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BBEJIEHHE

B nacTosiiiee BpeMsi OCHOBHBIM TPEHIIOM B pa3paboTKax MporpaMMHOro obec-
neyeHus (I10) paznuuHoTo HA3HAYEHUS JUTSI CTAIIMOHAPHBIX U MOOMIIBHBIX YCTPOWCTB
ABJISIETCS €T0 SIBHAs KpoccIiaThOpMEeHHAsI HAPABICHHOCTb.

KpoccmnargopMeHHOCTs O3HAYaeT, YTO HAMMCAaHHAS M OTKOMITMIMPOBAHHAS
mporpaMMa MOJKET 3aITyCKaThCs MO/ YIPABJICHUEM Pa3IMYHBIX OMEPAIMOHHBIX CH-
cteM (OC) unu, Kak enie Ha3bIBaloT, miardgopm. Maes kpoccrnatopMeHHOCTH CO-
CTOWT B TOM, YTOOBI OJIMH pa3 HAMMMCAHHBINA KO MPOTPAMMBI 3aITyCKaJIcs OBl Ha pa3-
JUYHBIX TIATGOpMax U He TpeOoBall mepepaboTKU MpHU Mepexojie OT IIaTPopMbI K
wiargopme. MIMeroTcs BBUYy Takue pacrnpocTpaHeHHble miaTtdopmbl, kak Mac OS,
Windows, Linux, i0OS, Android.

s peanuzaiuu KpoccIuiaTpOPMEHHOCTH HCIIOJIb3YIOTCSI COOTBETCTBYIOIINE
cpeabl pa3pabOTKU MporpaMm, APYTrUMHU CIOBaMHU, TO crienudpuieckue OubIMoTeKH,
KOTOpBIE TOICPKUBAIOT TMPOTPAMMHPOBAHUS HAa YKa3zaHHbIX tuiardpopmax. T.e.,
HaJIM4YKUe TakoW OMOTMOTEKH IMO3BOJSET MporpamMMbl, HanmucaHHbeie B ogHo OC wuc-
MOJIb30BaTh B IPYroi 0€30 BCSIKOW ajanTaiiui.

Takux cpes 10CTaTOYHO MHOTO. YKaKeM I IpuUMepa JBE U3 HUX. DTO, OJHA
M3 CaMbIX PaCIpPOCTPAHCHHBIX CPell pa3padOTKH KPOCCIUIaTPOPMEHHBIX MPUIOKESHUN
- penaktop Qt [1]. [pyroit HenaBHe# pa3paboTkoii sBisieTcs ppeiimBopk Juse [2].

O06e pa3paboTku SBISAIOTCS OMOIMOTEKaMH s si3bika C++ MPUMEHHMBIMH B
paznuunbix OC. [ToaTOMy, B HacTosieM NOCOOMU MPUBEACHBI OCHOBBI MTPOTrPaMMHU-
POBaHUS Ha YKa3aHHOM SI3BIKE M OTIMCAHBI TTOJXO/bI pa3pabOTKU KpocciiaThopmMeH-
HBIX MPUJIOKEHUMN, SBIISIONIMXCS PE3YIbTATOM BBIMOTHEHUS 3aIaHUI MPAKTHUYECKUX
3aHsaTUN. [IprBeneHa Takke METOAMKA PEIICHUS 3a/1a4 YKA3aHHBIX 3aHATHH.

[lepBsIit pazmen mocoOust MOCBAIIEH OCHOBAM HAIMMCAHUS MPOTPAMM Ha SI3BIKE
nporpammupoBanust C++. 31ech pacCMOTPEHBI OCHOBHBIE YITPABIISIOIINE KOHCTPYK-
ITUU S3bIKa, paboTa ¢ PYHKITUAMU, WM KaK UX €Ile Ha3bIBAalOT — METOJaMH T0JIb30Ba-

Tens. Takke, ylelIeHO BHUMaHUE OCHOBaM OOBEKTHO- OPUEHTHUPOBAHHOTO MPOTPaM-
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MHUpPOBaHUs U pa3paboTKe MPUIOKEHUN ¢ rpapuuecKkuM UHTEPPEHCOM MOIb30BaTENs]
(I'HII). Marepuan npuBeeH 0030pHO B pacyeTe Ha TO, YTO OCHOBBI SI3bIKA YK€ H3Y-
YEeHBI U OCBOCHBI IPAKTHUECKH.

Bo BTOpOoM pazaene nmocoOus coaepKaTcsl MOSICHEHUSI U METOJIMKA BBINOJIHE-
HUS TUMOBBIX 33JaHUNA Ka)XXJI0T0 M3 MPAKTUYECKUX 3aHATUN MO aucuuruinae «Paspa-
00TKa KpoccrIaTpOpMEHHBIX NPpUIoKeHUH C++y».

Martepuan onmcad JOCTaTOYHO MOIPOOHO W CHAOKEH HEOOXOJAMMBIMU CCHLI-

KaMM, HJUIIOCTpalusAMA U IpUMEPAMU COCTABJICHUSA IIPOTPpaAMM.



1 OcHoBHbI s1361Ka CH++

B aTOoM pa3zzaene mocoOusi mpuBENECHBI CBEICHUS TEOPETUYECKHUE W MPAKTHUIC-
CKH€, KOTOPBhIE HEOOXOIUMBI JJISI COCTABJICHUS TIPOrpaMM Ha si3bike C++ IJ1s1 BBITIOJN-
HEHUS 3aJlaHuil MPaKTUYECKUX 3aHATHA 1o auciuiummHe «Pa3paboTka kpoccruiaT-
dbopmeHHBIX TpuItokeHHH C++y.

B kadecTBe HanmoMUHaHUSI CTPYKTYpHI mporpammbl B C++ mpuBeneM coOBep-
IIIEHHO TIPOCTYIO MPOTPaMMYy, TJ€ BBOJIUTCS 3HAYEHHUE MEPEMEHHBIX C KJIaBUATYPHI,
MIPOM3BOIATCS dJIEMEHTApHBIC IEHCTBUS M BEIBOAUTCS Ha DKPaH pe3yiabTaT ATUX JICH-

cTBuii (muctuHr 1.1).

Jluctunr 1.1- DnemenrtapHas nporpamma Ha C++

#include <iostream>
#include <math.h>
using namespace std;
int main() {
int x,v,z;
cout<<"x, y";
cin>>x>>y;
cout<<"\n";
zZ=X+y;

cout<<"Sum of x+y = " << z<<endl;

[Tporpamma Ha si3bike C++ HUMEET YETKYIO CTPYKTYpY, TaKKe Kak, HarpuMmep, B
s3pike Pascal. Tak, mporpaMma HauMHAETCS C, TaK HA3BIBAEMBIX, JUPEKTUB MPEIPO-
11eccopa, KOTOPhIEe HYXKHBI JJII TOTO, YTOOBI MOAKIIOYUTH HYKHbIE OMOIMOTEKN WITH
y>K€ OTKOMITHJIMPOBAHHBIE MOYJHU. JIUPEKTHBBI HAYNHAIOTCS CTICIIHAIBHBIM 3HAKOM
u orneparopoM - #include. B ykazanHoi mporpamme ux jase. BooOiie, B mporpamMme
Ha C++ 1oJDKHBI OBITH SIBHO YKa3aHbl BCE MCHOJIb3yeMble OnMOanoTeku. bubnuoreka

10stream Hy»Ha JIJIs1 OpTraHU3aIMKU BBOJIa C MOMOIIBIO HHCTPYKIIMM Cin ¥ BBIBOJA — C
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nomoieio cout. Hmwke B mporpamMme BUIHO, B OniepaTope BBOJa — CiN MOTOK BBOJA
3aMUChIBACTCS B BUJIE 3HAKOB «OOJIbIIE» >> U uepe3 3alsiTyl0 YKa3bIBalOTCS BCE Tie-
pPEMEHHbBIE, KOTOPhIE HYKHO BBECTU. B JaHHOM mpumepe — 3TO 3HAYCHUS MEPEMEH-
HBIX X U y. OHM BBOJATCA 4epe3 mpoben, a B KOHIE HaxkuMaercs «Enter» u nabpan-
HbIC Ha KJIaBUAType 3HA4YEHUs MPUCBAMBAIOTCS 3TUM IepeMeHHBbIM. [I0TOK BBIBOJA,
HaAINpOTUB, 0003HaYaeTcs 3HakaMu «MeHbIie» << U B ABOMHBIX KaBbIYKAX 3alUChIBa-
€TCsl TeKCT, KOTOpPbIil OyJeT BBIBEJEH Ha 3KpaH, Jajee yepe3 0003HAUYEHHUs MOTOKa
YKa3bIBAIOTCA MMEHA T€X MEPEMEHHBIX, 3HAUYCHUSI KOTOPHIX HY>KHO BbIBECTH. B 3a-
BEPIICHUU CTPOKH CTABUTCS MOYKET CTaBHTCS CIICIMAIbHBIA cuMBOJIbI "\n" i endl,
KOTOpbIE 3aBEpIIAIOT CTPOKY BBIBOJIA M IOCJE BBIBOJA 3HAYEHHI Ha 3KpaH Kypcop
OyZeT nepeBeicH Ha HOBYIO CTPOKY.

bubimoreka math.h comeputr MeToasl 00pabOTKK Pa3IMYHBIX MaTeMaTHYe-
CKHMX BEJIMYMH U BbIpakeHUU. CTaHJapTHBIE MaTeMaTH4YecKue PyHKIMH si3bika C++

npuBeIeHbI B Tabuie 1.1.

Ta6nuna 1.1- CrangapTHbeie MaTeMaTuueckue QyHKIUU

OO6o3HaueHue JeiictBue

abs(x) Moysb 11e0ro uncia X

fabs(x) Moysb BEeCTBEHHOTO YHCia X

sin(Xx) Cunyc uncna X

cos(X) Kocunyc uncna X

tan(x) TanreHc yucna X

atan(x) ApxkTraHreHc uncia X, X €(-)

acos(x) ApkrocuHyc yncia X

asin(x) ApxcuHyc uyncaa X

exp(x) DKCIIOHEHTa, €°

log(x) HarypanbHnsrit norapudm, (X > 0)

10g10(Xx) Jecsatuunblii gorapudm, (X > 0)

sqrt(x) KopeHnb kBazipaTHbIl, (X > 0)

pow(X,y) BosBenenue uncna X B CTETIEHb Y

ceil(x) OxpyraeHue yrcia X 10 Oarkaiiero 00abIero 1eaoro
floor(x) OxpyrieHue yuciaXx a0 0JinKaiero MEHbIIEero eJIoro




1.1 Vnopasnstomue oneparopsl C++

Jlanee pacCMOTPUM OCHOBHBIE YIPABJISIONINE ONEPaTOpPhI si3bika CH++.

MDakTHYECKH, K OTlepaTopaM YIpaBIeHUS MOYHO, B MIEPBYIO OYepe/ib, OTHECTH
TE W3 HUX, KOTOPbIE M3MEHSIOT XOJ] BHIYUCIICHHUI MPU PEIICHUH 3a7a4u. ITO, HECO-
MHEHHO, OIlepaTop YCIOBHOro mepexozaa (konctpykuus if...else), mim, kak ero erie
Ha3bIBAIOT: OINEPATOpP BHIOOPA «OAuH U3 1BYx». Cro/a %e OTHeCeM U ero Moauduka-
IIUI0 — OIIepaTop BHIOOpA «OJWH WX MHOTHX» (KOHCTpyKmus Switch...case). U, ko-
HEYHO K€, K YIMPaBISIOIINM OIlepaTopaM MPUHAICKAT ONMEpaToOphbl MUKIA: ¢ MPEe-
ycioBueM (While), ¢ mocrycnouem (do... while) u omepaTop mukima «co cueTINKOMY
(for). OHu obecrnieunBarOT pa3IUYHbIC BAPHAHTHI MHOXKCCTBCHHBIX BBIUMCIICHUHN ITy-
TEeM HMX MOBTOPECHHUS 10 TEX IOp, MOKA YCIOBHE BBHIMOJHCHUS LUKIA OCTACTCS BEp-

HBIM.

1.1.1 YcnoBHbIN oniepaTop

[Ipu pelieHny OOJIBIIMHCTBA 3aJ1a4 MOPSIOK BHIYMCICHUN 3aBUCUT OT OIpeie-
JNEHHBIX YCIOBUH, HalpUMeEp, OT UCXOAHBIX JAHHBIX WA OT MPOMEKYTOUHBIX pe-
3yJbTAaTOB, MOJYYEHHBIX Ha MPEIbIAYIINX Iarax nporpaMmsl. [[jis opranu3anuu Bbl-
YUCJICHUM B 3aBUCUMOCTH OT Kakoro-inbo ycioBust B C++ npenycCMOTPEH YCIOBHBIM
oneparop if, KOTOpbIil B 00LIEM BUJE 3alIUCHIBACTCA CAEAYIOIINM 00pa3oM:
iIf (ycnoBue) omeparop 1; else omepatop 2 ;

IJI€ YCIOBHE — ATO JIOTUYECKoe (WM 1IeJI0e) BhIpayKeHUe, IepeMeHHasi UM KOHCTaH-
Ta, onepatop | u oneparop 2 — 0060t oneparop si3bika C++.

PaGoTaeT ycnoBHbIN omepaTop cieayrommM oopa3zoMm. CHadama BBIYUCITSAETCS
3HAYCHUE BBIPAKCHHMS, YKa3aHHOTO B CKoOKax mocie If (ecmu) u mpencraBistomice
coboii ycioBue. Eciiu 0HO HE paBHO HyIIIO, T.e. UMEET 3HaueHHWe «uctuHa» (true),
BBITIONIHACTCS onieparop 1. B mpoTuBHOM ciydae, KOT/la BIpaKeHHE B CKOOKaX paB-

HO HYJIIO, T.€. UMEET 3HaUCHHE «JI0Kb» (false), BbImosHseTCs onepaTop 2.
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Briok-cxema ajaroputma MOJHOTO YCIOBHOTO omeparopa if, T.e. comepikaiiero
npsmyto BetBb (0T if 1o else) u mobounyro BerBu (mocne else) mpexcrasien Ha pu-

cynke 1.1.

OedcTene 1 Aedctene 2

< |

Pucynok 1.1- AIroput™ nojgHOro yCcJIOBHOTO OIepaTopa
(xoucTpykiws If...else)
Hanpumep, 4ToObl CpaBHUTH 3HAUYECHHUS NMEPEMEHHBIX a U b HYXHO HCIIOJIb30-

BaTh MOJIHYIO KoHCTpyKIwio if...else (muctunr 1.1).

JIuctunr 1.1- ®@parmeHT Koaa 71 MPOBEPKH JBYX NEPEMEHHBIX a U b Ha pa-

BCHCTBO
cin >>a ; cin >>b ;

if ( a==b ) cout<<" a paBHO b " ;

else cout<<" a He paBHO b " ;

T.x., B 9TOM (pparMeHTe MPOBEPSCTCS YCIOBUE PABEHCTBA MEPEMEHHBIX JIPYT
IpYTy, TO UCIOJIb30BAHO «==)» (JBa 3HaKa paBHO). DTO B KOPHE OTJIMYAETCS OT OIe-
paTopa mpucBauBaHUs «=» (OJWH 3HAK PaBEHCTBA) MOTOMY, YTO €CJIM HANUCcaTh B
yCIIOBUH a=b, TO CHHTAaKCHYECKOM OMIMOKH HEe OYICT, OJJHAKO BBIMOJHEHHE YCIIOBHO-

ro omneparopa OyJeT MOJHOCTHIO 3aBHCETh TOJBKO OT 3HaueHUs mepeMenHoi b. Tlpu
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b=1 onepanus npucBarBanus GopMHPYET pe3yabTar a=1 (He 3aBUCHMO OT TOTO, Ye-
My IepeMeHHas a OblIa paBHA JI0 3TOI0) U 3TO BOCIIPUHUMAETCA KOMITUJISTOPOM Kak
pe3yabTaT BCETO yCIOBHS, T.€. «UcTUHAY (LrUE) 1 Ha SKpaHe MOSIBUTCS COOOIIECHUE «a
paBHO by, YTO HE COOTBETCTBYET JCHCTBUTEIBHOCTH (3HAUCHHE TICPEMEHHOM a 371eCh
HE WTpaeT HUKAKOW POJIM ¥ HU ¢ 4eM He cpaBHuBaetcs!). Ecmu xe, b=0, To cpaboraer
000YHAas BETBb OIepaTopa U Mbl YBHJIUM COOOIIICHHE «a HE paBHO by, 4TO TOXE na-
JIEKO OT UCTUHBL [Ipy MF0OBIX Npyrux 3HAUSHHSIX NIEPEMEHHON D pOBEpUTH YCIOBUE
BOBCE HE y/IACTCSl U MOSBUTCS COOOILEHHE O JIOTHYECKOW OIIMOKE BCEH KOHCTPYKIUU.

[IoMHUMO MpPOBEPKM HA PABEHCTBO CYUIECTBYIOT €IIE€ CBS3KH IJIsI MPOBEPKU
YCIIOBHM Ha HE PaBEHCTBO «!=», OOJIbLLIE WU PABHO «>=» W MEHbILIE WU PABHO
«<=y. Jlnsl 3a1MUCU HECKOIBKUX YCIOBHIA MOJPS UCTIONB3YIOTCS CBSI3KH && - «Wy, ||-
«JIN». Tak, mpoBepKa yCIIOBUS «IIONAJAHUD) IIEPEMEHHON X B OJUH W3 UHTEpPBA-
70B oT 0 10 5 wiu -1 g0 -8 Oyner 3anmucaHo B KOJE MporpaMMbl CIEAYIOIIUM 00pa-
3oM: If (X>=0 && x<=5) || (x>=-8 && x<=-1)) cout<<’Coobmuierne”. OOpaTute
BHHMAaHHE, YTO COCTABHOE YCIIOBUE BCE 3aIMCBHIBAETCS B KPYTJIBIX CKOOKaxX M €ro oT-
JIEIbHBIE YACTH TOXKE.

Ecnu B 3amaue tpedyeTcsi, 4TOObl B 3aBUCUMOCTH OT 3HAUEHUS YCIIOBUS BbI-
MOJIHSUICA HE OJIMH OIEepaTop, a HECKOJIbKO, UX HEOOXOAMMO 3aKJII04aTh B (PUTYpPHBIE
CKOOKH, KaK COCTaBHOW omeparop. B 3Tom ciydae KOMIUISATOP BOCHPUMET IPYyMILY

OMepaTopoB Kak OJAUH (JTUCTUHT 1.2):

Jluctunr 1.2- dopma 3anmucy COCTaBHOTO oriepaTopa B YCJIOBHOM OmepaTope

if ( ycioBue )

{

oneparop 1; oneparop Z2;

else

{

omeparop 3; oneparop 4;
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[ToGoyHast BeTBb else B yCIIOBHOM OIl€paTope MOXKET OTCYTCTBOBATh, €CIIU B

Hel HeT HeoOXoAUMOCTH (JIMCTHHT 1.3).

JIuctunr 1.3- Cokpamiennas 3anuch onepatopa if
if ( ycmoBue ) ornepaTop;
M

if ( ycioBme )

{

oneparop 1; oneparop Z2;

B TakoM cokpalleHHOM BHJE YCIOBHBIA OmepaTtop paboTaeT Tak: ONepaTop
(rpynna omnepaTopoB) JIMOO BBIMOIHSAETCS, JIMOO MPOMYCKAETCs, B 3aBUCUMOCTH OT

3HAYEHUS BBIPAXKEHUSI, PEJICTABIISIONIETO YCIOBUE (PUCYHOK 1.2).

Ycnoswe
BbINONHASTCA?

deiicTtere

Pucynok 1.2- CokparieHHas 3anuch orneparopa if

Eme oxHoit hopMoii yCIIOBHOTO omepaTopa sIBIsSETCS, KaKk ObUIO yKa3aHO BBI-
111e, OTepaTop BHIOOPA «OJIMH U3 MHOTHXY, TN «IIEPEKITFoUaTelby (SWitch ¢ anrmii-

CKOTI'0 3TO «IEPEKITI0YATENDY).
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On HCO6XOI[I/IM B TCX ClIy4dasaX, KOrjJa B 3aBUCHUMOCTH OT 3HAYCHUM KaKOM-T100

MIEPEMEHHOM Ha/I0 BBIIOJHUTD T€ WM UHBIEC ONIepaTopbl (JTUCTUHT 1.4):

Jluctunr 1.4- KoHcTpyKIus oneparopa «repekitouaTesb

switch (BRIpaXeHME )

{

case 3HaveHue 1: {OnepaTopn 1;} break ;
case 3HauveHue 2: {Oneparopel 2;} break ;
case 3HauveHue 3: {OnepaToprl 3;} break ;
case 3HaveHmne n: {OnepaToprl n; } break ;
default : {OnepaTopeEl; } break ;

}

Omnepatop paboTraer cieayronmM oopa3oM. Breruucisercs 3HaueHHEe BhIpae-
HUA (OHO MTOJDKHO OBITH IENOYHCIICHHBIM). Ecnu BbIpakeHHE NMPUHUMAET 3HAYe-
Hue 1, TO BBIMONHSIOTCS ornepaTopsl 1. Ecnu BelpakeHue NMpUHUMAET 3HaYeHue 2,
TO BBITIOJHSIOTCS ONEpaTopsl 2 W Tak nanee. Eciau BeIpakeHWe HE MPUHUMAET HH
OJIHO U3 3HAYEHH, TO BHITIOJIHSAIOTCS OTIEPATOPHI, PACTIOIOKEHHBIE TIOCIIE KIIFOUE€BOTO
cioBa default (3TOT 6710k MOKET OTCYTCTBOBATHh B KOHCTPYKIIUH).

Omneparop break HeoOXxoauM AJis1 TOTO, YTOOBI OCYIIECTBUTH BBIXOJ U3 Omepa-
topa switch. Eciiu oneparop break He ykaszaH, To OyAyT BBIIOTHATHCS CIEIYIOIIHNE
OTIEpaTOPHI U3 CIHCKA, HECMOTPS HA TO, YTO 3HAYCHHE, KOTOPHIM OHU MTOMEUYEHEI, HE
COBIAJACT CO 3HAUCHUEM BBIPAKCHHUSI.

B kauecTBe mpumepa mpuBeneM IpOrpaMmy JJis BbIBOJA Ha SKpaH HA3BaHUS

TIHSL HEJIEJW TI0 BBOAY €r0 HOMEpa MpHU YCIOBHUH, UTO 1-il 3TO MOHEAENbHUK (JTUCTUHT

1.5).

JIuctunr 1.5- [Ipumep ucnons3oBanus orneparopa SwWitch

#include <iostream >

using namespace std ;



13

int main( )

{ unsigned int R ; //OmnmcaHo I1[ejI0€ MNOJIOXUTEJIBEHOE UMCJIIO.

cout<<" R =" ; c i1 n >>R; //Beom umcsia or 1 mo 7.
switch (R)

{

case 1 cout<<"Mloumemensumxk \ n " ; break ;

case 2 cout<<"Bropumx \ n " ; break ;

case 3 cout<<"Cpema \ n " ; break ;

case 4 cout<<"Yermepr \ n " ; break ;

case 5 cout<<"Msrumiza \ n " ; break ;

case 6 co ut<<"Cy66ora \ n " ; break ;

case 7 : cout<<"BockpeceHre \ n " ; break ;

default : cout<<"BBemeH HECYmeCTByWOIM}{ HOMep mgHS Hemeau \ n " ;
break ;

}

return 0 ;

}

1.1.2 Onepatopsl LUKIIA

[{uK1 5TO NOBTOPEHUE OJHUX M TEX K€ NECHCTBUM, HA3bIBAEMBIX TEJIOM LIMKJIA.
OnuH npoxo IUKJIAa Ha3bIBAIOT IIaroM Wiau uTepauuei. [lepemeHHbIe, KOTOpBIE W3-
MEHSIOTCSI BHYTPU IIMKJIa M BIIASIIOT HA €r0 OKOHYAHHE, HA3bIBAKOTCS MapaMeTpaMHU
LMKJIA, UJIA IEPEMEHHOM 1UKJIA.

[Ipy HanWcaHWM LMKIMYECKUX AITOPUTMOB CIEAYET NMOMHHUTBH CIIEIYIOLIEE.
Bo- nepBbix, 4TOOBI LMK MMEN IIAHC KOT1a-HUOYIb 3aKOHYHUTHCS, COACPKUMOE €To
Te-Jla JOJDKHO 00s3aTeNbHO BIMATH HA YCIOBHUE IMKJIA. BO-BTOPBIX, yCIOBUE TOKHO
COCTOATh U3 KOPPEKTHBIX BBIPAKECHUU W 3HAYEHUM, ONPEAEIIEHHBIX €lE 10 NIEPBOro
BBITIOJHEHUS Tena uukia. B C++ mpuHsaTO, YTOOBI UK MOT BBIOJHUTHCS XOTS OBl
OJIMH pa3 ero ycJoBHEe, HAIO)KEHHOE Ha MEPEMEHHYIO IIMKIIA, T0OJKHO OBITh BEPHBIM,
T.€. BO3BpallaTh 3HaUeHUe | mim «truey.

B C++ ans ynoGcTBa mosib30BaTessl NpeIyCMOTPEHbl TP olepaTopa, peaju-

3YIOIIUX pa3jinuHblie nukiel: While, do...while u for.
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1.1.2.1 Oneparop HukJia ¢ NpeaycioBUEM

Ha pucynke 1.3 n3o6paxeHa 010K-cxeMa aJlrOpUTMA LIUKJIA C [IPETYCIOBHUEM.

+

TENO LUMKNA

Pucynok 1.3- biok-cxema anropurma nukia ¢ mpeaycioBUEM

Orneparop, peau3yrouui 3ToT anroput™ B C++, umeer BUA:
while (ycmooBme) omepaTop;

31€eCh «YCIIOBUE» — JIOTMYECKOE WJIM IEJIOYMCIEHHOE BBIPAXKEHHE, «OIepa-
TOp» — JI000M oneparop sizbika C++.

PaboTaeT nuki ¢ mpemycioBUeM clieqyronuM oOpa3oMm. Beruucisercs ycio-
Bue. Ecnu oHO MCTUHHO (HE paBHO HYJIIO), TO BBIMOJHIETCS ONEpaTop, U yCJIOBHUE
IIPOBEPSIETCA BHOBb. B NMPOTHBHOM Cilydae LMKJ 3aKaHYMBACTCS, U YIIPABJIECHUE IIE-
penaércs oneparTopy, CIEIYIOIIEMY 3a TEJIOM LHKJIA. Y CIIOBUE BBIYUCISAETCS IEPEN
KOXKI0M uTepauuerd HUKIa. Eciu npu mepBoul MPOBEPKE BBIPAKEHUE PABHO HYIIIO,
IIUKJ HE BBITIOJTHUTCA HU pa3y. TUn BeIpaxkeHUs JOJKEH ObITh apu(METHIECKUM WU
MPUBOAUMBIM K HEMY.

Ecnu Teno mukiia coctout 60jee 4eM U3 OJHOTO Omeparopa, He0OXOIUMO HC-

M0JIb30BaTh COCTABHOW oneparop (JIUCTUHT 1.6):
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JIuctunr 1.6- KoHCcTpyKIMs IIUKIIA C IPEAYCIOBHEM C COCTABHBIM OIEPaTOPOM

— TCJIOM IIUKJIa

while (ycioBue)
{

orrepaTop 1;
orreparTop 2;

ornepaTop n;

}

Hanmpumep, eciii Hy>)KHO BBIBECTH Ha dKpaH 3HaueHUs QyHKIuH Y=Sin(2X) npu

x€[6; -4] ¢ mrarom 0.5, UCTONB3YyETCS MUK C IPeaycaoBueM (JIUCTUHT 1.7).

Jluctunr 1.7- [IpuMep ncnonb30BaHus IUKIIA C IPEAYCIOBUEM
#include <stdio.h>
#include <math.h>
using namespace std;
int main( )
{
float x, y;
x =6; //IprcBanMBaHmMe napaMeTpy IMKJIa CTapTOBOI'O BHAUEHMUS
/ /UK C HOpenyCcsIOBMeM
while (x>=-4) //lloka napaMeTp LMKJIA [NPEBEIIAEeT KOHEUYHOE S3HAaUYEeHMEe
{ / /BBIIOJIHATE TEJIO LMKJIA
y=sin (2*x) ; //BEIUMCIINTE BHAUYEHUE Y
//®opMaTHELT BEIBOL HA SKPAH MHAPE X U Y
printf("\t x =5.2f \t y =5.4f \n",x,y) ;
x -=0.5; //VBMeHeHre rnapaMeTpa UKJa
// (mepexon K cienynieMy SB3HAUYEHMUO X)
} //KoHell LmMKa

return 0;
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1.1.2.2 Oneparop 1ukia ¢ napamerpom. Luki for

CTpyKTypa 3TOro IIMKJIa BKJIIOYAET B €r0 3arojlOBKE BCE HEOOXOIUMBIE yKa3a-
HUSL:
f o r (HavaJbHEIE NPUCBAMBAHMUA; yCJIOBME; HNOCJIEOEeNCTBMUE) OIepaTop;

3nech 0003HAUEHBI: HaYaJibHble NMPHCBAMBAHUS — OIEPATOp WM TpyMIa
OIIEpaTOpPOB, PA3LACIEHHBIX 3aIATOM, NMPUMEHSAIOTCSA I IPUCBOCHUS HAYaJIbHBIX
3HAYECHUN BEJIWYMHAM, UCIIOJIB3YEMBIM B IIMKJIEC, B TOM YHCIE MApaMeTpy LHUKIA, U
BBIIIOJIHAIOTCS OJMH pa3 B HadaJle [IMKJIA; YCJOBHE — 1€J0€ WIH JIOTHYECKOE BbIpa-
KEHUE, KOTOPOE ONpEeNeNsieT YCIOBHE BXOJa B LHUKI, €CIU YCIOBHE UCTUHHO (HE
PaBHO HYJIO), TO LIMKJ BBINOJIHSAETCS; MOCJeJeiicTBHe — OIlepaTop WIM Tpynma
ONEPATOPOB, PA3LAEIEHHBIX 3aMSATON, KOTOPBIE BBINOJIHAKTCA MOCIE KaXIOW UTepa-
MU U CIyXaT AJI1 U3MEHEHHs NapaMmeTpa LMKJIa; oneparop — JitoOOH omeparop
A3bIKa, MPECTaBISAIOMNNA coO0M Teno nukia. [locnenelicTBre uim onepaTrop J0JKHBI
BJIMATH Ha yCJIIOBHE, MHAY€ LIMKJI HUKOIZAa HE 3aKOHUYMTCA. HauvanpHble npucBanBa-
HUS, BRIpAaXKEHHE WM MOCIIEACHCTBIE B 3allicU onieparopa for MOryT oTcyTCTBOBATbD,
HO IIPU 3TOM «TOYKH C 3aIATON» JTOJKHBI OCTaBaThCA HA CBOMX MECTax.

Ha3Banue — «MKI ¢ ITapaMeTpoM» IIOAYEPKUBAET, UTO BCE ONKMCAHHOE BBILIE
OTHOCHUTCSI K TIEPEMEHHOM IMKJIa, HAa3bIBAEMOW «I1apaMeTpomy, Ojaroaapsi U3MeHe-
HUIO KOTOPOU BBITIOJIHAETCS LIUKIL.

Ecnu Teno uukiia coctout 060Jee 4eM U3 OJHOIr0 Omneparopa, He0OXOAUMO HUC-

MOJIb30BaTh COCTABHOW onepaTop (PUCYHOK ):

f or (HavaJIbHBIE MNPUCBAUBAHMS; YCJIOBME,; [IOCJIENENCTBUE)

{

oneparop 1;

ornepaTop n;

}

.

HaYaNeHsIE NDUCESWBEHWA | YOCNORKME | [IQQJIEJ[EHCIHHE’

v

onepaTop

PucyHnok 1.4- briok-cxema ajiroputma IuKIia ¢ mapameTpom
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[TporpamMMa BeInosIHEHHs mpeabiayinero npuMepa (myHkr 1.1.2.1) ¢ momolisio

LMKJIa C TapaMeTPOM IIpUBEAEHA B JIUCTHHIE 1.8.

Jluctunr 1.8- Kog nporpammel ¢ mukiom for
#include <stdio.h>
#include <math.h>
using namespace std;
int main( )
{
float x, y;

/ /UK C rnapaMeTpoM
for (x =6;x>=-4;x-=0.5)//0Onmucanme napamMerTpa LMKJa
{ //Teso nukia
y=sin(2*x) ; //BBIUMCIINTE B3HAUYEHUE Yy

//PopMaTHEI BEIBOL HA SKPAH HAPE X U Y
printf("\t x =5.2f \t y =5.4f \n",x,y) ;

// (mepexonm k cJjenyomeMy 3HAUYEHMO X)
} //KoHer OuKJa

return 0;}

1.1.2.3 Ik ¢ mocTycmoBueM

1K1 ¢ MOCTYCIIOBUEM pEATU30BaH KOHCTPYKIIUEN :

do onepaTop while (ycisoBue) ;

3JIECh YCJIOBHE — JIOTMYECKOE MM IEJIOYUCICHHOE BBIpAKCHUE, OIIEpaToOp —
moboii oniepatop s3pika C++. Eciu Teno mukiia coctouT 0ojiee 4eM U3 OJTHOTO OIle-
paropa:
do
{
oneparop 1; oneparTop Z2;

oriepa ’I’Op_l’) 2

}

while (ycmoBue) ;
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PaGoraer muki crnenyromuM oOpa3zoMm. B Hauanme BbINOJIHAETCS omeparop,
MPeICTaBISAIONINI co00i Teno nukiaa. 3aTeM BbIUMCIseTCs yciaoBue. Eciu oHO uc-
THHHO (HE paBHO HYJII0), ONIEPATOP TeNa IIUKJIA BBINOJHAETCS elé pa3. B mpotuBHOM
Cllydae LMKJI 3aBEpIIACTCS, U YNPABICHUE NEPENAETCA OlepaTopy, CICAYIOUIEMY 3a
IUKIOM. Takum 00pa3oM, HE TPYIHO 3aMETUTh, YTO LHUKI C MOCTYCIOBUEM BCEr/a
OyZeT BBINOJIHEH XOTs Obl OJJUH Pa3, B OTJIMYME OT LIUKJIA C IPETYCIOBUEM, KOTOPBIN
MOKET HE BBIIIOJIHUTHCS HU pasy.

PaccmoTpenHbIii BhIllle MPUMEP BBIBOAA HA JKpaH 3HAYCHUH (QYHKIHMHU U BbI-

IIOJTHEHHBIN C IIOMOIIBIO 3TOT'O IIMKJIA II0KAa3aH B JUCTHUHIC 1.9.

JIuctunr 1.9- Kox nmporpammei ¢ iukiaom do...while
#include <stdio.h>
#include <math.h>
using namespace std;
int main( )
{
float x, y;
x =6; //IpucBanBaHme napaMerTpy LMKJIa CTAPTOBOI'O 3HAUEHMS
//IMKJI ¢ [OCTYCJIOBUEM
//Ioka mapaMeTp LMKJIA MNPEBBMAET KOHEUHOE 3HAYEHUE
do{ / /BBIIOJIHATE TEJIO LMKJIA
y=sin (2*x) ; //BEIUMCJINTE BHAUYEHUE Y
//®opMaTHELT BEIBOL HA SKPAH MHAPE X U Y
printf("\t x =5.2f \t y =5.4f \n",x,y) ;
x -=0.5; //VBMeHEeHME MapaMeTpa I[MKJIA
// (mepexon K cJjenypleMy BHAUYEHUO X)
} while (x>=-4) //KoHerl LuKJjia
return 0;

}
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1.2 ®ynkuuu B nporpamMmmax Ha C++

Kak ykaspiBanoce BbllIe, nporpamMma sizblka C++ COCTOUT U3 KJIACCOB, B KOTO-
pbl€ BKIIIOUAIOTCS (DYHKIUH, UM KaK UX €LI€ Ha3bIBAIOT- METO/IBI.

BooOrmie pyHKuMsA — 5TO MOMMEHOBAaHHBIA Ha0Op OMHCAHMI M ONEpPaToOpOB,
BBIIIOJIHAIOIIMX ONpPEAEIEHHYI0 3afady. OyHKIHA MOKET NPUHAMATh MapaMeTpsl U
BO3Bpamath 3HaueHue. MHpopmarus, mepenaBaemas B QyHKIIUIO JUIsi 00pabOTKH,
HA3bIBACTCS MApaMETPOM, a Pe3yJIbTaT BhIYHMCIEHUS (QyHKUUU - €€ 3HaueHueM. O0-
palieHre K (QyHKIMU Ha3bIBAIOT «BbI30BOMY. JIt00as nmporpamma Ha C++ COCTOUT U3
OJIHOM WM HeCcKOJIbKMX (yHKuuid. Ilpu 3amycke mporpamMmsbl NEpBOM BBIIOJHSAETCA
¢yHKIMSA main- raaBHas QyHKuMs nporpammsel. Eciu cpeau omepaTopoB (GyHKUIUN
main BCTpe4aeTcs BbI30B (DYHKLMHU, TO yIpaBlieHUE Hepenaércs oneparopam QpyHK-
uuu. Korma Bce onepatops! (GyHKIMH OyAyT BBIIIOJIHEHBI, YIIPABIEHUE BO3BPAILIAECTCS
orepaTopy, CIEAYIOIIEMY 3a BBI30BOM (DYHKLIUU.

[lepen BbI30BOM (YyHKIUS AOHKHA OBITh 00sA3aTenbHO omnucaHa. OnucaHue

(YHKLIMU COCTOUT W3 3ar0JjOBKa U TeNa PYHKIUU:

TUII MM QYHKIMM (COMCOK NepEeMEeHHEIX )

{

TeJyIO QYHKLIMM

}

3aroj0BOK (PyHKIIMH COJICPHKUT:
— THI BO3BpAIIaeMOro (PyHKIMEN 3HAUEHUSI, OH MOXKET OBITh JHOOBIM, €ClU (QYHKIIHS
HE BO3BpaIlaeT 3HAaYCHUs, YKa3bIBAIOT THII VOid;
— uMs QyHKIINY;
— CIIMCOK TIEPEMEHHBIX — MEepPEUYCHb MepeaaBacMbIX B (DYHKITUIO BETUYHH (apTyMeH-
TOB), KOTOPBIE OTAEISIOTCS APYT OT Apyra 3alsThIMU; IS KaX10H epeMeHHOM U3
CIIMCKA YKa3bIBACTCS TUI U UMS; eclii (PyHKIIMS HE UMEET apryMEHTOB, TO B CKOO-

Kax yKa3bIBaIOT JIMOO TUM void, 1100 HUYero.
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Teno ¢yHkMU npeacTaBiIsieT cOO0M MOCIeN0BATENLHOCTh OTUCAHUMN U Ollepa-
TOPOB, 3aKIIOYEHHBIX B (PUTypHBIE CKOOKHU.

B o6mem Buze cTpykTypa nporpammsel Ha C++ MOXET UMETh BU:
ANMPEeKTVMBE KOMIIMJIATOPpAa

Trn  uMA 1 (COMCOK IIepeMeHHEIX)

{
TeJyIO0 QYHKIMM 1;

}

TUrl  yMA_ 2 (CIIMCOK INePEeMEHHEIX )

{
TeJIO QYHKLMU 2 ;

}

THUII  ¥MMS N (COMCOK IIePEeMEHHEIX)

{
TeJIO QYHKLMM N;

}

i nt main ( CHMCOK INEepEeMEeHHEIX )

{

//Tejo OYHKIIMM ~— MOXET comepxaThb ormepaTopsl  BEIBOBA Oy HKI[MI
mvmsa 1, wnma 2, ..., MMA N TEJO OCHOBHOM (QYHKLMN;

}
Opnako, nonyctuma u Jipyras (opma 3arnucu nporpaMMHOTO Koja:
AMPEKTMBE KOMIIMJIATOPA

Tyl uMA 1 (CIMCOK NePeMeHHBIX) ; Tull uMs 2 (COMCOK IIepeMEeHHEIX) ;

THUI  MMSA N (COMCOK IePEeMEeHHEIX) ;

int main (COMCOK IEepEeMEeHHEX )

{

//Tejio QY HKIIMM MOXET comepXxaThb ornepaTopEl BEI30OBA QY HKIIMIT
mvs 1,  wMma 2, ..., MMA n TEJO OCHOBHOM QYHKLMMU;

}



21

Tun  uMA 1 (COMCOK IIepeMEeHHEIX)

{
TeJyIO0 QYHKIMM 1;

}

Tyl uMA 2 (CIIMCOK INepPeMeHHBIX)

{
TeJIO QYHKLUM 2 ;

}

THUII  ¥MMS N (COMCOK IIePEeMEHHEIX)

{

TeJIO QYHKLMM N;
}

3neck GyHKIMU ONMKcaHbl nocie GyHKIMU main(), OJTHAKO 10 He€ mepeducie-
Hbl 3aroJIOBKM BceX (yHKIMM. Takoro pojia omepekarolue 3arojOBKU Ha3bIBAIOT
nporotunaMu QyHkuui. [IpoToTHIl yKa3bIBaeT KOMIWISATOPY TUI JAHHBIX, BO3Bpa-
aeMbIX (PYHKIHMEH, TUIT IEPEMEHHBIX, BBICTYNAIOIMX B POJIA apTyMEHTOB, U MOPS-
IOK WX ciaeaoBaHus. [IpoTOTUIBI UCTIONIB3YIOTCS JUIsl HIPOBEPKHU MMPABUIBHOCTH BBI30-
Ba (DYyHKLIMI B OCHOBHOM mporpamme. liMeHa nepeMeHHbIX, yKa3aHHbIE B MPOTOTHUIIE

(GYHKIIUY, KOMITUJISITOP UTHOPUPYET:

//Banmucu paBHOCHUIIEHEI.
int func (int a, int b);

int func (int , int );

Bb13BaTh (hyHKIIHMIO MOKHO B JIFOOOM MecTe MporpaMMel. J{7ist BbI30Ba PyHKIMH
HEOOXOIMMO yKa3zaTh €€ MM U B KPYIJIbIX CKOOKax, 4yepe3 3aIsiTyl0 NepeducinuThb

HMCHA UJIK 3HAYCHUA apTYMCHTOB, CCJIN TAKOBBIC UMCHOTCA:

M QYHKIMY (COMCOK IePEeMEHHEIX) ;
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Paccmorpum npumep. Cozmaaum dyuknuio f(), koTopas HEe UMEET BXOJHBIX
3HaYeHUI U He popMupyeT pe3ynbrar. [Ipu BbI30Be 3T0OI PyHKIMK HA SKpaH BHIBO-

nutcs ctpoka cumMBoiioB "C HosbiMm T'ogom, " (muctunr 1.10).

Jluctunr 1.10- IIpumep obparienus Kk QyHKINNA
#include <iostream >
using namespace std ;

void £ () //Onmucanme QyHKIMMI.

{

cout << "C HoBrmMm I'omoMm , "o,

}

int main( )

{
£ () ; / /BEIZOB

GYHKIIMIM .

cout <<"Crygenr!" << endl ;

£ () 7 //BEI3OB
QYHKIIMI.

cout <<"Mpenomaparens!" << endl ; £ () ; //BEIBOB (QYHKIIMIA.
cout <<"Hapon!" << endl ;

}

Pe3ynbraTom paboThl IporpamMmel OyAyT TPH CTPOKHU:
C Hoseim T'ogom, Ctynent!
C Hoseim T'ogom, Ilpenonmasarens!

C Hosemm T'ogom, Hapon!

Ecnu tTin BO3BpaimaeMoro 3HaueHus: He void, To (QyHKIMS MOXXET BXOJIUTH B
COCTaB BBIpaXEHUU. THIIBI U MOPSIOK CJIEIOBAHUS MIEPEMEHHBIX B ONPEICICHUHN U
NP BBI30BE (PYHKIIMM JOJDKHBI COBMAnaTh. [ Toro 4roObl (GyHKIMS BepHYJa Ka-

KOe- MO0 3HAaYeHHUE, B HEM TOJIKEH OBITh ONepaTop:

return (BEIpaxeHue) ;
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Jlanee nmpuBeAEH mpuMep MPOTPaMMBbI, KOTOpPasi BBIYUCIISECT 3HAUYCHUE BhIpaxe-
HuUA sin2(0) + cos2(o) mpu 3aJaHHOM 3HAa4YeHUH o. 31ech GyHKIUS radian BBITIOIHSET

NIePEBOJI TPAJTYCHON MEpHI yIiia B paauanHyro (muctuHr 1.11).

Jluctunr 1.11- Ipumep pyHKIMM, BO3BpaIIarONIei 3HAYCHUE
#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;

//BBOO IOAHHEIX.

cout<<"Inpout : "<<endl ; //BeJnurHa yIJia:
cout<<"DEG = " ; cin >>DEG; //rpanycel,
COUut<<"MIN = " ; cin >>MIN ; / /MUHYTEI,
cout<<" SEC =" ;

cin >>SEC ; //CeKyHnE.

//BennumHa yIrJia B palMaHax.

RAD=radian (DEG, MIN, SEC) ; //Be3OB QyHKIMH.

cout << "V a l ue inr ad i anA = "<<KRAD << endl ;
//BEIUMCIIEHME SBHAYEHMUS BREPAXEHMS M €I'0 BEIBOI.

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

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

}

[lepemennbie, onucaHHbie BHYTPU (YHKIIMU, & TAK)KE TIEPEMEHHBIC U3 CIIHCKA
apryMEHTOB, SBISAIOTCS JIOKaldbHbIMHU. Hampumep, eciu nporpamMmma COIEPKHUT MATh
pa3HbIX (YHKIIMNA, B KQXKIOH U3 KOTOPHIX omucaHa nepemeHHas N, To mis C++ 310

MATHh Pa3IMYHBIX TIepeMeHHBIX. O01acTh AEHCTBUS JIOKAIBHON MEPEMEHHON HE BBI-
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XOJIUT 3a paMKU (YHKIMU. 3HAYEHUS JIOKAJIbHBIX MEPEMEHHBIX MEXKIY BbI30BaMU
OJTHOM M TOM ke (YHKIIUU HE COXPAHSIIOTCS.

[lepemennsie, omnpeneaéHHbIe 10 OOBSIBICHUS BCeX (DYHKIUN M JOCTYITHBIC
BceM (DYHKIMSIM, HA3bIBAIOT TNIOOATBHBIMU. B (yHKIMM TOOANbHYIO MEPEMEHHYIO
MOJKHO OTJINYUTb, €CIIM HE ONKCAHA JIOKAIbHASI IEPEMEHHAS C TEMH K€ UMEHEM.

['mobGanbHble IEpEeMEHHbIE MPUMEHSIOT JJI Nepeaaud AaHHBIX MEXIy (PyHK-
IUSIMU, HO 3TO 3aTPyJHSAET OTIAAKy Hporpammbl. J[nsi oOMeHa HaHHBIMU MEXIY
GYHKIIUSIME KCTIONB3YIOT MapaMeTphbl (DYHKIMI W 3HAYEHUs, BO3BpamiacMbie (QyHK-

LIUSMH.

1.2.1 Tlepenaua napameTpoB B (PYHKITUIO

OO6meH nHpoOpMaIMel MEXTy BbI3bIBAEMON U BbI3bIBaIOIIEeH (QYHKIIMSIMU OCY-
IIIECTBJISAETCS C MIOMOIIBI0 MEXaHW3Ma Tepeiaun mapaMmeTpoB. CIIUCOK TIEPEMEHHBIX,
yKa3aHHBIA B 3arojoBKE (PYHKIIMH, Ha3bIBaeTCs (HOpPMaNbHBIMU MapaMeTpaMy WU
mpocto mapamerpamu GyHKIUH. CIIHCOK MEPEMEHHBIX B ONEpaTope BhI30Ba (PYHK-
AW — 3TO0 (aKTHIECKHUE TTapaMeTPhl HIIA apTyMEHTHI.

MexaHu3M mnepenayu mapaMeTpoB oOecreurBaeT 3aMeHy (popMaibHBIX Mapa-
METpOB (PaKTHUYESCKUMH TapaMeTPaMU U TO3BOJISET BBITIONHATH (PYHKIIUIO C pas3Ind-
HBIMH JaHHBIMA. Mexy (aKTHYECKUMHU MapaMeTpaMu B ONEpaTope BhI30Ba (PYHK-
1My ¥ (popManbHBIMU TTapaMeTpaMH B 3arojIoBKe (DYHKITUU YCTAaHABIIMBACTCS B3anM-
HO OJHO3HAYHOE COOTBeTcTBHE. KonmduecTBO, THMBI M MOPSAOK clieaoBaHus (op-
MaJIbHBIX U (PaKTHUECKUX IMapaMeTPOB JIOJKHBI COBNAAATh.

[lepenaya mapaMeTpoB BBIMOJHACTCSA CIEAYIOMUM 00pazoM. Brrumcnstorcs
BBIPKEHUSI, CTOSIIIIME HAa MeCTe (PaKTUUECKHX MapaMeTpoB. B mamsTu BeIAeseTCs
MecTo 1o (hopMaTbHBIC TApaMETPhl B COOTBETCTBUH C UX TUIIAMU. 3aTeM (popMalib-
HBIM ITapaMeTpaM NPHUCBAUBAIOTCS 3HAUCHUS (haKTHUCCKUX. BBITONHICTCS MpoBepKa
TUIIOB ¥ TIPU HEOOXOIUMOCTH BBITIOJTHSIETCS UX MPEe0oOpa3oBaHHUE.

[lepenaua mapaMeTpoB B PYyHKIIMIO MOXKET OCYIIECTBIATHCS MO 3HAYEHUIO U TIO

ajapecy.
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[Ipu nepenauve NaHHBIX MO 3HAYEHUIO QYHKIMS pabOTaeT ¢ KONuiAMH (aKkThue-
CKHX MapaMeTpOB, U JOCTYIA K UCXOAHBIM 3HAUEHUSIM apryMEHTOB y He€ HeT. [lpu
nepenave JaHHBIX M0 ajpecy B PyHKIMIO epenaéTcsl He IepeMeHHas, a e€ ajpec, H,
CJIeI0BaTeNbHO, (DYHKIIMS MMEET OCTYIN K s4elKam MaMsTH, B KOTOPBIX XPaHSATCS
3HaYeHUs apryMeHToB. TakuM oOpa3om, JaHHbIE, IEPEIaHHbIe M0 3HAUYCHUIO, (PyHK-
1Sl U3BMEHUTH HE MOXET, B OTIMYME OT JaHHBIX, EPEJaHHBIX 10 aJpecy.

Ecnu tpebyercs 3anmpeTuTh U3MEHEHHUE MapameTpa BHYTPH (DYHKINHU, UCTIONb-
3ytoT MonudukaTtop const. 3arojJoBok (QyHKIHH B 00mIeM Buie OyIeT BBITJISACTH
TaK:

T uMda QyHKuUMm ( const TUI_TEPEeMEHHOM* UMA [epPeMeHHOUW, ...)

[Ipumepsl pa3nUyHOTO BHUAA MEpPEAauYd M HCIOJIb30BAaHUSA IIEPEMEHHBIX B

GyHKIUAX TpUBEACHBI B TucTUHTE 1.12.

Jluctunr 1.12 - [Ipumeps! pa3nuyuHbIX QyHKIHIA
#include <iostream>
using namespace std ;
int f1( int 1 ) //HaHHElE HepenanTcs [0 BHAYEHMO
{
return ( 1 ++) ;
}
int f2 ( int * j ) //JJaHHEE HOepenanTcs IO amgpecy. Ipr HOICTAHOBKE
daxKTHUYECKOI'O HapaMerpa,

//OJs [oJIyuyeHMs ero 3HAUYeHMs, [OPHMMEHSEeTCs onepanmus pasanpecarmmu *

{

return ( ( * j )++) ;

}

int f3 ( const 1int * k) //UBMeHeHe mapaMeTpa He MNpenyCMOTpe-—
HO

{

return ( ( * k )++) ;

}

int main ( )
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{

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

f2(&a) ; //HOna nepemaum QaKTHMUECKOI'O [apaMeTpa MCIOJL3YeTCs olepa-—
Ms B3ATHUS ajpeca &

cout<<" g = "<<a<<" \ n " , f3(&a) ;

cout<<" g = "<<a<<" \ n " ;

return 0 ;}

Pe3ynpTaT paboThl IpOrpaMMsl:
Beeneno 3HaueHue NepeMeHHO a.
a=5
3HaueHue NepeMeHHo a mocJe Bei3oBa GyHKIUU fl HE U3MEHMITOCK.
a=5
3HavyeHue MePEMEHHOM a rmociie BbI3oBa GyHKIMU {2 U3MEHUIIOCK.
a=6
3HavyeHue MepeMEeHHOM a mociie Bbi3oBa (yHKIMU {3 HE U3MEHUIIOCH.
a=6
Yno0HO HCIONB30BaTh TMepeaady JaHHBIX 10 aJpecy, €CIM HY>KHO YTOOBI

(1)YHKI_II/I$I N3MCH:JIA 3HAYCHUS IICPEMCHHLIX B BBISBIBaIOH_ICﬁ ImporpamMmme.

1.2.2 BosBpar pe3ynpTaTa ¢ MOMOIIBIO orepaTopa return
BosBpat pesynbrara u3 (yHKIIUU B BBI3BIBAIOIIYIO €€ (DYHKIIMIO OCYIIECTBIIS-

CTCA OIICpaTOopoOM
return BHIpPaxXeHUe;

PabGoraer onepatop ciemyronuM o0pa3zom. Beraucisercs 3HadeHUE BbIpaxke-
HUS, YKA3aHHOTO TOCJe return, ¥ mpeodpa3yercs K THIYy BO3BpaIIaeMoro (QyHKIHMeH
3Ha4YCHHS. BeimonmHeHne QyHKIIMU 3aBepIIacTcs, a BRIUMCICHHOE 3HAYEHUE Tepesa-

€Tcs B BBI3BIBAIONIYIO (QyHKIMIO. JIF0OBIE omepaTophl, cleayiomue B (YHKIUU 3a
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orepa-TopoM return, urHopupyrorcs. [IporpaMma mpomomkaeT cBO padoTy ¢ ore-
paTopa, CIeIYIOIIEeTo 3a ONepaTopoM BhI30Ba JaHHOU (PyHKIIUU.

Omnepatop return MOKET OTCYTCTBOBaTh B (PyHKIMAX THma void, eciu BO3BpaT
IPOMCXOIUT TIepe/] 3aKphIBAIOIICHCS (PUTypHOM CKOOKOM, M B (PYHKITMM main.

Taxxe QyHKIHS MOXKET cOAepk aThb HECKOJBKO OMEepaTopoB return, €Ciu 3TO
OTIpE/ICNICHO TMOTPEOHOCTAMH anropuT™Ma. Hampumep, B cleAyromei mporpaMme
(GyHKIMS equation BEIYMUCISET KOPHH KBajapaTHoro ypaBHeHus. Eciu a = 0 (ypaBHe-
HUE HE ABJISIETCSA KBAJIPATHBIM), TO B TporpaMmy nepeaacTcsi 3HaueHue paBHoe 1, ec-
JM AUCKPUMHUHAHT OTPHUIATENIBHBIN (YpaBHEHHE HE UMEET JACHCTBUTEILHBIX KOPHEH),
TO 1, @ ecM MONOXKHUTENbHBIM, TO BBRIYUCIAIOTCS KOPHU YPAaBHEHUSA U B MPOTPaMMy

nepenaércs 0 (iuctunr 1.13).

Jluctunr 1.13 — ITpumep dhyHKIMU, BO3BpallatOIeld 3HAYEHUS
#include <iostream >
#include <math.h>
using namespace s t d ;
int equation (float a, float b, float c¢ , float * x1 , float * x2 )
{ float D=b*b—-4*a * c ;
if ( a==0) return -1;
else 1f (D<0) return 1 ;
else
{
* xl=(-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 ;

cout<<" A =" , cin >>A;
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cout<<" B =" ;, ¢ n >>B ; cout<<" C =" ; cin >>C ;
P=equation (A, B, C, &X1 , &X2 ) ;

if (P==-1) cout<<" input Error "<<endl ;

else 1f (P==1) cout<<" N o r e a l r oo t s "<<endl ;
else cout<<" X 1 = "<XI<<" X 2 = "<<X2<<endl ;

return 0 ;

}

1.2.3 CrenmanbHOE UCTIOIB30BaHUE (PYHKIIUIMA

1.2.3.1 PexypcuBHbIe PyHKITUU

[Ton pexypcueil B MporpaMMUpPOBAaHUU MOHUMAIOT (DYHKIMIO, KOTOpasi BBI3bI-
BaeT cama ce0s. PexypcuBHbBIC (DYHKIIMH Yallle BCETO MCIHOJB3YIOT JJIsi KOMITAKTHOM
peanu3aluu peKypCUBHBIX aIrOpUTMOB. KilacCMYeCKMMH PEKYPCUBHBIMHU aJITOPUT-
MaMH MOTYT ObITh BO3BEJICHHE UHCJIAa B LIETYIO MOJOKUTEIBHYIO CTEIECHb, BBIUUCIIC-
Hue (axropuana. C npyroil CTOpoHbI, 000N PEKYpCUBHBIN aJITOPUTM MOKHO pea-
JM30BaTh 0€3 MpUMEHEHUs peKypcuil. JJOCTOMHCTBOM PEKYpCHUM SIBIIIETCS KOMITAKT-
Hasl 3aMKCh, a HEJOCTATKOM — PacXo/ MaMsITH Ha MOBTOPHBIEC BBI30BBI (PYHKIMN U
nepeaavy napaMeTpoB, CYIIECTBYET ONACHOCTD MEPETOTHEHUS aMATH.

Bbruncnuth n-10 cTeneHp uncaa a (n — LeJ0€ YUCIO) C MOMOIIbI0 PEKYPCUB-
HOU (PYHKITUH.

Pe3ynbraToM BO3BEIEHMS 4YMCa a B LEIYHK CTENEHb N SBIIAETCS YMHOKECHHUE
ATOro yMciia Ha ceds n pas. Ho 3To yTBepkieHne BEpHO TOJIBKO ISl OJ0KHUTEIbHBIX
3HaueHui n. Eciu n nmpuHUMaeT oTpuliateIbHble 3HaYeHus, To a " = 1/a.

B cnyuae n =0, a%= 1.

Jlyist petnieHust 3a/1a4u CO3AaIMM PEKYPCUBHYIO (DYHKITHIO Stepen, alilrOpUTM KO-

TOpPOU MPEJICTABJICH HA pUCYHKE 1.5.
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{ stepen(a,n) J

return 1

v

return a*stepen(a,n-1)

return 1/stepen(a,-n)

-

PI/ICYHOK 1.5- AHFOpHTM BO3BCACHUA B CTCIICHD C IIOMOIIBIO PCKYPCHUU

TekcT mporpaMMbl ¢ TPUMEHEHUEM PEKYPCUU NTOKA3aH B JINCTUHTE 1.14.

JIuctunr 1.14- TekcT nporpaMmbl peKypCUBHOM PyHKIIUU
#include <iostream>
using namespace s t d ;
float stepen (float a, int n)
{
if ( n==0)
return 1 ;
else if ( n<0)
return 1/ stepen ( a ,-n ) ;
else
return a # stepen( a , nl) ;
}
int main( )
{
int i ; float s , b ; cout<<" b =" , cin >>b ;

cout<<" i =" , ¢ci n >>i ; s=stepen(b , i) ;
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cout<<" s = "<<s<<" \ n " ;
return 0 ;

}

1.2.3.2 Ileperpy3ka pyHKUIMM

A3pik C++ 1O3BOJISIET CBSA3aTh C OJIHUM M T€M K€ MMEHEM (DYHKIIMM pa3iud-
HbIE OMpEJIEICHUS, TO €CTh BO3MOXHO CYIIIECTBOBAaHUE HECKOJIBKUX (DYHKIIMMA C OH-
HAaKOBBIM MMEHEM. Y 3THX (PYHKIIUH MOXET OBITh pa3HOE KOJUYECTBO MapamMeTpOB
WK pa3Hble TUIBI TapameTpoB. Co3nanue IByX WM 0oJjiee PyHKIUN C OJTHUM U TEM
K€ MMEHEM Ha3bIBaeTCs Teperpy3koi umeHu Gyskuu. [leperpyxeHHbie ¢yHKITHH
CO3/IaI0T, KOTJIa OJTHO M TO K€ JIEHCTBUE CJEAYET BBHIMOJHUTH HaJ Pa3HBIMU TUIIAMU
BXOJIHBIX JTAHHBIX.

B npuBenénHom nasiee Tekcte mporpaMmMbl Tpu QpyHKIMHU ¢ uMeHeM Pow. Tlep-
Basl BBITIOJHSET OIEpaIio BO3BE/ICHUS BEIIECTBEHHOTO YKCia a B APOOHYIO CTENEHb
n =k/m, rae k u m — nenple yncna. Bropas Bo3BOAWT BEIECTBEHHOE YUCIIO A B IIC-
JYI0 CTETEHb N, a TPEThI — IIEJI0€ YUCIIO a B eIy cTeneHb n. Kakyro mMeHHO
(GYHKIIMIO BBI3BATH KOMITUJISITOP OMPENEsieT MO TUIY (PaKTUYECKUX MapameTpoB.
Tak, ecnmu a — BellecTBEHHOE 4nCIo, a k — 1enoe, To oneparop Pow(a,k) Bb3oBeT
BTOPYIO (YHKIIMIO, TaK KaKk oHa uMeeT 3arojioBok float Pow(float a, int n). Komanna
Pow((int)a,k) mpuBenér k BbI30BY TpeTheil Ppynkiuu float Pow(int a, int n), Tak Kak
BEIIIECTBEHHAs TIEpEMEHHas a npeoOpa3oBaHa K 1enoMy tumy. [lepBas ¢pynkuus float
Pow(float a, int k, int m) umeeT Tpu mapameTrpa, 3HA4YUT, OOpalIeHUE K HEU OCy-

niecTriseTcss komanao Pow(a,k,m) (siuctunr 1.15).

Jluctunr 1.15- Tpumep neperpy3ku GyHKIIAN
#include <iostream >
using namespace std ;
#include <math . h>
float Pow( float a , int k , int m) //llepBas QyHKLMUS
{

cout<<"oymurmmsg 1 \ t " ;
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if ( a==0)

return 0 ;

else if ( k==0)

return 1 ;

else 1f ( a >0)

return exp ( (( f 1 oat ) k/m¥1 og (a) ) ;
else if (m3%2!=0)

return (exp ( ( f 1 oa t ) k/m¥x 1 og (-a ) ) ) ;

float Pow( float a , int n ) //Bropas QyHKIMS
{

float p ,; int 1 ;

cout<<"@ymurmmsa 2 \ t " ;

if ( a==0)

return 0 ;

else 1f ( n==0)

return 1 ;

else 1f ( n<o0)

{

n=n ; p=1;

for (1 =1; i <=n ; 1 ++) p*=a ;
return ( £ 1 oa t ) 1/ p ;

}

else

{

p=1;

for (1i=1; 1 <=n ; 1 ++) p*=a ;
return p ;

}

}

float Pow( int a , int n ) //Tperes QyHKIMS
{

int 1 , p ;

cout<<"oymxmma 3 \ t " ;

if ( a==0)
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return 0 ;

else if ( n==0)

return 1 ;

else 1f ( n<0)

{

n=n ; p=1;

for (1 =1; i <=n ; 1 ++) p*=a ;
return ( float ) 1/ p ;

}

else

{

p=1;

for (1 =1; i <=n ; 1 ++) p*=a ;
return p ;

}

}

int main( )

{

float a ; int k , n ,m; cout<<" a = " ; cin >>a ; cout<<" k =" ;

cin >>k ;

cout<<" s = "<<pow( a , k )<<" \ n " ; //Bei3oB 2-11 QyHKIMIA.

cout<<" s = "<<pow ( ( I n t ) a , k )<<" \ n " ; //BmzoB 3-11
QYHKIIMIMI.

cout<<" a =" ; cin >>a ;

cout<<" k =" ; cin >>k ; cout<<" m =" ;, c i n >>m;

cout<<" s = "<<Pow( a , k ,m)<<e n d 1 ; //BeizoB 1-11 QyHKIMHI.

return 0 ;

}

Pe3ynbpTaThl paboThl IPOrPaMMBL:

a=5.2
k=3
Oyukuus 2 $=140.608
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Oynkmus 3 $=125 a=-8
k=1 m=1

Oynkuus 1 s=-8

a=5.2 k=-3

Oynkmus 2 $=0.00711197
Oynkrmua 3 $=0.008 a=-8
k=1 m=3

Oyakmms 1 s=-2

1.2.3.3 lllabnonb! HyHKIMIA

[[Ta6mon — 310 0cOOBIM Bua PyHKIMH. C MOMOIIBIO 1M1a0JI0Ha PYHKIIUU MOXK-
HO OIPEICIUTh aITOPUTM, KOTOPBIN OYIeT MPUMEHSTHCSA K JTaHHBIM Pa3IUYHBIX TH-
noB. MexaHu3M paboThl 11abJI0HA 3aKIIOYAETCS B TOM, UYTO Ha 3Tane KOMMIMISIIHU
KOHKPETHBIN THI TaHHBIX MepeaaéTcs B QYHKIMIO B BUJIC TTapaMeTpa.

[IpocTeiinryto GyHKIHMIO—111a0JI0H B 00IIIEM BUJI€ MOXKHO 3amucaTh TakK:

template <class Type> zacono60x

{

meno yHKyuu

}

OOBIYHO B YTIJIOBBIX CKOOKaX yKa3bIBAIOT CIUCOK MCIOJIb3YeMbIX B (DYHKIIHH
TUTIOB JaHHbIX. Kaxknaplii T npeaBapsieTcss ciaykeOHbIM ciaoBoM class. B obmem
cllydae B CIIUCKE MOTYT OBITh HE TOJBKO TUIIbI JaHHBIX, HO U UIMEHA IEPEMEHHBIX.

Paccmotpum npumep mabioHa MOMCKa HAMMEHBIIETO M3 YEThIPEX yucen (Ju-

ctunr 1.16).

Jluctunr 1.16- Ilpumep mabdiona GpyHKuun
#include <iostream>
using namespace std ;
//OnpenensseM abCTPAKTHEI THI HAHHEIX C IIOMOIBK CJYAXEOHOI'O CJIOBA

Type
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template <class Type>

Type minimum ( Type a , Type b , Type c , Type d )

{ //OnpenessemM QYyHKIMIO C MCIOJB30BAHMEM THIIA IAHHBX Type

Type min=a ;

if ( b<min ) min=b ,; 1 f ( c<min ) min=c ,; 1 f ( d<min )

min=d ; return min ;

}

int main ( )

{

int ia , ib , ic , id , mini ,; float ra , rb , rc¢c , rd , minr ;
cout<<" Vvod 4 thelih chisla \ t " ;

cin >>ia >>ib >>ic >>id ;

mini=minimum ( ia , 1ib , ic , 1id ) ; //Be3oB @QyHKIMM minimum , B

KOTOPyK HnepernaéM 4 [eJblXx BHadeHMs.

cout<<" \ n "<<mini<<" \ n " ;

cout<<" Vvod 4 veshestvenih chisla \ t " ; cin >>ra>>rb>>rc >>rd ;

minr=minimum ( ra , rb , r ¢ , r d ) ; //Be3oB (QyHKIMM minimum , B

KOTOpyK HepernaémM 4 BeIEeCTBEHHEX 3HAYEHMS.

cout<<" \ n "<<minr<<" \ n " ;

return 0 ;

}

1.3 OOBbEKTHO-OPUEHTHUPOBAHHOE TPOTPAMMHUPOBAHKE B Mporpammax Ha C++

OOBEKTHBIN MOAX0J POAUIICS KaK CIENYIOUMUA Ba)KHBIN IIar Ha MyTH Kaye-
CTBEHHOTO HamucaHus OOJbIIMX MporpamMMm. B HEM mpennaraercs pa3ienisaTh Mpo-
rpaMMy Ha CaMOCTOSITEJIbHbIE YaCTU — OOBEKThI, HAJEIEHHBIE COOCTBEHHBIMHU CBOM-
CTBaMH, TEKYIIUM COCTOSIHUEM, U YMEIOIIME B3aUMOJECHCTBOBATh JIPYT C IPYTOM H C
OKpYXalolllel cpefo — MPUMEPHO TaK, KaK 3TO MPOUCXOTUT Y 0OBEKTOB PEaIbHOTO
MHpa.

B ympoménnom Buie Takas mapaaurMa rnoxyduia Ha3BaHue 00bEKTHO- OPUEH-

TupoBaHHOro nporpammupoBanusi (OOII) — noaxona, KOTOPKIN MO3BOJSET UCTIOIb-
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30BaTh B MporpamMMe 0OBEKTHI U JaKe MOOIIPSIET 3Ty MPAKTUKY, HO HE TpeOyeT, 4To-
OBl MporpamMma COCTOsIIa U3 OJJTHUX TOJIBKO OOBEKTOB.

O0beKT B caMOM 00111eM CMBICIIE — 3TO OCsA3aeMast CYIIHOCTh, KOTOpasi YETKO
IPOSIBIISIET CBOE TIOBEICHUE.

OOBEKT COCTOUT U3 CICAYIOMINX TPEX YacTeH:
— HUMsI 00BEKTA;
— COCTOsIHUE (3HAYEHHUE €T0 TIePEMEHHBIX);

— MeToAbl (QyHKIUN).

OI[HOTI/II'IHI)IG 00BEKTHI 06p33y1-0T KJIAaCC. HOI[ OJHOTHUIITHBIMH 00BEKTaMU MBI
ITIOHUMAacM TaKHUC O6’beKTI>I, Y KOTOPBIX OAWMHAKOBEI Ha60pBI MCTOI0B U IICPCMCHHBIX

COCTOsSHUA.

1.3.1 Co3nmanue ki1accoB 1 00beKTOB B C++

CuHTaKcuC OIMCaHUs Kjacca BO MHOTOM KOIIUPYECT CHHTAKCHUC OIINCAaHUA

CTPYKTYpHIL. B mpocreiiniem cirydae Ki1acc ONUCHIBAETCS TaK:

class MM _KJjlacca

{

BaKpPEITEIE YJIEHEI KJjidacca
public

OTKPEITEIE YJI€EHBEl KJlacca

b

Kak u npu oObsBIEHUN CTPYKTYpbl, UMsI KjlacCca CTAaHOBUTCS HOBBIM MMEHEM
TUTIA JAaHHBIX, KOTOPOE MOKHO MCIOJIB30BaTh JJIsl OOBSBICHUS IEPEMEHHBIX (00BEK-
TOB KJjlacca). UneHamu kiacca OyIyT IE€peMEHHbIE U PYHKIMH, OOBSIBICHHbBIC BHYT-
pu kiacca. OyHKIMK-YJICHBI KJIacca Ha3bIBalOT METO/IAaMH 3TOTO Kiacca, a epeMeH-

HbIC- YJICHBI KJIacca Ha3bIBAIOT CBOMCTBAMM KJlacca.
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B C++ nonstus OOII ucnons3yroTcs ciieayromumM odpasom [3, 4]:

— «KJIaCcC»: TOJIb30BATENICKUIM TUII TAHHBIX, BO MHOT'OM aHAJIOTUYHBIM CTPYKTYpE;

— «OOBEKT KJaccay WM «IEePEeMEHHAas-dK3eMIUISIp Kjlaccay: MepeMeHHas, B OIuca-
HUU KOTOPOM KaKOM-TO KJIACC YKa3aH B KAUE€CTBE THIIA IaHHBIX;

— «CBOMCTBO» WJIH «IIE€PEMEHHAs-WICH KJacca»: MepeMeHHas, 0ObsBICHHAs BHYTPH
KJ1acca (Kak MoJie BHYTPU CTPYKTYPbI); HA IPAKTUKE Yallle TOBOPST HE O CBOMCTBE
KJlacca, a O CBOMCTBE O0BEKTa, TaK KakK JUIsi KOHKPETHBIX OOBEKTOB MEPEMEHHBIC
— 4YJIeHBI KJlacca 00JIaJJal0T KOHKPETHBIMU 3HAYEHUSIMH U MOTOMY HMMEIOT KOH-
KPETHBIA CMBICIL.

— «MetoA »: QyHKIMs, 00BsBIEHHAs BHYTPH Kjacca.

[To ymomyanuto Bce QyHKIMHM U MEpEMEHHbIE, OOBABICHHBIC B KJIAacce, SIBIIS-

FOTCSI 3aKPBITBIMU, T. €. MPUHAAJIEKAT 3aKPBITOM CEKUMU Kilacca. JTO 3HAYUT, UTO

OHHM JIOCTYIHBI JUIsl OOpalleHus TOJbKO U3HYTPH WIEHOB ATOTO Kjlacca U HEJOCTYITHBI

u3BHE. /{151 0OBSABICHUS OTKPBHITHIX WICHOB KJIacCa UCIOJIb3YETCS KIIFOUEBOE CIIOBO

public ¢ nBoeTouneM, o003HaUaroIIee HaYaI0 OTKPBITOM CeKIMU Kiiacca. Bee uneHbl

KJj1acca, oOBSBIICHHBIE TIOCIIE ciioBa public, TOCTymHBI 711 oOpalieHus: Kak U3HYyTpH

ATOro e Kjacca, W Ui JII0OOW IpYyrol 4yacTu mporpaMmbl, B KOTOPOW JIOCTYTIEH

KJ1acc.

OTKpPBITBIX U 3aKPBITBIX CEKIUN B KJIACCE MOXET OBbITh HECKOJBKO, 1 OHU MO-

I'yT MPOU3BOJIBHO uepenoBarhbes. [Ipu HEOOXOAUMOCTH 0003HAUUTH OYEPEAHYIO 3a-

KPBITYIO CEKIUIO, €€ Hayano 0003HavyaeTcsl KJI0YEBbIM CJIOBOM private.

PaccmoTpum B KauecTBe mpumepa 0OBEKT, MPEACTABIAIONIUNA COO0N TeoMeT-

PUYECKHI BEKTOp B TPEXMEPHOM MPOCTpaHCTBE. [l MPOCTOTHI OTpaHUYMMCS Xpa-

HEHHUEM B O00BEKTe TPEX KOOPAMHAT M (YHKIIUH, BBIYUCISIONIEH MOAYJIh BEKTOpa

(yuctunr 1.17).

Jluctunr 1.17- Ilpumep 3anucu kiiacca

classs patial vector

{
public
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double abs ( ) ;

private

double x , yv , z ;
bz

Jlo6aBUB B CTPYKTYPY WJIH B KJacC KaKON-HUOYb METOJ, MOKHO BBI3BAaTh €TI0
JUISI KOHKpETHOro o0bekTa. OOpallleHne K COJIEePKMMOMY OOBEKTa BBIMIOJHSAETCS C
UCTIOJIb30BAaHUEM OIEepaIiy «.» (OO0 ONepanuu «->», €Clu HY)KHO O0OpaTUTHCS 10
yKazaTenmo Ha 00bekT). Hampumep, 3To MOXXHO ciaenath B TJIaBHOW (YHKIIUW TIPO-

rpamMMbl (JiuctuHT 1.18).

JIuctunr 1.18- O6parienne k MeToay Kiiacca u3 GpyHkimu main()

main ( )

{

spatial vector a , b ;

double d ;

d = a.abs () ;

OueBunno, uro ¢yHkius abs(), oObsiBIEHHAs B Kiacce spatial vector, BO3-
Bpamiaer abCoJIFOTHOE 3HadeHue BekTopa. OpHakKo Uil TOro, 4ToObI Mporpamma
CKOMITUITUPOBAJIaCh, TIociie 00bsBICHUS PyHKINIO abs() HY>)KHO eI onpeaenuTs (T.
€. HamucaTh Teno 3Tou GyHKnuu). OnpeneneHne MeToAa BBITIOTHAETCS TaK JKe, Kak
OObIYHOW (DYHKIIMH, TOJIBKO B UMEHH METOJ]a HY>KHO YKa3aTh, YTO OH MPUHAIJICKUT
KOHKPETHOMY Kitaccy. [ 3Toro ucnosb3yercs oneparop paciimpeHust 00J1acTH BU-
TUMOCTH «::». VIMs Kilacca 3amuchIBacTCs Tepel MMEHeM (DYHKITUH, OTIACIEHHOEC
JIBOMHBIM ABOeTOYMEM. Hampumep, B crieayromniemM mpumMepe Mbl 0ObSIBUM BCE TOT JKe
Kjacc spatial vector ¢ nByms merogamMu (yCTaHOBUTH 3HAYEHUsI KOOPJIUHAT BEKTOpa

U TIOCUUTATh €r0 MOAYJIb) U OMHUIIEM 3TH METO/bI B JiucTUHrE 1.19.
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Jluctunr 1.19- [Ipumep nmporpammsl ¢ METOAOM KJ1acca
#include <iostream >
#include <math.h>
using namespace std ;
class spatial vector
{
double x , yv , z ;
public
void set (double a , double b , double c) ;
double abs () ;
bz

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 ;

}

1.3.2 HacnenoBanue. [Tomumopduzm. Nukancynsuus

[TonsiTe «MHKANCYJISAIUN» OBLJIO PAaCCMOTPEHO BBILIE, KOT/IA YKa3bIBalOCh,
YTO B KJIACCE€ MOTYT OBITh OTKPBITHIE U 3aKpbIThIE pa3aenbl. IMEHHO 3aKphIThIN pa3-
7ie7l, HAUMHAIOIIUICS oTepaTopoM «private:» u ompeaenser Kakue NepeMEeHHBIC U
¢yHkuMu OyAyT HEIOCTYNMHBI K MPOCMOTPY M3 JIPYyrux 0OBEKTOB mporpammsl. T.e.,
MHKAIICYJIALUA — 3TO 3aKPbITHE OOBEKTOB Kjacca OT BHEIIHMX, MO OTHOUICHHUIO K

HEMY OOBEKTOB.
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HacnenoBanue KiaaccoB NO3BOJISIET CTPOUTh HEPApXUI0, HABEPXy KOTOpPOH
HaxoAsATCcs OoJiee 0oOIIME KIIACChl, @ BHU3Y - OoJiee crneruanu3upoBannbie. [lonpoOy-
€M IPUBECTU HATJIAIHBIN NpUMep uepapxuu HacienoBanud. [Ipeanonoxum, Mbel co-
31aéM 00bEKTHO-OPUEHTUPOBAHHYIO CUCTEMY PaOOThI ¢ TpaQUKOM, U MPEIyCMOTPEIN
KJIacC point, OMUCHIBAIOIINN OTACIBHYIO IBYMEPHYIO TOUKY Ha 3KpaHe. B a3Tom kiac-
Ce€ XpaHATCS KOOPAMHATHI TOUKH, €€ IIBET, a TAK)KE METOJIbI JIJIsl YIPABICHUS STUMU
naHHbIMH. [Ipy HEOOXOIUMOCTH MOYKHO JIETKO CO3/IaTh Ha 0a3e Kiiacca point mpou3-
BOJIHBIN KJIACC, XPaHSIIUN TPEXMEPHYIO BEpIIMHY (Hampumep, vertex): 100aBUTH B
HEM TPETHIO KOOPAMHATY, COOTBETCTBYIOIIUE KOHCTPYKTOPHI, MOAU(PUIIUPOBATH HE-
KOTOpble MeTOAbl. OTHAKO HE CIEAYeT MyTaTh OTHOLUIEHUE HACIEAOBaHUS C OTHOIIIE-
HueM BKiIrodeHus. Hanmpumep, OyieT HEMOTUYHBIM CTPOUTH Ha 0ase Kiacca point wiu
KJ1acca vertex Kiacc region, OMUCHIBAIONUN 0OBEKTHI C MPOU3BOJIBHBIM KOJIMUYECTBOM
BEpUIMH: CKOPEE, 3TO JOJDKEH OBITh KJIacC-KOHTEHHEp, coAepKauiuil B ce0e MacCuB
00BEKTOB point UK vertex.

Takum o0pa3zoM, €cTb CMBICI CO3/]aBaTh Ha 0a3e CyHIECTBYIOLIEro Kiacca Impo-
M3BOJIHBIM, €CIIM Mbl XOTHUM TIOJYYHUTh YAacCTHBIM ciydail ¢ MOAu(UUIHPOBAHHOU
(GYHKIIMOHATBHOCTHIO.

B C++ HOBBII KJ1acc CTPOUTCS Ha 0a3e yKe CYIIECTBYIOIIETO C MTOMOIILI0 KOH-

CTPYKIIHH CIICIYIOLIETO BUIA:

class parent { . . . . . } ;

class child : [ MmMommpmurkaTop HacjaemoBaHwus ] parent { . . . . . } ;7

[Ipu ompeznesneHnn Kiacca-lIOTOMKA, 32 €r0 MMEHEM CIEAYeT pPa3fesIuTelIb-
JBOETOUHME «:», 3aT€M HeoOsA3aTeNbHbIA MOAU(PUKATOP HACIEAOBAHUS W UMS POIU-
TEJNBbCKOTO Kilacca. MonudukaTop HaciaeIoBaHUS OINpeaesseT BUAUMOCTh Hacjemye-
MBIX TIEPEMEHHBIX U METOJIOB /ISl KJIaCCa-MOTOMKA U €r0 BO3MOXKHBIX TOTOMKOB. Ta-
KUM CIIOCOOOM OmpenessieTcsi, Kakue MpaBa JOCTyNa K MEPEMEHHBIM U METOoJaM

KJIacCca-poauTeNs OYAYT «JIeIerUPOBAHBD) KIACCY-TTOTOMKY.
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[Tpu peanu3zaiuu HaciIeIOBaHUS 00JACTh BUIUMOCTH MPUHAMISKAIUX KIIacCy
JTAHHBIX U METOJOB MOKHO OTIPEEIISAThH BHIOOPOM OJHOTO M3 CICAYIOMUX MOIAU(H-
KaTOpOB JOCTYyTIA:

— private (3aKpBITHIiN);
— public (001Ie10CTYTHBIN);
— protected (3amMIIEHHBIN).

Ot MomudUKATOPHl MOTYT MPOM3BOJILHO YEPEIOBATHCS BHYTPU OIHACAHUS
KJlacca M YK€ HMCIIOJIb30BAIMCh HAMH TSI 0003HAYCHHSI OTKPBITBIX M 3aKPBITHIX CEK-
Ui kimacca. Moaudukarop private OMMCHIBACT 3aKPBITHIE WIEHBI Kjacca, JOCTYI K
KOTOPBIM UMEIOT TOJIBKO METOJIbI-UJIEeHBI 3TOTO Kiacca. Monudukarop public npen-
HA3HAYEH JIJIsl ONMCAHUs OOIIEIOCTYIMHBIX AJIEMEHTOB, JOCTYI K KOTOPHIM BO3MOKEH
13 1000ro MecTa B MporpaMmme, rje A0CTYIeH 0ObEeKT JaHHOTO Kiacca. Moauduka-
Top protected mcrmosnb3yercs: Toraa, Korja HeoOXOAUMO, YTOObl HEKOTOPHIE UJICHBI
0a30BOro Kjlacca OCTaBaJUCh 3aKpbITBIMHA, HO ObUIM OBl JOCTYIHBI M3 KJacca-
OTOMKA.

WNHubIiMu clioBaMH, OJTHH U T€ K€ KJIIOYEBBIE CJIOBA MOTYT HCIOJB30BaThCS U B
KauecTBE MOIU(PUKATOPOB HACIIEIOBAHNS, U B KaYECTBE MOANU(PUKATOPOB JTOCTYTIA.

To, kak U3MEHSAETCS IOCTYII K AJIEeMEHTaM 0a30BOTO KJIacca U3 METO/IOB MPOU3-
BOJIHOTO KJIacca B 3aBUCMMOCTH OT 3HAYEHUS MOIU(UKATOPOB HACIIEAOBAHUS, TIOKA-

3aHO B Ta0mue 1.2.

Tabnuna 1.2- Couetanue MoauUKaTOpOB JOCTyIA U HACIEIOBAHUS

MOILI/I(i)I/IKaTOp HacJICJOBaHUs
MoudukaTop ocTyna public protected private
public public protected private
protected protected protected private
private HET JOCTYIIA | HET NOCTYyIla| HET NOCTyIla

N3 Ttabmuiel BUAHO, B MPOU3BOJHOM KJIACCE JIOCTYN K dJIeMEHTaM 0a30BOTro
KJIacca MOXKET OBITh cjenaH 0ojee orpaHWYCHHBIM, HO HUKOTAA HENb3s CIeJaTh ero

MCHCC OI'paHUYCHHBIM.
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B crrcke 6a30BBIX KJIACCOB MOYKHO YKa3bIBaTh HECKOJIBKO KIACCOB-POAMUTEINEH,
gyepes3 3arsTyi0, KaKI0ro CO CBOMM MOAU(HUKATOPOM HACICIAOBAHHMS M TEM CaMbIM

IIOJIYYUTH MHOKCCTBCHHOC HACJICJOBAHUC!

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

ITpu 3Tom knacc C yHacienyer Kak coaepKUMoe Kiacca A, Tak u kiacca B.
[Ipu BBI30BE KOHCTPYKTOpa OyayT CHayasia BBI3BAHBI KOHCTPYKTOPHI 0A30BBIX Kilac-
cOB (B MOpsAKe cieoBaHus). [leCTpyKTOphbI, Kak BCEr/a, UMEIOT MPOTHUBOMOI0KHBIN
HOPSAIOK BBI30BA.

[Ipy MHOXECTBEHHOM HACIEJOBAaHMU AaBTOMATUYECKH BKIIIOYAETCS MO3HEE
CBSA3BIBAHUE.

Kak yxe ynoMuHasioch, neperpy3ka uid moJaumMop¢usM, T. €. BO3MOKHOCTh
co3gaBaTh PyHKIMU (HAIpUMEpP, METOJBI Kiacca) C OJIMHAKOBBIMM UMEHAMHU U pa3-
HbIMU HaOOpamM MapaMeTpoOB, BbI3bIBAEMBIE B Pa3HbIX CUTYaLUsAX JJIsl PELICHHS O-
HOTUIHBIX 33Jla4 — 3TO OJHO W3 KJIIOYEBBIX MPOsIBICHUN nomumopduszma B CH++.
Opnako kpome neperpy3ku QyHkiuil C++ no3BoJisieT IpoAebIBaTh TO KE CaMoe C
OOJIBIIMHCTBOM CTaHJAPTHBIX ONEPATOPOB.

Ha camoM geine, MOXHO CUMTATh, YTO MEpPErpy3ka ONepaTopoB ISl CTAHAAPT-
HBIX THUIIOB JAaHHBIX B HEIBHOM BHJE NpucyTcTBoBana emé B sA3pike C. Hampumep,
Oneparop AEJICHUS MOKET BBINOIHATH Pa3Hble JEHCTBUS B 3aBUCMMOCTH OT TOTrO, Ka-
KO THIT UMEIOT €r0 apryMEHTBI: JIJIs LIEJIOYMCICHHBIX apTyMEHTOB OYJET BBIIOJHEHO
JICJICHUE HALIEJIO, a Ul BEIIECTBEHHBIX — JEJICHHE YUCEN C IUlaBaromend Toukon. C
TOUKH 3PEHUS MPOIECCOpa IEIEHUE YHCEN C IUIABAIOIIEH TOUYKOW KapJIWHAJIBHO OT-
JMYaeTcsl OT AEJICHHs HAlleNIO: 3a€HCTBOBAaHa Ipyrasi MallMHHAs KOMaH[a, OlepaH-
16l JOJKHBI OBITH 3arpy>KEHbI B COBCEM JIPYTHE PErHCTphl (STUEHKH MaMsATH MpOIiec-
copa), IIOCJIE YEero BBIMOJIHSIETCS COBCEM Jpyras MUKponporpamma. Ha Gosee Bbico-

KOM YPOBHC a6CTpaKHI/II/I orcpanmu OCJIOYUCICHHOIO M BCIICCTBCHHOI'O ACJIICHUA MO-
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I'YT Ka3aThCsl OJMHAKOBBIMH; OJHAKO HCIOJBb30BAaHHE Ui HUX OJHOTO M TOTO XKe
oIepaTopa JOIYCKAIOT AAaJIEKO HE BCE S3BIKH.

B C++ 370 siBIeHHE OBENM 10 JOTHYECKOTO 3aBEPIICHHS], U TEIEpbh MHOTHE
BCTPOCHHBIC OIEPATOPbI MOXKHO HEPErpy3UTh JJsl padOThl C HOBBIMH THUIIAMH JIaH-
HBIX. UTO- OBI MEperpy3uTh OMepaTop, MPOTPAMMUCT OOBSBISECT HOBYIO (YHKIIHIO,
MMsI KOTOPOW COCTOMT M3 KJIFOUEBOTO CJIOBa operator W 3Haka omneparmu. Hampumep,
Neperpy3uM orepaTop + IJs CIOKEHHUs ABYX O0OBEKTOB Kiacca spatial_vector. O0b-

aBieHue QYHKIMHU OyAeT BBITISACTD claeaytomuM oopasoM (uctunr 1.20).

Jluctunr 1.20- ITpumep nonumoppuszma

spatial vector operator+ (spatial vectora , spatial  vector b)

fe v o v o e

Ham monamobutcsi mpenycMoTpeTh B Kjacce spatial vector rerrepsl (Bo3Bpa-
IAFOIIUE METOJIbI) U CETTEPHI (33JAI0IINE METO/IBI) U BCEX TPEX KOOPIUHAT, YTOOBI
BHEIIHSS (PYHKIIMSI MOIJIa BBIIOJHUTh MOKOOPJUHATHOE CJIO0KEHHE JBYX BEKTOPOB
(yiubo MBI MOriM Obl OOBABUTH (DYHKIMIO APY>KECTBEHHOH Kiaccy). Takxke Mbl
OPELYyCMOTPUM B KJIACCE€ KOHCTPYKTOP, MHULMAIW3UPYIOIIUA KOOPJIWHATHI 3aJaH-
HBIMU 3HAYEHUSIMHU, U MeTo info, BRIBOJSAIINNA KOOpAUHATHI BEKTOpa Ha 3KpaH (JIu-

ctuHr 1.21).

Jluctunr 1.21- IIpumep nporpammsl ¢ moAMMOpprU3MomM
#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 ; }

double get x () { return x 7 }
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double get y () { return v 7 }
double get z () { return z ; }
void set x ( double X ) { this ->x=x ; } void set y
( double vy ) { this ->y=y ; } void s e t z ( double z

) { this ->z=z ; }

void 1info(){cout << "KoopnmHaTkl BekTOpa: <<x<<" o, <<y<<”
"<<z<<endl;}

b

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

spatial vector ¢ ( 0 , 0 , 0 ) ;

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

c .sety (a.gety () + b . gety () ) ;

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

return c¢ ;

}

main ( )

{

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

c . info( ) ;

}

1.3.3 Ucnosip30Banue 1madI0HOB KJIACCOB

[[TaGnoHBI KJIACCOB BO MHOTOM IOXO0KM Ha MIA0JIOHBI (PYHKIIUH, PACCMOTPEH-
Hble paHee. TOYHO Tak ke, KaK U B cily4ae a0JI0HOB (PYHKIMH, 111a0JOHBI KJIacCOB
MO3BOJISIOT OTACIHUTH OOIIUI aJrOPUTM OT €r0 PeaM3aIluy MO KOHKPETHBIC THIIBI
naHHbIX. Kiaccuueckwii mpuMmep CHUTyalldu, KOTJa BBITOJHO MPUMEHSTH IIaOIOHBI
KJIACCOB 3TO TAaK Ha3bIBaeMble KOHTEHHEPHI, T. €. KJIACChI, COAeprKallue HabOphl He-
KOTOPBIX 3HAYEHUM (IMHAMHYECKUE CITMCKH, MAaCCUBbBI, MHOYKECTBA). 3aKJjIa IbIBasi TUII

JaHHBIX 3JICMCHTA KaK IMapaMcTp ma6n0Ha, MOXXHO CO31aThb yHI/IBCpcaHBHBII\/'I KJ1accC-
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KOHTEMHEp, a Ha €r0 OCHOBE MOPOXKAATh OOBEKTHI AJIs1 XpaHEHUSI HAOOPOB JIEMEHTOB
KOHKPETHOTO TUIIA — KOHTEUHEDP LIEJIBIX YACEIl, KOHTEMHEDP CTPOK U T. [I.

Omnucanne mabioHa Kilacca TaKKe UMEET MHOTO OOIIETo C madioHOM (PyHK-
uu. OnucaHue Kiacca TOYHO Tak K€ HAaYMHAIOT ¢ KJIFOUEBOTo ciioBa template, 3a ko-
TOPBIM CJIEIyeT CHHCOK (POPMANbHBIX MapaMeTpoB IMIA0JIOHA B YIJIOBBIX CKOOKAaXx.
DTOT e 3arojoBOK MOBTOPSETCS U MEpes ONMCAaHMEM METOJIOB Kiacca. B xauectse
[apamMeTpoB IA0JIOHA MOXKHO IMEpeAaBaTh TUIbI JaHHBIX WM KOHCTAHTHI, HO MEpea
UIeHTU(UKATOPOM, 0003HAYAIONIUM THUIT JAHHBIX, B CIHCKE (POpMaNTbHBIX MapameT-
POB CTAaBUTCS KIIIOYEBOE CIIOBO class.

B orianune oT mabioHOB (YyHKUMH, JJI1 KOTOPBIX (DaKTHUECKUE MapameTpbl
mabioHa (T. €. KOHKPETHbIE TUIIbI JaHHBIX) OMpPENENAI0TCA MO TUIIaM apryMEHTOB,
nepeJaHHbIX (PYHKIMH, AJs I1a0JIOHOB KJIACCOB (paKTUUECKHE MapaMeTpbl HE0OXO-
IUMO TepenaBaTh BHO. CHUCOK (PaKTHYECKUX MapaMeTpoB IIA0JIOHA YKa3bIBAaeTCA
Hocjie UMEHHU Kjlacca B YIVIOBBIX CKOOKax BO BCEX CIlIydyasix, KOrja UMs 1abJIOHHOTO
KJIacca UCIOJIb3YETCsl B MPOrpaMMe — HalpUMep, IPH MOPOKIAECHUU OOBEKTOB, WUIH
IIpY YKa3aHUH MPUHAJJICKHOCTH JJIEMEHTA-ueHa Kiacca. JlanpHeliee oOpamnieHue ¢
HOPOKIEHHBIMU OOBEKTAMU HE OTJIMYAETCS OT OOBIYHBIX KJIACCOB.

PaccMoTpuM B KauecTBe MPOCTOro MpUMeEpa Kiiace point, KOTOPbIA XpaHUT Ta-
Py KOOpJIMHAT TOYKU M uMeeT MeTol info(), BRIBOISAIINN KOOPAMHATHI HA SKpaH (JIu-

ctuHr 1.22).

Jluctunr 1.22- Ilpumep mabioHa 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 ; }
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void info ( ) ;

b

template <class Type>

void p o1 n t <Type > : : inf o ()
{

cout << "KoopamHaTE ~ TOYKM: x = " << X << ", y ="

<< y << endl ;

}

main ( )

{
point <float> f (1 0 . 1 , 20 .5 ) ;, £ . info () ;

}

Kak BuaHo, koHkpeTHbId T (float) ykasaH nmpu co3maHuu 00bEKTa B YIIIOBBIX
ckoOKkax. TOYHO Tak K€ MOXKHO yKa3aTh JItOOOW CTaHIAPTHBIM THUIl JTaHHBIX, WJIH
M0JIb30BATEILCKUM TUI, OOBABICHHBIN B MporpamMmme. O HAKO HEOOXOIUMO TOMHHUTH,
YTO 1M1a0J0HBI QYHKIMKM ¥ 11a0JIOHBI KJIACCOB MOTYT pabOTaTh TOJIBKO JUIsl TEX TUIOB
JAHHBIX (B T.4. KJIACCOB), KOTOPBIE MOAICPKUBAIOT HEOOXOIUMbBIE OIIEPALIUH.

[ITabnoHbBI KJIACCOB, KAK U KIIACCHI, MOJACPKUBAIOT MEXaHU3M HACIEAOBaHUS.
Bce npuHUuUnbl HacaeqOBaHUS MPU 3TOM OCTAIOTCS HEM3MEHHBIMH, YTO MO3BOJSET

MOCTPOUTH UEPAPXUYECKYIO CTPYKTYPY IIA0JIOHOB, aHAJOTMYHYIO HEPAPXUU KIIACCOB.

1.4 PazpaboTtka unTepdeiicHbIx npuiioxeHuii B C++

Co3nanum HOBoe okoHHOe mpuiokenue C++ B MS Visual Studio, ucrons3yst
Windows Forms Application, uro siBisieTcst mporie u ya00HeH.
HeoOxoaumo yka3aTh Ha3BaHUE MPHIIOKEHHUS M BBIOpATh YKa3aHHBIH CIIOCOO

co3zianust (pucyHok 1.6).
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Templates:

e L O G

’.NFF Framework 3.5

JBE

Visual C++

ATL

CLR

General

MFC

Smart Device

Test

Win32
Database Projects
Other Languages
Distributed Systems
Other Project Types

Visual Studio installed templates
E Custom Wizard
(ZAWindows Farms Application
ZAWin32 Console Application
% MFC Application
TEATL Smart Device Project
EICLR Empty Project
14 MFC ActiveX Contral
1% MFC Smart Device ActiveX Control
o/ MFC Smart Device DLL
_@Wi n32 Smart Device Project

@Test Project

ZACLR Console Application

(& ATL Project

(2] Makefile Project

3 Class Library

FEmpty Project

B MFC DLL

ﬁﬁ MFC Smart Device Application
EWin32 Project

mWindows Forms Control Library

Test Projects Fwindows Service

My Templates

21 Search Online Templates...

A project for creating an application with a Windows user interface

Mame: appl

Location: E\FormApps

Solution: Create new Solution

'] Create directory for solution

Solution Name: appl

Pucynox 1.6- Hauano coznanust OKOHHOTO MPHIIOKEHHSI
[Tpu sTOoM Bo BKiIagke «Pemenue» («Solutiony) mosiBurces daiin popmer Forml

(pucynoxk 1.7).

| & |
(54 Solution 'appl’ (1 project)
- (24 appl
= [ Header Files
.. 4 Forml.resX
..... |E| resource.h
..... |n] stdafih
- [ Resource Files
..... @ app.ico
..... |54 app.rc
= [ Source Files
..... ':.:fj appl.cpp
..... ¢ Assemblylnfo.cpp
..... ¢ stdafr.cpp
..... || ReadMetxt

s [@P- BT [@REC[EC]

Pucynok 1.7- Bknagka «Pemienuey
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JloGaBum Ha dopmy, ISl MpUMeEpa, CTAaHJAPTHBIA 3JIEMEHT YNpPaBIEHUS — TEK-

CTOBOE TI0JI€, BEIOPAB €ro U3 CIUCKa HHCTPYMEHTOB - T001boX (pucyHok 1.8).

Toolbox - = X
All Windows Forms -
= Common Controls

k Pointer

Button

CheckBox

8. CheckedListBox
=8 ComboBox

T DateTimePicker
A Label

A LinkLabel

=4 ListBox

s ListView

#-| MaskedTextBox
T MonthCalendar
= Motifylcon

1% MumericUpDown
|8 PictureBox

E ProgressBar

{*) RadicButton
25 RichTextBox

abl] TextBox

% ToolTip

B TreeView

m

i__] WebBrowser
=l Containers
ke Pointer

GroupBox

{1 Panel

[1] splitContainer
TabControl

........

= Menus & Toolbars

ke Pointer

| ContextMenuStrip

= MenuStrip i

Pucynok 1.8- Criucok HHCTpYMEHTOB, pacioJiaraeMbix Ha (hopme
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Janee, oTkpoeM u UcrpaBuM GopMy, Kak Moka3aHo Ha pucyHke 1.9.

private: System::Void Forml_Load(System::0bject® sender, System::EventArgs® e) {
textBox1->Text = “"Hello, World!"; //textBoxl - wma pobaBneHHoro Bamu TekcT bokca
1

Pucynok 1.9- PenaktupoBanue GopMbl
[Tocne 3amycka MpuiIoKeHUs Ha dKpaHe MOSBISETCS cienyromas ¢opma (pu-

cyHok 1.10).

Ll Ty
ot Forml Ll_lg—:p =k

Hello, World!|

I

Pucynok 1.10- OtoOpakenue ¢popmbl Ha SKpaHe

| —

AHaJIOTUYHO CO31al0TCA OKOHHBIC ITPHUJIIOKCHHUA B C++ 110007 CIIOKHOCTH.
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2 MGTOHH‘I@CKI/IC YKa3aHHs 110 BBIIIOJTHCHHUIO BaI[aHI/Iﬁ MNPAKTHUYCCKUX

3aHATUU

I[anee OIIMCAaHBbI 3aJaHUs, KOTOPBIC HGO6XOI[I/IMO BBIIIOJIHUTD Ha IMPAKTHYCCKUX

3aHATHAX U JaHbl MCTOIUYCCKHUC YKA3aHWA I UX BBITTOJIHCHU .

2.1 I13-1. ITpakTryeckoe ucnoab3oBanue GyHkiui B C++

1) Llenu 3ausaTus
[TpakTHYeckoe OCBOCHKME COCTaBICHHUS MPOCTHIX porpamm B C++. IIpaktuye-
CKO€ OCBOEHHE pabOTHI B KOHCOJIBHBIX MTPOCKTaX U MPOBEACHUE BBIYMCICHHIA B METO-

ne main().
2) PexoMeHanuu v MOPsA0K BBIMOJHEHUS 3a/1aHuUi

Heo6xo1uMo u3ydnTh MaTepralbl JICKIIUN 1O 3TOM TeMe U MyHKTHI 1.1 u 1.2

HACTOSIIIIETO MTOCOOMUS.

[Topsa0oK BBIIOTHEHUS 3aJaHHUS:

a) CocTaBUTh MPOTpaMMy PEIICHHUsS S5 BRIYMCIUTEIIBHBIX 33/1a4 [0 CBOEMY BapHaHTYy .
Onpenenenue HoMepa 1-ro 3agaHus:

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

- YETHBIE M0 KypHaITy: 1-e 3aganue — 310 Ne nocneaHero 3aganus- Ne 1o xypHaiy.
Ecnu 1ocTUrHYT KOHEl CIIMCKa BAPUAHTOB 3a/IaHUM, TO IIEPEUTH K IIEPBOMY BapH-
aHTy U JaJiee.

b) Pemuth ykazaHHbIC 3aaHUS M COCTaBUTH OJIOK-CXEMbI aJITOPUTMOB PEIICHHS B
3JIEKTPOHHOM BUJIE.

¢) CocTaBUTh OTYET, BKJIFOUMB B HETO 3aJlaHUE U €ro BhINOJIHEeHUE. [IpecTaBuTh OT-

4CT B 3JICKTPOHHOM BHUAC Ha IIPOBCPKY.
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3) BapuanTsl 3a1aHui

. CoctaBuTh NpoOrpaMmy JUisl IEPEBOJIA ITIMHBI B METPAX B IJIMHY B CaHTUMETpax,
OTIpeeNuB (PYHKIIMIO, BHIMOJIHSIIONIYIO 3TO MpeoOpa3oBaHUE U MepeaaB AJIMHY B
MeTpax B KaueCTBE I1apaMeTpa.

. CoctaBuTh mporpamMmy il HaXOXKAEHUS CYMMBbI JIEMEHTOB KaXKJIOIO U3 TpexX
MacCHBOB, BBEJCHHBIX C KJIABUATYphl, ONPEIEIUB (DYHKIIHIO, BBHITOIHSAIOIIYIO
3TO JAEWCTBHE, 3a]]aBasi MACCUBBI B KJIACCE II100ANIBHO.

. Hanbl uncna S, T. Berauciauts B QyHKINU TOTB30BATENS
F(T,-2S,1.17)+F(2.2,T,S-T) tne F(A, B, C) = (2A-B-sin(C))/(5+C)

. CocTaBuTh IpOrpaMMy I€peBOJIa IBOMYHOM 3AIMCH HATYPAJIBHOTO YHCIIA B ECH-
TUYHYIO, ONMCaB COOTBETCTBYIOIIYIO (pyHKIUMIO ¢ mapamerpom. IlepeBon ocy-
IIECTBIISITH JUIsSl YMCEIl, BBOJMUMBIX C KJIaBHaTypsl. [Ipr3HaK KOHIIAa BBOJA — YUCIIO
0.

. Hanbl yncna S, T. [lonyunts ¢ wucnosib30BaHWEM (PYHKIIMH HOJIb30BATEINS C Ha-
pametpamu G(1,sin(S))+2G(T*S,24)-G(5,-S), rae
G(A,B)=(2A+B*B)/(A*B*2+B*5).

. CocraBuTh mpoOrpaMMmy [Uisl pacyeTa 3HAYEHUN THUIOTEHY3bl TPEYrOJIbHHKA,
onpenenuB (PyHKIHIO, BEIIOJIHAIONIYIO 3TOT pacueT. KaTeTsl nepenatorcst B Kaue-
CTBE I1apAMETPOB.

. Halitn nmepumerp mecTuyrosbHMKa, KOOPAWMHATHI BEPLIMH KOTOPOIO 3aJaHbl.
OnpenenuTh NpoUEAYpPY BBIYMCIEHUS PACCTOSAHUS MEXKIY HABYMS TOUYKAMH, 3a-
JaHHBIMU CBOMMH KoopauHatamu. KoopauHatel nepeaaroTcsi GyHKIIMM B Kaye-
CTBE IMAPAMETPOB U3 OCHOBHOM ITPOTPaMMBL.

. Haiith  miomane NATUYTOJBHHKA, KOOPAWMHATHI BEPIIMH KOTOPOTO 3aJaHbI.
Onpenenuth MpoLERypy BBIYUCIEHHUS PACCTOSHHUS MEXIY ABYMS TOYKaMH, 3a-
JAHHBIMA CBOMMM KOOpPAWMHATAMH, W MPOUEAYPY BBIUYMCICHHS IUIOLIAAU Tpe-
yroJIbHUKA MO TpeM cTopoHaM. OmnucaTh QyHKLUHUU C COOTBETCTBYIOIIUMHU (POp-

MaJIbHBIMU ITapaMETpaMu.
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. Ucnionw3yst moanporpamMmy - GyHKIHIO, COCTABUTh MPOTpaMMy JJis HaXOxIe-

HUS MaKCUMaJIbHOTO W3 Tpex uucen. YUucia mepemarorcs (PyHKIIMM B KadeCTBE
apaMeTpoB.

Ucnons3ys moanporpamMmy-(QpyHKIMIO, COCTaBUTh MPOrpamMmy JIsi BO3BEICHUS
YHUCEN B IETYI0 TOJIOKHUTENBHYIO CTeNeHb. Yncio mepenaroTcs: PyHKIMU B Kade-
CTBE MapameTpa U3 OCHOBHOW mporpaMMsbl. Pacuer BecTu Jy1sl Yuces, BBOJUMBIX C
KJIABHATYPBI, TTIOKa HE OYJIEeT BBEICHO YK CIIO, paBHOE ().

Ucnonb3yst noanporpaMMmy-(QyHKIHMIO, COCTaBUTh NPOrpaMMy ISl BHIYUCIICHUS
byukun Z=(X1+Y1)/(X1*Y1), roe

X1 — nepBbIit KOpeHb ypaBHeHHs X?-4*X-1=0;

Y1 — nepBblif KOpeHb ypaBHeHHs 2*Y2 + A*Y - A2 = () (A - IPOU3BOIILHOE).
3anaB (QyHKIIMIO, BHIBECTH HA ME€UYaTh CpeHUE apu(PMETHUUECKHUE JBYX MACCHUBOB,
BBEJICHHBIX C KJIaBUATyphl. MaccuB nepenaercs: GyHKIIMU B Ka4eCTBE MapaMeTpa.
3anaB (yHKIHIO, paCCUUTATh U BBIBECTH Ha Ne4YaTh MAaKCUMAaJIbHbIC 3HAUYCHUS B
TpeX mapax yuces, BBOJUMBIX ¢ KJlaBuaTypshl. [1apa uncen nepenaercst GyHKIUU B
KadyecTBE MapaMeTpa.

HaiiTu nepumerp BOCBMHYTOJIbHUKA, KOOPJIWHATHI BEPIIMH KOTOPOTO 3aJaHbl.
Onpenenuth (QYHKIUIO BBIYUCICHUSI PACCTOSHUS MEXKAY JABYMSI TOUKAMH, 3a-
JAHHBIMH CBOMMH KoopJuHaTtamu. KoopauHaTel nepeaaTh PyHKIIMH B KauyeCTBE
rapaMeTpoB.

Haunbr uucna A, B, C. IlonyuuThs ¢ ucnoib3oBaHueM (YHKIMU T0JIb30BaTEIs
HauMeHbIIee 3HaueHne. Yncna nepenaroTcst GyHKIIUK U3 OCHOBHOM MPOrpaMMbl B
Ka4yeCTBE MapaMeTpOB.

Hanet uncna x = 1,2,...,N. [lonyuuts ¢ ucnonp3oBanueM GyHKIUU TOIb30BATEIS
sHaueHus 3*P(X+3)*P(X) ans 3amaHHbIX X, T11€

P(X) = 10*X3 - 14*X? + 12*X - 2.

CocTaBuTh NMpoOrpaMmy Jis pacueTa 3HaYCHUN KaTeTa TPEYTroJbHUKA, ONpPEACINB
(GyHKIIMIO, BBITIOJHSIONIYIO ATOT pacyeT. [ umoTeHy3a u BTOpO KaTeT nepeaaroT-

Csl B KAYECTBE MapaMeTpPOB.
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18. Jlansl nessie yncna a,b,c,d. [IpoBepuTh ¢ KMCIONIB30BaHKEM (PYHKIIUU IMOJIb30Ba-
Tesl UX YETHOCTh. YHCIIO JIJIsl MPOBEPKH NepenaeTcs B PyHKIMIO B KaYeCTBE Ma-
pamMeTpa u3 OCHOBHOU MPOrpaMMBI.

19. lanst  uymcna S, T. IlonyuuTh Cc ucCHoJb30BaHUEM (YHKIMU TOJIb30BATENS
Y(T,5)=G(12,5)+G(T,S)-G(2S-1,S*T),rne
G(A,B)=(2*A+B*B)/(A*B*2+B*5).

20. Onpenenure QyHKIHIO, OMPEACIISAIONIYIO, KAKOW IEION CTENEHBIO Yncia 2 sSBIis-
€TCsl €€ apryMEHT (€CITU YHMCIIO HE SABIISETCS CTEMEHBIO ABOWKH - BBIJATh COOTBET-
CTBYIOIIIEE COOOIIEHNUE).

21. Onpenenure (PyHKINIO, TTOJACUYNTHIBAIONIYI0 cyMMy N MEpBBIX 3JIEMEHTOB IIEJIO-
yucieHHoro MaccuBa A. N 1 MaccuB A nepefaTh B KauecTBE IapaMETPOB.

22. Uctionb3ysi MOANpOrpaMmy - (yHKIIMIO C MapaMeTpamu, COCTaBUTh MPOrpaMMy
nna BeruuciaeHns  gymkmmun F(X)Y) = (2X3-4%XZHX+1)/(9%Y3+Y+4) +
3*Y2+5*Y,

23. CocTtaBUTh MpOrpaMMy [JIsl TIEPEBOJA Beca B rpaMMax B BeC B KHJIOTpamMmax,
omnpenenuB (PyHKIMIO, BBITIOTHSIONIYIO 3TO mMpeoOpazoBaHue. Bec B rpammax
nepenaeTcst pyHKIMU B KaueCTBE MapaMeTpa.

24. Jlanwl uncna S, T. [lomyuuTs ¢ ucnonp3oBanueM GyHKIUHN noib3oBaTens G(12,

S)+G(T, S)-G(25-1, S*T) rme G(A, B) = (2*A+B*B)/(A*B*2+B*5).

2.2 T13-2. Pa3paboTka KOHCOJIbHBIX TpuiIokeHu# B C++

1) Lenu 3ausaTus

Hay4yuTbcst cOCTaBIsATh TEKCTHI MPOrPaMM KOHCOJIBHBIX MpHioxkeHuit B C++.
2) PexoMeHIaluy U MOPSI0K BBITOJTHEHUS 3aaHHMA

Heobxoaumo u3yunTh Matepuasbl JEKIMA MO 3TOW Teme U myHKTh 1.1 u 1.2

HACTOSILIETO MTOCOOUS.
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[TopsinOK BBITTOTHEHUS 3aJaHUSA:
a) CocTaBHUTh MPOrpaMMy PEIICHUS 5 BRIYUCIUTEIBHBIX 33/1a4 10 CBOEMY BapHaHTY.

Onpenenenue HoMepa 1-ro 3agaHus:

- HEUETHBIE T10 KypHAIIY: 1-€ 3alaHre — 3TO HOMEP MO KypHaIY;

- YETHBIE 110 XKypHAITYy: 1-e 3amanne — 310 Ne nociienHero 3ananusi- Ne o xypHaiy.
Ecnu mocTurHyT KOHEI ClMCKa BApUAHTOB 3aJIaHHi, TO MEPEUTH K TIEPBOMY Ba-
pHUAHTY U Jajee.

b) Pemuth ykazaHHBIC 3aJaHUS U COCTABHUTH OJIOK-CXEMBI AJITOPUTMOB PEUICHHS B

AIEKTPOHHOM BHJIE.

c) CocTaBHTh OTYET, BKIIOYHMB B HETO 3a/IaHUE U €ro BhIOMHEeHHE. [IpencTaBuTh OT-

YET B 3JIEKTPOHHOM BHUJE HA IIPOBEPKY.

3) BapuaHTbl 3a1aHuit

1. Haitftu naumOoubiiiee 3HaueHue (Xk +yk ) JUII MacCHMBOB X M y. MaccuBbI 3a-
MOJIHUTh CIyYalHBIMH YHCIIaMU. MacCUB 3allOJHUTh CIIy4YallHbIMU YHCIIAMHU.

2. YnopsanouuTh neMeHThl MaccuBa X(N), pacrlooKuB UX B TOPSAKE BO3PACTAHUS
B TOM )K€ MacCHBE.

3. Haiit MunuManbsHbIi U3 251eMeHTOB MaccuBa a(N), MpuHAJUIeKAIUNA UHTEPBATTY
(2; 14). MaccuB 3amoJHUTh CITy4aliHbIMHM YUCITAMH.

4. Ins maccuBa a(K) HaAWTH HauOOJbIlIee 3HAYCHUE PA3HOCTH MEXAY PsIOM CTOS-
IIMMHU 3JIEMEHTaMHi. MacCUB 3all0JIHUTh CTy4YallHBIMU YHCIIAMHU.

5. Haiftu HamOonpmmii 31eMeHT MaTpuibl a(K,K), pacloJIOKEHHBIM Ha TJIaBHOM
JaroHaau. MaccuB 3aIloHUTh CIIy4ailHBIMU YUCIIAMM.

6. Ynopsnouuts ameMeHTsl MaccuBa X(N), pacriosioKuB UX MO YOBIBAHUIO B TOM K€
MaccuBe. MacCuB 3aM0JHUTH CIyYaHBIMHA YHCIIAMU.

7. Haiftu HanOonpInme 37eMeHThl Kaxaou ctpoku MaTpuilbl X(M,N) u 3anucats ux
B MaccuB Y. Matpuity X(M,N) 3anoiHuTh Cly4aiflHbIMH YHCIIAMH.

8. HaifTu MUHUMANBHBIN W3 TOJIOKHUTENBHBIX deMeHToB MaccuBa a(N). Maccus

3aI10JIHUTH CJIy‘IﬂfIHBIMPI qucCJIaMHU.
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. Beraucnuth cyMMBbl 37€MEHTOB Kaxkaou ctpoku Matpuilbl X(N,N), onpenenutsb

HaVMEHBIIEE 3HAYEHUE ITUX CYMM M HOMEDP COOTBETCTBYIOLIEU CTPOKH. Matpu-
1y X(N,N) 3anoaHuTh ciiy4ailHbIMH YHCIaAMHU.

Haiitu Tpun HamMeHbpimx anementa maccuBa (a(l),a(2), ..., a(N)). Maccus 3a-
MOJIHUTH CIIyYalHBIMU YHUCIIAMU.

Brruncnuts Hanbonsmiee 3Hauenns Gynkuun Y (1)=2*B(1)?+3B(I), eciu B(I) 3a-
JTAHO MAaCCHBOM CIIyYalHbBIX YUCEN.

HaiiTn HauMeHbIIui 37eMEeHT MaTpullbl a(K,K) U3 HEPACIIOJIOKEHHBIX Ha TJIaBHOU
IyaroHanv. MaTtpuily 3al0HUTh CIy4YaiiHbIMU YHCIIAMMU.

Haiitn HanOosbIme 3J1eMEeHThI Kaxka0ro crondia matpuibl X(M,N) u 3anucarthb
UX B MaccuB Y. MaccHB 3aM0JHUATH CIIy4ailHBIMU YUCJIaMHU.

Ynopsinounts anemenTsl MaccuBa X(N), pacronoKuB UX 10 yObIBAHUIO B MACCH-
Be Y. MaccuB X(N) 3anogHUTh ClTydalHBIMA YHCIIAMHU.

Haiitu nanbonbimii snmement matpunbl a(M,N) u HOMEp CTpOKH U cTOJIOIA, B
KOTOPBIX OH HaXOAUTCs. MaTpully 3all0JHUTh CIIyYaiiHBIMU YU CIIAMM.

Haiitu Haumenbiuii snemMeHT Matpuilbl X(M,N) u 3anucaTh HyJU B Ty CTPOKY
U CTOJIOEI], TJIe OH HaXoauTCA. MaccuB 3alOJIHUT CITyYalHBIMU YHUCIIAMHU.

Haittu Tpu Hanbonbimux snementa MaccuBa a(l),a(2), ..., a(N). Maccus 3amno-
HUTH CIIy4ailHBIMU YUCJIaMHU.

Halitn mMakcuMallbHBI M3 OTpHIATENbHBIX 31eMeHToB MaccuBa a(N). Maccus
3aI0JIHATh CIIyYalHBIMU YHCIIAMH.

HaiiTn HaumeHbliee 3HA4YE€HUE JIEMEHTOB Xk +yk Il MacCUBOB X M y. Maccu-
BbI 3aIIOJIHUTH CIyYallHBIMU YHCIIAMHU.

Haiitn makcuManbHbIi 13 351eMeHTOB MaccuBa a(N), mpuHajjIeKauii UHTepBa-
ay (1;25). MaccuB 3anoaHUTh CIIy4aiiHbIMH YMCIaMHU.

Jlnst maccuBa a(k) HalTH HaMMEHbILIEEe 3HAYEHHUE PA3HOCTU MEXIY PSJIOM CTOS-
IMMH 3JIEMEeHTaMu. MacCuB 3al0IHUTh CTyYailHBIMU YHCIIaMHU.

Haiitu HauMmeHbIIMIl 351eMEHT MaTpullbl a(K,K), pacloOXKEHHBbIM Ha TJIaBHOU

AUaroHaJIi. MaTpuily 3an0aHUTh CIIy4YaiiHbIMUA YHUCIIAMMU.
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Haiitn makcumanbHbI M MUHUMaNBHBIM 2jieMeHThl MaccuBa a(N) u mome-
HATh MX MecTamMu. MacCHB 3alOJHUTH CIyYallHBIMU YUCIaAMU.

Beruncnuts HaumMmenbniee 3Hadenus Gyrkimuu Y (1)=5*B(1)3+3B(1)?-B(I), ecmu
B(I) 3amano MaccuBOM ClTy4aliHBIX YHCEIL.

HaiiTun HaumeHblre 3J1eMEeHThI Kaxaoro crondma matpuisl X(M,N) u 3anucathb
uX B MaccuB Y. Marpuily 3an0JIHATh CIIy4YalHBIMUA YHCIIAMH.

Haiitn HauOonpmuii 37aeMEHT MaTpulbl a(K,K) U3 T€X €€ DJIEMEHTOB, KOTOPHIC
HE PACIOJIOKEHHBI HAa IVIABHOM JWaroHaiv. MaTpuily 3arojaHUTh CIIy4alHBIMU
YU CJIAMHU.

Haiitn HauOosblliee 3HAYEHHWE  PA3HOCTU Xk -Yk COOTBETCTBYIOIIMX 3JIEMEHTOB
MacCHBOB X U Y. MacCHBBI 3alI0JHUTD CITyYailHBIMU YU CJIAMHU.

Jlist MaccuBa a(K) HAMTH HauOOJbIlIEe 3HAYEHHUE CYMMBI MEXAY PSJAOM CTOS-

IKUMHU 3JICMCHTaMU. MaccuB 3aIloJIHUTh CJIy‘-I&fIHBIMH quCJIaMHU.

2.3 I13-3. Co3nmanue MpWIOKEHUH C pa3TMYHBIMU BUJAMHU HACJICIOBAHUS

1) Llenu 3ausaTus
[IpakTHYeCKH OCBOUTHh OCHOBHBIC BapUaHThl HaCcJIeAOBaHMS B 3aadax Ha C++
2) PexoMeHmany U MOPSIO0K BBITOJHCHUS 3aaHHIMA

Heo6xonumMo u3yduTh MaTepualibl JEKIHUN 1Mo 3ToM Teme u myHKThl 1.1 u 1.3

HACTOSIIETO TI0COOHSL.

a)

b)

[TopsiioK BBITIOTHEHUS 3aaHUS:

CocTaBuTh mporpaMMy pEIICHHS 5 BBIYMCIUTEIBHBIX 3a7ad MO CBOEMY Bapu-

anty. Onpezaenenue Homepa 1-ro 3amanus:

- HEYETHBIE 110 XKypHaly: 1-e 3aJjaHue — 3TO HOMEp 10 KypHAIy;

- YeTHBIE O KypHaITy: 1-e 3amanue — 3To Ne nocyienHero 3aganus- Ne 1o KypHa-
ny. Ecnu JOCTUTHYT KOHEI CMCKAa BapUAHTOB 3aJlaHUM, TO MEPEUTH K TIEPBO-
My BapuaHTy U Jajee.

PemuTh yka3zaHHbBIE 3a1aHHSI U COCTABUTHh OJIOK-CXEMBI aJTOPUTMOB PEIICHHS B

AJIEKTPOHHOM BHJIE.
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CocTtaBuTh OTYCT, BKIIFOYMB B HCro 3aJaHHMC W €0 BBIIIOJHCHHUC. HpCI[CTaBI/ITB

OTYET B JICKTPOHHOM BHUJIE HA MPOBEPKY.

3) BapuanTsl 3a1aHuii

. I[aHBI TPHU LCJIBIX YUCJIA. Bo3Bectu B KBaJpaT OTPHULATCIIbHBIC YHCJIa 1 B TPCTHIO

CTCIICHDb — IIOJIOKHNTCJIBHBIC (‘{I/ICJ'IO 0 He I/ISMGHHTB).

. I3 Tpex maHHbBIX yncesn BBIOpaTh HAUMEHbLIEE.
. I3 Tpex naHHBIX yncen BRIOpaTh HAauOOJIbIIIEE.
. I3 Tpex AaHHBIX 4yKcel BbIOpaTh HAaMMEHBIIIEE U HauOOoJIbIIEe.

. [lepepacnpenennTs 3HaueHus: nepeMeHHbIX X U Y Tak, 4ToObl B X 0OKa3ajaoch

MCHBIIICC N3 OTHUX 3H3“IGHHI>1, aB Y — Ooubliee.

. HaHLI ABC IICPCMCHHBIC LICJI0T0 THIIA: A mn B. Ecinu ux 3HaueHHs HE PaBHBI, TO

IIPUCBOUTH KAXKJIOM MEPEMEHHON CyMMY ITHX 3HAYEHHI, a €CIIM PaBHBI, TO MPH-

CBOHUTD IICPCMCHHBIM HYJICBBIC 3HAYUCHM .

. Janbl nBe mepemenHble 1enoro tumna: A u B. Ecium ux 3HaYeHUs] HE PaBHbBI, TO

IIPUCBOUTH KAXKJIO0M MEPEMEHHON MAKCUMAJIBHOE U3 ITUX 3HAYEHUW, a €CIIU PaB-

HBI, TO IIPUCBOUTL IICPCMCHHBIM HYJICBBIC 3HAUYCHU .

. Hansl Tpu nepemennsie: X, Y, Z. Ecnu ux 3HaueHHs] yHOPSAJOYEHBI 1O yObIBa-

HHUIO, TO YABOUTb HX; B IIPOTHBHOM CJIy4aC 3aMCHUTL 3HAUCHHUC Ka)KI[OI\;I Inepe-

MEHHOW Ha MPOTHUBOIOJI0KHOE.

. dansl Tpu nepemennsie: X, Y, Z. Eciu ux 3HaueHUs1 yNops,A0UEHBI 110 BO3pacTa-

HUIO WK YOBIBAaHUIO, TO YABOUTH UX; B MPOTUBHOM CiIydyae 3aMEHHUTb 3HauUCHUE
Ka)XJI0W IEpEMEHHON Ha POTHUBOIOJIOKHOE.

JIaHBI LIEJIOYUCIEHHBIE KOOPAMHATHI TOYKU HA IIJIOCKOCTU. ECIIM TOYKA HE JIEKUT
Ha KOOPAMHATHBIX OCAX, TO BeIBECTH (. Eciu Touyka coBmagaer ¢ Ha4ajaoM Koop-
JIMHAT, TO BbIBECTH 1. ECiM TOUKa HE COBMANAET C HAYAJIOM KOOPAUHAT, HO JIEKUT
Ha ocr OX nnu OY, TO BRIBECTH COOTBETCTBEHHO 2 WJIH 3.

JlaHbI BELIECTBEHHBIE KOOPAUHATHI TOYKH, HE JIEKAIIEH HA KOOPAMHATHBIX OCAX
OX u OY. BeiBecTyt HOMEpP KOOPAMHATHON YETBEPTH, B KOTOPO HAXOAUTCS JTaH-

Has TOYKa.
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Ha uucnoBoii ocu pacnonoxensl Tpu Touku: A, B, C. Onpeaenutb, Kakas U3
nByx nocieanux Touek (B unm C) pacnonoxena Onuxe K A, U BBIBECTH ATy TOU-
KY U €€ pacCTOSHUE OT TOUKH A.

JIaHbBI YETBIPE LEIBIX YUCIIA, OJHO U3 KOTOPBIX OTIUYHO OT TPEX APYTUX, PABHBIX
Mex 1y co00ii. BbIBECTH MOPSIIKOBBIN HOMEpP 3TOTO YHUCIA.

JlaH HOMEp HEKOTOpOro rojaa (MoJIOKUTEILHOE IIeJI0€ YUCIIO). BhIBECTH COOTBET-
CTBYIOILIMI €My HOMEp CTOJIETHS, YIUTHIBAs, YTO, K MpUMeEpPY, HadaioM 20 cToJie-
Hs 661 1901 Tog.

Jlan HOMEep HEKOTOpOoro rojia (MOJIOKUTEIBHOE 11eJI0€ YKCIIO0). BBIBECTH 4YHCIIO
JHEN B 3TOM TOJly, YUYUTBIBas, YTO OOBIYHBIN IOl HacUuThIBaeT 365 aHEl, a BUCO-
KOCHBIN — 366 mHeil. BUCOKOCHBIM cuMTaeTcs ToMd, ASsIuiicsa Ha 4, 3a UCKIIIO-
YeHHEeM TeX TojioB, KoTopble aemsaTcs Ha 100 u He nenarcs Ha 400 (Hampumep,
rojael 300, 1300 u 1900 ne saBasioTcsa BUCOKOCHBIMH, a 1200 1 2000 — sSBaSIOT-
cs).

JlaHO 1enoe yuco, Jiexxaniee B auana3one ot —999 no 999. BeiBectn CTpoKy —
CJIOBECHOE OMMCAHME JIAHHOTO YUCJIa BUJAA "OTPULATEIBLHOE JBY3HAYHOE YUCIO",
"HyneBoe 4ucio", "MoJ0KUTEILHOE OJJHO3HAYHOE YHUCIIO" U T.1I.

JlaHO 1enoe yucno, Jiexainiee B auamnazone ot 1 mo 9999. BeiBectn CTpoky —
CJIOBECHOE OINKCAHUE JAHHOTO YKCJIa BUJIa 'UETHOE ABY3HAYHOE YMCIO", "HeueT-
HO€ YETBIPEX3HAYHOE YUCIIO" U T.1.

JIBa mpsAMOYTOJIbBHUKA 3aJ1aHbl JUIMHAMU CTOPOH. OTIIPEAEINTE, MOKHO JIY MTEPBBIN
IPSIMOYTOJBHUK LETUKOM Pa3MECTUTh BO BTOPOM.

Pemmre kBagpaTHOe ypaBHeHue ax® + bx + ¢ =0

CocTtaBuTh MporpaMmy, NeyaTarIIyl0 3HaUYCHHE true, €ClM YKa3aHHOE BBICKA3bI-
BaHUE SABJISICTCS] UICTHHHBIM, U false B mMpoTUBHOM cily4ae: JaHHas TpOWKa HATy-
paJIbHBIX YKCEN a, b, ¢ He ABnsercs Tpoiikoil [Tugaropa, T.e. ¢ = a? + b?
CocTtaBuTh MporpaMmy, Ne4yaTarIIyl0 3HaUYCHHE true, eCiu YKa3aHHOE BBICKA3bl-
BaHME SBJISICTCS UCTUHHBIM, U false B MpOTHBHOM cilydae: JaHHbBIE YUCIIa X, Y SIB-

JIAKOTCS KOOPAMHATAMU TOYKHU, JIEXKAILEH B IIEPBOU KOOPAUHATHON YETBEPTH.
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CoCTaBUThL TIPOrpaMMy, MEYATAONIYI0 3HAUEHHE true, eCIIM YKa3aHHOE BHICKA3bI-
BaHHME SBJISAETCSA UCTUHHBIM, U false B IPOTUBHOM cilydae: JaHHAS TPOMKa HATy-
panbHBIX 4ucen a, b, ¢ sBusercs Tpoiikoit [ludaropa, T.e. ¢? = a + b2,

CoCTaBUTh IIPOrpaMMy, IE€YATAONIYI0 3HAUEHHE true, eCII yKa3aHHOE BHICKA3bI-
BAaHHE SABIACTCA WCTUHHBIM, M false B NPOTUBHOM CJydae: YHMCIO C SBIAETCS
CpeIHUM apu(PMETHIECKMM YHCET a 1 b,

COoCTaBUTh MPOrpaMMy, NEYaTalONIyl0 3HAYEHHUE true, eClIM YKa3aHHOE BBICKA3bI-
BAaHHE SABIACTCA MCTUHHBIM, M false B NPOTMBHOM Cilydae: YMCIO C SIBJISETCS
CPEIHUM I'€OMETPHIECKUM YUCEN a | b.

COoCTaBUTh MPOrpaMMy, NEYATAONIyI0 3HAYEHHUE true, eClIM yKa3aHHOE BBICKA3bl-
BaHHU€ SABJIAECTCA HCTHHHBIM, U false B IPOTHBHOM CIlydae: CyMMa [ByX HaTypallb-
HBIX YHCEI KpaTHa 2.

CoCTaBUTh MPOrpaMMy, NEYaTaONIyl0 3HAYEHHUE true, eClIM YKa3aHHOE BBICKA3bI-
BaHHE SABJIACTCA MCTMHHBIM, U false B MPOTUBHOM Cilydae: IIPOM3BEICHUE HATY-
paNbHBIX YHCEI a U b KpaTHO uuchy c.

COoCTaBUTh MPOrpaMMy, NEYATaONIyl0 3HAYEHHUE true, eClIM YKa3aHHOE BBICKA3bI-
BaHHUE SBJISETCA UCTUHHBIM, M false B MPOTUBHOM cilydae: JaHHOE HATypalbHOE
YKCII0 @ KPATHO YMCIy b, HO HE KpaTHO YMCITy C.

CoCTaBUTh IIPOrpaMMy, TE€YATAONIYI0 3HAUYEHHE true, €CIM YKa3aHHOE BHICKA3bI-
BaHHUE SBJIAETCA UCTUHHEIM, 1 false B MPOTUBHOM cilydae: 4MciIa a U b BRIPakKaroT
JUIMHBI KaT€TOB OJIHOTO HPSAMOYTOILHOIO TPEyrolbHKKa, ¢ B d — apyroro. Jtu

TPCYI'OJIbHUKH ABJIAIOTCA HOI[O6HI>IMI/I.

2.4 T13-4. CocTraBneHue IpUIOKESHUN C MHKATICYJISAINEH U MOIuMophu3Mom

MCTOOOB KJIaCCOB

1) Lenu 3ausaTus

[IpakTH4eCKH OCBOMTH OCHOBHBIE CMOCOOBI MHKAIMCYJSAIMU U MOIUMOpQu3Ma

MeTonoB B C++.

2) PexoMeHmanuy U MOPSIOK BBIITOJHCHHUS 3a0aHHIA
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Heo6xonumMo u3ydnTh MaTepualibl JEKIHUK MO0 3TOM TeMe U myHKThl 1.1 u 1.3
HACTOSIIIEr0 MOCOOUSI.
[TopsimoK BBITTOTHEHUS 3aaHUS:
a) CocTaBUTh IPOTPaMMy PEIICHUS 5 BBIYMCIUTEIBHBIX 3a/1a4 10 CBOEMY BapHU-aHTY.
Onpenenenue HoMepa 1-ro 3agaHus:
- HEUETHBIE 10 KypHAILYy: |- 3a1anue — 3T0 HoMEp 10 KypHay;
- YETHBIE I10 XKypHAILY: 1-e 3amanue — 310 Ne mocnenHero 3aganus- Ne o KypHa-
ny. Ecnu JOCTUTHYT KOHEI] CIMCKAa BapUAHTOB 3aJIJaHU, TO MEPEUTH K TIEPBO-
My BapuaHTy U Jajee.
b) Pemnth yka3aHHBIC 3aJaHUSI U COCTABHUTH OJIOK-CXEMBI aJTOPUTMOB PEIICHUS B
AJEKTPOHHOM BHJIE.
c) CocTaBUTh OTUET, BKJIKOYMB B HErO 3aJlaHKE U €ro BhINOJIHEeHUE. [IpeacTaBuTh OT-
YeT B DJICKTPOHHOM BHU/JIE Ha ITPOBEPKY.
3) BapuanTbl 3a1aHuit
PemuTh 3amaun, MHKanCyasapys 1-i MEeTOJ Kijlacca U MoKa3aTh MOJIUMOp(hU3M
OCTaJIbHBIX METOJIOB.
1. Nanb gericrButenbHbie uynuciaa A,B,C,D. BIICHUTB, MOYKHO JIH YMECTUTh TPSIMO-
YTOJIBHHMK €O CTOpoHaMH A,B BHyTpu npsimoyrosnbHuKa co croponamu C,D.
2. JlaHbl NeliCTBUTEIBHBIC YHCA X, y, Z. HaliTh MUHMMaTbHOE U3 HUX.
3. [lanbl neiicTBUTENbHBIC TTONIOXKUTENbHBIC unciia A,B,C. BoeisicHuTh, mpoiiaer iu

kupruy ¢ pedpamu A,B,C B IpAMOyTroiabHOE OTBEPCTUE CO CTOPOHAMHU X, Y.

4. Onpenenuts, nexut au Touka D(c,b), rne c=val+a2, b=al+0,7a3, suyrpu

npsiMoyroJibHHKa (al,a2,a3 - Npou3BOJIbHBIE YHCIIA)

y
5

0 10 X

5. BBISICHUTB, CYHIECTBYET JHM TPEYroJbHUK ¢ KoopauHaTamu BepmuH A(X1,yl),

B(x2,y2), C(x3,y3), ecnu Aa, TO HAUTH €ro IJIOIIAIb.
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Hansl neictButenbhbie yncna A,B,C. [IpoBepuTh BBIOIHSIOTCS JIM HEPABEHCTBA

A<B<C, ecnu na, To npucBouth A=B+C nnaue A=C-B.

. JlaHBI IEWCTBUTENBHBIC YKCIA X,y. Berauciuth 3HadeHne QyHkuuu z=log(x-y)-

xly

. Ha tutockoctu pacrionoskeHa OKpy>KHOCTh pajnyca R ¢ meHTpom B Havane Koop-

nuHaT. OnpenenuTh MOJI0KEHUE TOYKH X ¢ KoopauHaramu (A,B) oTHocUTEIbHO

OKPY’KHOCTH.

. Hansl kpyr paguyca R u kBagpat co cropoHoit A. OnpenennuTs uX B3auMHOE T0-

JIOKEHUE.
BriBectn Ha neuats nepemennbie A,B,C B mopsiake ux Bo3pacTaHus

ITpoBepuTtsh, kakue u3 uncen A,B,C,D npunaanexat uarepnany (1,25).

Hanswl aeiictButenbHbie uncia A,B. Ecnu onn o0a oTpuniatesnbHbie, TO 3aMEHUTH
Ka)XJ10€ U3 HUX €r0 KBaJpaToOM, MHAYE MOJIOKUTEIIbHBIC U3 HUX YBEJIUYUTH B JBa
pasa.

BbIICHUTDB, CyIIECTBYET JHM TPEYroJbHUK C KoopauHaTtamu BepmmH A(x1,yl),
B(x2,y2),C(x3,y3).

JlaHbl neCTBUTENbHBIC YHCIa X,y. Beraucnuth 3HaueHue GyHkiuu z=log(x/y)-
1/x.

JHanbl nerictButenbHble uncia A,B. Eciu oHn 06a HeoTpullaTteabHbIC, TO 3aMe-
HUTh KaXKJI0€ U3 HUX €ro KyOOM, HHAau€ OTpUIlaTEIbHbIC U3 HUX 3aMEHUTh UX MO-
TyJISIMU.

Janbl momans kBagpara S1 u kpyra S2. Onpenenutrb MOMECTUTCS JU KPYr B
KBaJpaT U Ha00OPOT.

Ha nockocTtu pacnosioxkeHa OKpy>KHOCTh paauyca R ¢ ieHTpom B Haudae Koop-
nuHat. Onpenenuts, aexat i Toukd A(x1,yl) u B(x2,y2) Ha OKpYy>KHOCTH.
CocTaBuTh IporpaMMy BBIUHUCIICHHUS KOPHEH CUCTEMbl YPaBHEHUM C IByMsI HEH3-

BCCTHBIMHU
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alx+bly =c1 .
MetonoM Kpamepa. [IpoBepuTh, 4TO TJIaBHBIA OMNPEACIIUTED
a2x+b2y =c2

He paseH 0.

Janbl aeiictButenbHbie ynuciaa A,B,C,D. BeIsICHUTh, MOXXHO JIU YMECTUTh MPSIMO-
YTOJBHUK CO CTOpoHamMu A,B BHYTpH nNpsAMoOyTroiabHuKa co ctopoHamu C,D.
BriBecTu Ha neuats nepemennbie A,B,C B opsiake ux yobIBaHUS

JlaHbl JEWCTBUTEIBHBIE YKCIA X, Y, Z. HATH MakCUMaJIbHOE U3 HUX.

[TpoBeputh, kakue u3 uucen A,B,C,D He npuHaanexat uareppaiy (3,15).

JlaHbl AeHCTBUTEIBHBIC YHCIA X,Y. BIUHCIUTE 3HaUYeHne GyHKIUU z=In(X)-X/y
Jlanbl nerictButenbHbIe uncna A,B. Eciin OHM UMEIOT pa3Hble 3HAKHU, TO HAreya-
TaTh UX MPOU3BEJICHUE, NHAYE HAIIEUATaTh UX KBAJIPAThI

BeIsICHUTB, CyIIECTBYET JIM TPEYTOJbHUK C JiauHamu ctopoH A,B,C. Ecau aa, To
HaWTH €To0 IUIONIAIb.

JlaHbl ACHCTBUTENIBHBIC YKclia X,y. BeIUucIuTh 3HaueHue PyHKIUKM z=arcsin(x)-y
JlaHbl NEUCTBUTEIBHBIE YUCIA X,Y,Z. [I0JIyduTh MaKCUMaIbHOE U3 HUX 110 MOJY-
JI1O

JlaHbl AeHCTBUTENIBHBIC YKl X,y. BerauciuTh 3HaueHne GyHKIuH z=arcsin(x+y)
Ha xakom u3 unrepsanos (—o;k1),(k1,k2),(k2;4+0©) nexunT Touka ¢ koopauHaTOM
x? k1, k2, X - mpousBoibHbIe uncia, mpudem K1<k2.

Jlexat mu o6e Touku D(al;b1) u C(a2;b2) BHyTpu kpyra pamuyca R ¢ nentpom B
Hauaje koopauHat? Eciu Takoil TOUKU HET, BhIIATh COOTBETCTBYIOIIEE COOOIIIE-

HHC.

2.5 T13-5. Coznmanue koHCOIbHBIX puiioxkenuii B Visual Studio (Qt)

1) Lenu 3auaTus

Bblpa60TaTB YMCHHA WM HABBIKHM IO COCTABJICHHIO KOHCOJIBHBIX ITPOCKTOB B

Visual Studio.

2) PexoMeHIanny U MOPSIOK BBIIOJHCHUS 38 aHUH
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Heo6xonumMo u3ydnTh MaTepualibl JEKIHUK MO0 3TOM TeMe U myHKThl 1.1 u 1.3
HACTOSIIIEr0 MOCOOUSI.

[TopsnOK BBIITOTHEHNUS 3aJaHUSA:
a) CocTaBUTh IPOTPaMMy PEIICHUS 5 BBIYMCIUTEIBHBIX 3a/1a4 10 CBOEMY BapHU-aHTY.

Onpenenenue HoMepa 1-ro 3agaHus:

- HEUETHBIE T10 KypHAILY: |-€ 3a/laHne — 3TO HOMEP MO KypHaIY;

- YETHBIE T10 XKypHaITy: 1-e 3amanne — 310 Ne nocienHero 3axanusi- Ne o xypHaiy.
Ecny mocTurHyT KOHEI CIIMCKa BAPUAHTOB 3aJJaHUM, TO IIEPEUTH K IIEPBOMY Ba-
pUAHTY U Jajee.

b) Pemnth yka3aHHbBIC 3aJlaHUsI © COCTABUThH OJIOK-CXEMBbl JITOPHUTMOB PEIICHUS B

JJIEKTPOHHOM BUJIE.

c) CocTaBUTh OTYET, BKJIKOYHUB B HETO 3aJlaHKE U €ro BhIMOJIHeHue. [IpeacTaBuTh OT-

YET B AJIEKTPOHHOM BHJIE HA IIPOBEPKY.

3) BapuanTbl 3a1aHuit
CocTaBuTh PYHKIUU (METO/IBI) IJISl PEIICHUS CISIYIOIINX 3a/1a4.

1. CocraBuTh nporpaMmy Juisi IEPEBOIA IJIMHBI B METPaxX B IJIMHY B CaHTUMETPAX,
omnpeAenuB (PYHKIIHMIO, BBIMOJIHSIIONIYIO 3TO IpeoOpa3oBaHue U MepeaaB JUIMHY B
METpax B Ka4ECTBE MMapaMeTpa.

2. CocTaBUTh MpOTpaMMy ISl HaXOXKIEHHUS CYyMMBI SJIEMEHTOB KaXJI0T0 U3 TPEX
MacCHUBOB, BBEJIEHHBIX C KIIABHATYphl, ONPEAEIUB (YHKUUIO, BBIIOJHSIOIIYIO
ATO NEWCTBHUE, U NEPENABAsi MACCHUBBI B KAYECTBE IapameTpa.

3. Jaubr uucna S, T. [lomyunts c wucnoigb30BaHUEM (YHKIHUHA TOJIH30BATEINS
F(T,-25,1.17)+F(2.2,T,S-T) rne F(A, B, C) = (2A-B-sin(C))/(5+C).

4. CocTaBUTh NPOTrpaMMy NEPEBOAA ABOMYHON 3alIMCH HATYPAJIbHOTO YKCIIa B JECs-
TUYHYIO, OIMKCAaB COOTBETCTBYIOLIYIO (pyHKIMIO ¢ mapamerpom. [lepeBon ocy-
LIECTBIATH ISl YACEI, BBOAUMBIX C KilaBHaTyphl. [Ipr3Hak KOHIAa BBOAA - YMCIIO
0.

5. lanbl ymcna S, T. [lonyunTh ¢ wucnosib30BaHUEM (YHKIIUM MOJIB30BATENS C
napamerpamu F=G(1,sin(S))+2G(T*S,24)-G(5,-S), rae

G(A,B)=(2A+B*B)/(A*B*2+B*5).
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. CoctaBUTh mporpamMmy [jisi pacu€ra 3HAYEHUH THUIOTEHY3bl TpPEYroJIbHUKA,

onpeaenuB (PyHKINIO, BHITTOJHSIONIYIO 3TOT pacuéT. KareTsl nepenaroTcs B Kaye-

CTBC IIapaMcCTpPOB.

. Haitu NCPUMCTP ACCATHUYT'OJIbHUKA, KOOPpAWHATBI BCPIINH KOTOPOI'O 3aJaHBbI.

Onpenenute NpOUEAYpPY BBIYMCIECHHS PACCTOSHUSA MEXAY BYMs TOYKaMH, 3a-
JaHHBIMU CBOMMH KOOpPAMHATAMHU, KOTOpPbIE MEpENatoTcs (PYHKIMM B KaueCTBE

apaMeTpOB U3 OCHOBHOM NPOrPAMMBI.

. Haiitn mepumerp mecTuyronbHuKa, KOOPAWHATHI BEPLIMH KOTOPOTO 3aJaHBI.

OnpenenuTs Mpouenypy BBIYUCICHUS PACCTOSHUSA MEXIY JBYMs TOYKaMH, 3a-
JAHHBIMM CBOMMH KoopauHatamu. KoopauHaTsl nepefatorcs QyHKIUU B Kade-

CTBC IIapaMCTPOB U3 OCHOBHOM IMpOorpaMmal.

. Halitu momaab IITHUYT'OJIbBHHUKA, KOOPAWHATBI BCPHIMH KOTOPOI'O 3aJaHbl.

OnpenenuTh MPOIEAYPY BBIYUCICHHUS PACCTOSHHS MEXIY ABYMS TOYKAMH, 3a-
JAHHBIMM CBOMMH KOOpJIMHATAMU, M TMPOIEAYPY BBIUYMCICHUS TUIOMIAAU Tpe-
YTOJIBHUKA TI0 TpeM cTopoHaM. OmucaTh (PYHKIIMU ¢ COOTBETCTBYIOIHUMH (Hop-
MaJIbHBIMH TIapaMETPaMHU.

CocTaBuTh IporpamMmy BBIBOJIa HAa DKpaH BCEX HATYPAJIbHBIX YUCEN, HE TIPEBOC-
xonamux N 1 gemsimumxcs Ha KaKayro u3 cBoux nudp. Onucats COOTBETCTBYIO-
Iyt (DYHKITHIO, TIOTYYaIOIIYI0 U3 OCHOBHOM MPOTpaMMbI B Ka4eCTBE MapaMeTpa
HaTypaibHOEe 4uciao u Bo3Bpamatomryto TRUE, ecniu oHo ynomieTBopsier yka-
3aHHOMY YCIIOBHIO.

Hcnonb3yst moamporpaMmy - QyHKIIHMIO, COCTaBUThH IpOrpamMmy I HaXOXe-
HUS MaKCUMaJbHOTO W3 TpexX uucen. Uucma mepemarorcs (PyHKIIMM B KadyeCTBE
nmapamMeTpoB.

Hcnonp3yst moanporpamMmy - GyHKIHUIO, COCTaBUTh NPOTPpaMMy IS MeYaTu
3HAKOB TPEX YHCEJI, BBEICHHBIX C KIIABHATYPhI M MepeaBaeMbIX (PYHKIIUU B Ka-
YeCTBE TapameTpa.

Hcrmonp3yss moamporpaMMmy - (DYHKIIMIO, COCTaBUThH IPOTpamMMy IS BO3BEC-

HUSL YKCE B LENYI0 MOJIOKHUTENbHYIO cTeneHb. Uucio nepenatorca GyHKUUUA B
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KauecTBE MapaMeTpa U3 OCHOBHOM MporpaMMel. PacuyeT BeCTH AJisi Yuce, oKa He
OyneT BBelIeHO 4nciio, paBHoe 0.

Hcnonp3yst moamporpaMmy - (PYHKIIHIO, COCTAaBUTh MPOTPAMMY ISl BBIYUCIIC-
Hus gynkumu Z=(X1+Y1)/(X1*Y1), rae X1 - nepBblii KOpeHb ypaBHEHUS X>-
4*X-1=0; Y1 - mepBbIii KopeHb ypaBHeHus 2*Y? + A*Y - A2 =0 (A - npous-
BOJILHOE).

3amaB GyHKINIO, BRIBECTH Ha MI€YaTh CpeHNEe apu(hMETUIECKHIE TBYX MAaCCHUBOB,
BBEJICHHBIX C KJIaBUATyphl. MaccuB niepenaercs GyHKIMN B KAYECTBE TapamMeTpa.

3anaB QyHKIMIO, pACCUMTATh U BHIBECTH Ha Ie€4YaTh MaKCUMAJIbHbIC 3HAYEHUS B
TpeX IMapax 4uces, BBOJAUMBIX C KiIaBuaTyphl. [lapa uucen nmepegaetcs GyHKIUA B
KauyecTBE MapameTpa.

Haiitu mepuMeTrp BOCBMHYTOJIbHMKA, KOOPJIUHATHI BEPUIUH KOTOPOIO 3aJ[aHBI.
OnpenenuTh (QPYHKITUIO BBIYHACICHUS PACCTOSHHUS MEXKIY ABYMS TOYKAMHU, 3a-
JAHHBIMU CBOMMH KoopjuHaTtamu. KoopuHatel nepeaTh GyHKIMNA B KaueCTBE
mmapamMeTpOB.

Jlausr geTbipe maphl urcell. [TomyduTs ¢ ucmonp3oBaHueM (PYHKITUH TIOJIb30BaTe-
i1 HAaMOOJIBITUI OOIIMI IETUTEIb NI KaXKIOU Iaphl.

Haunbr uyucna A, B, C. IlonyuuTh ¢ UCHOJNIB30BaHUEM (PYHKIHMH TOJIH30BATEIIS
HauMeHbIee 3HaueHne. Yucna nepenarorcs GyHKIUNA U3 OCHOBHOM IPOrpaMMBbl B
KadeCTBE IMapaMeTPOB.

Hanbl yucna x = 1,2,...,N. [lony4uuTs ¢ ucnonap3oBanueM (QyHKIIUU MOJb30BATENS
sHauenus 3*P(X+3)*P(X) s 3amaHsbIxX X, T11€

P(X) = 10*X3 - 14*X2 + 12*X - 2.

CocTtaBuTh mporpaMmy JJIsl pacdeTa 3HAUYCHUM KaTeTa TPEyroJbHUKA, OIpese-
TuB  (DYHKIIMIO, BBITOJHSIIONIYIO ATOT pacueT. [ umoTeHy3a u BTOpOi KaTeT mepe-
JAI0TCS B KAYECTBE MapaMeTPOB.

Jansl nenbie yrciaa a,b,c,d. [IpoBeputh ¢ ucmonbp3oBaHueM (QYHKIHMH OIb30Ba-
TeNS WX YETHOCTh. UMCIIO 171 TPOBEPKH TepeaaeTcs B PYHKIINIO B Ka4eCTBE Ta-

paMmeTpa U3 OCHOBHOU MPOTrPaMMBI.
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Jns kaxxknoro u3 10 BBEIEHHBIX C KJIaBHATYphl YKCENl HaleyaTraTh COOOIIECHUE:
SBIISIETCS JIM OHO TMPOCTHIM WJIM HET, ONMHMCAB (PYHKIIMIO JIOTHYECKOTO THUIA, BO3-
Bpamjatomyro 3HaueHne “MUCTUHA”, eciu umcino, nmepeaHHOE €l B KauyecTBe
napamMeTpa, SIBJIISIETCS TPOCTHIM.

Haner  uucna S, T. IloayuuTs ¢ ucmonb3oBaHWEM (DYHKIIMH TIOJIB30BATEIIS
Y(T,S)=G(12,5)+G(T,S)-G(2S-1,S*T), rne

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

Omnpenenure QyHKINIO, OMPEISISIIONIYIO, KAKOH I1€JI0i CTeTeHbI0 Yncia 2 sBs-
€TCsl €€ apryMEHT (€CJIM YHCIIO HE SIBISIETCS CTENEHbIO JBOMKHU - BBIJIATh COOTBET-
CTBYIOIIIEE COOOIIEHNUE).

Omnpenenure QyHKIMIO, OACYUTHIBAIONIYI0 cyMMYy N MEpBBIX 3JIEMEHTOB LIEJIO0-
yucieHHoro MmaccuBa A. N 1 MaccuB A nepenarb B KaueCTBE IapaMeTPOB.
BbIYUCINTh KOJIMYECTBO MPOCTBIX YHMCEN, HE MPEBOCXOIAIMX 3amaHHOro N.
Onucarb (PyHKUHIO JOTHYECKOrO THUIA, BO3BpALIAIONIy0 3HadeHue true, eciu
quciio npocroe u false B mpotuBHOM citydae.

Hcnonb3yst GyHKUIHIO C TApaMeTpaMu, BEIYUCIUTD (DYHKIIHIO

FOXY) = (2X3-4* X2+ X+1)/(9%Y3+Y +4) + 3*Y245*Y,

CocrtaBuTh mOporpamMmy JJjid NEPEBOJA BEca B rpaMMax B BEC B KWJIOIpaMmax,
onpeAenuB (PYHKIIMIO, BBINOJHSIOUIYIO 3TO MpeoOpa3oBaHue. Bec B rpammax
nepeaaercs QyHKIMHU B KaUe€CTBE MapaMeTpa.

Haubr uucna S, T. [lonyuuth ¢ uUCHOIB30BaHMEM (DPYHKIMU TOJIH30BATEIIS
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).

2.6 T13-6. Peanuzanus npunoxenuit ¢ uaTepdeiicamu nosp3oparens B C++

1) Lenu 3ausaTus

Bblpa6OTaTB YMCHHA WU HABBIKHM COCTABJISAATH THUIIOBBIC ITPOTPAMMEI C rpa(bnqe-

CKUM HHTEp(deiicoM MOIb30BATENS.

2) PexoMeHmanuy U MOPSIOK BBIITOJHCHHUS 3a0aHHIA
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Heo6xo1uMo u3ydnTh MaTepualibl JEKIHMK MO 3TOM TeMe U myHKTHI 1.1 u 1.4
HACTOSIIIEr0 MOCOOUSI.

[TopsnOK BBIITOTHEHNUS 3aJaHUSA:
a) CocTaBUTh IPOTPaMMy PEIICHUS 5 BBIYMCIUTEIBHBIX 3a/1a4 10 CBOEMY BapHU-aHTY.

Onpenenenue HoMepa 1-ro 3agaHus:

- HEUETHBIE T10 KypHAILY: |-€ 3a/laHne — 3TO HOMEP MO KypHaIY;

- YETHBIE T10 XKypHaITy: 1-e 3amanne — 310 Ne nocienHero 3axanusi- Ne o xypHaiy.
Ecny mocTurHyT KOHEI CIIMCKa BAPUAHTOB 3aJJaHUM, TO IIEPEUTH K IIEPBOMY Ba-
pUAHTY U Jajee.

b) Pemnth yka3aHHbBIC 3aJlaHUSI B COCTABHUThH OJIOK-CXEMBl JITOPHUTMOB PEIICHUS B

JJIEKTPOHHOM BUJIE.

c) CoctaBuTh OTYET, BKIIOYMB B HETO 3aJIaHUE W €r0 BhINMONHEHHE. [IpeacTaBuTh OT-

YET B AJIEKTPOHHOM BHJIE HA IIPOBEPKY.

3) BapuanTsl 3a1aHuit
CocraButh uHTEp(ENC MONTB30BATENS JIS CAEAYIOIINX 3a/a4.

1. CocraBuTh nporpamMmy Uisi IEPEBOJIA JUIMHBI B METPAX B JUIMHY B CaHTUMETpax,
OIpeaenuB (PYHKIIMIO, BBIMOJIHSIIONIYIO 3TO MpeoOpa3oBaHUE U MEpeaaB AJIMHY B
METpax B Ka4ECTBE MMapaMeTpa.

2. CocTaBUTh MpoOTrpaMMy JUIsl HAXOXKIEHHUS CyMMBI 3JIEMEHTOB Ka)JJI0r0 U3 TPeX
MacCCHUBOB, BBEJICHHBIX C KJIABHATYphl, ONPEAEIUB (PYHKIHUIO, BBITOJHSIOILYIO
ATO NEWCTBHUE, U NEPENABAsi MACCHUBBI B KAYECTBE IapameTpa.

3. Jaubr uucna S, T. [lomyunts c wucnoigb30BaHUEM (YHKIHUHA TOJIH30BATEINS
F(T,-25,1.17)+F(2.2,T,S-T) rne F(A, B, C) = (2A-B-sin(C))/(5+C)

4. CocTaBUTh NMPOrpaMmy NEPEBOA JBOMYHOM 3alIMCH HATYPAJIBLHOIO YKCIIA B JECs-
TUYHYIO, OIMKCAaB COOTBETCTBYIOLIYIO (pyHKIMIO ¢ mapamerpom. [lepeBon ocy-
LIECTBIATH ISl YACEI, BBOAUMBIX C KilaBHaTyphl. [Ipr3Hak KOHIAa BBOAA - YMCIIO
0.

5. lanbl ymcna S, T. [lonyuuth ¢ wucnosib3oBaHWeM (YHKIIMU MMOJIL30BATENS C
napamerpamu G(1,sin(S))+2G(T*S,24)-G(5,-S),

rae G(A,B)=(2A+B*B)/(A*B*2+B*5).
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. CoctaBUTh MporpaMMmy JUisl pacuera 3HAYEHHM TUIOTEHY3bl TPEYroJbHUKA,

ompenenuB (HYHKIIMIO, BEITIOIHSIONIYIO 3TOT pacdeT. KaTeTsl mepenatorcst B Kade-

CTBC IIapaMcCTpPOB.

. Haitu NEPUMCTP ACCATHUYT'OJIBHUKA, KOOPpAWMHATBI BCPIIMH KOTOPOI'O 3aAddHBI.

Onpenenuts NpoUEAYpPY BBIYMCICHHS PACCTOSHUS MEXIY ABYMsS TOYKAMHM, 3a-
JaHHBIMU CBOMMH KOOpAMHATAaMHU, KOTOpPbIE NMEPENAlOTCs (PYHKIIMM B KAaueCTBE

apaMeTpOB U3 OCHOBHOM NPOrPAMMBI.

. Haiitn mepumerp mecTuyronbHuKa, KOOPAWHATHI BEPIIMH KOTOPOTO 3aJaHBI.

OnpenenuTts Mpoueaypy BHIYMCIICHHUSI PACCTOSHUSA MEXAY JBYMsS TOYKaMH, 3a-
JAHHBIMU CBOMMH KoopauHatamu. KoopauHaTsl nepefarorcs QyHKIUU B Kade-

CTBC IIapaMCTPOB U3 OCHOBHOM IMpOorpaMmal.

. Halitu momaab IITHUYT'OJIbBHHUKA, KOOPAMHATBI BCPIIHMH KOTOPOI'O 3ad/aHbl.

OnpenenuTh MPOIEAYPY BBIYUCICHHUS PACCTOSHUS MEXKIY ABYMS TOYKAMH, 3a-
JAHHBIMM CBOMMH KOOpJIMHATAMU, M TMPOIEAYPY BBIUYMCICHUS TUIOMIAAU Tpe-
YTOJIBHUKA TI0 TpeM cTopoHaM. OmucaTh (PYHKIIMU ¢ COOTBETCTBYIOIHUMH (Hop-
MaJIbHBIMH TIapaMETPaMHU.

CocTaBuTh IporpamMmy BBIBOJIa HAa IKpaH BCEX HATYPAJIbHBIX YUCEN, HE TPEBOC-
xonamux N 1 gemsimumxcs Ha KaKayro u3 cBoux nudp. Onucats COOTBETCTBYIO-
Iyt (DYHKITHIO, TIOTYYaIOIIYI0 U3 OCHOBHOM MPOTpaMMbI B Ka4eCTBE MapaMeTpa
HaTypajbHOE unciio U Bo3Bpamawily [TRUE, ecnu oHo ynoBineTrBopsieT yka-
3aHHOMY YCIIOBHIO.

Hcnonb3yst moamporpaMmy - QyHKIIHMIO, COCTaBUThH IpOrpamMmy I HaXOXe-
HUS MaKCUMaJbHOTO W3 TpexX uucen. Uucma mepemarorcs (PyHKIIMM B KadyeCTBE
nmapamMeTpoB.

Hcnonp3yst moanporpamMmy - GyHKIHUIO, COCTaBUTh NPOTPpaMMy IS MeYaTu
3HAKOB TPEX YHCEJI, BBEICHHBIX C KJIaBUATYphl M MepeaBacMbIX (PYHKIIUU B Ka-
YeCTBE TapameTpa.

Hcrmonp3yss moamporpaMMmy - (DYHKIIMIO, COCTaBUThH IPOTpamMMy IS BO3BEC-

HUSL YKCE B LENYI0 MOJIOKHUTENbHYIO cTeneHb. Uucio nepenatorca GyHKUUUA B
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KauecTBe MapaMeTpa U3 OCHOBHOM MporpamMMmebl. Pacder BecTu asis yucen, noka He
OyneT BBelIeHO 4nciio, paBHoe 0.

Hcnonp3yst moamporpaMmy - (PYHKIIHIO, COCTAaBUTh MPOTPAMMY ISl BBIYUCIIC-
Hus gynkumu Z=(X1+Y1)/(X1*Y1), rae X1 - nepBblii KOpeHb ypaBHEHUS X>-
4*X-1=0; Y1 - mepBbIii KopeHb ypaBHeHus 2*Y? + A*Y - A2 =0 (A - npous-
BOJILHOE).

3amaB GyHKINIO, BRIBECTH Ha MI€YaTh CpeHNEe apu(hMETUIECKHIE TBYX MAaCCHUBOB,
BBEJICHHBIX C KJIaBUATyphl. MaccuB niepenaercs GyHKIMN B KAYECTBE TapamMeTpa.
3anaB QyHKIMIO, pACCUMTATh U BHIBECTH Ha Ie€4YaTh MaKCUMAJIbHbIC 3HAYEHUS B
TpeX Mapax 4uces, BBOAUMBIX C KilaBuaTyphl. [lapa gucen nepegaetcs GyHKIINN B
KauyecTBE MapameTpa.

Haiitu mepuMeTrp BOCBMHYTOJIbHMKA, KOOPJIUHATHI BEPUIUH KOTOPOIO 3aJ[aHBI.
OnpenenuTh (GYHKIHUIO BBIYUCICHHUS PACCTOSHUS MEXTY IBYMS TOYKAMH, 3a-
JAHHBIMM CBOMMH KoopJuHaTtamu. KoopauHaTel nepefaTh GyHKIIMA B Ka4eCTBE
mmapamMeTpOB.

Jlausr geTbipe maphl urcell. [TomyduTs ¢ ucmonp3oBaHueM (PYHKITUH TIOJIb30BaTe-
i1 HAaMOOJIBITUI OOIIMI IETUTEIb NI KaXKIOU Iaphl.

Haunbr uyucna A, B, C. IlonyuuTh ¢ UCHOJNIB30BaHUEM (PYHKIHMH TOJIH30BATEIIS
HauMeHbIee 3HaueHue. Yncna nepenarorcst PyHKIIMU U3 OCHOBHOM MPOrpaMMbl B
KadeCTBE IMapaMeTPOB.

Hanbl yucna x = 1,2,...,N. [lony4uuTs ¢ ucnonap3oBanueM (QyHKIIUU MOJb30BATENS

sHauenus 3*P(X+3)*P(X) s 3amaHHbIX X,

rae P(X) = 10*X3 - 14*X? + 12*X - 2,

21.

22,

CocrtaBuTh nporpammy JJjisl pacuera 3HAUYCHHUI KaTeTa TPEYyroyibHUKa, OIpeie-
TuB  (DYHKIIMIO, BBITOJHSIIONIYIO ATOT pacueT. [ umoTeHy3a u BTOpOi KaTeT mepe-
JAIOTCSl B KAYECTBE MMAPAMETPOB.

Jansl nenbie yrciaa a,b,c,d. [IpoBeputh ¢ ucmonbp3oBaHueM (QYHKIHMH OIb30Ba-
TeNsT MX YETHOCTh. YMCIIO JIJIs1 MPOBEPKH TepeaeTcs B PyHKIUIO B KaUeCTBE Ma-

paMmeTpa U3 OCHOBHOU MPOTrPaMMBI.
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Jns kaxxknoro u3 10 BBEIEHHBIX C KJIaBHATYphl YKCENl HaleyaTraTh COOOIIECHUE:
SBIISIETCS JIM OHO TMPOCTHIM WJIM HET, ONMHMCAB (PYHKIIMIO JIOTHYECKOTO THUIA, BO3-
Bpamjatomyro 3HaueHne “MUCTUHA”, eciu umcino, nmepeaHHOE €l B KauyecTBe
napameTpa, sIBJIIE€TCS MPOCTHIM.

Haner  uucna S, T. IloayuuTs ¢ ucmonb3oBaHWEM (DYHKIIMH TIOJIB30BATEIIS
Y(T,5)=G(12,5)+G(T,S)-G(2S-1,S*T), rne G(A,B)=(2* A+B*B)/(A*B*2+B*5).
Omnpenenure QyHKINIO, OMPEISISIONIYIO, KAKOH 11€JI0i CTeTeHbI0 Yncia 2 sBis-
€TCs €€ apryMEHT (€CJIM YHCIIO HE SBIISIETCS CTETIEHBIO JBOMKHU - BBIIATh COOTBET-
CTBYIOIIIEE COOOIIEHNUE).

Onpenenure GyHKUHUIO, MOACUYUTHIBAIONIYI0 CyMMYy N MEpBBIX 3JE€MEHTOB LIEJIO-
yucieHHoro MaccuBa A. N 1 MaccuB A nepenarh B KaueCTBE IapaMeTPOB.
BbruucauTh KOMMYECTBO MPOCTBIX YMCET, HE MPEBOCXOAAMMX 3anaHHOro N.
Onucare (yHKIMIO JIOTMYECKOTO THIMA, BO3BPAIAIONIIYI0 3HaueHue true, eciu
yucno npoctoe u false B mpotuBHOM ciryuae.

Hcnonb3ys noanporpaMMmy - (yHKIHIO C MapaMeTpaMu, COCTaBUTh MPOrpammy
nna BeruuciaeHus  Gymkmmun F(X)Y) = (2X3-4%XZHX+1)/(9%Y3+Y+4) +
3*Y2+5*Y,

CocrtaBuTh mIporpamMmy i NEPEBOJa Beca B rpaMMax B BEC B KMUJIOrpammax,
onpeAenuB (PYHKIIMIO, BBINOJHSIOUIYIO 3TO MpeoOpa3oBaHue. Bec B rpammax
nepeaaercs QyHKIMHU B KaUe€CTBE MapaMeTpa.

Hanbl gncna S, T. TloayunuTts ¢ ucnonas3oBanueM QyHKIuU mosb3oBatens G(12,

S)+G(T, S)-G(25-1, S*T) rme G(A, B) = (2*A+B*B)/(A*B*2+B*5).
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3AKJIFOYEHUE

B yueb6HOM mocoOuu moapoOHO M HATIISAHO W3JI0KEHBI OCHOBBI BBITTOJTHCHHS
3aJJaHU{ TPAaKTUYECKUX 3aHATUH 1o aucuuruimHe «PaszpaboTka kpoccruiardopMeH-
HBIX TPUIOKEHUN C++y.

Matepuan nocobust cHa0keH HEOOXOJUMBIMU IPUMEPAMU BBIITOJIHEHUS THUIIO-
BBIX 3a/la4 pa3pabOTKH KIMEHT-CEPBEPHBIX MPUIOKEHUHN Ha sa3bike C++ n1is uHTe-
rpupoBaHHOM cpenbl pa3padoTku Visual Studio. 3meck ke npuBeneHb HEOOXOAUMBIC
OaHKM 3aJJaHUl JJIsl IPOBEICHHSI YKA3aHHBIX MMPAKTHYECKUX 3aHATHUH.

[Tocobue cooTBeTcTByeT TpeOOBaHUSAM, NPEABABISEMBIM K  y4eOHO-
METOAMYECKOMY KOMIUIEKCY YKa3aHHOW IUCIMILTHHBI, 00CYKICHO Ha 3aceaHuU Ka-

denpot UBT 1 pexoMeH10BaHO K HCTIOIB30BAHUIO B y4€OHOM MpOIIEcCe.
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