NNabopaTtopHasn pabota N 4

lMepezpy3ka onepamopoes. [pyxecmeeHHble hyHKYUU.

1. BBepeHue

[IporpammupoBanue Ha C++ — mpolecc, YyBCTBUTENIbHBIA K TUIIAM M OCHOBAaHHBINM Ha
tunax. [IporpaMMucT MOKET MCIOJB30BaTh BCTPOEHHBIE THUIIbI, @ MOXKET OMPEICIUTh U HOBBIE
TUTIBL. BCTPOCHHBIE THITBI MOYKHO HCIIONB30BaTh ¢ OoraThiM HabopoMm omnepanuii C++. Onepanuu
o0ecreynBaroT MPOrpaMMUCTa KPaTKUMU CPEICTBAMU 3aIlMCU JJIs BbIPAKEHUS] MaHMITYJISIIHUMA C
00BEKTaMU BCTPOCHHOTO THIIA.

[IporpaMMucT MOXET TakKe HCIHOJIb30BaTh OMNEpalMd C THUIIAMU, OIpPEAEICHHBIMU
nojb3oBareneM. XoTsi C++ U He M03BOJISIeT CO37aBaTh HOBBIE ONEpalli, OH BCE K€ MO3BOJISET
neperpy X arhb CyLIECTBYIOIME OINEpaluy TaK, YTO IPU HCIOJIb30BAHUM STUX OMNEpaluid ¢
00BEKTaMHU KJIACCOB OHU NMPUOOPETAIOT CMBICI, COOTBETCTBYIOUIMI HOBBIM THIIaM. DTO OJHO U3
HanboJiee MOIIHBIX cpeactB C++.

Omnepanuu meperpy)aroTcsl MyTeM COCTaBICHHS ONUCaHUs (YHKIUU (C 3aroJIOBKOM U
TEJIOM), KaK 3TO Bbl OOBIYHO JIeaeTe, 3a UCKIIOYEHUEM TOT0, YTO B 3TOM cilydae UMs (pyHKIUU
COCTOUT M3 KJIIOYEBOTO CIIOBa oOperator, IOCie KOTOPOTo 3alMChIBACTCS Ieperpyxaemas
oneparus. Hampumep, ums ¢QyHkuMuM operator+ MOXHO UCHOJIb30BaTh ISl TEPErpy3Ku
OTIEpaLINU CIIOKEHHS.

UtoOBI MCHIOB30BaTh OMEPANMI0 HaJ 00BEKTaMHU KJIACCOB, ATa OMepanus JOHKHA OBITh
neperpy’eHa, HO ecTh JBa wucKiIoueHus. Omnepamnuss TpuUCBauBaHUS (=) MOXKET OBITh
UCIIONb30BaHA C KaXXIbIM KjaccoM 0e3 siBHOW meperpy3ku. [lo ymomuanuio omepanus
MPUCBAMBAHMS CBOJUTCS K MOOWTOBOMY KONMHUPOBAHUIO TaHHBIX-2JIEMEHTOB Kiacca. OmHaKo
Takoe MOOMTOBOE KOMHUPOBAHHME OMACHO MJISi KJIACCOB C 3JEMEHTaMM, KOTOpbIE YKa3bIBalOT Ha
JTUHAMHUYECKH BBIJICJICHHBIC 00JIACTH MaMSITH; JUIS TAKUX KJIACCOB MBI OyJIeM SIBHO Teperpyxarb
omnepanuio npucBanBaHusa. Omnepamus agpecaryu (&) Takke MOXKET OBITh HCIOJb30BaHa C
00BEKTaMH JIFOOBIX KJIACCOB 0€3 Meperpy3Ku; OHa MPOCTO BO3BpAIALT a/ipec 0ObEKTa B MaAMSTH.
Ho onepanmro agpecanny MOXHO TaKkKe U IIEPETPyKaTh.

[Teperpy3ka Oomnbliie Bcero MOAXOIUT AJII MaTeMaTUYECKUX KiaccoB. OHU 4acTo TpeOyroT
NEeperpy3Ku 3HAUMTENbHOrO Habopa omepaiuii, 4ToObl OOECHEeYHUTh COIJIACOBAaHHOCTH CO
crocobamu 00pabOTKH 3TUX MaTeMaTUYECKUX KJIaCCOB B pealibHOM xu3HU. Hampumep, 66110 OBl
CTPaHHO TEPErpy’KaTh TOJBKO CIOXKEHHE KJIacCa KOMIUICKCHBIX YMCEIl, TOTOMY YTO OOBIYHO C
KOMIUIEKCHBIMU YHCIIAMU HCTIONB3YIOTCS U ApYyTrHe apupMETHUECKHUE Oepaliu.

[lens meperpy3ku orepanuii COCTOUT B TOM, UTOOBI OOECIIEUHUTh TaKHE >K€ KpaTKHe
BBIpXEHHS JIJIsI TUTIOB, OMPEEICHHBIX NoJb30BaTeneM, kakue C++ obecrneunBaeT ¢ MOMOIIBIO
Ooraroro Habopa omepaunuii Il BCTPOSHHBIX TUNOB. OgHAKO, TEperpy3ka oreparnuii He
BBITIOJTHAETCSI aBTOMATUYECKHU; YTOOBI BHIMIOTHUTH TPpeOyeMble Omepalriu, IporpaMMUCT AOKEH
HamucaTh (YHKIWHU, OCYLIECTBISIOIINE Neperpy3ku omnepanuii. MHorma st QpyHKIuM Jydre
caenath QyHKIUSIMU-3IIEMEHTaAMH, UHOTJIAa — (DYHKUUAMU-APY3bIMHU, a CIy4aeTcs, YTO Jydlle
HE JIeJIaTh UX HU DJIEMEHTAMH, HU JIPY3bSIMHU.

Llenpto maGopaTopHOil pabOTHI SBISETCS TOMYYEHHE NPAKTHUYECKUX HABBIKOB TIpU
neperpysKe onepaTopoB U pean3aliy Jpy>KeCTBEHHbBIX (YHKINH.

2. Oowume cBegeHus.

2.1 IpyxecTBeHHble PYHKLUMN

Jlpy:xecTBeHHOH (QyHKUMell Ha3bpBaeTcs (QYHKIUS, KOTOpas cama He SBISETCS
2JIEMEHTOM KJlacca, HO MMEET IIpaBa Ha JOCTYI K 3JIEMEHTaM KJacca, OMMCAHHBIM Kak private
unu protected. Ecin pyHKIus nm kimace oObsBICHBI KaK JIPy>KECTBEHHbIE JaHHOMY KJaccy, TO
Takue (yHKIUM WK (QYHKIMU-YIICHBI TAKOTO KJIacca MOTYT OCYIIECTBIATh HEMOCPEICTBEHHBIH



JOCTYTI KO BCEM TIOJISIM KJTacca, Uik KOTOPOTO OHU APY>KECTBEHHBL. lpy>KeCTBEeHHBIE (DYHKITUH H
KJIACChl MOTYT OCYIIECTBIIATH MPSMOM JAOCTYM K 3aKPBITBIM MOJSAM Kiacca 0e3 MCMOJIb30BaHUs
(GYHKIMI-4IEHOB 3TOTO Kjlacca.

KrtoueBoe cnoBo friend - cnernudukatop QyHKIHH, KOTOPBIA NaeT QyHKIUHU- HE YIECHY
KJlacca JIOCTYIl K CKpBITBIM ujieHaMm kiacca. OH Mcnonb3yercs JUisl TOro, 4yToObl BBIWTH 3a
CTPOTHE PAMKHU TUIU3ALMU U COKPBITUS JaHHBIX B C++.

OnHa W3 MPUYMH WX UCTIOIB30BAaHUS COCTOUT BTOM, YTO HEKOTOPHIE ()YHKIIMH HYKIAIOTCS
B npusuiecuposaHHoM NocTymne Oornee, yeM K OAHOMY Kiaccy. Bropas mpuumna - friend-
(GyHKIMS TmepefaeT Bce MapaMeTphl Yepe3 CIUCOK MapaMeTpoB, M 3HAYEHHE KaXKIOro W3 HUX
MOMYMHEHO MpeoO0pa30BaHUI0, COBMECTUMOMY C Ha3HaueHueM. Takue mpeoOpazoBaHus
NPUMEHSIOTCS K SBHO TE€PENaHHBIM apryMEHTaM-KJIaccaM W TI0TOMY OCOOCHHO ITOJIE3HBI B
CIIyJasiX eperpy3Ku oreparopa.

Oo0nsBnenue friend QyHKINU JOIKHO MOSIBIATHCS BHYTPH OOBSBICHUS KJIacca, KOTOPOMY
OHa JpyKecTBeHHA. MIMeHHn (yHKIMU MpeIIecTByeT KitoueBoe ciaoBo friend, u ee oObsiBIeHUE
MOJKET HaxoAuTcs Kak B public Tak u B private yacTu Kjacca, 4TO HE MOBJIHUSET Ha 3HAUYCHHUE.
OYHKIUI-WIEH OAHOro kiacca MoxkeT ObiTh friend-¢yHKuumelt apyroro kmacca. ITo
NPOMCXOTUT TOTAa, Korma (yHKuus-wieH oObsBieHa B friend kimacce ¢ HCMONb30BaHHEM
orepaTopa pa3pelieHus] KOHTEKCTa JIJIs OnpeaeNeHUs] UMEHH (QYHKIUH APY>KECTBEHHOTO Kiacca.
Ecim Bce pyHKIMU-4IIeHBI OTHOTO Kiacca siBisiioTes friend-gyHkmusimu 1pyroro kiracca, TO 3TO
MO>KHO OIPEICIUTh 3aMHChIO:

freind class umsa kracca

Ilpumep 5.1

class t1 {

friend void a(); // friend-gpyHxuus

int b(); // pyHkuus-4iexn

¥3

class t2 {

friend int t1::b(); / pynkumusa-4jeHn kiaacca tl uMeer 10CTYNI KO BCeM CKPBITHIM MOJISM
KJacca t2

¥3

class t3 {

friend class t1; // Bce pyHknun-wieHbl kjaacca t1 UMeOT JOCTYN KO BCEM MOJIAM KJjacca t3
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PaccmoTpuM kimacc matrix u kiacc vector. @yHKIMS yMHOKEHUS BEKTOpa HA MATPUILY JOJKHA
UMETb JIOCTYII K private-usieHaM o0oux kiaccoB. Jta pyHkius Oyaet friend mis o6oux
KJIACCOB.

Ilpumep 5.2

class matix;

class vect {

int *p;

int size;

friend vect mpy(const vect &,const matix &);
public:

$5

class matrix {

int **base;

int row,column;



friend vect mpy(constr vect&,const matirx &);
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vect mpy(const vect &v,const matrix &m) {
if(v.size!=m.row) { exit(1); }

vect ans(column);

[/

return ans;

}

BropocrenenHoe 3HaueHue TpeOyeT NpeaBapUTENILHOIO ONucaHus Kiacca matrix. OHO
HEO0OXOAMMO TOTOMY, YTO (PYHKIUS MpPY TOJDKHA MOSABISATHCS B 000MX KJIAcCax, U MCIOIb3YET
KaKIbIN KJIaCC KaK TUIl apIyMEHTa.

Friend-pynknmm MoXHO paccmaTrpuBaTh Kak dYacTh oOmiero wuHTepdelica Kiacca.
Cy1ecTByeT psii CUTyalMid, B KOTOPBIX OHM MOTYT OBITh albTepHATUBOH (DyHKIMSAM-UIEHaM.
Ucnonp3oBanne freind-QyHKuuii crmopHO, MOTOMY 4YTO OHH HApyIMIAIOT WHKAICYJISIHIO,
OKpY>Kalollyto private unensl kiaaccoB. [Tapagurma OOII yTBepxaaet, uto 00bekTH (B C++ oHU
- TIEpEeMEHHBIE KJIacca) JOCTYIHBI depe3 ux public unensl. Tonbko (QYHKIIUU-UIECHBI JTOKHBI
UMETh JOCTYN K CKpbITOM peanmu3aunu AT/I. D10 ACHBIN U CTPOruil MPUHLIMII IPOEKTUPOBAHUS.
Friend-¢yHkius HaxoauTcss Ha cCaMOM €ro rpaHuIle, MOCKOJIbKY UMEET JOCTYI K private uieHaM,
cama He fABJsIICh (pyHKIMeH-uneHoM. C ee MOMOIIBI0 MOKHO OpPraHM30BaTh OBICTPBINA KO IS
J0CTyna K NOAPOOHOCTSM pealn3aliu Kiacca.

2.2 MNeperpy3ka onepauumn

S3pik  Cut+ mOANEp)KHUBAaET CPEACTBA, KOTOpPHIE TO3BOJISAIOT TEPEONPEAeiTh YKe
CYIIECTBYIOIIME OIepanuu. Takoe IepeorpeIeieHie Has3bBaloT meperpyskoi (overloading)
omnepauuu.

Jlnst  ompeneneHusl ONepald  HUCIONB3YeTCsl BBOAMMAs IIOJb30BaTeNeM (YHKIUS C
KJIIOYEBBIM CJIOBOM Operator, 3a KOTOPBIM CJIEIyeT CUMBOJI onepauuu. [lanee OyayT npuBeaeHbl
o011re mpaBuiIa NepeorpeieeHus ONeparuii.

1. 3a ucximroyeHuem omneparuii new u delete, onmepanuu J0MKHBI OBITH HECTATUYECKHUMHU
GYHKIUAMU-3TIEMEHTaMH KJlacca WM KMETh MUHIUMYM OJIMH apryMeHT Thra kiacca. OyHKuuu-
onepanuu =, () ,[], - AOMKHBI OBITH HECTATHYECKUMH AJIEMEHTaAMH KJlacca.

4. Henb3s epeonpeiessTh CIeayoNe onepamnmu: ., i , 7:.

5. IlpuopureT onepanuii Ipu NepeonpeaeaieHur COXpPaHsIeTCs.

6. Ilpu mnepeompeneneHuu m000i yHapHOW omepauuu (@ BBIpaKeHHE @X Wid X@
WHTEPIPETUPYETCS Kak X.operator@,() win kak operator@(x). s mro6oit OnHapHOW omneparuu
(@ BBIpaXXEHHE X(@Y UHTEPIIPETUPYETCs Kak X.operator(@(y) uin Kak operator@(x,y).

7. Omnepanmu new u delete Moryt ObITh mepeomnpenenceHbl. Omnepanus new I0DKHA
BO3BpalIaTh pe3ynpTar Tuna void * u umerh mepBbli apryMeHT Tuma size t. Onepauus delete
JIOJDKHA BO3BpallaTh pe3ynbTaT THUHa void W MMeTh MepBbId aprymeHT Tuma void *, BTOpoi
apryMeHT MoxeT ObIThb Tuma size t. Omepauuu new u delete Bcerna SBISIOTCS CTATUYECKUMU
3JIeMEHTaMU KJjiacca, Jake MPHU OTCYTCTBUU B UX ONMMCAHUU KIIIOYEBOTO CJIOBa static.

2.2.1 lNeperpy3ka yHapHOro oneparopa

OpnHoMecTHBIE onepaTopsl THHA 17, “++7, “~7 “[]”.
Ilpumep 5.3

class clock

{

unsigned long sec;

public:

clock(unsigned long s):sec(s) { }



void tick() { sec++; }

clock operator++() { tick(); return *this; }
55

void main() { clock t(100); ++t; }

DTOT KJIacc TeperpyXkaer NpepHUKCHBIN omepaTop mnpupameHus ++. IleperpyxeHHbIH
oreparop mpeacTaBiser coboi ¢yHkuuro-uneH. IleperpykeHHblii operator++() TaKxe
OOHOBJISIET HESBHYIO IIepeMeHHY10 clock 1 Bo3BpalaeT 0OHOBIEHHOE 3HAUCHHE.

[IpedukcHyro onepanuio ++ MOKHO MEPErpy3uTh, UCMONb3y4 friend-pyHKuuO.
frien clock operator++(clock &s1) { s1.tick(); return s1; }

Tak xak nepemeHHast clock n1omkHa yBenmuUMBaTHCS MBI IIEpeaeM ee Mo cchlike. Pemenue
o BeIOOpe Mexay mpexacraBieHueM friend m QyHKIMEH-4ICeHOM OOBIYHO 3aBHUCHUT OT TOTO,
HACKOJIbKO HEOOXOAMMBI U JAOCTYIIHBI ONEpPaTOpPhl HESIBHOTO MpeoOpa3oBaHus. SIBHas mepenava
apryMeHTa, kak B friend-QyHKInH, MO3BOJISET aBTOMATHIECKOE €TI0 IPUBEIACHHUE.

Onepanuy MHKpEMEHTa U JEKpPUMEHTa MOTYT OBbIThb MEperpy>KeHbl Kak Ui MpeQUKCHOI,
TaK ¥ I TOCTGUKCHON (HOPMBI 3aITUCH.

IIpedukcnas ¢opma o00BsABISETCA Kak olepauus-dieH Kiacca, KOTOpas HE HMeeT
apryMeHToB, JIMOO KakK JpY’>KeCTBEHHas oOmepauus, KOTopas HMEEeT OJWH apryMeHT,
IpEeCTaBIAIOIMNN cOO0M CChUIKY Ha O0BEKT JaHHOTO KJlacca.

[TocrpukcHas ¢opma OOBSIBISETCS Kak ONEpaIys-wieH Kiacca, KOTopas HMEeT OJIWH
apryMeHT Tuna int, 1100 Kak JApY>KECTBEHHas OIeparlusi, KOTopas UMeeT JIBa apryMEeHTa: CChUIKY
Ha OOBEKT MAHHOIO Kjacca M apryMeHT Tuma int. ApryMeHT Tuma int Ha camMoOM Jele He
ucnosb3yercs. PakTUYECKH OH UMEET HYyJIEBOE 3HAUCHUE.

Ilpumep 5.4

class X {

public:

X & operator ++(); /Ilpedpuxcuas popma

X & operator ++(int); // Iloctpukcuas ¢popma

}5

class Y {

public:

friend Y & operator ++(Y &); //TIpedpuxcuas popma
friend Y & operator ++(Y &,int); // [loctrdukcuas ¢gopma

}s

2.2.2 Neperpy3ka bMHapHoOro oneparopa

Ecnmu OuHapHBIN omepaTop meperpykaeTcst ¢ MOMOIIbI0 (PYHKIUH-YIEHa, TO B Ka4eCTBE
CBOETO MEPBOT0 apryMEHTa OH IOJIy4aeT HESIBHO NepeaHHyI0 MEPEMEHHYIO Kilacca, a BTOPOro -
€IMHCTBEHHBI M3 chucka apryMeHToB. [lpu oObsBnennn friend-QyHkium win oOBIYHON
(YHKLIMU B CIIUCKE TTApaMETPOB OIPENENIAI0T 00a apryMeHTa.

Ilpumep 5.5

class clock {

friend clock operator+(const clock &c1,const clock &c2) ;
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clock operator+(const clock &cl,const clock &c2) {

clock temp(cl.sec+c2.sec); return temp;

}



O6a mapameTpa SIBHO OIpPENESIOTCS U SIBIAIOTCS KaHAWAATaMu JUis MpeoOpa3oBaHUS
Ha3zHadeHueM. Vcnonb3ys 3TO onpeaeeHue UMEEM:
int i=5; clock ¢(100);
c+i; // nomycTumo: i - npeodpasyercs B clock
i+c; // nomycTuMo: i - npeoopasyercs B clock
B npoTrBONONI0OXKHOCTS 3TOMY, IEPErPY3UM ABYXMECTHBIN - (PYHKIIMEH-UIICHOM.
class clock {
clock operator -(const clock &c) { clock temp(sec-c.sec); return temp; }
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CymiecTByeT mepBblii HESIBHBIA apryMeHT. B Hero momagaeT HEKOTOPBIM HCIONb3YyeMBbIil
napameTp. 9TO MOYKET BBLI3BATh ACUMMCTPHUYHOC MMOBCACHUC IBYXMCECTHBIX OIICPATOPOB.
int i=5; clock ¢(100);
c-i; // pomycTumo i npeodpasyercs B clock; c.operator-(i)
i-c; // HemomycTuMo i He oTHOCUTCH K TUMy clock; i.operator-(c)
Omnpenenum onepanuio yMHOXeHus: long u clock
clock operator *(long m, const clock &c) {
clock temp(m¥*c.sec); return temp;

Takas peanu3amus BBIHYKIACT OTNCPANIUI0 YMHOXKCHHS WUMETh (PUKCUPOBAHHBIA MOPSIOK
BBITIOJTHEHMSI, 3aBUCALIIMN OT THma. J{ns wu30exaHuss HSTOro OOBIYHO THILIETCS BTOPOU
neperpy KeHHbIN (PyHKIIMOHAIBHBINA OTIEepaTop.
clock operator *(const clock &c,long m) {
clock temp(m¥*c.sec); return temp;

}

y@X WHTEepIpeTupyercs Kak y.opertor@(x), ecimu operator @ - (yHKOUA-9IEH U

operator(@(y,x), eciu operator (@ - Ipy>KeCTBEHHas! (PYHKIIHSL.

2.2.3 Neperpy3ka onepatopoB NpucBanBaHUs = U uHaekcauuum []

class vect {

private:

int *p;

int size;

public:

vect(void); // cozpaer maccuB u3 10 31emMeHTOB

vect(int mysize); // co3maeT MmaccuB U3 mysize 3j1eMeTOB
vect(int *a,int n); / ”HUIHAJIUZUPYETCH MACCUBOM
vect(const vect &v); / nHUIIHATU3UPYeTCs vect

~vect() { delete p; }

int & operator|[](int i);

vect& operator=(const vect &v); // neperpy:keHHoe NpucBauBaHue
vect operator+(const vect &v); // neperpyeHHoe cJ0KeHHe
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vect::vect(int n) { // npeodpa3yeT 00bIYHBII MacCUB
p=new int[n]; size=n;

for(int index=0; index < size; index++) p[i]=index;

}

vect::vect(int *a,int n) { / npeodpa3yer 00bIYHBIN MACCUB
p=new int[n];

size=n;



for(int index=0; index < size; index++) p[i]=ali];

}

vect::vect(const vect &v) { / KOHCTPYKTOP KONINH
p=new int|v.size]; size=v.size;

for(int index=0; index < size; index++) p[i]=v.p[i];
}

// onepanusi HHAECKCALUA

int &vect::operator[](int i) {

if(i <0 || i > =size) { cerr << “”;}

return p[i];

}

// onepanus NpucBauBaHUS

vect &vect::operator=(const vect &) {

int s=(size<v.size) ? size : v.size;

for(int i=0; i<s; i++) p[i]=v.pli]; return *this; }

[leperpyxeHHbIN onepaTop MHAEKCALMK OEpEeT IeNbIi apryMEeHT U MPOBEPSIET, HAXOAUTCS
JM 3HaY€HME B IpeJienax auamna3oHa. Eciau 1a, OH MCMOJIb3yeT 3TO 3HAYEHHE Ui TOTO, YTOOBI
BO3BPATUTh aIPEC NHICKCUPOBAHHOIO DJIEMEHTA.

IleperpyxeHHbIN OnepaTop MHIEKCALUU UMEET BO3BpallacMblii TUI U OAUH napameTp. OH
JOJKEH OBITh HECTATHUECKOW (DyHKITHEH-UIICHOM.

B C++ Bepcun 2.0 nmeetcs onepanus npucBauBaHMsl 110 YMOJIYaHHUIO, KOTOPAsl BBIITOJIHSET
PEKypCHUBHOE IO WIEHHOE KOMHMPOBAaHUE OJHOTO 0OBEKTa B Apyroil. B Oosiee paHHHX Bepcusx
UCIIOJIb30BaJICS MEXaHU3M OOMTOBOIO KOMMPOBAHUS.

Korna HasHaueHue He MEPErpy>KEHHO, OHO OINPEAECISAETCS N0 YMOJIYaHHUIO C CEMAHTHKOM,
npeicTaBisitomel  co00i  NMPUCBOEHUS  3HAYEHHsA. OJTO  Has3blBaeTCsl  “‘CeMaHTHKOU
IIOBEPXHOCTHOI'O KOIMPOBAaHUS~ U HE Bcerga AomycTumMo. Ileperpyska Ha3HaueHMs )KeJaTellbHa,
a MHOIJa M HEOoOXOoQuMa, OCOOEHHO, €ClIM KJacC COJEPXKHUT YyKaszaTesld JUHAMUYECKU
pacrpenensieMon mamsTu:

3. JononHuTenbHaa nuteparypa
1. 'epOept Inmar. Camoyuurens C++: Iep. ¢ aura. — 3-e uza. — CI10.: BXB-Ilerepoypr,

2003 (rnaga 6)

2. Xapsu Jetiten, ITox Jeriten Kak nmporpammuposars Ha C++: mep. ¢ anni. -M: 3A0
"Usnarenscto bunoM", 1999. (rnasbl 7-8)

2. besapu Crpayctpyn. S3bik nporpammupoBanue Cu++. — M.: bunom, 2005.(rnaBa 7)

4. MNMopsaaok BbINOSIHEHUS paboThbl

1. Coznatite HOBBII TpoekT B cpeae MS Visual C++.

2. Jlmd TOJMyYEeHHOTO BapuWaHTa 3aJaHusl, PYKOBOJACTBYSICh ONHCAHUEM HACTOSIICH
nabopaTopHOil pabOTHI, HAUIIKUTE MPOrpaMMbl Ha s3bike CH++. OTKOMIUIUPYHTE, OTIAAbTE U
BBITIOJIHUTE CBOIO MPOTPAMMY.

3. [ToAroToOBBTE OTYET O BBIOJIHEHUH JIA0OPATOPHON PabOTHI

Jlnst yenenHo# ciauun 1abopaTopHOit paboThl HEOOXOIUMO:

— TPEICTaBUTh NPENOAaBaTeN0 pPaboTAIONIyI0 MPOrpaMMy Jiss YKa3aHHOTO BapHaHTa

3aJIaHK;

— OTBETUTH Ha BOMPOCHI MO TEKCTY MPOTPAMMBI.

5. Nopsiaok odpopmneHns oTyeta
OTyYeT O BHITIOJIHEHUH JIA0OPATOPHOU PabOTHI TOHKEH COJEPIKATh:



1) TUTYIBHBIN JTHCT;
2) BapuaHT 3aJlaHus;
3) TeKCT mporpamm;
4) pe3ynbTaThl pabOTHI IPOTPaAMM.

6. BapuaHTbl 3agaHum

Jist jomycka K 3K3aMeHY J0CTATOYHO BBINOJHUTH JII000€e 0HO 3a1anue. [[is cTyaeHToB,
NMPeTeHAYIOIINX HA 0CBO0OKIeHUE OT IK3aMEeHOB He00X0IMMO BBINOJHUTH 002 3a]aHUA.

Bapuanm 1.

1. Cozpmatp kmacc uenbix uyucen(int). OmnpenenuTs YHapHbBIM omepartop «++», Kak
(GYHKIUIO-UJIEH U «--» KaK APYKECTBEHHYI0 QyHKIUI0. OnpenennTs OMHApHBIN OmepaTop «+»,
KakK (DyHKIMIO-WIEH U «-» KaK JIPyKECTBEHHYIO (DyHKIIMIO.

2. Co3pmath Kiacc BEKTOp, COJEp)KallUMil CCBUIKY Ha Int, pa3MEpHOCTb BEKTOpa U
nepeMeHHyto omuoOku. Kiacc nmeer KOHCTPYKTOPBI M0 YMOJYAaHUIO, KOHCTPYKTOP C OJHUM H
JBYMs TapaMeTpaMM, KOHCTPYKTOp KOIMPOBaHUA U JecTpykTop. Onpenenuts onepartop +, - , *,
- Kak JpyXecTBeHHble (yHKIMHM, =, +=, -=, *=][] - kak ¢yHKuuu-uiaeHsl. OnpenenauTsb
orepaTopsl =, +, - , ¥, +=, -=, *= ¢ [eJIBIM YHUCIIOM OrepaTopsl ++ u --. OnpenenuTs QyHKITUIO
neuatd. CpaBHMTH BpeMs palOOThl CO3AaHHOIO KJjacca M BCTPOEHHOI'O MaccHBa THMa int.
[Ieperpy3utb onepaTopsl BbIBOAA U BBOJA B ITOTOK.

Bapuanm 2.

1. Cospmate kmacc koopauHat (int). OmnpemenuTs YHapHBIA omeparop ++ Kak
Jpy>KecTBeHHY10 (pyHKIMI0.Onpenenuts OMHApHBIN onepaTop +, Kak QyHKIHIO-wieH. CI0XKHUTh
U BBIUECTH KOOPAHMHATHI C JPYT JPYroM W ¢ 4yucioM. [IpHcBOWTH KOOpAMHATHI(=), CPABHHUTH
KOOpAHMHATEHI (==, |=).

2. Co3math Kjacc BEKTOp, COJAEpKAIIMK CCBUIKY Ha long, pa3MepHOCTh BEKTOpa M
nepeMeHHy1o omuoOku. Kiacc umeer KOHCTPYKTOPBI M0 YMOJYAaHUIO, KOHCTPYKTOP C OJHUM H
JBYMS MTapaMeTpaMH, KOHCTPYKTOP KOMUPOBAHUS U AeCTpyKTOp. OnpenenuTs onepatop +, - , *
- Kak JpyxXecTBeHHble (yHKIMH, =, +=, -=, *=][] - kak ¢yHKuMu-unaeHsl. OnpenenauTsb
omepatopel =, +, - , * +=, -= *= ¢ uyucnom tuma long, omeparopel ++ u --. OnpenenuTh
¢yHkuuto nedatu. CpaBHUTH BpeMs pabOThI CO3JaHHOTO Kjlacca U BCTPOSHHOTO MacCHBa THIIA
long. Ileperpy3uTh onepaTopsl BEIBOJA U BBOJA B IIOTOK.

Bapuanm 3.

1. Co3natp knacc BemecTBeHHbIX uucen(float). Onpenenuts yHapHBIA oneparop ++, Kak
(GYHKLHMIO-UJIEH U -- KaK JPY>KeCTBEHHYIO QyHKUuIO0. . Onpenenuts OMHApHBINA oneparop -, Kak
(GYHKIUIO-UJIEH U + KaK JAPY>KECTBEHHYIO (QYHKIIHIO.

2. Co3nmath Kiacc BEKTOp, cojepxamuil ccbulky Ha float, pasmepHOCTh BekTOopa M
nepeMeHHylo omuoOku. Kiracc mmeer KOHCTPYKTOPHI MO0 YMOJYaHUIO, KOHCTPYKTOP C OJHHM H
JBYMs ITapaMeTpaMH, KOHCTPYKTOP KOMMPOBAaHUSA U AecTpyKTop. OnpenenuTs onepatop +, - , *

- KaK JpyXeCTBeHHble (yHKIWH, =, +=, -=, *=][] - kak QyHKOHE-wieHsl. OnpenenuTsb
orepaTopsl =, +, - , *, +=, -=, *= ¢ [[eNbIM YUCIIOM OMEPaToOphl ++ U --. ONpeneauTb onepaTopsl
=, +, -, ¥ +=, -=, *= C BEImECTBEHHBIM YHCJIOM, OTEPATOPHI ++ H --. OnpenenuTsh QyHKIUIO

neuatd. CpaBHHUTH BpeMsl pabOThl CO3JJaHHOIO Kjiacca M BCTpoeHHoro Mmaccupa tumna float.
[Ieperpy3uts onepaTopsl BBIBOJIA U BBOJIA B ITOTOK.



Bapuanm 4.

1. Co3pmate iacc mnembix uucen (long). Ompenenuts yHapHBIE OINEPATOPBI --, KaK
JPY>KECTBEHHYI0 (QyHKIMIO U ++ Kak pyHKIuIo-uwieH. Onpenenuts OMHAPHBIE ONEPATOpPHI -, KaK
(GYHKIUIO-UJIEH U + KaK JAPY>KECTBEHHYIO (QYHKIIHIO.

2. Co3gath Kjacc - JBYHAIIPaBICHHBIN CIIMCOK, B KOTOPOM ONpEJeNeHbl onepanuu, + -
N00aBIIsIET B KOHEI[ CIHCKA, += M00aBISeT B ITOT K€ CIUCOK B KOHEI[ CIMCKA. - yAajseT
YKa3aHHBIH 3JIEMEHT M3 CIHCKa (HOMEp 3JIeMEHTa 4epe3 MmapaMeTp), = - MPUCBOCHUE CITHCKOB,
CpaBHEHHUE CIUCKOB ==, |=, > < >= <= [] moyiydeHHe dJIeMEHTa CIMCKa, ++ - yCTaHaBJIUBAET
yKas3arenb Ha CIEAYIOIIUIl 2JIEMEHT, -- YCTaHaBIMBAET yKa3aTelb Ha MPEIbIAYIINN 3JIeMeHT. ()
BBIJIATh MTOJICITUCOK OT IIEPBOTO JI0 BTOPOTO AIIEMEHTA.

Bapuanm 5.

1. Co3mare xmacc BemecTBeHHBIX uucen (double). Ompenmenuth omeparop ++, Kak
(GYHKIUIO-YJIEH U -- KaK JpyKecTBeHHYI0 QpyHkuuoo. OnpenenuTs OMHapHBIE ONepaTopsl +, Kak
(YHKIHIO-YJICH U - KaK JPY>KECTBEHHYIO (DYHKIIHUIO.

2. Co3gath Kjacc - OJTHOHAMPABJICHHBIN CIUCOK, B KOTOPOM OMNPEIENICHbI OMepanuu, + -
no0aBIseT B KOHEI[ CIHCKa, += M00aBIseT B ATOT K€ CIUCOK B KOHEI[ CHHCKA. - YIaJsieT
yKa3aHHBIN 3JIEMEHT U3 CIUCKa (HOMEp JJIEMEHTa 4yepe3 MapaMeTp), = - MPUCBOCHHUE CITUCKOB,
CpaBHEHHUE CIUCKOB ==, |=, > < >= <= [] moyiydeHHE dJIEMEHTa CIUCKa, ++ - yCTaHaBJIUBAET
yKa3aTellb Ha CIICIYIOUIHIA 1eMeHT. () BbIIATh MOJICIHCOK OT TIEPBOTO JIO BTOPOTO 3JIEMEHTA.

Bapuanm 6.

1. Co3pmate knacc koopauHat (double). Omnpepenuth yHapHbIM omepatop ++ Kak
JpyKecTBeHHY10 (pyHKImI0.Onpenenuts OMHAPHBIN onepaTop +, Kak QyHKIHIO-wieH. CI0XKHUTh
KOOPJMHATEHI C APYT APYroM U ¢ yucioM. [IprucBouTs KOOpAHHATHI(=).

2. Co3maTh Kjacc TuUHa o4yepeiab, KOTOpas XpaHWUT BeLIeCTBEHHbIE yHcia. lleperpy3uth
omeparop ++ Kak (PyHKIHIO YJIeH U -- KaK JPYKECTBEHHYIO (DYHKIHIO. ++ TOOABISIET DIEMEHT B
ouepellb, -- BBITACKMBAET 3JIEMEHT W3 ouepenu. [leperpy3uth OuMHapHBIN omepaTtop + Kak
(GyHKUMIO-4JIeH M * Kak JpYy’KEeCTBEHHYIO (YHKLHIO. + CKJIaJblBa€T 3JIEMEHT B OYepenu C
YHCIIOM, * YMHOKAET 3JIEMEHT B OYEPEH Ha YUCIIO

Bapuanm 7.

1. Coznatp kinacc — koopauHatei(float) ¢ yHapHBIM orneparopamu ++ U --, (MOCTHUKCHAS U
npedukcHas Gopmel). ++ Kak IpyKecTBeHHas (DyHKIHS, -- Kak (yHKuus-uieH. OnpenenuTsb
OuHapHBIN onepaTop +, Kak QyHKIUIO-wieH. CI0XKHUTh KOOPAMHATHI C PYT IPYTOM M C YHUCIIOM.
CpaBHHUTH KOOpAUHATHI (==, |=).

2. Co3naTh Kjacc TUIA CTEK KOTOPBIM XpaHWT Lejible yucia. [leperpy3uth omeparop ++
KakK (PYHKIHIO WICH U -- KaK JIPY>KECTBEHHYIO (QYHKIHIO. ++ 100aBIISET HOBBIH AJIEMEHT B CTEK, -
- yJansieT BepXylIKy cteka. [leperpy3uTs OMHaApHBIM omepaTop + Kak (QyHKIHMIO 4jeH U * Kak
JPY’KECTBEHHYIO (DYHKIMIO. + CKJIQJBIBAET JIEMEHT B CTEKE C YHCIIOM, * yMHOXAeT JIeMEHT B
CTEKe Ha YUCIIO

Bapuanm 8.

1. Coznatp knacc — koopauHatei(float) ¢ yHapHBIM orneparopamu ++ U --, (MOCTHUKCHAS U
npedukcHas Gopmel). ++ Kak (QYHKIUA-UIICH, -- KaK JApy>KeCTBeHHast (yHKmus. OnpenenuTsb
OMHApHBIC OMEPATOPHI -, KaK (PYHKIMIO-WICH U + KaK JPY>KECTBEHHYIO QYyHKIHIO. CIOXKUTh U
BBIYECTh KOOPAMHATHI C APYT IPYTOM U C YHCIIOM.



2. Co3maTth Kjacc BEKTOp, conepkamuii cchUiky Ha double, pasmepHOCTH BekTOpa U
nepeMeHHyto omuOKku. Kilacc mMeeT KOHCTPYKTOPHI IO YMOJYaHUIO, KOHCTPYKTOP C OAHUM U
JBYMS MTapaMeTpaMu, KOHCTPYKTOP KOMUPOBAHUS U AeCTpyKTOp. OnpenenuTs onepatop +, - , *
- KaK Jpy>KeCTBEHHbIe PYHKLUH, =, +=, -=, *=[] - kak QyHKUUH-wieHbl. OnpeaeauTb QyHKLIUIO
neyatu. CpaBHHUTH BpeMsi paOOTHI CO3JaHHOTO Kjacca M BCTPOEHHOro MaccuBa Tuma double.
[leperpy3uth onepaTopsl BEIBOJIA M BBOJIA B TIOTOK.

Bapuanm 9.

1. Coznmate knacc BemecTBeHHBbIX uucen (double). Ompemenuth omepartop ++, Kak
(GYHKIUIO-YJICH U -- KaK JpyKeCTBeHHYIO (PpyHKImo0. OnpenemTs OMHApHBIC ONepaTopsl +, Kak
(YHKIIHIO-YJICH U - KaK IPYKECTBEHHYIO (DYHKIIUIO.

2. Co3math Kjacc BEKTOp, COJAEpKAIIMK CChUIKY Ha unsigned , pa3MepHOCTh BEKTOpa U
nepeMeHHy 0 omuOKH. Kitacc mMeer KOHCTPYKTOPBI MO0 YMOJYaHUIO, KOHCTPYKTOP C OJHHM H
JBYMSI TIapaMeTpaMH, KOHCTPYKTOP KOMMMPOBAHUS U JecTpykTop. Onpenenuts onepartop +, - , *,
- KaK JpyXeCcTBeHHble (YyHKIMH, =, +=, -=, *=][] - kak QyHKuHU-4ieHbl. Onpenenutsb
omeparopsl =, +, - , ¥, +=, -= *= c menbiM 0€3 3HAKOBBIM YHCJIOM, OMEpPaTOphl ++ U --.
Onpenenuty ¢QyHkuuto neyatu. CpaBHUTH BpeMs padOThl CO3/aHHOTO KJIacca M BCTPOCHHOTO
MaccuBa Tuma unsigned. [leperpy3uts omepaTopsl BEIBO/IA U BBOJIA B MTOTOK.

Bapuanm 10.

1. Co3natp kiacc BemecTBeHHBIX uncen (double). OnpenenuTbyHapHBIE ONEPATOPHI --, KAK
(GYHKLHIO-YJIEH U ++ KaK Jpy>KeCTBEHHY10 ¢pyHKuUI0. Omnpenenuts OMHApHBIE ONEPaToOpsI -, Kak
(GYHKIUIO-UJIEH U + KaK APY>KECTBEHHYIO (QYHKIIHIO.

2. Cozpath KJIacc BEKTOp, COJIEpIKaIIMi CChUIKY Ha unsigned long, pa3MepHOCTh BEKTOpa U
nepeMeHHyto omuoOku. Kiacc mmeer KOHCTPYKTOPHI MO0 YMOJIYAaHUIO, KOHCTPYKTOP C OJHUM H
ZIBYMSI TTapaMeTpaMu, KOHCTPYKTOP KOIMMPOBAHMA U ecTpykTop. OnpenenuTs oneparop +, -, *
- KaK JpyXecTBeHHble (yHKIMH, =, +=, -=, *=][] - kak QyHKIHH-wIeHbl. OmpeaeInuTh
omeparopsl =, +, - , * +=, -= *= ¢ thma unsigned long, omeparopsl ++ U --. OnpenenuTh
¢yskuuio nedatu. CpaBHUTH BpeMsi pabOTHI CO3JaHHOTO KJIacca M BCTPOCHHOTO MAacCHBa THIIA
unsigned long. [leperpy3uth onepaTopsl BbIBOIa M BBOJa B TTOTOK.

Bapuanm 11.

1. Co3nmate kmacc uenbix uyucen (long). OmpenenuTh yHapHBIA omepaTop ++, Kak
(YHKLIHMIO-UJICH U -- KaK APY>KECTBEHHYIO QyHKuuio. Onpenenuts OMHApHBIM onepaTop +, Kak
(GYHKIMIO-YJIEH U - KaK JPY>KECTBEHHYIO (PYHKITHIO.

2. CoznaTh KJ1acc BEKTOp, COAEpKalIMi cCchlIKy Ha unsigned char, pa3mepHocTs BeKTOpa U
nepeMeHHyI0 omuoOKH. Kitacc mMeeT KOHCTPYKTOPBI MO0 YMOJYaHUIO, KOHCTPYKTOP C OJHHM H
JIBYMs ITapaMeTpaMH, KOHCTPYKTOP KOMUPOBAHUS U AeCcTpyKTOop. Onpenenuts onepatop +, -, * |
- Kak JpyXeCTBeHHble QyHKIMH, =, +=, -=, *=][] - kak ¢yHKUUU-wieHsl. OnpenenuTsb
orepaTopsl =, +, - , ¥, +=, -= *= ¢ uncnom tuna unsigned char, oneparops! ++ u --. Onpenenuts
¢ysknuto nedat. CpaBHUTH BpeMsi pabOTHI CO3JJAHHOTO KJIacca M BCTPOSHHOTO MAacCHBa THIIA
unsigned char. [Teperpy3uTh onepaTopsl BbIBOJIAa ¥ BBOJA B MOTOK.

Bapuanm 12.
1. Co3pmatp wiacc uenbix uucen (long). Ompenenuts yHapHBIE OINEPATOPBI --, KaK

(GYHKIMIO-4JIeH 1 ++ KakK Jpy>KeCTBEHHYI0 QyHKIH0. OnpenennTs OMHAPHbBIE OMEepPaTopHl -, KaK
GYHKIUIO-YJIEH U + KaK APYKECTBEHHYIO (QYHKITHIO.



2. Co3natp Kilacc BEKTOp, coAep X amiuii cchliky Ha long double, pasmMepHOCTh BeKTOpa U
nepeMeHHyto omuOKku. Kilacc mMeeT KOHCTPYKTOPHI IO YMOJYaHUIO, KOHCTPYKTOP C OAHUM U
JBYMS MTapaMeTpaMu, KOHCTPYKTOP KOMUPOBAHUS U AeCTpyKTOp. OnpenenuTs onepatop +, - , *
- Kak JpyXecTBeHHble (yHKIMH, =, +=, -=, *=][] - kak ¢yHKuMu-uiaeHsl. OnpenenauTsb
OTepaTopsl =, +, - , *, +=, -=, *= ¢ HeNbIM YHUCIOM onepaTopsl ++ u --. OnpeaenuTs GyHKINIO
neuatd. CpaBHUTH BpeMs paboOThl CO3/1aHHOTO KJlacca M BCTPOEHHOro MaccuBa Tumna long double.
[leperpy3uTh omneparopbl BEIBOJIA  BBO/A B TIOTOK.

Bapuanm 13.

1. Cozmarp kmacc uembix uymcen(int). OmnpenenuTs YyHapHBIA omepaTtop «++», Kak
(GYHKLHIO-UJIEH U «--» KaK JAPYXKeCTBeHHYI0 (QyHKIMI0. OnpeaenuTb OMHApHBII onepaTop «+»,
KaK (YHKIHIO-WIEH U «-» KaK JAPY>KECTBEHHYIO (yHKIUIO.

2. OnpenenuTh K1ace - KOMIIJIEKCHbBIE YNCIIa, Ieperpy3uB pa3IuyHble ONepaTopsl, +, -, ++,
-, =, =, %,/ *=, /=, ), 1=, ==, > < >= <=, Bpona, BbIBOJIa B NOTOK. CJI0’KEHHE ¥ BEIYUTAHHE
JIOJKHO MPOU3BOIUTHCS KaK C 3JIEMEHTAMU JIaHHOTO KJlacca Tak U co BCTpoeHHbIMH float.

Bapuanm 14.

1. Cozmate kmacc koopauHat (float). OmpemenuTh yHapHBI omeparop ++ Kak
IpyKecTBeHHYI0 (PyHKIH0.OnpeaenuTs OWHAPHBIC ONEpaTopbl * W +, Kak (YHKIHIO-YICH.
YMHOXUTH KOOPJAMHATHI HA 4YUCI0. CIOKUTh KOOPAUHATHI C YUCIOM..

2. OnpenenuTh KJIacc CHUCOK OJTHOHAIPABJICHHBIA C MEPErpyKCHHBIMH OMeparusiMu ++
BIIEpE] MO CIHCKY, -- YAAIUTh DJIEMEHT, HA KOTOPOM CTOMUT yKas3aTellb, += ¢ APYTUM CIIMCKOM U
C HOBBIM 3JIEMEHTOM, - YHAPHBIN yIajseT ¢ KOHIla CIucKa, =, ==, |=, >, < <=, >= BBoj, BbIBOJ
B IOTOK.

Bapuanm 15.

1. Co3naTh KJ1acc — KOOpAUHATHI(INt) ¢ YHApHBIM omeparopamMu ++ u --, (MOCTGUKCHAS U
npedukcHas ¢Gopmbl). ++ Kak Apy>KecTBeHHass (YHKIMA, -- Kak QyHKUus-wieH. OnpenenuTtsb
OTIEPATOPHI: MPUCBOUTH KOOPAUHATHI(=), CPABHUTH KOOPJAUHATHI (==, |=).

2. Co3nmaTh Kjacc MaTpUIl U BEKTOp, COJEpKalllMe CChUIKY Ha long, 4Ymcio CTpokK U
CTOJIOIOB (UIsl BEKTOpa [JIMHY) W COCTOsHME OmuOku. OnpeneauTh KOHCTPYKTOPHI IO
YMOIYaHHUIO, KOHCTPYKTOP C OJHUM U C ABYMsI THapaMeTpaMH, KOHCTPYKTOP KOITMPOBAHWSI,
nectpykrop. Onpenenurs onepaTopsl =, +, -, +=, -=, *.| *= ¢ oObekTamMu 3TOro0 Kjiacc, ¢ float u ¢
BekTopoM. OrmpenenuTs omnepatop [| Tak, uToObl oOpamieHue [][] K dIeMEHTaM UMENO CMBICI,
aQHAJIOTMYHBIA BCTpoeHHOMY. [leperpy3uth orneparopsl BbIBOJa W BBOJa B MOTOK. Jlyis BekTopa
JOJKHBI OBITH OMpeAeNieHbl KPOME TePeUYNCIeHHBIX ++, --, - YHApHBIH, [], /=, /. Oneparops * u
*= NOJKHBI OBITH OIPEIEICHbI A1 YMHOKEHHS BEKTOpPa U MaTPHIIBI.

Bapuanm 16.

1. Coznate knacc — koopauHatbi(float) ¢ yHapHBIM orniepaTopaMu ++ U --, (MOCTPUKCHAS U
npedukcHas ¢Gopmbl). ++ Kak Apy>KecTBeHHas (YHKIHMA, -- Kak QyHKuus-wieH. OnpenenuTtsb
OuHApHBINA omepartop *, Kak (PyHKIHIO-WwIEH. YMHOXUTh KOOpAWHATHI Ha uucio. [IpucBouts
KOOPJIMHATHI(=).

2. Co3patp KJ1acc MaTpHIl M BEKTOP, COJEpKallle CChUIKY Ha int, YUCJIO CTPOK M CTOJIOLIOB
(s BeKTOpa UIMHY) U COCTOsIHME OIMMUOKU. OmnpeaenuTh KOHCTPYKTOPHI MO YMOJYAHUIO,
KOHCTPYKTOp C OJHHUM U C JByMs MapaMmeTrpamMi, KOHCTPYKTOpP KOIHPOBaHHUS, IECTPYKTOP.
Onpenenutsd onepaTopsl =, +, -, +=, -=, *.| *= ¢ oObekTamu 3Toro kiacc, ¢ float u ¢ BeKTopom.
Onpenenutsb ornepatop [] Tak, yToObI oOparneHue [][] kK 31eMeHTaM UMEN0 CMBICH, aHAIOTUYHBIN



BCTpoeHHOMY. [leperpy3uTh onepaTopsl BBIBOJAa M BBOJA B MOTOK. J[iis BeKTOpa JOIKHBI OBITH
OTpesieNIeHbl KpOMe MEpPEeUnclIeHHbIX ++, --, - YHapHbIH, [], /=, /. Oneparopsl * u *= H0IKHBI
OBITh OIIpE/EIEHBI U1l YMHOXKEHHUS BEKTOPa U MaTPHUIIBL.

Bapuanm 17.

1. Co3natp knacc BeniectBeHHBIX uncel (long double). Onpenenuts yHapHBIE ONEPATOPHI -
-, KaK (pyHKIMIO-WwIEH U ++ Kak ApY>KeCTBeHHYI0 pyHKImio. OnpenenuTs OMHapHbIE ONEpaTOphl
-, KaK (DyHKIMIO-WIEH U + KaK Jpy>KeCTBEHHYIO (YHKIIHUIO.

2. Co3naTh Kj1acc MaTpull U BEKTOp, cojepxaiue ccbulky Ha float, uncno cTpok u
CTONOLOB (V11 BEKTOpa JUIMHY) M COCTOsHME OMMOKH. OmpeaenuTb KOHCTPYKTOPHI IO
YMOJTYaHHUIO, KOHCTPYKTOp C OJHUM M C JBYMs IapaMeTpaMu, KOHCTPYKTOP KOIHMPOBaHUS,
nectpykrop. Onpenenuts oneparopsl =, +, -, +=, -=, *.| *= ¢ o0bekramu 3Toro kiacc, ¢ float u c
BekTopoM. OrmpenenuTs omnepatop [| Tak, uToObl oOpamieHue [][] K dIeMEHTaM UMENO CMBICI,
AHAJIOTUYHBIA BCTpOeHHOMY. lleperpysuth omeparopsl BeIBOJA U BBOJA B MOTOK. J[ms BekTopa
JIOJKHBI OBITH OTIpENieIeHbl KpOMe MepeurciieHHbIX ++, --, - yHapHbIH, [], /=, /.. Onepatops! * U
*= JOJDKHBI OBITH OTIPEIEIICHBI I YMHOKEHHUS BEKTOPA U MATPHIIBI.

Bapuanm 18.

1. Cozmare xmacc mensix uywcen (long). OmpenmenuTh yHapHBIA omepatop ++, Kak
GYHKIUIO-UJIEH U -- KaK ApYy>KeCTBeHHYI0 (yHKuuio. OnpenenuTs OMHApHBINA omepaTop +, Kak
(GYHKITUIO-YJICH | - KaK JPYKECTBCHHYIO (DYHKITHIO.

2. Co3naTh Kllacc MaTpHIl U BEKTOp, cojaepxkamiue ccbuiky Ha double, uucno cTtpok u
CTONOLOB (V11 BEKTOpa JUIMHY) M COCTOsHME OmMOKH. OmpeaenuTb KOHCTPYKTOPHI IO
YMOIYaHHUIO, KOHCTPYKTOP C OJHUM U C ABYMsI MapaMeTpaMu, KOHCTPYKTOP KOIHMPOBAHWS,
nectpykrop. Onpenenurs onepaTopsr =, +, -, +=, -=, *_ *= ¢ o0beKkTamMu 3TOro Kiace, ¢ float u ¢
BekTOopoM. Ompenenuts onepatop [| Tak, yToObl oOpamenue [][] K 3IeMeHTaM UMEI0 CMBIC,
AQHAJIOTMYHBIA BCTpOeHHOMY. [leperpy3uth oneparopsl BbIBOJA W BBOJAa B MOTOK. Jjis BeKTOpa
JIOJDKHBI OBITH OTIPECIICHB KpOME MEePEYUCIICHHBIX ++, --, - YHapHBIH, [], /=, /.. Oneparopsr * U
*= NOJKHBI OBITH OMPEICICHBI I YMHOKCHHS BEKTOPA M MaTPHIIBI.

Bapuanm 19.

1. Co3pmate kmacc koopauHat (double). Omnpemenuth yHapHbId omeparop ++ Kak
Ipy>KecTBeHHYIO (pyHKIuio.Onpenenuts OMHApHBIA oniepatop +, kKak GyHKIHuO-wieH. CI0KUTh
KOOPAHMHATHI C IPYT IPYTOM U C YUCIOM. [IpUCBOUTH KOOPAUHATHI(=).

2. Co3nath Kjacc MaTpHIl U BEKTOP, COAEPIKAINE CCHUIKY Ha int, YUCIO CTPOK M CTOJIOIIOB
(s BeKTOpa UIMHY) U COCTOsIHHE OIMMUOKU. OmnpeaenuTh KOHCTPYKTOPHI MO YMOJYAHUIO,
KOHCTPYKTOp C OJHHM W C JBYMS IMapaMeTpaMy, KOHCTPYKTOP KOIHUPOBAHUsA, NECTPYKTOP.
Onpenenutd onepaTopsl =, +, -, +=, -=, *.| *= ¢ oObekTamu 3Toro kiacc, ¢ float u ¢ BeKTopom.
Onpenenutsd ornepatop [] Tak, yToObI oOparmeHue [][] kK 31eMeHTaM UMEN0 CMBICH, aHAIOTUYHBIN
BCcTpoeHHOMY. lleperpy3uTs omepaTopsl BEIBOJIA U BBOJAA B MOTOK. JIJisT BEKTOpa MOJKHBI OBITH
OTIpeNIeJIEHbl KPOME MEePEeUUCIICHHBIX ++, --, - YHapHBIH, [], /=, /.. Onepatopbl * W *= momkHbI
OBITH OTNPEETEHBI I YMHOXKEHUS BEKTOPA U MATPUIIL.

Bapuanm 20.
1. Co3pmatp wiacc uenbix uucen (long). Ompenenuts yHapHBIE OINEPAaTOPBI --, Kak

JPY’KECTBEHHYIO (QYHKIMIO U ++ Kak (pyHKuuio-wieH. Onpenenuts OMHapHBIE ONEpaToOpsI -, KaK
GYHKIUIO-YJIEH B + KaK APYKECTBEHHYIO (QYHKITHIO.



2. Co3maTh KJIacC MaTpUI] M BEKTOp, COAEPJKAaIle€ CChUIKY Ha long, YMCIO CTPOK H
CTONOIOB (AJI1 BEKTOpa MAJIMHY) M COCTOSIHME OIIMOKH. OnpenenuTb KOHCTPYKTOPHI IO
YMOJTYaHHUIO, KOHCTPYKTOp C OJHUM H C JIBYMs IapaMeTpaMHu, KOHCTPYKTOP KOIHMPOBAHWUS,
nectpykrop. Onpenenuts oneparopsl =, +, -, +=, -=, *., *= ¢ o6bekramu 31oro kiacc, ¢ float u c
BeKkTOopoM. OrmpenenuTs onepartop [| Tak, uToObl oOpaiieHue [|[] K 3I€MEHTaM UMENO CMBICI,
aHAJOTWYHBIA BCTpOEHHOMY. [leperpy3uth oneparopsl BeIBOJAa M BBOAA B MOTOK. J[J1si BeKTOpa
JOJKHBI OBITH OTIPEJICIICHBI KPOME MEePEUUCIICHHBIX ++, --, - YHapHBIH, [], /=, /.. OnepaTopsr * U
*= NOJDKHBI OBITH ONPE/ICIICHBI ISl yMHOXKECHHUS BEKTOpA U MAaTPHUIIBL.

Bapuanm 21.

1. Co3pmate kmacc koopauHaT (int). OmnpeaenuTbh YHapHbIM omepatop ++ Kak
IpyXecTBeHHYI0 (pyHKImI0.Onpenenuts OMHApHBIN omnepaTop +, Kak QyHKIHIO-1wieH. CI0XKHUTh
U BBIYECTh KOOPIMHATBHI C JIPYT APYroM U ¢ yucioMm. [IpucBouTs KoOpauHATHI(=), CPaBHUTH
KOOpJIUHATHI (==, !|=).

2. Co3path Kjacc TUMIAa O4Yepelb, KOTOpas XpaHWUT BelleCTBeHHbIe uucia. [leperpy3uth
orepaTop ++ Kak (YHKIHIO WICH U -- KaK JAPYKECTBCHHYIO (DYHKIHIO. ++ M00aBISET JIEMEHT B
ouepelb, -- BBITACKHMBAET AJIEMEHT W3 odepenu. lleperpy3uTh OMHapHBIA omepaTop + Kak
GyHKIMIO-4IeH U * Kak JpYyKECTBEHHYIO (YHKIHIO. + CKJIaIbIBa€T DJIEMEHT B OYepenu C
YHUCIIOM, * YMHOKA€T DJIEMEHT B OUEPEIU Ha YUCIIO

Bapuanm 22.

1. Cozpmarp kmacc uwenbix uymcen(int). OmnpenenuTs YHapHbBIM omepartop «++», Kak
(GYHKIUIO-UJIEH U «--» KaK APYKECTBEHHYI0 QyHKIMI0. OnpenennuTs OMHApHBIN OmepaTop «+»,
KakK (DyHKIMIO-WIEH U «-» KaK JIPyKECTBEHHYIO (DYyHKIIMIO.

2. Co3gath Kjacc BEKTOp, COJAEpKAIIMK CChUIKY Ha unsigned , pa3MepHOCTb BEKTOpa U
HepeMEeHHy0 OomuOKH. Kiacc mmeer KOHCTPYKTOPBI [0 YMOJYAaHUIO, KOHCTPYKTOP C OJHUM H
JBYMs ITapaMeTpaMu, KOHCTPYKTOP KOMUPOBAaHHUS U AeCcTpyKTop. Onpenenuts onepatop +, -, *
- Kak JpyXeCTBeHHble (yHKIMH, =, +=, -=, *=][] - kak ¢yHKUUU-wieHsl. OnpenenuTsb
omepaTopel =, +, - , ¥ += -= *= ¢ menpiM 0e3 3HAKOBBIM YHCJIOM, OMEpPaTopbl ++ U --.
Omnpenenuts ¢yHkuuoo nedatd. CpaBHUTh BpeMsi paOOThl CO3JaHHOTO KJIacca U BCTPOEHHOI'O
MmaccuBa Tuna unsigned. Ileperpy3uts onepatops! BEIBOAA U BBOJIA B IMTOTOK.

Bapuanm 23.

1. Coznatp kinacc — koopauHatei(float) ¢ yHapHBIM orneparopamu ++ U --, (MOCTHUKCHAS U
npedukcHas Gopmel). ++ Kak IpyKecTBeHHas (DYyHKIHS, -- Kak (yHKuus-uieH. OnpenenuTsb
OuHapHBIA omepaTop *, Kak (YHKUUIO-4JeH. YMHOXHTb KOOpAMHATHI Ha yucio. [IpucBouts
KOOPJIMHATHI(=).

2. Co3nmaTth Kjacc BEKTOp, cojepkaimuii cchuiky Ha double, pasmepHOCTH BekTOopa U
nepeMeHHyI0 omuOKku. Kilacc mMeeT KOHCTPYKTOPHI O YMOJYaHHUIO, KOHCTPYKTOP C OAHUM U
JBYMs ITapaMeTpaMu, KOHCTPYKTOP KOMUPOBAHUS U AeCTpyKTOp. Onpenenuts onepatop +, -, *
- KaK JIpY>KEeCTBeHHBIC PYHKIUHU, =, +=, -=, *=[] - Kak pyHKIHH-1wIeHbl. OnpeneauTs QyHKIHIO
neuatd. CpaBHUTH BpeMsi pabOThl CO3/IaHHOTO Kjlacca W BCTPOCHHOro MaccuBa Tuma double.
[Teperpy3uts onepaTopsl BEIBOJIA M BBOJIA B TIOTOK.

Bapuanm 24.
Co3znatp kiacc BemniecTBeHHBIX unceln (double). Onpenenuts oneparop ++, Kak (yHKIIHIO-

YJIeH | -- KaK JIpyKeCTBEHHYIO (yHKIM0. Onpenenuts OMHApHBIE OMepaTopsl +, Kak (QyHKIHIO-
YIICH U - KaK JIPY>KECTBEHHYIO (QYHKIIHIO.



Co3nmath Kjacc BEKTOp, conepxammid ccbUiky Ha float, pasMepHOCTH BEKTOpa H
nepeMeHHy1o omuoOku. Kiacc nmeer KOHCTPYKTOPBI M0 YMOJYAaHUIO, KOHCTPYKTOP C OJHUM H
JBYyMsI TapaMeTpaMU, KOHCTPYKTOp KOIMPOBaHUA U AecTpykTop. Onpenenuts onepatop +, - , *,

- KaK JpyXeCTBeHHble (YyHKIHMH, =, +=, -=, *=][] - kak QyHKuHU-uieHsl. Onpenenutsb
omeparopsl =, +, - , *, +=, -=, *= ¢ 1enpM ynciIoMm oneparopsl ++ u --. ONpeaenuTh onepaTopsl
=, +, -, * +=, -=, *= C BelEeCTBEHHBIM UYHUCJIOM, ONEpaTopsl ++ u --. OnpeaenuTs QyHKIUIO

neyatu. CpaBHHUTH BpeMsl pabOTBHI CO3[JaHHOTO Kilacca W BCTPOSHHOro MmaccuBa Tumna float.
[leperpy3uts oneparopsl BEIBOJA U BBOJA B MOTOK.

Bapuanm 25.

Co3pmate knace nensix uucen (long). Onpeaenuts yHapHbIi onepaTop ++, Kak (QyHKIHIO-
YJIeH U -- KaK JpYyKecTBeHHYI0 (yHKImo0. OnpenenuTs OMHAPHBINA orepaTop +, Kak (QyHKIHIo-
YJIeH U - KaK JIPYKECTBEHHYIO (DYHKIIHIO.

Co3naTth Kjlacc - OJIHOHAINPABJIECHHBIM CIHCOK, B KOTOPOM ONpEIEIEHbl onepaunuu, + -
no0aBysieT B KOHEIl CNMCKa, += 1o0aBiseT B ITOT K€ CIUCOK B KOHEI CIIUCKA. - yAajser
YKa3aHHBII 3JIEMEHT U3 CIUCKA (HOMEp 3JIEMEHTa uepe3 MapaMmerp), = - MPUCBOCHHUE CIHCKOB,
CpaBHEHME CIHCKOB ==, |=, > < >= <=, [] moyiyueHHe 3JIeMEHTa CIMCKa, ++ - yCTaHAaBIMBAET
yKa3aTesb Ha CIAEAYIOUINM 37eMeHT. () BBLAATH MOJCIUCOK OT IEPBOTO A0 BTOPOTO 3JIEMEHTA.



