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BBEJIEHHE

Bosbiioe koamdecTBO pazHOOOpa3HBIX YCTPOMCTB U TaJIPKETOB MpeycMaTpHUBa-
€T O0MJIME Pa3IMYHBIX OMEPAIMOHHBIX CHUCTEM, MO YIPaBICHUEM KOTOPHIX OHU pa-
oorator. Iloaromy, ceituac OCHOBHBIM TpeOOBaHHEM K pa3padOTKaM MPHUKIAJTHOTO
nporpammHoro obecnederus ([10) pasnmuyHoro HazHAYCHUS IJIS BBIYMCIMTEIBHBIX
CUCTEM SIBJISIETCS €r0 KPOCCIUIaT(OPMEHHOCTb.

KpoccrargopMeHHOCTh O3Ha4aeT, 4TO HamMCaHHash U OTKOMIWJIMPOBAHHAs
mporpaMma MOYKET 3aITyCKaThCs IO/ YIPABICHUEM Pa3IUYHBIX OIMEPAIMOHHBIX CH-
cteMm (OC) unu, kak enie Ha3bIBaloT, matdopm. Maes kpoccriaropMeHHOCTH CO-
CTOUT B TOM, YTOOBI OJIMH pa3 HAMMKMCAHHBINA KOJ MPOrpPaMMBbI 3allycKajics Obl Ha pa3-
JUYHBIX TIaTPopMax M He TpeOOoBall MepepaboTKHU MpPU MEpPexojie OT MIaTPOPMbI K
wiatgopme. Mimerorcs BBUy Takue pacmnpocTpaHeHHble miatdopmel, kak Mac OS,
Windows, Linux, i0S, Android.

Jlnst peanuzanuu KpocCIuIaTGOPMEHHOCTH HCIIOIB3YIOTCS COOTBETCTBYIOIIIHEC
cpeabl pa3pabOTKX IporpaMM, APYTUMHU CIOBaMHU, 3TO crienrdpruyeckue OnOINOTEKH,
KOTOpbIE TIOMJCPKUBAIOT TMPOTPAMMHUPOBAHUS Ha YyKa3aHHBIX Imatdopmax. T.e.,
HAJIMYME TaKOW OMOIMOTEKH IMO3BOJISET MPOTpaMMbl, HanmucanHubie B ofgHoi OC wuc-
MOJIB30BaTh B APYTOi 0€30 BCSIKOW aanTalny.

Takux cpel IOCTAaTOYHO MHOTO. YKaXKEM ISl pUMEpa IBE U3 HUX. DTO, OJIHA
U3 CaMbIX PACTIPOCTPAHEHHBIX CPeJl pa3padOTKU KPOCCIIATHOPMEHHBIX MPUIIOKECHHIMA
- penaktop Qt [1]. [Ipyro# HenaBHel pa3paboTkoi sBiseTcs pperimBopk Juse [2].

O6e pa3paboTku SABISAIOTCA OuOIMOTEKaMHu ISl si3bika C++ NMPUMEHUMBIMHU B
paznuuabix OC. [loaTOMy, B HACTOSIIEM MOCOOWH MPUBEACHBI OCHOBBI TPOrPAMMHU-
pPOBaHUS Ha YKa3aHHOM SI3bIKE M OMUCAHBI MOAXOABI pa3paboTKu KpoccruiaThopMeH-
HBIX TPUJIOKEHUH, SBISIOMIUXCS PE3YIHTATOM BBIMOTHEHUS 33JlaHUN MPAKTUYECKUX
3aHATUN. [IprBeieHa Takke METOAMKA PELICHUS 3aa4 YKa3aHHbIX 3aHATHUM.

[TepBbIii pa3gen mMoOCOOWs TOCBSIICH OCHOBHBIM KOHCTPYKITHSIM SI3bIKA TIPO-

rpammupoBanus C++. 31ech pacCMOTPEHBI CTPYKTYPHI S3bIKa, padoTa ¢ QyHKIHUSIMH,
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WM METOJaMU ToJib3oBaTessl. Takxke, yIeJeH0 BHUMaHue OCHOBaM OOBEKTHO- OpH-
SHTUPOBAHHOTO TTPOTPAMMHUPOBAHHKS U Pa3pab0OTKe OKOHHBIX MPUIIOKECHHM, T.€. TIPH-
JIO’)KEHUN, CHaOXeHHBIX HHTEep(delicoM. Marepuan npuBeAeH 0030pHO B pacyeTe Ha
TO, YTO OCHOBBI SI3bIKA YK€ U3yUEHbI U OCBOCHBI MPAKTHUYECKHU.

Bo BTOpOM pasnene mocobusi comepxKaTcs MOSCHEHUSI 1 METOUKA BBITIOJHCHUS
MCCJIEIOBAHUM KaXK0M M3 1abopaTopHbIX padoT no aucuumuivae «Pa3zpaborka kpoc-
cruTaTpOPMEHHBIX IPUIOKEeHUNH C++».

Martepuan onmcaH TOCTATOYHO MOAPOOHO M CHA0XEH HEOOXOIUMBIMHU CChLIKA-

MU, WIUTIOCTpAlUAMHA U IIPUMCPAaMU COCTABJICHHUA IIPOTPAMM.



1 bazoBbie kOHCTpYKIMU C++

B stom pasnene mocoOusi MPUBEACHBI CBEACHUA TEOPETUUYECKUE U TpaKTHUe-
CKHE, KOTOpbIe HEOOXOIMMBI JJIsi COCTABIICHUS MPOTpaMM Ha si3bike C++ Uit BBITIOJ-
HEHUs 3aJIaHUi J1abopaTOpHBIX padOT no aucuuiuinHe «Pa3zpaboTka kpoccmiatdop-

MEHHBIX NMpUIoKeHu C++y».

1.1 Ocobennoctu ucnosb3oBanus GyHkmmii B C++

OCHOBHOM cocTaBIIsItOIIEH 10001 MporpamMmel, HanucaHHOW Ha C++, SBISIOTCA

(yHKUIHH, UM €11I€ TOBOPSAT - METOIBI.

1.1.1 OGume cBeaeHust 0 PYHKIUAX

@yHKIMA — 3TO NOMMEHOBAHHBI Ha0Op OMUCAHUN U ONEPATOPOB, BBIOJIHSA-
IOIUX ONpenenéHHyro 3anady. OyHKIMSA MOXET NMPUHUMATh MapaMeTpsl U BO3Bpa-
math 3Hayenue. Mudopmanus, nepenapaemas B QyHKIHIO JUisi 0OpaOOTKH, Ha3bIBa-
€TCsl IapaMEeTPOM, a pe3yJIbTaT BBIYMCICHUS PYHKIUY - €€ 3HaueHueM. OOpaleHue K
(GYHKIIMM Ha3bIBAIOT «BbI30BOM». JIt0Oas mporpamma Ha C++ COCTOUT U3 OJHOW WU
HecKOJbKUX (GyHKUMi. [Ipu 3amycke mporpamMmbl MEpBOM BBIMOJIHSAETCA (DYHKIIMS
main- rnaBHas (YHKIUS nporpammbl. Eciau cpemu omepaTtopoB (YHKIMH main
BCTpEYaeTcsl BbI30B (DYHKIMM, TO YNpaBlIeHHE Nepenaércs omneparopam (PyHKIUH.
Korma Bce omepatopbl (pyHKIMM OyayT BBIIIOJHEHBI, YIpPaBICHUE BO3BpAILACTCA
orepaTopy, CJIEAYIOIEMY 3a BbI30BOM (DYHKIUH.

[lepen BbI30BOM (DyHKIHMS [OJKHA ObITh 00sA3aTenbHO omucaHa. OnucaHue

(GYHKIIMHA COCTOMT U3 3ar0JIOBKA U Teja (PyHKIUU:

TUI  MMSA_ QYHKINMM (CIIMCOK INePEeMEeHHEIX )

{

TeJyIO QYHKI[MI

}



3arosioBOK (PYHKITUU COJICPIKHT:
— THWI BO3BpamaeMoro (pyHKIueH 3HaUYeHUs, OH MOXET OBITh JIFOOBIM, €CIH (PyHK-
IIMsI HE BO3BpAIAET 3HAYEHUS, YKA3bIBAIOT THI VOid,
— uMA QYHKIUH,
— CIHCOK IEPEMEHHBIX — IepeUYCHb MepeaBacMbIX B (DYHKIIUIO BEIUYUH (apry-
MEHTOB), KOTOPBIE OTACISIOTCS IPYT OT Jpyra 3amsThIMU; JJIs KaKI0H TIEpeMeH-
HOM M3 CIHCKA YKa3bIBACTCS THIT M UM, €CITH (DYHKITUSA HE IMEET apTyMEHTOB, TO

B CKOOKax yKa3bIBaIOT MO0 THI void, 1100 HUYETO.

Teno pyHkuu npeacrapisger co0oil Mocaea0BaTeIbHOCTh OMUCAHUN U omepa-
TOPOB, 3aAKITIOYEHHBIX B (PUTYPHBIE CKOOKH.

B o6miem Buze cTpykTypa nporpammel Ha C++ MOXET UMETh BUJL:
ANMPEKTWBE KOMIIMIIATOPA

Turl  vMsA 1 (COMCOK INepeMeHHEX)

{
Tesi0 QyHKIuM 1;

}

TUIl  ¥MsA 2 (COMCOK INepeMeHHEX)

{
TeJIO QYHKLMU 2 ;

}

TUIl MM N (COMCOK NepeMeHHEX)

{

Teﬂo_d) YHKIMA N}

}

i1 nt main ( CHMCOK INEPEMEHHEX )

{

//Temo  QyHKLMM  MOXET COHEepXaTh  OMNEepaTOPE  BEBOBA  QYHKIMHA
mvs 1, wnMa 2, ..., uMMA N TeJO OCHOBHOM QYHKLWM;

}



Opnako, nonyctuma u jipyras (opma 3anucu nporpaMMHOTO Koja:
AVMPEeKTVMBE KOMIIVMJIATOPA

Tyl uMA 1 (COMCOK NEePeMeHHEIX) ; Tull wuMs 2 (COMCOK IIepPeMEeHHEIX) ;

TUII MM N (COMCOK IIePEeMEeHHEIX) ;
int main (COMCOK INEepEeMEeHHEX )

{
//Temo  QyHKLMM  MOXET CoHepXaTb  ONepaTOpPE  BEBOBA  QYHKIMMA
mMa 1, wmmsa 2, ..., MMS N TeJO OCHOBHOM QYHKLMM;

}

Ty uMA 1 (CHMCOK NepeMeHHEIX)

{

Tesi0 QyHKIuM 1;

}

TUIl  ¥MsA 2 (COMCOK INepeMeHHEX)

{

TeJIO0 QYHKIMM 2;

}

THUII  MMS N (COMCOK INepPEeMeHHEIX)

{

TeJIO QYHKIMM n;
}

3nech (YHKIIMU OMUCaHbI TTocsie PyHKIMU main(), OTHAKO A0 HEeE MepEeUnCIICHbI
3aroyioBKM Bcex (pyHKiui. Takoro poaa omepexarolve 3arojoBKH Ha3bIBAIOT
nporotunamMu QyHkiui. [IpoToTUIl yKa3bIBaeT KOMIWISTOPY THI JAaHHBIX, BO3Bpa-
naeMbIX (PyHKIMEH, TUM MEPEMEHHBIX, BHICTYIAIOIINX B POJIM apTyMEHTOB, U TOPSI-
JOK UX cienoBaHus. [IpoToTumbl HCHOIB3YyIOTCS ISl TPOBEPKU MPABUIBHOCTH BBI30-
Ba ()YHKIIMI B OCHOBHOUM mporpamme. liMeHa nmepeMeHHbIX, yKa3aHHbIC B MPOTOTHIIC

(GyHKUHMH, KOMITUIISTOP UTHOPUPYET:
//3anmucyu paBHOCUIILHEI.

int func (int a, int b);
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int func (int , int );

BbI3BaTh QyHKIMIO MOKHO B JIFOOOM MecTe mporpaMmsl. JIiist BbI3oBa (QyHKIMH
HEOOXOMMO yKa3zaTh €€ MMS M B KPYIJIBIX CKOOKax, 4epe3 3aliTyio MepeYrCIIUTh
MMEHA WJIM 3HAYEHUS apTyMEHTOB, €CJIM TAKOBBIE UMEIOTCS:

vMs  QYHKIMN (COMCOK [ePEeMEeHHEIX) ;

Paccmorpum npumep. Cozgaaum dyukiuto f(), KkoTopas HE UMEET BXOJHBIX
3HauYeHUU U He GOpMHPYET pe3yabTaT. [Ipu BhI30BE 3TON (YHKIIMM HA DKPaH BBIBO-
JTUTCSL cTpoka cuMBOJIOB " 3apaBcTBY, ['anaktuka! 3npaBctByid, Beenennas!" (mu-

ctunr 1.1).

Jluctunr 1.1- [Ipumep obpaiienust kK GyHKIUA
#include <iostream >

using namespace std ;

void £ () //Onmucanmue QyHKIMMI.

{

cout << "BppaBcTBy1, "o,

}

int main( )

{

£ () 7

//BEIBOB QYHKIMIU.

cout <<"Mup!" << endl ;
r () ;
//BEI3OB Oy HKIIMIM .
cout <<"T'ajakrmxal!" << endl ; £ () ; //BEIZOB QYHKIIMM.
cout <<"Bcemexnnas!" << endl ;

}
PesynpTaTom paGoThl IporpamMmbl OyIyT TPU CTPOKHU:
3npaBctByid, Mup!

3npaBcTByH, ['anmaktukal 3npaBcTByil, Becenennas!

Ecnu tun Bo3BpalnaeMoro 3HadeHus He void, To PYHKIIHUS MOKET BXOJUTh B CO-
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CTaB BBIpaKeHUH. THUIBI U MOPSIOK CIIEIOBAHUS TIEPEMEHHBIX B ONPEIEICHUN U TIPU
BBI30BE (DYHKITMHU JOJDKHBI COBManaTh. J[is Toro 4roObl (GyHKIHS BEpHYJIa Kakoe-
1100 3HaYCHUE, B HE JOJIKEH OBITh OTepaTop:

return (BrepaxeHMue) ;

Jlanee mpuBenéH MpUMeEp MPOrpaMMBbl, KOTOpasi BRIYHUCIISCT 3HAYCHHUE BBIpaKe-
HUA sin2(a) + cos2(o) mpu 3aJaHHOM 3HAYEHUU o. 31ech (GyHKIUs radian BBITIOJHSET

TIEPEBOJI TPAyCHOM MEphI yIiia B paJraHHyr (JTUCTUHT 1.2).

Jluctunr 1.2- [Ipumep GyHKIMN, BO3BpaIAIONIEH 3HAYCHNE
#include <iostream >

#include <math.h>

#define PI 3.14159

using namespace std ;

double radian (int deg, int min, int sec)

{

return (deg * PI/180+minx* PI /180/60+ sec * PI / 180/60/60) ;
}

int main( )

{

int DEG, MIN, SEC; double RAD;

//BBOn IaHHEIX.

cout<<"Inpout : "<<endl ; //BenmumHa yIJia:
cout<<"DEG = " ; cin >>DEG; //rpanycesl,
COut<<"MIN = " ; cin >>MIN ; //MuUHYTEI,

cout<<" SEC =" ;

cin >>SEC ; //CeKyHnE.

//BennumuHa yrjia B panMaHax.

RAD=radian (DEG, MIN, SEC) ; //BEBOB QyHKIMH.

cout << "Va l ue inr a di a n A = "<<RAD << endl ;
//BBIUMCIIEHE BHAYUEHMUS BRPAXEHUS M €I'0 BEBOL.

cout << " sin (A ) "2 +cos (A) ~2 =",

cout << pow ( sin (RAD) , 2 )+pow ( cos (RAD) , 2 ) << endl ;
return 0;

}
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ITepemeHHbIe, onKUcaHHbIE BHYTPU (DYHKLMHU, a TaKKe NEPEMEHHbIE U3 CIMCKa
apryMEHTOB, SIBIISIIOTCA JIOKadbHBIMU. Hampumep, eciu mporpamMma COAEp>KUT MATh
pa3HbIX (YHKIINH, B KOXIOH M3 KOTOPBIX omucaHa nepemeHHas N, To mis C++ 310
ISTh Pa3IMyYHBIX NepeMeHHbIX. O0JacTh AEMCTBUS JIOKAJbHOW IEPEMEHHONW HE BBI-
XOJIUT 32 paMKH (YHKIMH. 3HAYEHMs JIOKAJbHBIX MEPEMEHHBIX MEXIY BBI30BAMHU
OJTHOM U TOM ke (PYHKIIMU HE COXPAHSIIOTCH.

[lepemenHbIe, onpenenénnble 10 00OBABICHUS BCEX (DYHKIIMI U TOCTYIHBIE BCEM
(byHKIUSAM, HA3bIBAIOT TNI00anbHBIMUA. B QyHKIIMHN T100ambHyI0 IEPEMEHHYI0 MOYKHO
OTJIMYUTH, €CJIM HE ONMCaHa JIOKAJIbHAs IEPEMEHHAS C TEMH K€ UMEHEM.

['moGanpHBIE TEpeMEHHbIC TPUMEHSIOT I TIepeladnl JaHHBIX MEXIy (QyHKIIU-
SIMH, HO 3TO 3aTpyJHSAET OTJIAJKy Mmporpammsl. J[is oOMeHa JaHHBIMH MEXAY (QYHK-

[USMU UCTIONB3YIOT TapamMeTpbl GYHKIUNA U 3HAUCHHUS, BO3BpaIllaeMble GyHKIIUSIMH.

1.2.1 O6meH naHHBIMU ¢ QYHKITUSIMH

OOmeH uHpOpMaLKe MEXIy BbI3bIBAEMOW W BbI3bIBAIOLIEH (DYHKLIHUSIMHU OCY-
HIECTBJISIETCS C MMOMOILBIO MEXaHW3Ma nepeaadyn napamerpoB. CHCOK MEPEMEHHBIX,
YKa3aHHBII B 3aroyioBKE€ (pYHKIIMM, HA3bIBAETCA (POPMAJbHBIMH IapaMeTpamu HWId
npocto napamerpamMu GpyHkiu. CUCOK MEPEMEHHBIX B OIlepaTope BbI30Ba (PYHKIIMH
- 3TO (paKTHUECKHE MapaMEeTPhl WM APTyMEHTBHI.

MexaHu3M nepenayu napaMmeTrpoB oOecreurBaeT 3aMeHy (OopMalbHBIX Mapa-
METPOB (PaKTUYECKUMH MapaMeTpaMy U MO3BOJSET BBINOJHATh PYHKIHUIO C pa3iuy-
HBIMU JTaHHBIMH. Mexay (pakTUUeCKUMHU MapamMeTpaMu B ONEPaToOpe BbI30Ba (PYHK-
UMY U (hopMaNbHBIMUA NTapaMETPaMH B 3arojIOBKEe (DYHKIIMM YCTaHABIMBAETCS B3aUM-
HO OJIHO3Ha4YHOE€ cooTBeTcTBUE. KonuuecTBo, THMBI M MOPSAOK cienoBaHus (Hop-
MaJIbHBIX U (PAKTUYECKUX MapaMeTPOB JOJKHBI COBIAAATb.

[lepenaua nmapamMeTpoB BBHIMOJHSAETCS CIEIYIOUUM 00pa3oM. BeiuucistoTcs Bbl-
pakeHus, CTOSALIME HAa MecTe (PaKTHUECKUX MapaMeTpoB. B mamsTu BblIenseTcs me-
CTO 1o (popMaJIbHbIE MapAMETPhI B COOTBETCTBUM C UX TUMAMHU. 3aTeM (HOpMaIbHBIM
napamMeTpaM IMPUCBAMBAIOTCA 3HAUYC€HUsI (PaKTUUYECKHUX. BBINONMHSAETCS MpOBEpKa TH-

IIOB U IIpH HGO6XOI[I/IMOCTI/I BBIIMTOJIHACTCA UX npeo6pa3OBaHHe.
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[lepenaua napamMeTpoB B PYHKIIMIO MOKET OCYIIECTBISATHCS MO 3HAYEHUIO U TO
ajapecy.

[Tpu mepenaye maHHBIX MO 3HAYCHUIO (QYHKIHS pabOTaeT ¢ KOMUSIMH (paKThde-
CKUX MapameTpoB, U JOCTyIa K UCXOAHBIM 3HAUCHHUSIM apryMeHToB y He€ HeT. [Ipu
nepeaave JaHHBIX M0 ajpecy B PyHKIMIO epenaéTcs: He IepeMeHHas, a e€ ajpec, H,
CJIeI0BaTEIbHO, (DYHKIMS MMEET NOCTYI K suedKaMm MaMsTH, B KOTOPBIX XPaHSITCS
3HAYCHUS apryMeHTOB. TakuMm oOpa3oM, JaHHBIC, TIEPEIaHHbIE 0 3HAYCHUIO, (DYHK-
1Ml ©K3BMEHUTh HE MOXKET, B OTJIMYKE OT JAHHBIX, IEPEIaHHBIX 0 aJpecy.

Ecnu TpeOyeTcst 3anpeTuTh U3MEHEHUE MapaMeTpa BHYTPU (YHKIIMHU, UCIIOIb-
3yl0T Moaudukarop const. 3aroyioBok (pyHKIMHA B 0OOIIEM BHje OYyJET BBITJISICTDH
TaK:

TUII uMa QyHxkumm ( const TUI_TIePEeMeHHOM* UMSA_TI€PEeMEeHHOM,

[Tpumepsl pa3aMYHOIrO BHJIA NIEPEIavu M MCIOJIb30BAHMS IEPEMEHHBIX B (DYHK-

IIUSX TIPUBEACHBI B TUCTUHTE 1.3.

Jluctunr 1.3 - [Ipumepsl pa3nuuHbIX QyHKIUN
#include <iostream>
using namespace std ;

int f1( int i ) //IaHHEIE HepenanTCs 10 BHAUYEHM

{

return ( 1 ++) ;

}

int f2 ( int * j ) //IlaHHEIE n$epemamnTCcs O anpecy. Ipm nomcra-
HOBKe QakKTHMYEeCKOI'O HnapamMerpa,

//0Os MOJIydeHMs €0 3HAYEHMs, [IPHUMEHSIETCs OIepalrMs pasalpeca-—
anZiZ 8

{

return ( ( * j )++) ;

}

int f3 ( const int * k) //VBMeHeHMe mnapaMeTrpa HE OpenyCMOTpe-—

HO
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{
return ( ( ¥ k )++) ;

}

int main ( )

{

int a ;
cout<<" a =" ; cin >>a ; fl(a) ;
cout<<" g = "<<a<<" \ n " ;

f2(&a) ; //Ousa nepemaum QaxTHUUYECKOI'O [HapaMeTpa MCIOJIB3YyeTCs

omnepalmsa B3ATHUA amgpeca &

cout<<" a "<<a<<" \ n " ; f3(&a) ;

C’Out<<" a = "<<a<<" \ n ” ;

return 0 ;}

PesynbpTaT paboThl IpOrpaMMBI:

BBeneno 3HaueHue nNepemMeHHOM a.

a=5

3HaueHue nepeMeHHou a nocie Bbi3oBa GyHKIUU f1 HE NU3MEHUITOCH.

a=5

3HaueHue MepeMeHHOH a mocie BbI30Ba GyHKIMH 2 H3MEHUIOCH.

a=6

3HaueHue MepeMEeHHOM a nocie Bbi30Ba (yHKIMHU f3 HE U3MEHUIIOCH.

a=6

Y 100HO UCHOJIb30BaTh NEpPeIavy AAHHBIX MO aIPECy, €CIIU HY>KHO 4TOObI (PyHK-
1S U3MEHsIa 3HAaYEHUS IEPEMEHHBIX B BBI3bIBAIOILEH MPOTPAMME.

Bo3sBpar pe3ynbrata u3 QyHKIIMH B BHI3BIBAIOIILYIO €€ (YHKIIUIO OCYIIECTBIISET-

Ci oriepaTopom
return BLHIpaxeHUe;

Paboraet oneparop cieayroumm o6pa3oM. Berancnsercst 3HaueHrue BbIpaXXeHus,
yYKa3aHHOTro mocie return, U npeoOpa3yeTcsi K TUIY BO3BpaIlaeMoro (GpyHKIuei 3Ha-
yeHus1. BoimonHeHne QyHKIIMH 3aBEpILAeTCs], a BHIYMCIEHHOE 3HaUeHUE nepeaaéres B

BbI3BIBANONIYIO0 (GyHKIMIO. JIFOOBIE omepaTopsl, cienyione B (GYHKIHMH 3a Orepa-
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TOpOM return, urHopupytotcs. [IporpamMma npopomkaer cBoro paboTy ¢ omepaTopa,
CJIEYIOILIETO 32 OMEePaTOPOM BBI30BA JAHHOW (DYHKITUH.

Omneparop return MOKeT OTCYTCTBOBaTh B (PYHKIMSX Tuma void, ecinu Bo3Bpar
MIPOMCXOJIUT TEepe]] 3aKphIBAIOIICHCS (GUTYPHOUM CKOOKOM, U B PYHKIIUM main.

Taxxe (yHKIUS MOXET COAEpX,aTh HECKOJIBKO OMEpaTopoB return, €Ciu 3TO
OIpeNIeNIeH0 TMOTpeOHOCTAMU anropuT™ma. Hampumep, B crienyromel mporpamme
dbyHKIMSA equation BEIYMCISET KOPHHU KBajapaTHOro ypaBHeHus. Ecau a = 0 (ypaBHe-
HUE HE SBISETCS KBAJPaTHBIM), TO B MMPOrpaMMy Iepeaaércs 3HaueHue paBHoe 1, ec-
JY TUCKPUMMHAHT OTPULIATENIbHBIN (YypaBHEHHE HE UMEET NeHCTBUTEIbHBIX KOPHEH),
TO 1, @ €ClM MONOKUTENbHBIN, TO BBIYUCIAIOTCS KOPHU YPAaBHEHUS U B MPOTPaAMMy

nepeaaéres 0 (muctunr 1.4).

Jluctunr 1.4 — [Ipumep QyHKIIMH, BO3BpaNIaIOIe 3HAUCHUS

#include <iostream >

#include <math.h>

using namespace s t d ;

int equation (float a, float b, float ¢ , float * x1 , float =
x2 )

{ float D=b*b—-4+*a * Cc ;

if ( a==0) return -1;

else 1if (D<0) return 1 ;

else

{

* x1=(-b+s g r t (D) ) /2/ a ;

* x2=(-b-s g r t (D) ) /2/ a ;

return 0 ;

}

}

int main( )
{
float A, B, C, X1 , X2 ; int P ;

cout<<" Enter the coefficient sof the equation : "<<e n d 1 ;
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cout<<" A =" ; cin >>A;
cout<<" B =" ; ¢ n >>B ; cout<<" C =" ; cin >>C ;

P=equation(A, B, C, &X1 , &X2 ) ;

if (P==-1) cout<<" input Error "<<endl ;
else 1if (P==1) cout<<" N o r e al r oo t s "<<endl ;
else cout<<" X 1 = "<<XI<<" X 2 = "<<X2<<endl ;

return 0 ;

}

1.1.3 OGnacTb BUIUMOCTH NIEPEMEHHBIX B (DYHKIIUAX

[To mecTy 0ObsABIEHUS MepeMeHHbIE B si3bike C++ AensaTcs Ha TP Kiacca: JIo-
KaJbHBIC, TI100aNbHBIC U TIEpEMEHHBIC, OMMCAaHHBIC B CIIUCKE (POpPMAbHBIX MapamMeT-
poB QpyHKuMiA. Bee 3TH nepeMeHHble UMEIOT pa3Hylo 00JacTh BUAUMOCTH.

JlokanbHvle nepemennble OOBSIBISIOTCA BHYTPU (QYHKIIMU U JOCTYIHBI TOJBKO B

Hei. O Takux INCPEMCHHBIX T'OBOPAT, YTO OHW HMMCIOT JIOKAJIbHYIO BUJIHUMOCTL, TO

€CTh, BUAUMBI TOJIbKO BHYTPU (DYHKIIUH.

[ nobanvHvie nepemennvie ONUCHIBAIOT BHE BeeX (yHKUMNA. [IocKonbKy OHU J0-
CTYIIHBI U3 JIFOOOH TOUYKH MPOrpaMMbl, TO UX 00JIACTh BUIUMOCTU OXBAThHIBAET BECh
¢aitn. OIHO M TOXKE UMS MOXKET HCIOJIb30BaThCS MPH ONpPEAeTIeHUH TN00aIbHOU U
JIOKaIbHOW mepeMeHHO. B 3ToM ciyyae B Tene (QyHKUMM JOKalIbHas MEPEeMEHHAsS
UMeeT IPEUMYIIECTBO U «3aKpbIBaeT» co00¥ riaobansHyro. Bue aToil QyHKImmM «pa-
0oTaeT» riao0asbHOE OMMCAHNUE TEPEMEHHOM.

W3 QyHkuuu, rae JeHCcTBYET JIOKAJIbHOE OMUCAaHUE MEPEMEHHOM, MOKHO o0Opa-
TUTBCS K TJI00aIbHON MEPEMEHHON C TaKUM K€ UMEHEM, UCIOJb3Ysl onepamop pac-

wupenus ooracmu suoumocmu (TACTUAHT 1.5)

rnepeMeHHasl;

Jluctunr 1.5 — [IpuMepsbl KI1acCOB MEPEMEHHBIX

#include <iostream >

using namespace std ;

float pr = 100.678 ; //lIepeMmeHHas pr omnpenejieHa IJIOBAJILHO.

int prostoe (int n)
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{

int pr =1 , 1 ; //IlepemMeHHas pr omnperejeHa JIOKAJIbBHO.
if ( n<0) pr =0;

else

for (1 =2; i <=n / 2 ; 1 ++)

if ( n%i ==0){ pr =0; break ; }

cout<<" 1 ocal pr ="<<pr<<" \' n " ; //BBIBOL JIOKAJIBEHOM
IIepeMeHHO .
cout<<" gl obal pr="<<::pr<<" \' n" ; //BEIBOL IJIO—

BajIbHOM INEePEMEHHOM.
return pr ;

}

int main ( )

{
int g ;

cout<<" g =" ,; c i n >>g ;

n

if (prostoe (qg) ) cout<<" g -pr ostoe \n ;

else cout<<" g - neprostoel\n";

return 0 ;

}

Pe3ynbpTaThl paboThl IPOrPaMMBL:
g=7
local pr=1 //JloxanbHas mepeMeHHasl.

global pr=100.678 //T'noGanbHas mepeMeHHas. - Prostoe

Urak, mobas nporpamMmma Ha C++ COCTOUT U3 OJTHOM WMIIM HECKOIBKUX (DYHKIIHIA,
npuyéM OFHA U3 HUX JIOJKHA 00s13aTEbHO HOCUTh MMS main (OCHOBHOM, TJIaBHBIM).
NmeHnHo 3TOM (pyHKIMM mepenaércs ymnpaBlieHHE IMOocie 3amycka nmporpammsel. Kak
mobast GyHKIHS, main MOXKET MPUHUMATh MapaMeTpbl U BO3BpAIlaTh 3HAYCHUSA. Y
dbyHKIIMA main aBe (GOPMBI 3aIUCH:

— 0e3 mapaMeTpoB: TUL main () {Teno QyHKUIUH };
— W ¢ ABYMs mapaMerpamu: TMI main ( int argc, char * argv[ ] ) {Temo ¢ynk-

1A } .
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[IepBblil mapameTp argc onpenensieT KOJIM4ecTBO NapaMeTpoB, Mepe/1aBaeMbIX B
GYHKIIUIO Main U3 KOMaHIHOUW CTPOKU. BTopoii mapamerp argv — ykasaTeslb Ha Mac-
CUB yKazaTeneu Tumna char (MaccuB cTpok). Kakmprii 271eMEeHT MacCuBa CChIJIaeTCs Ha
OTJICJBHBIM MapamMeTp KOMaHJHOUM cTpoku. [Ipu cTaHmapTHOM 3amycke MpOorpaMMbl

argc paBHO 1, argv — MaccHUB U3 OJIHOTO AJIEMEHTA, 3TUM BJIEMEHTOM SBIISIETCA UM

3ammyckaemoro gaiina.

1.2 Ctpyktypsl s3b1ka C++

Ecnu Bo3HHMKaeT HEOOXOAUMOCTh 00pabaThiBaTh Pa3HOPOJHYIO HH(POpPMAIUIO
KaK €IMHOE 1€JI0€, TO MPUMEHSIOT THUI JaHHBIX CTPYKTYpbl. OH MO3BOJISET CTPYIIIU-
poBaTh OOBEKTHI PA3IMYHBIX TUIIOB JAHHBIX MO/ OJHUM UMEHEM.

Jlist TOTO, 9TOOBI OOBSIBUTH MEPEMEHHBIC CTPYKTYPHOTO THIIA, BHAYaAIEe HYKHO
3a/laTh HOBBIM THUIl JAHHBIX, YKa3aB UMS CTPYKTYpPbl U €€ DJIEMEHTHI. DJIEMEHTHI
CTPYKTYpPBI HA3bIBAIOTCS TOJSIMU, U MOTYT UMETh JIFOOOW THIN JAHHBIX KPOME THIIA
ITOM K€ CTPYKTYpHI. [lanee mpuBenén nmpuMep co3gaHus CTPYKTypHOTro Tuna student,
MOJIIMH KOTOPOTO SIBJSIOTCS (DaMuIIUs CTyJIeHTa, MU(p TPYyMIbl, o Hayaida ooyde-

HUA U OLCHKH I10 quBIpéM npeamMcTam:

struct student

{

//IoJIs CTPYKTYPEL:

char fio[30] ; char group[8] , int year ;
int informatika , math , fizika , history,
}

Ha ocHOBaHMM CO3aHHOTO CTPYKTYPHOI'O THIIA JaHHBIX MOKHO OIKCATh Iepe-

MeHHbIe Tumna student:
student Vasya ; //[epemenHnas Vasya tTwuna sStudent.

student ES[50] ; //MaccuB, SJEMEHTE KOTOPOI'O MMERT THUIl Stu-
dent.

student+*x ; //Yxkazaresbs Ha Tul OAaHHEIX Student.

OOpaiaroTcs K MoJIsIM MePEMEHHON CTPYKTYPHOTO THTIA TaK:

MM _CTPYKTYPE. [IOJI€
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Hampumep:
Vasya.y e a r ; //O6pameHue K [OJI0 year HNepeMeHHOo¥) Vasya.

ES[4].math ; //O6pameHmue k noJimo math sigemeHTa ES[4].

1.3 Ocuosrl OOII B C++

OOBEKTHBIN MOAXOA POAMJICA KaK CIEAYIOIIMI BaKHbIA IIar Ha IyTH Kade-
CTBEHHOI'O HaIlMcaHus OOJbIIMX IporpaMM. B HEM mpeanaraercs pasfenarb Mpo-
rpaMMy Ha CaMOCTOSATENbHbBIE YaCTH — OOBEKTHI, HAJICJIEHHbIE COOCTBEHHBIMHU CBOM-
CTBAMH, TEKYIIMM COCTOSIHUEM, U YMEIOIIME B3aMMOJIEUCTBOBATH IPYT C IPYTOM U C
OKpY>KaroIllel cpesioil — MpUMEPHO TakK, KaK 3TO MPOUCXOAUT Y OOBEKTOB pPealbHOI0
MHpa.

B ynpoménHom Buie Takas mapagurMa nojy4yuia Ha3BaHHE OOBEKTHO- OPUEH-
TupoBaHHOro nporpammupoBanus (OOII) — noaxona, KOTOPHIN MO3BOJSET UCIOIb-
30BaTh B MPOrpaMMe OOBEKTHI U JaXKe MOOLIPSET 3Ty NPAKTUKY, HO HE TPEOYeT, UTo-

OBI IIporpamMma CoCTosIa U3 OJHHUX TOJIBKO 0O0BEKTOB.

1.3.1 O6nektol. Coznanue u yaajacHue
OO0beKT B caMOM 00IIIeM CMBICIIE — 3TO OCs3aeMasi CYIIHOCTh, KOTopas YETKO
MPOSIBIISIET CBOE MOBEJICHUE.
OOBEKT COCTOUT U3 CIACAYIOMUX TPEX YaCTE:
— UM 00BEKTa;
— CcOCTOsTHUE (3HAYCHHUE €TO IEPEMCHHBIX );

— MeTobl (PyHKIUN).

OpHoTumnHBIE 00BEKTHI 00pa3yloT kJacc. [log oMHOTUMHBIMU OOBEKTAMU MBI
MOHMMAEM TaKue OOBEKTHI, Y KOTOPHIX OJJMHAKOBBI HAOOPHI METOJIOB U TIEPEMEHHBIX
COCTOSIHHUSI.

CuHTaKcHC OIMCAHUS KJlacca BO MHOTOM KOIHUPYET CHUHTAKCUC OMHCAHUS

CTPYKTYphI. B mpocreiem ciydae Kjaacc ONUChIBAETCS TaK:

class MMSA KJiacca
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{

BaKPEITEIE YJIEHEl KJjilacca
public
OTKPEBITEIE YJIEHBl KJjlacca
b
Kak u npu oOBSBICHUHN CTPYKTYphI, UMs KJIacCa CTAHOBUTCS HOBBIM HMEHEM
TUTA JaHHBIX, KOTOPOE MOKHO HMCIIOJIb30BATh JJISl OOBABICHUS TIEPEMEHHBIX (00BEK-
TOB Kjacca). UneHamu kiacca OyAayT nepeMeHHbIe U PYHKIUU, OObSIBICHHBIC BHYT-
pu Kknacca. yHKIMU-YICHBI KJ1acca Ha3bIBAIOT METOJAMHU 3TOrO KJIacca, a MepeMeH-
HblE- YWICHBI KJIACCa HAa3bIBAIOT CBOMCTBAMU KJlacca.
B C++ monsitust OOIT ncnonb3yroTes ciieayronmm oopasom |3, 4]:
—  «KJIACC»: TOJIb30BATEIbCKUN THUIT JAHHBIX, BO MHOTOM aHAJOTUYHBINA CTPYKTY-
pe;
— «OOBEKT KJaccay WIIU «IepEeMEHHAas-dK3eMIUISIp Kilaccay: MepeMeHHas, B OMu-
CaHUH KOTOPOM KAKOM-TO KJIACC yKa3aH B KAYECTBE THUIA TAHHBIX;
— «CBOWCTBO» WM «IE€PEMEHHAasA-YIeH Kjacca»: NepeMeHHas, OObsBIICHHAA
BHYTpHU KJlacca (Kak IoJie BHYTPU CTPYKTYPbI); Ha MPAKTUKE YaIlle TOBOPAT HE
O CBOICTBE KJIacca, a O CBOMCTBE 00BEKTA, TaK KaK JJisi KOHKPETHBIX 00BEKTOB
MepeMEHHbIE — YJIEHBI KJlacca 00J1a1at0T KOHKPETHBIMUA 3HAYEHUSIMU U MTOTO-
MYy UMEIOT KOHKPETHBIA CMBICIL.
— «Metof »: QpyHKIMS, 00BsBIEHHAs: BHYTPH Kjacca.
[To ymomyanuto Bce PyHKIMU U TIEPEMEHHbBIE, OOBSIBIECHHBIE B KJIACCE, SABIISIOT-
Csl 3aKPBITBIMH, T. €. IPUHAJICKAT 3aKPBITOM CEKIMU Kiacca. ITO 3HAYUT, YTO OHH
JTOCTYIHBI JUIsl OOpalieHus] TOJIBKO W3HYTPH YJIEHOB 3TOT0 Kilacca M HEAOCTYIHBI
u3BHE. JI1s1 0OBSBIEHHSI OTKPBITBIX WICHOB KJAcCa HUCIOJIb3YETCS KIHOYEBOE CIIOBO
public ¢ nBoeTrourem, 0003HaUAOIIEEe HAYAJIO OTKPHITOW CEKIMU Kilacca. Bee dieHsr
KJj1acca, oOBbSBICHHBIE TIOCIIE cloBa public, TOCTYMHBI JyIsl OOpalleHHs] KaK U3HYTPH
ATOTO K€ Kjacca, W i JIFoOOW ApYyro 4acTh MPOTpaMMbl, B KOTOPOW JTOCTYIIEH

KJIacc.
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OTKpBITBIX U 3aKPBITHIX CEKLUN B KIACCE MOXKET ObITh HECKOJIBKO, U OHU MOTYT
IIPOU3BOJIBHO YepenoBaThcs. [Ipu HeoOxoaumocT 0003HAYNTH OUYEPEAHYIO 3aKphl-
TYIO CEKLIUIO0, €€ Hauyajo 0003HauaeTcs KIYEBbIM CJIOBOM private.

PaccmoTpuM B kauecTBe IpuMepa OOBEKT, MPEACTABISAIONIMI cOO0H TeoMeTpu-
YECKU BEKTOP B TPEXMEPHOM IMPOCTpaHCTBE. JlJI1 IPOCTOTHI OTPAaHUYMMCST XpaHe-
HUEM B O0BEKTE TPEX KOOpAUHAT U (PYHKLMH, BBIYUCIAIOMIEH MOyJIb BEKTOpa (JIu-

ctuHr 1.6).

Jluctunr 1.6- [Ipumep 3anucu kimacca

classs patial vector

{

public

double abs ( ) ;

private

double x , yv , z ;

bz
JloO6aBUB B CTPYKTYpPY WU B KJIACC KaKOW-HUOYJb METOJI, MOKHO BbI3BAaTh €0

I KOHKPCTHOT'O 00BEKTA. O6paHleHI/I€ K COIOCPKUMOMY 00BEKTa BBIMOIHICTCSA C
WCIIOJIb30BaHUEM OIEpalMK «.» (MO0 OMepalru «->», €CIU HY>KHO OOpaTUTHCS 1O

yKazaTenno Ha o0bekT). Hampumep, 3TO MOXXHO clenath B TIaBHON (YHKIIMU TPO-

rpammbl (Jtuctur 1.7).

JIuctunr 1.7- O6parienue K MeTony kiacca u3 GpyHkim main()

main ( )

{

spatial vector a , b ;

double d ;

d = a.abs () ;
}

OueBugHo, uto ¢yHKuHs abs(), oObsiBIeHHas B kiacce spatial vector, BO3-

BpamaeT aOCOJIOTHOE 3HaueHWe BekTopa. OIHAaKO Mg TOro, 4TOOBI MpOrpaMma
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CKOMITMJIMPOBAJIACH, MOce 00bIBICHU (PYHKIHIO abs() HyKHO eIIé onpeaeauTh (T.
€. HamucaTh Teyo ATo QyHKimu). OnpenencHne METOIa BBIMOTHAETCS TakK K€, Kak
OOBIYHOM (hYHKIIMH, TOJIBKO B UIMEHH METOJ[a HY)KHO YKa3aTh, YTO OH NMPUHAIJICIKUT
KOHKPETHOMY Kiiaccy. [[j1s1 3TOro Mcnoap3yeTcsi oneparop paciimpeHus o0JacTH BU-
TUMOCTH «::». MIMs Kilacca 3amuchIBaeTCs Tepen MMEHeM (YHKIUHU, OTIAEIEHHOE
JBOMHBIM ABOeTOuMeM. Hampumep, B clieyromiemM npumMepe Mbl 00bSIBUM BCE TOT K€
KJiacc spatial_vector ¢ ABymst MeTogaMu (YCTaHOBHUTH 3HAUEHHUSI KOOPAMHAT BEKTOPA

H I1IOCHYUTATh €TI0 MOI[y.TIB) H OIIMIIIEM 3TH MCTOJbI B IUCTHUHI'C 1.8.

Jluctunr 1.8- [Ipumep mporpaMmbl ¢ METOIOM KJlacca
#include <iostream >

#include <math.h>

using namespace std ;

class spatial vector

{

double x , v , z ;

public

void set (double a , double b , double c) ;
double abs () ;

b

void spatial vector :: set (double a , double b , double c)
{

x=a ; y=b ; z=c ;

}

double spatial vector :: abs()

{

return sqgrt (x*x + y*y + z¥z) ;
}

main ( )

{

spatial vector a;

a.set (1,2,3);

cout << a.abs ()<< endl ;

}
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1.3.2 Bunab! HaciieoBaHus

HacnenoBaHne KinaccoB MO3BOJISIET CTPOUTH UEPAPXHIO, HABEPXY KOTOPOU HAXO-
nsTcs Oosiee oOIIME Kiacchl, a BHM3Y - Oosiee crnernuain3upoBanHbie. [lonpodyem
MIPUBECTHU HATISIAHBIA MPUMEP HUEpAPXUU HaclenoBaHus. [Ipeanonoxum, Mbl co3aa-
&M 00BEKTHO-OPUEHTHUPOBAHHYIO CHUCTEMY PabOThl ¢ rpadUKOW, W MPEAYyCMOTPEIN
KJIacc point, OMUCHIBAIONINNA OTACIbHYIO IBYMEPHYIO TOUKY Ha dKpaHe. B aTom kiac-
CE XpaHATCA KOOPJAUHATHI TOUKH, €€ IIBET, a TAKXKE METOJbI JUIsl YIIPABICHUS STUMHU
naHHbIMH. [Ipy HEOOXOIMMOCTH MOKHO JIETKO CO3/1aTh Ha 0a3e Kiracca point mpous-
BOJHBINA KJIACC, XPaHAIINN TPEXMEPHYIO BEPIIMHY (Hampumep, vertex): J00aBUTh B
HEM TPETHIO KOOPJMHATY, COOTBETCTBYIOUINE KOHCTPYKTOPHI, MOJAU(PUIIUPOBATH HE-
KOTOpbIE MeTOAbl. OJTHAKO HE CleAyeT MyTaTh OTHOUIEHNWE HACIEAOBAaHUS C OTHOLIE-
HUEM BKJIOYeHUs. Hampumep, OyneT HeTOruYHbIM CTPOUTH Ha 0a3ze Kiacca point win
KJIacca vertex Kjacc region, ONUChIBAIOIIUNA O0OBEKTHI C MPOU3BOIBHBIM KOJUYECTBOM
BEPIINH: CKOpee, 3TO JOJKEH ObITh KJIACC-KOHTEHHEp, coAepk alifii B cede MaccuB
00OBEKTOB point UK vertex.

Takum 00pa3om, ecTb CMBICI CO3/1aBaTh Ha 0a3e CyIIECTBYIONIETO Kjacca Mpo-
W3BOJIHBIN, €CIIM Mbl XOTHUM TIOJYYUTh YACTHBIM cliydail ¢ MOIuGUIIMPOBAHHOM
(YyHKIHOHATBHOCTHIO.

B C++ HOBBIIT KJ1acc CTPOUTCS HA 0a3e y)Ke CYIIECTBYIOIIETO ¢ MOMOIIBI0 KOH-
CTPYKILIMU CIIEIYIONIETO BUAA!

class parent { . . . . . } ;

class child : [ MmMommdmraTop HacHemoBaHmus ] parent {

[Ipu omnpeneneHnH Kiacca-MmOTOMKA, 3a €r0 MMEHEM CIIEyeT pa3JaeiauTelb-
JIBOETOUHME «:», 3aTeM HeoOs3aTeIbHbIM MOAU(PUKATOP HACICAOBAHUS W UMS POIH-
TEJIBCKOTO Kiacca. MoaudukaTop HacieI0BaHUs ONpeAeseT BUIMMOCTh Hacieaye-
MBIX IEPEMEHHBIX U METOJIOB JIJI KJIACCa-MOTOMKA U €r0 BO3MOKHBIX MOTOMKOB. Ta-
KM CIIOCOOOM OIpejiessieTcs, Kakue MpaBa JOCTYNa K MEPEMEHHBIM M METOJaM

KJ1acca-poauTens OyAyT «IeJerupOBaHbD» KIacCy-IIOTOMKY.
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[Tpu peanu3zanuu HacienoBaHUs 00JacTh BUAMMOCTH MPHHAICKAIINX KIIACCy
JTAHHBIX U METOJOB MOKHO OMPENEISATh BHIOOPOM OTHOTO M3 CIACAYIOMHUX MOAU(U-
KaTOPOB JIOCTYTIA:

— private (3aKpbIThIN);
— public (o6menocTymHbIN);
— protected (3amUIIEHHBIN).

Ot MoaudUKATOPHl MOTYT MPOW3BOJIBHO UYEPEIOBATHCS BHYTPH OIHUCAHUS
KJIacca M yXe HMCIIOJIb30BAIMCh HAMH TSI 0003HAYCHHSI OTKPBITBIX M 3aKPBITHIX CEK-
Ui Knacca. MoaudukaTop private OMUCHIBACT 3aKPHITHIE WICHBI KiIacca, TOCTYI K
KOTOPBIM UMEIOT TOJBKO METOJIbI-UJIEHBI 3TOTO Kiacca. Monudukarop public npen-
HA3HAUYeH JJIsl ONMCAHUs OOIIETOCTYHBIX 3JIEMEHTOB, JOCTYI K KOTOPBIM BO3MOKEH
13 J1000ro MecTa B MPOrpaMme, rie JO0CTYIIeH 00bEKT JaHHOTO Kiacca. Moauduka-
TOp protected Mcmonb3yeTcss TOraa, KOorjaa HeoOXOoauMO, YTOObI HEKOTOPHIE UJICHBI
0a30BOTO KJlacca OCTaBaJUCh 3aKPBITHIMH, HO ObutM OBl JOCTYHmHBI W3 KJlacca-
MOTOMKaA.

WubiMu crioBaMu, OJIHM U T€ K€ KJIIOYEBBIE CJIOBA MOTYT HCIIOJIb30BATHCA U B
KauecTBe MOAU(GUKATOPOB HACIICIOBAHUS, U B KQU€CTBE MOIN(DUKATOPOB JOCTYyIIA.

To, KaK U3MEHSETCs JOCTYII K 3JIEeMEHTaM 0a30BOr0 Kjiacca U3 METOOB MPOU3-
BOJHOTO KJIacca B 3aBHCUMOCTH OT 3Ha4YCHUSI MOAM(PUKATOPOB HACIEAOBAHMS, ITOKA-

3aHo B TaOauie 1.1.

Tabnuua 1.1- Couetanue Mou(pUKaTOpOB JOCTYIA U HACIIEIOBAHUS

MO,HH(bPIKaTOp HacJICOJOBaHU
MoaubHuKaTop nocTyna public protected private
public public protected private
protected protected protected private
prlvate HCT NOCTyIIa | HCT JOCTyIa| HCT NJOCTYyIIa

N3 Tabnuupl BUIHO, B MPOU3BOJHOM KJIacCe€ JOCTYH K 3JIeMEHTaM 0a30BOro
KJIacca MOXKET OBITh cienaH 0ojiee OrpaHMYCHHBIM, HO HUKOTJA HEIb3s CHIeNIaTh €ro

MCHCC OI'PaHUYCHHBIM.
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B crmcke 6a30BBIX KJIACCOB MOKHO YKa3bIBaTh HECKOJIBKO KHaCCOB-pO,IIPITeJIeﬁ,
Uepe3 3aITyr0, KaKaoro co CBOMM MOI[I/ICI)I/IKaTOpOM Hacja€caoBaHusa U TEM CaMbIM

IIOJIYYUTh MHOXXCCTBCHHOC HACJICJOBAHUC!

class A { . . . } ;
class B { . . . } ;
class C : public A, public B { . . . } ;

[Tpu »tom knmacc C yHacnmeayeT Kak colep:KuMoe kiacca A, Tak M kiacca B.
[Ipu BBI30BE KOHCTpYKTOpa OyIyT CHadaja BbI3BaHbl KOHCTPYKTOPHI 0A30BBIX Kilac-
coB (B mopsiake ciieqoBaHus). JlecCTpyKTOpbl, Kak BCEr/a, UMEIOT MPOTUBONOJIOKHBIN
NOPSIOK BBI30OBA.

[Ipy1 MHOKECTBEHHOM HACJIEIOBAHUM AaBTOMATUYECKH BKIIFOYAETCS MMO3JHEE CBSI-
3bIBAHHUE.

Kak yxe ynoMuHanoce, neperpyska Wwiv noJauMop@usm, T. €. BO3MOXKXHOCTb CO-
3/1aBaTh (PYHKUUU (HapUMep, METOMbI Kjacca) ¢ OAMHAKOBBIMU MMEHAMH U Pa3HBbI-
MU HabOpaMH MapaMeTpPOB, BBI3BIBAEMBIE B PA3HBIX CUTYALMSIX ISl PEIICHUS OJHO-
TUITHBIX 337a4 — 9TO OJHO M3 KIIIOUEBBIX MposiBlieHnd nmonumopduszma B C++. On-
HAaKO Kpome neperpy3ku (yHkiuii C++ MO3BOJSET MPOAENBIBATH TO K€ CaMoOe€ C
OOJBITMHCTBOM CTaHJIAPTHBIX OTIEPATOPOB.

Ha camoM gene, MOXHO CUMTaTh, YTO MEpPETpPy3Ka ONEPaTOPOB ISl CTaHAAPT-
HBIX THUIIOB JaHHBIX B HESABHOM BHJE MpucyTcTBoBaia emé B si3bike C. Hampumep,
OmepaTop JIENCHUS] MOXKET BBINOJIHATH Pa3HbIE IEUCTBUS B 3aBUCUMOCTHU OT TOT0, Ka-
KOM THUI UMEIOT €T0 apryMEHTBI: JUIsl LIEJIOYMCIICHHBIX apryMEHTOB OyAET BBIMOJIHEHO
NEJIEHUE HALIEJIO, a JUIsSl BEIIECTBEHHBIX — JEJIEHHUE YMCEN C IJIaBaroIe Toukoil. C
TOYKM 3PEHHs IPOLIECCOPA JEJIEHUE YHCEN ¢ IUIABAIOIIEH TOYKOW KapAMHAJIBHO OT-
JMYaeTcsl OT ACJICHUs Halleslo: 3aJeHCTBOBaHa JApyras MallMHHas KOMaHJa, OrepaH-
JIbI TOJDKHBI OBITH 3arPY>KEHBI B COBCEM JPYTHUE PETHCTPHI (STUEHKH MaMsITH MPOIIeC-
copa), MOCJIe Yero BHIMOJIHIETCS COBCEM Jpyrasi Mukponporpamma. Ha Gonee Bbico-

KOM YpPOBHC a6CTpaKLII/II/I onepanru OCJIOYUCICHHOIO U BECIICCTBECHHOI'O ACJICHUA MO-
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I'YT Ka3aThCsl OJMHAKOBBIMM; OJHAKO HCIOJb30BAHUE JUII HUX OJAHOTO M TOTO K€
oleparopa JIOMyCKaroT JalIeKO HE BCE SI3bIKH.

B C++ 370 siBIeHHE JOBENW A0 JIOTMYECKOTO 3aBEPIICHUS, U TEIEeph MHOTHE
BCTPOCHHBIE OIEPATOPhl MOXHO MEPErpy3uTh Uil pabOThl ¢ HOBBIMHU THUIIAMHU JaH-
HBIX. UTO- OBl meperpy3uTh ONEpaTop, MPOTPaMMUCT OOBSIBISET HOBYIO (DYHKIIHIO,
UMsI KOTOPOH COCTOMT U3 KJIIOUEBOTO CJIOBa operator U 3Haka omepaunuu. Hampumep,
neperpy3uM orepaTop + JJIs CIOKEHUs IByX 0O0BbeKTOB Kiacca spatial vector. O0b-

siBNICHHE (QYHKIIMH OYACT BHITJISIETh CISIYIOINUM 00pa3oM (JuctuHT 1.9).

Jluctunr 1.9- [Ipumep nonumopduzma

spatial vector operator+ (spatial_vectora , spatial _ vector b)

Ham nonanoOutcst mpenycMOTpeTh B Kiacce spatial vector rerrepsl (BO3Bpa-
HIAIOUIME METOJIbI) M CETTEPHI (3a4at0UIME METO/IbI) IJIsl BCEX TPEX KOOPIAUHAT, YTOOBI
BHEIIHsS (DYHKIMS MOTJIa BBITIOJHUTH MOKOOPJIMHATHOE CIOKEHHE JIBYX BEKTOPOB
(iu6o0 MBI Moy Obl OOBSBUTH (DYHKIHMIO JIPY>KECTBEHHOUW Kiaccy). Takxke Mbl
IpEeIyCMOTPUM B KJlacCe KOHCTPYKTOp, MHHUIMAIU3UPYIOMIMKA KOOPAWHATHI 3aaH-

HBIMU 3HAYCHUSAMH, U MeTO/ info, BRIBOJSAIINIA KOOPJMHATHI BEKTOpa Ha dKpaH (JIv-

ctuar 1.10).

Jluctunr 1.10- Kox nporpammsl ¢ moaumMoppuzMom
#include <iostream>

#include <math.h>

using namespace std ;

class spatial vector

{

double x , v , Z ;

public

spatial vector (double x , double y , double z)

{ this ->x=x ; this —->y=y ,; this ->z=z ; }
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double get x () { return x 7 }
double get v () { return v o/ }
double get z () { return z ; }
void set x ( double x ) { this —->x=x ; } void

set y(double y){this —>y=y;}

void s e t z ( double z ) { this ->z=z ; }

void info(){cout << "KoopmmHaTel BekTopa: "<<x<<" , "<<y<<"

"<<z<<endl;}

bz

spatial vector operator+ (spatial vector a , spatial vector b)
{

spatial vector c¢(0,0,0);

c.set x(a.get x()+b.get x());

c.set y(a.get y()+b.get y());

c.set z(a.get z()+b.get z());

return c

}

main/()

{

7

spatial vector a(1,2,3),b(10,20,30),c(0,0,0); c=a+b;

c.info () ;

}

[[Ta610HBI KJIACCOB BO MHOT'OM TOXO0H Ha IIaOJIOHBI CTPYKTYp, PaCCMOTPEH-

Hble paHee. TOYHO Tak ke, KaKk M B cliydae ma0JoHOB (DYHKIIHM, Ma0JIOHBI KJIaCCOB

IIO3BOJIAOT OTACIIUTD 06H_II/Iﬁ AJITOPHUTM OT €ro pcajm3anru 110J KOHKPETHBIC THIIbI

naHHbIX. Kilaccmdeckuii mpuMep CHUTyalluH, KOT/a BBITOJHO NMPUMEHSTH ITaOJIOHBI

KJIACCOB 3TO TaK HA3bIBACMBIC KOHTeﬁHepBI, T. €. KJIaCChbI, COACPIKAIINC Ha60pBI HC-

KOTOPBIX 3HAYCHUMN (I[I/IHaMI/I‘lCCKI/IC CIIMCKH, MAaCCHUBBI, MHO)KCCTBa). 3aKJ]aI[BIBa$I THUII

JAHHBIX dJIEMEHTa KaK mapaMmeTp IabiioHa, MOXKHO CO37aTh YHUBEPCAIbHBIN Kiacc-

KOHTeﬁHCp, a Ha €ro OCHOBC MMOPOXKIAaTb O0O0BEKTHI AJI1 XpaHCHUS Ha6op013 DJIEMCHTOB

KOHKPETHOTO THUIA — KOHTEUHEP LEIbIX YUCET, KOHTEMHED CTPOK U T. 1.

Onucanue mabiaoHa Kilacca Takke UMEET MHOro ooOmiero ¢ mabioHOM (yHK-

nuu. OnucaHue Kiacca TOYHO Tak K€ HAaUMHAIOT C KIIF0UEBOTro ciioBa template, 3a ko-
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TOPBIM CJIEyeT CHUCOK (POPMajbHBIX MapaMeTpOB I1a0JOHAa B YIJIOBBIX CKOOKax.
OTOT K€ 3aroJOBOK MOBTOPSETCSA W MEpe] ONMCAaHUEM METOAOB Kiacca. B xauecTse
napaMeTpoB MabIOHa MOXKHO TiepeiaBaTh THUIIBI JaHHBIX WM KOHCTAHTHI, HO TMEpes
UAeHTU(HUKATOPOM, 0003HAYAIOLIUM THUIl JAHHBIX, B CIHUCKE (DOPMAIbHBIX MapaMmeT-
POB CTaBUTCS KIIFOUEBOE CJIOBO class.

B orinune ot mabnoHOB (PyHKIUH, 1151 KOTOPBHIX (DaKTHUYECKUE MapaMeTphl
mabsoHa (T. €. KOHKPETHBIE THIbI TAHHBIX) ONPEAEISIOTCS MO TUIIAaM apryMEHTOB,
nepefaHHbIX (PYHKIMH, AJIs MIa0JOHOB KJIAcCOB (paKTUUECKHE MapamMeTpbl HE0OXo-
TUMO TiepenaBath siBHO. CnHCOK (DaKTHYECKUX MapaMeTpoB IIa0JIOHA yKa3bIBACTCS
IIOCJIE UMEHHU KJIacca B YIVIOBBIX CKOOKax BO BCEX CIydasx, KOrjJa UMs I1a0JI0HHOTO
KJIacca UCIOJIb3YeTCS B MPOrpaMMe — HANpUMeEp, MPU MOPOKIACHUH 00BEKTOB, WU
IIPY YKa3aHUU MPUHAJICKHOCTH dJIEMEHTa-wieHa Kiacca. JlanpHelee oOpalieHue ¢
NOPOXKAEHHBIMA 00OBEKTAMU HE OTIMYAETCS OT OOBIYHBIX KJIACCOB.

PaccMoTpuM B KadecTBe MPOCTOTO NMpUMeEpa Kiiacc point, KOTOPBIA XpaHUT Mapy
KOOpAMHAT TOYKU W UMeeT meToh info(), BRIBOASIIMI KOOpAMHATHI HA 3KpaH (Ju-

ctuar 1.11).

JIuctunr 1.11- ITpumep mabdiioHa Kiacca
#include<iostream >

using namespace s t d ;

template <class Type>

class point

{

Type x , ¥y 7

//

public

point (Type x , Type y) { this ->x=x ; this —->y=y ; }
void info ( ) ;

bz

template <class Type>

void p o i nt <Type > : : in f o ()
{
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cout<<"KoopmmHaTe TOUKM:X ="<<x<<",y="<<y<< endl ;

}

main ( )

{
point <float> f(10.1,20.5),; f.info()

}

Kak Buano, konkperusiid Tum (float) ykasan npu cozgannm o0bekTa B yIriIoBBIX
ckoOkax. TOYHO Tak K€ MOYKHO yKa3aTh JIOOOW CTaHJApTHBIA TUI JaHHBIX, WIH
M0JIb30BaTEIbCKUH THII, 00BSABICHHBIN B Iporpamme. O1HaKO HEOOXOMMO TOMHHTb,
YTO 11a0JIOHBI (PYHKIMI ¥ MIA0JIOHBI KJIACCOB MOTYT pab0OTaTh TOJIBKO JIJISl TEX TUIIOB
JaHHBIX (B T.4. KJIACCOB), KOTOPbIE MOIEPKUBAIOT HEOOXOAUMBIE OIIEPALIUH.

[ITaGyoHBI KJIACCOB, KaK M KJIACCHI, MOJACPKUBAIOT MEXAHU3M HACIIEIOBAHUS.
Bce nmpuHUUMIIBI HAcIE€AOBaHUSA IPH 3TOM OCTAIOTCSI HEM3MEHHBIMHU, YTO MO3BOJISIET

MOCTPOUTH UEPAPXUUECKYIO CTPYKTYPY IAOJIOHOB, aHAJIOTUYHYIO HEPAPXUU KIIACCOB.

1.3.3 UcknroueHus 1 ux oopadoTka

B C++ ecTh 0coOeHHBII MeXaHH3M 00Pa0OTKH UCKIIOUUTEIHHBIX CUTYAITHH.

UckmrounTtensHas cutyarus (aHTil. «exception») Wi UCKIIOUYEHUE — 3TO YTO-
TO 0COOEHHOE WUJIM HEHOpMaJlbHOE, CIIy4MBIlIeecs B padoTe nmporpamMmsl. Yaiie Bcero
UCKIIFOUEHHE — 3TO KaKasi-TO BO3HHUKILAA OLIMOKA, HO HE 0053aTeNIbHO: HallpuMep,
3TO MOXXET OBITh HECTAaHAAPTHOE CTEYEHHE OOCTOSTENILCTB MM MPOCTO CUTYAIMs,
TpeOyroIas HETUIOBOW 00pabOTKHU.

Ecnu B mporpamme (vyiv B OUOIMOTEYHOM (DYHKITUH, KOTOPYIO UCIIOJIB3YET MPO-
rpaMMa) BO3HHKAET KaKas-TO Hepaspenmmasi CUTyalus, TO TeHEpUPYyeTCs UCKITIYe-
HUE. DTO 03HAYAET, YTO BMECTO HOPMAIBLHOTO MPOJOJIKEHUSI IPOrPaMMbl yIIpaBJie-
HUE MepetaéTcs Ha APYTYyI BETKY aJTOPUTMA, CHEUAIbHO NPEIHA3HAYECHHYIO JJIS
00pabOTKM TaKOM MCKIIOYMTENIbHOM CHUTyalluu. DTa Apyras BETBb MPOTpaMMbl —
00pabOTYMK HUCKIIOYEHHUS] — MOKET MPOCTO MpEepBaTh MPOrpaMmy, a MOXKET YTO-TO
W3MEHHUTH, YTOOBI MIPOrpaMmMa MOTJIa MPOIOJDKUTH BeimodHeHue. [Ipuuém, naxe ecnu

UCKJIIOYEHHE BO3HHUKAET B OMOIMOTEYHON (DYHKIMH, 0OpaOOTUYMK UCKIIIOUEHHUS BCE
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PaBHO HaXOJIUTCS B MMPOrpaMMe, UCTIOIB3YIOIIEH 3Ty OMOIMOTEKY — B TOH 4acTH KO-
71a, KOTOpasi HETIOCPEACTBEHHO BhI3BAJIa KOHKPETHYIO HECTaHAAPTHYIO CUTYAIHIO H
MOTOMY JIYYIIIE MOXKET CTIPABUTHCS C €€ 00pabOTKOM.

UtoOBl HCKITIOUEHHE, CTeHEPHPOBAHHOE B OJHOM OJIOKE KOJa, MOTJIO HaWTH
HY)KHBI 00pa0OTUNK, HaXOMAIIUNUCS B IPYyroM OJIOKE, MPU TeHEePaIllud WCKITFOUCHUS
BBIOpachIBACTCS MHAMKATOP MCKIIOUEHUs. MHAUKATOPOM CIYKUT OOBEKT WU Tepe-
MEHHAass HEKOTOPOTO KOHKPETHOro Tuma. [Ipr BOSHUKHOBEHHMHM WCKJIIOUCHUS OyaeT
BBEIOpaH TOT 00pabOTUYNK, B OMMMCAHUK KOTOPOTO yKa3aH TOT YK€ TUIT 0KUTAeMOT0 MH-
nukaTopa. O6pabOTUYNKHM pa3IMUa0T UCKIIOUCHHS 110 THUIIAM JaHHBIX UHIUKATOpa, U
MIO3TOMY B HanOoJiee pacpoCTPaHEHHOM CTydae B KAUECTBE MHAMKATOPA YKA3bIBAIOT
00BEKT HEKOTOPOTO KJIacca, CIeNUaIbHO MPETyCMOTPEHHOTO JJIs 3TOMH 1IeIIH.

Jlnst 06pabOTKM UCKITIOYEHUs, HY>KHO TMIOMECTUTh BBI30B KOJIa, B KOTOPOM HC-
KJIFOUEHHUE MOYKET BOBHUKHYTh, B CIIEHUAIbHBIN 010K try{}. Ciegom 3a 3TuM OJ10KOM
JOJDKEH cienoBaTh 0ok catch(){}, BHyTph KOTOpPOro moMemarT Koj, oOpadaThiBa-
IO MCKITFOUMTENbHYIO CUTYyaIruio. Hampumep, eciim NCKITFOYeHNE MOYKET BO3HHK-
HYTh B HEKO QyHkuuu (), 11s ero oOpabOTKM HYHO HANKCATh CIAEAYIOIIYI0 KOH-
CTPYKIIHIO:

()

{

//PeHepMpyeM VCKJIDYEHME , €CJIM BO3HMKJIIA COOTBETCTBYRIIAd CHUTYyA-—

st
if (. . . . ) throw mHOIMKATOL ;
}
try
{
//BEIBEIBAEM  KOI, KOTOPEI  MOXET  CI'€HEPUPOBATE  MCKJIIOUCHUE :

() 7
}

catch ( mHIMkaTOp )

{
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//obpabaTeBaeM MUCKIINUYCHUE

}

OOpaboTUMK UCKIIIOUEHHUS BCErna cieayer cpasy 3a OsokoMm try{}. B kpyribix
CKOOKax mocie catch ykaspiBaeTcsi HHIUKATOP UCKITIOYEHUS, KOTOPOE ITOT OJIOK 00-
pabatbiBaeT. UTOOBI CreHEpUPOBATh MCKIIIOUEHUE, HY)KHO HCIOJB30BaTh CIICIIHAIh-
HYIO KOHCTPYKIIHIO throw, mmociie KoTOpor yKa3bIBAeTCs HHIUKATOP.

Krnacchl-mHIUKATOPHI UCKITIOUEHUS MOTYT TPHHAIICKATh K OOIIeH HepapXuu
HACJICIOBAHMSI, T. €. OBITh B OTHOIIEHUSIX «POTUTEIH-TOTOMOK». [Ipn 3TOM 00paboT-
YUKA WHIAKATOPOB-POAMTEIICKUX KJIACCOB MOTYT TEPEXBAThIBATh HMCKIIOYCHHS C
WHUKAaTOPaMHU-TIOTOMKAMH (MOKHO CUHMTATh TaKOE MOBEACHHUE MPOSBICHUEM IOJIH-
Mopdusma). [losTomy poauTenbckue 00pabOTUUKU HYKHO 00S3aTEIbHO YKa3bIBaTh
mociie JOUYEPHHUX B IEMOoUKe OJIOKOB catch — mHave mo4epHuil 00pabOTUNK HUKOT/IA
HE MOJYYUT yIpaBieHue. B camom KOHIIE IIeMOYKH MOKHO yKaszaTh catch, y KoTopo-
T0 B KPYTIJIBIX CKOOKaX BMECTO MHAMKATOpPA TPpU TOUKH. Takoi OJIOK OyneT mepexna-

TBIBaTh a0COJIIOTHO JFO0bIC UCKITIOYEHUS (JIMCTUHT 1.12).

Jluctunr 1.12- IIpumep nepexsaTa JIFOOBIX HCKIOYEHUN

class out of range : public general error{ } ;
try { . . . . . . . e e e e e e e

catch ( out of range )

{cout<<"Brixonm wuHOEexKca 3a IpaHulny Maccumsa\ n " ; }

catch (general error)

{cout<<"O6bmprt cb6orxxt B pabore nporpammel\ n " ; }

catch( . . . ){cout<<"HewumssecrTHas oumbrxa\ n " ; }

B npuBenéHHOM cXeMaTHYHOM MPHUMEPE MBI OOBSBIIIM JIBa Pa3IMYHBIX Kilacca-
WHJMKATOpa, OAUH 0a30BbIN, /IS UCKIIFOYEHUN OOIIEero TUMa, U OJUH MPOU3BOIHBIMN

OT HCTO, AJIA HUCKJIFOUUTEIbHOM CuTyaluu TuUIla ((H€)10HYCTI/IMBII>’I HHIACKC IIpH 06pa—
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HIEHUU K B MaccuBy». Eciu Obl MOpSAIOK clieoBaHUs 00pabOTYMKOB ObLT APYTHM,

00paboTunk nHAMKaTOopa out of range HUKOTJa HE CMOT Obl aKTUBUPOBATHCA.
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2 MeTtoandeckue ykKazaHHUs IO BBITOJHEHHUIO 3aJaHUM J1abOpaTOPHBIX

pabot

I[anee OIIMCAaHbI 3aJaHUA, KOTOPBIC HCO6XOI[I/IMO BBIIIOJIHUTH Ha Ha60paTOpHBIX

pa60TaX N JaHbl MCTOAUYCCKHNC YKAa3aHWA JJII UX BBIITOJIHCHUA.

2.1 JIP-1. VccnenoBanue ocoOGHHOCTEHN MCTIONb30BaHus GyHKIUNA B CH++

1) Llenu 3ausaTus

HpaKTI/I‘-ICCKOG HCCIICA0OBAHUC COCTABJICHHA IIPOI'PpaMM C MCTOJaMM I10JIb30BATC-

7151, 0COOCHHOCTEM meperpy3ku MeTogoB B C++.
2) PexoMeHanuu v MOPsA0K BBIMOJHEHUS 3a/1aHuUi

HeoOxoaumo n3yuuTh MaTepuaiibl JEKUUN 10 3TON TeMe U MyHKT 1.1 HacTos-
IIEro Iocoousl.
[TopsiioK BBITTOJIHEHMS 3aJaHUS:
a) CocTaBUTh MPOTpaMMy PEUICHHSI 5 BBIYUCIUTEIBHBIX 3324 110 CBOEMY
BapuaHTy. Onpenenenre Homepa 1-ro 3aganus:
- HEUETHBIE 110 XKypHaly: |- 3ajaHue — 3T0 HOMEp 10 KypHAIy;
- YETHBIE M0 XKypHaITy: 1-e 3amanne — 310 Ne nocnennero 3aganus- Ne 1o
)KypHaily. ECiiv TOCTUTHYT KOHEIl CIIMCKa BAPUAHTOB 3aJIaHUM, TO IIEpeu-
TH K IEPBOMY BapHaHTy U JaJiee.
b) PemuTh ykazaHHbIC 3a1aHUS U COCTABUTH OJIOK-CXEMBI aJITOPUTMOB Pe-
LIEHUS B DJIIEKTPOHHOM BUJIE.
c) CocTaBUTh OTYET, BKJIIFOUMB B HETO 33J]aHKE U €ro BhinoiHeHue. [Ipen-

CTaBHUTDL OTUCT B 3JICKTPOHHOM BHJC HA IIPOBCPKY.

3) BapuanTsl 3aganuii

1. Haittu HaumOosnbiiee 3HadeHue (xk +yk) mist maccuBOB X M y.
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16.

17,
18.
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Ynopsinounts 35eMenThl MaccuBa  X(N), pacnoioKUB MX B MOPSJIKE BO3pacTa-
HUS B TOM K€ MacCHUBe.

Haiit MUHMMAaIBHBIN U3 37IeMeHTOB MaccuBa a(N), IpUHAIICKAIINN HHTEpBAITY
(2; 14).

Jlns maccuBa a(k) HATH HanOOJbIIEe 3HAYEHUE PA3HOCTH MEXKIY PAIOM CTOS-
IIMMH 3JIEMEHTAMMU.

Haiitn HanOonbIMii 3j1eMEHT MaTpHlbl a(K,K), PACHOJIOKEHHBIA Ha TIJIABHOU
JaroHaiu.

YnopsinounTs snemMeHTsl MaccuBa X(IN), pacroioKuB UX MO YOBIBAHUIO B TOM K€
MacCUBe.

Haiit HanGosnbime 3J1eMeHThl KaxKou cTpoku Matpuilsl X(M,N) u 3anucath ux
B MaccuB Y.

Haiiti MUHUMAaNbHBIN U3 TTOJ0KUTEIBHBIX 3J1eMEHTOB MaccuBa a(N)

BbluncnuTh CyMMBI 3JIEMEHTOB KaxkJ10M cTpoku maTpuubl X(N,N), onpeaenutsb
HaUMEHbBIIIEE 3HAUCHUE ITUX CYMM U HOMEP COOTBETCTBYIOIIEH CTPOKH.

Haiitu Tpu HanmeHnbiux snementa maccuBa (a(l),a(2), ..., a(N)).

Boruncnuts Hanbosnbiee 3nadeHust pynknuu Y (1)=2*B(1)2+3B(1), ecnu B(I) 3a-
nano maccuBoMm (B(1),B(2), ..., B(N)).

HaiiTi HauMeHbIINiA SJIEMEHT MaTPUIlHI a(K,K) U3 HEPACIIOIOKEHHBIX Ha TJIaBHOM
JMaroHaiu.

Haiitn HamOosbIIMe 3eMEeHThI Kaxaoro ctoyiona matpuilsl X(M,N) u 3anucaTh
MX B MacCuB Y.

Ynopsgounts 35eMeHThl MaccuBa X(N), pacnosiokuB UX MO YOBIBAHUIO B Mac-
cuse Y.

Haiitn HauOonpmuii snement Marpuiibl a(M,N) u HOMep CTpOKM U CTOJOIA, B
KOTOPBIX OH HAXOJIUTCS.

Haiitn Hanmenpiunii snemedT Matpuiibl X(M,N) u 3anucats HyJIu B Ty CTPOKY
M CTOJIOEIL, TJI€ OH HAaXOIUTCS.

Haiitu Tpu Hanbonepux snementa MmaccuBa (a(l),a(2), ..., a(n)).

HaiitTn MakcuMaIbHBIN U3 OTPULIATEIbHBIX JIEMEHTOB MaccuBa a(n)
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Haiitu naumenbinee 3nayenue (xk +yk) nns maccuBoB Xuy.

Haiitn MakcuManbHbBIA U3 SJIEMEHTOB MaccuBa a(n), IpUHAJICKAIINI HHTEPBATY
(1;25).

Jlnst maccuBa a(K) HalTH HaMMEHbIIIEEe 3HAUYECHUE PA3HOCTH MEXIY PAIOM CTOS-
MU 3JIEMEHTAMU.

HaiiTn HauMeHBIIUN dSJeMEHT MaTpullbl a(kK,K), PacloJIOKEHHBI Ha TJIABHOM
JIAArOHAJIH.

HaiiTh MakcuMallbHBIH M MHUHHMAJbHBIM 2JIEMEHTHI MaccuBa a(n) U IOMe-
HATb MX MECTaMH

Breruncnuth Haumenblee 3HadeHust GyHkuu y(1)=5%*b(1)3+3b(1)2-b(i), ecau b(1)
3agano maccuBoM (b(1),b(2), ..., b(n)).

HaiiTi HauMeHbIIIKe 3JIEMEHTHl Ka)JI0ro CToi0Ia MaTpullbl X(m,n) U 3anucaTh
MX B MacCHB Y.

Haiitn HamOONbIINI SJEMEHT MaTpPHIIbI a(K,K) U3 HE PaCIOJIOKEHHBIX Ha
TJIAaBHOM JHMAaroHaJH.

Haiitu naubosnbiee 3HaueHue (xk -yk ) s MaccMBOBX Uy.

Jlnst maccuBa a(K) HAWTU HAWOOJBIIEE 3HAYCHHE CYMMBI MEXKIY PSIOM CTOS-

mMHU 3JICMCHTaMU.

2.2 JIP-2. ccnenoBanue anropuTMOB 00paboTKH CTpyKTyp B C++

1) Lenu 3auaTus

HccnenoBarh NpakTUUECKOE COCTaBIEHUE MPOTpaMMbl C METOAaMu JJisi oOpa-

OOTKH TaKuX CTPYKTYpP, KaK MACCHUBHI.

2) PexoMeHIalny U MOPSIOK BBITOJHCHUS 3aaHHIMA

Heo6xoaumMo M3yuuTh MaTtepualibl JICKIIUNA MO 3TOW TeMe W MyHKTHI 1.1 u 1.2

HACTOSIIETO TI0COOUSL.

HOpH}IOK BBITIOJIHCHU S 3aJaHUA:

a) CocTaBUTh POrpaMMy PEIICHHS 5 BBIYUCIHUTEIBHBIX 3a/1a4 10 CBOCMY Ba-

puanty. Onpenenenue Homepa 1-ro 3aganus:



36

- HEUETHBIE 110 XKXypHaly: |-e 3aaHue — 3T0 HOMep 110 KypHAIly;

- YeTHBIE 10 XKypHAILYy: 1-€ 3amanue — 310 Ne nociennero 3aganus- Ne mo KypHa-
ay. Ecnii TOCTUTHYT KOHEIl CMCKA BapUaHTOB 3aJlaHUi, TO MEPEUTH K MEPBOMY Ba-
pHAHTY U Jajee.

b) Pemuth ykazaHHbIC 3aJaHUS U COCTABUTH OJIOK-CXEMBI aITOPUTMOB PEUICHUS B
JIEKTPOHHOM BHUJIE.

c) CocTaBUTh OTUYET, BKIIOYMB B HETO 3a/]aHUE U €T0 BhINOJNHEHHE. [IpencTaBuTh
OTYET B AJIEKTPOHHOM BHU/JIE HA IIPOBEPKY.

3) BapuanTsl 3a1aHuii

1. BbIYMCIUTH CyMMY 3JIEMEHTOB KaKJI0TO cTposdia marpuubl A(M,N).

10
2. Bpruuciauth 3HaueHue GyHKIUU zZ=Y
i=1 k=1

HbI MaccuBoM ( X(1),X(2), ... ,X(10)), K=1,2, ..., N.

N ek .
ZSIHTX(Z), rae X(I) 3ama-

20 .
3. Bwruucauth 3HaueHue GyHKIUU Z(H=[1A+1/e +x(j), rme
i=1

X(J) 3apanbl MaccuBoM (x(1),x(2), .., X(N)). Pe3ynbraTsl 3aI0MHUTH B MacCUBE
Z.

4. Bpruucnuth cymMmy 3seMeHToB MaTpuibl A(N,N), pacnosioKeHHbIX HaJl riiaB-
HOM JUaroHaJIbIo.

5. HaliTu cymMMy TDOJIOKUTENBHBIX 3JIEMEHTOB KaXXJIOTO CTOJOIa MaTpHILIbI
X(M,N).

6. Beruucouts cymmy snemenToB Matpuilbl A(N,N), pacrosioeHHBIX MO/I IJ1aB-
HOM JUaroHaJIbIO.

7. N3 matpuusl  X(M,N) nmoctpouTh MaTpuily Y, HOMEHSIB MECTaMHU CTPOKHU U
CTOJIOLIBI.

8. OmpenenuTh KOJUYECTBO TOJIOKHUTENBHBIX W OTPUIATENbHBIX 3JIEMEHTOB
Matpuiiel A(M,N).

9. OmpenenuTh KOJIMYECTBO TMOJIOKUTEIBHBIX 3JIEMEHTOB KaXJIOTO CTOJIONa
matpuiisl A(M,N) 1 3an10MHUTH UX B MaccuBe R.

10.TTepenucaTh mepBbIC AMEMEHTHI K101 cTpoku Matpuilsl a(M,N) B maccuB B
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11.I[aHI>I OJICMCHTBI MacCCHBa A, COCTOSILIEr0 M3 N 3JIEeMEHTOB. BBIUMCINTH

1 2 n )
S=A4 + A, +.+A4 0e3 onepauuii BO3BEIACHUsS B CTCICHb

12.BeI4McIInTh 3HaueHne PyHKIUN Z = Zz !
i=1 j= ll + ]

M N
13.BbluncnuTh 3HadeHue GyHkuun Z =y > sin(i’ + j*).
i=1 j=1

14 3anana marpuna A(M,M) . Pa3genuTs 5>JI€MEHTBI KaXKJI0M CTPOKU MaTpH-

Il A Ha COOTBETCTBYIOIIUM TUArOHAJbHBIN AJIEMEHT.

15.Beruncnuth 3HaueHUe GyHKIUN Z = ZZ !
i=l j= 12] +l

N
16./Tano HaTypansHOe umcio N. Berancnuts Y K(K +1)...(K + K).

K=1
17.0HpCIIeJII/ITI> KOJIMYCCTBO ITOJIOZKHUTCIIBHBIX 2JICMCHTOB K&)K,I[Oﬁ CTPOKH MaTpHu-

bl A(M,N) u 3anoMHUTH UX B MaccuBe B.

18.Jlaro HatypanbHoe yncio N. Beranciuts )|

1
= (k%))

N
19.Jlano HatypanbHOE unciio N. BeraucanTsb Z(—l)k k> + ).
k=1
20.BprauciauTh CyMMBI 3JIEMEHTOB Kaxk10¥ cTpoku MaTpuilbl X(N,N), u 3amucarhb
ux B MmaccuB Y(N).

21.Jlanbl  HaTtypasibHOE 4YHCJIO N, JEWCTBUTENIBHOE YHCIO X. BBIYUCIHUTH

Z()

k
(k'+ 1)

22. Jlanpl HaTypanbHOE YHCIO N, JeHCTBUTENbHOE 4YUCIO X. BBIYUCIUTH

N
k 2k-1
> k"x*"" Ge3 omepauun BO3BEICHHS B CTCICHB.
k=1
23.Jlanbl  HaTypasibHOE 4YHMCIO N, JEUCTBUTEIBHOE YHCIO X. BBIYUCIHTH

ZZx+k

k=lm=k M
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24 3ananpl Matpuina A(5,6) u Bexktop B(5). Paznenuts kaxnaplii 2J€MEHT K - Oi
ctpoku Matpuiibl A Ha 31memeHT B(K).

25.3aganer Matpuiiel A(m,m) u B(M,Mm). Tlomyunts matpuity X(M,2M), co-

cTosiutyto u3 M CTOJNOLOB MaTpuusl A u M cron6uoB matpuipsl B.
LY j—1+1
26.BBIYnCINTh 3HAYCHHE QYHKIMH Z = ) > F——
i=1j=1 1L+ ]

27.Haiitu cymMMy MOJIOKHUTEIBHBIX 3JIEMEHTOB KaXK10i cTpoku MaTpuiibl X(M,N)

2.3 JIP-3. HccnenoBanre KOHCOIbHBIX puiokenuit B Visual Studio (Qt)

1) Llenu 3ansaTus

[IpakTHyeckn HCCIenoBaTh BONPOCHI COCTABICHUS KOHCOJBHBIX NPHIIOKEHUU,
BbI-SIBUTh JJOCTOMHCTBA U HEIOCTATKH.

2) PexoMeHanuu v MOpsA0K BHIMOJHEHUS 3a1aHUi

HeoOxoaumo u3yunTh Matepuaibl JEKUUA MO 3TOM Teme W myHKTsl 1.1 m 1.2
HACTOSAILIETO MOCOOHUS.

[TopsimoK BBINIOJIHEHUS 3aJaHUS:

a) CocTaBUTh MPOTrpaMMy PEIICHUS 5 BBIYUCIUTEILHBIX 3a7ad 10 CBOEMY Bapu-
anty. Onpezenenue HoMepa 1-ro 3agaHust:

- HEUYETHBIE I10 KypHAILY: |-€ 3a1aHne — 3TO HOMEP MO KypHAIY;

- YETHBIE 10 )KypHay: 1-e 3amanue — 310 Ne nocineaHero 3axanus- Ne 1o xypHa-
ny. Ecnu JOCTUTHYT KOHEL CIIMCKAa BAPUAHTOB 3aJaHUM, TO MEPEUTH K NIEPBOMY Ba-
PUAHTY U Jajee.

b) Pemuth ykazaHHbIC 3a7aHUS U COCTABUTD OJIOK-CXEMBI AJITOPUTMOB PEIICHHUS B
AIEKTPOHHOM BHJIE.

¢) CocTaBUTh OTYET, BKJIIOYMB B HErO 3aJIaHUC U €ro BhINoJHEeHUE. [IpencTaBuTh
OTYET B DJICKTPOHHOM BHUJE Ha IIPOBEPKY.

3) BapuanTsl 3a1aHuii

CoctaBuTh PYHKIKUU (METO/IBI) /IS PEIICHHUS CIASIYIOIINX 3a/1a4.



39

CocrtaBuTh nporpammy JJisi IEPEBOAA JJIUHBI B METPax B JUIMHY B CAHTUMET-
pax, omnpenenuB (YHKIIMIO, BBITIOJHSIONIYIO 3TO TpeoOpa3oBaHue W TIEPEIaB
JUIMHY B METPax B KaYECTBE MMapameTpa.

CocTaBuTh MNporpaMmy JUisi HaxO0XICHUS CYMMBI 3JIEMEHTOB Ka)KJIOTO W3
TpEX MACCHBOB, BBEJICHHBIX C KJIaBUATYPHI, ONMPEACTUB (YHKIIUIO, BHITTOTHS-
IOLIYI0 3TO JACHCTBHE, U MEPEIaBas MACCUBBI B KAUECTBE MMApaMeTpa.

. Haner uncna S, T. [omyunts ¢ wucmonb3oBaHWEeM (QYHKIIAW TOJIH30BATEIS
F(T,-25,1.17)+F(2.2,T,S-T) rne  F(A, B, C) = (2A-B-sin(C))/(5+C).
CocraBuTh mporpamMmy IepeBOJa JBOMYHOM 3allMCH HATypPaJIbHOTO YHCIIA B
JNECATUYHYIO, ONTMCAB COOTBETCTBYIONIYIO (yHKIMIO ¢ mapamerpom. [lepeBon
OCYILECTBIIATH JJIsl YMCEII, BBOAUMBIX ¢ KiaBuaTypsl. [Ipu3Hak koHIa BBOJA -
gucJo 0.

. Hanbl yucna S, T. [lonyduTs ¢ ucCnosiib30BaHUEM (PYHKIIMH MOJIH30BATEIIS C
napametpamu F=G(1,sin(S))+2G(T*S,24)-G(5,-S), rae
G(A,B)=(2A+B*B)/(A*B*2+B*5).

CoctaBuTh mporpamMmy sl pacué€ra 3HAYEHWM THUIIOTEHY3bl TPEYTOJIbHHKA,
onpenenuB (PYHKIUIO, BBIMOJIHSIONIYIO 3TOT pacu€T. KarteTsl mepenaroTcs B
Ka4eCTBE NMapaMeTPOB.

Haittu nepuMeTp aecATUyrojibHuKa, KOOPJAUHATHI BEPIIMH KOTOPOTO 3a/JaHbI.
OnpenenuTs OpoOLEAYPY BBIYUCICHUS PACCTOSIHUAS MEXAY ABYMSI TOUYKaMH,
3aIaHHBIMU CBOMMHM KOOPJIMHATaMH, KOTOPhIE MepenaroTcs PyHKIUU B Kaude-
CTBE MIapaMETPOB U3 OCHOBHOW MPOTrPAMMBI.

Haittu nmepumeTrp mECTUYroabHUKA, KOOPJAUHATHI BEPIIMH KOTOPOTO 3aJaHBbI.
OnpenenuTs NpoLEeAypy BBIUMCICHHS PACCTOSHUS MEXAY JIByMsl TOUKaMHU,
3aJlaHHBIMU CBOMMH KoopauHaTtamu. KoopaunHatel mepeparoTcss (QPyHKIIUU B
Ka4eCTBE MapaMeTPOB U3 OCHOBHOW MPOTPaMMBI.

Haiith momaaes nNATHUYrOIbHHMKA, KOOPIAMHATHI BEPIIMH KOTOPOTO 3aJaHBbI.
OnpenenuTs OpoLEeAYpPY BEIYUCICHUS PACCTOSIHUS MEXY IByMsI TOUKAMHU, 3a-

JaHHbIMHM CBOMMHU KOOpJAHWHATaAMH, U IMPOLCAYPY BbLIYHUCICHHUA IIOIIAAN TPEC-
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yroJbHUKAa MO TpeM crtopoHaMm. Omnucath (YHKIHH C COOTBETCTBYIOLIMMU
dbopMaIbHBIMU TApAMETPaMH.

10. CoctaButh mporpaMMmy BbIBOJIA Ha AKpaH BCEX HATypajbHBIX YMCEN, HE Ipe-
Bocxomsamux N u nensiuuxcst Ha Kaxayro u3 cBoux uudp. Onucatbh COOTBET-
CTBYIOIIYIO (DYHKIIMIO, MOJTYYarONIyl0 M3 OCHOBHOW IMPOTpaMMbI B Ka4eCTBE
rapaMeTpa HatypajibHOe 4uciao ¥ BosBpamarontyio RUE, ecnu oHO ymoBiie-
TBOPSET yKa3aHHOMY yCIIOBHIO.

11. Ucnonb3ys mnoanporpammy - (yHKIHIO, COCTABUTh MPOrpammy i HaXO0X-
JIEHUSI MAaKCUMAJILHOTO W3 Tpex uucen. Yucia nepenarorcss pyHKIMM B Kaye-
CTBE IMapaMeTPOB.

12. Ucnonb3ys moanporpaMmy - GyHKIUIO, COCTaBUTh MpOrpamMMmy jisl ledaTu
3HAKOB TPEX YHMCEJ, BBEACHHBIX C KJIABHATYphl U MepeAaBacMbIX (YHKIUU B
Ka4yecTBE MmapameTpa.

13. Ucnonb3ys mnoamnporpammy - (yHKIUIO, COCTaBUTh NpPOrpaMMy JijIsl BO3Be-
JICHUS] YUCeNl B LETYI0 MOJIOKUTEIbHYIO0 CTeneHb. Yncio mepemaroTcs: QyHK-
MM B KauecTBE MapaMmeTpa U3 OCHOBHOM mporpaMmsbl. Pacder BecTu i uu-
cell, IoKa He OyJIeT BBEACHO 4ncio, paBHoe 0.

14. Vicnonb3ys noamporpamMmy - (pyHKIIMIO, COCTaBUTh MPOTpaMMy JJisi BbIYHC-
nenust ¢ynkuuu Z=(X1+Y1)/(X1*Y1), rne X1 - nmepBblii KOpeHb YpaBHEHHUS
X2-4*X-1=0; Y1 - nepBblii KOpeHb ypaBHeHHs 2*Y?2 + A*Y - A2 =0 (A -
IPOU3BOJIBHOE).

15. 3anaB (GyHKIMIO, BBHIBECTH HA MEYaTh CpeHUE apu(PMETHUIECKUE TBYX MaCCH-
BOB, BBEJICHHBIX C KJaBUATyphl. MaccuB nepenaercs GyHKIIMN B Ka4ecTBE Ta-
pamerpa.

16. 3amaB (yHKIHIO, pACCUUTATh U BHIBECTH HA N€YaTh MaKCUMAaJIbHbIC 3HAYCHUS
B TpeX Mapax 4ucell, BBOJAUMBIX ¢ KiiaBuatypsl. [lapa uncen nepenaercst pyHK-
IIUU B Ka4eCTBE MapameTpa.

17. Haiiti mepumMeTp BOCEMUYTOJIBHUKA, KOOPAUHATHI BEPIINH KOTOPOTO 3aIaHBI.

OHpCJICJ'H/ITB (byHKHI/IIO BBIYHCJIICHUA pAaCCTOAHUA MCXKAY ABYMS TOYKaMH, 3a-
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JAHHBIMU CBOMMHU KoopauHaTtamu. KoopauHaTsl nepenath QPyHKIIMU B Kaye-
CTBE IMapaMeTPOB.

18. Jlanbl yeThipe mapsl ynced. [lomydnTs ¢ ucmonbp3oBaHueM (PYHKITUU TTOJIH30-
BaTessl HauOOJIBIIUM OOUIUI AeTUTENb I KK 10 Haphl.

19. JTanst yncia A, B, C. IlomyuuTs ¢ ucnonp3oBaHueM (DYHKITMHM TOJIB30BATEIIS
HauMeHblllee 3HaueHue. Yucna nepenarorcss GyHKIUU U3 OCHOBHOM MPOrpam-
MBI B Ka4ECTBE MTapaMeTPOB.

20.ansl yncna x = 1,2,...,N. [lomyunth ¢ uCoap30BaHrEeM (YHKIIUN TTOJIH30Ba-
tens 3HadeHus 3*P(X+3)*P(X) mis 3a1aHHBIX X, T
P(X) = 10*X3 - 14*X? + 12*X - 2.

21. CoctaBuTh MpoOrpaMMy JJid pacyeTa 3HAYCHUM KaTreTa TPEYroJIbHUKA,
onpenenuB (YHKIHIO, BBIMOJHSIONIYIO 3TOT pacueT. [ UroTeHy3a u BTOpOU
KaTeT MepearoTcsl B KaUeCTBE MapaMeTPOB.

22. Jlanbl nespie yncina a,b,c,d. IIpoBepuTh ¢ MCHOIb30BaHUEM (DYHKITUH TOJIH30-
BaTelsl WX YETHOCTh. UMCIIO JUIsl TIPOBEPKH TepeaacTcs B QyHKIIUIO B Kade-
CTBE TIapaMeTpa U3 OCHOBHOM MPOTPaMMBl.

23. 1ns xaxaoro u3 10 BBEJICHHBIX ¢ KJIABHATYPhI YMCEI HANleyaTaTh COOOIICHHE:
SBJIICTCSI JTM OHO TIPOCTHIM WJIM HET, ONMWCaB (YYHKIMIO JIOTHYECKOTO THIIA,
Bo3Bpaumjaromyto 3Hauenue “MCTUHA”, ecnu yucio, nepelaHHoOe €l B Kaue-
CTBE TIapaMeTpa, SIBIICTCS MPOCTHIM.

24 laner  uymcna S, T. Ilomyunts ¢ ucnonb3oBaHuEeM (YHKIUHA TOJIH30BATEIIS
Y(T,S)=G(12,9)+G(T,S)-G(2S-1,S*T), rue
G(A,B)=(2*A+B*B)/(A*B*2+B*5).

25. Onpenenurte QPyHKIUIO, OMPEACIAIONIYI0, KAKOH 11€JI0M CTETIeHbIO Yucia 2 siB-
JISIETCSL €€ apTryMEHT (€CJIM YKCIIO HE SIBJISIETCSl CTETICHBIO TBOMKH - BBIJATh CO-
OTBETCTBYIOIIIEE COOOIIECHHUE).

26. Onpenenure (yHKIHIO, MOJACYUTHIBAIONLYI0 cyMMy N MepBBIX 3JIEMEHTOB Lie-

aouncieHHoro maccua A. N 1 MaccuB A nepenaTh B Ka4ECTBE [1apaMETPOB.
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27. BBIYUCIUTH KOJMYECTBO MPOCTHIX YMCEN, HE MpeBOCXomammx 3amaHHoro N.
Omnucarh QPyHKIMIO JIOTHYECKOTO THIIA, BO3BpALIAIONIYI0 3HaueHue true, eciu
quciio nmpocroe u false B mporuBHOM citydae.

28. Vcnonp3ys (GyHKIHIO C MapamMeTpaMu, BBIYUCTUTD (DYHKITHIO
F(X,Y) = (2X3-4* X2+ X+1)/(9%Y3+Y +4) + 3*Y245*Y,

29. CocTaBUTh MporpaMMy ISl TEPEBOJIa Beca B TpaMMax B BeC B KIJIOTpamMMax,
onpenenuB (DYHKIMIO, BBITTOJHSIONIYIO 3TO TpeoOpa3oBanue. Bec B rpammax
nepenaeTcsl yHKIIMH B KaueCTBE MapaMeTpa.

30. Janbr uucna S, T. IlomyuuTh ¢ HCMONb30BaHHEM (DYHKIIUM TOJIE30BATEIS
P=G(12, S)+G(T, S)-G(2S-1, S*T) rue
G(A, B) = (2*A+B*B)/(A*B*2+B*5).

2.4 JIP-4. ViccnemoBanue pwIokeHu# ¢ uHTepdeiicamu moap3oBarens B C++

1) Llenu 3ansaTus

UccnenoBarh OCHOBBI COCTABJICHMSI THUIIOBBIX MPOTrpaMMbl ¢ rpadUueCKUM HH-
TepdercoM MoJb30BaTells.

2) PexoMeHIaluy ¥ MOPSIOK BBITIOJTHEHUS 3a1aHUH

Heobxoaumo u3yunTh Matepuanbl JEKIUNA MO 3TOW Teme u myHKThl 1.1 u 1.3
HACTOSIIETO IT0COOHS.

[TopsiioK BBITIOTHEHUS 3aJaHNS

a) CocTaBUTh MPOTrPaMMy PEIICHUS 5 BBIUMCIUTENBHBIX 3a7ad 10 CBOEMY Bapu-
anty. Onpenenenue Homepa |-ro 3aganus:

- HEUYETHBIE T10 KypHAITy: 1-€ 3ajlaHne — 3TO HOMEP MO KypHaIY;

- YeTHBIE MO XypHaly: 1-e 3amanue — 3to Ne mocnennero 3aganus- Ne mo xypHa-
ny. Eciyu 1OCTUTHYT KOHEIl CIIUCKA BApUAHTOB 3aJlaHUM, TO MEPEeUTH K TIEPBOMY Ba-
pUAHTY U Jajee.

b) Pemnth yka3aHHbIC 3a1aHUS U COCTABUTDH OJIOK-CXEMBI aJITOPUTMOB PEIICHHS B

AIIEKTPOHHOM BUJIE.
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C) CocTtaBuTh OTYCT, BKIIFOUMB B HCIO 3aJaHHUC U €TI0 BBIIIOJIHCHHUC. HpeIlCTaBI/ITb

OTYET B DJICKTPOHHOM BHUJE Ha IIPOBEPKY.

3) BapuanTs! 3a1aHui

1.

CocTaBuTh I/IHTep(bCI‘/'IC IMOJIB30BATCIIAA AJIA CIICAYIOIIUX 3a/a4.

CocTaBuTh MPOrpaMMy JJIs MepeBoja UIMHBI B METpax B JUIMHY B CaHTH-
METpax, ONpeaeanB (QYHKINIO, BEITOIHSIOIIYIO 5TO MPeoOpa3oBaHKUE U IEpe-
JaB UTMHY B METPax B KAYECTBE MapaMeTpa.

CocTaBUTh MPOrpaMMy I8 HAaXOXKIACHHUS CYMMBbI 3JI€MEHTOB KaXKIOrO M3
TPEX MAaCCHUBOB, BBEICHHBIX C KJIABHATYPHI, ONMPEAEINB (DYHKIHIO, BBIIOJIHS-
IOIIYIO0 3TO AEWCTBHUE, U IIepeaaBas MACCHBBI B KAUeCTBE IMapaMeTpa.

Haner gucia S, T. [lonyunTh ¢ HCIONB30BAaHHEM (DYHKIIHMH I10JIb30BATEIS
F(T,-25,1.17)+F(2.2,T,S-T) rne  F(A, B, C) = (2A-B-sin(C))/(5+C)
CocTaBUTh IPOTrpaMMy IIEPEBOJA JBOMYHON 3alMCH HATYypajdbHOI'O YHCJIa B
JCCATHYHYIO, OIKMCAaB COOTBETCTBYIOIIYIO (DYHKIHIO ¢ mapameTpoM. IlepeBos
OCYIIECTBIIATE ISl YKCEN, BBOAMMBIX C KiIaBHATyphl. [Ipu3HaK KOHIIA BBOA -
yucio 0.

Hanel yucna S, T. [Toayuuts ¢ HCIONb30BaHHEM (DYHKIIMU ITOJIB30BATENS C
napaMeTpamu G(1,5in(S))+2G(T*S,24)-G(5,-S),

rae G(A,B)=(2A+B*B)/(A*B*2+B*5).

CocTaBUTh MPOrpaMMy JUIS pacueTa 3HAYCHHWH THIIOTEHY3bl TPEYTOJIbHUKA,
orpeaenuB (YHKIMIO, BBIMOIHIIONIYIO 3TOT pacder. KareTsl mepemaroTcss B
Ka4yeCTBE MMapaMeTpPOB.

Haiitn mepuMeTp AeCATHYTOJbHUKA, KOOPAUHATH BEPIIMH KOTOPOTO 3a/IaHBl.
OnpenenuTh MPOLEAYPY BBIYUCICHHS PACCTOSHHS MEKIY IBYMS TOYKAMH,
3aJJaHHBIMA CBOMMH KOOpPIMHATaAMH, KOTOPbIE MEePeaaroTcs (PyHKIHUNU B Kade-
CTBE MTapaMETPOB M3 OCHOBHOM IIPOTPaMMEI.

Haiiti mepuMeTp IIeCTHYrOJbHHKA, KOOPAWHATHI BEPIIMH KOTOPOIO 3a/IaHbl.
OmnpenenuTs MIPOLEAYPY BHIYMCIACHHS PACCTOSHHS MEKIY ABYMS TOUKAMHU,
3aJJaHHBIMM CBOMMHM KoopawHaTamu. KoopauHaTel mepenaroTcs (yHKIUH B

Ka4CCTBC IIapaMCTPOB U3 OCHOBHOM IMporpaMMmal.
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9. Haiftu momanp NSATUYTOJIbHUKA, KOOPAMHATHI BEPIIMH KOTOPOTO 3aJaHBI.
Omnpenenuts Nporeypy BbIUUCICHHS PACCTOSHUS MEXIY JByMsI TOUKaMH, 3a-
JAHHBIMUA CBOMMH KOOPJAMHATaMU, M MPOIEAYPY BBIUMCICHMS IUIOIIAIN Tpe-
yroJbHUKA MO TpeM cTtopoHaMm. Omnucath (YHKIMH C COOTBETCTBYIOIIUMHU
dbopMaIbHBIMU TApAMETPaMH.

10. CocTtaBuTh mporpaMmy BbIBOJA Ha 3KpaH BCEX HATYpaJbHBIX YUCEN, HE Mpe-
Bocxomamux N u mensumxcst Ha Kaxayr U3 cBoux Hudp. Onucath cOOTBET-
CTBYIOIIYIO (DYHKIIMIO, MOJTYYArONIyl0 M3 OCHOBHOW IMPOTpaMMbI B Ka4eCTBE
napaMeTpa HaTypajibHOE yucio u Bo3Bpamawily TRUE, ecnu oHo ynogie-
TBOPSET yKa3aHHOMY yCIIOBHIO.

11. Ucnonb3ys noamporpammy - pyHKIHIO, COCTaBUTh IpOrpaMMmy sl HaXOxX-
JICHUs] MaKCUMaJbHOIO U3 Tpex uMcen. Yucna nepeaarorcst GyHKIUMU B Kaue-
CTBE IMapaMETPOB.

12. Ucnonb3ys moanporpaMmy - GyHKIMIO, COCTaBUTh MpOrpamMmy i ledaTu
3HAKOB TPEX YHCEll, BBEJCHHBIX C KJIABUATYphl U IMepenaBaeMbIX (YHKIIUH B
Ka4yecTBE MmapameTpa.

13. Ucnonb3ys mnoamnporpammy - (yHKIUIO, COCTaBUTh IpPOrpaMMy JijIsl BO3Be-
JICHUS] YUCell B LETYI0 MOJIOKUTEIbHYIO CTeneHb. Yucio mepenaroTcss QpyHK-
MU B KauecTBE MapaMmeTpa U3 OCHOBHOM mporpammel. PacueTr BecTu ais yu-
cell, ToKa He OyJeT BBEACHO uncio, paBHoe 0.

14. Vicnonb3ys noanporpamMmy - (pyHKIIMIO, COCTaBUTh MPOTpaMMy Jisi BbIYHC-
nenust ¢ynkuuu Z=(X1+Y1)/(X1*Y1), rne X1 - nmepBblii KOpeHb YpaBHEHHUSI
X2-4*X-1=0; Y1 - nepBelii KOpeHb ypaBHeHHs 2*YZ + A*Y - A2 =0 (A -
MIPOU3BOJIBHOE).

15. 3anmaB (GyHKIMIO, BHIBECTH HA MEYaTh CpeHUE apu(PMETHIECKUE TBYX MaCCH-
BOB, BBEJICHHBIX C KJaBUaTyphl. MaccuB nepenaercs GyHKIIMN B Ka4ecTBE Ta-
pamerpa.

16. 3agaB yHKIIMIO, pacCYUTATh M BBHIBECTH HA MeYaTh MaKCUMaJbHbIC 3HAUCHUS
B TpeX Mapax 4rcell, BBOJAUMBIX ¢ KiaBuatypsl. [lapa uncen nepenaercst pyHK-

IHH B KAUYCCTBC IIapaM<Tpa.
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17. Haiitu nepuMeTp BOCbMUYTOJIbHUKA, KOOPJAUHATHI BEPIIMH KOTOPOTO 3aaHbl.
OnpenenuTs PYHKITUIO BEIYUCICHUS PACCTOSHUS MEXKIY IBYMS TOYKaMH, 3a-
JAHHBIMU CBOMMHU KoopauwHaTamMu. KoopauHatel nepeaath GyHKIHH B Kade-
CTBE ITapaMETPOB.

18. Jlanbl yeThipe mapsl ynced. [lomydnTs ¢ ucmonbp3oBaHueM (PYHKITUU TTOJIH30-
BaTessl HauOOJbIIUN OOUTUI AETUTENb A1 KaXKI0M Haphbl.

19. JTanst yncia A, B, C. IlonyuuTs ¢ UCMOIB30BaHUEM (PYHKITUU TIOJIH30BATEIIS
HaWMeEHbIIIee 3HaueHne. Yncna nepenaroTcs GyHKIUA U3 OCHOBHOW MPOTrpam-
MbI B KaY€CTBE MapaMeTPOB.

20.ans! yncna x = 1,2,...,N. [lomyunts ¢ HCOap30BaHHEM (YHKIIAN TTOJTH30BA-
tens 3HaueHus: 3*P(X+3)*P(X) nns 3amaHHBIX X,
rae P(X) = 10*X3 - 14*X? + 12*X - 2,

21. CocTaBUTh MpOTpaMMy JJIS pacdeTa 3HAYCHUN KaTeTa TpPEYroJbHUKA,
onpenenuB (YHKIHIO, BBIMOJHSIONIYIO 3TOT pacyeT. ['UroTeHy3a u BTOpOU
KaTeT MepeIatoTcs B KaueCTBE MapaMeTpoB.

22. Jlanb! nienble yucna a,b,c,d. [IpoBepuTh ¢ HCITONIb30BaHHEM (YHKITUH TOJIB30-
BaTeNsl WX YETHOCTh. YMCIIO JUIsl IPOBEPKH TepeaaeTcss B PyHKIMIO B Kaye-
CTBE MMapaMeTpa U3 OCHOBHOM MPOTPaAMMBL.

23. lnst xaxaoro u3 10 BBEJIEHHBIX C KJIABHATYPhI YMCET HANleYaTaTh COOOIICHHE:
SBJISIETCA JIM OHO MPOCTHIM WJIM HET, ONUCAB (PYHKIMIO JIOTUYECKOTO THIIA,
Bo3Bpamaromyto 3HaueHne “MICTMHA”, ecnu uucno, neperaHHoe €l B Kade-
CTBE TIapaMeTpa, SBIISCTCS MPOCTHIM.

24 laner  uymcna S, T. Ilomyunts ¢ ucmonb3oBaHuEeM (YHKIUH TOJIH30BATEIIS
Y(T,S)=G(12,9)+G(T,S)-G(2S-1,S*T), rne
G(A,B)=(2*A+B*B)/(A*B*2+B*5).

25. Onpenenure GyHKIUIO, ONPEISTSIONIYI0, KaKOH 11eJI0 CTENEeHbI0 Ynciia 2 sB-
JISIETCS €€ apryMEHT (ECJIM YUCJIO HE SIBJSIETCS CTENEHbIO IBOMKH - BBIIATH CO-
OTBETCTBYIOIIIEE COOOIIECHHUE).

26. Onpenenute PyHKINIO, MOJICYUTHIBAIOITYI0 CyMMYy N MEpBBIX AJIEMEHTOB 11€-

nouuciaeHHoro MaccuBa A. N 1 maccuB A mnepefaTh B KaueCTBE MapaMeTpPOB.
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27. BBIYMCIUTh KOJIMYECTBO MPOCTHIX YHCEN, HE MPEBOCXOIANMX 3amaHHOro N.
Omnucath (HYHKIMIO JIOTHYECKOTO THIA, BO3BPAIIAIOIIYIO0 3HAYCHHUE true, eciu
quciio nmpocroe u false B mporuBHOM citydae.

28. Vcnonb3ys moanporpamMmy - (GYHKIMIO ¢ TTapaMeTpaMH, COCTaBUTh IIPOrpam-
My aas BeruucieHus  gynkimu  F(X,Y) = (2X3-4*X2+X+1)/(9*Y3+Y+4) +
3*Y2+5*Y.,

29. CoctaBuTh IporpamMMmy Ui IEpeBOja Beca B paMMax B BEC B KHJIOIpaMMax,
onpenenuB (DYHKIMIO, BBITTOJHSIONIYIO 3TO TpeoOpa3oBanue. Bec B rpammax
nepeaaercss GyHKIUU B KQUECTBE MapaMmeTpa.

30. Maner wucna S, T. IlomyuuTh ¢ HCMONB30BaHUEM (PYHKIIUH ITOJIH30BATEIIS

G(12, S)+G(T, S)-G(2S-1, S*T) tie G(A, B) = (2*A+B*B)/(A*B*2+B*5).
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3AKJIIOYEHUE

B yueOHOM mocoOuu moapoOHO W HATJISIAHO U3JI0KEHBI OCHOBBI BBITIOJTHEHUS
3a7laHui J1TabOpaTOpHBIX paboT mo AucuuiuinHe «Pa3zpaboTka kpoccriathopMeHHbBIX
npusioxeHuit C++y.

Martepuan nocobust cHaOkeH HeOOXOTUMBIMU MPUMEPAMH BBIIOJIHEHUS THIIO-
BBIX 3a/1a4 Pa3pabOTKH KIMEHT-CEPBEPHBIX MPUIOKEHUH Ha s3bike CH++ ajs uHTe-
rpupoBaHHOU cpenbl pa3zpadorku Visual Studio (Qt). 3meck xe mpuBeeHBI HEOOXO-
TUMble OaHKU 33JaHUN JUIS TPOBEICHUS YKa3aHHBIX MPAKTUUECKUX 3aHATHM.

[Tocobue cooTBeTCTBYeT TpeOOBaHUSAM, MPEABABIAEMbIM K  Y4eOHO-
METOJIUYECKOMY KOMILJIEKCY YKa3aHHOM TUCIUIUIMHBI, OOCY>KICHO Ha 3aceJaHUH Ka-

dbenpst UBT u pekoMeH10BaHO K UCIIOJIB30BAaHUIO B yUeOHOM Ipoliecce.
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