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OII TYUMI] 2024 JIPNe3
1. 1. Hean gadopaTopHoii padorbl Ne3 o kypcy OII(OcHOBBI NPOrpaAMMHUPOBAHUS )

Hensro nannoit JIP no nucuumnne Ol aBisercs mojlydeHne Ha4ajdbHbIX 3HAHUN U YMEHUM JUIs
HCII0JIb30BAaHUsI MAaCCUBOB U yKa3areseil Ha si3bike mporpammupoBanusi CU. CTyneHThl HCIIOIB3YIOT KOH-
COJIbHBIE MPOEKTHI U OTJIAXKHBAIOT MPOrpaMMbl B cpeae mporpammupoanus MS VS 2005/2008/2010.
CTyIeHTBI 3HAKOMSATCS €O CIOCOOaMU OMMCAaHUS U UCIOJIb30BAaHUS MAcc U yKas3aTejed B IporpamMmax,
BBITIOJHSAIOT OTJIAIKy IIPOrPaMMBI [I0 CBOEMY BapHaHTY U IIOJIy4arOT UCIIOJHUMYIO IPOrPAMMY, TOTOBYIO
K BBITOJIHEHUIO, 0OpMIISIOT oTueT 1o JIP u 3amumator ero.

2. 2. llopsaa0oK BBLIOJHEHHUS J1A00PATOPHON PadoThI

1. Tlo3HaKOMUTBCS C COAEp)KAHMEM METOAMYECKUX yKa3aHUH M OCHOBHBIMU MoHsATHsAMH JIP (pas-

nensl 3 u 4)

[TpopabGoTaTh MOPSAIOK BHITIOJHEHUS paOOTHI (pazaen 5).

3. Co3aarh KOHCOJBHBIC MPOEKTHI JIsl IPOBEPKU MPUMEPOB U BBIMOIHEHHS 3ananus JIP( pasmenst
3,4).

4. TIpoBepuTh B JaHHOM MIPOCKTE MPUMEPHI U3 METOINYECKHUX YKa3aHHH, BBIMIOTHUB UX B OTIAUUKE
B MIOIIIATOBOM peXuMe (pasnen 4).

5. Hamnwucare mporpammy 3ananuii JIP mo BapuaHTy, BeIJaHHOMY IIpeNoAaBaTesieM U OTIaJUTh €€
(pazmen 5).

6. IIpomemoHCcTpUpOBaTH PabOTY MPOTPAMMBI MPEIIOAABATEIIO B PEXKUME OTIQMUUKA IO IIaram u

HU3MEHSEMBIMU TIePEMEHHBIMU

[ToaroroButk otuet no JIP mo npencraBieHHoMy 1m1a0JoHy (pas3zaen 8).

3ammtuth JIP ¢ mpegocraBiieHreM oTYeTa M OTBETaMH Ha KOHTPOJIbHBIE BOMIPOCHI (paszen 8,9).

9. JIns npoABUHYTHIX CTYAEHTOB BHITIOIHHUTD 33aHUS ITIS JOTIOJIHUTENBHBIX (HE00sI3aTeIbHBIX ) TPe-
OoBaHMI M TaKXke 0TOOpa3uTh UX B oTdete 1o JIP (pazmen 7).

no

o~

3. 3. OcCHOBHBIE IOHATHSA

B Teopernueckoii yactu onucanusi 1a00paTOpHON pabOThI BBOAATCS OCHOBHBIC MOHATHS U pac-
CMaTpHUBAIOTCS MPUHIIUIIBI U paOOThI ¢ MAacCHBAMU M yKa3aTelIsIMU Ha si3bIKe nporpammupoBanus CH.

3.1. 3.1 MaccusBbl

ITepemenHas1, KOTOpast MOXKET COXPAHSTh TOJIBKO OJTHO 3HAUYEHUE, Ha3bIBACTCS IPOCTON MEPEMEH-
HOM. J11s pa3paboOTKH CIOKHBIX MPOTPaMM YacTO HEJAOCTATOYHO OJHUX MPOCTHIX NEPEMEHHBIX, TaK KaK
B IPOTUBHOM CJIy4ae MIPOCTHIX EPEMEHHBIX ObLIO ObI 0O4EHb MHOT'O C pa3HBIMU UMEHAMH, U IPOTPAMMUCT
MOJXKET JIETKO 3aIlyTaThCsl B TAKUX HAMMEHOBaHUAX. [[03TOMY B sA3bIKaxX POrpaMMUPOBAHUS BBEICHO I10-
HSTHE MacCUBOB (YHOPSIIOYCHHBIX HAOOPOB) OJTHOPOIHBIX (OHOTO THUIA) TIEPEMEHHBIX, TOCTYI K KOTO-
PBIM BBITNIOJHSIETCS ¢ YKa3aHUEM HOMEpPA OTIEIbHOIO AyieMeHTa (MHAeKca). Takylo mepeMeHHYI0 Ha3bl-
BaIOT TAK)KE IEPEMEHHOW ¢ MHACKCAMM MJIU DJEMEHTOM MacCHUBa.

Takum 00pa3om, MaccHB — 3TO COBOKYIHOCTh OJHOTHITHBIX MEPEMEHHBIX, PACIIOI0KEHHBIX B T10-
psiake BozpactaHusi Homepa (0T 0 0 BETMYHMHBI, ONpeeIsitonIei ero pasmep). [Ipu onrcannu maccusa
NOMUMO UMEHHU U THUIIA JUIsi MAaCCUBOB HEOOXOIUMO yKa3aTh €ro pa3Mep W pa3MepHOCTh MaccuBa (BO3-
MO>KHOE YHCIIO HHIEKCOB). B 00mieM ciydae MacCHB ONMCHIBACTCS TaK:

<THIl MaccuBa > <HMs MaccuBa> [<pa3Mmep MaccuBa>]... [<pa3mep MaccuBa>] = <HHH-

UAJIH3AIMSA MACCHBA>;
<THIl MacCHBA > - CTAaHJAPTHBIA WM Moyb3oBarenbckuii Tun CU/CU+
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<HMS$l MaCCUBA> - IOMYCTUMOE U YHHKaJIbHOE B OJ0Ke uMs B a3bike CU/CU+.
<HHMLIHAJIU3ALMA MACCUBA> - 33JJaHNE HayaJIbHBIX 3HAUEHHUH 2JIEMEHTOB MacCHUBa

Hanpumep:
#define MAX 20

int iMas [10]; // onncan maccu iMas uenoro Tvuna, cogep>xawmin 10 anemenToB ( HoMepa 0:9)
char sMas [MAX]; // maccuB sMas cCMMBOJ/IbHOMO TUMA, coaepalmii MAX anemMeHToB

PasMepHOCTh MaccHBa 3aaeTCs 1eJI0M KOHCTAHTOM, MeEpeMEeHHON KOHCTAaHTHOTO Thma (const) wiu me-
PEMEHHOM ATara KOMIWISIIAH, U TIPU TAKOM OMUCAHUH Pa3MEPHOCTh MAaCCHBOB HE MOKET U3MEHSTHCS
BO BpeMst paboThI mporpaMMbl. Homepa maccuBa HaunHatoTcs ¢ Hyd1s (0), T03TOMY TOCIIEAHHUA SIIEMEHT
MaccuBa UMeeT HoMep (TOYHee MHIEKC) Ha eUHUITY MEHBIIIHIA, YeM Pa3MepPHOCTh MAaCCUBA (B HAIIEM
cirydae 9). [Ipu oOpamieHnu K 3IeMeHTaM MacCUBa MOYKHO YKa3aTh, KaK KOHCTAHTY, TaK M IEPEMEHHYIO
L[EJIOT0 TUIAa, TaK U BhIpaXXEHHE 11eJI0r0 TUIA.

Hanpuwmep:
iMas [5] = 3; // anemeHTy MaccuBa iMas ¢ HomepoM 5 (6-My) npuceavBaeTcs 3
sMas [i + 5] = 'A"; // anemeHTy MaccuBa sMas ¢ HoMepoM i (i+4) npuceamsaeTcs cnmeon ‘A’

MaccuBsl MOTYT UMCTb Oouee OOHOI'0 U3MCPCHU, ITPU 3TOM YKA3bIBAOTCA 3HAYCHUA Pa3SMCPHO-

CTH TI0 KaXIOMY U3MEPEHHUIO OTJEIHHO B KBAaJIPATHBIX CKOOKAX:
<THII MaCCUBa > <HM$ MACCHBa> [<pa3MepHOCTb MaccuBal>|[<pa3MepHocTH MaccuBa2>] ...;
Hanpumep, 1ByMepHBI MaCCUB MOXKET OBITh ONMKCAH TaK:

int iDMas [5][5]; // ABymMepHbI MaccuB iMas Lenoro Tuna, coaepkaluni 5*5 anemeHToB

[Ipu ucnonbp30BaHUM MMEPEMEHHBIX MAaCCHBOB C Pa3MEepHOCTBIO Ooiiee 1-if moymkeH OBITh yKa3aH

HOMeEp (MHACKC) MO KaKIOMY M3MEPEHUIO (MepeMeHHas ¢ MHAEKCAaMU — ONpeeNsieT B KOKIbIii MOMEHT
BPEMEHH OJMH JIEMEHT MacCHBa):

int i=1, j=5;

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

3.2. 3.2 UHunuam3amuss MacCUBOB

[Ipu onucannm MaccuBa MOKHO 3a7aTh HaUaIbHBIC 3HAYCHHSI €T0 JIEMEHTOB. JTO BBIMOIHICTCS
TaK JJIs1 OJHOMEPHBIX MAaCCUBOB C 33JaHHBIM Pa3MEPOM:
<THII><UMsl MaccuBa>[<pasMmep>|= {<BbIpaxkeHHue>, <BbIpaskeHHe>, ...| }
win 0e3 SBHOTO 3aJ]aHusl pa3Mepa:
<THI><UMsl MaccuBa>[]= {<BbIpaxkeHue>, <pbIpakeHue>, ...| }
Bo BTOpOM ciydae pa3mep MaccuBa ONpeAessieTcss aBTOMATHUECKH 110 YUCITy 3a/JaHHBIX BhIpakeHui. B
BBIPKEHUSIX MOTYT OBbITh HCIIOJIb30BAHBI: IIEJIOUHCIICHHBIE IEPEMEHHbBIE , 3HAUCHUSI KOTOPBIX 3aJIaHO K
MOMCHTY OIIMCaHHA JaHHOI'0O MaCCHBaA. Eciu SaJIaHHblf/'I IIpU OIMUCAHUHN PASMEP MPEBBIIIACT YUCJIO BbIpa-
KEHH, TO MOCIIETHIE dJIEMEHThl HHUIUATU3UPYIOTCS HyJleM. Eciu uncio BeIpakeHHi MEeHbIIIe YeM 3a-
JTAHHBIA pa3Mep MacChBa, TO BBIIAETCS OIINOKA.
[Tpumepst:
int iMas1[4] = {3,3,2,4}; // WHuumanusauma maccuBa - 4 3n1emMeHTa
int iMasl[] = {3,3,2,4,5}; // WHuumanusauma maccumBa - 5 3/71eMEHTOB
int iMasl[6] = {3,3,2,4}; // Ouubka!
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int elem = 3;
int iMas1[4] = {elem, elem}; // MaccuB <3,3,0,0,> - 4 351eMeHTa

B BbIpakeHMSAX HHUIMAIU3ALUUM [EPEMEHHbIE JOJDKHBI OBbITh 3apaHee BbIUMCIEHBl WU
MHULUAIA3UPOBAHbI.

MaccuBbl HYXHBI JJISi TOTO, YTOOBI ClIeNaTh HporpaMmy Oosiee KOPOTKOH, Aisi 00paboTKu
6onb1IMX 00BEMOB JAHHBIX U JJ1s1 00eCTIeYeHHsI TMHAMUYECKON HACTPOUKH Nporpamm. Yucio usmepeHuii
maccuBoB B C u C++ popmasibHO HE OTpaHUYNBACTCS.

PazMepHOCTh MaccHBa B KaXI0M U3MEPEHUU MOXKET OBITh 3aJlaHa (KaK CKa3aHO BBIIIIE): IIEJI0YHCICHHOM

KOHCTaHTOH, MepeMEeHHOMN 3Tana KoMmwianuu (#define), KOHCTAaHTHOH epeMeHHOH 1eJI0ro THIA U

LEJION MepeMeHHOH (U1 AMHAMUYECKUX MaccuBOB). [Ipr nHUIMAIH3aMU MacCUBOB (PMKCHPOBAHHBIM

3HA4eHHUEM KOHCTAHT MHUIHAIM3ALNH, €0 Pa3Mep MOXKET ObITh HE yKa3aH, OH OIPEeIseTcs

aBTOMaTH4YeCcKH. PaccMOTpUM ellie mpuMepsl /s pa3HbIX CIIOCOOOB 3a/1aHUS pa3MEPHOCTH MAacCUBa.
#define N 10 // NepemMeHHasa 3Tana KOMNUAALUK

int Mas[N]; // OnucaHue MmaccmBa pa3MepHOCTbio 10
const int NMax = 5; // koHCTaHTHas nepemMeHHas
int MasS[NMax]; // OnucaHme mMaccmBa pa3MepHOCTbIO 5
I/IHI/IHI/IaJII/ISaIII/Iﬂ MAaCCHBOB 3aKJIFOYACTCA B 3aIaHUU HAYAJIbHBIX 3HAYEHUH DJIEMEHTOB MacCHUBa:

int Maslni[] = {1,2,3,4}; // OnucaHue n nHMuManmM3aums maccuea // un
// aBTOMaTU4eckuii pasmep = 4

Nuunuanuzanys 1ByMEpPHBIX MAaCCUBOB:
int C[3][6] ={{ 1,2,3,4,5,6},{1,2,3,4,5,6},{ 1,2,3,4,5,6} };

B nmporpamMmme MOXKHO TMHAMHYECKH OMPEAETUTh YHCIIO JJIEMEHTOB B MACCHBE:
int iMasl[] = {3,3,2,4,5,};
int Razm = sizeof(iMasl)/sizeof(int); // BbluncneHve pasmepa mMaccvea

3.3. 3.3 Ykazareau. [lousitue.

Ykazatenp — 3TO epeMeHHasi CIEeIHalbHOTO TUIIA, KOTOPAast COAEPXKUT aIpec MaMsTH, TJe pacio-
JOKeHa JIpyras mepeMeHHas (CM. pas[ieN HUXKE) WIM MAacCHB MepeMeHHBIX (DTOT ¢parMeHT pasfena
MO>KHO TIPOMYCTUTh, TO3HAKOMUTCS MOAPOOHEE C YKa3aTENSIMHU U BEPHYTHCS K HEMY HECKOIBKO MO3KeE).
ITo - ymonuaHutio, caMo UMSI MaccHBa TPaKTyeTCs Kak yKas3aTelb Ha ero Hadaso. [Ipoummtoctpupyem 3to
puUMepamu:

[Tpumepsl pabOTHI ¢ yKa3aTeIIMHU:

int *pIntVar; // YkazaTenb Ha uenyw nepemMeHHyH

pIntVar = &i; // BbuucneHue ykasaTtend

int ivVar = *pIntVar; // 4TeHue no agpecy iVar = 5
*pIntVar = 1@; // 3anucb no afpecy i = 10

int * PtrMas; // Ykaz3aTenb Ha LeNyw NepemMeHHyw
[Tpumeps! pabOTHI ¢ yKa3aTENIMHA HA MACCUBBI U MX DJIEMEHTHI:

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

PtrMas = MasP; // YkasaTenw npucBaMBaeTCA yKasaTeslb Ha Hayalo MacCuBa

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

PtrMas = &MasP[@]; // HoBoe Bbl4ucneHue ykasaTtenda: !!! MasP == &MasP[0]

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

int i=5; // uenas nepemeHHasn

Nmst maccuBa (MasP) — aBTOMAaTHYECKH SIBJISIETCS yKa3aTeIeM Ha ero MepBbIil 21eMeHT (&MasP[0])

3.4. 3.4 Ykazaresaun. Onucanue.

HpI/I OIIMCaHHNH YKaSaTeJleﬁ nepea MMEHEM nepeMeHHoﬁ CTaBHUTCs 3BC3J0YKaA:



OIl TYUMI] 2024 JIPNe3
<THI> * <UMA> [=<aJgpecHoe BbIpa:KeHHe™>]
[Tpumepsl onMcanus yka3zartess:
int * PtrMas; // Yka3aTenb Ha uenyw nepemMeHHyw
int **ppInt; // YKa3aTenb Ha yka3aTenb Ha NepeMeHHyw Tuna int
s JIns paGoThI ¢ yKa3aTeasIMU UCTIOJIB3YIOTCS JBA THUIIA OTICPALIH:

e Oneparnus UMEHOBAHUS - BEIYUCIICHHS ajipeca (&) u
e Oneparnus pa3pIMEHOBaHUS — MOJTYyUYCHUS 3HAYCHUS 110 azpecy (*).
int * PtrMas; // YKa3saTenb Ha uenyw nepemeHHyw
int **ppInt; // YKa3aTenb Ha yka3aTenb Ha nepeMeHHyw Tuna int
int i = 5;
int pi =&i; // Bbl4MCNeHMA agpeca nepemeHHoW i
int b = *pi; // B3sATMe 3Ha4veHue nepemeHHoW i no agpecy pi (b =5)

3.5. 3.5 Yka3areju Ha MaCCUBBI.

Jnst paboThI ¢ MAaCCUBOM MOKET 3a7]aBaThCs YKa3aTeIb Ha MACCUB, KOTOPBIA BBIYUCIISETCS KaK aapec Ha
MEepPBOTro JIEMEHTa MaccuBa. Torga uMs yKazaTessi MOKET MCIOJIb30BaThCAd B MHIAEKCHOM BBIPaKEHUU.
[Ipumepsr:

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

int * pMasl; // YkasaTenb Ha int

pMasl = &Mas[@]; // BbluMcneHue yKasaTend Kak agpeca MepBOro 3/emMeHTa MaccuBa

pMasl = Mas; // VWMAa MaccuBa == yKa3aTe/lo Ha nepBbiii dnemMeHT (paBHO &Mas[0])

i = pMasli[2]; // WHBEeKCcHoe BblpaxeHue C ykasaTenem, pesynbTaT i = 3

[Tpu Bome dynkimeii scanf , st ykasarens 3a1aeTcs BEIpaKCHHE HA OCHOBE aIpecHoi apudme-
THKH.
scanf("%d", &Mas[2]); // BBoa TpeTbero anemeHTa mMaccuBa Mas[2]
scanf("%d", pMasl + 3); // BBopg 4eTBepTOro sfeMeHTa MaccuBa Mas[3]
scanf("%d", pMasl); // BBopg nepBoro sfemeHTa MaccuBa Mas[0]
scanf("%d", (int *)pMas1[3]); //MombiTka BBOjZa - Owubka 3Tana BbinosHeHuA pMasl[3]- 3To He
agpec!!!

Jlns BBoa uepes ykazatenb U uHaekc i B nukiie (1.I1. ) Hy>kHO ncronp30BaTh aapecHOe BhIpaXke-
HHUE <yKa3aTejb + MHICKC>.
i=2;
scanf("%d", pMasl + i); // BBopg TpeTbero sfemMeHTa MaccuBa Mas[2]

3.6. 3.6 BBoa BbIBOJ uepe3 yKa3aTelb.

BriBoa yepes ykazaresb:

printf ("\nleyaTb no ykasaTtenw = %d\n", *pInt );

printf ("\nleyaTb 3Ha4veHua ykasaTtens (agpeca) = %p\n", pInt );
double *pDVar; // YkasaTenb Ha nepemeHHyk Tuna double

double dvar = 5.5;

pbVar = &dVar ; // BblducneHue ykasaTena

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

BBon yepes ykazarelb:

double *pDVar; // Ykaz3aTenb Ha nepemeHHyw Tuna double

double dvar = 5.5;

pbVar = &dVar ; // BblducneHue ykasaTena

printf ("\nMe4aTb no ykazatentw (double) = %7.21f\n", *pDVar );

Pesynbrar paboThl pparmMenra:
MeyaTb no ykasaTtenw = 25
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MNeyaTb 3Ha4veHusa yka3aTensa (agpeca) = ©O1DF7A8
Me4yaTb 3Ha4veHuA ykasaTensa (agpeca) = ©OO1DF7A8
MeyaTb no ykasaTtenw (double) = 5.50
BeeauTte uenoe:77
MeyaTb BBeAeHHOro no ykasatenw = 77

3.7. 3.7 AnpecHasi apupMeTHKA.

Ecnu B eno4ncieHHOM BbIpaXKeHUH UCIOJIb3YETCsl YKa3aTelb, TO BEIUUCICHUE BBIOIHAETCS 110
MIpaBWJIaM aJpecHO apupMETHKU:

1. Pe3ynbpTaToOM BBIYUCIICHUS BBRIpOKECHHS OyAET ajpec.
2. B cnoxeHuu Kaxkaasi €UHHIIA TIPU CII0KEHUHU WU BBIYUTAHUU COOTBETCTBYET pa3Mepy THUIa 00b-

SIBJICHHOTO JIJIs1 yKa3arens (int =4 , mpoBepbte sizeof). [Ipumepsr:
// AppecHas apupmeTumka
int * pOld= pInt;
printf ("\nAgpecHas apu¢meTuka:\n" );

printf ("\nMe4aTb 3HayveHus ykasaTtena (po) = %p\n", pInt );

pInt++; // yBenudeHve Ha 4 - pasmep int

printf ("\nMeyaTb 3HayeHuAa ykasaTena (nocne) = %p \nU3meHeHue B agpecax: %d B uucnax: %d
\n", pInt , pOld-pInt , (pOld-pInt)* sizeof(int) );

i=2;

pInt +=i; // yBenu4yeHve Ha 8 - pasmep int * 2
pInt = pInt - 1 ; // ymMeHbleHue Ha 4
pInt +=i*2; // yBenuyeHune Ha 16 i = 8 * 2

Pe3ynbTart:

AgpecHas apupmeTHKa:

Me4yaTb 3Ha4veHua ykasaTens (Ao) = ©O28FC40
MNe4yaTb 3Ha4yeHuA ykasaTens (nocne) = 0028FC44

W3meHeHMe B apgpecax: 1 B yucnax: 4

3aberasi HEMHOTO BIIEpe]], MPOMILTIOCTPUPYEM HCIIONBb30BaHUE yKa3aTeNel /it paboThl C TUHA-
MHUYECKHUMH MacCHUBaMH (CM. JUHAMUYeCcKas maMsTh). [Ipommmoctpupyem 310 Ha ipumepe. B ykazarene
PtrMas 3anomunaetcs aapec 001acTH JUHAMHYECKO MTaMsITH, BBIZICIICHHON orepaTopoM NEeW( orepariust
C++). [anee quHAMHYCCKHUI MACcCHB 3aIOJIHACTCS B IMKIIC. 3aTE€M C MCIOJIb30BAaHUEM OIEpPAIU Pa3bl-
MeHOBaHus (*) MbI IOJYYMM HOBOE 3HaUCHHE U3 MaccuBa (B mepeMennyio |). Ono pasHo 3.

PtrMas = new int [5]; // AvHamnyeckoe BbiaeneHne NamsTu
for (intk=0; k< 5; k++)
PtrMas[k] = k + 1; // OnHamunuyeckoe 3anofiHeHNe MaccmBa Yncnamm ot 1 4o 5
intl=2;
*(PtrMas + |) = | + 1; //Vicnonb3oBaHWe yka3laTens Ans 3aHeceHne npo [2] 3HayeHuns 3 (2+1)
| =PtrMas[l]; //1=3
N
for ((int k =0 ; k < 5 ; k++)
PtrMas[k] = k + 1; // [AuMHamuyecKkoe 3anojiHeHWe MaccuBa 4ucnamum oT 1 go 5
intl=2;
*(PtrMas + 1) = 1 + 1; //Wcnonb3oBaHue ykasaTens AnA 3aHeceHue npo [2] 3HadveHua 3 (2+1)
1 = PtrMas[1] ; // 1 = 2 - 3-i1 aneMeHT MaccuBa = 3
delete []PtrMas;
// BbloNieHne namMATU C nomoubl 6ubnunotekn <malloc.h >
PtrMas = (int *)malloc(sizeof (int)*5);
for (int k =0 ; k < 5 ; k++)
PtrMas[k] = k + 10; // [MHamuyecKkoe 3anojiHeHWe MaccuBa 4Yucnamum ot 1 go 5
1 = PtrMas[1] ; // 1 =13
free(PtrMas);
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3.8. 3.8 Yka3areu Ha yKka3aTeJjiu.

Kpome ncnonp3oBaHusi MacCUBOB, €CTh U APYTOH CIIOCOO, YTOOBI CIE€TIATh IPOrPaMMy JAMHAMUYe-
CKH HacTpauBaeMoOM BO BpeMsl BBHITIOJHEHHS. JTO MepEeMEHHbIE CIIEUaTbHOIO TUNIA - yKa3aTenu. Takue
MepEMEHHBIE COJIEP)KAT B KAUECTBE 3HAUCHUS HE YMCIIO, a aJIPEC JAPYTrod NMepeMEeHHOU (B OnepaTUBHOM
namsati). [Ipyu onucaHWM TaKUX MEPEMEHHBIX HY)KHO YKa3aTh CIICIHAIbHBIA 3HAK — 3Be3704uka (“*”).
Kpome Toro, 10/mKHO OBITh yKa3aH TUI MEPEMEHHBIX, Ha KOTOPBIE TAaHHBIN yKa3aTellb MOXKET CChUIAThCS.
MoXHO OOBSBUTH U MACCUB yKa3aTeleld U BBIIOJHUTH NPEABAPUTENbHYI0 HHULIUAIN3ALHUIO YKa3aTels.
Ornucanue ykaszaTens:

<THII yKa3aTeJs > * <uMs yKazareas™> [ = < 3HAYeHHe JJIsl HHUIIHATH3AuKn>|;

Hanpuwmep:
// Ykazatenm
int /%, */j,k;

int *pInt; // YkasaTenb Ha nepeMeHHyto Tuna int

int **pplnt; // YkasaTenb Ha yKka3aTe/b Ha NepeMeHHyo Tmna int
int *pMas[10]; // MaccuB ykazaTenei

int al =5; // MNpocTas nepemeHHas

int *plnit = &al; // nHMumanmnzaums ykasartens

Jnist paboThI € yKa3aTensiMU UCTIONb3YIOTCS JIBE CIIeMAIbHBIE ONepalliu: ONepalis UMECHOBaHUS
(“&”) n oneparms paszpiMeroBanus (“*’). Onepanusi ”UMEHOBAHUS UCTIONb3YETCS JUISl BBIYMCIICHHS 3HA-

YEeHMsI yKa3aTels — agpeca NEPEMEHHON Wi BeIpaxkeHHs. Onepanns pa3bIMEHOBAaHUS UCIIOIb3YETCS IS
ITOJTyYEHUS 3HAYCHHUs IEPEMEHHOM, aJpec KOTOPOH 3a/1aH JaHHBIM yKa3areneM. [Ipumeps! onepanuii:

/// 3apaHne 3HauyeHUn 1 aipecoB
j=15;
pInt = &j; // UMeHOBaHKe - B yKasaTeslb 3anuCbiBaeTCs agpec
i = *pInt; // pasbiMeHOBaHWe — 6epeM 3HaueHne NepeMeHHoN no ykasaTtenio (j)
ppInt = &plnt;
k = **ppInt; // pBOMHOE pa3biMeHOBaHWe yka3aTens
Eme npumeps! (oOpatute BHUMaHUE HAa KOMMEHTApHUH):

int * PtrMas; // YkasaTenb Ha uUenyw nepemeHHyw

int **ppInt; // YKa3aTenb Ha yka3aTeNb Ha nepeMeHHyw Tuna int
int i = 5;

int pi =&i; // BblMMCNeHMA agpeca nepemMeHHOM 1

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

Omneparuu ¢ yka3zaTeasMd MOTYT UCITOJIb30BaThCS MHOTOKPATHO(**):
int b = *pi; // B3ATue 3Ha4yeHue nepemeHHoOW i no agpecy pi (b =5)
ppInt = &pi; // dopmupoBaHMe ykazlaTena Ha ykasaTesb

int c **ppInt; // [IBOWHOEe pa3biMeHOBaHue

3.9. 3.9 Yka3artesin Ha CTPOKH

Crpoku (CM) u yka3arenu Ha HuX. B Cu HeT otnensHoro tuma crpoka (CM). [lns xpaHeHus Tek-

CTOBBIX IIEPEMEHHBIX UCIIOJIb3YIOTCS CUMBOJIbHBIE MaccuBbl (char). [Ipumep:
// YKasaTenu Ha CTpoKwu
char * pStr; // YkasaTenb Ha CTpOKy
char Str[]="3To cTpoka!";
pStr = Str; // BblducneHue ykasaTens



10

OIl I'VUMI] 2024 JIPNe3
printf ("\nMe4aTb cTpoku 4epes3 ykasaTenb = %s\n", pStr );
pStr = &Str[0]; // Wnn Tak
printf ("\nleyaTb cTpoku 4Yepe3 ykazaTenb = %s\n", pStr );
Pesyibrar:
NeyaTb CcTpoku Yepe3 ykasaTenb = 3ITo cTpoka!

MeyaTb CTPOKM 4Yepe3 yKasaTenb 3710 cTpoka!

Wms 3TOr0 MaccuBa OJHOBPEMEHHO SIBJIACTCS yKas3areneM. B QyHKuusx OHOIHOTEKH CTHPOK U
noJb3oBarenbckux GyHkmsax. @ynkuuu (CM) u crpoku (CM). Pabota co ctpokamu OyeT paccMoTpeHa
B JIP Ne4.

3.10. 3.10 MaccuBsbI yka3aTeJei

MaccuB yka3zaresneil 00bsBIsI€TCS TaK:
<THI> * <UMSA> [=<pa3Mmep - BbIpaxkeHne>] = {<CNUCOK HHULIMAJIN3ANNN>};
WA
<TuI> * <umsa> [ | = {<CNMCcOK MHULIMATIUZAIUN>}
IIpuMeps! onucannii MacCUBOB yKa3aTeseHu:
//PaboTa Cc mMaccuBamu ykasaTenen:
int 1 = 1;
intj=1 , k=2, 1=3,m =4,
int * ipMas2[10]; // maccuB ykasaTenei Ha int 6e3 uHMUManM3auuu
int * ipMas[]={&j,&k,&1,&m}; // maccuB ykasaTeneit Ha int c uHMUManu3aumen
//PaboTa Cc mMaccuBamu ykasaTenen:
ipMas[2] = &i; // Agpecauus ipMas[2] copepxuT agpec i (i=4)
i = *(ipMas[3]); // Pa3bmMeHoBaHue i =1 (i=4)
pInt = ipMas[2] 5 1/
*pInt = 5; // i=5

Jlns ynpouieHust paboThI C yKa3aTelnsiMy, a TakxkKe s y100HOH Meperpy3ku oneparuii B Kiiaccax
B C++ BBeneHO moHATHE cCchUlkHM. CChUIKA TAKKE 3a/1aeT aJipeca MPYTHX MEPEeMEHHBIX U 00BEKTOB, HO
SIBHOT'O MCIIOJIb30BaHKsI OTEPALIii UMCHOBAHUS M Pa3bIMEHOBAHMS JIJIsl CChIIIOK He TpeOyercs. benee ne-
TAJBHO CO CCBUIKAMH BBI MMO3HAKOMHUTECH B Kypce OOBEKTHO - OPHEHTUPOBAHHOTO MTPOTPAMMHUPOBAHUS
(cMm. nutepatypy[6] 1 MSDN).

3.11. 3.11 BBoa maccuBa

J1n1s1 M03JIeMEHTHOTO BBO/Ia MaccuBa ucnoibdyercs: pynkuus scanf. [Ipu 5Tom i Kaxkaoro JieMeHTa

3agaetcs aapec (&Maslnp[k]);

int MasInp[3]; // MaccuB gns

// BBOAA

printf("BBegute uenbii Mmaccus pasmepom %d \n", sizeof(MasInp)/sizeof(int));
for (int k = @ ; k < (sizeof(MasInp)/sizeof(int)) ; k++ ) {
printf("\nBBeaute snemeHT MasInp[%d]:", k);

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

}s
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bnok-cxema ¢parmeHTa BBOJIa MaccHUBa!

Bnok-cxema

O6wmii 3anpoc

K=0,N >—
| 3anpoc anemeHTa |

A 4

BBoa sanemeHTa /

3.12. 3.12 [1IeuaTs MaccuBa

[leyats MaccuBa MOXET OBITh BBIMOJIHEHA B MPOCTOM IHKIIE ¢ onepaTtopom for. OmHOBpeMEHHO

OyJZileM MCII0JIh30BaTh MIPOTPAMMHOE OTIPEICIICHHE pa3Mepa MaccuBa (cM. Boimie). [Ipumep:
printf("Maccus pasmepom %d: \n", sizeof(MasInp)/sizeof(int));
for (int k = @ ; k < (sizeof(MasInp)/sizeof(int)) ; k++ ) {
printf("\nd3nemeHT MasInp[%d] = %5d", k,MasInp[k]);
pringg("\n");;
brok cxema ¢parmMeHTa nmeyaTy MpUBEACHA HUXKE:

Brnok-cxema

I 3aronoBok A1 maccumea I
—>< K=0, N >—
i BbiBOA aNnemeHTa I

3.13. 3.13 MHoromMepHbie MacCHBbI

Maccus, B KOTOpPOM 3a/1aHO 0oJiee OHON pa3MEPHOCTH HA3bIBACTCSI MHOTOMEPHEIM (JIByMEPHBIM,
TpeXMEpHBIM U T.1.). [Ipy onucanny MHOrOMEPHBIX MaCCUBOB YKa3bIBAE€TCSA HECKOJIBKO Pa3MEPOB:
<tum> <uMmsa> [=<paszmep — BbIpa:keHuel> |... [=<pasmep — BbIpaxkenue2> |...

[Tpumep:
int MasD[10][5]; // AByMepHbit MaccuB 10*5

Kaxp1ii n3 nHAEKCOB MHOTOMEPHOTO MaccHBa 3a/1aeTcs B npezaenax ot 0 1o 3HaueHus pasmep (y
Hac B npumepe: 0-0 u 0-4 ). [Ipu pabote ¢ UHAEKCHON TEpeMEHHO MHOTOMEPHOTO MacCHBa IIepeMeHHas
C UHJIEKCOM 3aJ1aeTcs TakK:
<ums MaccuBa> [=<unuekc 1> |[<unngekc 2> |...

IIpumepsl nepeMEHHBIX C UHAEKCAMA MHOTOMEPHBIX MAaCCHBOB:
MasD[1][2] = 6; // 6epeMm 3neMeHT C uMHAeKCamu 1 u 2
MasD[i][i+1] = 6; // 6epem 3nemeHT C uMHAEKCamu i u i+l

I/IHI/ILII/IaJ'II/ISaL[I/ISI MHOT'OMCPHBIX MaCCUBOB MMPOBOAUTCA IMMOCTPOUHO.
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<THI> * <uMsa> [=<pa3mep - BoIpa:xkeHue>]| = {{<cnucox mHMuHaauszauuul >},...{<CNUCOK NHU-
nuaau3anmul>}, ...};

[TpuMepsl HHUIUATU3AME MHOTOMEPHBIX MAaCCHBOB:
int C[3] [6] ={ { 1,2,3,4,5, 6}: { 1,2,3,4,5, 6}1{ 1,2,3,4, 5:6} };
HpI/IMepBI HHUIOUAJIN3a0ud U II€YaTb MHOTOMCPHBIX MaCCHUBOB 4Y€PE3 yKa3aTeHB:

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

s
[Tedats IByMEpHOTO MaccuBa, Kak OJTHOMEPHOIO:
int * pMas= (int *)MMas;
for (int 1 =0 ; i < 9; i++)
printf("%d - %d => %d \n" ,i,*((int *)(pMas + i )) );
PesynbTar paboThl (hparMeHTOB MPOTpamMMm MeUaTH:
0 - 0 =11
-0 =>11
12
> 12
= 13
> 13
= 21
=> 21
= 22
=> 22
23
> 23
= 31
> 31
= 32
> 32
= 33
[Tegath TByMEpHOTO MaccHBa, KaK OJJHOMEPHOTO (BBIBOJ):
-1=>11
-1 =>12
=> 13
=> 21
=> 22
23
=> 31
=> 32
=> 33

1
P RPOOMNNMNMPRPROONNRER

NNNNNRPRPRRPRPRPPRPROOOOO®
1 1

N

1

ONOUDAWNRO®
| |
RRRRRRR
I
v

3.14. 3.14 TunamMu4yeckasi naMATh

YacTo Bce NEpeMEHHBIE U MACCUBBI PACIIONIAralOTCs B ONIEPaTUBHON NTaMATHU 3apaHee, 10 Hadalla
BBIITOJIHEHMS IPOTpaMMBbl. Bce paccMOTpeHHbIE paHee MPUMEPHI BKIIFOYAJIM TaKHE NTEPEMEHHBIE U Mac-
cuBbl. PasMep BBIZCIICHHON MaMATH II0J MAacCHUB, TO €CTb €r0 Pa3MEpPHOCTb B 3TOM CIIy4ae M3MEHUTH
Henb3sa. [loaToMy IpUXOAMTCS 3apaHee pacCUUTHIBATH MAKCHMAJIbHO BO3MOJKHYHK) Pa3MEpPHOCTh Mac-
CHBa, KOTOpas IpUeMieMa JJsl BCEX CIIydaeB. DTO MPHUBOIUT K MEPEPACXOy MaMATH JUIsl OTAEIBHBIX
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ciydaeB. B CU/CU++ npemycMoTpeH MexaHu3M pabOThl ¢ TMHAMHYECKH BhIEIsieMoit mamsTeio (JIT).
Oto cienmanibHast oosacte OIT, kotopoii ynpasnsetr OC. [ToaTomy, 17151 5KOHOMUHW TAMSITH U JJI TTOCTPO-
eHus 6oJiee YHUBEPCAIBHBIX MPOTPAMM YacTO UCTOJIb3YIOT IUHAMUYECKH BBIJENIAEMbIE IepeMeHHbIe. B
si3bike CH++ ¢ momoripio crienuanbHbIX onepanuid (New u delete) MoxHO BbIIENATH M OCBOOOXIATH MMa-
MATh BO BpeMs BBITIOJIHEHUS MporpamMmbl. Takue gaHHbIE Ha3bIBaloTCs AuHamuyeckumu. B s3pike CU

OIepaTHUBHAS MaMSTh BBIICIIACTCS C MOMOIIBIO criermanbabix ¢ynkuuid (alloc, malloc u t.1.). Ilunamu-
YeCKHe MEPEMEHHBIC PacIioarafoTcs B OTMIEPATHBHOM MaMATH B CIICIHAIbHON oOsacTH. 11 paboThl ¢
TaKUMH JIaHHBIMH UCTIONB3YIOT YKa3aTEIH U CChLIKH.

Jns pabotel ¢ aToit mamsaTeio B CU/CHU++ cymectByer 6mbmmoreka: <malloc.h>, B xoTopoit
NPeIyCMOTPEHbI (PYHKITUH:
e malloc ()- 3axsar JII1 Gaiitamu,
e calloc () 3axBat /II1 G1oxamu
o free — () ocBoOOxneHue 11
e realloc ()- nepeonpeneneaue J{IT
® U Ipyrue.
Juns pabotsl ¢ JII1 HeoOXoauM mpeaBapuTeIbHO OOBIBUTH YKa3aTellb TAKOTO THITA, MACCUB WM
MEPEMEHHYIO KOTOPOTO MBI COOMpPaeMCsl HCIIOITb30BATh:

[Ipumep BbIACIICHUS TUHAMUYECKOM MaMSITH JIJIsl yKa3zaresel u cchliok st CU++:
int * piDyn = new int; // Bolaensietcs obnactb 415 OAHON LENoW NepeMeHHOM
int *piDMas = new int[10]; // Beigensietcs obnactb gns Maccmea Lenbix 10 nepeMeHHbIX
int *piDMas = new int[i]; // Boigensietcs 06nacTtb 4ns MaccmBa LENbIX | MePEMEHHbIX
Pabora B CU ¢ ykazaTensiMu Ha JUHAMUYECKUE ITEPEMEHHBIEC U MACCUBBI BBITJISAIUT TaK:
*piDyn = 5;
piDMas[0] = 5;
[To 3aBepiieHuto 0710Ka, B KOTOPOM BBIJEICHBI JMHAMUYECKUE TIEPEMEHHBIEC MX HAJI0 YAAIUTH CIie-
[UanbHeIM oreparopom delete:

delete piDyn; // OcBoboxxaeHne no ykasaTento
delete []piDMas;
Kpome storo mig paGoTsl ¢ JUHAMHYECKON MaMAThiI0 MOTYT OBITh MCIOJIb30BaHbl (DYHKIIMH pa-

00THI ¢ TUHAMHUYECKOM maMaThIo (bubaroTeka malloc.h): Beinencuue (calloc , malloc) u ocBoGo)aCHNMS
(free), onepatuBHoii mamsitu [Tpumep:
#include <malloc.h>

int *pMaslInt;
pMasInt = (int *) malloc ( 10 ); // Bblaenutb 10 6anT
free( pMaslnt ); // OcBoboanTb AMHAMUYECKYO NaMATb

pMasInt = (int *) calloc ( 10, sizeof (int));// Bblaennts Ans Maccusa 10 6110K0B MO pasmepy int
pMasInt[3] = 10; // PaboTa C AMHAMMYECKMM MacCMBOM
int iTest = pMasInt[3] ;

free( pMaslnt ); // OcBoboanTb AMHAMUYECKYIO NMaMATb
Jpyrue BO3MOKHOCTH IJis pabOThI ¢ OMOIMOTEKOM BBl HAlJIeTe B JIUTEPATYPE U JOKYMEHTAIIUU
o CU. C ykazaTensMu MOKHO pabOoTaTh B IIUKJIE (3aII0JTHEHUE MACcCHBA):

// BblgeneHue namAaTU C nomolbl 6ubnnotekn <malloc.h >
PtrMas = (int *)malloc(sizeof (int)*5);
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for (int k = @ ; k < 5 ; k++)
PtrMas[k] = k + 10; // [uMHamuyeckoe 3anojiHeHWe MaccuBa Yucinamum oT 10 po 15
int 1 = PtrMas[3] ; // 1 = 13
free(PtrMas); };

C ykazarensiMu MOXHO paboTaTh B UKIIE (pacnedyaTka TMHAMUYECKOTO MacCUBa):
// TMe4aTb
for (int k = @ ; k < 5 ; k++)
printf("PtrMas[%d] = %d\n",k, PtrMas[k] );

// Wnn 4epe3 ykasaTenb -agpec

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

B pesynbTare noayunm:

PtrMas[@] = 10

PtrMas[1] = 11

PtrMas[2] = 12

PtrMas[3] = 13

PtrMas[4] = 14

3.15. 3.15 OTnaaka mporpamMm.

B sToMm paszzene moBTopsieM BO3MOXKHOCTH OTJIAUMKa, TaK KaK JEMOHCTPAIHS TPOTPAMMBI TIpe-
M0JIaBaTEITIO IOJDKHA OBITH BBITIOJTHEHA B peXXUME OTiIaaunka. [Ipu pazpaboTke mporpaMM Ba)XHYIO pOJIb
UrpacT OTIAIINK, KOTOPBIH BCTPOCH B CUCTEMY MPOTrPaMMUpPOBaHMs. B pexxume oTiaaiku MOKHO TIPOBe-
PUTH PabOTOCIIOCOOHOCTH MPOTrPAMMBI U BHIIOJIHUTH TIOMCK OMIMOOK CaMOro pa3HOro xapakrepa. Otnaj-
YHK MO3BOJISIET MPOCIEAUTH X0 (IO IIIaraM) BBITOJHEHHS IPOTPAMMBI U OJTHOBPEMEHHO MOJIyYUTh TEKY-
M€ 3HAUYEHUS BCEX MEPEMEHHBIX U 00BEKTOB MPOrPaMMbl, YTO TO3BOJISIET YCTAHOBUTH MOMEHTHI Bpe-
MEHH (M OTIepaToOpbl), B KOTOPHIC MPOUCXOANUT OIIMOKA M TPEATPUHSITH MEPHI €€ ycTpaHeHus. B memom,
OTJIaTYMK MTO3BOJISIET BHIMOIHUTH CIEAYIOIINE ICHCTBHS:

— IlepexoMmuIupoBaTh Bce U cAeNaTh HOBYIO cOOpKy (F7);

— 3amycTUTh IpOrpaMMy B pEKUME OTIIAAKH Oe3 TpacCHpOBKH 1o maram (F5);

— Bsimoaauts nporpammy o maram (F10);

— BpimonHUTE IporpamMMy 1o maram ¢ o0palieHusIMH K BIokeHHbIM (pyHkuusm(F11);
— YcraHoBuTh TOuky octanoBa (BreakPoint — F9);

— BaImoaHUTE IpOrpaMMy 110 IepBoii Touku octaHoBa (F5);

— IIpocMoTpets HO0OBIC JaHHBIE B peXKUME OTIAAKU B crielanbHoM okHe (locals);

— IIpocMotpets mr00bIe JaHHBIE B PEKUME OTIAIKHA IPU TTOMOIIY MBIIIKH;

— H3MeHuTsh M00BIE TaHHBIE B peXKUME OTIIAAKH B crierranbHoM okHe (locals u Watch);
— YCTaHOBUTH MPOCMOTP MEPEMEHHBIX B crienraibioM okue (Watch);

— IlpocMoTpeTs nMocine10BaTeNbHOCTh U BIOKEHHOCTD BbI30Ba (DYHKIIHIA.

[Ipu BBHIMOJTHEHNH BCEeX JTa0OPaTOPHBIX Kypca CTYACHTHI JODKHBI aKTUBHO MCIIOIB30BATh OTIA -
gyrK VS, 3HaTh €r0 BO3MOKHOCTH M OTBEYATh HAa KOHTPOJILHBIE BOIPOCHI, CBSI3aHHBIE C OTJIAAKON U TECTH-
POBaHUEM IIPOTPAMM.

IIpumeyanue. [lompoOHOE onMcanue MaTepraia M MOHITHI Bl MOXKETE HAUTH B uTeparype |1
- 6] unu cipaBouHoif cucreme MS VS. Kpome Toro, He mpomyckaiiTe jgekuuu no kypcy. He pekomenayro
0€30roBOpOYHO BEPUTH MaTepuaiam u3 ceth HTepHeT (Hanpumep, B Bukumeaun), Tak Kak TaM B HEKO-
TOPBIX CTAThSIX €CTh OLINOKH!
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3.16. 3.16 Moay.au

[Ipu npoekTHpoBaHUU U pa3pabOTKE MPOrpamMM MPUMEHSIETCS METO MOJIYJILHOIO IPOTrPaMMHUPO-
BaHus. CyTb €ro 3aKJIH04aeTcsl B TOM, YTO CJIOXHas Iporpamma pa3OuBaeTcsa Ha OTAEIbHbBIE YacTH (MO-
OyJH — HE HAJO MyTaTh C y4eOHBIMU MOAYJsiMH). Kaxaplii Moxyns pa3pabaTbiBaeTcsi OTACIBHO U BO3-
MO>KHO Pa3HbBIMHU MporpamMmMmuctamMu. Takol crmoco0 Ha3bIBarOT Takxke Aekommosuniveid. COBOKYMHOCTh

MOJTyJIel coCTaBiIsIeT IPOEKT MporpaMMbl. Moy ObIBatOT pa3HbIX TUIIOB:

— Hcxoanble MOy, cofeprKalliie TEKCT Ha A3bIKE IPOrpaMMUPOBAHMUSL.

— OObBEKTHBIE MOJIYJIU TIOTYYalOTCS B PE3yJIbTaTe KOMIUIISIIMUA TPOTPAMMBI.

— Hcnonnumele Moaysu peAHa3HAYeHbI U1 BBINOJIHEHHS IPOrpaMMBbl.

— Hcxoanble Moaysin MOTYT OBITh Pa3HBIX THUIIOB.

OcCHOBHBIE HCXOJHBIE MOAYJIH — 3TO MOIYJU MporpaMMm (*.C, *.CPP) U MOIYJIH 3aroJIOBOYHBIX
daiinos (*.h , *.hpp). OHu BKIIIOYEHBI B pa3HbIe pa3/eibl JepeBa MPOCKTa MPOrpaMMBl.

OO6BeKTHBIE MOTYTTH (OPMHUPYIOTCS KOMIMISTOPOM sI3bIKa IporpaMMmupoBanus (y Hac C++) B ToM
cllyyae, eciii He OblIo omunOoK B porpaMMe. OOBEKTHBIE MOIYJIH SBIISIOTCS TPOMEXYTOYHBIM 3BEHOM

B CO3JJaHHU IIPOrpaMM, HO HE MOTYT BBINOJHATHCS HEMOCPEICTBEHHO. [loaKmoyaemMbie B MporpamMmmy
OuOIMOTEKH coaepKaT OObEKTHBIE MOAYJIH, TO3TOMY HE TpeOyeTcsl X MOBTOpHOU koMnmisauuu. O0b-
CKTHBIC MOJYJIM HMEIOT pacIiupeHue *.obj.

HcnonHuMble MOAYNIN MpeiHa3HAYEHBbl ISl HEMOCPEACTBEHHOIO BBIOJIHEHUS HAa KOMIIBIOTEpPE
WIN MOJIKIIIOYEHUS B BHIMOJIHAEMYIO NporpamMmy. OCHOBHBIE UCIIOJIHUMBIE MOJTYJIM UIMEIOT PAcUIMpEHHE
*.exe (um *.com), Mo3TOMY ONepalMOHHas CCTeMa MOKET KOHTPOJIUPOBATh UX 3alycK. Moy 1uHa-
muueckux oubmmorek umeror pacumpenue *.dll. CymectByroT u apyrue pasHOBHIHOCTH MCTIOJHUMBIX
MOJTyJIeH, 3aBUCSIIUX OT UCHOJIb3YyEeMbIX TeXHOJIOrui. Mcnonnumble Moayin GOpMUpPYIOTCS CHieUab-
HOM IIpOrpaMMoOil CUCTEMBI IPOrPaMMUPOBAHMSI PEAKTOPOM CBsI3el (MM KOMIOHOBIIMKOM). PenakTu-

POBaHME CBS3CH 3aKIIOYACTCS B MPOBEPKE MEKMOAYIHHBIX CBSA3CH M0 (QYHKIUSAM U 1O JaHHBIM M 00b-
€IMHCHUU UX €AWHBIN UCTIONHUMBINA MOAyJh. [locnenoBaTenbHbI Mpoliecc 00paboTKU MPOTrPaMMBI IS
MOJIYYCHHSI HCXOIHOTO MOJIYJIS TIPEICTABIICH B METOIMYECKOM 1Mocoouu B pasuene 3[5].
Jns o6benuHeHUs Moaysied (yHKIIMOHAIBHO W MO JaHHBIM B C++ UCIOJIB3YIOTCS MPOTOTHITHI

(GyHKIMA 1 ONTMCaHKe BHEITHUX TIEpeMEeHHBIX. [lokaxem 3To Ha MPOCTOM IpUMEpE:

// Moaynb 1

inti = 0; // TnobanbHas nepemMeHHas

int Summ(int a, int b){}; // Onucaxue dyHkunn B Mmogyne 1

// Moaynb 2

extern int i; // OnucaHne BHELIHNX AaHHbIX

int Summ(int , int ); // MpoToTVN BHELUHEN YHKLMM
main(){

i = 5; // cnonb3oBaHWe BHELWHUX AaHHbIX
S = Summ(2,2); // Bbi30B BHelUHEeW (yHKLIM

B mopyne 2 ucnons3yercs nepeMeHHast 1, OIrcaHHas Kak T700ajbpHas nepeMenHas B moayie 1. B
MoJtyJie 2 ucrnoib3yercs GyHKIus SUMM, onucaHHast Kak B MoayJie 1. J[s npaBuiibHOro 00beANMHEHUS
cBsI3eii (pabOThI pelakTOpa CBsA3EH ) HCIOIb3YIOTCS OMMCAaHMsI BHELIHUX JIaHHBIX (EXTern) u 3amanue npo-
ToThmna GyHKIHE SUMM.
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3.17. 3.17 buéanorexkn ¢pyHKumii

B cucremax mporpaMMUpOBaHHS MIPETyCMATPUBACTCS MHOTO OMOJIUOTEK Utk GYHKIUN pa3ind-
HOTO Ha3HAaueHUS (HanpuMep, st paboThl CO CTPOKaMHU, BEITIOJTHEHHS BBOJIA U BBIBOJIA, paOOTHI C MacCH-
BaMHU U T.JA.). DT OUOIMOTEKN MOJKIIIOYAIOTCS C MOMOIIBIO 3ar0JIOBOYHBIX (DalIOB MM MPOCTPAHCTB
onucaHuit (MMeH - namespace). Kpome 3aroioBo4HbBIX (hailyioB 111 UCTIOJIb30BAHUS OHMOIUOTEK MOIKITIO-
YaroTCs CHelHaIbHbIe MOAYJIM (MHOTJA OHM IOJAKIIOYAOTCS aBTOMAaTHYECKH), COJEPIKAIINE OMUCAHUS
byukiwii (*.1ib wiu *.dll). [Tpumep moakroUeHust 6HOINOTEK BBOIa/BBIBOIA U OMOINOTEK IS pabOThI
C MaTeMaTUYECKUMHU U CUCTEMHBIMU (DYHKITUSMU:

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

CrannapTHbeIX OMOIMOTEK OYeHb MHOTO. Hy>KHO XOpOII0 3HaTh UX Ha3HaYEHHE M UX COCTaB IS
UCIIOJIb30BaHUsl B Mporpammax. Yem nyuiie 3HaHUS 0 OMONIMOTEKax, TeM ObicTpee U 0e30mHO0YHO
MO>KHO CO3/IaTh CIOKHYIO IporpamMmy. B cOBpeMeHHBIX CUCTeMax MPOrpaMMHPOBaHUS JOCTYHBI (00JIb-
III0M KOJIMYECTBE) OMOIMOTEKH KJIACCOB, KOTOPBIE OMUCHIBAIOT HOBBIE JOMOJIHUTEIbHBIE THITHI JAHHBIX.

3.18. 3.18 bubauorexkn ¢pynkuuii u madaonos kiaccos: RTL, STL, MFC, ATL

B CU++ BBeneHsl crielialibHble KJIacchl s paboThl ¢ MaccuBaMu. JlJisl KX MCIIOJIb30BaHUS HEOO-
XOJUMO OCBOUTH OCHOBbI OOBEKTHO-OPUEHTHPOBAHHOTO MPOTPAMMHPOBAHHS, YTO BaM IPEACTOUT B
JTATBHEUIINX TUCIUTUTHHAX. [ 001X CBEICHUI MPUBOINM 3]I€Ch MaTEepHall O Ha3HAUYCHUU OUOIMOTEK
MS VS.

B cucremsl mporpaMMupoBaHUs BKIIOYAIOTCS pa3inyHble OMOnmmMoTekn (GpyHKIMA U KiaccoB. B
MS VS BKII0Y€HO HECKOJIBKO T'PYIIT TaKUX OMOJHUOTEK, KOTOPBIE MTOCTOSTHHO PAa3BUBAIOTCSA U J100aBJIs-
JIMCH TT0 MEPE Pa3BUTHS CAMOM CHCTEMBI porpaMMupoBaHus. K coskaneHuto, 17l pa3HbIX S3bIKOB U CH-
CTeM MPOrpaMMHPOBAHMS MOKa HET €JUHOr0 CTaHAapTa, MO3TOMY pa3pabaThiBaTh MPOrpaMMHBIE CH-
CTEMBI, UCTIOJIb3Ysl OMOIMOTEKH pa3HbIX pa3padOTUUKOB, 3aTPyAHUTENbHO. OTHAKO CYIIECTBYIOT TEXHO-
JIOTUH ¥ MIATHOPMBI, TO3BOJIAIONINE PEUIUTH 3Ty MPOOIEMY.

B MS VS npenycmotpensl cienyromue rpynmnsl OnoInoTeK:

— CRTL - C Run-Time Libraries - crangapTHble OMOIHMOTEKH 3Tara BBITOTHECHHS.
— STL - Standard C++ Library — crangaptabie 6udanotexu C++.

— MFC - Microsoft Foundation Class Library — ou6muorexu kinaccos MS.

— ATL - Active Template Library — 6udauoTexu madaoHOB.

.NET Framework Class Library— 6u6muorexu riatdopmsr .NET.
B C RTL BxitoueHO0 MHOTO OMOIMOTEK 11 paOOThI CO CTAaHAAPTHBIMU TUTIAMHU TAHHBIX, (halijiaMu,

CTpOKaMH U T.A. DTH OMOIMOTEKH BO3HUKJINM OTHOCUTENIFHO JaBHO, HO TOJIEP’KUBAIOTCS B HACTOSIIEE
BpeMsI U MPEACTaBISAIOT co00i Habop 06a30BBIX CPEICTB MpOorpaMMupoBaHus Ha si3bikax C u C++.

B STL BkitoueHo MHOTO OMOIMOTEK, OpUEHTHPOBAaHHBIX Ha C++, U o0ecrnieynBaromux padboTy ¢
MHO’KECTBOM KJIACCOB, 0OBEKTOB M IIA0JIOHOB. DTH OMOIMOTEKH TOCTYITHBI BCEM TIOJIB30BATEIISIM M BKITIO-
qaoT: OMOJIMOTEKN MOTOKOBOIO BBOJA, BBIBOAA (CiN, COut), paboTy ¢ KOHTelHepaMu 00beKTOB (VECtor,
string, list, map, stack, set u mHorue apyrue.), padboty ¢ QyHKIMSIMHA U3 OMOIMOTEK Tara BHITOJTHCHHUS
(CRT).

B MFEC BxiroueH mupovaiimii Habop KJ1accoB M (DYHKIIH, TTO3BOJISIFOITUX 00€CIIeUUTh MPOTpaM-
MUPOBAaHHE MPAKTHUUECKH JIOOBIX 33dady. OJTO OMOJMOTEKH KJIaccOB M (YHKIMI: IMOCTpOEHUs
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NPUIIOKEHHH, B TOM unciie 1 B cpeae Windows, okornHoro untepdeiica, ynpasienus ¢aiiamu, paboTs
C KOHTEHHEPHBIMHU KJIacCaMH, TpaduuecKkoro uHTepdeiica, MoIIEPKKH Pa3IHUHBIX TEXHOJOTHIA, B TOM
YHUCJIe U COBPEMEHHBIX (BepCcHUU OMOINOTEK MOCTOSHHO OOHOBIISIFOTCS ), MPOTPAMMUPOBAHUS KOMMYHHUKA-
11, 00paboTKN JOKYMEHTOB U MHOTO€ Japyroe. B wactHocTH, B Apyrux JIP, Mbl mo3HaKOMUMCS ¢ KOH-
teiinepamu tura CArray, CList u ap.

B ATL npencrasnen Habop Oubnmorek, nognepxusatomux AX u COM rexnonoruit. Yucio go-
CTYMHBIX KJIACCOB W IIA0JIOHOB B 3THX OMOJIMOTEKax COM3MEpUMBbI ¢ Habopom Oubnmorek MFC, oHmn
UMEIOT JOTIOJHUTENBHBIE KJIACChl U KJIACCHI, KOTOPhIE MOYKHO OJIHOBPEMEHHO MCIIOJIb30BAaTh COBMECTHO
¢ MFC (“Shared by MFC and ATL”). B gactaoctu, B apyrux JIP, MbI TO3HAKOMUMCS ¢ KOHTEHHEPAMU
tuna CAtlArray, CAtIList u ap.

NET 6ubnuoreku mpeacTaBisioT coOoil Habop (MHOrna u Oosiee TOYHO TOBOPSAT Iatdopmy)
O6ubnmoTek 11 pa3paboTKH MPOTrpamMM — MPUIIOKEHUI CaMOT0 YHHBEpCalbHOTO BUaa. B oty muiatdopmy
BKJTIOYAIOTCS TaKue OWOIMOTEKH, KOTOPBIE HCKIIOYAI0T HEOOXOIMMOCTh MCIIOJIb30BAaHUS yCTaPEBIINX
o6ubmmorek (CTR u STL). IIpumenenue 31oi miuaTgopmbl NO3BOJSIET CAeNIaTh NPUIOKEHUS Oojiee YHH-
BEpCaJbHBIMH, OXBAThIBACT OOJIBIIEE YHCIO COBPEMEHHBIX TEXHOJIOTHIA M 00eCIIeYrBaeT HHTETPALIUIO C
JPYTUMHU CUCTEMaMU POTPaMMUPOBAHUs, B TOM YHCJIE U Ha pa3HBIX s3bIKax. B yacTHOCTH B 3TOM miat-
dbopme onpezaencusl mabdaonsl kiaccoB Array, List u maorue apyrue. NET OubnuoTeku MIMpOKO HMC-
noJib3ytotes st co3nanust cailtoB (ASP).Ilnmatdopma .NET Oynet nsydarbest B OTACTBHBIX TUCITUILIN-
Hax.

Onwucanus 6u0IMOTEK HanboJee MOIHO U ¢ IpUMepaMu B npencTaBieHs! [4]. Kpome Toro, onu-

canust 6ubnuorek CTR u STL BbI Haiinete B [13]. Becro HOBYIO mHpopMaiuio 06 OMOINOTEKaX MOKHO
Takke HalTH Ha caiitax MS. Xopoliee 3HaHHE CYIIECTBYIOIIUX OMOIMOTEK, UX TOMOJIHEHHUS B HOBBIX
BEPCHSX, HECOMHEHHO, TIOMOXKET BaM CTaTh NMpo(deccHoHaloM B mporpammupoBanud. B apyrux JIP
IIUKJIAa BbI TO3HAKOMUTECH C COCTABIIAIOUIMMHU JPYTUX OMOINOTEK.

3.19. 3.19 bosiBaHKka IS TJIAaBHOT0 MOJYJISI ¢ MATEMAaTH4YeCKOI Ou0IMOTEeKOi

Hy>xHo co3naTh myctoi nmpoekt B MS VS, kak onrcano Beiie (pasaen 3.4 u 3.5), CKonmupoBaTh
yepe3 Oydep oOMeHa B HEro TEKCT JAHHOTO IPUMepa MPSIMO U3 TEKCTA IaHHOTO TOKYMEHTA, OTIaIUTh
ero (Pazmen 3.11), pycudumuponats (11.3.5 ) KOHCOIBLHOE OKHO W BBHITIOJIHUTH IMOIIAroBo. BeiOpaTh
OJIMH U3 cIOCOOOB BETBIICHUS B MpOrpaMme (IepexoIbl WTH MepekitoyaTens). HenyHoe MOXKHO ya-

JINTh.
#define _USE_MATH_DEFINES

#pragma warning(disable : 4996)

// NopkntoyeHne 6UBNNOTEKN MaTeMATUYECKMX (DYHKLIMIA

#include <math.h>

#include <stdio.h>

#include <process.h>

void main(void)

{

/11 n.

system(" chcp 1251 > nul");

// 30€ecb pacnonoXuTb TEKCTbI MPUMEPOB M ONEPATOPOB BbIYMCIEHUIA 13 MY
// NpuMep neyatu

printf("CNaBHbIN MOAYNb NPOCTOro NpuMepa ¢ MatemaTtukon!\n'");

system(" PAUSE");

}
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4. IIpumepsnl o Teme JIP No 3

Bropast yacTb 3aaHus, IOMUMO IIEPBOI CBA3aHHOM C U3yUCHHEM TEOPETUUECKOTrO pas3jiena, 3a-
KITIOYaeTCsl B TOM, YTOOBI MCIBITaTh B Tipoekte CU yke oTiaXeHHbIE MpOrpamMMbl U (parMeHTsl Tpo-
rpamMM. Hy>KHO M3y4nTh TEXHUKY 3THX IIPOTPAMM U aJTOPUTMBI HX paboThl. DT0 Bam nmonamoOuTses muist
BBITTOJTHEHUSI KOHTPOJIBHBIX 33/1aHii. B03MOXHO, 4TO, OCBanBast TEOPETUIECKYIO YaCTh PAOOTHI, BBI YKe
Ha KOMITBIOTEpPE MPOBEPHIIN BBIOJHEHHE (PParMEHTOB TEKCTa M MPUMEHEHHsI MaCCHBOB U yKa3aTeJel,
Toraa BaM OyJIeT Mpole MPOoJAEMOHCTPUPOBATH UX paboTy Mpenoaasarenio. B qonoaHenue k npumepam,
PAacIIOJIOKEHHBIM BBIIIE HYKHO HCIIBITaTh U U3YYUTh NIPUMEPHI PACIIONIOKEHHBIE HIKE B 3TOM pazJelie.
DT 1eUCTBUA HYKHO 00513aTENIbHO C/I€NaTh B OTJIaJUMKE.

Jlns BeImostHeHUs 3Toit yactu JIP atoro HyxHO co3aath mycToit npoekt B MS VS (Test_LR3), kak
OIMCAHO BBIIIE, CKOMMPOBATH Yepe3 Oydep oOMeHa B HETO TEKCT JaHHBIX NMPUMEPOB, OTIAJAUTH €T0 H
BBITIOJTHUT.

3.20. 4.1 Ilpumepbl ONUCAHUI M HHUIMAJIH3AIUUA MACCHBOB

3}1601: HY>XHO IIPOBECPUTH BCC MPUMEPHLI OITMCAHWA U MHUIUAJIN3allU MaCCUBOB, IIPUBCACHHBIC B
teopetndeckoit yactu JIP. IIpoBeprTe oneparopsl IMHAMUYECKOTO ONPEIEICHUS Pa3MEPHOCTH MacCUBa
Y BBIIEJTICHUS TAMATHU 110 AMHAMUYECKUE TIEPEMEHHBIE.

3.21. 4.2 Cymma 3j1eMEHTOB MacCHBa

Hwxe npuBenena paboTaromias mporpaMma, B KOTOPO BEIYUCIIACTCS CyMMa 3JIEMEHTOB MAacCHBA.

MaccuB 3a71aH 3HaYCHUSIMH HHULUaJIM3alluu IIpHU OITMCAHUH . Yucao 371eMEeHTOB q)HKCI/IpOBaHO.

// OnucaHne mMaccmeoB

int Mas[5] = { 1,2,3,4,5%}; // anemeHTbl C nHaekcammn O ... 4
// MpoCcTON UMK C MaccMBOM

int SumMas = 0;

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

SumMas = SumMas + Mas[k] ;

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

Bnok-cxema

HY
SumMas =0

—< K=0,5 >

A

CymmposaHue
SumMas =SumMas + Mas[k]

MeyaTb cymmbl

HOHpO6yI71T€ HU3MCHHUTDh 3HAUYCHUS B UCXOJHOM MAaCCHUBE U BBIIIOJIHUTH BBIYUCICHUEC 3aHOBO B IIO-
LIarOBOM PEXUME.
Pesynprar BelunciICHUS:
Cymma maccuBa SumMas = 15
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3.22. 4.3 Tlouck MakcUMyMa/MMHUMYMa B MacCHUBe U €ro HoMepa

[IpoBeppTe HMKEPACIIONOKEHHYIO TPOrpaMMy MOUCKAa MUHUMyMa I MUHHUMYMa B MACCHUBE.

// OaH MaccuB iMas. HaliTu MakcMMarbHbIA 3M1EMEHT M ero nopsiIkoBbIN 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 ycnoBumsl uMKia Nnoncka 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 pe3ynbTaTta
printf("\nB MaccuBe Max= %d ero Homep N = %d \n", Max ,NumMax);

// HayanbHble yCcrioBusl UMKia NnouMcka MMHUMyMa
int iMas[] = {1,22,3,-4,5,4,0};
int NumMin = 0;
int Min = iMas[0];
for (inti=1;i < Razm; i++)
if ( Min > iMasl[i])
{ Min = iMas[i]; NumMin =i; };
// BbIBOA pe3ynbTaTta
printf("\nB mMaccue Min= %d ero Homep N = %d\n", Min ,NumMin);
B maccuBe Min= -4 ero Homep N = 3

bnok-cxema ¢parmenTa nporpaMmMbl MUHUMYMa:

HY
Bnok-cxema NumMin =0

Min = iMas[0]
—>< K =0, Razm >—

HET

A 4

NumMin = k;
Min = iMas[k]

MevaTb MUHUMYMa

A
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3.23. 4.4 BBoa u pacneyaTka MaccHBa

// BBOA 1 pacneyaTka MaccMBa
int MasInp[3]; // be3 nHuumnanusaumn
printf("BBeanTe uenbiii MaccuB pasmepom %d \n", sizeof(MasInp)/sizeof(int));
for (int k = 0 ; k < (sizeof(MaslInp)/sizeof(int)) ; k++ ) {
printf("\nBeeaunTe anemeHT MasInp[%d]:", k);
scanf("%d" , &MasInp[k] );
¥
// PacneyaTka BBeEHHOr0 MaccmBa
printf("Maccus pasmepom %d: \n", sizeof(MasInp)/sizeof(int));
for (int k = @ ; k < (sizeof(MasInp)/sizeof(int)) ; k++ ) {
printf("\n3nemeHT MasInp[%d] = %5d", k,MasInp[k]);
35
printf("\n");

3.24. 4.5 Uuunmanu3anus MacCuBa B IPOrpaMMme U omnpejiesieHue OTAeJbHBIX CyMM I0JI0KHU-
TE¢JbHbBIX U OTp]/lllaTe.]Il)Hl)IX 3JIEMEHTOB

Omucars MaccuB aeiicturenbrbix(double) uncen MasD (6 31eMeHTOB) 1 BBITIOIHUTE €10 WHH-

HuaJanu3aluvio Ipu ONNMCaHuu. KoHncTanTbl HWHHUIWAIN3allu1 MaCCHuBa JOJIKHBI OBITh Pa3HbIX 3HAKOB. Ilo-

CTPOUTH OAWH HUKIT JJIST BBIMUCIICHHUA OTACIIbHBIX CYMM IOJIOKHUTCJIIBHBIX U OTPHUIATCIIbHBIX 3JICMCHTOB.
PGSyHBTaTBI 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+=MasD[i];
// BbiBOA pe3ynbTata
Jo
printf("\nCymmMa nonoxurtensHeix = %lIf \n", SumPlus);
printf("CymmMa oTpuuatensHeix = %lIf \n", SumNeg);
B pesynbrare noxyunm:
CyMMa NoJIOXUTENIbHbIX = 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 CopTupoBKa MaccuBa Mo YObIBAHHIO

int MasSort[]= {3,5,11,0,2};
printf("Maccus MasSort po copTupoBku 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+1];

MasSort[i+l1l] = Temp; } }; };
// MeyaTb

printf("MaccuB 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");
biiok-cxema cOpTUPOBKUM UMEET BUJ:

| MeuyaTb A0 COPTUPOBKU

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

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

MeuaTb Nnocne COPTUPOBKMN

Pe3ynbTat cCOpTUPOBKH:
MaccuB MasSort go copTUpoBKM pasmepoMm 5:

\ 4

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

MaccuB MasSort nocne copTuUpoBKM pa3mepom 5:

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

Ana npoAonKeHUA HaxmMuTe byl Knasuwy .

3.26. 4.7 InnaMmu4ecKHe MAaCCUBBI U CJIy4YaiiHble yHucia

Brigensercss maMsaTh 1oj TMHaMU4ecKuii MaccuB 10 menbix a1eMeHToB (PtrMas). 3amoHsIeTCs
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#include <malloc.h >
#include <stdlib.h>
printf("OvHammyeckuit maccuB u CnydaiHble yucna: \n" );
// BblgneHne [N c nomowbk 6ubnmotekn <malloc.h > - ykazaTtenb PtrMas
int *PtrMas = (int *)malloc(sizeof (int)*10);
for (int k =0 ; k < 10 ; k++) {
PtrMas[k] = rand(); // 3anosHeHWe mMaccuBa YUCaMU CllyyYailHeiMu // oT © po 32767
// TNe4aTb 3nemMeHTa mMaccuBa
printf("Cny4aitHoe 4ucno N %d. = %d\n",k+1,PtrMas[k] ); }s
free(PtrMas); // ocBoboxaeHue [

[Tomyuum B pe3ynbrare:
AMHaMMyeckuin Maccue U CnydvaiHbie Yncna:

Cny4aiiHoe uucno M 1. = 15724
CnyyvaitHoe umucno N 2. = 11478
Cny4vaiHoe 4ucno N 3. = 29358
Cny4ailHoe 4ucno N 4. = 26962
CnyyaitHoe uucno N 5. = 24464
CnyyaitHoe 4yucno M 6. = 5705

Cny4vaiHoe 4uciao N 7. = 28145
Cny4yaiHoe 4ucno N 8. = 23281
Cny4yaiHoe 4ucno N 9. = 16827

CnyyaitHoe uucno N 10. = 9961
biiok-cxema nmpumepa:

Bbnok-cxema

BblgeneHue NamaTi Nog maccus
(malloc)

v
K=0,10 >_

BbluncneHue anemeHnTa (rand)

v

Meuatb anemeHTa

\/_\

I OcBoboxaeHue (free) namaTu noa maccus I(—

3.27. 4.8 Yka3zarejid 1 JUHAMUYECKUE MACCUBBI

B TectoBoM mpoekTe npuMepoB MpoBEpbTE pabOTy MPUMEPOB, CBA3AHHBIX C yKa3aTeIsIMH U JU-
HaMHUYECKMMHU MaCCHUBaMH, PACIIOJIOKEHHBIX B TeopeTrueckoit uactu JIP (cm. Beie). [IpoBepky BbITIOIN-
HEHUS omepalnii MPUCBAaUBaHUS C MOMOIIBIO YKa3aTesleld He0OX0IMMO MTPOU3BECTU C TOMOIIbIO OTJIAI-
yrKa. Pe3ynbraTel HE0OX0IUMO MPOJEMOHCTPUPOBATH | MpenoaaBaTento B otiaaauuke CII.

3.28. 4.9 UtepanMoHHbII MK/ pacyeTa 3HaYeHUs] PYHKIMH HA OCHOBe psiia

CJIC,Z[YIOH_[I/Iﬁ MMPUMCP — UTCPALUOHHBIC BEITUCIICHUS. CDopMlea JJIA BBIYMCIICHU S 3HAYCHUA (pYHK-
WX — BBIYHUCIICHUEC CYMMBbI YJICHOB psAAga UMECT BU/:
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; r oz I .zt

n=>0

Hy>xHO coCTaBUTh HIUKJIMYECKYIO IPOrpaMMy ISl BBIYMCIECHUS CYMMBI 3TOTO psifia ¢ TOYHOCTBIO
eps. [ns maTeMaTHyeckoro 000CHOBAaHUS aJITOPUTCS 0OpaTUTECh K YUEOHH KaM IO MaTeMaTHKeE.

///////////// umkn nTepaumoHHbii ana ¢yHkumm exp(y)
#pragma warning(disable : 4996)

float MasF[10];
float MasX[1@0];
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 3HayeHue ANA MEepeMeHHON CyMMMPOBAHUA
float step = x; // HadanbHoe 3Ha4yeHWe ANsa CcTeneHu X
float fac = 1.0f; // Ha4anbHoe 3Ha4yeHue AnNA nNepemeHHoOW Tekywero ¢akTopuana
float Count = 1.0f;
float eps = ©.001F; // TO4YHOCTb, C KOTOpOW OyaeT paccyuTaHa cymma psaa.

while ( step/fac > eps ) // npoBepka TOYHOCTU BbIYUCI/IEHUA

{

sum+= step/fac; // cymmumpoBaHue 4neHoB pApa

Count += 1.0f ; // n - NOpsAAKOBbLIN HOMEp 4YneHa paga

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

step = step*x; // B cTeneHu x

s

printf(" Psag - exp = %f OyHKuuMa u3 6ubnnotekn = %f AprymeHT x = %f\n",sum , exp( x), (x
))s
MasF[k]= sum;
MasX[k]= x; };

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

///
¥
[11177171717177

Pesynbrar:
Pag - exp = 1.105000 OyHKuuMA M3 6ubnmoTekn = 1.105171 AprymeHT X = 0.100000
Pag - exp = 1.221333 OyHKUMA U3 6MbanoTekn = 1.221403 AprymeHT X = 0.200000
Pag - exp = 1.349500 OyHKUMA M3 6M6AMOTeKM = 1.349859 AprymeHT X = 0.300000
Pag - exp = 1.491733 OyHKuuA M3 6ubnnmotekn = 1.491825 AprymeHT X = 0.400000
Pap - exp = 1.648438 OyHKuuA M3 6ubnuotekn = 1.648721 AprymeHT X = 0.500000
Pag - exp = 1.821400 OyHKuua 43 6ubnmotekm = 1.822119 AprymeHT X = 0.600000
Pag - exp = 2.013572 OyHKuuA M3 6ubnuotekn = 2.013753 AprymeHT X = 0.700000
Pag - exp = 2.225131 OyHKUMA M3 6MbAMOTeKM = 2.225541 AprymeHT X = O.800000
Pag - exp = 2.458759 OyHKuMA M3 6MbAMoTekn = 2.459603 AprymeHT X = 0.900000
Pag - exp = 2.718056 OyHKuMA M3 6MbAMoTekn = 2.718282 AprymeHT X = 1.000000

N3menute BpyuHyro 3HaueHue X (ceiigac oHo paBHo 0.0, mar = 0.1) mpsiMo B mporpamMme u Ipo-
BEJMTE MOBTOPHBIE BBIUMCIIEHUS. B KOHTPOIBHOM 3alaHuM BBl JOJKHBI TOCTPOUTH LIMKI JJISL PAa3HbIX
3HAYeHUH X W 3allOMHUTh B MAacCHUBE BBIYMCIICHHbIE 3HaueHHs! QyHKIUH. KpacHbIM 1IBETOM MOMEYEHO
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BBIBOJIMMOE 3HaUEHHE AJ1 OUOINOTeUHOM (DYHKIIMHU, & CHHUM 3HAY€HHE CTETIEHHOTO Psi/ia, BBIUYMCICHHOE
B LIUKJIE..

Jlns Gonee neTalbHOTO 3HAKOMCTBA C alTOPUTMOM MPUOIMKEHHOTO BBIUMCICHUS 3HAYEHUS all-
reOpandyeckoil (yHKIIMU CMOTPHUTE pa3/ieibl MaTEeMaTHUKU — psabl Teinopa (KOHKpeTHO psaasl 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. KourpoJabublie 3aganns piasg JIP Ne3.

Crnenyroniyue KOHTPOIbHBIC 33/IaHUS SBIISIOTCS 00s3aTEIBbHBIMU TSI BHITIOTHEHHSI B TaHHOM JIP.
CTyneHThI 3Ty 4acTh BBIMOJIHSIOT MTOCIE U3yUeHUs TeopeTndeckor yactu JIP u mpoBepku TECTOBBIX NIPH-
MEPOB OCHOBHBIX TeM JIP.

4.1. 5.1 Co3naHue KOHCOJIBLHOIO NMPOEKTA

Co3math mycTON KOHCOJbHBIHN MPOeKT 11 BoimostHeHUs JIP No 3. Co3gaHue KOHCOTBHOTO MTPOEKTa
U ero pycuduKaius 1aHo B MeToaAndecKkuX yka3zanusx kK JIP Nel (cM. Ha caiite).

4.2.5.2 Onucanme MacCHBOB

Onucatp nenouncienusie (Masint), semecrsennsie (MasFloat) u cumBonsabie (MasChar) on-
HOMEpPHBIC MaCCHBBI M WHHIHAIN3UPOBATh UX B Iporpamme. [1ocMOTpeTh copepKumMoe MacCHBOB B OT-
JaYMKe ¥ BBIBECTH Ha IedaTh 5-¢ 3JeMeHThl 3Tux MaccuBoB (K =5). Pasmep maccuBoB He menee 10
JIICMEHTOB.

Omnucath 1 MHULIMAIM3UPOBATH JIBYMEPHBIH LIeIouncieHHbIl MaccuB Matrica (5*4), pacneyarathb
3JIEMEHT TOT'0 MacCcuBa ¢ Homepamu (MHIEKChI) 1=3, j = 2,

4.3. 5.3 BBoa u BbIBOJI MaccuBa. BolunciieHHe CyMMBI 3JIeMEHTOB
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Jns nenounciennoro maccuBa Maslnt (turm int), pa3MepHOCTBIO 5 3JIEMEHTOB, BBITOJHUTH Clie-
IyIOIINe AeHCTBUS:
¢ BEINOTHUTE B OT/IETBHOM IIUKJIE BBOJ SJIEMEHTOB MacCHBa C KJIIABUATYPBHI.
¢ BEIUNCINTE CYMMY 3JIEMEHTOB 3TOTO MAacCHBA B OTJEIILHOM ITHKJIC
e Pacreyatath CyMMy 3TOr0 MaccuBa (B OTIEIbHO CTPOKE).
B pesynprare nosyuum:

BeBeguTte 5 uenblX 4vucen:

[0]:1

[1]:2

[2]:3

[3]:4

[4]:5

Cymma maccuBa MasInt = 15

Ina NpoAo/KeHUA HaxmuTe Nbykw Knasuwy . . .

4.4.5.4 [1leyaTh MacCUBa CTOJIOMKOM

PacnieuaTath BBEJICHHBIH B MIPEBIAYIIEM IYHKTE KOHTPOJIBHOTO 3a/JaHHsI MACCHB CTOJIOUKOM.

@parMeHT NporpaMMsbl BEITISAIUT TaK:

B pe3ynbTarte noayuunm:

dnemMeHT MaccuBa MasInt[
dnemMeHT mMaccuBa MasInt[
dnemeHT MaccuBa MasInt[
dnemeHT MaccuBa MasInt[
dnemMeHT MaccuBa MasInt[ = 4 ]

] ]

WINEREO

[ S Oy )
]

]
uuhwnNnR

4.5. 5.5 OnpeaejieHne MUHUMYMa B MacCHBe H er0 HoMepa

Bo BBeIeHHOM MaccuBe, B OTICIIBHOM LUKJIE, BBIMOIHIACTCS IIOUCK MAaKCHUMAJIbHOIO 3JIEMEHTA U
3allOMMHAHKUE ero Homepa. Pe3ynbpTaTel OMCKA BBIBECTH Ha dKpaH. IIporpammy oTiiaguTh U IpOBEPUTH
Ha pa3HbIX npuMepax. CoCcTaBUTh OJIOK-CXeMy MPOTPAMMBI.

B pesynbrare nosyuum:

Beeaute 5 uenbix 4ucen:

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

1}

A WNERERO
et e e et
||
RO UVIWwER

4.6. 5.6 UHMuuaau3anus MaccuBa B IporpaMMe U onpeesieHue OT/AeJIbHbBIX CYMM I0JI0KH-
TeJIbHBIX H OTPULATE/ILHBIX 3JIeMEHTOB

Omnmucars MaccuB geiicteurenbubix(double) uncen MasD (6 seMeHTOB) ¥ BBITIOJIHUTE €I0 WHH-

HuaJanu3alrio Ipu ONMCaHHuU. KoncraaTel HWHHUIKMaJIn3all MaCCuBa JOJIZKHbBI OBITH PAa3HLIX 3HAKOB. ITo-
CTPOUTH OAWH HUKIT JJIS1 BBIYHUCIICHHUA OTACIIBHBIX CYMM IOJIOKHUTCIIBHBIX U OTPHUIATCIBHBIX 3JICMCHTOB.
P€3y.]'H)TaTI)I BBIYHCIICHUH CYMM BBIBC€CTH Ha 3KpaH.

double MasD[] = {3.0, -5.1, 1.0, -7.2};
B pesynbrare nonyunm:

CyMMa MNOJIOXUTENIbHbIX = 4.000000

Cymma oTpuuaTesibHbiX = -12.300000
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Bnok-cxema
HY
SumPlus =0
SumNeg =0
k4

p—- K=0,5 >_

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

A

4.7.5.7 Ucnosib30BaHue yKa3zaTeJsi JAJIsi MAaCCHBA

Onucats ykaszarenab Ha THI 1ednblid. [IpucBouTh €ro aapec HoMEpy MUHUMAJIbHOTO DJIEMEHTA U3
HpeAbIIYIIEero 3aaHusl JaHHOTO paszena. BeiBecTr Ha nevath (Printf) 3Hauenue 3toro sneMeHTa ¢ mo-

MOIIIBIO YKa3aTCJIA.

// 5.6. Ucnonb3oBaHve ykasaTtens ans Maccuea
int * pMin;
pMin = &MasInt[NumMin];

printf("\MNe4yaTb c ykazatenem = %d \n", *pMin);
B pesynbTare nojyuum:
MeyaTb c ykasaTenem = 0O

4.8. 5.8 Beluncjienne 1 3aliOMUHAHNE 3HAYEHHIT MACCHBA U3 3HAYEHUI1 BHIYHCJIEHHOTO Psijia.

[To BapraHTy COOTBETCTBYIOILIEMY HOMEPY B JKypHaJIe IPyIIIbl, IOCTPOUTH IPOrpaMMy BbIYHCIIE-
HUS 3Ha4eHUs pyHKIH (cM. Tabauiy). Pe3ynbpTaThl BEIYUCICHUS 3aHOCSTCS B MACCUBBI: JIJIS1 apTYMEHTOB
u i pyukumii (MasF, MasX).

Beruucnute maccu MasF (float) no ¢popmyine criermanbHOTo psifa asst 3a1aHHO OHOIMOTESUHON
GYHKIMU A7 KQXKJI0T0 3HaYeHUsl apryMeHTa X (110 BapuaHTaM — CM. HIbke 11.6). Pe3ynbraT BeIUMCICHUS
JUISL KaXKIIOTO 3HAYCHHsI apryMeHTa 3aoMHHUTh B MaccuBe — MasF (u mokasath mpenojaBatelnto pe3yiib-
TaT B OTJIAJ4YMKeE). 3HAUCHUS U LIar U3MEHEHUs apryMEHTa X 3aJlaHbl B TA0JIMIE BAPHAHTOB (CM. HUXKE. ).
Pacnieuatars pesynbraT B popme Tabauibl (HOMEp - 3Ha4eHHue (PyHKIUH - 3HaYeHUE PYHKUUU U3 OHO-
JHMOTEKH, - 3HaUeHHe aprymenTa). Tadmuiy opopmMuth pamkoit u3 3Be3nouek (“*”). Lluki urepaimoHHbIX
BBIUMCJICHUI 3HAUYEHUH paccMOTpeH Bbime (cM. 1. 4.4). Jlns peanuzanuu JaHHOM 3a1a4u HEOOXOIMM
JBOMHOM UK. [IpoBepuTh MOTy4eHHBIE BEIUMCIICHUS C TOMOIIBIO BEIYUCIICHUS ONOIMOTEYHOH (PYHKIINN
(y Hac B mpumepe exp). Jlis Beraucienus 3HaueHuss QYHKIUH U3 OMOIHMOTEKH HY)KHO HOIKIIFOYHUTH 3aro-
JIOBOYHBIH (haiil MaTeMaTHueckoi oubaroTexu (math.h):

[Tosryunm pe3yibrart:

3HayeHue pAfa exp = 1.105000 3Ha4veHue X = 0.100000
3Ha4veHue papa exp = 1.221333 3HayeHue X = 0.200000
3HayeHue pApga exp = 1.349500 3HayveHue X = 0.300000
3Ha4vyeHue paga exp = 1.491733 3Ha4deHue x = 0.400000
3HayeHue pApa exp = 1.648438 3HayveHue X = 0.500000
3HayeHue pApa exp = 1.821400 3HayveHue X = 0.600000
3Ha4veHue papa exp = 2.013572 3HadeHue X = 0.700000
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3Ha4veHue papa exp = 2.225131 3HayeHue X = O.800000
3Ha4veHue papa exp = 2.458759 3HadeHue X = 0.900000

4.9.5.9 3ano;iHeHNe U cyMMa B TMHAMHYECKOM MacCUBe yepe3 yKazaTeb.

CoziaTh IMHAMMYECKHUH MACCHB LI€JIOT0 THMA pa3MepoM 10 31eMeHTOB. 3alONHNATE €ro Cllydai-
HbIMH YnciaMu B auanazone 0-100 (ucmonp3oBaTh GyHKImI0 rand(ciy4aiiHoe 4nciio) u3 OHOIHOTEKH
<stdlib.h>). Beruucnute cyMMy 31€MEHTOB 3TOTO MAacCcHBa U pacredyaraTb pe3yJbTaT NOoAcCcYeTa U MOITy-

YeHHBIII MacCHUB.

4.10. 5.10 /IBymMepHbIe MACCHBBI.

OrnucaTh ¥ IPOUHULIMATU3UPOBATEH B IPOrpaMMe JABYMEPHBIHN IEI0UUCICHHBI MacCHB pa3MepOB
3*5 371eMEeHTOB.

BJiok-cxeMbl 3aaHui

Jlns Bcex nuKIn4eckux (parMeHTOB COOCTBEHHBIX MPOTrpamMM B 0TYETe 0(OPMIISIOTCS UX OJI0K-
cxembl. XKenarenbHo ucnons3osats VS Visio umtu MS WORD.

5. 6. Kourpoaupvembie TpeOOBaAHNSA.

— Onucanusi MaCCUBOB IL.IT 5.2

— BBoa maccuBa . 5.3

— IleuaTts MaccuBa ctonbukom) - m.m 5.3,4

— CyMmMma 371€MeHTOB MaccuBa 1.1 5.3

— MuHuMyM B Maccuse - ILII 5.5

— Vaunuanuzanys U CyMMBI MOJOKUTENbHBIX U OTPULATEIbHBIX- ILIT 5.6
— VYkazarenb 11 MUHUMAJIBHOTO JIEMEHTA MAaCcCHBa U MevaTh - 1.1 5.7

— 3amoMHHaHHE B MACCUBE CYMMBI psJia ¥ 1MevaTh 111 5.8

— Onucanue IBYMEpPHBIX MacCHBOB - IL.11 5.10

— 3amoyiHeHue ¥ cyMMa B JMHaMu4yeckoM Maccuse u3 10-tu anementos (CM) - . 5.9
—  Odopmnenue otuera 1o 3aaHHBIM TPEOOBAHUSIM.

— BrinonaHeHne JOMONTHUTENBHBIX TPEOOBAHUHN TIPU HATTHUYUH.

6. 7. Bapuanrsl 3aganuii 1ias cryaearos I'YUMIL

BapuanTsl 3a1anuii 17151 npuOIMKEHHOTO BHIUMCIICHUS (DYHKIIMK HA OCHOBE psifa MakiiopeHa
npuBeleHsl Hroke. HoMep BapuaHTa NOJDKEH COOTBETCBOBATH HOMEPY CTYJIEHTa B TI'PYNIIOBOM
KypHaJe.
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B ortuer no 3-i1 JIP Hy»HO NOJIy4NTh BCTABUTH JBE 3aBUCUMOCTH
MOJTy4YeHHBIE SKCIIEPUMEHTATILHO IS CBOETO psAna(B TaOIHUKe):
1 .BeruncnsieMblii napameTp: 3TO YACIO UTEPALUN ISl TOCTUKEHUS
3a/laHHOM TOYHOCTH(eps) - N BO BHYTPEHHEM LIUKJIIE TIPOTPAMMBI.
2. Bappupyembie mapameTpsl:
X - apTyMEHT BBIYHCIICHUS psifia TpU GUKCUPOBAHHON TOYHOCTH (eps)
€pS - TOYHOCTH BBIYHCIICHUS Psijia IPU GUKCHPOBOHHOV apryMeHTe (X)
3. T.e. momyuuts 3aBucuMocTr: N=F(X), ipu eps = const x=var u
N= F(eps)mpu x = const. eps=var
HyxHo mogoOpaTh Takue GUKCHPOBAHHBIC MTAPAMETPHI (X KN €ps),
9TOOBl 3aBUCHUMOCTH OBUIM "KpacUBHIMH'(BBIPA3UTEIHHBIMHU), T.€ HE MOCTOSHHBIMHU WIIU
BBIPOXKJIEHHBIMU.EPS - TOYHOCTH BHIYUCICHUS psAa Mpu GUKCUPOBOHHOU apryMeHTe (X)
3. T.e. nonyuuts 3aBucuMocTu: N=F(X), npu eps = const u
N= F(eps)npu x = const.
Hy>xHo monoOpats Takue GUKCHpOBAaHHBIE MTApaMeEpHI (X UIH €ps),
9TOOBI 3aBUCUMOCTH OBUTH "KpacHUBBHIMU'"(BBIPA3UTECIBHBIMU), T.€ HE IOCTOSHHBIMH WIIH
BBIPOXKICHHBIMHU.
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Ne Jnanazon u o
i ar s X opMyJia JUIs BEIYUCIIEHUS psiia A QYHKIUU
1 x=00-1.0 x3 x5
arcth(x) =x ——+—— - X2 (-1)"*""/(n + 1)
mar 0.1 3 5 "
(atan pyuKIHs
13 OUOIMOTEKH
math.h)
2 x=0.1-20 x2 X4 X2n
war 0.3 chx =1+ >i —+ 20 —+ "+(2n)!+
(cosh)
3] x=10-50 P — (="
smr=x— —+——--- = — gt 2 eC
mgirg-“ 3175 ; (2n+ 1)! |
4 x=0.0-1.0 e = (—1)" on
m(irog)'l CDSI—l—E—I—E—---—;(QR)!I ,xeC
5 | x=-0.0—(-1.0) , > 3’ x (2n)! ot
arcsinr =r4+ — 4+ — 4 -+ =
var 01 MR TP Py e o
(asin) n=0
6 | x=10-50 > a® — (=1)"
arcter = — — + — — = gintl
TS T T
7 | x=01-20 ®  ab = 1
sh(z)=o04+—4+—+ --= — ™l e
o 03 @) TR Dicrrw A
8 | x=-00-(-1.0) x x? 2 =, (=1)*(2n)!
1 o 1 _ e — —_ .o ﬂ1
il LA B S TP DY sy = meoTal
SQrt) — KOpeHb
9 | x=00-10 | _ r a2 — "
miar 0.1 E—1+ﬁ+ﬁ+§+“'=zaaff€@
(exp) n=0
10 In(x+1) 2 43 %
x=00-10 1n(1+x)=x—7+?— =) (D)™ /(n+1)
(log) n=0
11 exp(x) . r xz oz = "
x=0.0-1.0 | € _1+ﬁ+§+ﬁ+"'_ZE!IEE
mar 0.3 n=0
(exp)

7. 8. lonoauuTteabHble TpedOoBanus aias cryaeHTos CYI (a.1.).
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JIns IpOABUHYTHIX CTYAEHTOB, IO JKEJIAHUIO, B JOMOJIHEHUE K OCHOBHOMY 3aJIaHUI0, MOKHO
MOCTPOUTH MIPOTPAMMY C JOTIOTHUTEIHLHBIMU TPEOOBAHHSIMH.

7.1. 8.1 BBoa u BBIBOJI IBYMEPHOr0 MaccuBa. BoIunciieHue cyMMbI €ro 3JIeMEeHTOB.

BeimosnHsieTest BBOA IBYMEPHOTO JAeHCTBUTENLHOTO MaccuBa (3*4) moctpouno (double). TTep-
BOHAYaJIbHO BBOJISTCS 3HAYCHUS YMCEIT MACCHBA C TTOJICKA3KOW HOMEpa CTPOKH U cTobma. [lanee BbI-
YHUCJISIETCS. CyMMa BCEX JJIEMEHTOB M PAcledyaThiBaeTCs TaOJMYHO MACCHUB M PE3yJbTAaT pacuera.
CymMa BBIBOJIMTCSI B OTJEIBHON CTPOKE.

7.2. 8.2 OnpenejieHue MAKCMMYMa B IBYMEPHOM MacCHBE M KOOPIAMHAT MaKCHUMyMa

Brinonnsiercst BBOJ 1ByMepHOTo MaccuBa. HamosiHeHHe MaccuBa 3a/1a€Tcs ¢ MOMOIIBI0 UHU-
[UAIU3AIUH B IporpaMMme. BBIMOTHSAETCS TOUCK MaKCUMaIbHOTO/MUHUMAIBHOTO 3JIEMEHTOB B Mac-
cuBe. MaccuB nevyaraercsi B BUJIe TaOIHIbl. 3HAYCHHE MAaKCUMyMa/MUHUMYMa U €T0 KOOPJUHAT BhI-
BOJISITCSL B OT/ICJIBHBIX CTPOKAX.

7.3. 8.3 UHunuanu3anusi AByMepPHOT0 MacCHBa

HpO,Z[eMOHCTpI/IpOBaTB BO3MOJXHOCTU IJId WHUIUAIN3AalUU ABYMCPHOI'0O MaCCHUBa JEeHCTBU-
TEIBLHOTO THUNA. MacCcuB BRIBECTH Ha OKpaH B BH/C Ta6J'II/II_[BI.

7.4. 8.4 Bprunc/jieHNd 3HAYCHUI MOJITHHOMA

CraenaTh nporpamMmy Jjisl BBIYMCICHUS TIOJMHOMA OOIIEero BUAA:
y=aiX"+ax" 4., +anx+a na
3naueHust KOAPHUIMEHTOB 3a/1al0TCs B OTAeIbHOM MaccuBe AMas. Jliist BBIYHCICHUS] CyMMBI
psna wucnonb3oBaTh cxemy lopHepa. CrenHb noiauHoma paBHs 10-tu. ChenaTh anroputM
BBIYUCIICHUS] MAKCUMAIIbHO 3P (PEKTUBHBIM. 3HaUeHHS X 3a1aTh B Auanazone ot 0 10 10 ¢ marom 0.1.
Pe3ynbrar BEIYUCIICHHI BRIBECTH B TAOJIUYHOM opMme.

7.5. 8.5 Onucanue 1 HHUIUATU3ALHUSA IBYMEPHBIX MACCHBOB U YMHOKeHHEe MAaTPHIL

Onwucars Tpu MaccuBa: A (1*3), B(1*4) u C (3*4). MaccuBbl A u B nHUIMaIM3UpOBATh B MPO-
rpamme. Beruncinuts MaccuB C — MaTpuie, Kak Npou3BeIeHUEe MacCUBOB MaTpull A u B.

C = A*B. (910 3amanue sl CTYACHTOB, U3YYHMBIINX Kypc MaTpuU4HO# anreOpsr). [y moucka
(GbopMyIIbI pacyeTa UCIOB30BaTh CIPAaBOYHUKH Wiu MHTEepHeT.

7.6. 8.6 [loka3aTe/ibCTBO PAacHoJIOKeHUsS] MACCHBA.

Jlokasatk B Mporpamme Crocod pactoIokKeHUs 3JIEMEHTOB B JIByMEPHOM MAacCHBE (C IIOMOIIbIO
NevyaTy MaccHBa Yepe3 yKas3aTellb).

7.7. 8.7BJ0K-cXeMbI 3aJaHUI

Jlnst Bcex ¢pparMeHTOB mporpaMM oOpMITSIOTCS UX OJI0K-CXeMBbI U pazMemnatorcs B oruete JIP.
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IIpumeyanue: BrinonHenue nporpaMmel € JOTIOJHUTEIBHBIME TPeOOBaHUAMU OTOOpaXKaeTcs
B JKypHaJe, B oryere 1o JIP u yunTeiBaeTcs Npu MOABEAECHUU PE3YJITATOB pabOTHI B CEMECTPE U HA
JK3aMEHE.

8. 9. lemoHncrpanus, 3amura JIP u oruer o JIP.

[Toce BBITTOTHEHUS BCEX HEOOXOAUMBIX 11aroB 1o JIP, paGoTaroniyro mporpaMMmy HY>KHO IpO-
J€EMOHCTPHUPOBATH MpenoaaBaTento, npopoasiemy JIP, o ueM oH B xypHane aenaer oTMeTKy. Jlanee
CTYJICHT Ha OCHOBE mabiona u npumepa opopmirsser otuet mo JIP. Tlocie opopmienus otdera, Ko-
TOPBIF MOKET OBITh IIPECTABICH MPENOAaBaTeIIO B AJIEKTPOHHOM BUJIC, BBINIONHsAETCS 3ammTa JIP.
CryneHT JaeT OTBETHI Ha BOIIPOCHI MO OTYETY W HAa KOHTPOJIbHBIE BOTPOCHI MpUBEACHHBIC HIKE. JIP
CUMTACTCS MOJHOCTHIO 3aYTCHHOM, €CITU BBITIOJTHEHBI BCE TEPEUUCIICHHBIC TPEOOBAHUS U JCHCTBUSA .
JIEMOHCTpaIns, oTueT U 3ammra JIP.

9. 10. KouTpoJbHbIe Bonpockl mo JIP.

Yro Takoe maccus B AI1?

Yro Takoe yka3zarens B SI1?

Jliig yero HyXHbI MaccuBsbl B 117

Jlia yero HyxHbI yka3atenu B 117

Kak MosxeT 3a/1aBaThCsi pa3MepHOCTh MacCHBA, MIOKAXKHUTE B Balleil mporpamme?
Yro Takoe MHUIMATM3AIMI MacCUBa?

Kak nHUIManm3upoBaTb ABYMEPHBIH MacCHUB?

Moxet a1 ObITh IPY MHULMATIM3ALMK HE 3a]laH pa3Mep MaccuBa?

Yro Takoe TUHAMUYECKHE MACCUBBI?

0. Kak onuceiBaroTcst ykazaTeaun?

1. Kakue HOBBIE onepaniu Juisl yKa3aresei Bbl 3HaeTe?

12. Yto Takoe omneparusi UMEHOBaHHUS?

13. Yto Takoe omneparus pa3bIMEHOBAHHUS?

14. Mo>xHO 11 3a/1aBaTh NIPU OIMCAHUH YKa3aTells HECKOJIbKUX 3BE3/10UeK?
15. MOXHO JT1 IPUPABHSATH YKa3aTelb U HUMsI MacCHBa?

16. Kak oOpaTuTCs K 3JI€MEHTY MacCUBa C MIOMOILBIO yKa3aTess?

17. MoryT 111 OBITH B MacCHBE 33/1aHbI YJIEMEHTHI PA3HOTO THIA?

18. Kak BBIUHCIUTH pa3Mep MaccuBa MU BHIIIOTHEHUN TIPOTPAMMBI?

19. B ueM CyTh YMCIIEHHBIX AITOPUTMOB BBIYHCICHHS (DYHKIIMU B BUE paga?
20. Kakue ssemeHThI 010K CXeM BbI 3HaeTe?

21. Kakue mpenMymiecTa Aar0T MpoeKTs B VS?

22. Kak onmcath yKka3areiab Ha MAaCCUB U €T0 BBIYUCIUTD?

23. Kak onmcats ¥ HCHOJIB30BATh yYKa3aTelb HA YKa3aTelb?

24. Y10 Takoe 1UHAMHUYECKAs [aMITh?

25. Kakne ¢pyHKmmm st paboTsl ¢ JUHAMUYECKOH IMaMsThIO BBl 3HAETE?
26. Kak ocBOOOANTH TMHAMHUYECKYIO TTaMSATh. ?

27. Kak MO>HO BBIIIOJIHUTE BBOJ] MacCHUBa?

28. Kak onmcath ¥ paboTaTh ¢ MHOTOMEPHBIMH MaCCUBaMH ?

29. Kakwe orepanuy UCIONB3YIOTCS U PA0OTHI C YKa3aTeIsIMA ?

30. Kak MOXHO 3a/1aTh ¥ BBIYUCIIMTH pa3Mep MacCHBa?

RBROoo~NO RN E
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10. 11 JIureparypa.

OcHoBHasi IMTepaTypa

Criucok JmTepaTypsl, JOCTYIHbIE KHUTH U HeoOxonumbie mocobus anst JIP OIl pasmeriensr Ha
caiite Www.sergebolshakov.ru na crpannuke “2-it k CY1]”. I1aponb 11 1ocTyna MOKHO B3SITh Y
IpenoAaBaTess WIA CTapOCThI IPYIIbI.

Kepnuran b., Putun JI. K f3b1x nporpammupoBanus C, 2-e uznanue: Ilep. ¢ anri. — M. : U3na-
tenbckuit 1oM “Bunbamc”, 2009. — 304c¢.: un. — [ap. Tur. anr.

Kacrok, C.T. Kypc nporpammupoBanus Ha sizbike Cu: koHcrekT jekiuit/C.T. Kaciok. — Yens-
ounck: M3narensckuit nentp HOYpl'Y, 2010. — 175 c.

MSDN Library for Visual Studio 2005 (Vicrosoft Document Explorer — Bxoauts B coCTaB AUCTPH-
oytuBa VS. HyxHO 00s13aTeTbHO pa3BepHYTh IpH ycTaHoBKe VS VS mim HaCTpOUTH JOCTYI Yepes
WurepHer.)

C.0.bouxos, /I.M.Cy660Tun A3bik nporpaMmmupoBanust CH JIJ1sl IEPCOHATBHOTO KOMITbIOTEpa, M.:
"Paguo u cBa3n", 1990.- 384 c.

Opugnang A5 UndpopmaTtuka U KOMIBIOTEpHbIE TeXHOIOTMH: OCHOBHbBIE TEPMUHBI: TOJIK.CIIOB.:
bonee 1000 6a30BbIX MOHATHIA ¥ TEPMHUHOB. — 3-€¢ U3/., ucnp. u nomn./ A5 ®punnana, JI.C. Xana-
mupoBa, W.A. @pumnang — M.:O00 «M3patensctBo Actpenby: OO0 «M3natenbctBo ACTY,
2003.-272c.

JlonoJIHUTeIbHAS JIUTEpPaTypa

Obmee Meroauueckoe nocodue mo Kypcy ans BoimonHenus JIP m I3 (cM. Ha caifte 1-if Kypc
www.sergebolshakov.ru) — cm. KHOTIKY B KOHIIE KaXI0To pa3jeia caiira!!!

Kepnuran b., Putun /1. K36 f3b1k nporpammupoBanust Cu.\[lep. ¢ anri., 3-e usa., ucnp. - CII6.:
"Hesckuii quanext", 2001. - 352 c.: ui.

Jlpyrue MeToIuuecKrue MaTepualibl o JUCIUILIHHE ¢ calita Www.sergebolshakov.ru.

KoncnexTs! nekmuii mo qucuuruinie “OCHOBBI MPOrpaMMHUPOBaHUS .

IMonbensckuii B.B. S3pixk Cut++: Yuebuoe nmocodue. — M.: dunancel u cratucrtuka, 2003,

5. TlonmGenwckmii B.B. Crangaptaeiii Cu++: Yuyebnoe mocooue. — M.: OUHAHCH U CTATUCTHKA,
2008.

I'. Iunar “C++ basosslii kype”: Ilep. ¢ anrn.- M., U3natenscknii oM “Bubsamc”, 2011 r. — 672¢
I'. unar “C++ PykoBoacTBo anst HaunHaromux~ : [lep. ¢ anri. - M., U3parensckuii qom “Bunb-
samc”, 2005 r. — 672¢

I'. unar “Ilonnseiii cnpaBounuk no C++: Ilep. ¢ anrn.- M., U3narensckuii nom “Bunbsamc”, 2006
r. — 800c

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