pa3Hble
agpeca, Xotd OHU U HE MOTYT U3MEHATb COAEPXKXMMOE, HA KOTOPOE OHM YKa3blBaloT.

M 3T0 BTOpOe M3MepeHue NOoCTOSHCTBA, AobaBnseMoe yKka3aTensaMm: ykKasaTenm Toxe MoryT 6biTb camu
NOCTOSAHHbIMW. DTO 3a4aéTca aobasneHnem const K TNy ykasatens (nocne 38E3404KN):

int x;
int * pl = &x; // He NOCTOMHHEIM yKaszaTejlb Ha He [NOCTOSHHOe int
const int * P2 = &x; // He IOCTOSHHBEIM yas3aTesib Ha MNOCTOAHHOe int
int * const p3 = &x; // HOCTOSHHHI ya3aTesb Ha He MNOCTOSHHOEe int
*

const int const p4 &x; // NOCTOSHHEN yKa3aTeJb Ha NOCTOSHHOEe int

CuHTakcuc ¢ const n ykasatensamm 6e3ycnioBHO C/IOXHee, a onpefesieHne cilyyaeB, Korga Kaxablil us
BapMaHTOB NpUMeHUM Hauny4dwum obpasom, TpebyeT onpenenéHHoro onbita. B nobom cnyyae BaxxHO
NOY4YnTb MOCTOSHCTBO C yKasaTensamu (M CCblsIkaMu) CKOpee paHblle, YEM MO03Xe, HO Bbl HE AOKHbI
cAnwkom 6ecnokonTbcs, YTo6bl OXBaTUTb BCE, €CiM 3TO TONIbKO MepPBbIi OMbIT 3HAKOMCTBa CO CMEChHO
const n ykasatenei. bosnblle cnyyaes MCMNOb30BaHMA 3Toro 6yaeT nokasaHo B CeAyoWwnx rnasax.

YT106bI 4O6ABUTL HEMHOTO HONbLIE NyTaHMLbI K CMHTAKCUCY const ¢ ykasatensimu, kBanudukatop

const moxeTt nnbo npeagwecrtesoBaTb, nnbo cneposaTtb 3a TUNOM yKa3aTtesnda, C TOYHO TaKuM Xxe
CMbIC/TOM:

const int * p2a = &x; // He MNOCTOSHHHM yKasaTeJb Ha [NOCTOAHHOe int
int const * p2b = &x; // Takxe He MNOCTOAHHHI yKas3aTejlb Ha MNOCTOSHHOEe int

Kak n ¢ npobenamu Bokpyr 3Bé3a04eK, NOpsSA0K const B 3TOM C/yvyae npocTo BONpOC CTuNsA. 3Ta rnaea
ncnonb3yeT npeduKkc const, ckopee, U3 UCTOPUYECKUX COOBpPa)KeHUin, YTo, BEPOSITHO, AOSIKHO ObITb
pacwupeHo, HO o6a BapMaHTa MOJSIHOCTbIO 3KBMBANEHTHbI. [JOCTOMHCTBA Ka)XAoro ctmnsa Bcé eweé
WHTEHCMBHO 06CYXAaloTCsl B UHTEPHETE.

YKa3aTtesim U CTPOKOBbIe iuTeparnbl

Kak yka3biBasnioCb paHee, CTPOKOBbIe INTepasibl — 3TO MAaCCMBbI, coAep Kalime nocnenoBaTeslbHOCTHU
CMMBOJI0OB C HY/Ib-CUMBOJIOM. B npeabiayimx pasgenax CTpoOKOBble inTeparsl 6bI5IN NCMOb30BaHbI AN
HeI'IOCpeLI,CTBeHHOVI BCTaBKU B COUt, Ana HMuUnann3aummn CTpok n nHnumnanmnsaumm MmacCMBoB
CMMBOOB.

Ho oHu MoryT 6bITb OOCTYMHbI U HanpsaMyro. CTPOKOBbIE NuTeparsnbl — 3TO MaCCMBbl NOAXOASLLErO TUMNa

ANS1 XpaHEHUs1 BCeX ero CMMBOJIOB MJTHOC 3aBepLUakoWmMi Hy1b-CUMBOJT. A KaXAbli U3 3/1IeMEHTOB UMeeT
Tun const char (kak nuTepanbl, OHW He MOTyT 6bITb U3MEHEHbI). Hanpumep:
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const char * foo = "hello";

ITUM 06BbABNSETCS MAaccuB C NuUTepanamu, npeacrasnawowmumm "hello", 1 3aTeM ykasaTenb Ha ero
nepBbI 3N1EMEHT, NPUCBOEHHbIN £00, Ecnn Mbl npeactaBuM, yto "hello" xpaHuTca B namsaTy,
HaumMHatowelca c agpeca 1702, Mbl MOXeM U306pa3nTb Npeablayllee 06bsBNEHNE KaK:

| m [ e | e | | e [ v |
1702 1703 1704 1705 1706 1707

foo

3amMeTbTe, YTO 3a4ecb £0O — 370 ykasaTesnb, U OH UMeeT 3HadeHne 1702, a He 'h' unm "hello", xorsa
I y I I I
1702 pencTBUTENbHO Ha4anbHbIN agpec.

Ykasatens £00 ykasbiBaeT Ha NOC/eA0BaTEIbHOCTb CUMBOJIOB. A, MOCKOJIbKY yKasaTenn U MacCuBbl
BeAyT cebsa cxoxumm o6pa30M B BblpaXXeHusx, foo mMoxeT ucnonb3loBaTtbcs Ana Aoctyna K CMMBOJ1aM
TeM xe 06pa3oM, YTO M MacCMB C NOCNeA0BaTe/IbHOCTLIO, 3aBepLUatOLLENCs HYIb-CUMBOOM. Hanpumep:
* (foo+4)
foo[4]

O6a BbIpaXeHNsA UMEIT 3HaueHnsa 'o' (NATbIA 3/1EMEHT MaccmBa).

YKa3aTesim Ha yKa3aTtenu

C++ no3BonsieT UCNONb30BaTb yKasaTe M, KOTOpble YKa3blBaloT Ha yKasaTenu, 4Tto, B CBOI OUYEpeab,
yKasblBaeT Ha faHHble (MK Aaxe Ha Apyrve ykasatenu). CMHTakcuc npocto TpebyeTt 3Bé3g0ukm (*)
LANA KaXA0ro ypoBHS abcTpakumm B 06bsIBNEHUN yKasaTens:

char a;
char * b;

clhar ** @g
]

a="z"';
b = &a;
c = &b;

Tak, NpeanosioXUTENbHO CNy4YaliHbli BbIGOP PacnofioXeHUsa B NaMsaTH AN Kaxaon nepemMeHHon 7230,
8092 n 10502, MoxeT 6bITb NpeAcTaBeH TakK:

a b C

'z' |#—* 7230 [+—* B092
TZ30 a09:2 10302

Co 3HauyeHMneM Kaxkx4on nepeMeHHolr, NpeacTaBeHHOM B eé COOTBETCTBYIOLWEN S4yenke, NpeacTaBieH U
€é COOTBETCTBYHOLLMNI aapecC B MaMATK, NOKa3aHHbIA 3HA4YEeHMEM NOA HUMMW.

HoBbIM B 3TOM npumepe GYAET nepemMeHHas C, KoTopas €CTb yKa3aTe/lb Ha yKa3aTeslb, U MOXET
MCNONb30BaTbCsa Ha TPEX pa3HbIX YPOBHSAX aGCTpaKLI,MVI, Kaxxabl u3 KOTOPbIX OTHOCUTCA K pa3HbIM
3Ha4YeHNAM:

e C 370 TMN char** y 3yavenne 8092
e *cCaTo TMN char* n 3navenne 7230
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e **C 3710 TMN char u 3HayeHue 'z'

void ykasaTenu

Tun void ykasaTensa — 3To crneumnanbHblii TUN ykasatens. B C++ void o3HauyaeT oTcyTCTBUE TUMA.
Takum o6pa3zoM, void ykasaTtenun — 3To yKasaTesM, KOTOPble YKa3bliBAlOT HA 3HAYEHNE, He uMerolliee
TMna (M TakXe He onpefeneHa A/MHa CBOWCTBA pa3bIMEHOBbLIBAHMSA).

370 gaér void ykasatensm 6osblue rmMbKoCTM, paspeLlas yKasbiBaTb Ha lo6ble TUMbl AaHHbIX, OT
LenbiX UM 3HaYeHUM C nNnaBaloLlen TOYKON A0 CTPOK CUMBONOB. B3aMeH OHM uMeloT 6onblune
OrpaHUYEHUs: AaHHble, YKa3blBaeMble VMU, HE MOFYT HanpsiIMyto pasbIMEHOBbLIBATLCS (UYTO JIOFMYHO,
MOCKOJIbKY Mbl HE MMEeM TuMa 4S5 3TOW onepaunn), n U3 3TMx coobpa)eHuin nboi agpec B void
yKasaTesie Hy>JaaeTcs B Nnpeobpa3oBaHMM B HEKUI APYrOM TUM yKasaTens, yKasbiBaloLwero Ha
KOHKPETHbIA TUM AaHHbIX 40 pa3blMEHOBbLIBAHUS.

OaHa 13 BO3MOXHOCTEN MCNONb30BaHUA — nepefada obwux napameTpos B dyHKUMIO. Hanpumep:

// increaser y, 1603
#include <iostream>
using namespace std;

void increase (void* data, int psize)
{

if ( psize == sizeof (char) )

{ char* pchar; pchar=(char*)data;
++ (*pchar); }

else if (psize == sizeof (int) )

{ int* pint; pint=(int*)data;
++ (*pint); }
}

int main ()

{
char a = 'x';
int b = 1602;
increase (&a,sizeof (a));
increase (&b, sizeof (b))
cout << a << ", " << b << '\n';
return 0;

sizeof - 370 onepaTop, MHTErpPUPOBaHHbLIN B A3blk C++, KOTOPbI BO3BpallaeT pasmep B HaliTax ero
aprymeHTa. [Ins HeAMHaMUUECKNX TUMOB AaHHbIX 3TO 3HaUeHue ByaeT KOHCTaHTol. TakmuMm o6pasom,
HanpuMmep sizeof (char) ectb 1, nockonbKky char pcerga nmeert pasmep B oauH 6aiiT.

HeBepHble yKa3aTesin U Hy/1b YKa3aTenu

B npuHuUuMne ykasatenun npegHasHayveHbl 419 YKa3aHUga NpaBuiibHbIX aApecoB, TakuUX Kak agpeca
rMepMeHHbIX UK aapeca 3/1eMeHTOB B MaccuBe. HO ykasaTtesib MOXeT peasibHO yKa3biBaTb Ha ntobon
ajpec, BKJO4Yaa agpeca, KOTopble He CCbIIaloTCH HU Ha Kakue npaBuiibHble 3/1eMEHTbI. TUMUYHbIM
NMPUMEPOM 3TOro ABNAKTCA HEUMHULINATTU3NPOBAaHHbIE yKa3aTtes/in U YKa3aTe/lM Ha HeCYLleCcTByroLmne
3J1IEMEHTbI MaCCuBa:

int * p; // HEeVHULMaIM3VPOBAHHEI yKaszaTelb (JIOKaJbHAasa NepeMeHHad)

int myarray[10];
int * g = myarray+20; // sjeMeHT BHe TpaHMI]
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Hu P, HM d He yKa3blBaloT Ha aApeca, KOTopble coaep>kann 6bl 3Ha4YEHMNS!, HO HX OAHO U3 Bbllle
NoKasaHHbIX BblPaXeHW He NpUBOAUT K ownbke. B C++ ykasaTenn nosBossSoT NONYyUNTb Ntobble
aapecoBaHHble 3Ha4YeHWs] BHE 3aBMCMMOCTU OT TOrO, €CTb JIM YTO-TO MO 3TOMY aApecy Uan HeT. YTo
MOXET NPUBECTU K OLWIMOKE — 3TO pasbIMEHOBLIBaHME NOA0OHbIX YKasaTtenen (T.e., NosyyeHume
aKTyasIbHOro 3HAYEeHMS, Ha KOTOPOE OHM YKa3blBatoT). [OCTyN C MOMOLLbIO TaKMX yKasaTesiei NpuBoaAnT
K HeonpeaenéHHOMY MOBEAEHUIO, MPUBOASLLEMY K OWNBKaM nNpu paboTe NporpaMMbl, nony4datoLlemn
AOCTYN K KaKMM-TO C/lydalHbIM 3HaYEHUSAM.

Ho vHoraa ykasaTento 4eNCTBUTE/IbHO HEOH6X0AMMO SiBHbIM 06pa3oM yKa3biBaTb B HMKyZAA, U HE TOJIbKO
Ha HenpaBWAbHbIA agpec. Ana nogobHbIX ClyvyaeB ecTb cneumanbHoe 3HavyeHne, Kotopoe ntobon Tun
yKasaTensa MoxeT nonyuutb: null pointer value (3Ha4YeHue Hy/b yKa3aTesis). OTO 3Ha4YeHne MOXeT

6bITb BblIpa>eHo B C++ ABYyMA cnocobamu: nnMbo UenbiM 3HAYEHMEM HOJb, nmbo KJIK0YEBBLIM C/TOBOM
nullptr:

int * p = 0;
int * g nullptr;

34ecb U P, N 9 eCTb Hy/Ib-yKa3aTe/iv, O3HavatoLlme, YTo OHM NPAMO YKa3biBalOT B HUKYAA, U OHU
aKTyaslbHO CPaBHMBAIOTCS OANHAKOBO: BCE HyJib-yKa3aTesu Tpn CPaBHEHUN SKBUBANIEHTHbI APYTUM
Hy/b-yKa3aTtesisiM. 9TO MOXHO yBuaeTb B onpeaeneHnn koHctaHTbl NULL, ncnonb3yemMon B cTapbix
KoAax ANs CCbIIKM Ha 3HAYeHWe Hysb-yKasaTens:

int * r = NULL;

NULL onpeaeneHo B HECKOMbKUX halinax 3aroNoBKOB CTaHAapTHOW 6ubnunotekn. M onpeaeneHo Kak
anbTepHATUBHOE MMSA MOCTOSIHHbLIX 3HAYEHUN HEKOTOPbLIX Hy/b-yKkasartenei (kak 0 mnm nullptr),

He nyTaiiTe Hy/ib-ykasartesnm ¢ void ykasatenammn! Hynb-ykasaTenb — 3TO 3HaueHune, KoTopoe 6o
yKasaTeflb MOXET B35Tb A/1 NPeACTaB/ieHnsl, U UYTO OH YKa3blBaeT B «HWKyAa», Toraa kak void
yKasaTesib — 3TO TUN yKa3aTens, KOTOPbIM MOXET yKa3biBaTb Kyaa-To 6e3 3agaHusa tuna. OanH
YKa3blBaeT Ha 3Ha4YeHne, XxpaHUMoe B yKasaTesie, a APYroi Ha TUN AaHHbIX, Ha KOTOPble OH yKa3bliBaeT.

Ykasatenm Ha (pyHKLUnm

C++ ponyckaeTt onepaumn C ykasatensamMm Ha dyHKUnK. TunmyHoe ncnonb3oBaHne 3TOro — nepepada
PYyHKUMN, KaK apryMeHTa, B APYryo @yHKUMIO. YKa3aTenn Ha dyHKUMN 06bABNASAIOTCA TEM Xe
CUHTAKCMUCOM, UYTO M 06bluHble 06bSBNEHUS PYHKUNIA, UCKOYAst, YTO UMS PYHKLMKN 6epEéTcs B CKOBKM
() v nepen nMeHeM BcTaBnseTcs 3Bé€3gouka (*):

// pointer to functions 8
#include <iostream>
using namespace std;

int addition (int a, int b)
{ return (a+b); }

int subtraction (int a, int b)
{ return (a-b); }

int operation (int x, int y, int
(*functocall) (int,int))
{

int g;

g = (*functocall) (x,vy)

return (qg);

int main ()
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int m,n;
int (*minus) (int, int) =
subtraction;

m = operation (7, 5, addition);
n operation (20, m, minus);
cout <<n;

return 0;

B npumMepe Bbilwe Minus gensdeTcs ykasatesneM Ha GyHKUMIO, KOoTopas UMeeT ABa napaMeTpa Tuna
int, OH HEMOCPEACTBEHHO MHULIMANU3UPYETCS, YTO6bI YKasaTb Ha yHKUMo subtraction:

Int (* minus) (int,int) = subtraction;
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AvHaMunyeckasa naMAaTb

B nporpamMax, noka3aHHbIX B NpeabiayLnx rinasax, BCA namaTb HyXaanacb B onpeaeneHun Ao Toro,
KaK nporpamMma 6yp,eT pa60TaTb, YTO OCYLUECTBNAETCA YEPEI onpeaeneHne BCeX Hy>XHbIX NEPEMEHHbIX.
Ho MoryT 6bITb Clydan, Korga namsaTb, HY)XHas NporpaMMe, MOXeT onpeaenmTbCs TONbKO Npu paboTe
nporpamMmmel. HaanMep, KOorga Hy>Had naM4aTb 3aBUCUT OT BBOJAaA MOJZIb30BaTENA. B aTtnx cny4dadax
nporpamMMme Hy>XHO AMHaMUYeCKoe pacnpeaeneHmne namaTtn, Angd KoToporo B 4A3blK C++ BCTPOEHDbI
onepartopbl new p delete,

Onepatopbl hew u new|]

JnHaMnueckoe BblAeNEHNE NAMATN OCYLLLECTB/ISIETCS C MOMOLLbIO OnepaTopa NewW, NewW conpoBOXAaeTcs
cneundurKaTopoM TuUMa AaHHbIX U, ecnu TpebyeTcs NnocneaoBaTe/lbHOCTb 3/1IEMEHTOB 60/1ee 04HOro, ux
KOJIMYECTBO 3a[aéTcs B KBagpaTHbIX ckobkax [1. OnepaTop Bo3BpallaeT yKasaTeslb Ha Hayaso HOBOro
6n10oka namMATU. CUHTAKCUC TaKoMn:

pointer = new type
pointer new type [number of elements]

MepBoe BblpaxeHne, NCMONb3yeMOe ANS BblAENEHNS NaMSaTU, COAEPXUT OAMH 3N1EMEHT Tvna type.
BTopoli ucnonb3lyetcs ans onpegeneHns bnoka (Maccma) anieMeHTOB Tvna type, raoe
number of elements - 370 Uenoe 3HaUYeHWEe, NPeACTaBNAOLEE KOMIMYECTBO 3TUX SNIEMEHTOB.
Hanpumep:

int * foo;
foo = new int [5];

B 3TOM ciyyae cucTteMa AMHAMUUECKU pe3epBUPYEeT NPOCTPAHCTBO AN NATU 3MEMEHTOB TMna int u
BO3BpalllaeT yKa3aTeslb Ha MepBblil 3/1eMEHT Noc/eA0BaTelbHOCTM, UTO NpucBaneaeTcsa £oo
(ykasaTenb). Takum o6pa3oM, Tenepb £0O ykasbiBaeT NpaBW/ibHbIA CErMEHT MNaMATN C NPOCTPAHCTBOM
N8 pasMelleHns NaTu 3neMeHToB Tuna int,

int

&

foo

3neck £0O - 3T0 yKkasaTenb, B pe3ynbTaTe NepBblil 3/1eMEHT, yKasbiBaeMblit £00, MOXeT 6bITh
JOCTUMHYT 60 ¢ noMoLbio BbipaxeHns £oo[0], nubo BbipaxeHns *£oo (06a skBMBANEHTHbI).
BTopoit 31eMeHT MOXET 6bITb AOCTUMHYT NMB0 ¢ nomolbto Too[1] |, anbo * (foo+1), u T.4.

EcTb cywecTtBeHHas pa3sHuua Mexay obbsaBneHnemMm obbiYHOrO MaccMBa M AMHAMUYECKNM BblAeIEHUEM
6noka namMsaTu € ucnosnb3oBaHmeM New, Camas 6onblias pasHmua B TOM, YTO pa3Mep 0b6bIYHOrO MaccmBa
[OMKeH 6bITb MOCTOSIHHbIM BbiPa>€HWEM, TO €CTb, ero pa3mep AoJ/KeH 6biTb onpeaenéH B MOMEHT
pa3paboTkn Nporpammbl, 40 €€ 3anycka, Toraa Kak AMHaMmyeckoe BblaeNieHne BbINOJIHSAeTCs
onepaTopoM NEW, No3B0NASA obpallaTbCs K NamMaT B npouecce paboTbl NporpamMMbl, NCNONb3ys nobbie
nepeMeHHble 3Ha4YeHNsl B KayecTse pasmepa.

OvHaMmunueckas namaTb, 3anpalwivBaemMas Halwen NporpaMMon, BblAENSETCS cucTeMon ns obnactum
ceBobogHom namatu (heap). OgHaKo KOMMbOTEPHAs NaMsTb — 3TO OrPaHUYEHHbIN pecypc, U OH MOXEeT
6bITb NONMHOCTLIO MCNOMb30BaH. TakMM 06pa3oM, HET rapaHTuin, 4To Bce TpeboBaHMS NO BblAENEHUIO
namMsaTh onepaTopoM new 6yayT ob6a3aTtenbHO BbIMOSHEHbI CUCTEMOMN.

C++ noaaep>XuBaeT [iBa CTaHAAPTHbLIX MEXaHU3Ma A1 NPOBEPKUN, YTO BbiAESIEHME MPOLLUSO YCMELHO:
OAVH M3 HUX — MOAAEPXKKA UCKIOUEHN. MNPU NCMOb30BHUM 3TOr0 METOAA OTMPABASETCA UCK/TIOUYEHNE
Tvna bad_alloc, ecnu BblaeneHue notepneno Heyaady. MCknioyeHns — 3To MoLLHbIA MexaHnsm C++,

KOTOpbI 6yAeT NOSCHEH B 3TOM pPyKOBOACTBE Mo3xe. Ho celfyac Bbl AOSKHbI 3HaTb, YTO €C/U
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OTMPaB/IeHO TaKoe MCKJIIOUYEHNE, EC/TIM OHO HE MOAAEPXKAHO CreunanbHbiM CPeaCTBOM MNOAAEPKKH,
BbIMO/IHEHWE NMporpaMMbl 6yaeT npepBaHo.

ITOT METOoA UCKOUEHWNIA NCMOb3YETCS MO YMONTYaHMIO AN NEW, K 3TO TOT, YTO UCMNONb3YEeTCS Npu
AeKnapaumsx Bmaa:

foo = new int [5]; // ecyiu HeT MecTa, BOpACHBAaeTCHd MUCKIUEHME

[pyroi MeToa U3BecTeH Kak NOthrow, u BoT, YTO NPOMCXOAUT MpPU Ero NPUMEHEHNN: NPpN OTKa3e B
BblAENEHNN NaMATM BMeCTO BbiBoaa bad_alloc nckouyeHus unm npepbiBaHnsa NporpaMMbl yKasaTesb,
BO3BpallaeMblii ONepaTopoM NEW, CTAHOBUTCS HY/Ib-yKa3aTesleM, a NporpaMMa npoaosixaeT paboTy
06bI4HbIM 06pazoMm.

DTOT MeToA MOXET 6bITb 3a4aH UCMOJIb30BaHWEM CneunanbHoro o6bekTa, HasBaHHoro nothrow p
ob6baBneHHHOro B daine 3aronoBka <New>, Kak aprymeHT ansa new:

foo = new (nothrow) int [5];

B aTOM cny4yae, ecnu BblaeneHmne 610Ka NnaMaTM HEBO3MOXHO, OTKas NporpaMmmbl MOXET 6bITb
obHapy»eH npu nposepke £00, He cTan nn ykasTtenb null:

int * foo;
foo = new (nothrow) int [5];
if (foo == nullptr) {
// ommbka BBIOEJIEHUS NAMATU. [IPUHMMANTE MEPH.

37oT nothrow meTtoa, noxoxe, NPOU3BOANUT MeHee 3(PDEKTUBHbBIN KOO, YEM UCKTIOUEHMUS, MOCKOJIbKY
OH MpeanonaraeT SABHYI NPOBEPKY 3HAaUEHUs yKa3aTesis, BO3BPaLLaeMOEero nocje Kaxaoro
pacrnpeaeneHus namMaTn. TakuMm 06pa3oM, MEXaHM3M UCKITUYEHUS 06bIYHO NpeanoYTuTenbHee XoTs 6bl
[ANA KPUTWMUHBIX BblAENEHU NaMaTh. TeM He MeHee, 60/bLUIMHCTBO NPMMEPOB UCMOMb3ytoT nothrow
MeXaHM3M 13-3a ero npocToThl.

Onepartopbl delete n delete[]

B 60/1bLUIMHCTBE C/lyYaeB AMHAaMUUECKM BblAeNieHHas NaMsaTbh HYXXHa TO/IbKO B 3afaHHbIii nepuog
BPeMeHM B nporpamMme. A Koraa oHa 60nblie He HyXHa, NaMsaTb MOXET 6blTb 0CBO6OXAEHa, CTaB
[OCTyrnHa Ans ApYrux AMHAMUUYECKUX 3anpocoB. [ns 3Toi uenu cnyxuT onepatop delete, vei
CMHTaKCUC:

delete pointer;
delete[] pointer;

MepBoe Bbipa)keHWe 0CBOBOXAAET MNaMsATb, BblAENEHHYIO €AUHCTBEHHY 3/IEMEHTY, UCMNOJIb30BaBLUEMY
new, a BTopoe ocBO60XAaeT NaMsiTb, BblAE/IEHHYI0O MAaCCMBY 3/1EMEHTOB, UCMOJIb30BaBLUEMY NEW U
pa3Mep B KBagpaTHbIx ckobkax ([1).

3HaueHne, nepesaBaeMoe B KayecTBe aprymeHTa B delete, 6ynet nnbo ykasatenem Ha 670K NamMsTy,
npexae BblAeEHHbIN C MOMOLLbI0 NEW, NN60 HY/Ib-yKa3aTeseM (B Cnydae Hy/b-ykaszatesns delete He
npousBoanT addekTa).

// rememb-o-matic How many numbers would you like to
#include <iostream> type? 5

#include <new> Enter number : 75

using namespace std; Enter number : 436
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Enter number : 1067

int main () Enter number : 8

{ Enter number : 32
int i,n; You have entered: 75, 436, 1067, 8,
int * p; 32,

cout << "How many numbers would you
like to type? ";
cin >> 1i;
p= new (nothrow) intf[i];
if (p == nullptr)
cout << "Error: memory could not
be allocated";
else
{
for (n=0; n<i; n++)
{
cout << "Enter number: ";
cin >> p[n];
}
cout << "You have entered: ";
for (n=0; n<i; n++)
cout << p[n] << ", ";
delete[] p;
}

return 0;

3aMeTbTe, YTO 3HaYeHUe B KBaAPaTHbIX CKOBKax B BbIPAaXEHUN New — 3TO 3HaYEeHMe NepeMeHHOoNn,
BBEAEHHOW Mnonb3oBartenem (1), a He MOCTOAHHOE BbipaXKeHue:

p= new (nothrow) int[i];

Bceraa ecTb BO3MOXHOCTb, YTO MOJIb30BaTeNlb BBEAET 3HaUeHne AN 1 ctonb 60MbLIOE, YTO CUCTEMA HE
CMOXET BbIAENUTb AN HEr0 AOCTaTOYHO NaMaTu. Hanpumep, ecnu 5 nonpobyto 3aaaTtb 3HadeHue 1
MuanmMapa ana sonpoca "How many numbers"”, Mosi cuctema He CMOXET BblAEUTb CTONbKO NaMATU ANs
nporpaMMmbl, U s NONy4Yy TEKCTOBOE COObLleHNE, MPUrOTOBNEHHOE HaMK Ans 3Toro cnydas (Error:
memory could not be allocated),

EcTb xopolas npakTuka Ans nporpamm — Bceraa noaaepxueaTb c60oM Npu BblAENEHUN NaMaTU Nnbo
NpoBepKoi 3HavyeHns ykasartensa (npun nothrow), nu6o 3axsBaToM HaaneXalUX UCKIIOUEHWUIA,

OvHaMunueckasa namsaTb B C

C++ uHTerpupyet onepaTtopbl new U delete Ans paboTbl C AMHAMUYECKON NaMaTblo. HO 3TO He
AOCTYMHO B A3blke Cn, BMECTO 3TOro ncnonb3lyercs 6ubnnoreyHoe peweHmne gyHKuMsaMm malloc,
calloc, realloc u free, onpegenéHHbIMU B 3arol0BOYHOM daimne <cstdlib> (M3BECTHOM Kak
<stdlib.h> B Cn). 3T OyKHUMM TaK Xe AOCTYyMnHbl B C++ M MOryT UCMONb30BaTbCA A/ BblAENEHUSA U
ocBobOXAEHMA AUHAMUYECKON NnaMsaTu.

OTMeTbTe Ang CE6H, yTo 6110KMK namM4aTHn, BblaeNA€MbIE 3TUMU CbYHKLI,MHMVI, He 06a3aTeNlbHO COBMECTUMDI

C TEMU, YTO BbIAENAOTCSA ONEepaTopoM new, Tak YTO UX HE CTOUT CMELUMBATb, KaXAblA U3 HUX AO/KEH
6bITb NoaAepXKaH CBOMM COH6CTBEHHbLIM Hab0OpOM DYHKLMI MK ONepaTopoB.
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CTPYKTYpPbl AiAHHbIX

CTpYyKTYPpbl AAHHbIX

CTpyKTypa AaHHbIX — 3TO rpynna 3/1eMEHTOB AaHHbIX, COBpaHHbIX BMECTE Mo4 OAHMM MMEHEM. DTU
3/IEMEHTbI IaHHbIX, U3BECTHbIE KaK WieHbl (members), MOryT UMETb pPasHble TUMbl U Pa3HYIO AINHY.
CTpPYKTYpbl AaHHbIX B C++ MCMNOMb3YIOT CNeayoWwnii CUHTaKCuC:

struct type name {

member typel member namel;
member type2 member name2;
member type3 member name3;

} object names;

rne type_name genserca MMeHEM TuMa CTPYKTypbl, Object name moxeT 6biTb HA60POM MPaBUIbHBIX
NOEHTUHOUKATOPOB ANt O6BEKTOB, KOTOPbIE MMEIOT TUM 3TOM CTPYKTYpbl. BHYTpU durypHbix ckobok { }
€CTb CMMCOK Y/IEHOB AAHHbIX, KaXAbl U3 KOTOPbIX C TUMOM 1 NPaBUbHbIM NAEHTUDUKATOPOM,
npeacTaBfieHHbIM €ro UMEHEM.

Hanpumep:

struct product {
int weight;
double price;

o

product apple;
product banana, melon;

3aecb 06bSIBAIEH TUN CTPYKTYpPbl, Ha3BaHHOW product, n onpeaeneHo, YTO OHa UMeET ABa YJieHa:
weight y price, kaxablii U3 KOTOPbIX pa3HoOro dyHAaMeHTanbLHOro TMna. Ta Aekiapaums co3aaér
HOBbI TMN (Product), KOTOpbIi 3aTEM UCMNONb3YETCA AN 06bABNEHUS TPEX 06bEKTOB (MEpPEMEHHbIX)
Takux TMnoB: apple, banana y melon, 3aMeTbTe, Kak 06bABNAETCA TMN Product, oH ucnosbayercs,
Kak noboi apyron Tmn.

Cpa3sy B KOHLe onpeaenennsa struct y nepea 3akpbiBalOWMMM TOYKON C 3ansTon (7 ) MOXeT
NCMo/ib30BaTbCs Heobs3aTeNbHOe none object names, yTo6bl HEMOCPEACTBEHHO 06BABUTL 06BLEKTI
3TOl CTPYKTYpbl. HanpuMep, 06beKTbl CTPYKTYpbl TUMa apple, banana y melon moryT 6biTh
06bsIBNIEHBbI NPUY onNpeaeneHnn CTPYKTYpPbl AaHHbIX:

struct product {
int weight;
double price;
} apple, banana, melon;

B 3TOM cniyyae Ha MecTe object_names 3agaHbl 06beKTbl, @ MMa TUNa (product) ctaHoBUTCS
HeobsizaTenbHO: struct tpebyeT nubo type name, nub6o xoTs 6bl 0OA4HOro UMeHM B object _names,
HO He ob6s3aTenbHO oboumx.

Ba>KHO SICHO MOHUMaTb pa3HWLY MeXAy TeM, YTO eCTb UMs TuUMa CTPyKTypbl (Product), u yto Takoe
06bekT 3T0ro TMna (apple, banana y melon), MHorne o6bekThl (Takne kak apple, banana y melon)
MOryT 6bITb 06BABNEHBI U3 €4MHCTBEHHOO TUMa CTPYKTYpbl (Product),

Koraa Tpu o6bekTa onpeAen&HHOro Tuna CTpykTypbl 06bsaBasitoTcs (apple, banana y melon), ux

YEHbl AOCTUXNUMbI HAaNpAaMYHo. CuHTaKkcuc ang atoro ﬂpOCTOVI - pobaBneHne ToYKm () Mexay MMeHeM
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obbeKkTa n MMeHeM usieHa. Hanpumep, Mbl MOXEM onepmpoBaTb C JIl06bIM U3 3TUX 3/1IEMEHTOB, KaK ecnu
6bl OHM 6bIN CTaHAapTHbIMU NEPEMEHHBIMU X COOTBETCTBYHOLNX TUMOB:

apple.weight
apple.price
banana.weight
banana.price
melon.weight
melon.price

Kaxabli npyMep 13 NoKa3aHHOro Bbllle UMEeEeT TUN AAHHbIX, COOTBETCTBYIOLWNI TOMY UJIEHY, Ha
KOTOpbI ccbinaeTca: apple.weight, banana.weight ymelon.weight gce Tuna int, a
apple.price, banana.price ymelon.price tyuna double,

BoT peanbHblit NpUMep TUMNOB CTPYKTYP B AEACTBUN:

// example about structures Enter title: Alien

#include <iostream> Enter year: 1979

#include <string>

#include <sstream> My favorite movie is:

using namespace std; 2001 A Space Odyssey (1968)
And yours is:

struct movies t { Alien (1979)

string title;
int year;
} mine, yours;

void printmovie (movies t movie);
int main ()

{

string mystr;

mine.title = "2001 A Space
Odyssey";
mine.year = 1968;

cout << "Enter title: ";
getline (cin,yours.title);
cout << "Enter year: ";
getline (cin,mystr);

stringstream (mystr) >> yours.year;

cout << "My favorite movie is:\n ";
printmovie (mine) ;

cout << "And yours is:\n ";
printmovie (yours) ;

return 0;

void printmovie (movies t movie)
{

cout << movie.title;

cout << " (" << movie.year <<
") \n";

}

MpumMep nNokasbiBaeT, Kak YieHbl 06beKTOB AEeNCTBYIOT NOA06HO 06bIYHBIM NepeMeHHbIM. Hanpumep,
YJIeH YOUrsS.year yMeeT NpaBuibHbIM TUM NepeMeHHol int, a mine.title npaBuabHbIi TUN
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nepemeHHon string,

Ho 06bekTbl Mine y yours Takxe nepemeHble, uMmewllme tmn (tuna movies_t). Hanpumep, oba 6bin
npeaaHsl B pyHKUMio Printmovie ToyHo Tak e, Kak eciun 6bl 6blIn NPOCTLIMK NepeMeHHbIMU. TakmM
06pa3oM, 0iHa M3 BO3MOXHOCTEN CTPYKTYP AaHHbIX — 3TO CNOCOBHOCTb CCbIs1aTbCs U Ha 06a UX YneHa
WHAMBMAYASIbHO, M BCKO CTPYKTYPY B LenoM. B 06omnx cnyyasx MCNoNb3yeTcsl TOT XKe caMbli

MAEHTUDUKATOP: UMS CTPYKTYPHbI.

[MOCKOMbKY CTPYKTYPbl — 3TO TUMbI, OHN MOrYT Takxe 6bITb MCMOIb30BaHbl Kak TUM MacCUBOB A/

co3fgaHusa Tabnuu unu 6as AaHHbIX:

// array of structures
#include <iostream>
#include <string>
#include <sstream>
using namespace std;

struct movies t {
string title;
int year;

} films [3];

void printmovie (movies t movie);

int main ()

{
string mystr;
int n;

for (n=0; n<3; n++)
{
cout << "Enter title: ";

getline (cin,films[n].title);

cout << "Enter year: ";

getline (cin,mystr);

stringstream (mystr) >>
films[n].year;

}

cout << "\nYou have entered these

movies:\n";
for (n=0; n<3; n++)
printmovie (films[n]);
return 0;

}

void printmovie (movies t movie)

{

cout << movie.title;

cout << " (" << movie.year <<

n) \1’1",’
}

YKa3aTenun Ha CTPYKTYypbl

Enter title: Blade Runner
Enter year: 1982

Enter title: The Matrix
Enter year: 1999

Enter title: Taxi Driver
Enter year: 1976

You have entered these movies:
Blade Runner (1982)

The Matrix (1999)

Taxi Driver (1976)

Moao6HO APYrMM TUMaM CTPYKTYpbl MOTYT YKa3blBaTbCsA UX COBCTBEHHbIM TUMOM yKa3aTenei:

struct movies t {
string title;
int year;

110



B.H. T'os101060B

}i

movies t amovie;
movies t * pmovie;
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3aech amovie ecTb 06bEKT TUNA CTPYKTYpbl MOVies t, g pmovie — 310 yKasaTesb, YKa3blBaOLWMA Ha
06bEKTbI TUMA CTPYKTYpbl MOvVies_t. Takum 06pa3oMm, cneayowmnin koa 6yaeTt npaBubHbIM:

pmovie = &amovie;

3HayeHuIo yKasaTens pmovie 6yaeT NnpucBoeH agpec obbekTa amovie,

Tenepb, faBanTe B3r/ISHEM Ha APYrOM NMpUMEpP, KOTOPbIN CMELWNBAET yKa3aTenm u CTPYKTypbl, 1 byaeT
MCNonb30BaH ANA NpeacTaB/eHNns HOBOIro onepaTopa: onepaTtopa CTpesnku (—>):

// pointers to structures

#include
#include
#include

<iostream>
<string>
<sstream>

using namespace std;

struct movies t {

string

title;

int year;

b

int main
{

string

movies
movies

pmovie

cout <<
getline
cout <<
getline
(string
>year;

cout <<

cout <<
n) \nn’.

return

()

mystr;

t amovie;

t * pmovie;

= &amovie;

"Enter title:

LI
’

(cin, pmovie->title);

"Enter year:
(cin, mystr);

"o,
’

stream) mystr >> pmovie-

"\nYou have entered:\n";
cout << pmovie->title;

0;

(" << pmovie->year <<

Enter title: Invasion of the body
snatchers
Enter year: 1978

You have entered:
Invasion of the body snatchers (1978)

Onepatop cTpenku (—>) — 3TO onepaTop pa3bIMEHOBbIBAHWUS, KOTOPbIN UCMOJIb3YETCSH NCKIKYNTESNBHO C
yKasaTensamMu Ha 06beKTbl, KOTOPbIE MMEIT CBOUX YEHOB. DTOT ONMepaTop MCMNoab3yeTcsa A9 AOCTyna K
uneHam obbekTa HenocpeaCTBEHHO MO MX agpecaM. HanpuMep, B NpuMepe Bbllle:

pmovie->title

6yaernnﬂ BCeX ﬂpMMeHEHMﬁ SKBUBANEHTHO:
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(*pmovie) .title

O6a BblpaxkeHus, pmovie->title p (*pmovie) .title npaBunbHbl, M 06a 06paLLAOTCA K UNIEHY
title cTpyKkTypbl AaHHbIX, YKa3aHHOMY C MOMOLLbIO YKa3aTeNs, Ha3BaHHOro pmovie, N 3To TOUHO
HEUYTO MHOE, YeM:

*pmovie.title

4YTO, B CBOK o4epeab, SKBMBAJIEHTHO:

* (pmovie.title)

DTUM OCYLLECTBASETCA AOCTYN K 3HAUYEHUIO, YKa3blBaeMOMY rMNoTeTUYECKMM yKa3aTeNneM uneHa,
HasBaHHoro title obbekTa CTPYKTYypbl PMOVie (Yyero He CKa)ellb, NockonbKy title He Tun
ykasaTtens). Cneaywwasa tabnmua cyMMnupyetT BO3MOXHble KOMBMHaLMM onepaTopoB A/ yKasaTenemn
YSIeHOB CTPYKTYpbI:

|Bb|pa)|(e|-me|| Y10 BbIUMCNAIETCA ||3KBuBaneH1'|
|a.b ||l-lneH b obbekTa || |
|a—>b ||l—|ne|-| b obbekTa, yKa3blBaeMoro a || (*a) .b |
|*a.b ||3HaquV|e, YKa3blBAaeMOro 4seHoM b obbekTa a”* (a.b) |

Bno)><eHHble CTPYKTYPpbI

CTpYKTYpbl TOXe MOryT 6bITb BMIOXEHHbI Tak, YTO 3/1I€MEHTbI CTPYKTYPbl caMu no ce6be 6yayT ApyrMMu
CTPYKTypaMu:

struct movies t {
string title;
int year;

b

struct friends t {

string name;

string email;

movies t favorite movie;
} charlie, maria;

friends t * pfriends = &charlie;

Mocne npeabiaylmMX AeKnapaunin Bce cneaytowme BbipaxeHus 6yayT npaBuibHbI:

charlie.name

maria.favorite movie.title
charlie.favorite movie.year
pfriends->favorite movie.year

(r,qe, KCTaTun, nocnegHme ABa BblipaXXeHUA CCbl/1aloTCA Ha OAHU U TE Xe l-U'IEHI:I).
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Apyrmue TMnbl AaHHbIX

NMNcespoHnMbl TMNa (typedef / using)

MceBpoHMM TUNa (type alias) — 3To Apyroe UMs, KOTOPbIM MOXET ObITb MaAeHTUdDULUMpoBaH Tmn. B C++
No60oM NpaBUbHbBIN TUM MOXET 6biTb MepeMMeHOBaH Tak, YTobbl Ha HEFO MOXHO 6bINI0 CCbINaThCs C
NoOMOLLbIO APYroro naeHtTudukatopa.

B C++ ecTb ABa BapuaHTa CMHTAKCUCa A1 CO3AaHNSA TakuMx NCeBAOHUMOB TUMa: NepBblii HacnenoBaH
oT s3blka CM € NoMOLLbIO KTto4eBoro ciosa typedef:

typedef existing type new type name ;

roe existing type - 3710 n0boit TMN, 6a30BbLIN UK CAOXHDBIN, @ new_type name - 370
I/Iﬂ,eHTVI(bVIKaTOp C HOBbIM MMeHEM, AaHHbIM 3TOMY TUNY AaHHbIX.

Hanpumep:

typedef char C;

typedef unsigned int WORD;
typedef char * pChar;
typedef char field [50];

3aech 06bsiBNEHbI YeTblpe ncesaoHuMa tuna: C, WORD, pChar n field kak char, unsigned int,
char* y char[50] cooTrBercTBeHHO. Koraa 3Tu nceBAoHUMbl 06bABMEHbI, OHWU MOTYT UCMNOb30BATLCA
B 1t06bIX 06bABNEHNAX NOA06HO NM06LIM APYrMM NpaBW/IbHbIM TUMNAM:

C mychar, anotherchar, *ptcl;
WORD myword;
pChar ptc2;
field name;

Mo3xe BTOpOﬁ CUHTaKCNYeCKum BapuvaHT onpegeneHna ncesgoHnMa tuna 6b11 BBeAEH B s3bIK C++:

using new type name = existing type ;

Hanpumep, Te e NnceBaoHUMbI TUMOB, YTO Bbille, MOTyT 6bITb onpeaeneHbl Tak:

using C = char;
using WORD = unsigned int;
using pChar = char *;

using field = char [50];

O6a onpeaeneHns NceBaoHNMMOB U typedef, n using ceMaHTUUYECKM SKBUBAMIEHTHbI. PasHuUa TONbKO
B TOM, yTo typedef nmeeT HekoTopble orpaHndeHns B o6nactu wabnoHoB (templates), koTopbix
using nuweHo. Takum 06pa3oM, Using 6onee obwWMi BapuaHT, xoTa typedef umeer gonryio
NCTOPUIO MU, BO3MOXHO, LUMPE NMPeACTaBNEHO B CYLLECTBYOLWMNX KoaaxX.

3amMeTbTe, YTo HK typedef, Hy using He co3AalOT HOBLIX TUMOB AaHHbLIX. OHM TOJIBKO CO3A4al0T
CMHOHMMbI CYLLIECTBYIOWMX TUNOB. YTO 03HayaeT — TN myword Bbile, 06bABAEHHbIN Kak Tun WORD,
MOXET TaK Xe XOpOoLIOo NoapasyMeBaThCs Kak Tmun unsigned int; dakTUuyecku 3TO HEBAXHO,
NMOCKOJIbKY 06a CChINTatoTCA Ha TOT Xe CaMblil TUMN AAHHbIX.

MceBAOHMMbI TUMA MOTYT UCMOJIb30BaTbCS A YMEHbLUEHUS ANIMHbI ANS AJIMHHBIX UK NyTaHbIX UMEH

TUNOB, HO OHW 60/1ee NoJsie3Hbl B KAUECTBE MHCTPYMEHTa ANsl abCcTparMpoBaHuns Nporpamm oT

noApasyMeBaeMbIX TUMOB, KOTOPbIE OHU UCMOJL3YIOT. HanpuMmep, ncnofb3oBaHne ncesgoHmMma int ans
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CCbIJIKM Ha YaCTHYIO pa3HOBMAHOCTbL NapaMeTpa BMECTO NMPsIMOro UCMOoMb30BaHnsa int nossonser nerue
3aMecTuUTb ero TunoM 1long (uav Apyrum Tunom) B 6onee No3aHNX Bepcusix 6e3 Heo6XoANMOCTU MEHSTb
Kaxablil o6paseul, rae 3To UCNosib30BaHo.

O6beanHeHuns (Unions)

O6beanHeHVs MO3BONSAIOT OAHOW «nopuuMel» NnamMaTn obecnevmBaTb AOCTYN K pa3HbIM TUMNaM AaHHbIX.
Nx aeknapauusi 1 UCNoJSib30BaHME NOX0XWU Ha CTPYKTYpPbl, HO UX DYHKLMOHUPOBaAHME abCONMOTHO MHOE:

union type name {
member typel member namel;
member type2 member name2;
member type3 member name3;

} object names;

3aech co3AaETca HOBbIM TUMN 06beANHEHUS, NAEHTUDULNPOBAHHLIN Kak type name, B KOTOpOM BCe
3/1IEMEHTbI €ro YJIeEHOB 3aHUMaT 04HO (PU3NYECKOe MECTO B NaMsaATU. PasMep 3TUX TUNOB OnpeaensieTcs
Nno HanbonbLIEMY DEMEHTY U3 YNEHOB 06beanHeHns. Hanpumep:

union mytypes t {
char c;
int i;
float £;

} mytypes;

obbsABnseTcs obbekT (Mytypes) c Tpema uneHamu:

mytypes.c
mytypes.i
mytypes.f

Kaxablih U3 3TUX Y/IeHOB pa3Horo TMnNa AaHHbIX. HO NOCKONbKY Ha HUX BCEX CCblSIKa B OA4HO U TO Xe
MECTO NaMsATU, USMEHEHMNE OAHOI0 U3 YIeHOB 06beAnHEHMS CKAXKETCS Ha 3HAYEHUSX BCEX U3 HUX.
HeBO3MOXHO XpaHUTb pa3Hble 3Ha4YeHUs B HUX Tak, 4YTO6bI KaXXAbll HE 3aBUCEN OT OCTasIbHbIX.

OZHO U3 UCMNosb30BaHWU 06bEANHEHNSI — 3TO BO3MOXHOCTb AOCTYMNa K 3HauYeHWUsIM 60 NOMHOCTbIO,
6o Kak K MaccuBy, M60 KakK K CTPYKTYPE MEHbLUMX 3/1eMeHTOB. Hanpumep:

union mix t {
int 1;
struct {
short hi;
short lo;
} s
char c[4];
} mix;

Ecnu Mbl npuMeM, 4TO cucTeMa, rae paboTaer nporpamma, uMmeet Tun int pasmepom B 4 6aiTa, a TMN
short B 2 6aiiTa, o6beanHeHne, onpenenéHHoe Bbille, MO3BOSET MNOMYUYNTb A4OCTYN K OANHAKOBbIM
rpynnam us 4 6aiToB: mix.l mix.s ymix.c, X Mbl MOXEM MCMOJIb30BaTb COrSIACHO C TEM, KaK Mbl
XOTUM MOJSTYYUTb AOCTYM K 3TUM 6aiiTaM: Kak eciun 6bl OHW 6blIM eANHUYHBIMK 3HAYeHMUAMM TUna int,
nn6o kak ecnu 6bl OHU 6bIIM CABOEHHbIMM 3HauYeHMaAMM Tuna short, nubo kak Kk Mmaccupy char
3/1eMEHTOB, COOTBETCTBEHHO. [IpMMep CMeLaHHbIX TUMOB, MAaCCUMBOB U CTPYKTYP B 06beanHEeHUN
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AEMOHCTPUPYET pa3Hble cnocobbl AOCTYNa K AaHHLIM. [ CUCTEM C NMpsSMbIM NOPsSiAKOM AaHbix (little-
endian) aTo o6beanHeHne MoXxeT 6biTb NpeacTaB/IeHo Kak:

mix : : :

mix.s.hi mix.s.1lo

mx.cl0] =~ mx.c[ll =~ mx.cl2] =~ mix.cL[3]

I'IonyqaeMle dpryMmeHT n nopsaaok 4aeHoB obbeanHeHNs B NaMATU 3aBUCUT OT CUCTEMBI, U eCTb
BO3MOXHOCTb CO3A4aTb KOMMNAKTHblE, MEPEHOCMMbIE peLlEHUS.

AHOHMMHbIE 06beagnHeHns

Korga o6beanHeHus SBASOTCSA YneHaMu kiacca (Mnu CTPYKTypbl), OHW MOTYT AeknapupoBaTtbcs 6e3
UMEHU. DTOT C/lyyalt CTAaHOBUTCS aHOHUMHBLIM 06bEAMHEHNEM, @ Er0 YSIeHbl AOCTYMNHbI HENOCPEACTBEHHO
M3 06BEKTOB MO MX MMEHAM YeHOB. Hanpumep, NOCMOTPUTE pasHULY MeXxay 3TUMU ABYMS
06bABNEHUSIMU CTPYKTYPbI:

CTpyKTypa C 06bIYHbIM 06'benm-|e|-meM||C1'pyK'rypa C aHOHUMHbIM 06beAnHeHneM

struct bookl t { struct book2 t {
char title[507]; char title[507];
char author[50]; char author[50];
union { union {
float dollars; float dollars;
int yen; int yen;
} price; bi
} bookl; } book2;

Tonbko oAHa pa3Huua Mexay ABYMS TMNaMn B TOM, YTO B NEPBOM 4YfieH 06beaAnHeHNsa nMeeT nMs
(price), Toraa Kak BO BTOPOM MMEHM HeT. ITO CKasblBaeTCs Ha cnocobe AocTyna K yneHam dollars p
yen obbekTa 370ro TMna. Ansa obbvekta nepsoro tMna (¢ obbiuHbIM 06beanHeHnem), sto byaeT:

bookl.price.dollars
bookl.price.yen

Torga Kak ans obbekrta BTOpOro tMna (aHOHUMHoOro obvbeamHeHus ), aTo byaeT:

book2.dollars
book2.yen

BHOBb, MOMHUTE, YTO MOCKOJIbKY 3TO Y/ieH 06beANHEHUS (A He YNTeH CTPYKTYpbl), uneHbl dollars p
Yyen Ha caMoM Jefie B 04HOM MecCTe MaMsTh, TaK YTO OHM HE MOTyT MCMO/b30BaTbCA AN XPAHEHUS ABYX
pa3HbIX 3HAYEHWI OAHOBPEMEHHO. Price moxeT 6biTb Habopom dollars uam yen, Ho He o6omnx
OZAHOBPEMEHHO.

Mepeuncnsembie TMNbl (enum)

lepeuncnsaembie Tnbl — 3TO TUMbl, KOTOPblE ONPeAEenatnTCca HAbOPOM NOSIb30BATENbCKUX
naeHTUUNKaATOPOB, N3BECTHbIX Kak enumerators (nepe4yncinTtesn), B Ka4ecTBe BO3MOXHbIX 3HAUYEHUN.
O6beKTbl 3TUX rTepeyncsIseMbix TUMIOB MOTYT MPUHMMATL Nt0bble N3 3TUX NepedncnuTenei B KadecTse
3HaveHus.

Nx cnHTakcuc:
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enum type name {
valuel,
value2,
value3,

} object names;

DTuM co3naétca Tun type_name, KOTOPbIA MOXET NpUHMUMATH Nobble u3 valuel, valuez, values3, |,
Kak 3HauyeHune. O6beKTbl (MepeMeHHbIE€) 3TOr0 TUMa MoOryT NpsMo 6biTb NpeAcTaB/ieHbl Kak
object names,

HanpuMep, HOBbI TUM NepeMeHHOM, Ha3BaHHOW Colors_ t, moxeT 6bITb onpeaenéH Ans XpaHeHus
colors cnegytowmmMmn o6bSBIEHUSAMM:

enum colors_t {black, blue, green, cyan, red, purple, yellow, white};

3aMeTbTe, UTO 3Ta AeK/apaunst He BK/IOYAET Apyrue TUMbl, Kak OCHOBHbIE, TaK U C/IOXHbIe, B 3TOM
onpeaeneHmn. MoXHO ckasaTb W MHaye, Tak CO3AaETCS MOJIHOCTbIO HOBbIM TUM AA@HHbIX «C Hyna» 6e3
Onopbl Ha Ntobble Apyrne CyecTBYOLWME TUMbl. BO3MOXHbIE 3HAYEHUSA 3TUX MEPEMEHHbLIX HOBOMO TMMa
color_t, KoTopble OHM MOrYT MOMY4YUTb, 3TO NMEPEUNCIUTENN U3 CNUCKA B CKoBKax. Hanpumep, ecnu
colors_t nepeuncnsieMoro Tuna o6bABASETCS, CleAyolWMe BbipaxeHusa 6yayT cnpaBeasinebi:

colors t mycolor;

mycolor = blue;
if (mycolor == green) mycolor = red;

3HaYeHUs1 NepeyncsIsieMbiX TUMNOB, 06BABAAEMbIE C MOMOLLbIO €NUN, HESBHO KOHBEPTUPYEMbI B LIESbIN
Tvn int, n Hao6opoT. MAKTUUECKM 3/IEMEHTbI, TAKUE KaK €NUM, BCeraa BHYTPEHHE OMNpefensioTcs Kak
3KBMBASEHT LEefbIX YACEN, KaKMMN OHW CTaHOBATCS MO NceBAoHWMMY. ECnn He 3aaHO MHOE, SKBUBANEHT
LIe/Ioro 3HaueHmsa Ans NepBoro AoCTYMNHOro 3HadeHusa 6yaet 0, aKBUMBaNEHT Ana BTOPoro 1, aAns
TpeTbero 2 u T.4. Takum 06pa3oM, B TUNe AaHHbix Colors t, onpegenéHHoM Bbilwe, black 6yaet
s3kBuBaneHTHo 0, blue 6yaeT skBMBANEHTHO 1, green 3kBMBANIEHTHO 2 U T.A.

CneunanbHble Lesnble 3Ha4YeHns MOryT 6biTb 3a4aHbl 4na N11060ro 4oNyCTMMOro 3HayYeHus B
nepeyvcrigemMom tTune. Ml ecnn NOCTOSHHOE 3HaYeHMe, KOTOpoe creayeT 3a HUM, He NOoJ1y4Yuso
COB6CTBEHHOMO 3Ha4YeHUs, TO aBTOMaTMYECKN NoApa3yMeBaETCs, YTO 3TO TO XXe 3HAYEeHMEe MN0C OANH.
Hanpumep:

enum months t { january=1, february, march, april,
may, june, july, august,
september, october, november, december} y2k;

B 3TOM cnyyae nepemeHHas Y2k nepeuncnsemoro tuna months t moxert cogepxatb nwoboe 13 12
[OMYCTUMbIX 3HaueHnit oT January go december, y eCTb SKBUBANIEHT 3HaueHnsM mMexay 1 n 12 (He
mexay 0 u 11, nockonbky january 610 caenaHo pasHo 1).

MockoNbKy nepeuncnsieMble TUMbl, 06bABASEMbIE C MOMOLLbIO €NUN, BHYyTPEHHE KOHBEPTUPYEMbI B int,

N KaXaoe 3HaueHne nepeuyncnutens gaxktmyeckun Tuna int, Her cnocoba pasrnaaetb 1 33 january —
OHM CTPOro Te e CaMble 3HaYeHusa Toro e Tmuna. OCHOBaHMA 418 3TOro yHac/ieAoBaHbl OT a3bika Cu.
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NMepeuncnsembie TMNbI C enum class

Ho B C++ eCcTb BO3MOXHOCTb CO34aBaTb peasibHble ENUM TUMbl, KOTOpPE He ByAyT BHYTPEHHE
KOHBEpTUPYeMbl B 1nt, koTopble He 6yAyT UMETb 3HAYEHUs NepevncnaTens Tmna int, Ho co6CcTBEHHO
enum Tun, coxpaHasa 6e3onacHocTb TMna. OHKM AeknapupytoTca ¢ enum class (uam enum struct)
BMECTO MpoCTOro enum;

enum class Colors {black, blue, green, cyan, red, purple, yellow, white};

Kaxgoe n3 3HavyeHui nepevyncnuTens enum class tuna HY>XXOAaeTCq B TOM, 4yTObbI 6bITH B rpaHunuax
€ero Tuna (3T0, B 06LIEeM-TO, BO3MOXHO M A9 €NUM TUMOB, HO TaM 3TO He 06F|33TeﬂbHO). Hanpumep:

Colors mycolor;

mycolor = Colors::blue;
if (mycolor == Colors::green) mycolor = Colors::red;

Mepeuncnsembie TUMbl, 06bSBMEHHbIE C €NUM class, Takke MMelT 60Jblle YNpaBAeHUs Hag UX
6a30BbIMU TUNAMKU. DTO MOXKET BbITb NIHOOOIN LLENOCTHbIA TUMN AAHHbIX, Takoli kak char, short pnau
unsigned int, KoTOpbIi, B CYLWHOCTU, NPUMEHSIETCSA AN1A ONpeaesieHnMs pasmepa Tuna. 3To 3a4aéTcs
AsoeTtounem n 6a3oBbIM TUMOM, CAeaYyOWMMN 3a NepedncnsiemMbliM Tunom. Hanpumep:

enum class EyeColor : char {blue, green, brown};

38ecb Eyecolor — 3TO SBHbIA TUMN C TEM Xe pa3MepoM char (1 6anT).
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Knaccbli
Knaccei (I)

Knaccbl — 3TO pacluMpeHHast KOHUENUUS CTPYKTYpP AaHHbIX: NOAOBHO CTPYKTYpaM AaHHbIX, OHWU MOryT
cofepXaTb YfieHbl-A4aHHble, HO MOFYT TakXe coaepXaTb MYHKLNM B Ka4YeCTBE YSIEHOB.

O6BbEKT — 3TO 3K3EMMIAP peanunsaumm Knacca. B TepMmHax nepeMeHHbIX knacc 6yaeT TMNoM, a 06bekT
6yneT nepeMeHHoN.

Knaccbl onpefensitotcsl ¢ Mcnosib3oBaHWeM nmMbo KiYeBoro cinosa Class, nubo knoyeBoro crioBa
struct, co cneayoWwmMM CUHTAKCUCOM:

class class name {
access specifier 1:
memberl;
access_specifier 2:
member?;

} object names;

fne class_name genserca NpaBW/ibHbIM UAEHTMPUKATOPOM ANs Knacca, a object _names He
o0653aTenbHbIN CMNCOK MMEH 06BbEKTOB Knacca. Teno obbaBeHMSA MOXET coaepXaTb Y/eHbl, KOTopble
MOryT 6bITb AeKnapaumsaMn gaHHbIX AN AYHKUMIN U Heobsi3aTenbHbIX crieynpukaTopos 4OCTyrna.

Knaccbl MMeloT TOT Xe (opMaT, UTO U SABHbIE CTPYKTYPbl AaHHbIX, UCKtOYas TO, YTO OHM MOryT
BKOYATb PYHKLUMM U UMETb TakKue HOBbIE CYLLHOCTU, Kak crieymngpukaTopsl gocTyna. CneyndukaTopsl
Z0CTyrna — 3TO Cnefyolme Tpy KIOUEBbIX cnoBa: private, public y protected, 3tu
CI'IeLLl/ICbI/IKaTOpr U3MEHAIT NpaBa AO0CTyna And 4YieHOoB, KOTOpble CneayroT 3a HUMN.

e Dprivate (yacTHbIif) UfieHbl Klacca AOCTYMHbl TOMIbKO U3 APYrMX UYIEHOB 3TOro Xe Kaacca (Mau
n3 ux «gpyse#, friends»).

e Dprotected (3alWMLWEHHBIN) YNeHbl AOCTYMHbI U3 APYTMX YIEHOB TOro Xe Kaacca (Mnamn mx
«apy3e#, friends»), HO TaKXe U3 YSIEHOB UX MPOU3BOAHbIX K/1acCoB.

e HakoHeu, public (obuwue) uneHbl AOCTYMHbI U3 TI060r0 MEcTa, rae BUAEH 06beKT.

Mo yMOSYaHUIO BCE UeHbl K/1acca, 06bsAB/IEHHbIE C K/IOUEBBLIM CNOBOM Class, umeloT private goctyn
ANSi BCEX ero 4yneHoB. Taknum o6pa3oM, o600l UfieH, KOTOpbIi 3asBfeH nepea ApyruMu
crneuyngmkaTopamu 4ocTyrna, UMeeT aBToMaTUYeckn private goctyn. Hanpumep:

class Rectangle {
int width, height;
public:
void set values (int,int);
int area (void):;
} rect;

[eknapupoBaH knacc (T.e., TUN), Ha3BaHHbIN Rectangle, 1 o6bekT (T.€., NepeMeHHas) 3Toro Knacca,
Ha3BaHHbI reCt, DTOT KacC COAEPXUT YeTbIpe YneHa: ABa YieHa AaHHbIX Tuna int (uneH width p
uneH height) ¢ goctynom private access (NOCKONbKY private — ypoBeHb AOCTYNa Mo YMOSYAHUIO) U
ABe dyHKunn-unenbl (member functions) c public access: dyHkunn set_values y area, ans
KOTOPbIX Ceiyac BKJIIOYEHbI UX 06bABMIEHNS, HO HE UX OMNpeaeneHus.

OTMeTbTe pasHuuy Mexay class name (ums knacca) v object name (ums 06bEKTa): B NpeAblaylem

npumepe Rectangle 6bino umeHem kaacca (T.e., TUNOM), Toraa Kak rect 66110 06bEKTOM THMA
Rectangle, Ta xe cBsA3b 1nt 1 a uMeeT 6bITb B CrieaytoLlein AeKnapauun:

int a;
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rae int - 310 UMs TMNa (Knacc), a @ — 3To UMs NepeMeHHol (06beKT).

Mocne obbsABneHua Rectangle y rect nobble public-4yneHbl 06bekTa reCct MoryT 6biTb AOCTYMHbI,
Kak ecnin 6bl OHM 6bIN 06bIYHBIMU PYHKUUSMU UK OBbIYHBIMW NEPEMEHHbBIMU, MPOCTO A06aBAEHNEM
TOUKK (-) Mexay MMEHEM 06BbEKTa N MMEHEM YJ/IEHA. DTO BNEYET TOT XK€ CMHTAKCUC, YTO M ANS AOCTyna
K U/ieHaM sIBHbIX CPYKTYp AaHHbIX. Hanpumep:

rect.set values (3,4);
myarea = rect.area();

Te uneHbl rect, KoTopble He MOryT AOCTUraTbCA U3BHE Knacca, 3To width y height, nockonbky oHu
NMEIOT private [OCTYM, Ha HUX MOTYT CCbIIaTbCA TONIbKO APYrUe UYNieHbl BHYTPY TOMO Xe Kiacca.

BoT nosnHbIf npuMep knacca Rectangle:

// classes example area: 12
#include <iostream>
using namespace std;

class Rectangle {
int width, height;
public:
void set values (int,int);
int area() {return width*height;}

void Rectangle::set values (int x,
int y) {

width = x;

height = y;

int main () {
Rectangle rect;
rect.set values (3,4);
cout << "area: " << rect.area();
return 0;

DTOT NpuMep BO3BpaLlaeT Hac K onepartopy rpaHuy (scope operator) (::, ABa ABOETOYUUS),
NnokasaHHOMY B NpeablayLuX rnaBax B CBA3M C NPOCTPAHCTOBOM MMEH. 34eCb OH UCMONb3YyeTCs Npu
3agaHumn dyHKkumm set_values anga onpeaeneHus YIeHOB Kflacca BHE CaMoro knacca.

3aMeTbTe, UTO onpeaeneHme MyHKUMU-UYNeHa area 6b110 BKAKYEHO HENOCPEACTBEHHO BHYTPU
onpeaeneHus knacca Rectangle, npuaaBas e kpaliHioto npoctoTy. Hao6opoT, set_values Tonbko
06bsBNAeTCS €€ NPoTOTMMNOM BHYTPU Knacca, Toraa Kak onpefeseHne aaHo BHe knacca. B atom
BHELUHEM onpefesieHnn onepaTop rpaHul (::) MCNONb3YyeTCa ANs yKasaHus, 4yTo pyHKUMS onpeaeneHa
uneHoM knacca Rectangle, a He kak 06bl4Has PYHKLUMSA HE YNeH Knacca.

OnepaTop rpaHuy (: :) 3a4aéT Knacc, NPUHAANEXHOCTb K KOTOPOMY AeK/lapMpoBaHa, rapaHTupys e
)Ke CBOICTBA rpaHuLbl, Kak ecnn 6bl hyHKUMA onpeaensinacs HeNoCcpeacTBEHHO BKIIOUYEHNEM B
onpeaeneHue knacca. Hanpumep, dyHkuma set_values B npefblayliemM npuMepe MMeeT A0CTYnN K
nepeMeHHbiM width p height, kotopble aBnsawoTCa private-uneHamu knacca Rectangle, n cama
[AOCTYrMHa M3 ApYruxX YIeHOB Kfacca, TakuUx Xe, Kak OHa.

EanHCTBEHHan pa3sHuua mexay onpegeneHnemM dyHKUUM-YeHa NONHOCTbIO BHYTPU onpeaeneHuns
Knacca u BkatoveHneM 1am eé obbaBeHus, n onpeaeneHnem nosxe, BHe Knacca, B TOM, YTO B NepBOM
cnyyae @yHKUMSA aBTOMaTMYECKM pacCMaTpUBaEeTCs KOMNUASTOPOM Kak inline pyHKUMS-4neH, Toraa
KaK BO BTOPOM cny4yae Kak obbiyHas (He inline) dyHKumMSa-UneH Knacca. 3TO He CKa3blBAeTCs Ha
NoBeAEHUU, HO TOJIbKO Ha BO3MOXXHOCTM ONTUMU3ALMMU KOMIMUNATOPOM.

119



B.H. T'osi010608B O nepeBo/ie 0THOTO PYKOBO/ICTBA

UneHbl width y height umetot private noctyn (BCNOMHUTE, YTO €C/iM He 3aA4aHO 06paTHOE, BCE YMEHb!
Knacca, onpeaenéHHble C KNYeBbIM CIoBOM Class, umeloT private aoctyn). MNpu nx o6baBNEHUN
private [ocTyn U3BHe Kflacca He pas3peLwéH. 3TO UMEET CMbIC/, MOCKOJIbKY Mbl YXe onpeaenunu
byHKUMIO-UNEH ANs 3aA4aHNsA 3HAYEHUIA STUM YfieHaM BHYTpM o6bekTa — yHKUMK-UieHa set_values,
Takum o6pa3omM, OCTaBLlIASACS YaCTb NPOrpaMMbl HE HYXXAAeTCsa B NPsIMOM AOCTyne K HUM. BO3MOXHO, B
TakoM NPOCTOM MNpuUMepe, KaK 3TOT, TPYAHO YBUAETb, YEM OrpaHUYEHHbIN AOCTYM K 3TUM NepeMeHHbIM
MoxeT 6bITb nosie3eH, HO B 60/bLLMX MpoeKTaxX MOXET CTaTb OYEHb BaXXHbIM, YTOOblI 3Ha4YeHUs He
MEeHANNCb HenpeaBnaeHHbIM 06pa3oM (HenpeaBUAEHHbIM C TOYKM 3peHns ob6bekTa).

Hanbonee BaxHoe CBOWCTBO Kjlacca B TOM, YUTO OH SIBJISIeTCA TUMOM, U, TakMM 06pa3oM, Mbl MOXEM
06BbABUTbL MHOXECTBO ero o6beKkToB. Hanpumep, cneaysa npeabiaylleMy npumepy knacca Rectangle,
Mbl MOTTX 6bl 06BABUTL 06BEKT rectb B nononHeHMe Kk 06bekTy rect;

// example: one class, two objects rect area: 12
#include <iostream> rectb area: 30
using namespace std;

class Rectangle {
int width, height;

public:
void set values (int,int);
int area () {return

width*height; }
bi

void Rectangle::set values (int x,
int y) {

width = x;

height = y;

int main () {
Rectangle rect, rectb;
rect.set values (3,4);
rectb.set values (5,6);

cout << "rect area: " <<
rect.area () << endl;
cout << "rectb area: " <<

rectb.area () << endl;
return 0;

B aTOM yacTHOM cnyyae knacc (Tvn o6bekToB) — 3To Rectangle, npeacraBneHHbln AByMa o6pasuamm
(T.e., obbekTammn): rect y rectb, Kaxablii U3 HUX UMEET CBOWU COBCTBEHHbIE NEepeMeHHbIe-UNeHbl 1
dYHKUUN-YNEHBI.

3aMeTbTe, YTO BbI30B rect.area () He faéT TOro e pesysbTaTa, uUTo Bbi3oB rectb.area (),
MponcxoanT 3TO NOTOMY, YTO KaXKablii 06bEKT kiacca Rectangle ymeeTt cBou cob6CTBEHbIE
nepeMeHHble width y height, kak n oHM - HEKOTOPbLIM 06Pa3OM — MMEIOT TaKXe CBOM (PYHKLUMM-
uneHbl set_value y area, kKoTopble ONEPUPYIOT C COBCTBEHHbLIMU MEPEMEHHbLIMU-YNTIEHAMMU.

Knaccbl No3BOISIOT NPOrpaMMMpoOBaTh, UCMOJb3ys 06bEKTHO-OPUEHTUPOBAHHOE NPOrpaMMMpoBaHme:
AaHHble U PYHKUMM BMeCTe ABASIOTCSA YneHaMn obbekTa, uckiovas HeobxoaAnMoCTb nepeaasatb U
HEeCTM NOAAEPXKKY UMM APYrMe nepeMeHHble COCTOSHUS B Ka4YeCTBE apryMeHToB Ans MYHKLUNUIA,
NOCKO/bKY OHW 4acTb 06bEKTa, YbM YNEHbI Bbi3bIBAOTCA. 3aMeTbTe, YTO He 6b110 NnepeaaHo
aprymMeHToB MNpu BbI30BE HM rect.area, Hu rectb.area, 3T GyHKUMU-YNEHbI HEMOCPEACTBEHHO
NCMOJIb30BasiM AaHHbIE YNIEHOB UX COOTBETCTBYIOLNX 06bEKTOB rect p rectb,
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KOHCTpYKTOPBbI

YTO Npou3oMaET B NpeabiaylleM NpuMepe, eCiiM Mbl BbI30BEM (PYHKLMIO-UNIEH 2Trea nepes Bbl30BOM
set values? HenpeackasyeMblit pe3ynbTaT, NOCKOMbKY YieHaMm width y height Hukorpa He
npucBanBanoch 3HaveHue.

YT106bl M36€XaTbh 3TOr0, KNacc MOXET BKAOYaTb CreuuanHyo @yHKUNIO, Ha3BaHHY KOHCTPYKTOP
(constructor), koTopast aBTOMaTUUYECKN BbI3BaeTCsl, rae 6bl HM co3aaBasicsl HOBbIN 06BbEKT 3TOr0 Kiacca,
No3B0JISAA K/lacCy MHULMANN3npoBaTb NepeMeHHbIe-UYNEHbI MW BblAENUTb MECTO AN UX XPaHEHUS.

OTa dyHKumMa constructor ob6bsBnaeTca NogobHoO 06bIYHON PYHKUMM-YIEHY, HO C UMEHEM, KOTOpOE
coBMagaeT C MMEHEM Kacca u 6e3 Bo3BpallaeMoro Tuna, u gaxe 6es void,

Knacc Rectangle Bbiwe MOXeT nerko 6biTb yaydlleH A06aBAEHUEM KOHCTPYKTOpa:

// example: class constructor rect area: 12
#include <iostream> rectb area: 30
using namespace std;

class Rectangle {
int width, height;

public:
Rectangle (int,int);
int area () {return

(width*height) ; }
}i
Rectangle: :Rectangle (int a, int b) {

width = a;
height = b;

int main () {
Rectangle rect (3,4);
Rectangle rectb (5,6);

cout << "rect area: " <<
rect.area () << endl;

cout << "rectb area: " <<
rectb.area () << endl;

return 0;

Pe3ynbTaT 3TOro npvMepa UAEHTUYEH TOMY, YTO rMoKasaH B nNpeablayLliemM npumepe. Ho Tenepb knacc
Rectangle He nMmeeT dyHKUMM-UieHa Set values, 3 BMecTo Heé MMEeeT KOHCTPYKTOP, KOTOPbIN
BbIMO/IHAET CXOXee AeACTBME: OH UHMUMaNU3NPYeT 3HadeHns width y height c nomouwbto
apryMeHToB, rnepefaBaeMbiX eMy.

3aMeTbTe, YTO 3TU apryMeHTbl NepefarnTcs KOHCTPYKTOPY B TOT MOMEHT, Korga co3aalTcs 06beKTbl
3TOro Ksacca:

Rectangle rect (3,4);
Rectangle rectb (5,6);

KOHCTPYKTOpPbI HE MOTYT BbI3blBaTbCS SIBHO, Kak €C/in 6bl OHU 6bISIN 06bIYHLIMU PYHKLUUSMU-UYNEHAMMU.
OHM BbINOJIHAKTCS TONbKO OA4HaXAbl, KOraa co3aaétcs 06beKT 3Toro Kiacca.

3aMeTbTe, YTO HM 06BbSIB/IEHME NPOTOTUMNA KOHCTPYKTPa (BHYTPM Klacca), HM nocneaytouiee

onpeaeneHne KOHCTPYKTOpa He BO3BPALLAloT 3HaueHuns, gaxe void: KOHCTPYKTOP HMKOrAa He
BO3BpaALLAET 3HAYEHMUSA, OH NPOCTO MHULMNANU3UPYET 06BLEKT.
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NMeperpy>xaeMblie KOHCTPYKTOPbI

Mofo6HO APYrMM PYHKLMAM KOHCTPYKTOP TOXE MOXET OblTh MEperpy)XaeM pasHbiMU BEPCUSIMHU,
noJlyyalolmMMmn pasHble napamMeTpbl: C pa3HbiM YMC/IOM MapaMeTpoB WU/UAN pasHbIMKU TUMAMK
napameTpoB. KomnunaTtop 6yaeT aBTOMaTUYECKN BbI3blBaTb TOT, YbW MNapaMeTpbl COOTBETCTBYIOT
apryMeHTam:

// overloading class constructors rect area: 12
#include <iostream> rectb area: 25
using namespace std;

class Rectangle {
int width, height;
public:
Rectangle ()
Rectangle (int,int);
int area (void) {return
(width*height) ;}
bi

Rectangle::Rectangle () {
width = 5;
height = 5;

Rectangle: :Rectangle (int a, int b) {
width = a;
height = b;

int main () {
Rectangle rect (3,4);
Rectangle rectb;

cout << "rect area: " <<
rect.area () << endl;
cout << "rectb area: " <<

rectb.area () << endl;
return 0;

B npuMepe Bbiwe ABa o6bekTa knacca Rectangle koHcTpyumpytoTesi: rect p rectb, rect
KOHCTpYMpYyeTCa ABYMSA apryMeHTaMu, Kak U B nNpuMepe paHee.

Ho B 3TOM npuMepe Takxe NpeacTaBeH creumanbHblii BUA4 KOHCTPYKTOpA: rMpegonpeaeiEHHbIi
KOHCTpyKTOp. MpeaonpeneiéHHbIf KOHCTPYKTOP — 3TO KOHCTPYKTOP, KOTOPbIA HE NPUHUMaET
napameTpbl, U 3TO CAENAHO CNeLManbHO, NOCKO/bKY OH Bbi3bIBA€TCSA TOr4a, Koraa o6bexkT
06bABNSAETCA, @ HE UHULIMANU3NPYETCA KakuMn-nnbo aprymeHTamun. B npumepe Bblille
npeaonpenenérHbIfi KOHCTPYKTOP Bbi3BaeTcs Ana rectb, 3ametbTte, uto rectb paxe He
KOHCTPYMpPYeTCs C NyCcTbiM HabopoM napaMeTpoB. GaKTUUECKUN NyCTble CKOBKM HEe MOoryT
MCMNOJIb30BaTbCA A4S Bbl30Ba NpefonpenenéHHOro KOHCTPyKTopa:

Rectangle rectb; // ok, mnpenonpeneséHHE KOHCTPYKTOP BEIB3BAETCSH
Rectangle rectc(); // oops, NpemonpemnesiéHHBM KOHCTPYKTOpP HE BHSHBaeTCHd

3TO NponcxoanT NOTOMY, YTO NycTon Habop B ckobkax byaeT ocyLlecTBNATL AeKnapaumio rectc kak
dyHKUMIO, BMECTO TOro, YTobbl 06BABUTE 06BbEKT: 3TO byAeT PyHKUMS, KOTOpas He NpuHUMaeT
apryMeHTbl M BO3BpallaeT 3HayeHMe Tuna Rectangle,
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YHucbumpoBaHHasas UHULMaNu3auus

Cnocob Bbl30Ba KOHCTPYKTOPOB Yepe3 3ak/oUYeHMEe UX apryMeHTOB B CKOBKM, Kak NoKasaHo BblLUE,
M3BECTEH KaK @yHKLMOHabHas ¢popma. Ho KOHCTPYKTOPbI MOryT TaXe BbI3bIBaTbCS C MCNOJSIb30BaHUEM
ApYroro CUHTaKcuca:

Bo-nepBbiX, KOHCTPYKTOPbI C €AUNHCTBEHHbLIM NapaMeTPOM MOryT BbI3blBaTbCSA, UCMOJIb3YS CUHTAKCUC
MHMLMaNM3aLUmMm nepeMeHHon (3Hak paBHO C NOC/eAyoWMM apryMeHToM):

class name object name = initialization value;

Mo3xe B C++ BBE/IN BO3MOXHOCTb BbI30Ba KOHCTPYKTOPOB C UCMO1b30BaHNEM yHUDULMPOBaHHOM
uHnUnanunsaymmn, uniform initialization, kotTopas, B CyLWHOCTN, Ta e camas, 4YTo U PpyHKUMOHaNbHaN
dbopma, HO mcnonbayeT purypHolie ckobkn ({}) BMecTo 06biuHbIX ( () ):

class name object name { value, value, value, ... }

He o6s3aTenibHO, HO 34eCb MOXHO BK/IIOYMTbL 3HaK paBeHCTBa nepes ckobkamu.

BoT npumMep ¢ YeTbipbMsa Cnoco6aMmn KOHCTPYMpoBaTb 06BEKTHI Klacca, Yeil KOHCTPYKTOp MpuUHMMaeT
€ANHCTBEHHbIIA NapaMeTp:

// classes and uniform initialization foo's circumference: 62.8319
#include <iostream>
using namespace std;

class Circle {
double radius;

public:
Circle (double r) { radius = r; }
double circum() {return

2*radius*3.14159265; }
b

int main () {

Circle foo (10.0); // OyHKLUMOHAaJIbHAM
bopma

Circle bar = 20.0; // HadajbHOEe
NpYCBOEHME

Circle baz {30.0}; // YHUOULUMPOBaHHAL
VHLMAJIN3alnAa

Circle qux = {40.0}; // POD-nomoOHas

cout << "foo's circumference: " <<
foo.circum() << '\n';
return 0;

MpenmMyLecTBo YHUMDULUMPOBAHHOW MHMLMaNM3auum Haa dyHKLUMOHaAbHOW (DOpMOA B TOM, 4YTO B
oTimymne ot 06bl4HbIX CKOBOK, PpUrypHble CKOBKN Henb3sa nepenytatb C 06baBAeHneM dYHKUMN,
crnefoBaTeNlbHO, 3TO MOXET UCMOJIb30BaThCS UCKIKUUTENBHO A5 Bbi30Ba NpeaonpeaenéHHbiX
KOHCTPYKTOpPOB:

Rectangle rectb; // BHB30B MNPEeNoNpenejiéHHOTO KOHCTPYKTOpa
Rectangle rectc(); // obbasnenme oyHxumy (HE BHB0OB KOHCTPYKTOpPa)
Rectangle rectd{}; // BH30B OpeIoNpenesyiEHHOTO KOHCTPYKTOPa

Bbi6Op CMHTaKcuca AM15 Bbi30Ba KOHCTPYKTOPOB B 3HAUYMTENbHOW Mepe BOMpPOC CTMASA. BONbLINHCTBO
CYLLECTBYIOLIMX KOLOB MCMOSb3yeT MyHKLUMOHaNbHY0 GopMy. HO HEKOTOpbIE COBPEMEHHbIE CTUM
nponoBeayoT NPEBOACXOACTBO YHUMPUUMPOBAHHON MHULMANN3ALUNKN HaJ OCTallbHbIMU, XOTA U B 3TOM
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€CTb MOTEHLMasbHbIA MOABOX M3-3a Bbibopa initializer list B kauvecTse eé Tuna.

MHMUManun3auma Y1eHoB B KOHCTPYKTOpax
Korp,a KOHCTPYKTOP UCNOJIb3YETCA ANA UHUUMaNnN3aunn gpyrmx 4neHoB, 3T ApPpYyrme 4aeHbol MOryT ObITb
MHNUMANN3NPOBaAHbl HEMOCPEACTBEHHO, HE npe6era;| K AEKNapuunn B TENE. STO0 BbINONIHAETCS BCTAaBKOMN

npes TesoM KOHCTPYKTOpa ABOETOUMs () M CNUCKa MHUUMANM3auMmM 4ns YIeHoB Kiacca. Hanpumep,
PacCcMOTPMM KNAacc CO Creayloweit geknapaumeii:

class Rectangle {
int width,height;

public:
Rectangle (int, int) ;
int area() {return width*height;}

}s

KOHCTpyKTOp 3TOro Knacca 6yaeTt onpeaenéH, kak 06bI4HO:

Rectangle: :Rectangle (int x, int y) { width=x; height=y; }

Ho OH MOXeT 6bITb TaKXXe onpeaenéH, UCNONb3ys MHULMAIN3ALMI0 Y/IEHOB, KaK:

Rectangle: :Rectangle (int x, int y) : width(x) { height=y; }
N paxe Tak:
Rectangle: :Rectangle (int x, int y) : width(x), height(y) { }

3amMeTbTe, YTO B MOC/EAHEM CllyYae KOHCTPYKTOP He AefnaeT HUYero, KpoMe MHULnanmnsaumm ero
YIEHOB, NMOCKOJIbKY TE€N0 PYHKUMU NYCTO.

[ns uneHoB OCHOBHbIX TUMOB HE JeNaeTcsl pa3HuLa, KakMM U3 CnocoboB Bbllle KOHCTPYKTOP
onpeaenéH, NoCKoJIbKY OHU HE MHULMANN3UPYIOTCS MO YMOJIYaHUO, HO ANl 06 bEKTOB Y/ieHoB (TeX, yeW
TN - 3TO KNacc), eCN OHW HE MHULMANN3UPOBaHbI NOCNE ABOETOUNSI, OHM KOHCTPYUPYIOTCS MO
YMOJTYHMIO.

CKOHCTPYMPOBAHHbIE MO YMOTYAHWUIO BCE YMEHbl Kfacca MOryT UM MOryT He Bceraa 6biTb MPUroaHbl: B
HEKOTOPbIX C/lyYasix 3TO pacToymMTeNbHO (Koraa yieHbl BNoCcieACcTBMM NepPenHULMANN3UPYIOTCS MHaYe B
KOHCTPYKTOpE), HO B psAde APYrMX C/lydaeB KOHCTPYMPOBAHUE MO YMOJTYAHUIO laXke HEBO3MOXHO
(koraa Knacc He MeeT npefonpenenéHHOro KOHCTpYKTopa). B aTux ciyvasix uneHbl AOSKHbI
MHULMANM3NpPOBaTbC B MHMUMANN3AUMOHHOM CNNCKE YsieHoB. Hanpumep:

// member initialization foo's volume: 6283.19
#include <iostream>
using namespace std;

class Circle {
double radius;

public:
Circle (double r) : radius(r) { }
double area () {return

radius*radius*3.14159265; }
}i

class Cylinder {

Circle base;
double height;
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public:
Cylinder (double r, double h)
base (r), height(h) {}

double volume () {return
base.area () * height;}
}s
int main () {

Cylinder foo (10,20);

cout << "foo's volume: " <<
foo.volume () << '\n';
return 0;

}

B 3ToM npumepe knacc Cylinder umer ob6bekT-uneH, yen TMnN Apyroro knacca (tTun base - 310
Circle). MockonbKy 06bekTbl Knacaa Circle MoryT KOHCTPYMPOBATLCS TOJSILKO C MapaMeTpoM,
KoHcTpykTop Cylinder HyxpaeTcs B Bbi3oBe Dase KOHCTPYKTOpa, U eAMHCTBEHbIN cnocob caenatb
3TO — B CIIMCKE MHULMNAIN3ALNN Y/TIEHOB.

MoaobHas MHUUMANU3aUMa TakxXe UCMONb3YET CUHTAKCUC YHUDULNMPOBAHHOMO UHULMANM3ATOPa,
ncnonb3ysa eourypHboie ckobkn {} BMecto 06bI4yHbIX () :

Cylinder::Cylinder (double r, double h) : base{r}, height{h} { }

YKa3saTtesnim Ha KJ1accCbl

Ob6beKkTbl Takxe MOTYyT YKa3blBaTbCA yKasaTensaMun: nocne 06bsABNEHMS Knacc CTaHOBMUTCS npaBuJibHbIM
TUNOM, TaK YTO MOXET MCMNONIb30BaTbCA B KayecTBe TUNa, yKa3blBaeMoro ykasarteneM. Hanpumep:

Rectangle * prect;

3TO yKasaTesflb Ha 06beKT knacca Rectangle,

Mono6HO SABHbLIM CTPYKTYpPaM AaHHbIX YNeHbl 06BEKTOB MOTYT AOCTUraTbCsA HENOCPEACTBEHHO Yepes
yKasaTesib, eC/in UCNONb30BaTb onepaTop cTpenky (—>). BOT npuMep C HEKOTOPbIMU BO3MOXHbIMU
KOMBUHaLUUAMN:

// pointer to classes example
#include <iostream>
using namespace std;

class Rectangle {
int width, height;

public:
Rectangle (int x, int y) : width(x), height(y) {}
int area(void) { return width * height; }

1

int main () {
Rectangle obj (3, 4);
Rectangle * foo, * bar, * baz;
foo = &obj;
bar = new Rectangle (5, 6);
baz = new Rectangle[2] { {2,5}, {3,6} };
cout << "obj's area: " << obj.area() << '\n';
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cout << "*foo's area: " << foo->area() << '\n';
cout << "*bar's area: " << bar->area() << '\n';
cout << "baz[0]'s area:" << baz[0].area() << '\n';
cout << "baz[l]'s area:" << baz[l].area() << '\n';

delete bar;
delete[] baz;
return 0;

DTOT NpUMep rnokasbiBaeT UCMNOJIb30BaHUE HECKOJIbKUX OornepaTopos 4SS OI'IepaLI,VIVI Haa obbekTamMn m

ykasatensmu (onepatopbl *, &, ., =>, [1). OHX MOryT MHTEpPNpPETUPOBaTLCS TakK:
|Bb|pa)|<e|-me|| MO>XHO NMpoYMTaThb Kak |
|*x ||y|<a3b|BaeTc;| b |
[ [aapec = |
|x.y ||'~U'IEH y obbekTa x |
|x—>y ||'~U'IEH y 06beKTa, yKa3aHHOro x |
|(*x) Y ||'~U'IEH y 06beKTa, yKa3aHHOro x (3KBMBaneHTHO npe,qbl.qyu.l,eMy)|
|x [0] ||nepBb|17| 06beKT, yKkasbiBaeMblil x |
|x [1] ||BTop017| 06beKT, yKasbiBaeMbl x |
|x [n] ||(n+1)|7| 06BbeKT, yKasbiBaeMblil x |

Bonbllas YyacTb 3TUX BblipaXXeHU 6blna npeacTtaBseHa B Npeablaywmx rnaesax. Mnaea o Maccueax
XOpoLLo npeacTaBnaeT onepaTtop cMeuweHuns ([1), a rnaBa o ABHbIX CTYKTypaX AaHHbIX NpeacTaBaseT
onepaTtop cTpenky (—>).

Knaccebl, onpeaenéHHblie ¢ struct v union

Knaccbl MOryT onpefensaTbCsi He TOIbKO K/THOYEBLIM C/IOBOM class, HO TakKXe K/lo4eBbIMU CoBamMu

struct M union.

KntoueBoe cnoBo struct 06bI4HO NCNoNb3yeTca Ans 06bsBNEHNS IBHOM CTPYKTYPbI AaHHbIX, HO MOXET
TaKXe UCNOo/b30BaTbCs ANs 06bABEHMS KNacCcoB., KOTOpblE MMEKT ¢YHKHMM-Hﬂ8HbI C TEM Xe
CMHTaKCUCoM, KOTOprVI MCNoNb3yeTcHa C KNYeBbIM CNOBOM class. EAMHCTBEHHasa pasHuua Mexay
HUMU B TOM, YTO YJi€HbI K/1ACCOB, 06BbABNEHHbIX K/IOYEBLIM C/IOBOM struct, umeloT public goctyn no
yMO/14aHUIo, Toraa Kak 4jeHbl K1accos, 06bsBNEHHbIX K/THOYEBbIM C/IOBOM class, UMEKT private
AOCTyn rno ymonyaHuio. [ng Bcex Apyrnx cinydyaes o6a KJIHo4EeBbIX C/I0BA B 3TOM CMbIC/ie SKBUBANIEHTHbI.

HaobopoT, KoHUenuus union OTAM4YaeTcst OT TeX KNACCOB, YTO 06bSAB/IEHbI C MOMOLbIO struct w
class, NOCKONbKY 06beanHeHUs (UNioONS) XPaHAT TOJIbKO OAMH YJieH AAHHbIX €4MHOBPEMEHHO, HO, TEM
He MeHee, OHWM TakXe KJlacCbl M MOryT, TakmMm o6pa3omM, coaepxaTb QYHKUMN-UNEHbI.
MpepnonpenenéHHbln 4OCTYN B KNnaccax union 3T1o public.
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Knaccsoi (II)

MNeperpy)xaeMbie onepaTopbl

Knaccel, B CyLHOCTX, ONpPeaensioT HOBble TUMbl ANA MCNofib3oBaHusa B C++ kogde. A Tunbl B C++ He
TONIbKO B3aUMOJENCTBYIOT C KOJIOM MOCPEACTBOM KOHCTPYKTOPOB M NMPUCBOEHUSA. OHU TaKxe
B3aUMOAENCTBYIOT Yepes onepaTopbl. HanpuMep, Bo3bMEM crieaytolme onepaunm Hag 6a3oBbiMu
TMNamu:

int a, b, c;
a=>b + c;

34ech K pasHbIM MepeMeHHbIM 6a3oBoro Tuna (1nt) noumeHseTca onepaTop COXEHUSA, a 3aTeM
onepaTop npuceamsaHus. a8 OCHOBHbIX apudMeTMyecKnx TMNoB 3HayeHne NnofobHbIX onepaumin
06bIYHO OYEBMAHO M OAHO3HAYHO, HO OHM MOFYT He 6biTb TaKOBbIMU A1 HEKOTOPbIX TUMOB Kacca.
Hanpumep:

struct myclass {
string product;
float price;

} a, b, c;

a=>b + c;

34€ecb He 0YEBMAHO, KaKoi pe3ysibTaT onepaumm CroXeHus b u ¢ nonyuntcs. dakTmyeckn sToT
N30/IMPOBaHHbIN Ko NPUBEAET K OIMOKE MPU KOMMUIALMK, MOCKONbKY TN Myclass He nMeer
onpeaenéHHoro noBeaeHus ans cnoxenms. OgHako C++ no3sonser 60MbLWMHCTBY ONepaTopoB 6biTh
neperpy>XeHHbIMUK, Tak YTO UX NOBEAEHUE MOXET BbITb onpeaesnieHo Ansa NobbiX TUMOB, BKAOYas
Knaccbl. BoT cnmcok Bcex onepaTopoB, KOTOPbIE MOTYT NeperpyXaTbCs:

Meperpy>xaembie onepaTtopbl |

+ - * / = < > += -= *= /= << >>
<<= >>= == = <= >= ++ - % & ~ I |

~ &= M= = s 1= 110 ->* ->  new
delete new/| ] delete[]

OnepaTtopbl NeperpyxatTcs 3HayeHneM dyHKuumn operator, kotopas sBnseTcs 06blYHON hyHKUMEN
CO creundnyeckMMmn MMeHaMM: MX MMEHA HAUMHAKOTCS C K/IOYEBOro c/ioBa operator g
COMPOBOXAEHWUW 3HAUKa onepaTopa, KOTopbli neperpyxeH. CUHTaKCUC TaKoB:

type operator sign (parameters) { /*... body ...*/ }

HanpuMmep, BEKTOpbI B IEKAPTOBO CUCTEME KOOPAMHAT — 3TO HAabop U3 ABYX KOOpAMHAT: X U Y.
Onepaums COXeHUs ABYX BEKTOPOB OrpefenieHa Kak CNoXeHUe ABYX X KOOpAUHAT BMECTe U ABYX
KoopauHaT Y. Hanpumep, cnoxeHune asyx sektopos (3,1) wn (1,2) pact pesynbrar (3+1,1+42) =
(4,3). 370 go/mKHO peanusoBaTtbcs B C++ crneayowmm KOL4oM:

// overloading operators example 4,3
#include <iostream>
using namespace std;

class CVector {

public:
int x,y;
CVector () {};
CVector (int a,int b) : x(a),
y(b) {}
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CVector operator + (const
CVectorg) ;
I

CVector CVector::operator+ (const
CVector& param) {

CVector temp;

temp.x = x + param.x;

temp.y = y + param.y;

return temp;

int main () {
CVector foo (3,1)
CVector bar (1,2)
CVector result;

Ne N

result = foo + bar;
cout << result.x << ',' << result.y
<€ "\m"pg

return 0;

Ecnu Bac cMywlaeT ctonb 06unbHoe nosieneHme CVector, BCNOMHUTE, UTO HEKOTOPbIE U3 HUX
OTHOCATCA K UMeHM knacca (T.e., K Tuny) CVector, a apyrue aBnaoTca GyHKUUAMM C 3TUM UMEHEM
(TO ecTb, KOHCTPYKTOPbI, KOTOPbIE A0/XHbI UMETb TO Xe UMS, YTO K Knacc). Hanpumep:

CVector (int, int) : x(a), y(b) {} // wma dbyHkuuu CVector (KOHCTPYKTOP)
CVector operator+ (const CVectoré&); // dbyHkumsa, koTopasa BozepamaeT CVector

dyHKuMs operator+ knacca CVector neprpyxaeT onepatop cnoxeHus (+) atuM Tunom. Korga oHa
06bsiB/IeHa, 3Ta MYHKUMUS MOXET 6biTb Bbi3BaHa JIN60 HESIBHO, UCMOMb3Yysl onepaTtop, 6o SBHO,
ncnonb3ys eé dyHKUMOHaIbHOE NMS:

c=a+ b;
a.operatort+ (b);

Q
Il

Ob6a BbIpa>XeHNsA 3KBUBAJIEHTHbDI.

Meperpy>XXeHHbIM onepaTop — 3TO TONIbKO 06bl4HAsA PyHKLUMSA, KOTOpas MoOXeT UMeTb Ntoboe noseaeHume.
Ha camom gene HeT TpeboBaHuMi, 4TO6bI ONepauuns, BbiNOJHSAEMas 3TUMKN NeperpyxXeHHbIMK
HOCM/bLUMKAMW, OTHOCKIACb K MaTeMaTuke unm obblYHOMY CMbICY onepaTopa, XOTS 3TO HaCcTOATENbHO
pekoMeHAyeTcs. Hanpumep, Knacc, KOTOpbIA neperpyxaert operator+ gng BbluMTaHUS, UK TOT, YTO
neperpyxaeT onepaTop operator== ang 3anofiHeHUs 06beKTa HyASSMU, NOSHOCTLIO NPaBUIIbHbI, HO
MCNO/b30BaHMe TaKoro Kfacca MoXeT 0Ka3aTbCs CMIOXHbIM.

Oxuaaemblit napameTp Ans dyHKUUU-USIEHA NEPErpyXeHHoN onepauusaMmn kak operator+ - a7o,
€CTEeCTBEHHO, OoMnepaHA CripaBa OT onepaTtopa. TO CBOWCTBEHHO BCEM ABOMYHbLIM onepaTopam (U
onepaHoM C/ieBa, U C onepaHaoM crnpasa). Ho onepaTtopbl MOryT NOSABUTLCS B MHbIX hopMax. BoT
CBOoAHas Tabnuua c napamMeTpamm, TpebyeMbIMU KaXA0My U3 pasHbIX OMNepaTopoB, KOTOPbIE MOryT 6bITb
neperpyeHsl (Noxanyicra, s3amectute @ onepaTopoM B KaXKAoM ciiy4yae):

|Bblpa)KeHMe|| Onepatop “ DYHKUUNA-UNEH || He pyHKUua-uneH |

|@a ”+ - * & !~ ++ —- ”A::operator@() ”operator@(A) |

|a@ ”++ - ”A::operator@(int) ”operator@(A,int)
+ - %/ 8N & | <> ==I!=<=|"

a@b e << 3> 58 ||, A::operator@ (B) operator@ (A, B)
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alb :<::>;z IT /= %= "= &= |= A::operator@ (B) -
lam,c...) [0 |l: :operator () (B,c.. )|
|a—>b ”—> ”A::operator—>() |L
[(TYPE) a |[TYPE |A::operator TYPE() |-

loe a — 370 06beKT Knacca A, b - 06bekT Knacca B, a ¢ asnaetcsa obbekToM knacca C. TYPE - 310
nobon TN (neperpy>xeHHble onepaTtopbl NpeobpasytoT B Tn TYPE),

3aMeTbTe, YUTO HEKOTOPbIE OnepaTopbl MOryT ObITb NeperpyXxeHbl B ABYX popMax: nnbo kak GyHKUMS-
uneH, NMbo kak He dyHKUMa-uneH. MNepBblit cny4dal 6bl1 NCNONb30BaH B NMpMMepe Bblle A
operator+, Ho HeKoTOpble onepaTopbl MOryT Taxe 6biTb NEPErpy>XeHbl Kak He PYHKUMU-YNEHbI. B
3TOM Cc/lydae onepaTop PyHKUUM NpuHMMaeT 06bEKT NOAXOAALEro Kacca B KaYecTBe NepBoro
aprymeHTa.

Hanpumep:
// non-member operator overloads 4,3
#include <iostream>

using namespace std;

class CVector {

public:
int x,y;
CVector () {}
CVector (int a, int b) : x(a),
y(b) {}
}i

CVector operator+ (const CVectoré&
lhs, const CVectoré& rhs) {
CVector temp;
temp.x = lhs.x + rhs.x;
temp.y = lhs.y + rhs.y;
return temp;

int main () {
CVector foo (3,1);
CVector bar (1,2);
CVector result;

result = foo + bar;
cout << result.x << ',' << result.y
<< '\n';

return 0;

KnroueBoe cnosBo this

Kniouesoe cnoso this npeacrasnser ykasaTtenb Ha 06bEKT, Ubs DYHKUMNSA-USIEH BbIMOMHAETCS. ITO
MCronb3yeTcs B QYHKUMSAX-YIeHaxX Kiacca Anst CCbIJIKM Ha caM 06beKT.

O4HO 13 MCNOb30BaHMN MOXET H6bITb MPOBEPEHO, ecnu NapamMeTp, nepeaaBaeMbii B PYHKLUIO-YSIEH,
ecTb caM 06bekT. Hanpumep:

// example on this yes, &a 1s Db
#include <iostream>
using namespace std;

129



B.H. T'osi010608B O nepeBo/ie 0THOTO PYKOBO/ICTBA

class Dummy {
public:
bool isitme (Dummyé& param);

bool Dummy::isitme (Dummyé& param)
{
if (&param == this) return true;
else return false;

int main () {
Dummy a;
Dummy* b = &a;
if ( b->isitme(a) )
cout << "yes, &a 1is b\n";
return 0;

EcTb Take ucrnosibdyemas B operator= yHKUMU-UIEHE, KOTOPAsA BO3BpaALUAET 06bEKTLI MO CChIKE.
Cnenys npvMmepaM BEKTOPOB B AEKaPTOBOM CUCTEME KOOPAMHAT, NOKa3aHHbIM Bbllle, UX PYHKUNS
operator= morna 6biTb ONpeAeneHa Kak:

CVectoré& CVector::operator= (const CVectoré& param)
{

X=param.x;

y=param.y;

return *this;

dakTnyeckn, sta GyHKUUA OHYEHb MOXOXa Ha KOA, KOTOPbIA KOMMUAATOP reHepupyeT HEeSABHO A1S
Knacca npu operator=,

CtaTnyeckKkme 4YieHbl

Knacc MoXeT coAepxaTb CTaTUYECKME UfeHbl NGO AaHHbIX, TM60 PYHKLMIA.

CTaTuueckme uneHbl AaHHbIX KNacca TakXe U3BECTHbI, KaK «NMepeMeHHble Kacca», NoCKoJbKY ecTb
TOMbKO OAHa o6Las nepeMeHHast ANs BCeX 06beKTOB 3TOM0 CaMOoro Kjacca, COBMECTHO MCMOJIb3YHOLWMX
3TY MEPEMEHHYI0: T.e., 3HaUeHNe He OT/INYAETCH Y OIHOro 06beKTa Kfacca oT ApYyroro.

HanpuMmep, 3To MOXET 6bITb MCMOMb30BAHO A1 MEPEMEHHOW B Kilacce, KOTopas MOXET coAepXaTb
CYETUMK C YMCIOM O6BEKTOB 3TOr0 Klacca, KOTOpble HAaXOAATCS Kak B C/ieAyloLWeM npuMepe:

// static members in classes 7
#include <iostream> 6
using namespace std;

class Dummy {

public:
static int n;
Dummy () { n++; };
~Dummy () { n--; };

int Dummy: :n=0;

int main () {
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Dummy a;
Dummy b[5];
Dummy * ¢ = new Dummy;
cout << a.n << '\n';
delete c;

cout << Dummy::n << '\n';
return 0;

DaKTUYECKN CTaTUYECKME YNIEeHbl MMEIOT Te XXe CBOWCTBA, YTO U MEePEMEHHbIE HE YNEHbl, HO OHMU
HaxoAsATCsA B rpaHMuax knacca. M3 aTux coobpa)xeHnin, n anst Toro 4tobbl NpeaoxXpaHnUTb UX OT
06bABNEHNS HECKOJIBKO pas, OHW He MOryT 6biTb MHMLMANM3MPOBaHbI HEMOCPEACTBEHHO B Kiacce, HO
HY>XZAalTCs B MHMUMANn3aumm rae-Hmbyab BHe ero. Kak B npeablayLlwem npuMmepe:

int Dummy: :n=0;

lMocKonbKy 3TO 3HaueHMe obLen nepeMeHHON ANns BCeX 06bEKTOB TOro Xe KJjacca, Ha Hero MOXHo
CCbls1aTbCs, Kak Ha yneHa nboro obbekTa 3TOro Kacca UM Aaxe HenocpeaCcTBEHHO MO MMEHM KJlacca
(KOHEeYHO, 3TO NMpaBMIbHO TONbKO ANS CTaTUYECKUX YJIEHOB):

cout << a.n;
cout << Dummy: :n;

OTW ABa BbI30Ba BblIlIE CCbIIAOTCA Ha TY Xe NEpPEeMeHHYH0: cTaTuyeckas rnepeMeHHas 1 B knacce Dummy
o0606LaeTca ans Bcex 06bEKTOB 3TOro Kaacca.

N BHOBb, 3TO MOXOXE Ha MEpPEMEHHbIE He YfieHbl, HO C UMeHeM, KoTopoe TpebyeTcsa Ang AocTyna
noaobHo uneHam knacca (unm obbekTam).

Knaccbel MOryT nMeTb 1 cTaTuyeckne dyHKUMM-UYNeHbl. DTO NpeacTaBaseT O4HO M TO Xe: YfleHbl Kacca,
KOTOpble ABNSATCA 06WKMMm ans Bcex 06beKTOB 3TOr0 Kiacca, AENCTBYS TaK Xe, Kak He PyHKUNK-
YsieHbl, HO AOCTYMHble NOAO6HO UneHaM Knacca. MoCKObKY OHU MOXOXM Ha He PYHKUMU-YSIeHbl, OHU
He AOCTYMHbl HE CTaTUYECKMM YJieHaM Kacca (HU YieHaM-NepeMeHHbIM, HU YneHaMm-pyHKumnam). N oHn
He MOryT MCMOJIb30BaTh K/oyesoe cfioo this,

Const (pyHKLMN-UYNEHDbI

Korga o6beKkT knacca kBanndpuumpyeTcs kak const obbekT:

const MyClass myobject;

AOCTyNn K €ro AaHHbIM-41eHaM U3BHE KJlaCCa OrpaHN4YeH TOJIbKO YTEHNEM, KaK eC/in 6bl BCe ero
AaHHble-uneHbl 6bin const ang [OCTyna K HAM U3BHe Kflacca. 3aMeTbTe, UTO KOHCTPYKTOp BCEé eLlé
BbI3BA€TCA U NO3BOJIAET MHUUMNANN3NPOBATb U MOLI,VI(‘bVILI,VIpOBaTb 3TW AAHHbIE YJIEHbI:

// constructor on const object 10
#include <iostream>
using namespace std;

class MyClass {

public:
int x;
MyClass (int val) : x(val) {}
int get () {return x;}

131



B.H. T'osi010608B O nepeBo/ie 0THOTO PYKOBO/ICTBA

int main () {

const MyClass foo(10);
// foo.x = 20; // HeBepHO:
X HeJb3sg MOIUQUIIMPOBATH

cout << foo.x << '\n'; // ok:

UJIEeH—IOaHHBIE X MOXeET UMTaTbCHA
return 0;

QyHKUMN-UYneHbl const o6bekToB MOryT TONIbKO Bbi3bIBATbCS, €C/IM OHM CaMU 3adaHbl Kak const
UfieHbl; B NpUMeEpe Bbille YsieH get (KoTopblii He 3aaaH Kak const) He moxeT 6bITb Bbi3BaH us foo,
YT06bI 334aTh, YTO YNEH eCTb CONSt yneH, KNOYEBOE C/I0BO CONSt fONXKHO cneaoBaTh 3a MPOTOTUMNOM
dyHKUMM nocne ckobok aAns eé napamMeTpoB:

int get() const {return x;}
3aMeTbTe, UTO CONSt MOXeT MCNOo/Ib30BaTbCA ANS KBanudukaumm Tmna, Bo3BpawaeMoro dyHKUumen-

yfieHoM. DTo COonst He TO Xe camoe, YTO 3a4aET uneH Kak const, Oba He3aBUCUMbI U PACMOSIOXKEHbI B
pasHbIX MecTax npoToTMna MyHKUUK:

int get () const {return x;} // const GyHKUMA-UJIEH

const int& get () {return x;} // byHKUMA-UJIEH BO3BpamaeT consté&
const int& get() const {return x;} // const byHKLMS-uUJIeH, BO3BpAallailas
consté&

DyHKUUSA-UNIeH, 3a4aHHas B KauecTBe CONst, He MOXET U3MEHSTb He CTaTUUYECKME AaHHbIe-UNEHbI, 1
He MOXeT Bbl3BaTb Apyrue He-const gyHKUMU-uneHbl. B ocHoBHOM const uneHbl He 6yayT
MOANMDULMPOBATbL COOCTOSAHME 06bEKTA.

const o6beKkTbl OrpaHUYeHbl B JOCTYMe TOIbKO YIEHOB, MOMEYEeHHbIX Kak const, Ho He-const
06bEeKTbl HE OrpaHuYeHbl, U, cneaoBaTebHO, UM MOTYT 6bITb AOCTYMHbI U CONSt, n He-const yneHol
OAMHAKOBO.

Bbl MOXeTe noayMaTb, 4YTO Kak 6bl Bbl n3peaka He cobupanucb 06baBUTL CONSt 06beKTbl, U NOMETUTb
BCE Y/NeHbl He MoaudUUMpyeMbiMM 06bekTaMm Kak const, 3TO He CTOUT YCUNU, HO const 06beKTbl
Tenepb 0606LWeHbl. BONbWNHCTBO DYHKLUMN NPUHMMAET KNacChbl Kak napaMeTpbl, peanbHo 6epéT nx kak
CCbIJIKM Ha const, u, TaknMm o06pa3om, PyHKLMN MOTYT TOJIbKO MMETb AOCTYMN K UX const yneHam:

// const objects 10
#include <iostream>
using namespace std;

class MyClass {

int x;

public:
MyClass (int val) : x(val) {}
const inté& get () const {return

}

x
}

~e N

void print (const MyClassé& arg) {
cout << arg.get() << '\n';

int main () {
MyClass foo (10);
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print (foo) ;

return 0;

Ecnu B 3TOM npumMepe get He 6bina 3agaHa kak const uned, Bbizo arg.get () B dyHkuum print He
6yaeT BO3MOXEH, MOCKONIbKY COnst obbekTbl MMET AOCTYN TONbKO K CONst gyHKUMAM-UneHaM.

DOYHKUMKN-YNEHbl MOTYT 6bITb NMepPerpy>XeHbl UX MOCTOSIHCTBOM: T.€., K/laCcC MOXET UMETb ABe PYHKLUUUN-
ysfieHa C 0AMHAKOBbIMW CUIHaTypaMm, UCK/toYasi, YTo oAHa — 3To Const, a gpyrasi HET: B 3TOM C/lyyae
const pepcusl BbI3BAaE€TCH TONbLKO TOrAa, Korga o6bekT caMm ecTb const, a He-const epcus
BbI3BaeTCA Toraa, Koraa o6bekT caM ecTb He-const,

// overloading members on constness 15
#include <iostream> 20
using namespace std;

class MyClass {

int x;
public:
MyClass (int val) : x(val) {}
const int& get () const {return
x;}
int& get () {return x;}
}i
int main () {

MyClass foo (10);
const MyClass bar (20);

foo.get () = 15; // ok:
get () returns inté&
// bar.get () = 25; // not
valid: get () returns const inté&
cout << foo.get() << '\n';

cout << bar.get() << '\n';

return 0;

Knacc wa6bnoHosB (templates)

AHanorn4yHo ToMy, Kak Mbl MOXeM Co34aTb wabnoHbl d)YHKLI,Mﬁ, Mbl MOXeEM c034aThb WabnoHbI Knaccos,
Nno3B0OJ1AA KflaCCaM UMETb YJ1EHbI, KOTOPbIE NCNOJIb3YOT NAapMETPbI wabnoHoB Kak TUMNOB. Hanpumep:

template <class T>
class mypair {
T values [2];
public:
mypair (T first, T second)
{

values [0]=first; values[l]=second;
1
Knacc, KoTopbIii Mbl TOJIBKO YTO ONpeaennnun, CAyXuT ANns XpaHeHus ABYX 3/ieMeHTOB noboro
npaBu/ibHOro TMna. Hanpumep, ecnn Mbl XO0TMM 06bSBUTb 06BEKT 3TOMO Klacca ANs XpaHeHUs ABYX

LefblX 3HaYeHun Tuna int co 3HavyeHnsamMmn 115 1 36 Mbl JO/KHBI HAaNUCcaTb:
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mypair<int> myobject (115, 36);

ToT e Knacc MoxeT 6bITb MCNO/b30BaH A5 CO34aHUst 06bEKTOB, XpaHAWMX ntobble Apyrne TUMbl, Kak:

mypair<double> myfloats (3.0, 2.18);

KOHCTPYKTOp — 3TO TONbKO DYHKUMA-UNEH B NpeablaywieM wabnoHe knacca, n oH 6bl1 onpeaenéH
inline B onpeneneHnn camoro knacca. B cnyvae, koraa @yHKUMS-UNeH onpeaensieTcs BHe
onpeaeneHus wabnoHa knacca, aTo 6yaeT npeaBapeHo template <...> npedukcom:

// class templates 100
#include <iostream>
using namespace std;

template <class T>

class mypair {
T a, b;

public:
mypair (T first, T second)
{a=first; b=second;}

T getmax ()

}i

template <class T>
T mypalr<T>::getmax ()
{
T retval;
retval = a>b? a : b;
return retval;

int main () {
mypair <int> myobject (100, 75);
cout << myobject.getmax () ;
return 0;

3aMeTbTe, CUHTAKCUC onpeaeneHns GyHKUnn-yieHa getmax;:

template <class T>
T mypalr<T>::getmax ()

3anyTtanucb MHOXecTBOM T? Ectb Tpu T B 3TOM 06BbSBNEHMN: NEPBbIN — 3TO NapameTp wabnoHa.
Btopon T oTHOCKMTCS K TUNy, Bo3BpalaeMmomy dyHkumen. A Tpetnin T (TOT, UTO Mexay YyrnoBbIMU
ckobkamun) — Tarkke TpeboBaHue: yCTaHaBAMBAET, YTO 3TOT NapaMeTp wabnoHa PyHKUMU TakxKe
napameTp wabnoHa knacca.

Cneunannsauma wabnoHa

ECTb BO3MOXHOCTb OMNpefennTb pasHble peanusauuun wabsoHa, Korga 3agaBaeMblilt TUM Nepeaaércs Kak
apryMeHT wabnoHa. 3To Ha3blBaeTCs crieyunannsaymeit LiabaoHa.

Hanpumep, aaBaiiTe NpeacTaBMM, YTO Y HAcC €CTb OYEHb MPOCTOM KNacc, KOTOPbIA Ha3BaH
mycontainer, [ycTb KNAacc XpaHUT OANH SIEMEHT JI060ro TMNa U MMEET TONIbKO OAHY (hYHKUMIO-UYNEH,
HasBaHHyl0 1ncrease, KoTopas, B CBOK oyepeb, YBeIUUYMBAET CBOE 3HauYeHne. Ho Mbl 06HapyXuM,

134



B.H. T'osi010608B O nepeBo/ie 0THOTO PYKOBO/ICTBA

YTO KOrAa OHa XpaHWT OAMH 3neMeHT Tuna char, 66110 66l ropa3ao yaobHee UMETL COBCEM APYTyLO

peanusaumio ¢ dyHKUMENn-4neHoM uppercase, Tak Yto Mbl pewaeM o6baBUTb WabnoH knacca co
cneuvanusauen onsa 3Toro Tuna:

// template specialization 8
#include <iostream> J
using namespace std;

// class template:
template <class T>
class mycontainer {
T element;
public:
mycontainer (T arg)
{element=arg; }
T increase () {return +t+telement;}

I

// class template specialization:
template <>
class mycontainer <char> ({
char element;
public:
mycontainer (char arg)
{element=arg; }
char uppercase ()
{
if
((element>='a') && (element<="'z"))
element+="'A'-"'a';
return element;

bi

int main () {
mycontainer<int> myint (7);
mycontainer<char> mychar ('3');
cout << myint.increase () << endl;
cout << mychar.uppercase() << endl;

return 0;

BoT cuHTakcuc, I/ICI'IOJ'Ib3yeMbII7I Ans cneuvanusaumm wabnoHa knacca:

template <> class mycontainer <char> { ... };

Mpexxae Bcero, o6patute BHUMaHWe, YTO Mbl NpeABapsieM MMS Kfacca KAo4YeBbIM c/loBoM template<>,
BKJIIOYAIOLWMM NYCTOM CANCOK NapamMeTpoB. DTO cAenaHo NOTOMY, YTO BCe TUMbl U3BECTHbI, N He
TpebyeTcs aprymeHTOoB WabnoHa aAnsa aton cneumdukaumm. Ho noka 3T1o BCE ewé cneumanmlauyms
wabnoHa knacca, U No 3Ton NpuymHe Tpebyetca NnogobHasa oTMeTKa.

Ho 6onee BaxHbIM cTaHOBUTCS Npedukc <char>, cneuanusaupylowmii napamMeTp, KOTopblit cneayeT 3a
nmeHeM wabnoHa knacca. 3TOT NapamMeTp cneyvannsaunm cam naeHtTnouumpyeT Tmn, 419 KOTOpOro
WwabnoH knacca cneunanmampyetcs (char), 3ameTbTe pasHULY MeXay OpuUrMHaabHbIM Wa6n0HOM
Kflacca v crneumann3mpoBaHHbIM:

template <class T> class mycontainer { ... };
template <> class mycontainer <char> { ... };
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MepBas cTpoka — 3TO OpUrMHaNbHbINA WAa6M0H, a BTOpas CTpoka - Creumann3npoBaHHbIi.
Koraa Mbl 06bSIBASIEM CrieuManm3aumio Ana wabnoHa Knacca, Mbl A0SXKHbI TONIbKO OMpeaenuTb ero

YneHbl, AaXe ecsin 3T0 MAEHTUYHO C OPUTNHAJTbHbIM wabnoHoM knacca, MOCKOJIbKY HE nMpouncxoaunTt
«HacnenoBaHuAa» 4YneHoB OT OPUTrMHAJIbHOIO wabnoHa.
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CneuunanbHble YJeHbl

[BHUMAHMWE: 3Ta rnaBa TpebyeT SCHOr0 NOHUMAHUS AMHAMUYECKU BblAEISIEMON NaMsaTn]

CneumnasibHble yHKUMN-Y/1EHbI — 3TO YHKUUN-YJIEHbI, KOTOPblE HESABHO ONpeaesieHbl Kak Y/eHbl
K/1laccoB NMpwu onpeaenéHHbIX yCNoBusX. X WwecTb:

| PYHKLUMN-UNEHDbI ||1'unuq|-|as| cdopma ana knacca C:

|I'Ie,u,onpe,u,enéHHb|i/'1 KOHCprKTop”C: :C()s

|

|
|,£I,eCprKTop ||C: :~C(); |
|K0HCprKTop Konuu ||C: :C (const C&); |
|ﬂpMCBOEHmeK0nMM ”C& operator= (const C&); |
|KOHCprKTOp nepemeLleHmA ||C: :C (C&&); |
|ﬂpMCBoeHmenepemeumHMﬂ ”C& operator= (C&&); |

[JaBanTte NnpoBEPUM KaXAYyH U3 HUX:

NMpeponpeaenéHHbIA KOHCTPYKTOP

MpeaonpenenéHHbiii KOHCTPYKTOP — 3TO KOHCTPYKTOP, Bbl3BaeMblit TorAa, Koraa o6bekThbl Knacca
06bABNAIOTCSA, HO HE UHULMANU3PYIOTCA KaKUMU-HUBYAb apryMeHTaMmu.

Ecnn onpepneneHune knacca He MMeeT KOHCTPYKTOPOB, KOMMUAATOP onpeaensieT AN5 Knacca HeSBHO
3a4aHHbIN MpeaornpesenérHHbIi KOHCTPYKTOp. Taknm obpa3oM, AeKnapupyeTcs Knacc noaobHbIN aToMy:

class Example {
public:
int total;
void accumulate (int x) { total += x; }

b

KoMmnunaTop pewwun, yto Example nmeeT npeornpeaenéHHbiii KOHCTPYKTOP. B ntore o6bekTbl 3TOro
Kflacca MOryT KOHCTPYMPOBATbCS NPOCTbIM 06bsABNEHMEM NX 6€3 Kaknx-1Mbo apryMeHToB:

Example ex;

Ho ecnu knacc nmeeTt HeKOTOPbIN KOHCTPYKTOP, MPUHUMAIOWMA KaKoe-TO YMCO SBHO
AeKnapuMpoBaHHbIX MapaMeTpoB, KOMNUASTOP He nNpefocTaBnseT 6onble npegornpeaenéHHbin
KOHCTPYKTOp, U He no3sonseT 6onblie 06bsiBneHne HoBbIX 06bEKTOB 3TOro kiacca 6e3 aprymeHToB.
Hanpumep, cneaytownii knacc:

class Example2 ({
public:
int total;
Example2 (int initial value) : total(initial value) { };
void accumulate (int x) { total += x; };

}i

34ecb Mbl UMEEM 06bABMIEHHbIM KOHCTPYKTOP C NapaMeTpoM Tuna int, Moatomy cnegywouee
obbaBneHne obbekTa 6yaeT KOPPEKTHO:

Example2 ex (100); // ok: BHBHBaeM KOHCTPYKTOP
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Ho cneaywouwee:

Example2 ex; // HEBEpHO: HEeT MNPeNonpenesjIEHHOTO KOHCTPYKTOpa

6yaeT HeBEpPHO, MOCKOJIbKY Kacc 6bis1 06bsIBMEH C SIBHbIM KOHCTPYKTOPOM, MPUHUMAKOLWNM OAMH
apryMeHT, @ 3aMeLlaloLLnii HESIBHbIN MPeAonpeAEEHHbIN KOHCTPYKTOP HUYEro He NMpUHMMaeT.

TaknuM 06pas3oM, ec/im 06bEKTLI 3TOM0 Kacca HYXAalTCA B KOHCTPYMPOBaHUM 6e3 apryMeHToB,
NoAXOAAWMNIA MpegonpeaenéHHblii KOHCTPYKTOP TOXe AOo/KeH 6biTb 06bsBNEH B Knacce. Hanpumep:

// classes and default constructors bar's content: Example
#include <iostream>

#include <string>

using namespace std;

class Example3 {

string data;

public:

Example3 (const string& str)
data(str) {}

Example3 () {}

const string& content () const
{return data;}

bi

int main () {
Example3 foo;
Example3 bar ("Example");

cout << "bar's content: " <<

bar.content () << '\n';
return 0;

3neck Example3 umeer npegonpenenéHHbiii KOHCTpykTop (T.e., KOHCTPYKTOpoM 6e3 napaMeTpos),
onpegenéHHbln Kak nycrton 6nok:

Example3 () {};

DT0 no3BonseT 06bekTaM kfacca Example3 koHCTpynpoBaThcs 6€3 apryMeHToB (MOX0XMM 06pa3oM
foo 6bI/10 06BbsABNEHO B 3TOM NpuMepe). OBbIYHO rpeaonpeae/EHHbIN KOHCTPYKTOP, NOAOGHbLIN 3TOMY,
HesBHO onpeaenéH A5 BCex KIaccoB, KOTOPble HE MMEIKT MHbIX KOHCTPYKTOPOB, W, 3HAUUT, He
TpebyioT siBHOrO onpeaeneHuns. Ho B 3ToM cnydvae Example3 yMmeeT Apyroit KOHCTPYKTOP:

Example3 (const string& str);

A Korpa fo60i KOHCTPYKTOP ABHO 06bSABNEH B KNacce, HEABHbIN MpegonpeaeiEHHbii KOHCTPYKTOP
aBTOMATUYECKU HE MOoAdepXMnBaeTcs.

AecTpykTop

[ecTpyKTOpbl BbIMOHAT PYHKLUMIO MPOTUBOMOSIOXHY KOHCTPYKTOPaM: OHU OTBETCTBEHHbI 3a
Heo6XoANMY0 OUMCTKY, B KOTOPOWM KacC HyXAaeTcs, Korga ero Bpems XusHu ucrekaet. Knaccel,
KOTOpbIe Mbl OMNpeaensinv B NpeablAyLmx rnaBax, He 3aHMManm Kakmx-nmbo pecypcoB, a, 3HaAUUT, He
TpeboBanu peanbHOM OUYUCTKM.
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Ho Tenepb AaBaiTe NpeacTaBMM, YTO ANS Kilacca M3 NOCeAHero npuMepa BblaenseTca AnHammyeckas
naMaTb AN XpaHEHUS CTPOKM, KOTOPYHO OH UMEET KaK YJieH AaHHbIX. B 3ToM cniyyae 6b1710 6bl 04YeHb
nosie3aHo MMeTb YHKLMIO, BbI3BAaEMY0 aBTOMAaTUYECKM MO 3aBEPLUEHMUIO CYLLECTBOBaHNSA 06beKTa,
4yTo6bl 0CBO6OANTL NAMATL, 3aHMMAEMYIO UM. YTO6bl 3TO caenaTb, Mbl UCMOSb3YEM JECTPYKTOP.
[ecTpyKTop — 3TO (PYHKUMS-USIEH OYEHb MOX0OXas Ha NMPegornpeaenéHHbIi KOHCTPYKTOP: OHa He
NPUHUMAET apryMeHTbl MU HAYEro He BO3BpallaeT, aaxe void, OHa Takxe MCNoMb3yeT UMs Knacca, Kak
CBO& CO6CTBEHHOE UMSI, HO MpeABapsieET €ro 3Ha4ykoM Tunbabl (~):

// destructors bar's content: Example
#include <iostream>

#include <string>

using namespace std;

class Exampled {
string* ptr;

public:
// constructors:
Exampled () : ptr(new string) {}
Example4 (const string& str) :
ptr (new string(str)) {}
// destructor:
~Exampled () {delete ptr;}
// access content:
const string& content () const

{return *ptr;}

bi

int main () {
Exampled4 foo;
Example4 bar ("Example");

cout << "bar's content: " <<
bar.content () << '\n';
return 0;

Mpu KoHCTpyMpoBaHuu Exampled phigensieTcs Mecto xpaHeHus ans string. Xpauunuuie, Kotopoe
ocBo60XAaeTcs BNOCNeACTBMM C NMOMOLLbIO AeCTpyKTopa.

[ecTpykTop 06beKTa BbI3BAETCS B KOHLE €ro LMKIa CyWecTBOBaHUS. B faHHOM cnyyae £oo y bar
BbIMOSIHW/IM 3TO B KOHLE yHKUMM main,

KOHCTpPYKTOp KONUm

Korpa o6bekTy nepefaércs MeHOBaHHbIM 06beKT ero cCO6CTBEHHOrO TMMNa B KaydecTBe apryMeHTa,
BbI3bIBAETCS €ro KOHCTPYKTOP KOonuu, YTo6bl CKOHCTPYMPOBATb KOMUIO.

KOHCTpYyKTOp KOMuu — 3TO KOHCTPYKTOP, Y KOTOPOro MepBbl NapMeTp UMEET TUM CChbIJIKMU Ha caM K/1acc
(BO3MOXHO, KBanndULUMPOBaAHHbIN Kak Const) n KOTopbi MOXET 6bITb Bbi3biBaH C €4MHCTBEHHbIM
apryMeHTOM 3Toro Tuna. Hanpumep, ans knacca MyClass KoHCTpyKTOp KOMuy UMEET CNeAYOLYHO
CUrHaTypy:

MyClass: :MyClass (const MyClassé&) ;

Ecnu knacc He nMeeT UHAMBUAYANbHbIX ONpeaeneHnin HU KOMuu, HU rnepeMeLeHnsi KOHCTpPYKTopa (Hu
NMPUCBOEHWS), NOAAEPXKUBAETCS HESIBHbIN KOHCTPYKTOP KOMMUM. ITOT KOHCTPYKTOP KOMUM NPOCTO
BbIMOSIHAET KONMMpOBaHWe ero CO6CTBEHHbIX YNeHOoB. HanpuMmep, Kak Ans knacca:
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class MyClass {
public:
int a, b; string c;

HesIBHbIN KOHCTPYKTOp KOnuy onpeaenseTcs aBToMatndecku. OnpeneneHue npeanonaraet A5 3TOM
yHKUMN BbINOSIHEHWE Mas104 KoMUY NPUBIN3NTENBHO SKBUBANEHTHOMN:

MyClass: :MyClass (const MyClassé& x) : a(x.a), b(x.b), c(x.c) {}

OTOT NpesonpeaenéHHbIi KOHCTPYKTOP KOMMY MOXET NMOAONTM ANS HYXA MHOMMX KnaccoB. Ho masibie
KoMy — 3TO TOJIbKO KOMUM YNIEHOB KJlacca, a 3TO, BO3MOXHO, He TO, YTO Mbl OXxunaanu 6bl ona Kiaccos
noao6bHbIX knaccy Exampled, koTopblii Mbl ONpeaennan Bollle, MOCKOIbKY OH COAEPXUT yKasaTenu,
noaaepXuBarwlLLine ero xpaHunuwa. ns asToro knacca BblMO/IHEHWE Mas104 KoMUY O3HA4YaeT, YTo
KOMMpyeTcs 3HayeHue yKasaTens, HO He caMo cofepXumoe. DTO 03HayaeT, YTo oba obbekTa (konus 1
opuruHan) 6yayT COBMECTHO MCMOJIb30BaTh €AMHCTBEHHbIN SEring o6bekT (oHU 06a 6yayT yKasbiBaTb
Ha TOT Xe 06BbEKT), U B KAKOM-TO MecTe (npu AecTpykumn) oba o6bKTa NOMNbITAOTCS OYUCTUTb TOT XKe
610K NaMATK, YTO MOXKET NPMBECTM K OTKa3y NMporpamMMbl Npu paboTe. 3TO MOXHO UCNPaBUTb
onpeaeneHneM cneayrLwero cneunanmanpoBaHHOro KOHCTPYKTOPa KOMnu, KOTOPbIA BbIMNOJIHAET
r71y60KyH KOMuio:

// copy constructor: deep copy bar's content: Example
#include <iostream>

#include <string>

using namespace std;

class Exampleb {
string* ptr;

public:
Example5 (const string& str) :
ptr(new string(str)) {}
~Exampleb () {delete ptr;}

// copy constructor:
Exampleb5 (const Exampleb& x) :

ptr (new string(x.content())) {}
// access content:
const string& content () const

{return *ptr;}

b

int main () {
Example5 foo ("Example'");
Exampleb bar = foo;
cout << "bar's content: " <<

bar.content () << '\n';
return 0;

rny6okas Konusi, BbINONHSEMAs 3TUM KOHCTPYKTOPOM KOMUY, PE3EPBUPYET XpaHUULLE A1 HOBOW
CTPOKM, KOTOpasi MHULMAAN3POBaHa A/1s COAEPXKaHUS KOMUM OpUrMHanbHoro obbekTa. Tak oba
o6bekTa (KONuUsi U OpUrMHaN) UMET UHAUBUAYAlbHbIE KOMUW COAEPXKUMOr0, KOTOPOE XPaHUTCS B
pa3sHbIX MecTax.
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NMpuceBoeHne Konuu

O6beKTbl HE TOMIbKO KOMUPYIOTCSA KOHCTPYKTOPOM MpU MHMLMANN3aLUMM, OHN TaKXe KOMUPYHTCA Mpu
no6oit onepaunn NpuceoeHns. NocMoTpuUTe pasHULLY:

MyClass foo;

MyClass bar (foo); // vHMLIMaIM3auys OOBeKTa: BHBBAETCS KOHCTPYKTOP KOMUU
MyClass baz = foo; // MHMIMaIy3auus oOBbeKTa: BHBBAETCH KOHCTPYKTOP KOIUU
foo = bar; // OBOBEKT yXe MHUIMAJIV3UPOBAH: BHBBIBAETCS NPUCBOEHUE
KONUMU

3aMeTbTe, YTO Paz MHUUMANU3NPYETCS NPU KOHCTPYMPOBAHWUW, UCMOJb3YSt 3HaK paBEHCTBA, HO 3TO He
onepaums NnpucBoeHus! (XxoTa odeHb Ha Heé noxoxa). Ob6bsaBAeHMe 0bbekTa He ABNAETCS onepauunen
npuUcBanMBaHMS, 3TO TOSIbKO APYFON CUMHTaKCUC AN Bbl30Ba O4HOAPryMEHTHbIX KOHCTPYKTOPOB.

lMpuceoeHue foo asnsetcs onepau,VleVl npucsavBaHnsa. Hu oanH 06beKT 3a4ecb He 06bsABNAETCS, HO
onepauuna BbiNOMHAETCA C CYyLWeCTBYHOLWNM o6bekToM foo,

OnepaTtop npucBanMBaHWsa KOMWUM — 3TO Meperpyska Operator=, KoTOpbli NPUHNUMAET 3HAYEHNE CCbIIIKU
CaMoro Kfiacca Kak napametpa. Bo3spallaemMoe 3HaueHne o06bIUHO - 3TO cChifika Ha *this (xoTa aTo He
TpebyeTcsa). Hanpumep, ans knacca MyClass, npucBanBaHme Konuyu MoXeT UMETb CleAYOLYI0
cUrHaTypy:

MyClass& operator= (const MyClassé&) ;

Orniepatop nNpucBanBaHus Konum ABASETCA TaKXKe CrieynasibHoM GyHKLUMEN N TaKXe HESBHO
onpeaensaeTcs, ecnun KNacc He UMeeT HU UHANBUAYANbHOW KOMUM, HU ONpeaeseHns npucBanBaHuns
nepemeuyeHms (H1 06bABNEHNS KOHCTPYKTOPa NepeMeLleHns).

Ho BHOBb, HesIBHasi BEpCUS BbINOSHAET Masyio KOMuio, KOTopas NoaxoauT AN MHOMMX K1acCoB, HO He
ANA KNaccoB C yKasaTensaMu Ha 06beKTbl, XpaHeHMe KOTOPbIX OHM MOAAEPXKMBAIOT, Kak B Ciyyae
Example5, B 3TOM cilydyae He TOMbKO Kiacc NoABepraeTcsl pUCKy yaasleHnsl yKkasbliBaeMoro o6bekTa
ABaXAbl, HO NMpUCBanBaHMe CO34aET yTeuKy NaMaTh, He yaansas o6bekT yKasbiBaeMbll 06BbEKTOM [0
npuceamBaHus. JTa npobnema MoxeT 6bITb pelleHa C NOMOLbIO TPUCBanNBaHNS KOM1Mn, KOTopoe
yAanseT npeabiaywmn o6beKT U BbIMONHAET r/1y60K0€ KOMMPOBaHUE:

Exampleb5& operator= (const Exampleb& x) {
delete ptr; // ymamgeT TeKylyln yKasbBaeMyl CTPOKY
ptr = new string (x.content()); // pesepBuUpyeT NPOCTPAHCTBO MIJid HOBOU

CTPOKM M KONMPYET
return *this;

Nnu paxke nydlie, NOCKOMbKY YneH String He nocTosiHHAsA, BO3MOXHO MOBTOPHO MCMO/b30BaTh TOT Xe
06bekT string:

Exampleb5& operator= (const Exampleb& x) {
*ptr = x.content();
return *this;

KOHCTpYKTOp nepeMewleHnss 1 NnpucBanBaHUsA

Mono6HO KONMPOBaHMIO NepeEMELLEHME TaKXe MCMNOoJb3yeT 3HauyeHne obbekTa, YTobbl 3a4aTb 3HaYeHne
apyroro obbekTa. Ho He Tak, Kak npu KONMpoBaHUN, COAEPXUMOE peasibHO NEPEHOCUTCS OT O4HOM0
ob6bekTa (MCTOYHMKA) K Apyromy (agpecaTy): UCTOYHMK TepPSIET 3TO COAEPXKMMOE, KOTopoe
3axBaTblBaeTCs agpecaToM. ITO NepeMeLleHmne NponcxXoamT TONbKO Toraa, Korga UCTOYHUK 3HAYEHUS
ABNAETCA HEMMEHOBAHHbIM OOBEKTOM.
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HeumeHoBaHHbIe 06BLEKTHI — 3TO 06BbEKTbI, KOTOPbIE€ HOCAT BPEMEHHDbIN XapakTep, Tak YTO UM Aaxe He
Aat0T MMEHU. TUNUYHBIMU NPUMEpPaMN 0O6BbEKTOB 63 MMEHM SBNSIIOTCS BO3BPaLLAEMble 3HAUYEHUSA
dYHKUUIA nnn NnpuBeaeHme TUMOB.

Ncnonb3ysa 3HayeHne BpEMEHHOrO 06beKTa, Takoro Kak Te, YTO MHUUMAAU3MPYIOT APYroi 06bekT unm
NnpucBanMBaloT 3HAUEHNE, MOXHO 060MTUCEL 6e3 peanbHOro kKonupoeaHusa. O6bEKT HMKOraa He
cobupaloTca MCnonb3oBaTh AJ1s Yero-Anbo ewé, cneaoBaTeslbHO, ero 3HaYeHNEe MOXeT rrepemMeLyaThbCs B
06BbEeKT HasHaueHus. B aTux cnyvyanx 3anyCKaeTCs KOHCTPYKTOP rNepeMeLYEeHNsT NN NpucBanBaHne
nepemeLyeHus.

KoHCTpyKTOp riepemMeLyeHuss Bbi3blBAETCS, KOraa 06bekT MHULUMANU3NPYETCS KOHCTPYKTOPOM,
Ncnonb3ys 6e3bIMAHHBbIX «BPEMEHLLMKOB». TaknM xxe 0bpa3om npucsanBaHne rnepemeLyeHus
BbI3blBaeTCs, Koraa 06beKkTy NnpucBanBaeTcs 3HaYyeHne BpeMeHHoro obbekta 6e3 MMeHu:

MyClass fn () ; // obyHkuusa, Bo3Bpamaomas obbekT MyClass
MyClass foo; // mnpenonpeneyiéHHBI KOHCTPYKTOP

MyClass bar = foo; // KOHCTPYKTOP KOIUU

MyClass baz = fn(); // KOHCTPYKTOP MNepeMeleHus

foo = bar; // TnpucBamMBaHMe KONUMU

baz = MyClass () ; // TnpucBamMBaHmMe MNepeMelleHNs

O6a 3HauyeHus, Bo3Bpallaemble £n, n 3HaueHne, ckoHCTpynpoBaHHoe MyClass, BpeMeHHble 1 6e3
MMeHU. B 3TUX cny4yasax HeT HYXAbl AenaTb KOMNUK, NOCKOSbKY 6e3biMsiHHbIE 06beKTbl O4YeHb
HeAOoNrOBEeYHbl MU MOryT 6bITb OKYNMPOBaHbI APYrMMn obbekTamm, korga onepaums 6onee apdekTmBHa.

KOHCTpYKTOp nepemMeLyeHusi v puCcBOEHNE NMepeMeLEHMNS] — 3TO UYJeHbl, KOTOPblE NMPUHMMAIOT NapameTp
TUNa r-3HadyeHus ccbl/iku Ha kaacc (rvalue reference to the class), cobCTBEHHO:

MyClass (MyClassé&&); // KOHCTPYKTOP NepeMeleHM
MyClass& operator= (MyClassé&&); // npruceBauBaHME NepPeMeleHNs

Ccbiika r-aHaqyeHus 3afaéTcsa cneayrwmmm 3a TMNoM AsyMsa amrnepcaHgamm (&&). B kauectse
rnapameTpa CChl/IKa r-3HadyeHunsi COBNajaeT C apryMeHTaMmn «BpeMeHHbIX>» 3TOro Tuna.

KoHuenumsa nepemeweHns Hanbonee nonesHa ans 06bLeKTOB, KOTOpble 06CYXMBAKOT XpaHEHME TOrO,
UYTO MCMONb3YIOT; TaKMX Kak 06beKTbl, KOTOPbIM BblAeNnseTcs MecTo ¢ new u delete. Ana Takmx
06bEKTOB KOMMPOBaHNE N riepeMeLEHNE PeanbHO pa3Hble onepauun:

- KonnpoBaHue n3 A B B 03Ha4yaeT, 4YTo BblAENSEeTCA HOBOE MeCTo B NamMaTn ansa B, a 3aTem Bcé
cofepxumoe A KONMpyeTcsa B HOBOE MecTo, oTBeAéHHoe an4 B.

- NepemeweHne ns A B B o3HauvaeT, 4To NamaTb, yXxe oTBenéHHasa ansa A, nepegaércsa B 6e3
BblAeNeHns Kakoro-nmbo HOBOro XpaHuauuwa. 3TO NPOCTO KONMpOBaHWe yKasaTtens.

Hanpumep:

// move constructor/assignment foo's content: Example
#include <iostream>

#include <string>

using namespace std;

class Example6 {
string* ptr;

public:
Example6 (const string& str) :
ptr(new string(str)) {}
~Example6 () {delete ptr;}

// move constructor
Example6 (Example6&& x) :

ptr(x.ptr) {x.ptr=nullptr;}
// move assignment

142



B.H. T'osi010608B O nepeBo/ie 0THOTO PYKOBO/ICTBA

Example6& operator= (Exampleb6&&
x) |
delete ptr;
ptr = x.ptr;
x.ptr=nullptr;
return *this;
}
// access content:
const string& content () const
{return *ptr;}
// addition:
Example6 operator+ (const
Example6& rhs) {

return
Example6 (content () +rhs.content ()) ;
}
I
int main () {
Example6 foo ("Exam");

Example6 bar = Example6 ("ple");
// move-construction

foo = foo + bar;
// move-assignment

cout << "foo's content: " <<
foo.content () << '\n';
return 0;

KoMnunaTopbl y)Xe ONTUMU3NPYIOT MHOFOYUCNEHHbIE CnyYaun, koraa dopManbHoO TpebyeTcs BbI30B
KOHCTpPYKTOpa nepeMelleHuns, B TO, YTO U3BECTHO KaK ornTuMu3aLms Bo3BpaljaemMoro 3HaqdeHus: (Return
Value Optimization). bonee 3aMeTHO, KOrga 3HadyeHue, Bo3BpallaemMoe yHKUMEN, UCNOAb3yeTCa ANS
MHMLUManm3aumm obbekTa. B Takmx cnyvasix KOHCTPYKTOp riepemeLlyeHunst MOXeT Ha CaMOM Aefie HUKoraa
He BbI3BaTbCS.

3ameTbTe, UYTO faxe Npu TOM, YTO CCbIJIKU r-3Ha4YeHUs1 MOTyT UCMO/b30BaTbCs ANS Tuna nboro
napameTpa dyHKLMU, U3peaKa nosiesHo UCMOoSIb30BaTb YTO-TO APYroe, YeM KOHCTPYKTOP MepeMeLyeHms.
CCbINIKM r-3HavyeHnst MyapéHbl, U UX UCNONb30BaHue 6e3 ocobol HeobXO0ANMMOCTM MOXET CcTaTb
NCTOYHMKOM OLWMBOK, KOTOPbIE KpailHe TPYAHO OTCNEAUTb.

CKpbITbI€ YJ1€HbI

Ulectb cneymnasibHbix d)yHKLlMPVI-'-IHE‘HOB, ONMNCaHHbIX BbllWE, 3TO Y1€HbI, HEABHO AEK/NApPUPOBaAaHHbIE B
Knacce npu HEKOTOPbIX YCNIOBUAX:

npeponpeaenéHHoe
DYHKUMNSA-YNEeH HesIBHO onpepenieHbl:
onpepeneHue:
MpenonpeaenéHHbIii
€CNIN HEeT ApYrMX KOHCTPYKTOPOB HUYero He genaet
KOHCTPYKTOP
|ﬂ£CprKTop ”ecnw HeT AecTpyKTopa ”quero He aenaet

€C/IN HET KOHCTPYKTOpa nepeMeLleHns u HeT

KOHCTpyKTOp Konuu
npucBanBaHNa nepeMeLleHns

KOMUPYET BCE YNEHbI

€C/IN HET KOHCTPYKTOpa NepeMeLLeHnst n HeT

anCBaMBaHMe Konuun
npncBaMBaHNA NepeMelleHns

KOMUPYET BCE YNEHbI
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KOHCTpYKTOp €C/NN HET IeCTPYKTopa, HET KOHCTpYKTOpa
KOMWUW M HET HU NPUCBAMBAHUA KOMUU, HU nepeMeLLaeT BCe Y/eHbl
nepemeLlena nepeMeLleHus
MpucsanBaHme €CNN HEeT [ecTpyKTopa, HET KOHCTPYKTOpa
KOMUU M HET HU NPUCBAMBAHUA KOMUN, HU nepeMeLLaeT BCE YJIEHbI
nepemeLleHva nepeMeLLeHns

3aMeTbTe, YTO HE BCE CrielMnasibHble yHKLMMU-YJ1EHbI HEABHO OMNpPeAeseHbl B TEX Xe cnydaax. JTo, B
OCHOBHOM, CBA3aHO C 06paTHOM COBMECTUMOCTbIO CO CTPYKTYpamMun Cu 1 paHHMMU Bepcuammn C++, u,
baKTMUeCcKn, BKIIOUYAET HEKOTOpPbIE yYCTapeslune cnydan. K cHacTbio, KaXablil KNacc MOXET Bbi6paTh
ABHO, KaKune M3 3TUX YIeHOB BYAYyT COAepXaThCs C UX NpeaornpeaeneHUeM, a Kakme yaaneHsl C
nomoLubio knoyesbix cnos default y delete coorBeTcTBEHHO. CMHTAKUC OAUH U3:

function declaration = default;
function declaration = delete;

Hanpumep:

// default and delete implicit bar's area: 200
members

#include <iostream>

using namespace std;

class Rectangle {
int width, height;
public:
Rectangle (int x, int vy)
width (x), height(y) {}

Rectangle () = default;

Rectangle (const Rectangleé&
other) = delete;

int area() {return width*height;}
}i
int main () {

Rectangle foo;
Rectangle bar (10,20);

cout << "bar's area: " <<
bar.area() << '\n';
return 0;

3neck Rectangle mMoxeT KOHCTPyMpoBaTbCs Mbo ¢ AByMst 1nt aprymentamu, nm6o 6biTb
npegonpeaenéHHO CKOHCTpympoBaH (6e3 apryMmeHToB). OgHaKo OH He MOXeT 6bITb CKOHCTPYyMnpoBaH
KonupoBaHmuem n3 apyroro Rectangle obbekTa, NockoNbKy 3Ta MyHKUMA 6blna yaaneHa. Takum
obpasom, npuHmMMas ob6beKkTbl NocneaHero npumepa, cneaytouiee BblpaxeHue He 6yaeT NnpaBubHO:

Rectangle baz (foo);

OfHaKo BblpaXeHue MoxeT 6bITb cAenaHo COBEPLUEHHO MPaBU/IbHBIM, €CIN ONpeaennuTb ero
KOHCTPYKTOP KOMWUM Kak:

Rectangle: :Rectangle (const Rectangle& other) = default;

YTto 6yaeT, B CYLLHOCTM, SKBUBAJIEHTHO:
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Rectangle: :Rectangle (const Rectangle& other) : width (other.width),
height (other.height) {}

3aMeTbTe, UTo KJ4eBoe croBo default He onpegenser CDYHKU,VIIO-LU'IEH SKBUBAJIEHTHYIO

npeaonpeaenéHHOMy KOHCTPYKTOpy (T.€., rAe npeaonpeaeéHHbI KOHCTPYKTOP 03HayYaeT KOHCTPYKTOp
6e3 napaMeTpoB), HO 3KBUBANIEHTHYIO KOHCTPYKTOPY, KOTOPbIA 6yaeT onpenenéH HessBHO, €C/iN He
6yneT ynanéH.

B OCHOBHOM - U1 anga 6yayllein COBMECTUMOCTU — KilacCaM, KOTOpble SIBHO OMNpeaensitoT OAWH
KOHCTPYKTOP KOMuu/nepemMeLleHmst uam oqHo npucBanBaHue Konuu/nepeMeLlenns, Ho He oba,
pekoMeH0BaHO 3ajaBaTb N60 delete, NM60 default Ans ApyruMx cneumanbHbiX GYHKUWIA-UYNIEHOB,
KOTOpble OHU SIBHO He OrnpeaensioT.
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Apy>x6a n HacnegoBaHue

dyHkumn-apy3ba (Friend)

B npuHumne, private w protected 4neHbl knacca He MoryT 6bITb AOCTYMHbI U3BHE TOrO Kacca, B
KOTOPOM OHW 06bsAB/IEHbl. OAHAKO 3TO NPaBUIO HE NMPUMEHNMO K <4DY3bsSIM».

Zpy3bsa - 3To PYHKLMM Knacca, 06baABEHHbIE C KoUeBbIM cnoBoM friend,

DYHKLMW He UfieHbl MOTYT UMEeTb AOCTYN K private w protected uneHam knacca, eciiv OHM 06bsABMIEHDI
APY3bsSIMM Knacca. ITO AeNaeTCs BKIOYEHWEM AeK/1apalmy 3TUX BHEWHMX GyHKUWI BHYTPW Knacca C
npeAaLecTByOWNM KtoueBbiM cnoBoM friend;

// friend functions 24
#include <iostream>
using namespace std;

class Rectangle {

int width, height;

public:

Rectangle () {1}

Rectangle (int x, int y) : width(x), height (y)
{}

int area() {return width * height;}

friend Rectangle duplicate (const Rectangleg) ;
i

Rectangle duplicate (const Rectangle& param)
{

Rectangle res;

res.width = param.width*2;

res.height = param.height*2;

return res;

int main () {
Rectangle foo;
Rectangle bar (2,3);
foo = duplicate (bar);
cout << foo.area() << '\n';
return 0;

®yHkuma duplicate - 310 gpyr knacca Rectangle, 3HaunT, dyHkumusa duplicate cnocobHa
MosyunTb AOCTYN K yneHam width n height (kotopble private), pasHbiM o6bekTam Tuna Rectangle,
3aMeTbTe, XOTH 3TO He MpoAeKiapupoBaHo Hu B duplicate, vy B eé mocneayloweM MCrnosib30BaHnN B
main, pyHkuma-unen duplicate He paccmaTpuBaeTcs uneHoM knacca Rectangle, Het! OHa npocTo
uMeeT JoCTyn K eé private n protected uneHam, He byayum 4ieHOM Kiacca.

TUNMUYHOE NCNoNb30BaHMe MYKHUWI Apy3eit — 3To onepaumm, KOTopble COMYTCTBYIOT ABYM Pa3sHbIM
Knaccam, npu AOCTyne K private wnu protected uneHam o6oux.

Knaccbi-gpy3bsa

MoaobHO PyHKUMAM-APY3bSAM KacChl-APY3bs — 3TO KJ1ACChl, YbW YNE€Hbl UMEKT AOCTYN K private nnun
protected uneHam gpyroro knacca:

// friend class 16
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#include <iostream>
using namespace std;

class Square;

class Rectangle {
int width, height;
public:
int area ()
{return (width * height);}
void convert (Square a);

class Square {
friend class Rectangle;

private:
int side;
public:
Square (int a) : side(a) {}

void Rectangle::convert (Square a) {
width = a.side;
height = a.side;

int main () {
Rectangle rect;
Square sqr (4);
rect.convert (sqr) ;
cout << rect.areal();
return 0;

B aToM npuMepe knacc Rectangle gensetca apyrom knacca Square, no3eosnss GyHKUUSIM-UieHaM
Rectangle ymeTb gocTyn K private u protected uneHam Square, Bonee KOHKpeTHo, Rectangle
obpalllaeTca K nepeMeHHon-uieHy Square: : side, koTopas ONMCbIBAET CTOPOHY KBajpaTa.

ECTb M HEYTO HOBOE B 3TOM MpUMeEpEe: B Hayasie NporpaMMbl ecTb NycTas Aekfapaums knacca Square,
DT0 HeobX0AMMO, MOCKOJIbKY Kiacc Rectangle pcnonbsyer Square (kak napameTp B YsieHe
convert), a Square pycnonb3ayet Rectangle (06bsSBMB €ro Apyrom).

Opyx6a HUKoraa He nepenaéTcsl, NoKa He 3aZlaHa: B HaleM npumepe Rectangle paccmaTpuBaeTcst
Square knaccoM-gpyrom, Ho Square He paccMaTpMBAETCS APYroM CO CTOpPOHbl Rectangle, Takum
o6pa3om, dyHkumsi-uneH Rectangle moxeT uMeTb AocCTyn k protected v private uneHam Square, Ho
He HaobopoT. KoHeYHo, Square MoXeT Takxe 6biTb 06bABAEH Apyrom Rectangle, ecnmn HyxHo,
rapaHTUpys Takow AO0CTyn.

[pyroe cBOWCTBO ApY»6bl — 3TO TO, UTO OHA HE MEPEXOAUT: APYr Apyra He CUMTAeTCs APYroM, noka 3To
He 3a4aHo SIBHO.

HacnepoBaHue Mexxay Knaccamm

Knaccbl B C++ MOryT 6bITb paclumMpeHbl CO34aHMEM HOBbIX KJ1AaCCOB, KOTOPbIE COXPaHSOT
Xapaktepuctukm 6a3oBoro kiacca. ITOT Npouecc, U3BECTHbIM Kak HacneaoBaHwe, 3aTparmBaeTt
6a30Bbii K/1aCC N IPOn3BOAHbIV KJ1acC: NMPpOou3BOAHbINM K/1acC HacnepyeT YneHoB 6a30B0ro Ksaacca,
rnoBepx KOTOPOro OH MOXeT A06aBUTb ero CO6CTBEHHbIX Y/IEHOB.

Hanpumep, paBante npeacrtaByMM nocneanoBaTes/IbHOCTb K1aCCoB, uyTo6bI ONMMcaTb ABe Pa3HOBUAHOCTU
MHOIMOYrosibHUMKOB: NPpAMOYroJibHUKa U TpeYroJibHMKa. 2T aBa MHOroyrosibHMKa MMEeKT HEKOTOPLbIE
obwme CBOVICTBa, TaKne KakK Hy>XHble Ans pacqéTa NX NAoWaAnN 3HAUYEeHUs: OHM oba MOoryT 6bITb
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onuvcaHbl NPOCTO BbICOTOM U WWUPUHOM (MM OCHOBAHMEM).

DTO MOXET 6bITb NPEACTaBNEHO B TEPMMUHAX K1AaCCOB C KlaccoM Polygon, us KkoToporo Mbl Npon3Beaém
nBa apyrux: Rectangle py Triangle:

FEEEEssEEE= -
1 CPolygon '
e sssssssmm. -l
CRectanigle
CTriangle

Knacc Polygon 6ygeTt cofepxaTb UfieHbl, KOTOpbIE ABAAIOTCA 061WMMM A5 060MX TUMOB
MHOMOYrofIbHMKOB. B HaweMm cnyyae: width y height,  Rectangle, y Triangle 6yayT ero
MPOM3BOAHBLIMM KNAacCaMmn C 0CO6EHHOCTAMU, KOTOPbIE OT/IMYAIOTCA B OAHOM TUME MHOIOYro/lbHMKa OT
apyroro.

Knaccel, KOTopble IBASAOTCA NPOM3BOAHbLIMK OT APYrUX, HAC/eAYOT BCe AOCTYMHblE YneHbl 6a30B0Oro
Knacca. 3To 03Ha4aeT, YTo ecnv 6a30BbIi KNAcc BKAOYAET ufeH A, Mbl NpoM3BeaéM OT Hero Knacc C
APYTMM UfIeHOM, Ha3BaHHbLIM B, npon3BoaHbIi knacc 6yaeT cogexatb oba uneHa: u A, un B,

B3anmMocCBSA3b HacneaoBaHMsa ABYX KNaccoB 06bsABNAETCA B NPOM3BOAHOM Knacce. OnpeaenexHue
NMPOnU3BOAHbIX K/1ACCOB UCNOJIb3YET C}'IED,YI'OUJ,VII‘/II CUHTAKCUC:

class derived class name: public base class_ name

{ /*...%/ };

fne derived_class_name - 370 UMSA NPOU3BOAHOIO Kiacca, a base_class_name - 3710 uMa Knacca,
Ha KOTopoM oH 6a3upyetca. CrneuundunkaTop aoctyna public MoxeT 6bITb 3aMeLéH N06bIM APYrMM
cneumndukaTopom goctyna (protected unm private), 3ToT cneundmrkaTop AOCTyNa orpaHMYMBaeT
YPOBEHb AOCTYMNa K 4YJi€eHaM, HacneayeMbiM U3 6a30Boro kjacca. YneHbl ¢ MakcMManbHbIM YPOBHEM
AOCTyna yHacneaoBaHbl C 3TUM YPOBHEM, TOrga KakK 4jeHbl C paBHbIM UK 6onee CTPOrmMm ypoBHEM
AOCTyNna COXpPaHAT UX OFpaHMHEHHbIﬁ YpPOBEHbL B NPpOMN3BOAHOM KJlacCcCe.

// derived classes 20
#include <iostream> 10
using namespace std;

class Polygon {
protected:
int width, height;
public:
void set values (int a, int b)
{ width=a; height=Db;}
}i

class Rectangle: public Polygon {
public:
int area ()
{ return width * height; }
}i

class Triangle: public Polygon {
public:
int area ()
{ return width * height / 2; }
}i
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int main () {
Rectangle rect;
Triangle trgl;
rect.set values (4,5);
trgl.set values (4,5);
cout << rect.area() << '\n';
cout << trgl.area() << '\n';
return 0;

O6bekThl Knaccos Rectangle y Triangle kaxabli comepxaT YneHbl, YHacneaoBaHHble ot Polygon,
O710: width, height y set values,

CrneundukaTop goctyna protected, ncnonb3oBaHHbIN B knacce Polygon, noxox Ha private, Ero
eaANHCTBEHHOE OT/In4une 06Hapy>|<V|BaeTc;| B CbaKTVI‘-IeCKOM HacneaoBaHUN. Korp,a KNlac HacneayeTca
APYTUM, YfieHbl MPOM3BOAHOMO Knacca MOryT MMeTb AOCTYN K protected uneHaM, yHac/nefoBaHHbIM U3
6a30BOro K/acca, HO He K ero private uneHam.

OexknapupoBaHvem width y height kak protected Bmecto private aTu uneHbl Takxe CTaHOBATCS
[OCTYMHbI U3 NPOU3BOAHbIX KaccoB Rectangle y Triangle pMecto TOro, YTo6bl UMEThL AOCTYN
TONbKO U3 YneHoB Polygon, Ecnu 6bl 0HU 6blau public, oHWN 6binK 6bl AOCTYMNHbLI OTOBCHOAY .

Mbl MOX€EM CyMMUPOBaTb pasHble TUMbl 4OCTyNa COrNacHo TOMY, Kakme GyHKLMM MOryT NONy4YnUTh
[OCTYN B C/IEAYOLWMX CyYasx:

| Aoctyn ”public”protected“private
|qneHb|Toro>Ke Knacca ”yes ”yes ”yes |
|HHEHbIHpOM3BOAHOFO Knacca”yes ”yes ”no

|He YneHbl ”yes ”no ”no |

34echb «He uneHbl» AaT N6oi A0CTYN U3BHE Klacca, Takon Kak U3 main, us apyroro Knacca wunm us
dyHKUUN.

B npuMepe Bbile YfieHbl, yHacieaoBaHHble Rectangle y Triangle, uMeloT TOT Xe AOMYCK, KaKoW
OHW MMenu B ux 6as3oBoM knacce Polygon;

Polygon: :width // protected mocTyn
Rectangle: :width // protected mocTyn
Polygon: :set values () // public mocTyn
Rectangle::set values() // public moctyn

OTO UMEEeT MecTo, MOCKOJIbKY OTHOLWEHNE HacneaoBaHu4 6b1710 06BABMIEHO C UCMOIb30OBAHMEM
KntoueBoro cnosa public g KaX40M U3 Npon3oBOAHbIX KJ1aCCOB!

class Rectangle: public Polygon { /* ... */ }

Kntouesoe cnoso public nocne agsoetouns (:) nokasbiBaeT Haubonee AOCTYMHbIA YPOBEHb Y/IEHOB,
HacneQyeMbIxX U3 Kiacca, KOTopbIi crieayeT 3a ABoeTouneM (B Hawem ciyyae Polygon), koTopblit
6yaeT u3 NpoMsBoAHOro knacca (B HaweM cnydae Rectangle), Mockonbky pPublic ypoBeHb
HanboNbLIEro YpoBHS AOCTYMNa, 3aA4aHMeM 3TOro KJ/IK0UYEBOro C/I0Ba NMPOM3BOAHbLIN Knacc 6yaeT
HacnenoBaTh BCE Y/EHbl C TEM XE YPOBHEM, KOTOPbIA OHU UMenun B 6a30BOM Kacce.

C protected Bce public yneHbl 6a30BOro knacca HacneayloTcs Kak protected B nponsBogHOM
knacce. M Hao6opoT, ecnun 3agaH Hambonee 3aKpbIThll YpoBeHb AocTyna (Private), Bce uneHbl
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6a30BOro Knacca HacneayrTca Kak private,

HanpuMmep, ecnv AoyepHMM 6bin KNacc, NPOU3BeAEHHbIM OT MaTEPUHCKOro, KOTOPbIA Mbl ONpeaenvim
Tak:

class Daughter: protected Mother;

To 6yaet yctaHoBneHo pProtected kak MeHee 3aKpbITbI YPOBEHb A0CTYNa ANs yneHos Daughter,
KOTOpblE YHacNeA0BaHbl OT MaTEPUHCKOro Kflacca. ITO TaK, BCE UieHbl, KoTopble 6biin public g
Mother, craHyT protected g Daughter, KoHeuHo, 3T0 He ucknoumnt ansa Daughter
[leK/TapupoBaHns ero cobCTBEHHbIX public YNEHOB. 3TO MeHee 3aKpbITbli yPOBEHb AOCTYNA TONbKO
yCTaHaB/MBAETCS A1S YIEHOB, YHacneAoBaHHbIX oT Mother,

Ecnu He 3aaH ypoBeHb AOCTyNa Npu HacleaoBaHUM, KOMNUASTOP NPUCBauBaEeT private Ans Knaccos,

06bABNEHHbIX C KNHOUeBbIM cNoBoM Class, n public ans Toro, 4To AEKIAapUPOBaAHO C MOMOLLbIO
struct,

Yto Hacnegyerca n3 6a30BOro Knacca?

B npvHUMNe, NPOM3BOAHbIV K/lAcc HacneayeT Kaxaoro yieHa 6a30Boro knacca, Uckioyas To:

YTO 3TO KOHCTPYKTOP W AECTPYKTOP.

Y10 3TO ONepaTop NpucBamBaHus YneHoB (operator=).
Y10 3TO ApY3b4.

YTo 37O private yneH.l.

XOTS KOHCTPYKTOPbI U AeCTPYKTOpbl 6@a30BOro kiacca He HacneayTCcs B MPOM3BOAHOM Klacce, OHM BCE
€LLE BbI3BAOTCSH KOHCTPYKTOPOM MPOM3BOAHOIO Kiacca. Moka MHoe He 3a4aH0, KOHCTPYKTOPb
NPOM3BOAHbLIX K/1TaCCOB BbI3BAOT NpeaonpeaenéHHble KOHCTPYKTOPbl X 6a30BbIX Kiaccos (T.e.,
KOHCTPYKTOP HE NMPUHMMAET apryMeHTOB), KOTOPblE AOMXKHbI BbIMO/HATLCS.

Bbi30B npeponpenenéHHOro KOHCTpyKTopa 6a30B0Oro Knacca BO3MOXeH C UCMOSIb30BaAHMEM TOIO Xe
CMHTaKCUCa, 4YTo U Npn MHNUManmn3aumm nepeMeHHbIX-41eHoB B CNMUCKE MHULUMaNnN3aunn:

derived constructor name (parameters) : base constructor name (parameters)

{...}

Hanpumep:

// constructors and derived classes Mother: no parameters
#include <iostream> Daughter: int parameter
using namespace std;
Mother: int parameter
class Mother { Son: int parameter
public:
Mother ()
{ cout << "Mother: no
parameters\n"; }
Mother (int a)
{ cout << "Mother: int
parameter\n"; }

}i

class Daughter : public Mother {
public:
Daughter (int a)
{ cout << "Daughter: int
parameter\n\n"; }

1
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class Son : public Mother ({
public:
Son (int a) : Mother (a)
{ cout << "Son: int
parameter\n\n"; }
bi

int main () {
Daughter kelly(0);
Son bud(0) ;

return 0;

OTMeTbTe pasHWLY MeXAay TeM, KaK Bbl3BaeTCcst KOHCTpykTop Mother, koraa cospaértcs HOBbIN
Daughter o6bekT, U korga aTo SOn o06beKT. PasHuWUa BO3HUKaeT 6naroaaps pasHbiM 06bABIEHUSAM
KOHCTpyKTOpa B Daughter p Son:

Daughter (int a) // HMYEro He 3aIaHO: BHB3BAETCS NPenonpenéHHEM
KOHCTPYKTOP
Son (int a) : Mother (a) // KOHCTPYKTOP 3amaH: BEI3EBAETCH 3TO 3alaHHLIM
KOHCTPYKTOP

MHoO)>XecTBeHHOe HacneaosaHue

Knacc MoxeT HacnenoBaTth 60/iee YeM OT OAHOrO Kiacca NpocTo 3adaHnem 6onee oaHOro 6a3oBoro
K/lacca, KOoTopble pasfensioTcs 3ansSTbiMU B CNMcKe 6a30BbIX K1accoB (T.e., Nocie ABOEToUns ).
Hanpumep, ecnu nporpamMma 3a4aéT Kacc Ans BbiBoAA Ha 3KpaH, HasBaHHbI Output, u Mbl XOTUM,
yTObbl HalwKM Knaccel Rectangle y Triangle Takxe HacNe[OBa M €ro YseHbl B AOMNO/IHEHUE K TeM,
yto B Polygon, Mbl A0MXHbI HanucaThb:

class Rectangle: public Polygon, public Output;
class Triangle: public Polygon, public Output;

BOT nosiHbIN npumep:

// multiple inheritance 20
#include <iostream> 10
using namespace std;

class Polygon {
protected:
int width, height;
public:
Polygon (int a, int D)
width (a), height(b) {}
bi

class Output {
public:
static void print (int 1i);

}i

void Output::print (int i) {
cout << 1 << '\n';

}
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class Rectangle: public Polygon,

public Output {
public:

Rectangle (

Polygon(a,b) {}

int area ()

{ return width*height; }

int a, int b)

I

class Triangle: public Polygon,
public Output {
public:

Triangle (int a, int b)
Polygon(a,b) {}

int area ()

{ return width*height/2; }

}i

int main () {
Rectangle rect (4,5);
Triangle trgl (4,5);
rect.print (rect.area());
Triangle::print (trgl.area());
return 0;

O mepeBo/ie 0JTHOTO PYKOBO/ICTBA
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NMonnMmopdusm

Mepen TeM, Kak yrnybuTbCcs B 3Ty rnaBy, Bbl A4O/IKHbI MMETb XOpoOLUee NOHMMaHMeE yKasaTenen u
HacnenoBaHus knacca. Ecnum Bbl He yBepeHbl B Ha3HauYeHUM 11060ro M3 cneayroLnx BblipaxkeHui, Bbl
LOJIKHbI MOBTOPUTb YKasaHHble psaaoM pasaerbl:

| BbipaXkeHue: | oO6wbsachsercs s:

|a—>b ||CTypKTypr OAHHbIX

|
|int A::b(int ¢) { } ||KnaCCb| |
|
|

|ClaSS A: public B {};||/Qpy*ba n HachegosaHue

Yka3arenun Ha 6a30BbiM KJ1accC

OAHOM U3 KtoYeBbIX 0COBEHHOCTEN HacneAoBaHMS KacCoB SIBASETCS TO, YTO yKasaTesb Ha
NpU3BOAHbIN KNAacC COBMECTUM MO TUMY C yKa3aTesnieM Ha ero 6a30Bbli knacc. [1o1mmMoppusm — 3To
WCKYCCTBO MCMOSIb30BaHUS 3TOMO NPOCTOro, HO MOLLHOMO M MHOFOrpaHHOro cpeacTsa.

Mpumep c rectangle v triangle knaccammn MoXeT 6bITb NepenncaH C NOMOLLbIO yKa3aTesien, NpuHMMas B
pacyéT BbllLleCcKasaHHoe:

// pointers to base class 20
#include <iostream> 10
using namespace std;

class Polygon {
protected:
int width, height;
public:
void set values (int a, int b)
{ width=a; height=b; }
}i

class Rectangle: public Polygon {
public:
int area()
{ return width*height; }
}i

class Triangle: public Polygon {
public:
int area()
{ return width*height/2; }
bi

int main () {
Rectangle rect;
Triangle trgl;
Polygon * ppolyl = &rect;
Polygon * ppoly2 = &trgl;
ppolyl->set values (4,5);
ppoly2->set values (4,5);
cout << rect.area() << '"\n';
cout << trgl.area() << '\n';
return 0;

®yHKUMa main o6bsBNAET ABa ykasaTtens Ha Polygon (HasBaHHble Ppolyl n ppolyZ2). EcTb
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HasHaueHHble agpeca rect n trgl cooTBeTCTBEHHO, KOTOpbIE ABNAOTCA 06bekTamMu Tuna Rectangle
n Triangle, Takne npucBanmBaHWsa NpaBWiibHbl, MOCKONbLKY 06a n Rectangle, y Triangle - 370
Knaccbl Mpon3BoaHble oT Polygon,

PasbiMeHoBbIBaHWe PPOlyl n ppoly2 (c nomouwbto *prolyl n *ppoly2) npaBunbHoe U NO3BONSET
HaM MoMyuYUTb AOCTYN K YieHaM yKasblBaeMbiX UMW 06bEKTOB. HanpuMmep, cneaylolime ABa BbipaxXeHNs
6yayT 3KBMBANEHTHbI B NpeablayLleM npuMepe:

ppolyl->set values (4,95);
rect.set values (4,5);

Ho, nockonbky Tvn ppolyl n ppoly2 - 370 ykasatenu Ha Polygon (M oHM He yKasbiBalOT HU Ha
Rectangle, oy Ha Triangle), a TONbLKO YieHbl, yHacneaoBaHHble oT Polygon, MoryT 6biTh
[OCTYMHbI, HO HE Te, UTO OT NPOM3BOAHLIX KnaccoB Rectangle y Triangle, BoT noyeMy nporpamma
BbllLE MoJlyyaeT AOCTYMN K uneHaM area obonx 06bEKTOB, UCMOJb3ya BMECTO yKasatenen rect p trgl
HEeMoCcpeCTBEHHO. YKa3aTenun Ha 6a30Bblii KNacc He MOryT MOMy4YMThb AOCTYN K ufieHaM area,

UneH area umen 6bl 4OCTYN C ykasaTensaMu Ha Polygon, ecnu 6bl area 6bin uneHom Polygon, a He
YSIEHOM €ro Npou3BOAHbLIX KaccoB, HO NpobneMa B ToM, yto Rectangle y Triangle peanusyioT
pa3Hble Bepcuu area, BCieAcTBUE Yero HeT eanHon oblwen Bepcun, koTopas 6bina 6bl peannsoBsaHa B
6a3oBoM knacce.

BupTtyasibHble YJieHbl

BupTyanbHbIn YneH — 3T0 MYHKUMA-UYIeH, KoTopas MoxeT 6bITb nepeonpegeneHa B NpoM3BOAHOM
Knacce, 4tTobbl NpeaoXpaHnTb €€ CBOMCTBA OT BbI30Ba Yepe3 CCblikM. CMHTAKCUC ans yHKUMmM, 4TobbI
06bABUTL €€ BUPTYasibHOM, 3TO NpeaBapuTb 06bABNEHME KTHOYEBbLIM ClI0BOM Virtual:

// virtual members 20
#include <iostream> 10
using namespace std; 0

class Polygon {
protected:
int width, height;
public:
void set values (int a, int b)
{ width=a; height=b; }
virtual int area ()
{ return 0; }

}i

class Rectangle: public Polygon {
public:
int area ()
{ return width * height; }
}i

class Triangle: public Polygon {
public:
int area ()
{ return (width * height / 2);

int main () {
Rectangle rect;
Triangle trgl;
Polygon poly;
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Polygon * ppolyl &rect;
Polygon * ppoly2 = &trgl;
Polygon * ppoly3 &poly;
ppolyl->set values (4,95);
ppoly2->set values (4,5);
ppoly3->set values (4,5);

cout << ppolyl->area() << '\n';
cout << ppoly2->area() << '\n';
cout << ppoly3->area() << '\n';
return 0;

B aTOM npuMepe Bce Tpu knacca (Polygon, Rectangle y Triangle) umetoT Te xe uneHbl: width,
height, n dyHKumMn set_values y area,

DyHKUMSA-UNIeH area 6bina obbsABNeHa Kak virtual B 6a30BOM Kiacce, MOCKOMbKY 3TO No3xe
nepeonpenesneHo B KaX/A0M M3 NPOU3BOAHbIX K/1aCCOB. He BUPTyasbHble YNeHbl MOFYT Takxe 6biTh
nepeonpeneneHbl B NPOM3BOAHbIX KiaccaxX, HO K He BUPTyasibHbIM YfleHaM NPOM3BOAHbIX K1AacCoB He
MOXET BbITb [OCTYyMa Yepes CChI/IKM 6a30BOro Knacca. To ecTb, ecnu virtual yaaneHo us aeknapauun
area p npuMepe BblllEe, BCE TPU Bbl30Ba area BEpHYT HOJb, MOCKOJIbKY BO BCEX K/1accax A0/HKHA
BbI3BaTbCsl BMECTO 3TOro Bepcusa 6a30BOro kjacca.

M, B CyWHOCTW, TO, YTO AeNaeT KuyeBoe cnosBo virtual, 31o no3BonseT uneHam NpomMsBoOAHOIo
K/lacca C TEM Xe MMEeHEeM, UTo 1 B 6a30BOM Kfacce, NoAxoAsLUMM 06pa3oM Bbi3bIBATbCA MO yKasaTesnio.
Bonee TouHO: KOraa TUM yKasaTens, 3TO yKasaTesb Ha 6a30Bblii KNacc, KOTOPbI yKa3biBAeT Ha 06bEKT
NMPOW3BOAHOIO K/1acca, Kak B MpuMepe Bbllle,

Knacc, KoTopblit 06bABASIET UM HAacNeayeT BUPTYaNnbHY yHKUNIO, Ha3biBAeTCSA 10/IMMOPEHBIH Kiacc.
3aMeTbTe, YTO, HE CMOTPS Ha BUPTYasbHOCTb OAHOMO M3 ero ufieHoB, POlygon 6bin 06blYHBIM KNACCoM,

OT KOTOPOro Aax)e 6bl/1 co3aaH ak3eMnnap obbekTa (POly) ¢ ero co6CTBEHHbIM ONpeaenieHneM UyneHa
area, KoTopbl Bceraa Bo3spatyaet 0.

A6cCTpakTHble 6a30Bble K/1accChl

A6cTpakTHble 6a30Bble KacChl — 3TO HEUTO OYEHb MOXOXee Ha knacc Polygon B npeabigywiem
npuMepe. 3TO KIaccbl, KOTOPble MOTYT 6bITb MCMOMIb30BaHbl TOIbKO Kak 6a30Bble Knacchl,
cnenoBaTeNibHO, UM paspeLleH0 MMETb BUPTYyasibHble hyHKUMM-UNieHbl 6e3 onpeaeneHns (M3BeCTHbIE,
KaK 4MCTo BUpTYyanbHble yHKUMKN). CUHTAKCUC — 3TO 3aMeLLeHMEe UX onpeaeneHns ¢ nomoubio =0 (un
3HaK paBeHCTBa, W Hy/b):

ABCTpaKkTHbIl 6a30BbI knacc Polygon MoxeT BrasaeTb NoXoXmMM Ha TaKoi:

// abstract class CPolygon
class Polygon {
protected:
int width, height;
public:
void set values (int a, int b)
{ width=a; height=b; }
virtual int area () =0;

3aMeTbTe, YTO @rea He UMeeT onpeaesieHns; 3To 6bi10 3amMeHeHo =0, YTo aenaeT 06bEeKT YMCTO
BUPTYyasibHOM yHKUmeri. Knaccol, KOTOpble coaepXaT XoTs 6bl O4HY YMCTO BUPTYyasbHyO QYyHKUMIO,
W3BECTHbI KaK abCcTpakTHble 6a30Bbie K/1acchl.

AbcTpakTHble 6a30Bble KlacChbl HE MOTYT UCMNOJIb30BaTbCS AJ15 CO34AaHMSA 9K3eMnNapoB (peanusauum)
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06bekToB. TaknM o06pa3oM, 3Ta nocneaHsa Bepcus abcTpakTHoro 6a3oBoro knacca Polygon He mMoxeT
6bITb MCMosib30oBaHa Ana o6baBieHns o6bekToB, NOA0OHbLIX 3TUM:

Polygon mypolygon; // He paboraeT, eciu Polygon aBCTPaKTHHIM Oa30BHM KJACC

Ho abcTpakTHbIl 6a30Bbiii Kacc He CoBCeM HecrnoneseH. OH MOXET UCMOoMb30BaThCA AN CO3AaHUS
yKasaTesnieit Ha Hero, 4YTobbl MoNy4YnTb BCe NpeMMyLlecTBa nonnMopdunsma. Hanpumep, cneaytouiee
obbsABNEHMe yKasaTens 6yaeT npaBubHbIM:

Polygon * ppolyl;
Polygon * ppoly2;

M ykasaTenb MOXET peanbHO 6biTb pa3biMEHOBAH, KOrAa ykasblBaeT Ha 06beKTbl MPOU3BOAHbIX (He
abcTpakTHbIX) KNnaccoB. BoOT monHbIv npuMep:

// abstract base class 20
#include <iostream> 10
using namespace std;

class Polygon {
protected:
int width, height;
public:
void set values (int a, int b)
{ width=a; height=b; }
virtual int area (void) =0;

b

class Rectangle: public Polygon {
public:
int area (void)
{ return (width * height); }
}i

class Triangle: public Polygon {
public:
int area (void)
{ return (width * height / 2);

int main () {
Rectangle rect;
Triangle trgl;
Polygon * ppolyl = &rect;
Polygon * ppoly2 = &trgl;
ppolyl->set values (4,5);
ppoly2->set values (4,5);
cout << ppolyl->area() << '\n';
cout << ppoly2->area() << '\n';
return 0;

B a3TOM npuMepe 06beKTbl pa3HbIX, HO CBA3aHHbIX TUMNOB, UMEIT CCbISIKM ANS UCNOMb30BaHUS
YHUKaNbHOro Tuna ykasatensa (Polygon*), n kaxablii pa3 BbiI3BAeTCA NpaBubHas GyHKUMUA-YEH,
TONIbKO MOTOMY, YTO OHUW BUPTYyasnbHbl. 3TO MOXET 6bITb peanbHO NONE3HO B HEKOTOPbLIX CUTYaUUsX.
HanpuMmep, ecTb BO3MOXHOCTb YsieHaM abcTpakTHoro 6a3oBoro knacca Polygon ucnonb3soBaTtb
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cneumanbHbIi ykasatens this ana goctyna K npaBuibHbIM BUPTYabHbIM YfleHaM, XOTa caM Knacc
Polygon He uMmeeT peanusauun dyHkumm this:

// pure virtual members can be called 20
// from the abstract base class 10
#include <iostream>
using namespace std;

class Polygon {
protected:
int width, height;
public:
void set values (int a, int b)
{ width=a; height=b; }
virtual int area() =0;
void printarea ()
{ cout << this->area() << '\n';

’

class Rectangle: public Polygon {
public:
int area (void)
{ return (width * height); }
bi

class Triangle: public Polygon {
public:
int area (void)
{ return (width * height / 2);

’

int main () {
Rectangle rect;
Triangle trgl;
Polygon * ppolyl = &rect;
Polygon * ppoly2 = &trgl;
ppolyl->set values (4,5);
ppoly2->set values (4,5);
ppolyl->printareal() ;
ppoly2->printareal() ;
return 0;

BupTyanbHble uneHbl U abcTpakTHble Knacckl npuaaloT C++ nonmMMopdHble XapakTepucTuku, Hambonee
nosiesHble Ana 06beKTHO-OPUEHTUPOBAHHbIX MPOeKTOB. KOHEYHO, MpUMEpPSDI BbilIEe — 3TO OUYEHb MPOCTbIE
npuMepbl MPUMEHEHUS, HO 3TN BO3MOXHOCTM MOMYT UCMO/Ib30BaTbCA C MAacCMBaMu 06bEKTOB UK
AVNHaMUUYECKN pacnonaraeMbiMn o6beKTaMu.

BoT npumep, KOMOBUMHUPYOLWNIA HEKOTOPbIE N3 BO3MOXHOCTEN B NOC/IEeAHUX pasjernax, Takme Kak
AVHaMmMyeckasl NaMsaTb, MHULMANM3aUNa KOHCTPYKTOpa U NoamMMopdusm:

// dynamic allocation and 20
polymorphism 10
#include <iostream>
using namespace std;

class Polygon {
protected:
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int width, height;
public:
Polygon (int a, int Db)
width (a), height(b) {}
virtual int area (void) =0;
void printarea ()
{ cout << this->area() << '\n';

r

class Rectangle: public Polygon {
public:
Rectangle (int a, int b)
Polygon(a,b) {}
int area/()
{ return width*height; }
}i

class Triangle: public Polygon {
public:
Triangle (int a,int Db)
Polygon(a,b) {}
int area()
{ return width*height/2; }
}i

int main () {

Polygon * ppolyl = new Rectangle
(4,5);

Polygon * ppoly2 = new Triangle
(4,5);

ppolyl->printareal();
ppoly2->printareal() ;
delete ppolyl;
delete ppoly2;
return 0;

3aMeTbTe, UYTO yKasaTenu ppoly:

Polygon * ppolyl = new Rectangle (4,5);
Polygon * ppoly2 new Triangle (4,5);

LAEKTapupyoTcs Kak nMetolme TUN «ykasaTens Ha Polygon®», HO 06beKTbl 6blIM 06BbABAEHbI, Kak
MMeroLLMe HenoCcpeacTBEHHO TUMN NMPOU3BOAHbLIX knaccoB (Rectangle M Triangle).
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OApyrne Bo3MO>XHOCTHU AA3blKa:

TpaHcchopMMpoBaHUA TUNa

HesBHOE npeBpaujeHue

HesBHOe npeBpalleHne aBTOMaTUYECKM BbINMOMHAETCS, KOrAa 3Ha4YeHUe KONMpyeTCcs B COBMECTUMBIN
T™™n. Hanpumep:

short a=2000;
int b;
b=a;

34ech 3HaveHue a nepeBoauTca U3 short g int 6e3 Heo6Xx0AMMOCTM KaKoro-1mMbo sBHOro ornepartopa.
3TO U3BECTHO KakK CTaHAapTHOE ripeobpasoBaHune. CTaHaapTHoe npeobpa3oBaHue 3aTparnsaeT
dyHAAMEHTaIbHbIE TUMbI AaHHbIX U MO3BONSET KOHBEPCUIO MEXAY YMCNOBbIMM TUMaMm (short g int,
int g float, double g int...), B unu n3z bool, n HekoTopble Npeobpa3oBaHUsA yKasaTeneu.

KoHBepTnpoBaHue B 1nt n3 HeKoToporo MeHbllero uenoro tmna unm B double y3 float ussectHo
Kak rnogaepxka (promotion), oHO rapaHTUPYeT NoslyYeHUe TOUHO TOro e 3HaYeHUs B Lie1eBOM TurMe.

Opyrve npeobpa3oBaHus Mexay apudMeTUYECKMMM TUMaMK He Bceraa crnocobHbl NPeacTaBUTb TOUHO
Takoe Xe 3HayeHue:

e Ecnu oTpuuatenbHoe uenoe 3HavyeHue npeobpasyeTcs B 6€33HaK0BbIN TUM, pe3ynbTupyoLlee
3HauYeHne OTHOCUTCS K ero 2My AOMNOJIHUTENbHOMY NMO6MTOBOMY NpeacTaBneHuto (T.e., —1
CTaHOBUTCA HanbO/bLINM 3HAYEHUEM NPEACTABASEMbIM TUMOM, —2 BTOPbIM HAaNBOMNbLINM, ...).

e KoHBepcua ns/s bool nogpasymesaeT, uto false skBuBaneHTHO Hy/1t0 (AN YNCNOBbLIX TUMOB)
W Hy/ib-yKka3sateso (Ana TUNoB ykasaTtenen); true skBmMBaneHTHO BCEM APYTMM 3HAYEHUSM U
KOHBEPTUPYEMO B 3KBMBAsEHT 1.

e Ecnu npeobpazoBaHune ocyecTBisSeTCA U3 TUMa C naaBatroLwen TOYKOM B LeNblA TUM, 3HadeHne
ycekaeTcs (AecsaTuyHasa vacTb yaansertcs). Ecnm aToT pe3ynbtaTt NexXuT BHe agmManasoHa
3HayeHus npeacTaBaseMoro TMnoM, npeobpasosaHne NpuseaéT K HeornpenenéHHoMy
MoBeAEHMNIO.

e UMHaue, ecnn KOHBEPCUS NMPOUCXOAUT MeXAy YNCIOBbIMW TUNaMu ogHOro poaa (uenoe B uenoe
WKW 3HAYEHUE C MnJaBatower TOYKOM B 3Ha4YeHme C niasatolen Toukon), npeobpasosaHune
NpaBuWbHO, HO 3HAaYeHue crieyngpuyeckn peainsyemMo (M MoXeT bbiTb HENepPeHOCUMO).

HekoTopble n3 aTnx npeobpasoBaHmini MOryT NOB/EYb NOTEPK TOYHOCTU, O KOTOPOM KOMMUASTOP MOXET
CMHaNn3MpoBaTb NpeaynpexaeHmeM. DToro nNpeaynpexaeHms MoXHO nsbexatb Npu SBHOM
npeobpa3soBaHuu.

[na He dyHAaMeHTanbHbIX TUMOB, MAacCUBOB U (PYHKLIMIA OCYLLECTBASIETCS HEABHAs KOHBepTauuMs B
yKasaTenu, a ykasaTenn, B OCHOBHOM, AOMNYyCKaloT cieaytoume npeobpasoBaHus:

Hynb-yKkasatesin MOryT KOHBEpPTMPOBaTbCS B yKasaTenu noboro tuna.

YKkasaTenun B nt060i TUN MoryT 6bITb KOHBEPTMPOBaHbl B void ykasaTenu.

YkasaTenu socxogsuume (upcast), ykasaTenm Ha NponsBoAHbIN KNacc, MOryT KOHBEPTUPOBaTbCS
B YKa3aTesnun JOCTyrnHoOro n o4Ho3HayHoro 6a3oBoro Knacca 6e3 Mmoandukaumm ero const uam
volatile kBanudukaumi.

HesiBHble npeo6pa3oBaHUA C KJlaccaMu

B MMpe KnaccoB HesiBHblE NpeobpasoBaHusl MOFyT YNpPaBAsTbCs 3HAYEHUSAMU TPEX PYHKUMN-YNEHOB:

(] KOHCTpPYKTOpbI C €AUMHCTBEHHDbIM apryMeHTOM: NO3BOJISAI0T HEABHOE npeo6pa3OBaHme n3
06bIYHbIX TUNOB B MHULKWAM3aUMIO o6bekTa.
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e OnepaTtop NnpucBanMBaHUSA: MO3BOJISET HesBHOE NpeobpasoBaHmne U3 06bIYHOro TUNa B

npuceanBaHus.
e OnepaTtop OAHOTUMHbIX Npeo6pa3oBaHMIi: NO3BOSET HEsIBHOE Npeobpa3oBaHme 06bIUHbIX
TUMOB.
Hanpumep:

// implicit conversion of classes:
#include <iostream>
using namespace std;

class A {};

class B {

public:
// mnpeoBpasoBaHue u3 A (KOHCTPYKTOP) :
B (const A& x) {}
// mnpeoBpaszoBaHre M3 A (IprcCBamMBaHUE) :

B& operator= (const A& x) {return *this;}
// mnpeofpazoBaHue B A (OOHOTUIIHEIA OIEPATOP)
operator A() {return A();}

int main ()

{

A foo;

B bar = foo; // BEI30B KOHCTPYKTOpPa

bar = foo; // BHI3OB MNPVCBAaUBAHUSA

foo = bar; // BHIBOB OOHOTUIIHOTO OIlepaTopa

return 0;

OAMHOTUMHBIA ONepaTop UCMOMb3YET 06bIUHbIA CUHTAKCUC: OH UCMOJIb3YEeT KH0UEBOE C/I0BO
operator, cneaytollee 3a LEeeBbIM TUMOM U MyCTble CKOBKM. 3aMeTbTe, YTO BO3BPALUAEMbIi TUMN — 3TO
LieneBoi TN 1, CNeaoBaTenbHO, He 3a4aéTca nepes KAUYeBbiM CIOBOM Operator,

KnroueBoe cnoBo explicit

Mpwu Bbi30oBe PyHKLMMN A3bIK C++ NO3BONSET OAHO HEABHOE Npeobpa3oBaHuMe, OCyLLecTBseMoe ANs
KaX[oro apryMeHTa. 3TO MOXET CTaTb NPo6/eMOi AnA KNaccoB, NOCKO/bKY 3TO He BCeraa To, YTo
HaMmeueHo. Hanpumep, ecnun Mbl 406aBAsSEM CleAYIOLWY0 YHKLMIO K MOCAeAHEMY MpUMepy:

void fn (B arg) {}
DYHKUMS MPpUHUMaET apryMeHT Tuna B, HO 3TO MOXeT TakXXe XOpOoLO Bbi3biBaTbCsl C 06bEKTOM Tuna A B
Ka4yeCTBE apryMmeHTa:
fn (foo);
OTO MOXET UIN HEe MOXET bbITb TEM, 4YTO Noapa3yMeBaoCb. Ho B AaHHOM cnly4dae 3TO MOXET 6bITb
npeanorepalleHo MapKVIpOBKOVI COOTBETCTBYHLWEN0 KOHCTPYKTOpPA KJIlo4YEBbLIM C/1I0BOM eXpliCit:
// explicit:

#include <iostream>
using namespace std;
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class A {};

class B {

public:
explicit B (const A& x) {}
B& operator= (const A& x) {return *this;}
operator A() {return A();}

I
void fn (B x) {}

int main ()

{
A foo;
B bar (foo);
bar = foo;
foo bar;

// fn (foo); // not allowed for explicit ctor.
fn (bar);

return 0;

[lONONHUTENbHO KOHCTPYKTOPbI, MapKMpOBaHHble C €Xplicit, He MOryT BbI3bIBaTbCsl CUHTAKCUCOM,
MOXO0XMM Ha npucBanBaHue. B npumepe Bbiwe Lar He MOXeT 6bITb CKOHCTPYMPOBAHO C MOMOLLbIO:

B bar = foo;

OaHOTUMHBbIE DYHKLUUN-UNEHbI (TE, UTO ONUCaHbl B NpeablayLmnx pasgenax) MoryT Takxe 6biTb 3a4aHbl
Kak explicit, 3To npepgoTBpallaeT HesBHOe NpeobpasoBaHMe TEM Xe CNoCcob0oM, KOTOPbIM 3aAaHHble
c noMoulbto €Xplicit KOHCTPYKTOPbI OCYLLECTBASAOT 3TO C LE/IEBbIM TUMOM.

Moan6op TMna (Type casting)

C++ - 3TO CTPOro TMNU3MPOBaHHbLIN A3blKk. MHOrMe NpeobpasoBaHns, 0CO6eHHO Te YTO nogpa3syMeBatoT
pa3Hyl MHTepnpeTaumio 3HavyeHuns, Tpebytot asHoro npeobpasosaHuns, nssectHoro B C++ kak nogbop
Tuna. 34ecb eCcTb ABa OCHOBHbIX CMHTaKcuca Ans 6asosoro nogbopa tvna: @yHKUMOHaIbHbIN W C-
noAo6HbINA:

double x = 10.3;

int y;
y = int (x); // GOyHKUMOHAJIbHASA HOTALMA
y = (int) x; // HOTauysa c-nomoBHOTO mombopa

DYHKLMOHANbHOCTN 3TUX OCHOBHbIX hopM nogbopa Trna A40CTaTOYHO AN 60NbLIMHCTBA HYXA C
6a30BbIMW TMNaMK AaHHbIX. OAHAKO 3TW onepaTopbl MOrYT ObITb NMPUIOXKEHbI OTNY/IbHO K K/laccam U
yKasaTesisiM Ha KNaccbl, YTO MOXET AaBaTb KOA, KOTOPbIA, 6yAyYn CUHTAaKCUYECKN BEPHbLIM, NPUBEAET K
owwnbkam npu pabote. Hanpumep, cneayowmin Koa koMmnunmpyercsa 6e3 owmnbok:

// class type-casting
#include <iostream>
using namespace std;

class Dummy {
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double i,73;

class Addition {
int x,vy;
public:
Addition (int a, int b) { x=a;
y=b; }
int result() { return x+y;}

int main () {
Dummy d;
Addition * padd;
padd = (Addition*) &d;
cout << padd->result():;
return 0;

MporpamMma obbaBAseT yKasaTenb Ha Addition, Ho 3aTeM NpMcBanBaeT €My CCbISIKY Ha 06beKT
OPpYroro He COOTBETCTBYIOLLErO TUNA, NCMONb3YS SBHbINM noabop TvMna:

padd = (Addition*) &d;

HeorpaHuyeHHbIl ABHbIV NoAbop Tuna No3BOSET KOHBEPTMPOBaTbL N060OM yKkasaTenb B yKa3aTesb
noboro gpyroro Tmna, He3aBMCMMO OT TUMA TOro, Ha YTO OHM YKa3blBalOT. [NocneayOWmMini BbI30B YieHa
result Bbi3oBeT NM60 oWNEKY Npu pabote, NM60 NPUBEAET K KAKOMY-TO APYrOMY HEOXWUAAHHOMY
pe3synbTaTy.

B nopsiake ynpasseHus 3TumMm Tunamm npeobpasoBaHuUin Mexay Kinaccamu, Mbl UMEEM YeTblipe
cneumduuecknx onepaTtopa noabopa: dynamic cast, reinterpret cast, static castpy
const_cast, Nx dopmaT - cnegoBaTtb HOBOMY TUMY, 3aK/TIOYEHHOMY MEXAY Yr/10BbIMM CKOBKaMu, n,
HenocpeacTtBeHHO nocne, BblpaXeHUto B CKO6KaX, KOTOpO€E AOJIKHO npeo6pa3osb|BaTbc;|.

dynamic cast <new_ type> (expression)
reinterpret cast <new_type> (expression)
static cast <new type> (expression)
const cast <new_type> (expression)

TpaAnUMOHHbBIN NoA6op TUMNA, SKBMBAJIEHTHbINA 3TUM Bblpa)KeHUsM, 6yaerT:

(new_type) expression
new_type (expression)

HO KaXxAoe M3 HMX C COBCTBEHHbIMM cheumanbHbIMU XapaKTePUCTUKaAMU !

dynamic_cast

dynamic_cast MoXeT MCMob30BaThCA TOJIbKO C yKa3aTeNsMU MU CCbISIKaMU Ha Knacckl (unmn ¢ void*),
Ero Ha3sHayeHne — y6eanTbCsl B TOM, YTO pe3ynbTaT npeobpa3oBaHus TUMa yKa3blBaeT Ha NMPaBUIIbHbIN
NOJHbIN 06BbEKT LeneBoro Tuna ykasarens.

370, ecTecTBEHHO, BKIOYaeT B cebsa Bocxoasawuit ykasatesib (npeobpasyowmn U3 ykasatensa Ha
NpOM3BOAHbIN KNacC B yKa3aTesib Ha 6a30Bbiii) TakK Xe, Kak Npun HeSIBHOM ripeobpa3oBaHuy.

Ho dynamic_cast moxeT paboTaTb Takxe Cc Hucxogaiummy (npeobpasoBaHme U3 yKasaTens Ha
6a30BbIN Kacc B yKasaTe/lb Ha NPOM3BOAHbIN) MOAMMOP@HbLIMU KlaccaMu (Te, YTO C BUPTYyasbHbIMU

Y leHaMn), ecnm — 1 TONbKO eCNKn — yKa3blBaeMbll 06beKT NpaBu/bHbIN NOJHbIN 06bEKT Lenesoro Tmna.
Hanpumep:
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// dynamic_ cast Null pointer on second type-cast.
#include <iostream>
#include <exception>
using namespace std;

class Base { virtual void dummy () {}
}i

class Derived: public Base { int a;
}i

int main () {
try {
Base * pba = new Derived;
Base * pbb = new Base;
Derived * pd;

pd = dynamic cast<Derived*> (pba) ;
if (pd==0) cout << "Null pointer
on first type-cast.\n";

pd = dynamic cast<Derived*> (pbb) ;
if (pd==0) cout << "Null pointer
on second type-cast.\n";

} catch (exceptioné& e) {cout <<
"Exception: " << e.what();}
return 0;

NMpuMeyaHune o COBMECTUMOCTK: 3TOT TUN dynamic cast Tpebyet Run-Time Type Information
(RTTI, nHgpopmaumto o Tune rpu pabote nporpamMmbl) ANs OTCNEXUBaHUA AUHAMUYECKMX TUMOB.
HekoTopble KOMNUAATOPbI NOAAEPXNBAKOT 3TY BO3MOXHOCTb Kak HeobsA3aTenbHyo, KoTopas
HEBO3MOXHa MO yMOS4YaHUIo. A 3TO Hy>)XAaeTCs B pa3pelleHnn nNpoBepkn Tuna npu pabote, NCNosnb3ys
dynamic_cast Ans npaBuibHON paboTbl C 3TUMKU TUMNAMM.

Koa BblWe MbITAETCA BbINO/HUTL ABE AMHAMUYECKME Npobbl C yKasaTtenamu Ha o6bekTsl Tuna Base*
(Pba n pbb) 1 ykasatensamu Ha 06bekTbl TMNa Derived*, Ho TONLKO NEpBas M3 HUX yCrelHa.
O6paTnTe BHMMaHME Ha UX COOTBETCTBYIOLLYIO MHULNANN3ALMIO:

Base * pba = new Derived;
Base * pbb new Base;

XoTs oba - 3To yKkasaTtenu Tuna Base*, pba B gelMcTBUTENBHOCTM yYKa3biBaeT Ha 06bEKT TUMa
Derived, Toraa kak pbb ykasbiBaeT Ha 06bekT Tuna Base, TakuMm o6pa3oM, Koraa ux
COOTBETCTBYIOLMI TUMN 0T6OPa BbIMOJIHAETCS C UCMOMb30BaHueM dynamic_cast, pba ykasbiBaeT Ha
NoJiHbIN 06beKT Knacca Derived, Torga kak PbD ykasbiBaeT Ha 06bEKT Kiacca Base, KoTopsbli
AB/IAETCA HEMoJIHbIM 06bEKTOM Knacca Derived,

Korga dynamic_cast He MoxeT onpo6oBaTh yKasaTeslb, MOCKO/bKY OH HE MOHbIA 06beKT
TpebyeMoro Knacca, Kak rnpu BTOpOM npeobpa3oBaHum npeabiayLiero npuMepa, OH BO3BPaLLaeT Hy/ib-
yKasatesib AN vHAuKaumm Heyaaum. Ecim dynamic_cast ucnonb3syercs ans npeobpasoBaHus B
CCbINIKY Ha TUM, a NpeobpasoBaHMe HEBO3MOXHO, BMECTO HEr0 BO3HWKAET UCKIIOYEHUE TUNA

bad cast,

dynamic_cast moxeT Takxe BbINOJHATbL ApYrne HesaBHble NPobbl, 40MyCKaeMble C yKasaTenaMu:
npoba Hyfb-yKasaTesneM Mexay Tunamm ykasaTenen (aaxe Mexay HecBsi3aHHbIMM Kiiaccamun), m
onpobupoBaHme NobbiX ykasaTtenen noboro tTuna c void* ykasaTtenem.
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static_cast

static_cast moxeT BbIMOMHATL NpeobpasoBaHNe yKasaTesiell Ha CBA3aHHbIe KNacchl, HE TOMbKO Mo
Bocxogsues (M3 ykasaTesns Ha Npou3BOAHbIV B yka3aTesb Ha 6a30Bbllii KNacc), HO U N0 HUCXOAsLEeNn
(13 ykasaTtens Ha 6a30BbI B yK3aTeNb Ha NMPOU3BOAHbIN Knacc). NpoBepka He BbINOJIHAETCA BO BpeMs
paboTbl NporpamMmbl, 4To6bl rapaHTUPOBaTb, YTO O6BEKT KOHBEPTUPOBAH, (PaKTUYECKWN, B MOJHbIN
06bekT Lenesoro TMna. Takum ob6pasom, 3TO caenaHo Ans NporpaMMMcToB, YTo6bl Y6eanTbcs, 4To
npeobpa3zoBaHue 6ezonacHo. C Apyron CTOPOHbI, 3TO HE HaKaAbiBaeTCs NoBepX NPOBepKu
6e3onacHocTn Tuna B dynamic_cast,

class Base {};

class Derived: public Base {};

Base * a = new Base;

Derived * b = static cast<Derived*>(a);

370 6yAEeT BEPHbIM KOAOM, XOTSl b 6yAeT ykasbiBaTb Ha HEMOJIHbI 06BEKT Kilacca, YTo AO/IKHO
npmuBecTn K owmnbke npu paboTte nporpaMmmbl, ecnun 6yaeT pa3biIMEHOBbLIBAHME.

Takum obpasomM, static cast cnocobHO BbINOAHATLCA C yKasaTesNeM Ha KNaccbl HE TOMbKO Mpu
Npo6pa3oBaHMAX, AOMYCTUMbIX HEABHO, HO TakXe NMpu MPOTUBOMNOJIOXKHbLIX UM NPeobpa3oBaHMaX.

static_cast takxe crnocobHO BbINOHATL BCe Npeobpa3oBaHus, 4OMNYCTUMbIE HEABHO (HE TOMBKO Te,
YTO C YKasaTensiMM Ha KJlaccCbl), 1 CNOCO6HO BbINOHATL NPOTMBOMNOJIOXKHbLIE UM Npeobpa3oBaHms.
MoXHOo:

e KoHBepTupoBaTb u3 void* B nobon TMn yKasaTesnein. B 3ToM ciyvae OHO rapaHTUpyeT, yTo,
ecnm void* 3HayeHune 6b10 NONYHEHO KOHBEPTUPOBAHMEM U3 TOMO Xe CaMoro TUna ykasaTtens,
pe3ynbTUPYIOLLEE 3HAYEHNE yKa3aTens SBNSETCS TEM Xe.

o KoHBepTMpoBaTh Lesble, 3HAYEHMS C NiaBatoLLler TOYKON U NEPEUNCTISEMbIE TUMbI B
rnepeyncnsiemMble TUnbl.

JdononHutensHo static_cast moxeT TakXe BbIMOMHUTL Cleaytollee:

SBHbI BbI30B KOHCTPYKTOPA C €IMHCTBEHHbLIM apryMeHTOM MK onepaTopoM npeobpa3oBaHus.
KOHBEPTUPOBATb B CChIIKM F-3HAYEHMI.

KoHBepTMpoBaTh enum class 3HaueHus B Liefible UKW 3HAYeHUs C NaBatoLle TOUKONM.
KoHBepTupoBaTh Nto6oit Tun B void, oueHuBas 1 oT6packiBas 3HaUeHMe.

reinterpret_cast

reinterpret_cast koHBepTupyeT no6oi TMN yKasatens B 0601 Apyroi TMN yKasaTtens, Aaxe Ans
HEeCBSI3aHHbIX KNaccoB. Pe3ynbTaT onepaunmn siBNSETCS NPOCTO ABOMYHOW KOMWEN 3HAYEHUS M3 OAHOrO
yK3aTens B Apyroi. Bce npeobpasoBaHus yk3aTenei AoNyCTUMbI: HWU COAEPXMMOE YKa3blBaeMOro, H1
caM TUN yKasaTensi He NPOBEPSOTCS.

OHO MoXeT onpoboBaTb yKasaTtenn Ha Unau 13 LenblX TMnos. ®opmaTt, B KOTOPOM 3TO Liesioe 3HadeHune
npeacraenseT cobon ykasaTtenb, aBNseTCa naatdopmMo-3aBMCUMbIM. EAMHCTBEHHOW rapaHTuen byaer
TO, 4YTO Npoba ykasaTens Ha Lesbli TUM NOATBEPXAAET MNOJSIHYI0 BMECTUMOCTb COAEPXKMMOro (Takoro
Kak intptr_t), n rapaHTMpyeT cnocobHOCTb 06paTHOM NPo6bl B NpaBubHbIiA yKa3aTesb.

Mpeobpa3oBaHns, KOTOpble MOryT 6bITb BbINOMHEHbI Fe€interpret cast, Ho He static cast, ectb
HM3KOYPOBHEBLIE ONepaLum, OCHOBaHHbIE HA NHOM TONKOBaHUW ABOMYHOIO NpeAcTaBleHUsS TUMOB,
KOTOpbl€ BO MHOIMX CNy4yasiX peanmsytoTcsi B CUCTEMO-3aBMCMMOM KOA€E U, 3HAUYMUT, HECOBMECTHbI.
Hanpumep:

class A { /* ... */ };

class B { /* ... */ };

A * a = new A;

B * b = reinterpret cast<B*>(a);
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DTOT KOA KOMMUITMPYETCS, XOTS OH HE UMEET CMbICNa, NOCKOJIbKY Ternepb b YKa3blBaA€T Ha obbekT
MOJSIHOCTbIO HECBA3AHHOIO U, MOX0OXe, HECOBMECTUMOro Kacca. Pa3biIMeHOBbIBaHue b onacHo.

const_cast

3TOT TMN onpobbiBaHMS 0bpabaTbiBaeT KOHCTaAHTbl 06bEKTOB, YKa3blBAEMbIX yKasaTensmu, nnbo ans
3afaHus, Nnbo ans yaaneHus. HanpuMep, B nopsiake nepeaayn KOHCTaHTbl ykasaTenem B GyHKUMIO,

KOTOpasi npeanonaraeT apryMeHT He KOHCTaHTY:

// const cast
#include <iostream>
using namespace std;

void print

{

(char * str)

cout << str << '\n';

}

int main () {
const char * ¢ = "sample text";
print ( const cast<char *> (c) );

return 0;

sample text

MpuMep BbllLIE rapaHTUPOBaAHHO paboTaeT, NOCKOMbKY (YHKLMA Print He BNMCbIBAET B yKa3biBAEMbI
06beKkT. XoTa 3aMeTbTe, YTO yaasieHne NoCTOSIHHON yKa3biBaeMoro obbekTa paktnyecku genaer

3anncb, NPUBOASA K Heornpeaes1EHHOMY MOBEAEHUIO.

typeid

typeid no3BosifeT NPOBEPUTH TUM BbIPAXEHUS:

typeid (expression)

DTOT onepaTop BO3BpPALLAET CCbIJIKY Ha MOCTOSIHHbIN 06beKkT TMna type_1info, koTopsblit onpeaenéx B
CTaHAapTHOM 3arofioBoYHOM daitne <typeinfo>, 3naueHue, Bo3Bpaluaemoe typeid, MoxeT 6bITb
CpPaBHMMO C ApYr“M 3HayeHMeM, Bo3BpaulaeMbiM typeid, ¢ ucnonb3oBaHuem onepaTopoB == u !=,
WU MOXET CNYXUTb A5 NOSyYEeHUS CUMBOJIa HYNS, 3aBepLUAOLLEro NocneaoBaTeNbHOCTb,
NpeacTaBAAOWYO TUMN AaHHbIX, WX UMEHW Kflacca, UCNOJb3ys ero name () ysneH.

// typeid

#include <iostream>
#include <typeinfo>
using namespace std;

int main () {
int * a,b;
a=0; b=0;
if (typeid(a)
{

!= typeid (b))

cout << "a and b are of different
types:\n";

cout << "a is: " <<
typeid(a) .name () << '\n';

cout << "b is: " <<
typeid(b) .name () << '\n';

}

return 0;

165

a and b are of different types:
a is: int *
b is: int


http://www.cplusplus.com/type_info
http://www.cplusplus.com/%3Ctypeinfo%3E

B.H. T'osi010608B O nepeBo/ie 0THOTO PYKOBO/ICTBA

Korga typeid npumeHsieTcs k knaccaM, typeid ucnonb3ayet RTTI anst oTChexuBaHus Tuna
AVHaMUYecKnx o6bekToB. Koraa typeid npuMeHsieTcs K BbIpaKeHUIO, Yel TN ABAseTcs
NONMMOPGHbBIM KlaccoM, pesynbtatom 6yaet Tun Hanbosiee NOIHOrO NPoOn3BOAHOIO obbekTa:

// typeid, polymorphic class a is: class Base *
#include <iostream> b is: class Base *
#include <typeinfo> *a 1s: class Base
#include <exception> *b is: class Derived

using namespace std;

class Base { virtual void f£(){} };
class Derived : public Base {};

int main () {
try {
Base* a = new Base;
Base* b = new Derived;

cout << "a 1is: " <<
typeid(a) .name () << '\n';
cout << "b is: " <<
typeid(b) .name () << '\n';
cout << "*g is: " <<
typeid(*a) .name () << '\n';
cout << "*b is: " <<

typeid (*b) .name () << '\n';
} catch (exceptioné& e) { cout <<
"Exception: " << e.what() << '\n'; }
return 0;

3ameTbTe: CTpOKa, BO3BpaujéHHAas 4/IeHOM name Tuna type info, 3@aBUCUT OT crieyn@duku
peanmnsauymmn Ballero KoMnuaaTopa n bubnanoteku. 1o He ob6s13aTesibHO rpocTasl CTpoka c eé
XapakTepHbIM UMEHEM TUrla, KaK B KOMIUJIATOpE, UCIMO0JIb30BaGHHOM /AJ151 BbIINMOJ/IHEHWS 3TOro0 BblBOAA.

3amMeTbTe, YTO TUMN C typeid NogpasyMeBaeT A/s yKasaTesiel, YTo OHU caMu ykasatenu Ha Tun (1 a, u
b 9BASAOTCSA TMUNOM class Base *). OgHako, Korga typeid npuMmeHsieTca K obbekTaM (NogobHo *a u
*b) typeid NPUHUMAET UX ANHAMUYECKU Tun (T.e., TuN ux Habosee NOAHOro NPOM3BOAHOIO
obbekTa).

Ecnun tun, Bbluncnsembit typeid, aBAseTcs ykasaTtesneM, npeaBapseMbiM onepaTtopom
pa3bIMEHOBbIBAHWUSA (*), M 3TOT yKa3aTe/lb UMEET 3HaYeHMe Hy/b, typeid BbIBOAWUT bad typeid
UCKNoYeHne.
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UcknwoueHunna

NcknoyeHns npeaocTaBasiioT BO3MOXHOCTb PErMpoBaTh Ha UCKIOUYNTENbHbIE cuTyauum (NogobHOo
owmnbkam Bo BpeMs paboThbl) B nporpamMMax, nepegasas ynpasjeHue cneunanbHbiM GyHKUNAM,
Ha3blBaeMbIM rioggepxxkamu (handlers).

[ns nepexBaTa UCKIIOYEHMI YacTb KOAA pa3MeLlaeTcs noj NPoBEPKOM UCKIKOYEHUSA. DTO AenaeTcs C
MOMOLLbIO 3aK/lOYeHMs B CKOH6KM nopuun koaa B 6/10k-r1poby (try-block). Korpa Bo3HMKaeT
WCKOUYMTENbHAA CUTyaumst BHyTpM 3Toro 6a1oka, BbpacbiBaeTcs UCKIOYEHWE, YTO Nepenaét
ynpasneHune noanepxke uckitoueHmsa. Ecnn ncknodeHme He BbpacbiBaeTcsl, Kog npoAoskaeTcs
HOPMasibHO M BCEe MOAAEPXKKN UFHOPUPYIOTCS.

WNcknioveHne B6packiBaloT, UCNONb3Yys KoveBoe cnoBo throw pHyTpu 6noka try. MNoaaep>kku
NCKJTIOYEHUSI 06BABASAIOTCS C MOMOLLbIO KJTHOYEBOrO ciioBa catch, koTopoe A0MKHO pasMellaTbCcs cpasy
3a try 6nokom:

// exceptions An exception occurred. Exception Nr.
#include <iostream> 20
using namespace std;

int main () {
try
{
throw 20;

}
catch (int e)
{
cout << "An exception occurred.
Exception Nr. " << e << '\n';
}

return 0;

KoA noa noaaepxKon UCKYEHUS 3aktouéH B 6110k try, B aToM npuMepe Ko NpocTo B6packiBaeT
NCKJII0YeHue:

throw 20;

BbipaxeHue throw npuHuMaeT oanH napaMeTp (B HaweM crydae uenoe 3HaveHune 20), KoTopbli
nepenaércs Kak apryMeHT B NMOAAEPXKKY UCKITIOUEHUS.

MoaaepxKa UCKTIOYEHNS AEKNapMpoBaHa C NMOMOLLbIO KHUeBoro cnosa catch cpasy nocne
3aKpblBatollen ckobku 61oka try. CuHTakeuc ana catch noxox Ha 06blUHYO DYHKLUMIO C OAHUM
napamMeTpoM. Tun 3Toro napaMeTpa O4YeHb BaXXEH, MOCKOJIbLKY TUM apryMeHTa, nepeaaBaeMbii
BblpakeHneMm throw, npoBepsaeTcs, U TONbKO B C/ly4yae X COBMaAeHUs UCK/TIOYEHNE 3aXBaTbiBAeTCs
noAAEPXKOMN.

MHOXeCTBeHHbIE Noaaepxku (T.e., catch BbipaxeHns) MOryT coeiMHATLCSA B LIEMOUYKM; Kaxaas U3 HMX
C pasHbIMKW TMUMaMKU napamMeTpa. TofIbKO MoAAepXKa, Yein TN apryMeHTa coBrnadaeT C TUMOM
NCK/TIOUEHMS, 3as1B/IeHHbIM B throw BeipaxeHuu, BbINoaHAETCS.

Ecnu MHoroToume (- - - ) UCMOMb3yeTca B KauecTee napamerpa catch, nogaepxka 6yaet
3aXBaTbIBATbCA /HO6LIM UCKIIOUEHNEM, HE BAXKHO, KaKOn TUM UCK/TIOUYEHUSA BOPACkbIBAeTCsa. DTO MOXET
MCMOJIb30BaTbCA B KaYecTBe MOAAEPXKKN MO YMOMUYAHUIO, KOTOPAas 3aXBaTbiBAETCA BCEMU UKITIOUEHUAMN,
He 3aXBayeHHbIMU APYrMMUK NOAAEPXKKAMMN:

try {
// code here

}
catch (int param) { cout << "int exception"; 1}
catch (char param) { cout << "char exception"; }
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catch (...) { cout << "default exception"; }

B JaHHOM cfyyae nocnenHss nogaepxka byaeTt 3axsayveHa tobbiM BEPOLIEHHbBIM UCKIIOYEHUEM C
TUMOM, KOTOPbIA He int n He char,

Mocne Toro, Kak ncka4yeHne 6biN0 NoaaepPXKaHO NPOrpamMMon, UCKIOYEHME NOoAbITOXMBaeTcs 610KoM
try-catch, a He BblpaxeHueM throw!

EcTb BO3MOXHOCTb BKNaAbiBaTe try-catch 610ku BHyTpb BHEWHUX LY 6/10K0OB. B 3TUX cnyyasx y
Hac eCTb BO3MOXHOCTb, YTO BHYTPeHHMUI catch 6nok onepeanT B UCKAOYEHUN BHELIHWA YPOBEHb. ITO
NMPOUCXOAUT C BblpaxeHueM throw; 6e3 aprymeHToB. Hanpumep:

try {
try {
// code here

}
catch (int n) {
throw;

}

catch (...) {
cout << "Exception occurred";

Cneumdmkayma NUCKNOYEHUMN

MpexHune Koabl MOrU coapexaTb AMHAMUYECKME CrieynpuKaLmm NCKIYeHus. Tenepb nMm
npeHebperatoT B C++, HO OHU BCE ewé noaaepXXnBatoTcsa. uHammueckas crieynpukaums NCKIIYEHNS
cnenyeT 3a 06bsiBNeHveM dyHKumMK, gobaensa cneundukatop throw k Helt. Hanpumep:

double myfunction (char param) throw (int);

3nech 06bsiBieHa PyHKUMSA, Ha3BaHHas myfunction, koTopast NpMHMMAET 0AMH apryMeHT Tuna char
1 Bo3BpallaeT 3HavyeHune Tuna double, Ecnun aTa dyHKUMSA B6EpacbiBaeT UCKITOYEHME KAKOro-TO

[pYroro Tuna, a He int, BoisbiBaeTcs yHKUMsa Std: :unexpected pmecTo noncka NOAAEPXKKU UM
Bbi3blBaeTcya std::terminate,

Ecnu cneundmnkaTtop throw ocraérca nyctbiM 6€3 TMna, 3To o3HavaeT, yto std: :unexpected
BbI3bIBaeTCA A9 N060ro ucknoveHnsa. OyHkumm 6e3 cneundukaTopa throw (obeiuHble DyHKLMK)

HUKOrAa He Bbi3BatoT std: :unexpected, Ho cnegytoT 06bIYHOMY MYTM MOUCKA MNOALEPXKKN ANSA UX
NCKJTIOYEHUS.

int myfunction (int param) throw(); // BCce wuckiOUeHMs BHE3BalT unexpected
int myfunction (int param); // ToImepXKa HOPMAJILHBIX MCKJIOUEHUN

CraHpa PTHbi€ UCK/THOYEHNA

CraHpapTHasa 6ubnuoteka C++ npegnaraet 6a30Bbll Kiacc, KOTOPbIM cneunanbHo paspaboTaH ans
06bsiBNIeHMSA 06BEKTOB, KOTOPble 6yAyT B6pOLIEHbI Kak UCKoYeHMs. OH Ha3BaH std: :exception y
onpeaenéH B <exception> caitne 3aroNoBKoOB. ITOT KNACC UMEET BUPTyasibHble (YHKLMUU-YEHBI,
HasBaHHble What, koTopble BO3BpaLlaloT NOCNeL0BaTENbHOCTU CUMBOOB C Hy/lb-3aBeplueHmeM (Tuna
char *), n koTopble MOryT 6bITb NepenucaHbl B MPON3BOAHbLIX Kaccax Ansl HanoHEHUS HEKUM
OMWCAHUEM UCKITIOUYEHUIA.

// using standard exceptions My exception happened.
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#include <iostream>
#include <exception>
using namespace std;

class myexception: public exception

{

virtual const char* what () const
throw ()
{

return "My exception happened";

}

} myex;

int main () {
try
{
throw myex;
}
catch (exceptioné& e)
{
cout << e.what() << '\n';

}

return 0;

Mbl NOMECTUN NOAAEPXKKY, KOTOPas NOBUT 06bEKTbI UCKIKUEHNS NO CCbifike (06paTuTe BHUMaHME Ha
aMmnepcaHf & nocne TMna), Takum o6pa3oMm, 3To 06CNYXMBAET M KNACChl, NPOM3BOAHbIE OT exception,
NoAo6HO HalleMy myex o6bekTy Tuna myexception,

Bce B6pOCHI MCKIIOYEHMN KOMMOHEHTaMM CTaHAAPTHOM 6nbnuotekn C++ B6pacbiBalOT UCKAKOYEHMS,
npousseféHHble OT 3TOro knacca exception, ro:

|bad_function_call||B6paCb|BaeTc;| nycTbiMn function o6bekTamu

| UCKJIlOYEeHMHe || onucaHue |
|bad_alloc |h6pacu3a€mﬂ1uavnpmomMGKeBbmeneHMﬂ |
|bad_cast ||B6paCbIBaETCF| dynamic_cast npu Heygade B AMHaAMMUeCKon npobe |
|bad7exception ||B6paCbIBaETC$—I HEKOTOpbIMU crieundukKaTopamm AUHAMUYECKOro MCK)'HOHEHMFI|
|bad_typeid ||B6paCbIBaETCFI typeid |

|

|

|bad_weak_ptr ||86paCbIBaETCF| shared ptr, Korga nepegaércs nioxon weak ptr

Takxxe Npoun3BoAHbIMK OT exception 3aronoBouHbIN ann <exception> onpegenseTt ABa 6a30BbIX
TUMa UCKIIOYEHUS], KOTOPbIE MOMYT Hac/leA0BaTbCA NOJSIb30BATE/IbCKUMUN UCKITIOYEHNSIMU NS
coobleHnsa o6 owmnbkax:

| nckniouenne || onucaHue |

|logiC_error ||ouw|6|<a, OTHOCALAACS K BHYTPEHHEN NTI0rnKe nporpaMMb||

|runtime7error“omm6|<a, obHapy>xeHHas npu paboTe nporpaMmmbl |

TUNWYHBIA NpUMep, TAe CTaHAapTHble UCKITIOYEHUS HYXAATCS B MPOBEPKE — 3TO BblAENEHNE NaMSTL:

// bad alloc standard exception
#include <iostream>

#include <exception>

using namespace std;
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int main () {
try
{
int* myarray= new int[1000];
}

catch (exceptioné& e)

{
cout << "Standard exception: " <<

e.what () << endl;
}

return 0;

NckntoueHne, KOTopoe MOXET 6biTh 3aXBaYe€HO MOAAEPIKKOWM UCKITIOUEHMS B OTOM MpUMepe — 3TO
bad alloc. Mockonbky bad alloc SIBNSETCS NPOU3BOAHON OT cTaHAapTHOro 6a3oBoro kiacca
exception, OHO MOXET 6bIThb 3aXBayeHO (3axBayeHHOE MO CCbISIKE, 3aXBaTbIBAET BCE CBA3AHHbIE

Kfacchl).
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AvpeKTuBbI NpenpoLleccopa

[VpeKTVBbI NpenpoLueccopa — 3T0 CTPOKM, BKJIOUaeMble B KO NMporpaMmMbl, npeasapéHHble 3HakoM ().
DTW CTPOKM He SIBNSOTCS Bblpa)KeHUSAMU NPOrpamMMbl, HO AMPEKTUBAMU AN rpernpoLeccopa.
Mpenpoueccop NpoBepsieT KoA Nepes HayasloM peasibHOW KOMMUAALMU U BbINOJTHAET BCE 3TU
AVPEKTUBLI 10 TOro, Kak Ntoboi koA peanbHO 6yAeT CreHepUpPOoBaH AN 06bIYHbIX BblpaXeHWN.

DTN AUPEKTUBBI MPENPOLEccopa NPOCTUPAOTCs TOSIbKO HA OAHY CTPOKY KoAa. Kak Tonbko
06Hapy>XMBaEeTCA CUMBOJ HOBOWM CTPOKW, ANPEKTUBA MPernpoLeccopa 3akaHunmBaeTcs. Touka C 3anaToin
OTCYTCTBYET B KOHLIE AMPEKTUBLI. EAMHCTBEHHbIN CNOCO6 NMPOAO/IXWTL ANPEKTMBY MpenpoLeccopa
6onee, UeM Ha OZHY CTPOKY, 3TO NpefBapuTb CUMBOJ Mepexoia Ha HOBYIO CTPOKY C MOMOLLbIO
o6paTHoit Kocoit uepTsl (\).

macro onpeaeneHus (#define, #undef)

Y1o6bl OnpenennTh NpenpoLIeccopHbIit Makpoc, Mbl MOXeM ucnonb3osaTh #define, CunTakcuc:

#define identifier replacement

Koraa npenpoleccop BCTPEYaEeT 3Ty AUPEKTUBY, OH 3aMellaeT eé€ nobbiM obHapyxeHnem identifier
B OCTa/IbHOM YacTu KoAda C nomollblo replacement, 3to replacement MoxeT 6bITb BblpaXkeHUEM,
YTBEpPXAEHMEM, 6IOKOM UMK NPOCTO YeM-TO ewé. MNpenpoueccop He NoHMMaeT npaBuibHocTU C++, OH
npocTo 3amellaeT noboe obHapyxeHne identifier c noMowbio replacement,

#define TABLE SIZE 100
int tablel [TABLE_SIZE] g
int table2[TABLE SIZE];

Mocne 3amelleHus npenpoueccopoM TABLE STZE koa cTaHOBUTCS SKBUBAJIEHTEH:

int tablel[100];
int table2[100];

#tdefine mosxeT paboTaTb C napameTpamu Ans ONpeaesieHns Makpoca hyHKLUN:

#define getmax(a,b) a>bra:b

370 6yneT 3amelleHo NtobbiM 0bHapyxxeHneMm getmax ¢ nocneayoWwMMN ABYMS apryMeHTaMu yepes
BblpaXkeHne B replacement, HO TakXe 3aMeLlaeTcs KaXabli apryMeHT ero naeHTMdukKaTtopom, TOHHO
KakK Bbl 6bl 0Xknganu, ecnu 6ol 310 6b1N1a DYHKUNSA:

// function macro 5
#include <iostream> 7
using namespace std;

#define getmax(a,b) ((a)>(b)?(a): (b))

int main ()
{
int x=5, vy;
y= getmax(x,2);
cout << y << endl;
cout << getmax(7,x) << endl;
return 0;
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OnpenenéHHblii MakpoC He CKasblBaeTCs Ha CTPYKType 6/10ka. Makpoc ocTaétca Ao Tex nop, noka oH
He 6yaeT oTMeHé&H c nomoupto #undef gupekTusbl Npenpoueccopa:

#define TABLE SIZE 100
int tablel [TABLE SIZE];
#undef TABLE SIZE

#define TABLE SIZE 200
int table2[TABLE SIZE];

DTUM CreHepupyeTcs TOT Xe Koa:
int tablel[100];
int table2[200];
OnpeaeneHns Makpo-@PyHKLMM MPUHMMAIOT ABa crieuunanbHbix onepaTopa (# u ##) B 3amewatowei

nocneanoBaTesibHOCTU!

Ecnu onepatop # ucnone3yerca nepen napaMeTpoM, UCMOMb3yEMbIM B 3aMeLlatoLLei
nocneaoBaTeNbHOCTY, 3TOT NapaMeTp 3aMeLlaeTcs CTPOKOBbIM inTepanoM (Kak ecin 6bl oH 6bin
3aKJ/1IOYEH B ABOWNHbIE KaBblUuKK)

#define str(x) #x
cout << str (test);

370 6yAeT TPaHC/IMPOBAHO B:

cout << "test";

OnepaTtop CBA3bIBAET ABa apryMeHTa, He oCTaB/as Npobenos Mexay HUMK:

#define glue(a,b) a ## b
glue (c,out) << "test";

370 Takxe 6yaeT TpaHCNMPOBAHO B:

cout << "test";

MockonbKy NpPenpoLEeCCOpPHbIE 3aMELLLEHNS NMPOUCXOAST A0 Kakon-nnbo npoeepkn C++ cuHTaKCuUCa,
MaKpo onpeaeneHna MoryTt peaim3oBatb HEKOTOPbIE XUTPOCTHU. Ho 6y.que BHUMaATEJIbHbI: KOA,
KOTOprIZ O4YeHb NnoJjlaraeTcd Ha 3anoJIHEHUN MakKpoCaMy, Xyxe YnTaTb, MOCKOJIbKY O)I(M,D,aeMbIVI
CUMHTAKCMC BO MHOIMX cny4dasax otTind4aeTca oT 06bIYHbIX Bblpa)KEHMVI, OoXnpgaembixX nporpaMMmMCTamMun B
C++.

BxnroueHune ycnosun (#ifdef, #ifndef, #if, #endif, #else n
#elif)

OTU AUPEKTMBbLI NO3BOMIAIOT BKOYATbL UIN UCKIKOYATb YacTb KoAa NporpamMmbl, €Cnv BbINOAHATCA
HEKOTOpbIe yCnioBU4.

#ifdef nosBonser pasgenam nporpaMMbl 6bITb CKOMMUINPOBAHHBIMU TOMIbKO, €C/IM MaKpoC, KOTOPbIN
3a/laH B kKayecTBe napameTpa, 6bin onpeneniéH, He BaXHO, KakoBO ero 3HayeHue. Hanpumep:
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#ifdef TABLE SIZE
int table[TABLEisle];
#endif

B naHHOM cnydyae cTpoka koda int table[TABLE_SIZE]; 6yaeT KOMNUANPOBATLCA, €CNK
TABLE SIZE 6b1710 npeasapuTenbHO onpeaeneHo ¢ nomolpto #define e 3aBucmumoctu ot ero
3HaueHus. Ecnn 3To He 6bIf10 onpeaeneHo, CTpoka He byAeT BK/IOYEHa B KOMMUAALMIO NPOrpaMMbl.

#ifndef cnyxut Ana npsMo NpoTUBOMNONOXHOro: Koa Mexay #ifndef y #endif gupextusamm
KOMMUAMPYETCS TONbKO, EC/IN 3aAaHHbIA naeHTUdKUKaTOp He 6bi1 paHee onpeaenéH. Hanpumep:

#ifndef TABLE SIZE
#define TABLE SIZE 100
#endif

int table[TABLE_SIZE];

B 3TOM cnyvae, ecnum ¢ NosiBJIEHNEM B 3TOM Kycke Koaa Makpoc TABLE SIZE He 6bl1 COBCEM
onpenenéx, ato 6yaet onpeaeneHo 3HadeHmem 100. Ecnum 310 yxe cywecTtByeT, TO byaeT COXpaHAaTb
npeabiayllee 3HayeHme, nockonbky #define gupexktusa He 6yaeT BbINOMHATLCS.

#if, #else p #elif (1.e., "else if") AMPEKTUBLI cnyxaT A1 3a[aHNS HEKOTOPbIX YCNOBUIA, KOTOPbIE
LOJIXHbI 6bITb BbIMOSIHEHbI, YTO6bI YacTb KOAA, OKpY)XaeMasi MU, bblsla CKOMAUAMPOBaHa. YC/0BKS,
KoTopble cneaytoT 3a #1f nnu #elif, MoryT BbIMMCAATL TONBKO NOCTOSHHbIE BbIpaXeEHUs, BKOYas
MaKpo Bblpa)keHusi. Hanpumep:

#if TABLE SIZE>200
#undef TABLE SIZE
#define TABLE SIZE 200

#elif TABLE SIZE<50
#undef TABLE SIZE
#define TABLE SIZE 50

#else

#undef TABLE SIZE
#define TABLE SIZE 100
#endif

int table[TABLE SIZE];

3aMeTbTe, YTo BCsA cTpykTypa #1f, #elif n #else, cBazaHHas B LEMNOYUKY, 3aBEPLUAETCA C MOMOLLbIO
#endif,

MoeeneHue #ifdef y #ifndef moxeT Takke 6bITb 3aMELLEHO UCMOMb30BAHUEM CEeLMnanbHbIX
onepaTopos defined y !defined cooTBercTBeHHO, Ang Mobbix anpektms #if nnn #elif:

#if defined ARRAY SIZE

#define TABLE SIZE ARRAY SIZE
#elif !defined BUFFER SIZE
#define TABLE SIZE 128

#else

#define TABLE SIZE BUFFER SIZE
#endif

173



B.H. T'osi010608B O nepeBo/ie 0THOTO PYKOBO/ICTBA

KoHTponb cTpok (#line)

Koraa Mbl KOMMUANPYEM NMPOrpaMMy, U BO3HMKAKOT KakMe-To OWMOKM B Npouecce KOMNUASLUK,
KOMMNUSATOP noka3biBaeT coobuweHne 06 owmnbke Co CCbIIKOM Ha uMsa danna, raoe obHapyxeHa owmnbka,
M Ha HOMEpP CTPOKM, YTObbI ferye 6bI10 HAUTU KOA, FrEHEPUPYIOLWMIA OWKNOKY.

OvpekTuea #1line nossosiseT HaM KOHTPONMPOBATbL U HOMEpP CTPOKM B KoAe, U uMsa dalina, nossneHue
KOTOPOro Mbl OXWAanu, Koraa Bo3HMkNa ownbka. EEé dopmat ecTb:

#line number "filename"

fae number — 370 HOMep HOBOW CTPOKW, KOTOPbI 6yAEeT NPUCBOEH CheaytoLlein cTpoke koga. Homepa
YyAauHbIX CTPOK 6yAyT YBENNYMBATLCA OAUH 3a APYTMM OT 3TOW TOUKM.

"filename" He aBnseTcs 06a3aTeNbHbLIM NApPaMETPOM, KOTOPbLIA MO3BOMSET NepeonpeaenunTb MMs
darina, koTopbi 6yaeT nokasaH. HanpumMep:

#line 20 "assigning variable"
int a?;

ITOT KOA, reHepupyeT olWmnbKy, KoTopas byaeT nokasaHa Kak ownbka B daine "assigning
variable", crpoka 20.

AvpekTtuBa ownbku (#error)

OTa AMpeKTuBa NpepbiBaeT Npouecc KOMNUAAUMN, Korga oHa obHapyXuBaeTcs, reHepmpys owmnbky
KOMNUAAUMKN, KoTopas MoxeT bbiTb 3a4aHa, Kak eé napameTp:

#ifndef  cplusplus
ferror A C++ compiler is required!
fendif

DTOT NpUMep npepbIBaeT NpoLEecc KOMNUASAUUKU, ecnv uMa Makpoca __cplusplus He onpeaneneHo (370
MMA Makpoca onpefesneHo rno yMonyaHuio Bo scex C++ KoOMNuasaTopax).

BkniouyeHue ncxogHoro anna (#include)

STa AnpeKTuBa 6biia NOCTOSHHO UCMOMb30BaHa B APYrMX pasaesiax 3Toro pykosoacTea. Koraa
npenpoueccop BCTpeyaeT aupektusy #include, oH 3aMewaeT eé nosiHbIM COAEPKUMbIM 3a4aHHOIO
darina 3aronoBka wau npocto daina. Ectb gBa cnocoba ncnonb3osatk #include:

#include <header>
#include "file"

B nepBoM cnydae 3afaH 3aro/10BOYHbINA aii mexay yrnosbiM ckobkamm <>. Tak MCNOsb3yeTcs
BKJIIOUYEHNE 3arofioBOYHbIX hannos, NpeaocTaBNseMblX peanmsaunenn, Taknx Kak 3arosoBoyHble dannbl
cTaHaapTHoM 6ubnunoTtekn (1ostream, string,...). ByaeTt nun daitn 3aronoBKoB peasibHbIM (aiiom
WNU CyLecTBOBaTb B KaKOW-TO Apyroin dopme, onpegenéHHo 47151 peaansalmy, B ntoboM cnydae oH
6yneT NnpaBUIbHO BKJTHOYEH 3TOM ANPEKTUBON.

CUMHTaKCUC, UCMOMNb30BaHHbIA BO BTOpoM anpekTuse #include, npuMmeHseT KaBbluKu U BKOYAET
¢aiin. ®aiin nwetcs Ha MaHep implementation-defined (onpeaenéHHbIl 418 peannsalmm), KOTOpbIn
06bI4HO BK/IOYAET TeKywui NyTb. B cnyyae, korga dann He HangeH, KOMNUAATOP MHTepNpeTupyeT
AVPEKTUBY KaK BKJTIOYEHUE 3aro/10BKa, Kak ecnv 6bl kaBbluku ("") 6bl1M 3aMeLleHbl YTI0BbIM
ckobkamm (<>).
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Pragma aupektuBa (#pragma)

OTa AMpeKTUBa UCMOb3yeTcs ANs 3aAaHWUS MHbIX ONUMA KOMOUASTOPY. DTN ONUMK SBNAOTCSA
cneunduryecknmm ans naatdopMbl 1 KOMAWASTOPA, KOTOPbIM Bbl ncnonb3yete. O6bpaTnutech K
PYKOBOACTBY WX CMpaBKe Mo BalleMy KOMMNUAATOPY 3a AOMNOJHUTENbHON MHMOPMaumen 0 BO3MOXHbIX
napameTpax, KOTopble Bbl MOXETE onpefennTb Yyepes #pragma,

ECnm KOMMUAATOP He NoAAepXUBAET CreuunanbHble apryMeHThl Ana fpragma, oH UrHopupyeT ux, rnpu
3TOM CMHTAKCMUYECKOWN OINBKM FreHepupoBaTbCs He 6yaerT.

NMpeponpepaenéHHblie MaKpo MMEeHa

Cnepyolimne MMeHa MakpoCcoB Bcerga onpegesneHbl (OHM BCe HaYMHAKTCA U 3aKaHUMBAKOTCA ABYMS
CMMBOJIaMM MOAUYEPKMBAHUA _ ):

MaKpoc I 3HauyeHue |

Llenoe 3HauyeHne, NpeacTaBsiollee TEKYLLY CTPOKY MCXOAHOMO KoAa B

LINE .
— — KOMOUAMpyeMoM caiine.

CTpokoBbIN nuTeparn, coaepkallui npeanosaraemoe nMsa KoMmnmnmpyemoro darna

FILE
— - MCXOOAHOIro Koaa.

DATE CtpokoBbinn nutepan B popme "Mmm dd yyyy", coaepxawmn gaTty, Korga npouecc
— — KOMOMASILMM Hayancs.

CtpokoBbi nuTepan B popme "hh:mm:ss", cogepxawmn BpeMs, Korga rnpouecc

TIME
- - KoMnnnaumm Ha4dyancs.

Llenoe uncno. Bce komnunatopbl C++ MMEKT 3Ty KOHCTaHTYy, onpeaenénHyo ans
HEKOTOPbIX 3HAYEHUI. DTO 3HAUYEHME 3aBUCUT OT BEPCUM CTaHAapTa,
noaaep>XMBaemMoro KOMNUISTOPOM:

e 199711L: ISO C++ 1998/2003
__cplusplus e 201103L: ISO C++ 2011

KoMnunaTopbl, He COOTBETCTBYOWME TpeboBaHNAM, onpeaenstoT 3Ty KOHCTaHTY Kak
Takoe Xe 3Ha4YeHne MakCUMy B NATb Undp. 3aMeTbTe, YTO MHOTME KOMMNUASTOPbI He
NOJTHOCTbIO NpucnocobneHsl, a, cnegosaTenbHO, 6yayT MeTb onpeaeneHne 3Ton
KOHCTaHTbl HE KaK 3Ha4YeHWs BblLLE.

1, ecnu peanusauus ABNSAETCS peasndalmei noa yrnpassieHnem (CO BCEMU
~_STD HOSTED__ ||AOCTYMNHbIMW CTaHAAPTHbIMW 3aro/I0BOYHbIMU hannamm)
0 B NPOTUBHOM Cjlyyae.

Crnefyrolume Makpochl SABASOTCSA He 0653aTeNbHbIMK Afs1 06bsIBNIEHMS, U 06bIYHO 3aBUCAT OT
[OCTYMHOCTU 3TOM BO3MOXHOCTU:

MaKpocC || 3Ha4YeHune

B C: ecnn onpeageneHo B 1, peanvsauns noactpamBaeTcs K
__ STDC___ ctaHgapty C.
B C++: onpenenéHHasa peanusauyms.

B C:

e 199401L: ISO C 1990, AononHeHune 1
__STDC_VERSION e 199901L: ISO C 1999
e 201112L: ISO C 2011

B C++: onpenenéHHasa peanusauyms.

1, ecnmn MHorobaritoBas KOAMPOBKaA MOXET AaTb CMMBON

STDC MB MIGHT NEQ WC
e - — - T APYroro 3Ha4yeHnsa B CMMBOJIbHbIX NIUTEPanax
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__STDC_ISO 10646

3HaueHne B popMe yyyymmL, 3a4at0llee AaTy CTaHAapTa
Unicode, cneaytoLlyio 3a KOAMPOBKOW wchar t CUMBO/IOB

__STDCPP_STRICT POINTER SAFETY

1, ecnv peanunsauns UMEET CTPOruii ykalaTesb
6esonacHocTn (CM. get pointer safety)

 STDCPP_THREADS |

1, ecnu nporpaMMma MoXeT UMeTb 60Jiee OAHOro NMoToKa

Ob6bluHas peanunsaumnsa MOXeET onpeaenatTb AONOTHUTENIbHbIE KOHCTAHTDI.

Hanpumep:

// standard macro names
#include <iostream>
using namespace std;

int main ()

{

cout << "This is the line number

" << LINE ;

cout << " of file " <<  FILE

<< 1] . \l’l",’

cout << "Its compilation began "

<< __DATE_;

cout << " at " << TIME <<
T \m® g

cout << "The compiler gives a
___cplusplus value of " <<
__cplusplus;

return 0;

}

This is the line number 7 of file
/home/jay/stdmacronames.cpp.

Its compilation began Nov 1 2005
at 10:12:29.

The compiler gives a _ cplusplus

value of 1
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C++ CraHpapTtHasa 6ubnmnorteka

Beoa/BbiBOA € channiamm

C++ noaaepXuBaeT c/ieayioLMe Knacchl A8 BbIMOIHEHMA BbiBOAA U BBOAA CMMBOJIOB B/U3 (aitnoB:

e ofstream; Knacc notoka ana 3anucu B daiinsl
e ifstream; Knacc notoka ana uteHus us dainnos
e fstream: Knacc notoka u ans uteHus, u Ana 3anucu ms/B dain.

3TU KNacchbl NPOU3BEAEHbl HEMNOCPEACTBEHHO UM KOCBEHHO OT KfaccoB istream py ostream, Mpl yxe
NCMNOMb30Bann 06beKThbl 3TUX TUMNOB (3TUX KNaccoB): Cin asaserca o6beKToM Kiacca istream, g
cout - 06bekT kflacca O0stream, Taknum 06pasoM, Mbl YXXe UCNOSb30BaIN KNACCbl, KOTOPble OTHOCSATCS
K HawuM ¢dannoBbiM NoTokaM. U, pakTuyeckun, Mbl MOTIM UCNOMb30BaTh Haln dalinioBble MOTOKN TEM
e crnocoboM, KakmMM Mbl YXKe UCMOSb30BanmM Cin n cout, ToabKo ¢ €AMHCTBEHHOW Pa3HULEN, YTO Mbl
CBSI3bIBAEM 3TU NOTOKU C du3ndeckmmn darnammn. laBanTe B3rjsHEM Ha NpuUMep:

// basic file operations [file example.txt]
#include <iostream> Writing this to a file.
#include <fstream>

using namespace std;

int main () {
ofstream myfile;
myfile.open ("example.txt");
myfile << "Writing this to a
file.\n";
myfile.close();
return 0;

ITOT KOA co3AaéT dain ¢ nmeHem example. txt y gcraBndeT dpasy B HEro Tak Xe, Kak Mbl 3TO
Jenanu, ncnonbsysa cout, Ho ucnonb3osanu gainosblii notok myfile pmecTo sToro.

Ho paBaliTe caenaem 37O nowwaroBso:

OTkpbiBaHue panna

MepBas onepaums 06bI4YHO BbINOJHAETCSH Ha 06beKkTe 04HOMO U3 3TUX KacCoB, CBSA3bIBAs €ro C
peanbHbIM arnom. DTa npoueaypa u3BectHa Kak open a file. OTKpbITb hann — NpeacTaBieH B
nporpaMme rMmoTokom, stream (T.e., 06BbEKT OAHOI0 M3 3TUX KaccoB; B nNpeablaylieM npumepe 310 6bin
myfile) n nobas onepauns BBoAa UM BbIBOAA, BbINOJIHAEMas Ha 3TOM 06beKTe NoToka, byaeT
npunoxeHa K dunsndeckomy darny, CBA3aHHOMY C HUM.

B nopsigke oTkpbITUA danna ¢ 06beKTOM NOTOKa Mbl UCMOJIb3YeM ero YneH-QyHKUMIo open:
open (filename, mode);

rfoe filename - 370 cTpoka, NpeacTaBnsowas uMa daina, KoTopblit AO/KHEH BbITb OKTPLIT, @ mode —
3T0 He obs3aTenbHbI NapameTp ¢ KoMbuHaumen cnegyrowmx Gnaros:

|ios: :in ||OTKprTb A1 onepauui BBoaa.

|ios: :out “OTKprTb AN onepaumii BbiBOAA.

|ios: :binary“OTKpblTb B ABOWYHOM pexume.
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YCTaHOBUTb HayasbHYO NO3ULMIO B KOHLE cbaﬁna.

ios::ate .. o
Ecnu 3710T (pnar He yCTaHOB/IEH, HaYa/lbHas No3mMums 3agaétcs ¢ Hadana ganna.

Bce onepaumu BbiBOAa BbINOMHATCS B KOHUE daina, 4o6aBnss coaepXxumoe K

ios::app TekyLieMy coaepxumomy daiina.

Ecnn daiin oTKpbiBaeTCa 41a onepaunin BbiBoAa U yxe CyWeCcTByeT, ero npeabiayliee
coAepXXaHue ygansaercs n 3aMewaeTcsl HOBbIM.

ios::trunc

Bce aTK dbnarn MoryT 6bITb CKOMBMHUPOBAHHbBI, UCNOJb3Ysa No6uUTOBLIN onepaTop OR (|). Hanpumep,
€C/N Mbl XOTUM OTKpbITb (haitn example.bin B ABOMYHOM pexnme, 4YTo6bl 406aBUTb AaHHbIE, Mbl
OOJKHbI cAenaTtb 3TO C/ieAyWNM Bbi30BOM (DYHKLUMN-UYNeHa Open:

ofstream myfile;

myfile.open ("example.bin", ios::out | ios::app | ios::binary);

Kaxaas n3 gyHKUnin-uneHoB open knacca ofstream, ifstream y fstream ymeer
npeaonpeaené&HHblii peXxmMM, KOTOPbIA UCMNOMb30BaH, ecin dain oTKPbIT 63 BTOporo aprymMmeHTa:

| Knacc ||napaMe'rp npeponpeaenéHHoro pe)KuMa|

|ofstream||ios: rout |

|ifstreamWo$:m |

|fstream ||ios::in | ios::out |

Onsa ifstream y ofstream knaccos pexuMbl 10s::1in y 1os::out fobaBnAOTCS aBTOMaTUUECKU U
COOTBETCTBEHHO MPUCYTCTBYIOT. [Jaxke eC/iv pexxmMM UMM He BKIIOUYEH, OH nepenaércsl Kak BTOpoi
aprymeHT B dyHKUMIO-UneH open (dbnarn KoMbUHUpYyoTcs).

Onsa fstream npeponpeaenéHHoe 3HaYeHME NPUMEHATCS, TOSIbKO ecnn hyHKUNA Bbi3biBaeTca 6e3
Kakoro-nmbo 3a4aHHOro 3HaYeHMUs Ana napaMeTpa pexuma. Ecnm dyHKUMS! Bbi3bIBAETCS C KaKUM-TO
3Ha4YeHMEeM B 3TOM NapaMeTpe, NpeaonpeaenéHHbI peXxXuM OTMEHSAETCS, @ He KOMBUHUPYeTCS.

DalinoBbIli NOTOK, OTKPbITLIN B 4BOMYHOM pEXMME, BbINOAHSAET onepauuy BBBOAA U BblBOAA
He3aBMcmMo oT ntboro aHanmnsa ¢opmarta. He aBonydHblie dalinbl U3BECTHbI KakK TEKCTOBbIE (anisibl, N
HeKkoTopble Npeobpas3oBaHUs MOryT NponcxoanTb, 6narogaps dopMaTMpPoOBaHUIO HEKOTOPbIX
cneumanbHbIX CMMBOMOB (NOAO06HBIX CMMBOMIAM HOBOM NIMHUM 1M BO3BpaTa KapeTku).

MockonbKky nepsas 3agada, KOTopas BbIMNOMHAETCS C hanfioBbIM MOTOKOM, 3TO 06bI4YHO OTKpbIBaHME
danna, 3T Tpu Knacca BKAOYAOT KOHCTPYKTOP, KOTOPbIM aBTOMaTUYECKM Bbi3biBaeT PYHKLUUIO-USIEH
OPEen 1 UMEeeT TOYHO Te Xe NapaMeTpbl, YTO W 3TOT YneH. Takum 06pa3oM, Mbl O/MKHbI Takxe
[AeKnapupoBath npeablaywmii myfile o6bekT n ConpoBoXAaTh OMNepaTop OTKPbIBAHUSA B HALLEM
npeablayleM npumepe, Hanucas:

ofstream myfile ("example.bin", ios::out | ios::app | ios::binary);

KoM6MHauusi KOHCTPYKTOpa 06beKTa 1 NOTOKa OTKPbIBaHUSA B OAHOM yTBepxaeHun. Obe dhopMbl Ans
OTKPbIBaHWA haiina npasufibHbl U SKBUBAJIEHTHbI.

Y1o6bl NPOBEPUTL, BYAET NN NOTOKOBbIN (A OTKPbIT YCMNeELWHO, Bbl MOXETE CAe/aTb 3TO BbI30BOM
yneHa 1s_open, 3Ta dyHKUMS-UNEH BO3BpaLLAET 3HayeHne bool kak true B cinyyae, ecnu
LENCTBUTENbHO NMOTOKOBbLIA 06BEKT CBA3aH C OTKPbLITLIM dhainioM, unu £alse B npoTuBHOM cnyvae:

if (myfile.is open()) { /* ok, proceed with output */ }
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3akpbiBaHue panna

Koraa Mbl 3aKOHYMIM C ONepauMsaMn BBoAa M BbiBoda C alisioM, Mbl AO/KHbBI 3aKpbITh €ro TakK, YTobbl
onepaumMoHHas cuctema 6biia usBeleHa o6 3ToM, U YTOb6bI €€ pecypcbl CTasn BHOBb A4OCTYMHbI. [/
3TOro Mbl BbI3BAaeM MOTOKOBY DYHKLMIO-UieH Close, 3Ta dpyHKUMUsA-UneH copacbiBaeT CBSA3aHHbIe C
npoueccom bydepbl 1 3akpbiBaeT dann:

myfile.close();

Koraa aTa yHKUMS-USIEH BbI3bIBAETCHA, 06BbEKT NOTOKA MOXET 6bITb NCMOMb30BaH 3aHOBO AN
OTKpbIBaHWA Apyroro daina, a daiin CTaHoBUTCA AOCTYMNEH BHOBb A OTKPbIBAHWSA B APYroM
npouecce.

B cnyuyae, koraa o6beKT paspyLIaeTcsl, OCTaBasiCb CBA3aH C OTKPbITbIM (haitfioM, AECTPYKTOP
aBTOMaTUYECKM BbI3BAET (DYHKLMIO-UneH close,

TekcroBble hannbl

TekcToBble NOTOKOBbIE Dali/ibl — 3TO Te, rae 10s: :binary dnar He BKIOUEH B UX PEXUM
OTKpbIBaHWS. OTu dainbl pa3paboTaHbl AN XpaHEHUS TeKCTa M, CliefoBaTeflbHO, BCe 3Ha4YeHus,
KOTOPbIE BBOASATCA WM BbIBOASATCA U3/B HUX, MOTYT MpeTeprneBaTbh HEKOTOPbIE Npeobpa3oBaHus
dopmaTa, KoTOpble He 0643aTeNbHO OTHOCATCS K UX MTEPasibHbIM BOMYHbIM 3HAYEHUSAM.

3anncb onepaumi ¢ TEKCTOBLIMU anniamMm BbINMOMHAETCA TaK Xe, Kak Mbl onepupoBanm ¢ cout:

// writing on a text file [file example.txt]
#include <iostream> This is a line.
#include <fstream> This is another line.

using namespace std;

int main () {
ofstream myfile ("example.txt");
if (myfile.is open())
{
myfile << "This is a line.\n";
myfile << "This is another
line.\n";
myfile.close();
}
else cout << "Unable to open file";
return 0;

YteHune us daiina MoXeT 6bITb BbIMOMEHO TEM Xe CMOCOH60M, KOTOPbIM Mbl BbIMOMHANN Cin:

// reading a text file This is a line.
#include <iostream> This is another line.
#include <fstream>

#include <string>

using namespace std;

int main () {
string line;
ifstream myfile ("example.txt");
if (myfile.is open())
{
while ( getline (myfile,line) )
{
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cout << line << '\n';
}

myfile.close();

else cout << "Unable to open file";

return 0;

OTOT nocnegHu NpuMep YnTaeT TEKCTOBbIN hais u neyaTaeT ero CoAep>XXumMoe Ha akpaHe. Mbl co3ganm
umnkn while, KoTopbIt UATaET ain cTpoka 3a CTPOKON, ucnonb3ysa getline, 3naueHne, Bo3BpallaeMoe
getline - 370 ccbifika Ha CaM MOTOKOBbIV 06BEKT, KOTOPLIN KOrAa UCMOMHAETCA Kak 6yneso
BblpaXkeHne (Kak B 3TOM uukne while) senaetcs true, ecnm NoToK rotoB ANs BbIMOJHEHUS
AONONHUTENbHBLIX onepaunin, n false, ecnn nM6o AOCTUTHYT KoHel daiina, Nnbo obHapyxunsaeTcs
Kakas-To gpyras owmubka.

NMpoBepka cdnaros COCToaHUNA

Cneayouwme byHKUUU-YNEHbI CYLLECTBYIOT A/ MPOBEPKM CNeLmManbHbIX COCTOSAHUI NOTOKa (BCE OHM
Bo3BpalatoT ool 3HaueHue):

bad ()
Bo3BpawaeT true, ecnu onepauunsa YTeHMUs UM 3anNMcK OKOHYMAch Heyaaden. Hanpumep, B
cnydae, Korga Mbl NblTaeMcs 3anncaTb B dalifl, KOTOPbIA He OTKPbIT A5 3anucu, UNu ecim Ha
YCTPOWCTBE, KyAa Mbl NblITAEMCS 3anncbiBaTb, HE OCTaNoOCh MecTa.

fail()
Bo3BpalyaeT true B ToM xe cnydyae, yto u bad (), Ho Takxke B cnydyae, koraa o6HapyXuBaeTcs
owwnbka dopmarta, nonobHas nssnedeHNo andaBUTHOro CMMBOA, KOraa Mbl NbiTaemcs
npoynTaTb Lenoe 4Yncso.

eof ()
Bo3BpawaeT true, ecnu daiin, oTKPbITbIA AN YTEHUS], AOCTUIraeT KoHLUa.

good ()

DT0 caMblii OCHOBHOI hilar COCTOSIHMA: OH Bo3BpalaeT false B ToM xe cnyyae, Koraa Bbi30oB
noboi npeablaywein dyHKUMKM BepHyn 6bl true, 3ameTbTe, yTo good n bad He asnsawTCA
MOJSIHOCTbIO MPOTMBOMOJIOXHbIMK (900d npoBepseT 60/blue h1aroB COCTOAHUSA cpasy).

®dyHKUMsA-uneH clear () moxeT 6biTh MCMOMNb30BaHa Ana c6poca daros CoCToAHUSA.

get v put nozMuymMoHMpoBaHue NOToKa

Bce noTokoBble 06bEKTHI BBOAA/BbIBOAA XPAHST XOTS 6bl 04HY BHYTPEHHIOK MO3ULMIO:

ifstream nogo6bHo istream xpaHuUT BHYTpeHHE get position (noayyYnTs Mo3MLMI0) C MECTOM
3/1leMeHTa, KOTopbIn ByAeT NpounTaH Npu cneayoLlen onepaumm BBoaa.

ofstream nogobHo Ostream xpaHUT BHyTpPeHHe put position (MOMECTUTb ro3uLMI0) C MECTOM, rae
cneaywmn aeMeHT 4oKeH 6biTb 3anncaH.

OkoHuaTenbHo, fstream xpaHut n get n put position nogobHo iostream,

DTW BHYTPEHHMWE NO3MUMM NOTOKA YKa3blBalOT HA MECTO B MOTOKE, FAe c/eaylowne onepaumm YteHums
WK 3anucy 6yayT BbINOJHATLCS. DTU NO3ULMKU MOTYT 6bITb 1 HabNAAEMbI, U MOAUDULNPYEMbI, ECIU
NCMo/sib30BaTh creayowmne dyHKUNN-UNEHbI:

tellg() wm tellp()

OTun ABe pyHKUMM-UYneHa 6e3 NpaMeTpoB BO3BPALLAOT 3HAUYEHUE YsieHa Tuna streampos, KoTopbIi
€CTb TWM, NpeacTaBnAWNA Tekylwmne get position (B cnyvae tellq) unu put position (B cnydae
tellp)
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seekg() n seekp()

3TN dYHKLMN NO3BONSAIOT N3MEHUTL NONOXeHWe get n put positions. O6e dyHKUNM neperpyxeHbl C
ABYMS pasHbiMK npoTtoTunamu. Nepsas dpopma:

seekg ( position );
seekp ( position );

Mcrnonb3ysa 3TOT NPOTOTUM, YKasaTeslb NOTOoKa 06pallaeTcs K CBoein abCcooTHOM no3mumun position
(BbluMCIiEMOM OT Havana daiina). Tun ans 3Toro napMeTpa — 3To streampos, KoTopbIN SABASETCS TEM
e TUNOM, YTO U Bo3BpallaemMbin pyHkumnsamm tellg y tellp,

Opyrasa dopma 3Tux hyHKUMN eCTb:

seekg ( offset, direction );
seekp ( offset, direction );

Wcnonb3ysa 3ToT NnpoToTun, get unu put position yctaHaBnMBaeT 3HaYeHMe CMeLLEHNS OTHOCUTENTbHO
creumasnbHbIX TOYeK, onpeaenseMbix napamMerpom direction, offset ymeer Tun streamoff, A
direction ymeer Tun seekdir, koTopblit oKasbliBaeTca enumerated type (nepeyncasemMsiii T1),
onpeaensowmnii TOYKy, OT KOTOPOM pacCYMTbIBAETCS CMeLLEHNE, N KOTopas MOXET NpUHSATb ntoboe u3
cneayowmx 3HaYeH:

|ios: :beg”offset paccyMTbiBaeTCs OT Hayasa noToka |

|ios: :cur”offset pacCcYMTbIBAETCS OT TEKYLLEN I'IO3VILJ,VIVI|

|ios: :end”offset paccyMTbiBaeTCs OT KOHLa NoToKa |

Cneayowmi npumep ncnonbsyeT MyHKUMN-UYNEHbI, KOTOPbIE Mbl TOJIbKO YTO BUAENN, AJ1S MONYYEHUS
pa3mepa danna:

// obtaining file size size is: 40 bytes.
#include <iostream>

#include <fstream>

using namespace std;

int main () {
streampos begin, end;
ifstream myfile ("example.bin",

ios::binary);
begin = myfile.tellg();
myfile.seekg (0, ios::end);
end = myfile.tellg();
myfile.close();
cout << "size is: " << (end-begin)
<< " bytes.\n";
return 0;

OTMeTbTE TUM, KOTOPbIA Mbl MCMOMb30BaNM 4SS NEPEMEHHbIX begin y end:

streampos size;

streampos - 370 cneundmnyecKknii TUMN, NCNONb30BaHHbIN AN 6ydepa 1 NO3MUNMOHMPOBaHUSA B danine,
1 Tun, Bosspawaembiii file.tellg (), 3HaueHns 3TOro TMNa MOryT 6€30MacHO BblUMTATLCSA U3 APYrUX
3Ha4YeHUI TOro e Tuna, U MoryT KOHBEPTUPOBATLCS B Lienbli TUM, AOCTAaTOYHO 60/bLION AnS
pa3meweHnsa pasmepa danna.
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OTW NOTOKOBbIE dJYHKLI,MM NOo3NUMOHNUPOBAHNA NCNONBL3YIOT ABa 06bIYHbIX TMNA: streampos p
streamoff, 3tn TMnbl Takxe onpeaeneHbl, Kak Tunbl Y1€HOB NMOTOKOBOIO KJsiacca:

Tvin || Tvn uneHa || OnucaHune

OnpenenéH Kak fpos<mbstate t>.
streampos||ios: :pos type||OH MOXeT 6blTb KOHBEPTUPOBAH B/U3 streamoff, U 3HAYEHUSA MOryT
6bITb f06aBNEHbI U BbIYTEHbI U3 3HAYEeHMan 3TUX TUMOB.

3TO NCeBAOHWM OAHOMO M3 6a30BbIX LesbIX TUMOB (TakMX Kak int wuam

streamoffilios::0ff type
- long long).

KaxxabliA TUN YfieHa Bbllwe — 3TO NCEBAOHUM €ro 3KBMBAJIeHTa He YsieHa (OHWM TOYHO Te Xe Tunbl). He
MMeeT 3HaUYEeHUs, KaKOW UCNOoNb3yeTcs. TuMbl YNeHOB bosiee yHMBEpCasbHbl, MOCKOIbKY OHU
OAMHAKOBbI ANA BCEX MOTOKOBbLIX 06BEKTOB (Aaxe C MOTOKaMM, UCNOJb3YHLWNMN SK30TUYECKME TUMbI
CUMBOJI0B), HO TUMbl HE YIEHOB LWMPOKO NUCMOb3YHTCS B CYLLECTBYIOLWMX KOAAX N3 NCTOPUYECKMX
CcoobpaxeHuni.

OBon4Hble hannbl

[na ABOWYHbLIX aiIOB UTEHME U 3aMNUCh AaHHbIX C ONepaTopaMmn U3BNeUYeHUs u BkaodeHns (<< n >>)
n GyHKUMAMM noaobHbiMKM getline He 3t heKTMBHO, NOCKOMbKY Mbl HE HyXAaeMcs B
bopMaTMpoBaHMM NOObLIX AAHHBIX, U AaHHbIE, MOX0Xe, He CDOPMUPOBAHbLI B CTPOKM.

MoTokoBble Galnbl BKAOYaT ABe DYHKUMU-UNEHa, crielumanbHo pa3paboTaHHble ANs UTEHWUS U 3anucu
[BONYHbIX AaHHbIX MocnegoBaTenbHo: Write y read, Mepeasa (Write) - ato dyHKUMA-uneH Oostream
(HacnepgoBaHHag ofstream), A read - dyHKUMA-uneH istream (HacnegoBaHHas 1fstream),
O6bekTbl Knacca fstream ymeloT 1 To, U Apyroe. Mx npoToTuneb:

write ( memory block, size );
read ( memory block, size );

Fpe memory_block ymetoT TN char* (ykasatenb Ha char) n npeacraBnsaT agpec MaccuBa 6aliToB,
rAe XpaHsATCS NPOYMTbIBAEMbIE 3/IEMEHTbI AaHHbIX UKW OTKyAa 6epyTcs 3/1eMeHTbl AaHHbIX AJ1S1 3anucu.
MapameTp Size - 3To LeNoe 3HaueHne, KOTopoe 3aAaéT UNC/I0 CUMBOJIOB A1 YTEHMSA MM 3anncu us/s
610K namaTun.

// reading an entire binary file the entire file content is in memory
#include <iostream>

#include <fstream>

using namespace std;

int main () {
streampos size;
char * memblock;

ifstream file ("example.bin",
ios::in|ios::binaryl|ios::ate);

if (file.is_open())

{
size = file.tellg();
memblock = new char [size];
file.seekg (0, ios::beqg);
file.read (memblock, size);
file.close():;

cout << "the entire file content
is in memory";

delete[] memblock;
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else cout << "Unable to open file";
return 0;

B 3ToM npuMepe Becb (ain ynTaeTcs U xpaHuTcsa B 6/10Ke NamMaTu. [laBaiiTe NOCMOTPUM, Kak 3TO
Aenaetcs:

BHauane dain oTkpbiBaeTcsa ¢ ¢arom 10s: :ate, KkoTopblil 03HauaeT, YTo yKasartenb get 6yaer
NMo3nLMOHMPOBATbLCSA B KOHLE daiina. Tak, Koraa Mbl Bbi3biBaeM uneH tellg (), Mbl HeEMocpeaCTBEHHO
rnosyymm pasmep daiina.

Koraa mbl nonyymnnu pasMep dairina, Mbl 3anpawimsaemM MecTo 6/10ka NnamMaTy AocTaTovyHO 6onblioe Ans
pa3MeleHns Bcero ganna:

memblock = new char[size];

Cpa3sy nocne 3Toro Mbl NPOAO/IXXNUM YCTAaHOBKY get position B Hayano danna (MOMHUTE, YTO Mbl
OTKpbIBanu ann c ero ykasaTesIeM Ha KOHeL), 3aTEM Mbl YNTaeM BeCb (ali/l N, HAKOHEL, 3aKpbIBaeM
ero:

file.seekg (0, ios::beqg);
file.read (memblock, size);
file.close();

B 3TOI TOUKe Mbl MOXEM OMEpUPOBaTh C AaHHbIMUK, MOSYYEHHbIMU U3 dalina. Ho Hawa nporpamma
NMPOCTO aHOHCUPYET, YTO CoAepXnMoe dalisia B NaMaATh, U 3aTeM 3aBepLlaeTcs.

bydepbl 1 CMHXpOHU3aUuun

Korga Mbl onepupyeM € NOTOKOBbIMWU pansiamMmn, ecTb CBA3b C BHYTPEHHMM 6ydepoM obbekTa Tuna
streambuf, 3T0T 06bEKT-6ydhep MOXET NpeAcTaBAATb 60K NaMATH, KOTOPbI 4eNCTBYET Kak
NnocpeaHnK Mexay NnoTokoM u dusndecknm dainom. Hanpumep, c ofstream kaxablit pas Bbi3blBaeTCs
pyHKUMS-UneH PUt (KOTOpbIV NMULIET eANHCTBEHHbIN CMMBOJ). CUMBON MOXET 6bITb BCTaB/€H B 3TOT
6ydep-nocpegHUK BMECTO Havasia 3annucu HeNoCpPeaACTBEHHO B pusnyeckuin daiin, ¢ KOTopbiM NOTOK
accounmpoBaH.

OnepaumMoHHas cMcTeMa MOXET TaKXe onpeaenuTb agpyrue criou bydepusaunmn ans YTeHUs 1 3anmcu
darnnos.

Koraa 6ydep ounlleH, BCce AaHHble, coaepXalmecs B HEM, 3anncbiBaloTCa B duU3nMyeckyo cpeay (ecnm
3TO BbIXOAHOM NMOTOK). DTOT NPOLECC HAa3blBAETCH CUMHXPOHU3ALUMEN N UMEET MeCTO Npu NobbIX
cnepyowmx obcroaTenscreax:

e Korpa dain 3akpbiBaeTca: nepej 3akpbiBaHueM daiina Bce 6ydepbl, KOTOpbie He Hbinn
OUMLLEHbI, CUHXPOHU3MPYIOTCS U BCE OTJIOXKEHHbIE AAHHbIE 3aMMUCbIBAOTCS WIN YMTAKOTCA B
dusnyeckon cpeae.

e Korpa 6ydep nonoH: 6ydepbl MMeloT HekoTopbI pa3smep. Koraga 6ydep nonoH, oH
aBTOMaTU4YeCKM CUHXPOHU3MpPYyeETCS.

e SIBHO, C MAHUNYNATOPaMMU: KOr4a HEKOTOPbIE MAHUMYATOPbl MCNOMNb3YIOTCA C NOTOKaMU,
MMeeT MEeCTO SiIBHas CUHXPOHMU3auUus. T MaHunynatopbl: £lush y endl,

e SIBHO, C pyHKUMEN-UNeHOM sync(): Bbi3biBasi NOTOKOBYIO PyHKLMIO-YneH sync (),
NPUBOASALLYIO K MPAMOI CUHXPOHM3aUUKN. ITa hyHKUUSA BO3BpaLLaeT 3HauyeHme int
3KBMBaNieHTHoe —1, ecnn NOTOK He UMeeT CBA3aHHOro 6ydepa unu B ciydae Heygauu. MHade
(ecnu 6ydep noToka 6bia yCNewHo CUHXPOHM3UPOBaH) oHa Bo3Bpaulaert 0,
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3akroyeHve M Qt 3/1I0K/II04YeHUs

fl, N0 MeHbLUel Mmepe, ABaX bl BHUMATE/IbHO NPOYMTaN PaccKas o A3bike C++: KOraa nepesoamn 1 Korga
ybupan MHoroymcieHHble oneyatkm (Mx He JONKHO ObiTb CAUWKOM MHOr0). PPeKT He 3acTaBun cebs
*OaTb — NOABMIOCH OLLYLLEHWE, YTO MHE BCE CTasI0 NOHATHO.

BopoTbcA C NMOAOBHBIM OLLYLLEHUEM MOMKHO TOJIbKO OAHMM Crnocobom — HayaTb YTO-TO Aenatb. Mpu
nepesoe A ucnonb3osan nporpammy Code::Blocks B KoHcoIbHOM BapuaHTe. OHa NO3BONAET CO34aBaTb
n npunoxkeHua ana Windows. Ho panee, yem cosgaHune pabouero okHa, KOTOpoe A MoayYUn B rOTOBOM
BUAE, A HE NPOJABUHY/ICA — NEPBbIA 3BOHOK, YTO He BCE Tak 61aronoayyHo.

Puc. 8. Pabouee none nporpammel, nosydyeHHoe B Code::Blocks

OAHaKo A, Kak M MHOMMe, NMOMHIO CEpPUI0 NporpaMm Aas CO3AaHuA NpuNosKeHuit ot Microsoft, rae
MHOrO€e MOKHO CAeNaTb AOCTaTOYHO NPOCTO. M A He cyMTalo 3a30pHbIM BOCMOAb30BaTbLCA YA06HOM ana
BbINO/MHEHUA 3a4aun cpedoit paspaboTku. Mpasaa, A xody Mcnonb3oBaTh cBo6oaHy0 nporpammy Qt

Creator, BxoaAwyto B coctaB Qt (ceityac Bepcus 5.4).

%

Osiin [paska CBopka Omnaaxa  Awanws  Wacrpymentss  Owro  Crpaska

¥ OTKpbITL NpoexT

Ceccvn lNMocneagune NpoekTbl
D default (nocnepnss cecous)

Bnepebie ¢ Qt?

YaHaliTe, Kak pazpabaruiears
COBCTBEHHBIE PUOKEHHS,
W ocsoiiTe Qt Creator.

HauaTs ceityac

A veetras sannes Qt
@ Ofnaurbie cepanco! Qt
M Onnaiin coofuecTso
N\ Born

@ crpoeea

| Al ©- Euicrpuiii nonce (Cirl+K) 1 P PesynsaTe novcka Il Beisea npuncweria Mgl Korcons chopii i Karcons QML/IS

Puc. 9. Meps.bliit 3anyck nporpammbl Qt Creator
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Mpwn co3gaHnn HOBOTO NPOEKTA B ANANTONOBbIX OKHAX MOXHO Bbl6paTb TUN NPUNOXKEHUA:

Buibepure wabnon: WaBnorst an Desktop. ¥

Mpaskrel B Mpwaoxenne at widgets Cosparite npUnoxeritA Qt ANA HACTONSHEIX
oD n K KOMMBIOTEDOE, BXMIOHEET OCHOBHOE 0KHO B BHE
pi 7| Mpunoxerue Gt Quicl opri avoafuiepa OF.
Bubnmoexa Bl Konconsroe npunoscerue Ot
Ewibupaetcs npodun <Desktop Qt» Ans chopki
Apyrofi npaext 7| Wrrepeeiic Ot Quick TIDUROKEHHR, ECTH OH AOCTYTIEH.
MpoexT Bes ucnonssesarua Of NMopnepwmBaenbie niaTGopMbE: Desktop

InnopTipotats npoek

Daiine n knaccel

Puc. 10. Bbibop TMNa npuaoxKeHus

B cnepylowmx Avanorax 3agaloTcd MMA MPOEKTa, MECTO ero pasmelLeHuMa U pag, AONONHUTENbHbIX
CBOMCTB NPOEKTA. 3aBEPLUMB 3TM HACTPOMKM, Mbl MONYYMM 3aroTOBKY byayLiei nporpammbl.

% x
Ooiin  [paska  Cbopxa Ormagka A Uncrpywerms Owio  Crpaska

B X B main B+

+ % | <Bobepure cmeon>

4 [ new 1 #include inwindow.h"
new.pro 2 #include "ui_mainwindow.h"
g 3arcncecuHele 3
4 1 Vexopmon 4 MainWindow: :MainWindow (QWidget *parent) :
main.cpp 5 QMainWindow (parent),
— R 6 a ui {new Ui::MainWindow)
mainwindow.cpp .
4 & Qopus 8 wi->setupli(thisz);

mainwindow.ui a

1 4 MainWindow::~MainWindow ()
12 {
3 delete ui;
¥

mainwindow.cpp

| Wl ©- Beictpeii nouck (Ctrl+K) B8 potiners: JER PesynsTaTe! nowcka ]

Puc. 11. 3aroToBKa byayLein nporpammbl

MeHs, Kak yenoBeKa NafAKoro Ha «BCE roToBeHbKOe», Mpusaekaa rotosasa ¢opma (mainwindow.ui),
[OBOWMHOM LWEeNYyoK No aTomy gaiy OTKPbIBAET KOHCTPYKTOP GpopMbl.

185



B.H. T'os101060B

O mepeBo/ie 0JTHOTO PYKOBO/ICTBA

unsTD

a Layouts
= Vertical Layout

[ Horizontal Layout

£33 Grid Layout

9 Form Layout

K

4 Spacers
[Béd] Horizontal Spacer

E vertical spacer
- Buttons

2%| Push Button

S (S Tool Button
] @ Radio Button
PP B Check Box

@ Ccommand Link Butten

Button Box

Item Views (Model-Based)

a
[5] st view

8 Tree View

FE] Table view
Column View

Item Widgets (ftem-Based)

P
List Widget

2 Tree Widget
B Table Widget

7
=] Group Box

Qvaaiin

Containers

<

mainwindow.ui - new - Qt Creator

Oaiin [paska Cbopka Omnapca  Ananws  Wncrpymentsr  Owrio  Crpaska

Miwwmre aecs

Texer

Vicnonsayerca

Obvext
4 MainWindow
5§ centralWidget
menuBar
mainTeolBar
statusBar

<

4 0w

Topruan knaguw Tp

>

MainWindow : QMainWindow
Cooiicroe
a

objectName
a
windowModality
enabled
geometry
sizePolicy
minimumSize
maximumSize

sizelncrement

baseSize
palette
> font

= |

Knacc
OMainWindow
[Z] awidget
QMenuBar
QToolBar
QStatusBar

SHaveHne 0

MainWindow

NenModil
[0, 0), 400 % 300]
[Preferred, Pref..
0x0
16777215 x 1677.
0x0

0x0
YracnenosanHal
A [MSShellD. ,

PEAGITOP CATHANOE 1 CNOTOB < >

Il scroll Area v | PenakTop peicTeuit

8 rootinen: JEA Pesynerare: nomaca JJEN Beison npuncers A Korcone ciopia

Al O- buicrpuiii nouck (Cirl+K)

Puc. 12. KoHcTpyKkTOop dopmbl Qt Creator

MHCTpyMeHTaibHasA NaHesb, Bbl MOXKeTe yoeanTbea camu, npeanaraet 6obluoin Habop HeobxoanMbIX
ana Gopmbl KOMMOHEHTOB.

Al He ymeto co3aaBaTb NPOCTO 3/IEKTPOHHbIE YCTPOMCTBA, KaK He yMelo co3aBaTb NPOCTO NPOrpamMmbl.
MHe HYHO TOYHO 3HaTb, KAaKMM [OJIKHO OblTb YCTPOWMCTBO, YTO M KaK OHO AO0/KHO AenaTb, TO Ke
OTHOCUTCA U K Mporpamme. [NoaTomy nepsoe, 4To caeayeTt cAenatb — 3TO 3aNUCaTb, YTO AOKHA Aenatb
nporpamma: nocae 3anycka NporpaMmmbl OHa A0MHa N03BONUTb 06paTuTbcAa K COM-NopTy M OTNPaBUTD,
CKaXkemM, ofHy OykBy 4Yepe3 nopt. lo3xe, ecan BCE NOAyYUTCA, 3Ty MPOrpammy MOXKHO Oyaet
pacwupuTb. Maea nporpammbl B TOM, YTO C €€ MOMOLLBIO (M MOMOLLBIO AOMOJIHUTENIbHOTO YCTPOWCTBA)
MOXHO OyAeT ynpaBaAaTb C KOMMblOTEPa, HampuMmep, NPOCTbIM PoOOTOM, 3aCTaBNAA ero ABUraTbCA,
noBopayMBaTb, OCTaHABAMBATLCA. Y Moero Komnbtotepa ectb oguH COM-nopT, HO A xoTen 6bl, YTOObI
nporpamma paboTana u Ha MOEm nnaHweTte, rae HeT COM-nopTa, HO MOYKHO MCMNOJIb30BaTb MNEPEXOA,
USB-COM. Ha nnaHwete y meHa onepauMoHHaa cuctema Windows, Tak 4To MHe NpoLe MCMno/ib30BaTb
OLHY W Ty Xe nporpammy B ABYyX C/Ay4asax. A AOMONHUTENbHOE YCTPOMCTBO, NogKkntodaemoe K COM-
nopTy, MOXeT bbITb NpeobpasoBaTesem KOMaHA, OT KOMMbOTEPA B PaAMOKOMaHAY UK, 4To npoue, K-
KOMaHAy.

MepBoe, YTO HYXKHO caenaTb — 3To f06aBUTb Ha dopmy Tpu KHoMKK (button). Caenatb 3TO He CNOXKHO —
nogLenuTb MbilwKoi Push Button, nepeHectn Ha popmy 1 OCTaBUTb TaM.
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L mainwindow.ui - new - Qt Creator - B

Qaiin Mpaska CGopka Otnagka  Awames  Uncrpymerms Owwo  Crpaska

' DunbTp o Obvexr Knace
P Layouts ~ BN 4 MainWindow QMainWindow
= Vertical Layout R o 4 5§ centralWidget [7] QWidget

. pushButten 2 QPushButtor

(1] Horizontal Layout pushButten_2 (=) QPushButtor

(33 Grid Layout pushButton_3 2 QPushButtor

B menuBar QMenuBar
48 Form Layout PushButton mainToolBar QToolBar
| Spacers s R . o statusBar QOStatusBar

-
B8] Horizontal Spacer ©  m pushButton ®
» .

* PushButton

E vertical spacer
- Buttons
[ Push Button

Tool Butten
] @ Radio Button
- < >

[ checkBox
@ command Link Butten SunTp |+ — |

pushButton_3 : QPushButton

paska Button Box Ceoficteo Jnsuerme A
P Item Views (Model-Based)

[ st view

pushButton_3

S8 Tree View QWidget
enabled
£ Table view Vs Wcnonesyercn Texer Topsuas knasuw Tp = |
Column View > geometry [(40, 110), 75% 22
— b sizePolicy [Minirmurn, Fixe,
tem Widgets (Item-Based) » iniauSise 0
List Widget b masimumSize 16777215 % 1677,
AR 18 Tree Widget b sizelncrement 0x0
EE] Table Widget b baseSize 0x0
. = palette [ —
(=] Group B » font A [M5Shell D.
A
e . S b o

| Penaxtop neficrewi | Penarrop crtiance u cnoTos < o

e [l aeow [ e o= N

Tool Box

Puc. 13. 3anonHeHune popmbl

BepxHAA KHOMKa, A Ha3oBy eé «OTKpbITb NOPT», NpeAHa3Ha4YeHa A1A CBA3M NPOrpamMmmbl C MOPTOM,
cnegyowan nownér KomaHay, a nocnegHas 3akpoeT nopT. o wenyky BepxHeil KHOMKKW cnepyet
OTKpbITb M HacTpouTb COM-nopT. B 3ToM MecTe BO3HWMKAET HEKOTOPOE 3aTpyAHEHWe, CBA3AHHOE C
BOCMOMMHaHMEM O TOM, KaK 3TO MOKHO b6blio caenatb B Visual Basic. Ho nomoraet n BocnomumHaHue o
ToM, yto Qt (ecnu ato 6bin0 Qt) NoadepKUBAET KOHCTPYKLMIO CNOTOB U CUrHanos. LLENKHyB npasoi
KHOMKOWM MbILM NO KHOMKE Ha NaHean, MOXXHO HaWTK B BbIMNAZaloOLWEM MEHIO:

L’ mainwindow.ui - new - Ot Creator - =

Qaiin [paska CGopka  Omnagea  Awanus  Uncrpywmentsr Okrio  Crpaska

b ouneTp o Ofuext Knace
P Layouts | mesaees 4 MainWindow QMainWindow
| = Vertical Layout 4 5 centralWidget || QWidget
. 5 a000500a000003aa00003830000033a00000 pushButten 2 QPushButtol
)] Horizontal Layout R o B it pushButton_2 2] QPushButtol
o L : =
a4 Grid Layout . . puBsnButton_s =] OPushButtol
p L I menuBar QMenuBar
% 45 Form Layout C P Vissaerurre obiecthisme peooooo mainToolBar QTcolBar
fooaia |4 Spacers soosoon 2 R statusBar QStatusBar
MNpeotpazonars & >
4 Horizontal Spacer o] Pus
! B vertical Spacer Vismierus toolTip...
7 Buttons o Vismierims whatsThis...
Push Button o Vismerinms styleSheet..
Tool Butten o Orpariuenia pasmiepa »
[ | @ Radio Button
Mpeotpasosars s ... " N
WP B Check Box
, o
@ Command Link Button | Nepeimakcrory.. S
pushButton : QPushButton
Buttan Box 1 Mepemecturs wazan o —" Saweme A
a Item Views (Model-Based) ) Mescmmoes
List View
,E S Bepesats CtrivX [pLERBOTCA
1 Tree View ¥
I Konupoeats Ctrl+C
B Tableview Vi 5 B .. e | Tl
3 crasuTe rl+ 3 met [(40, 30), 91x 23]
D colurmn view geometry o
Beigenms sce CirleA b sizePolicy [Minimum, Fixe,
e[ eE ] S b oo 0x0
(] v widger , b maximumsize 16777215 x 1677,
SRR 1 Tree Widget L b sizelncrement 0x0
B Table widget b baseSize 0x0
= s palette Ynacneaosanmal
=] Group 8o b font A [MS Shell D.

cursor l; Arrow
Scroll Area < >
RRPTRR, S —

Tonl Bo: w | PenaxTop aeiicTemi PepakTop omrHanos 1 cioTos < >

| ST (T - TS  em— e R - |

Puc. 14. Mepexon, K cMrHanam caota
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B curHanax cnota ectb HY)'KHbIﬁ MHe CUTHan wenyka:

o Mepexog k cnoty n

Beifiop cirHans

[clicked() QAbstractButton I
clicked(bool) QAbstractButton
pressed() QAbstractButtan
released() QAbstractButton
toggled(bool) QAbstractButton
destroved() O0hbiect ¥

Puc. 15. lobasneHne B nporpammy o6paboTku LeaYKa no KHomke

KHonka OK granoroBoro okHa Ao6aBuT pparMeHT KoAa B Nporpammy:

% mainwindow.cpp - new - Qt Creator = =
Qaiin Mpaska Copka Omnagka AWanus WncTpyments Okeo  Crpaska
MpoeKTe! vemx ¢« » B m - X oic : B+
4 (3 new 1 #include
[ newpro 2 #include

4y 3aroncecunie
[ mainwindow.h 4 MainWindow::MainWindow (QWidget *parent} :

+ [ Vexomonn QMainiindow (parent),
A 6 4 41 (new Ui::MainWindow)
[5 main.cpp e
5 mainwindow.cpp 8 ui->setupli(this):
2 oopus : R

[H mainwindow.ui 1
1 4 MainWindow::~Main¥indow()
€
delete ui:

¥

26| 4 voia MainWindow::on pushBurton_clicked()
17| ¢

18
EE] IS

| B - Geicrpeiit novick (Cirl+K) (B8 ot ner BN peaynorarei nowaca JJEN oison npinonceruns Y oncons coopias JIEY koncoms quiLs
P

Puc. 16. ABTomaTnyeckoe aobasneHne Koga B Nporpammy

Cornacutecb, YTo o4YeHb yA06HO, 0COBEHHO HauyMHaOWEMY, TaK JIETKO CO34aBaTb HYXHYH Gopmy U
006aBNATb HYXKHble anemeHTbl. Ho 4to ganble?

MNMoKa A To/AbKO (nocne NpoyYTeHWs PYKOBOACTBA) MOAO3PEBal0, YTO CleAyeT OTbiCKaTb MOAXOAALLUNA
KJlacc KomnoHeHToB. U oH ecTb. HasbiBaeTcs oH QtSerialPort:

AU include _:|
m Trashas  Mogenutsta  Bia ~ 0
l @ [l nepenecruro s - | X yaanuts ~ L gv J <+~ B ibmmmb o
- - AT BoAEACHIE
sesame or | inepenenosars | COMBTS | COORTR | op e
Bydep o6meHa MOPAA0 UMTE Co3gate OTKpLITE Beigennte
@) L <« Ot » Q1541 » 54 » mingwd91 32 » include » v & Mouck: include b
A Wwm - A Pasmep "
@ OneDrive | GtPrintSupport Manka ¢ darinamn
| qtaml Manka ¢ aiinamn
¥ domawaa rpynne | QrQuick Manka ¢ daiinamn
. Viadimir Gololob | QtQuickParticles Manka ¢ dafinamn
| QQuickTest Manka ¢ daiinann
18 3ror komnsrerep QeQuickWidgets Manka ¢ aiinanin
[ Toshiba (toshiba QSeript Manka c daiinanm
8 Bupeo QtScriptTools Manka ¢ dafinann
¥ Doxyuerre: QtSensors Manka ¢ pafinanin
& 3arpysn QtSerialPort Manka ¢ paiinanin
£ VisoBpaskerun Qsql Jara cosganne: Manka ¢ paiinanin
1 Myssies | atsvg :Tms':f KB Manka ¢ daiinann
(I Pasouwi cron | OfTest aiiner QlockFile, qlockfile .. | Nanka ¢ painarn
i WINDOWS (C:) | QtUiTosks Manka ¢ daiinamn
©a DATA (E) - | QtWebChannel Manka ¢ paiinann v
3nemeroe: 47 =

Puc. 17. NMocnepoBatenbHbIV NOPT B Nanke include nporpammel Qt
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[obaBneHune 3TOro Kaacca 3n1emMeHTOB NMPOUCXOAMUT KatoueBbim cioBom #Hinclude (3To s ToXKe NOMHIO), U
A lymato, YTo cneayeT yKasaTb dain 3aronoska. Kpome Toro, A NOMHIO U3 nepeBefEHHOIO PYKOBOACTBA,
YTO Kaacc — 3To TMN gna obbekTa. MNoatomy cneayet 06bABUTL 06BEKT. 1 HazoBy ero serial. M nonpobyto
334aTb CKopocTb obmeHa 4yepes COM-nopt, ucnonb3ya chnpaBKky no Knaccy QtSerialPort. Tenepb
nporpamma NpUHMMaeT BUA;:

#include "mainwindow.h"
#include "ui mainwindow.h"
#include <QtSerialPort/gserialport.h>

QSerialPort serial;

MainWindow: :MainWindow (QWidget *parent)
QMainWindow (parent),
ui (new Ui::MainWindow)
ui->setupUi (this);

MainWindow:

{

:~MainWindow ()

delete ui;

void MainWindow::on pushButton clicked()

{
serial.BaudRate (Baud9600) ;

}

Ho nporpamma Qt Creator npu nonbiTke cobpaTb Bcé (C60pKa->Cobpatb BCE), OCTAaHABANBAET MeHA:

G mainwindow.cpp - new - Qt Creator

Qain [paska CGopka Olnaaka Awanmz  Wncipymentsr Owio  Crpaska

MpoexTsl T V.S H X €« % B mainwi ) ~ X | <Boifepute cameon>
4 D new inwindow.n"
[ new.pro #include "ui mainwindow.h"
4 |y, 3aronoeounsie 3 #include <QtSerialPort/gserialport.h>
|| mainwindow.h
4 (1 Vicxopmn QSerialPort serial;

E main.cpp

El mainwindow.cpp :
4 _f Gopuael - a

[ mainwindow.ui 10 ¢

MainWindow (QWidget
QMainWindow (parent),
ui (new Ui::MainWindow)

*parent) :

ui->setupli(this);

4 4 MainWindow::~MzinWindow ()
i
delete uir

¥

15| 4 void MainWindow: :on_pushButton_clicked()
B
@ serial.BaudRate (Baudse00) ;
22|

OTKpLIT Tl

Mpobnens Y2 * % AV

mainwindow.cpp
mainwindow.h
mainwindow.ui

©tnanka

>

| 3

3

In member function ‘void MainWindows:on_pushButton_clicked()’

mainwindow.cpp

@ invalid use of ‘enum QSerialPort:BaudRate’

mainwindow.cpp

@ 'Baud9600' was not declared in this scope

mainwindow.cpp

| Al ©- Eeicrpeiii novce (Cirl+K) SOl oL 3 WA PesynsTars noveka Bulsu nmmm KaHcont: cﬁop«uKonﬂu QML/IS

Puc. 18. MepBas ownbKa
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B COO6LLI,€HMM 06 owwunbke roBopnutTCcaA O HenpasuibHOM WUMCNOZ1Ib3OBAHUN d)YHKLI,MM-‘-IIIEHa Knacca.

Moxkanyi, no6aBUM CNOBO YCTAaHOBUTDL (set), U nepecobepém NpoekxT.

OwnbKa octanacb, Tenepb peyb MAET 0O TOM, YTO cO0OLLAN0Ch BO BTOPOM CTPOKE — HEBEPHbIE FPaHMLbI.

Y70 K, yKaxkem rpaHumupl. U a xouy no6aBnUTb MMA nopTa:

serial.setPortName ("COM1") ;
serial.setBaudRate (QSerialPort: :Baud9600);

OpaHako npuv NOMNbITKE C06paTb NPOEKT BHOBb NOABAAKOTCA OLIJM6KM, KOTOpbleé MHE, NPU3HATbCA, HE

[” mainwindow.cpp - new - Ot Creator = B
Qaiin  [pasca  CBopxa Opngaxa  Awanms  Mncrpymenmsr  Owro  Crpaska
MpoexTsi vV S H X ¢ » B mainwindow.cpp | % | # MainWindow::on_pushButton_clicked(): void v # Lline:20,Col: 2 B+
4 [ new #include "mainwindow.h"
[ new.pro #include "ui mainwindow.h"
4|}, 3aronosounsie $include <QtSerialPort/gserialport.h>
|} mainwindow:h
. [rE— ] QSerialPort serial;
&
= main.cpp MainWindow: :MainWindow (QWidget *parent) :
2 mainwindow.cpp (MainWindow (parent),
4 4 Gopum s ui (new Ui::MainWindow)
[ mainwindow.ui i
ui->setupli (this) ;
}
4 MainWindow: :~MzinKindow ()
delete ui:
}
4 void MainWindow: :on_pushButten_clicked()
20| 4]
serial.setPortName ("CCM1") ;
7] serial.setBaudRate (QSerialPort: :Baud2600) ;
}
OTKpSITHIE NoKYMEHTE) - %
OrkporToe 20K HEHTE it~ ———
dow.
:::x:d:: ;pp In function ZN10MainWindow?21on_pushButtan_clickedEv’: B e e
mainwindaw.i @ undefined reference to "imp__ZN11QSerialPort1 1setPortNameERKTQString' mainwindow.cpp 21
@ undefined reference to "_imp__ZN110SerialPort1 1setBaudRateEi6QFlagsINS_SDirectionEE mainwindow.cpp 22
In function "_tef_1" mainwindow.o
@ undefined reference to "_imp__ZN110SerizlPortD1EV mainwindow.cpp 3
In function _static_initialization_and_destruction_0' mainwindow.o
@ undefined reference to "_imp__ZN110QSerialPortCIEPTQ0bject’ mainwindow.cpp 5
@ error: Id returned 1 exit status collect2.exe
| Al ©- Eeicrpeiii novce (Cirl+K) B8 & W pesynsrars: ncwo(aEulsu nwooxaﬂun)(anooﬂb cﬁop«uKonnu QML,’JS_

Puc. 19. MosasneHne HOBbIX OLLIMBOK

Mouck oTBeTa Ha BONPOC, B YEM A 6bln Henpas (A nowckan ero B MHTepHeTe), NPUBOAMT K OTBETY: B

daiine npoekTa c pacwmpeHnem pro (y meHa sto dainn new.pro) cneayeT Ao6aBUTb O4HY CTPOKY. BoT,

KaK BbIFAAMT 3Ta CTPOKa, f06aBNeHHanA K NpeablayLei:

+=
+=

QT
QT

core gui
serialport

[obaBneHHyto CTPOKY A Bblgenua usetom. Tenepb cbopKa NpoxoauT, U MOXKHO 3aNyCTUTbL €€ B perkume

oTnagku. Ho nepeg atmm Aa xody p,OﬁaBVITb OCTa/ibHblE HaCTDOﬁKM nopTa U KOMaHAYy €ro OTKpPbITUA.

Kpome 3TOro A XO4y NPOBEPUTb, OTKPLIT I NOPT, U €C/IN 3TO TaK, UISMEHUTb TEKCT Ha KHOMKE:

void MainWindow::on pushButton clicked()

{

serial.setPortName ("COM1") ;
serial.setBaudRate (QSerialPort: :Baud9600) ;
serial.setDataBits (QSerialPort::Data8);

190



B.H. T'osi010608B O nepeBo/ie 0THOTO PYKOBO/ICTBA

serial.setParity(QSerialPort::NoParity);
serial.setStopBits (QSerialPort::0neStop);
serial.setFlowControl (QSerialPort: :NoFlowControl) ;
serial.open(QSerialPort::ReadWrite);

if (serial.isOpen()== true)
{
ui->pushButton->setText ("IlopT oTkpeT") ;

ObpaTute BHUMaHME Ha TO, KAKMMW KOMaHAAaMMU U3MEHSAETCA TEKCT (3To A NonyTHO Haweén B MUHTepHeTe
B npeaplaywem noucke). M, HakoHel, 4Tobbl He OCTaBAATb MOPT OTKPbITbIM, A06ABAIO WENYOK Mo
TPeTbeit KHOMKE, KOTOPbI A0JIKEH 3aKPbITb NOPT.

void MainWindow::on pushButton 3 clicked()

{

serial.close();
if (serial.isOpen()== false)

{

ui->pushButton 3->setText ("IopT 3axkpeT");

Tenepb MOXHO NPOBEPUTb, KaK BbIFNAAUT NpOrpamma, ecnm eé 3anyCTtunThb.

n MainWindow - olEN]

MopT oTKpBIT

PushButton

MopT 38KpbIT

Puc. 20. MepBasa npoBepka paboTbl Nporpammbl

Octanocb A06aBUTb KOMaHAY OTNPABKM CUMBO/IA KOMAHAb:

void MainWindow::on pushButton 2 clicked()

{
serial.putChar (0x41) ;

CoobuieHnit 06 owmnbKax HeT, HO A He 3Hato, OTMPABAETCA /M IAaTMHCKan bykea «A» B NopT? HaBepHoe,
€CTb cnocobbl NPOBEPUTb 3TO, UCMO/b3YA TONbKO KOMMbIOTEP, HO MHE MPOoLLE NOAKAUYUTL NPUCTABKY-
ocumnnorpad, pagn KoTopon A, cobCTBEHHO, U NoKynan naaHwet ¢ Windows, 1 MOCMOTpeTb, A40X0ANUT
M KOMaHAaa Ao nopra?
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= x
]
File Edit Options View Math Help Function Generator.  Options  Tools
Dsolloscope - Function Generatar
[ Dsciloscope || spectuménabzer || Transient Recorder || Circuit Analyzer | [ 1100 |7T"”E"D‘V' | Frequency
500rs] [200
i) | 500 00 Hz
o
10ms ] L
2ns Freuency
[tms |[05ms
[02mg] [0
2us
i (0] 5
FUHCT.
[ Output
A0
Fun
ims: v +5
HE . L Histoy El o
~ Volls/Div Ch Ch Trigger
[ on | [Auoset | [ Pema | [ 0n | [ Auweset ] - = onott [Con| [Cof | [31<] ®
: I —
: : Source [ Chi | [ Ch2 - sef mpltude -
: i i o T
: o o : : * ]- " ]-
E oupling oupling : :
“! Pasiion Posiion ~ ! Lewel Wailing for tigger .

Puc. 21. CurHan Ha Bbixoge COM-nopTa npu HaxKaTum Ha KHONKy KomaHpa

UTakK, owmnbasacb M CNOTbIKAACb, A CO34aN MEpBYD MPOrpammy «C KapTUHKamu». MoXHO 6bii10 Obl
B340XHYTb C obnerdyeHnem, Korga 6bl He oyepegHoe «Ho»! Mporpamma AnA nNepeHoca Ha ApPyrou
KOMMNbOTEP A0/KHA ObITb MCNONHAEMOIA.

[ns aTOro ectb BTOPOI perkMm paboTbl — NepBbli Obla pexnMm OTAAAKM.

L” mainwindow.cpp - new - Ot Creator = =

Oaiin Mpaska Cbopka Omnapka  Ananms  Wncrpymewtss  Owro  Crpaska

_pushButton_2_dicked():void ~ | # Line: 51,Col:30 B

MpoekTel TV @ H X €« # B mainwindow.cpp Sl ¢

4 [0 new
new.pro

4 |}, Jaronosounsie

ui->pushButton->setText ("opr orxpuT");

|| mainwindow.h -
4o Viexogrukn : 3
[F main.cpp 36
[E mainwindow.cop 37| 4 void MainWindow::on ton 3 clicked()
4/ Dopue 38| ¢ - -
rainwindow.ui 39 serial.close():

a1fa if(serial.isOpen()== false)
a2 {

ui->pushButton_3->setText ("MlopT Samput"):
H

}

22| 4 void MainWindow: :on_pushButton_2_clicked()
sof ¢«

51 serial.putChar (0x41) ;

sz[ 1

new
T: Desktop Qt 5.4.1 MinGW 32bit
TNoxanbnan ycranosxa L.

|

Pacbop C/C++ daiinoa

Urenne npoexra <new

| Bl ©- Euicrprii nonck (Cirl+K) 1 | Mpobnemsi| | 2 TR E1] novlmaleaon npﬂncweHmmenn cﬁown)(oﬂomn QML/IS

Puc. 22. Mepexof, B pexum co3gaHuna ncnonHsemoro daina

MepeKkntoumB perMmM (KHOMKA Ha WHCTPYMEHTANbHOM MaHes M OTMeYeHa Ha PUCYHKe), crneayet
nosTopuTb cBOpKy. Mocne 3Toro NOABMTCA Manka C MMEHeM NpPoeKTa M nomeTKoW Releas Tam, rge
XPaHATCA NanKu NPOEKTOB:
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SIRLALLS=A he_35 - o

m fnasmas  MogenwTeca | Bug ~ @
E [ @8 orponmsie swaukn =] KpynHeie sHauxm ot 2

& OBuiunbie sHaukn B Meakne snawkn -

O6nacte - n Tekyuiee Mokasate  MapameTph
HasHraL ~ BB Crmcox £ Tasnmua npeCianenme * wan ckpbTe  *
Qénactu CrpykTypa
© T L » he3ds » v @ Mouck: he 35 P
~ ~
T VsBpannoe
(& Heazeno wawene W) F Dara cozaarms: 15.03.2015 17:31
& 3arpyskn Pasmep: 143 KB
| Hegasnne mecra L L L Manu: debug, release
. 06 Dainer: Makefile, Makefile.Debug, Makefile.Release, ...
. e add build-new-Deskt build- new-Deskt build-test_gt-Des build-test_gt-Des
B Pabounit cron op_Qt 5.4 1_Min op Ot 5.4.1_Min ktop Ot 5.4 1M Ktop Ot 54 1 M
| Angerc.fnck GW_32bit-Debug GW_32bit-Releas | inGW_32bit-Debu  inGW_32bit-Relea
e g9 se
Z@ OneDrive . E
o EC AL Q1 4
. Viadimir Gololab E = L l~ L &
new proba2 test_app test_avr test_gt

18 Jror kownsroTep
[# Toshiba (toshiba )
B Bugeo v | | ) =

Snemertos: 44 Buibpan 1 3nement

Puc. 23. Manku ¢ npoekTamu

B aToi manke HaxoguTca nanka releas ¢ ucnonHsembiMm ¢dannom npoekta. Ho papoBaTbcs paHo.
Monpobyem 3anycTuTb Gaiin new.exe.

new.exe - CUCTeMHaA OLWBKa “

3anyck NporpammMbl HEBOSMONEH, TAK K3K Ha KOMMBbHITEDE OTCYTCTBYET
Ot5Core.dll. MNonpobyiiTe NnepeycTaHOBWTL NPOrpamMmy.

Puc. 24. CoobuieHune 06 owmnbKe Npr aBTOHOMHOM 3aMyCKe NPOrpammbl

B nanke ucnonHsemoro ¢aina MOXKHO yAanuTb BCe OCTajbHble Gaiibl, HO HYXHO ByaeT Ao6aBuUTb pas
daiinos dll, o uém rnacut coobuieHne (ynommHaa TonbKo nepBbiii dain). Moyt Bce ¢aitsibl MOKHO
6yAeT HaliT1 B COOTBETCTBYIOLLLENM NanKe nporpammbl Qt.

e W oW
m TnasHan Moaenutsea Bua ~ @

E ™ Orpomrbie sHaskn ] KpynHsie sHaski Bt 3
[H 5 Obeumee svaukn 5 Menkue snauan - =
woaimas B Con T npencmenes s e
Oénactn CrpykTypa
® -l ( v & | Monocbin r
. Viadimir Gelolob A [y ’ Letavamenerwa  Tun Pasuep &
%) QmiDebug.dil Pactumpenne npu... 177KB
1% 3701 komnsioTep %) QmiEditorWidgets.dll Pactumpenne npu... 331KB
[ Toshiba (teshiba ] Qmbs.di Pacumpenne npw... 1271KE
B Bugeo =] qmlpuppet.exe Mpunoskenne 443KB
| Aokymero [ qt.conf Daiin "CONF" 1KB
4 3arpyskn %) Gt5Bluetooth.dil Pactumpenne npu... 129KB
=] Wzobpaxenna %) Gt5CLucenedll Pactumpenne npu... 874KB
i Mysbika (@] Qt5Concurrent.dil Paclunperue npi... 19KE
i Pabounii cron | Qt5Coredll Paciunpenue npu... 3993KE
&y WINDOWS (C:) [#%) Ct3DBus.dll Paclunperue npi... 298 KB
cu DATA(E) [#) Qt3Declarative.dil Paclumpenme npu...
s ARCHIVE (L) %) GtsDesigner.dil Pactumpenne npu...

4] t5DesignerComponents.dil
€ Cems 4] tsGui.dn
v [3 atsHep.an

Paclunpenne np..

Paclunpenne np..

B ow o

Paclunpenne np..

3nemertos: 89 Buibpan 1 znement: 3,89 MB

Puc. 25. MecTo, rge HaxoaAaTca MHorme Heobxoaumble paiibl
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MoKHO caenatb Tak — 06aBUTb daii, 3anyCcTUTb NPorpaMmmy, HanTK cneaytowmnii dann n obasuTsb ero.
BoT nepeyeHb $palinos, KOTOPbIE HA 3TOM 3Tane cneayet Ao06aBuUTb:

(N L= release - B8
" onin [F—— o
’E Y HH Brigenus ace

5 e Coms suenenne
Konuposars Barasute Csoifctea
> Fa 5~ O6patute Engenenne
f(—) - 1 v O Momck: release P
e s A Mua : lora momcnerma Ton Pasmep
|4 HepaeHo uzmene (%) icudt33.dll 6.10.2014 14:34 Pacwumpenne npu... 21061 Kb
& 3arpyzen %) icuin53.dll 014 14:34 Pacwmpenue npu... 3671KB
£ Hepaenue mecta (%) icuue53.dil 014 14:33 Paciumpenne npu... 2045 Kb
Obume [E7 new.exe 3 Mpunoskenne 23 K6
B PaBounii cron &) otsCoredll Paclunpenne np.
Argexc dnck %] Qt5Guidl Paclunpenne np..
%) GtsSerialPort.dil Pactumpenne np...
% OneDrive % Gtswidgets.dil Pactunpenue np.

) Jdomawmas rpynne
B Viadimir Gololob

1% 3701 KoMNBIOTER
[® Toshiba (toshiba
B Bugeo v

Snewenros: & =

Puc. 26. Habop daiinos ns Qt

C Habopom 3TuX $aitNoB 3aKaHUMBAETCA ACHOCTb B TOM, Kakue dainbl cnegyeT gobasuTb. Cheaylowme
co0bLEeHNA TepAOT Ty MPAMOTY, KOTOPOI OTANYANUCL Npeapiaylime. Hanpumep, Takoe coobuieHue:

new.exe - Touka EXO/la HE HaMaeHa H

I.-f"_"\-.l Touka Bxo4a B Npoueaypy _gx_personality_v0 He HaigeHa 8
S GubnmoTexe DLL

_32bit-Release\release\new.exe.

Puc. 27. CoobuieHne o NoTepAHHOM TOUKe BXOAa

Mpobnema B TOM, UTO cneayeT AobasuTb ewé pag ¢parinos. BoT ToT Habop (A He MCKAOYaAlo, YTO eCcTb U
NvwHue dalinsl). Kpome Toro, B nanke plugins ectb nanka platforms, B Kotopoli gga ¢aina:

SN AL platforms - ol El
m Inaexan MNogeanTteca Bug 0

E| x ! 4 H
Eydep ¥nopagouwte Cozgate OTEpeEITE BeigenwTe
oBMeHa ™ - h h v
© = 1 L <« plugi.. b platforms v G INowg

~ &
- WMzBpanHoe Vinas
. HeaseHo usmene &) gminimal.dil
& 3arpyskmn %] qwindows.dll

=1 HeaaeHue mecta

OBwme

>
JnemenTos: 2 =

Puc. 28. Cogepxnumoe nanku platforms
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| D Lﬂ = | CpeacTEa paBoThl € NPUIDKEHNAMK release - O
m InaeHas Mogenuteca Bua ¥npaeneHue ~ 9
D x’ lh‘ Mepemectute 6~ 7% YaanuTe ~ | H Ev Q =~ E BriaenTe Bce
=] b Rl " D S5 CHATE BHgeneHe
Konwposate BrrasuTe lE‘ KonuposaTe 6~ =0 MepenMeHoBEaTe C::ﬁi;b CBomvcha '29 EE BT CEETR
Bydep obMeHa ¥nopAgo4nTe Co3pate OTKpBITE Brigenute
@ * 1 | « build-new-Desktop_Ot_5 4 1_MinGW_32bit-Release » release v & Mowck: release -]
¢ Visbpanoe L Wran . flata nameHeHna Tun Pazmep
|4 Henaero usmene () icudt33.dll 16.10.2014 14:34 Pacumpenne npu... 21061 Kb
& 3arpyzen () icuin33.dll 16.10.2014 14:34 Paclumpenne npu.. 3671KB
‘E—-_'J Henaexue mecta (&) icuuc33dll 16.10.2014 14:33 Paclumpenne npn... 2045 Kb
1o OBwpe ||E] NEW.EXE 15.03.2015 17:31 MpunoxeHue 29KB
B Pabounii cron (& Ct3Coredll 07.03.2015 12:06 Paclumpenne npu... 471TKE
1 Angexcuck () Ct3Gui.dll 17.02.2015 %:01 Paclumperne npu... 5097 KB
() Ot3SerialPort.dll 17.02.2015 9:29 Paclumpenne npu... 94 Kb
#& OneDrive () Ct5Widgets.dll 17.02.2015 9:08 Pacumpenne npu... 6321Kb
gt.conf 20.02.2015 5:24 Daiin "CONF" 1KB
@ Aomalsan rpynn: %) libstde++-6.dll 23.10.2014 1427 Paclumpenne npu... 1003 Kb
I. Vladimir Gololok (%) libgee_s_dwa2-1.dll 23.10.2014 1312 Paclumpenne npn... 118 KB
. plugins 14.03.2015 21:41 Manka ¢ daiinamn
M Fror KOMIBHOTED
L?‘h Toshiba (toshiba
& Bugeo hd
3nementoe: 12 Boifpand 1 3nement: 29,0 KB

Puc. 29. Bug ucnonnsemoro ¢aiina c Habopom JONOAHUTENbHbIX hannoB

Tenepb Nporpammy MOXHO cobpaTb B OTAENbHYH ManKy, KOTOPYKD MOKHO MEepeHecTM Ha Apyroi
KomnbloTep. MpaBaa, Koraa A nepeHéc eé Ha NaaHLWeT, noTpeboBanoch HalTK ewwé oamH daitn, KoTopbli
A pobasun K Habopy. Becb Habop ¢aiinioB u3-3a GBUOAMOTEKM CTan TAXKENOBECOM, HO Nporpamma
paboTaeT M Ha nnaHweTe.

Puc. 30. PaboTta nporpammbl Ha naaHweTe

Y nnaHweta Het COM-nopTta, TakMm o6pa3om, HasbiBaTb MNporpammy paboTalrolei Ha naaHwere
npexaeBpemMeHHO, HO OHa 3aMyCKAETCA M KMBET, UTO OT HEE MOoKa U TpebyeTca.

[na meHs 3TOT OMbIT 6bl1 OYEHb NOJIE3eH: MANo TOro, YTO Tbl KOFAA-TO YMTAN; MANO TOTO, YTO Tbl
npoynTan TONKOBOE PYKOBOACTBO MO A3bIKY MPOrPaMMmMPOBaHMA. HyXKHO KaxKabli AeHb Co34aBaTh CBOU
nporpamMmbl, YTobbl KOrAa-TO HAYYUTLCA MPOrPAMMMPOBATL 63 MOACKA3OK M CMOTbIKAHMA HA KarKaoM
wary. Ho 1 noAcKasku, A cunTtato, nonesHol. OcobeHHO B NepBoe Bpems.
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P.S. Bo3Bpainasics k Code::Blocks

He 3Hato, HeBe3eHWe 3To Unmn HeymeHune, HO I'IepBbIﬁ OnbIT HE 3a4ancA. Bnpoqu, Nno NopAAakRy.

Mporpamma Code::Blocks no3sonaetr pabotaTb c rpadMyeckoin 4YacTbio CO34aBaemMoli MPOrpammbl
nogobHo Qt Creator. [doctatoyHo yctaHoBUTb wxWidgets (A npeanoyén ycTaHOBOYHbLIM BapuUaHT,
wxMSW-Setup-3.0.0.exe (Windows Installer), a npu cosgaHumn npoekra ykasatb wxWidgets project.

Projects Category: | <All categories =

Build targets

(1] [
Files ‘ oL G "
Custom Ogre project OpenCV OpenGL PowerPC
User templates project project Project

@ =~ @ -

QT4 project  SDL project  SFML praject STL port
application

B = 8 @

Shared library  Smartiin Static library TriCore
project Project

3 h View as

Large icons
Win32 GUI wx\Widgets @ ] 4
project project O List

TIP: Try right-dlicking an item

1. Select a wizard type first on the left
2. Select a spedific wizard from the main window (filter by categories if needed)
3. Press Go

Puc. 31. CozpaHue npoekTa ¢ rpadpuyeckum noctpoeHnem uHTepdelica

MOMOLLHMK CO34aHMA HOBOIO NPOEKTa MpejsiaraeT MHOrO HaCTPOEK, C KOTOPbIMM Ha MEepBbIX NMOpax He
BCE ACHO, HO B UTOTE MOXHO MOAYYUTb CieaytoLee:

File Edit View Search Project Build Debug Fertran wiSmith Tools Tools+ Plugins DoxyBlocks Settings Help
IBGHEHE LI XRB ARG P S B vip e ger s n o WS %] < WE[A)A 0 b
[O|HA|===m 00| R &[S C[fem Vo A EX¥rrel

x

| probalapp.cpp ¢ | iprobalframe.wxs: X< |

=5 probal
25 wFrame
- probatFrame

B wiFrame
£ Tools

Centered | []

Tcon Cick to add
Default pos

X El standard | advanced | Aui | Contrib | Dislogs | kwiC | Layout | Led | Mathlot | Tools
¥ EY = .

Posindiog d[ ] 8]t o] o 23 5 = o 2

il DS o M e o =T T = o )
S T <l
:\if:\!d\a\ngta 4| JcoterBoks x| ySearchresits x| JjCer x| G)Buidiog x| ¥ Buildmessages X | JjCppCheck X | J) CppCheckmessages X | J] Cscope | Gy Debu b
Enabied File Line lessage
Foused [
Hicden
Foreground | [7] Defauit

Background Default
Font Cicktoedt v

default =l

Puc. 32. Pabota c popmowt B Code::Blocks
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Ha d)opme MOXHO pasmelatb KOMMOHEHTbI, KOTOPblE Bbl BMAUTE B HUXKHeN YyacTu pa60qero nonAa Ha
HECKOJIbKNX 3aKN1agKaX.

MepBoe, 4To A Npobylo caenatb — 3TO, UCNONbL3YA KOMaHAy Build, 3anyctuts c6opKy dopmMbl B pexume
OTNAJKMW.

File Edit View Search Project Build Debug Fortran wxSmith JTools Tools+ Plugins DoxyBlocks Settings Help

FBEHG | UMB AR GP @ Bp b uEeNde Y N8N B @RQid e b
NEFEIEEENEEEI RGN = DN [v]| & = £ e ta = ;
e e———
Management a3 [ [ probatapp.cop 3¢ | probalfiame.ws x| chkconfh X
4 | FSymbols 4 1 I ~
-4F Resources 2
=B probal 3 nfiguration checking
9--‘ wiFrame 4
&[5 probalFrame 3
& wxFrame g
£ Tools ;
El
10
11 THIS IS FILE, DON'T USE C++ FEATURES PARTICULAR CCMMENTS) IN IT =
12
13 #ifndef WX _MSW_CHKCONF_H_
14 #define WX MSW_CHKCONF H_
15
16
17 /% ensure that MSW-specific settings are defined #/
18 #ifndef wxUSE_ACTIVEX
13 # ifdef wxABORT_ON_CCNFIG_ERROR
20 ¢ error "wxUSE_ACTIVEX must be defined.”
21 # else
B 22 ] define wxUSE_ACTIVEX 0
e - 23 § 0 endiz
Centered [ z: #endif /# ldef
fcon Ok to 2dd 26 #ifndef wxUSE_CRASHREECRT
Default pos 27 M by
X -1 & .
¥ -1 29 ¥ v
Pos in dialogd [ ] M 5
Default size
Width -1 Logs & others. x
:'Elgmd'l l:1| | /) codesBlocks x| (A Searchresuts x| JjCece x| §3Buidlog x| ¥ Build messages x| /| CppCheck x| /| CpoCheckmessages x| /] Cscope | €3 Debu b
ize in dialog U
Enabled File Line Message @
Focused O == Build: Debug in probal (compiler: GNU GCC Compiler) =——
Hidden O C-\wxWidgets-3___ 20 error: ferror "wxUSE_ACTIVEX must be defined. "
Foreground Default Cruwxiidgets—3... 28 srzor: terzor "wxUSE_CRASHREEORT must be defined.”
Background Default Covwiidgets-3... 36 erzor: #error "wxUSE_DC_CACHEING must be defined”
Font Click to edit v C-\wxWidgersz-3___ &0 error: ferror "wxUSE_INICONT must be defined. " e
CAwxWidgets-3.0.0\includelwdmew\chkeonf.h Windows (CR+LF) WINDOWS-1251 Line 20, Column 1 Insert Read/Write default =]

Puc. 33. MoasneHune ownbOK Npm nonbiTke cobpaTb Nporpammy 1 3anycTuTb

CbopKa 3aBeplIaeTcd MHOTOYMCNEHHbIMU OLWMBKAaMK, U He co3gaér paboTalowyto nporpammy. bes
eANHOM CTPOKK fo6aBaeHHOro Koaa, 6e3 gobaBneHUs KakMx-NMbo rpadpuyeckmx s1eMeHTOB...

1 He oXKMAan, cosHatocb, NogobHoro apdeKkta. U mHe He xoTenocb HGbl 06 3TOM FrOBOpPUTb, U He
cobupanca a 3Ty YacTb BKAOYATb B Pacckas, HO M3 MECHM CI0Ba He BblKUHellb, BA06aBOK He Ntobto A
HeJO0MOJIBOK.

Onyckas, Kak B CTapOM aHeK0Te, AeCATOK CTPaHML, C «LOK-LLOK-LOK» MO CAyYalo AanbHei A0porn B
MOMCKax OTBETa, B pasfene HacTpoeK cbopKn A 06paTMN BHUMaHME Ha cheaytoLee:
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File Edit View Sesrch | Project Build Debug Fortran wismith Tools Tools+ Plugins DowBlocks Settings Help
G B @«  Addfies. Blroese vipSauLes N 6| EMiS Y| <|EHESid b
dh |0 & @] Add files recursively... ar - - 1

Management Remove files...

2 oL oo
x

4 FSymbols | Resources Project tree probal Selected compiler

Debug

Resources Set programs’ arguments...
o4 i 3 Release

| @ 6ec compier v
probal

Notes...

| Compiler settings | Linker settings | 5earch directories || Pre/post build steps | Custom variables | Make" commands |
Build options...

Properties... Compiler | Linker | Resource compiler

T E RS Palicy: |Append target options to project options - |

=8 Q Tools

Autoversioning C:\wixiWidgets-3.0.0b\gec_lib\mswud I

Increment version

Changes log

AR o7 |

o
Title
Centered O

Teon Click to add Delete Copy to...

Default pos
X 1 Standard | ad

Y 1 = =

Posin dialog uni []
Default size
Width -1

Height 1

Size in dialog un| []

4| J\Codeslocks x| (ySearchresults x| ficoe x| 3Buldlog x| % Build messages x| /| CopCheck | J Cppcheckmessages x| /] Cscope | £3Debu b
Enabled File Line Message

Focused O

Hidden 0O
Foreground Default

Background Default
Font Click to edit -

Set the project's build options default

Puc. 34. Pasgen HacTpoek cbopKM NpoekTa

B nanke 61MbnnoTek HeT yKaszaHHoW 6ubnnoTekn gec_lib. Yto cnpaseanmso, sty 6UbnMoTERY NpeacTount
co3natb. Ha ogHom m3 caitos: http://habrahabr.ru/post/212027/ , a Hawén Habop KomaHA ANnA 3Ton
npoueaypbl.

cd SWXWIN%\build\msw
mingw32-make -f makefile.gcc clean

mingw32-make -f makefile.gcc BUILD=debug SHARED=0 MONOLITHIC=0 UNICODE=1
WXUNIV=0

mingw32-make -f makefile.gcc BUILD=release SHARED=0 MONOLITHIC=0 UNICODE=1
WXUNIV=0

Co3paHne Hy)XHOW 6MBAMOTEKM MNPOU3BOAMUTCA KOMaHAAMM B KOMAHAHOW CTPOKE OnepalyOHHOM
cuctembl. NepBasa KoMaHZ4a OTHOCUTCA K nepexoay B nanky c6opku. 3aecb %WXWIN% 3ameHsAeT nyTb K
3ToM cbopKe, eci co3aaTb 3Ty NEePeMEHHYH0 OKpyKeHuA. Ecnv sToro He caenatb, MOXKHO MCMNO/Ib30BaThb
MO/IHbIM NYTb.

Mepen Tem, Kak MCNONb30BaTb BTOPYID KOMaHAy, aBTOP CTaTbWM pPeKOMeHAyeT npoBepuTb, byaeT nu
paboTaTb KOMaHAa, 3aMeHMB e€ Takol: mingw32-make —v. 3Ta KOMaHAa, ecnn BCE XOPOLIO, BbiBegeT
Bepcuto cbopku. B Tom cnyyae, ecnm B oTBET Bbl Mosydyaete coobuweHne ob oTcyTcTBMM daiiia uam
KOMaHApl, cneayeTt 3agatbh NyTb K MinGW B cucTteMHbIx nepemeHHbIX. Y meHAa B OC Windows 8.1 K
HYXXHbIM HacTpOMKam MOXHO [06paTbCa, WCMNOAb3ys MNpaByl0 BbINALAOWY0 MaHesnb, pasgen
«MapameTpbl» U NYHKT «CBeAeHMA O KoMnbloTepe». B OTKpbIBLIEMCA AMA/IOFOBOM OKHE CrpaBa BHU3Y
ecTb npeanoxeHue «M3meHUTb MapameTpbl». HOBOoe OKHO MMeeT pAfd 3aKNadoK, a Ha 3aKiagke
«/JonosnHUMenbHO» ecTb KHOMKa MNepemeHHble cpeapl.
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[epeMeHHsIE Cpeakl Nonb30saTena Ans viadimir

MepemerHan SHaueHHe

ASCODIR C:Program Files\Qucs

HOME C:Wserslvladimir

Path "C:'Program Files\Microchip'pec8iv 1. 101,..
QUCSDIR C:'\Program Files'\Qucs

Coznath... WzMeEHUTS. .. YaanuTe

CHCTEMHbIE MEPEMEHHEIE

MepemeHHan SHaqeHHe

OCTAVEDIR C:'Program Files\Qucs'sharegucs\octave
Windows_NT
c:\software\octave3.6.4%bin;C:\Progra...
.COM; .EXE; .BAT;.CMD;.VBS; .VBE;. 15;.... ¥

CozaaTtb... WsMeHnTb... Yaanute

Puc. 35. lobaBneHne nytn K ucnosnHaembiMm dpanam MinGW

Haxas KHOMKY U3meHuTb..., HYXHO B KOHel, CMUCKa AOﬁaBMTbZ

C:\Program Files\CodeBlocks\MinGW\bin

Ho 310 ewé He BCE. XOTA BTOpas KOMaHAa paboTtaeT, cnepyowan AaéT 601bloe KOANYECTBO OLIMOOK,

HO He NPUBOAMUT K AO/IKHOMY pes3y/bTaTy. To, Kak cnefyer nocTynuTb, A HALWEN Ha caiTe:
https://wiki.wxwidgets.org/Compiling_wxWidgets_with_MinGW
[Ons meHa Habop KOMaHA NpeBpaTUICA B CIeAYIOLWNNA:

cd C:\wxWidgets-3.0.0\build\msw

mingw32-make -f makefile.gcc clean

mingw32-make SHELL=CMD. exe -j4 -f makefile.gcc BUILD=debug
MONOLITHIC=0 UNICODE=1 WXUNIV=0

mingw32-make SHELL=CMD.exe -j4 -f makefile.gcc BUILD=release
MONOLITHIC=0 UNICODE=1 WXUNIV=0

SHARED=0

SHARED=0

3pecb —j4 He obA3aTeNbHbIN, BUAMMO, NApPaMeTp, HO Y MeHA npoueccop ¢ 4 saApamu, YTO M yKasbiBaeT

3TOT napameTp. BbinonHeHue co3gaHuA cbopku ana otnagku (debug) 3aHMmaeT AOCTaTOYHO MHOTO

BpeMeHM. A NOBTOPUA 3Ty ONepaLmio HECKO/IbKO pas. Mpobiema 6bina B OTCYTCTBUM OAHOIO U3 painos,

6e3 KoToporo onepaumsa c6opkn Gopmbl He BbINOAHANACH:
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Eile Edit View Search Project Build Debug Fortran weSmith  Tools

FeEA@ L UBMB|QARiGrED
LR TEEETECEN R

Teols+ Plugins DoxyBlocks Settings Help
bebug  v[ipEGIMI LGN I B[ EMIS B < R Qide B
¢ console Vaalie T v e = L

B | probalApp.cpp | probatfiamewxs x|
4| Projects | Symbols | Fies b 1 R ~
0 Waorkspace 2 * Name: prohallbn - GoR
-9 probal 3 * Purpose: Code for Application Class
-8 Sources 4 * Author: whadimiy (no)
| probalApp.cpp 5 * Created:  2015-03-19
L. probalMain.cpp & * Copyright: yladimir (no)
5= Headers 7 * License:
Resources a HEEHH A A A FFHIF AR I A A AT I I I A AT AR I I HIF AR F I I AAAAAA [
El
10 #include "probalkpp.h"
11
12
13 i "prebalMain.h"
14 #include <wx/imags.h>
15 77*)
16
17 IMPLEMENT APF (proballpp):
18
19 bool probalipp::OnInit()
20 1
21 SRR
22 bool wxsOK = trus:
23 wxInitAllImageHandlers () ;
24 1f ( wxsOK )
25 {
26 probalFrame+ Frame = new probalFrame(0) :
27 Frame->Show () ;
28 SetTepWindow (Frame) ;
29 } v
< >
Logs & others X
| /| CodesBlocks > | | Searchresults 3| /| Ceer x| 3Buldlog > Build messages | /] CppCheck 3| /] CppCheckmessages 3¢ | /| Cscope | €3 Debu b
File Line Messege
=== Build: Debug in probal (compiler: GNU GCC Compiler) ===
1ld_exe cannot find -lwxmsw30u
== Build failed: 1 erroris), 0 warning(s] (0 minute(s), 3 second(s)) ===

CA\Users\vladimir\Desktop\he_35\probaT\probalApp.cpp

[}

Windows (CR+LF) WINDOWS-1251 Line 1, Column 1 Insert Read/Write default

Puc. 36. CoobuieHune 06 OTCYTCTBUM HyKHOrO daiina

PeweHwne 3Toli Nnpobaembl, KaK MHe KarKeTcs, YAMBUNO He TONIbKO MeHs, HO U pa3paboTunkos. Haweén s
ero Toxe B MHTepHeTe. U cyTb ero B ToM, 4TO B MNOYYEHHbIX palinax ecTb ABa, MUMEHa KOTOPbIX cneayet
nonpasuTb: gcc_mswud\corelib_tipwin.o n gcc_mswud\corelib_tipwin.o.d, yaanns us numenn byksy «t».
BOT, KaK A0/IKHbI BbIFNAAETb 3TN dalinbi:

TnasHasn Mogenuteca Bing ~ @
T B Rnepenecnmoss XK - B % (22 [®
® .
Konuposats Bcrasiie ([ KonwposaTe s v | =0 Mepenmenosars  Co3qats Ceoiicrea BhigenuTs
6] nanky - -
Eydep obmena YRopagoLuTs Cospate OTiphiTs
®© ~ 4 ) <« wdWidgets-300 » build » msw » gec_mswud ~v ¢ | MNoncege. @
. Viadimir Gololoboy * s ’ . — [
[ L corelib ipwin. 19.03.2015 19:32
1M 3r07 comnsioTep | L corelib ipwin.o.d 19.03.2015 18:32

[ Toshiba toshiba-tc

B Pabouuii cron
2y WINDOWS (C:)
s DATA (E)

s ARCHIVE (L)

v <

| corelib_layout.o

B Bugeo ] corelib_layout.o.d 19.03.2015 19:31
1) Aorymerror [ corelib_Iboxemn.o 19.03.2015 18:31
8 3arpysin | corelib_lboxemn.o.d 19.03.2015 1%:31
&I VzoBpaxerna ] corelib_listbkg.o 19.03.2015 1%:32
i Myseika ] corelib_listbkg.o.d 19.03.2015 1%:32

| corelib_listctrlemn.o
| corelib_istctrlcmn.o.d
| corelib_logg.o

3nementoe: 1720

Buifipano 2 3nem.: 442 Kb

19.03.2015 19:31

19.03.2015 19:31
19.03.2015 19:31
19.03.2015 19:32

Puc. 37. MecToHaxoxaeHne 1 ucnpasfieHHble umeHa ¢paitnos

Mocne 3Toli nmpoueaypbl NMOBTOPHOE BbINOJIHEHWME KOMaHAbl COOPKM OTnafoyvHoro Habopa dannos

NPMBOAMUT K ycnexy. Yemy 06s3aHO CyL,ecTBOBaHWe 3TOrO T/1I0Ka, A He 3Halo, HO Tenepb BCé paboTaer,

yTO M Tpebosanocb. MoBTOPAS Npoueaypy CO34aHUA HOBOrO NPOEKTA, A, MPU3HATLCA, CAeNan elé oaHy

OWMBKY — A CTapaloCb HE MEHATb Te YCTAaHOBKM, HAa3HAYeHWe KOTOpPbIX He MoHumato. lMosTomy B

npoueaype Nponyctua BblbOP LOMNONHUTENbHbLIX OBMBAMOTEK, CTONKHYBLUMCHL C MNOSBNEHMEM HOBbIX
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ownboK npu c60pKe. HOBTOpVIB CO34aHMe NPOEKTa, A HE CTa/l NpUAyMbiBaTb YTO-TO, TOJIbKO NMOBTOPUN
YKa3aHMA aBTOpPa CTaTbM.

Please select additional libraries you want to add to project.

Please Note that Code::Blocks will NOT chedk for the

' . existence of any Libraries added below.
|

wxWidgets

s-Platform
UI Library

Puc. 38. lobaBneHne 6MbaMoTEK B NpoLeaype co3aaHMA NPOEKTa
Tenepb 1 oTnago4Han cbopka, n cbopka ucnonHsemoro daiina npoxoant 6e3 oWnbHOK.

MonyyeHHbI ncnonHAembln dain He TpebyeT, KaK B NpeablayLem cnydyae A0NoAHUTENbHbIX $anios, u
OH MeHbLLe No pa3mepy. Ero 4ocTaTouHO 3anyCcTUTb, Kak 10601 ncnoaHsemoli paina, YTobbl NONYYNTb:

m - X

File Help

OTKpbITe NOPT

Kommanga

Puc. 39. PaboTatouiaa nporpamma

MporpamMmmy MOHO MEPEHEeCTU Ha APYrol KOMNbIOTEp, rae oHa Toxe paboTtaeT (ecTb npobnema c
HaANUCbIO HA PYCCKOM, HO, BUAMMO, peLlaemasn):
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Dell Backup SequelGUL...
and Recovery

google_pla... ot File Help

n . S ; loedu0a 1156

gle_pla...

Eiiiaiaa

Caéduoi iido

Puc. 40. PaboTta nporpammbl Ha naaHweTe

YT106b! 3aBeplUINTb paccKkas, xoTenocb 6bl NoBTOpPUTL paboTy ¢ COM-nopTom, Kak 3To 6bl10 caenaHo
paHbwe. Ho wxWidgets, noxoxe, paboTaeT To/bKo c rpaduyeckoit CTopoHoM nporpammbl. Cambii
npocToi cnocob pewwunTtb Npobsiiemy — BOCNO/b30BaTLCA YYy»KOM HapaboTKkon. A Hawén Heobxogumoe:
http://www.codeproject.com/Articles/814411/Using-some-resources-timers-and-COM-ports-in-wxWid

®pasa B TeKcTe: Simple-Serial-communication-utilities, no3BonAeT nepenTn K 3arpyske, rae MOXKHO
3arpy3uTtb: Download rs232 - 3.9 KB

[Ba dalina us pasapxmMBMpoBaHHOM NanKkM rs232 ¢ umeHamm rs232.c u rs232.h a nepeHoLly B Nanky co
CBOMM MNPOEKTOM (C/lyKaBMB, NnepenmeHoBaB nepsbiii dain B rs232.cpp). YTobbl 06aBUTb 3TU daisibl B
NPOEKT, AocTaTo4HO obpaTuTbCca K pasaeny Project->Add Files... NMocne pobasneHua 3tux ¢ainnos B
NPOEKT MOKHO MUCMOb30BaTb HOBbIE BO3MOXHOCTU.

B Code::Blocs gnsa 06paboTKM HaxKaTUA KHOMKM AOCTAaTOYHO ABaKAbl LWENKHYTb MO KHOMKEe, YTobbI
NONYYUTb:

void probalFrame: :0nButtonlClick (wxCommandEventé& event)

{
}

B ¢purypHble ckobKM OCTaNoCh 3anncaTb Hy}KHble AelcTBUA. TpU LieNyKa No TpéM KHOMKaM No3BONAOT
3anucartb:

void probalFrame::0nButtonlClick (wxCommandEventé& event)

{
RS232 OpenComport (0, 9600);
Buttonl -> SetLabel ("IlopT oTkpHT") ;

void probalFrame::0nButton3Click (wxCommandEventé& event)
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RS232 CloseComport (0);
Button3 -> SetLabel ("lopT 3akpeT") ;

void probalFrame: :0nButton2Click (wxCommandEventé& event)

{
RS232 SendByte (0, 'A'");
Button2 -> SetLabel ("OrnpaBmneHo") ;

3pecb npu obpalweHmnn K COM1 ncnonbayetca ero nHgekc 0. Ha BcAKMI cnydait A npuseay oba TeKcTa
$aiinos., ecam UCTOYHMK NO KAKMM-TO NMPUYMHAM OKaXKeTCA HeOoCTyMNeH.

rs232.h

/*
R e b b b b ah b I b b b b b ah S a2 b b b b b Sh S 2 b b b b b Sh dh dh b b b b b b Sh dh S I b b b b b b b S b b b b b b b I I 2 b b b b b S db dh d
*

* Author: Teunis van Beelen

*

* Copyright (C) 2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014
Teunis van Beelen

*

* teuniz@gmail.com

*

R R e b b b b ah b I b b b b b b dh dh g 2 b b b b b Sh S 2 b b b b b Sh dh dh S b b b b b Sh db S 2 b b b b b S ah S g b b b b b b dh  dh 2 2 b b b Sb (ab dh dh i
*

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation version 2 of the License.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License along
with this program; if not, write to the Free Software Foundation, Inc.,
51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 USA.

R R e e b e dh b A S db I S IR A S b S b S S S S S R S S S S I R S B e S IR e S b e A b I S b S IR S R B A R S B R S I S S S R S 2 R S 2 d i

This version of GPL is at http://www.gnu.org/licenses/old-licenses/gpl-
.0.txt

N X X o o o ok 3k o X X X X % X ok X

R R e A b I d db I S dh S b I S b i S b S S R S b R S S R S I S S R S I e S b S S S b b S IR B S b S R S S R S B R S S R S S S b 4

*/

/* last revision: Januari 31, 2014 */

/* For more info and how to use this libray, visit: http://www.teuniz.net/RS-
232/ */

#ifndef rs232 INCLUDED

#define rs232 INCLUDED

#ifdef  cplusplus
extern "C" {
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#endif

#include <stdio.h>
#include <string.h>

#ifdef  linux

#include <termios.h>
#include <sys/ioctl.h>
#include <unistd.h>
#include <fcntl.h>
#include <sys/types.h>
#include <sys/stat.h>
#include <limits.h>

#else
#include <windows.h>
#endif

int RS232 OpenComport (int, int);

O mepeBo/ie 0JTHOTO PYKOBO/ICTBA

int RS232 PollComport (int, unsigned char *, int);
int RS232 SendByte (int, unsigned char);
int RS232 SendBuf (int, unsigned char *, int);

void RS232 CloseComport (int);

void RS232 cputs (int, const char *);
int RS232 IsDCDEnabled(int);

int RS232 IsCTSEnabled(int);

int RS232 IsDSREnabled(int);

void RS232 enableDTR (int);

void RS232 disableDTR(int);

void RS232 enableRTS (int);

void RS232 disableRTS (int);

#ifdef  cplusplus
} /* extern "C" */
#endif

#endif
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rs232.c

/*
R R e b b b b dh dh 2 g b b b b b S dh dh 2 b b b b b b dh 2 g b b b b Sh dh dh 2 b b b b b Sh dh dh 2 g b b b b dh Sh dh g A b b b b b dh  dh 2 d b b b b Sh dh g g 4
*

* Author: Teunis van Beelen

*

* Copyright (C) 2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014
Teunis van Beelen

*

* teuniz@gmail.com

*

R R e b b b b dh dh 2 g b b b b b S dh dh 2 b b b b b b dh 2 g b b b b Sh dh dh 2 b b b b b Sh dh dh 2 g b b b b dh Sh dh g A b b b b b dh  dh 2 d b b b b Sh dh g g 4
*

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation version 2 of the License.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License along
with this program; if not, write to the Free Software Foundation, Inc.,
51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 USA.

R R R e b I S b A a2 S b I S R i S R B S S B S R S S R S I R S b R S IR e S b e S b R S b S SR S SR B A R S S R S S SR S R S 2 R S dh i d i

This version of GPL is at http://www.gnu.org/licenses/old-licenses/gpl-
.0.txt

* DN 3k ok o X X X X ok ok F X X X X X %

R R R b I dh dh S dh I S b I S R i S SR S S R S S R S S R S dh R S S R S I S S S b b b S IR S R S S R S S I S S R S I R S S b S b 4

*/
/* last revision: Januari 31, 2014 */

/* For more info and how to use this library, visit:
http://www.teuniz.net/RS-232/ */

#include "rs232.h"
#ifdef  linux /* Linux */

int Cport[30],
error;

struct termios new port settings,
old port settings[30];

char
comports[30][16]={"/dev/ttySO","/dev/ttyS1l","/dev/ttysS2","/dev/ttyS3","/dev/t
tysS4","/dev/ttySss",

"/dev/ttySe","/dev/tty3S7","/dev/ttyS8","/dev/ttyS9","/dev/ttyS10","/dev/ttySl
ll',

"/dev/ttyS12","/dev/ttyS13","/dev/ttyS14","/dev/ttyS15", " /dev/ttyUSBO",
"/dev/ttyUSB1","/dev/ttyUSB2","/dev/ttyUSB3","/dev/ttyUSB4", " /dev/ttyUSB5",

"/dev/ttyAMAO", " /dev/ttyAMA1", " /dev/ttyACMO", " /dev/ttyACML",
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"/dev/rfcommQ0","/dev/rfcomml","/dev/ircomm0","/dev/ircomml"};

int RS232 OpenComport (int comport number, int baudrate)

{

int baudr, status;

if ((comport number>29) || (comport number<0))
{
printf ("illegal comport number\n");
return (1) ;

}

switch (baudrate)

{

case 50 : baudr = B50;
break;

case 75 : baudr = B75;
break;

case 110 : baudr = B110;
break;

case 134 : baudr = B134;
break;

case 150 : baudr = B150;
break;

case 200 : baudr = B200;
break;

case 300 : baudr = B300;
break;

case 600 : baudr = B600;
break;

case 1200 : baudr = B1200;
break;

case 1800 : baudr = B1800;
break;

case 2400 : baudr = B2400;
break;

case 4800 : baudr = B4800;
break;

case 9600 : baudr = B9600;
break;

case 19200 : baudr = B19200;
break;

case 38400 : baudr = B38400;
break;

case 57600 : baudr = B57600;
break;

case 115200 : baudr = B115200;
break;

case 230400 : baudr = B230400;
break;

case 460800 : baudr = B460800;
break;

case 500000 : baudr = B500000;
break;

case 576000 : baudr = B576000;
break;

case 921600 : baudr = B921600;
break;

case 1000000 : baudr = B1000000;
break;

206



B.H. T'osi010608B O nepeBo/ie 0THOTO PYKOBO/ICTBA

default : printf ("invalid baudrate\n");
return (1) ;
break;

}

Cport [comport number] = open (comports[comport number], O RDWR | O NOCTTY |
O_NDELAY) ;
if (Cport[comport number]==-1)
{
perror ("unable to open comport ");
return(l);

error = tcgetattr(Cport[comport number], old port settings +
comport number) ;
if (error==-1)
{
close (Cport [comport number]) ;
perror ("unable to read portsettings ");
return (1) ;
}
memset (&new_port settings, 0, sizeof (new port settings)); /* clear the new
struct */

new port settings.c cflag = baudr | CS8 | CLOCAL | CREAD;
new port settings.c_iflag IGNPAR;
new port settings.c_oflag 0;
new port settings.c 1lflag = 0
new port settings.c cc[VMIN]
*/
new port settings.c cc[VTIME] = 0; /* block untill a timer expires (n *
100 mSec.) */
error = tcsetattr(Cport[comport number], TCSANOW, &new port settings);
if (error==-1)
{
close (Cport[comport number]);
perror ("unable to adjust portsettings ");
return(l);

}

|~

0; /* block untill n bytes are received

if (ioctl (Cport[comport number], TIOCMGET, é&status) == -1)
{

perror ("unable to get portstatus");

return (1) ;

status |= TIOCM DTR; /* turn on DTR */
status |= TIOCM RTS; /* turn on RTS */
if (ioctl (Cport[comport number], TIOCMSET, &status) == -1)

{
perror ("unable to set portstatus");
return (1) ;

}

return (0) ;

int RS232 PollComport (int comport number, unsigned char *buf, int size)
{

int n;
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n = read(Cport[comport number], buf, size);

return (n) ;

int RS232 SendByte (int comport number, unsigned char byte)
{

int n;
n = write(Cport[comport number], &byte, 1);
if (n<0) return(l);

return (0) ;

int RS232 SendBuf (int comport number, unsigned char *buf, int size)

{

return (write (Cport[comport number], buf, size));

}

void RS232 CloseComport (int comport number)
{

int status;

if (ioctl (Cport[comport number], TIOCMGET, &status) == -1)
{

perror ("unable to get portstatus");

}

status &= ~TIOCM DTR; /* turn off DTR */
status &= ~TIOCM RTS; /* turn off RTS */
if (ioctl (Cport[comport number], TIOCMSET, &status) == -1)

{

perror ("unable to set portstatus");

}

tcsetattr (Cport[comport number], TCSANOW, old port settings +
comport number) ;
close (Cport [comport number]);

}
/*

Constant Description

TIOCM LE DSR (data set ready/line enable)
TIOCM DTR DTR (data terminal ready)
TIOCM RTS RTS (request to send)
TIOCM ST Secondary TXD (transmit)
TIOCM SR Secondary RXD (receive)
TIOCM CTS CTS (clear to send)

TIOCM CAR DCD (data carrier detect)
TIOCM CD Synonym for TIOCM CAR
TIOCM RNG RNG (ring)

TIOCM RI Synonym for TIOCM RNG
TIOCM DSR DSR (data set ready)

http://linux.die.net/man/4/tty ioctl
*/
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int RS232 IsDCDEnabled(int comport number)
{

int status;
ioctl (Cport[comport number], TIOCMGET, &status);

if (status&TIOCM CAR) return(l);
else return(0);

}

int RS232 IsCTSEnabled(int comport number)
{

int status;
ioctl (Cport[comport number], TIOCMGET, &status);

if (status&TIOCM CTS) return(l);
else return(0);

}

int RS232 IsDSREnabled(int comport number)
{

int status;
ioctl (Cport[comport number], TIOCMGET, &status);

if (status&TIOCM DSR) return(l);
else return(0);

}

void RS232 enableDTR(int comport number)
{

int status;

if (ioctl (Cport[comport number], TIOCMGET, é&status) == -1)
{
perror ("unable to get portstatus");

}

status |= TIOCM DTR; /* turn on DTR */
if (ioctl (Cport[comport number], TIOCMSET, &status) == -1)
{
perror ("unable to set portstatus");
}
}
void RS232 disableDTR(int comport number)
{
int status;
if (ioctl (Cport[comport number], TIOCMGET, é&status) == -1)
{
perror ("unable to get portstatus");
}
status &= ~TIOCM DTR; /* turn off DTR */
if (ioctl (Cport[comport number], TIOCMSET, &status) == -1)

{

perror ("unable to set portstatus");
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}

void RS232 enableRTS (int comport number)
{

int status;

if (ioctl (Cport[comport number], TIOCMGET, é&status) == -1)
{

perror ("unable to get portstatus");

}
status |= TIOCM RTS; /* turn on RTS */

if (ioctl (Cport[comport number], TIOCMSET, &status) == -1)
{

perror ("unable to set portstatus");
}
}

void RS232 disableRTS (int comport number)
{

int status;

if (ioctl (Cport[comport number], TIOCMGET, é&status) == -1)
{

perror ("unable to get portstatus");

}
status &= ~TIOCM RTS; /* turn off RTS */

if (ioctl (Cport[comport number], TIOCMSET, &status) == -1)
{
perror ("unable to set portstatus");

}

#else /* windows */

HANDLE Cport[l6];

char comports([16] [10]={"\\\\.\\coM1", "\\\\.\\com2", "\\\\.\\com3",
"\A\\N\.\\coM4ém,

"NANNANNCOMS ™, "NANNLA\NCOoMe™,  "\A\\.\\coMT7",
"N\ \\coM8 ™,

"NANNANCOMIT,  "\ANNLANCOoMIOo", "\\\\.\\coM11",
"\\\\.\\comM12",

"\ANNLANCoM1I3™, "\ANNLA\coM14™, "\\\\.\\coMm1l5",
"N\ L\\COM16"};

char baudr[64];

int RS232 OpenComport (int comport number, int baudrate)

{

if ((comport number>15) || (comport number<0))

{
printf ("illegal comport number\n") ;
return (1) ;
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}

switch (baudrate)

{

case 110 : strcpy(baudr, "baud=110 data=8 parity=N stop=1 dtr=on
rts=on");
break;
case 300 : strcpy(baudr, "baud=300 data=8 parity=N stop=1 dtr=on
rts=on");
break;
case 600 : strcpy(baudr, "baud=600 data=8 parity=N stop=1 dtr=on
rts=on");
break;
case 1200 : strcpy(baudr, "baud=1200 data=8 parity=N stop=1 dtr=on
rts=on");
break;
case 2400 : strcpy(baudr, "baud=2400 data=8 parity=N stop=1 dtr=on
rts=on");
break;
case 4800 : strcpy(baudr, "baud=4800 data=8 parity=N stop=1 dtr=on
rts=on");
break;
case 9600 : strcpy(baudr, "baud=9600 data=8 parity=N stop=1 dtr=on
rts=on");
break;

case 19200 : strcpy(baudr, "baud=19200 data=8 parity=N stop=1 dtr=on
rts=on");
break;
case 38400 : strcpy(baudr, "baud=38400 data=8 parity=N stop=1 dtr=on
rts=on");
break;
case 57600 : strcpy(baudr, "baud=57600 data=8 parity=N stop=1 dtr=on
rts=on");
break;
case 115200 : strcpy(baudr, "baud=115200 data=8 parity=N stop=1 dtr=on
rts=on");
break;
case 128000 : strcpy(baudr, "baud=128000 data=8 parity=N stop=1 dtr=on
rts=on");
break;
case 256000 : strcpy(baudr, "baud=256000 data=8 parity=N stop=1 dtr=on
rts=on");
break;
case 500000 : strcpy(baudr, "baud=500000 data=8 parity=N stop=1 dtr=on
rts=on");
break;
case 1000000 : strcpy(baudr, "baud=1000000 data=8 parity=N stop=1 dtr=on
rts=on");

break;
default : printf("invalid baudrate\n");
return (1) ;
break;
}
Cport[comport number] = CreateFileA (comports[comport number],
GENERIC_READ | GENERIC_WRI TE,
0, /* no share */
NULL, /* no security */
OPEN_ EXISTING,
0, /* no threads */
NULL) ; /* no templates */
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*/

if (Cport[comport number]==INVALID HANDLE VALUE)
{
printf ("unable to open comport\n");
return (1) ;

}

DCB port settings;
memset (&port settings, 0, sizeof (port settings));

port settings.DCBlength = sizeof (port settings);

if (!BuildCommDCBA (baudr, &port settings))

{
printf ("unable to set comport dcb settings\n");
CloseHandle (Cport [comport number]) ;
return(l);

}
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/* clear the new struct

if (!SetCommState (Cport[comport number], &port settings))

{
printf ("unable to set comport cfg settings\n");
CloseHandle (Cport [comport number]) ;
return (1) ;

}

COMMTIMEOUTS Cptimeouts;

Cptimeouts.ReadIntervalTimeout = MAXDWORD;

Cptimeouts.ReadTotalTimeoutMultiplier 0;
Cptimeouts.ReadTotalTimeoutConstant 0;
Cptimeouts.WriteTotalTimeoutMultiplier = 0;

0

Cptimeouts.WriteTotalTimeoutConstant =

’

if (!SetCommTimeouts (Cport [comport number], &Cptimeouts))

{

printf ("unable to set comport time-out settings\n");

CloseHandle (Cport [comport number]) ;
return (1) ;

}

return (0) ;

int RS232 PollComport (int comport number, unsigned char *buf, int size)

{

/*
/*

int RS232 SendByte (int comport number,

{

int n;

added the void pointer cast, otherwise gcc will complain about */
"warning: dereferencing type-punned pointer will break strict aliasing
rules" */

ReadFile (Cport[comport number], buf, size, (LPDWORD) ((void *)é&n), NULL);

return (n) ;

int n;
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WriteFile (Cport[comport number], &byte, 1, (LPDWORD) ((void *)é&n), NULL);
if (n<0) return(l);

return (0) ;

int RS232 SendBuf (int comport number, unsigned char *buf, int size)

{

int n;

if (WriteFile (Cport[comport number], buf, size, (LPDWORD) ((void *)&n),
NULL) )
{

return(n) ;

}

return(-1);

void RS232 CloseComport (int comport number)

{

CloseHandle (Cport [comport number]) ;
}

/*

http://msdn.microsoft.com/en-
us/library/windows/desktop/aa363258%28v=vs.85%29.aspx
*/

int RS232 IsDCDEnabled(int comport number)
{

int status;
GetCommModemStatus (Cport [comport number], (LPDWORD) ((void *)&status));

if (status&MS RLSD ON) return(l);
else return(0);

int RS232 IsCTSEnabled(int comport number)
{

int status;
GetCommModemStatus (Cport [comport number], (LPDWORD) ((void *)&status));

if (status&MS_CTS ON) return(l);
else return(0);

int RS232 IsDSREnabled(int comport number)
{

int status;
GetCommModemStatus (Cport [comport number], (LPDWORD) ((void *)&status));

if (status&MS_DSR ON) return(l);
else return(0);
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void RS232 enableDTR(int comport number)
{

EscapeCommFunction (Cport [comport number], SETDTR);

void RS232 disableDTR(int comport number)
{

EscapeCommFunction (Cport [comport number], CLRDTR);

void RS232 enableRTS (int comport number)
{

EscapeCommFunction (Cport [comport number], SETRTS);

void RS232 disableRTS (int comport number)

{
EscapeCommFunction (Cport [comport number], CLRRTS);

#endif

void RS232 cputs(int comport number, const char *text) /* sends a string to
serial port */

{
while (*text != 0) RS232 SendByte (comport number, * (text++));

Kpome paboTbl c COM-nopTom 6bina ewé ogHa npobiema — eciv 3anyckaTb NPOrpaMmmy Ha NAaHLeTe, Hagnucy,
cAenaHHble KUpUAMLEN, oToBpaskaloTca HeBepPHO

Ho 3TO, Kak BbIACHMAOCb, He cBA3aHO ¢ wxWidgets. Al 3abbla, 4TO MPW MOKYMKe MAaHWeTa Ha Hém 6bina
yCTaHOB/AEHa aHrnoAsblyHaa Bepcua Windows 8. o3Ke S M3MEHWMA 3TO, HO HACTPOMKaMM He 3aHMManca.
[octaTouHo 6b110 B NaHeNW ynpaBAeHMA 3aiUTU B PErvoHajbHble HAaCTPOMKM M Ha 3aKnagke «JonosHUTeNbHO»
YCTaHOBMTb PYCCKUIA A3bIK A5 NPOrpamm, He noaaepxmsatowwmx Unicode.

G PervoH H

“Popmatsi | Mectononoxerme | JononHnTenso

3KpaH MPUBETCTBNA 1 YHETHBIE 3aMHCH HOBLIX NDNB3OBTENER

TIPOCMOTD U KOMHPOBAHHE MEKAYHAPOAHBIX NAPAMETPOS Ha KPaH NPUBETCTRNS, &
CUCTEMHBIE YHETHBIE S3MMCH W YHETHBIE 33MMCH HOBBIX NO/IB30BaTENER,

NNPOEATE NAPAMETPEL..

flzbik NporpanM, He noaepxusaroL KOHKoa,

3TOT NapaMeTp (A3bIK CUCTEMBI) 33A3ET ASBIK ANA OTOBPAXEHMA TEKCT B
nporpanmax, He noagepmsatoL KIHnkoa,

Texyumit sspik nporpanin, se noaaepusaroLx omkog:
Pyccrmii (Poccua)

P t—

oK Omvena

Puc. 41. UameHeHMe NapamMeTpoB CUCTEMbI
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—-malmmam(p « [ 4 PC

Puc. 41. PaboTa nporpaMmbl Ha NJaHLWweTe

Mocne cbopKku NpoekTa B pexkume ncnonHeHus (Release) B o4HOMMEHHOM Nanke MOXHO HaWTU M 3aNyCTUTb
nporpammy. Pasmep nporpammsl okono 7 M6aiT. A nogxntody ocumnnorpad kK COM-nopTy OCHOBHOroO
KomnbloTepa, 4Tobbl ybeanTtbcsa B paboTe nopra.
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Puc. 42. NposepKa paboTbl nporpammsl M nopta COM1

B 3TOM mMecTe 0T4ero-To BCMOMMHAIOTCA C/10Ba Knaccuka: «Tak Mano npoiaeHo gopor. Tak MHOro caenaHo
OLMBOK». YTO K, APYrol KNACcCUK CNpaBea/IMBO CKasan: «YUUTbCA, YUUTCA M yUUTbCA!».
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