Jexkuia 17
®yukuii kopucryBaya. Iliznporpamu

Konu anroputM po3B'a3yBaHOi 3ajadi HECKJIAJHUH, 1 PO3MIp Hporpamu
HEBEJIMKUI, TO BOHA 3a3BMYail MUILIETHCS SIK OJHE Lijie. ToOTO TEKCT mporpamu
CKJIaIa€ThCS TUTBKU 3 OCHOBHO1 YaCTUHU — TOJIOBHOT Iiporpamu (Ha MoBi C ++ - 11e
¢yskmis main()). 3 pocTtoM po3Mipy MporpaMu 3'SBISIETECS HEOOXIIHICTH
po30MBaTH 3aBAaHHA Ha Mij3aAadvi 1 opopMITIOBaTH iX Y BUTJISAI OKPEMHUX YaCTUH
(migmporpamM). Y 1bOMY BHIIQJIKy OCHOBHA IMpoOrpama CIYXKHTh TIIbKH JIS
BUKJIMKY IMX M1JIPOrPaM.

IHionpozpama — 1ue dacTuHa BClel mporpamu, o¢opmiieHa OCOOJIMBUM
YUHOM. SIK TpaBWiIo, Y BUIJISAI HIANPOrpaMH 3alUCY€ThCS SKACh JIOTIYHO
3aBeplIeHa 4YacTHMHA TMporpamMu. AKTHBHE BHKOPUCTaHHS MIiANPOrpaM IpHU
po3po0Ili  mporpaMHOro  3a0€3MEUEHHS  CKJIaJa€e  OCHOBY  MOJYJIBHOIO
nporpaMyBaHHSI.

Mooynvne npocpamysannsa — Taka TEXHOJIOTIS MPOrpaMyBaHHS, KOJIU
aJITOPUTM BCI€i pO3B'I3yBaHOI 3a/1aui pO30UBAETHCS HA OKPEMI, JIOTIYHO 3aBEPIICHI
YacTMHU. SIKIIO 11 YacTUHU CKIAAHI M1 KOAyBaHHS, TO BOHH 3HOBY
pO30MBarOThCs Ha OUTHII IPOCTI yacTUHU. Lleil mpouec TpuBae 10 TUX Mip, MOKH HE
BUWIyTh TPOCTI JUIsl MPOrPaMyBaHHsS aJIrOPUTMH, MPU3HAYEHI ISl peai3arlii
HeckJaaHuX Jii. OCHOBHI NPHUHLMIKA MOJYJBHOTO MpOrpaMyBaHHS OyJiu
chopmynboBati me B 60-x pokax 20-ro CTOMTTS.

['onoBHa BIAMIHHICTH MIANPOTPAMHU BiJi OCHOBHOI (TOJIOBHOI) MpPOTpaMu
MOJISITA€ B TOMY, 1110 YTIPABIIIHHS MOKe OyTH MepelaHo TUTHKY TOJIOBHIN MpOrpami.
[Tinmporpama moske OyTH BIJKOMIIIILOBaHA, ajieé HE MOXe OyTH 3amylleHa Ha
BUKOHAHHS.

[lepeBaru BiJ BUKOPUCTAHHS MIAIPOrpam:

- MOXIMBICTH CTBOPEHHS JOCUTH BETUKUX Mporpam (0OMeKeHHS — OJIM3bKO
50000 psiakiB. Po3poOka mporpaM MpakTUYHO HEOOMEKEHOTO PO3Mipy BUMArae
3aCTOCYBaHH# KjiaciB. MoBa npo HUX Mije gai).

- locuTh IPOCTO MOBTOPHO BUKOPHUCTOBYBATH paHillle HATMCAHUI KOJI.

- Po3poOky okpemMux 4YacTUH NpPOrpaMH, TOOTO MIANPOrpaM, MOXKHA
JOPYYUTH PI3HUM JTFOJISIM.

- CkopouyeTbcsi TEpMiH PO3pOOKHM TpOrpaMH B IIIJIOMY 3a PaxyHOK
NOBTOPHOTO BUKOPHCTaHHS KOAY 1 3aBIASKA MOXJIMBOCTI 3ajyyeHHS [0
MPOTPAMHOTO MPOEKTY 101 TPYIH MPOTPAMICTIB.

- [ligBuIy€eThCS HAMIWHICT MPOTPAMHU, TOMY IO MIAMPOTPAMU, K TIPABHUIO,
HE BEJIMKI, IX MOXKHA JOCKOHAJILHO BUBYUTH, /10 TOTO K MOBTOPHE BUKOPUCTAHHS B
HOBUX IIporpamax MiamporpaM, siKki BK€ 3aCTOCOBYBAJIMCS paHiIIe 1 HE JaBaju
«3001B», MIJBUIIY€E HAJIIHHICTh HOBOI TPOTPaMH B IIJIOMY.

- ¥V psal BUNaAKiB 3MEHIIYETHCSI PO3MIP MPOrPaMHU: SIKIIO, HATPUKIIAM, IS
COpPTYBaHHS I'SITH MacHUBIB, 1110 BUKOPUCTaHI B IPOrpami, 3aCTOCOBaHa OJIHA 1 Ta XK
nianporpama, a He MUIIeThCS MPAKTUYHO OJIMH 1 TOM e KOJ JJI1 KO)KHOTO MacuBy
OKpeMO, TO €KOHOMis OyJe CyTTe€BOK. 3BUYANHO, SAKIIO MiAIporpama



BUKOPUCTOBYETHCS B MPOTpaMi TIILKH OJIMH pa3, TO PO3MIp NPOrpaMu B IIJIOMY He
TIJIBKM HE CKOPOUYETHCS, @ HABMAKH, 3POCTAE.

Hemoumixu Big 3acTOCYBaHHS iAIPOTPaAM:

- BukopucranHs migmporpaM 3aBXId 3MEHIIYE IMIBUIKICTb pPOOOTH
nporpamu. lle cTae MOMITHMM, KOJM PO3MIp MIANPOTPAMU 3aHAATO MAJIUH,
HANPUKIIAJ, OAUH-/BA OllepaTopa.

- Po3Mip BHUXIZHOTO KOAYy 1 BUKOHYBAHOTO MOJIYJIS HE 3aBKIH, ajieé 4acTo
3pOCTa€ MPU BUKOPUCTAHHI MIIIPOrpaMm.

- 'pamoTHe 3acTOCYBaHHS MiAMPOrpaM BUMarae OUIbII BUCOKOT KBaTi(ikarii
B1JI Mporpamicra, Hi’K podoTa 6e3 mianporpam.

Buan mignporpam

IcHye nB1 Kareropii miamnporpam: mpoueaypu i pyHkIii.

[Ipouenypa — 1e mianporpamMa, sika He IIOBEPTA€E YEpe3 CBOE 1M'sl pe3yJIbTaTy
poOOTH, TOMY BOHA BHUKIMKAETbCS K OKpeMuid omeparop. Ilpouenypa
«CIUJIKY€ThCS 13 30BHIIIHIM CBITOM» Y€pe3 CIHCOK MmapaMeTpiB. YacThHa 3 HHX
OyIyTh BX1IHUMH, YACTUHA — BUX1IHUMH, TOOTO PE3yJIbTATOM POOOTH.

OyHKIIA — 1€ Miamporpama, sika 4epe3 iM'a IOBEPTAa€ pe3yJbTaT CBOEi
poOoTu. OyHKIIIS BUKIUMKAETHCS B BUPAXKEHHI, a HE IK OKpeMuil orepatop. Uepes
CIIMCOK TapaMeTpiB BOHA MOXE OTPUMATH BXIJHI JaHI 1 MOBEPHYTH pPE3yJIbTaTh
poOoTH.

Tpanuuiiino mignporpamy oGOpMISIIOTH Y BUMIISAL  QYHKIND, SKIIO
pe3ynbTaTOM pOOOTH € OJUHOYHUN 00'€KT (YUCIO, CUMBOJ, PsAoK). [lpuxman
QITOPUTMIB, AKI 3py4HO OQOpMUTU (PYHKIIIE€IO: OOUMCICHHS 3HAYCHHS MEBHOTO
1HTerpaa, 3HaXO/HKEHHS MIHIMAJIbHOTO YHCJIa B MAcHBI, MiIPaXyHOK KIJTBKOCTI
MPOTAIHH Y PSIAKY 1 T. 1.

Sxio pe3ynbratoM poOOTH MIAIPOrpaMu € Kijibka 00'€KTiB, a00 BUX1THUMHU
JAHUMHU € MacuB, TO HEOOXIJTHO BUKOPUCTOBYBATH MPOLEAYPY, TaK SK depe3 iM's
HIAIPOrpaMu MOKHa MOBEPHYTH TIIBKU OJIMH NPOCTUM 00'eKT (4Mcio, aapeca,
CHUMBOJI), a dYepe3 CIHCOK NapaMeTpiB — Oynb-fKa KUIBKICTh 1 OAMHOYHHX 1
ckianeHnx o0'exTiB . [loBepHEHHS pe3ynbTaTy OJHOYACHO 1 depe3 iM's, 1 depes
CTIHCOK TapaMeTpiB MOTaHMI, TaK K BBOJUTH KOPUCTyBaya MiAIPOTPaMU B JACSIKY
OMaHy 1010 TOT0, 1110 MOX€ 3MIHUTHU MiANpPOrpama.

®yukuii Ha mosi C/C ++

®opmansHo B MoBax C/C ++ Hemae mporneayp, a € Tiabku GyHKIi. ko x
HEOOX1HA caMe TPOIeAypa, TO JOCUTh CTBOPUTH (DYHKIIIIO, SIKa MOBEPTAE THUI
void.

PosrasiHeMo sIkiM YMHOM 3aCTOCYBAaTH CBOIO (PYHKIIIIO B MPOTpaMi Ha MOBI
C ++. 1lllo6 BUKOPHWCTOBYBaTH B TpOrpami CBOIO BJIACHY (YHKIIIIO, HEOOXITHO
BUKOHATH TPH i

- 33/1aTU MPOTOTHUIT (PYHKIIIT;

- BUKJIMKATH (PYHKIIII0 B HEOOX1IHOMY MICIli, HanpukKiaa, B GyHKIIT main ()

- JaTW BU3HAYCHHS PYHKIII].

Pozbepemocs Tpoxu TOKIAAHIIIE 3 THM, 1110 MU MepepaxyBallH.

Ilpomomun ¢pynkuyii — 1€ 3aroloBOK QPYyHKIIIi, SKUH 3aKIHUYETHCSI KPANKOIO
3 koMo1o. [IpoToTunu Bcix GyHKIIH, SKi BUKOPUCTOBYIOTHCS B TIpOTpaMi, 3a3BUUai



3allMCYIOTh Ha MOYaTKy TEKCTy Iporpamu 10 Bu3HaueHHs ¢(yHkuiid. [IporoTun
HEOOX1MHUN AJIs TOro, 100 y KommiyisTopa Oyna moBHA iHQOpMAIls Mpo THUI
pe3ynbTaTy poOoTH (PyHKIIT 1 MPO CHUCOK MapaMeTpiB, MepeAaHux y (yHKIIIO.
Komu B TekcTi mporpamMu 3yCTpiHETHCS 3BEpHEHHS 10 (PYHKIII, TO KOMIIISTOP
nepeBips€ MPABWIBHICTD 11 BUKIIUKY, 3BIPSIIOUHCH 3 1HPOPMAIIIEIO 3 TPOTOTHUITY .

Jlnig mporpaMicTa MpOTOTUIIH TEX KOPUCHI: MOKHA B CTUCIHIN (popmi Biapasy
no0aynTh, 5Ki (PyHKII] BHKOPUCTOBYIOTBCA B IMpOrpami, SIKI IMapameTpu iMm
HEOOX11H1 1 T. /.

Buknuk ¢yHKIii MOXMBUN y Oyap-akui GyHKID, e 11e Oyae moTpioHO.
Skmo T pe3ynpTarty QYHKLIT — VOId, TO BHKIMK 3alHCY€ThCS OKPEMHM
OIlEpaToOpOM, B IHIIMX BMIIAJKaxX — y BHUpa3l TOTO X THUILy, IO 1 THUIl Pe3yJbTaTy
¢bynkuii. MoBu C/C ++ 103BOJIAIOTH 3alMCaTh BUKIUK (PYHKINT y BUIJISAL
OKpEMOTO OIleparopa HaBIiTh B TOMY BHIIaJKy, KOJM BOHA IIOBEpTa€ THUII
pe3ynbraty, BigminHui Bix void. Hampukmanm, omeparop Sin(X); a0CoIOTHO
3aKOHHUH, X04a HaBPsI/I YM BapTO TaK POOUTH.

BusnauenHss QyHKIIi CKianaeTbes 3 il 3arojioBKa 1 Tija, 3alMCAHOrO Y
BUrsiAl Onoky. IlpumycTrmo 3amucyBaTé BU3HAY€HHS (QYHKUIA B Oyab-sKid
nociigoBHOCTI. He MokHa Bu3HavyaTu (GyHKI1I0 BeepeauHi iHmoi ¢pynkmii (C/C ++
— e He Ilackanb!).

Hpuxknax. 3HaWTH MaKCUMyM 3 JBOX 4YHCENI. AJTrOpUTM MOLIYKY
MaKkCUMyMy OOPMUTHU Y BUTIIA I (PyHKIIII.

Mo>kJIMBHI BapiaHT MPOTPaAMHU:

#include <iostream>
using namespace std;

double fmax(double a, double b); // 1)[poToTnn dyHKLMN

int main()

{double a =4, b =3, max;
cout << "a=" << a << " max=" << b << endl;
max = fmax(a, b); // 2)Bbi3oB dpyHKLMM

cout << "max=" << max << end!;
return 0;}

double fmax(double x, double y) // 3)OnpegenexHve yHKLMM
{ double max;

if(x >y)
max = X;
else
max =y;

return max;}

dopMaJibHi i pakTHYHI NapaMeTpH
Y poboTi 3 migmporpaMamMu JOBOJUTHCS MaTH CIIPpaBy 3 JBOMAa BHJIAMHU
napaMeTpiB: CIIUCOK (PaKTUUHMX MMapaMeTpiB 1 CIIUCOK (OpMaTbHUX MapamMeTpiB.



Cnucox napamempie (pakTuuHux abo ¢GopMaIbHUX — BCE OJIHO)
3alUCy€EThCS B KPYTJIHMX Jy’KKax Biapasy 3a imM'ssm ¢yHkuii. B mpunnuimi, crnucox
napaMeTpiB Moxke OyTH MOPOXKHIM, ajie Ty>KKH 3a iM'siM QYHKII1 000B'sI3K0B1!

Cnucok axmuynux napamempie — 1ie T peaybHi JaHl, 3a JOMOMOIOIO
SKMX MOKHa HAJAIITYBaTH ajrOpPUTM MiANpOrpaMH Ha OOpOOKY KOHKPETHHX
nanux. MakTUYHI MMapaMeTpu BKa3yIOThCS B CIUCKY IMapaMeTPiB MPH BUKIUKY
¢byHKIil 1 mepenaroTbes B M0 (QyHKIIO. Y HamIoMy MNPUKIAAl MPH BUKOHAHHI
byukuii fmax() B cnucky ¢akTHYHMX MMapamMeTpiB BKaszaHi ABi 3MmiHHI: a i b. Ile
peanbHi 00'exTH, mig ki B GyHkitii main() BuaiieHa mam'astb, BOHH MOXKYTh MaTH
SKICh 3HAYEHHS 1 T.]I.

Cnucox ¢opmanvnux napamempie — 1e TO CyTi HaOIp BUMOT, fKI
npen'sBise miamporpama A0 mepenaHux B Hel JaHuMu. Crucok (GaKTHYHUX
napameTpiB 3alUCYEThCS B 3aroJIOBKY (PYHKINT MpH 11 BUSHAUEHHI B JIyXKax. [[is
KOKHOT'O TTapamMeTpa HeoOX1JHO BKazaTH TUII 1 iM's. [Ipu HeoOXiAHOCTI 3a/1a€ThCs 1
cnoci®0 mepenayi (Mpo L€ Mi3HINIE — B HACTYNHIM TeMi). IMeHa ¢dopmaibHUX
napameTpiB JIOKali30BaHI B MIANPOrpaMi 1 JOMOBHIOIOTH MEPEIK JOKAIbHHUX
00'exTiB i€l mianporpamu. Tak, B Hamii Gyukmii fmax() dopmaneni napameTpu X
i y tuny double 1OMOBHIOIOTH CHHUCOK JIOKAIBHUX 3MIHHHX, IO CKJIAIA€THCA 3
omuiei 3minHOi Max tumy double. YV pesymerati ¢yskmis fmax() mae Tpu
JIOKaNbHUX 3MIHHUX, BIIOMUX TUIBKU B LI (PYHKIII.

Mk cnuckamu GakTHUHUX 1 (QOpPMAIBHUX MapaMeTpiB  HEOOXITHO
BUTPUMYBATH TIOBHY BIJIMOBIJIHICTh 33 KUIBKICTIO TapaMeTpiB, iX THUILY, TOPSIKY
MPOXO/KEHHs 1 crocoOy mepedadi B (yHkiito. HemoTpumaHHS 1MX BUMOT B
KpanoMy BUNAAKYy (i Tporpamicta) MNPU3BOAWTH JO TMOMMIKH Ha CTajli
KOMIUIALT, B Tipmomy — 10 «bariB» mporpamu, siki OyAyTh 4ac BiJ 4acy
MPOSIBJISITHCS TMiJT 4YaCc BUKOHAHHA mMporpamu. «BuinoBuTw» X Takoro pomay
MOMMJIKA JTy>K€ HETPOCTO. SIK MpaBUiio, BOHU 3aJIMIIAIOTHCS B MMPOTPaMi MPOTITOM
BCbOI'O TMEpIOAy 11 BUKOPUCTaHHSA. ToMy HyXe BaXJIMBO JOTPUMYBATHUCSH
NpaBWIbHICTh TEepefadi JaHuX B miamporpamy. B Qynkuii main() BugineHa
1aM'siTh, BOHA MOKYTh MaTH SIKICh 3HaYEHHS 1 T.].

Cnoco0u nepenavi 1anux B QyHKUil

VY moBi C ++ pani B mignporpaMmy MoOXHa IepeaBaTd TphOMa CIIOCO0aMuU:
3a 3HAYEHHSIM, 32 aJIPEeCO0 Ta 3a mocwiaHHsAM. Y MoBi C JomycTUMI TUIBKU JBa
criocoOw: 3a 3HAUCHHSM 1 3a aJpPecoro.

Ilepeoaua oanux 3a 3naueHHAM

Ile#i cmoci6 mepenmayi JaHWX B MANPOTPaMy € OCHOBHUM 1 i€ TIO-
3aMOBUyBaHHIO. DAKTUYHUN TIApaMeTp OOYHMCITIOETHCS B BUKIMKAOWIN (QyHKIIT 1
HOT0 3HAauYEHHS TMEepefacThcs Ha Miclie (HOopMaNbHOrO mapaMerpa B (QYHKI, 10
BUKJIMKAEThCSA. Ha 1iboMy 3B's30k Mk (pakTudHUM 1 (popManbHUM MapaMeTpamMu
PUITHHAETHCSI.

B skocti QakthnuHuii MmapaMeTp MOKHa BHUKOPHUCTOBYBAaTH KOHCTAHTY,
3MiHHY a00 Oulbll CKJIagHUN BUpas. Ilepegaya naHux 3a 3HAYEHHSM MpHUIATHA
TIIBKK ISl IPOCTUX JaHWX, SIKi € BXIIHUMHU MapameTpaMu. SIKIo mapameTp €
BUXIJIHUM JJaHUM a00 MacHBOM, TO Iepeada Moro B (QYHKIIIIO 3a 3HAYEHHSM HE
MIPUNHSTHA.



[Mpuknan 1. OGuucnuTH cyMy psy i3 3aJaHO0 TOUYHICTIO € = 107;
x3 xi x_ x?

T

Jl5is 0OYUCIEeHH CyMU ATy BUKOPUCTOBYeMO (yHKIi0. Jlo Hel mepegamo
3a 3HAYeHHSAM X 1 epS. Pesynbrar moBepHemMo uepe3 iMm'st QyHKIII omepaTopoM
return.

MosxnuBuil BapiaHT peajizallii IporpaMu:
#include <iostream>
using namespace std;
#include <cmath>

double fsum(double x, double eps);

int main()

{ double x, s, eps = 1.0e-5;
cout << "x ="; cin >> X;
s = fsum(x, eps);
cout<<"s="<<s<<endl,
return 0;}

double fsum(double x, double eps)
{doubles=Xx,p=X,i,t=x*X;
for(i = 3; fabs(p) > eps; i +=2)
{p=-p*t/(i*(@i-1));
s+=p;}
return s;}

Uepes iM'st GyHKITIT MOYKHA ITOBEPHYTH TUIBKH OAWH 00'€KT, 1HII JOBEAETHCS
noBepTaTu uepe3 cnucok. lled cmocid (mepemaua 3a 3HAYEHHSIM) HE JI03BOJISE
MOBEPHYTH Yepe3 CIUCOK apaMeTpiB 3MIHCH1 3HAUCHHS.

Ilepeoaua oanux 3a aopecoro

3a aapecoro B (PYHKIIIO 3aBXKIU MEPENalOThCsd MAacUBU (PO3TJISTHEMO 1€ B
HAaCcTyNmHUX TeMmax). [[ns macuBy 1ie B3arayi €IMHHUM crocid mepejadi JTaHuX B
moBax C/C ++. Tak camo 3a aJpecor0 MOXKHa NEepelaTu Ti MPOCTI 00'€KTH, SIK1 €
BUX1JIHUMU JaHUMHU (200 BX1JHUMHU Ta BUXITHUMU OJHOYACHO).

VY pasi mepemadi JaHWX 3a aapecor0 (PaKTUYHUN MapaMeTp MOXe OyTH
TITBKH 3MIHHOT (KOHCTaHTa a00 BUpa3 HE MaIOTh ajpecu!).

[ToBepHEMOCS 10 IOTIEPETHHOTO TIPHUKIIATY.

Hpuxnan. Jlano naBa uwmciaa, mo 30epiraroTbcss B 3MIHHMX a 1 b.
BuxopucroByrouu mianporpamy, BAKOHATH OOMIH BMICTY OCEpPE/IKIB X 3MIHHUX.

Hani nepenamo 3a aapecoro. Bonu OyayTh B 11bOMY 3aBIaHHI 1 BXIIHUMH, 1
BUXITHUMU JaHUMHU. JlJIS KOHTPOIIO 3MIHM BMICTY KOMIPOK Mam'siTi OyaemMo
BHUBOJIMTH HA €KpaH MOHITOpA MPOMIXKHI JaHi.

Mo>xJIMBHI BapiaHT peaiizallii mporpamMu:

#include <iostream>

using namespace std;

void Obmen(double *x, double *y);
int main()

{double a=2.5,b =3.1;



cout << "Do Obmen: a=" << a<<"b="<< b << end|
Obmen(&a, &b);

cout << "Posle Obmen: a=" << a << " b=" << b << endl;
return 0;}

void Obmen(double *x, double *y)

{ double c;
cout << "Function Obmen start:\n *x=" << *x << " *y=" << *y << end|;
C =*X;

*X - *y;

*y = C;

cout << "Function Obmen end:\n *x=" << *x << " *y=" << *y << endl;}
Pesynbrar

Do Obmen: a=2.5 b=3.1
Function Obmen start:
*x=2.5 *y=3.1
Function Obmen end:
*x=3.1 *y=2.5
Posle Obmen: a=3.1 b=2.5

Jpyk Ha eKkpaHi MOHITOpa MOKa3ye, 110 OOMIH MPOBEACHUM, 1 BUX1AHI 3MiHHI
Terep MaloTh HOBI 3HAYEHHS, TOOTO Nepeaada JaHUX 3a aJpecoro JIMCHO T03BOJISE
MOBEPHYTU Y PYHKIIIO pe3yJbTaT pOOOTH MIAMPOTrpamMu, 110 BUKIUKAETHCS.

Ax ue npairoe? PosriasiHeMo Iie MUTaHHS JOKJIAAHINIE, BUKOPUCTOBYIOUU
MPUKJIAJ 3 OOMIHOM JaHuX. /{711 HAOYHOCTI HABEIEMO MATFOHOK:

a b
e ghyHKULU 25 3.1
main()
{] 1000 (| 1008
—
e ghyHKUUU
Obmen() L
* 11000 ¥ 1008

VY Bukiukarovid QyHKIT (B HAIOMYy BHMAAKy — B Main()) o0YMCIIO0THCS
anpecu 00'e€KTiB, MepeaaHnx 3a aapecoro (y Hac — ajapecu 3MiHHEX a 1 b. Hexait 1e
Ooynyth uncia 1000 1 1008), i moTiM 111 aApecH KOMIIIOTHCS B OCEPEIKY MmaM'siTi —
NOKKYHMKH, TaM'saTh Mia ski BuauvieHo B Gynkuii Obmen() (e X i y). 3Harouu
aZpecy 3MIHHOI, HalpUKIIaJa, aJpeca 3MIHHOI &, Tenep 30epiracThCs B MOKAKIUKY
X, MOYKHA, KOPUCTYIOUUCH ONEpalli€lo po3IMEHyBaHHS, HE TIJIbKU MPOYUTATH, aje i
3MIHUTH 3HAUYEHHS BUX1IHOI 3MIHHOI.

Hi sixoi peanbHOi mepepadi AaHux (B CEHCl KOMIIOBaHHS) 3 MiANPOrpaMu
Obmen() wazag B main() He poOuThCA. MM HacmpaBai dYepe3 IMOKaKUUKH
npamoemMo 3 BuxigHuMmu 00'ektamu! Tomy micis Buxoay 3 ¢yskiii Obmen()
MaeMo 3MiHeHi 3MiHHI a 1 b (skmro Oyt ToYHiIIe, 3MiHHI 3MIHATHCS IIE 10 BUXOIY
3 (byHKIIIT, TOOTO B MOMEHT ITepecTaHoOBKH B caMiii ¢yHKItii Obmen()).



Ilepeoaua oanux no nocunannio

Ile me ogmH 13 CrOCOOIB TMOBEPHYTH pe3ynbTaT podotm GyHKINI depes
cnucok napamerpiB. Haragaemo, mo 3actocoByerhest Tutbku st C ++. Y moBi C
TaKOTO BapiaHTy HEMaAe.

[Tpu mepenayi qaHUX MO MOCWJIAHHIO B (PYHKITIIO, KyIU TEPEAarOThCS JIaHi,
CTBOPIOIOTbCSI CHHOHIMH BuUXiIHUX 00'ekTiB. ToMy pobGota B miamporpami
BEJICTHCS caMe 3 BUXITHUMHU 00'eKTamMu. SIKIIO B MiAMporpami nmocuiaibHa 3MiHHA
3MIHUTH 3HAYEHHS, TO 1€ Bi/Ipa3y MO3HAYMTHCS Ha BUX1AHOT 3MIHHOI.

VY BukiuKaro4il QyHKIIi mapamerp, SIKUA MepellaeTbCs MO MOCHIAHHIO,
MO€e OYTH TUIBKU MPOCTOIO 3MIHHOI Oy b-SKOTO BIJOMOTO THITY.

[ToBepHemMocss 3HOBY J0 NpHUKIATy OOMIHY, TUIBKH JlaHi IepeaamMo II0
MOCHJIAHHIO.

Hpuxnan. Jlano naBa uwmciaa, mo 30epiraroThcsi B 3MIHHMX a 1 b.
BukopucToByoun nignporpamy, BUKOHATH OOMiH BMICTY KOMIPOK IIUX 3MIHHHUX.

Mo>kJIMBHI BapiaHT peaiizallii mporpaMu:

#include <iostream>

using namespace std;

void Obmen(double &x, double &y);

int main()

{doublea=2.5,b=3.1;
cout << "Do Obmen: a=" << a << " b="<< b << endl;
Obmen(a, b);
cout << "Posle Obmen: a=" << a << " b="<< b << endl;
return 0;}

void Obmen(double &x, double &y)
{ double c;
cout << "Function Obmen start:\n x=" << x << " y=" <<y << endl;
C=X;
X=Y,;
y=¢
cout << "Function Obmen end:\n x=" << x << " y=" <<y << endl;}
Pesynbrar
Do Obmen: a=2.5 b=3.1
Function Obmen start:
x=2.5y=3.1
Function Obmen end:
x=3.1y=2.5
Posle Obmen: a=3.1 b=2.5

3BEepHITh yBary Ha Te, IO JUIsl 00'€KTa, MepedaHoro 3a MOCWIAHHIM, B
CIUCKY (OopMallbHMX TapaMeTpiB BKa3ye€TbCs 3HAYOK & Tiepes] IM'IM 3MIHHO1
(mpairoeMo 3 TMOCWJIAaHHSIM Ha 00'€KT), a Jaiai B TUIl  MIANPOrpamMu
BUKOPHUCTOBYETHCS MPOCTO 1M's 11i€1 3MiHHO1. KO BUKOHY€ETHCSI BUKJIUK, B CITUCKY
(baKTUYHUX TapaMeTpiB 33JAETHCS IM' OTPIOHOT 3MIHHOI.

Jist mpocTtux 00'€KTIB Tepenaya JaHUX [0 MOCWJIAHHIO Kpalle, HIX
nepeaaya 3a aJpecoro, TaKk SK B [[bOMY BHUMAAKYy TEKCT (PYHKIIII MMPOCTille, Jerie
YUTAETHCS, HE MOTPIOHO BUKOHYBATH OTepallii po3iMeHyBaHHS.



Jlo Henmomiky crocody (mepenada JaHUX MO MOCHUJIAHHIO) MOYKHA BiJHECTH
TE, 10 332 BUKJIMKOM (YHKII HE MOXHa 3pO3yMITH, IO MapaMeTp MEepenacThCs
came 3a MMOCUJIAHHSM, a HE 3a 3HAYEHHSIM, 1 K HACIIIOK, IIel apaMeTp IIBUIIIE 3a
Bce 3MiHIOEThCS PyHKIi€r0. [1[00 He Oyn0 CyMHIBIB, 3aBKIU TUBITHCA Ha 3aIMC
IpOTOTHUITIB (YHKIIH, BUKOPUCTAHUX B mporpami. [IpoToTumnu 3aBxau IOCTYIIHI,
HABITH SAKIO caMi (YHKIIT € TUTBKH Yy BUTIISA1L 00'€KTHIUX MOJTYJIIB.

MacuBu ik napaMeTpH pyHKUin

Ilepeoaua 6 pynkuyito 00HOBUMIPDHO20 Macug8y

Bukopucranus wmacuBy sk mapamerpa (yHKIII HE BHUKIMKA€E HIIKUX
TpyIHOIIIB. SIK OyJI0 CKa3aHO paHillle, MACUB B MIAMPOrpaMy 3aBKIHU MEPelaeThCs
3a aJpecoro, TOMY JIOCUTh MpPU BUKOHAHHI (DYHKII BKazaTu aApecy IMoYaTKy
MacuBy ab0 aJpeca TOro €JeMEHTa, IOYMHAKYM 3 SIKOTO IependadyaeThes
00pOOJISITH MacuB.

Ipukaaan. Hamucatu mnporpamy, sika OyAe BHKIMKATH (PYHKUIO IS
BUBEJICHHS Ha JIPYK €JICMEHTIB MACHBY.

Mo>kJIMBHI BapiaHT pIIICHHS:

#include <iostream>
using namespace std;
void print(int x[], int n);
int main()
{constintn =5;
int x[n] =43, 5,1,7, 4},
print(x, n);
return 0;}
void print(int x[], int n)
{ cout << "Massiv:" << endl;
for(inti=0;1<n;i++)
cout << x[i] << endl;}

[Tpu BukoHaHHI QyHKIIIT orepaTopom Print(x, n); B Hel mepenaeTbes aapeca
MOYaTKy MacuBYy X 1 KUIbKICTb €JE€MEHTIB N. BUKIMK €KBIBAJICHTHHH 3amucy
print(&x[0], n);, Tak sk iMsS MacWBYy Iie ajpeca Ha HWOro IoyaTok. Take
TPaKTYBaHHS JJO3BOJISIE TIepejaBaTH MACUB HE TIOUYMHAIOYH 3 IEIKOT0 HOMepa.

Mampuusa ak napamemp Qynkuii

Martpuisi Takox TiepenaeTrbcs 3a azapecoro. llpum  BukHMKy GyHKIIT
JIOCTaTHhO BKA3aTH 1M’sl MaTpHIll (aapeca MovYaTKy MacuBy). Y CHUCKY (PYHKITIT,
110 BUKJIUKAETHCS, MACUB OITUCYETHCS TaK:

Tun_oanux Um’af][Koncmanmal

Ipukaan. Hammcatu 1 mporecTtyBaTH (YHKINIO BUBEICHHS 3HAYCHD
[IJIOYMCETBLHOT MAaTPHIIl HA €KpaH MOHITOpA.
Mo>xJIMBHiI BapiaHT peasizaiii
#include <iostream>
using namespace std;
#define M 3
void PrintMatr(int a[][M], int n, int m);
int main()
{ const int n=2, int m=M;



int a[n][m] = {{5, 4, -1}, {2, 6, 7}};

PrintMatr(a, n, m);

return 0;}
// BblBOO MaTpuLbl Ha 9KpaH MOHUTOpPa
void PrintMatr(int a[][M], int n, int m)
{inti, j;

cout << "Matriza:" << endl;

for(i=0;i<n;i++)

{ forG=0;j<m;j++)

cout << a[i][j <<"";
cout << endl; }

}

3pyyHa Taka rnepejada MaTpUIl B Iianporpamy? Y 3araibHOMY BHUITQJIKY HI.
[le npuUHATHO TIABKK MJIS HEBEJIUKUX MpOorpamM 3 MaTPUISIMU OJHAKOBOTO
po3Mipy. s KUIBKOX MaTpHUllb PI3HOTO PO3MIPY MOKHA JIaTH TPAHUYHY KIJIbKICTb
psankiB (M) mo makcumymy.

XOpoIIKM pIIICHHSIM MOX€ CTaTH BUKOPUCTAHHS JUHAMIYHOTO MacuBy. B
bOMY BHUMAJKy B Tignporpamy Oyje mnepeAaaBaTUCs MOKKYMK Ha IMOKaKYHK.
Hisikux rino0anbHUX KOHCTAHT HE OyJie MOTPiOHO.

HaBegemo mnpukiaa mporpaMyd 3 BUKOPUCTAHHSIM JIMHAMIYHOI MaTpuIll 1
MIJPOTPaM, B SIK1 111 MATPHUIIS TTEPEIAETHCS.

IIpuxkaan. [lana npsamokyTHa wMatpuilsd. IlepeTBopuTH MaTpuIo 3a
MPAaBUJIOM: TEPECTaBISIEMO MICIIMH TIEPIIUH CTOBMEIb 1 OCTAaHHIN, IMOTIM —
JIPYTUH 1 IepeIOCTaHHIM, 1 T.I.

#include <iostream>
using namespace std;
void ReadMatr(int **a, int n, int m);
void PrintMatr(int **a, int n, int m);
void P(int **a, int n, int m);
int main()
{int n=3, m=4, i;
int **a;
a = new int*[n];
for(i=0;i<n;i++) afi] = new int [m];
ReadMatr(a, n, m);
P(a, n, m);
PrintMatr(a, n, m);
for(i = 0; i < n; i++) delete []a[i];
delete []a;
return 0;}

void ReadMatr(int **a, int n, int m) // BBOA4 MaTpuubl C KraBmaTypsbl
{inti, j;
cout << "Input matriza A(" << n << ™' <<m << ")" << endl;
for(i=0;i<n;i++)
for(j=0;j<m;j++) cin>>a]i][j];}

void PrintMatr(int **a, int n, int m) // BeiBog maTtpuubl Ha 3KpaH MOHUTOpPA
{inti, j;
cout << "Matriza:" << endl;



for(i=0;i<n;i++)
{for(j=0;j<m;j++) cout<<a[iJ[j] <<"";
cout << endl; } }

void P(int **a, int n, int m) // NepecTtaHoBKka cTon6L0B
{inti, j, j1, c;
for(i=0;i<n;i++)
forG=0,j1=m-1;j<]jl;j++, j1--)

{ ¢ = alil;
a[il[i] = afilj1];
afijil] =c; } }

Henonikom BHUKOpHCTaHHS B SIKOCTI MapaMeTpiB JUHAMIYHUX MAacHBIB
(Oyap-sKUX: OJHOBUMIpHUX a00 OaraTOBUMIPDHUX) € 3HIDKCHHS IIBUIKOCTI
BUKOHAHHS TMpOrpaMd, TOMY IO JOAATKOBO IOTpiOEH dYac Ha BHIUICHHS 1
3BIJILHEHHS JMHAMIYHOI Mam'siTi i MacuBU. [{o Toro *x, HeoOXiJIHO HE 3a0yBaTu
3BUIBHATH IUHAMIYHY TIaM'SITh.

bazamoseumipni macueu ax napamempu Qynkyii

Jlist GaraTOBUMIpHMX MacuBIB (MarOThbCs HAa yBa3l MacUBU TPHUBUMIpPHI,
YOTUPUBHUMIPHI 1 TaK Jani) MU MAeEMO Ti K MpoOJIeMH, IO 1 A MaTpulb. AKIIO0
nepe1aBaTH, HANpUKIAJ, 3BUYAHUN TPUBHUMIPHMI MAcHB B MIiANPOTrpamy, TO
IPOTOTUN (PYHKLIT MOXKE BUTIISAIATH TaK:

void Print(int V[][N][M], int k, int n, int m);

Tyt HeoOx11H1 Bke 1Bl KoHCTaHTH: N 1 M.

Pimenns npobieMu — Tak caMo B BUKOPUCTaHH1 JUHAMIYHUX MACHBIB:

void Print(int ***V, int k, int n, int m);

Ilepenaua imeni ¢pyHkuii B migmporpamy

Yepes cnucok mapaMeTpiB B MIANPOTpaMy MOXHa IMepeAaBaTH HE TUIbKU
naHi 1(abo) aapecu obsactel maM'ari, e 30epiraroThcst Oy Ib-K1 JAaHi, aje 1 aapecu
IHIIMX (PYHKITIH.

PosrnsHemo 1€ H TpuKIIaal OOYMCIICHHS BHU3HA4YeHOTO iHTerpary. Hexai
HaM HEOOXIJHO CTBOPHUTH YyHIBEpCalbHYy (YHKIIIO OOYHUCICHHS BH3HAYEHOTO
1HTerpany s Oyab-sKOi MIIHTErpaibHO1T (QYHKIIII.

CxeMa BUKJIMKY (DYHKIIIH HAaBEJIEHA Ha PUC.

@yHKUUA main ()

¥

@yHryuA Integral ()

L]

OyHruua ()

Buxonsuu 3 TOro, 110 KOXHE 1M s 0 CBO€1 MOSIBU MOBUHHO OyTH OMMCAaHE,
TO MOCJIIOBHICTh OMUCY MPOTOTHUITIB MOBUHHA OYTH HACTYITHOIO:



1) omwc npoTOTHITY (PYHKIIIT;
2) OIUC MPOTOTHUITY IHTETPYBaHHS.
[Iporpama Mosxe MaTu HacTyIHY peaiizaiiro (popMyra Tpanerii):
#include <iostream>
using namespace std;
double f(double x);
double Integral(double a, double b, int n);

int main()

{intn = 20;
doublea=1,b =2;
double y = Integral(a, b, n);
cout << "y="<<y << endl;
return 0;}

[/ DYHKUMS ANA BblYUCIIEHUSA ONpedenéHHOro nHTerpana no MeToay Tpaneummn
double Integral(double a, double b, int n)
{double s = (f(a) + f(b))/2, h=(b-a)/n,x=a+h;
for(inti=1;1<n;i++, x +=h)
s +=f(x);
s *=h;
return s;}

double f(double x) // MoabIHTErpanbLHaa PyHKLMS

{

return x*x;}

bine mikaBa 3amada, KOJaW HEOOXIJHO 3HAWTH, HANPHUKIAL CyMy JBOX
IHTErpaiB:
#include <iostream>
#include <cmath>
using namespace std;
double f1(double x);
double f2(double x);
double Integral(double (*f)(double x), double a, double b, int n);

int main()
{int n = 20;
const double P1=3.14159265;
double a = -1, b = P1/2;
double y = Integral(f1, a, 0, n) + Integral(f2, 0, b, n);
cout << "y="<<y<<endl
return 0;}

/| DYHKUMS ANSA BblYUCIIEHUSA ONpeaenéHHOro nHTerpana no MeToay Tpaneummn
double Integral(double (*f)(double x), double a, double b, int n)
{double s = (f(a) + f(b))/2, h=(b-a)/n,x=a+h;
for(inti=1;1<n;i++, x +=h)
s +=f(x);
s*=h;
return s;}



// TlogbIHTErpanbHble PyHKLMK
double f1(double x)

{
return -x*x;}
double f2(double x)

return sin(x);}

Y mpororumi ¢ynakmii Integral() i, mpupoaHo, B ii 3arojoBKy npH
BU3HAYCHHI TEPIINM ITapaMETPOM 3aITUCaHO:

double (* f) (double x)

[Tepmre cioBo double — 1ie Tum pe3yapTaTy HmigiHTErpaabHOT PYHKIIII.

(* F) — popmanpHe mO3HAYCHHS IMEHI TepefaHoi B mianmporpamy (QyHKIi
(e T). Ilepen HUM 3amucaHMii CUMBOJ * (3ipodka), IO O3HAYAE, MO MEePEIAETHCS
aapeca ¢Gyukmii. Jlykku 0OOB'SI3KOBi, 1HaKIIe CHUMBOJI * (3ipouka) Oyne
BIJTHOCHTBHCS JI0 IIEpHIOro ciiosa, Tooto double.

(double x) — criucok dopmanbHUX MapameTpiB QYHKIIIT, KA MEPEIAETHCS B
¢yukmiro Integral(). ¥ nac e oqun dopmanbauii mapamerp tumy double, skwuii
TIepEA€ThCS 3a 3HAUCHHSIM.

Kanacu mam’sri

Bci 3MiHHI B mIporpami XapakTepH3yHOThCS HE TUIbKM THUIIOM, aJi€ 1 KJIacoM
nam'sti. Y MoBi C icHye 4OTUpHM KJIaCHl IaM'sTi: aBTOMaTU4HUE (automatic — 3a
3aMOBYYBaHHSM), perBcTpoBuid (register), cratuunmii (StatiC) i 30BHIIIHIN
(external).

Aemomamuuni 3sminni (auto)

30Ha i aBTOMaTUYHOI 3MIHHOI 0OMexeHa 0i0koM abo (yHKIIi€r0, 1€ BOHA
ormucana. BoHa mouynHae iCHyBaTH Miclig 3BEpHEHHS A0 (DYHKINT 1 3HUKAE MICIS
BUXOMY 3 Hei. TaKkuM YMHOM aBTOMATHYHI 3MiHHI HE 3aliMarOTh 00JIaCTh B IMaM'sTi.
3Ha4YeHHs] aBTOMATUYHOI 3MIHHOI HE MOX€ OyTH 3MIHEHO THIIUMHU (YHKIISIMH 1 B
mux (QYHKIISX MOXKE 3HAXOAWThCA 3MIHHI 3 TaKMM Ke IM'iM. 3MIHHY SK
aBTOMATUYHY MO’KHA HE ONMUCYBaTH (TIPUIMAETHCS 32 3aMOBUYBAHHSAM ).

3oeniwni 3minni (external)

30BHIIIHI 3MiHHI BBOJSTBHCS SK IIOCH MPOTWIEKHE aBTOMathuyHuUM. Lle
rJI00aJibHI 3MIHHI 1 10 HUX MO’KHa 3BEpTAaTUCAd IMEHaMH 3 OYyIb-sIKOT (PYHKIIII.
Ockinbku Pjdysiys 3miHHI JOCTYIHI CKpi3b, iX MOKHAa BHUKOPHCTOBYBATH IS
3B'SI3KY MK (DYHKIISIMU, HE HEXTYIOUM MeXaH13My (hopMaIbHUX MMapaMeTpiB.

IMpuxaan.
#include <stdio.h>
int x=145;/*OnncaHne BHeLWHeN nepeMmeHHon™/
main()
{extern int x,y;

printf("x=%d y=%d \n",x,y);}

int y=541; /*OnucaHne BHeLLUHEN NnepeMeHHON™/

30BHINIHI 3MIHHI MOXYTh BHU3HA4YaTbCid Mo03a (YHKIIEI; TPH IIbOMY
BUJIUISIETHCS (paKTUYHA MaM'siTh. Y OYyJIb-SIKUM 1HIIUN (YHKIIIT, 10 3BEPTAETHCS 10



IUX 3MIHHMM, BOHHM IOBHWHHI OIKCYBAaTHCS; POOUTHCSA II€ 3 OTIOMOTOIO CJIOBa
extern.

Cmamuuni 3minHi (static)

CratuyHi 3MiHHI, TTOAIOHO AaBTOMATHYHHUM, JIOKAJbHI B Till ¢yHKIII abo
Ornoii, A€ BOHHM omMcaHi. Pi3HMIA TOJNsrae B TOMY, IO CTAaTHYHI 3MiHHI He
3HUKAIOTh, KoK QyHKIis (OJ0K) 3aBepirye poOOTy, 1 IX 3HAUEHHS 30epiraroThCs
JUTSI TIOJTAJTBIIIAX BUKJIMKIB (DYHKIIIT.

Posrnsaemo npukiaza, B SKOMY 3MiHHA Or0JIONIEHA K CTaTUYHA.

*cTaTnyeckme nepeMeHHble*/
#include <stdio.h>
plusl()
{ static int x=0;
X=xX+1;
printf("x=%d\n",x);}

main()

{plus1();
plus1();

plus1();}
Pesynbrat: 1 2 3.

Pezicmpoeue 3minni (register)

PerictpoBue 3MiHHI OTOJIONIYIOTHCS B TIPOrpami 3a JOIMIOMOTOI0 KIFOYOBOTO
cioBa register i 3a 3agymom aBTopa MoBH C TOBHMHHI 30€pira€TbCs B TOHAJ
mBuakii  mam'ati EOM  —  perictpax. BHUKOPHUCTOBYIOTBCS — aHAJIOTIYHO
aBTOMATUYHUM 3MIHHUM.



