1 $3bik Cu++

SI3bik mporpammupoBanust Cu++ paspabaTbiBajicst Kak passutie sisbika Cu ¢ Hauagna 80-x
rojoB. CTpaycTpyr SKcrepuMeHTHPOBAJ ¢ 106aBIeHHEM B TTPOLLEYPHBII SI3bIK J0CTATOYHO HOBBIX
B TO BpeMsl 00'beKTHO-OPHEHTUPOBAHHBIX BO3MOxKHOCTel s13bikoB Smalltalk u Simula. C npyroit
CTOPOHBI HEOOXOIMMBIM yCJIOBHEM MPH3HAHUS HOBOTO 53bIKa Obl/1a KaK MOXKHO GoJiee TIoJTHAsT COB-
MECTHMOCTb C YK€ LIHPOKO pacnpocTpaHéHHbIM si3blkoM Cu. Takasi COBMECTUMOCTb, MO MBICJIH
aBTopa, Ja/1a 6bl BO3MOXKHOCTb nocTerenHoro nepexoia ¢ Cu na Cu++ ¢ nocreneHHbIM OTMHpa-
tuem Cu.

B konue 80-x roioB 6bl/1 CO3/1aH KOMUTET 0 CTaHAapTH3auuu si3bika Cu++, Kotopblil B 1998
rojly NMpUHsJI cTanaapt sisbika Cu++. CrelyeT 3aMeTuTb, uTo 3a BpeMsl pabOoThl KOMUTETA SI3bIK
JIOCTATOUHO CUJIbHO MU3MEHMWJICS: [0SIBUJIMCh MHOXKECTBEHHOE HacJle[loBaHHe, 11alJ/IoHbl, HCKJII0-
ueHMs1, MpocTpaHcTBa UMEH. B pesysibrate a3k CH++ oT/iMuaeTCst OUeHb BHICOKOH CJI0XKHOCTBIO
IS KaK JYIsl OCBOEHHUsI IPOrPAMMHUCTAMH, TaK U 1J1s1 peau3aLuy. 3a BpeMs, IIpoLle/iee ¢ MOMeH-
Ta 0(ULIHATBHOTO NPUHSTHS CTAHAAapTa, TaK MOKa U He MOSIBUJIOCh KOMITUJISITOPa, B MOJHOI Mepe
T0/I1eP2KUBAIOLLIEIO CTAHAAPT SA3bIKA.

Xotst KomuteTsl 1o si3bikaMm Cu v Cu++ padoTann B COTpPyAHHUECTBE JAPYT C APYroM, 3bIKH
pa3BUBA/IUChL [10-PA3HOMY, UTO Obl10 3aduKcHpoBaHO Kak cranaaproM Cu++ 1998 roxa, Tak u
cranpaprom Cu 1999 rona. [1paBusibHee roBopuThb Te TO, UTO 513bIK CH++ SIBJSIETCS HAAMHOXE-
cTBOM $13blka CH, a TO, UTO OHH HMEIOT OOLIMe KOPHH U CYLIECTBYET JOCTATOUHO GoJiblIoe 00lllee
T0JIMHO?KECTBO 9THX A3bIKOB.

S1apik Cu++ npenocraBisieT BO3MOXKHOCTH BbI3bIBaTh U3 MporpaMMbl Ha Cu++ (yHKUIMH 13
MoayJell, HanucaHHbIx Ha CH. Takum o6pasom u3 nporpammbl Ha Cu++ MOXKHO UCIO/b30BATh
Bce OUOJIMOTEKH, HanucaHHble Ha si3blke CH 6e3 UCMOJIb30BaHUs KAKHX-JIMO0 JIOTONHUTENbHBIX
CpeCTB, 06ecneunBalolUX corviacoBaHue hopMara repeaun mapamMmeTpoB U UMeH (yHKLHI st
pa3HbIX SI3BIKOB.

S13bik Cu++ sBjIsieTcst <06BEKTHO-OPHEHTHPOBAHHBIM» §13BIKOM, TO €CThb fI3BIKOM, B KOTO-
pOM CpeAaCTBa, HEOOXOAMMBIE /sl 00 BEKTHO-OPHEHTHPOBAHHOTO NPOrPAMMUPOBAHHS, BCTPOEHBI
B 3blK. C J1pyroil CTOPOHbI, f3bIK COXPAHHUJI BCE CPEACTBA MOJYJILHOIO IPOrPAMMUPOBAHHS B TOM
BHJIe, B KOTOPOM OHH TIPHCYTCTBYIOT B s13bike CH.

1.1  Knaccebl

OHUM U3 BaXKHBIX CBOHCTB sI3blKa SIBJISACTCS OTKPLITOCTb €r0 CHCTeMbl TUIOB. JIpyrumu ¢Jj10-
BaMH MPOrPAMMHUCT J0JI2KEH UMETb BO3MOXKHOCTb 100aBJ/ISITh HOBbIE TUITBI TAKUM 00pa3oM, UTO HX
MCNoJ/b30BaHKHe He OYIeT OTIHYATLCS OT HCIOJIb30BAHHUS CTAHAAPTHBIX THITOB.

Ecaiu Mbl mocMOTpHM Ha, HalpuMmep, TUI int, TO, ¢ OIHOH CTOPOHbI, Mbl, KOHEYHO, 3HaEM, UTO
3HaueHHe THNA int MpeacTaB/sieTcs: ONpeaeaEéHHbIM KOJMUECTBOM OUT, HO C JIPYrofi CTOPOHbI B
noJasJsolleM G0JIbLUIMHCTBE CJydaeB MPH HAaMCAaHUU MPOrpaMmM (0COOEHHO eCJ/l 3TO He HU3KO-
YPOBHEBOE IPOrpaMMHPOBAHHKE ) BHYTPEHHEE NTPeJICTaB/ICHHE 3HaUeH s THIA int HaM Ge3pasiuu-
Ho. Hac unTepecyloT ToJIbKO onepaLuy, onpeieJeéHHble Hajl 3HaueHUsAMHU 3Toro Tumna. Takum o6pa-
30M Mbl MOXKEM paccMaTpHUBaTh HEKOTOPBIN TUI KaK HA0OP onepaiuii, ornpeaeéHHbIX Hajl 3Haue-
HUSIMHU THIIA, U HAO0P KOHCTAHT.

Tak Bo3HHKaET MOHsAETHE AOCMPAKMHO20 MUna 0aHHbLX, TO €CTb THIA, UCTIO/Ib30BAHUE KO-
TOPOr0 BO3MOXKHO TOJILKO C [IOMOLLbIO ONPeIe/IEHHbIX Hajl THIIOM orepauiuii. OiHaKo aGCTpaKTHBIH
THII JaHHBIX — 9TO B3IVISIJL C TOYKH 3PEHHsl HCIIO/Ib30BaHUs THIIA. EcTecTBeHHO, PH onpejie/eHUu
onepauuii HaJl TUIIOM HaM MOXKET N0TPe0oBAaTbCsl 3HAHKHEe BHYTPEHHEro NpeACTaBIeHUs] 3HaUeHUH
tuna. Takum o6pa3om TpebyeTcsl pasjiesieHle MpaB A0CTyna, YToObl MPEeIOCTaBUTh pean3aluu



orepauuit HaJl THTIOM TTOJIHBIN IOCTYTT K BHYTPEHHEH CTPYKTYype, HO, C APYTOk CTOPOHDI, OTPAHUYHTD
JIOCTYTI CO CTOPOHbI. B 06'beKHO-0pHEHTHPOBAHHON TEPMUHOJIOTHH TAKOH MOJIXOJ HA3bIBAETCS UH -
Kancyaayuei.

B kauectBe nepBoro npumepa nornpobyem HanucaTh peasu3altio THIA AaHHBIX KOMIJIEKCHBIX
qyuceJ. ByZLeM €ro paccMaTpuBaTh Kak aéCTpaKTHbIﬁ THIT, TO €CTb BCE €TI0 M10JIb30BaTEJ/IU MOTYT UC-
[10J1b30BaThb TOJILKO Orepaluu pa6OTbI C KOMIIJIEKCHBIMHA YHCJ/IaMU, HO HE UMEIOT 1I0CTYyIa K BHYT-
peHHeMy MpeACTaBIEHHIO YHCE.

class complex
{
private:
double re, im;
public:
double abs();
/S
bi

[To cyTu onpenenenue Kiaacca — 3To onpejiesieHHe 1noJiell CTPYKTYpbl U METOJ0B /7151 pabOThl
¢ 9TOll cTpyKTypoH. JlJisl noJiefl 1 METOL0B MOXKHO yKa3blBaTb [IpaBa AOCTyNla K HUM. private
03Hayaer, YTo JOCTYIN K COOTBETCTBYIOIUMM I10JISIM HJIH METOJaM HMEIOT TOJIbKO METO/bI Kjacca
U JIpy>KecTBeHHble PYHKIIHH (KOTOPble Mbl PACCMOTPHM M03:Ke ), public 03HAuaeT, YTO COOTBET-
CTBYIOLLME METOJIbl MJIH 110151 0OLLE10CTYIHBDL.

Kaacc — 9T0 THII JaHHBIX, COCTOSILLMI U3 MOJIell U METOJIOB, TO eCTb (DYHKLIMH, ONpe/1e EHHbIX
1151 paGOTBI ¢ 3TUMH NoNsIMU. O6DeKkm — 3TO IK3EMIISIP Kacca, CyLIeCTBYIOHH B paGoTaiolet
nporpamme, 1oji KOTOPbIH Bblie/NeHa NaMsTh.

Mnentndrkarop complex Mo aHaJoruy ¢ CTpykTypamu sisbika Ci — 370 Ter kiaacca. To ectb
Jlajiee B porpamMMe Ter MOXKHO MCIIOJIb30BaTh BMECTE € KJIIOUEBBLIM CJIOBOM class JuIsl yKasa-
HUsl MMEHH THIMa, HanpuMep class complex a;. OnHako sisblk Cu++ HIET Aasblie U /s
TOro, 4toObl Ce/1aTh NOJb30BaTe/NbCKHE THIIbI U BCTPOEHHbIC THITbI HEPA3JIMUMMbIMH pa3pela-
€T MCI0JIb30BATb TerH KJACCOB, CTPYKTYP, 0ObEIMHEHHHA U MePeUHCIMMbIX THIIOB 6e3 yKa3aHus
COOTBETCTBYIOLLETO KJIIOUEBOrO CJ10Ba TOTA, KOTa 9TO He TIPUBOAMT K KoH(nkTaM. Hanpumep,
BMecTO class complex a; MOXKHO HalucaThb POCTO complex a;.

Tenepb HamuiueMm peanusaluio MeToa abs sl BbIYHCACHHS aOCOMIOTHOrO 3HAUEHHsT KOM-
[UIEKCHOTO YMcJia. Y HAcC eCTb JBe BO3MOMKHOCTH: Mbl MOXKEM Pa3MeCTHUTb peajii3alliio MeTola
HEMOCPEICTBEHHO B ONpe/le/IeHHH Kilacca complex, a MOXKEM BbIHECTH peaslu3aluio U3 00bsAB-
Jsienust. CHauaJia nornpooyem BTOPOH BapHaHT:

double complex::abs()
{

return sqgrt (this->re*this->re+this->im*this->im);
}

O6paTuTe BHUMaHKe, uTo B oTsiMure oT Cu rycrasi mapa cKoGOK () B 3aroJIOBKe METO/1a 03Ha-
YaeT, uTo MeTO/L He IPUHUMAeT NapaMeTpoB, U Takast 3aMich SKBUBAJIEHTHA YKA3aHHIO KJIIOUEBOTO
cjioBa void, Hanpumep double complex::abs (void).

Wuentudukarop complex B Ha3BaHHK MeTO/A YKA3bIBAET TO, UTO METOJ abs sIBJSETCS Me-
TOJIOM HMEHHO Kjacca complex, a He KaKoro-su00 Jpyroro Kjacca uiau rio6ajbHbIM METOI0M.
[TockosbKy Mbl onpejie/isieM METOJL BHE OIpejiesieHHst Kaccea, yKasaHue KJacca, K KOTopoMmy OT-
HOCHTCS1 METOJL, 06513aTeNbHO.

Hecratnueckne MeTo/bl K/1acca (Takue Kak abs) Beerja NpUMeHsIIoTCsl K HEeKOTOPOMY 00beK-
Ty KJ1acca, TI03TOMy B MeTOJL He0OXO0IMMO KaKUM-J1100 06pa3oM nepeartb HHPOpMAaLIHIo 0 TOM, K
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{
public:
operator string () const { return string("complex"); }
}i
3aMeTuM, UTO Meperpy:KeHHble onepauud MPUBEAEHHs K THUIMY JOJUKHBI HCIOJNb30BAThCS C
OCTOPOXKHOCTbIO, TAK KaK B COBOKYMHOCTH C KOHCTPYKTOpaMH-0repaTopamu npeoopa3oBaHusl TH-
TOB JIETKO MOTYT ITPUBOANTB K HeofHO3HauHocTsiM. Hanpumep, ec/in B kiacce complex onpese-
JIEH U KOHCTPYKTOP, KOTOPbII MOKET BbI3bIBATHCS C OHUM apryMeHToM THra double, u onepatiyst
npeo6pazosanus K THily double, TO Takoe BblpaxKeHHe NPUBEAET K HEOJAHO3HAYHOCTH:

complex a, b;
a=Db + 5.0; // HeogHOBHaYyHOCTE!

3/1eCb HEOJIHO3HAYHOCTb BO3HHKAET [TOTOMY, UTO Mbl MOXKEM KOMILJIEKCHOE 3HaueHHe b 1peos-
pasoBathb K THIy double U BLINOJHUTL CJl02KeHHe B THITe double, ¢ 0JHOI CTOPOHDI, H, C APYroi
CTOPOHBI, Mpeo6pa3oBath 5. 0 K THITy complex U BbIMOJHUTb CJ0XKEHHE B THIe complex.



e Ecsin HU 0oJuH M3 BbIlIENEPEUNCIeHHBIX BAPHAHTOB HE Y/IOBJETBOPSIET, AUATHOCTHPYETCS
oluoKa.

1.15 SIBHbIE KOHCTPYKTOPbI

Kak Gbl10 ckasaHo BbIlLe, KOHCTPYKTOPBI, KOTOPble MOTYT ObITh BbI3BAHbI C OJHUM apryMeH-
TOM, HCIOJIb3YIOTCS KOMITUWIATOPOM TaM, rje Tpefyercs 1peo6pa3oBaHUst TUIIOB OT TUIA apryMeH-
Ta KOHCTPYKTOPA K THIYy CaMOTr0 KOHCTPYKTOPA. DTH KOHCTPYKTOPbI MPOBEPSIIOTCS MPH NMoa00pe
NOAXOASILMX TPe0Opa30BaHHUil THIIA, U KaK CJeCTBHE, UX HAJMUHEe MOXKET PUBOAUTL K HEOLHO-
3HAYHOCTAM.

MoxkeT 0KazartbCs 0JIe3HbIM 3aNPETHTh HESIBHOE HCIO/b30BaHHE KOHCTPYKTOpPA Kak orepa-
Topa npeo6pa3oBanHst THIIOB. J1Jisl 3TOT0O HCMOJb3yeTCs KitoueBoe coBo explicit. Hanpumep,
€CJIM B KJ1acce complex Mbl 2KeslaeM OMpe/lesIMTh HOBBII KOHCTPYKTOP M3 THNA const char *,
HO HE XOTHM, YTOObI 3TOT KOHCTPYKTOP MCI0JIb30BAJICS KOMIUJISITOPOM HESIBHO, Mbl MOXKEM OIlpe-
JIeJIUTD €ro CJIeAYIOLHUM 00pas3oM:

class complex
{
public:
explicit complex(const char *);
bi
OrnpeiesieHne KOHCTPYKTOpa C KJIOUEBBIM CJIOBOM explicit 3anpeliaer Besiueckoe HesiB-

HOE HCTOJIb30BAHHE €r0 KOMITHJIATOPOM, HO, €CTeCTBEHHO, TAKOH KOHCTPYKTOP MOKET BbI3BATbCSA
B TOUKaXx co3jlanusi o0bekra sio. Hanpumep:

complex a, b;
a=>b + "1"; // HEBEPHO: KOHCTPYKTOP BEB3BAH HESIBHO
a = b + complex("1"); // BepHO: KOHCTPYKTOP BEI3BaH SIBHO

1.16 Onepauuu npeodpa3oBaHUs TUNOB

KoHCTpYKTOpPBI ¢ 0JIHUM apryMeHTOM HCI10J1b3YI0TCA J1sl IPUBEIeHHs TUIIOB B HAallpaBJIeHHU OT
y2Ke CyLIeCTBYIOILMX K HoBOMY THIy. Tako#i nojaxon He paboraet Juisl npeoGpa3oBaHusi KO BCTPO-
€HHbIM WJIM paHee HarucaHHbIM THIIOM. Hanpumep, Mbl He MOXKeM JI0NHCaTh HOBbII KOHCTPYKTOD B
CTaHJAAPTHBIH KJace string, MOTOMY KOHCTPYKTOPbI /151 TOH LieJIH He MOIXOST.

Yro6bl peasnu3oBaTh onepalyu NpeoOGpa3oBaHusl JAHHOTO THIIA K APYrUM THIIAM MOXKHO MC-
M0J1b30BATh MEePEerpy3Ky orepaTopa NPUBHAEHHS K THITY 110 aHAJIOTHH C TeM, KaK MeperpyKaiores
onepauud. Hanpumep, npeo6pasosanue u3 complex B double MOXKeT ObITb ONpPEIE/ICHO Clle-
JIyloLLUM 00pa3om:

class complex
{
public:
operator double () const { return re; }
}i

O6parute BHUMaHHe Ha OTCYTCTBHE THIa BO3BPALLAEMOro 3HAUEHHS] U HA OTCYTCTBHE apry-
MEHTOB Y oreparopa rnpeo6pa3oBaHus. TakxKe MOXKHO ONpPeIeJNUTb orepaLHio Npeodpa3oBaHus K
paHee onpee/éHHbIM 0/1b30BaTe/IbCKHM THIIAM, HANlPUMep, K CTaHJapTHOMY Kjaccy string.

class complex

KakoMy 00'beKTy MeTojL puMeHsieTcst. [TosTomy y Bcex HecTaTHUECKHX METO/10B TOMUMO NapaMer-
pOB, 3a/laBaeMbIX [10J1b30BaTeJIeM, BCEr/1a IPUCYTCTBYeT HesIBHbIN TapaMetp this, UMeloLuEi THIl
yKasareJisl Ha COOTBETCTBYIOLMIA Kyace. this — 3To K/0YeBOE CJ10BO, NO3TOMY OHO HE MOXKET
ObITb HUKOT/1A T1€PeOIpe/le/IeHO B [IPOrpaMme.

BuyTtpu MeToaa Mbl MO2KeM 00pallaThCsl K MOJISIM M METOAAM Halllero Kjacca MmocpeicTBOM
ykazareJisl this, kak nokazano Ha npumepe. Jljist yio6¢cTBa this Mbl MOXKEM OMYCTHTb, €CJIH 3TO
He NPUBEJIET K HEOJIHO3HAUHOCTAM. TakuM 00pa3oM MeTo/l abs 3anuileTcs celyloluM 06pa3om:

double complex::abs()
{
return sqrt(re*re+im*im) ;

}

[Ipn anasmmse nporpammbl BCSIKMH HAECHTH(UKATOP, HCIOJb30BAHHBIN B METOZE, CHauasa
HLLeTCS1 B OJIOUHBIX H JIOKAJIbHBIX TIEPEMEHHbBIX METO/1a, 3aTeM B OIPEIe/ICHUAX 110JIed U MEeTO0B
KJ1acca, 3aTeM B 1V100a/IbHbIX ePeMEHHBIX H (PYHKLHSX.

Y Hac ecTb el olHa BO3MOXKHOCTb OIPeJe/IUTh MeTo abs — HeNOoCPeACTBEHHO [P oIpe-
Jle/IeHMH Kaaccea. Boirasiiets 510 Gy1eT c/ieylolnM 00pasoM:

class complex
{
private:
double re, im;
public:
double abs() { return re*re+im*im; }
}i
Ecain metos onpenensiercst BHyTpH onpe/iesieHnst Kaacca, To yKkazaHie UMeHH KJacca He Tpedy-
ercst. C TOUKH 3peHHsi CeMaHTHKH porpamMMbl 00a crocoba orpeiesieH|st MeTOJI0B SKBUBaJICHTHBbI
npyr apyry. OnHako, cnoco6, npy KOTOPOM METOJL ONpelie/isieTcst BHYTPH KJacca, MOKET MPHUBO-
JIUTb K FeHepaluu uyTh GoJiee 3¢ heKTUBHOTO Koaa. [lesio B TOM, UTO KOMITHJISTOP MOKET BhIOJI-
HATb MOJCTAHOBKY TeJ1a METOJd B TOUKY €ro BbI30Ba, €CJIM METOJL IOCTATOUYHO IPOCT 10 CTPYKTYpE.
Toro xe sddekra MOXKHO JTOOUTCS W ONpeJieJieHHeM MeTojla BHe OMpeJieJieHts Kaacca, HO TOorjia
HY>KHO HCI10/1b30BaTh CIELHa/JbHOE KJ0UeBOe CJIOBO inline U BbINOJHUTL HECKOJILKO JPYTrHX
YCJIOBHH.
Henosb3oBanne MeTO0B aHAJOTHYHO MCIOJIb30BAHUIO MOJEH CTPYKTYp M KaaccoB. Hanpu-
mep:
complex v, *pv;
// .
x = v.abs();
y = pv->abs();
To ectb 7151 BbI30Ba MeTofia /Uit 06beKTa UCToJb3yeTcs JU6o ., 160 —> B 3aBUCUMOCTH OT
Toro, o6paitaeMcsi Mbl K 06beKTy HAMpsIMyI0 HJIM uepe3 yKa3aTeJb.
B nepBoM ciiyuae B Tesie MeTosia abs 3HaueHHe yKasaTess this 6yjieT paBHO &x, a BO BTOPOM
cjydyae — pv.

1.2 KoHcTpyKTOpBI

[TockosbKy TOJISi IaHHBIX Kjacca complex 3aKpbiThl JUIsi JOCTyNa H3BHE, NoTpedyeTcs
TPEJOCTAaBUTh METO/, C MOMOLIBIO KOTOPOTO MOXKHO BBIMOJHATbH YCTAHOBKY MoJiell MeTona,
Hanpumep



class complex
{
public:
Vo
void setValue(double re, double im);
bi
Takoii MeTo1 MMeeT paBo Ha CyLLEeCTBOBAHUE M B HEKOTOPBIX CJIydasiX MOKeT ObITb [10JI€3HbIM.
OpHaKo NpH TaKOM MOAX0Je BO3HUKAET MpobJseMa B TOM, UTO OMpeeseHHe MepeMeHHOl Kaacca
OKaxKeTcsl OT/e/1EHHOM OT e€ HHULMAIU3aLKUK. B cilyuae ¢/102KHBIX K/1aCCOB HHULMAJIM3ALMS [10J1ef
KJ1acca MOXKET ObITb JOCTaTOYHO CJIOXKHOMH, H €€ MOXKeT 0Ka3aTbCst HeOOXOUMO BBINOJHAThL Cpa-
3y MpH cosianuu o0bekTa. [Toatomy B a3bike Cu++ BBOAUTCS NOHSATHE KOHCcmpyKmopa. Kon-
CTPYKTOP — 3TO CMeLHabHbIN METO/I, KOTOPbIH BbI3bIBA€TCS HESIBHO B MOMEHT Bbl/1€/1€HHUST MaMsi-
TH 1oj1 06bekT. Hanpumep, ecsin 06beKT JOKaIbHBIHA 1151 610Ka, KOHCTPYKTOP JUist 06'beKTa GyieT
BbI3bIBATHCS [1PU BXOJIE B 0JIOK, @ ecJii 00bEKT II00aJ/IbHbIH, TO KOHCTPYKTOP VISl TAKOrO 00'beKTa
OyJleT BbI3bIBATLCS 110C/I€ 3aIlyCcKa [IporpaMmbl eLE 10 BbI30Ba (DyHKLMH main.
KoncTpykTop onpezesnsiercs B kjacce Kak MeTO/L, HMsi KOTOPOIO COBIaJaeT ¢ UMeHeM KJjacca.
Kax 1 oGbluHble METO/IbI, OH MO2KET ObITb ONpPe/eJIEH KaK BHYTPH, TaK U BHE KJlacca.

class complex
{
/).
public:
complex (double re, double im);
}i
complex::complex(double re, double im)
{
re = re; im = im;
}

OépaTme BHUMaHHe, YTO Y KOHCTPYKTOPa HE MOXKET ObITb THIA BO3BpalllaeMoOro 3Hauye€HHUsI.
Haxe ykazaHue void siBjisieTcst HeBepHbIM. KOHCTPYKTOp Ksacca He MOKeT ObiTb BbI3BaH K
YyKe CylleCTBYyouemMy Oé’beKTy. gBHblI;'l BbISOB KOHCTPYKTOPOB JOMYCKaeTCsl TOJbKO IPpH co31a-
HUU 0OHEKTOB.

Tenepb Mbl MO2KeM pH CO31aHHH 00'bEKTA KJlacca complex yKasblBaTh HauabHble 3HAYEHHUST
roJieil cJIeyoliuM, HalpuMep TakK:

complex cl1(1.0, 2.0);
complex c2 = complex (1.0, 2.0); // TOo xe camoe, YTO ¥ BEIIE

WJIH JaxKe Tak:

void bar (complex x);
Y2
bar (complex (1.0, 2.0));

37eCb MpH Mepejade MapameTpoB B (PYHKLHIO bar CO3faéTcst BpeMeHHBIH 00BEKT KJjacca
complex, KOTOPbII HHULMATU3HPYETCS BbI30BOM KOHCTPYKTOPA.

Ecsii Mbl 06'bSIBUIIM KOHCTPYKTOP C TIapaMeTpaMH, TO MOMbITKA ONpPEeIeUTh epeMeHHyI0 6e3
MHHLLAIU3aLMH TPUBENET K OLIMOKe.

complex z;

Jlesio B TOM, UTO eCJii B KJIaccCe He OMNpe/esiéH HU OJIMH KOHCTPYKTOp, To Komnuasitop Cu++
JIOJZKEH CreHepUpOBaTh HEOOXOIMMbIE KOHCTPYKTOPBI (& TaKUX JBa: KOHCTPYKTOP 10 YMOJTYAHHIO
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NMOsABUTCS BO3MO2KHOCTb aBTOMATHUYECKOTO HpCO6pa3OBaHI/Iﬂ TUIIOB OT THIIA char * K TUITY
complex. COOTBGTCTBGHHO, BbIpakeHue

complex a, b;
a=Db+ "(0,1)";

CTaHET JIONYCTHMBIM BbIpaxKeHHeM Juisi KoMnuiasitopa Cu++ u GyleT yCrelHo oTTpaHCIupo-
BaHO.

[TockosbKy B GOJIBLILON MTporpaMMe CTPYKTypa KJacCoB MOXKET ObITb OU€Hb CJI0:KHOH, HHUEM
He OrpaHHueHHbIH MOUCK MOAXOASILLEH LenouKH Npeobpa3oBaHUil THIIOB MOXKET 0Ka3aTbCsl OueHb
pecypco€MKUM, TpebyeTcsl HaJ02KUTh OrpaHUUYeHHsl Ha Mo00p THUIOB MPH TPAHCJISALMHI BbIparke-
HHUH.

Bynem cuutath, uTo Bce BO3MOXKHbIe NMPeoGpa3oBaHusi MeX/ly BCTPOEHHBIMH THIIAMH PaBHO-
3HAYHbI ¥ BCEr/ia BLIMOJIHATCS 3a O/iuH 1iar. Hanpumep, npeo6pa3oBanus 13 short B double u
3 double B short paBHO3HAUHDI ¥ TPEOYIOT OJIHOM ONepaLH, XOTs, KOHEUHO, B MALLWHHOM KOJle
TaKue npeo6pa3oBaHusl MOTYT NMoTpe6oBaTh HECKOJbKO MHCTPYKLMI mpoueccopa. Takue npeo6-
pa3oBaHUsl THIIOB HAa30B&M crmandapmmuoeimi. B otnnune ot s3bika Cu, Cu++ He nojuiepkuBaer
HesiBHble NTPe0OPa30BaHUA MeXK/ly LIeJbIMH M yKa3aTesJbHbIMH THIIAMH U MEXKJy pa3HbIMH yKa3a-
TeJIbHBIMH THITAMH (38 HEKOTOPLIMH UCKJIOUEHHSIMH ).

[lyctb nanbl aa tvna T W To. Tun Ty npuBoauM K THIY Tp, €CJIH CYLLECTBYET lienoyka He 60-
Jlee UeM M3 OJIHOTO CTaHapTHOIO M OJIHOTO MOJb30BaTe/NbCKOro Npeodpa3oBaHHs THIOB, KOTOPast
U3 THNa Tp M03BOJISIET NOJNYUHTh THI T2. Takast Lernouka 10/KHA ObITh €AMHCTBEHHOM, TaK Kak B
MPOTHBHOM CJlydae KOMIUJIATOP He MOXKET U3 HeCKOJIbKHX LieroueK BbIOpaTh OfIHY.

Tak, B HalleM ciyyae Kjacca complex ¢ KOHCTPYKTOpOM-onepauueil npeo6pazoBaHus THIIa
U3 double B complex BCe LEJOYUC/IEHHbIE U BELLLECTBEHHbIE THITbI OKA3bIBAIOTCS MPUBOAUMMbBIMH
K TUITy complex, TaK Kak sl oO0ro Takoro THNa MOXKHO CHauaJsla BbIMOJHUTbL MPHUBEJeHHEe K
Tuny double, a 3aTeM — NpHBeJeHHE K THITY complex.

OpnHako, ecJii Mbl 100aBHM B KJ1acC complex KOHCTPYKTOP

complex (int val);

TO TOJIbKO THIIbI int 1 double ocTaHyTCst IPUBOJUMbBIMHU K THITy complex, TaK Kak s Jit0-
60ro Jpyroro BCTPOEHHOTO THIA BO3HUKHYT JIBE€ BO3MOXKHBIX LIeMOUKH PUBEJICHUH, HarpumMep, /st
tuna char: char — int — complex u char — double — complex.

Taxkoit anroputm nop6opa npeobpasoBaHni THITOB IEHCTBYET, €CTECTBEHHO, HE TOJILKO sl GU-
HapPHBIX OMepaLyi, HO Vsl JIIOObIX BbIpaKeHHH, B KOTOPBIX TpeGyeMblil THIT He COOTBETCTBYET (haK-
THUECKOMY THITy BEIPayKEeHHsI, B YaCTHOCTH, MIPH Tepeiade NapaMeTpoB B (GYHKIUH U METOJIBL.

[TockonbKy (yHKUMH MOTYT ObITb IePEerpy:KEeHHbIMH, U MOTYT CYLLECTBOBATb pasHble IyTH
HEeSIBHBIX MPUBHAEHUI THIOB, MPH Moa60pe MOAXOAALLEH (DYHKLHMH U3 MeperpyKeHHbIX AeHCTBY-
10T CJIEMYIOLIME TTPABHJIA:

e Ecuin cyulecTByeT neperpy:keHHasi (hyHKLUsl, THIIbI (DOPMaJIbHBIX [TapaMeTpoB KOTOPOiH B
TOUHOCTH COBIAJAIOT C THIIAMH (DAaKTHUECKHUX [TapaMeTpoB, BbIGHpaeTcs 31a (QyHKIMS.

e lHaue ecsin cyliecTByeT eIMHCTBEHHAs Nieperpy»eHHast (PyHKIMs TaKasi, UTO THIbl MOKHO
COIJIACOBATh TOJILKO C MOMOLIBIO CTAHIAPTHBIX TPe06pa3oBaHUIl, BHIGHPAETCs 3Ta PyHKIHS.
Ecii nomo6HbIX yHKUMI HECKOJIBKO, KOMITUJISITOP AHarHOCTHPYET OLUHOKY.

o lHaue ecsiM CyLIECTBYET €AMHCTBEHHAS TTeperpyKeHHast PYHKLHUS TaKasl, UTO TUIIbl (PAKTH-
UeCKHX [1apaMeTpoB MIPUBOAUMbI K THIIAM (OpPMaIbHBIX TapaMeTPOB, BbIOUpAETCS 9Ta (DyHK-
uust. Ec/in nono6HbIX GyHKLME HECKOIBKO, KOMITUASTOP AMAarHOCTHPYET OLIUOKY.
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6J10Ka, ec/ii 06'beKT — ryio0asbHast epeMeHHast, To AeCTPYKTop Oy/eT BbI3BaH MPH 3aBepLIeHHH
IporpamMMBbl 110cJle BO3BpaTa U3 (yHKILUK main WM NocJle Bbi30Ba (DYHKLHH exit.

JlecTpykTop — 3T0 MeToj 63 Bo3BpalllaeMoro 3HaueHust 1 6e3 napameTpos. JlecTpyKkTop Bee-
r/la MMeeT UMsl ~<1Ms KJyiacca>. B oTinume oT KOHCTPYKTOpA, AeCTPYKTOP He MOXKET ObITh Ie-
perpyKeH.

B npumepe knacca InputFile 1eCTPYKTOP MOXKET ObITb ONPELEJIEH ClleyoLUM 06pa3oM:

class InputFile
{

VYA
public:

~InputFile();
bi
InputFile::~InputFile()
{

close (fd) ;

1.14 HesnBHble npeoOpa3oBaHUs TUTOB

[Iponoskum padoratb ¢ THIIOM complex. Mbl yxKe onpele/nn OnepaLuio CJA0KeHUs 1St
JIBYX KOMIUIEKCHBIX C/laraeMblX, TAKUM 06pa3oM (hparMeHT nporpamMmsl

complex a, b, c;

c=a + b;

JIacT oXKUaeMblit peayJsprar. OHaKoO, €CJIH OJIHO U3 c/1araeMblx Oy/IeT Ipyroro THIIa, HAMpUMep
double, KaK OyJeT BLIUMCJATLCS BbIpAXKEHUE B 5TOM CJ/lyyae?

M3 Bcex peanusauuii onepaumy C/102KeHHs: KOMIHIIATOP L0JKEeH MoA00paTh eIMHCTBEHHYIO pe-
aJIu3aLuIo, IOAXOSLLYIO 110 NapaMeTpaM. B 1aHHOM cilyuae onepaius C10:KeHHs] KOMIJIEKCHOTO 1
BELECTBEHHOTr0 YHC/Ia He onpeeseHa. Torna KOMIMUIATOP MbITaeTcst Nogo0paTh Takoe MPUBHIC-
HUE THII0B, 110¢J/1e KOTOPOro NOAXOASILLAs ollepalysl cl0xKeHus Obl Halll1ach. B Halem ciyuae eciin
6b1710 GBI MOXKHO MTPe0GPa30BaTh BELIECTBEHHOE UHCJ/I0 K KOMIIEKCHOMY, TO MOCJ/Ie TaKOro Npeos-
pasoBaHust ctasa Obl IPUMEHHMA OTlepaLiHisl CJI0KEHHS IByX KOMILIEKCHbIX unces. EcrecTBenHo,
YTO JYI5 OJIb30BATE/ILCKUX THIIOB, KAKUM sIBJIsieTCs THI complex, onepaluuy NPUBHAEHUS TUIIOB
MOTYT ObITb [IPELOCTABEHbI TOJbKO [10/1b30BaTe/1eM, KOMITUISTOP HE B COCTOSIHUM UX CTeHEPHPO-
BaTb aBTOMATHUECKH.

[Tpeamnomnoxum, uTo B K/1acce complex ONpenesaéH KOHCTPYKTOP, JOMYCKAIOLINI BbI30B C 01~
HHM aprymMeHToM Tuna double. B cayyae Halueli peanu3auuu Kjiacca complex — 9T0 KOHCTPYK-
TOP C IByMs] TapaMeTpaMK CO 3HAYEHUSIMH 10 yMoJstuanHuio. [1o cyTH, Tako#l KOHCTPYKTOP 103BOJISI-
€T MoJIyUHTh U3 3HaueHHsl THIa double 3HaueHHe THNA complex. 3HAUUT, KOMITHIATOP MOXKET
C03/1aTh BpeMEHHYIO MIepeMeHHYI0 THIa complex, MepeiaB B KOHCTPYKTOP /sl Heé BTOpoe cJiara-
eMoe olepaLuy cJloxKeHUs. B pesysbrate nosyuarces 1sa o0bekra THIa complex, 1J1s1 KOTOPbIX U
OyJIeT BbI3BAHA OMEPALUsT CI0XKEHHUS.

Takum o6pasom, ec/in B Kjacce onpeae/éH KOHCTPYKTOP, KOTOPBIH MOXKHO HCHOJb30BaTh C
OJIHUM apryMeHTOM, TaKOH KOHCTPYKTOP GYy/eT UCMO0/Ib30BATLCS B KAUECTBE ONepaly PUBELEHHS]
TUIIA, €CJIH KOMIUSTOP COUTET 3T0 HeoOxoaumbIM. Hanpumep, ec/in 106aBuTh B Kjlace complex
KOHCTPYKTOP

complex (const char *str);

1 KOHCTPYKTOP KonupoBaHus) caM. Ho ecsin B Knacce onpesesieHbl MoJb30BaTebCKHE KOHCTPYK-
TOPbl, HUKAKHX KOHCTPYKTOPOB KOMIMJISITOP aBTOMATHUECKH He FreHepHpyer.
KoncTpykTop 1o ymMo/1uaHiI0 — 3TO KOHCTPYKTOP, He IIPUHUMAIOLLUE apryMeHnToB. Hanpumep:

class complex
{
VI
public:
complex() { re = im = 0.0; }
}i

KoHceTpyKTop 1o ymMmo/uaHHIo BbI3bIBaeTCsl P CO3/1aHHH 00'bEKTa, €CJIM OH He HHULHAJIH3UPY -
€TCsl [0J1b30BaTe/ILCKUM KOHCTPYKTOPOM MJIM KOHCTPYKTOPOM KONUpoBaHusi. EcJiu B Kiacce KOH-
CTPYKTOPbI OTCYTCTBYIOT, KOMITH/IATOP MPH HEOOXOAMMOCTH TeHepUpyeT MyCToH (TO ecTb He Bbl-
MOJIHSAIOLLMI HUKAKUX J€HCTBHI ) KOHCTPYKTOP 110 YMOJIYAHHIO.

1.3 Tleperpy3ka

Tenepb Bo3HMK/IA CUTYaLMs], KOT/1a B KJ1acce eCThb JIBa KOHCTPYKTOPA, OJIMH C ABYMS MTapaMer-
pam, apyroii — 6e3 napametpoB. B si3bike Cu Takast curyauust Heonyctuma, Ho Cu++ fonycka-
eT nepeepy3ky MeTO0B 1 QYHKIMH. Y Kaacca MOXKeT ObITh HECKOJBKO METOJIOB C OJHHM HMeHeM
OTVIMYAIOLIMXCS MO KOJIMUECTBY WM THITAM TlepeaaBaeMblX MapamMeTpoB. B Touke ncnosb3oBaHus
METO/I0B KOMITHJISITOP T0A6epET HanboJlee MOAXOASIIHMI MeTo1. Harpumep paccMOTpHM HeCKOJIb-
KO BapHaHTOB (DYHKLHMH Srt, BO3BPALLAOLIEH KBaPaTHbIH KOPEHb YHC/Ia:

int sqrt(int x);
double sqgrt (double x);

Tenepn, ecsu BbI3blBaeTes sqrt (1), To OyleT BbI3BaH BAPUAHT sqrt ISl LLeJOro napamer-
pa, a ecit sqrt (1.0), To 15 mapamerpa double. OnHaKo, Neperpy3ka MOKET MPUBOJUTh K
HeolHO3HauHocTsIM. Hanpumep, eca sqrt Bbi3blBaeTes Kak sqrt (1L), To ecTb A/l apryMeHTa
THNa long, HU OJIMH U3 CYLLECTBYIOLLMX BADHAHTOB HE MTOJXOJHT, I03TOMY KOMITHJISITOP MbITAeT-
¢s1 101006paTh HEOOXOAUMYIO OIEePALMIO TPUBEACHHUS TUIIA, U 31€Ch [OAXOASALLMMH OKA3bIBAIOTCS U
npuBejieHHe U3 long B int, 1 13 long B double. Korja KOMIMUJISITOP CTaJKUBAETCS C HEOJHO-
3HAUHOCTBIO, BbIIAETCSA OLIMOKA.

[Teperpy:kenHble yHKIHH He MOTYT Pa3/IMUaThCs TOJIBKO MO THITy BO3BPAIllaeMOro 3HaueHHs,
TO eCTh NeperpysKa

int rand();
double rand();

Henonyctima. Kpome Toro, He MOTyT ObITb Meperpy»KeHbl (PYHKLHH, HMEIOLLHE COorvialleH1e 0
cBsizsAx si3bika Cu (extern "C"), a TakxKe QYHKIMH HMeIOLIMEe HEOTPaHHUEHHOe KOJTMUECTBO Mapa-
METPOB, €CJIH OHH OTJHYAIOTCST TOJIBKO B YaCTH, COOTBETCTBYIOLIEH HEOrPAHHUEHHOMY KOJHUECTBY
napameTpoB.

// HeBepHO!

void func(int a, ...);

int func(int a, int b);
// a Tak MOXHO

void func2(int a, ...);
void func2(double a, ...);



[naBHOe TpeGoBaHUe K neperpyake QyHKLMH — 0fHO3HAUHOCTb. [1pH J1060M KosHuecTBe na-
pameTpoB H JI0ObIX THIIOB NapaMeTPOB KOMITHJATOP [0JKEH OJHO3HAYHO ONPEeJMTh, KaKylo
(DYHKLHIO U3 TIePErpyKEHHbIX MOXKHO BbI3BATb.

1.4 [lapameTrpbl Mo ymMoJYaHUIO

S13bik Cu-++ 1no3BoJisieT 3aaBaTh 3HAUEHHsI TAPAMETPOB M0 YMOJUAHUIO /st DYHKIMI U Me-
TOJIOB, TO €CThb MapaMeTpbl, KOTOPble MOTYT ObITh OMYyIIeHbl B TOUKE BbI30Ba COOTBETCTBYIOLILEH
(hYHKLMH WK MeToJ1a.

Hanpumep, KoHCTPyKTOp Kilacca complex MOXKHO ONPeIeInThb CledyolnM 06pa3om:

class complex
{
public:
complex (double re = 0.0, double im = 0.0);
i
Mol onpeie/sinM KOHCTPYKTOP € ABYMS1 [IapaMeTpaMu, KaxK/Iblil U3 KOTOPbIX UMeeT 3HaUeHHe 110

YMOJIUAHHIO U TAKUM 06Pa30M MOKET OTCYTCTBOBATh B TOUKE BbI30Ba 9TOr0 KOHCTpYKTOpa. Tenepb
9TOT KOHCTPYKTOP Oy/IeT HCMO/b30BAaTbCS H KAK KOHCTPYKTOP M0 YMOJIYAHHIO, TaK KaK JI0MyCKaeT-
cs1 BbI30B 0€3 napamMeTpoB — M _re, M _im moJyuar 3Hauenust 0.0, U KAK KOHCTPYKTOP C OJHUM
apryMeHTOB, M KaK KOHCTPYKTOP C JIByMsi apryMeHTaMHu, Harpumep:

complex zl1, z2 = 5.0, 2z3(0.0, 1.0);

Ecsin B Touke BbI3oBa (ByHKLHMH WKW MeTOJa 3aJ1aHO MeHblle GaKTHUeCKUX MMapaMeTpoB, ueM
TpebyeTcs GYHKLHMHU, TO TapaMeTpbl M0Jy4aloT 3HaUeHHUsI B TIOPsIAKE UX MOSIBJIEHHUS B CITUCKE Mapa-
MeTpPOB CJIeBa HAINpaBo, Te (GopMasibHble MapaMeTpbl, (PaKTHUECKHX 3HAUEHHH KOTOPbIX He XBaTH-
JI0, OJIyyaloT 3HaueHHus1 o ymoJsuanuio. He cyliectByer cioco6a npornycTHTb HECKOJIbKO MepBbIX
napaMeTpoB 10 YMOJIUAHHIO U 3a/1aThb 3HAUEHHsI TOJbKO CJIEyIOIHX 32 HUMH. TakuM o6pas3oM, B
BBI30BE KOHCTpPyKTOpa z2 = 5.0 mapamerp re MoJy4yuT 3Hadende 5.0, a mapamerp im —
3HaueHue 1o ymoJiuanuio 0. 0.

Ha onpenenenne napamerpoB €O 3HAUEHUSIMM 10 YMOJUYAHHIO HAKJAAbIBAIOTCS HEKOTOpbIE
orpaHnueHusl. Bo-nepBbIX, 3HaUEHHsI MO YMOJUAHHIO MOTYT OBbITb OMpEAe/eHbl sl MOCJIEAHHX
(hopMaJIbHBIX TTapaMeTpoB (YHKLHMH UK MeToa. HeJb3s, HanpuMep, 3aaTh 3HaUEHHE MO YMOJI-
UAHUIO U1 IEPBOTO [1apaMeTPa, HO He JJ1s1 OCTAJIbHBIX [1apaMeTPOB:

void func(int x = 0, int y); // HesepHo!

Bo-BTopbix, 3asaHue 3HaUCHUI NapaMeTPOB MO YMOJUAHHIO He JLOJIKHO MPUBOIUTL K HEOJ-
HO3HAUHOCTSIM TIPH Noa0ope HanboJiee MOAXOSAIIEr0 BAPHAHTA U3 TTeperpyKeHHbIX QYHKLMH W
MeTooB. Tak, B c/lyuae KOHCTpyKTOpa KJacca complex ¢ IByMsl apryMEHTAMH MO yMOJIUaHHIO
y2Ke HeJ1b3s1 OyJ1eT ONpeeInTb KOHCTPYKTOp 6€3 apryMeHTOB HJIH KOHCTPYKTOP C OIHHM aprymMeH-
TOM.

class complex
{

public:
complex (double re = 0.0, double im = 0.0);
complex(); // HeBepHo! B ciayuyae ‘complex z;’ - HEOOHO3BHAYHOCTH

}i

3amuch *this Heo6XoaUMa JUIs CoryiacoBaHusl THITOB. Hukakoro paseiMeHoBaHUS yKasaTess MpH
9TOM, KOHEUHO, BbIIOJIHATbLCS He OYJIeT.

Onepauust NpUCBaUBaHUSI OUYEHb [10X02Ka HA KOHCTPYKTOP KOINHPOBAHHUS, U B CJlydae HaLLero
KJ1acca complex peaju3yloTCsl OHH OJMHAKOBO, HO MEXKJy HHUMU €CTb IIPUHLMIHANBLHOE Pa3J/Ii-
urie. KOHCTPYKTOp KOMMPOBaHHs BLI3BIBAETCS IPH CO3AaHUN 0OBEKTA JUISl TOTO, UTOOBI KOPPEKTHO
3a1aTh 3HaueHus noJeil o6bexra. Onepalys NPUCBAUBAHUS BbI3bIBAETCS, UTOObl H3MEHUTb 3HA-
yeHHe yKe CYLIEeCTBYIOLLEro 06'beKTa, MoJisi KOTOPOTO yKe cojiepKar HeKoTopble 3HaueHus. Ecau
TpU Cco3/laHuK 00beKTa 3aXBaTbIBAIOTCS PeCypChbl, TO ONepaTop IPUCBAUBaAHUs JIOJLKEH CHauasla
KOPPEKTHO 0CBOOOIUTbL PECypChl, Y2Ke 3aHsATble 00BEKTOM, H I10C/1€ STOTO0 BbIIOJHUTL IPUCBAUBA-
HHe HOBbIX 3HAUeHHH MoJIeH.

B kauecTBe mpumepa paccMOTPUM MPOCTOil KJjacc JUisl uTeHus U3 aiaoB. B koHcTpykTOpe
OTKpbIBaeTcst (hai/IoBbIi 1ECKPUITOP, KOTOPBIH U HCTOJb3YeTCs YISl onepaLuii ¢ (aiaamu.

class InputFile
{
private:
int fd;
public:
InputFile (const char *path);
InputFile(const InputFile &f);
InputFile &operator=(const InputFile &f);
}i

KOHCprKTOp KOMHUPOBaHUs1 NOJI2KEH CAe/1aTh KOIMHIO CbaIU/I.}'IOBOFO JECKPHUIITOPa, HAlIpPUMEP TakK:

InputFile::InputFile(const InputFile &f)
{

fd = dup(f.£fd);
}

Ornepalust pucBauBaHHUs I0JKHA T1epejl Co3/laHHeM KOTHH (aiiioBOro 1eCKpHIITOpa 3aKpbiTh
TOT (hailJIOBEIH 1ECKPUNTOP, KOTOPBIH COXpaHéH B noJie £d TeKyllero 00bekra.

InputFile& InputFile::operator=(const InputFile &f)
{

close(£fd);

fd = dup(f.£fd);

return *this;

1.13 dectpyKTopsi

B Haluem npoctom npumepe Kjacca Jist uteHust U3 aitia HeoOGXOAUM MeTOJI, KOTOpbIil Oy-
JIET 3aKpbIBaTh (ailioBblil geckpuntop £d kinacca. MoxKHO peasin3oBaTh MeToJL close, KOTOpbIi
BBIMIOJIHUT BCEe HEOOXOIUMbIE ONepallii, OJHAKO MCIO0Jb30BaTh TaKOKH METOJ HeyLO0GHO Mo ABYM
NPUUMHAM: BO-TEPBbIX, MPOrPAMMHCT J0JKEH He 3a0biTh BbI3BaTh METOJ close Mepeil YHHUTO-
JKeHHueM o6bekTa Kiacca InputFile, BO-BTOPbIX, IPOrPAMMHUCT MOXKET CJIyUailHO HCIO0Jb30BaTh
00BEKT 3TOr0 METOJ1A MoCJIe BbI30Ba close.

Jlst petieHust poGieMbl 0CBOOOXK/IEHHST PECYPCOB B MOMEHT YHHUTOKEHHsT 00'beKTa MpeaHa-
3HaueHbl decmpyKmopol. JIeCTPyKTOp — 3TO METOJL, KOTOPbIH BbI3bIBAETCSI aBTOMATHUECKH HEMo-
CpPeNCTBEHHO Tepell 0CBOOOKIEHHEM MAMSITH, BbleJIeHHOI 110]1 00 beKT. Ec/in 06'beKT — JioKab-
Hast WK 6J10YHast epeMeHHas!, To IeCTPYKTop OyleT BbI3BaH MPH BbIXOJE M3 COOTBETCTBYIOLLETO
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00OblUHbIE YHAPHBIE OMepaLlH, KaK M0Ka3aHo BhILLE, a /15 ONpeaeneH s TOCT(HHUKCHBIX OrepaLui
TpebGyeTcsl, YTOObl COOTBETCTBYIOLINE METO/Ibl MM (DyHKLHH MPUHUMAJIH JOTOJHUTEJILHBIH Mapa-
MeTp THIa int.

OnpeznesieHne onepaLuy NOCTHPUKCHOIO HHKPEMEHTA st K/1acca complex Kak MeToaa Kiaac-
ca:

class complex
{
public:
complex operator++ (int b) { return complex(re++,im); }
}i

OGparuTe BHHMaHHKe, UTO operator++ Bo3BpalllaeT 3HaueHue Trrna complex. JTo Heo6X0-
JIUMO, UTOObI B BBIPXKEHHH MOXKHO OblJIO HAMKCATh, HALPUMED —a++.

OrpesiesieHue onepatin NoCTGUKCHOr0 HHKpeMeHTa 15l K/lacca complex Kak JIPy’KeCTBeH-
HOIl (DYHKLIMH:

class complex
{
public:
friend complex operator++ (complex &a, int Db);
}i
complex operator++ (complex &a, int b)
{
return complex(a.re++, a.im);

}

Jlasee Mbl pacCcMOTPHUM HEKOTOPbIE ocoObie cJydae nepeomnpeaeaeHus onepaum”l JUJT5s1 KJ1aCCOB.

1.12 Onepauus npucBauBaHus

Onepauus npucBauBaHusl MOXKET ObITb ONpeielieHa sl K1acca complex cleiyolum o6pa-
30M:

class complex
{
public:
complex &operator=(const complex &v);
bi
complex &complex::operator=(const complex &v)
{
re = v.re; im = v.im;
return *this;

}

Onepauyist npucBanBaHusl JOKHA ObITh HECTATHUECKHM METOJOM KJjacca. B kauecTBe na-
pameTpa MeTo/a Tepeaaéresi KOHCTaHTHAs CCblIKAa Ha COOCTBEHHBIH Kaacc. MeTox Bo3Bpallaer
CChIIKY Ha COOCTBEHHBIN KJIacC /st TOT0, YTOObI pe3yJibTaT ornepali NpUCBauBaHHsT MOXKHO Obl-
JIO HCTI0/Tb30BATh B BbIpaXKeHHH, HAarpuMep a = b = c;.Onepatop return *this; Bo3Bpa-
IA€T CChIIKY Ha 0O'bEKT, JUIsi KOTOPOTO OblJ BbI3BAH METOJL ONepallii MPUCBAUBAHMST, TTOCKOJILKY
B KauecTBe BO3BPAlllAeMOro 3HaueHHst TpeGyeTest CChlliKa Ha 0ObEKT (UTO C TOUKH 3PEHHUST 3aMUCH
B iporpamme Ha CU++ TO XKe camMoe, UTo M MPOCTO 00bEKT), a this — 3To yKasaTesb Ha 0ObEKT,

1.5 KoHcTaHTbI B IporpamMmme

B asbike Cu++ ecsiu nepeMeHHasi onpejieneHa Kak KOHCTaHTHAsI, TO e€ 3HauYeHHe MOXKET MC-
10J1b30BaThCs B KOHCTAHTHBIX BbIPaXKeHHsIX B mporpamMme. B sizbike CH Takoe GblI0 HEBO3MOKHO.
Hanpumep:

static const int MAX SIZE = 100;
static int arr[MAX SIZE];

1.6 Ccbli104YHbIE THUIIbI

$13bik CH++ BBOIUT CCHIJIOUHBIE THITbI, KOTOPbIE T03BOJISIOT peasi30BaTh repejaady napamer-
POB B (pYHKIHH HJIK METOJIbI 110 CChIJIKE, KAK BO MHOTHX JIPYTHX si3blkax. OrpejiesieHne CChlIouHOro
THIA [T0X02KE Ha oNpe/ie/ieHHe yKa3aTesbHOro THIA, TOJIbKO BMECTO * HcrnoJsbayetcs &. Hanpumep:

int a;

int &b = a;

31eck ompeessieTcst CChlIOUHAsK MepeMeHHast b, KOTopasi ccbljiaetcst Ha nepeMenHyto a. O6-
paTuTe BHUMaHHe, CCbIIOYHAsA NePEeMEHHast MOXKeT ObITb MPOUHULHANU3UPOBAHA TOJNBKO B TOUKE
onpenenenust. [Tocse onpeeneHust CCblJIOYHOM NepeMeHHOM b K siuelike NaMsiTH, B KOTOPOH Haxo-
JIUTCS1 3HaUCHHe TIePEMEHHOM a, MO2KHO 0OPATUTbLCA H [0 UMEHH &, M 110 HMEeHH b.

a = 10;
cout << b; // 6ymer HamewvarasHo 10
b = 20;

cout << a; // 6ymer HameuaraHo 20

Msmenenne nepemMeHHOH b Ha caMoM JieJie O3HauaeT u3MeHeHne nepemMeHHol a. Takum obpa-
30M, CCBIJIOUHBIF THIT T103BOJISIET 3a/1aTh CHHOHMMBI (aJIbTepHATHBHbIE MMEHA) JUIS MepeMEHHbIX.
C TOUKH 3peHHst porpaMMHcTa oOpallieHHe K 3HaueHHI0 MepeMeHHOl 10 0CHOBHOMY UMEHH H IO
CHHOHUMHYHBIM MepeMEHHBbIM SKBHBAJIEHTHO.

OcHOBHOe Ha3HaU€eHHe CChIIOYHBIX THIOB — JJ/Is Tlepe1auk MapaMeTpoB MO CChIJIKE.

void swap (int &a, int &b)
{

int t = a;

a =D>b; b=1¢t;
}

DyHKIMS sSwap NPUHAMAET J[Ba TapaMeTpa CChIIOUHOTO THMa. B Touke BbI3oBa (hyHKIMH swap
(hopmaJibHble MapaMeTpbl a U b CTaHyT CCHIIKAMH Ha COOTBETCBYIOLIME TepeMeHHbIe, TepeaaH-
Hble B KauecTBe (haKTHUECKHX MapaMeTpoB (hyHKIHH, U paGoTast ¢ mapamMeTpaMy a u b B QyHKLHMH
swap, Mbl (akTHuecku paboTaeM C TeMH IePEMEHHbIMH, KOTOpble OyLyT MepefaHbl B KauecTBe
(hakTHUECKHX ITapaMeTpoB MPH BbI30Be (DYHKLHUH.

int a =1, b = 2;
swap(a, b);
cout << a << ' ' << b; // Hanewaraer "2 1"

CcbIKM MOTYT peasli30BbIBATbCS KaK yKasaTeJsd, IPU 3TOM MPHU fepejaue Mo CChlIKe MOXKeT
HeSIBHO J100aBJIATLCA ONepalHs B3ATHS ajpeca, a NP1 00pallleHHH M0 CChblIKe — orepalus pasbl-
MeHoBaHUs1. Takum 06pa3oM, (yHKLHS Swap MOXKeT ObITb OTTPAHC/HPOBAHA B CJICLYIOLIMI KO



void swap(int * const a, int * const b)
{

int t = *a;

*a = *b; *b = t;
}

A BbI30B (DyHKILMH swap OyJeT OTTPaHCIUPOBaH B KO

int a =1, b = 2;

swap (&a, &b);
cout << a << ' ' << Db;

[TockonbKy npu nepenaue no ccblike akTHuecKH Gepércst aapec HEKOTOPoro oObekra, Ha
MecTe (hOpMaJIbHOTO apaMeTpa, Mepe1aBaeMoro Mo CChlKe MPH Bbi30Be (PYHKIMHU JA0JKHO HAX0-
JIUTHCST BbIpAXKEHHUE, JUIsi KOTOPOTO OfpejiesieHa ornepalnsi B3siTHs ajpeca.

int a, b, c;

swap(a, 1); // HeBepHO - omepanms &1 He ompenesieHa
swap(a, b + ¢); // HeBepHO - onepaumus & (b + c) He ompemeseHa

CcbLIKH MOTYT ObITb KOHCTAHTHBIMH, HarnpuMmep:

void print_int(const int &x)
{
cout << x;

}

Ha mecte dopmasbHOro napamerpa-KoHCTaHTHOH CCbIKH [103BOJIAETCS YKa3blBAaTh Bblparke-
HHe, K KOTOPOMY Ollepallusi B3sATHs ajpeca HelpuMeHuMa. B 9ToM cilyyae KOMIMJIATOP CO31ACT
BPEMEHHYIO [IepeMeHHYI0, KOTOPO# IIPUCBOMT 3HAUEHHE BbIPa’KEHHs, U 3aTeM CChl/Ka Ha 9Ty Bpe-
MeHHYI0 NepeMeHHyto OyaeT nepenana B gyHkiuio. Hanpumep,

int a, b;

print_int(1); // osmauvaer: tl = 1; print int(tl);
print_int(a + b); // osHawaer: t2 = a + b; print int(t2);

1.7 KoHCTpYKTOp KONMMpPOBaHHSs

[TpenrnoJsio;Kum, 4To Mbl XOTHM Hanucath (yHKLHUIO, CKJIABIBAIOLLYIO 1BA KOMIIEKCHBIX UMC-
qa. [TycTb dyHKUMS TpUHHMAaeT JBa NapameTpa THMa complex M BO3BpALlaeT pesdyJbTaT THIA
complex. Mbl 0Ka MPEANoNoNKUM, UTO (DYHKLIHMS UMEET MOJIHbIH OCTYI KO BHYTPEHHEMY Mpeji-
CTaBJICHHIO KOMIJIEKCHBIX YHCeJI.

complex add(complex a, complex b)

{
complex res = complex(a.re + b.re, a.im + b.im);
return res;

}

HMcnosb3oBaTh Takylo (hyHKLHIO MO2KHO, HATIPUMep, CJIelyIoLHM 06pa3om:

}i
complex complex::operator+ (const complex &b) const
{

return complex(re + b.re, im + b.im);

}
Bunaphyto onepatiuio + /st Kiacca comp lex Kak QYHKIHIO MOXKHO CJIEIYIOIHM 00pasoMm:

class complex
{
public:
friend complex operator+ (const complex &a, const complex &b);
}i
complex operator+ (const complex &a, const complex &b)
{
return complex(a.re + b.re, a.im + b.im);

}

Kaxoii 3 BapuaHToB NpeAnouTuTe/ibHee Mbl pACCMOTPUM HHZKE.

PaccmoTpuM Terepb yHapHble oniepaluu +, —, *, ~, &, !, ++ (npedukcHas), —— (npepukcHas).
O603HaunM 311 onepauuu Kak @. [IpumeHenne ynapHoii onepauuu @ a K CBOeMy apryMeHTy MO-
JKeT pacCcMaTpUBaThesl MO0 KaK NPUMeHeHHe MeToja operator @ Ge3 mapamMeTpoB K 00beKTy
a, To eCThb KaK a.operator@ (), AM6o Kak BbI30B (DyHKLHH operator@ ¢ OJHUM apryMeHTOM
a, To ecTb operator(@ (a).

Takum o6pasoM, onpee/uTb YHApHYIO ollepaluio — 1JIs K/1acca complex Kak MeTOJ 3TOro
KJ/1acca MOXKHO CJlejlylolnM 06pa3oM:

class complex

{

public:
complex operator- () const;
}i
complex complex::operator- () const
{
return complex(-re, -im);

}

YHapHylo onepaiuio — Kak (yHKLHIO-He MeTOJL KJ1acca ONpeeuTh MOKHO CJIe/IyIOlIUM 06~
pasom:

class complex
{
public:
friend complex operator- (const complex &a);
I
complex operator- (const complex &a)
{
return complex(-a.re, -a.im);

}

[Ipu onpeneneHnu onepauuii HHKpeMeHTa ++ M JIeKpeMEHTa —— BO3HHUKAET CJIOXKHOCTb, TaK
KaK U Npe(UKCHBIN 1 MOCT(HHUKCHBIA BapUaHT onepaluil — 3To yHapHast onepatusi. [Tostomy uro-
6bl OTJIMUATD TIPe(hMKCHYIO U TTOCTGHKCHYIO OMepalHio HCMob3yeTcst MPUEM ¢ (HKTHBHBEIM (op-
MaJibHBIM TapameTpoM. [IpedHuKcHble onepalui MHKPEeMeHTa U JeKpPeMeHTa ONpeessiioTest Kak
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ynces1 TpebyeTcsl Onpele/uTb Bce apu(MeTHUECKHE ONepalut +, — U T. [, Ul CTPOKOBOTO THIA
TaKKe MOXKHO OIpPe/Ie/IsITh HEKOTOPbIE ONepaLkHy.

S13bik Cu++ 103BOJISIET ONMpEIEsTh ONepaluy s N0Jb30BaTENbCKUX THIOB. OnpejieseHbl
MOTYT ObITh MOUTH BCe Orepaluu, KpoMe . (JI0CTYI K MOJI0), . * (JOCTYI K IMOJII0 M0 yKa3aTeso
Ha (DYHKLHIO), : ¢ (JIOCTYN K 00JIaCTH BUAUMOCTH), ? : (ycJI0BHas onepalus). Bee npoune onepa-
LMK MOTYT ObITh OMpe/ie/ieHbl noJb3oBareaeM. Jljsi iro60ro Kaacca rno yMOJYaHHIO OMpe/iesieHbl
orepallid NpucBauBaHusi (=), B3siTHs ajpeca (&) ¥ CJe10BaHuUs (, ), HO U OHH MOTYT ObITb Mepe-
ornpejiesieHbl M0J1b30BaTeIEM.

Ha onpenesienue onepaumii Hak/1aabiBaloTCs Ce/yIOLIIe OrpaHHUeHHs:

o Hesb3sl H3MEHHTb CHHTAKCHUECKYIO CTPYKTYPY BbIPaXKEHHH, TO €CTb Hesb3sl 100aBHTb HO-
Bble 3HAKH orepaluii (HarpruMep, BBECTH HOBYIO ollepaliio @, GHHAapHYIO orepaiuio ! Wiu
YHApHYIO ofepauuio "), He/lb3sl H3MEHHTb MPHOPUTET H acCOLMATHBHOCTb Onepaluii. DTH
OrpaHHUeHHs] rapaHTHPYIOT, UTO JJIsl CHHTAKCHUeCKOro aHaJsu3a nporpamMmbl Ha Cu++ He
norpebyercst uHopMalust 06 orepalusx, orpeaeaEéHHbIX IS Kaacca.

. Oncpaunn =, [1, () U —=> JO/KHBI ONPEAC/SATLCS KaK HEeCTaTHUECKHE METO/bl KJjacca, a
He Kak JIpy»KecTBeHHble (pyHKUMH. TakuM 06pa3oM rapaHTHpyeTcsi Hasuke 00beKTa, Hall
KOTOPBIM BbIMNOJIHSIETCST ONepalusi.

o Hesb3si nepeonpeenTb onepaumi Hajl BCTPOCHHBIMU THIIAMH, TO €CTb, HANPUMEP, HEJb3s1
OIPE/IeJIMTD [10J1b30BATEJILCKYIO OIEPALUIO CJI0KEHHS] IByX 3HaUeHHH THna int.

Onepaluy, KOTopble MOXKHO ONpeIe/UTb Mepeuucsenbl HixKe: + (yHapHas M OUHapHas), —
(ynapHasi u GuHapHast), * (yHapHasi u OuHapHasi), / (GuHapHasi), $ (OuHapHas), ~ (OuHApHAs), &
(ynapnasi u 6uHapHas), | (6unapHas), ~ (yHapHas), = (6unapnasi), < (6unapuas), > (6uHapHas),
+= (6unapHas), —= (6uHapHasi), *= (6uHapHasi), /= (6uHapHnasi), $= (6unapnas), ~= (6unapHas),
| = (6unapHas), &= (6uHapHnas), <<= (6unapuas), >>= (6uHapHas), << (6uHapnas), >> (6uHap-
Hasl), == (OuHapHas), ! = (6uHapHas), <= (6GuHapHas), >= (6uHapHas), && (6uHapHas), | | (6u-
HapHast), ++ (yHapHasi npe1kcHast U ocTduKcHas ), —— (yHapHas nnpeuxcHasi i noctdukcHas),
->* (6uHapHasi), , (6uHapHasi), —> (yHapHas), [] (6uHapHas), () (OuHapHasi), new, new[],
delete,delete[].

PaccmoTpuMm HekoTopylo GHHAPHYIO OMepaLuio, KOTopyio Mbl 0603HauuM @. [IpumeHenne 6u-
HApHON onepaLyy K CBOMM apryMeHTaM, HarnpuMep, a @ b, MOXKeT pacCMaTpUBATHCS OJHUM H3
JIBYX CIIOCOGOB:

1. Kak npumenenue Metoaa ¢ UMeHeM operator @ HapryMeHTOM b K 0ObeKTY a, TO eCTb Kak
a.operator @(b).

2. Kak npumeHeHue (hyHKIHMH (He uieHa KJacca) ¢ UIMeHeM operator @ W apryMeHTaMu a u
b.

Heckounbko onepauutii (=, [ 1, () ) 10MyCKalOT TOJIbKO NepBoe ToJKoBaHnue. Komnuasitop npu ana-
JIH3e MPOrpamMMbl TpoBepsieT 06a BapHaHTa.

Hanpumep, onpeaenuTs GHHAPHYIO ONEPALKIO + 1JIst KJacca complex KaK WieH KJIacca MOxK-
HO CJIEIOLIHM 00pa3oM:

class complex

{
public:
complex operator+ (const complex &b) const;
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complex zl1, z2, z3;

Y/
z3 = add(zl, z2);

[Tpu BbI30BeE PyHKLMN add HEOOXOAUMO CKOTIMPOBATH 3HAUEHUSI IEPEMEHHBIX z1 1 z2, TIepe-
JlaBaeMbIX B KauecTBe (paKTHUECKHX apaMeTpoB, B (hopMaJibHbIE TapaMEeTPbl & H b COOTBETCTBEH-
HO, IIPU TOM KOIIUPOBAHHE MOZKET BBIIOJIHATLCA OJHOBPEMEHHO C BblIEJEHHEM MeCTa Ha CTeKe
noJ napamerpbl. [TockosbKy KonupoBaHue ofHOro o6bekra B APYroil MoxkeT Tpe6oBaTb HETpU-
BHAJIbHBIX OMEpaLuil, 15l peasn3aliy KONUPOBAHUSI MOXKET ObITb ONPENEJIEH CreLHaNbHbIi KOH-
CMPYKmMop KONUPOBAHUS.

KoucTpyKTop KonupoBaHus Julsl K/1acca complex MOXKeT ObITb ONpPeAeEH clleayloluM 06-
pasom.

class complex
{
double re, im;
public:
complex (const complex &v) { re = v.re; im = v.im; }

}i

KoHCeTpyKTOp KONMpOBaHHA — 9TO KOHCTPYKTOP, IIPUHMMAIOLLME OJUH MapaMeTp, THIT KOTO-
pOro — KOHCTAHTHAs! CChIIKA Ha TOT 2Ke caMblil kjacc. KOHCTPYKTOp KONUPOBaHUS! UCTIOJb3YeT s
BCSIKUI pas, Korja HeoOXOMMO CO3/laTh HOBbI 00BEKT 110 yxKe CyLIeCTBYIoLeMy 00beKTy TOro
’Ke TUIa, HarlpuMep, NMPH nepejaye NapamMeTpoB MO 3HAUYEHHIO B (PYHKLUH, TPH BO3BpATe 3Haue-
HUSl U3 YHKLIMH, TP OTpeJleleHHH TlepeMeHHOMH, HHHIHAJIN3UPYyeMOi 3HaueHHeM TOro e THIa.
Tak, B npumepe peanusaunu GyHKUMH add Bbllle, KOHCTPYKTOP KOMUPOBAHUS OyIET BbI3BaH He
TOJIKO MPH Mepejiaue 3HaueHHiH B (DyHKLHMIO, HO U B ollepaTope return res; JUIsl TOTO, UTO-
Obl CKOMTMPOBATbL 3HAUEHHE JIOKAJLHON NepeMeHHOl res B 00/1aCTb NaMsITH, B KOTOPOM XPaHHTCS
BO3BpalllaeMoe 3HaueHHe.

MO2KHO JIH YMEHBLINTb UHCJIO BBI3OBOB KOHCTPYKTOPOB KOTHPOBAHHUS MPH BbI30BE (DYHKLIMH
add? Jlas 3Toro MOXHO, BO-IIePBbIX, NepelaBaTh NAPAMETPbl He M0 3HAUEHHIO, 4 10 KOHCTAHT-
HOW CCbUIKe, M, BO-BTOPbIX, CO3/aBaTh BO3BpallaeMblii 0OLEKT HENOCPEICTBEHHO B olepatope
return cjeyloluM 00pa3om:

complex add(const complex &a, const complex &b)
{
return complex(a.re + b.re, a.im + b.im);

}

OO6paTuTe BHUMaHHe, UTO BO3BPALIATh U3 (DYHKLHH CChIIKY Ha JIOKAJIbHbIA 00bEKT HeJlb3sl, TaK
KaK 3TO 5KBUBAJIEHTHO BO3BPATY ajipeca JIOKaJIbHOH NlepeMeHHOH, KOTopasi llepecTaHeT CyIeCTBO-
BaTb Cpady Ke MocJie BbIX0oa U3 (PyHKLIHH.

complex &add(const complex &a, const complex &b)
{
complex res = complex(a.re + b.re, a.im + b.im);
return res; // HEBEPHO! Bo3BpamaeTcs CCEUIKA Ha JIOKAJILHYI IepPEM.



1.8 ABTomaruyeckasi reHepalusi KOHCTPYKTOPOB

Kak Gbl10 ckaszaHo Bblllie, KOHCTPYKTOP 110 YMOJIUAHHIO U KOHCTPYKTOP KOIUPOBAHUSI UMEIOT
oco6oe MoJIo;KeHHe CPeIH BCeX MPOUNX KOHCTPYKTOPOB. KoMmusTop MOXKeT (a B HeKOTOPHIX CJTy-
yasix ¥ JI0JKEH ) CTeHEePUPOBATh 3TH KOHCTPYKTOPbI aBTOMATHUECKH.

Eciu B K/1acce He onpesiesiéH KOHCTPYKTOP KOMUPOBaHHUsl, OH OIpe/le/IsieTCsl HesIBHO KakK 10—
6aiiToBOE KOMHUPOBaHHUe NoJiell 00beKTa-apryMeHTa KOHCTPYKTOpa B HOBbIH 00beKT. B HEKOTOPBIX
c/lyuasix Takoe IOBeJleHHe KOHCTPYKTOpa KOINUPOBAHHUSA sIBJISI€TCS KOPPEKTHBbIM, HO MHOTZA Tpe-
OyeTcst sIBHOE 3a/laHHe KOHCTPYKTopa KonupoBanusi. Takasi HEOOXOJMMOCTb, B YAaCTHOCTH, BO3-
HHUKAeT, KOI/la KJIacC UCIOJb3yeT KaKue-u60 pecypchl, KOTOpble HEOOXOAUMO 3aXBaTblBATh HJIH
0CBOGOXKIATh SIBHO, HAMTPUMEP, (hailIoBble 1eCKPUITOPbI, IHHAMHYECKYIO aMsTh U Tp.

Komnuasitop Cu-++ reHepupyeT KOHCTPYKTOP MO YMOJIUAHHIO, €C/IM B KJacce He orpejelie-
HO HUKaKMX KOHCTPYKTOpoB. CreHepHpoBaHHbI TaKMM 06pa3oM KOHCTPYKTOP MO YMOJYAHHIO He
BBIMOJIHSIET HUKAKUX JIeHCTBUH.

1.9 KoHcTaHTHBIE METO/bI

Paccmotpum meton abs B Kjacce complex, KOTOPbIH BbIYHCISET MOJYJb KOMIJIEKCHOTO
yhesia. DTOT METOJL BBIUMCJISIET CBOM pe3yJibTart M0 MoJisiM KJacca complex, 0JHAKO He MO~
upyet ux. MoxKHO CKa3aTb, UTO METOJL abs He H3MeHseT coCTosiHHE 00beKTa KJacca complex.
B sTom cayuae meton abs caeyer onpenesnTb Kak KOHCTAHTHBIH.

class complex
{
public:
double abs () const;
}i
double complex::abs() const
{
return re*re+im*im;

}

[Tpr3HaKOM KOHCTAHTHOTO METO/1a SIBJISIETCS KJI0UeBOe CI0BO cons t 1ocJle CrucKa napamer-
poB Metosia. OGpaTHTe BHUMaHHE, UTO €CJIH METOJL ONPe/Ie/IsieTCsl BHE TeJla KJacca, TO KJIoueBoe
CJIOBO const HyKHO MOBTOPUTb U MPH OIpee/IeHUH MeTo1a.

KoHcTaHTHbIE METO/IbI IPUMEHUMBbI K K KOHCTAHTHBIM, H K HEKOHCTAHTHBIM 00'bEKTaM, B TO Bpe-
Msl, KAK HEKOHCTAHTHblEe METOJbl IPUMEHUMbI TOJIbKO K HEKOHCTAHTHbIM oO0bektaM. Hanpumep,
ecJId JVIsl KJlacca comp lex onpesie/iéH KOHCTAaHTHBIN MeTO/l abs U HeKOHCTAHTHBIH MeTo/1 negq:

class complex

{

public:
double abs() const { return re*re+im*im; }
void neg() { re = -re; im = -im; }

}i

complex c;
const complex cc;

c.abs(); // BepHO
c.neg(); // BepHO

cc.abs(); // BepHO
cc.neg(); // oummbka: nepeMeHHas CC — KOHCTAHTHAaS

KoncranTHOCTb MeTO/IA SIBJSIETCS YACTBIO €T0 CHTHATYPHI, TO €CTh B KJIACCE MOXKET ObITh OTpe-
JIeJIeHO JIBA METOJ/Ia C OJIMHAKOBBIM CITMCKOM [apamMeTpoB, HO OJIMH M3 KOTOPbIX KOHCTAHTHbIH, a
npyroii — HeT. Toria B TouKe BbI30Ba METO/1a KOMITUJISITOP BbIOEpeT MOAXOASINH B 3aBUCUMOCTH
OT KOHCTAHTHOCTH 00'beKTa:

class complex

{

public:
double abs () const; // omnpeneseHue BEHECEHO M3 KJIACCA
double abs(); // ompeneseHme BEHECEHO M3 KJIACCAa

}i

complex c;
const complex cc;

c.abs(); // BeIBEBaeTcs MeTOn IJi HEKOHCTAHTHEIX OOBEKTOB
cc.abs(); // BEHBHBaeTCsS METOH IJid KOHCTAHTHEIX OOBLEKTOB

1.10 [pyxecTrBeHHble PYyHKLUHUH

Dynkims add, KoTopast CKJablBaeT Ba KOMIJIEKCHBIX UHC/Ia, He SIBJSETCS UIeHOM Kiacca
complex H, KaK CJIeACTBHE, He HMeeT J0CTYyIa K 3aKpbIThIM private nosasm knacca. Koxneuno,
MO2KHO HCMO0JIb30BaTh B 9TOH (DyHKILMH KakHe-HUOYAb MyO/HUHbIE METO/Ibl PAGOTHI C K/1accoM, HO,
¢ Jpyroit cTopoHbl, (yHKLMS add, 110 CYTH, TECHO CBsI3aH C KJacCcoM complex, H eMy MOXKHO
OTKPBITb IOCTYIT K 3aKPBITHIM MOJISIM.

Jlnst sToro dyHkuMs add MoXKeT ObIThb CeslaHa ApYKeCTBEHHON A5 Kacca complex. Ilpy-
»KEeCTBEHHbIE (PYHKLMH UMEIOT MOJHBIH A0CTYT K 3aKPBITHIM T0JISIM M MeTOaM KJacca. Utobsl cie-
J1aTh (DYHKLHIO IPY?KECTBEHHOM, HY?KHO €€ IPOTOTHUIT TOMECTUTb B KJlacc, TOMETUB €ro KJ/104eBbIM
csioBoM friend, Kak B CJIe/yIOlLEeM [IpUMepe:

class
{

friend complex add(const complex &a, const complex &b);
}i
Jlpy:kecTBeHHAast (DYHKILMS He BJISIETCS WIEHOM KJjlacca, T0TOMY e€ peanu3aliisi He MOXKeT Ha-
XOJIMTBLCSI B KJlacce, a JIOJXKHA ObITh BbIHECEHA U3 HEro, KpOMe TOro, UMsi (hyHKIMH add He JI0JIXKHO
KBaJH(HUMPOBATLCS HMEHEM KJlacca, TO eCcTh 3aruch complex: : add HerpaBuiabHa. OjHa v Ta
JKe (DYHKLHMS MO2KET ObITb JIPY’KECTBEHHOMH /151 HECKOJIbKUX KJ1aCCOB.

1.11 Teperpy3ka onepaumii

Kak 6b10 cKa3aHo Bblllle, OIHOH U3 LeJell, Npec/ieloBaBLIMXCS MPH CO3/laHuH si3blka Cu++,
6b110 o6ecrieyeHne «paBeHCTBA» MEXKIy BCTPOCHHBIMH THIIAMU U THIIAMH, OTIPeIeJIEHHBIMH MOJb-
3osaresieM. st sToro Tpedyercs, 4ToObl 110/1b30BATE/b MOT OMPEAE/SATh CEMAHTUKY ONEpaLyii,
JIOCTYIHBIX B BbIpa)KeHHSIX, VIS M0Jb30BaTEIbCKUX THIOB. Hanpumep, a5 THNA KOMIJIEKCHbIX
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