MOCKOBCKUI I'OCYJAPCTBEHHBII
VHUBEPCHUTET nm. M.B. JOMOHOCOBA
®UBNYECKUIN ®AKYJILTET

AnToHOK B.A., 3agopoxublii C.C.,UBanoB A.IlL., Jlykamés A.A.

MpakTnkym no
nporpammmpoBaHUIO Ha A3biKe Cun

VYyebHo-Meroanueckoe nocodue (1 cemectp)

Mocksa, 2024 r.




AnToHIOK B.A., 3amopoxnsiii C.C., BanoB A.Il., Jlykamés A.A.
[IpakTrky™m 1o nmporpaMMupoBaHuio Ha si3pike Cu. Y4yeOHo-MeToamueckoe nocodue(l cemectp).
M.: ®usnueckuit paxynsrer MI'Y nm. M.B. Jlomonocosa, 2024. — 100 c.
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O630p Kypca U NoOpAAOK paboTbl CTYAEHTOB B NPaKTUKyMe

Kypc «BBeneHre B KOMIIBIOTEPHBIC TEXHOJIOTHI» MPEIyCMATPUBACT YBEPSCHHOE OCBOSHUE MTPOrPaMMHUPOBAHUSI
CTYJCHTaMHU TMEPBOro Kypca. B kadecTBe mepBOro si3pika BBIOPAH OJMH M3 CaMBIX PACHPOCTPAHCHHBIX (U MPU STOM
MPOCTHIX) S3BIKOB MPOrPAMMHUPOBAHUS — SI3BIK TporpaMMupoBanus Cu.

BcnomoraTensHbIM yUeOHBIM OCOOUEM 110 CHHTAKCHUCY s3bIKa CHU MOXKET CITYKHTh:

1. B.A. Anrontok, C.C. 3anopoxusiii, A.I1. IBanos, A.A. Jlykamés, H.A. [1anos, C.A. llIneHos «SI3bik
nporpammupoBanus Cu. YueOno-meroaunaeckoe nocodue (I cemectp).» — M.: @usnueckuit paxymsrer MI'Y um.
M.B.JIomoHocoBa, 2022, 108 c.

Ono wumeercs B MHTEpHETe M0 aapecy https://cmp.phys.msu.ru/sites/default/files/MetC_complete.pdf
1 B KOMIIBIOTEPHOM KIlacce Ha JUCKE O0IIEero JoCTyma.

Ha cemuHapax cTyIeHTBI OJTYYal0T TECOPETUICCKUE 3HAHHS 110 CUHTAKCUCY U CTAaHIAPTHBHIM OHOJIMOTEKAM 3TOTO
sI3bIKA, @ KPOME TOTO TMOJY4aroT 0a30BbIC 3HAHUS MO TCOPUH BBIYUCICHUN, OCHOBHBIM YHCICHHBIM METOJaM M 4acTO
WCIIOJIb3YEMBIM aJITOPUTMAM PEIICHUS HEKOTOPBIX 3a7ad MporpaMMupoBanusi. OOBIYHO CEMUHAPHI IPOBOJATCS pa3 B
JIBE HEJICIH 110 OYEPETHBIM 3JIEMEHTaM CHHTAKCHCa, OCIIe Yero BhIIAeTCs OUepeHas 3ajada MPakTHKyMa.

[TosrydeHHbIC 3a1aHUS CTYACHTHI BHITOIHSIOT HA MPAKTHYESCKUX 3aHATUAX B KOMITBIOTEPHBIX KJIACCAX: UCTIONB3YS
YCTAHOBJICHHYIO TaM Cpe€ay MporpaMMUpOBaHU CTYACHTY HYKXHO CaMOCTOATCIIbHO HAIIMCATh U OTJIaJUTh IpOorpamMmy,
peIIaroIy0 BEJIAHHYIO €My 3ajady, TOCle Yero cliaTh 3Ty MporpaMmy mpemnojasarenmto. [IpenojaBarens BO Bpems
CIavyM 33aJ]aHUsl MOXET 3aJaTh CTYACHTY BOMPOCHI MO JIF0OOOW YaCTH MPECTABICHHON MPOrpaMMBbl, a TAKXKe MOMPOCHTh
IIpyU HEM BBIIIOJIHUTHL €€ He6OJ'H)IHy}O MOI[I/I(I)I/IKEI]_[I/HO, ‘ITO6I)I y6eI[I/ITI)C$I B TOM, 4YTO CTYACHT HOJHOCTHBIO INOHUMACT
CIaBaeMyI0 M IIPOrpaMMy M CIIOCOOEH CaMOCTOSTENILHO €€ Pa3BUBATh.

B TeueHue cemectpa CTyIEHTHI JODKHBI BRIIOJIHUTH 6 3aJaHUM, HA KaXA0€ U3 KOTOPBIX OTBOAUTCS IO 4 daca
IMpaKTUKyMa. B JaHHOM HOCO6I/II/I HC MOpeaAnojgaractcsa CTporoc COOTBETCTBHUE MCEXKAY OIMMCAHHBIMH 3aJadYaMu H
coJiep>kaHuio 3agannii. HekoTopsle riiaBel copepkaT Oosee onHoi 3anaun. COOTBETCTBYIOIIEE 3aJaHUE MOXKET TOXKE
CoJIep)KaTh HECKOIIBKO 3a/1ad. B 3TOM ciydae pekOMeHyeTCs TOMEIATh X PEllicHUe BHYTpH OHOU GyHKIUH main()
BBIJICINB KOMMEHTAPHSIMHU, TJIC Kakasl 33]]aua pacroiokKeHa.

B cepenune cemectpa pekOMEHAYETCS MPOBECTH KOJUIOKBHYM B (popMe TOTANBHOTO OMpoca BCEX CTYICHTOB
IPYNIbI TI0 MPONJICHHOMY MaTepually W BBICTABUTH OICHKY MPOMEXKYTOYHOW arTecTalu. B KoHIle cemecTpa
MPOBOJUTCS 3a4eT, KOTOPHIA B 00S3aTETHHOM MOPSAKE BKIIOYACT KaK OTBET HA BOMPOCHI MO TEOPETHYCCKOMY
MHUHUMYMY SI3bIKa MPOTPAMMUPOBAHUS, TaK U PEIICHUE NMPAKTHUYSCKOW 3a1adyu, MOJO0HOM TeM 3ajavaM, KOTOpPbIS
CTY/ICHTHI pelllajii B TEUCHUE CEMeCTpa.

Iepen Havanom pabOThI B IPAKTUKYME PEKOMEHIYETCs POBECTH YCTHBIN OMPOC CTYACHTOB C IIEIbI0 BBISICHUTD
KaKOH OTBIT MPOrpaMMHUPOBaHUS Y HUX ObUT paHee, Ha KaKHUX S3bIKaxX MPOTPaMMHPOBAHHS UM MPHXOAMIOCH MMUCAThH
nporpamMmel? Y npuxoausiock au Booome? Jlo cux mop WHOT/A BCTPEYAIOTCS CTYACHTHI C OUYeHb OTPaHUYCHHBIMU U
JIKe OTCYTCTBYIONIMMHU HABBIKAMU PabOTHI JaXKe ¢ CAaMUM MEPCOHAIBHBIM KOMIBIOTEPOM, TAKHM CTYACHTaM HY>KHO
YACTSTH OOJIbIIIE BHUMAHUS B IPAKTUKYME.

Baxxnoe 3amMedaHne: B KOMIBIOTEPHBIX KJIACCAX MPAKTUKyMa MOXET OBITh yCTaHOBJIEHA OoJiee crapas BepCHs
cpesbl pa3paboTKH, MO CPABHEHUIO C COBPEMEHHBIMU BEPCHSMH, aKTyadbHBIMUA B HACTOSIIHA MOMeHT. OmHAKO, JUIs
1esielt y4eOHOro mporecca NepBoro Kypca BO3MOXKHOCTEH BEPCUU CPeJibl pa3paOdO0TKH, yCTAHOBICHHON B NIPAKTHKYME,
Oosiee yem goctaToyHo. [Ipy TOM MBI HE IPUBETCTBYEM HCIIOJIb30BAHUE CTYJICHTAMH B MPAKTUKyME TIEPBOIO Kypca
CBOMX HOYTOYKOB C KAKMMH-JIUOO JAPYTUMHU BEPCUsIMH Cpeibl pa3paboTku. [IpudrHa 3TOro 3aKiirouaeTcsi B TOM, YTO BCE
CTYACHTHI JIOJDKHBI OBITh B PABHOM IMOJIOXKECHUH (BHE 3aBUCUMOCTH OT HAJMYHS WM OTCYTCTBUS Y HUX HOYTOYKOB), B
TOM YHCJIE OHU 6yllyT JOJDKHBI Ha 3a4€TC IPOACMOHCTPUPOBATE CBOM 3HAHWUA U HABBIKM UMCHHO B TOH cpeac, KoTopas
YCTaHOBJICHAa B TMPAaKTHUKyMe, a JJIS 3TOTO OHM JIOJDKHBI OyAyT TMOJyYWTh YCTOHYMBBIE HABBIKM PabOTHI B cpene
MPaKTUKyMa B TeUEeHUE ceMecTpa. Ha ciemyrommx Kypcax 3T0 OrpaHU4YeHHUE MOXKET OBITh CHSITO.

YacTto CTYOEHTHI 3aJal0T BOMNPOC O pa3paboTKe MMHU MporpamMM jJoMa. TyT ecTh HEKOTOpas CII0XKHOCTB:
TpeOoBaHUs GE30MACHOCTH 3alpenialoT CTYJEHTaM IOJKI0YaTh Kakue-InOo ycrpoiictBa (Bkimovas flash-mucku)
KOMITBIOTEpaM mpakTukyma. [IpenogaBaTesns o CBOeMy YCMOTPEHHUIO CO CBOETO KOMITBIOTEPA MOXKET TOMOYb CTYACHTY
CKOIIMPOBATh €r0 UCXOJHBIE TEKCThI U3 Kiacca Ha flash-nuck crynenrta, Ho He B oOpaTHOM HampaeieHuu! Pemenuem
SIBIISIETCSI MICTIONTb30BAHUE CTYJICHTOM DJIEKTPOHHOM MOYTHI: KXl CTYJCHT IOJIydyaeT CBOW MEepCOHANBHBIN e-mail,
JIOCTYIT K KOTOPOMY BO3MOXEH 4epe3 Opay3ep Kak ¢ KOMIbIOTepa B MPaKTUKyMe, TaK U C JJOMAIITHET0 KOMITbIoTepa
crynenta. OIHaKo, MPENoIaBaTellb IOJDKEH CIEIUTh 32 TeM, YTOOBI CTYICHTHI IOHUMAJIH CAaBaeMbIe MU IPOTPAMMBI;
JIOBOJIBHO YaCTO CTYIEHTHI TIOJB3YIOTCS IIOCTOPOHHEH MTOMOIIBIO MTPH TAaKOH yAaJIeHHOH paboTe, 9TO MOXKET PUBECTH
K OOJBIIUM MpOOJIeMaM Ha 3adeTe, TJie TaKoi MOMOIH He OyzaeT. M mouepkHeM, 4To padoTa MporpaMMbl Y CTYIEHTA
JIOMa BOBCE He O3HayaeT €€ OecrnpoOIEeMHY0 KOMITWIIAIIMIO U 3aIlyCK B KJacce MPaKTHKyMa HM3-3a Pa3jinuuil B cpeje
pa3paboTKe, BEpCHH KOMITWIATOPA U TOAIEPKUBAEMBIX UM CTaHIaPTOB S3bIKA MPOTPAMMHUPOBAHUSL.
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MnaBa 1. MNepBas nporpamma.

Ocobennocmu sazvika Cu

IMporpamma Ha s3bike CH SIBISETCS CTPYKTYPHO OPHEHTHMPOBAHHOW WM COCTOUT W3 Habopa (QyHKIMHA U
nepeMeHHbIX. DYHKIMH coxepkar HA0Op WHCTPYKIIMHA, OIKCBHIBAIONIMX BBIYUCICHHS, KOTOPbIE HEOOXOIMMO
BBITIOJTHUTB. A MIEPEMECHHBIC XPaHAT 3HAYCHUS, KOTOPHIC UCIIOIB3YIOTCS B IMPOIIECCE BHIYUCICHHUIA.

CTpyKTYpHBIM TOJXOJA MPEAINoiaracT alrOpUTMUYECKOS pa30ueHHe 3a7a4 HAa TMOA3aJa4d U CJICJOBaHUC
CJICAYIOIINAM TPABHIIAM:

e Jlro0as nmporpaMma MOXeT OBITh MIPEICTaBICHA HCIIONh30BAHUEM TPEX 0A30BBIX YIPABISIFOIIUX KOHCTPYKITHA
(mocnemoBarenbHBIC ONEPAIUN, BETBICHUE, ITUKIT).
[oBTOpsirommecs pparmMeHTH 0GOPMIISIOTCS B BHJIE OTAETBHBIX (PYHKIIHH.
Kaxiast moruuecky 3aKOHUYEHHAsI CTPYKTYpa opopmIIsieTcs: B OJIOK.
BazoBbie KOHCTPYKIIMK MOTYT OBITh BIOXKEHBI APYT B JPyTa.
OTka3 oT onepaTopa 0e3yCcIOBHOTO IIepexoa goto.

PazpaboTunk MOXeT onpeaensTh Jo0ble UMeHa Ui cBouX GpyHKIuA. Ho B mporpaMmMe 10ypKHA IPUCYTCTBOBATD
(GyHKUUs, ¢ KOTOPO HAUYMHAETCS] UCIOJIHEHUE MPOrpaMMbl. B KOHCONBHOM MPUIOKEHUH IJIs1 HEE 3ape3epPBHPOBAHO
UMl main.

Crenyromue 3a uMeHeM (QYHKLMM KpyTjble CKOOKU NMpeaHa3HAuYeHbl IJIs 3alaHus CIIMCKA MapaMeTpoB (MM
apryMEHTOB), KOTOpBIE NepeatoTcs B (QPYHKIUIO NP oOpamieHnu K Heil. Eciu BHyTpu cKoOOK HUYEro He yKa3aHo, TO
B (QYHKIHMIO HE Tepe/laeTcsi HUKaKUX apryMeHTOB. DYHKIUS main MOXET COllepaTh JIBa IapaMeTpa, MO3BOJISIOLIEe
nepeaats B QyHKIHIO TEKCT, KOTOPBIH OB HarmeyaTaH B KOMaHHOM CTpOKe MpH 3aIrycke nporpammel. EE 3aronoBok
TOI'ZIA BBITJIAUT TaK:
int main(int argc, char* argvl[])
argc onpenesnseT KOJINYeCTBO NEePEeJaHHbIX TapaMeTPoB (€CIH MepeaHo TOIBKO UM IPOrpaMMBl, TO argc paBHO 1),
argv — MacCHUB CTPOKOBBIX IIapaMETPOB.

[epen nmeneM ¢GyHKIUHM yKa3bIBaeTCsS THIT BO3BpaliaeMoro 3HaueHus. OyHKIMs main() HOJKHA BO3BpAIIATH
nesiouucineHsoe 3Hauenue (inf). Ilocne 3aBepuieHMs MPOrpaMMbl 3TO 3HAYEHHE MOXHO OYyZET yBHIETh B CTPOKE

COOOIIICHHUS CPEIBI paSpaGOTKI/I. s 3TOrO B KOJIE MEepe]l 3aBeplIEHUEM (byHKLII/II/I main() Hy>KHO 100aBUTH CTPOKY:
return 0;

Hucno HOJIb IPUHATO UHTEPIPETUPOBATH KAK YCIEIIHOE 3aBEPILEHUE TIPOIPAMMBI.

Kaxnplit oneparop B s3b1ke CH 3aKaHYMBAETCSI CHMBOJIOM «TOYKa C 3arsToi». B kauecTBe omepaTopa MOXET
BBICTYTIATh BBI30B ()YHKLMH UIIH OCYIIECTBIEHIE HEKOTOPBIX oneparuid. {is HanmucaHusi KOMMEHTapHEB HCIONb3YIOTCS
CJICAYIOIINE CUMBOJIBL:

/* - Ha4aJI0 KOMMEHTapusl,

* / - KOHELl KOMMEHTapHsI.

[Ipu 3TOM BCce 4TO OyAeT 3aK/II0OYEHO MEXIY 3THMHU CUMBOJIAMHU OYJET SIBIATHCS KOMMEHTapUsIMH, TO €CTh He
OyzeT BOCIPHHHMMATBCS KOMIMISTOPOM KaK MHCTPYKLMS WM Habop MHCTpykuui. Takoe orpaHmdeHue o0yacTu
KOMMCHTApUCB y2:[O6HO HCIIOJIB30BAaTh NP KOMMCHTHUPOBAHUN 6JIOKa nporpaMmabl, COCTOAIICTO U3 HECKOJILKUX CTPOK.
[Ipr HE0OX0ANMOCTH KOMMEHTAPHSI OJHOI CTPOKH YZ0OHO UCII0JIB30BaTh CUMBOJIBI //, IPH ’TOM KOMMEHTapHeM OyeT
SIBIISITHCS BCE, YTO PACTIONOKEHO MEXy CUMBOJIAMH // M KOHLIOM CTPOKH (T.€. BCE, UTO PACIIOJIOKEHO CIpaBa OT JaHHBIX
CHUMBOJIOB).

OyHKIMH JUTS BHITIOTHEHUS CBOEH paObOThl MOTYT BBI3BIBATh JIpyrue (yHKIIWHU, KOTOPBIE JIMOO MUITYTCS CAMHM
MPOTPaMMHUCTOM, JTHOO OepyTcs rOTOBBIMH M3 UMeroImxcsi onbimorek. s noaximoyeHns: oObsBIeHHA QYHKIUNA 13
CHUCTEMHBIX OMOIMOTEK UCIIONB3YETCs KOMaHa Ipernporieccopa #include, nanpumep
#include <stdio.h>
MOJIKITF0YAeT O0bSIBICHHUS (PYHKIINI CTaHIAPTHON OHOIMOTEKH BBOJIa-BBIBOIA.

Crout TaKxe O6paTI/ITB BHMMAHKWEC HAa BO3MOXHOCTb UCITIOJIb30BAaHUA PYCCKUX I]_IpI/I(i)TOB IIp1 BBOJIC-BBIBO/JIC. 216.]'[0
B TOM, YTO KOJMPOBKA KOHCOJBHOTO NPUIIOKEHHsSI HACTPOCHA Ha MCIIOJIB30BaHUE CTapod 866 KOZOBOW TaOIHIIBI
CHMBOJIOB, KOTOpasi He coBmaiaeT ¢ Tadnuneid windows. [Ipo0ieMy MOXHO pEelIUTh HECKOIBKUMHU CIIOCOOaMHU.

Haubonee npoctoit crioco6 — BeI3BaTh (PYHKIIMIO YCTAHOBKU PYCCKOM JIOKAIH:
setlocale (LC_ALL, "rus");

OpHnako, y 3Toro crocoba ecTs ABa HroaHca. DyHKINS BIMSIET TOJHKO Ha BBIBOJ, a BBOJ BCE PABHO OCTAHETCS B
cTapoii koaupoBke. U, kpome Toro, pycckas JoKaib B si3bike CH IpeaycMaTpuBaeT AJIS BEIMISCTBEHHBIX YHCEIl YKa3aHHEe
JIECATUYHOM 3aIIITON, a HE IECATUYHOM TOUKH.

Jlpyroii crocod — 3TO NCTIOIB30BaTh KOHCOIBbHYIO KOMaH/y, YCTaHABIMBAIONIYIO JUIS BBOJA U BEIBOJIA KOJJOBYIO

cTpanuiy windows:
system("chcp 1251 > NUL");



B 3ToMm citydae BBOJ M BBIBOJ pyCCKUX OYKB OYJIeT KOPPEKTHBIM. ETUHCTBEHHOE, TPH TIEPBOM OTKPHITUN KOHCOIH
HY’)KHO B €€ CHCTEMHOM MeHI0 BoIOpath mpudt «Lucida Consoley.

Ilpumepuvt npocmuix npozpamm na sazvike Cu

PaccMoTpuM HECKONBKO MPOCTHIX NPUMEPOB Mporpamm. Ecim kakue-to u3 koMaHz OynyT HEMOHATHBI, TO 3TO
ceituac HeBakHO. OHU OyAyT PaCCMOTPEHBI B CIEIYIOIINX TEMaX.

IIpumep 1. CpaBHeHHne ABYX YHCEJI.

HporpaMMa 6CpCT JABa 4ucia 1100 U3 KOHCOIBHOM KOM&HI[HOIZ CTPOKH, €CJIM OHU TaM €CTb, 1100 3arpamunBacT
HX Yy IOJB30BaTEIIA IMPOTpaMMBbI U JaJIEE OIIPEACIIACT, KAKOC U3 HUX OoJbIIe.
#include <stdio.h> // nogkjmoueHMe 3arOJIOBOUHOTO OGalia BBOHA—-BHEBOIA
#include <stdlib.h> // nomkioueHMe 3aTOJIOBOUHOTO (daijia CTAaHOAPTHOM OUOIMOTEKMU
#include <locale.h> // nomkioueHMe 3aroJIOBOUHOTO (anyia JIOKalu3aLuu

// Havayno GyHKLUMM main gBiagomeirics TOYKOM BXOoIa B NPOTpPaMMy
// mapameTpsl OYHKLUUM: argc - KOJMUECTBO [NapaMeTpOB, I[epeNaHHHX B KOMAaHIHOM CTPOKe
// argv - ampeca MepelaHHHX CJIOB
int main(int argc, char* argvl[])
{
int a, b; // obbaBieHue OBYX [epPEeMeHHHIX Tuna integer
setlocale (LC_ALL, "rus"); // mna BEIBOIA PYCCKUX CTPOK
if (argc<3) // npomBepseMm comepXxumMoe KOMAHIHOMW CTPOKM
{
// B KOMAHIHOM CTPOKE HEeINOCTaTOUYHO IaHHEIX
printf ("Beemure umcyo 1l: "); // 3anpoc Ha BBOL 1 umcia
scanf ("%d", &a); //cumMTHIBAHME UMCJIAa B IIE€PEMEHHYII a
printf ("Beemure umcyo 2: "); // 3anpoc Ha BBOIL 2 uuMCia
scanf ("%d", &b); //cuuTEiBaHMEe uUMCJia B IIE€PEMEHHYI b
getchar ();// cuuTEIBaHMEe BBEIEHHOT'O, HO yXe& HEHYXHOT'O CUMBOJa enter
} else

// umucia MOXHO 3abpaThb M3 KOMAHIHOM CTPOKM

// uuTaeM B a UMCJIO M3 BTOPOTO NapaMeTpa KOMAaHIHOM CTPOKM
a = atoi(argv[l]);

// unTaemM B b UMCIIO M3 TpeThero napaMeTrpa KOMaHIHOM CTPOKMU
b = atoi(argv([2]);

if (a > b) // ycrnoBHBEM omnepaTop, NPOBEepAuNM BEPHO Jiu, UuTo a>b

printf ("lleproe umciio (%d) 6Gospme BTOpPOTO (%d)\n",a,b);

}else
{
if (a == b) // YyCIOBHHII ONIepaTop,IPOBEPANIMI BEPHO JM,YTO a PaBHO b
{
printf ("Umcna pasne (%d)=(%d)\n",a,b);
}
else
{
printf ("Bropoe uwmciio (%d) OGomwbme nepsoro (%d)\n",b,a);
}
}
getchar();// oxmumaeM BBOIA CHMBOJIA, UTOOL TEPMMHAJ HE SBaKPBUICS

return 0;
} // xomnen doyHxuuM main
Ipumep 2. Ucniosib30BaHne 0nepaTopa MHOKECTBEHHOT0 BBIGOPA.
[IporpaMma BBINOIHSIET pacueT epuMeTpa KBajapaTa, IUIONa I KBajapaTa Wik 00beMa Ky0a HCII0JIb3Ys OIlepaTop
switch.
#include <stdio.h>
#include <stdlib.h>
int main(int argc, char* argvl[])
{
char b; // oOBABJIEHVE CHUMBOJIBHOM IE€pPEeMEeHHOMN
double a,res; // oOBaBIEHME HOEMCTBUTEJIBHHIX [IE€PEMEHHBIX IBOMHOM TOUYHOCTH
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system ("chcp 1251 > NUL"); // HacTpolka Ha BBOI M BEIBOI PYCCKOI'O TeKCTa
if (argc<2) // npoBepka HaIMuuMsa UYMCJa B KOMAHIHOM CTPOKE
{
// B KOMa@HIHOM CTPOKE HEeT IaHHHIX
printf ("BerenouTe IOJMHY CTOPOHH KkBazparta: ");
scanf (" %$1f", &a); // BBOI IJIMHBEI CTOPOHH C KJIABUATYPHI
getchar ();// cuMTEHBaHME HEHYXHOTO CUMBOJIA enter
} else
a = atof(argv[l]); // BBOO uUMCIla U3 KOMaHIHOM CTPOKMU

printf ("BerenouTe mnapamMeTp pacdeTa: S-mjomanb, V - 00BéM, P - nepumerp:");
scanf (" %c", &b); // BUD pacueTa BCerIa BBOIOVM C KJIaBUATYPH
getchar () ;// cumTHBaHME BBEIEHHOT'O CUMMBOJIa enter
switch (b)
{
case 'S':
res=a*a; // BBUMCIIEHUE I[1JIOWAION
printf ("lmomans - $1f\n", res);
break;
case 'V':
res=a*a*a; // BHUMCIIEHUE OOBEMa
printf ("O6wem - %1f\n", res);
break;
case 'P':
res=4.*a; // BHUMCIIEHME [epUMeTpa
printf ("llepmverp - $1f\n", res);
break;
default:
printf ("Oumbral\n") ;
break;
}
getchar ();// oxumaeMm BBOIA CHMMBOJIA, UYTOOL TEPMMHAJ HE BaKpPLUICH
return 0;

Ipumep 3. BorunciaeHnne J0rn4yecKux NoOMTOBBIX ONepanuii
#include <stdio.h>
#include <stdlib.h>
#include <locale.h>

int main ()
{
unsigned int a, b, ¢, 4, e, £, g, h;
//obbaByienrne GE33HAKOBHIX [EPEMEHHEIX Tula integer
setlocale (LC_ALL, "rus"); // mepexonuMm B KOHCOJIM Ha PYCCKMM S3HIK

a = 15;

b = 136;

c = ~a; // not a

d = a<<1l; // cnoeur a Ha 1 pas3pan BJEBO
e = a>>1; // coBur a Ha 1 paspAan BIOPaBO
f =as&h; // aandb

g =a"b; // a xor b

h=a | b;// aorhb

printf ("Onepauna ~: %d\n", c);

printf ("Onepauma <<: %d\n", d);

printf ("Onepaumsa >>: %d\n", e);

printf ("Onepaumna &: %d\n", f);

printf ("Onepaumusa ~: %d\n", g);

printf ("Onepaums |: %d\n", h);

getchar () ;
return 0;

IIpumep 4. Pacder cymmbl yncen ot 1 10 100 ¢ ncnosib3oBaHHEeM HUKJIA.
[Iporpamma ucnons3yet nukn do{..} while (ycnosue oxonuanus yuxia). LUk moBTOpsieTcsl 10 TeX MOp, MOKa
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YCJIOBHE HE CTAHET JIOKHBIM.
#include <stdio.h>
#include <stdlib.h>
#include <locale.h>

int main ()

{

setlocale (LC ALL, "rus"); // mepexomuMm B KOHCOJIM Ha PYCCKMM SASBEIK
int 1i,sum; //oOBgaBiieHME [NEePEeMEeHHHX Turna int
i=1; // HayajibHOe 3HauyeHMe 1 paBHO 1
sum=0; // HauajbHOe 3HaueHMe sum pPBHO O

do //moBTOpPATH
{

sum += 1i; // yBeauuuThb sum Ha i

1i++; // yBemuumTs 1 Ha 1
}while (i<101); // noka =3HaueHue 1 He cTaHeT paBHEM 101
printf ("Cymma umcesn or 1 mo 100 = %d", sum);//BHBOI CYMMEI
getchar();// oxmmaem BBOIDA CUMBOJIA, UTOOB TEPMMHAJ HE SBaKPBUICI
return 0;

IIpumep 5. Ilouck MakcMMyMa BO BBeIeHHOM 110CJIeI0BATEILHOCTH LEJbIX YHCceJl.
#include <stdio.h>
#include <stdlib.h>
#include <locale.h>
int main ()
{

int a,amax;

setlocale (LC_ALL, "rus"); // mepexonmMm B KOHCOJIM Ha PYCCKMM S3HK
printf ("BBeguTe mnepBoOe UMCJIIO [OCJenoBaTesibHOCTM: \n'") ;
scanf (" %d", &a) ;

// HayajibHOEe 3HauyeHMe MaKCrMyMa OepeM PaBHHEM [EePBOMY BBEIEHHOMY UMCITY :
amax = a;
printf ("Beomure umcna nocyemosaTesbHocTu (0 - OkOHuaHme BBOmA) :\n");

//TOBTOPATH, [OKa HeT OomMOOK BBOJA M BBEIEHHOE UMCJIO HEe PaBHO HYJIO:
while (scanf (" %d", &a)==1 && a!'!=0)
{

if (amax < a)// cpaBHMBAeM OUEpPENHOM BBEIEHHHI 3JIEMEHT U MAakKC.

amax = a; // ©Gepem 6GOJIBWMIA M3 HUX
}
getchar(); // ybupaem cumMBos ENTER
printf ("Makcumym = %d\n", amax);
getchar();// oxumaem BBOIA CHMBOJIA, UTOOH TEPMUHAJ HE BaKPBUICH

return 0;

Bapuanmui 3a0au 014 pewienus.

Jliist BBITIOJTHEHMS 33124 HEOOXOMMO CO3JIaTh KOHCOJIBHBIH MPOEKT U JI0OABUTH B HETO OJIMH HOBBIU taskl.cpp
¢aiin. HeoOxonuMmebie /Uit BBOJIA JAHHBIE HYXKHO YHTATh M3 KOMAH/IHOW CTPOKH, €CIIM UX OKAXKETCSI HEJIOCTATOYHO, TO
3alpallvBaTh y MOJIb30BaTeNs (aHATIOTHYHO TOMY, KaK CAeJIaHo B mepBoM mpumepe). llpu oTnagke mporpammsl u3
Visual Studio maHHBIE KOMaHAHOM CTPOKM HYXXHO 3allMcaTh B KOMAaHAHBIE apryMEHTHI NpoeKTa (KOMaHIa MEHIO
[IpoexT—>cBoiicTBa—>CcBOIcTBa KOHPUTYypallnu —> oTaaaKa). [lompoOHO 3TH AEWCTBUS ONMHCAHBI B TJIaBe 2 MOCOOMS
«S13p1k mporpamMmmupoBanus Cny.

1. Bapuanrt
Jano uenoe nonoxurenbHoe ynciio. Hanucars nporpaMmy, IpoBEPSIONLY0 HCTUHHOCTD BBICKA3bIBAHUS:
«,D;aHHOC YHUCJIO ABJIACTCA YETHBIM ABY3HAYHBIM».

2. Bapuaunr
Hansl Tpu neneix yucna: A, B, C. Hanucate nporpaMmmy, IpOBEPSIONIYI0 HCTUHHOCTb BBICKA3bIBAHUS:
«Kaxmoe u3 uncen A, B, C 010XKUTEIIBHOECY.

3. Bapuant
Hammmcats nmporpamMmy, CIIpamnBaroONIyo y MOJIb30BaTENs HECKOIBKO drcen (00IbIe TPEX) M BHIBOIAIIYIO
WX CpeIlHee 3HaUCHUE U TUCIIEPCHIO (CpeHee KBaipaTa OTKIOHCHHS OT CPEIHETO 3HAUCHUS).




4. Bapuant
Hammmcats mporpamMmy, poBepSIIOIIYIO, UTO, JIHO0 A deTHO, 1160 B geTHO (HO He 00a OTHOBPEMEHHO).

S. Bapuanr
Hammcats IporpaMmmy, CIipaliiuBaronyro y MOJb30BaTEId TPU YKCJIa U BBIBOAAIIYIO UX B ITOPAIAKE
BO3PACTaHHSI.

6. Bapuanr
Hansl Tpu nensix yncna: A, B, C. Hanucats nporpammy, IpoBEpSIONIyI0 HICTUHHOCTh BBICKA3bIBAHU:
«CnpaBeuinBO 1BOMHOE HEpaBeHCTBO A < B < Cy.

7. BapuaHr
Hanel aBa nesnsix yucna: A u B. Hanucars nporpammy, NpoBepsIOLIYI0 HCTUHHOCTD BBICKA3bIBAHNUA:
«Yucna A u B UMEIOT OMHAKOBYIO YETHOCTEY.

8. Bapuanr
Hammucats mporpammy, mpoBepsromyro, uto cpeau gucen A, B, C u D ecTb kak MUHUMYM 2 HEYETHBIX.

9. Bapuanr
Hcnone3yst omepaTtop switch, Hamicath IporpamMmy BbIBOZA IPOITHCHIO 3HAYCHHS BBEICHHOM
HEePEeMEHHOIA, eCiIn ee 3HaueHHe B Auana3oHe oT 1 10 5. B ocTaibHbIX CIydyasx 3Ha4YeHHE BBIBECTH
nudpamu.

10. Bapuant
Jans! nBa nenbix yncna A u B (A < B). Hanmcats nporpammy, BRIBOAAIIYIO B MOPsIKE YOBIBAaHUS BCE
LieJIble YNCIIa, pacnofiokeHHbIe Mexkay A u B (He Bximrouas uncna A u B).

11. Bapuant
Hanbl nBa nensix yucna A u B (A < B). HancaTts nporpammy, HaxoJsIIIy 0 IPOU3BEIEHIE BCEX LETBIX
yrceln oT A 10 B BKJIFOUNTENBHO.

12. Bapuant
Hano niemoe umncmo N (> 1). Harmucars mporpammy, HaxoAsAmIyr0 HanMeHbIee menoe yrucio K, mpu
KOTOPOM BBINIOJIHSAETCA HepaBeHCTBO 3K > N.

13. Bapuant
HaHLI KOOpAWHATBI TPEX TOYECK Ha IMJIOCKOCTH. Hanucarn nporpaMmy, BbIYUCIAIONIYIO 3HAYCHUEC
JIMHEHHOM HUHTCPHIOJISIUN UK SKCTPANOJISAIUU IJI1 JIF000Tr0 BBeI[éHHOFO X I1I0 ABYM YpPaBHCHUAM NPAMBIX,
MMPOBECACHHBIX Y€PE3 COCCAHUC TOUKU.

14. Bapuant
Hamnmcats nporpammy, BEIYMCIISIOLNLYO IIOIIA/L TPEYTOIBHUKA 110 TPEM CTOpOHAaM. Eciu TpeyronbHUK ¢
TaKUMH CTOPOHAMH HE CYIIECTBYET, TO BHIBECTH COOOIICHUE 00 ITOM.

15. Bapuant
Hanmcate nporpamMmmy, MpOBEPAOUIYTO ABJIACTCA JIU MIPAMOYTOJIBHBIM TPCYTOJIBHUK C 3aJaHHBIMU
CTOpOHaMHU. Ecmm TPCYTrOJIbHUK C TAKUMU CTOPOHAMHU HE CYIIECTBYCT, TO BHIBECTH COO6H_IGHI/I€ 00 3TOM.

16. Bapuant
Hamucate porpaMmy, BbIYHMCIEIIOINYHO IJI0OIAAb TPCYTOJIbHUKA ITO 3aJaHHBIM KOOpAWHATAM €TI0 BEPIINH.

17. Bapuant
Hammcatp nporpamMmy, NMOBEPAOUIYIO ABJIACTCA JIM PABHOCTOPOHHUM TPCYT'OJIBHUK C 3aIaHHBIMUA
KOOpAWHATaMH1 €ro BEPUINH.

18. Bapuant
Hanucate mnporpamMmmy, NOACHYUTHIBAIOIIYO CYMMY BCCX HCUYCTHBIX YHUCCII OT 1 [0 YKa3aHHOT'O N.

19. Bapuant
Hammcatp nporpaMmy nHoACYUTHIBAOI YO KOJIMYECTBO ACCATUIHBIX HHq)p BBCJICHHOI'O HATYpPaJIbHOI'O
qHCIIa.

20. Bapuanrt
U3BecTHO, uTO cymMma N MepBBIX HEUETHBIX YMCEN PaBHa KBaapaty uucna N, nanpumep, 1 +3 +5=3% 1
+ 3+ 5+ 7 =4%u 1.1. Hanucats nporpaMmy, BHIBOSILYO TabJHIly BCeX HATypatbHbIX uncen ot 1 10 K n
WX KB3IpaTOB, BEIYUCIIEHHBIX C MTOMOIIBIO YKa3aHHOTO COOTHOIIIEHHS.

21. Bapuanrt
Hanwmcats mporpaMMy Bo3BeeHHsI Yrcia B cTeneHn 2,3,4 nin 5 ucmons3yst oneparop switch.




22. Bapuaunr
Hammmcats nmporpamMmy, BEIYHCIIIONTYIO 3HaYeHne hakTopuama N!=1-2-3 - ... - N,

23. Bapuanr
Hanucate nporpammy pacuera cyMMmel yucen B quamnaszose ot n 10 N. Uucna n 1 N 10JKHBI BBOIUTBCS C
KJIaBHATYPBHI.

24. Bapuaunr
Hanmcats nmporpamMMy BeIBOAa Beex ducen B quarna3one ot 0 1o ykazanHoro N KpaTHbIX 3 wiu 5.

25. Bapuanrt
Hanwmcats nmporpamMMy pacdyera cyMMbI BBEJCHHOM MOCIEI0BATENILHOCTH YKcell. [lepBbIM BBOANMBIM
napamMeTpoM 3a1aéTcs KoIuuecTBo yucesn. Eciu uncna 3agaHbl B KOMaHIHOM CTPOKE, TO UX KOJIMYECTBO
paBHo argc — 1.

26. Bapuaunr
HanwmcaTs nmporpaMMy mpoBepKH TOTO, YTO JIEMEHTHI BBEACHHOU TOCIIEA0BATEIBHOCTH YUCET HE
yObIBaroT. IIepBbIM BBOAMMBIM IIApaMETPOM 3aJaETCs KOJIMUYECTBO yKcen. Eciu uncna 3a1aHsl B
KOMAaHJIHOH CTPOKE, TO UX KOJIMYECTBO paBHO argc — 1.

27. Bapuaunr
Hamnmcats nporpammy, KOTOpast BBIBOAUT IOIIAPHBIE CYMMBbI BBOJMMOM MOCIIEN0BATEIbHOCTH YUCEL.
[lepBbIM BBOAMMBIM MapaMeTPOM 3aAaETCs KOIM4eCTBO uncesn. Ecnu uncna 3aganbl B KOMaHIHOM CTPOKE,
TO UX KOJIMYECTBO paBHO argc — 1.

28. Bapuaunr
Hanwucats mnmporpamMmy, KOTopas BbIYUCIACT Pa3HOCTh MEXKAY CPEAHUM U MUHUMAJIbHBIM 3HAYCHUSAMU BO
BBOJMMOM MocieoBaTeabHOCTH. [IepBhIM BBOAUMBIM MTapaMeTpoM 3aAaéTcsl KonmdecTBo uncen. Ecimu
Yyuciia 3aJaHbl B KOMaHILHOﬁ CTPOKE, TO UX KOJIMYCCTBO paBHO argc—l .

29. Bapuaunr
Hanucats nporpammy, KoTopast BO BBOJAUMOM [TOCIEA0BATENILHOCTH ONPEAETSET KOJTHUECTBO YHCET
PaBHBIX 33JaHHOMY 3HAYCHHIO (337aTh €r0 B BHJIE KOHCTAaHTHI). [lepBbIM BBOJMMBIM ApaMETPOM
3aaéTcs KoauuecTBo yrcen. Ecnu 4yrcna 3a1anbl B KOMaHIHOM CTPOKE, TO MX KOJIMYECTBO paBHO argc—1.

30. Bapuanrt
HanwmcaTs nmporpaMMy cyMMHpPOBaHUS BCEX JECATUYHBIX YUCEN B AMana3oHe oT 1 1o yka3zaHHOro N,y
KOTOPBIX NocyeAHss udpa 6onbe 5.
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aBa 2. OcHOBbI CUHTaKcuca A3blika Cu.
B nanHO# raBe He TpeOyeTcs (HO IOMYCTUMO) HCITONIb30BaHUE (DYHKITHI, KOTOPBIE OYAyT U3y4aThCs IMO3THEE.

Memoowt pewtenus ypasnenuil

Ecmu 3agano ypaBHeHue f (x) = 0, TO C IMOMOIIBIO KOMIBIOTEPA €0 MOXHO PEUIMTh MPUOIMKEHHO,
MPAaKTUIECKH C JIF0OOH HYKHOH TOYHOCTBIO. J[JIsl 3TOr0 MOYXKHO MPUMEHUTH OJIMH U3 OMHCHIBAEMBIX HUXKE METOJIOB:
METOJ TMXOTOMHUH, METOJ XOPJI, METOJT KacaTeIbHBIX MM METO UTCpaIni.

[MonpoOHO MeTombI pelieHUs ypaBHEHWH wusnaratorcss Ha jeknusx (cm. B.A. AntoHrook, A.Il. MBaHOB.
«IIporpammupoBanue u uapopmaTuka. Kparkuit koHcnekT jgekiuii.» — Mocksa, ¢puznyeckuit -t MI'Y, 2015,
(https://cmp.phys.msu.ru/sites/default/files/Informatics-2015.pdf, riasa 2).

MeTo/bl KacaTelnbHBIX U UTEpalMid MO3BOJIIIOT TMONYYUTh PElICHUE Topaszo ObicTpee (32 MEHBIIEE YUCIIO
UTEepalmii), YeM METOIbl JUXOTOMUHU B XOPJ, OJHAKO, IPUMEHUMBI OHU HE K JIOOBIM YPaBHEHUSIM: IS TOTO, YTOOBI
WX TPUMEHUTH, HY)KHO, YTOOBI BBIMOJIHSUINCH HEKOTOpPBIC YCIOBHS, HaKJaJIblBaeMble Ha MPOM3BOAHBIC (QYHKIHH,
KOTOpAsi 3aJ1aeT JICBYIO YacTh ypaBHeHHS. ECIIM Takue YCIIOBHsI HE BBITIOTHSIIOTCS — TO MIPUJETCS MOJTb30BATHCS MEHEE
3G GEKTUBHBIMHU, HO TAPAHTUPOBAHHO CXOASAIIMMUCS METOAAMHU: METOJIOM IUXOTOMHHU HIIK METOJIOM XOP/I.

TouHocThI0 pemienusi OyaeM HasblBaTh HAWAEHHYIO UIMHY HMHTepBasia mo ocd OX, TapaHTHPOBaHHO
HAKPBIBAIOIIETO UCTHHHOE pelieHue ypaBHeHus. OHAKO, TAaKyK BEIWYHHY MOXHO SIBHO MOJYYHUTH TOJBKO JIIS
MEPBOr0 METOJa pEICHHS — METOoJa JeJICHHs WHTepBayiia TomnoiaM. J[JIs OCTaJbHBIX METONOB B KauecTBE
MpUOMKEHHON OICHKH TOYHOCTH OyJeM HCIOJNB30BaTh PACCTOSHHE MEXAy JBYMs TIOCIIEAOBATEIbHBIMU
MPUOTVKEHUSIMUA PEHICHUS | xi-1 — Xi|.

Takolt moaxon ompaBaaH, TaK KakK OIKCBIBAEMBIE METOJAbI O0ECIEUYMBAIOT MOHOTOHHYIO CXOJUMOCTh
MPUOTMKEHUIA pEIlieHHs K ICTUHHOMY KOPHIO, & CIIeIOBATEIILHO, PACCTOSHIE MEXTy TAKUMU TIOCIICA0BATEIbHBIMA
MPUOTMKEHUSIMHA JTOJDKHO MOHOTOHHO YOBIBATH W PaHO WM TIO3JHO OKAXKETCSI MEHbIIE TpeOyeMoil TOYHOCTH
pelcHHS.

HesBsi3koii pemenusi Ha3bIBaeTCS MOJYJb pe3yJbTaTa MOACTAHOBKM HAMIEHHOTO pPEIIeHHs B JIEBYIO YacTh
ypaBHEHHS (JJ11 METO/Ia UTEPAIHiA 3TO MOTYJIb PA3HOCTH TAKOW MOJICTAHOBKH U NIPABOW YacTH ypaBHEeHus ). JIpyrumu
CIIOBaMH, HEBS3KY MOXHO Ha3BaTh «TOYHOCThIO Mo ocu OY». HeBsizka Jerko BBIYUCIACTCS Ui JIO00r0 U3
MPUBEACHHBIX METOOB PEIICHHs ypaBHEHUSI.

OTmeTHM, 9TO B XOJI€ YHCICHHOTO PEellIeHUs ypaBHEHH B JAHHOM 33J[aHUU HY>KHO JIOOUTHCS OTHOBPEMEHHOTO
YIOBJICTBOPECHUS 3a/IaHHBIX YCIOBUI U HA TOYHOCTh PEIICHHSI U HA €r0 HEBA3KY.

Meton iuxoToMun

MeTo TUXOTOMHH, OH e METO/I JIeTICHNSI OTPe3Ka MOIOoJIaM, OH JK€ METO/I BHIIKHU 3aKJIF0UAETCS B CIIEIYFOIIEM:

1) Tlomyuaem OT moJb30BaTENsl HAYAIBHBIN HHTEPBAN [a, b], TpeOyeMylo TOYHOCTb & M HEBS3KY €.

2) IlpoBepsieM, YTO Ha KOHIIAX ATOr0 MHTEpBaja (YHKIHS JICBOW YaCTH yYpaBHEHUsI MMEET Pa3HbIe 3HAKU:
f(a) * f£(b) < 07?

3) Ecnu Her — To pelieHus Ha 3aJJaHHOM WHTEpBalie HEeT, IMOO OHO He eJMHCTBEHHOE, TUOO0 BOOOIE (DyHKIIHS
uMeeT Ha HEM paspeiB. lleyataeM JMArHOCTHKY W 3aBepiiaeM mnporpammy. Ilonb3oBaTenb Baiiei
MPOTPaMMBI JOJDKEH NOMpo0oBaTh MoA00paTh HAYaIbHBIN HHTEpPBAI MOTyYlIIe.

4) Ecnu 3HaKy Ha KOHIIAX MHTEPBaja Pa3HbIe, TO HAXOAUM CEepPEeJIUHY OTpe3Ka:

a+b

2
5) IlpoBepseM, Ha KakOM W3 JAByX HHTEpPBAIOB [a, c] WIH [c, b] OGYHKOUS MEHSET 3HaK:
f(a) * f(c) < Ommmf(c) * f£(b) < 0 ?
6) Ecnu ¢pyHKUIMS MEHSIET 3HAaK Ha IEPBOM MHTEpBaJie, TO IPUCBaNBaEM IIEPEMEHHON b 3HaueHune c: b = c.
7) Wnaue: a = c. OpmHaKo u AJIs 3TOTO MHTEPBAIa HYKHO YOEINUTHCS, UYTO (PYHKIHUA MEHSIET Ha HEM 3HaK, TaK
Kak (DYHKIIHS MOXKET MMETh Pa3phIBBI U TOTJ[A PEIICHNUE IIOCTPOUTH HE MOITYYHTCS.
8) IloBropsem m.m. 4-7 10 TOr0O MOMEHTa, KOTJa MHTEPBal OKaXETCS MEHBIIE 3aJaHHOW TOYHOCTH O H
OJTHOBPEMEHHO HEBS3KA YPAaBHEHUS OKAYKETCSI MEHBIIIE 33JJaHHOTO €.
TouHOCTH TaHHOTO METOJIa ONpEAEIAETCS UPUHON MHTEpBaa |b-a| Ha MOCIEOHEN UTEpalyy, KOTOPBIH
rapaHTUPOBAaHHO HAKPHIBAET HCKOMBIH KOPEHb.
HeBsi3koil ypaBHeHHs1 Ha3bIBAaeTCs MOAYNb MOJCTAHOBKU TEKYIIErO NPUOIMKEHUS KOPHS c B ypaBHEHHE:
l£(c) I.
Taxum 06pazom, ycinoBHe, IpU KOTOPOM HAZ0 MPEKPATHTh UTEPALIUH, 3aIIUCHIBAETCS TaK:
|[b-al < & && |f(c)| < ¢
OnHako, 0OBIYHO Il MOCTPOEHUS! AAHHOTO PELICHUS UCIOJNIB3YyeTCs LUKI while () (Iponoimkarb, MOKa
YCIIOBUE€ HCTHHHO), TO €CTh, JJIs 3allMCH YCJIOBUS TAaKOIO IMKJA HY)KHO IIOCTPOUTH JIOTHUECKOE OTpULIaHHE

[
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MPUBCACHHOI'O BBIIIC BBIPAKCHUA — UTCPAllMU HYKHO IMPOJOJLKATH A0 TEX IMOP, IOKAa UCTUHHO!:

Ilb-al 23 || |f(c)| 2 ¢

Taxoi nmoaxon CJICAYCT UCIIO0JIb30BaTh BO BCEX MPUBCACHHBIX METOAAX PCIICHUA ypaBHeHHﬁ, TaK KaK BO BCEX
3aJaHUAX Tpe6YETC$I OJHOBPEMECHHOEC YIOBJIETBOPCHUEC ycnOBHﬁ, 3aJaHHBIX U OJIA TOYHOCTH U JJISI HCBA3KH, TOJIBKO
TOYHOCTH B TIOCICAYIOMINX METOAAax OIpPCACIACTCA KaK pacCTOAHHUE MCEKAY MABYM IIOCICAOBATCIbHBIMU
HpI/I6J'II/DKCHI/I$IMI/I KOpH:, a HC KaK B JIaHHOM METO/IC.
#include <stdio.h>
#include <math.h>

// TycTb pemaerTcs ypaBHeHMe: atan(x) - 1 = 0

// (atan() - craHmapTHas OYHKLUMS apKTaHI'eHCa)

// fabs () - craumapTHas GYHKLUMS, BHUMCISOIAS MOOYJIb apryMeHTa

double ¢ = a;

while ( fabs(b-a) >= delta || fabs(c) >= epsilon )

{
// HaxomuM CcepenmMHy MHTepBaJja
*

c = (a+Db) /2
it (atan(c)-1) < 0 )

if ( (atan(a

{

)

b = ¢c; // ecnu OyHKUMSA MEHSEeT 3HAK Ha [epBOM MHTepBalle
lelse 1f ( (atan(c)-1) * (atan(b)-1) < 0 )
{

a =c; // ecin QyHKLUMS MEHAET 3HAK Ha BTOPOM MUHTEpPBAle
lelse

/* OYyHKLMS He MEeHAeT 3HaK HM Ha OINHOM MHTepBajie, OHa MMEeT pPa3pPLIBH
UV MHOXECTBEHHBIE KOPHU Ha KaxIOM M3 HUX, pPelleHre NOCTPOUTH
HEeBO3MOXHO */

printf ("Error: cannot solve equation on [%1f, $1f]!", a, b);
return 1; // 3aBepmaeMm GyHKUMIO main() ¢ KOIOM OWMOKM
}
}
MeTtoa xopa

Metoa Xopa OueHb MOX0X Ha METOJ JMXOTOMHH, HO YacTO JOCTHraeT TpeOyeMoro pesysbTara HEMHOI'O
obicTpee. OCHOBHOE OTIIMYME 3aKJII0UAETCs B crioco0Oe pa3aesieHns OTpe3Ka Ha JiBe YacTH:
1) Ilomyuaem OT nosb30BaTeNs HAYAIbHBIN HHTEPBAT [a, b], TpeOyeMyl0o TOYHOCTb O M HEBS3KY €.
2) llposepsieM, YTO Ha KOHIIAX 3TOr0 MHTEpBaja (YHKIMS JICBOW YacCTH ypaBHEHUs MMEET Pa3HbIC 3HAKU:
f(a) * £(b) < 07
3) Ecnum Her — TO penieHus Ha 3aJaHHOM UHTEpBaJie HET, IM00 OHO HE eAUHCTBeHHOE. [leyaTaeM 1HarHoCTUKY
u 3aBepiaeM rnporpamMmy. [lons3oBarens Bamiei mporpaMMsl 10JKEH NOMPoOoBaTh Mo00paTh HaYaIbHBIN
WHTEPBAaJ MOTyYIIE.
4) Ecnu 3HaKy Ha KOHLIAX MHTEPBaJa pa3Hble, TO HAXOJUM TOUKY [EPECEUCHHUS MPSIMO, COeTUHSIOIIEH TOUKH
(a, £(a))u (b, £(b)):
f(a)
f®) = f(@
5) IlpoBepsiem, Ha KakOM W3 JBYX HWHTEpPBaJOB [a, c] WM [c, bl (QyHKOUS MEHSET 3HaK:
f(a) * f(c) < Owmmf(c) * £(b) < 0 ?
6) Ecnu ¢pyHKIUS MEHsIET 3HAK Ha MIEPBOM WHTEpBaJie, TO IPUCBANBAEM IIEPEMEHHON b 3HaueHne c: b = c.
7) HWnaue: a = c. OmHako W I 3TOT0 MHTEPBaja HYKHO yOeAUTHCs, 4To (PYHKLUS MEHSIET Ha HEM 3HaK, TaK
Kak (DYHKIHS MOKET UMETh Pa3phIBbI U TOTa PELICHNE IIOCTPOUTH HE TOIYYHUTCS.
8) IloBropsieM 1.11. 4-7 0 TOTO MOMEHTA, KOT/Ia PACCTOSIHUE MEXKITY JBYMSI TPUOIMIKEHUSIMUA KOPHS OKaKETCs
MEHbIIIE 33JJAHHON TOYHOCTH & M OJJHOBPEMEHHO HEBS3Ka yPaBHEHHUS OKKETCS] MEHbIIIE 3aJJAHHOTO €.
JJ1st MHOTHX ypaBHEHUH MIMPUHA HHTEPBaJia, Ha KOTOPOM BEAETCS MOUCK KOPHA OyIeT CTPEMUTHCS HE K HYJIIO,
a K KOHCTAaHTE, IIO3TOMY TYT TOYHOCTb PCIICHUA 6y11eM OIICHUBATh, KaK pPacCTOAHUC MCKIAY IABYMA
II0CJIICOBATCIbHBIMHN HpI/IGHI/I)KeHHBIMI/I PEHICHUAMMU. OTa BeIUYMHA 6YJ16T CTPEMUTHCA K HYJIIO IIPpHU YBECIIMUCHUU
KOJIMYECTBA UTEPALIUH.

c=a+ “(b—a)

MeTton kacaTeabHBIX
MeTo kKacaTenbHBIX Ha3bIBACTCS TaKXKe MeTOI0M HbIOTOHA, OH 3aKITFOYaeTCs B CIICYIONICM:
1) IlomyduaeMm OT mOJIB30BATEII HAYaIbHOE MPHUOIIHKCHIE xo (HOMEp HTepaui i=0), TpeOyeMyr0 TOYHOCTh
O ¥ HEBS3KY €.
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2) Ilposepsiem ycnoBue cxomumoctu f(x;) - f"(x;) > 0 (TO ecTb, mpoBepseM, 4TO (QYHKUUS MOCTOSHHO
BBIITYKJIast MII BOTHYTas).

3) Ecnm ycrnoBrme cXOIMMOCTH HapyIIEHO — IeYaTaeM JAWArHOCTHKY M 3aBepIlaeM IPOTrpaMMy, METOJ He
MPUMEHUM K JaHHOMY YPaBHEHMIO Ha JAaHHOW M MOCIEAYIOIIUX UTepaluiax. MOXXHO Ui TUarHOCTHKH
BBIJIATh HOMEP UTEPALUU U JOCTHIHYThIE 3HAYCHUS KOPHSI, TOUHOCTH U HEBS3KH.

4) Ecnu ycnoBre CXOJMMOCTH BBITOJIHIETCS, TO JIF000E MOCIeayoniee YTOYHEHHE 3HAUeHHsI KOPHS MoTydaeM
M0 UTEPALIMOHHON (opMyIIe:

S

X =X
J'(x)

Ota ¢opmMyIia IoTydeHa KaK TOYKa MepecevueHus KacaTeIbHON B TOUKE x; K TpaduKy GYHKIUH f (x) € OCBIO
OX.

5) IloBTopsieMm IL.II. 2-4 10 TOTO MOMEHTA, KOT/Ia IMITUPWHA MHTEPBANIA [x:1, Xi] OKaKETCS MEHBIIIE 3aTaHHOM

TOYHOCTH O ¥ OTHOBPEMEHHO HEBSI3Ka YPaBHEHMSI OKAXKETCSl MEHBIIIE 331aHHOTO €.

Baxno: ycioBue cxoquMoCTH 0053aTeIbHO Hy>KHO IIPOBEPATH Ha KKION NTEpaIMH LIUKIIA, @ HE TOJIBKO Mepea
nepBoit urepanueid. JledCTBUTENBLHO, BBIMYKIas (DYHKINS MOXKET IepecTaTh OBITh BBITYKIIOW HE Cpasy, a CITyCTs
CKOJIBKO-TO IIIarOB BM)KEHHS K KOPHIO.

Meton urepaunii

Metoa wuTepanuii MpUMEHHM W B TeX CIydasX, KOT/la yCJIOBHE CXOIMMOCTH METOJa KacaTelbHBIX He
BBITIOJTHSIETCS, HO HA (DYHKIMIO JICBOM YacTH YpaBHEHHS MOXET ObITh HAJIOKEHO JPYroe yCIOBHE.

[lepenumem ypaBHEHHUE B CIEAYIOIIEM BHIE:

F(x)=x
Torna, eciii BEIIONHSETCS YCIOBUE CKUMAIOIIETO OTOOPAKEHHSL:
IF'(0)l <1

To ypaBHeHHE MOKHO peIlaTh Tak:

1) Ilomydaem oT moib30BaTENs HAYAIBHOE MPUOIMKEHHIE Xo (HOMEp UTeparuu i=0), TpeOyeMyr TOYHOCTb
O (HeBs3Ka AJISl JAaHHOTO METO/a HE HY)KHA, TaK KaK I0 IOCTPOSHHUIO OHA COBIAAET C OLICHKOM TOUYHOCTH).

2) TlIposepsiem ycnoBue cxoaumoctH |F'(x;)| < 1.

3) Ecnm ycioBue CXOIMMOCTH HapylIEeHO — IeYaTacM JMATHOCTUKY W 3aBepllaeM NporpaMMmy, METo] He
MPUMEHUM K JaHHOMY YPaBHEHMIO Ha JAHHOM M MOCIEAYIOIIMX UTepalysax. MOXKHO Ul TUarHOCTHKH
BBIJIaTh HOMEP UTEPALUU U JOCTUIHYTbIE 3HAUEHHUS KOPHS, TOUHOCTH U HEBS3KH.

4) Ecnu ycnoBue CXOJUMOCTH BEINONHSETCS, TO JIF00OE Mocieytollee YTOYHEHHE 3HAUYSHHS KOPHS TI0JTy4aeM
10 UTEPALMOHHON opmysie:

Xiy1 = F(x;)

5) IloBTopsiem m.1. 2-4 10 TOTO MOMEHTA, KOT/1a IIMPHUHA MHTEPBAJIA [Xi1, Xi] OKaXETCS MEHbIIE 3aJaHHON
TOYHOCTH 0.

BaxxHo: ycloBue CX0TMMOCTH 0053aTEIbHO HYKHO IMPOBEPSATH Ha KXKI0W HTEpAIHH ITUKIIA, 8 HE TOJIBKO Mepe
nepBoit urepanuei. Y moscHUM, mouemy Jisi JAHHOTO METOJa HE HY)KHA HEBS3Ka — OIIEHKAa TOYHOCTH PEICHHS
YpaBHEHHS OJHOBPEMEHHO SIBJISIETCS M €I'0 HEBA3KOM:

Ixis1 = xi| = [F(xi) - Xil
BapuanTsl 32124 1J15 peleHust

OJHUM 13 OTIMCAaHHBIX METOJIOB PEIINTH 33/IaHHOE YPaBHEHHE.

[IporpamMa momKHA MONMYYUTHh HavajlbHblE 3HAUYEHHUS IEPEMEHHOM (HayadbHBI HMHTEpBAJ AJISI METOJOB
JUXOTOMUU W XOpJ, CAMHCTBEHHOE HayaJbHOE 3HAUYEHHE JUIS METOJOB KacaTeNbHBIX M HMTEpalHid, TpeOyemylo
TOYHOCTH U TPEOyEeMYI0 HEBSI3KY, KOTOPBIE JOJDKHBI OBITh YAOBIETBOPEHBI OJTHOBPEMEHHO).

[Mocne aToro nmporpamMmMa JI0JKHA TIPOU3BECTH BHIYMCIICHUE W HATIEYATaTh:

1) Hcxoonoe ypaenenue, UCXOOHLI UHMEPBAT U 3A0AHHYIO MOYHOCHb,
2) Haiioennwiii kopennv,
3) Hocmuenymyro mounocms. WUpUHy nociedne2o waea umepayuu (Ui paccmosnue mexncoy 08yms noCieOHUMU

NPUOTUINCEHUAMU KOPHS);

4) Hesssky: pe3ynomam no0CmaHo8KU HAOEHHO20 HEMOYHO20 PEUleHUs! 8 JIeGYI0 YACTHb YPABHEHUS,
5) Konuuecmeo npooenanivix 00 docmudicerus mpeoyemot mouHocmu umepayuil Yukid.

TpeOyercs, uToOBI MporpamMMa OblIa YCTOWYHMBA K 33JaBa€MOMY IOJIH30BAaTENIeM HMHTEPBANY, €CIIH KOpHEH
BOOOILE HET MM KOPEHb HE €IMHCTBEHHBIN MJIM HE BBIIOIHSAIOTCS YCIOBHS CXOIMMOCTH AJIsl METOJIOB KacaTelIbHBIX
U UTepaluii Hy’KHO HaleyaTraThb COOTBETCTBYIOILYIO AMAarHocTuky. He 3a0bIBaTh Takke BbIIABaTh OLIMOKH, €CIIH
HavyaJIbHBIH MHTEPBAJ BEIXOAUT 32 00JaCTh JOIYCTUMBIX 3HAYCHUH (QYHKIIMN YPaBHEHHS.

J1i1st MeTOZIOB KacaTeIbHBIX U UTEPaLril MPOU3BOIHBIC 3aJaHHOHN (PYHKIIMN HAWTH aHATTUTHYECKH.

Jist mpeaBapUTENbHON OLIEHKU KOJIMYECTBA U PACIIONOKEHUSI KOPHEH ypaBHEHHSI PEKOMEHYETCs IIOCTPOUTD
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rpaduk (YHKIMH YPaBHEHUS: ISl TOTO MOXKHO BOCHOJIB30BAThCS JIFOO0H MPOTpaMMO IEKTPOHHBIX TAOIUIL, TS
KOTOPOH MOYKHO OTETHLHO M3 CBOCH MPOTrpaMMEBI paciiedaTaTh 3HaUCHUS HY)KHON (DYHKIIMH B TOCTATOYHO IMTAPOKOM
OKPECTHOCTH HYJIsI, BRIYHUCICHHBIE C PABHOMEPHBIM Iarom 1mo ocu OX.

1. Bapuanr
Perits METOZIOM THXOTOMHUHM ypaBHEeHHE: 1n (x) - 1/x = 0
@OyHKUHA HaTypaimsHOTrO Jorapudma B Cu: log (x) .

2. Bapuant
Pewnte MeTOIOM XOpA ypaBHEHUE: exp (x) + x = 0
Pemmmts MeTOIOM KacaTeIbHBIX YpaBHEHHE:1/x - 2*x = 0
HpI/I AHAJIM3C BBCACHHLIX TAaHHBIX YYECTh PAa3PbIBHOCTDH (byHKHI/II/I — €CIIM HavyaIbHbIMN HUHTCPBAJI BKIIIOYACT
Pa3psIB, TO MOXKHO Cpa3y BBIIABATh OIIHOKY.

Pemmte MeTOOM TMXOTOMMM ypaBHEeHHE: 1ln(x) + 1 = 0
OyHKIMs HAaTYypaibHOTO Jorapudma B 6nbnmnoreke si3pika Cu: log (x) .

3. Bapuant
Pemute MeTogom X0pa ypaBHEHHUE: arctg (x) — 1/2 = 0
@OyHKIHA apKTaHTeHca B OnbnmoTeke sA3pika Cu: atan (x) .
4. Bapuant
Pemnte MeTOOM KacaTeJIbHBIX YpaBHEHHE: exp (x) — 1/2 = 0
5. Bapuant
Pewnte MeToioM uTepauumii ypaBHeHue: 3 - ln(x-1) = x

OOpaTuTh BHIMaHHUE, YTO YCIOBHE CXOJAUMOCTH BBITIONHSACTCS HE JUISI TF0OOTO MHTEpBAIa, BXOISIIETO B
00J1acTh JJOMYCTUMBIX 3HAUYCHHH, HEOOXO0IMMO 3TO OOHAPY>KUBAThH U BBIIaBATh COOTBETCTBYIOIICE
coobmeHue 06 omunoke. KopHeid y ypaBHEHHUs HECKOJIBKO U HE JIIO0OW U3 HUX MOYKHO HANTH
mpenaraeMbIM MeToZoM. Hy»KHO caMOCTOATENBHO OIEHUTh, C KAKOTO HAYaIILHOTO MPUOIIKEHUS MOXKHO
Ha4YMHATH UCKaTh BO3MOXKHBIE KOpHU. DYHKIHS HATYpalibHOTO Jorapugma B Ondmuoreke s3pika Cu:
log(x).

6. Bapuanr
Pemmth MeTo/TOM KacaTedIbHBIX ypaBHEHHE: exp (x) + 1ln(x) = 0
O6paTI/ITL BHUMAHHUC: YCJIOBUC CXOAUMOCTHU HAPYIIACTCA JJIA 3HAYCHUH X, MCHBIINX KOPH:. MoskxHO
YMCHBIIUTD JICBYIO YaCTh YPABHCHU HA KOHCTAHTY 10m OLCHUTD, KAK 3TO BJIMUACT HA JOITYCTUMBIC
Ha4daJIbHBIC 3HAYCHUS.
@OyHKIMS HaTypaibHOTo Jorapudma B 6nbimoreke s3pika Cu: Log (x) .

7. Bapuanr
Pewmnte METOIOM IMXOTOMHUM YpPaBHEHUE: tg (2*x) — 1 - x = 0
OOpatuTh BHUMaHNE Ha MeCTa pa3pbIBOB (PYHKLUH, KOHTPOJIMPOBATh BBEACHHBIN HaualbHbIH HHTEPBAJ.
OyHKUMA TaHreHca B Oubmmoreke s3pika Cu: tan (x).

8. Bapuanr
Peminte MeTOIOM XOpA ypaBHEHUE: 2*exp (-x) — x = 0
9. Bapuanr
Pemmte MeTOIOM KacaTeIbHBIX YpaBHEHHE: exp (-3*x2) - x - 1= 0

O6paTI/ITI> BHUMAHUC: Y q)YHKLII/II/I TpH OIU3KUX KOpHA U YCJIIOBUC CXOJAUMOCTHU BBIIIOJHACTCA B JOBOJIBHO
y3KOﬁ obmactu KaXXIJ0T0 U3 HUX. HY)KHO CaMOCTOATCIbHO OLICHUTH, C KAKOI'0O HA4YaJIbHOI'O HpI/I6J'II/I)KeHI/IH
MOX>XXHO HAaYMHAThb UCKATh Ka)K}_'[I)If/i n3 TpeX KOpHCﬁ.

10. Bapuant
PemnTs MeTOZ10M HTEpali YpaBHEHHUE:
tg(x+0.1)/3 = x
OOpaTuTh BHUMaHue: PYHKIIMS epUOINYECKast U Pa3phIBHAS U HA KaXKIOM IIEPHOJIE €CTh TPH OJIM3KO
JIeXKAIIUX KOPHS, IPU 3TOM OKPECTHOCTh TOJIBKO OJHOI'O U3 HUX YJIOBJICTBOPSET YCIOBUIO CXOJIUMOCTH.
Hy»HO caMOCTOSITENEHO OLIEHHUTD, C KAKOTO HAYAIBHOTO PUOIIKEHHS MOXKHO HAYHHATH UCKATh STOT
KOpeHb. J1Jist 3TOr0 peKOMEHAYeTCsl OTACTBHO MOCTPOUTh Tpaduku GYHKIIMU U €€ IPOU3BOIHOM.
OYHKITNS TaHTeHCa B OnOmoTeke s3bika CH: tan (x).
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11. Bapuant

Pemmuth MeTo/IOM AMXOTOMMM ypaBHEHHE: exp (-3*x) + 1 - x = 0

12. Bapuant
Pemute MeTOoaOM XOpA ypaBHEHHUE: exp (-x2) - x = 0
13. Bapuant
Pemnts MeTOIOM KacaTeIbHBIX YPABHEHHE: exp (-x2) - x2 = 0

O6paTI/ITI> BHUMAaHHC! (pyHKI_II/Iﬂ HUMECT IIBa OIU3KO JIC)KAIMUX KOPHA U YCIIOBUE CXOAMMOCTH BBITIOJIHACTCA
B 10CTAaTO4YHO y3KOI>i obmactu KaXJa010 U3 HUX. Hy)KHO CaMOCTOATCIIBHO OLICHUTDH, C KAKOI'O HAYaJIbHOI'O
HpI/I6J'II/I}KCHI/I$I MO>XXHO HAa4YMHATh UCKATh I(a)K,I[BIﬁ u3 IBYX KOpHeﬁ.

14. Bapuant
Pewmnte MeTOIOM KacaTeIbHBIX YPABHEHHE: 2*exp (-3*x) + 1 - x = 0
O6paTI/ITL BHUMAHHUE: YCIOBHUE CXOOAUMOCTH BBINIOJIHACTCA TOJBKO CJIEBA OT KOPHS, IPOBEPUTH 3TO.

15. Bapuant
Pemnte METOAOM IMXOTOMMM YpaBHEHUE: 3*exp (-3*x) - x = 0

16. Bapuant
Pemnte MeTOIOM XOpA ypaBHEHHUE: exp (-x3) - 1 - x3 = 0

17. Bapuant
Pemnte MeTogom urepanui ypaBHeHue: 0.4*cos (2*x) = x

18. Bapuant
Pemnte MeTOIOM XOpA ypaBHEHHUE: tg (x/2) /10 — 1 - x = 0
@OyHKIMs TaHreHca B Onbanoreke s3pika Cu: tan (x) .

19. Bapuant
Pemmth MeTo/IOM KacaTeIbHBIX ypaBHEHHE: 3*cos (x) — x = 0
O6paTI/ITL BHUMAHUC: YPAaBHCHHUC UMCCT JIBa 0IU3KO0 JIC)KaluX KOPHA U TpeTI/Iﬁ KOPCHb — 9yTh IIoAaJIbIIe.
HpI/I 9TOM YCJIOBHA CXOAUMOCTH IJIsI HECPBLIX ABYX KOpHeﬁ BBIINNOJIHAKOTCA B JOBOJIBHO ySKOﬁ nx 06J'IaCTI/I,
a 11 TPETHETO KOPHA YCIOBHUE CXOAMMOCTH HE BBIINIOJIHACTCA. Hy)KHO CaMOCTOATCIIBHO OLICHUTH
HavyaJbHOE MPUOIIKEHHE I IEPBBIX JBYX KOPHEHN U IPOBEPUTH, UTO TPETUH KOPEHb HAMTH METOAOM
KacCaTCIbHBIX HCJIB34. .

20. Bapuanrt
Pewminte MeTonOM HTEpanMii ypaBHEHHE: exp (-x) = X
OOpaTuTh BHIMaHUE: CIIpaBa OT KOPHS YCIOBHE CXOIUMOCTH BBITTOJHSACTCS BCETa, a BOT ClIeBa OT KOPHS
— TOJIBKO HA HEOOJBIIIOM PACCTOSHUHN OT Hero. CaMOCTOSTENIbHO ONPENENNTh, C KAKOT0 MUHIMAaJIFHOTO
HaYaJIbHOTO MPHUOIIMKEHUS (CIeBa OT KOPHsI) UMEET CMBICI HAYMHATh €T0 MIOUCK?

21. Bapuanr
PemnTe METOAOM IMXOTOMMH YpaBHEHHUE: exp (-3*x) - x = 0

22. BapuaHt
PemnTe MeTOZI0M UTEpalMH YpaBHEHHUE: exp (-x2) + 2 = x
[IpoBepuTh, 4TO yCIOBUE CXOAMMOCTH BBITIONHSAETCS BCIOAY, TOITOMY HAUMHATH MOXKHO C JIFO00TO
HAYaJIbHOTO MPHOITHIKEHUSL.

23. Bapuanr
Pemmts MeToI0OM XOpA ypaBHEHHE: 1/x - x/2 = 0
OOpaTuTh BHIMaHUE HA Pa3phIBHOCTh (DYHKIIMHU, BBIJIABATh OMIUOKY, €CIIH HAYaIbHBIH HHTEPBAII
BKJTIOYACT B ceOsT pa3phIB.

24. BapuaHrt

Pemnte MeTOIOM IMXOTOMUM YpaBHEHUE: (x? — 1)/ (x2 + 1) = 0
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25. Bapuaunr

Pemute MeTOIOM XOpA ypaBHEHUE: (exp (-2x) - 2)/(exp(-x) + 1) = 0
26. Bapuaunr
Pemnts MeTOIOM KacaTeIbHBIX YpaBHEHHE: 3-1n (x2 + 1) - 1= 0

OO6paTuTh BHUMaHUE: YpaBHEHHE UMEET Ba OJIM3KO JISKAIINX KOPHS M yCIOBUE CXOAUMOCTH
BBITIOJIHSIETCS B IOBOJIBHO Y3KMX MHTEPBajax BOKPYT KaxI0ro u3 HUX. CaMOCTOSATENFHO ONPEACTIUTh, C
KaKOT0 Ha4aJIbHOTO MPUOJIMKEHUS HY)KHO HAYMHATH UCKATh K&Kl N3 KOPHEH.

Oynkuust HaTypanpHoro jorapugma B Cu: log (x) .

27. Bapuanrt

Pemnts MeTOIOM KacaTeJbHBIX YPABHEHHUE: cos (x) + cos(x?) - 1.55 = x

OO6paTuTh BHUMaHKE: YpaBHEHHE IMEET HECKOJIBKO OJIM3KO JIekKaIuX KOpHel, OHAKO, YCIOBUE
CXOJMMOCTH METO/Ia BHITIOJIHAETCS B IOBOJIHO Y3KOH OKPECTHOCTH HECKOJIBKHX, HO HE BCEX KOPHEHl.
Hy»xHo camocTosATeNbHO TT0100paTh HaYa bHbIC TPUOIKESHUS ISl HAXOXKJICHNS KaXI0TO U3 KOPHEH, B
OKPECTHOCTSIX KOTOPBIX BBITIOJHSIOTCS YCIOBHUS CXOJJUMOCTH TaHHOTO METO/Ia.

Oynknust HaTypanbHoro jorapupma B Cu: log (x) .

28. Bapuaunr

Permnte METOOTOM IHXOTOMUU ypaBHeHHE: 3-1n(x? + 1) - 1In(x3 + 1) - 1= 0
YpaBHEHUE UMEET 1Ba KOPHS, CAMOCTOSATEIBHO noz{o6paTL HavyaJIbHbIE HHTEPBAJILI A1 HAXO0XKICHUS
KaXXJI0T'0 U3 HUX.

29. Bapuaunr

Pemnte MeTOIOM IMXOTOMUM yYpaBHEHHE: 3eXp (-3x) -x = 0
30. Bapuanrt

Pemnte METOIOM XOpA ypaBHEHHUE: exp (-2x) — x = 0
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Mnasa 3. MaccuBbl.

Memoowt copmupoeku u noucka

CopTtupoBka — 3T0 NpeoOpa30BaHUE MAcCUBa HEYHNOPSIOYEHHBIX JIEMEHTOB B MACCHUB YIOPAAOYEHHBIX II0
KaKOMYy-JIN0O KPHUTEpUIO 3JIEMEHTOB. B mpocTeiieM ciydae 3JeMEHTaMH MaccHBa MOTYT BBICTYIIAaTh 4HCia, a
COpPTHPOBKA MPOU3BOIUTCS JUIsl pACIIOTIOXKEHHSI YUCEN TI0 BO3PACTaHUIO.

[MogpoOHO OCHOBHBIE METOIBI COPTHPOBKM W TIOMCKA H3NIaraloTcss Ha Jekiusax (cM. B.A. AHTOHIOK,
A.I1. VIBanos. «IIporpammupoBanue u nunpopmaruka. KpaTkuit KoHCTIEKT JeKIHii.» — MockBa, puznueckuit ¢-
T MI'Y, 2015, (https://cmp.phys.msu.ru/sites/default/files/Informatics-2015.pdf, rmassr 4-5).

«Ily3pIpbKOBas» COPTHPOBKA

OpHa 13 npocTeHMX A NOHUMaHUS COPTHPOBOK. [lomyunna cBoe Ha3BaHME M3-3a TOTO, YTO Ha KaxIOM
UTepaluy HanOOJIBIINK 3JIEMEHT OKa3bIBa€TCsI HAa CBOCH MO3UIMH B MACCUBE, «BCILIBIBAsHY, KaK ITy3bIPEK.

2. llocnepoBaTenbHO Uil KaKAOH ouepeaHoi mapsl anemeHToB Maccusa (0; 1), (1; 2), (2; 3), ..., (N-2; N-1)
MPOM3BOJUTCS cpaBHEHUe. Eciy B mape 31eMeHThl PaclojiokKeHbl He M0 BO3PACTaHUIO, TO MPOM3BOAMUTCS 0OMEH
3HA4YEHUI 3J1eMEHTOB napsl. B mporecce BeIogHEHUS IepBOro mara OyIeT «3alenyieH» MaKCUMaJIbHBIN 3JIEMEHT
MaccHBa, KOTOPBIH Jjanee MPOCTO «BCIUIBIBET) 10 MOCIECIHEH NO3UIUY MacCUBa.

3. TlosTomy nmajnee MOBTOpPsIETCS MEPBBIH 1IAT, HO IPU ATOM KaXKJIbIM pa3 yMEHBIIAeTCsl KOJTUYECTBO
paccMaTpuBaeMBbIX Map 3JEMEHTOB Ha 1, Tak Kak KpalHUIA MPaBbIil 3JIEMEHT YK€ OKA3aJICs Ha CBOCH MO3ULIUH U
ero He Hajo OoJiee HU ¢ KeM cpaBHHUBaTh. COOTBETCTBEHHO, BTOPOM IOBTOP IIEPBOIO IIAra A0JDKEH OyAeT JOUTH
1o N-2 aneMeHTa MaccuBa, Tpetuid — 10 N-3 u Tak gainee.

4. AnropuTM 3aBepluaeTcs, KOrja OH BBIITOJHUT €MHCTBEHHOE CpaBHEHUE JJIs TIEPBOM Maphbl 3JIEMEHTOB MacCHBa,
TO €CTb, AJTMHA HEOTCOPTUPOBAHHOM YaCTH MacCHUBa COKPATHTCS 0 HYJIS.

Hemuoro OwicTpee OynmeT paboTaTh MOIU(HUIMPOBAHHAS BEPCHSI STOTO aNrOpuUTMa, KOT/a HaIpaBIICHUS
«TPOTOHA» My3bIpbKa MEHSAIOTCA TOCNe KaXJAO0H HTepaliy: Ha NMEepBOH HTEpalldd «BCIUIBIBAET» MaKCHUMAaJIbHBIN
3JIEMEHT MacCUBa, HA BTOPOH — «TOHET» MUHUMAJIBHBII 3JIEMEHT, H TPEThEH — OISTh BCILJIBIBAET MAaKCUMAJIbHBINA U3
OCTaBIIUXCA U Tak gajiee. TakuM o0pa3oM HEOTCOPTHPOBAHHAS YacTh OyAET yMEHbIIATHCS ¢ 000MX KOHLOB. Takas
MOJTU(UKALNS HA3BIBACTCS MEHKEPHOH COPTHPOBKOH.

CopTupoBKa BbIOOPOM

Ha xaxxnoit urepanuy BeIOMpaeTcsi HANMEHBLINN 3JIEMEHT MacCHBA.

1. TIpom3BoAWTCS MOUCK HAMMEHBIIETO AJIEMEHTa MacchBa. Kak TOJNILKO STOT 3JIEMEHT HalJIeH, IPOU3BOAUTCS 0OMEH
9TOTO 3HAYCHUS C MIEPBBIM HEOTCOPTUPOBAHHBIM 3JIEMEHTOM. TeM caMbIM, MAaCCHUB OKa3bIBACTCS pa30OHT Ha JIBE
YacTH: OTCOPTUPOBAHHYIO (TI0Ka U3 OJIHOTO0 MUHUMAJIBHOT'O 3JIEMEHTa) U HEOTCOPTUPOBAHHYIO (BCE OCTAJIbHBIE
3JIEMEHTHI, HAYMHASI CO BTOPOTO).

2. TloBTOpsieTcs mepBbIi MAr Ui OCTABIIUXCA IEMEHTOB HEOTCOPTUPOBAHHON YacTH: HAYMHAS C dJIEMEHTa 2, Ha
CJICAYIOIIEH UTEPAllK — C 3JIeMEHTa 3 U Tak Jajee.

3. AnropuTM 3aBeplIaeTcs, Kak TOJIbKO B HEOTCOPTHUPOBAHHOM YaCTH OCTAHETCS TOJIBKO OAMH 3JIEMEHT.

CopTupoBKa BCTABKOM

MaccuB aenuTcs Ha JIB€ YacTH: YK€ OTCOPTHPOBAHHYIO (BHauaje B HEM TOJNBKO OAWH TEPBBINA 3JIEMEHT
MAaccHBa) U ellle HEe OTCOPTUPOBAHHYIO (BCE OCTAJIbHBIC 3JIEMEHTHI MAaCCHBA).

Ha kax0il urepauuu OoyepeHON 3JIEMEHT HEOTCOPTHPOBAHHOM YaCTHM MacCHBa BCTAaBJISETCS Ha HYXHYIO
MTO3UIMIO B OTCOPTHPOBAHHOM YacCTH.

1. B3aTb odepenHOi NepBbIil 3IEMEHT U3 HEOTCOPTUPOBAHHOM YaCTH MacCUBAa M HAWTH MECTO I €r0 BCTABKU B
OTCOPTHPOBAHHOI YacTH (IOCIEN0BATENBHBIM [IEPeOOPOM MIIM METOJIOM JAEJICHUS] OTCOPTUPOBAHHON YacTH
TIOTI0JIaM): HYXKHO HaiTH MIEPBHIi 3JIEMEHT OTCOPTUPOBAHHON YaCTH, KOTOPBINA OyZeT MEHbIIIe BEHIOPAHHOTO, TOTAa
MO3HULIMEH I BCTAaBKH OyAET MO3UIMSA CIIEAYIOIIETO 38 HUM SJIEMEHTA.

2. HauwuHag ¢ HaliIeHHON NO3HMIIMU BECH XBOCT OTCOPTUPOBAHHON YaCTH MAacCHBa CABUHYTH Ha OJIHY MO3UINIO
BITPABO (M TEM CaMbIM 3aT€PETh BBHIOPAHHBIN B 1.1 21eMeHT).

3. CoxpaHuTh BHIOpaHHBIN 3JIEMEHT B HAMICHHYIO IMTO3UIIHIO (3aTepPeTh TO, UYTO TaM ObUIO paHee). TeM cambIMm,
OTCOPTUPOBAHHAs YacTh YBEJIMYMIIACH HA OJIMH 3JIEMEHT, 8 HEOTCOPTHUPOBAHHAS — YMEHBIIWIACH HA OAUH
3JIEMEHT.

4. TloBroputh maru 1-3 mjs OCTaBIIUXCS DJIEMEHTOB BXOTHOTO MacCHBa.

5. AnropuTwm 3aBepuiaercs, KOTAa B HEOTCOPTUPOBAHHON YaCTH MAacCHBa HE OCTAHETCS] HU OJTHOTO 3JIEMEHTA.

Merton yckopennoii copruposku llenra
B kauecTBe npuMepa nIporpaMMHOT0 KOJ1a aITOPUTMOB COPTUPOBKH IIPUBEIEM alNroput™ copTupoBkH Lllemnna,

ropaszuo ooutee OBICTPBIIA ITO CPABHEHHIO C M3JI0KEHHBIMH BBIIIE METOIAMU:
#include <stdlib.h>
#define N 100
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int A[N];

int 1,3
for (1 = 0; 1 < N; ++1)
A[i] = rand(); // HomTOoTOBMM IaHHBE: SBalOJIHMM MACCHUB CJYyUYaMHBEMM UMCJIaMM
// Coptupoeka llesuia
int gap;

// BymeM COPTUPOBATH [IOIMACCUBEL C 3JIEMEHTAaMM Ha PAaCCTOSdHUM gap Ipyr OT Opyra
for (gap = N/2; gap > 0; gap /= 2) // gap crpemmrcsa k 1
{

for (1 = gap; 1 < N; ++i)// llepeBepéM BCe TakKMe I[IOOMACCUBEH
{
// BHYTPEHHMI LMKJI — 5TO OIHa MTepalLus COPTUPOBKM BCTABKAMM ONHOTO [IOIMAaCCHBA
for (J =1 - gap; j >= 0 && A[J] > A[j + gapl; J -= gap)

{
int temp = A[j];
Alj] = A[J + gapl;
A[] + gap] = temp;

I'pyObiii anropuT™M MOUCKA CTPOKHU B TEKCTE
ANTOpUTM NpOBEpsSET HA COBHAACHHE C MCKOMOW CTPOKOH ()parMEHTBl TEKCTa CO BCEMH BO3MOXKHBIMU

CMCIICHUAMM.

1.

2.

CpaBHUTH THEPBbIII CUMBOJ MCKOMOW CTPOKHM C CHMBOJIOM B TEKCTE C TEKYIIUM CMEIICHHEM OTHOCHUTEIHHO
Hayaja TeKCTa.
Ecnu cumBOIBI COBMAAarOT, TO NMPOBEPUTH CIEAYIOLIME IO MOPSAKY CHUMBOJBL. Eciu coBmageHus HeT —
YBEJIMYUTH CMEIIEHNE CTPOKH B TeKcTe Ha 1 u mepelT Ha miar 1.
Ecnu Bce cHUMBOJIBI MCKOMOW CTPOKHM COBIIAJAlOT C COOTBETCTBYIOIIMMM CHMBOJIAMU B TEKCTE, TO IMOMCK
3aBEpILUCH yCIEIHO, MHAYE — CIIBUTU CTPOKH 10 TEKCTY HY>KHO MPOJOJIKATh A0 TEX MOP, IOKA «XBOCT» CTPOKH
HE BBIIET 3a Mpeaessl TEKCTa, B 3TOM CJIydae 3aBepIICHHUE IOMCKa 0e3yCIenIHO.

Aaroputm Paduna-Kapna nJis1 moucka cTpOKH B TeKCTe
Hcnonb3yeT KOHTPOJIBHYIO CyMMY IpPU MOHMCKE CTPOKU B TEKCTE Ul TOTO, YTOOBI COKPAaTHTh KOJIUYECTBO

CpaBHCHI/Iﬁ QJICMCHTOB CTPOKH U TEKCTA.

1.
2.

BrIuucnuTh KOHTPOJIBHYIO CYMMY BCEX CUMBOJIOB HCKOMOM CTPOKH.
BrIuucnuTh KOHTPOJIBHYIO CYMMY CUMBOJIOB ITOJACTPOKH TEKCTA HAUYMHAS C 3alaHHOTO CMELIEHUS U C JJIMHOM,
pPaBHOM AJINHE UCKOMOM CTPOKHU.
Ecnu BeIUMCIIEHHBIE CYMMBI COBIAIAIOT, TO MEPENTH K TOCHMBOJIBHOMY CPaBHEHHUIO CTPOKH M y4acTKa TEKCTa.
Ecau cymMMBl He COBIIAIM WIX IIOCUMBOJIBHOE CPABHEHUE HEYCIEIIHO — IEPEUTH K CIIEyIOLIEMY [Iary, HHa4Ye
— TIOUCK 3aBEpIIEH YCIEIIHO.
N3 KOHTpONBHON CyMMBI HOJCTPOKHM TEKCTa BBIYECTh 3HAYEHHE IIEPBOIO CHMBOJA TEKCTa, YBEIMYUTH
CMEIIeHNE IMOJICTPOKH B CTPOKE Ha 1, JJI 3TOro K KOHTPOJBHOW CyMMeE TOACTPOKM TEKCTa NpUOaBUTH
MOCIIEAHUN CUMBOJI IIOACTPOKH TEKCTA IIOCIIE €€ CMEIICHHU.
Ilepeditn k mary 3 u mpomoyKaTh OO0 TeX IMOp, MOKA MOCIEAHWN CHUMBOJ TEKyIIeH MOJACTPOKM TEKCTa HE
COBIIAJIET C MOCJICTHIM CHMBOJIOM BCETO TeKCTa. B 3TOM citydae nmouck Ge3ycrerieH.

Aaroputm Boyepa-Mypa (ynpoueHHbIi) A1 IOUCKA CTPOKH B TEKCTE
Jnst KaKAoro cuMBOia «andaBuTa» TEKCTA W HMCKOMOM CTPOKH BBIYHCIMM BO3MOXKHOE MAaKCHMAJIBHO

BO3MOKHOC CMCIICHUC CTPOKHU IO TCKCTY U COXpAaHUM HUX B Ta6J'II/II_IyZ

JIJis CHMBOJIOB TEKCTa, HE BXO/ISIIMX B HCKOMYIO CTPOKY 3TO CMEIICHHE OY/IeT ONPEAeIIAThCS 3HAaUeHUEM -1 ;
JlJis CHMBOITOB TEKCTa, BXOSAIIUX B HCKOMYIO CTPOKY 3TO CMEIeHUE OyIeT ONpenesaThCcs PACCTOSHUEM OT
MIPaBOTO KOHIIA HICKOMOW CTPOKH JIO TIEPBOTO TAHHOTO CUMBOJIA B CTPOKE CTIpaBa.

OCHOBHOM anropuTM MOUCKA:

CraBUM HCKOMYIO CTPOKY B OYEpEIHYI0 (HA4MHAs C MIEPBOM) MO3UIMIO TEKCTa U HAYMHAEM CPaBHUBATH €€ C
TEKCTOM, HAUWHAs C TIOCJICTHETO CUMBOJIa CTPOKH 1 ITOCIIEIOBATEHHO ITepedrpasi CAMBOJIBI, IBUTASCH K HAYATY
CTPOKH M TEKCTA.

Korpma Oyner oOHapyXeHO HECOBNAJCHUE OYEPEIHOTO CHMBOJA CTPOKHA M TEKCTa — BO3bMEM KOJ| CHMBOJIA
TEKCTa M UCIOJb3yeM €ro B Ka4eCTBE MHJCKCa TaOJHUIIbl CABUTOB. JlocTaHeM 13 TaOJMIIbI BO3MOKHBIM CIBUT
T10 PTOMY MHJEKCY U TPHUOABUM €T0 K TEKYIIEeH MO3HUIIH CTPpOKH. ECin ke HecoBmaieHnss 00HapyKEHO He OyaeT
(MBI mOliieM 70 Hadada CTPOKU) — 3HAYHT, TIOUCK 3aBEPIIUIICS YCICITHO.

[oBTOpHM Mmaru 1-2 10 TEX Mop, MOKa CTPOKa HE OKAXKETCS CIIBUHYTOH /10 KOHIIA TeKCTa (TTOUCK OE3yCIIeIICcH).
ITpumep nporpaMMHOro Koja:
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#include <stdio.h>
#include <stdlib.h>
#include <string.h>
// byHrUMS Haxondmas OoJibliee M3 OBYX UMCEe]
unsigned int Max (unsigned int i, unsigned int 3j)
{

if(i > 3J)

return i;

return j;
}
int main ()

{

unsigned int position = 0; // Vickomas HO3uIMUS CTPOKM B TEKCTE
char T[] = "text with this string: abrakadabra (for example)";
unsigned int N = strlen(T); // IjnuHa TekcTa

char S[] = "abrakadabra";

unsigned int M = strlen(S); // IlnuHa MCKOMOV CTPOKMU

// TocTpouM TaduMLy CIOBUTOB:
int SDVIGI[256];
for (unsigned i1 = 0; 1 < 256; ++1i)
SDVIGI[i] -1;
// Ina CUMBOJIOB, HE BXOIANMX B CTPOKY, CIOBUI MaKCUMAaJIbHO BO3MOXHEIA
for (unsigned i = 0; 1 < M; ++1)
SDVIGI[ S[i] ] = i;
// I CHMMBOJIOB, BXOIAIMX B CTPOKY, CIOBUT MUHUMAJBLHO
// BOBMOXHBIM (MIPY [OBTOPaAxX CUMBOJIOB OH OyIeT yMeHbIIEH)

// AjropuTM Homucka Boyepa-Mypa:
while (position <= (N - M))
{

int j =M - 1;

while(j >= 0 && S[j] == T[position + 1)
j=—=; // Tloka CHMMBOJIEI COBIANAnT NPOABUTAEMCHS K Hadajly MCKOMOMW CTPOKM
if (3 < 0)

break; // Mo Hauy CTPOKY B TEeKCTE B IAHHOM MNO3ULUMM, IPEPEIBAEM LIMKJI
else
position += Max(l, j - SDVIGI[T[position + j11);
}
if (position <= (N - M))
printf ("String %s found at %u offset.\n", S, position+1l);
// MacCuB MHOEKCUPYETCS C HyJid, [NO3TOMy NPMOABIISEM eNVHULY,
// 4YTOOH BHIATL PACCTOSHME OT Hauajla TeKCTa
else
printf ("String %s not found.\n", S);
return 0;

Tunosoe 3a7anue Ha COPTHPOBKY: HAaIMCATh U IPOTECTUPOBATH POrpaMMy COPTHPOBKH MaccuBa. Maccus
3aIOJTHSETCS CIyYalHBIMU YMCIaMH NPH MOMOIIN (YHKUMH rand (), IIOCIE YEro ero HyXHO BBIBECTH Ha KpaH.
3aTeM MacCUB COPTHPYETCS C IIOJCYETOM KOJHMYECTBA OINEpalMid CPaBHEHUS M IIEPECTAHOBOK JIIEMEHTOB
(oTHenmpHBIMH TIEpEMEHHBIMH-CUETYNKAMU) ¥ CHOBAa BBIBOJWTCS Ha DKpaH: OTCOPTHPOBAHHBIA MAacCHB, €ro
Pa3MEepHOCTb, YMCIIO CPABHEHUH, YUCIIO MIEPECTAHOBOK

TunoBoe 3agaHMe Ha NMOMCK NMOACTPOKH: «TEKCT» 3alaeTCsl CIy4YalHBIM LEJIOYHCIEHHBIM MacCHBOM.
BBIBOIMM TONYyYWBIIMICS MacCchB, YTOOBI €r0 YBUJEIN IMOJB30BaTENb. Y IOJIL30BATENS 3alpalluBacTCs HCKOMAs
HOJICTPOKA, 3aT€M 3aIPOLICHHOE MIIETCS C [I0JICUETOM KOJIMYECTBA OIepaliuii CpaBHEHUs 3JIEMEHTOB U IeYaTaeTcs
MO3MLMS, B KOTOPOH MOJCTPOKA HAILIACh, @ TAK)KE KOJIMYECTBO ONEpalrii CPaBHEHUS 3JIEMEHTOB, KOTOPbIE ObUIN
BBITIOJTHEHBI.
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BapuaHThl 3a1a4 1)1 pelieHust

1. BapuaHT Peanu3osarh npulnmkeHUE IMHEHHON (YHKIMH METO/IOM HAMMEHBIIAX KBAPATOB.
3Ha4yeHus XpaHATCS B BELIECTBEHHBIX MAaCCUBAX X U Y, pa3Mep MacCUBOB 3ajaércs ¢ noMmoinsto #define.
ITonb3oBaTens BBOAUT 3HAYEHUS U3 KOHCOJIU. BBIBECTH mapaMeTpbl NPsIMOM, SBISIOLIEHCS HAWTYYLIIUM
NpUOTMKEHUEM K 33JaHHBIM TOYKaM Ha INIOCKOCTH.

2. Bapuant
CopTHpoBKa MaccHBa JICHCTBUTENLHBIX YHCENT METOJIOM BCTABKH B TIOPSIIKE BO3PACTaHHMS.
MaccuB 3anoiHsIeTCs CIIyYaiiHbIMA 3HaYeHMSIME ¢ TToMotnbio GyHkiun rand(). Pazmep maccuBa

3amaércest ¢ momolnkko #define. Heo0X0o1MMo BBIBECTH KOJIMYECTBO NMEPECTAHOBOK U CPABHEHHMIA, a TAKIKE

BXOJIHOH ¥ BBIXOJHOI MaCCHBBEI.

3. Bapuant
COpTI/IpOBKa MacCHBa HeﬁCTBHTCHLHBIX 4YnCcelI METOAOM BCTABKH B IIOPAJIKE Y6BIB3.HI/IH.

MaccuB 3anoHsIeTCs CIIyYaliHBIME 3HAYCHUSIME ¢ TIOMOIIbI0 (yHKIUY rand(). Pasmep maccuBa 3amagrces

¢ momoiplo #define. Heo6X0anMo BBIBECTH KOIMYECTBO EPECTAHOBOK M CPAaBHEHUH, a TAK)KE BXOTHON
Y BBIXOJHOW MACCHBBI.

4. Bapuant
CopTupoBKa MaccuBa JeHCTBUTEIBHBIX YHCET METOAOM BbIOOpA B TOPSIKE BO3pACTAHUS.
MaccuB 3an0HIETCS CIy4YaiHbBIMU 3HAUCHUSIMHE C OMOIIbio GyHKIu rand () . Pasmep maccuBa 3amgaérces ¢
nomotbto #define. HeoO0XonuMMoO BBIBECTH KOJMYECTBO MIEPECTAHOBOK M CPABHEHHI, a TAK)KE BXOIHOW U
BBIXOJIHOH MACCUBBIL.

5. Bapuant
CopTrpoBKa MaccuBa JCHCTBUTEIBHBIX YHCET METO0M ILelikepa B MOPsIKe YObIBAHUS.
MaccuB 3anoiHseTcs Ciy9aifHbIMK 3HaYCHUSIMA ¢ ToMolnbio ¢yHKimn rand () . Pasmep maccuBa 3amaéres ¢
nomotbto #define. HeoOXonuMMO BBIBECTH KOJMYECTBO MIEPECTAHOBOK M CPABHEHUI, a TAKKEe BXOJAHOU U
BBIXOJTHOH MACCUBBIL.

6. Bapnanr
CopTupoBKa MaccHBa JEHCTBUTEIHHBIX YHCET METOAOM BHIOOPA B TIOPSIIKE YOBIBAHIIS.
MaccuB 3amoHsIeTCs CITyJaifHBIME 3HAYSHUSIME ¢ TToMoIbIo pyHKIUN rand () . Pasmep maccuBa 3agaéres ¢
nomotnsio #define. HeoOXommMo BEIBECTH KOJMYECTBO IIEPECTAHOBOK M CPAaBHEHMIA, a TAaKXKe BXOIHOM 1
BBIXOJHOM MaCCHUBBI.

7. Bapuant
CopTHupoBKa MaccHBa JIEHCTBUTENBHBIX YHCE MeTO0M MY3bIPbKAa B TIOPSIKE BO3pacTaHUsI.
MaccuB 3anoJIHsAETCs CIy9alHBIMY 3HaUEHUSIMU C moMoIbio pyHkuuu rand () . Pasmep maccuBa 3amaércs ¢
nomotnsio #define. HeoOXommMo BEIBECTH KOJMIECTBO MIEPECTAHOBOK U CPABHEHHIA, a TAK)Ke BXOJTHOH 1
BBIXOJIHOM MacCHUBBI.

8. Bapuanr
CopTupoBKa MacCHBa JEHCTBUTENBHBIX YHCET METOAOM MYy3bIPbKa B MOPsIIKEe yOBIBaHUS.
MaccuB 3anoJIHseTCs CIy9aiHBIMH 3HaUE€HUSIMU C ToMoIbio pyHkuuu rand () . Pasmep maccuBa 3amgaéres ¢
nomotsio #define. Heo6x01uMo BEIBECTH KOIUYIECTBO NIEPECTAHOBOK U CPABHEHMH, a TaK)Ke BXOAHOH 1
BBIXOJIHON MACCUBBIL.

9. Bapunant
BrimonsuTe TPAHCTIOHMPOBAHUEC MATPHUILIBI.
PaSMepLI MaTpulbl 3a1aF0TCA C TOMOLIBIO #define. ManI/Iua 3aIl0JIHACTCA CJ'Iy‘IafIHBIMPI 3HAYCHUAMMU C
noMomsio pyHKINH rand () . BeiBecTr HCXOIHYIO M TPAaHCTIOHMPOBAHHYIO MaTPHUIIBI, HX PA3MEPHOCTH.

10. Bapunant
I'pyOBlif aNrOpUTM MOMCKA MEPBOTO BXOKIEHUS MOIMACCHBA B MaCCHBE.
MaccuB 3amoTHsICTCs CITyYaifHBIME 3HAYCHUSAMHE ¢ TIoMoIbio pyHKIuN rand () . PasmMep maccuBa u moaMaccuba
3amaercs ¢ momombio #define. Heo0XoauMMoO BBIBECTH KOJIMUECTBO CPABHEHUH, MMO3UIINIO HAYalla BXOKICHUS
[10JIMacCHBa, CaMHd MacCHUB H IOJIMACCHB.
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11. Bapuant
I'pyOblii aTOPUTM MOUCKA NMOCJIeAHEr0 BXOKIEHHs MOJIMACCUBa B MacCHBE.
MaccuB 3amoHseTCs CITyJaifHBIMH 3HAYSHUAMH ¢ ToMonIsio ¢pyHKImH rand () . Pazmep maccuBa u mogMaccuBa
3agaercs ¢ moMoInsio #define. Heo0Xoaumo BEIBECTH KOJTHYESCTBO CPABHCHUH, ITO3UIIAIO HAYAIA BXOXKICHHS
[I0IMAacCUBa, CAMU MAaCCUB U IIOJIMACCHB.




12.

Bapuant

TTounck Bcex BXOXKIIEHUH TIOJMacCHBa B MaccuBe MeTooM Pabura-Kapma.

MaccuB 3amoHsAeTCs CITyJaifHBIMH 3HAUCHUSAMHE ¢ TIoMomIbio yHKIuN rand () . PazmMep maccuBa u mogMaccuBa
3amaercs ¢ momommeio #define. HeoOxoanMo BEIBECTH KOJIMYECTBO CPAaBHEHHH, TOZUIUIO HadaIa BXOXKICHHIH
I0JIMacCHBa, CAaMH MacCUB U IIOAMACCHB.

13.

Bapuant

I'pyOblii aIrOpUTM TOKCKa MEPBOT0 BXO0KIEHHUS MIOIMACCHBA B MacCHBE C OJTHOI OmHMOKOM (TO €cTh O/IMH
JJICMCHT Haﬁ[[eHHOFO BXOXACHUA UMECT MPABO OTIINYATHECA OT HCKOMOTI'O Macana).

MaccuB 3anoaHsIeTCs CHy‘laﬁHHMH 3HAYCHUAMMU C IIOMOIIBIO (l)yHKHI/II/I rand () . Pa3Mep MacCHBa U moJMacCHBa
3amaercs ¢ momommeio #define. HeoOxoanMo BEIBECTH KOJIMYECTBO CPAaBHEHHUH, ITO3UINIO HAYaIa BXOXKICHHS
noamMmaccuBa, CaM MacCuB U HCKOMBIH IoJMacCCHB.

14.

Bapuant

['pyOBblii aITOpUTM TTOKMCKA MEPBOT0 BX0KIEHHS MOIMACCHBA B MACCHBE C 33J1aHHBIM MOJIb30BATENIEM YHCIIOM
OIMOOK (TO €CTh YKa3aHHOE KOJIMIECTBO 3JIEMEHTOB HAHJEHHOTO BXOXK/ICHNS UMEET IIPABO OTIMYATHCS OT
HMCKOMOTO MacCHBA).

MaccuB 3anoHseTcs CIy9aifHbIMK 3HaYCHUSIMA ¢ ToMoInbio ¢pyHKmMu rand () . Pasmep maccuBa u nogMaccuBa
3anaéres ¢ nomoinpio #define. Heo0xoauMo BBIBECTH KOJIMYECTBO CPAaBHEHUH, TO3UIIMIO HaUana BXOXKACHUSI
MOJMACCHBA, CAM MACCUB M UCKOMBIiI TOIMACCHUB.

15.

Bapuant

I'pyOBlif anrOpHUTM TTOMCKA MOCETHEr0 BXOKAEHUS MOAMACCHBA B MACCUBE C OJJHOM OMIMOKOM (TO €CTh OAUH
JJIEMCHT HaI>'I,Z[CHHOFO BXOXACHUA UMCCT IPABO OTIIMYATHCA OT HCKOMOTI'O MaCCI/IBa).

MaccuB 3anoHseTcs CIy4ailHPIMU 3HaY€HUSIMU € TIOMOIIbI0 GpyHKunu rand () . Pazmep mMaccuBa 1 moxgmaccuBa
3amaercs ¢ momombio #define. HeoOxoanMo BEIBECTH KOJIMYESCTBO CPAaBHCHHUH, ITO3UIINIO HAYaIa BXOXKICHHS
noamMmaccuBa, cCaM MacCHB U HCKOMBIM II0JMaCCHB.

16.

Bapuanr

[Touck nepBoro BXoXAeHUs OAMAcCHBa B MaccuBe MeTofoM boyepa-Mypa.

MaccuB 3anoHseTcs CIy4ailHPIMU 3HaY€HUSIMU ¢ TIOMOIIbI0 GpyHKuuu rand () . Pazmep MaccuBa 1 moxgmaccuBa
3amaéres ¢ momombio #define. HeoOxoanMo BEIBECTH KOJIMYECTBO CPAaBHCHHUH, ITO3UIINIO HAYaIa BXOXKICHHS
MOIMACCHBA, CaM MACCUB M HCKOMBIII TOIMaCCHB.

17.

Bapuanr

[Touck Bcex BXOXIeHUM MoMaccuBa B MaccuBe MeTofioM boyepa-Mypa.

MaccuB 3amnoHseTcs Ciy9aiiHbIMU 3HaYeHUsIMU ¢ ToMolnbio ¢yHKImMK rand () . Pasmep maccuBa u nogMaccna
3anaéres ¢ nomoipio #define. Heo0xoauMo BEIBECTH KOJHMUECTBO CPAaBHEHHH, MMO3UIIMH BCEX BXOXKICHHUH
MOJMACCUBA, CAM MACCUB M UCKOMBII TOIMACCHUB.

18.

Bapuant

[ocTpouTh TMHEHHYI0 HHTEPIOJISIHIO WU YKCTPANOJISIIHAIO 110 33JaHHOU Ta0nuIe 3HaUYeHUI (PYHKIUH. [laHbI
JIBa BELIECTBEHHbIX MaccuBa X U Y, 3HaUEHUs B MaccuBe X MOHOTOHHO BO3PAacTalOT. Y MOJb30BaTEIN
3ampainBaeTcs 3HaYeHUE X, JIs1 KOTOPOro HaJ0 HAalTH COOTBETCTBYIOLIMM HHTEPBAJl B MACCUBE X: €CIIH
BBEJICHHOE X 3HAYCHHE MEHBIIIC MUHIMAJIBHOTO 3HAYCHUS B MaccuBe X MM OOJbIIe MaKCHUMAIILHOTO — TO HAJI0
BBITIOJIHUTH HAXOXJIEHUE 3HAYCHHUS Y JUISl 3TOTO X C IOMOILBIO JINHEWHOW SKCTpaIoiIsuu KpaitHeil mapel Touek. B
IIPOTUBHOM CJIy4ae Hy>KHO HAalUTH UHTEPBaJl, B KOTOPBIH [IONIaaeT BBEJEHHOE 3HAYECHHE X, II0CJIE YETO HYKHO
HaUTH 3HAYEHHUE Yy JUI 9TOTO X C [IOMOILBIO JUHEHHON UHTEPIOJIALUY.

BriBecTH HCXOAHBIE MACCHUBBI, BBEACHHOE 3HAUEHUE X U HallICHHOE 3HAYCHUE Y.

19.

Bapuanrt

BriBecTu cTPOKM MAaTPHIbI B IIOPSAKE BO3PACTAHUS CYMMBI UX 3JIEMEHTOB.

JIJ'IH 9TOTO 3aBECTH OT)ICJ'H)HBII\/’I MAacCCHUB CyMM JJIEMCHTOB 110 CTPOKaM, UCKaThb Ka)l()lblﬁ pa3 MHUHHMAaJIbHBIA 3JIEMEHT
13 OCTABILHUXCS U BBIBOAUTH COOTBETCTBYIOIYIO CTPOKY MAaTpulbl. MaTpuua 3anoHsaeTCs Cily4yaiiHbIMU
3HAUCHMSIMHU C TToMonIbio pyHKIMK rand () . Pasmepsr marpuis 3aatores ¢ nomotnsio #define. BeiBectn
HCXOJIHYIO0 MaTpHILy, Jajiee MpeoOpa3oBaHHYIO MaTPHILY, TI€ CTPOKH JOJIKHBI WATH B YKa3aHHOM IMOPSIIKE (TO
€CTh, HEOOXOIMMO TIOMEHATh MECTaMH CTPOKH MCXOJHOIN MaTpPHIIHI).

20.

Bapuanr

BriBecTr ¢TPOKHM MAaTPHIBI B TIOPSIKE YOBIBAHHUS CYMMBI HX JIEMEHTOB.

J71s1 3TOr0 3aBECTH OTAEIBHBIM MaCCUB CYMM 3JIEMEHTOB II0 CTPOKAM, UCKATh KaXIbli pa3 MaKCUMaJIbHbIH
3JIEMEHT U3 OCTaBLIMXCS U BBIBOJAUTH COOTBETCTBYIOIYIO CTPOKY MaTpulbl. MaTpuia 3anoJHsAETCs Clly4aiHbIMU
3HaYeHMUSIMH ¢ ToMoIbI0 pyHKIuU rand () . Pazmepsr MaTpuirsl 3agarores ¢ momorpio #define. Brisectn
HCXOJHYIO MaTpHILy, ajice IpeoOpa3oBaHHYIO MAaTPHUILY, /i€ CTPOKH JOJKHBI HITH B YKa3aHHOM MOpsiAKe (TO
€CTb, HEOOXOAMMO IIOMEHSATh MECTAMH CTPOKH HCXOTHOM MaTPHIIBI).
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21. Bapuaunr
IToacunTaTh cpeaHee 3HAYEHHE H JUCIEPCHIO B KAXKIOM CTOJIOIE MATPHUIIBL.
Marpuiia 3anoiHsIeTcs Cay4ailHbIMUA 3HAYCHUSIMU C TOMOIIbI0 GyHKIMK rand () . PazMepsl MaTpuilp 3a1ar0TCs C
nomo1pio #define.

22. Bapuaunr
PeanuzoBarts ci1oxkenue TPEX ACCATUYHBIX YHUCCJI B cronbuk. Yucaa MpeACTaBJICHBI MAaCCUBAMU ACCATUIHBIX IlI/I(l)p
U 3alIpallinBalOTCA y MOJIB30BATCIIA.
Pa3MepLI MacCCHUBOB, MPCACTABIAIOMINX CJIaracMbIC, 3a1at0TCA C IOMOIIbIO #define. BLIBOZ[I/ITI) cJlaraCMbIC U
pe3yabTar. yLITI/ITe, YTO PE3YJIbTAT MOXKET OBITH JIIMHHEC KaXXJ0T0 U3 ClIaraCMbIX.

23. Bapuaunr
PeanmmzoBath BLIUMTaHHE ABYX MICCTHAAATCPUIHBIX YHCEI B cronouk. Yncia IpeaACTaBJICHBI MaCCUBaMU
MIeCTHAIATEPHUYHBIX TU(P U 3aIPAIIHBAIOTCS Y TTOJIE30BATEIIS.
Pa3smeps! MaccHBOB, PEACTABIAIONINX YHCIA, 331al0TCs ¢ moMoIsio #define. BeBoauTs craraemsie
pe3yJbTarT.

24. Bapuant
[TocTponTs 1 BEIBECTH BEPTHKAJIBHYIO THCTOIPaMMYy (KOJIMYIECTBO SIEMEHTOB Ka)KIOTO 3HAUCHMS) 3HAUCHUN
LEIOYUCIIEHHOTO MaccuBa. Kaxas cTpoka THCTOrpaMMBI COAEPIKUT CTOIBKO CUMBOJIOB « *», CKOJIBKO pa3
BCTPETUJIOCH YHUKAIBHOE 3HAUYEHUE BXOJHOI'O MacCHBa, COOTBETCTBYIOIIEE JAHHON CTPOKE FUCTOrpaMMbl. CTPOKH
THCTOIPaMMBI JOJKHBI BEIBOJUTHCSA OT MEHBIIETO 3HAYEHUS HCXOJHOTO MAacCHBa K OOJbIIEMY.
Pa3Mepsl HCXOAHOTO MacCHBa U KOJIMYECTBO pa3HBIX 3HAYCHUH B TUCTOTpaMMe 3a1ath uepe3 #define.

25. Bapuaunrt
Ioctpouts rpaduk ¢pynkumuu, GuUryprpoBaBiieil B ypaBHEHHH, KOTOPOE PELIAIOCh Ha MPebIAyIel 3a1aue
MPaKTHKyMa, B OKPECTHOCTH HANJICHHOTO KOPHS ypaBHeHHs. [ paduk H0KeH n300paxaThCs B BUEC MATPHIIBI
CHUMBOJIOB, B KOTOPOH 3HaUCHUsI (DYHKIMH TOMEYAIOTCSI CHMBOJIOM «*», & TAK)KE TIOMEUYAIOTCSI OCH KOOPIUHAT,
MPOYHEe CUMBOIIBI JOJDKHBI OBITE ipoOenamu. HeoOxoanmo caenaTs mpeodpa3oBanue Macirada, 9To0bl
OKPECTHOCTb KOPHS H300pakanach MaKCUMalbHO HHPOPMATHBHO.
PasmepHOCTS MaTpuIIE! 3a1aeTcs ¢ momomibio #define (ue 6oee 80 cTonOIOB U 25 CTPOK).

26. Bapuanr
CopTupoBKa MaccuBa JeHCTBUTENBHBIX Yriced MeToaoM Illessia B mopsake yObIBaHUA.
MaccuB 3aIoJHIeTCsl CITyYaifHBIMU 3HAYSHUSAMH ¢ TIoMOIIbio ¢pyHKIM rand () . Pasmep maccuBa 3agaéres ¢
nomotnsio #define. HeoOXommMo BEIBECTH KOJMIECTBO MIEPECTAHOBOK U CPABHEHHMIA, a TAK)Ke BXOJTHOH 1
BBIXOJHON MacCUBHL. Ecim ocTaHeTcst BpeMsi — CpaBHUTH KOJHMYECTBO ITEPECTAHOBOK M CPABHEHUH C METOIOM
COPTHPOBKH BCTaBKaMH.

27. BapuaHt
Hanmcats nporpaMmy, KoTopast 0ObeIMHSET JBa YIOPSIOYESHHBIX 10 BO3PACTaHHIO MacCHBa B OJMH, TAKKE
YHOPSIIOUEHHBI MAaCCHB U MIPOBEPSIET, €CTh JIM B BBIXOJHOM MAacCHBE Iapa COCEIHUX DJIEMEHTOB, CYMMa KOTOPBIX
paBHa 3aJJaHHOMY YUCITY.
Pa3meps! MmaccuBoB 3agatorcs ¢ momomsio #define. HyxHo pacnieuaraTs HCXOHBIE MACCHBBI U pE3YJIbTaT
paboThI MPOTPAMMBEI.

28. Bapuanr
HammcaTs nporpammy, yAaJsIFOILy0 U3 BEIIECTBEHHOTO MAaCcCHBA BCE 3JIEMEHTHI, KOTOPBIE OTKIIOHSIOTCS OT
cpezaHero 3HaueHus Oojee, YeM Ha TP CTAHAAPTHBIX OTKIOHEHUs (TIPaBHIIO TPEX CHTMa).
Pasmep ucxonHoro Maccusa 3agaércs ¢ nomouipto #define. Pe3ynbpraT coxpaHseTcs B 3TOM e MacCUBE, €T0
YMEHbIIICHHAs JUIMHA 3allOMHHaeTcsl B nepeMeHHoi N. Hy>XHo pacniedarats UCXOHBIN MacCUB, CPEIHEE 3HAYECHUE,
CTaHJApTHOE OTKJIOHEHHE U MOJTyYUBIIHICS MPOPEKEHHBIH MAaCCHB.

29. Bapuanr
Hanmcats mporpammy, KoTopasi NPUBOANT 33JaHHYIO KBAaIPAaTHYIO MaTPHUILYy K TPEYTOIbHOMY BHILY IO METOIY
Taycca (moMHOXKEHHE CTPOK Ha MHOXHTENb U CIOKEHHE ABYX COCEIHHUX CTPOK C 3aMEHOH BTOPOH CTPOKH Ha
PE3yNBTAT CIIOKECHHS).
Marpuna 3anosiHseTcs ciy4aiiHbIMK 3HaYSHUSIMHU ¢ ToMombio ¢pyHKmMK rand () . Pasmepsr maTpuis! 3agarorcs ¢
nomompio #define.

30. BapuaHnt

B ncxomHOM CiTy4aifHOM IETTOYHCICHHOM MACCHBE OCTABUTh TOJIBKO YHHUKAJIbHBIC 3HAYCHUS. [ 3 peKTHBHOTO
pEIIeHHS 3TOH 3a/1a4d €ro CIeyeT OTCOPTUPOBATH JTHOOBIM CIIOCOOOM, ITOCTIE Yero MPOCKAaHUPOBATh IS yIAICHUS
PSAZOM CTOSIIIUX MMOBTOPOB U MOICYETa KOJUYECTBA ITHUX OBTOPOB.

Pasmep ncxogHoro Maccusa 3agaéres ¢ nomouibio #define. Pesynbrar coxpaHseTcs B 9TOM K€ MAacCHUBE, €r0
YMEHBIIICHHAs IJIMHA 3arioMHHaeTcs B iepemeHHoi N. Hy)XHo pacrieqaTaTh UCXOJIHBII MacCUB, U PE3yibTaT
pabOoTHI MPOrPaMMBIL: IS KaXI0T0 YHHKAIBHOTO 3HAYCHHSI BEIXOTHOI'O MAacCHBA PAcIieyaTaTh KOJHYECTBO €T0
MIOBTOPOB.




MaBa 4. DyHKUMMN.

Buviuucnenue 3nauenuit vamemamuyeckux QyHKyui

Kak BbI 3HaeTe, 1100yI0 MaTeMaTH4IecKy o (DyHKITUIO MOKHO Pa3iIoKUTh B psx Teitnopa.
Paccmotpum mtst mpuMepa pyHKINIO SKCITOHEHTHI

[o0)
(o] .
xl
X
et = a; = —
Z ! E i
i=0 -
=0

T.e. a/=x'/i! . Yurure, 4To 3HAUECHME @; HE HYKHO BBIYMCIIATH KaXIblil pa3. HeoOX0AMMO BHIPa3UTh 3HAYECHUE
(i+1)-To 4neHa mocIeA0BaTeILHOCTH Yepes i-i:
xitl X % xt X
T TGI D e+ D Yir
Teneps HanwieM QYHKIHIO, BEIYUCIISIONIYIO 3HAUEHUE C 3a]JaHHON TOYHOCTBIO eps:
double f (double x,double eps)

{

double s=0;// TyT KOIMM CyMMYy
double ai=1l.; // TyT xpaHum 1-BM 4YJieH pgna
int i=0; // HauanbHOe 3HaueHue 1i=0
while (fabs (ai) >eps)
// CyMmmmpoBaTh OyImeM [OoKa UJIeH paia an He CTaHeT IJOCTATOUYHO MAaJIeHbKUM
{
s+=ai; // cyuMMmMmpyem ouepemHOM uJIeH pdana
ai*=x/(i+l); // nepecuuteBaem a (i+1l) uepeszs a (i)
i++; // nepexomuMm K CleOyolleMy UJIeHY
}
return s; // nojgyumBmasgcg cyMMa
}
[Iporpamma j1j1st TecTUpOBaHUS ATOM (YHKIIUK OYJIET BBITJIAACTD TaK:
int main ()
{
system("chcp 1251 > NUL");
double xb,xe,step,eps;
printf ("x HauvanbHOe=");
scanf ("$1f", &xb) ;
printf ("x xoHeunoe=");
scanf ("$1f", &xe);
printf ("mar=");
scanf ("$1f", &step) ;
printf ("TounocTe=");
scanf ("S1f", &eps) ;
getchar () ;
for (double x=xb;x<xe+step/2.;x+=step)
printf ("$1f\t31f\t%1f\n",x, f(x,eps), exp(x)):;
getchar () ;
return 0;

T.e. B mporpamme BBOASTCS X HAYAJIBHOE U X KOHEYHOE, 111ar, C KOTOPhIM HYXHO I10JIy4aTh 3HAYE€HUS U TOUHOCTh
BBIYUCIICHHS eps. Y narnee B IUKIIE MeYaTAIOTCS 3HAYCHUSI X, MTOJTyYUBIIEHCS QYHKIIMU B OMOJIMOTEYHON (QYHKIIUH.
OOpatuTe BHUMaHKE Ha yCIOBUE x<xe+step/2. HroaHC B TOM, YTO €CIIM HAUCATh x<=Xe, TO MMOCICTHSIS
CTpOKa MOXET W He HarevyaraTbes. [I[piunHa B TOM, YTO JIBOMYHBIEC YKCTIa C MJIABAIONIEH 3arsITOM al0T NPHOIMKEHHOE
3HaUEHHE TIpU MEpPEBOJIE B ACCATUYHYIO CUCTeMy cuucieHusa. M, Hampumep, Bmecto 1.1 MOXET MOIy4HThCS
1.0999999999999999.
BapuanThl 3a1a4 1/ pelIeHnsl.
Hanmmure ¢yHkunio double f (double x,double eps) BBIUUCISIONIYIO 3HAUEHHE OMOINOTEUHOM

0
(GyHKIUH, 331aHHON pasiiokeHueM B psa Teiinmopa f(x) = Zan (x) . CymmupoBaHue 3aBepiiaire mo
n=0
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JOCTHKCHUIO ycn03m|an ()C)| < eps . I[J'ISI BBIYMCIICHUA A, BOCHOHL3yfIT€CL PCKYPPCHTHBIMU COOTHOLICHUSAMMU.

@OyHKIHA JOKHA TIOBEPSTH 3HAYEHHE X U BBIIABaTh COOOIIEHNE 00 OMMOKe IpH 33/I1aHUHU X BHE JUAIa30Ha,
pa3pemeENHOro IS UCTIONB3yEMOTO psfa.

OyHKIMIO TOMECTHTH B OTIENIBbHBIN (aiin (Hanpumep, /ib.cpp). O0bsaBIeHNEe QYHKIH IOMECTUTH B
3aroJIOBOYHBIN (paiin (Hampumep, [ib.h). [Iporpammy TecTupoBanus 3ToH GYHKIIMA TIOMECTUTH B IPYTOH (aiin

(manpumep, task4.cpp). B Hell Hy)KHO OpraHM30BaTh BBOJ MapaMeTpa eps, UHTEPBaJ U IIar U3MEHEHUs apryMeHTa

X ¥ 1evaTh TaOJMIbI 3HaueHni aprymenta, Gyakiuu f(X) u cooTBeTCTBYIONIEH OUOINOTECUHOM (yHKIHH.

1. Bapuant

£(x)=cos(x Za (x) a, _M

(2n)!
2. Bapuanrt
_1 n+l __—2n-1
() = aretg(x =—+Z%w)a SE
3. Bapuanrt

( "m(m—1)..(m—n+1)(x)"

f(x)= (l x —1+Zan(x) a,

, (n)! Ix<1,m=1/2
4. Bapuaunrt
f(x)=sinc (x) => a,(x) npoN2n
240 e
" @2n+)!
5. Bapuanr

i -amee)bz-e)

6. Bapuanrt
n _.2n+l

f(x)= arctg Za (%), a, —( l)nil Jx|<1
7. Bapnant

£ (x)=sh(x Za (x) 2

A, =———
2n-1)!
8. Bapuanr
x)=In(x)= -1 ,Xx>0.5

1 =m(e)- 3

9. Bapuanrt
n+l _ 2n+l

f(x)= arcctg =—+Za (%), a, —(I;n—;,|x|>1

10. BapnaHT
= x X,
(X)— _ z 0n+1
n=O
11. Bapunant
o —( )2n—1
X)= sm

f@x)= ; Py

12. Bapuant
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E) 2n 1

£ (x) = arccth(x Z

=0 20+l e
13. BapuaHTt
f(x) = ]Il(x) — 25“ (X - 1)2n+1
pry (2n + l)(x i+ 1)2n+1 0
14. Bapuant
o (_ n+1 n
F)=in(re1)=3 CVC
T <l
15. Bapuant
S()=(+x)" =1+ian (x) a,= m(m_l)"'(m'_”“)(x)
= () <1,m=1/3
16. Bapuanrt
f(x)=Mh 1 x = i x)
T >
17. Bapuanrt
+1 0 (x)—2n—l
()= h{x—j >
-1 ,,Z:(; 2n+1 s
18. Bapuant

. © 1*%3*%5% *(Dpu_] 2n+1
f(x):arcsm(x):Hz2*4*6*...*((2’:1)*)((2)2+1)

19.

Bapuant

- 2n+1
£(x)=arccos(x) =2 —x— 1%¥3%5% _*(2n—1)(x)
2 "=12*4*6*-.-*(2n)*(2n+1)

20. Bapuant
1+x 00 x 2n+l1
fG)= m( ] 23 )
I-x pry 2n+l’|x|<1
21. Bapuant
f@)=-x)"=1+2a,(x) a,= m(mﬂ)"-(m:f”—l)(x)
n=l1 , (n) , |x|<1, m:1/4
22. Bapuant
0 1*3*5**(2n_1)(x)2n+1
X arcsh =x+Ya (x)=x+
S(x)= Z ( )= ; 2*4*6*_”*(2,,1)*(2"_'_1)
23. Bapuant
2n+1
£ (x) = arcth(x Za (x) = Z
2n+1 xl<1
24. Bapuant

2n

S(x)= Ch Zan(x) a, ( )
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25. BapuaHTt
© © (_1)n32n(x)2n+1
x)=xcos3x)=> a (x)= ) —F—F——
S =xeos(3x)=3,a,(0=2, )
26. Bapuant
© © (x)Zn
f@=nm(-x)=-Y 0,0 =-3"]
n=0 n=l1
27. Bapuant
J(x)=05h| = I+ x Za (x) an
28. Bapuanr
f(x)=025h i+i —O.S*arctg(x)znz;an(x) . il
T 4n—1
29. BapuaHt
sin(x) < . x
e e A = (=)' ——
Sf(x) . ;an(x) a,=(=1) Qn i)l
30. BapuanTt
n—1
f(x)—M—Zanm Z )
n=l

Buvtuucnenue 0np€0€fl€HHblx unmezpaios

Jy1st BEIMHCIIEHNS OTIPEISTIEHHOTO HHTErpaja If(x)dx MO>KHO MCIIOJIH30BATh OJMH U3 CIETYIOIINX YUCICHHBIX
a
METOJOB, Pa3IUYAIONINXCS 10 CBOEH TOYHOCTH, MOCTHUTaeMOW MpPH OJWHAKOBBIX 3aTPaTax BBEIYHCIUTEIHHBIX
pecypcoB.
MeToabl HUKHUX, BEPXHUX U CPEAHUX MPAMOYT0JIbHUKOB
Bynem paccMaTpuBaTth OINpEIEICHHbIM UHTErPal KaK oAb 0] rpad)uKOM MOABIHTErPAIbHON (QYHKIIHUH.
Pa3o0beM Bech MHTEpBajl HMHTEIPUPOBAaHUS Ha N OTPE3KOB OJMHAKOBOW JUIMHBI, Torja ammpokcuMarven Jis
Ionaay noj rpadukoM (GyHKIIUH MOXKET CIYKUTh CyMMa IUIOIIaeH NPSIMOYTOJIbHUKOB, IUPUHA KOTOPBIX paBHA
JUTMHE OJIHOTO OTpE3Ka pa3OHMeHUsl, a BRICOTa — 3HAYeHUIO QYHKIUK £ (x) B gaHHOM Mecte rpaduka ¢pynknuu. [Ipu
3TOM METOJ] HIYKHUX MPSIMOYTOJIbHUKOB OyIeT MPUOJIMKaTh 3HAYCHUE UHTETPajia CHU3Y:
= YAF;, AF; = h - min(f(x;), f(xi+h)), rge h = Xi;; - Xi
MeTo/1 BepXHHUX HPSIMOYTOJIBHUKOB OYJIET NMPUOJIMKATh 3HAUCHUE HHTErPaia CBEPXY:
= YAFi, AF; = h - max(f(xi), f(xi+h)), rge h = Xiy; - Xi
Hy»xHo 00paTuTh BHUMAaHWE, 9TO METOJIBI HIKHUX M BEPXHUX MPSMOYTOJLHUKOB HE TOKIECTBEHHBI METOIaM
MPaBBIX M JICBBIX MPSMOYTOJIBHUKOB, TaK KakK (DyHKIMM Ha Pa3IMYHBIX yYacTKaX MOTYT KaK BO3pacTaTh, TaK U
yObIBaTh. Taxke HYy)KHO NPUHUMATh BO BHHUMAaHHE TO, YTO WCTUHHOE 3HAYCHHE MHTErpana OyaeT JeKaTh CTPOro
MEXIy pe3yibTaTaMHy, MOCYMUTAHHBIMA METOJAMH HIDKHUX M BEPXHUX MPSIMOYTOIHHUKOB, TO €CTh, BEIYHCIISS JBA
3TUX METOJa OJHOBPEMEHHO — MOXXHO OLIEHUTh M TOYHOCTh MOJyuyuBlIerocs peuieHus. [Ipu sTom 3atpathl
BBIYHCIIUTEIBHBIX PECYPCOB HE CHIIBHO BBIPACTYT, €CJIM YCTPAHUTH IOBTOPHBIC BRIYUCICHHS (DYHKIIVH B OJTHOU U TOM
’K€ TOUKE.
Mertoa cpemHuX MPSIMOYTOJBHUKOB OYIET AaBaTh Pe3yJIbTaThl, CPEIHUEC MEKIY OMFCAHHBIMU BBIIIE ABYMSI
METOHAMM:
= YAF;, AF; = h - f(x; + h/2), rge h = x;41 - X;
Mertoa Tpanenmii
Mertoa Tpamenuii — 4yTh TOYHEE METOJa MPSMOYTOJLHHUKOB, OH 3aKJIIOYAE€TCSI B TOM, YTO BBIYUCISICTCS
IJIoaab Tpaneuu, a He TPSIMOYTOJIbHUKA!
= JAFi, AFi = h - (f(xi)+ f(xi+h)) / 2, rge h = Xix1 - Xi
HyxHo 00paTuTh BHUMaHHUE, YTO ITOT METOJ HE COBIANACT C METOJIOM CPEAHUX MPSMOYTOJEHUKOB, XOTS U
IIOXO0K Ha HEro.
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Meton napadou (merog Cumicona)
Bosb1110¥ BBIMTPHIIT B TOUHOCTH BBIUUCIICHUM MTPU SKBUBAJICHTHOM 3aTpaTe BHIYUCIUTENIBHBIX PECYPCOB JAET
Meron CHUMITCOHA, PU KOTOPOM Ha KaXKIOM CETMEHTE pa30HMeHHS HaXOMATCI KO3(PGHUIINEHTHI MapadoiIbl 0 TPEM
TOYKaM, HAXOMAAIIUMCS Ha TPAHMIAX CETMEHTAa M B €r0 IEHTPe, MHTErpal OT KBaJPaTUYHOW (PYHKIMU JICTKO
BBIUUCIIACTCS aHATMTHYECKH, YTO IACT B PE3yJIbTAaTe CIACAYIONLyo (OpMyITy IS MeTo1a apaboi:
I = JAF;, AF; = h - (f(xi) + 4 -f(xi+h/2) + f(xi+h)) / 6, rge h = Xiy1 - Xi
Paccmotpum QpyHKIHIO, BEIYUCIISIONTYIO 3HAUEHHE HHTETPANIa 3THM CII0OCOO0M:
#include <math.h>
// Hama wuHTerpupyemas GyHKLMA:
double f (double x)
{
return cos(x);
}
// mepBooOpaszHas GyHKLMA:
double Int (double x)
{
return sin(x);
}
// OYHKLUMSA BBUMCIAOIAS MHTEeIpaJl Ha MHTepBase [a,b]
// mo dopmysie CMMIICOHA C 3aIaHHOM TOUHOCTBIO €ps
int N _Iter; // rnoBanbHasd nepeMeHHas IJIS KOJMYECTBA MUTepalmi
double Integral (double a,double b,double eps)
{
int k=10; // HauvanbHOEe K—-BO pas3bMeHuln
N Iter=0;
// BHAYEHUS MHTETPAaJIOB Ha TeKyWeMr U NPembaylieil MHTEePaLMsax :
double wvall,val2=0.;
do
{
vall=val2; // npemeioyiiee 3HAUEHME PABHO TEKYIEMY
double s=0; // nepeMeHHas OJjg CyMMMPOBaHMS
double x=a; // HaumHaeM C a
double h=(b-a)/k; // mar uMHTeTpPUpPOBaHNA
for (int i=0;i<k;1i++)// noBTOpAeM K pas
{
double t=h* (f(x)+4.*f (x+h/2)+f (x+h))/6.;
s+=t; // cyMMupyeMm ouepemHyl IJIONalb
x+=h; // nepexomyM K CJenyoleMy MVHTepBaiy
}
val2 = s; // BEUMCIIEHHOE HOBOE 3HAaUeHMe
k*=2; // ymBoeHue KOJMUECTBa pa3bMeHUlr
N Iter++; // momcumMTEBaeM K-BO MTepalui
}while (fabs(vall-val2)>eps); // moBTOpgeM IO HOCTWUXEHMS TOUHOCTHU e€ps
return val2; // BOo3BpamaeM pe3yJibTaT UHTETPUPOBAHUS

[IpounTerprpyem ee B MHTEpBase OT —/2 10 71/2 C TOYHOCTBIO epS:
#include <stdio.h>
#include <stdlib.h>
#define USE MATH DEFINES
#include <math.h>
extern int N Part; // nepemenHas N Part oObABJeHa B IpyToM oOaiuie
double Integral (double a,double b,double eps);
double Int (double x);
[/ e e
extern int N Iter;
int main ()
{
system("chcp 1251 > NUL");
double eps=le-6; // TOUHOCTbL MHTETPUPOBAHUS
double xb=-M PI 2; // Hauajio MHTepBala
double xe=M PI 2; // xoHelL MHTepBaja
double res=Integral (xb,xe,eps); // BBUMCIIEHME HOBOTO SHAUEHUS
printf ("Berumciiennoe 3HaueHme=%1f\n", res);
printf ("Ananmnurmuueckoe 3HauveHme=%1f\n", Int (xe)-Int (xb));
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printf ("KoamuuecTBO MTepauMi=%d\n",Nilter);

getchar () ;
return 0;

BeramcnnTs 3HaueHHE ONMpeAeNEHHOrO MHTErpana AByMs criocobamu. [l BEIMMCICHHS HEOOXOIMMO 3a/aTh
TPaHUIBl MHTETPUPOBAHUS M TOYHOCTH pacdeToB B (hyHKIuH main().
nepeaaTs yepe3 napaMeTpbl KOMaHAHOH cTpoku. OyHkuuu f{) (moabIHTErpanbHas QyHKUuUs), fint () (aHATUTHYECKOE
BBIYUCIICHUE UHTETpaNa), Integral() (MHTErpa, MOCYUTAHHBINA YHCIEHHO) HYKHO MIEPEHECTH B OTACNBHBIN *.cpp (aii.
A UX OOBSBICHUS — B 3aT0JIOBOYHBIN (DA

Oynkunu Integral() mepenaércsi Hayajao ¥ KOHEL MHTEpBala MHTEIPUPOBaHUS U Tpebyemas TouHOCTh. OHa
JOJDKHA BO3BPAllaTh BBIYMCICHHOE 3HAYCHHWE HHTErpajia W 3aluchbiBaTh (MHATBHOE KOJIMYECTBO DPa3OMEHUH B

TII00aTBHYIO TIEPEMEHHYIO.

B ¢ynkumm main() HyKHO HalTH U BEIBECTH

3HavYeHHNE UHTETPalia, MOJYyUYEHHOE YUCICHHBIM METOI0M;

AHaTUTHYECKOE 3HAUCHHUE UHTErPaa;

JocTurnyrasi TOUHOCT®;

KonuuecTBo uteparuii (yaBoeHuid pa30UEHNs), KOTOPbIC TOHAI00MINCH JIJIsl TOCTHKEHUS TPeOyeMOH TOYHOCTH.
Bun nogsiHTErpasibHOM (QYHKIIUU M CITOCOOBI BBIYUCIICHUS JTsl K&KJIOT0 BapHaHTa MPUBEICHBI B Ta0JIHUIIE.

BapI/IaHTLI 3aa4 AJid peuaicHus.

Nx MoxxHO 1100 BBECTH C KIIABHATYPHI, JHO0

Bap. IHoabiHTErpaibHas ITepBooOpa3nas Merton 1 Merton 2
GyHkumns
1 arcsin( x) Bepxuux Tpanenuii
IPSIMOYTOJIbHUKOB
2 2 In( x2 ) Bepxnux Huxaux
- NPSIMOYTOJBHUKOB | IPSIMOYTOJIBHUKOB
X
3 2xcos(2x)+sin( 2x) xsin( 2x) Tpaneuuii Cumricona
4 In(x) +1 X *In(x) Tpaneuuii Bepxuux
MIPSIMOYTOJIBHUKOB
5 (34_5x)3 (34_5x)4 Tpaneuunit Bepxnux
2—0 IIPSIMOYTOJIBHUKOB
6 2x x2 2 Tpanenuit Hmwxanx
1— + — 1 IPSIMOYTOJIbHUKOB
—X —X - X
7 1 1 |x=1 Bepxnux Cpenaux
21 E In 1 IPSIMOYTOJBHUKOB | IPSMOYTOJIbHHKOB
X — X
8 1 1. N+x Tpanermii Humxaux
1— 2 Eihll IIPSIMOYTOJIBHUKOB
- —X
9 1-x2 X 5 arcsin( x) Bepxnnx Hwxanx
“Vl-x"+— IPSIMOYTOJBHUKOB | IPSIMOYTOJIBHUKOB
10 sin( 2x) sin 2 (x) Tpanenuii Cumrcona
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11 tg(X) _ log |COS( x)| Hmxanx Cumriicona
MPSIMOYTOJIBHUKOB
12 1 arctg( X) Tpaneuunit Huxaux
1+ 2 MPSIMOYTOJIHHUKOB
13 1 X Bepxnux Huxaux
. log|tg| — MPSIMOYTOIBHUKOB | IPSIMOYTOJIHHHUKOB
sin( x) g|tg 5 psMoy pAMoOy
14 1 P— Cpenanx Cumiicona
) log‘x +yl+x MPSIMOYTOJIHHUKOB
1+x
15 X o g‘ 2+ 1‘ Huwxanx Tpanemmii
2 s B | MIPSIMOYTOJIBHUKOB
1+x 2
16 sin ( x) 1 Tpaneuunit Hwmwxanx
RN Y PN MPSIMOYTOJTHHUKOB
(1+cos(x)) 1+ cos(x) PAMOY
17 ¥ exz ex2 Tpaneuunit Hmxanx
— MPSIMOYTOJTHHUKOB
2
18 e* (cos(x) _ Sil’l( x)) e* COS( x) Bepxnux Hmxanx
MPSIMOYTOJIBHUKOB | IPSIMOYTOJBHUKOB
19 1 1 x Tpanenuit Bepxuux
- MPSIMOYTOJIbHUKOB
In(x) In*(x) In( x) e
20 x(2 In( x) + 1) x> In( x) Tpaneuunit Cpennux
MPSIMOYTOJTHHUKOB
21 el —e* e +e Tpaneuunit Hrxaux
s MPSIMOYTOJTHHUKOB
2 2
22 e —e* ef—e Tpaneuuit Cumiicona
1— - =
(ex +e_x) e +e”
23 1 . 1 1 Tpaneuunit Hwmxanx
—smn| — cos| — MPSIMOYTOJIPHUKOB
X X X
24 1 X Bepxnux Huxanx
3 In|tg — MPSIMOYTOJIBHUKOB | IPSIMOYTOJBHUKOB
sin( x) 4 > psMOy pAMOY.
25 1 tg(x) Hwxanx Cumrcona
MPSIMOYTOJIbHUKOB
cos’(x) pAvioy
26 X ln‘ X2 +1‘ Tpamnermwii Cpennux
N 5 MPSIMOYTOJIBHUKOB
27 tgX(x) tg(x)-x Huxanx Bepxuux
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IPSIMOYTOJBHUKOB | IPSAMOYTOJBHHKOB
28 3x2 —4x x> =22 Bepxuux Tpaneunit
HPSIMOYTOJEHHKOB
29 P [ Cumricona Humxanx
X+l 2 In ‘x Vx4 HPSIMOYTOJIEHHKOB
—Vx +1- -
2
30 2 ' Tpanenuit Cpenaux
x -1 X [ ln‘x +yxT 1 HPAMOYTOJIBLHUKOB
pa— x J—
2 2
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naea 5. KonnokBuym, meToanka npoBeAeHUsi U TUNOBbLIE BONPOCHI.
KOJ'IJ'IOKBI/IYM MMpOBOAUTCA Ha CCMHUHAPCKOM 3aHATHU B CCPCAMHC CEMCCTpa (O6LI'{HO — a0 1-ro HOH6p$I) B
(hopMe TOTAJILHOTO OIpoca ¢ OMIICTaMH.

Bunemui

1. Bapuanr
1) OcHoBsl cunTakcuca a3eika Cu. KimroueBsie cnoBa. ynaaMeHTalbHBIE TUIBL JaHHBIX. OnpeeneHue
MIePEMEHHBIX M KOHCTAHT. BrIpaskeHwmsI, oniepamuy, KOMMEHTapHH.
2) Paznsie Buab nukia while, do.

2. Bapuaunr
1) Omnepatops! B BeipaskeHusix si3bika Cu. [Ipuopuret oneparopos. Onepatop sizeof().
2) JlmpextuBa #define mpemporieccopa 1 ee HCII0Ib30BaHNuEe. MaKpOOIIpeIeICHHUS C ITapaMeTPOM.

3. Bapunant
1) Vupasnsrommii onieparop switch.
2) JIupeKTHBBI YCIOBHOW KOMIMIIALIMY PEMPOIIECCOPa U MX UCIIOIh30BAHNE.

4. Bapnanr
1) Ympasistomue oneparopsi if, goto.
2) MogynbHbIi IOAX0] B TporpaMMupoBannu. Vcrionb3oBanue *.h ¢aiino. Pa3znenpHas KOMIUIAIUS.

5. Bapuanr
1) Maccussl. Ilepenada maccuBoB B (hyHKITHH.
2) JlokanmpHbie, TIO0ANBHBIE, CTATHYECKUE IEPEMEHHBIE.

6. Bapuant
1) OcHOBHBIE AEWUCTBUS, BBHITIONHSIEMbIE TIPY TIOMOIIK OTIaI9rKa B cpene Microsoft Visual Studio.
2) Huxn for.

7. BapuanT
1) ®ynkuus main(), ee mTapamMeTpsl.
2) Omneparop typedef. [IpuBenenue Tunos.

8. Bapuanr
1) Ucnonb3oBanue GYHKIIHIA: 3ar0JI0BOK, TEJIO U BBI30B (DYHKITUH.
2) Yupasistomue oneparopsi if, goto.

9. BapuaHnt
1) Crarndeckue QyHKIIUH.
2) biioku u npaBuiia BUANMOCTH MTEPEMEHHBIX.

10. Bapuant
1) Ilepenauya napamerpoB B ¢pyHkimHy. [lepesada mapamMeTpoB MO 3HAYCHUIO.
2) Omneparopsl B BeIpaxkeHUsIX s13bika Cu. [lpunopuret oneparopos. Onepatop sizeof().

11. Bapuant
1) Pa6ora B cpeae Microsoft Visual Studio: co3ganue npoekra. OCHOBHBIE (aiiiibl MPOEKTa. DTAlbl CO3TaHMS

MPOrpaMMbI; KOMIMIIALNS, TMHKOBKA, 3aITyCK Ha BBIITOJIHEHHUE, OTIIA/IKA.
2) Huxkn for.

12. BapunanT
1) Pasnbie Buapl nukia while, do.
2) Maccussl [Tepenaua MaccrBoB B QyHKITHH.

13. Bapuant
1) HupexTuBa #include npenporeccopa u ee HCIOIb30BaAHHE.
2) ®ynkuus main(), ee TapamMeTpsl.

14. Bapuant
1) IpouenypHsiii noaxoy nporpammupoBanus. OnpeneneHre GpyHkuun. [IporoTrrt GyHKIUH.
2) Ormepatopbl HHKPEMEHTA U IEKpPEMEHTA.

15. BapuanTt
1) Ilepenaua mapameTpoB B pyHKIMH. [lepenada mapaMeTpoB 1Mo 3HAUCHHUIO.
2) JIupeKTHBBI YCIOBHOW KOMITHIISALIMY MPEMPOIIECCOPA U X UCIIOIh30BAHNUE.
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16. Bapuant
1) HOKaIII:HI:Ie, I‘J'IO6aJ'II>HI>I€, CTATUYCCKHUC ICPCMCHHBIC.
2) Hcnonb3oBanue QyHKILHII: 3ar0JI0BOK, TEJO U BHI30B (DYHKIIHH.

17. Bapunant
1) JImpextuBa #define mpemporieccopa 1 € HCIIOIb30BaHNuE. MaKpOOIIPEICICHIS C ITApaMETPOM.
2) VYupansromuii onepatop switch.

18. Bapuant
1) Pasnbie Buas! nukiia while, do.
2) HupektuBa #include npenporneccopa 1 ee UCIONb30BaHHKE.

19. Bapuant
1) Pabota B cpene Microsoft Visual Studio: cozganue npoekta. OCHOBHBIE (Dailiibl MPOEKTA. DTAIBI CO3JAHUS
HpOrpaMMBbl: KOMITHJISILIUSL, IMHKOBKA, 3aITyCK Ha BBIIIOJHEHHE, OTIIaKA.
2) I'moGanbHbIC ¥ BHELITHUE NTEPEMEHHEIE.

20. Bapuaunrt
1) Bunsl onepaTopoB npucBauBaHus B s3b1ke Cu.
2) Omeparop typedef. [IpuBenenne THIIOB.

21. Bapuanr
1) Omeparopbl HHKpEMEHTA U IEKpEeMEHTA.
2) PexypcHUBHBII BbI30B (DYHKIIUIA.

22. Bapuanrt
1) Oneparops! B BeipaxkeHusix si3bika Cu. [Iproputet onepatopos. Onepatop sizeof().
2) Crarndeckue epeMeHHBIe.

23. Bapuanr
1) OcHOBHBIE AEWUCTBUS, BBHITIONHSIEMBIE TIPY TIOMOIIM OTIaM4IrKa B cpene Microsoft Visual Studio.
2) MaccuBsl: OTHOMEpHBIE U IBYMEpPHBIE.

24. Bapuaunrt
1) Pasnbie Buabl nukia while, do.
2) MoaynbHbIi IOAXO]] B TporpaMMupoBanuu. Vicrionb3oBanue *.h ¢aiino. Pa3nenbHas KOMITUISIHS.

25. Bapuant
1) Jlormueckue (OyieBCKHE) ONEPATOPHI U OTIEPATOPHI CPABHEHMSL.
2) Hwmxn for.

26. Bapuant
1) Maccussl. I[lepenada maccuBoB B yHKITHH.
2) JlokanbHble, rI00ANBHBIE, CTATUYECKUE TIEPEeMEHHEIE.

27. Bapunant
1) OcHOBHBIE ECTBUSI, BHIMIOTHIEMbIE TIPY TIOMOIIN OTiIaguuKa B cpene Microsoft Visual Studio.
2) MaccuBbl: OTHOMEpPHBIC H JIByMEPHBIC.

28. Bapuanr
1) ®ynknus main(), ee mapaMeTpsl.
2) CraTtudeckne nepeMeHHbIE.

29. Bapuanr
1) Omneparopbl HHKpEMEHTA U JIEKPEMEHTA.
2) Ymupasistomue oneparopsi if, goto.

30. Bapuanr
1) Cratuueckue GyHKLIUH.
2) VYmpasistonuii onepaTtop switch.

DaxynomamugeHsle 3a0aHUA

Tak KaKk KOJUIOKBUYM MPOBOJUTCSA HA CEMUHAPCKOM 3aHSATUH, TO Y CTYJCHTOB MOSBIISIOTCS JOMOIHUTEIbHBIE
2 Henenu, KOTOpBIE CIIEAYeT HCIOJb30BaTh AJIA NOACIKM W CHAa4d BCEX BBIAAHHBIX paHee 3anay. [IpakTuka
MTOKA3bIBAET, YTO K 3TOMY MOMEHTY «XBOCTBD» UMEET, KAK MUHUMYM, TIOJIOBHHA TPYTIIIHI.

CTyIeHThI, KOTOPBIC YCIIEITHO CAATH BCE MPEABIIYIIE 3aJaHHs, MOTYT ITOJIyYUTh (DaKkyJbTATUBHOE 331aHUE.
VYder 3Tux (hakyIbTaTUBHBIX 33724 OTIMYACTCH OT yUeTa OOBIYHBIX 3a/IaHUI: OHU HE SBJISFOTCS 00sI3aTeILHBIMU, TO
€CTh, OTCYTCTBHE HX PEUICHHUS — HE yXY/IIaeT OIEHKH 3a YCIIEBAEMOCTh CTYJEHTa B TEUCHHE CEMECTpa, B TO K&
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BpeMsi, HaJW4Yue TaKOW CHaHHOW 3aJlauM yIIydIlaeT OICHKY CTyACHTa. Eciau CcTyleHT He ycrneBaeT X CAarh J0
IIIECTOr0 CEMUHApPa, TO TAKOMY CTYIEHTY PEKOMEHAYETCs CHadaja CaBaTh IJIAHOBbIC, OOBIYHBIC 3aJaHUS U JIUIIb
KOT/[a TUTAHOBBIC 33JJaHNUsI CJIAaHBI — BEPHYTHCSI K BBITOTHEHUIO (DaKyIbTATHBHBIX 3a/IaHHIA.

Bo Bcex npuBeIcHHBIX HIDKE 33JJaHUSIX HY>KHO O()OPMUTH OCHOBHYIO YacTh 3a/IaHus B BUIC (PYHKIIUHU, KOTOPOH
MEPeIatoTCsl BCe HEOOXOMMBIE apTyMEHTBI M KOTOPasi BO3BpaIllaeT pe3yibTaT. Bech BBOA-BBIBOJI COCPEIOTOUUTH B
GyHKIMYM main ().

1. Bapuant Hanwucarts nporpammy, BEIYHCIISIONLYEO HAUOOBIIN OOMIMI AETUTENb TS IBYX BBEICHHBIX
grcen. Anroput™ EBkinza [uts HaXoXIeHUsT HANOOJIBIIETO OOIIETO ASNUTENS ABYX YHCEI BBITIISIUT
crexytommm obpazom. [lansl 1Ba yncia:a u b. [Toka oHM He paBHBI, BBIYATATH U3 OOJBIIETO YHCIIA
MensbIee. Ocrapiieecs 3HadeHue a (viu b) 1 OyaeT HauboNMBITUM OOIIUM JETUTEIEM BYX YHCEN.

2. Bapuanr Jlarynika u3Ha4daiabHO CHIMT B TOUKe O 9MCIOBOM mpsiMoii. KaxIyto CeKyHIy OHa MphIracT Ha
1 BpaBo, moka He AOCTUTHET Touku K. 3aTeM oHa HaUMHAET KaXAyl0 CEKyHIy MphIraTh Ha 1 BI€BO, MOKa
He BepHeTcs B Touky 0, 3aTeM — omATh BIpaBo u T. A. HanmucaTs mporpaMMy onpenesnsomyto, rue
okaxxercs ynarymka yepe3 T cexynn. 3nauenus K u T BBecTH ¢ KIaBHaTyphl, €CIM UX HET B MapamMeTpax
KOMAHIHOH CTPOKH.

3. Bapuant
Hammcats mporpamMmy, BEIYHCIISIONIYIO OMPEISIUTENb KBaIPaTHOH MAaTPHUIIBI TPOU3BOIHLHOM
Pa3MepHOCTH.
PasmepHocTh 1 k03 uienTs MaTpuibl (He 60see 10) 3anpammBaroTes y OJIb30BaTENs, IporpaMmma
JIOJKHA HarleyaTaTb MaTPUILy U €€ ONPEIeITHTElb.

4. Bapuant
Hamucatp mporpaMmy, BEITIONHSONIYIO CHMBOJIBHOE YMHOXXEHHE «B CTOJIOUK» JTBYX
HIeCTHAAaTEPUYHBIX YMCETl, BBOAUMBIX MOJIB30BaTeNeM «IHdpa 3a mudpoi.
B mporpaMme UCII0JIL30BaATh T36HI/IL[y YMHOXCHUA NJIA IIECTHAAUATCPHUYHBIX HI/I(I)p U IIpaBuIa
YMHOKCHUS «B cToa6uK». He ncnons3oBaTh MPUBECACHUE HICCTHAAIATCPUIHOI'O YHUCJIa K ,I[eCfITI/I‘IHOfI
CHCTEMC CUHMCIICHHUA.

5. Bapuant
HammcaTs mporpaMMy, KoTopasi U3 JaHHBIX N TOYEK HA TUTOCKOCTH HAXOIWT BCE TPOWKH TOYEK, KOTOPHIE
00pa3yIoT paBHOCTOPOHHHUE TPEYTOJIbHUKU. SHAUCHUS KOOPUHAT TOUEK TEHEPUPYIOTCS CITYYalHBIM
oOpa3oM B Auana3oHe [a, b], 3HaueHus n, a, b BBOAATCS MOJIb30BATEIIEM.

6. Bapuanr
OTCcOpTHPOBATh MACCUB M3 YHUKAIBHBIX JIEMEHTOB anroputMoM QuickSort: BEIOpaTh CiydaiHbIi
AJIEMEHT U3 CEPEINHBI MACCHUBA, IBUTASICh OT Hayajga MacCHBa OCTAHOBUTHCS HA DJIEMEHTE, KOTOPHIiA
00JIbIIIe BRIOPAHHOTO, JBUTASICH OT KOHIIA MACCHBA OCTAHOBUTHLCS HA AJIEMEHTE, KOTOPBIA MEHbIIIE
BbIOpaHHOTr0. OOMEHATH HAWICHHBIE J1Ba dJieMeHTa. [Ipoa0KUTh IBMKEHHE ¢ 000OUX KOHIIOB MacCHBa K
ero 1eHtpy. [loay4yus pa3oueHre MaCCUBa, B KOTOPOM BCE 3JICMEHTHI /0 HEKOTOPOT'O — MEHBIIIE
BBEIOPAHHOTO, a BCE DJIIEMEHTHI TI0CJIE€ HETO — 0OJIbINIe BRIOPAHHOTO, TOBTOPHUTH AJITOPUTM PEKYPCUBHO LIS
KaKIOW U3 IBYX YacTell pa3OneHus.
CpaBHHTH KOJUYECTBO OTIEPAIIMiA CPABHEHHUS U MIPUCBAUBAHUS DJIEMEHTOB MACCHBA C aHAJIOTUIHBIMHU
TIOKa3aTeJISIMH ITy3BIPHKOBOI COPTUPOBKH.

7. Bapuanr
Beruncnuts uncno m© meronoM MonTe-Kapiio: B34Tk Kpyr, BIUCaHHBIN B KBaApaT co cTopoHoH 10.
Crenepuposats 1000 map ciay4aifHbIX 4ricen, Kaxkaoe B auanazoHe ot 0 mo 10. Kaxayro mapy gucen
CUUTATh X— U y— KOOPAMHATON HEKOTOPOU TOUKM BHYTPH 33JJaHHOTO KBajapata. [[is1 ka0l Takol TOUKH
OTIPEETUTD — JISKUT JIM OHA BHYTPH Kpyra? OTHOIIIEHNE YHCiIa TOUEK, OMAaBIINX B KPYT K 001eMy
YHCITy TOYEK OIIEHUBAET BEJTMUUHY T / 4.
CpaBHuBas pe3yJbTaT CO BCTPOSHHOM KOHCTAHTOM M_PI OLIEHUTH [IOTPEIIHOCTh 3TOT0 METO/1A B
3aBHCHUMOCTH OT BBIOPAaHHOT'O KOJIMYECTBA Map CIyYalHBIX YUCEI.

8. Bapuanr
[TocTpouTs CBOI COOCTBEHHBIN T'eHEPATOP CIIyYalHBIX YUCEI, OCHOBAHHBIN HA JTMHEHHOM KOHTPY3HTHOM
MeToZe: xi41 = (axi + c) $ M (a < M, c < M).Iloctpouts (B Buae cuMBOIEHON MaTpuisl 20*20)

THCTOTPaMMY JI0CTaTOYHO OOJBIION CreHepUPOBAHHOM MOCIEI0BATENILHOCTH YHCEIL.
[To ructorpamme «Ha rias» OLIEHUTh PABHOMEPHOCTh PACIIPENIEICHUS B 3aBUCUMOCTH OT Pa3HbIX
3HAUEHUH mapaMeTpoB a, c, M.
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9. Bapuaunr
Hanucats pekypcuBHYIO BEPCHIO alITOPUTMA, IEPEBOAIIETO 3aJaHHOE YHCIIO B IBOMYHYIO CUCTEMY
CUMCIICHHUSL.

10. Bapuant
Hanucats pekypCHBHYIO BEPCHIO AlITOPUTMA, PACIIEUaTBHIBAIOIIETO BCE TPOCTHIE MHOMKHUTEIH 3aJaHHOTO
qHcIa.

11. Bapuant
B nexapToBoii cuctemMe KOOpAMHAT Ha IJIOCKOCTH B BUJIE MACCUBA 33JaHbl KOOPIUHATHI BEPIINH
TpeyronsHuKa. OnpenenuTh, IPUHAJICKHT JIM TOUYKa C KOOPAUHATAMH (X,y) ITOMY TPEYTOJIbHUKY.

12. Bapuant
Hanbl N nensix uncen X, X, ..., Xn. TpeOyeTcst BHIUEPKHYTh U3 HUX MUHHMAJIbHOE KOJIMYECTBO YUCEI
TaK, YTOOBI OCTABLIMECS [UIM B MOPSAKE BO3PACTAHMUS.

13. Bapuant
3anman Bec E mycroit kommiku u Bec F komminku ¢ MoHeTaMu. B KOIIMIIKE MOTYT HaXOUTHCSI MOHETHI N
BHJIOB, JUIS KaXKJ0TO BUIa U3BECTHA IIEHHOCTh Pi 1 Bec Wi oHOM MoHeThl. HaliTh MUHUMANBHYIO U
MaKCHMaJIbHYIO CYMMBI JIEHET, KOTOPBIE MOTYT HAXOJUTHCS B KOITMJIKE.

14. Bapuant
Urco Ha3bIBAeTCs COBEPUICHHBIM, €CJIH OHO PABHO CYMME BCEX CBOUX JEJIUTENEH, MEHBIINX €r0 CaMOoro.
Tpebyetcs HaliTi Bce coBepieHHbIe yncia oT M g0 N.

15. Bapuant
BriBecTu Bce npeacTaBiIeHUs HaTypaabHOro ynuciaa N cymMMo# HaTypalibHbIX yucen. [lepectaHoBka
cJIaraéMbIX HOBOT'O CIloco0a MpeaCTaBICHUS HE AaET.

16. Bapuant
MHOroyronsHHK Ha INIOCKOCTH 33jaH LENOYHCICHHBIMI KOOpAUHATaMU CBOMX N BEPIINH B I€KAPTOBON
cucreMe KoopauHat. TpeOyeTcst HalTh IO Jb MHOTOYToJbHUKA. CTOPOHBI MHOTOYTOJIbHHKA HE
COIPUKAcaloTCA (3a HCKIIOYCHUEM COCETHHX - B BEPILIMHAX) U HE IIEPECEKAIOTCSL.

17. Bapuant
[aHo 1enoe HeOTPULIATENBHOE YKCTIO B [-puuHOil cucteme cuncienus. BeiBecTu 3T0 4nciao B J-puyHOn
CUCTEME CUMCIICHHS

18. Bapuant
Jano N npsMOyroinbHHUKOB CO CTOPOHAMHU, MMapajljIeIbHBIMU OCcIM KoopAuHAT. Tpedyercs onpenennTsb
IoImaab GUrypsl, 00pa3oBaHHON 00BEMHEHHEM JITAHHBIX MPSIMOYTOJIHHUKOB

19. Bapuant
BriBecTu B mopsijike BO3pacTaHusi Bce HECOKpAaTHUMBbIe ApoOH, 3aKiIrouéHHble Mexxay 0 u 1, 3HaMeHaTenu
KOTOpPBIX HE MpeBBIIAT N.

20. Bapuanrt
Hano N oTpe3koB npoBoja JinHOM L, L, ..., Ly canTMeTpoB. Tpebyercs ¢ moMoIpio pazpe3anust
MOJy4YHUTh U3 HUX K paBHBIX OTPE3KOB KaK MOKHO OOJIbIIEH IJTHMHBI, BEIPasKaroIIEHCs EbIM YHCIIOM
CaHTHMETPOB.

21. Bapuanrt
[To xoopaHATaM BEpIINH MHOTOYTOJIFHUKA TPEOYETCS HAWTH KOOPAUHATHI €70 [IEHTPa TSHKECTH.
CTOpOHBI MHOTOYTOJIEHUKA JPYT C JPYTrOM HE COIIPHUKACAIOTCA (32 HCKIIOUEHUEM COCEeIHUX - B
BEPIIMHAX) U HE MEPECEeKat0TCA.

22. BapuaHt
HatypanbHoe umnciio npencTaBieH0 MacCHBOM JIECATHYHBIX IU(P MPON3BOILHON ATMHEL. Peann3oBaTh
YMHOXKEHHE «B CTOJIOUK» ABYX TaKHX YUCEII.

23. Bapuanr
HarypanbHoe 4nciio npencTaBaeHo MacCHBOM JECSITUYHBIX U MPOU3BOIBHON AMUHEIL. Peann3oBath
JIeTICHHE «B CTOJIONK» JIBYX TaKHX YHCEIN, C BbIIa4uel pe3ysibTaTa B BUJC JCCATHYHON Ipoou (1ienas u
IpoOHBIE YaCTH OTAEIBHO) C 3aJaHHOH TOYHOCTHIO.




24,

Bapuant

HaHa MOCJICAOBATCIIbHOCTD LCJIbIX YHUCCJI, YAOBJICTBOPAIOIIAad yCIOBUIO q)I/I6OHaLILH/I

Fx = Fix .1 + Fi.» mia mroboro k>2.

HaiiTu n-i 4ieH nociae10BaTeNbHOCTH, €CJIM U3BECTHBI i-i U i+1-1 4eHsl, i MOKET ObITh Kak OOJIbILE, TaK
1 MCHBIIC 7.

25.

Bapuant

B tabmure 3 N ctpok 1 N cTonOmoB kieTku 3anonaens! nudpamu ot 0 1o 9. Tpelyercs HalTH Takou
myTh 13 KieTkH (1, 1) B kimetky (N, N), uTo0BI cymMMa 1udp B KIETKaX, Yepe3 KOTOPbIe OH MPOJIETaeT,
ObL1a MUHUMAaJIbHOM; U3 TI0001 KIETKU XOIUTh MOYKHO TOJILKO BHU3 WJIM BIIPABO.

BriBogstes N ctpok o N cuMBoiioB. CUMBOI penéTka MOKa3bIBaeT, YTO MAPIIPYT MPOXOIUT Yepe3 Ty
KIIETKY, @ MUHYC - 9TO HE MpoXoauT. Eciu myTeil ¢ MUHIMAaNbHOM CyMMO# i(p HECKOIBKO, BEIBECTH
JOOOH.

26.

Bapuant

Korna nexoropas ¢pyHkums 3a1ana Tabnumeld CBOMX 3HaU€HHUH B OOJBIIOM KOJIMYECTBE TOUYEK, TO
KJIacCH4ecKasi MHTEPIOJIIys onruHoMamu Jlarpamxka (cM. Kypce Jiekuuil) OyneT naBaTth HEBaXKHbIE
pe3yabTaThl. BMecTo 3TOro 4acTo HCIoNb3yI0T HHTEPIIOJSALMIO 3HAUEHUH Takol ()YHKIUH C TIOMOIIBIO
CIUTAIfHOB: Ha KaXXJJOM 1-TOM MHTEepBaje TaOiuIbpl OyaeM NprOIKaTh 3a1aHHYI0 QYHKIUIO TOTUHOMOM
nopsinka k (Hazoem ero Sk(i)) Tak, 9T0OBI BRIIOTHSIIOCH PABEHCTBO 3HAYCHUH IBYX COCETHUX
MTOJIMHOMOB B KaJIOM i-ToM y3i1e Tadbmuis! Sk(i-1) = Sk(i) n 3HaueHmii BceX MPON3BOAHBIX ATUX ABYX
COCE/IHUX TIOJIMHOMOB B 9TOM K€ y3J1€ TaOJHUIIbL.

Habop >Tux ycioBuii jaetT oJHO3HAYHBIN aNTOPUTM BBIYHCICHUS KO GHUIIMEHTOB BCEX MOTMHOMOB JIJIsI
BCEX MHTEPBAJIOB, €CJIH HA KPasiX (TO €CTh, B y31ax Tabnumbl 0 1 N-1) MbI Oyem mosiaratb 3HaYSHHS
CaMbIX CTapIINX MPOU3BOIHBIX PaBHBIMU Hy0. J{i1st k=1 MBI momyynM 0OBIYHYIO KYCOYHO-THHEHHYIO
HUHTCPIIOJIANUIO, OJIA 6OJ'II)]_[II/IX k MBI IMOJIy4YuM BE€CbMa IIaIKyr0, KPAaCUBO BBITVIAAAIIYIO KPHUBYIO C
MUHHMMAaJIbHBIMU U3TH0aMu.

[loctpoiite amns 3aaHHOM MTPOU3BOIBHON TAOIHIIEI TTAP TOYEK Xi Yi HHTEPIIOJSIIHIO CIUTAHAMHA BTOPOTO,
a €CJIM CMOXKETE — TO U TPETHETO MOPSAAKA U CPAaBHHUTE €€ PadOTy C HHTEPIONIALUEH TOTHHOMOM
Jlarpanxa.

27.

Bapuanr

Jua dyakmmmn y=sin(1/X) B O1mKHEH OKPECTHOCTH HYJIS CIIOKHO IPUMEHUTH OOBIYHBIE METOTBI
BBIYUCIICHHS ONIPEIeICHHOTO WHTETpalia, TaK KaKk OHA O4Y€Hb OBICTPO MEHSIETCSI H METO/IbI, UCTIONB3YIOIIHE
pa3OueHre Ha paBHbIC HHTEPBAJIbI OyIyT paboTaTh TJI0XO.

[TonpoOyiiTe peaan3oBaTh MOJICYET TAKOTO ONPEISIICHHOTO HHTETpaia, Pa3ioKuB 3Ty QyHKIUIO B psij
Teiinopa 1 BEIYUCISIE CYMMY OIIPEETIeHHBIX HHTETPAJIOB I KKIOT0 YiIeHa ITOTO Pa3JIoKeHHUS JI0
JOCTYDKEHHS 33IaHHON TOYHOCTH. TOYHOCTH MOKHO KOHTPOJIMPOBATh KaK MOJYJIb PAa3HOCTH MEXITY
JBYMSI TIOCJIEI0OBATEIbHBIMU IPUOIMKEHUSIMH 3HAYCHHUS BBIYHCIIIEMOTO HHTETpaia.

28.

Bapuanr
MaxkcuMaibHO OBICTPO HANTH BCE BO3MOKHBIE KOPHHU ypaBHEHUs cos(X) + cos(x?) — 1.55 = x

[TpoGsiema B TOM, YTO METOJ] KacaTeNbHBIX OyJIeT rapaHTHPOBATh CXOAUMOCTD B JOBOJIBHO y3KOH
OKPECTHOCTH KKIOTO KOPHSI, I03TOMY HY)KHO MCIIOJIb30BaTh KOMOMHAIIMIO METO/Ia IUXOTOMHUH WIIA XOPJ
(4T0OBI MPUONMHU3UTECS K KOPHIO) U TIEPEX0]] K METOY KacaTesIbHBIX, KOTAa 3TO CTAHOBUTCS BO3MOXKHO
(T.€. BBIIOJIHAETCS yCIOBUE CXOAUMOCTH).
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29.

Bapuant

AAropuT™ OBICTPOI COPTHPOBKH UMEET OLICHKY BPEMEHH €ro padoThl mponopuuoHadbHbIi N*loga(N).
[MocTporM alrTOPUTM COPTHPOBKH HATYPANTBHBIX YHCEN, KOTOPBINA OyIeT paboTaTh 32 KOHCTAHTHOE BpEMSI.
VYurem, 4T0 B KOMIBIOTEPHOM TPEACTaBICHUH BCE HATYpalbHbIE YHCIIa UIMEIOT OHO U TO K€ KOJIHMYECTBO
JBOUYHBIX pa3psiaoB (ckaxem, 32). OpranusyeM J1Ba MpoOXoja HAILIETO MacCHBa, IBHKYIIUXCSI HABCTPEUY
IpyT ApyTY, Kak B anroputMe QuickSort: ToapKO MepBbIil Mpoxo (MIyIuil OT Hayalla MaccuBa) OyaeT
00HapYXHMBATh CITUHMILY B CTAPILEM pa3psijic YHCIa, a BTOPOH (MAYIIUI HABCTPedy OT KOHIIA MACCUBA)
OyzeT 0OHapyKHMBaTh HOJIb B 3TOM K€ cTaplieM paspsiae yicia. Kak Tonbko Takas mapa yucen Oynet
oOHapyXeHa — IOMEHSEeM X MECTaMHU M MPOJOJHKUM 3TH MPOXOAbl. B KOHIIE MPOX0Abl COMAYTCS I/Ie-TO B
cepe/iHe MAcCHBa, P 3TOM BCE YHCIIA CIIEBa OT ATOM TOYKH OyIyT MMETh B CTapIlIeM pa3psjie HOIb, a
BCE YHMCIIa ClIpaBa — eIMHUIY. Jlablie MpUMEHUM 3TOT K€ alITOPUTM PEKYPCUBHO K KaXKIOU U3 IBYX
MOJTYYHMBILIHMXCS YacTel MacCHBa AJIsl BTOPOTO MO CTAPIIMHCTBY ABOMYHOTO Pa3psiia, IOTOM ISl TPETHEro
u Tak janee. TakuM 00pa3oM B caMOM KOHIIE M TIOJIYYHM TTOJTHOCTBIO OTCOPTUPOBAaHHBIN MaccHB. OIeHKa
MIPOM3BOAUTEIHFHOCTH IPH 3TOM MOIYyIUTCS 32*N, Tak Kak KOIWYECTBO Pa3psI0B Unciaa — 32 ¥ Ha KaXKI0H
UTEepalny MBI iepedrpaeM Bee 3IeMeHThl MaccuBa. OYeBHIHO, YTO MPH OY€Hb OONBIINX N 3TOT
pe3ynbrat Oynet 3pPeKkTUBHEE OBICTPOI COPTUPOBKH.

30.

Bapuanr

Jlan GonbIIOi MaccHuB TPOM3BONIBHBIX HATYPAJIbHBIX YHcel (0e3 MOBTOPOB), Hy’KHO MaKCHMaJIbHO OBICTPO
OTBEYAaTh Ha BOIIPOC: €CTh B HEM 3aJ[aHHOE 3HaueHHe Wiu HeT? Eciiu ero oTcopTUpOBaTh ¥ MOTOM
WCTIONB30BaTh ISl TIOMCKA METO/I ACTICHHUS TTOTI0JIaM, TO BPeMsl TAKOT'O MOKCKa OyIeT MPONOPIMOHATBHO
loga(N).

[MocTponm Apyroit anropuT™M, KOTOPBIA HaM 00EeCIIEYNT KOHCTAHTHOE BpPeMsl TIOKMCKa: 3aBeleM
BCIioMorareibHbId MaccuB Ha 25% (vau Ha 50% wim Ha 100%) Gonbrmii ucxoanoro. [ycts ero amuHa
BEIOpaHa paBHOU M, a ucxomunoro maccuBa — N < M. Hexoropoe 3Hauenue (Hanpumep, -1) Oymem
HCIOJIBb30BaTh KaK MapKep «IIyCTOM SYeHKM» B ’TOM BTOPOM MaccuBe. sl KaXI0ro ouepesHoro
3JIEMEHTa BXOJIHOT'O MAacCUBa BRIYUCIUM X31I-QyHKIHIO h(X) = X % M; 3HaYeHne KOTOPOi MBI OyaeM
HCIONB30BaTh KaK MHIEKC BO BTOPOM MAacCHBE: H 10 TOMY MHIEKCY COXPaHUM BO BTOPOM MacCuB 3TO
ouepesHOe 3HAUCHHE X U3 NCXOAHOTO MaccuBa. Eciu siueiika 3aHsTa (TO €CTh, 1o uHAeKkcy [=h(x) mexut
HEOTpHUIATEIbHOE 3HAUCHUE), TO 3arISTHEM B CIICAYIOIIUH IO MOPSIKY 3JI€MEHT BTOPOTO MAacCHBa, €CITH
OH CBOOOJICH — COXpaHUM 3HaYCHHE TY/Ia, €CIIM HEeT — CABUHEMCS ellle Ha OJIHY MO3UIHIo aajbiie. Eciu B
TaKOM IIOMCKE MBI OKa)KeMCs Ha MOCIeTHEM 3JIEMEHTE BTOPOI'O MacCHBa U OH 3aHST — TO IPOCTO
«obepHEeMCs» B Ha4aJI0: IPOJOKUM ITOMCK CBOOOIHOM STYeKM HAUYMHAs C TIEPBOTO JIeMeHTa. Tak Kak
BTOPOI MacCuB OO0JIbIIIE — TO CBOOOIHYIO SIUCHKY MBI HalJIeM JIOBOJIBLHO OBICTPO. Takum 00pa3om Mbl
COXpaHUM BO BTOPOM MaccHBe (X3IL-TabuIle) BCce 3HaUeHHUs HCXO0IHOro MaccuBa. [louck B 3Toi Xa1-
TabJMIIe YCTPOEH aHAIOTHYHO: €CJIM MBI MIIEM 3HauY€HHE Y, TO BBIUMCIIAEM X31I-PyHKIHIO 0T Hero h(y) u
C 9TUM WHJIEKCOM oOpariaemMcs B XauI-Tabnuny. Ecnu siaeiika cBoboiHa — 3HAYHUT y B MacCUBE HET, €CITU
3aHsTa — TO MBI CPABHUBAEM Y C JISXKAIIUM B Xd1I-Tabnuiie 3HadyeHreM. COBMaio — 3HAYUT MbI HAIIUIA
HCKOMOE, HE COBIAJIO — MEPEXOAMNM K CIIEAYIOIIEeH suerke (OIsTh, C «000pOTOM» Uepe3 HOCIeAHNN
AJIEMEHT, €CITH 3TO HEOOXOAMMO).
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FnaBa 6. Yka3zaTtenu n guHaMmuyeckass namaThb

Umo makoe ykazameinp?

YKasaTesp — 9T0 IepEMEHHAs, COeprKalliasi B MporpaMMe B Ka4eCTBE 3HAUCHUS HEKOTOPBIH aapec: MOMMEHOBAHHOM
BCJIIMYUHBI UJIH IIPOCTO STUEUKU [TaMSITH.

B otinune ot 6a30BbIX THIIOB s13bIKa CH, yKa3zaTeldb — 3TO TaK Ha3bIBAEMbI MPOU3BOIHBIN THIT: (POPMHPYEMBI
us3 6330BOFO IpyA TIOMOIIM HEKOTOPBIX CHMMBOJIOB A3bIKd, B JAHHOM CJIy4dac IMPUMCHACTCA CHMMBOJI * (3Bé3HO‘IKa). Botr kak
BBITIISIIST TIPOCTHIE OOBSBICHHUS yKa3aTellel B Iporpamme:
int *iPtr; // ykasareyir C uMeHeM 1Ptr Ha 3HaueHMe Tuma int
char *cPtr; // ykaszsaTesb C MMeHeM CPtr Ha 3HaueHme Tuna char

VIMeHamMH THITOB B 9THX TIPUMEPaX SBISIOTCS MOCICAOBATEILHOCTH int * U char *, COOTBETCTBEHHO. Tak Kak BETMIUHBI
MOTYT 3aHUMAaTh HECKOJBKO COCEAHHX OalT B MaMSTH, a MaMATh aJpecyeTcs MOOalTHO, MMOMHMO «3BE3IOYKI» B
YKa3aHuu Tuia nepeMeHHoﬁ-yKa3aTenﬂ TMPUCYTCTBYCT U TUIL caMmoit BCJIMYUHLBI, HA KOTOPYIO "yKa3BIBaeT" aapec. Baxuo
TaKX€ MMOHUMATh, YTO IMOJIB30BATHCA YKa3aTEJIEM AOITYCTUMO JIMIIBb ITOCJIC TOI'0, KaK OH IOJYYUT 3HAYCHUE B PE3YJIbTATE
WHUTHATM3ad (KOTopas B JTHX IMpUMEpax OTCYTCTByeT!) Wi 3HaueHue OyAeT NPHUCBOEHO B IIpoliecce padoThHI
IIPOTPaMMBI.

[Tpumeps! MHULIMATU3ALUY YKA3ATENEH:
int k =5, m = 3; // lLeJiele MepeMeHHBle, Ha KOTOpHEe OyoeM COo3IaBaTh yKaszaTesu
int *kPtr = &k // ykaszarejyib C uMeHeM KPtr Ha 3HaueHMe Twurna int B NepeMeHHOM k

~e

int **pPtr = &kPtr; // a =210 - "ykaszaTesib Ha ykKasarejys", Tak kKak kPtr - camocToaTesibHAas
// mnepemenHas Tuna int*, To y Heé& eCcTb CBOM ampec, [I02TOMY MOXHO
// cosmarb M yKasaTeljb, KOTOPHM OyIeT Ha Hee yKasbBaThb

int *kPtr2 = &k, *mPtr = &m; // TyT B OIHOM BHpaxeHUu OOBABIIANTCH IBa yKasarTejd,
// ofparuTe BHMMAHME, KaK CTaBaTCd "3Be3MOUKM" NPM 3TOM;
// Takxe MNONUEPKHEM: Ha OIHY M Ty Xe& [IepPEeMEeHHYID K
// HUKTO He 3amnpemaeT CO30aThb HECKOJIbKO ykasarejein!

void *vPtr = &k; // cospmaeM ykasaTejsb "Ha HemsBeCTHHN Tun" (void), miag Toro, 4UTOOH
// ykaseBaeMbBIM 3HAaUYEHMEM BOCIIOJbL30BATLCH, €I'0 0043aTeJIbHO HYXHO
// BymeT gBHO MpeoBpaszsoBaTh K yKaszaTesin Ha KaKOM-TO M3BECTHHI THUI

3neck MBI BUIUM IEJOYMCICHHYIO TIEPEMEHHYI0 k, YK€ HMEIOIIyl0 KOHKPETHOE 3Ha4YeHHEe (3TO BaXKHO JUIA
MOCJICAYIOIIEr0), W yKa3arelb kPtr, WHUIMAIU3UPYEMBIA aapecoM 3TOM mnepeMeHHOW (CMMBOJ &, Ha3bIBaeMbIH
ammepcan1, 0003HavaeT OTepaTop B3ATHS aJpeca BEIMIUHBI, yKa3plBaeMoil rmocie Hero). CTOuT emeé pa3 OTMETHTD, YTO
MMETPh yKa3aTelb Ha HEMHUIMATN3UPOBAHHYIO BETMUMHY OECIIONE3HO, TIOCKOIBKY HCIIONB3YEeTCs YKa3aTelb Il IOCTyIa K
TEM BeIMYMHAM, Ha KOTOpbIC "yKa3biBaeT", Mo3BoJIsst ""0e3bIMSIHHBIN" 1OCTYM — 0e3 yKa3aHUsl IMEHH (B MPUMEpPE BHIIIE
MBI MOYKEM TIONyYHTh 3HaueHHe MepeMEHHOH k, He 3Has e€ MMeHH, a 3Has JUIIb e anpec).

Hamomanm, dto cuHTakcuc s3pika Cu 1M03BouIsieT H00aBIATh MPOOENbHbIE CUMBOIBI (TaOyJISINY, TTIEPEBOAa CTPOKH
¥ caMy npo0enbl) B MPOrpaMMy, €ciid 3TO He HapyliaeT CyTh nporpaMMbl. [loatomy QopmanbHO 3amucath OOBSBICHHE
yKazaTeas MOXHO TMo-pasHoMy: int* kPtr; wnuint *kPtr; unu naxe Tak: int*kPtr; (XOTs, KOHEUYHO, MOCJICIHEE
OOBSIBJICHHE CMOTPHUTCSI CTPAHHO).

Onepauuu C yKazamenamu

Touno Tak KE, KaK U APYTHUE THUIIBI BCIWYWH B A3BIKC, YKa3aTCIM AOITYCKAarOT OCYHICCTBJICHUC Hal HUMU
HEKOTOPBIX Olepalii: pa3bIMEHOBAaHHUS, HHKPEMEHTA, IEKPEMEHTa H, COOTBETCTBEHHO, IPUOABJICHUS WJIN BEIYUTAHUS
LEJIOUMCIICHHOTO 3HaUEHMs], a TaK)Ke CpaBHEHHUs yKasaTenieil. PaccMoTpuM Kaxayro W3 HUX MOApOOHEe.

Pa3biMeHoBaHMe

Oto Hanbosee BaXKHAsI ONEpalys C YKa3aTelsIMH, IIOCKOJIBKY OHH, KaK y)e TOBOPHUJIOCH BBIIIE, COAEpKaT (TpH
NPaBUIBHOM HCIIONBb30BAaHUM) ajpeca 3HAueHHH, a HeoOXOOMMO MMETh OOCTYI M K caMMM 3HaueHuAM. Omnepauust
passIMeHOBaHUs, o0O3Hadaemasi B s3blke CH TOXE CHMBOJIOM «3BE3I0UKa», MO3BOJISIET MO yKazaTenmio (C aapecoM
BEJINYMHBI) TIONYYWTh 3HAUCHHE CaMOHW BENMYMHBI, TO €CTh, TO 3HaYeHHe, Ha KOoTopoe OH '"ykaswpiBaeT'. Omeparus
pa3sIMEHOBaHMS, B OTJIMYME OT 0003HAYaeMOW TaKOH ke 3BEe3N0YKON OWHAPHOM omepanuy YMHOXEHUS, SIBISETCS
YHapHOH: IPUHUMAIOLLIEH TOJIBKO OJUH ONEpaH]| — yKa3aTelb.

Jlis ipeMIIecTBYIONIETo MpuMepa ¢ ykasaTeneM kPtr 3HadeHUeM BRIpaKeHUs *kPtr OyneT 1enourcIeHHas BeTHInHa
THIA int, HAXOJWIAsCA O ajpecy, COoZepKalleMycsi B yKaszaTene. A TaKk KaK MHHUIMATH3UPOBAH yKaszaTellb aIpecoM
nepeMeHHol kK To *kPtr na€r Tekyuiee 3HaUCHUE MEPEMEHHOM k, T. €., umcio 5.

CpaBHeHHne O0ObBABIEHHS YyKa3aTensl W OMEpalud pa3bIMEHOBaHHS OOHAPY)XUBAET HAIMYHE HEKOTOPOH
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JBOWCTBEHHOCTH B MPUBOJMMBIX BbIlIe npuMepax. C ofHON CTOPOHBI, B O0BSBICHUN YKA3aHO, YTO MIEPEMEHHAs C UMEHEM
kPtr iMeeT THII int*, ¢ IPyrol CTOPOHKI, 3TO W HATIOMUHAHUE: €CITH MBI Oy/IeM pa3sIMEHOBBIBATH COEpKaIIuiics B kPtr
yKa3atenb (TO €CTh, MONyYaTh BEMHUIUHY *kPtr), TO MBI TOMYYAM BEIHYMHY THUIA int.

NukpeMeHT/IeKpeMeHT

OTu omepanyy U3MEHSIOT apec, XPaHUMBIH yKa3zaTeleM, B CTOPOHY YBEJNMYEHHs MM YMEHBIICHHS aapeca. A BOT
KakuM OyJeT 3TO M3MEHEHHEe — 3aBUCUT OT THma ykaszarens (1ype *), TouHee - OT pa3mepa B MaMATH TOM BEITUYHHBI, HA
KOTOPYIO OH YKa3bIBAaeT (3TOT pa3Mep JIETKO OINPeenTh, OH paBeH sizeof( Type)).

B nmobom ciydae angpec oxaszbiBaeTcsi H3MEHEH TaK, YTOOBI YKa3bIBaTh Ha CIACAYIOUIYIO WK NPEbIIYIIYIO BETHINHY
3TOTO ke Tuma (TPEoJaraeTcsi, 4To BENMYMHBI PACTIONOKEHBI B MaMATH "BIUIOTHYIO", 0€3 Kakux-Tubo "mycThX"
MPOMEXKYTKOB). Takoe MoBeneHne yKa3aTens [0 OTHOIIEHHIO K 3TUM OTIEPaIHsIM MO3BOISET TOCIEA0BATETBHO MEPEXOIUTH
OT OJIHOM BEJIMYMHBI B AMSTH K APYroil B TFOOOM HampaBlieHHH (BIEpEN WM Ha3aj), AaBasi BO3MOKHOCTb UX MepeOupaTh C
KaKOH-TH00 TEeNbIo (1711 BRIBOAA, M3MEHEHHS, TIOUCKA U T.IL.).

IIpubaB/jieHue/BLIYMTAHNE 11€JI0T0

31ech U3MEHEHHE a/ipeca TOXE MOXKET ObITh ClIeTIaHO B CTOPOHY YBEITMYCHNUS MIIM YMEHBIICHUS, IPaBAa, IOCISIHSS
orepanus (BMECTe ¢ ONepannei 1eKpeMeHTa) JOJHKHA UCTIONb30BaThCs ¢ 0CO00H OCTOPOKHOCTBIO - UTOOBIyKa3aTenb He
TIOJTY4YHJI HEAOMYCTUMOE 3HAUSHHUE ajipeca (CKayKeM, BRIXOAIIEE 3a MPEAEIIbl BBIICIEHHON TaMsITH).

3ameTnM, 4TO IENoe 3HaueHHe, MOMU(UIMPYIOIIee 3HAUCHUE yKazaTels, MPUBOAUT K TAKOMY U3MEHEHHIO al[pecaB
63171Tax, lIT06BI HOBOC 3HAYCHUC YKa3aTejid MOXKHO 6I)UIO HCII0JBb30BaTh I I/I3BJIe‘ICHI/IH/I/I3MeHCHI/IH BCIIMYHNHBbI
COOTBETCTBYIOIIETO THITA B AMSTH, T.€., JOOABIEHHE NET0r0 3HAYCHHS k K yKazatento p Tuma Type * U3MEHHT 3HAUSHHE ajpeca
B HEM Ha BenwuuHy k*sizeof( Type).

C nomoIkio yKazaTeneit MOXKHO "miepeMeraThes’” (B UKIIE) MO MOCTIeI0BATEILHOCTH PACTIONOKEHHBIX ""BIIOTHYO"
OJIHOTHIIHBIX BEJMYMH C MOMOIIBI0 *p++ (Bmepén) wim *p-- (Hazan); 3HAYEHHWE YKas3aTens IpH TOM H3MEHseTcs (TyT Hamo
BCIIOMHHTH TaOJUITy MIPUOPUTETOB: HHKPEMEHT Oojiee MPUOPUTETEH, YeM pa3bIMEHOBaHWE). MOXKHO JIenaTh MOYTH TO e
camoe, U3MEHsIsI CMeIleHre KTpu HEM (caM yKkaszaTenb OCTaéTcs HeM3MEHHBIM):

*(ptk) wmm *(p-k);

MaccuBbl M yKa3zarejau

BaxxHo mOHUMATB, YTO JTF000 MAaCCHB OTpeieNsIeTCs afpecoM ero caMoro epBoro nemenTta. [loaTomy nMs maccuBa
B OTIEpalsX C YKa3aTeNssMU NPUBOAUTCS K aJpecy 3TOr0 dIIeMEHTa:

int A[3] = { 1, 2, 3};

int *p = A; // cosmaeM ykKasaTeJb Ha I[EpPBBEIM [0 MNOPAIKY 3JIEMeHT MmaccuBa: &A[O0]

Onepainuy ¢ MaCCUBaMM MO>KHO BBITIOJTHSATH KaK 4epe3 MHICKCAIIUIO C TOMOIIBIO KBaJPaTHBIX CKOOOK X[ i],
TaKk W 4epe3 Pa3bIMEHOBAHHUE COOTBETCTBYIOIIEro ykasarens *(x+i) boiee Toro, KOMmuiasTop He OYyIET CUHMTATh
omuOKoi oOparieHue i[x], XOTd OHO M BBIJIAAUT CTPAHHOBATO. DTO MPOUCXOMUT MMEHHO IOTOMY, YTO HMs MacCHBa
KOMIMIISTOP 3aMeHsieT Ha ero ajipec. COOTBETCTBEHHO, BCE TPU BapHaHTa CBOJIATCS K OOPAICHHIO Yepe3 yKazarenb *(x+i).

CpaBHeHmne yka3aTeJeii

Kak BHUIHO W3 mpedplAyIIero pasjena, yKa3aTellb — 3TO TOXE IIeJIOYHCIICHHas BeNIWYMHA (CMEIICHHWE OT

BUPTYQIIBHOTO «HadYaja OTEepaTHBHON MaMATH» KOMIbIoTepa). CremoBaTeNbHO, 3HAYCHUS JIBYX yKa3aTellell MO>KHO

CpaBHUBATh:

if ( kPtr == mPtr ) ... // JIOXb, Tak Kak OHM B IIPMMEpe BHIle yKa3EBAT Ha
// nBe pasHhe [epeMeHHBEE U y DTUX [NePEMEHHBIX TOUHO pPas3HBE
// ampeca

int *p2 = &A[1l]; // cos3maeMm ykas3aTejib Ha BTOPOM MO MOPAIOKY 3JIEMEHT MacCubBa

if ( p2 < &A[2] ) ... // CcpaBHEHME uMeeT CMHCJI, TaK KakK yKasaTeJlb UM BTOPOM
// BIEeMeHT onepaury CpPpaBHEHUS yKAa3BBAT BHYTPb OILHOTO
// Y TOTO %Xe MacCuBa, HENPEPHBHOTO B NaMATU

if ( p2 < kPtr ) ... // a ©Tu mBa CcpaBHeHMd — [OoJiHAg OeCCMBICMIA, TakK Kak

if ( mPtr >= kPtr ) ... // p2 ykaseBaeT Ha 3JIEMEHT MacCubBa, a kPtr — Ha HepeMeHHYD
// K, KOTOopaa HEeM3BECTHO, TjAe OyIeT pacrojioxeHa B NaMATH,
// Tak UuTO pes3yJibTaT TAaKOTO CPaBHEHMA — Henpenckasyem!

OmnacHocTH yka3zaTeJiei

He cnenyer 3a0b1Bath 1 00 "onacHoCTAX" paboThI ¢ yKasaTensaMu. B npuHiune, ykazaTeiaro MOXKHO IPUCBOUTH JIt000e
3Ha4YeHHUE aJpeca, HO BOT MOKHO JIM 00PaTUTHCS K BEIMUHMHE 110 3TOMY ajpecy? OT1o 60ib1oi Bonpoc... [loaTomy mporpamma
C IpIMEHEHHEM yKa3aTeled BechMa 4yBCTBHUTENbHA K OIIMOKAM B WX 3HAUEHHMSX (aJpecax B MaMATH) U MOCIEICTBUS 3/€Ch
MOTYT OBITH Camble pa3Hble: OT HEMpPaBUIILHOTO (YHKLMOHMPOBAHHUS O TpeKpauieHus: paboThl NPOrpaMMbl Bceiydae eé
oOparuenus B "3ampetHble” MecTa (00 3TOM 00BIYHO "3a00TUTCS" ONEepallMOHHAas cHUCTeMa, 3allyCTUBLIAs mporpammy). Tak
YTO BaKHO Bcerza BepUGMIMPOBATh 3HAYEHMS, NPUCBAUBAEMbIE YKAa3aTeNsIM U KOHTPOJIMPOBATH MX BO3MOXKHBIE
W3MEHEHUs, yIepKUBas B AOIYCTUMBIX Ipezenax. [IpuBeneM npumep ykaszaTessi ¢ HEKOPPEKTHBIM aJpecoM:
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int *p3 = p2 + 8; // ykaszsaTesb p2 yKasHBaeT Ha BTOPOM BJIEMEHT HeBOJbIOTO MacCCHUBa,
// a ykaszsaTejyb p3 MB IPOMHMLUMAIMBUPOBAJIM aIpeCOM, KOTOPEI BHIXOOUT
// 3a mpemnessl 3TOTO MacCuUBa, €CJIM ero pasHMeHOBaTh, TO IporpaMMma,
// ckopee Bcero, =BaBepumTCs C oumbOKOM, Jmbo OymeT IoJydeH
// HEKOPPEeKTHEN (K TOMY Xe& CJIyYaMrHEIM) pes3yybTaT ee paboTor!

HexenatrensHO CO31aBaTh YKa3aTeJiu, KOTOPHIC «HUKYJAa HE YKa3bIBAIOT):
int *p4; // yxaszsarenb p4 He MHMUMAIMBMPOBAH, 3BHAUEHME anpeca B HeM OyHeT CJydaiHo,
// a MNOoIBTKa eT'0 Pas3bMEHOBATL MNPMBEIAET K I[IJIOXMM I[OCJEIACTBMAM, KakK U B
// mpemmmyueM npuMepe
BwmecTo 3TOro YKa3aTcjib MOKHO MHUITUAJIU3UPOBATH CIICIIUAJIBHBIM «HYJICBBIM» aApCCOM:
int *p4 = NULL; // TakoM yKasaTeJb NPM [ONLTKE PAa3EMEHOBAHUS TapPaHTUPOBAHHO
// UpVBEIeT K aBapUMHOMY 3aBEPUWEHMO IPOTPaMME UM OWMOKY HAMNTHK
// Bymer Topasmo Jjierde!

DyuKkyuu padomol ¢ OUHAMUYECKOU RAMAMBIO

OObIuHasi MamATh MOJ MEPEMEHHBIE MPOTPaMMbl BBIACISETCS KOMIMIATOPOM NPH CO3JaHHU HMCIIOIHSIEMOTO
(haiima mporpaMMBI M 3Ta MaMATh JUOO SBISIETCS 4acThbio "Tema" camoil mporpaMmbl (TTI00albHAs W CTaTHYecKas
NaMsITh); TM00 3TO MaMATh 0] JIOKaJIbHbIE IIEpEeMEHHBIE ()YHKLUH, KOTOPBIE PACIIOJIAralOTCs B TaK Ha3bIBAGMOM CTEKE
MIPOrPaMMBI.

[TomMumo Takol maMsTH Ui Pa3MEIIECHHUs MEPEMEHHBIX M MAacCHBOB BEJIMYUH PAa3HOTO THIIA, MOXHO TaKXKe
3alpalnBaTh NaMATh Y ONEPALMOHHONW CHCTEMBI C TIOMOIIBIO CIEIHMAIbHBIX OMOMUOTEUHBIX (PyHKIMHA. DTa MamsTh
Ha3bIBACTCsl IMHAMHUYECKOM; MporpaMma 3apaHee HE 3HaeT, rae OyJeT pacroyiaraThCs 3Ta MaMsTh M CKOJBKO e
MOHAJ00UTCS, TOATOMY HHYETO KpOME yKa3aTeslsl Ha Ha4yajio BBIJCIICHHOTO OJIOKA TaMSTH OHA MOJYYHTh HE MOXKET.

PaccMoTpuM pOTOTHITEL OCHOBHBIX (DYHKIMIA AJ1s1 pabOThI ¢ AMHAMUYECKOM MaMSTHIO:

void* malloc(size t size);

@OyHKIHA BBAETSAET OJOK TUHAMHYECKON MaMATH pa3MepoM size (B O6aliTax) W BO3BpaIaeT yKa3aTeldb HA €ro
Hayao (caMblif HepBbId OaiiT). Ecnu namsTh BEIACTUTE HE YAAIOCh (aMATH HE XBAaTHUJIO), BO3BpAILAETCS CIICHATIbHOE
3HaueHue ykazareis: NULL (Tak Ha3bIBaeMblii "HEBO3MOXKHBIN" yKa3aTesb) U HYXKHO 00s3aTEIIbHO MPOBEPSITH — YTO
HaM BepHyJIn?

void* realloc(void* ptr, size t size);

@DyHKIMS U3MEHSET pa3Mep paHee BBIISICHHOro 0J10Ka AMHAMHYECKOH aMATH C aJIpecoM Havaja pfr 0 pa3mepa
size (B 6aliTax) ¥ BO3BpAIllaeT YKa3aTellb HA €ro Havano (caMblil epBbli 0aiT). Ecnii maMsaTe BBIIENNTH HE YIaloch,
Bo3Bpainaercss NULL. Tlonp3oBaTenbckoe CoAepKUMOe 0JIoKa B MpejiesiaX pa3Mepa size B JIIOOOM ciiydae OCTaércs
HEM3MEHHBIM. Eciy mamsTh BblIEIeHa, BO3BPAILACTCS YKa3aTeNb Ha e€ Hayajlo, BO3MOXKHO, C APYTHM 3HaYCHUEM aJipeca
(ecnu BeIgENICHHE IPOU3BEICHO B IPYTOM MECTE MaMSITH).

void free(void* ptr);

OyHKIMsT 00BSABISECT paHee BBIICICHHBIN OJIOK AMHAMHYECKOW MaMsITH C aJpecoM Hadana pfr "HeHYXHbIM',
9TOOBl OMMOOYHO HE BOCIONB30BATHCS Jaliee dTHM aJpecoM, YKa3aTelll0 C TAaKUM 3HAaYeHHEM PasyMHO H3MEHHUTH
3HaueHue Ha NULL.

VYnomsaHyTsle QyHKIUN BBIACTICHNUS AMHAMUYECKOH TaMsITH HUKAaK HE HHULMATH3UPYIOT €€; 3TO 03HAYaeT, YTO B
BBIJICJICHHOM OJIOKEe 0aiThl MOTYT MMETh MPOW3BOJIFHOE 3HAYEHUs (OCTaBHIMECS TOCIE MPEABIIYIINX BbIIEICHUHA
namsITH) ¥ HE JOJDKHBI MCIIONB30BaThCS O€3 pa3MelIeHus] TaM HYXKHBIX MporpaMMme 3HaueHWi. Bo3Bpamaembie u
NpUHUMAaeMble 3HA4YeHHUs Tuna void* CHMBOIM3HMPYIOT clenuanbHbIi TUO "0000mEHHOTO" yKazaTess: mepenaTh
(YHKIMU ¢ IOJJOOHBIM THIIOM IapaMeTpa MOXKHO yKa3aTelsb JIF000T0 THIIA, 2 BO3BpAIlAeMbIi YKa3aTellb He00X0 MO

BCerJa MpeoOpa3oBhIBATh K HYKHOMY HaM THITY:
int* p = (int*)malloc(size);

Opzanuzayus Konmeunepoe OaHHbIX

BezanmpecHas mamsTh (kak SBCTBYeT W3 €€ HAa3BaHUs) HE MPEAIONIAraeT MPU COXPAaHCHHH yKa3aHUS ajpeca, Iie
OyZIeT HaXOMUTHCS BEIMUYMHA. DTO MPOCTONW M XOPOIIWI BapHaHT: HE TpeOyeTcs yKa3plBaTh HUKAKUX MapaMeTpOB,a JIUIIIH
camMo JeHCTBHE pa3MelIeHus Tae-To B mamsaTw: push(), "momectuts". sl M3BIEUEHUS BEIUYHH TOXKE XOTEIOCH OBI
MOCTYTATh aHAJIOTUYHO, HE YKa3bIBask HUYETO JOTOTHUTENRHO: pop(), "BepHYTh"; BennunHa OyIeT Bo3BpailleHa (yHKIIHEH.
Ho BoOT kakas W3 BEJMYMH B 3TOM HaMsTH JOJDKHA OBITh BO3BpallieHa? 311eCh HAl0 MPUHATH HEKOTOPOE pa3yMHOE
cornanienue. Koneuno, ecim B Takod Oe3aapecHON MamsTH CHadaia He ObUIO HUYEro, TO, Jiejas mociie "3aTalKkuBaHus"
BEJIUYMHBI OTICPAIIUIO U3BJICUCHHUS, MBI OXKHIIAEM MOTYYUTh TO, YTO TaM ObUTO. TyT BCE MOHATHO. A €CIU YTO-TO B 3TOH
0e3aIpeCHOM MaMATH YK€ HaXOIUIOCH?

HMeeT cMBICT XpaHUTh BCE BEIWYMHBI MTOCIEIOBATENBHO (B MPOTHBHOM CiTydae Hamo OBUTO OBI eIié 3alOMHHATH
MOPSOK UX MOCTYIUICHHS: TIOCIIE U3BJICUCHUS OJHOM HaJI0 TOHUMATh, Kakas OyaeT cinenytomeid). HetpyaHo cooOpa3uth, 4To
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B 9TOM HAIICH MOCIIEIOBATEILHOM MAMATH "BBIICICHHBIMU' OYIyT JIWIb IBE BEIMYUHBL; IEPBast U MOCIETHSS (M3 OCTATBHBIX
HETIOHATHO, YTO MOYKHO BBHIOpaTh, HE YKasbIBash OOJbIE HUYETO JOMOJHUTENBHO). TakuMm oOpa3oM, MOXKHO HPHHSTS,
HaIrpuMep, TaKOe COTJIAIIEHHE: BO3BPAIIACTCS IPH U3BJICUSHNH TIOCIIEeIHSS JO0OaBIIEeHHAs BETMYHHA.

Crex

Hac moxHO mo3apaBuTh: Mbl "mpuaymanan' Oe3apecHyl0 NaMsiTh, Ha3blBaeMyl CTeK. MOXHO 3alOMHHATh
BEJIMYMHbI, MO’KHO MX U3BJIEKAaTh (HUUETO "NUIIHET0" yKa3bIBaTh HE HY>KHO), HO U3BJIEKAETCS BCEr/la BEIUUKMHA, ITIOCTYUBIIAS
nocjeaHel (TakoBa IeHa 3a OTCYTCTBUE JIONOTHUTENBHBIX YKa3aHHii). AHATOTHEeH TOZOOHOMY B3aHMOJICHCTBHIO MAMSTH U
3HAYEHUH MOXET CIYKHUTb, HAlpUMep, ACTCKas MUpaMUIKa ¢ KPY»KKaMH Ha IOThIpE: MBI JOOABIsieM Tylda KPYXKKH IO
OJHOMY, CKJIa/IbIBast UX APYT Ha Apyra, HO U3BJI€Yb OTTYAA OJUH KPY)KOK MOXKHO, TOJIBKO €CIIU OH OyZIeT BEpXHUM, T.€.,
rmocnenHuM 100aBiIeHHBIM. EIé ofiH mpuMep — CTONKa KHUT B Y3KOH KOpoOKe (4T0ObI Hemb3sl ObLIO B3SITh KHUTY W3
CepeIMHBI CTOIKH, a TOJBKO CBEPXY).

Ho HyxHa nm Takas crpanHas namath? OkasbiBaercs, na. M BeckMa yacTto mcmoib3yercs. Hampumep, Tak
OCYLIECTBIISIETCS BBI30B (YHKIMI NPAKTHYECKH B JTIOOOM SI3bIKE MPOrPaMMHUPOBAHUS: IEPER BBI30BOM (YHKIMH ajipec
CIIeIyIOLIEH MHCTPYKLUU TOMEIIaeTcsi B CTEK, MOATOMY TOTJa, KOT/la UCTIONHEHHE (QYHKIHMH OyJeT 3aBepIICHO, OCTAETCS
TOJIBKO W3BJIEYb 3TOT aJpec U3 CTEKA - M BBIMOJIHEHHE MPOTPAMMBI MOKHO MTPOIOJKUTD.

NwmenHo Tak paboraer omeparop Bo3Bpata return: n3 PyHKIUU Kak OBl mpemaraeTcst "BO3BPaTUTHCS' B MECTO
WCTIOJIHEHUSI POIPaMMHOTO KOJla, KOTOPOE CIIEAYyeT cpasy Hocie BbI30Ba. Y 3TO oyeHb yn00HO, MOCKOMBbKY (yHKIHUS
MOJKEeT OBITh BBI3BaHA W3 Pa3HBIX MECT MPOTPaMMBI; BO3BPAT aBTOMATHUYECKH OyJeT Tyla, OTKy/Aa OHa Oblla BhI3BaHA.
Bo3moxHBIE MHOTOUHCIIEHHBIE BIOXKEHHBIE APYT B Ipyra BBI30BBI(PYHKIMH 34€Ch TOKE MPELYCMOTPEHBI, IOTOMY UTO
IpyTHe afpeca BO3BparTa OyAyT Aajnee pa3MelLIaThes B CTEKE, He Hapyllas paHee yXe 3aHecEHHbIe afpeca.

Taxo#t BapuaHT B3aMMOJCHCTBUS C TAMATHIO TpaaulnoHHO HasbiBaeTcs LIFO, 3To cokpaiiieHue OT BBIPAKCHUS
Last In First Out, To ecTb, «IIOCIEAHUM BOUIEN, MEPBBIM BBIIIEI).

Hanum ¢opmanbHOe ompeneneHue CTeKa:

Cmex (no-amenuiicku «cmonka») - 3mo OUHAMUYECKAs CMPYKMypa OAHHbIX (C YNOPAOOUEHHBLIM HADOPOM
9/1eMeHmo8), 8 KOMopou 000aseHue HOBbIX DJIEMEHMO8 U YOaieHue UMEIOWUXCA NPOU3BOOUMCS C 00HO20 KOHYA (OH
HA3b1860eMCs GEPUIUHOU CIEKA).

Takum 00pa3omM, y cTeka JOIKHEI OBITh KaK MUHUMYM JIBE OTIEpAIliy: 3aHeCeHHe, GYHKUUS push(), 1 N3BIEUYCHUE,
¢byHkms pop(), HO A peabHOH paboThl UX MOXKET MOHAZOOUThCS U Oouiblle: yA0OHO, HApUMEp, 3HATh, YTO U3 CTEKa
HUYEro M3BJIeYb HENB3sl (OH IyCT), UMETh BO3MOXKHOCTH IPOBEPUTH, YTO MECTa JISl MOCIEIYIOIIEr0 3aHECeHHs He
OCTaJIOCH (CTEK 3aII0JIHEH); YaCTO MOJIE3HO MPOBEPSTH BEIMUMHY B BEpIIMHE cTeKa 0e3 e€ U3BICUECHUSI.

OpraHu3oBath CTEK MOXKHO W3 JFOOOTO YHOPSJOYEHHOTO XpaHHJIMIIA OJHOTHUIHBIX JJIEMEHTOB, HANpUMEp, W3
OJITHOMEpPHOTO MaccHBa, CHAa0JMB €ro mapaMeTpoM, Ha3bIBA€MBIM yKazaTeJeM CTeKa, B BHJE YKa3aTells WM MpPOCTO
WHJEKCcA. YKa3aTellb WIM UHAEKC MOTYT OBITh CBS3aHBI KaK C MOCIECAHMM pa3MELIEHHBIM B CTEKE JIEMEHTOM, TaK H, KaKk
BapuaHT, ¢ MePBbIM ""cBOOOHBIM" MECTOM IIOCIIE TOJIBKO YTO JOOABICHHOTO 3JIEMEHTA.

Ecmu mecta B XpaHWIUINE Al OYEpEHOTO pa3MelleHusi He OyneT xBaTaTh (BCE cBOOOAHOE YK€ OBLIO
3aIl0JIHEHO), TIAMSATh MOYKHO TIE€PEBBIIEIUTh C MOMOIIBI GyHKImH realloc(), arodbl e€ crtamo Ooiblie, MpUUEM C
OIpenenEHHbIM 3alacoM; B 3aBUCHUMOCTH OT BBIOMPAaeMOro croco0a yBEIHYCHHs pa3Mepa MaMiATH pa3inyaroT CTPaTerduH
yABOCHHS (pa3Mep MaMsTH YBEIMYUBACTCS BJIBOE) WIIM U3MEHEHUS Ha KOHCTAHTY (pa3Mep MaMsTH YBEIUIHBACTCS HA
HEKOTOPYIO TOCTOSTHHYIO BEIHYHHY ).

U eme Hy>KHO pelINTh TEXHUYECKYIO TPOOIEMy: €Clii pa3Mep BhIACICHHOM maMsTu OyleT H3MEHEH, TO U aJipec,
KOTOPBIN Ha 3Ty MaMATh YKa3bIBaeT, MOKET U3MEHUTHCS, €ro HY>KHO OyZIeT COOOLIUTH «BHI3bIBAIOIIEH cTOpoHey. [t
3TOTO yI00HO C/IeNaTh THIIOM JIaHHBIX, KOTOPBIH OyeT 0003HaYaTh TEKYIUH CTEK, THUIl «yKa3aTellb Ha YKa3aTesb»: MbI
nepeaaeM B GYHKLUH aipec yKa3aTells Ha CTEK H, €CJIM OH BHYTpH (GYHKLIMH OyAeT U3MEHEH, TO BBI3BIBAIOIIAS CTOPOHA
MOJIYYHT 3TO U3MEHEHUE. AHATOTUYHBIA IPUEM MOXKHO UCIIONB30BaTh U I BO3BpaTa 3HaU€HHUI NpeeIbHON EMKOCTH
CTeKa U KOJHYECTBA PEalbHBIX DIIEMEHTOB B 3TOM CTEKeE.

B pesynbraTe nporpaMMHbIi HHTEpdEHC cTeka MOXKET BBITIISACTh TakK:

e 00aBUTH DJIEMEHT B CTEK:

void push (double **stack, size t* size, size t* capacity, double element);
® IIOJIyYUTh DJIEMEHT U3 CTEKa:

double top (double **stack, size t size);

® YIAJINUTH DJICMEHT U3 CTEKa:

void pop (double **stack, size t* size);

® QUHCTKA IMaMATH:

void destroy (double **stack);

[Ipu momemieHny IEPBOTO ANIEMEHTA B HOBBIM CTEK MOXKHO B Ka4eCTBE a/ipeca CTeKa IepeaaBaTh IPOCTO HyJIEBOH
yKazareb:
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double* pStack = NULL;
size t size = 0, capacity = 0;
push?&pStack, &size, &capacity, 6.02E+23);

I[Ipu »TOoM yHKIMA push() caMOCTOATENFHO MAODKHA BBIACTUTh HEKOTOPOE HAYadbHOE KOJMYECTBO
TUHAMHYECKOW MAMSITH IO/ CTEK U 3aII0JHUTH BCE BO3BpAIaeMble 110 YKa3aTelsiM 3HaUYeHUs. AHAJIOTHYHO, Pa3yMHBIM
Oyxner, ecniu (hyHKIUS destroy() OyaeT OOHYJSITH yKa3aTellb Ha YHUYTOXKCHHBIM cTek. OTMETUM eIlle OJWH HIOAHC
npenaraeMoi peanu3anun: GyHKIHS yIaJICHAS JIEMEHTa M3 CTeKa He OYUIIAeT aMATh, TAKIM 00pa3oM, BhIZeIEHHAs
TUHAMHYECKas! TaMSTh IPH JII000# paboTe co CTEKOM — TOJIBKO PACcTeT, 2 0CBOOOKIAETCsl OHA TOJIBKO OJMH pa3 — MpH

BbI30Be QYHKUUH destroy().

Ouepennb

A 4TO, eciM B YIIOMSHYTYIO BbIlIe 0€e3apeCHyI0 IaMATh 3aHOCUTh BEJIMUUHBI, 8 U3BJICKATh X IOTOM HE "'C TOTO
e KoHUa'", a u3 Hadana? Toraa momyuurcs OezaapecHas namsth ¢ opranuzanueii FIFO (cokpamienue Beipaskenns First
In First Out, «mmepBbIM BOIIEN, IEPBBIM BBIIIE»): 3TO OUEPEb.

[omnexarmue oOcyXuBaHWIO JIOAW (COOBITHA, TpeaMeTsl) QOPMHUPYIOT ouepens (YIopsIOYeHHYIO
MOCIIEI0BATENBHOCTD), JOOABISISICH B €€ KOHEIl, a 0OCTY)KMBAIOTCS, HAYWHAS C Hadala O4epein. 3AeCh aHaJoTHs C
OOBIYHOM JFOJICKOM Ouepe/ibo OoJiee UeM OUEBHUIHA, 4 TIOTOMY JOTIOJIHUTEIBHOTO 00BSICHEHHS HE TPeOyeT.

dopmanbHOE ONpeesicHUE OYepeiu:

Ouepedsb - 5mo OuHamuueckas CMpYKmypa OaHHbIX (C YNOpAOOYEeHHbIM HADOPOM 31eMEHMO8), 8 KOMOpol
0obasnenue HOBbIX INEMEHMO8 NPOU3BOOUMCS ¢ 00H020 Konya ("xeéocm"), a uzeneuenue umerowuxcs - ¢ 0py2020
("eonosa").

Takum oOpazom, sl oUepen JODKHBI OBITh (KaK MUHHMYM) OIIpEJIEICHbI ONepanuu: 100aBJIeHUE dIEeMEHTa B
KOHEI[ W U3BJIeUCHHUE dJIEeMEHTa U3 Hadala. ¥ JOOHO UMETh Croco0 MPOBEPKH odepeny Ha "mycToTy" (Koraa M3BIeYb
HUYETOo HeJb3s); KeJaTelbHa TakKe MPOBEpKa Ha HEBO3MOXKHOCTH JOOABJICHUS: €CIH OuYepelb OpPraHU3yeTCsl B
OTPaHUYEHHOHN 00JACTH MaMsTH (HalprUMep, CTAaTHYECKO), 3TO TO3BOJIUT "HE MEpENnoIHUTE" €€, eCITU HCIIONb3YyeTCs
JUHAMHUYECKasl TaMSITh - BOBPEMS YBEJIIMUUTE €€ pazMep.

PeanuzoBath ouepeab MOKHO C TIOMOIIBIO MaccHBa, B KOTOPOM AJIEMEHTHI M3BJICKAIOTCS W3 Hadana MaccuBa,
CABHUTasg OCTAaBIIMCCA 3JICMCHTHI K HaAYAITy U IlO6aBJ'I$IIOTCSI B KOHEIL (BO3MO)KHI)I " APpYrue€ BapuaHThI I/ICHOHHCHI/IH).

[IporpamMusIii HHTEpGEiic Ouepean Ipu 3TOM MOXKET BBITILAECTh B TOUHOCTH TaK K€, KaK BBITJIsLIEN HHTEpdeic
cTeKa:

e 100aBHUTH 3JIEMEHT B OUEPEab:

void push (double** queue, size t* size, size t* capacity, double element);
® IIOJIyYUTH DJIEMEHT U3 OUEPEIU:

double top(double** queue, size t size);
® YIAIUTh JIEMEHT U3 OUEPEan:

void pop (double** queue, size t* size);
® QUMCTKA IaMATH:

void destroy (double** queue);

Ho pesynbrat paboThl ¢ ouepenplo OyAeT ApyruM, HE TaKUM, Kak y cTeka. OTo OyAeT ONpenensiThCs peanuzanuei
GyHKIMHA, TpUBeIeHHBIX Bhime. Pabota mpu mepBoM T00aBICHUM AJIEMEHTa B OuYepellb, NIPU YIAJICHUU DJIEMEHTa W MPU
IIOJIHON OYHCTKE o4ucpeau aHaJIormdyHa TOMy, Kak 3TO 6LIJ10 OIMCAHO B pa3cie Mpo CTEK.

Jexa

Hexa - 310 0000mmIEHME ouepenu. AHIIOA3BIYHOE Ha3BaHue deque 0Opa3oBaHO Kak Homy-abOpeBHarypa OT
anriuiickoro Double Ended Queue, ouepens ¢ aByms KoHIaMu. B jieke OBICTpO 100aBIsATh M M3BJICKATh JICMEHTHI
MO>KHO C JTJFOOOTO KOHIIA.

Hexa - omo ounamuveckas cmpykmypa OaHHbIX (C YNOps00UeHHbIM HAOOPOM DIEMEHMO8), 8 KOMOPOl
oobagnenue HOBbLX U YOALIeHUe UMEIOWUXCSL DNeMEHMO8 MOJCEM NPOU3BOOUMBCI C 000UX €€ KOHYOB.

Taxum 00pa3oM, JUIst JIEKH JOJDKHBI ObITH ONPEJICNCHB! OTepaniy: Jo0aBlIeHHe dJIEMEHTa B Havano, Jo0aBieHue
3JIEMEHTA B KOHEI, M3BJICYEHUE JIEMEHTa U3 Havana, W3BJIeUCHUE dIeMeHTa U3 KoHIa. [lpn peanuzamuu HyKHO HE 3a0bITh
clieniaTh MPOBEPKY JEKH Ha "MycToTy" (KOTAa M3BJieYb HUUETO HENb3s HU C OJTHOW CTOPOHBI); XKeaTeNbHa TakkKe PoBepKa
Ha HEBO3MOXKHOCTPH J00aBJICHUsI DJIEMEHTOB C KaXJIOW M3 CTOPOH: €CIIH JIeKa OPraHU3YyeTcs B OPaHHYEHHOH 00JacTH
MAMATH, ITO MO3BOJIUT "HE MEPENONHUTE" €€, €Cli Ke HCIOJB3YeTCS MUHAMUYECKas MaMiITh, TO MOXHO BOBPEMS
YBEIMYUTH pa3Mep MaMsTH MO ACKY.

Peanmn3oBath AeKy MOKHO C TIOMOIIBIO MacCHBa, B KOTOPOM D3JIEMEHTHI HAUMHAIOT pa3Mmemarscs "B IeHTpe" u
T00aBIAIOTCS 1O 00€ CTOPOHBI OT ITOTO IIEHTPA (BO3MOXKHBI M APYTHE BAPHAHTHI UCIIOTHEHUS).

e  100aBUTH IEMEHT B HAYAJIO ICKH:
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void push front (double** deque, size t* begin, size t* end,
size t* capacity, double element);

e  00aBUTH 3JIEMEHT B KOHEL[ JCKH:

void push back(double** deque, size t* begin, size t* end,
size t* capacity, double element);

® TIOJIyYUTb 3JICMCHT M3 HaJayla JICKHU:

double get front (double** deque, size t begin);
®  [IOJIYyYWUTH DJIEMEHT C KOHI[A JEKHU:

double get back (double** deque, size t end);
®  YIAJIWTh DJICMEHT U3 HadaJia JCKU:

void pop front (double** deque, size t* begin, size t end);
®  yIAJIWUTH JJICMEHT C KOHIIA IEKU:

void pop back(double** deque, size t begin, size t* end);
®  QOYHCTKA NaMATH:

void destroy(double** deque);

O6paTI/IT€ BHUMAaHHE: IIPU YIAJICHUHU DJIEMEHTOB C Pa3HbIX KOHIIOB JICKHM MO-pa3HOMY IEepeaaroTcs ImapaMeTphl
Havajla 1 KOHIIa A€KU: U3 HUX TOJIBKO OJUH U3 TapaMETPOB 6y,I[€T MCHATHCS, [IO3TOMY TOJIBKO OJMH U3 HUX NEPEAACTCA
110 yKa3aTelito, a BTOpOfI — I10 3HAYCHUIO.

Pabora npu nepBoM 00aBICHUH 3JIEMEHTA B JICKY, IIPU yIAJCHUM 3JIEMEHTA U [P MOJHON OYMCTKE JICKH aHAJIOTHYHA
TOMY, KaK 3T0 OBLIO OTMIMCAHO B pa3jesie Mpo CTeK.

O6paTI/IT€ BHUMAHHCEC, 4YTO U3 ICKH MOXXHO CACIaTh U O6LI‘IHYIO 0o4€epeab U CTEK: MOKHO IIPOCTO HE MCII0JIb30BATh
4acTh BO3MOXKHBIX JUISl €KW ONEpaluil.

BekTop (auHaMu4ecKuii MaccuB)
BekTop — 3TO AMHAMUYECKUI MAacCUB, KOTOPBIN caM CIEIUT 3a CBOMM pa3MepoM. Bee neranu peannsanuu
(YHKIUH OITMCaHBI BBIIIE, HATPUMED, B Pa3ieie Mpo CTeK, TYT MPUBEJEM TOJILKO IPOTPpaMMHEIH HHTepdeiic BeKTopa
® B(CTaBKa 3JIEMEHTA B MO3HUIIMI0 index:

void insert (double** array, size t* size, size t* capacity,
size t index, double element);

® [IOJIy4CHHE DJIEMEHTA Ha ITO3UINU index:

double at (double** array, size t index);
[ ] N3MCHCHHUC pa3MeEpa BEKTOpa:

void resize(double** array, size t* size, size t* capacity, size t new size);
// TomYepKHEeM, UYTO TYyT MOXHO M yBEIMUMBATL pPasMep BEKTOpa, MHULMAIU3UPYS HOBHE
// DJIEMEeHTEH, Halp¥Mep, HYJAMM, M yMEHbIIATbL €T0: IIPYM 3TOM 00S3aTeJIbHO IOJDKHEH

// COXpPaHUTBbCH BHAUEHMI OCTAKIMUXCI 3JIEMEHTOB !

® OYHMCTKa IIaMATH:

void destroy (double** array);

JIBymMepHbIe THHAMUYECKHE MACCHBBI

B nporpammax Ha si3bike CH 3JIEMEHTBI CTATHUECKOTO JIBYMEPHOI'O MaccuBa (MATpPHUIIbI) MOTYT XPaHHUTHCS B
MaMsATH MOCTPOYHO (0€3 MPOMEXKYTKOB), CTPOKA 3a CTPOKOW: CHavayia IEMEHTHI TEPBOHM CTPOKH, MOTOM - 3JIEMEHTHI
CJIEYIOIEH CTPOKH M TaK Jajiee. JTO MO3BOIISET BHIYUCIUTS, T/Ie HAUWHACTCS JTF00ast CTpoKa: mepBas (¢ uHuekcom 0)
pacronaraeTcss B caMOM Hadvaje, BTopas HaunHaeTcs 4epe3 W anmemeHToB (rae W - pasmep CTPOKH MaTpHIbl B
3JIeMEHTax), TPEThs - depe3 2*W (mocie aByx cTpok) u T.1. [loaToMy ajpec Havyaia CTPOKH MATPHIIBI C HHIEKCOM 1 IPU
TaKoM e€ pacroioXeHnu JaéTcs BeIpakeHrueM p+i*W, rie p — aJpec Hayaia MaTpHIIbI, a apec dIIEMEHTa ¢ UHIeKCaMU
i,j - BeipaxenueM p+i*W+j. Cam syeMeHT MOXET OBbITh IMOJyYeH IOCNIE ONepaluy pasbIMeHOBaHus: *(p+Hi*Wj).
HanoMHuM, 4TO 3TO BRIpa)KEHHUE MTOJIHOCTBIO SKBUBAJICHTHO TakoMy: p[i*W+j].

[1pu BeIUMCHEeHNN BhipaxkeHus Thia A[i][j] mepBas omepaliis HHASKCAIMU JIOJKHA JaBaTh yKa3aTelb HA HAYalo i-i
CTPOKH MaTpHIbl. [JIst 5TOr0 JOCTATOYHO BHIIECIHUTH JOTIONHUTEIBHO BCIIOMOTATEbHBIN (OTHOMEPHBIN) MAaCCUB YKa3aTelen
C YKCJIOM 3JIEMEHTOB, PABHBIM KOJIMYECTBY CTPOK B MaTpHIIE.

I'me mpu 3TOM Oy Iy T pacmonaratbCs caMu CTPOKH? B0O3MOXKHBI Kak MUHUMYM JIBa BApUAHTA: JIMOO KaXKas CTPOKa
— 93TO OTACTHHO BHIIEISIEMbIH (PParMEeHT JMHAMHYECKON MaMATH (KK — CO CBOMM aJIpecoM Hadalla CTPOKH), MO0
MOXKHO BBIJIENUTH OJIMH (DparMeHT Ha BcE CONEPKUMOE MATPHIIBI, & MACCHB yKasaTellel 3alONHUThH aJipecaMu Hadaia
KXo cTpoku (JIMOO BOOOIE HE WCIONB30BaTh MACCHB yKa3aTellel Ha Hadalla CTPOK MaTPHIBI, TOTJa MPUACTCS
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CJIeNIaTh OJJUH METO/T «JIa 1,j SJIIEMEHTY).
Hcmonp3yem nepBbIii CrIoco0 M BRIZICNM MaMATh TOJT YKa3aTelIn Ha aapeca Hadana KakKI0H U3 CTPOK MAaTPHIIBI:
double** a=(double**)malloc (n*sizeof (double¥*));
ITocne 3Toro Hy>KHO BBIIEIUM OAMSTh AJI KAKIOU CTPOKU MaTpPHLIbL:
for (int 1=0; i<n; 1i++)
alil=(double*)malloc (m*sizeof (double));
IIpu ynaneHuu Takoro MaccuBa NpUIETCS CHA4YaJIa yIadUTh CTPOKU:
for (int 1=0; i<n; 1i++)
free(alil);
A MOTOM yJanuTh yKa3aTelld Ha HUX:
free(a);
Odopmum >TH IEUCTBUS B BUIE (yHKITHHA
double** create matrix(int n, int m) // cospasme maccuea n*m
{
double** a=(double**)malloc(n*sizeof (double¥*));
for(int i=0; i<n; i++)
ali]=(double*)malloc (m*sizeof (double)) ;
return a; // BOo3BpamaeMm COS3IaHHEIM MaCCUB
}
void delete matrix(double** a, int n)// ocBofoxIeHue MaccuBa M3 N CTPOK
{
for (int 1i=0;i<n;i++)
free(alil);
free (a);

Hob6aBuM Temnephb GYHKIUN BBOAA-BBIBOJIA
void print matrix(double** a, int n, int m)// BEIBOO MaTPMUE Ha S5KpPaH
{ for (int 1i=0;i<n;i++)
{ for (int j=0;j<m; j++)
{ printf ("$1f\t",ali]l[3]);
érintf("\n");
érintf("\n");
ioid input matrix(double** a, int n, int m)// BBOX MaTpPMLE C KJIaBMATYPH
{ for (int 1i=0;i<n;i++)
{ for (int j=0; j<m;j++)
{ printf ("[%d] [%d]:",1,73);
scanf ("$1f",&al[1]1[]3]) 7

}

getchar(); // ybpaTh ocTaBumMiicad OT BBOHa CMMBOJ '\n'

[Ipu 3TOM TIOITyYEHHE 1,j-3]IEMEHTA MATPHUIILI MOKHO PEalIn30BaTh OOBIYHBIM IS s13bIka Cu 00pa3oMm:
double x = a[il[j];

Ho M0HO U ciienath OTASTbHYI0 (PYHKIUIO JJIs 3TOTO:
double matrix element (double** a, int i, int J) // BepuyTh i,J sJeMeHT MaTPULE
{

return alil [j];

OO6paboTKy JaHHBIX TOXe Ielecoo0pa3Ho odopmisaTh B BUae QyHKIMA. PaccMotpum mpumep oOpaboTku

CYMMI/II)YIOH_II/Iﬁ 3HAUYCHUA CTOJ'I6I_IOB MaTpuibl 1 3aHOJ'IH$IIOH_II/If/’I 3apaHee BBI)_ICJ'ICHHHﬁ o 5T CyMMbI MaCCHUB!
// byHKRUMS CcyMMmypyoimas CcToJOus MaTpuus a[n] [m] B MaccuB res[m]
void sum(double** a, int n, int m, double* res)
{
for (int J=0;j<m;j++)
{
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res[j]=0;
for (int i=0;i<n;i++)
{
res[jl+=alil[J];

TakxuMm 006pazom, Ut pereHns 3a7ad 1o 00pabdoTKe MaTPHI] MOTydaeTcsl MOJIe3HBIH Habop (yHKIHIA (€T0 MOKHO
PacCIIUPUTH), KOTOPKIH LEIeco00pa3HO 3amicaTh B OTACIbHBIN (Al U OJKIIOYHUTE €T0 K MPOCKTY.
Jyis BbI30Ba 3THX (DYHKIUH HEOOXOAUMBI OOBSIBIICHUS (TIPOTOTHIBI) 3TUX (YHKIIHMA, KOTOPhIC MOKHO TIOMECTHTh B
3aroJIOBOYHBIN (aiin (Harmpumep array.h)

double** create matrix(int n, int m); // cosmanue MaTpMUBE n*m

double matrix element (double** a, int i, int j); // BepHyTb 1,] 5J€eMeHT MaTPMUIIE
void delete matrix(double** a, int n); // oCBODOXIOEHME MATPULE M3 N CTPOK
void print matrix(double** a, int n, int m); // BHIBOI MaTpPMULE Ha 3KpaH

void input matrix(double** a, int n, int m); // BBOI MaTpPMLL C KJABMATYPEHI

void sum(double** a, int n, int m, double* res); // cyMMupoBaHme CTOJIOLIOB MaTPULE

// B Maccub res[m]

IMoce aToro pemieHne 3aiaHUs Ha MATPUIIBI MPAKTHICSCKH CBENETCS K TIOCIEA0BATEIPHOMY BBI30BY (DYHKITUI:
#include <stdio.h>

#include <stdlib.h>

#include "array.h"

int main ()
{
int n=3, m=4; // 3amanu pas3mMep Maccusa
double** a=create matrix(n, m);// co3manm Maccus

input matrix(a, n, m); // BBEemM
print matrix(a, n, m); // BHBEaM
double* s=(double*)malloc (m*sizeof (double)); // cosmanu MaccCuB pes3yiibTaTa
sum(a,n,m,s); // obpaboTanu MACCUB U MOJYyUUIIM PEe3yIbTaT
for(int 1=0; i<m; 1i++)
printf ("$1£\t", s[i]); // BoBelM pe3yiabTaT
delete matrix(a, n); // ocBoOOIMIM MCXOMIHEIM MacCCHB
free(s); // ocBOBOAMIM MACCUB pPe3yJibTaTa
getchar(); // 3amepxka B3aKpPHTUS OKHAa

return 0;

Bapuanmui 3a0au ona pewienus

B TunoBoii 3agaue HeOOXOAMMO HAIMCATh PEeATH3aLUI0 TpeOyeMoro KOHTeHHepa U TECTOBYIO (DYHKIUIO main()
IUIs1 Hee, KOTopasi OyZeT BHIMOJIHATH OIMCAaHHbIE B 33a4€ ICHCTBUS U TECTUPOBATH BCE PEeaIn30BAHHBIE IJIs1 KOHTEHHEpa
¢ysknuu. Ecnu cTpaTerust yBennueHus EMKOCTH KOHTEHHEpa He yKa3aHa — pealli30BaTh CTPATETHIO YIBOCHUS MTaMSITH
mpu €€ HexBaTKe. Ecim He yKazaH THN dJieMeHTa KOHTeHepa — peain30oBaTh A Tuna double. KonTeitHep 3amomHsATh
BBOJVMBIMH C KOHCOJIU 3JIEMEHTaMHU.

Peanuzaruio GyHKIMIA KOHTEHHEpa HYXKHO IMOMECTUTh B OTHACIBHBIN (ailn (Hanpumep, array.cpp), GyHKIHIO
TECTHPOBAHUS IOMECTHUTH B IpYroi Qaiin (Hanpumep, task6.cpp). O0bsiBnerns GyHKINN TOMECTUTH B 3ar0JIOBOYHBIH
¢aiin (nanpumep, array.h).

1. Bapuanr
PeanuzoBath oTCOPTHPOBAHHBIN BEKTOP Jis 3ieMeHTOB Tuna double co cTparerueid yBoeHust EMKOCTH,
KOTOpBII ITPU BCTABKE HOBBIX 3JIEMEHTOB COXPAHSIET CBOIO COPTUPOBKY.

2. Bapuaunr
Peanmn3oBath COPTUPOBKY BEKTOPA BEIIECTBEHHBIX YHCEN 0€3 €r0 H3MEHEHHUS: CO3/1aeTCs
JIOTIOJTHUTEIbHBIN AMHAMUYECKUN MAacCUB yKa3aTeseil Ha 3JIEMEHThI UICXOJJHOro MaccuBa. Jlanbiine
MIPOU3BOAMTCS COPTUPOBKA 3TOTO MacCHBa yKa3aTesei, 0e3 U3MEHEHHS NCXOAHOI'0 BEKTOpa YHCElL.
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3. Bapuant
EcTb JBa JTMHAMHWYCCKHUX MaCCHBa. MaCCUB «KIIOYEH» U MaCCHUB «3HadyeHHI». Takxke ecThb TpeTI/Iﬁ
JTUHAMHYECKAN MacCHB, B KOTOPOM TIOMAPHO (O/IMH 3a APYTUM) XPaHATCS yKa3aTeln Ha
COOTBCTCTBYIOIIHEC 3JICMCHTEI IICPBBIX ABYX MAaCCHUBOB. HCO6XOI[I/IMO peaIn30BaTh (I)YHKHI/IIO
COPTUPOBKHU Iap B TPETHEM MACCHUBE 110 BO3pAaCTaHUTIO KJ'IIO‘ICI\/'I, a TaKXKeE (byHKIII/I}O )1063BJ'ICHI/I$I HOBOMH
Mapebl KIIKOY-3HAYCHUEC KO Bcel KOJJICKIINN (C HU3MCHCHUEM BCCX TPEX MaCCI/IBOB).

4. Bapunant
EcTb 1Ba nTMHAMHUYECKMX MAaCCUBA: MaCCUB «KJIFOUEI» U MacCUB «3HaueHui». Takxe ecTb TpeTuit
MacCHB, B KOTOPOM IOMAPHO (OJIMH 32 JPYTHM) XPAHATCS YKa3aTeld Ha COOTBETCTBYIOUIUE SJIEMEHTHI
MEPBBIX JIBYX MaccHBOB. HeoOxommmo pean3oBaTh PyHKIUIO yIAICHUS TIap KIFOY-3HAYCHUE C
IyOnvKaTaMu KITFOYei: U ABYX Map ¢ OMMHAKOBBIMA KIIFOYaMH, OCTaBJISIETCS Ta Mapa, y KOTOPOH
3HaueHue OOJbIIIE.

5. Bapuaunr
Peanu3oBath cTEK 3HAUEHUM CO CTpaTerueil yaBOeHUs EMKOCTH NaMAITH HpU €€ HEXBATKE.

6. Bapuant
Peanu3oBarh CTEK 3HAYECHHI CO CTpATEruei yBEINYEHHsI EMKOCTH MAaMSTH Ha KOHCTAHTY IpHU €€
HexBaTke. (KOHCTaHTa 3amaeTcs uepes #define)

7. BapuanT
Peanus3oBarhk ouepenp 3HAUECHUH, UCIIOJIB3YS B KAUECTBE yKa3aTellsd Hadaua ouepeld HHIEKC IEPBOTro
3JIEMEHTA B OYEPEH, a B KAUECTBE yKa3aTessl KOHIa OYepeld HHIACKC IEPBOTr0 CBOOOJHOIO 3IEMEHTA.
Hcnonb30BaTh CTPATEruio yIBOCHUS EMKOCTH NTAMATH IIPU €€ HEXBATKE.

8. Bapuaur
Peanu3oBarh ouepe/ib 3HAYCHUIA, HCIIONB3YsI B KAYECTBE yKa3aTelsl Haualla Ouepeii UAeKC IepBOro
JJIEMEHTA B OUEpPE/iv, a B KAUECTBE yKa3aTelish KOHIIA OYePed HHICKC IMOCIICIHEr0 Pa3MeIeHHOTO
aneMeHTa. VIConb30BaTh CTPATETHIO YBETUICHHST EMKOCTH MMaMSTH Ha KOHCTAHTY MPH €€ HEXBaTKe.
(xoHCTaHTa 3amaetcs uepes #define)

9. BapuaHnt
Peanmm3oBarth ACKY 3H3‘-I€HI/II71, HCIIOJIb3YA B KQYECTBC YKa3aTCJid Havdaljia ICKU MHACKC IMEPBOIro 3JIEMCHTA,
a B KaUCCTBEC YKa3aTeJIsd KOHIA JE€KHU MHACKC IMMOCICAHETO pasMEIICHHOT'O 3JICMCHTA.

10. Bapuant
PeanuzoBath ACKY 3Ha‘leHHﬁ, HCIIOJIB3YA B KAYECTBC YKa3aTCJId Havdalla ICKU UHACKC MEPBOIoO 3JICMCHTA,
a B KaUCCTBC YKa3aTeJIsl KOHIA JCKHW MHACKC IIEPBOro CBO60,Z[HOF0 OJICMCHTA.

11. Bapuant
PeanuzoBath AByMEpHYIO MaTpHUILy, JJsl KOTOPOH peaan30BaHbl QYHKIMH B3SATHUS SJIEMEHTA TI0 IByM
HHJICKCaAM (HOMep CTPOKH U HOMEPD CTOJ'I6LIa) M BO3MOKHOCTBIO BCTaBUTH KaK HOBBIA CTOJ'I6€I_I, TaK U
HOBYIO CTPOKY. ManI/II_Iy pCain30BaTh KaKk MacCuB YKa3aTeHefI Ha MAaCCHUBbI, XpaHAIIUEC €€ CTPOKHU.

12. Bapuant
PeanuzoBathk AByMEpHYIO MaTpHUILy, JJIsl KOTOPOH peaan30BaHbl QYHKIMH B3STHUS SJIEMEHTA TI0 IByM
HHACKCAM (HOMep CTPOKH U HOMEPD CTOJ'I6LIa) M BO3MOXXHOCTBIO BCTABUTH KaK HOBBIM CTOJ'I6CI_I, TaK 1
HOBYIO CTPOKY. Martpuily peaan3oBaTh NOCPEICTBOM OJHOTO IMHAMUYECKOIO MAaCCUBA.

13. Bapunant
Peanm3oBath qByMEpHYIO MaTpPHUILy, JUII KOTOPOU peaan30BaHbl (PYHKIINU B3ATHS DJIEMEHTA MO JBYM
WHAEKcaM (HOMEep CTPOKH M HOMED CTOJIO1a) M BOZMOXKHOCTBIO YAAJIUTH KaK YKa3aHHBIN CTONIOe, TaKk 1
YKa3aHHYIO CTPOKY. MaTpuily peain3oBaTh KaKk MacCUB yKa3aTellell Ha MacCHUBbI, XPaHSIIIIeE €€ CTPOKH.

14. Bapunant
Peanm3oBath JByMEpHYIO MaTpPHILy, JUII KOTOPOU pean30BaHbl (PYHKIINU B3ATHS DJIEMEHTA MO JBYM
WHAEeKcaM (HOMEep CTPOKH W HOMED CTOJIOa) 1 BOZMOXKHOCTBIO YAAIUTH KaK YKa3aHHBIN CTONIOe, TaK 1
yKa3aHHYIO CTPOKY. MaTpuily peain3oBaTh HOCPEACTBOM OJHOI'0 JMHAMUYECKOIO MacCuBa.

15. Bapuant
Peammn3zoBath (bYHKI_II/IIO, KOTOpas NEPpEMHOKACT ABC MATPHULBI U BO3BpAIIACT PE3YJIbTAT B COSHaBaGMOﬁ
TpCTBeﬁ MaTpuie. ManI/I]_[BI PCaIN30BaTh KaK MaCCUBBI y1(a3aT€J'lCI>i Ha MAaCCHBBI, XpaHAIINUEC UX CTPOKU.
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16.

Bapuant

PeanuzoBath yeThIpe (yHKIMH, TPEICTABIISIONUE COO0H YeThIpe apuPMETUICCKUX ACHCTBUS C
JPYTUMH HEM3BECTHBIMU (DYHKITUSIMU, IPEJICTABIICHHBIMU YKA3aTeIsIMH, a TaKXKe (QYHKIIUIO,
PeATM3YIONIYIO CYNEPIIO3UIIMIO JBYX HEM3BECTHBIX (DYHKIIHIA, IPEICTABICHHBIX yKa3areasimMu. B
KaueCTBE 3JIEMEHTapHbIX (QYHKIMH ncnoiib30BaTh: sin(), cos(), log(), exp(), sqrt(), pow(). [1o 3ampocy
MOJIH30BATENST — IOCTPOUTH CIOKHYIO (DYHKIIHIO, PEATU3YIOIIYI0 3apOoIleHHOE ()YHKIIMOHATBHOE
BBIPaXCHHUE U TIOCYUTAThH 3HAUYCHUE TTOTYYHUBINEHCS (PYHKIIUU B 33JJaHHOHN TOUKE.

17.

Bapuant

[an nenouuncneHHbld BekTop. Peanu3oBarh QyHKIUIO, KOTOPasi CTPOUT U BO3BpAIACT B HOBOM BEKTOPE
TUCTOTpaMMY YHHKAJILHBIX 3HaUCHUH 13 Hero. Kom4ecTBo siueek THCTOrpaMMEBI 3a/1aeTCs
noJb30BaTeNeM. PacreyaraTh MOTYYHBIITYIOCS TUCTOTPAMMY B «TpadUuecKOM» BUJIe IOCTPOYHO: B
KQXKI0W CTPOKE TSPMHHAJA BEIBECTH HEOOX0UMOE JIJIsl OUSPEAHON SUYCSHKU THCTOTPaMMBI KOJTUYECTBO
CHMBOJIOB «*».

18.

Bapuant

Peanm3oBath odepenb Ha OCHOBE ABYX TWHAMHYECKAX MAacCUBOB. Peanm3oBath (yHKIMH JOOABICHUS B
KOHCI, ,I[O6aBJ'IeHI/IH B Ha4YaJIO U B3ATHUS DJIEMECHTA 110 MHIACKCY U3 3TOH apbl MaCCHUBOB. By,Z[GM CUHUTATh,
YTO MEPBHIA U3 IBYX MAacCHBOB XpaHHUT HA4YaJl0 OYepeaIn B 0OPaTHOM MOPSIIKE — TO €CTh, MOCTIeTHUH
3JIEMEHT MacCCUBa ABJIACTCA I'OJIOBHBIM 3JICMEHTOM OYEPEIN, npennocnenHm‘/’I — BTOPBIM U T.A.
DJIEMEHTOM OYepeId, CIEIYIOUUM 3a HYJIEBBIM JJIEMEHTOM IIEPBOTO MACCHUBA SIBIISIETCS HYJIEBOM
QJICMCHT BTOPOT0 MacCCuBa, CJICIA0M — HGpBBIfI QJICMCHT BTOPOIro MaCCrMBa M T.A. A0 MMOCICAHETO
3JIEMEHTA, BTOPOTO MacCHBa, KOTOPBIN SBISAETCA MOCICTHUM AJIEMEHTOM ouepean. Kaxpril u3
MacCCHBOB COJICP’KHT 3apaHee BBIJEIICHHBIN 3aI1ac 3JIEMEHTOB, KOTOPBINA MTO3BOIUT OBICTPO JOOABIATE U
YAQJIATH 3JIEMCHTEI B HA4YaJIO U B KOHCI O4YCPCIu. Hy)KHO YYC€CTh, YTO KOTAa OAWH U3 IBYX MAaCCHUBOB
OITYCTEET — O4epeib HY)KHO OYJeT «COaTaHCHPOBAThY: IEPEMECTUTh B HET'O MIOJIOBHHY 3JICMCHTOB M3
BTOpPOro MaccuBa.

19.

Bapuanr

Pabora ¢ pazpexxeHHpIMU MaTprulaMi. JlaHa AByMepHast BEIIECTBEHHAS! MaTPULA, MHOTHE 3JIEMEHTHI
KOTOPO#1 sBJISIFOTCS Hy MU, HanrcaTs QyHKIMIO 17151 MpeoOpa3oBaHus TAKOW MATPHIIbI B yITAKOBAHHBIN
HabOp: MacCHB 3HAYEHUH, MACCUB yKa3aTelleH, epeBOAAIINN ABYMEPHbIE MHIEKCHI K ITO3UIIH B
MacCHBE 3HaUYEHUH, IIPH 9TOM JIEMEHTHI MaTpUIIbl, 10 MOy 0 MeHbIue 10-10, He coxpaHsIOTCS B
ynakoBaHHbIN HaObop. Takxke HamucaTh QyHKIINIO, KOTOpas Bo3BpamaeT [i][j]-31emenT maTpuist u
(YHKIIMIO TTeYaTH Takoi MaTpHIbl B 0OBIYHOM JBYMEpHOM Bujie. [Ipy 3aroqTHEeHNN MaTPHUIIbL
BOCIIOJIb30BATHCS] TEHEPATOPOM CITyYaMHBIX YHCEN — CAEIaTh TaK, YTOOBI IPUMEPHO KXl TPETUI
3JIEMEHT MaTPUIIBl ObUT PaBEH HYJIIO.

20.

Bapuant

PeanuzoBath paboTy ¢ KBaJpaTHBIMH BEPXHUMH TPEYTrOJIBHBIMI MAaTPHUIIAMU: CO3/IaHUE, YIallCHHE,
yMHOXeHHUe, B3aTue [i][j]-amemenTa matpuiiel. HyneBbie aieMeHThl 13 HIDKHEH TpeyrodbHON 001acTi
HE XpPaHMTb.

21.

Bapuant

Peanu3oBark paboTy ¢ JICHTOUYHBIMH KBaJIPATHBIMKM MaTPHULIAMU: CO3JIaHUE, yIaJICHUE, YMHOXKEHHUE,
B3stue [i][j]->nmemenTta marpuiibl. HysieBbie 371eMeHThI U3 BEPXHEH M HUYKHEH TPEYroJibHBIX 00JIacTel He
xpanuth. [lIuprHa «JIEHTbD) HEHYJIEBBIX 3HAUECHMI OKOJIO IVIABHOM JUArOHaIM 3a/1a€TCs M0JIb30BATEIIEM.

22,

Bapuant

PeanmzoBath COPTHPOBAHHYIO OYEPENb U3 CTPOK CUMBOJIOB (KaXKIasi CTPOKA — 3TO JHHAMHICCKII
MaccHuB C deMeHTaMu Tuna char). [Tonb30BaTenb BBOJUT TEKCTOBBIE CTPOKHU, KOTOPBIE IOOABIISIOTCS B
MacCuB yKasaTeneﬁ, OTCOpTHpOBaHHBIf/i 1o aﬂ(baBHTy. CHauvajia noJyib30BaTeib ,Z[O6aBJ'I$IeT IATh CTPOK
noapsa, 3aT€M I1OCJIC Ka)KZ[Of/i }_IO6aBJ'I$IeMOI>i CTPOKH NI€YATACTCA U YAAIACTCA OJJHA CTPOKA M3 T'OJIOBBI
oucpeau. HporpaMMa 3aBCPLIIACTCA IMOCJIC BBOJAa CTPOKH «end».
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23.

Bapuant

CoptupoBka ciustaueM. J[aH MaccuB, JJIMHA KOTOPOTO paBHA cTeNeHH uncia 2. Pa3nennts MaccuB
IIOII0JIaM Ha JIBa HOBBIX MaCCHBA. Ciautb 5TH JABa MaCCHUBa B I/ICXOI[HLIf/i MacCuB, CO6J’HOI[a$I OopAA0K
COPTUPOBKHU B Mapax «3JIEMEHT U3 MEPBOTO MACCUBa»-«3JIEMEHT U3 BTOPOro MaccuBay. [lomyuuBLinics
MAacCCHUB OIIATH pas3sACJIMTh IIOII0JIaM U CJIMTH JBa MaCCHBa B PICXOI[HI)Iﬁ, CO6JHOI[3§I IMOPAaAO0K COPTUPOBKHU
AJ1d YE€TBCPOK 3JICMCHTOB. I[anee MNOBTOPUTH Oonepanu 1Jjis1 BOCbMCPOK 3JICMCHTOB U T.[., [IOKA BECh
MacCHB HE OKaXETCSI OTCOPTHPOBAHHBIM. B KOHIIE — yIaauTh CITyKeOHBIE MACCHBHI.




24.

Bapuant

Peanu3oBath qByMEpHYIO MaTpPHUILy MPOU3BOJIBHON Pa3MEPHOCTH, XPAHAIYIO OT/ICIbHBIC OUTHI (TaKk
Ha3bIBaeMbIi bitmap) B Biae OUTOBOTO BEKTOpa. BUTHI XpaHUTh YIaKOBAHHBIMH 10 BOCEMB OUT — B
Oaiitax. Peanu3oBathk (yHKIMIO, KOTOpas Bo3Bpamiaet [i][j]-Out u3 maTpuiisl B Bujie OyJIeBCKOTO
3HadeHus. Peann3oBars (hyHKIMH BCTAaBKH HOBBIX CTPOKH M KOJIOHKH OWT.

25. Bapuanr
Haiitn MakCUMaNbHBIN JIEMEHT KaKIOH CTPOKH MaTPHIIBI M 3aITMCaTh UX B CTEK. 3aTEM H3BIJICYb BCE
3HAYCHU U3 CTeKa U pacrevyaraTh ux.

26. Bapuaunr
Hanwucats nporpammy, KoTopasi yaasisieT Bce OJM3KUE K YKa3aHHOMY T0JIb30BaTeIeM 3HaueHHIO
3JIEMEHTHI BEIIECTBEHHOTO JMHAMHYECKOTO MaccHBa. JlomycTumasi cTerneHsb OMM30CTH 3HaUeHUH
3ajaeTcs npu nomoniu #define.

27. Bapuaunrt
[TocTpouTh BEKTOP U3 MOPSAIKOBHIX HOMEPOB MAKCUMAJIBHBIX 10 MOAYJIIO 3JIEMEHTOB B CTONIOLAX
MAaTpPHIIBI.

28. Bapuanr
Jist nTaHHO#M MaTPHIIBI TOCTPOUTH BA JTHHAMUYECKHX MAacCHBa: CO CPETHUM 3HAUCHHUEM KaXKJOTO
cTOJNONA U CO CTAHIAPTHBIM YKIOHEHHUEM BEJIMYMH B HEM.

29. Bapuaunrt
[MocTpouTh BEKTOP, B KOTOPOM MOTAPHO (OJIMH 3a APYruM) OyIyT COXpaHEHBI HHICKCHI 1 U j 3JIEeMEHTOB
MaTpHIIbI, MAKCUMAJIBHBIX 110 MOJIYJIIO B K&KIOM €€ cTomo1e.

30. Bapuant

Co3nate MaTpuLly U3 KOMUM MONHBIX CTPOK LEIOYUCICHHON UCXOAHOW MaTPHIIbl, KOTOPBIE COAECPKAT
MO0 MUHHUMAJIbHBIHN, THOO MAaKCHUMAIbHBIN 3JIEMEHT BO BCEH MCXOAHON MAaTPHIIBl. Y UTHTE, YTO U
MUHHMAJIBHBIA 1 MAKCUMAaJIBbHBIA JIEMEHTBI MOTYT MTOBTOPSTHCS B Pa3HBIX cTpokax. O0e MaTpHIIbI
peanu3yiTe B GopMe €ANHBIX JUHAMHUUYECKIX MaCCHBOB MX 3JICMEHTOB.
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MnaBa 7. PaboTta c dpannamm, TeKCTOBbIN BBOA, U BbIBOA,

[Ipu pabote ¢ daitlaMu MOXKHO BOCIIOJIB30BAThCA (PYHKIMSIMU (HOPMATUPOBAHHOTO BBOJA/BHIBOJIA, CCIIH
HE00XO0IMMO 3aMKChIBaTh B (hailyl Wiin yuTath U3 (aiiia, HarmpuMep, pe3ynbTaThl pacyéToB.

IycTs, HanpuMep, HaM TpebyeTcs mpoTabymupoBarh Gyrkmmio ¥(x) = ax? + bx + ¢ B AMaNa3oHe OT X 10 Xy
Y COXPaHUTh PE3yJIbTATHI B (haitst. J[j1s 3TOro HanmuieM nporpammy:

#define CRT_ SECURE_NO_ WARNINGS
#include <stdio.h>

/* ®yHKUMA 0OJia pacuéra noJmHoMa */
double poly(double a, double b, double c, double x) {
return a * x * x + b * x + c;

}

int main (void) {
double a, b, ¢, x0, xN, dx, x, Vy;
int N, n;

FILE *f;
char fn[] = "a.txt";
printf ("Enter coefficients a, b, c: ");

/* BBOOMM KO3OOMLMEHTH NOJIMHOMAa */
scanf (" $1f%1f%1f", &a, &b, &c);
printf ("Enter x0 and xN: ");

/* BBommuM npenejsl */

scanf (" $1£f%1f", &x0, &xN);

printf ("Enter n: ");

/* BBOOUM KOJIMUECTBO MHTEPBAJIOB */
scanf (" %d", &N);

dx = (xN - x0) / N;

x = x0;

/* OTKpEIBAEM TEKCTOBHI Garsa Ha 3anuces */
f = fopen(fn, "w");

/* lpoBepka OTKPHTUSA danyia */

if (f == NULL) {

printf ("Cannot open file \"%s\" for output.\n", fn);
return 2;

for(n = 0; n <= N; n++) {
y = poly(a, b, ¢, x);
/* BeIBOOUM TabJuLy S3SHaueHu B damnia */
fprintf (f, "%$3d %-10.2f%+12.4e\n", n, x, Vy);
x += dx;

}

/* BakpeBaeM dani */

fclose(f);

/* OTKpHBaeM TEeKCTOBHIM daria Ha UTeHue */

f = fopen(fn, "r");

/* TpoBepkKa OTKPHTUA danyia */

if (f == NULL) {
printf ("Cannot open file \"%s\" for input.\n", fn);
return 2;

}

/* Umraem maHHble u3 (Qaijia ¥ BEIBOAMM MX Ha 3KpaH */

printf (" n b4 v\n") ;
while (fscanf (f, " %d%1f%le", &n, &x, &y) != EOF) {
printf ("%$3d%8.3f%8.3f\n", n, x, V)

}

/* BakpeBaeM danig */
fclose (f);

return 0;
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[lepeoiii BoI30B GYHKIUK Scanf () BBOAMT KO3(PQUIMEHTH mojuHoMa. [lepBbiii CUMBOI (hopMaTHpPYIOIICH
CTPOKH — TMPOOeN 3acTaBiseT (QYHKIUIO MPOITYCTUTh BCEe MPOOEIbHBIE CUMBOIIBI B IMOTOKE BBOJA. BTOpoii U TpeTHii
BBI30BBI scanf () paboTarOT aHAIOTMYHO. PaccMOTpuM TOIpOOHO CTPYKTYpY (hopmatupyromiei cTpoku (GpyHKIUU
fprintf (). IlepBeie Tpu cuMBoia (% 3d) 03HAYAIOT BEIBOJ IIEJIOTO YHCIA B TOJIC IMUPHUHOW TPHU CHMBOJIA C TIPaBBIM
BBIpaBHUBaHUEM (crienudukaTop d — memoe, duar 3 — mmpuHa mosrst BeiBoaa). Jlamee naét cuMBoII IpoOesT — B TTIOTOK
BBIBOJIa OynIeT BBIBEACH cHMBOJN mpooOena. Cnemyromme cuMBOJBI ($—-10.2f) O3HA4YarOT BHIBOJ BEIIMYUHBI C
IIaBArOIIEH TOYKOW C JBYMS 3HAKaMH TIOCJE ACCATUYHOTO pa3IeNUTeNs B Moje mupuHOW 10 CHMBOIIOB C JIEBBIM
BbIpaBHHBaHWeM (cnenmpukarop f — mepemenHas tuna double wmmm float, ¢mar «MHHYC» — BBIBOIUMAS
BEJIMYMHA BBIPABHHUBACTCS IO JIEBOMY Kparo, 10 — IIMpHHA O BBIBOAA, .2 — KOJUYECTBO 3HAKOB MOCIE
JEeCSITHYHOTO pazaenurens). aymmas namee rpyrna ciMBOJIOB ($+12 . 4e) o3Ha4aeT BHIBOJ BEIMYMHBI C TUTaBAOIIEH
TOYKOHW B AKCITIOHCHIIMAIBHOM (popMaTte ¢ 4 3HaKaMU TIOCIIE JIECATUYHOTO Pa3JIeIUTENIs B IOJIe IUPUHON 12 CUMBOJIOB
C MIPaBBIM BBIPAaBHUBAHUEM, TIEPE YMUCIOM CTaBUTCA €T0 3HAK, JaKe €CNIM 3HaUYCHHE TOJIOKHUTEIbHOE (cienudukarop
e — mepeMeHHas Tuna double unn £1loat, BEIBOIUTCS B SKCIIOHEHIIMAIBHOM BHUE, (PIar «IuIroc» — BBIBOJ] 3HAKa
yucna, 12 — MIUpUHA OISl BEIBOAA, . 4 — KOJIMYECTBO 3HAKOB MOCJE NECATUYHOTO pazaenuTeiis). Ciaenyronme naaee
CHUMBOJIBI (\n) O3HAYAIOT MEPEXO] Ha HOBYIO CTPOKY. PesymbTar pa®oThl 3TOW MporpaMMbl (BBOJ TIOJIB30BATEIS
BBLJICJICH MTOTYXUPHBIM MIPUPTOM):

Enter coefficients a, b, c¢: -1.5 2 3
Enter x0 and xN: 2 3
Enter n: 10

n b4 %
0 2.000 1.000
1 2.100 0.585
2 2.200 0.140
3 2.300 -0.335
4 2.400 -0.840
5 2.500 -1.375
6 2.600 -1.940
7 2.700 -2.535
8 2.800 -3.160
9 2.900 -3.815

10 3.000 -4.500

Conepxumoe ¢aitna:

0 2.00 +1.0000e+00
1 2.10 +5.8500e-01
2 2.20 +1.4000e-01
3 2.30 -3.3500e-01
4 2.40 -8.4000e-01
5 2.50 -1.3750e+00
6 2.60 -1.9400e+00
7 2.70 -2.5350e+00
8 2.80 -3.1600e+00
9 2.90 -3.8150e+00
10 3.00 -4.5000e+00
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Bapuanmui 3a0au ona pewienusn

1. BapuanT Hanumure nporpaMmy, KOTopast 3alpallinBaeT y Mojab30BaTes eI0e Yiciio N 1
BEII[ECTBEHHOE YKCIIO X M 3aMUCHIBACT B TEKCTOBBIN (haiii TabIHIly 3HAUCHUH QYHKIHH Yy, (X) =

sin(nx)cos?(x),n = 1, N B B¢ KOJTOHKH (B JI€BOIi 71, B TIPABOIA ,, JTeBasi KONOHKA HMEET IMHPHHY 3
CHMBOJIA C BEIPAaBHMBAHUEM 10 TIPABOM TPaHHUIIE, IPaBasi — MIMPUHY 8 CHMBOJIOB C BRIPAaBHUBAHUEM 10
MPaBo# rpaHuIle, 3HAYCHHUE Y, BEIBOAMTCS ¢ 4 3HAKAMH MOCTIE ASCATHUHOTO Pa3JICTUTENs ), 3aKPhIBACT
(haiin. 3aTeM OTKPBIBAET 3TOT XKe (paiyl Ha YTEHHE U MEPETHCHIBAET €ro COJAePKIUMOe B IPYTrou ¢aii,
MEHSISI TOPSIIOK CJICIOBAHMUS YUCE B CTPOKAaX Ha OOPATHBIH, TIPU STOM JieBasi KOJIOHKA JJOJDKHA UMETh
mpuHy 10 CHMBOJIOB ¢ BBIPABHHBAHHMEM I10 MPABOM rPpaHUIle, 3HAUYCHHE ), BBIBOJUTCS C 2 3HAKAMH MOCTIC
JCCATHYHOTO Pa3ICTUTENs, TIpaBasi KOJOHKA BRIPABHUBACTCS 10 JICBOM IpaHHUIIE.

2. Bapuanr Hamummre nporpamMmy, KOTOpas 3alpaiinBaeT y HOJIb30BaTels [eaoe Yucio N u
BEII[ECTBEHHOE YKCIIO X M 3aMUCHIBACT B TEKCTOBBIN (haiiy TabIuIly 3HAUCHUH QYHKIHH Yy, (X) =

sin(nx)cos(n|x|),n = 1, N B 1Be KONOHKH (B JI€BOi 71, B TIPABOI Y, TeBast KOJNIOHKA MMECT IIHPHHY 4
CHUMBOJIa C BEIPAaBHHBAaHUEM I10 MPaBOH rpaHulle, mpasas — WHPUHY 10 CUMBOJIOB C BRIpaBHUBAHHEM I10
NPaBoii TPaHHMIIE, 3HAYECHHUE ), BBIBOAUTCA ¢ 6 3HAKAMH OCIIE JIECATHIHOTO PA3IEUTENs, EPE YUCTIOM
JIOJDKEH CTOATDH €r0 3HAK, JAKE €CIIH YUCIIO TOJIOKUTENBHOE), 3aKphIBaeT (haiiil. 3aTeM OTKPHIBAET 3TOT
ke (hailyl Ha YTEHHE U MEePeNUChIBACT €ro COAEPKUMOE B IpyToil (haily, MEeHsS MOPSA0K CIICTOBAHUS YUCEI
B CTPOKax Ha OOpaTHBIH, IPH STOM JieBasi KOJIOHKA JIOJDKHA UMETh IIMPUHY 8§ CHMBOJIOB C
BBIPABHUBAHKMEM 10 TIPABOM I'PAHUIIE, 3HAYECHHE Y, BHIBOIUTCS C 2 3HAKAMH TIOCIIE JECATHIHOTO
paseuTeNs, paBas KOJIOHKA JIOJDKHA HMETh IIMPHHY 3 CHMBOJIA ¢ BBIPABHUBAHHUEM I10 MIPABOi IPaHHMIIE.

3. Bapuant Hanummre nporpammy, KOTOpas 3alpaliiBacT y MOIb30BaTels [BA HENbIX Ynciaa N u M u 1Ba
BCHICCTBCHHBLIX UHUCJIa xO nu xN U 3aIIMCBIBACT B TeKCTOBBIﬁ (paﬁﬂ Ta6HHHy 3HaquI/H\/II q)yHKI_[I/H/I ym (xn) ==
Jlcos(mx,)| — sin?(mx,),n = 1L,Nm=1M,xE€ [x0, xy] (N cTpOK, M KOJIOHOK, KOJIOHKH HMEFOT
IIMPHHY 8 CHMBOJIOB C BHIPABHUBAHUEM 110 NIPABON MPAHMIIE, 3HAYEHUE (YHKIMHU BHIBOJMUTCS C 3 3HAKAMH
HoCJIe JECATHYHOTO Pa3IeNuTeNIs), 3aKphIBaeT (aiil. 3aTeM OTKPHIBAET ITOT XKe (aiiyl Ha YTEHHE U
MEPENUCHIBACT €TO COJACPKUMOE B IpyToii (aiis, MEeHssI MOPSIOK CIESIOBAHMS YUCEN B CTPOKaxX Ha
0OpaTHBIH, IPY 3TOM KOJIOHKH JIOJDKHBI UMETh IMPHHY 10 CHMBOJIOB C BRIpABHHUBAHUEM I10 MTPABOM
rpaHmlle, 3HAYEHHE BBIBOAUTCS € 2 3HAKAMM TI0CTIE IECATUYHOIO Pa3IEIUTENS.

4. Bapuant Hanumure nporpamMmy, KOTOpas 3anparinBaeT y MoJIb30BaTels IBa HebIX yncia N u M u 1Ba
BEILIECTBEHHBIX UUCIIA X U Xy M 3AIUCHIBAET B TEKCTOBLIN (paitn Tabnuiy 3HaueHnit QyHxuun yy, (x,) =
In(|mx,|)cos(mx,),n =1,N,m = 1, M, x € [xy, xy] (N cTpoK, M KOJIOHOK, KOJIOHKH HMEIOT IIHPUHY
12 cMMBOJIOB C BHIPABHUBAHHMEM II0 NIPABOii IPaHMIIE, 3HAUEHUE (PYHKIMH BEIBOJUTCS C 6 3HAKAMU MOCIIE
JIECTUYHOTO Pa3JeIuTeNIs), 3aKphIBaeT (aiil. 3aTeM OTKPBHIBAET STOT ke (aiiyl Ha YTEHHE U
HEPENUCHIBAET ET0 COAEPKUMOE B JAPYTroi (aiisn, MeHss MOPSAIOK CIEI0BAHMUS YMCE B HEYETHBIX CTPOKAX
Ha 00paTHBIN, IPH 3TOM KOJOHKH JOJDKHBI MIMETh IIUPHHY 7 CUMBOJIOB C BHIPABHUBAHUEM I10 TIPABOM
rpaHmlle, 3HAYEHHE BBIBOAUTCS € 2 3HAKAMHM TI0CTIE IECATUYHOIO Pa3IEIUTENS.

5. Bapuant Hanummre nporpamMmy, KOTOpas 3alpaliiBacT y MoJIb30BaTelist JBa [eibiX yrcia N u M u JBa
BELIECTBEHHBIX YMCIIA X( U X M 3alIUCHIBAET B TEKCTOBBIN (ailil TabauIy 3HaYeHUH QyHKIUH Yy, (Xy,) =
In(Jmx,|)cos(mx,),n =1,N,m = 1, M, x € [xo, xy] (N cTpoK, M KOJIOHOK, KOJIOHKH HMEIOT LIMPUHY 8
CHUMBOJIOB C BBIPaBHHBAHUEM I10 PABOU I'paHuUIle, 3HaUeHNE (VYHKIIUN BBIBOAUTCS C 2 3HAKAMU T1OCIIE
JECATUYHOTO Pa3IeIuTeNs, IEPe]] YUCIOM I0JDKEH CTOSATh €r0 3HAK, JIAXKE €CIH YUCIIO HOIOKUTENLHOE),
3aKpbIBaeT (haiiyt. 3aTeM OTKPHIBAET 3TOT e (il Ha YTEHHE U MEPENUCHIBAET €r0 COAEPKUMOE B APYTOi
(aiin, MeHssI TOPSIOK CIIEIOBAHUS YUCEN B YETHBIX CTPOKAX Ha OOPATHBIH, IPU STOM KOJIOHKH JTOJKHBI
MMETh MIMPHUHY 7 CHMBOJIOB C BRIPAaBHUBAHHEM 10 ITPABOM TPaHUIIE, 3HAUCHNE BHIBOAUTCSA C 3 3HAKaMU
HOCIIE IECATHYHOTO Pa3EIUTENs.

6. Bapuant Hamummre nporpamMmy, KOTOpas 3alpaiinBaeT y MOJIb30BATENs Ba HebiX ukcia N u M u 1Ba
BEIIIECTBEHHBIX YHCIIA X U Xy U 3aMMUCHIBACT B TEKCTOBBIN (haiin Tabiuity 3HaYeHUH QYHKIMHU Yy, (Xy,) =

VIxal/2 + mx2sin? (mx,)/mx,,n = 1,N,m = 1, M, x € [x,, xy] (N cTpoK, M KOJOHOK, KOJIOHKH
HUMEIOT MIUPUHY 9 CHMBOJIOB C BEIpaBHUBAaHUEM 10 TIPABOW TpaHUIle, 3HaUeHHE (YHKIIUU BBIBOJUTCS C 5
3HAKaMM T10CJIE IECATUYHOTO PasIeIuTeNs), 3aKphIBaeT (haiisl. 3aTeM OTKpBIBAET 3TOT ke (ail Ha yTeHue
U NIEPENUCHIBAET B IPYTrOif (hailil TOIBKO T€ YMCiIa KaXkKI0i CTPOKH, KOTOPBIE MPEBBIIIAIOT CPETHEE
apu(METUUECKOE 3HAUECHHUE YHCEIT B HEM, IIPU 3TOM KOJIOHKH JIOJKHBI MIMETh INMPUHY 12 CHMBOJIOB ¢
BBHIPABHMBAHKMEM T10 TIPABOI IPAHUIIE, 3HAUEHHUE BBIBOJUTCS C 5 3HAKAMH MOCJIE JIECATUYHOTO
paszienurers.
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7. Bappanr  Hanummure nporpaMmmy, KOTopast 3alpaliiBacT y MOJIb30BaTels JBa IebIX yiciaa N 1 M u

JIBa BELIECTBEHHBIX YKMCIIA X U Xy U 3alIUCHIBAET B TEKCTOBBIN (aili TabauIy 3HaYeHNH (QyHKIIUK

Y () = msin(mx,,)cos?(mx,),n = 1,N,m = 1, M, x € [x,, xy] (N CTPOK, M KOIOHOK, KOJOHKH
UMEIOT [IMPHHY 8 CHMBOJIOB C BHIPABHUBAHUEM 110 IIPABON MPAHMIIE, 3HAYEHUE (YHKIIUH BHIBOIUTCS C 3
3HAKaMM T10CJIE IECATUYHOTO PasIeuTels), 3aKpeiBaeT (aiil. 3aTeM OTKPHIBAET ITOT ke (aiila Ha uTeHure
U [IEPENUCHIBAET B IPYTroii (hailsl TOJIBKO T€ YMCiIa KaXkKI0M CTPOKH, KOTOPBIE MPEBBIILAIOT CPEIHEE
apu(METUUECKOE 3HAUECHHE YUCEIT B HEM, MEHSS TIOPSIOK MX CIIEI0BAHUS Ha OOPATHBIM, IIPU STOM
KOJIOHKH JIOJDKHBI MMETh IUPUHY 10 CHMBOJIOB ¢ BHIPABHUBAHUEM I10 IIPABOW MPAHMIIE, 3HAYEHUE
BBIBOJIUTCS ¢ 2 3HAKAMH MOCIIE JECATHIHOTO Pa3IenTeNs.

8. Bapuanr Hamummre nporpamMmy, KOTOpas 3alpaiinBaeT y MOJb30BaTeNs ABa HEbIX ykcia N u M u 1Ba

BEIL[ECTBEHHBIX YHCIIA X U Xy ¥ 3aIUCHIBACT B TEKCTOBBIN (haiin Tabmuiy 3HaueHnit GyHKuun yy, (x,) =
JIxplsin(mx,),n=1,N,m = 1,M, x € [x,,xy] (N cTpok, M KOIOHOK, €CIIi APOOHAs YACTh YHCIA
OKa3bIBACTCsl MEHBIIIE 3aIPOLIEHHOTO Y MOJIb30BaTeNsl 3HAYCHUS, OHO OKPYTJISICTCS. B MEHBIIYIO CTOPOHY U
3aMuchIBaeTcs Kak 1eJ0e, KOJOHKH UMEIOT IHPUHY 9 CUMBOJIOB C BRIPaBHUBAHHUEM 10 IIpaBOW IpaHUIIE,
3Ha4YeHUe (PYHKIIMU BBIBOIUTCSA C 3 3HAKAMU IIOCIIE JECITUYHOTO PAa3AeIUTENs U BEIIECTBEHHBIX YHCEI
1 9 CHMBOIIOB IS TIEJIBIX YHCEN), 3aKphIBaeT (haiiin. 3aTeM OTKPBIBAET ITOT XKe (paiiyl Ha YTeHHE U
MEPENUCHIBACT B APYroi (haii TOJIBKO IeIIbIC YKCIIa KaXKI0W CTPOKH, IPU 3TOM KOJIOHKH JOKHBI UMETh
LIMPHHY 5 CUMBOJIOB C BHIPABHHBAHUEM I10 [IPABOH IpaHMLIE.

9. Bapuanr Hamummre nporpamMmy, KOTOpas 3alpaiinBaeT y MOJIb30BaTeNs ABa HebiX ukcna N u M u 1Ba

BEIL[ECTBEHHBIX YHCIIA X U Xy ¥ 3aIUCHIBACT B TEKCTOBBIN (hailn tabmuny 3HaueHnit QyHKuuu yy, (x,) =
cos(mx,)In(|x,|),n =1,N,m = 1,M, x € [x,,xy] (N cTpOK, M KONOHOK, €CITH APOOHAs 4aCTh YHCIIA
OKa3bIBaeTCs MEHbIIIE 3aMIPOIICHHOT0 Y MOIb30BATENsI 3HAYEHUSI, OHO OKPYTJISIeTCA B MEHBIIIYIO CTOPOHY U
3alUCBhIBACTCA KakK LCJI0€, KOJJOHKU UMCIOT IUPUHY 9 CUMBOJIOB C BbIpaBHUBAHUEM I10 HpaBOﬁ rpanuue,
3Ha4YeHUe (PYHKIIMU BBIBOIUTCSA C 3 3HAKAMU IIOCIIE IECSITUYHOTO PAa3AEIUTENs U BEIIECTBEHHBIX YHCEI
1 9 CHMBOIIOB IS TIEJIBIX YHCEN), 3aKphIBaeT (haiiin. 3aTeM OTKPBIBAET ITOT XKe (paiiyl Ha YTeHHE U
MEPENUCHIBACT B APYroi (aiii TOIBKO IEIbIC YKCiIa KaXKI0M CTPOKU, MEHSISI ITOPSIOK UX CJICIOBaHUS Ha
00OpaTHBIH, IPY 3TOM KOJIOHKHU JOJKHBI IMETh MIMPHUHY 5 CUMBOJIOB C BEIpPABHHBAHUEM 10 JIEBOU
TpaHuUIE, IePEe]] YUCIOM JIOJKEH CTOSTH €r0 3HAK, JaXKe €CIIH YUCIIO MOJI0KHUTENBHOE.

10.

BapuanTt Hamumure nporpamMmy, KOTOpast 3alpaliuBaeT y MoJIb30BaTeNs [Ba Helblx Yncia N u M u JiBa
BCIIICCTBCHHBIX HHCJIA XO u xN U 3aIIUCBLIBAET B TEKCTOBLIN (I]al\/’UI Ta6HI/IHy 3HAYEHUN q)yHKHI/H/I ym (xn) =
exp(—x,/m)sin(mx,),n = 1,N,m = 1,M, x € [x,, xy] (N CTpOK, M KOJIOHOK, €CIIi APOOHAs 4aCTh
YHCJIA OKA3bIBAETCS MEHBIIIE 3aITPOIICHHOTO Y MOJIb30BATENS 3HAYEHHSI, OHO OKPYTJISETCS B MEHBIIYIO
CTOPOHY U 3aIIMCHIBAETCS KaK LIEJI0€, KOJOHKH UMEIOT IIMPUHY 9 CUMBOJIOB C BBHIPABHUBAHHEM 10 MIPABOI
rpaHuIle, 3HaYeHHEe (QYHKIIMK BBIBOIUTCS C 3 3HAKAMHU TOCIIE JECATHYHOTO PA3IETUTENS IS
BEIICCTBCHHBIX YACET U 9 CUMBOJIOB ISl LIEJIBIX YMCEN), 3aKphIBaeT (haiisl. 3aTeM OTKPBIBAET I3TOT Ke
(aiiy1 Ha YTEHHE U NIEPENMCHIBAET B IPYTOi (aiiil TOJIBKO BENIECTBEHHBIE YUCIIA KaXk 0 CTPOKH, IPH
3TOM KOJIOHKH JIOJDKHBI KIMEThH NIMPUHY 12 CHMBOJIOB ¢ BHIPABHUBAHHUEM I10 NIPABOi TPAHHMIIE, 3HAYEHHE
BBIBOJUTCSA € 4 3HAKAMH IOCIIE JAECATHYHOTO Pa3IeuTENs.

11.

Bapuant Hanwumumre nporpaMmy, KOTOpasi 3alipalinBaeT y MoJab30BaTels 1Ba HebIX Yncia N u M u 1Ba
BEIIECTBEHHBIX YHCIIA X U Xy U 3aIMUCHIBAET B TEKCTOBBIN (hail Tabiuiyy 3HaYeHUIH QYHKIMHT YV, (Xy,) =
exp(—=x2/m)cos(m?x,),n = 1,N,m = 1, M, x € [xy, xy] (N cTpoK, M KOJIOHOK, €CJIH APOGHAS 9aCTh
YHUCJIa OKA3bIBACTCSI MEHBIIIE 3aPOIICHHOTO Y TOJIb30BaTENs 3HAYEHUS, OHO OKPYTJISIETCS B MEHBIIYIO
CTOPOHY W 3aIMCHIBACTCA KaK IIEJI0€, KOJIOHKA UMEIOT MUPHHY 9 CHMBOJIOB C BRIPAaBHUBAHHUEM I10 TIPABOU
rpaHulle, 3HaYeHUE (DYHKIIUK BBIBOJUTCS C 3 3HAKAMHU IOCJIE ACCITUYHOIO Pa3ICIIUTENS ISt
BEIIECTBEHHBIX YHCEN U 9 CUMBOJIOB ISl LIEJIBIX YHCEN), 3aKphIBaeT (haiil. 3aTeM OTKPBIBAET ITOT Ke
(haiin Ha YTEHWE U TIEPETIUCHIBACT B APYTOH (haiiil TOJIHKO BEMICCTBEHHBIC YHCIIA KaXKIO0W CTPOKH, MEHSIS
MOPSJIOK MX CJICJOBAHUS Ha OOPATHBIN, IPU STOM KOJIOHKH JIOJIKHBI UMETh IIMPUHY 10 CHMBOJIOB C
BBIPABHUBAHUEM I10 MPAaBOU I'PaHULIE, 3HAUYECHUE BBIBOJUTCS C 2 3HAKAMU MOCIIE JECITUYHOTO
pa3aenuTens.
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12.

BapuanTt Hamumure nporpaMmy, KOTOpast 3alpalliuBaeT y MOJIb30BATENs [Ba HebIX Yncia N u M u J(Ba
BELIECTBEHHBIX YMCIIA X U X U 3alIUCHIBAET B TEKCTOBBIA (ailil TabauIy 3HaYECHUH QYHKIUH Vyy, (X,) =
In(Jmx,|)sin(mx2),n = 1,N,m = 1, M, x € [xy, xy] (N cTpoK, M KOJOHOK, KOJOHKH HMEIOT MmupHHy 11
CHMBOJIOB C BHIPABHUBAHMEM I10 TIPABOM IPaHULE, 3HAYEHHE QYHKIMU BHIBOJUTCA C 5 3HAKAMU MOCTIE
JECATUYHOTO Pa3JeuTeNIs), 3aKphIBAET (Baiiyl. 3aTeM OTKPHIBAET ITOT Ke (aiil Ha YTEHHE U
NEPENKCHIBAET B IPYTOii (aiiil TOJIBKO T€ YUCIa KaXkI0M CTPOKH, APOOHAs YacTh KOTOPBIX HE IPEBBIILAET
3aJIAHHOTO 3HAYEHUS], 3aIPOLIEHHOIO Y MOJIL30BATENS, IIPH 9TOM KOJOHKH JODKHBI UMETh NIUPHHY 8
CHMBOJIOB C BHIPABHUBAHMEM I10 TIPABOM IPAHULIE, 3HAYEHHE BHIBOJUTCS ¢ 2 3HAKAMH TOCIIE IECATHIHOTO
pasienurers.

13.

BapuanTt Hanumure nporpaMmy, KOTOpast 3alpaliuBaeT y MoJIb30BaTels JBa LebiX Yncia N u M u JiBa
BELIECTBEHHBIX YMCIIA X( U X M 3alIUCHIBAET B TEKCTOBBIN (ailil TabauIy 3HaYeHUH QyHKIUH Vi, (X)) =
cos?(x,/m)sin(mx,),n = 1,N,m = 1, M, x € [xy, xy] (N cTpoK, M KOJIOHOK, KOJTOHKH HMEIOT IIHPUHY
10 CHMBOJIOB ¢ BHIPABHUBAHUEM I10 IIPABOM TPAHMIIE, 3HAYEHUE (YHKIMH BHIBOAUTCS € 4 3HAKAMH T10CIIE
JECATUYHOTO Pa3JenTeNs), 3aKphIBAeT (aiisl. 3aTeM OTKPBIBAET OTOT ke (aiiyl Ha YTEHUE U
MepEnuChIBACT B IPYroi (ailsl TONBKO Te Ynciia KaKA0H CTPOKH, APOOHAS YaCTh KOTOPHIX HE MPEBhIIIAET
3aJIJAaHHOTO 3HAYEHUS, 3aIPOLIEHHOIO Y MOJIB30BATENS, MEHSA OPAIOK UX CIIEIOBAHMSA Ha OOPATHBIN, IPH
9TOM KOJIOHKHU JOJDKHBI UMETH IIUPUHY 9 CHUMBOJIOB C BLIpABHUBAHUEM 110 HpaBOI\/'I rpaHune, 3Ha4CHUC
BBIBOJIUTCS € 3 3HAKAMU MOCIIE JECATHYHOTO Pa3/eInuTes.

14.

BapumanT Hanumute nporpaMmmy, KOTopast 3alpaninuBaeT y MOJIL30BATEN ABa IeNbIX yrciaa N u M u 1Ba
BEIIECTBEHHBIX YHCIIA X U Xy U 3aIMUCHIBAET B TEKCTOBBIN (haii Tabiuily 3HaYeHUH QYHKIMHT Yy, (Xy,) =
exp(—x,/m)cos(m|x,|),n =1,N,m = 1,M, x € [xy, xy] (N CTpoK, M KOJIOHOK, KOJOHKH HMEIOT
mmprHy 10 CUMBOJIOB ¢ BBIpABHUBAHHEM I10 MPABOM rpaHUIle, 3HAUYCHHE QYHKIIUHA BHIBOAUTCS C 5
3HaKaMU TOCJIe JECATUIHOTO pa3euTeNs), 3aKphiBacT (aiii. 3aTeM OTKPBIBAET ATOT ke (Dailyl Ha YTeHHE
Y TIEPEIUCHIBAET B IPYTroi (ailll TOIHKO Te YnciIa KaKIOH CTPOKH, JPOOHAS 9acTh KOTOPHIX HE
IMPEBBIIIACT 3aJaHHOI'O 3HAYCHUA, 3alIPOIIECHHOI0 Y ITOJIB30BATEIA, MECHSAA TOPAOOK CJIIEAOBAHUA YUCEI B
HEYETHBIX CTPOKAX HA OOpPATHBIN, MPH 3TOM KOJIOHKH JOJKHBI IMETh IIUPUHY 9 CHUMBOJIOB C
BbIpABHUBAHUCM I10 HpaBOﬁ I'paHulC, 3HAYCHUC BBIBOAUTCA C 3 3HaKaMH MOCJIE HECATUYHOT'O
pas3aenuTens.

15.

BapuanTt Hamumure nporpamMmy, KOTOpast 3alpaliuBaeT y MoJIb30BaTes [Ba Heblx Yncia N u M u J1Ba
BEILECTBEHHBIX YHCIIA X U Xy W 3alMCHIBAET B TEKCTOBBIN (haiti TabiuIly 3HaAYEHUH QYHKIMHT Vyy, (X)) =
sin?(m|x,|)cos(mx,),n = 1,N,m = 1,M, x € [xy, xy] (N cTpoK, M KOJOHOK, KOJIOHKH HMEIOT LIHPHHY
10 cHMBOJIOB C BEIPAaBHUBAHUEM I10 MTPABO I'paHHMIle, 3HaUeHUE (DYHKIIMK BHIBOJIUTCS C 5 3HAKAMU TIOCIIE
JECATHIHOTO pa3IeNuTest), 3aKpbiBaeT (a1, 3aTeM OTKpPBIBACT 3TOT Ke (aila Ha YTeHHE U
MepEnuChIBACT B IPYyroi (ailsl TONBKO Te Ynciia K&KA0H CTPOKH, APOOHAS YaCTh KOTOPHIX HE MPEBbIIIAET
3aaHHOI'0 3HAYCHU, 3alIPOIICHHOT'O Y IMOJIB30BaTE/IA, MCHAA MMOPAAOK CIICAOBAHUA YUCCIT B YETHBIX
CTPOKax Ha OOPaTHBIM, IIPH 9TOM KOJIOHKH JIOJKHBI HMETh IHUPHHY 9 CHMBOJIOB C BEIPABHUBAHHEM 110
NpaBOi rPaHMIlE, 3HAYEHUE BBIBOJUTCS C 3 3HAKAMM TIOCIIE JECATHYHOTO pa3IeIuTels.
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Bapuant Hanwumumre nporpamMmy, KOTOpasi 3alipallinBaeT y MoJib30BaTelis 1Ba HeibiX yncia N u M u 1Ba
BEIIECTBEHHBIX YHCIIA X U Xy U 3aMMUCHIBACT B TEKCTOBBIN (hailn Tabiuiy 3HaYeHUH QYHKIMHA Yy, (Xy,) =
sin?(mx,)cos(mx2),n = 1L,NNm=1,M,x€ [%0, xn] (N cTpOK, M KOJIOHOK, KOJIOHKM MMEFOT LIUPUHY 9
CHMBOJIOB C BBIPABHHBAaHHEM 10 PaBOM rpaHulle, 3HaUYeHNE (PYHKIIUH BEIBOAUTCS C 5 3HAKAMH MOCIIE
NECATUYHOTO Pa3eNUTeNs), 3aKphIBaeT (aiii. 3aTeM OTKPBIBAET ATOT ke (ailyl Ha YTEHHE U
MEPENUChIBACT B IPYToi (aiisl TOJIBKO Te Yuciia KaKIO0H CTPOKH, KOTOPhIE TIPEBBIIIAIOT CpEeTHEES
apudmeTndecKoe 3HaUCHNE YMCEN B HEll, MEHSS OPSAAOK CIIeTOBAaHNUA YHCE B HEYETHBIX CTPOKAX Ha
00OpaTHBIH, IPY 3TOM KOJIOHKH J0JLKHBI UMETh IIUPHUHY 12 CHMBOJIOB C BHIPABHUBAHUEM I10 MTPABOH
IpaHuIE, 3HAYEHUE BBIBOJUTCS € 5 3HAKaMH IOCIIE IECATHYHOTO pa3euTeNs.




17.

Bapuant Hanumure nporpaMmmy, KOTopasi 3alpalinBaeT y MoJIb30BaTels 1Ba LEJbIX Yncia N u M u aBa
BEIIECTBEHHBIX YHCIIA X U Xy U 3aIMUCHIBACT B TEKCTOBBIN (hail Tabiuily 3HaYeHUH QYHKIMHT YV, (X)) =
cos(mx®)In(|x,|),n =1,N,m = 1,M, x € [x,, xy] (N cTpoK, M KOIOHOK, €CIIi APOOHAS 9aCTh UHCIIa
OKa3bIBACTCSl MEHBIIIE 3aIPOIICHHOTO Y TIOJIh30BAaTENs 3HAYCHHUS, OHO OKPYTIISICTCS B MEHBIIIYIO CTOPOHY U
3aIKChIBACTCS KaK 11E10€, KOJJOHKH UMEIOT IUPUHY 9 CHMBOJIOB C BRIPABHUBAHUEM 10 ITPABOW TPAHUIIC,
3HauYeHUE (DYHKIIUU BBIBOJAUTCS C 3 3HAKAMU TOCIE JCCITUYHOTO PA3ACTUTENS ISl BEIECTBCHHBIX YHCET
1 9 CHMBOJIOB IS LIEIBIX YHCEN), 3aKphIBacT (pailyl. 3aTeM OTKPBIBACT ITOT ke (aiil Ha YTCHUE U
MePENUChIBACT B IPYToi (aiisl TONBKO [eNble YHCia KAk oW CTPOKH, MEHSS MOPSIOK CIICTIOBAHUS YUCET B
HEYETHBIX CTPOKAX HA OOPATHBIN, MPH 3TOM KOJOHKH JOJKHBI HIMETh ITUPUHY 5 CHMBOJIOB C
BBIpAaBHUBAHUEM I10 JICBOH I'paHMIIE, TEPE]] YHCIOM JIOJDKEH CTOSTh €ro 3HAK, JTAKE ST YUCIIO0
MTOJIOKUTEITEHOE.

18.

Bapuant Hanwummre nporpaMMy, KOTOpasi 3alipallidBaeT y MMoJIb30BaTEIs 1Ba HENIbIX Yncia N u M u 1Ba
BEIECTBEHHBIX YHCIIA X U Xy U 3aMMUCHIBAET B TEKCTOBBIN (hail TabiuIly 3HaYeHHUH QYHKIMHA YV, (X)) =
sin(mx,)cos(x,),n=1,N,m = 1,M, x € [xg, xy] (N cTpoK, M KOJTOHOK, KOJOHKH HMEIOT IHpPHHy 12
CUMBOJIOB C BBIPaBHHUBAHUEM 10 MPABOW I'PaHUIIE, 3HAYCHHUE (DYHKIIUM BBIBOJUTCS C 6 3HAKAMU T1OCIIC
JECATHIHOTO Pa3AeIUTeNs ), 3aKphIBaeT (aiii. 3aTeM OTKPBIBAET ITOT ke (ailll Ha YTeHHE U
MEPEMUCHIBACT B APYroi (haiil TOJIBKO OTPUIIATEIBHBIC YUCIIA KaXKI0H CTPOKH, TIPU 3TOM KOJIOHKH
JIOJDKHBI UMETh MIUPHUHY 11 CHMBOJIOB ¢ BRIpaBHUBAHUEM 10 MPABOM TpaHUIle, 3HAYCHUE BBIBOJIUTCS C 3
3HAaKaMH IOCIIE IECATUYHOTO pa3eauTeNs.

19.

BapuanT Hanumure nporpaMmy, KOTOpas 3alpamiuBaeT y MoJIb30BaTeNs JBa LebIX yncia N u M 1 1Ba
BEILIECTBEHHBIX UUCIIA X U X) M 3AIUCHIBAET B TEKCTOBLIN (paitn Tabnuiy 3HaueHuit Qyuxuuu yy, (x,) =
sin(mx,)cos?(x,),n = 1,N,m = 1, M, x € [x,, xy] (N cTpoK, M KOTOHOK, KOJOHKH HMEIOT IHpHHY 11
CHMBOJIOB C BHIPABHUBAHHMEM I10 NIPABOM TPaHMIIE, 3HAYEHHE (PYHKIMU BLIBOAUTCS C 4 3HAKAMU MOCIIE
JIECATHYHOTO Pa3JIelIUTeNs), 3aKphIBAET (aii1. 3aTeM OTKPHIBAET ITOT XKe (aiiyl Ha YTEHHE U
HEPENUCHIBAET B APYTOif (haiil TOIBKO OTPHIATENBHBIE YUCIIA KAKION CTPOKU, MEHSASA OPAIOK UX
ClIeJOBAHMs Ha OOPATHBIM, IIPU 5TOM KOJIOHKH J0JKHEI UMETh IIMPHHY 8 CHMBOJIOB C BHIPABHUBAHKEM I10
NpaBoii TPaHHMIIE, 3HAYEHUE BBHIBOIUTCS C 2 3HAKAMH TIOCIIE JECATUYHOTO Pa3IeIuTelIs.

20

Bapuant Hanummre nporpamMmy, KOTopasi 3alipalinBaeT y MMoJIb30BaTelIs 1Ba HeJIbIX yncia N u M u 1Ba
BEIIIECTBEHHBIX YHCIIA X U Xy U 3aIMUCHIBAET B TEKCTOBBIN (hailir Tabiuiyy 3HaYeHUH QYHKIMH Yy, (X)) =
sin?(mx,)cos(mx,),n = 1,N,m = 1, M, x € [xg, xy] (N cTpOK, M KOJIOHOK, KOJTOHKH UMEIOT IIHPHHY
10 cHMBOJIOB C BEIPABHUBAHUEM 10 [TPABO# rpaHuIle, 3HaYeHHE (DYHKIMK BBIBOAUTCS C 3 3HAKAMH TIOCITE
JECATHYHOTO Pa3ACiUTeNs), 3aKphiBacT (haiiyl. 3aTeM OTKPBIBACT ITOT JKe (hailyl Ha YTCHHUE U
MEPENUChIBACT B IPYroi (ailsl TOIbKO OTPUIIATENILHBIE YUCIIA KAKIO0H CTPOKH, MEHSIS TIOPSITOK
CITEZIOBAHMS YHCET B HEYETHBIX CTPOKAX Ha OOPATHBIM, TIPH 3TOM KOJOHKH JTOJDKHBI HUMETh ITUPUHY 8
CHUMBOJIOB C BBIPaBHHBAaHUEM I10 MPABOM I'PAaHUIIE, 3HAYCHHUE BBIBOJUTCS C 2 3HAKAMHU MOCIIE IECATUUHOTO
pas3ienuTes.

21.

Bapuant Hanwummre nporpammy, KOTOpast 3alpallMBaeT y MOJIb30BATENs JABA HEbIX yucaa N u M u 18a
BCIIICCTBCHHBIX HHCJIA XO u xN U 3allUCBIBACT B TeKCTOBBIﬁ @aﬁn Ta6HI/IHy 3HaquI/Iﬁ q)yHKHI/H/I ym (xn) =
sin(mx,,)cos?(mx,),n = 1,N,m = 1,M, x € [x,,xy] (N cTPOK, M KOJIOHOK, KOJOHKH UMEIOT IIHPHHY
11 cuMBOJIOB ¢ BRIPaBHUBAHUEM I10 [TPABOI IpaHMIle, 3HAYCHUE (DYHKIMN BBIBOJUTCS C 5 3HAKAMU TIOCIIE
JIECATUYHOTO pa3JeIuTeNIs), 3aKphIBaeT (aiiil. 3aTeM OTKPBHIBAET STOT Ke (aiil Ha YTEHHE U
HEPENKCHIBAET B IPYIOi (ailil TOIBKO MOJOKUTEIBHbIE YMCIIA KAXKIO0W CTPOKH, YABAaUBas UX, IPU STOM
KOJIOHKHU OOJIXKHBI UMCTh HH/IpI/IHy 8 CHUMBOJIOB C B])IpaBHI/IBaHI/IeM 110 HpaBOﬁ I‘paHI/IHe, 3HAYCHUC
BBIBOJIUTCSA € 3 3HAKAMH IOCIIE JAECATHYHOIO Pa3IeuTENs.

22.

BapuanTt Hamumure nporpaMmy, KOTOpast 3alpaliuBaeT y MoJIb30BaTes [Ba HeblX Yncia N u M u J(Ba
BEILIECTBEHHBIX YMCIIA X U Xy ¥ 3AIUCHIBAET B TEKCTOBBIN (pailin Tabuuily 3HaueHuit QyHKIuM Yy, (X,) =
sin(mx2)cos(mx,),n=1,N,m = 1,M, x € [x, xy] (N cTpoK, M KOJOHOK, KOJIOHKH HMEIOT IHpHHy 10
CHUMBOJIOB C BBIpaBHI/IBaHI/IeM 110 HpaBOﬁ FpaHI/H_Ie, 3HAYCHUC (byHKI_H/H/I BBIBOJIUTCSA C 3 3HAKaMHU I10CJIC
JECATUYHOTO Pa3IeIuTeNs), 3aKphIBAET (aiiil. 3aTeM OTKPHIBAET 3TOT e (haiil Ha YTEHHE U
HEPENMCHIBAET B IPYTOii (hailil TOJIBKO MOJIIOKUTEIBHBIE YKCIIA KaXKIO0M CTPOKH, yBaUBas HX U MEHSIS
HOPSAIOK UX CJIEJIOBAHUS HA OOPATHBIN, IPH 3TOM KOJOHKH JOJDKHBI KIMETH IIUPHHY 7 CUMBOJIOB C
BBIPABHUBAHHUEM 10 IIPABOM I'PAHUILIE, 3HAYEHHE BBIBOAUTCS € 2 3HAKAMHU OCIIE AECATHIHOIO
pasienuTens.
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23.

BapuanT Hanummure nporpamMmy, KOTopas 3allpallidBaeT y TONb30BaTeIs 1Ba LelbiX yucia N u M U Ba
BEIIECTBEHHEIX UNCIIA X M Xy M 3aIHCHIBAET B TEKCTOBKIH (haiin TabmuIly 3HaUeHHH QYHKIMHA Yy, (X,,) =
sin(mx2)cos?(x,),n=1,N,m = 1,M, x € [x,,xy] (N cTpoK, M KOJIOHOK, KOJOHKH HMEIOT IupHHy 1 1
CHMBOJIOB C BHIPABHMBAHHEM I10 IPABOi TPaHHIIE, 3HAUeHHE (YHKINN BBIBOJMUTCS C 5 3HAKAMH TI0CIIE
JIECATUYHOTO Pa3JeUTeNs), 3aKphIBAeT (Baiisl. 3aTeM OTKPBIBAET ITOT Xke (aill HAa UTeHHe U
TIEpENHCHIBACT B APYTOi (haiisl TOIBKO MOTOKHUTEIbHBIE UHCIA KAXK/I0H CTPOKH, YJABAMBAS X U MEHSS
TIOPSAZIOK CIIE/IOBAHMS YHCEN B HEUETHEIX CTPOKAX HA OOPATHBIH, P STOM KOJIOHKH JIOJDKHBI HMETh
ITMPHUHY 8 CHMBOJIOB C BEIPaBHHUBAHIEM T10 TIPaBOil TPAHMIIE, 3HAUCHHE BHIBOJUTCS C 3 3HAKAMH MOCITE
JIECATHYHOTO Pa3/IeTHTEIIs.

24.

BapuanTt Hanumure nporpaMmy, KOTOpast 3alpaliuBaeT y MoJIb30BaTels JBa LebiX Yncia N u M u JiBa
BELIECTBEHHBIX YMCIIA X U X M 3alIUCHIBAET B TEKCTOBBIN (ailil TabauIy 3HaYeHNH QYHKIUH Vi, (X)) =
exp(—x,/m)sin(mx,),n=1,N,m = 1, M, x € [xo, xy] (N cTpOK, M KOJIOHOK, KOJIOHKH HMEIOT
mprHy 10 CHMBOJIOB ¢ BHIPABHUBAHUEM 110 IIPABOW FPAHMIIE, 3HAYEHUE (YHKIMH BHIBOAUTCS C 4
3HAKaMM T10CJIE IECATUYHOrO PasIeuTels), 3aKphiBaeT (aiil. 3aTeM OTKPHIBAET ITOT ke (aiila Ha uTeHue
Y TIEPEIUCHIBACT B IPYTroM (hailyl cHauama OTpUIaTeIbHbIC, 3aTEM MOJIOKUTEIILHBIC YHCIIa KaXK/I0W CTPOKH,
[PH 3TOM KOJOHKH JOJDKHBI HMETh LIMPUHY 8 CHMBOJIOB C BHIPABHHBAHHMEM I10 TIPABOi IPAHULIE,
3HAYEHUE BBHIBOJMTCS C 3 3HAKAMHU II0CIIE AECATHYHOTO Pa3IeIUTes.

25.

Bapuant Hanwummre nporpaMmy, KOTOpasi 3alpalinBaeT y MoJb30BaTels 1Ba HEeNbIX yncia N u M u 1Ba
BEIL[ECTBEHHBIX YHCIIA X U Xy ¥ 3aIUCHIBACT B TEKCTOBBIN (haiin tabmuny 3HaueHnit QyHKuun yy, (x,) =
exp(—x,/m)sin(mx2),n = 1L,Nm=1M,x€ [x0, xn] (N cTpOK, M KOJIOHOK, KOJIOHKH HMEFOT
muprHy 12 CHMBOJIOB ¢ BEIpaBHUBAaHUEM 110 TPABOW TpaHUIlE, 3HaUeHHUE ()yHKITUH BEIBOJUTCS C 6
3HaKaMU TOCJIe JIECATUIHOTO pa3eNUTeNst), 3aKphiBaeT (aiiin. 3aTeM OTKPBIBACT ATOT ke (ailll Ha uTeHHe
Y TIepPENUCHIBACT B APYrol (paiiin cHavyana yABOCHHbIC OTPULIATEIbHEIC, 3aTEM YTPOCHHBIC
MOJIOKHUTENbHBIC YNCIIA KAKION CTPOKH, IIPHU 3TOM KOJIOHKH JOJKHBI UMETh IIUPHUHY 9 CUMBOJIOB C
BbIpaBHUBAaHUEM I10 IPABOH TPaHHUIIE, 3HAUEHHE BBIBOAUTCS € 4 3HAKaMHM IOCJIE AECSITHIHOTO
pa3zenuTens.

26.

Bapuant Hanwumumre nporpaMmy, KOTOpasi 3alipalinBaeT y MoJIb30BaTelis 1Ba HeNbiX Yucia N u M u 1Ba
BELIECTBEHHBIX YHCIIA X U X M 3alIUCHIBAET B TEKCTOBBIN (ail TabauIly 3HaYeHUH QyHKIUH Vyy, (Xy,) =
exp(—x,/m)cos(mx,),n = 1,N,m = 1,M, x € [x, xy] (N cTpOK, M KOJOHOK, KOJOHKH HMEIOT
muprHy 11 CHMBOJIOB ¢ BHIPABHUBAHUEM 110 ITPABOM MPAHMIIE, 3HAYEHHE (PYHKIMH BHIBOJUTCS C 4
3HAKAMM T10CJIE IECATUYHOTO Pas3eluTels), 3aKphIiBaeT (aiil. 3aTeM OTKPHIBAET 3TOT ke (aiia Ha uTeHune
W TIePENUCHIBAET B IpYrol (aiin cHavyana nepecTaBlieHHbIE B OOpaTHOM MOPSIKE OTPUIATETIbHEIE, 3aTeM
TOJIOKUTEBHBIE YHCIIA KAXKIOW CTPOKH, IIPH 3TOM KOJOHKHU JIOJDKHBI HMETH LIUPHHY 8 CHMBOJIOB C
BBIpaBHI/IBaHI/IeM 110 HpaBOﬁ FpaHI/IHe, 3HAYCHUEC BBIBOOUTCA C 2 3HAaKaMH I10CJIC ACCATUYHOT'O
pasienuTers.

27

Bapuant Hanwumumre nporpaMmy, KOTOpasi 3alpalinBaeT y MoJIb30BaTelis 1Ba HesbiX yncia N u M u 1Ba
BEIIECTBEHHBIX YHCIIA X U Xy U 3aIMUCHIBAET B TEKCTOBBIHN (hailir Tabiuiyy 3HaYeHUH QYHKIMH Yy, (X)) =
exp(—x,/m)cos(mx,),n=1,N,m = 1, M, x € [xg, xy] (N cTpoK, M KOJIOHOK, KOJOHKH HMEIOT
mmpuHy 10 CUMBOJIOB ¢ BBIpaBHMBaHMEM I10 NIPABOM rpaHuIe, 3HAYeHNE (PYHKIIUH BBIBOAUTCS C 3
3HaKaMHU IOCIIe JIECATUIHOTO pa3JIeUTeNsl), 3aKphiBaeT (aiiin. 3aTeM OTKPBIBAET ATOT ke (ailsl Ha uTeHHe
" IEpCIHMCBIBACT B [[perﬁ (bafm CHa4aJla OTpULATCIBbHBIC, 3aTEM IICPECTABJICHHBIC B 06paTHOM nopaake
ITIOJIOKUTEIJIbHBIC YHCJIa Ka)KZ[OfI CTPOKH, ITPU 3TOM KOJIOHKHU JOJIKHBI UMETh HIUPUHY 8 cCUMBOJIOB C
BI)IpaBHI/IBaHI/IeM 110 HpaBOI\/’I FpaHI/IHe, 3HAYCHUEC BBIBOOUTCA C 2 3HAaKaMH I10CJIC ACCATUYHOT'O
pasaCInTECIIA.

28.
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Bapuant Hanummre nporpammy, KOTOpas 3alpalinBaeT y MMoJIb30BaTelIs 1Ba LEeNbIX yncia N u M u 1Ba
BEIIIECTBEHHBIX YUCIIA X( U Xy ¥ 3QIUCHIBACT B TEKCTOBBI (aiin Tabmuiy 3HaueHnit QyHKUUH Yy, (X,) =
exp(—x,/m)sin(mx,)cos(mx,),n = 1,N,m = 1, M, x € [xg, xy] (N cTpoK, M KOJIOHOK, KOJTOHKH
nMeroT mupuHy 10 CHMBOJIOB C BRIpaBHUBAHHWEM IO TIPAaBOH rpaHMIe, 3HaU€HUE (PYHKIINN BRIBOAUTCS C 4
3HaKaMHU TOCIie IECATUIHOTO pa3IeNuTes ), 3aKphiBaeT (aiiil. 3aTeM OTKPBIBAET ATOT Xke (Dailil Ha YTeHue
U TIEPENUCHIBACT B APYrol (aiin cHayana nepecTaBieHHbIE B OOpaTHOM MOPSIKE OTPULIATEIIbHbIC, 3aTeM
MepecTaBiIeHHbIE B 0OPAaTHOM MOPSIIKE TIOJOKUTENbHbBIE YHCTIa KaXI0W CTPOKH, TIPH 3TOM KOJIOHKH
JOJKHBI UIMETh IIMPUHY 8 CUMBOJIOB C BBIPABHUBAHMEM I10 IIPAaBOil rpaHuIIe, 3HAUCHUE BBIBOJUTCS C 3
3HaKaMH [10CJI€ JECATUYHOIO Pa3eIuTes.




29.

BapuanTt Hamumure nporpaMmy, KOTOpast 3alpalliuBaeT y MOJIb30BATENs [Ba HebIX Yncia N u M u J(Ba
BELIECTBEHHBIX YMCIIA X U X U 3alIUCHIBAET B TEKCTOBBIN (ailil TabauIly 3HaYeHUH QYHKIUH Vyy, (X,) =
exp(—x,/m)sin(mx2)cos(mx,),n = 1,N,m = 1, M, x € [xy, xy] (N CTpOK, M KOJIOHOK, KOJOHKH
UMEIOT IUPKHY 12 CHMBOJIOB ¢ BHIPABHUBAHKMEM I10 TIPABOM FPAHMIIE, 3HAYEHHE (PYHKIMHU BHIBOJUTCS C 6
3HAKaMM T10CJIE IECATUYHOrO pasIeuTels), 3aKpriBaeT (aiil. 3aTeM OTKPHIBAET 3TOT ke (aiila Ha uTeHue
U [IEPENUCHIBAET B IPYToii (haiiyl cHavasa nepecTaBiIeHHbE B 0OPaTHOM MOPSIKE YABOCHHBIE
OTPHIIATENBHBIE, 3aTEM MIEPECTABIEHHBIE B 0OPATHOM MOPSAIKE MOJOKUTETbHBIE YUCIIA KaXKIOU CTPOKH,
[PH 9TOM KOJIOHKH JOJDKHBI HMETh LIUPUHY 9 CHMBOJIOB C BHIPABHHBAHHMEM T10 TIPABOi TPAHULIE,
3HAYEHUE BBIBOJMTCS C 4 3HAKAMHU TI0CIIE AECATHUHOTO Pa3IeIUTeEs.

30.

BapuanTt Hanumure nporpaMmy, KOTOpast 3alpaliuBaeT y MoJIb30BaTels JBa LebiX Yncia N u M u JiBa
BELIECTBEHHBIX YMCIIA X U X M 3alIUCHIBAET B TEKCTOBBIN (ailil TabauIy 3HaYeHNH QYHKIUH Vi, (X)) =
exp(—x,/m)sin(mx,)cos(mx2),n = 1,N,m = 1, M, x € [xy, xy] (N CTpPOK, M KOJIOHOK, KOJOHKH
UMEIOT IUpKHY 10 CHMBOJIOB ¢ BHIPABHUBAHKUEM I10 NIPABOW MPAHMIIE, 3HAYEHUE (YHKIMH BHIBOJUTCS C 5
3HAKaMM T10CJIE IECATUYHOrO PasIeuTels), 3aKphiBaeT (aiil. 3aTeM OTKPHIBAET ITOT ke (aiila Ha uTeHue
U TIEPETUCHIBACT B ApYrol (aiin cHayana nepecTaBicHHbIE B OOpaTHOM MOPSIKE OTPULIATEIbHEIC, 3aTeM
HEePECTABJIEHHbBIE B 0OPATHOM MOPSIKE YTPOSHHBIE MOJOKUTEIBHBIE YMCIA KAXKIOW CTPOKH, IPH 3TOM
KOJIOHKH JOJUKHBI UMETh IINPUHY 9 CHUMBOJIOB C BEIpABHHBAHHEM I10 HpaBOﬁ rpaHUlC, 3HAYCHUC
BBIBOJUTCS € 4 3HAKAMU MOCIIE JECITHYHOTO Pa3/eInTeNs.
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NnaBa 8. Ucnonb3oBaHMe CUMBONOB U CTPOK.

B s3pike mporpammupoBanus C QyHKIUU a1 pabOThI CO CTPOKaMU OOBSIBIISIIOTCS B 3arojIoBOYHOM (haiine
string.h, a pyHKIIMU pabOTHI ¢ CUMBOJIaMHu B (haiine ctype.h. HyxHO He 3a0bIBaTh TOJKIFOYATH UX.

Cnemyer oOpaTuTh BHMMaHHE Ha TO, 4TO cTpokoil B C cumraeTcs mrobas MOCIEOBaTEIbHOCTh CHMBOJIOB,
OKaHYMBAIOMIAsCS HYJICBBIM KoaoM. [103TOMY (hyHKIMSIM MOXHO TIepeJaBaTh aapec J00ro CHMBOJIA CTPOKHU, U OHU
OyJyT CUMTATh CTPOKOM OCTaBIIYIOCS 4aCTh. DTO CBOHCTBO MOXKHO 3(p(EeKTHUBHO MCIT0JIB30BaTh. [J11 mpuMepa BCTaBUM
OJIHY CTPOKY B CEpEeNHY JIPYTOM:

char s1[20] = "one three", s2[20] = "two";
strcpy (s2+3, sl1+3);

strcpy(sl+4, s2);

puts(sl);

31ech cHavana Bo BTOPYIO CTPOKY KOTIMPYETCs KOHEI] MepBOii, mosryyaercs "two three". 3aTeM B epByr0 CTPOKY,
MUHYS €€ Ha4aJio, KOMUPYeTCs BTopasl.

Eme onnoit naTepecHoU (yHKIMEH sBuseTcs strfok(). C ee TOMOIIBI0O MOKHO pa30UTh CTPOKY HA OT/IENbHBIE
yactu (Jexcembl). OHAKO, 3Ta (PYHKIHS TOPTUT UCXOIHYIO CTPOKY, BCTaBIsis B HEE€ TepMUHANBLHBIC Hyd. [loaTomy,
€CJIM UCXOJIHAS CTPOKA HY)KHA B TIOCJICAYIOIIEM KOJIE, TO HEOOXOAMMO ClIeNaTh e€ KOIHIO.

Paccmotpum npumep:

#include <stdio.h>

#include <string.h>

int main ()

{
char str[200],str2[200];
fgets(str2,200,stdin); // BBOI CTPOKM M3 KOHCOJIM
strcpy (str,str2); // memaem konuio mig paboTe ¢ strtok

// ObbaBigeM c 3anacoM Mmaccus m3 30 CJIOB IJIMHOM He Oojee 19 CUMBOJIOB
char words[30][20];

char * pch = strtok (str,"™ ,.-"); // nonyuaem [epBOe CJIOBO

// BO BTOPOM MapaMeTpe YyKa3aHH paslIesjiuTesiM CJIOB (npobej, 3andras, Touka, THupe)
int n=0;

strcpy (words [n++],pch); // xonupyeM nepBOe CJOBO

// Toka ecTb ouepemHOe CJIOBO M MECTO B MaccCuBe words:
while( (pch = strtok (NULL, " ,.-")) != NULL && n<30)
strcpy (words [n++],pch);// xonmpyeMm ouepemHOe CJOBO
for (int i=0;i<n;i++)
printf ("%$s %d\n",words[i],strlen(words([i])); // BHBOIMM CJIOBA U WX JIVHEB
return 0;

}
[Tpu nepBoM BEI30Be striok() B QYHKINIO MTepeaeTcs yKa3aTelb Ha MIepPBhId CHMBOII MaCCHBA M CTPOKA-Pa3JIeNIuTENb.
[Tocne 3TOro BHI30BA MACCHB St U3MEHSETCS, B HEM OCTA€TCs TOJILKO MEPBOE CJIOBO, Takxke (hYHKI[HS BO3BpAIAcT
yKasarejb Ha 3TO CJI0BO, KOTOPBI NprcBauBaercs pch. OCTaTOK MacCHBa MOTEPSIICS, HO BHYTpH strtok() coxpaHseTcs
yKazareib Ha 3TOT octatok. Korja B kauecTBe agpeca nepemaercs NULL, To dyHKIms paboTaer ¢ STUM OCTaTKOM.
s moacyera KONMYECTBA OJIMHAKOBBIX CUMBOJIOB CTPOKH MOKHO UCIIOJIB30BaTh UX KOJABI JJIs1 HHACKCUPOBAHHUS

3JIEMEHTOB MacCHBa, B KOTOPBIX OyIET XPaHUThCS KOJIMYECTBO COOTBETCTBYIONIMX CUMBOJIOB. OOpaTuTe BHUMaHHE,
YTO THII char — 3TO 3HaKOBBIH LIEJI0YMCICHHBIN TUIT B [uana3one ot -128 o +127. [Toatomy, 11 MHACKCAI[MM MaCCHBA
HaJI0 UCTOJb30BaTh unsigned char (auamason ot 0 go 255).
#include <stdio.h>
#include <string.h>
#include <stdlib.h>
void CountChars (unsigned char* str,int* freq)
{

int 1 = 0;

for (1=0;1<256;1++)

freq[i]1=0; // oBHyjiseM Maccus

// TomcueT KOJMUeCTBa CUMBOJIOB PaBHBEIX Str[i]:

for (1i=0;i<str[i]!=0;1i++)

freqgstr[i]]++;

}
void Print (int* freq)
{

int 1i;

for (i=0;1<256;1i++)
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if(freq[i]!=0) // ecnm cumMBOJI BCTpeuajicd B CTPOKeE
// BHIBOI KOI& CMMBOJIA M CKOJIBKO pas BCTPETUIICH:
printf ("%$c %d\n",i,freqli]);

}

int main ()

{
unsigned char myString[100];

int £[256];
system ("chcp 1251"); // ycTaHOBKa PYyCCKOM KOIMPOBKM B KOHCOJIM

printf ("Beemure cTpoky:\n");

fgets ((char*)myString, 100, stdin) ;

CountChars (myString, f);

Print (f);

getchar () ;

return 0;
}
3neck QyHKIMS CountChars () BBIIOJHICT MOJCYET BCTPEUAEMOCTH CHMBOJIOB, 2 (DYHKIMS Print () BBIBOJUT
pe3ynbrat. O0paTUTe BHUMaHKUE Ha BRIpaKECHHUE fireqg[str[i]]++, B KOTOpOM KOJI CUMBOJIA str[i] SIBISIETCA HHICKCOM JJIs
MaccuBa freq. DTO MO3BOJISICT MOJCYUTATH KOJUYSCTBO CHUMBOJIOB, MMEIOIIUX JaHHBIA KOJI.

Bapuanmui 3a0au ona pewienusn

B 3agannn HeoOX0aMMO HanMcaTh (PyHKIMIO COOTBETCTBYIOIIETO BapHaHTa U B QYHKITUH main() IPOTECTUPOBATH
ee, BBO/IsI HeOOXOIMMBIE CTPOKH U3 (paiisia, a JONOIHUTENBHBIE JaHHBIC U3 KOHCOJIH, BRIBOS PE3yJIbTAT Ha IKPaH.

1. Bapuant
Hanwmcats pynkumio, kotopas yaaiseT u3 CTPOKH BCe 3HAKH MYHKTyaluu. J{Jsl MpoBepKH 3HAKOB HUCIIOJIB30BaTh
OoubroTeunyr Qynkuuto ispunct() .

2. Bapuant
Hamnucath QyHKIUIO, KOTOpasi IPOBEPSIET, SBISETCS JIX CTPOKA IIEJBIM JCCSITUYHBIM YHCIIOM C OMIIHOHATBHBIM
3HaKkoM. J{Jst mpoBepkH 1p HCronbp30BaTh ONOIHOTEUHYIO PYHKIMIO isdigit().

3. Bapuant
Harmmcats QyHKIMIO, KOTOpAst MMOJICYUTHIBACT KOJMYECTBO INIACHBIX OYKB B CTPOKE MCIOJIB3YSI MACCUB TTIACHBIX
OykB u GyHKIHIO Stresph().

4. Bapuant
Hanucats (yHKIMIO, KOTOpast MOJICUUTHIBACT, CKOJIBKO pa3 B CTPOKE BCTPEUACTCs 3aJaHHas OyKBa UCIIOIb3Ys
¢dyHKIUIO strchr() v TOCIE 3TOTO YJAUTD €€ U3 CTPOKH.

S. Bapuanr
Hamucats dyHKIMIO, KOTOpast 3aMEHsIET B CTPOKE S BCE BXOKACHHS ITOJACTPOKH S1 Ha IMOJICTPOKY S2 UCTIONB3YS
bysxmro strstr().

6. Bapuanr
Hammucatp QyHKIINIO, KOTOpasi HAXOUT BCE CIIOBA CTPOKH, OTIMYHBIC OT MOCIIEIHETO, HCIIONB3Ys ()yHKITHH
strtok() u stremp().

7. Bapuanr
Hamnucats ¢yHKIMIO, KOTOpask yAalIseT U3 CTPOKH CJIOBAa HAUMHAIOIINECS HAa YKAa3aHHYIO OYKBY HCHOJB3YS
¢byskuuto strtok().

8. Bapuanr
Hammcatp QyHKIUIO, KOTOpast ONpenesnsieT KOJIMIeCTBO Pa3INyHbIX CJIOB CTPOKH MCIIONB3Ys QyHKIUH strtok() u
stremp().

9. Bapuanr
Hanucats ¢yHKINIO, KOTOpask BBIYUCISIET KOINYECTBO BXOXKACHHH TIEPEIaHHOTO CUMBOJIA B CTPOKE HCTIONB3YS
byuxyro strchr().

10. Bapuant
HanwucaTth QyHKIIHIO, TPOBEPSIONIYIO, UTO CTPOKA SBJISCTCS MATHHAPOMOM HCTIONB3Ys QYHKIUU strrev() u
stremp().
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11. Bapuant

Hamucath QyHKIINIO, BEIYUCIIAIONIYIO KOJTHYSCTBO IU(P B CTPOKE UCTIONB3Ys GYHKIHIO isdigit().

12. Bapuanr
Hamucate QyHKIINIO, BBIMUCISIONIYIO [UIMHY CJIOB B CTPOKE UCTIOB3Ysl pyHKIUIO striok().

13. Bapuanr
Hanmcath QyHKIHIO, HAXOASIYIO TIO3HUITUIO CAMOTO TIOCIIETHETO BXOX/ICHHS YKA3aHHOTO CUMBOJIA B CTPOKE
WCTIONB3YS QYHKIUIO strchr() M CPaBHUTD C pe3ynbTaToM ByHKIUH strrchr().

14. Bapuanr
Hammucate yHKIIHIO CpaBHEHUS IBYX CTPOK 0€3 ydeTa perucTpa ucronb3ys GyHKuuo _stricmp(). OyHKIusg
Bo3Bpamaet 0, ecIu CTPOKH OMHAKOBBIE U 1, €ClTi pa3HEIE.
He 3a0ynpTe 3amaTh pyccKyto JOKaidb BRI30BOM (PYHKINU setlocale(), e CTPOKH CONEpKaT KUPHUILIUITY.

15

Bapuant
Hammucats yHKITHIO, HHBEPTHPYIONIYIO BCE CIIOBA MEPETaHHONW CTPOKH.

16. Bapuant
Hammucatp yHKITHIO, KOTOpas MPUHUMAET HA BXOJ CTPOKY U 1Ba CHMBOJIa. DYHKINS 3aMEHSET BCE BXOKICHUS

MIEPBOTO CUMBOJIA B CTPOKE HA BTOPOH CHMBOJI HCIIONB3YS PYHKIHIO Strchr().

17. Bapuant
Hanucath dyHKIUIO, TPOBEPSIONIYIO, YTO MEPEIAHHYIO CTPOKY MOYKHO pa30UTh Ha JIBE OJIMHAKOBBIC TOJACTPOKU
MCTOJB3Ys GyHKIMIO strncmp().

18. Bapuanr
Hammucatp yHKITHIO, KOTOpas 3aMMCHIBa€T CTPOKOBOE MPEICTABICHHUE YHCIIa B MACCUB. UHCIIO M MaccHB

TepeatoTes e B kauecTe mapamMerpoB. CpaBHHUTE ee ¢ hyHKIueH itoa().

19. Bapuant
Hamucate QyHKIINIO, KOTOpas HAXOAUT CaMOE KOPOTKOE CIIOBO B CTPOKE HCIONB3Ys GyHKIMIO strtok(). Ciosa
OTIIETISII0TCA ITpodeIamu.

20

Bapuant
Hanwmcats QyHKIHIO, KOTOpast BHIMOJIHSAET BEIPABHUBAHUE CTPOKH, BBEJICHHOH MOJIb30BATENEM, JI0 3aJ]aHHON
IIUPUHBI UCTIONB3YsI PYHKIUIO strtok() v 100aBIsis HEOOXOAUMOE KOJTMIECTBO MTPOOEIIOB.

21. Bapuanr
Hanwucath yHKIHIO, BRIBOJSIINYIO HA 9KPaH CJIOBA, KOTOPBIC OJJHOBPEMEHHO COJIEPKATCSA B KAXKIOH U3 ABYX
3aJIaHHBIX CTPOK UCIOJB3Ys pyHkuu strtok() u stremp().

22

Bapuant
Hanucarp QyHKIuio, kotopas ucnoib3ys GyHkuuu strtok() u stremp() BBIBOJAMUT Ha SKPaH CJI0BA, KOTOPHIS
SIBJITFOTCST OOIITMMH JJISE TPEX CTPOK, a TAKXKE JJIS KaXKJI0H Maphl CTPOK.

23. Bapuanr
Hammucare yHkutio, kotopas ucnomns3ys GpyHkuuu strtok() u stremp() HAXOTUT CIOBA, KOTOPBIE IIOBTOPSIOTCS
JiBa WK OoJiee pa3 v BHIBOJUT UX C YKa3aHUEM YHCJIa IOBTOPEHUH. B ciydae oTCyTCTBUS TaKUX CIIOB BEIBOJHMTCS
COOTBETCTBYIOIIEE COOOLICHHE.

24. Bapuanr
Hanwmcats ynkumto, kotopast ucnonb3yst QyHKUUH strtok() u strchr() onpeaessieT KOJIMYECTBO CIOB B 3a1aHHOM
CTPOKE, COAEpIKaIllMX 33aHHYI0 OYKBY. BBIBECTH YHCIIO CIIOB B CTPOKE, COJIEpKAIMX pyccKkue OyKBHI ‘a’ u ‘p’.
B ciyuae oTcyTCTBUS TAaKHX CJIOB BHIBECTH COOTBETCTBYIOIIEE COOOIICHHUE.

25. Bapuanr
Hamucate dyHkiuio, kotopas ucnomnb3ys GpyHkuuu strtok() v strchr() BEIBOJUT BCE CIIOBA 331aHHOM CTPOKH, B
KOTOpBIC 3aaHHast OykBa BXxoauT He MeHee K pa3. B ciyuae OTCyTCTBHUS TaKHX CIIOB BHIBOJUTCS
COOTBETCTBYIOILIEE COOOIIEHHE.

26. Bapuanrt
Hamucars dynkiuio, kotopas ucnons3ys GyHkumu strtok() u stremp() BBIYUCISET KOJTMYECTBO PA3HBIX CIOB B
3aJ]aHHOM CTpPOKE.

27

Bapuant
Harmcats pyukmuro, koTopas npeodpasyer 1enoe guciio(int) B CTpOKy, MIPEICTABIIMIONIYIO YUCIIO B YKa3aHHOM
cucteme cuncienus (ot 2 mo 10).
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28. Bapuaunr
HanvcaTth QyHKIHIO BO3BPAIIAIOIIYI0 MAKCUMATEHOE KOJTMYESCTBO MOAPS/] UAYIINX MPOU3BOIBHBIX CHMBOJIOB B
ctpoke. Harmpumep, st crpoku "asdaajhys as asaaaafg r'" Hy»XHO BO3BpaTuTh 4.

29. Bapuant
Hanwmcats pyHkumio, koTopasi BO3BpaliaeT CHMBOJI, BCTPEUYAIOLIUIACS B CTPOKE Yallle BCETo.

30. Bapuaunr
Hamucatp nmporpaMmy, KOTOpasi BRIBOJIUT HA SKPaH CJI0BO "yes", eciiu u3 OyKB BBEJACHHOMN CTPOKH X MOXKHO
COCTaBUTH BBEACHHYIO CTPOKY Y, IMPH YCIOBUH, YTO KXY OYKBY CTPOKH X MOXKHO HCIIOJTb30BaTh OAMH Pas.
Ecam 3T0 HEBO3MOXKHO cAenaTh, BEIBeCTH "no". Ilomcka3ka: MOXKHO CpaBHUTH YaCTOTHBIC TAOIHIIBI IEPBOU H
BTOPO# CTPOKH.
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MnaBa 9. Ucnonb3oBaHue CTPYKTYP.

Ecnu B mporpaMme UCHIONB3YIOTCSI Pa3HOTUITHBIE JaHHBIC, UMEIOIME HEKOTOpOoe 00Iee Ha3HAYCHUE, TO UMEET
CMBICIT OOBEIUHATH UX B CTPYKTYPHI.

Paccmorpum minst mpumepa o0BekT «daitm». Y Hero mmeercs ums, THI (pacmuperue), pasmep. Kpome Toro,
YTOOBI HAHUTH €ro0 Ha JUCKE HEOOXOJMMO 3HATh UM JMCKA, U MAaIKW, B KOTOPOW OH HAXOMUTCI. DTy WHGOPMAIUIO
MOKHO OOBETUHHUTD B CTPYKTYPY CICIYIOIIUM 00pa3oM:
struct File
{

char name[80]; // Vwmsa

char typel[l6]; // Tun

char disk; // 6ykBa mmcka

char dir[100]; // nupexTopus

long size; // pasmvep oaina
}i

Paccmotpum nporpamMmy, BBIOTHSIOUIYI0 OCHOBHBIC OINEPAIUU C TaHHBIMU CTPYKTYpHOTO Tuma. CTpyKTypHI B
¢atin menecooOpa3HO MucaTh B OMHAPHOM PEXHUME, T.K. B 3TOM ClIy4yae He TpeOyeTcs MoapoOHOE MepedyHCclIcHUES
AIIEMEHTOB CTPYKTYpHl. OHAKO, CIEAYeT YIeCTh, 9TO TaKOW (ailyl Helb3sl OyJeT MPOYUTATh TEKCTOBBIM PEAAKTOPOM.
Kpowme Toro, B coctaBe CTpyKTyp HE JOIHKHO OBITH DIIEMEHTOB C TMHAMUYECKUM BEIIETICHUEM MmaMATH (MHade B (aiin
OyayT 3amuchIBaThbCcA yKa3zaTeld Ha HUX, a He caMH JaHHbIe). Takas 3amuch cierka u30bITouHa, T.K. B (ain OyayT
3aMHACHIBATHCS CTPYKTYPHI IETHMKOM, BKIFOUasl HEHCIIOIb30BaHHBIC YYaCTKU TEKCTOBBIX MacchBOB. Ho ¢ Heil MOXXHO
CMUPHTCS, €CITH 3aIICEH HE CITUIIKOM MHOTO.

PaccmoTpum mpumep nporpammbl, 0OpadaThIBaoIIeH JaHHBIE O (aiiiax.

#include <stdio.h>

#include <string.h>

#include <stdlib.h>

struct File

{
char name([80]; // lma oaiia
char typel[l6]; // Tun dainia
char disk; // ByxeBa nucka
char dir[100]; // mupexkTopus
long size; // pasMep baiina

}i

const int MAX SIZE=100; // mMaxkcumasybHOe K-BO OOpafaThHBaeMhX CTPYKTYP

void Input (File* pf)// oyHkUmMg BBOHa CTPyKTypsl, pf - aipec kyma BBOOUTH
{
printf ("Vimsa: ") ;

fgets (pf->name, 80, stdin); // BBOI CTPOKM C ¥MMeHeM oOaria
pf->name[strlen (pf->name)-11='\0";// ymajeHve u3 CTPOKM cumsojsyia '\n'
printf ("Tum: ");

fgets (pf->type, 16, stdin); // BBOO CTPOKM C Has3BaHMeM Tula odania

pf->typel[strlen(pf->type)-11='\0";// ymajneHve u3 CTPOKM cumsoyia '\n'
printf ("Iuck: ");

pf->disk=getchar(); // BBOI CuUMBOJI& — WMMEHM OUCKA

getchar (); // ynmajneHue 13 BXOIOHOTO [IOTOKa cuMmBosia '\n'

printf ("OupexTopusa: ");

fgets (pf->dir, 100, stdin); // BBOI CTPOKM C IOUPEKTOPUEN

pf->dir[strlen(pf->dir)-1]1="'\0"';// ynmanenue m3 CTPOKM CcrMBOJa '\n'
printf ("Pazmep: ");

scanf ("$1d", &pf->size); // BBOI paszmMepa oamia

getchar (); // ynmajneHue ¥3 BXOIOHOTO [IOTOKa cuMmBojsia '\n'

}
void Print (File f) // byHKuUMA BHBOIA CTPYKTYpPH, f — BHBOOMMAS CTPYKTypa
{
printf ("\nlMma: %s\n", f.name);
printf ("Tun: %$s\n",f.type);
printf ("Ouck: %c\n",f.disk);
printf ("OupexTopusa: %$s\n",f.dir);
printf ("Pasmep: %d Gamur\n",f.size);
}
void Write(File f[],int n) // dyHkumsa zanmucu B Gay Bcex CTPYKTYpP (n mT.)

{
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FILE* store;
store=fopen("files.dat","wb"); // OTKpHTME Ha 3aluCb B OMHAPHOM peXyuMe
if (store!=NULL)
{
fwrite ((void*) f,sizeof (File),n,store);
fclose(store);
printf ("3anucano %$d crpykTyp\n",n);

else
puts ("®anmn nyg 3anoMcu He OTKpeUica.") ;

}
int Read(File* f) // dyHKUMSA dTeHMA U3 Odaljia BCeX CTPYKTYP
{
FILE* store;
store=fopen("files.dat","rb"); // OTKpHTME Ha UYTEHME B OMHAPHOM peXyuMe
if (store!=NULL)
{
int n=0;
while( n < MAX SIZE &&
fread((void*) (f+n),sizeof (File),1,store)==1 )
// unTaemM CTPYKTYPH IO OIHOM, [OKa He OOCTMUITHEeM KOHLa odaia
n++;
printf ("lpouurano $d crpykTyp\n",n);
return n;

else

puts ("®amn nyig 4YTeHMsS He OTKpeUICcS.");
return 0;
}
}
void FullName (char* fname,File f) // dyHrumsa dbopummpyolmad rnojHoe uMma bania
{
sprintf (fname, "%c:\\%s\\%s.%s",f.disk,f.dir, f.name, f.type);
}
int main ()

{
system("chcp 1251");

File f1[MAX SIZE]; // oBABJIeHME MacCCHMBa CTPYKTYP
int n=0; // CuUeTUMK KOJIMUECTBA BAIOJIHEHHEX CTPYKTYP
int action; // nepemeHHasa BoOOpa IYyHKTa MEHIO

do

{

puts ("\nBeGepure mnericreme\n"

"l - BBOm Cc kJjaBuaType\n"
"2 - BeBOO Ha skpaH\n"

"3 - Bamnmcb\n"

"4 - Yrpenue\n"

"5 - IosHee wmMmeHa\n"

"0 - Bexonm m3 mnporpammer\n"

)7
scanf ("%d", &action) ;
getchar (); // ynajeHue m3 noToka cmMBojia "Enter"
switch (action)
{
case 1: // BBOI C KJAaBMATYPH OINHOM CTPYKTYPH
Input (&fl[n]); // ykaswiBaem ampec, KyIa BBOIUTH
n++;
break;
case 2: // BuHBOI Ha 3KpaH BCEX CTPYKTYP
for (int 1i=0;i<n;i++)
Print (£f1[1i]); // yxaswBaeM, UYTO BHBOIUTH
break;



case 3: // Banmch BCex CTPYKTYpP Ha IUCK
Write(fl,n);

break;

case 4: // uTeHMe BCex CTPYKTYypP C OMCKa
n=Read(fl); // n - npouMTaHHOE K-BO
break;

case 5: // ofBpaboTka
for (int i=0;i<n;i++)
{
char FileFullName[1007];
FullName (FileFullName, £1[1]);
// BHBOI IMOJIHOTO UMMEHM U pasMepa
printf ("%$s %$1d\n",FileFullName,fl[1i].size);
}

break;

}
}while (action!=0); // 3aBepmaeM LMKJI [IPY BBOIE HYJS
return 0;

Oyukyst [nput() BBOAUT JaHHBIE OYEPETHON CTPYKTYPHI C KIaBHATYPbI, QYHKUUS Print() BRIBOAUT COJEPKUMOE
CTPYKTYpPHI Ha 9KpaH, QyHKIH write() BRIBOIUT MaCCUB CTPYKTYpP B OMHAPHBIN daiin, pyHkuus Read() dntaeT MacCHB
CTPYKTYp U3 OMHapHOTO (haiiya U BO3BpaIlacT KOJIMYECTBO MPOYUTAHHBIX CTPYKTYP, QYyHKIHs 00padotku FullName()
U3 TI0JIel CTPYKTYpBI POPMHUPYET MOJTHOE UMS, BKITIOUatoliee OyKBY JMCKa, MM TIallKU U UMs Qaiiia.

B ocHOBHOIT IporpamMme UMeeTCs UK, TTO3BOJISIONINA BEIOPATh HEOOXOAUMOE JEMCTBHE C MACCHBOM CTPYKTYP.

Bapuanmut 3a0au ona pewienus

B 3amanny HEoOXOAMMO HamucaTh MPOrpamMmy, KOTOpas COACPKHUT (PYHKIIMU BBOJA M BBIBOJIA WHPOPMALUH
CTPYKTYpPHOTO THIIA C KJIABUATYPHI 1 U3 (haiira B OMHAPHOM pekuMe (aHAIOTUYHO MpuBeNEHHOMY 00pa3ity) u pyHKIWH,
BBITIOJTHSAIOIINE 00pab0TKy JaHHBIX CTPYKTYPBI B COOTBETCTBHH C PEIIACMbIM BapHAHTOM.

B dyukuuu main() HeoOX0AMMO peaaTn30BaTh KOHCOIBHOE MEHIO, aHAJIOTMYHOE MTPUBEIEHHOMY BBIIIIE 00pa3Ily,
MO3BOJISIONIEE CYUTHIBATH JaHHbIC U3 (paiiia B MacCUB CTPYKTYP, 3alMChIBATH MAacCHB B (aiis, 100aBIsATh JaHHBIC C
KJIaBHATYPBl, BEIBOJIUTH COJICP)KMMOE BCETO MAacCHBa, BHIITOJIHATh YKa3aHHbBIE AEHCTBUS C STHM MACCHBA.

1. Bapuant
3amaH ciucok cTpykTyp Books: uMs u damuiins nucarens, Ha3BaHUE MPOU3BEACHUS, IOl U3IaHHUS.
Hanucate nporpammy, koTopas
-110 3a/IaHHOMY aBTOPY BBIBOJAUT BCE €r'0 IIPOU3BECACHUSA
-BbIBOJUT CIIMCOK BCECX aBTOPOB, NIPOU3BCACHHUA KOTOPLIX HAYNHAIOTCA C 3aHaHHOfI 6y1(BLI.

2. Bapuant
3asan crucok nosb3oBareield User: hamMuius, UM, KOJ MTOJIb30BaTEsL, IaTa PETUCTPALINH.
Hammcatp nmporpammy, KOTOpast BBIBOJHT
-BCeX I0Jb30BaTeNel (paMUINU KOTOPBIX HAUMHAIOTCS C 33J]aHHON OYKBBI
-BCEX TE30K (€CIIM OHM €CTh).

3. Bapuant
ABToMaraszuH npojaet aBToMoomin. O Kax10i MalmHe XpaHuTcsi HHOpMaLus 0 Mapke aBToMOOWIIs, pupme
W3rOTOBUTENIE, TO/IE BHIITyCKa, 00beMe JBUraTeIsl, THUIIE Ky30Ba, CTOMMOCTH.
Hamnmcarts nporpammy, KOTopast BBIBOJUT CIIMCOK
- BCEX aBTOMOOMIIEH yKa3aHHOW (DUPMBI M IMEIOIINX 3aJaHHBINA THIT Ky30Ba
- aBTOMOOMJIEN CTOMMOCTBIO HUKE 33JaHHON BBIITYIIEHHBIX [10CJIE YKa3aHHOTO I'0Jia.

4. Bapunant
3anan crucok cTpykTyp Mountains Juist ipeicTaBieHuss HHPOPMAIHH IO TOPHBIM
BEpIIMHAM: Ha3BaAaHUEC TCPPUTOPHH, HA3BaAaHNEC BEPIIUHBI U €€ BbICOTA.
Hanucats nporpammy, KoTOpast BRIBOAUT
-CITUCOK BCCX BCPIINH PACIIOJIOKCHHBIX Ha Ba,Z[aHHOf/i TCPPUTOPUHN
-Ha3BaHU BCCX BCPIIMH UMCIOIINUX BBICOTY BBIIIC CPEAHCTO 3HAYCHUA.
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5. Bapuaunr

3aman cnrcok cTpykTyp Hotels onucriBaromuii rocTHHUYHBIH HOMED:
Ha3BaHHE T'OCTHHUIIBI, HOMEP, KOM(MOPTHOCTH (JIFOKC, MOJIYJIIOKC, CTAHAAPT,
9KOHOM), KOJTMYECTBO YEJIOBEK, CTOMMOCTb.

Hanwmcats nporpamMMy, KOTopasi BRIBOIUT HHPOPMAIHIO

- 0 HOMEpax, B Ha3BaHUW TOCTHHHUILIBI KOTOPBIX €CTh MO 2 OyKBHI 'a'

- 0 HOMEpax, B KOTOPBIX CTOMMOCTb JIFOKCa He OoJiee 3aJaHHO.

6. Bapuanr

3aman cucok cTpyKTyp Student, copeprkalnyro GaMUInIo ¥ MHULIWAIBL, HOMEP TPYIIbI U YCIIEBAEMOCTh
(MaccHB U3 MSTH IIEMEHTOB).

Hanwmcats nmporpamMmy, KOTOpasi BHIBOJUT

-aMunuu 1 HOMepa TPy CTYACHTOB, UIMEIOLIUX XOTs Obl OJHY HEYIOBICTBOPUTEIBHYIO OLEHKY;

- (haMMIIUK 1 yCIIEBAEMOCTh CTYJICHTOB M3 3aJJaHHON IPYIIIIbI.

7. Bapuanr

3anan ciicok cTpykTyp Sklad (Bua ToBapa; HamMeHOBaHUE TOBapa; KOJIMYECTBO; CTOUMOCTD; TIPOIICHT
TOPTOBOM HAaIOABKH).

Hanucats nporpammy, KOTopas BEIBOAUT

- CyMMapHO€ KOJIHYECTBO TOBapPOB KaXKJI0r0 B

- CIIMCOK TOBApOB 3a/JaHHOTO BUJA CTOMMOCTbIO HE BBIIIE 33JaHHOM.

8. Bapuanr

3anaH ciircok cTpykTyp Saity: URL, E-mail, oTBeTCTBEeHHBIH, 1aTa BHECEHUS, KOJHMUYSCTBO OOpaIlieHHU.
Hanucats nporpammy, KoTopast BRIBOJUT

- CITMCOK CAaWTOB C JaTON BHECEHHUS HE MO3Ke YKa3aHHOW U KOJIIMYECTBOM OOpaIlleHnii MEHBIINX 3aJaHHOTO
- KOJINYECTBO CAlTOB 3apETrMCTPUPOBAHHBIX 32 K&KIBIM U3 OTBETCTBEHHBIX.

9. Bapuaunr

3aman crucok cTpykTyp Journals: Kox, Ha3BaHWE, TEPHOAMYHOCTD, IICHA, JaTa Hadala u3ganus. Hamucarte
MporpaMMy, KOTOpasi BEIBOIUT

- CyMMapHO€ KOJIHYECTBO )KYPHAJIOB C IEPUOANIHOCTHIO 1 MecsI]

- CIIMCOK JKypPHAJIOB CTOMMOCTBIO HE BBIIIE 3aIaHHON U IaTOW Havaja M3/IaHus He paHee yKa3aHHOM.

10.

Bapuant

3anan cniricok cTpykTyp Books: ISSN, Ha3zBanue, aBTOp, K-BO CTpaHUII, ['OJ] M3/IaHUs, U3/1aTeIbcTBO. HanumcaThb
MpOrpaMMy, KOTOpasi BHIBOJUT

- KOJIMYECTBO KHHT Y KaXJIOTO U3 aBTOPOB.

- CIIUCOK KHUT ¢ KOJIMYECTBOM CTPAHUI] HE MEHEE 33JJAHHOTO U FOJIOM H3/IaHUsI HE paHee YKa3aHHOTO.

11

Bapuanr

3anan crmcok ctpykryp Films: xon, HazBaHue, pexxuccep, AaTa BbIX0/a, KaccoBble cOOphl. BriBecTH
- CYMMapHO€ KOJIMICCTBO (1)I/IJ'IBMOB KaxXa0ro u3 pexxmuccepoB

- CITMCOK (1)I/IJ'H>MOB C KaCCOBbIMH C60paMI/I HC MCHCC 3aJaHHOT'O BBIIICAIINX 3a yKaSaHHLIﬁ rona.

12

Bapuanr

3a;[aH CIIMCOK CTPYKTYD SOIlgSZ I'pymiia, COJIMCT, Ha3BaHUC, aTa, pefITHHF.
Hanucats nporpammy, KoTOpast BRIBOAUT

- KOJIMYECTBO MECCH Yy KAXKI0ro U3 COJIMCTOB

- CIIMCOK II€CCH 3a YKa3aHHLIﬁ roa cC peﬁTHHFOM HC HMKEC 3aJaHHOTI'O.

13.

Bapuanr

3a;[aH CIIMCOK CTPYKTYD Oborudovanie: 1uB. HOMCpP, HAUMCHOBAHUC, 1aTa HpI/IO6p€TeHI/I$I, CTOMMOCTD,
ayJIUTOPHUSL.

Hamnncates nporpammy, KOTopast BEIBOAUT

- CYMMapHO€ KOJIMYCCTBO O60py,Z[OBaHI/I$I 10 KaXKaA0MYy U3 HaMMEHOBaHUH

- CITMCOK 000PYI0BaHNS CTOMMOCTBIO HE BBIIIE 33/IaHHON B YKa3aHHOW ayTUTOPHH.

14.

Bapuant

3amaH CKCOK CTPYKTYp Materialy: apTukyi, HaMMEHOBaHUeE, aTa IPUOOPETEHHUS, 1aTa CIIMCAHUS, CTOMMOCTb.
Hamnncate nporpammy, KOTopas BEIBOAUT

- CYMMAapHOC€ KOJIMYCCTBO MATCPHUAJIOB KAKAOTO HAUMCHOBAHUA

- CIIMCOK MaTCepuaioB CO CTOMMOCTBIO HC BBIIIC 3aI[aHHOI7I 1 CIIMCAaHHBIX 3a yKaBaHHI:IfI ron.

63




15.

Bapuant

3a,Z[aH CIIMCOK CTPYKTYpD Tovar: HAaMMCHOBAHUC, apTUKYJI, IITPUX KO, MPOU3BOAUTCIIb, CIUHUIIA USMCPCHUS,
OcHa.

Hanucats nporpammy, KOTOpas BBIBOAUT

- CYMMapHO€ KOJIMYCCTBO TOBAPOB KAXKXAOI'0 IIPOU3BOAUTCIIA

- CIIMCOK TOBApOB JAHHOTO NPOU3BOAUTEIA CTOMMOCTBIO HE BBILIC 33I[aHH01>i.

16.

Bapuant

3anman ciricok cTpykTyp Pokupateli: kon mokymnarens, hamunmst, aapec, TenedoH, cymma mokynku. Hamucars
MporpaMMmy, KOTOpasi BEIBOJIUT

- 001IyI0 CyMMY MOKYIIOK 10 Ka)KI0MY TIOKYTIaTeIto

- CIIMCOK TOKYTAaTeNeH JeNarollnX NOKYIKH CTOUMOCTBIO HE HIDKE 3aaHHOM.

17.

Bapuant

3anan cnrcok cTpykTyp Postavshiki: kox mocraBmuka, HaMMeHOBaHUE, aapec, TeaedoH, B ToBapa. HamucaTth
MporpaMMy, KOTOpasi BEIBOJUT

- CyMMapHOE€ KOJIMYECTBO TOBAPOB KAXKIOTO MOCTABIINKA

- CIIMCOK TTOCTABIIMKOB 33JAHHOT'O BUJIa TOBapa.

18.

Bapuant

3amaH cMCcOK CTPYKTYyp Zakazy: KOJI 3aka3a, JaTa 3aKkas3a, KOj 3aKa34yuKa, apTHKYJl TOBapa, KOJUIEeCTBO TOBapa.
Hanucate nporpammy, KOTOpasi BHIBOAUT

- CYMMapHO€ KOJIMYECTBO 3aKa3aHHBIX MIPEIMETOB 10 KXKIOMY U3 apTUKYJIOB

- CIIMCOK 3aKa30B 32 YKa3aHHBIM MECSII] 10 YKa3aHHOMY apTUKYIY.

19.

Bapuant

3amaH ciucok CTpykTyp Prodazhi: nata mokynku, koj-3aka3a, HAUIMEHOBaHHE TOBapa, KOJMYECTBO, BUJL
oriaTeI(Ha/KapTa).

Hanwucath mporpamMMy, KOTOpasi BRIBOJUT

- CyMMapHO€ KOJIMYECTBO IMTOKYTMOK KaKAOTO U3 TOBAPOB 32 YKA3aHHBIHN T'OJ1

- CITMCOK MOKYIOK C KOJIMYECTBOM HE HUXKE 3aJaHHOTO OILIAYCHHBIX HAJTMYHBIMH.

20.

Bapuanr

3anaH circok CTpyKTyp Postavki: naTta mocraBku, apTUKYII, KOJINYECTBO, [IEHA-TIOCTABKH.
Hamnucats nporpammy, KOTopas BEIBOAUT

- CyMMapHO€ KOJIMYECTBO NMOCTAaBOK M0 KaXKJIOMY M3 apTUKYJIOB

- CIIMCOK TOCTABOK C IIEHOM HE HUKE 3aJ]aHHOM 3a YKa3aHHbBIN TO/I.

21.

Bapuant

3anmaHn cnrcok cTpykTyp Fishing: Bun pbiObl, qaTa j0BiM, BEC, UIMHA, 3aHATOE MECTO.
Hanucate nporpamMmy, KOTOpast BRIBOJUT

- CyMMapHOE KOJIMYECTBO BHUIOBJICHHOHN PBIOBI IO KAXKJIOMY M3 MECSIICB

- CIIMCOK BBUIOBJIGHHOM PBIOBI BECOM HE HMXKE 33/IaHHOTO JIJIs 33JAHHOTO BUJIA PHIOBL.

22.

Bapuant

3amaH ciucok cTpykTyp Turnir: naTa, KOa ydacTHHKA, HaMUIIKs, K-BO BBIUTPBILICH, TPOUTPBIIICH, HUYbHX,
MCCTO.

Hanucats nporpammy, KoTOpast BRIBOAUT

- CyMMapHO€ KOJHUYECTBO BBIMTPHILLIEH

- CIIMCOK YYAaCTHUKOB 3aHUMABIIUX TICPBBIC MECTA B 3aJAHHOM T'OY.

23.

Bapuanr

3anaH cnrcok cTpykTyp Futbol: kox koMaHbI, Ha3BaHUE, K-BO 3a0UTHIX MAUYEH, MPOMYIIEHHBIX MTYEH, MECTO.
Hamucatp nporpammy, KOTOpast BRIBOJUT

- CYMMapHO€ KOJIMYECTBO 3a0UTHIX MIICH

- CIIMCOK KOMaH/J 3aHMMAaBIINX IIPHU30BbIC MECTA.

24.

Bapuanr

3anan cnicok ctpyktyp Electrichestvo: ko aboneHTa, aapec, aara, moKa3aHue Mpel, MOKa3aHue TeK,
yILUIa4eHo.

Hamnncate nporpammy, KOTopas BEIBOAUT

- CYMMapHO€ KOJIMYCCTBO HOTpa‘-IeHHOﬁ OHCPIruu 10 KaXXA0OMY U3 a0OHEHTOB

- CIIMCOK OOJDKHUKOB Ha YKa3aHHYIO OaTy.
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25.

Bapuant

3aman cricok ctpyktyp Kvartplata: muneBoii cuer, pamunus, aapec, Tenedon, aata omnaTel, cymma. Hanucats
NpOrpamMmy, KOTOpast BBIBOIUT

- CYMMapHYyI0 CYMMBbI OIUIAThI 110 KAXKXI0OMY a6OHeHTy

- CITMCOK a0OHEHTOB 3aIUIATHUBIINX B YKa3aHHOM ToJly CyMMY He MEHee 3aaHHOM.

26. Bapuanrt
3amaH CIUCOK CTPYKTYp Account: HOMep cyeTa, apoiib, (paMuins, cymMMa, IPOLIEHT, CPOK XpaHeHus. Hanucarts
IIPOTpaMMy, KOTOpasi BHIBOJUT
- 001IyI0 CyMMY Ha CUETaX y Ka)KAOTO U3 KIMEHTOB
- CHMCOK CUETOB MMEIOIIMX CPOK XPAHEHUsI HE MEHEe 3aJaHHOTO 10| YKa3aHHbIH IPOLIEHT.
27. BapuaHrt
3anman ciricok cTpykTyp User: @amuus, TOTHH, TAPOJIb, AaTa, CyMMapHbIi Tpaduk. HamucaTs nporpammy,
KOTOpasi BBIBOAUT
- o0mmii TpauK Ka)KA0T0 MOJAH30BATENS 32 YKA3aHHBIH MECSII.
- CIIMCOK TIOJIb30BaTeNICi, Y KOTOPBIX TpaduK 3a yKa3aHHYIO 1aTy ObUT He MeHee 3aJaHHOTO.
28. Bapuanr
3anman cnimcok cTpykTyp Kafedra: xon, Ha3BaHwue, 3aB-kadenpoii, aynuropus, TenedoH.
Hamnucats nporpammy, KOTopas BEIBOAUT
- 001I1ee KOTMIECTBO ayIUTOPUH 3aKPETICHHBIX 3a KKI0N Kadeapoit
- CIIMCOK Kadep MoNb3YIOUIMXCs YKa3aHHBIM TeJeQOHOM.
29. Bapuaunr
3anan cnircok cTpykTyp Univer: dakysbTeT, 1ekaH, Tene(oH, KOJTUIecTBO Kadep, KOIMYSCTBO YUSOHBIX
TpyIIL.
Hanwmcats nmporpamMmy, KOTOpasi BHIBOJUT
- CyMMapHO€ KOJIMYECTBO YUEOHBIX TPYIII
- CIMCOK (aKyIbTETOB UMEIOLINX KOIHYeCcTBO Kadeap He Ooliee 3aJaHHOTO U KOJIMYECTBO TPYII HE MEHEe
3aJJaHHOTO.
30. Bapuanrt

3anan cnucok cTpykTyp Person: gamumus, nmsi, 0T4ECTBO, AaTa POKACHHS, CEMEHHOE MOJIOKEHHE, aTpec
POKUBAHUS.

Hamnucats nporpammy, KOTopas BEIBOAUT

- CyMMapHO€ KOJIMYECTBO 3aIUCEH M0 KaKJOMY U3 CEMEHHBIX IOJI0KEHHM.

- CITUCOK T€X, KTO POAMJICS HE paHee YKa3aHHOM JaThl U UMEET YKa3aHHOE UMsL.
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Nnaea 10. 3ayeT: MeTOoAMKa ero NpoBeAeHUs, TEOPETUYECKUA MUHUMYM U

TUNOBbLIE 3a4aHuA.
3adeT NPOBOJUTCS B MIPAKTUKYME U COCTOUT U3 JIBYX YacTel: TEOPETUUECKON U MPAKTUIECKOH.

Teopemuueckuii MuHUMyM

[IpoBepka TeopeTHUECKHX 3HAHUI TPOM3BOAWTCA B BHIE OMpOca MO JIFOOBIM BOIPOCaM, BXOISIIMM B
MporpaMMy IepBOrO CEMECTPa M TEOpETHYECKUI MUHIMYM. Bompoc, kak nmpaBuiio, GopMynupyercs B BUIE MPOCHOBI
HamucaThb Ha JUCTe Oymardm KOPOTKHMK (2-5 CTpPOK) KOA, WUIIOCTPUPYIOIIMHA TO WIM HHOE IOHATHE S3bIKA
nporpammupoBanusi. OOBIMHO 3aaeTCs OT IBYX 1O MATH BONPOcoB. CTYIEHTHI, HE CAABIINE TEOPETUIECKYIO YacTh,
ABTOMAaTHYECKH HE JIOMYCKAIOTCA K BBITIOTHEHUIO MTPAKTHYECKON YacTH 3a4eTa.

Huxe npuBonuTCs nepedeHs CBEACHUH O SI3bIKE MPOrPaMMUPOBAaHUSA U3 TEOPETUUECKOTO MMHIMYMa 3HaHUH,
KOTOpBIE CTYJCHT JOJDKEH UMETh JUIA MOTydeHUs 3a9eTa.

1. OcHoBHI cuHTaKcHUCa s1361Ka CH, CTPYKTypa KOHCOJIIEHOTO MTPHIIOKEHUSI.
@dyHIaMeHTaIbHBIE THITH JaHHBIX (bool, char, int, double).
Onpenenenue MepeMEeHHBIX U KOHCTAHT.

Omnepatop sizeof ().

Bripakenus, oneparum, KOMMEHTapHH.

Onepatop npuBeACHUS TUIIA.

OnepaTopbl HHKpEMEHTa U IEKPEMEHTA.

[Ipuopwurer orepaTopoB B BRIPAKEHUSIX.

9. bnoku u mpaBuia BUAUMOCTH TIEPEMEHHBIX.

10. YcioBHBIN onepaTop U oneparop nepexoaa (if, goto).

11. Oneparop MHOXECTBEHHO albTepHATHBHI (switch).

12. Iuxn while. IIpepriBanue nmukia. [lepexon k ciemyromnieii ureparuu.

13. ukn do ... while. [IpepriBanue mukia. Ilepexon K cienyromien ntepanum.
14. Iuxn for. IIpepriBanue uukna. [lepexon Kk cienyronieil uTepanuu.

15. Maremarndeckue QyHKIIUHN cTaHAapTHOH OnOimoTekn Cu (Kmath.h>).

16. dopmaTHpOBaHHBIM KOHCOJIBHBIN BBOJ (<stdio.h>) : mapameTpsl QyHKIIUU scanf ().
17. ®opmaTHpOBaHHBIM KOHCOJIBHBIN BBIBOJ (<stdio.h>): mapaMeTpsl QyHKUUHU printf ().
18. dopmarupoBaHHbIi (ailoBbIi BBOA-BBIBOX (<stdio.h>).

19. BecdopmaTHslii (aiinoBblil BBOI-BBIBOJ (<stdio.h>).

20. Maccussl. [lepegaua MaccuBOB B apameTpax QyHKIHIH.

21. Onpenenenue pyakunu. [Iporotun ¢pynkuun. Pexypceus.

22. Ilapamerpsl pyHKIMU main ().

23. PaznmenbHast KOMIWISIIMS IPOTPAMMHBIX MotyJiel. Mcronb3oBanue * . h (aiiios.
24. Buemnue (extern) u riio0anbHBIE IEPEMEHHEIE.

25. Crarudeckue (static) nepeMeHHBIE.

26. Crarnueckue (static) QyHKIHH.

27. Yka3zarenu U omepaTopbl, ¢ HUIMH CBA3aHHBIE.

28. Ykazarenp Ha (QYyHKIIHIO.

29. ®yHkMH i paboTH ¢ JMHAMUYECKOW MaMIThiO malloc () /realloc () /free().
30. Crpoxku Cu. ®ysknmu 11t paboTHI CO CTpOKaMH (<string.h>).

31. Oyuknum 1St paboTH C CHMBOJIaMU (<ctype . h>).

32. Ilonp30BaTENbCKUNA TUI JAHHBIX enum.

33. Ilomp30BaTENbCKUNA THIT JAHHBIX struct.

34. TTonp30BaTeNbLCKUI THIT JaHHBIX union.

35. Onpenenenne CHHOHUMOB THIIOB (typedef).

36. JdupexTuBsl npenporieccopa Al yCIOBHOW KOMIMIIALUK U UX HCIIOJIb30BaHUE.
37. JIupeKTUBBI IIpenpoLeccopa IS BKIFOUCHUs (aiyioB U X UCIOJIb30BaHHE,

38. MakpoomnpeneneHus mpernporeccopa (¢ mapamerpaMmu u 6e3).

i I i
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Bonpocu no meopemuquKoﬁ uacmu

3/1ech MPUBOATCS IPUMEPHBIE BAPUAHTHI OMIIETOB C BOIIPOCAMH K TEOPETUIECKOMY MHHAMYMY, Ha KOTOPBIE
CTYJEHT JOJDKEH YMETh OTBEYATh Ha 3a4eTe.

1. Bapuanr
1. Kakue 6a30Bbie TUIIBI JaHHBIX Bbl 3HaeTe? CKOJIIBKO MECTa OHM 3aHUMAIOT B TAMSATH KOMITbIOTEpa?
2. Urto o3HavaeT KOMaHa «continue» M IIe OHa MPUMEHIETCs?
3. Beigenure naMaTh 10T BEIIECTBEHHBIH MacCHUB YHCEN IBOMHON TOYHOCTH U3 123 3JI€MEHTOB.

2. Bapuaunr
1. Kakue onepartops! si3p1ika Cu Bei 3Haete? Kakoit y Hux npuopuret?
2. Kakue Bussl iukiioB Bel 3Haete? Uem OHM OTIIHYAIOTCS IPYT OT apyra?
3. Yto Takoe npoTOTHM (HYHKLIUH U TJ€ OH UCTIONb3YyeTCs?

3. Bapuant
1. Yto Takoe onepanuu mocTHUKCHOrO HHKPEMEHTAa U MPEPHUKCHOTO AeKpeMeHTa?
2. Yto o3nauaeT komanaa «break» u rae oHa nmpumeHseTcs?
3. Yto Takoe pexypcuBHas pynkiua? [Ipusenute npumep.

4. Bapnanr
1. Uto 0o3Ha4aeT cTpoKa:
void func(int,int*);
2. YTo Takoe METKa U I'JI¢ OHA UCIIONb3yeTCs?
3. Uto Takoe UK «C MPEeayCIOBUEM) U ITUKI «C MOCTYCIOBHEM»?

5. Bapuant
1. CkonpKO MecTa B MaMsTH KOMIIbIOTEpa 3aHUMAaIOT BELIECTBEHHBIE [TIEPEMEHHBIE U IIEPEMEHHBIE C
JIBOMHOM TOYHOCTHIO? UTO Takoe TOUHOCTH MPEACTABICHHSI BEIIECTBEHHOT'O YUCa?
2. YUto 03HayaeT KOMaH1a «goto» U e OHa MPUMEHSETCs?
3. Kak HaliTH 3aaHHYI0 OACTPOKY B APYTOM CTpoKe?

6. Bapnant
1. Yto Takoe MaccuB M 4TO Takoe ykazartenb? [IpuBeaute nmpruMeps.
2. BepHO M CHHTAaKCHYECKH HalMCaHa MporpaMma:
void main( ) { }
3. Kakue ¢pynkmun u3 6ndnrorexn <string.h> Brl 3HaeTe?

7. Bapuant
1. Uto Takoe onepauus noyrydueHus ajapeca? I'’ae oHa ucnonsszyercs?
2. Kakue ¢yHnkimu BBoa-BeIBO/Ia BEI 3HaeTe?
3. Yro Takoe nepeuncnumbiil Tun? Kak on onpeaensercs?

8. Bapunant
1. Kak mosryunts 3HaUeHue 10 ykazarento? [lpuBeaure mpuMepsl.
2. Kakue opmarupyromue nocieaoBaTensHOCTh GyHKmH printf() Ber 3Haere?
3. OnummTe CTPYKTYPY, COCTOSAIIYIO U3 CHMBOJIBHOTO MaccHBa U3 12 4JIeHOB, LIEJIOT0 U BEIIECTBEHHOTO
yHcoa.

9. BapuaHnr
1. B xakoMm cirydae MOKHO MU3MEHUTH pa3Mep paHee BbieneHHoro maccuBa? Kak ato cnenats?
2. Hanmmmmre umkin do ... while(), MEHSIOLIMIA TOPSIIOK 3JIEMEHTOB MAacCHBAa Ha MIPOTHBOIIOJIOKHBIH.
3. Jlnst gero HyxeH onepaTop typedef?

10. Bapunant
1. Hanumure nuki for, MEHSIOIIMIA MOPSAIOK SJIEMEHTOB MacCHBa Ha IMTPOTHUBOIIOJIOKHBIH.
2. Kak nmomny4nts ykasaTenpb Ha IEPEMEHHYIO?
3. Kakue ¢yHKumu 11t paboThI C OTIIEIHBIMU CUMBOJIaMHu Brl 3HaeTe?

11. Bapuant
1. Kak 3ammcath MaccB B OWHApHBIN (HEOpMATHUPOBAHHBIN) (haiin?
2. Kakue 3HaueHus OyIyT UMETh BCE IEPEMEHHBIC B PE3YJIbTAaTE BHIMIOJIHEHUS TIPOTPAMMBI:
inta=1,b=2,¢c=3;
c-=at=b=c;
3. Kak BepHyTh U3 GYHKITHH MacCUB?
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12.

Bapuant

1. Otkpoiite daiin "myfile.txt" Ha ureHue.

2. Kakwue 3Ha4eHHs OyIyT HIMETh BCE IIEPEMEHHBIC B PE3YJIbTaTe BBITOJHEHHUS IPOTPaMMBI:
inta=1,b=2;

a+=bt++;

3. Yto Takoe union?
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13. Bapunant
1. Kak mepenats ¢pyakmmio B qpyryio ¢yaknuro? Kak coznats MaccuB GyHKIHIA?
2. Kak ¢ moMompto GyHKImH si3pika CH IPOYUTATh B TPU IIEPEMEHHBIE TPH BEIIECTBEHHBIX YHCIIA,
paszeneHHbIX mpobenaMu?
3. Kak oOpaTtuthcs K pyHKIMHU, ONpeAeTIeHHON B IpyroM (aiisie ¢ HCXOTHBIM TEKCTOM?
14. Bapuant
1. Yro Takoe 3aroJIoBOYHBIN (haiin?
2. Kax ompenenutsb pa3Mep BEIIECTBEHHOTO MaccuBa B Oaiitax?
3. Hanummre QyHKIMIO, KOTOpast CKIIaIbIBacT JBa BEIIECTBEHHBIX YUCIIa U BO3BPAILACT PE3yNbTarT.
15. Bapunant
1. yis 9ero Hy>KHBI CTaTHYECKUE TIepeMeHHbIe? UeM OHM OTINYaloTCs OT TT00aThHBIX?
2. Uto Takoe makpoornpeaeneHue ¢ napamerpom? [IpuBenure npumep.
3. Kak pacnieyaraTh Ha KpaH CTPOKH U3 TEKCTOBOTO (aiiia, OTKPBITOTO Ha YTeHHE?
16. Bapunant
1. Kak HaliTu AJIMHY TEKCTOBOU CTPOKHU?
2. Kakue 3HaueHus OyIyT MIMETh Bce IEPEMEHHBIE B PE3YJIbTATe BHIMOIHEHUS IPOTPAMMBIL:
inta=1,b=4,¢c=3;
a=--b>c;
3. nis yero nmpumMeHnsiercs oneparop default?
17. Bapuant
1. Kak peann3oBaTh KOMIWISIIHIO HEKOTOPOH (YHKIIUH B 32aBUCHMOCTH OT YCIIOBHUS?
2. Harmmmme nmkiel while, TpaHCTIOHUPYIOIIIE MATPHILY.
3. OnumuTe CTPYKTYPY, COCTOSANIYIO U3 HMEHH, (PaMHJIMU ¥ T'OJla POXKJCHHS CTYICHTA.
18. BapunanT
1. OnpenenuTe IByMEpPHBIN BEIIECTBEHHBIM MacCHB.
2. Kakue 3HaueHus OyyT MIMETh Bce TIEpEMEHHBIE B PE3YJIBTATE BHIMOTHEHUS TIPOTPAMMBIL:
inta=1; int* b = &a;
(*b)++;
3. OmpenienuTe MaccuB U3 TPEX CTPYKTYP, KOTOPBIE IIPEACTABISIOT pa3Hble TOUKU Ha IIIOCKOCTH.
19. Bapunant
1. Kak n3MeHHUTh 3HaYeHHE TII00ANBHOM MepEeMEeHHOH, 3aJaHHON B IpyroM (aiiiie UCXOTHOTO TeKCTa
npoekra?
2. Kakue popmarupyroriue nociaeaoBaTebHOCTh GyHkimu printf()Bel 3HaeTe?
3. Kak 3aaTp nepeuncianMbIii THIT U3 TPEX YOBIBAIOIINX 3JIEMEHTOB?
20. Bapuanr
1. BeraenuTh TUHAMHUYECKYIO MAaMATh O] CTPOKY M3 20 CUMBOJIOB.
2. Kak nepenath apryMeHThI ¢ KOMaH/IHOM CTPOKH B QyHKIHIO main()?
3. PacnieyaTaiite 4ncio © ¢ TpeMsl 3HaKaMH NOCJI€ JECITHYHON TOUKH.
21. Bapuanr
1. Kak 3akpbITh (PYHKLIHUIO OT MCIOIB30BAHUS B PYTUX HCXOAHBIX TEKCTaX MpOeKTa?
2. Kakoe 3HaueHune OyaeT MMeTh IEPEeMEHHas X:
double x = 4;
X *=1/2;
3. Onpenenure QyHKIHIO, KOTOpask BO3BpAINIAeT CYMMY JIEMEHTOB IepEeJaHHOTO MACCHBA.
22. BapuaHt

1. Kak HaliTH B CTpOKE JIFO00M M3 CHMBOJIOB, BXOJISAIINX B CTPOKY "abc"?

2. Kak Hare4aTtarthb 1eJ10€ YMCIIO ¢ 00sI3aTeIbHBIM BBIBOJIOM 3HAKA «TUTIOCY JIJIS TIOJIOKUTEIBHBIX YUCel?
Kak cnenath BEIpaBHUBaHUE T10 JICBOU TPaHUIIE MO I 3TOTO Yncia?

3. Kak nmpuHyauTepHO peoOpa30BaTh THUII [IEIOTO YHCIA K BEIICCTBEHHOMY THITY?




23.

Bapuant

1. Kak momy4uts afpec TpeThero 3JieMeHTa BEIIECTBEHHOT0 MaccuBa? Eciu 3TOT afipec yMEHBIIIUTh HA
eIMHUILY — Ky/1a OH OyZeT yKa3bIBaTh?

2. Kakoe 3Ha4YeHUE TOIYYUT NIEPEMEHHAs Z B PE3yJIbTaTe BHITIOJIHEHUS IPOTPaMMBI:
inta=1,b=2,¢c=3,d=4; bool z

z=a<b|b<c&&d<c;

3. Kak onpenenuTs, sIBISIETCS JIU 33JaHHbBIH CHMBOJI IPOOEITHHBIM?

24.

Bapuant

1. Coznalite MakpoomnpeelieHue, KOTOPOE BBIUUCIISIECT CYMMY JIBYX CBOMX apr'yMEHTOB.
2. Yro nenaetr Gpynkuus scanf()?

3. Otkpotite daitn "myfile.txt" Ha 3aMUCh B peXKUME «3aKCh B KOHEI] (aiinay.

25.

Bapuant

1. Kak npoBepuTh, OTKpbUICS JH (haiin?

2. Kakue 3HayeHus Oy1yT MIMETh Bce TIEpEMEHHBIE B PE3YJIbTATE BHIMOIHEHUS TIPOTPAMMBIL:
inta=0b=1c=1;

a=b<<ct+;

3. Kak obpaTtutbcs kK iepeMeHHOM, OMIPEIeICHHON B MTHOM UCXOAHOM TEKCTE IIPOeKTa?

26.

Bapuanr

1. Kak o0BSBHUTH M MHHIIMAIA3UPOBATH YKA3aTeNb HA TIEPEMEHHYIO?

2. Kakue opmaTtupyrompe mocineaoBaTensHOCTh GyHKmn printf() Ber 3Haere?

3. O0BsABHUTE CTPYKTYPY, COCTOSAIIYIO U3 AaThl (3 4uCia) U Ha3BaHUA MecsIa (MaCCHB CHMBOJIIOB).

27.

Bapuant

1Kak BBIIEIUTH TaMATh O] ABYMEPHBIN TUHAMUYECKUM MacCUB?

2. Harmmmme mukn while(), MEHSIOIIHA MTOPSIOK 3JIEMEHTOB MacCHBa Ha MTPOTHUBOIIOIOKHBIH.
3. IlpuBenTe MpUMEp UCTIONB30BAHUS TIEPSUUCIICHUS enum.

28.

Bapuant

1. Hanumure 1k for, HaXOoaauii MOCae Hni MUHUMAILHEIN 3JIEMEHT MAaCCHBA.
2. Kak mepenats B pyHKIHIO IEPEMEHHYIO 110 YKa3aTelto?

3. Kak o0beuHeHHEe union pacrojaraeT 3JI€MEHThI B TaMSITH?

29.

Bapuant

1. Kak npounrtath cosiepkuMoe OWHapHOTO (HeopMaTHpOBaHHOTO) daiina ¢ HeabIMU YyrcaamMu’?
2. Kakue 3HaueHust OyIyT UMETh BCE IEPEMEHHBIC B PE3YJIbTATE BIMOJIHEHUS TIPOTPAMMBI:
inta=1,b=2c¢c=4;

c-=a+=b++;

3. Kak nepenath u3 QyHKINU CO3IAaHHBIN B HEW TUHAMUYECKUI MacCUB?

30.

Bapuanr

1.Kax 106aBuTh JaHHBIE B YK€ UMEIOIIHIACS (aiin?

2. Kakue 3HaueHus OyIyT UMETh BCE IIEPEMEHHBIE B PE3YJIbTATE BHIMIOJIHEHUS TIPOTPAMMEI:
inta=1b6=2;
a +=++b;

3. [IpuBenuTe MpUMEp UCIIONB30BAHUS 00BEIUHEHHUS UNion.
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Ilpakmuueckue 3a0anusn

[IpakTHyeckne HaABBIKA TPOTPAMMHPOBAHHUS IPOBEPSIIOTCS HA OMHOH THITOBOHM 3amade, MOAOOHOW TEM, UTO
BEITIOJHSUTUCE B TedeHue cemecTpa. CTyIeHT JOKEH €€ BHITTOIHUTH B TEUCHHE OHOH Maphl (IBa aKaJeMIYECKHX 9aca)
OT Hayaja 10 KOHIa.

PexomMeHnmyeTcsi OCHOBHYIO MacCy 3aJaHWii BBIIaBaTh 1O 00pasily, MPUBEIEHHOMY B JEBSTON IJIaBe: HANUCATH
MporpaMMy, KOTOpast YNTAeT JaHHBIE (HAlpAIMep, MaTPHUILY YMCEN IPOU3BOILHON pa3MEPHOCTH) M3 OHOTO (haiiia, Kak-
TO TmpeoOpa3yeT MNpOYUTAaHHBIE IaHHBIE (HApUMEp, TPAHCIOHUPYET NPOYUTAHHYIO MATpPHIy) W 3alHCHIBAET
MOJTYYHMBILIHICS Pe3yNIbTaT B Ipyroi daii.

B MPUBOJAUMBIX HUKC TUIIOBBIX 3aJaHUAX JJIA 3a4UCTa HeO6XO}II/IMO HanrcaTb 3aKOHYCHHYIO IpOorpaMmy, KOTopas TECTUPYET
3aJaHHYIO (byHKIlI/IIO. DT0 MPUMEPHI 3a4CTHBIX 3a,7:laHPII7[, HO Ha pCaJIbHOM 3a4€TC MOTYT OBITE JaHbl Ipyrue, MpuMepHO TaKOM ke
CIIOJKHOCTH.

1. Bapuaunr
DyHKIMS 3aMUChIBACT B (hailyl BCe YEeThIPEX3HAYHBIC HATYpAIbHBIC YMCIIA U3 JUara3oHa
(2000 — 3000), B 3ammucu KOTOPBIX HET ABYX OJUHAKOBBIX UG, MOICIUTHIBACT KOIHYECTBO TAKUX
qHCEel, BO3BpAIIacT B main ().

2. Bapuant
OyHKIHS CYUTHIBAET K3 (haiiina BEeIeCTBEHHbBIN MacCUB HEM3BECTHOM IITMHBI (10 KOHIa (aitna). Hamo
HalTH B MacCHBE J[Ba AJIEMEHTA, MOJIYJIb Pa3HOCTH KOTOPBIX UMEET HauMeHbIee 3HaueHne. Hamegarats
9TH SJIEMEHTHI M HX WHJICKCHI.

3. Bapunant
OyHKIW, padoTaromas Kak MPOCTEUIINN KaTbKYISTOP, BHIIOTHIIOMINHA ASHCTBHS «+%», «=», «*», «/»
HaJ ABYMsI LIEIBIMUA MacCUBaMM OJHOTO pa3Mepa, CYMTaHHBIMU U3 (aiina. Pesynprar 3amucarte B Qaii.

4. Bapuant
OyHKIHS CYUTHIBAET K3 (haiiina 1enplii MacCHB HEM3BECTHOM JITMHBI (110 KOHIA (aiina), HaXOAUT B
MaccHBE MUHUMAJIbHBIH 110 MOIYJIIO 3JIEMEHT U 3aMEHSIET UM BCE 3JIEMEHTHl MacCHBA C YETHBIMU
HOMepamu. VI3MeHeHHBII MacCHB 3alACHIBACTCS B (aiii.

5. Bapuanr
®DyHKIMS CYUTHIBACT U3 (Daiiia 1esblii MacCUB HEM3BECTHOM JJTMHBI (10 KoHIIa ¢aitna). Heodxoamumo
HAWTH MaKCUMAITbHBIN 11O MOJYJTIO SJIEMEHT 3TOr'0 MACCHBA U 3aMEHUTH UM BCE HYJIEBBIC 3JICMEHTHI
MaccuBa. [lojcunrars U BEpHYTh B main () YHCIO TaKUX AJIEMEHTOB. MI3MeHEHHBII MacCHB COXPaHUTH B

JIpyrou gait.

6. Bapunant
OyHKIMS cCYUTHIBaET U3 (haiina menplii MacCHB HEM3BECTHOM JUTHHBI (10 KOHIA Qaiina). Onpeaenurs u
HareyaraTh TpH HauOOJIBIIMX 3JIE€MEHTa 3TOro Maccusa. [loncunTars X cymMmmy, BEpHYTh B main () .

7. BapuaHnr
®dyHKIMS CYUTHIBACT U3 (Daiia BEIECTBCHHBIN MACCUB HEM3BECTHOM JIUTMHBI (110 KOHIA (aiiia),
HAXOJWT B MACCHBE MUHUMAJIbHBIH 110 MOAYJIIO 3JIEMEHT M 3aMEHSIET UM BCE JICMEHTBI C HeUCTHBIMHU
HOMepaMu. VI3MeHEeHHBII MacCHUB 3aluChIBaeTCs B (aiil.

8. Bapuanr
(DYHKLII/IH IOJIy4aceT ABa LCJbIX YUCIIA, M U N, CO3AACT MACCUB U3 MPOCTHIX YHUCLJI, PACIIOJIOKCHHBIX B
HWHTCPBAJIC OT M J0 N, IOACUUTBIBACT UX KOJIMYUCCTBO, MACCUB 3aIIUCBIBACT B (baﬁn.

9. Bapuant
®dyHKIMS CYUTHIBACT U3 (Daiiia el MacCUB HEM3BECTHOM JJIMHBI (10 KOHIIA (haityia), 3anpaiinBaeT y
TIOJIH30BATEIS TIETI0€ YUCIIO k M HAXOJUT DJIEMEHT MacCHBa, 3HaUYeHHE KOTOPOro Hanbosee OJIM3KO K
BBEJICHHOMY YHCJy U BO3BPALIAET €ro MHAEKC.

10. Bapuant
OyHKIHYA, BBIYUCIAIONIAS METOIOM Tpaneluii onpeenEHHbIA HHTErpail OT HENPEPhIBHOM
MIOJIOKUTENEHOM £ (x) Ha oTpe3ke [a, b]. lllar pa30oueHus yMeHbIIaTh, TOKA IDIOMIA/b OT UTEPAIUH K
UTepary u3MeHseTcs 0osee, ueM Ha . [lapaMeTpsl a, b U & niepegaroTes U3 main (), Kyaa u
BO3BpalllaeTCs pe3yJIbTaT.
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11.

Bapuant

(DYHKLII/ISI, BbIYUCIAOIAA MCTOAOM BCPXHHUX MMPAMOYT'OJIbHUKOB OHpe,I[GJ'IéHHHﬁ HUHTCrpa OT
HENPEPHIBHOM MOJIOKUTENBHON £ (x) Ha oTpe3ke [a, b]. lllar pa3oueHus yMeHbIIaTh, OKA IJIONIAb
OT UTEPAIlUU K UTEpaIlK U3MeHseTcs Ooliee, yeM Ha €. [lapameTpsl a, b U e niepenaroTcs U3 main (),
KyJa 1 BO3BpaliacTCsa pe3yJibTar.

12.

Bapuant

DyHKIMSA, BBIYUCIAIONIAS METOJAOM JIEJIEHUS OTPE3KA MOIO0JIaM C TOYHOCTBIO 3TICUIIOH KOPEHB
ypaBHEeHUS £ (x) = 0 Ha oTpe3ke [a, b].Ilapamerpsl a, b u & nepenatorcs U3 main (), Kyaa u
BO3BpaIIaeTCs pe3yJIbTaT. CDyHKL[I/I;{ £ (x) BBIUMCISIETCS B OTAEILHOM OJIOKE.

13.

Bapuant

®DyHKIHS, KOTOPasi CYUTHIBACT MACCUB YKCEN HEM3BECTHOW Pa3MEPHOCTHU U3 (aiisia, COPTUPYET €ro U
3aMuchIBacT B Apyroi ¢ai. yHKIWs NpUHUMAET Ha3BaHUE BXOJHOTO M BBIXOJHOTO (haiina.
HCO6XOI[I/IMO HUCIIOJIB30BaTh q)yHKLII/II/I BbIACICHUA I[I/IHaMI/I‘lCCKOI\/’I IIaMsTH.

14.

Bapuant

(DYHKLII/ISI, KOTOpas CUUTHIBACT U3 (1)31\/'1.]'[3. YHUCJICHHBIC JaHHBIC, 3aIIMCAHHBIC B 2 KOJIOHKH,
MIEPETIUCHIBACT UX B APYroi (haiii B CTPOKY uepe3 3arsaryro. Heo0xommMo Uenoib30BaTh (PyHKIIMU
BBIACIICHUSA ILHHaMH‘ICCKOﬁ nmaMsTHu.

15.

Bapuanr
@OynKuus, KOTOpas HAXOAUT B TEKCTOBOM (paiisie 3a1aHHyTO MOIb30BaTENIEM CTPOUKY U YKa3bIBAeT
HOMEp CTPOKH (paiina, B KOTOPOH CTpoKa Obliia HalieHa.

16.

Bapuant

®DyHKIHS, TIOJICYUTHIBAIOINAS KOJIMISCTBO OYKB B TEKCTE, HAXOAIMEMCS B YKa3aHHOM (aiine. DyHKIust
MIPUHAMAET Ha3BaHHE BXOTHOTO (haiiira v BO3BpaIIaeT KOIHMIECTBO OYKB (IIU(PHI U MyHKTYAIUIO He
YUHUTHIBATB).

17.

Bapuant

®dyHkius, oOpabaThiBarolas TEKCTOBLIH (aiin. B (aiiie numeeTcss MacCUB X KOOPAUHAT, pa3Mep
KOTOPOTO 3apaHee He u3BeCTeH. DYHKIIMS CUUTHIBACT ITU 3HAYCHUS U 3aITUCHIBACT B BHIXOAHOM (ails x
u sin(x/2) B 2 xononku. Heo0X0oa1MMo UCTIONB30BaTh ()YHKITMH BEIICTICHHUS TUHAMUYECKOW MTaMSITH.

18.

Bapuanr

OyHK1us, 00padaTeIBaroIIas TEKCTOBBIHN (aiin. B ¢aline nMeroTcs 1Be KOJIOHKU BELIECTBEHHbIX YUCEI
(mapsl KOOpAMHAT X, y). Hamo oTcopTupoBath mapbl yuces 10 KOOPAWHATE X U 3alHCaTh
OTCOPTHPOBaHHBIE TAKUM 00pa30M JIBE KOJIOHKHU B JPYro ¢aii.

19.

Bapuanr

Hmeercs 2 TEKCTOBBIX (1)21171.]13, B KOTOPBIX 3aIlIMCAHBbI JIBa N-MEPHBIX BEKTOPA. 3HaueHUe n 3apaHee
HCHU3BECTHO. COBI[aTB (I)yHKLII/IIO, KOTOpas CYUTBIBACT BEKTOPaA U3 (1)aﬁHOB, MNPOU3BOJUT CJIOKCHUC UIIN
MO3JIEMEHTHOE YMHOKEHHE BEKTOPOB U 3aIMChIBACT Pe3yabTar B 3-i ¢aiin. OyHKIUS mpuHIMAaeT
Ha3BaHHEC BXOJHOI'O U BBIXOAHOI'O q)aﬁHOB 1 3HAK OIlcpanun (((+)) NI ((*))). H606XOZ[I/IMO HCII0Jb30BATh
(YHKITUM BBIICICHUS TUHAMUYCCKOM MaMSITH.

20.

Bapuant

OyHKIMS, TEPEMHOKAIOIIAS JIBE MATPHIIBI BEIIECTBEHHBIX YHCEN MTPOU3BOIBHOTO pa3mepa. Kaxas
MaTpHIla 3aIrcaHa B CBOeM TeKCToBOM (aiie. DyHKIUS TOIKHA CYMTHIBATH 3TH MATPUIIBI,
MIEPEMHOXKATh X U 3alKCHIBaTh PE3yNbTaT B TpeTuid (aiir. Eciu pa3MepHOCTH MaTPHIIbI HE TIO3BOJISIOT
BBITIOJTHUTh YMHOXEHUE (KOJIMYECTBO CTOJIOIOB MEPBOI MATPUIIBI HE PABHO KOJIMUYECTBY CTPOK BTOPOMA
MaTpHIIBI), TO BEIBECTH COOTBETCTBYOIIEe coolienne. DyHKIHs MPUHUMAET Ha3BaHUE BXOJHBIX
BBIXOJHOTO (hailiioB.

21.

Bapuanrt

Co3znaTh CTPYKTYpY, MPEICTABISIONLY0 COO0H palliOHAIBHOE YUCIIO (T1apa ENbIX YHCEeN: YUCIUTEND U
3HaMeHarenb). Hanucath GyHKIMU JUTsL BBIMOHEHUS YEThIpeX apu(MMETHISCKUX JIEHCTBUI ¢ TAKUMHU
CTpyKTypamu. Hamrcath TecTOBYIO IporpamMmy, B KOTOPO HyKHOE apr(METHYECKOE BhIpaKEHUE
BBOJUT I10JIB30BATCIIb.

22.

Bapuant

Hamucath QyHKIIMIO, KOTOpPasi CYMTHIBACT U3 YKA3aHHOTO ¢i (paiijia MaTpHIly IPOU3BOILHOM
Pa3MEpHOCTH, CUMTAET cpeniHee apuMETHIECKOe U CTAaHJAPTHOE OTKIIOHEHHE ISl KaXI0H KOJIOHKH
9TOM MaTPHIIBI U PE3yJIbTAT pacledaThIBaeT Ha dKpaHe.
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23.

Bapuant

Hanwucats QyHKIHIO, KOTOpasi COpTUPYET B an)aBUTHOM MOPSAKE NepeAaHHbIN el MacCHB
AHTJIOA3BIYHEIX TEKCTOBBIX CTPOK. CTpOKI/I CUYUTBIBAIOTCA U3 YKAa3aHHOT'O (I)aﬁna, a pe3yJibTaT BBIBOAUTCSA
Ha dKpaH.

24.

Bapuant
CosznaTh CTPYKTYpY, KOTOopas OyaeT coJepKaTh BeIICCTBCHHBIH TUHAMHYSCKUN BEKTOP MPOU3BOJILHON
pasMepHocTH. Hanucars ()yHKIMIO BCTABKM HOBOTO JIEMEHTA B JIF000E MECTO 3TOTO BEKTOPA.

25.

Bapuant
Hanmucats (byHKLII/IIO OIPCACTIAIOIYI0 KOJIMYCCTBO PA3JIMYHbIX YHUCCII MaTPHUILIbI.

26.

Bapuant
Jan ogaoMepHBIi MaccuB. CHOpMHUPOBATH HOBBIM MAaCCHB M3 SJICMEHTOB JIECATUYHOE MPEIICTABICHUE
KOTOPBIX COACPKUT TOIbKO YéTHBIE I pHI (0,2,4,6,8).

27.

Bapuant
Hammcats (bYHKI_II/IIO CKUMAIOIYI0O MaCcCHB, YAaJIMB U3 HET'O BCE BJIEMEHTDBI, KOTOPBIC HAXOAATCI MEKAY
IIEPBBIM U BTOPBIM HYJIEBBIMHU 3JIEMECHTAMMU.

28.

Bapuant
Hammcatp dyHKIMIo, KOTOpas B KaXK01 CTPOKE MAaTPUIIBI HAXOJUT HAMOOIBIIHNHA JIEMEHT H MEHSIET €T
MECTaMH C DJICMECHTOM TJIaBHOM JuaroHajiu.

29.

Bapuanr
Hammucath QyHKINIO BCTaBISFONIYIO HYJIEBYIO CTPOKY II€peN CTPOKOM, T/Ie HAXOUTCS TIEPBHI
MHUHHUMAaJIbHBIA 3JIEMEHT MaTpulBbL.

30.

Bapuant

Hammcatp QyHKIMIO HAXOSIIYIO TPOU3BEICHHUE TEX SIEMEHTOB KBaIpaTHOW MaTPHUIIBI, KOTOPBIE
PacToI0KeHbI HaJl TTIaBHOW IUAarOHANBI0 U CYMMY 3JIEMEHTOB, PACTIOJI0KEHHBIX MO TOO0YHON
OUaroHanblo.

31.

Bapuant
Hanwmcatp QyHKIMIO yIANSIONIYIO U3 MACCHBA BCE DJIEMEHTBI, 3HAUCHHS KOTOPBIX OOJIBINE TPEX
CPeHEKBaIPATHYHBIX OTKIOHEHUH (OOMbBIIE TPEX CUTMA).

32.

Bapuanr
Hammcatp (I)YHKLII/IIO OIPECACTIAOIIY0 KOJIMYCCTBO «OCOOBIX» JICMEHTOB MaTpulibl, CHUTAd SJICMCHT
«OCO6I>IM>), €CJIi OH OO0JIbIIIe CYMMBI OCTAJIBHBIX 3JICMCHTOB CBOCT'O CTOJ'I6I_Ia.

33.

Bapuanr
Harmucatps QyHKIMIO CO3AFONTYI0 MACCUB M3 TIOPSAKOBBIX HOMEPOB MAaKCHMAIIBHBIX 110 MOIYJTIO
9JIEMEHTOB B CTOJIOI[AX MATPHUIIBL.

34.

Bapuant
Hamucath (hyHKIHIO OCTABIISIONIYIO B MACCHBE TOJIBKO T€ 3JIEMEHTHI, KOTOPBIE YIOBIETBOPSIOT
JIBOIHOMY HepaBeHCTBY Ag< Ak < A,. k=1,2,...,(n-1)

3s.

Bapuanr
Hammcate (bYHKLII/IIO OMMPEACIAIOIIY0 CYMMY 2JICMCHTOB B TCX CTOJ'I6]_I3.X MaTpuliibl, KOTOPBIC HC
COJIEPKAT OTPUIATEIIBHBIX 3JIEMEHTOB.

36.

Bapuant
Hanwucats QyHKIHIO yIIOPSI0OYHBAIOIIYIO MACCHB LIENbIX ITOJIOKUTEIBHBIX YUCEN 110 BO3PACTAHUIO
METOAOM BI)IGOpa 1 BO3Bpalaronyr0 HOMEp MUHUMAJIBHOTO IIPOCTOI'0 Yrciia B IIOJTYy4EHHOM MaCCHUBE.

37.

Bapuanr
Hammcate (bYHKLII/IIO, KOTOpad )_'[O6aBJ'I$[€T MHUHHMAaJIbHBIA 3JIEMEHT MaTpulbl K 3JICMCHTAM YCTHBIX
CTOJ'I6I_IOB, 3HAYCHUA KOTOPBIX HAXOAATCA B 3a/IaHHOM UHTCPBAJIC [a,b].

38.

Bapuant

Hanwucath QyHKIMIO HAXOISIIYIO HOMED [IEPBOI CTPOKKM MaTPHIIBI, HE COJIEpKalIeid HI OJIHOTO YETHOTO
9JICMCHTA, U HUKIIMYCCKU CABUHYTH B HEH PJIEMEHTEI Tak, YTOOBI AJIEMEHT IJIaBHOM JuaroHaljii cTtaj
MEPBBIM 3JIECMCHTOM JTOH CTPOKHU.
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39.

Bapuant
HamucaTth pyHKIHIO yIAISIONIYI0 U3 MATPHUIIBI CTPOKY, B KOTOPOI OO0JIbIIIE BCEI0 OTPHIIATEIbHBIX
OJICMCHTOB.




40.

Bapuant

Hanucats QyHKIHIO CKUMAIOIIYIO JUHAMHUYECKUI MacCHB C OOJIBIINM KOJIMYECTBOM HYJICH.
Heobxomumo B Kax 10 rpymme HyJiel IepBhIil HyJIb OCTaBUTh, BTOPOI 3aMEHHUTDH Ha KOJI-BO HYJIEH B
rpymIe, OCTalbHbIE YIATUTb.

41. Bapuaunr
Hanucats QyHKIMIO yIAISIONIYIO 3JIEMEHTHl TMHAMUYECKOTO MACCHBa, PACIIONIOKECHHBIE MEKAY €T
MUHUMAJIBHBIM 1 MAKCUMAaJIbHBIM 3JIEMCHTaMH.

42. BapuaHt
Hamucats QyHKIIMIO, KOTOpas B KBaJIpaTHOM MaTpHIIE HAXOAUT CTPOKY C HAMOOIBIIIEH CYMMO
AJIEMEHTOB U TIOMEHSET €€ C TIEPBBIM CTOIOIIOM.

43. Bapuaunr
Hammucats QyHKIINIO MEHSIOIIYIO MECTAMH JIEBYIO BEPXHIOIO U MPABYIO HIDKHIOI Y€TBEPTH MATPHIIBI.

44. Bapuant
Hamucats QpyHKINIO yIANSIONIYIO TIOCIETHUIN CTONOET] MATPHIIBI, COEPKAIIUN TOTBKO OTPUIIATEIbHBIC
AIIEMEHTHI.

45. Bapuaunrt
HammcaTp QyHKIMIO HAXOSIIYIO CyMMY 3JIEMEHTOB Ka)KIOW JHAroHajl MaTPHUIIBI, MapanieabHON
TJIaBHOU (HA4YMHAS C OAHORIEMEHTHOU TUATOHATH Agm.1).

46. Bapuanrt
Hammucatp QyHKINIO 3epKaBbHO OTPAXKAIOIIYIO JIIEMEHTHI KBapaTHOW MaTPHUIIEI OTHOCUTEIHHO
mo0oYHOM quaronany. BemomoratenbHy0 MaTpHIly HE UCTIONh30BATh.

47. Bapuaunrt
Hanmcatp yHKIMIO TOBOpauMBaroOILyt0 MaTpully Ha yroia 180° (mpu 5ToM 35ieMeHT Ao, TOMEHSIETCs
MecTaMu ¢ Am.1,m-1 4 T. 11.). BcmomoraTenbHyto MaTpuIly He UCIIOJIb30BaTh.

48. BapuanT/lana MaTpuila BEIIECTBEHHBIX YUCEN. B KaX10M cTOOIE HANTH MaKCHMATbHBIA U
MUHUMAITGHBIA JIEMEHTHI,  CyMMY 3JIEMEHTOB, 3aKIFOYCHHBIX MEKIY HUMH.

49. Bapuanr
Hanmcatp yHKIMIO, KOTOpast B KaX/I01 CTPOKE MAaTPHIIBI IOJICUUTHIBAET KOJTMUYECTBO HIIEMEHTOB,
MIPEJIIIECTBYIOMINX MAKCUMYMY.

50. Bapuant
Hammucatp QyHKIMIO, KOTOpasi COPTUPYET METOJIOM ITy3bIphKa CTPOKH MaTPHIIBI, BCE DIEMEHTHI KOTOPBIX
YETHBIE.

51. Bapuanr
Hammucatp QyHKINIO HAXOAAIIYO MAaKCHMAaIbHOE U3 YMCEIN, BCTPEUYAIOIINXCSI B MACCUBE Ooliee 0JTHOTO
pasa.

52. Bapuant
Hanmcatp QyHKIMIO OOHYISIIONIYIO 3JIEMEHTHl MATPHUIIBI, JISKAIINE OJJHOBPEMEHHO BBIIIE TTIABHOH U
BBIIIIC TOOOYHOM JMaroHajel. Y CIIOBHBIN OIEpaTop BHYTPH LIUKIIOB HE UCIIOJIb30BATh (MHICKCHI
BHYTPEHHETO IIMKJIa HAYWHATh U 3aKaHYMBATh C yUYETOM MH/IEKCOB BHEIIIHETO ITHKIIA).

53. Bapuanr
Hanucats QpyHKIMIO KOTOpasi 3aMEHSIET KaXKIblii 3IEMEHT MacCHBa, KpOME Ha4albHOTO M KOHEYHOT'0, Ha
ero cpeHee apupMETHIECKOE C TPEBIIYIIIM | MOCIE Y IONIHM 3JIEMEHTOM (BBITIOJIHSET CKOJIB3SIIIEe
yCpEeIHCHHUE).

54. Bapuanr
Hanwucats QyHKIMIO, KOTOpasi B MaCCHBE HAXOAMT /IBa YUCJIA, CyMMa KOTOPBIX HAHOOJbIIAs U ACTUTCS
Hauesno Ha 12.

55. Bapuanr
Hanwucats QyHKIMIO BO3BPAIIAIONIYI0 MACCHB U3 JJIEMEHTOB HCXOJHOI'0 MacCHUBa, KOTOPhIE BCTpEYaeTCs
Oosee oTHOTO pasa.

56. Bapuant

HamucaTh GyHKIHIO MEHSOIIAass MECTAMH CTPOKH MaTPHIIBI, COACPKAIINE MUHUMAJIbHBIN U
MaKCUMAaJIbHBIA 3JIEMEHTBHI.
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57. Bapuaunr
Hamucath QyHKIMIO, KOTOpast 3aMEHSICT 3HAYCHUE KAXKIOTO HE TIOJIOXKUTEILHOTO DJIEMEHTa MacCUBa
X(n) abCONIOTHOM BETUYMHOW COOTBETCTBYIOIIETO 110 HOMEPY 3IeMeHTa MaccuBa Y (n).

58. Bapuant
Harmmucats dynknuro, koTopas opMUpYET MacCHB U3 3JIEMEHTOB HCXOIHOTO MacCHBa,
YAOBJIETBOPSIIONIETO JBOWHOMY HepaBEeHCTBY Ao < Ak < Ajo.

59. Bapuaunr
ynopﬂIIO‘II/ITI) MacCCUB HECJIbIX MMOJOXUTECIIbHBIX YHUCEJI IO BO3PACTAHUIO MECTOJ0M BI:I60pa " OIIPEACIUTD
HOMEPp MUHUMAJIBHOT'O IMIPOCTOI'0 YKcCjia

60. Bapuaunrt
Hanucatb (byHKLII/IIO, 3aMCHAIOLIYIO YHCJia MaCCHBa X Ha COOTBCTCTBYIOIIMEC YKUCJIa MAaCCUBa Y, €CJIn
pa3HMIIA MKy HUMH OOJIBITE 3aJaHHOTO 3HAUCHMSI.
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