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BCTYII

Jlanuii npakTUKyM HaJa€ JOTOMOTY CTYJIEHTaM IMEPIIOro Kypcy, skl BUBYAIOTh
muciuIuiiny «OOuucioBalibHa TEXHIKA Ta MpOrpaMmyBaHHs cherianbHocTi 141
“EnexTpoeHepreTuka, eIeKTPOTeXHIKa Ta eJIeKTpoOMexaHika .

JIJist Kpamioro po3yMiHHS MOKJIMBOCTEH PI3HUX OINEpaToOpiB, a TaKOX BMIHHS
BUKOPUCTOBYBATH 1X IIPU PO3BsiaHH]1 MPAKTUYHUX 3aBJIaHb 3aMIPOINIOHOBAHO 3aKPIMUTH
[l BMIHHI TpU pO3B’S3aHHI 3a7a4 3a NpoQeciiHUM CHOPSIMYBAHHSM CIIELIaTbHOCTI
141.

[IpakuMkym gomomMara€ OCBOITH OCHOBHI THIIM QJITOPUTMIB: JTHINHI,
pO3ralTy’)KyBaHi Ta IUKIIIYHI; a TAKOXK 3aIUC CKIATHUX apU(PMETUIHUX Ta JIOTIUHUX
Bupa3iB MoBoro C++.HaBuutucs oOpoONSTH OAHOTUIHI JaHi, IO 33Ja0ThCS
OJIHOBUMIPHUMH a00 JBOBUMIpHUMHU MacuBamu. OcoOiuBa yBara HPUILISETHCS
TUIIOBUM 3aBJIaHHSAM MPU 0OpOOIIl MAaCHBIB: OOUMCIICHHS 3arajIbHUX XapaKTEPUCTUK
(cymu, 10OYTKY Ta KIJIBKOCT1 €JIEMEHTIB), ITOITYK MaKCHMaJIbHOTO a00 MIHIMAJIBHOTO
eJIeMEHTa, MOITYK 33JJaHOTO €JIEMEHTY, IEPECTAaHOBKA €JIEMEHTIB, COPTYBaHHS.

YacTHHA 3alpOINOHOBAHUX 3aBJaHb MICTUTh IPUKIAMM PIlIEHHS 3aBJaHb. IX
Ciiji BUKOHYBath B mepury uepry. I[loTpiOHo HaOpaTH TEKCT NpOrpamu,
CKOMIILITIOBATH, 3allyCTUTH HAa BUKOHAHHS, MPOTECTyBaTH ii poOOTYy Ha pPI3HHUX
Habopax BX1JIHUX JaHUX 1 MOPIBHATH OTPUMAaHHI pe3yIbTaTH.

3anponoHOBAaHO BUKOHYBAaTH 3aBIaHHS y TOPSAKY, B SKOMY TPaTUIIAHO
BHUBYAIOTHCS BIAMOBIIHI PO3JLIM y Kypcl mporpamyBaHHs. [lepi Hixk npucTynuTu 10
BUPILIEHHS 3aBJaHb, MOTPIOHO YBAXKHO NMPUYUTATH TEOPUTEYHI BIAOMOCTI 10 JaHOT
TeMH. SIKIIO Bifpas3y BIOpATHCS i3 3aBIaHHSIM HE BUXOIUTh, TO MOXHA MEPETIITHYTH
pILIEHHS 1 TOTIM I1I€ pa3 cnpoOyBaTH BUPILIATU 3aBJaHHs caMocTiiiHO. Ilepen Tum,
K TIOYaTH MpaIoBaTH Ha Komm'torepl (HaObupaTu mporpamy B pemakTopi Komay),
PEKOMEHYEThCSI pO3pOOUTH OJI0K-CXEMY aJITOPUTMY PIIICHHS 3aJBIaHHS Ha Tamnepi.

3aBHgaHHS BBaXXKA€ThCSI BUPINICHUM, SIKIIIO HAMMCaHa Mporpama MpaIoe Tak, K
CKa3aHO B YMOBI 3aj1a4i.



1 3naiiomcTBO 3 C++. BUKOHAHHSI IPOrpaMu NMPOCTOI CTPYKTYPH

Mera:  3HAallOMCTBO 3 CEpEJOBHUINEM NPOrPAMYBAHHS, 3ar0JIOBHUMHU
daitmamy, TUMaMU [aHUX, CTBOPEHHS, HAJNAro/PKCHHS Ta BUKOHAHHS MPOCTUX
mporpaM, IO MICTSATh BBEJCHHS/BUBENEHHS 1HGOpMalii 1 HaWMpoCTimi
OOYHCIICHHS.

KopoTtki TeopeTn4ni BizoMmocTi

Moga C ctBopena B 1972p. [ennicom Pitui Ta bpaitnom Kepuiranom mpu
po3pobui OC Unix. Bona mnpoekTyBamacsi sSK 1HCTPYMEHT CHCTEMHOTO
porpaMyBaHHSI 3 OPIEHTAIIEI0 HAa PO3POOKY M0Ope CTPYKTYpOBaHHX IPOTpam.
TakuM 4MHOM, BiH OEJHYE B €001, 3 OTHOTO OOKY, 3acO0M MOBU MPOTpaMyBaHHs
BHCOKOTO PIBHS: OMUC THUIIB JaHUX, ONEpaTopu for, while, if 1 T.0., @, 3 1HIIOTO
OOKy, MICTUTh 3aco0M MOBHM THUIly AceMOiep: peecTpoBl 3MiHHI, aJpecHy
apu(pMETUKY, MOKIIUBICTh POOOTH 3 OITOBUMU MOJISIMH 1 T.]I.

Ha mouatky 80-x pokiB XX cromitrs criBpoditHukom AT&T Bell
Laboratories broprHom Crtpayctpynom po3pobieHa moBa C++, Ha OCHOBI
nporeaypHo-opieHToBanoi MoBu C. Ilpu crtBOopenni C ++ mepeciigyBaiucs
HACTYIIHI 111!

* MIATPUMKA aOCTPAKTHUX (THX, IO BU3HAYAIOTHCS KOPUCTYBA4ye€M) THIIIB
TaHUX;

* HaJIaHH 3ac001B 1J1s1 00'€KTHO-OPIEHTOBAHOIO MPOTrPaMyBaHHS;

* MOJINIIEHHS ICHYIOYUX KOHCTPYKI1iA MoBHU C.

1.1. Ctpykrypa nporpamu
VY 3araapbHOMY BHITQJIKY TIporpama Ha MoBi C++ Mae HaCTYIHY CTPYKTYPY:

# IupexTHUBU mOpenpolecopa
Ty06aJibH1 ONepaTopM OIUCY

Tun main () // ocHoOBHa QyHKIis
{ yokxanpuHl omnepaTopm omnucy
ornepaTopu

return 0;

}

Buxinna mporpama, miarororiena Ha MoBi C ++ y BUIJISII TEKCTOBOTO
dbaiiny npoxoauTs 3 eTanu oOpoOKH:

1. mpenpoiecopHy NepeTBOPEHHS TEKCTY;

2. KOMIIUTSALIS,

3. KOMIOHOBKa (pelaryBaHHs 3B's13KiB, JIIHKYBaHHS a00 300pKa).

[Ticns nux 3 eraniB popMy€eThCsl BUKOHYBAHUN MAIIUHHUHN KO MPOTPaAMHU.

JIMpeKkTuBH Mpernporecopa - yIpapisioTh MEPETBOPEHHSIM TEKCTY IPOrpaMu
no ii xkomnursauii. IIpaBuna npenporuecopHoi oOpoOKM BU3HAYa€e MpPOTrpamicT 3a
JIOTIOMOTOO TUPEKTUB TIperipoiiecopa. JupeKTuBa MOYNHAETHCA 3 #. HATPUKIIA],

1) #define - BKa3ye MpaBuJia 3aMiHH B TEKCTI.

#define ZERO 0.0



Ile o3Hauae, MO0 KOXXHE BUKOPHCTaHHSA B IIporpami IMeHI ZERO Oyne
3aminroBaTucs Ha 0.0.

2)#include <iMm'a 3zarosioBHOTO OQanny> - HPHU3HAYCHA AJI1 BKIKOYCHH:
B TEKCT MPOTpaMU TEKCTy 3 KaTajory 3arojIOBHUX (ailsiB, 10 MOCTaBISIOTHCS
pa3om 31 ctanmapTHumu Oiomiotekamu. Kokna 6i6mioreuna ¢yukimis C ++ mae
BIJIMOBITHAN OMHC B OAHOMY 3 3arojoBHUX (aiiB. CuCcoK 3arojoBHUX (aiiiB
BU3HAYCHO CTAHJAPTOM MOBU. BXXWBaHHA AUPEKTHUBH include HE MJIKIIOYAE
BIIMOBIAHY CTaHAapTHY O010J110T€Ky, a TUIBKA JO03BOJISIE BCTaBUTH B TEKCT
IporpaM OIKCH 13 3a3HAYEHOTO 3arosioBHOro daimy. IlinkiodeHHs KOAiB
01610TeKH 3A1MCHIOETHCS Ha €Talll KOMIIOHYBAaHHS, TOOTO Micis KoMmijsiii. Xoda
B 3arojloBHUX (aillax MICTSIThCS BCl OMHCH CTaHAAPTHUX (QYHKIIH, B KOJ
MIpOrpamMu BKIIIOYAIOTHCS TUIBKHU Ti (PYHKIIIT, IKI BAKOPUCTOBYIOTHCS B IPOTPaMI.

[licns BUKOHAHHS MPENPOLECOPHOI OOpPOOKM B TEKCTI MpOTrpaMu He
3aJTUIIAETHCS KOTHOI MpenporecopHoi nupekTuBu. [Iporpama npezacrasise co0or0
Ha0lp OMMUCIB 1 BU3HAYEHB, 1 CKIAJAeThes 3 HA00py QpyHkuid. Cepen uux QyHKIIN
3aBX/IM TOBUHHA OyTH (DyHKIIS 3 IM'sIM main. be3 Hei mporpama He Moxke OyTH
BuKoOHaHa. [lepen iM'ssM QyHKIIIT pO3MIMIAIOTECS BIJOMOCTI MPO TUIT 3HAYEHHS, 110
MOBEPTAETHCS PYHKINEO (int a00 void).

int main ()
{ onepatopu
return 0; // gKmo mnporpamMa HiuoTo He I[oBepTae,
// e omepaTop MOXHAa OIIYyCKAaTU

}
k1o QpyHKIIA HIYOTO HE MOBEPTAE, TO BKA3YETHCS TUN void:

void main ( )
{ onepatopu }

Koxna (yHKIIisl, B TOMY 9HCI 1 main MOBUHHA MaTH HaOIp MapaMeTpiB, BiH
MOKe OyTH MOpPOXKHIM, ajie Ty>KKU 000B'si3K0Bl. DyHKIIS main MOXE NMpUMATH
TUTBKM JIBa MapaMeTpa int argc, char ** argv (iX BUKOpUCTaHHS Oyje
po30upaTucs nai) .

3a 3arojoBKOM (QYHKIlT poO3MINTyeTbes Timo (QyHKIil. Tino ¢yukyii - 1e
MOCJIIIOBHICTh BU3HAYEHb, OIMKCIB 1 BUKOHYBAHMX OIEPATOPIB, YKIAJICHUX Y
¢irypHi nyxku. KoxxHe BU3Hau€HHs, ONUC a00 OMepaTop 3aKiHIYEThCS KPAIKOIO 3
KOMOIO.

Busnauenus BBOJSATH 00'ekTH (00'€km - 1ie¢ IMEHOBaHa OO0JACTh MaM'ATi,
OKpEeMUM BUIAJOK 00'€KTa - 3MiHHA), HEOOXigHI JUIs TIOAAHHS B Mporpami
00pOOITIOBAHUX JIAaHUX. TIPUKIIAJIOM €

const int y=10; //imMeHOBaHa KOHCTAaHTAa
float x; //3miHHa

Onucu TOBIIOMJISIFOTE KOMITUISITOP PO BJIACTHBOCTI 1 iMEHa OO0'€KTIB 1
(GyHKIL1H, ONMUCaHUX B IHIIUX YaCTUHAX MPOrPAMH.
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Onepamopu BU3HAYAIOTh J1i IPOTrpaMy Ha KO)KHOMY KPOIIi 11 BAKOHAHHS.

1.2 Ilepma nporpama

He3zanexxHo Bim Toro, B SIKOMYy CEPEIOBHIII MPOrPaMyBaHHs BH IPAITIOETE,
JUTST HAIUCAHHS TPOrpaMd HEOOXiTHO CTBOPUTH MPOEKT (B HAIIOMY BHITAJIKY
KOHCONBHUHM J07aTok). [IpakTHUHO BCi CepemoBHINA MPOTpPaMyBaHHS MPH
CTBOPEHHI MPOEKTY MPOIMOHYIOTH Ia0JIOH MTPOTPAMH.

BneceMo 3MmiHUM B 3aliponoOHOBaHUM 11a0JI0H 1 HAOEpEeMO HACTYITHUM KO/

// JictuHr 1.1.llepBas mporpama

#include <iostream>

#include <cstdlib> // nng mays3m system

using namespace std; //mekjapyBaHHS [IPOCTOPY 1MeH

int main ()

{
cout << "Hello, world!" << endl;
system ("pause"); //maysza
return 0;

1.2.1 Onuc cuHTaKCcHCA

JupexktuBa #include BUKOPUCTOBYETHCA MJIs MIJKIIOUEHHS 1HIIMX (DaiiliiB
B KOA. Psgok #include <iostream>, Oyae 3amMiHeHa BMIcTOM (paiina
«iostream.hy, IKUW 3HAXOJIUTHCS B CTAHIAPTHIM 010J110TE1l MOBH 1 BIIMOBIAAE 3a
BBEJICHHS 1 BUBEJCHHSA JaHMX Ha €KpaH. #include <cstdlib> MIJIKIIOYAE
cTaHgapTHy 010i0TeKy MoBU C, sika MICTUTh B €001 (DYHKIIT, sIKI 3aiiMarOThCs
BUJIVICHHSIM TaM'siTl, KOHTPOJIEM IPOIIECY BUKOHAHHS MPOTPaMHU, MEPETBOPEHHIM
TuiB 1 iH1. [ToTpeOye Takoro Tumy 3'e1HaHHA 115 poOOTH PYHKIIIT system.

Bwmict TPETHOIO pAAKA - using namespace std; BKa3zye Ha TC, 10 MU
BUKOPHUCTOBYEMO 3a 3aMOBYYBAHHSIM CTaHJIApTHE MPOCTIP IMEH 3 HA3BOKO «std».
Bce Tte, mo 3HaxoauThes BeepeauHi GIrypHUX OyKoK GyHKIT int main () {}
OyJle aBTOMaTUYHO BUKOHYBATHCS IICIIS 3aMTyCKY MTPOTPaMH.

Psanok cout << "Hello, world!"™ << endl; TOBOPUTh HpPOTrpami
BUBOJIMTH TIOBIJIOMJICHHS 3 TEKCTOM "Hello, world" Ha ekpaH. Omeparop cout
MpU3HAYCHUN 11 BUBEJICHHS TEKCTY Ha €KpaH KOMaHJHOro psaka. Ilicis Heoro
CTaBJIATBCS JBI KyTOBI JlalKh (<<) - BKa3iBKa Ha BHMBEICHHSA B MOTIK. Jlami ime
TEKCT, sIKUW Oyne BUBOAMTHCS. BiH MICTUThCA B MOJBIMHUX Nankax. Omeparop
endl TIEPEBOIUTH PAMOK Ha PiBEHb HUXKYE (MOYKHA BUKOPUCTOBYBATH "\ n").

Akimo B mporieci BUKOHAHHS CTAHEThCS SKMHCH 301, TO BUHHUKHE KOJI
MOMUJIKM, BIAMIHHUN BiA HyJsa. SKmio >k poboTta mporpaMu 3aBepinwiiacs 0e3
300iB, TO KOJI IOMWIKHU JOpiBHIOBaTUME HYM0. KomaHaa return 0; HeoOXiaHa
JUIL TOro, IMOO TIepeaaTH oOIepaliiHid cHUCcTeMl TOBIJOMIJICHHS IIpO BJalie
3aBEPIICHHS MMPOTPAMH.

Y nopanpmmMx TpUKIAAAX MIAKIIOUYCHHS BXE OINKMCAaHUX 3aroJIOBHUX
MOJIYJIIB, OMHUC MPOCTOPY IMEH 1 omepaTopu system ("pause"); 1 return 0;
OyZ1eMO OITyCKaTH JjIsl CTHCIIOCTI.



Ha puc. 1.1 300paxkeHo cTpyKTypy oprasizaiii (aiisiiB y TUIIOBOMY MPOEKTI
MoBOI0 C Ta MOKa3aHO e€Tany CTBOPEHHS MOJYJIs, 1110 BUKOHYETHCS, 3@ YUaCTIO IIUX
(aitmis.

) IHLWI
<iostream>| <cmath> chaiinn
file1.h file2.h
g Y v v
I main.cpp filel.c file2.c
[o}

i

» project.exe

Pucynok 1.1 — Crpykrypa ¢aiinis C

PO3FJI$IHGMO IIPpUKIIag:
#include "add.h"

int main ()
{

cout << "The sum of 3 and 4 is " << add (3, 4) << '\n';
return 0;

Komnu npenporiecop o0po0OJisie paiok #include "add.h", BiH KOMIIOE BMICT
add.h B moTouHud ¢ain y mo Touky. Tak siIKk add.h MICTUTh TOMEpPETHE
oroJyommeHHs st QYHKINT add, 1€ TOTMEPEAHE OTOJIOMICHH Oye CKOMiHOBaHO B
main.cpp. KiHIIEBUM pe3ysIbTaTOM € MporpamMa, sika BUBOJUTH 3HAUYEHHS The sum

of 3 and 4 is. Ha pucynky 1.2 HaBeaeHO rpadiuHe MpeICTaBICHHS MPOILECY
KOMITUIALIIT TPOTPaMHU.



add.cop #include “add.h”/ main.cpp Y #include <iostream>

A A 4 r Y

Komninadis m—u Komninadis l—( iostream (3aronoBoYHuUin hain) )
r
( add.o ) ( main.o )

CraHaapTH
G6ibnioTeka

( mainexe )

Pucynok 1.2 — Jliarpama komnijisinii mporpamm

1.2.2 3aBnanns. Kommnijsimist Ta 3anmyck

CxommutioiTe 1 3amycTiTh mporpamy 13 JICTHUHTY 1.1 (BUKOpUCTOBYIOYH
INYHKTA MEHIO 1 BIANOBiAHI iM MIKTOrpadiyHi KHONKH OOpPaHOIO CeperoBUIIa
POrpaMyBaHHS).

1.3. BBeaenus Ta BUBeIeHHSA
1.3.1. BBeaeHnHsi Ta BUBeJIeHHs B cTaHAapTHOMY C

OOMIH JaHUMHU 13 30BHINIHIM CBITOM Iporpama Ha crtaHgaptHomy C
peaizye 3a J0MOMOTOr0 010110TeKH (PYHKI[IH BBOTY-BUBOLY

#include <stdio.h>
printf ( <dopmaTHMM pPsAOOK>,<CIMCOK apryMeHTiB>);//BUBEHEHHS
scanf ( <popMaTHWMM psaAmok>,<CHUCOK apryMeHTiB>); //BBeIeHHS

<popmaTHMIT pamox> - PAJOK CHMBOJIIB, YKIIAICHUX B JIAMKH, SKUH MOKA3ye€, SIK
MOBUHHI OYTH HAJPYKOBaHI apryMeHTH. B SKOCTiI apryMeHTIB BUKOPUCTOBYIOTHCS
3MiHHI. DOpMaTHUH PSITOK MOXKE MICTUTH:
® CHUMBOJIM TEKCTY;
e crenudikalii nepeTBOPeHHs
® KEpyIUl CUMBOJIU.
KoxHOMy apryMeHTy BIIIOBIZA€ CBOsI CrieM(iKaIlis IepeTBOPEHHS:
5d - ECSATKOBE I[1JI€ YUCJIO;
%f - YUCIIO 3 TUIABAI0UOI0 TOYKOIO;
%c - CHMBOJI;
%s - PSZIOK;
\n - YIIPaBJIAIOYUN CHMBOJI HOBUH PSIIOK.

HaIpPUKIAI:

printf ("3Hauenus umcya I[Ii mopiBHie $f\n”, pi);
scanf (“"$d%f”, x, vy);



1.3.2. BBeaenus ta BuBeaenns B C++
BHKOpHUCTOBYETBCS 3arojloBHUN ¢aiiia <iostream.h>, B SKOMY BHU3HA4YCHI
CTaHJApPTHI TIOTOKH BBEIICHHS JAaHWX 3 KJIABIaTypud cin 1 BUBEACHHS JaHUX Ha
€KpaH JUCIUIeS cout, a TAKOX BIAMOBIIHI OTepallii: << - orepallis 3aucy JaHuX B
MOTIK; >> - ONeparlisi YATaHHS TaHUX 3 TTOTOKY.
Hanpuknan:

#include <iostream>;
cout << “\nBeenliThb K1JBK1CTbH eJjeMeHT1iB: ”;
cin >> n;

[Ipu BuBeACHHI KHMPHWIWIII BOHA MOXE BiOOpa)kaTHCs HEKOPEKTHO. Xoua
BXKE€ JAaBHO PO3pOOJEHUIN €IMHUN CcTaHAapT KoayBaHHS cuMBoiiB - Unicode, B
Windows [10C1 BUKOPHCTOBYIOTHCSI KiJIbKa KOJUPYBAJIbHMX TaOJIUIb, & CaMe -
cp866, cpl251. BukopuctaHHs NEKUIBKOX TaOJHUIL KOAYBAHHS CHUMBOJIB 1 €
MIPUYMHOIO TIOSIBU CUMBOJIIB TCEBAOTpadiKkU, 3aMICTh KUpWIUIL. {15 KOpEeKTHOTrO
B1JIOOpa)KEHHS KUPWIMIII HEOOXITHO BHUKOPHUCTOBYBAaTH (YHKIIO setlocale
(int type, const char * locale). g ¢yHKIsS H03BOJISIE 3aUTYyBaTU ab0
BCTAHOBJIIOBaTH IMEBHI MapaMeTpu (JOKajh), SKI 3aJeXkarh BiJl TeorpadiqHoro
nonoxeHHs. Llg  QyHKIis BU3HAueHAa B 3arojoBHOMY daiini <clocale>,
HEOOX1AHICTh MOTO MiAKIIOUYEHHS BU3HAYAE CEPEIOBUIIE MPOTPAMyBaHHS.

OyHKLisE setlocale() Mae JBa NapaMmMeTpu, MNEpPIIMH MapaMeTp - THII
KaTteropii JIOKaji, APYTUM MapaMeTp - 3HAUYCHHS JIOKaIi. 3a 3aMOBYYBaHHSIM,
BCTAHOBJICHA JIOKAJIb: setlocale (LC_ALL, "C"). fKa € HEUTPAJIHHOIO JIOKAJLIIO
3 MIHIMaJIbHOIO 1H(OpPMAIlI€I0, 10 J03BOJISIE MEPeN0auyuTu Pe3yabTaT MPOrpaMHu.
Bcest nokanb, sika BHU3HAYAETHCS III€I0 OMEPAIIHOI CHUCTEMOI, MOXe OyTu
BCTAHOBJICHA BUKIMKOM (QYHKII setlocale (LC ALL, ""). [lnsg BHBeneHHs
KUPUITUIl MO’KHA BUKOPUCTOBYBATH TaKi BUKIIUKU:

setlocale (LC ALL, "Ukrainian");
setlocale (LC_ALL, "ukr");
setlocale (LC_ALL, "rus");

(

setlocale (LC_ALL, "Russian");

Aximo HeoOX1JHO 3MIHUTH YaCTUHY MOTOYHOI JIOKAlli, 3aMICTh Mapamerpa
LC ALL BM3HAQYa€ThCS IapaMeTp IE€BHOI KaTeropii, Tak 3HAa4YeHHS LC TYPE
BCTAHOBJIIOE TIJILKU HAO1p CUMBOJIIB.

@DyHKIS setlocale () MPAIIOE TUTBKK 3 TOTOKOM BHBOAY, JUISI KOPEKTHOTO
BBEJICHHS KUPWIHUIIl € KUIbKa crmoco0iB. OIMH 3 HUX I1€ BUKOPUCTAHHS (DYHKITII
SetConsoleCP (1251) 1 SetConsoleOutputCP (1251), OIS I[OTO HEOOXIIHO
MIIKITIOYATA A0 TPOSKTY 3arojIoBHUM (ain <windows.h>. APryMEHTOM IHX
byHKIIH € 17eHTU(IKATOP KOJOBOI CTOPIHKHM, MOTPiOHA JJIT KUPHWIIII CTOPIHKA
win-cp 1251. DyHKIIS SetConsoleCP() BCTAaHOBIIOE TMOTPIOHY KOJOBY
TaOJUII0 Ha TMOTIK BBEACHHSA, TOAI SIK (QYHKIIS SetConsoleOutputCP ()
BCTAHOBJIIOE MOTP1OHY KOJOBY TaOJIMIIIO Ha MOTIK BUBEICHHS.
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1.4 Tunu nanux

Moga nporpamyBanHsi C ++ € pO3IMIMPIOBAHOI0 MOBOKO IPOrPAMYBAHHS.
[onsTTa poszwuprosana o3Havae Te, MO KpiM BOYIOBAaHUX THUIMIB JaHUX, MOKHA
CTBOpIOBAaTU CBOI THMH JaHUX. Tomy B C ++ icHye Benuue3Ha KUIBKICTh THIIIB
JaHUX.

OcHnosHi (¢hynoamenmanvhi, 6azo6i) Tunu B C ++ TISTHCSA HA TPU KaTETOPIi:
IIJIOYHCEIIbHI, 3 IIaBAI0Y0I0 KOMOIO 1 void.

Tunom void onucyeThCst MOPOKHIN HAOIP 3HAUCHB. 3aBJIaHHA 3MIHHUX THUITY
void HeMOXJIHBO. el TUM CyXUTh B OCHOBHOMY JJISl OTOJIOIICHHS (YHKIIIH, sIK1
HE TOBEPTAIOTh 3HAYCHHS, a00 YHIBEepCaJbHUX BKA31BHUKIB Ha HETHUIII30BaHI abo
JIOBUIBHO THUITI30BaH1 AaHl. Bynb-skuii BUpa3 Mo)KHaA SIBHO IEPETBOPUTH abo
MPUBECTU 10 TUMY void. OgHAK Taki BUpa3u MOKHA BUKOPHUCTOBYBATH TITBKH B
HACTYMHUX ONepaTopax 1 onepaHaax:

® B OIEepaTopi BUPa3y;
e BIIBOMY ONEpaH/Ii orepaTopa KoMa,;
® B JIpPYroMy Ta TPEThOMY OIEpaHaax TEPHAPHOIO omeparopa (? :).

Ci ++ namae MHOXMHY 0a30BHX TUIB. bunbmiicte 3 HUX (QopmyeTbes 3a
JOTIOMOT'OI0 OJTHOTO 3 YOTHUPBOX apU(PMETUYHUX cHenu(iKaTopiB TUMY - char,
int, float 1 double, 1 ONIIIOHAJBHUX CHEIUMIKATOPIB - signed, unsigned,
short 1 long. OcHoBHI Tunu nanHuxC ++ HaBeneHi B TaOumi 1.

Ta6muis 1.1 — dyngamenTanbhi Tunu ganux C++

Tun Onuc

Iisi yncna

char | char - me HUIOYMCENBHUN THUI, 3a3BUYall MICTUTh WIEHH OCHOBHOI KOJyBaHHS
BUKOHaHHA (32 3amoBuyBaHHsM B Microsoft C ++ me xkoxysamus ASCII).
Kowmminsatop C ++ o6pobusie 3minHI THy char, signed char i unsigned
char sk 3MiHHI pi3HUX TUMIB. 3MiIHHI TUIY char MiABUILYIOTHCS O TUIy int, sk
Ko © 3a 3aMOBYYBAaHHSAM BOHM MajdM TUN signed char, SKIO He
BUKOPUCTOBYETbCS MapaMeTp Komoumimii /J. Y 1pOMYy BHMaJIKy BOHHU
pO3rIAAaoThCs K TUN unsigned char 1 MABUINYIOThCS 0 TUIY int 6e3
PO3IIMPEHHS 3HAKA.

bool bool - 1€ HIJIOYHCENbHNAN THI, IKAH MOKE MaTH OJHE 3 ABOX 3HaueHb: true abo
false. Moro po3mip He BU3HAUYEHUH.

short | short int (abo mpocto short) - e HIJOYUCENbHHIA TUII, PO3MIp SKOrO OijbIIe
a0o0 opiBHIOE po3Mipy TUIY char 1 MeHIIe abo IOpPIBHIOE pO3Mipy TUIY int.
O6'ektn TUNy short MOXYTb OroJOUIyBaTHCA K 00'ekTH THMY signed short
a0o unsigned short. signed short - CHHOHIM short.

int int - me UiOYMCENbHUN THUI, pO3MIp SKOro Oiblie ab0 JOPIBHIOE PO3MIpY TUITY
short int 1 MeHme abo JOPIBHIOE pO3Mipy TUITY long.

OO0'exTn THIIY int MOXYTh OTOJONIYBaTHUCA K 00'eKTH TNy signed int abo
unsigned int. signed int-cuHOHIM int.

long long (abo long int) - He IUIOYMCENBHUN THII, PO3MIp SIKOTO OuIbINe abo
JIOPIBHIOE PO3MIpYy TUIY int.

O6'extr THIY 10Ng MOXYTh OTOJIONIYBaTUCS K 00'ekTH TUy signed long abo
unsigned long. signed long - CHHOHIM long.
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Tun Onuc
long | Bimewre, Hixk unsigned long.
long | «Haiimonogmmit» 3 6asoBux tumiB. OG'ektm THny long long MOXKYTh
oroJionryBaTucs sk 00'ektn TUNy signed long long abo unsigned long
long. signed long long - cuHOHIM long long.
wchar | 3miHHa Tuny wchar t mo3Ha4yae poO3LUIMPEHUI CUMBOJBHUN a00 MyJIbTHOANTHUIA
t CHMBONBHMH THIL.
3 m1aBa4Y0K KOMOK
float | float — 1e THI 3 IUIABAIOYOI KOMOK HAIMEHILIOr0 PO3Mipy.
double | double — e THUN 3 IUIABalOYOI0 KOMOIKO, PO3MIp SKOro Ouibiine abo AOPIBHIOE
po3Mipy tuny float, ane MeHie abo TOpiBHIOE po3Mipy Tuny long double.
long | long double — me TUN 3 IUIABalOYOK KOMOIO, PO3MIp SAKOTro OuIbIIe abo
double | popiBHioe po3mipy Tumy double.
st cuctem Maiikpocodt: moganHs long double i double inertnuyno. OmgHak
i long doubleidouble - 11e OKpeMi TUIIH.

VY crangapti C ++ po3mip TUMIB JaHUX >KOPCTKO HE BU3HAYEHO, JI3HATHUCS
CKUIbKM BIJIBOJWTH CEPEJOBUIINEC PO3POOKH i KOXKEH THI JaHUX MOXKHA 3a
JIOTIOMOT 010 orepallii sizeof (run) . Cranmapt C ++ rapanrye, 1o:

1 == <= gsizeof (short) <= sizeof(int) <=

<= sizeof (long long)

sizeof (char)
<= sizeof (long)

Haii6isp1 momupeHi po3Mipy THITIB JAHUX 1 Jiana30H iX 3HaYeHb HaBECHI
B Ta0HIl 2.

Tabmuns 1.2 — Po3Mip 1 miama3oH 3HaYCHb THIIB JaHUX

Tun gauux Ha3ga P ";‘:‘P’ Jiana3oH 3Ha4YeHb
bool OyJeBCbKUH, JIOTTYHUI 8 false abo true
unsigned CHMBOJIBHUH, O€33HaKOBUI LU 8 0..255
char IIOBKMHOIO HE MeEHIIe & 0IT
signed char | cHMBOJBHHH, HIIHHA JOBKHHOIO HE M 8 -128 .. 127
(char) eHie 8 0iT
unsigned 0€33HaKOBUI LUTUH, KOPOTKE IIJIOYHUCOBE 16 0..65535
short yucio 0e3 3HaKa
short int K(‘)I)OTKI/II\/’I uinvnﬁ, KOpOTKE/II\/'I‘ } 16 -32768 . . 32767
(short) WiNOYNCIIOBHH, KOPOTKHH IiIOUHCIIOBH
31 3HAKOM
unsigned int | 0e33HAKOBUH LI 32 0..4294967 295
signed int nutni, signed 32 -2 147 483 648 . . 2 147 483
(int) 647
unsigned 0€e33HaKOBHI JOBIUH 1NN, JOBIE 32 0..4294967295
long LEJIOYMCIIOBE YUCI0 O€3 3HaKa
long JOBTHI LIJIMH, JOBre LEJIOUYHUCIOBE 31 32 -214748348 . . 2147483647
3HAKOM
OBI€ JIOBTE€ IliJIE 64 -9 223 372 036 854 775 808 ..
long long | /OPIEAORIER 9 223 372 036 854 775 807
unsigned 0e3 3HaKa JOBIE JOBIE 64 0..18 446 744 073 709 551
long long 615
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Tun nanux Ha3sBa P";iwfl” Jliama3on 3Ha4YeHb
float TIACHUI OMHAPHOT TOYHOCTI 32 3.4E-38..3.4E+38
(7 3HaKOB)
double JIHACHUNA OABIMHOI TOYHOCTI 64 1.7E-308 .. 1.7E+308
JIACHUIM MaKCUMaJIbHOT TOYHOCTI He Minimym: 1.7E-308 . .
long double McHEee 1.7E+308
64

Pi3Hi pO3pOOHWKHM CEpPENOBHIN IPOrpaMyBaHHS MOXKYTh BH3HAYaTH
nonaTkoBl Thunu gaHuxX. Tak B Visual Studio Bu3HaueHi HACTYMHI HECTaHAApPTHI
TUIIN JaHUX:

__int8, intle6, int32, 1int64, 1intl28

I 4YUCIIO 13 3a3HA4EeHHAM po3MIpy  intn, ge n — po3Mip y OiTax
[1IJIOYMCENHHOT 3MIHHOI. JIOCTYITHICTh TUIIIB 3aJIKUTh BiJl apXITEKTYPH.

1.5 Koncranru Ta 3MiHHI

Koncmanma - 1ie 3HaueHHs, sike He Moxe Oytu 3MiHeHo. B C ++ koHcTaHTH
OyBalOTh HEIMEHOBAaHMMU 1 IMEHOBAHMMH. THWIl HeiMeHOB8AHOI KOHCMAHMU
BU3HAYAETHCS 32 i1 BUMIISIIOM. CMHTaKCUC MOBHM BU3HAYa€ HACTYMHI TUIU PI3HUX
HEIMEHOBAHMX KOHCTAHT:

. CUMBOJIH;

. JIMCHI YHCIIa;

. 1Tl YUCIIa;

. KOHCTAHTH 3JIIYCHOTO THUIIA;

. PSIKH;

. HynpoBul BkaziBHuk (NULL).

Tabmuis 1.3 — dopmaTi KOHCTAHT, BIIIOBIJIHI 10 KOKHOTO THITY

Koncran

Ta ®opmar Ipukiaaamu

ina Jecsamxosuii: IOCTIIOBHICTD TeCATKOBUX Iudp, mo |8, 0, 199226
MMOYMHAETHCS HE 3 HYJIA, AKIIO 1€ HE YHCIIO HYJIb

Bocomupiunuii: nynw, 3a axum 1i0yms eocomepuyni |01, 020, 07155

yughpu (0,1,2,3,4,5,6,7)

Llicmuaoysmrosuti: 0x abo 0X, 3a sxkuMm iyt |0xA, 0x1B8, 0X00FF
LIICTHAASATKOBL nudpu

Hilicna | [lecamxosuil. 5.7,.001, 35.
[umbpu] . [unbpn] (MOXyTh OyTH OIyIIeHI abo
1iJ1a YacTUHa, a00 IpoOOBa, aje He OOHIBI Pa3oM).

Excnonenmnuuii. 0.2E6, .11e-3, 5E10

[umdpu] [.] [undpu] {Ele} [+]| -] [undpmr]
(MoxyTh OyTH omymieHi abo mmina vacTuHa, abo
npoOoBa, aje He oOWaBI pazoMm. SIKIIO BKa3aHi
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Koncran

®opmar IIpuxknagu
Ta
Cumeon | OnuH ab0 ABa CUMBOJIH, YKJIa/IEHUX B anocTpodu KJIaBiaTypHi:
bHA 1 A 1 , |l 0 |l , T %70
KOJIOBI:

l\nl, l\al, l\tl, l\?l
KOJIOBO YHCJIOBI:
"\O', '"\012', '"\x07"

PsinkoBa | [TocietoBHICTh CHMBOJIIB, YKIIAACHUX B anoctpodu  |"TyT Oys Vasia",
"\t3uauenHsa r=\0xF5\n"

3minni MoxHa 3MiHIOBaTH. [Ipu 3aBIaHH] 3HAYEHHS 3MIHHOI Y BIJNIOBIJIHY il
KOMIpKa TaM'siTi TMOMIIIAEThCA KOJ I[bOro 3HadeHHs. JlocTynm A0 3HAYeHHS
MOJIUBHI dYepe3 1M'st 3MIHHOI, a JAOCTYyN J0 KOMIPKHA Mmam'siTi - 3a 11 aapecoro.
Koxna 3MiHHA mepej; BUKOPUCTAHHAM B IpoOTrpaMi MOBHMHHA OYyTH BHU3HAuy€HA,
TOOTO 1l mMOBUHHA OyTHM BUIUIEHA MaM'sTh. Po3Mip KOMIpKM mam'siTi, MO0
BUJIJIAETBCA JUIsl 3MIHHOI, 1 IHTEpOpeTamis ii BMICTY MOXYTb BIAPI3HATUCA
3aJIEKHO BIJ THUIly, 3a3HAYEHOr0 Yy BHM3HayeHH1 3MmiHHOI. Haltnpocrima ¢opma
BU3HAYCHHS 3MIHHUX:

Tun iMm’ g [ixHiumanizaTop];
Tun im’ g =iviumanizaTop;

BianoBiHO 10 CHHTAKCHMCY MOBH 3MIHHI aBTOMATUYHOI MaM'AT1 TICIsl BUSHAYCHHS
3a 3aMOBYYBAHHSIM MalOTh HEBH3HAUYCHI 3HAUYCHHS. 3MIHHUM MO>KHA ITPUCBOIOBATH
MOYATKOBl 3HAYEHHs, SBHO BKa3yloud iX Yy BHU3HaueHHsAX. Llei mnpuiiom
HA3UBAETHCS [HIYIANIZAYILETO.

float pi=3.14, cc=1.3456;
unsigned int year=1999;

Imenosani xoncrantu C ++ OroyiomryrOThCs [K 3MIHHI 3 MOJU(]ikaTopoM
const, SKUH TOKa3ye, 10 3HAYCHHS JaHO1 3MIHHOI MIHATH He MOXHA. IMeHOBaHi
KOHCTAaHTM TOBHWHHI OyTu iHimiioBani mnpu oronomeHHi. [lo6 B mporpami
BIIPI3HATH 3MIHHI BiJl KOHCTaHT, PEKOMEHAYETbCA IMEHAa KOHCTAHT IMCATH
BEJIMKUMH JIITEPaAMU.

const int N=20;

Jljis 3MIHHUX JTy’K€ BEJIMKE 3HAUEHHS Ma€ MIcle iX BBEJCHHs B mporpamy. B
C ++ 3MiHHI MOXXHAa OMHCYBAaTH O€3MOCEPEIHBO TEpPEe] BHUKOPUCTAHHSM, B
3aJIEKHOCTI BIJ] MICIISI OMTUCY OyAyTh 3aJIeKaTu od.iacmy 0ii, 001acmeb UOUMOCHI |
yac ocumms 3MiHHOI. 3MIHHI, ONUCaHl A0 QYHKUII main (), Ha3UBaIOTh
enobanvHumuy. OOIACTh J1i 3MIHHOI - 3 MOMEHTY ii OMHMCY 1 10 KiHIIS OJIOKY, B
SIKOMY BOHa Oyiia onucana. O01acTh BUIUMOCTI 3MIHHO1 HalyacTile 301raeThes 3
il oOsacTio nii, 32 BUHATKOM BHIAJKy ONUCY Yy BKJIaJIEGHOMY OJIOLl 3MIHHOI 3 TUM
xKe 1M'sIM.
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//JicTuHr 1.2. OnmMc 3M1IHHUX

int n; //1

int main ()

{ cout<<"n="; //2
cin>>n; //3
cout<<"n="<<n<<endl; //4
int n; //5
cout<<"n="; //6
cin>>n; /]
cout<<"n="<<n<<endl; //8

cout<<"n="<<::n<<endl; //9

}

VY nictunry 1.2 onmcani 181 3MiHHI n: B 1 psaky 1 5. 3minHa 3 1 psigka Oyze
rJ100aapHO0, 00J1acTh i1 Jii - 10 KIHIS MPOTrpaMH, a OCh 00JacTh BUJIUMOCTI HE
MOBHICTIO 301ra€eThcs 3 00JIACTIO Jii: MOYMHAIOYHU 3 5 psAJiKa, B JIIF0 BCTYIMAa€ HOBA
3MiHHa n. OJHAK MOKHAa OTPUMAaTH MOXJIMBICTH 3BEPTATHCS JO «IEPIIOi» n,
BUKOPHCTOBYIOUHM OIEpaIifo JOCTYIly JI0 00JacTi BHAMUMOCTI ::, IO 1
IIPOJIEMOHCTPOBAHO B 9 PAIKY.

1.6 Onepanii

Omnepanii 1 BUpa3u 3aJal0Th I[I€BHY TMOCIIJIOBHICTh Jid, aje He €
3aKIHYEHUMHU KOHCTPYKIisMU MOBU. Oniepanii C ++ noauIsaoThCs Ha:

YHapui:

& OTPUMAaHHS aJIpecH onepaHia

* 3BEpHEHHSI 32 aJJpecoro (PO3iMEHYBaHHS)

+ YHapHUH IUTIOC

- YHapHUN MiHYyC, 3MIHIOE 3HaK apu(METUYHOTO OlepaH/a

~ MOPO3psAHE 1HBEPTYBAHHS BHYTPILIHBOTO JIBINKOBOTO KOAY (11061TOBOE
3arepeyeHHs)

! noriyne 3anepedyeHHs (HE). B sxocTi 10riuHNX 3Ha4€Hb BUKOPUCTOBYETHCS
0 - 6pexwst i He 0 - icTrHA, 3anepedeHHsM 0 Oyne 1, 3anepedeHHsIM Oy/Ib-
SIKOT'0 HEeHyJIbOBOro uncna oyzae 0.

++ 30UIBIIEHHS Ha OMUHUIIIO:
npegixcra omneparis - 30UIbIIY€E OnepaH/ 10 HOTO BUKOPUCTAHHS,
nocmeixcua onepauis 30UIbIITye onepaH/ micJsi Horo BUKOPUCTaHHS.

-- 3MEHILIEHHS Ha OJMHHUIIIO:
npegixcra omneparis - SMEHIITY€E OTIEpaH]I A0 HOTO BUKOPUCTAHHS,
nocmeixcra onepariisi SMEHIIIYE OTrepaH;] Micjst HOro BUKOPUCTAHHS.

sizeof oOuuciieHHs po3Mipy (B OaifTax) /st 00'ekTa TUITYy OnepaHa

new BUIUICHHS HaM'sITi

delete 3BUIbHEHHS T1aM'SITi

JOCTYII 710 00J1aCTI BUAMMOCTI

(Tum) 3HAYEHHA | [IepPETBOPEHHS TUITY
TUN (3HAUEHHH)

BUOIp €JIeMEeHTa 3a IMEHEM

-> BUOIp eleMeHTa 3a BKa31BHUKOM

[] BUOIp eleMeHTa 3a 1H1eKCOM
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*

BHOIp eJeMeHTa 3a IMEHEM 4Yepe3 BKa3iBHUK

->% BHOIp eJIeMeHTa 3a BKa3IBHUKOM 4Yepe3 BKa3iBHUK

() BUKJIUK (QYHKIIIT

typeid ineHTudikaris Tuy (HeoOXiaH1 BIIOMOCTI PO THIT)
const_cast MEePETBOPECHHS KOHCTAHTHOI 3MIHHOI B HEKOHCTAHTHY

dynamic_cast | qunamiyne nepeTBOpPEHHs THIIIB (Ma€ CEHC IS MOIIMOPGHHX KIaciB)

static_cast | mepeTBOpEHHS OJHOIO THITY B iHIIN 3 KOHTPOJEM HEIPUITYCTUMOTO

MePETBOPCHHSI (HAMPUKIIAJ, 3HAYCHHS Y BKa31BHHUK)

reinterpret_ | omepauis NpuBeIEHHS TUIIIB JaHKMX, HE IIOBUHHA OYyTH BUKOPUCTAHA JUIs

cast

MIPUBEICHHS i€papXii Ki1aciB a00 MepeTBOPEHHS KOHCTAHTHUX 3MIHHHUX

binapHi onepanii:

Aoumueni:

+

Oinapuwmii utoc (TogaBaHHsa apU(PMETHYHHUX OIIEPAHIIB)

OiHapHMii MiHyC (BiIHIMaHHS apu(METHIHUX OTIEPAHIIB)

Mynomunaikamueni:

*

MHOYEHHS OTIepPaH/IiB apu(METHYHOTO THIIA

~

JieHHs (UIs IOYHCEIbHUX OMEPaHIiB IIOYUCEIbHE TiTEHH)

o\°

OTPUMAHHS 0CTaul BiJl JIJICHHS IIJIOYNCEIbHUX ONEepaH/IiB

Onepauii 3cyey (6uznaueni minoKu 0151 ULI0YUCETbHUX ONEePAHOIE).

dopmart BHpa3zy 3 onepari€ro 3cyBy.

(@]

nepaHn JiBuM oInepallis 3CyBy OllepaHI NpaBUM

<< 3CYB BJIIBO OITOBOIO MOJIaHHS 3HAYEHHS JIIBOTO [IIIIOYMCENLHOTO OllepaH/ia Ha
KUTBKICTB PO3PSIiB, IO JOPIBHIOE 3HAYEHHIO IPABOTO OTEpaH/a
>> 3CYB BIIPaBO OITOBOTO MOJIAaHHS 3HAYCHHS JIIBOTO IIJIOYUCEITLHOTO ONEpaHa Ha

KUTBKICTB PO3PSIiB, O JOPIBHIOE 3HAYEHHIO IPABOTO OTEpaH/a

Hopaszpaoni onepauir’:

& nopaspsiiHa kKo toHKIis (I) 6iToBOro mogaHHs 3HAYEHb IUIOYMCEILHUX ONePaH/IiB

| nopaspsiaHa 1u3’ 1oHKIA (ABO) 6iTOBOro MogaHHs 3Ha4YEHb IITOYUCETBLHIX ONEPaH/IiB
" nopaspsaHe BukiitouHe AbBO 6iToBOro noJjaHHs 3Ha4€Hb I1IJIOUHCENIbHUX ONEPaH/IiB
Jlociuni dinapui onepauii:

&& koH roHKIis (I) inoyncensHUX onepanaiB ado BiHOIICHD, HIIOYMCEIBHUN Pe3yIbTaT

opexus (0) abo ictuna(l)

qu3’touKIs (ABO) 1imourcenbHUX OnepaH/IiB ab0 BiHOMICHD, IITOYHNCETbHUN
pe3ynbrar 6pexHs (0) abo ictuna(l)

Onepauii nopieHAHHA .

< MEHIIIE HIXK
> OlTBIIIe HIXK
<= MeHIIe a00 JOPIBHIOE
>= O1pI1Ie a00 TOPIBHIOE

JIOPIBHIOE

HE JOPIBHIOE

Onepauii npUCceoEHHA:

MIPOCTE MPUCBOEHHS

*= IIPUCBOUTH PE3YIbTAT MHOXKEHHS

/= PUCBOMUTHU PE3YJbTAT JiICHHS

&= MPUCBOUTH PE3YNbTAT OCTAUl BIJ] NIJICHHS
+= IIPUCBOUTH PE3YNbTAT JOJIABaHHS

-= IPUCBOMUTHU PE3YJIbTAT BiIHIMAHHS

<<= IIPUCBOUTH PE3YNbTAT 3CYBY BIIIBO
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>>=

MPUCBOUTH PE3YNbTAT 3CYBY BIPABO

&=

IPUCBOMTHU PE3YNIbTAT MOPO3psIHOI (T06ITOBOT) KOH IOHKIII]

A

MIPUCBOUTH PE3YJIbTAT MOPO3PSAHOTO (11061TOBOr0) BUKIFOYHOr0o ABO

NPUCBOMUTH PE3YNIbTAT MOPO3PAHOI (1T061TOBOT) 113 FOHKIII]

Ilocniooenicmo eupasie:

B

| IocnioBHE BUKOHAHHS BUPA3iB

TepHapHa onepauiﬂ:

?

SKIIO BUpa3 nepex ? He popiBHIOE 0, BUKOHYETHCS OTepaTop JIo :
SIKIO TOpiBHIOE 0, BUKOHYETHCS OTIEPATOP ITICIIA -

Onepano sABisge€ co0OK0 €IEMEHT-yyacHUK omepauii. OnepaHngaMu MOXYTb
OyTH KOHCTaHTH, 3MiHHI, BUKJIUK (DYHKIIH 1 BUpa3u. Bupasz - 1€ TOCHTII0BHICTh
3HaKIB omepalli, ONepaH/iB, KpyIriuxX AYXkOK, sSKa 3a7a€ 0O0UHUCIIOBAaIbHUI MPOLEC
OTPUMaHHs pe3yibTaTy NEeBHOro Tuiy. HalmpocTimuM BHpa3oM € KOHCTaHTA,
3MiHHA 200 BUKJIMK QYHKIII].
[lopsimok oOuucieHHS BHUpa3y BU3HAYAETHCA PO3TAIIYBAaHHSIM 3HAKIB
omnepauid, Kpyriux OQy>KOK 1 MpiOpUTETaMd BUKOHAHHS OIepaliiif; BHpa3u 3
HaNBUILMM MIPIOPUTETOM OOUUCIIOIOTHCS MEPITUMHU.

[Ipiopurern onepauiii C ++ HaBeaeHi B Tadbaui 1.4.

Tabmuus 1.4 — [pioputetn onepariii C++

[Ipi- | 3naku omepariii HasBa onepariii [Topsimox
opu- BUKOHAHHS
TET
1 JOCTYT 10 00J1aCTi BUAMMOCTH 3J11Ba
2 . BHOIp eleMeHTa 32 IMEHEM 37iBa
-> BUOIp €JIEMEHTa 3a BKa31BHUKOM
[] BUOIp eleMeHTa 3a 1HIEKCOM
() BUKJIMK (DYHKIIIT 800 KOHCTPYIOBaHHSI 3HAYCHHSI
++ NOCT(HIKCHUHN IHKPEMEHT
- MOCT(IKCHUHN TEKPEMEHT
typeid inenTudikanuis Tumy
dynamic_cast | meperBopeHHs 3 MEpPEBIPKOIO PU BUKOHAHHI
static_cast MEePETBOPEHHS 3 MIEPEBIPKOIO TPH KOMITLIISIIIi
reinterpret_cast | peperpopenns 0e3 mepeBipku
const cast
— KOHCTAHTHE NEPETBOPEHHS
3 sizeof po3Mip onepanja B OalTax 3mpaBa
++ npedikcHUN THKpEeMEeHT
-= npeQiKCHUN TEKPEMEHT
~ iHBepcis (nopaspsane HE)
! noriune HE
+ YHApHUH IUIFOC
- YHapHUN MiHYC
& azpeca
* pO3iMeHyBaHHS
new BUJIIJICHHSI TTaM'ATi 200 CTBOPEHHS
delete 3BUTbHEHHS TTaM'STi 200 3HUIICHHS
(mma_Tuna) IIEPETBOPEHHS TUILY
4 X BUOIp elleMeHTa 3a IMEHEeM 4epe3 BKa3iBHUK 37iBa
->* BUOIp €JIEMEHTA 3a BKa31BHUKOM 4Yepe3 BKa31BHUK
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5 * MHOKCHHS 3;miBa
/ IineHHS
% ocTaya Bijl JiIeHHS MiTuX (JIIJICHHS 32 MOJYJIEM)
6 + JIOJlaBaHHS 3;1iBa
- BiTHIMAaHHSA
7 << 3CYyB BIIiBO 37iBa
>> 3CYB BIIPaBO
8 < MEHIIIE 3;1iBa
> OlbIIIEe
<= MeHIIIe a00 JJOPiBHIOE
>= OinbIIe a00 TOPIBHIOE
9 == TOPIBHIOE 311iBa
l= HE JIOPIBHIOE
10 & nopaspsiae | 37iBa
11 ” nopaszpsiiae BukimouHe ABO 37iBa
12 | nopazpsaae AbBO 311iBa
13 && aoriune | 3;1iBa
14 || noriune ABO 351iBa
15 ? YMOBHA (TepHapHa) 3mpasa
16 = MIPHUCBOEHHS (IPOCTE Ta CKIIAZEH]) 3mpaBa
*=, /= ;%=
+= ’ _
<<=, >>=
&=, "=, |=
17 throw reHepallis BUKIIOYCHb 3mpasa
18 , TTOCJTiIOBHICTh BUPa3iB 3J1iBa

Onepainiss BU3HAYEHHS PO3MIpPY sizeof MpuU3HA4YeHA Isi OOUYMCIICHHS

po3mipy 00'exTa abo TuIy B OaliTax, i Mmae aAB1 popMu:
sizeof Bupaz

sizeof (Twmmn)
Hanpuxnan:

float x = 1;

sizeof (float); //4
sizeof x; //4
sizeof (x+1.0); //8

OcraHHIl pe3yapTaT TMOB'SI3aHUM 13 THUM, W10 [IMCHI KOHCTAaHTH 3a
3aMOBYYBAHHSIM MalOTh TUN double. Jy>)XKKU HEOOX1AH1 JIJis TOTO, 1100 BUpa3, IO
CTOITh y HHX, OOYMCIIIOBABCS paHille oOrmepailii MPUBEAEHHS THUILY, IO Ma€
OUTBIINI TIPIOPUTET, HIK TOJaBAHHS.

Jisienns (/) Ta 3aanmok Big gigieHHs (%).

Omepartist qiJI€HHS 3aCTOCOBHA JIO0 OTNEpaHAIB apuMETUYHOTO TUITY. SAKIIO
oOujBa ONepaHau LI, pe3yJbTaT OMepalii OKPYIJIAE€ThCA A0 ILIJIOT0 YHUCHa, B
1HIIIOMY BHITaJIKy THII PE3yJIbTaTy BU3HAYAETHCS MPaBUIIAMH MIEPETBOPEHHSI.

cout << << 9 / 5 << endl; //1 (int)

cout << 9.0 / 5.0 << endl; //1.80000 (double)

cout << << 9.0 / 5 << endl; //1.80000 (double)

cout << l.e7 / 9.0 << endl; //1111111.111111

cout << l.e7f / 9.0f << endl; //1111111.125000 (float)

18



B pe3ynbrati aineHHs Hijioro yncia 9 Ha niie yuciao 5 0yjao oTpUMaHo Iiiie
gucio 1. Jpobna yvactuna Bixg auteHHs 4/5 (0.8) Bimkumaerbcs. HactymHi nBa
PSAIKH TIOKA3YIOTh, 10 SIKIIO X04Ya O OAWH 3 omnepaH/iB Mae (popMart 3 IJIaBAI0YOI0
TOYKOI0, IITyKaHUU pe3ynbTat (1.8) Takox Oyje npeacTaBiieHui B IIboMy (hopMarTi.
[Tpu xomOiHyBaHHI 3MmimaHuxX THmB C++ HEepeTBOPIOE iX [0 OMHOIO THILY.
BigHOocHa TOYHICTh Y ABOX OCTaHHIX PSAAKAaX BUBOJY MOKa3ye, IO Pe3yJbTaT Mae
TUI double, AKIIO OOHMABA OMEpPaHIU MAIOTh THUI double, 1 THUN float, SIKIIO
oOuaBa omepaHaAM MaroTh TUN float. KoHcTantm y ¢dopmaTi 3 TmIaBarodoro
TOYKOIO MaIOTh TUII double 32 3aMOBUYBaHHSIM.

Onepayis 3a1uwKy 6i0 OileHHs 3aCTOCOBYETHCS JIMIIE JIO IUIUX OMEpPaH/IiB.
3HaK pe3ysbTaTy 3aJeKUTh BiJ] peaizarlii.

Ornepartiist BITHOCHHH (<, <=, >, >=, ==, |=) MOPIBHIOIOTH MEPIIHUI OMEPaH]I 3
apyruMm. OmepaHau Moxe OyTH apudMETHYHOTO THUIY YH MOKKYMKAMU.
PesynpTaTom omepaiiii € 3HaueHHs true abo false (Oynb-sike 3HaU€HHS HE TIOPIBHIOE
HYJIIO0, 1HTEPIpEeTyeThcs SK true). Omepallli MOPIBHSHHS PIBHICTH 1 HEPIBHICTH
MaroTh MEHIIIUNA MPIOPUTET, HIXK 1HIII OTepallii CpaBHEHUS.

Il 3BepHITH yBary Ha pPi3HUIII0 MIXK OTEpaIli€l0 MEPEBIPKHU HA PIBHICTH (==)
Ta ONEpalli€r0 MPUCBOEHHS (=), PE3yJIbTATOM SIKOi € 3HAYCHHS, HAJaHE JIIBOMY
OTIEpaHIy.

Omnepauis 3anepeyeHss (-, ! Ta ~).

Apugpmemuune 3anepeuenns (yHapHUH MIHYC -) 3MIHIOE 3HaK OIEpaHja
L1JIOT0 YU JIACHOTO TUIY NMPOTHIICKHUM.

Jlociune 3anepeuvenns (!) nae B pe3ynbrari 3HadeHHs 0 SKIIO omepaHia €
icTuHa (HEe HyJb), 1 3Ha4eHHs 1, KO omepaH] AOpiBHIOE HYy0. Onepana
MOBUHEH OyTH IIJIoro abo MAINCHOrO THUITy, a MOXE MaTh THUI BKa3iBHUK
(MOKaXKYHK).

llopospsoue 3anepeuenus (~), 4acTo 3BaHE MOOITOBHM, IHBEPTYE KOXEH
PO3psi y IBIHKOBOMY ITOJIaHHI IUTICHOTO OTepaHa.

JloriuHi onepamii

Tlopospsoni onepayii (&, |, ™) 3acmocosyromvcst minbku 00 Yinux onepanoie
1 TpalioTh 3 iX ABIMKOBUM mNojaHHsAM. [Ipu BHKOHaHHI omepaliil onepaHau
31CTaBJISIIOTECA MOOITOBO (TMepuinid OIT Mmepuioro omepaHja 3 MNEpIUM OiToM
JPYyroro, Ipyrui OIT mepuoro onepasia 3 ApyruM OITOM APYroro i T.1.).

[Ipu nopo3spsoniii kou'rouxyii, ado nmopo3psaHoMy I (omepartisi mo3Ha4a€eTHCS
&) OIT pe3ysbTaTy HOPIBHIOE | TIIBKU TOJ1, KOJM BIAMOBIAHI O1TH 000X OrepaH/IiB
piBHi 1.

IIpu nopospsoniu  ouz'tonkyii, ado mnopo3psgHomy ABO (omeparis
No3HA4a€eThes |) OIT pe3yabTaTy JOpiBHIOE 1 TOAl, KOJM BIANOBIAHUN OIT Xo4a 0
OJTHOTO 3 OTIe- PaH/IiB JOPIBHIOE 1.

[Ipu nopospsaonomy euxnouarovomy ABO (omepailisi MO3HAYAETHCS ") OIT
pe3ynbTaty AOpiBHIOE | TUTBKM TOJI, KOJHM BIAMOBIAHUN OIT TUIBKH OTHOTO 3
OTICpaH/IiB JOPiBHIOE 1.

6 & 5=4

6 | 5=7

6 ~ 5=3

&
|

o1 o1 U1

3
3
3

Il
oy
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Jloeiyni onepayii (&& Tta ||). Onepanau moriuaux onepariii I (&&) ta ABO
(ID moxyTh MaTH apudMeTHIHHI THUIT A00 OYTH BK3IBHUKAMH (ITOKAXUYUKAMH), TIPU
[[bOMY ONEpPaHIU MOXYTh OYTU pi3HUX TUIIB. [lepeTBOpeHHs TUIIB HEMA€E, KOKEH
OTIepaH/i OIIIHIOETHCS 3 TMOIJISAY HOTO €KBIBAJEHTHOCTI HYJIO (OmepaHj pPiBHHIMA
HYJTIO, CIPUAMAETHCS K false, HE PIBHUM HYJIIO — true).

PesynbraTom JoriuHOi omeparii € true YW false. Jloriuni omepartii
BUKOHYIOTHCSI 3J1iBa Hampapo. SKIO 3HAUYEHHSI MEPIIOro ONepaH/ia I0CTaTHRO IS
BU3HAYEHHS pe3yJIbTaTy omnepallii, Apyruil onepana He 00UNCITIOETHCS.

Onmnepanii_3cyBy (<<i>>) 3aCTOCOBYIOThCA JO IUIUX omnepaHaiB. Bouu
3CYBalOTh JIBINKOBE YSBJICHHS IEPIIOTO ONepaHaa BIiBO ab0 BMPaBO Ha KIJIbKICTh
JBIAKOBUX PO3PSIB, 3aaHe IpyruM omnepanaom. [Ipu 3cyBi BiiBo (<<) po3psau,
IO 3BUIBHWIHCS, OOHymoThcs. [lpu 3pymenni BmpaBo (>>) 0it, 110
3BUIBHUJIUCS, 3aMOBHIOIOTHCSA HYNSAMH, SKIIO TEPIIMK omepaHi O0e33HaKOBOTO
THUITY, 1 3HAKOBHM pO3PSAIAOM B 1HIIOMY Bumajaky. Onepartlii 3cyBy HE BPaxOBYIOTh
MEPENIOBHEHHSI Ta BTpaTy 3HauymocTi. [lo cyTi, KOXeH 3CYB BJIIBO aHAJIOTIYHUUN
MHOXEHHIO Ha 2, 3CyB BIIpaBO — JUICHHIO Ha 2 (omepamii 3CyBy MIBHIII HIXK
MHOKEHHS Ta JIJICHHS).

5>>=1

5<<2=20

-6>>5=-1

1<<7=-128

JIMBOBMKHUN Ha MepIIil Morisia ocTaHHIM pesyibTar. [loscHIOEThCS 1i€
HacTynHow oOctaBuHOw. Ilicis 3cyBy BiiBo Ha 7 mosuii 3 yuciaa 00000001
orpumyemo uuciio 1000000. Ile HeraTuBHE 4YMCIO, PO MIO CBIAYUTH CTAPIIMMA
onuuuuHui  OiT. IlepeBomsum 1€ YKCIO B JCCATKOBY CHCTEMY, CIOYATKy
iHBepTyeMo OiHapHuid koxa 1 otpumyemo O1111111. Ieit kox yucna 127. o6
OTPUMATH KIHIIEBE 3HAYECHHSI, HEOOXITHO JTOJATH JO IIbOTO pe3ynbTary 1 1 mogatu
MIHYC - B pe3yJIbTaTi MPUXOAUMO 110 3HAYeHHS -128.

Onepaunis (onepatop) Koma

Omneparriss Koma (a6o «omeparop Commay) H03BOJIIE 0OpOOJIATH KiJbKa
BHpa3iB (Y TOM yac, KOJIM 3a3BUYAM T03BOJSETHCS TIIIBKU OJIHE).

Xr Y

Bupas, y sikoMy 3HaXOQuThCs €Ml OmepaTrop, MaTUME 3HAYEHHS MPaBOTO
onepanaa. Hanpukian:

int x = 0;
int y = 2;
int z = (++x, ++y); // i1HKpeMeHT BMIiHHUX X Ta Y

3MmiHHINA z Oyae HagaHO pe3ybTaT OOYHCICHHS ++y (MPABOTO OMEpaH/a),
110 JIOPiBHIOE 3.

Maitxe B KO)KHOMY BUNIAJIKy, CTEUTMEHT, B AKOMY € onepatop Koma, kpamie
3aMUCyBaTH y BUIJISIAI OKpEeMHUX 1HCTpyKiil. HaBepeHuil Bulle KOJl KOPEKTHILIE
OyJie 3anmrMcaTv HAaCTYITHUM YHHOM:

int x = 0;
int y = 2;
++x;
++y;

int z = y;



3BepHITh yBary, omepatop Koma Mae HallHWKYMN MPIOPUTET 3 YCIX
oriepaTopiB (HaBITh HIJKYE, HDK y OmepaTropa MPHUCBOEHHS), TOMY HACTYIIHI JiBa
PAIKU KOy pOoOJISATH HE OJHE i TE came:

z = (al b);
= a, b;

Criouatky OOYHCIIOETHCS BUPa3 (a, b), AKUM TOPIBHIOE 3HAYEHHIO b, a
IOTIM PEe3yJIbTaT MPUCBOIOETHCS 3MIHHIN z OOUHCIIOEThCS K (z = a), b, TOMY
3MIHHIN z HaTa€ThCS 3HAYCHHS a, 3MIHHA b - ITHOPYETHCS

binbuiicte mporpaMmicTiB HE BUKOPUCTOBYIOTH omnepartopa Comma B3araii
(x10a 110 TIBKM B ITUKIIAX for).

IpaBuno: Vuukaiime euxopucmanns onepamopa Comma (3a SUHAMKOM
YUKTIB for).

€ orncparopom Comma:

int sum = add(x, y); // g xomMa He € omnepaTopom Comma

AHAQJIOTIYHO, MPU OTOJIONIEHHI KIIBKOX 3MIHHHUX B OJHOMY PSIAKY, KOMa
BUKOPHUCTOBYETHCS SIK PO3AUIHHUK, a HE SIK ONIEpaTop:

int x(3), y(5); // Ua xoma He € omneparopom Comma

1.7 Bupasu

3 KOHCTaHT, 3MIHHUX, PO3JUIBHUKIB 1 3HaKiB oOlepauid MOXKHa
KOHCTpYIOBaTH BHpa3u. KokeH BUpa3 CKJIANA€TbCsd 3 OJHOTO abo ACKLITBKOX
OTlepaH/iB, CUMBOJIB omepaiiii 1 oOMEXyBayiB, B SKOCTI SKHX HaWyacTile
BUCTYNAIOTh KPYTJi AyKKH. SIKII0 BUpa3 Gopmye sk pe3yabTaT Lijie ado aiiicHe
4HCIIO, TO 11 apudmemuyunuii supaz. Y C ++ BuzHaueHi apuMeTUUIHI1 OTepallii:

+ - 1OJ1TaBaHHA,

- - BIQHIMAHHSL;

* - MHO>KEHHS,

[ - nineuns;

% - ocTaua B JUICHHS.

Bionowennsa - ne mnapa apud@mMeTHyHUX BUpa3iB, 00'€IHAHUX 3HAKOM
onepariiii BigHocuH. B C ++ npuitHsATO, 1110 BITHOIIIEHHS Ma€ HEHYJbOBE 3HAUYCHHS,
SIKIIIO BOHO ICTUHHE 1 0, IKIII0 BOHO XHOHE.

VY BHUpa3zax BaKJIMBUHI TUIT OTPUMYBaHOI0 3HaueHHs. B C ++ Tum pe3ynprara
3aJIeKUTh B TIEPIIy 4Yepry BiJ THUIY OmepaHfiB. SIKIIO J0/aBaHHs, BiAHIMAHHS 1
MHOXCHHSI IIJTMX YHUCENl HE TPHU3BOJUTH JI0 KOJHUX HECIOAIBAaHOK, TO TIPH
BHKOHAHHI OIlepalii JUICHHS MOXIIHMBI 1iKaBl MOMeHTH. Onepatop

cout<<"5/2="<<5/2<<endl;
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BHUBEJIC HA €KpaH 2, Tak K 0OWIBa OTMEpaH/a I, TO 1 pe3yabTaT Oyae M, 10
CyTi, AUICHHA IUIMX YMCEN - I JIJIeHHA Haiiao 3 ocradero. Illo6 orpumaru
pe3yabTaT TOYHUM, He0OX1HO, 1100 X04a 6 o uH onepaH] OyB JIHCHUM:

cout<<"5/2="<<5/2.0<<endl;

Jlnst oTpuMaHHS oOcTa4i Bix UICHHS OJHOTO IIUIOTO dYWCIa Ha 1HIIE
BUKOPHCTOBYEThCA omneparis %o:

cout<<"5%2="<<5%2;

Tak sk cUMBOJBHMIA 1 OyJMIBCHKUI THUIl € IUIOYHCETPHUMH THUIIAMH, BOHH
MOXYTh BHKOPHUCTOBYBATUCS B apU(METUUHUX BHpa3ax, TOOTO CUMBOJIM MOKHA
cxiamaTu!

// JicTtuHr 1.3. ApubdMmerruni nii HaI CHMBOJIAMU
char c¢,b;
cout<<"c=";
cin>>c;
cout<<"b=";
cin>>b;
cout<<"c="<<c<<endl;
cout<<"b="<<b<<endl;
cout<<"c+b="<<c+b<<"\n";

VY mictunry 1.3 orosomieHi ABl 3MIHHI CUMBOJBHOTO Ty c 1 b. Ilicns
BBEJICHHS CHMBOJIIB BUKOHY€ETHCS OIEpallisi J0JaBaHHS, 1 pe3yJbTaT BUBOJIUTHCS
Ha ekpaH. Haiirikagiime, 110 BBIBIIM 3 KJIaBiaTypu mudpu 5 1 6, B pe3yibTaTi MU He
oTpuMaemo 11!

Takox MOXHa CKJIaJaTH 1 3MiHHI OyJ1BChKOTO THMy. [[iarna3oH 10myCcTUMUX
3HA4YCHb THUITY AaHUX bool Big 0 mo 255, skuit 3iCTaBiIeHHS 3 NEBHUMH B MOBI
MporpamMyBaHHS JIOTIYHUMH KOHCTAHTAMH true 1 false HACTYITHUM YHHOM:
KOHCTAaHTI true €KBIBaJE€HTHI Bce 4ymncia Bixg 1 10 255 BKIIIOYHO, TOA1 SIK KOHCTAHTI
false EKBIBAJIGHTHO TUIbKM OJIHE mye yucio - 0. PosriasHemo mporpamy 3
BUKOPUCTAHHSAM THITY JaHUX bool.

// Jicruur 1.4. Twun maHmux bool

bool boolean = 25; // sMmihHa Tuna bool 3 imeHem boolean
if ( boolean ) // ymoBa omnepatropa 1if
cout << "true = " << boolean << endl;
// BUKOHAETLCHA HAKIO yMOBa 1CTMHHA
else cout << "false = " << boolean << endl;

// BUKOHAETBLCHA HAKIO yMOBa XMOHA

VY nictunry 1.4 orosoieHa 3MiHHA boolean THIY bool, siKa 1HIMIaM130BaHa
3HaYeHHSAM 25. TeopeTHyHo micis I[bOT0 B 3MIHHIN boolean IMMOBUHHO MiCTHUTHUCS
gyucio 25, ane HachpaB/l B il 3MIHHINA MICTUTBCA YUCIO 1, TOMy IO Y 3MIHHIN
TUIY bool MOXKYTb MICTUTHCS 1Ba 3HaYeHHS - 0 (6pexusa) ab0 1 (icTuua). Tomdi gk
MiJI TAMN JaHUX bool BIABOAUTHCS IIIMK OalT, a 1€ 3HAYUTh, 11O 3MIHHA TUITY
bool Moxe MicTUTH yucia Big 0 go 255. JInsg Bu3HAYCHHS XHOHOTO i 1CTUHHOIO
3HaYeHb HEO0OX1JHO Bchoro JBa 3HaueHHA 0 1 1. JlomMoBHIIMCS BUKOPHUCTOBYBATU
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gucia Bix 2 10 255 sk eKBiBaJeHT yucia 1, TOOTO iCTHHA, TOMY 3MIHHIA boolean
MOKHa MPUCBOITH yucio 25. [lami oneparop yMOBHOro BUOOpPY if BUBOAUTH Ha
eKpaH 3HaYeHHS 3MIHHOI boolean.

Sxi1o y Bupasi MICTUTBCS KiJIbKa OIMeparliii 0OJJHOr0 MPIOPUTETY Ha OJHOMY
i ToMmy piBHI, iX 00poOKa BiIOyBaeThCcs BIAMOBIIHO A0 MOPSAAKY BHUKOHAHHS:
3MpaBa HaJliBO Y 3J1iBa HAIPAaBO.

float logs = 120/4 * 5; // sfxuMm Oyne pesynabTaT?

VY ToMy BHUMNaAKy, KOJIH Bl orepalii MaloTh OJTHAKOBHI PIBEHb MPIOPUTETY,
C++ anamizye iXHIO acoOIllaTUBHICTh 3J1iBa HampaBo abo 3MpaBa HaJiBoO.
ACOIIIaTUBHICTH 3J1iBa HAMpaBO O3HAYae€, M0 JB1 Orepallii, 10 BUKOHYIOThCS HaJl
TAM CaMUM OTIEPaHJIOM, MAaIOTh OJJHAKOBHM MPIOPUTET, TO CIIOYATKY BUKOHYETHCS
oTiepallis 3;1iBa BiJl oniepana. Y pa3i acoIliaTUBHOCTI 3MpaBa HATIBO MEPIIO0 Oy/e
BUKOHAHO OIEpaliio IpaBopyd BiJ onepaHaa. KMo B OAHOMY BHpa3l 3alMCaHO
KUJIbKa ONEpalliil 0JJHaKOBOrO MPIOPUTETY, YHAPHI Olepallii, yMOBHa Omeparlis Ta
orneparii MPUCBOEHHS BUKOHYIOTHCS MPABOPYY HAIIBO, pellTa — 3Jl1Ba Hampaso.
Hampukiaz, a=b=c 03Ha4ae a= (b=c), a a+b+c 03Ha4Yae (a+b)+c. Ciig 3a3HAUNATH,
10 TIPIOPHUTET BUKOHAHHS Ta MpaBUJIa aCOLIaTUBHOCTI JIOTh JIMIIIEC TOMA1, KOJU JIB1
orepailii BIIHOCATHCS 10 OJTHOTO i TOTO K ONepaH/a.

Posrnsinemo takuil Bupas:

int dos = 20*5 + 24*¢;

BianoBinHO 10 TpiOpUTETy BUKOHAHHS OIepalliid, MporpamMa IOBUHHA
MOMHOUTH 20 Ha 5, MOTIM IIOMHOUTH 24 Ha 6, IMICJIS YO0 BUKOHATH JOJABaHHS.
Opnak HiI piBEHb NPIOPUTETY BUKOHAHHSA, HI aCOI[IaTUBHICTh HE JOTIOMOXYTh
BU3HAYMTH, SKa 3 OIepalii MHOKEHHSI Mae OyTH BHUKOHaHA Hacamriiepes. MoxxHa
Oysn0 O MPHUITYCTUTH, IO BIAMOBITHO /10 BJIACTHUBOCTI ACOILIIATUBHOCTI MOBHHHA
OyTH BUKOHAHA omeparlis 371Ba, IPOTe B IbOMY BUMNAJAKY JIB1 Oneparii MHOKEHHS
HE HaJIeXaTh JI0 OJTHOTO 1 TOTO K ONepaHa, TOMY Il TpaBuja TYT HE MOXYTb OyTH
3actocoBaHl. HacnpaBai, BHOIp NOpAAKY BUKOHAHHS oOmepamid, sKkuid Oyne
NPUUHATHUM JJI1 CHUCTEMH, 3aJMIICHUN 3a KOHKpeTHOw peanizaiicro C++. B
JAHOMY BWMAJAKy TNpU OYyIb-IKOMY TOPSJIKY BHKOHAHHS OyJae OTPUMAaHO TOU
CaMH# pe3yJibTar.

[Topsimok  oOuMcneHHsT BUpa3iB  yCepeAWHI BHUpPa3iB HE BHU3HAYCHO:
HAIPUKJIAJ], HE MO>KHA BBAXKaTH, 110 Y BUPA3l (sin (x+2)+cos (y+1)) 3BEpHEHHSA
JI0 cuHyca OyjJe BUKOHAHO paHillie, HIXK JI0 KOCIHYCY, 1 M0 x+2 OyJae 004YHCIeHO
paHiIie HiX y+1.

y=x/2+a*5%15 //y=(x/12)+((a*5)%15)

Pesynbrar oOuncneHHs BHpasy XapaKTEPU3YEThCS 3HAUYCHHSIM Ta THUIIOM.
Hampuknaz, Ko a Ta b — 3MiHHI IIJIOTO TUITY Ta OMUCAHI TaK:

int a = 2, b = 5;

TO BUpa3 a+b Ma€ 3HAYEHHS 7 1 TUM int, a BUPa3 a=b Ma€ 3HAUCHHS, 11O JIOPIBHIOE
MOMIIIEHOMY B 3MIHHY a (B JaHOMY BUNAJKY 5) 1 THI, 1110 301ra€ThCs 3 TUIIOM €T
3MIHHO].

Oco6muBe micie B C/C++ 3aiiMaroTh omepailii iIHKpeMeHTa 1 IeKpeMeHTa.
[HKpEeMEHT ++ - 1Ie 301IBIICHHS] Ha OAUHUINIO. JIEKpEeMEHT —- - I1¢ 3MCHIIIEHHS Ha
onuuuito. Omeparii AeKpeMeHTa 1 HMHKPEMEHTa 3 JIETKICTIO 3aMIHIOIOTHCS
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apupmeTnyHUMH  omepauisiMu  a00  OmepaiisiMM  TPUCBOIOBaHHA.  AJe
BUKOPHUCTOBYBATH OIepallli IHKpeMEHTa 1 ICKpeMeHTa Habarato 3py4JHilie.

//CUHTaKCKC ornepalnily iHKpeMeHTa ¥ IeKpeMeHTa

++3MminHa; // npebixkcHul iHKpeMeHT (npeiHKpeMeHT)
amiuna++; // nmocrdikcHUM iHKpeMeHT (MIOCTiHKpPEeMeHT)
--3MmiuHa; // npedikcHUM OeKpeMeHT (IpeleKpeMeHT)
sMinHa--; // nocTbikcHUM OEeKpPEeMeHT (IIOCTOEKPEMEHT)

Komu omepariss iHKpemeHTa a00 JEKpEeMEHTa CTaBUThCS Mepea iM'ssMm
3MIHHOI, TO TaKa omeparllisi Ha3UBAETbCS npeikcHum unkpemenmom (CKOpOUYEHO -
npeinkpemenmom)  abo  npegpikchum  Oexpemenmom  (CKOpOYEHO -
npeoekpemenmom). A SIKIIO omepallis 1HKpeMeHTa a0o JCKpeMEHTa CTaBUThCS
micisg IMEH1 3MIHHOI, TO TakKa ofeparliss Ha3MBAEThCS OMEPAIEI0 NOCMEIKCHO2O
inkpemenma (CKOPOYEHO - NOCMIHKpemMeHnmom) abo nocmgikcno2o OekpemeHma
(ckopoueHo - nocmoexpemernm). Ilpm BUKOpPUCTaHHI omepalii NpeiHKPEMEHTa
3HAYEHHS 3MIHHOI, MepII 3a BCe, 30UIBIIYETHCS HA 1, a MOTIM BUKOPUCTOBYETHCS B
BHpa3i (mpeaexkpeMenT -1). [Ipu BUkopucTanHi onepariii NOCTIHKPEMEHTI 3HAYEHHS
3MIHHOI CIOYaTKy BUKOPUCTOBYETHCS Y BHpa3i, a MOTIM 30UIblIyeThcsl Ha 1
(npenexkpeMeHt -1). Y Tabmuii 5 mokasaHl NpUKIaJd BUPA3iB 3 BUKOPHUCTAHHIM
omepaiiii 1HKpeMEeHTa 1 JEKpPEeMEHTa, a TaKoX HaBelIeHa iX KOpOTKa
XapaKTEepUCTHKa, a B JICTUHTY 1.5 mpukiaad BUKOPUCTaHHS —omepariii
IHKpEMEHTa/IEKPEMEHTA 1 OTIepalliil MOPIBHAHHSL.

Tabmuusg 1.5 — Onepairii iHKpeMeHTa u gekpementa B C++

Onepanist 3uax Hpuxiaan KopoTtke nosicHeHnst

MPEIHKPEMEHT ++ | cout<<ttvalue; | 3naueHHS B 3MiHHIH value 30UIBIIYETHCA,
IICJIsl YOTO ONEPATOP cout APYKYE L€ 3HAYCHHS

npelekpeMeHT | — | cout<<—value; 3HaueHHs B 3MiHHIN value 3MEHIIYETHCS, MiCIs
YOro OMepaTop cout APYKYE 1€ 3HAUCHHS

HOCTIHKpeMeHT | ++ | cout<<value++; | Oneparop cout APyKYy€e 3HAYCHHS 3MIHHOT
value, TOTIM 30UIBIITYE 1€ 3HAYCHHS Ha |

MOCTAEKPEMEHT | — | cout<<value—; OmnepaTop cout ApyKye 3HaAUEHHs 3MIHHOT
value, IOTIM 3MEHIIYE I1€ 3HaYeHHs Ha 1

// JucTtuHT 1.5. IpukIany omnepalir iHKpeMeHTa U IeKpeMeHTa
int main ()
{int m=3, n=4;
cout<<"n="<<n<<" m="<<m<<endl;
cout<<"n++4+m="<<n+++m<<" n="<<n<<" m="<<m<<endl;
cout<<"n+++n="<<n+++n<<" n="<<n<<" m="<<m<<endl;
cout<<" (m—-- >n)="<<(m-- >n)<<" n="<<n<<" m="<<m<<endl;
cout<<" (n—-->m) ="<< (n-->m) <<" n="<<Kn<<" m="<<m<<endl;
cout<<" (=—-m—-++n) ="<< (-—-m-++n) <<" n="<<Kn<<" m="<<m<<endl;
cout<<" (m*n<n++)="<< (m*n<n++) <<" n="<<Kn<<" m="<<m<<endl;
cout<<" (n—->m++) ="<< (n-->m++) <<" n="<<n<<" m="<<m<<endl;
cout<<" (m*n<n++)+ (n—— > m++)="<< (m*n<n++)+ (n—-—— > m++);
cout<<" n="<<n<<" m="<<m<<endl;
cout<<" (m*n>n++) + (n-- > m++)="<< (m*n>n++)+ (n-- > m++);
cout<<" n="<<n<<" m="<<m<<endl; }
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Pesynbprat poOoTH nporpamu

n=4 m=3

n+++m=7 n=5 m=3

n+++n=10 n=6 m=3

(m-- >n)=0 n=6 m=2

(n=->m)=1 n=5 m=2

(=—m—-++n)=-5 n=6 m=1
(m*n<n++)=0 n=7 m=1

(n-—— > m++)=1 n=6 m=2
(m*n<n++)+ (n-- > m++)= =6 m=3
(m*n>n++) + (n—-—— > m++) = =6 m=4

1.8 IlpucBoeHHst

Onepamopu (onepayii) TPUCBOEHHS 30epiraroTh 3HAYCHHS B 00'€KTI,
MO3HAYCHOMY JIIBUM OTIEpaHIOM. ICHye 1Ba THIM OIEpaTOpiB MPUCBOIOBAHHS:
MIPOCTE TPUCBOEHHS, MPU SKOMY 3HAYEHHS JPYroro OMNepaHjaa 30epiraeThCs B

00'eKTI,

3aIaHOMY TIEpIIUM OMEPaHAOM,

1 CKJaJeHe MPUCBOEHHSA, NPH SKOMY

CIIOYaTKy BUKOHYEThCS abo0 apudmernyHa, abo mobdiToBa omnepailisi, abo ormeparis
3CYBY, a MOTIM 30epiraeThcsi pe3yibTaT. Bel onepaTopu NpuUCBOEHHS HaBENICHI B
Tabnuill 6, 32 BUHSITKOM OIlepaTopa =, € CKJIaJCHUMHU.

Tabmmns 1.6 — Oneparopu npucBoenas C++

OIIEPATOP 3HAYEHHSA

30epexXeHHsT JaHUX JAPYroro omnepaHga B OO0'€KTi, 3a3HAUYEHUM IEPILIUM
ornepaHioM (MPOCTE MPUCBOIOBAHHS).

*= MHoOXeHHsI 3HAUYEHHS NepUIoro olepaHAa Ha 3HAUeHHS JPYroro OIMepaHia;
30epeKeHHs Pe3yNIbTaTy B 00'€KT, 3a3HAUYCHUI MEPIITUM OTIEPAH]IOM.

/= JlineHHsT 3HAYeHHS NEpUIOro olepaHja Ha 3HAYEHHS JApPYroro OIepaHjaa;
30epeKeHHs Pe3yNIbTaTy B 00'€KT, 3a3HAUYCHUI MEPIITUM OTIEPAH]IOM.

&= JlileHHs 3a MOAYJEM IMEepUIoro olepaH/Ja Ha 3HAYEHHs JAPYroro OlepaHia;
30epeKeHHs Pe3yJIbTaTy B 00'€KT, 3a3HaYEHUH MEPIIUM ONEPaH/IOM.

+= JlonaBaHHS 3HAYEHHS NEpPUIOro ONEepaHja 31 3HAUEHHSM JpPYroro ornepaHia;
30epeKeHHs Pe3yJbTaTy B 00'€KT, 3a3HaYEHUH MEePIIUM ONEPaH/IOM.

-= BinHiMaHHS 3Ha4eHHsI APYroro OnepaHja 31 3HAUEHHsS MEepLIOro OIepaHia;
30epeKeHHs Pe3yJIbTaTy B 00'€KT, 3a3HaYEHUH NEPIIUM ONEPaH/IOM.

<<= 3CyB 3HAuU€HHS TEPIIOrO OlepaHja BIIBO Ha KIUIBKICTh OITIB, 3aJaHUX
3HA4YEeHHSM JIpYToro ornepasjia; 30epeKeHHs pe3ysbTaTy B 00'€KT, 3a3HaYeHUU
MIEPIIUM OTIEPaH/IOM.

>>= 3CcyB 3HAUEHHS NEpIIOro OIepaHaa BIPaBO Ha KUIBKICTh OITiB, 3aJaHUX
3HAYEHHSM JIPYroro ornepaHjaa; 30epekeHHsl pe3ylbTaTry B 00'€KT, 3a3HaYCHUI
MEPUINM OTIEPaH]IOM.

&= Bukonanns onepariii mo6itoBoro I st 3Ha4€Hb MEPIIOTO 1 IPYroro OnepaH/iB;
30epeKeHHs Pe3yJIbTaTy B 00'€KT, 3a3HAYEHUH MEPIIUM ONEPAH/IOM.

N= Buxonannsa onepauii nmo6itoBoro BukimouHoro AbO mis 3HadeHb mepuioro i
JPYroro OIEpaH[iB; 30epeKeHHS pe3yinbTaTy B O0'€KT, 3a3HAUCHHN NEpIIUM
OTIEpaH/IoM.

VY CcKkiamHUX OmMeparisiX MPUCBOEHHS (+=, *=,
0 CTOITh y MpaBiil 4YacTuHI,

BHpa3y,

/=1 T.1.) IpA OOYHCIICHHI
BUKOPHCTOBYETHCS 3HAYCHHS 3 JIBOI

yacTUHU, BuUpaz a+=b € KOMITAKTHIIIUM 3alUCOM BUpa3y a=a+b. ¥ C++ icHye
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JIOCUTH 3pY4YHHUN (popMaT BUKOPUCTAHHSA apu(PMETHUYHUX OMEPaTOpiB - TaK 3BaHA
ckopoueHa hopMma apudmMeTHyHUX onepaTopiB. BiAmoBiHO 10 CKOpOUEHOI (hopMH
OHep&HnﬂB KOMaHJIU BHAY omnepaHnl=onepaHnl onepaTtop onepaHn2 MOXHa
3aHH0yBaTH§IBHrHHﬂionepaHnl onepaTop=onepaHn2.SfpaSiﬂKHK)onepaHﬂli
orepann? - OMEPaHAN BUPaA3H, a onepaTop - OJUH 13 OIHAPHUX apUDMETUIHUX
oneparopiB. Hampukiaa, komaHaa x+=3 €KBIBAJICHTHA KOMaHl x=x+3, & KOMaHIy
a=a*b MOXKHa 3amucaTH sk a*=b. CkopoueHa GopMa apupMEeTUYHUX ONEPaTOPIB
JI03BOJISIE CYTTEBO CITPOCTUTH KOJI 1 4aCTO BUKOPUCTOBYETHCS MPAKTUYHO.

I"TIpu nprUcBO€EHH] TPOBOAUTHCA MEPETBOPEHHS TUITY BUPA3y JI0 THITY JiBOI
YJaCTHHH, 110 MOKE TIPU3BECTH J0 BTpaTH iH(OopMmaIrii.

["onoBHa 0CcOOIMBICTH OmepaTopa MPUCBOOBaHHS C++ MOJsATaE B TOMY, IO
BiH ToBepTae 3HauyeHHs. Lle o3Hawae, 1m0 BHpa3 3 OMEPATOpPOM IMPUCBOIOBAHHS
MOK€E, CBOEIO YEpror, OyTH YAaCTUHOKO IHIIOTO BHUpasy. ToMmy KpiM TpaJuLIHHHUX
IPUCBOIOBaHb THUMY n=5 [OMYCKAE€THCA BHUPAa3 MHOKHUHHOTO TMPHCBOEHHS:
a=p=c=d=t. B pe3ynbrari 0oOYMCIEHHS [aHOTO BUpa3y 3MiHHI a, b, c, d
NpUIAMYTh 3HAYEHHA t, SIKIIO BCl BOHU OJHOrO TUMY. [HCTpYKUIi MOXYTh OyTH 1
OUIBIII XUTPOMYAPUMHU:

n=(m=6) +3 IPHUCBOIOIOTHCS 3HAYECHHA 9 Ta 6 BIANOBIIHO.

[Ile omHa ocoOMMBICTH OmEpaTopa MPUCBOEHHS MOB'3aHa 3 MEPETBOPEHHSIM
TUITy Y BUpa3ax, L0 MICTATh Led onepaTop. SIKIo B IHCTPYKLil BUY zminHa =
Bupas THII Pe3yJbTaTy, IO TMOBEPTAETHCS BUPA30M, HE 30Ira€TbCsl 3 TUIIOM
3MIHHOi, Ma€ MICLIE aBTOMaTUYHE MEPETBOPEHHS TUMIB. Pe3ynpTaT Takoi oneparii
ICTOTHO 3aJI€KUTh BIJ TOro, 3 SIKOTO B SKHW TUN JaHUX 3I1HCHIOETHCS
nepeTBopeHHs. [lpu 1boMy THUI 3Hau€HHS BUpa3y NMPUBOAUTHCSA Y BIAMOBIIHICTH
710 THITY 3MIHHOI.

B C++ iHTepec BUKIIMKa€ MHOKMHHHE MPHUCBOEHHS M MEPETBOPEHS TUIIIB,
SKE TIPH [IbOMY BiJI0OYBAETHCSI.

//JicTtuHT 1.6. MHOXMHHE IPUCBOEHHS
int main(int argc, char** argv)
{ int a=1,b=2,c=3;
double y=5.7;
b=c; //1
a=b; //2
cout<<"a="<<a<<" b="<<b<" c="<<c<kendl;
a=1l; b=2; c=3;

a=b=c; //3
cout<<Ma="<<a<<" b="<<phb<<" c="<<c<endl;
a=y=b=c=y; //4

COUt<<"a:"<<a<<" b:l|<<b<<l| C:"<<C<<" y:l|<<y;

}

PesynwpTaT po6oTH nporpamu:

a=3 b=3 c=3
a=3 b=3 c=3
a=5 b=5 c=5 y=5
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Sk mOKa3yroTh pe3ynbTaTH POOOTH MPOTPAMH, PAIOK 3 TOBEPTAE TAKUN KE
pesyabTar, Ak W psaaku 1-2. IlikaBuii pe3ynbrar nae psgok 4, B pe3ysbTari
BUKOHAHHS SKOTO JiliCHa 3MIHHA y HaOyBae Iiijoro 3HaueHHs! lle BigOyBaeThcs
TOMYy, M0 B pe3yJabTaTi MPHUCBOEHHS TIICMIH 3MIHHIA JIACHOTO 3HAYCHHS
BiIOYBa€ThCS BTpaTa APOOOBOT YaCTHUHH.

1.9 3arosoBHumii ¢aiia cmath (math.h)

biGmioreka cmath Bu3Hauae HaOlp (yHKLIA 471 BUKOHAHHS 3arajbHHUX
MaTEeMaTHYHHUX OIepalliii U IepeTBOpeHb (Tabduia 7).

Tabmums 1.7 — Matematuusi ¢yskitii C++
TpuronomerpuuHi GpyHkuii
cos(X) OO0u4mHcIIeHHs] KOCHHYCa KyTa, BUPOKEHOT'0 Y pajliaHax.
sin(x) OOumCIIeHHs CHHYCA KyTa, BUPAKEHOTO Y pajliaHax.
tan(x) OO04HCIIeHHsI TAaHTCHCA KyTa, BUPAKEHOT'0 Y pajiiaHax.
acos(x) OO04HCIIeHHs apKKOCUHYCa, pe3yabTaT Oy/e y pajiaHax.
asin(x) OOuuCIIeHHs apKCUHYCa, Pe3yJIbTaT OyJie y pajiaHax.
atan(x) OO0uKCIIeHHs apKTaHTeHCa, pe3ysbTaT Oy/e y pajiaHax.
atan2(x,y) | OGuncneHHs apKTaHTeHca Ta KBAPaHTa 3a KOOPAWHATAMH X U Y, pe3yabTar Oye
y paziaHax.

I'inep6oJtiuni pyHkuii

cosh(x) OO0umceHHs rinepOoiYHOr0 KOCHHYCA.
sinh(x) OO6uucieHHs rinepOoiYHOro CHHYCA.
tanh(x) OOuncneHHs rinepOoIiYHOr0 TAHT'eHCA.

ExcnonenTHi Ta Jorapudmiuni pyHkumii

exp (x) OOYKCIICHHS €KCITOHCHTH.

frexp(x, exp) | OTpumaT MAaHTHCY Ta MMOKA3HUK CTCTICHS JABIHKH.

Idexp(x,exp) ["eHepailis 4ncia 3a 3HaYeHHSIM MaHTUCH Ta MIOKA3HUKA CTEIICHS.
log (x) HarypanpHuii torapugm.

log10 (x) JlecsTkoBHit Torapugm.

modf(x) Posnoain gificHoro 3Ha4eHHs Ha JpoOOBY Ta Iy YACTUHH.

DYHKILII cTeneHs

pow (X,n) ITinHeceHHs Yucia 10 CTEnEHs.
sqrt (x) KopiHp KBagpaTHWA.
cbrt(x) Kopinb kyOiuamii (C++11)

OxpyrieHHs, MoAyJIb Ta iHWi GyHKIil

ceil(x) OKpyTJICHHS 10 HAHOUIBIIOTO MJIOTO 3HAYCHHSI.
abs (x) OOYHCITUTH MOJTY/Ib 3HAYCHHS.

floor(x) OKpyTrieHHs O HalfMEHIIEro IJIOT0 3HAUYeHHS.
fmod(a,b) Ocraya Big misieHHs a Ha b.

fabs (x) O06uncIUTH MOYNb 3HAUCHHSI.

DyHKUil MiHIMYMa, MAKCUMYMa Ta Pi3HULI

fdim(x,y) Honatus pizannsg — C++11
fmax(x,y) MaxkcumanbHe 3HadeHHs — C++11
fmin(x,y) MinimanpHe 3HaueHHs — C++11

Aprymentu ¢yskmii giiicai. Ctangapt C ++ 11 po3mmpuB 3HaA4HO MEpeiK
byHkii cmath. Ilpuxkmagu BuxkopuctaHHsa GYHKIIH cmath TpUBEICHUN B

jictunry 1.7.
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http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-cos/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-sin/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-tan/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-acos/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-asin/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-atan/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-atan2/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-cosh/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-sinh/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-tanh/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-exp/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-frexp/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-ldexp/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-log/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-log10/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-modf/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-pow/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-sqrt/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-ceil/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-fabs/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-floor/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-fmood/
http://cppstudio.com/spravochnik/standartnye-zagolovochnye-fajly-iz-si-v-s/zagolovochnyj-fajl-cmath-math-h/funkciya-fabs/

// JlictuHT 1.7. BUKOPUCTAHHS MAaTEMaTUUHUX QYHKII1N
#include <cmath>
int main ()

{ cout << "loglO(10) = " << 1logl0(10.0) << endl;
// morapubdm mecarkoBui 10
cout << "loglO (1) = " << 1logl0(1.0) << endl;
// norapudm mecarkoBmuir 1
cout << "log(2.718281) = " << log(2.718281) << endl;
// HaTypaJbHUM Jiorapudm
cout << "sgrt (9) = " << sqgrt(9.0) << endl;

// KOpiHB KBaOpaTHUNA
cout << "pow (2, 3)
// mBa B KyBi

=

<< pow(2.0,3.0) << endl;

cout << "abs (0) = " << abs (0.0) << endl;
// MOIyJb HYJd

cout << "abs (-5) = " << abs(-5.0) << endl;
// mMomysnb -5

cout << "ceil (3.14) =" << ceil(3.14) << endl;
//okpyrisieHHa 3.14 nmo HaMOijpmworo LiJoTo

cout << "ceil (-2.4) =" << ceil(-2.4) << endl;
// okpyTJyieHHa -2.4 mo HamB1iapmworo LiJIOTo

cout << "floor(3.14) = " << floor(3.14) << endl;
// oxkpyriyenHHsa 3.14 mo HAMMEHIOTO LEJIOTO

cout << "floor(-2.4) = " << floor(-2.4) << endl;
// OKpyTJIeHHd —2.4 IO HaMMEHIOTO LEeJIOTO

cout << "fmod (2.4/2.0) =" << fmod(2.4,2.0) << endl;

// ocTaua B1m mijeHHs 2.4/2

PesynpTaT poboTH nporpamu:

logl0(10) =1
logl0 (1) =0
log(2.718281) =1
sqrt (9) = 3
pow (2, 3) = 8
abs (0) =0
abs (-5) =5
ceil (3.14) =4
ceil(-2.4) = =2
floor (3.14) = 3
floor (-2.4) = -3
fmod (2.4/2.0) = 0.4

Posrisitnemo temep, Sk (OPMYIOTbCS [1alla30HU NPUHHATUX 3HAYEHb 1
po3mipu 3aiimMaHoOi TaM'siTi. MakcMMallbHe 3HAUYE€HHS JESIKOTO THUITY JaHHUX
00UYHCITIOETHCS 32 HOPMYJIOIO:

TSl 3HAKOBUX THITIB AaHuX (1):

max_val type = 2°°7'-1; (1)
JUTST O€33HAKOBUX THIIIB JTAHUX:
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max val type = 2°°%-1; (2)

7€, b - KUIbKICTh OalT, IO BUIUIIETbCA B MaM'sTi MiJ 3MIHHY 3 TaKUM THIIOM
naHux. MHOKHUMO Ha 8 (B ogHOMY OaifTi 8 61T), AJIsl 3HAKOBUX TUITIB BiAHIMAaeMO 1
B MOKAa3HUKY CTYIEHs, TaK K CTapUIMil OIT BIABOAUTHCS Ha 30epiraHHs 3HakKa, 1
BIJIMTOBITHO 3MEHIITYETHCS Jiana3oH 3HAYeHb 1 MUTUTHCSA Ha MO3UTHBHI 1 HETAaTUBHI
3HAYCHHs; BIJHIMAEMO 3 OTPUMAHOrO uWciaa |, Tak $K Jiama3oH YHCEN
MOYNHAETHCS 3 HYJISL.

// JlicTuur 1.8.PasMep 1 MakCuUMajibH1 3HaueHHS 0as30BUX TUIILB
// manmx
// ©61ibnioTeka MaHINYJIOBAHHSA BBeIOeHHAM / BUBEIEHHAM
#include <iomanip>
// 3arosioBHUM Gaiy MaTeMaTUUHUX QYHKII1NM
#include <cmath>
int main(int argc, char* argvl[])

{ /*0BUMCIIIOEMO MaKCHMMaJibHEe SHAUEHHS IJIS Tula OaHux bool*/
cout<<"bool="<<sizeof (bool)<<""<<fixed<<setprecision (2)<<endl;
cout<<"max value="<< (pow(2,sizeof (bool)*8.0)-1)<< endl;

/*0BUKCIIINEMO MaKCHMMaJibHEe SHAUEHHS IJIS Tula JaHux char*/
cout<<"char="<<sizeof (char)<<" "<<fixed<<setprecision(2);
cout<<endl;
cout<<"max value="<<(pow(2,sizeof (char)*8.0)-1)<<endl;

/*0BUMCIIIEMO MakKCHMMalibHE SHAUeHHSA IJig Tuna JaHmx short int*/
cout<<"short int="<<sizeof (short int);
cout<<" "<<fixed<<setprecision (2)<<endl;
cout<<"max value="<<(pow(2,sizeof (short int)*8.0-1)-1)<< endl;

/*0BUuMCIIIEMO MaKCUMaJlbHEe SHaueHHa IJid Tula »OaHux unsigned

short int*/
cout<<"unsigned short int="<<sizeof (unsigned short int);
cout<<" "<<fixed<<setprecision (2)<<endl;
cout<<"max value="<<(pow(2,sizeof (unsigned short int)*8.0)-1);
cout<<endl;

/*0BUMCIIIEMO MaKCUMallbHe SHaueHHSa IOJI8 Tulla JaHux int*/
cout<<"int="<<sizeof (int)<<" "<<fixed<<setprecision (2)<<endl;
cout <<"max value="<<(pow (2,sizeof (int)*8.0-1)-1)<< endl;

/*0oBUMCIIEMO MaKCUMMaJibHEe 3BHAaUeHHS IJId Tula »OaHux unsigned

int*/
cout<<"unsigned int="<<sizeof (unsigned int);
cout<<" "<<fixed<<setprecision(2)<<endl;
cout<<"max value="<<(pow(2,sizeof (unsigned int)*8.0)-1)<<endl;

/*0BUMCIIIEMO MaKCHMaJlbHe SBHAauyeHHd IJIg Tulla OaHuMxX long int*/
cout<<"long int="<<sizeof (long int);
cout<<" "<<fixed<<setprecision (2)<<endl;
cout<<"max value="<<(pow(2,sizeof (long int) * 8.0 - 1) - 1);
cout<< endl;

/*0BUMCIIIEMO MaKCUMaJIbHEe SHaueHHS 1Jid Turna »naHux undigned

long int*/
cout<<"unsigned long int="<<sizeof (unsigned long int);
cout<<" "<<fixed<<setprecision (2)<<endl;
cout<<"max value="<<(pow(2,sizeof (unsigned long int)*8.0)-1);
cout<<endl;
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/*0oBUMCIIIEMO MakKCHMMalbHEe SHAUCHHA IOJd Tuna maumx float*/
cout<<"float="<< sizeof (float)<<" "<<fixed<<setprecision(2);
cout<<endl;
cout<<"max value="<<(pow (2,sizeof (float)*8.0-1)-1)<<endl;

/*0oBUMCIIIEMO MakKCHMMallbHEe SBHaueHHd 4 Tuna pgaHmx double*/
cout<<"double="<<sizeof (double)<<" "<<fixed<<setprecision(2);
cout<<endl;
cout<<"max value="<<(pow(2,sizeof (double)*8.0-1)-1)<<endl;

Jlana mporpama 03BOJISI€ TEPETNISHYTH XapaKTEPUCTUKU THUIIB JaHUX Y
Bamniii cucreMi. Onepatop (omepaiis) sizeof () OOYHCIIOE KUIBKICTh OalT, 1110
BIIBOJUTHCSA TN TUN JOaHuX abo 3MiHHY. DYHKIA pow (x, y) IIJIHOCUTH
3HAQYEHHS x JI0 CTeMiHsA y, JaHa (QYHKIS JOCTYIIHa y 3arojIoBHOMY aiii
<cmath>. MaHInylsTOpu fixed 1 setprecision() JOOCTYIHI Yy 3aroJIOBHOMY
¢daiini <iomanip>. Ilepmmii MaHIMynsaTOp - fixed, Mepelae B TOTIK BUBOIY
(BUBOIUTH HA €KpaH) JlCHI 3Ha4YeHHs B Qopmari 3 (HIKCOBAHOK KOMOIO.
MaHInynsTop setprecision (n) BIIOOpa)kae n 3HAKIB MIiCJI KOMH.

1.10 KouTpoJbHi 3aniMTaHHS

1. Sky cTpykTypy Mae nporpama Ha C++?

2. 1o Take mpenporiecop? CUHTaAKCUC TUPEKTUB TIpenpoliecopa?

3. [I{o Take 3aronoBHuM daitn? Sk BiH MIIKITIOYAETHCA?

4. Sx1 oneparopu BBeaeHHs/BUBEAEHHS B C?

5. Sk opranizoBaHe BBeJCHHs/BUBEIeHHS B C++?

6. Axi ¢dyskuii Tpeba BUKOPUCTOBYBATH ISl BBEJCHHSI/BUBEIACHHS
KUPUITIII?

1. [Ilo Take Thn gaHux?

8. SIki icHyroTh 6a30Bi THIH B C++? IX OCHOBHI XapaKTepuCTUKHU?

Q. Mo Take 3miHHA? CUHTAKCUC OMUCY 3MIHHOI?

10.  SIxuM 9YMHOM MOYKHA TIPUCBOITH 3MIHHIN MOYATKOBE 3HAYEHHS?

11. IIlo Take koHCTaHTa?

12.  SIx1 pi3HOBUIU KOHCTAHT € B MOBIC++?

13. o Take Bupaz?

14.  IIlo Take omeparrist B C++?

15.  SIxi Tunm onepariiii Bu3Ha4yeHi B C++?

16. IIlo Take omepanna?

17. SlkuM 9YMHOM BU3HAYAETHCS MOPSIOK OOUUCIICHHS BUpa3y?

18.  Sxuii THI € pe3ynbTaTOM OOYMCIIEHHS BUpa3y?

19.  Ckinbku icHY€e piBHEH npiopuTeTiB onepaiit C++?

20. Sky Ait0 BUKOHYIOTH Ollepallii IHKpeMeHTa Ta JeKpeMeHTa?

21. ki OyBaroTh onepailii IHKpeMEHTa/IeKpeMeHTa?

22. B uyomy pi3HuI MK MOCTIKCHOIO Ta mpedikcHOW (opmamu
oreparliii iIHKpeMeHTa/AeKpeMeHTa?

23. SIKy Ait0 BUKOHYE oreparlisi IpUCBOEHHS?

24. Illo poOuTh cKIIaIeHU OTIepaTOp MPUCBOEHHS?
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25. Sxi B C++ € ckitazieHi onepaTopu MprUCBOEHHS?

26.  SIxi ocHOBHI (PyHKIIIi BU3HAYECH] B 3ar0JIOBHOMY (haiiii cmath?

27. Sk MOXXHa BU3HAYUTH PO3MIp Ta MaKCUMaJbHI 3HAUEHHS THUITY JaHUX
B C++?

1.11 3anaui
1. OronocuTH 3MiHHI, HEOOX1HI 711 OOUMCICHHS IO MTPSIMOKYTHHUKA.

Pesyabrat:
float a, b; // mmpuHa Ta JOBKHUHA IPIMOKYTHHKA
float s; // miomia NpsSIMOKYTHHKA

2. OronocuTu 3MiHHI, HEOOXIAHI ISl TepepaxyHKy Barun 3 (QyHTIB y
KUTOTpamH.

3. OroJiocuTH 3MiHHI, HEOOX1IHI 00YMCIIEHHS IO KOJIa.

4. Bu3HauuTH BUXIJHI JaHI Ta OTOJOCHTH 3MIHHI, HEOOXIJTHI JJId
oOuucieHHs % HapaxyBaHHS KPEIUTY.

5. OrosiocuTu 3MiHHI, HEOOXIJHI OOYHMCIIEHHS BapTOCTI KYMHIBJ KiJIBKOX
TPaH3UCTOPIB, CUIIOBUX KaOeiB.

6. 3anucaty y BUIUIAAl IHCTPYKIIl HajgaHHA GopMyidy OOYUCICHHS
3HaueHHsa QyHkIily = -2,7x3+ 0,23x2- 1,4,

PesyabTar:

yi=-2.7Fx*x*x + 0.23*x*x - 1.4;

/. BuBecTu Ha €KpaH YHUCIIO T 3 TOYHICTIO 10 COTHUX.

8. Tpu KOHJEHCATOpU 3€[HAHHI SK MOKA3aHO Ha pucyHKy 1.2. Ix
ckBBiBIIeHTpa €MHIicTh aopiBHIOE: C=C;+C,Cs3/C,+Cs. 3nHauenns C;, C,, Cj
BBOJIUTh KOPUCTYBAay 3 KJIaBlaTypH.

Cz
L
0—['————‘ 4
K}

Pucynok 1.3 — Cxema 3€JHAHHS KOH/IEHCATOPIB

9. Tpu KOHJEHCATOpM 3€JHAHHI SK TIOKa3aHO Ha pucyHKy 1.2, Ix
ekBBiBIeHTpa €MHICTh nopiBHIOE: C=C,+C,+C;. 3nauenns C,, C,, C; BBOIUTH
KOpHCTYBay 3 KJIaBlaTypH.

10.BuBecTn Ha ekpaH B OAWH PAAOK yucia 6, 23 u 49 3 oguuM npobiiom
MK HUMHU.

11.BuBectn Ha ekpaH B oauH psAgoK yucia 9, 33 u 72 3 ABOMa mpoOiLIoM
MK HUMH.

12. BuBecTn Ha €KpaH BUpa3 JJIs HANPYTH CJICKTPUYHOTO IO TOYOK, IO
3HaXoJAThCcsl Ha BifacTaHi R<R, Big meHTpa mapa. AOCONIOTHA JieJIeKTpUYHA
MIPOHIIIAEMICTH CEPEOBUIIA JOPIBHIOE £, SKIIO:
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3
a) E=L£R. 6) E= LR

Ar-R3
B) E= L4 R N E=—~ R
3e9-R 4re,

13.BigokpeMieHuii MOPOXHIN MeTaleBHil map i3 30BHIMIHIM paaiycom R
Mae HaUMIIKOBUM 3apsn Q. 33cepenuHu Ta 330BHI cepu — BakyyM. YHomy
JOPIBHIOE HANPyTa eNEeKTPUYHOTO MO B LIEHTPI IIapa, SKIIO:

a) E=oo0. 0) E=0 B) E-—23

4rey -R?

14. 3anucaty 'y BUDVISIAL  IHCTPYKIII TPUCBOIOBaHHA (OpMyny IS
OOYHUCIIEHHS CTPYMY 32 BIIOMUMHM 3HAYEHHSIMHU HAIIPYTH Ta OMOPY €IEKTPUYHOTO
KOJIa, 110 BBOJSATHCS 3 KJIaBlaTypH.

15.3anucatu y BUTJIAAI 1HCTPYKIII HagaHHSA (OpMyiTy OOYHUCIEHHS ONOpY
CIEKTPUYHOTO JIAHITIOTa 33 BIJOMHMH 3HAYCHHSMHU HAIMPYTH Ta CHUJIU CTPyMY, IO
BBOJISITHCA 3 KJIaBlaTypH.

16.3anmcatn y BUTISAL 1HCTPYKINI HagaHHS (OPMYITy OOUYHCICHHS OTIOPY
CJIEKTPUYHOTO JIAHITIOTa, II0 CKJIQJa€ThCS 3 TPbOX TMOCHTIIOBHO 3'€THAHUX
pEe3UCTOPIB. 3HAUCHHS PE3UCTOPIB BBOSATHCS 3 KJIaBlaTypH.

17. 3anucatu y BUMISAL IHCTPYKII HagaHHS QOpMyIly OOUHCICHHS OTOpY
CJEKTPUYHOIO JIAHIIOra, [0 CKIAJA€Tbcsl 3 JBOX IMapajelibHO 3'€THAHUX
PE3UCTOPIB.

18.3anucatu y BUTIIAAI IHCTPYKIIiI HajaHHS (PopMyIly MepepaxyHKy Omopy
EJIEKTPUYHOTO JAHIIOra 3 OMIB y KIJIOMH.

19. Bka3zatu 3Hau€HHsS BEJIMYMHM X TICIAS BUKOHAHHS HACTYITHUX
oriepaTopiB MPUCBOEHHS:

a) x:= 10; 0)x:=-10; B)X:=60; B)X:=x-1;, 1)x:=0.

19. CknacTtu nporpamy:

a) OGUHMCIIEHHs 3HAYEHHA (YHKL(; ¥=7%" —3X+6 3HaueHHS X BBECTH 3
KJIaBlaTypH;

6) obumcleHHs 3HaueHHs (yHKuii: *=12¢"+7a-16 spgueHHs x BBECTH 3
KJIaBlaTypH.

20. BwusHauntH Hampyry MiK JBOMa KOHIETPHYHUMH KYJThOBUMHU
MOBEPXHSMH, TPOCTBIP MDK SKAMHU 3allOBHEHE PIBHOMIPHO 3apsKEHUM
JIEJIeKTPUKOM 3 00'€eMHOIO HIUIBHICTIO 3apsiay. Paniyc moBepxoHb Ri(BHYTpilIHii)

Ta R,, abcomoTHa MieeKTpuYHa TPUHUKHICTh CEPEIOBUIIIA!
2 2 __P 2 2
a)U=é(R2—R1) 6)U—@(R1—R2);

B)U:%(R2_Rl); P)U:%(Rz_Rl)
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Mpuxnaa. Jlano kyt B rpagycax. OOUUCIUTH HOTO KOCHHYC Ta CUHYC
JlicTiur 1.9
#include <cstdio> //T1OKIIIOUEeHHA BibyaioTexn BBOLY—BUBOIY

#include <cmath> / /TI1OKJIIOUEeHH S fibaioreku MaTeMaTUUYHUX
byHKII1
using namespace std;

int main() //TonoBHa dyHKII1g mporpamu

{ //OrojyiomenHsa Ta BBEIEHHS 3 KJjaBlaTypu 3HAUEHHS
// BMminznoi AlphaGrad
int AlphaGrad
printf (“BeeniTe rpamycHy Mipy kyTa alpha \n”);
scanf (“%1i”, &AlphaGrad)
// Tlepexkyanm 3 I'palyCHOL Mipu KyTa B paniaHHY
double AlphaRad = AlphaGrad * M PI / 180;
// OOumMcCJIeHHs KOCHMHyCa M CHMHYyCa KyTa
double CosAlpha = cos (AlphaRad);
double SinAlpha = sin(AlphaRad);

// BuBeIeHHS Ha e€KpaH KOCHMHYCa M CHMHYyCa KyTa
printf (“sin(%d) = %g, cos(%d) = %g”, AlphaGrad, CosAlpha,
AlphaGrad) ;

1.12 MeTtoauuHi BKa3iBKH

1. Jl1st BBeJIeHHS Ta BUBEACHHS JaHUX BUOPUCTOBYBATH oreparllii >> , << ta
CTaHJIapTHI IMMOTOKH cin 1 cout.

2.  Jlna oGumcneHHs CTeneHs MO)KHAa BUKOPUCTOBYBATU (PYHKIIIIO pow (x, V)
3 010ioTeuHorO (haina cmath.
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2 Omneparopu C++

Merta: OTpumaHHs HaBUYOK y BHOOp1 1 BUKOpUCTaHHI omeparopiB C ++;
3HaWOMCTBO 3 ITepaIlifHUMH MPOIIECAMH.

2.1 KopoTtki TeopeTu4Hi Bitomocti

Onepamopu 3amar0Th TEBHY IMOCTIIOBHICTh il KOMIUIITOpa, aje Ha
BIIMIHY BiJl BHpa3iB, € 3aKIHYCHUMH pPEUYCHHSIMH MOBHU. 3a3BHUYail omepaTopu
3aKIHYYIOTBCS KPAMmKoio 3 KoMoto. OmepaTtopu MaroTh Ha3BH, IO BigoOpakaroTh ix
npU3HAvYeHHs a00 31HCHIOBAHI Mii.

dopwmat. OnuH onepaTop MOXKE 3aliMaTH OJWH 4M OuIbie psikiB. [[Ba abo
O11bIIIa KUTBKICTh OIEPaTOPiB MOXKYTh PO3TAIIIOBYBATUCS HA OJTHOMY PSIKY.

Bxnazgenictb. OnepaTopu, siKi yNpaBIlSOTh MOPSAKOM BUKOHAHHS (if, if
- else, switch, while, do - while, for) MOXYTh OyTH BKJIaJI€HI OJIUH B
OJIVH .

Mitka omeparopa - MOXKe CTOSITH Tiepeln OyAb-SKUM OMepaTopoM, 100 Ha
el omepaTop MOKHa OyJjio MepedTH 3a JOMOMOror omeparopa goto. MiTka
CKJIaJIa€ThCs 3 1IEHTU(IKATOPA, 32 IKUM CTOITh JABOKpamnka. O0IacTio BUSHAYCHHS
MITKH € JaHUH OJIOK.

AB2: x = 2;

OnepaTopu NOAUIATHCS HA:

* IOPOKHINA OnepaTop;

* OTIepaTop-BUpa3s;

* OIIEPATOPHU OTOJIOIICHHS;

* OIIEPaTOpPY IPUCBOEHHS,

* orepaTopu nepenayl ynpapiiHHS (IEPEXOY);

* orepaTopu BUOOPY (pO3rayKeHH);

* OTepaToOpH ITUKJIIB.

Ckaanenuii _oneparop (0J0K) CKJIaJaeTbcsi 3 OJHOro abo OuIbLIOT
KUIBKOCT1 OmNepatopiB Oyab-sSKOro TUIY, YKiIaaeHux y ¢irypHi ayxku {}. [licms
3aKpUTTS BITYPHOT TY>KKK HE TOBUHHO OYTH KpPanKu 3 KOMOIO.

{x =1, v = 27}

CxiazieHi omepaTopu 1 omepaTropu, OTpPUMaHI B PE3yJbTaTl BKJIAJICHHS
(cymeprno3uilii) onepaTopiB HA3UBAIOTHCS CKIAOHUMU.

Jlo ckiagHUX OTMEpaToOpiB BIAHOCATH BJIACHE CKIJIQJIOBI OMEpaTopu 1 OJIOKH.
B 0060x Bumaakax 1e mociiIoBHICTh ONepaTopiB, YKIaaeHa y GirypHi ayxku. biok
BIJIPI3HIETHCS BiJ] CKJIQJICHOTO OMEpaTopa HASBHICTIO BH3HAYCHb B TUI OJIOKY,
HaIMPUKJIIAT;

{ nt++; { int n=0;
summa+=n; //Le CKJIaIeHUM OoIepaTop n++; //ue 6Jyok
} summa+=n;
}
Ilopo:xxkHiii_onepaTop; BUKOPUCTOBYETHCS, KOJIU MO CUHTAKCUCY OIEpaTop
noTpiOEeH, a 3a 3MICTOM - HI.
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Omnepartop - BUpa3: a--; - NOCT(QIKCHUM IHKpEMEHT; fclose (file) -
BUKJIUK (PYHKIIII.

OmnepaTop MpPHCBOEHHSI: v = (a * x + b) * x + c; (TakoX Ie
oreparlisi MPUCBOEHH:!).

OnepaTopyu _OroJiomieHHsl - B SKUX OTOJIONIYIOTHCS KOHCTAHTH, 3MIHHI,
3aroJ0oBKHM (YHKIIHM 1 TUIIK JAHUX: int a;

2.2 OneparTopu po3rajykeHHs (BuOopy)
Omnepatopu BUOOpPY - II¢ YMOBHUU oOImepaTrop 1 NepeMHuKad. YMOBHHMA
orepaTop Ma€ MOBHY 1 CKOpPOYEHY QopMy.

2.2.1 YMoBHMIi onepaTop if

YMOBHUI oneparop if BUKOPHUCTOBYETHCS ISl PO3TANYKEHHS IPOLECY
obuuncieHp Ha aBa Hanpsivu (puc.2.1).

tru false
Bupas

Oneparop 1 Onepatop 2

L"—T——T

Pucynok 2.1 - Biiok-cxema yMOBHOI0 onepaTopa: a) noBHa ¢opma; 6) ckopoueHa
dpopma

dopmar oreparopa:
if (Bupas-ymoBa) onepatop 1; [else onepatop 2;]

Sk Bupas-ymoma MOXYTh BHKOPHUCTOBYBaTHUCS apu(METUYHUN BUpa3,
BIJIHOIIEHHS 1 JJOTTYHUI BUpa3. CrioyaTKy 0OYUCIIOEThCA Bupas, IKUA MOYXKE MaTh
apu(pMETUYHUI TUN a00 TUN BKa3IBHUK. SIKIIO BiH HE JOPIBHIOE HYMIO (Mae
3HAUEHHA true), BUKOHYETHCS MEPUINH orepaTop, 1Hakie - apyruil. [licis mporo
yIpaBIiHHS TIEPEIAEThCA Ha OTepaTop, HACTYIMHUM 3a YMOBHUM. KO 3HaUEHHS
BUpas3y-yMOBM BIIMIHHE BiJ HYJIS (TOOTO IcTmHa), TO BUKOHYETHCS onepaTop 1,
SKIIO 3HAYECHHS BUpasy-yMOBU JIOPIBHIOE HYNIO (TOOTO Xu6ue), TO BUKOHYETHCS
omepaTop 2 HAaIPpUKIAM:

if (x<y&&x<z) min=x;
//axmo x<y Ta x<z 3MiHHa Hab®yBae min 3HAUYEHHS X

if (d>=0)

{ x1=(-b-sqrt(d))/(2*a);
x2=(-b+sqgrt (d) )/ (2*a);
cout<< M\nxl="<<x1<<MN"x2="<<x2;

else cout<<“\nPose’4a3ky HeMae”;

// axmo nuckpuMmiHaHT 6Gineme ato mopimHioe O,
// OBUMCJIIIEMO KOPEH1 KBAaOpPaTHOTO PI1BHSHHA
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OpxHa 3 TUI0K MOKe OyTH BIICYTHSI, JIOT1YHIIIE OMyCKaTH APYTY T1IKY pa3oM
3 KJIIFOYOBUM CJIOBOM else. SIKIO B OyAb-sIKiM Tl HOTPIOHO BUKOHATH JEKIIbKa
orepaTopiB, iXx HEOOXIHO yKJacTH B OJOK, 1HAKIIe KOMIUIATOP HE 3MOXKe
3pO3yMITH, /i€ 3aKIHUY€ThCS PO3TaNyKeHHA. bBJIOK Moxke MICTHUTH Oyab-sKi
orepaTopy, B TOMY YHCII OINKCYy Ta IHIII YMOBHI OmepaTtopu (aje HE MOXKe
CKJaaatucs 3 ogHuX omuciB). HeoOXimgHO BpaxoByBaTH, IO 3MiHHA, OMHCAaHA B
o61o11i, mo3a 61okoM He icHye. OnepaTopu MOXKYTh OyTH BKJIaJI€H1 OJJUH B OJIUH.

[Ipuknannu:
if (a<0) b=1; //1
if (a<b && (a>d || a==0))b++; else {b*=a; a=0;} //2
if (a<b) {if (a<c) m=a; else m=c;} else {if (b<c) m=b;

else m=c;} //3

if (at+) b++; //4
if (b>a) max =a;

else max=a; //5

B 1 BigcyTHs rinka else.

S0 noTpiOHO MepeBIPUTH KIIbKa YMOB, iX 00'€IHYIOTh 3HAKAMM JIOTTYHHUX
onepauiid. Hanmpukman, Bupa3 B 2 Oyae ICTUHMM B TOMY BHUIAJKY, SKILIO
BUKOHA€ETHCSI OJJHOYACHO yMOBa a<b 1 OJHA 3 YMOB B AYXKaX. SIKIIO OMyCTUTH
BHYTPIIIIHI Iy>KKH, Oy/le BUKOHAHO CIIOYATKY JIOT1YHE I, a MOTIM - ABO.

Omnepatop B 3 oOumucCiIOE HaliMEHILIE 3HAYEHHS 3 TPbOX 3MIHHHX. DirypHi
Oy’)KKM B JAHOMY BHUIAAKy HE € OOOB'S3KOBUMH, TaK SIK KOMIUISATOP BIIHOCUTh
YaCTUHY else JI0 HAUOIUKYOTO if.

4 neMOHCTpye Te, IO XO4Ya B SKOCTI BHUpa3iB B omeparopi if HalvacTiie
BUKOPUCTOBYIOTHCA ONEpallii BIJHOIIECHHS, 1€ HE 000B'sI3KOBO.

KoHncrpykuii, mogibHi oneparopy 5, MpocCTillle 1 HAOYHIIIE 3alMUCyBaTH Y
BUIJISIl YMOBHOI (TEpHAPHOI) onepallii (B JaHOMY BUIAJIKY:

max = (b>a) ? b : a;

TaK sIK OJICpXKyBaH1 IIPU BUKOPUCTaHHI YMOBHOI OMepailii BUpa3u OLIbIIT KOMIAKTHI
1 BeIyTh IO OTPUMAaHHS O1IbII KOMITAKTHOTO KOJTY.

! ITommpeHa NOMMJIKA MPU 3aITUCY YMOBHHMX ONEPATOPIB - BAKOPUCTAHHS
B BHpa3zax 3aMiCTh TEPEBIPKM Ha PIBHICTh (==) MPOCTOrO MPHCBOEHHS (=),
HATIPHUKIIA],

if(a=1l) b=0;

CHUHTAaKCUYHOI TOMWJIKA HEMae€, TaK sIK ONepalis MPUCBOEHHS (Gopmye
pe3ynbTaT, SKUM 1 OLIHIOEThCA Ha ekBiBaJeHTHICTh (. B manoMmy mnpukiami
MIPUCBOEHHS 3MIHHIN b Oy/ie BAKOHAHO HE3aJIeKHO BiJ 3HAUYCHHS 3MIHHOI a. Tomy
B BUpa3ax IMepeBIPKU 3MIHHOI HAa PIBHICTh KOHCTAHTI PEKOMEHAYETHCS 3aMIMCyBaTH
KOHCTAaHTY 3J1iBa BiJl ONepallii HOPiBHSIHHS:

if (1==a) b=0;.
[Ipu nopiBHHSHI 3MIHHOI Ha P1BHICT/HEPIBHICTH 0, 3aMICTh BUPa3iB:
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(a==0) // DOpPliBHIE HYJIO
(a!'=0) // He OOPiBHIE HYJIO

Kpallle BAKOPUCTYBAaBaTH HACTYITHUM 3aIINC:

('a) // nmopiBHIE HYJIO
(a) // He DNOPiBHIWE HYJIO

OOugBa 3amuMCH CEMaHTUYHO BIpHI, ajié 3 TOYKH 30py BUKOPHCTAHHS
MOKJIMBOCTEN cuHTakcucy C++ nmpyruit popmar kpaiie, 1 € 03HaKOI0 XOPOIIOTO
CTHIIIO.

I1/Ipyra moMMJIKAa - HEGIpHUL 3anuUc NepesipKu HA NPUHALEHCHICD
dianazony. Hanpuximan, mo0 mepeBipuTd yMOBY 0<x<1, HE MOXHA 3alKCaTH ii B
YMOBHOMY OMepaTopi O€3MOCepeIHbO y TAKOMY BUTJISAII, TaK K OyJe BHUKOHAHO
CIOYAaTKy MOPIBHAHHA 0<x, a Horo pe3ynpTaT (true abo false, IEPETBOPEHE B
int) Oynae nopiBHoBaTucs 3 1. [IpaBuiibHMIA 3anUC:

if (0 <x && x <1)

Axmo sxa-HeOyAb 3MIHHA BUKOPUCTOBYETHCS TIIBKH BCEPEAUHI YMOBHOI'O
orepaTopa, peKOMEHAYEThCS 00's1Ba ii BcepeuH1 Ay OK, HAIPUKIAI:

if (int 1 = fun (t)) a -= i; else a += 1i;

OroJoiieHHd 3MiHHOI B TOM MOMEHT, KOJM BOHa MOTPiOHA, TOOTO KOIM i
HEOOXITHO TPHUCBOITH 3HAYEHHS, € O3HAKOI0 XOpPOIIOro CTHIK 1 JI03BOJISE
YHUKHYTH BHUIIQJIKOBOT'O BUKOPUCTAHHA 3MIHHOI 110 i iHimiami3aiii. OroJouryBatu
BCEPEIMHI orepaTopa if MOXKHA TUIbKM OJHY 3MiHHY. OOyacth ii BHIUMOCTI
MOYMHAETHCS 3 TOUKU OTOJIOIICHHS 1 BKJII0Ya€e 0OM/IB1 TUIKK oniepaTopa.

2.2.2 Onepartop nepeMuKay
Omneparop switch (mepeMHKay) NpU3HAYCHUHN ISl PO3TANTYKEHHS MPOLIECY
oOYHCIIeHb Ha KIJIbKa HaMpsIMKiB. @opMart oneparopa:

switch (Bupas)

{ case koHCTaHTHMM Bupas 1l: [cmomcok onepartopis 1]
case KOHCTaHTHMM BMpas 2: [CIOMCOK oneparopis 2]
case KOHCTaHTHMM BuMpas 3: [CIOMCOK onepaTopis nj

[default: onepatTopn]

}

BukoHaHHsI onepaTopa MOYMHAETHCS 3 OOYUCIIECHHSI BUpa3y (BIH MOBUHHUI
OyTH IUIOYMCEIIbHUM), HOTO 3HAYEHHS MOCTIOBHO MOPIBHIOETHCS 3 KOHCTAHTAMH,
K1 3alliCaHl CIIJIOM 3a case, 1 YIPABIIHHS MEPEIAETHCA OMEPATOPY 31 CIHCKY,
MO03HAYEHOMY KOHCTAaHTHHM BHpPa30M, 3HAYEHHS SIKOTO CITIBMAJO 3 OOYMCIICHUM.
[Ticns uporo, AKMIO BHXiJ 3 NMepeMHMKAa4Ya SIBHO He BKAa3aHWil, MOCJIi0BHO
BUKOHYIOTbCS BCi iHm rinku. Buxin 3 nepemukaua 3a3Bu4ail BUKOHYETHCS 3a
JIOTIOMOT'OI0 ONEPaTOpiB break a00 return. SKIO 3HAYEHHS BUpPaA3y, 3alIUCAHOTO
micist switch, HE CHIBIAIO 3 KOJHOK KOHCTAHTOIO, TO BUKOHYIOTHCSI ONEPaTOpH,
K1 CIIAYIOTH 32 MITKOIO default. MiTka default MOXe OyTH BiICYTHS.
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Bci xoHCTaHTHI BHpa3u MOBUHHI MAaTW pi3HI 3HAUYEHHS, ajie OyTH OAHOTO 1
TOTO K IIoYKceNbHOrO TUIy. Kijlbka MITOK MOXKYTh CJIyBaTH IMOCHLUIb. SKIIO
30iriB HE BIAOYJIOCSA, BHUKOHYIOTHCSA OIIEPAaTOPH, pPO3TAIllOBaHI TICIsS CJIOBa
default (a mpu HOro BIACYTHOCTI YIpaBJiHHS NEPEAAEThCA HACTYITHOMY 3a
switch omepatopy). Y pa3l CHHTAaKCUYHOI TIOMUJIKM B CIIOBI default
MIOBIIOMJICHHSI TPO TIOMUJIKY HE BUIAETHCS, OCKUIBKH KOMITUIATOpP CIPHIME IIe
CJIOBO SIK JOMYCTHUMY MO3HauKy (MITKY) orneparopa. JlocBia4eHl mporpaMicTy Js
MOIIYKY TMOMHJIOK YacTO BKJIFOYAIOTh TJIKY default, HaBITh KOJHM BpaxoBaHI BCI
MOJKJIB1 BapiaHTH.

// JlicTuHr 2.1. HannpocTimmi KaJbKyJATOp Ha 4 nmii
int main ()
{ int a, b, res;
char op;
cout << “\nBeezmiTb mepumit omnepauHn:”; cin >> a;
cout << “\nBBemiTb 3Hak omepauii:” ; cin >> op;
cout << “\nBBemiTp mpyrui omepanHm:”; cin >> b;
bool £ = true;
switch (op)
{ case Y+': res = a + b; break;
case ‘-': res = a - b; break;
case ‘*': res = a * b; break;
case ‘/': res = a / b; break;
default: cout <<”\nHerimoma omnepauis”; f = false;
}

if (f) cout <<”\nPesymabTar:” << res;

BBonumo mepmmii omepanj (3MiHHAa a TUIA int), 3HAK omepalii op Ta
Apyruil omepaHja (3MiHHa b TUOA int). B 3aleXHOCTI BiJ 3HAYEHHS op
OoOMpaEThCS OJHA 3 YOTHPHOX MAaTEMAaTUYHUX I Ta BUKOHYIOTHCS JOJIaBaHHS,
BIIHIMAaHHS, MHOXKCHHS a00 JUICHHS OIEpaHaiB BIAMOBIIHO. SIKIIO BBEACHUMN
SKAWCHh 1HIIMN OIepaH]i, BUBOAMUTHCA MPO 1€ IMOBIJIOMJICHHS, Ta 3MIHHIN f
MIPUCBOIOELCSA 3HAUYCHHS false. [licnms omeparopa aHami3yeThCsl 3HAYEHHS f
SKIIO BOHE ICTUHHO Ha €KpaH BUBOJAUTHCS PE3yJbTaT 00UNCICHHS.

2.3 OnepaTopu UK

Lukn sBIg€e coOOO NUISHKY NpOrpamM, B SKOMY OAHI ¥ TiI K il
peanizyrThCs HEOJHOPA30BO HAJl PI3HUMM 3HAUYCHHSIMHU OJHUX 1 TUX € 3MIHHHUX
(o0'exTiB).

2.3.1 Huxu 3 nepenymoBoro (while)

BukopucTtoByeThCsl B pas3l, KOJU MO-TIEpIle, HEBAOMA 3a3JaJerifib KUIbKICTh
MOBTOPEHbD, 1, MO-APYyre, MPU I[bOMY HEMA€e HEOOX1HOCTI, 00 UK HEOIMIHHO
OyB BUKOHaHUM Xoya O oauH pa3. Lluki 3 mepeaymMoBoi0 pealizye CTPYKTYpPHY
cxemy (puc.2.2), 1 Ma€ CHHTaKCHUC:
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l while (Bupas-yMOBa) TiJIO LMKJIA;

MMouarkomi
3HAYEHHS Bupaz-yMoBa  BH3HAQ4a€  yMOBY  IOBTOPEHHS
Tina umkia, IPEICTABICHOIO MPOCTUM ab0 CKJIaJACHUM
v orepaTopoM. BukoHaHHA omneparopa NOYMHAETHCA 3
Tino oOuuciIeHHs BUpa3y. SIKII0 BOHO iCTUHHE (HE TOPIBHIOE
HEEY false), BUKOHYEThCS TIIO IUKITY. SIKIIO MpHU TepImii

nepeBipIll BUpa3 IOPIBHIOE false, UK HE BUKOHAETHCS
KOMHOTO pa3y. Tunm supasy-ymosu TOBHUHEH OyTH
apu(METHIHUM (JIOTTYHUM) a00 TIPUBOIUTHCS 0 HBOTO.
Bupas o6uncioeTbes nepes KOKHOIO 1TEepalliero MUKIy.
Tino UMKy BUKOHYETHCS 1O THUX IMip, MOKH Bupas-
yMoBa HE CTaHE XUOHHM.

VMOE]
1BH KOHVETRCA ! >

PucyHok 2.2 - Biiok-cxema
HHKJIA 3 TIepeyMOBOIO

[Ipu peanizaiii HMKIy B HOro TUIO OOOB'SI3KOBO MOBHHHI OyTH BKJIIOYEHI
KOHCTPYKIIii, sIKI 3MIHIOIOTH JIOTIKY BHUpa3sy, sIKe MEPEeBIPSETHCS, TaK, 00 BPEIITi-
pemT, BiH cTaB XUOHUM. [HaKIe UKIT Oy/1e HECKIHUEHHUM.

//JicTuHr 2.2. BHaAXOMmXEHHS BClX OiNbHUKIB
// LiJI0OT0 HOBUTMBHOIO UMCJIa 3a OONOMOTOol LMkiya while
int main ()
{
int num;
cout <<"\nBeepmiTb umcio:";
cin >> num;
int half=num/2; // TOJIOBMHA UYMCJIa
int div=2; // KaHOuUOaT Ha OiJIbHUK
while (div<=half)
{
if (! (num % div))
cout << div <<"\n";
div++;

[lepen moyaTkOM LUKy 3MIHHUM half Ta div NMPUCBOIOIOTHCS MOYATKOBI
3HAYCHHS. SIKII0 yMOBa iCTHHHA (div<=half), BUKOHYETHCS TLIO MUKIY, B SKOMY
3MIHIOETBCA 3HAYEHHS 3MIHHOI div, 110 MPU3BOAUTH JO 3MIHH JIOTIKH BHpa3y-
yMoBH. OOYHCIICHHS BUKOHYETBCSI 10 THUX TIip, TTOKK KaHIWJIAT HA TITLHUK div HE
CTaHE 3aBOUIBINIKK HIXK TOJIOBMHA YKcia. B TUT 1IMKIIa BUKOHYETHCS MEepeBipKa Uu
€ KaHIUJAaT div JUTBHUKOM YHCIIa (SIKIO ocTada B JUICHHS HopiBHIOE ().

B xpyraux mykkax Ticis KIFOYOBOTO CJIOBAa while MOYKHA BBOJUTH OITHC
3MmiHHOi. O0JacTIO 1i A1 € IHUKI:

while (int x = 0) {... / * obnmacte mii x * /}

[Tommpenuii mpuiioM MporpaMyBaHHsI - OPTaHi3allisi HECKIHYEHHOTO ITUKITY 3
3aroJIOBKOM while (true) a00 while (1) 1 MPUMYCOBUM BUXOJIOM 3 Tija IUKITY
32 BUKOHAHHS TIEBHOT YMOBH.
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2.3.2 IlmkJ1 3 mocTyMoOBOK (do while)

BukopucroByeTbcss B TOMy pasi, KOJIM 3a3dajieriib HEBIJOMa KiJIbKICTh
MMOBTOPEHB, ajie TPU IIbOMY HEOOXiTHO BHKOHATH MUK X04a 0 oamH pas. Luxi 3
MMOCTYMOBOIO peaii3ye CTPyKTypHY cxemy (puc.2.3) i Ma€ CHHTaKCHC:

l

IMovaTkoe :
IHAYCHHA

do Tiso unukia while Bupas-yMoOBa;

CrnoyaTky  BHKOHY€TbCS — IpocTuid  abo
! CKJIQJICHU} Oomeparop, 0 CKIAIA€ Ti0 1uUKTy,

yMOBRN a IOTIM OOYHCIIOETHCS BuMpas yMmoBa. SIKIIO
BUKCHY ETHCAT I . . o .

BiH  iCTUHHMA (HE  JIOpIBHIOE  false),

Tino umkiry BHUKOHY€TbCS Iie pa3. [uki

Tino 3aBCPLIYETHCS, KOJIM Bupas-yMoba CTAHC

LHHKTY . ..
pIBHUM false ab0 B TUIl UUKIYy Oyne
BUKOHAHMM OyAb-sSKUM omepaTop Mepeaadi

Pucynok 2.3 - Biiok-cxema praBJIiHHH. Tun BHUpa3y IIOBHHCH 6YTI/I
HHUKJIA 3 NiCJAIyMOBOIO apI/I(bMeTI/I‘{HI/IM abo IIPUBOAUTHCA 10 HBOTI'O.

yF

//JicTuHT 2.3. IporpaMa 3OilMcHIOE NepeBipKy BBEIEHHS:
int main ()
{ char answer;

do

{ cout << "\nKymnm cjoHeHaTko!";
cin >> answer;

}

while (answer!='y');

[Toku kopucTyBau HE BBEIE y, Ha €KpaHi Oyne 3 SBIATHUCA HAIUC Kynu
CJIOHEHATKO !

2.3.3 Huku i3 mapamerpom (for)
[ukin 3 mapaMeTpom Mae HaCTYNHUM popmar:

for (imiuiamisauisa; Bupas; Mommdikauidg) TIiJO UMKIA;

IHiniamizaunis BHUKOPHCTOBYETBCS JUISI OTOJIONIEHHS 1 TPUCBOEHHS
MMOYATKOBUX 3HAYCHb BEJIWYMHAM BHKOPHUCTOBYBAHMM B IUKII. Y IIiH YacTHHI
MOYKHA 3aIlMCaTH KUJIbKa ONepaTopiB, PO3AIJICHUX KOMOIO (omeparli€ro "mocaijoBHe
BUKOHAHHS"), HANIPUKJIA/ TaK:

for (int 1 =0, J = 2; ...;)
int k, m;
for (k. =1, m = 0; ...;)

O6macTio 11ii 3MIHHUX, OTOJIONICHUX B YACTHHI 1HIIAMI3aIlii UKITY, € [UKJL.
[Himianizaiiss BAKOHYETHCS OJJUH pa3 Ha OYATKy BUKOHAHHS LIUKITY.
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Bupas BH3HAUYa€ YMOBY BHKOHAHHS IMKJIYy: SKIIO HOro pe3yJbTarT,
OpUBEICHUNA N0 TUMY bool, AOPIBHIOE true, IUKJI BUKOHYyeThcA. Llukm i3
napaMeTpoM peasli3oBaHUM K LUK 3 IEPETyMOBOIO.

Mombikxanii BHKOHYIOTBCS IIICHS KOXHOI ITepalii IMKIYy 1 CIyXaTh
3a3BUYAN JJIs1 3MIHU MapaMeTpiB MUKITY. Y 4acTHHI Moaudikalii MOXKHA 3alucaTH
KUJTbKa orepaTtopiB yepe3 komy. [Ipoctuii abo ckiagHuii omepaTop sBIsLE€ COOOIO

T1JI0 LIMKJTY.

//Tipuknan (oneparop obumciimoe cyMmy umces Binm 1 mo 100)

E;g,(int i= 1; s<=100; 1i++) s+=1i; //1
MO’KHA TaK:

for (int 1i=1, s=0; s<=100; 1i++) s+=1; //2
a MOJKHA 1 Tak:

for (int i=1, s=0; s<=100; s+=i, 1i++); //3
1 HaBITh TakK.

for (int i=1, s=0; s<=100; s+=1i++); //4

B 1 npuxnani moyaTkoBe 3HAYEHHS CYMH 33JIa€ThCA MEpe] UKIOM, Y 2 B
yacTUHI iHimami3amii nukiay. Y 3 oO4YuCIeHHS CyMH BHECEHO B YaCTHUHY
Moaudikaiii MUKITY mepes 30UIbIICHHSIM JYWIbHUKA, a B 4 N1Ba omepaTtopa B
yacTuHi Moaudikaii 00'enHaH1 B OAWH. 3BEPHITHh yBary, mo B 3 1 4 TIJI0 IUKITY
CKJIQIa€ThCS 3 IOPOKHBOTO OMEPATOPA;.

bynp-sxa 3 yacTuH omeparopa for MoXxe OyTH omyimieHa (ajge Kpamkd 3
KOMOIO Tpeba 3aJMIIUTH Ha CBOIX MiCHsX). SIKIIO OMyIIeHWd BHUpa3, TO
BB@KAETHCS, [0 BiH IMOCTIHHO ICTHHHMIA (t rue).

Omneparop for (;;); fABISE COOOK HECKIHYEHHUM ITUKJI, €KBIBAJICHTHUU
oreparopy while (1) .

Byap-sxkuii UK while MOXe OyTH MPUBEAEHUN O €KBIBAJICHTHOIO HOMY

UKy for 1 HABIMAKU 32 HACTYITHOIO CXEMOIO:
bl;
for (bl;b2;b3) oneparop while (b2)
{onmepaTop; b3;}

//JicTuHr 2.4. HaxomxeHHdI BC1lX OIJBHMKIB L1JIOTO NO3BUTUBHOTO
//umrciia 3a OONOMOTOK LMKJa for
#include <iostream>
int main ()
{ int num, half, div;

cout <<"\nBepmiTe umcigo:";

cin >> num;

for (half=num/2,div=2; div<=half; div++)

if (!'(num % div))
cout << div <<"\n";
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VY upoMy JICTHHTY HaBeA€Ha peali3allisi NpuKiIaga 3 JICTHHrY 2.2 3a
JOTIOMOTOr0 IMKJa for. IlouaTkoBi 3HaYeHHs 3MIHHUM half Ta div
MIPUCBOIOIOTHCS Y 3aroJIOBKY IMKJIA y YaCTHHI 1HII{ami3allii, 3MiHa 3Ha4YeHHs div
TaKOXX B1JIOYBA€THCS y 3ar0Jj0BKY LMKJIA Y YaCTHHI MoaudiKalli. SKIo mopiBHATH
KOaW y JicTuHrax 2.2 ta 2.4 crae OYEeBHIHUM, IO BCl 3MIHM BIJNOBIAAIOTH
HaBEJICHIM CXeMi MMepEeTBOPEHHS IUKJIA while B IUKI for.

MO>KJIMBOCTI IMKJIA for:

1. MoHa 3aCTOCOBYBAaTH OIEpallil0 3MEHIICHHS I PAaxXyHKY B TMOPSAKY

yOyBaHHS.
Mpuxnag. [Totpi6ro 06uncnuTH y°. MOXKINBE PIlICHHS Ma€ BUTTISL;
for ( i=5, r=1; i>=1; i--) r=r*y;

cout<<"r="<<r;

2. [lpu OaxxaHHI MOXHA OpraHi3yBaTH pPaxyHOK JIBifiKaMu, TpiliKaMu,
ECATKAMH 1 T.[I.

Hpukaan. [pupict paxyHky, BIAMIHHUN Bij 1.
for ( n=5; n<o6l; n+=15) cout<<n;

3. MoxHa B SKOCTI JIYMJIbHHKA BUKOPUCTOBYBAaTH HE TIUIbKM IUGpH, aje 1
CUMBOJIH.

Ipukaan. [lotpi6bHO HagpyKyBaTH andasiT. MOXKIMBE PIICHHS] Ma€ BUTIISL;
for ( chr='A'; chr<='Z'; chr++) cout<<chr;

4. MoHa 3aaTi 3pOCTaHHS 3HAYE€Hb JIYMJIbHUKA HE B apu(METHUHIN, a B
r€OMETPUYHIN IpOrpecii.

Hpukaaa. [lotpibHO migpaxyBatu 6opr. MoKIMBE PilIEHHS] MA€ BUTJIS;
for ( k=100; k<185; k*=1.1l) cout<<"IJonr="<<k;

5. B sKocTi TpeThoro Bupasza MOKHa BUKOPUCTOBYBATH OY/b-IKHIl TPaBUIBHO
CKJIaJieHUi Bupa3. Bin Oyjae o0uucItoBaTUCA B KIHII KOXHOT 1Tepallii.

Ipukaan. BukopuctanHs B KOCTI JIYMJIbHUKA BUpa3a.
for (k=1; z<=196; z=5*k+23 ) cout<<z;

6. MoxnHa mpormyckatd oauH abo kuibka BupasiB. (IIpu 1mpomy He MOXKHA
IPOITYCKAaTH CUMBOJIH ; - Kparka 3 KOMOIO.)

IHpukaan. HenmoBHMiI cicOK BUpa3iB B 3ar0JIOBKY TLIa LIUKITY.
for (p=2; p<=202;) p=p+n/k;

7. Ilepmmii Bupa3 He OOOB'SI3KOBO Ma€ 1HIIIIOBATH 3MiHHI, BIH MOXe OyTH
OyAb-SIKOTO THUITY.

Ipukaan. JloBinpHUN TIEpIINiA BUpPa3 B 3ar0JIOBKY ITUKITY.
for (cout<<"BeenmitTe umcna."; p<=30;)
cin>>p;

8. 3MiHHI, IO BXOATH J0 BUpa3iB crenudikaiii MUKIy, MOKHA 3MIHIOBATH B
Tl LUKITY.
Ipukaaa. 3MiHa yOpaBiIsilOYUX 3MIHHUX B TUTI LIUKITY.
delta=0.1;
for (k=1; k<500; k+=delta)
if (a>b) delta=0.5;
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9. Bukopuctanas omnepamii , (koma) B crnenudikaiii UKIY TO3BOJISE
BKJIFOUYATH K1IbKa 1HIIIFOIOUHX 1 KOPUTYBAJIBHUX BHUPA3iB.
Ipuknan. Bukopucranas onepariii , (koMa) B crieriuikaliii mukiy.
for (i=1, r=1; i<=10; i++, r*=y)
cout<<"y B crTeneHi "<<Ki<<<"="<<r;

10. MosxHa nepeBipsTH OyIb-KY 1HIIY YMOBY, sIKa BIAPI3HAETHCS BiJ KUTBKOCTI

1Teparii.
Ipuxnag. YMoBa BUX0Oy - KyO JIUUIBHUKA IIUKITY AOPiBHIOE ab0 Oinblie 216.
for ( num=1l; num*num*num<216; num++) ;

2.3.4 BkiajaeHi muku

Brnaoenum yukiom Ha3UBAIOTh KOHCTPYKIIIO, B SKIH OIWH  IIUKI
BUKOHYETHCS BCEPEMHI 1HIIOT0. BHYTpIiIIHINA IUKII BUKOHYETHCSI TIOBHICTIO i 4ac
KOHOI 1Tepallii 30BHIIIHBOTO ITUKITY.

//JdicTtuur 2.5. BryjameHl uukar. 3anoBHEHHS BCHOTO eKpaHa
// cumBoyamu '#'.
for (i=1; 1i<=25; i++)
for (k=1; k<=80; k++)
cout<<'#';

VY nauiit mporpami 25 pa3 31HMCHIOETHCS] BUBEICHHS Ha ekpaH 1o 80 CUMBOJIIB

\ # \ .

VY nporpami Mo)KHa BUKOPHUCTOBYBATH Oy/b-s1Ki KOMOIHAIIT BKJIaJICHUX ITUKIIIB
BCIX THMIB: while, for, do - while, SKIIO IbOIO BUMarae JIorika moOya0BU
TIPOTPaMH.

//JlicTuHD 2.6. SBOiMCHUTM BBEeIEeHHS IecdTy =SHAUYEeHbL IOHIB
// Micsausg 3 mepeBipkoio NPaBUJILHOCT1 BBEIEHHI.

int den;

for (i=1; 1i<=10; i++)

{ do cin>>den;
while (den<l]| |den>31);
cout<<den;

}

B nanomy mpukiami 30BHIMIHIA UK BUKOHYeThcsl 10 pasiB, a BHYTpIIIHIH
Oyzie BUKOHYBATHCSI JI0 TUX TP, TTOKU HE Oy/ie BBEJICHO BIpHE 3HAUCHHSI.

//JicTuur 2.7. Opyk HaTypanbHuUx umces Bim 1 mo 15
//no n'aTbOX CTOBMNUMKAX.
int main ()
{ int i,3;

for (i=1; i<=3; i++)

{ for (J=1; Jj<=5; j++)

cout << 3*(J-1)+i << ™ "y
cout << “\n";
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Pe3ynbrar BUKOHAHHS IporpaMu Oyje BUITISIIATH Tak:

147 10 13

2 5 8 11 14

36 9 12 15

[nnexkcHa 3MiHHA i 30BHIIIHBOTO OlepaTopa MUKy IpuiiMae 3Ha4eHHs Big 1
no 3 BrirowHO. Ll 3MiHHA BU3HA4Yae HOMEp ps/Ka, B SIKOMY BioOpakaeTbes
gyrcio. Homep CTOBMI BHU3HAYAETHCS 1HACKCHOIO 3MIHHOK j BHYTPIINIHBOTO
omeparopa mukiay. Lls 3MiHHA Tpu KOXKHOMY (DIKCOBAaHOMY 3HA4YEHHI 3MIHHOI 1
npoOirae 3HaueHHs Bi 1 10 5. Y BHYTPIIIHBOMY OIEpPaTOPl IUKITY BUKOHYETHCS
BCHOTO O[HA KOMaH/a

cout << 3*¥(J-1)+1i << "™ ";,

3a JIOMOMOTOI0 SAKOi PO3JIPYKOBYIOTHCS 4YHWCIa y BianoBigHomy psaky. Io
CTOCYEThCS 30BHIIIHBOTO ONEpaTropa IMKIY, TO B paMKax KOXHOTO IUKITY
BUKOHYETHCA JBI KOMaHIW: BHYTPINIHIA omepaTtop IUKIYy, B SKOMY
PO3APYKOBYIOTBCSI YMCIa B PSAJKY, 1 KOMaHJa cout<<"\n"; (IJs mepexoay Ha
HOBHUI PSIIOK).

Cnig 49iTKO PO3YMITH PI3HUII0 MK jJBoMma (abo Oiiblne) BKIAJICHUMHU
oreparopaM IMUKIY 1 OJIHAM ONEPaTOpOM IMKIY 3 JEKUIbKOMa 1HJIEKCHUMU
3MIHHUMU.

//JicTtuHT 2.8. OOMH omepaTop LMKy 3 IOeKijJbkoma
//1HIOEKCHMMM 3M1HHUMM
int main ()

{ int 1,73;
for (i=10,3j = 90; i<j; i+=5,3-=10)
Cout << l <<II V74 << j <<II\nII;

}

Pe3ynbraTomM BUKOHAHHS MpOTrpaMu OyJie ABa CTOBIIIS YMCEN:

10 90
15 80
20 70
25 60
30 50
35 40

Ha Bigminy BiJ BUNAAKY BKJIAQJIEHUX ONEpaToOpiB, B JaHIM cuTyallli OOUBI
1HJICKCHI 3MIiHHI i Ta j 3MIHIOIOTHCS CHUHXPOHHO. 3MiHHA i IHIIIAMI3yEThCS 31
3HadyeHHAM 10, a 3MiHHA § - 3HadYeHHAM 90. 3a KOXKEH IIMKJ 3HAYEHHS 3MIHHOI i
301IBIIYETHCS HAa 5, @ 3HaYSHHsI 3MIHHOI j 3MeHIIyeThest Ha 10. 3HaueHHs 3MIHHUX
BUBOJATHCS Ha ekpaH. lIporec TpuBae 10 THUX Mip, MOKM 3HAUYEHHS 3MIHHOI i
MECHIIIC 3HAYSHHS 3MIHHOI 7.
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2.3.5 PexomeHnaaiii 11010 3aCTOCyBaHHS IMKJIiB

HaifgacTtini nmoMuWJIKM NporpaMyBaHHsI HMKJIB - BUKOPHUCTAHHS B TiJ1
IIUKJTY HE1HII1aJI130BaHUX 3MIHHUX 1 HEBIPHHUH 3alKC YMOBH BUXOAY 3 ITUKITY.

1106 YyHUKHYTU MOMUIOK PEKOMEHIYEThCSI:

* MEPEBIPUTH, YA BCIM 3MIHHUM, SKI 3YCTpIYalOThCA B TMpaBiil 4YacTHHI
OTepaTopiB MPUCBOEHHS B TUI [IUKJITY, PUCBOEHI 0 IHOT'O MOYATKOB1 3HAYEHHS,;

* IIEPEBIPUTHU, UM 3MIHIOETHCS B LUKl Xoua O OJHA 3MIHHA, 1110 BXOIUTH B
YMOBY BUXOJY 3 IIUKIY;

* nepeadaunTy aBapiiHUN BUXIA 3 MUKITY 1O JOCSITHEHHIO JESKOI KiJTBbKOCTI

iTepariii;

* 1 3BMYaifHO, He 3a0yBaTH MpO Te, MO0 SKIIO B TUIl MHUKIYy MOTPIOHO

BUKOHATH OLIBITIE OJTHOTO OIepaTopa, MOTPIOHO YKIAIaTH iX B GITypHI JYKKH.

Omneparopu UKy B3a€EMO3aMiHHI. AJie MOKHA HaBECTH JIeAKl peKOMeHAaIlli

10 BUOOPY HAMKPAIIIOrO B KO)KHOMY KOHKPETHOMY BUITAJIKY:

e Ornepatop do while 3a3BHMYaii BUKOPUCTOBYIOTh, KOJU LIMKJI MOTPIOHO
BUKOHATH X04a 0 pas.

e OrnepaTopoM while 3pydHillle KOPUCTYBATUCS Y BHUIIAJKAX, KOJIU YHUCIIO
1Teparii 3a31ajeriib HeBiJJOMO, OUEBUIHUX MTApaMETPIB IUKITY HEMAE.

e OmepaTop for Kpaiie B OUIBIIOCTI 1HIIUX BUMAAKIB (OJTHO3HAYHO JJIst
oprasizamii nuKimB 3 JiywibHUKamMu). B C ++ BiH € OUIbII THYYKUM
3aco000M, HDK AaHQJOTI4HI OMNEepaTopu IMKIIB B I1HIIMX MOBax
porpamMmyBaHHS.

2.4 OnepaTopu nepeaayi ynpabJiiHHS
B C ++ € yorupu omepaTopu, IO 3MIHIOIOTh TPUPOAHUN TMOPSIOK
BUKOHAHHS O0YHCIICHD:
* OIIEPaATOpP BUXOAY 3 LIUKIY break;
* oIepaTop Nepexoay A0 HACTYMHOI iTepallii UKy continue;
* oriepaTop MOBEPHEHHS 3 QYHKIIT return.
* oriepaTop 0€3yMOBHOT0 MEPEXOY goto;

Oneparop 3aBepuieHHSl break - NPUIHMHSIE BUKOHAHHS HaMOIMK4UOTO
BKJIQZIEHOT'O 30BHILIHBOIO OIleparopa switch, while, do, for.

VYnopaBiiHHA —NEepeAaeTbcs  ONepaTropy, HACTYIHOMY 3a THM, UIO
3aKkiHuyeTbcs. Oneparop break JOUUIBHO BHUKOPUCTOBYBAaTH, KOJH YMOBY
IPOJIOBXKEHHS iTepalliil Tpeda NepeBipsITH B CEPEeIUHI LIUKITY.

[Tpuknan:

// JicTuHT 2.9. BMKOpPMCTaHHsS onepaTopa break.
// SIKmWO eJIEMEeHT MaCUBY HNOP1BHIE HYJIO -
// BUXinm 3 LUUKITY
for (i = 0; ; i++)
if ((a[i]=b[i])==0) break;
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B 3aronoBky mnmkiIa HeMae yMOBH BHUXOQy 3 IHKJIA, B TUIl I[UKIA
BiIOYBa€ThCS KOIIIOBaHHSA 3HAYCHHS b[i] B a[i], 1 SKIIO 3HAYEHHA b[i]
nopiBHIO€e (), BAKOHAHHS UKy IEPEPUBAETHCS OTIEPATOPOM break.

// JicTuur 2.10. 3HAXOIXEeHHS CYMM UMCeEJI, UMCJia BBOOATHCH 3
// wnaBlaTypu mo Tux mnip,
// mokm He Oyme BBemeHo 100 umcesn abo O

for (s=0, i=1; 1i<100; i++)

{ cin>>x;
if( x==0) break; //xpame 1if (!x)
//4akmo BBesu 0, TO N1IOCYMOBYBAHHSA BaKlHUYETLCH
s+=x;

}

Oneparop NpoaoOBKEHHsI continue - MepeJae yIpaBJiHHSI Ha MOYAaTOK
HaOJMMKYOTO 30BHINIHBOTO OINEpaTopa MUKIY while, do, for, BHUKIUKAIOYH
MMOYaTOK HAcTymHOi iTeparii. Llelt omeparop 3a mi€r0 MPOTUIICKHUM OmEepaTopy
break. BUKOPUCTOBYETHCS TUIBKHU B T1JI1 IIUKITY.

// JlicTuHr 2.11. BukOpmMCTaHHSA omneparopa continue.
// SKIO eJIeMeHT MacuBY He IOP1BHIE HYJIO -—

// mepexim mo HacTynHoOi iTepauii umkIy

for (i=0; i++;)

{ if (a[i1i]!'=0) continue;
alil=bl[i];
k++;

}
[e#t mpukiam BUKOHYE TXK i, 0 1 PparMeHT y JICTUHTY 2.9, aje AKIIo
3HAYCHHS a [i] He AopiBHIOE 0, IEPEeX0IUMO Ha HACTYIIHY IT€pAIIiio IUKIY.

// JicTuHT 2.12. BUKOPMCTaHHS olepaTopa continue.
// BHaAXOmXeHHHS KiJbKOCT1 1 CyMM MNOSUTUBHMX UMCEJI
for( k=0,s=0,x=1;x!=0;)
{ cin>>x;
if (x<=0) continue;
k++; s+=x;

}

SAxio BBeAeHE 3HAUYCHHS x MEHIe abo nopiBHIOE () — rmepexij Ha HACTYIHY
ITepallito HMKIIa 0e3 J0/1aBaHHs 3HAYEHHS x B CyMY.

Bukopuctanus oneparopa continue HE JAyXe JOIUIbHE, MOXHa
OpraHi3yBaTu OOUYMCIIOBAIBHMI TMPOLEC TaKUM YHUHOM, 100 YHUKHYTH
HEMOTP1OHUX MOPIBHSIHB Ta 3aWBUX IiH.

OnepaTop NOBEePHEHHA return — NPUNUHIE BUKOHAHHS MOTOYHOT (DyHKIIIT
1 TOBEPTA€E yIPABIIHHS MPOTpaMi, sIKa BUKIIMKaIA (PYHKITIIO.

return Bupas; // 3 nepemauen 3HAUEHHS BUpPaszy.

return; // 6e3 nepemaul 3HAUEHHS BUPA3Y.
[Ipuknan: return x + y;
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// JlictuHT 2.13. OnmMc Ta BUKIMK OYHKIII,
//gKa moBepTac CyMy OBOX UMCEJI

#include <iostream.h>

int sum (int, int);

vold main ()
{ cout<<sum(4,3); //Bukiuxk ¢yHxuii }

int sum (int a, int b) //Bu3HaueHHa OGyHKII1I
{ return (a+b); } //TIOBEepHEHHS BHAUYEHHS

OnepaTop 0e3yMOBHOIO Nepexoay - Mepeaae yrnpapliHHS Ha OMepaTop 3
MITKO10. OniepaTtop 6€3yMOBHOTO MEepexoay goto Mae hopmar:

goto miTka;

BukopucToByeThCS TSI BUXOMY 13 BKJIQJACHUX YIPABISIIOYUX OIEPATOPIB.
O6unacTp 111i 0OMeXeHa MOTOYHOO (PYHKITIE0. Y Ti1 Ti€T K (YHKIIIT MOBUHHA OyTH
MPUCYTHS PIBHO OJIHA KOHCTPYKIIISI BUAY:

MiTka: omepaTop;

Mirka - 1€ 3BUYAHUN 1AeHTHU(IKATOp, 00JACTH BHUJIMMOCTI SIKOTO €
(GyHKLI€0, B TUTI K01 BiH 3aganui. [Ipuknan: goto ABC;

Buxopucrtanust omnepatopa 0€3yMOBHOIO IEpeXoAy BHUIPABIAHO B JIBOX
BUIAIKAX:

1. [IpumycoBu#l BHXI1J BHU3 [0 TEKCTY MNPOrPaMH 3 JEKUIBKOX BKJIAJEHUX
UKIIIB 200 MepEeMUKAaUiB.

2. Tlepexin 3 mexinbkox Mmicib (QyHKIII B OogHE (HAPUKIAM, SKIIO Mepes
BHUXO0JIOM 3 (PYHKIIIT 3aBX/I1 HEOOXI1THO BUKOHYBATH OY/b - sIK1 JIii).

B iHmwmx Bunagkax s 3anucy Oyab-sSIKOTO aJIrOPUTMY ICHYIOTH OLIBII
NpUIaTHI 3ac00M, a BUKOPUCTaHHS goto MPHU3BOAUTH TIIBKU JO YCKJIQJIHEHHS
CTPYKTYpH MPOrpaMu 1 YTPYAHEHHs HAJIaro/PKEHHs. 3aCTOCYBaHHS goto MOPYIIyE
NPUHIMIN CTPYKTYPHOTO 1 MOAYJIBHOTO MPOTpaMyBaHHs, 3a SKUMHU BCl OJIOKH, 3
SKMX CKJIQJIA€ThCs IpOrpamMa, MOBUHHI MaTH TUIbKHU OJIMH BHUX1J 1 OAMH BXIiJ.

VY Oynb-aKoMy pasi He CIIiJl IepeAaBaTH yIPaBIiHHS BCEPEIUHY OTIEPATOPIB
if, switch 1 nukiiB. He mMokHaA TepexoauTH BcepeauHy OJIOKIB, IO MICTSTh
1HIL1aJ13a1[1}0 3MIHHUX, HA OMEPaTOpH PO3TALIOBaH1 MICHIsS HEl, OCKUIBKU B LIbOMY
BUna Ky iHimamzanis HE Oyne Bukonana:

int k;

goto Metka;

{ int a = 3, b = 4;

k = a + b;
Metka: int m = k + 1

}

[Ticns BukOHaHHS ILOTO ()parMeHTa MPOrpaMH 3HAYCHHS 3MIHHOI m HE
BHU3HAYCHE.
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2.5 KoHTpO/IbHI 3a1IMTAHHSA

1. 1o take oneparop? B yomy mossirae iioro BiAMIHHICTb BiJ omnepaitlii Ta Bupaszy?
Sxi OyBaroTh onepaTopu?

2. Ilpu3HaveHHs: yMOBHOTO oriepaTtop?

3. HazBiTh n1B1 popmu ymMOBHOTO omepaTopa?

4. HaBimio BUKOPUCTOBYIOTH KIIFOUOBE CIIOBO «else»?

5. U MOXyTh BUKOHATUCS OJJHOYACHO OOHW/IB1 TJIKM B YMOBHOMY omiepaTopi?

6. Uu mMoxe X04 OAHA 3 TUIOK YMOBHOTO omeparopa OyTH KOMaHIOIO

pO3raiTy>KeHH?

7. SIxoro omepalii€ro MOYKHA 3aMiHUTH B JICSIKUX BUTIAJKaX YMOBHHU oriepaTop?

8. JSIkuii cMHTaKCHC Ma€ onepaTrop BUOOPyY?

9. SIxi 0coOIMBOCTI BUKOHAHHS OorepaTopa BUOopy?

10. V 4omMy mosiirae BiIMIHHICTP MK IUKJIIAMH 3 TIEPEAYMOBOIO Ta IHMKJIAMH 3
ITOCTYMOBOIO?

11. [lo MOe CIPUYMHUTH 3aLUKITIOBAHHS TPOTPaMu?

12. 3a aKuX yMOB IIUKIIU while 1 for HE BUKOHYIOTBCS KOJHOTO pa3zy?

13. SIk MOKHA 3aMIHUTH UK while HAa for 1 HABMAKHA?

14, Slkum 4YMHOM MOHa MepepBaTh POOOTY IUKITY?

15. IIlo Take BKIaAEHI [UKIIH?

2.6 3aBaanusa

2.6.1 YMoBHMIi onepaTop

1. Hanucatu nporpamy OOYMCIIEHHS ONOPY EJIEKTPUYHOrO JIAHIIOTra, IO
CKJIQJIA€EThCS 3 JBOX OMOpPIB, SKI MOXYTh OyTH 3'€JHAHI TOCIITOBHO abo
napayesbHo.

Jlami  HaBeneHO PEKOMEHJOBAHWM BUTJISAJ €KpaHa (llaHi, BBEJEHI
KOPUCTYBa4€M, BUILJICHI KUPHUM).

OO04HCIIEHHS OTIOPY €IEKTPUYHOTO JaHITIOTa
BBenaiTh BUXiaHi AaHi:

Benuuuna nepmoro onopy (Om) -> 15

Benwuuna apyroro onopy (Om) -> 27.3

Tun 3'eqnanns (1-mocnigoBHe, 2-napanenbHe) -> 2

2. BimoMi omopu nBOX HE3'€AHAHUX OAWH 3 OAHHUM JUISHOK €JICKTPUYHOTO
JAHITIOTAa Ta HAMpyra Ha KOXKHOMY 3 HHUX, IO BBOIATHCS 3 KiaBiaTypu. koo
JUJISTHKOO TIPOTIKA€ MEHIITUN CTPyM?

3. Bigomi nBi oguHUIN BUMIpIOBaHHS: OJHA 3a KYJOH, 1HIA — 3a OM, 110
BBOJIATHCS 11T KJIaBiaTypH. Ska 3 OUHUIs BUMIPIOBAHHS MEHIIA?

4. JTano oOcsiTy Ta MacH JBOX T 3 PI3HUX MartepiaiiB. Marepian SKOro 3 Tl
Mae€ OUTBILY IIUTBHICTB?

5. Bimomo pik Ta HOMep MICSIIS HAPOKEHHS JIFOJUHU, a TAKOX PiK Ta HOMEp
MICSIIS ChOTOAHIITHBOTO JMHA (CiueHb - 1 1 T. 1.). Bu3HauntH Bik JoguHU (IUCIIO
MMOBHUX POKIB). Y pa3i 30iry BKazaHUX HOMEPIB MICSIIiB BBAKATH, IO

OPOUIIOB TOBHUH PIK.

6. lano 3HauenHs onopy. Busnauutu:
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a) sIKe 3 3HAYCHHsI OUThITE; 0) YU OJTHAKOB1 3HAYCHHSI.
7. KoakcianpHuii kabenb 3 JBOMIAPOBOIO 130JIAIIIEI0 3HAXOAUTHCSA ITiJT
Hanpyroro U. ObGononka kabenst 3a3emiieHa. BU3HAYMTH HANpyry €JIEKTPUYHOTO
U
r(n 2 +11n 13
n & n
8. . KoakcianpHuii kabGenap 3 JABOIIAPOBOIO 130JIAIIEI0 3HAXOAUTHCS T

Hanpyroto U. O0osnonka kabenst 3a3emiieHa. BuU3HauMTH HANpyry eleKTpUYHOTrO
U

rons E, sxmo Bigcrads =10,a E =

o E, akimo BigcTads =45, aE = . —.
r(n-2+¢In-=3)

n P
9. KoakcianpHuii kabenb 3 JBOMIAPOBOIO 130JIAIIIE€I0 3HAXOAUTHCSA ITiJT

Hanpyroto U. OGosnonka kabens 3a3emiieHa. BU3HAUUTH HANpyry €JIeKTPUYHOTO
U

o E, skio BigcTads =53, a E = . —.
r(s;In-2+¢,In-3)
n r

10. BusHauutu 00’€MHY UIUIBHICTH EHEPTii EJIEKTPUYHOTO TOJIs, SKIIO
E=2x10°kB/m; D =2 .MKKJZ/MZ, W=2x10" ﬂDfC/MS.

11. BuszHauutu 00’€MHY IIUIBHICTh E€HEPrii EJEKTPUYHOIO IMOJISl, SAKIIO
E=1x10° kB/m; D = 1 mxKn/m?, W=1,73x10™ Torc/ni°.

12. BuszHauutu 00’€MHY IWIUIBHICTh E€HEPril EJIEKTPUYHOTO MOJIs, SKILIO
E=1,2%10% kB/m; D = 2 mxKn/m*, W=4x10™ Jorc/n.

13. [lmockuii KOHJIEHCATOP Ma€ MapaMeTpH: IUIOIIA KOXHOI muractuan S=20
CMZ, BiJICTaHh MIX IIaCTHHAMH d=35im, TieIeKTpUYHA MPOHUKHICTD 130JIAII11 £=5.
3HaiiTu cuiy F B3aeMHOro mpH TSOKIHHA TUTACTHH KOHJIEHCATOpa, MPU YMOBI IO
IJIACTUHU OyJM TpHEAHAHHI JO0 JoKepena 3 Hampyroro U=/ xkBm, 4xmio
F=2x10"H.

14. IInockuii KOHJIEHCATOP Ma€ MapaMeTpu: IUIONIA KOXHOI mactTuan S=20
cv®, BigcTanb Mk miacTuHamu d=35im, JieTeKTpPHYHA MPOHUKHICTD i30SI £=5.
3HaiiTu cuiny F B3aeMHOro mpH TSOKIHHA TUTACTHH KOHJIEHCATOpa, MPU YMOBI IO
IJIaCTUHU OyJM NMpUEAHAHHI 10 Jkepena 3 Hanpyroto U=/ kBm, akmo F=128uH.

15. TInockuii KOHAEHCATOP Ma€ MapaMeTpH: IIoma KOKHOI miacTuHu S=20
CMZ, BiJICTaHb MIX IIaCTHHAMK d=35im, MieIeKTpUYHA MPOHUKHICTD 130JIAIIIT £=5.
3HaliTu cuiny F B3aeMHOro mpu TSXKIHHS TJIACTUH KOHJIEHCATOpa, MPU YMOBI 110
IJIaCTUHU OyJH NMpUETHAHHI A0 Jpkepena 3 Hanpyroto U=/ kBm, akuo F=25,6mH.

16. Tlnockuii KOHAEHCATOP Mae MapaMeTpH: TUIOIA KOXHOI mmacTuau S=20
cmz, BIZICTaHb MIX IUTACTHHAMHU A=5MmMm, TieJICKTPUYHA MPOHUKHICTD 130T £=J5.
3naiitTu cuny F B3aeMHOro mpH TSOKIHHA TUTACTHH KOHJEHCATOpa, MPU YMOBI IO
IacTUHU Oynu mpuegHaHHI a0 mkepena 3 Hanpyrowo U=/ xBm, sxmo F=0,12
MmH.

17. BusHauumTh, [Ki 13 TPbOX JPKEpes, MPECTaBIEHUX Ha PHUCYHKY 2.4
TeHEPYIOTh €HEprito, a siKi — BXHUBaTh, K0 R;=6 OM, R,=8 Owm, R3=3 Owm,
E;=10B, E,=30 Om, E5=30 Om.
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18.

A, B,

HONZORAC

Pucynok 2.4 — CTpyKkTypHa cxema 3€THaHHS JIKEPEIT KUBIICHHS

€ Tpu uncna A, B, C, 3HAWTH IUIONIY TPUKYTHHUKA 3 JOBXHHOIO CTOPIH
C; SKIIO IUIONIAa TPUKYTHUKA JopiBHIOE (0, TO BHUIATHU TPO IIe

MOBIJOMJICHHS.

19.

3a HOMEpOM y (y>0) MEBHOIO BIKY BUZHAUYUTH c - HOMEP MOr0 CTOMITTSA

(BpaxyBartu, 1110, HanpUKJIad, moyarkomM XX ctodittsa 6yB 1901, a e 1900 pik).

20.
21.
22.
23.
24.
25.
26.
217,
28.
29.
30.

OO0uUHCIUTH y=tg (x) (0<x<2); 1l-tg(x) IHaAKIIE.
OOUMCINTH y=1 (x<0); y=cos (x) (0<x<T); y=-1 (x>T).
OO0uUHCIUTH y=-x (x<0); y=Vx (x>0).

OOYHCIIATH y=ctg (x) (x<0); y=x’-4 (x>0).
OO0uucauT y=|x| (x<1); y=1 (1<x<3); y=-X.
OOUYHCIUTH y=sin (x) (x<1); y=x" (x>1).
OO0uucauT y=|x| (x<0); y=x (x>0).

OOYHUCIUTH y=max (x, Yy, a).

OOYHCIUTH y=min (x,V, z) .

O0uucIUTH y=e* (x>0); y=x-1 (x <0).

OOYHUCIINTH y=sin (x) (0 <X <2); l-cos (x) IHAKIIE.

IMpukaaa. Hanucatu nporpamy [uist po3B’s3yBaHHS KBaJPaTHOTO PiBHSIHHS
ax? +bx +c = 0 , ckoprcraBmmch hopmynamu D = b? + 4ac , x;,=(-b +\VD)/2a
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N

MoyaTtok

l %
BBeneHHA

3Ha4YeHb b,
a,c

D=b*b-4*a*c

D<0

PiBHAHHA HE MaE€ x_1=
PO3B'A3KY X_2=

\

f‘/ KiHeub \
_ 4 Y,

-b-sqrt(D))/(2*a);
-b+sqrt(D))/(2*a)

Pucynok 2.4 — Bjok cxema ajiopuTMmy
JicTmiur 2.14
/*P1iBHAHHA Ma€ pPo3B’'g30k, gkmo D 2 0 , 1 He Mae po3B’ 93Ky
npu D < 0 .*/

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
int main ()
{ // PosB’=g3yBaHHA KBAOPAaTHOTO PI1BHAHHA
double a,b,c,D,x 1,x 2;
system("chcp 1251 & cls");
/* ycTaHOBKa KOIOBOI CTOpiHKM win-cp 1251 (xomyeBanHa ANSI) B
oToKyY BBOHNY 1 BuBOZy (change codepage)*/
printf ("Po3B'a3yBaHHa piBHAHHA ax2+bx+c=0,c\n");
printf ("BeemiTe a,b,c\n\t");
scanf ("$1£%1£%1£f", &a, &b, &c) ;
D=b*b-4*a*c;
if (D<0)
printf ("PiBHSAHHS He Mae pos3B'azky");
else { x 1=(-b-sqgrt(D))/(2*a);
x 2=(-b+sqgrt(D))/(2*a);

51



printf ("Pos3e'as3o0k:\n") ;
printf ("\tx1=%0.3f; x2=%0.3f\n",x 1,x 2);
}
printf ("\n\n");
system ("pause") ;
return 0;

2.6.2 Ilepemukau

1. € uine yncno. SIKIo0 BOHO AUIUTHCSA Ha 7 0€3 ocTadl OOYMCIUTH KBaJpaT
[[bOTO YHCJIA, 13 3AIMIIKOM 5 - CHHYC 1IbOIO YHMCIa, 13 3AJIMIIKOM 3 - HaTypaJlbHUN
aorapudm. Buectu pe3ynpTaT Ha €KpaH.

2. 3a HOMEpPOM OJIHI€T 3 M'ATH €BPONEUCHKUX KpaiH (Ha Bamr BuOip) BuBecTn
Ha3BY CTOJIMIII KpaiHU.

3. 3a HOMEpOM OJIHI€I 3 HOTUPHOX MOB IporpaMmyBaHHs (3a Bammm BuGopom)
BHUBECTH Ha3BY I[1€1 MOBU MPOrPaMyBaHHS.

4.V BIANOBIIHOCTI 31 3HAYEHHSIM IU(QPHU BUBECTU HA3BY L€l HUPpU.

5. 3a HOMEpPOM HOTH BUBECTH 1i Ha3BY.

6. 3a BUOOPOM KOPUCTYyBaya BUBECTH PO3MIP OJMHUII BUMIPIOBaHHS (CM, 1M,
M, KM) B MM.

7. 3a HOMEpOM KOHCTAaHT KOJIbOPY BUBECTH HOr0 Ha3BY.

8. Marouu gary (Micsib 1 IeHb HAPOJKEHHS ) BU3HAUTE 3HAK 307I1aKy.

9. Hamumiite mporpamy Jisi BBEIEHHS HOMEpa MEBHOTO BIKY HalIOi epH 1
BUBEJICHHS Ha €KpaH HOro Ha3BM 3a CX1JHUM KaJICHIApEM.

10. Hamumnite mporpaMy Juisi BUBEJEHHS Ha JPYK JHS MOYATKy 3a7aHOro
MICSIIS IOTOYHOTO POKY.

11. Hanuunite nporpamy AJisi BABEJEHHS HA €KpaH 3Ha4Y€Hb PUMCHKHUX TUQP.

12. 3a HOMEpOM JHS THXHSA BUBECTHM Ha €KpaH MOTO HAa3By YKPaiHCHKOIO
MOBOIO.

13. 3a HoMepoM crieniabHOCTI (5 Ha BUOIP) BUBECTH iX Ha3BY YKPaiHCHKOIO
MOBOIO.

14. 3a HOMEpOM [HSA THXHS BUBECTH HA €KpaH HOro Ha3By aHIIIIMCHKOIO
MOBOIO.

15. 3a HOMepoM Micsilsl POKY BUBECTHM Ha €KpaH HOro Ha3By YKpaiHCBHKOIO
MOBOIO.

16. 3a HOMepoM creriaabHOCTI (5 Ha BUOIp) BUBECTH 1X Ha3BY aHTIIIHACHKOIO
MOBOIO.

17. 3a HOMEpOM MicslLlE POKY BUBECTHM Ha €KpaH HOro Ha3By aHIUIIHCHKOIO
MOBOIO.

18. 3a HOMepoM (YyHKILIOHATBLHUX KJIaBII B CEPENOBHUILI MPOrpamMyBaHHS
BHUBECTH iX MPU3HAYEHHS.

19. 3a HOMepoM nepHIuX AeCATH JATUHCHKUX JITEP BUBECTH 1X HA3BY.

20. 3a HOMEpPOM MepIIuX JIeCATH YKPATHCHKUX JIITEP BUBECTH iX HA3BY.

21. 3a HOMEpPOM MepLIuX IECATH POCIMCHKUX JITEP BUBECTH iX Ha3BY.

22. BuzHauuTH k - NOPSAKOBHKA HOMEp TOTO JHS BHCOKOCHOTO POKY, SIKMU
Ma€ J1aTy, BBEJIEHY KOPUCTYBayeM (JI€Hb, MICSIIIb).
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23. 3a HOMEPOM MICSIISl BUBECTH KiJIbKICTh JTHIB Y IbOMY MICSIITi.
24. 3a HOMEpPOM KOJIbOPY Y BECEJIIl BUBECTU HOTO HA3BY.
25. 3a HoMepoM miaHeTy B COHSIUHIN CHCTEMI BUBECTH 1i Ha3BY.

26. 3a HomepoM noBepxa B kopmyci 10 yHiBepcuTeTy BUBECTU Ha3BY Kadeap,
K1 3HAXOATHCS HA IbOMY TTOBEPCI.

27. 3a HoMepoM (TTOYMHAIOYM 3 MI3MHYMKA) BUBECTH HA3BY KOXKHOTO MaJIbIs
Ha pyIIi.

28. 3a HOMEpPOM KypCy BUBECTH MOI0 Ha3By (IIEPIIMiA, IPYTHUH ...).

29. 3a HOMEpOM MicsIsl BUBECTH Ha €KpaH Ha3By CE30HY, A0 SKOTO
BITHOCUTBCS MICAILb.

30. 3a HOMEpOM MicAlld BHMBECTH KUIBKICTh JHIB y HbOMY (piK He
BHCOKOCHHIA!).

2.6.3 Oneparopu HuKjIa

(3aBmaHHS MOBUHHO OYTH BUKOHAHO BCiMa TPHOMA THIIAMM IUKJIiB)

1. 3HaiiTi cepenne apuPpMeTHUHE MUTUX Yuced Bix 1 110 n.

2. 3HallTH cepelHE TeOMETPUYHE UIKMX Yucen BiJ 1 110 n.

3. HanucaTtu mporpamy, sika OOYHCIIIOE CyMy KBaJpaTiB BCIX MapHUX YUCET
710 33J]aHOTO n.

4. O0YHMCITUTH 3HAYCHHS CYMH s=n2+n°, N 3MIHIOETHCS Bija 1 J10 5.

5. O0YHCIUTH 3HAYEHHS CYMH s=4n+n (n-1) , n 3MiHIO€ThCS Bia 1 10 50.

6. O0uncnuTU 3HaYeHHS PYHKINT z=a-sin (x) +cos (ax) > 414 x Big 1 go 25.

7. O0uncauTH 3HaYCHHS PYHKINI z=a - sqrt (a) tg (x)+a g X Big 1 mgo 30.

8. O0UMCINTH 3HAYEHHS BUpa3y 54n+6n J0 3aJaHOTO n.

9. O6uncnuTy 3HaYeHHS PYHKINT z =45 (n+1), JIe n 3MIHIOETHCA Bia 1 10 8.

10. O6uncnuTH 3HAUSHHS CyMH HENapHUX 4rcen B inTepaii (1, N).

11. 3HaiiTi 100YTOK HEMAPHKUX YMCE, SIKI 3HAXOAAThCA B iHTEepBai (1, N).

12. O0unucnuty 3Ha4eHHa E=k+1n (N), ne k-cyma 1/i, i=1,2,3,...N.

13. 3HaliTH CyMy apHUX YKCe, AKI 3HaXOAAThCs B iHTepBani (1, N).

14. O0umciuTy 3Ha4eHH QYHKIIT y=cosx+cosx?+...+cosx’’ ...

15. O6uncnuTy 3HaYeHHd PYHKIT y=1!4+2!+...+ n!.

16. OGuucnautu 100YyTOK (1-1/2) (1-1/3) ... (1-1/n), Ae n> 2.

17. OGuucauTy cymy cTeneHs uucia 2 Bix 1 10 n.

18. O0uucauTH k KUIBKICTh IIU(P B I€CITKOBOrO 3aMKUCY LIJIOTO MO3UTUBHOTO
YuCIa n.

19. O6uucnuTu 3HAYEHHS byHKIIi
y=sinl+sinl.l+sinl.2+sinl.3+...+sin2.
20. O6unCAUTH TOOYTOK (1+1/1) (141/2) ... (1+2/n).

21. 3HaiiTu 100YTOK MapHUX YKCe BiJ 1 10 n, SIK1 HE BXOJSITh JI0 IHTEPBaIiB
(10..20) 1 (30..40)

22. O0uucouT! y=1+1/21+1/3'+...+1/n!.

23. O0uucnuTu cyMy AoJaHkiB 1/ (1-5), i 3MiHIOEThCA B 1 110 n.

24. O0UucIuT y=(1!-1)+(2!=-2)+...+(n'!'- n).
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25. O6uucauTh 100yTOK y=(1-1/(2-1)) (1-1/(3-1))...(1-1/(n-1)),ae
n>2.

26. O6uncIuTH 3HaYCHHS PYHKINT y=tgl+tgl.l+tgl.2+tgl.3+...+tg2.

27. JlaHo HaTypaJibHE YUCIO0. 3HAUTH CyMy MOT0o OCTaHHIX n LHU)P.

28. JaHo mn'AITM3HAYHE YMCIO. 3HAWTH YUCIO, L0 OTPUMYETHCA IPHU
MPOYUTAHHI HOro udp crpaBa HaJIBO.

29. Jlano HarypadbHl uMcia x, y. OO4MCIMTH JIO0OYyTOK x 1 v,
BUKOPHCTOBYIOUH JIUIIIE OTICPAITIIO JOIaBaHHSI.

30. 3HalTH cyMy -1°+2°-3%+4°-5°+6°-7°+8°-9°+10°. YMOBHHI OIEpaTOp HE
BUKOPUCTOBYBATH.

2.7 MeTtoan4yHi BKa3iBKH
1. Po3pobutu HegopManbHui (CIIOBECHUI) alTOPUTM PO3B’sI3aHHA 3a/1a4l.
2. [ToGynyBaTy BiJIMOBITHUNA MaTEeMaTUYHUN AT OPUTM.
3. CTBOpUTH OJIOK-CXEMY.
4. Hanrcatu nmporpaMmy MOBOIO IPOrpaMyBaHHs BUCOKOTO piBHS C++.
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3 PoGoTa 3 MacuBaMM i BKa3iBHUKAMHA

Mera: OTpuMaHHS HABUYOK OOpOOKH CTaTUYHMX 1 TMHAMIYHUX MAcCHUBIB.

3.1 KopoTki TeopeTH4Hi BiIoMOCTI

3.1.1 BusHayeHHsI MACHBA
Mae cunTakcuc:

Tun iMA [KiJbpK1CTeE ejyleMeHTiB]={iHiuianisiTop};

BusnaueHHss MacuBYy MICTHTh THII €JIEMEHTIB, IM's MAacHUBY 1 KIJbKICTb
€JIEMEHTIB B MACHBI.

int mas[10];

MacuBH 1HJIEKCYIOThCS, MOoYnMHaouu 3 0, TOMy rpaHulll HE BKa3ylOThCS, a

3aJIal0ThCS 32 3aMOBYYBAaHHSM. MacHB mas CXEMaTHYHO MOYKHA MPEIACTABUTH TaK
(puc.3.1):

0 1 2 3 4 5 6 7 8 9

Pucynok 3.1 - CxemaTu4He MOJAaHHA MAaCUBY

[HACKCH €IeMEHTIB B MAaCHBI mas MOXYTb 3MiHIOBaTHCS Big 0 10 9, BChOro B
macusl 10 ereMeHTIB.

3.1.2 Imigiaaizanisa MmacuBa
[Himiamizalis MacCuBIB MOXKIJIMBA TIPH iX BU3HAYEHHI:

double d[] = {1, 2, 3, 4, 5};

Opy LOMY pO3MIp MAacHUBY MOKHAa HE BKa3yBaTH, BIH OOYHMCIIOETHCS
KOMITUJISITOPOM 3a KUIbKICTIO 3HAUEHb MEPEPAXOBAHUX B (DITYPHUX JTYKKAX.

3.2 llpukiag pod0TH 3 OAHOBUMiIPHMMH MaCcUBaMM

Hanucamu npoepamy, sika onsa yinouucenvroeo macugy 31 100 enemenmis
BUSHAYAE, CKIIbKU NOUMUBHUX eleMEHmMI8 PO3MAUO8YEMbCA  MIJC 1020
MAKCUMATIbHUM | MIHIMAJIbHUM €JleMeHmamu.

3anuieMo alropuT™M B Hal3arajqbHIIIOMY BUTJISIIL:

1. BwusnauutH, 1€ B MacuBi pO3TAlIOBaHI MOro MaKCUMalbHUK 1
MIHIMaJIbHUH €JIEMEHTH, TOOTO 3HAUTH 1X 1HICKCH.

2. llepernsHyTu BCl €JI€MEHTH, PO3TAIIOBAHI MK HUMH. SIKIIO €JIeMEHT
MacuBY OUIbIlI€ HYJISI, 30UIBIIATH JIYMJIBHUK €JIEMEHTIB Ha OJJUHULIIO.
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[lepen HammMcaHHSIM TPOrpaMHU KOPUCHO CKJIACTH TECTOBUU TMPHUKIAM, 100
O1IBIII HAOYHO YSBUTH COO1 aJlTOPUTM BUpIIIeHH 3aaa4di. Hukde npeacrapieHuit
npukiag MacuBy 3 10 uncen 1 mo3HaveH1 IIykaHi BeIMUUHM (puc.3.2):

6 -8 17 10 -2 4 7 -10 11 8

max + + + min

Pucynok 3.2 - [Ilpukiiag MacuBy JJIsl MOIIYKY KiJIbKOCTi MO3UTHBHHUX eJIeMEHTIB MiXk
MAaKCMMYMOM Ta MiHIMyMOM

[Topsimok po3TamryBaHHS €JIEMEHTIB Y MAacHBl 3a3/ajierib HEBIIOMUH, 1
CTHIOYATKy MOXE CIIITyBaTH SK MaKCUMaJbHHM, TaK 1 MiHIMAJIbHUN €JIEMEHT, KpiM
TOTO, BOHM MOXYTb 1 30iratucs. ToMy nepii HixK MEperyisiaTd MacuB B MOIIYKaxX
KUTBKOCTI TMO3UTHUBHUX €JIEMEHTIB, MOTPIOHO BU3HAUUTH, SIKMM 3 IUX 1HACKCIB
Olnble. 3anuIIeMO YTOYHEHUN alrOpPUTM:

1. BusHauuTtH, Ja€ B MacuBI PO3TAIIOBaHI MHOro MaKCHUMaJbHHUHN 1
MiHIMQJIbHUM €JIEMEHTHU:

* 33J1aTW MOYATKOBI 3HAYEHHS JIJISl 1H/IEKCIB MAKCUMAJILHOTO 1 MIHIMAJILHOTO
€JIEMEHTIB (HampuKIiIa, piBHI HYJO, ajJe MOKHA BUKOPHUCTOBYBATU OY/b-SIK1 1HIII
3HAYEHHS 1HJIEKCY, 10 HE BUXOJISTH 32 MEX1 MacCHUBY);

* MIEPEMISIHYTH MACHUB, 10 Y€p31 MOPIBHIOIOYN KOXKEH MOro eIEMEHT 3 paHille
3HANIEHUMH MaKCHUMYyMOM 1 MiHIMyMOM. SIKIIIO 4YeproBHUil €JIEMEHT OLJIbIIIE paHiIle
3HAWJIEHOTO MAaKCUMyMYy, NMPUUHATH 1M €JIEeMEHT 3a HOBUH MakCcUMyM (TOOTO
3amaM'sTaTy MOro iHAeKC). SIKIo 4eproBuil eJIeMeHT MEHIIE paHille 3HalIeHOTO
MIHIMYMY, OPUAHSITH LIEH €IEMEHT 3a HOBUM MIHIMYM.

2. BusHaumTH MeEXi MNepersiy MAcHBY JUIA TIOIMIYKY TTO3MTHBHUX
€JIEMEHTIB, IO 3HAXOJAThCI MIK HMOro MAaKCHMaJILHUM 1 MIHIMAJbHUM
eIeMCHTaMHU:

* SKII0O MaKCUMyM PO3TAIllOBAaHWW B MAacCHBl paHillie MiHIMyMa, IPUHHSATH
JBY MEXKY MEperiisay piBHIN 1HACKCY MAaKCUMYMY, 1HAKIIE - 1HACKCY MIHIMYMY;

* SKII0O MaKCUMyM PO3TalllOBAaHWW B MAacCHBl paHillie MiHIMyMa, MPUHHSATH
MpaBy MEXY NEPETIsiay PiBHIN 1HASKCY MIHIMYMY, 1HAKIIIE - 1HIEKCY MAaKCUMYMY.

3. OOHyNMHUTH JIYUIBHUK KUIBKOCTI TIO3UTUBHUX eJeMeHTiB. [lepernsHytu
MacMB B 3a3HAUYCHOMY Jiama3oHi. SIKIIO YeproBuUi €JIEeMEHT Oulblle HYJS,
30UIBIINTH JIYWILHUAK HA OJUHHUIIIO.

Jns exoHOMIi Yacy MpU HaJaro/PKeHHI 3HAYEHHS €JIEMEHTIB MAacCHBY
3aJAI0THCS MUIIXOM 1HII1aI13a1lii.

// Jicruur 3.1. Jomwyk K1JLKOCTI1 NO3UTMBHMX €JIEMEHTI1B
// Mix MakKCMMyMOM Ta MiHiMyMoM
int main( )
{ const int n=10;
int a[n]={6, -8, 17, 10, -2, 4, 7, -10, 11, 8};
int i, imax, imin, count;
for (i=imax=imin=0; i < n; i++)
{ 1if (alil>alimax]) imax=i; if(ali]l<a[imin]) 4imin=i; }
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cout << "\n\t max=" << a[imax] << "min=" << a[imin];
int ibeg=imax<imin ? imax : imin;
int iend=imax<imin ? imin : imax;
cout << "\n\t ibeg=" << ibeg << " iend=" << iend;
for (count=0, i=ibeg+l; i<iend; i++)

if (al[i]> 0) count++;
cout << "KimpkicTp nosmuTMBHMX: " << count << endl;

}

B nporpami BukopucTana ynpasisitoya MOCIIIOBHICTD \ t, sIKa 3aJ1a€ BIJICTYM
IpU BUBEJICHH]1 HA HACTYIHY MO3UIII0 TaOyIAIIii.

[Ticas 3HAXOMKEHHSI KOXKHOI BEJTMUMHU JOJaHUM HaIaroKyBaJlbHUN JIPYK.
PekoMeHayeThCSI HIKOMM HE HEXTYBaTH IIUM CIIOCOOOM HAJAaro/KEHHS 1 He
IIKOJTyBaTH 4acy, HaMararo4uchb 3poOHUTH LEeH APYK TaKUM, IO JOOpE YUTAETHCA,
TOOTO MICTUTH HEOOX1JHI MOACHEHHsS 1 A00pe BiapopmaToBanuii. Lle ekoHOMUTH
0arato yacy npH HaJaroJHKEHH1 IPOrpaMH.

MacuB mporisfaeTrscs, IOYMHAIOYM 3 €JIIEMEHTa, HACTYIIHOIO 3a
MaKCUMaJIbHUM (MIHIMQJIBHUM), JO0 €JIEeMEHTa, W0 TNepeaye MiHIMaIbHOMY
(MakcuManbHOMY). [HACKCH MeX meperisay 30epiraloThes B 3MIHHUX ibeg 1 iend.

MoskHa 3poOUTH 1 MO-THIIOMY: MEPErJIAIaTh MACHUB 3aBK/IU BiJl MAKCUMYMY
0 MiHIMyMy, a IHAEKC HpH Meperysaal 30uUlbllyBaTH ab0 3MEHIINYyBaTH B
3aJIEKHOCTI B1J] IX B3aEMHOT'O PO3TAIIyBaHHS.

Y  HaBejeHill BuIlEe OporpaMi JJiA  BU3HAYEHHS iX  3HAYEHb
BUKOPHCTOBYETHCS TEPHAPHA YMOBHA OIlEparlis.

int ibeg=imax < imin ? imax : imin;

Ao imax MEHIIE imin, TOAl ibeg HaOyBa€ 3HAYEHHS imax 1 imin B
MPOTWICKHOMY BHUMAJAKYy. L[ KOHCTpyKIlis mMpaifoe IMBUAINIE HDK YMOBHUUN
orepaTop

int ibeg;

if (imax<imin) ibeg=imax;

else ibeg=imin;

3.3 Bka3ziBHUKH

Kosxna 3MiHHa B mporpami 1ie 00'€KT, sIKWHA Ma€ iM'sl 1 3HaYEHHS, 3a SKUM
MO>KHa 3BEpHYTHCS 1O 3MIHHOI 1 OTpuUMaTH ii 3Ha4yeHHS. Bupasz sa m03BoIIsA€
OTpUMATH apecy MUISHKUA TaM'sTi, BUIUIEHOI 3MIHHIN a. Omnepaiis & (B3SATTA
aZpecH) 3aCTOCOBHA TIJIBKHM JIO OO'€KTIB, II0 MArOTh IM'S 1 PO3MIIICHI B IaM'sITi.
Matour MOKJIMBICTh BUSHAUUTHU aJIPECy 3MIHHOI 3a JIOTTIOMOTOIO omepaiiii &, Tpeda
MaTl MOXJIMBICTH TMpalloBaTH 3 LI€I0 aapecoro: 30epiratu ii, mnepenaBaTtw,
nepeTBOproBaTU. Jls IIbOTO BBOAMTHCS TOHSATTS BKa3iBHUKA. BKA3i6HUK - TIE
3MiHHA, 3HAYEHHSAM SIKOT CIYXKUTh ajpeca 00'ekTa KOHKpeTHoro tumy. HymboBa
azipeca MO3HAYAETHCA KOHCTAHTOIO NULL, sIka BH3HAau€HA B 3aroJIOBHOMY (aii
stdio.h. 11100 BH3HAUMTH BKa3IBHUK TpeOa MOBIIOMUTH Ha OO'€KT SKOTO THUILY
MOCHJIAE€THCS 1€ BKa31BHUK.

char *z;
int *k,*1i;
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float *f;

* B IaHOMY KOHTEKCTI BKa3ye, 10 3MiHHA MICHs * - I[e BKa31BHUK 1 B SIKOCTI CBOTO
3HA4YCHHs 30epirae ajapecy.

[Toni6HO OyabB-SKMM 3MIHHMM 3MIHHA THUITy BKa3iBHHK Mae€ iM's, aJpecy B
nmaMm'aTi 1 3Ha4eHHs (aapeca o0'exra) (puc.3.3).

&8 —» SBgagenns I SHavenHa *a — ofexr ,
I' —
ob'erTa AKHH agpecyeThCH
BrasieHEK a EKA3IBEHHEOM 2

Pucynok 3.3 — 3MiHHA TUNY BKa3iBHUK

Onepartii Ha/T BKa3iBHUKAMMU:
* MPUCBOEHHS/1HIIIAI3a111s (=);
* OTPUMAaHHS 3HAUYCHHS 00'€KTa, HA KWW MOCUJIAETHCA BKa31BHUK (*) -
PO3IMEHYBaHHS;
* OTPUMAaHHS aJIpECH CaMOr0o BKa3iBHHKA (&);
* apudmMeTnyHi onepailii (IHKpEMEHT, IEKPEMEHT, CKJIaJJaHHs1/BIIHIMAHHS 3
YKCIIOM, BiIHIMAHHS BKa31BHHUKIB);
* orieparlii HOpiIBHIHHS.
IIpucBoeHHsI/iHiniagi3amisg. BukopucranHs HeiHiiami30BaHUX BKa31BHUKIB
- OJTHA 3 HAWMONIUPEHIMMX MOMUIOK. BKa3iBHUKY MOKHA MPUCBOiTH ab0 aapecy
00'ekTa TOrO * THUITY, 800 3HAYEHHS 1HIIOTO BKAa31BHUKA, a00 3HAYEHHS! KOHCTAHTHU
NULL HalpuKJIaI;:

int date = 10;
int *i, *k, *z;

i = &date;
k = 1i;
z = NULL;

Y 1upoMy dparmMeHTi HaBeASHUW TMPUKIIA 1HIMiadi3amli BKa31BHUKIB.
BxaziBHUK 1 iHIIiadi30BaHUN aJpecor0 3MIHHOI date 3a JOMOMOIOIO oOmepartii
B3SATTS aApPECH &, BKA3IBHUK k 1HIIIANMI30BaHU 3HAYCHHSM BKa3iBHUKA i 3a
JOTIOMOTOK0  omepaliii TpUCBOEHHS (BOHU OynyTh BKa3yBaTH Ha OJMH 1 TOM ke
00'€KT date), BKa3iBHUK z iHIilliaTi130BaHUH 3HAYEHHSIM NULL (HYJIbOBUI BKa31BHUK
(null pointer) - Ie BKa3iBHUK , SIKWH HE BKa3ye Hi Ha sikuii 00'ekt, B C/C++
MOJKHA 3aMiCTh NULL mucaTv 0). Bka3iBHMK MOXXHO IHIIiaJli3yBaTH Bigpasy IMpH
OMMCI:

int date = 10;

int *i=&date, *k= i, *z= NULL;

OTpuManHs ajpecu BKa3iBHMKA. AJpecy BKa3iBHUKA MOKHA OTPUMATH 3a
JIOTIOMOT OO OIepallii B3SITTS apecH &, HAIIPUKIIAL &1 .

Onepaiis _posiiMenyBanHs _(*). OmepangoM Iiiel omepamii 3aBXId €
BKa3iBHUK. Pe3ymprar omepamii - 1e TOM  00'ekT, SKM  ampecye
BKa31BHMK OrnepaHmn, HAOPpUKIAI:
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int e, ¢, b, *m;

m = &e ;

*m=c¢c + b ;

VY upomy (parMeHTi BKa3iBHUK m 1HILIATI30BaHUI aapecoro 3MIHHOI e, Jaii
3a JIONOMOIOI0 omepallii po3WMEeHYBaHHS 3HAYEHHA O00'€KTa, IO aapecyeThes
(3MIHHOT e), cTa€ pIBHUM CyMi 3MIHHHX c 1 b. Bapro 3ayBakuTu, IO JaHUMH
NPUKIA] HOCUTH IJIOCTPATUBHMI XapakTep 1 HabaraTo MpOCTIlIe HAMHCaTH
e=ctb;.

ManeHbKe 3ayBaXKEHHS: NpU ONUCI BKA3IBHUKA * 8KA3VE, WO Y€ BKAZIBHUK,
SAKWO JC BKA3IBHUK 6JiCe ONUCAHUL, MO * nepeo HUM 2080pUmsv NpoO onepayiio
PO3UMEHYBAHHS.

Apudmernyni omepamii. 3a TONOMOrol0 YHapHUX omepamid ++ 1 --, a
TaKOXX MpHU JOJaBaHHI Ta BiJHIMAHHI YHWCJA, YKMCJIOBI 3HAYEHHSI 3MIHHUX THUITY
BKa31BHUK 3MIHIOIOTHCS IO PIi3HOMY, B 3aJI€KHOCTI Bl TUNY JaHUX, 3 SKUM
MOB'sI3aH1 I 3Mi1HH1, HAIIPUKJIAI:

char *z;

int *k, *i;

float *f;

z++; //BHaueHHA 3M1iHOETLCH Ha 1
i++; //3HadveHHda sMiHpeThCca Ha 4
f++; //3HaueHHa sMiHoeTLCa Ha 4

ToOTo mpu 3MiHI BKa3iBHUKAa Ha |, BKa3IBHHK MEPEXOJUTh IO IOYATKY
HACTYMHOTro (MOMEPEeAHBOr0) MO Ti€l JOBXHHH, SIKAa BHU3HAYAETHCS THUIIOM
o0'ekTa, IO aAPECYeThbCs BKa3IBHUKOM. Y OIHApHUX OIepallisxX I0JaBaHHS 1
BiJIHIMAHHS MOXXYThb OpaTH y4acTh BKa3iBHUK 1 Benu4uHa TUmy int. [Ipu mpomy
pe3yapTaToM ornepailii OyJe BKa31BHUK Ha BUXIJIHUM THUI, a HOT0 3HaUYCHHS OyJie Ha
BKa3aHE YKCIIO €JIEMEHTIB OlIbIlle a0 MEHIIE BUXITHOTO. Apru(pMETHYH1 onepanii
3 BKa31BHUKAMM MAlOTh CEHC TUIbKHU MPU pOOOTI 3 MOCHIAOBHOCTAMH OJHOTUITHUX
JaHux (MacuBaMHM), B 1HIIUX BHUIIJIKaX BUKOHAHHS apu(PMETUUHUX Omepaliid HaJ
BKa31BHUKAMHM MO>KE€ NPHUBECTH 0 MOMWIOK. BinHIMaHHS OAHOTO BKa3iBHUKA 3
IHIIIOr0 B OUIBIIOCTI BHIIAAKIB Ma€ CEHC TIIbKH TOMl, KOJM OOMABA BKa31BHUKU
BKa3ylOTb Ha OJWH O0'€KT, - SIK MpaBUii0, MacuB. B pe3ynbrari BiAHIMaHHS
OTPUMAEMO KUIBKICTh €JIEMEHTIB 0a30BOr0 THITy, IO 3HAXOIATHCS MIXK
BKa3iBHUKaMU. CKIa0amu 6Ka3i6HUKU He MOHCHA!

J1o BKa31BHUKIB MOKYTh 3aCTOCOBYBATHUCS OIEpaIlii MOPiBHAHHA >, > =, <,
<=, ==,! =. Omnepanii NOpIBHSIHHS 3aCTOCOBYIOTbCS TUIbKH JO BKa31BHUKIB
OJTHOTO THUTTY 1 /1O 3HAY€Hb NULL 1 nullptr, HAPUKIIAT;

int a = 10;

int b = 20;

int *pa = &a;

int *pb = &b;

if (pa > pb)

cout<<"pa ("<<pa<<") 1is greater than pb ("<<pb<<")";
else cout<<"pa ("<<pa<<") is less or equal pb ("<<pb<<")";
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3.4 MacuBM Ta BKA3iBHUKH

Y C ++ BKa3iBHUKH 1 MaCHMBHU TICHO TIOB'S3aHi. 3a JOMOMOTOI0 BKa3iBHHUKIB
MO>KHa MaHIMyJIIOBATH €JI€MEHTaMU MacHUBY, SIK 1 32 JOTIOMOTOIO 1H/IEKCIB.

IM's MacuBy 1O CyTi € agpecor0 HWOro Mepmoro eineMeHra (a=sal[0];).
BinmoBigHO Wepe3 omeparlito po3iiMeHyBaHHS MH MOKEMO OTpUMAaTH 3HAYCHHS 32
€10 a/IPECOIO:

int a[] = {1, 2, 3, 4, 5};
cout << "ampeca al[0]= " << a << endl; //ampeca mnouaTKy MacubBa
cout << "a[0]= " << *a << endl; // al0]=1

I[oz[a}oqu A0 aapeCu HnIepmoro <cJICMCEHTa MACAKES YHCI0, MH MOXKCEMO
OTpUMAaTH TIEBHUM elleMeHT MacuBa. Hampukian, B UK TPOODKUMOCS IO BCIX
CIICMCHTAax.:
for(int i=0; 1 < 4; 1i++)

{cout<<"a["<<1<<"] :address="<<a+i<<"\tvalue="<<* (a+1i)<<endl; }

AJle pu IbOMY 1M'St MACUBY 11€ KOHCMAHMHUL 6KA3I6HUK, 1 HA BIIMIHY BiJ
3BUYAIHOT0 BKa31BHUKA, MM HE MOXKEMO 3MIHUTH HOTO ajpecy, HApUKIa, TaK:

int al[5] = {1, 2, 3, 4, 5};

at+; // Tak He MOXHa

int b = 8;

a = &b; // Tak TakoX HEe MOXHAa

3.5 IluHamMiuHi oTHOBUMIipHi MacMBH

Axmo 1m0 movarky poOOTH MporpaMud HEBIIOMO, CKITBKM B MAacHUBi
€JIEMEHTIB, B Mporpami CJiJi BUKOPUCTOBYBAaTH AWHAMI4H1 MacuBH. [lam'siTh mif
HUX BUIUISAETHCA 32 JOMOMOTOIO omepaillii new a00 (GyHKIIi malloc B TUHAMIYHIN
oOnacTi mam'ati (KyIi) IiJ 4ac BUKOHAHHS NpOrpamu. AJipeca MO4YaTKy MacuBY
MIpH [IbOMY 30€pIraeThbcsl y BKa31BHUKY, HAIPUKIA/:

int n=10; //1
int *a=new int[n]; //2
double *b=(double *)malloc(n*sizeof (double)); //3

VY mepiomy psiIKy OMHCYEThCA ITijla 3MiHA n, sIKa 1HIIIATI3YETHCS YHUCIOM
10. Bka3iBHUKY Ha 1Ty BEJIMUMHY a MIPUCBOIOETHCA apeca MmoyaTky Oe3nepepBHOT
obOnacTi AMHAMIYHOI mam'sTi, BUIIJICHOI 3a JOMOMOTOIO0 omeparlii new (Ipyruu
psanok). Buminserscs CTUIBKM Mam'siTi, CKIJIbKM HEOOXITHO Juisi 30epiraHHs n
BEJIMYMH TUMY int. BeauunHa n Moxe OyTH 3MIHHOIO.

VY TperboMy pSAAKY IS BUAUICHHS MaM'ATi MiJ n €JIEMEHTIB TUMY double
BUKOPHUCTOBY€EThCA (DYHKLISA malloc, ycnaakoBaHa 3 Oi0mioreku C, sika BUIUISIE
MicIle B TaM'siTi JIJIsi n €JIEMEHTIB TUMY double. B maHoMmy omepatopi BUKOHAHO
HEOOX1THO MPUBEICHHSI TUITY 0 BKa31BHUKA TUITY double.

OOnyneHHss mam'sTi npu 1 BUIUICHHI HEe BinOyBaeThcs. [HimiamizyBaTu
IUHAMIYHUN MacuB HE MOJKHA.
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3BEpHEHHS JI0 €JIeMEHTa JUHAMIYHOTO MAaCHBA 3IMCHIOETHCS TaK CaMo, SK 1
JI0 €JIeMEHTa 3BUYAMHOTO - HampuKiIag a[3]. MoKHa 3BEpHYTHUCS JI0 €JICMCHTa
MacHBY 1 IHIIIUM CIIOCOOOM - * (a+3) . B 11bOoMy BUIIaJIKy MU SIBHO 33JJa€EMO Ti XK ii,
0 BUKOHYIOTBCS TIPH 3BEPHEHHI JIO €JIEeMEHTa MacHuBa 3BHYAHHUM UYHHOM.
Posrnsnemo ix nokmanHime. B 3MiHHIN-BKa3iBHUKY a 30epiraerbcs ajapeca
novyaTka MacuBy (TOOTO HYJIBOBOrO eleMeHTa al[0]). g oTpumanHs aapecu
TPETHOTO EJIEMEHTa JI0 Ii€l aipecu ToaaeThes 3MimeHHs 3. Omepartist JoJaBaHHS 3
KOHCTAHTOIO JIJI1 BKAa31BHUKIB BPaxOBY€E PO3MIP aJIpeCOBAHMX €JIIEMEHTIB, TOOTO
HACTIPaB/li iIHACKC MHOXKUTHCS Ha JIOBKHHY €JIEMEHTA MacHBa. a+3*sizeof (int) .
[Torim 3a gomomororo ormeparii * (po3ldiMEeHyBaHHS) BHKOHYETHCS BHOIpKa
3HAYEHHS 31 3a3HAYEHOI JUIAHKU aM'sTI.

[Ticns 3akiHUYeHHS PoOOTH 3 JUHAMIYHUM MacHBOM HEOOXIJHO 3BUIBHUTH
nam'aTh 3a JIOMOMOTOI0 onepallii delete[], HaAIPUKIAI:

delete [] a;

Po3MmipHiCTh MaCUBY IIpH IIbOMY HE BKa3y€ThCS.

I KBaaparHi ny:xku B omepallli delete[] TNPH 3BUIBHEHHI IMaM'siTi 3-IIi]
MacHuBYy 0OOB'SI3KOBI. Ix B1JICYTHICTh MO€ MPUBECTH JI0 TOTO, 1[0 Oy/ie BUAATICHUI
TUIBKH MEPIINIA €IEeMEHT MACHUBY, a PEIITa CTaHYTh HEJAOCTYIHI 1 Oy1yTh 3aliMaTu
Mmiciie B mam'sti. [lam'siTh, BuAlIEHY 3a JOMOMOTOI malloc, CHiJ 3BUIBHATH 32
JIOTIOMOT010 (PYHKIIIT free.

free(a);

Takum YMHOM, Yac >KUTTS TUHAMIYHOTO MAaCHUBY, K 1 Oy/Ib-SKOi JUHAMIYHOI
3MIHHO{, - 3 MOMEHTY BHJIUICHHS TMaM'sITi 10 MOMEHTY ii 3BUIbHeHHS. OOnacTh Ail
3aJIeKUTh BIJI MICISl OMHCY BKa3iBHHMKA, 4Yepe3 SKUM MPOBOAUTHCS pPoOOTa 3
MacuBoM. OOjacTh 1ii 1 Yac JKUTTS BKa31BHUKIB TIIKOPSIOTHCSA 3arajibHUM
mpaBuiaM, JIOKaJlbHa 3MIHHA TP BUXOJI 3 OJIOKY, B SKOMY BOHA OIMCaHa,
«ryouthes». SIKmo 1 3MiHHa € BKa3IBHUKOM 1 B HiM 30epiraeTbcs aapeca
BUJIIJIEHOT JIMHAMIYHOI MaM'sTi, MPU BUXOA1 3 OJIOKY Il maM'siTb nepectae OyTH
JOCTYITHOIO, TPOTE HE MO3HAYAETHCA K BiIbHA, TOMY HE MOXE OyTH BUKOpPHCTaHA
B nogasbmomy. Lle Ha3uBaeThCs sumoxom nam'asmi 1 € MOMHPEHOIO TOMUIIKOIO:

{ int n; // npuxkjgam BUTOKY nam'sari
cin >> n;
int *pmas = new int[n];

} // micns Buxonmy 3 6JIOKY BKA31BHUK pmas HEeIOCTYIIHMUM,
// 1 nam'aTb sanHdaTa

Hpuxnan. Hanucamu npozpamy, sika O OiICHO20 MACUBY 3 N el1eMeHmMi8
BU3HAYAE CYMY U020  eNleMEeHmis, PpO3MAuOoBaAHUX npagiue OCMAHHbLO20
He2amueHO20 esleMeHm).

VY 1upoMy 3aBHaHHI PO3MIPHICTh MacHBY 3aJlaHa 3MIHHOIO BEJIMYHMHOIO.
[lepenbavaeThecs, 10 BOHa Oyjle HaM BiJloOMa Ha €Talll BUKOHAHHS MPOTrpamMu J10
TOTO, IK MU OyZ€MO BBOAMTH cami €JIeMEHTH. B 1bOMy BUIAIKy MU 3MOKEMO
BUJIJIUTH B JUHAMIYHIA mam'sTi Oe3nepepBHY IUIAHKY MOTPIOHOrO po3Mipy, a
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IIOTIM 3aIIOBHIOBATU I 3HAYEHHSIMH, IO BBOIATHCS. SIKINO K CTOITH 3aBHaHHS
BBOJIUTH 3a3/aJIeTi/Ib HEBIIOMY KUIBKICTb YHCENI JO THX IMp, MOKH HE Oyne
BBEJCHO Oy/b-sIKy O3HAaKy 3aKIHUCHHS BBEJCHHs, TO 3a3Jajierib BHUIIJIUTH
JIOCTaTHIO KUJIBKICTh MaM'sTi HE BJACTHCS 1 JOBEETHCS CKOPUCTATUCS TaK 3BaHUMU
JUHAMIYHUMHU CTPYKTypaMH JaHUX, HampuKiaajg crnuckoM. [loku 3ynmuHMMOCS Ha
NepIioMy TMPHUIYIIEHHI - 10 KUIBKICTh €JIEMEHTIB MAacCHBY BBOJUTHCS 13
KJIaBlaTypH JI0 TTIOYATKy BBEJICHHS CaMHUX €JIEMEHTIB.

Mo>XIMBHI aNTOPUTM PIIICHHS L€T 3a71a4i: MEePErasgal0ul MacuB 3 MOYATKY
70 KIHIS,, 3HAWTH HOMEpP OCTaHHBOTO HETAaTHBHOTO €JEMEHTy, a IOTIM
OpraHi3yBaTl IIMKJ MiJCYMOBYBAaHHsS BCIX €JIEMEHTIB, PO3TALIOBAHMX IpaBiIlIe
HbOTO. OCBh 5K BUTIIAIa€ TOOY0BaHA 3a MM AJITOPUTMOM TIporpama:

// Jicruur 3.2. PoboTa 3 OMHAMIUHMM MaCMUMBOM. SHAXOIXKEHHS
// CyMM eJIeMEHT1B M1CJIS OCTAaHHLOT'O HETaTUMBHOIO eJIEMEeHTY
#include <iostream>
int main ()
{ 1int n;
cout << " BpepniTb kiJabpkicTh eJjsiemMeHTiB ";
cin >> n;
int i, ineg;
float sum, *a=new float [n]; //1
cout << " BBemliTh eJjieMeHTU Macupa ";
for (i=0; 1 < n; i++) cin >> ali];

for (i=0; i < n; 1i++) cout << al[i] << ' '; //2
for (i=0; 1 < n; i++)

if (al[i] < 0) ineg=i; //3
for (sum=0, i=ineg + 1; 1 < n; i++)

sum += alil; //4
cout << " Cyma= " << sum;
delete [] a;

}

OCKIJIBKHM KIIBKICTh €JE€MEHTIB 3a3JaJIeT1b HE 3aJaHa, NaM'saTh ITiJ] MacHB
BUJIUISIETBCS B PAAKY | Ha eTami BUKOHAHHS MPOTPaMH 3a JOMOMOIOK0 omeparlii
new. BUAISETbCA CTUIBKM TaM'sITi, CKUJIBKM HEOOXITHO st 30epiraHHs n
€JIEMEHTIB JIHCHOTO THUMY, 1 ajapeca MOYaTKy Ii€l AUISHKA 3aHOCUTHCS JI0
BKa3iBHUKA a. [10TiM B IIUKJI1 BBOJUTHCS MTOSIEMEHTHO BECh MACHB.

Homep ocTaHHBOTrO HEraTUBHOTO €JIEMEHTY MacUBY 30€pIraeThCsl B 3MIHHIN
ineqg. Ilpu meperisaai MacWBy B LMK 3a JOMOMOIOIO oreparopa if (psmok 3) B
[0 3MIHHY TIOCIIJJOBHO 3alMCYIOThCSI HOMEPH BCIX HETaTUBHUX EJIEMEHTIB
MacUBY, TAKUM YWHOM, IICJISI BUXOY 3 IUKJIY B HiM 3aJHMIIA€THCI HOMEP CaMoro
OCTaHHBOTO.

3 METOI ONTUMI3AIlll MpOorpaMu MOKE€ BUHUKHYTHU AyMKa 00'€THATH LMK
3HaXO/KEHHsI I1IbOTO HOMEpa 3 IHMKJIaMH BBEJCHHS 1 KOHTPOJBLHOTO BHUBOIY
€JIEMEHTIB MacHBYy, ajlé HE BapTO TaK POOWUTHU, TOMY IO BBEACHHS JaHUX, iX
BHUBEJICHHS 1 aHaTI3 - Pi3HI 32 3MICTOM [Iii, 1 3MIIIYBaHHS iX B OJHOMY IIUKIJI HE
nonacte mporpami  scHocti. Ilicnsg HanmarojkeHHsST MporpaMd  KOHTPOJIbHE
BuBeIcHHS (PAI0K 2) MOYKHA BHIAIUTH a00 3aKOMEHTYBATH.
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JIJ1st MacuBIB, IO MICTSITh HETATUBHI €JIEMEHTH, 111 IPOTpamMa Mparfoe BipHO,
aJie TIpH iX BiJCYTHOCTI, SIK IPaBUIIO, 3aBEPITY€ETHCS aBapiitHo. Le moB's3aHo 3 THM,
0 SKIIO B MacHWBi HEMa€ >KOJHOTO HETAaTUBHOTO €JIEMEHTYy, 3MIHHIH ineg
3HAYCHHS HE MPHUCBOIOIOTH. ToMy B omepatopi for (psaok 4) Oyae BHKOPUCTAHO
HEBU3HAaUEHE 3HAYCHHs ineg. ToMy B mporpamy HEOOXiqHO BHECTH MEPEBIPKY, YU
€ B MacuBl xXouya O OJWH HeraTWuBHUH enemMeHT. /19 1boro 3MIHHIH ineg
IIPUCBOIOETHCS TIOYATKOBE 3HAUEHHS, MO0 HE BXOAMTH JO MHOXHHH JOITYCTHMEX
1HJeKCiB MacuBy (Hampukiaa, -1). Ilicns 1nukiay moIIyky HOMepa HEraTHBHOTO
CJIEMEHTY BUKOHYETHCS TEpeBipKa, 4W 30epiriocsi MoYaTkoBE 3HAYCHHS ineg
He3MIHHUM. Ko 1e Tak, IIe¢ O3Hadae, M0 yMOBa al[il<0 B pSAAKYy 3 He
BUKOHAJIacs KOJIHOTO pasy, i HeTaTUBHUX €JIEMEHTIB B MaCHBI HEMaE:

// JicTuHrT 3.3. MommbpikoBaHMM JiicTuHT 3.2.
#include <iostream.h>
int main ()

{ int n;
cout << " BeBepniTb KinbkicTe eJjeMeHTiB ";
cin >> n;
int 1i;
float sum, *a=new float [n]; //1

"

cout << " BBenliTh ejeMeHTM Macusa ";
for (1i=0; i < n; 1++) cin >> ali]l;
for (i=0; 1 < n; 1i++) cout << af[i] << ' '; //2

int ineg=-1;
for (i=0; 1 < n; i++) 1if (a[i] < 0) ineg=i; //3
if (ineg != -1)
{ for (sum=0, i=ineg + 1; i < n; 1i++)
sum += alil; //4

cout << "\n Cyma " << sum << endl;
}

else cout<<"\nHeratmpHMUX eJjleMeHT1B HeMaec'"<<endl;
delete [] a;
}

Sko He 3YNMUHATHUCS HA JOCSITHYTOMY, MOKHA 3alpONOHYBATH 1 OUIBII
palioHaJIbHE pIIIEHHs IhOTO 3aBJIaHHA: TEPErysAaTH MacuB B 3BOPOTHOMY
MOpSAKY, MiJICYMOBYIOYM MOr0 €JIeMEHTH, 1 3aBEpIIMTH LMK, SIK TUIBKU
3YCTPIHETHCS HETATHBHUHN €IIEMCHT.

3.6 /IBoBuMipHi MacuBH
BignoBigHo 1o cuntakcucy B C ++ ICHYIOTh TUIBKHM OJTHOBUMIPHI MacHBH,
ajie X eJIeMeHTaMu, B CBOIO YEPTY, TEX MOXKYTh OyTH MacHBH.
int a[5][5];

[Ipu BU3HAYEeHHI MacuBa 3a JIOMIOMOTOIO OTEPATOPIB OMUCY, OOWIBI HOTO
PO3MIPHOCTI MOBMHHI OYyTH KOHCTaHTaMU 200 KOHCTAaHTHUMU BUPa3aMU, OCKUIBKU
IHCTPYKINi MO BUIICHHIO MaM'siTi (HOPMYIOTHCS KOMITUIATOPOM JI0 BUKOHAHHSI
pOrpaMu. HAPUKIIA;:
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int a[3][5]; // UinoumucesibHa MaTpulsa 3 3 pankis 1 5 cToBHNILB

Macus 36epiraetbcs mo psiikax B OesnepepBHiM oOmacTi mam'sti. Psaku
MAacHUBY HIYMM HE BIJIOKpEMJIECHI OJUH BiJl OJTHOTO, TOOTO MPSIMOKYTHOIO MATPUIICIO
JIBOBUMIPHUN MAacHB € TUIBKU B HAIH ysBi. Y maM'sITi CIIOYaTKy PO3TAIIOBYEThCS
OJTHOBUMIPDHHUN MacuB a[0], IO MPEACTaBIsie COOOI0 TMEPIINH PSIOK MacuBa a
(asre 3 iHAeKcoM (), TOTIM - MacuB a[1], IO MPEACTABISAE COOOI0 APYTUHA PSIOK
MacuBa a, 1 T.Ja. KiIbKICTh €JE€MEHTIB B KOXXHOMY 3 IIMX MAacHBIB JIOPIBHIOE
JOBXKHMHI psAZKa, TOOTO KUTBKOCTI CTOBILIB B Matpulll. [Ipu nmepermisiai MacuBy Bin
MOYATKY B MEPITy YEPTY 3MIHIOETHCS TIPaBUH 1HACKC (HOMEp CTOBITIMKA).

JIst mocTymy 710 OKpPEMOTO eJIeMEHTa MacHBa 3aCTOCOBYETHCS KOHCTPYKIIiS
BULYy al[il[j], nme i (HOMep psAnka) 1 j (HOMEp CTOBIYMKA) - BHpa3u
IJIo4YKCeNbHOTO TUNY. Kooicen indexc moowce 3mintosamucs 6i0 () 00 3HaueHHs
8I0N0BIOHOI pO3MIPDHOCE, 3MEHUEHOT HA OOUHULTO.

Mepmmii iHIEKC 3aBXKAU CIPUAMAETBCS SK HOMEp psAKa, APYTHH - sK
HOMEp CTOBITYMKA, HE3AJICI)KHO BiJl IMEH1 3MIHHOI.

MoxxHa 3BEepHYTHCS JO €Je€MEHTa MachBa 1 IHIIMMU CIOCOOaMH:
*(* (a+i)+j) abo *(a[il+j). BoHM HaBeaeHi s Kpamoro po3yMiHHS
MEXaHI3My 1HJEKcallli, OCKUIbKA TYT B SIBHOMY BUIJISIII 3amucaHl Ti1 X Jii, sKi
TeHEPYIOTHCSI KOMITUIATOPOM MpU 3BUYAHOMY 3BEpHEHHI 710 MacuBy. PosrisiHeMo
iX JTOKJIaHIIIE.

[Ipunyctumo, mMOTPIOHO 3BEPHYTHCS 1O €JIEMEHTa, PO3TallOBaHOTO Ha
MEepEeTUHI JPyroro psjakKa 1 TPEThOro CTOBMUMKA - a[2][3]. Ak 1 a4
OJIHOBUMIPHUX MAacCHUBIB, iM' MAacHBY a sIBJIsi€ COOOI0 KOHCTAHTHUM BKAa31BHUK Ha
MOYaTOK MacuBy. B maHomy BUTIAIKy 116 MacuB, IO CKJIAAE€THCSA 3 TPHOX MACHBIB
(psakiB). CrioyaTky MOTPIOHO 3BEPHYTHUCS O APYroro psAKy MacuBa, TOOTO
OJTHOBUMIPHOTO MacuBy a([2]. Jlns mporo Tpeba momaTul A0 aapecH MOYaATKY
MacuBy 3MIIIEHHS, pIBHE HOMEpY PpsAaKa, 1 BUKOHATH pO3ajJpecariito
(po3iiMeHyBaHHs). * (a+2). Ilpm pomaBaHHI BKa3iBHHMKAa 3 KOHCTaHTOIO
BpPaxOBYETHCS JOBXKHHA €JIEMEHTA, SIKUHA aApeCyeThCsl, TOMY HACTIPABIi J0IA€THCS
9UCJIO 2, TIOMHOKCHE Ha JOBXHHY €JIeMEHTa, TOOTO 2* (5*sizeof (int)),
OCKIJIbKH €JIEMEHTOM € PSJIOK, 1110 CKIAAAEThCS 3 5 €IEMEHTIB TUITY int.

Jani moTpiOHO 3BEpHYTHCS A0 TPETHOTO EJIEMEHTY OTPUMAHOTO MAacHUBY.
JIist oTpuMaHHS WOTO aapecw 3HOBY 3aCTOCOBYETHCS JIOJaBaHHS BKa3iBHHUKA 3
KOHCTaHTOIO 3 (HacmpaB[il J0JA€ThCS 3*sizeof (int)), a MOTIM 3aCTOCOBYEThCS
omepallisi po3MEHYBaHHsI 1711 OTPUMAHHS 3HAUCHHS €JIEMEHTA: * (* (a+2) +3).

Y BuUmaAKy BUKOPUCTaHHS HOTaIli *(al[i]+j) 3a IHAEKCOM i MH
3BEPTAEMOCS JI0 TIEPIIIOr0 €JIeMEHTa MOTPIOHOTO PAIaKA, a MOTIM JOJAEMO JO ITEl
aZpecH 3MIIICHHS, SKe JOPIBHIOE -, MO0 JiCTaTUCS A0 MOTPIOHOrO HaM eJIeMEHTa
psaaKa 1 po3WMEHYBYEMO IO ajpecy * (a[il+7j). ns enemeHTta a[2] [3] Taka
HOTAIlisl Oy/ie BUTTISIATH * (a [2]+3).

[Ipu omuci MacuBa MOKHA 3aJaTH MOYATKOBI 3HAYEHHS MOTO €JIEMEHTIB. Ix
3aMUCyIOTh y PirypHux ayxkax. EqeMeHTH MacuBy 1HIIIAMI3YIOThCS B MOPSAAKY iX
po3rarryBaHHs B aM'saTi. Hampukian, onepatop
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int af3][5]={1, 2, 1, 3, 5, 2, 3, 4, 5, 1, 1, 3, 2, 6, 1 };

BHU3HAa4Ya€ MAaTpUIIO 3 HACTYIITHUMHU 3HAYCHHAMUA €JIEMEHTIB:

12135
23451
13261

SIKIO  KIJIBKICTh 3HA4eHb Yy (ITYpHUX AyKKaX TMEPEeBHINYE KUTbKICTb
€JIEMEHTIB B MacHBi, pU KOMIIIAIIT Oy/Je BUJAHO MOBIJOMIIEHHS PO MOMHUIIKY.
SIK0 3HAaYE€Hb MEHINE, €JIEMEHTH MAaCHUBY, WIO 3aMUIIWIINCS, IHIYIani3yIomubcs
3HauenHAM 3a 3amogyyeanHam (st ocHOoBHHX TumiB 1e 0). MoxHa 3amaBaTH
MOYATKOBI 3HAYEHHS HE JJIs BCIX €eMEeHTIB MacuBa. [l [bOTO CIHMCOK 3HAYEHBb
KOHCTAaHT JJIsi KOJKHOTO psiiKa YKJIaJaeTbCs B JOJATKOBI (irypHi ayxku. Ocb,
HANPUKIIAJ, SIK 3al0BHUTH OJMHUISMU HYJIBbOBUH 1 MEPIIMH CTOBIMII HABEIEHOTO
BUIIIE MACHBA:

int a[3][5]={{1, 1}, {1, 1}, {1, 1}};

[HII1 eTeMeHTH MacKBa OOHYJISIOTHCS.

[Ipn sBHOMY BKa3aHHI Xo4ya O OJHOTO I1HILIATI3YHOUOrO0 3HAYEHHS IS
KOXXHOTO psAJKa KUIbKICTh DPSIIKIB MAacHBY MOJKHA HE BKa3zyBaTu; NaM'saTh Oyne
BU/JIIJIEHA T1J] CTIIBKU PAJIKIB, CKUIBKU Cepiil 3HaUY€Hb y PIrypHUX JY’kKKaX BKa3aHO
B CIIMCKY, HAITPUKJIA;

int afll(51={{1, 1, 7, 7, 7%}, {1, 1, 0}, {1, 1, 2, 2, 2}};
B IIbOMY BUTIAJKY Y MacuBi a Oyne 3 psjKu.

Ipukaan. 3HAXOMKEHHS CEPEIHBOTO aApUPMETHUYHOTO 1 KIUIBKOCTI
NO3UTUBHUX €JIEMEHTIB.

Hanucamu npoepamy, saxa ona yinouucenvnoi mampuyi 10x20 eusnauae
cepedHe apupmemuune i enremenmié I KIIbKICMb NO3UMUBHUX el1eMEeHMI8 8
KOJICHOMY DSOK).

AnropuT™m  pimieHHs  1i€i  3amadi: Uil OOYMCIIEHHS — CePeAHBOTO
apu(PMETUYHOTO €JIEMEHTIB MAacUBY MOTPIOHO 3HAWTH IX 3arajbHy CyMy, MiCII
4YOro po3AUIMTH ii Ha KUIbKICTh eneMeHTiB. [lopsaok mnepersisimy MacuBy (IO
psaakax abo MO CTOBILAX) poJil HE rpae. Bu3HaueHHsS KUIBKOCTI MO3WTHMBHHUX
€JIEMEHTIB KOXHOTO psiIKa BHUMAarae Neperjsgy mMarpuull no psakax. Oouasi
BEJIMYMHU OOYHUCITIOIOTHCS 3a OJMH NEPETIs]l MAaTPHUIII.

// JicTuHT 3.4. 3HAXOIOXEHHS CEPeIHbLOTO apudMeTUUHOTO

// 1 xinbkoCTi NOBUTMBHMX €JIEMEHT1B HOBOBUMIPHOTO MacCuBYy
#include <iostream.h>

#include <iomanip.h>

void main ()

{ const int nrow = 5, ncol = 10;
int al[nrow] [ncol];
int 1, j;
cout << "BBegnmiTbp ejemeHTH MacuBa:" << endl;
for (1 = 0; 1 < nrow; i++)
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for (j = 0; J < ncol; J++)
cin >> al[i]l[j];
for (1 = 0; 1 < nrow,; i++)
{ for (3 0; j < ncol; j++)
cout << setw(4) << afli]l[j] << ' ';
cout << endl;

I~

}
int n pos el;
float s = 0;

for (1 = 0; 1 < nrow; i++)
{ n pos el = 0;
for (j = 0; j < ncol; Jj++)
{ st=alil[J];
if (a[i][3J] > 0) n pos el++;

cout<<Papok:"<<i<<" kinpkicTb:"<<n pos el<< endl;

}
s/=nrow*ncol;
cout << "CepemHe apudmMmeTmurHe: " << s << endl;

}

Po3mipHOCTI MacuBY 3ajaHi IMECHOBAaHMMHM KOHCTAaHTaMH, IO JO3BOJISE
Jerko iX 3miHooBatd. [Ipum oOGYMCIEHHI KUJIBKOCTI TO3WTUBHHUX CJIIEMEHTIB IS
KOKHOT'O Psi/IKa BUKOHYIOTHCS OJHOTHUITHI JI1i: OOHYJICHHS JIIYMJIBHUKA, TEPErJIsi
KOXKHOT'O €JIEMEHTa PsAKa 1 MOPIBHAHHS MOT0 3 HyJIEM, Y BUIAIKY CITIBIAJaHHS -
30UIBIICHHS JNYWIBHMKA HAa OJWHHIO, a IICisS 3aKiH4YeHHS OOYHCIIEHb -
BHUBEJICHHS PE3YJIbTYIOYOT0 3HAYCHHs JidumibHUKA. CiiJ 3BEpHYTH yBary Ha JBa
MoMeHTH. [lo-mepiie, moTpiOHO 1€ 10 HAMMCaHHS aJrOPUTMY BUPIIIUTH, SKUM
YUHOM OynyTh 30epiratuca pe3yiabrard. KiIbKICTh MO3UTHUBHUX €JIEMEHTIB IS
KOYKHOTO PSiZIKa CBOSI, 1 B pe3yJIbTaTl MOBUHHI OTPUMATH CTUIBKH 3HaY€Hb, CKUIbKU
pAnKiB B Marpulll. B 1boMy 3aBJaHHI MOKHA BIABECTH Jisl 30€piraHHs IUX
3HAYE€Hb OJHY €IWHY 3MIHHY LUIOTO THUIy, OCKUIBKM BOHH OOYMCIIIOIOTHCA
MOCJIIOBHO, IMICJISI YOr0 BHBOASATHCA Ha ekpaH. OJHAaK B IHIIUX 3aBAaHHAX Il
3HAYCHHS MOXKYTh 3TOJIOM 3HAJIOOMTHCS OJHOYACHO. B IbOMy BHIAIKy IS iX
30epiraHHs JOBEACTHCSA OINUCATH IIJIOYMCEIbHUN MacHUB 3 KUIBKICTIO €JIEMEHTIB,
10 TIOPIBHIOE KUTBKOCTI PSJIKIB MATPHIIL.

Jpyruit BaxIMBUH MOMEHT - Micile iHimami3amii cymu 1 kiibkocti. Cyma
OOHYJISIETHCST TIEPENl IUKJIOM TEPeryisiay BClEl MATPHIll, a KUIbKICTh MO3UTHBHUX
CJIEMEHTIB - TIepe]] IUKIOM TEPETysiay YeproBOr0 PsAIKA, OCKUIBKU ISl KOXKHOTO
psAaKa Horo 0OYMCIICHHS TIOYNHAETHCS 3aHOBO.

13anucyiime onepamopu iniyianizayii 6enuyun, AKi HAKONUYYIOMbCSL 8 YUK,
be3nocepedHbo nepeo YUKIoM, 8 AIKOM)Y BOHU OOYUCTIIOIOMBCAL.

[Ticnst BBeACHHS 3HAYCHB Mepe0avYeHO iX KOHTPOJIbHE BUBEICHHS HAa CKPaH.
Jlns  Toro mo0 eNeMEHTH MaTpUIll PO3TAlIOBYBAJIWCS OJUH TIiJ IHIIHUM,
BUKOPUCTOBYETBCS MAaHINYJIATOP setw(4), IO BCTAHOBIIOE JJISI YEPrOBOTO
BHUBEJICHOTO 3HAYEHHS IMIUPUHY TIOJII B YOTHUPU CUMBOIH. J[JI1 BUKOpPHUCTaHHS
MaHIMyJIsITOpa HEOOXITHO MIAKIIYATA JO TMpOrpaMu 3arojIOBHHUMA  (paiin
<iomanip.h>. [licig KOKHOTO psiika BUBOAUTHLCS CUMBOJI TIEPEBOTY psZIKa endl.
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[Ipu HammcaHHI BKJIQJIEHUX IUKIIB CTEXTE 3a BiAcTymamu. Bci omeparopu
OJIHOTO PIBHS BKJIAJCHOCTI MOBHWHHI IMOYMHATUCS B OJHIN 1 Tit ke KoyoHmi. Lle
TIOJICTIITY€E YHTAHHS MPOTPAMH 1, OTIKE, TOIIYK TOMUJIOK.

3.6.1 lunamivyHi 1BOBUMipHi MacuBH
Y nuHamiuHi oOnacTi mam'aTi (Kymi) MOXHa CTBOPIOBATH JBOBHMIpHI
MacCHBH 3a JIOMOMOTOI0 omepamii new abo ¢yHKIii malloc. 3ymMHUMOCS Ha
MepIIOMY BapiaHTl, OCKUIBKH BiH OUIbIIN Oe3MeYHUM 1 MPOCTUH Y BUKOPHUCTAHHI.
[Ipy BuaiieHHI nam'aTi BiApa3dy Mg BECh MAaCHUB KUIBKICTh PSAAKIB
(HalTiBiNIY PO3MIPHICTH) MOKHA 3a/1aBaTH 3a JOIMOMOI00 3MIHHOI abo BHUpa3y, a
KUTBKICTh CTOBMIIIB Ma€ OYTH KOHCTAaHTHHUM BHPa30M, TOOTO SIBHO BU3HAYCHUM JI0
BUKOHAHHS mporpamu. [licis cioBa new 3aMHUCY€ETHCS THI CTBOPIOBAHOTO MAaCHUBY,
a TOTIM - HOro pO3MIPHOCTI B KBaApaTHUX AyXKKaxX (aHAJOTIYHO OIHCY
«3BUYANHUX», HEJUHAMIYHUX MACHUBIB), HAIIPUKIA:
int n;
const int m=5;
cin >> n;

int (*a) [m]=new int [n][m]; //1
int **b=(int **) new int [n][m]; //2

B upoMy ¢parmMeHTi Moka3zaHO JIBa CIOCOOM CTBOPEHHS AUHAMIYHOTO
JIBOBUMIPHOTO MacuBy. B omeparopi 1 agpeca moyaTky BUIIICHOI 3a JOIMOMOTOIO
new JUISHKH TaM'siTl MPUCBOIOETHCS 3MIHHIN a, BU3HAYEHIN SIK BKa3IBHUK Ha
MacHB 3 m €JIeMEHTIB Ty int. Came TaKuil THI 3HAYCHHS MMOBEPTAE B JAHOMY
BUNaaKy ormepamis new. Jyxkn () HeoOXigHi, OCKUIBKH 0€3 HUX KOHCTPYKIIis
1HTeprnpeTyBaiacs O sSK MacMB BKa3iBHUKIB. BCbOro BHAUIAETHCA MaM’ATh MiJ n
€JIEMEHTIB.

B omneparopi 2 agpeca modatrky BUIIJICHOI AUISTHKW MaMm'siTi MPHUCBOIOETHCS
3MIHHIA b, SIKa OMHCaHA K «Bxa3iBHMK Ha BKa3iBHMK Ha int», TOMY IEpen
MIPUCBOEHHIM MOTPIOHO MEPETBOPEHHS TUNY (int **) .

Henonik moaiOHOTr0 BUAICHHS TIaM'ST1 TIOJISATAE B TOMY, 110 3MIHHOKO MOKE
3/1aBaTHCS TUIBKU KpaiHs J1iBa PO3MIPHICTh MacCUBY, a peliTa pO3MipHOCTI TOBUHHI
OyTu KOHCTaHTamMu. Takoro HEJOJIKy M030aBJICHUN HACTYITHUHN CTOCIO BUIAICHHS
naMm'siti - OUTBIN YHIBEpCaIbHUM 1 Oe3nmeyHuid crmoci®d BUAUICHHS Iam'sTi ITiJ
JBOBUMIPDHUNA MAacuB, KOJU OOHWJBI HMOTro pPO3MIPHOCTI 3aJal0ThCS Ha eTari
BUKOHAHHS MPOrpaMu, HABEJIEHUH B JICTUHTY 3.5:

// JictuHr 3.5. IuHaMmiuHe BMIOijieHHd nam'gaTi nin OBOBUMMIpPHUM
// macus

int nrow, ncol;

cout << " BBeniTbp KimbkicTh pankie 1 cTomBnuim:";

cin >> nrow >> ncol;

int **a = new int *[nrow]; //1
for (int i = 0; i < nrow; i++) //2
ali] = new int [ncol]; //3
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B omneparopi 1 orosjouryerscsi 3MiHHA TUIYy «BKa3iBHMK Ha BKasziBHUK
Ha int» 1 BUAUISETHCA TaM'sTh I MacHB BKa31BHUKIB Ha PSAIKH MACHBY
(KUTBKICTH PSAKIB - nrow). B omepaTopi 2 opraHi3oBY€ThCS LUK JJI BUAUICHHS
nam'sTi MiJ KOKeH pAJoK MacuBy. B omepatopi 3 KOXKHOMY €JIEMEHTY MacHBY
BKa31BHUKIB Ha PSAIKU MPUCBOIOETHCS a/Ipeca MOYaTKy AUISHKHU MaM'siTi, BUIIICHOT
i PSIOK JIBOBUMIPHOTO MacuBy. KOXKeH psAIOK CKIAAA€Thes 3 ncol €IEMEHTIB
THUITY int.

Ha BiaMiHy BiA 3BMYalfHOTO ABOBHMIPHOTO MAaCHBY Ui JAUHAMIYHOTO
MacuBy BHJUIEHA MaM'sATh HE € CYIUIbHOIO MIJISHKOIO Ham'siTi, TaKk SK BOHA
BUJILJISIETHCS 32 IOTIOMOTOFO JICKIJTBKOX Omepariiii new (puc.3.4) :

int **a int *a(nrow) int a[nrow] [ncol]
//1 //3
® » [ >
. : LN ]
. : LN ]

Pucynok 3.4 - Buainennsi nam’sitTi nig 1BoBUMipHHMI AMHAMIYHMI MacuB

CrioyaTKy BU[IJIEHA TaM’SITh IM1Ji OJJHOBUMIPHUN MacuB (BEKTOP-CTOBIICIIb)
BKa31BHHKIB *a, aJipeca i€l TUISTHKHA 30epiracThCsl y BKa31BHUKY * *a. [lami B mukii
KO)KHOMY €JIEMEHTY IIbOTO BEKTOP-CTOBIIIS TIPUCBOIOETHCS ajpeca psaKa
JMHAMIYHOTO JIBOBUMIPHOTO MacuBa a[i]= new int[ncol];. Ili psaaku MOXyTb
PO3TAIIOBYBATHCS B KYIIi I 3aBTOJTHO.

3BEepHEHHS JI0 €JIEMCHTIB TMHAMIYHHUX MAaCHBIB MPOBOJIUTHCS TOYHO TaK XKe,
SIK JI0 €JICMECHTIB «3BUYAHHUX», 32 JOTIOMOT O KOHCTPYKITIT BUAY a[1i] [F].

[Ticns 3akiHYeHHS! pOOOTH 3 TMHAMIYHUM JTBOBUMIPHUM MAacCHBOM HEOOX1IHO
3BUIBHUTH Mam'siTb. POOMMO 11€ B 3BOPOTHOMY BUIIJICHHIO MaM'sIT1 OPSIKY:

for (int 1 = 0; i < nrow; i++)
delete [] alil; // BUIAJIAEMO EJIEMEHTM MAaCHUBY
delete [] a: //BUIOATIAEMO MacCHB BKA31BHUKIB

Po3mipHicTh MacuBy npH LbOMY He BKa3yeTbcs. HeoOxiono 0608’°13k060
éKazyeamu [], TOMY IO iX BIACYTHICTh KOMITUIATOP HE paxye 3a IMOMHIIKY,
BIIbOMY BUIIAJKy BiH BUJIAJUTh TUIHKW NEPIIUNA €JIEMEHT BiJMOBIIHOTO MACHBY, a
1HIT OyayTh 3axapartyBaTy Kymy. KOHTpoJib HasIBHOCTI [] TOBHICTIO JICKHUTh Ha
MPOrpamicTOBI.

3.7 ®yHkuii 11 podoTH 3 BUNIAAKOBUMHU yucjaamMu B C++

Jlnst epeKTUBHOTO BUKOPUCTAHHS B MPOTpaMi BUIMAJKOBUX YHUCEN HEOOX1IH1
7IBa 3aCO0M:

1. @yukyia-ecenepamop, sika Npu KOXKHOMY BUKIHMKY OyJe MOBEpTaTH
BUITQ/IKOBE YUCIIO;

2. yukyis-iniyianizamop N1 BUNIAJIKOBOI 1HIIIA13a1[li reHepaTopa.
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HeoOxianicte B napyriii (yHKII BUKJIMKAHA THUM, IO BHIIaJKOBI YHCIA,
OTpUMaHi MPOrpaMHUM MUISIXOM, HACTpaBli € TICEBIOBUNAAKOBUMH. BoHH
OOYHCITIOIOTHCST 32 TICBHOIO (DOPMYJIOI0, 1 MPU OAHAKOBUX TMOYATKOBHX YMOBaX
MOCTIOBHICTh uHceNn Oynae moBToproBatucs. Ilpu BukoHaHHI  (yHKITII-
iHimam3aropa i GyHKIIi-TeHepaTopa BCTAHOBIIIOETHCS HOBE IOYaTKOBE
3HAYCHHS.

Bunankosi uucia B C ++ MOXyTh OyTH 3reHepoBaHi (YHKINEW rand () 31
crarpaptHoi 6i0miorekn C ++. Cymichictb: POSIX, Win32, ANSI C, ANSI C ++.

[IporoTun: int rand (void);

MYJIBTUIUTIKATABHAN KOHTPYCHTHHI TEHEPATOp BUMAJAKOBUX YHCEI 3 TIEPiOIoM 2 B
32 creneni. [Ipy KO)XHOMY BUKJIMKY TOBEPTA€ HACTYITHE ICEBIOBUIIAAKOBE YHCIIO
B Mexax Big 0 10 RAND MAX. RAND MAX - CUMBOJIbHA KOHCTaHTa, OTOJIOIICHA B
daiim <stdlib.h>, sika BU3Hayae HalOUIbIIE BUMaakoBe yucio. s MVS
rapaHTyeThCS MIHIMAJIbHE 3HAYEHHS RAND MAX = 32767, ajleé BOHO MOXe OYyTH 1
OibIIIe, B 3aJICIKHOCTI BiJI KOMIILIATOpA.

/* (B momyne stdlib.h) */ #define RAND MAX 32767;

//JlicTuHT 3.6. [pukiaan podormu dbyHkuii rand

#include <stdio.h>

#include <stdlib.h>

int main(void)

{ int 1i;

printf ("10 BunamkoBux umcesq Bim 0 mo 99 \n");
for (i=0; i<10; i++) printf ("%d\n", rand()%100);

}

S0 Mu 3amyCTHMO 110 MPOTpaMy KijibKa pasiB, MU OTPUMAEMO OJTHI M T1 K
yucia npu redepaiii. CrnpaBa B ToMmy, mo (PyHKIS rand() OAMH pa3 reHepye
BUITAJIKOB1 YKCIIA, a TPU HACTYITHHUX 3aIyCcKaX MpOTpaMy BChOTO JIUIIE BiTOOpaXkae
3reHepoBaHi Nmepiuii pa3 yucia. Taka ocoONMMBICTh PYHKIIIT rand () MOTpiOHA AJIs
TOTO, 1100 MOXHa OyJIO MPaBWJIBHO HAJIAroAUTH Po3po0ioBaHy mporpamy. [lpu
HaJaro/PKeHH1 MpOorpamMH, BHECIIM SKICh 3MIHU, HEOOXITHO YHEBHUTHUCS, IO
mporpamMa CIpaiboBye MPaBHIIBHO, a 1€ MOXKJIMBO, SIKIIIO BX1JIHI AaH1 (3reHepOoBaHi
YKCIIa) 3MIIUIUCS Ti K. Konu mporpama ycminiHo HajarojpkeHa, noTpioHo, 1moo
Py KOXXKHOMY BHUKOHAHHI MPOTPaMU TeHEPYBAJIMCA BUMAIKOBI uncia. JlJis 1p0ro
NMOTPiIOHO CKOpUCTATUCS PYHKITIEIO srand () 31 cTaHAapTHOI O016M10TeKH C ++.

OyHKIIA srand(), OTPUMABIIM IUIMA TO3UTUBHUI apryMEHT THILY
unsigned abo0 unsigned int (0€33HaKOBOE IIlJIe), BUKOHYE paHIOMI3AIlIO
(iHiiamizaiii), TAKUM YUHOM, 00 MPU KOXKHOMY 3aIyCKy Mporpamu (yHKIIis
rand () TeHepyBaja pi3H1 BUIMAJIKOBI YKCA.

[IporoTun: void srand (unsigned seed);

Cywmichicts: POSIX, Win32, ANSI C, ANSI C++.

[TouaTkoBa iHiIiami3a1lisd BiAOYBAEThCS BUKIMKOM srand 3 apryMeHTOM 1.
[ITo6 kokeH pa3 TEeHepyBaJIKWCS HOBI BUMAIAKOBI 4YHCIa HEOOXiTHO, TO0 O
3MIHIOBaBCS apryMeHT y ¢yHKIii srand. HoBe mouaTkoBe 3Ha4eHHs
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BCTAQHOBJIIOIOTh BHUKJIMKOM II1€1 (DYHKIT 3 IHIIUM apryMEHTOM, IO HE 3aBXIu
3pydHo. 11106 BuUpOOJSITH paHAOMI3aIlil0 aBTOMAaTHYHO, TOOTO, HE 3MIHIOIOUHU
KOXKHOT'O pa3zy apryMmMeHT y (PyHKIIi srand () MOXHa CKOPHUCTATUCS (YHKIIIEIO
time () 13 3aroJIOBHOTO (aiiny <time.h> (ctime) 13 aprymenTom 0.

// JicTuur 3.7. Ihiunianiszsauisg reHeparTopa BUIAOKOBUX UYMCEJ
// CHUCTEeMHVM YaCOM..
#include <stdlib.h>
#include <time.h>
int main ()
{ int a;
srand (time (0)) ;
// iniuniamisanis renepaTopa NCEBOOBUIANKOBUX UMKCE]
a=rand () ; // OTPUMYyEMO UepTOoBe ICEeBIOBUIAIKOBE UUCIIO
cout<<a; // BUBeIeHHS Ha eKpaH

}

OyHKIIIS time MOBEPTa€ MOTOYHUN YaC CHCTEMH, B AKOCTI apTyMEHTY BOHa
npuiiMae BKa3iBHUK Ha 3MIHHY THUIY time t, sIKiii 1 Oyje IPUCBOEHUIN CUCTEMHUN
yac. [Iporotun QpyHKIIIT BUIIISIIA€ TaK:

time t time (time t* time);

CucreMHHMII 4Yac 1 TOBEpPTAEThCA (PYHKIIEIO, 1 TOMINIAETHCS B TEpeAaHHM
apryMeHT, ajle MOXKHa TNepeaBaTH HyJIbOBUN BKa3iBHUK (ToO6TO 0 a6o NULL). 0 B
JaHOMY BHIAJIKy HE YMCIO, a HyJIbOBUN BKa31BHUK.

[HONI mpW mporpamyBaHHI BUHUKAE MOTpeda B MaciiTaOyBaHHI 1HTEpPBAIY
re’epailii BUMaakoBux uuces. i toro mo0 macmraOyBaTy 1HTEpBaJl reHeparii
quces MOTPIOHO CKOPUCTATHUCS, ONEPALI€0 3HAXOKEHHS 3JIUIIKY BiJl JUICHHS .
MosxHa ckopuctatucs dpopmysioro (1):

num = a + rand() % (b+1), (1)

JIe a Ta b - 11e MEXI Jllana30Hy TreHepartii.
B nictunry 3.8 HaBeneHuii mpuKiaj reHpailii 3Ha4eHb B Jiana3zoHi Bix 0 10
9, Bix 1 mo 10, Bix -1 go 1.

// JicTtuHT 3.8. T'eHepalilsa BUNAOKOBMX UYMCETI
// (3 macmTad®yBaHHAM 1HTepBajly i 6e3)
#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <time.h>
int main ()
{ int num;
// 1uiuiamniszanis reHepaTopa INCEBIOBUMIANKOBUX UMCEI
srand (time (NULL) ) ;
printf ("RAND_MAX: sd \n",RAND_MAX);

num = rand();

printf ("Guess the number: %d \n",num);

num = rand() % 10;

printf ("Guess the number (0 to 9): %d \n",num);
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num = rand() % 10 + 1;

printf ("Guess the number (1 to 10): %d \n",num);
num = (rand() % 2)*2 - 1;
printf ("Guess the number (-1 or 1): %d \n",num);

}

Jliist TeHepaltii HeraTHBHUX 3HAY€Hb MOXKHA CKOPUCTATUCS POpMYIIoro (2):

num = rand()%a - b, (2)

Jie a Ta b - 11€ IOBUIbHI YKCIIa, X 3HAYCHHS M1I0UPaIOThCS JOCTITHUM IUISIXOM.
Jist oTpuMaHHS 4YHCed 3 INIABal0YOI0 TOYKOK MOYKHA CKOPHUCTATHUCS
dbopmyioro (3):
f = (Tun) rand() / RAND MAX, (3)

e Tun - JAIACHUN THUM, RAND MAX - MaKCHUMAaJIbHE 3HAYEHHsI, SIKE MOXKE JaTu
byHKIis rand().
Jlist reHepaii qIMCHUX 4YMCeNl B MEBHOMY Jlama3oHl (Bil a 0 b) MOXXHA
ckopucraTucs Gpopmynamu (4, 5):
f=(rand() % ((b - a) * 1000)) / 1000.0; (4)

Takuil crocio jgae 0OMEXKEHY JECATKOBY TOYHICTH (3 3HAKU B JIAHOMY BHIIAJIKY),
ayie 1HOJIl KOPUCHUH, MPU 1IbOMY a 1 b MOBUHHI OYTH LUIMMH, IO € HEJOJIKOM B
JIeSIKNX BHIIagKax, adbo

f=a + (b - a) * (double) rand() / (double)RAND MAX; (5)

noniOHa (opmysia ga€e BUCOKY TOYHICTb, 1 MEXKI J1alla30Hy MOXYTb OyTH OyIb-
SIKOTO THUTTY.

['enepaTop BHUMAIKOBUX 4YHCEN JyK€ 3pYYHO BHUKOPHUCTOBYBATH ISt
3aII0BHEHHS] MAaCHUBIB:

int x, ranvals [20];
for (x = 0; x < 20; ranvals[x++] = rand());

3.8 KoHTpPOJIbHI 3anUTaAHHSA

o Take macus?

SIxoro Tumy MOXyTh OyTH 1HIEKCH MacUBiB?

[ITo Take po3MIpHICTH MaCUBIB?

Axuii aNropuT™M TMOIIYKYy MIHIMyMy ab0 MakCHMMyMy B OJHOBHUMIPHOMY
MacuBi?

Sk 3HaWTH 1HAEKC eleMEeHTa B OJHOBUMIPHOMY MacHBi 3a HOTO 3HAUEHHSAM?

Sk 3reHepyBaTH CIEMEHTH MacuBa?

Sk 3BEpHYTHCS 10 €IEMEHTY MacUBY 3a BKa3iBHUKOM?

J1J1s1 90T0 BUKOPUCTOBYETHCS IMHAMIYHA MTaM'SITh B TIPOrpaMyBaHHi?

Sk noBro 30epiraroThCs JaHl B JTUHAMIYHOT ITaM'aT1?
10 Sxi MOXITMBI BapiaHTH AOCTYIY 0 TMHAMIYHOI ITaM'sTi?
11. [llo moBepTae omeparlis BUIIJICHHS JAUHAMIYHOI MaMm'sTi B pasl YCIIIIHOTO
BUKOHAHHS?
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12. Illo moBepTae omepaiiss BUAUICHHS AWHAMIYHOI MaM'siTi, SKIOIO JAUISHKA
HEOOX1THOTO pO3MIpy HE MOXKke OyTH BHIIeHA?

13. Yomy mnpu 3aBepiieHHI poOOTH 3 JIWHAMIYHOK MaM'ATTIO i1 HEOOXiaHO
3BIJILHUTH?

14. B yoMy pi3HMIISI MK CTATUYHHUM Ta JUHAMIYHUM MacUBaMH?

15. SIxi MOXyTh OyTH HACHIJIKH JUIsI POOOTH MPOTPAMH, SIKIIO HE 3BUIBHATH
JTUHAMIYHY TTaM'siTh?

16. Sk BUALISIETHCS TAaM'SITh JJISI IBOBUMIPHHUX JUHAMIYHUX MAacHUBIB?

17. lxkumu  crocobamMu  MOXHa 3BEPHYTUCS JO €JEMEHTIB JIBOBUMIPHOTO
JTUHAMIYHOTO MAacHUBY?

18.Ha3BiTh TOpANOK 3BiNIBHEHHS NaM'ATi, BUIICHOI IIiJ JBOBUMIPHHI
ITUHAMIYHUA MacHB.

3.9 3agaui

EnemenTn macuBy 3reHepyBaTH BUIAJKOBUM 4YMHOM. BuOpaTu 3a cBoiM
HOMEPOM y CIHCKY TpYNU 3aBJaHHS Ha OJHOBUMIPHI 1 JBOBUMIPHI MAacCHUBHU.
JlonaTkoBi 0any MOXHa 3apOOUTH, TUHAMIYHO BUIUISIOUM MaM'ATh Mij] €JIEMEHTH
MacCHBY.

3apaanusa 1. OqHOBMMIpHI MACHBH:

1.B o1HOBUMIpHOMY MAacHBI, IO CKJIQJAETHCS 3 N JIMCHUX €JIEMEHTIB, 00UHUCIIUTH:
1) cymy HEeraTUBHUX €JIEMEHTIB MaCHUBY;
2) n0oOYyTOK €JIEMEHTIB MAacHBY, pO3TalllOBaHUX MK MaKCUMaJbHUM 1
MIHIMaJbHUM €JIECMEHTAMH.

2.B 0/IHOBUMIPHOMY MAacCHBI, 1110 CKJIAJAETHCS 3 N IIMCHUX €JEeMEHTIB, OOUUCIIUTH:
1) cymy NO3UTHBHUX €JIEMEHTIB MACHUBY;
2) noOyTOK €JIEeMEHTIB MacuBY, PO3TAIIOBAHUX MIXK MaKCUMaJIbHUM 32
MOJYJIEM 1 MIHIMAJIbHUM 32 MOJYJIEM €JIEMEHTaAMHU.

3.B 01HOBUMIpHOMY MAaCHBI, III0 CKJIAAAETHCSA 3 N MUJIUX €JIEMEHTIB, OOUHCIIUTH:
1) 10OyTOK €JIeMEHTIB MaCUBY 3 TaApHUMU HOMEPaMU;
2) cyMy €JEMEHTIB MacuBYy, PO3TAllOBAaHUX MDK TMEpPIIUM 1 OCTaHHIM
HYJIbOBUMH €JIEMEHTaAMHU.

4.B 0qHOBUMIPHOMY MAacCHBI, 1[0 CKJIAAAETHCA 3 N TIMCHUX €JIEMEHTIB, OOYUCIIUTH:
1) cymy eneMeHTIB MacHBY 3 HEAPHUMHU HOMEPaMHU;
2) cyMy €JEeMEHTIB MacuBYy, pO3TallOBAaHUX MDK MEPIIMM 1 OCTaHHIM
HETaTHBHUMU €JICMEHTaMHU.

5. B 0IHOBUMIpHOMY MacHBI, 1110 CKJIAJIA€THCS 3 N AIMCHUX €JIEMEHTIB, OOYUCITUTH:
1) MakCUMaIbHUI CJICMEHT MAaCHBY;
2) CyMy €JIEMEHTIB MacHBY, PO3TallOBAaHUX 10 OCTAHHBOT'O TIO3UTHUBHOTO
eJIEMEHTA.

6. B 01HOBUMIpHOMY MacCHBi, IO CKJIQJAE€THCS 3 N JINCHUX €JIEMEHTIB, 00UUCIUTH:
1) MiHIMaIbHUI €JIEMEHT MaCHUBY;
2) cyMy €JEeMEHTIB MacuBYy, pO3TallOBaHUX MDK TEpPIIUM 1 OCTaHHIM
MO3UTUBHUMH €JIECMEHTAMH.
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7. B 0oqHOBUMIPpHOMY MacCHBI, IO CKJIAAAETHCS 3 N MIJTUX €IEMEHTIB, O0OUHUCIINTH:
1) HOMep MaKCUMaIbHOTO €JIeMEHTa MacHuBY;
2) N0OYTOK €JIEMEHTIB MacuBY, PO3TAIllOBAaHUX MDK MEpPIIUM 1 APYruM
HYJIOBUMHU €JIEMEHTaMHU.
8. B olHOBHMiIpHOMY MacHBI, 1110 CKJIAJIA€ThCS 3 N AIMCHUX €JIEMEHTIB, OOYUCIIUTH:
1) HOMep MiIHIMAJILHOTO €JIEeMEHTa MACUBY;
2) CcyMy e€JEMEHTIB MacHBY, pPO3TalllOBAHUX MDK IIEpPIIUM 1 APYrUM
HETaTUBHUMH €JIEMEHTAMHU.
9. B ogHOBUMIpHOMY MacHBi, IO CKIAAAETHCS 3 N JIACHUAX €IEMEHTIB, OOYMCIIUTH:
1) MakcuManbHUM 32 MOAYJIEM €JIEMEHT MacHUBY;
2) cyMy e€JEeMEHTIB MacHBYy, pPO3TAlIOBAHMX MDK TMEpPUIMM 1 JIPYTrUM
MMO3UTUBHUMH CJIICMEHTAMH.
10. B ogHOBHUMIpHOMY MacHBI, 110 CKJIAAAE€THCA 3 N IIUIUX €IEMEHTIB, OOUNCIIUTH:
1) MiHIMaJIBHHM 32 MOJTYJIEM €JIEMEHT MACUBY;
2) cyMy MOIYyJIB €JIE€MEHTIB MAacCHBY, pO3TalllOBAaHUX IICIS MEPIIOTo
eJIeMEeHTa, PIBHOTO HYJIIO.
11. B oaHOBUMIPHOMY MaCHBi, IO CKJIAJa€EThCA 3 N JIMCHUX EJIIEMEHTIB,
OOYHUCIIHUTH:
1) HoMep MiIHIMaJIBLHOTO 32 MOIYJIEM €JIEMEHTa MacHBY;
2) cyMy MOJIYJIB €JIE€MEHTIB MAacHBY, pO3TAllOBAaHUX MICIS MEPIIOro
HETaTUBHOTO CJICMCHTY.
12. B oaHOBHUMIPHOMY MAaCHBI, IO CKJIaJa€Tbcs 3 N JTIACHUX EJIEMCHTIB,
OOYHUCIHTH:
1) HOMEp MaKCUMaJILHOTO 32 MOAYJIEM €IeMEHTa MacHuBY;
2) cyMy €JEMEHTIB MacuBY, PO3TAIIOBAHUX TICJsl MEPIIOro MO3UTUBHOTO
CIIEMEHTY.
13. B oaHOBUMIpHOMY MacCHBi, IO CKJIAJA€ThCI 3 N JIIHCHUX EJIECMEHTIB,
OOYUCITUTH:
1) KIIBKICTh €JIEMEHTIB MAacHBY, IO JISKATh B Alana3oHi Bix A 10 B;
2) CyMy €JIEeMEHTIB MaCHBY, pPO3TallOBaHUX IIICIS MaKCHUMaJIbHOTO
eJIeMEHTA.
14. B oOoJHOBUMIPHOMY MAaCHBi, IO CKJIAJa€EThCA 3 N JIMCHUX EJIIEMEHTIB,
OOYUCITUTH:
1) KUTBKICTB €JIEMEHTIB MacuBy, piBHUX 0;
2) cyMy €JIEMEHTIB MacuBY, pO3TalIOBaHUX MICIIs MIHIMAJIBHOTO €JIEMEHTA.
15. B o0oaHOBUMIPHOMY MacuBi, IO CKJIAJa€EThCA 3 N JIMCHUX EJIEMEHTIB,
OOYHUCIHUTH:
1) KITBKICTB €JIeMEHTIB MacuBy, Oubmux C;
2) noOyTOK €JIEMEHTIB MacHBY, PO3TAIIOBAaHHMX IiCIAS MaKCHUMAJIBHOTO 32
MOJYJIEM €JIEMEHTA.
16. B opHOBHUMIpHOMY MAacCHBI, IO CKJIQJa€Tbcs 3 N JIACHUX EJIEMEHTIB,
OOYHMCIINTH;
1) KUTBKICTh HETaTUBHUX €JIEMEHTIB MacCHUBY;
2) cyMy MOJYJIIB €JI€MEHTIB MacHBY, PO3TAIIOBAHUX MICIS MIHIMAIBHOTO 32
MOJYJIEM €JIEMEHTA.
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17.B oqHOBUMIPHOMY MAacCHBI, IO CKJIAAE€THCS 3 N UTUX €JIEMEHTIB, O0UUCIIUTH:
1) KUTBKICTh TIO3UTUBHUX €JICMEHTIB MacCHBY;
2) cyMy €JIEeMEHTIB MAacHUBY, PO3TAIlIOBAaHUX IIICIS OCTAHHBOTI'O €JIEMEHTA,
PIBHOTO HYJIIO.
18. B o0aHOBUMIpHOMY MacCHBi, IO CKJIAJA€THCI 3 N JIIMCHUX EJIEMEHTIB,
O0OYHUCIUTH:
1) KUJIBKICTH €JIEeMEHTIB MacuBy, MeHIux C;
2) cyMy LUJTUX YaCTUH €JIEMEHTIB MacHBY, PO3TAIIOBAHUX MICISI OCTAHHBOTO
HETaTHUBHOTO CJIICMCHTY.
19. B opHOBUMIpHOMY MacCHBi, IO CKJIQJa€TbCcsl 3 N JIIACHUX EJICMCHTIB,
O0OYUCIUTH:
1) 1oOyTOK HETAaTHBHUX E€JICMEHTIB MaCHBY;
2) cyMy TTO3UTUBHHUX €JIEMEHTIB MAaCHBY, PO3TAIIOBAHKUX JI0 MAKCHMAIBHOTO
eJIEMEHTA.
20. B oaHOBUMIDHOMY MAacCHBI, IO CKJIAJa€Tbcs 3 N JIACHUX €JIEMEHTIB,
OOYHUCITUTH:
1) 10OyTOK IMO3UTUBHUX €JIEMCHTIB MaCHBY;
2) cyMy €JI€MEHTIB MacHBY, PO3TAIIOBAHUX JI0 MIHIMAJILHOTO €JIEMEHTA.
21.B ofHOBUMIPpHOMY MAacCHUBI, 110 CKJIAJA€ThCS 3 N JIWUCHUX €JIEMEHTIB:
1) moMiHATH MICISIMU MiHIMaJbHUN 1 MAKCUMAJIBHUM €JIEMEHTH MaCHUBY.
2) OOYUCIUTU KUIBKICTh €JIEMEHTIB, 10 NEPEBUILYIOTh HOTO CepellHE
3HaueHHs 01161, HiXK Ha 10%.
22. B OgHOBUMIPHOMY MacCHUBi, IO CKJIQJA€ThCI 3 N JIHCHUX EJIEMCHTIB,
O00YHUCITUTH:
1) KIIBKICTh €JIEMEHTIB, SIK1 301Tal0ThCs 3 MO0 MIHIMAJIBHUM 3HAUYCHHSIM.
2) KITBKICTb €JIEMEHTIB, PIBHUX CEPEIHBOMY apu(METUIHOMY MACHUBY.
23. B 0IHOBUMIpHOMY MacHBI, IO CKJIAJIAETHCS 3 N IUIUX €JIEMEHTIB, OOYUCIIUTH:
1) KUIBKICTB €JIEMEHTIB, SIK1 301Tat0THCS 3 HOr0 MaKCUMaJIbHUM 3HAYEHHSIM.
2) MakcuMallbHy cymy cepen cyM Buay: a [0] +a[n]; a[1] +a[n-1],a[2] +
a[n-2], ...
24. B 0THOBUMIPHOMY MacCHBI, [0 CKJIAJIAETHCS 3 N AIMCHUX €JIEMEHTIB:
1) orpumatu mociifoBHicTe: a [0] -a [n]; a[1] -a [n], a[2] -a [n], ..., O.
2) 00YMCITUTHU KUTBKICTh HEHYJTHOBUX €JIEMEHTIB.
25. B 0THOBUMiIpHOMY MacCHBIi, III0 CKJIAJIAETHCS 3 N TIHCHUX €JICMEHTIB:
1) moMiHATH MICUSIMH MEPIIUHI 1 OCTaHHIM, IPYTUH 1 IEPEIOCTAHHIH ...
2) o0YMCIIUTH KUIBKICTh HEBIPHUX PiBHOCTI cepen: a [0] =a [n: 2 + 1]; a [1]
—a[n:2+2],a[2]=a[n:2+3], ...
26. B 01THOBUMIpHOMY MacCHBI, 110 CKJIAJAETHCS 3 N IIMCHUX €JIEMEHTIB:
1) MOMIHATH MICHISIMU €JIEMEHTH 3 MAPHUMHU 1 HETAPHUMU 1HJEKCAMH.
2) 0oOYMCIUTH CyMy €JIEMEHTIB MAacHBY, PO3TAIIOBAHUX TEpe]l MEPIINM
HETaTUBHUM €JIEMEHTOM.
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IIpukaaa. 3HaiiTh KyT Mik aABOMa BekTopamu. Buxopucratu dopmyay

cosa = (a,b_);
al- b . . L
Hiepexiz BiJ| paaiaHiB 10 rpaayciB 3IiHCHUTH 32 GOPMYIIOK (o=
¢--180 7

JicrTiur 3.9

#include <stdio.h>

#include <stdlib.h>

#define USE MATH DEFINES

#include <math.h>

#define N 10 // MmakcumaJibHa PO3MIpHIiCTHL BekTOpPa
volid vvid(int *a, int n);

int dobutok(int *a, 1int *b, int n);

int main ()

{ int a[N],b[N];
int n; // peanbHa OOBXMHA BeKTOpPa
double alfa;
system ("chcp 1251 & cls");

printf ("BkaxiTe posMipHicTe BekTOpirB ");

scanf ("sd", &n) ;

printf ("BreniTh koopmuHaTM BekTOopa a "); vvid(a,n);
printf ("BreniTh koopmmHaTM BekTOopa b "); vvid(b,n);

/* oBumcieHHda KyTa */

alfa=acos (dobutok (a,b,n)/
sqrt((double)dobutok(a,a,n)*dobutok(b,b,n)))/M_PI*180.;
printf ("Kyr Mmix BexTopamu %0.2f°",alfa);

printf ("\n\n") ;

system ("pause") ;

return 0;

}

/* BBinm koopmmuHaT BekTOopa */
void vvid(int *a, int n)
{ int 1i;
for (i=0; i<n; i++) scanf("%d",&alil):;
}
/* BHAXOIXEHHS CKAJAIPHOTO HOOYTKYy IOBOX BeKTOpim */
int dobutok (int *a, int *b, int n)
{ int 1i;
int s=0;
for (i1i=0; i<n; i++)
s+=al[i]*b[i];
return s;

Ipukaaa. BuBect Ha eKkpaH TMepHIM MIHIMAIbHUKA 1 TEpIIMHA
MaKCUMaJIbHUI eIeMEeHTU MacuBy. LIMKI MOIIyKy BUKOHATH 3 APYroro €JIeMEeHTa,
100 eJIeMEHT He TTOPIBHIOBATHU CaM 13 CO0010.
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JJicTiur 3.10
#include <stdio.h>
#include <stdlib.h>
#define N 10
int main ()
{ // nmomyk MiHiManbHOTO ¥ MAKCUMAJILHOTO €JIEMEHTIiB
int a[N]={2,4,1,8,9,1,3,9,1,9};
int kmin, kmax;
// HOMepM MI1HIMaJILHOTO 1 MAKCUMAJILHOT'O e€JIEMEHTI1B
int i; // HOMep MNOTOYHOTO eJIeMHEeHTa
int amin, amax; // MiHiIMaJpHUI 1 MaKCUMAaJbLHOI'O e€JIEMEeHTU
system ("chcp 1251 && cls");
amin=a[0]; kmin=0; amax=a[0]; kmax=0;
for (i=1; 1i<N; i++)
{ // UMKJI BUMKOHYETHLCH 3 IOPYTOTO eJIEMEeHTa

if (a[il<amin) { amin=a[i]; kmin=i; }

if (a[il>amax) { amax=al[i]; kmax=i; }
}
printf ("MiuimManouui ejmemenTt al[%$d]=%d\n", kmin,amin) ;
printf ("MakcuMaJbHUM ejieMeHT al[%$d]=%d", kmax,amax) ;
printf ("\n\n");
system ("pause") ;

return O;

3agaanus 2. /IBoBUMipHI MAaCHBH

Busectu Homep croBmnus marpuui MxN, B skomy J100yTOK HEHYJIbOBUX
€JIEMEHTIB MIHIMaJIbHUH.

Otpumaru 3 Matpuui A (n, n) matpuiro B (n-1, n-1) BuganieHHsM n-ro psjka i
K-ro cToBIIIA.

Busectu HoMep psaka matpuii MxN, y sskoMy BCl €IEMEHTH BIOPSIKOBaHI1 3a
CIaJIaHHSIM.

3a macuBoM A (n, m) orpumatu MacuB B (n), nmpucBoiBmm k-my eremeHTy
3Ha4YCHHS |, SIKIIO BCl €JIeMEeHTH K-ro CTOBMIIS MaTpuill A HYJIhOBI, 1HAKIIE -
3HavyeHHs 0.

BusHauuTti KUIBKICTH €lleMeHTIB AiiicHoi matpuii MxN, siki Ouibllie cymu
IHIIIMX €JIEMEHTIB CBOTO psJIKa.

Busnaunutn, uym € 3agaHa KBajgpaTHa Iia Matpuig po3mipom MxN
CUMETPUYHOIO BITHOCHO TOJIOBHO1 JiaroHalIi.

VY kBaapaTHId MaTpulll 3HAWTH CKAIAPHUM JAOOYTOK psAdKa, B SKOMY
3HaXOJIUThCS HAMOUIBIIMKM €JIEeMEHT MAaTpulll, Ha CTOBINEIb 3 HaWUMEHIIUM
€JIEMEHTOM.

3aMicTh CHIBMAJAI0UMX YHCENT B psAKax 1uioi Matpuii MxN 3anucatu Hydi.
Busznauntu cyMy enemeHTiB 1uioi matpuili MxN, sKi OJHOYACHO €
HaWOIBIIMMH B CBOEMY CTOBIIIII 1 HAWMEHIITUMU B CBOEMY PSJIKY.

10.Matpurs MxN yMOBHO CKiIamaeThcsi 3 4x matpuilb. [[oOMiHSTH MicIsIMU JBi

MAaTpHIIi, III0 CTOSATH HA TOJIOBHIH JiaroHall.
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11.Jlana miiicaa matpuris MxN. 3HalTH MaTpPUINI0O TOTO XK TMOPSAKY, B SKIA
€JIEMEHT JOpIBHIOE 1, SKIIO BIAMOBIAHUI MOMYy €JIEMEHT BHXIJHOI MaTpHIll
Olubllle eJleMeHTa, PO3TallOBAaHOTO B MOro psAJAKY Ha TOJIOBHIM [iaroHani, 1
nopiBHIO€ O B 1HIIIOMY BUIAJKY.

12.BuzHaunTy CcyMy eJleMeHTIB aiiicHoi maTpuili MxN, posTamioBaHuxXx B 2-X
BEPTUKAJIbHUX TPUKYTHUKAX, YTBOPEHUX MEPETUHOM JliaroHajie MaTpuIll.

13.€ miiicaa matpuns MxN. I[lepectaBuTu i psSAKA 1 CTOBII TaKUM YHHOM, 1100
HANOUTBIINI €eIEeMEHT MaTPHIIl BUSIBUBCS B BEPXHBOMY JIBOMY KYTKY.

14 Matpuriis Mae apae auciio psiakiB. [TomiasaTu micisamu 1-uit 1 ocTaHHIN, 2-Hi 1
NepeI0OCTaHHIN 1 T.JI.

15.Cnin xBaapaTHOT MATpPHIIi - TI€ CyMa €JIEMEHTIB TOJIOBHOI JiaroHaii. € MaTpuils
MOPSIIKY M, HATYpPaJIbHE YUCIIO N. 3HAUTH CIiN MaTPUIb A, A% A% A"

16.€ xBagparni Matpuii A 1 B. Otpumartu marpuiio AB-BA.

17.€ xBaapatHa maTpuilsi A TIOpsIKY h 1 BekTop b 3 n enementamu. Otpumaru
BeKkTOp Ab.

18.€ xBaaparHa maTpuilsl A TIOpsiIKY n 1 BekTop b 3 n enementamu. OTpumaru
BekTop A%b.

19.€ xBaapatHa maTpuilsi A TIOpsIKY n 1 BekTop b 3 n enementamu. OTpumaru
BekTOop (A-E) b, ne E-oqunnyna maTpuiis mopsaxy n.

20.€ xBaapaTHa MaTpullsd A MOPSIKY N, BEKTOPH X 1y 3 n exemeHTamMu. OTpumaTu
BEeKTOp A (X +y).

21.€ xBaapatHi matputi A, B, C nopsinky n. Otpumatu matpuirio (A + B)xC.

22.€ xBagpartni matpuii A 1 B mopsnaky n. Otpumaru matpuiio AB + C, ne C
MaTPHUIIS TOPSIKY N, SISMEHTH KO 00YMCITIOIThCS 3a Gopmydoro: C[i,j]=i+],
Lj=1,n.

23.€ matpuis A po3mipHicTio MxN. OTpuMatu TpaHCIIOHOBaHY MaTPHITIO.

24 Jlana matpunsg A po3mipHicTio MxXN. OOYUCAUTH M-y CTEMiHb Ii€] MaTPUIL.
(A=A, A=A"™A, A>=A%*Ai1.10).

25.€ xBaapartHa Matpulls A nopsaky n 1 Bekrop X (n). Hemapni psaku marpuiii A
3aMiHUTH Ha X.

26.€ kBaaparHa matpuilst A nopsaky n i Bektop X (n). [Tapui croBmi matpuii A
3aMiHUTH Ha X.

27.€ xBaapaTtHa mMaTpuls A mopsaky n 1 Bektop X (n). Y maTpuili A MOMIHITH
micusmu 1 1 2 panku, 3 1 4, n 1 n-1 (ckopucratucs X $K JONOMIKHHUM
MacHUBOM).

28.€ kBagpatHa Matpuusd A nopsaky n. BuzHaumtu k KiibkicTe "ocoOsmBHX"
€JIEMEHTIB, BBaXKalOUM €JEeMEHT "0coONMBUM", SIKIIO BiH OUIbIlIE CYMH THIIMX
€JIEMEHTIB CBOT'O CTOBITUMKA.

29.€ kBagpatHa Matpuusd A mnopsaky n. BuszHaumtu k kuibkicte "ocoOiuBHX"
€JIEMEHTIB, BBOXXAIOYH €JIEeMEHT "0COOMMBUM", SIKIIIO B MOTO PSAAKY JIBOPYY BiJl
HBOTO 3HAXOISATHCS MEHIIIN €IEMEHTH, a TIPABOPYY - OLIBIII.

Ipuxnag. 3anoBHUTH ISTIpKAMH HUKHIO YAaCTHUHY KBaJpaTHOI MaTpHIll
MDK JlaroHajgsiMd (AlaroHajgi BpaxoOBYBaTH), NPOBEACHUMH uepe3 Oyab-siKun
enemet a[k][m].
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JJicTiur 3.11
#include <stdio.h>
#include <stdlib.h>
#define N 7
#define M 7
void vyvid(int a[N][N], int n, int m);
/* PoBoTa 3 HWXHBOKW YACTMHOKW KBaZpaTHOI MaTpuui Mix
niaronanammu (miaroHasyii BpaxoBYBaTHU), NPOBEeIeHUMU uepes OyIb-—
AKUI eJieMeHT */
int main ()
{ int a[N][N]={0}; // 3anoBHEeHHd MATPULI1 HYJIIMU
int i, Jj; // 1lHOEKCHU eJIEeMEHT1iB MacCuBy
int Jj1, jp; // iHmekcm KOJIOHOK 3JiiBa 1 cnpaBa
int n, // pobouwmit posMmip maTpwuili
k,m; // iumexcu BKaszaHOTLO eJIeMEeHTa
n=N-2;
system ("chcp 1251 & cls");
printf ("\nBxaxiTe nopsmok marpuui n ");
scanf ("%sd", &n) ;
printf ("\n3amarTe iHIexkcu ejieMeHTa m i k ");
scanf ("%d %d", &m, &k) ;
alk] [m]=5;
jl=m; Jjp=m;
/* BamnoBHOETLCH N’ dTipkaMM dYacTMHa MaTpuill pasoMm 3
niaroHanammu */
for (i=k; i<n; i++)
{ // axmo i=k+1l, To 6es3 miaronanueit
for (3=31; j<=jp; J++)
ali] [31=5;
if (31>0) jl--;
if (Jp<n-1) Jjp++; printf ("\n");
}
printf ("\nO6pobseHa maTpuug:\n") ;
for (i=0; i<n; i++)
{ for (3=0; j<m; J++)
printf ("s5d",ali]l[J]1);
printf ("\n");
}
printf ("\n\n") ;
system ("pause") ;
return 0;
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