


IIYBJINYHAA JINITEH3WU 1

Vuebuoe mocobue Anapes Bukroposmua Cronsposa «Bsegenue B si3bik Cu++», onybaukoBan-
voe B u3gareasctee MAKC Ilpecc B 2011 rogy, HazsiBaemoe janee «[IpousseeHnem», 3aluiieHo
IeACTBYIONMM aBTOPCKO-IIPABOBBIM 3aKOHOAATEILCTBOM. Bee npasa Ha Ilpoussesenue, mpegycmMoT-
peHHbIE JefCTBYIONUM 3aKOHOJATEIbCTBOM, KAK UMYIIECTBEHHbIE, TAK M HEHMYI[eCTBEHHBIE, IIPH-
HAJJIEXKAT ero aBTOPY.

Hacrosimast JIuieH3usi yCTaHABIUBAET CIIOCOOBI MCIOJIB30BAHMS 3JEKTPOHHONW Bepcuu [Ipousse-
JIeHWsI, TPABO HA KOTOPBIE IIPEJIOCTABIEHO ABTOPOM H MPaBO0DIa1aTeIeM HEOTPAHUIEHHOMY KPYTY
JIUI, TIPU YCJOBUU 0E30rOBOPOYHOTO MPWHSTHS ITUMH JIMIAMM BCEX yCJOBUM nanuo#l Jluieunswuw.
JIroboe ncnonb3zobanue [Iponssenenus, He COOTBETCTBYIOINEE YCJIOBUAM JaHHOM JIuIleHIIUuM, a paBHO
" UCIIOJBb30BAaHUE HpOI/I3Be,ZLeHI/IH J'[I/IL[aMI/I, He COrJIaCHBIMHU C yCJ'IOBI/IHMI/I JII/IU;BHSI/H/I, BO3MO>XKHO TOJIb-
KO [pPHU HAJHUYUHA MHCHMEHHOTO PA3peIleHnsl aBTOPa M MPaBo0bIa1aTess, a MPH OTCYTCTBUH TAKOTO
Pa3pelIeHus ABJIAeTCA IPOTUBO3AKOHHBIM U IIPEC/ICAYeTCsa B PAMKaX I'PDaXKIaHCKOrO, aIMAHHACTPA-
THUBHOTO U yI‘OJ’[OBHOI‘O HpaBa.

ABTOp U NPaBOO6IAIATETH HACTOSINUM pPa3pelnaeT CJIeIyIONNe BUIbl UCIIOTb30BAHUS JTAHHOTO
daiina, gBJISIONErocs JEKTPOHHBIM INpecTaBieHneM [IpousBenenus, 6e3 yBeIOMJIEHUS TPABOOO-
Jagaress U 6e3 BBILIATH aBTOPCKOTO BO3HATPAXK IEHUSI:

1. Bocupoussenenue IIpoussefenus (IMOJHOCTHIO WM YaCTUYHO) HA Bymare IyTéM pacredarT-
KH C IIOMOIIBIO IIPUHTEPA B OJHOM DKIEMILISIPE IJisi YIOBJIETBOPEHUS JIMYHBIX OBITOBBIX WUJIN
y4ebHBIX NOTpebHOCTel, 6e3 mpaBa Iepesladul BOCIIPOU3BEJEHHOIO SK3EeMILISIPA JAPYTHM JIU-
maMm;

2. Komnuposanue u pacupocrpanenue JaHHOro (aifia B 9JIeKTPOHHOM BH/E, B TOM YHCJIE IIyTEM
3anucu Ha (HPUIUIECKUE HOCUTENH U Iy TEM MePEeIatu 10 KOMIBIOTEPHBIM CETSIM, C COOJIIOLeHN-
eM caexyomux ycaosuii: (1) Bce BocnpousBeagHHbIE U llepeaaBaeMble JIIOOBIM JIunam
9K3eMIIAPHI (hailjia SIBASIIOTCS TOYHBIMM KONMsIMM McxonaHoro daiina B dpopmare
PDF, npu KonmpoBaHHH He IPOU3BOIUTCS HHUKAKHUX H3bATHH, COKpaIleHHUH, IOIOJHEHHUM,
MCKaXKeHUH u JI0OLIX ADYTUX M3MEHEHWH, BKJIIOUAs U u3MeHeHne (hpOpPMaTa IPEACTABIICHU
daiina; (2) pacnpocrpaHeHue u nepejada KONUH APYruM JHLIAM NPOU3BOLUTCH
MCKJTIOYUTEJIbHO 6ecnaamto, ToO ecTh IIPHU IlepeJade He B3UMaeTcsl HUKaKoe BO3-
HarpaK/ieHue HU B Kakoil dopme, B ToM dncie B hopMe IPOCMOTPE PeKJIaMbl, B (popme
IJIATHl 32 HOCHUTEJb WM 33 CaM AaKT KONUPOBAHWA M IepejadH, Jaxke eCcian TaKad IIJIaTa
OKA3BEIBAETCS 3HAYUTEIBHO MEHbINe (DAKTHIECKON CTOMMOCTH HJIH Ce6eCTOMMOCTH HOCHTEJIH,
aKTa KOIHUPOBAHUA U T.II.

JIto6ble apyrue crocobbl pacIpOCTPaHEeHUA JAHHOTO daiia Ipu OTCYTCTBUH IUCHbMEHHOTO pa3pe-
LIEHWS aBTOPA 3allpelleHbl. B 4acTHOCTH, 3alpellaeTcs: BHECEHNEe KAKUX-In00 U3MEeHeHUu! B JaH-
HBIM dail, co3JaHNe U PacIpoCTpaHeHNe HCKAXKEHHBIX 3K3EMIUISIPOB, B TOM HYHCJE SK3eMILISIPOB,
COMEPXKAIMNX KAKYIO-THOO YaCTh MPOM3BENEHUS; PACIPOCTpaHeHne TaHHOTO daiina B Cetn MuTep-
HeT uepe3 BeO-CcaifThl, OKA3BIBAIOIINE IIJIATHLIE YCJIYIH, depe3 CafThl KOMMEDUIECKHX KOMIIAHWH, a
TaKKe depe3 caiiTbl, coAepKalljie peKJamy Jboro poaa; npojaxka u ob6MeH (GU3TIECKUX
HOCUTEJeH, COMepKAIINX TaHHbIN (hailyr, Jarke eciy BO3HATPAXKIEHUE 3HAYUTEIbHO MEHbIe cebe-
CTOMMOCTHY HOCHUTEJISI; BKJIOYEHUe JAaHHOrO (haiiaa B COCTAB KaAKUX-JIN00 MHOOPMAITUOHHBIX U WHBIX
IPOAYKTOB; PACIPOCTPAHEHKE JAHHOTO (Daiia B COCTaBe KAKOH-IM00 MIaTHON yCIyrd WId B AOIOJI-
HeHnue K Takoi ycayre. C qpyroii cTopoHsl, pasperwaercs aapenue (GeciiaTHas nepejgada) HOCH-
Tesel, CogepKaIuX JaHHbIH (haiis, 3anuch JaHHOTrO (pailna Ha HOCUTEJIH, IPUHAIJIEKAIAE APYTUM
IOJIB30BATEJISIM, PACIPOCTPAHEHNE NAHHOTO (aitna depe3 Oecrarable (paitsso0O6MeHHbIE CETH U T. I
CcChLIKM Ha 9K3eMILISIp haiiaa, pacloJoXKeHHBIH Ha OQUITHAIBLHOM caliTe aBTOpa, paspernensl 6e3
OTrpaHUYEHUI.

A. B. Crosapos aanpeuwaem Poccuiickomy aBTOpCKOMY OBIECTBY M JIOGbIM gPYyTrUM
OpraHu3aIusiM MPOU3BOAUTH JIOGOTO Po/ia JINIEH3UPOBaHNUe JIIOBbhIX €ro Mpon3BeeHn N
M OCYLHECTBJIATh B MHTEpecax aBTopa KaKylo Obl TO HM OblJIO MHYIO CBA3AHHYIO C aB-
TOPCKUMU NMpaBaMu AeATeJIbHOCTb 6e3 ero NucbMeHHOTO pas3pelleHus.
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IIpeaucaoBue ajisg nmpenojgaBaTesiein

A3pik Cu+-+ MOXKHO CMEJIO HA3BATH CAMbBIM IOIIYJISIDHBIM SI3bIKOM I1PO-
rPaMMUPOBAHUS B COBPEMEHHON WHIYCTpUH (XOPOIIO 3TO WM IMJIOXO — BO-
POC OTKPBITHIH U 3aBEI0MO BBIXOJSIINUI 38 PAMKH JAHHOTO MOCO0Hs ). DTOMY
SI3BIKY MOCBSIIEHBI COTHU, €CJIM HE THICAYN KHUT; 3a9€M HYKHA eIIé oaHa’

Nayduenne Cu++ mpakTUIeCKH BCETIA BXOIUT B OOS3aTEIBHBIN KYPC BBIC-
1ero TpogeCCHOHATLHOIO 06PA30BAHUS JJI TPOIPAMMHUCTOB, YTO BIIOJIHE 10~
HSATHO, T.K. CIEIUAJIUCTDI, HE 3HAMONIUE ITOIO A3bIKA, B HBIHEIIHUX PEATUIX
HU Ha KAKYI0 CEPhe3HYI0 padOTy MO CIenuaIbHOCTH TPETEHI0BATH HE MOTYT.
C mpyroit cTopoHbI, yaeOHOE BpeMs, Bbiaeasdemoe Ha usydenne Cu+-+, 00bra-
HO OKAa3bIBAETCS MHU3EPHBIM: XOPOIIO, ECTH MOXKHO TOCBSTUTH ITOMY SA3BIKY
JIECATOK JIEKIUH W HECKOJbKO MPAKTUIECKUX 3aHATUI, BO MHOIUX YK€ CIIyda-
sX HeT u 51oro. IIpu 9ToM CcryeHThl K Haday Kypca He 3HAKOMbL HE TOJIBKO
C TMOHATHEM OOBEKTHO-OPMEHTHPOBAHHOTO MPOTPAMMHUPOBAHUS, HO W C Ca-
MuM (DAKTOM CYIIECTBOBAHWS B MPOTPAMMUDOBAHUN PA3IUYHBIX MAPAUTM;
K CYaCTbhIO, 00bI9HO s3bIK CHu CTyZeHTaM y2Ke W3BECTEH, MHAYe HU O KAKOM
uzydennu Cu-++ MOXKHO OBbLITO OBl HE TIOMBIIILISTD.

Cospemennbiit yaebuuk mo Cu+-+ 00bIYHO TIpejicTaBisieT coDOi BHYIIHU-
TenbHbIl ToM HEe Menee yeMm Ha 500-600 crpanwmi, o 3aBA3Ky 3a0UTbHIN UH-
bopmanueii, npuuéM NPAKTUYECKW BCE CYLIECTBYIOIIUE ceildac (M3JaHHbIe
nocsie 1998-1999 rr.) KHUIM HA OTY TEMY CXOLy OOPYIIUBAIOT HA UATATEJIS
BCEBO3MOXKHBIE MPEMYIPOCTH U3 TAaK HA3BIBAEMOW CTAHIAPTHON OGuOIMOTE-
ku Cu+-+, Takue Kak iostream, a TO W BOBCE KOHTEWHEPHI; MPU ITOM HE
OOBbSICHSETCS, 9TO ITO TAKOE U KAK OHO CJIEJIAHO, MMOTOMY YTO U HEPerpys3Ka
MH(MUKCHBIX CHMBOJIOB OMEPAIINA, U MAOJOHBI — 3TO TEMA, [IJIsT CYIIIECTBEHHO
0oJtee O3 IHErO PA3roBOpa. beccmopHo, Oyab B paCIOPSAKEHUN MPENoIaBaTe-
Jisi TpU-veThipe cemecmpa Ha usydenne Cu-++, MOKHO ObLIO OBl JaTh CTY-
JIEHTAM TPUBBIKHYTH KO BCEM THM HOBIIIECTBAM, & 3aT€M TOCTEIEHHO OOb-
SICHUTDH, KaK HEYITO MOJ00HOE CIe/aTh CaMOCToaTe bHO. [Ipobmema, omHAKO,
B TOM, YTO TAKOrO KOJMYECTBA BPEMEHH [IPOCTO HET.

Jlaxke ecin ObI BpeMeHu OBLIO JOCTATOYHO, BCE PABHO JIyUIle HE HAUMHATH
n3ydenne sa3bika, Cu-++ € MpaBuj UCIOJB30BAHWSA MIAOJOHOB CTAHIAPTHOM
OubIMOTEKN, KAK ITO Mpe/iaraer OOJBITHHCTBO aBTOPOB BO IJIABE C CAMUM
Crpaycrpynom. IIpu takoMm oOydueHUE j1azke camble CIOCOOHBIE CTYIEHTHI HE
BH/ISIT TPAHUIIBI MEXK /LY SI3bIKOM U ero Oubsinorekoit, B pesysbrare dero Cu-+-+
BOCITPUHUMAETCST TIPOCTO KaK ewé 00Uk A3blK 6bLCOK020 YPOEHA, KAKOBBIX W
0e3 Hero MHOTO. Y HUKAJIbHBIE BO3MOXKHOCTHU 3bI1Ka, Cru+-+ OCTAIOTCS B TEHHU.
Mermtenne nporpaMMucToB, udydasimux Cu++ 10 1999 roma, cyrecTBeHHO
OTJINYAETCS OT MBIILIEHUs OOJIBITHHCTBA IPOrPAMMUICTOB, U3y YABIIUX SI3BIK
[O3/{Hee — HPUUEM OTJIUIAETCH, TPUXOIUTCS IPU3HATH, B JIyUIIyI0 CTOPOHY,
YTO 3aCTABJILAET 3a/yMAThC O CTPAHHOM 3P deKTe 0T BHIXO/A B CBET TPETHErO
m3nanusa kauru CTpaycrpyma.



B curyanuu, Korma Ha BCe 3TH OOBEKTHBHBIE CJIOKHOCTH HAKJIAIHIBAET-
Cs eIé W HEeXBATKA BPEMEHHU, OYE€Hb 9ACTO TOCJIE MPOCTYINBAHAS KypPCa IO
Cu-++ rakme CjI0Ba, KAK «KJIACC», «HACTEIOBAHUE» WU TeM (oJiee «IOTUMOp-
dbusM» Tak ¥ OCTAIOTCH JJid CTYAEHTOB IIyCTHIM 3BYKOM, 32TO OHU IIPU ITOM
TOYHO 3HAIOT, YTO B HadaJjle IporpaMMbl HaJI0 BMecTO #include <stdio.h>
Hamucarh #include <iostream>, moTOM — BCeHeNpeMeHHEHUM o0pa3om! —
3arajiouHoe using namespace std;, BMecTO printf Hy’KHO HCIIOJIB30BATH
XUTPbIE 3HAYKA U CJIOBO COut, & BCSAKUE 3AHYIHBIE CIIUCKU MOXKHO DOIIbIE HE
[ACATH, TIOTOMY 9TO ecTh BoJiebHoe cioBo 1ist<>. [Tomygaercs, ¥To nmen-
HO HaubOJIee CJIOZKHDIE JIJIsd OCBOEHMS KOHIIEIIIIUKA OCTAIOTCS JJid CTYJEHTA <32
KaIpOM», ¥ HErO TaK W HE BO3HUKAET MOHMMAHUsI, 9T0 Takoe Cu-++ u 3adem
oH HykeH. Bo3bMy Ha ce0st CMEIOCTh YTBEPXKIATH, 9TO TAKOE «00yIeHUE T3bI-
Ky Cu++» npezcrapisier cob0il yCTyIO0 TPATy y4eOHOrO BpEMEHH, KOTOPOTO
U TaK He CJUIIKOM MHOTO.

Boobirie roBOpsi, B cuUTyaruun OCTPOro MEeRTHOTA MPUXOJAUTCH YIOBATH HA
TO, YTO CTYJEHTbI, 3anHTepecoBaBiinecs a3blkoM Cu-++, u3ydar camMocTos-
TeJIbHO BCe Hezpocraomue rembl. [Ipu aTom npeacrasiiserca o menbiieil Me-
pe CTPaAHHBIM TPATUTDH CTOJIb IPATOIEHHOE BPEMS HA, M3y Y€HUE IKIOTHIECKUX
3aKOPIOYEK, TIPYU TOM YTO JaxKe HA 00bscHeHune Hanbosee OyHTAMEHTATHHBIX
KOHIIEMINIT BpEMEHU He OCTaéTcsA. B camoMm jesie, M3yduTh CaMOCTOATETHHO
BO3MOXKHOCTH i1ostream ropasjo mpoire, YeM CaAMOCTOSATEHHO MOHATh, 4TO
TaKOe HACJIE/IOBAHME U 3a9€M OHO HY2KHO.

JlanHnast KHUTa HAITMCAHA HA OCHOBAHUU OIIbITA HECKOJIbKUX JIET ODyUeHus
CTYJIEHTOB OCHOBaM si3biKa Cu++ B yCJIOBHsX, KOIJIA HA BECh TEOPETUIECKUI
MaTepuaj MOYKHO ObLIO BBIIEIUTH HE Gojiee MecTr—ceMu 3aHaTuil (He Baxk-
HO, JIEKIIMOHHBIX UJI ceMuHapckux). CaMa KHUra eCThb, MoKy, pe3yabrar
9aCTO 3aJaBa€MBIX CTyJEHTaMH BOIPOCOB O TOM, KAKOH JINTEpPaTypOil MOXK-
HO BOCITOJIb30BATHCS MPU U3YYEHUH KYPCA; U3 BCEX M3BECTHBHIX aBTOPY KHUT
6ostee-MeHee MOAXOAUT pa3Be u4To BTopoe u3nanue Kauru Crpaycrpyia, HO
OHO B HAIIE BpPeMs MPEICTABJseT cob0i OubmmorpaduiecKkyo peaKoCTh.

Marepuas nocobusi HOCTPOEH B IPEAIIOIOKEHIH, YTO YATATE]b 3HAKOM C
s36IKOM CH 1 He UCTBITHIBACT MPOOJIEM ¢ TTOHUMAaHNEM ero CpeacTs. JIst 9Ko-
HOMUH BPEMEHU W3 M3JIOXKEHUsI MOJTHOCTHIO MCKJIIOYEHBI CPEACTBA CTaH-
maptHoii 6ubamorekn Cu+ -, UCIOAb3yeTCs TOJBKO CTaHIapTHAsA Oub-
swmoreka Cu (mpe/iosaraercs, 4To OHa YUTATEJIO yKe 3Hakoma). [Ipu B3ris-
Jie Ha OIJIABJIEHWE KHUI'M MOXKET BO3HUKHYTD OILyIleHrne OeCropsaa0uHOCTH B
BBIOODE TTOCJIEIOBATEILHOCTH TE€M, OCOOEHHO B TEpPBOM TOJIOBWHE KHUTHM. Ha
CaMOM Jiejie, UMEHHO TaKasi, 8 He WHas [MOCJIeI0BATETFHOCTD OJAYN MATEPHA-
JIa IMEET JIOCTATOYHO MPOCTOe 00bsicHeHne. B KadecTBe OCHOBHBIX I1ejIeil TIpu
CO3/IaHWH JAHHOTO KypPCa PACCMATPUBAIIOCH O3HAKOMJIEHWE CTYIEHTA C de-
ThipbMs TeMamu: (1) cpejcTBa MHKALCY/ISIMKA U ONUCAHUS a0CTPAKTHBIX TH-
LOB JAHHbIX; (2) 06paboTKa UCKJIIOYUTENbHbIX cuTyauuil; (3) nacienoBanue,
CTaTUYEeCKUil U AUHAMUYIECKUi ToauMopdu3M u (4) 0600ImEHHOE TPOTPAMMU-
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posanue (mabsonbl). [IpenaraeMbie CTYIEHTY HOBbIE KOHIIEMIUU MIPH 3TOM
CJIOXKHBI CaMH 110 cebe, T0ITOMY IO BO3MOXKHOCTH M3YyU€eHUe CIeruduaecKnx
uacTpyMeHToB Cu++, Takux, HATPUMED, KaK CCHLIKHM WU Heperpy3ka uMeH
byHKITH, OTKIAIBIBATIOCH HA KAaK MOXKHO OoJsiee mo3nHee BpeMs. B pe3yiib-
TaTe neperpys3ka MMEH PaccMaTpPUBAETCS HEIOCPEICTBEHHO TIepe/] epeonpe-
JIeJIEHNeM CHMBOJIOB CTAHJIAPTHBIX OTepalnii M BBEJIEHNEM HECKOJIHKUX KOH-
CTPYKTOPOB B OJHOM KJIACCE; CCHUIKM DPACCMATPHUBAIOTCS HEIOCPEICTBEHHO
epeJ; BBEIEHNEM KOHCTPYKTOPA KOIMUPOBAHUS, U T. II.

Hexkoropsie cpeacrsa Cu-+-+, Takue Kak MPOCTPAHCTBA UMEH (namespa-
ces) WM MHOXKECTBEHHOE HAC/Ie0BAHUEe, HE PACCMATPUBAIOTC BOBCE. MOxK-
HO, BIIPOYEM, HE COMHEBATBLCS, 9TO JIOOOI CTYIEHT, 3aMHTEPECOBABIIANCST
s3b1kOM CHu++-, OBJIaJIEET STUMHU CPEICTBAME CAMOCTOSITEBHO. B TO Ke Bpe-
Msi MHOT'O BHUMAHUS YIEJISAeTCs TEOPEeTUIECKIUM OCHOBAM OObEKTHO-OPUEHTHU-
POBAHHOTO MTPOrPAMMUPOBAHMS, KOHIENIINN 00HEKTOB W COOOITEHUH, OTUH 13
rmocjieIHUX maparpadoB MOCBAMIEH TEOPETHKO-MHOYKECTBEHHOMY OIHUCAHUIO
MeXaHn3Ma HacleoBaHus. B ciydae, eciim y4eOHOro BpeMeHU Ha BECh MaTe-
pHaJI He XBATHUIIO, si PEKOMEIOBaJI Obl IIPOIIYCTUTD MOCJIEAHIOI Temy (1abJio-
Hbl). JIeJ10 TYT B TOM, 4TO HO/JIEPKATH TaKyl0 TEMy NPAKTHUYECKUMU 3312493
MU OY€Hb THKEJI0: HOTPEOHOCTH B 111a0JI0HAX BO3HUKAET TOJBKO B JIOCTATOYHO
KPYIHBIX MPOTPaMMaX, KOTOPbIe OOJIBITUHCTBY CTYJAEHTOB HE MO, CHJIY.

IIpu mocrpoenny TPAKTHYECKUX 3AHATHI XOTEIOCH Obl PEKOMEHIOBATH
UCII0JIb30BAHUE OLEPALUMOHHON cucrembl cemeiicrsa Unix (nmanpumep, Linux
unu FreeBSD). OGyuenue ciemyer Bcerga HAYMHATEL C TPOCTHIX MTPOTPAMM,
a MPOCThIE TPOTPAMMBI HEMBICJIUMBI B YCIOBUSX OTCYTCTBUSA KyJIbTYPhI KOH-
cosbHbIX npuioxkenuii. Hamnuane koncosbHbIX nporpamm B Windows He pe-
maet npobJieMy, TOCKOJIbKY TAKKWe TPOrPAMMBI Ka2XKy TCsi CTY/I€HTAM HEITOJTHO-
EHHBIMU, UI'PYIIEYHBIMU, ¥ HE BOSHUKAET OIIYIEHUS OBJIAICHUS HACTOAIIAM
nacrpymentoMm. Hamporus, 8 OC Unix Bce mporpaMMbl sIBISIFOTCS KOHCOJIb-
HBbIMU (BKJIIOYas U T€, KOTOPbIE paboTaoT ¢ rpadbudecKUMU OKHAMH), TaK
YTO JlayKe caMble IIPOCThIE IIPOrPAMMBI OKA3bIBAIOTCS B OIIPEIEIEHHOM CMBbIC-
Jle «HACTOSAIIAMUS.

B zakutiovuenve mpeancaoBus, PeIHA3HAMEHHOTO JIJIsT MOUX KOJIJIer—Ipe-
rosiaBaresieif, st Xores ObI MOOIATOAPHUTH T€X, KTO BOCIOJIb3yeTCs MMEHHO
MOUM mocobueM Tpu 00ydeHuu cTyaeHToB ocHoBaM Cu-+-+ U MOMPOCUTH BbI-
CKa3bIBATH MHE CBOW COODOPAaKEeHWsI, BOSHUKIIIKE 110 UTOraM PabOThI; CBI3aTh-
Csi CO MHOM MO2KHO 4epe3 cafitT http://www.stolyarov.info.

IIpeaucioBue Jig CTYJ€EHTOB

Kumxkka, KOTOpyio Bbl duTaere — IOXKAajayi#, caMas KOPOTKAs W3 KHUT
110 #3bIKy Cu++ 1 0ObEKTHO-OPUEHTUPOBAHHOMY HporpammMuposanuio. [Ipu
9TOM, KaK MOYKHO 3aMETUTh, 00bEeM TOCOOMS BCE-TAKU OCTAETCS 3HAUUTEh-
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HBIM; MATEPHUaJI, KOe-Kak BMECTUBINHWIACS B 9TH CTO C HEOOJBINIAM CTPAHWUII,
COOTBETCTBYET TPUMEPHO IIECTH—BOCHMHU JIEKITUSIM.

Azbik Cu++, KOTOPBIH BaM TPE/JIATAETCSA U3YIUTh — ITO OJIUH U3 CAMBIX
HOIYJISPHBIX HHCTPYMEHTOB COBPEMEHHOrO MPOMECCHOHATIBHOTO IIPOTPAMMUE-
POBAHWS, U 3TO OOCTOATEIHCTBO HAKJIAIBIBAET 3aMETHBIN OTMEYATOK KAK HA
caM s3bIK, TaK W HA BO3HUKIIYI BOKPYT HErO MPOrPAMMUCTCKYIO KYJIbTYPY.
BoibmuHCTBO HBIHEITHIX TPOTPAMMUCTOB HE MBICJIUT UCIOIb30Banns Cu++
B OTpbIBE OT CraHaapTHOil 6ubnuoreku mabdaonos (STL); kpome Toro, cam
SI3BIK O] BO3AEHCTBAEM CTAHIAPTUIAMOHHOIO KOMUTETA U KPYITHBIX (PUryp
MPOTPAMMHUCTCKOTO CEKTOPa YCIeI U3PSAHO pachyxXHyTh. [losHOoe onucanue
BCEX BO3MOYKHOCTElH $3bIKa, W €r0 CTaHJAPTHON OMOJHOTEKM ITPeICTABIISET
co00# KHUTY TAKOTO 00BbEMA, UTO €10 BIIOJTHE MOXKHO MU YKEJAHUU BOCITOJIb-
30BATHCs B KAYECTBE OPY2KUs [IPOTUB BPAroB (B CMBICJIE YUCTO (PUBUIECKOM ).
Wasoxkenune BCero 3Toro OKa3blBaeTcs, TaKUM 00pa30M, 3a/ia49€eil, IPUHIUIIH-
AJIbHO HEPELLAEMOIi B PAMKAX OJIHOIO ceMecTpa (1a u ABYX, LOxKaJLyil, TOxKe).
VY4uebHOro BpeMeHu, KOTOPOro XBaTuao Obl Ha udydenne Cu-++, OOBITHO TPO-
CTO HeT, MpU4YéM, KaK HH CTPAHHO, 3TO He caMmas Oojblmas mpobieMa Tpu
uzyuenun Cu-++. Tpaaunuonnoit upiHe (yBbI) cTaja cxema, KOrja B CaMOM
Ha4Yajie Kypca B MPUMEPAX MCIOJIb3YIOTCS SK30TUIECKUE BO3MOXKHOCTUH OUO-
JIMOTEKH, HO HE TOBOPHUTCs, KAK BCE 3TO yCTPOEHO; B UTOIE TEPSETCS OIILYIIe-
HUE€ TPAHWIIHI MEXKIY BO3MOYKHOCTSIMHU SI3BIKA W BO3MOKHOCTSIMU OuOJIMOTE-
ku'. ECIH OpH 3TOM y4UecTh HEXBATKY yIeGHOTO BPEMEHH, TIOIyHUaeTCs, ITO
10 M3JIOXKEHUsT JEHCTBUTEIbHO WHTEPECHBIX KOHIIENIWH, UMEHHO TOTO, 4eM
Cu++ oTIn9aeTcs OT BCEX OCTATBHBIX CYIIECTBYIOIMINX S3BIKOB, €0 TOMPO-
CTy HE JIOXOJIHT.

Hamporus, B namHOM mocobun 0 CTaHIAPTHON OubImMoTeKe BOOOIIE HUYero
HE TOBOPUTCsI, €CJIU HE CIYUTATH MPEINCIOBUS U MOCjecoBus. Be3 comuenus,
Bbl cMOxkeTe ocBouTh STL camMoCTOATEIbHO, €C/id 3aXOTUTE; HACTOATETHHO
PEKOMEH/IY 0, OJTHAKO, BO3IEPKATHCA OT ITOrO MO KpaifHeil Mepe JI0 Tex mop,
[IOKa BbI HE MOYYBCTByeTe ceOs yBEPEHHO B OOpaIleHuH C 0A30BBIMHU CPEI-
crBamu si3bika Cu++.

B 1997 roay BBINLIO B CBET TpeThe M3JaHWE KHUTH aBTOPA sa3bika Cu++
Brépua Crpaycrpyna, KOTOpasi Tak U HA3BIBAETCA «Z3bIK TPOrpaMMUpPOBa-
uusg Cu++». B Tperbem m3nanuu aBrop Brepsbie BBoaur STL u ¢ camoro
HAYaJIa KHUTH [0JIb3yeTCs B IPUMEPAX KOHTEHHEPHBIMU I1a0JI0HAMU, IIPUTOM
YTO PACCKa3 O MAabJOHAX KaK TAKOBBIX PACIOJIOKEH B KHUTE OJIMKE K KOHILY.
B 1999 rony kuura BBITIIA B PYCCKOM mepeBoje. Mue mpuxoIniaoch cOTpy/I-
HU4YaTh (B TOM 4mcjie paboTaTh B OJHOM MPOEKTE) KAK C IPOrPAMMUCTAMHU,
uzydasimmMu Cu-++ 10 BBIXOJA BBIMIEYNIOMSHYTOTO TPETHEr0 U3IAHUS, TAK
U C T€MHU, KTO M3ydas si3bIK mo37Hee. Mory ¢ yBEPEeHHOCTBIO CKa3arTh, 4TO

L JTroburesssm TPOMKHX 3aSBJIEHK OT HEOT/[eIMMOCTH CTAH JAPTHON GHOIHOTEKH OT S35l
Ka MBI TIPEUIOKUM MOUCKATH CTAHIAPTHYIO 6ubanoreky ducrtoro Cu, HApuUMep, B sape
Linux.
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Boctpustre 3bika Cu++ y OMHUX U Yy APYTHUX COBEPIIEHHO PA3HOE, MPUIEM
MIPOTPAMMUCTBI «CTAPOI 3aKBACKU» yMeroT paborars ¢ STL, Ho MoryT n 06xo-
JATHCA Oe3 Hero, HAIPUMepP, PaIu BBIUTPHINIA B 3P HEKTUBHOCTH, TOTIa KaK
KepTBbL (HE 06OICH HTOrO CJI0BA) TPETHEr0 U3JAHUS [OLUPOCTY HE MbICJISAT
Cu++ B orpbise or STL u, K BejMuaiinemy COXKaJEHUIO, 4aCTO COBEPIIEH-
HO He 3a/[yMBIBAIOTCS, UTO YK€ MPOUCXOIUT BHYTPU KOHTEHHEPHBIX KJIACCOB.
Msuorwue, 6ojiee TOro, He YMEIOT TOJIb30BATHCS MEXAaHW3MOM I1abJIOHOB, IO-
ckosbkKy STL Bbi3biBaer omrynienue (omubounoe!), 94To Bee M1abJIOHBL JABHO
HAIMCAHBI.

st usydenusi 6a30BbIX cpencts sa3bika Cu-++ BaMm norpebyercs yBepeH-
Hoe BiaseHue si3bikoM Cu; MaTepuas B MOCOOMH M3JIAraeTcst B TPE/IMOJIONKe-
wuwm, ato npobsem ¢ Cu y Bac yxke uer. Bojsiee Toro, Oymer od4eHb TPYIHO
MMOHSATD, 3a9eM HYXKHO 00beKTHO-OPHEHTHPOBAHHOE MPOTPAMMUPOBAHUE, €C-
JIM Bbl HU Pa3y B JKU3HU HE NHUCAJIU [IPOrPAMM XOTS ObI B TBHICSYIY CTPOK
obbémom. Eciin ckazannoe nMeer OTHOIIEHUE K BaM, IIOCTAPAATECH CAMOCTOSI-
TeJhHO HABEPCTATh YITYIIEHHOe, HACKOJIHKO MO3BONUT BpeMs. JIst Tex u3 Bac,
KTO HE TIJIAHUDPYET CTAHOBUTHCS MPOMECCHOHAIBHBIM TPOrPAMMUCTOM, 3aMe-
9y, 9TO CEJaTh W3 BaC MPOrPAMMUCTA HUKTO B 9TOM KypCE W HE TBITAETCS.
N3zyyenne nporpaMMuUCTCKAX WHCTPYMEHTOB W TEOPHUH HE JEJIAeT YeIOBEKa
[IPOrPAMMHUCTOM TOYHO TAK K€, KAK M3y4YEeHUEe MATEMATHIECKOrO aHAJIN3A U
siagenue dpopmynoit Teitiopa we gesaer desnoBeka maremarukom. C apyroi
CTOPOHBI, OTCYTCTBHE HAMEPEHWsI CTAHOBUTCS TMPOdECcCHOHANIBHBIM MaTeMa-
THUKOM HE OTMEHSEeT HEOOXOAMMOCTH W3yUYEHUS MATEeMATHKM KaK TakoBoit. C
MPOrPAMMUPOBAHUEM Jejia OOCTOAT TOYHO TAaK JKe: JaXKe He CTaB MPOrpaM-
MHUCTOM, Bbl HABEPHSIKA CTOJIKHETECH B CBOEH IPOMECCHOHAIBHON /1€ TEIHHO-
CTU C IPOrPAMMUCTAME U PE3yJibTaraMu uX pabOThl, U IPU ITOM HAYAJIHHBIE
3HAHWS B 00JIACTH MPOrPAMMUPOBAHUS MTOMOTYT BaM YyBCTBOBATH Ce0s yBe-
peHHee, 3HATh, Yero CTOUT OXKHUIATh OT TPOUPAMMUCTOB, & Y€r0 HE CTOUT, B
Kakoit hopme cienyer nzsaraTh Bamu TpeOOBAHUS H T. II.

A renepn camoe, noxkanyit, Baxknoe. Bce ycuiusg Bammx npernogaBare-
Jleil m Baiu COOCTBEHHBIE IIPOMAJYT BILYCTYIO, €CJIA Bbl HE CBBIKHETECH C
OJIHOI TPOCTOI MBICJIBIO: HET W HE MOXKeT OBITh WHOTO cmocoba m3y-
yenus nmporpammvupoBaHusi, uem CAMOCTOATEJIBHOE nanwuca-
HUe IporpaMm Ha KoMmnbioTepe. CMOTPeTh, KaK MUIIYT JAPYTHUE, ThITaTh-
csl pa3bUpPAThCH B IyXKHUX MPOrPAMMAX — 3aHATHE COBEPIIEHHO OECCMbICIIEH-
noe. Touno Tak »xe 6eCCMBICIIEHHO MUCATH IPOrPAMMBI IIO/T YbI0-TO JUKTOBKY.
IIporpamma Oyaer Baimeil TOJIBKO B TOM CJIy4dae, €CJiu Bbl HAIIMILETE €€ Ca-
MOCTOSITESTHHO — BO3MOYKHO, 3aIJIsibIBAsi B CIPABOYHUKH, HO 03 TOMOIIN
JOPYTUX JIIOJIeit.

Jomarmass cTpaHua 3Toi KHUru B cetn VIHTEPHET PACIOIOXKEHA TIO A/I-
pecy http://www.stolyarov.info/books/cppintro. 31ech BbI MOXKeTE IO-
JIyYUTh TEKCTHI IIPUMEPOB IIPOIPAMM, IPUBEIEHHBIX B ITOM KHHUI'E, & TAKKE
SJEKTPOHHYIO BEPCHUIO CAMON KHUTH.



1. BBeaenmue

§1.1. Yro rakoe OOII

06BexMHO-0PUEHTMIUPOBAHHOE NPOZPAMMUPOBAHUE TIOSBUIOCH B
cepemure 70-x romoB XX croserusi. [Ipoekt Smalltalk n3BecTen Kak mepBbiii
00bEKTHO-OPUEHTUPOBAHHBI MPOEKT M OJHOBPEMEHHO KaK TPOEKT, B KOTO-
POM BIIEPBBIE TTPE/JIOKEH OKOHHBIN WHTEPdENC MOIb30BaATE M.

HSI)IKI/I OpPOrpaMMUPOBaHUA, C KOTOPHIMU BaM IIPUXOAUJIOCH BCTPEYATH-
CA OO0 CHX IIOP, OTHOCATCA K KaTErOpuu UMIIECPATHUBHBIX A3BIKOB IIPOTPDAMMU-
poBanus. IIporpamMmma Ha UMIEPATUBHBIX A3bIKAX BOCIHPUHUMAETCS KaK I10-
CJIe10BAaTEIbHOCTh KOMAaH/I, U3MEHAIONMHNX 3HaY€HUA IIEPEMEHHBbIX W IIPOU3-
BOAAIIUX JApyrue JeiicrBusd (OTCIO,IL& Ha3BaHUe LapaJUurMbl «AUMIIEPATUBHOE
OPOrpaMMUPOBAHUE», OT CJIOBA «UMIIEPATHB» — TIPUKA3, KOMaHaa). IlomMu-
MO UMTIEPATUBHOTO TPOTPAMMUPOBAHUA, CYIIIECTBYIOT TaKWE MapaJIuTMbl, KakK
JIOTHYIECKOE IIPpOrpaMMHPOBaHHUE, T'J€ IIPpOrpaMMa BOCIHPHUHHUMAECTCA KaK Ha-
60p JIOTU4YECKHUX BbICKEL3I)IBELHI/II‘/‘I, a BBIIIOJIHEHHE — KaK J0Ka3aTeJIbCTBO HUJIN
OIIPOBEPKEHNE HEKOTOPOT'O BHICKA3BIBAHUSA; (DYHKIIMOHAILHOE IIPOIPAMMHUPO-
BaHWeE, T/Ie TPOTPAMMA MPEICTABISETCS KaK HADOp MaTeMaTuIecKux (PyHK-
[N, & UCIIOJHEHIE TTPOTPAMMBbI MPEICTABIIET COOOM BHIYNCIEHNE HEKOTOPOit
rnaBuoi pyukiuu. CaM TEpMUH «TapaIurMa MpOrpaMMUPOBAHUS> 03HAYAET
c11oco6 BOCIPUATHS Y€JIOBEKOM (IIPOIrPAMMUCTOM) KOMIILIOTEPHOMN TIPOrpaM-
MBI U eé nponecca UCIIOTHEHUA. Ha,Z[O 3aME€TUTb, 9YTO IMIaPaJIUIMbl OTHOCATCA
CKOpee K MbIIJIEHUIO IIPOrPAMMUCTA, YeM K CPeJICTBaM A3bIKOB IIPpOIrpaMMu-
pOBaHUd, HO A3BIK TPU 3TOM MOXKET CTUMYJINPOBATH, MMOOUIPATH, & B HEKOTO-
PbIX CiIyY9adX — YU HaBA3bIBATH OHpe,ILe.HéHHbII‘/)I CTUJIb MBIMMJIEHUA, TTO3TOMY,
KOHETHO, HTHOPUPOBATH H300Pa3UTEIbHBIE CPEACTBA N30PAHHOTO SI3BIKA, TPO-
rPAMMHPOBAHKS MIPHU PA3TOBOPE O MAPAIUTrMaxX ObLTO ObI HEIPABUIHHO.

O0OBbEKTHO-OPUEHTUPOBAHHOE MPOTPAMMUPOBAHUE MPEIACTABIAET COOOM
erié ofiHy mapajurmy mnporpamMmMupoBanus. OCMBICIHBAS CBOIO MPOTPAMMY B
COOTBETCTBUU C 3TOH ITapaJIurMoi, Mbl IIPezK/1€ BCEro npeiacraBiigeM JaHHble B
BHUJIE HEKOTOPBIX 00B€KmM08 — «IEPHBIX AMNKOB». BHyTpeHHee ycTpoiicTBO
O6"beKTa MU3BHE HEJOCTYTTHO (I/I B pdaae CiiyvdaeB MOXKeT 6I)ITB IIPOCTO HENU3BECT-
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HO — HAIPUMED, €CJIU JAHHBINA O0BEKT PEATH30BAH IPYTUM IPOrPAMMECTOM ).
Bcé, 910 MOXKHO ceaTh ¢ 00BEKTOM — 3TO TOCIATH MY COODIIEHUE U TIOJTY-
9uTh OTBeT. Tak, omeparus 2 + 3 B TEPMUHAX OOBEKTHO-OPHUEHTHPOBAHHOTO
[IPOrPAMMUPOBAHMS BBILJISIUT KAK «MbI [IOCBLIAEM IBOMKE COOOIIEHHE TMpPU-
ba6v K cebe mpotiky, a OHA OTBEYAECT HAM, UTO TOJYIUIOCH Hy». Brosiae BO3-
MOXKHO, 9TO, IMOJIy9YHUB COODIINEHNE, OOBEKT MPOU3BEIET €Ille U KAKUe-TO Ieii-
CTBUSI, CMEHUT CBOE BHYTDPEHHEE COCTOSHUE WJIU MOIILIET COOOIIEHNE IPYTOMY
00BLEKTY.

O0beKTbI, BHyTPEHHEE yCTPOMRCTBO KOTOPLIX OAXHAKOBO, 00pa3ylT K.AaC-
Cbl; B TPArMaTUIeCKOM CMBICJIE KJIACC €CTh HUA YTO MHOE, KaK ONMCAHNe BHYT-
PEHHEr0 yCTPOUCTBA OOBEKTA, W MPU CO3JAHUU HOBOTO O0BHEKTA YKA3BIBAET-
Csl, K KAKOMY KJIACCY OH NpuHaiexkuT (00bEKTOM KaKoro Kjacca OH Oyer
ABJIAThCs). VIMes onmcanue Kiacca, MOXKHO CO3JATh IPOU3BOJIbHOE KOJIMYe-
crBol 06beKToB 3TOro Kiacca. Bojiee TOro, MOXKHO B34Th MMEIOIUHCH KJIACC
¥ HaA €T0 OCHOBE CO3JaTh HOBBIM KJIACC, B YEM-TO TIOXOXKUIT HA CTAPBIA W TTPO-
ABJIAIONIAN €ro CBOMCTBA, HO MPU ITOM BCE-TAKM OTIMYAIONIUICA OT HEro,
KaK MPaBUJIO, B CTOPOHY YCJIOXKHEHUs (XOTs U He BCerja). 9Ta BO3MOKHOCTD
Ha3bIBAETCS HACACO0B8AHUEM.

HenocrynHuocTs fmerasneil peanu3auu oObEKTa 3a IPEJEIaMU €ro Omuca-
HUSI TTO3BOJISIET CHU3UTDH OOIIYIO CJIOKHOCTH TMPOTPAMMBI TI0 MPUHITUITY «Pa3-
Jensii  BiacTBYil». B nmpuMmeHeHnm K mporpaMMHUPOBAHHMIO 3TOT MPUHIIMII
HAa3bIBAETCH UHKANCYAAUUEU U COCTOUT B Pa3/ie/IeHHH BCEl IPOrpaMMbl HA
[IOJICUCTEMbI, KazK/as U3 KOTODPbIX peasin3yercs Oojiee-MeHee He3aBUCHMO U
MOzKeT pa3pabarbiBarbes 0e3 yuéra jeraseil peaju3anyuu JIPyTrux HOACUCTEM;
YUIUTBIBATH MPUXOINTCS JIUIIH TO, KAK TMOJCHCTEMBI «BBITUISIAST W3BHEY», TO
ecTh Kakue (DYHKINU U TPOUYHe BO3MOXKHOCTH B HUX INPEIYCMOTDEHBI JIJIst
B3aMMOJIEHCTBUS C APYrUMH mojcucreMamu. KoHeUHO, MHKANCY/ISIUSA TPH-
CYTCTBYET HE TOJIbKO B OO'beKTHO-OPUEHTUPOBAHHBIX A3bIKAX, HO €CJIH B JPY-
IUX $A3bIKAX OCHOBHOW €IMHHUIEH MHKAICYIANAN OOBIYHO SBIIAETCA MOJYAD,
To B OOII MBI HCTTOB3yeM WHKAICYIANNIO HA YPOBHE OTAEIbLHBIX O0HEKTOR
umm (kak B Cu++) KJIaccoB, 4TO B PsJIE CIy9aeB MO3BOJIAET PE3KO CHU3UTD
OOIILYI0 CJIOKHOCTH MHOTHX MOJIYJIeid.

YacTo O6bIBAET TaK, 9TO HECKOJIHKO PA3IUIHBIX KJIACCOB CIIOCOOHBI 00pada-
THIBATH HEKOTOPBIN OOIIWit JjIst HUX BCEX HAOOP coobienuii. B takom ciaydae
TOBOPST, 9TO 9TU KJIACCHI MOAEPKUBAIOT 0bwuti unmepgedic; BO MHOTUX
00bEKTHO-OPUEHTHPOBAHHBIX S3bIKAX MPOrPAMMUPOBAHUS HHTEP(EHCh Omu-
CHIBAIOTCS B BHJE KJIACCOB CIIEIHAAILHOIO BHJIA, €CTh TaKasd BO3MOXKHOCTH W
B Cu++.

LCrporo roropsi, HHOTAA MOYKHO BCTPETHTH KJIACC, 06HEKT KOTOPOTO MOYKET CyIeCTRO-
BaTh TOJBKO B €IMHCTBEHHOM 3K3eMILIADE, U JayKe TaKHe KJIACCHI, JJI KOTOPBIX BOOOIIE
HeJIb3s CO34aBaTh OOBEKTHI, HO 3TO CKOPee MCKJIIYeHHEe U3 MPABHUIIL.

9



§1.2. A3pik Cu-++ m ero coBmectumocthb ¢ Cu

Azbik Cu++ Ob1 npemioxken Boéprom Crpaycrpymom B Hagase 80x ro-
JIOB TIPOIIIE/IIIIETO CTOJETUS B KAYECTBE OTBETA HA HAZPEBIIYIO B WHIYCTPUU
MOTPEOHOCTH B WH/LyCTPUATBHOM O0bEKTHO-OPUEHTUPOBAHHOM s3biKe. Cu-+-+
npejcraBisger coboit paciuupenue s3bika Cu ¢ 00bEKTHO-OPUEHTUPOBAHHBIMHU
BO3MOKHOCTsIMU. Takum obpasom, Ha s3bike Cu+-+ MOXKHO HUCIOJB30BATH
KaK TPAJIUIIMOHHOE WMIIEPATUBHOE, TaK U OObEKTHO-OPUEHTHPOBAHHOE TTPO-
rPpaMMUPOBAHUE.

BonbimmmacerBo mporpaMm, HamucaHHbIX Ha s3bike Cu, OyJaeT KOPPEeKTHO ¢
rouku 3perus s3bika Cu++. Hekoropsre nporpammbl Ha s3bike Cu HE MOTYT
ObITH OTKOMMIHUINpPOBaHBI TpaHciasTopom Cn++. Tak, B Cu++ mpucyrcrBy-
€T HEeKOTOPOe KOJIMYECTBO KJIFOUEBBIX CJIOB, KOTOPBIX HE ObLIO B s3bike Cu.
[Tosromy, Hanmpumep, mporpaMMa, CojeprKaiasi TAKoe ONHUCAHUE:

int try;

HE sIBJISETCs KOPPEKTHON ¢ TOo4YKU 3penus sg3bika Cu+-, MOCKOJIbKY CJIOBO
try — wuiodeBoe B Cu++. Kpome toro, B a3bike Cu++ HET OTACIBHOIO
MPOCTPAHCTBA UMEH [IJIsl TETOB CTPYKTYD; TaK, OMUCAHNE

struct mystruct {
int a, b;

};

B porpamme Ha Cu++ siBJISI€TCst OIMUCAHUEM [TOJIHOIIEHHOIO Mmuna mystruct,
rorga kKak Ha Cu Takoe Ke ONMHMCAHWE O3HAYAJIO OBl JIWIbL BBEIEHUE Mmez2d
cmpyxmypst. B pesynabraTe, HampuMep, 9aCTO BCTPEYIAIONINECS B CTAPHIX MTPO-
rpammax #Ha Cu onmcanus BUIA

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

ABJAIOTCS € TOUKM 3peHust Cu++ HEKOPPEKTHBIM M3-33 BO3HUKAIOIIEr0 KOH-
daukra umen (B a3bike Cu Takoro KOH(JIMKTA HE BO3HUKAJIO, T.K. TErw
CTPYKTYD ¥ MMEHA THUIIOB OTHOCUJIMCH K PA3JIMYHBIM IPOCTPAHCTBAM MMEH).

Samerum, aro B Cu++ OpU ONUCAHUK CTPYKTYPbI HET HEOOXOIMUMOCTH
UCIOJIB30BaTh typedef, MOCKONBKY UIAEHTH(DUKATOP, CTOSIIUI MOCTIe CIOBA
struct, yxe cam 1o cebe mpezacTassgeT coboil UMs HOBOrO TUia (B OTIMYUE
ot Cu, rae 3T0T uAEHTHMOUKATOP CIUTAJICS TETOM CTPYKTYPhI U TPEBPAITAJICS
B MMsl THIIA TOJBKO B COUeTaHUU cO cJioBoM struct). Tak, nmocse obbsBienus

struct sl {
int x, y;
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B si3bike Cu++ MBI MOXKEM Cpa3y OMHUCHLIBATH MTEPEMEHHBbIE THTa S1i:
sl a;

TOrIa KakK B si3bike Cu MBI BBIHYZKI€HBI OBLIN WCIIOJIH30BAThH CJIOBO struct:
struct sl a;

B psne curyammii kommuastop Cu++ Benér cebsi cTpoxke, YeM KOMIIH-
sgarop gucroro Cwu, BbimaBasi, HampuMep, ommbOKy TaMm, rae B Cu BO3HUKIIO
ObI KAK MAKCHUMyM TpeaynpexkjaeHue. K TakuMm cuTyanusaMm OTHOCATCS, BO-
[EPBBIX, BHI30BbI HEOObBICHHBIX GyHKIM: B Cu 3ra cUTyalus CIUTACTCS
«HEXOPOIIEi, HO JIOMYCTAMONY, TaK 9TO, €CAU 3a0bITh IOAK/IIOUATH KAKO-
HUOYIH 3ar0JIOBOUHBIH (DaiijI, TpOrpaMMa MOXKET OJIArOMOIYyYHO OTTPAHCIIU-
poBaThCs, XOTd U C mpeaynpexaeausamu. B Cu++ 310T HOMED HE MPOXO-
quT: ecqn (DYHKIWS HE OMKCAHA, €€ BHI30OB PACCMATPUBAECTCH KAK OIIMOKA.
Bo-BTopsix, ommbKoit Oymer HessBHOE TpeoOpa30BaHme aIPECHBIX BhIPAKEHMIH
HECOBMECTUMbIX TUIIOB: HAIIPUMED, IPUCBANBAHNE BbIPAXKEHU THIIA, int* me-
pemenHoi Tuna double* Bhr3oBer omubOKy B Cu-++, Torma kak B uncrom Cu
BBIJIABAJIOCH TOJBLKO mpeaynpexaenue. Ommubdkoit B Cu++ Oymer u HesiBHOE
mpeo0pa30BaHNe BHIPAYKEHWS TUIA VOid* B BhIDAXKEHHE APYTOTO AJPECHOTO
THIA, B TO BpeMs Kak KOMIUIATOP ductoro Cu He BhIIAET B TAKON CHUTYAIIUN
JTaKe MPeIyIPexK IeHNUs.

B cpasuenun ¢ uucrbivm Cu s3bik Cu-++ umeer psiji JOLOIHUTENbHbIX (1
JIOBOJILHO MPHUATHBIX) BO3MOXKHOCTEH, KOTOPBIE MOKHO 3aMETUT €IIIE /10 BBE-
Jerns cpeacts, umeromunx orHomenne K OOIL. OTMmeTnM TOIBKO IBA M3 HUAX.
Bo-nepBbix, B Cu++ omucanue mepeMeHHo CTA0 OnepaImopoMm , ITo TI03BO-
JIsIeT BCTABJISATDH €r0 B IPOU3BOJILHOE MECTO IPOrPAMMBI, & HE TOJIHKO B HaYa-
J10 Guioka (HanoMuuM, 4ro B unctoM Cu Heslb3sl OLUCATH HEPEMEHHYIO 1OCJIe
TOrO, KaK B OJIOKE BCTPETHJICS XOTS Obl OMUH ONeparop). B psse ciydaes 310
yno6uo. Bo-Brophix, B Cu++ HapsLy C TPUBBIYHBIMU «OJIOYHBIMUAY KOMMEH-
TapPUAMHU, KOTOPHIE 3AKJIIOYAIOTCH B 3HAKHU «/*» U «*/», BBEICHBI CTNPOYHBLE
KOMMEHMAPUY, 0003HATAEMBIE 3HAKOM </ /»; KOMIIISITOP MPOUTHOPUPY-
€T BeCh TEKCT, HAIMCAHHBIN I1OCJIEe TAKOIO 3HAKA, BILUIOTH J0 OJIMKaiiiiero
CUMBOJIA TIEPEBOA CTPOKH.

Ectb u apyrue orinyusi, 0 KOTOPBIX BbI MOCTEIEHHO Y3HAETE.
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2. AGcTpaKTHbIE TUIBI
JAHHDBIX 1 MHKAICYJIAINs

§ 2.1. MeTtoapl, 00 bEKTHI U 3AIUTA

B s10i yactu Kypca Mbl Gy/J€M OTTAJKUBATLCA OT YK€ U3BECTHBIX HAM
cpezicts, mpumeamux B Cu++ u3 a3pika Cn, MOCTETNEHHO BBOMIA HOBBIE (CTe-
nuduaeckue 1151 Cu++) BO3MOKHOCTH.

§2.1.1. ®yHKnun-1IeHb! (METOIbI)

s mommep:kku 00bEKTHO-OPUEHTHPOBAHHOTO MPOTPAMMUDPOBAHUS B
Cu++ BBOmsiTCca mouaTHA GYHKUUL-YAeH08 U Kaacco8. O Kiraccax MbI
PACCKaXKeM TMO3/IHee, a MOKA TMOMbITAEMCs [TOHSITh, YTO YKe TaKoe «(yHKIUsI-
YJIEHY.

IIycTs Ham moTpeboBaiach CTPYKTYPA [IJIs TPEACTABIEHNST KOMILIEKCHOTO
YUCTIA Yepe3 JEeHCTBUTEIbHYIO0 U MHUMYIO 9aCTH:

struct str_complex {
double re, im;

};

Beesem Tenepb onepanuio BbIYUCIEHHs MOJYJisi KOMILIEKCHOrO 4mcia. Ha
s3bike Cu HaM TPUILIOCH ObI OMUCATH TMPUMEPHO TAKYIO (DyHKIHIO:

double modulo(struct str_complex *c)

{

return sqrt(c->rexc->re + c->imkc->im);

3

Azpik Cu++ mo3Bosger cienarb TO XKe CaMOe HECKOJIbKO 0oJiee 3JIeranTHO,
[IOYEPKHYB HENOCpeacTBeHHOe oTHOmenne ¢pynkiuu modulo () K CymHOCTH
KOMTIJIEKCHOTO UHCTIA:
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struct str_complex {
double re, im;
double modulo() { return sqrt(rexre + im*im); }

};
Temepb MBI MOXKEM HANUCATDH, HATPUMED, TAKON KO

str_complex z;
double mod;

z.re = 2.7;

z.im = 3.8;

mod = z.modulo();

Oyukuys modulo() HasbIBaeTcs GyHKUUET-YAEHOM WA MEMOJOM CTPYK-
Typbl str_complex. Unorpa peus naer o memode obsexma (B JaHHOM CJiy-
yae — OOBEKTA Z), IPU ITOM UMEETCs B BHIY METOJ, TOTO THMA, K KOTOPOMY
MIPUHAJIEXKUT 00 BEKT.

Bb130B MeTOa — 9TO UMEHHO TO, YTO B TEOPUU 00HEKTHO-OPUEHTUPOBAH-
HOTO MPOrPAMMUPOBAHUS TOHUMAETCS TTOJT OMNPABKoOt co0buwenus 06sexmy.
WNnage roBopsi, mepmuns, «6m3068 memodas u «nepedana coobueruss A6As-
10Mes CuHoHuUMamu. Mbl MOXKEM, CIIEI0BATEJIBHO, CKA3aTh, 9YTO B MOCJIEHENH
CTPOYKE BBINIEMPUBEIEHHOTO (DPArMEHTa, KO MBI nepedasu 00sexmy z coob-
wenue modulo, O3HAIAIONIEE «TOCUUTAN CBON MOMIY/b»; OOBEKT OTBETHU HA
HaIle COODINeHre, MPUIEM B OTBETE COMAEPKATOCh Uncyio Tuma double, pas-
HOE HCKOMOMY MOJLYJIIO; [TOJTYIUB 3TOT OTBET, MbI IPUCBOUIIH €r0 EePEMEHHON
mod.

§ 2.1.2. Vka3zaressb this

Ha camowm zene, Bbi3oB dyHKuuu-wieHa (Meroga) o0beKTa ¢ TOUYKH 3pe-
HU$ Peajn3aluu IpeIcTaBiisger coboil abCoIIOTHO TO Ke CaMOe, YTO U BbI30B
OOBIYHOM (DYHKIINHM, TEPBBIM TTAPAMETPOM KOTOPOIi SIBJISETCS aapec 00beKTa;
TakuM 00pa3oM, KOTJa B MpeiblayineM naparpade Mbl 3aMEHUJIN BHEITHIO
dyuknmo modulo, MOIYUYABIIYIO a/IpeC CTPYKTYPHI, HA MeToj, modulo, omm-
CAHHBIA BHYTPH CTPYKTYPBI, & BbI3OB C ABHOU mepeiadeil ajpeca — Ha BbI30B
MeTona i O0ObEeKTa, Ha YPOBHE MAIIMHHOIO KOJA HUKAKUX W3MEHEHUi He
mponsortiio. ['oBopsaT, 9T0 QyHKIUSIM-UIeHaM KJacca MPH BHI30BE WX ISt
00beKTa KJIAcCa Mepenaéres HesasHbil napamemp — aapec 00beKTa, /s
KOTOPOro (DYHKITUS BBI3BIBAETCS.

K sTomy napamerpy npu HeOOXOMMOCTH MOYKHO OOPATUTHCST; €r0 UMEHEM
ABJISIETCs KJII049eBoe ¢0BO this. MoxkHO BocmpuHHMAaTh this Kak JIOKaIb-
HYIO KOHCTAHTY, UMEIOIIyio Tuil A*, rie A — mMs omuchiBaeMoro kiacca. Ha-
[prUMep, OIKUCAHHYIO B IIPEIbLIyIIeM naparpade BepCuio CIPYKTYPbL MOXKHO
OBLIO OBI MEPEMUCATh U TAK:
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struct str_complex {
double re, im;
double modulo() {
return sqrt(this->rexthis->re +
this->im*this->im);

s
B marHOM KOHKPETHOM CIy9ae 3TO HEe MMEET 0CODOr0 CMBICIA, OIHAKO OBIBA-
IOT U TaKWe CUTYAIlnh, B KOTOPBIX HCIOJIb30BaHMe this Oka3bIBaeTCss HEOD-
XOAUMBIM; TOCTATOYHO MPEACTABUTH cebe, YTO W3 METO/a HY»KHO BbI3BATH
Kakyo0-1u60 GbyHKIHo (OOBIYHYI0 MJIM METOJ APYroro o6beKTa), apryMeH-
TOM KOTOPO# JIOJIZKEH CTaTh Kak pa3 00bEKT, JJisi KOTOPOro HAC BbI3BAJIH.

§ 2.1.3. 3amuTa. [longarue KOHCTPYKTOpa

Ytobbl CTATh IMOTHONEHHBIM OOBLEKTOM, HAIEll CTPYKType HE XBaTaeT
CBOICTBa 3aKPBITOCTH. J[efCTBUTENHHO, MOJIA Te W im JOCTYIHBI U3 JI000-
ro MecTa B MpOorpaMMe, TJe JOCTYIHA caMa CTPYKTypa str_complex. [lisa
TOr0, 9TOOBI CKPBLITH JETAIN peaJn3annn 00bekTa, B s3bike Cu-+-+ BBemeH
MEXaHU3M 3aULUTNDL, KOTOPBIA II03BOJIAET 3allPETUTDH JIOCTYII K HEKOTOPbIM
4acTaM CTPYKTYPbL (KAK 1O0JIAM, TaK U (DYHKIUAM-METOAAM) U3 JIOObIX MECT
MPOTPaMMBbI KPOMeE TeJT (DYHKITHI-METOI0B.

e moiiepyKaHus 9TOTO MEXAHW3Ma B S3BbIK BBEJEHBI KJTIOYUEBBIE CJIOBA
public u private, KOTOPBHIMY B OIMUCAHUN CTPYKTYPBI MOTYT OBITH TIOMEYe-
HbBL [I0JI M METObl, JOCTYIIHbIE U3BHE CTPYKTYpbI (public:) u, naoGopor,
JIOCTYTIHBIE TOJILKO U3 Tes dbyHKuuii-meronos (private:)!. Ionbiraemcs me-
penucarb Hally CTPYKTYPY C UCIOJIb30BAHUEM 3TUX KJIIOYEBbLIX CJIOB.

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

3
Teneps 1oOJIs re U im JOCTYIHBI TOJBKO U3 Teaa MeToma modulo ().

Jlerko 3aMeTHTH, OJHAKO, UTO MOJIB30BATHCA TAKOH CTPYKTYpOil MBI He
CMOXKeM, T.K. B Hell He IIPeJlyCMOTPEeHO HUKAKHUX CPeJCTB JJjid 3aJaHud 3Ha-
geHuit osteit re n im. Tak, ¢pparmMmenT Kozma, npuBeseHHbIN HA cTP. 13, mompo-
cry Oy/1eT OTBEPIHYT KOMIIUJIATOPOM, BE/lb II0J1sl TellePb HEJOCTYIIHbI, B TOM
qUCsIe W IS TPUCBAaNBaHus. PermuTh mpobiemMy MOYKHO, BBE/IsT COOTBETCTBY-
IONUit MeTOs, [ 33Janus 3HadeHuil mojeii. Onucanve HaIeil CTPYKTYPBI
MOTJIO ObI BBITVISIJIETH B 3TOM CJlydae, HAlpUMeD, TaK:

I HeckombKo MO3Ke Mbl BBEJIEM eIle U KJII0YeBOe CJIOBO protected.
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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 KOJI, BBIYUCAAIONINI MOIYJIb 38/ IJAHHOTO YUCJIa, MBI TEIlEePhb NEPENuIleM TaK:

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

JaHHOE pellleHne HMeeT OueHb CepbesHbIH HemocTaTok>. Jleno B ToM, 9TO ¢
MOMEHTa O0ObsIBJICHUs IIEPEMEHHON Z /10 BbI30Ba PyHKIMK set () Hail 06bekT
(mepemenHasi z) OKA3LIBACTCA B HEONPEOCACHHOM COCTOSHUHU, T.€. TOMBITKA
€ro WCIoJIb30BaTh OyAyT 3aBegoMo ormubo9YHbl. Q4ueBUIHO, OBLIO OBI JIydIe
MTPOM3BECTU WHUIUAIAIANNIO O0BEKTA HEITOCPEICTBEHHO B MOMEHT €ro CO3/1a~
HusA. Bosee Toro, 661710 OBI JOTUIHO 3anpemums co3manne oObekTa B 00XO
AHALIAATT3AUY.

A3pik Cu+-+ MO3BOJISIET TPOrPAMMUCTY 331aaTh KOMITHIATOPY UYETKHE
WHCTPYKIMKA OTHOCHUTEHHO IEHCTBUI, HEOOXOAUMBIX TPU HHUIHATUIAINT
obbekTa. Jljisi 9TOro BBOAMTCS €llle O/IHO BayKHOE INOHSATHE — KOHCTMPYK-
mop obsexma. KoHCTpYKTOp — 3T0 (PYHKIIUA-METO/I CIEIHATLHOTO BHIA,
KOTOpast MOXKET, KaK 1 00bI9Has (DYHKIWS, UMETh [TaPAMeTPhI NI HE UMETh
UX; TeJO 3TOH (PYHKIINKM KaK Pa3 W MPEACTABIIET cOOO0it TTOPSI0K JeHCTBUIA,
KOTOpbIE HEOOXOINMO BBITIOJHUTH BCAKUN Pa3, KOTIA CO3JAETCS OOBEKT OIMu-
ChIBaEMOro tuna. Hammcas KOHCTPYKTOD, MbI TEM CaMbIM «O0bSICHIEM> KOM-
OUITOPYy, Kak (B COOTBETCTBHM C KAKOH MHCTPYKIHUEN) cO37aBaTh HOBBIIA
OOBEKT JAHHOIO THIIA, KAKUE MAPAMETPbI JOJ2KHBI OBITh [IJIs 3TOrO 3a/IaHbI
Y KaK BOCIIOJIb30BATHCH 3HAYEHUSAMHU ITUX [1APAMETDPOB.

KoMmuasiTop oTIM4aeT KOHCTPYKTOPBI OT OOBIYHBIX METOIOB 110 WMEHH,
KOTOPOE COBIIAJIAET ¢ UMEHEM OIUCHIBAEMOro THUMa (B JAHHOM CJIyYae CTPYyK-
Typbl). IIOCKO/IbKY KOHCTPYKTOP MI'PAET CIENUAJbHYIO POJIb U B IBHOM BUJIE
HE BBI3bIBAETCs, THUI BO3BPAIAEMOrO 3HAYEHWS JJii KOHCTPYKTOPA YKa3bl-
Barb HeJb3sd (OH He BO3BPAILAET HUKAKUX 3HAYEHUI; B OLPEEJIEHHOM CMbIC-
Jie pe3yabTaToOM PabOTHI KOHCTPYKTOPA SIBJISIETCS caM OOHEKT, MIJIsT KOTOPOTO
€ro BbI3BAJIN).

2Bonee Toro, GOMLITHACTBO KOMITHIATOPOB BBITACT MIPETYTIPEZK ACHHE TTPU TIOTBLITKE KOM-
NHUJIANUYA TAKOTO OOBbSIBJIEHUSA CTPYKTYPHL.
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IIponnmiocTpupyeM CKazaHHOE, TIEPEMHUCAB 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); }
3
Beens koucrpykrop (yHKIMIO-METO ¢ MMeHeM str_complex), Mbl COOOIIU-
JI KOMIIJIATOPY, YTO JIJIsd CO3JaHns 00beKTa Tuia str_complex neoOxommMo
3HaTh JABa unciaa Tuna double u 3amamam HAOOpP JEHCTBUI, TOMIEKAIINX BbI-
MTOJTHEHUIO TIPY CO3/IaHUHU TAKOro 00bekTa. B aToM Habope meiicTBuit rOBOPUT-
Cd B TOM 9HCJI€E W O TOM, KaK BOCIOJIb30BATHCS 3aJAHHBIMUA YHCJIAMU THUIA
double: mepBoe M3 HUX HCIOJB30BATH B KadeCTBE JAE€HCTBUTEJIBHOU 4YacCTH,
BTOPOE — B Ka4eCTBE MHUMON YaCTH CO3/[aBAEMOI0 KOMIIJIEKCHOTO YHCJIA.
Boobuwe, B cemanTuke Cu++ nobasi nepemeHHas CO34aeTCsi C NOMOLLbIO KOHCTPYK-
Topa. Bo MHOrMX Cny4asix KOMANASTOP CHUTAET KOHCTPYKTOP CywecTByowNnM ( <HesB-
HO» ), HECMOTpSl Ha TO, 4TO B NPOrpaMMe KOHCTPYKTOP He OnuncaH.
Koz Boraucsienns Mojiysisi Teepb MOXKHO [IE€PEHUCATH BOT TAK:

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

Boitee Toro, st Takoil omepanuu HaM He 00s13aTeIHHO ONMUCHIBATH MEPEMEH-
HYIO, IMEIOIIyI0 uMsi. Mbl MOTIM ObI HAMKUCATH U TAK:

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

B mocnemnem ciayvae MbI CO3/1a7U BPEMEHHYI0O GHOHUMHYIO NEPEMEHHYIO
Tuna str_complex u [T 3TOM mepeMeHHON Bbr3Basu Meroa modulo ().
3necsr HEOOXOIMMO CHenaTh O49eHb BasKHOe 3amedanume. Ilocne BBemeHus
KOHCTPYKTOPAa, IMEIOIIET0 NapaMeTPhbl, KOMIUIATOP OTKaXKeTCsd CO3/1aBaTh
00beKT THuma str_complex 6e3 yka3zaHusi TPEOYEMBIX KOHCTPYKTOPOM IBYX
3HAYEHWIT, TO eCTh NPEeAbLIyIasd BepCUud KOJa, CONeprKaBIIasd ONNCAHUE

str_complex z;

KOMTIUJIMPOBATHCs Oosbie He Oymer. Ecau 310 co3gaér HeymobCTBa, TO mpu
HeO6XO,ZLI/IMOCTI/I MOXKHO 3aCTaBUTh KOMIIUJIATOP CHOBa CIUTATHh TAKHE O6'bHB—
JIEHUSI KOPPEKTHBIMU; O TOM, KaK 3TO JeJIaeTCsd, Mbl y3HaeM u3 § 2.4.

Ciiestyer OTMETHTD, 9TO CHHTAKCHC CO3/IAHMs EPEMEHHON M0 3aJaHHOMY
napamerpy gomycrum B Cu++ U jiisi IepEMEHHbIX BCTPOEHHbIX TUlioB. Tak,
HAIIPUMED, OMepaTop
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int v(7);
03HaYaEeT abCOIIOTHO TO K€ CaMOe, YTO M IPUBbIYHOE 10 36Ky Cu ommcanue
int v = 7;

OrMernMm emmé oauH HeMAaJIOBAXKHBIA MOMeHT. EmmHuieil 3ammrTbl B
Cu++ siBnsgercd He o0beKT, a Tun (B JAHHOM CJIy4Yae CTPYKTypa)
EeJIMKOM. DTO O3HAYAET, YTO U3 TeJI METOI0B Mbl MOXKEM 00palarbcs K 3a-
KDPBITBIM IIOJIAM HE€ TOJIbKO «CBOEro» O6’])€KT& (TOI‘O, AJid KOTOPOro BbI3BaH
MeTO), HO U BOOOIIE JII060r0 O0EKTA TOrO ¥KE THUTIA.

§ 2.1.4. 3aueM HY2KHA 3aIUTa

CMBICT MeXaHU3Ma 3aIUThl YaCTO OKA3BIBAETCsS HEMOHATEH MPOrPaMMU-
cTaM, HAYMHAIOIIUM OCBAUBATH OOBHEKTHO-OPUEHTUPOBAHHOE MPOIDAMMEPO-
Bauue. [lonpobyem MOsSICHUTHL €ro, OCHOBBIBASICH HA HAIIIEM TIPUMEDE.

IIpencraBum cebe, ¥TO HaIA CTPYKTypa str_complex HCHOIB3YyeTCS B
OOJIBITION TTPOTrpaMMe, AKTUBHO PADOTAIONIEH ¢ KOMILIEKCHBIMHU ducaamu. Mo-
JKET CJIYYUThCS TaK, 9TO B MPOrpaMMe OyIeT OYeHb YacTO TPeOOBATHCS BbI-
YHUCIeHne MOYJIell KOMILTEKCHBIX duces. Bojee TOro, MOXKeT OKa3aTbCsI W
TaK, 9TO UMEHHO MOJYJIh KOMIIJIEKCHOTO YHCJIa TPEOyeTCs HAM Take Jallle,
9€eM ero JefiCTBATeNbHAS U MHUMAas 9acTh. B Takoil curyamnum, CKOpee BCero,
HAaIlIa IporpamMma OyeT NPOBOAUTH 3HAYUTEIHbHY IO YaCTh BPEMEHU CBOErO BbI-
[IOJIHEHUS B BbIYUCJIeHUAX MojtyJieil. OOHAPYKUB 9TO, Mbl MOXKEM B KAKOH-TO
MOMEHT TIOHSITh, YTO B JAHHON KOHKPETHOW 33/1ade yI0OHee XPAHUTH KOM-
IJIEKCHBIE YUCJIa B MOJAPHBIX KOOD/MHATAX, a HE B JEeKapPTOBBIX, TO €CTh B
BUJIE MOJYJId U apryMeHTa, & He B BHAJE AEeUCTBUTEIbHON U MHUMOI YacTei.

Ecan Mbl He TpUMEHSAIN 3aINUTy, TO, CKOPee BCEro, BCE MOJYIW HaIei
MTPOTPAMMBI, B KOTOPBIX HCIOJIB3YIOTCS KOMILJIEKCHBIE UUCJIA, COAEp:KAT 00-
pailienus K moyism re u im. Ecim B Takoit mporpaMme u3MeHUTh Criocod XxpaHe-
HUsI KOMILJIEKCHOTO YHCJIa, yOPaB MOJIsk re U im v BBE/si BMECTO HUX, CKAYXKeM,
10J15 mod ¥ arg /s XPAHEeHHs MOJLYJisd U apryMeHTa (T. €. HOJIAPHbIX KOOD/H-
HAT), TO BCE YACTHU TPOrPAMMBI, UCIOIH30BABIINE HAIY CTPYKTYPY, EPECTa-
HYT KOMIHUJIAPOBATHCA W HAM TPUIAETCA WX MCHPaBiasaTh. Ecam mporpamma
JIOCTATOYHO GOJibiiasg (& COBPEMEHHbIE IIPOrPAMMHBIE TIPOEKTHI COCTOAT U3
MHOIMX COTEH U JIazKe ThICAY MOJYJIeil), TaKoe PeAAKTUPOBAHUE MOXKET IO~
TPeOOBaTH CyIECTBEHHBIX TPY/I03aTPAT, IPUBEAET K BHECEHUIO B IPOrPAMMYy
HOBBIX OIIMOOK U T. II., TAK YTO, BIIOJIHE BO3MOXKHO, HAM LHPUIAETCH OTKA3ATHCS
OT U3MEHEHHil, HeCMOTPA HA BCIO UX MOJIE3HOCTb.

HormycTtuM Temepb, 9TO MbI HCIOJIB30BAJIN 3AIMUTY U CIAEJIAJNA BCE IIOJIs
HEJIOCTYIHBbIMH OTKY1a Obl TO HU ObLIO, KPOME METO/OB HAIeil CTPYyKTYPHI.
Koneurno, npu uCnosb30BaHUN KOMILIEKCHBIX YHCEJI YACTO OBIBAET HYIKHO
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y3HaTh OTOEJIBHO rHQI‘/JICTBI/ITeJII)HyIO U MHUMYIO Y9aCTU YHUCJIa, HO JJId 3TOTO
MO2KHO BBECTH CIIeIMaJIbHbIE METO/bI, HaHpHMepBC

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); }

};

IMockosibKy K MOJIsIM Te W im Tenepb HE MOTYT OOpAIAThCs HUKAKHE 4Ya-
CTH MPOrPAMMbl, KPOME HAINUX METOJ0B, Mbl MOXKEM OBbITh YBEPEHbBI, YTO
mepenncarh HaM MPHUAETCS TOJIHKO HAIKM METOMAbI, & BECh OCTAIBHOIN TEKCT
MPOrPaMMBbI, U3 CKOJHKH ObI MOMYJI€fl OH HHM COCTOsJI, COXPAHUTCS 0e3 u3-
MeHeHn# u Oyner paborarh, Kak W paHbire. Koneuno, mero/pl get_re() u
get_im() Temepb CTAHYT rOPa3/I0 CIOXKHEE, 9eM ObLIU, 3aTO YIPOCTIATCI Me-
tozxel 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 curyamum Mbr gazke MOxKeM ceOe MO3BOJINTh UMETDH [IBE PEATN3aAIUN
CTPYKTYDBI str_complex, MeXK/y KOTOPBIME BBIOOP OCYIIECTBIISIETCS TUPEK-
THBAMU yCJIOBHOM KOMIIMJIsAuu. Takum 00pa30oM, He MEHsis TEKCTA, IPOrPaM-
MbI, Mbl CMO2KEM OTKOMIIMJIUPOBATH €€ ¢ UCHOJIb30BAHUEM OJHOHN peasn3a-
WU, U3MEPUTH OBICTPOIEHCTBIE, OTKOMITMINPOBATH MPOrPAMMY C HCITOJTh-
30BaHUEM JIPYTOil pean3anuy, CHOBA W3MEPUTH OBICTPOIEHCTBIE, CDABHUTD

33meck MBI BBEASEM 3a0/HO DYHKITHIO BLIIHCICHIS ApTyMeHTa, KOTOpas 6yaeT HCIob30-
BaThb CTAHAAPTHYIO (hyHKIUIO atan2() [jis OnpenesieHus] COOTBETCTBYIONIEr0 APKTAHTEHCA.
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pe3ybTaThl U3MEPEHNI U MPUHATH PelleHne, KaKy0 Peaan3alnuio UCIoIb30-
BaTh. B caydae, eciu nCmosmb3yeMble B MPOrpaMMe aJTOPUTMbBI U3MEHATCI U
HaM CHOBA CTAaHET BBINOJHO XPAHUTH KOMILJIEKCHbIE YHUCJIA B JEKaPTOBBIX KO-
OpJIMHATAX, TO /I BO3BPATAa K CTAPOil MO/EsU BOODIE HE NPUIETCH HIIEro
PEJAKTUPOBATH.

Bonee Toro, Mbr MOXKeM B HEKW{l MOMEHT DPEITUTH, UTO W Te, W JAPyTue
BBIYMCJIEHUS TTPOU3BOJIUTH JIOBOJIBHO HAKJIAJIHO, & TaMATH HaM He KaJjKo, U
Ha4aTh XPAHUTH B OOBEKTE KAK JEKAPTOBO, TAK U IMOJISPHOE MPEICTABICHUE
qucia;

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

}

double get_re() { return re; }
double get_im() { return im; }
double modulo() { return mod; }
double argument() { return arg; }

};

Temeps B HalIeM 00bEKTE 9E€THIPE MOJIsI, IPUIEM JTIOObIE IBA U3 HUX MOXK-
HO BBIMUCJIUTD, [IOJIb3YSCh 3HAYCHUAMU JIBYX JPYIHUX, TO €CTh, HHAYE [OBOPS,
3HAYEHUsT HAIUX TOJEHl He MOTYT ObITh TPOM3BOJILHBIMHU, a JOJIYKHBI BCETIA
HAXOJUTHCS B HEKOTOPOM COOTHOINEHNH (B JAHHOM CJIydae — Taphbl (re,im) n
(mod,arg) MOJIKHBI 33JaBATH OJJHO M TO YK€ KOMILJIEKCHOE YUCJIO0, XOTS U Pa3-
HbiMU cniocobaMu). B Takux ciydasix ropopsr, 4ro xpanumasi urdopMmanys
u306BLMOYHA; B 9TOM HET COBEPIIEHHO HUYErO CTPAIIHOIO, €CJIU TOJIBKO MbI
MOXKEM ODECTIEUNTh UEAOCMHOCNb WHMOOPMAIINN, TO €CTh TaAPAHTUPOBATH,
9TO HAKOTJA B HAIIEH MPOrpaMMe HE BOBHUKHET TaKON CUTYAIlUU, 9TO 3HATE-
HUSI PACCMATPUBAEMBIX TIOJIEH MEPECTaHyT HAXOAUTHCH B 3a(PUKCHPOBAHHOM
JlIsl HUX COOTHOIIEHUU. 3aMEeTUM, 9TO Jjisi OObIYHON (OTKPBITOI) CTPYKTY-
Pbl HAM OBLTO OBbI TSAXKETO 3TO TaPAHTHPOBATH, MMOCKOJBKY B JIIOOOM MecTe
MPOTPAMMBI MOT' OBbI MOSIBUTHCS OMEPATOP, U3MEHSIIOIINI TOTHKO HEKOTOPHIE
73 B3aWMOCBS3aHHBIX 3HAYEHUN W HE U3MEHSIONIWI IpyTrHue; eCIu MpOrpaM-
Ma HUMEET CYIECTBEHHBbIN 00bEM, W B OCODEHHOCTH €Cju HaJ Heil pabora-
0T HECKOJIBKO MPOrPAMMHUCTOB, YCIEIUTh 33 MPABUIBHOCTHIO UCIIOTH30BAHUST
TAKOW CTPYKTYPbl MOXKeT OKa3aTbcs mpobiaemarudno. Korjga ke Bce mosist
3aKPBIThI, JOCTYII K HUM MMEIOT TOJBKO METO/bl OIHUCHIBAEMON CTPYKTYDbI,
OOBIYHO HAXOAANINECST B PAMKAX OTHOTO MOy isi. OObEM TAKOTO MOIYJIS, KaK
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NIPAaBUJIO, HEBEJIMK B CPABHEHUH CO BCEll MPOrpaMMOii, Hy a Jpyrue NporpaM-
MUCTBI JTUDO BOBCE HE CTAHYT PEIAKTHPOBATD «IYKOUW» MOMIYJb, JU0O, ecu
Takas HeOOXOIUMOCTD BCE Ke BO3HMKHET, /71 Hadaaa pa3bepyTcs, KaK 3TOT
MOJY/Tb JO/TZKEH (PYHKITHOHHPOBATD.

OueHb BaXXHO MOHATH, UTO 3a1uTa B si3bike Cu-++ mpegHasHade-
HaA He JIJIs TOT0, YTODOBI 3alUAINATH HAC OT BParoB, HO NCKJIIOYATEIb-
HO JId 3aIllThl HAC OT CaMMX CE6S[, oT COGCTBeHHI)IX OI[[I/IGOK. ECJ'II/I
3aJaThCA MEIHI0 0ODOUTH MEXaHNU3M 3AIIUTHI, 3TO MOXKHO CIeJIaTh 06€3 0COOBIX
npobjieM myTéM TpeoOpa30BaHUS TUMIOB yKa3aTejeid WIu APYTUME CIIOCO0a-
Mu. 3armura paboTaeT TOJIBKO B CJIy4ae, eCJId MPOrPAMMUCTDI HE TPE/IITPUH-
MAIOT TIeJIEHANPABIEHHBIX aeiicTBuii mo eé obxomy. Ho oObraHO mporpaMmu-
CTbI 3TOI'O HE AeJIal0T, IIOCKOJIbKY IIOHUMAIOT II0JIE3BHOCTb ME€XaHN3Ma 3allluTbL
" BBITOJBI OT €0 UCIOJIb30BaHUA, a TaKXKE W TO, YTO IIOIBITKHU €ro O60f/iTI/I,
CKOpEe BCEro, MPUBEIYT K BHECEHUIO B MPOrPAMMY OMIHOOK.

Kak yze roBOpmJIOCh, COKPBITHE JIeTajiell peann3aIuu HEKOTOPO# JacTu
MpPOrpaMMBbI OT BCell OCTAILHOM MPOTrpaMMbI HA3BIBAETCS UHKANCYAAUUET .
amura, ABIASICH HEMPEMEHHBIM CBOWCTBOM OOBbEKTHO-OPUEHTUPOBAHHOTO
IPOrPpaAMMUPOBAHHUS, TO3BOJIAET IIPOBOIUTH WHKAICYSIAIO HA Oosiee rimybo-
KOM YDPOBHE. I/IMeHHO IIO3TOMY HMHKAIICYJIAIXUIO 9aCTO HA3bIBAOT OJHUM U3
«mpéx kutoBy OOIIL.

§ 2.1.5. Knaccer

IlockombKy GOMBIIMHCTBO BHY TPEHHUX I0JIeH 00bEKTOB OOBITHO 3aKPbITHI,
IJtst onucanusi 00beKTOB B Cu++ HCHOMB3YIOT CENUAIHFHO BBEIEHHBIN st
9TOi1 1IEJIN TUT COCTABHBIX TEPEMEHHBIX, HA3bIBAEMbIH Kaaccom. Kiacc — 3o
TUIl TIEPEMEHHOM, HAIOMUHAIONIMH 3aKuCh (CTPYKTYDPY), HO OTJIMYAIOIIHUACS
TeM, 9TO K HOJAM (WJIEHAM) KJIACCA JOCTYII [0 YMOJIYAHUIO €CTh TOJbKO U3
METOZOB CAMOI'0 TOr0 KJIACCA.

Ilepernumiem HaIy peasn3amuio KOMIIJIEKCHOTO 9HCJIA B BHUE 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(rexre + im*im); }
double argument() { return atan2(im, re); }

};

Bce, uro onucano B kjacce 70 ciaosa public:, KOMIUIATOP PACCMATPUBAET
KaK JEeTaJIM PEAJN3aIAN KJIacCa U 3aIIPEIIAET JOCTYI K HUM OTOBCIOLY, KpOMe
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Tes1 QYHKIUiA-1IeHOB JAHHOTO Kitacca. CioBo public: MeHsiET pEXKUM 3alll-
ThI C 3aKPBITOrO Ha OTKPBITHIM, T. €. BCE, YTO OMUCAHO IIOCJIE ITOrO CI0Ba (B
JaHHOM cJiydae 310 (yHkuuu-dienbl Complex (.. .), modulo() u ap.) Gyuer
JIOCTYITHO BO BCEM TEKCTE MPOrPAMMBI.

Bak#HO mOMHHTB, 9TO MOZESb 3AIUTHI, BKIYAEMAas M0 yMOJIAHUIO —
9T0 eIMHCTBEHHOE OTJINIUe KJIACCOB 0T CTPYKTYp. Bosibiie onu Hudem apyr
OT JIpyra He OTJINYAIOTCs, IO KpaifHeil Mepe, ¢ TOUKM 3PEHUsT KOMITHIATOPA
Cu-++. Tem HE MeHee, OOBIYHO MPOTPAMMUCTHI UCITOIH3YIOT CTPYKTYPHI JIJIs
CJIy4aeB, KOLJa 110 CMbICJY HOJIsl JOJIZKHBI ObITh OTKPBITHI M JOCTYIHbI (Ha-
IpUMEp, NPU OPraHU3AKUU CIKUCKOB), a KJIACChl — JJIs CJy4aeB, KOUJAA I10Jisd
[PEeACTaBAAIOT COOOM JleTalu peaar3anui O0bEKTa, KOTOPbIE JIydIlle BCero
CKPBITh.

§ 2.2. IlepeonpegesieHne CUMBOJIOB
CTAHJAPTHBIX OIlepalnii

B peannHOit 3a7a1We MBI BT I 3aXOTUM OTPAHUYINUTHCA €INHCTBEHHBIM
JIefiCTBHEM, OCYIIECTBISEMbIM C KOMILIEKCHBIME ducjamu. CKopee BCero, Ham
MOTPEOYIOTCST TAKKE CIIOKEHUE, BhIYUTAHNE, YMHOXKEHUE U [I€JIEHUE.

Azpik Cu++ mpeaocrasiisieT BO3MOXKHOCTHU 3AMKUCH TAKUX JAEHCTBUI € 1O-
MOIIIHIO TPUBBIYHBIX CUMBOJIOB apudmerndeckux omeparwuii. Kpome Toro, mo-
TUYHO IIPEyCMOTPETH BO3MOXKHOCTD Y3HATDb JEeUCTBUTEIbHYIO 1 MHUMYIO Ya-
CTH KOMILJIEKCHOI'O 9HUCJIa, €CJIM BAPYD HAM 3TO monagodurcs. s sroro mo-
TIOJTHIM HAII KJIACC €Ie HeCKOMBKIMH (DYHKITHAMI-deHaMu? :

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

4Merospr B 3TOM npEMepe 0GPAIIAIOTCS K 3AKPBITHIM TIOJISM HE TOJBKO CBOET0» 00b-
€KTa, HO ¥ 00beKTa, MEePEeJAHHOr0 KAK IapPAMeTP. DTO He HAPYIIAeT 3aIMUTy: KaK yIKe
TOBOPHJIOCH Ha CTP. 17, enuHuIe#l 3aImuThl ABIAeTCA He OOBEKT, a KJIACC UM CTPYKTypa
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.re+op2.im*op2.im;
Complex res((re*xop2.re+im¥op2.im)/dvs,
(im*op2.re-re*xop2.im) /dvs) ;
return res;
}

};

HeobxonuMo mosiCHUTD, 9TO CJIOBO operator SBJISeTCsS 3ape3e€pPBUPOBAHHBIM
(kr049eBbIM) cy10BOM si3bika, Cu++. Crosiiue noapsi JBe JeKCeMbl operator
U + 00pasyrT ums GYHKYUU, KOTOPYIO MOMKHO BbI3BaTh U KaK OOLIYHYIO
dYHKITHTO:

a = b.operator+(c);

OIHAKO, B OTJIMYIHE OT OOBIYHON (DYHKIINH, HMOsiBJAEHUE (DYHKITAN-OIEPATITI
[IO3BOJISAET 3AIKCATD TO YKe caMoe B 60Jiee IPUBBIYHOM JIJIsi MATEMATUKA BUJIE:

a=>b + c;

Teneps MbI MOXKEM, K [PUMEPY, Y3HATH, KAKOB Oy/I€T MOIY/Ib CYMMBI ABYX
KOMIIJIEKCHBIX 4MCeJI:

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

Kak ™Mbl yBuaUM TO37Ke, aHAJOTHIHBIM 00pa3oM B s3bike Cu++ MOKHO
MEePEONPEIEIATh CAMBOJIBI JIIOOBIX ONEpanuii, BKIKYas NMPUCBANBAHUS, WH-
JEKCUPOBAHKE, BLI30B (DYHKIUHU B MPOIYIO «3K30TUKY». CyImecTByOT TOMBLKO
JIBE OIIEPAIU, KOTOPbIE HEJIb35 MEPEONPEIETINTD: 3TO TeEPHAPHASA YCAOSHAA
onepayus (a 7 b : c) uonepanus BBIOOPKY II0JIs U3 CTPYKTYPBI UJIU KJTaC-
ca (Touka). Heobxomumo cpasy Ke 3aMeTHTh, YTO ONEpalus BHIOOPKHU TIOJIs
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O yKa3aTesio (CTpe/IKa) IMepeopeie/saeMa, XoTs U HECKOIbKO 9K30THIECKUM
cocobom. Ko Bcem 3TmM BOmpOCcaM MbI BEPHEMCS TIO3KeE.

§ 2.3. Ileperpy3ka umén pyHKIUA

IIpex e gem mepeitTn K JaabHEHTIIEMY OMUCAHUIO0 BO3MOXKHOCTEH, MpeIo-
CTaBJISEMbBIX MOHATHEM KOHCTPYKTOpPa B Cu++, HEOOXOAMMO 00paTUTH BHU-
MaHKe Ha CBOMCTBO SA3bIKa, HA3bIBAEMOE Tepezpy3koli umer @GyHruut.
Cu++ nosBosisier BBECTH B paMKax OMHON 00J1aCTH BUIUMOCTU HECKOALKO
PABAUNHOLT GYHKUUT, UMEOUUT 00HO UM U PA3AUBGIOUUTCA KOAUYECTNEOM
u/uru munamu napemempos. Hampnmep, 6yer BIOIHE KOPPEKTEH CIEIYIO-
Ui 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 o6paboTke BbI30BA (DYHKIINHA KOMITAIATOP OMPEIEIAeT, KaKyio (PyHKITAIO
73 UMEIINUX OJHO UMST HEOOXOIMMO BHI3BATH B TAHHOM KOHKPETHOM CJIydYae,
HCIIONIB3YsT KOJIUMYECTBO W TUTBI (haKTUIeCKUX mapamerpos. Hampuwmep:

print (50) ; // BH3HBaeTcsa print(int)
print("Have a nice day"); // BusnBaetrcs print(const charx)
print(); // Bepcus 6e3 mapaMeTpoB

Takum ke 00pa30M MOXKHO TIEPerpyKarh W METOMAbI B KJIACCAX U CTPYKTY-
pax. B ocobennocTu 310 CBOHCTBO OKA3BIBAETCS IIOJIE3HBIM IIPU OIMUCAHUHI
KOHCTPYKTODOB.

OrmMerum, 94TO BBEJEHUE [EPErPYKEHHBIX (DYHKIUI MOXKET IPUBECTH K
COBEPIITEHHO HEOKUIAHHBIM TIOCIeACTBUAM. Tak, ciaemyonumii Kom cam 1o cede
KOPPEKTEeH:

void f(const char *str)

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

Kowmmusitop Brionae crpasurcs ¢ BorzoBamu f("string"); u £(2.5) ;, no-
CKOJIbKY HUKAKUX DPA3HOYTEHHH TYT He BO3HHKAeT. Bojiee TOro, nazxe BbI30B
f(1); OymeT ycmemHo OTKOMITHJIMPOBAH, MOCKOJBKY II€JI0€ MOYKHO HEsBHO
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npeobpa3osark K Tumy float, HO He K Tumy const char *. OgHAKO BBI-
308 £ (0) Oyzmer paciieHeH KOMIAIATOPOM KaK OIMUOOYHBIHA, T. K. KOMITUJISTOD
C COBEpIIIEHHO OJMHAKOBBIM YCIIEXOM MOXKeT mpeobpas3oBaTbh O KaK K THILY
const char*, tak u K Tumy float. Mexmay Tem, eciu ObI B MpOrpaMMe Mpu-
CyTCTBOBaJIA TOJIBKO OJIHA M3 JIByX BbINEONnCaHHbix Pynkumii £ (obas!),
Bb30B T (0) ObLT OBI 3aBEIOMO KOPPEKTEH.

§ 2.4. KoncTpykTop ymoadyauus. MaccuBbl
00bEKTOB

Bosspaiascs Kk Haumemy kiaccy Complex, namomuum (cMm. crp. 16), uro
OMMCATH MMEPEMEHHYIO TUTIA Complex TPUBLIYHBIM HAM O6p8,30M 663 BCAKHUX
TTapaMeTpPOB HEJIB34d, T. K. AJIsd € TUHCTBEHHOTO KOHCTPYKTOPa KJjacCa Complex
TpedyroTcsa apa mapaMerpa. Takum obpa3oM, ciieayrommmii Kom OyaeT HEeKOp-
pexTen:

Complex sum; // ommbra - HeT mapaMeTpPOB I KOHCTPYKTOpPA
sum = cl+c2;

Kpowme Toro, y HaC BOBHUKHYT CJIO?KHOCTH MPH CO3TAHUA MACCUBOB KOMTLIEKC-
HBIX YKCe/I; OOBIYHBIA MACCUB 3apaHee 33JaHHOIO Pa3Mepa Mbl CO3IATh CMO-
JKE€M, HO TOJIBKO IIPH yKA3aHUM WHAIHAIU3ATOPA, HMEIOIIEr0 BEChbMa HEeTPH-
BUAJIBHDII CHHTAKCHUC; 3a0eras BIEepPEI, OTMETHM, 9TO QUHAMUYECKUT MACCHB
KOMTIIEKCHBIX 9HACE]T MBI CO3JATh HE CMOYKEM BOODINE HUKAK, TIOCKOIBKY CHH-
TaKCHC s3bIKA HE TO3BOJIAET 3a4aTh MAPAMETPHI AJIsT KOHCTPYKTOPOB KasKI0TO
9JIEMEHTa, MACCUBA.

CHATH BOSHUKIIKE TPOOJIEMBI TIO3BOJISET BBEJIECHHE €I OJHOTO KOHCTPYK-
topa. HamoMHuM, 4T0 KOMIUIATOP CYUTAECT KOHCTPYKTOPOM (DyHKIIMIO-4JICH
Kjacca (Wi CTpyKTypbl), UMsl KOTOPOIM COBLAJAET ¢ UMEHeM KJacca (uiiu
cTpykKTypbl). Biarogapst ceoiicrBy meperpysku dbyuknuii 8 Cu++ Mbl MO-
JKeM BBECTHM B OIHOW OOJIACTH BHIMMOCTH HECKOJIBKO (DYyHKIWH C OTHUM U
TeM K€ UMEHEM; 3TO OTHOCUTCHA, Pa3yMeeTcsd, I K KOHCTpyKTopam. [masnoe,
9TO0BI (DYHKIMH, MMEOINe OJNHAKOBBIE WMeHa (B MAHHOM CJIydae — KOH-
CTPYKTODBI), PA3JIUYAIACH KOMMIECTBOM W/UIU TUIOM napamerpos. Urak,
mobasnM B Kjacc Complex eIme OIuH KOHCTPYKTOP:

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

/[]....
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Temepb MBI MOYKEM OMUCHLIBATH MEPEMEHHbIe THTa Complex, He 3a/1aBast HUKa-
KnX mapamMeTpoB. [1l0aToMy KOHCTPpYKTOD, MMEIOITN ITyCTO# CITICOK MapaMeT-
POB, HA3BIBAIOT KOHCTMPYKMOPOM NO ymoauaruro. Ero namvyane nemaer
BO3MOKHBIMH, B YACTHOCTH, CJIEAYIONIAE ONMUCAHU:

Complex z3; // mcHomb3yeM KOHCTPYKTOP IO YMOIYAHUI
Complex v[50]; // romcTrpykTop 6ymeT Bm3BaH 50 pas
// T.e. ONd KaxXIoTro 3JIeMeHTa

§ 2.5. KoHCcTpyKTOpPHI Ipeobpa3oBaHu4

[Ipu co3mamum mporpamMM Ha, S3bIKAX, O0JIAJAIOIINX TUIU3ANNEN, HEPEI-
KO BO3HHKAET MOTPEOHOCTDH WCIO/IH30BATH 3HAYEHWE OMHOTO THITA, TaM, TIe
IO CMBICITY MPeJNoIaraeTcs 3Haderue apyroro tumna. OIuH U3 mpocTefmx
IPUMEPOB TaKOil curyaluu — cjaoxkenue (uiu Apyrasg apudmerndeckas ore-
palys) 4ucia C IUIABAIOIIEH TOYKON u wuesioro uuciaa. B asbike Cu B 1o-
JIOOHBIX CIIy9asiX MPOU3BOIUTCS TAK HABBIBAEMOE HEABHOE NPeodPa3068aHUE
munos. Tak, ecii MBI ONMUIITEM TIEPEMEHHYIO a KaK IeJIOYNCIEHHYIO, & mepe-
MEHHYIO b Kak uMeromyio Tum float, ¥ mocjie 3Toro UCIoAb3yeM B IIpOorpaMMe
BBbIPayKeHNE a + b, KOMIUIATOP HesAéHo mpeobpa3yeT 3HaYeHre MepeMeHHOM
a K Tumy float, U TOJBKO IIOCJE STOTO BBHIIOJIHUT CJIOXKeHne. TOYHO Tak ¥Ke,
ecm B mporpamme onmcana ¢pyHkimsg void f(float), MBI MOXKeM 3amucaTh
BBI30B f (25), ¥ KOMIUJISATOP COYTET TAKOW KO KOPPEKTHBIM, T.K. «3HAET»,
KakuM 00pa30M U3 [EJIOTO YHUCIIA, CAEIATH YUC/IO C MIABAIONIEH TOYKON; mHAYE
roBopsi, B f3bike CH TIPHUCYTCTBYET MPABUIO MPEOOPA3OBAHUS 3HAYECHUI TUTIA
int B 3Hayenud tuna float.

EcrecrBenno, sa3bik Cu+-+ Takske MO3BOJSET MPOU3BOIUTH TOMOOHBIE
HesiBHBIE [1Pe0OPA30BAHMSA, HO, [IOMUMO ITOr0, B HEM UMEIOTCS CPEJCTBA yKa-
3aHWS MPABUJ TPEOOPA3OBAHUS [JIST MUN0E JGHHVLL, 66€JEHHBIT NOAL30GA-
meaem. OHUM U3 TAKUX CPEJICTB SABIAIOTCA KOHCINPYKMOPHL Npeodbpaso-
68AHUSA .

OrBieKIMCch HA BpeMs OT KOHKpeTuku s3bika Cu-++, 3amernm, 910 3a-
JATh MPABUIO MPeodPA30BAHNS 3HAYEHUI TUIA A B 3HAYEHHS THUMA B — 3TO
TO K€ CaMoe, 9TO 33[aTh WHCTPYKIIMIO 110 CO3JaHmnio 00bekTa Tuma B mo nme-
fonemycs 3uadennto tuna A. B camom nesie;, B pazobpanHOM Bbiiie npumMepe
KOMIUJIATOP CHa4daJla CTPOUJ 3HadeHMe Tumna float, nCnoiab3ysa B KadecTBe
OTIIPABHOM TOYKH MMeEIOIeecd 3HaUYeHNe TUNA int; padyMmeeTcda, KOMIHUIATO-
Py AJis 9TOTO HEOOXOAMMO «3HATh», KaK JTO JIeJIaTh.

Kak ormeuanocs B § 2.1.3, uacrpyknun kommuastopy Cu++ mo cos3ma-
HUIO0 OOBEKTOB KJIACCA HA OCHOBE 33/IaHHBIX APAMETPOB JAIOTCS MyTEM OIHU-
CaHWs KOHCTPYKTOPOB C COOTBETCTBYIOIMMU apamerpamu. Takum obpas3om,
€CJIM BBECTU B KJlacce B KOHCTPYKTOp, lOdydaromuil napaMmerp ruia A, 3ro
KakK pa3 u OyaerT WHCTPYKIUS MO CO3JAHUI0 OOBEKTa, THUIA B IO UMEIOIIEMYCst
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snagenuio tuma A. IlpeacraBisercs moITOMY BIIOJHE JIOTWYHBIM HCIOJIB30-
BaTh TaKHe WHCTPYKIHH IS 8bINOAHEHUA HEABHO20 NPE0OPA306AHUSA TNUNOS.

Wrak, KOHCTPYKTOP, KOTOPBI# MOIYyYaeT HA BXOJ POBHO OIWH MAPAMETD,
UMEIOTIUN TUIT, OTJIMIHBIN OT OMUCHIBAEMOr0O, HA3BIBAETC KOHCIMPYKIMOPOM
npeobpa3oearusa’ 1 NCIONL3yeTCsa KOMIHIATOPOM He TOMBKO B CIydae fB-
HOTO CO3aHUsi O0bEKTa, HO W JJis TPOBEIEHUs] HESBHOTO MPeOOpa30BAHS
THIIOB.

IIponnmiocTpupyemM cka3aHHOE Ha TPUMEPe BBEIEHHOTO paHee KJiacca
Complex. %IcHO, 9TO MO CMBICTy KOMILJIEKCHBIX YHCEJ JII000€ IeHCTBUTEh-
HOE IHCJIO MOXKET OBITH MPeoOpPa30BAHO K KOMILTEKCHOMY J100aBIeHUEM HyJTe-
BOI MHMMO# 9aCTH TOYHO TaK Ke, KaK [eJI0e YUCJIO IPeodpasyercs K 9uciy ¢
IJIABAIOIIEH TOYKON n0o0aB/IeHreM Hy/1eBoO# 1pobHOH dacTu. UT0ObI BEIPA3UTD
9TO COOTHOIIEHUE MEXKY JeHCTBUTEHHBIMU U KOMIIJIEKCHBIMUA YUCJIAMU, 10~
MOJTHUM KJTACC CJIEAYIOMUM KOHCTPYKTOPOM:

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

C omHOIt CTOPOHBI, TOT KOHCTPYKTOP MO3BOJISIET HAM OMUCHIBATH KOMILIEKC-
HBIE YHUCJIa C YKa3aHWeM OJIHOTO JIeCTBUTEIHHOTO MTapaMeTpa, HalpuMep:

Complex c(9.7);

C apyroit CTOPOHBL, €CIA B IPOrpaMMe uMeeTcs (PyHKIHs
void f(Complex a);

MBI MOKEM BBI3BATH €€ I JeHCTBUTEBHOTO TTapaMeTpa:
£(2.7);

Baaromaps nammanio B kjacce Complex KOHCTPYKTOPA TPEOOPA30BAHUS KOM-
MUJISITOP COYTET TAKON BBI30B KOPPEKTHBIM; IJis €ro OOpabOTKH C ITOMO-
b0 KOHCTPYKTOPA Mpeodpa3oBamus OyIeT CO3MaH BPEMEHHBIN 00bEeKT THIIA
Complex, koTOpbIil U Oyaer nojgan Ha Bxo/ (yHkiun f.

§ 2.6. Ccolaku

HOHHTI/IG CCHBLNAKU HABIIAETCA KJAYEBBIM OJId IIOHUMAaHUA ,IIaJIbHefIHJeI‘O
marepuasia. Ormernm, 9To B si3bike Cu HIYEro moJOOHOTO HET, TAK YTO CChLI-
KH{ BBI3BIBAIOT OIPEIEIEeHHBIE TPYIHOCTH Y MHOTUX CTyAeHTOB. [locrapaiirech
MO3TOMY TIOJOWTH K M3yYEHWIO JTAaHHOrO maparpada 0COOEHHO BHUMATEILHO,
a TpU BO3HMKHOBEHUU BOIPOCOB 00SI3aTENILHO 3aaiiTe UX BAIEMYy JIEKTODPY
HAJIN [IPENOIABATENIO.

SEcau TOMBKO CHeNUanbHOe 3HAaYeHHe TAKOTO KOHCTPYKTOpPA He OTMEHUTH JMPEKTHBOM
explicit.
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Ccbutika B Cu++ — 3TO 0COOBI BuI OOBEKTOB MTAHHBIX, PEATU3yeMbIit
MyTeM XpaHEeHUs apeca 00beKTa, HO CEMAHTUIECKY IKBUBAJICHTHBIN CAMOMY
00BEKTY, HAa KOTOPBIH cchlnaercs. VIHatwe roBops, TI0ObIE OIePAIi HaT CChLT-
KOt OyayT Ha caMOM [iejie MPOU3BOINUTCSA HAJ TOH IMEPEMEHHOM, Ha KOTOPYTO
9Ta CChLJIKA YCTAHOBJIECHA. CI/IHT&KCI/I'{GCKI/I THUIL JAHHbIX «CCbLJIKa» OIIMCbhIBACT-
Cs1 AHAJIOTUYIHO YKA3aTEeNI0, TOJTHKO BMECTO CHMBOJIA, «*» HCIOIB3YETCS CHM-
BosT «&» 5.

IIpounmiocTpupyem CKa3aHHOE MPOCTHIM TPUMEPOM:

int 1i; // TemoducleHHas NepeMeHHas
int *p = &i; // ykasaTenb Ha IepeMeHHyDL i
int &r = i; // cconka Ha IepeMeHHyD 1

i++; // yBemwuurs i Ha 1
(kp)++; // TO Xe caMoe dUepes yKasaTelb
r++; // TO Xe caMoe IIO CCHUIKE

CTporo roBopsi, CCHIIKHM HEJIb3sT HA3bIBATH TEPEMEHHBIMH, T. K. I3MEHUTH 3Ha-
q9eHue CaMOl CCbLAKU HEeTb3s: €CITU CChLTKA BCTPEYaeTCs B JIEBOHM YaCTh Ore-
paluy IPUCBAMBAHUS — 3TO O3HAYAET, UTO MPHUCBAWBAHUE Oy/IeT BLITOJIHEHO
He JJ18 CChLIKU KaK TaKOBOI, a Jij1d TOI NepeMEeHHO!, Ha KOTOPYIO OHa CChlila-
ercs. Takum 06pa3oM, ONmcaB CCHIIKY HA TIEPEMEHHYIO 1, MBI HA CAMOM JJIe
BBEJIM CUHOHUM UMEHH 1 — WMs r, 0003HAUAIONIEEe TOT K€ CAMBIH O0BHEKT
JAHHBIX.

Takoe UCIIOJIb30BAHKUE CCBLIOK MOXKET II0KA3aThCs OECCMBICIEHHBIM (XOTs
B HEKOTODPBIX CJlydasX Oka3biBaercd nosesno). Ounako cyiiecrseHHo Gosee
WHTEPECHBIE BO3MOYKHOCTH CCHUIOUHBIN Tnm B CHu-++ pacKpbIBaeT TIpH Tmepe-
Jade ero Kak mnapaMerpa B (DYHKIWM W BO3BpaTe u3 (DYHKIWII B KAYECTBE
suagenus. Tak, Oarogaps CCbIJIOYHOMY THUITy B HAIEM PACIOPSIKEHUH OKa-
3bIBAETCA OTCYTCTBOBAaBIIUA B sizbike Cu MeXaHU3M Iepejadd IIapaMeTpoB
O CCHLIKE' . HomycruMm, HaM HYKHO HANKCATH (PYHKIIAIO, HAXOIANLYI0O MaK-
CUMAJIbHBII 1 MUHUMAJIbHbIA 3JIEMEHTBI 33/IaHHOI0 MaccuBa yucest Tuiia float.
Ha sizbike Cu Takast hyHKIUS BBIT/IIIETa OBl TaK:

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++) {

6BaskHo OHEMATB, YTO B JAHHOM CIy<ae CHMBOJ <«&» HE MMEeT HEYero obIIero c ome-
paruett B3arus agapecal! [Togemy asrop s3bika Cu++ B. CrpaycTpyn BHIOpaI HMEHHO TAKOE
o603HaYeHNEe — BOIPOC OTKPBITHIH.

"YuraTenns, CKOpee BCETO, yiKe 3HAKOM C IepeJadell IapaMeTpoOB IO CCHLIKE: B sS3BIKe
Pascal rakme mapaMeTpbl Ha3bIBAIOTCS HapaMeTPAMU-IIePeMEHHBIMH (var-parameters).

27



if (*min>arr[i]) *min = arr[i];
if (*max<arr[i]) *max = arr[i];

}

a €€ BbI30B — HAlIpUMeE]P, TaK:

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

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

ITockombKy n3 pyHKINT HEOOXOIUMO BEPHYTH OOJIBIIE OTHOTO 3HAYEHUSI, TIPH-
XOAMTCS UCIOIB30BATh BO3BpAT Yepe3 mapamerpbl. Mex iy rem, B s3bike Cu
BCE MAPAMETPHI MEPEIAIOTCI N0 3HAYEHUN, TTOITOMY HAM TPUXOIUTCS BPYU-
HYIO UMUMUPOSGMb BEIXOIHBIE TTAPAMETPHI, TEPeIaBasi 3HAYCHNE aqPECca, mme-
PEeMEeHHOI, mojyiexkanieil MonuuKaIUuu; TOITOMY IPU BbI30Be (DYHKIMH MBI
BBIHY2K/IEHbI IPUMEHSTH OlEePaIuIo B3saTus anapeca («&»). B camoil dynkuuu
BMECTO UMEHU MMEPEMEHHOM MbI BBIHYKJEHbI HCIIOJIb30BATH JIEBOJIOILYCTUMOE
BBIpaYKeHUE PA3bIMEHOBAHUSI, T. €. CTABUTH Tepea naeHTu(UKaTOpaMu min u
max CHMBOJI OTIEPAIINH PA3BIMEHOBAHUS «*», ITOOBI TpeoOpa30BaTh aIpec Te-
pemMeHnHoit B camy nepeMenuyio. C UCIOMb30BaHNEM CCHIIOK M KO (DYHKITHH,
7 eé BBI30OB 00OpeTaroT Oosree SICHBLIN BUI:

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 = arrl[il;
if (max<arr[i]) max = arrl[il;

}

/] ...

float min, max;

max_min(a, 500, min, max);

B camom mese, mapameTpbl min u max, OObLIBIEHHBIE HA Ceil pa3 KaK CCHLI-
KU, CEMAHTHUYECKN MPEJICTABIAIOT CODON CMHOHUMBI HEKWX IEJI0YNCIEHHBIX
IepeMeHHBIX, TaK YTO BCe OIEPAINH, KOTOPbIE MPOU3BOAATCA HAJI Min U max,
Ha CaMOM Jiejie IIPOUCXOJAT HaJl TeMU IlepeMeHHBIMH, Ha KOTOpbIe 3TU Ia-
pamerpsl cchutaiorcs. [Ipu Bbr3oBe (byHKIUHM MBI HE NMPUMEHSIEM HUKAKUX
olepaluil B3dTus aPeca, IIOCKOJIbKY (C CEeMaHTUYECKOH TOYKU 3PEHUs ) HAM
715 TIOCTPOEHMS CHHOHMMA HYKHA caMa TepeMeHHasd, a He €€ aJIpec.
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JIOBOJIBHO MHTEPECHBIE BO3MOKHOCTH OTKPBIBAET UCIOJIH30BAHUE CCHIIOU-
HOTO TWIA, KaK THIIA BO3BpaIaeMoro 3uadenus dynknun. Jlomycrum, Heob-
XOJIUMO TIPOM3BECTU MOUCK IETOYUCTEHHON MEePEeMEHHONR B COCTABE CJIOXK-
HOIl CTPYKTYDPbI JaHHBIX (HAIIPUMED, UCKOMAsl [IEPEMEHHAs SIBJIAETCs L0JIEM
CTPYKTYPBbI, KOTOPasi, B CBOI0 OYEPE/b, sABJISIETCS SJIEMEHTOM MACCUBA M T. 11.),
a 3aTeM JIMOO MCIOJIH30BATEH 3HAUECHNE HAMIEHHOW TTePpEMEHHOM, JTUO0 BHITTOJI-
HUATH HAJ HEll TO WM WHOE MpHCBaWBaHue. B Takoil curyamun MOUCK Tmepe-
MEHHON MOXKHO BBIJEJIUTH B OTAETbHYIO (DYHKIHIO, BO3BPAIIAIOILYIO CCHLIKY
Ha HaliIeHHyIo nepemennyo. Ecan takaa yukmnusa nmeer npoduib

int &find_var(/*paramsx*/);
TO JOMYCTUMBI OyIyT, HAIPUMED, TAKHUE OMEPATOPHI:

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

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

§ 2.7. Moaudukarop const

Yuraresto, BO3MOXKHO, y2Ke 3HAKOMO KJII09EBOE CJIOBO const, KOTOPOE M3-
HaYaJIbHO 10siBUI0CH B Cu++-, HO € HEIABHUX IIOP BOIILJIO U B CTAHJIAPT S3bIKA
Cu. OHo OKa3bIBAET, YTO MBI UMEEM EJI0 C O0JACTHIO MaMATH, HE TOIIeKa-
mieit n3MeHeHuIO.

HawnbGosee mpocToe n 04eBHTHOE IPUMEHEHNE CJI0Ba const — 9TO BBEIEHNE
B IpOrpaMMe UMEHOBAHHbIL KOHcmanm. JlomycTuM, Halla OporpamMma
UMeeT HEKOe CBOMCTBO, 33/1aBAEMO€ B BUJIE YUCIa, (IPUMEPOM MOXKET CJIYZKUTh
OI'DAHUYEHME HA JJIMHY CTPOKU, YUTAEMOI CO CTaHuapTHOroO BBoAa). O6bId4HO
KOHKPETHOE YHCJIO CH&6)K&IOT UMeHeM U BCHO HpOFp&MMy BBICTPAUBAIOT Ta-
KM 00pa30M, 9TOOBI UCTIOIB30BAIOCH ITO UMSs, 8 HE YncCia. B pe3yabrare Mbl
MOXKEM B JIIO0OH MOMEHT M3MEHUTH II00AIHbHOE CBONCTBO MPOrPAMMbI, BHECSH
JINIIIb OJHO M3MEHEHHE B eé TEKCT.

B KJTaCCHYIECKHUX BEPCHUAX A3bIKA CI/I AJid BBEAEHNA HMMEHU KOHCTAHTBI
KCIOJIb30BaJICA 1Ipenpoueccop. Hanpumep, orpaHndyerne Ha MaKCHMAJIbHY O
JJIMHY BXOJHOTO CJIOBA MOYKHO OBLIO 33aTh CJIEIYIONIAM O00pa30M:

#define MAX_LINE_LENGTH 130

[TosBnenune momuduraTopa const MO3BOIUIO B MOJOOHBIX CATYAIUIX 0OXO-
JUATHCs 6€3 TPEnponeccopa, BBO/A KOHCIMAHITY CPEICTBAMYU CAMOTO sI3bIKA:

const int max_line_length = 130;
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Y100bI MOHATH, TOYEMY TOT BAPUAHT PEIIEHUS JIYUIIe MPEIbIIYIIEro, pac-
CMOTPUM CJIEIYIONIYIO0 THTIOTETHIECKYI0 cuTyanuio. [lycTs B Hammeil mporpam-
Me HeoOXOnnMa KOHCTaHTa C UMeHeM c, paBHas 15. Beemem eé cpeacrBavu
[IPEIPoIeccopa:;

#define c 15

IIpencraBum cebe Temepb, 9TO Mpu pabOTe HAL TEKCTOM MPOrPAMMBI MbI B
HEKWii MOMEHT 3a0bLIN O CYIIECTBOBAHUU MAaKPOCA C U BBEJIU, CKAYXKEM, JIO-
KAJIbHYIO TEPEMEHHYIO C TAKUM MMEHEM:

void f(int i)
{

int c;

/] ...
}

Bwumecro obbsaBienns int ¢ KoMmmuasTop Garomaps pabore MaKpOIpOIecco-
pa «yBHAWT» CTPOKY int 15 u, pasymeercs, BbLIACT coobimenne 0O ommnoKe.
O/1HAKO [OHATDH, B YeM OLIMOKA 3aKII09aeTCsi, Oy/1eT BECbMa, U BECbMa HeJIer-
KO, OCODEHHO €CJii MBI deticmeumensbHo MTPOYHO 3a0BLIN O CYIIECTBOBAHUM
MaKpoca c.

Ecnu ke koHcTanTa ¢ OymeTr BBeIeHA 063 TPUMEHEHUS MPEITPOIECCopa;

const int c = 15;

TO OMHUCAHHAS MPOOJIEMa HE BOSHUKHET, T. K. UMsI C, BCTPEUYEHHOE B (DYHKIUH
£ (), OyaeT BOCIPUHATO KOMIUIATOPOM KaK JIOKAJbHOE W HUKAKOM OIMHOKM
HE TTPOU30UIET.

Boobr11ie, npuMeHeHNS MaKpoImpoIlieccopa peKOMeHIyeTcCd o Me-
Pe BO3MOXKHOCTH M306eraTthb, IMMOCKOJIbKY MaKpouMeHa He TOIUMHsI-
roTcst 00braHbIM i s3bika Cu/Cu++ coryamrenusim 06 obsactsax
BUJIMMOCTH M JAPYTUM TpaBUJIaM.

TIpu ormmcannum aapecHbIX W CCHIJIOYHBIX THIIOB MOAM(PUKATOP const 1mo3-
BOJISIET yKa3aTh, YTO 0OJIACTH MAMSTH, Ha KOTOPYIO YKa3bIBAET/CCHLIAETCS
OTMCHIBAEMBIH OOBEKT, HE MO IeXKUT n3MeHeHnio. Hampumep:

const char *p;

// p yKasHBaeT Ha HeW3MeHsAeMyb o6JIacTh NaMaTH
p = "A string";

// Bce B mop#nxe, IepeMeHHas p MOXeT M3MEHATHCH
*p = ’a’;

// OUUBKA! Henb3s MeHaTH 06IacThb IaMATH,

// Ha KOTOpyo yKashHBaeT p
pls]l = ’b7; // 9To Taxxe OUEKA
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OrmernMm ermie pa3, 9To const char *p — 3TO UMEHHO yKa3aMmeAb HG KOH-
cmarmy, a He KOHCanmHuolld yrasamess. IToObl onucaTh KOHCTAHTY aJ/ipec-
HOTO THUIA, HEOOXOIUMO PACIOJIOKHUTH KJIIOYEBbIE CJI0BA B APYTOM TIOPSIIKE:

char buf[20];

char * const p = buf+b;
// P - KOHCTaHTa-yKasaTelb, yKashHBaomas Ha
// mectoit smemenT MaccuBa buf (buf[5])

pt+; // OUIUBKA, 3HaYeHWe p He MOXeT OHTb H3MEHEHO
*p = ’a’; // Bce B mopsmre, umaMeHseM 3HadeHwe buf [5]
pl5] = ’b’; // Bce B mopsapmke, usMeHseM 3HadeHue buf [5+5]

AnasornyabiM 006pa3oM 70 OOCTOUT CO CChLIOYHLIMU TUIIAMMU:

int 1i;

const int &r = i; // KOHCTaHTHasS CCHIIKa

int x = r+5; // Bce B mopsganke

i=7; // Toxe Bce B mopsnke

r = 12; // OlBKA, 3HadYeHHe IO CCHJIKE I HeJIb3d MEHATH

const int j = 5;

int &jr = j; // OLMBKA, Hemp3d cCHIIATHCA
// o6HYHON CCHIKOM Ha KOHCTaHTY

const int &jcr = j; // Bce B mopsamke

OrmeTnM, YTO KOHCTAHTHBIE CCHIJIKHU TO3BOJISIOT TEPEIaBaATh B (DYyHKITUN
B KaueCTBe NapaMeTpa aJpec NepeMeHHOH BMeCTO KONUPOBAHUSA 3HAYEHU,
[IPY 9TOM HE MO3BOJIAS 3Ty NEPEMEHHYI0 MEHSITh, KaK W P OOBIYHOM mepe-
Jlade Mo 3HAYEHUI0. DTO MOXKET OBITH MOJIE3HO, ECTH TAPAMETD MPEJICTABIAET
€000t KJtacC Wi CTPYKTYPY, Pa3Mep KOTOPOil CyIIECTBEHHO [IPEBBIIIALT Pa3-
mep agpeca. Tak, eciin B panee onucanHoMm Ksacce Complex BMECTO

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

HaIIUCAThb

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

CeMaHTHKA KOJA HE U3MEHUTCH, HO (busndecku (Ha yPOBHE MAIIMHHOIO KOJIA)
BMECTO KOIMMPOBAHUS ABYX Mojeit Tuna double Oyer IpOUCXOIUTD Hepeaata,
aJpeca CyIIecTBYOIIEH TepeMeHHO 1 OOpAIeHne 10 STOMY aIPeCy.
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§ 2.8. KoHcTaHTHBIE METO/IbI

Wcnonw3oBanne moaudukaTopa const /e/aeT BO3MOXKHON CATyalWio, B
KOTOPO# HaM JIOCTYIIeH HEKOTOPbIi KOHCTAHTHHE OOBEKT, TO €CTh IIepeMeH-
Has THIIA class WM struct, KOTOPYIO HeJIb3s U3MEHSATh. [Ipu 3TOM BIO/IHE
BO3MO2KHO, 4TO BCe 1101 OO'bEKTa CKPbIThI, TO €CTh B3aUMOJecTBHIE ¢ 00bEK-
TOM BO3MOYKHO TOJIHKO Uepe3 MeTOIbI. B TO ke BpeMsi MeTO MOKET, BOOOIIE
rOBOPs, U3MEHUTH BHYTPEHHEE COCTOSHUE (TO €CTh 3HAUEHU ST CKPBITHIX MOJIEH )
o0beKTa, HapymuB TpeboBaHue 0 ero memdmeHHoctu. IlosTomy mus obecrre-
YeHUs] HEM3MEHHOCTH OObEeKTa KOMIIMJISTOP BBIHYZKIEH 3alIPeliaTh BbI30BbI
meTo0B. Ilomydaercs, 9To ¢ TaKEM OOBEKTOM MBI BOODIIE HUKAK HE CMOXKEM
paboTraTh, ec/Iv He TPeANPUMeEM CIeNUATILHBIX Mep.

s paboThl ¢ KOHCTAaHTHBbIMEU OObeKkTaMu B si3bike Cu+-+ mpemycMoT-
PEHBI KOHCMAHMHBLE MEMOodbl. KOHCTAHTHBIM CUNTAETCSI METOJ, IMTOCTe
3aroJIOBKa KOTOPOro (HO Iepeji TejoM) HocTaBieH MoauduKaTop const:

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

B tene Ttakoro merozma mosisi 06bEKTA JOCTYIHBI, HO 3aIPeIleHbl [1eiCTBuS,
U3MEHSIONME WX UJIU CIIOCOOHBIE IIPUBECTUA K MX W3MEHEHUIO, B TOM YHUCJIe
MTPUCBANBAHUS TIOJIM HOBBIX 3HAYEHWIT, TPUCBANBAHNS aIPECOB ITUX TOJEi
HEKOHCTAHTHBIM YKA3aTeJIsM, Tepe1ada uX B (GPYHKIUUA TO HEKOHCTAHTHBIM
CChIIKAM U T.1. TakuMm 00pa3oM, OTHOCHUTEILHO KOHCTAHTHOIO METOJA W3-
BECTHO, YTO OH 3aBEJIOMO HE MOYKET U3MEHUTh COCTOsHUE 00beKTa (3HAUEHUST
ero noseii). ITosroMy KOHCTAHTHBIE METOIBI MOXKHO 6€3 OIlaCKH BbI3bIBATD
Uit OObEKTOB, KOTOPbIE HeJb3sd u3MensaTb. Hanpumep, Takoit Kox:

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

Oymer KOpPPEeKTHBIM TOJIbKO B Cilydae, €clM B KJjacce Myclass MeTo[
my_method () oObsiB/IeH KAK KOHCTAHTHBIM.

Ilpu nanucanuu nporpaMMm peKOMeEHIyeTcs BCe MeTOJbI, KOTOpPbIEe
M0 CBOEMY CMBICJIy He JIOJDKHBI U3MEHSTh COCTOsIHNE 00'beKTa, 005~
3aTeJIbHO IIOMeYaTh KaK KOHCTAaHTHbIe, pa3peliiasi, TaKUM obpa3om,
BbI3bIBaTh UX /I KOHCTAHTHBIX 00beKTOB. B yacTHOCTH, B OIIMCAHHOM
panee kjacce Complex Bce MeTO/bl, KDOME KOHCTPYKTOPOB, HUKAKHUX HU3Me-
HEHUIl B IO/ Kjacca He BHOCAT. UTo0bl ¢ oObekTamu Tuna Complex ObLI0
yaobHee paboTaThb, CaeayeT MOMETUTh BCE METO/bI KJIacCa MOIAAMUKATOPOM
const:
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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(re+op2.re, imt+op2.im); }

//
I

§ 2.9. /lecTpyKTOpPBI

Hapsizly ¢ KOHCTpYKTOpaMu, KOHTPOJIUPYIOMIUME IPOLECC co30aHus (MHU-
npasnusanuu) o0bekToB, B f3bike Cu-+-+ IpenycMOTPEHbl TakKe decmpyk-
MOoPsbL, NPETHAZHAYEHHBIE )i KOHTPOJIS HAJ HPOIMECCOM YHUYMONCEHUS,
00beKTa.

IIpencrasum cebe, 9TO OOBEKT B TIPOIECCE CBOEH IeATEIHLHOCTH 3aXBaThI-
BaeT Hekuil pecypc (Hampumep, orkpbiBaer daiis), npudem 00 3TOM U3BECT-
HO TOJIBKO CAMOMY OOBEKTY, T. €. Ha 3aXBAYEHHBIN PECYPC CCHLIAIOTCS TOIBKO
3aKpbIThIE 110/t 0ObeKTa (B npumepe ¢ dailjioM 3T0 MOXKET O3HAYATh, YTO
JIECKPULITOP OTKPBITOrO (hailjia XPAHUTCs B 3aKPbITOM 110J1e 00bekTa). B city-
4Jae, ecii O0BEKT 0 TeM MJIU WHBIM MPUYHHAM MTPEKPATUT CYIIECTBOBAHUE,
PeCypC TaK W OCTAHETCS 3aXBAYEHHBIM.

Pertuts npobiremy mo3BOISET OMUCAHUE B Kitacce 00bekTa byHKINH-TeCT-
pykTopa. JlecTpyKTop — 3TO METO/I KJIACCA, BBI30B KOTOPOIO ABTOMATHYECKU
BCTABJISETCS KOMITUISITOPOM B KOJI B JIIODO# cuTyarum, Korua O0beKT IIpeKpa-
maeT cyiiecreopanne. OyHKIMA-IECTPYKTOP UMEET WM, TPEICTABISAIONICe
€000l UMs OMUCHIBAEMOrO TUTA (KJacCa WM CTPYKTYPbI), K KOTOPOMY CIIe-
penu nobasied 3uak ~ (Tuibaa). Cnucok napamerpos GyHKIMU-IECTPYKTOPa,
BCEra MyCT, T. K. B 3bIKE OTCYTCTBYIOT CPEJICTBA MEPEIAdn MapaMeTpoB Je-
crpykTopy. IIOCKOIbKY AeCTPpYyKTOD UIpaer CHenualbHyI0 POJib U B SBHOM
BH/IE HE BbI3bIBAETCs, TUII BO3BPAIAEMOIO 3HAYEHUS JJIs JIECTPYKTOPA TAKKE
HE YKa3bIBaeTCs (IeCTPYKTOP HUKOT/A He BO3BPAIIACT HUKAKUX 3HAYCHUIR).
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IIponnmiocTpupyem NOHATHE JECTPYKTOPa Ha MpuMepe Kiacca File, nH-
KAICYyJIMPYIOIIEro 1eckpunTop daiisa.

class File {
int fd; // Deckpumrop. -1 osHavaeT, 4To Qaiina HeT
public:
File() { fd = -1; }
// KOHCTpYKTOp yCTaHaBIWBaeT OTCYTCTBHe daiina

bool OpenRO(const char #*name) {
fd = open(name, O0_RDONLY);
return (fd !'= -1);
} // veTon mnTaeTcs OTKpHTHL Qaiim Ha dUTeHUe,
// BO3BpamaeTr true B ciydae ycmexa,
// false B cmydyae Heymauu

//
// ... MeToms paboTH c dailmoM . ..

/] ...

“File() { if(fd!=-1) close(fd); }
// IecTpykTop 3akpuBaeT $ailii, eCim OH OTKPHT

};

HecTpykTop Oymer BbI3BaH B J1I000M cuTyannu, Korga o0bekT Tuna File
MpeKpamaer cymectsoBanne. Hampumep, eciim 00beKT OBLI OMUCAH KaK JIO-
KaJIbHBIA B (DyHKIMHU, TO IpU Bo3BpaTe u3 MyHKIMU (B TOM YUCIE U 10CPOY-
HOM BBI30BE OllepaTopa return) jjist 3T0ro 06beKTa orpaboTaeT 1ecTpyKTop.

Boobie, mpu co3aHum o60beKTa POBHO OJWH pa3 oTpabaTbhIBaeT
KOHCTPYKTOP, IPU YHUUYTOXKEHUN 06 beKTa POBHO OAWH pa3 oTpaba-
THIBAET JI€CTPYKTOP.

§ 2.10. Onepanuu paboThl C JUHAMUYIECKOI
MaMsAThIO

NzBectro, uro a3bik Cu cam 1o cebe He BKIIOYAET CPencTB paboThbl ¢
IUHAMUYIECKON TAMSTHIO; CO3JAHNE W YHUITOKEHWE IUHAMUYIECKUX CTPYK-
TYp JAHHBIX BBIHECEHO B OMOJMOTEKY U MPOU3BOAUTCS OOBIYHO C MOMOIIBIO
dbyukmnumit malloc(), realloc() u free(). B s3wpike Cu++ 0OmHOBpEMEHHO
C BBIJIEJIEHHEM U OCBOOOXKJIEHHEM TAMSTH B HEKOTOPBIX CJIydasiX, a UMEHHO,
DU CO3JAHUH U YAAJIEHUU O0BEKTA THUIIA CTPYKTYPhI MU KJIACCA, UMEIOIIErO
KOHCTPYKTOPbI U/1Jld JIeCTPYKTOPbL, HEOOXOMMO BbILOJIHATh JIOLOJIHUTEI b
HbIE JEHCTBUS, 33JaHHbIE STUMHA KOHCTPYKTOPAMH U JecTpykropamu. Kpo-
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Me TOro, NPU CO3/IAHNN AUHAMWYECKUX 00BEKTOB C MOMOIIBI0 KOHCTPYKTOPA
MHOTO, HEKEJIM KOHCTPYKTOD 10 YMOJTYaHUIO, HEOOX0IMMa BO3MOKHOCTD yKa-
3aHUs MapaMeTpoB KOHCTpykKTopa. @yukmun malloc() u free() mmdero me
3HAIOT O KOHCTPYKTOPAaX, JECTPYKTOPAX U IapaMeTpax, IMOITOMY [Jisi CO3/1a~
HUSI W yJaJieHust O0bEeKTOB OHM HENnpurofHbl. Bojsee toro, wadopmarmei o
KOHCTPYKTOPax M JECTPYKTOpaX 00JIa/aeT TOJHKO KOMIMJISTOD, MOITOMY B
si3pike Cu++ BOOOITE HEBO3MOYKHO BBIHECTH PAOOTy C JMHAMHYECKON rmamsi-
TBIO U3 sI3bIKa B OMOIMOTEKy Oe3 BBeIeHUs JONOTHUTEILHBIX CPeaCTB. ABTOD
sa3bika Cu++ Beépua Crpaycrpyn permus noiitu 60jee nNpocTbiM MyTeM U
BHEC B A3bIK COOTBETCTBYIOIIME CUHTAKCHYECKNE KOHCTPYKIIUU 115 CO3/IaHUS
7 yhajaeHust 00beKTOB.

it co3anvs B AMHAMMYECKON MaMsTH OJUHOYHOrO 00bekTa (mepeMen-
HOIl IPOU3BOJILHOrO Tuna) B a3bike Cu-+-+ MCHOIb3yeTcs onepanys new, ap-
TYMEHTOM KOTOPOI SBJIS€TCS MMsi TUIA cO3aaBaeMoro oonekra. Hanpumep:

int *p;

P = new int;
Ecnu cozgaBaembrit 00bEKT MPUHAJIEIKUT THUITY, AMEIOIIEMY KOHCTPYKTOD, U
BO3HUKAET HEOOXOIMMOCTD TepPeIaTh KOHCTPYKTOPY MapaMerpbl, TO 3TH Ia-
paMeTrphl YKa3bIBAIOTCS B CKOOKAX IIOC/Ie HMEeHH Tuia. Tak, co3manne oObeKkTa
OTNMCAHHOTO paHee Tuma Complex (cM. § 2.1.5) ¢ yKazaHweM IeiCTBUTETHLHON
W MHUMOIT 9acTell MOKET BBITJIAJETh TaK:

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

s ynamenust ucmosb3yercs omneparus delete:
delete p;

s co3manus u yaaieHus TUHAMAYIECKAX MACCHBOB UCIOIb3YIOTCS CIie-
LMAaJIbHbIE 8EKIMOPHble Popmbl onepanmii new u delete, CHHTAKCUYECKH
OTJIMYAIONINECH HAJIMYNEM KBAJPATHBIX CKODOK:

int *p = new int[200]; // maccus mz 200 membx 4ucen
delete [] p; // ymaneHume MaccuBa

Ot HOPMBI OTIIMIAIOTCS TEM, YTO COOTBETCTBYIONIUI KOHCTPYKTOD W Jie-
CTPYKTOP BBI3bIBAIOTCS U1 KAHCA020 IAEMEHMA MACCUBA.

Heobxonumo oT™MeTuTh, 9TO BeKTOpHAs (hOpMa OMEpaINi new He NMEeEeT
CUHTAKCUIECKUX CPEJICTB JIJIs MEPEIAIN MapaMeTpPOB KOHCTPYKTOPAM, TT0ITO-
My JJIsI CO3/IaHMsI MAaCCHBAa 3JIEMEHTOB THIIA KJIACC MM CTPYKTYpPa Heobzodu-
MO HAAUNUE Y IMO20 MUNG KOHCMPYKMOPa no ymosvanuro (cm.§ 2.4).

Baxk#o 3HaTH, 9T0 00BEKTHI B IMHAMUYECKON HAMSITH, CO3IAHHBIE C TIOMO-
I[HI0 BEKTOPHOI (DOPMbI ONEPAIIUU NeW, HEJIb3s YIAJIATh ¢ HOMOIIbIO O0bIY-
Ot hopmbl onmepanyu delete um HAOOOPOT. Jle10 B TOM, 9TO peam3aius
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MEHEKEePa, JUHAMUYECKON TTAMSATH BIIPABE BBIAEISITH MaMSTH MO, OOBIIHBIE
MEPEMEHHBbIE W IO/, MACCUBBI M3 PA3HBIX 00JIaCTell NUHAMUYIECKON MaMsTH,
HUMEIOIINX, BO3MOXKHO, PA3JIMYHYIO OPIrAaHU3AIMIO CJIYKEOHBIX CTPYKTYD JIaH-
HBIX.

Takzke He cieayer yaandaTb ¢ MOMOIIBI0 delete OOBEKTHI, CO3JAHHBIE
dyuknmeit malloc(), u HAOOOPOT, HE CIAEAYET YIAJISATH OOEKTHI, CO3IAHHBIE
omeparusgmMu new, ¢ nmomonbio free(). Bee 310 MOxker mpuBecTH K HEMpeI-
CKA3yEeMbIM IOCJIEICTBHUSIM.

§ 2.11. KoHCTPYKTOpP KONMPOBAHUS

Paccmorpnm ciemyromnyio cutyarnmio. B peamm3annm HEKOTOPOro Kjacca
(nazosem ero Clsl) mam moTpebOBAJICA TUHAMUYIECKUI MACCUB, KOTOPBIH MbI
CO3/J@€M B TeJIeé KOHCTPYKTOPa KJacCa; €CTECTBEHHO, B JIECTPYKTOD CJeLyeT
IIOMECTHUTDb OIlePaTOp AJjd YHHYTOXKEHHUd 3TOrO MaCCUBA.

class Clsl {
int *p;

public:
Cls1() { p = new int[20]; }
“Cls1() { delete [1 p; }
/...

s

Tenepb TPEANONOKUM, YTO KTO-TO CO3JAET B MPOrpaMMe KOMHUIO 00beKTa
kimacca Clsl. Takoe moxkeT mMpOW30HTH, HAIPUMEDP, €CAU O0BEKT OKAYKEeTCs
[epesIal No 3HA%eHU B KadecTse mapamerpa gyuknuu. Hanpumep:

void £(Clsl x) {

/] ...

}

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

}

IIpoananu3upyeMm MTPOUCXOISAIIEE CO CTPYKTYPAMHU JAHHBIX TPHU BHI30BE
dbyuknun £ (). JlokanpHas mepeMenHas x SBJseTcs Konueit 0obekTa c. Konus
JIFOO0T0 0OBEKTA JAHHBIX CO3JAETCS IMyTeM OOBITHOTO TOOMTOBOIO KOIMMPOBA-
HUs, eciu He ykazarb uHoro. CiieoBaTebHO, IPU KOMMPOBAHUU O0BEKTA
KJjacca Clsl CKONUPOBAH OKAXKeTCd Yyka3ameab HA JUHAMUYECKUNA MaCCUsb;
WHAYE TOBOPS, ¥ HAC TOSABATCH IBA 00BEKTA, MCIOIL3YIOIINE OIUH U TOT YKe
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9K3EeMILISIP IMHAMWYECKOTO MaCCHBA: OPUTUHAI 0OBHEKTa C M €ro JOKaJIbHas
xomns x. Bo3HuKImas cuTyanusa nokas3aHa Ha puc. 2.1.

FX

o

Puc. 2.1. Cxema cTpyKTypBhI JTAHHBIX T10CJIE€ TOOMTOBOTO KOIMPOBAHUS 00bEK-
Ta

Jaxke ecinu takoe pasjiesieHue He [IPUBEIET K HEMEJIEHHBIM OMnOKaM
(manpumep, dysknusg £() MOXKET MU3MEHUTH OOBEKT X, YTO OTPA3UTCA HA
BHYTDPEHHEM COCTOSHHUU OOBEKTA C, 9€r0 Mbl MOIJIM U HE OXKHUJIATH), B JIIOOOM
caydae npu Bbixoze u3 (yukuuu f () orpaboraer nectpykTop (mJist oobekTa
X), KOTODbIl YHUYTOXKUT JMHAMUYECKHUI MACCHUB, B PE3YJIbTATe Y€ro OObEKT C
OKas>KeTCsi B 3aBEJOMO OMIMOOYHOM COCTOSIHUU, IIOCKOJIBKY OyJeT COIePKaTh
yKa3aTe/lh HA YHUYTOYKEHHBIH MacCWB. K BO3HMKHOBEHWIO OIMMOKU TEmnephb
npuBemer J0boe AeiicTBrHe ¢ 00BEKTOM C, €CJIM YK€ HUKAKWX JeHCTBHH He
OPEIPUHUMATE, TO OIUOKA BO3HUKHET NPU YHUUTOXKEHUU OObeKTa (KOrma
JIECTPYKTOP HOIbITAETCS BHOBb YHUYTOXKUTDH YK€ YHUYTOKEHHbINH MaCCUB).

OueBuHO, 9TO MOOUTOBOE KOIUPOBAHKE HAC HE YCTPAUBAET U HEOOXOIUMO
MMPOMHCTPYKTHPOBATH KOMITUJISITOP O TOM, KAKUM MMEHHO CITOCODOM MOYKHO
KOPPEKTHO CKOMUPOBAThH 00beKkT Kiaacca Clsl. B a3wike Cu++ maa Takmx
CJIy4aeB INPeNyCMOTPEH CIEeNUAJIbHBIA Caydail KOHCTPYKTOPA, HAa3bIBAECMBbIN
KOHCMPYKMOPOM KONUPOBAHUS.

Koncrpykrop KonupoBanusi — 3T0 KOHCTPYKTOP, UMEIONIHII POBHO OIWH
mapaMerp, IpUYeM THUII 3TOrO MapaMerpa IPeJCTaBjser cOOOl CChUIKY HA
00bEKT JAHHOTO (OMUCHIBAEMOro) Kiacca. QOObIYHO CChLIKA GEPeTCcs KOHCTAHT-
Hasg. KOHCTPYKTOp KOMMPOBAHUS MPEICTABJISAET COOON MHCTPYKIINIO KOMITH-
JISITOPY OTHOCHUTEJIHbHO TOrO, KaK CKONUpo6ams O0bEKT JAHHOTO TUIA, HJIH,
WHAa4Ye TOBOPs, KAK CO37aTh OOBEKT JAHHOTO THUIIA, Y2KE UMes OJIUH TaKOi
o6bekT. CHabAMM KOHCTPYKTOPOM KONUPOBaHHS Hall Kiaace Clsl:

class Clsil {
int *p;
public:
Cls1() { p = new int[20]; }
Clsi(const Clsi& a) {
p = new int[20];
for(int i=0; i<20; i++) pli] = a.plil;
}
“Cls1() { delete [] p; }
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//
};

Tenepp curyarusa npu Bei3ose pyukmuu £ () Oyaer BBINVISIETh TaK, KaK IIO-
Ka3aHo Ha puc. 2.2.

b 1

Puc. 2.2. Cxema cTpyKTYypbI JAHHBIX MOCTE TPUMEHEHHS KOHCTPYKTOPA KO-
[IUPOBAHULA

§ 2.12. 3HaveHNd MapaMeTpPOB MO YMOJIIaHUIO

§ 2.12.1. ITapamerpsbl PYyHKIUI CO 3HAYEHUAMH II0
YMOJTIAHUTO

Azpik Cu++ nossossier upu o0bsBjaeHur GyHkuuu (T.€. B TOM MecTe
eIMHUIIBI TPAHCJIANMN, TIe BIepBble DUTYPUPYET MTPOTOTHUI (DYHKIINH) yKa-
3aTh JJIs HEKOTOPBIX MJIM BCEX €€ MapaMeTPOB 3HAUEHUS TL0 YMOALAHUIO,
B PE3yJIbTaTE 4Yero MpW BbI30BE (DYHKIMH MOXKHO OyIeT yKa3aTb MEHbBIIee
KOJIMYIeCTBO apaMerpos. HepocTarormume napaMerpbl KOMITHISTOD TOJICTABAT
cam. Hampumep, onuiem cieayronryo OyHKITAIO:

void f(int a = 3, const char *b = "string", int c = 5);
Temepb BO3MOXKHBI TAKNE BHI3OBBI:

f(5, "name", 10);

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

Ha 3navenus mo yMOTIaHWIO HAKJIAIBIBAIOTCS OMPEIEIEHHBIE OrPAHUIECHUS .
Bo-nepsbix, BoIpaxkeHue, 3a/1ai0lee 3HaYeHNe [10 yMOJIYaHHUIO, [TOJ2KHO ObIThH
KOHCTAHTHBIM, T.€. TAKUM, KOTOPOE MOKeT ObITb BLIYMCJIEHO Ha 3Tale KOM-
nuisarmuu. Tak, ciieayonpe OnIuCAHNs OO0 IHbI:

int a;
//...
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void f(int b = a); // a - mepeMennas
void f(int b = a+b); // 3HadueHme a+b 3aBUCHUT OT IEpEMEHHOR
void f(int b = strlen(s));

// BhHpaxeHmWe comepxuT BH30B ¢pyHKmmu strlen()

B 10 ke Bpems, ciemyioinue ONUCaAHUS IOJTHOCTHIO KOPPEKTHBI:

const int a = 15;
//...

void f(int b
void f(int b
void f(int b
void f(int b

a); // a - KOHcTaHTa
at+b);

37%(1024+2)) ;

sizeof (int));

Bo-Bropbix, aj1s GyHKIUM MOXKET OBITH 331aH0 3HAUEHUE 110 YMOTIAHUIO
JIIO0OT0 KOJIMYIECTBA €€ MapaMeTrpoB, HO TPHU TOM 6CE NAPAMEMPLL PyYHK-
yuu, caedyouLue 6 Cnucke NAPaAMempos 36 NEPEbIM, UMEIOULUM 3HAYERUE TLO
YMOMAHUN, JOANCHDL MAKICE UMEMD 3HAYEHUE NO Ymorvanuro. Hampumep,
CIIeIyIOIIe OMUCAHUS KOPPEKTHBI:

void f(int a = 0, int b = 10, int ¢ = 20);
void f(int a, int b = 10, int c = 20);
void f(int a, int b, int c = 20);

a clemyomue — HEKOPPEKTHBI:

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 W C ODOMXHH WMeTb yMoNdaHWE, T.K. ero WMeeT a

void f(int a, int b = 10, int c);
// ¢ DOnXeH WMeTh yMoNdYaHWe, T.K. €ro uUMeeT b

910 OrpaHUYEHUE BBEJIEHO B SI3BIK, 9TOOBI YIIPOCTUTH KOMIUIATOPY MOUCK
noxosrieit ¢pyunkuu. Ecau npu BeI30Be yKa3aHo 1 (PaKTHIECKUX [TaPAMET-
POB, KOMTIHJISITOP COTIOCTABJISIET WX C N Nepsvimu GOPMATHHBIMHU TTApaMeTpa-
vu dyukiuu. Tak, eciu 3a1ana QYHKITSA

int f(int a, const char *str = "name", int *p = 0);
TO caemyionuit pparmMenT OyaeT omuboYeH:

int x;
£(5, &x);

MMOCKOJIbKY (paKTHIECKHUil mapaMerp &X HMeeT THUII int *, a COMOCTaBJIEH
o Oyzer cTporo co BTOpbIM mapamerpoMm ¢yHkiuu f, KOTOPbI MMeeT THIl
const char *.
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§2.12.2. Emé pa3 o Bugax KOHCTPYKTOPOB

B §§ 24, 2.5 w 2.11 MBI pacCMaTPpUBAJINA KOHCTPYKTOPHI CIEITHATHHOTO
BHJIa, TOBOPSI, YTO:

® KOHCTPYKTOp 0€3 mapaMerpoB BOCIPUHUMAETCS KOMITHIATOPOM KakK
KOHCMPYKMOP TO YMOALAHUIO;

® KOHCTPYKTOP C OJTHUM TIapaMeTpPOM, UMEIOIINM THUTI, OTJIMIHBIA OT OITH-
CHIBAEMOT'0, BOCIIPHHUMAETCST KOMITAJIITOPOM KaK KOHCMPYKIMOP Npeob-
PA306AHUR;

® KOHCTPYKTOD C OJTHUM MapaMeTPOM, UMEIONTUM THUT «CCHLIKA HA OMUCHI-
BaeMBbIil KJIACC WU CTPYKTYPY», BOCIPHHUMAETCA KOMIUJIATOPOM KakK
KOHCMPYKMOP KONUPOBAGHUA.

VauTbiBasg BO3MOXKHOCTD 33/IaHUs 3HAYEHU I TAPAMETPOB M0 YMOTYAHUIO,
cJleyeT rOBOPUTH, YTO KOMIIUIATOD BOCIPUMET KAK KOHCTPYKTOD CIelHaJIb-
HOI'O BUJIA TAKOH KOHCTPYKTOP, KOTODBII donyckaem e2o 6b1306 C COOTBET-
CTBYIOIINM KOJMYECTBOM W THUTIOM TapaMmeTpoB. Tak, HampuMep, MbI MOTJIH
Ob1 B Kytacce Complex OMUCATH BCErO OJWH KOHCTPYKTOP, KOTOPBIi ObI CJIy-
KWJI U KOHCTPYKTOPOM TI0 YMOJIYAHWIO, M KOHCTPYKTOPOM IIPE0Opa30BaHus,
1 OOBIYHBIM KOHCTPYKTOPOM OT JBYX apryMEHTOB:

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

B camom meme, Takoit KOHCTPYKTOP MOKeT OBITH BBI3BAH W 0€3 MapamMeTrpoB
(To ecTh Kak KOHCTPYKTOP [O YMOJIYAHMIO), U C OJHHMM [APAMETPOM THIIA
float (10 ecTb KaAK KOHCTPYKTOP LpeobpaszoBanus u3 tuua float).

§ 2.13. HegaBHBIe KOHCTPYKTOPBI

Eciu onucarp B nporpamme Ha Cu—++ CTpYyKTYpy WM JIazKe KJiacc, He CO-
JepxKatuit (1o Kpaiineil Mepe Ha mepBblii B3UIsi/l) HUKAKUX KOHCTPYKTOPOB,
TO MEPEMEHHYI0 TAKOIO THUIA BCE YK€ OKAXKETCsl BO3MOXKHBIM CO3/aTh. JTO
BIIOJIHE [OHATHO € HO3UIMI 3/[PABOrO CMbIC/IA: BeJb CTPYKTYpbl B Cu++ 4ga-
CTO UCTOJb3YIOTCS B MX MUCXOAHON posu, mpwuiie el u3 s3pika Cu, T0o ecTh B
Ka4uecTBe OOBIYHON CTPYKTYPbI JAHHBIX, 0€30 BCAKUX METOI0B. Mex Iy Tem,
cemanTuKa s3bika Cu++ mogapasyMeBaer, 9T0 KaxKIblil IK3EMILISIP CTPYKTY-
Dbl WM KJIACCa SBJISETCHS OOBEKTOM, a /I KaXK/I0ro OObeKTa IMPU ero co-
3/IAHUH BbI3bIBAETCH KOHCTPYKTOD. BO3HUMKAIOIIEe HPOTHUBOPEYrEe PEIIaeTcs
BBEJICHUEM TIOHATUSA HEABHO020 KOHCMPYKMOPA.

HesBHblit KOHCTPYKTOP — 9TO KOHCTPYKTOP, KOTOPbI €HEPUPYETCs KOM-
NUJIATOPOM ABTOMATHYECKN, HECMOTPSA HA OTCYTCTBHE COOTBETCTBYIOIIETO
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KOHCTPYKTOpA B KOJI€, OMHUCHIBAIOIIEM KJIACC Wi CTPYKTypy. Kommuasrop
Cu-++ HesBHO TEHEPUPYET TOJBKO JIBA, BUIA KOHCTPYKTOPOB: KOHCTPYKTOPbI
O yMOJIYaHUIO (TO eCTh KOHCTPYKTOPBI 6€3 MapaMerpoB) U KOHCTPYKTODPbI
konupoBanud. IIpu 3T0M KOHCTPYKTOP KONMMpOBaHUS HEABHO I'e€HEpU-
pyercs aJs Jr000ro Kjacca WM CTPYKTYPbl, B KOTOPBIX Mporpam-
MHCT He OIMCAJI KOHCTPYKTOP KOIMPOBAHUS SBHO, TO €CTh MTOJIyYaeT-
Csl, 9TO KOHCTPYKTOP KONMPOBAHUs HA CAMOM JI€JI€ IPUCYTCTBYET (SBHO WU
HesIBHO) BOOOIIE B J1I060M KJiacce uin cTpyKrype. HegBHbI KOHCTPYKTOD KO-
[MPOBAHUS MPOU3BOINT KOIMPOBaHUE HANOOIEee OYEBUIHBIM CIIOCOOOM: TIOJIs,
KOTOPBIE CAaMU UMEIOT KOHCTPYKTOPBI KOIMPOBAHUS, KOIIMPYIOTCs C [IOMOIIHIO
9TUX KOHCTPYKTOPOB, MPOYHE MOJIsT — MOOUTOBBIM KOMTUPOBAHUEM.

C KOHCTPYKTOPOM I10 YMOJYAHUFO CUTYAIUS IyTh CJIOYKHEE: OH TeHe-
pUpyeTrcsi HeSBHO, €CJIH IIPOTPAMMUCT HE OIHNCAJI B CTPYKType Wi
KJiacce BOOOIIe HU OJHOro KOHCTpyKTopa. Eciin B Kjacce uan CTpyKTy-
pe SIBHO OIIUCATDb XOTst Obl OIMH KOHCTPYKTOD (J11060i1), KOMIUIATOD HE Oyner
TEeHEePUPOBATH HEABHbBI KOHCTPYKTOP II0 YMOJIYAHUIO, TOCKOJIBKY COYTET, YTO
[IPOrPAMMHUCT B35 3200Ty O KOHCTPYUPOBAaHUU B CBOM PyKu. VIMeHHO 1103T0O-
My B MPUMEPAX, KOTOPbIE PACCMATPUBAJINCH B § 2.1.3, MBI MOTJIX OMUCHIBATH
mepeMeHHbIe TUTA str_complex 663 BCAKUX MapPaMETPOB, TOKA, HE BBEJIU MEP-
BBIIl KOHCTPYKTOD, MOCJI€ Yero BO3MOXKHOCTH OIMUCAHUS TEPEMEHHBIX ITOTO
Tuna 6e3 yKasaHus nmapaMerpoB HaMu ObLIa yTpadeHa JI0 TeX 0P, MOKa MbI
(y2Kke camu, sIBHO) HE OILIPEJEJIMIIU KOHCTPYKTOD 110 YMOJIYAHUIO.

Crenaewm emié onHo BaykHOe 3amedanue. I10CKOIbKY KOHCTPYKTOD KOITH-
poBanusi MOXKET ObITh Cr€HEePUPOBAH HESBHO, OTCYTCTBHUE SIBHO OIMCAHHOI'O
KOHCTPYKTOpA KOMUPOBAHWS HE O3HAYAET HEBO3MOXKHOCTU CO3IAHUS KOTIWH
obbekTa. CyIiecTByer, 0JHAKO, CIIOCOD 3alpeTuTh KOIMPOBaHNE 00'bek-
TOB HEKOTOPOTO KJIAcca: Jjis 3TOr0 JOCTATOYHO ONMCATh KOHCTPYKTOP
KOMMUPOBAHMS sIBHO, HO C/I€JIATh 3TO B IIPUBATHOM YacTh KJjacca. Takoii
npruéM 4acTo MPUMEHHAIOT I KJIACCOB, OObEKThI KOTOPBIX IO CMBICIIY KOIIHU-
pPOBATHCS HE MOJIKHBI, YTOOBI UCKJIIOYNTH CJIyUANHBIE OIMMUOKU, CBI3aHHBIE,
HAIPUMED, C Tepeaadeil ux Mo 3HAYEHUI0. JICHO, 9TO OOBEKT, Jisi KOTOPOTO
KONMUPOBAHUE 3AIMPEINEHO, HE MOXKET ObITH HU MEPEIAH M0 3HAYEHUIO B (PyHK-
A0, HU BO3BPAIIEH W3 (PYHKIUU; ITO HE UCKIIOYAET, PA3yMEeTCs, Imepeia-
49U [0 CChUIKe. 3aberas BHEpE, OTMETHM, 9TO AHAJOTUYHBIA MPUEM MOMKHO
PUMEHUTH U JIJIs1 3AIPEIIEHNs] IPUCBAaMBaHus 0ObekToB (MMeHHO, yOparh B
IPUBATHYIO Y4aCTh COOTBETCTBYIOIIYIO (DOPMY OMEepaTopa MpUCBANBAHUSL).

§ 2.14. OnucaHue Tejia METO/Ia BHE KJacca.
PackppiTue objactn BMUANMOCTHU

o cux nop Bce OnuChbIBaeMble HAMHU METOIbI COCTOAIN U3 OJHOM-IIBYX
CTPOK Koma. KoHewdHo, Tak MOJydaeTcs JAJEKO He BCETna, a pa3Mep Tesa
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MeTO/1a, BOOOIIE TOBOpsi, HE OTPAHMYEH, KAaK HE OTPAHWYECH W pa3Mep Teja
OOBIIHON (PYHKIHH® .

Bwmecre ¢ Tem, onncaHme Kacca Ipyu HAJTUYUH B HEM HECKOJIBKUX METOI0B
3HAYUTEIHHOrO 00BbEMA MOXKeT CTarh (B CUJLy CBOUX Pa3MepPOB) COBEPIIEHHO
HEJOCTYIIHBIM JIJis [IOHUMaHKs. Boo0Iie roBops, 4alie BCero nporpaMMHUCThL
YUTAIOT OMMMCAHUS KJIACCOB, YTOOBI y3HATH, KAK C COOTBETCTBYIOIIUM KJIACCOM
paborarhb. fICHO, YTO [JIf STOr0 HEOOXOAMM CIUCOK (IMyOJUUHBIX) METOIOB.
IToka ommcanue K1acca yMeIaeTcs Ha, OJHOM CTPAHUIE, CIUCOK ero METOIO0B
MOXKHO OXBATUTH ONHHUM B3LJISIOM; €CJIH YK€ B KJIACCE OIMUCAHBI IPOMO3IKHE
METO/bI, /IJI O3HAKOMJIEHUSI C 3ar0JI0BKAMHU METO0B MOXKET IOTPebOBATHCS
JIOJIIOE LIEPEIUCThIBAHIE KOLA TYJa ¥ O0OpParHO, HPUYEM B IIPOLECCE IIOUCKA
3aroJIOBKa OJTHOTO METO/Ia MPOrPAMMUCT MOYKET YCIeTh 3a0bITh MPO IPYrHue,
TaK 9TO M3YyUEHUE KJIACCA CTAHOBUTCSH 3AHATHEM JIOJTUM W yTOMUTEIbHBIM.

Ecrtb u emnié onna mpobieMa ¢ TeJaMu METOJIOB, KOTOpasi BO3HUKAET Nph
HAMMACAHUU MHOTOMOJYIHHBIX Tporpamm. B sa3bike Cu MBI MOMEIATH OITH-
CaHWs CTPYKTYP, HeOOXOommmbie Oosiee 9eM B OJHOM MOJYJIe, B 3arojoBOdU-
wbie daiibl. B Cu++ ¢ kinaccamu U CTPYKTYpPaAMy CHTYAalldsi COBEPIIEH-
HO TakKasd »Ke: eCJIM Mbl XOTHUM MCHOJIb30BATh HEKOTOPBINA KJIACC WU CTPYK-
Typy B HECKOJIBKUX MOJYJIAX, CJIeAyeT NOMECTATh ONNCAHWE ITOTO KJacca
WA CTPYKTYPBI B 3ar0JIOBOYHBIN (DAl U BKIIOYATH ITOT (Bail AUPEKTUBOM
#include "..." BO BCe Hy2KHbI€ MO/IYJIN.

Eciu mpu 3mOM KJ1ace Wim CTPYKTypa COAEP:KUT Tela METOMIOB, T Oy1er
03HAYATh, YTO KOJ, COCTABJSIONMAN MX Teja, OKAXKeTCsl OTKOMIIMJIMPOBAH B
KaXkJIoM u3 Mofyseit. Ecam taknux Momysmeii MHOTO, B HTOTOBOM WCITOJTHSI-
emMoM aiie OKayKeTcss 3HAUYNTETHHOE KOJMIECTBO AyOJUPYEeMOro KOa: Me-
TOZBI HAIIErO KJjacca (OQUH M TOT Ke KoA!) OyAyT IpPUCYTCTBOBATH B TAKOM
KOJTUYIECTBE KOIHi, CKOTBKO MOJYJIEHl HCIOIB3YIOT HAI KJIACC.

O6e 1pobiieMbl (IPOMO3IKOCTb OIUCAHUSA KJacca u aybiaupoBaHue 00b-
EKTHOI'O KOJa METOJOB) DEIIAITCH BbIHECEHMEM TeJl METOJOB 3a LIPEIeJibl
onucaHus Kaacca (HA3BIBAEMOTO TAKKE 3420408K0M Kaacca). [lpu s3Tom
B 3aroJIOBKe KJacCa OCTABJISIETCST TOJBKO TPOTOTHI (3arosioBOK) (DyHKIMH-
METO/a, TO €CTh THI BO3BPAIAEMOrO 3HAYEHWs, UM METO/a, CIHCOK (Hop-
MAaJIbHbIX MAapaMerpoB u (BO3MOXKHO) MOAudUKATOP const, MOCJE Y4ero BMe-
CTO TeJla METO/Ia CTABUTCS TOYKA C 3AlATON, KAK M [OCJIE OOBIYHOIO IPOTO-
tuna QyHKIAA.

89T0, BIPOYEM, HE 03HAYAET, YTO HAMUCAHUE IPOMO3IKUX (DYHKIUH B 9€M-TO IPABUIIB-
HO. UeM (DyHKIMS IJIMHHEE, TEM TPyJAHEE CTOPOHHEMY IPOTPAMMHUCTY MOHATH, YTO OHA Je-
saer. MHOrme IporpaMMHUCTBL IPHUACPXKUBAIOTCS TOUKY 3DEHUs, ITO BCE OommcaHue Jroboit
dyuKIn (TEJI0 BMECTE ¢ 3aroJIOBKOM) JOJ2KHO YKJIAABIBATLCA B 25 CTPOK WK B KpaifiHeM
ciy4dae ObITh 4y Th-4yTh Ooiblie. Takyo (QyHKIMIO MOXKHO OXBATUTH OJHUM B3I 10M. Kc-
s Kox, (DYHKIUH pasdyx W CTaj ropasno OoJbile, U3 HEE CileLyeT BBIJEIUTH JIOTHIECKUE
4aCTH ¥ OPOPMUTH UX B BHUJAE OTAEIbHBIX (DYHKIMH, TO eCTh pa30uTh OAHYy (DYHKIIUIO HA
HECKOJIbKO. BCE 3TO crpaBeanBO U [Jisi METOIOB.
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Teno GyHKIMH-METOIA ITPU ITOM OIHUCHIBAETCS B IPYTOM MeCTe, 3a Ipeje-
JIaM¥ 3aroJIOBKa KJIacca, BO3MOXKHO JaxKe, 9To B aApyroM daiije (daiie Bcero
9TO IIPOMCXOJIUT, €CJIH 3ar0JIOBOK KJIACCA BbIHECEH B 3ar0JI0OBOYHbIN dail; Te-
Jla METO/IOB 1IPY 3TOM OLIKMCHIBAIOTCH B (hailjie peasusaliuy COOTBETCTBYIOIIEro
MOJLYJI5).

IIpn onmcannu HyHKIMU-METONA 3a TTpeJesaMy 3aroJIOBKa KJiacca Heoo-
XO/IMMO yKa3aTh KOMIIUJISITOPY, YTO PeYb MJIET MMEHHO O METOJI€e OIPe/IeIeH-
HOTO KJIaCCa, a He O MPOCTON (QYHKIUH. DTO AETALTCS C TIOMOIIBIO CUMBONA
packpwvimusa obaacmu sudumocmu, B ponu KoToporo B Cu++ BeICTymaer
J1BA JBOETo4ust :: (MHOJA POrPAMMUCTBL HA3ZBIBAIOT HTOT CUMBOJI «4€TBE-
porouuem» ). Hanpumep, ecim Mbl onmuchiBaeM Hekuil Kjiacc C1 u B HEM eCTh
KOHCTPYKTOpP TI0 yMoyidaHuio u Hekoropble MeTozsl £() u g(), BhIHeceHne
OIIMCAHUS METOJIOB 3a IPeJIesibl KJIACCa MOXKET BBIIVISIETh TaK:

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

s
/o]
C1::C1Q)
{
// Temo RoOHCTpyKTOpa
}
void Cl::f(int a, int b)
{
// Teno Metroma f
}
int Cl::g(const char *str) const
{
// Temo mMeroma g
}

CMBICHT «pacKpbITHs 00/IACTH BUANMOCTHAY MOYKHO TOSICHUTD CJIETYIOIIHM
obpazom. mena moseii © METOIOB JIOKAJIU30BAHBI B KJIACCE B TOM CMBICIIE,
4T0, eCJId B KJlacce eCTb MeTO/] ¢ uMeHeM f, TO BHe Kjiacca Mbl MOXKEM UCIOJIb-
3oBarb uaentudukarop £ s npyrux neseit, subo BOBCe HE UCIOJIL30BATDH
€ro; TosIBJIEHNE MAEHTUGUKATOPA T BHE KJIACCA HE UMEET HUKAKOTO OTHOIIE-
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uust K meroay (), omucannomy B Kjacce. Bmecre ¢ TeM, B HEKOTOPBIX CJIY-
Jasgx uMs MeTofa f BCE Ke MOSBIIETCH BHE KJIACCA MMEHHO KaK MMS 9TOTO
MEeTO/Ia — HaIpUMep, IIPHU BLI30BE ero st 00beKTa Kiracca. Takum obpa3oM, B
OTJIMYHE OT, HAIIPUMED, JIOKAJIHHBIX IEPEMEHHBIX B (DYHKINAX, IMEHA, YJICHOB
KJlaCCa JOCTYITHBI BHE KJIaCCa (KOHe‘-IHO, €CJIM OHU HE 3aKPbIThl MEXaHU3MOM
3alUTHI), HO TOJIBKO €CJIU UMEIOTCH YKA3aHUsl HA TO, 9TO TPEOyerca uMs u3
KJIACCa; TIPY BBI30BE METOJA I OOBEKTa TAKUM YKA3AHUEM CUYUTAETCS THII
00beKTa.

ToBopsT 1mo3TOMYy, 4T0 Kilace (Wi CTPYKTYpa) LpeicTraBisger coboit 0b-
aacms eudumocmu. B obactu BUIMMOCTH UMEIOTCS CBOM UMEHA, HE KOH-
GbAUKTYIOIME ¢ UMEHAMU BHE €€ JaXKe MPU COBIAICHUN UIEHTH(OUKATOPOB.
Bwmecre ¢ Tem, nMmena, JJOKAIM30BAHHBIE B 00JIACTA BUIUMOCTH, OT ITOTO HE
CTAHOBSATCsI, BOOOIIE TOBOPS, HEJOCTYITHBI; OHU JOCTYITHBI, HO TOJBKO IIPHU Ha-
JIMYUY yKazaHuii #Ha obsacth BuauMoctu. CUMBOJ PACKPBITHST 00JIACTH BUH-
MOCTH KaK Pa3 U sBJIAETCH CPEJACTBOM [Jisd TaKuX yKasauumit. MoxxHo cka3arb
U TaK, 9TO OJWH W TOT YK€ METOJ, UMeeT BHyTpH Kjacca Cl (To ecTh B Tesax
ero MeTosioB) uMs f, a BHe Kjacca — umsg Cl::f.

OtmeTnM, 9TO CUMBOJI PACKPBITHS O0JIACTH BUIUMOCTU TPUMEHSIETCS HE
TOJILKO JIjIsl OMIMCAHUS METOJOB BHE 3arojioBKa Kyiacca. C ApyrumMu cirydasmu
€ro IPUMEHEHHUS Mbl CTOJIKHEMCS TIO32KE.

§ 2.15. Nunmajm3anmus 4JI€eHOB KJIacca B
KOHCTPYKTOPE

Jlo cux mop MBI 33JaBaJIN 3HAUEHHS MOJel 00BHEKTa C IMOMOIIBI0 OOBIU-
HOT'O OIE€paTopa IIPHCBAUBAHUA B Tejle KOHCTPYKTOopa. Takoil crocod MoxKer
OKa3aTbCA HEIIPpUEMJIEMbIM; ﬂeﬁCTBHTeﬂbHO, HUKTO HE MellaeT 06'])5{BI/IT]> B
KJlacce 110Jie, UMEIOIee, B CBOI0 OY€PE/ib, THUIl KJIACC, IPUYEM HE MMEIOIIUit
KOHCTPYKTOpPA MO YMOJTYAHUIO.

Paccmorpum a1y curyaruio nogpobuee. Ilycts A — kj1ace, € IMHCTBEHHBIIH
KOHCTPYKTOP KOTOPOro TpeOyeT Ha BXOJ, /IBa MapaMeTpa THma int:

class A {
/]

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

s

Onwumiem Teneps kyace B, B Koropom ecth nosie Trna A. JIns mpocToTs! Kap-
THHBI OyJIEM CYUTATH, 9TO B KJAcCe B HAM HY?KEH TOJIbKO KOHCTPYKTOD IIO
YMOIHAHHIO (18 APYrUX KOHCTPYKTOPOB cuTyauus Oyaer aGCOIIOTHO aHa-
JIOTHYHA):
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class B {
A a;

public:
BQO);
/] ...

Paccmorpum Tenepn Tesio koncrpykropa B(). B uém (10 ecth BO Bpemsi ero
paboThl) y¥Ke JOCTYNHO 10JI€ &, a JJIsi ITOr0, KK Mbl 3HAEM, JOJIKEH ObLI
oTpaborarh KOHCTPYKTOP Kjaacca A. Ho Beap eIWHCTBEHHBIH KOHCTPYKTOD
kjacca A Tpebyer mapamerpos! Kax ke ux emy nepenarh?

Yrobbl permuTh BO3HUKINYIO mpobiemy, B Cu+-+ BBEOEH CIEIMAIbHbBIN
CHHTAKCUC [T UHUUUAAU3AUUYU Noaelt obsexma. Ilpu ommcannn KOH-
CTPYKTOpA MEXK/y €ro 3aroJIOBKOM U HavasoM Teja (OTKpbiBatomei duryp-
HOI CKOOKOI) MOXKHO [OCTABUTh JIBOETOUME, IIOCIE KOTOPOIrO Yepe3 3alsdTyIo
[EPEYUCIUTD BBI30BbI KOHCTPYKTOPOB [1jIsi HEKOTOPBIX WJIHM BCEX IOJIei Kiac-
ca. B paccmarpuBaeMoM TIpUMepe BBITJIAIETH 3TO OYIET Tak:

B::B() : a(2, 3) { /*...x/ }

Takum 00pa3zoM Mbl yKa3blBaeM KOMIIHJIATODY, 9TO IIOJI€ a CJIeAyeT WHUIHU-
aM3UpPOBaTh (CKOHCTPYWPOBATH) € MOMOIIBIO KOHCTPYKTOPA OT JABYX Mapa-
merpoB (2 u 3). OOHApyKUB TAKOH KOJ, KOMIIUJIATOP BCTABUT BLI3OB CO-
OTBETCTBYIOIIEr0 KOHCTPYKTOPA KJIACCa A HEMOCPEICTBEHHO B HAYAJIEC TEJIA
KOHCTPYKTOpa B.

OrmernM, 9TO TaK MOXKHO WHUIMAIN3UPOBATDH JIIOOBIE TIOJIs, 8 HE TOJIHKO
moJist TWna Kjacc. B wacraocTu, ayis Harmrero tumna Complex KOHCTPYKTOPBI
MODJTH ObI BBINJISIETh U TAaK:

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) {}
/]

CrenaeMm emg ogHO BaxKHOe 3aMedanue. MHunuam3aTopbl HoJeil 102KHbI
CJIe10BaTh B CIUCKE (1I0CJIe [BOETOYMsI) B TOM K€ HOPsKe, B KOTOPOM COOT-
BETCTYIOIIHE [IOJIs OMMMCAHDI B KJtacce. MHoe, popMaibHO rOBOPSI, HE SIBJISETCS
OMIMOKO, HO XOPOIIHil KOMIUIATODP 0053aTEILHO BBIIACT MPEIYTPEKICHIUE.
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§ 2.16. Onucanue CMMBOJIOB ONEPAINil BHE
KJjIacca

B kiacce Complex MbI meperpyzkajii CHMBOJIBI apU(pMeTHIecKux ornepa-
nuit B Buae PyHKIUH-MeTo10B. Biraromaps HAIMYIUIO B KJTacce KOHCTPYKTOPA
Mpeobpa30BaHUs BO3MOKHO, HATIPUMED, TPUOABUTH K KOMIIJIEKCHOMY 9HCITY
JefiCTBUTEIHHOE:

Complex z, t;
/...
z =1t + 0.5;

(ipu >ToM KoHCTaHTa 0.5 Gyaer npeobpasoBana K 00bekTy Complex € 11OMO-
LIbI0 KOHCTPYKTOPa LpeobpasoBanust). B 1o xe Bpems, cieyiomas onepaus
OKaYKeTCsI ONMTHOOTHOM!:

z=0.5+t; // ounbka!

Ileqo TyT B TOM, YTO METOJ operator+ MOXKeT ObITh BBI3BAH TOJIBKO It
o0bekTa kjacca Complex, a koncranTa 0.5 TakOBbIM HE dBjsieTcs. B oriu-
qre OT apryMeHTOB (DyHKIHI, 00bEKTHI, I KOTOPHIX BHI3HIBAIOTCS METOIbI,
KOMITIJIATOP HE mpeobpasyer.

9Ty mpobIeMy Tak:Ke MOYKHO PeruTh. /esl0 B TOM, 9TO OMepaIn CIo-
KEHUS JIBYX KOMTIJIEKCHBIX IUCEST MOYKHO TPEJACTABUTDH HE TOJHKO KaK METOJ
CaMOro KOMIIJIEKCHOTO YUC/Ia (C OJHUM IIapaMeTpOM, IO IPUHIUILY «IPUOaBb
K cebe 9TOT mapamerp M CKaxKH, YTO MOJIyYUTCH»), HO U KAK CTOPOHHIOIO
dbyHKIH0, KOTOPAas [0 JABYM 33/IaHHBIM KOMIIJIEKCHBIM YHCJIAaM BBLIAET /Y-
roe komiIekcHoe quciio. Urak, ybepém operator+ u3 kiacca Complex, a BHe
KJIACCA HATHUITIEM CJIETYIOIIee:

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

{
return Complex(a.get_re() + b.get_re(),
a.get_im() + b.get_im());
}

Tenepb MBI MO>KE€M HallnCaTh:

Complex z, t;

/] ...
z =1t + 0.5;
z =0.5 + t;

U HUKAKUX OMIMOOK ITO HE BHI3OBET.
Ileperpy3ka cuMBOJIOB CTAH/IAPTHBIX OIE€PAIKil B BU/E OTAE/IbHBIX (DyHK-
nuii (& He METONOB B KJIACCAX) MOYKET OKA3aThCsl TOJIE3HOH TaKyKe U B TOM
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cJIyvae, eciu HaM HeoOXOIMMO BBECTH OMEPAIUIO JJisi 00BEKTOB HEKOTOPOTO
KJIACCa, KOTOPBIA MbI IO TEM WJIM WHBIM MPUIMHAM HE MOXKEM M3MEHUTH; Ha-
MPUMEP, ITOT KJIACC MOXKET ObITh YacTbi0 OMOIMOTEKH, CO3JAHHON IPYTUM
MIPOIPAMMHUCTCKUM KOJLJIEKTUBOM, OT KOTOPOU y HAC HET MCXOJHBIX TEKCTOB
(x coxasienuio, HecMoTpsi Ha ycnexu OpenSource, Takue CUTyanuu 1MoKa ITo
He PEJIKOCTh).

§ 2.17. IpyXecTBeHHble (PYHKIIUN U KJIACCHI

B HekOTOpPBIX Ciydasx OBIBAET MOJIE3HO CHEIATh UCKIIOUYEHUS W3 3aIpe-
TOB, HAJIATAEMBIX MEXaHU3MOM 3AIUThI. B sa3bike CU-++ KJIACC WA CTPYKTY-
pa, UMEOIHe 3allUIEeHHY 0 YACTh, MOIYT O0bIBUTH Ty WU WHYIO (DYHKIIUIO
cBouM «apyrom» (friend); B sToM ciryuae u3 Tena Takoil dpysrcecmeenHoy
dyHKyUuY BCe 1eTau peasu3aiyi KJIACCa Uil CTPYKTYPbL OY/1yT JOCTYIIHbL.
MOKHO OOBSIBUTH «IPYKECTBEHHBIM» TaKIKe IIEJIbIH KJIACC WM CTPYKTYPY;
addexT or 3TOro Oymer Takoil ke, KaK e€Cau Obl Mbl OObABUIN IPYKECTBEH-
HBIMH BCE METOIbBI JPY2KECTBEHHOTO KJjacca. VlHade roBoOps, €Ciid B KJIacce
A Gyner 3asBIEHO, YTO KJIACC B sABJIs€TCSA JIJisl HETO APYKECTBEHHBIM, TO BO
BCEX METOJIaX KJiacca B OyyT JOCTYIIHBI BCE JETAJIA Pean3alui Kiracca A.

[MpumensaTs MexaHu3M APYKECTBEHHbIX (DYHKIWH U KJIACCOB CJIELyeT C
ocropoxkHocTbi0. Kak mbl Bugeaun B § 2.1.4, 3amura nerajeil peaju3anyuu
KJIaCCa — MEXaHW3M OYEeHb MOJIE3HBIN; KAK MOYKHO TOTaJAThCs, HEOOTyMaH-
HbIE WCKJIIOYEHUS U3 HErO MOTYT HAHECTH CYIIECTBEHHBIN Bpe.

Opna w3 curyanuii, B KOTOPBIX TPUMEHEHWE MEXAHW3Ma, JIPYZKECTBEH-
HbIX (DYHKIWIA MOXKHO CYUTATh MPAKTHIECKH O€30MaCHBIM — 3ITO BBIHOC
MEPEKPBITHIX CHMBOJIOB CTAHIAPTHBIX OIEpalyii 3a MPEeIesbl KIacca, Kak
9TO OOCYKIAJOCh B mpeabiayieM maparpade. Kak MOXHO 3aMeTuTb, B Te-
e (yHKIUM operator+ MbI OBLIM BBIHYXKIEHBI MOJB30BATHCS METOIAMU
Complex::get_re() u Complex::get_im(), mockoIbKy u3 (PyHKIINN, HE SAB-
Jsatorteiics hbopMasIbHO METOIOM Kitacca Complex, MPsIMOTO JOCTYIA K MOJISAM
re u im Her. OHAKO UCIIOJIL30BAHUE METOIOB JIOCTYIIA (TaK HA3bIBAEMbIX aK-
CeccopoB) He Beerja yao00HO, K TOMY K€ UX MOXKET IIOIPOCTY He ObIThb; 4acro
ObIBAET TAK, YTO HEKOTOPDIE JETAM PEaM3alii HE CIeAyeT JeIaTh JOCTYII-
HBIMHU JAXKe 9epe3 MEeTO. JOCTYIIA.

Curyamnmio MOXKHO WCIPABUTH C MOMOIIBI0 MEXaHW3Ma IPYZKECTBEHHBIX
dbyuknuii. [Iag HaUama B 3arojlOBOK Kjacca Complex BCTABUM JUPEKTUBY
friend, 00bsBUB (DYyHKINIO operator+ apyKeCTBEeHHON. /st 3TOro Hy»KHO
3aMUCATH TMPOTOTHUI JAPYKECTBEHHON (DYHKIIUHU, TPEIBAPUB €r0 TUPEKTHBON
friend:

class Complex {
friend Complex operator+(const Complex&, const Complex&);

/...
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Teneps MbI MOKEM TTEpENUCAThH (DYHKIUIO operator+, UCIOIb3ysT HATPAMYIO
HOJIst CKJIQIbIBaeMbIX 0OBEKTOB (TO ecTh 0e3 obpaiinenus K Merogam get_re ()
u get_im()):

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

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

CpaBHHUTE TO OMUCAHUE C TEM, KOTOPOe MbI IPUBOIUIN Ha CTP. 46.

Komeuno, apy»ecTBeHHON MOXKET ObITH W OObIYHAST (DYHKITHS:

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

//. ..
};
void f(int, const char )
{
// 3Iech MOXHO HCIONBH30BaTh 3akphThie mons Clsl
}

YT0o0BI CIeIaTh IpYKECTBEHHBIM CPa3y MeJIbli KJTacC, CIEAYeT MOCe CJI0-
Ba friend Hammcarh «class umas:

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

};

Ucmonb30BaTh Takoil BapWaHT «JIPY:KObI» CJIeIyeT C OCOOEHHON OCTOPOXK-
HOCTBIO, TOJIBKO B CHUTYallWW, KOTJA MOHATHS, OMUCHIBAEMbIE OOOMMU KJIAC-
CaMH, TECHO CBSI3aHBI MeXK/ly CODOil; yKeslaTeJIbHO CHa4aja 3a/aTh cebe BO-
Ipoc, HeIb3s Ju oboiiTnch 6e3 friend. BémbimuMm 3710M, 9eM HCIOIB30BAHIE
«/IPY?KECTBEHHBIX» OTHOIIEHUM, $BJISETCS Pa3Be 4TO BBEJEHHE I1yOJIMYHBIX
MEeTOIOB JOCTYIa K JIETajIsM, KOTOPBIE MO CMBICIY IOJIKHBI OBITH CKPBITHI,
0O CHATHE 3AIUTHI C BHYTPEHHUX TOJIEH: ICHO, YTO «JIPYKECTBEHHOCTH»
BCE-TAKW OIPAHMYMBAET O0BEM KOZA, KOTOPBIH TPUIETCS MPOCMOTPETH TPH
U3MEHEHUN Peajin3allud KJacca, TaK 4YTO HMCHOJAb30BaHue friend 3aBemomo
[PeNOYTUTETbHEE OJHOI0 0TKA3a OT 3amuThl. C npuMepaMu CHTyanuil, Ko-
rJia IIpUMEHEHUe «JIPY2KECTBEHHDIX» KJIaCCOB OKa3blBAaeTCd OllPaB/laHHO, Mbl
CTOJIKHEMCS B HAIleM Kypce T03Ke.
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§ 2.18. OcobenHocTu nepeonpeaesieHns
HEKOTOPBIX OIlepalinii

§ 2.18.1. Ilepeonpenenenune oneparnuii MpruCcBanBaHUd

Hamomuanwm, aro npucBauBanue sipjisercsa B s3bikax Cu u Cu++ onepa-
yuetl, a He omeparopoMm, kak B llackajse u OOJBIIMHCTBE APYTUX S3BIKOB.
9TO BBIPAXKAETCS B TOM, YTO 3AIUCHh BHIA <& = GHIPANCEHUE» CaMa MO Ce-
Oe sIBJISETCS BbIPAXKEHUEM, MMEIOIUM 3HAYeHue, W, TAKuM 00pa30M, MOXKEeT
BXOJIWTH B COCTAB JAPYTUX BbIparkeHwuii. To ke camoe MOXKHO CKa3aTh U MTPO
OTIepAINU TIPUCBANBAHNUS, COBMEIIEHHBIE C apU(MMETHIECCKUMHU TeHCTBUIM,
TakWe Kak +=, -=, <<=, |= u ap. Kak MbI y:xe oTmMedasu, BCe 3TU OMEpaINH
MOTYT OBITH MEPEOIPEIETEHBI /IJIsi KIACCOB U CTPYKTYDP, BBEAEHHBIX MOJIH30-
BareseM. 3/eChb JeWCTByeT, 0JHAKO, HEKOTOPOE OTPAHUYECHHE: BCE OIMEPAIlun
[IPUCBAUBAHUS MOI'YT [IEPEOIIPE/IENATHCH TOJIBKO KaK MeTOAbI KJlacca WIn
CTPYKTYPHI, & ONPEIeISaTh UX B BUIE OOBIYHBIX (DYHKIIWI HEIH3S.

Kaxk mpaBuiio, mpu mepeonpe/IesieHuu Onepaluii IPUCBANBAHNS Y IUTHIBA~
10T, 9TO OOBIYHOE MIPUCBANBAHIE BO3BPAIIAET 3HAYEHUE, KOTOPOE TOJIBKO YTO
ObL10 mpucBoeHOo. M3 31X coobparkeHnit W3 Omepalun MPUCBANBAHNS BO3-
BpalaoT Jubo Kouuio 00bexTa, Jubo (4To UPeAIOYTHTEIbHEE) KOHCTAHTHY O
CCBLIKY Ha OO0BEKT, JIJIi KOTOPOro Onepanus ObLIa BHI3BAHA. JTO, OTHAKO, HE
obsa3arenbHO: a3bIK Cu++ HE TpedyeT MMEHHO TAKOro 0OPMJIEHHUs OIepa-
it npucBauBanusd. MOXKHO, B 9aCTHOCTH, CIEJIATH ONEPAIUIO TPUCBANBAHUSI
dyuKIHE THIA void, TO ecTh He BO3BpAIIAIOIIEl HUKAKOro 3HadeHus. Ha-
npuMep, Jjid Hamrero kjaacca Complex Mbl MOrJin Obl HAMCATH TAKUE OEPa-
[An:

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; }

WJIK, €CJIM HAC HE CJUIIKOM BOJIHYIOT CEMAHTHYECKUE TPASUIMEI, MOXKHO ObLIO
Obl HAIIACATD U TaK:

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

/] ...
};
3/1eCh CTOUT OTBETUTH HA OJIUH BOLPOC, YACTO BO3HUKAIOMIAN Yy CTYIEHTOB.
Onepanuu +=, -= u Apyrue MOm0OHBIE UM SBJISIOTCS C TOYKU 3PEHUS S3BIKA

Cu++ MOJHOCTHIO CAMOCTOATEILHBIMEU, TO €CTh, HAIIPUMED, OIT€PAINs += HU-
KaK He CB3aHA HU C Omeparueil =, Hu ¢ omeparmeit +. Eciau Mbr onuiem B
HEKOTOPOM KJIACCe OIePAIUU = ¥ +, ITO caMo 110 cebe He TaCT HaM BO3MOXKHO-
CTH NPUMEHATH K OObEKTaM dTOr0 KJACCA OLEPAIUIO +=; OHA JI0JIKHA ObIThH
ONNACAHA OTIEJIBHO.

AprymenT omepaiuu MpUCBAMBaHUS He 00s3aH MMETh TOT Ke THII, 94TO
U ONHUCHIBAEMbI Kytacc. Tak, /isi KOMIIJIEKCHBIX YHCEJI MBI MOTJIA OBbI OIpe-
JEeJUTh U IPUCBANBAHUE KOMILJIEKCHONU ITepEMEHHON JefiCTBUTEIbHOIO YUCa,
HalpuMep, Tak:

class Complex {
/...
void operator=(double x)
{re=x; im=0; }
/...
3
O Hako oneparys TPUCBAUBAHUS, APTYMEHT KOTOPOU MPEICTABISAET O0HEKT
TOrO K€ Kjacca (MU CCbUIKY HA TaKOil OObEKT, KAK B IIPEbILYIIEM [IPUMEpE),
HUMEeT OJHY BAaXKHYI0 OCOOEHHOCTb: KaK M HEKOTOPbIE KOHCTPYKTOPDI, TaKas
OTIEPAITNST 2EHEPUPYEMCA HEABHO, €CITN €€ He OTHNCATh. JTO BIOJHE MOHAT-
HO, Besb B si3bike Cu MOYKHO OBLIO MPUCBAWBATH MEXKTy CO0O0il mepeMeHHbIe,
MMEIOIINEe OJIMH CTPYKTYPHBIH THUII, ¥ 3Ta BO3MOYKHOCTH ObLIa yHACIEIOBA-
Ha B Cu++. B ciayuae, ecnu mo kKakuM-1u00 MpUYIMHAM TPUCBAWBAHUE O0Db-
€KTOB ONKCHIBAEMOIO KJIACCA KEeJTATETbHO 3alPETHTh, JOCTATOYHO OMUCATH
OTIEPAITHIO TIPUCBAWBAHNS C APTYMEHTOM <«KOHCTAHTHAST CChIIKA HA OOBHEKT
ONMMCHIBAEMOTO KJIACCa» B IMIPUBATHOM YacTH KJjacca, HATIPUMED:

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

§ 2.18.2. Ilepeonpenesenue omeparnun MHIASKCUPOBAHUS

Ouepanyst U3BJIEUEHHUS JIEMEHTA U3 MACCUBA, 0D03HAYAEMAasi KBaAPaT-
HBIMU CKOOKaMU, KAK U3BECTHO, SIBJISIETCS apu(pMETHIECKON omepanneii HaI,
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yKazarejgeM W IeJIbIM 9uciaoM; B si3bike Cu Bbipaxkenue «al[bl» mMOIHOCTHIO
SKBUBAJIEHTHO BBIPAXKEHUIO «* (a+b) », 4T0 JIUIITHUI pa3 MOgIEpKUBaeT apud-
METHYECKYIO CYIHOCTh UHAEKCHpoBanus. B s3bike Cu-++ oneparuio uHIeK-
CHUPOBAHUS MOXKHO II€PEOIPEIESIUTh [IJisi OOBEKTOB KJIACCA MJIA CTPYKTYDHI,
3aCTAaBUB, TAKUM 00PA30M, OOBEKT B HEKOTOPBIX CJIyYasX BbITJISIETH CHHTAK-
CUYECKM TIOXOXKWM HA OOBIYHBIA MACCUB WJIM AK€ MPOCTO HCIIOTHSATH POJIb
MaccuBa. OTMeTnM, 9T0, MOI00HO ONEPAIUsIMY TPUCBANBAHNS, ONIEPAIINST HH-
JIEKCUPOBAHUsT MOXKET OBITH MEPeoIpeeieHa TOTbKO KaK MeTO KJIacca UiIu
CTPYKTYPBI.

JL1st mpuMepa omuIneM KJiacc, 00beKT KOTOPOro MPEICTABISIET CO00i Mac-
CHUB TIEJIBIX YHCEJI C 3apaHee HEM3BECTHHIM PA3MEPOM, KOTODBIi mpu obparie-
HUM K HECYLIECTBYIOIUM (II0KA) SJIEMEHTaM ABTOMATUYECKU yBEJIUIUBACTCS B
pa3mepax. XpaHUTD JIEMEHTHI MAacCUBa OyJeM B JUHAMUYIECKH CO3JABAEMOM
MaCCHBe, CKPBITOM B MPUBATHON dacTu KJacca. VICXOAHO CO3MaauM MAaCCUB
pasmepom 16 371eMeHTOB, & TP BO3HUKHOBEHUY TAaKOW HEOOXOIUMOCTH OymeM
yIBaWBaTh €0 Pa3MeEPhI 0 TEX MOP, MMOKA HYKHBI HAM HHIEKC HE CTAHET
JIOITyCTHMBIM.

3aMeruM, 9TO TP MOMBITKE KOMUPOBAHWS O0BEKTA TAKOrO KJIACCA BO3-
HUKHET TPo0JIeMa C pa3aejeHrneM OJHOTO W TOTO K€ MaCCHBA B JIMHAMUYE-
CKOIT IAMSTH MEXKJLy JBYMst 00 beKTaMu Kiacca (IoapobHO pobieMa onucana
B § 2.11). B nauueit yupouieHHoil Bepcuu Mbl IIPOCTO 3AIPETUM IPUCBAUBAHKUE
¥ KONMPOBAHME, ONUCAB (DUKTUBHbBIE KOHCTPYKTODP KOIMMPOBAHUS U OLIEPAIIHIO
MPUCBANBAHUS B MPpUBATHON yacTu. OmucaHne moJTHOIEHHOTO KOHCTPYKTOPA
KOMUPOBAHUS W TIOJIHOIIEHHON OTepaIiu MPUCBANBAHNSA OCTABUM UUTATENIO B
Ka4IeCTBe yIPaKHEHUS.

Mg Hagasia HanmineM 3aroJIOBOK KJIAcCa:

class IntArray {

int *p; // yrasaTemp Ha XpaHWIHLE
unsigned int size; // Texyumil pasMep XpaHWIVIA
public:

IntArray () {
size = 16;
p = new int[size];
}
“IntArray() { delete[] p; }
int& operator[](unsigned int idx);
private:
void Resize(unsigned int required_index);
// 3amnpeTuM KoIMpoBaHWe K NpUCBAWBaHUE
void operator=(const IntArray& ref) {}
IntArray(const IntArray& ref) {}
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Tena KOHCTPYKTOpa M JECTPYKTOPA UMEIOT CPABHUTEIHHO HEOOJBITON pa3-
Mep, MOITOMY MBI COBEPINEHHO CIIOKONHO MOXKEM OCTAaBUTh WX BHYTDPH 3aro-
soBka kiacca. C Apyro#l CTOPOHBI, TEJIO ONMEPAIlid WHIEKCUPOBAHUSA OyIeT
COCTOSITh W3 HECKOJIbKHUX CTPOK, IOITOMY MbI OIHUIIEM €ro OTaesbHO. s
J'Iy'{]_HeI‘/'I ACHOCTH €ro peajn3daln Mbl IIPEAyCMOTPE/IN TaK2Ke BCIIOMOTaTe/Ib-
uyio ¢yuknuto Resize (), koropast OyIeT OCYIIECTBIATH H3MEHEHUE PA3MeEPa
MaccuBa. [lockombKy 3Ta QDyHKIMS, 0YE€BUIHO, ABJISETCS IETAIbI0 Peajn3a-
MU U HE IIPeJHA3HAYEHA JJIs [0JIb30BaTes (C TOYKH 3PEHUs M0JIb30BaTe s
HAIll MACCHUB IPEJICTABJIAETCH OECKOHEYHBIM), Mbl CKPbUIU 3Ty (DYHKIMIO B
[IPUBATHONW 4acTU KJacca.

Yuraresnb, BOSMOXKHO, 00pATH/I BHUMAHWE HA THUI BO3BPAIAEMOTO 3Ha-
YeHUs onepanuy HHAeKcupoBaHusa. ®ynkuua operator[]() Bosspamaer
CCBLJIKY Ha COOTBETCTBYIONIUI IJIEMEHT MAaCCUBA, YTOOBI C/I€J1aTh BO3MOZK-
HBIM KaK BBIOOPKY 3HAYEHUS W3 MACCHUBA, TAK U MPUCBANBAHNE €0 DJIEMEHTAM
HOBBIX 3HauUeHuil. OmuineM Tenepb TEJI0 OMEPAINK WHIEKCUPOBAHUS:

int& IntArray::operator[] (unsigned int idx) {
if(idx >= size)
Resize(idx);
return p[idx];

}
Hawm ocranoch onucars ¢pyuknuio Resize():

void IntArray::Resize(unsigned int required_index) {

unsigned int new_size = size;

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

int *new_array = new int[new_size];

for(unsigned int i = 0; i < size; i++)
new_arrayl[i] = pl[il;

delete[] p;

p = new_array;

size = new_size;

3

Teneps MBI MOXKEM B MPOrpaMMe KCIOIH30BAThH, HATPUMED, TAKUE OMEPATO-
pBI:

IntArray arr;
arr[500] = 15;
arr[1000] = 30;
arr[10] = arr[500] + 1;
arr [10]++;
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Omnepanysi WHIEKCUPOBAHUS JIOJ’KHA UMETh CTPOTO OIWH MapaMmerp, HO
9TOT mapamMerp, BOOOIIE TOBOPsI, MOXKET OBITH JIIOOOrO THIA. JDTO MO3BOJIAET
CO3/IaBATH «MACCUBbI», UCIIOIL3YIOIINE B KAYeCTBE WH/IEKCA TEKCTOBBIE CTPO-
KA WA J1a)Ke OObeKThl APYTUX KJIACCOB. XPAHUTh JIEMEHTHI MACCHUBA MbI
TAKYKE MOXKEM JTIOObIM yI00OHBIM HaM CIIOCOOOM, HAITPUMED, B BUJIE CIHCKA,
(B HEKOTOPBIX CIyYasax 3TO MOKET OBbITH Onpasiano). Bojee Toro, BO3MOXKHO
OPTaHW30BaTh OOBEKT, BHITVIAAAIINN KAK MACCUB, HO XPAHSIIUN CBOU /IEMEH-
Tl B (aiise HA AUCKe, TAK YTO ONepalus WHIEKCHPOBAHUSA DPEAJTHHO Oymer
MIPEICTABIISATH COOOM OMEePAINIO UYTEHHS WM 3aIuCh B (haiil.

§ 2.18.3. Ilepeonpenenenune oneparuii ++ u --

CuMBOJIBL ++ U -—, OPEACTABISIONINE ONEPAUUY UHKDPEMEHTMA U de-
KpemMenma, UMET OJHY BAXKHYI0 OCOOEHHOCTh. MOXKHO OBbLIO ObI Tepe-
OIpEIe/IATh UHKPEMEHT U JIEKPEMEHT KaK OOBbIYHbIE YHAPHbIE oreparuu (To
€CThb BHE KJIACCOB B BuJe (DYHKIMHM OT OJHOIO apryMeHTa, JuO0 B KJiac-
ce/cTpyKType B BHIE MeTona 6e3 mapaMerpoB), eciu Obl He TO 00CTOATE b
CTBO, 4TO KazKJ/iasi U3 3TUX onepaiuii umeer jase (hopmbr: npedurcuyo (++1)
u nocrdukcuyio (i++). Boobuie rosopst, 3ru e popMbl HpeAcTaBisior coboit
pa3auuHble OTIEPATIAN.

Yr0o0b! pasnmuaars 3t hOPMbI MeXK Ty co00it, B Cu++ TpPUHATO 10CTATOU-
HO HEOXKHUIAHHO BBITJIsIAsIee cormamnenne. [IockoabKy npedukcHas (opma
OoJiee «TPATUIUOHHAY s YHAPHBIX OIeparuii, OOBITHBIM CIOCOOOM Iepe-
ompeesisiercd uMeHHO oHa. VlHade roBops, €ciu Mbl [IEPEOIPEIENIeM COOT-
BETCTBYIOIITHE OMEPAINH BBEIEHIEM METOa B KJACCe WM CTPYKTypPe, TO Me-
TOJ, ¢ uMeHeM operator++() unm operator-- () 6e3 mapamMeTpoB OIMpeIeIseT
npegdurcryo GopMy COOTBETCTBYIONIEH onepanuu (HanmpuMep, ++1i); aHas0-
rudHo, npedukcuyo GopMy olepalyud MHKPeMeHTa (IeKpeMeHTa) 3a1aéT u
ruiobasibHas dbyukius (He Merol), uMeruas uMs operator++ (operator--)
u odun mapamerp. Uto kacaercs nocm@urcHol pOPMBI, TO OHA TTEPEOTIPEIE-
ngercs GbyHKIMel ¢ TeM ¥Ke UMeHeM operator++ (operator--), HO UMeEOIIEHt
O/IMH JONOJNHUTENbHbIH ((bUKTUBHBINA) napamerp Tuma int. Hanuuwe napa-
MeTpa baaromgapst meperpys3ke uMEH GyHKITHI O3BOISET UMETh IBe (DYyHKITNH
C OHUM U T€M K€ MMEHeM; [IapaMeTD, BBeIEHHbIN NCKIIOYNTEHHO DA/ STO-
I'0 pa3iudus, PEAJbHO HUKOIJA HE HCIOJIb3yercd. Takum o0pa3oMm, [ ie-
peorpeesienus mocTHUKCHON (HOPMBI OMEPAIINE HHKPEMEHTa, (JIeKPEeMEHTa,)
MBI MOYKEM BOCIOJIB30BATHCS JIMOO METOJOM KJIACCa/CTPYKTYPbI C MMEHEM
operator++ (operator--) u odnum napamerpom (puKTUBHBIM), TUOO TJIO-
6asibHO (DyHKIHMel ¢ TakuM Ke uMeHeM, uMerlneil dea napamerpa (BTopoil
u3 Hux bukrusnbiii). [Ipuseném upumep. Ilycrs kiace A onucad cienyomum
obpazoMm:

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

}s
Paccmorpum Temepnh (hparMenT Koja:
A a;
++a; // first
at+; // third
--a; // second
a--; // fourth

B pesysibrare Bblosnenus 3roro dpparmenta OyyT Hanedaranbl (B croibuK)
cnosa first, third, second u fourth, UMEeHHO B TAKOM MOPSJIKE.

B paccMorpernHOM TpuMepe HAIK ONEPAIlid HUYEro He BO3BPAIAJIN;
MEXKIy TeM, UCXOTHO MpedUKCHAS W MOCT(MUKCHAS (POPMBI ITUX OIEPATIHit
pPa3/IMYaloTCd WMEHHO BO3BpAIaeMbiM 3HadeHweM. [Ipu 3ToMmM omepamnusi B
npedukcHoit ¢GpopMe BO3BPAIAET HO60€ 3HAYEHUE MEPEMEHHO, K KOTOPOit
OHA MMPUMEHEHA, YTO TO3BOJISIET BIIEPKATH CEMAHTUKY ITOM OMEepaIWy, BEp-
HYB caM O0BEeKT WU (JJi ONTUMU3AINN) KOHCTAHTHYIO CChLIKY Ha Hero. C
omeparmeil B mocThUKCHONH dhopMe f1es1a 00CTOAT HECKOJIBKO XyKe: COTJIACHO
KJIACCUYECKON CEeMaHTHUKE OHA JOJ2KHA BEPHYTh CMapoe 3HAYEHUE, B TO Bpe-
M KaK OOBEKT yKe UMeeT Ho60e 3HadeHune. UTOObI BBIIEPKATH CEMAHTHKY
B 310ii (bopme, mpuxoguTcs B Tenae (pyHKIWM operator++(int) co3maBarh
BpPEMEHHYIO (JIOKAJIbHYI0) KOMUI0 00bEKTa, MPUYEM BO3BpAIIATh 3HAUEHHUE,
COXPaHEHHOE B 3TOil KOMWH, NPUXOANUTCS ODSI3aTETBHO N0 3HAYEHUIO, BEIb
BO3BpAIATh CCHLAKY HA JOKAJIBHYIO KOMHUIO OBLTO ObI OIMMHOKO: KON HC-
Ye3HET B MOMEHT 3aBepiineHus paboTbl GyHKIMUA, TO eCTh d0 M020, KAK BbI-
3pIBaMOIAasd (PYHKIU yCIIEeT BOCIIOIb30BATHCS BO3BPAIEHHBIM PE3YJILTATOM.
[IponsmiocTpupyem cKazaHHOe Ha TPUMEpPE OTlepannii MHKPEMeHTA JIJIst KJ1ac-
ca, WHKAMCYJNPYIONIEro IeJIOUNCIEHHYIO TIePEMEHHYIO0 U TOBTOPSIOIEro eé
CEMAHTUKY:

class MyInt {
int 1i;
public:
MyInt(int x) : i(x) {}
const MyInt& operator++() { i++; return *this; }
MyInt operator++(int)
{ MyInt tmp(*this); i++; return tmp; 7}
/] ...

B srom npumepe ob6bekT Kiiacca 3aHUMAET CTOJBKO K€ IIaMATH, CKOJIbKO U
OOBIYHAS IEJIOYNCIEHHAS TIePEMEHHAs, TAK 9TO JBONHOE KOMUPOBAHNE O0HEK-

54



Ta (IpHU CO3JAHUYU TIEPEMEHHON tmp U NpPU BO3BpATE 3HAYEHUS) HE MPUBOIUT
K cyImecTBeHHbIM noTepsM. OaHako ajis 00/iee CIOKHBIX KJIACCOB MEIaHTHY-
HOE CJIeIOBAHNE KJIACCUIECKON CeMAaHTHUKe s TIOCT(UKCHBIX OMEPAInii ++ u
-— MOXKET ODOHUTHCH HEOMPABIAHHO TOPOTO.

§ 2.18.4. Ilepeonpenenenue onepamuu ->

TToxkanyit, HambOIEE IKZOTHIECKHM OOPA30M OOCTOAT [e/1a C OIepalln-
eii ->. Hamomuum, 9to 3ra onepanus B s3bike Cu 03HAYaeT BBIDOPKY IMOJIsT
U3 CTPYKTYPbI, HA KOTOPYIO yKa3biBaer 3ajanubiii ajpec. B Cu++ ona o3na-
YaeT MPAKTUIECKN TO YK€ CAMOE; eCTECTBEHHO, C €€ TIOMOIIHI0 MOYKHO TaKIKe
obpamarbcs U K MeToJaM, a paboTaTh OHA MOYKET KaK CO CTPYKTYPaMU, TaK
u ¢ knaccamu. Ileperpyska 3roit onepanuu 0ObI9HO TPEOYETCs HAM, €CJTH MbI
XOTHUM CO37aTh OOBEKT, BeAyInii cebs MOJ00HO YKA3aTe 0, HO IIPU STOM BbI-
MOJIHSOIIMNA HEKOTOPBIE JIONOTHUTEIbHBIE JeHCTBHS.

OrmernMm st HaUaIa OWH HeoueBUaAHbI (hakT. Omepanus ->, HeCMOTPsT
Ha, €€ BHEITHUN BUJI, ABJISETCS YHAPHOU, TO €CTh UMEET BCErO OIUH aPTYMEHT
(ykazarenn). JleiicTBUTENBHO, IIYCTh Y HAC ONUCAHA CTPYKTYDa

struct s1 {
int a, b;

s
U UMeeTcd yKa3arTesb Ha Heé:
sl *p = new sl;

Tenepnb obpalneHue K MO0 a OyJAer BbIIAIeTh TaK: p->a. 3/eCh Kak Oy1ro
OBI 7Ba OMEPAHJIA, P U &; HO BEIb & — 3TO UM T0AA, KOTOPOE HUKOUM 00-
pPa30M HE SBJISIETCS CAMOCTOSTEIbHBIM BBIDAYKEHWEM, HE WMEeT HU THUIla, HU
sHadenusi! llHade roBopsi, Ha MeCTe a He MOYKET CTOSITh HUYIEro, KPOMe MMe-
HU 11071, ZI3BIK HE COMEPKUT HUKAKUX WHBIX BBIPAXKEHUHN, 6bi%UCAAIOUULCA
B 3HAYEHHE, CIIOCOOHOE 3aMEHUTD UM 1MoJisd. Takum 06pa3oM, € IMHCTBEHHBIM
TTOJTHOIIEHHBIM OTEPAHIOM B BBIDAYKEHUU p->a SIBJISETCS aJpec, MPeICTaB-
JIEHHBIN yKa3aTejgeM p. 3aMeTuM, B OTJIUYHE OT &, HA MECTE P MOXKET CTOSTH
BBIPAYKEHNE MTPOU3BOJIBHON CJIOKHOCTH, BBIYUC/ISIONIEEe 3HAYEHUE THMa, S1*
(ampec crpykrypsl s1). Urtak, Mbl uMeem [1esio ¢ yHapHot onepanmeii, mosi-
HbIM MMEHEM KOTODPOH MOXKHO CYMTarb ->a (onepaius BbIOOPKU 1[OJd a).
Takum 00pa30M, MOYKHO TPH YKEJAHUU CUYUTATH, YTO CUMBOJI -> 3aIaéT Ie-
Jioe ceMeiicTBO oneparuii. Bripodewm, Oyaydn ceManTrdecku 0€3ypedHbIM, Ha,
MIPAKTUKE TAKOE PACCMOTPEHNE HAM HE TIOHAI00UTCS; 37/€Ch MbI IPUBOIUM €10
TOJIBKO [IJ151 UJITIOCTPAIIMY BCETO BBINECKA3AHHOTO.

Bepuémcst K Bommpocy o mepeornpeneniennn onepanuu ->. Hapsay ¢ maorn-
MU JPYyIMMU OLEPALMAME, OLEPAlUs > HEPEOLPEIEIaeTCd NCKIIOUYNTEIbHO
METONAMU KJIACCA UJIU CTPYKTYPbhI, TO €CTh HE MOXKET ObITh MMEPEONPEIeIEHA
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oraenbHOM dynkmuei. UTo0b n36ekarTh PyTUHHON PaOOTHI MO MEPEOTIPEIE-
JIGHUIO OT/E/IbHBIX OMEPAInii 1JIsi BRIOOPKHU KaXK10T0 1oJist, B Cu++ mpuHaTO
HEOYEBUIHOE, HO BIIOJHE PADOTAIOINEe COrJIAIEHe: ONEPAIUs —> OIMpeIes-
ercd MerosoM operator->(), He UMEOIIUM HAPAMETPOB (Kak U OObIYHbBIE
yHapHbIE ONEPalyK), HO NPHU ITOM METO 00s3aH BO3BPAIIATH MO0 YKG3a-
Mead Ha HEKYIO JPY2YIo CIPYKMYPY UAU KAGCC, TH00 OOBEKT (UM CCBLIKY
Ha OOBEKT), Jyisd KOTOPOrO, B CBOIO OYEDPE/b, ONEpAIUsd -> MEPEOIpeIesie-
Ha Kak MeToA. IIpu Mcmomhb30BaHWM MEPEerpyKEeHHON Omeparu -> KOMIIH-
JISITOP BCTABJISIET B KOJ| MOCJIEJIOBATEIBHO BBI30OBBI METOIOB operator->(),
[IOK& OYEePETHON METOJ HE OKAXKEeTCsl BO3BPAIIAIONIMM OOBIYHBIN yKa3aTeib
HA CTPYKTYPY WM KJIACC; MMEHHO 10 ITOMY YKA3aTEeJI0 W MPOU3BOIUTCS B
UTOTe BHIOOPKA 3aJaHHOTO MOJIS.

Tlonpobyem mpomamoCTpHpOBaTh CKa3aHHOe Ha mpumepe. [lycts y Hac
€CTh CTPYKTypa sl m HaM HeOOXOIMM KJacc, OObEKTHI KOTOPOro OyayT Be-
cru cebs Kak yKaszareau Ha s1, HO [PU YHUYTOXKEHUH TAKOIO <«yKa3aTeJisi»
(nanpumep, pu 3aBepiieHnn (DYHKINUU, B KOTOPOH OH OMHUCAH KAK JIOKAJIb-
Has TepeMeHHas) OObEKT, Ha KOTOPbIH OH YKa3bIBAET, OYIeT YHUITOKATHCS.
Haurém ommcanme Kmacca:

class Pointer_si {
sl *p;
public:

Bynem npeanonararh, 9T0 XpaHAIIANCST BHYTPpH O0ObEKTA IPOCTOH yKa3aTeab
Ha s1 MOXKET UMETh U HYJIEBOE 3HAUEHWE, UTO OyIeM PACIEHUBATH OOBITHBIM
00pa3oM Kak OTCYTCTBHE OOBEKTA; €CTECTBEHHO, B 3TOM CJIy4Yae yIAJISITh HU-
gero He Oymem. Omuiem Temnepb KOHCTPYKTOP U I€CTPYKTOP:

Pointer_s1(sl *ptr = 0) { p = ptr; }
“Pointer_s1() { if(p) delete p; 1}

st ymoberBa paboThI BBEIEM OMEPAITHIO MPUCBAMBAHUS OOBITHOTO aIPeca

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

}

SameTrM, YTO KOMUPOBAHNE U MPUCBAMBaHME OOBEKTOB Kjacca Pointer_si
3aBeOMO MPUBEIET K OMMUOKAM, TaK KaK OJUH W TOT K€ 00bekT Tuma sl B
ITUX CIIydasx OyIeT yAaasiThCs ABAXKIbI. B CBI3U € 3TUM 3ampeTuM MprcBa-
MBAHWE W KONMMPOBaHHE OOBEKTOB Kjacca Pointer_sl, yOpaB KOHCTPYKTOP
KOIIMPOBAaHUA U COOTBETCTBYIONIMN OllepaTop IPUCBAUBAHULA B IIPUBATHYIO
qaCTh:
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private:
Pointer_s1(const Pointer_si1&) {}
// copying prohibited
void operator=(const Pointer_s1&) {}
// assignments prohibited

Hakonen, onumem onepamnum, KOTOPBIE IPEBPATAT OOBEKTHI HAIIETO KJIACCA B
nozobue ykasaress Ha S1, & UMEHHO, OLIePAlMU PA3bIMEHOBAHUS (YHAPHYIO *)
U BbIOOPKU 1001 (->), U 3aBEPLIUM OLIMCAHUE KJIACCA:

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

};

Taxkoit k1acc ya1o0HO HCIIOIB30BaTh, HAIpUMED, BHyTpHU (pyuknuii. Tak, ecim
B HaYaJjIe HEKOTOPOi (byHKIMHU omucarh 00bEKT Kiacca Pointer_s1, To emy
MOXKHO Oy[eT MpUCBAaWBaTH AIPECA HOBBIX IK3EMILIAPOB sl, mpu 3TOM OH
OyZeT KaxKablii pa3 ymajsdTh CTapbIi IK3EMILISp, a KOorja pabora yHKImu
3aBEPINATCH, ABTOMATHIECKN YIAJNAT MMOCIEIHII U3 K3EMILISAPOB s1:

int £ {
Pointer_s1 p;
P = new sl;

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

// upm 3aBepuenum f maMsaTe 6ymeT ocBoboxmeHa

§ 2.18.5. Ilepeonpenenenne onepanuu BbI30Ba (DYHKIINN

Omnepanysi BbI30Ba (DYHKIWH, CHHTAKCUYECKW MPEIACTABIAIONIAsS COOOM
n0CT(UKCHYIO OIEPAIUI0, CUMBOJIOM KOTOPOH CJlyzKaT KpyrJible CKOOKH (BO3-
MOXKHO, COJEpKAIIUe CIIMCOK HapaMeTPOB), MOXKeT ObITh, KAK U JAPyTUe Olle-
pamuu, mepeornpenenera. IIocKoabKy BbI30B (DYyHKIINHA 0003HATAETCST KPYT/IbI-
MU CKOOKAMU, UMsI (DYHKITHH, KOTOPas TIePEOTPeIeIsieT 3Ty Onepaluio, 6ymer
COCTOSITH U3 CJIOBA operator W KPYIJIbIX CKOOOK; KAaK OOBIYHO, TIOCIE MMEHU
GbyHKIINY 3anUCHIBAETCS CIIUCOK (hOpMaTbHBIX TapameTpoB. Hampumep, orme-
panus BbI30Ba (DYHKIIUU Oe3 mapaMeTpoB 3alUCHIBAETCS TaK:

void operator() () { /* Temo */ }

[Toxo6Ho oneparnusaM IPUCBAMBAHUS U WHICKCHPOBAHKS, BbI3OB (DYHKIIHH IIe-
PeoTpeiesisieTcst TOJIBKO MEeTOIOM KJIacca.
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IIpuseném npumep. Onumiem kjaacc Fun, A KOTOPOTO MEPEOTPEIETIEHBI
omeparu BbI30Ba MYHKIMHM 0€3 IapaMeTpOB, a TAKXKE C OJHUM U JABYMS Ie-
JIOYUCTIEHHBIMH IIapaMeTpPaMu:

class Fun {
public:
void operator() ()
{ printf("funO\n"); }
void operator() (int a)
{ printf("funl: %d\n", a); }
void operator() (int a, int b)
{ printf ("fun2: %4 %d\n", a, b); }
s

Temepb MBI MOXKEM HAIUCATDH CAEAYOMKE (PparMeHT Koaa:

Fun f;
£f(; £(100); £(25, 36);

B pesysbrare BhIONHEHUS 3TOTO hparMeHTa OyIeT HamedaTaHo:

funO
funl: 100
fun2: 25 36

§ 2.18.6. Ilepeonpenenenue onepanum rpeodpa3oBaHusd
THIIA

Paccmorpum cienyrommit hparMeHT Koma:

int i;
double d;
//

i=4d;

B crpouke, comepxkaiieil npucBauBaHue, 33JelcTBOBaHa (HEABHO) onepa-
YUl NPeobpPa3osaHUL MUNA 8bLPAHCEHUS, TIO3BOISIONIAS B JTAHHOM CJTy-
4ae MOCTPOWTH 3HAYEHWE THIA int HA OCHOBE UMEIOIIErOCs 3HAYCHWS TH-
na double. AHAJIOrMYHYI0 BO3MOXKHOCTH HESIBHOI'O IPEOOPA30BAHMSA MOKHO
MPEIyCMOTPETh U JJIsl KJIACCOB, BBEIEGHHBIX MporpaMmMuctoM. OIUH U3 Croco-
6OB 3TOrO MbI YK€ 3HAEM — ITO KOHCTPYKTOp mpeobpaszoBanus (cum. § 2.11).

B HEKOTOPBIX Cllydasx NPUMEHUTH KOHCTPYKTOP MPeoOpa30BaHus He yia-
érca. B gacTHocTH, KOHCTPYKTOPOM MOXKHO 33/1aTh Ipeobpa3oBanue u3 Oa-
30BOI'0O THIIA B THII, OMUCAHHBINA II0JIb30BaTEIeM, HO He Haobopor. Kpome To-
ro, WHOTIa OBIBAET 10 KAKUM-TO MPUYNHAM HEBO3MOYKHO U3MEHUTH OTIMCAHUE
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HEKOTOPOTO KJIACCA, HO B MPOrpaMMe HYKHO MPeo0Pa30BAHNE B OObEKTHI ITO-
ro KJiacca. BeiBaioT u aApyrue (J10BOJbHO IK30TUIECKUE) CUTYAIMHI, KOTIA, Mbl
HE MOYXKeM 33JIaTh CIIOCOD MpeoOPa30BaHus MyTEM MOAMMUKAINNA TOrO THUIIA,
K KOMOPOMY TPOU3BOIUTCA IPeoOpa3zoBaHKe, HO MPU TOM y HAC €CTh BO3-
MOXKHOCTb U3MEHUTH (JONOJHATD) ONUCAHUE MO20 MUNG, 3HAUEHUSA KOMOPO20
TO/IJIEXKAT MTPe0OPA30BAHMIO. B TakuX CIydasx MPUMEHSIIOT TEPEONPEIeIEHNe
omneparmuu ITpeodpa30BaHNUSA THIIA.

Onepariyst HESTBHOTO Pe0OPA30OBAHUS TUTIOB ONMPEENISIETCS METOIOM, UM
KOTOPOI'O COCTOMT U3 CJIOBA operator W UMEHH THUIA, K KOTOPOMY HEOOXOIH-
MO TIPeoDOPA30BbIBATH THII BhIpAXKeHUs. THIl BO3BPAIAEMOrO 3HAYEHUS JIJIsk
Takoil PYHKIINM HE YKABBIBAETCS, TAK KAK OH Ompeessiercs nmenem. Hampu-
Mep:

class A {
/..
public:
//...
operator int() { /x ... */ }
};
Hanuuue B kyacce A oneparun mpeoOpa3oBaHus K int jiesiaeT BO3MOXKHBIM,
HaIpuMep, TaKOU KO

A a;
int x;

/]

EcrecrBenno, omeparius mpeobpa3oBaHms MOXKET ObITH ITEPEOIPEIETEHA, TOThb-
KO KaK METO/| KJIACCA WJIH CTPYKTYPBI.

Yarure, 9TO Ype3MEpHOE yBICUECHUE EPEONPEIETIEHISIMI ONEePAIUH TPe-
oOpa30oBaHus TPUBOAWUT, KAK MPABUJIO, K TOMY, 9TO KOMIIHJISITOP HAXOQIUAT
0oJibIlie OMHOTO crocoba mpeobpa30BaHUsS W3 OJHOTO THUIA K APYTOMYy U B
pesysbraTe He TPUMEHsIeT HU OJIHOTO U3 HUX, BbimaBas omubky. [Toaromy Ha
[IPAKTHUKE [EePeoIpe/esieHUe ONepaliuy Ipeodpa30BaHus THIIA, UCIOIb3YeT st
KpaifHe peaKo; IJIs IOy YeHNU ST 3HAYEHUHN HYKHOTO THITA 13 00HEKTOB KJIACCOB
WA CTPYKTYP OOBIYHO MPUMEHSIOT CHENUAJIbHO JJIs 3TONO BBOAUMbBIE METO-
26l (OOBIKHOBEHHBIE, 63 CJI0BA operator), Bbi3blBaeMble saBHO. IIpumMep cu-
TyaIluu, KOTJa OMepaIis Mpeodpa3OBaAHUs TUIIA OKA3BIBAETCS JeHCTBUTETHHO
Hy2KHA, paccMorped B § 2.19.

§ 2.19. IIpumep: pa3pe>keHHBIII MacCUB

Ilon paspestcerHHbimM MACCUBOM IIOHHUMAECTCA MACCUB OTHOCHTEIHHO
6OJILITIOr0 00beMa (HApUMEp, COCTOSIIMH U3 HECKOJbKUX MUJIJTMOHOB JIe-
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MEHTOB), GOJILIIIMHCTBO JIEMEHTOB KOTOPOI'O PABHBI OJHOMY U TOMY YK€ 3Ha-
YeHuio (Jallle BCero HyJli0) U JIMIIb HEKOTOPbIE 9JIEMEHTBI, KOJMYECTBO KOTO-
PbIX HUYTOXKHO B CPaBHEHHU C PAa3MEePOM MACCHBA, OT 3TOIO 3HAYEHUS OTJIH-
yatorcst. EcrecTBeHHO, B TAKO# CUTyaluu 11€/1eCO00PA3HO XPAHUTD B IIaMsITH
JIMIIb T€ 3JIEMEHTHI MaCCUBa, 3HAYEHNA KOTOPHIX OTJIMYHbI OT HYJIA (I/IJ'H/I APpy-
rOro 3HAYEHHUsI, KOTOPOMY PABHO OOJIBIIMHCTBO 3JIEMEHTOR ).

TTonpobyem wanucars #Ha Cu++ TAKO KJ1acc, KOTOPbIHA BeAET celst KaK 1e-
JIOYMCICHHBIH MACCHB MOTEHINATHHO GECKOHETHOTO pa3Mepa’ B TOM cMBICTe,
9TO K O0BEKTY ITOrO KJIACCA MPUMEHUMA, ONEPAlUd WHICKCUPOBaHU:A (KBal-
paTHbIe CKOOKH), OJIHAKO OOBEKT PEaIbHO XPAHUT TOJIbKO T€ JIEMEHTHI, 3HA-
YeHusi KOTOPBIX OTInYaorcst ot Hyad. Hazosém sror kiace SparseArrayInt.
st 1pocToThl KapTUHBLL Oy/1eM CYMTaTh, YTO KOJUYECTBO HEHYJIEBBIX 3Jjle-
MEHTOB MAaCCUBA HACTOIHKO HE3HAUNTENHHO, UTO /TarKe JIMHEHHBIIH MONCK Ccpe-
I HUX MOXKET HaC YCTPOUTH MO OBICTPOAEHCTBUIO. DTO MO3BOJIUT XPAHUTH
HEHYJIEBbIE JIEMEHTHI MACCHBA B BHJE CIIMCKA Map <«MHJEKC/3HadeHue». Bee
JIeTa/In peasu3alyy, BKJIOYas U CTPYKTYPY, IPEJCTABIISIONLYI0 3BEHO CIIUC-
Ka, CKPOEM B IIPUBATHON YaCTH KJIACCA. DTO MO3BOJIAT NMPU HEOOXOTUMOCTH
CMEHUTH peasn3anuio Ha 6ojiee CI0KHYIO.

OcHoBHast mpobIeMa TIPY PEATH3ANNN PA3PEKEHHOTO MACCHBA BOZHUKAELT
B CBS3U C lIOBEJIEHUEM Ollepaluy UHAeKcupoBanus. [lejno B TOM, 4TO BbI-
paXKeH!e <«3JeMEeHT MaCCHBa» MOXKET BCTPEUYATHCS KaK B MPABOH, TaK M B
JIEBO YaCTH TPUCBAWBAHUil, ¥ B 0DOMX CJIydasX HCIOJIH3YETCs OHA U Ta
xKe QyHKIUI-MeTo ] Kiiacca SparseArrayInt, Ha3piBaemas operator[]. Ec-
Jiu Obl BCE 9JIEMEHTHI MACCHBA XPAHUJIUCDH B aMsiTh (Kak 3T0 ObLIO B IpUMepPe
u3 §2.18.2), MOKHO 6bLI0 Obl IIPOCTO BO3BPATUTH CCbLIKY HA COOTBEICTBYIO-
IIee MeCTO B TTAMATH, TJe XPAHUTCS JJIEMEHT, COOTBETCTBYIONINI 38 JaHHOMY
nugekcy. C pa3peKeHHbIM MAaCCHBOM TakK JI€fiCTBOBATHL HE IMOJIYYIUTCS, I10-
CKOJIbKY B OOJIBIIIMHCTBE CJIy4YaeB 3JIEMEHT B mamsaTH He xpanutcsa. OgHaKo
JKe [POCTO BO3BPATUTDH HysIeBoe 3HaueHue (6e3 BCAKOI CChUIKU) HEJb3sl, BEIb
9TO O3HA4aJ/I0 Obl, YTO BbIPAasKEHUE, COJIePKAlllee HAILy OLEPAIUI0 UHIEKCH-
POBaHUA, HEJIB3A IIPUMEHATH B JIEBOM YacTu IIpUCBAUBAHUA.

Nrak, uro ke jenars B C1yydae, eCjly Ollepalis NHIEKCUPOBAHUS BbI3BAHA
JULs MHJEKCA, /I KOTOPOI'O COOTBETCIBYIOLIMI 3JIEMEHT B LIAMATH He Xpa-
HHUTCS, TIOCKOJILKY paBeH Hyai0? OIHO M3 BO3MOYKHBIX PEIIeHNH — 3aBeCTH B
MaMATH COOTBETCTBYIOMNH JJIEMEHT, IIyCTh JaXKe U C HyJIEeBBIM 3HAUECHUEM, U
BEPHYTH COOTBETCTBYIOIIYIO CCHLIKY. DTO HO3BOJINT, H€3YCIOBHO, BLIIOIHATH
[IPUCBAUBAHU, OJHAKO IPHUBEAET K TOMY, Y4TO IPH KaxKJIOM OOpAllleHuu K
HyJIEBBIM jieMeHTaM (B TOM YKCJIEe HA YTEHUe, & He Ha 3allUCb) COOTBETCIBY-
IOII[e SJIEMEHTHI OYAYT 3aBOIUTHCS B MAMITH M, TAKUM 00Pa30M, OKaXKeTCs,
YTO U3PSATHOE KOJIWYECTBO MAMATH 3aHATO TEMH CAMBIMH HYJIEBBIMHU 3HAUe-
HUSIMH, XPAHEHNsI KOTOPBIX MOXKHO n30€KaTh.

9Ha camom fmeme MBI GyleM HCIOTL30BATH B KadecTBe WHIEKCAa THM unsigned long;
3HAMEHUST ITOTO THUIA MOTYT AOCTHTATh 232 — 1, T.e. uyTh GOMBITE YeTHIPEX MIJIHAPIOB.
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CxemMy MOKHO HECKOJIHKO YCOBEPIIIEHCTBOBATH, €CJIN KAXKIbIN pa3 MpU Bbi-
30B€ ONEePAINU NHACKCHPOBAHNS COXPAHITH B IPUBATHON YaCTH 00bEKTA 3HA~
YeHHe WHJIEKCA WU JIazKe aJIPeC 3aBOIMMOr0 3BeHA CIIUCKA. JTO MO3BOJHUT ITPU
CJIELyTOIIEM BbI30BE IIPOBEPUTH, XPAHUT JIK 3AIIUCH, 3aBEJAEHHAsT HA TPEIbIILY-
LIEM BbI30BE, YUCJI0, OTJIMYHOE OT HyJIsi, U €CJIU HET, TO yI1auTh €€, 0cBODOIUB
maMsaTh. ¥ TAKOrO BAPMAHTA PEATIU3AINN €CTh, OTHAKO, CBON HEIOCTATOK: HA,
3aBeJleHre W YIAJIEHUE JJIEMEHTOB OyIeT TPATUTHCS U3PAIHOE KOJUIECTBO
BpPEMEHH.

OueBuHO, OGBLITO OBI BEJIMKOJIEITHO KMETh BO3MOXKHOCTH BBI3BIBATEH PA3HBIE
GYHKIMU-METOBI 1Jisi CJydaen, KOrua MPOUCXOJAUT OOpAIleHHe K IJIEMEHTY
MACCUBA HA YT€HUE W KOIJA WHICKCHUPOBAHUE UCIOJIb3YETCS JJis IPUCBANBA-
HUST 3JIEMEHTY HOBOTrO 3Ha4eHus. B mepBoM ciiyuae MOKHO OBLIO OBI TOTIA
BO3BpAIATh MPOCTO 3HAYEHWE DJIEMEHTA WJIM HOJIb, €CJIU COOTBETCTBYIIETO
9JIEMEHTA B MAMATH HET; BO BTOPOM CJIydae MOXKHO ObLI0 ObI 6€3 0cOObIX
mpobJyieM CO3/1aBaTh HOBBIM JIEMEHT W BO3BPAIATH CCHLIKY HA TOJE, XPaHs-
1ee 3HAYEHUe; 970, BOPOYEM, HE UCKJIIOYAET HEOOXOAMMOCTH [TPOBEPKU HA
CJIEIYIOIIEM BBI30BE, HE OKA3AJICS JIM B COOTBETCTBYIOIIEM 3JIEMEHTE HOJIb.
K coxamenuto, Takoit Bo3moxkuHoctu B Cu+-+ Her, KAaK HET U BO3MOXKHO-
CTH ONPEIEUTh W3 TEeJIa OMEPAINY WHIEKCUPOBAHNS, BI3BAHA OHA W3 JIEBOI
vactu npucsansanns uin Her'®. CoOTBETCTBYIONIYI0 BO3MOXKHOCTE, OTHAKO,
MOXKHO cmodeauposams. Hukro He Merraer HaM onucarb HEDOIBIION BCIIO-
MOraTeJIbHbII KJIACC, OOBEKThI KOTOPOIrO KaK pa3 u Oyer BO3BPAIIATh HALILA,
omepaIus WHIEKCHpOBaHus. Takoil BCOMOraTeIbHbIN OOBEKT OyIeT mpoCTO
XPAHUTDH BCIO UMEIOILYI0 OTHOIEHWE K 7e/ly WHMOPMAIUIO, & B HAIEM CJIy-
4yae Takoi MH(OPMAIMK HEMHOrO: aJIpec [VIABHOrO 00bekTa (TO eCTh CaMoro
Pa3peKeHHOro MacCUBa), C KOTOPbIM HYKHO paboTaTh, U 3HAYEHUE UHJIEKCA,
[IEPEIAHHOE B KAYECTBE MapaMeTpa Olepalii WHIEKCHPOBAHUS.

Nmest a1y nadOpMAIUiO ¥ COOTBETCTBYIONINN TOCTYII K OOBEKTY MaCcCHBA,
HaIll BCIIOMOTATEIbHBIN O0bEKT B 3aBUCHMOCTH OT CUTYAITUN MOXKET MPOU3Be-
¢ty JTI00bIe TEHCTBYS, KOTOPBIE B 9TOW CHUTyaIluu MOTYT mMOTpeboBaThCS. UTO
JKe KaCaeTCsl OMpPeIe/IeHnsI, KaKas U3 BO3MOYKHBIX CUTYAIlNil UMEeT MECTO, TO
y BCIOMOTATEIHbHOTO OOBEKTa, JJIsk ITOT0 €CTh CYIIECTBEHHO DOJIBIIIE BO3ZMOXK-
HOCTEl, YeM ObLIO B Tejie Olepalyi WHIACKCHPOBAHUS: BE/lb BCE OMEpAIyH,
MpUMEHSIEMbIE K PE3YJIbTATY OMEPAINY WHIEKCUPOBAHNUS, KaK pa3 u OyIyT Ha
CaMOM Jiejie IPUMEHEHBI K 9TOMY 00bekTy. Takum oOpa3om, J0CTaTOIHO, Ha~
MIpUMeEp, ONPEIEIUTh I HAIIEero BCIOMOTATEIFHOTO KJIACCA OMEPAIUA MPe-
obpa3oBaHusi K THUILy int W NPUCBAWBAHWS, YTOOBI CIEIATH BO3ZMOXKHBIM U
KOPPEKTHBIM CJIE/TyFOIIUil KOJI:

SparseArraylnt arr;
int x;

10910 BIIOIHE MOXKHO CYUTATH HeJOCTATKOM CH-+ -+, OTHAKO KPUTHKA HMEIOIIET0CH A3LIKA
BBIXOJUT 33 PAMKHU JAHHOTO TOCOOUS.
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//. ..

x = arr[500]; // uTemume

arr[300] 50; // zamuch (BO3MOXHO CO3IaHWE 3JIeMeHTa)
arr[200] 0; // yhameHuwe sieMeHTa, €CiIU TAKOBOH e€CTb

K coxamennio, y Tako#t peanmsalinu €CTh W HEIOCTATOK. /leslo B TOM, 4TO
OOBIYHOE TTPUCBAWBAHUE — ITO JTAJEKO HE €IWHCTBEHHAS OMEPaIlnsi, CIIOCO0-
Hasd U3MEHUTDH 3HAUYEHNE TeJIOUNCIeH o TepeMennoii. Iloab3oBaTens BrosHe
MOKET IOMBITATHCS UCIOIH30BATh, HAIPUMED, TAKHE BHIPAKEHUSI:

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

YUto6b! Bee TTOIOOHBIE Oepanyui paboTa N, HAM MPUAETCS I HAIIEro BCIIO-
MOTaTeIbHOrO OObEKTA OMPE/IEIUTh UX BCE ABHBIM 00pa3oM, 9TO MOTpedyer
M3pAIHOTO 00béMa paboThl: a3bikn Cu n Cu-++ MomaepKuBaioOT IeCATh OTe-
panuii TpUCBaMBAHUSA, COBMENIEHHBIX ¢ apU(METHICCKUMHU JeficTBUAME (+=,
-=, <<= 1 T.1L.), IUIIOC K TOMY 9Y€THIPE OIepalii WHKPEMEHTa,/IeKpPEeMeHTa
(++ u -- B npedukrcuoit u nocrdukcHoit dbopme). B Hamem npumepe mbl
OTrPAHUYUMCS OIMUCAHUEM Onepalnuu += u AByX (opwm omeparuu ++. OQcranib-
HbIE [IO700HBIE OLEPALKUK YUTATENb O€3 TPy/a OIUIIET CAMOCTOATEIHHO IO
AHAJIOTHH.

IIpexk e 9eM MpOIEeMOHCTPUPOBATH 3arojIOBOK Kjlacca SparseArraylnt,
OTMETHM, UTO JIJIs yA0OCTBA PEATU3ANNY BCEX MOMMMDUIIUPYIONIIX OITE€PATIHiA
11e71eCO00PA3HO B KJIACCE BCIIOMOTATEIFHOTO OOBEKTA BBECTH JBE BHYTDEHHUE
byukuuu. Oynkuus Provide Oyer OTbICKUBATH B CIIMCKE 3JIEMEHT, COOTBET-
CTBYOIIMI 33 JAHHOMY WHIEKCY, U BO3BPAIIATH CCHIIKY Ha, IMOJIE, COMEPIKAIIEe
3HAYEHUE; €CJIU COOTBETCTBYIOIIETO IJIEMEHTA B CIIHUCKe HeT, (hpyHKIus Oymer
ero co3aasarhb. Bropas dyukius, Remove, OyaeT yaaasaTh u3 CIUCKA JJIEMEHT
C 33JaHHBIM UHIEKCOM, €CJIA TAKOBOIi B CIIUCKe pucyTcTByeT. Benmomoraressb-
HBI Kjace Ha30BEM Interm or anriuiickoro intermediate. C y4éToM 310Or0O
3aro/IOBOK KJjacca Oy/1eT BBITVISIETh TaK:

class SparseArrayInt {
struct Item {
int index;
int value;
Item *next;
s
Item *first;
public:
SparseArrayInt() : first(0) {}
“SparseArrayInt();
class Interm {
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friend class SparseArraylnt;
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);
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 3aMeTUTh, OKA3bIBAETCS HE
TaK MHOTO (DYHKIHMiT: OCHOBHAs (DYHKIIMOHAJIBHOCTh OKA3bIBAETCS BHITECHE-
Ha B METO[bl BCIOMOI'aTeIbHOIO KJiacca. EIMHCTBEHHBIM METOIOM OCHOBHOT'O
KJIacca, TeJI0 KOTOPOTo B CUWIY pa3MepoB He BKJIIOUEHO B 3ar0JI0BOK KJacca,
SIBJISIETCS €r0 IecTpyKTop. Ero 3amada — 0CBOOOAUTD MaMSATh OT JIEMEHTOB
crucka. JlecTpyKTop ONMuChIBAETCS TaK:

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

}

Omnumrem Teneph MeTOABI Kjacca SparseArray::Interm, B KOTOPHIX M 3a-
KJIIOYAETCsI OCHOBHAS (DYHKIIMOHAJIHHOCTD HAIIIETO PA3PE’KEeHHOTO MacCUBA:

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

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

return Xx;
int SparseArrayInt::Interm::operator+=(int x)

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

int res = location;

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

int SparseArrayInt::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;

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

Hakomer, onumiem Bciomorareabubie GyHKINN Provide u Remove

int& SparseArrayInt::Interm::Provide(int idx)
{
Item* tmp;
for(tmp = master->first; tmp; tmp = tmp->next) {
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if (tmp->index == index)
return tmp->value;

3
tmp = new Item;
tmp->index = index;
tmp->next = master->first;
master->first = tmp;
return tmp->value;

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

§ 2.20. CraTuvdecKue IO 1 METO/IbI

Nnorja ObiBaeT 1MOJIE3HO MMETH IEpEMEHHbBIE U MeTO/bl, KOTOPbIe, C OJI-
HOIl CTOPOHbI, JIOCTYIIHbI TOJIBKO U3 KJIACCA U,/ MM BOCHIPUHUMAIOTCH KaK €ro
4acTh, HO, C JIPYI'OM CTOPOHbI, HE IIPUBA3AHBI HU K KAKOMY U3 O0bEKTOB U MO-
I'yT UCHOJL30BATHCA JAyKe TOTJA, KOTJa HU OJHOTO O0BEKTa JAHHOTO KJIACCA
He cymecTtByeT. B s3bike Cru++ Takne HWieHbl KJIacca HA3bIBAIOTCS CMAmu-

yecKuMU M 0603HATAIOTCS KJIIOUEBBIM CJIOBOM static!l.

§ 2.20.1. CraTuvecKue moJid 1 OCOOEHHOCTH UX
onpeeIeHus

Cmamuueckoe noae Kaacca npeacrasisger coOOM, B CyIITHOCTH, 00bIY-
HYIO IIEDEMEHHYIO, BpeMsl YKU3HHU KOTOPOI COBIIAJA€T ¢ BPEMEHEM BBIIIOJIHE-

HHe nyraiite UX C JIOKAJIbHBIMH II€DEMEHHBIMA U (PYHKOUAME MOAYJIEH, a Takxke ¢ Jo-
KAJIbHBIMU [I€PEMEHHBIMA (DYHKIHIM, KOTOPBIE COXPAHSIIOT CBOE 3HAYMEHHE IPHU TOBTOPHOM
BX0Jie B (PYHKINIO; KaK U B 3biKe CH, B CH++ 3TU CYITHOCTH TOXKe 0003HAYMAIOTCS CJI0BOM
static, HO MPAKTUYECKH HUYErO OOLIEr0 HE UMEIT CO CTATUYECKUMU YJIEHAMM KJIACCa.
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HUS TPOTPAMMBI; TOYHO TAKUM YK€ CBORCTBOM 00JIaIAI0T, HAIIPUMED, TII00ATIb-
HbIe iepeMertbie. C Ipyroif CTOpOHbI, TPABUJIA BUIUMOCTH JIJIsI CTATHIECKOTO
OJIA KJIACCA, TOYHO TAKUE 2Ke, KAK U JJ1g OOBIYHBIX HOJIEH: CTATHYECKOE IOJIe
BXOIHT B 00JIACTh BUIAMOCTH KJIACCA, TAK YTO IPH YIOMHAHAHAN CTATHICCKO-
ro NOJIst BHE METOIOB KJIACCA HEOOXOAMMO MCIOIH30BAHUE CUMBOJIA PACKPHI-
THS 0GJACTH BUIMMOCTH : :12; HAKOHeI, HA CTATHYECKOEe TIOJIE PACITPOCTpPa-
HSIIOTCS MEXaHU3MbI 3AIIUTBI, TaK YTO, €CJIH €r0 PACIOJIOKUTh B IPUBATHOMN
YaCTH KJIACCa, JOCTYII K TAKOMY IIOJIO OyIeT BO3MOXKEH TOJIbKO M3 METOIOB
KJIacCa U Apy3ei KJjacca.

CyIHOCTb CTATHYECKUX MOJIEH KJ1acCa MOXKHO ITOACHATDL M MHAYe: CTATH-
YECKOE TIOJIE — 3TO TAKOE «XUTPOEe» TMO0JIe, KOTOPOe CYLIECTBYET B OIHOM K-
3eMILISIPE JJIst BCETO KJIACCA, BHE 3aBUCHMOCTH OT KOJUYECTBA OO'HEKTOB 3TOT0O
KJIACCA; Jaxke e€CJIH HA OJHOrO OOBEKTa HeT, CTATHIECKOe IIO0JIe BCE PABHO Cy-
IIECTBYET, KOJIb CKOPO OHO OIMMCAHO B KJyacce. [lomy4aerca, 9To craTmaeckoe
[0JIe, B OTJIMYHE OT OOBIMHOIrO, HE SABJIAETCA COCTABHOW YacTbIio 00sexma u
MPUHAIJIEKUT KAACCY KAK €IUHOMY IICJIOMY.

CmamuuecKkoe noae OUChIBAETCS B KJIACCE TOYHO TaK YKe, KaK W 00bIU-
HOEe TI0JIe KJIAcCa, TOJIbKO C T00aBJIEHNEM CIIEpeIn CI0Ba static:

class Cls {
//...
static int the_static_field;
//...

}s

Nmeercst, oaHAKO, OYEHDH BAXKHOE OTJIUYNE: €CJIM ONMUCAHWE OOBIYHOTO ITOJIS
camo 1o cebe yKe 03HAYAET, YTO B O0BEKTE MO TO IMoje OyJeT BbIIEIEHO
MECTO, TO OIMMCAHNE CTATHIECKOTO MO O3HAYAET JIUIIh, ITO MECINO T00 MO
noae 6ydem evidesero 2de-mo 6 00HOM U3 MOOYAET NPO2PAMMDbL.

l'{I/ITaTeJ'Ib, xopouwo 3HaKOMbI C SI3bIKOM CI/I, MOXET 3aMeTNTb 34ECb NPAMYHO aHa-
noruto ¢ 0bbsiBneHnsaMu rnobanbHbIX NEPEMEHHBIX C AMPEKTUBOI extern. YT1obbl no-
HATb, NOYE€MY ONUCaHNE CTAaTNYECKOro NoNsA B KJlaCcCe CHNTAETCA NMEHHO p,eKnapaLwleﬁ,
a He onpejeneHneM, nogymaiite, 4To OyaeT, ecnu 3arofloBOK Knacca byaer BbiHECEH B
3aro/I0BOYHbIN aiin, a cam 3TOT paiin — BKIKOYEH M3 HECKONIbKNX MOAYEN.

Wrak, 9T006BI 3aBEPITUTH CO3IAHNE CTATHIECKOTO MOJIS, HEOOXOINMO BHE
KJIacca MOMECTHUTD ero OIpejIe/IeHue:

int A::the_static_field = 0;

OOBIYHO OmpeieNeHnsT CTATHYECKUX TOJell CHAOKAIOT WHUIIHATA3AIHEH, KAK
9TO CAEJIAHO U B HAIIEM IIPUMEPEe, XOTs 3TO U He 00A3aTesIbHO.

Obparure BHUMaHUE, YTO, €CJIU BALIE OIMMCAHUE KJIACCA BHIHECEHO B 3ar0-
JIOBOUHBIH (DAiijI, TO OMpPeIe/IeHnsT CTATHIECKUX TIOJIel ClieiyeT obsg3aTesab-
HO moMecTuTb B ailyl peajim3anuy OJHOTO W3 MOIYJIEH, HA B KOEM
cIydae He B 3aroJIOBOYHbIA (aiin!

L2\11 yoxe BCTPEATUCH C CHMBOJIOM PACKDPHITHS 0bgacTy uguMocTy B § 2.14 ma cTp. 43.
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[ToBTOpUM, YTO BBEIEHHOE TAKUM OOPA30OM CTATHYECKOE ITojIe Oyaer Cy-
IECTBOBATh B MpPOrpaMMe B €AWHCTBEHHOM 3K3eMIUIsipe M B TedYeHUue
BCEro BPpeMEeHU BBIMOJHEHHUSI MPOrPaMMBbl BHE BCAKOW 3aBUCHMOCTH OT
TOro, OyJIyT Jid B Baleil porpamMMe 3aBOIUTHC OObEKThI KIACCa A U B KAKHX
KoJIn4yeCrBax. ECHI/I IIOMECTUTDH O6"bHBJIeHI/Ie CTATUYECKOro I110J14d B HpI/IBaTHOﬁ
JaCTU KJIACCA, TO COOTBETCTBYIOIIEE UM OYIET JTOCTYITHO TOJIBKO B METOIAX
KJIACCA U B «JAPYKECTBEHHbIX» PyHKIUAX. OObaBIEHNE MOXKHO TOMECTUTD 1
B OTKPBITYIO 9aCTh Kjacca. B atom ciydae oHO GyaeT JOCTYITHO OTOBCIOLY, a
0OpATUTHCA K HEMY MOXKHO OyJeT Kak depe3 CyIeCTBYOIHi 00beKT, TaK 1
0e3 BCAKOro 00bEKTa C IMOMOIIBIO SIBHOIO PACKPBITHS OOJACTH BUIMMOCTH:

A a;
a.the_static_field = 15; // upaBmibHO
x = A::the_static_field; // Toxe mpaBuUNBHO

Cnep,yeT OTMETUTb, 4TO CTAaTN4YECKNE NoJIsi CXOXU C rﬂO6aJ1beIMVI I'IepeMeHHbIMI/I B
TOM YUCNIE U TEM, YTO B HUX NPOrpaMma MOXKET HAKaMIMBaTb r106asbHOE COCTOSIHME,
B pe3y/ibTaTe 4ero sl CTOPOHHEro HabnogaTensi nNoBeAeHUE OAHUX U TeX e PyHK-
LJ'VIﬁ OKa>XeTCAA U3MEHAKLWMNMCA NO HEOHYEBUAHBIM 3aKOHaAM. KpOMe TOro, CraTmn4eckme
Mosisi MOTYT CyLWeCTBEHHO 3aTPYAHUTL MacwTabuposaHue nporpaMmmsl. Tak, ecnu Bam
334eM-TO NOHAZobNNCS CNCOK ODBEKTOB ONpeAesiEHHOro KAacca v Bbl BBENN A4S 3TON
uenn CTaTVI‘-IeCKVIﬁ yKasaTenb Ha ﬂepBblﬁ 3NQIEMEHT TaKOro Cnncka, To 3TO O3Ha4aeT, 4TO
B MPOrpaMMe Takol CMMCOK MOXeT ObITb TONIbKO OAWH, a €C/in Korga-Hubyab noHago-
6uTcs ABa TakMx cnncka (M3 0GbEKTOB OAHOTO M TOFO XXE TUMA), MPOrpamMmy NPUAETCS
OYeHb CEPbE3HO NMepenenath.

Mo3Tomy ncnosib30BaHME CTaTUHECKNX MOJIEN PEKOMEHAYETCS B O4HOMA U TOIbKO Ofi-
HOUi CMTyauun: KOrAa Takoe NoJsie npegcrasasier coboil KOHCTAHTY, TO eCTb ero 3Have-
HUE HUKOr[a He U3MEHsIeTCs1 BO BpeMsi pabotel nporpammel. Hanpumep, cratuyeckum
MOXHO 00BSIBUTb KaKOW-HUBYAb KPYnHbIli MacCUB, COAEPXKALLNA HEU3MEHHbIE [aHHbIE,
Heobxogumble ansi paboTbl OGBEKTOB AAHHOrO Kacca, HO He Tpebytowmecs HUrAe 3a
ero npegenamu. [lpumepom Takoro mMaccuea MOryT ClyXuTb, Hanpumep, Tabnuua ne-
PEXOAOB MeXJy COCTOSIHUSIMU KOHEYHOrO aBTOMAaTa B KJlacCe, Peann3youem 3TOT Ko-
HEYHbI/i aBTOMAaT; MACCMB CTPOK C BO3MOXHbIMU AMArHOCTUYECKUMU COODLEHUSIMU;
Tabnnua COOTBETCTBMS NOJIL30BATENLCKUX KOMaHZ (CTPOK) Bbi3bIBaEMbIM (DyHKLUSM,
uT.on.

§ 2.20.2. CraTudecKkue MeTOIbI

Cmamuueckutli memod — 310 ocobblil BU, (DYHKIUU-METO/1a, KOTOPas,
SIBJISISICH METOIOM KJIACCa W MMesl JOCTYT K €r0 3aKPBITHIM JIETAIIM Peain-
3allUH, TIPU STOM BbI3bIBAETCA HE3aBUCUMO OT O0'bEKTOB KJjacca. llep-
BOHAYAJILHO CTATHYECKUE METOJbI MPEIHAZHAYAIUCH JJIs PADOTHI CO CTATH-
YECKUMH MTOJISIME, HO MOy YABITHNACA MEXAHIM3M HAIIET B UTOTe CyIECTBEHHO
6osiee MUPOKHiT criekTp npuMmeneHuit. Omucanme CTaTHYecKOro MEeToa aHa-
JIOPMYHO OIMCAHKUIO OOBIMHOIO METOJIA, HO II€PEJ, TAKUM ONUCAHUEM CTABUTCS
KJIIOYEBOE CJIOBO static, Kak B CIAEAYIOIEM TpUMepe:
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class Cls {
//. ..
static int TheStaticMethod(int a, int b);
//...

}s

ObpaieHue K CraruaecKOMY METO/LY, KAK U K CTATHYECKOMY OJII0, BO3MOXKHO
KaK Yepe3 00beKT KJjacca, Tak 1 0e3 TAKOBOT'O, C MTOMOIIIHIO CHUMBOJIA PACKPBI-
TS 00JIaCTH BUIMMOCTH:

Cls::TheStaticMethod (5, 15); // BCc& npaBmibHO
Cls c;
c.TheStaticMethod(5, 15); // Tak ToXe MOXHO

TlockombKy cratndeckas GpyHKIUI-METO MOKET ObITH BbI3BaHA 6€3 00b-
eKTa, y He€, KaK CJIeICTBUE, OTCYTCTBYeT HesBHbI napamerp this (cwm.
§2.1.2). Kpome BCero mpovero, 3T0 03HAYAET, UTO TaKas (DYHKIUA HE MOXKET
MPOCTO TaK OOPAINATHCs, KaK JAPYTHe METObI, K TOJIAM OObEKTa, BeIb 00b-
ekTa y Heé Her. Bei3biBaTh Hecrarmueckue (PyHKIIUH-METOIbI CTATHIECKAS
GbyHKIMSA TOXKE MPOCTO TAK HE MOYKET, IMOCKOJIbKY HECTATHYECKHE MEeTOIbI
JIOJIZKHBI BBI3BIBATHCSA [1Jisi KOHKPETHOrO obbekra. Curyarus KapIuHATIHHO
MEHSETCs, €CJIU CTATHIeCKAsd PYHKIMA TEM UM MHBIM CII0CODOM BCE-TAKU 110~
JIy9aeT JOCTYH K O0BEKTY CBOEro KJjacca. Takoe BIOJTHE MOXKET MPON30UTH 1
HUKOWM 00OpPa30M HE TPOTHUBOPEYUUT OMPEIETIEHIIO CTATHIECKOTO METOIA: /Ieii-
CTBUTEJIbHO, HUKTO HE MEIaeT mepeaaTh OObEKT Yepe3 OJuH U3 SBHO 0D03HA-
YEHHBIX 1IaPAMETPOB; BIIOJIHE BO3MOXKHO IOJIYIUTh JTOCTYII K OObEKTY CBOErO
KJIACCA 9epe3 IJI00aIbHbIE IIEPEMEHHbBIE WJTH C IIOMOIIBIO ITOOAIbHBIX (PyHK-
[uil; HAKOHeIl, cTaTumuecKas (PYHKIUS BIIOJIHE MOXKET CO3JaTh 00beKT
cama.

Wrak, HECMOTPsT HA OTCYTCTBUE yKa3aHWI HA KOHKPETHLIA OOBEKT Mpu
BBI30BE CTATUYIECKON (DYHKINH, OHA B HEKOTOPBIX CIIYYAAX MOYKET IOJIYIHUTh
JOCTYII K 00BbeKTy cBoero kjaacca. I torma crarmueckas (pyHKIUS, KakK
u 1060l MeToJ Kilacca, MOXKeT 06paIaThbcsi K 3aKphITHIM (IpuBaT-
HBIM) MOJISIM U MeTodaM obbeKTa (JefCTBUTEIBHO, KAK YKEe TOBOPUIIOCH
panee, equnutieii 3amutbl B Cu++ ABjIgeTcsa He 00bEKT, a KJIACC WU CTPYK-
Typa LEJIUKOM).

Hanuawe B Cu++ crarudecKux METOJOB IMO3BOJISIET B Dsijie CJIY4aeB
[IPUMEHATH BECbMa U3dAIlIHbIE TPUEMbI porpammupoBanus. Hanpumep, mbt
BIIOJTHE MOYKEeM yOpaTh B 3aKPBITYIO 9ACTh KJIACCA BCE UMEIOITNECS KOHCTPYK-
TODBI, 3aNPETUB, TAKUM 00pa30M, CO3/aHne O0HEKTOB JAHHOIO KJIACCA N3BHE
€ro CaMoro, u MOPY9IUTh CO3JaHNE OObEKTOB CTATHIECKOMY METOLY, KOTOPbIii
MOXKHO BBI3BATh, HE MMesi HU OJHOTO OOBEKTA.
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3. Obpaborka
NCKJIIOUNTEJIbHBIX CUTYyaIlnii

§ 3.1. Ommbo4uHbIEe CUTyaIlUN U ITPOOJIEMBI UX
obpaboTku

Jliobass ckob ObI TO HU OBLIO HETPUBHAIbHASI MPOUPAMMA COMEPIKHUT
¢dbparMeHTsl, KOTOPble B HEKOTOPBIX OOCTOATETHCTBAX HE MOTYT OTPabOTATDH
KoppekTHo. Hanpumep, nporpaMmma, aHajiu3upyoolnas COAEPKUMOe 33, 1aHHO-
ro ¢daiina, He cMOXKeT paboTaTh, HE CyMeB OTKPBLITH (DA HA UTEHWE; TPO-
rpaMMa, paboTaioIas Mo KOMIIBIOTEPHOH CeTH, He CMOXKeT padoTaTh, €CJIN He
paboTaer ceTb WU €CJIA HEeNOCTYIEH HYXKHBIA ceppep; (PYHKIMS, IPOU3BO-
JAIIAsl CJIOXKHBIE BBIYKCJIEHUsI, HE MOXKET KOPPEKTHO UX 3aBEPLIUTH, €CJIH B
XOJle BbIYMCJIEHHI [10TPEDOBAJIOCH Je/I€HIe Ha HOJIb MJIM, HAIIPUMED, BBIUKC-
JleHne jjorapudma Mo eIMHUIHOMY OCHOBAHMWIO, W T.T. [l0H00HBIE cHTyamun
Ha3BIBAIOT OIMMUOOYHBIMHU, OJHAKO YK€ 3TO COBEPIITEHHO He 00sI3aTeIHLHO O3HAa-
9aeT, 9TO OMmOCs MPOrPaMMUCT, MUCABIIHH mporpammy. B caydae ¢ daitmom
«BHHOBAaT» B BO3HMKHOBEHUHU OIIMOOYHON CHTyalnyuu, CKOPee BCEro, I0JIb30-
BarTeJib, B Cy4ae C CeTbI0 — OOC/yKMBAOIIMIA [IEPCOHAJ CETH WM CEPBEpa;
MpUMep C JeJIeHNeM Ha HOJIb YKA3BIBAET HA OMMOKY MTPOrPAMMUCTA, BHI3BAB-
mero (byHKIUIO 1718 HEKOPPEKTHBIX MCXOAHBIX MApaMETPOB, HO ITO MOXKET
OBITH HE TOT MPOTPAMMUCT, KOTOPBIN HAMUCAJ CaMy (DyHKITHIO.

WNuage roBopsi, MbI TIPH HAMUCAHUK TPOTPAMM YaCTO CTAJKUBAEMCS CO
CAydasMu, KOTJa YCIenHas pad0oTa HAIel TPOrpaMMbl 3aBUCUT OT BHEITHIX
YCJIOBHI, KOTOPBIE MBI CAMH FapaHTUPOBAHHO OOECIIEYUTH HEe MOXKeM. B Takux
CIyYaax MPUXOAUTCS IPEeIyCMAaTPUBATD B IporpaMmMe obpabomxy owubox .

[IpoBepuTsh BCe HYKHBIE YCJIOBUS OOBITHO HECTOKHO. CyIIeCTBEHHO CJI0XK-
Hee MOKET OKa3aTbCd CJAeyIONHil BOIPOC: a 4TO XKe JeaTh, €CIu yCJI0BUd
OKAa3aJIMCh HEY/IOBJIETBOPUTEJIHHBI,— HE OTKPbLICS (aiii, He yCTAHOBUIOCH
coejJluHeHue, B Jejiresie OKa3alcd HOJIb,— TO €CTb BO3HUKJIA Ta CaMagd OLIu-
6ounas curyarus?! MHOTHE CTyIeHTHI B TAKON CHTYAIlW¥ MOCTYMAIOT MTPOCTO,
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JEIIEBO W CEPAMTO: MEeYaTaloT Kakoe-Hubyb coobuienue (OYeHb 4acTo IMpo-
cro "ERROR") ¥ 3aBepliaioT BBINOJHEHUE [POrPAMMBI, HAIIPUMED, BBI30BOM
exit (). B peanbHO# »KN3HN TaKO# BAPUAHT, KaK MPABUIIO, HEIOMYCTHM. UTO-
ObI MOHATH IPUYUHBL 3TOH HEJIOMYyCTUMOCTH, IIPEICTaBbTe cebe, YTO BbI JOJITO
HaOWPaAJIM TEKCT B KAKOM-HUOY/b TEKCTOBOM PEIAKTOPE, TIOTOM ITPU COXPa-
HEHUU CAYYGUHO BBEJIU HEMPABUIBHOE UM JTUPEKTOPUY WJIN, HAIPUMED, TI0-
MBITAINCH OCYIIECTBUTH 3AIUCh HA 3AIUINIEHHBIN HOCUTENb. Ecau 661 aBTOp
TEKCTOBOTO PEIAKTOPA 00pAOATHIBAI OIMHOKHU «ITO-CTYIEHIECKH», TPOTPAMMA
peaakTopa O6bl HEMEJIEHHO 3aBEPIUIACH, YHUITOXKUB BCE PE3YIILTATHI BaIei
paborbr. MasmoBeposaTHO, 9TO TAKOE MOIVIO Obl BaM ITOHPABUTDHCSI.

Boutee Toro, ve Bcerza u He Be31e MOXKHO TaK BOT IPOCTO «HAIIEYATATH CO-
obmiennes. Hanpumep, npu nporpaMMupOBaHIE OKOHHOI'O IIPUJIOYKEHUS 1O,
MS Windows HUKaKOro TMOTOKa, CTAHIAPTHOTO BBHIBOIA B PACITOPSIYKEHUHN TTPO-
FPAMMUCTA HET, TAK 9TO BMECTO MeYaTH HEOOXOIUMO CO31aBATh MOIAJIbLHBIH
nmajor ¢ coorBercrByfommM TekctoMm u Kuonkamu. [Tox OC Unix Bcé mHe Tak
IJIOXO, TIOTOK CTAHIAPTHOrO BBIBO/A €CTh BCErJa, €CTh JaKe CIEeIUaIbHbBIH
ITOTOK JI/TsT BBIBOMIA COODIIEHME 00 OmubKax; mpobeMa TOJbKO B TOM, 9TO
AAJIEKO HE BO BCEX CJy4dadX Pe3yJjibTaThl BbIBOJdA B 3TU IHHOTOKU KTO-TO 4YH-
TaeT, 1 B HEKOTOPBIX CJydYasX CJIEIyeT BMECTO HUX TOJH30BATHCS CHUCTEMOA
Ky pHAJIM3AIIH.

Kpowme Toro, me Bce ommbouHbe cuTyaruu dbaTaabHbl. B BhITIeymOMIHY-
TOM TIPUMEPE C PETAKTOPOM TEKCTOB B OIMTUOKE, JOMYIIEHHO MOIb30BATEIEM,
HET BOBCE HMYEro CTPAITHOTO: HY?KHO MPOCTO KOHCTATHPOBATDH (DAKT OIMTHOKH
U MOMPOCHUTD TTOIB30BATEIIS BBECTHU Apyroe uMs (paitra. TodHo Tak yKe MOKeT
He OBbITH (paTaabHOI OIMIMOKA, CBA3aHHASA C YCTAHOBJIEHUEM CETEBOI'0 COeIuHe-
HIS, BeJJb BO MHOTHUX CIYYagX MOYKHO OODATHThCS K cepBepy-aybmépy'. a-
K€ CUTYyallusi C JeJIeHreM Ha HOJIb B HEKOTOPBIX CJIyYasX MOMXKET OKa3aThCs
HedaTAIBHON, KaK, HAIIPUMED, TIPU UCCIEIOBAHNY HEKOTOPHIX HEKOPPEKTHO
HOCTABJIEHHBIX 33/a4 (0ObIYHO B 9TUX CJIydadX [OJOBHAS IPOIDAMMA <«3Ha-
er», KaK MOXKHO CKOPPEKTHPOBATH MCXOIHbBIE TaHHbIE, YTOObI n36exKarh Jie-
JIEHUsI HA HOJIb, W HYKHYI0 KOMOMHAIMIO nuier mMerogoM npob m omubok).
Hakomer, 3ameTuM, 9T0 OIUH U TOT YK€ KOJ MOXKET HCIOJIb30BATHCS B COBEP-
[IIEHHO PA3HBIX MPOTPAMMAX, MPUIEM I OJHUX OIMMOKA MOXKET OKA3aAThCS
daranbHOl, A8 APYTUX — HE CTOAMIEN JTaxKe ynmoMuHanus. Hanmpumep, MHO-
rue IPOrpaMMbl BBIIOJHSAOT IOUCK HY2KHOTO (haiiia B PA3HbIX AUPEKTOPUSIX,
[IPOCTO IIBITAACH €r0 OTKPBITh U IIPOJOJIZKAsA IIOUCK JIAJIbIIE [TOCJIe KaXK IO
HEYIA4YW; B 9TOM CJIy4ae OMUOKA BOOOIIE TEpecTaéT ObIThH OMMOKOIA.

113 Bcero BbIlIeCKa3aHHOIO MOXKHO C/IE€JIATH OJIUH OY€Hb CEPHE3HBIN U BaXkK-
HBII BHIBOI: MIPUHUMATH PEIIEHUs 0 TOM, YTO [eJIaTh MPU BO3HUKHO-
BEeHNU OMMOOYHOW cuTyarumm — 3TO IIpeporarmBa TOJIOBHOW Ipo-
rpaMMbl. 3aBEpIIaTh MPOrPAMMY, & TAKXKE U BBIMNOJHATH TEM WJIA WHBIM

! Taxoe BO3MOMKHO TP 0GpaIeHnsx K cucreme omernbx umén (DNS), a B HEKOTOPBIX
ClIy49adX — U IIPU OTIIPaBKE 3JI€KTpOHHOfl II0OYThI, U B JPYTAUX CUTYallUAX TOXKE.
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CI0CcO0OM BBIZAYY COOOINEHMI MOXKET TOJIhKO (byHKIWs main() u Te u3 BbI-
3bIBAEMBIX €10 (DYHKIHil, KOTOPHIE [JIsi 9TOrO CIEIUAIBHO MPETHAZHAUEHBI.
Yro ke Kacaercs Koja, He MOMABIIEro B 3Ty KATErOPHUIO, TO €ro Jejio B CIy-
4ae BO3HMKHOBEHUsI OMIUOKH — OMOBECTUTH 00 3TOM T'OJIOBHYIO IPOTPAMMY,
u He 6osee TOrO.

3ByYHUT 3TO JOCTATOYHO MPOCTO, OJHAKO BCE, KTO UMEET OIMBIT TTPOrPAM-
MHDOBAaHUS [1ayKe HE OYEHBb CJIOXKHBIX MPOIUPAMM, 3HAIOT, C KAKAM TPYIOM
9TO BOILIONIAETCS HA MPAKTUKE. B MPOCTHIX S3bIKAX TMPOrPAMMUPOBAHUS, Ta-
kux kak Cu mnu Pascal, npuxonurcs u3 hyHkiuii B ciiydae BOSHUKHOBEHUST
omubOK BO3BPAIATH CIEIUAIbHBIE 3HAYEHHS, 4 B TOYKE BbI30Ba (DyHKIMH,
COOTBETCTBEHHO, TPOBEPSTH, HE BEPHYJIA JIU BbI3BAHHAS (DYHKIINS 3HAUECHIE,
COOTBETCTBYIOIee OmuOKe. B OOJBITHHCTBE CIy9aeB MPH ITOM BbI3BABIIAS
dyHKIIHSI, B CBOIO 09€pE/ib, BEIHY XK IEHA, BO3BPAIIATH MPU3HAK OIMUOKA U T. 1.
IIpencrasbre cebe Tenepnb, uro dpyukiusa £1() Be3Baga pyrkmuo £2(), Ta,
B CBOIO ouepenb, ¢pyukmuio £3() u T. 1., a B dyaKiun, ckaxem, £10() Bo3-
MOYKHO BO3HUKHOBEHME OIMUO0YHON curyanun. Torma HyKHO TPeIyCMOTPETh
3HAYEHNE, BO3BPAIIAEMOE B CiIy4ae 370l omubku, B dyukmun £9 () caemarsb
MMPOBEPKY ¥ B CJIydYae OMMOKHU, B CBOIO OYEpE/ib, BO3BPATUTH HEUTO OMIHO0U-
HOE, ¥ TaK BO BCeX (DYHKIIUSIX.

Teoperrmdecku IMEHHO TaK BCE U JOJIZKHO JEJIAThCS, BCE BO3MOYXKHbBIE OIIIH-
GOYHbBIE CUTYAIUU JIOJIZKHBI [IPOBEPATHCS | T. I1., HO HA IIPAKTUKE AKKYDPATHOE
cobmmoienne TpeboBaHui Mo 0OpaboTKe OIMTMOOK MOYKET OKA3aThCs HACTOJb-
KO TPYIOEMKHM, 9TO TPOrPAMMHUCTHI TPUOETAIOT K M3BECTHOMY <«AJTOPUTMY
peliieHus Beex mpobsiems», a umenHo — (1) moaHsaTh BBEPX NpaByo PyKy u (2)
PE3KO MaXHYTh €10, OMHOBPEMEHHO ITPOU3HOCS 9TO-TO BPOJIE «a, JIaaHO». Kcrh
Jaxke mrytodnas ppasa Ha ITY TEMy: «HHUKOLJA He [poBepsiiTe Ha OMUOKH,
KOTOpBIE BRI HE 3HAETE, KaK 0O0paborarhy. Pazymeercs, Takoe OOBITHO JapOM
we mpoxomuT. OmubKa, KOTOPYI HE CTaju 00pabaThbiBaTh B HAIEKIE, UTO
OHA HUKOT/IA HE TPOU30HIET, TPOABUTCA B CAMBIH HEMOIXOIAIIAN MOMEHT,
MPUYEM YeM JIAJIbINe HAXOAUTCA 3aKA3IUK U 9eM OOJIbINE JEeHEr OH 3allIaTHI,
TE€M BBIIIE BEPOATHOCTb, YTO HAIIA MPOrPAMMA CJIOMAETCH UMEHHO y HEro.
NMeHHO TT03TOMY BO MHOTHX SI3BIKAX MPEIYCMOTPEHBI CIIEIUAILHBIE BO3MOK-
HOCTH Jj1s 00paboTKu Omub0YHbIX cutyanuii. B s3bike Cu++ COOTBETCTBYIO-
mumit MexaHu3M Ha3bIBaeTCsa 00pabomkoti uckarouernud (auria. exception
handling).

§ 3.2. OOmag naesa MeXaHN3Ma UCKJTIOYEHUIT

OrMeruM emg OuH HEeJOCTATOK UCIOTB30BAHNS CIEIUATbHBIX BOZBPAIIA-
€MbIX 3HAYEHWIT JJIsi MHIUKAIME OIMUOKU. B HEKOTOPBIX Cilydasx cpeiu BCex
3HAYEHUN BO3BpAIAEMOro (PyHKIMEH TUIA [POCTO HET HU OJIHOIO HEHCIIOJIb-
3yeMOro; OTJIUYHBIN MpuMep TaKoro poaa (gyukinn — atoi (), mepeBossimnas
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CTPOKOBOE IPeJ/ICTABJIEHNE 1IEJI0r0 YKCIa B 3HaUeHHe Thna int. Bo3sparmaer
OHa, eCTECTBEHHO, YHCJO THIA int, a MOCKOJIbKY JI000€ TAKOe UHCIO NMEET
CTPOKOBOE TIPEJICTABJIEHUE, TO ¥ BEPHYTH (IIPU OTCYTCTBUU KAKUX-JIUOO OIIU-
6oK) oHa MOzKer, BOOOIIE 1roBops, Jioboe 3Hadenue Tuna int. B 1o xe Bpems
BO3MOKHO, YTO B CTPOKE, 1OJAHHON atol Ha BXO/, COAEPKUTCH TEKCT, HE siB-
JIAIOMIUICS TPeICTaBIEHUEM KaKOro-1ub0 ducia (Hampumep, COCTOAMN 13
OykB, a He u3 mudp). B s1oit curyanuu paspaborunku GyHKIUU DEIUIIT, 38
HEMMEHUEM JIydIllero, BO3BPAIATh HOJb, HO 3TO HE PEIaeT mpodiemMy, Belb
[OJTy 9aeTCst, 9TO (DYHKIMs BO3ZBPAIIAET OHO M TO YK€ U JJisi CTPOKH, COIAEP-
Kareit 6eubep/ry, u 1t CTPpoKu "0", KOTOpasi ABJISIETCS BIIOJTHE KOPPEKT-
HBIM MPEJICTaBICHUEM YHCJa. DTO MPUBOIUT HAC K UJICE UCKAIOYEHUA, KOTO-
poe mpeacTaBiser coboit 0cobuill cnocob 3asepuwerus GYHKYUU: €CITU B T3bI-
KaX, HE MOIEP>KUBAIONINX MEXAHU3M HCKIIOYeHNH, (DYHKIMS MOTJIa TOTHKO
BEPHYTH OJHO M3 BO3MOXKHBIX 3HAYEHUH, TO B A3bIKAX, MOJIEPKUBAIOIINX
UCKJIIOYeHUsl, (DYHKIMA MOXKeT b0 BEpHYTh 3HadeHue, Jimbo 6036ydumsb
ucKAOYEeHUE.

OTMeTVIM B 3TOW CBA3N, 4TO NCKNKYEHNSA BOBCE HE SABASAKOTCA COCTaBHOI 4aCTblO
napagmrmbl 06 bEKTHO-OPMEHTINPOBAHHOIO NPOrPaMMMPOBAHUS, KaK 3TO NOYEMY-TO Ha-
cTo yTBepxgaetcs. Hanpotns, oHn ckopee OTHOCATCS K DYHKLUMOHATILHOMY NPOrpam-
MupoBaHuto; HebesbizBecTHas yHkunst call/cc, NnoaaepKNBaEmMas BO MHOMMX (yHK-
LMOHANbHBIX A3bIKAX, NPeACTaBAseT CODOM HMYTO MHOE Kak 0bobLieHMe mMexaHu3ma
uckntoyermii; B s3sike Common Lisp, He umetowem call/cc, npyu 3TOM UMEIOTCs, TEM
HE MEHEe, KOHCTPYKUNKN, COBEPLUEHHO aHANIOTNYHbIE KOHCTPYKLUNAM O6pa6OTKVI NCKNHO-
yennii Cu++.

Boz0y:xmeHne UCKIIIOYEHNsT O3HAYAET, HA, CAMOM JIeJIe, MEPEXO0T, TPOrPaM-
MBI B 0CODOE COCTOSTHWE, B KOTOPOM BCE AKTHBHBIE HA HACTOSAIIWIA MOMEHT
dbyHKIMYT JOCPOYHO 3aBEPIIAIOTCSA OIHA 33 APYTOil, MOKA He HAWIETCsS Takasd,
KOTOPAasi MOYKET CIPABUTHCS C JAHHBIM THUIOM HCKJIOYATEJIbHBIX CATYAIWH.
Y100bI IOHATDH, O Y€M KUJIET PEYb, BCIOMHUM CHATYAIMIO, PACCMATPUBABIILY IO
csa B npenbiayinem maparpade: dyakmus £1() BerBana dyukmuio £2(), Ta,
B cBOIO ouepenb, pyukimio £3() u T. 1. Bmiore 10 £10(), rae u BO3HUKA-
er omubOKa. IIpu 3TOM HAM COBEPIIIEHHO HE 00A3ATEIBLHO /€/aTh KaKue-JIub0
npoBepku B GpyHKIUAX £9, £8 u T. /1., BIIOJHE JOCTATOYHO IOMETUTH, HAIPH-
Mep, dyukimio f1 Kak yMEOILyl0 CIPABIATHCH C JAHHBIM THUIIOM OIIUOOK.
Torma mpu BO3HUKHOBEHUH OMIMOKK BO BpeMms ucnoyiHenus: £10 Oyner 3aBep-
IIIeHa, JOCPOYHO U OHA, CaMa, U BbI3BaBINas €€ dbyukiusg £9, u £8, u Tak BILIOTH
no £1, koropasa u obpaboraer omubky. Hade roBopsi, eciu Hekast GpyHKIUsS
g() BomsbiBaeT npyryio dynkmuio h(), a 3Ta nocieaHas Bo30YKIACT UCKITIO-
qeHue, /i Koroporo B g() Her ob6paboTdnKa, TO 3TO SKBUBAJIEHTHO TOMY,
Kak ecsm Obl pynknua g() cama BO3OyAuIa TO K€ CAMOE HCKJIIOYEHUE, He
BBI3BIBas h().

Nuorga Bcio 06paborky omubok Jenaior B (ynkinuu main(). Ona mis
9TOr0 ya00HA, MOCKOJBKY OCTAETCS AKTUBHON BCE BpEMsi MCIOJHEHUS TPO-
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IPAMMBI” T, TAKIM 00Pa30M, MOXKeT 06paboTaTh NCKIIIOUeHNe, BO30YK ISHHOe

B MPAKTUYECKH JIIO00I JaCTU MPOrPAMMBI.

§ 3.3. Bo30yxK/eHne NCKJIIO9eHnid

IIpn BO3HWKHOBEHWW CHTYAIWW, TPAKTYEMOIl KaK OMMUOOYHASA W TPeOyIo-
mast 00pabOTKYM B KaveCTBEe MCKIIOYUTEILHON, CIEIyeT 8036ydumv UcCKAIO-
wenue ¢ NOMOIIBIO oneparopa throw (anri. 6pocums). Y 3TOro oneparopa
HMEeTCST OJIMH MTapaMeTpP, B KAYECTBE KOTOPOI'O0 MOYKET BBICTYIATH BBIPAZKE-
HEE, BOODIIE TOBOPsI, TPOU3BOJILHOIO TUIIA, B TOM YHC/IE KaK JI000ro 6a30BOro
(int, float, ...), Tak u HPOU3BOAHOIrO (YKAa3aTesb U T.11.), & PABHO U OLIPeJe-
JIEHHOTO TOJIb30BaTeaeM (B TOM YHCJIE, YTO HEMAJOBAYKHO, TUTIA KJIACC WU
crpykTypa). Tun Boipaxkenus B oneparope throw Oyzem Ha3bIBaTh MUNOM
UCKAIOUEHUS, A SHATCHUE BBIPAKEHASA — 3HAYEHUEM UCKAIOUEHUS .

Jnst mpumepa paccmorpuM (PYHKIHIO, KOTOPAsk MPUHUMAET Ha BXOJ, UM
(rekcroBoro) daiiia, a Bo3Bpalaer KOJIMIECTBO CTPOK (T. €. CUMBOJIOB Liepe-
BOJa cTpoku) B 3ToM baiine. Curyanus, xoraa dailn He yaansoch OTKPHITh,
JIJISt TAKO# (DYHKITN OKA3BIBAETCS 3aBEJIOMO NCKIIIOUATEIHHOI; B 9TOM ClIydae
B a3bike Cu HaM IPUILIOCH Obl BO3BPAINATH CIENUAIbHOE 3HAYeHUe (HAlpU-
Mep, -1), a pu BBI30BE IPOBEPSTH, HE ero Jiu Bepuyaa dyukiusa. B Cu++
9TO MOXKHO CJeJIATH MPOIIE:

unsigned int line_count_in_file(const char *file_name)
{
FILE *f = fopen(file_name, "r");
if (1)
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 s1oMm npumepe Mbl B KauecTBe UCKIoYeHus «bpocuiiuy crpoky (rouHee, aji-
pec eé Havasia, T. €. yKa3are/b Tuna const chark). Mbr Mmorau 661 «GpOCUTE >
BBIpAYKEHNE JPYTOro THIA; HAMPUMED, CJIEAYIONHil onepaTop «Opocaers uc-
KJIIOUYeHue TUla int:

throw 27;

2CTporo TOROpst, 3TO HE COBCEM TaK, MOCKOABKY €CTh eIré, HaTmpuMep, KOHCTPYKTOPhI
U JeCTPYKTODHI IVIODANBbHBIX OOBEKTOB, KOTOpble OTPabaThIBAIOT, COOTBETCTBEHHO, 0 U
nocye ¢dpyuknuu main(), HO B HEKOTOPOM NPHOINKEHIE MOXKHO 3THM IpEeHeODEetb.
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Yarre, 0aHAKO, B POJIU UCKIIOYEHUN BBICTYMAIOT OOHEKTHI CIEIHATIHHO BBE-
JMEHHBIX [IJIs 9TOH MEJIN KJIACCOB; PEYb 00 ITOM TOWIET BIEPEIH.

§ 3.4. O6paboTka MCKJITIOYEeHUIA

O06paboOTKy UCKIIOYUTEIBHBIX CUTYAIH C/IeAyeT MPeIyCMaTPUBATh, ECTe-
CTBEHHO, TOJIbKO B T€X MECTAX, B KOTOPBIX MbI MOXKEM C COOTBETCTBYIOIIEH
curyanueil cupaBuThes. Tak, ecau JanbHeilnas paboTa mocjie BOSHUKHOBEHU S
HCKJIIOYUTEIbHON cuTyarun Tpedyer obpallnenus K MOJb30BATEN0, TO 00pa-
OOTKY TaKO# CHTyaluu CJIeIyeT BCTABUTH B OXHY u3 (DYHKIU, HATETEHHBIX
MPABOM BECTH JMAJIOT C TI0JIb30BaTesieM (BO3MOXKHO, B GyHKIMK main).

OO0mumit TPUHITUIT OpraHu3auu 00pabOTKN MCKJIIOUYeHn TakoB. U3 mpo-
rPaMMBbI BBIIEJISETCS HEKOTOPBIH OJIOK KOJA, WCIIOJHEHWE KOTOPOrO, MPE-
MOJIOKUTETHHO, MOXKET MPUBECTH K BOBHUKHOBEHUIO UCKIIOUUTEIHHBIX CHTY-
anuit. 9Tor GJIOK FBHO BBIIEISIETCS U CHAOXKAETCS ONHOW WU HECKOJIbKAMHU
HHCTPYKIUSAMEI O TOM, KAK HEOOXOIUMO IE€ACTBOBATH IIPU BOSHUKHOBEHUU UC-
KJIIOYEHHUsI TOrO WJIM WHOrO Tuma. [Ipw 3TOM Takwe MHCTPYKIUH JeHCTBYIOT
B OTHOITIEHWY UCKJIIOYEHUI COOTBETCTBYIOIIUX TUIOB, BOSHUKIIINX B IIPO-
rpaMMe C MOMEHTA BXO/Ja B HOMEYeHHbIl GJIOK U JI0 MOMEHTa BbI-
X0/ia W3 HEro, B TOM YuCJe B (PYHKIUIX, BBI3BAHHBIX U3 OJIOKA TIPSAMO WU
KOCBeHHO. [71yOrHa BHI30BOB B JIAHHOM CJIydae POJIU HE MIPAET.

Jltst momeTkn OJI0Ka € METbio 00pabOTKM HUCKIIOYUTEIbHBIX CUTYAIdi B
Cu-++ uclo/b3yeTcs KII0YeBOE CJI0BO try (aHIUl. MONBMamMbes), 338 KOTO-
pbIM CieyeT COOCTBEHHO OJIOK, TO €CTh IMOCJIeIOBATEILHOCTH OMEPATOPOB,
3akJIIoUYeHHas B purypubie ckobku. Cpasy mociie try-010ka HEOOXOMIMO 0~
MECTUTH OWH WK 00JbIne 06pabomyuuros uckatoweruti. OopaboTInK mc-
KJIIOYEHUH CUHTAKCHYECKU HECKOJIBKO HAMOMUHAET (DYHKIMIO C OJHUM Mapa-
METPOM, XOTsI 9TO TOJBKO BHEIIHEE CXOJCTBO; HA CAMOM JeJie, 00paboTInK
HAYMHAETCS C KJIIOYEBOrO CJI0Ba catch (aHTI. notmams), Cpa3y MOCIe HEro
CTaBATCS KPYIJIble CKOOKYM, BHYTPU KOTOPBIX — Onucanne hOpMaabHOTO Ta-
pamerpa (TOYHO TaK, KaK 9TO JEJIAETCs [IPU OMUCAHUN (DYHKIUK C OJHUM I1a-
pamerpom). Tun napamerpa 3a1aét Tun 06pabarbiBAEMOro UCKIIOYEHNs, a 110
UMEHH [TapaMerpa MOXKHO MOJIYyYUTh JOCTYI K 3HAYEHUIO UCKJtodeHus. s
[pUMepa NPUIOMHUM (DYHKIUIO M3 HPEAbLIYIIEro naparpada, mojacauTbiBa-
IOTIYI0 KOJUYECTBO CTPOK B (hpaiijie, U HA OCHOBE ITOM (DYHKIMHM HAMHUIIIEM
MpOrpaMMy TeJUKOM. Bymem cumrarh, 9ro dyHKIims line_count_in_file
HAXOAWTCS B OTAETBHOM MOJyJe, TaK 9TO B IpOrpamMme HaM HOTpedyercs
TOJILKO €€ IIPOTOTHII.

#include <stdio.h>

unsigned int line_count_in_file(const char *file_name);
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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 0;

}

Ora mporpamma, eciau BCE OyaeT B TOpsake, HamedaTaer uMms daiiia u
KOJIMYECTBO CTPOK B HEM; €Cyim Ke OTKDPBITh baitn He ymacrcs, QyHKIus
line_count_in_file nepeBeséT HporpaMMy B COCTOSHUE MCKJIIOUYUTETbHON
CUTYAINH, 3 COOTBETCTBYOMINH 00paboTunk Oymer HalimeH B DyHKIUNA main.
Hu ocrarok ¢dbyuknmm line_count_in_file, Hu ocTaToK try-00Ka B 3TOM
CJIy4ae BBINOJIHATHCS He Oy/IyT, yIPaBJieHHe OKayKeTCsI CPa3y MepeIaHo B 00-
paboruuk (catch-6ii0k). B 310M npumepe UCKIIOYEHUE MOXKET BO3HUKHYTb
B (DYHKIMH, HEIOCPEJICTBEHHO BBI3BAHHON M3 try-Osi0Ka, HO HA CaMOM /Jie-
Jle 5TO He BAYKHO: C TAKUM K€ YCIIEXOM OHO MOTJIO BO3HUKHYTH B (DyHKINH,
BBI3BAHHO! u3 line_count_in_file, u T. /. Ha JIOOYIO TIIyOHHY.

O6paruTe BHHMaHUE, YTO MBI B JaHHOM CJIy4ae <«JIOBUM» WCKJIIOYEHUE
const char *, a He mpocro char *, [OCKOJbKY MMEHHO Takoil rTum (yka-
3aresb Ha KoHcranry Tuna char) umeer B Cu u Cu+t+ crpokosblil Jiure-
pasl — CTPOKa, 3aKII09E€HHAS B ABOHbIE KaBbldKu. Ecau yoparb moauduka-
TOp const, UCK/IIOYEHNE TIOWMAHO HE OyIeT.

B paccmorpenHoM mpuMepe MbI IIPEIYCMOTPEIN BCEro OJIMH 06paboTanK
UCKJIIOYeHust, XoTd a3bik Cu+-+ J0IycKaeT NpOu3BOJIbHOE UX KOJINIECTBO (HEe
menee ouoro). Ecsiu 661 u3 Haniero try-6J10Ka BbI3bIBAJIOCH 60J1bIe DyHKIU
Y [OTEHIMAJbHO OHU MOIJIA Obl IPUBECTH K UCKIIOYUTEbHBIM CHATYAIMIM
JPYTUX TUTIOB, MBI MOTJIA ObI HAMUCATH YTO-TO BPOJE CJIEIVIOIIETO:

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

catch(int x) {
// ...

}

3/1ec1> BazKHO IIOHUMATb HECKOJIbKO IIPOCTBIX IIPpABUJI:

e O6paborunku (catch-6J0KHM) paccMaTpUBaAKOTCS MO IMOPSIIAKY,
O/IVH 3a IPYyrum, npudém cpaboTraTh MOXKET TOJBKO OJIAH W3
HUX, WJIW HU OJHOrO. JTO 3HAYUT, B YACTHOCTHU, UTO MHUCATH IBA
06paboTIIKa OHOTO THIA HAW THIOB, CBOTUMBIX OJWH K JPYroMy®,
HET HAKAKOTO CMBICJIA.

e O6paboTuynkK MOXKeT MOWMATh TOJBKO WMCKJIIOUYEHWE, BO3HUK-
1iee Bo BpeMsi paboThl cOOTBeTCTBYIOIEro try-6iioka. B gacruo-
cTH, 0OpabOTINK HE MOXKET MOMMATh HCKIIOYEHHe, KOTOPOe BBIOPOCHIT
OJMH U3 MPEILIAYIIIX 00pabOTINKOB.

e Eciau uckiiroyeHue He mMoOiMaHO HM OJHUM U3 00pPabOTYMKOB,
OHO «BbIOpachIBaeTcsi» OaJjblie, Kak ecjau 0bl (pparMeHT Ko/a,
B KOTOPOM WCKJIIOYEHNE BO3HUKJIO, BOBCe He OBLI 0OpaMJIéH
HUKaKUM try-6gokom. Takum 06pa3om, HA Iy TH OJHOTO UCKITIOYEHUS
MOXKET OKA3aThCs HECKOJIbKO try-OJIOKOB, KaK Obl BJIOYKEHHBIX JIDYT B
apyra (Bo BCAKOM Cjlydae, B CMBICJE BPEMEHHBIX IIE€PHOJIOB UCIOJIHE-
HU$), U B HEKOTODPBIX M3 HUX MOXKET He OKa3aThCs MOAXO/AINEro oopa-
oorunka. B TakoMm ciydae J0CpOUHOE 3aBepIeHne aKTUBHBIX (QYHKITHIT
¥ YHUYTOXKEHUE CTEKOBBIX (DPeiiMOB IPOJ0JKAETCH JAJIbINe, TIOKA He
Oyaer HaiileH try-0J10K C moaxoiadmum 06paboTInKOM.

B 06paboTunkax MCKIIOYEHUN MOYKHO MCIOIH30BAThH CIENUAIBLHYIO (hOp-
My omeparopa throw, a IMEHHO — HAIMKUCATH ITOT OMEpPATop 0e3 mapaMeTpos.
91O 03HAYaeT «OpPOCUTH TO MCKJIOYEHNEe, KOTOPOE TOJIHKO YTO ObLIO ToiiMa-
HO». Tak [enaT B CIydasx, KOTIa MOJHOCTHIO CIIPABUTHCS C BO3HUKINEH CH-
Tyalueil B JAHHOM MeCTe MPOrPAMMbI HEBO3MOXKHO, HO MPEXK /1€ YeM OPOCUTH
UCKJIIOYEHHE JTAJIbIIE, HYy2KHO IPOU3BECTH el Kakue-To jeiicrsus. [Ipumepnt
TaKWX CUTYyaIlii pacCMaTPUBAIOTCS B CIEAYIONeM naparpade.

§ 3.5. O6paboTUYMKU C MHOTOTOYMEM

B HEKOTOpPBIX CiIy9asix OKa3bIBAETCS OCMBICIIEHHBIM 00PabOTYUK, CIOCOD-
HBIA OAMATB NPOU3EOALHOE UCKAOUEHUE He3a8UCUMO om e20 muna. Takoi

3TIparuna mpeo6pa3oBanmst TUTIOR MPH 06PABOTKE NCKIIIOTEHIH HECKOMBKO OTAMTAIOTCST
OT IPAaBUJ, IPUMEHSEMbIX IIPX BbI30Be (DYHKIKH; MBI PACCMOTPHUM 3TU IPABUJIA B OJHOM
W3 CJAEOYIOMKUX maparpados.
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00pabOTYNK 3AMUCHIBAETCS TAK K€, KAK U OOBIYHBIN, TOJHKO BMECTO THIIQ
MCKJIIOYEHUSI M UMEHU TapaMeTpa B CKOOKAX yKa3biBaeTcs MHOroroume. Ko-
HEYHO, 3HAYEHNE UCKIIOYEHUS B ITOM CJIydae UCIOIH30BAHO ObITH HE MOXKET,
HO B HEKOTOPBIX CJIy4YasX 3TO U He BaxKHO. Hampumep, ecim Mbl IOIKIIIO9aeM
K Hallle# 1nporpaMMe MOJYJ/U, HAIIMCAHHbIE JIDYIUMU IIPOrPAMMUCTAMU, U HE
YBEPEHBI B TOM, UTO HAM WM3BECTHBI BCE THUIBI MCKJ/IOYEHUN, TeHepUpyeMble
TAKUMHU MOJYJISIMHU, MOYKET OBITH HEIJIOXO# WIesi PACIOJOXKUATH B (DYHKITHH
main TPUMEPHO TAKOH try-OJIOK:

int main() {

try {
// 3mech mvmeM Bechb KOZ, TJIaBHOW QyHKIUU
return O;

}

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;

}

O6paboryuKu ¢ MHOIMOTOYHMEM JIEJIAI0T OCODEHHO aKTyasibHOM (popmy throw
6e3 mapamerpoB. lcnonb30Banme B Takux 00pabOTYMKaxX omeparopa throw
0e3 mapaMeTpOB MO3BOJISAET MONMAThH MCKIIIOUYEHNE TPOU3BOJILHOTO THUIIA, BbI-
MOJIHUTH KAKUE-TO JEHCTBUS, MOCJE 9er0 OPOCUTH UCKTIOUYEHUE JATbIIe. JTO
MOZKET OKa3aThCsl TOJE3HbIM, €CJIM B HAIIEM KOJIE JIOKATHHO 3aXBAThIBAIOTCS
T€ WJIM UHbIE PECYDPChI (BbLAEIAETCS IAMATh, OTKPbIBAIOTCs (DAiliibl U T.11.) U
X CJIeIyeT OCBOOOIWTH, MpexKIe deM (DYHKIMS OKaXKeTCs 3aBepiineHa. Pac-
CMOTPHUM i TpuMepa (QPYHKIUIO, B KOTOPOI BBIIEISAETCS JIUHAMUYIECKU
MACCHB TIEJIBIX 9HCEJT:

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

}

Ecsin Bo Bpems BbIIOITHEHHS KO/IA, HAXOAAIIErocsd Mexk 1y new u delete, Bo3-
HUKHET UCKJIIoYeHne, To delete He OyJeT BBIIOJIHEH W MAaCCHB, HA KOTOPbIH
YKa3bIBAJ P, OyIET MPOJI0/IKATH 3aHUMATD MAMAThH (TO €CTh CTAHET MYCOPOM ).
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[Ipobmema cHUMAETCsT, €CTH BECh 9TOT KOJ 3aKJII0YNTh B try-0JI0K, TTOC/Ie KO-
TOPOTO €CTh 00PADOTYMK I HUCKJIIOYEHUIl MPOM3BOJBHOIO THUIA, KOTOPBIH,
npexe 9eM OPOCHTH MCKIIOYEHHE JANbIIe, OCBOO0XKIAET TAMATh:

void f(int n) {
int *p = new int[n];
try {
// Bech ocTambHOU KoZ QyHRIUU
}
catch(...) {
delete[] p;
throw;
}
delete[] p;

§ 3.6. OOBeKT KJlacca B POJIN MCKJTIOYEHUS

OOBIYHO PV BO3HUKHOBEHUU MCKJIIOUUTEILHON CUTYAIlNN BO3HUKAET YKe-
JIaHWe TepesaTh 00pabOTINKY MAKCHMyM WH(MOPMAIUU O BOIHUKIIUX TPY/I-
HOCTSIX. BCTpOEHHBbIE THIBI JAHHBIX ILJIOXO MPUTOAHBI [uist 3Toro. [leiicTBu-
TeJTbHO, B PACCMOTPEHHOM BBIIIE ITpuMepe ObLITO ObI HEIJTOXO Mepesarh 00-
paboryuKy He TOJbKO TekcroBoe coobuienue «couldn’t open the file», Ho u
uMs daiisia, ¥ 3HAYEHNE TEPEMEHHOI errno cpa3y TMOC/Ie BBIMOJIHEeHNs fopen,
KOTOpPOE MOYKET ITOMOYb B aHa/m3e mpobdsieMbl. Mbl, OJHAKO, OrPAHUIMIIACE
B IIpEMeEpPEe OTHOM CTPOKOBON KOHCTAHTOH, 9TOOBI He (POPMHUPOBATH CTPOKY
COJIEPKAIILYIO BCIO NEPEYrCIeHHYI0 WHMOPMAIUI0 — Beab 3TO IHOTPe0OBasIo
Obl 3HAYUTEILHOIO yBEJIUYEHUs KOJAA M CO3ZAJI0 Obl OIPEIesI€HHbIE TPYIHO-
CTH C OCBODOYKIEHHEM TAMSATH OT TAKOW CTPOKHU, TMOCKOIBKY CAMY CTPOKY
MPHUIIIOCH OBl CO3/IaBATH JUHAMUIECKH.

Kpowme Toro, ects u emé omua mpobsiema. IIporpamma MoOXKeT UCIOIb30-
BaTh HECKOJILKO OMOIMOTEK, TPUIEM U3TOTOBJIEHHBIX PA3HBIMU TPOU3BOIUTE-
JISIMW; TaKKe MPOrpaMMa MOXKeT OBITh Pa3/IesieHa HA HECKOJIHKO MOACHCTEM,
co3aBaeMbIx Oosiee mwim Menee He3aBucuMo. B Takoil curyanum Bechbma xKe-
JIATEIbHO UMETh HEKHil YHUBEPCAJIbHBIN CIIOCOD pa3ieeHust HCKIIOIeHAH 110
MPU3HAKY WX BO3HUKHOBEHWS B TOM WJIM WHOW MOJCHCTEME MPOTPAMMBI WJIN
oubmoreke. BeTpoennbie THIBI jIs 9TOTO HE TOIXOIAT COBCEM, TTOCKOIhb-
Ky HJes UCIOJIb30BAHUS TEX K€ TEKCTOBBIX CTPOK B KAYECTBE MCKJIIOUCHMUIA
MOXKET MPUUTH B TOJIOBY OJHOBPEMEHHO aBTOPAM CPa3y BCEX HCIOJIb3YEMbIX
HaMu OMOJIMOTEK ¥ [TOJIOBUHbBI HAIIUX IIOJACHCTEM.

Vmenno mosToMy dYalle BCEro B Ka4eCTBE THIIA MCKJIIOYEHUS BBICTYIAET
CHEIUAJIbHO JJis ITON LeJi OUUCAHHBINA KJIACC, & 3HAYEHHEeM HUCKJIIOYEeHUus —
COOTBETCTBEHHO, 0OBEKT Takoro Kjaacca. C oaHOil CTOPOHBI, B 00BHEKT KJIAcCa
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MOYKHO IIOMECTHUTD BCIO HH(MOPMAINIO, KaKasd HaM TOJBKO MOYKET IIOKA3aThCs
MOJIE3HOM 17IsT 00pabOTINKA; HeHCTBUTENIHHO, HUKTO BEIb HE MEIIAeT OIIh-
caTb B KJIacCe CTOJILKO IOJIel, CKOJIbKO HaM 3axodercs. C Apyroil CropoHbI,
KazKJasd IONCUCTEMA M KazKJasd OMOIMOTEKa B 3TO CUTyaIdH, CKOPee BCEro,
BBEeAET CBOM COOCTBEHHBIE KJIACCHI JJIsi NpeAcTaBieHnst uckjdennii. B ro-
JIOBHOM TIporpaMme MBI CMOXKeM 00pabaThbIBaTh TAKHE KJIACCHI OTIEIbHBIMU
00pabOTIYMKAMY, UTO TIO3BOJIUT PA3Ie/IUTh 0OPAOOTKY MCKIIIOUYEHUH, CreHEPH-
POBAHHBLIX B PA3HBIX IOACHCTEMAX IPOTPAMMEL.

OrMeruM OMH OYEHBb BaxKHBIA MOMeHT. Kak mpaBuiio, BbIOPACHIBAEMBII
B KauyeCTBe HCKJIIYEHHs OOBEKT CO3HJAETCs JOKAJbHO. JIOKalbHbIE 00beK-
Thl, €CTECTBEHHO, MCYE3aI0T BMECTE CO CTEKOBbIM (bpefiMoM co3/aBuieil ux
dyuknun; TakuM 00pa3oM, TOT O0OBEKT, KOTOPBIH «moiiMaercs» B 006paboT-
9UKe UCKJIIOYEHUS, 3aBEIOMO HE MOXKET ObITh TeM YK€ IK3EMILISIPOM O0bEK-
Ta, KOTOpbIil (urypuposaa B oneparope throw, u sBisercs, Kak HETPYIHO
Joramarbes, ero Konueit. [losTroMmy mpakTudyecku Bcerjia B KJjacce, HC-
MOJIb3YEMOM JiJjIsl MCKJIIOUEeHNUl, 00s3aH NPUCY TCTBOBATh KOHCTPYK-
TOP KONMPOBAHUA.

JLj1st mpuMepa OMUITNEM KJ1acC, OObEKT KOTOPOTO OBLIO ObI yI00HO MCIIOIh-
30BaTh B KavueCcTBe MCKIOUeHus B Halredl dyukiun line_count_in_file().
O6bekT Kiacca Oyuer xpaHuTh uMs daiiia, TeKCTOBbIil KOMMeHTapuii (3ToT
KOMMEHTApPUl TOMOXKeT MOHATh, B KAKOM MECTe MPOTPAMMbBI MPOU3OMLIA
ommbka) u OyJer 3al0MUHATH 3HAYEHUE [JIODAJILHON 1I€PEMEHHO errno Ha
MOMEHT CO3/aHust 00beKTa. [ KOMMPOBAHWS CTPOK MBI OTIHINIEM B TTPUBAT-
HOH YaCTH KJIacCa BCIOMOTATENbHYI0 (GYHKIMIO strdup?; MOCKOIBKY JOCTYT
K O0BEKTY eif He HyKeH, OmuIineM eé ¢ KBaauduKaTropom 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() const { return err_code; }
private:
static char *strdup(const char *str);

};

49Ta(byHKuHﬂ 6y/leT MMOJHOCTHIO AHAJOTHYHA OTHOUMEHHOHN (DYHKIINY U3 CTAHIAPTHOH
oubauorekn Cu, HO GyAET UCIONB30BATE MU BHIAEIeHUS nmaMaTu newl[], a He malloc().
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Onucannsi KOHCTPYKTOPOB, JECTPYKTOpPA ¥ (PyHKINU strdup BBIHECEM 3
IpeJieibl 3aroJIOBKa Kjacca:

FileException::FileException(const char *fn, const char *cmt)
{
filename = strdup(fn);
comment = strdup(cmt);
err_code = errno;
}
FileException: :FileException(const FileException& other) f{
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 = new[strlen(str)+1];
strcpy(res, str);
return res;

}

Teneps MBI MOXKEM W3MEHUTH HA4YAJIO0 GyHKIUKU line_count_in_file
(cM. crp. 73) Ha ciemyrolee:

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

//

Yro kacaercs 06paboOTKK TaKOro UCKJIIoUeHust, To obpaboryuk (catch-6J10K)
Terepb MOXKET BBITJIS/IETh, HAIPUMED, TAK:

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

B npumepe, paccMorpenHOM Ha CTP. 78, Mbl ObLiIM BBIHYK/IEHBI IIEPEXBa-
TBIBATH ¥ TIOTOM 33HOBO «BBIOPACHIBATHY» WCKJIIOUEHUS TIPOU3BOIHLHOTO BHIA,
9TO0BI 00ECTIEYNTh KOPPEKTHOE YIAJIEHUE JIOKAJBHO BBIIEJIEHHON JIUHAMUYIE-
ckoif mamsaTu. K c9acTpio, Tak TpuXOAUTCs AeWCTBOBATH HE BCeraa. Pabora ¢
HCKJIIOYEHUSIMA U3PSAIHO ODJIErvaeTcs: TeM, YTO KOMIIMJIATOP rapaHTHpYy-
eT, 4To ImpeXxJe, YeM (hbYHKIHs 3aBepIIuTca (MO NCKIIOYEHUIO JIu
WU OGBIYHBIM IIYyTEM), JJIsl BCEX JOKAJIBHBIX 00bEKTOB, MMEIOLINX
JOEeCTPYKTOPBI, 3TH JeCTPYKTOPHI OYyIyT KOPPEKTHO BHI3BAHBI.

IIycTb, Hanpumep, uMmeeTcs KJjacc A, CHAOKEHHBI HETPUBUAJIHHBIM Je-
CTPYKTOPOM, U OMUCaHa, (DYHKIWS

void £() {
A a;
//..
g0;
//..

}

B moment 3aBepmrenus padorsl ¢pyukmuu f () am1a oobekTa a 6yaeT BbI3BaH
JeCTPYKTOP, IPUYIEM IIPOU3OUIET ITO JaKe B TOM ciydae, ecyn bynkuus g()
«BBIOPOCUTY MCKIIOUEHNE U UMEHHO OHO CTAHET MpuunHOi 3aseprnenus f ().
910 cBOICTBO s3bIKa CH++ HA3BIBAETCS ABMOMAMUYECKOT 0MUCTNKOT.

§ 3.8. IIpeobpa3oBaHud THUIIOB B 00padoTIMKaX
VCKJTIIOYEeHUI

Tun uckiouenus, yKazanublii B obpaboruuke (catch-6sioke), He Bceraa
[IOJTHOCTHIO COBIIAJAET C TUIIOM BBIPAXKEHUS, UCIIOJIb30BAHHOIO B OlIEPATOPe
throw, OJIHAKO MPaBWJIa MPeoOpPA30BAHNS THUIOB B JAHHOM CIIy4Yae OTJIMYa-
IOTCS OT TPABWJI, AEHCTBYIONUX TpHu Bbr3oBe dyHKImit. OIHO U3 OCHOBHBIX
OTJIUYUI TYyT B TOM, 9TO IEJIOYUCIEHHBIE TUILI IPU 00PADOTKE UCKTIOYEHMI
HE IpeoOpasyroTcs APYyr K APYry, TO €CTh, HAIpuMep, 0OpabOTIMK C yKa-
3aHHBIM THIIOM MCKJ/IOYEeHudA int He noiiMaeT MCKIO4YeHue Tuia char wmim
long.

Jonyctumbrie mpeoOpa3oBaHusi MPOINE OyaerT SBHO MEepedncinTh. Bo-
EPBBIX, JIFOOOU TUIT MOMXKET OBITH MPEeoOPA30BAH K CCHIJIKE HA ITOT THII, TO
€CTh eCJIM Ooneparop throw WCIOIB3yeT BbIpaXKeHWE THUIMA A, TO TaKOe HC-
KJTI0UeHne MOXKeT ObITh oOpaborano catch-60kom Buma catch(A &ref). Bo-
BTOPBIX, HEKOHCTAHTHBIE YKA3ATEIU U CCHLIKH MOT'YT ObITh IIPeobpPa30BaHbI K
KOHCTAHTHBIM, TO €CTh, HAIIPUMED, €CJIU Mbl OPOCUM UCKJIIOYEHHE THUIIA char,
TO OHO MOXKET OBITh TIONMAaHO He TOJBKO Kak char*, HO m Kak const char.
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OrmeTnM, 9TO B OOPATHYIO CTOPOHY TPE0Opa30BaHNE 3AMPEIIEH0, TAK 9TO 00-
paboruuk Tuna char * (6e3 mogudukaropa const) He MOXKET IMOWMATDH BbI-
pakenue TUIA const char*, W, B 9aCTHOCTH, HE MOXKeT 0OpabOTATh HUCKITIO-
YEHHE, «BBIOPOIIEHHOEY C UCIOJb30BAHUEM CTPOKOBOIO JINTEPAJIA, HAIIPUMED
TaKoe:

throw "I can’t work";

Tocnennuii (1, BO3MOXKHO, CaMblil BaXKHbIiT) Bu/l 1PEOOPA30BAHUN HUMeeT
OTHOITIEHNE K HACJIeI0BAHUIO U MoauMopdm3my. K obcyKaeHuio 3Toit TeMbl
MBI BepHEMCH IOCJIe PACCKa3a O HACIeJOBAHUMU.
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4. HacaenoBanue n
IIOJIUMOP(PU3M

§4.1. Uepapxudeckue mnmpeaMeTHbIE 00JIacTU

Ouenp yacTo, u 0COOGEHHO B HOJIEe-MEHEe KPYITHBIX KOMIIBIOTEPHBIX PO~
rpaMMax, BOSHUKAET CUTYaIusi, TTPU KOTOPO# OOHEKTHI MPEIMETHOI 001acTH
€CTEeCTBEHHBIM 00pa30M 00bEINHSIOTCS B HEKUE KATETOPUN, MTPUIEM 00bEKTHI
KaXK/IOM KaTeropuu MOTYT TOAPA3IAETIATHCH Ha, MOJKATETOPUU U T. 1I., 00pa-
3ysl, TAaKUM 00pa3oM, uepapruto munos obsexmos. Hampumep, B mpo-
rpaMme, OCyIIEeCTBISIONEH UMATAIIMOHHOE MOJICTMPOBAHUE JIOPOXKHOTO JIBH-
JKEeHUs1, MOI'YT ObITh OOBEKTHI KATEIOPUU «y9ACTHUK JIOPOKHOIO JIBUZKEHWS»,
MpUYEM 3T KATErOpHUsi TMOAPAZIAENAETCS HA MOJKATErOPUU <« TEMIEXOIbI> ¥
«TPAHCIOPTHBIE CPEJICTBAY, TPAHCIIOPTHBIE CPEICTBA, B CBOIO OYEPEh, TEJIST-
Csl HA «BEJIOCHIIEIbI», «['Y?KEBbIE TIOBO3KU» M «MEXAHUIECKUE TPAHCIOPTHHIE
CPEJICTBAY, ITHU TOCIETHUE JAEJISATCA Ha «TPAMBAMY W «ABTOMOOUIIN», AaBTOMO-
OuJIn — HA IPY30BbIE U JIETKOBBIE, U T. .

Jlerko 3ameTuTh, 9TO B TAKOW MEPAPXUU KaXK/as KATeropus OObeKTOB
(B ToM umciie M Takas, KOTOpasd CaMa LOAPA3/esiercsd Ha Kareropuu) o6-
JIAJAeT HEKOTOPHIMU CBOWCTBAMY, CHEIMU(MUIHBIMA [IJIsi JAHHOW KATErOpuw,
MpUYéM ITUMU K€ CBOMCTBAMHU 00JIQIAI0T M BCE OOBEKTHI W3 TOIKATErOpuii
manHOi Kareropun. Tak, Bce aBTOMOOUIM UMEIOT, TO-BUAMMOMY, XapaKTepu-
CTUKHU «00BEM JBUTATEIISI», «TUI TOILINBAY, «00BEM TOILIMBHOTO DaKay W «KO-
JINYECTBO TOIUINBA B OaKke», y HUX MOXKET 3aKAHYMBATHCH TOIJIMBO, HAJI HUMHU
JIONIPKHA OBITH OMPE/IEIEHA OTIEPAIs «3aMPaBKa TOMINBay. [Ipu 3TOM BCe 3Tn
XAPAKTEPUCTUKU HE MMEIT HUKAKOTO CMBICJIA /I OOHEKTOB, HE BXOMAIINX
B KATErOPUIO «aBTOMOOW/IMY — HU IJjId TPAMBAEB, HU /I BEJIOCUIIEIO0B, HU
teMm Gosee mys memrexonoB. C Apyroid CTOPOHBI, Yy IPY30BBIX aBTOMOOMIIEH
€CTh XapPaKTePUCTUKA «00beM Ky30Bay W OIEPALNH «IIOPY3Ka» U «Pas3rpy3-
Ka», KOTOPbIX HeT y aBromoOuseil, He #apisiomumxcs rpy3osbimu. Hakomen,
TaKne XapaKTePUCTUKH, KaK TeKyIIas CKOPOCTh W HAIpaBJEHWE JIBUXKEHUS,
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OYEBHUIHO, IPUCYIIH KAXKIOMY 00BEKTY PACCMATPUBAEMON NEPAPXUH, BILIOTH
JI0 TIeINEXO0/IOB.

Takum 00pa3oM, y HAC BO3SHUKAIOT CTPYKTYPHI JAHHBIX, UMEOIINe, C O
HO¥ CTOPOHBI, PA3JIMIHBIN HAOOP TOsIel u oOpabarkBamuX YHKIWA, HO, C
JIPYTOii CTOPOHBI, UMEIOIINE U HEKOTOPBIE OOIIHME OIS, U ONPEIeTEHHBIE 00-
e onepanuu. CyIecTByIOT BeChbMa PA3MUIHBIE MOIXOIbI K PEIEHUI0 BO3-
HUKIIEro nporusopedns. [Ipu pabore na sizpike Cu garne BCEro BBIXOAAT U3
[IOJIO?KEHUsI OIUCAHUEM CTPYKTY]D JIAHHDBIX, Y KOTOPBIX [IEPBbIE HECKOJIBKO 110~
JIeif COBTIAIAIOT; 3TO COMPOBOXK,IAETCS YACTHIM NCTIOIBL30BAHIEM TTpeodpa3oBa-
HUs yKa3aresei. fIcHO, 9TO Tako#l MOIX0M YpeBaT MHOKECTBOM TPYIHOOOHA-
pPyRuMBIX ouGOK. OGbEKTHO-OPUEHTHPOBAHHBIE SI3BIKU TIPOTPAMMHUPOBAHUS
npejraraor 6oJiee KOPPEKTHBIN MOIXO0/T, HA3BIBAEMbIH OOBIYHO Hacaedosa-
HUeMm.

§ 4.2. HaciaenoBaHue CTPyKTYp AaHHBIX U
MoJMMOpP@dU3M aJapPECOB

C TOYKH 3peHust CTPYKTYP JAHHBIX, PACTIOIOKEHHBIX B MAMSATH, HACJIEI0-
BaHUE IIPeCTaBiseT co00i 100aBIeHNe HOBBIX TIOJI€dl JTAHHBIX K PaHee OIu-
cauHolt cTpykType. C TeOpeTudecKoil TOYKU 3PeHusi TAKOe JODABIEHHE [IPe]I-
craBysier coboit ymouwHeHue CBeIeHU 00 OMUCHIBAEMOM OOBEKTE, W, TAKUM
0o0pa3oM, HacJjeJOBaHNEe PAcCMATPUBAETCS KaK MepexoJ OT obIero kK
gactHoMYy. llycTh, Hampumep, y HAC uMeeTcss CTPYKTYpa JAHHBIX, OMUCHI-
BaIOIAsl IEPCOHY (YesIOBEKA) U COEpIKAlIas NOJIs /s UMEHH, [I0JIa U roAa
POK/IeHuA:

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

}s

IIycTs Temepb HaM HEOOXOAWMA, CTPYKTYPA, JTAHHBIX, OMUCHIBAIOIIAS CMYJeH-
ma (dacTHblil ciaydail mepcornl). OTHOCHUTENHHO CTYJEHTa HAC MOXKET WH-
TepPecoBaTh KOJI CIENHUATIBHOCTA, HOMED KypCa U IOKa3aTesb YCHeBA€MOCTH
(cpeauuit 6asn). BMecre ¢ TeM, HECOMHEHHO, CTYAEHT — 3TO TOXKE YeJIOBeK,
TaK 9TO €My IPHUCYIUd W CBOHCTBA, OOIIHE sl BCEX IMEPCOH: WMs, IO U
ron poxkaenusa. Takum 06pa3oM, Mbl MOXKEM HepeiTu ot o0Iero (mepcoHa) K
9acTHOMY (CTYAEHT), TOOABUB YTOUHSAIOIINE CBEJIEHUS, U CAEIATh 9TO MOXKHO
C IIOMOIIIBI0 MexaHnu3Mma HacaenoBanus. Ha Cu-+-+ 3T0 3aIUChIBAETCS TaK:

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

};

Ecnu teneps onucarh mepeMeHHyI0 THa student, ona OyaeT uMeTh BCe CBOI-
CTBa CTPYKTYPBI person ILIIOC JIONOJTHUTEIbHBIE TTOJIA:

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 JaHHOM CJiydae Ha3biBaeTcs 6a30680U nuinn podumens-
cKoU, a cTpykKTypa student — yHacaedosarHHol win NOPOHCIEHHOU,
nHoraa douepHet. Tak:ke ynoTpebiIsiioTCs TEPMUHBI <IIPEJOK» U «IIOTOMOK »
(B maHHOM Cily4ae, COOTBETCTBEHHO, /jlsl person u student).

_“x._“ name _”x._“

Sex
year_of_bhirth

code

year

. average
Y

Puc. 4.1. YracnenoBaunHas CTPyKTypa JaHHBIX

Pacnonoxkenme moseii mepemeHHOi s1 B maMaATH MOKaszaHo Ha puc.4.1.
31ech clemyer 3aMeTHTh, 9TO IMOJIsA, OTHOCSIIHECS K YaCTH CTPYKTYPbI
student, yHacJ/IeI0BaHHOIT OT person, PACIIOJIAralOTC Ha TeX ke Mecrax (1o
TEM K€ CMEIIEeHUIM OTHOCHTEJIbHO HA4aja), [Je OHU PACIOJArajluch Obl B
crpykrype person. Ilosydaercs, 910 Mbl MO2KEM IPpU HEOOXOAUMOCTH PabOo-
TaTh C TEPEeMEHHON s1 TOYHO TaK, KaK ecau ObI OHA OBLIa MepEeMeHHOW TUITa,
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person, a He Tuna student (BakKHO MOHUMATH, YTO OOpPATHOE HEBEPHO: B
CTPYKTYP€ person OTCYTCTBYIOT IIOJisI, KOTOPbIE OKHIAIUCH Obl OT CTPYKTY-
pbl student).

B cBasu ¢ atum a3bik Cu++ paspemniaer HesIBHOe Ipeobpa3oBaHUe
a/ipecoB CTPYKTyp Tuna student B ajpeca CTPYKTyp THUIA person, WJH, B
o0IeM ciaydae, aJipecoB CTPYKTYpP-IIOTOMKOB K aJpecaM CTPYKTyp-
npeakos. CoorBercrByioniue Npeodpa30BaHUs pa3pelreHbl KaK JJisi yKa3a-
Tesneif, TaKk W JJIsT CCBLIOK. TakuMm 00pa3oM, HAMPUMEDP, BO3MOXKHBI TAKUE
dparmMeHTs KOIA:

student si;
person *p;

p = &si;

person &ref = si;

Ecan B mporpamme onwncana GbyHKIWS, TPHHUMAIOIIAA HA BXOJ, yKa3aTeslb
WJIU CCHLIKY HA OObEKT THIIA person, eif 0e3 Kaknx-jnbo CI0KHOCTEl MOKHO
nepesaTh, COOTBETCTBEHHO, YKA3aTE b WU CChLIKY Ha OObEKT THIA student:

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

student si;

/...

f(s1); // xopperTHO!

OTO CBOHCTBO MPEIKOB, MOTOMKOB W WX QJIPECOB HA3BIBACTCSI NOAUMOPD-
duam.

Ecnn rosopuTb To4Hee, NoNMMOpPdU3M He CBOANUTCS TONMBKO K npeobpa3oBaHumto
yKazaTeneii un ccoinok. Boobuie rosops, nonumMopdusm B 3aBUCMMOCTN OT KOHTEKCTa
NoHMMAETCst DO kKak CNOCODHOCTL HEKOTOPbIX OOBEKTOB BLICTYNaTh B Ka4eCTBE 0Ob-
€KTOB pasHbIX TUMOB (B JAaHHOM Cny4ae s1 BbICTynaeT u kak student, 1 Kak person),
nnbo Kak CnOCOBHOCTL HEKOTOPbIX hYHKLMIA Uin apyrux onepauymii pabotaTb ¢ 0bbek-
Tamun pasHbix Tunoe (B gaHHom cny4ae £() paboTaer kak ¢ person, Tak n ¢ AO6bIMK
€€ NOTOMKaMu, B TOM 4ucse student).

§4.3. HaciemoBaHme m MeTOAblI; KOHCTPYKTOPHI
1 JIECTPYKTOPDI

Yarre Bcero Hacjae0BaHUe TPUMEHSAETCS /I CTPYKTYP U KJIACCOB, TMEIO-
mux GyHKuuu-diensl (MeToanl). B gasibheliniem u3ioKeHun Mbl GyeM OIryc-
KaTh CJIOBO «CTPYKTYPa» W TOBOPHUTH TOJIHKO O KJIACCAX, XOTs BCE, 4TO OymeT
CKA3aHO, MOXKET OBITH TPUMEHEHO TAKXKE M K CTPYKTyPaM.

Mertompt, nmeomuecs B 6230BOM KJIacce, JOCTYIIHBI U JIJIs [TOPOXKIEHHOTO
KJIACCa. 3/1eCh HEOOXOIMMO OTMETHTh, Y9TO, €CJAM HE HPEJAIPUHITD CIEelualb-
HBIX Mep, TO MeTOIbI 6A30BOr0 KJIACCA HE OyAyT HUYEro 3HATH O TOM, YTO
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UX BBI3BIBAIOT JJIs OOBEKTa TOPOXKIEHHOTO KJIACCA, TO eCTh OyayT paborarhb
TaK JKe, KaK W JJjid 00BbEKTOB 0A30BOr0 KJIACCA; 37€Ch MBI MMEEM OIMCAH-
HBIA B mpeaprayineM maparpade 3pdexT nomumMopdu3Ma B MPUMEHEHUH K
napamerpy this (cm. §2.1.2). Hanpuwmep, eciiu Mbl clies1aeM KJIACC «aBTOMO-
OWJIb» ¥ TIPEyCMOTPUM JIJIsi HETO OMEPAINIO «3AIPABKa OEH3UHOM», & TTIOTOM
MTOPOJUM OT HEro KJACC «TPY30BUK» C JIOMOJHUTEIHHBIMU CBOMCTBAMHU, TO
omeparus «3ampaBKa OeH3WHOM» OyIeT JOCTYIHA W JJIsi TPY30BUKA, MPUIEM
peanu3alus 3TOi onepanuu He OyJeT HUYIero 3HaTh Mpo OCOOEHHOCTH I'PY30-
BHUKOB 1 OyzeT paboTaTh ¢ 00bEKTOM THUIIA, «TPY30BUK» TOYHO TaK K€, KaK 1
¢ OOBEKTOM THIIA «ABTOMOOHIIbY.

ToBopsit, 9T0 06BEKM NOPOAHCIEHHO20 KAGCCA ABAAEMNCA 8 NONHOM CMBLCAE
€A06a Maksice U 00exmom 64306020 KAGCCA, B TOM YUCJIE JJIsi HEI'O JOCTYIIHbI
¥ BCE OTEpAIni, KOTOPhIE JOCTYIHBI /1Jist 6a30BOr0 kiacca. C aApyroit cTopo-
HBI, KAK BUIHO u3 puc. 4.1, 00beKT MOPOXKIEHHOTO KJIaCCa COOEPIKHUT B cede
00BbeKT 6A30BOr0O Kiacca B KadecTBe cBoeit dactu. Hukakoro mpoTuBopedns
TYT HET, 3TO IPOCTO /1B PA3HbIE MOJIEIN BOCIPUITUS WK, €CTH YTOTHO, TOY-
KU 3DEHUs: OJ(HA — TOYKA 3PeHus peaiusanuu (Peayn3aropcKkast CEeMaHTHKA),
BTOpast — TOYKA 3PEHUS JIOTUKU IPOEKTUPOBAHUs (MOJIH30BATEIHCKAS CEMAaH-
THKA).

Ocoboro ymoMwHaHUsSI B CBSI3U C BBEIECHUEM HACIEIOBAHUS 3ACIIYKUBA-
IOT KOHCTPYKTOPBI U JeCTPYKTOPBI. C KaKOil ObI TOYKM 3PEHUST MbI HU PaC-
CMATPUBAJH MOPOXKIEHHBIN OOBEKT, OYEBHUIHO, 9TO B MOMEHT €r0 CO3JAHUs
TakzXKe CO3MAETCs U 0ObEeKT 6A30BOr0O KJIACCA, MPUIEM HEBAYKHO, CAUTAEM MbI
€ro «9acThio» MOPOXKIEHHOIO OOBEKTA WK JKE er0 «JIPYyroi uiocracbios. Ta-
KUM YK€ TOYHO 00pa30M MMPU YHUUTOKEHUN TIOPOKIEHHOTO O0HEKTA NCUE3AET
n 6a30BbIil 00bekT. Cliem0BaTEILHO, MPHU CO3MAHUA OOBEKTa TMTOPOKIEHHOTO
KJTACCa JOJIZKEH 0TPA00TATh U KOHCTPYKTOP 0A30BOr0 KJIACCA, a MPU YHUUTO-
JKEHUH TAKOro 00bEeKTa — AecTpyKTop OazoBoro kiacca. [Ipu atom, odesu-
HO, B TeJIaX KOHCTPYKTOPA U JIECTPYKTOPA MOPOXKIEHHOIO KJIACCA JIOJXKHDI
OBITH JTOCTYIHBI BCE YaCTU OOBEKTA, MJIsT KOTOPOTO OHW BBI3BIBAIOTCS. Ba-
30BbBIH 00BEKT, TAKIM 00pa30M, JOJIXKEH OBITH MHUIINAJIN3UPOBAH paHbIIe, a
YHUUITOXKEH — 1032Ke 00bekTa mopox AeuHoro. [logywaercs, 9To Bpems cyie-
CTBOBaHHU:A O0OBEKTa KJacCa-HAaC/JIeIHUKA B ero «0a30BOf» MIOCTACH KaK Obl
qyTh-4yTh DOJIBIIE, YeM BpeMs CyIIECTBOBAHUS €ro XKe B Ka4eCTBe 00bEKTa
CBOEro COOCTBEHHOI'O THIIA.

C zecTpyKTopoM Jiesia O0CTOAT JOCTATOYHO MIPOCTO: KOMITHISITOP CHAYa-
J1a, BBI3BIBAET TEJIO JECTPYKTOPA TOPOXKIEHHOTO KJIACCa, a 3aTEM — TEeJIO JIe-
cTpykTopa 6a3zoBoro kjacca. C KOHCTPYKTOPOM BCE TOXKE MOTJIO ObI OBITH
npocTo (CHavYasa BbI3BATH TEJIO KOHCTPYKTOPa HA30BOrO KJacCa, IOTOM Te-
JIO KOHCTPYKTOPA KJIacca MOPOKAEHHOIO), ecu Obl HE TO OOCTOSITEILCTBO,
YTO KOHCTPYKTODBI (B 001eM Ciiydae) MOryT TpeboBarh BXOAHBIX [apaMeT-
pos. C noxozkeit 1pobeMoil Mbl y2Ke CTATKUBAIUCH IIPU PACCMOTPEHUH KJIac-
COB, MMEIOIIUX TOJIs Tuta Kaace (cm. §2.15). Permmaercs mpobiema B TaHHOM
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Cllydae COBEPIIEHHO aHAJOINYHO: B ONUCAHUM KOHCTPYKTOPA MOPOXKIEHHOTO
KJIACCa MEXKJy 3aroJIOBKOM H TEJIOM BCTABJIACTCA CIUCOK MHAIUAIN3ATODPOB,
HaYuHAMiica ¢ MHUIMaIM3aTopa 6a30B0oro Kiacca (0603Ha4YaEMOro B JIaH-
HOM CJly4ae MMEHEM KJacca) C yKa3aHMeM BCEeX HYKHBIX LapaMeTpOB KOH-
crpykropa. Tak, ecim A — 0a30BbBIH KJIACC, KOHCTPYKTOPY KOTOPOTO Tpeby-
I0TCSI TBA MapaMerpa Tumna int, B — Kjacc, yHACIeIOBAHHBIN OT A, CHAOXKEH-
HBI KOHCTPYKTOPOM IO YMOJHAHWIO W MMEIOIMI moJie int i, To onucanue
ero KOHCTPYKTOPA MOKET BBIIVIAIETh TaK: .

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

e 2 U 3 — mapaMerphl i KOHCTPYKTOpa 6a30BOro Kacca, 4 — HAaYaIbHOe
3Ha4YeHHEe II0J14 1i.

§ 4.4. HacsenoBaHue u 3aimura

B3aI/IMO,£LeI./‘ICTBI/Ie MEXaHU3Ma HaCJI€JOBAHUA C MEXaHU3MOM 3aITUThI JE€Ta-
Jeil peanu3anum 3aCIyKUBAET OTIEIBHOTO pa3rosopa. LIpexze Bcero orme-
THM, 9TO caM (PAKT HACTETOBAHHUS OTHOTO KJIACCA OT IPYTOrO MOKET B HEKO-
TOPBIX CJIyYasX PacCMaTpPUBATBHCS KAaK JeTajlb PEaJU3aluyd 3TOr0 KJjacca H,
COOTBETCTBEHO, HYy2KJAaTbCA B COKPBITUN OT OCTAJIbHOI'O KOJa IIPOIPAMMDBIL.

B cBasu ¢ 3tum B Cu+t+ paznumuaror Haciaenosanue orkpbiToe (public)
n 3akpbiToe (private). Tunm HACTEAOBAHNS YKA3BIBAETCS B 3ar0JIOBKE KJIACCA
HETOCPEICTBEHHO MEPEJ HA3BAHUEM TTOPOKIAEMOr0 KJIACCa, HAIPUMED:

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

Ecnu B nepBom cityuae Bce cpoiicTBa Kiacca A (€ro OTKPBITbIE METO/bl U
LOJIst, eCJIM TaKue B HEM ecTb) Oy/yT J0CTYIHbL /i 00bEKTOB KJacca B oro-
BCIOJly, TO BO BTOPOM CJIy4ae — TOJIbKO U3 METO0B KJ1acca C, & BCA OCTAJIbHAA
mporpaMMa BoobOire He Oyer 3HaTh, YTO Kjacc C yHacie0BaH OT A.

Tun racienoBaHus MOYKHO HE YKa3bIBATh, KAK MBI 3TO JIeJIAJIA B IpUMeEpe
Ha crp. 84. B srom ciaygae OyayT aeficTBOBATH yMOTYAHUS: I CTPYKTYPBI
HacJIeI0OBaHue 110 yMOJIYaHuio oTkpbiToe (public), mis Kiacca — 3aKpbiToe
(private). B peasbHOil KU3HE TOTPEOHOCTH B 3aKPBITOM HACIEIOBAHUU BO3-
HUKAET PEIKO, TOITOMY MIPY OMMCAHUT HACIETYEMbIX KJIACCOB OOBITHO YKA3bI-
BAaIOT CJIOBO public, a mpu ONUCAHUM HACIEAYEMBIX CTPYKTYD He YKA3bIBAIOT
HUYEro, Nojaradachb Ha YMOJTYaHULA.

3amerum Tenepb, 9To s 6a30BOr0 KIACCa MOPOKIEHHBIN KIACC HUIYTh
HE «JIydIlle» BCEH OCTAJbHOU IIPOrPAMMBI U, KaK U JIFOOOI HEeIPyKECTBEHHbBI
dparvenT Koma, He MTOJKEH UMETh JOCTYTA K JETATISAM PEATN3aINH KIIACCa.
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ITosromy, oueBnIHO, 3aKPHITHIE MOJIsT U METOLI 6A30BOTO KJyacca He OyIyT
JIOCTYIIHBI TIOPOXKJIEHHBIM KjaccaM. Bmecre ¢ TeM B peasibHBIX 3ajadax da-
CTO BO3HUKAET MOTPEOHOCTH B TAKWX JETAJsIX WHTepdeiica KiIacca, KOTOPbIe
[IPEe/IHA3HAYEHbl TOJbKO, U MCKJIOYUTENHHO, /IJid ero moToOMKOB. i Takux
cJlydaeB BBOJIMTCs, HAps/ly ¢ pexxumamu public u private, ewié u Tperuit
PEeKUM 3aIuThl, protected (3amumménnpiii). ITojs 1 METOIbBI, TOMEYEHHBIE
csioBOM protected, GyayT JOCTYIHBI TOJLKO B CAMOM KJjacce (TO ecThb B €ro
MeToJax), B APYKEeCTBEHHBIX (DYyHKIMAX U B METOAAX HENOCPEICTBEHHBIX [0
TOMKOB JIAHHOT'O KJIACCa, & BO BCEIl OCTAJILHON IIpOrpaMme — HeIOCTYIIHBI.

BakHO mnoHMMaTh, YTO TOJS W METOAbl, MMEIOIIHNe PEeKUM 3allnuThl
protected, He MOTYT CIATATHCS B [MOJTHOM CMBICTIE CJIOBA ETAISAME PEATH3a-
M7, KOTOPbIE He KAaCcalTCsd HUKOro, KPOMe JaHHOrO Kiacca. Pasnuna 3xech
JIOCTATOYHO IPUHLMIIMANbHA. Jleraiu, nomeliéHnble B 3aKpbiTyio (private)
JacTh KJIACCA, MOXKHO 3aBEIOMO 6€300I€3HEHHO W3MEHSITh, MCIPABJIsS TPU
9TOM TOJIBKO METOJIbI CAMOT0O KJIACCa M JIPYKEeCTBEHHBbIe (DYHKIHH, KOTOPhIE
OIISATh-TaKM [I€PEYNCIIEHbI B IBHOM BH/IE B 3ar0JI0BKE KJIACCA, TO €CTh MbI BCe-
T2 3HAeM, T/ie TPOXOIUT IPAHUIA KO/IA, KOTOPBIA HAM, BO3SMOXKHO, MPUIETCI
HCIPABJIATH. B IPOTHBOIOIOKHOCTH ITOMY, OCODEHHOCTH PeaIn3aIuu Kac-
ca, IOMeYeHHbIe KaK protected, MOI'yT UCIOJIH30BATHCH B CAMBIX HEOXKHIAH-
HBIX YaCTSX MPOTPAMMBI: JIOCTATOYHO KOMY-TO T/Ie-TO OIHCATH eIé OHOrO
ITOTOMKA Halero kjaacca. [loaromy, B oTsindie OT MPUBATHBIX TOJEH 1 METO-
JIOB, TIOJISi ¥ METOZBI C PEKMMOM protected JOKHBI 0OI3aTEIBHO TOKYMEH-
TUPOBATHCH, & K UX U3MEHEHWIO CJIEJyeT IMOAXOIUTH CTOJIb YK€ OCTOPOXKHO,
KAK M K M3MEHEHUIO OTKPBITOM (11yGiuuHON) 4acTu KIacca.

§ 4.5. BuptyauabHbie pyHKIUN

MexaHu3M BUPTyaNbHBIX (DyHKIWH MO3BOISET B KJIACCE-IOTOMKE JaCTHI-
HO MOAU(PUIUPOBATD IOBEICHIE HEKOTOPBIX METOI0B, OIPEICIEHHbIX B IPe/I-
ke. UToObI MOHATH, KaK 3TO MPOUCXOAUT W 3aYEM 3TO HYYKHO, MbI JIJIsT HAYAJIA,
PacCMOTPUM TPUMEP, a 3aTeM IMOSICHUM, KaK COOTBETCTBYIOIIMNA MEXaHU3M
YCTPOEH.

Wrax, HOMycTUM, YTO TIEPEI HAMHU CTOUT 33a4a, CBA3AHHAS C KOMITbIO-
TepHOil rpaduKoil, 1 HEOOXOAUMO omucarh creny (To ecTh Habop rpadude-
CKHUX 3JIEMEHTOB) B BUJIE HEKOErO CIIUCKA UJIA MACCUBA O0HEKTOB, 3aaM0IIUX
rpaduuecKne 00bEKTHI PA3JIAYHOrO THIA, HAIPUMED, OTHEJbHBIE ITHKCEH,
JIMHUY, OKPY?KHOCTH U T. II.

s Hagasia ommimeM KJacC, 00BEKTHI KOTOPOro OYIyT MpPEICTaB/IsITH B
HaIe# cueHe npocreifmue rpadgpuIecKue IPUMATHBEL — OTIEIbHbIE ITHKCEIH.
ScHo, 4TO y HMKCessi UMEIOTCs JBe KOOPAUHATHI (UX OOBIYHO 3aJAI0T YUC-
JIAMM C IUIABAIOLLEH TO4KOoi) u user (uesoe uucio). Byjiem cuurars, uro oc-
HOBHBIE JIEHCTBUSA ¢ rpadUIecKuM OObEKTOM, B TOM YHCJIE U C MUKCEJISIMHA —
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9TO MOKa3aTh OOBEKT Ha KpaHe (Mbl 0003HAYMM ITO JelicTBue (dyHKIHE
Show()), ybparh ero ¢ skpana (Hide()) u mepemMecTuTb €ro B HOBYIO HO3HU-
muio (Move()).

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

};

Koukpernka omucanus ten ¢Gyukimit Show() u Hide () 3aBUCHT OT HCITOTH-
3yemMoii rpaduyueckoit OMOINOTEK Y, MPABUII MIEPECIETA KOOPIUHAT U T. IT.; MBI
HA ITOM OCTAHABJIMBATHCS HE OyIeM, MPOCTO MPEIMOJI0KUM, ITO ITU (PYHK-
uu rae-1o onucanbl. C Ipyroit CTOPOHBI, Mbl OYEHb JIEFKO MOYKEM OMUCATH
dyukiuo Move (). /leiicTBuTeIbHO, MEPEMEIEHNe COCTOUT B TOM, 9TO O0b-
eKT CHadasa yOuparoT ¢ IKpaHa, OTOM MEHSIOT €r0 KOOPAMHATHL U, HAKOHEII,
CHOBA TIOKA3bIBAIOT:

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

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

IIpenmnonokum Temnepb, YTO HAM HYYKEH TaK¥Ke OOBEKT «OKPYIKHOCTBY.
IMougaTHO, 9TO Takoil 06BLEKT O0/IaJaeT TeMU ¥Ke CBOHCTBaMU (KOODIUHATHI
U [[BET) U, B JONOJHEHUE K HUM, XapaKTepU3yeTcs enig paauycoM. Ilosromy
MBI BOCIIOJIb3YEMCH y7Ke MMEIOIIIMcH KiaccoM Pixel B KauecTse 6azoBorol, a
kJiacc Circle or Hero ynacaedyem. Koneuno, merogam kiacca Circle morpe-
Oyercst 3HaATh KOODJUHATHI U I[BET, XOTs Obl JJist TOr0, YTOObI yMETh PHUCOBATH
3aJaHHYI0 OKPYZKHOCTH Ha dKpaHe. B Harem mpuMepe MBI PEITUM BOTIPOC JI0-
CTYIIa CAMBIM TIPOCTHIM (XOTs ¥ HE CAMbIM JIYYIIUM) CIIOCOOOM: CIEIaeM TIOJIst
6azoBoro kiacca samuiieHHbIMu (protected), a He 3aKPBITHIMU; JIJIS STOIO

BCTaBAM B CaMOe HadaJ0 ONUCAHUA Kjacca Pixel nupekTuBy protected:

13 1ech MBI HECKOTHKO HAPYTITAEM TPUHIATH 06heKTHO-OPUEHTHPOBAHHOTO MTPOEKTHPO-
BaHHU, IIOCKOJIBKY OKPYKHOCTH, OUEBHIHO, HE ABJIAETCA JACTHBIM CJIydaeM TOYKH. MBI
KUCIPABUM 3Ty OILIOUIHOCTL B OJHOM W3 CIEAYIOUHX maparpados.

90



class Pixel {
protected:
double x;

/...

Temeps MBI MOYXKEM TMEepPERTH K OMUCAHUIO Kjacca Circle u Jjid HAYaJIa OTHU-
M TIOJI€, KOTOPOrO HAM HE XBAaTAeT, 9TO0bI MPEBPATUTH TOYKY B OKPYK-
HOCTb:

class Circle : public Pixel {
double radius;
public:

Omnuiem renepb KOHCTPYKTOP Jjist Kiacca Circle. Ilpu srom Ham npuaér-
Cs1 IPUHSATH HA, OIWH TIapaMeTp OOJIbIe, YeM B KOHCTPYKTOpe Kjacca Pixel.
Kpowme Toro, mocKosbKy € IMHCTBEHHBIH KOHCTPYKTOP 6a30BOro KJiacca Tpedy-
€T yKa3aHusd TPEX IapaMeTpoOB, HaM IPUAETCA 3aJaTh ITapaMeTphl JJI BbI30-
Ba KOHCTPYKTOPa 6Aa30BOr0 KJIACCa, Kak 3TO 00CyKIAam0ch Ha crp. 88. Okon-
4aTesIbHO ONMCAHUE BbIiJIeT TaKuM:

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

Pazymeercsi, B 06bexkTe Heobxomumo omucarhb ¢yukmuu Show() m Hide(),
MpeIHA3HAYEHHBIE [IJIsT PUCOBAHUS W CTUPAHUS C 9KPAHA OKPYKHOCTH. KcTe-
CTBEHHO, OHU OYyIyT OTINYATHCA OT (DYHKIHI, MpeIHA3HAYEHHBIX I OJIU-
HOYHOTO ITUKCEJIA; Mbl, KAK U MPH PACCMOTPEHUH KJjacca Pixel, BO3aepkuMCcs
OT ONUCAHWS KOHKPETHBIX Tesl 3TUX (DYHKIUIl, OrPAHUYUBIINCH UX 3ar0JI0B-
KaMu:

void Show();
void Hide();

HerepuesiuBbiit durarenb MOMXKET HMPEIIOJIOKHUTH, YTO ceifidac Mbl Oyem
omuchBaTh (ynknnio Move(), aHaJOTMYHYIO TOM, YTO ONMHWCAHA BBIMIE IS
kJtacca Pixel. BmecTo 3T0Oro MbI MpeajioKuM HEMHOTO MOIyMaTh. Jlerko 3a-
MeTHUTH, uT0 pyHKIus Move () [aji HOBOTrO Kjacca oKaXkercs abcoJtroT-
HO TaKoi ke, KaK M OJd KJjacca 56a30BOro, To ecTb HaM MOTpedyeTcs
HAIKCATHh HE TOJbKO TOYHO TAKON Ke 3ar0JI0BOK, HO U TOYHO TAKOE K€, C TOY-
HOCTBIO JI0 TOCJeaHeH OyKBoI, Teao GyHKIun! DTO U He yIUBUTENHHO, BEIb
BHE BCAKOI 3aBUCHMOCTH OT (hOpMbI rpadudeckoil hburypsl eé mepeMenieHne
110 9KPaHy MPOU3BOIUTCS abCOJIOTHO OJMHAKOBO, B TPH IIara: CTepeTh, W3-
MEHUTHh KOOPIUHATHI, HAPUCOBATH B HOBOM MECTE

Bosuukaer ecrecrBeHHBIII BOIPOC, HEJIb3s JIM UCIOJb30BATH JJId KJIACCA
Circle Ty xe camyio ¢pyHKIuO Move (), KOTOpas yKe OIMHCAHA /s KJIACCA
Pixel, He OMUCHIBAs HOBOW Bepcuu 3ToM GyHKImU A Circle.
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Jlerko 3ameruThb, 9To (eC/iu He MPEANPUHITH CHEIUATbHBIX MEpP) MPOCTOMH
BbI30B (byHKIMu Move () st oObekTa kjacca Circle, KOHEYHO, BO3MOMKEH
(Beab 310 ke mybmynas GyHKuus 6a30BOro KJIACCa, a HACAEI0BAHUE TIPOU3-
BeJIEHO 110 11yOIMYHOl cXeMe), HO He MPUBESET K HYXKHBIM HaM Pe3yJib-
TaTtaMm, u BOT noueMy. Bo Bpems Tpancisinun Tesia dbyakiun Pixel: :Move ()
KOMIIUJIATOD MOXKET HUYEro He 3HATH O CYIIECTBOBAHUU TOTOMKOB Y KJIAC-
ca Pixel, KOTOpble K TOMY K€ BBOAAT cBou Bepcuu dyukimuit Show() wu
Hide (). IToaTOMy KOMIHIATOP, €CTECTBEHHO, BCTABJISIET B MAIIHHHBIA KO,
dyukiun Pixel::Move() oObrunbie BbI3OBBI GyHKIHI Pixel::Show() m
Pixel::Hide(), To ectb mHCTpyKImH CALL C KECTKO 33IaHHBIMH HCIIOJTHU-
TEJIbHBIMU 3PECaMU, He MTOIPA3YMEBAONINe HUKAKIUX U3MEHEHHA.

Eciu Teneps Bb3Barh dynkmuio Move() mas obbekra kKjacca Circle,
OHA /I CTHPAHHUS C dKpaHa 00beKTa BbI3oBeT GyHKIHUIO Hide() B Toit eé
BepCHUM, B KOTOPOH OHA OmucaHa Jjisd kKiaacca Pixel. Dra (yHKIms BBITOJ-
HUT JEUCTBUSA 110 «CTUPAHUIO» C IKPaHA OOBEKTA-TOYKH, TOI/A KAK CTEPETH
HA CaMOM JIejle HY’KHO OKPYZKHOCTh. 10 Ke camoe mpou30iaer ¢ pyHKIme
Show () : BMECTO OKPYKHOCTH B HOBOI MO3WUIMK HA IKpPaHe OyIeT OTPUCOBAHA
TOYKA. SICHO, YTO ITO COBCEM HE TO, YTO HAM HYKHO.

Tem me MeHee, KaxKeTCd CTPAHHBIM U HEIPABUIHHBIM ONKUCHIBATH IS
kyacca Circle (pyHKIMIO, CJIOBO B CJIOBO IOBTOPSIOIIYIO APYTYI0, KOTOpas
yke umeercs B 0a30BoM kJjiacce. Il 371ech HaM HA [IOMOIb LIPUXOJAUT MeXa-
HU3M 8UPMYasvHuir dyrruudi. Kparko roBopsi, BupTyanbHas QyHKISI
(unu BUpTYa/bHBINA MeTOM) — 3TO (DYHKIMSA, ONUCHIBAIONIAA TAKOE IeHCTBIE
HaJ 00BEKTOM, OTHOCHUTEIBHO KOTOPOTO IPE/I0JIAraeTCsd, YTO AHAIOTUIHOE
nelicrBue OyJeT OmpeeseHo u /1isi 00bEKTOB KJIACCOB-IIOTOMKOB, HO, BO3MOK-
HO, /1JIs1 IIOTOMKOB OHO Oy/IeT BBIIIOJIHATHC HHAYE, YeM [ 6a30BOro KJacca.
B repuunax Teopun OOIl MOXKHO cKa3aTh, UYTO BUPTYAJbHBIM METOIOM 3a-
MaéTcs peaknusi 00bEKTa KJIACCa HA HEKOTOPBINA THUIl COOOINEHWH B CJIydae,
ecJu:

® TIPEJTIOIAraeTCs, YTO ¥ JAHHOTO KJiacca OyIyT KJIACChI-IOTOMKH;

® O0OBEKTHI KJIACCOB-TIOTOMKOB OYIyT CITOCOOHBI TTOIy4aTh COOOIIEHNE TO-
0 K€ TUIQ;

[ ] O6"beKTbI HEKOTOPBLIX MJIN BCEX ITOTOMKOB 6yﬂyT pearuposaThb Ha 3TH
COODIIEHYST WHAYE, YeM ITO JeJaeT 00BEKT KIACCA-TIPEIKA.

Azpik Cu++ mo3BosIsieT OOBLIABUTH B KAYECTBE BUPTYAIBHON JIOOYIO
dyukuuio-meros (KpoMe KOHCTPYKTOPOB U CTATUIECKUX MeTOI0B). s s1o-
r'O Tepe/T 3arojJ0BKOM (DyHKITMHU CTaBUTCS KJIOYEBOE CI0BO virtual. B oriu-
9re OT BBI30BOB OOBIYHBIX (PYHKINHI, BHI3OBBI (DYHKIIHH BHPTYAIbHBIX OOpa-
6ATHIBAIOTCS KOMITHJISITOPOM B MPEIIOIOKEHUU, 9YTO THII OObEKTA, JIJIsi KOTO-
POro BbI3bIBAETCs (DYHKIMS, MOXKET OTJUIATHCH OT DA30BOI0O KJIacca, U 4TO
JIJIST 3TOTO OOBHEKTA MOMKET TMOTPeOOBATHCSA BBI30B COBCEM MIPYroi (DYHKITHH,

92



Hexkenun s 06a30BOr0O Kjacca. B gactHOcTH, eciim B Kjacce Pixel mocta-
BUTbH CJIOBO virtual mepen kaxkmoil u3 ¢yukiuit Show() u Hide(), To npwu
KoMmmuiAnur Tena pyakinn Move () KoMouagaTop OyAeT 3HaTh, ITO OOBHEKT,
Ha KOTOPBI# yKa3biBaeT mapamerp this, MoxkeT ObITh KaK OOBEKTOM CAMOTO
Kyacca Pixel, Tak m 00bEKTOM KAKOrO-HUOY/Ib €10 KJIACCA-TTOTOMKA, MPUIEM
JIJISE TAKOTO O0BEKTA MOYKET MOTPe0OBATHCS BBI3OB dpyeux éepcuti pyHKIHi
Show() u Hide(), BBeAEHHBIX B COOTBeTCTBYIOIEM morovke. Ko, cremepu-
DPOBaHHBIN KOMIMJIATOPOM B TAKOH CUTyaIuu, Oy/1eT HECKOJIBKO CIIOKHEe, 9eM
J71si OOBITHOTO BBI30BA (PYHKITUMH, HO 3aTO OH OYIEeT BHI3BIBATH HMEHHO (DYHK-
[MI0, COOTBETCTBYIOIIYIO TUIY OObeKTa.

[ns nobosHaTenbHbIX YUTaTENENR paccKaXkem, Kak 3To gocturaercs. Ecnn B knacce
onncaHa xoTs bbl OfHa BUPTyanbHas beHKLl,I/IH, TO KOMNUNATOP BCTaBJIAET BO BCE 06b-
€KTbl 3TOr0 KsiacCa HEBNANMOE NOJie, Ha3blBAEMOE yKa3aresieMm Ha raﬁnm.,y BupTyasib-
Hbix merogos (anrn. virtual method table pointer, vmtp). Qns Bcero knacca cosgaércs
(B opHOM 3K3emnnsipe) HendmeHsiemasi TabamMua BUPTYasibHBIX METOAOB, COAEPXKaLLast
YKa3aTeNn Ha KaXKAYt U3 OMMCAHHBLIX B KJIACCE BUPTYanbHbIX yHKumMii. Korga kom-
NUASTOP BCTPEYAEeT BbI30B BUPTYaNbHOW (PYHKLMU, OH rEHEpUpyeT ODBEKTHbIA KOA,
CoAep>XalLnii NHCTPYKLMMU N3BeYb 13 06beKTa 3Ha4eHne nons vmtp, 3aTem obpaTnTb-
Csi N0 3TOMY aApecy K Tabauue BUPTYyasibHbIX METOLOB 1 M3 HEE N3BJIEHb afPeC HYXKHOM
pyHKLMM, U, HAKOHEL, 0DPATUTLCS K 3TOl DyHKUMM No nosyyHeHHoMy agpecy. ObbekT
KJ1aCCa-NOTOMKA COAEPXKUT, KaK Mbl 3HaeM, BCE MOASA, Npucylmne Knaccy-npenky. 3TO
KaCaeTCsa N HEBNAMNMOIO nosis thp, I'IpVI"IéM 06BbeKTbI KNacca-noToOMKa MMEKT B 3TOM
nosie NHOE 3HA4YEeHNe, HeXXenn O6'beKTbI Knacca-npeaka. ﬂl’lﬂ KaXxXao0ro KnacCca-notoMka
KOMMNNATOP CO3,D,aéT (OI'IFITb-TaKVI B €AUNHCTBEHHOM 3K3eMI'IJ19|pe) CBOIO CO6CTBeHHyIO
Tabnuyy BUPTYanbHbIX METOA0B, COAEPXKALLYIO aApeca COOTBETCTBYHOLMX BEPCUIA BUP-
TyasibHbIX (PYHKLMIA; MMEHHO aApec 3Tol Tabnmubl 3aHOCMTCS B noJsie vmtp.

Nrak, o6basum ¢yuaknum Show() m Hide() BupTyanbHBIME B 0a30BOM
KJIacce. 9TO MO3BOJUT UCIOIB30BaTh (pyHKImo Move () st 1106010 U3 Kirac-
COB, yHaCJIeJOBAHHbIX OT Pixel, ecsu TOJIBKO /Jid 39TUX KJIACCOB ONUCAHDI
cobcrBennbie (MpaBuibHO paboratoniue) dpyuknuu Show() u Hide ().

IIpexkme yem 3aBepuTh onucanue KjaaccoB Pixel m Circle, oTmeTnw,
9TO B KJIACCE, B KOTOPOM KMEETCs XOTs Obl OfHA BUpTyajbHas (QyHKIHUS,
PEKOMEH/IyeTCsi BCerJia SBHO OMUCHIBATH JAECTPYKTOD W OObSBIATH €0 BUP-
TyaJbHBIM. 3a9eM 9TO Hy2KHO, CTAHET siCHO U3 jrajibHelinero marepuasa. Ceii-
9ac MPOCTO CIETAEM 3TO, YTOOBI KOMIUISTOP HE BBIIABAJ MPEIYTPEKICHUS.
OkoHYaTEIHHO 3ar0JIOBKHU HAINNWX KJIACCOB MPUMYT CJIETYIOIIMI BUT;:

class Pixel {
protected:
double x, y;
int color;
public:
Pixel(double ax, double ay, int acolor)
: x(ax), y(ay), color(acolor) {}
virtual “Pixel() {}
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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) {3}
virtual ~“Circle() {}
virtual void Show();
virtual void Hide();

};

Ormerum, 9ro B onucanuu Kiaacca Circle ciaoBo virtual MOXKHO, B IPUHIIA-
e, OIyCTUTh; PYHKIUHU, COBIIAIAIOIIIE 10 MPOQUIIO C BUPTYAJIbHBIMA (DYyHK-
HHnAMU 633OBOFO KJjiacca, O6'])HBJ'IHIOTCH BUPTYAJIbHBIMU aBTOMATUY€CKU.

§ 4.6. Yucro BuptTyasbHbie PYHKIUN.
AbcTpakTHBIE KJIACCHI

Kak ormeuasoch B cHOCKe Ha cTp. 90, HacIegOBaHWE KJIacCa «OKPYK-
HOCTB» OT KJIACCA «TOYKa» HAPYIIAET MPUHIHUNBI 0ObEKTHO-OPUEHTUPOBAH-
HOT'O MPOEKTUPOBAHUS, MMOCKOJbKY OKPYXKHOCTH HE SIBISETCS YACTHBIM CITy-
qaem ToukH. [lonmpobyem ucmpaButh curyamnuio. st 3T0ro 3amernm, 9To U
TOYKA, U OKPYKHOCTh — YACTHBIE CIIYYaN 2E0MEMPUYBECKUT PUu2yp, TPUIEM
MOXKHO CYUTATh, YTO KAXKIAsA TeoMeTpudeckas Gpurypa 00/JIaJaeT IIBETOM H
AMeEeT KOOPAWHATHL MOUKU NPUusA3ky. st OOBITHON TOYKYM B KAYECTBE TOUYKH
MPUBS3KY BBICTYTIAET OHA CAMA, JIJIsi OKPYXKHOCTH TOYKOM MPUBI3KH OyIer eé
nentp. Jdnsg npyrux ¢uryp ToUKy MpUBSI3KHA MOXKHO BhIOPATH PA3HBIME CIIO-
cobamu; Tak, JJisi KaKOro-HHOY/Ib MPSAMOYTOJIBHUKA 9TO MOXKET ObITh JOO
[IEHTD MEePeCceYeHus TUArOHaJel, 00 OIHA W3 BEpIIUH, U T. .

OTmeTnM, 9TO TaKOe MPEeICTABIEHEe 00 AOCTPAKTHOM MOHSITHN T€OMETPH-
9eCKOil (PUTYPHI MTO3BO/ISET HAM YKA3aTh €IUHBIN /I BCeX (DUTYDP AJTOPUTM
nmepeBuKeHns (PUTYyPhI IO IKPAHY: CTEPETh (PUTYPYy C IKpaAHA, U3MEHUTH
KOODJIMHATHI TOYKHU MPUBS3KHU, OTpucoBaTh dpurypy B HOBoM Mecte. C 3TuM
AJTOPUTMOM MBI y2Ke 3HAKOMBI, OH OBbLT peasn3oBaH B (pyukmnuu Move () Ha
crp. 90.

Temnepsp yKe sicHO, KaK HY?KHO U3MEHATDH apXUTEKTYPy Haieit 6ubanore-
KU KJIACCOB, 4TOObL IPUBECTH €€ B COOTBETCTBUE C OCHOBHBIMU IHPUHIIMIIA-
MU 00BbEKTHO-OPUEHTHPOBAHHOTO TPOrpAMMUPOBaHus. [loHATHS «TOYKa» u
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«OKPYZKHOCTb> HE ABJISIOTCS YACTHBIME CJIYYAsMU APYT JApPyra, HO 00a OHU
SABJIAIOTCS 9aCTHBIM CJIy9aeM MOHATHUS «TeoMeTpuyeckas durypas. [losromy,
€CJIM MBI ONUINEeM KJIACC [IJIs PEICTABICHUS aOCTPAKTHON MeOMeTPUYIECKOi
burypsl u or Hero ymHacaemyem oba kmacca Pixel m Circle, Takas apxu-
TEeKTypa OyIeT MOJTHOCTHIO Y/IOBJIETBOPSTH TPEOOBAHUSIM TEOPHH OOBEKTHO-
OPUEHTUPOBAHHOI'O MTPOEKTUPOBAHMSA.

IIpexne gem mpucrymarh K OMUCAHWIO KJIACCA, MPEICTABISIONIETO Teo-
METPUYECKYIO (DUTYPY, OTMETUM eIlé OJUH BaxKHbIf MoMeHT. OuuchbiBas B
npe/pLayiieM naparpade Kiaccol JJjis TOYEK U OKPY2KHOCTEH, Mbl HE [IHCAJIH
KOHKDETHBIX TeJ1 [jist MeTom0B Show () um Hide (), HO mpeamoiaraam mpu 3TOM,
410 B paboueli mporpaMMe Tejia ITUX METOJ0B OyAyT OmUCaHbl (C yUeToMm
KOHKPETHOMH M1aTdOopMbl pa3pabOTKH, UCIOIbL3YeMOil rpadpuaeckoii OndImo-
TEKU U T.11.). B nporuBonosokuocTs 3romy, Teaa meronos Show() u Hide ()
J71s aOCTPAKTHOM reoOMeTPUIEeCcKOil (PUrYyPBI OIUCATD HEeB03MONCHO; TEHCTBU-
TEJIbHO, KaK MOXKHO HAPUCOBATH HA HKPaAHE (PUTYDPY, OTHOCUTETHHO KOTOPO
HEU3BECTHO, KAK OHA BBHITJISAUT?!

Hecmorpsa Ha 3TO, MBI TOYHO 3HAEM, KaK OyaeT BBINISAAETH (QYHKIUS
Move() B IpEAIOSOKEHWH, 9TO s KJIACCOB-IIOTOMKOB OVIyT IPaBHJILHO
onucanbl MeTonbl Show() m Hide (). nage roBopst, MBI 3HAEM, 9TO BCE OOH-
€KThI KJIACCOB-TIOTOMKOB JAHHOTO KJIACCA JOJIKHBI YMETh MOJIy9aTh COODIIe-
HU€ OIPEIEIEHHOrO THUIA, HO MbI HE MOXKEM IIPU ONUCAHWHN 0A30BOTO KJIACCa,
OINCATh KAKyI0 ObI TO HU OBLIO PEAKITHIO HA TAKHE COOBITHsI, MMOCKOIbKY Ta-
KOBasl PEaKIlus MOJHOCTBIO 3aBHCUT OT THIIA HAIEro noromka. IIpu 3arom
JIIS OTIMCAHUS HEKOTOPBIX ApYyrux (6osee obIInx) MeTom0B 6a30BOro Kacca
HaM HEOOXOIMMO 3HAHWE O TOM, UYTO PEAKINS HA COOTBETCTBYIOIIHE COOBITUS
OyZeT mpeayCMOTPEHa BO BCEX HAIMMX MOTOMKAX.

A3pik Cu+-+ uMeer CHenuaibHBIl MEXaHW3M, OTPAXKAIOMIUN MOTO0HBIE
ciydan. DTOT MEXaHU3M HA3bIBAETCS HUCINO 8upmyansvhbie GYHKUUU
(amra. pure wvirtual functions). OnuceiBas B KJacCe YUCTO BUPTYAIbHYIO
dyHKIMO, TPOrpaMMUCT NHPOPMHUPYET KOMIIHUISTOP O TOM, 9TO (DYHKIHS C
TakuM mpodueM OyJIeT CyIIecTBOBAThL BO BCEX KIACCAX-TIOTOMKAX, YTO MO
Heé HeOOXOINMO 3ape3ePBUPOBATH MO3UIHUIO B TaOIHIE BUPTYATbHBIX (DYHK-
uuii, Ho upu rom cama yHkKuu# (e€ reso) i 6a30BOrO KJACCa OLKUCHI-
BaThCA He OyIeT, TaK YTO 3HAYEHUE aIpeca SToM (yHKINUU B TaOIUIE BUPTY-
aJIbHBIX (DYHKINH cje/yeT ocTaBUTh HysneBbIM. CHHTAKCHC OIMCAHUS YHCTO
BUPTYATBbHOM QYHKIMHA TAKOB:

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

};
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Bung na mecre Tena GyHKIUH CIEIHATIBHYIO JIEKCHUECKYIO MOCIIEI0BATEb-
HOCTBH «= 0;», KOMIUJISATOP BOCIPUHUMAET (DYHKIWIO KAK YUCTO BUPTYaJb-
Hy102.

Ecnu B mopoxaéHHoM Kiacce He OMUCATH OAHY W3 (PYHKIINH, O0bIBICH-
HbIX B 6a3OBOM KJjlaCCe KaK YUCTO BUPTYAJIbHbIE, KOMIIUJIATOD CHUTAET, YTO
GbyHKIMS 0CcTAIACh TUCTO BUPTYATIHHOMN U TPENOJIAraeT, 9TO OT TAKOro KJac-
ca, B CBOIO O4epenb, OyJeT yHACJIeIOBaH MTOTOMOK, KOTODBIH M OIIPEIEIHT,
HAKOHEI[, KOHKPETHOE TeJIO s BUPTYATbHON (DYHKIUH COOTBETCTBYTOIIETO
IpoduIs.

Kiacce, B KoTopoMm ecTb X0Tsi ObI O/IHA YUCTO BUPTyaabHAs (PYHKIUs, HA-
3BIBAETCS abcmparmHvim Kaaccom. [lome3no Oymer 3amOMHUTD, YTO KOM-
MUJISTOP HE MO3BOJSIET CO3/1aBaTh 00'beKThl Aa0CTPAKTHBIX KJIACCOB.
EnuncrBeHHOE HazHaYeHWE abCTPAKTHOrO KJIACCA — CJIYKUTH OA3UCOM [Tt
MOPOXKJIEHUST IPYTUX KJIACCOB, B KOTOPBIX BCE YUCTO BUPTYyabHbIE (DYHKIIUU
Oy/LyT KOHKPETU3UPOBAHBI.

TomprToskuM HAMM paccyXaeHus. UToObI COOTBETCTBOBATH MPUHITHIAM
00BEKTHO-OPUEHTHPOBAHHOTO TPOTPAMMHUPOBAHNS, HAM CJEIyeT OINCATh
KJIACC, MPEICTABSIONINN a0CTPAKTHYIO reOMeTpudeckyio durypy, obiamga-
IONIYI0 I[BETOM U KOOPJAMHATAMH TOYKH TPHUBSA3KH, HO HE O0JIAAIONLYIO
KOHKpeTHO# opmoit; Ha30BEM 31OT Kiaacc GraphObject. Kiraccor Pixel
n Circle HyKHO mepemnucarb, yHacjaemoBaB or GraphObject. B kuacce
GraphObject meroapr Show() u Hide () OyayT oObsBIEHBI KAK YNCTO BUPTY-
aJIbHbBIE, YTO CJeJIaeT CaM 3TOT KJIacC abCTPAKTHBIM KJIACCOM.

Omnwuem Temeps Kiace 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);

};

Onucanve dynknun Move () MBI HE TPUBOAUM, MMOCKOJIBKY OHO CJIOBO B CJIO-
BO MOBTOpsieT onucanue merona Pixel::Move() na crp. 90. OrmeTuMm, 4T0
B Tene ¢pyukmuu Move () Bo3bIBaiorcsa (yukmum Show() m Hide(). To, urto

2Takoif CHHTAKCIC TPYIHO HA3BATE YIAUHBIM, OCOGEHHO €CJIH YI€CTh, UTO HHKAKOE THC-
JI0, KpOMe HyJIisl, UCIOJIB30BATLCS 3/I€Ch HE MOXKET; TEM HE MEHEee, UMEHHO TAKOB CHHTAKCHUC
B a3bike Cu++.
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Tesa Jyig 3TUX (DYHKINH HAMU He 33/JaHbl, HE CO3/IaéT HUKAKUX MpobieM,
IOCKOJIbKY I JTIOOOTO KJIacCa-MIOTOMKA, OOBEKTHI KOTOPOI'O MOXKHO Oyner
co3aBaTh, TAO/INUIA BUPTYAJIbHBIX METOIOB OyJIeT cojeprKaThb aJipeca KOH-
KpeTHbIX (DyHKIUI, OIMCAHHBIX B 9TOM KJIACCe-IIOTOMKE.

3arosoBku KiaccoB Pixel n Circle OyayT Temnephb BBITJISAETH TaK:

class Pixel : public GraphObject {
public:
Pixel(double x, double y, int col)
GraphObject(x, y, col) {}
virtual “Pixel() {}
virtual void Show();
virtual void Hide();
};
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();

};

s 9TMX KJ1accoB, B oTyimdne OT KJacca GraphObject, Heobxogmmo onucarh
KOHKpeTHbIe Tesa MeTonoB Show() u Hide ().

§ 4.7. HaciengoBaHue pajid 9aCTHOTO CJaydad
KOHCTPYUWPOBAHUS

B npakTuyeckom mporpaMMUpPOBAHUU YACTO MPUMEHAIOT OIHUH yIIPOIIEH-
HBII ciydait HACIeZOBAHWA, MPU KOTOPOM KJACC-TOTOMOK OTJIMYAETCA OT
MpeIKa TOJIBKO HAOOPOM KOHCTPYKTOPOB, TO €CTh OH HE BBOAWT HU HOBBIX
METOIOB, HU HOBBIX moJieil. OObeKThI TAKOr0 KJAcCa CO3JAI0TCSI W3 CooOpa-
JKEHUI S9KOHOMEM 00bEMA KO/Ia, YTOOBI HE TTOBTOPATH OJIHA U TE YKe NeHCTBUI
MIPY KOHCTPYUPOBAHUHU OJHOTUIHBIX 00bEKTOB. UTOOBI IPOUIIIOCTPUPOBATH
CKa3aHHOe Ha TIpuMepe, JJIs Hadajga Mbl BBEJIEM eIé OJWH KJIACC-TIOTOMOK
kjacca GraphObject, mpeacTaBagOMAN JIOMAHYIO JUHHUIO, & 3aTE€M OIUIIEM
rpadudeckuit 00bEKT «KBAApaT» KAK YACTHBIN CJIydail JIOMAHON JIMHWMA.

Hanomuum, uro kaxkaas reomerpudeckas hurypa B Halllell CuCTeMe mMe-
€T TOYKY LPUBA3KY; JIOMAHYIO IIPU 3TOM IIPOIE BCEIO XPAHUTH B BUJIE CIIUAC-
Ka KOODJAWHATHBIX Tap, 33/JaI0IINX CMelleHne KaxKJI0i BepIIMHbI JIOMAaHOMN
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OTHOCHTEJIBHO TOYKM TIPUBA3KH. J1JI OPraHM3aIMH TAKOrO CIIUCKA MBI B 3a-
KPBITOH JaCTH KJIACCa OIUIIEM CTPYKTYPY, 33JaIONIyI0 SJeMEHT CIHCKa. Mc-
XOIHO 6yIeM CO3IaBaTh JOMAHYIO, HE MMEIOILYI0 HH OIHOM BEDPIIHHBI, & s
06aB/IeHNs] HOBBIX BEPIIHH OyIeM HCIOIb30BATbL METO, KOTOPbI HA30BEM
AddVertex ()®. Hauumem 3aro/i0BOK KJacca:

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

}s

Dyukius AddVertex() Oymer (mys sKoHOMUM ycujuil) H00ABIATH HOBYIO
BEpIIUHY B HAYAJO CIUCKA, & HE B KOHEIl; JIUHUS MPU TOM Oymer u300pa-
JKATbCA HA HKPAaHE B OOPATHOM MOPSIKE, HO 9TO, ECTECTBEHHO, 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;

}

flcHo, 9TO 1715t 0OBEKTA, UCIIOIB3YIOIIEr0 JHHAMAIECKYTO TAMATH, HEOOXOIH-
MO HPeyCMOTPETD JeCTPYKTOP, OCBODOXK nafotuil mamsarh. Hamuriem ero:

PolygonalChain: : “PolygonalChain() {
while(first) {
Vertex *tmp = first;

33710 sydmre, YeM HBITATHCA TEM KM HHBIM CIOCOBOM IEPEeJaTh KOODMHATHI BEPIIHH
B KOHCTPYKTOP, IIOCKOJIBKY Mbl HE 3HA€M 3apaHee KOJIMYEeCTBO BEPIIMH, TaK 4TO JJId lepe-
JaTH WX B KAIECTBE MapaMeTpa KOHCTPYKTOPA MPHUIIIOCH OB B TOM MECTE, I CO34aETCs
00beKT, GOPMHUPOBATH HEKYIO AUHAMHYECKYIO CTPYKTYDY JAHHBIX (MACCHUB JHOO CIHCOK),
<T0 IOTPe0OBAJIO OBl JOMOIHUTENLHEIX YCHIUH.
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first = first->next;
delete tmp;

}

Kaxk 00b19HO0, MBI BO3IEpKUMCsT 0T onucanust Tef ¢gpyukiuit Show () u Hide (),
HO OyJeM Mpenoararh, 9TO 3TO CAETIAHO.

IIycTh Temeps HAM HYXKEH KJIACC [ TPEJICTABICHUs] KBAIPATa, CTOPOHbI
KOTOPOTO TAaPaJIJIEIbHBL OCAM KOODJWHAT, a JJINHA CTOPOHBI 331aéTCs Ia-
pameTpoM KOHCTPyKTOpa. flcHO, 4TO TakOél KBaJpar mnpeicraBiisier coboit
YaCTHBIN CJIydail JJOMAHOM, OMMChIBaeMOil KiaaccoM PolygonalChain. Ecam
B KQ4eCTBE TOYKHU MPUBA3KM BHIOPATH JIEBYIO HUKHIOIO BEDIIUHY KBaJIpaTa,
a JJINHY CTOPOHBI KBAIpaTa 0003HAYUTH OYKBOU @, TO JIOMAHAS JOJIZKHA, HA~
4aTbCsd B TOUYKe npuBa3ku (uro coorsercrsyer Bekropy (0,0)), npoiitu yepes
rouku (a,0), (a,a), (0,a) u Bepuyrbes B Touky (0,0); Bcero, rakum o6pazom,
JioMaHas OyJeT COfepKaTh UATh BEPUINH, IPUIEM IIePBas U OCIeaHAA OyayT
COBTIQIATH, YTOOBI CAEIATH JOMAHYIO 3aMKHYTOM.

YT0o0bI HE MPUXOIUIOCH KAXKIBI pa3 s MPEICTaBICHUs KBAIPAaTa, ITH-
caTh IIeCTh CTPOK Koja (oxHy aJis onucanusi obbekra PolygonalChain,
ocTaJibHbIE [yl 100aBJIeHHs BEPIIUH), MOXKHO OLKUCATh KJacC (Mbl HA30BEM
ero Square), KOTOpbLil Oyjer yHacuaenosan or PolygonalChain, upuuém or-
JIM9aThCs OYIET TOJTHKO 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);
}

};

[Tomuepkuém emig pa3, 9To H60IbINE HUYEro ONKUCHIBATH /11 KBAIPATA HE HY K-
HO, BCE OCTaJIbHOE CIEJIal0T MEeTO/bl HA30BOI0 KJIacca.

§ 4.8. BuptyaJuabHbIil 1€CTPYKTOP

Panee npu obcyzx1enun Bupryasbabix GyHKIUd HA CTP. 93 Mbl OT™METHIIH,
9TO B KJIACCE, UMEIOIIEM XOTs OBl OIHY BUPTYAJIbHYIO (DYHKITHIO, TECTPYKTOD
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TOXKE CJIEYET CIe1aTh (OObIABUTH) BUPTYAIbHBIM, HO HE O0bSICHUIN TPUIUHDI
sroro. ITopobOyem czenarsb 3TO ceifvac.

IIpu akTUBHOM KCIIOJIH30BaAHUY TOJUMODP(U3MA HEPEIKO BOSHIUKAET CUTY-
anmsd, KOrja Hy>KHO IPUMEHHUTH onepaTrop delete K yKa3aTesio, MMeEIOMEMY
TUN «yKa3aTejab HA 0A30BBIM KJIACCY, MPUTOM 9YTO yYKA3BIBATH OH MOXKET W
Ha OOBEKT MOTOMKA. B 3T0it curyanmum HEOOXOAWMO, €CTECTBEHHO, BHI3BATH
JIECTPYKTOP, COOTBETCTBYIOIIHUII TUIy YHAYTOXKAEMOrO OObEKTa, & HEe yKa3a-
resis. Tak, nomycTuM, Mbl ONUCAJIN YKa3aTesab Ha KJacc GraphObject:

GraphObject *ptr;
Tenepp BLIOJIHE KOPPEKTHBIM Oyl TAKOe IIPUCBAUBAHUE:
ptr = new Square(27.3, 37.7, 0xff0000, 10.0);

B pesynbrare 3TOr0 HaAI YKa3aTeIh NMEET THT «yKa3aTeab Ha GraphObjectsy,
HO peasIbHO YKa3bIBAET HA O0BEKT Kilacca Square. Eciau Teneps norpebyerca
YHHUTOXKHUTH 3TOT 0OBEKT, MbI MOXKEM 0€3 BCSIKUX ONACEHH BHIIOIHUTH

delete ptr;

Tlockonbky ykazarenp mmeer tun GraphObject*, a mecTpyKTop Kjacca
GraphObject BUPTYaJIbHBIN, KOMIWJIATOD MPOU3BEIET BBI3OB JIECTPYKTOPA
qepe3 Tab/IUIly BUPTYAJIbHBIX METOMOB YHHYTOXKaeMOro obbekra. B pesysib-
TaTe 3TOro Oy/JEeT BHI3BAH HESBHBIN JIECTPYKTOP IS KJiacca Square, KOTO-
PBI BBI3OBET IECTPYKTOP Kjacca PolygonalChain, a TOT, B CBOIO O4epelb,
JleCTpyKTOp Kjacca GraphObject. Ecim Obl Mbl HE OOBSIBUIN JAECTPYKTOD
kiacca GraphObject Kak BUPTYaJbHbBIN, KOMIUISTODP TPOU3BES ObI KECTKHIA
BBI30B JIECTPYKTOPA IO TUILy YKA3aTeJisl, TO eCTh ObLI Obl BbI3BAH TOJIBKO JI€-
CTPYKTOp Kjaacca GraphObject. Mexkay TeMm, YHHUITOKAEMBIH OOBHEKT KIacca
Square MOPOKAAET U UCIOJIB3YET CIUCOK B JIUHAMUIECKON mamaru (U3 maru
9JIEMEHTOB), U €CJIM JeCTPYKTOp KJjacca PolygonalChain we 6yzer Bbi3BaH,
TO 3TU SJIEMEHTHI IPEBPATIATCI B «MYCOP», TO €CTh OyIyT MO-IPEKHEMY 3a-
HUMATb [IAMSATb, HE BBIIOJIHAS HUKAKON II0JI€3HON PAOOTHI.

O0bsBIeHNE JECTPYKTOPA KAK BUPTYAJIHHOTO MPAKTUYECKH HE MTPUBOIUT
K PACXO/Iy MaMsATh: TAO/IUIA BUPTYAJbHBIX METOIOB YBEJIMYNBACTCS HA, OIWH
CJIOT, 9TO COCTABJISIET HECKOJIBKO JIUITHUX OAWTOB HA KAXK/IbIl HOBBIN KAGCC
(ne obbekt!). C upyroii croponbl, cam BakT HAJIUYK B KJIACCE BUPTYAJIbHbBIX
dbyHKIMI yKA3BIBAET HA TO, 9TO MPU PaboOTe ¢ OOBEKTAMHU KJIAcca OyaerT ak-
THBHO UCIOJb30BAThCA mouMopdu3M. OTMeTnM, 9TO Mpy OMUCAHWY KJIACCA
B OOJIBITUHCTBE CJIY9YA€B TPYIHO MPEACKA3aTh, OYAYT i OOBEKTHI IIOTOMKOB
TaKOI'0 KJIacca YHHUYTOXKATbhcd oneparopoMm delete, mpuMeHdAeMbIM K yKa3a-
TEeJII0, UMEIOIIEMY THII «yKa3aTesb Ha mpenkas. Pemus, 4To Takoe ymanenue
HaM He IOHAIO0OUTCH, Mbl PHCKYEM B JajbHefiemM 3a0biTb 00 9TOM U IMOJIy-
YUTH TPYIHYIO IJIs OOHApyKeHusi omuoKy. B cBa3u ¢ 3TUM cumTaercs, 9To
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JeCTPYKTOp JDOro KJjiacca, MMEIOINero XoTsd ObI OJ[Hy BUPTYaJib-
HYI0 (DYHKIOUO, cielyeT OObsBJIATh KAaK BUPTYAJIbHBIH, HE 3a/1y-
MBIBasgiCh O TOM, HOHAZOOUTCH 3TO B IMporpaMMe WJIM HET; MHOTHE
KOMIIMJIATOPBI BBIJAIOT NIpeJylipeXKJeHne, ecJid 3TOro He cAeJjaTh.

§4.9. Emé o mosmmopdusme

[Ipuseém emg oauu npuMep UCIOIb30BaHUS monMopdu3Ma. IlycTs Mb
CO3/1a8M TpadUIECKYI0 CIEHY?, COCTOANIYIO W3 PAa3HBIX TPadpIIecKHX 00b-
€KTOB — TOYEK, OKPYKHOCTell, MHOTOYI'OJIbHUKOB M, BO3MOYKHO, KaKHX-TO
JPYTUX 3JIEMEHTOB, MIPECTABIIEMbIX O0bEKTaMU KJIACCOB, YHACIEIOBAHHBIX
or GraphObject. Ilpu 370M HA MOMEHT HAIUCAHUS MIPOrPAMMBI MbI HE 3HA-
€M, CKOJIbKO W KAaKWX MUMEHHO OOBEKTOB Oy/IeT B CIleHe; TaK OBIBAET, €CIu
OIMCAHNE CHEHbI HyYKHO TIOJIYYUTh U3 BHEIIHErO UCTOYHUKA (HAIIPUMED, TIPO-
gurarb u3 aiina), ubo ecjau CleHa TeHePUPYETCs BO BpeMsl UCIOJHEHUS
nporpamMMbl (HanpUMep, CJaydailHbIM 0O6pPa30M, YTO YacTO MCIIOJIb3YeTcs BO
BCEBO3MOXKHbBIX IIPOIPAMMAaX-<«CKPUHCEHBEPAX» ).

HormycruMm, B HEKUil MOMEHT B IIPOrpaMMe HAM BCE yKe CTAHOBHTCH U3BECT-
HO, CKOJIKO O0BEKTOB OYIET COMEPKATH CIIEHA. JTO MO3BOJUT UCIOJIH30BATH
JJIA XpaHEHUdA BCel CIEeHBbl JUHAMHYECKH CO3/1ABAEMBIM MAaCCHUB yKa3aTeJei
Ha 00beKThI TOTOMKOB GraphObject. Ilycrs, HaTpuMep, KOJUIECTBO 0OBHEK-
TOB CIIeHBI Oy/IleT XPAaHUTbCS B IEepPeMeHHON scene_length, a ykaszaresnb Ha
CaM MACCHUB MbI HA30BEM IIPOCTO ScCene:

int scene_length;
GraphObject *scene;

Kornma nepemennaa scene_lenght TeM MM MHBIM CIIOCOOOM HOJIYyYUT 3HA-
yenue (Hampumep, OoHO Oyjer npounTano u3 daiija), MOXKHO OyJer 3aBecTu
MaCCHUB:

scene = new GraphObject*[scene_length];

Temeps Onaromapst mouMOp(U3My OKA3BIBAIOTCA KOPPEKTHBI, HAIIPUMED,
cJIelyoye npucBanBanus (TIPU yCJIOBAM, KOHEYHO, YTO i HE MPEBBIIIaeT
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);
/...

4HamoMHHEM, 9TO IOX CIEHOH B KOMIBIOTEPHOH rpaduke 0OGBIYHO TOHIMAETCS BECH Ha-
60p rpaduuecknx 00bLEKTOB, BUAMMBIX OJHOBPEMEHHO.
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u Tomy momooube. Takum 006pa30M, MbI TIOJYIAEM MACCHB yKa3aTeeil Tuma
GraphObject*, KaK/Iblii U3 KOTOPBIX HA CAMOM JieJle YKA3bIBAeT HA HEKOTO-
pbiit 00beKT Kaacca-nomomka. OOpaTuM BHUMAHUE HA TO, 9TO HAM MOXKET
BOBCE HHKOTA OOJibie He MOoTPebOBaThCH 3HATH, HA OOBEKTHI KAKOrO THUIIA
YKa3bIBalOT KOHKPETHBIE yKa3aTe/JIn B HallleM MaCCHUBeE. BHe 3aBUCUMOCTH OT
KOHKDETHBIX THIIOB, MBI BIIOJTHE MOYKEM TMEePEeMeNiaTh OOBLEKTHI M0 IKPaHY,
TacUTh WX W CHOBA OTPHCOBBLIBATDH, Bedb MeToabl Show (), Hide() m Move()
JOCTYTHBI 115t Kitacca GraphObject, a 3Ha49nuT, MOTYT OBITH BHI3BAHBI IO YKa-
3aremio Tuna GraphObject* 6e3 yrounenus tuna obbekTa. TOYHO TaKUM Ke
obpazom Osiaromapsi HAJIMYHUIO BUPTYAJIHHOIO JECTPYKTOPA MOXKHO YHUYTO-
JKUTH BCE OOBEKTHI CIIEHBI, & TIOTOM U CaMy CIIEHY:

for(int i=0; i<scene_length; i++) delete scenel[i];
delete [] scene;

ITomobubie cuTyanuu 9acTO BO3HUKAIOT B DOJIEe-MEHEE CJIOXKHBIX MTPOTPaM-
Max. IlockombKYy KOHKpETHBIE METOIbI, KOTOPble HY’KHO BBI3BIBATH, CTAHO-
BATCS U3BECTHBI TOJIBKO BO BPEMsI UCIOIHEHNUS ITPOTPAMMBI, TAKON BHUJI, MOJIH-
MOpdu3Ma HA3BIBACTCH QUHAMUYECKUM TLOAUMOPHUIMOM; OH CTAHOBUT-
Csl BOBMOXKHBIM 0JIarofapsi MEXaHU3My BUPTYAJIbHBIX (DYHKIIWH U SIBJISETCS,
B KOHEYHOM HUTOTE, UX MpETHAZHATCHUEM.

§ 4.10. TeopeTuKO-MHO>KECTBEHHOE OMNCAHIE
HacJieJOBaHUA

Beaxaa ceaédxa — poba, HO He 6CAKAA
pwba — cenréoka.

KaK y2Ke rOBOPpUJIOCH, ITPU OMUCAHUN O6’beKTHO—OpI/IeHTI/IpOBaHHOFO Ipo-
IPaMMUPOBAHUA MO2KHO UCIIOJTB30BAaTh PA3/IMIYHBIC BADUAHTHI TEDMHUHOJIOTUHA.
Tak, TepMHUH «BBI30B METOJA OOBLEKTa» IKBUBAJIEHTEH TEPMHUHY <«OTIPABKA
coo0TIeHnsT OOBEKTY», IMPOCTO 3TH TEPMHUHBI OTHOCITCS K PA3HBIM TE€PMHU-
HOJIOTUYECKUM CUCTE€MaM: O BBI30OBAX METOJ0B MblI TOBOPUM TPU U3YUCHUU
npakTudeckoro npumenenns OOII, Torma kak mepegata cOOOIIEHUsT — TEP-
muH, otHOCAmica K Teopun OOIl m K TeM s3bIKAM MPOrpaMMUPOBAHUS,
KOTOpPbIE IIOTHOCTBIO COOTBETCTBYIOT 3TOH Teopun (K TaKUM A3bIKaM OTHO-
curcs, naupumep, Smalltalk).

Kumace ¢ TeopeTndeckoit TOUKM 3peHust MpeIcTaBiseT coboi MHOMHCECMBO
00bEKTOB, YIOBJIETBOPSIOIMINX OMPEIEJIEHHBIM YCIOBUAM. B 9TOM CMBICIE TIO-
POXKIEHHBIH (HAC/IEAYeMblil, WU JOYEPHUil) KJIACC IPEJCTABIIET CO00il nod-
MHootcecmaeo. JeicTBUTETHHO, COMMTACHO 3aKOHY MOINMOP(PU3Ma 0O0BEKT I0-
POKAEHHOTO KJIACCA MOXKET OBbITh MCIIOJB30BAH B KadecTBe O0beKTa 06a30-
BOI'O KJIACCA, TO €CTb, IOIPOCTY IOBOP:, SIBISETCS OJHOBPEMEHHO B OOBEK-
TOM TIOPOXKJIEHHOTO, ¥ OOBEKTOM 0A30BOr0 KJIACCA; B TO YK€ BPEMsi OOBEKT
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0a30BOr0 KJIACCa BOBCE HE 00s3aH OBITH OOBEKTOM KJIACCA MOPOXKIEHHOTO.
MoxxHO npu#iT K TeM ke BbIBOjaM u nHade. HacjemoBaHnue mpejcTaBiisierT
coboit ymounenue CBONRCTB OObEKTA, WM, WHAYE TOBOPs, MEPEXOI OT oOIIe-
ro ciIydas K 9acTHOMY. ZICHO, 9TO MHOXKECTBO YACTHBIX CJIYYaEeB IIPE/ICTAB-
Jisier cobOi TOAMHOXKECTBO MHOXKeCTBA ciy4uaeB obuux. Ilosyuaercs, 4ro B
TEPMUHAX MHOXKECTB HACJIEIOBAHNE OIHMCHIBAETCS OTHOINEHWEM BKJIIIOYEHUS
(A O B). EcrecTBeHHBIM CJIEICTBAEM TAKOTO PACCMOTPEHUS SIBJISETCA TEpP-
MuH nodkaacc (auri. subclass) s obo3nadeHus: NOPOKAEHHOIO Kjlacca
rTepMuH Hadkaace uiu cynepkaacce (aura. superclass) — s obozuade-
uus 6a30B0OrO.

Takasg TEPMHHOJIOTHS 9aCTO MOPOXKIAET ONPENeJEHHYI0 IIyTaHuiy. Jdemno
TYT B TOM, 9TO OOBEKT MOPOKJIEHHOrO Kjacca (nodk.aacca) Majo TOro, 4To
LAMATU 3aHUMAET 3aBEJOMO He MeHblle (a upu J0DABJIEHUM HOBBIX 110JIeH —
u GOJIbIIe), HEXKeN O0BEKT Kjacca 6a30BOro (cynepk.aacca), HO €IIE U codep-
otcumm 8 cebe 0bserm 64306020 KAGCCA, T.€. OOBEKT CYNEePKJIACCa OKA3BIBACT-
cs1 nodobsexmom 0bbekTa mnojakaacca. [lonydaercs, 9To Mbl pacCMaTPUBAEM
OTHOBPEMEHHO IBA OTHONICHUS BJIOXKEHHOCTH, IPHYEM OHH MAJIO TOTO HUTO
pa3Hble, OHH OKa3bIBAIOTCH HANPAGACHBL NPOMUCONOAONHCHO: OOBEKT BA30BO-
IO KJIACCa BJIOKEH B OOBEKT TMOPOXKIEHHOTO KJACCA (YUCTO TEXHUYECKH), &
BOT CaMM KJIACCHI «BJIOKEHBI», HA00OPOT, MOPOKIEHHLIA B Oa30BLIi.

Bcesa sra nyranuna 00ycsioBiieHA HCKIJIIOYUTEIHHO IIPUMEHEHHEM JIBYX Pa3-
HBIX TEPMUHOJIOTHIECKUX CUCTEM B OTHOM MecTe. Korma pedb uaéT o cynepk-
Jlaccax U MOAKJIACCAX — ITO 3HAYUT, YTO UCIOJIb3yeTCd TeOPETUKO-MHOXKECT-
BeHHas TepMmuHOIOTHsA. KOrma ke pedsb 3axonut 00 UCIOIb3yeMOil TaMaTh u
o106 bEKTaX — OYEBUIHO, UTO PA3TOBOP UIAET B TEPMHUHAX PEATHIATOPCKOM
(uparmaruvnoit) Touku 3penus. Tak wiu nHade, 06 TEPMUHOJIOIUYECKUE CHU-
CTeMBbI WCMOJIL3YIOTCS W MMEIOT TPaBO Ha CYIIeCTBOBAaHWME; BBl Ha MPAKTUKE
MOZKeTe CTOJIKHYTHhCA KaK C OJHAM BapHAHTOM TEPMUHOJIOTUH, TaK U C JAPY-
UM, a B HEKOTOPBIX CIydadX — U C UX CMeIlleHneM, KaK B BbIIIEIPUBEIEHHOM
npumepe. [Tosromy kesraTesbHO MOHUMATDH, YTO O3HAYAIOT TEPMUHBI 0OEUX
cucTeM.

§ 4.11. Oneparnuu NpuBEeAeHUs TUMA

B mporecce nporpaMMupoBaHus 9acTo MIPUXOAUTCA U3MEHSTh THIT BbIPa-
xxenus. VIHOTIa 3TO ne1aercst HeA6HO, KaK, HAIPUMED, B CIy9ae CIIOKEHUST
LEJIOYMCIEHHOIO 3HAYEHUsl CO 3HAYEHUEeM APOOHBIM (C ILIABAIOILEH TOYKOI).
B unbIx cayvasx (Kak, HATpUMEp, MPU W3MEHEHUUW THUTIA YKA3aTess) TPUXO-
JUTCA ABHO yKa3bIBATH KOMIUJIATOPY HOBBIM THUI BbIPAXKEHUS.

B asbike Cu 310 Zesianoch € HOMOLIBIO Onepauuu npeobpa3osanus
MuUnNG, 3aUCHIBAEMON KaK YHapHas Orepalys, CUMBOJ KOTOPOH eCTh NMd
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THIA, 3aKJII0YEHHOE B KPYTJIble CKOOKM, KaK, HAMPUMED, B CIEAYIOIIEM BbI-
paKeHUU:

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

3mech 3Havenue Buipaxkenus malloc (100), uMeroree TUI void*, IPUBOAUTCS
K Tuily char.

Oneparnyst NpUBEJICHUST THIIA ONACHA B TOM CMBICJIE, 9TO €€ MPUMEHEHUEe
MO3BOJISIET TPHU YKEJIAHUU O0ONTH JII00bIe OTPAHUYEHVSI, BBOAUMbBIE CHCTEMOIH
TUNW3AIUHU, BKJIIOYas, HATPUMED, 3aMPEThl HA, 3a0UCh B KOHCTAHTHBIE 00JIa-
CTV TIAMSTH U JIaXKe 3aIUTY JAHHBIX B Kjaccax. Heobaymannoe mpuMeHeHwe
npeodpPa3oBaHUs TUIOB MPUBOAUT K 3aIyTHIBAHWIO MPOTPAMMBI U, B KOHEY-
HOM CY€Te, K TPY/JIHO BbISAB/ISAEMbBIM OMINOKAM.

s cHu2KeHus HeraTwuBHOTO d(peKkTa omepanuu IPUBEIEHUsT THIIOB, &
TaKKe JJIs TOAAEPKKA TOMMMOPGHOrO MporpaMMupoBanns B s3bike Cu++
BBOJATCSA YeThIpe JIOMOJHUTEIbHBIE ONEepaInn, MpeiHa3HAuYeHHbIe JIJIS TIpe-
0o0pa30oBaHMs TUMA BBIPAXKEHUS. DTU ONEPAIUU UMEIOT JOCTATOYHO HETPUBU-
AJIbHBIA CUHTAKCHUC: CHaYaJIa 3allUChIBaeTCA KJII0YeBOe CJI0BO, 3a/1al011ee ome-
pauuio (static_cast, dynamic_cast, const_cast uiu reinterpret_cast),
3aTeM B YIJIOBBIX CKOOKAX CTABUTCS MMST HOBOT'O THIIA, U, HAKOHEII, B KPYTJIBIX
CKOOKaX 3aIUCHIBAETCS CAMO BBIPAXKEHUE, THI KOTOPOTO HEOOXOIUMO HU3Me-
HUTH, HaIlpUMep:

Square *sp = static_cast<Square*>(scenel[i]);

B ornwuwme or oneparuu npusesierusi TUNOB B s3bike Cu, KOTOpas mpuMe-
HSJIACH I BCEX CJIydYaeB CMEHbI THIA, Kaxkjas ui onepaiuii Cu+-+ mpen-
Ha3HAYEHa JJid CBOero ciyd4asi. Tak, omeparus const_cast 103BOJIgeT CHATD
T, HA060POT, YCTAHOBHUTE CKOJIBKO YTOTHO MOAMNGMUKATOPOB const®; MOMBIT-
Ka CJeJIaTh C €€ TIOMOIIBIO JTI000e Ipyroe n3MEeHEHNe TUIA BHI3OBET OIUOKY
IPU KOMIUIAINAN:

int *p;

const int *q;

const char *s;

/...

q = p; // mMoxHo 6e3 mpeobpasoBaHUs
p = q; // oumbra! cuaTme const

p = const_cast<int*>(q); // npaBuibHO
p = const_cast<int*>(s); // ouubka!

OrMeruM, 4TO HAJIMYKE B S3bIKE OLIEPALMUA CONSt_cast He OTMEHsIeT OLACHO-
CTH TAKOTO MpeobpaszoBanus. PeanmbHas mMOTpeOHOCTH B 00X0I€ KOHCTAHTHOM

5Taxske 3Ta omepanusa paboraeT ¢ MoAMMHUKATOPOM volatile, KOTOPBI Mbl B HAIIEM
KypCe He PACCMATPUBAEM.
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3aIATHI BO3HUKAET KPaifHe PEIKO; MPEeXK/Ie YeM MPUMEHITh TPeoOpa30BaHue,
mosyMaiiTe, BCE Jin Bbl MPABUJIBHO JIEIAETE, HE 3a0BbLIH JIU BbI, HATIPUMED, TI0-
METHTB CJIOBOM const (GpyHKIUIO-METOJ, He M3MEHSONIY0 COCTOsTHIE 00beK-
Ta, u T. 1. Jdia npuMenenus omneparuu const_cast HeoOXOIUMbl OYEHDb BeC-
KWe MPUYNHBL, ¥ CAKPAMEHTAJIbHOE «0Oe3 Heé He paboraers Takol MpUINHOMN
HE siBJIsTeTCsI. B HEKOTOPBIX MPOTPAMMHUCTCKUX KOJIJIEKTUBAX HA KAYXKI0€ TPHU-
MeHeHre const_cast HEOOXOAWMO JIMYHOE pa3perIcHre PYKOBOIUTEJIA Pa3-
paboOTKM.

Oneparust static_cast npegHaszHadeHa Jjijisi pabOThI € HACJIEyeMbIMI
00beKTaMU ¥ TIO3BOJISIET TPEOOPA30BATEH YKA3ATE b WM CCBHIJIKY B HAIIPABJIE-
HUW, TPOTUBOIOJIOKHOM 3aKOHY TOJUMOpdU3Ma, T.€. OT Da30BOr0 KJiacca K
mopoxk aéaroMy. [lombiTka mpon3BecTH J1000€ Apyroe mpeodpa30BaHNEe BHI30-
Ber ommOKy. IIpuBeném nmpumepsr:

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

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

A xap;

B *Dbp;

C *cp;

/...

ap = bp; // MoxHO 6e3 mpeobpaz3oBaHUS
bp = ap; // ommbra!

bp = static_cast<B*>(ap); // momycTumMo
cp = static_cast<Cx>(ap); // oumbxa!

OrmMernm, 4TO JEJIATh TO CJIE/LyeT TOJABKO B TOM CJIyvae, eCJIu Mbl JeficTBI-
TeJIbHO YBEPEHBI, UTO 10 JAHHOMY aJPecy PaclookKeH 00beKT HMEHHO TOTrO
THNA, K KOTOPOMY Mbl HaMepeHbI NPeoOpPA30BbIBATH; UHOE B OOJIBINNHCTBE
CITyvIaeB TPUBEIET K aBAPUH.

Omneparus reinterpret_cast mo3Bosiger npousBectu Ja0doe mpeodpazo-
Banue (4ero yrogHo BO YTO YTOIHO), €CIIH TOJIBKO KOMIUIATOD TIOHAMAET, KAK
9TO czenaTh (B 9aCTHOCTH, MPeoOdpa3oBaTh OOBEKTHI CTPYKTYD PA3HBIX TUTIOB
JpYT K APYTY HE IMOJIyYIHTCs, MOCKOJIbKY HEMOHSITHO, KaK TaKoe Ipeodpa3o-
BaHue npousBOAUTH). PakTUUECKH 3Ta Omepanus SKBUBAJIEHTHA OIEPallUu
sa3bika Cu, KoTopas 0603HAYAETCS UMEHEM THIIA, B3AThIM B KPYTJIble CKOOKH.
Pexomenyercs, ogHako, npuMeHsATh UMEHHO reinterpret_cast, a He ore-
paruio Cu, MOCKOIBKY Takue mpeodpa3oBaHus TPEOYIOT 0COO0TO BHUMAHIUS, a
BBIDA’KEHHE C HCIOJb30BaHUEM reinterpret_cast jydiie 3aMETHO B TEKCTE
MPOTPAMMBI, YeM WMS THIIA B CKOOKAX.

Heckosibko ocoboe mecro 3ammmaer oneparus dynamic_cast. Tpu one-
pauuu, KOTOpble Mbl PACCMOTPEJIM BbILIE, CJIy2KaT JJld ylpaBJjleHusd CUCTe-
MO KOHTPOJIA THIOB, T.€. Ui YIPAaBJICHAA KOMIWIATOPOM, U HE MOPOXK/IA-
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0T JIeHCTBHI, OCYIECTBASEMBIX BO BpeMs HCIIOJHEHHS IporpaMMer’. Ome-
panus dynamic_cast, B OTJIMYHE OT OCTAJbHBIX, IMPE/MTOJIATAET TPOBEICHIE
HETPUBHUAJILHON MPOBEPKKA BO BPEMS WMCIIOJIHEHUS nporpammbl. 1101060
onepannu static_cast, onepanua dynamic_cast npegHasHadeHa Ajd IIpe-
obpazoBaHust aIPECOB OOBEKTOB B HAIPABJIEHWH, MPOTHBOIOJJIOKHOM 3aKO-
Hy mosiuMOopdu3Ma, T.€. OT 3Ipeca Mpeaka K ajapecy moToMmka. B ciyuae co
static_cast OTBETCTBEHHOCTHb 3a& KOPPEKTHOCTHb TAKOH OIlepannuy BO3Jjara-
eTCs HA MMPOrPAMMMUCTA: UMEHHO ITPOrPAMMUCT T€M HJIM WHBIM CIOCOOOM HOJI-
JKEH [IPOBEPUTH, 4TO Ipeobpasyemblii aapec (6yb TO yKa3aTeJlb WU CChLIKA)
YKa3bIBAE€T HA OObEKT HY2KHOro tumna. Eciau ke npuMenntsh dynamic_cast,
TO OHA caMa TPOBEAET HEOOXOINMYIO TIPOBEPKY W B CJIyUae, ecjii mpeodbpa3o-
BaHUE HEKOPPEKTHO (TO €CTh M0 33JaHHOMY AJPECy B MAMITH He HAXOIUTCS
00bEKT HYKHOI'O THUIIA), BEPDHET HyseBoll ykaszaresb. [IpoBepka, Takum 06-
pPa3oM, OCYHIECTBIAETCS BO BPEMs MCIOJHEHUS, T.€e. JUHAMUYECKU, OTCIONA
HA3BAHUE OLEPAIIUU.

IIpoBepka Tuia npou3BOANTCs HA OCHOBAHUY 3HAYEHUS yKA3ATE s HA Ta0-
JINILY BUPTYAJbHBIX (DYHKIUI; 110 B TOM, YTO Takasd TabJMIa yHUKAJIbHA
JIJIST KayKJIOTO KJIACCa, MMEIOIET0 BUPTYAJbHBIE METOIBI, T.€. €€ aapec Ofl-
HO3HAYHO WAEHTUUIUPYET KIacc 00bekTa. Takum obpa3om, dynamic_cast
MOXKeT paboTaTh TOJLKO C KJIacCaMu (MU CTPYKTYPaMU), UMEIONMMHA BUD-
TyasibHbie hyHKIUN. B HEKOTOPHIX HCTOYHUKAX TaKWe KJIACCHI HA3BIBAIOT NO-
AUMOPPHHBLMU, 9TO HE COBCEM KOPPEKTHO: KAK MbI BHJIEH, TOJIUMOPMOU3M B
OILIPEe/IeJIEHHOM CMBbICJIE PA0OTAET U /I KJIACCOB, HE MMEIOIIUX BUPTYAJIbHbBIX
dbyHKIIMIA.

Ormerum emé oauH HEMAJIOBaXKHBIH MOMeHT. OObIMHO pean3aluu
dynamic_cast BechMa HeI(DHEKTUBHBI 0 BPEMEHU UCIOJHEHUs, T.e. Pabo-
TAIOT OYeHb MeIeHHO. [109TOMY 3710yOTPEOIATh UMK HE CIIEIyeT.

§4.12. Emé o npeobpa3oBaHUMN THUIIOB B
00paboTYnKax MCKJTIOYEHUIT

IIpu 0bcy ) aernn mpeodbpa30BaHUil TUIIOB BHIPAXKEHUN B 00pab0OINKaAX UC-
KJIIOYUTEIbHBIX cuTyanuii (cM. cTp. 82) Mbl OTMETHJIM, YTO OJHUM U3 HaU-
boJiee BarKHBIX BHIOB IIPEOOPA30BAHUS SIBIAECTCA IPeoOpPa30BAHKE IO 3AKOHY
nouMopdu3Ma, OTHAKO TOIPOOHOE OOCYKIAEHNE ITOTO OTIOKUIN, TTOCKOIH-
Ky HA TOT MOMEHT eIlé He ObII0 BBEJIEHO HACJIEIOBAHMIE.

Bosspainasics K 970My BOIPOCY, 3aMETUM, 4TO TPETUN U [1OCJIEHUIA BU/I
JIOMYCTUMBIX TPeOOPA30BAHMI OT TUTA BBHIPAYKEHHUS B Onieparope throw x Tu-

SKpome npeobpasoBanms My HEJbIMH YHCAAMH W GHCJIAME C ILIABAIOMEH TOYKOH,
<10 TpebyeT HeKUX AeHCTBUH; HHOT A3 OBIBAET HEOOXOLUMO U3MEHUTD U TUCICHHOE 3HAUCHHE
yKaszaresis, HO B HAIeM KypCe He PACCMATPUBAIOTCS MEXAHU3MBI, TOPOKIAIOIIAE TAKYIO
HEOOXOAUMOCTb.
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Iy, YKQ3aHHOMY B 3arojioBKe catch — 9T0 npeobpasoBatue ajapeca (T.e. yKa-
3aTelis UIN CCLIKU) OObEKTa-IOTOMKA K COOTBETCTBYIOMIEMY a(PECHOMY TH-
my oObeKTa-mpeaka. Takum oOpa3oM, eCau MbI ONMUIIEM JIBA KJIACCA, MPUIEM
OJIUH YHACJEJYyeM OT JIPyroro:

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

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

CMOXKET 00pabaThIBATh MCKJIIOUEHUST 000UL THUIIOB, T.€. PE3YJIbTAT KAaK OIe-
paropa throw A(...);, Tak u throw B(...);.

OTO CBOWCTBO MCHOIB3YETCS JIJIsI CO3IAHUS UEPAPTUT UCKAIOUUIMEAOHHLLT
cumyayud. Hampumep, MbI MOXKEM MOJIETUTH BCE OIMMOKM, BO3HUKAMOIINE B
KaKO-1n00 mporpaMme uian 6ubaInoTeKke, HA CIeIYIONe KATerOPHH:

e OmMOKHM, BO3HUKAIOIIUE IO BUHE MOJIb30BATEJI:
— CHHTAKCUYECKUE OMUOKY MpU BBOJE (HAIpuMep, OyKBbI TaM, TIe
OKUJAETCS YUCIIO);
— HENMPAaBUJILHO YKa3aHO nMs daiiia;
— HeNpaBUJIbHO BBEIECHHBIA ITAPOJIb;

— HeIOIyCTUMast KoMOuHAIMSA TPeGOBaHMil (HATIPUMED, OJHOBPEMEH-
HOe TPeOOBAHME YIIOPsIOUUBAHKUA 110 BO3PACTAHUIO M 1O yObIBa-
HUIO);

e OMmMOKM, 0OYCIOBIEHHBIE CPEJIOH BHITIOIHEHMUSI:

— IEPEIOHEeHUE JIMCKA;
— orcyrcrBue (haitaoB, HEOOXOIUMBIX /I PADOTHI;
— mpouwre omuOKK olepauuil BBOJA-BbIBO/IA;
— HEeJOCTATOK OIIePATHUBHOMN IIaMATH;
— omubKu mpu paboTe C CETHIO;
— U T.IL
® CHUTYyaIlNH, CBU/IETE/IHCTBYIONHE 00 ONMMOKe B CAMOIl MPOTpaMMe U Tpe-

Oyroiue eé ucnpasieHus (HAIPUMED, IEPeMEeHHAs IPUHUMAET 3HAUe-
HKE, KOTOPOE 110 T€M UJIM MHBIM [IPUYMHAM [IPUHUMATH HE JIOJIZKHA).

Onuiem rerepb Kiaace Error, coorBeTCTBYIONMIA HOHATUIO «Jf00ast ouub-
Ka». B TOJIHOM COOTBETCTBHU C TMPUHIUNAME OOBEKTHO-OPUEHTUPOBAHHOTO
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MPOrPaMMUPOBAHNS TIEPEHIEM OT ODIIEr0 K 9aCTHOMY, YHACIEIOBAB OT KJIaC-
ca Error nojknaccel UserError, ExternalError u Bug mist obo3HaueHus,
COOTBETCTBEHHO, TOJIb30BATEILCKUX OIMMOOK, BHENTHUX OIMUOOK W OMMOOK B
nporpamme. Or knacca UserError, B CBOIO OYepe/ib, YHACIEAYEM KJIACCHI
IncorrectInput, WrongFileName, IncorrectPassword n T. 1.

ITocne sToro obpaboTuuk BUIA

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

OymeTr 0OpabaTHIBATH TOJHKO MCKIIOUEHVWS, CBI3AHHBIE C HEPABUIHLHBIM T1a-
poJieM, TOrAa Kak 0OpabOTINK BUIA,

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

OyZeT pearnpoBaTh Ha, JIIOObIE ONIHOKY TOJB30BATENIS, UYTO YKE KACAETCs 00-
paboTImKa,

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

TO OH CMOYKET «ITOMMAaTh» BOOOIIIE JIF000€ NCKIIIOUNTEIEHOE COOBITHE U3 HAIIEi
HepapXuu.

ITomuepkuéM, 94TO TaKoe IpeobpasoBaHue paboTaeT TOJNLKO AJId al-
PecoB, a He /st 00bEKTOB KAK TAKOBBIX; HMEHHO II09TOMY MbI B HAIIEM IIPHU-
Mepe B 3arojI0BKax catch mcnogb30Ban CCHLIKN.
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5. I11a0/10HBI

B nporpamMMupoBanuy 4acTo BO3HUKAIOT CUTYAILMU, B KOTOPBIX [IPOCTEH-
IIIAM U OYEBUIHBIM DEIIEHNEM OKA3bIBAETCS HAMUCAHWE HECKOJIbKUX TOYTH
O/IMHAKOBBIX (& UHOT/IA U COBCEM OJMHAKOBBIX) (bparMeHToB Koza. 3secTHo,
9TO B TAKUX CJIydasX MOWTHU «OUEBUIHBIMY IIyTEM — K€ KpaiiHe HeyIadqHas,
Be/Ib TEKCTHI IPOrPAMM YACTO MPUXOAUTCH U3MEHSTh, UCIPABIATH OMUOKH,
J00aBJIITH HOBBbIE BO3MOXKHOCTH, W €CJAU HEKHil dpparMeHT Komaa Oyaer cy-
IIIECTBOBATH 0OJIEE YeM B OJHOM DK3EMILISPe, BHOCUTh M3MEHEHUsT MPUIETCS
pPa30M B KaXKIbIi W3 IK3eMILIAPOB. [IpakTuka MOKA3BIBAET, YTO PAHO WJIH
MTO3/THO MBI TIPO KAKOW-HUOYIh M3 SK3EMILIIPOB 3a0yIeM, UCIIPABUB BCE KPO-
M€ HEero; BIPOYeM, JaxKe ecjau Obl He 3TO, MEXAaHWYIECKH AyOIupPOBATH OIHU
U T€ K€ MPABKM B HECKOJIBKUX MECTaX [MPOrPAMMBbI OKA3bIBAETCS JI€JIOM yTO-
MUTE/IbHBIM U HELIPUATHBIM.

Eciaun dparmenTbl, KOTOPBIE XOYETCS HAIMMCATH i OBICTPOIO PEHICHUS
BO3HUKINEH 331849, PA3JIUYAIOTCA TOJHKO HEKOTOPBIMU 3HAYCHUAMY (MU
HE Pa3/IYaloTCst BOBCE), 6OPOThCs € AyOAMpOBAHUEM KO/ JIErKO: JOCTaTOu-
HO BBIHECTH «COMHUTEJIbHBI» (DPArMEeHT B OTAETbHYIO (DYHKITHIO, 1 BMECTO
HECKOJIbKHX TIOYTH O/IMHAKOBBIX KYCKOB KO/ B HAIlell MPOrpaMMe MOSBITCI
BBI30BbI 3TON (DYHKIMK; PA3JIAYATHCA OHU OyAyT 3HAYEHUSIMU 11aPaMETPOB,
MpUYEM 3aMETUTh OTJIMYHS MPU YTHEUU TAKOTO KOJA OyIeT, pa3yMeercs, To-
pa30 MpoIe, 9eM eCJIu Obl MPUXOAUIOCh KaXKIbI pa3 CBEPATH OOJIbITHE
dparmMeHTh. AHAJOTHYIHBIM 00pa30M O0CTOAT [€JIa MPU PA3JIUYUU [0 HMe-
HaM TePEMEeHHbBIX: Mbl MOXKEM B TAKOM CJIy4ae HANUCATh (DYHKIWIO, B KOTO-
pyto Oyzer mepenaBarTbCa aapeC COOTBETCTBYIONIEH ePEeMEeHHOI.

Ho uro genars, ecan HaMm mOoTpebOBAIUCH TOYTH OMHAKOBDLIE (DPATMEHTHI,
PA3ININST MEKIY KOTOPHIMHU HE CBOIATCS K 3HaueHUAM 6vipastcenudi? Cambrit
MPOCTOI M 9aCTO BCTPEYAIOMINNCA IPUMED TaKOU CUTyallud — pa3Jnudue mu-
706 TEPEMEHHBIX W BBIPAXKEHUN; KAK MOCTYIUTh, €CJIU HAaM HOTPeOOBAIOCH
BBINOJIHUTH OJIHU U T€ K€ JEHCTBUs, HO B OJTHOM CJIydae — HaJ| IepPEeMeHHbI-
MU THIA int, a B ApyroM — HaJj, nepeMeHHbiMu Tuna double?

B a3bike Cu B TaKUX CUTyanusX MPUXOIUTCA HPUOEraTh K OIMPEIETEHUI0
MaKpOCOB, IPUYEM 4aCTO — MHOrocTpouHbix. Kaxkipiii nporpaMmucT, Xors
ObI pa3 MpUOErImii K HANMMCAHWIO MHOTOCTPOYHOrO Makpoca Ha Cwu, 3maer,
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KaKOe 9TO YyTOMUTEIbHOE U HeDJIaromapuoe 3auarue. B ciyuae, ecim B onpe-
JleJleHne MaKpOCa, BKPAJIACh OITUOKA, HAMTH €€ OyIeT HempOCTO, MPUIEM JaKe
HE Cpa3y CTAHOBUTCS IIOHSITHO, YTO OIIMOKa KpPOeTcs Irie-To B Makpoce. Bo-
ob1ie, makpouporeccop #3bika Cu, u3 coobpakeHuil COBMECTHMOCTH BKJIHO-
uénnblii u B Cu+-+, npeacrasasier coboii CpeacTBO ONACHOE B TPUMEHEHUU 1
KpaitHe HeyZo0HOe, YTO MHOTOKDATHO OTMEYAIOT MHOTHME aBTOPBI, BKJIIOUAS
Crpaycrpyna. Ognako Bpex oT 1yOupOBaHMs KO OKA3bIBAETCS eIné 00JIb-
e, Tak 4To upu pabore Ha Cu B pse CIyd4aeB HHOIO BBIXOJA HE OCTAETCs.

B sa3bike Cu++ u3 GOJIBIIMHCTBA, TAKMX IIOJIOKEHMI MOXKHO BBIATH, UC-
OJIb3ysd WAOAOHDBL, KOTOPBIE JEIATCA Ha MabJOHbI (PYHKIUNR U MIAOJI0HBI
kjaccoB. OOmas uaest T€X U APYTUX COCTOUT B TOM, YTO MbI MHUIIEM KAK ObI
3aroTOBKY Jist (DYHKIIMU WJIM KJIACCA, KOTOpas MpYU KOHKPETU3AINH HEKOTO-
PBIX IAapaMEeTPOB MOXKET IPEBPATUTHCS B HACTOAILYIO (DYHKIMIO WU, COOT-
BETCTBEHHO, KJiacc. B KauecTse mapaMeTpoB 1Ia0I0HA Yallle BCErO BLICTYIIAIOT
HMMEHA THUIIOB BbIPAsKEHMiT, HO MOI'yT BBICTYIIATh W 3HAUYEHHs LEJI0r0 THUIIA, &
B HEKOTOPBIX CHENUMUIECKUX CAYUIAAX U JPECHbIE BbIpaykeHus. Paszymeer-
CsA, OUH TIA0J0H MOYKHO HWCIIOJB30BATH JJIS CO3JAHUS HECKOJBKUX PA3HBIX
byHKIMNE WM KJIACCOB, OTJNYAIONIAXCS APYT OT APYra TOJbBKO 3HAUYEHUSMU
HEKOTOPBIX MapamMerpoB. BaXHo IMOHWUMAaTh, YTO IIAGJOH — 3TO eImné
He KOJI, 9TO JIUIIb 3arOTOBKA AJis KoJa. BIio/iHe J0IyCcTHMO BOCIPUATHE
WAOJIOHOB KAaK 9TaKMX «yMHBIX MaKpOCOB».

§ 5.1. IITabuonbl dyHKIMIT

Paccmorpum mis mpumepa yHKIHIO, COPTUPYIOIIYI0 MACCHB IIEJIBIX YH-
CeJl METOJIOM <ILy3bIPbKay (KOHEYHO, 3T0T MeTos Hed(hMEKTUBEH U B pealib-
HOI1 JKU3HU €ro JIyulle He IPUMEHAThH, HO JIJI TIPUMEepa OH BIIOJIHE TOI0HIET):

void sort_int(int *array, int len) {
bool done;
do {
done = true;
for(int i=0; i<len-1; i++)
if (array[i] > array[i+1]) {
int tmp = arrayl[il;
array[i] = array[i+1];
array[i+1] = tmp;
done = false;
}
} while(!done);
}

IIycrn Temepp HaMm nmorpeboBasIach Takas ke QPyHKIN JAjisi COPTUPOBKU MaC-
cuBa u3 uncen tuna double. Mcmonb30BaTh NMEIONIYIOCH QYHKIMIO MBI, TTO-

110



HATHOE JIeJIO, HE CMOYKEM: UHCJIa C TJIABAIONIEH TOYKON COBEPIIEHHO WHade
CPABHUBAIOTCS W WUMEIOT IPYroi pasmep. Mex iy Tem, eciiu Mbl BCE-TaKd Ha-
mumeM QyHKnio sort_double, oHa Oymer oTiMYarhCs OT sort_int Bcero
B JBYX MECTax: B THUIIE [IAPAMETPA array W B THUIIE BPEMEHHOU IIepeMeHHO
tmp, 60sb11e HUrze. [lockonbKy my0mpoBaTh KO TAKUM 00PA30M COBEPITIEH-
HO HEJOMYCTUMO, TPUXOJUTCH KAK-TO BRIKPy4UnBaThcsa. B a3pike Cu 1j1st 910-
IO TPHUIIIOCH OBI CO3JATh C MIOMOIIBIO TUPEKTUBLI #define MHOrOCTPOUHBII
MaKpOC C OJHUM TIapaMeTpPOM, 3aJAM0MKUM KaK pa3 THUIl JEMEHTOB COPTHPY-
€MOr0 MaCCUBa U, COOTBETCTBEHHO, THII IEPEMEHHO tmp.

B Cu++ upobiembl, HOJOOHDBIE BBIIEONUCAHHON, MOYXKHO DPEIIUTh € I0-
MOIIBI0 wabaoH08. Kak yke ToBOPHIOCDH, MIAbJIOH — 3TO CBOErO PO «3a-
TOTOBKay i (PYHKIWM; caMm 1O cebe mabmon (yHKIUEH He SBISeTCs, HO
MOXKeT ObITh B HEE MPEBPAIIEH, €C/IU YKA3aTh 3HAYEHNS TapaMeTpoB. B man-
HOM CJIyde mapaMerpoMm miabiaona Gyaer Tum 3jeMeHToB MaccuBa. Omuimem
9TOT MIADJIOH:

template <class T>
void sort(T *array, int len) {
bool done;
do {
done = true;
for(int i=0; i<len-1; i++)
if (array[i+1] < array[i] ) {
T tmp = arrayl[i];
array[i] = array[i+1];
array[i+1] = tmp;
done = false;
}
} while(!done);

[MosicuuMm, 9TO KIFOYEBOE CJIOBO template yKa3bIBaeT KOMIUISATOPY, UTO 1A~
Jlee TOCJeayeT MADJ0H. 3aTeM B YIVIOBBIX CKOOKAX MEPEYUCIAIOTCS NGPa-
mempou, wabaora, TpUYEM CI0BO class O3HAYAET HA CAMOM JIEJIe Npous-
80AbHBLT MUN, & He TOMBKO Kiracc. Takum o6pa3oM, HAII MIabIOH UMEEeT OTIH
napamerp (¢ umenem T), B KQ4eCTBE KOTOPOIO OXKUJIAETCH YKAZAHUE HEKOEIO
tuna. Jlanee cienyer Teo hyHKIMH, B KOTOPOM uaeHTH(UKATOP T UCTOIB3Y-
eTCs B Ka4eCTBe TUMa,. YICHO, 9TO TAKOe TEJI0 HEBO3MOYKHO OTKOMITHIMPOBATD
B OOBEKTHBIN KOJI, TIOCKOJIbKY HEM3BECTHO, KAKOU TUIT 0003HAYAETCS MMEHEM
T, KaK BBINOJIHATH UHJIEKCUPOBAHWE B MACCUBE U3 TAKUX JIEMEHTOB (Belb
pa3Mep JIEMEHTA TOXKE HEM3BECTEH), KAK BbIIOJIHATH [IPUCBAUBAHUE U CPAB-
menne. Mbl mosyanin, TakuM 00pa3oM, He (PYHKIHIO, a JIUIIb «3arOTOBKY »
dbyurmu. Dra 3aroroBka (MabIOH) UMEET UMSs SOrt.
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Yr00BI Temeph 3aCTABUTh KOMIHUJIATODP MOCTPOUTH (DYHKITMIO HA OCHOBE
mabJI0Ha, TOCTATOYHO YKA3aTh KOHKPETHBIN THI, KOTOPBIA Oy/IeT UCIoIbh30-
BaTbCs BMeCTO T. DTO IETAeTCs TOXKE € HOMOIIBI0 YIJIOBBIX CKOOOK; BbIpa-
Kenue sort<int> obo3znavdaer YHKIMIO /i COPTUPOBKH IIE€JIOYUCIEHHBIX
MAaCCUBOB, MOJIy9YeHHYI0 U3 1MabJ/ioHa sort ¢ MCMOJIb30BAHMEM THIA int B Ka-
4eCcTBe 3HAUEHUd mapamerpa T:

int a[30];
// ...
sort<int>(a, 30);

Takum ke TouHO 00pa3om sort<double> obo3nadaer GyHKIHUIO JJid COPTHU-
POBKH MaccuBoB u3 4ducesn tuma double. Bosee toro, mabmon rogurcs s
COPTHUPOBKYW MAaCCHBOB W3 3JIEMEHTOB MPOM3BOJILHOIO THITA, HYYKHO TOJIBKO,
9TOOBI JIJIs1 ITOTO THUIIA CYIIECTBOBAJ KOHCTPYKTOP MO yMOJYaHuUIO (BIpOYEM,
uHa4Ye He CMOr Obl CYIIECTBOBATH U MACCHB), ObLIM OIPEIEJICHBI Olepamus <,
HCIIOJIb3yeMasi B HaIleM IabJioHe [iisi CPAaBHEHWs, W ONepallus IPUCBANBA-
HUS.

Ilonyaenune dpyHkmun u3 mabioHA HA3BIBAETCI UHCMAaHUuUaUued mab-
JioHa. KoMIuIsaTop WHCTAHIIMIPYET KaXK Y0 (DYHKITHIO TOJBKO OJWH Pa3, T. €.
€CJIU B HAITIEM MOJIYJIe TPUKIbI BCTPETUTCS BbI30B (DYHKINU sort<int>, KO,
JUTst Heé OyIeT CreHEePUPOBAH JIUIIh €IUMHOXK IbI.

WNurepecno, 94T0 B psje CIydaeB MHCTAHIIUMAPOBAHHYIO (DYHKIIMIO MOYKHO
BbI3BATH, HE YKA3bIBasl IIapaMeTPhl malJioHa; B YaCTHOCTH, BHI30B

sort(a, 30);

Oyaer BIOJTHE KOPpeKTHbIM. 1Io Tumy mapamerpa a KOMIHISATOP «I0Ia1aeT-
Cd», 9TO UMeeTCd B BUJy UMEHHO sort<int>. STa BO3MOXKHOCTH HA3bIBAETCA
aA8MOMAMUYECKUM 8bIBOIOM APR2YMEHIMO8 WaADAOHG; 3aberas BIepE,
OTMETUM, 49TO JJIdA H_Ia6J'IOHOB KJIACCOB TAKOU BO3MOZKHOCTH HET.

§ 5.2. IITabGsioHBI KJIaCCOB

Y1oObl TOHATH, 3avYeM HYXKHBI ITaOJOHBI KJACCOB, BCIOMHUM MPH-
Mep, KOTOpbIit Mbl mpuBomuiaun B §2.19. HamomamMm, 9TO MBI paccMarpu-
B PA3PENHCEHHBLT MACCUB UeAbT wuces. 1Ipu 3TOM MBI HAMKCAIHA KJIACC
SparseArrayInt u NOJUYMHEHHBIN eMy Kjaacc Interm.

Ecan nam morpebyeTcst Teneph pa3peskeHHbI MACCHB YHCE IPYTOTro TH-
IIa WK, CKayKeM, Pa3pexKeHHbI MaCCUB CHUMBOJIBHBIX CTPOK, TO KOJ KJIacca
SparseArrayInt npuaércs MOJHOCTHIO AyOJIMPOBATH C MUHUMAJbHBIMEU U3-
MEHEHUSIMH, ITO, KaK MbI y»Ke TOBOPHIIH, HemonycTuMo. CyIecTBeHHO mpa-
BUJIbHEE OyJIeT IIPEeBPATUTD CYIIECTBYOIINN KOJ, /IJIsl [[EJIOYHCIEHHOIO MACCH-
Ba B mabJioH MacCUBa MPOU3BOJILHOIO Tuma. llepenwnimem 3arosi0BoK KJiacca,
MpUBEIEHHBIN Ha CTP. 62, B BujIe a0/IOHA:
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template <class T>
class SparseArray {
struct Item {
int index;
T value;
Item *next;
1
Item *first;
public:
SparseArray() : first(0) {}
~SparseArray () ;
class Interm {
friend class SparseArray<T>;
SparseArray<T> #*master;
int index;
Interm(SparseArray<T> *a_master, int ind)
master(a_master), index(ind) {}
T& Provide(int idx);
void Remove(int idx);
public:
operator T(Q);
T operator=(int x);
T operator+=(int x);
T operator++();
T operator++(int);
1

friend class Interm;

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

O6paruTe BHUMaHUE, 9TO BE3JE K CJIOBY SparseArray Mbl J1o0aBiisieM mapa-
MeTp <T>, 3a HCKJIIOUEeHNEeM UMEHU KJIAcca U UMEH KOHCTPKYTOPOB U JIECTPYK-
rTopoB. [esio TyT B TOM, YTO OTHOCHTEJILHO CAMOro Kijacca (T.e. mabioHa)
KOMTIMJISITOP U TaK 3HAET, 9TO OMUCHIBAETCS TMADJIOH, U TO YK€ CaMOe MOXKHO
CKa3aTh MPO KOHCTPYKTOPHI U JECTPYKTOPHI; KOT/AA K€ pPedb UJET O TUIaX
mapaMeTpoB B (DYHKIUSX, O TUIAX yKa3arejeil, W, HAKOHEI, O KOHKPETHOM
JPY2KeCTBEHHOM KJacCe — TO TeOPeTUYECKU B KadeCTBE TAaKOBBIX MOI'YT BbI-
CTyHaTh JIIOObIe KJIACCHI, B TOM YHCJI€ CO3JAHHBIE M3 3TOrO ke 1mabiioHa, HO
¢ napamerpom, owm4aabiM 0T T. [losromy Tun npuxomurcs ykasplBarh mOJI-

HOCTBIO.
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O yHKIMU-METOIbI HAIEro mab/I0Ha KJIAaCcCa TOXKE MPUIETCS ONMUCHIBATH
Kak 1rabsionsl. HampuMmep, onucanne AeCTpyKTOpa MPUMET CJIE Ty IOt BUI;

template <class T>
SparseArray<T>::~SparseArray() {
while(first) {
Item *tmp = first;
first = first->next;
delete tmp;

a olepaInuio MPUCBANBAHUS W3 KJjacca Interm Hy>KHO OyIeT onmcarh Tak:

template <class T>
T SparseArray<T>::Interm: :operator=(T x)

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

O6paTuTe BHUMAHNE, YTO TPU PACKPHITHHA OOJACTH BUAMMOCTH HAM TPUXO-
JIATCST B SIBHOM BHJE YKa3blBaTh, Kakoil xaacc (a He mabIOH Kjacca) MbI
nMeeM B BHAJY, TO €CTh IIHCaTh SparseArray<T>, a He npocTo SparseArray.
DTO ¥ MOHSITHO: COOTBETCTBYIOIIMN METO| OyIeT MPUCYTCTBOBATH B KAaKJIOM
KJIacce, MOCTPOEHHOM IO HAIIeMy IabJIO0HY, HO BEIb 3TO OyIyT paznvie Me-
TOABL (XOTsl, OLUATH TAKHM, U IIOCTPOEHHbIE IO OJHOMY U TOMY K€ WabAOHY
Merona). Boobwe, eesde, 2de no cmuieay Npednorazaemcs ums muna, Mot
JdONIACHBL NPU UCTIOABZOBAHUL WAOAOHA YKA3AMG 3HAYEHUA OAA TNAPAMEMPOS
WAOAOHG, YMOOBL NOAYHUMD Mun; UMs mabJIoHa KIacca 0e3 yIIOBBIX CKO-
OOK ¥ apaMeTpOB UCIOJIb3YeTCs TOJBKO B TPEX CIIydasx: B HAYAJE ONMUCAHUS
wabsiona (Korja, cobCTBEHHO rOBOPs, 3adaémces uMs WAOJIOHA), IIPU OLLUCA-
HUU KOHCTPYKTOPA W MPHU OMHUCAHUN JIECTPYKTOPA.

Omucarh mMabJIOHBI IJIs OCTAIBLHBIX METOIOB SparseArray mpemocTaBuM
YUTATENIO0 CAMOCTOSTEIbHO B KAYECTBE YIIPAXKHEHMUS.

§ 5.3. Cnenuajiu3alius nrabJI0HOB

Azbik Cu++ noszsosiser 3auarb cBoil (orau4HbT OT 00Wero) Bux wab-
JIOHA /I YACTHBIX CIYYa€B €ro mapaMeTpoB — IMOMPOCTY TOBOPS, MPABUIIO
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BUJA «B TAKOM CJIy9ae T€HEPHUPOBATH BOT TAK, BO BCEX OCTAIBHBIX CJIYIAAX —
B COOTBETCTBHUHU C OOIUM IITAOIOHOM ».

JomycTuM, HaM 3aX0TeI0Ch UCIIO/IB30BATH MTA0JI0H (DYHKITUU COPTUPOBKH,
MpUBEJEHHBIN Ha cTp. 111, /7151 COPTUPOBKU MACCUBa yKazaTeJseil Ha CTPOKU
(ykazareseii Tuna char*), 4robbl PACHOIOKHUTH COOTBETCTBYIOLIHUE CTPOKU
B Jekcukorpadudeckom (<«andaButHoM» ) Topsake. IIpobiemMa B TOM, 94TO
1a0JI0H B TO# ero BepCuu, KOTOpasi HAMHU PACCMATPUBAJIACH, UCIOIB3YeT It
CPaBHEHUS JJIEMEHTOB OIEPAIMIO «<», & dTa OMEPAIUs XOTS U OIPEIEIEHA
JUIS yKa3aTeseil, HO HUKAKOrO OTHOINEHUs K aa(aBUTHOMY ITOPSIKY CTPOK
ue umeet. Pertenne, 01HaKO, OKa3bIBAETCS AOCTATOYHO POCThiM. i1 Havara
3aMEHMM 3HAK «MEHbIIEe» Ha BbI30B (DYHKIMH, KOTOPYIO HA30BEM, HAILIPUMED,
sort_less:

template <class T>
void sort(T *array, int len) {
bool domne;
do {
done = true;
for(int i=0; i<len-1; i++)
if (sort_less(array[i+1],array[i])) {
T tmp = arrayl[il;
array[i] = array[i+1];
array[i+1] = tmp;
done = false;
}
} while(!done);

Camy dyurnuo sort_less ommieM TOXKe ¢ TOMOIIBIO MAdIOHA:

template <class T>
bool sort_less(T a, T b) { return a < b; }

B pesynbrare myist Bcex THIOB, i KOTOPBIX MMEETCS OIEPAIUs « MEHbIIE»,
mabyion sort Oymer mpomoKaTh paborarh Tak »Ke, KaK paboTas JI0 mepe-
Jenkn; pyHKnuio sort_less KOMOUISATOP OyAET KaXK/Iblil pa3 reHePpupPOBaTH
ABTOMATHYECKN KaK OObI9HOE cpaBHeHme. Ham ocTanoch TOIBKO TpemsyCcMoT-
peThb OCOOBIH Cilyvaii /i CpABHEHUS JIEMEHTOB THUIA chark, W TyT MBI KaK
pa3 u mpuberueM K A68HOU CNEUUAAU3AUUL.

Onucanue ciaydasi SIBHOHM CIEIUATU3AINA HAYUHAETCS, KAK OOBIYHO, CO
cjoBa template, HO yIJIOBbIE CKOOKH OKA3BIBAIOTCS MOCIIE HENO OKA3BIBAIOTCS
IyCThIMU, 9TOOBI IOKA3aTh, 9MOM IMAOJIOH MUIIETCs JJId 9aCTHOLO CJIydast,
HE 3aBUCSINEr0 OT JOMOJTHUTEIBHBIX MapaMeTpoB. Jlajree 3amuchiBaeTCs WMst
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mabI0HHOH (DYHKINH, TPHIEM B HEKOTOPHIX CIIydasx' HeOOXOJUMO BMECTE C
UMEHEeM yKa3aTh BCe mapameTpbl 1ma0soHa (B HalleM Cjlydae — OJMH mapa-
merp). Beé BmecTe BbIIauT TaK:

template<>
bool sort_less<const char*>(const char *a, const char *b)
{

return strcmp(a, b) < 0;

}

Jlist KOMIUIATOpa 3TO O3HAYAET NMPHUMEPHO cieayiomiee: «Oyab Jrobe3eH,
mabioH sort_less jjid ciaydas sort_less<const char*> obpabarbiBait B
COOTBETCTBUM C BOT 3TUM TEKCTOM ITabJIOHA, a He KAaKUM-JIN00 WHBIM ».
EcrecTBenno, n mabiion KJjacca TOXKe MOYKHO TOJABEPTHYTH CIEeIraIn3a-
iuu. Hanpumep, eciin Ham norpedyeTcst pa3perKeHHbI MACCUB 3JIEMEHTOB TH-
ma bool, MBI MOXKEM, KOHETHO, BOCIIOJIB30BATHCS TAOJI0OHOM U3 § 5.2, HO, KaK
JIEI'KO 3aMEeTUTh, TaKasl PeaIn3aliis OKazKeTCsl HeCKOJIbKO CTPaHHOIl: Be/ib TH-
112 bool umeeT BCero JiBa 3HaYEeHUs, a JJIsl PA3PEKEHHOI'0 MACCUBA TO 3HAUUT,
YITO, €CJIU HJIEMEHT BOODITIE XPAHUTCS B O0HEKTE, TO ITOT IIEMEHT UMeeT 3HaA-
4eHre true (MMOCKOJIBKY ecii Obl OH nMes 3HadeHne false, oH ObI B 0ObEKTE
He XPAHWJICsS: MACCUB-TO pa3pexkenHbiii). Cie0BaTe/IbHO, 3JIEMEHThI CIIUCKA
Item jyist 9TOrO CJIy4as JIOTMYHO ObI CJe/IaThb COCTOSIIMMU U3 JIBYX, a HE U3
TPEX 110J1€ell (TO ecrb XPAHUTH HOMED JIEMEHTa M YKa3aTe/b Ha CJIe/yOLiuil
9JIEMEHT, & 3HAYEHUE HE XPAHUTH, MOCKOJIBKY OHO W TaK U3BECTHO). Bosbiie
TOTO, MHOYKECTBO I[EJIBIX UHCEJ HAM MOXKET MOKa3aThCs y/I00Hee XPaHUTh B
MacCHBe, a He B CIIHCKe, U T. 1. MexaHu3M Cleruain3aluil o3BoJser co3/1aTh
OTZe/IbHOE Omnrcanue 1abiona SparseArray s ciaygas T==bool:

template <>
class SparseArray<bool> {
// ... peanusanusa 6yIeBCKOTO Pa3peXeHHOTO MaCCHBA . ..
1
Jns mabnonos knaccoB Cu++ OpepycMaTpuBaeT 4acmusHyo Cneyua-

AU3GUUI0, TIPY KOTOPOIi CIIENUAM3UPYIONUi BapUAHT 1m1abI0Ha caM 1o cebe
TOXKE 3aBUCUT OT mapamerpos. Takoil crenuajim3arop HAYMHAETCS CO CJIOBA
template, mocje KOTOPOTO CJEAYET HenYcmot CIUCOK TMapaMeTpOoB IMabIo-
Ha; TTPU STOM TTapaMeTPhl B 3aroJioBKe I1abJioHa, BOOOINE rOBOPs, MOTYT He
coBazarh (WM COBIAJATh HE TOJHOCTHIO) C IIapAMETPAMU OIUCHIBAEMOrO
mab/I0Ha; MPHU 3TOM (PAKTUIECKHE MapaMeTphl Mab/0HA YKA3BIBAIOTCS B yI-
JIOBBIX CKOOKax IIOCJie ero mMeHu. B mpocreiiiiem ciydae O 4acTUYIHON CIre-
IMAIN3aIIN PedIh UAET, eCaN 33JaéTCs KOHKPETHOe 3HAYeHWe OJHOTO WJIN

'B wamewm cayugae 910 He 0083aTE/IBHO, HOCKOJBKY apaMeTp mabjioHa BHIBOAUTCA U3
THIIA TAPAaMEeTPOB (PYHKIMH, TAK UTO IapaMerp mabjoHA B UMEHU (DYHKIIUHA MOXKHO OIY-
CTUTH; HO B CJydae, KOrJa IapaMerp mabJjoHa ¢ THIAMHU IapaMeTpoB (MOYHKIIUHM He COBIIA-
IAaeT, YKa3aTh ero BCE ke IPHIETCS.
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HECKOJIbKHMX, HO He 6cex MapaMeTpoB Iabsona. Tak, ecaum y HaC mMeercs
mabson Cls, 3aBUCAINNI OT ABYX MApaMETPOB:

template <class A, class B>
class Cls {
/* .. x/
};
TO MOXKHO 33JaTh CHENUAJU3UPOBAHHBIA BAPUAHT, HAPUMED, [JIA CIydasd,
KOrJia napamerp B ecTs Thn int:

template <class X>
class Cls<X, int> {
VA R Vi
};
Bonee croxublit cyvdait 9acTUYHON criennaIn3auy BO3HUKAET, KOT/Ia B 3a-
roJIoBKe 1mabJIoHa, yKa3biBaeTcs Hekuil Tun (class T), a B ONKUCHIBAEMOM THUIIE
HUCHOJIb3YyeTCd YKa3aTel b WM CChIJIKa Ha T, HaIIpuMep:

template <class Z>
class Foo {
/* obumas peanmsanus wabiora Foo */

template <class T>
class Foo<T*> {
/* chnernmanbHas peaiusanus Foo mua ykasareuell */

3
B sTOM citydae MBI HHCTPYKTHpPYEM KOMIHJISTOP, UTO 1MabjoH Foo ciemyer
MHCTAHIMIPOBATH CIIEIUAJIBHBIM CITOCOOOM, €CJii B KadeCTBe €ro rnapameTrpa
3a/IaH THUI-yKAa3aTesb, ¥ OOBIYHBIM CIOCOOOM — €CIU 33JaHHBIA MapaMerp
yKazarejeM He SBJISETCH.

Ormerum, 410 ajist wabnonos GyHkuuil (B oriamydue or 1mabJIOHOB KJac-
COB) YaCTUYHASA CIEIUATU3ANASA 3ATPEIIEHA, TIOCKOIbKY B COYETAHUN C TIEPe-
TPY3KOil MPUBOIUT K HEXKEJIATEITHHBIM TTOCIEICTBUASIM.

Emé onun mHemaoBaXKHBIA MOMEHT COCTOWT B TOM, YTO B TEKCTE IIPO-
PaMMbI CIENUAIU3UPOBAHHBIN ([OJHOCTHIO MM YACTUYHO) BAPUAHT 111a0J10-
Ha BCerJa J0J2KEH HAXOJUTHCH MOCJIe ODIIero.

§ 5.4. KoHcTaHTHBIE BHIPA>K€HUSA B POJIN
mapaMeTpoB miabJIoHa

ITapamerpamu 1m1abj0HOB MOTYT OBITH HE TOJIBKO THIIbI, HO U OOBIYHBIE
KOHCTQHTHBIE BBIDAYKEHUsI, Yallle BCETO MeJI0UncieHHbe. MHOrne aBTOphI Uil-
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JIIOCTPUPYIOT 9Ty BO3MOXKHOCTD HA MPUMEpE 3aJaHUsT TPAHNI] MACCUBOB; TAK,
MBI MOIJIM OBI B HAIIEM ITa0JI0He [IJIsT CODTHPOBKH MAaCCHUBOB CIEJIATh Pa3Mep
MAaCCHBa TAPaMETPOM UtabA0Ha, & He PYHKITUN:

template <class T, int len>
void sort(T *array) { /* peamusamus copTtupoBru */ }

BOT TOJIBKO HE COBCEM MOHSATHO, 3a9€M 3TO JejaTh. Fciu, cKaXkeM, y HAC uMe-
I0TCs IBA NEJIOYMCIEHHBIX MaCCHBa PA3HOro pasmepa (Hanpumep, 10 saemen-
TOB U 15) U Mbl IPUMEHUM J1JIsi UX COPTUPOBKU TAKOH BOT 11A0JIOH, TO KOMIIU-
JIATOP creHepupyer dee pa3uble pyHKImKY: sort<int, 10> u sort<int, 15>, u
91r (byHKIUHU OYIyT MPEICTABIATH CODOOIT aOCOMIOTHO OIMHAKOBBIE (DPATMEH-
ThI WCITOJTHSAEMOTO KOJA, OTIUYAIONINECS TOJBKO OTHOW KOHCTAHTOM, TOTIa
KaK eCJIi MPUMEHsITh Ma0JI0OH B TOM BUJE, B KOTOPOM MbI €r0 IHCAJIN PaHee,
dbyukuus 6yner odna (sort<int>).

CyuiecTBeHHO uHTepecHee (XOTs U HAMHOI'O CJI0XKHee) Oyuer Apyroil upu-
Mep. 3aJaaUMCs TEIbI0 CO3AaTh O0BEKT, peaan3yomuiil N-MepHbIe MaCCUBBI
JJIsST TIPOW3BOJIBHBIX 3HAYEHWH [N, KOTOPbIE K TOMY ke OyIyT aBTOMAaTHde-
CKHU M3MEHSATH CBOW Pa3MEPbI MO JIIOOOMY U3 M3MEPEHUil, TOA00H0 TOMY, KaK
U3MEeHsIT CBOIO inHy MaccuB IntArray, paccmorpennbiii Hamu B § 2.18.2. To-
CKOJIBKY HaM MOLYT ITOHA00UTHCs [N-MEpPHbIE MACCUBbBI 3JIEMEHTOB PA3HBIX
THUIOB, Peaju3yeM HaIly 3aJyMKY B BHIE MA0IOHA KJIACCA C TPEMs TapaMeT-
paMu: MepBbIi mapaMerp OyJeT 3a7aBaTh TUI JIEMEHTOB MAaCCHBA, BTOPOI
napaMerp (UMEIONMii THUIl, COBHAJAIONIMA C TUIIOM 3JIEMEHTA) YKAXKeT, Ka-
KO€ WCXOIHOE 3HAYEHWE IPUCBANBATH JJIEMEHTAM MACCUBA MDY UX CO3TAHUH,
1, HAKOHEIl, TPeTHii mapaMerp — BbIpakeHue Tuna int — Oymer 3amaBarb
Koruvecmso uamepenuti maccusa. Illabsion 6yger onuchIBaTH OMEPAIUIO WH-
JIEKCUPOBAHUsI, KOTOPasi BO3BPAIIAET CCHIIKY Ha OOBEKT, 33JaHHBINH TaKWM
Ke TMabJIOHOM C TeMu K€ (PaKTUIECKUMHU MapaMeTPaMU, TOJIBKO C yMEHb-
[MIEHHBIM HA €IWHUILY KOJIMYEeCTBOM wm3MepeHuil. ZICHO, 9TO Takoil BapwaHT
He NPOXOAUT JIjisi OJJHOMEPHOIO MaccuBa (He MOXKET JKe OH, B CaMOM JeJie,
BO3BPALIATH HOJIb-MEDHbIl MACCUB, BE/b TAKOIO He ObIBAET), HO 3/J€Ch HAM
MOMOYKET YACTUYHAS CIEIUATU3AINS: [JI CJIydas KOJUIECTBA U3MEPEHWUI,
PaABHOTO OTHOMY, MbI OMWIIIEM CIENUAJIbHBIN CJIydail Hamero mabjioHa, B KO-
TOPOM OIEpaIys WHIEKCUPOBAHUs OyIeT BO3BpAIIATh CCHIIKY HA MPOCTOM
ssieMeHT (TUII KOTOPOrO 3a/aH IIE€PBbIM [apaMeTpoM InabJioHa).

C peanusarueil OJHOMEPHOTO Ciaydas BCE Oojiee-MeHee MOHSITHO, JOCTa-
TOYHO B3STh YK€ 3HAKOMBIHI HaMm IntArray u mepenesarh ero B TrabJIoOH.
Yro Kacaercs BCEX MHOTOMEDHBIX CJIYYaE€B, TO CAMbIH TPOCTOM CIOCOO UX
peam3ai — B3ATh BCE TOT YK€ IUHAMUYIECKHU PACIIUPSIEMbIN MACCUB, JJI€-
MEHTaMHu KOTOPOro Ha ceil pa3 OyAyT BBICTYHATH YKa3aMeAu HA OODBEKTHI,
UPECTABJILAIOIME MACCUB HA EAMHUILy MeHbIlel pasmMepHocTu (ABYMepHbIit
MaccuB Oyzer peajn30BaH KAK MACCUB yKa3areseil Ha OObeKTbl OJHOMEPHBIX
MACCUBOB, TPEXMEPHBIA — KaK MaCcCUB yKa3aTeseil HA IByMEPHBIE, U T.1I.).
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i S9KOHOMWY TIAMSATH YKa3aTEeINd UCXOIHO OYIyT HYJIEBBIMU; COOTBETCTBY-
1omue 00bekThl (N — 1)-MepHBIX MaCcCUBOB OYIyT CO31aBaTbCs TOJBKO IIPHU
TIEPBOM OOPAITEHUH K HUM.

Urak, B ocHOBe 000MX CjIy4aeB Hallero MaccuBa (Kak OJHOMEPHOrO, Tak
U JBYMEDHOI'O) OKa3bIBAETCs OAHOMEDHBIN MACCUB, ABTOMATUYECKU PACIIH-
psroruiicss npu HEOOXOAMMOCTH. [IBarK/Ibl Pean30BbIBATH 3Ty CYIIHOCTH CO-
BEpINEHHO HU K YeMy, TeM OoJiee 9TO B HAIEM PACTIOPSIYKEHUN UMEETCsT MeXa-
Hu3M ma0a0HOB. Tak, HAUHEM C pean3allnid IUHAMAYIECKH PACITHPAIOIIEe-
roCsi MACCUBA, C TTPOU3BOJILHBIM THUTIOM JIEMEHTOB:

template <class T>
class Array {
T *p;
T init;
unsigned int size;
public:
Array(T in) : p(0), init(in), size(0) {}
“Array() { if(p) delete[] p; }
T& operator[] (unsigned int idx) {
if (idx >= size) Resize(idx);
return plidx];
}
int Size() const { return size; }
private:
void Resize(unsigned int required_index) {
unsigned int new_size = size==0 ? 8 : size;
while (new_size <= required_index)
new_size *= 2;
T *new_array = new T[new_size];
for(unsigned int i = 0; i < new_size; i++)
new_array[i] = i < size ? p[i] : init;
if(p) deletell p;
P = new_array;
size = new_size;

// 3ampeTHM KONNPOBaHWE M IIPHCBAaWBaHHE
void operator=(const Array<T>& ref) {}
Array(const Array<T>& ref) {}

s

[MoapobHO KOMMEHTHPOBATH ITOT IMIAOJIOH MbI HEe OyaeM, TOCKOJBbKY pe-
aJm3alus MOYTH JOCJIOBHO MOBTOPsIET Peajin3alnunio Kjacca IntArray, ocra-
HOBHMCsI TOJIbKO HA OTJIMYUsIX. BO-TIEPBBIX, MblI 100ABUIN 37€Ch MMoJie init,
3HaYeHue KOTOPOro, 3a/1aBaeMoe B KOHCTPYKTOPE, IIPUCBAUBAETCs HOBbIM (HE
CYLLECTBOBABIUMM DAHEE) 3JIeMEeHTaM MaCcCUBa LPU ero pacuupedud. Bo-
BTOPBIX, Pa3Mep MACCHBA, MCXOIHO MPUHUMAETCS HYJIeBOH, a He 16, Kak B
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IntArray. Hy u, komeuHo, Kj1acc npeoOpa3oBaH B MIabJIOH, YTO TOXKE CYIIe-
CTBEHHO.

Nwmes sTOT KITacC, MBI MOYKEM JIETKO PEAJTM30BATDH OOIWii CIydail HAIIero
MHOromMepHOro maccuBa. HazoBém sTor mabmon MultiMatrix m HAIIOMHHUM,
4TO OH JIOJKEH paboTarh Jjisi J000ro KOJIWYecTBAa W3MepeHuit, 0OJIbIero
€IUHUIIBI, & OJHOMEPHBIH CJIydail MbI IOTOM OMHIIEM TTYTEM CIEITHATUIAIIN.

template <class T, T init_val, int dim>
class MultiMatrix {
Array<MultiMatrix<T, init_val, dim-1>*> arr;
public:
MultiMatrix() : arr(0) {}
“MultiMatrix() {
for(int i=0; i < arr.Size(); i++)
if(arr[i]) delete arrl[il;
}
MultiMatrix<T, init_val, dim-1>&
operator[] (unsigned int idx) {
if (tarr[idx])
arr[idx] = new MultiMatrix<T, init_val, dim-1>;
return *arr[idx];

};

Mb1 BOCTIONIB30BAJIACH 3/1€Ch 1MTa0I0HOM Array /st IOCTPOEHUsT MAaCCUBA YKaA-
samenet; Ha 3aeMentbl Tuna «(N — 1)-MepHbI MacCUB»; CaM TOT TUIL 33/~
ércsa yepe3 cam ke 1maba0a MultiMatrix, npuuéM ¢ TeMu Ke apaMeTpaMH,
YTO ¥ Y UCXOJHOTO TTA0JIOHA, OTJIMYAETCS JIUITh TPETHIl TApaMeTD, 3, TAF0IIHi
KoyimaecTBO m3mepenuii. [lonygaercs, aro onucanue mabmona MultiMatrix
B ONPEJIEIEHHOM CMBICJIE PEKYPCHUBHO.

O0berT MaccuBa ykazareseil Mbl HAa3BaJu arr. HamoMHUM, 9TO KJIaccChl,
[IOCTPOEHHBIE 110 A0JIOHY Array, NPUHHMAIOT B KadeCTBe IIapaMerpa KOH-
CTPYKTOPA HAYAJIbHOE 3HAYEHUE, NCXOJHO MPUCBANBAEMOE dJIEeMEHTAM MaCCH-
Ba; B JAHHOM CJIy4ae 3TOT mapaMeTp — KOHCTaHTa 0, YTO O3HAYaeT HYJIEBOU
ykazaTesb. VcxomHO BCe 37€MEHThI MacCUBa HYJEBble, W TOJBKO MPH TEP-
BOM ODpAIIEHUU K COOTBETCTBYIOIIEMY 3JIEMEHTY co3zuaércs 0obekT (N — 1)-
MepHoro maccusa (cM. omneparop if B Tesie olepalyu UHIEKCUPOBAHUS).

Hakowerr, onumem Ga3uCHBIN Caydail — OJHOMEDHBIN MAaCCUB, TO €CTh
CTIEIMAIN3UPOBAHHBIN BapuaHT 1mabiona MultiMatrix jd ciydasi, KOraa
Tperuil mapamerp madJIOHa PABEH €IWHUIE. ITO MOXKHO CIEaTh TOPa3/io
IIPOIIE, TTOCKOIbKY HOBBIN KTacC PAKTHIECKH MPEICTaBasIeT coboit 06EpTKy
BOKDYI' COOTBETCTBYIOLIEro obbekra Array (OH, KAK U PAHbIIE, HA3bIBAETCH
arr). O6éprka 100aBJisier OLEPALMIO UHIEKCUPOBAHUA M 33/aéT apryMeHT
KOHCTPYKTOpA:
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template <class T, T init_val>

class MultiMatrix<T, init_val, 1> {
Array<T> arr;

public:
MultiMatrix() : arr(init_val) {}
T& operator[] (unsigned int idx) {

return arr.Elem(idx);

}

s

[Mony4yennprii mabJoOH MOXKHO MPOBEPUTH, HAIMPUMED, € HOMOIIBIO TAKOM
dyHKIINNT main:

int main() {

MultiMatrix<int, -1, 5> mm;

mm[3] [4] [56]1 [2] [7] = 193;

mm[2] [2] [2] [2][2] = 251;

printf ("%d %d %d %d\n",
mm [3] [4] [6][2] [7], mm[2] [2] [2] [2][2],
mm[0] [11[21[3]1[4], mm[1]1[2][3]1[2]1[1]);

return 0O;

3

IIporpamma nHamegaraeT «193 251 -1 -1».

HesnbiMu guciaMu BO3MOXKHOCTH TIAPAMETPOB IMTAOJIOHOB HE WCYEPIIbIBA-
forcs. ITapamerpowm 1mabmoHa MOXKET ObITH KOHCTAHTA JIFOOOTO THIIA, N3BECT-
Has HA MOMEHT KOMIIMJISAIUU; B YACTHOCTU, MOYXKHO C/I€JIaTh 1IA0JIOH C 1apa-
MeTpoM Tuma double W WHCTAHIIMUPOBATH €r0 /14 3HadeHud 2.5+0.7, Heno-
HATHO TOJILKO, 339eM TaK JejaTh. B kKadecTBe mapamerpa IabJIOHA MOTYT
BBICTYTIATh U AJPECHBIE BhIparKeHus (yKa3aTesiu), HO 31eCh AefCTByeT eblit
psan orpannyennii. PakTUIECKUM 3HAYEHUEM aPECHOTO apamMeTpa madaioHa
MOZKET OBITH TOJILKO aJ[pec IJ106aIbHOI epeMeHHON uin pyHKIUI? , IPUYEM
TONMBKO B opme &var, &f uam mpocto f, rae var — uMs TiI00AIBHOMN Tepe-
MeHHOI, T — ums dyukiun. HeaomycTumMo nemomp30BaTh CI0XKHBIE IPECHBIE
BbIDAXKEHUsI, HEJIb3sl MCIOJb30BATh a/IPeca JIOKAJIbHBIX MEPEMEHHbIX (4TO U
HOHSATHO, Be/Ib UX HEBO3MOXKHO OLPEIEIUTb BO BPEMs KOMIIUJISIINN), HEIb3s
UCII0JIH30BATh CTPOKOBbIE JIuTePaJibl (CTPOKM B JABOMHBIX KABBIYKAX — 3ITO
y2K€e He CTOJIb LIOHATHO). BupoueMm, B peasibHOM KU3HU O4€Hb PEJKO LpUMe-
HSIETCS 9TO-TN00 KPOME THUTIOB U IEJIOYNCTEHHBIX BBIPDAYKEHUH.

2Emé MOJKHO HCTIONB30BATL TAK HA3BIBAGMBIH YKA3ATETh Ha HWJIEH KJIACCA, HO B HATITEM
IOCOOHUY 3Ta CYIIHOCTH HE PACCMATPHBAETCH.
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Yro pasbiie (BMECTO IOCJIEC/IOBHS)

DTO TOCIECTIOBUE TTPEIHAZHAYEHO, TIOXKAIYH, TOTHKO [JIsT T€X, KTO MIAHW-
pyer crarh MpodeCcCHOHATBHBIM TPOIPAMMUCTOM.

Hecomuernno, mpu nmpuéme Ha paboTy B JII00YI0 KOMMEPYECKYIO OpTaHn3a-
IUI0 OT Bac Ha cobecemopanuu norpedyior 3uanus STL. IIporpammupoBanue
Ha Cu++ 6e3 STL Bo3MoxKHO U, 6OJIEE TOrO, MO3BOJIAET MOTYdaTh Dosee 3¢h-
deKTUBHDBIE U KAYECTBEHHBIE IIPOIPAMMbBI, HO BAM BPsiJ] JIA YJAACTCH yOeIuThb
Baero paboromaress (OyLyInero HauaabHuKa) oTKa3aThesa 0T STL, mockosb-
Ky OH, CKOp€e BCEero, OTHOCUTCS K UUCJIY TPOrpaMMUCTOB, ndydapmux Cu++
mocae 1999 roxa.

Ecau takoe cobecemoBanme mMpeCcTONT BaM B TeUEHNE OJMKAMIINX ABYX
HEJIeJIb, TO y BAC, OYE€BU/IHO, HET MHOIO BBIXO/IA, KPOME KAaK HEME/IJIEHHO Ha-
qnuath u3ydenune STL. Bocmomb30BaThes s 9TOTO MOXKHO MPAKTUYECKH
Jo6oit kuuroii 1o Cu++ (ecThb JaKe KHUMH, CIIENUAILHO nocBsaméanbie STL)
1, KOHEIHO, KOMIIBIOTEPOM, TIOCKOJIbKY 0€3 MPAKTUIECKNX HABBIKOB HUKAKWE
3HAHUS B 00JIACTH MTPOrPAMMUPOBAHUSA He OY/IyT HUYEro CTOUTh.

Eciu ke Heme JIeHHO yCTpanBaThCs HA PAbOTy IPOrPAMMUCTOM B Ballld
MJIAHBI TTOKA HE BXOJIWT, S HACTOSTEIHLHO COBETYIO HEe OpaThCs 3a U3yYeHUe
STL u He UCmONBK30BATH €r0O MO KpaiiHei Mepe 0 TeX Mop, MOKA BbI HE HAIH-
mere Ha Cu-+-+ OIHYy-/IBE PAKTUYECKH IPUMEHUMbIE TPOrPAMMBI (T10]] TaKO-
BBIMH MOXKHO TIOHMUMATH MPOTPAMMBI, KOTOPBIE PEATbHO HCIIOIB3YET KTO-TO
kpoMe ux asropa). Ilocie 3Toro MoKHO Oyler cKa3arb, YTO OCHOBbI A3bIKA
Cu++ Bbl 3Haere u K uzyderanio STL nooitiére 0COZHAHHO U € I0CTATOYHbBIM
JIJIST STOTO OIBITOM.

B kadecrBe ONOHUTENHHOTO UTEHWS MOIY IIOCOBETOBATH KHUTY
Ixedda Dmmxkepa, koropas B opurmnane nasbBaerca «C++ for real
programmerss, a B PyCCKOM IIePEBO/IE BbIILIA B cepun « bubinoreka nporpam-
muctay 1oz 3aronoskom® «Cu-++» (CII6: Hurep, 2001). Eciu Bam ynacres
MOHATH 3Ty KHUTY, BAC OCTAHETCS TOJIBKO MO3IPABUTH: BBl JIEHCTBUTEIHHO
mousn, 9T0 Takoe Cu+-+. OTMedy, 910 DJmKep HU CJIOBOM HE OOMOIBUIICS
mpo STL.

IMomuwuTe: vem no3aHee Bbl HauHeTe nzydenue STL, TemM MeHbIle HEraTUB-
HOT'O BJIUSIHHST OKAXKET TOT HEYKJIIOKWH MOHCTD HA BAIIUA MO3TH.

3Ky,qa Ipu nmepesoae OeJIMCh OCTAJIBHBIC CJIOBA U3 3ar0JIOBKa — BOIIPOC K U3JATEJIAM.
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