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1. 1. Heanb JadopaTopHoii padorsl Ne3 no aucimnianae OII(OcHOBLI NPOrpaMMHUPOBAHMS)

Hensto nannoit JIP o nuciuminbe Ol ABisercs nosydyeHne Ha4aldbHbIX 3HAHUN U YMEHUM JU1s
HCIIOJIb30BaHUSI MACCUBOB U yKazareseil Ha s3bike mporpamMmmupoBanusi CU. CTy1eHThl HCHIOIb3YIOT KOH-
COJIbHBIE TIPOEKTHI M OTJIAXKUBAIOT MPOTPaMMBI B cpeze nporpammuposanus MS VS 2005/2008/2010.
CTyzeHTBI 3HAKOMSITCSI CO cTIoco0aMu OINMCAHUS M HCIIOJIb30BAHUS MAacc M yKasareseil B MporpaMmax,
BBITIOJHSAIOT OTJIAJIKy IIPOTPaMMBI II0 CBOEMY BapHAHTY U MOJYy4YarOT UCIIOIHUMYIO IPOrPaMMy, FOTOBYIO
K BBITTOJTHEHUIO, 0opMIIIOT oT4eT 1o JIP 1 3ammumiaror ero.

2. 2. llopsaa0oK BHINOJHEHUS Ja00PATOPHONH PAOOTHI

1. Tlo3HakOMHUTBHCS C COIEpKaHUEM METOJAMYECKUX YKa3aHWM M OCHOBHBIMHU MoHsATUsMH JIP (pa3-

nensl 3 u 4)

[IpopaboTath MOPSAAOK BEIOJHEHUS PaObOTHI (paszaen S).

3. Co3math KOHCOJBHBIC TIPOEKTHI ISl TPOBEPKU IPUMEPOB U BhIMOIHEeHHS 3ananus JIP( pasmensi
3,4).

4. TlpoBepHTh B JaHHOM MPOEKTE IPUMEPHI U3 METOJIMUECKUX YKA3aHUM, BHITIOJIHUB UX B OTIAUUKE
B MIOIIArOBOM pekuMe (pasnen 4).

5. Hamnucate nporpammy 3aganuii JIP o BapuaHTy, BIJaHHOMY IIPENOAABATENEM U OTJIAJUTh €€
(pazgen 5).

6. IIpomemoHCTpUpOBaTH PabOTy MPOTrpaMMBbl MPETMOAABATEII0 B PEKUME OTIAAUMKA IO IIaraM u

HU3MEHSIEMBIMHU TIEPEMEHHBIMH

[MoaroroButs otyet 1o JIP mo npepcraBneHHOMY 11a0IoHy (pasmen 8).

3amutuTth JIP ¢ mpenocraBieHreM oT4yeTa U OTBETaMU Ha KOHTPOJIbHBIE BOMPOCHI (paszaen 8.9).

9. JInst mpOABMHYTHIX CTYICHTOB BBIIOJTHUTD 3aIaHUS JIJIS JOTIOJIHUTEBHBIX (HE00S3aTeIbHBIX ) TPE-
OoBaHUU M TaKXke 0TOOpa3uTh uX B otuete no JIP (pazgen 7).

no

o N

3. 3. OcHOBHbBIE IOHATHSA

B Teopernueckoil yactu onucanus 1a00paTOpHOI pabOThl BBOAATCS OCHOBHBIE MOHATHS U pac-
CMaTPHUBAIOTCS MPUHIUIBI 17151 pabOThI ¢ MAaCCUBaMU M yKa3zaTeJsIMU Ha si3bIKe nporpamMmmupoBanus CH.

3.1. 3.1 Maccusbl

[IepeMeHHasA, KOTOpast MOKET COXPAHAThH TOJIBKO OJHO 3HAUYECHHE, Ha3bIBAETCS IPOCTOMN MEPEMEH-
HOU. JIns pa3paboOTKH CIOXKHBIX IPOrPaMM YacTO HEJOCTATOYHO OJHUX MPOCTBIX NEPEMEHHBIX, TaK KaKk
B IPOTUBHOM CJIy4ae MPOCThIX IEPEMEHHBIX ObLII0 ObI 0OU€Hb MHOTO C Pa3HBIMU UMEHAMU, U TPOrPAMMUCT
MOJKET JIETKO 3aIlyTaThCsl B TAKMX HAaMMEHOBaHUsAX. [103TOMy B s13bIKax MpOrpaMMHUpPOBaHUS BBEIECHO I10-
HSTHE MacCHBOB (YHOPSI0YCHHBIX HAOOPOB) OJJHOPOIHBIX (OHOTO THUIIA) IIEPEMEHHBIX, TOCTYI K KOTO-
PBIM BBITNOJHSETCS ¢ YKa3aHUEM HOMEpPa OTIENbHOIO 3jieMeHTa (MHAeKca). Takylo mepeMeHHYI0 Ha3bl-
BalOT TaK)KE€ MEPEMEHHON ¢ MHAEKCAMH UJIU DJIEMEHTOM MacCHUBa.

Taxum 00pa3oM, MaccuB — 3TO COBOKYITHOCTh OJHOTHUITHBIX IIEPEMEHHBIX, PACIIOJIOKEHHBIX B I10-
psizike Bo3pacTtanusi Homepa (oT 0 10 BelIMYMHBI, onpesenstomiei ero pamep). [Ipu onucanun mMaccuBa
HOMHMMO MMEHH ¥ THIIA JIJII MACCHBOB HEOOXOAMMO yKa3aTh €ro pa3Mep M pa3MepHOCTh MaccuBa (BO3-

MOYKHOE€ YHCJIO UH/IEKCOB). B 00I1eM ciry4yae MacCHB ONMUCHIBACTCS TaK:
<THIl MacCHBAa > <HM$S MaccuBa> [<pa3Mmep MaccuBa>]... [<pa3mep MaccuBa>]| = <HHH-
HHATH3AIASA MACCHBA>;
<THIN MacCHBA > - CTAHJAPTHBIA WK MOJIb3oBaTeabckuil Trm CU/CU++
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<HM# MacCUBa> - JJONYCTUMOE M YHUKaJIbHOE B O10Ke uMs B s13p1ke CU/CU++.
<HHMLHAJTU3ALMA MACCUBA> - 33]aHNE HAYAJIbHBIX 3HAUYCHUH HJIEMEHTOB MacCUBa

Hanpumep:
#define MAX 20

int iMas [10]; // onncan MaccuB iMas uenoro Tvna, cogepxxawmi 10 anemenToB ( Homepa 0:9)
char sMas [MAX]; // maccuB sMas cCMMBONBHOIO TuMa, coaepxalumin MAX anemMeHToB

Pa3mepHOCTh MaccHBa 3a7aeTCsl LeJI0 KOHCTAHTOM, epEeMEHHON KOHCTaHTHOTO THMa (const) wiu me-
PEMEHHOM 3Tara KOMITWISIINHI, U TIPU TAKOM OITUCAHUU Pa3MEPHOCTh MACCHBOB HE MOKET U3MEHSTHCS
BO BpeMst paboThI iporpaMMbl. Homepa MaccuBa HaunHaroTcs ¢ Hyd1s (0), TO3TOMY MTOCIIEIHIA SJIEMECHT
MaccHBa UMeeT HoMep (TOYHEee HHJICKC) Ha CIUHHILY MEHBIIINN, 4eM pa3MEPHOCTh MacCHBa (B HaIIeM
ciaydae 9). [Ipu oOpareHny K 371€MEHTaM MacCHBa MOYKHO yKa3aTh, KaK KOHCTaHTY, TaK U IEPEMEHHYIO
IIEJIOTO THUTIA, TAK W BBIPAXKCHHUE 11€JI0T0 THIIA.

Hanpunwmep:
iMas [5] = 3; // anemeHTy MaccmBa iMas ¢ HomepoM 5 (6-My) npuceanBaeTcs 3
sMas [i + 5] = 'A"; // anemeHTy MaccmBa sMas ¢ HoMepoM i (i+4) npuceameaeTcs cumon ‘A’

MaccuBbl MOTYT UMETh 00JIe€ OJTHOTO U3MEPEHHUSI, IPU ITOM YKa3bIBAIOTCS 3HAUEHUS pa3MEpHO-

CTH TI0 KaXJIOMY U3MEPEHUIO OTJEIHHO B KBaIPAaTHBIX CKOOKAX:
<THN MaccuBa > <HM$ MaccCHBa> [<pa3MepHOCTH MaccuBal>|[<pa3MepHocTh MaccuBa2>| ...;
Hamnpumep, 1ByMepHBIN MacCHB MOXET OBITh OTIMCAH TaK:

int iDMas [5][5]; // AByMepHbI MaccuB iMas Lienoro Tmna, coaepXalnin 5*5 anemeHToB

[Ipu ucnonb30BaHUM MEPEMEHHBIX MAaCCHBOB C pa3MepHOCThIO Oonee 1-i qomkeH OBITh yKa3aH

HOMED (MHIEKC) M0 KaKIOMY M3MEPEHUIO (TIepeMEHHast C MHIEKCAMH — OTIPEIEseT B KOKIABIA MOMEHT
BPEMEHHU OJIMH JIEMEHT MacCHBa).
int i=1, j=5;

iDMas [i][j] = 10; // anemeHTy iMas c HOMepaMu i 1 j N0 KaxKAOMy U3MEPEHUIO NMPUCBanBaeTCs
10

3.2. 3.2 Uunumuanamnsauus MacCuBOB

HpI/I OIMMCaHHUH MAaCCHBa MOKHO 3a1aTb HAa4YaJIbHBIC 3HAUYCHHUA €TI0 OJICMCHTOB. OTO BBIIOIHSIETCS
TaK OJI1 OATHOMCPHBIX MAaCCUBOB C 3aIaHHBIM Pa3MCPOM:

<THII><HMsl MaccuBa>[<pasMmep>|= {<BbIpaxeHue>, <BbIpa:keHue>, ...| }
win 6€e3 BHOTO 3a/laHusl pa3Mmepa:

<THI><uMsl MaccuBa>[]= {<BbIpaxkeHue>, <BbIpaxKeHue>, ...| }

Bo BTOpOM citydae pa3mep MaccuBa OINPEICsSeTCs] aBTOMATHYECKH 10 YMCITY 3aJaHHBIX BRIpakeHU. B
BBIPQKCHUSIX MOTYT OBITh UCIIOJIB30BAHBIL: [IEJIOUMCIICHHBIC TIEPEMECHHBIC , 3HAUCHHSI KOTOPBIX 33J]aHO K
MOMCHTY OIIMCaHUA JaHHOI'O MaCCHBaA. Ecmu 321I[3.HHI>II>1 IIpH OIIMCaHWHU PasMEp MPEBLIIACT YHMCJIO BbIpa-
YKCHHH, TO MOCIICHUE JICMCHTHI MHUIUATU3UPYIOTCS HyJieM. Eciu 4iciio BeIpakKeHUI MEHBIIIE YeM 3a-
JAHHBINA pa3Mep MacCUBA, TO BBIJIACTCS OIITHOKA.

[Tpumepsr:

int iMas1[4] = {3,3,2,4}; // WHuumanusauma maccuBa - 4 sn1emMeHTa

int iMasi[] = {3,3,2,4,5}; // WHuumanusauma maccuBa - 5 snemeHTOB

int iMasi[6] = {3,3,2,4}; // Ouwubka!
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int elem = 3;
int iMas1[4] = {elem, elem}; // MaccuB <3,3,0,0,> - 4 >3/1emMeHTa

B BBIPAXKCHUAX HWHUINUAIW3AIUU TICPEMCHHBIC HJOJIKHBI OBITH 3apaHcC BbIYUCIICHBI WA
HHUOHWAJIU3UPOBAHLI.

MaccuBbl HYXHBI JJIs1 TOTO, 4TOOBI cheslaTh HporpaMMmy Oosiee KOPOTKOH, A 00paboTKu
00abIINX 00BEMOB JaHHBIX U OJI1 o0ecrieueHus HHHaMquCKOﬁ HaCTpOﬁKH nporpamm. Yucmno I/ISMepeHI/Iﬁ
maccuBoB B C u C++ GopmanbHO HE OTpaHUYUBACTCSL.

Pa3mepHOCTh MaccHBa B K&KJOM NU3MEPEHUU MOXKET OBITH 3a/1aHa (KaK CKa3aHO BBIIIIE): ICIOYUCICHHON

KOHCTAHTOMH, MepeMeHHOM dTana KoMnwisiiuu (#¥define), KOHCTaHTHOM MEPEeMEHHOH 1IeNIoro TUMa U

I.IC.IIOI71 HepeMCHHOﬁ (,Z[J'ISI JUHAMHUYECCKUX MaCCI/IBOB). HpI/I HMHUIKHaJIn3aiiuu MaCCUuBOB (I)I/IKCI/IPOBaHHLIM

S3HAYCHUCM KOHCTAHT MHUIHAJIU3alliuH, €T0 pasMEp MOXKET OLITH HE YKa3aH, OH OIMPECACIIACTCA

ABTOMATHUYCCKU. PaCCMOTpI/IM CIIC MPUMCEPBI IJIA PA3HBIX croco0oB 3aaHus pa3MCPHOCTU MaccHuBa.
#define N 10 // NepeMeHHas 3Tana KOMNUASLUMM

int Mas[N]; // OnucaHue MaccmBa pa3MepHOCTbio 10
const int NMax = 5; // KoHCTaHTHast nepemMeHHas
int MasS[NMax]; // OnuncaHme mMaccmBa pa3MepHOCTbIO 5
I/IHI/II_II/IaJII/I?;aI_[I/ISI MAaCCHBOB 3aKJIFOYACTCA B 3a1aHUU HAYAJIbHBIX 3H3}ICHI/II71 3JICMCHTOB MacCCHBa.

int Maslni[] = {1,2,3,4}; // Onucanue n nHMumManm3saums maccmea // un
// aBTOMaTU4eckuii pasmep = 4

Nuannumanusanys 1ByMEPHBIX MAaCCUBOB:
int C[3][6] ={{1,2,3,4,5,6}, {1,2,3,4,5,6},{1,2,3,4,56} };

B nporpaMmme MOKHO TMHAMHUYECKHU ONPEAEIUTD YUCIIO JIEMEHTOB B MAaCCHUBE:
int iMas1[] = {3,3,2,4,5,};
int Razm = sizeof(iMasl)/sizeof(int); // BbluncneHune pasmepa mMaccuea

3.3. 3.3 Ykazarean. [lousitue.

Ykazarenp — 3TO epeMeHHas CelUaIbHOTo TUIIA, KOTOpasi COJIEPKUT aJipec MaMATH, TJe pacio-
JIOKeHa JIpyrasl mepeMeHHasi (CM. pa3[en HUXKe) WIM MacCHB MepeMeHHBIX (DTOT ¢parMeHT paszjena
MOYKHO MPOIYCTHTb, TO3HAKOMUTCS MOJIPOOHEE C YKA3aTeIsIMH U BEPHYTHCS K HEMY HECKOJIBKO MO3KE).
1o - ymonuanuto, caMmo UMsI MaccuBa TPAKTYETCA KaK yKa3aTelsb Ha ero Hauyajio. [Ipowmtoctpupyem 3o
puMepamu:

[Tpumepsl pabOTHI € yKa3aTeIAMU:

int *pIntVar; // YKasaTenb Ha uenyw nepemeHHyH

pIntVar = &i; // BbluucneHue ykasaTtens

int ivar = *pIntVar; // 4Tenue no agpecy iVar =5
*pIntVar = 10; // 3anucb no agpecy i = 10

int * PtrMas; // Yka3aTenb Ha uenyw NepemMeHHyH
[Tpumepsl paboTHI ¢ yKa3aTeNIIMHU Ha MACCUBBI U UX JIEMEHTHI:

int MasP[]={ 1,2,3}; // OnucaHue maccuBa

PtrMas = MasP; // YkasaTenw npucBamBaeTCA yKa3aTesb Ha Ha4yalo mMaccuBa

int m = PtrMas[1]; // m = 2!

PtrMas = &MasP[@]; // HoBoe Bbl4MCneHue ykasaTena: !!! MasP == &MasP[0]

int k = PtrMas[2]; // k = 3!

int i=5; // uenas nepemeHHas

Wms maccuBa (MasP) — aBTOMaTHYECKH SIBIISIETCS YKa3aTeJIEM Ha €ro MepBbIil 271eMeHT (&MasP[0])

3.4. 3.4 Ykazareau. Onucanue.

HpI/I OIIMCaHUH yKa3aTeJ1eI71 nepea UMCHEM HCpCMCHHOﬁ CTaBHUTCA 3BC3J0YKaA:
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<THI> * <UM#> [=<ajgpecHOe BbIpaskeHHe>]
[Tpumepbl onMCcaHus yKa3aTes:
int * PtrMas; // YKa3aTenb Ha uenyw nepemMeHHyw
int **ppInt; // Yka3aTenb Ha yKa3aTeNb Ha NepemMeHHyw Tuna int
Jns [1nst paboThl ¢ yKa3aTelssMU UCIOJB3YIOTCS JBa TUIIA OTepaluii:

e Omnepanus UIMEHOBaHHUS - BBIYUCIIEHUS ajipeca (&) u
e Omeparus pa3pIMEHOBAHHS — TIOJTYUYCHUS 3HAYCHUS 110 anpecy (*).
int * PtrMas; // Yka3aTenb Ha UeNyw NepeMeHHY
int **ppInt; // YKa3aTenb Ha yKa3aTeNb Ha NepemMeHHyw Tuna int
int 1 = 5;
int pi =&i; // Bblu4MCNeHuA apgpeca nepemeHHou i
int b = *pi; // B3ATMe 3Ha4veHue nepemeHHoW i no agpecy pi (b =5)

3.5. 3.5 Yka3zarean Ha MacCHBBI.

Jlyist paGoOTBI ¢ MACCHBOM MOXKET 3a7aBaThCsl yKa3aTellb HA MACCUB, KOTOPBIN BBIUUCISIETCS KaK ajpec Ha
MIEPBOTO JIEMEHTAa MaccuBa. Torga UMs ykazaTens MOXKET MCIOJIb30BaThCsl B MHIAEKCHOM BBIPa)KEHHH.
[Ipumepsr:

int Mas[] = {1,2,3,4,5}; // OnucaHue maccuBa

int * pMasl; // YkasaTenb Ha int

pMasl = &Mas[0]; // BbluucneHue ykasaTena Kak agpeca nepBoro sJieMeHTa MacCuBa

pMasl = Mas; // WmMAa mMaccuBa == yKa3aTenl Ha nepsbliii anemeHT (paBHo &Mas[0@])

i = pMasi[2]; // VHOeKCcHoe BblpaxeHue C ykasaTenem, pesynbTaT i = 3

ITpu Boxe dyukimeit scanf , 1is ykaszaresst 3agaeTcst BRIpaKECHHE Ha OCHOBE aJIpecHOi aprdme-
THUKU:
scanf("%d", &Mas[2]); // BBoh TpeTbero snemMeHTa maccuBa Mas[2]
scanf("%d", pMasl + 3); // BBo4 4eTBepTOro 3neMeHTa MaccuBa Mas[3]
scanf("%d", pMasl); // BBoa nepBOoro snemMeHTa mMaccuBa Mas[0]
scanf("%d", (int *)pMas1[3]); //MonbiTka BBOZa - Owmbka 3Tana BbiNoJHeHUA pMasl[3]- 3To He
agpec!!!

Jliis BBoa uepe3 ykaszatenb u uHjaekc 1 B nukie (/.I1. ) Hy»HOo ucnonab30BaTh aipeCHOE BhIpaxke-
HUe <yKazaTeJlb + UHJIEKC>.
i=2;
scanf("%d", pMasl + i); // BBoA TpeTbero sfemMeHTa mMaccuBa Mas[2]

3.6. 3.6 BBoa BBIBOJ uepe3 yKa3aTellb.

BBIBOZ! 4epe3 yKas3aTelib.

printf ("\nMe4aTb no ykasatenw = %d\n", *pInt );

printf ("\nMeyaTb 3Ha4veHua ykazaTensa (agpeca) = %p\n", pInt );
double *pDVar; // Yka3aTenb Ha nepemeHHyw Tuna double

double dvar = 5.5;

pDVar = &dVar ; // BblducneHue ykasaTens

printf ("\nfeyaTb no ykasaTtenw (double) = %7.21f\n", *pDVar );

BBox uepes ykaszareins:

double *pDVar; // YkazaTenb Ha nepemeHHyw Tuna double

double dvar = 5.5;

pDVar = &dVar ; // Bbl4ucneHue ykasaTens

printf ("\nfeyaTb no ykasaTtenw (double) = %7.21f\n", *pDVar );

PesynbTat paboTh! hparmeHnra:
MeyaTb no ykasaTenw = 25
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NeyaTb 3Ha4veHusa ykasaTensa (agpeca) = ©O1DF7A8
MeyaTb 3Ha4YeHuAa ykasaTensa (agpeca) = OO1DF7A8
MeyaTb no ykasaTtenw (double) = 5.50
BeBeauTte uenoe:77
MeyaTb BBeAeHHOro no ykKasatenw = 77

3.7. 3.7 AnpecHasi apupMeTHKA.

Ecnu B 11e/104MCIIEHHOM BBIPaXKEHUH HCTIONIb3YETCs yKa3aTellb, TO BEIYUCIECHHE BBIIOIHIETCS 1O
NpaBUJIaM a/IpECHOM apuPMeTHKH:

1. PesynbTaToMm BBIUMCICHHS BBIpaKEHUST OyAeT aapec.
2. B cioxeHuu Kaxaasi eIuHUIA MPU CIIOKEHUN WITH BBIYUTAHUHA COOTBETCTBYET pa3Mepy THIA 00b-
SBJICHHOTO JUIA yKa3aTens (int =4 , nmposepsTe sizeof). [Ipumepst:
// AnpecHaa apupmeTuka
int * pOld= pInt;
printf ("\nAgpecHas apu¢meTuka:\n" );
printf ("\nMe4aTb 3HayeHus ykaszatena (mo) = %p\n", pInt );
pInt++; // yBenudeHue Ha 4 - pa3mep int
printf ("\nMe4yaTb 3Ha4yeHua ykasaTens (nocne) = %p \nh3meHeHue B agpecax: %d B uucnax: %d
\n", pInt , pOld-pInt , (pOld-pInt)* sizeof(int) );
i=2;
pInt +=i; // yBenuyeHue Ha 8 - pa3mep int * 2
pInt = pInt - 1 ; // ymeHblweHne Ha 4
pInt +=i*2; // yBenunyeHune Ha 16 i = 8 * 2

Pesyinprar:

AppecHasa apudpmeTumka:

Me4yaTb 3Ha4veHuAa ykasaTensa (Ao) = ©028FC40
MeyaTb 3Ha4veHua ykasaTtensa (nocne) = 0O28FC44

U3meHeHMe B apgpecax: 1 B yucnax: 4
3aberasi HEMHOTO BIIEpE/l, MPOWLUTFOCTPUPYEM UCTIOIB30BAHUE YKa3aTelel Ui padoThl ¢ AHHA-
MUYECKUMH MacCUBaMH (CM. TMHAMHUYecKas maMaTh). [Ipomimoctpupyem 3To Ha mpumepe. B ykaszarene
PtrMas 3anomunaeTcs aapec 001acTH TMHAMUYECKON TAMSITH, BBIICIICHHOM oriepatopom New( orepanus
C++). Jlanee IMHAMMYECCKHI MAaCCHB 3aIOJHICTCS B IUKJIC. 3aT€M C UCIOJIh30BAHUEM OIEPAIlUH Pa3bl-
MeHOBaHUs (¥) MBI TIOJIyYHM HOBOE 3HaUCHHE U3 MaccuBa (B mepemenHyio |). Ono pasuo 3.
PtrMas = new int [5]; // [AvHaMuyeckoe BblgeneHne namsaTu
for(intk=0; k< 5; k++)
PtrMas[k] = k + 1; // OvnHamunuyeckoe 3anofiHeHMEe MaccuBa Ynciamm ot 1 o 5
intl=2;
*(PtrMas + |I) = | + 1; //Wcnonb3oBaHne ykalaTens ans 3aHeceHue npo [2] 3Hayenns 3 (2+1)
| =PtrMas[l]; //1=3
U
for (int k = @ ; k < 5 ; k++)
PtrMas[k] = k + 1; // [OvHamn4yeckoe 3anosHeHMe MaccuBa uYucaamm ot 1 po 5
intl=2;
*(PtrMas + 1) = 1 + 1; //Wcnonb3oBaHue yKa3aTena ANA 3aHeceHue npo [2] 3HauveHua 3 (2+1)
1 = PtrMas[1] ; // 1 = 2 - 3-ii anemMeHT mMaccuBa = 3
delete []PtrMas;
// BbiANeHue naMATU C nomoubl 6ubnnotekn <malloc.h >
PtrMas = (int *)malloc(sizeof (int)*5);
for (int k =0 ; k < 5 ; k++)
PtrMas[k] = k + 10; // [OuHammyeckoe 3anojiHeHMe MaccuBa 4ucaamm oT 1 go 5
1 = PtrMas[1] ; // 1 =13
free(PtrMas);
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3.8. 3.8 Yka3are/in Ha yKa3aTeJiu.

Kpowme ncrnonb30Banus MacCUBOB, €CTh U APYTOH cr10CO0, YTOOBI CAeNaTh MPOrpaMMy AUHaMUYe-
CKM HAacTpauBaeMoOW BO BpeMs BBIIIOJHEHUs. DTO EPEMEHHbIE CIIEUAIBHOIO TUIIA - YKa3aTenu. Takue
NIEPEMEHHBIE CO/IepKAT B KAYECTBE 3HAUEHUS HE YHUCIIO, a aJpec APYroil nepeMeHHo (B ONepaTUBHOI
namstH). [Ipu omucaHWW TaKUX MEPEMEHHBIX HY)KHO YKa3aTh CIEIHUaTbHbIA 3HaK — 3Be370uka (“*”).
Kpome Toro, 015KHO OBITh yKa3aH TUII IEPEMEHHBIX, HA KOTOPbIE JaHHbIHM yKa3aTelb MOXKET CChUIAThCS.
MoXxHO 00BSBUTh U MACCUB yKa3zaTesell M BBINOJHUTH MPEIBAPUTENbHYI0 HHULIMAIU3ALUIO YKa3aTesl.
Onucanue ykasarens:

<THII yKa3aTeJd > * <umsf ykazateas™> [ = < 3HaYeHHUe I HHULIHAJIU3ALHI>];

Hanpumep:
// Ykazarenu
int /*i,*/j, k;

int *pInt; // Ykazatenb Ha NnepeMeHHyto Tuna int

int **pplnt; // Yka3zaTtenb Ha yka3aTenb Ha NepeMeHHyto Tuna int
int *pMas[10]; // MaccuB yka3aTeneii

int al =5; // MNpocTas nepemeHHas

int *plnit = &al; // nHuumnanusaums ykasartens

Jnist paGoTHI C yKa3aTelsIMU HCTIONIb3YIOTCS JIBE CIIEMAIbHBIE OTIEPALUU: ONEpallisi HMCHOBaHHS

(33 32)

(“&”) u oneparust pasbiMeroBanus (“*’). Onepariuss UMEHOBAHUS UCTIONIB3YETCS IS BHIYUCIICHUS 3HA-

YEHMsI yKa3aTels — afpeca NEPEMEHHOM Win BelpaxeHus. Onepanus pa3bIMEHOBAHUS UCIIOIb3YETCS s
IIOJIyYEHUS 3HAYEHU IEPEMEHHOM, aJipec KOTOPOM 3a/1aH JaHHBIM yKazareneM. [Ipumeps! oneparmii:

/// 3amaHve 3HaYyeHuin 1 aipecoB
j=15;
pInt = &j; // IMeHOBaHMe - B yKa3aTeNb 3an1cbiBaeTCs aapec
i = *pInt; // pasbiMeHoOBaHWe — 6epeM 3HaueHVe NepeMeHHoN no ykasaTtento (j)
ppInt = &plnt;
k = **pplInt; // ABOMHOE pa3bIMEHOBAHMWE yKa3aTens
Eme npumeps! (0Opatute BHUIMaHUE HA KOMMEHTapHUH):

int * PtrMas; // YkasaTenb Ha uenyw nepemeHHy

int **ppInt; // YKasaTenb Ha ykKa3aTenb Ha nepemeHHyw Tuna int
int i = 5;

int pi =&i; // BblMMCNeHMA ajpeca nepemMeHHoW i

int b = *pi; // B3ATWe 3HauyeHue nepemeHHoit i no agpecy pi (b =5)

Onepanuu ¢ ykazaTeJssMU MOTYT UCIIOJIb30BaThCsl MHOTOKpaTHO(**):

int b = *pi; // B3sATuMe 3HayeHue nepemeHHon i no agpecy pi (b =5)
ppInt = &pi; // ¢opmupoBaHue ykasaTenAa Ha ykasaTesb

int c **ppInt; // [BOWHOEe pa3biMeHOBaHue

3.9. 3.9 Yka3aTenn Ha CTPOKH

Crpoxu (CM) u ykazatenu Ha Hux. B Cu HeT otnensHOro THna crpoka (CM). Jlns xpaneHus Tek-

CTOBBIX IEPEMEHHBIX HCIIOJIB3YIOTCS CUMBOJIbHBIE MaccuBhI (char). [Ipumep:
// YKasaTenu Ha CTpoKu
char * pStr; // YKasaTenb Ha CTpoOKy
char Str[]="3To cTpoka!";
pStr = Str; // BblducneHue ykasaTensa
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printf ("\nMe4aTb cTpoku 4epe3 ykasaTenb = %s\n", pStr );
pStr = &Str[0]; // Wnn Tak
printf ("\nMe4aTb cTpoku 4epes ykasaTenb = %s\n", pStr );
Pesyinbrar:
MNeyaTb CTPOKM Yepe3 ykasaTesb = ITO cTpoka!

MNeyaTb CTPOKM Yepe3 yKasaTesb 3To cTpoka!

NwMs 3TOoro MaccuBa OJTHOBPEMEHHO SIBISICTCS yKazaTelneM. B QyHKIUAX OUOIHOTEKH CTHPOK U
noJib3oBaTenbCkux PpyHkiusax. @ynkuuu (CM) u ctpoku (CM). PaboTa co ctpokamu Oy1eT paccMOTpeHa
B JIP Ne4.

3.10. 3.10 MaccuBbI yka3aTeJei

Maccus yka3zateneid 00bsSBISETCS TaK:
<THI> * <UMSA> [=<pa3Mmep - BbIpaxkeHne>| = {<CNUCOK UHULIHNAJINU3AIMNU>};
U
<TuI> * <uMmsa> | | = {<CnMCcOK MHUIHATH3AUN>}
IIpumepsl onMcaHuii MacCUBOB yKa3aTeleu:
//PaboTa ¢ mMaccuBamu ykasaTenen:
int i = 1;
intj=1 , k=2, 1=3,m =4;
int * ipMas2[10]; // maccuB ykasaTenei Ha int 6e3 uHuUManNU3auumu
int * ipMas[]={&j,&k,&1,&m}; // maccuB ykasaTtenei Ha int ¢ wuHMuUManuzaumen
//PaboTa ¢ mMaccuBamu ykasaTenen:
ipMas[2] = &i; // Agmpecauus ipMas[2] copepxuT agpec i (i=4)
i = *(ipMas[3]); // Pa3bMeHoBaHue i = 1 (i=4)
pInt = ipMas[2] 5 1/
*pInt = 5; // i =5

Jiis ynpotieHus paboThl C yKa3aTelsiMU, a TaKKe I yI00HO! Neperpy3Ku onepanuii B Kjaccax
B C++ BBeneHO moHsATHE cchllkh. CChUIKA TaKKe 3a/laeT aJipeca IPYTHX MEPEeMEHHBIX U 00BEKTOB, HO
SIBHOTO MCIIOJIb30BaHMS OTEpaIiii UMEHOBAaHUS M Pa3bIMEHOBAHUS JIJIsl CCHUIOK He TpeOyercs. benee ne-
TaJbHO CO CChUIKaAMH BbI MO3HAKOMUTECH B Kypce OOBEKTHO - OPUEHTHPOBAHHOI'O IIPOrpPaMMHUPOBAHUS
(cMm. nutepatypy[6] 1 MSDN).

3.11. 3.11 BBoa maccuBa

J1J1s TI03JIEMEHTHOTO BBOJIa MaccHBa UcHoib3yercs Gynkius scanf. [Tpu aTom [uist KaXkaoro 3JeMeHTa

3agaercs aapec (&Masinp[k]);

int MasInp[3]; // MaccuB ans

// BBOjAa

printf("BBeanTte uenbii maccuB pasmepom %d \n", sizeof(MasInp)/sizeof(int));
for (int k = @ ; k < (sizeof(MasInp)/sizeof(int)) ; k++ ) {
printf("\nBeBegute anemeHT MasInp[%d]:", k);

scanf("%d" , &MasInp[k]);

}s
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bnok-cxema ¢parmeHTa BBOJja MacCHBa:

Bnok-cxema

O6wmii 3anpoc

K=0,N >—
| 3anpoc anemeHTa |

A 4

BBoa sanemeHTa /

3.12. 3.12 [IeuaTs MaccuBa

[TeuaTh MaccrBa MOKET OBITh BBIMOJIHEHA B MPOCTOM IHKJIE ¢ onepaTtopom for. OqHOBpeMEeHHO

OyJZieM UCIOJIb30BaTh MIPOTPaMMHOE OTPEICIICHHE pa3Mepa MaccuBa (cMm. Boiie). [Ipumep:
printf("Maccus pasmepom %d: \n", sizeof(MasInp)/sizeof(int));
for (int k = @ ; k < (sizeof(MasInp)/sizeof(int)) ; k++ ) {
printf("\ndnemeHT MasInp[%d] = %5d", k,MasInp[k]);
¥
printf("\n");;
biiok cxema ¢parmenTa nedyatu mpUBEICHA HUXKE:

Brnok-cxema

I 3arosioBoK A21A maccusa I

!
— K=0,N >

l

i BeiBO A4, sn1iemeHTa I

3.13. 3.13 MHoromepHble MaCCHBBI

MaccuB, B KOTOpPOM 3a/1aHO 0oJiee OAHON pa3MEPHOCTH Ha3bIBAETCSI MHOTOMEPHBIM (JIByMEPHBIM,

TpeXMEepHBIM U T.1.). [Ipu onrcanny MHOTOMEPHBIX MAaCCUBOB YKa3bIBA€TCS HECKOJIBKO Pa3MEpOB:
<tHUI> <uMa> [=<pa3mep — BbIpa:keHuel> |... [=<pa3mep — BbIpaxenue2> |...
IIpumep:
int MasD[10][5]; // &ByMepHbii maccuB 10*5

Kaxxprit n3 nHIEKCOB MHOTOMEPHOTO MacCHBa 3a/1aeTcs B npesenax ot 0 10 3HaueHus pasmep (y
Hac B ipumepe: 0-0 u 0-4 ). [Ipu paboTe ¢ MHIEKCHOM TepeMEeHHOH MHOTOMEPHOTO MacCUBa IepeMeHHast
C MHJEKCOM 33J1aeTCA TaK:
<umsi MaccuBa> [=<uHaekc 1> |[<ungekc 2> |...

[Tpumepsl mepeMeHHBIX C HHAEKCAMUA MHOTOMEPHBIX MAaCCHBOB:
MasD[1][2] = 6; // 6epem snemeHT c uHaekcamn 1 un 2
MasD[i][i+1] = 6; // bepem anemeHT C uHAeKcamu i u i+l

I/IHI/IIII/IaJ'II/ISaHI/IH MHOT'OMCPHBIX MaCCUBOB IIPOBOJUTCA IMOCTPOYHO.
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<THI> * <uma> [=<pasMmep - Bpipa:keHue>| = {{<cnucok uHUIHAIN3anuul >},...{<CNUCOK MHH-
nuaJau3anmu2>}, ...};

HpI/IMepLI MHHUIIHUAJIN3a1Iunu MHOFOMepHI)IX MAaCCHBOB:
int C[3][6] ={ { 112:3)4)516}1 { 1)2)314:516}){ 112131415)6} };
HpI/IMepLI HHULIKAIW3alius U I€4aTb MHOT'OMEPHBIX MAaCCUBOB 4Y€PE3 yKaSaTeHB:

int D[3][6] ={ { }, {},{ } }; // Maccue nycToi
int MMas [3][3]1={{11,12,13},{21,22,23},{31,32,33}};
int * pMas= (int *)MMas;
//  printf(" = %d \n" ,*pMas );
for (int 1 =0 ; i < 3; i++)
for (int j =0 ; j < 3; j++)
{ printf("%d - %d = %d \n",1i,j, MMas[i][]] );
printf("%d - %d => %d \n" ,i,j,*((int *)(pMas + i*3 + j )) ); // TpaBunbHo

}s
IIeyars 1BymMEpHOTO MaccuBa, Kak OJTHOMEPHOIO:
int * pMas= (int *)MMas;
for (int 1 =0 ; 1 < 9; i++)
printf("%d - %d => %d \n" ,i,*((int *)(pMas + i )) );
PesynbraT paboThl pparMeHTOB MPOrpaMM MeUaTH:
0 -0=11
-0 =>11
12
> 12
= 13
=> 13
= 21
> 21
= 22
=> 22
23
> 23
= 31
=> 31
= 32
> 32
= 33
[Teyats TByMEpHOTO MaccHBa, Kak OJJHOMEPHOTO (BBIBO):
-1=>11
-1 =12
=> 13
=> 21
=> 22
23
=> 31
=> 32
=> 33

1
P ROONMNMNRROOMNMNMNERER
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1 1
N

ONOAUVUDWNERO
1 1
RRRRRRR
I
v

3.14. 3.14 JunaMudeckasi namsiTh

Yacrto Bce nepeMeHHbIE U MACCUBBI PACIIONAraloTCcsl B ONEpaTUBHON NMaMATH 3apaHee, 10 Havyala
BBITNIOJIHEHUSI ITporpaMMbl. Bee paccMOTpeHHbIe paHee MpUMephl BKIIOYAIU TaKhe MepeMEeHHbIE U Mac-
cuBbl. Pa3Mep BbIIETICHHON MaMATH MOJA MacCHB, TO €CTh €r0 Pa3MEPHOCTbh B 3TOM Clly4ae MU3MEHHTH
Henb3s. [loaToMy MpHUXOAWTCS 3apaHee pacCUMThIBATh MAKCHMaJbHO BO3MOXKHYIO Pa3MEpPHOCTh Mac-
CHBa, KOTOpas mpuemMseMa JUisi BCeX ClIydaeB. JTO NPHUBOJAUT K MEPEPACXOAY MAMSTH Uil OTIEIbHBIX
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ciydaeB. B CU/CU++ nipenycMOTpeH MeXaHu3M pabOoTHI ¢ JMHAMUYCCKHU BbIAeisieMoi mamsateio (JI1).
Oto cnenmanbHas oosnacte OIl, kotopoii ynpasiser OC. [ToaToMy, 17151 S)KOHOMUY TTAMSITH U JJI TTOCTPO-
eHus 0oJiee YHUBEPCAIbHBIX MPOTPaMM 4acTO UCHOIB3YIOT JUHAMUYECKH BBIJEIsIeMble TIepeMeHHbIe. B
si3pike CH++ ¢ moMoIipio crienuanbHbIx oneparuii (New u delete) MoskHO BeIIEIATH U OCBOOOXKIATH TMa-
MATb BO BpeMs BBINIOJIHEHHsI IporpamMmbl. Takue gaHHbIe Ha3bIBalOTCs AuHamudeckuMu. B si3pike CU

OlepaTHBHAS MaMATh BBIIEISETCS C MOMOIIbIO crieuanbubix Gynknuit (alloc, malloc u t.1.). Jlunamu-
YeCKUE MEPEMECHHBIC PACIIONIaraloTcs B ONEPATHBHOW MaMATH B CHENMAILHON oOnactu. s paboThl ¢
TaKMMU JTaHHBIMU MCIIONb3YIOT YKA3aTEeIH U CChLIKH.

s pabotsl ¢ 310l mamsaTeio B CU/CU++ cymectByer 6ubnuoreka: <malloc.h>, B xotopoii
HPEeTyCMOTPEHBI (DYHKIIUH:
e malloc ()- 3axsar JII1 Gaiitamu,
e calloc ()— 3axsat JI1 Giioxamu
o free — () oceoGoxkaeuue JI1
e realloc ()— nepeonpenencuue JIT
® 1 JpyrHE.
st pa6doter ¢ JIIT HeoOXoauM TIpeIBapUTENIbHO OOBSIBUTh YKA3aTeNIh TAKOTO THUIA, MACCHUB WU
MEPEMEHHYIO KOTOPOTO MBI COOMpPaeMCs HCITOTb30BaTh:

[Ipumep BoIACICHUST TMHAMUYECKOW MaMSTH JIJIs yKa3atese u ccoutok aist CU+:

int * piDyn = new int; // Bblaensetcs obnactb Ans 0AHON LIENoN NepeMeHHoM
int *piDMas = new int[10]; // Beigensietcs obnacte gns Mmaccvea Lenbix 10 nepeMeHHbIX
int *piDMas = new int[i]; // BelgensieTcs obnacrtb Ans Maccvea LesbIX i nepeMeHHbIX
Pa6ora B CU ¢ ykazatensiMu Ha AMHAMHYECKHE IEPEMEHHbIE U MACCUBBI BBITIAIUT TaK:
*piDyn = 5;
piDMas[0] = 5;
[To 3aBepmiennro 6;10ka, B KOTOPOM BBIJICIICHBI JUHAMUYECKUEC TIEPEMEHHBIC UX HAJI0 yIAJIUTh CIIe-

[HaILHBIM orepatopoM delete:

delete piDyn; // OcBoboxxaeHMe No yKasaTento
delete []piDMas;
Kpome storo g paboTsl ¢ TUHAMHYECKON MaMsIThbI0 MOTYT OBbITh MCIIOJI30BAHbI (DYHKIMH pa-

00THI ¢ TUHAMHYECKOM maMsaThIo (OubroTeka malloc.h): Beinenenue (calloc , malloc) u ocBoGo)AEHNS

(free), onepaTuBHOit namsitu [Iprmep:
#include <malloc.h>

int *pMasInt;
pMasInt = (int *) malloc ( 10 ); // Bblgenutb 10 6anT
free( pMasInt ); // OcBoboanTb AMHAMMYECKyo NamsThb

pMasInt = (int *) calloc ( 10, sizeof (int));// Bbigenutb ang Mmaccua 10 610K0B No pa3mepy int
pMasInt[3] = 10; // PaboTa c AMHaMNYECKMM MaCCMBOM
int iTest = pMasInt[3] ;

free( pMasiInt ); // OcBoboanTb AMHAMUYECKYIO NaMsAThb
Jpyrue Bo3MOXKHOCTH JJI pabOThl ¢ OMOIMOTEKOM BhI HAWJETE B TUTEPATYPE U JOKYMEHTAIIUU
no CU. C ykazaTensiMu MOKHO paboTaTh B IIUKIIE (3aMOJIHEHUE MacCHUBa):

// BbloeneHne namATU C nomoubl 6ubnuotekn <malloc.h >
PtrMas = (int *)malloc(sizeof (int)*5);
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for ((int k =0 ; k < 5 ; k++)
PtrMas[k] = k + 10; // [OvHamnyeckoe 3anosHeHMe MaccuBa 4Yucaamm oT 10 po 15
int 1 = PtrMas[3] ; // 1 = 13
free(PtrMas); };
C ykazarenasiMu MOXHO paboTaTh B LIUKIIE (pacnedyaTtka TMHAMUYECKOT0 MacCUBa):
// MNeyvaTb
for ((int k = 0@ ; k < 5 ; k++)
printf("PtrMas[%d] = %d\n",k, PtrMas[k] );
// Vinn 4epe3 ykasaTenb -agpec

printf("PtrMas[%d] = %d\n",k, *(PtrMas + k) ); }
free(PtrMas);

B pesynbTaTte nomyunm:

PtrMas[0] = 10

PtrMas[1] = 11

PtrMas[2] = 12

PtrMas[3] = 13

PtrMas[4] = 14

3.15. 3.15 Oraagka nporpamm.

B sToMm pa3zzgene nmoBTOpsieM BO3MOXXHOCTH OTJIAT4YMKA, TAK KaK JEMOHCTpAIHs MPOTPAMMBI IIpe-
MOJIaBaTEIO TOJHKHA OBITH BBITIOJHEHA B peXUMe OTiaquuka. [Ipu pazpaboTke mporpaMm Ba)KHYIO POJIb
UTpacT OTIATYHMK, KOTOPBIH BCTPOSH B CUCTEMY IPOTrpaMMHUpPOBaHHs. B pexumMe oTiaaiku MOXHO TIPOBe-
PHUTH pabOTOCIIOCOOHOCTh IPOTPAMMBI U BHITTOITHUTH TIOMCK ONIMOOK CaMoro pa3HOTo xapakrepa. Otia-
YUK MO3BOJISET IPOCIEAUTH X0 (IO I1aram) BHIIIOJHEHUS IPOTPAMMBI U OTHOBPEMEHHO MOJIyYUTh TEKY-
M€ 3HAYEHUs BCEX MEPEMEHHBIX U 0OBEKTOB MPOrPaMMBbl, YTO TMO3BOJIAET YCTAHOBUTH MOMEHTHI Bpe-
MEHHM (U OTepaTopbl), B KOTOpPbIE MPOUCXOAUT OLIMOKA U MPEANPUHATh MEPhI e ycTpaHeHus. B 1enom,
OTJIaTYMK MTO3BOJISIET BBHITIOTHUTE CIEAYIOIINE ICHCTBHS:

— TlepexoMnuiInpoBaTh BCE U ¢esiaTh HOBYIO cOOpKy (F7);

— 3amycTHTh MPOrpaMMy B PEeXKHME OTIaaKu Oe3 TpaccupoBkH Mo maram (F5);

— BeimonauTs nporpammy mo maram (F10);

— BpimomHUTE porpaMMy Mo Imaram ¢ o0paleHusMH K BiIokeHHbIM QyHkusam(F11);
— YcranoBuTh Touky octanopa (BreakPoint — F9);

— BoInoaHuTh IpOrpaMMy 10 epBoit Touku octanosa (F5);

— IIpocMotpets M0OBIC JaHHBIE B peXXUME OTIAIKU B criennaibHoM okHe (locals);

— IIpocmotpets t00BIe JaHHBIE B PEeXKUME OTIAIKU TPU TIOMOIIH MBIIIKH;

— HW3meHuTs M100BIC TaHHBIC B PESIKUME OTIAAKH B crienraabHom okue (locals u Watch);
— YCTaHOBUTH POCMOTp MEPEMEHHBIX B crieruanbHoM okue (Watch);

— IlpocmoTpeTh nocie oBaTeNbHOCTD U BIOKEHHOCTh BbI30Ba (DYHKIIHI.

[Ipu BBINIOTHEHUH BCEX JIA0OPATOPHBIX Kypca CTYACHTHI JOJDKHBI aKTUBHO MCIIOIB30BATh OTIA -
yrk VS, 3HaTh €r0 BO3MOXKHOCTH M OTBEYATh HAa KOHTPOJIFHBIE BOIIPOCHI, CBS3aHHBIE C OTJIAIKOW 1 TECTH-
pPOBaHUEM IIPOTPaAMM.

IIpumeuanue. [logpoOHOE onrcaHue MaTepuaia U MOHATHI BBl MOXKETEe HAlUTH B uTepatype |1
- 6] wu cipaBouHoit cucreme MS VS. Kpome Toro, He pornyckaiiTe jiekiuu 1o Kypcy. He pekomeHayro
0€30rOBOPOYHO BEPUTH MaTepuaiaM u3 ceTi MHTepHeT (Hanmpumep, B Bukuneaun), Tak Kak TaM B HEKO-
TOPBIX CTaThIX €CTh OUIMOKH!
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3.16. 3.16 Moayaun

ITpu npoekTHpoBaHUY U pazpaboTKe IPOrpaMM NPUMEHSETCS METOI MOJYJIbHOIO IPOTrPaMMHUPO-
BaHus. CyTb €ro 3aKiII04acTcs B TOM, YTO CIIOXKHAs Iporpamma pa3OuBaeTcs Ha OT/ENbHbIC YacTH (MO-
ILyJid — HE HAJ0 MyTaTh ¢ y4eOHbIMU MoysiaMu). Kaxkplii Monynb pa3zpadaThiBaeTCs OTAEIBHO U BO3-
MOYKHO pa3HBIMH MporpaMMHUcTaMu. Takoil croco® Ha3pIBAIOT Takke AekoMmnosunmeid. COBOKYIMHOCTb

MOJ1yJIel COCTaBIs€T OPOEKT MporpamMmbl. Moynu ObIBalOT pa3HbIX TUIIOB:

— Hcxoanble Moayiu, cofiepKaline TEKCT Ha S3bIKe TPOrpaMMUPOBAHMS.

— OOBEKTHBIE MOJYJIH TTOJIYYAIOTCS B Pe3yJIbTaTe KOMITWISLIUU IPOTPAMMBI.

— HcnoaHumMble MOyJIu NpeIHA3HAYEHBI JUIs BBIIIOJIHEHHSI IPOrPaMMBbI.

— Hcxoasble MOysIu MOTYT OBITh Pa3HBIX THUIIOB.

OcCHOBHbBIE UCXOJHBIE MOAYJIH — 3TO MOJYJHU MporpaMMm (*.C, *.CPP) U MOIYyJIM 3aroJIOBOYHBIX
daiinos (*.h , *.hpp). OHu BKIIOYEHBI B pa3HbIC pa3zeibl AepeBa MPOEKTa MPOrPaMMBI.

OOBeKTHBIE MOAYTH (DOPMUPYIOTCS KOMITHIIATOPOM SI3bIKa MporpaMMmupoBanus (y Hac C++) B Tom

cilydae, eci He ObUI0 omMOOoK B mporpamme. OOBbEKTHBIE MOYNN SBISIOTCS MPOMEKYTOUYHBIM 3B€HOM
B CO3JaHUU MPOTPaMM, HO HE MOTYT BBITIOJIHATHCS HEMOCPEACTBEHHO. [loakitouaeMble B Mporpammy
OubIMoTeKN cofepKaT OOBEKTHBIE MOJTYJIH, TO3TOMY HE TpeOyeTcsl UX MOBTOPHOM KoMmuisiuuu. O0b-
€KTHbIC MOJYJIM HMEIOT pacuiupenue *.obj.

HcnonanMbie MOAYIH TIpEIHA3HAYCHBI ISl HEMOCPEICTBEHHOTO BBIMTOJHEHHUS HA KOMITBIOTEPE
WY TIOJIKJTFOUEHUS B BBITIOJIHSAEMYIO Mporpammy. OCHOBHBIE UCTIOIHUMBIE MOJTYJIH HMEIOT PACIIHPEHHE
*.exe (w1 *.com), MoATOMY OTIepaIlMOHHAsI CHCTEMa MOYKET KOHTPOJIMPOBATH UX 3amycK. Moynu auHa-
Mudeckux oubmrorex umerot pacuupenue *.dll. CyiecTByOT U Apyrue pa3sHOBHIHOCTH HCIIOJHUMBIX
MOJIyJIeH, 3aBUCSIIUX OT UCHOIB3YyEMBIX TeXHOJOTui. Mcnonnumbie Moy popMUPYIOTCS CHIEIHAb-
HOM TPOTpaMMOii CUCTEMBI TPOTrPAMMUPOBAHMSI PEIAKTOPOM CBsi3el (MM KOMIOHOBIIMKOM). Penaktu-

pPOBaHME CBSI3CH 3aKIIIOYACTCS B MPOBEPKE MEKMOMYIHHBIX CBSI3€H MO (DYHKIUSAM U 1O JaHHBIM U 00b-
€IMHEHUY UX €IMHBIN WCIIOTHUMBIA MOyb. [locienoBarensHbIi poiecc 00paboTKH MPOrpamMMBbl IJIs
MOJIYYCHHUST UCXOTHOTO MOTYJIS TIPE/ICTABIICH B METOIMYECKOM 1Mocoouu B pasene 3[5].
g oObenuHeHus: Mojtysield (PyHKIMOHAIBHO U MO JaHHBIM B C++ HCIOJIB3YIOTCS MPOTOTHUIIBI

GbyHKIMI 1 onMcaHue BHEUTHUX NepeMeHHbIX. [lokaxkeM 3TO Ha MPOCTOM MpUMeEpe:

// Mogynb 1

inti = 0; // TnobanbHas nepemMeHHas

int Summ(int a, int b){}; // Onucanve dyHkuMn B Mmoayne 1

// Moaynb 2

extern int i; // OnucaHne BHELWHUX JaHHbIX

int Summ(int , int ); // NMpoToTUN BHELLIHEN DYHKLMN
main(){

i = 5; // icmonb3oBaHMe BHELHUX AAaHHbIX
S = Summ(2,2); // Bbi30B BHeLWIHEN (DYHKLMM

}

B monyse 2 ucnosnb3yercsi nepeMeHHast i, OlicaHHast Kak riiodajibHas iepeMeHHas B moayie 1. B
MoOJyJie 2 UCToNb3yeTcst PyHKIUsS SUMM, onucaHHas Kak B Mozaydie 1. st npaBuibHOro 00beIMHEHNS
cBs3eii (paboThI pelakTopa CBs3ei) UCTIONB3YIOTCS ONMCAHUs BHEITHUX JaHHBIX (EXtErN) u 3amaHue mpo-
tToTuna GpyHKIME SUMM.
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3.17. 3.17 bubauorexkun GpyHKIMit

B cucremax mporpaMMupoBaHUs PEyCMaTPUBACTCS MHOTO OMOIMOTEK s (PyHKIUI pa3ind-
HOT'O Ha3HA4YCHUS (HApHUMEp, /Ui pabOThI CO CTPOKAMH, BBIITOJHEHUSI BBOJIA U BBIBO/IA, PA0OTHI C MACCH-
BaMU U T.J.). OTH OUOIHOTEKH TOJKIIOYAIOTCS C TOMOIIBIO 3ar0JIOBOYHBIX (DaHIOB MM TPOCTPAHCTB
onucaHuil (MMeH - namespace). Kpome 3arooBouHbIX ¢GailyioB A5 UCIIOJIb30BAHUS OMOIMOTEK OKITIO-
YalTCsl CTENUATbHbIC MOIYJIN (MHOTAA OHH IMOJKITIOYAIOTCS aBTOMATHUECKH), COJIEPIKAIIUE OMUCAHUS
bynkuuii ( *.1ib wam *.dll). TIpumep moaxmroueHUss GUOITHOTEK BBOIA/BBIBOIA H OHOIHOTEK /IS paOOTHI
C MaTeMaTHYCCKUMH U CHCTEMHBIMH (DYHKITUSIMHU:

#include <math.h>
#include <process.h>
#include <stdio.h>

CrangapTHbIX 6MOIMOTEK OYeHb MHOTO. Hy>KHO XOpOIIO 3HaTh MX Ha3HAYEHUE U UX COCTaB JUIs
UCIOJIb30BaHUs B Iporpammax. Uem myuine 3HaHUS O OuOiIMOTEeKax, TeM OblcTpee W 0e30IMO0YHO
MO3KHO CO3/aTh CII0KHYIO IporpamMmy. B coBpeMeHHBIX cCUCTeMaxX MPOrpaMMHUPOBAHUS JOCTYIHBI (00Jb-
II0M KOJIMYECTBE) OUOINOTEKH KIACCOB, KOTOPBIE OMUCHIBAIOT HOBBIE JONOIHUTEIbHbIE TUIIBI IaHHBIX.

3.18. 3.18 bubanorexkn ¢pyHkuuii u maodaonoB kiaaccos: RTL, STL, MFC, ATL

B CH++ BBeeHbI crienualibHbIE KJIACCHI I pa0OThI ¢ MaccUBaMH. J[Jist UX HCIIOTb30BaHHS HEOO-
XOAMMO OCBOMTH OCHOBBI OOBEKTHO-OPUEHTHPOBAHHOI'O MPOrPAMMHPOBAHHUSA, YTO BaM IPEACTOUT B
JaNbHEHIINX TUCIUILTNHAX. J{J1s1 001X cBeIeHUI MPUBOIUM 3[1€Ch MaTepHall O Ha3HAYeHUH OMOIMOTEK
MS VS.

B cuctembl mporpaMMupoBaHHs BKIIOYAIOTCS pa3iuyHble OnOimorekn QyHKIMA U KiaccoB. B
MS VS BKITIIOYEHO HECKOJIBKO IPYII TAKUX OHOJIMOTEK, KOTOPHIE MIOCTOSSHHO Pa3BHBAIOTCS U JI0OABIIS-
JIMCH IO MEpE Pa3BUTHSI CaMOM CUCTEMBI porpaMMupoBanus. K coxkaieHuro, [UIsi pa3HBIX SI3BIKOB U CH-
CTeM TPOTPaMMHUPOBAHUs MOKA HET €AMHOTO CTaHIapTa, MOITOMY pa3padaThiBaTh MPOTPAMMHEIC CH-
CTEMBI, UCHOJIb3YsI OMOIMOTEKHN pa3HBIX pa3pabOTUMKOB, 3aTPYAHUTENbHO. OHAKO CYLIECTBYIOT TEXHO-
JIOTHH ¥ TIaT(GOPMBI, TO3BOJISIONIAE PEIIUTE 3TY MPOOIIEMY.

B MS VS npenycmoTpeHsl cienyonue rpynmnbl Ou0InoTeK:

C RTL - C Run-Time Libraries - cranmaptHbie OMOIMOTEKH dTala BHITOJHCHHUS.
— STL - Standard C++ Library — crangaprasie 6ubmuorexu C++.
— MFC - Microsoft Foundation Class Library — 6u6nuorexu kinaccos MS.
— ATL - Active Template Library — 6ubauoreku mabi0HOB.
NET Framework Class Library— ouonuorexku mnargopmsr .NET.
B C RTL BxitoueHo MHOTO OMOIMOTEK JUTsl pabOThI CO CTAaHAAPTHBIMHU TUITAMH JaHHBIX, (paitiamu,
CTPOKaMH M T.J. DTH OMOJUOTEKH BO3HUKIIM OTHOCHTEILHO JAaBHO, HO IOJJICPKUBAIOTCS B HACTOSIIEE
BpEMs M MPEACTABIAIOT c000i Habop 0a30BBIX CPEACTB MporpaMMupoBaHus Ha s3bikax C u C++.

B STL BkitoueHo MHOTo 6MOIHOTEK, OpUeHTUPOBAaHHBIX Ha C++, U o0ecreunBaromux padboTy ¢
MHOYECTBOM KJIaCCOB, 00bEKTOB U IIA0JOHOB. DTH OMOIUOTEKHU JOCTYITHBI BCEM MOJIb30BATENSIM U BKITIO-
YaloT: OMOJIMOTEKN MOTOKOBOIO BBO/A, BBIBOAA (CiN, COUt), paboTy ¢ KoHTeitHepaMu 00BbeKTOB (VECtor,
string, list, map, stack, set u maorue apyrue.), paboty ¢ QyHKIHMIMU U3 OMOIMOTEK dTAa BHITOJHCHHS
(CRT).

B MFEC BxJroueH mmpodaimmii Habop Ki1accoB ¥ QyHKIHN, TO3BOJISFOIINX 00ECIIEYHUTH MTPOTpam-
MHUpPOBaHME TMPAKTUYECKU JIIOOBIX 3ajady. OTO OWOIMOTEKM KiIaccoB U (YHKUMN: TOCTPOEHUS
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NPUIOKEHUH, B TOM uucie u B cpeae Windows, okorHoro uatepdeiica, ynpasieHus ¢aitaamu, padboTh
C KOHTEHHEPHBIMHU KJIacCaMH, rpauuecKkoro uHrepdeiica, MoaaepK KH pa3lIuUHbIX TEXHOJIOTHI, B TOM
YHCIIe ¥ COBPEMEHHBIX (BepCHH OMOIMOTEK IIOCTOSTHHO OOHOBIISIFOTCS ), IPOTPAMMHUPOBAaHUS KOMMYHHUKA-
i, 06paboTKN JOKYMEHTOB U MHOroe Jpyroe. B yactHocTH, B Apyrux JIP, Mbl mo3HaKOMUMCS C KOH-
teitnepamu tuma CArray, CList u ap.

B ATL npencrasnen Habop 6ubanotek, noaaepxusaromux AX 1 COM texnomnoruii. Hucno no-
CTYITHBIX KJIACCOB M IIIA0JIOHOB B 3THX OMOJIMOTEKaX COM3MEpUMBI ¢ HabopoM Oubimorek MFC, onun
UMEIOT JIOTIOJIHUTEIIbHBIE KJIACCHI U KJIACCHI, KOTOPbIE MOXHO OJIHOBPEMEHHO MCIOJIb30BATh COBMECTHO
¢ MFC (“Shared by MFC and ATL”). B gactHocTH, B 1pyrux JIP, MbI MO3HAKOMHUMCS ¢ KOHTEHHEpaMu
tuna CAtlArray, CAtIList u ap.

NET 6ubnuorexu mpencraBisoT coboii Habop (MHOTHA M 00Jiee TOYHO TOBOPAT ILUTATPOPMY)
OubsmoTex A pa3pabOTKU NporpaMM — NPUIIOKEHUH CaMOro yHUBEpcalbHOIro Buaa. B aty miatdopmy
BKITIOYAIOTCSl TaKue OMOIMOTEKH, KOTOPBIE HCKIIOYAIOT HEOOXOJMMOCTh HCIIOJNB30BaHUS yCTApPEBIIUX
oubsmmorex (CTR u STL). Ilpumenenue 31oi miaTgopmbl NO3BOJSIET ceNaTh NPUIOKEHUS Oosee yHH-
BEPCATbHBIMH, OXBATHIBACT OOJIBbIIIEE YHCIIO COBPEMEHHBIX TEXHOJIOTHIA M 00ECIIEYNBAET HHTETPALIUIO C
JPYTUMH CUCTEMaMU IPOTrpaMMHUPOBAHMs, B TOM YHCJIE U Ha pa3HbIX sA3bIKaxX. B yacTHOCTH B 3TOM muiat-
dbopme ompenencHsl madaonsl kiaccoB Array, List u maorue apyrue. .NET Oubnuoreku mimpoko uc-
noJb3yroTes Ui coznanus caiito (ASP).Ilnardopma .NET Oyner usydarbcs B OTACTBHBIX AUCIUILIN-
Hax.

Omnucanus 6uOIMOTEK HanboIIee MOJIHO U ¢ IpuMepamMu B nipeacTtasiensl [4]. Kpome Toro, omnu-

canusa 6ubmmorek CTR u STL BwI Haligere B [13]. Becro HoByto nH(pOpManuio 06 6ubIMoTeKax MOKHO
TaKke HaTH Ha caiitax MS. Xopoiee 3HaHUE CYIIECTBYIOIMUX OMOIMOTEK, WX TOMOJHEHUS B HOBBIX
BEpCHSIX, HECOMHEHHO, TIOMOXKET BaM CTaTh NpodeccruoHaloM B MporpamMMmupoBanuu. B apyrux JIP
IIUKJIa Bbl TO3HAKOMUTECH C COCTABIISAIOIIMMU JAPYTHX ONOINOTEK.

3.19. 3.19 bosaBaHKa ISl TJIABHOT'O MOJYJISl ¢ MaTeMaTH4eCKOi 01010 TeKoM

Hy>xHo co3aath mycToii mpoekT B MS VS, kak onucano Bolme (pasaen 3.4 u 3.5), CKomupoBaTh
yepe3 Oydep oOMeHa B HEro TEKCT JaHHOTO pUMeEpa MPSIMO U3 TEKCTa JAHHOTO IOKYMEHTA, OTJIAJAUTh
ero (Pazgen 3.11), pycuduuuponats (11.3.5 ) KOHCOIBHOE OKHO U BBINOJIHUTH NOIIAroBo. Bribpats
OJIMH U3 cIOcOOO0B BETBIICHUS B MPOrpaMme (TIepexoabl WIIH MepeKItoyaTens). HeHyHoe MOXHO yaa-

JINTh.
#define _USE_MATH_DEFINES

#pragma warning(disable : 4996)

// NoakntoueHre 6UBNMOTEKM MaTEMATUYECKUX hYHKLMI

#include <math.h>

#include <stdio.h>

#include <process.h>

void main(void)

{

/1] n.

system(" chcp 1251 > nul");

// 30€ecb pacnonoXuTb TEKCTbI MPUMEPOB M OMEPATOPOB BbIYMCIIEHUI U3 MY
// NpumMep neyatu

printf("naBHbIN MOAYNb NPOCTOro NpuMepa ¢ MaTteMaTtukon!\n");

system(" PAUSE");

}
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4. IMTpumeps! o Teme JIP No 3

Bropas gacts 3agaHus, IOMUMO IIEPBOM CBSI3aHHOU C M3YYEHHMEM TEOPETHYECKOIO paszeia, 3a-
KIIFOYaeTCsl B TOM, YTOOBI HCIIBITaTh B poekte CU yke OTiIaKeHHbIE MPOrpaMMbl U (parMeHTHI Tpo-
rpamm. Hy»HO H3y4HTh TEXHUKY THUX IPOTPaMM U aJTOPUTMBI HX paboThl. IT0 BaM moHanoOuThCs 1ist
BBITTOJTHEHHSI KOHTPOJIBHBIX 3a7aHui. B0O3MOXHO, 4TO, OCBaMBasi TEOPETUIECKYIO YaCTh PaOOTHI, BBI YXKe
Ha KOMITbIOTEpE MPOBEPUIIN BBINOIHEHHE (ParMEHTOB TEKCTa M MPUMEHEHHs] MacCUBOB U yKa3aTenei,
Torja Bam OyJIeT Ipolile MPOJEMOHCTPUPOBATh UX paboTy mpemnoaaBarento. B nonomHeHue k npumepam,
PacToI0KEHHBIM BBIILIE HY>KHO UCIBITATh U U3YyUYUTh MPUMEPHI PACTIONOXKEHHBIC HIKE B 3TOM pasfelie.
OTH IeHCTBUA HYKHO 0053aTENIbHO CAETATh B OTIaIUHKE.

Jlns BeInoTHEeHUs 3Toi yactu JIP 3T0oro HyHO co3aath mycroit mpoekt B MS VS (Test_LR3), kak
OTHMCAHO BBIIIE, CKOMMPOBATh uepe3 Oydep oOMeHa B HEro TEKCT JaHHBIX MPUMEPOB, OTIATUTH €T0 U
BBITIOJIHUTD.

3.20. 4.1 lTpuMepbI ONUCAHUA M HHUIUAIU3ANNH MACCHBOB

371ech HyKHO NIPOBEPUTH BCE MPUMEPHI OMMCAHNS U MHULIMAIN3alUd MacCUBOB, IIPUBE/ICHHBIE B
teopernueckoi yactu JIP. [IpoBeprTe oneparopsl IMHAMUYECKOTO ONPEAECICHUS Pa3MEPHOCTH MacCHBa
W BBIACJICHUYS MMaMATHU MO JUHAMUYCCKHUE IICPEMCHHBIC.

3.21. 4.2 CymMma 3JieMeHTOB MacCHMBa

Huxe npuBenena paboraromiast mporpamma, B KOTOPOH BBIUUCIISIETCS CYyMMa 3JIEMEHTOB MacCHBA.

Maccus 3alaH 3HAYCHUAMHA MHUIUAJIN3alluU IIPpHU OITMCAHUU . Yucao 371eMESHTOB q)HKCPIpOBaHO.

// OnncaHme maccmMBoB

int Mas[5] ={ 1,2,3,4,5}; // anemeHTbl ¢ uHAekcammn O ... 4
// TIpoCTOW UMK C MaccMBOM

int SumMas = 0;

for(intk=0 ; k<5 ; k++)

SumMas = SumMas + Mas[K] ;

printf("\nCymma maccnea SumMas = %d \n" , SumMas);

Bbnok-cxema

HY
SumMas =0

—>< K=0,5 >—

A

CymmposaHue
SumMas =SumMas + Mas[k]

MevyaTb cymmbl

[TonpoOyiiTe N3MEHUTH 3HAYEHHSI B UCXOAHOM MAacCCUBE U BBINIOJHUTH BBIUMCIIEHHUE 3aHOBO B I10O-
1aroBoM peKnume.
Pesynbrar BeIUMCIICHUS:
Cymma maccuBa SumMas = 15
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3.22. 4.3 Tlonck MaKkcUMyMa/MUHUMYMa B MacCHBe M ero HoMepa

IIpoBepbTe HMKEPACIIOIOKEHHYIO IPOrpaMMy IIOMCKAa MUHUMYMa U MUHMMYMa B MacCHUBE.

// OaH mMaccuB iMas. HallTu MakcuManbHbIA 371IEMEHT U €ro NopsiIKoBbI HOMEp.
int iMas[] = {1,22,3,-4,5,4,0};
int Max;
int Razm = sizeof(iMas)/sizeof(int);
// PacneyaTka MaccuBa
printf("\n3agaH maccms iMas :\n");
for (inti =0; i < Razm; i++)
printf( "iMas[%2d] = %d\n", i , iMas[i]);
// HayanbHble ycrnoBums UuMKia Nnoucka MakCMMyMa
int NumMax = 0;
Max = iMas[0];
// Mounck Max
for (inti=1;i < Razm; i++)
if ( Max < iMas[i])
{ Max = iMas[i]; NumMax = i; };
// BbIBOA pe3ynbTaTa
printf("\nB maccnee Max= %d ero Homep N = %d \n", Max ,NumMax);

// HayanbHble yCnoBmMs UMKNa noncka MUHMMyMa
int iMas[] = {1,22,3,-4,5,4,0};
int NumMin = 0;
int Min = iMas[0];
for (inti=1;i < Razm; i++)
if ( Min > iMas[i])
{ Min = iMas[i]; NumMin =i; };
// BbIBOA pe3ynbTaTa
printf("\nB maccvee Min= %d ero Homep N = %d\n", Min ,NumMin);
B maccuBe Min= -4 ero Homep N = 3

bnok-cxema ¢parmeHnTra nporpaMMbl MUHAMYyMa:

HY
Bnok-cxema NumMin =0

Min = iMas|[0]
—>< K =0, Razm >_

HET

A 4

NumMin = k;
Min = iMas[k]

MevwaTb MUHUMYMaA

A
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3.23. 4.4 BBoa u pacneyaTka MaccuBa

// BBOA 1 pacneyaTka MaccuBa
int MasInp[3]; // be3 nHuumanmusaumm
printf("BeeanTe uenbii MaccuB pasmepoM %d \n", sizeof(MasInp)/sizeof(int));
for (int k = 0 ; k < (sizeof(MaslInp)/sizeof(int)) ; k++ ) {
printf("\nBeeaute anemeHT MasInp[%d]:", k);
scanf("%d" , &MasInp[k] );
7
// PacneyaTka BBeAEHHOro Macc1Ba
printf("MaccuB pasmepom %d: \n", sizeof(MasInp)/sizeof(int));
for (int k = @ ; k < (sizeof(MasInp)/sizeof(int)) ; k++ ) {
printf("\n3nemeHT MasInp[%d] = %5d", k,MasInp[k]);
s
printf("\n");

3.24. 4.5 Uunumnaau3anus MaccuBa B IPOrpaMMe U omnpejiesieHue OTAeJbHbBIX CYMM I0JI0KHU-
TeJbHBIX H OTPUIATEIbHBIX 3JIEMEHTOB

Ommcars MaccuB geiicturenbhbix(double) uucen MasD (6 31eMeHTOB) 1 BBITIOIHUTE €10 WHU-
[UATM3AIHIO TPy onicanuy. KOHCTaHThI HHUIMATH3AIMN MACCHBA JODKHBI OBITh pasHbIX 3HaKOB. [1o-

CTPOUTH OJWH HNUKII I BBIYUCIICHUA OTACIBbHBIX CYMM ITOJIOKUTCIIBHBIX U OTPUIATCIIbHBIX 3JICMCHTOB.
P C3YyJIbTAThI BBIYHCIICHUI CYMM BBIBCCTH Ha 3KpaH.

double MasD[] = {3.0, -5.1, 1.0, -7.2};
double SumPlus = 0.0;
double SumNeg = 0.0;
int Razm = sizeof(MasD)/sizeof(double);
for (inti =0 ;i < Razm ; i++)
{ if (MasD[i] > 0.0) SumPlus+=MasD[i];
else SumNeg+=MasDJ[i];
// BbiBOA pe3ynbTaTa
¥
printf("\nCymMma nonoxutensHbix = %If \n", SumPlus);
printf("Cymma oTpuuaTtensHbix = %lIf \n", SumNeg);
B pesynbrare nony4yum:
CyMMa nonoxuTenbHbIX = 4.000000
CyMma oTpuuaTesibHbiX = -12.300000

Bnok-cxema

HY
SumPlus =0
SumNeg =0

2

_____)<<: K=0,5 :)»————————

CymmpoBaHue CymmpoBaHue
SumPlus SumPlus
1 =SumPlus + =SumPlus + |
Mas|[k] Masl[k]

A
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3.25. 4.6 CopTHpoBKa MacCHBAa MO YOLIBAHUIO

int MasSort[]= {3,5,11,0,2};
printf("Maccus MasSort po copTtupoBku pasmepom %d: \n", sizeof(MasSort)/sizeof(int));
int RazmSort = sizeof(MasSort)/sizeof(int);
for (int k = @ ; k < (sizeof(MasSort)/sizeof(int)) ; k++ ) {
printf("\n3nemeHT MasSort[%d] = %5d", k,MasSort[k]); };
printf("\n");
// CopTupoBka
for (int k =0; k< (RazmSort- 1) ;k++ ) {
for (int i =0; i< (RazmSort- 1) ;i++ ){
if (MasSort[i] <= MasSort[i+1]) // Y6biBaHue

{// Swap
int Temp;
Temp = MasSort[i];
MasSort[i] = MasSort[i+l];
MasSort[i+1l] = Temp; } s }; };
// MNeyvaTb

printf("Maccus MasSort nocne copTupoBku pasmepom %d: \n", sizeof(MasSort)/sizeof(int));
for (int k = @ ; k < (sizeof(MasSort)/sizeof(int)) ; k++ ) {
printf("\n3nemeHT MasSort[%d] = %5d", k,MasSort[k]); };
printf("\n");
biok-cxema cOpTUPOBKHM UMEET BUI:

| MeuyaTb A0 COPTUPOBKU

_< K = 0, RazmSort
_>< i=0, RazmSort >—

Sort[i] <
asSort[i+1
e Swap MasSort[i] v MasSort[i+1]

MeuaTb Nnocne COPTUPOBKM

Pe3ynbTat cCOpTUpOBKH:
MaccuB MasSort fno copTupoBKu pa3mepom 5:

\ 4

dnemMeHT MasSort[0] = 3
dnemeHT MasSort[1l] = 5
dnemeHT MasSort[2] = 11
dnemeHT MasSort[3] = %]
dnemeHT MasSort[4] = 2

MaccuB MasSort nocne copTupoBKU pa3mepom 5:

dnemeHT MasSort[0] = 11
dnemeHT MasSort[1l] = 5
dnemeHT MasSort[2] = 3
dnemeHT MasSort[3] = 2
dnemeHT MasSort[4] = 0

OnA npoAonKeHUA HaxmMuTe Nbyl Knasuuwy .

3.26. 4.7 lmHaMHYecKHe MAaCCUBBI U cJIydaiiHble YHCIa

Brigensercs naMaTh moj AMHaMU4ecKuid MaccuB 10 1ienbIx 37eMeHToB (PtrMas). 3amomHseTcs



22
OIl TYUMI] 2023 JIPNe3

#include <malloc.h >
#include <stdlib.h>
printf("OuHamuyecknit maccuB u CnyyailHble Yucna: \n" );
// Bbipnenue [N c nomowbk 6ubnuoTekn <malloc.h > - ykasaTenb PtrMas
int *PtrMas = (int *)malloc(sizeof (int)*10);
for (int k =0 ; k < 10 ; k++) {
PtrMas[k] = rand(); // 3anosHeHMe MacCuUBa YMCNAMU CAy4YalHeiMu // oT © pmo 32767
// Te4aTb 3/1emMeHTa MaccuBa
printf("CnyyaitHoe 4uucno N %d. = %d\n",k+1,PtrMas[k] ); }s
free(PtrMas); // ocsoboxgeHue [

[Tonyuum B pesyibrare:
IMHamnyeckuii maccuB M Cny4aiiHble 4ucna:

Cny4aitHoe 4ucno N 1. = 15724
CnydaiiHoe uyucno N 2. = 11478
Cny4aitHoe 4ucno N 3. = 29358
Cny4aitHoe 4ucno N 4. = 26962
Cny4aitHoe 4ucno N 5. = 24464
CnydaiiHoe uyucno N 6. = 5705
Cny4aitHoe 4ucno N 7. = 28145
Cny4aitHoe 4ucno N 8. = 23281
Cny4aitHoe 4ucno N 9. = 16827

CnydaiiHoe uyucno N 10. = 9961
biok-cxema npumepa:

bnok-cxema

BblgeneHue NamaTi Nog maccus
(malloc)

v
K=0,10 >_

BbluncneHue anemenTa (rand)

v

Meuatb anemeHTa

\/_\

I OcBoboxaeHue (free) namaTu nog maccus I(—

3.27. 4.8 Yka3areiu n AMHAMHYECKHE MACCUBBI

B TecTtoBOM mpoekTe mpuMepoB MpoBephTE pabOTy MPUMEPOB, CBI3AHHBIX C YKA3aTEISAMH U JIU-
HAMUYECKHUMH MacCHUBAaMH, PACIOJIOKEHHBIX B TeopeTrueckoit uactu JIP (cm. Beime). [IpoBepky BbINo-
HEHUs OTepalliii MPUCBAUBAHMSI C TIOMOIIBIO yKa3aTeleld He00X0IUMO MPOU3BECTH C TIOMOIIBIO OTIIA -
ymnKa. Pe3ynbraTel He0OX0IMMO MPOJIEMOHCTPUPOBATH U MpenoaaBarento B otiaaauuke CII.

3.28. 4.9 UTepaninOHHBIH MUK pacyeTa 3HaYeHHs GYHKIIUH HA OCHOBE psijia

CJ'IG,I[YIOH_II/Iﬁ MMPUMCP — UTCPALNUOHHBIC BLIYUCIICHHA. (DopMyna JJIA BBIYMCIICHUS 3HAYCHUA (1)YHK-
WA — BBIYUCIICHUC CYMMbI YWICHOB pAda UMCCT BUA!
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y r x I .z
e:1—|—ﬁ—|—ﬁ+ﬁ+...zza,:ﬁ€lﬂ

n=>0

Hy»xHO cOoCTaBUTh HUKIIMYECKYIO IIPOrpaMMy Ul BBIYUCIECHUS CYMMBI 3TOTO psifla ¢ TOYHOCTBIO
eps. s maTeMaTH4ecKoro 000CHOBaHHSI aIrOpUTCS 00paTuTECh K yUeOHHM KaM 110 MaTeMaTHKe.

///////////// umkn nTepaumoHHbin ana ¢yHkuun exp(y)
#pragma warning(disable : 4996)

float MasF[10];
float MasX[10];
float x0=0.0F;
float delx = 0.1F;
float x = x0;
for ( int k=0 ; k < 10;k++)
{
X = X + delx;
float sum = 1.0f; // HavanbHoe 3Ha4yeHuWe AN MEpPEMEHHON CYMMUPOBAHUA
float step = x; // HadanbHoe 3Ha4deHue [NA CcTeneHn X
float fac = 1.0f; // HavyanbHoe 3Ha4deHue ANA NepemMeHHOW Tekyuwero dakTopuana
float Count = 1.0f;
float eps = ©.001F; // TO4YHOCTb, C KOTOpol byAeT paccyMTaHa cymma pAana.

while ( step/fac > eps ) // npoBepka TOYHOCTMU BbIYUCIEHUSA

{

sum+= step/fac; // cymmmpoBaHue 4ieHOB psaja

Count += 1.0f ; // n - NopAAKOBLIA HOMep YfeHa pAja

fac *= Count; // fac = fac * Count; - npomexyTouHbii pakTopuan

step = step*x; // B cTenenu x

s

printf(" Pag - exp = %f OyHKumMsa u3 6ubnumotekn = %f AprymeHT x = %f\n",sum , exp( x), (X
))s
MasF[k]= sum;
MasX[k]= x; };

/17
printf("\n");
system(" PAUSE");

/17
s
111171771171117117

Pesynbrar:
Papg - exp = 1.105000 OyHkuuA u3 6mbamotekn = 1.105171 AprymeHT X = 0.100000
Pap - exp = 1.221333 OyHKuMa M3 6ubnumotekm = 1.221403 AprymeHT X = 0.200000
Pag - exp = 1.349500 OyHKuua u3 6ubnmotekm = 1.349859 AprymeHT X = 0©.300000
Pap - exp = 1.491733 OyHKuMsa U3 6ubnumoteknm = 1.491825 AprymeHT X = 0.400000
Pap - exp = 1.648438 OyHkuuA u3 6mbamnotekn = 1.648721 AprymeHT x = 0.500000
Pap - exp = 1.821400 OyHKuMsa M3 6ubnmoteknm = 1.822119 AprymeHT X = 0.600000
Pap - exp = 2.013572 OyHKuMsa M3 6ubnumotekum = 2.013753 AprymeHT X = 0.700000
Pap - exp = 2.225131 OyHKuMA U3 6ubnumotekm = 2.225541 AprymeHT X = 0.800000
Pag - exp = 2.458759 OyHKuua U3 6ubnmotekm = 2.459603 AprymeHT X = 0.900000
Pap - exp = 2.718056 OyHKuMA U3 6ubnMoTekum = 2.718282 AprymeHT X = 1.000000

W3menute BpyuHyto 3HaueHue X (ceituac oo pasHo 0.0, mar = 0.1) npsiMo B mporpaMme u npo-
BEJMTE TIOBTOPHBIC BHIUMCIICHUS. B KOHTPOIBHOM 3a/laHUM BBl JIOJDKHBI MTOCTPOUTH IMKJI JJIST PAa3HBIX
3HAUCHHWH X U 3alIOMHUTH B MacCHBE BBIYMCIICHHbIC 3HaUeHUs (QyHKIuU. KpacHBIM IIBETOM ITOMEYEHO
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BBIBOAMMOC 3HAYCHUC JIA OonOIMoTEeYHOM q)YHKIII/II/I, a CHHMM 3HAUYCHHUC CTCIICHHOI'O psi/ida, BBIYHMCICHHOC
B IIUKJIE..

Jlnis 6osee neTanbHOTO 3HAKOMCTBA C alTOPUTMOM MPUOIHMKEHHOTO BBHIYMCIICHHUS 3HAUYCHUS all-
reOpanueckoi (PyHKIIMU CMOTPUTE pa3/ieNbl MaTeMaTUKU — psabl Teinopa (KOHKpeTHO psabl Makio-
pena) B wikipedia.org.

brnok-cxema npumepa:

HY Nna Cymmbl paga:
X =0.0F; Sum = 0 ; Step= x;fac =1; n=1
eps= 0.001F

Bnok-cxema v

_< |<=(1...1o ><—
—>< While ( eps < Si) >—
v

Teno uukna: fac=fac*n ;Sum =Sum +Si
Si= step*x/fac; n++ ;X =x + 0.1F
F[k]= Sum; X[k] =x

v

NMNeyatb SuMm m x

—) KOHeLU, BHELWHeEro yukna

4.5, KonTpoJabHblie 3aganus 1 JIP Ne3.

Crnenyromnye KOHTPOJIbHBIC 3aJJaHUs SBISIOTCS 00sS3aTeIbHBIMU JJIs BBITIOJIHEHUSI B faHHOM JIP.
CTyeHTBI 3Ty YaCTh BBITIOJHSIOT MOCIE U3YUYEHUS TeopeThueckoi yacTu JIP U mpoBEepKU TECTOBBIX MPH-
MEpOB OCHOBHBIX TeM JIP.

4.1. 5.1 Co3naHue KOHCOJIbHOIO MPOEKTA

Co3znath mycToi KOHCOMBHBIHN MPOeKT 11 BoinoHeHus JIP No 3. Co3anue KOHCOTBHOTO MPOEKTA
U ero pycudukanus 1aHo B MeToanueckux ykazanusax kK JIP Nel (cMm. Ha caiite).

4.2.5.2 Onucanme MacCuBOB

Omnucats nenouncineHnbie (Maslnt), semecrBennsie (MasFloat) u cumonsasie (MasChar) ox-
HOMEPHBIC MaCCHBbI M MHUIIMAIIM3UPOBATH UX B mporpamme. [1ocMOTpeTh COAepKMMOE MacCUBOB B OT-
JauMKe W BBIBECTH Ha MedyaTh 5-¢ dmeMeHTsl 3TuX maccuBoB (K =5). Pasmep maccuBoB He menee 10
DJIEMEHTOB.

OmnwcaTth U HHUIHATM3UPOBATH IBYMEPHBIH 1ICIOUUCIICHHBIN MaccuB Matrica (5*4), pactieuarats
3JIEMEHT 3TOTr0 MaccuBa ¢ Homepamu (MHAEKChI) 1=3, ] = 2,

4.3. 5.3 BBoa u BbIBO MaccuBa. BoluncieHne cyMMbI 3JIeMEHTOB
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Jlns nenounciieHHoro maccua Masint (tun int), pa3MepHOCTBIO 5 37IeMEHTOB, BBITIOJIHUTE ClIe-
JYIOIIHME TCUCTBHUS:
¢ BEINOIHUTE B OT/AEIBHOM LIMKJIE BBOJ 3JIEMEHTOB MAacCHBa C KIaBHATYPBHI.
¢ BEUMCIUTE CYMMY 3JIEMEHTOB 3TOTO MAaCCHBA B OTJEITFHOM ITHKIIE
e Pacneyarath cyMMy 3TOro MaccuBa (B OTACIBHO CTPOKE).
B pesynbraTe nomyuum:

BBeauTte 5 uUenbiX 4ucen:

[0]:1

[1]:2

[2]:3

[3]:4

[4]:5

Cymma maccuBa MasInt = 15

InAa npoaonxeHWs HaxmuTe nbyl Knasuwy . . .

4.4.5.4 [Teuats MaccuBa CTOJTOUKOM

PacneuaTtaTh BBeICHHBIIN B MMpEAbIAYIICM ITYHKTC KOHTPOJIbHOTO 3aJaHN MaCCHB CTOJIOMKOM.

®parMeHT NporpaMMBbl BBITJIAINT TaK:

B pe3ynbTare noayuunm:

dnemeHT MaccuBa MasInt[
dnemeHT MaccuBa MasInt[
dnemeHT MaccuBa MasInt[
dnemeHT MaccuBa MasInt[
dnemMeHT MaccuBa MasInt[ =

]
A WNERO

e e e ]
]
uih WNR

4.5. 5.5 OnpenesieHne MHHUMYMa B MacCHBE M ero HOMepa

Bo BBeieHHOM MaccuBe, B OTJEJIBHOM LIUKJIE, BBIIOJIHAETCS MOMCK MaKCUMAJIBHOTO DJIEMEHTA U
3allOMHHAHKE €ro HoMepa. Pe3ynbTaTsl moucka BBIBECTH Ha dKpaH. IIporpamMmy oTiaguTh U IPOBEPUTH
Ha pa3HbIX puMepax. CoCTaBUTh OJIOK-CXeMy MPOTPAMMBI.

B pesynbTaTe nosyunm:

BeeauTe 5 uenbix uucen:

dnemeHT MaccuBa MasInt[
dnemeHT MaccuBa MasInt[
dnemeHT MaccuBa MasInt[
dnemeHT MaccuBa MasInt[
dnemeHT MaccuBa MasInt[
B mMaccuBe Min= © ero Homep N = 3

nonu
A WNERO
e e et et
1]
PO UVIWwWR

4.6. 5.6 Inuuuanu3anmsi MaccuBa B IporpaMMe U onpe/ejeHue OTAeJIbHBIX CYMM I10J105KH-
TeJbHBIX U OTPULATEJbHBIX 3JIeMEHTOB

Ommucars MaccuB geiicteurenbabix(double) ancen MasD (6 s1eMeHTOB) ¥ BBIIOJIHUTE €r0 WHH-

nuajin3aluio Ipu OIMCaHuH. KoncranTel WHUIHAJIN3alli MaCCuBa JOJI2KHbBI OBITE PAa3HBIX 3HAKOB. ITo-
CTPOUTH OAWH HUKII JJI BBIYUCICHUA OTACIbHBIX CYMM IOJIOXKUTCIIBHBIX U OTPULATCIIbHBIX 3JICMCHTOB.
P€3y.HI>TaTBI BBEIUHMCIICHUH CYMM BBIBC€CTH HaA 3KpaH.

double MasD[] = {3.0, -5.1, 1.0, -7.2};
B pesynbrare nomyunm:
CyMmMa nNoONIOXUTEsIbHbLIX = 4.000000
CyMmma oTpuuaTesibHbX = -12.300000
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Bnok-cxema

HY
SumPlus =0
SumNeg =0

R 2

p—- K=0,5 >_

CymmpoBaHue CymmpoBaHue
g SumPlus SumPlus )
1 =SumPlus + =SumPlus + |
Masl[k] Masl[k]

A

4.7.5.7 Ucnosb30BaHue yKa3zaTeJs JJsi MacCMBa

Omnwucarp ykazarenb Ha TUI Leablid. [IpucBouTs €ro aapec HoMepy MUHMMAJIBHOTO JIEMEHTA U3
npebIAYIINero 3aJaHus JaHHOTO pa3zeia. BeiBecTr Ha neuath (Printf) sHaueHne 3Toro 37I€MEHTa C T10-
MOIIIBIO yKa3aTells.

// 5.6. icnonb3oBaHve ykasaTensa A5 Maccuea
int * pMin;
pMin = &MasInt[NumMin];

printf("\MNe4yaTb ¢ ykazaTtenem = %d \n", *pMin);
B pesynbrare nosny4yum:
MeyaTb c yka3aTenem = 0

4.8. 5.8 BeruucjieHHe ¥ 3aTIOMHUHAHKE 3HAYEHNH MAaCCHBA U3 3HAYEHUH BLIYHCIEHHOT0 paaa.

ITo BapraHTy COOTBETCTBYIOLIEMY HOMEPY B KYpHaJie IPYMIIbl, IOCTPOUTH IPOrpaMMy BbIYHCIIE-
HUS 3HAUeHUS QYyHKIMH (CM. Tabnuity). Pe3ynbTaTsl BEIYHCICHUS 3aHOCSTCSI B MACCUBBI: 111 apTYMEHTOB
u uist pynkwmii (MasF, MasX).

Beruncnuts MmaccuB MasF (float) mo dopmysie crienmanbHOro psiga uis 3aiaHHON OMOIMOTEYHON
(GYHKLIMU 1715 KQXKJI0T0 3HaYeHUsl apryMeHTa X (110 BapuaHTaM — CM. HIke 11.6). Pe3ynbraT BeruncieHus
JUTSL KQKIOTO 3HAYCHUS apryMEHTa 3allOMHHUTh B MaccuBe — MasF (1 moka3aTh mperno/iaBaTeliio pe3yib-
TaT B OTJIATYMKE). 3HAUCHHSI M IIar U3MEHEHHS apryMEeHTa X 3a7[aHbl B Ta0IUIlE BApUAHTOB (CM. HIKE. ).
Pacnieuatats pesynbTar B opme TaOnuIbl (HOMEp - 3HaueHue (QYyHKIMM - 3HaueHue (GpyHKIuu u3 ouo-
JMOTEKH, - 3HaUeHHE apryMmenTa). Tadnuiry ohopMuTh paMKkoit u3 3se3nouek (“*”
BBIYHCIICHHUI 3HAYEHHUI pacCMOTpeH BhIe (cM. T.1. 4.4). J{ns peanuzanuu JaHHOW 3a/1a4il HEOOXOIUM

). LUk nTepannoHHbIX

JIBOWHOM UK. [[poBepUTH MOTydeHHBIE BEIYUCIICHHS C TIOMOIIBIO BEIYUCIICHHS ONOIMOTEYHOH (PYyHKIINU
(y Hac B mpumepe exp). Jiist BerauciieHus 3HaueHust QyHKIHKA U3 OMOIMOTEKH HY)KHO MOKIFOYNTh 3aro-
JIOBOYHBIH (haitn MaTemaTryeckoit oubnmorexu (math.h):

ITomyuyum pesyibrar:

3Ha4veHue papa exp = 1.105000 3HayveHue X = 0.100000
3Ha4veHue papa exp = 1.221333 3HayeHue X = 0.200000
3Ha4veHue papa exp = 1.349500 3HayveHue X = 0.300000
3Ha4deHne paga exp = 1.491733 3Ha4deHue x = 0.400000
3HayeHue pApa exp = 1.648438 3Ha4yeHue X = 0.500000
3HayveHue papa exp = 1.821400 3HayveHue X = 0.600000
3Ha4veHue papa exp = 2.013572 3HayeHue X = 0.700000
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3HayveHue papa exp = 2.225131 3HayeHue X = 0.800000
3Ha4veHue papa exp = 2.458759 3HayeHue X = 0.900000

4.9. 5.9 3anosiHeHNe ¥ cyMMa B THHAMHYECKOM MacCHBe Yepe3 yKazaTelib.

CO3I[8.TL JUHAMMYECCKHUM MaCCHUB I€JIOTO THIIA pasMepoM 10 sneMeHTOB. 3aII0JIHUTh €T0 cnyqaﬁ—

HeIMHU unciaMu B auamna3zone 0-100 (ucmosp3oBars (yHKIMO rand(ciaydaitHoe 4uciio) U3 OMOIMOTEKH
<stdlib.h>). Beruuciute cyMMy 3J1EMEHTOB 3TOI'O MacCHBa M paclieyaTarh Pe3yJsIbTaT MOJACYETa U MOJTY-
YEHHBI MACCUB.

4.10. 5.10 /IBymMepHbIe MaCCHBHBI.

Onucarh ¥ MPOWHUITHATH3UPOBATE B TIPOTPaMME JIBYMEPHBIH ICJIOYHUCIICHHBIA MacCHB pa3MepOB
3*5 371eMEeHTOB.

Biaok-cxembl 3aganuii

JUist BceX MUKIMYECKUX (parMEeHTOB COOCTBEHHBIX MIPOTPAMM B OTUETE O(OPMIISTIOTCS X OJIOK-
cxemsl. JXKemarensro ucnonszosars VS Visio mm MS WORD.

5. 6. KouTpoanpyembie Tpe0OBAHUS.

— Onucanust MacCUBOB IL.II 5.2

— BgBoa maccuBa . 5.3

— Ileuats MaccuBa cToaOuKoMm) - 1.1 5.3,4

— Cymma 3J1eMEeHTOB MaccuBa 1.1 5.3

— MuHuMYM B Maccuse - ILII 5.5

— Muaunmanuzanys u CyMMBbI OJIOKUTENBHBIX U OTPUIATEIbHBIX- IL.IT 5.6
— Ykazarenp Ui MUHUMAJIbHOTO 3JIEMEHTA MACCUBA U MeYarth - M. 5.7

— 3anoMHHaHUE B MAaCCHUBE CYMMBbI psifia U Mevath 1.1 5.8

— Onucanue IBYMEpPHBIX MACCUBOB - IL.11 5.10

— 3amnoJiHeHHE U CyMMa B quHaMu4deckoM MaccuBe u3 10-tu anemenToB (CM) - it 5.9
—  Odopmienne oTuera Mo 3aJaHHBIM TPEOOBAHUSM.

— BrinonHeHue 1OMONMHUTENBHBIX TPEOOBAHUHN MPU HATTMYUH.

6. 7. Bapuantb! 3aganuii aus cryaeaTos 'YUMIL

BapuanTs! 3a1aHuit 17151 TpUOIMKEHHOTO BHIUMCIIEHUS (YHKIIMK HA OCHOBE psifa MakiiopeHa
npuBeaeHbl Huxke. Homep BapmaHTa JODKEH COOTBETCBOBATH HOMEPY CTYAEHTAa B IPYIIIOBOM
KypHaJe.
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B otuer no 3-ii JIP Hy»HO MOJly4UTh BCTABUTH JIBE 3aBUCUMOCTHU
MOJIYYCHHBIC SKCTIEPUMEHTAIIBHO ISl CBOETO psijia(B TaOIHUKE):
1.Bbruucnsemsplit mapamMeTp: 3TO YMCIO0 UTEpaUi A TOCTUKESHUS
3aJjaHHOM TouHOCTH(eps) - N BO BHYTPEHHEM LIUKJIE TPOrPaMMBbI.
2. Bapbupyemble mapamMeTphl:
X - apryMEHT BbIUUCIICHUS psfa Npu GUKCHPOBAHHON TOYHOCTH (€pS)
€PS - TOYHOCTh BBIYUCICHUSA Psilia TPU (PUKCUPOBOHHOV apryMeHTe (X)
3. T.e. monmyuuts 3aBucuMocTH: N=F(X), mpu eps = const Xx=var u
N= F(eps)mpu x = const. eps=var
HyxHo nogoOpath Takue GUKcHpoBaHHBIEC TApaMETPHI (X WIH eps),
YTOObI 3aBUCHUMOCTH ObUIM "KpacUBBIMU'"(BBIPA3UTEIIbHBIMU), T.€ HE HOCTOSIHHBIMHU WU
BBIPO’KJICHHBIMU.EPS - TOYHOCTh BBIYUCIEHHS Psijia IpU (GUKCUPOBOHHOU apryMeHTe (X)
3. T.e. nomyuuts 3aBucuMoctu: N=F(xX), mpu eps = const u
N= F(eps)mpu x = const.
HyxHo nmogo0Opats Takue puKcUupoBaHHBIE MapaMepsl (X WIH €ps),
YTOOBl 3aBUCUMOCTH OBUIM "KpacUBBIMH'"(BbIpAa3UTEIbHBIMU), T.€ HE MOCTOSHHBIMU WJIU
BBIPO’KJICHHBIMH.
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Ne Jnanazon u
dopmyna s BEIYUCICHUS psijia 1S PYHKITUN
/1 mIar Juis X
= _ 3 5
L] ox m(:roo.lllo arcth(x) = x — x? + x? — e Y (FD) M/ (n + 1)
(atan ¢pyHKIHS
13 OMOIMOTEeKH
math.h)
2 | x=01-20 P S 20
mrar 0.3 R R THT +"'+(2n)!+
(cosh)
3| x=10-50 r* — (=) ,
41
simr=1r— —+— —--- = — ,x el
mar_0.4 3! + 51 Z I:QH—I— 1)[ '
(sin) n=0
4 x=0.0-1.0 i i (—1)”‘ on
war 0.1 cosr =1-— 54—3—---—2(2”}!1: el
(cos) n=0
5 | x=-00-(-1.0) , r*  3x° > (2n)! 20+l
m(ar'-O).l arcsmzr = r + 3 + 0 4. = %4“(;@’) "2n T 1)
asin
6 | x=10-50 3 af o~ (D" 5
arctgr=o0r — — + — — - .- = ot
mar 0.4 24 3 + 5 22n+1
(atan) n=>0
7] x=01-20 3 ad = 1 .
war03 |[Sh@)=z+o+5+=) o—=r" zel
31 5l 2 1)!
(sinh) o (Pnt1)
8 | x=-0.0—(-1.0) x x? =, (—=1)"(2n)!
Vidr=14=_-" 41— = ,
2 LR Rl Sk T Db ¢y T
sqrt) — kopeHb =0
9 | x=00-10 . 2 — " c
H_I(Zl)“(s).l +1’+§+§—|— Z_‘:}EIE
10 In(x+1) x? x3
—00— 1n(1+x)—x——+—— ( D% /(n+ 1)
(log)

7. 8. lomoauurteabHbie TpedoBanns aada cryaearos CYI (a.t.).

JIns IpOABUHYTBHIX CTYIEHTOB, IO JKEJIAHUIO, B JONOJHEHUE K OCHOBHOMY 3a/IaHUI0, MOKHO
MOCTPOUTH MPOTPaMMY C JIOMIOJIHUTEIbHBIMU TPEOOBAHUSIMHU.

7.1. 8.1 BBoa M BBIBOJ ABYMEPHOI0 MaccuBa. BoIuuc/ieHHe CyMMBbI €ro 3JIeMeHTOB.
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BeImonHsieTcst BBO ABYMEPHOTO JEHCTBUTENBHOTO MaccuBa (3*4) moctpouno (double). Tlep-
BOHAYaJIbHO BBOATCS 3HAUCHHUS YMCET MACCHBA C TIOJICKa3KOi HOMEpa CTPOKH M CToJI0Ia. Jlanee BbI-
YHCIISIETCS CyMMa BCEX DJIEMEHTOB M PacIeyaThbiBaeTCss TAOJMYHO MAaCCHB M PE3yJIbTaT pacdera.
CyMMa BBIBOJMTCS B OTAEIBHOM CTPOKE.

7.2. 8.2 OnpenejieHne MAKCMMYMA B IBYMEPHOM MacCHBe H KOOPAHHAT MAKCHMYyMa

Brinonnasercs BBOJ IBYMCPHOI'O MaCCHUBaA. Hamonnenue maccuBa 3a1a€TCA C IIOMOIIBIO MHHU-
quajan3alvu B IIporpamMme. BrImosHSIeTCS TOMCK MaKCHMAaJIbHOTO/MUHUMAJILHOIO SJIEMESHTOB B Mac-
cuBe. MaccuB me4yaTaeTcs B BUIC Ta6J'II/II_[LI. 3HaueHue MaKCI/IMYMa/MI/IHI/IMYMa " €ro KOOpANHAT BbI-
BOOATCA B OTACIIBHBIX CTPOKaAx.

7.3. 8.3 UHunuanu3anus AByMepHOro MaccuBa

HpOI[GMOHCTpHpOBaTI) BO3MOXHOCTH IJId MHULNUAIN3aOHUU JABYMCPHOI'0O MacCUBa }leﬁCTBI/I-
TEIBLHOTO TUMa. MacCuB BRIBECTH Ha 9KpaH B BUJIC Ta6J'II/II_[LI.

7.4. 8.4 Boluuc/ieHMS 3HAYCHUM MOJTUHOMA

Crnenate mporpaMmy JIjisl BBIYUCIICHUS TOJIMHOMA 001ero Buia:
y=aiX"+a X"+, +anX+a n+1
3nauenust KodhPUIIMEHTOB 3aat0TCs B OTAebHOM MaccuBe AMas. [l BBIYUCICHUSI CyMMBI
pana wucnoyib3oBath cxemy l'opHepa. CrenHp mnoguHoMa paBHa 10-tu. Chenath aliroputm
BBIYUCIICHHS] MaKCUMAaJIbHO (G ()EeKTUBHBIM. 3HaUCHUA X 3a7aTh B quanazone ot 0 1o 10 ¢ marom 0.1.
Pe3ynbTar BeIuMCIEHUI BBIBECTH B TaOJIUYHOM QopMme.

7.5. 8.5 Onucanue 1 MHUIHUAJIN3ALUUSA TBYMEPHBIX MACCHUBOB H YMHOKe€HHE MATPHIL

Omnucatb tpu MaccuBa: A (1*3), B(1*4) u C (3*4). Maccubl A u B uHMIIMann3upoBath B mpo-
rpamme. Beraucnuts Maccus C — MaTpHIe, Kak IpOU3BeIeHUE MacCHBOB MaTpull A u B.

C = A*B. (D10 3amanue sl CTYJICHTOB, U3yYMBIINX KypC MaTpu4yHOUW anreOpsl). st moucka
(dbopMyIIBI pacueTa UCIOIb30BaTh CIIPABOYHUKH MM MIHTEpHET.

7.6. 8.6 JIoka3aTeJibCTBO PACHOJIOKEHHSI MACCHBA.

Jlokazathb B mporpaMMe ciocod pacrtoioKeHHs HJIEMEHTOB B IBYMEPHOM MAaCCHBE (C IIOMOIIbIO
reyaTd MacCUBa 4epe3 yKaszaTelb).
7.7. 8. 7BJ0K-cXeMBbI 3a1aHUM

Jlnist Bcex (parMeHTOB MporpamMm opOpMIISIOTCS UX OJIOK-CXEMBI U pa3Meratorcst B otaere JIP.

IIpumeyanue: BrinosHeHne mporpamMmbl ¢ JOMOJHUTEIbHBIMU TPEOOBAaHUAMU OTOOpaXKaeTcs
B JKypHaie, B ordyere 1o JIP u yunTeiBaeTcs Nnpu MoJBEIEHUHU PE3YJIbTAaTOB pabOThl B CEMECTPE U Ha
JK3aMEHe.
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8. 9. leMmoHcTpanus, 3amura JIP u oruer mo JIP.

[Tocrne BeIMOTHEHNS BCeX HEOOX0MUMBIX maroB 1o JIP, paboTaromiyio mporpaMmmy HY>KHO MIPO-

JIEMOHCTPHUPOBATH MPENOAABaTEINI0, IpoBoAsaeMy JIP, o ueM OH B J)KypHase aenaet oTMETKy. Jlanee
CTYJICHT Ha OCHOBE mabyioHa u mpumMepa opopmisier ordet o JIP. [Tocne odopmnenus otyeTa, Ko-
TOPBIM MOKET OBITH MPECTABJICH MPENOAaBaTEeNI0 B AIEKTPOHHOM BHUJI€, BhINONHsETCs 3amuTa JIP.

CTy,HeHT JaCT OTBCTHI HAa BOIIPOCHI ITO OTUCTY U HA KOHTPOJBHBIC BOIIPOCHI ITPUBCACHHBIC HUXKEC. JIP

CUYMTAETCS MOJTHOCTHIO 3aYTCHHOM, €CITU BBITMIOJIHEHBI BCE TIEPEUNCIICHHBIC TPeOOBaHUS U IEHCTBUS .
neMOHCTpalus, oTueT U 3ammra JIP.

BOo~NoORWDNE

0.
. Kakue HOBBIC omepanuu /yist yka3zaTesei Bbl 3HaeTe?
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

9. 10. KoHTpoJabHbIE BOopockl o JIP.

Yro takoe maccus B AI1?

Yro Ttakoe ykazarens B SI1?

Jist yero Hy»HbI MaccuBbl B AI1?

Jlnsa yero HyxHbI ykazatenu B AI1?

Kak MoxeT 3a1aBaTbCsi pa3MEpHOCTh MacCUBA, MMOKAXKUTE B BaIllel porpamme?
Yro Takoe MHUIMATHU3ALKS MaccuBa?

Kak nHHIMann3upoBaTe ABYMEPHBIA MacCuB?

Mooxet 1 ObITh IPU HHULMATIU3AMU HE 3aJ1aH pa3Mep MaccuBa?

Yro Takoe TUMHAMHUYECKHE MaCCUBBI?

Kak onuceiBaroTcs ykazartenu?

Yro Takoe onepanus UMECHOBaHH?

Yro Takoe omeparys pa3IMCHOBAHUS ?

Mo3>KHO 11 3371aBaTh IPU OMUCAHUU YKa3aTelsl HECKOJIbKUX 3BE3/104eK?
Mo>kHO T IPUPABHATH yKa3aTeldb U UMs MacCHBa?

Kak oOpatuTcs K 311€MEHTY MaccuBa C MIOMOIIIbIO yKa3zaTess?

MoryT 11 OBITH B MacCHBE 3a/1aHbI 3JIEMEHTHI PA3HOTO THIIA?

Kak BbIUMCIINTH pa3Mep MaccuBa P BBITOJHEHUN POTPAMMBI?

B dem cyTh YNCNIEHHBIX arOPUTMOB BEIYHUCICHUS (DYHKIUH B BUAE psaa?
Kakue snemMeHTsI 670K cXeM BbI 3HaeTe?

Kakwue npeumyiecTBa 1arT MpoeKThl B VS?

Kak onucaTh ykazaTeslb Ha MACCHB U €0 BHIYUCIUTH?

Kaxk onmcath 1 HCIIOIB30BaTh yKa3aTelb Ha yKa3aTelb?

Yro Takoe JUHAMUYECKas MaMsTh?

Kakue ¢ynkunm 11 paboThl ¢ TMHAMUYECKON TaMATHIO BB 3HaeTe?
Kak 0cBOOOAUTH AMHAMUYECKYIO MTAMSTh.?

Kak MOKHO BBINOJIHUTH BBOJ MaccHBa?

Kak ommcaTh 1 paboTaTh ¢ MHOTOMEPHBIMUA MacCUBaMu?

Kakue onepanuy Ucnobp3yroTcs Ui paboThl € yKa3aTelssMu?

Kak MO>XHO 3a71aTh ¥ BBIYHCIHUTH Pa3Mep MacCUBa?

10. 11 JIurepaTtypa.

OcHoBHas JuTEepaTypa

1. Choucok nmuTepatypsl, HOCTYIHbIE KHUTH M HeoOxomumblie mocodust st JIP OIl pasmemieHsl Ha
caiite wWww.sergebolshakov.ru va crpanuuke “2-it k CYLL”. [laposb 11t 1OCTyIa MOKHO B3SITh Y
HPEroaaBaTessi WK CTAPOCThI TPYIIIHL.
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Kepnuran b., Putun 1. K 31k nporpammupoBanus C, 2-e uznanue: [lep. ¢ anrn. — M. : U3na-
tenbckuil oM “Buinbsmc”, 2009. — 304c¢.: un. — [ap. Tur. anrm.

Kacrok, C.T. Kypc nporpammupoBanus Ha sizbike Cu: koncnekT nekiuit/C.T. Kaciok. — Yens-
6unck: M3narensckuii nentp FOYpl'Y, 2010. — 175 c.

MSDN Library for Visual Studio 2005 (Vicrosoft Document Explorer — BXonuTh B cOCTaB IUCTPH-
oytuBa VS. HyxHo 00s13aTenbHO pa3BepHyTh IIpU ycTaHOBKe VS VS miiM HaCTpOUTH AOCTYH Yepes
Wureprer.)

C.0O.bouxos, I.M.Cy660THH f3bIk IporpammupoBanusi Cu JUIst IEpCOHAIBLHOIO KOMITbIOTEpa, M.
"Paguo u cBs3p", 1990.- 384 c.

Opuanang A5, Uapopmatuka u KoMnbroTepHble TeXHOIOrHH: OCHOBHbIE TEPMHUHBI: TOJK.CIIOB.
Bonee 1000 6a30BBIX OHATHH U TEPMHHOB. — 3-€ U31I., Uctp. U joir./ A. S ®pumnana, JI.C. Xana-
mupoBa, M.A. @pumnang — M.:OOO «M3natensetBo Actpens»: OO0 «M3parensctBo ACT»,
2003.-272c.

JlonoHUTeIbHAS JTUTEpPaTypa

Obmee meroauueckoe nocodue mno Kypcy ais BoeinoiHeHus JIP um /I3 (cm. Ha caiite 1-if kype
www.sergebolshakov.ru) — cm. kHOTIKY B KOHIIE Ka10ro pasjesna caira!!!

Kepnuran b., Putun /1. K36 S3p1x nporpammupoBanust Cu.\[lep. ¢ anrin., 3-e usna., ucmp. - CIIO.:
"HeBckwmit {uanext", 2001. - 352 c.: un.

Jlpyrue MEeToMueCcKrue MaTepuabl 1o TUCIMILIMHE ¢ calita WwWw.sergebolshakov.ru.

KoncnekTs jiekuuii no gucuuiuinie “OCHOBBI IPOrpaMMUPOBAHUS .

ITon6ensckuii B.B. A3pik Cut+: YuebHoe nocodue. — M.: ®dunanckl 1 cratuctuka, 2003.

5. Ton6enbckuit B.B. Crannaptaeiit Cut++: YueOHoe mocobue. — M.: DUHAHCH U CTaTUCTUKA,
2008.

I'. unar “C++ bazossiii kype™: Ilep. ¢ anrn.- M., U3narensckuii 1om “Buibamc”, 2011 1. — 672¢
I'. unar “C++ PykoBoactBo mia HaunHaomux : [lep. ¢ anri. - M., U3narensckuit gom “Buiib-
amc”, 2005 . — 672c¢

I'. llunar “ITonueiit cipaBounuk o C++: Ilep. ¢ anri.- M., U3natensckuii gom “Bunbsamc”, 2006
r.—800c

brepn Crpayctpyn "A3bik nporpammupoBanus C++"- M., bunom, 2010 r.
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