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IIYBJIMYHAZA JIMITEH3M A

VYuebuoe nocobue Aungpes Bukroposrua Cronzaposa «Benenue B sizpik Cu++», BuepBble OmyO/IHKO-
parnroe PV1IO MI'TY T'A B 2008 r. moj 3aroyioBKkOM «MeTObl U CpecTBa BU3YaJbHOTO TTPOEKTUPOBA-
Husa. Pazgen “BBesenne B Cu++"’», HazpiBaeMoe ganee «IIpousmeneHuneMy, 3aIUMIEHO JAeHCTBYIONINM
ABTOPCKO-IIPABOBBIM 3aKOHOAaTeabcTBOM. Bece mpasa Ha IlpousBesenue, npegyCMOTPEeHHbBIE TeHCTBYIO-
IIAM 3aKOHO/IATEJBCTBOM, KAK MMYIIECTBEHHbIE, TAaK U HEUMYIIIeCTBEHHBIE, IPUHAJIEKAT €r0 aBTOPY.

Hacrosimaa JIuneHsus yCTaHaBIUBAET CIIOCOOBI MCIOJIH30BAHUS JIEKTPOHHOM Bepcuu IIpousBenenus,
IPaBO Ha KOTOpBIE IMIPeJOCTaBJEHO aBTOPOM H IIPAaBOOOJAJaTeseM HEOTDAHMYEHHOMY KPYTY JIWI, IIDU
ycjioBru 6€30rOBOPOYHOIO IPUHSATUS 3TUMH JIMIAMK BCEX ycsioBuil manHo#i Jlunensuu. JIro6oe ucmnosb-
3o0BaHue [IpousBesieHns, He COOTBETCTBYIOINIEE YCIOBUAM AAHHON JIMIeHIN, a paBHO M UCIIOJIb30BAHUE
IIpousBenenus auaMu, He COIJIACHBIMU C YCIOBUAMU JINIIEH3UHM, BO3MOYXKHO TOJIHKO IPU HAJMYIUN TTHCH-
MEHHOTO pa3peIIeHnsi aBTOPa U MPAaBOODIAATENsI, a MPU OTCYTCTBHU TAKOTO PA3PENICHUS SIBJISIETCS
HapyIIeHVEM e CTBYIOIIEro 3aKOHOJAATEIbCTBA U IIPECIeIyeTCsl B paMKaX I'PaK/IaHCKOTO, 3 IMUHUCTPAa-
THUBHOTO ¥ YTOJIOBHOTO 33KOHOIATEIbCTBA.

ABTOp U mpaBoobasaTesb HACTOANMM Pa3peLiaeT CIeYIONIHe BB UCIOIb30BAHUS JAHHOTO (aii-
J1a, SBJISIOINErOCs JIEKTPOHHBIM HpencraBsenueM Ilpouseeenus, 6€3 yBeqoMJieHNS IPABO00/IaaaTe st
u 6e3 BBIILJIATEL ABTOPCKOI'0 BO3HAIDAKIEHUS:

1. Bocupouseenenme IIpomssenenust (IOTHOCTBIO MM IaCTUYHO) HA OyMmare mMyTéM DACIEIaTKH C
TIIOMOIIBIO IPUHTEPA B OJTHOM 3K3eMILTISpe IS YAOBJIETBOPEHUS JIUYHBIX OBITOBBIX MJIH YUeOHBIX
norpebroCcTel, 663 IpaBa HepeavYN BOCIPOM3BEAEHHOTO IK3EMILISAPA JPYTUM JIHIAM;

2. Komnuposanue u pacupoCTPAaHEHHE JAHHOrO (Pailia B SJIEKTPOHHOM BHIE, B TOM YHCJIE IIyTEM 3a-
nucu Ha bpusmyecKue HOCUTENH M IIyTEM IEPeNadd IO KOMIIBIOTEPHBIM CETIM, C COOJIIOJEHUEM
cnepyromux ycnoesmii: (1) Bce BOCIpoOU3BeNSHHBIE W MlepeJaBaeMble JIOOBIM JUIAM K-
3eMILIAPbI (bailyia ABAATCA TOYHBIMHM Konuamu ucxoaHoro daitna B popmare PDF,
IpU KONMPOBAHUK HE IPOU3BOJMTCA HUKAKHUX M3bATHH, COKPAIIEHUH, JONOJHEHUH, HCKaXKeHUH
u 100bIX APYrux W3MeHeHuil, BKItouas u u3MeHeHune ¢opmara npejacrasienus daiia; (2) pac-
IpOCTPAHEHUeE U lepeiavda KOIU APYyTrUM JULAM IIPOU3BOAUTCS UCKJIIOYUTEILHO bec-
nAGMHO, TO €CTh IIPU Mepefade He B3UMAETCsl HUKAKOe BO3ZHATPaXK/ieHWe HU B KaKoi
cdopme, B ToM 4ducie B (popMe IpOCMOTPe PeKJIaMbl, B (pOpMe IJIATHI 33 HOCUTEIh WU 33 CaM
AKT KOIMPOBAHUA K IEPEAAUH, JA2Ke €CJIM TAKAA IIJIaTA OKA3BIBACTCS 3HAUYUTEIHHO MeHbITe (DaK-
THUYECKOI CTOMMOCTH WM Ce0eCTOMMOCTH HOCHTEJISI, aKTa KOMUPOBAHUSA U T. 1.

JIrobble npyrue cnocobbl pacHpoCTpaHEHUs JAHHOrO aiiyia Ipu OTCYTCTBUHU MHCHBMEHHOI'O pa3pellle-
HHsl aBTOPA 3alpeIneHsl. B wacTHOCTH, 3alpellaeTcs: BHECEHHE KAKUX-JIHOO H3MEHEHWH B AAHHBLIH
daitn, co3manne U pacIPOCTPpAHEHHE HCKAXKEHHBIX YK3EMILISIPOB, B TOM YHCJIE IK3EMILISIPOB, COAEPIKa-
X KaKyo0-1u00 4acTh TPOU3BEIEHUS; PACIIPOCTPpaHeHne naHHoro gaiina B Cetu VHTEepHET Yepe3 Beb-
CalThl, OKa3bIBAIOIINE IJIATHLIE YCAYTH, Yepe3 CaliThl KOMMePYeCKNX KOMIIAHUM, a Tak>Ke depe3 CalThl,
coslepzKalue peKjgaMy JIIob60oro poja; mpogazka u o6MeH (pU3MIECKUX HOCUTEJNe, COepKaIluX JaHHBIH
daitn, gake ec/id BO3HAIPAXKACHNE 3HATUTEILHO MEHbIIEe Ce0eCTONMOCTH HOCUTEJIS; BKIIIOUEHNE JAHHOTO
daitna B cocTaB KaKux-a1n00 HHGMOPMAIMOHHBIX U HHBIX IPOAYKTOB; PACIPOCTPAHEHUE JAHHOTO (aiiia
B COCTaBe KakKo#-ymb0 mIaTHON yCIyru WMau B JOIOJHEHHE K Tako# yciayre. C apyro#l CTOpOHBI, pas-
peliaercs japenue (6ecmiaTHas IIepenada) HOCHTEIEH, comepKamux JaHHBIA (daiii, 3anuch JaHHOTO
daitna Ha HOCUTENIHN, TPUHAIJIEXKAIe IPYTUM O0JIb30BaTeIsIM, PACIPOCTPpaHeHne JaHHOTO (haiina gepes
GecratHabie (paitsto0OMEHHBIE CETH U T.II. B Ka4ecTBe CHeruaabHOr0 UCKIIOYEHNS, Pa3PelaeTcs: Pacipo-
cTpaHeHue JAaHHOTO (aiiyia 5J1eKTPOHHBIM GubnnorekaMm lib.ru (6uGaunoreka Momkosa) u lib.rus.ec
(6ubnmorexa JIubpycex) mpu yCIOBAKM COXPAHEHUS OPUrHHANLEOrO (popMara daiina. CCrLIKn HA YK3eM-
miaap ¢daiiia, pacmoJoKeHHbI Ha ODUITHAJIBLHOM CaifTe aBTOpa, pa3pelieHbl 6e3 orpaHuYeHuiH.

A.B. CroasipoB sanpewgem Poccuiickomy aBTOpcKOMy 0b6IliecTBY M JIIOGBIM JAPYTrUM Op-
ra’Hu3anyusaM NPOU3BOAUTH JIIO0Or0o poaa JINLEeH3NPOBaHue JII00bIX ero Ipou3Be eHuil u ocy-
IIECTBJISITh B MHTEpPECAaX aBTOpPa KaKyllo Obl TO HHM ObIJIO MHYIO CBA3AaHHYIO C aBTOPCKHUMHU
npaBaMu OesTeJbHOCTh 6Ge3 ero NMCbMEeHHOTro pasperieHus.
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Jlekimsa 1

§ 1.1. BBenenue

§1.1.1. Yro Takoe OOII

063eKkMHO-0PUEHIMUPOBAHHOE NPOZPAMMUPOSAHUE TIOSBUIOCH B
cepeaune 70-x rogoB XX croserus. [Ipoekr Smalltalk u3secren kak mep-
Bblil 0O'bEKTHO-OPUEHTUPOBAHHBIN IIPOEKT U OJHOBPEMEHHO KAK IIPOEKT, B
KOTOPOM BIIEPBBIE MPE/JIOXKEH OKOHHBIN WHTEPdEHC MOIb30BATEIS.

SI3bIKM TPOrpaMMUPOBAHNS, ¢ KOTOPBIMU BaM MPUXOIUIOCH BCTPEIATH-
Csl JIO CHX TI0DP, OTHOCATCH K KATErOPUM MMIIEPATUBHBIX A3bIKOB [IPOIDAM-
MupoBanus. [IporpaMMa Ha WMIIEPATUBHBIX S3BIKAX BOCIPUHUMAETCS KAK
TOCJIeTIOBATEILHOCTD KOMAH/I, W3MEHSIOIMINX 3HAYEHUS TIEPEMEHHBIX U TPO-
U3BOAAIIMX JpYrue AeficrBus (OTCIONA HA3BAHUE NAPAIUIMBI “UMIIEDATHB-
HOE IporpaMMupoBanue”’; OT CJI0BA “UMIEpATUB’ — NPUKA3, KOMAH/IA).

[ToMuMO mMTIEPATUBHOTO MPOrPAMMUPOBAHUS, CYIIIECTBYIOT TAKUE TTaPa-
JIUTMBI, KaK JIOTHYECKOE TIPOrPAMMUPOBAHUE, IJe TPOrpaMMa BOCIPUHIMA-
ercs Kak HabOp JIOTMYeCKUX BBICKA3LIBAHUHN, a BBITOJHEHHE — KAK JI0KA3a-
TEJIbCTBO WJIH ONPOBEPYKEHUE HEKOTOPOI'O BBICKA3bIBAHUS; (DYHKITHOHAILHOE
MPOrPAMMUPOBAHIE, T TTPOrPAMMA, MTPEJCTABISETCS KaK HAOOp MaTeMaTH-
geckuX (PYHKINH, a UCIOJHEHNE MPOrPAMMbI TIPEICTAB/IsAeT COOO0it BBIUMC-
JIeHUE HEKOTOPOl TJIaBHON (DyHKITUH.

O0BEKTHO-OPUEHTUPOBAHHOE MPOTPAMMHUDOBAHNE TIPEICTABIISIET CODOit
elre OHY MapaaurMy mporpamMmupoBanus. lIpemcrasisis cebe mporpaMmy,
MBI TIPEXK/Ie BCErO MPEICTABIISAEM JAHHBIE B BUIE HEKOTOPHIX 0OBEKMO8 —
«4EPHBIX AIIMKOB». BHyTpeHHee ycTpoiicTBO 00beKTa U3BHE HEJAOCTYIIHO (U
B psAJIE CIIy4aeB MOXKeT ObIThH IIPOCTO HEM3BECTHO — HAIIPUMED, €CJIU JAHHBIN
00BEKT PEATTM30BAH JIPYTUM TpOrpaMMucToM). Bee, 9ro MOXKHO caenarh ¢
00BEKTOM — 3TO TOCIATH €My COODINEeHWE W MOJyYuTh OTBeT. Tak, omepa-
mus 2 + 3 B TepMHUHAX OOBEKTHO-OPUEHTHPOBAHHOIO MTPOTPAMMUDPOBAHUS
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BBITVISIUT KAK «MbI TIOCBLTAEM JBOHKE COODIEeHne npubass k cebe mpotxy,
a OHA OTBEYAET HAM, 9TO MOJIYYUIOCH H». BIojiHE BO3MOXKHO, 9TO, OJIy 9UB
coobienre, 0ObEKT MPOU3BEICT €IIe W KAKWEe-TO IEHCTBUS, CMEHHUT CBOE
BHYTPEHHEe COCTOSHUE UJIU TOIIJIET COODIIEHNE APYIrOMY OOBEKTY.

§1.1.2. dz3pik Cu++ u ero coBmectumocth ¢ Cu

Azpik Cu++ 6611 npemoxen Boépaom Crpaycrpynom B Hadase 80X ro-
JIOB IIPOLIEJIIIEr0 CTOJIeTHs B KA4eCTBE OTBETA HA HA3PEBIIYIO B MH/LyCTPUU
MOTPEOHOCTH B WHIYCTPUAJBHOM O0OBEKTHO-OPUEHTUPOBAHHOM SI3BIKE.

Cu++  gBnsgerca  pacmmupenmeM  s3pika Cum ¢ 0OBEKTHO-
OPHMEHTHUPOBAHHBIMU BO3MOXKHOCTAME. Takum obpaszom, na sa3bike Cu+-+
MO2KHO HCIIOJIb30BATH KAaK TPA/IUIMOHHOE MMIIEPATHBHOE, TAK U OOBHEKTHO-
OPHEHTUPOBAHHOE [IPOIPAMMUPOBAHUE.

BosbmuHaCTBO TporpamMM, HanWCaHHBIX HA sa3bike Cu, OymeT KOpPEeKTHO
¢ TouKHy 3penus s3bika Cu++.

Hekoropsie nporpavmbr #a sizbike Cu He MOTYT ObITH OTKOMITUITHPOBAHDI
rpancysiTopom Cu++. Tak, B Cu++ npucyrcrByer HEKOTOPOE KOJUIECTBO
KJTFOUEBBIX CJIOB, KOTOPBIX He 0110 B si3bike Cu. Ilosromy, Hampumep, mpo-
rpaMma, cojieprKaliasl Takoe OIMCaHNe:

int try;

HE SIBJISIETCS KOPPEKTHOW ¢ TOYKU 3peHus si3bika Cu-++, MOCKOJIBKY CJIOBO
try — kuoueBoe B Cu++-.

Kpowme toro, B si3bike Cu-++ HET OTAEIBHOrO OIPOCTPAHCTBA UMEH JIJist
TIrOB CTPYKTYD; TaK, OIIACAHUE

struct mystruct {
int a, b;

};

B mporpamme Ha Cu-++ SBISETCS ONMUCAHWEM TIOJHOIEHHOTO TMUNa
mystruct, Torma kak Ha Cu Takoe ke OMUCAHWE 03HAYAIIO OBl JIUIb BBE/IE-
HUE maza cmpykmyps.. B pe3yabrare, HalpuMep, 9acTO BCTPEYAIOITNECH B
cTapbix mporpammax Ha Cu omucanus BHUIA

typedef struct mystruct {
int a, b;
} mystruct;



ABJAIOTCS € TOYKE 3pernsi Cu-+-+ HEKOPPEKTHBIM U3-33 BO3HUKAIOIIErO KOH-
dbaukra umen (B a3pike Cu 1akoro KoH(MJIMKTA HE BO3HUKAJIO, T.K. TIIU
CTPYKTYD U MMEHA TUTIOB OTHOCUJIUCH K PA3IMIHBIM MTPOCTPAHCTBAM UMEH ).

3amerum, 9yro B Cu+-+ OPU OMUCAHUU CTPYKTYPBHI HET HEOOXOIUMOCTH
MCII0JIH30BaTh typedef, MOCKONBbKY uAeHTU(DUKATOD, CTOAIIUI [IOCJIE CIIOBA
struct, yxe cam 10 cebe mpefcTaBigeT coboi uMsa HOBOro Tumna (B OTJIH-
qme or Cu, rae 10T uaeHTHMUKATOP CIUTAJICA TITOM CTPYKTYPHI U IIpe-
BPAIIAJICS B UMl TUIIA TOJBKO B COYETAHUU CO CJI0BOM struct). Tak, mocse
00bSIBIICHUST

struct s1 {
int x, y;

};
B a3bike Cu+-+ MBI MOXKEM Cpa3y OMUCHIBATEH MEPEMEHHbIe Tuma si:
sl a;
TOrIA Kak B s13bike CU MBI BBIHY K I€HBI OBLJIN UCIOJIH30BAThH CJIOBO struct:

struct sl a;

§ 1.2. MeToapl, 00bEKTHI 1 3AMINTA

B s7oit wacTu Kypca MbI OyZeM OTTATKHBATHCS OT YK€ M3BECTHBIX HaM
cpencrs, npumemunx B Cu++ u3 sa3bika Cu, 0CTeneHH0 BBO/Is HOBbIE (cne—
nudraeckne s CH—H—) cpelcrBa.

§1.2.1. ®yaKnun-4geHb! (METOIbI)

Jas nommepKku O0bEKTHO-OPUEHTUPOBAHHOTO MPOrPAMMUPOBAHUS B
Cu++ BBOAATCS MOHATHS GYHKUUT-UAEHO8 U KAACCOS.

IMpusenem npumep pyHKIUU-uieHa. OMUIIEM CTPYKTYPY JJIst TTPEICTAB-
JIEHUST KOMIIJIEKCHOTO YHCJIa 9€pe3 JeHCTBUTEIBHYI0 U MHUMYIO YACTH:

struct str_complex {
double re, im;

};

Beenem Temepn omeparnio BHIYUCIEHWS MOIYJIS KOMILIEKCHOrO dmcia. Ha
sa3bike Cu HaM MPUILIOCH ObI OMUCATH MPUMEPHO TAKyI0 (DYHKITHIO:
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double modulo(struct str_complex *c)
{
return sqrt(c->rexc->re + c->im*c->im);

}

A3pik Cu++ Mo3BOJIAET CALIATH TO XKE CAMOe HECKOJIBKO 00JIee 3JIeranTHO,
MOAYEPKHYB HEMOCPEACTBeHHOE oTHOMIeHne GpyHKIu modulo () K cymHOCTH
KOMTIIJIEKCHOTO YHCJIA:

struct str_complex {
double re, im;
double modulo() { return sqrt(re*re + imxim); }

};
Temepb MBI MOYKEM HATMCAThH, HATTPUMED, TAKOH KO

str_complex z;
double mod;

z.re = 2.7;

z.im = 3.8;

mod = z.modulo();

Oyukims modulo () Ha3bIBAETCS PyHKYUET-4AEHOM NI MEMOOIOM CTPYK-
Typbl str_complex. Unorga peds umer o memode obsexma (B JaHHOM CJIy-
yae — 00bEKTa Z), IPU ITOM MMEETCsl B BUJLy METOJ] TOrO TUIA, K KOTOPOMY
MPUHAIEKUT OOBHEKT.

Bozos dbyHKIUE-1IeHa — 3TO MMEHHO TO, YTO B TEOPUH OOBEKTHO-
OPHMEHTHUPOBAHHOIO TTPOrPAMMHUPOBAHNST MOHUMAETCS MO 0MNPaskoil coob-
wenus obsexmy. Nunade rosops, mepmuns, “ewvi3oe memoda” u “nepedaua
cO0OUWEHUA” ABAAIOMCA CUHOHUMAMU.

§ 1.2.2. Vka3aresb this

Ha camom nene, Bb130B hyHKIMA-41eHa (METOA) OOBEKTA C TOUKH 3Pe-
HUsI Peasn3alini IPe/ICTaBIIsieT cOO0i aOCOTIOTHO TO Ke CaMoe, UTO 1 BHI30B
00bIuHOI (DYHKIINM, TEPBBIM MTAPAMETPOM KOTOPOI SIBJISETCS aIpec 00bek-
Ta; TAaKUM 00pPa30M, KOT/a B IPeAbIAyIeM maparpade Mbl 3aMEeHUIH BHEIIl-
HIOI0 (PYHKIINIO modulo, MOTyYIaBIIyIO aapec CTPYKTYPbI, Ha MeTox modulo,
ONMCAHHBIA BHYTPHU CTPYKTYPHI, & BBI3OB C ABHOM Nepemadeit aapeca — HA
BBI3OB METOA [IJIsT O0HEKTA, HA YPOBHE MAITHHHOTO KO HUKAKUX M3MEHE-
HUN HE IIPOU3O0ILIO.



ToBopsar, uro GyHKIUIM-IIEHAM KJIACCA MPHU BBI30BE MX id OOBHEKTa
KJIACCA [EePeIadres Hes8HbLl napamemp — ajipec 00beKTa, /s KOTOPOro
byHKIINST BHI3BIBAETCS.

K sromy mapamerpy mpu HEOOXOAMMOCTH MOXKHO OOPATUTHCS; €10 MMe-
HEM SIBJISI€TCS KJII09eBOe ¢jI0BO this. MoxxHO BocmpuHUMATH this Kak J10-
KaJIbHYIO KOHCTAHTY, UMEIOILYI0 THII A%, Te A — uMsi OITMCHIBAEMOT0O KJI1ACCa.

Hampuwmep, onucannyio B npeapiayiieM maparpade BepCruio CTPYKTYPbI
MOXKHO OBLTIO OBI MEPENucaTh U TaK:

struct str_complex {
double re, im;
double modulo() {
return sqrt(this->rexthis->re +
this->im*this->im);

};

B nanHOM KOHKPETHOM CJIy9ae 3TO HE UMEET 0COOOT0 CMBICTIA, OHAKO ObIBa-
IOT ¥ TaKWe CUTYAIlud, B KOTOPHIX UCIOJIb30BaHMe this oka3biBaeTcs HEOD-
XOJIMMBIM; JTIOCTATOYHO MPEJCTABUTH cebe, 9T0 U3 METOJa HYKHO BBI3BATH
Kaky10-1u60 PyHKIuo (OObIYHYIO UM METOJ| IPYroro 06bekra), apryMeH-
TOM KOTOPO# JIOJ2KEH CTATh KAK Pa3 O0bEKT, JIjisi KOTOPOIO HAC BbI3BAJIH.

§ 1.2.3. BamuTa. IlouaTue KOHCTPYKTOpa

YT0o0bI CTaTh MOJHOIEHHBIM OOBEKTOM, HAIllel CTPYKType HE XBATAET
CBOMCTBA 3aKPBITOCTH. JleficTBUTEIbHO, IO e W im JOCTYIHBI U3 J1I000-
0 MeCTa B IIPOrpaMMe, I7e JIOCTYyIHA caMa CTPYyKTypa str_complex. s
TOrO, 9TOOBI CKPBITH JETaIN peann3anun 00bekTa, B s3bike Cu+-+ BBeIeH
MEXaHU3M 3aULUTINbL.

s monaep:KaHus 3TOTO MEXaHW3Ma WMMEIOTCS KJI0YEeBbIE CJIOBA
public: u private:, KOTOPHIMU B OMMCAHUHU CTPYKTYPBI MOTYT OBITH TTOME-
YeHbI TI0JIsd, JOCTYIIHbIe U3BHE CTPYKTYPHI (public:) u, HaoGopor, JOCTYII-
HbIe TOJILKO u3 Tes dynkmuii-meronos (private:).! Tlonbitaemcs nepernu-
caTb Hally CTPYKTYPY C UCIIOJIb30BAHUEM 3TUX KJIIOYEBbLIX CJIOB.

struct str_complex {
private:

double re, im;
public:

Heckosbko 1m033ke MbI BBEJEM €Ie U KJI0YeBOe CJI0BO protected:.
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double modulo() { return sqrt(rexre + im*im); }

};

Temepnb Mo re n im JOCTYIHBI TOMHKO M3 Tea MeToga modulo ().

Jlerko 3aMeTnTh, OJHAKO, YTO TOIB30BATHCA TAKOM CTPYKTYDPOMl MBI He
CMOXKeM, T.K. B Hell He IIPeIyCMOTPEHO HUKAKHAX CPEJICTB [/ 3aJaHns 3Hade-
Huii osieli re u im. Tak, dparMeHT Koma, TPUBEIEHHBIH HA CTP. 6, TOIPOCTY
OyZeT OTBEPIHYT KOMIIUISTOPOM.

Penmurp npobsiemy MO2KHO, BBE/1si COOTBETCTBYOIIMI METOZ, /U1l 3aJaHUA
suauvennit mosieit. Onucanue HaIel CTPYKTYPHI MOTJIO ObI BBITJISIIETH B 9TOM
clIy4dae, HaIIpuMep, TaK:

struct str_complex {
private:
double re, im;
public:
void set(double a_re, double a_im)
{ re=a_re; im = a_im; }
double modulo()
{ return sqrt(re*re + im*im); }

};

a COOTBETCTBYIOIIUI KOJI, BBIYUCIAIOMMUI MO/ILY/Ib 38/IaHHOIO 4YUCJIa, llepe-
TTUTIIEM TaK:

str_complex z;
double mod;
z.set(2.7, 3.8);
mod = z.modulo();

JlaHHOE pelleHre UMeeT OYeHb Cepbé3Hblil HepocTarok.? JIesio B TOM, 4To ¢
MOMEHTa OObSBJIEHHS IIEPEMEHHON Z /10 BbI30Ba (pyHKmuu set () HaIr 00b-
eKT (mepeMeHHas Z) OKA3BIBAETCA B HEONPedeaeHHOM COCTOSHWHU, T.e. TI0-
MIBITKY €0 WCIOJIb30BAThH OyAyT 3aBEI0MO Omubodnbl. Q4ueBuIHO, OBLIO OB
JIydIlle IMPOM3BECTU MHUIUAIAZAIMI0 OOBbEKTa HEIOCPEICTBEHHO B MOMEHT
€ro CO3JaHHUS.

J1j1s1 5TOr0 BBOJAMTCH €I11€ OJHO BaXKHOE IIOHATHE — KOHCTNPYKMOP 005-
exma.

KoucTpykTop — 310 (DyHKIMA-METO CHEraJIbHOrO BUIA, 33IA0IIAs
WHCTPYKIMKA TIO WHUIUAJU3ANNH 00bekTa. KOHCTPYKTOD MOXKET, KaK u

2Bonee TOro, GOIBIIMHCTBO KOMIIMISATOPOB BEIIACT IIPEIYIPEKICHHEe IIPH MOIBITKE
KOMIIUJISIUH TAKOT0 O0bABJICHHUS CTPYKTYPBL
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obbranas HyHKIM:A, UMETh NAPAMETPbI; ONUCAB KOHCTPYKTODP, MBI T€M Ca-
MbIM «OODbsCHAEM» KOMIUIATOPY, KaK (B COOTBETCIBUM C KAKOI MHCTPYK-
peit) co3maBaTh HOBBINH OOBEKT JAHHOTO THIA, KAKHe MapaMeTphl JOJIYKHBI
OBITH 71T 9TOTO 33JIaHBI M KaK BOCIIOJIB30BATHCH 3HAYEHUSIMH THX T1apa-
METDOB.

KoMmuiarop oTimgaer KOHCTPYKTOPBI OT OOBIMHBIX METOJOB 110 MME-
HH, KOTOPOE COBIAJAET C MMEHEM ONUCBHIBAEMOrO THHA (B JAHHOM CIIy9ae
crpyKrypbl). IIOCKOIBKY KOHCTPYKTOD MIDAET CLENUAIbHYIO POJIb U B fB-
HOM BH/Ie He BBI3BIBAETCS, THIT BO3BPAIIAEMOr0 3HAUEHHUS [JIsT KOHCTPYKTOPA
yKa3bIBaTh HeJIb3st (OH He BO3BpAIAET HUKAKMX 3HAYEHMWIT; B ONpEIeIEHHOM
CMBICJIE PE3YILTATOM PabOThl KOHCTPYKTOPA SBJISETCS CaM OOBEKT, JJist KO-
TOPOI'O €ro BbI3BAJIN).

IIpowutiocTpupyem CKa3aHHOE, IEPENHCaB CTPYKTYPy str_complex:

struct str_complex {
private:
double re, im;
public:
str_complex(double a_re, double a_im)
{re =a_re; im = a_im; }
double modulo()
{ return sqrt(re*re + im*im); }

};

BBeas KOHCTPYKTOP, MBI COOOIIIIN KOMIUISTOPY, UTO IS CO3MAHUs 00b-
ekTa Thmna str_complex HEOOXOAMMO 3HATH JBA YHCIa T double u 3a-
Jajm HAOOp JeHCTBUiA, MOMAJIEKAINX BBIMOJHEHUIO TPH CO3JAHMH TaKOTO
obbekTa. B aToM Habope meiicTBuHit TOBOPUTCSI B TOM YHCTE W O TOM, KaK
BOCITOJIb30BATHCA 33IaHHbIMI ducaaMu Tuia double: mepBoe u3 HIX UCIIOb-
30BaTb B KadecTBe JeHCTBUTEJbHOW 4acTu, BTOPOE — B KadeCTBe MHUMON
YACTH CO3/1aBAEMOr0O KOMILJIEKCHOTO YUCIIA).

Boobuwe, B cemantuke Cu++ ntobasi nepemeHHasi CO3AaETCA C NOMOLLBIO KOH-
CTPYKTOPpa. Bo mHornx CalydasiX KOMONNATOP CHUTAET KOHCTPYKTOP CyLWECTBYHOWNM
(«HesiBHO» ), HECMOTPA Ha TO, 4TO B MPOrpaMMe KOHCTPYKTOP He OnuncaH

Ko Beranciienust MOIy/ist TENEPh MOKHO MEPEMUCATH BOT TaK:

str_complex z(2.7, 3.8);
double mod;
mod = z.modulo();

Boitee Toro, nis Takoit oneparnun HaMm He 0053aTETHHO OMUCHIBATEH TTEPEMEH-
HYIO, UMEIOITYI0 uMsi. Mbl MOT/IM ObI HAMKUCATH U TAK:
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double mod = str_complex(2.7, 3.8).modulo();

B mocemaem ciydae Mbl CO34ATM BPEMEHHYIO GHOHUMHYIO NepemeHHyIo
Tuna str_complex u /s 3TO# mepeMeHHo Bbi3Basau mMeTo modulo ().

Bnecsr HeOOXOMMMO CIeaTh OYeHb BarkHoe 3amedanue. Ilocme BBeme-
HHS KOHCTPYKTOPA, UMEOIIEro IapaMeTpbl, KOMIUISITOP OTKaXXeTCsl CO-
371aBaTh OOBEKT THMa str_complex 6e3 ykazaHms TpeOyeMbIX KOHCTDYK-
TOPOM [IBYX 3HAUEHWi, TO €CTh MPEIbIIyINas BepChusi KOIa, COMEpPIKABIIAs
OIUCAHUE

str_complex z;

KOMITHJIMPOBATHCsT Ootbie He Oymer. Eciu 310 co3maér neymobersa, TO mpn
HEOOXOAMMOCTH MOXKHO 3aCTaBUTh KOMIIUJISTOD CHOBA CYUTATH TAKUE O0b-
SIBJIGHUST KOPPEKTHBIMI; O TOM, KaK 9TO JEJIAeTCs, Mbl y3HaeMm u3 § 2.3.

Cutesryer orMeruThb, 970 CHHTAKCUC CO3/IAHUS IEPEMEHHOM 110 33JaHHOMY
mapamerpy gornyctuM B Cr++ u [ TepeMeHHbBIX BCTPOEHHBIX TUTIOB. Taxk,
HaIpPUMED, OTIEPATOP

int v(7);

O3Ha4YaeT abCOJIOTHO TO JKe CaMoe, YTO M MPUBBIYHBIA 110 36Ky Cu omepa-
TOD

int v = 7;

B 3aknrouenne maparpada, MOCBAIIEHHOTO 3aIUTe, OTMETHM €IIE OIIH
odeHb BaxkKHbII MoMmeHT. Eamnuneil zamurbl B Cu-+-+ aBiasgercda He
00beKT, a TuIll (B JAHHOM CJIy4Yae CTPYKTypa) HEJUKOM. DTO O3HA-
9aeT, 9YTO U3 TEJ METOIOB MbI MOXKEM OOpAIATbCSA K 3aKPBITBIM ITOJISIM HE
TOJILKO «CBOETr0» O0BEKTA (TOTO, /I KOTOPOTO BHI3BAH METOJ), HO M BOODIIIE
JII060T0 0O0BEKTA TOTO YK€ THIIA.

§ 1.2.4. 3aueM HY2KHA 3aIUTa

CMBICT MEXaHU3Ma 3AIUTHI 9aCTO OKA3BIBAETCS] HETIOHATEH TPOrPAMMU-
cTaM, HAYMHAIOIMIMM OCBAUBATH O0bEKTHO-OPUEHTUPOBAHHOE [IPOIPAMMHUPO-
Bauue. [lonpobyem MOsSICHUTHL €ro, OCHOBBIBASICH HA HAIIEM TIPUMEDE.

IIpesncraBum cebe, 9yTo Hama CTpyKTypa str_complex HCIOIb3yeTCs B
OOJIBINOI TpOTpaMMe, AKTHBHO pPabOTAOIIEl ¢ KOMIIEKCHBIMYU YHCIAMHU.
MozkeT CayunThCd Tak, 9TO B MpOTpamMMe OyaeT OYeHb 9acTO TPebOBATHCS
BBIYUCJIEHTE MOJIy/Iell KOMIIJIEKCHBIX duces. Bosee TOro, MOXKeT OKa3aThCs
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¥ TaK, YTO MMEHHO MO/IYJ/Ib KOMILJIEKCHOT'O 4ncjia Tpedyercs HaMm Jake Ja-
e, 4eM ero JefdCTBUTeIbHAS U MHUMAasd YacTtu. B Takoil curyanuu, cKopee
BCEro, HAIla, MPOrpaMMa OyIeT MPOBOAUTH 3HAYUTENHHYIO YaCTh BPEMEHU
CBOEr0 BBITTOJTHEHNS B BBIYUCICHUAX MOy/eil. OOHAPYKUB ITO, MBI MOXKEM
B KAKOM-TO MOMEHT IMOHSATh, YTO B JAHHON KOHKPETHOI 3a1a4e yaobHee Xpa-
HUTH KOMIIJIEKCHBIE YHCJIa B IOJAPHBIX KOODJUHATAX, & HE B JIEKAPTOBBIX,
TO €CTb B BU/JIE MOJLyJid U ApIyMEHTa, & He B BUJe NJeCTBUTEJIbHON U MHUMOI
qacTeil.

Ecan MBI HE TpUMeEHAIN 3aIUTY, TO, CKOPEe BCETO, BCE MOY/IN HAIeH
MIPOTPAMMBI, B KOTOPHIX MCIOIB3YIOTCH KOMILIEKCHBIE YUCJIA, COIAepKaT 00-
pamienusi K moisM re u im. Ecam B Takoil mporpamMme W3MEHHUTH CIIOCOD
XpaHeHUsi KOMILIEKCHOI'O 4YMCJia, yOpaB MO re W im M BBE/s BMECTO HUX,
CKayKeM, TIOJIs mod U arg i XPAHEHWs] MOJYJIsl U apryMeHTa, (T.e. TOJIsIp-
HBIX KOOPJUHAT), TO BCE YACTU IMPOTPAMMBI, UCIOJIb30BABIINE HAILY CTPYK-
TYPY, MePEeCTaHyT KOMITHINPOBATHCSI W HAM TMPUIETCA UX UCIPABIATD. Ecim
oporpamMmma J0CTaTouHO 6oJiblias (& COBPEMEHHbIE IIPOrPAMMHBIE TIPOEKThI
COCTOAT M3 MHOIMX COTEH M JIazKe ThICSAY MO/LyJIell), TaKOe PeJaK TUPOBAHUE
MO2KET OTPebOBATH CYINECTBEHHBIX TPY/I03aTPAT, IPUBEIET K BHECEHUIO B
MPOTPAMMY HOBBIX OIMTUOOK ¥ T.[., TAK YTO, BIOJHE BO3MOMKHO, HAM TPU-
JETCA OTKA3aThCA OT M3MEHEHUH, HeCMOTPsA HA BCIO UX TOJIE3HOCTb.

HonycTuM Temepb, YTO MBI UCHOIH30BAIN 3AMIATY U CAETATN BCE IO
HEJIOCTYIHBIME OTKYJA ObI TO HE ObLIO, KPOME METO/IOB HAIllel CTPYKTYPHI.
Koneuno, npu ucronpb30BaHnu KOMILJIEKCHBIX YHCEJI 9aCTO ObIBAET HYKHO
Y3HATH OTJEIbHO AEHCTBATEIBHYI0 U MHUMYIO YaCTU YNCJA, HO JJI9 3TOTO
MOYKHO BBECTH CIEIHAJLHLIC METOIBI, HATIPIMep:>

struct str_complex {
private:
double re, im;
public:
str_complex(double a_re, double a_im)
{ re =a_re; im = a_im; }
double get_re() { return re; }
double get_im() { return im; }
double modulo() { return sqrt(rexre + im*im); }
double argument() { return atan2(im, re); }

};

33mech MBI BBEIEM 320/1HO (DYHKITHIO BHIUHCIICHNS aPTyMEHTa, KOTOPas OyeT MCrIoib-
30BaThb CTAHJAPTHYIO (GYHKIHIO atan2() A ONpenesieHHs COOTBETCTBYIONIETO apKTaH-
TeHCa,
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[TockosibKy K TOJMAM re W im Temepb HE MOIYT OOPAIATbCs HUKAKHE Ya-
CTU IIPOrPAMMbI, KPOME HAIUX METO/OB, Mbl MOXKEM ObITb yBEPEHbI, 4TO
TepenucaTh HaM TPHUAETCS TOJIBKO HAIK METOMBI, & BeCh OCTAIbHOI TEKCT
MIPOTPAMMBI, U3 CKOJIbKH ObI MOJIyJIeil OH HU COCTOSIJI, COXPAHUTCS 0€3 u3-
MeHeHuii u Gymer paborarh, Kak u panbine. Konedno, meroas get_re()
u get_im() Temephb CTAHYT roOpas3zo CJIOXKHEe, YeM ObLIN, 3aTO YIPOCTATCS
mMerozabt modulo() u argument ():

struct str_complex {
private:
double mod, arg;
public:
str_complex(double re, double im) {
mod = sqrt(rexre + im*im);
arg = atan2(im, re);

}

double get_re() { return mod * cos(arg); }
double get_im() { return mod * sin(arg); }
double modulo() { return mod; }

double argument() { return arg; }

};

B rakoii curyanum Mbl gaxke MoxkeM cebe TO3BOJUTH UMETh JIBE€ Peasin3a-
MU CTPYKTYPhI Str_complex, MexkK/ly KOTOPBIME BBIOOD OCYIIECTBIISIETCS
JMPEKTUBAMY YCJIOBHON KoMIujsnuu. Takum ob0pa3oM, He MeHsis TEKCTa
MPOTPAMMBI, MBI CMOYKEM OTKOMITHJINPOBATH €€ C MCIOJIBL30BAHUEM OIHOMN
peaIn3alie, U3MEPUThH ObICTPOIEHCTBIE, OTKOMITHINPOBATH MTPOTPAMMY C
HCIOIB30BAHUEM JPYrod peau3alui, CHOBA W3MEPUTh ObICTPOIEHCTBHE,
CPABHUTDH PE3yJIbTaThl W3MEPEHWI W HPUHATH PEIIeHHe, KAKYI0 pean3a-
[IUIO UCHOJIB30BaTh. B cilydae, eciid UCIOJIb3yeMble B IIPOrPAMME aJIrOPUT-
MBI U3MEHSTCS U HAM CHOBA, CTAHET BHITOIHO XPAHUTH KOMILIEKCHBIE UHCIA,
B JIEKAPTOBBIX KOOPJAWHATAX, TO JJIs BO3BPATA K CTAPOil MOIEIN BOOOIIE He
MPUAETCS HUYETO PEIAKTUPOBATH.

Pazymeercsi, B 310 O6b1TIO ObI COBEPIIIEHHO HEBO3MOXKHO, €CJii Obl MbI HE
WCITOTHF30BAJIN 3AIIHUTY.

Od4eHb BaXXHO MOHATh, 4TO 3amuTa B a3bike Cu+ -+ npeguasna-
YeHa He [Jid TOro, YTOOBI 3aIUIIATh HAC OT BParoB, HO UCKJIIOYN-
TeJIbHO /IJIS 3all[UThI HAC OT caMuX cebs, 0T COOCTBEHHBIX OIIUOOK.
Ecnu 3amarbest 11e1610 000WTH MEXaHW3M 3alUThI, 9TO MOYKHO CIeIaTh 0e3
0COOBIX MPOOJIEM MyTEM MpeoOPA30BAHNS TUIMOB yKA3aTeJIel WIn APYTAMU
cnocobamu. 3ammTa paboTaeT TOJBKO B CJIydae, €C/AU MPOTPAMMUCTHI HE
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MPEeIPUHAMAIOT TIeIEHAIPABICHHBIX aeficTBuii Mo e€ o6xomy. Ho obbramo
[POIPAMMUCTDBL TAKUX JEHCTBUN HE NPEJIPUHUMAIOT, TOCKOJIbKY [TOHUMA-
IOT TOJIE3HOCTh MEXAHU3MA 3aIlUThI U BBITOABI OT €r0 WCIOJIH30BAHUS, &
TaK>Ke ¥ TO, YTO MOMBITKHU €ro 000WTH, CKOPEE BCErO, MPUBEAYT K BHECEHUIO
B IIPOrpaMMy OIITHOOK.

§1.2.5. Knaccer

ITockombKy GOMBIIMHCTBO BHYTPEHHHUX MOJEH 0O0BEKTOB OOBIYHO 3aKPhI-
Thl, Ui onucanus 00beKTOB B CU++ HCHOIB3YIOT CIEIUATIBHO BBEICHHbBIN
JIJIST 9TOM 1EJIM THUTT COCTABHBIX MEPEMEHHBIX, HAZBIBAEMBIN KAQCCOM.

Kracc — 310 Tun nepeMeHHoi, HATOMUHAIOIIHH 3auch (CTPYKTYPY ), HO
OTJIMYAIOIIUIACS TEM, 4TO K HOJIAM (dJIeHaM) KJIacca JOCTYIL O yMOJIYAHUIO
€CTh TOJIbKO U3 METOJIOB CAMOTO 3TOTO KJIACCca.

[Mepenumiem Hairy peanu3anuio KOMILIEKCHOIO YUCIA B BHJIE KJIACCA:

class Complex {
double re, im;
public:
Complex(double a_re, double a_im)
{re=a_re; im = a_im; }
double get_re() { return re; }
double get_im() { return im; }
double modulo() { return sqrt(re*re + im*im); }
double argument() { return atan2(im, re); }

};

Bce, uTo ommcano B Kyacce /10 €a0Ba public:, KOMOUIATODP pacCMaTPUBAET
KakK JleTajIu peaju3aluy Kaacca U 3amipeiiaeT JOCTYII K HUM OTOBCIO/LY, KPO-
me Test pysrnuii-aieHoB garHoro Kiaacca. CioBo public: MeHSIET PEXUM
3aIIUTHI C 3aKPBITOTO HA OTKPBITHIH, T.€. BCE, YTO OMUCAHO TOCJE 3TOTO CJIO-
Ba (B JaHHOM cjrydae 310 (pyHKuuu-wienbl Complex (. ..), modulo() u ap.)
OyZeT MOCTYITHO BO BCEM TEKCTE IMPOrPAMMBI.

BakHO mOMHUTH, 9YTO MOJEH 3AIMUTHI, BKIIOYAEMAs [T0 YMOTIAHUIO —
9TO €IMHCTBEHHOE OTJINYWe KJIACCOB OT CTPYKTYp. Bosbiie onm mmdem
APyl OT Apyra He OTJIMYaloTcd, 110 KpaliHeil mepe, ¢ TOYKU 3peHud KOMIIU-
gsaropa Cu++. Tem He Menee, OOBIYHO MTPOTPAMMUCTHI UCTOIB3YIOT CTPYK-
TYPBI [JIst CIY9aeB, KOTA MO CMBICIY TOJIs JOJIKHBI OBITh OTKPBITHI U 10~
CTYIHBI (HAIPUMED, [IPU OPraHU3alUK CIUCKOB), & KJIACCHI — JJisd CJIyYaes,
KOTJIA TIOJIS TPEACTABJIAIOT COOOH JeTanu peau3anuu 00beKTa, KOTOPhIe
JIy4lle BCero CKpbITb.
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Jlexknnga 2

§ 2.1. IlepeonpejiejieHne CUMBOJIOB CTaH/IAPT-
HbBIX OIlepanuii

B peanbuOil 33/1a9€ MBI BpsI I 3aXOTUM OTPAHUYUTHCSA €JUHCTBEHHBIM
JeficTBAEM, OCYIIECTBIIsIEMbIM C KOMILTEKCHbIMEU ducaamu. Ckopee Bcero,
HaM MOTPEOYIOTCHA TAKKE CJIO2KEHUE, BBIYUTAHUE, YMHOXKEHUE U JIeJIEHUE.

A3bik Cu++ mpemocTaBiisieT BO3MOXKHOCTH 3aIUCH TAKUX IEHCTBUN C
TOMOIIBIO TTPUBBIYHBIX CUMBOJIOB apudmerndeckux omneparmii. Kpome Toro,
JIOTUYHO IIPEeyCMOTPETH BO3MOXKHOCTD Y3HATh JIEHCTBUTE/IbHYIO U MHUMYIO
9aCTU KOMILJIEKCHOI'O YHCJIA, €CJIA BAPYTD HaM 3TO 1noHamoburcd. s sroro
JTOTIOTHUM HAII KJIACC eIle HECKOIBKIME (ByHKITUIMU-UTeHaMu: !

class Complex {
double re, im;
public:
Complex(double a_re, double a_im)
{re =a_re; im = a_im; }
double modulo() { return sqrt(re*re + imxim); }
double argument() { return atan2(im, re); }
double get_re() { return re; }
double get_im() { return im; }
Complex operator+(Complex op2)
{
Complex res(retop2.re, imt+op2.im);
return res;

IMeTozp! B 3TOM IpuMepe 06PAIIAIOTCA K 3aKPLITHIM IIOAAM He TOJIBLKO <CBOEr0» 00Db-
€KTa, HO X 00beKTa, MEePeJAHHOTO KAK [IapaMerp. DTO He HAPYIIAeT 3AIMUTY: KaK yiKe
TOBOPHJIOCH HA CTP. 10, equHUIIEH 3aIUTHl ABJIAETCS He OOBEKT, a KJIAaCC WU CTPYKTYDPa
KaK TaKOBBIE.
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}
Complex operator-(Complex op2)

{
Complex res(re-op2.re, im-op2.im);
return res;
}
Complex operator*(Complex op2)
{
Complex res(rexop2.re-im*op2.im,
rexop2.imt+im*op2.re) ;
return res;
}
Complex operator/(Complex op2)
{
double dvs = op2.re*op2.retop2.im*op2.im;
Complex res((re*op2.re+im*op2.im)/dvs,
(im*op2.re-re*op2.im) /dvs) ;
return res;
}

};

HeobxonuMo mosicHUTB, 9TO CJIOBO operator sBIseTCs 3ape3epBUPOBAH-
HbIM (KJIoueBbiM) €a0BOM si3bika Cu-++. Crosiiue 1oapsij JBe JeKceMmbl
operator m + 00pa3yOT UMA GYHKUUU, KOTOPYIO MOYKHO BBI3BATH M KAK
OOBIYHYIO (DYHKIIHUIO:

a = b.operator+(c);

OTHAKO, B OTJIMYNE OT OOBIYHOM (DYHKIUH, MMOSABICHHE (PYHKITUU-OIEPAIIAN
MTO3BOJISIET 3aIUCATh TO YKE& CaMoe B 0Ojiee MPUBLIYHOM JIJIT MATEMATHKA
BUJIE:

a=b + c;

Tenieps MbL MOXKEM, K IPUMEDY, Y3HATH, KAKOB OyJ€T MO/LYJIb CyMMbI JIBYX
KOMTIJIEKCHBIX YHCEJT:

Complex c1(2.7, 3.8);
Complex c2(1.15, -7.1);
double mod = (cl+c2).modulo();

Kak ™Mbl yBUAMM 1033K€, aHAJOTHIHBIM 00pa3oM B s3bike Cu+-+ MOXK-
HO IEPEOIpEeIeIuTh CAMBOJIBL JIIOOLIX ONEpalyii, BKIOYas NPACBAUBaHUS,
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WHJIEKCATINIO, BBI30B (DYHKIIUH U TPOIYH «IK30THKY». CYyMECTBYIOT TOIBKO
JIBE Ollepallii, KOTOPble HEJIb3s 11ePEONpPEIeIUTh: 3TO TepHApHALA YCAOG-
Has onepayus (a 7 b : c) u oneparys BHIOOPKU TOJsSL U3 CTPYKTYPBI
um kjacca (Touka). HeoGxoaumo cpasdy Ke 3aMeTHTh, Y4TO ONEPAIHs Bbl-
GOpKH MoJist 110 yKazaTemio (CTpeska) MepeonpejesigeMa, XOTs 1 HECKOIbKO
sK30THYeCKUM crocoboM. Ko Bcem 3THM BompocaM MbI BEPHEMCH HO3IKe.

§ 2.2. Ileperpy3ka nmMén (pyHKITHIA

IIpexme gem mepeiiT K JaTbHERIITeMY OTTUCAHWIO BO3MOYKHOCTEH, TPeI0-
CTaBJIIEMbBIX MOHATHEM KOHCTPpYKTOpa B Cru++-, HE0OX01MMO 00paTUTh BHU-
MaH#e Ha CBOHCTBO a3blka Cu-++, Ha3blBaeMoe nepezpyakots umeH PyHx-
uui.

A3pik Cu++ 1m03BOJIZET BBECTH B paMKax OJHON 00/1aCTH BUIUMOCTH
HECKOADKO PASAUMNHBLT PYHKUUT, UMEUWUT 00HO UMS U DA3AU%GIOULULCA
KOAUBECTBOM U/ uru munamu napamempos. Hanpumep, 6ymer BosHe KOp-
PEKTEH CJIeAyIOmnui KO;

void print(int n) { printf("%d\n", n); }
void print(const char *s) { printf("%s\n", s); }
void print() { printf("Hello world\n"); }

IIpu obpaboTke BbI3OBA (DYHKIUH KOMITHISITOP OMPEIessieT, KaKyio (pyHK-
[0 U3 UMEIOIIUX OJIHO WMsi HEOOXOJMMO BbI3BATH B JAHHOM KOHKPETHOM
CJIy4ae, UCIOJb3ysl KOJTUIeCTBO U TUllbl (pakTrdeckux napamerpos. Hamnpu-
Mep:

print (50); // BH3BHBaercd print(int)
print ("Have a nice day"); // BusnBaetcs print(const charx)
print(); // Bepcus 6e3 mapaMeTpoB

TaKI/IM 2Ke 06pa30M MOZKHO TeperpyzkaThb U METOAbI B KJjlaCCaX U CTPYKTY-
pax. B ocobeHHOCTH 3TO CBOHCTBO OKA3bIBAETCS TOJIE3HBIM MDY OMUCAHUN
KOHCTPYKTOPOB.

OrmMeruM, 9TO BBEJEHUE TIEPErPYKEHHBIX (QYHKIMI MOXKET IPUBECTH K
COBEPIIIEHHO HEOXKUIAHHBIM IMOCAEACTBAAM. Tak, CIemylomuil Koj caM I10
cebe KOPPEKTEeH:

void f(const char *str)

{

printf ("9To crTpoka: %s\n", str);
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}
void f(float f)
{
printf ("9To uwmcmo ¢ mmaBammed Toukoi: %f\n", f);

}

[Ipudem koMmmasATOp BHOJHE crpaBuTcs C Bbr3oBamu f("string"); u
£(2.5);, HOCKOJIbKY HUKAKUX PA3HOUYTEHWI TYT He Bo3HUKaeT. OTHAKO Bbi-
308 T (0) Oymer pacieHeH KOMIAISITOPOM KaK ONTUOOYHBIHN, T.K. KOMITHJISTOD
C COBEPINEHHO OJWHAKOBBIM YCIIEXOM MOXKeT mpeodpa3oBarh 0 KaK K THILY
const char*, tak u K Tuny float. Mexay Tem, ecjiz Obl B IpOrpaMMe Tpu-
CYTCTBOBAJIA TOJBLKO OJHA M3 JBYX BbleOnucanubix Gynkuuii £ (marobas!),
BbI30B £ (0) ObLT OB 3aBEIOMO KOPPEKTEH.

§ 2.3. Koncrpykrop ymosgyanus. MaccuBbl 00b-
€KTOB

Bosspamascs k Hamemy kiaccy Complex, nanomuum (cum. crp. 10), uro
omnmcarhb nepeMeHHyio twia Complex NPUBBIYHBIM HaM 00Opa3oMm 6e3 BCs-
KUX TapaMeTpoOB HeJIb3d, T.K. [ €JWHCTBEHHOIO KOHCTPYKTOPA KJIacca
Complex TpebyioTcsd aBa mapamerpa. Takum oOpa3oM, ciaemayromuii Ko Oy-
JIeT HEKOPPEKTEH:

Complex sum; // ommbra - HeT IapaMeTpPOB I KOHCTPYKTOpa
sum = cl+c2;

Kpowme Toro, Mpl He MOXKeM onHMCcaTh MAaCCUB KOMILJIEKCHBIX YUCEJI, [10-
CKOJIbKY CHHTAKCHUC ST3BIKA HE MO3BOJISIET 33/1aTh MapaMeTPhI JJIs KOHCTPYK-
TOPOB KazKJ/IOr'0 JIeMEHTa MacCUBA.

Pemmts mpobiiemy mo3BoIsieT BBEIEHHE eIe OJHOr0 KOHCTpyKTopa. Ha-
IIOMHUM, 9TO KOMITUJISITOP CIYUTAET KOHCTPYKTOPOM (DYHKITUIO-UIEH KJIACCA
(uim CTPYKTYpbL), MMsl KOTOPOl COBLAJAET C UMEHEeM KJjacca (Wi CTPYyK-
Typbl). TakuM 00pazom, HaM HEOOXOIUMO BBECTH €Il OAHY (DYHKIUIO-UJIeH
c numeneMm Complex. B si3bike Cu++, B orsamame o1 s3bika Cu, 3TO MOXKHO
caesaTh Oaromaps neperpyske dgyukiuit. I'maBaoe, 9To0br GyHKINN, TME-
IOIl1e OJIMHAKOBbIE UMEHA, PA3JIMYAJIUCH KOJIMIECTBOM /MU TUIIOM Iapa-
merpos. Urak, nobasum B kiacc Complex erie ouH KOHCTPYKTOD:

class Complex {
double re, im;
public:
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Complex(double a_re, double a_im)
{ re = a_re; im = a_im; }
Complex() { re = 0; im = 0; }

VY

Tenepp MbI MO2KEM OIUCHIBATH IIepeMeHHble Tuiia Complex, He 3a/aBas HU-
Kakux mapamMerpoB. [Io3TOMy KOHCTPYKTOD, WMEIOIIN TyCTOW CIHUCOK Ma-
PAMEeTpPOB, HA3BIBAIOT KOHCMPYKMOPOM 10 Ymoawaruro. Ero nammyane
JejlaeT BO3MOXKHBIMU, B YaCTHOCTH, CJIEAYIOIINe OINMCAHUA:

Complex z3; // ucmomb3yeM KOHCTPYKTOp IIO YMOJYAHUIO
Complex v[50]; // xoHcTpykTOp 6yZeT Bm3BaH 50 pas
// T.e. ONd KaxXIOToO 3JIeMeHTa

§ 2.4. KoHcTpyKTOpHI peodpa3oBaHus

B a3bike Cu mpucyTCTByeT Tak HA3BIBAEMOE HEAGHOE NMPEOOPA308AHUE
munos. Tak, ecu B mporpaMmme onucana ¢pyukmug void f(float), Mbr MO-
ZKeM 3anucaTh Bb30B £ (25), 1 KOMIUISTOP COYTET TAKOM KO KOPPEKTHBIM,
T.K. «3HAET», KAKUM 00PA30M M3 IIEJIOTO YUCIA CAETATH TUCIO C TIIABAIOIIEH
TOYKOM; HHAYE TOBOPSI, B si3bike CH MPUCYTCTBYET MPABUIIO MPeoOpa30BAHNS
3Ha4YeHMi Tna int B 3HadeHuda tuna float.

A3bik Cu++ mMeer CpeiacTBa yKa3aHWs MPABUJ MPEOOPA3OBAHUS st
munoe JaHHHLT, 66e0eHHBIT Nosb3osamenem. OIHUM U3 TAKUX CPEJICTB SB-
JIAIOTCS KOHCTNPYKMOPHL NPeobpa3osaHUst. .

OTBIEKINCH HA BpeMsi OT KOHKpeTUKu s13bika Cu-++-, 3aMeTnm, 9To 3a-
JaTh TPABUJIO MMPEoOPA3OBAHNS 3HAUEHNH THIIA A B 3HAYEHMS TUIA B — 3TO
TO K€ CaMOe, YTO 33JaTh WMHCTPYKIMIO 1O CO3JAHUI0 OObEeKTa Tuia B mo
UMeIoIEMyCcs 3HaYeHuIo Tuma A.

Kak ormeuanocs B § 1.2.3, mucTpykiun xkommuiasgTopy Cu+-+ mo co-
31aHNI0 OOBEKTOB KJIACCa HA OCHOBE 33 IaHHBIX TAPAMETPOB JAIOTCS IIyTeM
OIMCAaHUs KOHCTPYKTOPOB C COOTBETCTBYIOIIUMU apamerpamu. Takum ob-
pas3oM, ecjid BBECTHU B KJjacce B KOHCTPYKTOP, HOIyYalomuii napaMeTp TUIa
A, 570 KaK pa3 u OydeT WHCTPYKIMS MO CO3MAHUI0 O0HEKTA THIA B Mo nme-
ormemycsa 3uadennio Tuma A. IlpencraBasercs mo3ToMy BHOJHE JIOTHIHBIM
WCIIO/IF30BATh TAKUE WHCTPYKIUH IS GOiNOAHEHUS HEABH020 NPeobpasosa-
HUA MUNOE.

UTak, KOHCTPYKTOP, KOTOPBIi MOJTyYIaeT Ha BXOJI, POBHO OJWH TTapaMeTp,
UMEIOIUN TUI, OTJINYHBINA OT ONHUCBIBAEMOTO, HA3BIBACTCA KOHCMPYKMO-
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pom npeobpasoearua’ U HCIONL3yeTCsa KOMIIIATOPOM He TOILKO B CIIy-

qae ABHOTO CO3JaHUs 00bEKTa, HO U /I [IPOBEIEHHS HESIBHOTO MIPEodpas3o-
BaHUA TUIIOB.

IIpounnocTpupyem cka3anHOe HA IPUMEPE BBEJIEHHOIO DaHee KJacca
Complex. flcHO, 9TO 1O CMBICIY KOMIJIEKCHBIX YUCEN JI000e 1eiiCTBUTE b
HOE YHCJI0O MOXKET OBITH MPEeoOPA3OBAHO K KOMILJIEKCHOMY JTOOABJIEHHEM HY-
JIEBOII MHMMOI 9aCTH TOYHO TaK JKe, KaK IeJI0€ UHCI0 Mpeobpa3yercs K
9UCITy C IJIABAOIIEH TOYKOW H00aBI€HNEM HYJIEBOH ApOobHOHM dacTu. UTo0b!
BbIPDA3UTL 3TO COOTHOIIEHHE MEXKILy ,ZLQfICTBHTGIH)HbIMI/I 1 KOMILJIEKCHBIMHA
YUCJIaAMU, JOHOJHUM KJIACC CJIAEAYIOIIUM KOHCTPYKTOPOM:

Complex(double a) { re = a; im = 0; }

C omHOIT CTOPOHBI, 3TOT KOHCTPYKTOP MO3BOJISET HAM OMMCHIBATH KOMILIEKC-
HbIe YUCJIa C YKa3aHUeM OJHOI'O JIeMCTBUTEILHOIO [1apaMeTpa, HallpUMeD:

Complex c(9.7);

C apyroit CTOPOHBI, €CJIM B IPOrpaMMe NMeeTcst (DYHKINS
void f(Complex a);

MbI MOXKEM BbI3BATH €€ JIJIsi JIeHCTBATEIBHOIO TapaMerpa;
£(2.7);

Braromapst manmumio B kiiacce Complex KOHCTPYKTOpa mpeoOpa3oBaHMs
KOMIIHJISITOP COYTET TAKOl BBI3OB KOPPEKTHBIM; /ijisi ero 0b6paboTku ¢ mo-
MOIIBI0 KOHCTPYKTOpA Mpeobpa3oBanus OyaeT CO3IaH BPEMEHHBIH O0bheKT
tuna Complex, KOTOPBIA u OymeT momaH Ha BXOA dyHKIun f

§ 2.5. CcbLiku

HOHHTI/Ie CCHLAKU ABJIACTCA KJIIOYEBBIM J1JId IIOHUMAHUWA ,I[aJ[bHeI‘/‘IIHeI‘O
marepuaia. Ormerum, 910 B sizbike Cu HHYEro MOJOOHOTO HET, TAK 9TO
CCBLJIKH BBbI3bIBAIOT OIIpEJe/IEHHbIEC TPYAHOCTH Y MHOI'UX CTYJE€HTOB. HOCTa-
paiiTech MO3TOMY TOJOWTH K M3YUEHUIO TaHHOTO Taparpada 0COOeHHO BHU-
MaTeJIbHO, & TIPU BO3HUKHOBEHUY BOIPOCOB 0053aTE/ILHO 3aJaiiTe UX Balle-
MY JIEKTODY WJIM TIPETIOIaBATEIO.

Qecnu TOJIBKO CIIeIIHaJIbHOEC 3HAYEHHUEe TAKOTO KOHCTPYKTOpa HE OTMEHUTH L[HpeKTHBOfI

explicit
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Cebuika B Cu++ — 310 0co0biit BUJ, OOBEKTOB JTAHHBIX, PeaTr3yeMblil
[yTeM XPaHeHus ajpeca 00beKTa, HO CEMAHTUYeCKU SKBUBAJIEHTHBII caMo-
My OOBEKTY, HA KOTOPBIH cChltaeTcs. VHadue roBopsi, JTIOObIE ONepaIiun HaT
CCBLIKO# OyIyT Ha CaMOM Jejie TTPOU3BOINUTCS HAJ TOW TMEPEMEHHOMH, Ha KO-
TOPYIO 3Ta CCHLIKA YCTAHOBJIEHA.

CHHTAKCUYIECKU TUI JAHHBIX «CCHLIKA» OMMCHIBACTCH AHAJIOIMYIHO yKa-
3aTeJi0, TOMBKO BMECTO CHMBOJIA * HCIOJNb3yeTCsa CHMBOJ &.°

IIponmaiocTpupyeM CKa3aHHOE TTPOCTHIM MPUMEPOM:

int 1i; // memodWCleHHas NepeMeHHas
int *p = &i; // ykasaTemb Ha IepeMeHHyDL i
int &r = i; // cchika Ha IepeMeHHyD i

i++; // yBemwmuuts i Ha 1
(*p)++; // To %Xe caMoe Uepes yKazaTelb
r++; // TO Xe caMoe IIO CCHUIKE

CTporo roBopsi, CCHIIKH HEIb3s HA3BIBATDL MEPEMEHHBLIMU, T.K. M3MEHUTH
3HAYEHUE CaMOU CCHLAKY HEJIb3S: €CIAU CChLIKA BCTPeYaeTcsd B JIEBOU YaCTH
omeparuy MPUCBANBAHNS — 9TO O3HAYAET, YTO IPUCBANBAHKE OYIET BBHIIOJ-
HEHO He JId CCbLIKUA KaK TaKOBOWU, a Jij1d TOU IePEeMEHHOU, Ha KOTOPYIO OHa
cchutaeTcs. Takum 00pa3oM, OMUCAB CCHIIKY Ha MEPEMEHHYIO i, MBI HA Ca-
MOM JIeJI€ BBEJIN CUHOHUM UMEHH 1 — UM r, 0003HAYAIOIIEe TOT K& CaMBbIit
OODBEKT JJAHHBIX.

Takoe ucH0Ib30BaHKE CCHUIOK MOXKET [I0KA3aThCst HECCMbICJIEHHBIM (XOTst
B HEKOTOPBIX CJly4dasiX OKadbiBaercs nosie3no). Opuako cyiiecrseHHo 6oJiee
WHTEPECHBIE BO3MOYKHOCTH CChIIOYHBIN Tl B CH++ packpbIBaeT MpH Tie-
pezade ero Kak napaMerpa B byHKINA U BO3Bpare u3 MyHKINN B KAI€CTBE
3HAYEHUS.

Taxk, 6arozapss CCHLIOYHOMY THITY B HAIIEM PACIHOPSKEHUN OKA3bIBa-
ercs orcyrcrBoBaBiiuil B s3bike Cu MexXaHU3M IEpeadyu IapaMeTpoB L0
cenuke.t

JlomycTuM, HAM HYKHO HAIMMCATh (DYHKIWIO, HAXOMATIYI0 MAKCHMAJIb-
HBIA M MUHUMAJIBHBIH 3JIeMEHTHI 33 IaHHOTO MaccuBa unces tuma float. Ha
a3pike Cu Takas PYHKIMS BbILJsAesa Obl Tak:

void max_min(float *arr, int len, float *min, float *max)

3BaskHO MOHUMATE, ITO B AHHOM CJIy9ae CHMBOJ & He MMeeT HuIero obIero ¢ omepa-
nwmeii B3sTua agpeca! Ilouemy aBrop sa3bika Cu+-+ B. CTpaycTpyn BeIOpa HMEHHO TaKoe
obo3HavYeHHEe — BONPOC OTKPBITLIH.

4Yyprarens, ckopee BCEro, y2Ke 3HAKOM C Iepegadeil IapaMeTpoB II0 CCHLIKE: B S3BIKE
Pascal Takme napaMeTpbl Ha3bIBAIOTCS HaPaMEeTPaMU-IePEMEHHbIMHE (var-parameters).
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int 1i;
*min

arr[0];

*max = arr[0];

for(i=1; i<len; i++) {
if (*min>arr[i]) *min
if (*max<arr[i]) *max

arr[il;
arr[il;

}

a ee BBI30B — HAIpUMep, TaK:

float a[500];
float min, max;
/] ...

max_min(a, 500, &min, &max);

ITockonbKy 3 GpyHKIIH HEOOXOIMMO BEPHYTH OOJIBIIE OHOIO 3HAYIECHHUS,
MPUXOIUTCS UCTOJIB30BAThH BO3BPAT Uepe3 nmapaMerpbl. Mexmay TeM, B S3bI-
ke Cu Bce mapaMeTphl IePeAI0TCs 10 3HA%EHUI0, TIOITOMY HAM TPUXOIUTC
BPYUHYIO UMUMUPOSAINs TIepeIady M0 CChLIKe, IepeaBas 3HaYeHne aJpe-
ca IMepeMeHHOM, Mo eKaIeii MoguduKaInl, 1 BMECTO UMEH! TepeMeHHOIt
UCII0JIH30BATH JIEBOJOILYyCTUMOE BbIPAzKEHHE PA3bIMEHOBaHUs (T.€. CTABUTH
mepes naeHTH(OUKATOPAMY Min U max CUMBOJI OMEPAIINY PA3BIMEHOBAHUS *,
4TO0BI TIPEOOPA30BATH AJPEC IEPEMEHHO B CaMy MEPEMEHHYIO).

C ucnosb3oBaHUeM CCBLIOK ¥ KOJ, (DYyHKIIUHU, U ee BbI30B obperaioT GoJee
SICHBIII BHI:

void max_min(float *arr, int len, float &min, float &max)
{
int i;
min = arr[0];
max = arr[0];
for(i=1; i<len; i++) {
if (min>arr[i]) min = arr[il;
if (max<arr[i]) max = arr[il;
}
}
/] ...
float min, max;
max_min(a, 500, min, max);
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JloBOJIBHO MHTEPECHBIE BO3MOXKHOCTU OTKPBHIBAET HCIIOJIb30BAHME CChI-
JIOYHOI'O THIIA KAK THUIIA BO3BpaImiaemoro 3uHadenus Qyukiuu. Jonycrum,
HEOOXOMMO TPOM3BECTH TTOWCK IMEJOYNCIEHHON TepeMeHHoil B cocTaBe
CJIOKHOH CTPYKTYPBI JAHHBIX (HANPUMED, NCKOMasl [€PEMEHHAsl SABJIAETCS
1I0JIEM CTPYKTYPBI, KOTOPasd, B CBOIO OYepe/ib, ABIAETCH 3JIeMEHTOM MaCCH-
Ba U T.1.), & 3areM JiubO UCIOJIL30BATH 3HAYEHUE HAMIEHHON [IepeMeHHO,
Jin0O0 BBINOJIHUTH HAJI HEll TO WM MHOEe npucBauBanue. B Takoii curyamnun
TTOWCK MEPEMEHHONW MOYKHO BBIIEIUTH B OTAEIBHYIO (DYHKIIUIO, BO3BPAIIA-
IONIYI0 CCHIIKY Ha HaleHHyIO0 nepemennyo. Ecau takas yHKIug nMeer
npoduiib

int &find_var (/*params*/);
TO JIOIYCTUMBI Oy/IyT, HAIIPUMep, TaKHe OlepaTOPbI:

int x = find_var(/*...*/) + 5;
find_var(/*...*x/) = 3;
find_var(/*...*/) x= 10;
find_var(/*...*/)++;

int y = ++find_var(/*...*/);
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Jleknnga 3

§ 3.1. MoaudukaTop const

Yuraresto, BO3MOXKHO, YK€ 3HAKOMO KJIIOUEBOE CJIOBO const, KOTOPOe
M3HAYATHHO MOABUIOCH B Cu++, HO C HEIABHUX TIOP BOIIJIO U B CTAHIAPT
a3pika Cu. OHO MOKA3bIBAET, 9TO MBI UMEEM JIeJI0 ¢ ODJIACTHIO MAMATH, HE
moJiezKalneil m3MeHeHnO.

Hawubosee mpocroe u o4eBuHOE IPUMEHEHHE CJIOBA const — 3TO BBee-
HU€ B IPOIDAMME UMEHOBAHHBIL KOHCIMAHIN.

JomycTuM, HaIma TPOrpaMMa UMeeT HEKOe CBOMCTBO, 33aBAa€MOE B BU-
Jie 9ucsa (IpUMEPOM MOXKET CJIYKUTh OrPAHWYEHHUe Ha JJIUHY CTPOKH, Y-
TaeMoii co craHzapTHOro BBoza). OOBIYHO KOHKDETHOE YHUCIO CHAGKAIT
MMEHEM ¥ BCIO IPOIDAMMY BBICTPAUBAIOT TAKAM ODPA30M, YTOOLI MCIIOIb-
30BAJIOCH ITO UM, & HE YuCja. B pe3ysbrare Mbl MOXKeM B J1I000# MOMEHT
U3MEHUTH TJIOOAIHHOE CBOMCTBO MPOTPAMMbI, BHECS JIWIIH OTHO U3MEHEHUE
B €€ TEeKCT.

B kmaccuueckux Bepcusix s3bika Cu 7y BBEIEHUS MMEHW KOHCTAHTHI
HCIIO/IB30BaJICA npernporeccop. Hanmpumep, orpannyenne Ha MAKCHMAJILHY O
JUIMHY BXOJHOI'O CJIOBA MOXKHO OBLIO 33/aTh CJIEIYIOIUM 00pa30M:

#define MAX_LINE_LENGTH 130

[TosBnenune MmomuduKaropa const MO3BOINUIO B MOJTOOHBIX CHTYAIHIX 00XO0-
JUThCs 6e3 MPenporeccopa, BBO/Is KOHCMAHMY CPEJICTBAMHU CAMOIO S3bl-
Ka:

const int max_line_length = 130;

Y100bI HOHATH, IOYEMY 3TOT BAPUAHT PELICHUs JIyYlle [PEAbILYIIEro, pac-
CMOTPHUM CJIEIYIONIYI0 THUMOTETHYECKYI0 cuTyaruio. Ilycts B Hameil mpo-
rpaMMe HeoOXOAMMa, KOHCTAaHTa ¢ MMeHeM c, paBHas 15. Beemem ee cpen-
CTBaMU TIPEITPOIIECCOPA:
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#define c 15

IIpencrasum cebe Temepnh, 9TO TIpH pabOTE HAJ TEKCTOM ITPOTPAMMBI MBI
B HEKWU MOMEHT 3a0bLIM O CYIIECTBOBAHWUU MAKPOCA C W BBEJIH, CKAYKEM,
JOKAIbHYIO TIEPEMEHHYIO0 C TAKAM HUMEHEM:

void f(int i)
{
int c;
/] ...
}

Bwmecro o0baBmennsa int ¢ KoMnuasgTop 6arogaps pabore MaKpoImpoIecco-
pa “yBuaut’ CTpOKY int 15 u, pa3ymeercs, BHIIACT COODIIeHne 00 OrmubKe.
OHAKO MOHATH, B YeM OINOKA 3aKII09aeTcs, Oy/IeT BeChMa U BECbMa HeJler-
KO, OCOOEHHO eCJIu MBI delicmeumenbho IPOYHO 3a0bLIN O CYIIECTBOBAHUA
Makpoca c.

Ecn ke koucranTa ¢ Oyner BBemeHa 0€3 MPUMEHEHHUs TPEMPOIECCOPa:

const int c = 15;

TO OMMCAHHAs MPOOJIEMA HE BOBHUKHET, T.K. UM C, BCTPEYEHHOE B (DYHKIUH
£ (), Oymer BOCIPUHATO KOMIIHAJISTOPOM KaK JIOKAJIHHOE M HUKAKOW OITHOKH
HE TIPOU30UIET.

Boobine, nmpuMeHeHus MaKpomnpoleccopa PeKOMEHIyeTcs IIo
Mepe BO3MOXKHOCTH M30erarhb, IIOCKOJIbKY MaKpONMeEHa He II0J9M-
HsfoTCcst O6bIYHbIM AJtst sa3bika Cu/Cu++ cornarenusim o6 obuia-
CTSIX BUAMMOCTH U APYTUM IIPaBUJIaM.

[Ipu ommcanuy aIPECHBIX U CCHIIOYHBIX TUITOB MOAUGUKATOP const mo3-
BOJISIET YKa3aTh, 4YTO 00JIACTh [AMATH, HA KOTOPYIO YKa3bIBaeT,/CChLIaeTcs
OIUCHIBAEMbIN 00beKT, HE mozexkuT n3menenuo. Hanpumep:

const char *p;
// p ykasbBaeT Ha HeM3MeHsSeMyb Ob6JacTh IIaMATH
p = "A string";
// Bce B mopsnKe, IepeMeHHAd P MOXET H3MEHATHCH
*p = ’a’;
// OINUBKA! Hemb3s MeHATL oblacTh IaMATH,
// Ha KOTOpyb yKasHBaeT p
pl5] = ’b’; // 9To Takxe OLUBKA

Ormernm emie pa3, 9To const char *p — 3TO UMEHHO yka3ameab Ha KOH-
cmanmy, a He KoHCmanmmsd yxasamess. IToObI OMCATH KOHCTAHTY aJapec-
HOTO THIIA, HEOOXOINMO PACIOJIOKUTH KJIIOYEBbIE CJIOBA B APYTOM MOPSIIKE:
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char buf[20];
char * const p = buf+b;
// p - KOHCTaHTa-yKaszaTelb, yKashHBaolas Ha
// mectolt smemenT MaccuBa buf (buf[5])
p = "A string";
// OUMBKA, 3HadeHWe p He MOXeT OHTb W3MEHEHO
*p = ’a’;
// Bce B mopsamke, uaMeHseM 3HadeHwe buf [5]
pl5] = ’b?;
// Bce B mopszke, usMeHseM 3Hadenwe buf [6+5]

AnajoruysbiM 00pa3oM Je10 OOCTOUT CO CChLIOYHLIMU TUIIAMMU:

int i;

const int &r = 1i; // KoHCTaHTHas CCHUJIKa
int x = r+5; // Bce B mopdamke

i=17; // Toxe Bce B mopsnke

r

12; // OINIMBKA, 3HaYeHWe IO CCHJIKE T HeNb3s MEHAThb

const int j = 5;
int &jr = j; // OUUBKA, Hemp3s CCHIIATHCH

// o6HYHON CCHIKON Ha KOHCTaHTY
const int &jcr = j; // Bce B mopsamke

OrmeTnM, 9TO KOHCTAHTHBIE CCBLIKHY TTO3BOJISIOT EPEIABATH B (DYHKITHH
B Ka4eCcTBe TapaMeTpa aJipec MepeMeHHOM BMeCTO KOMMPOBAHUS 3HAYEHWUS,
[IPX 3TOM HE TO3BOJIssA Ty [MEPEMEHHYIO MEHSITh, KAK U IIPU OOBITHOI mmepe-
Jlade [0 3HAYEHHUTO. DTO MOKET ObITh MOJIE3HO, CJIU apaMeTD MPeICTaBIIsd-
er co0o# KJIacC WK CTPYKTYPY, Pa3Mep KOTOPOH CYIIECTBEHHO MPEBLIIIAET
pa3mep ajpeca. Tak, eciin B panee OnMMCaHHOM KJjracce Complex BMeCTO

Complex operator+(Complex op2)
{ return Complex(retop2.re, imtop2.im); }

HaIlluCaTb

Complex operator+(const Complex &op2)
{ return Complex(re+op2.re, imt+op2.im); }

CEMAHTHKA KOJA He U3MEHUTCS, HO (pu3ndecku (Ha ypOBHE MAITHHHOTO KOZIA,)
BMECTO KOMMPOBAHUS JABYX ToJieil Tuma double OymeT mMpOUCXOIUTH MEPeIa-
9a, ajpeca CyIIeCcTBYIOIIeH MepeMeHHON 1 0OpaIlleHne 0 ITOMY AJIPeCy.
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§ 3.2. KoHcTaHTHBIE METO/IbI

Ucnonb3oBanue moaudukaropa const Ieaaer BO3MOXKHON CUTYAIUO, B
KOTOPO#1 HAM JOCTYTIEH HEKOTOPBI KOHCTAHTHHY OOBEKT, TO €CTh MePEMEH-
Has TUna class uian struct, KOTOPYIO HEIb3sd U3MEHATh. [Ipu 9TOM BIOTHE
BO3MOXKHO, 9TO BCE TIOJIsT 0OBEKTA CKPBITHI, TO €CTh B3AMMOEHCTBIE C 00b-
€KTOM BO3MOXKHO TOJIbKO Yepe3 MeTObl. B TO ke BpeMs MeTOJI MOXKET, BO-
ob11ie TOBOPSsi, U3MEHUTb BHYTPEHHEE COCTOsHUE (TO eCTh 3HAYEHU S CKPBITHIX
noJieil) obbekTa, HapylwuB TpeboBaHue 0 ero HeusmenHocru. Ilosromy Jyis
obecriedennsT HEM3MEHHOCTH O0BEKTa KOMIWJIATOD BBLIHYXKJIEH 3aIperrarh
BBI30BBI MeTO0B. lomygdaercs, 910 ¢ TakuM O0OBEKTOM MBI BOOOIIE HUKAK
HE CMOXKeM pabOTaTh, €CJIM He MPEJANPUMEM CIEIHATBLHBIX Mep.

st paborbl ¢ KOHCTAHTHBIME OObeKkTaMu B s3bike Cu++ mpemrycMor-
PEHBI KOHCMAHMHBLE Memodb.. KOHCTAHTHBIM CYUTAETCH METOJ, I1OCIe
3aroJIOBKa, KOTOPOTO (HO MEpeJ], TeJIOM) MocTaBieH Moaudukarop const:

class C1 {
/...
void method(int a, int b) const
{/% ... %/}
/] ...
};

B Tesie Takoro mMerona mosisi 00bEKTA JOCTYITHBI, HO 3aIPEIIEHb! JeHCTBUA,
M3MEHSIONINE WX WJIN CIIOCOOHBIE MPUBECTH K WX M3MEHEHUIO0, B TOM UHCIIE
MIPUCBANBAHMUS TTOJISIM HOBBIX 3HAYEHNH, IPUCBANBAHNSA aIPECOB ITUX TOJIEH
HEKOHCTAHTHBIM YKa3aTessaM, [ePe1ada nX B (DYHKIIUKA 110 HEKOHCTAHTHBIM
CCHIJIKAM W T. TI.

Takum 06pa3oM, OTHOCUTEIHLHO KOHCTAHTHOTO METOA M3BECTHO, 9TO OH
3aBEIOMO HE MOXKET U3MEHUTbH COCTOsiHUE OObLEKTa (3HAYEHHUs €ro ImoJieil).
ITosTOoMy KOHCTAHTHBIE METOIBI MOXKHO 6€3 OIACKH BBI3BIBATD I OODHEK-
TOB, KOTOPBIE HENb3s U3MEHSTh.

Hanpumep, Takoit Koj:

void f(const Myclass *p) {
p->my_method();
}

OyIeT KOPPEKTHBIM TOJIBKO B Ciydae, ecim B Kiaacce Myclass wmeron
my_method () oObsiBiieH KAK KOHCTAHTHBIMN.

[Ipn mammcannu MporpaMM peKOMeH/IyeTcsi BCeé MeTO/Ibl, KOTOpbIe
110 CBOEMY CMBICJIY He JOJIXKHBI I3MEHSITh COCTOsSTHNE 00beKTa, 00s1-
3aTesJbHO IOMeYaTh KaK KOHCTAHTHbIE, pa3perlias, TAKNM o6pa3om,
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BBI3BIBATh UX JJid KOHCTAaHTHBIX 00beKTOB. B uacruocru, B orucaHHom
pasee kjacce Complex Bce MeTO/ibl, KPOME KOHCTPYKTOPOB, HUKAKUX U3Me-
HEHU B MOJIs Kjaacca He BHOCAT. UToOb! ¢ obbekTamu Tuma Complex ObIIO
y/100Hee paboTaTh, CaeayeT MOMETHTh BCE METO/IbI KJIAcCa MOIN(MUKATOPOM
const:

class Complex {
double re, im;
public:
Complex(double a_re, double a_im)

{re =a_re; im = a_im; }
Complex(double a_re)

{ re = a_re; im = 0; }
Complex() { re = 0; im = 0; }
double modulo() const

{ return sqrt(re*re + im*im); }
double argument() const

{ return atan2(im, re); }
double get_re() const { return re; }
double get_im() const { return im; }

Complex operator+(const Complex &op2) const

{ return Complex(retop2.re, imtop2.im); 2}

//
s

§ 3.3. /lecTtpykTopsl

Hapsay ¢ koHCrpykKTOpamu, KOHTPOJUPYIONUMEU MPOILECC c030aHus
(vaunuanusanun) o0bEKTOB, B A3bike CU+-+ MPEIyCMOTpEHbI Takke ode-
CMPYKMOPHL, TPETHAZHAYMEHHBIE 71 KOHTPOJIS HaJ, MPOIECCOM YHUMIMO-
orcenusa 0ObEeKTa.

IIpencraBum cebe, 9TO OOBEKT B IPOIECCE CBOEI AEITETbHOCTH 3aXBATDI-
Baer Hekuil pecypc (Haupumep, orkpbiBaer daiii), upuuem 06 3ToM U3BeCT-
HO TOJIBKO CAMOMY OOBEKTY, T.€. HA 3aXBAYEHHBINH PECYPC CCHLIAITCS TOJIBKO
3aKpBITHIE N0JIs1 00beKTa (B mpuMepe ¢ GailjioMm 9T0 MOXKET 03HAYATH, YTO
JIECKPUOTOP OTKPBITOro hbaiija XpaHUTCs B 3aKPbITOM M0Je oObekra). B
ciIydae, ecii OObeKT [0 TeM WM WHBIM IPUIUHAM [MPEKPATUT CYIIEeCTBOBA-
HUE, PECYPC TAK U OCTAHETCs 3aXBAYCHHBIM.

Peruts mpobsiemMy TO3BOJISIET ONMMCAHWE B KJIACCE OOBHEKTA (DYHKIHH-
gectpykropa. JlecTpykTop — 910 yHKIHS-UYJIEH KJIACCa, BBI30B KOTOPOit
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ABTOMATUYECKH BCTABJISIETCS KOMIIUIATOPOM B KO J1s1 JIOOOH CHTyanuu, B
KOTOPO# 06beKT Ipekpainaer cyecrsopanue. ®yHKIusA-1eCTPYKTOD UMEET
UM, OIPEICTABJIAIONIEE COOOIl MM OMUCHIBAEMOTrO TUTA (KJIACCa WU CTPYK-
TYpbI), K KOTOpOMY criepeu no0asen 3HaK ~ (Tuibaa). Cnucok mapamer-
POB (DYHKIMH-IECTPYKTOPA BCETAA MyCT, T.K. B SA3BIKE OTCYTCTBYIOT CPEJI-
CTBa MEPEJAYH IIapPaMeTPOB JeCTPYKTOPY. IIOCKOMBKY AECTPYKTOD Hrpaer
CIIENUAIBHYIO POJIb U B SIBHOM BHUJIE HE BBI3BIBAETCs, THUII BO3BPAIIAEMOIO
3HAYEHUS I JECTPYKTOPA TAKKe HE YKA3bIBAETCH (JIECTPYKTOP HUKOTIA
He BO3BDAINAET HUKAKMX 3HAYEHNIH).

IIponmaiocTpupyem MOHATHE TECTPYKTOPA HA IpuMepe Kiaacca File, nu-
KAICyJIUPYIOIEro JeCKpunTop (aiina.

class File {
int fd; // [JeckpumTop. -1 osHawaeT, 4To ¢aiima HeT
public:
File() { fa = -1; }
// KOHCTDYKTOp ycTaHaBIWBaeT OTCYTCTBHEe daiina

bool OpenRO(const char *name) {
fd = open(name, O0_RDONLY);
return (fd !'= -1);
} // MeTon mmTaeTcs OTKpPHTH Qailn Ha YTeHWe,
// Bo3BpamaeT true B ciydae ycmexa,
// false B caydae Heyzauu

/] ...

// ... MeTomn paboThH c ¢aiioM

/]

“File() { if(fd'!'=-1) close(fd); }
// llecTpyKTop 3aKpHBaeT }haii, eCim OH OTKPHT

};

IectpykTOop OyAeT BbI3BAH B JII000M CHTyalyu, KOraa oObeKT Tuma File
MpeKpaIaeT cyinecTBoBanme. Hampumep, eciim 00beKT ObLI OMMCAH KaK JIO-
KaJIbHBIH B (DYHKIMHU, TO IpK BO3Bpare u3 MyHKIMHU (B TOM YHUCIIE U J0CPOU-
HOM BBI30BE OIE€paTopa return) jjid 3TOro 06bEKTa 0TpaboTAET JAECTPYK-
TOP.

Boobuie, mpu cozganum o6'beKTa POBHO oJuH pa3 oTpabaThiBaer
KOHCTPYKTOP, [P YHUYTOXEHUN 00'beKTa POBHO OJMH pa3 oTpa-
GaTbhIBaeT JIeCTPYKTOP.
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§ 3.4. Onepanuu padboThl C AMHAMNYIECKOI ITaMs-
ThIO

NzBecrHo, o 361k Cu cam 10 cebe HE BKIIIOYAET CPEJCTB paboThl ¢
JUHAMAYECKON TaMATHIO; CO3JAHNE U YHUUTOKEHNE TUHAMUYIECKUX CTPYK-
TYp JaHHBIX BHIHECEHO B OMOIMOTEKY W MPOU3BOAUTCS OOBIYHO C MTOMOIIBIO
dyuknunit malloc(), realloc() u free()

B a3pike Cu++ OIHOBPEMEHHO C BBIAEJICHHEM W OCBOOOXK JEHUEM IMaMsi-
TH B HEKOTOPBIX CAyYasX, a MMEHHO, IIPU CO3JAHUN U YIAJEHUH OODHEKTa
TUIIA CTPYKTYPbI WK KJIACCA, MMEIOIIEro KOHCTPYKTOPBL U /WJlU J€CTPYKTO-
PbI, HEOOXOIMMO BBIIOJHATD JAOIMOJTHATEIbHBIE AefICTBUS, 33/ JAHHbIE STUMA
KOHCTPYKTOpPAMU U JAecTpyKTopamu. Kpome Toro, mpu co31annu JUHAMAYIE-
CKUX O0OBEKTOB C MOMOIIBI0 KOHCTPYKTOPA WHOTO, HEXKEJIU KOHCTPYKTOP IO
YMOJTIaHNUI0, HEOOXOANMAa BO3MOXKHOCTD YKA3aHUSA MMAPAMETPOB KOHCTPYK-
TOpA.

Oyuknun malloc() u free() HEWYEro He 3HAIOT O KOHCTPYKTOPAX, Ie-
CTPYKTOPaX W IIapaMeTpax, [MO3TOMY i CO3/IAHUS U yIaJeHHsT 00bEKTOB
OHU HEMPUTOIHBHI.

Boiee Toro, nadopmarmeit 0 KOHCTPYKTOPAaX U JIeCTPYKTOPAxX 00JIa1aeT
TOJIBKO KOMITUJIATOP, TMO3TOMY B si3bike Cu++ BOOOIIE HEBO3MOXKHO BBIHE-
¢ty PabOTy C IMHAMUYIECKON MaMAThIO U3 A3bIKa B OMO/IMOTEKY 0e3 BBEICHMS
JIOMIOTHUTENBHBIX cpeacTB. ApTop sizbika Cu++ Beepu Crpaycrpymn pert
oiiTu 0oJTee MPOCTBHIM IIyTEM U BHEC B S3BIK COOTBETCTBYIOIINE CHHTAKCH-
9eCKHe KOHCTPYKIMH /I CO3JAHUS U YIAJIEHUS OObEKTOB.

Juist co3anmst B IMHAMUYECKO IAMsITU OAUHOYHOIO 00beKTa (11epeMeH-
HOI TTPOMU3BOJIHLHOTO TI/IHa) B s13bike CU-++ MCMOJIB3yeTCsT ONepalys new, ap-
TYMEHTOM KOTOPO# SBJISIETCS WMsI THIIA CO3/IaBaeMOro oobekra. Hampumep:

int *p;
P = new int;

Ecsn cozmaBaemblit 0ObEKT PUHAIJIEAKUT TUILY, UMEIOIIEMY KOHCTPYKTOD,
¥ BO3HUKAET HEOOXOAWMOCTBH TEPEIaTh KOHCTPYKTOPY MapaMerphl, TO TH
mapaMeTphl yKA3bIBAIOTCHA B CKOOKAX TOC/IE MMEHH THIa. Tak, co3manue 00b-
eKTa onucaHHoro panee tuna Complex (cm. § 1.2.5) ¢ ykazanuem jeiicrsu-
TeJbHON U MHUMON 4YacTeld MOXKET BBbINJIAIETb TaK:

Complex *p;
p = new Complex(2.4, 7.12);

s yrnajmeHust uCmoab3yeTcsd omeparus delete:
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delete p;

Jlist co3MaHns U yOAJIeHUS TUHAMAIECKAX MACCABOB UCIIOIb3YIOTCS CITe-
IUaIbHbIE 8EKMOPHLIE POPMBL OoTieparii new u delete, CHHTAKCUYECKH
OTJIMYAIONINEC HAJIMIHEM KBAJIPATHBIX CKOOOK:

int *p = new int[200]; // maccuB m3 200 membx 4ucen
delete [] p; // ymaneHme Maccusa

91 GHOPMBI OTIUIAIOTCS TEM, YTO COOTBETCTBYIONIUI KOHCTPYKTOP U Jie-
CTPYKTOP BBI3bIBAIOTCS IS KAHCA020 INEMEHMNA MACCUBA.

Heobxonumo oTMeTuTh, 9T0 BeKTOpHAs (hOPMA OTEPAINN New HE UMEET
CUHTAKCHIECKUX CPEJICTB I MEePeJadu MapaMeTpoB KOHCTPYKTOPAM, IO-
9TOMY [IJIsi CO3IAHUSI MACCHBA IJIEMEHTOB THUIIA KJIACC WU CTPYKTYPa Heob-
TOOUMO HANUNUE Y IMO20 MUNG KOHCMPYKMOPE NO YMOMAGHUN, KAK U JTIs
00ObI4HbIX MaccuBoB (cM.§ 2.3).

Baxk#o 3HaTH, 4TO OOBEKTHI B JUHAMUYIECKON [TAMATH, CO3/AHHbBIE C 110-
MOIIBI0 BEKTOPHON (hOpMBI Omeparuu new, HEMb3s YIAJATH C TOMOIIBIO
00bIaHOM GopMBI onepanun delete m HA0OOPOT. /lel0 B TOM, UTO peasiu-
3aldsl MEeHeKepa JTUHAMUYECKONW MaMSITH BIPABE BBIAEIATH HAMSITH MO
OOBbIYHDBIE MEPEMEHHbIE W MOJ, MACCHBBI W3 PA3HBIX O0JacTell JTuHAMUYe-
CKO¥ IIAMSITH, UMEIOIIUX, BO3MOXKHO, PA3JIUIHYI0 OPTaHUBAIUIO CILY2KEOHBIX
CTPYKTYP JAHHBIX.

Taxxke HE cieayer yaajadaTh ¢ TOMOINBIO0 delete OOBEKTHI, CO3TAHHBIE
dyuknueit malloc(), u HA0OOPOT, HE CIIEIYET yAAIATH ODEKTHI, CO3TAHHBIE
omepamnuaMu new, ¢ momoribio free (). Bee aTo MmoxkeT mpuBecTH K HEmpe -
CKa3yeMbIM IIOCJIE/[CTBUSIM.

§ 3.5. KoHCTpPYKTOp KOMMPOBaHUSA

Paccvmorpum cienyiomntyto curyaruio. B peanmmsanun HEKOTOPOro KIacca
(nazoBem ero Cls1) Ham HOTPEGOBAJICS JUHAMUYECKHIA MACCUB, KOTOPBI MbI
CO3/Ia€M B TeJjle KOHCTPYKTOpa KJ/lacca; eCTeCTBEeHHO, B JeCTPYKTOp Ciejyer
TMIOMECTHUTH ONepaTop JJid YHHUYTOXKEHUS STOTO MACCHBA.

class Clsl {
int *p;
public:
Cls1() { p = new int[20]; }
“Cls1() { delete [] p; }
/] ...
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Tenepb MPEJOIOKUAM, 9TO KTO-TO CO3/JIA€T B IIPOrPAMME KOMHIO 00bHEKTa
kimacca Clsl. Takoe MoOKeT MPOU30ATH, HAPUMED, €CIN OObEKT OKAXKETCS
Tepesial no 3Hauerul0 B KadecTBe napaverpa ¢yukmyun. Hampnmep:

void f(Clsl x) {

/...

}

int main() {
/] ...
Clsl c;
f(c);
//...

}

IIpoananu3upyemM HOPOMCXONMAIIEE CO CTPYKTYPaMHU JAHHBIX IIPU BBI30-
Be dyukmuu f (). JlokanpHas nmepeMenHast X SBISETCS KOIUeH o0bekTa c.
Komus n060ro 00beKTa JaHHBIX CO3/IAETCS MyTEM OOBIYHOIO ITOOHTOBOTO
KOMMPOBAHUS, €CJIM He yKa3arh nHOro. Cje10BaTeIbHO, TPU KOMUPOBAHUN
0bbekTa Kiaacca Clsl CKOMUPOBAH OKAXKETCS YKa3amens HA TUHAMUIECKUIA
MaCCHB; MHa4e [OBOPsi, Y HAC MOSBSATCA JIBa 00bEKTa, UCIOIL3YIOIIIe OIUH
U TOT XK€ 9K3eMILIAP AMHAMAYECKOrO MaCCHBa: OPUIMHA OObEKTa C M ero
JIOKaJIbHAS KOIus X. BO3HUKINASA cuTyalus moKa3ana Ha puc. 3.1.

- T [T} .

Puc. 3.1. Cxema cTpyKTypbl JAaHHbIX [IOCJE 1100UTOBOIO KOLMPOBaHUs 00b-
€KTa,

Jaxke eciim Takoe pas/e/ieHre He MPUBEJET K HEME/JIEHHbIM OIUOKaM
(manpumep, Gyuknus f() MOXKET U3MEHUTH OOBEKT X, YTO OTPA3UTCHA HA
BHYTDPEHHEM COCTOSIHUM OOBEKTA C, Yer0 MbI MOIJIM U HE OXKHUJAThH), B JIHO-
6om ciyuae npu Bbixoze u3 ¢ynkuuu f() orpaboraer mecTpyKTop (mjis
00beKTa X), KOTOPbIH YHUUTOXKUT AUHAMUYECKUA MACCUB, B PE3yJIbTare Je-
0 OOBEKT C OKAKETCsI B 3aBEJOMO OIMHOOYHOM COCTOSIHUH, TIOCKOJIBKY Oy-
JIET COMEpIKATh YKa3aTe b Ha YHUUTOKEHHBIH MacCuB. K BO3ZHUKHOBEHWIO
OIMMOKY Terneph MpHUBEIET JII000e IeHCTBHE ¢ O0BEKTOM C, eCIN YKe HHUKa-
KUX JIefCTBUil He MPEAIPUHAMATD, TO OMMUOKA BO3SHUKHET MPU YHUITOKEHUN
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obbekTa (KOrja JeCTPYKTOP HOIbITAETC BHOBb YHUUYTOXKHUTH y2Ke YHUYTO-
JKEHHDbII MaCcCUB).

OueBnHO, 9TO TIOOMTOBOE KOMMPOBAHNE HAC HE YCTPAWBAET W HEOOXO-
JUMO TPOMHCTPYKTUPOBATH KOMIMJIATOD O TOM, KAKMM WMEHHO CIIOCOOOM
MOKHO KOPPEKTHO CKOMUPOBaTh 00beKT Kiacca Clsl. B a3pike Cut+ mis
TAKUX CJIy4YaeB IIPeJLyCMOTPEH CIeIHUAJbHBIA Caydail KOHCTPYKTOPa, Ha3bl-
BAEMbIil KOHCTPYKMOPOM KONUPOBAHUS.

KoHCcTpyKTOp KOMMPOBAHNS — 3TO KOHCTPYKTOPD, UMEIONINH POBHO OJIWH
mapaMerp, TPUYEM THUI STOTO MAPAMETPA MPEICTABJSET CO0O0M CCHIIKY HA
00bekT JaHHOro (omuchbiBaeMoro) kijacca. OObIYHO cebLika Gepercs KOH-
cranTHasi. KOHCTPYKTOP KONMMPOBAHMS IMPEICTABISIET COOOH HHCTPYKITHIO
KOMITAJIATOPY OTHOCHUTE/ILHO TOTO, KaK CKONUPO8aMb OODBEKT JAHHOIO TH-
mma, WiIn, WHaYe TOBOPSI, KAK CO3AaTh OOBEKT JTAHHOTO THUIA, YIKE UMesi OUH
TaKOi O0BEKT

CHabauM KOHCTPYKTOPOM KONMMpOBaHWs Hamr Kjaacc Clsl:

class Cls1 {
int *p;
public:
Cls1() { p = new int[20]; }
Clsi(const Clsi& a) {
p = new int[20];
for(int i=0; 1<20; i++) pli] = a.pl[il;
}
~Cls1() { delete [1 p; }
!/
};

Teneps curyanusi mpu Bbr3oBe ¢yukiuu f() Oymer BBIVISAETh TaK, KaK
MIOKa3aHo Ha puc. 3.2.

o 1]

Puc. 3.2. Cxema CTPYKTYphI JAHHBIX MTOCJIE TPUMEHEHUS KOHCTPYKTOPA KO-
MTUPOBAHUA
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Jlekninga 4

§ 4.1. 3HaveHusd MapaMeTpPOB 10 YMOJJIIAHUIO

§4.1.1. ITapameTrpsl dyHKIHIT CO 3HAYEHUAMH II0 YMOJI-
YaHUIO

Asbik Cu++ nospossier upu o0bspienun GyHkuuu (T.e. B TOM MecTe
€/IMHUIbI TPAHCIIALUY, TI€ BIEpBble (DUTYypUpyer mpoOTOTHUIl (DYHKIIUHN) YKa-
3aTh JIJIs1 HEKOTOPBIX MJIN BCEX €€ TTaPaAMETPOB 3HAUEHUS O YMOAUAHUIO,
B pe3yJsibrare Yero mpu BbI30Be (QYHKIMH MOXKHO OyJeT yKa3aTh MEHBIIee
KOJIMYEeCTBO mapameTpoB. Hepocraromue mapamMerpbl KOMIAJISTOP MOACTA-
BHUT CaM.

Hampuwmep, onuriem ciieayromyo GbyHKIIAO:

void f(int a = 3, const char *b = "string", int c = 5);
Temepb BO3MOKHBI TaKNE BBI3OBHI:

£f(5, "name", 10);

£f(5, "name"); // To xe, uro f(5, "name", 5);
£(5); // To xe, uto f(5, "string", 5);
£(0); // To xe, uro £(3, "string", 5);

Ha 3nadennsi o yMOJ9aHUIO HAKJIAAHIBAIOTCS OIPE/IEIEHHbIE OrPaHUYe-
uud. Bo-niepsbix, BeIparkenue, 33/1a1010ee 3HAYEHUE 110 Y MOJYAHUIO, JOJIZKHO
OBITH KOHCTAHTHBIM, T.€. TAKUM, KOTOPOE MOYKET OBITH BBIYUCJIEHO HA, ITATE
kommmisanyn. Tax, Caeayromue OMuCaHus OMUOOIHBI:

int a;

//...

void f(int b
void f(int b

a); // a - mepeMennas
at+b); // sHadeHWe a+b 3aBHCHUT OT IepeMeHHOMH
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void f(int b = strlen(s));
// BhHpaxeHuWe comepxuT BH30B (pyHKImu strlen()

B 10 ke Bpewms, ciemyiolnue ONUCAHUS IOJTHOCTHIO KOPPEKTHBDI:

const int a = 15;

//...

void f(int b = a); // a - KoHcTaHTa
void f(int b = a+b);

void f(int b = 37%(1024+2));

void f(int b = sizeof(int));

Bo-BTopbIx, q1a GyHKIEE MOKET OBITH 33IaHO 3HATYEHHE IO Y MOJTIAHUTIO
JIIOO0Or0 KOJIMYECTBA €€ [apaMeTpPOB, HO [PU ITOM 6CE Napamempsv. @iymi-
YUY, CAeYIUUE 8 CNUCKE NAPAMEMPOS 3G NEPELM, UMENULUM 3HAYEHUE
10 YMOAYAHUIO, JOAACHDL MAKHCE UMEMD 3HAYEHUE N0 Ymorvanuro. Hampu-
Me€p, CJIEIYIONINE OMUCAHUS KOPPEKTHBI:

void f(int a = 0, int b = 10, int c = 20);
void f(int a, int b = 10, int c = 20);
void f(int a, int b, int c = 20);
a caeayolnue — HEKOPPEKTHBDIL:
void f(int a = 0, int b, int c = 20);
void f(int a = 0, int b = 0, int c);
void f(int a = 0, int b, int c);
// b ¥ C ODONMXHH WMeTb yMoJdYaHWE, T.K. ero UMeeT a

void f(int a, int b = 10, int c);
// ¢ DonXeH WMeTh yMoNdYaHWe, T.K. €ro uMeeT b
OTO OrpaHUYEHUe BBEJIEHO B A3bIK, YTOOBI YIIPOCTUTH KOMITUISTOPY MO~
HCK moaxonsAmei ¢pyHKIuu. Ecin mpu BbI30Be yKa3aHO N (PAKTUIECKUX Ia-

pPaMeTpoB, KOMIMJIATOP COLOCTAB/IET UX C 1 MEPEbMU (POPMAJIbHLIMU 113~
pamerpamu dysKiun. Tax, ecan 3a7ana QYHKIMSA

int f(int a, const char *str = "name", int *p = 0);
TO caeayiomuit pparMenT Oyaer ommuboYeH:

int x;

(5, &x);

MMOCKOJIBKY (baKTHUIECKUil mapaMerp &X WMeeT THM int *, a COMOCTaBJIEH
OH OyZeT CTPOTO CO BTOPBHIM mapaMerpoM (byHKIuU f, KOTOPHI# NUMEET THII
const char *.
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§4.1.2. Eme pa3 o BugaX KOHCTPYKTOPOB

B §§ 2.3, 2.4 u 3.5 MBI paccMaTpUBAIU KOHCTPYKTOPBI CHEIMATIBHOTO
BH/Ia, TOBOPH, YTO

® KOHCTPYKTOp 0€3 mapamMeTpOB BOCIPUHWMAETCS KOMIHJISTOPOM KaK
KOHCMPYKMOP NO YMOALAGHUIO

e KOHCTPYKTOP C OJHHM IIAPAMETPOM, AMEIOIIIM THII, OTJIMIHBIA OT OI’-
CBIBAE€MOI0, BOCIPUHAMAECTCA KOMIIIIATOPOM KaK KOHCMPYKMOP npe-
00pa306aHUSA

® KOHCTPYKTODP C OJHUM TTapaMeTPOM, UMEIOIINM THUIT «CChLIKA HA OIH-
CBIBAEMBIH KJIACC WU CTPYKTYPY», BOCIPUHUMAETCS KOMIHUISATOPOM
KaK KOHCMPYKMOP KONUPOBAHUSA

VaurbiBasg BO3MOXKHOCTH 33/IaHUs 3HAYEHWH MAapaMETPOB MO yMOJIda-
HHUIO, CJIeJlyeT POBOPUTh, YTO KOMIIMJIATOP BOCIIPUMET KaK KOHCTPYKTOD CIle-
IHATLHOTO BW/Ia TaKO#W KOHCTPYKTOP, KOTOPHIH donyckaem €20 6b.306 C CO-
OTBETCTBYIOIIUM KOJUYIECTBOM W THUIOM TapaMeTpoB. Tak, HampuMep, MbI
Morsiu Obl B Kjracce Complex OMUCATh BCErO OJWH KOHCTPYKTOP, KOTOPBIi
OBI CITyKHUJI ¥ KOHCTPYKTOPOM IO YMOJTYAHUIO, U KOHCTPYKTOPOM Mpeodbpa-
30BaHUsA, U OOBIYHBIM KOHCTPYKTOPOM OT /IBYX apryMEHTOB:

Complex(double a_re = 0, double a_im = 0)
{ re =a_re; im = a_im; }

B camom mene, Takoii KOHCTPYKTOP MOKET OBITH BBI3BAH U 0€3 TTapaMeTpoB
(TO ecTh KaK KOHCTPYKTOD II0 YMOJIYAHWIO), U C OJHUM MAapaMETPOM THUIA
float (T0 ecTh KAK KOHCTPYKTODP IpeobpasoBanus u3 tuna float).

§ 4.2. HeaBHbIe KOHCTPYKTOPBI

Eciu onucars B nporpamme na Cu++ crpyKTypy Win JaxKe KJIACC, HE
couepxKatuit (110 Kpaiineil Mepe HA LEPBbIA B3IJIsA/l) HUKAKUX KOHCTDYK-
TOPOB, TO TIEPEMEHHYIO TAKOTO THUMA BCE XK€ OKaXKeTCA BO3MOYKHBIM CO-
3/aTh. JTO BIIOJIHE TIOHATHO C MO3UIINNA 3PABOTO CMBICJIA: BEIb CTPYKTYPhI
B Cu++ 9acTo MCHOIB3YIOTCA B WX HUCXOIHOM POJIH, MPUIEIINEH U3 A3bIKA
Cu, TO ecTb B Ka4ecTBe OOBIYHON CTPYKTYPBI JAHHBIX, 630 BCIKUX METO/IOB.

Mezx iy Tem, cemanTuka s3bika Cu-+-+ M0pazyMeBaer, 4T0 KaxKIbIi K-
BEMILISIP CTPYKTYPhI WU KJIACCA SIBJISIETCS OOBEKTOM, & JIsT KaXKI0T0 00b-
€KTa TPU ero CO3/IaHUHU BBI3BIBAETCS KOHCTPYKTOp. Bo3HuKalomee mpoTuBo-
pedne pelIaeTcd BBeJeHUEM IOHATUA HeA8H020 KOHCMPYKIMOPA.
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HesBHbII KOHCTPYKTOP — 3TO KOHCTPYKTOP, KOTODPBIH T'€HEPUPYeTCs
KOMIIMJISTOPOM aBTOMATUYECKH, HECMOTPs HA OTCYyTCTBUE COOTBETICTBYIO-
IIEr0 KOHCTPYKTOPA B KOJIE, OMUCHIBAIOINEM KJIACC UJIU CTPYKTYPY.

Kommunsirop Cu-++ HEsIBHO TeHEPUPYET TOJBKO JBA BUJIA KOHCTPYKTO-
POB: KOHCTPYKTOPBI [0 yMOJI4aHUIO (TO ecTh KOHCTPYKTODbI 6e3 mapamer-
POB) U KOHCTPYKTOPbL KOIUPOBaHus. IIpu 310M KOHCTPYKTOD KOLUPOBAHKS
HESIBHO T€HEPUPYETCs [ JIFDOOTO Kilacca Uil CTPYKTYPbl, B KOTOPBIX
HPOrpaMMUCT HE ONUCAJI KOHCTPYKTOP KOIMMMPOBAaHUS SBHO, TO €CTh
MOy 9aeTCs, YTO KOHCTPYKTOP KOMUPOBAHWS HA CAMOM JIeJie TPUCYTCTBY-
eT BoOOIIe B JIIOOOM KJIacce MJIM CTPYKType. HesBHBI KOHCTPYKTOD
KONHUPOBAHUS IIPOU3BOAUT KONMPOBAHWE HAMDOJIEE OYEBUIHBIM CIOCOOOM:
OIS, KOTOPBIE CAMU MMEIOT KOHCTPYKTOPHI KOMUPOBAHUS, KOMUPYIOTCS C
MTOMOIIBI0 ITUX KOHCTPYKTOPOB, MPOYNE MO/ — MOOUTOBBIM KOMTUPOBAHU-
eM.

C KOHCTPYKTOPOM II0 yMOJIYAHUIO CHTYalldsl 4yTh CJOXKHEE: OH IeHe-
pUDYeTCsl HESIBHO, €CJIM MPOTrPaMMUCT He OIHMCAJ B CTPYKType Wi
KJiacce BooOIIle HU OJHOro KoHcTpykropa. Eciu B Kjacce uim CTpyk-
Type SBHO OIMCATH XOTs Obl OJMH KOHCTPYKTOD (J1000ii), KOMIUIATOD HE
OyZeT reHepUPOBATH HESIBHBIA KOHCTPYKTOP MO YMOJIYAHHUIO, TOCKOJIBKY CO-
9T€T, YTO MPOrPAMMHUCT B3:JI 3200Ty O KOHCTPYHUPOBAHUU B CBOU PYKH.

Nmenno mosTOMy B MpUMeEpax, KOTOPhIE pacCMATpUBAINCH B § 1.2.3, MbI
MOTJIZ OTIMCHIBATH TIEPEMEHHbBIE THIIA str_complex 6€3 BCAKHUX MapaMeTpoB,
[TOKa HE BBEJIU MEPBbIA KOHCTPYKTOP, MOCJE 9ero BO3MOXKHOCTH ONMMCAHWS
[I€EPEMEHHBIX ITOr0 THla 0e3 yKa3aHus [apaMerpoB HaMu ObLia yTpadeHa
JI0 TeX TOp, MOKa MbI (yXKe CaMU, SIBHO) HE ONPEIETUIN KOHCTPYKTOD IO
YMOTIAHUIO.

Crenaewm emig ogHO BaxkHOe 3aMedanue. [I0CKOIbKY KOHCTPYKTOD KOIH-
poBaHUsT MOKET ObITh CreHEPUPOBAH HESBHO, OTCYTCTBHUE SBHO OIIMCAHHOIO
KOHCTPYKTOPA KOMUPOBAHWS HE O3HAYAET HEBO3MOXKHOCTHU CO3IAHUS KOTUH
obbekTa. CytiecTByer, 0qHAKO, CITOCOO 3aIpeTUTh KOIMMPOBaHNE 00bek-
TOB HEKOTOPOI'O KJIACCA: J[JIs 9TOr0 TOCTATOYHO OHUCATH KOHCTPYKTOP
KOMMUPOBAHMUS IBHO, HO C/I€JIATh 9TO B IPUBATHOI YacTH KJjacca. Takoii
NpréM 9acTO MPUMEHSIOT /I KJIACCOB, OOBEKTHI KOTOPBIX 110 CMBICJIY KOIIHU-
pPOBAThCSI HE JOJIXKHBI, YTOOBI UCKIIOUUTD CIyYaiHbBIE ONMTMOKN, CBI3aHHBIE,
HAIPUMED, C Mepeaadeil uxX Mo 3HaAYeHnu0. SICHO, ITO OOBEKT, /119 KOTOPOTO
KONMPOBAHUE 3AMPEIIEHO, HE MOXKET OBbITh HU TIePeIaH 110 3HAYEHUIO B (PYHK-
[0, HYA BO3BPAIIEH U3 (DYHKINH; 3TO HE UCKTIOYAET, PA3yMeeTcCs, Iepe1adn
10 CCBLIKeE.

3aberas Bepém, OTMETHM, YTO AHAJOTUIHBIN TPUEM MOXKHO TPUMEHUTH
U JIJIs 3alpenieHus IIPUCBauBanusd OO beKTOB (MMEHHO, yOpaTh B IPUBATHYIO
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YacTh COOTBETCTBYIONLYIO (DOPMY OLEPATOPA IPUCBAUBAHUSL ).

§ 4.3. Onucanme Tesa meroga BHE KJjiacca. Pac-
KpbITHE 00J1IaCTU BUAUMOCTH

Jlo cux mop Bce ONMCHIBaeMble HAMWM METOIBI COCTOSJN U3 OTHOH-TBYX
cTpoK Kofa. Komewrno, Tak momydaeTcd JajeKO He BCErJa, & pa3Mep Tesa
MeTOza, BOOOIE TOBOpsi, HE OrPAHUYEH, KAK HE OTPAHUYEH U Pa3Mep Tesa
06bIuHON GyHKIun. !

Bwmecte ¢ Tem, onucanne Kiacca Ipu HATUYUU B HEM HECKOJIBKUX METO-
JIOB 3HAYUTEIILHOIO 00bEMA MOXKET CTarb (B CUJLy CBOUX Pa3MepOB) COBEP-
LIEHHO HEJOCTYIHBIM /UUlsd [OHMMaHus. Boobiie ropops, daiine BCero mpo-
TPAMMHUCTBI YUTAIOT OMMUCAHUS KJIACCOB, YTOOBI y3HATH, KAK C COOTBETCTBY-
IOIIUM KJIaccoM paborarhb. fICHO, 4TO JjId 9TOro HeoOXOAMM CIUCOK (Imy0-
JIMYHBIX) MeToZoB. IloKa onucanue Kiacca yMelaercs Ha OJHON CTPaHUIIE,
CIUCOK €r0 METOJIOB MOYKHO OXBATHUTH OJHUM B3IVISAJIOM; €CJIU Ke B Kjacce
OLMCAHBI I'POMO3JKUE METOMABI, JIJId O3HAKOMJIEHUS C 3arOJIOBKAMH MeTO-
JIOB MOYKeT TOTPeDOBAThHCS JTOJIT0E TIePETNCThIBAHNE KOJA Ty/a W 00paTHO,
IpUIEM B IIPOTIECCE MOMCKA 3ar0JIOBKA OJHOTO METOA MPOrPAMMUCT MOXKET
ycCIeThb 3a0bITh PO JPYTHe, TAK YTO U3y dYeHne KJIacCa CTAHOBUTCS 3aHATHEM
JOJITUM W YTOMHUTETbHBIM.

Ectb u emé onpa npobiiema ¢ TeslaMu MeTOJ0B, KOTOPasi BO3HUKAET IIPU
HANKUCAHUU MHOTOMOJIYTbHBIX TporpamMM. B sa3bike Cu MbI TOMEITATN OIHCa-
HUs CTPYKTYP, HEOOXOauMbIe Oojiee 4eM B OJIHOM MO/LyJie, B 3ar0JIOBOYHBIE
daitner. B Cu++ ¢ kyaccamMn  CTPYKTYpaMHu CHTYAIHsT COBEPIIEHHO Ta-
Kas JKe: eCIM MBI XOTHM HCIIOTB30BATh HEKOTOPBIN KJIACC MU CTPYKTYDPY
B HECKOJIBKUX MOJYJIAX, C/IelyeT MOMECTHTb ONMCAHWE ITOTO KJIAcCa WUIIH
CTPYKTYPbI B 3aroJOBOYHBIN (Paili ¥ BKIIOUATH ITOT (ailm AuPEeKTUBOIT
#include "..." BO BCe HyzKHbI€ MO/IYJIN.

Ecnu npu sTOoM KItacc uiam CTPyKTypa CONEPKUT Tesia MEeTOJIO0B, ITO Oy-
JET 03HAYATh, YTO KOJI, COCTABJIAIONINI UX TeJIa, OKAYKETCI OTKOMITHITPOBAH
B KaXXJI0M u3 moaysieil. Eciu rakux Mojysieit MHOro, B HTOIOBOM HCIIOJI-

1910, Bupodem, HEe 03HAYAET, 9TO HAIUCAHUE IPOMO3AKHMX DYHKIHE B 4éM-TO Ipa-
BUIbHO. YeMm byHKUIHS [IWHHEE, TeM TPYJHEE CTOPOHHEMY HPOTPAMMHUCTY MIOHSITH, UTO
oHa JenaeT. MHOrHe NpOrpaMMUCTHI IPUIEPIKUBAIOTCH TOYKH 3PEHHUsI, YTO BCE ONHUCAHUE
m060#t QpyHKIuE (TS0 BMECTE ¢ 3arOJ0BKOM) LOJDKHO YKJIAABIBATHCH B 25 CTPOK WK
B KpaiiHeM cjy4ae ObITh 4yTbh-4yThb O0Jblne. Takyio GOYHKIIUIO MOXKHO OXBATHTH OJHUM
B3 goM. Ecian kog dyukiuu pa3byx u cras ropa3no 6osbine, u3 Heé CAeayeT BELICINTD
JIOTHYECKHEe YaCTH B OPOPMUTH UX B BHJE OTIENbHBIX (DYHKIHH, TO €CTh pa3burb OmHy
(GYyHKUMIO HA HECKOJIBKO. BCE 9TO ClpaBesiuBO U IJjisi METO/IOB.
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HsaeMoM (pajijie OKaXKeTCsd 3HAYUTEIbHOe KOJHMYECTBO AyOJupyeMoro Koja:
MeTo/ibl Hauero Kiaacca (ouu u Tor ke koa!) OydyT LUpUCyTCTBOBATH B Ta-
KOM KOJIMYECTBE KOMWii, CKOJBKO MOJYJIel UCIOJIb3YIOT HAI KJTACcC.

O6e 1pobJieMbl (rPOMO3IKOCTD OMUCAHUS KJIACCa U 1y0aupoBaHue 00b-
€KTHOIO KOJIA METOJIOB) DEIIAIOTCA BbIHECEHUEM TeJl METOJOB 3a IPEeIesbl
onucanus KJjacca (Ha3bIBAEMOIO TakkKe 3a20408KoMm Kaacca). Ilpu srom
B 3ar0JI0BKE KJIACCA OCTABJILAETCH TOJILKO HPOTOTHIL (3ar0/10BOK) (DyHKIuM-
METO/a, TO €CTh TUI BO3BPAIIAEMOrO 3HAUEHUSI, UMSI METOIA, CIIUCOK (hOp-
MAaJIbHBIX TAPAMETPOB U (BO3MOKHO) MOAU(UKATOP COnst, MOC/IE 9ero BMe-
CTO T€JIa METOA CTABUTCS TOYKA C 3AMATON, KAK U MOCJE OOBITHOIO MIPOTO-
Tua QyHKINAH.

Teno pyHKIMU-METONA IPH 3TOM OIKMCLIBAETCHA B APYIOM MECTE, 33 IIpe-
JlelaMU 3ar0JIOBKA KJIACCa, BO3MOXKHO JayKe, 9To B ApyroMm daiine (uame
BCEr0 TO TPOUCXOMWT, €CJIM 3arojIOBOK KJIACCA BBIHECEH B 3ar0JIOBOYHBIIM
daii; Tesa METOIOB TPHU ITOM ONMUCHIBAIOTCH B haiijie peasu3aliuud COOT-
BETCTBYIOLIErO MOYJIS).

IIpu onucanmm GpyHKIUI-METOIA 33 IpeIeaMu 3arojI0BKa Kaacca Heob-
XOJAUMO YKa3aTh KOMIIMJIATOPY, YTO Pe€4b MJET MMEHHO O METO/IE OIIPe Ie/IEH-
HOTO KJIACCA, & HE O TPOCTON (DYHKIUU. DTO JETAETCS C TOMOIIBI0 CUMBOAA
packpumus obaacmu 8udumocmu, B posu KOToporo B Cu++ BBICTY-
HAeT JBa JBOeTOYMs :: (MHOI/IA NPOrPAMMUCTBI HA3BIBAIOT ITOT CHMBOJI
«4€TBEPOTOYUEM » ).

Hanpumep, eciu Mmbr onucbiBaeM Heknit Kirace C1l u B HEM €CTh KOHCTPYK-
TOpP MO YMOJIAHUIO 1 HEeKOTOphie MeTonl £ () n g(), BhIHECEHNE OMMCAHNS
METOIOB 33 TPEIeNbl KJIACCA MOXKET BBITVISIETh TaK:

class C1 {
/]
public:
C10);
void f(int a, int b);
int g(const char *str) const;

s
/o]
C1::C1Q)
{
// Temo KOHCTpPyKTOpa
}
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void Cl::f(int a, int b)

{
// Teno Metoma f
}
int Cl::g(const char *str) const
{
// Temo mMeToma g
}

CMBICT «pacKpbITHsi O0JIACTH BUIUMOCTH» MOXKHO TOSICHUTBH CIIEIYIO-
uuM obpazom. VmMena mosieil m MeTO[OB JIOKAJIM30BAaHBI B KJIACCE B TOM
CMbICJIe, 4TO, €CJIM B KJjlacce eCTb MeToJ ¢ uMeneM f, TO BHe KJjiacca Mbl
MOXKEM WCIOJIB30BATH uaeHTu(hUKATOD T JJId ApYTHUX Iejeit, 1ub0 BOBCE He
WCIIO/IF30BATH €r0; MOsABJIeHNE HAeHTH(hUKATOpa f BHE KJIAaCCA HE NMEET HU-
KaKoro orHormenns K meroxay f (), omucannomy B kiacce. Bmecre ¢ Tem, B
HEKOTODPBIX CIIydadax mMs MeTofa f BCé yKe MOABIAETCSA BHE KJIAaCCA UMEHHO
KaK MMs 3TOIO METO/a — HAIPUMED, IIPU BBHI3OBE €ro [ijisd 00beKkTa KJac-
ca. Takum oOpa3oM, B OTJINYME OT, HATIPUMED, JIOKAJIBHBIX MEPEMEHHBIX B
byHKIUAX, MMEHA YIEHOB KJIacCa JOCTYIHBI BHE KJIACCA (KOHEYHO, €C/IN
OHU HE 3aKPBIThI MEXAHU3MOM 3AIIUTHI), HO TOJBKO €CJM MMEIOTC yKa3a-
HU$ HA TO, 9TO TPeOyeTcs MMs W3 KJIACCA; IPU BHI30BE METOA i O0BEKTa
TAKUM YKa3aHHEM CUYUTAETCHA TUIl OObEKTA.

ToBopsT 1103TOMY, 4TO Ki1ace (MU CTPyKTypa) mpeiacrasiser coboit ob-
aacms sudumocmu. B obiractu BUAMMOCTH UMEIOTCs CBOU UMEHA, HE KOH-
bIUKTYOMME C UMEHAMU BHE €€ JJaXKe MPU COBIAIEHNN UAEHTH(MUKATOPOB.
Bwmecte ¢ Tem, nMmena, JIOKAJIN30BAHHBIE B 00JIACTH BUIMMOCTH, OT STOTO HE
CTAHOBATCsI, BOODIIE TOBOPsI, HEJIOCTYIHBI; OHU TOCTYIHBI, HO TOJTHKO MPHU
HAJIMYUU yKazaHuil Ha obiactb Bugumoctd. CHUMBOJ pacKpbIThsS OOJIACTH
BHJIMMOCTH KAK Pa3 M SBJSETCd CPEJACTBOM JIJIs TAKUX yKa3aHUM.

MozkHO cKa3arb U TakK, 4YTO OLUH M TOT K€ MeTOJ UMeeT BHYTPHU KIacca
C1 (To ecTh B Tesax ero MeronoB) nms f, a BHe Kjacca — uMs Cl::f.

OTMeTI/IM, YTO CUMBOJI PACKPBITUA objacTn BUIUMOCTHU IPUMEHACTCA HE
TOJIBKO IJId OIIUCAaHUA METOJO0B BHE 3arojiIoOBKa KJIacCCa. C APYruMu Cjayvdad-
MU €TI0 IPUMEHEHUA MbI CTOJKHEMCH T037Ke.
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§ 4.4. annunajm3alnusda YJIeHOB KJacca B KOH-
CTPYKTOpE

Jlo cux MOp MBI 33IaBaJIM 3HAYEHUs TTOJIeil 00beKTa ¢ TTOMOIIBIO0 OOBIU-
HOTrO OIepaTopa MPUCBAWBAHUS B TEJIe KOHCTPYKTOpa. Takoii cnocod MoxKeT
O0Ka3aTbCsa HEIPUEMJIEMBIM; JeACTBUTENLHO, HUKTO HE MEeIIaeT OObIBUTH B
KJIacce I110Jie, UMeIOIIee, B CBOK OYepeb, THII KJIACC, IPUIEM HE MMEFOIMii
KOHCTPYKTOPA 110 YMOJIYAHUIO.

Paccmorpum a1y curyanuio moapobuee. [lycts A — Kitacc, € IMHCTBEHHBIH
KOHCTPYKTOP KOTOPOro TpedyeT Ha BXOJ, IBa MapameTpa THUIa int:

class A {
//

public:
A(int x, int y) { /*...x/ }
/...

};

Onmmem Tenepp Kaacc B, B kotopom ectb mosie tuna A. Jis mpocTors
KapPTUHBL Oy/IEM CYMTATH, 9TO B KJIACCE B HAM Hy2KEH TOJIbKO KOHCTPYKTOD
[0 YMOJYAHUIO (/I APYTAX KOHCTPYKTOPOB CATyalysi Oyaer abCOIIOTHO
AHAJIOTUYIHA):

class B {
A a;
public:
BO;
/] ...
};

Paccmorpum reneps Teso koncrpykropa B(). B wém (1o ecrb Bo Bpems ero
paboThl) y»Ke JOCTYIHO MOJIE &, & JJIs 9TOTO, KAK MbI 3HAEM, JIOJIZKEH ObLI
orpaborarh KOHCTPYKTOP Kiacca A. Ho Beap eauHCTBEHHBIH KOHCTPYKTOP
kJacca A Tpebyer mapamerpos! Kax ke ux emy mepenarh?

Yrobbl permurh Bo3HEKINYO Tpobiaemy, B Cu++ BBEIEH CHenuaibHbIH
CHHTAKCHUC /I UHUUUAAUIAUUU Noaet obsexma. Ilpu onucannm KOH-
CTPYKTOpa MEKJIy €ro 3aroJI0BKOM M HAYAIOM Teja, (OTKphIBaoIei huryp-
HOI CKOOKOI1) MOXKHO TIOCTABUTD JIBOETOYHE, [OCJIE KOTOPOTO Y€PE3 3aIATYIO
MTEPEYUCIIUTH BHI30BBI KOHCTPYKTOPOB JjIs HEKOTOPBIX MJIN BCEX MOJIEH KJIac-
ca. B paccmarpuBaeMoMm mpuMepe BBITJISIETH 3TO OyIeT Tak:

B::B() : a(2, 3) { /*...x/ }
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Takum 06pa30M MbI yKa3bIBAEM KOMITUJISATOPY, YTO IMOJIE a CJIeLyeT MHUIH-
a/aU3upoBarb (CKOHCTPYMPOBATDH) € LOMOILLIO KOHCITPYKTOPA OT JIBYX l1apa-
merpoB (2 u 3). OGHAPYKUB TAKOW KO, KOMIMIATOD BCTABAT BHI3OB CO-
OTBETCTBYIOIIEr0 KOHCTPYKTOPA KJIaCCa A HEMOCPENCTBEHHO B HAYAJE TEJa
KOHCTPYKTOpa B.

OrMerum, 9TO TaAK MOKHO HHUIMATU3UPOBATD JIIOOBIE MOJIsT, & HEe TOJTHKO
ot Tuna Kiacc. B gacrrocTu, s namero tuna Complex KOHCTPYKTOPBI
MOTJTH OBT BBITJISIETH W TaK:

class Complex {
double re, im;
public:
Complex(double a_re, double a_im)
re(a_re), im(a_im) {3}
Complex(double a_re)
re(a_re), im(0) {}
Complex() : re(0), im(0) {}
//

Cuenaem e 0/1HO BaxkHOE 3aMedanue. HUIuaim3aropst mojei J101K-
HBI CJIEIOBATH B CHHUCKE (IIOCTIE JBOETOYNSA) B TOM K€ MOPSIKE, B KOTOPOM
COOTBETCTYIOIME TOJI ONUCAHbI B Kjacce. Hoe, dpopmMaibHO TOBOps, HE
SIBJISIETCsI OIMTUOKON, HO XOPOIITHil KOMITUISATOD 0053aTETbHO BBIIACT IIPELy-
[IpeZK/IeHuE.

§ 4.5. Ontucanme cMMBOJIOB OMepaInii BHE KJIacca

B kiacce Complex Mbl eperpy2kaJju CUMBOJIbI apuMETUIECKUX OllePa-
nmit B Bume GyHKIui-MeTom0oB. Birarogaps HaJMYHIO B KJIACCE KOHCTPYK-
TOpa TPeodpa30BaHUs BO3MOKHO, HATPUMED, MPUOABATH K KOMILJIEKCHOMY
9UCIy JOefCTBUTEJIBHOE:

Complex z, t;

/...
z =1t + 0.5;

(mpu sTOM KoHCTanTa 0.5 Oyner npeobpazoBaHa K 00bekTy Complex C mO-
MOILBIO KOHCTPYKTOpa Ipeobpas3oBanus). B To ke BpeMs, CJelyomasi ome-
paIns OKaXKeTcs OIMUOOTHOI:

z = 0.5+ t; // ouubxa!
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Heno Tyt B TOM, 94TO Meroz operator+ MOMKeT OBbITh BbI3BAH TOJIBKO JJIs
obbekTa Kiacca Complex, a koncranra 0.5 TakoBbIM He sBJigercd. B oru-
9re OT apryMeHTOB DYHKITHI, 00BEKTHI, 7151 KOTOPHIX BHI3BIBAIOTCS METOJIbI,
KOMIIHUJIATOD HE mpeodpasyer.

D1y mpobIeMy TakKe MOKHO PenuTh. [1es0 B TOM, 9TO Omeparmio CJio-
JKEHUS IBYX KOMILIEKCHBIX YUCEJI MOXKHO IIPE/ICTABATH HE TOJIbBKO KAK METO,
CaMOro KOMILIEKCHOIO 4HCJ/a (C OMHUM I1APAMETPOM, [0 IPUHLMILY <IIPH-
6aBb K cebe ITOT MapaMeTp W CKarXKU, 4TO TOJYUUTCS» ), HO U KAK CTOPOH-
HIOIO (DYHKIINIO, KOTOPAs IO ABYM 33/JaHHBIM KOMILIIEKCHBIM YHCJIAM BBIJAET
Jpyroe KoMmiuiekcHoe uncio. UTtak, yoepém operator+ u3 kiacca Complex,
a BHE KJIACCA HAIWIIEM CJIeIyIOIIee:

Complex operator+(const Complex& a, const Complex& b)
{
return Complex(a.get_re() + b.get_re(),
a.get_im() + b.get_im());
X

Tenepb MbI MO?KEM HaIllnCaTh:

Complex z, t;

/] ...
z =t + 0.5;
z =0.5 + t;

U HUKAKHUX OMIKOOK 9TO HE BHI30BET.

TTeperpy3ka CHMBOJIOB CTaHJAPTHBIX OMEpaniii B BHAE OTIETBHBIX
dbyukImit (a HE METONOB B KJIaccax) MOXKeT OKa3aThCsl MOJIE3HO TakkKe U B
TOM CJIydae, ecii HaM HeOOXOAMMO BBECTH ONEPAINIO /i OOBEKTOB HEKO-
TOPOrO KJIACCA, KOTOPBI MBI [I0 TEM HJIM WHBIM [IPUYAHAM HE MOXKEM H3Me-
HHUTD; HAIPUMEP, ITOT KJIACC MOXKET ObITh YaCTbI0 OMOIMOTEKH, CO3TAHHOMN
JIPYTUM IIPOrPAMMUCTCKUM KOJIJIEKTHBOM, OT KOTOPOil ¥ HAC HET MCXOJHBIX
TeKCTOB (K COYKAJIEHWIO, HeCMOTpsT Ha ycrexu OpenSource, Takue CATyannu
[OKa 9YTO He PEJIKOCTh).
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Jlexkniga 5

§ 5.1. /Ipy>kecTBeHHbIe (DYHKIIUN U KJIACCHI

B nekoTOpBIX ciydasx ObIBAET MOJIE3HO CEJIATh NCKJIIOUYEHUs U3 3aIpe-
TOB, HAJTATAEMbIX MEXAHU3MOM 3aIUATHI.

B a3bike Cu++ Kj1acc wim cTpykTypa, UMEOIIne 3allulleHHy 0 9acTh,
MOryT 00biABUTH Ty WU UHYIO pyHKuuio cBoum «apyrom» (friend); B s1oM
cIyvae W3 Tesia Takoi dpyotcecmeeHHoU GYHKUUU BCE TETAIN PeATn3a-
MU KJIACCA WJIM CTPYKTYPBI OYAYT JOCTYITHBI.

MokHO OOBSIBUTH «IPY?KECTBEHHBIM» TAKIKE IEJIbIH KJIACC WJIA CTPYK-
TYPY; 3pdekT or 3TOro Oyaer Takoil ke, KaK ecyii ObI Mbl OObABUINA IPY-
2KECTBEHHBIMU BCE METOJIbL JAPY2KECTBEHHOro kKjacca. Vlnadye rosopsi, ecsu
B KJytacce A OymeT 3asBJIEHO, UTO KJIACC B sABIsIeTCS 17 HEro APy KeCTBEH-
HBIM, TO BO BCEX METO/IaX KJiacca B OyayT JOCTYIHBI BCE TI€TAIN Pean3alun
Kijacca A.

[IpumensiTe Mexanu3M IPYKECTBEHHBIX (DYHKIUI U KJIACCOB CJEIYET C
ocropoxkHocTbio. Kak Mbl Bugenu B § 1.2.4, 3amura jgeraseil peajin3anuu
KJIACCA — MEXaHMW3M OYeHb MOJIE3HBIH; KaK MOXKHO J0TaJaThCst, HeOOIy MaH-
HbIe UCKJIIOYEHUST U3 HEro MOTYT HAHECTH CYIECTBEHHBIN BPeI.

Oana u3 curyaruii, B KOTOPBIX MPUMEHEHHE MEXAHU3Ma JIPYyKeCTBEH-
HBIX (DYHKIUI MOXKHO CYMTATH MPAKTHIECKHA OE30MaCHBIM — 3TO BBIHOC
[IEPEKPBITHIX CHMBOJIOB CTAHJIAPTHHIX OLEPANuil 33 IPeesibl KIAacCa, Kak
9TO 00CYKIATIOCH B MpepiayiieM naparpade. Kak MoxHO 3aMeTHTD, B Te-
e pyHKIUM operator+ Mbl OBLIH BBIHYKIEHBI MOJH30BATHCS METOIAMU
Complex::get_re() u Complex::get_im(), nmockoibkKy u3 (yHKIUHU, HE
sABsomeiics (HPopMaIbHO MeTOnOM Kiacca Complex, mpsMOro J0CTyHa K
nosiaM re u im ver. OHAKO UCIOJIB30BAHUE METOJOB JOCTYyla (TaK Ha3bl-
BaEMBIX aKCECCOPOB) HE BCErMa YA00HO, K TOMY YK€ WX MOYKET MOMPOCTY HE
ObITh; YaCTO ObIBAET TaK, YTO HEKOTOPBIE JETajM Peasn3alyuy He CJeIyeT
JIeJIaTh JIOCTYIIHBIME JIazKe Yepe3 MeTOJ, JOCTYIa.
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Curyalnuio MOXKHO UCIPABATH C MOMOIIBI0 MEXAHU3MA JIPYKECTBEHHBIX
dbyukuuii. s Hagana B 3arosioBOK kKjacca Complex BCTABUM JUPEKTUBY
friend, 00bsBUB QYHKINIO operator+ ApyKecTBeHHON. [l 9TOT0 HYKHO
3anmucaTb TPOTOTHII APYKECTBEHHON (DYHKIINN, TTPEIBAPUB €TI0 IUPEKTUBOM
friend:

class Complex {
friend Complex operator+(const Complex& a,
const Complex& b);
Y/

Teneps MBI MOXKEM MEPENUCATH (DYHKIMIO operator+, MCIOJb3ys HAMps-
MYIO HOJIsl CKJIQIbIBAEMbBIX OOBEKTOB (TO ecTh 6e3 obpalieHus K MeToaM
get_re() u get_im(Q)):

Complex operator+(const Complex& a, const Complex& b)

{

return Complex(a.re + b.re, a.im + b.im);

}

CpaBHHTE 3TO OMHUCAHKE C TEM, KOTOPOE MbI MIPUBOJUIN Ha CTP. 42.
Koneuno, npy»kecTBeHHON MOKeT ObITH U OObIYHAS (DYHKITHS:

class Clsil {
friend void f(int, const char *);

//...
}s
void f(int, const char *)
{
// 3Eech MOXHO HCHOIL30BAThH 3akphTHe moysa Clsl
}

Yrobbl caenarh APYKECTBEHHBIM CPa3y IMesbIil KJIACC, CJEIyeT IMOCTe
cjaoBa friend Hammucarh «class uMay:

class A {
friend class B;
//...

};
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Wcnonb3oBaTh Tako# BapuaHT «IPYKOBI» CIedyeT ¢ 0COOEHHON OCTOPOXK-
HOCTBIO, TOJIbKO B CUTYallld, KOIJA [IOHATUS, ONUChIBAEMble 000MMU KJ1ac-
CaMH, TECHO CBA3AHBI MEKIYy CODOOIl; XKelaTeabHo cHavasa 3a7aTh cebe BO-
IPOC, HEJIb3s Jin 000UTHCH Oe3 friend. BOmbIIM 3/10M, Y€M UCIIOIB30BAHNE
«JIPY?KECTBEHHBIX» OTHOIIEHUN, SIBJIIETCS PA3B€ YTO BBEIEHUE ITyOTUIHBIX
METO/IOB JIOCTYIIA K JI€TAJISIM, KOTOPBIE TI0 CMBICJIY HOJI?KHBI ObITH CKPBITHI,
Jinb0 CHATHE 3AIUTHL C BHY TPDEHHUX IIOJIEH: SICHO, 9TO «PY2KECTBEHHOCTD»
BCE-TAKM OTPAHUYIUBAET 0OBEM KOMA, KOTOPBIH MPUIAETCS TPOCMOTPETH TIPH
W3MEHEHUN peajn3alui KJacca, TaK 4To MCMoJb30oBanne friend 3aBegomo
MIPEJIIIOYTUTE IbHEee TTOJIHOTO OTKa3a OT 3alUThI.

C mpumMepamu cuTyanuii, KOraa MTPUMEHEHNE «IPYKECTBEHHBIX> KJIACCOB
OKa3bIBAETCHA OINPaB/IAHHO, MBI CTOJIKHEMCS B HAIllEM KypcCe T032Ke.

§ 5.2. OcobeHHOCTU mepeonpege/ieHusds HEKOTO-
PBIX ollepanmii

§ 5.2.1. Ilepeonpenesiernne onepanuii IpuCcBanBaHUSA

Hamomuanwm, aTo npucBanBanue siBisercs B si3bikax Cu u Cu++ onepa-
yuet, a He omepaTopoM, Kak B Ilackame m OONBIMUHCTBE APYTUX S3BIKOB.
OTO0 BBIPAXKAETCS B TOM, YTO 3aIUCh BUIA <& = 6bLIPAICEHUE» CaMa II0 Ce-
0e SIBJISIETCS BHIDAYKEHUEM, UMEIOIINM 3HAUEHUE, W, TAKUM 00pPa30M, MOXKET
BXOJIUTH B COCTAB [IPYTUX BHIPAYKEHMUIA.

To ke camoe MOXKHO CKA3aTb W IIPO ONEPAIUMU IIPUCBAWBAHUS, COBME-
MEHHBIE C apudMeTHIecCKuMu NEeHCTBUSIMHU, TaKWe Kak +=, -=, <<=, |=u
Ip.

Kak MBI yke oTMeUa/In, BCE 3TH OMEPAINKA MOTYT OBIThH TIEPEOIpeese-
HBI JIJTST KJIACCOB M CTPYKTYP, BBEIEHHBIX MMOIH30BATEIEM. 31€Ch IeHCTBYET,
OJIHAKO, HEKOTOPOE OTPAHUYEHNE: BCE OMEPAIINY MPUCBANBAHUS MOTYT Iepe-
OIPENENAThCI TOJIbKO KAaK METOAbI KJjacca MJHN CTPYKTYPBI, a ommpe-
JeIITh UX B BHIE OOBIYHBIX (DYHKIHMI HETb3.

Kak mpasumo, nmpu mepeonpeseeHun ONepariii IPUCBANBAHNS YINThI-
BAIOT, 9TO OOBIYHOE MPHCBAWBAHKE BO3BPAIAET 3HAYEHHE, KOTOPOE TOJIb-
KO 9TO OBLIO MPHUCBOEHO. V3 3TMX cOOOpakeHu#t M3 ONepAIluyd IIPHUCBAM-
BaHUS BO3BPAINAIOT JIMOO KOMUIO OOBEKTA, JUOO (YTO MpeanouTUTEIbHEE)
KOHCTAHTHYIO CCBLIKY HA, O0BEKT, JJjIs KOTOPOTO Onepalns ObLa BHI3BAHA.

910, OmHAKO, He 00s13aTenbHO: A3bIK Cu-++ He TpebyeT MMEHHO TaKo-
ro odopMIeHHs Onmepanuii mpucBanBanusg. MoKHO, B YaCTHOCTH, CIEIATh
OTIepPAITNIO PUCBaNBaHNs (DYHKIHEH TUIIA void, TO eCTh He BO3BPAIIAIOIIEi
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HUKAKOIO 3HA4YEeHUd.
Hanpuwmep, mia namero kiacca Complex Mbl MOIJIM Obl HAIIUCATH TAKUE
oTepalym:

class Complex {
/]
const Complex& operator=(const Complex& c)
{ re = c.re; im = c.im; return *this; }
const Complex& operator+=(const Complex& c)
{ re += c.re; im += c.im; return *this; }
/]
s

WK, €CJIM HAC HE CJIUIIKOM BOJHYIOT CEMAHTHYECKHE TPAIUIIUN, MOXKHO ObI-
J10 Obl HAIIUCATDb U TaK:

class Complex {
/..
void operator=(const Complex& c)
{re=c.re; im = c.im; }
void operator+=(const Complex& c)
{ re += c.re; im += c.im; }

/] ...
};
B,ZIQCB CTOUT OTBETUTH Ha OJUH BOHpOC, qacTo BOSHI/IK&IOH_H/Iﬁ 'y CTy,ILeHTOB.
Onepanuu +=, -= 1 ApPyrue mMOJ0OHBIE UM SBJISIIOTCS C TOYKW 3PEHUS T3BIKA

Cu++ mOTHOCTHIO CAMOCTOATEILHBIMI, TO €CTh, HANPUMED, ONepalus +=
HUKAK HE CBI3aHA HU C omeparmeil =, au ¢ onepanueii +. Ecin Mbr onurem
B HEKOTOPOM KJIACCe Ollepamuu = u +, ITO caMo 1o cebe He JACT HaM BO3-
MOYKHOCTH MPUMEHSATH K 00HEKTaM ITOTO KJIACCa OTIEPAITHIO +=, OHA JIOTKHA
OBITH OIUCAHA, OTIEJILHO.

AprymenT onepanuu nprucBauBaHus He 00s3aH UMETh TOT K€ THUII, YTO U
OIHUCHIBAEMbIi K1acc. Tak, i KOMILJIEKCHBIX YUCEI MbI MOTJIH OBI OIpe/ie-
JIUTb U NPUCBAWBAHUE KOMILJIEKCHOI IIEPEMEHHON JIEHCTBUTEIbHOIO 4UCa,
HallpUMep, TaK:

class Complex {
/]
void operator=(double x)
{re=x; im = 0; }

/] ...
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OaHako onepainysi TPUCBAMBAHUs, APryMEHT KOTOPOH MpeJcTaBiisier
00beKT TOro K€ Kilacca (MM CChLIKY HA TakOH OObEKT, KAK B IIPeJblLy-
[IEeM TIPUMEPE), UMEET OJHY BaYKHYI0 OCOOEHHOCTH: KAK M HEKOTOPHIE KOH-
CTPYKTODBI, TaKas ONEPAIS 2eHePUPYEmMcA HeAGHO, eCIU e€ He OINCATD.
D10 BHOJHE TOHITHO, BEJb B s13bike CU MOXKHO OBLIO TPUCBAMBATE MEXKIY
coboit epeMeHHbIe, UMEOIINE OJUH CTPYKTYPHBIH THUII, U 3Ta BO3MOXKHOCTH
6buia yaacsenoBana B Cu++-.

B ciyuae, ecam o KakuM-1u00 TPUINHAM MPUCBANBAHNE O0HEKTOB OTIH-
CHIBAEMOT'O KJIACCA YKEJIATEJIHHO 3aMPETHTD, IOCTATOYHO ONUCATH OIIEPAITUIO
MPUCBANBAHUSA C APTYMEHTOM <«KOHCTAHTHAS CCBHLIKA, HA O0BEKT OMUCHIBAEC-
MOro KJacca» B MPUBATHOM YacTU KJjacca, HapuMep:

class A {
/] ...
public:
/]
private:
void operator=(const A& ref) {}
s

§ 5.2.2. Ilepeonpeaenenue onepannu NHIAEKCUPOBAHUA

Omneparisi W3BJIETEHNST IEMEHTa U3 MACCHBA, 0003HAYTaeMast KBaIpaT-
HBIMU CKOOKAaMU, KAK W3BECTHO, SABJISETCS apudMeTHIecKoi oneparueil HaI
yKazarejeMm U IeJbiM 9ucjoM; B s3bike Cu Boipaxkenue «a[bl» mosHOCTBIO
9KBUBAJIEHTHO BBIPAXKEHHIO «* (a+b) ».

B sasbike Cu++ 31y omepanuio MOXKHO II€PEOPEIESUTh Jjisd 00bEKTOB
KJIACCA WJIM CTPYKTYPbl, 3aCTaBUB, TAKUM 0OpPa30M, OOBEKT B HEKOTOPBIX
CyYasX BBIMJISAIETH CHHTAKCHYIECKH TTOXOXKWM HA OOBIYHBIN MACCUB UJIU [1a-
JK€ MPOCTO BBIMOJIHATH POJIb MACCUBA.

s mpuMepa ONmImeM KJIacC, OOBbEKT KOTOPOTO MPeICTaBIAeT CODOit
MACCHB TIEJIbIX YHCETT C 3apaHee HeM3BECTHBIM PAa3MepPOM, KOTOPBIH mpu 06-
pAllleHUM K HeCylecrByiomuM (LI0Ka) 3JeMEeHTaM aBTOMATHYECKU yBEJIH-
YUBAETCS B PA3MEPAX. XPAHUTH JJIEMEHTHI MACCUBA, OyIeM B IUHAMUYECKH
CO3aBa€MOM MAacCHBe, CKPHITOM B NPUBATHON 4YacTh Kjacca. VcxoaHo co-
3/1a1MM MACCUB pa3MepoM 16 3/IEMEHTOB, & TPU BOSHUKHOBEHUU TAKOM HEOD-
XOAMMOCTH Oy/IeM yJIBAWBATH €r0 Pa3Mepbl JI0 TeX TOp, MOKa HYKHBIA HAM
UHJIEKC HE CTaHeT JOIYCTUMbIM.

3aMeruM, 9TO MPU MOMBITKE KOMUPOBAHNSA OO0BEKTA TAKOTO KJIACCA BO3-
HUKHET MpOo0JIeMa C Pa3/IeIEHHEM OJHOTO W TOTO K€ MACCHBA B JUHAMUYE-
CKOIl maMaTu MexKJy IByMs o0bekTamu KJjacca (moapobHO mpob/ieMa Omu-
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cana B § 3.5). B Hameii yupoineHHol BepcHu MbI IPOCTO 3alPeruM [pH-
CBaMBaHME ¥ KOIUPOBAHUE, OUCAB (DUKTUBHBIE KOHCTPYKTOD KOIIMPOBAHUS
¥ ONEepaInio MPUCBAWBAHUS B MpUBATHONW dacTu. OMHCAHUE MOJHOIEHHO-
0 KOHCTPYKTOPA KOIHMPOBAHWS W TIOJHOIEHHOW OIMepaluyd MPUCBANBAHUS
OCTABHUM YUTATEIIO B KAYECTBE YIIPAXKHEHUS.

s HadaIa HAIMIIEM 3arOJIOBOK KJIACCa:

class IntArray {

int *p; // ykasaTenb Ha XpaHUIHLE
int size; // Tekyumil pasMep xpaHmIMma
public:

IntArray() {
size = 16;
p = new int[size];
}
“IntArray() { delete[] p; }
int& operator[] (unsigned int idx);
private:
void Resize(int required_index);
// 3amnpeTuM KoNZpOBaHWE X [pHCBaUBaHUE
void operator=(const IntArray& ref) {3}
IntArray(const IntArray& ref) {}
s

Testa KOHCTPYKTOPA M JECTPYKTOPA UMEIOT CPABHUTEIHLHO HEOOJIBIION pas-
Mep, MO3TOMY MBI COBEPIITEHHO CIIOKOWHO MOYKEM OCTaBUTH WX BHYTPHU 3aro-
JoBka kjacca. C mIpyroii CTOPOHBI, TEJIO OMEPANNY WHIEKCUPOBAHUS OyIer
COCTOSITH M3 HECKOJIBKUX CTPOK, MOITOMY MbI OIHUINEM €ro OTAeIbHO. [ljis
JIydineil iCHOCTH ero Peau3alui Mbl IPEeLyCMOTPEH TaKKe BCIIOMOTATe b=
Hyto ¢yHKIuo Resize (), Koropas OyaeT OCyIIeCTBAATh U3MEHEHNE Pa3Me-
pa maccuBa. [TockoabKy 3Ta (DYHKIHS, OYEBUIHO, IBIISIETCS TETAIBIO PEAJIU-
3aIUU U HE TPeIHA3HAYEHA /I T0JIb30BaTe s (C TOYKY 3PEHUs MOJIb30BaTe-
JId HAIl MACCHUB MIPEJCTABIIAETCH OGECKOHEYHBIM ), Mbl CKPbLUIX 3Ty (yHKIUIO
B IPUBATHON 4aCTHU KJacca.

Yuraresnb, BO3MOXKHO, 0OpATUII BHUMAHUE HA TUI BO3BPAIAEMOr0O 3HAYe-
Hus onepanuu uHaekcanuu. @yuxnus operator[] () Bo3Bpamaer cChUIKY
Ha, COOTBETCTBYIOUIUN JIEMEHT MACCHBA, UTOOBI CAEIATH BO3MOMKHBIM KAK
BBIOOPKY 3HAYEHUS U3 MACCHBA, TAK W MIPUCBAMBAHNE €T0 3JIEMEHTAM HOBBIX
3HAYEHUI.

Omnwuriiem Tenepb TeI0 Oneparu WHIEKCAIIH:

int& IntArray::operator[](unsigned int idx) {
48



if (idx >= size)
Resize(idx);
return p[idx];

}
Hawm octamnoch onucars ¢pyuknnio Resize():

void Resize(int required_index) {

int new_size = size;

while(new_size <= required_index)
new_size *x= 2;

int *new_array = new int[new_sizel;

for(int i = 0; i < size; i++)
new_arrayl[i] = plil;

deletel[] p;

P = new_array;

size = new_size;

}

Terneps MBI MOXKEM B MIPOTPAMME KCIIOIH30BAThH, HAIIPUMED, TAKHAE OIePaATO-
pBIL:

IntArray arr;

arr[500] = 15;
arr[1000] = 30;

arr[10] = arr[500] + 1;
arr[10] ++;

Oneparyst HHAEKCAIIUE JOPKHA UMETh CTPOrO OJUH ITapaMeTpP, HO STOT
mapamerp, BOOOIIE TOBOPsi, MOXKET ObITh JIIOOOr0 TUIA. JTO MO3BOILAET CO-
3/1aBATh «MACCHUBBI», HCIOIB3YONIUE B KAYECTBE HHEKCA TEKCTOBbIE CTPOKHU
WK Jaxke OObEKTHI IPYTUX KJIACCOB. XPAHUTH JIEMEHTHI MACCUBA, MBI TaK-
JKe MOXKeM JIF00bIM yI0OHBIM HaM CIOCOOOM, HANIPUMED, B BUJE COUCKaA (B
HEKOTOPBIX CJIydasX 9TO MOXKET ObITh OIpaBIaHo). Bosee TOro, BO3MOKHO
OpraHu30BaTh OOBEKT, BBITISAANNN KAK MACCUB, HO XPAHSIIIHUI CBOU dJIe-
MeHThl B ailie Ha JUCKe, TAK YTO ONEePAIfs WHIEKCUPOBAHUS DPEATHHO
OyZeT MpeJCTaBIsaTh COOOM OMEepAITNio YTEHUs WJIN 3amuch B (haii.

§ 5.2.3. Ilepeonpenenienune onepanuii ++ um --

Kak u onepamum npucBamBaHW«, OMEpANNd WHKPEMEHTA W JIEKPEMEHTa,
(++ ¥ --) MOTYT IEPEOIPEIENATHCS NCKITIOUATETHHO METOJAMHI KJIACCA, FLITH
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CTPYKTYPBI, TO €CTh UX HEJb3s MEPEONPEIeIATh OTAeNbHON (DyHKIUeH BHE
KJIACCA.

VY aTHx omepaluii ecTh eImeé oaHa 0COOEHHOCThL. MOKHO ObITIO OBI Tepeo-
IpEeJIe/IATh UX Kak OObIYHbBIE yHAPHBIE Olepaluu (TO eCTh B BUIEe MeToa 6e3
napamMerpoB), eciiu Obl He TO 00CTOATEIBCTBO, YTO KayKasd U3 STUX Onepa-
uuii umeer ase Gopmbl: npedurcuyio (++1i) u nocrdurcuyio (i++). Boobuie
rOBOPsi, 9TH JIB€ (DOPMBI MIPEACTABISIOT CODON Pa3AuuHble ONEPAIHH.

Yrobbl pasnuuarh 31U (HPOPMBI MEKIY COOOM, TPUHSATO CJIEIYyIOIIee
corsiamenue. Ilockonbky mpedukcaas dopma 0ojee «TPATUITUOHHAY IS
YHApHBIX OIlepaIuii, MeTos ¢ uMmeHeM operator++() miau operator--() 6e3
mapamMerpoB onpejenser npedurchyo GopMy COOTBETCTBYIOIIEH Omepanuu
(nanpumep, ++1i).

Yro racaercss nocmgurcroti GOPMBI, TO OHA TTEpeonpeaeasieTcss (PyHK-
1ueil ¢ TeM ke UMeHeM operator++, HO umeroreil ouH ((bUKTUBHBIN) Ta-
pamerp tuna int. Hamwyane mapaverpa Garomapst meperpy3ke uMéH GpyHK-
Uit MO3BOJISET UMETh /1B (DYHKIIUU C OJHUM U TEM YK€ UMEHEM; TapaMeTp,
BBEJIEHHBI UCKIIOYUTEIHHO PAIU ITOrO PA3IHUINs, PEATbHO HUKOIIA HE UC-
[I0JIb3yeTrcs.

IMpuseném npumep. IlycTs kacc A ommcan CIeayIONIM 0Opa30M:

class A {

public:
void operator++() { printf("first\n"); }
void operator--() { printf("second\n"); }
void operator++(int) { printf ("third\n"); }
void operator--(int) { printf("fourth\n"); }

};
PaccmoTrpum Tenmepb (pparMeHT Koma:
A a;
++a; // first
a+t+; // third
--a; // second
a--; // fourth

B pesynbrare BbimosHEHUs 3TOrO GparMenTta OyayT HamedaTaHbl (B CTOJ-
6uk) cioBa first, third, second u fourth, UMEHHO B TAKOM IIODSIKE.

§ 5.2.4. Ilepeonpeaenenue onepanum ->

[Moxkasyit, HanboJIee SK30THIECKUM 00Pa30M OOCTOSIT Jeja C Omepanuei
->. HamomuuwMm, 910 314 onepaius B g3bike Cu 03HAYaET BHIOOPKY MMOJISA U3
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CTPYKTYPBI, HA KOTOPYIO yKa3biBaeT 3aaannbiit aapec. B Cu++ ona o3Ha-
4aeT HPAKTUYECKH TO 2K€ CAMOE; eCTECTBEHHO, C €€ IOMOIIHI0 MOXKHO TaKIKe
obpaImarhcs U K METOIaM, & paboTaTh OHA, MOYKET KaK CO CTPYKTYPaMH, TaK
¥ C KJIACCaMM.

Ileperpyska 3roit omepanuu OOBITHO TpPeOyeTCss HaM, €CJTH Mbl XOTHM
CO3/1aTh OOBEKT, BeAyInuii ceOs moa00HO yKa3aTe o, HO IPHA TOM BBIIOJ-
HAIOIUA HEKOTOPbIE JOIIOJHUTEIbHbIE NEHCTBUA.

OrmeruMm 11 HAYANA ONWH HeoueBUIHbIN (hakT. Oneparms ->, HECMOT-
pd Ha €€ BHEINIHWI BUJ, ABJIdAeTCH YyHapHOU, TO €CTh UMEET BCETrO OJWH ap-
rymenT (ykazaresb). JleificTBUTE/BLHO, IIyCTh Y HAC OHUCAHA CTPYKTYDPa

struct s1 {
int a, b;

s
7 UMeeTcsa yKa3aTeslb Ha Heé:
sl *p = new sl;

Terneps obparenue K Moo a OyIeT BhITVIAAETh TaK: p->a. 3/1ech Kak 0yaTo
OBI IBa OTEpAHIA, P ¥ a; HO BEIb & — ITO UMA N0AA, KOTOPOE HUKOUM O0-
Pa30M He SBJISIETCS CAMOCTOATEIHHBIM BbIpAyKEHUEM, He UMeeT HU TUMa, HA
snadenust! Vlnage roBopsi, HA MECTE a HEe MOXKET CTOATh HUYEro, KPOMe UMe-
HU TIOJISA. ZI3BIK HE COMEPKUT HUKAKUX UHBIX BBIPAXKEHUH, 6bl4UCASOUULCA
B 3HAYEHNE, CIIOCOOHOE 3aMEHUTH MMSI TIOJIA.

Takum 00pa3oM, €IWHCTBEHHBIM TOJHOIEHHBIM ONEPAHIOM B BBIPAXKe-
HUU p->a ABJIAETCA aJpec, MPeJCTABICHHBIN yKa3aTejaeM p. 3aMeTUM, B OT-
JU9ue OT a, Ha MeCTe p MOXKeT CTOATh BbIPAarKeHHe IMPOU3BOJILHOM CJIOKHO-
Cru, BblYUCIILIOIEe 3HadeHne Tuua s1* (agpec crpykrypsl s1).

Urax, MBI UMeeM JIeI0 ¢ yHapHoU OTiepaItueil, MOJTHBIM UMEHEM KOTOPOit
MOXKHO cuuTarh ->a (omepanus BbIOOPKM 10Jid a). Takum 0O6pa3soM, MOXK-
HO IIPU KEJIAHUU CUYUTATh, 9TO CUMBOJI -> 3aJ1aéT 1eJI0e ceMeficTBO onepa-
mmit. Bopodewm, Oyayun cemMaHTHYIECKH OE3yNpPETIHBIM, HA MPAKTHKE TAKOEe
paccMOTpeHre HaM He [OHAI00UTCH; 37eCh Mbl IIPUBOIUM €r0 TOJIBKO JIJIs
WJITIOCTPAIINN BCETO BBINIIECKA3AHHOTO.

Bepuémcsa K Bompocy o mepeornpe/iesieann oneparun ->. Hapsany ¢ MHO-
TUMHU JPYTUMH OINEPANNSMHU, OTMEePAlys -> TePeoIpeenseTcs NCKIIo9n-
TEJIbHO METOJAMHU KJIACCA UJIU CTPYKTYPBI, TO €CTh HE MOXKET ObITh Mepeo-
npeneneHa oraenbHoit pyuknueit. UTobbr m3bekaTh pyTHHHON pabOThI O
TEPEOTIPEIETIEHUIO OTHAEHHBIX OMEpalnii Jjis BBIOOPKU KAXKJOTO TOJs, B
Cu+-+ IpuHATO HEOUEBHIHOE, HO BITOJHE PADOTAIOIIEE COTJIAIIECHHE: OTepa-
nusi -> OMpPEeNseTcs MeToAoM operator->(), He MMEIOIINM MapaMeTpPOB
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(kaK u OObIYHbIE YHAPHbIE OILIEPAIMH), HO IIPU ITOM MeTOJ 0Dsi3aH BO3BPa-
waTh JMbO YKas3amensv Ha HeKY OpYayro CmpyKmypy Uil kiacc, 1ubo o0b-
eKT (WU CCHUIKY Ha OOBEKT), JJisi KOTOPOrO, B CBOIO OYEPEIb, ONEPAIlus
-> IIepeonpeneiyieHa KakK MeTOo[I

Takum o6pa3omM, KOMIAIATOP BCTABISIET B KOJ, MOCIEIOBATETHHO BBI30O-
BBl METONOB operator->(), MOKa OYEPETHON METON He OKAaXKeTCsi BO3BPa-
MAIONUM OOBIYHBIN yKa3aTe/lb HA CTPYKTYPY WJIH KJIACC; AMEHHO IO STOMY
YKa3aTeJi0 U MPOM3BOANTCA B UTOTE BLIOOPKA, 33JaHHOTO TOJIS.

ITonpoGyeM MpOUJIIIOCTPUPOBATEH CKa3aHHOE Ha mpumepe. IlycTs y Hac
€CTh CTPYKTypa sl m HaM HEOOXOIUM KJIacC, OOBEKThI KOTOPOro OyayT Be-
cT ceds KaK yKas3aTead Ha s1, HO MPHW YHUITOXKEHUH TAKOTO «yKa3aTess >
(nanpumep, npu 3asepuienuu GYHKIMU, B KOTOPO OH OIUCAH KAK JIOKAJIb-
Has TIEPEMEHHast) O0HEKT, Ha KOTOPBI OH YKa3bIBAET, OYIeT YHUUTOKATHCH.
Hauném onmcanme knacca:

class Pointer_s1 {
sl *p;
public:

Bynem mpenmnosararh, 9TO XpaHSAMUiCS BHYTpU OOBEKTa MPOCTON yKa3a-
TeNb HAa sl MOXKET WMeTh W HYJIEBOE 3HAYEeHWE, YTO OyIeM pPaCIeHUBATH
OOBIYHBIM 00PA30M KaK OTCYTCTBHE OOBEKTA; ECTECTBEHHO, B 3TOM CJIydae
yaIsTh Hu4Yero He Oygem. Quuirem Tenepb KOHCTPYKTOP U JIeCTPYKTOP:

Pointer_si(s1l *ptr = 0) { p = ptr; }
“Pointer_s1() { if(p) delete p; }

st ymoberBa paboOThI BBEIEM OIEPAIIAIO TPUCBAMBAHNS OOBITHOTO aapeca:

sl* operator=(sl *ptr) {
if (p) delete p;
p = ptr;

}

3aMeTuM, 9YTO KOIUPOBAHKE U IPUCBAMBaHUE OObEKTOB Kiacca Pointer_si
3aBEOMO MPUBEAET K OMUOKAM, TAK KaK OJWH U TOT K€ 00BLEeKT Tuma sl B
TUX CAydasaxX OyIAeT yaAJIAThCS IBAXKIbL. B CBA3M € 9TUM 3alIPETUM MPUCBA-
VWBaHUE W KOMMPOBaHUE OOBEKTOB Kiiacca Pointer_s1, ybpaB KOHCTPYKTOD
KOIIUPOBAHUA U COOTBETCTBYIOIINN ONepaTop NPUCBAUBAHUA B IIPUBATHYIO
4acCTh:

private:
Pointer_si(const Pointer_si&) {}
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// copying prohibited
void operator=(const Pointer_s1&) {}
// assignments prohibited

Haxower, onmimeM omneparui, KOTOpbIe MPEeBPaTST O0bEKTHI HAIIETO KIacca
B 1o1001e yKazaress Ha s1, a HMEHHO, OLEPAIUY PA3bIMEHOBAHUS ((YHADHYTO
*) u BbIOOPKU 1104151 (->), U 3aBEPLIMM ONUCAHUE KJIACCA:

public:
s1& operator*() { return *p;
sl* operator->() { return p;

o

};

Taxoit Kmacc ymoO6HO UCIIOIB30BaTh, HATPUMEpD, BHyTpu dyHKImii. Tak, ec-
JIM B HaIaJje HEKOTOPOil GpyHKIUHU onucarb 00bekT Kiacca Pointer_si1, To
eMy MOXKHO OyIeT MpUCBAMBATH AJPECA HOBBIX IK3IEMILISPOB sl1, mpudém
OH Oy/IeT KaXKIbIil pa3 aBTOMATHYIECKU YIAJATH CTAPBIA IKIEMILIAD, a KO-
raa pabora YHKIUNA 3aBEPITATCS, ABTOMATUYECKH YAAJIUT MOCJIECIHAN U3
3K3EeMILIAPOB s1:

int £ {
Pointer_s1 p;
P = new sli;

p->a = 25;
p->b = p->a + 36;
/] ...

// npu 3aBepuwenum f
// mamares 6yzmeT ocBoboxmeHa

§ 5.2.5. Ilepeonpeneisienne onepanuu BbI30BA DYyHKITNHT

Omnepanusi BbI30Ba, (QYHKINN, CHHTAKCAYECKHU TPEICTABIAIONIAsS CODOit
MOCT(HUKCHYIO ONEPAIio, CHMBOJIOM KOTODPOH CJIy’KaT KpPYIJIble CKOOKH
(BO3MOXKHO, COEpKAIIMe CIIMCOK I1aPAMETPOB), MOXKET ObITh, KaK W JPY-
rue oneparuu, nepeonpeaeneHa. [IockonbKy BbI30B (yHKIINA 0003HAYAETCSA
KPYTJIBIMY CKOOKaMu, UMsi (hyHKIIUU, KOTOPAsT MEPEOTIPEIETISET 3Ty Onepa-
uto, OyJeT COCTOATH M3 CJI0BA operator W KPYIJIBIX CKOOOK; KaK OOBIYHO,
mocyie uMeHn (DYHKIMYM 3aIMUCHIBAETCS CIUCOK (hOPMAJIBHBIX MMapaMeTpoB.
Hamnpumep, onepanus Bb3oa QyHKINNA O€3 MapaMeTPOB 3aNChIBACTCS TaK:

void operator() () { /* Temo */ }
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Hapsiny ¢ MHOrMMU ApyruMu onepanusiMu, BbI30B (DyHKIIUHU [I€PEOIIPE/IeIs-
€TCs TOJIbKO MEeTOJIOM KJ1acca.

IMpuseném nmpumep. Onuirem kjace Fun, 1ist KOTOPOTO TEPEOITPEIEIeHbBI
omepaIrmu BbI30Ba (QyHKIMK 0€3 MapaMeTpoB, a TaKXKe C OJHUM W IBYMS
1IeJI0YUCIeHHBIMU ITapaMeTpaMu:

class Fun {
public:
void operator() ()
{ printf("funO\n"); }
void operator() (int a)
{ printf("funil: %d\n", a); }
void operator() (int a, int b)
{ printf("fun2: %d %d\n", a, b); }
};

Terneps MBI MOXKEM HAMKUCATDH CIEAYIOMMA (hparMeHT KO

Fun f;
£0O;
£(100) ;
£(25, 36);

B pesyabrare BoimosiHeHHS 3TOr0O (pparmenTta OygaeT HAIEIATAHO:

funO
funi: 100
fun2: 25 36

§5.2.6. Ilepeonpenenenue omnepanuun npeodpa3zoBaHUA
THIIA

Paccmorpum ciaemyromuii hpparMeHT Koma:

int i;
double d;
/] ...
i=4d;

B crpouke, comepxkareit HpHCBaHBaHHe,SaAeﬁCTBOBaHa,(HeﬂBHO) onepa-
YU NPeodbPa3osaHUSL MUNA BbBLPAAHCEHUS,, TIO3BOJSIONIAS B TAHHOM
CJIydyae HMOCTPOUTH 3HAYEHWE TUNA int HA OCHOBE MMEIONIErocs 3HAYEHUS
Tutma double.
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AHaOrnYHy0 BO3MOXKHOCTH HESIBHOTO NMPEOOPA30BAHUS MOXKHO IIPEITy-
CMOTPETb ¥ JIJisi KJIACCOB, BBEJEHHBIX HporpammuctoMm. Oauu u3 crnocobos
9TOrO MBI y7Ke 3HAEM — 3TO KOHCMPYKMOop npeobpazosarus (cum. § 3.5).

B HekOTOpBIX CllydasX MPUMEHHTHh KOHCTPYKTOP MNpeoOpa30BaHWs HE
ymaércs. B gacTHOCTH, KOHCTPYKTOPOM MOXKHO 33/1aTh MPeoOPa30BaHue u3
6a30BOr0 THUIIA B THII, ONMUCAHHBIN MOJIb30BaTEEeM, HO He Haobopor. Kpo-
M€ TOro, WHOra ObIBaeT [0 KAKMM-TO NPUIMHAM HEBO3MOXKHO H3MEHHUTH
oTMcanme HEKOTOPOTO KJjacca, HO B MporpaMMe Hy’KHO Mpeobpa3oBaHue B
00BEKTHI ITOrO KJjacca. BeiBaloT u apyrue (JOBOJIBHO IK30TUIECKUE) CUTY-
aIuu.

Oneparpss HESBHOTO TPeOOPA30OBAHMST TUIIOB OMPEIETIAETCS METOIOM,
HMMsI KOTOPOT'O COCTOUT U3 CJIOBA Operator u MMEHH THUIld, K KOTOPOMY Heob-
XOIUMO TTPEOOPA30BBIBATH THUI BhIPAYXKEHHUsI. U BO3BPAIIAEMOro 3HAYESH ST
JJI Tako# (hYHKIINU He yKa3bhIBAETCs, TAK KAK OH OMPEIEISeTCS NMEHEM.
Hampumep:

class A {

/] ..
public:

/] ..

operator int() { /* ... */ }
s

Hanuuue B knacce A onepanuy npeoOpa3oBaHus K int Je1aeT BO3MOXKHBIM,
HaIpuMep, TaKOU KO

A a;
int x;

/...

VYurure, 4r0 4YpPE3MEPHOE YBJIEYEHHUE IIE€PEOIPE/IEICHUIMU OlEPAIUH
HpeO6pa3OBaHI/IH TPUBOAUT, KaK MMPaBUJIO, K TOMY, YTO KOMTHUJIATOD HAXOAUT
0O0JIbIIIE OTHOTO CITOCO0A TPEOOPA30BAHNUS W3 OJHOTO TUIA K IPYTOMY U B pe-
3y/IbTaTe He MPUMEHSeT HU OJHOTO M3 HUX, BbIAaBasd OIIHOKY. IloaTomy Ha
[IPaKTHUKE IIepeolpeiesieHre Ollepaluy Ipeodpa3oBaHus THIIA UCIIOJIb3YeTCs
KpailHe pelkKo.
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Jlekminga 6

§ 6.1. IIpumep: paspe>KeHHBII MacCUB

Ilon paspestcerHHBIM MACCUBOM [IOHUMAETCS MACCHUB OTHOCUTEJHHO
60J1b1IOIO O0beMa (HapUMep, COCTOALIUI U3 HECKOJIbKUX MUJIJIMOHOB 3Jie-
MEHTOB), GOJIBITMHCTBO 3JIEMEHTOB KOTOPOTO PABHBI OJHOMY U TOMY YK€ 3Ha-
YEHUIO (qame BCEro HyJ'IIO) 1 JIMIIb HEKOTOPBIE 3JIEMEHTHI, KOJIMYIEeCTBO KO-
TOPBIX HUYTOXKHO B CPAaBHEHHU C PA3MEPOM MaCCHBa, OT 3TOI'O 3HAYCHUA
OT/INYAKTCAd.

EcrecrBenno, B Takoil cUTyaluu IeI€COO0OPA3HO XPAHUTH B MAMSITH
JIAIIb T€ 3JIEMEHTBbI MAaCCHBa, 3HaAYCHHNA KOTOPBIX OTJIHYHBI OT HYJIA (I/IHI/I
JIPYroro 3Ha4eHusi, KOTOPOMY PaBHO GOJIBIIMHCTBO 3JIEMEHTOB).

ITompobyem wamucats Ha Cu+-+ TaKOil KJacc, KOTOPbBIA BeAET ceOst
KaK HeﬂO‘IHCHeHHbIﬁ MaCCHUB IIOTEHIIUAJIbHO 6eCKOHe“IHOI‘O pa3Mepa1 B TOM
CMBIC/IE, 9TO K OOBEKTY ITOr0 KJIACCA IPUMEHHMA OIePaIs HHIEKCHPO-
Banus (KBaJIpaTHbIE CKOOKM), OJHAKO OOBHEKT PEAJIbHO XPAHUT TOJNHKO T
3JIEMEHTDI, 3HAYEHNST KOTOPBIX OTJINYAIOTCA OT Hyad. Hazosém sToTr Kiacc
SparseArraylInt.

ILJIH IPOCTOTHI KapPTUHBI 6yﬂeM CUIUTATh, YTO KOJIUYIECTBO HEHYJIEBBIX
3JIEMEHTOB MACCUBA HACTOJIBKO HE3HAYUTEJBHO, 9TO JarKe JINHEWHBIN IMOUCK
CPeld HUX MOXKET HAC YCTPOUTDH MO OBICTPOAEHCTBHUIO. DTO TO3BOJUT XPa-
HHUTDHb HEHYJIEBbIC 3JIEMEHTBI MaCCHBa B BU/E CIIHCKa I1ap «HH,B;BKC/3Ha‘leHI/Ie>>.

Bce peranu peanuzanuu, BKIIOYas U CTPYKTYPY, TPEICTABIISIONIYIO 3Be-
HO CITHCKA, CKPOEM B MIPUBATHON 9aCcTH KJIACCA. ITO TMO3BOJUT IPH HEOOXO-
JAUMOCTH CMEHHUTDH DeaJIn3alluio Ha 60.7'[66 CJIOZKHY1O.

OcHoBHas mpobJieMa OpU peau3aluid Pa3pe:KeHHOrO0 MaCCHUBA BO3HH-
KaeT B CBsI3U C MOBEJEHWEM OINEpalny WHAEKCHpOBaHusdA. leso B ToM, 9TO

1Ha camom jesie Mbl ByjeM HCIOIB30BATL B KAYECTBE HHJEKCA THII unsigned long;
3HAMEHMs STOTO TUIMA MOTYT JOCTHraTh 252 — 1, T.e. 4yTh GOJBIIE YETHIPEX MUJIHADPIOB
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BBIPAKEHNE «JIEMEHT MACCHBAY» MOYKET BCTPEUATHCH KAK B MPABOIA, TaK U B
JIEBOH 9aCTU IIPUCBAUBAHUI, U B OOOUX CJIy9asX HCHOIb3YETCS OJHA U T JKE
dyuknug-meron knacca SparseArraylInt, nassiBaemast operator[]. Ecian
ObI BCE 3JIEMEHThI MaCCUBa XPAHWJIUCH B TAaMATH (KakK 9TO OBLIO B MpUMEDPE
u3 §5.2.2), MOXKHO 6bLIO Gbl IPOCTO BO3BPATUTD CCHLIKY HA COOTBETCTBYIO-
IIee MEeCTO B TIAMSITH, [/I€ XPAHUTCS JIEMEHT, COOTBETCTBYIOIIHI 33 TaHHOMY
uuzgekcy. C pa3peKeHHbIM MAaCCHBOM TaK J€fICTBOBATDL HE IIOJYyYUTCH, II0-
CKOJIbKY B OOJIBIITMHCTRE CIYYaeB 3JEMEHT B maMsATH He xpanuTcsa. Ograko
K€ IIPOCTO BO3BPATUTH HYJIEBOE 3HAUYeHUE (6€3 BCAKOI CChLIKM) HENb3s, BEIb
9TO 03HAYAJIO Obl, YTO BhIPAKEHUE, COJEpIKAIllee HAIIY OHEePAIHi0 NHIEKCH-
pOBaHus, HEJIb3s TPUMEHSATH B JIEBOH YaCTH IPUCBANBAHMUS.

Wrak, 4ro ke nmesarb B CIydae, €Cjid OlePAlys UHIEKCHPOBAHUS Bbl-
3BaHa JJI UHIEKCA, /1J11 KOTOPOr0 COOTBETCTBYIONIN 3/1eMEHT B MaMATHU He
XPAHUTCS, MOCKOJIbKY paBeH HYyJ0? OIHO U3 BO3MOMKHBIX PeIeHuil — 3aBe-
CTH B IaMATU COOTBETCTBYIOIINM 3JIEMEHT, IIyCTh JaKe U ¢ HYJIEBbIM 3Ha-
YEHHEM, ¥ BEPHYTh COOTBETCTBYIOIIYIO CCHLIKY. DTO MO3BOJIUT, OE3YCIOBHO,
BBIIOJIHATD [IPUCBANBAHMS, OTHAKO [IPUBEIET K TOMY, YTO IIPHU KAXK/IOM 00-
PAIEHNY K HYJIEBBIM 3JIeMEeHTaM (B TOM YHCJIE€ HA YTEHWE, & HE HA 3aIHCh)
COOTBETCTBYIOIINE 3JIEMEHTHI OYIyT 3aBOAUTHCSA B MAMSTH M, TAKUM 00Opa-
30M, OKazKeTcCd, YTO U3PAJHOe KOJIUYeCTBO NMaMATU 3aHATO TEMU CaMBIMU
HYJIEBBIMU 3HAYEHUSIMU, XPAHEHUS KOTOPBIX MOXKHO M30€KaTh.

CxeMy MOXKHO HECKOJIBKO YCOBEPIIEHCTBOBATH, €CIU KAXKJbI Pa3 [Ipu
BBI3OBE OIlEpaliil HTHIACKCUPOBaHUA COXPaHATH B HpHBaTHOfI qaCTHu O6'])€KT&
3HAYEHNe WHJIEKCA WM JayKe aJIpec 3aBOJAMMOIO 3BeHa CIHCKA. DTO MO3BO-
JIUT TIPU CJEJAYIOINIEM BBI30BE IIPOBEPUTDH, XPAHUT JIA 3aIINCh, 3aBe/IEHHAS
Ha TPeabIAYIIeM BbI30BE, UWCIIO, OTIWIHOE OT HYJsd, W eCJIU HeT, TO yaa-
JIATH €€, 0OCBOOOIUB NaMATh. Y TAKOIO BAPUAHTA PEAJIMIAIUHU €CTh, OHAKO,
CBOI HENOCTATOK: HA 3aBEJeHNEe W yAajeHne dJIeMEHTOB OyIeT TPaTHThCs
U3PSTHOE KOJTMIECTBO BPEMEHH.

OueBuHO, OGLLTO ObI BEJUKOIEIHO UMETh BO3MOYKHOCTDH BBI3BIBATH Pa3-
Hble (DYHKIIMU-METOIBI I CIYy9aeB, KOIIa MPOUCXOINT OOpAIleHHne K dJie-
MEHTY MAaCCUBa HA YTEHHE M KOIJd MHAEKCAIWs HCIOJIb3yeTcs KaK IIPHu-
cBamBanue. B mepBoM ciydae MOXKHO OBLIO OBI TOTJA BO3BPAIIATH MPOCTO
3HAYEHNE IJIEMEHTA WJIN HOJIb, €CJIU COOTBETCTBYIIErO dJIEMEHTA B HaMSITH
HET; BO BTOPOM CJIy4ae MOXKHO ObLIO ObI 6€3 0coOBIX Tpob/eM CO31aBaTh
HOBBI 37IEMEHT W BO3BPAINATh CCBHITIKY HA IOJie, XpaHsdIlee 3HAUYEHne; 3TO,
BIIPOYEM, HE MCKJIIOUAET HEOOXOIMMOCTHU IPOBEPKH HA CJIEIYIONIEM BBI3OBE,
He OKa3aJicst JIU B COOTBETCTRYIOIIEM dyieMeHTe Houb. K coxkasennto, Takoi
BO3MOKHOCTH B CH-++ HET, KAK HET W BO3MOXKHOCTU OIPEIEIUTh U3 TEJIa
onepanun MHICKCHPOBAHHA, BbI3BaHa OHa M3 JIEBOI YacTU IPUCBaUBAHUA
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HNJIN HET. 2

COOTBETCTBYOIILY O BO3MOXKHOCTh, OJHAKO, MOXKHO cModesuposamsb. Hu-
KTO HE MEIAeT HAM OINKUCATH HEOOJIBINON BCIIOMOIaTEIbHBIN KJIACC, OObEKThI
KOTOPOTO KakK pa3 u OyJeT BO3BPAIIATH HAIA OMEPAIlNsl WHICKCUPOBAHUS.
Takoit BcmoMOraTelbHbIE OOBEKT OyIeT MPOCTO XPAHWTH BCIO HMEIOIIYIO
OTHOIIIEHNE K eIy WHMOPMAIUIO, a B HAIllEM CJIydae Takoi uH(OpMaIuu
HEMHOI0: aJIPeC [IABHOIO 06bEKTa (TO eCTh CAMOI0 PA3PEsKEHHOIO MACCUBA),
C KOTOPBIM HY>KHO PabOTaTh, U 3HAYEHUE WHIEKCA, [IEPEJAHHOE B KAIECTBE
rnapamerpa Oepalyuy WHIEKCUPOBAHUSI.

Nmest 31y mHOOPMAIINIO U COOTBETCTBYIOINHAI MOCTYI K OOBEKTY Mac-
CUBa, HAIl BCIIOMOTATE/bHBIN OOBEKT B 3aBUCUMOCTH OT CUTYAIMH MOYKET
MPOM3BECTHU JTIOObIE NEeHCTBUs, KOTOPBIE B 3TOH CHUTyaIldid MOTYT TOTPeOO-
BaThCsA. UTO K€ KaCaeTcsd OMpeesieHns, KaKas W3 BO3MOYKHBIX CHTYAIWii
HMEET MECTO, TO ¥ BCIOMOTATEBHOTO OOBEKTA TS 9TOTO €CTh CYIIECTBEH-
HO DOJIbIIIE BO3MOXKHOCTEH, YeM ObLIO B TeJe OMePAIUH WHICKCUPOBAHMUS:
B€Jlb BCE ONEpAIlUH, [PUMEHAEMbIE K PE3YJIbTaTy ONEPAlluy WHIEKCUPOBA-
HUsI, KAK pa3 u OyJAyT HA CAMOM Jejie TPUMEHEHBI K 9TOMY OOBEKTY.

Takum 0O6pa3oM, TOCTATOYHO, HATTPUMED, OMTPEIETUTD IS HAIIETrO BCIIO-
MOTaTEeILHOTO KJIACCA ONepaIyy Tpeodpa30BaHus K TUIY int u MpuUCBanuBa-
HUsI, 9TOOBI CIEIATh BO3MOXKHBIM W KOPPEKTHBIM CJIEAYIONMINAN KO

SparseArrayInt arr;

int x;
//. ..
x = arr[500]; // dgTenme

arr[300] = 50; // samnuchr (BO3MOXHO CO3JaHHE 3JIEMEHTA)
arr[200] = 0; // ynameHwe sieMeHTa, e€CNH TaKOBOM ecThb

K coxkanmennio, y Takoii peaqm3ariuu €CTb W HEJIOCTATOK. /leso B ToM,
9TO OOBIYHOE MPUCBAWBAHUE — ITO JAJEKO HE E€IWHCTBEHHAS OIEpaIlusd,
criocoOHasl N3MEHUTH 3HAYEHNE [IEJI0YNCIeHHOM tepementoit. [losb3oBaresns
BIIOJTHE MOZKET MONBITATHCA HUCIOIb30BATh, HAIIPUMED, TAKA€E BBIPAZKEHUS:

arr[15] += 100;
x = arr[200]++;
y = --arr[200];

Y0661 BCe MOA00HBIE ONepau padoTaIn, HAM IPHUAETCS /I HAIIErO BCIIO-
MOTATEILHOTO OOBEKTA OMPEIEJINTh X BCE SBHBIM 00Pa30M, 4TO TMOTpedyeT

2970 BHOJHE MOXKHO CIATATEH HeA0CTATKOM CH-+, OHAKO KDHTHKA HMEIOIIEr0CsT S3bI-
Ka BBIXOJUT 33 PAMKHK JIAHHOI'O 110CO0US.
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u3psiIHOrO 00bEMa paboThr: s3biku Cu u Cu++ moaIep:KuBatOT JIECATH OIe-
pauuil IpUCBAMBAHUSL, COBMEILEHHDBIX € apudmerndeckumu Jgeicrsusamu (+=,
-=, <<= ¥ T.1L.), IJIIOC K TOMY YeThIpe Orepann WHKPeMeHTa/IeKpeMeHTa
(++ u -- B npedukcuoit u nocrdukcHoii dhopwme).

B mameMm mpuMmepe Mbl OrpaHHYUMCS OIIMCAHUEM OIEPALUU += U JIBYX
dopm omeparuu ++ OcrajbHbIe MOJOOHBIE OMEPAIUU YUTATENh 0e3 TPyaa
OIIMILIET CAMOCTOATEHLHO 110 AHAJIOTHH.

IIpex e ueMm TPOIEMOHCTPUPOBATH 3aTr0JIOBOK Kjacca SparseArrayInt,
OTMETHM, 9TO I yI00CTBA PeATN3alny BCEX MOAUMUITUPYIOIIUX OMEPATIHii
11e/1ec000pPA3HO B KJIACCE BCIOMOTATEIBHOIO OObEKTa BBECTHU JIBE BHYTDEH-
ane ¢yakiun. Oyukmnusa Provide OyaerT OTHICKMBATHL B CIIHCKE JJIEMEHT,
COOTBETCTBYIONIMI 3aJaHHOMY HHIEKCY, U BO3BPAllaTh CCHLIKY Ha I0JIE,
cozepIKallee 3HAYEHUE; €CJAU COOTBETCTBYIOIIETO JJIEMEHTA B CIHUCKE HET,
dyuknus Oymer ero co3masarb. Bropas dyukmus, Remove, Oymer yaaaaTh
73 CIIUCKA JIEMEHT C 3aJAHHBIM WHIEKCOM, €CJIM TAKOBOW B CIIMCKE MPUCYT-
CTBYeT.

BcemomorarenbHbIit Kimace HazoBéM Interm ot aHrmniickoro intermediate.
C y4éroM 3TOro 3arojioBOK KJiacca OyJer BbILJIAIETh TaK:

class SparseArrayInt {
struct Item {
int index;
int value;
Item *next;
s
Item *first;
public:
SparseArrayInt() : first(0) {}
“SparseArrayInt();
class Interm {
friend class SparseArraylInt;
SparseArrayInt *master;
int index;
Interm(SparseArrayInt *a_master, int ind)
master (a_master), index(ind) {}
int& Provide(int idx);
void Remove(int idx);
public:
operator int();
int operator=(int x);
int operator+=(int x);
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int operator++();
int operator++(int);
s

friend class Interm;

Interm operator[](int idx)
{ return Interm(this, idx); }
private:
SparseArrayInt (const SparseArrayInt&) {}
void operator=(const SparseArrayInt&) {}

};

B camom kjacce SparseArrayInt, Kak MOXKHO 3aMETHTH, OKA3bIBAETCS
HE TaK MHOTO (DYHKIWI: OCHOBHAS (DYHKIITMOHAILHOCTH OKA3hIBAETCS BHITEC-
HEHA B METO/Ibl BCIIOMOTATEIHFHOTO K1acca. EMHCTBEHHBIM METOIOM OCHOB-
HOTO KJIacCa, TeJO KOTOPOrO B CHJIy Pa3MepOB He BKJIOYEHO B 3arOJIOBOK
KJIacca, sABJISeTCs ero nectpykrop. Ero 3amada — ocBoOOIUTH HMAMATH OT
3JIEMEHTOB CIHCKa. JIeCTPyKTOD ONKUChIBAETCS TaK:

SparseArraylInt::~SparseArrayInt() {
while(first) {
Item *tmp = first;
first = first->next;
delete tmp;

}

Onumrem remepb MeTONbI Kiacca SparseArray: :Interm, B KOTOPBIX U 3a-
KJIIOYAEeTCs OCHOBHAS (DYHKIMOHAJIBHOCTD HAIIEIO PA3PEKEHHOIO0 MACCUBA!

int SparseArrayInt::Interm::operator=(int x)

{
if(x == 0) {
Remove (index) ;
} else {
Provide(index) = x;
}
return x;
}

int SparseArrayInt::Interm::operator+=(int x)

{

int& location = Provide(index) ;
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location += x;

int res = location;

if(res == 0) Remove(index);
return res;

int SparseArraylInt::Interm::operator++()

int& location = Provide(index) ;
int res = ++location;

if (location == 0) Remove(index);
return res;

int SparseArrayInt::Interm::operator++(int)

int& location = Provide(index);
int res = locationt+;

if (location == 0) Remove(index);
return res;

X
SparseArrayInt::Interm: :operator int()
{
Item* tmp;
for(tmp = master->first; tmp; tmp = tmp->next) {
if (tmp->index == index) {
return tmp->value;
3
3
return 0;
X

Hakomer, onumrem Bcnomoraresbabie pyHKinn Provide u Remove

int& SparseArrayInt::Interm::Provide(int idx)

{

Item* tmp;
for(tmp = master->first; tmp; tmp = tmp->next) {
if (tmp->index == index)

return tmp->value;
}
tmp = new Item;
tmp->index = index;
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tmp->next = master->first;
master->first = tmp;
return tmp->value;

X
void SparseArrayInt::Interm::Remove(int idx)
{
Item** tmp;
for(tmp = &(master->first); *tmp;
tmp = &(*tmp)->next)
{
if ((*tmp)->index == index) {
Item *to_delete = *tmp;
xtmp = (*tmp)->next;
delete to_delete;
return;
}
3
X

§ 6.2. CraTuveckue 1oJisd 1 MeTObI

Wuorma ObIBaeT IMOJIE3HO UMETh IIEPEMEHHBIE U METOIbI, KOTOPbIE, C OJI-
Hoﬁ CTOpOHbI, ,ZLOCTyHHbI TOJIBKO M3 KJIacCCa I/I/I/I.HI/I BOCHpI/IHI/IMaIOTCH KaK
€ro 4acTb, HO, C APYrOil CTOPOHBI, HE NIPUBA3aHbLI HU K KAKOMY U3 00bEKTOB
M MOI'YT MCIOJIb30BATHCA JazKe TOI/A, KOIJIa HU OJHOIO OObEeKTa JIaHHOIO
KJIACcCa. HE CyIIECTBYET.

B a3bike Cu-+-+ Takue wieHbl KJIACCa HA3BIBAIOTCH CMATMUYECKUMU U
0603HAMAIOTCS KJIIOYEBLIM CJIOBOM static.?

§ 6.2.1. CraTuyeckue moJjig U OCOOEHHOCTH UX OIpe/iesie-
HU4a

Cmamuueckoe nosae ONKUCHIBAETCA B KJIACCE TOYHO TaK Ke, KaK W
ODOBIYHOE 1I0JI€ KJIACCA, TOJIBKO C 10DaBIEHIEeM CIIePeau CJIoBa static

3He myrai#iTe mX C JIOKATLHBIME TIEPEMEHHBLIME 1 (DYHKIMSIME MOJyIei, a Takke C
JIOKAJIbHBIMHU ITIEDEMEHHBIMH (DYHKIUI, KOTOPBIE COXPAHSIIOT CBOE 3HAYEHHE IIPU IIOBTOP-
HOM BXOZe B (DYHKIHIO; KaK 1 B s#3bIke Cu, B Cu++ 3T CymHOCTH TOXKe 0003HAUAIOTCSA
CJIOBOM static, HO NMPAaKTHYECKH HUYIEro ODIIEero He MMEIOT CO CTATHYECKUMHU HUJIEHAMHI
KJI1aCCa.
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class Cls {
/] ..
static int the_static_field;
//...

}s

Hmeercsi, 0HAKO, OYEHb BazKHOE OTJIMYHUE: €CJIM OIUCAHUE OOBIYHOIO IIOJIs
caMmo 1o cebe yrKe 03HAYAET, YTO B OOBEKTE TOI ITO MOjIe OYIET BBIIETEHO
MECTO, TO OIHMCAHUE CTATHYECKOTO TOJIsS O3HAYAET JIWINb, 9TO MECMO T00
amo noae 6ydem evideseno 2de-mo 6 00HOM U3 MOJYAET TPOZDAMMbL.

l‘II/ITaTeJ'lb, xopouwo 3HAKOMBbI C SA3bIKOM CI/I, MOXET 3aMeTUTb 34€Cb NpPAMYHO
aHanornto ¢ obbABNEHNAMIN rNODANbHLIX NEPEMEHHbIX C AUPEKTUBOI extern. YTobbl
NOHATb, NOYEMY OMMNCAHNE CTATUHECKOro nons B KJlaCCe CHUTAETCA MMEHHO AeKna-
pauueii, a He onpefeneHnemM, nogymaiite, 4To OymeT, ecnn 3aronoBok Knacca byger
BbIHECEH B 3aroJiIOBOYHbIV haiia, a cam 3TOT haiin — BK/IOYEH N3 HECKONILKUX MO-
aynei.

Nrak, 9T00BI 3aBEPITUTH CO3IAHNE CTATUIECKOTO MOJIsA, HEOOXOINMO BHE
KJIacca TIOMECTHTD ero ompejesienne:*

int A::the_static_field = 0;

OO6bIYHO OIIpe/IeIeHNs] CTATHIECKUX 0JIeH CHAOKAIOT MHUIUAIU3AIMENH, KaK
9TO CAEJAHO W B HAIIEM MPUMEPE, XOTs 3TO U He 00A3aTEIHHO.

Ob6paTuTe BHUMAHWE, 9TO, €CJIM Ballle OMMCAHNEe KJIACCA BHIHECEHO B 3a-
TOJIOBOYHBIHM (Daiiyi, TO ONpene/eHns] CTATUIECKAX MOJIell ciaemayer oba3a-
TEJIbHO IIOMECTUTh B (baiiyl peasim3anum OJHOTO M3 MOZYJIEMH, HU B
KOEM CJIydae He B 3aroJIOBOYHbIH (aiin!

BBenénmoe Ttakmm 0Opa3soM cTaTHYecKoe Ioje OymeT CyIecTBOBATL B
nporpaMMe B € JTHMHCTBEHHOM 3K3€MILJIIDE U B T€YeHUE BCEro BpeMe-
HU BBIMOJHEHUs MPOrpaMMbl BHE BCSKOI 3aBUCUMOCTH OT TOTO, OyIyT
JIF B BaIleil mporpaMme 3aBOIUTHCA OOBEKTHI KJIACCA A ¥ B KAKMX KOJIHAYIE-
CTBax.

Ecimm nmomectuth 00bSBJIEHWE CTATHYECKOrO IMOJIS B MPUBATHON YacTw
KJIacca, TO COOTBETCTBYIOIIEe MM OyIeT JOCTYITHO TOJIHKO B METOAX KJIac-
ca U B «IpyxKecTBeHHbIX» PyHKIUAX. OObsIBICHIE MOXKHO TOMECTUTH U B
OTKPBITYIO 4aCTh KJjacca. B 3Tom ciyuae oHo OyJer JOCTYIIHO OTOBCIOLY, &
00paTUTHCST K HEMY MOXKHO OyIeT KaK 4epe3 CYIIECTBYIONINi 0ObEeKT, TaK U
6e3 BCAKOrO 00bEKTA € MOMOIIBIO SBHOIO PACKPBITHS 00JIACTH BUIMMOCTH:

A a;

4CumBon :: obosmadaer pacpumue obaacmu sudumocmu. MBI yiKe BCTPEUANNCH C
uuM B § 4.3 Ha cTp. 38.
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a.the_static_field = 15; // mpaBmibHO
x = A::the_static_field; // Toxe mpaBmibHO

Cnenyet OTMETUTbH, 4TO CTaTUHECKNE NOAS NPEACTABASAIOT CBOEro poaa rnobanb-
Hbl€ NMEPEMEHHbIE KaK MUHUMYM B TOM CMbICI€E, 4TO B HUX MPOrpaMmMa MOXET Ha-
Kanaueatb rnobasibHoe COCTOsIHME, B PE3ynbTaTe 4ero ans CTopoHHero Habntogatens
NOBEAEHNE OAHUX U TEX e (PYHKLMIA OKAKETCA W3MEHSIOLMMCS MO HEOYEBUAHbBIM
3akoHaM. Kpome Toro, cTaTnyeckme nosst MOryT CyLWeCTBEHHO 3aTPyaHUTbL MacluTa-
bupoBaHme nporpamMmel. Tak, eCAu Bam 3a4e€M-TO NOHAaZobuncs cnucok o0bBLEKTOB
OnpesenéHHOro Kiacca n Bbl BBENW ANs ITOW LEAN CTaTUHECKUiA yKa3aTenb Ha nep-
Bblli 3/IEMEHT TAaKOrO CMMCKA, TO 3TO 03HAYaeT, YTO B NPOrpamMMe TaKO CNUCOK MOXET
6bITb TONBKO OANH, a €Cnun Korga-Hnbyab noHagobutcs asa Takmx cnucka (M3 obbek-
TOB OZHOrO 1 TOFO Xe TUMa), NPOrpaMmy NpuAETCs OYeHb CEPLESHO NEpesenaThb.

MoaToMy ncnonb3oBaHWE CTATUHECKNUX MONEN PEKOMEHAYETCA B OAHOW U TOSBKO
OofHOl CMTyauuu: KOrga Takoe nose npeacrasnsier coboil KOHCTAHTY, TO eCTb ero
3Ha4YeHUe HUKOra He M3MeHsIeTCs BO BpeMsi pabotbl nporpammer. Hanpumep, cra-
TUYECKUM MOXHO OBBABUTL KaKOh-HNOYAb KpynHbITi MAacCUB, COAEPXKALLNA faHHbIE,
Heobxogumbie ans paboTbl 0OBEKTOB AAaHHOrO Knacca, HO He Tpebytowwmecs Hurge
3a ero npegenamu. [lpumepom Takoro mMaccmsa MOFyT CAYXWTb, Hanpumep, Tabnu-
L2 NepexofoB MeXAY COCTOSIHUSIMM KOHEYHOrO aBTOMAaTa B KNacCe, peanunsyrolieM
3TOT KOHE4YHbIi aBTOMAaT; MAaCCUB CTPOK C BO3MOXHbBIMU ANArHOCTMHECKUMU COOD-
weHnsimu; Tabnuua COOTBETCTBMS NONIb30BATENLCKIX KOMaHZ, (CTPOK) Bbi3bIBAEMbIM
dyHKLUMSM, U T. M.

§ 6.2.2. CraTuyecKkue MeTOIbI

Cmamuveckuti mMemod — 310 0co0bIi Bu, QPYyHKIUUA-METOIA, KOTO-
pad, ABJIdACh METOJOM KJIaCCa W HmMed AOCTYII K €ro 3aKPbITbIM JdeTajIdM
peanu3aiyuy, Ipyu 3TOM BBI3bIBA€TCH HE3aBHCHMO OT OOBEKTOB KJiac-
ca. [lepBoHadaabHO cTaTHIECKHE METO/IbI IPEIHAZHAYAINACH 1J1sT pA0OTHI CO
CTaTUYIECCKHUMHU IIOJIAMU, HO HOJIy‘{HBLHHﬁCH MEXaHU3M HallleJI B UTore CyIie-
CTBEHHO 0OJiee MUPOKUIl CIIEKTDP MPUMEHEHUN.

OHI/ICELHI/IG CTaTUYIECKOI'0O METOJa aHAJIOTUYHO OIINCAaHHUIO O6I)ILIHOI‘O Me-
TOZA, HO Tepe/] TAKUM ONMHUCAHUEM CTABUTCS KJTIOUYEBOE CJIOBO static, Kak B
CJIEZIYIOIIEM IIPUMEpE:

class Cls {
//...
static int TheStaticMethod(int a, int b);
//. ..

};

Ob6pairenrie K CTaTUYECKOMY METOIY, KAK U K CTaTHYECKOMY OO, BO3-
MOKHO KaK depe3 00beKT Kjacca, Tak U 6e3 TaKOBOro, C OMOINbIO CHMBOJIA
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pPacKpbIiTusg 00JACTH BUIMMOCTH:

Cls::TheStaticMethod(5, 15); // BC& mpaBumiIbHO
Cls c;
c.TheStaticMethod (5, 15); // Takx Toxe MOXHO

[TockoabKy crarndeckas QyHKIMSA-METO MOYKeT ObIThH BhI3BaHa 63 00b-
€KTa, y HeE, KaK CJIeJICTBHUE, OTCYTCTBYeT HedBHBIA mapamerp this (cM.
§1.2.2). Kpome Bcero mpodero, 3To 03HaYAET, YTO TaKast (PyHKIMs HE MOXKET
MPOCTO TaK 00PAIIATHCA, KaK APYTHE METOMbI, K TOIAM O00beKTa, BeIb 00b-
ekra y Heé Her. Bo3biBars Hecrarudeckue (DyHKIMU-METObI CTATHYIECKAS
GbyHKIIHST TOKE MPOCTO TAK HE MOMKET, TOCKOJIbKY HECTATUYECKUE METOMIbI
JIOJIPKHBI BBI3BIBATHCA JJIsI KOHKPETHOTO OObEKTA.

Curyarnusa KapIuHAJIbHO MEHSIETCS, €CJIU CTaTHYeCcKasd PyHKIUs TEM UJIH
WHBIM CIIOCOOOM BCE-TaKM MOIYYaeT JOCTYI K 00BEKTy cBoero Kiacca. Ta-
KO€ BIIOJTHE MOKET IMPOU30HTH U HUKOUM 0OPA30M He IPOTUBOPEYIUT OIIPE/Ie-
JIEHUIO CTATUYIECKOI'O METO/A: JAefICTBUTEIHbHO, HUKTO HE MEIIAeT IIePEeIaTh
O0BEKT Yepe3 OfNH W3 IBHO 0003HAYEHHBIX MapaMeTpPOB; BIIOJIHE BO3MOYKHO
MOJIYIHUTh JIOCTYI K OOBEKTY CBOEro KJiacca uepes3 rIobaibHble epeMeHHbIe
WTH C TIOMOIIBIO TJI00ATBHBIX (DYHKIINI; HAKOHEeI[, CTaTuYecKass (pyHKITHA
BIIOJIHE MOXKET CO3JaTh OOBEKT caMma.

Wrak, necMoTpsi Ha OTCYTCTBHE YKA3aHWUI HA KOHKPETHBIA OOBEKT Ipu
BBI30BE CTATUYECKON (DYHKIINU, OHA, B HEKOTOPBIX CAYIASTX MOYKET MOy IUTh
JOCTYT K 00BEKTY CBOero kjacca. U tormga craruueckas byHKIUsI, KAK
¥ 1060l MeToJ; Kjacca, MOXKeT 00pamarbesi K 3aKpbIThIM (Ipu-
BaTHBIM) IIOJIAM ¥ METOJaM 00'beKTa (JIeliCTBUTEIHHO, KaK Y2Ke rOBO-
puioch panee, epunuieil 3anmtbl B Cu++ saBisiercss He 00bEKT, a KJIacc
UJIM CTPYKTYPA HEJTUKOM ).

Hangunune B Cu++ crarudeckux METOJOB TO3BOJISIET B Psjie CIyYaeB
MIPUMEHATH BECHhMa, U3SAIIHbIE TPUEMBI TpOrpaMMupoBanus. Hampumep, Mbr
BIIOJIHE MOXKEM yOparTh B 3aKPBITYIO YaCTh KJIACCA BCE MMEIOIINECS KOH-
CTPYKTOPBI, 3aIIPETUB, TAKUM 00pa30M, CO3/1aHne 0ObEKTOB JAHHOIO KJIaCCa
U3BHE €ro CaMoOro, U IOPYYUThb CO3/aHuEe O0ObEKTOB CTATHYECKOMY METO.LY,
KOTOPBIIl MOYKHO BBI3BATH, HE UMEs HU OJHOTO OOHEKTA.
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Jlekmima 7

§ 7.1. O6paboTKa MCKIIOUYUTEJIbHBIX CATYAITHIl

§ 7.1.1. OmmbouHsbie cuTyanum u npobdsieMbl ux 06padoT-
KU

JIiobasi ckosb Obl TO HU OBLIO HETPUBUAJBHAS MPOIPAMMA COIEPIKHUT
dparmMeHThI, KOTOPHIE B HEKOTOPHIX 00CTOATETHCTBAX HE MOTYT OTPA0OTATH
KOppekTHO. Hampumep, mporpaMma, aHAJIU3UPYIOAs COAEPKUMOE 3a,aH-
wvOTO (baitra, He cMOKeT paboTaTh, HE CyMEB OTKPBITEH (Al HA YTEHUE; TTPO-
rpaMma, paboramomasi o KOMIBIOTEPHOU CeTH, He CMOXKeT paborarh, ecyiu
He paboraer cerb WM €CJId HEJOCTYIEeH HYXKHbII cepBep; yHKIus, mMpo-
n3BOJANIIaA CJIOXKHBIE BbIYUCJIEHUSA, HE MOXKET KOPPEKTHO UX 3aBEPIIUTD,
€CJIN B XOJIe BBIYMCJIEHUN TOTPE0OBAIOCH I€JIEHNE Ha, HOJIh WJIHM, HATIPUMED,
BBIUMCJIEHUE JIOrapudMa 0 eIUHIIHOMY OCHOBAHUIO, U T. TI.

Ilomobubre cuTyanuu HA3BIBAIOT OIMIUOOYHBIMH, OJHAKO K€ 3TO COBEP-
MMEHHO HEe 00s3aTEIbHO O3HAYAET, YTO OMMOCST MTPOTPAMMUCT, MHCABIINIMA
nporpammy. B ciyuae ¢ ¢aitsiom «BUHOBAT» B BOSHUKHOBEHUW OITHOOYTHOM
CUTYAIUU, CKOPEE BCErO, MOJB30BATEINb, B CIYYae C CEThIO — ODC/TYKUBAO-
Uil TEPCOHAT CeTH WU CePBEpa; MPUMEDP C JEJEHUEM Ha HOJb YKA3bIBAET
Ha OmMbOKY MPOrPAMMHECTA, BBI3BABINErO (DYHKIIUIO J1Jisi HEKOPPEKTHBIX UC-
XOIHBIX TIAPAMETPOB, HO 3TO MOYKET OBITH HE TOT MPOrPAMMUCT, KOTOPBIi
Hanucaj camy QyHKIHIO.

Takum 06pa3oM, MbL DU HANIMCAHUU IPOTPAMM YACTO CTAJKUBAEMCS CO
CAyYasIMU, KOTJA YCIemHas padoTa HaImeil mTporpaMMbl 3aBUCAT OT BHEIII-
HUX YCJIOBWi1, KOTOPBIE MBI CAMHU TapPAHTUPOBAHHO ODECIIEYUTH HE MOYKEM.
B Takwux ciydasx mpuxXOauTCd MPEAyCMATPUBATD B IIpOrpaMme ob6pabomxy
owubox.

IIpoBeputh BCe HY:KHBIE YCIOBUS OOBIYHO HECTOXKHO. CyIIecTBEHHO
CJIOYKHEE MOXKET OKAa3aThbCd CJIEAYIOMIWI BOMPOC: a UTO XK€ [e/1aTh, €C/In
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YCJIOBHSI OKA3AJIUCH HEYOBJIETBOPUTEIBHBI — He OTKpbLIcs (daili, He ycra-
HOBHJIOCH COEJIMHEHUE, B JEJIATE]e OKA3AJICA HOJIb —, TO €CTh BO3HUKJIIA Ta
camasi OIMuOOTHAS CUTyaIys’

Muorue cryieHTbl B TaKO# CATYAIluU HOCTYIIAIOT IPOCTO, AEIIEBO U Cep-
JIATO: TEYATAIOT KAKOe-HUOYIb coobienue (ouenb 1acto mpocto "ERROR")
¥ 3aBEPIAIOT BHIMOJIHEHNE MPOrPAMMBbI, HAIIPUMED, BbI30BOM exit (). B pe-
AJbHOM JKU3HU TAKOW BAPUAHT, KAK MIPABUJIO, KATETOPUIECKU HEJIOIYCTHM.
YT06b! TOHATH MPUIUHBI ITON HEIOMYCTUMOCTH, IIPEACTaBbTe cebe, YTO BbI
JIOJITO HAOUPAJIM TEKCT B KAKOM-HHOY/[b TEKCTOBOM PEJAKTOPE, MOTOM IIPH
COXPAHEHUHN CAYY4GUHO BBEJIM HEMPABUIBHOE MMSI JUPEKTOPUN WJIN, HATIPHU-
Mep, TOMBITAJINCh OCYIIECTBUTH 3aNUCh HA 3AIIUIIEHHBIN HOCUTEIb. Kcim
OBbI ABTOP TEKCTOBOTO PEJAKTOPA 00pPA0ATHIBAJI OIMTUOKN «IO-CTYIEHIECKH Y,
mporpaMMa pefakTopa Obl HEMEJJIEHHO 3aBEPIINIACh, YHHUITOXKHUB BCE Pe-
3y/IbTaThl Balre# paborbr. MaaoBeposSTHO, ITO TAKOE MOTJIO ObI BaM ITOHpPA-
BUTHCS.

Bosiee Toro, He Beerma u He Be3jie MOXKHO TAaK BOT MIPOCTO «HAMEYATATH
coobrmennes. Hampumep, npu MpoOrpaMMHUPOBAHUN OKOHHOTO TTPHUJIOKEHWST
mox MS Windows HUKAKOr0 MOTOKA, CTAHIAPTHOTO BHIBOIA B PACIOPS X KEHUN
MPOTPAMMUCTA, HET, TAK 9TO BMECTO MEYaTH HEOOXOINMO CO3aBATH MOIAJIb-
HBI guasior ¢ coorBercrByonmM TekcroMm u kKHonkamu. [log OC Unix Bcé
HE TaK ILJIOXO, MOTOK CTaHJAPTHOIO BBIBOJA €CTh BCEr/A, €CTb JaXKe CIe-
IWAILHBINA TTOTOK JIJIST BBIBOJIA, COOOINEHUi 00 OIMuOKax; mpodaemMa TOJIHKO
B TOM, YTO JAJIEKO HE BO BCEX CJIydYasX pe3yJbTaThbl BHIBOJAA B ITU MTOTOKH
KTO-TO YUTAET, U B HEKOTOPBIX CIIyUaASX CJIELYET BMECTO HUX MOJIb30BATHCS
CUCTEMON YKYPHAJIU3AIUN.

Kpowme toro, se Bce ommubouHbIe cuTyanuu arajabHbl. B BbIMIEymoMs-
HYyTOM MpUMEpPE C PEJIAKTOPOM TEKCTOB B OIIHMOKE, JOMYIIEHHON MOTh30Ba-
TeJIeM, HET BOBCE HUYETO CTPAIITHOIO: HY>KHO MPOCTO KOHCTATHPOBATH (DAKT
omubOKY U HOMPOCUTD IOJIB30BATENsI BBECTHU Apyroe uMs ¢aitia. Toaro Tak
K€ MOXKET He ObITh (haTaJTbHON OMNOKA, CBI3aHHAS C YCTAHOBJIEHUEM CETe-
BOTO COEIMHEHNS, BeJh BO MHOTHX CJIydasX MOXKHO OOPAaTUTHCSA K CEPBEPY-
qy6népy.t azke cHTyaIys ¢ JefeHneM Ha HOJb B HEKOTOPBIX CITYYadxX MO-
JKeT OKa3arbes HedaTaTbHOM, KaK, HAPUMED, IPU UCCJIEOBAHIA HEKOTO-
PbIX HEKOPPEKTHO [HOCTABJIEHHBIX 33184 (OObIYHO B 9TUX CJly4asiX OJIOBHAs
MPOTPAMMA, «3HAET», KAK MOXKHO CKOPPEKTUPOBATH UCXOIHbBIE JAHHBIE, UTO-
ObI M30eKaTh [IE/IEHUsS] HA HOJb, U HYXKHYI0 KOMOWHAIWIO WIIET METOIOM
npob u omuboK).

Haxkomern, 3amernM, 4TO OOWH W TOT K€ KOJ MOXKET HCIOJIb30BATHCS

1Takoe BO3MOMKHO IIPH OBPAIIEHHX K CHCTEME JOMEHHBIX HMEH (DNS), a B HEKOTODBIX
ClIy4dadX — U IPpU OTIPAaBKE SHBKTpOHHOIL/i IIOYThI, ¥ B APYTUX CUTYallUdX TOXKE.
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B COBEPIIEHHO PA3HBIX MPOrPAMMAX, MPUYEM I OJHUX OIMUOKA MOXKET
OKazarTbCs paranbHON, Ui A1pyrux — He crosiied Jaxe ynomuHnanus. Ha-
MpUMep, MHOTHE TPOTPAMMBI BBITMIOJIHSIOT MTOUCK HYKHOTO (baiiia B pa3HbIX
JUPEKTOPHUSIX, TPOCTO MbITASCh €r0 OTKPHITh U MPOJOJIXKAsT MOUCK [TAJIBIIE
MOoCTIe KaxkKA0W HeyJadn; B 3TOM CJIydae OIMHOKa BOOOINE MepecTaér ObITh
OMIMOKOA.

W3 Bcero BbIIIECKA3AHHOIO MOXKHO CIEJIATH OJUH OYEHb CEPbE3HbIA U
BayKHBIN BBHIBOJ: IPUHUMATh PEIIEHUs] O TOM, YTO JeJATh HPU BO3-
HUKHOBEHUM OIMUOOYHON cUTyalluM — 3TO NpeporaTuBa roJOBHOMN
mporpaMMbl. 3aBepiiarh MPOrpaMMy, a TaK¥Ke W BBINOJHATH TeM WJIN
WHBIM CIIOCOOOM BBIIATY COOOIMEHHUiT MOXKET TOMBKO (yHKImI main() u Te
13 BbI3BIBAEMBIX €10 (DYHKIH, KOTOPBIE /sl 3TOrO CIHENUAIBHO [PeIHA3HA-
geHbl. UTO JKe KacaeTcs KOa, He TMOMABIIEro B 3Ty KATErOPUIO, TO €0 JIEJI0
B CJIy9Yae BO3HWKHOBEHHUS OIMMOKH — OMOBECTUTH 00 TOM TOJIOBHYIO ITPO-
rpammy, u He OoJree TOro.

3ByYHUT 3TO JOCTATOYHO MIPOCTO, OJHAKO BCE, KTO UMEET OIBIT IPOrPaM-
MUPOBAHMS JIAXKE HE OY€Hb CJIOKHBIX [MPOrPAMM, 3HAIOT, ¢ KAKUM TPYIOM
9TO BOILJIOIIAETCS HA MPAKTUKE. B MPOCTHIX A3bIKAX MTPOrPAMMUPOBAHUST, Ta~
kux kak Cu nnm Pascal, npuxonurcs u3 byHknuit B cjiy4ae BO3SHUKHOBEHUS
ommOOK BO3BPAIIATH CHEIUAJbHBIE 3HAYEHNUS, 8 B TOYKE BHI30BA, (DYHKIIUH,
COOTBETCTBEHHO, TIPOBEPSITH, HE BEPHYJIA JIU BbI3BaHHAS (DYHKIMS 3HAUECHUE,
coOTBeTCTBYIOIIEe omubKe. B GOIbIIMHCTBE C/IydaeB IIPH TOM BbI3BABIIA
GbyHKINSI, B CBOIO OYEPEIh, BHIHYXKIEHA BO3BPAINAThH MPU3HAK OIHOKYU W
1.1. IIpeacraspre cebe Temeps, uro dyuknus £1() Bor3Baia Gyukiuo £2(),
Ta, B CBOIO OYepenb, dyuknuio £3() u T.4., a B dyaknun, ckaxem, £10(0)
BO3MOXKHO BO3HUKHOBEHUE OIMMOO0YHON curyaruu. Torga Hy )KHO IPeIyCcMOT-
perb 3Ha4YeHuHe, BO3BPAIIAEMOe B ciydae 31oi omubku, B pyukiun £9()
CZIeJIATh IPOBEPKY U B CJlydae OIUOKH, B CBOIO OY€Pe/ib, BO3BPATUTH HEYTO
OmMmOOYHOE, U TAK BO BCEX (DYHKITUSIX.

Teoperndeckn MMEHHO TaK BCE W OJI2KHO JI€JIATHCH, BCE BO3MOXKHBIE
OIUOOYHbBIE CUTYAIMU JIOJXKHDBI TPOBEPATHCSA U T. ., HO HA MPAKTUKE aKKYy-
parHoe cobmiozeHne TpeboBaHuili Mo 0OpaboOTKe OMMUOOK MOXKET OKA3aThCHA
HACTOJIBKO TPYJIOEMKHM, UTO MPOTPAMMHUCTHI TPUOETAIOT K W3BECTHOMY «aJI-
FOPUTMY DEIEHUs BeeX mpobyiem», a uMeHHo — (1) momHATH BBEpX MpaByio
PYKY u (2) pe3Ko MaxHyThb €10, OJHOBPEMEHHO IIPOU3HOCH YTO-TO BPOJE <a,
nmanuo». Ecth naxke nryrodnas ¢gppasa HA ITY TEMY: «HUKOTIA He TPOBepsiTe
Ha OIMMOKHU, KOTOPBIE BbI HE 3HaeTe, Kak 00paboTaTh».

Pasywmeercst, Takoe 0b6braaO gapom He mpoxomguT. Omubka, KOTOPYIO He
craan 0O0pabaTHIBATE B HAMEXKIE, UTO OHA HHUKOTIA HE MPOM30MIET, TIpPO-
SIBUTCSA B CAMBIN HEMOIXOAAIIANA MOMEHT, MPUYIEM YeM JAJIbINe HAXOIUTCS
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3aKa34uK U 4eM OoJiblie JE€Her OH 3allJIaTHhJI, TeM BbIII€ BEPOATHOCTb, YTO
HAIla TPOrpaMMa CJIOMAaeTCd UMEHHO Yy HETrO.

Nmenno IIO3TOMY BO MHOI'HX #A3bIKAaX IIPEAYCMOTPEHDI ClienuaJIbHbIE BO3-
MOXKHOCTH JIjisi 00paboTKu Omnrmbounbix curyanuii. B sa3eike Cu++ coor-
BETCTBYIONIMI MEXaHU3M HA3BIBAETCA 00Pabomkoli uckarowerudi (aHr.
exception handling).

§7.1.2. Obmiag uaeda MexXaHU3MAa UCKJIIOYEHUH

OrmernM emmg oauH HEIOCTATOK WCIOJB30BAHUS CIIENUAIBHBIX BO3BPA-
MAEMBIX 3HAYEHUH JI9 WHAWKAIWH OMmuOKku. B HEKOTOpPBIX Caydasx cpe-
¥ BCEX 3HAYEHUI BO3BPAIIAEMOro (DYHKIHEH TUIA MPOCTO HET HU OTHOTO
HEHCIIOIb3YEeMOr0; OTTUIHBINA IPUMED TAKOro poja GpyHKIuT — atoi (), me-
PEBOJISINAS CTPOKOBOE TIPE/ICTABJIEHUE TIEJION0 YUCIa B 3HAYEHUE THIIA int.
Bossparaer ona, ecrecrBeHHO, YUCJIO TUIIA int, & MOCKOJIbKY JII0O0E TAKOEe
YHUCI0 MMEET CTPOKOBOE TPEJICTABJICHNE, TO W BEPHYTH (IIPH OTCYTCTBUU
Kakux-jiubo omuboK) OHA MOXKeT, BOOOINE IrOBOps, JH000€ 3HAUYEHHE THIIA
int. B To ke Bpems BO3MOXKHO, 9TO B CTPOKe, MOJAHHON atoi Ha BXOI,
COEPIKUTCST TEKCT, HE SIBISIOMIUNCS TPEICTABIEHUEM KAKOro-Tubo qucia
(naupumep, cocrodwmii uz 6yks, a He u3 uudp). B s10it curyauuu pas-
paboTunku (HYHKINN PEIuIn, 38 HENMEHUEM JIy4Iero, BO3BPAIATh HOJb,
HO 3TO HE permraeT TpodIeMy, BeIb MOJIyIaeTcs, YTO (DyHKIMS BO3BPAIIAET
OJIHO W TO XK€ W /I CTPOKH, cozepzkaiieit 6enudbepay, u mjis crpokua "0",
KOTOpasl SBJISIETCS BIOJHE KOPPEKTHBIM TIPEICTABICHHEM YUCIIA.

OTO NPUBOJAUT HAC K UIEE UCKAOUEHU, KOTOPOE MpEeJCTaBiser coDoi
0cobuili cnocob 3asepuwenus Pynryuu. Takum o6pasoM, eciu B S3bIKax, HE
TTOAJIEPIKUBAIOIINX MEXAHU3M HMCKJIIOY9eHuH, (DYHKIMsS MOTJIA TOJBKO BEp-
HYTh OHO W3 BO3MOXKHBIX 3HAYEHUN, TO B SA3BIKAX, MOIIEPKUBAIOIINX HC-
KJTIOYeHust, (DYHKIMSA MOXKET JuO0 BEPHYTh 3HAYEHUE, 00 8036ydumvb
UCKAIOUEHUE .

OTmMeTUM B 3TOM CBSA3M, YTO UCKJIIOHEHNSI BOBCE HE SIBASIIOTCSI COCTABHON HacCTblO
napagnurmeol OG'beKTHO—OpI/IeHTMpOBaHHOI'O AporpaMMmnpoBaHns, Kak 3TO NOYEMY-TO
4acTo yTeepxaaeTcs. Hanpotus, OHM CKOpee OTHOCATCS K (DYHKLMOHANILHOMY [PO-
rpammupoBaHuio; HebesbizBecTHasi pyHKuMsi callcc, NOAAEPXKNBAEMasi BO MHOIMMX
PYHKLNOHANBHBIX si3bIKax, NPeacTaBnsieT coboli HNYTO MHOEe Kak 0boblieHne mexa-
Hu3ma unckntoydeHuii; B sassike Common Lisp, He nmetowem callcc, npyn 3TOM nme-
IOTCA, TEM HE MEHEE, KOHCTPYKL NN, COBEPLUEHHO aHAJIOTNYHbIE KOHCTPYKUNAM o6pa-
60Tkn nckntodermnii Cu++.

Bo30y:kmenne NCKIIIOUEHNsT O3HAYAET, HA CAMOM JIEJIe, TIEPEXO]] IIPOrPaM-
MBI B 0CO00€ COCTOSIHHE, B KOTOPOM BCE AKTHBHBIE HA HACTOAIINN MOMEHT
dbyHKIINK JOCPOIHO 3aBEPIIAIOTCS OHA 33, APYTOM, TIOKA HE HANIETCS Takasd,

69



KOTOPAask MOYKET CIPABUTHCSA C JAHHBIM TUIIOM UCKJIIOYUTEbHBIX CHUTYAIUI.
Yrobbl OHATH, O 96éM UAET PEYb, BCIOMHUM CUTYAIUIO, PACCMATPUBABIILY IO
cs B peapiaymem naparpade: dyukmus £1() se3pana dyukmuo £2(), Ta,
B cBOIO o4epenb, byaknuio £3() u T.a. Butoth 10 £10(), T1e u BO3HUKAET
ommbKa. Ilpu 3TOM HaM COBEpIIEHHO HE 00sA3aTENbHO Je/1aTh KaKHe-Trdo
npoBepku B ¢pyHKIuax £9, £8 u T.11., BIIOJHE TOCTATOTHO TIOMETUTD, HAIPH-
Mep, MyHKIUIo £1 KaK yMEOILYIO CIPABIATHCHA C JAHHBIM THIIOM OIIUOOK.
Torna mpu BO3HWKHOBEHWHW OIMUOKKW BO BpeMmsi ucnojaHerus £10 Oymer 3a-
BepIIeHA JTOCPOYHO U OHA CaMa, W BhI3BaBmiasd €& dyuknug £9, u £8, u Tax
BIJIOTH 10 f1, KOoTOpas u obpaboraer ommoOKy. VlHade roBops, eciu HeKas
dyuknust g() Bb3BIBaer apyryio gynkiuio h(), a sra nocaeaHss Bo30y-
2K/laeT WCKJIoYeHwue, ajs kKoroporo B g() mer obpaborvymka, TO 3TO IKBU-
BaJIEHTHO TOMY, Kak ecan Obl dbynkuns g() cama Bo30Oyamaa TO ¥Ke caMmoe
WCKJIIOYeHne, He Bbi3biBasg h().

WNuorma Bcio obpaborky omubok memaior B ¢dyukiun main (). Ouna mis
9TOr0 yA00HA, MOCKOIBKY OCTaéTCsl AaKTUBHOM BCE BpeMs MCIOJHEHUS MPO-
IrpaMMbI? M, TaKuM 06pa3oM, MOXKeT 06paboTaTh UCK/IIOYEHUE, BO3OY K I8H-
HOE B MPAKTUYIECKH JIFOOOH YACTH MPOTPAMMBL.

§ 7.1.3. Bo30y>kaeHue NCKJIIIOYeHTit

[Ipn BOSHUKHOBEHWM CATYaIlMH, TPAKTYEMOH KaK OIMMO0YHAS 1 TPEOYIO-
masg 06paboOTKU B KAYECTBE HCKJIIOYUATEIbHOM, CllelyeT 8030Y0umb UCKA0-
wenue C IOMOLIBIO oueparopa throw (anri. 6pocums). ¥ 3roro omneparopa
WMEeTCsT OIMH MapaMeTp, B Ka9ecTBe KOTOPOTO MOYKET BBICTYMATh BhIPAsKe-
HUE, BOOOIIE TNOBOPS, MPOU3BOJBLHOTO THIA, B TOM YHCIE Kak Jroboro Ga-
30Boro (int, float, ...), Tak u MpPOU3BOAHOrO (yKa3arTejb U T.II.), & PABHO
U OIPEJESIEHHOIO TOJIb30BaTesieM (B TOM 4YUC/Ie, YTO HEMAJIOBAXKHO, THIIA
KJacc wiu crpykrypa). Tun Bbipakenus B omneparope throw Oyuem Ha-
3bIBATL TNUNOM UCKANOYEHUS, 8 3HAYECHUE BbIPAKEHUS — 3HAYEHUEM
UCKAIOUEHUS.

i mpumepa paccMoTpuM (hyHKIIUIO, KOTOPAs MPUHAMAET Ha BXOJ HMST
(rekcroBoro) daiisa, a BO3BpaIaeT KOJIMIECTBO CTPOK (T.e. CUMBOJIOB [epe-
BOJa CTPOKU) B 31oM daiine. Curyanus, korga daili e yaanoch OTKpbITh,
JLJ1st TaKOM (PYHKLMU OKA3bIBAETCH 3aBEIOMO UCKIIOUNTEILHO; B 3TOM CJly-
qae B s3bike CM HAM NPHUIILIOCH OB BO3BPAIIATH CIENWAJLHOE 3HAYCHHE
(mampumep, -1), a Ipu BBI30BE IIPOBEPSTH, HE €ro Jiu BepHyJa dyHkims. B

2CTporo TOBOPS, 3TO HE COBCEM TaK, MOCKOJNBKY €CTh eIr8, HaIpUMep, KOHCTPYKTOPE!
U JIECTPYKTOPHI II06aTbHEIX OO0BEKTOB, KOTOPble OTpabaThIBAIOT, COOTBETCTBEHHO, 10 U
nocse ¢dpyuknuy main(), HO B HEKOTOPOM IPHOIUKEHUU MOXKHO STUM IpeHeOpetb.
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Cu++ 3T0 MOXKHO CIEJIATh IIPOLIE:

unsigned int line_count_in_file(const char *file_name)
{
FILE *f = fopen(file_name, "r");
if (1f)
throw "couldn’t open the file";
int n = 0;
int ¢ = 0;
while((c = fgetc(f)) !'= EOF)
if(c == ’\n’) n++;
fclose(f);
return n;

}

B 9TOM mpumepe MbI B KA4eCTBE UCKJIOYEHUS «OpOCHIN» CTPOKY (TOUuHee,
aJpec eé HavaJsla, T.e. yKa3aresb Tuna const char*). Mbl moriau 661 «Gpo-
CHTBh» BBIPAXKEHWE JIPYTOr0 THUIA; HANPUMED, CJAELyIomuil oneparop «6po-
caeT» MCKJIIOYEHUe THIA int:

throw 27;

Yarre, 0HAKO, B POJIM UCKIIOYEHU BHICTYMAIOT O0OBEKTHI CIENUAIHLHO BBE-
JEHHBIX JIJIS 3TOMH IeJIM KJIACCOB; pedIb 00 9TOM MONIET BIEpeIn.

§ 7.1.4. O6paboTKa UCKJIHOYEHII

O6paboTKy HCKIIOUUTESbHBIX CUTYalWii CJIEyeT [IPEyCMATPUBATD,
€CTECTBEHHO, TOJIBKO B T€X MECTAX, B KOTOPBIX Mbl MOXKEM C COOTBETCTBYTO-
mieit curyanueii cnipaBuThesa. Tak, ecin gajdbHeas paboTa mocie BO3HUK-
HOBEHUS UCKJIIOYUTEHHON cuTyamnnn TpedyeT oOpalneHus K moIb30BATENIO,
TO 0OPAOOTKY TAKON CHTyAIMHU CJIeIyeT BCTABUTHh B OXHY W3 (DYHKIHIA, Ha-
JIEJIEHHBIX [IPABOM BECTHU JMAJIOl C [OJIb30BareaeM (BO3MOXKHO, B (DYHKIMU
main).

OO0mwmit TpUHITUIT OpraHu3anuu 00PAbOTKY UCKIUEHU TakoB. 3 mpo-
TPAMMBI BBIIEJISE€TCS HEKOTOPBIH OJIOK KO/, HCIIOJTHEHNE KOTOPOrO, TTPEITIO-
JIOXKUTEIHHO, MOYKET MPUBECTU K BOSHUKHOBEHUIO MCKJIIOYUTEIbHBIX CUTYa~
uit. AToT OJIOK SIBHO BBLIEIAECTCA U CHAOKAETCS OXHON WJIM HECKOJbKUMU
MHCTPYKIMAIMHA O TOM, KaK HEOOXOAMMO JEHCTBOBATH IIPU BO3SHUKHOBEHUU
WCKJIIOYEHHUsT TOTO WM WHOTrO Tuma. [Ipw 3TOM Takme WHCTPYKIUK JeiCTBY-
IOT B OTHOIIIEHUU WUCKJ/IIOYEHWI COOTBETCTBYIOIIUX THUIOB, BOSHUKIINX B
mporpaMMe ¢ MOMEHTa BXO/Ja B OMEYEHHbIN BJIOK U JI0 MOMeEHTa
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BBIXOJZIa W3 HETrO, B TOM 4nCje B (DYHKIMIX, BHI3BAHHBIX U3 OJIOKA [IPAMO
i KocBeHHO. [U1ybuna BbI30BOB B JJAHHOM CJly4ae POJIM He UrPAeT.

st momeTku GJIOKA C MeJIbI0 00pabOTKU MCKIIOUNTEILHBIX CUTYAIWIA B
Cu-++ ucnosb3yercst KJII0UeBOe CJI0BO try (AHTJI. nonwimamosea), 3a KOTO-
pPBIM ciielyeT COOCTBEHHO OJIOK, TO €CTh IMOCJIEI0OBATEILHOCTH OIIEPATOPOB,
3akiodennas B ¢urypabie ckoOku. Cpaldy mocie try-0/10Ka HeoOXOIuMO
[MOMECTUTH O/iuH Win Hosibiie 06pabomyuukos uckaroweruti. O6paborank
WCKJIIOYEHUH CHHTAKCUIECKH HECKOJIBKO HATIOMUHAET (DYHKITUIO C OTHUM T1a-
PaMeTpPOM, XOTs ITO TOJHKO BHEITHEE CXOJCTBO; HA CAMOM JeJie, 00paboTInK
HAUUHAETCH C KJIIOYEBOro CJIoBa catch (auryi. notimams), cpasy mocje Hero
CTaBATCSA KPYIJIble CKOOKHU, BHYTPH KOTOPBIX — Omucanue (popMaibHOro mna-
pamerpa (TOYHO TaK, KaK 9TO JEJAeTCd [PU OLUCAHUUA (DYHKIUU C OJHUM
napamerpoMm). Tum napaMerpa 3aJaET TUI 00pabATHIBAEMOrO UCKIIOYEHHS,
a 110 UMEHHU MTapPaMeTPa MOXKHO TOJIYIUTh JOCTYI K 3HAYEHUIO MCKIIIOUEHMUS.

s mpuMepa TpunoMHUM (DYHKITHIO U3 TPEIbIAYINEero naparpada, moi-
CYUTHIBAIOIIYIO KOJMIECTBO CTPOK B haiisie, U HA OCHOBE 3TOH (yHK-
AW HANWIIEM [POrPaMMy IIEJIMKOM. DByaem cuutarb, 910 QOYyHKIHS
line_count_in_file HaxoaurTcd B OTJEJIBHOM MOJYJIE, TAK 4TO B IPOrpaM-
M€ HaM MOTPebyeTcst TOJIBKO €€ TPOTOTHII.

#include <stdio.h>
unsigned int line_count_in_file(const char *file_name);
int main(int argc, char **argv) {

if(arge<2) {
fprintf(stderr, "No file name\n");

return 1;
}
try {
int res = line_count_in_file(argv[1]);
printf ("The file %s contains %d lines\n",
argv[1l], res);
}

catch(const char *exception) {
fprintf(stderr, "Exception (string): %s\n",
exception) ;
return 1;

}

return O;
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Ora mporpamma, ecim BCE Oyger B HOpsjke, Hamedaraer ums daiina u
KOJIMYECTBO CTPOK B HEM; €CJIM K€ OTKPBITH (hailyi He ynacrces, QyHKIms
line_count_in_file mepeBesEéT MpOrpaMMy B COCTOSTHUE UCKITIOYUTETHHOMN
CUTYAIUH, & COOTBETCTBYIOINIHT 00paboTynK OyaeT HaliaeH B (hpyHKIMK main.
Hu ocrarok dyrkiuu line_count_in_file, Hu ocTaToK try-00Ka B 3TOM
CJlydae BBINOJTHATHCA He OyAyT, yIpaBIeHHE OKAXKETCS Cpaly MepelaHo B
obpaboruuk (catch-610K).

B sToM mpuMmepe HCKIIIOYEHHE MOXKET BO3HUKHYTH B (DYHKIIMH, HEIO-
CPEJICTBEHHO BBI3BAHHON U3 try-0/I0Ka, HO HA CAMOM JeJie 9TO He BarXKHO:
C TAKHM K€ YCIIEXOM OHO MOIJIO BO3HUKHYTH B (DYHKIMH, BbHI3BAHHOW W3
line_count_in_file, u 1.4, Ha J100yI0 TyIyOUmHY.

ObpaTuTe BHUMAHWE, YTO Mbl B JAHHOM CIIy9ae <«JOBUM» HUCKIIOYEHUE
const char *., a He npocro char *, OCKOJIbKY UMEHHO Takol Tuil (yKa3a-
Tesib Ha KOHCTauTy Tuiia char) umeer B Cu u Cu+-+ CrpokoBblil iurepan —
CTPOKa, 3aKJIIOYEHHAS B JBOWHbBIE KaBbIYKW. Ecan ybparh Mommdukarop
const, UCK/IIOYEHNE TIOHMAHO He OyIeT.

B paccmoTpernnom npuMepe MbI IPeIyCMOTPETNA BCEro OMuH 00paboTInK
uCKIroUeHus, xorsd 36k Cu++ JOIyCKaeT NPOU3BOJBHOE UX KOJUYECTBO
(ne menee ozmHoro). Ecim Ob1 m3 Hamero try-6710ka BBI3BIBATIOCH GOJBINE
GbyHKINNE W TOTEHIIHAJIBHO OHH MOTJIN ObI MPUBECTH K WCKJIIOYUTEIbHBIM
CUTYAIUsIM JPYTUX THUIOB, MBI MOIJIM Obl HANMCATH YTO-TO BPOJIE CIEIYIO-
Iero:

try {
/] ...
/] -=//--
/...

}

catch(const char *x) {
/] ...

}

catch(int x) {
/...

}

B,HeCB BAa’KHO MOHUMATH HECKOJILKO MMPOCTHIX TTPAaBWJI:

e O6paboTunku (catch-6/10Ku) paccMaTpUBalOTCS MO MOPSIKY,
OJIVH 3a ApYyrumM, mpudémMm cpaboTaTh MOXKeT TOJIBKO OAWH W3
HUX, WM HU OJHOrO. JTO 3HAYUT, B YaCTHOCTH, UTO THUCATH IBA
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06paboTINKa, OJHOTO THIIA MW THUIOB, CBOAUMBIX OJHH K APYyromy,>
HET HUKAKOI'0 CMbIC/JIA.

e O6paboTYnK MOKeT MOoNMATh TOJIBKO MCKJIIOUeHWE, BO3SHUK-
mee Bo Bpems paGoThl cooTBeTCcTBYIIOINEro try-6ioka. B uacr-
HOCTH, 0OpabOTUYMK HE MOXKET MOoiiMaTh MCKIIYEHNE, KOTOPOEe BHLIOPO-
CHUJI OJIVH U3 TPEIBIIYIIIX 00PA0OTINKOB.

e Eciim uckiaouyenue He moiiMaHO HU OJHUM U3 0OPaBOTYMKOB,
OHO «BbIOpackIBaeTcs» JIAJIbIEe, KaK ecju Obl pparMeHT Koja,
B KOTOPOM WCKJIIOUYe€HWEe BO3HHUKJIO, BOBCe He ObLI 0O0pamMIéH
HUKaKuUM try-6jgokom. Takum oOpa3oM, HA I[IyTH OJHOIO HCKJIIO-
YEHHMS MOXKET OKAa3aThbCs HECKOJIbKO try-0JI0KOB, KaK Obl BJIOXKEHHbBIX
JIpyr B Apyra (BO BCAKOM CJIydae, B CMbIC/IE BPEMEHHBIX [EPUOJIOB UC-
HOJIHEHHUS ), U B HEKOTOPHIX M3 HAX MOXKET HE OKA3aThCsl MOIXO/IAIIE-
ro obpaborunka. B TakoMm caydae mocpodHOe 3aBepIleHne aKTHBHBIX
byHKIME ¥ yHHYTOXKEHUE CTEKOBBIX (DPEHMOB MTPOIOJIZKACTCS JATBIIIE,
oka e Oyzer Hafizen try-6J0K ¢ HOAXOaANIUM 00PAOOTINKOM.

§ 7.1.5. O6paboTyuku c MHOTOTOYMEM U throw 6e3 mapa-
METPOB

B HEKOTOPBIX CIIydasix OKa3bIBAETCA OCMBICTIEHHBIM 00pabOTIHK, CIIOCO0-
HBIIl TOMIMATH NPOUIBOABHOE UCKAIOUEHUE HE3ABUCUMO 0Mm e20 muna. Takoii
00pabOTYNK 3AIUCHIBACTCHA TAK K€, KAK U OOBIYHBIN, TOJBKO BMECTO THIIA
WCKJIIOYEHUST U UMEHU TIapaMeTpa B CKOOKAX yKa3bIBaeTcs MHOroToune. Ko-
HEYHO, 3HAYEHNE UCKJIIOUEHNS B 9TOM CJIy9ae UCIOJIH30BAHO OBITH HE MOXKET,
HO B HEKOTOPBIX CJIy9asiX 3TO U He BaxKHO. Hanpumep, eciu MbI MOIKIII09aeM
K HaIlreil mporpaMMe MO/YJIH, HAIMCAHHBIE IPYTUMHA IPOTPAMMUCTAME, U HE
YBEPEHBI B TOM, YTO HAM MU3BECTHBI BCE THIIbI UCKJIOYEHUN, [eHePUDPYEMbIe
TAKUMU MOJIYJISIMUA, MOYXKET OBITh HEMJIOXOM West PACIOJIOXKUTH B (DYHKIUN
main TPUMEPHO TAKOH try-OJIOK:

int main() {

try {
// 3mech mmmeM Bech KOZ TJIaBHOM QyHKIUM
return O;

¥

3TIpasusa npeo6pa3oBaHust THIOB MPH 00PABOTKE MCKITIOMEHHH HEeCKOTBbKO OTIHYa-
IOTCSI OT IPABUJI, IPUMEHIEMBIX IIPU BBI30Be (DYHKIMIH; MBI PACCMOTPUM 3TH IIPABUJIA B
OJHOM HU3 CJeLYIOmuX naparpados
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catch(const char *x) {
fprintf(stderr, "Exception (string): %s\n", x);
}
catch(int x) {
fprintf (stderr, "Exception (int): %d\n", x);
}
catch(...) {
fprintf(stderr, "Something strange caught\n");
}
return 1;

}

B ob6paborunkax MCKIIOYEHII MOXKHO HCITOIB30BATH CHENUAIBHYIO (hop-
My ormeparopa throw, a *MEHHO — HAMKUCATH STOT OMEPATOP O€3 MapaMeTpPOB.
9TO 03HAYAET «OPOCHUTH TO MCKJIIOUEHHNE, KOTOPOE TOJBLKO YTO ObLIO MMofiMa-
HO». Takoil BapmaHT OCOOEHHO aKTyaJeH B 00pabOTIMKAX ¢ MHOTOTOUHEM,
ITOCKOJIbKY B TAKMX 00pPAaDOTYMKAX y HAC HET JOCTYIA K CAMOMY KCKJIIOYe-
HUIO.

Wcnonw3oBanne crenuaabHoi (GopMbl throw MO3BOJISET, KPOME MPOUe-
10, MONMATh UCKJIOYEHNE TTPOU3BOILHOIO THUIIA, BHITIOJHATH KAKUE-TO J€ii-
CTBHS, TIOCTE Yero OPOCUTH UCKIIOYEHHE MATBINE. JTO MOXKET OKA3ATHCS
[TOJIE3HBIM, €CJIM B HAIIEM KOJIE JIOKAJIHHO 3aXBATHIBAIOTCS T€ WJIM WHBIE De-
cypcbl (BbLIeJISleTCs aMsATh, OTKPbIBAIOTCs (Dailyibl ¥ T.11.) M UX CJeIyer
0CBODOINTD, Tpexkie deM (DYHKIUS OKAXKeTCs 3aBepieHa. Paccmorpum mjist
npuMepa (DYHKINIO, B KOTOPOil BBIIEISIETCS IUHAMUYIECKUA MACCUB IEJIBIX
qUCET:

void f(int n) {
int *p = new int[n];
// Bechb ocTambHO# Koz (PyHKIMU
delete[] p;

}

Eciin Bo Bpems BBINOJHEHUs KOJA, HAXOMAIIErocs Mex/ly new u delete,
BO3HUKHET WCKJIIOUYeHne, T0 delete He OymeT BBIMOJHEH W MaCCHUB, HA KO-
TOpPBIN yKa3biBaJl p, OyJIeT NpoJo/KaTh 3aHUMATh MaMATh (TO €CTh CTaHET
mycopom). IIpobiema cHuMaeTCs, €Cjii BECh TOT KOJ 3aK/IOYUTh B try-
OJI0K, TTOCTIe KOTOPOTO €CTh 0OPabOTIMK /I MCKJIIOYEHUit TPOU3BOILHOTO
THIIA, KOTOPBIH, Ipex/ie 4eM OPOCUTH MCKJIIOYEHHE JTAJIbIe, OCBOOOXKIAET
TaMsTh:

void f(int n) {
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int *p = new int[n];
try {
// Bechb ocTambHO# KoZ PyHKIUU
}
catch(...) {
deletel[] p;
throw;
}
delete[] p;

§ 7.1.6. OO6BbeKT KJacca B POJIM UCKJIIOYEHUS

OOBIYHO TIPM BO3HUKHOBEHUUW HCKJIIOYUTE/HHON CHATyallud BO3HUKAET
XKeaHue mepesarbh o0pabOTIMKY MAKCHMyM HHQPOPMAIMH O BO3HUKIIIX
TpyaHOCTSAX. BCTPOEHHDBIE THIIBI JJAHHBIX [JIOXO MPUTOAHBL st 3Toro. Jleii-
CTBUTEJIBHO, B PACCMOTPEHHOM BbIIIE HPUMEDE ObLIO Dbl HEILJIOXO HEePEIATh
00paboTYNKy HE TOJIHKO TEKCTOBOE coobimenne «couldn’t open the files, mHo
u nMms daiia, ¥ 3HAYEHNE MEPEMEHHONW errno Cpal3y MOC/I€e BBIMOJTHEHWS
fopen, KOTOpOE MOXKET TIOMOYb B aHau3e npobaeMbl. Mbl, OIHAKO, OTDAHU-
9UIACH B IIPUMEPE OJHOM CTPOKOBOI KOHCTAHTOM, 9TOOBI HE (POPMHUPOBATH
CTPOKY, COJAEPKAIILYIO BCIO IEPEYUCTIEHHYT0 HH(OPMAIUIO — BE/b ITO [OTPE-
00BaJI0 OBl 3HAUUTEILHOTO YBEJIUYEHUS KOIA U CO3JAJIO ObI ONMpEeIeIEHHbIE
TPYAHOCTH C OCBOOOXKJIEHWEM MaMsSTH OT TAKOW CTPOKHU, MOCKOJBKY CaMy
CTPOKY MPHIIJIOCH OBl CO3aBATh JMHAMUAYECKH.

Kpowme toro, ectp u emé omua mpobaema. IIporpaMma MOXKET HCIOIb-
30BATh HECKOJIBKO OMOJIMOTEK, IPUYEM U3TOTOBJIEHHBIX PA3HBIME [IPOU3BO-
JUTEJISIMHU; TaK¥Ke MPOrPaMMa MOXKEeT ObITh PA3/e/ieHa Ha HECKOJbKO MOI-
CUCTEM, CO3aBAEMbIX DOJiee WM MeHee He3aBucuMoO. B Takoil curyamuwm
BEChbMAa 2KEeJIATeIbHO MMETh HEKH YHUBEPCAJBHBIN CIIOCOO pa3iesieHus uC-
KJIIOYEHU 1O NPU3HAKY WX BO3HUKHOBEHHWdA B TOW WA WHOU IMOJACHCTEME
nporpamMMbl win 6ubanoreke. BeTpoeHHDBIE THIBI Jj1sT 9TOrO HE MOIXOIST
COBCEM, TTOCKOJIbKY Hesl UCIOJIH30BAHUS TE€X YK€ TEKCTOBBIX CTPOK B KaUe-
CTBE MCKJIOYEHUN MOXKET NPUUTH B T'OJOBY OJHOBPEMEHHO aBTOPAM Cpa3y
BCEX WCMOJIb3yeMbIX HAMU OMOJIMOTEK U TOJOBUHBI HAIIMX TOICUCTEM.

NmenHo mosToMy [alie BCero B Ka4ecTBe THUIIA UCKIIOYEHUs BHICTYIAET
CIENUATBHO JIJIs ITOM 1EJIU OMUCAHHBIN KJIACC, & 3HAYEHUEM UCKIIIOYCHUT —
COOTBETCTBEHHO, OObEKT TAKOI'O KJIACCA.

C omHO# CTOPOHBI, B O0BEKT KJIACCA MOXKHO MOMECTUTH BCIO HHGMOPMA-
M0, KaKas HaM TOJBKO MOXKET TOKA3aThCs TOJIE3HOH IJIsi 00pabOTINKA;
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JIeiCTBATENIBHO, HUKTO BeJb HE MEIIAeT OMUCATH B KJIACCE CTOJBKO MOJeid,
CKOJIBKO HAM 3aX04eTCs.

C npyroit CTOpOHBI, KaXKIas TOACUCTEMA U KarxKaasi OnOIMoTeKa B 3TOM
CUTYyaIlu’, CKOPEe BCErO, BBEIET CBOU COOCTBEHHBIE KJTACCHI I TPEICTABIIE-
HES HCKII0OYeHni. B romoBHoit mporpaMmMe MbI CMOXKEM 00pabaThIBATH TAKHE
KJTACCHI OTAETbHBIMEA 00PabOTINKAMHE, ITO TO3BOHUT Pa3IeuTh 00PabOTKY
UCKJTIOYEHUH, CTeHEPUPOBAHHDBIX B PA3HBIX MMOJICUCTEMAX HPOIPAMMBI.

OrmeruMm onwH OYeHb BaXKHBIM MOMeHT. Kak mpaBuiio, BLIOPACHIBAEMBIit
B KQYECTBE WCKJIIOUEHNS O0BEKT CO3MAETCsT JIOKAIBHO. JIOKAIbHBIE 00BHEK-
ThI, €CTECTBEHHO, UCYE3AI0T BMECTE CO CTEKOBBIM (bpeiiMoM cO3maBImeil mx
GYHKINN; TAKAM 00Pa3oM, TOT 00bEKT, KOTOPBIA «IoiiMaeTcsa» B 00pabOT-
YUKe MCKJIIOYEHHs], 3aBEJIOMO HE MOXKET OBbITh TeM YK€ IK3EMILISIPOM O0beK-
Ta, KOTOPBIH (GUTypupoBas B oneparope throw, u sBJIsSETCs, KaK HETPYIHO
Joragarskes, ero komwueit. [loaTomy mpakTMyeckn Bcerjia B Kjacce, WC-
MOJIb3YE€MOM JJisi HCKJIIOYEHUH, 06si3aH IPUCY TCTBOBATH KOHCTPYK-
TOp KONUPOBAHUS.

st mprMepa OnuIneM KJIacc, 00bEKT KOTOPOro ObLIO0 ObI yI0OHO HCIIOb-
30BaTh B KAYECTBE UCK/II0UeHNs B Hareil pyuknun line_count_in_file().
O6mbexT Kiracca Oyaer XpanuTh uMst ¢haiijia, TEKCTOBbIA KOMMEHTapuil (3ToT
KOMMEHTAPUH TTOMOXKET TOHSITh, B KAKOM MECTE MPOrPAMMBI TPOU3OILIA
omubKa) u OyseT 3aI0MUHATH 3HAYEHKE TJI0DATBHOl epeMEeHHON errno Ha
MOMEHT CO3JaHusa 00beKTa. LI KONUPOBAHUS CTPOK MbI OIUIIEM B IIPUBAT-
HOI 4aCTH KJ1acca BCIOMOraTe/bayio pynkiuio strdup?; mockobKy gocryn
K OOBEKTY eil He HyKeH, OMuIleM eé ¢ KBaanuduKaTopom static.

class FileException {
char *filename;
char *comment;
int err_code;
public:
FileException(const char *fn, const char *cmt);
FileException(const FileException& other);
“FileException();
const char *GetName() const { return filename; }
const char *GetComment() const { return comment; }
int GetErrno() comnst { return err_code; }
private:
static char *strdup(const char *str);

43r1a Pyuxnmsa GymeT MOJHOCTHIO AHAJIOTHYHA, OJHOMMEHHON (DYHKIWH M3 CTAHIADT-
HOll OGubsmoreku Cu, HO OymeT HCIOJB30BATH [Jjid BBIJEJEHHsS MaMATH new[], a He
malloc()
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};

Onucanusi KOHCTPYKTOPOB, AECTPYKTOpa u (yHKIWM strdup BhIHECEM 34
npenesbl 3arojioBKa Kjacca:

FileException: :FileException(const char *fn,
const char *cmt)

{
filename = strdup(fn);
comment = strdup(cmt);
err_code = errno;

}

FileException::FileException(const FileException& other) {
filename = strdup(other.filename) ;
comment = strdup(other.comment) ;
err_code = other.err_code;

}

FileException:: “FileException() {
delete[] filename;
delete[] comment;

}

char* FileException::strdup(const char *str) {
char *res = newl[strlen(str)+1];
strcpy(res, str);
return res;

}

Temepb MBI MOXKEM M3MEHHTH HAYAI0 PYHKIUU line_count_in_file
(cM. crp. 71) Ha ciepyiomiee:

unsigned int line_count_in_file(const char *file_name)
{
FILE *f = fopen(file_name, "r");
if(tf)
throw FileException(file_name,
"couldn’t open for line counting");

//

Yro kacaercs 06paboTK TAKOrO UCKJII0YeHus, 7o obpaborurk (catch-6J10K)
Ternepb MOXKET BBINJISI/IETh, HAIIPUMED, TaK:

catch(const FileException &ex) {
fprintf(stderr, "File exception: %s (%s): %s\n",
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ex.GetName(), ex.GetComment(),
strerror(ex.GetErrno()));
return 1;

§ 7.1.7. ABroMmaTndyeckass O4nCTKA

B npumepe, paccMOTpeHHOM HA CTP. 75, MbI OBLIN BBIHYKIEHBI TEpe-
XBATBIBATh W ITOTOM 3aHOBO «BBIOPACHIBATHY HCKJIIOYEHHUsT ITPOU3BOJIHLHOTO
BHUIA, 9TOOBI 00ECIIeYNTh KOPPEKTHOE yAATEHNE JIOKATHHO BBIIEICHHON /T1-
HaMUYECKOU IaMATH.

K cuacrbio, Tak mpuxoauTcs AeficTBOBATH He Bceraa. Pabora ¢ nckiroue-
HUSMHU U3PSIHO 0OJIErdaeTcss TeM, 9T0 KOMIUJISATOP TapaHTHPYeET, 4YTO
npexjae, yeMm (yHKums 3aBepimmrTcs (M0 HMCKIIOYEHUIO JIM WA
OGBIYHBIM IIyTEM), JJIsl BCEX JIOKAJIBHBIX 00'bEKTOB, UMEIOIIMX Je-
CTPYKTOPBI, 3TA AECTPYKTOPHI OYyT KOPPEKTHO BbI3BaHbI.

IIycTs, Hampumep, uMeeTcs KIacc A, CHAOKEHHBIN HETPUBUAJIBHBIM JI6-
CTPYKTOPOM, U OMUCaHa, (DYHKIWS

void £() {
A a;
//..
g0
//..

}

B momenT 3aBepmienust paborsl dyukimu £ () s o0bekTa a OyaeT BbI3BAH
JIECTPYKTODP, TPUIEM TIPOU3OWIET ITO JayKe B TOM CJIydae, eciu (PyHKIUs
g() «BbIOpOCHT» UCKIIIOYEHHE ¥ MMEHHO OHO CTAHET IIPUYIUHON 3aBEPIIeHUS
£0O.

910 cBoiicTBO a3bika Cru+-+ HA3BIBAETCA GBMOMAMNUYECKOT 0YUCT-
KOU.

§ 7.1.8. IIpeobpazoBanusda TUIOB B 00PabOTYNKAX UCKJITIO-
YeHui

Tun uckinovenus, ykazauublii 8 obpaborduke (catch-6si0ke), He Beerga
TTOJTHOCTHIO COBTAIAET C TUIIOM BBIPAYKEHUsI, NCMOJIH30BAHHOTO B OTIEPATOPE
throw, OZHAKO MPaBUJIA MPEOOPA3OBAHNS THUIIOB B JJAHHOM CJIyYae OTIMYa-
IOTCsl OT TIPABUJI, JEHCTBYIONIUX MPU BbI30BE (DYHKIIHIA.
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O/1HO M3 OCHOBHBIX OTJIMYUIN TYT B TOM, YTO [EIOYUCTEHHBIE TUIBI IPU
00paboTKe MCKJIIOYEHNH HE MPeodpa3yioTcs APYT K APYyTY, TO €CTb, HAIPH-
Mep, 00pabOTYNK C YKA3AHHBIM TUITOM HCKJ/IIOUEHNS int He Mo#MaeT MCKIIIO-
qeHue Tuia char wiam long.

JlomycTumble TIPeoOPa30BaHus MHPOIIe OyAeT sSABHO IEePeInCIuTb. Bo-
MEePBBIX, JIOOOH THUI MOXKET OBITH MPeoOpPA30BAH K CCHLIKE HA ITOT THII,
TO €CTb ecjid oneparop throw wcrosb3yer BbIpakeHue TUa A, TO Takoe
UCKJIIOUEHNE MOXKET ObIThH 00paboTano catch-60kom Buma catch(A &ref).

Bo-BTOpBIX, HEKOHCTAHTHBIE YKA3ATEN U CCHLJIKU MOTYT OBITH Mpeobpa-
30BaHBI K KOHCTAHTHBIM, TO €CTh, HAIIPUMED, €CJIU MBI OPOCHM UCKJIIOYCHHE
THUMa char*, TO OHO MOXKeT ObITH MOHMAHO He TOMHKO KaK char*, HO M Kak
const char*. Ormerum, 9T0 B 00pATHYIO CTOPOHY IIPEOOPA30OBAHUE 3aIIpe-
IIEHO, TaK uTo obpaboTuymk Tumna char * (6e3 momuduraropa const) mHe
MOXKET TIOHMAaTh BBHIPAXKEHNE THUTA const char*, u, B 9aCTHOCTH, HE MOXKET
00paboTaTh MCKIIOYEHNE, «BBIOPOIIEHHOE» C MCIOJIb30BAHUEM CTPOKOBOTO
JIATEPAsia, HAIPUMED TaKOoe:

throw "I can’t work";

IMocrennuii (1, BO3MOXKHO, CAMbIil BaXKHbBIA) BUJI IPEOOPA30BAHUI UMeEET
OTHOIIIEHNE K HACAeI0BAHUIO U momuMopdudmy. K obcy)kmeHnto 3Toit TeMbl
MbI BEPHEMCH IIOCJIE PACCKA3a O HACJIEIOBAHUMU.
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Jlekmmga 8

§ 8.1. HacsiiegoBaHue

§ 8.1.1. llepapxuvieckue npeamMeTHbIe 001aCTH

Ouenb 9acTo, u 0COOEHHO B OOJIEE-MEHEe KPYITHBIX KOMITBIOTEPHBIX MTPO-
rpaMMax, BOSHUKAET CUTYAIsl, IPU KOTOPOH 00 BEKTHI IIPEIMETHOM 001aCTH
€CTeCTBEHHBIM 00pa30M OObEIUHSIOTCA B HEKHE KATErOPHWH, MPUIEM 00Db-
€KThI KaXKJIOf KaTeropuy MOTYT MOAPA3IETATHCS HA MOJKATErOPUU U T.[I.,
obpazysi, TakuM 00pa3oM, uepaprutro munos obsexmos. Hanpumep, B
MPOTrpaMMe, OCYIIECTBIIAIONIENH UMUTAITMOHHOE MOIETUPOBAHNE JTOPOKHOTO
JBUYKEHNS, MOTYT OBITh OOBEKTHI KATETOPUHU «YIaCTHUK TOPOKHOTO IBU-
JKeHUsT», TPUIEM 9Ta KATEropus MOAPA3IeIsIeTcs Ha NOIKATETOPUN «TIere-
XOJIbl» W «TPAHCIOPTHBIE CPEICTBAY, TPAHCIOPTHBIE CPEJICTBA, B CBOIO OYe-
Pe/ib, JEJISATCH HA «BEJIOCHIIEbI», «I'YXKEBbIE MOBO3KH» M «MEXaHUYECKHEe
TPAHCIIOPTHBIE CPEICTBAY, ITH MOCJIEIHNAE JIEJIATCSI H «TPAMBAWY U «ABTO-
MOOU/IN», AaBTOMOOWUIN — HA TPY30BBIE U JIETKOBBIE, U T.II.

Jlerko 3aMeTuTh, 9YTO B TAKOH MEPAPXUU KAXKIAs KATEropus 00bEKTOB
(B TOM umciie U Takas, KOTOpas cama IOApa3/IeJiseTcs Ha Kareropuu) ob-
JTaJIaeT HEKOTOPBIMHU CBOMCTBAMU, CIEIM(DUIHBIMUA [ JAHHON KATEropuu,
MPUYEM STUMU Ke CBOWCTBAMHU O0JIATAI0T U BCe OOBEKTHI M3 MOAKATErOpuit
JaHHOM Kareropuu. Tak, Bce aBTOMOOUIIM MMEIOT, [0-BUIUMOMY, XapaKTe-
PUCTHKY «OOHEM JIBUTATENISAS, «TUI TOMJINBAY, «00bEM TOIJIMBHOTO DaKay u
«KOJIMYECTBO TOILJINBA B OAKe», y HUX MOXKET 3aKAHIUBATHCS TOILINBO, HAJ,
HAMWY J0JI?KHA ObITH ONpE/IeIeHa OMepaIns «3alpaBka TOInBay. [Ipu sTom
BCE 9TH XAPAKTEPUCTUKU HE UMEIOT HUKAKOTO CMBICJA JJjisi OOBEKTOB, HE
BXOJSIIUX B KATETOPUIO «aBTOMOOUINY — HU JIJIs TPAMBAEB, HU JJIsI BEJIO-
cunenos, Hu TeM 60s1ee mis merexoaoB. C Apyroit CTOPOHBI, ¥ TPY30BBIX aB-
TOMOOHUJTEN €CTh XaPAKTEPUCTHUKA, «00BbEM Ky30Ba» U OMEPAINN «IIOIPY3Ka»
¥ «pa3rpy3Kay, KOTOPHIX HET y aBTOMOOWJIEH, HE SIBJIAIOIINXCS T'PY30BbI-
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Mu. Hakorell, Takue XxapaKTepUCTHKH, KAK TEKYIIas CKOPOCTh U HallpaBJie-
HU€ JIBH2KEHWsI, OYEBU/IHO, HPUCYIIHY KazKJIOMYy OObEKTY pacCMaTpuBaeMoii
MepapXuH, BILIOTH JO0 TENIEeX0I0B.

Taxum 06pa3oM, y HAC BOSHUKAIOT CTPYKTYPHI JAHHBIX, UMEIOIIHE, C OJI-
HO# CTOPOHBI, PA3/JUIHbIN HAOOP MOJIeil u oOpadarsiBaONuX (DYHKIWH, HO,
C ApPyroil CTOPOHBI, UMEIOIIUE U HEKOTOPLIE OOIIKE II0JIst, U OIPEeIeIEHHbIE
o0IIIe OTEePAIHH.

Cy1ecTBy0T BeChMa PA3INYHBIE TTOAXOIBI K PEIEHNI0 BOSHUKITIETO MTPO-
tuBopeuns. [Ipu pabore Ha s3bike Cu 9alle BCEro BBIXOAAT U3 MOJIOXKEHUS
OIMCAHUEM CTPYKTYP JAHHBIX, ¥ KOTOPBIX IEPBbIE HECKOJBKO IMOJIEeil COB-
[aJal0T; 9TO COIPOBOXKIAETCH YaCTBIM KCIOJIb30BaHUEM IMPeobpa3OBaHUs
yKazareseii. ZIcHO, 94TO TaKoil 1OIX0/, YpeBaTr MHOXKECTBOM TPYIHOOOHADY-
KUMBbIX OLIMOOK.

OO6BEeKTHO-OPUEHTHPOBAHHBIE SI3LIKA TTPOrPAMMHUPOBAHUS TIPEIJIATaI0T
0oJiee KOPPEKTHBIN MOIXO0, HA3BIBAEMbIH OOBITHO HaACAEJ08AHUEM.

§ 8.1.2. HacmemoBaHue CTPYKTYDP OJAHHBIX M IIOJIUMOP-
dbusm aapecos

C ToYKM 3peHusi CTPYKTYP JAHHBIX, PACIOJJOKEHHBIX B TAMSITH, HACTIE-
JIOBaHUE IPE/ICTABIIAET COOOi 100aB/IeHNe HOBBIX IIOJIEH JAHHBIX K PaHEee
omucanHol cTpykType. C TEOPETUYECKOM TOUKM 3PEHUs TAKOe J00ABJIEHIE
TpeJIcTaBiseT cobOil ymownenue CBEJEHNH 00 OMMCHIBAEMOM OOBEKTE, 1, Ta-
KM 00pa30M, HacJeJOBaHUE pacCMAaTpPUBAaeTCs KakK Iepexosd oT ob-
IIero K 9acTHOMY.

IIycTp, Hanpumep, y HAC UMEETCH CTPYKTypPa [TAHHBIX, OMMCHIBAIOIIA
nepcony (4esoBeKa) U colepKallas HoJld /Ul UMEHH, 110Ja U 103 POXK/ie-
HUA:

struct person {
char name[64];
char sex; // ’m’ or ’f’
int year_of_birth;

};

IIycts Temeph HaM HEOOXOIMMA CTPYKTYPa JaHHBIX, OMUCHLIBAIONIAS CMY-
denma (vacTHblil corydaii nepconbl). OTHOCUTENBHO CTYJEHTA HAC MOXKET
WHTEPECOBATh KOJT CTIEITHATILHOCTH, HOMED KypCa ¥ TTOKA3aTesb yCIeBAeMO-
cru (cpenuuii 6aint). Bmecre ¢ TeM, HECOMHEHHO, CTYJEHT — TO TOKE YeJIo-
BEK, TaK 9TO €My NpUCyHIIn " CBOﬁCTBa, O6HH/Ie JJid BCEX IMEPCOH: UM, I10JI
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u rox poxzaenus. Takum o6pazom, Mbl MOxkeM nepeiitu or obuiero (mep-
COHA) K 4acTHOMY (CTyJeHT), J00ABUB yTOUHSHIOIME CBEJIEHUS, U CUEJIATh
9TO MOXKHO C TIOMOIIbI0 MexaHu3Mma HacjaenoBanuga. Ha sseike Cu-++ 310
3aMMCHIBAETCSA TaK:

struct student : person {
int code;
int year; // rypc
float average;

};

Ecau renepn omucarb nepemMennyio tuna student, ona OygeT mMmeTh Bce
CBOICTBa CTPYKTYPBI person ILIOC JOIOJHUTE/IbHbIE I10JId:

student si;

strcpy(sl.name, "John Doe");
sl.sex = 'm’;
sl.year_of_birth = 1989;
sl.code = 51311;

sl.year = 2;

sl.average = 4.75;

CrpykTypa person B NAaHHOM Ciydae Ha3bIBAeTCs 6a3080U WiIN podu-
measvcKol, a CTpyKTypa student — yHac.aedo8aHHOU UITH NOPOHCOEH-
HOU, nHOTAA douepredi. Takke ynoTpeOIAI0TCS TEPMUHBI «TIPEIOK» U <TI0~
TOMOK» (B JJAHHOM CJIy4ae, COOTBETCTBEHHO, Jjisi person u student).

Pacmonoxkenne moseit mepeMerHO s1 B maMATH TOKa3aHO Ha puC. 8.1.
31ech cjeayer 3aMeTUTh, YTO IOJis, OTHOCHAIINECS K YaCTH CTPYKTYPbI
student, yHac/egOBaHHONA OT person, PAcHOIAralOTCA Ha TeX Ke MeCTax
(HO TeM 2Ke CMellleHUuAM OTHOCUTEJIbHO Haqaﬂa), rae onu pacloJiarajiucCb 6I>I
B CTPYKTYyp€ person. HOJ'Iy'{aeTCH, YTO MBI MOXKEM TIpn HeO6XO,ZII/IMOCTI/I pa-
06oTaTh C MepeMeHHO s1 TOYHO Tak, KaK ecjiu Obl OHA ObLIa MePEeMEHHOM
TUIa person, a He Tuna student (BaskKHO HOHMMATH, YTO OOPATHOE HEBED-
HO: B CTPYKTYPE person OTCYTCTBYIOT IOJIsI, KOTOPbIE OXKHUIAJINCH ObI OT
CTPYKTYypbI student).

B cBs3u ¢ atum a3bik Cu++ paspernaer HesiBHOe IIpeobpa3oBaHue
aJpecoB CTPYKTYp Tuna student B aapeca CTPYKTyp THUIIA person, WJH, B
obrieM ciaydae, agpecoB CTPYKTYP-TIOTOMKOB K aJpecaM CTPYKTyp-
npeakoB. COOTBETCTBYIOIINE TPEOOPABOBAHUS PA3PEIEHBI KaK JJIsi yKa3a-
Tejel, TaK W JJIsi CChLIOK. TakuMm 0Opa30oM, HAIPUMEDP, BO3MOXKHBI TAKWE
dpparMenTs Koaa:
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name

SEX

student

code

year

A

I

I

I

I

I

I

|

I .
| year_of_birth
I

I

I

I

I

:

I

[ average

Y

Puc. 8.1. YuacnenoBanuas CTpyKTypa JTaHHBIX

student si;
person *p;

p = &si;

person &ref = si;

Ecnu B mporpamme onucana (yHKIWS, TPUHUMAIOIIASA HA, BXOJ, YKa3aTE b
WJIA CCHIJIKY HA OOBEKT THUIA person, eif 06e3 KaKux-aIud0 CA0KHOCTEH MOK-
HO TIePelaTb, COOTBETCTBEHHO, YKA3aTelb WJIA CCHLIKY HA OOBEKT THUIIA
student:

void f(person &pers) { ... }
/]

student si;

/] ...

f(s1); // xoppexTHO!

OTO CBOHCTBO MPEIKOB, TTOTOMKOB M HMX apPECOB HA3BIBAETCS 71OAUMOP-
duam.

Ecnn rosoputb TO4HEE, NonMMOpdU3M He CBOANTCA TOAbKO K npeobpa3oBaHuio
yKazaTeneli n ccoinok. Boobue roeopsi, nonumMopdunsM B 3aBUCUMOCTU OT KOHTEK-
cTa noHumaetcs nnbo kak cnOCOBHOCTb HEKOTOPbLIX OOBEKTOB BLICTYNATh B Ka4eCTBe
0bbekToB pasHbix Tunos (B gaHHOM cnyuae sl BbiCTynaeT u kak student, m kak
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person), MboO Kak CNOCOBHOCTL HEKOTOPbIX PYHKLMA AU Apyrux onepauuii pabo-
TaTb ¢ 0bbekTamu pasHbix Tunos (B ganHom cnyqae £ () pabotaeT kak ¢ person, Tak
n c nobbiMn €€ NoToMKaMu, B TOM 4UCne student).

§ 8.1.3. HaciemoBanue u MeTOAbI; KOHCTPYKTOPHI 1 J€-
CTPYKTOPHI

Yarme Bcero HAC/IEI0BAHUE TIPUMEHSIETCS JJI CTPYKTYP U KJIACCOB, UMe-
owux dyskuuu-dienst (Meroinl). B jasbueiiem uznoxenuu mbl Oyuem
OIYCKATh CJIOBO «CTPYKTypPa» W MOBOPUTH TOJIBKO O KJIACCAX, XOTS BCE, 4TO
OyZeT CKa3aHO, MOXKET ObITh MPUMEHEHO TAKYKe U K CTPYKTYpPaM.

Metopl, mMmeroruecs B 6a30BOM KJIacCe, JOCTYITHBI U s TOPOXK JEHHOTO
KJ1acca. 31eCh HEOOXOIUMO OTMETHUTD, 9TO, €CJIH HE MPEMPUHITH CIIEeIHAhb-
HBIX M€pP, TO MeTOIbI HA30BOTO Kjacca He OyayT HWYEro 3HaTHh O TOM, 4TO
WX BBI3BIBAIOT JJTsT OOBbEKTA MOPOKIEHHOIO KJIacca, TO eCTh OyayT paboTarh
TaK XKe, KaK U JJig 00beKTOB H6A30BOr0 KJIACCA; 3/1€Ch Mbl MMEEM OIHCAH-
HBII B peapiaymeM naparpade adbdexkt monumopdnsma B TpUMEHEHUN K
napamerpy this (cm. § 1.2.2). Hanpumep, eciiu Mbl ¢IeIaeM KIacC «aBTOMO-
OWMJIb» W MPEIYCMOTPUM JIJIsT HETO OMEPAIUIO «3AMPaBKa OEH3UHOM », & TTOTOM
MMOPOJIUM OT HEro KJIacC «I'PY30BHK» C JOMOJHUTETLHBIMU CBORCTBAME, TO
orepanus «3alpaBKa OEH3MHOM» OYIeT JOCTYIHA U Jjisi TPY30BUKA.

Takum 06pa3oM, MOKHO CKa3aTh, UYTO 008K NOPOAHCIERHO20 KAACCA A6-
AAEMCA 8 NONHOM CMBICAE CA0BA MaKHCE U 00Bexmom 06a306020 KAaCCA, B
TOM 9HCJIE JIJIs HErO JIOCTYIHBI U BCE OMEPAIUd, KOTOPBIE JOCTYIIHbBI JIJisi
6a30BOTO KJacca.

C npyroit cTopoHbI, KaK BHIHO U3 puC. 8.1, 00bEKT TOPOXKAEHHOTO KJIAC-
ca coZepKUT B cebe 00beKT 6a30BOrO KJIACCa B KA4ECTBE CBOEH YaCTH.
Hukakoro npotuBopednsi TyT HET, 3TO MPOCTO JBE PA3HBIE MOIEJN BOCIPH-
SATUS WJIN, €CJIU YTOIHO, TOYKU 3PEHUS: OHA, — TOYKA 3PEHUs PeaTn3alun
(peasiu3aTopcKas CEMAHTUKA), BTOpas — TOYKA 3PEHUs JIOTMKHU IIPOEKTUPO-
BaHus ([0Jb30BATEJLCKAS CEMAHTUKA).

Ocoboro ynoMuHaHUS B CBSA3U C BBEJICHUEM HACIEIOBAHUS 3aC/IY KUBAIOT
KOHCTPYKTOPBI 1 1ecTPyKTOPhl. C Kakoit 6bI TOYKU 3pEeHUs] MbI HA PACCMAT-
pUBaJIM TIOPOXKAEHHBIN 0OBEKT, OYEBUIHO, YTO B MOMEHT €r0 CO3/IaHMs TaK-
XKe Co3Ha8Tcs U 00beKT GA30BOr0 Kjacca, HPUYEM HEBAXKHO, CIUTAEM Mbl
€ro «9aCThi0» MOPOXKJIEHHOTO OOBHEKTA MU YKE ero «IPYroil WIIOCTACHIOS.
Takum ke TOIHO 00pPA30OM IMPU YHUUTOKEHUU TTOPOKIEHHOTO O0BEKTA, UC-
ge3aer U 6a30BbIN OOBHEKT.

CreoBaTeIbHO, TIPU CO3MAHUN O0BEKTA TOPOKIEHHOTO KJIACCA JOJIPKEH
oTpaboTaTh W KOHCTPYKTOP 0A30BOr0O KJIacCa, & MPU YHUYTOXKEHUH TAKOTO
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obbekTa — mecTpyKTop 6a3oBoro kiaacca. [Ipu aTom, 09€BUIHO, B TETaX KOH-
CTPYKTOPA U JIECTPYKTOPA MOPOXKIEHHOIO KJIACCA JTOJIZKHBI ObITH JOCTYIIHbI
BCE 4aCTU O00BEKTA, JJIT KOTOPOTO OHU BBI3BIBAIOTCS. Ba30BbIil 00BHEKT, Ta-
KuM 00pa3oM, [OJIKeH OBbITh WHUIIHAJIU3INPOBAH PAHbBIINE, 8 YHUUTOKEH —
mo3ke 0ObeKTa MOPOoXKAEHHOrO. Tlomydaercsi, 9TO BpeMs CyIeCTBOBAHWS
00bEKTa KTACCA-HACTEIHUKA B €r0 «H6a30BOiy MIIOCTACH KaK OBl IyTh-IyTh
OOJIbIIIE, T€M BPEMS CYIIIECTBOBAHUS €0 YK€ B KAYECTBE 00BbEKTA CBOErO COO-
CTBEHHOTO THUITA.

C 1ecTpyKTOpOM Iea OOCTOST JOCTATOYHO MPOCTO: KOMIHUISATOD CHA-
9aJjia BBI3BIBAET TEJIO AECTPYKTOPA MOPOXKIAEHHOIO KJIACCa, & 3aTeM — TEJI0
JIECTPYKTOpa 6A30BOr0O KJIacca.

C KOHCTPYKTOPOM BCE TOKE€ MOIJIO 6bl ObITh HPOCTO (CHAYAJIA BbI3BATH
TeJI0 KOHCTPYKTOPa 6a30BOT0 KJIACCA, TOTOM TEJIO0 KOHCTPYKTOPA KJIACCa, TO-
POXKIEHHOTO), eCjin Obl He TO OOCTOSATEIHCTBO, YTO KOHCTPYKTOPHI (B 00IeM
cJlydae) MOryT TpebOBATH BXOAHBIX IIAPAMETPOB.

C amanorugHoit TpoGIEMOil MBI yiKe CTAJIKUBAINCH TPU PACCMOTPEHUHT
KJIaCcCOB, MMenmux noJs rtuna kaace (cm. §4.4). Pemaerca npobiema B
JIAHHOM CJIy4ae COBEPIIEHHO AHAJIOIMYHO: B OMMCAHUU KOHCTPYKTOPA IOPO-
JKIEHHOTO KJIACCA MEXKIY 3arOJIOBKOM ¥ TEJOM BCTABJISIETCS CIHUCOK WHU-
[Ma/IU3aTOPOB, HAYMHAIONIMICI C MHUIUAIM3ATOPa 6a30BOro Kjiacca (060-
3HAYAEMOrO B JIAHHOM CJIy4ae MMEHEM KJIACCa) C yKA3aHUEM BCEX HYZKHBIX
nmapamerpoB KOHCTpyKTopa. Tak, eciau A — 6a30BbIil Kytacc, KOHCTPYKTOPY
KOTOPOro TpebyIoTCsS aBa mapaMerpa Tuia int, B — kiacc, yHacaeIoBaH-
HBIH OT A, CHAOXKEHHBIN KOHCTPYKTOPOM IO YMOJIYAHUIO U MMEOIIN OJIe
int i, TO ommcaHWE €ro KOHCTPYKTOPA MOYKET BBITJISIIETh TAK: .

B::B() : A(2, 3), i(4) { /x ... x/ }

re 2 u 3 — mapaMeTpshl s KOHCTPYKTOPa 6a30BOT0 KJIacca, 4 — Ha9aIbHOE
3HAYEHUE TOJd i.

§ 8.1.4. HaciemoBanue u 3amuTa

Bzaunmoueiicrsue Mexanusma Hac/ae10BaHUS ¢ MEXAHU3MOM 3alllUThbl JIe-
Taneil peaTn3anun 3acay AKUBAET OTIEILHOTO Pa3roBopa. IIpex e Beero or-
MeTHM, 9TO caM (HaKT HACIETOBAHUS OTHOTO KJIACCA OT APYTOTO MOXKET B
HEKOTODBIX CJIy9asX PACCMATPUBATHCS KAK JIETANb DEATM3AIIN ITOTO KJIAC-
€a M, COOTBETCTBEHO, HYKJATHCS B COKPBITHHU OT OCTAJILHOI'O KOJIa IIPOrPaM-
MBbI.

B cBasu ¢ 3tum B Cu++ paznauyaior macaemoBanue orkpbiroe (public)
u 3aKkpbIToe (private). Tum HACKEIOBAHNS yKA3BIBAECTCSA B 3aTOJOBKE KIIACCA
HEMOCPE/ICTBEHHO MEPEel HA3BAHUEM TIOPOKIAEMOTO KJIACCa, HATTPUMED:
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class B : public A { /*x...*/ };
um
class C : private A { /*...x/ };

Ecuu B nepsBom ciyuae Bce cpoiicrBa Kiacca A (€ro OTKpbITbIE METOAbL U
HOJIsA, €CJIM TaKue B HEM eCTh) OyAyT JOCTYIHBI Jjis OOBEKTOB Kjacca B
OTOBCIOZlY, TO BO BTOPOM CJIyYae — TOJIBKO M3 METONOB Kjaacca C, a BCda
ocTasibHasg TpPOrpamMma BoobIe He Oyger 3HaTh, 9T0 Kiace C yHACIEI0BAH
or A.

Twn maciaen0BaHUA MOXKHO He YKa3bIBATh, KAK MBI 9TO JIeJIajIu B IpAMepe
Ha cTp. 83. B aToM ciyuae OyayT meficTBOBATH yMOIYAHUS: JJIsi CTPYKTYDbI
HACJIeI0OBAHUE 110 YMOJIYaHUIO OTKpbIToe (public), st Kiacca — 3aKpbITOE
(private).

B peasibHOIt Ku3HE TOTPEOHOCTH B 3aKPHITOM HACJIEIOBAHUN BO3HUKAET
PEKO, TO3TOMY IPU ONMMCAHUHU HACIEIYEMbBIX KJIACCOB OOBIYHO YKA3BIBAIOT
cJIOBO public, a IpW ONMCAHUN HACIELYEMBIX CTPYKTYD He yKa3bIBalOT HU-
9ero, MoJIarasch Ha YMOJTIAHUS.

3aMeTuM Ternepb, 9To s 6A30BOr0O KJIacca MOPOXKAEHHBIN KJIACC HUIYTh
HE «JIydIle» BCeit 0OCTaIbHOM IPOrPAMMBI B, KAK 1 JII000H HEIPYKEeCTBEHHbIH
dparmenT Kozna, He TOIKEH NMETh TOCTYTA K JETATISIM Peaan3anni KIacca.
[Tosromy, oveBHIHO, 3aKPBITHIE MOJIST M METOIbI 6A30BOTO Kjacca He OyayT
JOCTYIHBI OPOXKAEHHBIM KJIACCaM.

Bmecre ¢ Tem B peasibHbIX 33/1a4aX 9aCTO BO3HUKAET IIOTPEOHOCTH B Ta-
KUX feransax wHTepdeiica Kaacca, KOTOpPbIe MpeJHa3HaueHbl TOJbKO, W UC-
KJTIOUYHUTEIBHO, JJIs €r0 MOTOMKOB. [IjI9 TakuX CciIydaeB BBOIWUTCH, HAPAIY C
pexkmMmamu public u private, emé u TpeTwit pe:KUM 3AIMUTHI, protected
(Bammménnpiit). Ilong u Meroubl, oOMedeHHbIe CJI0BOM protected, GyayT
JIOCTYIHbI TOJBKO B CAMOM KJiacce (TO eCrb B ero MeroJiax), B APy 2KeCTBeH-
HBIX (DYHKIUAX ¥ B METOIAX HEMOCPEICTBEHHBIX MTOTOMKOB JAHHOTO KJIACCA,
a BO BCEH OCTAJIbHOI NpOrpaMMe — HEJOCTYIIHBI.

Baxkno nonmmarb, 9TO HOJI M METObl, MMEIOIIUE PEKUM 3aIUThI
protected, HE MOTYyT CUMTATHLCA B IMOJHOM CMBICIIE CJIOBA JETAJIAMU Dea-
JU3anyuy, KOTOPBIe He KacaloTCsd HUKOro, KpoMe JAHHOrO Kjacca. Pasmu-
IIa 3/1eCh TOCTATOYHO NMpUHNUNHAIbHA. leTann, moMemeénHable B 3aKPHITYIO
(private) yacTb KJIacca, MOXKHO 3aBeIOMO 6€300JI€3HEHHO U3MEHSTh, UCIIPAB-
Jisisi IPA 9TOM TOJIBKO METOJbI CAMOI'O KJIACCA U APY2KECTBEHHbIE (DYHKITIH,
KOTOpBIE OIATH-TAKN TEPEYMCIICHBbl B ABHOM BH/JIE B 3ar0JIOBKE KJIACCa, TO
€CTb MBI BCETJla 3HAEM, TJe INPOXOINT IPAHUIA KOJa, KOTOPBIA HaM, BO3-
MOYKHO, IPHUIETCS UCIPABJIATH. B MIPOTHBOIIOIOKHOCTD 3TOMY, OCOOEHHOCTH
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peanm3anuy KJacca, MOMEYEHHbIE KAK protected, MOTyT HCHOJIB30BATHCS
B CAMbIX HEOXKMJAHHBIX YACTAX LPOrPAMMBL JOCTATOYHO KOMY-TO IJ€-TO
OIHMCATH eIl§ OJHOrO MOTOMKA HAIIETO KIIACCA.

ITosromy, B OTJIMYHME OT MPUBATHBIX TOJIEH W METOMIOB, TOJST U METO/bI
¢ pexkuMOM protected JAOMKHBI OOI3ATETBHO JOKYMEHTUPOBATBCH, & K UX
U3MEHEHUIO CJIEJYeT MOAXOJAUTH CTOb 7K€ OCTOPOXKHO, KAK M K W3MEHEHUIO
OrKpbITOl (1y6JMyYHOIT) YacTu Kiacca.
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Jlekima 9

§ 9.1. ImHaMmdecKuii moJimMopdu3M

§9.1.1. Bupryansabie pyHKITIN

Mexann3M BUPTyalbHBIX (DYHKIW MO3BOJISAET B KJIACCE-TIOTOMKE Ha-
CTUYHO MOAM(UIMPOBATE TOBEIEHUE HEKOTOPBIX METOMOB, ONMpPeIeIEHHBIX
B npeske. YToObI MOHATH, KAK 9TO MPOUCXOAMUT M 3aM€M 3TO Hy?KHO, MBI JIJIsi
HAaYasIa PACCMOTPUM IPHUMED, a 3aTeM MOSICHUM, KAK COOTBETCTBYIOIIUI Me-
XaHMU3M yCTPOEH.

Wrak, momyCcTuM, 9TO TIepe HaMW CTOUT 337a9a, CBSI3aHHAS € KOMIThIO-
TepHOil rpaduKoii, u HEOOXOAUMO ONUCATh CIEHy (TO ecTh Habop rpadude-
CKHUX 3JIEMEHTOB) B BUJIE HEKOETO CIIUCKA UJIM MACCUBa 00bEKTOB, 3aAI0IIHNX
rpaduaeckne OGBEKTBI PA3IMIHOrO THIA, HAIPAMED, OTIETbHBIE TUKCEJH,
JIMHWU, OKPY?KHOCTH U T. II.

st Hagaia OmUIeM KJ1acC, OObEKTbI KOTOPOro Oy/IyT IPEeICTaB/IATh B
Hammeil cuere mpocreiimme Tpadhu9ecKrne MTPUMATHBBI — OTIEIbHBIE MTHKCEe-
ju. ZIcHO, 9UTO y MUKCes MMEIOTCA JBe KOOPAMHATHI (MX OOBIYHO 3aJai0T
YUCJIaMK C ILIABAIONIEH TOYKON) u user (uesoe uucio). Bygem cuurarh
9TO OCHOBHBIE JEHCTBUSA C TpadhuIecKuM OOBEKTOM, B TOM HYHCJIE U C K-
CelsMU — ITO 1I0Ka3aTh 0ObEKT HA dKpaHe (Mbl 0003HAYMM 3TO AeiicTBue
dbyukuueit Show()), yopars ero c¢ sxpana (Hide()) u mepemecTurh ero B
HoByI0 mo3uImio (Move()).

class Pixel {
double x, y;
int color;
public:
Pixel(double ax, double ay, int acolor)
: x(ax), y(ay), color(acolor) {}
void Show();
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void Hide();
void Move(double nx, double ny);

};

Konkpernka onucanus res ¢pyakmuit Show() n Hide () 3aBucuT OT HCIIOb-
3yeMmoii rpaduyeckoit OGWOINOTEKN, TPABUJ TIEPECUETa KOODAWHAT U T.TI.;
MBI HA 9TOM OCTAHABJIMBATHCA HE OyIeM, TPOCTO MPEIINOJOXKUAM, YTO DTH
dyuknun rae-to omucanbl. C Apyroit CTOPOHBI, MBI OYEHBb JIETKO MOXKEM
omucarth ¢pyuxmuio Move (). /leficTBUTENHHO, IEPEMEIEHNE COCTOUT B TOM,
4910 00BEKT CHaYas a8 yOUPAIoT ¢ 9KpaHa, HOTOM MEHSIOT €ro KOOPIUHATHL U,
HaKOHEIl, CHOBA TTOKA3BIBAIOT:

void Pixel::Move(double nx, double ny)

{
Hide();
X = nx;
y = ny;
Show () ;
}

IIpenmonoxum Temepb, YTO HAM HYXKEH TAK2KE OOBEKT «OKPYKHOCTHY.
IMonsTHO, YTo TaKoll 00bEKT ObsIaLaeT TeMU 2Ke CBOiicTBaMu (KOODIMHATHI
U IBET) U, B JOMOJHEHNE K HUM, XapaKTepu3yercs eme paguycoM. [losromy
MBI BOCTIOJIL3yeMCs y¥Ke MMelommMcest KaaccoM Pixel B KauecTse 6a30B0r0, !
a kmacc Circle ot mero yhacaedyem. Koneano, meromam kjacca Circle
norpebyeTcs 3HATh KOOPAWHATHI M I[BET, XOTS OBbI /I TOTO, YTOOBI YMETh
prcoBaTh 3aJaHHYIO OKPY2KHOCTH Ha dKpaHe. B Haimem npumepe Mbl permmm
BOLIPOC JIOCTYLIA CAMbBIM ILIPOCTHIM (XOTsl ¥ HE CAMbBIM JIy4LIMM) CLOCODOM:
cIenaeM 1oJist 6a30BOTO KJIACCA, 3AIMIIEHHBIME (protected), a He 3aKPHITHI-
MHU; JIJIsSI 9TOTO BCTABUM B CAMO€ HAYaJIO OIMCAHN Kjacca Pixel nUpeKTUBY
protected:

class Pixel {

protected:
double x;
/] ..

Temepb MBI MOKEM TIEPeHTH K OMUCAHUIO Kaacca Circle u [y HAYAIA OIH-
IIEM I10JIe, KOTOPOTO HAM He XBaTaeT, YTOObI IPEBPATUTH TOYKY B OKPY K-
HOCTb:

131ech MBI HECKOIBKO HAPYMIAEM IPHHIUIL 06bHEKTHO-OPHEHTHPOBAHHOTO IPOEKTH-
POBAaHUS, HOCKOJIBKY OKPY2KHOCTb, OY€BU/THO, HE $IBJISIETCA YACTHBIM CJIy4YaeM TOYKHU. MBI
HMCIPABUAM 3Ty OIJIONIHOCTH B OJHOM W3 CJEAYIOIINX aparpados.
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class Circle : public Pixel {
double radius;
public:

Omnurmiem Teneps KOHCTPYKTOP A1 Kiiacca Circle. [Ipu stom HaM npuaércs
MPUHATH HA, OJWH TapameTp OoJibIlle, YeM B KOHCTPYKTOpE Kiracca Pixel.
Kpowme Toro, mockomabKy e IuHCTBEHHBIN KOHCTPYKTOP 6A30BOr0 KJIacca Tpe-
Oyer yka3aHus TPEX MapaMerpoB, HAM MPHUIETCH 33/aTh MAPAMETPHI JJIs
BBI30BA KOHCTPYKTOpA 0Aa30BOro KJacca, Kak 3To 00CyK1an0ch Ha cTp. 86.
OkoHYATETHHO OMUCAHNE BBIHIET TAKUM:

Circle(double x, double y, double rad, int color)
: Pixel(x, y, color), radius(rad) {}

Pasymeercs, B 00bekTe HEOOXOMUMO onucarh ¢yHkiuu Show() u Hide(),
TIpeTHA3HAYEHHBIE 1JI8 PUCOBAHUS U CTUPAHUS C 9KpaHa OKpyKHOCTU. EcTe-
CTBEHHO, OHU OyIyT OTIMYATHCA OT (DYyHKIHUH, IpeIHA3BHAYEHHBIX /IS OZH-
HOYHOI'O IIMKCEJIa; Mbl, KAK U IIPU pacCMOTpeHuu kKJacca Pixel, Bozuep-
JKUMCST OT OMUCAHUS KOHKPETHBIX Te 3TUX (DYHKIWI, OTPAHUUUBIINUCH UX
3aroJI0BKaMH:

void Show();
void Hide();

HerepnenuBeiit untaTeb MOXKET MPEANOJIOKUTH, 9TO ceiiaac MbI Oyaem
onuchiBaTh QyHKINIO Move (), aHAJOTMYHYIO TOH, YTO OMUCAHA BBIIIE I
kitacca Pixel. BmecTo 3TOro Mbl mpejioKuM HEMHOIO IOIyMaTh. JIerko
3aMEeTHUTD, 9T0 (pyHKIUsa Move () ajid HOBOTO KJjacca okKaKeTcs abco-
JIOTHO TAaKOM »ke, KaK M JJs KJiacca 6a30BOro, 10 €CTh HaM MOTPE-
OyeTcs HaMUCATh HE TOJBKO TOYHO TAKOHN K€ 3ar0JIOBOK, HO W TOYHO TAKOE
JKe, ¢ TOYHOCTBIO /10 mocjenneil OykBbl, Teno ¢yakmuu! IT0 U HE yAUBH-
TeIbHO, BEJb BHE BCIKON 3aBHCHMOCTH OT (pOPMbI rpadpuieckoit purypsr eé
[I€PEMEIEHHE 10 SKPAHY [IPOU3BOIUTCH a0COTIOTHO OAMHAKOBO, B TPH IIIara:
CTEPEeTh, N3MEHUTH KOOPANHATHI, HAPUCOBATH B HOBOM MECTE.

Bosuukaer ecrecTBEHHBIN BOIIPOC, HEJIH3S JIX MCIOJIB30BATH JJIs KJIACCA
Circle Ty ke camyio dyHkmo Move (), KOTOpast yzKe OIUCAHA JIJIs KJIacca
Pixel, He onmchIBast HOBOM Bepcuu 310 (pyHKINK 1 Circle.

Jlerko 3ameruTh, 4ro (€C/aM HE UPEIIUPUHATH CIELHUAJILHBIX MEpP) ILPO-
croit Bb3oB dyHKIuu Move () mis oobekTa Kiacca Circle, KOHEYHO, BO3-
MoxkeH (BeIb 3TO ke myOiauunasa (GyHKimsa 6a30BOro Kjacca, a HacJaeI0Ba-
HUE TIPOU3BEIEHO 110 MyOJUYHON CXeMe), HO He MPUBENET K HYXKHbBIM
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HaM pes3yJabTaTaMm, u BOT modeMy. Bo Bpems TpaHcasainnu Teia yHK-
muu Pixel::Move() KOMIOHISATOP MOXKET HAYErO HE 3HATH O CYMIECTBOBA-
HUW TIOTOMKOB y Kjiacca Pixel, KOTOpbIE K TOMY YK€ BBOASAT CBOU BEPCHUU
dyuknuit Show() u Hide (). [losToMy KOMIUISATOD, €CTECTBEHHO, BCTABJIS-
eT B MAmWHHBINA KOA (GyHKmuH Pixel::Move() OOBIYHBIE BBI3OBBI (DYyHK-
mwmit Pixel: :Show() u Pixel: :Hide(), To ectb mucTpyKIun CALL C 2KeCTKO
3a/IAHHBIMU UCIOJIHATEIbHBIMU aPecaMu, He [0Pa3yMeBAIOe HIKAKIX
M3MEHEeHUH.

Eciu Teneps Bu3Barh dymHKImio Move () mis odbekrTa kiacca Circle,
OHAQ [IJIsi CTUPAHUS C 9KpaHa 00bekTa Bb3oBeT (yHkIimio Hide() B TOit €€
BEpCHUH, B KOTOPOIi OHA OIucaHa Jijist Kiacca Pixel. 9ra (yHKIUS BHIIOJHAT
JefiCTBUS 110 «CTUPAHUIO» C YKPAHA 00bEKTA-TOYKH, TOIJIA KAK CTEPETH HA
caMoOM JeJie HYKHO OKDYKHOCTh. 10 e camoe mpom30iaér ¢ (pyHKIuei
Show(): BMECTO OKPY?KHOCTH B HOBOM TIO3UIIUU HA IKPAHE OyIET OTPUCOBAHA
TOYKA. YICHO, 9TO 9TO COBCEM HE TO, YTO HAM HYXKHO.

Tem He meHee, Ka)KeTcsi CTPAHHBIM U HEMPABUJILHBIM ONUCHIBATDH J1JIs1
knacca Circle pyHKINIO, CJIOBO B CJIOBO TOBTOPSIONIYIO IPYTYI0, KOTOPAs
yke umeercs B 6a3oBoMm kjacce. U 371ech HAM Ha [IOMOIIb IPUXO/UT MeXa-
HIU3M 8UPMYAALHBIT PYHKUUT.

Kparko rosopsi, Bupryasnbhas QyHKIUsA (UM BUPTYAJIbHbBIH METOM) —
9T0 (DyHKIHS, OMUCHIBAIONIAS TAKOE AeHCTBHE HAJL OObEKTOM, OTHOCUTETHHO
KOTOPOTO TIPEII0JIAraeTcs, 9T0 aHAJOTUIHOE JeiicTBrE OyAeT ONpeIesieHO u
/17151 OObEKTOB KJIACCOB-IIOTOMKOB, HO, BO3MOXKHO, JJisl [IOTOMKOB OHO Oyzer
BBITMIOJIHATHCS WHAYE, 9eM JJIs 6A30BOrO KJiacca.

B tepmurax Teopun OOIl M0xKHO cKA3aTh, YTO BUPTYAJIbHBIM METOIOM
3a7aéTcs peakimsa 00beKTa KJIacCa Ha HEKOTOPDIN THTI COODIEHN B CIIydae,
ecu:

® I[IPE/IOJIAraeTCsl, 9TO y [TAHHOIO KJacca OyAyT KJIacChI-IIOTOMKH;

® O0BEKTHI KJIACCOB-TIOTOMKOB OyIyT CHOCOOHBI MOJIYyYaTh COOOIIEHUE
TOI'O K€ THIIa;

[ ] O6’beKTbI HEKOTOPLIX MJIN BCEX ITOTOMKOB 6yﬂyT pearuposaTh Ha 3TH
COODIIEHNST WHAYE, YeM ITO JIeJIAeT 00BHEKT KJIACCA-TIPEIKA.

Azbik Cu++ mo3BO/ISAET OOBSIBUTH B KA4ECTBE BUPTYAJBHHON JIIOOYIO
dbyHkuuo-mMero (KpoMe KOHCTPYKTOPOB U CTATUYECKUX MeTonoB). s aro-
IO Iepe/] 3aroJI0BKOM (DYHKIIUH CTABUTCs KJIFOUYEBOE CJIOBO virtual. B orsm-
qre OT BBI30BOB OOBIYHBIX (DYHKITHI, BBI3OBBI (DYHKITHI BUPTYaJIbHBIX O0-
pabaThIBAIOTCA KOMMUJIATOPOM B TIPEANOJIOKEHII, 9TO TUM O0bEKTA, JJIs
KOTOPOTO BBI3bIBAECTCS (DYHKITHS, MOKET OTJINIATHCA OT 0A30BOTO KJIaCCa, U
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9TO JIJIsT 9TOr0 OOBEKTA MOXKET TMOTPEOOBATHCA BHI3OB COBCEM JAPYTroil hyHK-
MU, HEXKEJIU Jijisi 0A30BOr0O KJIACCA.

B wactHOCTH, ecm B Kjacce Pixel mMOCTaBUTH CJIOBO virtual mepef,
kaxa0i n3 dyskruit Show() u Hide(), To mpu koMmuisanuu Teaa GyHK-
mun Move () KOMIHUIATOP OyaeT 3HATH, ITO OOBEKT, Ha KOTOPDBIH YKA3BIBAET
mapamerp this, MoxKeT OBITh KaK OOBEKTOM CaMOTo Kjacca Pixel, Tak u
00bEKTOM KaKOr0-HHOY/Ib €0 KJIACCA-IIOTOMKA, IIPUIEM I TAKOTO OOBEKTA
MOXKET TIOTPEOOBATHLCS BBI3OB dpyzur eepcuti dynrmuit Show() u Hide(),
BBEJIEHHBIX B COOTBETCTBYIOIIEM MOTOMKE. KO, CreHepupOBaHHBIN KOMIIH-
JISTOPOM B TAKOW CHUTYAIWH, OyIeT HECKOJIBKO CIOXKHEe, 9eM s OOBITHOTO
BBI30Ba (DYHKIMH, HO 3aTO OH OyeT BBI3BIBATH UMEHHO (DYHKIIHIO, COOTBET-
CTBYIOIIYIO THILY OObEKTA.

[ns nobo3HaTenbHbIX YUTaTENENR PacCKaXkem, Kak 3To gocturaercs. Ecnm B knac-
ce onmcaHa xoTs bbl OfHa BNPTYyasbHas beHKLl,I/IH, TO KOMNUNATOP BCTAB/IAET BO BCe
0b6BbEKTbI 3TOrO Kfacca HEBNAMNMOE MNOJe, Ha3blBA€EMOE yKa3artesieMm Ha 1'36/mqy BUp-
TyanbHbix merogos (anrn. virtual method table pointer, vmtp). Ons Bcero knacca
co3paércsa (B OAHOM 3K3eMMAsipe) HensMeHsiemasi Tabsmya BUPTyanbHbIX METOL0B,
coAeprKalan yKasaTesinm Ha KaXKayro N3 ONNCaHHbIX B KNacCe BUPTYasibHbIX d’)yHKLUAﬁ.

Korga koMnunsTop BCTpeHaeT BbI30B BUPTYaibHO (DyHKUMMN, OH reHepupyeT 0bb-
€KTHbIA KO, COAEpPXKaLNi MHCTPYKLUAN U3BNEYb N3 0ObekTa 3Ha4YeHUe nonsi vmtp, 3a-
Tem 0bpaTuThLCs NO 3TOMY agpecy K Tabnuue BMPTYyanbHbIX METOA0B 1 U3 HEE N3BNEYb
afpec HYXHOI byHKUNM, 1, HAKOHeL, 0bPaTMTbCs K 3TON OYHKLUN MO MNOSYHEHHOMY
appecy.

ObbekT Knacca-nOTOMKa COAEPXKUT, KaK Mbl 3HAEM, BCE NONS, NPUCYLME KNacCy-
npeaky. ITO KaCaeTcs v HEBMAUMOrO NOAst vmtp, Npry4ém OOBEKTHI KNACCA-NOTOMKA
NMEKT B 3TOM NOJ&Ie NHOE 3Ha4YeHne, Hexxenun 0b6BEKTbI KnaccCa-npeaka. ﬂ'ﬂﬂ Ka>Xao-
ro Ks1aCCa-nOTOMKa KOMNUANATOP CO3AaéT (OI'IFITb—TaKVI B €ANHCTBEHHOM 3K3emnn;|pe)
CBOIO COBCTBEHHYIO Tabnuuy BUPTyanbHbIX METOAOB, COAEPXKALLYHO afpeca COOTBET-
CTBYIOLWMX BepCUli BUPTYasibHbIX PYHKLMIA; MMEHHO afpec 3Toi Tabnuupl 3aHoCKTCA
B none vmtp.

WNrak, o6bsasum byaknun Show() u Hide() BupTyasbHbIMEH B HA30BOM
KJIacce. JTO MO3BOJUT HCHOIL30BaTh GyHKIHUIO Move() s sioboro w3
KJIACCOB, YHACJAEeJOBAaHHBIX OT Pixel, ecii1 TOJBKO JJid 3TUX KJIACCOB OIU-
canbl cobcreennble (1paBuiibHO paboratouiue) Gyukuuu Show() u Hide ().

IIpex e weM 3aBepmuTh onucanue KjaaccoB Pixel u Circle, oTMeTnM,
9TO B KJIACCE, B KOTOPOM MMEETCS XOTs Obl OfHA BUPTyaJbHast (DyHKITHS,
PEKOMEHIyeTCsI BCET/Ia sIBHO OMUCHIBATH JAECTPYKTOD U OObSBIATH €r0 BUP-
TyaJbHBIM. 3a4eM 3TO HY>KHO, CTAHET $ICHO U3 JAJbHEHIIero Marepuaa.
Ceituac npocro cienaeM 310, 4TOObl KOMIIUJISATOD HE BbLIABAJ [PEyIpe-
JKIEHUS.

OxkoH4YaTEIbHO 3ar0JIOBKU HAIIMX KJIACCOB MPUMYT CJICIYIOIIHIT BUI;:
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class Pixel {
protected:
double x, y;
int color;
public:
Pixel(double ax, double ay, int acolor)
x(ax), y(ay), color(acolor) {}
virtual “Pixel() {}
virtual void Show();
virtual void Hide();
void Move(double nx, double ny);

};

class Circle : public Pixel {
double radius;
public:
Circle(double x, double y, double rad, int color)
Pixel(x, y, color), radius(rad) {}
virtual “Circle() {}
virtual void Show();
virtual void Hide();
};
OrmeruMm, uTo B onucanuu Kjaacca Circle cioBo virtual MOXKHO, B TIPWH-
[UTe, OMYCTUTh; (DYHKINHU, COBMAIAONINE IO TPOMUII0 C BUPTYATbHBIMU
dyuknusMu 6a30BOTO KJIACCA, 00bABIISAIOTCS BUPTYAJbHBIMU aBTOMATHYE-
CKH.

§9.1.2. Yucto Bupryaabubie QyHKIun. AOGCTpaKTHBIE
KJIACChI

Kak ormeuanocs B cHocke Ha crp. 90, HaciemoBanme Kjacca
«OKPY2KHOCTb» OT KJIACCA <«TOYKA» HAPYIIAET IPUHIUNBL OObEKTHO-
OPMEHTUPOBAHHOTO MMPOEKTUPOBAHUS, TTOCKOJIBKY OKPYKHOCTh HE SIBIISETCS
9aCTHBIM CIydaeM Touku. [lompobyem ucnpasuth curyanuto. s 3Toro 3a-
METHM, UTO U TOYKA, U OKPYKHOCTH — HYACTHBIE CIyUal 2€0MEMPUYECKUT
Puzyp, TPUIEM MOKHO CIUTATH, 9TO KaxKJas reoMerpudeckas ¢purypa ob-
JIAJIAET [[BETOM ¥ UMEET KOODIUHATHI OUKU npuesadku. s oObr4Hoil To9KH
B KQUECTBE TOYKN MPUBAIKH BLICTYITAET OHA, CAMa, JIJIT OKPYYKHOCTH TOYKOM
npuBs3ku Oyzer eé mentp. s apyrux buryp TOUKy TpUBSI3KH MOXKHO BbI-
OpaTh Pa3HBIMU CIIOCODAMU; TAK, [JIsi KAKOTO-HUOYIb MPSIMOYTOJIHHUKA ITO
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MOXKeT OBITH OO MEHTP MepecedeHus AuaroHaseil, 1udo OaHa M3 BEPINUH,
u T I

OrmernM, 9TO TaKOE TPeACTaBIeHne 00 aOCTPAKTHOM TMOHSATHUA TEOMET-
puYgeckoit pUryphl MO3BOJISET HAM yKa3aTh €IUHBIN 171 BCeX (uryp aaro-
PUTM THepeBUKeHusi (DUTYPBI 1O SKPaHY: cTeperTh (QUrypy € IKpaHa, W3-
MEHUTH KOOP/IUHATHI TOYKH IIPUBA3KHU, OTPUCOBATH (DUTYPY B HOBOM MECTE.
C 5TUM AJrOPUTMOM Mbl YK€ 3HAKOMbI, OH ObLI peajin30BaH B (DYHKIUH
Move () ma ctp. 90.

Teneps yke SCHO, KaK HY>KHO M3MEHUTb APXUTEKTYpPy Hareil 6mbino-
TEKU KJIACCOB, YTOOBI IPUBECTH €€ B COOTBETCTBUE C OCHOBHBIMU TTPUHIIUIIA-
MU O0BEKTHO-OPUEHTUPOBAHHOTO TIporpammupoBanusi. [IoHATHS «TOYKa» U
OKPYKHOCTb» HE SIBJISIIOTCS YACTHBIME CJLy4asiMU JIPYT APyra, HO 0b6a OHU
SIBJITFOTCST YaCTHBIM CJIy9aeM TOHSITHS «reoMerpudeckas dpurypas. Ilosro-
My, €CJIi MBI ONHUIIEM KJIACC /I TMPEICTaBJIeHNsS abCTPAKTHOW TreoMeTpu-
9ecKoil PUryphbl M OT HEro yHacaeayem oba Kiacca Pixel m Circle, Ta-
Kasi apXUTEKTypa OyIerT MOJHOCTHIO YIOBIETBOPATH TPEOOBAHUSAM TEOPUU
00'bEKTHO-OPUEHTUPOBAHHOTO ITPOEKTUPOBAHUS.

[Ipexme wem mpuUCTYNaTh K OMMCAHUIO KJIACCA, TPEICTABIISIONIETO T€0-
MeTpUIecKyio (BUTypy, OTMETHM €I OIUH BaXKHbIN MOMeHT. OnuchbiBas B
npeabIayeM mnaparpade KIacchl [JIsi TOYEK W OKPYKHOCTEil, MbI HE -
cau KOHKPETHBIX Tes mig mMeromoB Show() m Hide(), HO mpenmosmaraan
Ipu 3TOM, 4T0 B pabodeil LporpaMMe Tejia ITUX MeTOUO0B Oy/lyT OnucaHbl (¢
YUIETOM KOHKPETHO TIaT(OpMBI pa3pabOTKM, UCIOIB3yeMOil TpaduIecKoi
OubIMOTEeKY U T.11.). B IpOTUBONOIOKHOCTD 3TOMY, Tesia MeTonoB Show () u
Hide () myis abCTpakTHO reOMeTpUIecKoi (DUTypPhI OMUCATD HEBO3MONACHO;
JIefiCTBUTENIBHO, KAK MOXKHO HAPUCOBATH HA IKpaHe (DUTYPY, OTHOCUTETHHO
KOTOPO#l HEU3BECTHO, KAK OHA BBIIJIAANAT?!

HecmoTpst HA 3TO, MBI TOYHO 3HAEM, KaK OymeT BHITIAAETH (DYHKIIHS
Move() B MpEIIOJIOKEHUU, UTO JJIs KJIACCOB-TIOTOMKOB OYIyT MPaBUIHHO
onucanbl MeToasl Show() u Hide().

WNuage roBopsi, MbI 3HAEM, 9TO BCE OOBEKTHI KIACCOB-TIOTOMKOB JAHHOTO
KJIACCA JIOJIZKHBL YMETh I[TOJIYy4aTh COODIIEHHE ONPEIEJEHHOIO TUIIA, HO MbI
HE MOXKEM TIPU OMUCAHUK DA30BOTO KJIACCA OMHCATH KAKYI0 OBl TO HU OBLIO
PEAKIINIO HA, TAKUE COOBITHUS, IIOCKOJIbKY TAKOBAS PEAKIINS MTOJTHOCTHIO 3aBU-
CUT OT THUIIA HAIIEro moToMKa. Ilpu 3TOM /115 Onucanusi HEKOTOPBIX APYTHUX
(6osiee 0OHIKMX) MeTOZOB 6A30BOr0O KJacca HAM HEOOXOAUMO 3HAHHE O TOM,
9TO peaKIs Ha COOTBETCTBYIOIIHE COOBITUS OyIeT MPelyCMOTPEeHA BO BCEX
HAILIUX HOTOMKAX.

A3pik Cu++ wMeer cHenuasibHBIN MEXaHW3M, OTPAYKAIOIINN TTOT00HBIE
Caydan. JTOT MEXAHU3M HA3BIBAETCH HUCMO SUPMYGAbHBIE PYHKUUU
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(anru. pure virtual functions). OuucbiBas B Kjacce YUCTO BUPTYaJbHYIO
GYHKIUIO, IPOrPAMMUCT HH(POPMUPYET KOMITHISATOP O TOM, ITO (PYHKITH
¢ TakuM TpoduIeM OyIeT CyIeCTBOBATH BO BCEX KJIACCAX-TIOTOMKAX, 9TO
o/ Heé HeoOXOIMMO 3ape3epPBUPOBATH MO3UINIO B TAOJWIE BUPTYAJTHHBIX
dbyukuuit, Ho pu 3ToM cama dyHKIMs (€€ Teso) Aya 6A30BOro KJIacca Omu-
CBIBATHCSA HE OyIeT, TaK YTO 3HAYEHHE AAPeca dTOH (PYHKIUH B TAOIUIE
BUPTYaJIbHbIX (DYHKIMI Ciemyer ocraBuTh HysieBbiM. CHHTAKCUC OIUCAHMS
YUCTO BUPTYAJTbHON (DYHKIINN TAKOB:

class A {
/...
virtual void f() = 0;
/] ...

}s

Bums na mecre Tena GyHKIUN COEMUATBHYIO JEKCAIECKYIO TTOCTIEI0BATE b
HOCTB «= 0;», KOMIMWJISITOP BOCOIPUHUMAET (PYHKIIUIO KAK YUCTO BUPTYaJIhb-
Hy10.2

Ecmu B mopoxkaéHHOM KJTacce He ONUCATbh OAHY W3 (PYHKIHi, 00bAB-
JIeHHbIX B 6A30BOM KJIACCe KAK YMCTO BUPTYAJIbHBIE, KOMIIMJIATOD CYUTAET,
910 (DYHKIINS OCTATIACH TUCTO BUPTYAIBHON U MPEIIIOIaraeT, YTO OT TAKOTO
KJIACcCa, B CBOIO O4Y€pe/ib, Oy/IeT yHACIeI0BAH OTOMOK, KOTODBIH U ONpese-
JINT, HAKOHEI, KOHKPETHOE TeJIO [Jisi BUPTYaIbHON (DYyHKIMU COOTBETCTBY-
TOIIEro PO,

Knace, B KoropoM ectb x0T ObI OJHA YHCTO BHPTyadbHas (PyHK-
1¥sA, HA3BIBAECTCA abcmpaxmmvim Kaaccom. [lome3no Oymer 3amoOMHATD,
4T0 KOMOWJILATOP He IO3BOJIAET CO34aBaTh 00bEKThI abCTPaKTHBIX
KJiaccoB. EMHCTBEeHHOE HA3HAUEHNE A0CTPAKTHOTO KJIACCA — CJIYKUTH Oa-
3UCOM [IJIs1 TIOPOXKIEHWS IPYTUX KJIACCOB, B KOTOPBIX BCE YHCTO BUPTYaJIb-
Hble PYHKIUN OYIYyT KOHKPETH3UPOBAHDL.

[MomprToykum HaIU paccykaeHus. IToObI COOTBETCTBOBATH MPUHIIAIIAM
O0OBEKTHO-OPUEHTHPOBAHHOTO TPOrPAMMHUPOBAHUS, HAM CJIEIyeT OMHUCATh
KJIaCC, MPEACTABIMIONNH a0CTPAKTHYIO TeOMeTpudIeckyio ¢hurypy, obrama-
IONIYI0 I[BETOM ¥ KOOD/JMHATAMHU TOYKU I[PUBA3KH, HO HE OOJIA/IAIOIILYIO
KOHKpeTHO! (opmoil; HazoBéM 3TOT KJyacc GraphObject. Kmaccer Pixel
u Circle HYKHO TepenmcaTb, yHacjaeaoBaB orT GraphObject. B kmacce
GraphObject meroast Show() u Hide () OymayT 0ObsiBI€HBI KAK YUCTO BUP-
TyaJIbHbIE, 9TO CJEJAET CAM 3TOT KJIACC aDCTPAKTHBIM KJIACCOM.

2Tako#l CHHTAKCHC TPYIHO HA3BATH YOAUHBIM, OCOOEHHO €CJIM yUeCTh, UTO HHIKAKOE
YHCIJI0, KPOME HYJISI, HCIOIb30BATHCS 3/1€Ch HE MOXKET; TeM He MeHee, UIMEHHO TaKOB CHH-
TaKCHUC B a3bike Cu—+-+.
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Omnwumem Temeps kaace GraphObject:

class GraphObject {
protected:
double x, y;
int color;
public:
GraphObject (double ax, double ay, int acolor)
: x(ax), y(ay), color(acolor) {}
virtual ~GraphObject() {}
virtual void Show() = 0;
virtual void Hide() = 0;
void Move(double nx, double ny);

};

Onucanue Gpynkimu Move () Mbl HE IPUBOAUM, IIOCKOJIBKY OHO CJIOBO B CJIO-
BO TIOBTOpsieT onucanune mMerona Pixel: :Move () ma ctp. 90. OT™Mernm, 4To
B Tesie dyukiuu Move () Bo3biBatorcs dbynknun Show() u Hide (). To, uTo
Tena [yt 3TuX (PYHKIWH HAMYW HE 33/1aHbl, HE CO3JAET HUKAKUX MPOOIeM,
MTOCKOJIBKY JIJIsT JTI0OOTO KJIACCa~-TIOTOMKA, OOBEKTHI KOTOPOTrO MOXKHO OyaeT
cO3/1aBaTh, TabJIUIA BUPTYAJIbHBIX METOJAO0B Oy/ieT COmepKarhb ajpeca KOH-
KPETHBIX (DYHKITUI, OMUCAHHBIX B 3TOM KJIACCE-TIOTOMKE.
3arosioBku KiaccoB Pixel u Circle OyayT Tenepb BBIMVISAETH TaK:

class Pixel : public GraphObject {
public:
Pixel(double x, double y, int col)
: GraphObject(x, y, col) {3}
virtual “Pixel() {}
virtual void Show();
virtual void Hide();
}s;
class Circle : public GraphObject {
double radius;
public:
Circle(double x, double y, double rad, int color)
: GraphObject(x, y, color), radius(rad) {}
virtual “Circle() {}
virtual void Show();
virtual void Hide();
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g 3mux Kaaccos, B osimdme oT Kiiacca GraphObject, HeobxoaumMo onucarb
KOHKpeTHbIe Tesa MeTonoB Show() u Hide().

§9.1.3. HaciegoBaHue paayu YacTHOTO CJOydYasds KOHCTPY-
UPOBaAHUA

B nmpakTugeckom mporpaMMHPOBAHUN YACTO MIPUMEHSIIOT OIH YIIPOIIEH-
HBIA cirydail HacaeqOBaHM:A, PU KOTOPOM KJACC-IIOTOMOK OT/INYAETCA OT
MpeIKa TOJHKO HADOPOM KOHCTPYKTOPOB, TO €CTh OH HE BBOJWT HU HOBBIX
METOZIOB, H HOBBIX ToJiei. OOBEeKTHI TAKOTO KJIACCa CO3TAI0TCS M3 cooOpa-
JKEHUH SKOHOMHH 00bEMA, KOIA, ITOOBI HE TIOBTOPSTH OIHN U T€ ¥Ke J1eHCTBUAA
MIPU KOHCTPYUPOBAHUH OTHOTHUITHBIX OOBEKTOB.

YTo0bI TPOULIIOCTPUPOBATH CKA3aHHOE HA TpHUMEpe, JIs HAYATId MBI
BBEJIEM €€ OMH KJIACC-TIOTOMOK KJjacca GraphObject, mpeacTaBiagionInii
JIOMaHYIO JINHWUIO, & 3aTeM OIHIIeM IpapuIecknuii 00bEKT «KBaJApaT» Kak
YaCTHBIM Cydail JJOMaHOI JIMHUN.

Hamomamm, 910 Kazkaas reomerpudeckas purypa B Haleil cucreme mme-
€T TOYKY MPUBA3KN; JOMAHYIO TTPU 3TOM TTPOIIE BCETO XPAHUTH B BUJIE CITHC-
Ka KOOPAWHATHBIX Map, 3aJAI0NINX CMEIMeHNe KaxKI0W BEepITUHBI JIOMAHON
OTHOCHUTEJIbHO TOYKHU MPUBs3KH. /I opraHu3aium Takoro CIucka Mbl B 3a-
KPBITO# 9aCTHU KJIACCA OMMIINEM CTPYKTYPY, 33aI0IIyI0 3JIeMEHT crucka. Vc-
XOZIHO OyIeM CO37aBaTh JJOMAHYIO, HE HMEIOITYI0 HU OJHON BEPIMUHDI, a [IJIsd
J0OaBJIEHUsT HOBBIX BEPINH OyIeM MCIOIB30BATH METOI, KOTOPBIH HA30BEM
AddVertex (). HanuimeM 3arojoBoK Kiacca:

class PolygonalChain : public GraphObject {
struct Vertex {
double dx, dy;
Vertex *next;
};
Vertex *first;
public:
PolygonalChain(double x, double y, int color)
: GraphObject(x, y, color), first(0) {}
virtual “PolygonalChain();
void AddVertex(double adx, double ady);

3910 syure, WeM MHITATHCS TE€M MM HHBIM CIIOCOB0M MepeaaTh KOODJAHHATH BEPIINH
B KOHCTPYKTOD, IIOCKOJBKY MBI HE 3HAEM 3apaHee KOJINYEeCTBO BEPIIUH, TaK YTO JIJIS IIepe-
N9y UX B KQIECTBE IapaMeTpPa KOHCTPYKTOPA IPUILIOCH OBL B TOM MECTE, I€ CO3AAETCA
006beKT, GPOPMUPOBATH HEKYIO JTHHAMHUYECKYIO CTPYKTYPY JAHHBIX (MaCCUB JHOO0 CIHCOK),
9T0 HOTPE6OBAIO OBl JOMOJHATEILHBIX yCHIHH.
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virtual void Show();
virtual void Hide();
};
DOyukuus AddVertex () Gyzer (s SKOHOMUM ycUsmil) JOOABIAATH HOBYIO
BEPIIMHY B HAYAJIO CIIUCKA, & HE B KOHEIl; JIMHUs IIPU 3TOM OyeT u3odbpa-
JKATHCSA HA YKPaHe B OOPATHOM TOPSIKE, HO 3TO, €CTECTBEHHO, HUYETO He
U3MEHUT:

void PolygonalChain: :AddVertex(double ax, double ay) {
Vertex *tmp = new Vertex;
tmp->dx = ax;
tmp->dy = ay;
tmp->next = first;
first = tmp;
X

dAcHo, 9T0 Ay 00BEKTA, UCHOJB3YIONIErO AUHAMUYECKYIO MaMsATh, HEOD-
XOJIMMO TPELyCMOTPETh JECTPYKTOP, OCBOOOK AW MTaMaTh. Hamnumem
ero:

PolygonalChain::“PolygonalChain() {
while(first) {
Vertex *tmp = first;
first = first->next;
delete tmp;

3

Kak o00brano, Mbl BO3mepzKuMCA OT onucanus tea (yaknuit Show() u
Hide (), HO OymeM MpeamnosaraTh, 9To 3TO CAEJIaHO.

Ilycts Temeph HaAM HY’KeH KJACC JJIs MPEJCTABIEHHWS KBaJpaTa, CTO-
POHBI KOTOPOTO TAPAJLIEIbHBI OCIM KOOPAWHAT, & [JINHA CTOPOHBI 331a€TCs
rmapaMeTrpoM KOHCTPYKTOpa. ZIcHO, 9TO Takoil KBaIPAT IPeACTaBIseT coO0i
YaCTHBIH Cirydail JJoMaHo#, onucbiBaeMoil kijiaccom PolygonalChain. Ecium
B KadecTBe TOYKHM TPUBA3KHU BHIOPATH JEBYI0 HUKHIOIO BEPITHHY KBaJpa-
Ta, a JJINHY CTOPOHBI KBaIpaTa 0003HAYMUTH OYKBOM @, TO JIOMAHAsI JOJIZKHA
HAYaThCd B TOYKE npuBsa3ku (4ro coorsercrByer BekTopy (0,0)), mpoiitu
gyepe3 Touku (a,0), (a,a), (0,a) u Bepuyrbes B Touky (0,0); Bcero, Takum
obpa3om, siomanasg Oymer CoAepKarh IATh BEPIIUH, IPUYEM [IepBasi U II0-
CJeHsIsT OYIyT COBMAIATH, YTOOBI CAETaTh JOMAHYIO 3aMKHYTOM.

YrobbI HE TPUXOAMIIOCH KarKIBIH pa3 JJIst TPE/ICTABICHUS KBA/IPATa TIH-
caTh IeCTb CTPOK Koia (oxHy i onucanus obbekta PolygonalChain,
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oCTaJIbHBIE [IJ1s1 0OABJIEHUS] BEPILIUH), MOXKHO OIUCATH KJIACC (Mbl HA30BEM
ero Square), Koropslii Oyser ynacuenosan or PolygonalChain, upuuém or-
JIM9aThCs OYIET TOJIBKO KOHCTPYKTOPOM:

class Square : public PolygonalChain {
public:
Square(double x, double y, double a, int color)
PolygonalChain(x, y, color)

{
AddVertex (0, 0);
AddVertex (0, a);
AddVertex(a, a);
AddVertex(a, 0);
AddVertex (0, 0);
}

};

[Moguepkuém emé pas, 9To OOJBITE HUYErO ONWCHIBATH I KBaJpara He
HY?KHO, BCE OCTaJIbHOE C/IEJIAI0T METO/ bl DA30BOrO KJiacca.

§ 9.1.4. BupryanabHbIii 1eCTPYKTOP

Panee npu obcyxaennu BupTyaabHbIXx yHKOWA HA CTP. 93 MBI OTMe-
THUJIH, 9TO B KJIACCE, UMEIOIIeM XOTs Obl OJHYy BUPTYaJIbHYIO (DYHKIHIO, Jie-
CIPYKTOD TOXKe cjeiyer cueiarb (00biaBUTb) BUPTYAJIbHBIM, HO HE OObsic-
HUJIN TTPUIUHBI 3Tor0. Ilompobyem cremars 310 cefivac.

IIpn akTHBHOM MCMOJIB30BAHUK TOJUMOPGU3MA HEPEIKO BOZHUKAET CH-
Tyanusi, KOTJa Hy?KHO TPUMEHUTH ornepaTop delete K yKa3aTeso, IMEOIIe-
My THUI «yKa3aTejab Ha 6a30BbIil KJIACC», IPUTOM YTO YKA3bIBATH OH MOXKET
u Ha 00DBEKT ITOTOMKA. B 3T0# curyarun HeoOX0auMO, eCTeCTBEHHO, BbI3BATD
JIECTPYKTODP, COOTBETCTBYIONIMH TUTY YHUITOXKAEMOTO 00beKTa, a He yKa-
3arend. Tak, momycTrM, MBI OCANIN yKa3aTesb Ha Kjacc GraphObject:

GraphObject *ptr;
Temepsb BIIoTHE KOPPEKTHBIM OyIeT TaKOE MPUCBANBAHUE:
ptr = new Square(27.3, 37.7, 0xff0000, 10.0);

B pesysbrare »sroro Hamr yka3aresib MMeeT THUII <«yKa3aTelb Ha
GraphObject», HO peashbHO yKa3bIBaeT Ha 00BEKT Kiacca Square. Ecin Te-
mepb MOTPE0YeTCsl YHUITOKUTD ITOT OOBEKT, MBI MOXKEM 0€3 BCAKHUX OMace-
HUN BBINOJIHUTH
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delete ptr;

ITockonbky ykazarens nMeeT Tun GraphObject*, a mecTpyKTop Kiacca
GraphObject BUPTyasIbHBIN, KOMIUIATOD IIPOU3BE/IET BBI30B JECTPYKTOPA
qepe3 TabUIly BUPTYATbHBIX METOI0B YHHITOXKAEMOIO 00beKTa. B pe3yib-
Tare 3TOro Oy/1eT BHI3BAH HESBHBINA JIECTPYKTOP JJid Kjacca Square, KOTO-
PBIit BBI3OBET JeCTPYKTOP Kjaacca PolygonalChain, a TOT, B CBOIO O4Yepenp,
JecTpykTop Kiacca GraphObject. Ecim Obr Mbl HE O0BABUIN JECTPYKTOP
kJtacca GraphObject Kak BUPTYaJIbHBINA, KOMIUJISATOD MPOW3BEN ObI 2KECT-
KUl BBI30B JECTPYKTOPA IO TUIY YKA3aTeJssi, TO €CTh ObLI ObI BHI3BAH TOJIb-
KO JlecTpyKTop Kiiacca GraphObject. Mexmy Tem, yHHYITOKAEMbIHE OOBEKT
KJjacca Square ILIOPOXK/JaeT U UCILOJIb3yeT CIMCOK B JUHAMUYECKON amMsd-
i (U3 TATH JIEMEHTOB), W €CJIM JECTPYKTOp Kiacca PolygonalChain ne
OyZeT BbI3BAH, TO THU IJIEMEHTHI TPEBPATATCSH B «MYCOP», TO €CTh OyayT
MTO-TIPEKHEMY 3aHUMATh MAMSATh, HE BBITOIHSS HUKAKON MOJIE3HON PabOTHI.

Ob6bsBIeHNE TECTPYKTOPA KAK BUPTYATBHONO MPAKTUYECKHA HE TPUBO-
JHUT K PACXOMY MaMsTH: TADJIUIA BUPTYAJIHHBIX METO/IOB yBEJIMINBAETCS HA
OJTMH CJIOT, 9YTO COCTABJISET HECKOJIbKO JIMITHUN OAWTOB HA KAXKbIil HOBbIH
kaace (He 06bexT!). C apyroii cTOpoHbI, caMm (haKT HAIUYKSA B KJIACCE BUP-
TyaJbHBIX DYHKIUI YKA3bIBAET HA TO, YTO MPU paboTe C 0ObeKTaMH KJ1acca
OyZeT aKTUBHO HMCIOIH30BaThCA monmumopdu3m. OTMernm, 94TO Py Onuca-
HHUH KJIACCA B OOJBIMTUHCTBE CAYYIaeB TPYIHO MPEICKA3aTh, OYIyT i O0beK-
ThI [IOTOMKOB TaKOI'0 KJIacCa YHUYTOXKaTbcs onieparopoMm delete, npumens-
€MBIM K YKa3aTesi0, UMeIOIeMy THI «yKa3aTe/lbh Ha mpeakay. Pemms, 4To
TaKOe yIajleHue HAM He TOHAI00UTCsI, MBI DUCKYEM B JAJIbHEHIeM 3a0bITh
00 3TOM M HOJIy4YUTh TPYIHYIO JJisi OOHApYzKeHus omuoOKy. B cBs3u ¢ aTum
CYUTAETCsI, 9TO JECTPYKTOP JIOO0Or0 KIacca, MMEIOIIero XOTs Obl OJIHY BHUP-
TyaJbHyI0 (DYHKIHUIO, CileyeT O0bABIATH KAK BUPTYAJIbHbBIN, HE 331y MbIBa-
ACb O TOM, HOHaﬂO6I/ITCH 3TO B IIPOrpaMme UJIn HET; MHOT'ME KOMIIUJIATOPbI
BBLJAIOT IIpeyNpexKaeHne, €CIu 3TOro He CIesaTh.

§9.1.5. Emé o moanmopdusme

IIpuBesém emé ouH IpUMEpP UCIOIb30BaHUs MouMopdu3ma. Ilycts Mbl
c03/188M rpadUUecKyIo CIieHy,* COCTOAIIYIO U3 PA3HBIX IpadUIecKuX 00beK-
TOB — TOY€EK, OKPYKHOCTEH, MHOTOYTOJIbHIKOB W, BO3MOYKHO, KAKUX-TO IPY-
TUX 3JIEMEHTOB, MIPEICTABIIEMbIX OOBEKTAME KJIACCOB, YHACIEIOBAHHBIX OT
GraphObject. IIpu 3TOM HA MOMEHT HANKUCAHWS IPOTPAMMBI MbI HE 3HAEM,

4HamoMHEM, 9TO HOJ CIEHOH B KOMIBIOTEPHOH IpadHKe OOBIYHO IIOHHMAETCS BeCh
HabOp rpadudeckux 00'bEKTOB, BUAMMBIX OJHOBPEMEHHO.
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CKOJIbKO M KAaKHX MMEHHO OOBEKTOB OyIeT B CIieHEe; TaK ObIBAET, ECJTH OIIH-
CaHUE CUEHbI HYKHO LOJLy4YUTh U3 BHELIHErO0 UCTOYHUKA (HALpPUMED, LPO-
yurarh u3 aiia), b0 €C/IU CIEHa MeHEPUPYETCs BO BPEMS UCIIOJTHEHUS
nporpamMMbl (HAIpUMep, CIy9aiiHbiM 00pa30M, YTO YaCTO MCIIOJIb3YEeTCs BO
BCEBO3MOXKHBIX TIPOIPAMMAaX-<«CKPUHCEHBEPAX» ).

Homnyctum, B HEKHiI MOMEHT B IpOrpamMMe HaM BCE Ke CTAHOBUTCH W3-
BECTHO, CKOJIbKO O0BEKTOB OyJIeT COJEPKATh CIEHA. DTO MO3BOJUT UCIOJIb-
30BATH /1T XPAHEHUS BCEI CIEHBI IUHAMUYECKN CO3JABAEMBIN MACCUB YKa-
3aresieit Ha 00bEeKTHI MOTOMKOB GraphObject. IlycTs, Hampumep, kogude-
CTBO OOBEKTOB CIEHBbI Oy/IeT XPAaHUThCsS B IepeMeHHOH scene_length, a
yKazarejb HA CAM MACCHUB MBI HA30BEM MPOCTO scene:

int scene_length;
GraphObject *scene;

Korna nepemennas scene_lenght TeM MM HHBIM CHOCOOOM HOJIYYIUT 3HA-
yenue (HampuMmep, oHO Oyaer npounTaHo u3 (daiiia), MOXKHO OyJIeT 3aBecTu
MaCCUB:

scene = new GraphObject*[scene_lenght];

Temepp OGnaromapst moauMOp(AU3MY OKA3bIBAIOTCS KOPPEKTHBI, HAIIPUMED,
cileyoupe IpucBanBanus (1pU yCJOBUM, KOHEYHO, YTO 1 He [peBbllaer
scene_length):

scene[i] = new Pixel(1.25, 15.75, 0xff0000);

/...
scene[i] = new Circle(20.9, 7.25, 0x005500, 3.5);
/] ...
scene[i] = new Square(55.0, 30.5, 0x008080, 10.0);
/...

u ToMy momobube. Takum 00pa30M, MBI TIOJIyIaeM MACCUB yKa3aTesel Tuma
GraphObject*, KaxKaplil 13 KOTOPBIX Ha CAMOM JieJle yKa3bIBaeT HA HEKOTO-
Dblii OOBEKT KAACCA-NOMOMEKQ.

Obparum BHUMaHHE HA TO, 9TO HAM MOXKET BOBCE HUKOL/A OOJIbINE HE
mOTPeOOBATHCS 3HATH, HA OOBEKTHI KAKOTO THIA YKA3BIBAIOT KOHKPETHBIE
yKazaTelw B HaIlleM MaccuBe. BHe 3aBUCHMOCTH OT KOHKDPETHBIX THUIIOB,
MBI BIIOJITHE MOXKEM TIEPEMEIAaTh OOBEKTHI TO IKPAHY, TACATh WX U CHO-
Ba OTPHCOBBIBATH, Beab MeToabl Show(), Hide() um Move() moCTymHBI i
kutacca GraphObject, a 3Ha4uT, MOryT ObITH BBI3BAHBI 110 YKA3ATEIO TUIA
GraphObject* 6e3 yTOYHEHUS THUIA 00BHEKTA.

Touno TakuM ke 00pa3oM OJIAroAAPs HAJUYUI0 BUPTYAJIBHOTO JECTPYK-
TOpPA MOXKHO YHUUYTOXKUTH BCE OOBEKTHI CIIEHBI, & MOTOM U CAMY CIIEHY:
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for(int i=0; i<scene_length; i++)
delete scenel[il;
delete [] scene;

Ilomobuble cuTyanum 9acTO BO3HUKAIOT B OOJiee-MeHee CJIOKHBIX IIPO-
rpammax. ITocKOMbKY KOHKPETHBIE METO/IbI, KOTOPbIE HY2KHO BbI3BIBATD, CTa-
HOBATCA U3BECTHHBI TOJIBKO BO BpeM#d MCIIOJITHEHUA IIPOTrPAMMBI, TaKOMI BH ]I,
mouMOp(MU3Ma HABBIBAETCH QUHAMUNECKUM NOAUMODPPHUIMOM; OH CTa-
HOBHUTCA BO3MOXKHBIM 6naro,&apﬂ MEXaHU3My BUPTYaJbHBIX (byHKIH/Iﬁ Hu 4dB-
JI4€TCdAd, B KOHEYHOM HUTOre, nx npeaiHa3HavYeHueM.

§ 9.2. TeopeTuKO-MHO>KECTBEHHOE OITMCAHME HAa-
cJieJOBaHUA

Beakxasa ceaédka — pwiba, Ho He 6Ca-
KaA puba — ceaéoxa.

Kak y2xke rosopustocs, mpu onucanuu 00bEKTHO-OPUEHTHPOBAHHOI'O IPO-
rPAMMUPOBAHUS MOYXKHO HCIIOJIb30BATh PA3JIMYHbIE BAPUAHTHI TEPMUHOIIO-
run. Tak, TEPMUH «BBI30B METONA OOHLEKTa» IKBUBAJEHTEH TEPMUHY <«OT-
MpaBKa COOOINEHNsT O0BEKTY», TPOCTO ITH TEPMUHBI OTHOCATCA K PA3HBIM
TEPMUHOJOTMIECKAM CUCTEMAM: O BBI30BaX METOIOB MbI TOBOPUM IIPU H3Y-
gennu npakrudeckoro mpumenenuss OOII, Torma kak mepegada coobime-
Hust — repmuH, orHocsmwiica K reopur OOIl u Kk Tem s3blkamM mporpam-
MUPOBAHMsA, KOTOPBIE MOJHOCTHIO COOTBETCTBYIOT 3TOi Teopun (K Takum
sA3bIKaM OTHOCHUTCH, Hanpumep, Smalltalk).

Kiacc ¢ TeopeTntdeckoit TOYUKHN 3peHnsT TIPE/ICTABIISAET COO0H MHOMHCECTNEO
00BEKTOB, Y/IOBJIETBOPSIOMIUX OMPEIEIEHHBIM YCA0BHsAM. B 3TOM CcMBbICTE
HOPOXKAEHHDIH (HAC/IeMyeMbIil, WK JIOYEPHUIi) KJIacC IpeacTaBiser coboit
nodmHoxcecmaeo. JleficTBUTEIbHO, COrJIACHO 3aKOHY HOJMMOP(PHU3Ma 00bEKT
MMOPOXKIEHHOTO KJIACCA MOXKET OBITh HCIIOJB30BAH B KadecTBe 00beKTa Oa-
30BOT'0O KJIACCA, TO €CTh, TIOMPOCTY TOBOPS, SBJSETCS OIHOBPEMEHHO U 00b-
€KTOM JIOYEepHEro, m O00BLEKTOM 0a30BOTr0 KJACCA; B TO YKE BPEMs OOBEKT
6a30BOr0 KJTacca BOBCE He 00A3aH OBITH OOBEKTOM KJIACCA MOPOXKIEHHOTO.

C apyroit CTOPOHBI, KAK MBI YK€ TOBOPUIIH, HACTEIOBAHUE IPECTABIISET
coboit ymoumeHnue CBONCTB 0ObEKTA, WK, HHAYTE TOBOPS, TIEPEXO, OT ODIIEro
ciydasd K 4aCTHOMY. fICHO, 94TO MHOXKECTBO YaCTHBIX CJIy4aeB IIPeJICTaBIIAET
€000 MOMHOYKECTBO MHOYKECTBA CJIyYaeB OOIIHX.

WNrak, KjacC ecTh OIMHUCAHHE MHOXKECTBA OOBEKTOB, & MOPOXKIEHHBIN
KJIACC TPEeJICTaBJIsIeT COOOi OnMcaHue MOAMHOYKECTBA TAKOI'O MHOYKECTBA.
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EcrecTBeHHBIM CIEICTBHEM TAKOTO PACCMOTPEHUs SBJIAETCS TEPMHUH 100-
xaacc (anri. subclass) s 0603HaMeHUs HOPOXKIEHHOIO KJIACCA U TEPMUH
Hadrkaace unu cynepraacce (anri. superclass) — mna obosuHauenus Ga-
30BOTO.

Takas TEPMUHOIOTHS IACTO MOPOKIAET OMPEIeTEHHYIO My Tanuiy. lemo
TYT B TOM, 9YTO OObEKT MOPOXKAEHHOrO KJacca (T.e. MOJAKJIAcca) MAJO TOro,
YTO HAMSATU 3aHUMAET 3aBEJOMO He MeHblie (& npu J100aB/IeHUU HOBBIX 110-
Jiell — u GOoJIbINe), HeKeIn OObEKT Kracca 6a30BOro (T.e. CymepKjacca), HO
emmg u codeporcummn 6 cebe 00Bexm 64306020 KAGCCA, T.€. OOBEKT CYMEPKJIACCA
OKa3bIBAETCA N00006eKmMoMm 00BEKTa IMOIKIACCA.

Takas myTanuia 00yCIOBIEHA NCKIIOYATEIHHO TIPUMEHEHIEM JBYX Pa3-
HBIX TEPMHUHOJIOTHYECKUX CHCTEM B ofZHOM Mecre. Korma pedb umér o cy-
MEPKIACCaX W MOJKIACCAX — DTO 3HAUNWT, YTO MCIOJB3YETCS TEOPETHKO-
MHOXKECTBEHHAsT TepMuHOIoTHs. Korma ke pedb 3aX0auT 00 UCITOMb3yeMOit
MaMSATH ¥ TIOA00BEKTaX — OYEBUIHO, YTO PA3TOBOD HIET B TEPMHUHAX Dea-
JIM3aTOPCKOI (IparMaTudHoil) TOYKU 3peHus.

Tak nan nnave, 06 TEPMUHOTIOTUIECKIE CHCTEMbBI HCIIOIB3YIOTCA U HMe-
10T IIPABO HA CYIIECTBOBAHUE; BbI HA MIPAKTUKE MOXKETE CTOJIKHYTHCH KAK C
OJTHVM BapWAHTOM TE€PMWHOJIOTMH, TAK W C JPYTUM, a B HEKOTOPBIX CIIy-
JasiX — W C WX CMEIIeHNeM, KaK B BBIMENpUBEIEHHOM TpuMepe. [losromy
JKeIATEeTHFHO MOHAMATh, YTO O3HAYAIOT TEPMHUHBI 00EUX CHCTEM.

§ 9.3. Onepanuu 1IpuBeaeHUs TUIA

B nportiecce mporpaMMupOBaHAS 9aCTO TPUXOIUTCS U3MEHATH TUIT BHIPA-
xkenus. Horma 9To memaercs HeA6HO, KK, HATPUMED, B CJIydae CIIOKEHUS
LEJIOYMCIIEHHOIO 3HAYEH sl CO 3HAYeHUeM JPOOHBIM (C I1aBaOLIEil TOYKOIA).
B unbrx ciyuasx (Kax, HATIpUMED, TPU U3MEHEHWH TUIA YKA3ATE Is) TPUX0-
JUTCSA ABHO yKa3bIBATH KOMIUIATOPY HOBBIM THUM BbIPAXKEHUS.

B sa3bike Cu 3TO Jle/1aioch ¢ IOMOIIBI0 onepayuu npeobpasosarus
TMUNG, 3alIUChIBAEMOIl KaK yHapHasd Ollepalys, CUMBOJI KOTOPOH €CTh UM
THUIA, 3aKJI0YEHHOE B KPYyIJIble CKOOKHU, KaK, HAIIPUMED, B CJIEIYIONIEM Bbi-
paxKeHuu:

char *p = (char*)malloc(100);

31ech 3navenue Bbipazkenus malloc (100), umerornee T void*, IPUBOIUT-
cd K Tuny charx.

Onepanyst TpUBEIEHUS THUIIA, ONGCHAE B TOM CMBIC/IE, YTO €€ MPUMEHEHUE
MMO3BOJISET TIPY YKEJAHUU O00HTH JTI0ObIE OTDAHWYEHWSs, BBOAWMBIE CHCTE-
MOH THIW3aIyu, BKJIOYasd, HAIPUMeEp, 3allPETHl HA 3allUCh B KOHCTAHTHBIE
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obyracTy AMSTH U Jake 3aIlATy JAHHBIX B Kiaaccax. HeoOmymannoe mpu-
MEHEHHE IIPeoOPa30BaHUsI TUIOB IMPUBOIUT K 3AIyTHIBAHUIO IPOrPAMMBI U,
B KOHEYHOM CUYETe, K TPY/IHO BBISABISIEMBIM OIITAOKAM.

st cHMyKeHns HeraTUBHOTO 3(PQEKTa ONepaluy MPUBEICHNUS THUIIOB,
a TakKe M TOAAEPXKKHA MOJUMOPGHOrO MPOrpAMMHUPOBAHMS B SA3BIKE
Cu++ BBOIATCS 4YeThbIpe [IONOJHUTEILHBIE ONEPAlMH, IIPEIHA3HAYEHHDIE
JJI IpeoOpa30BaHMsl TUIA BbIPAXKEHHs. DTH OIEpPAlMH HMEIT I0CTa-
TOYHO HETPUBUAJBbHBIN CHHTAKCUC: CHAYAJIA 3aNMUCHIBAETCS KJIOUEBOE CJIO-
Bo,3aﬂaKnna30HepauHK)(static_cast,dynamic_cast,const_cast nIn
reinterpret_cast),3aTeM:B YIJIOBBIX CKOOKAaX CTABUTCS MMsI HOBOTO TH-
1a M, HAKOHEeI[, B KPYIJIBIX CKOOKAX 3AIMCHIBAETCS CAMO BBIPpAXKeHHe, THUII
KOTOPOr0 HEOOXOINMO H3MEHHUTDh, HAIPUMED:

Square *sp = static_cast<Squarex*>(scenel[il);

B ornwume or omepamwu mpuBeneHusi THIOB B sa3bike Cu, KOTOpas IpH-
MEHSJIACh [IJIsi BCEX CAy9aeB CMEHBI THIA, Kaxkaas u3 omeparmit Cu++
peIHA3HAYMEHa, [IJIsi CBOEro ciydas. Tak, omepamus const_cast mo3BoJisier
CHATH UITH, HA0OOPOT, yCTAHOBUTH CKOIBKO YLOIHO MOMH(PHKATOPOB const;’
MOTIBITKA CIENIaTh C €€ MOMOIIbIo JTI000€e IPyroe W3MeHeHne THIA BHI30BET
OMMOKY TPU KOMITUJISIUN:

int *p;
const int *q;
const char *s;

/]

q = p; // MoxHO 6e3 mpeobpasoBaHUI
p = q; // oumbra! cuaTrme const

p = const_cast<int*>(q); // mpaBumbHO
p = const_cast<int*>(s); // oumbka!

OTMeTI/IM7 YTO HaJHUYIHNE B A3BIKE ONepannu const_cast He OTMeHdeT omnac-
HOCTH TaKOro mpeobpaszoBanus. PeajibHas MOTpeOGHOCTH B 00XOIe KOHCTAHT-
HOI 3aIUThl BOBHUKAET KpaiHe PEeIKO; IMPeK/Ie YeM MPUMEHATDH Ipeodpa-
30BaHme, MoayMmaiiTe, BCE JIM BbI IPABUIBHO JeTaeTe, He 3a0bLIN JTH BbI,
HAIIpUMEDP, IOMETUTH CJIOBOM const (pyHKIHMIO-METO, He U3MEHAIOIIYIO CO-
crosiune 0O0beKTa, u T.m. J[jist mpuMeHeHust onepainuu const_cast HeoOXO0-
JVMBI OY€Hb BECKUE TPUIMHBI, 1 CAKPAMEHTAJIbHOE «0e3 Heé He paboraers

5Takzke 5Ta omepanus paboTaeT ¢ MOAH(MUKATOPOM volatile, KOTODBI MbI B HAIIEM
KypCe He PacCMaTPUBAEM.
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TAKOW TPUYMHON HE siBJieTCsi. B HEKOTOPBIX MPOrPAMMUCTCKUX KOJIJIEKTH-
BaxX HA KaXKJO€ IPUMEHEHHEe const_cast HeoDXOMMMO JIMYHOE Pa3pelieHre
PYKOBOIHUTENIS pa3pabOTKH.

Oneparnus static_cast npejHasHadeHa jiisi pabOThl ¢ HACJIEYEeMbIME
00beKTaMU U TIO3BOJISIET MPEOOPA30BAThH YKA3ATEb WM CChIIKY B HATPAB-
JIEHUU, TTPOTUBOIOJIOKHOM 3aKOHY MoauMopdu3ma, T.€. 0T 6a30BOTO KJjac-
ca K mopoxkaéanomy. [TombpiTka mpou3BecTn J1060€e Ipyroe nmpeobpa3oBaHme
BbI3oBeT ommOKy. IIpuBemém nmpumepsr:

class A { /* ... %/ };

class B : public A { /x ... x/ };
class C { /* ... x/ };

A *ap;

B *bp;

C *cp;

/...

ap = bp; // MoxHo 6e3 mpeobpasoBaHHsS
bp = ap; // ouubka!

bp = static_cast<B*>(ap); // momycTuMo
cp = static_cast<C*>(ap); // ommbka!

OrMeruM, 9T0 JE/1aTh ITO CJAEAYeT TOJBKO B TOM CIIydae, eciu Mbl deii-
CTBUTEJBHO YBEPEHbI, YTO 110 JTAHHOMY a/PeCy PaCIIOJIOKEH O0bEKT MMEH-
HO TOTO THUIA, K KOTOPOMY MBI HAMEDPEHBI TPE0OPA30BHIBATH; MHOE MTPUBEIET
K aBapuu.

Onepanust reinterpret_cast mo3BOJIsIET TPOU3BECTH Jt000OE Mpeobpa-
3oBaHue (9Y€ro yrogHo BO 9TO YTOJHO), €CJM TOJBKO KOMITHJIATOD MOHU-
Maer, Kak 39T0 cienarb (B 4acTHOCTH, Mpeo0pa3oBaTb OOBEKTHI CTPYKTYD
Pa3HBIX THUIOB APYr K APYTYy HE IMOJIYYHUTCsH, MOCKOIbKY HEMOHATHO, KaK
rTakoe 1peobpasoBanue npousBoauTh). PakTUUecKu Ta Onepanus IKBUBA-
senTHa oneparuu s3bika Cu. Pekomenmyercsi, OqHAKO, MPUMEHATH WMEH-
HO reinterpret_cast, a He omepanuio Cu, IOCKOJIbKY TaKue peobpa-
30BaHus TPeOyIOT OCODOrO BHUMAHWS, a BBIPDAXKEHHE C HCIOJb30BAHUEM
reinterpret_cast Jydmle 3aMeTHO B TEKCTe NPOrPAMMBbI, 9eM HMsd THUIIA
B CKODOKax.

Heckosibko ocoboe mecro 3anumaer onepanus dynamic_cast. Tpu ome-
paruu, KOTOpble Mbl PACCMOTPEJIN BBIIE, CIyXKAT JJjis YIPABJIEHUs CHACTE-
MO#l KOHTPOJIS THIIOB, T.€. [IJIs YIIPABJIEHUS KOMIIMISTOPOM, U He IIOPOXK/1a-
10T JeHCTBHI, OCYIECTRIAEMBIX BO BpeMs MCIOJHEHIs mporpaMmel.’ Ote-

6Kpome npeobpazosanust MKy TEJTGIME YUCTAME U GUCAAMHE C [LIABAIONIEH TOUKOH,
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pamus dynamic_cast, B OTyindn€e OT OCTAJIbHBIX, [IPE/II0IAraeT IPOBEIEHIEe
HETPUBHUAIHHON IPOBEPKH BO BPEMSI HCIIOJTHEHHS IIPOrPAMMObI.

ITomobmHo omeparnu static_cast, omeparmus dynamic_cast npenHasHa-
qeHa T MPeoOPa30BaHUs aAPECOB OOBEKTOB B HAIIPABJIEHNN, IIPOTHUBOIIO-
JIO?KHOM 3aKOHY HOMEMOP(HU3Ma, T.e. OT aapeca MpeaKa K apecy mMOTOMKA.
B ciiygae co static_cast OTBETCTBEHHOCTD 33 KOPPEKTHOCTb TAKOM Omepa-
MY BO3JIAraeTCsl HA MPOrPAMMUCTA: UMEHHO MPOTPAMMUCT TEM WJIM WHBIM
crocoboM JIOJIZKEH NPOBEPHUTH, YTO Npeobpasyemblii ajapec (Oyap TO ykasa-
TeJIb WJIM CChLIKA) YKa3bIBAET HA OObEKT Hy:KHOro tuna. Eciu xe npume-
vuTh dynamic_cast, TO OHa camMa MPOBEAET HEODXOAUMYIO IPOBEPKY U B
cayuae, ecsiu nupeobpazoBaHue HEKOPPEKTHO (TO eCTh 110 33/JAHHOMY aJpPecy
B TAMSITH HE HAXOAUTCH OOBEKT HYYKHOTO THUIA), BEPHET HYJIEBOH ykaza-
tenb. [IpoBepka, TakuM 006pa30M, OCYIIECTBIISETCS BO BPEMs WCIIOJHEHUS,
T.e. JUHAMUYECKU, OTCIOIA HA3BAHNE OMEPAIINH.

IIpoBepka THIIa IPOU3BOSUTC HA OCHOBAHNY 3HAYECHUS yKA3ATE I HA Ta-
OUILYy BUPTYAJBHBIX (DYHKITHIT; €70 B TOM, 9TO TaKasi TaOIUIA YHUKATHHA
JJI9 KazKJI0r0 KJ1acca, MMEIOIIETO BUPTyaTbHbIE METOIBI, T.€. €€ aJpec OJTHO-
3HAYHO maeHTHUIUpPyeT Kjaacc oobekra. Takmm obpasom, dynamic_cast
MOzKeT paboTarb TOJIBKO C KjaccaMu (MM CTPYKTyPaMu), UMEIOLIMMU BUD-
TyasjbHble (PyHKIHH. B HEKOTOPBIX MCTOYHMKAX TAKHE KJIACCHI HA3BIBAIOT
NOAUMOPPHPHBIMU, ITO HE COBCEM KOPPEKTHO: KAK MbI BUIEJH, TOJIUMOD-
du3M B OmpeseIEHHOM CMBICIE PAOOTAET U [IJIsi KJIACCOB, HE MMEIOIINX BUP-
TyaJIbHBIX (DYHKIIHIA.

OrmeruM emg onuH HeMaJoBaxKHbIA MoMeHT. OQObIYHO peasin3auu
dynamic_cast BechmMa Hed(DOEKTUBHBI M0 BPEMEHU WCIOJTHEHWS, T.€. pa-
60TaloOT OvueHb MeIeHHO. [l09ToOMy 3710yTOTPEOIIATH UMU HE CIIEYeT.

§ 9.4. Emé o npeobpa3oBaHuM TUMOB B 00pabdoT-
YuKaxX MCKJIIOYEeHU

IIpu obcyxennn mpeoOpa3oBaHMii TUIIOB BBIPAXKEHWH B 00pabOYmMKax
UCKJIIOYUTENbHbIX cuTyanuil (cM. crp. 80) Mbl OTMETHIIM, YTO OJHUM H3
HamboJiee BasKHBIX BHUIOB IIPEOOPA30OBAHUS SABJSETCS IPEOOPA30OBAHUE IIO
3aKOHY MOIUMOP(MU3MA, OTHAKO MOAPOOHOE OOCYKIECHUE STOTO OTJIOXKWIIH,
MTOCKOJTbKY HA, TOT MOMEHT eIlé He OBbLIO BBEIEHO HACJIEIOBAHUE.

a0 TpedyeT HeKUX meHcTBui; wHOrAA ObIBaeT HEOOXOOAMMO M3MEHHUTHL K UHCIEHHOE 3HA-
YeHre YKA3aTeJssd, HO B HAIlEM Kypce He PACCMATPHUBAIOTCS MEXaHH3MBI, IIOPOKIAIOIIHE
TAKYH HEOOXOIUMOCTb.
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Bosspaiiasich K 3T0My BOMPOCY, 3aMETUM, YTO TPETHUHl U MOCIETHUI BU/
JIOILyCTUMBIX IIPeO0PAa30BaHMl OT TUIIA BbIPAXKEHUs B omeparope throw K
THUITY, YKA3aHHOMY B 3arojioBKe catch — 310 mpeobpasoBanue aapeca (T.e.
yKa3aresid UM CChLIKU) OOBEKTa-MOTOMKA K COOTBETCTBYIOIIEMY aJIPECHO-
My THITy OObeKTa-Tpeaka. Takum oOpa3oM, €I MbI OIUIIEM IBa KJIACCa,
NpUYEM OJIUH YHACTEILYEeM OT JIPYroro:

class A { /x ... x/ };
class B : public A { /% ... */ };

TO 0O6pabOTIMK BUIA
catch(const A& ex) { /* ... x/ }

CMOXKET 00padaTHIBATH UCKIIOUEHNUS 000UL THUIIOB, T.€. PE3YJIbTAT KaK OIe-
paropa throw A(...);, Tak u throw B(...);.

OTO CBOWCTBO MCIOIL3YETCS [IJIsT COBIAHUS UEPAPTUT UCKAIOUUMEALHLT
cumyayut. Hampumep, MbI MOXKEM TIOIEJIUTH BCE OMMUOKY, BO3HUKAIOIINE B
KaKOi-Tr00 mporpaMme win 6ubInoTeKe, Ha CIeIYONe KATerOPHH:

¢ OommMOKY, BOSHUKAIOIIME 110 BUHE [OJIb30BATEL:
— CHHTaKCHYeCKHe OIMmmOKY NpH BBOJE (HampuMep, OYyKBBI TaM, e
OXKUJIAETCS YUCII0);
— HEIPABUJILHO yKa3aHo uma (ailna;
— HENPABWJILHO BBEJIEHHBIH MapOJIb;

— HeJomycTUMas KOMOWHamusi TpeboBanuii (HAIpUMED, OJHOBDE-
MEeHHOe TPeGOBAHUE YIOPSAIOIUBAHKS 110 BO3PACTAHUIO U 110 yObl-
BaHMWIO);

e omubku, obycsioBieHHbe BHeNHUMEU (dakTopamu (Cpeioil BbIIOIHE-
Hust):
— TEPETIOIHEHNE JINCKA;
— orcyrcTBHe (DPaIoB, HEOOXOAUMBIX J17Is PAOOTHI;
— TpoYMe OMUOKY OTepaIuii BBOIA-BHIBO/IA;
— HeJ0CTaTOK ONEePATHBHON MAMSITH;
— omubKY mMpu PaboTe C CETHIO;

— U T.II.
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® CHTYyaIWH, CBUIETEIbCTBYIONNE 00 OIMOKe B CAMOI IPOrpaMMe u Tpe-
Oyrouue eé ucupassieHus (HALPUMeEp, HePEeMEeHHAs [IPUHUMAET 3HAYE-
HEE, KOTOPOE MO T€M UJIM WHBIM MPUYUHAM MPUHAMATH HE JTOJIZKHA).

Omnurmiem Tenepsb Kaacc Error, COOTBETCTBYIOIINN TOHITHIO «JII00asi OO~
Kay. B TIOJIHOM COOTBETCTBUU C MPUHIUIAMY O0bEKTHO-OPUEHTHPOBAHHOTO
MPOTPAMMHUPOBAHUS TIEPEHIEM OT OOMIEro K YacTHOMY, YHACIEIOBAB OT
kitacca Error momknaccet UserError, ExternalError u Bug s obo3na-
9€eHusi, COOTBETCTBEHHO, I0JIb30BATEIbCKUAX OIMMOOK, BHEIIHUX OIMHOOK u
ommbok B mporpamme. Ot kiacca UserError, B CBOIO OYepesh, YHACIEIYEM
Kjaccel IncorrectInput, WrongFileName, IncorrectPassword u T.nx.
ITocsie sToro obpaboTuuk BuIA

catch(const IncorrectPassword& ex) { /* ... %/ }

Oyzer 0OpabaThIBaTh TOJIBKO UCKJIIOUEHHUs, CBSI3AHHDBIE C HETPABUILHBIM T1a-
pomeM, Toraa Kak oopabOTInK BHIA

catch(const UserError& ex) { /* ... x/ }

Oyzer pearmpoBaTh Ha, JTIOObIE OIMHOKHU TOMb30BATENs, 9TO K€ KacaeTcs 00-
paboTauKa

catch(const Error& ex) { /* ... *x/ }

TO OH CMOXKET «IOiMaTb» BOOOIIE JI000e UCKII0YUTEJIbHOE COObITHE U3 Ha-
el nepapxuu.

109



Conepzkanue

Jlekmus 1 3
§1.1. BBEIEHHE . . . . . . . ... 3
§1.1.1. Yro Takoe OOIT . . . . . . . . ... . ... ... ...... 3

§1.1.2. dd3pix Cu++ u ero comectumocts ¢ Cu . . . . . . . ... 4

§1.2. Merompl, OOBEKTBI M BALIUTA . . . . . . « . o« o o oo oo o .. 5
§1.2.1. OyHKIUA-UIEHBL (METOMBL) . . . « « « o o o o oo e o ot 5

§1.2.2. ¥kazarenb this . . . . .. ... ... L. 6

§1.2.3. Bamura. [TonaTme KOHCTPYKTOPA . . . . . . . . . . . . .. 7

§1.2.4. BaueM HYXKHA BAIMUATA . . . « . o o v o v oo v e e e e 10

§1.2.5. Kimacchl . . . . . . . . ... 13
Jlekius 2 14
§2.1. IlepeoupesesieHue CUMBOJIOB CTAHIAPTHBIX OL€PAUUi . . . . . . . . 14
§2.2. Ileperpy3ka uMEH GYHKIHN . . . . . . . . o oo vt 16
§2.3. Koncrpykrop ymosganus. MacCHBBI OOBEKTOB . . . . . . . . . . . 17
§2.4. KOHCTPYKTODPBL IPEOOPABOBAHMS . . « . . « « « « o o o o o oo o . . 18
§2.5. CCBITIKHM . . . . . . . . . oot i 19
Jlekuus 3 23
§3.1. Mogudukarop const . . . . . . ... 23
§3.2. KOHCTAHTHBIE METOMBL . . . .« « « v v v e e et e e e e 26
§3.3. ZIECTPYKTODBI . . .« v v o v e et e e e e e e 27
§3.4. Oneparuu paboThl ¢ AMHAMUYECKON TAMATHIO . . . . . . . . . . . . 29
§3.5. KOHCTPDYKTOD KONMMPOBAHUS . . . . . . . o . o v oov e ot oooo 30
Jlekius 4 33
§4.1. 3HaueHud APAMETPOB 110 YMOIYAHUIO . . . « . « . o o o o o o . . . 33
§4.1.1. ITapamerpsl dbyHKOMI CO 3HAMECHUSIME 10 YMOJUAHAIO . . . 33

§4.1.2. Eme pa3 0 BHIAX KOHCTPYKTOPOB . . . . . . . . . . . . .. 35

§4.2. HesBHBIE KOHCTPYKTODBL . . .« « « o v v v e e e e e e e e e e 35
§4.3. Onmcanve Tela MeTO/1a BHE KJacca. PackpbiTue 06/1acTH BUAMMOCTH 37
§4.4. Nnunmanu3anus 4I€HOB KJIacca B KOHCTPYKTODE . . . . . . . . . . 40
§4.5. Onmcamue CHMBOJIOB OIEpPAIMil BHE KJIACCA . . . . . . . . . . . . . 41

110



Jlekmus 5

§5.1. /IpyKeCcTBeHHBIE (DYHKIIMM W KJTACCHL . . « . « o o « o o o o o o' o .

§5.2. OcobeHHOCTH TIepeoTipeieIeHnsl HEKOTOPBIX Omepammii . . . . . . .
§5.2.1. Ilepeonipesesienue oneparyii IpUCBAUBAHUA . . . . . . . .
§5.2.2. Ilepeonpenesienne onepamny WHAEKCUPOBAHUS . . . . . . .
§5.2.3. Ilepeomipeniesierne omepamuii ++ m -- . . . . .. ... ...
§5.2.4. IlepeonipesiesieHue OLEPAIMU > . . . « « o o o o o o o o . .
§5.2.5. Ilepeompeesienne onmepamnyu BEI30Ba, GYHKIAK . . . . . . .
§5.2.6. Ilepeompeesierne onepamuu mpeoOpa30BAHAS THIIA

Jlekus 6
§6.1. IIpumep: pa3speKEHHBIA MACCUB . . . « . « « « « o o o o o o oo o ..
§6.2. CTaTuvuecKue OISt M METOMBL . . . . . . « . o o o o o ot oo o o
§6.2.1. Crarudaeckue IoJist ¥ OCOOEHHOCTH UX OLIpPEeeIeHUs
§6.2.2. CTaTUYECKHE METOMBL . . « « « v v v o e oot e e e e

Jlekmus 7

§7.1. O6paboTKA MCKIIOYNTEIHHBIX CUTYAITMH . . . . . . . . o o o o . . .
§7.1.1. Omubounsle cUTyauy U IpodIEMBL UX 00PabOTKH . . . . .
§7.1.2. Obwas unest MexaHU3Ma UCKIIOYEHUA . . . . . . . . . . . .
§7.1.3. Bo3Oy:K/IeHME UCKTIOUEHMA . . . . . .« . « .« o 0 oo o ..
§7.1.4. OOpabOTKA UCKIIOTEHIM . . . « .« « « o o o o o o v oo
§7.1.5. Obpaboruuku ¢ MHOrorounem u throw 6e3 mapamerpos
§7.1.6. OO0bekT KIacca B POJIM UCKTIOUEHUST . . . . . . . . . . . . .
§7.1.7. ABTOMATHYECKAS OUUCTKA . « « « « « « « o o v v o .
§7.1.8. IIpeobpa3oBanus TUiioB B 06pabOTIMKAX UCK/IIOYEHUN . . .

Jlekmus 8
§8.1. HacimemoBamme . . . . . . . . . ...
§8.1.1. Uepapxudeckne mpeaMeTHBIE OOJACTA . . . . . . . . . . . .
§8.1.2. HacsilenoBanue CTpyKTYyp JaHHBIX U MOJMMOPGU3M aIpecoB
§8.1.3. HacsrlemoBamme n MeTO/IbI; KOHCTPYKTOPHI M TECTPYKTOPHI
§8.1.4. HaciemoBaHME M 3AIMATA . . . « .« « « « « o o v o v oo o

Jlekus 9

§9.1. Tunamuueckuii momuMOpdU3M . . . . ..o ..o
§9.1.1. Bupryanbuble GYHKIA . . . . . ...
§9.1.2. Yucro BupTyanbubie GyHKmu. AGCTpaKTHBIE KJIACCHL . . .
§9.1.3. HacnenoBaxue pajy 9aCTHOIO CJIydasi KOHCTPYUDPOBAHMS
§9.1.4. BUpTyaJbHBIH JECTPYKTOP . . .« « v v o e o v e oo o o
§9.1.5. Emé o mosmmmopdmame . . . ...

§9.2. TeopeTUKO-MHOKECTBEHHOE OIMCAHKME HAC/IEAOBAHUS . . . . . . . .

§9.3. Omepanvivt IPUBEIEHUST TUTI, . . . . « . « « o« o o o e o e e e o

§9.4. Emé o nmpeobpa3oBaHny TUIOB B 00pabdOTINKAX MCKITIOIEHUN

111

43
43
45
45
47
49
50
53
54

56
56
62
62
64

66
66
66
69
70
71
74
76
79
79

81
81
81
82
85
86









