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Metoanyeckue ykazaHus Juis g1adopaTopHbix padboT no guctmminae MJIK.02.03 PaspaboTka
NPUKJIAIHBIX TIPUIIOKEHHUH cocTaBieHbl B cooTBeTcTBUM ¢ TpeboBanusiMu OI'OC CIIO. IIpennaznaueHs
JUTSL CTYIEHTOB, o0y4arormxcs 1o cnerpanbaoct 09.02.01 KoMnbloTepHBIE CHCTEMBI H KOMITICKCHI.



INOACHUTEJIBHAS 3AIIMCKA

[Tporpamma aucuumiuHbl Pa3paboTka xojga MH(GOPMALMOHHBIX CHCTEM IpelyCMaTpUBaeT U3ydeHHUE
QITOPUTMHU3ALUU KaK 0a30BOM COCTaBISIONIEH TEXHOJIOTHYECKOTO MpoIiecca CO3JaHusl IPOrpaMMHOTO
NPOJIYKTa, a TaK K€ M3Y4YEeHHUE S3bIKa MPOrpaMMHUpPOBaHUs U (hOpMUpOBaHHE HABBHIKOB pa3padbotku MC,
00BEKTHO-OPUEHTHPOBAHHOTO MPOTPAMMHUPOBAHUS Yy CTyJIEHTOB. [Ipu u3yueHHM mpeamera cleayer
coOJII0/IaTh €IMHCTBO TEPMUHOJIOTHH M 0003HAYEHUS B COOTBETCTBUU C JCHCTBYIOIMMH CTaHJapTaMH,
MextyHaponHoil cucremuoi equnuist (CH).

B pesynbrare u3ydeHus AMCUUILUINHBI CTYAECHTBI OOMMCHbL.
3HATh!

- OCHOBHBIE BHIbl M MpOLERypbl OOpabOTKH HH(POPMAIUH, MOJEIU M METOMIbI
pemieHus 3a1a4 06paboTku nHGOpMaIuy;

- OCHOBHbIE  IUIaTGOpPMBI  JUIsI  CO3JaHMs,  HUCIOJHEHUS W YIpaBJICHUA
UH()OPMAITMOHHOW CHUCTEMOM;

- OCHOBHBIE ITPOLIECCH] YIPABIEHUS POEKTOM pa3pabOTKu;

- OCHOBHBIE MOJETTM TIOCTPOCHUS WH(POPMAIMOHHBIX CHCTEM, HUX CTPYKTYpY,
0COOEHHOCTH U 00JIaCTH IPUMEHEHHS,;

- METOABl U  CpeACTBa  IMPOEKTHUPOBAHWA, pa3padOTKHU M TECTUPOBAHHUS
MH(QOPMALIMOHHBIX CUCTEM;

- CHUCTEMY CTaHAAapTU3aLUHU, CEpTUPHUKAIMU M CHCTEMy O0OecHeueHus KadecTBa
MPOTYKITUH.
yMeTh!

- OCYILECTBIIAThH IOCTAHOBKY 3ajjau 0 00paboTke MH(pOopMaIumy;

- MIPOBOJUTH aHAJIN3 MPEMETHON 001acTH;

- OCYILECTBIIATh BHIOOP MOJEIHN U CPEJICTBA OCTPOCHUS MH(POPMALIMOHHONW CHCTEMBI
U TIPOTPAaMMHBIX CPEJICTB;

- HCIIOJIb30BaTh AITOPUTMBI 00pabOTKK MHGOPMALIUU ISl PA3IUYHBIX PUITOKEHHI;

- pemaTh TPUKIATHBIE BOMPOCH MPOTPAMMHUPOBAHHMS M SI3bIKa CLIEHApUEB JUIS
CO3JIaHMsI ITPOrpamM;

- pas3pabatbiBaTh rpaduueckuii HHTEpdenc NpUIIoKEHNS;

- CO3/1aBaTh U YNPABIIAThH IPOEKTOM I10 pa3padOTKe MPUII0KEHUS;

- IPOEKTHPOBAaTh U pa3pabaTelBaTh CUCTEMY IO 3aJaHHbIM TpeOOBaHMUAM U
crenu(uKausIM. HMeTh MPAKTHYEeCKHii ONBIT B!

- VIOPABICHUH  MPOLECCOM  Pa3pabdOTKU  MPWIOKEHHH C  HCIOJIb30BaHUEM
UHCTPYMEHTAJIbHBIX CPE/CTB;

- obecriedeHnn cOopa AAHHBIX JJIS aHAIM3a MCIOJIb30BaHUSA U (YHKIMOHUPOBAHUS
MH(POPMALIMOHHOM CUCTEMBI;

- [IPOrpaMMHUPOBAHUN B COOTBETCTBUU C TPEOOBAHUSMU TEXHUUYECKOTO 3a/1aHUS;

- WCIOJIb30BaHUU KpUTEpUEB  OLEHKHU KavyecTBa "
HA/IOKHOCTH (PYHKIMOHUPOBAHHS WH(POPMAIIMOHHON CUCTEMBI;

- INPUMEHEHUN METOAMKU TECTUPOBAHUS pa3padaThIBaeMbIX MPUIOKEHUH;

-ONpeIeJICHUH COCTaBa 000pYIOBaHUS M NMPOTPAMMHBIX CPEACTB pa3pabOTKU MH(OPMAIIMOHHON
CHCTEMBI;

- pa3palboTKe JOKyMEHTALMH 10 3KCIUTyaTalluu HHPOPMALMOHHON CUCTEMBI;

- MPOBEJEHUN  OIIEHKM  KauecTBa U DJKOHOMHYECKOM  3ddexTuBHOCTH
UH(POPMALMOHHOM CUCTEMBI B PAMKaX CBOEH KOMIIETEHITUH;

- MO,Z[I/I(I)I/IKaLII/II/I OTACIIBHBIX MO,I[y.]'Ieﬁ I/IH(i)OpMaI_II/IOHHOI;’I CHUCTCMBI.



B pesynbrare ocBoeHus1 y4eOHON AUCHUILTUHBI CTYACHT JI0JIKEH OBJIAIEBATh!

Obwumu KomnemeHyusAMuU.

OK 01. Bertbupats criocoObI pemieHus 3a1a4d npodeccnoHalIbHON NeATETbHOCTH, PUMEHUTEIEHO K
pa3IMYHBIM KOHTEKCTaM.

OK 02. OcymiecTBiaTh TOWCK, aHAIW3 W HMHTEPIPETAIMI0 HHPOPMAIUHA, HEOOXOIUMOU IS
BBITNIOJIHEHMSI 3a/1a4 NPOPECCUOHATBHON AESITEIbHOCTH.

OK 03. IlmanupoBath U peaan30BbIBaTh COOCTBEHHOE MPOPECCUOHAIBHOE U TUYHOCTHOE Pa3BUTHE.

OK 04. PabGorath B KOJJIGKTHBE MU KoMaHJe, 3(p(eKTuBHO B3aMMOAEWUCTBOBATH C KOJUIETAMH,
PYKOBOJCTBOM, KJIMEHTAMHU.

OK 05. OcyuiecTBisTh YCTHYIO M NHCBMEHHYH0 KOMMYHHKALIMIO HAa TOCYAAPCTBEHHOM SI3BIKE C
y4eTOM 0COOEHHOCTEH COLMANBHOTO U KYJIBTYPHOI'O KOHTEKCTA.

OK 09. Mcnonbs3zoBaTh HHPOPMAIIMOHHBIE TEXHOJIOTHH B IPOPECCUOHAIBHOM 1€ATEIbHOCTH.

OK 10. ITonp3oBatbes npodecCHoHaNbHON TOKyMEHTalMeH Ha TOCYIapCTBEHHOM M MHOCTPaHHOM
A3BIKE.

IIpogheccuonanvhvimu KomnemeHyuaMu:

I[IK 5.1. CoOupare HCXOIHBIE JaHHbIE Ui pa3pabOTKH MPOEKTHOM JIOKYMEHTAllMHM Ha
UH(POPMALIMOHHYIO CUCTEMY .

1K 5.2. PazpabaTbIiBaTh MPOEKTHYIO JOKYMEHTALIMIO Ha pa3paboTKy MH(OPMAIIMOHHON CUCTEMBI B
COOTBETCTBUH C TPEOOBAHUAMM 3aKa3uHKa.

[1K 5.3. PazpabarbiBaTh NOJCUCTEMBI O€3011ACHOCTU HH()OPMALIMOHHON CUCTEMBI B COOTBETCTBUH C
TEXHUYECKUM 33JJaHUEM.

[IK 5.4. IlpousBoauth pa3pabOTKy MOAyJed HH(POPMAIMOHHOW CHUCTEMBI B COOTBETCTBUHU C
TEXHUYECKUM 33JaHUEM.

IIK 5.5. OcymiecTBiasTh TECTUPOBaHHE HWHPOPMAIMOHHON CHCTEMBbI Ha JTale OIBITHOM
JKCIUTyaTaluu ¢ (UKcaluedl BbISBIECHHBIX OIIMOOK KOJUPOBaHUS B pa3padaThIBaéMbIX MOAYJISIX
UH(POPMALMOHHOW CUCTEMBI.

[IK 5.6. Pa3pabareiBaTh TEXHHUYECKYIO JOKYMEHTAIMIO Ha SKCIUTyaTaluilo WH(POPMAIMOHHOM
CUCTEMBI.

IIK 5.7. Ilpou3BoauTh OICHKY HH(POPMAIMOHHOW CHUCTEMBI JJIS BBISIBICHUS BO3MOXKHOCTH €€
MOJIEpHU3AIIIH.

OBIIME METOANYECKHUE YKA3ZAHUA K
BBIIIOJIHEHUIO JIABOPATOPHBIX PABOT

ITo mucuunnune Pa3paboTka koja MH(POPMALMOHHBIX CUCTEM JabopaTOpHble pabOThl coaepxar
3a7laudl U TEOPETUYECKHE BONPOCHl. BapuaHThI A5 KaXk0ro 00y4aroIerocs - UHAUBUAYaJIbHBIE.

3a1[atm 1 OTBCTHI Ha BOIIPOCHI, BBIIIOJIHCHHBIC HC 110 CBOEMY BAPHUAHTY, HC 3aCUUTLIBAIOTCA.

JlaboparopHas pa®oTa BBHIIOJHSETCS B OTAEIbHOW TETpaau. Y CIOBUS 3a7jaud U GOPMYIUPOBKU
BOIIPOCOB NEPENUCHIBAKOTCS MOJHOCTHI0. DOPMYJIbI, pacueThbl, OTBETHI HAa BOIIPOCHI UILYTCS PYy4KOH, a
YepTEX M, CXEMbl U PUCYHKH BBINOJIHAIOTCS KapaHJIAIIoM, Ha rpadukax M Auarpammax yKas3blBaeTcs
MmaciTald. BHauane 3agaua pemaercsa B o0IIeM BUJE, 3aT€M JENAlOTCS PacyEThl 110 YCIOBHIO 3a/laHMSL.
Pemenue 3amau ob6s3aTenpHO BeaeTcs B MexayHnapoanoi cucteme equnuil (CH).

[Tpu BBIMOTHEHNHU TaOOPAaTOPHOI PabOTHI HEOOXOIUMO CIIEI0BAaTh METOANYECKUM YKa3aHUSM:
HNOBTOPUTH  KpPAaTKOE COJEpXKaHWE TEOpPHM, 3allOMHUTh OCHOBHbIE (OpPMYJbBl U  3aKOHBHI,
NPOAHAIU3UPOBATh IPUMEP BBIIOJHEHHS aHAJIOTUYHOTO 33JaHuUs, 3aTEM MPECTYHUTh HEOCPEICTBEHHO



K perieHuro 3a1aun. K 3a4ety JomycKarTcs CTYACHTHI, MOTYYUBIINE MOJTOXKUTEIBHBIC OIEHKU 10 BCEM
nabopaTopHBIM paboTam.

IIpaBusia BbINOJHEHUS J1a0OPATOPHOI PadOTHI.

1. CryneHT AODKeH NMPUHATH Ha JaOOpaTOpHYIO pabOTy MOATOTOBJIEHHBIM K BBITIOJTHEHUIO
nabopaTopHON PabOTHI.

2. Kaxaplii cTyieHT mocie npoBeieHus paboThl TOJDKEH MPEICTaBUTh OTYET O TPOAETaHHON
paboTe ¢ aHAIM30M MOIYYEHHBIX pe3yIbTaTOB M BEIBOIOM IO padore.

3. Tabnmuiupl ¥ PUCYHKH CJEIYeT BBHINONHATH C IOMOIIBIO YEPTEKHBIX WHCTPYMEHTOB
(JTMHEWKH, IMPKYJIA, U.T.J1.) Kapa"aamom ¢ coomoaearneM ECKI.

4. Pacuer crnexyeT mpoBOUTH ¢ TOYHOCTHIO JI0 JBYX 3HAYAIIUX LTUDD.

5. WcnpaBnenuss mpoBoanTh Ha 0OpaTHOI cropoHe smcta. llpym MeNKMX WCIpaBICHUSIX

HENpaBUIbHOE CJIOBO (OyKBa, YUCIIO U T.N.) aKKypaTHO 3aU€pKUBACTCS M HAJ HUM MHIIYT NPABHIbHOE
MPOIYIIEHHOE CJIOBO (OYyKBY, YHCIIO U T.I.).

6. BcnomorarenbpHble Pacuc€Tbel MOXXHO BBIIIOJHATH Ha OTACIBHBIX JIMCTAaX, a IpHu
HeO6XOIII/IMOCTI/I Ha JIMCTax OoT4yeTa.

7. Ecnu cTyieHT He BBIMONHUT JIA00OPaTOPHYIO paboTy WM YacTh pabOThI, TO OH BBIIIOJIHHT €€
BO BHEYPOUYHOE BPEMsI, COTIIACOBAHHOE C MPETIOIaBaTEIIEM.

8. OreHKy 110 J1abopaTopHOM paboTe CTYACHT MOMydaeT ¢ yY€TOM CPOKa BBITIOJHEHHUS PaOOTHI,
ecIy;

- pacdeTsl BBIIOIHEHBI TPABUIILHO U B MIOJTHOM 00BEME;

- CJeJaH aHaJU3 MPOJEIaHHON PabOThl U BBIBOJ IO pe3yibTaTaM paboThl;

- CTYJCHT MOXET MOSCHUTH BBITIOJHEHHUE JIFOO0TO 3Tana paboThl;

- OTYET BBINOJIHEH B COOTBETCTBHUU C TPEOOBAHUSMU K BBIITOJHEHUIO PAOOTHI.



JlabopaTopnasi padora Nel. BBoa Tekcra
nporpammbl. CoxpaHeHUue MPOrpaMmMbl

Heab: IlomyueHue 0a30BBIX HABBIKOB  MCIOJNB30BaHUS CUCTEMBI MPOTPaMMHUPOBAHUS,
HEOOXOIMMBIX JUIs JalbHEHMIIero BBIOIHEHUS UK TJaOOpaTOpHBIX padoT.

OcHoBHble  moHsATHA:  MHTerpupoBaHHas  cpena,  KOMIOWIALMS,  OTJIaJ4HK.

Teopernyeckas 4acThb.

1. 3anyck cucmembl npocpamMmupo8arus

Cucrema nporpammupoBanuss MS Visual studio coctout u3 Gomnbinoro uncia (HaioB, XpaHSHHE
KOTOPBIX CTPYKTYPHUPOBAHO I10 KaTaJIOTaM.

Jlns 3amycka cucTeMbl IPOrpaMMUPOBaHUS JOCTATOYHO LIEJIKHYTh Ha sIpJbIKe Ha paboueM CToJe.

2. Ilonv306anue noockaskoii 6 cpeoe

Cucrema nporpammupoBanust MS Visual studio umeeT MOIIHYIO CHCTEMY OHJIAfHOBOW TMOJICKAa3KH,
KOTOpasi OYeHb M0JI€3Ha, OCOOEHHO IS HAYMHAIOIIETO TPOrPaMMHUCTA.

[Tonckaska sIBISIETCSI TUIIEPTEKCTOBOM, TO €CTh, BBIOpPAB OJHO W3 BBIJCIICHHBIX CJIOB, MOKHO
HOJIyYUTh TIOJCKA3Ky, CBA3aHHYIO C THUM CJIOBOM.

ITepBast BO3BMOXXHOCTh OOpaleHust K mojckaske - yepe3 I'1aBHoe Menio -> Help. B Tom mento
CaMbIMHU IOJIE3HBIMU SIBIISIFOTCS MyHKTHI Contents 1 Index.

[Iynkr Contents BBIBOAMT Ha 3KpaH TEMAaTHYECKHIl CIHCOK pa3aeiaoB, MO KOTOPHIM MOXKHO
noay4uTh noackasky. [TyHkT Index BEIBOAHUT Ha 9KpaH an(aBUTHBINA CIICOK BCEX KITFOUEBBIX CIIOB U UMEH
(dyHKUUH sA3bIKa U cucTeMbl IporpaMmMupoBanust MS Visual studio. Berbupast myHKT 3TOro CMcKa, MOXHO
MOJyYUTh TOAPOOHYIO MOACKA3Ky IO HEMY.

Jlpyrasi BO3MOXXHOCTh OOpaIieHusi K Mojckaske - depe3 kiaBumm F1 w1 KOMOWHAIMIO KITaBHII
Ctrl+F1. Ora noackaska - KOHTEKCTHO-3aBUCUMasl, TO €CTh, MOJCKa3Ka, KOTOpas MOSIBISIETCA HA DKpaHe,
OTHOCHUTCSI HIMEHHO K TOMY COCTOSIHUIO CHCTEMBI ITPOIrPaMMHUPOBAHHUS, B KOTOPOM OHa celyac HaXOIUTCS.

Ilo xmaBume F1 nonyuaete moacka3ky IO aKTUBHOMY Ha JaHHBII MOMEHT MEHIO WM OKHY.
Kom6unanuer Ctrl+F1 M0XHO Moib30BaThes TOJNBKO B aKTHBHOM OKHE penaktopa. Ecnu mpu Haxkatuu
9TONW KOMOMHAIMM Kypcop HaXOAMUTCS HAa KAaKOM-TO KIIFOUEBOM CJIOBE MM Ha (DYHKUWHU, TO Ha 3KpaH
BBIBOAMTCS TOAPOOHAS MOICKA3Ka 110 3TOMY KIIFOUEBOMY CIIOBY I (DYHKITHH.

3. Cozoanue, pedakmuposanue u COXpanenue npocpammol

Bri6oepute I'naBHoe Menio -> File -> New. ¥V Bac Ha skpaHe OTKpPOETCS ITyCTOE OKHO PEIAKTOpa C
3arojgoBkoM NONAME.CPP. B s3Tom okHe HaOepuTe TEKCT MPOrpaMMBl.

Texct, koTOpBIil Bel HabMpaeTe HY)KHO COXPaHUTh TEKCT B (aiiyie Ha BHeNIHel namsaTy. i storo
BeinonHuTe: I'naBHoe Menw -> File -> Save as... . [Ipu 3Tom y Bac Ha skpase nosiBisercs okHO Save
File As. B BepxHeM moje 3TOro OkHa HabepuTe WM, MOJ KOTOPHIM BBl XOTHTE COXpaHUTh TEKCT
nporpaMMel 6e3 pacmupenus. Cucrema aBTOMaTHYHO JOOABUT K UMEHHU Bareil mporpaMmbl pacuimpeHne
CPP - crannapTHOE pacuiMpeHue A IporpaMM, HalMCaHHBIX Ha si3bIke CH++.

Jlanee mocne Kaxa0ro J00aBlIeHHU HECKOIBKUX CTPOK HIIM IIPU BHECEHUH HEKOTOPOTO KOJUYECTBa
U3MEHEHUN B TEKCT COXpaHSANTE MPOrpaMMy IMOJA TeM ke MMeHeM. JlJig 3TOro J0CTaTOYHO BBIIOJHUTH:
I'naBHoe Men1o -> File -> Save win Haxarts kiaBunry F2.

BnocnenctBuu, ecnu Bam HykHO OyzeT CHOBa 3arpy3uTh B PEAAKTOP TEKCT TOH K€ MPOrpaMMBl,
BeinosiHuTe: I'naBHoe Meni -> File -> Open (wim nHaxxmute kiasuiny F3). Bol monyuute okHo Open a
File, B koropoM Hamo BbIOpaTh HYXHBIN (aitn. Daiin, koTopelii Bbl BbIOpamn, OTKpOETCS B OKHE
penakTopa.

4. Komnunayus u 8binoaHenue npocpammol

3akoHYMB HA0Op TEKCTa M COXpaHUB (aill MmporpaMMbl Ha TUCKE, BBIIOJHUTE KOMIHIISALIUIO
nporpammbl. [{ns storo Beimosinute: Iy1aBHoe Menw -> Compile -> Compile wim HaxMmuTe
koMOuHanuio kiasuin Alt+F9. Ha skpane nosiBisiercss okHo Compiling, B KOTOpOM OTOOpaXkaeTcsi XOJ



KOMIWISIIMY. [Ipn HOpMaIbHOM 3aBEpIICHUH KOMIMJISAIMU B HU)KHEH CTPOKE 3TOr0 OKHA JIOJHKHO OBITh
BBIBEJICHO:

Success: Press any key

Ecan Tam BEIBOIUTCS:

Errors: Press any  keywmmu:

Warnings: Press any key

- Ballla mporpamMMa TpeOyeT KOPpeKLUH.

[Tocne Toro, kak Bel oTkKOMIMIMpoBaiy nporpaMMmy 0e3 omInOoK, 3aIyCTUTE €€ Ha BBITIOJTHEHHE.
ns sroro Bemoanute: I'imaBHoe Menio -> Run -> Run nin Haxkmute koMOuHaruio kiaaBum Ctrl+F9.
Ha skpane mosBnsercs okHo Linking, B koTopoMm oToOpaxaercs Xoa KOMIIOHOBKH. [Ipu HOpManbHOM
3aBepIICHUH KOMIIOHOBKH 3TO OKHO IpomaaaeT camo co0oil U BbIMONHsAETCS mporpamma. Eciu ke B aTomy
OKHE BBIBOJUTCS:

Errors: Press any key- Bamia nmporpamma TpeOyeT KOPpeKLUH.

5. Omaaoka npozpammbi

B cucreme nporpaMMupoBaHMs €CTh OTJIAIUMK, KOTOPBIA pabOTaeT Ha YPOBHE TEKCTOBOTO KOJA.
Ucnonw3ys ero, Bel MoxkeTe BBINONHATH MPOTPAaMMy B IOLIATOBOM PEXKHUME, YCTAHABJIMBATH TOYKU
OCTAHOBA BBIMOJIHEHUS U CIEAUTH 3a TEKYIIMMHU 3HAaYEHUSIMH ITIEPEMEHHBIX POrPaMMBbI.

Boinonnute: I'lmaBnoe Menio -> Debug -> Watches -> Add watch (1win HaKxMuTe KOMOMHAIIMIO
knasutn Ctrl+F7). B okae Add Watch, kotopoe mosiBuTCst Ha SkpaHe, BBenute B ojae Watch Expression
MMEHA NIEPEMEHHBIX, TEKYIIME 3HAUEHUSI KOTOPBIX HAJI0 OTCIIEKUBATh.

KnaBumeit F8 3amycture mporpamMmy B momaroBoM pexume. Kaxnoe ciemyroliee HaKkaTHE
knaBuiu F8 Oyaer mpoaBurath BHIIOJHEHHE MPOTPaMMBI HAa OTMEpaTop BIEpE] C U3MEHEHHEM 3HAYeHUS
MIEPEMEHHBIX.

3ananue

N3yunTh OCHOBHBIE TIpUEMBI paboThI B cpene MS Visual studio.

Ocy1IecTBUTh OCHOBHBIE ATAIbI Pa3padOTKU MPOTPAMM.

Ha oyenxy «Yoosenemeopumenvro»

Pa3zpaboraTe mporpamMmy-KalbKyJISTOp JAJs BBIMIOTHEHUS YETHIPEX OCHOBHBIX apH(PMETHUECKUX
neicTBUs (CIOXKEHHE, BbIUMTAaHHE, YMHOXKEHHE, JAeNeHHe) HaJ ABYMs BBOJUMBIX C KJIaBUATYphI
BEJINYMHAMMU.

Ha oyenky «Xopowoy

Pa3paboraTe mporpammy, KOTOpas 1o BBOAMMOMY C KJIaBHATYpPbl PaInyCy BBIYUCISET OKPYKHOCTh
U TUIOIIAb TOJTy4YaemMoro kpyra. Ha oyenxky « Omauunoy

Pa3paboraTe nporpammy, KOTOpas MO BBOJUMBIM C KJIaBHATypbl PaJMyCy OCHOBAaHHUS U BBICOTHI
IIJIMH/IPA BBIYUCIIET €r0 00BEM.

KonTposabHbie BOpochl

1. [Tepeuncnure 3Tarbl pa3pabOTKA 3a1a4H.

2. Kak MOXHO IOJIy4UTh CIPABKY 110 HYKHOW KOMaH/E A3bIKa?

3. Yro Takoe KoMIuisIus?

4. ITpuBenure npumepsl omnoOoK KoMmuwianuu. 5. Ilepeuncnure, kakue ¢aitnel oOpasyercs mocie

KQ)KJIOTO ATara BBINOJHEHUS IPOrpaMMBI.

JlabopaTopnasi padora Ne2. IIporpamma MmareMaTHYeCKHX Pac4eToB

Heasn: IlonyyeHue HaBBIKOB B paboTe ¢ apu(METHUYECKHMMM BBIPAKEHHUSMU U CTaHIAPTHBIMH
MaTemMatuyeckuMu pyHKusmMu C++.



Temsbl A1 npeaBapuTeabHOI npopadoTrkn CTaHnapTHbIE

¢ynkuun C++.

OOBbsBICHNE U HHULMATIU3ALNS IEPEMEHHBIX.

@YHKIMM CTaHAAPTHOTO BBOJIA U BHIBOJA.

Crpykrypa nporpammsl Ha sizbike C/C++. OcHOBHBIE

ATaMbl pa3pabOTKU MIPOrPaAMM.

Teopernyecknii MmaTepua

B C++ omnpemeneH mupokuii HaOOp BCTPOSHHBIX OMNEPATOpOB, KOTOpPbIE JAIOT B PYKH
INPOrPAMMUCTY MOILIHBIE pbIYard YNpaBIE€HUS IPHU CO3JAHUM U BBIYHUCIECHUH PA3HOOOPA3HEHIIMX
BbIpakeHU. Omneparop (operator) — 3TO CHUMBOJI, KOTOPbII YKa3blBa€T KOMIIMJISITOPY Ha BBINOJIHEHHE
KOHKPETHBIX MaTeMaTU4YeCKHX JEHCTBUI WM JOrHYecKuX MaHumysauui. B C++ umeercs yetsipe o0Imumx
KJacca ONepaTropoB: apupMeTHdecKue, Mopa3psaHble, JOIMYECKHe U oneparopbl oTHomeHui. [Tomumo
HUX ONPEIEIICHBI IPYTUe ONEPATOPHI CIIENNAIbHOIO HA3HAYCHMS.

1. Apugpmemuuecxkue onepamopwi

B Tabnune 1 nepeunciens! apudpMeTHUecKre ONepaTophl, pa3pelleHHble s MpuMeHeHus B C++.
JeiicTBue omepatopoB +, -, * W / coBHmamaeT ¢ JACHCTBHEM aHAJIOTMYHBIX ONEPATOPOB B JIIOOOM JIPyrom
SI3bIKE MPOTrpaMMHUpPOBaHUs. X MOYXKHO NPUMEHATH K JaHHBIM JIF0O0T0 BCTPOSHHOTO YMCIIOBOTO THIIA.
[Tocne npumeneHust oneparopa AeneHus (/) K LeJIOMY YHUCITy OCTaTOK OyaeT OTOpOIIeH.

Tabmuua 1. Apudmernyeckue onepaTropsl

Oneparop JeiicTBHe

+ Cnoxenue

- Brrunranue, a Takyke YHapHBIH MUHYC

* YMHOKEHUE

/ Henenune

% JleneHue 1o MOTyJTIO
-- JlekpeMeHT

++ WNHKpeMeHT

OcraTok OT JeJeHUs] MOKHO TIOJYYHTh C IMOMOIIBIO oreparopa aeieHus mo Mmoayito (%). B C++
oreparop "%" HeIb3s MPUMEHATH K THIIaM C I1aBaromieii Toukoii (float mmu double.

VYHapHBI MUHYC IIPECTABISAET COO0N YMHOXKEHHE 3HAUCHHSI CBOETO €MHCTBEHHOTO ONEepaH/a Ha
-1. Onepanus ++ yBeIMUMBaeT €IMHCTBEHHBIN ONIepaH/ Ha 1, a — HA000POT yMeHbIIaeT Ha 1.

2. Mamemamuueckue gynxyuu (3a2o10804nsiil gatin math. h)

B Ttabnuue 2. coOpaHbl OCHOBHBIE MaTeMaTHueckue (yHKIMU. Bce OHM MMEIOT BEIEeCTBEHHBIE
apryMeHTBI M BO3BpalllaeéMbIil pe3yibTar.

Tabnuna 2. Marematuueckue GpyHKIUN

Oopamen DyHKIUA

ue
acos (x) ApPKKOCHUHYC (paJInaHbl)
asin (x) apKCUHYC (paauaHbl)

atan (x) apKTaHreHc (pajuaHbl)




cos (X ) KOCHHYC (X B paJiuaHax)

exp (x) €' — DKCIOHEHTA OT X

fabs (x) a0COJIIOTHOE 3HAUCHHE BEIIIECTBEHHOTO X

log (x) Jgorapugm HaTypanbHbI — Ln x

logl0 (x) norapudm recaTuuHbIil — Lg x

pow (X,y) X B CTENEHU y — X’

sin (X) CHUHYC (X B pajiiaHax)

sinh (x) runepOoIMvYecKuil CHHYC

sqrt (x) KOPEHb KBaApaTHBIN (TIOJI0KUTEIBHOE 3HAUCHUE)
tan (X) TaHTeHC (X B pajuaHax)

3aganue
CocTaBUTh TPOrPAMMBI, BBIYUCIISIONINE
Ha
b++b* +4dac 2
— - @gc+b
2a
CosX

+16X -Cos(XY)—-2
a-2X
oyenky « YoosnemeopumenbHo»

2.

Ha oyenky «Xopouwioy

Brruucants nepuMeTp M IJIOMIAL MPSMOYTOJIBHOTO TPEYTOJbHUKA IO 33JIaHHBIM JUIMHAM JIBYX
KaTeToB a U b.

Ha oyenxy « Omauyno»

[TonTops! KOLIKK CHEAIOT 32 MOJITOPA Yaca MOJTOPbl MBIIIKH. CKOIBKO MBIIIEK ChEIAT X KOIIEK
32 Y 4acos.

KonTposabHble BOIPOChI

l. Kakyio Heo0X0auMO MOAKIIOYUTE OMOIMOTEKY Ul UCTIOIb30BAHUS B IPOTpaMMe
CTaH/IapPTHBIX MaTEMAaTUYECKUX (PYHKIHNA?
2. YeM oTiHMYaeTCss pe3ysibTaT ONepaluy JAeJeHHEe sl LENbIX U BELECTBEHHBIX

gyucen? 3. Yto sBisieTcs pe3ysibratoM onepauuu %? IIpuBeaure npumepsl.

JlaboparopHasi padora Ne3. [Iporpamma uccienoBanusi 6a30BbIX THIIOB.

Heasn: VccnenoBars CUCTEMY CTaHIAPTHBIX TUIIOB si3bIKa MporpammupoBanust C/C++.



Tembl 17191 IpeABapUTEIBbHON NPOPA0OTKH

Apudpmernueckue onepatopsl C++ CrannapTHsie

¢dbyukmun C++.

OO0BsiBIEHNE U MHUITMATN3AINS TICPEMECHHBIX.

CtpykTtypa nporpammsl Ha si3bike C/C++.

bazossie Tumebl si3bika C/C++.

Teoperuyeckunii MmaTepuaJ

1. Cumema munos 6 azvike C/C++

B Cut+ umeercs yetpipe 0a30BbIX apudMeTHdyecKuX (YHMCIOBBIX) TUMA JaHHBIX. M3 HHUX 1aBa
1eounciaeHHpix — char, int — u 1Ba 1uaBaromux (BemectBeHHbIX) — float u double. Kpome toro, B
IporpaMMax MOXXHO HCIIOJIb30BaThb HEKOTOpPbIE MOAM(DUKAIIMM STHUX THUIIOB, OMHCHIBAEMBIX C ITOMOIIBIO
CiIy)eOHbIX cIoB — MoaudukaropoB. CymecTBYrOT 1Ba Moaupukaropa pazmepa — short (KopoTkuii) u
long (anuuHBIi) — W 1Ba Mogudukaropa 3HaKOB — signed (3HakoBbIM) M unsigned (Oe33HAKOBBIN).
3HaKoBbIE MOJIU(UKATOPHI MPUMEHSIOTCS TOJIBKO K I[EJIBIM THUIIaM.

Kak u3BecTHO, THUIl BEIMYMHBI CBA3aH C €€ (OpPMON BHYTPEHHErO MpPEJCTaBICHUS, MHOKECTBOM
NPUHUMAeMbIX 3HAYEHWH M MHOKECTBOM OIepalui, MPUMEHMMbBIX K 3TOH BenuuyuHe. B Ttabnuie
NepeynciieHbl apupMeTndeckre TUlbl JaHHbIX Cut+, yka3aH oO0beM 3aHMMaeMOMl MaMsTH U AMAana3oH
JIOTTYCTUMBIX 3HAUCHUH.

Pa3mep tuna int u unsigned int 3aBUCUT OT pazMepa CJIOBa ONEPALMOHHON CHUCTEMbI, B KOTOPOH
paboraer kommuisitop Cut+. B 16-pazpsagaeix OC (MS DOS) stum Tumam coOTBETCTBYIOT 2 0aiiTa, B
32pa3psaaabix (Windows) — 4 Gaiita.

Tabmuma 3. Tunnaable pa3Mepbl 3HAYCHUN U JIMAIIa30HbI IPEICTABICHIS THIIOB

Taonunia 4.1

Twryn Pazmep S — o G A = DKBHUBAJIEHTHBLIC
OAHHBIX (GaiiT) AnanasoH sHaucHHN Has3BaHMsI TUMNA
char 1 —128...+127 signed char
int 2/4 3ABHMCHT OT CHUCTEMbI iignec{’ Slaned
un?lQDEd 1 0...255 HeT
char )
Z‘Eilglled 2/4 3ABHMCHT OT CHMCTEMbI unsigned
§hort > —32768... 32767 Sho}::t,‘ signed
int = i v ol il ol B v
u:s:tgned > 0. 65535 l:lnSigDed short
short int
long int |4 —2147483648 ...2147483647 | 1ong. signed
Jong int
gt Sl B 0...4294967295 unsigned long
ong int
float <4 F(3.4E—38...3.4E+38) HET
double 8 (1. 7E—308...1.7E+308) HEeT
long =
+ =Sk
doulle 10 (3. 4E—4932...1.1E+4932) HCT

2. Ocobennocmu munog ¢ C/C++

AHanu3upys JaHHbIE TAOIUIBI, MOXKHO CHIENATh CIEAYIONINE BBIBOIBI:
€CJIM He YKa3aH MOJU(PUKATOP 3HAKOB, TO MO0 YMOJIYAHHIO MOpa3zyMeBaeTcs signed;
¢ 6azoBbIM TunoM float Mmonudukaropsl He ynorpebistorcs; moaudukarop short
IPUMEHUM TOJIBKO K 0a30BOMY THIY int.

OcobenHocTh - THN char mpuuucieH kK apudpmerndeckuMm Tunam. B C/C++ BenuuuHbl THHA char
MOTYT pacCMaTpPUBATHLCS B MPOrpaMMe M KaK CHMBOJIBI, H Kak IIeJIbie Yuciia. Bce 3aBHCHT OT KOHTEKCTa,
T.€. OT croco0a WCIOJIb30BaHUsS ATOW BEIUYHMHBI. B cilydae MHTEprpeTanuu BeJIWYUHBI THMA char kak
cumBoIa ee uncioBoe 3HaueHue sBusiercss ASCII-kogom. Cneayromuii mpumMep WLTIOCTPUPYET CKa3aHHOE.



char a=65; cout<<(char)a;  //Ha skpane nosiBurcs
cuMBoOI A cout<<(int)a; //Ha skpaHe mosiBUTCS
9qucio 65
Eme onHoii ocobeHHOCThI0O C++ sBIsETCS OTCYTCTBHE Cpeau 0a30BBIX THIIOB JOIMYECKOIO THIA
NaHHBIX. B kauecTBe nornueckux BenuyuH B C++ BBICTYNAOT Lesble yKucia. VHTepnpeTanns ux 3Ha4eHui
B JIOTUYECKHE BEJIMYMHBI IPOUCXOIUT TI0 TIPABHITY: PAaBHO HYJIO — JI0XKb, HE PAaBHO HYJIFO — HUCTHHA.
B nocnennue Bepcuu C++ noGaBiieH OTAENbHBIN Jorudeckuid Tvin ¢ umeHeM bool. Ero otHocsT K
Pa3sHOBUAHOCTH LIENIBIX TUIIOB JTAaHHBIX.
3. Onucanue nepemennvix 6 npoepammax na C/C+
+ UMs_Tuna CHMCOK INepeMeHHbIX; [Ipumepsl
ommcaHuii: char symbol, cc; unsigned char code;
int number,row; unsigned long long_number;
float x,X,cc3; double
e,b4; long double
max_num;
OHOBPEMEHHO ¢ OMMCAHMEM MOXKHO 33/aTh HadallbHbIC 3HAYCHUS MEPEMEHHBIX. Takoe neicTBre
Ha3bIBAETCS MHULMAM3Ael nepeMeHHbIX. Onucanne ¢ MHUIUaIu3aei Mponu3BOAUTCS O CIEAyIoUIeH
cxeme:

TUI  UMS_NIEPEMEHHOM =  HayaJbHOE  3HAYCHHUE
Hamnpuwmep:
float pi=3.14159, c=1.23;

unsigned int year=2000;

4. Koncmanmul ¢ C/C++

3anuch 1ebIX KOHCTAHT. Llenmble mecsTHUHBIE YMClla, HAYMHAIOMIMECS HE C HyJs, Hanpumep: 4,
356, —128. Llenble BOCBMEpPUUYHBIE YHMCIIA, 3aIMCh KOTOPBIX HauMHAeTcs ¢ HyJs, Hanpumep: 016, 077.
[lenple miecTHaALIATEpUYHBIE YHCIA, 3aMUCh KOTOPHIX HauMHaeTcs ¢ cuMBoNOB Ox, Hampumep: OxIA,
0x253, OxFFFF.

Tun KOHCTaHTBHI KOMIMJIATOP OMPEAEISIET MO CICTYIOIUM MpaBUIIaM: €CITM 3HAaUY€HHE KOHCTAHTHI
JeKUT B JMara3oHe TUMA int, TO OHA MOJy4YaeT TUIN int; B MPOTUBHOM CIllyyae MpPOBEPSETCS, JICKUT JIU
KOHCTAaHTa B JMana3oHe Tuia unsigned int, B cilydae MOJIOXHUTEILHOTO OTBETA OHA MOJY4YaeT ATOT THI;
€CJIM He MOAXOJWUT M OH, TO TpoOyercst Tun long u, HakowHer, unsigned long. Ecnu 3nauenue uyucna He
YKJIaJpIBaeTCs B Mana3oH Tuna unsigned long, To BOZHUKAET OMMOKA KOMITHIISALIUH.

3anuch BEIMIECTBEHHBIX KOHCTAHT. ECiii B 3amicy YMCIOBOM KOHCTAHTHI MPUCYTCTBYET AECSITUYHAS
Touka (2.5) unm sKcnoHeHuuanbHoe pacimupenue (1E-8), To koMmuisTop paccMmarpuBaeT ee Kak
BEIIECTBEHHOE YHCJIO U CTaBUT el B cooTBeTcTBHUE TUIl double. [IpuMeps! BeliecTBEHHBIX KOHCTAHT: 44 .
3.14159 44E0 1.5E-4. Vcnonbs3oBanue cyhdukcon. [I[porpaMMuctT MOXKET SIBHO 33/1aTh THI KOHCTAHTHI,
UCToNb3yst st 3Toro cyddukcel. CymectByroT Tpu Buaa cyddukcos: F (f) -float; U(u) —unsigned; L(1) -
long (1 wenbIX M BELIECTBEHHBIX KOHCTAHT). Kpome Toro, nomyckaercss COBMECTHOE HCIOJIb30BAHUE
cybduxcor U u L B BapuanTax ul wimm LU.

[Tpumepsr:

3 .14159F — xoncranTa tuna float, mox koTopyo Bbaensercs 4 OaiiTa mamaTu;

3.14L — xoncrtanTa tuma long double, 3anumaer 10 Oaiit;

50000U — koHcTaHTa TUMa unsigned int, 3aHuMaeT 2 Oaifta nmamsTu;

OLU — konctanTa tuna unsigned long, 3anumaer 4 6aiita;

24242424UL — xoHcTaHTa TUmna unsigned long, 3anumMaet 4 Gaiita.

3anuch CHUMBOJBHBIX U CTPOKOBBIX KOHCTaHT. CHMBOJIBHBIE KOHCTAHTBI 3aKIIOYAIOTCS B

5!

armoctpodsl. Hampumep: 'A', 'a', 'S', ' + '. CTpokoBbIle KOHCTAHTHI, TIPEICTABIISIONINE COO0H CHUMBOJILHBIE



MOCTIEIOBATEIPHOCTH, 3aK/IIOUAlOTCsS B JIBOMHBIC KaBbIuku. Hampumep: "rezult", "BBemuTe HCXOTHBIC
naHHbIe".

Oco0yro pa3HOBUAHOCTh CUMBOJBHBIX KOHCTAHT MPEICTABISIOT TaK Ha3bIBaeMble YIIPABISIONINE
cumBoNbl. X Ha3zHaueHWe — ympaBieHHE BBIBOAOM Ha HKpaH. Kak H3BeCTHO, Takue CHUMBOJIBI
pacroniokeHsl B HavaidbHON dYactu komoBoi Tabmuuelr ASCII (komst or 0 mo 31) m He wuMerOT
rpagudeckoro npeacrasieHus. B nporpamme Ha Cu OHM M300pakatoTCsi Mapoil CHUMBOJIOB, TIEPBBIA U3
KOTOpBIX '\ '. BOT HEKOTOpBIE U3 YIPABISAIOMIUX CUMBOJIOB:

"\n' — mepexo1 Ha HOBYIO CTPOKY;

\t' — ropusoHTaNbHAS TAOYIAIMS; '\

a' — 1mojava 3ByKOBOTO CUTHAJIA.

HNMeHnoBaHHBIE KOHCTAaHTHI (KOHCTaHTHBIE TMepeMeHHble). B mporpamme Ha C/CH++ Moryt
UCIIOJIb30BaThCS MMEHOBAHHBIE KOHCTAHTHI. YTOTpeOsseMoe i WX OIpeAesieHHs CIIy>KeOHOE CIIOBO
const IPUHITO HA3BIBaTh KBaTM(pUKATOpoM fnocTymna. Kpammdukarop const ykazpiBaeT Ha TO, YTO JaHHAS
BEIIMYMHA HE MOXKET M3MEHATHCS B TEUCHHME BCETO BPEMEHU paboThl mMporpaMmbl. B wacTHOoCTH, OHA HE
MOXXET pacrojaratbCcsi B JIEBOW 4YacTU orepaTopa IpucBauBaHus. [IpuMepbl omMcaHus KOHCTAHTHBIX
nepemMeHHbIX: const float pi=3.14159;

Omnpenenenre KOHCTAHT Ha CTaJIMU MIPETPOLIECCOPHOI 00paboTku nmporpammsbl. Eie oqHOM

BO3MOXXHOCTBIO BBECTH MMEHOBAaHHYIO KOHCTaHTYy  SIBIISICTCS UCTIOJIb30BaHUE
npernpoieccopHoil nupekTuBsl #define B cneayroem gpopmare:
#define  <ums KOHCTaHTb> <3HAYeHUE  KOHCTaHTHI>
Hamnpumep:

#define iIMAX 1000

Tunm KOHCTaHT SIBHO HE yKa3bIBaeTcsa U ompezensercs nmo ¢Gopme 3anucu. B KoHIlE TUPEKTUBHI HE
CTaBUTCS TOYKA C 3aIATOM.

3.5. Onpeodenenue pazmepa namsamu

sizeof - omepamus BbluMcIeHHs] pa3Mmepa (B OaifTax) Aisg 00ObEKTa TOTO THIA, KOTOPHIA HMeEeT
onepan. Paspemensr nBa ¢popmara onepanuu: sizeof 00bekT u sizeof (Tum).

IIpumep mporpamMmel JJs UCCJI€TOBAHUS THIIOB

Hcnonk3oBath yHapHyr0 omepanuio si3bika C++ sizeof, MO3BOJNSIONIYIO ONpPENENIUTh pa3Mep B
OaifTax oONacTH MaMSATH, BBIAEICHHOW 7S CTOSMIEro cmpaBa omepanaa. OmnucaTh HEOOXOAMMBIE
NEpPEMEHHBIE.

main()

{ float

a=3.14159f;

float b, ¢, d, €;

b=500001; c=78945L; d=123LU;

cout<<’f’<<a<<’dlina="<<sizeof(a)<<end]l;

cout<<"]”<<b<<”dlina="<<sizeof(b)<<endl;

cout<<"L”<<”dlina="<<sizeof(c)<<endl;

cout<<"LU”<<d<<"dlina="<<sizeof(d)<<endl;

cout<<"LU”<<d<<”dlina="<<sizeof(d)<<endl;

e=2.58935E+3;

cout<<"exp”’<<e<<”dlina="<<sizeof(e)<<endl;

e=2.58935E-3;

cout<<"exp’<<e<<’dlina="<<sizeof(e)<<endl; e=-

2.58935E+3;

cout<<"exp’<<e<<”dlina="<<sizeof(e)<<endl;

d=24242424UL,;

cout<<'724242424”<<d<<”dlina="<<sizeof(d)<<endl;



d=1234567890UL,;
cout<<"1234567890"<<d<<’dlina="<<sizeof(d)<<endl

b

cout<<"1234567890”<<d<<’dlina="<<sizeof(d)<<end;

a=3.14L;

cout<<"3.14L"<<a<<”dlina="<<sizeof(a)<<endl; }

Pesynbrar  pabGoter

3.141590  dlina=>4 1

50000.000000 dlina=>4 L

78945.000000 dlina=>4

LU 123.000000 dlina=>4

LU 123.00 dlina=>4 exp

2589.350098 dlina=>4 exp

0.002589 dlina=>4 exp -

2589.350098 dlina=>4

24242424 24242424.000000 dlina=>4

1234567890 1234567936.000000 dlina=>4

1234567890 1234567936 dlina=>4

3.14L 3.140000 dlina=>4 3aganmue

Ha oyenxy «Yoosenemseopumenvro»

ITpoBectn uccnenoBanusi 6a30BbIX TUNOB si3blka C/CH++, 0OBSBIAS JaHHBIE Pa3IUYHBIX THUIIOB.
CMopenupoBaThe CHUTyallMH TMEPErOIHeHHs ISl LEeNbIX W TUIABaIOIIUX TUIOB JaHHBIX. Vcmonb3oBarh
onepanuio sizeof.

Ha oyenky «Xopowoy

[TocTouTh TabnuIyy TUNOB. Mcronp30BaTh pa3inyHble TUIIBI KOHCTAHT.

Ha oyenxy «Omauyno»

N3yunth ocobenHoctu har. OcyriecTBUTh BEIBOJ Ha 3KpaH cUMBOJIOB U ux 3HadeHne ASCII koxa.

KonTpoasnsie BOmpocor 1.

[lepeuncnure 6a30BbIe TUIBI 3bIKa TporpammupoBanus C/C++.

2. C xakoi 1IeTbI0 YKa3bIBAIOT TUIT BEJIMYUH B TIporpammax? 3.

VYkaxure, 4TO ABJISIETCS Pe3yJIbTaTOM Oonepaiu sizeof.

Jlaboparopnasi padota Ned. BBoa - BHIBOJ IaHHBIX.

Henn: [Tonydyenrne HaBBIKOB (hOPMATHPOBAHMUS JAHHBIX MPH BBOJIEC M BBIBOJIC HA DKPaH CPEACTBAMH
si3pIka CH++.

Tembl 115 npeABapuTeIbHOI MpopadoTku CTpyKTypa

nporpaMMsl Ha C++.

Twurel JaHHBIX.

Teoperuyeckunii MmaTepua

1. ITomoxkoeswiii 6600-6b1600 6 Cu++.

B C++ umerores ciennduieckre cpeacTBa BBOJAA-BbIBOIA. DTO OMOINOTEKA KIIACCOB,
MOJIKITF0YaeMasi K mporpamme ¢ momoiisio (aiina iostream.h. B aToit OubnmoTeke onpenencHpl B Ka4eCTBE
00BEKTOB CTAaHJAPTHBIC CUMBOJIBHBIC TIOTOKH CO CIEIYIONIMMH UMEHAMHU:

cin — cTaHIapTHBIA MOTOK BBOJA C KIIABUATYpPBHI;
cout — CTaHIapTHBIN MOTOK BHIBOJA HA DKPaH.



BBoJ MaHHBIX HMHTEPIPETHPYETCS KaK HW3BICYCHHE W3 MOTOKA Cin W TPHUCBaMBAaHHE 3HAYCHUN
COOTBETCTBYIOIIMM TepeMeHHbIM. B C++ ompezaeneHa omnepaiiusi U3BJICUEHUS M3 CTaHIAPTHOTO IMOTOKA,
3HaK KOTOpo# >>. Hanpumep, BBOJ 3HAUEHUI B IEPEMEHHYIO X peallu3yeTcs ONepaTopoM: cin>>x;

BbiBo# NaHHBIX UHTEpPIPETUPYETCS KaK IMOMEIIEHHWE B CTaHAApPTHBIA MOTOK cout BBIBOIMMBIX
3HaYeHUH. BBIBOIUTHCS MOTYT TEKCTHI, 3aKITIOYCHHBIC B JBOWHBIC KaBBIUKH, U 3HAYCHUS BBIPOKECHUH. 3HAK
oTiepaIy MOMEMIeHUs B MOTOK <<. [[puMepbl NCTIOIh30BaHMS TTOTOKOBOTO BBEIBOJIA:

cout<<a-+tb;

cout<<"\nPesynprar="<<Y;

cout<<"x="<<x<<" y="<<y<<" z = "<<z<<endl;

B BBIXOJTHOM MOTOKE MOKHO HCHOJIb30BaTh YNPABJISAIOUINE CUMBOJIBI, KaK U MPHU HCIOIb30BAHUU
¢yukuu printf (); mepen KakapIM 3JE€MEHTOM BbIBOJA HYKHO CTaBUTh 3HAK omepanuu <<. DJIeMEeHT
BbIBOJIa endl sSBIsSETCS MAaHUMYIATOPOM, OMPEIEISIFOIIMM TIEPEeBO Kypcopa Ha HOBYIO CTPOKY (ZIEHCTBYyeT
AQHAJIOTUYHO YIPABISIONIEMY CUMBOIY \n).

B mporiecce mOTOKOBOTO BBOMA-BBIBOJA MPOUCXOJHUT TpeoOpa3oBaHue W3 (OPMBI BHEIIHETO
CUMBOJIGHOTO TIPEJCTABIICHUST BO BHYTpeHHHI (opmar u oOparHo. Dopmar ompeaenstorcs
aBTOMaTU4YecKu main()

{ float a, b, c, p, s; cout<<"\

na="; cin>>a; cout<<"\nb=";

cin>>b; cout<<"\nc="; cin>>c;

p=(a+tb+c)/2;

s=sqrt(p*(p-a)*(p-b)*(p-c) ) ;

cout<<"\nIlnomane TpeyroimpHuKa="<<s;

}

2. Ucnonv3zosanue MaHUnyisamopos 6800a-8b1600d

MaHuUnyasSTopsl  MO3BOJIAIOT  BCTpaWBaTh HMHCTPYKIHH (OPMATUPOBAHUS B  BBIPAXKCHHE
BBOJIaBbIBOJIa. Hanbomnee yacTo ncnonp3yemMble MaHUIYISTOPBI OMMCAHBI B Ta0IHIIE 4.

Ta6mmia 4. OCHOBHBIE MAHHITYJISITOPHI BEIBOAA

Maununyastop Ha3nauenue DOyHKuMs

endl BreiBoauT cMBOJ HOBOH CTpOKM U "cOpackiBaeT" MOTOK, T.€. | BbiBox
HEePENUCHIBACT CoJiepKUMOe Oydepa, CBA3aHHOTO C TIOTOKOM,
Ha COOTBETCTBYIOIIIEE YCTPOICTBO

flush "COpacbiBaet" MOTOK BrBog
hex Ycranasnuaet iar hex BBoa-BeIBOI
oct VYcranaBnuBaet ¢uiar oct BBoa-BbIBOS
right VYcranasnusaer ¢uiar right BriBoa
scientific YcranasnuBaet ¢ar scientific BriBox
setbase (int base) YcraHaBaMBaeT OCHOBAHHE CUCTEMBI CUMCIICHUS] PABHOM BriBoa

3HAYEHUIO base

setfill(int ch) VYcraHaBIMBaeT CUMBOJI-3aMI0JIHUTENb PAaBHBIM 3HAYEHUIO BriBon
napamertpa ch

setprecision (int p) VYcranaBnuBaeT KOJUYECTBO IU(P TOYHOCTH BriBon
(mocne AeCATUYHON TOYKH)




setw (int w) YcraHaBiIMBaeT MIMPHHY HOJS paBHOW 3HAYCHMIO mMapamerpa| BriBox
w

[Ipu UCIONB30BaHUM MAHUITYJIITOPOB, KOTOPBIE IPUHUMAIOT apTyMEHTHI, HEOOXOAUMO BKIIOUHUTH
B IIPOTrpaMMy 3arojioBoK <iomanip.h>.

MaHunyiasTop UCHOJb3YeTCsl KaK 4acTh BBIPAXKEHUS BBOJA-BbIBOJAA. BOT mpumep mporpammsl, B
KOTOPOI MOKa3aHO, KaK ¢ IOMOIIbI0 MAHUITYJIATOPOB MOKHO YHPAaBIATh (OPMATHPOBAHHEM BBIBOJAMMBIX
JTAHHBIX.

main() { cout << setprecision (2) <<

1000.243<<« endl; cout << setw(20) <<

"Bcem npuser! "; }

Pe3ynbTarhl BRIMOIHEHUS 3TOM MPOTPaMMbl TAKOBBHI.

1e+003 Bcem npuser!

3aganue

Ha oyenky «Yoosenemsopumenvro»

Nner k-5 cexynna cytok. Onpeaenutb, CKobKo menbix yacoB (H) u nensix muryT (M) mponuio ¢
Havayia cyTtok. Hampumep, ecnu k= 13257 = 3 x 36000 + 40 x 60 + 57, o H = 3, M= 40. BeiBectu Ha
aKpaH Ppazy: «IT0...4aCOB...MUHYT». BMECTO MHOTOTOYHIi TOCTABUTH BHIYHCIICHHBIC 3HaYeHHsI H u M.

Ha oyenxy «Xopouioy

CocTaBUTh MpOrpaMMy pelIeHHs OOpaTHOW 3aJadyd MO OTHOIICHHIO K MPeAbIAYyIIei: IaHo
KOJIMYECTBO YaCOB MU MUHYT, MPOILIEAIINX OT Hayana cyToK. OnpeaenuTs KOJIHUUECTBO CeKyHA. Ha oyenky
«Omauunoy

CocTaBUTh MporpamMMmy BBIYHMCICHHS O00beMa M IJIOLIAAM MOBEPXHOCTH KyOa MO JaHHOW JUIMHE
pebpa.

KonTpoJbHbIe BOPOCHI

1. Kakas komanna B si3bike C++ OCyIIEeCTBIISIET BBOJI C KJIABUATYPbI?

2. Kakas komaHja B si3bike C++ OCyIIECTBIIET BBIBOJ HA DKpaH?

3. [lepeunciiure OCHOBHBIE MAaHMIYJIATOPHl BbIBOAA. 4. Kakyr HeE000auMO MOAKIIOYUTH

OuOIMOTEKY Il MAaHUITYISTOPOB?

JlabGopaTropHnas pabora NeS.
Peanu3zanus nporpamMMm, NOCTPOEHHBIX HA 0a3e JIMHEIHOI0 AJIrOpUTMA.

Heab: IlomyueHnme HaBBIKOB B paboTe ¢ omepaTopaMud BBOAA U BbIBoJa HUHPOpMAIUu, C
apudmMeTndeckumu orepatopamu C++.
Tembl 1151 IpeABaApUTETbHONH MPOPAdOTKH AprdMETHIECKHEC
oneparopsl C++.
Crannaptasie ¢pyakmun C++.
OOBsiBNIEHNE U UHUITMATU3AIINS TIEPEMEHHBIX.
DYHKIMU CTAaHJAPTHOTO BBOJA U BBIBOJIA.
Teopernyecknii maTepua
1. Ilomoxoeuvlil 6600-6b1600 6 Cu++.
B C++ umerorcs cnenuduueckue cpeicTBa BBOAA-BbIBOIA. ITO OMOIMOTEKA KIIacCOB,

MOAKIIOYaeMas K mporpaMMe ¢ IoMoIibio ¢aiina iostream.h. B aToit 6ubanoreke onpeencHs! B
KauecTBE OOBEKTOB CTAaHAAPTHBIC CHMBOJIBHBIE IIOTOKH CO CJICTYIOIIUMUA UMEHAMHU:

cin — cTaHAapTHBIM IMOTOK BBOJA C KJaBHATypbl;
cout — CTaHIapTHBIN IIOTOK BBIBOJA HA DKPAH.



BBoa nmaHHBIX MHTEpHpEeTHpYeTCs Kak M3BJICYCHHE M3 MOTOKAa Cin M NpUCBaMBAaHUE 3HAUYCHUM
COOTBETCTBYIOIINM IepeMeHHbIM. B C++ omnpeznenena onepanus M3BICYEHUS U3 CTaHIAPTHOIO IMOTOKA,
3HaK KOTOpo# >>. Hanpumep, BBOJI 3HaUEHUI B IEPEMEHHYIO X pEaM3yeTcsl OepaTopoM: CIn>>X;

BbIBOA [aHHBIX WHTEPIPETHPYETCS KaK IMOMEIIEHUE B CTAaHAAPTHBIA IMOTOK cOut BBIBOJUMBIX
3HaueHUI. BBIBOAUTHCS MOTYT TEKCTBI, 3aKJIIOUEHHBIE B JBOMHBIE KaBBIUKH, U 3HAUEHUS BbIpaKEHUH. 3HAK
oIepaiuu MOMEIIeHNs B IOTOK <<. [I[pumepsl UCTI0Ib30BaHMS TOTOKOBOI'O BHIBOJIA:

cout<<a-+tb;

cout<<"\nPesynprar="<<Y;

cout<<"x="<<x<<" y="<<y<<" z = "<<z<<endl;

B BBIXOTHOM IIOTOKE MOKHO HCIOJIb30BaTh YNPABISAIONIME CUMBOJIBL, KAK U IIPHU MCIOIb30BAaHUH
¢yukuu printf (); mepen KakapIM 3JE€MEHTOM BbIBOJA HYKHO CTaBUTh 3HAK omepanuu <<. DJIeMEeHT
BbIBOZIa endl sIBJISIETCSI MaHMITYJIATOPOM, OTIPENEISIOIIUM IEPeBOJI Kypcopa Ha HOBYIO CTPOKY (ZE€HCTBYeT
aHAJIOTUYHO YNPaBIISIONIEMY CUMBOIY \n).

B mporiecce mOTOKOBOTO BBOMA-BBIBOJA MPOUCXOJHUT TpeoOpa3oBaHue W3 (OPMBI BHEIIHETO
CHUMBOJBHOTO TPEJCTaBICHUsI BO BHYTpeHHMH ¢opmar u oOparHo. @DopMar omnpeaemnstoTcs
aBTOMATUYECKU

3amanmue

Ha oyenky «Yoosnemsopumenvro»

CocTaBuTh MpPOrpaMMy, BBIUUCISAIOUIYIO IUIOIIAAb OOKOBBIX MOBEPXHOCTEH UM 00beM Kyba IO ero
CTOpPOHE, BBOAUMOH TOJIb30BaTEIIEM.

Ha oyenky «Xopouwioy

CocTaBuTh porpamMmy, BEIYUCIISIONLYIO IUIONIA(b KOJIbLIA 10 BBOAUMBIM C KJIABUATYpHl pajnycaMm.

Ha oyenxy « Omauyno»

CocTaBuTh mnporpamMmy, BBIUHCISIONIYIO IUIOIAAb TpamelUu 10 BBOAUMBIM C KIaBUATYpbl
OCHOBaHUS U BBICOTE.

KonTposabHbie BOpochl

1. Ilepeuncnure npaBuiia CHHTAKCHCa KOMaH (bl BBOJA Cin.

2. Ilepeuncnure nmpaBuiia CHHTaKCHCAa KOMaH/bl BbIBOJA cout. 3.

Urto Takoe ynpaBIIsSIONINI CUMBOI?

JlabopaTopnasi paGora Ne6.
MaTteMaTH4ecKHe pacyeThbl A/ TPEYTroJabHUKA.

Heab: IlonydyeHre HABBHIKOB BBIYHCICHHS apu()METHYCCKUX BBIPAKEHHUH W TPUMEHEHUE UX K
pacueTHbIM (popmyram it TpeyroipHuKa. TeMbl AJ1s IpeABapUTENbHOI NPopadoTKku THUIBI JaHHBIX.

Omneparopsl BBOJIA — BEIBO/IA JAHHBIX.

CrtpykTypa nporpammsl Ha sizbike C/C++.

TeopeTnyeckuii MaTepuaJl

1. Onepayuu u evipasicenus

Bo Bcex s13pIKax porpaMMHUPOBAHUS 10T BEIPAKCHUEM ITOIPa3yMEBACTCSI KOHCTPYKIIHS,
COCTaBJICHHAs W3 KOHCTAHT, IIEPEMEHHBIX, 3HAKOB Olepanuid, (GyHKIUH, CKOOOK. BripaskeHue onpeaenset
MOPSTIOK BBIYUCIICHUSI HEKOTOPOTO 3HaUeHUs. ECIM 9T0O YHCIIOBOE 3HAUYCHUE, TO TAKOE BHIPAKEHUE
HA3bIBAIOT apU(PMETUUECKUM.

OnumeM HaGop omeparuii, ucmnonb3dyeMmbix B C++, a Takke MpaBWiIa 3allCH W BBIYUCIICHUS
BbIpakeHU. HamoMHuM, 4yTO omepanus, mpuMeHsieMass K OJHOMY OIepaHAy, Ha3bIBaeTCs YHapHOH, a
orieparys ¢ IByMsi orepaHiaMu — OHMHAPHOM.

2. Apugpmemuueckue onepayuu



K apupmeTnueckum oneparusiM OTHOCSTCS:

- BbIUMTAHUE WIU YHAPHBIA MUHYC;

+  ClOXEHHE WJIM YHApHBIH ILTI0C;

*  yMHOXEHHUE;

/ JIeJICHHE;

%  nmenenwue no moxyito (anamor Mod B Ilackaie);

++  yHapHas omepanus yBEeJIHMUEHHS HA €JUHUIYY (MHKPEMEHT);

- - YHapHasl ornepaiys yMEHbBIICHUS HA €IUHUIY (IEKPEMEHT).

Bce omeparnum, kpome JeleHUs O MOJYJIIO, TPUMEHUMBI K JIOOBIM YHCIOBBIM THITAM JTaHHBIX.
Omnepanus % NpUMEHHMa TOJIBKO K IeNbIM yuciaMm. Ecnu nenumoe u AenuTeNnb — Leible Yucla, TO U
pe3yapTaT — 1enoe unciio. Hampumep, 3HaueHne BeipakeHus 5/3 OyaeT paBHO 2, a PU BeIYUCICHUH 1/5
nosryuutcs 0.

Ecnmu xoTst Obl OOMH M3 OINEpaHAOB HMEET BELIECTBEHHBIH THUI, TO M pe3ylapTar OyleT
BellecTBeHHBIM. Hanpumep, oneparuu 5./3, 5./3., 5/3. namyT BemiecTBEHHBIN pe3yabTat 1.6666.

Onepanuy MHKPEMEHTa U JIeKpEMEHTa MOTYT MPUMEHSATHCS TOJIBKO K MEPEMEHHBIM U HE MOTYT —
K KOHCTaHTaM M BeIpaxkeHUsiM. Omiepaliysi ++ yBeJInurMBaeT 3HauYeHHe NIepeMEHHON Ha eTUHUILY, OTlepaIus
— YMEHbUIAeT 3HaUeHHE NepeMeHHON Ha equHuIly. O0a 3HaKa onepanuy MOTYT 3allUChIBaThCs KaK Mepes
ornepanaoM (mpedukcHas ¢opma), Tak U mocie onepanaa (MocTPuKcHas ¢popma), HaIpUMep: ++xX UIH X.
Tpu cnenyronmx oneparopa JalOT OJUH U TOT K€ pe3ysbTar:

x=x+1; ++x; X++;

Pasznuune nposiBisieTcs npu UCHOIb30BAaHUU MPEPUKCHONW U MOCTPUKCHOM (POpPM B BBHIPAKEHUSX.
[Ipounmtoctpupyem 3TO Ha IpUMEpPaX.

[TepBbiii mpumep: a=3; b=2; d=at++*b++;
Pesynbrarsl OynyT Takumu: a = 4, b= 3, d=6.
BTtopoii mpumep: a=3; b=2; d=++a*++b;
Pesynbrarel OyayT Takumu: a = 4, b=3, d=12.

[Ipu ucnonp3oBaHuU MOCTPUKCHON (HOPMBI OTlepaluy ++ U -- BHIIIOJIHAIOTCS MOCIE TOT0, Kak
3HaYEHHUE MepeMEHHON ObLJIO NCIIOIB30BAaHO B BHIPAKEHUH, a MPEPUKCHBIE ONepalluu — J10
ucnonb3oBanus. [lo3ToMy B mepBoM npumepe 3HaueHHE MepeMeHHOH d BBIYMCISUIOCHh KaK MPOU3BeeHHE 3
Ha 2, a BO BTOPOM — Kak IIpou3BejieHue 4 Ha 3.

IIpumep nporpaMMbl MaTeMaTHYeCKHX PAC4eTOB
JaHo: a, b, ¢ — CTOPOHBI TPEYTOIbHUKA. BBIUMCIUTD S— IUIOIMAAb TPEYTrOJbHUKA, UCHIOIb3Y S

popmyny I'epona: S:\/p (p—a)(p—b)(p—c) rJie p — MOJYNEPUMETP TPEYTOJIbHUKA.

#include <math.h>

main()

{ float a, b, c, p, s;

cout<<"\na="; cin>>a;

cout<<"\nb="; cin>>b;

cout<<"\nc="; cin>>c;

p=(atb+c)/2;

s=sqrt(p*(p-a)*(p-b)*(p-¢));

cout<<"\nllmomanae TpeyroapHUKaA=<<S;

} Hosachenus k npoepammHomy

K0OY.

B BeIpakeHMHM a1 BBIYUCIICHHS IUIOMIATU HCIONB3yeTcss OmOmmoredHass (yHkius sqrt() —
KBaJpaTHBI KopeHb. JlaHHAs (QYHKIUS OTHOCUTCS K OMOIMOTeKe MareMaThyeckux GyHKuui. Jlns



MOJIKITFOUEHUS ATOW OMOIMOTEKH K Halllel mporpaMMe UCTOIb3yeTcs AUPEKTHUBa mpemnpoleccopa #include
<math.h>.

B paccmatpuBaeMoil mporpamme omepaTophl cin U cout peaqu3ylOT COOTBETCTBEHHO BBIBOJ Ha
9KpaH W BBOJ| MCXOAHBIX JAaHHBIX C KiIaBuaTypbl. Omeparop cout<<"\na=" comepxut Tekct ("a=") u
ynpasisomii  cumBost  ("\n").  YmpaBnsionme CHMBOJBI  BIMSIOT Ha PAcIONIOKEHWE Ha JKpaHe
BBIBOJMMBIX 3HAKOB. B pe3ynbpTaTe BBINOJIHEHUS 3TOTO ONepaTopa Ha SKpaH ¢ HOBOM CTPOKH BBIBEAYTCS
CUMBOIIBI a=.

Omnepatop cout<<"\nllmomanp TpeyrompHUKa="<< §; CHHCOK apTryMEHTOB COCTOUT W3 OJHOH
nepeMeHHoi s. Ee 3HaueHre BIBOJAUTCS HA dKpaH.

B nporpamme nmeetcs oneparop cin>>a;

DTOT onepaTop MPOU3BOIUT BBOJ] YHCIOBOTO 3HAYEHHUS B IEPEMEHHYIO a. B

MporpaMMe Bce TPU BEIHUYUHBI a, b, C MOXKHO BBECTU OJIHUM OTIEPATOPOM:

cin>>a>>b>>c;

Ecnu nocnenoBatensHOCTh BBOAA Oy/A€T TaKOM: 5 3.2 2.4 <Enter>,

TO TIEpEMEHHBIC MOTyYaT cienytomue 3Hauenus: a = 5,0, b=3,2, ¢ =2,4.

3aganue

Ha oyenxy «Yooeremsopumenvroy

BBoasiTcst koopauHaThl BepuIuH TpeyroibHUKAa. COCTaBUTH MPOTPaMMYy, BBIYHCISIONIYIO JTMHBI
CTOPOH TPEYTrOJIbHUKA, €r0 EPUMETP U ILJIOIIAb.

Ha oyenxy «Xopouioy

JIOTIONTHUTENHHO BBIUMCIHUTH JUIMHBI BBICOT, MEIHAH U OMCCEKTPUC 3aJaHHOTO TPEYTrOJbHHKA.

Ha oyenxy «Omauuno»

JIOTIONTHUTENBHO BBIUMCIUTD PAJUYChl BIIMCAHHOW U OMMMCAHHOM OTpY>KHOCTEH ISl TPEYTOJIbHUKA,
a Tak e TPaayCHYI0 MEpPY €ro yTiioB.

CnpaBouyHbIi MaTepuaJl
1. @opmynvl 0118 NPAMOY201bHO20 MPEY20IbHUKA

2 2 2
c=a +b

fMnoTeHysa:
s=—ab
Mnowaab:
sinA=£, cosA=ﬁ, tgA=E, ctgA=2
c c b a

sina+cos’ =1, tga*ctga =1

sine cos o
= , Clgo=—
cosa sina
2. ©opmynvl 0151 NPOU3BOTILHO20 MPEY20TIbHUKA
[Tmomane MIPOU3BOJILHOTO TPEYTOJIbHUKA!
1 1 ) _czsinAsinB_ h*sin C

EE—Ad=— sin - =— ;
C 2 2 2sinC 2sin Asin B



L L LD D

_a+b+c

e L

sde\bp(p—a)(p-b)p—c),

2
1 a’
s=—a, b’ ——
2 4
Mnowaab paBHobeApPEHHOTO TPEYro/ibHUKaA:
roe a — ocHoBaHue, b — 6okoBan cTOpoHa
|
S = Z(J2\/§
Mnowaab paBHOCTOPOHHErO TPEYro/IbHUKa:
BbicoTa K CTOpOHe
2Jp(p-a)(p-b)(p-c) _atb+c
e p , =
a 2
1
m, = 5\/21;2 +2¢*-a’
MegmaHa oT BeplwuHbI A:
2 atb+c
B, =——AJbep(p—-a) , =0
. b+c 2
BbuccekTpuca us yrna A:
a=b*+c*—2bccos A .
Teopema KOCUHYCOB Ntobas cTopoHa a: ,TAe A — NPOTUBOMNONONKHbIN Yyron K
b*+c’-a*
a: cosd=—
2be
a b c
=2R

sind sinB sinC
Teopema CMHYCOB:

- - - +b+
gdg%(p ap=-bp=c) _a ; c
Pagunyc BNMCaHHOro B TPEYro/ibHUK Kpyra: P
CTOPOHE a, NN
Pagnyc ONMCAHHOI'O OKOJIO TPEyroJbHUKA Kpyra:
a abc _a+b+c
Zsind 4 /p(p-a)Xp-b)p—c) 2

KoHnTpoJbHBIE BOPOCHI
1. JlaiiTe onpeneneHre TMHEHHOMY alrOPUTMY.
2. l[lepeuncnure COMCOK KOMaHJ, 0OECIIEUMBAIONINX JIMHEHHBIA aJTOpPUTM.
3. YkaxkuTte npaBuiia CHHTAKCHCAa KOMaH/bl BBOJIA U BBIBOJIA.

JlaGopaTtopHnas pabora Ne7.
IIporpamma BhIIeIeHH HU(DP U3 LEJIOr0 YHCIA.

Heasn: IlomyueHne HaBBIKOB B paboTe C apU(PMETUYECKUMHU BBIPRKEHUSAMH M CTaHAAPTHBIMU
MaTreMaTtndeckuMu GyHKuusmu C++.

Tembl /151 IpeABAPUTEIBLHON MPopadoTKu Apudmernueckue

oneparopsl C++.

Crannaptasie ¢pyakmun C++.

DyHKINU CTAaHAAPTHOIO BBOAA U BBIBOJA.



Teoperuyecknii MmaTepual

B C++ omnpemeneH mupokuil HaOOp BCTPOSHHBIX OMNEPATOpOB, KOTOpPbIE JAIOT B PYKH
IPOrPAMMUCTY MOILHBIE pbIYard YNpaBIE€HUS IPHU CO3JAHUM U BBIYUCIECHUH PA3HOOOPA3HEHIINX
BbIpakeHU. Omneparop (operator) — 3TO CHUMBOJI, KOTOPbII YKa3blBa€T KOMIIMJISITOPY Ha BBINOJIHEHHE
KOHKPETHBIX MaTEMATUYECKUX JTEUCTBUN WIIN JIOTUYECKUX MAHUITYJISIUN.

JleiicTBue omepatopoB +, -, * U / coBmajgaeT ¢ AEHCTBUEM aHAJIOTMYHBIX ONEPATOPOB B JIHOOOM
JPYTOM SI3BIKE MPOTPAaMMHPOBaHUs. X MOXHO MPUMEHATH K JTAHHBIM JIFOOOTO BCTPOSHHOTO YHCIOBOTO
tuna. [loce nmpuMeHeHus orniepaTopa JeleHus (/) K 1eIOMy YUCITy OCTaTOK OyIeT OTOPOIICH.

OcTaTtok OT AeNieHUs MOYKHO NOJyYUTh C MOMOUIbIO oreparopa AeseHus no moxyiwo (%) Otor
oIepaTop BO3BpPAILlAET OCTATOK OT AeneHus Haueno. Hanpumep, 10 % 3 paBHo 1. 310 03Hauaer, uro B C++
orneparop "%" Hesb3si NPUMEHATH K TUNaM c miasaroeit Toukoi (float unu double) [lenenue no Momysnto
IPUMEHUMO TOJBKO K IIEJIOYMCICHHBIM THUIaM. Vcrosib30BaHME 3TOro oreparopa JEeMOHCTPHPYETCS B
CIEYIOLIEH MporpamMme.

IIpuMep nporpaMMsl BbleJeHUs HUQP U3 YUcIa

#include <stdio.h>

main()

{ long int x=1234567890; cout<<"\n

x =>1234567890";

cout<<"\n (x divide mod 10000000000)/1000000000 =>"<<

(x%10000000000)/1000000000);

cout<<"\n (x divide mod 1000000000)/100000000 =>"<<

(x%1000000000)/100000000);

printf("\n (x divide mod 100000000)/10000000 => "<<

(x%100000000)/10000000); cout<<"\n (x divide mod 10000000)/1000000 =>

"'<<(x%10000000)/1000000); cout<<"\n (x divide mod 1000000)/100000

=>"<<(x%1000000)/100000); cout<<"\n (x divide mod 100000)/10000

=>"<<(x%100000)/10000); cout<<"\n (x divide mod 10000)/1000 => "<<(x

%10000)/1000); cout<<"\n (x divide mod 1000)/100 => "<<(x%1000)/100);

cout<<"\n (x divide mod 100)/10 => "<<(x%100)/10);

cout<<"\n x divide mod 10 =>"<<(x%10); cout<<"\

n"; cout<<"\n 2 number";

cout<<"\n (x divide mod 100000)/1000 => "<<(x%100000)/1000);

cout<<"\n"; cout<<"\n";

cout<<"\n (x divide mod 10000000)/10000 =>"<<(x%10000000)/10000);

cout<<"\n"; cout<<"\n 4 number";

cout<<"\n (x divide mod 1000000000)/100000=> "<<

(x%1000000000)/100000);

h

Pesynbrat paboTs mporpammer: X => 1234567890

(x divide mod 10000000000)/1000000000 => 1

(x divide mod 1000000000)/100000000 => 2

(x divide mod 100000000)/10000000 => 3

(x divide mod 10000000)/1000000 => 4

(x divide mod 1000000)/100000 => 5

(x divide mod 100000)/10000 => 6

(x divide mod 10000)/1000 => 7



(x divide mod 1000)/100 => 8

(x divide mod 100)/10 =>9 x

divide mod 10 =>0

2 number

(x divide mod 100000)/1000 => 67

3 number

(x divide mod 10000000)/10000 => 456

4 number

(x divide mod 1000000000)/100000 => 2345

3aganue

Ha oyenxy «Yoosnemsopumenvro»

CocTaBUTh MpPOrpaMMy, KOTOpas 3allpalinBaeT y MOJIb30BaTeNd YETHIPEX3HAYHOE YHUCIIO U BBIIACT
Ha 3KpaH CyMMY LU}, U3 KOTOPBIX COCTOUT UCXOJHOE YHUCIIO.

Ha oyenky «Xopowoy

CocTaBUTh MporpamMmy, KOTopas 3allpallliBaeT y IMO0JIb30BaTeNsl TPEX3HAYHOE YKCIO U BBIJAET Ha
9KpaH YUCIIO, TOJTYYCHHOE NEPECTaHOBKOW B 0OpaTHOM Mopsiake nudp, U3 COCTOMT UCX0aHOEe uucio. Ha
oyenxy « Omauunor

CocTaBUTh pOrpamMMy, KOTOpas 3alpalliBacT y MOJIb30BATENs Ba IBYX3HAUHBIX YHCIIA U BBIAACT
Ha DKpaH YHCIIO0, MOyYeHHOE CIUSHUEM IEPBOTO M BTOPOTO YHCET.

KouTtpoJjibHbIe BOonpochl
1. Yro sBiseTcs pe3yabTaToOM onepanuu %?
2. Kak mony4uth mocineAHion udpy, BXOASIIYI0 B YUCIO?
3. Kak nmosryunts niepByro 1udpy B MSATH3HAYHOM Yuciie?

JlabopaTopnasi paGora Ne8.
BbruuciieHHe JJOrH4ecKUX BbIPasKeHMIA.

Heas: [TonydyeHne HaBBIKOB BBIUMCIICHUS JIOTHUECKUX BBIPAXKECHUH.

Tembl 1J1s1 IpeABaAPUTEILHON MPOPA0OTKH THUIIbI

JTAHHBIX.

Omnepartopbl BBOJIa — BEIBO/IA JAHHBIX.

IIpuopurer onepanuii.

Crpyxkrypa nporpammsl Ha s3b1ke C/C++.

Teopernyecknit MmaTepual

1. Onepayuu u evipasicerus

Bo Bcex si3pIkax MporpaMMHUpPOBaHUs O] BBIPAKEHUEM TOPa3yMeBAETCs] KOHCTPYKIMS,
COCTaBJICHHAs U3 KOHCTAHT, IEpEMEHHbBIX, 3HAKOB orepauuii, GyHKIui, ckoOok. BripaxkeHue onpeaenser

HOPSIOK BBIYHMCICHUS] HEKOTOPOTo 3HadeHus. Ecii 9T0 uncioBoe 3HaueHHeE, TO TaKOE BBIPAKEHHE
Ha3bIBAIOT apU(METHYECKHM.

OnumeM HaOop omnepanuid, ucmois3yeMbix B C, a TakKe MpaBWIa 3alHCH M BBIUMCICHUS
BbIpakeHU. HamoMHuM, 4yTO omepaius, IpuUMeHseMas K OJHOMY OMepaHAy, Ha3blBaeTCs YHApHOH, a
omiepanus ¢ IByMs orepaHaMu — OWMHAPHOM.

2. Apugpmemuueckue onepayuu

K apudmernueckum onepanusiMm OTHOCSTCS:

- BBIYMTAHUWE WIM YHAPHBIN MUHYC;

+  ClIOKEeHHE WJIM YHApHBIH ILTI0C;

*  yMHOXEHHE,



/ NeJIEHHE;

%  menenwue o moxyio (arnamor Mod B Ilackaie);

++  yHapHas omepainus yBEeJTHUCHHs Ha SIUHUILY (MHKPEMEHT);

- - yHapHas omnepalysi yMCHBIICHUS Ha SMHUITY (IEKPEMEHT).

Bce omeparnum, kpome JeneHHsi M0 MOIYJI0, MPUMEHUMBI K JFOOBIM YHCIOBBIM THITAM JIaHHBIX.
Omnepanus % TpUMEHHMa TOJBKO K IENBIM yuciaM. Eciam pennMoe W AenuTeNbh — MENble YUClia, TO H
pe3ynbTaT — 1esnoe yuciao. Hanpumep, 3HaueHne BoIpaxkeHus 5/3 OyneT paBHO 2, a pu BeIYMUCICHUH 1/5
nosryyurcs 0.

Ecmu xoTst Ob OOWH W3 OMNEpaHJOB HWMEET BEUICCTBEHHBIH THI, TO W pe3yJlbTar OyneT
BeniecTBeHHbIM. Hanpumep, onepariu 5./3, 5./3., 5/3. nagyT BemecTBeHHBIN pe3ynbTaT 1.6666.

Omnepanyy MHKPEMEHTA U JIEKPEMEHTa MOTYT MPUMEHSTHCS TOJBKO K IEPEMEHHBIM M HE MOTYT —
K KOHCTaHTaM | BbIpaxeHussM. Oneparus ++ yBeIMYMBACT 3HAYCHUE TICPEMCHHOM Ha €IMHHUILY, OTIepallus
— yYMCHbBIIIAET 3HAYCHUE MTEpeMeHHON Ha enuHuIly. O0a 3HaKa orepalii MOTYT 3alUChIBATHCS KaK Tepel
onepannom (mpedukcHas popma), Tak U mocsie onepanaa (mocrgukcHas Gopma), HampuMep: ++X WIH X.
Tpu crnepyromux oneparopa Aat0T OJUH U TOT K€ Pe3yJIbTar:

x=x+1; ++x; X++;

Paznuuue nposiBisieTcs npy UCTIONIb30BaHUH MPEPUKCHOM U TOCTPUKCHON POPM B BBIpAKEHUSX.
[TponmmtocTpupyem 3T0 Ha MpUMepax.

[TepBsiii mpumep: a=3; b=2; d=a++*b++;
Pesynbratel OyayT Takumu: a = 4, b=3, d=6.
BTtopoii mpumep: a=3; b=2; d=t++a*++b;
Pesynbrarsl OynyT Takumu: a = 4, b=3, d=12.

[Ipu ucnosnb3oBaHuK MOCTPUKCHON (HOPMBI Ollepaliuy ++ U -- BBIOJIHAIOTCA MTOCIIE TOr0, Kak
3HAa4YCHUE TIEPEMEHHON OBLIO HCIIOJB30BaHO B BBIPAKEHUH, a MPEPUKCHBIE ONepatud — J10
ucnosb3oBanus. [lo3ToMy B nepBoM npumepe 3HaueHHE epeMeHHON d BBIYMCISUIOCHh KaK MPOU3BeeHHE 3
Ha 2, a BO BTOPOM — Kak npousBenieHue 4 Ha 3.

3. Onepayuu omuouieHus

B C/C++ ucnonesyercs cneayronuii Habop onepannii OTHOLICHUS:

< MECHBIIIE,

<= MEHBIIIE UJIH PABHO,
> OoublIIe,

>= 0O0JIbIlIe WK PaBHO,
== paBHoO,

= HE PAaBHO.

B cranmapre s3pika C HET JIOTHYECKOTO THIIA JAaHHBIX. [lo3TOMy pe3yabTaToMm oreparuu
OTHOIICHUS SIBIISIETCS 1I€7I0€ YMCIIO: €CIM OTHOIIEHHWE UCTUHHO — TO 1, ecnu noxkHo — To 0. B s3bIKe
IporpaMMHUpPOBaHUs J00aBIICH TUIT bool, 3HAYECHUSMHU KOTOPOTO MOTYT OBITh UCTHHA (true) WiH JI0XKb

(false).
IIpumeps! OTHOLICHUN:
a<0, 101>=105, ‘a’=='A’ a'l="A’
PesynpTaTroMm BTOpOro u TpeTbero oOTHOWEHUM Oyaer 0 — J0XKb; pe3ysbTaT YeTBEPTOro
OTHOILIEHHUS PaBeH 1 — MCTHUHA; pe3yJIbTaT IEPBOT0 OTHOLLIEHUS 3aBUCUT OT 3HAYCHMSI IEPEMEHHOMN
a.

4. Jlocuueckue onepayuu

Tpu norudeckue onepaiuu B A3bike C 3aNHMCHIBAIOTCS CIETYIOIUM 00pa3oM:
! onepanus orpurianus (HE),

&&  KOHBIOHKIMS, Iorudeckoe ymHokeHue (1),

| JTU3BIOHKIMS, Jorudeckoe cioxenue (UJIN).



HpaBI/IJ'Ia HX BBIIIOJIHCHUA OTIPCACIIAOTCA Ta6J'IPILIeI>i MCTUHHOCTH.

Hampumep, normueckoe BbIpaXEHHME, COOTBETCTBYMOIlEe cHucTeMe HepaBeHCTB 0 <x< 1 B

nporpamMme Ha C 3ammmercs B BUAC CJIICAYIOUICTO JIOTUYCCKOI'O BBIPAKCHUA:

x>0 && x<1
5. Ilpuopumemul onepayuti

BBIpa)I(CHI/IH BBIUUCIIAIOTCS B 3aBUCUMOCTU OT IIPUOPUTETA onepaunﬁ, Y4aCTBYIOIIUX B

BBIPAXKCHUMU. OI[I/IHaKOBI)IG 110 CTApUIMHCTBY OIICpallii BBIIIOJHAIOTCA B IMIOPAAKE CJICBA HAIIPAaBO. ILJ'I?I
N3MCHCHMUA MMOPAJAKAa BBIITOJIHCHUA onepaunﬁ B BBIPAKCHHUAX MOT'YT IIPUMCHATBHCA KPYTJIBIC CKOOKH.

Tabnuua 5. [lpuopureTs! (paHru) onepanuii

Paunr Onepanuun Onucanne
1 O [J = -
2 '~ 4+ - ++ - & * (tun) sizeof yYHapHBbIE
3 * I % MYJIbTUIUTMKATUBHBIE OMHAPHbIE
4 + - aTMTUBHBIC OMHAPHBIC
5 << >>> MOPa3psHOTO CABUTA
6 < <= >= > OTHOUIEHUS
7 == 1= OTHOIICHUS
8 && KOHBIOHKIUA «»
9 | mu3bloHKIUS «JT
10 ? yCIIOBHAs
11 = *= /= %= += = = |= <<= >>= COKpaIllCHHbIC

Ilpumep mporpamMmsl

JOTHYE€CKUMH onepanuaMu

CocCTaBUTh MPOTPaMMy, BEIYUCIISFOIIYIO0 UCTHHHOCTD BBIPAKCHHUS:
a&&!b|c&&!d&& (a&&Db)

npu a=2; b=-3; c=0; d=1; main()

{ int a, b, ¢, d, rez; a=2; b=-3;

c=0;d=1;rez=a && ' b||c && ! d &&

(a && b); cout<<"\n a=2; b=-3; c=0;

d=1;";

cout<<"\nrez=a && ! b || c && ! d && (a && b); rez=>"<<rez;
}

PesynbraThl paboThI

a=2; b=-3; c=0; d=I;

rezma&& !'bf|c&& ! d && (a && b); rez=> 0

3ananue

Ha oyenxy «Yooeremsopumenvhoy

Beruncinth 3HaY€HHE JIOTHYECKOTO BBIpaKeHHs mpu a=2; b=-3; c=0; d=1;

rezma&& !b||c && ! d && (a && b);

Ha oyenky «Xopowoy

OnpenenuTb HCTUHHOCTD BBICKA3bIBAaHUS

x>y &&! (x>0 z>x)

1) ycTaHOBUTH MOPSAOK JOTHUECKHUX OTIEPAaIHii;

2) cuuras x=-1 y=1 z=-2 onpenenutbs HCTUHHOCTb BbICKa3bIBaHMUSI.

Ha oyenxy «Omauuno»

CocTtaBUTh YCI0OBUE AJI ONPENEIECHUS UCTUHHOCTH CJEAYIOIIEr0 JIOTUYECKOr0 BhICKA3bIBAHHUS:
SABJISIETCS JIM YUCJIO @ YETHBIM U KpaTHbIM 4 U 5.



KonTpoJbHBIE BOPOCHI
1. Yro sABieTCSA pe3yabTaTOM ONEpALH OTHOLIECHUS ?
2. Kak B s3pike C xogupyercss uctuHa u Joxb? 3. [IpeacraButh
Ta6J'II/IHy HUCTHUHHOCTH AJIs1 JOTHYCCKHUX onepam/lﬁ.

JlaGopaTtopHas pabora Ne9.
YciaoBue nmonaganus B 3aJaHHBLIN IUANIA30H.

Heab padorel: [lonyyeHne HaBBIKOB COCTABIEHUS JJOTMYECKUX BBIPAKECHUM.

Tembl 119 npeABapuTeabHOI NpopadoTky Turnbl

JTAHHBIX.

Oneparopbl BBOJIa — BHIBO/IA JAHHBIX.

Teoperudecknii MmaTepuaJ

1. Onepayuu u evipasicerus

B s3pikax mporpamMMupoBaHuUsl MO BBIPAKEHHUEM MOAPA3yMEBAECTCSl KOHCTPYKIMS, COCTaBJICHHAs
U3 KOHCTaHT, NMEPEMEHHBIX, 3HAKOB omepanuii, QyHKIHA, cKoOOK. BelpaxeHue omnpenenser MOpsaoK
BBIUMCJICHHUSI HEKOTOPOTo 3HaueHus1. Onepanus, npuMeHsemMasl K OJHOMY OIE€paH]y, Ha3bIBae€TCsl YHAPHOM,
a omepanys ¢ AByMs ollepaHaaMu — OMHApHOH.

2. Apughpmemuueckue onepayuu

K apudmernueckum omnepanusiMm OTHOCSITCS:

- BBIYUTAHUE WIM YHAPHBIN MUHYC;

+  CIOXEHHE WM YHApHBIH ILTI0C;

*  yMHOXEHHE;

/ JieJIeHuE;

%  nmenenwue no moxyito (anamor Mod B Ilackaie);

++  yHapHas omepanus YBeJIWYEHUsI HA €AUHUILY (MHKPEMEHT);

- - YHapHasl orepanusi yMEHbIICHUS HA €AUHUILY (JEKPEMEHT).

Bce omepanuu, kpome JeiaeHUs MO0 MOAYJO, TPUMEHUMBI K JIFOOBIM YHCIIOBBIM THIIaM JIAHHBIX.
Onepanust % npuMeHUMa TOJIBKO K LEIbIM YUCIIaM.

Onepanuy UHKpPEMEHTA U JIeKpeMEeHTa MOTYT MPUMEHATHCS TOJIBKO K EPEMEHHBIM U HE MOTYT —
K KOHCTaHTaM U BbIpakeHUsIM. Orieparus ++ yBeTUIMBaeT 3HAUCHUE TIEPEMEHHON Ha €IMHHUILY, ONeparius
— YMEHbIIIAET 3HAaU€HHUE MIEPEMEHHON Ha SAUMHUILY.

3. Onepayuu omnouwieHus

B C ucnone3yercs crneayromniuii Habop orneparuii OTHOIICHUS

< MCHbIIEC,

<= MCHBIIC UJIM PABHO,
> 0oJbIIIe,

>= 0oJIBIIIE WIJIM PABHO,
== paBHO,

= HE PaBHO.

PesynpTarom omepanuy OTHOLIEHHS SIBISETCS LEJIOE YHUCIO: €CJIM OTHOIIEHUE MCTMHHO — TO 1,
ecsu J10%kHO — To 0. [Ipumeps! OTHOLIEHUI:

a<0, 101>=105, ‘al=='A’ "a'l1='A'

PesynbraToM BTOpPOrOo W TpeThero OTHOIEHWH Oyner 0 — JI0XKb; pe3yJbTaT YeTBEPTOrO
OTHOILIEHHUS PaBeH | — UCTHUHA; pe3yJIbTaT IEPBOT0 OTHOLIEHUS 3aBUCUT OT 3HAYEHMsI IEPEMEHHOMN a.



4. Jlocuueckue onepayuu

Tpu norudeckue oneparuu B sa3bike C 3aNMCHIBAIOTCS CIETYIONUM 00pa3oM:
! oneparus orpunanus (HE),

&&  KOHBIOHKIMA, Joruueckoe yMHoxkeHue (1), |

] TU3BIOHKINS, TIorndeckoe cioxkenne (MJIN).

[To yObIBaHMIO MPUOPUTETA JIOTUYECKUE OMEpallMd U OMNEpaluyd OTHOILIEHUS PACIOJIOXKEHBI B
CJICYIOIIEM TMOPSIKE:

IIpumep nporpaMmsl NONagaHMUs B 32/IaHHBIH IHANIA30H
[Iporpamma 1eMOHCTPHUPYET OINpEAESICHNE YCIOBUM MONaJaHus 3aJaHHOW TOYKU BHYTpPb, BHE U Ha
KOHTYp YyKa3zaHHOW (purypsl. ICXOMHBIMU TaHHBIMHU K 3aJladye SBJISFOTCS KOOPAMHATHI HEKOTOPOU TOYKH.
PesynbraTom paboTsl iporpaMMel siBisiercs | nnm 0 B 3aBUCUMOCTH OT pe3yJIbTaTa MonalaHus.

main()

{ float x,y; int rez,var;

cout<<"\n vvedi x=>"; cin>>x;
cout<<"\n vvedi y=>"; cin>>y;

cout<<"\n x y"<<x<<y;
rez=(x=—=-1 && (y>=-1 && y<=1)) \
|| x==1 && (y>=-1 && y<=0)) \
| (y==1 && (x>=-1 && x<=0)) \
| (y==-1 && (x>=-1 && x<=1)) \
| (x==0 && (y>=0 && y <=1)) \ ||
y==0 && x>=0 && x<=1));
cout<<"\n Ak *kontur
rez=>"<<rez;
rez=(x>-1 && x<1) && (y>-1 && y<l) && ! (x>0 && x<I)\
&& (y>0 && y<1));
cout<<"\n ****F*wnutry rez=>"<<rez;
rez=(x<-1 || x>1) || ({(x>=-1 && x<=0 && y>=-1 && y<=1) && \
Ix>=0 && x<=1 && y>=-1 && y<=0));
cout<<"\n *****wnpe figura rez=>"<<rez; }
Pe3ynbTarhl paboThl IPOrpaMMBbl

vvedi x=> -1
vvedi y=> 0
Xy -1.000000  0.000000

Ak *kontur rez=> 1

REE wnutry rez=> 0

EkxEEwne figura rez=> 0

3aganue

Ha oyenxy «Yooenemsopumenvroy

Hamnucats nporpammy, onpenenstomiei YCIOBHUS TOMAJaHMsl TOYKH, 3aJaHHOM CBOUMHU
KOOpJMHATAMU, BHYTPh, BHE M HA KOHTYP 3aIlITPUXOBAHHON (PUTYpHI.

Ha oyenky «Xopowoy



Hamnucarts nporpammy, oInpeaensomen YCJIOBHS TOIAJaHUs TOYKH, 3aJaHHOM CBOMMH
KOOpJIMHATaMH, BHYTpPb, BHE U Ha KOHTYP 3alITPUXOBAHHOU (pUTYPBHI.
Ha oyenxy «Omauuno»
Hamnucars nporpamMmy, onpenenstomen YCJIOBUS IIONAIaHUsl TOYKH, 3aJaHHON CBOUMU
KOOpJIMHATaMH, BHYTpPb, BHE U Ha KOHTYP 3alITPUXOBaHHON (urypsl. KoHTpoIbHBIE BONIPOCHI
1. Ilepeuncnure onepanuil o BO3pacTaHusl UX IPUOPUTETOB.
2. Cdopmupyiite ycnoBus Ui NPOBEPKM IONAJaHUs TOYKH, 3aJaHHOW CBOMMH
KOOpAMHATAaMH B KpYr €JUHMYHOro pazamyca. 3. Kakue omepanuu Ha3bIBalOTCS yHApHBIMY,
OuHapHBIM?

JlaGopaTtopnas padora Nel0.
Co3nanue npocreiinero BApMaHTa NporpaMMbI-TeCTa.

Heas: [IpnoOpeTeHre HaBBIKOB MPOTrPAMMHUPOBAHUS BETBSIINXCS arOpUTMOB. TeMbl

A5 IpeIBapUTEIbHOI MPOpadoTKn

OOBbsBICHNE Y HHUIMATIH3AINS IEPEMEHHBIX.

@DyHKIUHM CTaHIapPTHOTO BBOJA U BBIBOJA.

Coznanue nporpamMm ¢ JMHEWHON CTPYKTYPOH.

Jlornueckue BeIpaKeHUsI.

Oneparop ycioBwus.

Teoperudeckunii MmaTepuaJ

Jist mporpaMMUpPOBaHUS BETBAIIUXCS aITOPUTMOB B si3bike C/C++ MMeeTCst HECKOJIBKO pa3IMYHbIX
cpencts. K HUM OTHOCSTCS onepanus ycioBus ? :, yCIoBHbIN onepatop if u onepaTtop Bbibopa switch. /.
Onepamop evlbopa (nepexnouamens) ®opMmar omneparopa Beioopa: switch (I1e109MCIIEHHOE BBIPAKECHHE)

{ case koHCTaHTal: CIIMCOK OTepaTOpOB;

break; case xoncranral:

CIHICOK_orepaTopos; break;

default:

CIIUCOK__ OIepaTopoB; }

[Tocnennss crpoka (default) moxer orcyrcTBOBaTh. OnepaTop BbIOOpA UCIOIB3YETCS JUISl 3aMEHBI
BJIOKCHHBIX BETBJICHHH U JJIs1 BBIOOpA €JMHCTBEHHOT'O BapUAHTA BHIMIOJHEHUS] KOMaH/I U3 MPEI0KEHHOTO
HaOopa. SIBnsercst KOMIakTHOM (OPMOH 3a/1aHuUs POBEPOK U BETBIICHUH B IPOrpaMMax.

BeinosnHenue oneparopa switch IpouCXOIUT B CIEAYIOLIEM MOPSIKE:

1. BBIYUCIIACTCA HEJIOYUCIICHHOC BBIPAXKCHUC,

2. IMOJIYUCHHOC 3HA4YCHHC IOCICI0BATCIBHO CpaBHHUBACTCA C KOHCTaHTaMu,
INOMCIICHHBIMU I1OCJIC CHy)KC6HOFO CJIOBaA Casc;

3. npu MncCpBOM COBIIAACHHUU 3HAYCHHUH BBIIOJHIIOTCS oneparopnl, CTOAMIMUC II0CIIC
JABOCTOYMA,

4, €CJIM HHU C OI[HOﬁ U3 KOHCTAHT COBIIAACHHA HE IIPOU3O0IIIO, TO BBIIIOJIHATCA

oreparopsl nocie ciosa default.

2. Onepamop npepuvisanus

Omneparop switch umeer cieayronyr0 OCOOCHHOCTh BBIIIOJHECHHUS: IMPH COBHAJCHUH 3HAYCHHUS
BBIYHUCJICHHOT'O BBIPAXKCHUA C MGTKOI\/'I, BBIIIOJHACTCA HE TOJIBKO OIICPATOPBI, OTHOCAIIUECA K 3TOU MCETKE,
HO BCE HIDKEJIEKalIe, BIUIOTh g0 omepatopa default. DTo He Bcerma COOTBETCTBYET HEOOXOAMMOMN
curyanun. s Toro 4ro0bl «0OONTHY» BBITOJHEHUE ONEPATOPOB HA MOCIEAYIOMINX BETBIX KOHCTPYKIIMU
switch, Hy)XHO TIPHUHATH CIEIMAJIbHBIE MEPBI, UCTIONB3Ysl ONEPATOPhl BBIXOAA WM mepexona. s 3Tux



Leiae 4acTo HCIIOJIB3YCTCA OIICpaTop break. Ero CJICOAYCT MMUCAaThb B Kaxkao0i BeTBH 1jid case. Ilocie ero
BBIIIOJIHCHUA IIPOUCXOAUT BBIXO/ M3 BCCX KOHCTPYKIUHU switch Ha cneny}omeﬁ 3a HeH KOMaHnay.

IIpumep nporpamMmsl ¢ HCIOJIL30BaHHE ONepaTOpPa BbIOOpa
CocTaBUTh MHpOrpaMMy C OJHHUM BOIPOCOM M YETHIPbMs BapuaHTaMH OTBeTa. Kommbrorep
CIPALIMBAET y MOJb30BATENsl BapUaHT OTBETA, CPABHMBAECT OTBET C IPAaBUJIBHBIM BapUAHTOM M BbIIACT
HOJXO0d1Iee COOOLIEHNE.
main()
{ int nom; // OTBET UCTIBITYEMOTO

cout<< “\nB kakom roay 6su1 ocHoBaH Cankt-IlerepOypr?\n”;
cout<< “1. 2000\n”; cout<< “2. 1700\n”’; cout<< “3. 1703\n”;
cout<<“4, 1850\n”;

cout<< “Bpeaure Bam BeiOop u Haxxmute <Enter>";
cout<<’->“; cin>>nom; switch (nom)

{case 1: cout<< “BwI oTBeTHIN HENpaBIbHO ; break;

case 2: cout<< “BpI OTBeTHIIN HETPaBIbHO ; break;

case 3: cout<<“BbI OTBeTWIHN MIPaBIbHO’; break;

case 4: cout<<*“BpI oTBeTHIH HETPABIbHO ’; break;

default: cout<<“Takoro BapmaHTa OTBETa HET ;

b
j

3aganue

Ha oyenxy «Yoosnemsopumenvro»

CocTaBUTh IIPOrpaMMy-TECT MO CBOEW TeMaTHKE C MAThIO BompocaMu. [IpodTu TecT W BbIAATH
oleHKy B auamnaszone ot 0 1o 5. Ha oyenky «Xopowoy

B 3aBucuMMOCTH OT MOJYYEHHOM OLIEHKM NpU NPOXOKIEHWU TECTa, BBIBECTU MOAXOJAIIEE
coobmenue: «HeynoBneTBOpUTENbHO», «Y AOBIETBOPUTEIBHO», «Xopomoy», «Otmuuno». Ha oyenxy
«OmauuHoy»

Jlis KakJIoTO TMPaBHIIBHOTO OTBETa Ha TECT BBIBECTH cooOIeHne «Monoaeny», A KakIoro
HENPaBUIBLHOTO OTBETA BhIBeCTU coobIeHue «Ilmoxoy.

KoHTpoJibHBIE BOPOCHI
1. HazoBute OCHOBHOE Ha3HAYCHHE
omeparopa switch.
2. 3anuimmTe CUHTaKcUC oneparopa switch. 3.
OO0BsicHATE Ha3HAYCHHE orepaTopa break.

JlaGopaTtopnas padora Nell.
IIporpamma Ha 6a3e aJropuTMa ¢ NOJHBIM BeTBJICHUEM.

Hean: [IpnobpereHne HaBBIKOB IPOrPaMMHUPOBAHUS BETBAIINXCS aJITOPUTMOB.
Tembl I npeaBapuTeaIbHOM NnpopadoTKu

OO®bsBICHNE Y HHUIMATIH3AINS IEPEMEHHBIX.

DyHKINU CTAaHJAPTHOI'O BBOJAA U BBIBOJA.

Coznanue nporpamMm ¢ JMHEWHON CTPYKTYPOH.

Jlornyeckue onepanuu U Olepaly OTHOLICHHUS.



Teoperuyecknii MmaTepual

1. Ycnoemnwiii onepamop

@®opMmaT yCIOBHOTO OIlepaTopa CIeayOLIii:

if (Bbipakenue) omepartopl; else omeparop2;

Orto monHas (opma omeparopa, HMporpaMMHUpYIOLIasi CTPYKTYpPY MOJHOTO BeTBieHHs. OOBIYHO
BBIP@XEHHE — 3TO HEKOTOPOE YCIIOBHE, COJAEpKAIlee ONEpalliyd OTHOIICHUS U JIOTMYECKUE OIEpariiH.
3HaueHUE BBIPAKEHMsI PUBOAUTCA K LIEJIOMY M MHTEPIPETUPYETCS B COOTBETCTBUU C IIPABHIIOM: PABHO
HYJII0O — JI0b, HE PaBHO HYINIO — HCTUHA. Eclii BhIpa)keHUE UCTHHHO, BBIMONHSETCA omeparopl, ecnu
JI0KHO — omepaTop2.

HeoOxomumo o00paTuTh BHUMaHUE Ha CIEAYIOLIME OCOOCHHOCTH CHHTaKCHCa YCIIOBHOTO
oreparopa:

. BBIpA)KEHHUE 3aMKCHIBACTCS B KPYIJIBIX CKOOKaX;

. TOYKa C 3aIs1TOoM nociie oneparopal craBUTcst 00s3aTENbHO.

2. Henonnas ¢hopma ycnognozo onepamopa

Bo3M0OXHO uCHONIB30BaHNE HEMONHOW (hOpMBI YCIOBHOTO ormeparopa. Vcmomb3yercs, Koria
OTCYTCTBYIO JIEHCTBUS B Clly4ae UCTHHHOCTH JIOTUYECKOTO BBIPAKEHUSI.

if (BbIpaxkeHue) omeparop;

[Tpumep. YmopsaouuTh MO BO3PACTAHHMIO 3HAUEHHUS B JIBYX MEPEMEHHBIX a, b:

if(a>b)

{

c=a, a=b; b=c;

}

cout«"a="<<a<<"b="<<b;

B nanHoMm mnpuMepe HCHIONB30BaH COCTABHOM oOIepatop — IOCIEA0BAaTEIbHOCTh ONEpPaTOpOB,
3aKJII0UYEHHas B (PUTypHBIE CKOOKH.

OOpaTuTe BHUMaHHE Ha TO, YTO MEpeJl 3aKphIBaroe pUrypHoil ckoOKoi TOUKy ¢ 3amsiTod HaJ0
CTaBHUTH 0053aTENBHO, a IMOCIIE CKOOKHM TOYKA C 3aIsITON HEe CTaBUTCSL.

IIpumep nporpaMmMsbl ¢ NPMMEHEHHEM MOJTHOI0 ¥ HENOJHOI0 BeTBJICHHU I

Haiitu 6onbliee 3HaueHne U3 IByX IepeMeHHbIX a U b. Bapuant 1. C ucnonbs3zoBanuem

MOJIHOM BeTBH main()

{ float a, b, max;

cout<<"\n vvedi a=>"; cin>>a;

cout<<"\n vvedi b=>"); cin>>b;

if (a>b) max=a;

else

max=b;

cout<<"\n max="<<max;

b

Bapuant 2. C ucnosip30BaHuEM HETIOTHOW BETBU
main() {

float a, b, max;

cout<<"\n vvedi a=>"; cin>>a;
cout<<"\n vvedi b=>"; cin>>b; max=b;
if (a>b)

max=a;

cout<<"\n max="<<makx;

}



3amanue

Ha oyenxy «Yoosenemsopumenvro»

BBectu Tpu uncna u HailTH HauOoJIbIIEE U3 HUX.

[Tpumep: BBeaute Tpu yucna: 4 15 9

Haubonbmee uncno 15

Ha oyenky «Xopowoy

CocTraBUTh NpOrpaMMy yHOPSAIOYECHHS IO BO3PACTAHUIO 3HAYEHUH B TPEX MEPEMEHHBIX, BBOJIUMBIX
MI0JIb30BATEJIEM C KJIAaBUATYPHI.

Ha oyenxy «Omauyno»

BBecTn HOMep Mecsla U BBIBECTH HA3BAHUE BPEMEHH I0/1a.

ITpumep: Beennure Homep mecsna: 4

BecHa

KonTpoasubie Bompocsl 1. C
KaKoH IeNbI0 B MPOrpaMMax UCHOJIb3yeTcs oneparop ycinoBus if?
2. YKaXWUT€ CHUHTAKCHC IOJIHOTO BETBJICHMS.
3. Ykaxure CUHTaKCHUC HETOJHOTO
BCTBJICHUA.

JlabopaTopnas padora Nel2.
IIporpamma peneHusi KBaApaTHOTr0 YPABHEHUSI.

Heasn: [TonydyeHrne HaBBIKOB B padOTE C pa3BETBISIOMIUMUCS AITOPUTMAMH.

Tembl 1J151 IpeABApUTEIBLHON NPopadoTKu Apudmernueckue

onepaTtopbl C++ .

OObsiBIIeHNE Y MHULIMATU3AIHS TIEPEMEHHBIX.

@OYHKIMH CTaHAAPTHOTO BBOJIA U BHIBOJA.

Teoperuyeckunii MmarepuaJ

Jlis  mporpaMMUpPOBaHUs BETBSIIUXCS anropuTMoB B si3bike C/C++ U uMeeTcs HECKOJIBKO
pa3IMYHBIX cpelcTB. K HUM OTHOCSTCS pacCMOTpEHHAas BhIIIE OTepalus yCIoBus ? :, YCIOBHBIM onepaTop
if u omepaTop BeIOOpa switch.

1. Ycnosuwiii onepamop

dopMar yCIOBHOTO ornepaTopa ciemyomui: if

(BbIpakenue) omepatopl; else omeparop2;

Oro momHas (Gopma omeparopa, MpOrpaMMUpYIOMIas CTPYKTYPY IOJHOTO BeTBicHHS. OOBIYHO
BBIPAXXEHUE — 3TO HEKOTOPOE YCIOBHUE, COAEPKAILEE ONEPALMM OTHOLICHUS U JIOTMUECKUE OIEpaliH.
3HaueHNe BBIPAXKEHUsI MPUBOAUTCA K IIEJIOMY M MHTEPIPETUPYETCS B COOTBETCTBUU C MPABHIIOM: PABHO
HYJII0O — JIO’b, HE PAaBHO HYJI0O — HCTUHA. Eclii BhIpa’keHHEe UCTHHHO, BBIMOJHSETCA oneparopl, ecinu
JI0O’)KHO — oTeparop2.

Heo6xonumo 00paTuTh BHHMaHHE Ha CIEAYIONIME OCOOEHHOCTH CHHTAaKCHCa YCIOBHOTO
orepaTopa:

. BBIp@)KEHHE 3aMHMCHIBACTCS B KPYTJIBIX CKOOKaX;

. TOYKA C 3aMATOM Mociie oneparopa 1 cTaBUTCs 00s3aTENBHO;

Bot mpumep ucronb30BaHus MOIHONW (OPMBI YCIOBHOTO OrepaTopa JUisi HaXOXKJIEHUsSI OOJIBIIEero
3HAYCHUS U3 IBYX NIEPEMEHHBIX a U b:

if(a>b) max=a;



else max=b;

2. Bnoowcennvie ycnosus

BroskeHHBIC BETBJICHHSI BOSHHKAIOT B MPOrpaMMax, KOT/la B Ka4eCTBE JCUCTBUN 110 BETBU MCTHUHA
WIH JOKW BO3HHMKAET €Ille OJHA BETBb. BIoKeHHBIE BETBH MOTYT ObITh MOJTHBIMU (C else) a MoryT OBIThH
HenonHbIMU (6e3 else). PaccMoTpum npuMepsl mporpaMMUpPOBaHUs BIOKEHHBIX BETBSIIUXCS CTPYKTYP.
Tpebyercs BblUMCANTH (PYyHKLHIO Sign(X) — 3HAK X, KOTOpas ONpelesieHa CIEAYIoIUM o0pa3oMm:

[Ipumep 1. AATOPUTM C TIOTHBIMU BIOKEHHBIMU BETBICHHUSIMH:

if (x<=0) if(x==0) y=0; else y=-1; else y=1; [Ipumep 2.

AJTOPUTM C HETIOJHBIM BJIOKCHHBIM BETBICHHUEM:

y=1;

1f(x<=0)

if(x==0)

y=0;

else y=-

L

IIpumep nporpaMmsl penieHUusi KBaApaTHOr0 YPaBHEHHS

main()

{ float a ,b, c; /I xoaddunments ypaBHeHus float

x1, x2; // KOpHU ypaBHEHUS

float d; // muckpuMHHAHT cout<<"\n*

Pemenne kBagpaTHOTO ypaBHeHHus *\n"; cout<<"Bpenute B 0HOI

cTpoke 3HadeHus1 KoddurmeHToB"; cout<<" m HaXMUTE

<Enter>";

cout<<"->";

cin>>a>>b>>c; // BBOX KO3 dunmenTos d
=b*b - 4*a*c; /| TUCKPUMHUHAHT

if (d<0) cout<<"V¥YpaBHeHHUE HE UMEET perieHus\n";

else if (d > 0){ x1 = (-b + sqrt(d))/(2*a); x2 = (-b -

sqrt(d))/(2*a);

cout<<"Kophu ypaBHeHHS: X |="<<x1<<"x2="<<x2;

b

else {

x1 = -b/(2*a); x2 = x1; cout<<"KopHH ypaBHEHUS:
X [="<<x1<<"x2="<<x2;

}

H

3aganue

Ha oyenxy «Yooeremsopumenvro»

CocTaBUTh OJIOK-CXEMYy aIrOpUTMa pEIIeHUus KBaJpaTHOro ypaBHeHus. [Ipoeputs paboty
MIPOrpamMMbl Ha Pa3JIMYHBIX UCXOJIHBIX JIAHHBIX.

Ha oyenky «Xopowoy

Jlo6aBHTH MTPOBEPKY ycioBHs Kod(hduimenta a, paBHOro. [Ipu MOI0KHUTENEHON POBEPKE PELIUTH
JIMHEHHOE YpaBHECHHUE.

Ha oyenxy «Omauuno»

PaccmoTtpets citydaii paBeHcTBa 0 KOOPPUIIMEHTOB b U ¢, BXOASIINX B KBaAPaTHOE YpaBHEHHUE.

KonTpoJbHBIE BOPOCHI
1. Kornma B mporpammax BO3HHKaeT HEOOXOIUMOCTb HCHOJIb30BAaHUS BIIO)KEHHBIX
BETBEI1?



2. Hepe‘-II/ICJ'II/ITe PAa3SHOBHUIHOCTHU BJIOKCHHBIX BETBJICHUU U IIPpUMCPBI OJIOK-CXeM JJIs
KaXXJI01ro ciiydasd. 3. OOBsCcHUTE MMpaBUJIO HCIIOJIb30BAHHA (I)I/Il"ypHBIX CKOOOK BO BIJIOKEHHBIX
BCTBIX.

JlabopaTopnasi paGora Nel3.
IIporpammupoBaHue BJI0KEHHBIX BETBJICHUIA.
Heasn: [IpnobpereHne HaBBIKOB IPOrPAMMUPOBAHHUSI C BIIOKEHUEM BETBJICHUM.
Tembl pid i npeaBapuTe1bHON NnpopadoTKu
OOBbsBICHNE U HHULMATIU3ALMS IEPEMEHHBIX.
@YHKIMM CTaHAAPTHOTO BBOJA U BBIBOAA.
Coznanue nporpaMm ¢ BETBICHUEM.
TeopeTnyeckuii MaTepuaJl
1. Bnooicennvie if-uncmpyxkyuu
BrioxxeHHbIe BeTBIIeHUSI 00pa3ylOTCsl B TOM Cllydae, KOrja B KaUeCTBE JIEMEHTa UHCTPYKIUS (CM.
NOJIHBIM (opMaT 3amucu) HUcHoib3yeTcs aApyras if-uHcTpykuus. BioxkeHHble 1f-MHCTpYKLIHMH OYEHb
HOIYJISIPHBI B TPOrpaMMHUpOBaHuu. [ TaBHOE 3/1eCh — IMOMHUTD, 4TO else-HHCTPYKLHMS BCerjja OTHOCUTCS K
Omwkaiimeil if-MHCTPYKLMHU, KOTOpas HaXOIUTCS BHYTPH TOTO K€ MPOrpaMMHOro OJ0Ka, HO elle He
CBsI3aHa HU C KaKOW JIPyroi else-uHCTpYyKITueH.
[IponemMoHCTpHpyeM UCHOIb30BAaHUE BIOXKEHHBIX MHCTPYKIMI C MOMOIIBIO Hporpammsl "Yranait
Maruyeckoe uucio'.

main()

{int magic; //Maru4eckoe 4ucio

int guess; //BapHaHT MOJIb30BaTENsA

magic = rand(); // TloydaeM ciy4aifHOE YHCIIO.

cout << "BBeauTe cBOM BapuaHT Marmueckoro uuciua:";

cin >>guess; if (guess == magic)

{cout << "** [IpaBunbHO **\n";

cout << magic <<" u ecTh TO cCaMOe Marn4yeckoe 4ucio. \n";

} else { cout <<"OueHb *ayb, HO BbI OMUOIKCH."; if

(guess > magic) cout <<" Bamr BapuaHT IpEBHIIIACT

Marudeckoe uncio.\n"; else cout << " Bam BapuaHT

MEHBIIIC Maru4eckoro yrcia.\n"; }

2. Koncmpykyus if -else-if

OuyeHb pacmpoCTpaHEHHON B NPOrPAMMHPOBAHMM KOHCTPYKIIMEH, B OCHOBE KOTOPOM JIEKHUT
cioxxeHHas if-uHcTpykims, aensercs "necruuna" if-else-if. Ee MokHO mpencTaBuTh B cieyromeM BUe.

if (ycnoBue)

UHCTPYKIIUS;

else

if(ycnoBue)

UHCTPYKLUS;

else if

(ycnoBue)

UHCTPYKIIUS;

else

UHCTPYKIIUS;

3nech 1MOJ JJIEMEHTOM YCJIOBHE TOHHMMAETCsl YCIOBHOE BBIPRKEHUE. YCJIOBHBIE BBIPAXKEHUS
BBIUUCIISIIOTCS. CBEpXYy BHH3. Kak TOIBKO B KakoW-HUOYIb BETBH OOHApYKHUTCS WCTHHHBIA pE3yNbTarT,



OyZeT BBIMIOJIHEHA WHCTPYKIUS, CBSI3aHHAs C TOW BETBBIO, a BCS OCTaJibHAas "JECTHHUIA" OMYCKAaeTCH.
Pa6orta if -else-if-"necTHUIBI" JEMOHCTPUPYETCS B CIEIYIONIEH TpOorpaMme.

main()

{int x;

x=rand()%10;

if (x==1) cout << "X paBeH equHHIC.\n";

else if(x==2) cout « "x paBeH naBym.\n";

else

if(x==3)

cout << "X paBeH Tpem.\n";

else

if(x==4)

cout << "X paBeH deThipeM.\n"; else cout << "X He

momajiaeT B auamnasoH ot 1 qo 4.\n"; }

IIpumep mporpamMMmsbl ¢ BJI0KEHHBIMU BeTBJIEHUSIMU

[Tpumep nEMOHCTPUpPYET CHpPaBEIMBYIO INKaTy MOJOXOJHOrO Haiora. 3meck d — pasmep
3apIiaTel. pn — pasMmep mojgoxoxHoro Hajora. Hampumep, ecau d<20000, pn=d*0.12, ecnmu d>20000,
pn=2400+(d-20000)*0.13 u T.1.

main()

{ float d, pn;

cout<<"\nvvedi number

"; cin>>d; if (d>100000)

pn=20400+(d-100000)*0.35;

else if(d>=80000)

pn=14000+(d-80000)*0.3;

else if(d>=60000)

pn=9400+(d-60000)*0.25;

else if(d>=40000)

pn=5400-+(d-

40000)*0.2; else

if(d>=20000) pn=2400+

(d-20000)*0.13;

else

pn=d*0.12;

cout << "\n pn = "<<pn;

}

3amanmue

Ha oyenxy «Yoosenemsopumenvro»

Jlanel TpH uucina a, b, c. Onpenenuts, kakoe U3 HUX paBHO d. Ecnu Hu o1HO He paBHO d, TO HAlTH
max(d-a, d-b, d-c).

Ha oyenky «Xopowoy

CocTaBuTh MpoOrpaMmy, peaqu3yIoUlyo 3MHU30]] NPUMEHEHUS] KOMIIBIOTEpa B KHH)KHOM MarasuHe.
KomnpioTep 3ampamvBaeT CTOMMOCTb KHHUT, CYMMY JI€HET, BHECEHHYIO IOKYIaTeJeM; €CJIM CHayd He
TpeOyeTcsl, meyaTaeT Ha SKpaHe «CIacuOo0y; eciH JeHEeT BHECEHO OO0JIbIIe, Y4eM HEeOOXOIUMO, TO IevyaTaeT
«BO3BMUTE C/Iady» M yKa3blBae€T CyMMY CJayM; €CIU JCHEr HeIO0CTaTOYHO, TO MeyaTraeT cooOuieHue oo
9TOM M yKa3bIBaeT pa3Mep HEAOCTAIOIEH CyMMBI.



Ha oyenxy «Omauunor

[Tnara 3a coTOBBIN TeneOH B3UMACTCS IO cileayroneMy Tapudy: 3a nepebie SO MHHYT pa3roBopa
B MecsIl — 1o 1 p., 3a cienyromue 30 MunyT — 1o 80 Kort., cneayromue 20 MUHYT 000Uy TCS aDOHEHTY T10
50 korm., a Kaxnaas mocienyromas MUHyTa cTouT Bcero 30 kom. M3BecTHO, CKOJBKO MHUHYT B MeCSIl
aboHeHT HaroBopwiI. Onpenenure, Kakyro CyMMY OH JIOJIKEH 3aIlIaTUTh.

KonTpoJbHBIE BOPOCHI
1. Korma B mporpaMmax BO3HHUKAET BJIIOYKEHHAS BETBb?
2. [lepeuncnutp mpaBuiia pabOThl KOHCTPYKIUU «JIECTHULIAY.
3. CopmynmpoBaTh mpaBuiio B3aumoaeicTus if u else.

JlaGoparopHasi padora Nel4.
I[IporpaMmma ¢ npuMeHeHHeM KOHCTPYKIIUM BbIOOpA.

Hean: [IpnobpereHne HaBBIKOB IPOrPaMMHUPOBAHUS BETBAIINUXCS aJITOPUTMOB.

Tembl aas npeABapUTeIbLHOM npopadoTKu

OOBsBICHNE M HHUIMATIU3AINS TEPEMEHHBIX.

@yHKIUHN CTAaHIAPTHOTO BBOJA U BHIBOJIA.

Coznanue nporpamMm ¢ JMHEWHON CTPYKTYPOH.

Jloruyeckue BbIpaXKECHUS.

Oneparop ycioBus.

TeopeTnyeckuii MaTepuaJl

Jist mporpaMMUpPOBaHUS BETBAIIUXCS alrOPUTMOB B si3bike C/C++ MMeeTcst HECKOJIBKO pa3IMYHbIX
cpeacts. K HUM oTHOCSTCS onepanus ycioBus ? :, yCIOBHBIN onepatop if u onepaTtop Bbibopa switch. 1.
Onepamop evlbopa (nepexnrouamens) @opMmar oneparopa BeiOoOpa:

switch (L1e104YiCIeHHOE BbIpaXKEHHE)

{ case koHCTaHTal: CIMCOK _OMepaTopoB;

break; case xoncranral:

CIIMCOK_orepaTopos; break;

default:

CIIUCOK__ OIepaTopoB; }

[Tocnennss crpoka (default) moxet orcyTcTBOBaTh. OmiepaTop BHIOOpA UCIOIB3YETCS JUISl 3aMEHBI
BJIOKCHHBIX BETBIICHH U JJIs1 BBIOOpA €JMHCTBEHHOTO BapUAHTA BHITIOJHEHUS KOMaH/I U3 MPEI0KEHHOTO
HaOopa. SBisercst KOMIakTHON (OPMOH 3a/1aHuUs POBEPOK U BETBIICHUH B IPOTpaMMax.

Beinosnnenue oneparopa switch mpoucXoIuT B CIEAYIOLIEM MOPSIKE:

1. BBIYUCICTCA HCJIOUUCIICHHOC BBIPAKCHUC,

2. IMOJIYUCHHOC 3HA4YCHHC IOCICI0BATCIBHO CpaBHHUBACTCA C KOHCTaHTaMU,
INOMCIICHHBIMU I1OCJIC CHy>KC6HOFO CJIOBaA Casc;

3. npu ncCpBOM COBIIAACHUN 3HAYCHHUH BBIIIOJHIIOTCS Ooneparopenl, CTOAMIMUC IIOCIIC
JABOCTOYMA,

4, €ClIi HHU C O,Z[HOﬁ N3 KOHCTAaHT COBHIAaACHUA HEC IIPOU3O0LIIO0, TO BBIIIOJIHATCA

orepaTopsl nocie ciosa default.

2. Ocobennocmu KOMaHObl MHONCECMBEHHO20 8blO0PA

1. Jns switch Hy>keH OTIeNbHBIN OJIO0K.

2. Turn BeIpaKeHUST MOXKET OBITh IIEJIBIM MM CHMBOJIBHBIM, HO HE BEIIIECTBEHHBIM.



3. KoHcranThI B case HAOJIKHBI UMCTB TOT K€ TUIL, UYTO U BBIPAXKCHUC.

4. Ecnu geiicTBue moaxoauT noj HECKOIbKO KOHCTaHT, TO cieayeT HECKOJIbKO case MOAPSALI.
Hanpuwmep:
switch (BbIpaxeHue)

case 1: case 2: case 5: JleiictBusl;
case 3: case 4: [letictBus2; }

S. KoncranTel B mpeaenax ogHOro switch MOKHBI OBITh YHUKAJIbHBI, T.€. HE JOJDKHBI
HOBTOPATHCS. HapylieHre 3Toro NpuBoIUT K HEOJTHO3HAYHOCTH BBIOOpA HYKHOTO OIlepaTopa.
6. Eciu anga nonxonsmedn KoHcTanTbl TpeOyeTcss BBINOJIHUTH HE OJUH OMNEparop, a

HECKOJIBKO, TO B OJIOK MX OOBEIUHATH HE 0053aTEIbHO, T.K. AEUCTBHS case PaclpoCTpaHsIeTcs 10 KOHIIA,
MIOKa HE BCTPETUThCS KoHell switch }, nim komanaa break.

7. Komanna switch sBnsiercs vacTHeIM ciaydaeM komauzabl if. Korma Henb3st mpuMeHSTH
KoMaHay switch:

- BBIpA)KEHUE BEIIECTBEHHOEC;

- BBIPAYKEHHE MPOBEPSETCA B HEKOTOPOM JWAIa3oHe Jaxe sl Uebix, Hanpumep: 1<a<100.
B arom cnyuae nerue Hanmcats if (a>=1&&a<=100) uem BbimucsiBath 100 case.

- BBIpQ)KEHUE TPOBEPSETCS HAa TOYHOE COBIMAJCHHE CO 3HAYCHHEM KOHCTAHT B case,
CpaBHEHHS Ha <, > B switch He JOmycKaroTCs;

- IpoBEpKa Ha CTPOTOE€ pABEHCTBO MPOBEPSETCS TOJBKO [UI OJHOTO 3HAYEHHS —
BBIYHCIICHHOTO 3HAYEHMs BBIPAXEHUS, switch He MOAXOIWT IS NMPOBEPKH YCIOBHH JUI HECKOIBKHX
BenmmunH, Hanpumep if (x>10 && y<S5) ¢ momomipro switch 3aaTh Takoe yclioBUe HE yIacTcs.

3. Onepamop npepwviéanus

Omneparop switch umeer cieayronylo 0COOCHHOCTh BBITIOJHEHHUS: TMPH COBHAJCHUHM 3HAYCHHS
BBIYUCIICHHOTO BBIPAYKECHHUS C METKOM, BBIMOJHACTCA HE TOJBKO OMEpaTopbl, OTHOCAILINECS K TOM METKe,
HO BCE HIDKENeXallue, BIUIOTh 10 omepartopa default. OTo He Bcerga COOTBETCTBYET HEOOXOAMMOMN
cutryanud. J[ins Toro 9To0Bl «000MTHY BEITIOHEHUE OTIEPATOPOB Ha TOCIEAYIONINX BETBSIX KOHCTPYKIHH
switch, Hy>)XHO TIPHUHATH CIEIMATIBHBIE MEPHI, UCTIONB3Ysl ONEPaTOphl BBIXOAA WM mepexona. s 3Tux
neneil yacto ucnonb3yercs onepatop break. Ero cnemyer nucath B Kaxaoi BeTBU ais case. [locie ero
BBITIOJTHEHUSI TPOMCXOANT BBIXOJ] M3 BCEX KOHCTPYKLMH SWitch Ha ciiemyroreit 3a Heli KOMaHTy.

IIpumep mporpamMMmel ¢ UCNOJIbL30BaHUE ONepaTopa Beidopa [Iporpamma-

KaIbKYJISITOP.

BBoautcs BeipaxkeHue Buaa -5.45%3.56

[TporpaMMma A0TKHA BEIYMCIUTD U BHIBECTH PE3YJIbTAT BHIPAKECHHUS.

B o6miem Buze BeIpakeHHE BBITIIAINT TakK: onepanal oneparws onepani2

OnepangamMu  SIBJISIFOTCS BEIIECTBEHHBIE YKCIIA, B KAadeCTBE ONEpPallMd MOXKHO HCIIOIb30BaTh
YEeTBIPE OCHOBHBIX apU(PMETHUSCKHUX JCUCTBUS: + - * /, KOTOpBIE BBOASTCS B MPOTPAMMY KaK CHMBOJIHI.

main()

{ float a, b, rez;

char oper;

cin>>a>>oper>>b;

switch (oper)

{ case ‘+’: rez=a+tb;

break; case ‘-‘: rez=a-b;

break; case ‘*’: rez=a*b;

break; case ‘/’: rez=a/b;

break;



}

cout<<” Pesynprar="<<rez<,endl;

3aganme

Ha oyenxy «Yoosnemsopumenvro»

BBoautcs Homep Mecsia. BeigaTe Ha3BaHUE BpEMEHU TOJa.

Ha oyenky «Xopowoy

BBoautcs komuuectBo set K — nenoe yncno ot 1 1o 99. BeiBectu gpazy «MHe ... 1eT», T1Ie HAO0
3aMEHUTH CJIOBO «JIET» Ha MOAXOJAIIEE 0 CMBICITY CIIOBA «TO/I» U «TOIay.

3aMeTUM 3aKOHOMEPHOCTb, Kak OT 3HadeHust K 3aBucHUT clioBo.

a) eCJIM YMCIIO0 3aKaHYuBaeTcs MUdpoit 1, To ciioBo «roma» kpome 11 ner;

0) ecnu yncio K 3akanuuBaercs uudpamu 2, 3, 4, To «roga» kpome 12, 13, 14 ner;

B) eciu yncio K 3akanunBaercst uugpoii 0, 5..9, To «ier».

Ha oyenxy «Omauunor

Beoautcs nata B Bune: aeHs (d), mecsi (m), rox (g). Beinate Ha3BaHnue ajis HEAEIH, HA KOTOPYIO
MPUXOJUTCS BBEJICHHAS J1aTa.

<JleHb HeJeINM> = <OCTATOK OT JeJeHHSI X> Ha 7, rae

X = [2.6*m - 0.2]+d+[y / 4]+y+[c / 4] - 2*c, The [] 03HAUAIOT LIETYIO YaCTh YUCIIA.

¢ — nBe crapmue nudpsl roaa;

y — IB€ MJIaIume nudpsl roaa.

[Tpu ucnonb3oBaHuM 3TOU (HOPMYIIBI CIIETYET YUECTh ABa 00CTOSATEIHCTRA!

1) (dbopMyIia BepHa JJIsl TPUTOPUAHCKOTO KaneHaapst HoBoro ctuis (ot 1582 mo 4902);

2) MECSII CIIeAyeT NpeABAPUTEIHHO NMpeoOpa3oBaTh TaK, Kak eciau Obl Hayallo roja
npuxoauiock Ha 1 mapta. HpIMH cli0BaMu, MapT B 3Toi (hopMysie UMeeT MOPAIKOBbII HOMeD 1,
ampenb — 2, ..., sHBapb — 11 u deBpanp — 12, npuuém sHBaph U (eBpalib CIeAyeT OTHECTH K

npeapiaymemMy roxay. Hampumep, mis
1 deBpans 1991 roga Homep Mecsna qoKeH ObITh paBeH 12, a rog 1990, B To Bpems kak 1uig 31 nexadps
1991 roga Homepa mecsaua — 10, a ron — 1991. Pe3ynbprar BeluMCIEHUS JAETCS B BUJE LIEJIOTO 4YUCIa B
nuamnazone ot 0 1o 6, mpuuém 0 COOTBETCTBYET BOCKPECEHBIO.

KoHTpoJibHBIE BOPOCHI
1. HazoBute OCHOBHOE Ha3HAYEHHE
omeparopa switch.
2. 3anummTe CUHTaKcUc oneparopa switch. 3.
OO0bsicHUTe Ha3HAYCHHE omepaTopa break.

JladopaTopnasi padora NelS.
IIporpamMmma BeIYMCIEHHS CYMM H KOJHYeCTBA, MOMCK MAKCMMAJIbHOT0 H MUHUMAJILHOTO
3HAYEHUI.

Heawb: IlomyueHne HaBBIKOB B padoTe € apUPMETHUECKUMU BBIPAKEHUSMHU, LHUKINYECKUMU
MHCTPYKLHUSMHU.

Tempbl /151 IpeABAPUTEIBLHON MPopadoTku Apudmernueckue

onepatopsl C++.

@YHKIMH CTaHAAPTHOTO BBOJA U BBIBOAA.

Omneparop BeTBIEHUS.



Teoperuyecknii MmaTepual

1. Hukn ¢ napamempom

dopmat oneparopa IUKIA ¢ apaMeTPOM:

for (BbIpa:kenue 1; BbIpakeHue 2; BbIpaxeHue 3) omepartop;

Boipakenue 1 BbIIONHSETCS TOJIBKO OJWMH pa3 B Havyane mukia. OOBIYHO OHO OIpenesseT
HayaJIbHOE 3HAYEHWE TapaMmeTpa IUKIa (MHUIHAIM3UPYET TMapameTp Iukia). Beipaxkenue 2 — 3T0
YCIIOBHE BBITIONHEHUS IWKIA. BpeIipakeHue 3 O0OBIYHO oOmpenenseT H3MEHEHHe mapaMerpa IUKJIa.
Onepatop — TeNoO LHWKIA, KOTOPOE MOXET OBITh MPOCTHIM WM COCTaBHBIM. B mociennem cimyuae
HCIIOJIB3YIOTCS (PUTYpHBIE CKOOKH.

AJnropuT™M BHINOJHEHHsI LIMKIIA for mpeacTaBiieH Ha OJ0K-CXeMe:

[Tocrie BBIUMCICHHUS BBIPAKEHUS 3 TPOUCXOAWT BO3BPAT K BBIYHCICHHIO BBIPAKCHUS 2 —
MIPOBEPKE YCIOBUSI IIOBTOPEHUS ITUKJIA.

PaccMoTpuM HEKOTOpbIE OCOOCHHOCTH apU(METHYECKOro LUKIa Ha TMPUMEpPE BBIYUCICHHS
dakropuana yucna. C momoripo 1ukia for Haxoxaenue N! MOKHO OpraHu30BaTh CIEIYIOMIMM 00pa3oM:

F=l;

for (i=l; i<=N; i++) F=F*j;

Hcnonbe3yst ormeparyio «3arsitas», MOXHO B BhIpaXeHHE | BHECTH WHHIMATU3AINIO 3HAYCHUI
Cpa3y HECKOJIbKUX MMePEMECHHBIX:

for(F=l, i=1; i<=N; i++) F=F*i;

HekoTtopeix snmemeHTOB B omepatope for MokeT He OBbITh, OJHAKO pa3lesIONIMe WX TOYKH C
3amAToil 00s3aTENIbHO JOJDKHBI MPHUCYTCTBOBATh. B cienyromeM mpuMmepe HHULIMAIU3UPYIOLAs 4YacTh
BBIHECEHA U3 omneparopa for:

F=I;

i=1;

for (; i<=N; i++) F=F*i;

Hwuxe moxasan emie oauH BapuaHT BeluucieHus N!. B HeM Ha MmecTe Tena IHMKJIa HaXOAUTCS
MyCTOI oneparop, a BEIYUCIUTENbHASI YaCTh BHECEHA B BHIpAXKEHHE 3.

for(F=l, i=l; i<=N; F=F*i, i++);

IIpumep nporpammsl ¢ apupMeTHIECKUM HUKIOM

Paccmotpum nporpammy, onpeensonyo CyMMY, a Tak ke HauOouibliiee 1 HAauMEHbIIee 3HAaUeHUs
CpeIu ToCea0BaTeIbHOCTH 10 CIy9aiflHBIX BEIIMYHH, 3a/1aBaCMbBIX C ITOMOIIBI0 JATYWKA CITyYalHBIX
quCcel.

main()

{ int i, n, min, max, s;

randomize();

max=0;

min=100; s=0;

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

{

n=random(100)

; cout<<n<<"
": s+=n; if
(n>max)
max=n,; if
(n<min)
min=n;



}

cout<<"\n **FF¥** max="<<max<<" min="<<min<<’ s="<<s;

}

Pesynpratel pa®oThl HpPOTrpaMMbl:
123678212037 8990 70 52
FHEEEX max=90 min=12 s=505

3ananmue

Ha oyenxy «Yoosenemseopumenvro»

PazpaboTtaTs nporpaMmy, onpenensonyo cyMMy, a TaK ke HauOoJIpIIee U HAaMMEHbIIIee 3HAUYCHHS
Cpelu Nocaen0BaTeNbHOCTH 10 ciyuaiiHBIX BEJIMYMH, JUANa30H KOTOPBIX MOT 3aJaBaTh M0JIb30BaTEb.

Ha oyenky «Xopouwioy

Pazpabotaths nporpaMmy, OnpeneNsonyo CyMMy, a TaK ke HauOoJIpIIee U HAMMEHbIIIee 3HAYCHHS
CpEH IOCIEN0BATEIBHOCTU CIIy4aiHbIX BEJIUYMH, KOJIMYECTBO KOTOPBIX MOT 3a1aBaTh M10JIb30BATENb.

Ha oyenxy «Omauyno»

PazpaboTtaThs nporpaMmy, onpenensonyo CyMMy, a TaK ke HauOoJiblllee 1 HAaMMEHbIIee 3HAUYCHHS
Cpelu IOCIIEOBATEIBHOCTH  CIIyYalHBIX BEJIMYMH, a TaK )K€ IO3UIHMHM, B KOTOPBIX JOCTUTAKOTCS
MAaKCUMaJIbHOE€ 1 MUHHUMAJIBHOE 3HAYECHHS.

KoHTpoJibHBIE BOIPOCHI
1. laTe onpeneneHne HUKIMYECKOMY aITOPUTMY.
2. 3anuiy KoMaHay apu(pMETUYECKOro IIUKIJIA C OCOOCHHOCTSMU IPUMEHEHUS. 3.
CocTaBp aJITOPUTM BBIYMCIICHUS CYMMBI 33JJAHHOTO KOJIMYECTBA BEJINYMH.

JlabopaTopnasi pabora Nel6.
IIporpamMupoBaHue NPUKJIAAHBIX 32124 ¢ IPUMeHEHHEeM HUKJIMYeCKUX AJIrOpUTMOB.

Heawb: IlomyuyeHne HaBBIKOB TMpU pa3pabOTKe MPUKIAAHBIX MPOrpaMM C IPUMEHEHUEM
LIUKJINYECKUX KOHCTPYKIUN.

Tembl A1 npeABapuTeIbHOI MpopadoTkn Apudmerndyeckue

onepatopsl C++.

@DyHKIUY CTaHIAPTHOTO BBOJA U BBIBOJA.

Oneparop BerBieHus. Teopernuecknii matepuan /. Yucia

Qubonauyu

W3BectHa cnenyromas 3amada o Kponukax. llomectunu mapy KpoOJMKOB B HEKOEM MECTE,
OTOPOXXEHHOM CO BCEX CTOPOH CTEHOM, YTOObI y3HATh, CKOJIBKO Iap KPOJIMKOB POJIUTCS IpPU 3TOM B
TEUYEHHUE I0/a, €CIM MPHUPOJIa KPOJIUKOB TAKOBA, YTO 4Yepe3 MECsALl Mapa KPOJMKOB MPOU3BOIUT Ha CBET
JIPYTyIOo Mapy, a poskKJatoT KPOJIMKU CO BTOPOIO MecsIa MOCJIe€ CBOET0 POXKICHUSI.

SIcHO, 4TO eciu CUMTaTh NEPBYIO Mapy KPOJIMKOB HOBOPOXKIEHHBIMU, TO Ha BTOPOMl MeECSIl MbI
OyIeM 1o mpexHeMy UMeTh OAHY napy; Ha 3-if mecsay — 1 + 1 =2; Ha 4-if — 2 + 1 = 3 mapsl (60 U3 ABYX
MMEIOIINXCS TIap TTOTOMCTBO JIaeT JIMIIL OfHA Tapa); Ha 5-if Mecsr — 3 + 2 = 5 map (b 2 poauBIIHECs
Ha 3-1 MecsIl mapsl JaayT IOTOMCTBO Ha 5- Mecsi); Ha 6-i mecsi — 5 + 3 = 8 map (160 MOTOMCTBO J1ayT
TOJIBKO T€ Maphl, KOTOPBIE POJWINCH HA 4-M MECSIIE) U T. 1.

Ecnn 0603HaunTh uncio nap KpoJIMKOB, UMEIOIUXCS HAa n-M Mmecsne yepe3 Fn, to F1 =1, F2 =1,
F3=2,F4=3,F5=5,F6=8, F7 =13, F§ =21 u 1. 1., npuuemM o0pa3oBaHUE ITUX YHCEI PETYIUPYETCS
o0muM 3akoHOM: Fn = Fn_1 + Fn2 npu Bcex n>2, BeJjb 4MCII0 Map KPOJIUKOB HA N-M MECALE PABHO YHUCITY
Fn1 map KponMkoB Ha MpeAIIECTBYIOIIEM MeECALE IUIFOC YKCIO BHOBb POJUBLIMXCS IAp, KOTOPOE



COBMAJIaeT C 4YuCIOM Fn2 map KponuKoB, poauBIIMXCS HAa (n — 2)-M Mecsane (MO0 JUIIb 3TU TapbI
KPOJIMKOB JAlOT IIOTOMCTBO).

O®paniy3ckuid MaTeMaTuk JIroka BepBble Ha3Bajl YMCIOBYIO MMOCIeA0BAaTeNbHOCTE 1, 1, 2, 3, 5, 8,
13..., koTopyto Ha3Bai ynuciaamMu OuOOHAYYM U OTKPHLI HE MEHEE BaKHYIO MOCIIEIOBATEIBHOCTD: 2, 1, 3,
4, 7, 11...,kotopasi cBsizZaHa C 30J0TOM mpomopuuei. OTHomeHue cocenHux uucen Jloka mo mepe
yAaJIeHUs OT HavaJla MOCJIeI0BATEIbHOCTH B IIPeieNie CTPEMUTCS K 30JI0TOM MPOMOPIIUH.

[TocnenoBarensHocTH uucen @udonavuun F(n) =1, 1, 2, 3, 5, 8, 13,... u uncen Jlroka: L(n) =2, 1,
3,4,7, 11,... ydeHsle Bce Yalle BCTPEUAIOT BO MHOTUX ABJIEHUAX OKpY’Karouero Mupa. 2. Pexyppenmmusie
COOMHOULeHUs.

PexyppeHTHBIMH Ha3bIBAIOTCSI COOTHOIICHMSI, B KOTOPBIX OYEPEIHON UICH MOCIeI0BaTEIIbHOCTH
BBIPAXKEH Uepe3 OJUH WM HECKOJIBKO IPEAbITyIUX (0T JaTUHCKOIO "recurrere” — BO3BpalaThes').

[Tpumep: dhopMyIIbI 17151 HAXOXKIEHHUS N-TO dJIEMEHTa

ai=6,a=a.+3 6,9,12,15,18, 21,24, 27,31 a,

=1,a=a.4+10 1,11, 21, 31, 41, 51, 61, 71,81 a, =

J,a=aa*2-1 5,9,17,33,65, 129,257,513

[TocnenoBarensHocTn uncen dudonauun F(n) = 1, 1, 2, 3, 5, 8, 13,... saBaseTcss peKyppeHTHOU
MOCJIEIOBATEIbHOCTb, [ KOTOPOH BBITIOJHAIOTCS YCIIOBHUSA:

Fi=F=1;

Frn=Fn-1+Fn-2

Kaxxapiii umeH Takoil MOCIeOBAaTEeIbHOCTH, KPOME MEPBBIX NBYX, 3aBHUCUT OT 3HAYEHUS MABYX
MPEbIIYIINUX YICHOB MOCIIE0BATEIbHOCTH.

3.Okonoeuueckas 3aoaua

B pesynpTate cOpoca MpOMBINUICHHBIX CTOKOB BO3POC YPOBEHB 3arpsi3HeHUs peku. Kakum oH
OyJzieT yepe3 CyTKU, ABOE U T.JA. U KOTJIa YPOBEHb 3arpsi3HEHUsI CTAHET JOIYCTUMBIM, €CJId U3BECTHO, YTO
3a CYTKM OH YMEHBIIAETCS B ONPEIEIEHHOE KOJIMYECTBO pa3?

O603naunm: CO — HayambHast KOHIIEHTPALUS BPEIHON IPUMECH.

Cron — npeaenbHO TOMyCTUMAas KOHIIEHTPAIHs BPETHON MPUMECH.

K — xo3ddummeHt cyToyHOro ymeHbIIEHUS KOHIICHTPAI[MH BpPEIHOTO BEIIECTBA.
Taobmuia 6. Ucxoqusle 1aHHBIE K DKOJIOTMYECKOM 3a1a4de
Bemiectro CO (mr/n Cnom (mr/m) K
CsuHen 5 0.03 1.12
MEBIILIK 1.5 0.05 1.05
®dTop 0.2 0.05 1.01

Matematrndeckast (POpMyJIMPOBKaA 3a1a4u:

Cl1=C0/K

C2=Cl1/K=C0/K2

C3=C2/K=CI1/K3

Cn=Cn-1/K=C0/Kn wnmmu

Cn=C0/Kn WU

Cn=Cn-1/K

AHaTH3UpyeM MOCIIEIHIO (GOPMYITy — COCTOSIHHE 3arPsS3HCHUS PEKH B TEKYIIMH JCHb 3aBUCUT OT
COCTOSTHUS 3aTPS3HCHUS B MIPEABLAYIIHNA JICHB, T.€. IMEEM PEKyPPEHTHOE COOTHOIIICHHE.

IIpumep nmporpaMmel ¢ peKYppPEeHTHBIMU MOCJ€10BATEIbLHOCTIMU



PazpaGotaem mnporpammy ans pacuéra cojepxaHus B peke cBUHLIA. OOO3HAYMM MpEaesIbHO
JOMYCTUMOE 3HAYeHHE KOHIICHTpAIMN BpeaHON nmpuMecu cdop, HaualnbHOE 3HAUYeHHE KOHIeHTpaluu c0 ,
KOA(p(UIIMEHT YMEHBIICHUs 3arpsi3HeHUs B CyTKM k, 1 — umcio cytok. s co3maHus anroputma
MPEJICTAaBUM PEeKYpPpeHTHYIO ¢opmyiry B Bune: c=cpred / k.

main()

{
float c0, cdop, k, c, cpred; int
i

c0=5.0; cdop=0.03; k=1.12; //VI3  TaOInLBI

cpred=c0; for (i=1; ;i++)

{

c=cpred/k;

if (c<=cdop) break;

cpred=c; } cout<<i; }

Pe3ynbrar paboTsl IpOrpaMMBI:

46

3ananue

Ha oyenxy «Yooeremsopumenvroy

Pa3paboraem nporpammy Juist pacuéra coJiep:KaHusl B PEKE MbIIIbSIKA.

Ha oyenky «Xopowoy

Paspabotaem nporpammy i pacdyéra comepikanusi B pexe GpTopa.

Ha oyenxy «Omauunor

Pa3paboraem mporpammy Juis pacuéra coiep)KaHHs B pEKe YCIOBHOTO BEIECTBa, MOKa3aTeiau
KOTOPOTO BBOJISITCS TIOJIb30BATEIIEM.

KonTpoJbHbIe BOIPOCHI
1. Kakue cooTHOIIEHNUSI HA3bIBAIOTCS PEKYPPEHTHBIMH?
2. llpuBenute nepBbix 10 yncen OuboHAYYH, UCTIONB3YS PEKYPPEHTHYIO (hopmyiy.

JladopaTopnasi padora Nel7.
HNrepanuonnbie nukibl. [lonck KopHeil HEJIMHEHHOI0 YPABHEHUS! METOA0OM JeJICHUS
MOIO0JIAM.

Heaw: [TomydeHne HaBBIKOB B pa0oTe C MUKIUYCCKUMHE ajdroputMaMu. Peanuzaius Ha UX OCHOBE
MaTEeMAaTHUYECKUX PACUETOB.

Tembl 171 peABapUTEILHOI MPopadoTkn Apudmerndeckue

onepatopbl C++.

@OYHKIMM CTaHAAPTHOTO BBOJIA U BHIBOJA.

Omneparop BeTBICHUS.

Teoperudyeckunii MmaTepuaJ

1. OcHosmble nousmus 0Jisl YUKio8

Huka - 570 anropuTMUYecKasi KOHCTPYKIIHS, B KOTOPOH B 3aBUCHMOCTH OT YCJIOBHUS TIOBTOPSICTCS
onpeaenéHHas MOCIeI0BATEIbHOCTD NEHCTBUH. [[11s1 opraHu3anuy UKIOB MOKHO IPUMEHSTE yCIIOBHS,
T.K. UUKIUYECKHH alrOpUTM SBISIETCS YacTHBIM CIy4yaeM pas3BeTBisitonierocs. Teqo ummkiaa - 3To
MTOBTOPSIOIIASCS TTOCJIEIOBATEILHOCTD IEUCTBHH (OJIOK MHCTPYKITHIA).

[ukn, s KOTOPOro HENb3sl yKa3aTh YHUCIIO IMOBTOPEHHM, M MpPOBEpPKa OKOHYAHUS KOTOPOIO
MIPOUCXOINT IO JOCTH)KCHUIO HY>KHOTO YCIIOBHS, Ha3bIBACTCS MTEPANMOHHBLIM. L[UKIT BBITIONHSACTCS 10
TEX MO, MOKAa BBIPAKCHUE OTIIMYHO OT HYJIA, T.C. 3aKIFOYCHHOE B HEM YCJIOBHE ITUKJIa HCTUHHO. Brixo u3



[IUKJIa TPOMCXOJHUT MOCJIE TOrO, KaK 3HAUYCHHE BBIPAKEHUS CTAHET JIOKHBIM, MHBIMH CJIOBAaMH PaBHBIM
HYJTIO.
2. Huxn ¢ npedycrnosuem
B nukie ¢ npenycioBreM, Ha3bIBa€MOM €II€ IIUKIJIOM “TIOKa”, CHayaia MpOBEPSIETCS YCIOBHE, a
3aTeM BBITIOJHSIOTCS AEUCTBUS.
[{uky ¢ mpeaycioBreM MOKET HE BBIITOJIHUTHCS HU pasy.
®dopmat oneparopa UKJa C MPeayCIOBUEM:
while (BbIpakeHue) omeparop;
3. Luxn ¢ nocmycnosuem
B ke ¢ mocTyciaoBueM cHauaia BBIIOJIHSETCS AEMCTBHE, a JIMILIb IIOTOM IPOBEPSIETCS yCIOBHE.
Hukn “mo” ¢GyHKIMOHMPYET CIEAYIOIMM oO0pa3oM: 10 TeX Iop, MOKa YCIOBHE HE BBIOJHHUTCH,
BBITIOJHSETCS TEJIO KA. XapaKTEePHO, UTO TEJIO IUKJIA B [IUKJIE 0" BBIMOIHIETCS XOTs Obl OJIUH pas.
®dopmat oneparopa LUKJa ¢ OCTYCIOBUEM:
do omeparop while (BbIpakeHmue);
[uxn ¢ npeayciouemM. @opmaT onepaTopa LUK C MPETYCIOBUEM:
while (BbIpaxkeHHe) ormeparop;
[{uKkJ1 IOBTOPSIET CBOE BBIIIOJIHEHUE, I0KA 3HAYEHHUE BHIPAKEHUS OTIMYHO OT HYyJIs, T.€.
3aKJIFOYEHHOE B HEM YCJIOBUE IIMKJIa HCTUHHO.
3.4. Pewenue HeluHeliHO20 YPAGHEHUS MeMOOOM OeleHUs NONOAAM
[Tycte TpeOyeTcst pemnTh HenuHelHoe ypaBHeHue Buaa f(x)=0 na 3amanHOM oTpeske [a; b] ¢
HE00X0IUMOMN TOYHOCTBIO £>0.
Pemuth ypaBHEHHE — 3TO HaWTH ero KopeHb (kopHu). KopHem Ha3bIBaeTcs Takoe 3HaYeHHE X*,
Mo/ICTaBUB KoTopoe B f(X) mosygaercs Houb, T.€. T (x*)=0
y & I'pa¢puyecku kopeHb — 3TO  TOYKa
nepecedenus rpapuka ¢pyHkuuun y=f (X) ¢ OCbiO
OX.
VY3HaeM, ecTb 1M Ha oTpe3ke [a,b]

— pemwenne.  Jlng  3TOro  HajZO  MPOBECTH
x* % Y uccienoBaHue, kak BeneT ceOs ¢ynkuus f(x) Ha
1 - KOHIIAaX oTpe3ka [a; b].
- *—— - p [a; b]
A1 O X 1 '

Pucynok 1 — Kopau HenmHEHOro ypaBHEHUs
-HET pEIleHUs -HET peIleHus -€CTb pEIlICHUE



/
/

x*
a b X x*\¥
f(@)>0 f(@)<0
f(6)>0 f(B)<0

<

x *
F(&§Vg 0
FfDe 0

v

PUCYHOK 2 — VIcchegoBaHWe OTpe3Ka Ha Hannyme KopHeu

Ecnu HenpepbiBHas MOHOTOHHAsA QyHKIMA f (X) MMeeT pa3Hble 3HAKU Ha KOHIAX oTpeska [a, b], To

OHa UMeEET CI[I/IHCTBGHHI)II;'I KOpPCHb HAa JaHHOM OTPE3KE.
YcoBre CymecTBOBaHMS IUMHCTBEHHOTO KOPHS Ha [a; b].

ﬂJ’I}I peuicHud HEJIUHEHHOTO YpaBHCHHUA MOKHO HCIIOJIB30BATH

fla)x f(b)<0

METOA ACICHUA II0I1I0JIaM, OTHOCSIITHHACS K JucIuniante «YuciaeHHbIe METOABIY.

AHrOpI/ITM METOAa ACJICHUA II0II0JIaM

Beoa: a, b, eps
v
k=0

Jloxw Hctinaa

a=c b=c
| |

Hctina

BbiBoa: ¢, k

Haiitu cepenuny otpeska [a,b]:
c=(a+b)/2;

Ecm f(c)*f(a)<0, caBuHyTh mpaBylo
TpaHMIy UHTEpBaja b = c;

Ecm f(c)*f(a)> 0, caBuHYTH JEBYIO
TpaHHIly HHTEpBaja a = C;

[oBTOpsTh miaru 1-3, moka He Oyzner | b

-a|<é&



Pucynok 3 - biok-cxeMa MeTo/ia IeJIeHUsI TTOoJIaM

IIpumep mporpamMmel AJisl pellieHHs] HEJIMHEHHOT0 YpaBHEHHUsI METO/I0M /IeJIeHHs MOoIoJIaM
@dparmMeHT NporpaMMHOTO KoJia JJis HelMTMHEeHHOTo ypaBHeHUs f (X)=cos(X)+sin(x).

main()

{ float a, b, ¢, fa, tb, fc, eps;

cout<<’BBeaute rpaHuibl OTpe3Ka ~;

cin>>a>>b; cout<<’BBenure TOYHOCTH

pacderoB ’; cin>>eps; do

{
c = (atb)/2; //CepenuriHa oTpe3Ka
fa = cos(a)+sin(b); //3naueHust GYHKIIMN B KOHTPOJIBHBIX TOYKAX

fb = cos(b)+sin(b);
fc = cos(c)+sin(c)

if (fa*fc<0) b=c; //YcrnoBue BIOOpa KOPHS
else a=c;
}
while ( fabs(b-a)>eps); //Y cmoBue TpoIoJbKeHus pacueToB cout<<’KopeHb
ypaBHeHus = ’<<c<<endl;
H
3ananue

Ha oyenxy «Yooeremsopumenvroy

Hamucate nporpamMmy, BBIUKCISIONIYI0 KOPEHb HEIMHEHHOTO YpPaBHEHUS METOJOM JIeJICHUS
MOTI0JIaM Ha 33JIaHHOM OTPE3Ke C YKa3aHHOW TOYHOCTHIO BBIUMUCIICHUSI.

Ha oyenxy «Xopouioy

I[OHOJIHI/ITQJIBHO OMNPCACIIUTL KOJUYCCTBO COBCPIICHHBIX JCICHUM. CﬂeHaTB BBIBOJ, KakK
KOJINYCCTBO I[CJ'IGHI/Iﬁ 3aBUCUT OT TOYHOCTHU PACUCTOB.

Ha oyenxy «Omauuno»

Bce pacuersl oroOpa3uth B BUAE TaOMUIBl, B KOTOPOW B IIOIIArOBOM pEXHME IPEICTaBUThH
IIPOMEKYTOUHBIC U KOHEYHBIC BHIYMCIICHHUS.

KonTpoJbHbIe BOPOCHI

1. Kaxkue nukiibl Ha3bpIBalOTCS UTEPALIMOHHBIMU ?

2. Uem OTIuvaroTCs UTeparMOHHBIC IUKIIBI C TIPETYCIOBHEM H TIOCTYCIOBHEM?

3. ChopmynupyiiTe aroput™ padOThl UTEPAIIMOHHOTO IIUKJIA.

4. Uro Ha3pIBaeTCAd KOPHEM HEJTMHEMHOTO ypaBHEHUs?

5. OnuimTe anropuT™M MeETOoJa JIeJICHUS TOIoJaM JUIsl  BBIYMCICHHUS KOPHS

HEJIMHEHHOI0 ypaBHEHMUS.

JladopaTopnasi padora Nel§.
BbiuncieHnue psjioB ¢ 3aJaHHON CTeNEeHbI0 TOYHOCTH.

Hean: [Tony4yeHne HaBBHIKOB B pab0OTe ¢ MUKINYECKUMH aJITOPUTMAMH.



Tembl 1J151 IpeABApUTEIBLHON NPopadoTku Apudmernueckue

onepatopsl C++.

@yHKIUY CTaHIAPTHOTO BBOJA U BBIBOJA.

Oneparop BETBICHUS.

TeopeTnyeckuii MaTepuaJl

1. Ocrogmbie noHsamust 0 YuKio8

Iuka - 370 anroputMuveckasi KOHCTPYKIIHS, B KOTOPOH B 3aBUCUMOCTH OT YCJIOBUS IIOBTOPSETCS
onpezaenéHHas oCcIe10BaTeIbHOCTD NEUCTBUH. [[i1s1 opraHn3anuy HUKIOB MOKHO IIPUMEHSATh YCIIOBHS,
T.K. LUUKIMYECKUH alrOPUTM SBISIETCSA YAcTHBIM ClIy4yaeM pasBeTBisitomierocs. Teqo nmmMkiaa - 3T0
HOBTOPSIOLIASCS MOCIEI0BATENBHOCTD ACUCTBUH (010K MHCTPYKIIHIA).

Hukn, Ui KOTOPOro HENb3sl yKa3aTh YHUCIIO IMOBTOPEHHM, M MpOBEpKa OKOHYAHUS KOTOPOIO
IPOUCXOAUT MO JOCTH)KEHHIO HY)KHOTO YCIIOBHUS, Ha3bIBa€TCS MTePAllMOHHBIM. L{UKI BbIIOIHSETCS 110
TEX 0P, TOKa BBIPAXKEHUE OTIINYHO OT HYJIA, T.€. 3aKIIOYEHHOE B HEM YCJIOBHE LIMKJIa UICTUHHO. Brixon u3
IIUKJIa TPOMCXOJMUT MOCJIE TOrO, KaK 3HAUCHHE BBIPAKEHUS CTAHET JIOKHBIM, UHBIMH CJIOBaMH PaBHBIM
HYJIIO.

2. Huxn ¢ npedycrosuem

B nukine ¢ mpenycioBreMm, Ha3blBa€MOM €lIle IIUKJIOM “NOKa”, CHaydaua MpoBepsieTcs YCIOBHUE, a
3aTeM BBIIOJIHSAIOTCS ACHCTBUSL.

[{uky ¢ peaycinoBrEM MOKET HE BBIIIOJIHUTHCS HU pa3zy.

®opmat oneparopa LUKJa C IPEeyCIOBUEM:

while (BbIpakeHue) omeparop;

3.3. uxn ¢ nocmycnoguem

B nukiie ¢ moctycinoBueM, Ha3bIBAEMOM LIMKIIOM “710”°, HAOOOPOT: CHayajia BBITIOJIHIETCS AEUCTBHE,
a JIMIIb IOTOM IPOBEPSIETCs YCIOBHE.

[ukn “no” GyHKIMOHHMPYET CIEAYIOIMM 00pa3oM: 0 TeX IOp, MOKA YCIOBUE HE BBIMOJIHUTCS,
BBINOJIHACTCS TEJIO LIMKJIA. XapaKTepPHO, YTO TEJIO LUKJIA B LIUKJIE ~10” BBINOJIHACTCS XOTs Obl OIUH pas3.

®dopmat oneparopa IUKJa ¢ MOCTYCIOBUEM:

do omepatop while (BbIpaikeHnue);

[{uks BBINOJIHAETCS 10 TEX MOP, TOKA BBIPAKEHUE

IIpumep nporpaMMebl BBIYHCJICHUS PSAOB € 32IaHHON TOYHOCTHIO

Beruucnuth cymmy rapmoHuueckoro psifa: 1+ 1/2+1/3+ ¢ 3agaHHON TOYHOCTBIO PacyeToB €.

#include <iostream.h> #include <limits.h>

main()

{int n=l; double S=0, eps;

cout«"BBeaure  TouHOCTB:

"; cin>>eps;

while(1.0/n>eps && n<INT MAX)

{

S+=1./n;

nt++;

}

cout<<"\nCymma="<<S;

@aiin limits.h, moaKIFOYaeMbIii IPENPOLIECCOPOM, CONECPKHUT ONPEACIICHUS MPEACIbHBIX KOHCTAHT
JUTSI TIETTIBIX THITOB JAaHHBIX. B 4acTHOCTH, KOHCTaHTa C UMEHEM int max paBHA MaKCHMAJIbHOMY 3HAYCHHIO
TUNa int B JaHHOW peanu3anuu kKommuisTopa. Ecim i Tuma int ucmois3yeTcss nByxOaiiToBoe



npenctaBienue, 170 INT MAX=32767. B stom xe 3aromoBouyHoM (aiine ompeneneHsl W Apyrue
koHCTaHThL: INT MIN=-327 68; LONG _MAX=2147483647 u 1.1.

3amanue

Ha oyenxy «Yoosenemsopumenvro»

Hanucats nporpamMmy, BEIYUCIISIONIYIO BCE YJIEHBI YHCIOBOTO Psiia, 3HAUCHHE

KOTOpBIX npesbimmaer 10-5.

Ha oyenky «Xopouwioy

JlaHbl 4KCIOBOM pAl M HEKOTOpoe yucio € Hailtu cymmy TexX WieHOB psiia, MOAYJIb KOTOPBIX
OoJibllie WK paBeH 3aAaHHoOMY €. OOIIMI WICH psia UMEeT BU/L:

a,=10"n!

Ha oyenxy «Omauunor

Halitn HanMeHbpII HOMEp YjieHa ToclieIoBaTeNbHOCTH, a,=10"/n!

JUIsL KOTOPOTO BBITIOJIHAETCS YCJIOBUE: |an — an-1| < €. BpIBecTH Ha

9KpaH dTOT HOMEP U BCE JEMEHTHI ai, rae i = 1, 2,..., n.

KoHnTpoJibHBIE BOIPOCHI
1. Kakue nMKIIbl Ha3bIBalOTCA UTEPALMOHHBIMU?
2. YeM OTIIMYAIOTCS UTEPALIMOHHBIE IUKJIBI C MPEAYCIOBHEM M IMOCTYCIOBUEM?
3. Chopmymnupyiite anroputM paboThl UTEPAITUOHHOTO ITHKIIA.

JladopaTopnasi padora Nel9.
IIporpamma cocraBjieHus Ta0JMIbI (PYHKIHH HA 32]JAHHOM HMHTepPBaJIe.

Heanb: [Tony4yenne HaBBHIKOB B pab0OTe C MUKINIECKUMH aJITOPUTMAMHU

Tembl 119 npeABapuTeIbHOI NpopadoTkn Apudmerndyeckue

onepatopsl C++.

@YHKIMM CTaHAAPTHOIO BBOJA U BBIBOJA.

Oneparop BeTBieHMs. TeopeTnueckuii MaTepuaJ

1. Hukn ¢ napamempom

®opmat oneparopa LUKJa C IapaMeTPOM:

for (BbIpa:kenue 1; BbIpakeHue 2; BbIpaxeHue 3) omepartop;

[Mukn ¢ mapaMeTpoM HCHOJIB3YETCs B IpOrpamMmax, KOrja M3BECTHO KOJMYECTBO COBEPINAEMBIX
NOBTOpeHM. BripaxkeHne 1 BBIMOJIHAETCS TOJBKO OAMH pa3 B Hauaje Iukiaa. OObIYHO OHO ONpenesnser
HAyaJbHOE 3HA4YEHME NapaMeTpa LuKiIa (MHULMAIUM3MPYET MapaMeTp IuKia). Belpaxenue 2 — 370
yCIIOBHE BBINOJIHEHUS LUKIA. BbIpaxeHnne 3 0ObIYHO oOmpeAenseT H3MEHEHHEe Iapamerpa IHKIIa.
Omnepatop — Teno LHMKIA, KOTOPOE MOXET OBITh IMPOCTHIM WJIM COCTaBHbIM. B mocinennem ciydae
UCIIOJIB3YIOTCS (PUTYPHBIE CKOOKH.

[locne BbIUMCIIEHUS BBIPAKEHUS 3 MNPOUCXOAMT BO3BPAaT K BBIUHUCICHHUIO BBIPAXKEHUA 2 —
IIPOBEPKE YCIOBUSI IOBTOPEHUS LIUKIIA.

Hcnonb3ysl onepanuio «3amsras», MOXHO B BbIpaKeHHME | BHECTM MHMIMAIU3ALUIO0 3HAYCHU
Cpa3y HECKOJIBKUX ITEPEMEHHBIX.

Hekotopeix 31eMeHTOB B omnepatope for MoXeT He ObITh, OJHAKO pa3felsIoNMe MX TOYKH C
3arsToi 0053aTeNbHO JOHKHBI IPUCYTCTBOBATD.



IIpumep nporpammsbl Ta0yJIMpoBaHus (PYHKIHH
CocrtaBuTh TabnMIly 3HaueHUH (QyHKIMU y=|X| B quamna3oHe U3MEHEHHUs aprymeHta or -4 10 4 c
mrarom 0.5.

#define LB -4 //HVDKHSS TpaHMIIA Uana30Ha U3MEHEHHUS apryMeHTa
#define HB 4 //BepxHsisl TpaHUIIA THATIa30HA H3MEHEHUS apryMeHTa
#define DX 0.5 //mpupalieHre aprymeHTa

main()

{ float x, y; //apryMeHT ¥ 3Ha4YeHHE PYHKITUN

int n; //KOJI-BO TOYEK

int 1; //c4eTUNK LUKIIOB

cout<<"\nTabnuua 3Hauennit pynkuun y=|x| \n";
n=(HB-LB)/DX+ 1;x=LB;

for i=1;1<=n;it++)

{ y = fabs(x);

cout<< x<<

s

x += DX

}

H

3aganue

Ha oyenxy «Yooeremsopumenvroy

Hanummre mnporpamMMmy, COCTaBISIIOIIYIO TaONWIly 3HA4eHWH QYHKIUH y=sin(x)-cos(X) B
Jarna3oHe U3MEHEHNUs aprymenTa ot -4 1o 4 ¢ marom 0.5.

Ha oyenky «Xopowoy

Hanummre nporpaMMy, cOCTaBIISIIOILYIO TaOMUIy 3HaueHUM (QyHKIUHM y=sin(x)-cos(X). Junanazon
M3MEHEHUS apryMEHTa, a TaK K€ I1ar €ro U3MEHEHMsI BBOJIUTCS I10JIb30BATEIIEM.

Ha oyenxy «Omauuno»

B noctpoenHoit Tabnuie 3HaueHU GYHKINUU ONPEASIUTh TOUKH HKCTPEMyMa.

KonTposabHbIe BOIPoChI
1. Korza B mporpammax HCIOJIb3YETCs LUK ¢ TapaMeTpoM?
2. VKaxxuTe MpaBuiia CHHTaKcHca KoMaH sl for.

JladopaTopnasi padora Ne2(.
I[IporpaMmmMupoBaHue MUKINYECKUX AJTOPUTMOB MPH pellleHUH NPUKJIATHBIX 32/1a4.

Heasn: [lonyyeHrne HaBBIKOB pabOTHI ¢ PA3IMYHBIMU BUJAMH LIUKJINYECKUX aJITOPUTMOB.

Tembl 119 npeABapuTeIbHOI NpopadoTkn Apudmerndyeckue

onepatopsl C++.

@YHKIMM CTaHAAPTHOIO BBOJA U BBIBOJA.

Oneparop BETBICHMUS.

Teopernueckuii MaTrepua /.

Tonsmue yuxna

[Tox nuKIOM MOHMMAETCS MOCIEA0BATENBHOCTD JEHCTBUM, KOTOPBIE MOTYT HMOBTOPATHCS HYKHOE
KOJINYECTBO pa3. JlelicTBUs, KOTOPBIE MOBTOPSIIOTCS B IIMKJIE, HA3BIBAIOTCS TEJIOM LUKJIA (KOMaHIBI Cin U
n3MeHeHue sum). [IpuMeHeHne IUKIOB COKpallaeT AJUHY NPOrpaMMbl, OJHAKO HE COKpAIlaloT BpeMs
BBINIOJTHEHUST NpOrpaMMbl. CUMTaeTcsi, 4YTO LHKIbI — 3TO CaMble MPOJOJDKUTENBHBIE 10 BPEMEHH



¢dbparmeHTs iporpamMmbl. CyIIeCTBYeT HECKOIBKO Pa3HOBUIHOCTEH IMKIIOB, BCE MX MOXKHO Pa3leIuTh Ha
JIBE TPYIIIIBL:
- HUKJBI ¢ ycrnoBueM (while,
do).
-k ¢ mapamerpom (for);
2. Lukn ¢ npedycnoguem
while (ycsi0BHe nukiia)

{

Tesao uukIa

Caenyiolee eiicTBue;

Uwuraercs: «Iloka yciioBue IUKIIa HCTUHHO, BBITIOTHATH KOMAHIbI TEJIA IIUKIIA.
Paboraer Tax:

1. CHauana BbIUHCIISETCS YCIOBHE IUKJIA.
2. Ecnu ono uctunHO (He paBHO (), TO BBITOIHICTCS TEJIO IIUKIIA U TIEpexoa K 1.
3. Ecnmu ono noxHO (paBHO (), TO Teno NMKJIA HE BBHIMOIHIETCS U OCYIIECTBISETCS

BBIXOJ M3 LIUKJIA Ha cieayrouiee aercreue. [Ipapuna

1. BolpaskeHue nLuKIa JOJKHO COJEP)KaTh HEKOTOPYIO BEIMYMHY — INEPEMEHHYIO LMKIA —
3HAa4YEHHE KOTOPOM BBIUUCIIAETCS B BHIPAXKECHUU.

2. Teno nukiIa JOHKHO coiepKaTh KOMaHAy, U3MEHSIOIeH 3HaUYeHHEe IepEMEHHOM 1IMKIIa TakK,
YTOOBI BBIpaXXEHHE IUKJIA KOTAa-HUOYIbh cTajo JIOkKHBIM. Eciu Takoil komaHIpl He OyneT, BhIpa)KeHUE
IUKJIa BCerja OyJeT MCTUHHBIM U BOSHUKHET 3al[MKIMBaHHe MPOrpaMMbl - 0ECKOHEYHOE TOBTOPEHHE Teja
LUKJIA.

3. Jliis iepeMeHHOM LUKIa JOIKHBI BBIMOJIHUTBCS TPU JCHCTBUS:

- MHUIIMAIN3ALUs IEPEMEHHOM 1MKIIa — IPUCBaNBaHUE TIEPEMEHHON HA4aJIbHOIO 3HAUECHUS —
BBITIOJHSETCS OAMH pa3 0 Hayvaja BBITOJIHEHUS Tela IUKIIa;

- IpOBEPKAa HMCTHUHHOCTH BBIPAKEHHUS, B KOTOPOM YYacTByeT IIepeMEHHas IHUKIa —
BBITIOJIHSCTCS MEPe]] KaKIBIM BO3MOXKHBIM BBITIOJIHEHUEM TeJIa IHKIIA;

- KOppeKLs MEPEMEHHON LUKJIAa — U3MEHEHHE 3HAUYEHUs IEPEMEHHOMN — BBITOJIHSETCS B TEJE
UKJIA.

OTtcyTcTBUE XOTS OBl OJJTHOTO U3 3TUX JEHCTBHUIM MOXKET MPUBECTH K 3AI[UKIMBAHHUIO TIPOTPAMMBI.

4. Hukn while sBsieTcs HUKIOM C PEAYCIOBHUEM, T.K. YCIOBHE MTPOBEPSETCS Mepe]] BHIMOJIHEHUEM
TeNa IUKIa. 3HAYUT, TEJO I[MKJIa MOXKET HU pa3y HE BBIIOJIHUTHCS, €CIIM YCIOBHE IMKJIa Cpa3y CTaHET
JIO’KHBIM.

3. Apugpmemuueckuti yuxiu

®opmat oneparopa LUKJa C IapaMeTPOM:

for (BbIpa:kenue 1; BbIpaskeHue 2; BbIpaxkeHue 3) omepartop;

[{ukn ¢ mapaMeTpoM HCHOJB3YyeTcsl B MpOorpaMmax, KOrja M3BECTHO KOJUYECTBO COBEPILAEMBIX
noBTOpeHMid. BripakeHne 1 BBIMONHSAETCS TONBKO OAMH pa3 B Hadaje Iukia. OObBIYHO OHO OMpesesnseT
HayaJbHOE 3HAYeHHE MapaMeTpa Hukia (MHULMATU3UPYET MapaMeTp IKia). Beipakenue 2 — 3T0
yCIIOBHE BBITIOJHEHUS] IUKIA. Bripaxenne 3 0OBIYHO oOmpeAenseTr HW3MEHEHHE Iapamerpa IHKIIa.
Omnepatop — TenO LHMKIA, KOTOPOE MOXET OBITh MPOCTHIM WM COCTAaBHBIM. B mociemHem ciydae
UCTIONB3YIOTCS (PUTYPHBIE CKOOKH.

[Tocne BBUMCIIEHUS BBIPAXKCHHS 3 TIPOMCXOIWT BO3BPAT K BBIYMCICHHUIO BBIPAKEHUS 2 —
IIPOBEPKE YCIOBUSI IOBTOPEHUS LIUKIIA.

Hcnone3ys omnepamuio «3amstas», MOXHO B BblpaXeHHE | BHECTH MHHUIMAIU3ALUIO 3HAYEHUI
Cpa3y HECKOJIbKUX IIEPEMEHHBIX.



HekoTtopeix snmemMeHTOB B omepatope for MokeT He OBbITh, OJHAKO pa3JeNsIONIMe WX TOYKH C

3ansaToi 00s3aTeNbHO JOHKHBI MPUCYTCTBOBATH.
IIpumep nmporpaMmsbl ¢ pa3jiMYHBIMU HUKJIAMHA

[MpumepNel. Beiath camblii BRICOKHIT Kypc $ 3a 12 MecsieB roja ¥ yka3aTh HOMEp MecCsIa, B
KOTOPOM OBLI MOJY4YeH 3TOT Kypc. HamucaTs mporpaMMHBIN KO/ ¢ TPUMEHEHHUEM UTEPAIlMOHHOTO ITUKJIA.

main()

{ float kurs, max;

int i, nom; cout<< "Bpemure

Kypc 1 mecsma';

cin>> kurs;

max=kurs; nom=1;

1=2;

while (i<=12)

{

cout<< "BBenure kypc"<< i<<" mecsma";

cin>> kurs; if ( kurs>max)

{ max=ku

rS; NOm=i;

j it

h

cout<< "camblIii BEICOKHIT Kypc $="<< max;

cout<<’0bUI MOJy4YeH B MecsIe ~<<nom;

} Ilpumep Ne2. Pemuth 3amauy npumepa Nel ¢ mpuMeHeHHEM apU(pMETHYECKOTO

[UKJIA.

main()

{

float kurs, max; int i, nom;

cout<<  "Bpemure kypc 1

Mecsa';

cin>> kurs;

max=kurs;

nom=1;

for (1=2; i<=12; i++))

{ cout<< "BBenure Kypc"<< i<<"

Mmecsma"; cin>> kurs; if ( kurs>max)

{ max=kurs;

nom=i;

H

H

cout<< '"camplii BBICOKMH Kypc $="<< max;
cout<<”ObUI NOJYyYEH B Mecdle ~<<nom;

}

3aganue
NmeroTcst 3apmuiatel pabOTHHKA 1O MeCsIaM rojia — clydaiHbple unciia B auanazone ot 5000 mo
20000. BriBecTu UCXOAHBIE TaHHBIE HA DKPaH U BBITOIHUTD JUIsl HUX OyXraJTepcKUe pacyeTsl.
Ha oyenxy «Yooeremsopumenvroy
1. Beruuciauts o0IIy10 CyMMY BBITIIAT 32 TO/I.



2. OnpenenuTh CPEIHION 3apIuiaTy pabOTHHUKA.

3. BriBecTH caMyI0 BBICOKYIO M HU3KYIO 3apIliaTy, U B KAKUX MECSIIax OH €€ MOTyYHII.

Ha oyenxy «Xopouior

1. Paccunrath exxeMecsiuHble TICHCUOHHBIE OTYHCIICHHUS, Kak 2% OT 3apIuiaThl COTPYIHUKA.
2. BBIYUCTUTH OOIIYI0 CyMMY BBIIUIAT 32 TOJ] B IEHCHOHHBIX (DOHI.

Ha oyenxy «Omauunoy

1. BriBecTn HOMepa MecslleB, KOTJa €ro 3apruiara Oblla HUXKE MPOXKUTOYHOTO MHHHMYyMa
(BBOAMTCS TIOJIb30BATEIICM).

2. Boraucnute cymmy Hanora 3a roji. OTuuclieHHe HauMHaITCs C TOro Mecdla, Korjaa oomast
cymma 1o 3apriare craneT 6osiee 20 000 u cocraBusieT 13%.
KonTpoJbHbIe Bonpockl
1. Korga B mporpammax HMCNoib3yeTcs LMK C MapaMmeTpoM?
2. Korga B mporpamMmax MCHOJIb3YETCs LUKJI C YCIOBUEM?

JlabopaTopnasi padora Ne21.
IIporpaMmmupoBanue aJIrOPUTMOB €O CTPYKTYPOH BJIOKEHHBIX IMKJIOB.

Henanb: IlomyueHne HaBBIKOB B paboTe ¢ apUPMETHUECKUMU BBIPAKEHUSMHU, LUKINYECKUMHU
WHCTPYKITUSIMU.

Tembl 1715 IpeABapUTEIbHOI MPpopadoTkn Apudmerndeckue

onepatopsl C++.

@OYHKIMM CTaHAAPTHOTO BBOJIA M BHIBOJA.

Omnepatop BeTBiieHHA. TeopeTH4ecKHH MaTepuall

1. Brooicennvle yukvi

[{uKkIBl MO3BOJSIOT MOBTOPSITH BBIMOJIHEHUE J1I000T0 Habopa omepaTtopoB. B yacTHOCTH MOXHO
MOBTOPSATH MHOTO Pa3 BBIMOJIHEHUE APYTOTO NUKIA. TaKue IMUKIIbl HA3bIBAIOTCS BIIOKCHHBIMH.

[Ipumep 1. HamewyaTtaTh unciia B BUIE CASAYIOMICH TaOIHIIbI

33333

33333

33333

33333

Tabnuiia coCTOUT M3 YETHIPEX CTPOK, B KAXKIAOW U3 KOTOPBIX YMCiIO0 3 HamedaTaHo 5 pa3. CTpoky u3
ST YUCEJI MOYKHO HareyaTaTh ¢ MOMOIIBIO OJTHOTO IKKIIa for:

for(1=1;1<=5;1++)

cout<<3 “; cout<<endl;

YtoObl MOBTOPUTH BBIBOJI CTPOUKH 4 pa3a, BCTABIsIEM ATOT IIUKJI BHYTpPb Apyroro for

(k=1;k<=4; k++)

{

for 1 = 1; 1 <= 5; it++)

cout<<3 “;

cout<<endl;

h

Tunuynas ommOKa, KOra B Ka4eCTBE CUYETUYMKOB BIIOKCHHBIX HHUKIOB (1 M k B NMpuBEIEHHOM
MIPUMEPE) UCIIONIB3YETCS OJIHA U Ta e MepeMeHHast. To €CTh HeJb3sl B KaXK/I0M U3 IIUKIIOB UCIOJIb30BaTh
onHy mepeMeHHYl0 1. [lomMHHUTH 00 5TOM 0COOEGHHO BaXHO, IIOCKOJIbKY JaHHas omuOka He
oOHapyXUBaeTCs Ha dTarne KOMNUsAuY. Baia nporpamma 3anmycTuTcs, HO AefaTh OyAeT BOBCe HE TO, UYTO



Bbl OT Hee jaere. B mpuBeneHHOM mpumepe (eciu JOMyCTUTh OIIMOKY, 3aMEHUB NepeMeHHyIo k Ha 1)
BHEITHUI LIMKJ BBIMOJIHUTCA Bcero 1 pas BMecTo 4-X. Bo3MoXkHa Takke CUTyallusi, KOT/ia Takas OInOKa
IpHUBeNeT K 3alUKIMBAaHHUIO: BHEIIHUW IMKJI OyJeT BBIMOJHATHCA OECKOHEYHO J0JIr0 — IMporpaMma
3aBHUCHET.

2. 3aoauu nepebopa

Nwmeetcst nenplif Kacc 3a/ay, pelieHue KOTOPHIX CBOAMTCSA K Mepedopy pa3iMyHBIX BapHUaHTOB,
CpeaH KOTOPBIX BEIOMPAETCS TaKOi, KOTOPHIH YAOBIETBOPSET YCIOBHUIO 3a/1a4H.

Ipumep 2. [lenoe uncno K siBngerca aenureneM N, ecnu octaTok oT aeneHuss N Ha K paseH 0.
YrtoObl HAWTH BCe JENUTENH JOCTATOYHO mepedpaTh Bce uncia oT 1 1o N U NpoBEpUTH, SABIAIOTCA JIM OHU
nenutessiMi. JlaHHBIN alrOPUTM MOXKHO PEaTu30BaTh C MOMOIIBIO TPOrPaMMBI:

for (K=1; K <=N/2; K++)

if (N%K==0) cout<<K;

Ha stom mpocreiiiem mpumepe scHa oOImiasi CTpyKTypa pelIeHus 3aJad Ha nepedop BapuaHTOB.
Jns opranuzanuu nepebopa HCMONb3YyeTCs HUKI, KaXbIil IIar BBIMOIHEHHUS KOTOPOTO COOTBETCTBYET
PacCMOTPEHHIO OJHOTO M3 BapuWaHTOB. BHyTpW 1MKJIa CTOUT NMpoBepKa, MOAXOAUT JIM JAHHBINA BapuaHT
I0J1 YCJIOBHE 3a/1a4H.

Taxue 3agaun 0ObIYHO penIaeTcs ¢ MOMOLIbIO BIOYKEHHBIX IIUKJIOB, B KOTOPBIX B YCIOBUH LIMKIIA
UCTIONIb3YeTCsl epeOrpaeMblil MpU3HAK.

IIpumep 3. Ilycts aBymsa uuciamu (H u V) 3amano monoxkeHue KOHS Ha HIaXMaTHOW JOCKe.
Hailinure xoopauHaThl BceX KIIETOK, KyJa KOHb MOKET MOWTH CIEIYIONIMM XOJA0M (Apyrux Quryp Ha
JIOCKE HET).

B nanHOM mpumepe, BapHaHTaMU pEIICHUS SBIAIOTCS KOOPIMHATBHI KIIETOK, TO €CTh Ka)bld
BapHaHT ATO HE OJHO YMCIO, a JBa. Heobxomumo mpuayMaTh crioco® BBIYHCICHUS BapuaHTa (B JAHHOM
ClIy4ae HOMEPOB TOPU30HTAIH U BEPTHKAIN) TIO €0 HOMEpY.

W3BecTHO, 4TO KOHb X0AUT OyKkBOil I, cMemasch Ha J1Be KJIETKH B OJHOM HAIlpaBJICHUU U Ha OJIHY
B ApyroM. [lyctes npoBepsietcs kietka ¢ koopauHaramu (X, Y). Toraa ycinoBue ciBura no BEpTUKaIM Ha 2
OyJIeT BBITIIAETh TakK: abs(x-2).

B3sstue moaysst He0OXOAMMO, YTOOBI Y4€CTh BO3MOXKHOCTD C/IBHTa KaK BIPABO, TaK M BIIEBO.
AHaJOTMYHO YCJIOBHE CIIBUTa Ha OJHY KIETKy, Hampumep, Mo BepTukamu: abs(y-2).

[TonHOE ycOBHE BO3MOKHOCTH MONTH Ha KJIETKY KOHEM OYyJIeT BBITJISIETh KakK:

((abs(X-H)==2)&&(abs(Y-V)==1)) || ((abs(Y-V)==2)&&(abs(X-H)==1))

YroOsl mepedpaTh Bce KIETKH MIaXMATHOM TOCKH yI00HO /I iepedopa UCTIONb30BaTh BIOKEHHBIE
HUKIBl. B 1aHHOM cilydae HOMepa BEPTHKAIM M TOPU3OHTANM SIBISIIOTCA II€JIbIM yuciaamMu oT 1 go 8,
MO3TOMY Jis Tiepedopa UX 3HAYECHUI MOXKHO UCIIOJIB30BaTh CUETYUKH ITUKIIOB:

cin>>H>>V; for (X =1;

X <= 8; X++) for (Y =

I, Y<=8, Y+t

if ((abs(X-H)==2)&&(abs(Y-V)==1)) | ((abs(Y-V)==2)&&(abs(X-H)==1))

cout<<X<<Y<<endl,

IIpumep nmporpaMmsl ¢ BJIOKEHHBIMHU LUKJIAMHA

HaiiTi Bce coBeplieHHbIe Yncia B 3aJaHHOM Jnana3zoHe. COBEpIIEHHBIM CUUTAETCS YHCIIO, PABHOE
CyMMe€ BCEX CBOMX JenuTeneil. 3aaarh quana3on ot 1 g0 10000.

main()

{ int 1, j, k=0, sum=0; int

n=10000;

cout<<"\n Diapason 1- 10000";

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

{sum=1;



for (j=2; j<i; j++)
if (i%j==0)

sum+=j; if(i ==
sum)

{k++;
cout<<"\n"<<i;
}

}

cout<<"\nkol
sov="<<k; }

PesynbTar paboThl IpOrpaMmsl:
Diapason 1- 10000
1
6
28
496 8128
kol
sov=5
3amanue
Ha oyenxy «Yoosenemsopumenvro»
Hanucats nporpamMmy pasiioskeHre YHCII0 Ha IPOCThIE MHOKUTEIH.
Ha oyenky «Xopowoy
Hanucare nporpammy Haxoxaenuss HOJI paznokeHnem Ha NpoCTble MHOKHTEIH.
Ha oyenky «Omauuno»
CocTaBuUTh MporpaMMy-reHeparop mudaropoBex Tpoek. [ludaropoBoit Tpoiikol Ha3bIBAIOT TAKHE
Henple 4ucna a, b u ¢, KOTOpble YIOBIETBOPSAIOT YCIOBHIO. Takue 4ucia MOTYT OBITh CTOPOHAMU
MPsIMOYTOJIBHOTO TpeyroibHuKa. Haliem takue uncna.
KoHnTpoJibHBIE BOIPOCHI
1. Kakume 3amaunm Ha3bIBalOTCSA 3amayamMu mepedopa? 2.
OOBSICHUTH, KaK paboTaeT KOHCTPYKIIUS BIIOKEHHBIX ITUKIIOB.

JlaGoparopHasi padora Ne22.
Peanu3zanus 3a1a4 nepeBojia meJibIX BeJIHYUH B Pa3JIMYHbIe CHCTEMbI CYNCIEHUS.

Heasn: [TonydyeHrne HaBBIKOB B pabOTE C CUCTEMaMH CUMCICHUS U UTEPALMOHHBIMU ITUKIaMH.

Tembl A1 npeABapuTeIbHOI MpopadoTkn Apudmerndyeckue

oneparopsl C++.

@YHKIMM CTaHAAPTHOIO BBOJIA U BBIBOJIA.

Urepanmonnsie nukiibl. TeopeTudyeckuii MaTepuall

1. Cucmemvl cuucnenus

B mo3unmoHHBIX cHCTEMax CUMCICHHUS OJMH M TOT K€ YMCIOBOW 3HAK (mmQpa) B 3alKCH YHCIIA
MMEET pa3INyHble 3HAUE€HUS B 3aBUCUMOCTH OT TOr0 MecTa (pas3psizia), rie oH pacnoiiokeH. K unciny takux
CUCTEM OTHOCHUTCS COBPEMEHHAs ACCATUYHAs CUCTEMA CUMUCIICHMSI, BOSHUKHOBEHHE KOTOPOW CBSI3aHO CO
CYETOM Ha MajbpLax.

[To MO3WMITMOHHON CHCTEMOW CUHUCIEHHUSI OOBIYHO IMOHHWMAETCs b-pHyHas CHUCTEMa CUUCIICHWHS,
KOTOpasi OMpejessieTcsl LeNbIM YHCiIoM b>1, Ha3blBaeéMbIM OCHOBaHMEM CHCTEMBbl cuMcieHus. Llemoe



qyrcno 0e3 3Haka X B b-pHUYHON CHUCTEMe CYHCIEHHUS MPEACTABISETCS B BUIAE KOHEYHOW IWHEHHOU
KOMOWHAIINHM CTENEeHEN uncia b:

n—1
% ak — D9JTO LeJble 4YHucla, Ha3blBaeMble LU(pamMH, yIOBIETBOPSIOLINE
xX= @b
HEPABEHCTBY 0 < @y = (E-_. — -l}
k=0

Kaxnas CTemeHb b* B Takoil 3ammcu
HA3bIBAETCSI BECOBBIM KO3 duiieHToM paspsga. CTapIIHHCTBO Pa3psioB U COOTBETCTBYIOUINX UM IUGD
ompeeNsieTcss 3HaueHneM Tokaszarens k (HomepoMm paspsaa). OObIYHO B 3amUCH HEHYJIEBBIX YHCET
HaYaJbHBIC HYJIU OITyCKAIOTCA.
B n100601i MO3UIIMOHHOI cHCTeMe YHCII0 MOKET OBITh IPECTABICHO B BHIE MHOTOUJICHA.
[Tokaxewm, Kak MPEJICTABIISIFOT B BUJIE MHOTOYJICHA JECATHYHOE YHCIIO:

4567 = 4000+ 500+60+7=4-10°+5-10°+6-10* +7-10°

IIpumep nporpamMmel ¢ cUCTEMAMHU CHYHCJIEHUSA
IlepeBecTr uKco U3 cucTeMbl cuucieHus q B 10-Hyto cuctemy curcieHus. main()

{ long int X, y, step;
int a, q;
cout<<"BBeaute cucremy cuuciIeHHUSI->"; cin>>q; cout<<"BBenure
yucio B "<<q<<" cucreme cuucieHma->"; cin>>x;
y=0; //Pe3ynbTaT
step=0; //CTeneHb OCHOBaHUS
while(x!=0) //Tloka B umciie ecTh nudpbI
{a=x%10; //Mlocnennsis nudpa
if (a>=q) //TIpoBepka MpaBHUJIBHOCTH BBOJIA

{

cout<<"Error";

exit(0);

b
y=y+a*pow (q, step); /Pe3ynbTaT — HaKaruIMBaeMasi cymma
x=x/10; //Y0path mocneaHIow0 udpy
step++; //TIOBBICUTDH CTENICHh OCHOBAHHSI

} cout<<"Pezymprar="<<y<<" B 10
c/c"<<endl; }

\Marpicue M. AVpor pasmmmpoearme -3koHoM\1 rog\le10 WmknbsiiNe3 MNpe o

Pucynok 4 — OkHO ¢ pe3ynbTataMu IporpaMMbl IEPeBOJIa YUCET

3aganne
Ha oyenxy «Yoosenemseopumenvno»
BBogutcsa cuctema CUMCIEHHS U YUCIO X B 3TOM cucrteme cuucieHus. [lepeBectn yucino X B
10Tnunyto cuctemy cuucieHus. Mcnonap3oBaTh mpu pa3paboTKe MporpaMmbl BCTPOCHHBIN OTiaguuk. Ha
oyeHkKy «Xopouto»



BBomutcst uucno x B 10 cucteme cuucieHus. BbpiOpaTh HyXHYIO CHUCTEMY CYHCICHUS ( U
MEPEeBECTH YUCIO X B 3Ty CUCTEMY cuucieHHs. TecTHpoBaTh pe3yJbTaThl pabOThI MPOrPaMMbI PYYHBIM
MOJICYETOM.

Ha oyenxy « Omauyno»

BBomutcs ql — ucxomHast cuctema CUMCICHHUS U 2 — >Kelaemas CUCTeMa CUMCIICHHS, a TaK ke
YHUCIIO X B cucTteMe curcieHus ql. [lepeBect 4nciio X B CUCTEMY CUUCIICHUS (2.

KounTtpoJibHbie Bonpochl
1. Kak Hamo 3a/1aTh yCIOBHUE UKIIA, 9TOOBI TIEPEBECTH YHUCIIO B HY>KHYIO CUCTEMY CUUCICHHS? 2.
Kakue onepanuu BeIIEISIOT U3 IHCIA €ro HUQpbI?

JlabopaTopnasi paGora Ne23.
IIporpamma ¢ ucnosb3oBanneM QyHKIUI 0e3 mapaMeTpoB.

Heus: [lomyuyenue HaBBIKOB B paboTe ¢ (PyHKIUSAMH.

Tembl 1719 IpeABapUTEIbHON NPOPA0OTKH

CtpykTypa nporpamMmsbl Ha s3bike CH++.

Vcnonb30BaHue CTaHAAPTHBIX (QYHKIHUI.

Teoperuyecknii MmaTepual

1. Ilonamue u nasnavenue hynkyuii

Jlrobas C++-mporpamma cOCTaBIseTCS M3 '"CTPOUTENBHBIX OJIOKOB", MMEHYEMBIX (DYHKITUSIMHU.
@yHKIUA — 3TO NOANPOrpaMMa, KOTOpas COAECPKUT OJHY WIM HECKONIbKO CH+-HHCTpYKUMH W
BBITIOJIHSET OHY 3aauy.

Kaxnas ¢yHKOuss mMeeT HMs, KOTOpPOE HCIIONb3yeTcs ais ee BbizoBa. CBouM  (QyHKIHSIM
POTrPaMMHUCT MOKET JaBaTh JI0ObIe MMEHA 32 HMCKII0YEHHEM MMEHM main(), 3ape3epBUPOBAHHOTO IS
GYHKIMH, ¢ KOTOPOM HAYMHAETCS BHITIOJTHEHHUE MTPOTPAMMBI.

@yHKIMH — 3TO "cTpoutesbHble 6510Ku" C++-porpaMMel.

B C++ nu ogna (yHKIUS HE MOXKET OBbITH BCTpoeHa B Jpyryto. OaHa QyHKIHS MOKET BBI3bIBATH
ApYTYIO.

B yxe paccMOTpeHHBIX mpuMepax mnporpamMm ¢yHKuus main() Obula eTUHCTBEHHOH, (DyHKIHS
main () — nepBas QyHKIHS, BBITIONHsAEMAs MPU 3ammycke nporpammsel. Ee nomkHa comepxarh kaxaas C+
+-mporpamMMa. DyHKIMM ObIBalOT JABYX THNOB. K mepBoMy Tumy OTHOCATCA (YHKIMH, HalMCaHHBIE
nporpaMMucToM (main() — mnpumep ¢GYHKIUU Takoro Tuma). OyHKIMM Apyroro Tuma HaXOIATCS B
cTaHgapTHOM OubanoTeke CH++-KOMOMIATOpA -. KOJUIEKIMsS BCTpoeHHBIX (yHkimid. Kakx mpasuno, C+
+mporpamMmbl coiepKat Kak (GyHKIMH, HAMMCAaHHbIE TPOrPAMMUCTOM, TakK U (QYHKIIUU, IPEIOCTABIIsIEMbIE
KOMIIIJIATOPOM.

Dta nporpamma coaepuT Ase ¢pyHkuun: main() u myfunc().

void myfunc(); // mpotoTun pyHKIIKH myfunc()
main() { cout << "B ¢ynHkmmm main() . " ;

myfunc(); // Bei3biBaeM pyHkImo myfunc()
cout << "CHona B (pyHkruu main () ";

}

void myfunc()

{ cout <<" B ¢ynkuuu myfunc() .

", }

b

[IporpamMma paboTtaeT cienyromuM oOpa3oM. Bei3biBaercss GyHKMs main() ¥ BBIMOTHIETCS €€
nepBasi cout-wHCTpyKims. 3areM u3 ¢yHKiuud main() BebIBacTcs ¢GyHkuus myfunc (). [[ns BbI30Ba

GyHKIIMM B IporpaMMe yKasbIBaeTcsl uMs (yHKIMU myfunc, 3a KOTOPBIM CIEAYIOT Mapa KPyIJIbIX CKOOOK



U Touka ¢ 3amiaroil. 3ateM ¢yHkuus myfunc() BBIIOJHSIET CBOIO €JUHCTBEHHYIO COUt-WHCTPYKLHIO M
nepefaeT ympaBieHUWEe Ha3aa (QYHKUMM main(), MpuyeM TOW CTpPOKE KOJAA, KOTopas pPacloJIOkKeHa
HEIOCPE/JICTBEHHO 3a BbI30BOM (yHkumu. Haxonen, @yHkuus main() BBIIOJHSET CBOIO BTOPYIO
COUtHHCTPYKLMIO, KOTOpas 3aBEpIIaeT BCIO IporpaMMy. Pe3ynbTaTsl pabOThl IPOTpaMMBbl:

B ¢yskmmm main() . B ¢yskmumn myfunc() . CHoBa B GpyHKIuu maing().

2. [Ipomomun gynxyuu

[TpotoTun ¢yHkuuu oO0BABIAET (QYHKIMIO A0 €€ OINpeleseHUus M Hucrnoib3oBaHus. IlporoTun
MO3BOJIIET KOMIWISATOPY Y3HATh TUIl 3HAYEHMS, BO3BPAIIaeMOro 3Toi (pyHKIMeH, a TakkKe KOJIHMYECTBO U
THUI TTApaMETPOB, KOTOPBIE OHA MOKET UMeTh. KOMIMIIATOpY HYKHO 3HaTh 3Ty HH(POPMAIIHIO JI0 TIEPBOTO
BbI30Ba (pyHKIMH. [loaTOMy mporotun pacnonaraercst A0 ¢pyHkiuu main (). ExuncTBenHoi ¢yHkuuei,
KOTOpasi He TpeOyeT NPOTOTHUIIA, sBIsAeTCS main(), MOCKOJIbKY OHa BCTPOEHA B s13bIK CH++.

void myfunc(); // mpototun ¢pyHkuuu myfunc()

Oyukuus myfunc () He coaepkuT HMHCTpykiuio return. KirodeBoe cioBo void, KoTopoe
npeaBapsieT Kak MpOTOTHI, TaK U onpeaeneHne pyHkuun myfunc(),3asBiser o ToM, 4to ¢pyHKnus myfunc
() He BO3BpaIaeT HUKAKOro 3HaueHus. B C++ ¢yHKIMM, He BO3BpallalOIMe 3HAYCHUH, OOBABISAIOTCS C
UCIIOJIb30BaHUEM KITFOYEBOT'0 clioBa void.

IIpumep nporpammsl ¢ pyHKusIMH 0e3 IapaMeTpPoOB

CocraButh mporpamMmy ¢ (yHKIMEH, KOTOpas PHUCYeT Ha JKpaHE CTPOKY, cocTosiryio u3 80
3BE3/I04EK.

void line(void); /Mportotun ¢ynkuu line main()

//OcHOBHas GyHKUUA

{

line(); //Bb130B (yHkimu line

}

//Onpenencaue GyHkmuu line
void line(void)

{ int i

for (i=0; 1<80; i1+ +)
cout<<"*";

H

3aganue

Ha oyenxy «Yooeremsopumenvroy

CocTaBuTh Mporpammy ¢ Tpemst QyHKIHSIMH, BRIBOASIIUME Ha SKpaH CTPOKH CUMBOJIOB #, (@, $.

Ha oyenky «Xopowoy

CocTaBUTh MNporpaMmy /AJisi BBIUMCIICHHS IUIOHIA[M KOJbIA IO 3HAYEHUSM BHYTPEHHEro H
BHEIIHETO PaJlyCoOB, UCIIOJIb3Ys (DYHKILMIO BHIYMCIEHUS TUIOIIAIU Kpyra.

Ha oyenxy «Omauuno»

Jlanel Tpu menbix yucna. Onpenenuts, cymma mudp Koroporo u3 Hux Oosbiie. [lomcder cyMMBr
Qp OpraHu30BaTh Yepe3 PyHKUUIO.

KonTpoJbHbIe Bonpockl
1. Ykaxxute Ha3HAYCHUH QYyHKIUNA B IPOTpaMMe.
2. CKOIbKO MUHUMAJIBHO (PYHKIIMH MOXKET OBITh B Mporpamme?
3. 3auem Hy»XeH NPOTOTUN QPYHKIHUU?

JlaGoparopHasi padora Ne24.,



IIporpamma ¢ ucnoIb30BaHueM (PYHKIHMH € IapaMeTpaMH.

Heasb: [lonyueHrue HaBBIKOB B paboTe C PYHKIMSIMH.

Tembl 1J151 IpeABapUTeILHON npopadoTku CTpyKTypa

nporpamMmsl Ha sizbike C/C++.

OyHKIIH 0€3 TapaMeTpoB.

Teoperudecknii MmaTepuaJ

1. Hasnauenue apeymenmos (hyukyuu

@OyHKIMM MOXKHO IepelaTh OHO MM HECKOJIBKO 3HAaYeHui. 3HaueHue, nepeaaBaeMoe (pyHKIUH,
HA3bIBACTCSI AprYMEHTOM. APryMeHT — 3TO 3Ha4eHHe, NiepeaBaeMoe (PyHKIIUU ITPHU BHI30OBE.

PaccmoTpum mporpammy, KoTopasi Uit OTOOpaskeHHsI aOCOIOTHOTO 3HAYSHUST YUCIIA UCTIONB3YEeT
CTaHJapTHYIO0 Onbnuoreunyro pyHkmuio abs(). Jta (GyHKIMS TPUHUMAET OJWH apryMEHT, mpeolOpasyeT
ero B abCOIIOTHOE 3HAYeHHE U BO3BpAIaeT Pe3yJbTar.

main()

{

cout << abs(-

10); }

3neck (yHKIMU abs() B kauecTBe aprymMeHTa nepeaaercs uncio -10. dynkius abs() npuHIMaeT
3TOT apryMEHT IPH BHI30BE U BO3BpAILlaeT ero adCOM0THOE 3HaUE€HUE, KOTOPOE B JAHHOM Cllydae paBHO

yucny 10. Ecnu pyHKIMs mprHUMaeT apryMeHT, OH YKa3bIBA€TCsl BHYTPH KPYTJIBIX CKOOOK,
PaCIOJIOKEHHBIX Cpa3y Mociie UMEHU (PYHKITUH.

PaccmaTpuBaemas nporpamMma BKiIrouaeT 3arooBok <stdlib.h>. On HeoOxoaum 115t oOecrieueHus
BO3MOXHOCTH BbI30Ba (hyHKIMHK abs(). Kaxxaplii pa3, korna ucnonsdyercs 6ubnnoreynas GyHKIHs, B
porpaMMy He0OXOIMMO BKJIFOUATh COOTBETCTBYIOIINH 3ar0JIOBOK, KOTOPBIH MOMHMO MPOYEH
nH(}OpMAIUH, COJIEPYKUT MPOTOTUIT OMOITHOTEYHON (PYHKITHH.

2. Ilepeoasaemvie napamempoi

ITapameTrp — 3TO ompexaensiemas (QyHKIUEH MEepeMEHHas, KOTOpas MPUHUMACT IepeaaBacMBbIii
(GYHKIIMHM apryMEHT.

IIpu coszmanuu ¢GyHKOMM, KOTOpas MPUHUMAET OJUH WJIM HECKOJBKO apryMEeHTOB, WHOT/IA
HEOOXOJIMMO OOBSIBUTH MEPEMEHHBIC, KOTOPbIC OYIYT XPaHUTh 3HAYCHUS apryMEHTOB. DTH NEpPEMEHHBIC
Ha3bIBAIOTCSl MapameTpamu ¢yHKkuuu. Hampumep, criemyromias (pyHKIMS BBIBOAWT MPOU3BEACHUE IBYX
[EJIOYUCIIEHHBIX apTyMEHTOB, TIepe1aBaeMbIX (DYHKITUH IIPH €€ BHI30BE.

void mul(int x, int y)

{cout<<x *y<<"

"

ITpu xax oM Bb130oBe QyHKIMKU mul() BBIMONHAETCS YMHOXKEHUE 3HAYCHHSI, IEPEAaHHOTO

napaMmeTpy X, Ha 3HaueHHe, epeJaHHoe mapaMeTpy y. PaccMoTpum nmporpammy, KoTopasi A€MOHCTPUPYET
ucnoiabp3oBanue GyHkuy mul().

void mul(int x, int y); // TIpotoTun ¢yHKIH mul() .
main() {

mul(10, 2 //Bb130BBI (DYHKIIMU C TapaMeTpaMu

0); mul(5,

6); mul (8,

9); }

Ota mporpamma BeiBeneT Ha d3kpaH yucia 200, 30 u 72. Ilpu BeI3oBe ¢yHKimu mul() C+
+KOMIUIISATOP KOMUPYET 3HAUEHUE KaXJ0r0 apryMeHTa B COOTBETCTBYIOIIMN NapameTp. B nanHoM citydae
npu nepBoM BbI3oBe (yHKuuM mul() umciao 10 kommpyercss B mepeMeHHylO X, a uucio 20 — B



nepeMeHHy1o y. [Ipu BTopoMm BbI30Be 5 KomupyeTcs B X, a 6 — B y. [Ipu TpeTbeM BbI30Be 8 KONHMPYETCs B
x,a9—mBy.

3. @ynxyuu, o3epawjaroujue 3Ha4e sl

B C++ s Bo3BpaTa 3HaueHUs U3 (PYHKIUHM UCIOJB3YyeTCcs MHCTpYKUus return. O0muii ¢popmar
9TOW MHCTPYKILUHU TaKOB:

return 3HaYeHue;

3HadeHue MpeCcTaBisieT coO0M 3HaUeHUe-PE3YIbTAT, BO3BpalaeMoe (PyHKIue.

UcnpaBum ¢ysknuio mul() Tak, 4ToOBl OHa BO3Bpallajia pe3yibTaT - MPOHU3BEICHHUE CBOUX

apryMEHTOB.
int mul(int x, int y); // TIporotun pynkuun mul() ¢ pezynpraToM main()
{ int answer;
answer = mul(10, 11); //BBI30B ¢ BO3BPATOM 3HAYCHUS

cout << "OrtBeT paBeH " << answer; }

// Ota (yHKUMA BO3BpallaeT 3HAUCHUE.

int mul(int x, int y)

{

return x * y; // OyHKIUS BO3BpAIAST MPOU3BEICHHUE X U Y.

H

B srom npumepe dynkims mul() Bo3BpamaeT pe3yabTaT BHIYUCICHUS BRIPAKCHHUS X*y C TTIOMOIIBIO
UHCTPYKIIUU return. 3aTeM 3HaUEHHUE ATOTO pe3yJibTaTa MPUCBAUBACTCS IEPEMEHHOM answer.

[Tockonbky B 3TOH Bepcuu MporpaMMbl (QyHKmmss mul () Bo3BpamlaeT 3HA4YE€HHE, €€ HMS B
ompeneaecHU He mpexaBapsercs ciaoBoMm void. 3xeck  ¢GyHkmus mul() Bo3Bpamaer 3HAYCHHE
[IEJIOYMCIICHHOTO THMA. TN 3HaYeHWs, BO3BpamiaeMoro (GyHKIWEH, MpPEeIIIecTByeT e¢ MMCHH, KaK B
MPOTOTHUIIE, TAK U B ONIPEICIICHUN.

[Tpu MOCTHKEHUU MHCTPYKIMH return yHKIUS HEMEIJICHHO 3aBEPIIACTCs, a BECh OCTAIBHON KO/
urHopupyercs. OyHKIUS MOXKET COAEPIKaTh HECKOIBKO HHCTPYKIMH return. Bo3Bpat u3 QpyHKIMH MOXHO
00€eCTIeYnThb ¢ TIOMOIIHI0 HHCTPYKITUH return 0e3 yka3aHusi BO3BpPAIlaeMoro 3Ha4eHHUs1, HO TaKylo ee (popmy
JOIYCTUMO MPUMEHSITh TOJIBKO AJs (PYHKINN, KOTOPHIE HE BO3BPAMIAIOT HUKAKMX 3HAYCHUN U OOBSBIICHBI
C MCITIOJIb30BAaHUEM KITFOUEBOTO CJIoBa void.

IIpumep nporpaMmsel ¢ GyHKIHUAMH ¢ IapaMeTpaMu

CocTaBUTh HporpamMMy HaxOKIEHHsI HauOOJIBILIEr0 3HAYEHUs U3 TPeX BEIMYMH — max (a, b, c).
Jlis ee pelieHUss MOKHO WCIIONB30BaTh BCIIOMOTATENbHBIA AITOPUTM HAXOXKIEHUS MaKCUMaJIbHOTO
3HAYEHUS U3 ABYX, IOCKOJIbKY CIIPaBEeATUBO PAaBEHCTBO: max (a, b, ¢) = max (max (a, b), ).

//OnpeneneHue BCIOMOTaTeIbHONU (QyHKIIUN

int MAX(int x, int y)

{if

(x>y)

return Xx;

else

return y;

b

//OcHOBHas byHKIHS

main()

{ int a,b,c,d;

cout<<"BBemgute a,b,c:";

cin>>a>>b>>c; d=MAX

(MAX (a, b), ¢); cout<<"\

nmax (a, b, ¢) ="<<d;



3amanue

Ha oyenxy «Yoosenemsopumenvro»

CoctaButh mporpamMmy ¢ (YHKIMEH, BBIBOASIIEH Ha SKpaH CTPOKY HYXXHOW JIMHBI HYXHBIM
cumBosioM. DyHKIUS MPUHUMAET JIBa MapaMeTpbl — JUIMHY CTPOKH M CUMBOJ. Bo3BpamiaembIx 3Haue€HUMN
HET.

Ha oyenky «Xopouwioy

CocTaBUTh MNporpaMMmy JJisi BBIUMCICHUS IUIOHIAJM KOJbIA IO 3HAYEHUSM BHYTPEHHETO H
BHEIITHETO PAJNyCOB, MUCIOJIb3Ys (DYHKIIMIO BBIUYMCICHUS IUIOMIANNW Kpyra. DyHKIWU TEpeNaeTcs OIuH
napaMmeTp — paJuyc U BO3BpalllaeTcsl pe3yJIbTaT — BBIUMCIIEHHAs Iuiomanb. Ha oyenky « Omauunoy

Hanbl Tpu nensix yucna. Onpenenuts, cymma nudp kotoporo u3 Hux Oonbie. [loacuer cymmbl
udp opraHu30BaTh Yepe3 PyHKIMIO, KOTOpas UMEeeT Ba BXOAHBIX MapaMeTpa — CKJIaJbIBaeMble YHUCIia U
pe3yabTaT — BBIYUCICHHYIO CYMMY.

KouTtpoJjibHbIe BOnpochl

1. Yto Takoe apryMeHT (hyHKIIUHU U 3a4€M OH HUCIIOJIb3YyeTCs?

2. Yrto Takoe mapameTp (GYHKIMU U KaK UM TOJIB30BATHCS?

3. Kak u3 QyHKIIMu BepHYT pe3yabTaT ee paboThl?

JlabopaTopnasi padora Ne2S. PekypcuBHble QyHKIIUH.

Iean: [Tonydyenne HaBBIKOB B pabOTE ¢ PEKYPCUBHBIMU (DYHKIIUSAMHU.

Temsbl 119 npeaBapuTeabHOI NpopadoTkn OCHOBHbBIE

KoHCTpyKuuu C++.

DyHKIUN.

[[uknu4eckue anropuTMBI.

Teoperudecknii MmaTepuaJ

1. ITonsmue pexypcusHou (hyHKyuu

Pexypcueii Ha3pIBaeTCA CUTYallMs, KOT/Ia MOANPOrpaMMa BbI3bIBAaeT cama ceOs. DYHKIMS MOXKET
coJepkaTh BbI30B Jpyrux (yHKmmii. B TOM umcie mporenypa MokeT BbI3BaTh camy ceOs. [Ipumep
PEKYPCUBHOM (PyHKITHH:

int Rec(int a)

{

if (a>0) Rec(a-

1); cout<<a; }

®ynkuus Rec BbI3bIBaeTcs ¢ mapamerpoM a = 3. B Heil coxmepxkurcs BbI30B (yHKUIMU Rec ¢
napametrpoM a = 2. [Ipenpiayniuii BbI30B €llle He 3aBEepIIMIICS, TOITOMY CO3JaeTcsl elle 0JHa (PYHKIUS U
JI0 OKOHYaHUs ee paboThl mepBasi CBOK paboTy He 3akaHuMBaeT. [Iporecc BbI30Ba 3aKaHUYMBAETCS, KOTJa
napametp a = 0. B 3TOT MOMEHT OJHOBPEMEHHO BBHIMOJHIIOTCS 4 sK3emIuiapa ¢yHkiuu. KommdecTBo
OJTHOBPEMEHHO BBITIOJNIHAEMBIX (DYHKIMIA Ha3pIBalOT IJIyOMHOW pekypcuu. YerBeprass BBI3BaHHAS
nporenypa (Rec(0)) nanmeuataer umciao 0 M 3akoHUMT cBol pabotry. Ilocnme sToro ympaBieHue
BO3Bpallaercs K ¢yHKuuu, Kotopas ee Bbi3Bana (Rec(1)) m medataercs uucino 1. U tak nanee moka He
3aBEpIIATCS BCE BBI30BHI. Pe3ynbTaToM HCXOMHOTO BBI30Ba OyAET meuath yeThipex uucen: 0, 1, 2, 3.

IIpumep nmporpamMmbl ¢ peKypCcUBHOH (PyHKUMEH

Ecnu QyHkuus BbI3bIBaeT cama ceds, TO, MO CyTH, 3TO MPHUBOAUT K MOBTOPHOMY BBITIOJTHEHUIO

coJiepKalMXCsl B He MHCTPYKLUI, YTO aHAJOrMYHO paboTe LUKJIA.



s mpumepa ceiMuTHpyeMm pabotry uukina for. ns atoro motpeOyeTcst mepeMeHHas CUETUUK
1aroB, KOTOPYIO MOKHO PEaIn30BaTh Kak mapameTp QyHKIIUH.
//uMuTaIUs PabOTHI IIUKJIA C TOMOIIBIO PEKYPCHH
void LooplImit(int 1, int n)
{
cout<<"\n"<<" 1 n"<<"1"<<i;
//3meck MOXKET pacroyiaratbesi TEepBBIA OJOK MHCTPYKIUIH
if (i<=n)
LoopImit(i+1, n);
cout<<"\n"<<" 2 n "<<" 1 "<<yg
//3aech MOXKET pacroaraTbCsi BTOPOH OJIOK MHCTPYKLUH
h
main()
{ int i=0, n;
cout<<"n=";
cin>>n;
Looplmit(i, n); }
Pesynbrar pa®oThl  IpOrpaMMBbI:
n=5
Ini0
Inil
Ini2
Ini3
Ini4
Ini5
Ini6
2n 16
2n 15
2n i4
2n i3
2ni2
2n il
2n 10
3aganue
Ha oyenxy «Yooeremsopumenvroy
Pa3paboraTe pekypcUBHYIO (YHKIIMIO BBIYUCIEHUS (DaKTOpHaa.
Ha oyenky «Xopowioy
Pa3paborate pekypcuBHYI (GYHKIUIO, KOTOpas Uid JABYX 3aJaHHBIX HATypaJbHBIX YHCEN
onpeesseT uX HanOOIbIIHA OOIINI 1eTUTENb.
Ha oyenxy «Omauuno»
PazpaboTaTts pexkypcuBHYIO (HYHKIIHIO, OTPEACIISIONTY0 Ynciio @ubonaydun ¢ HOMEpPOM n.
KoHTpoJibHBIE BOPOCHI
1. Yto Takoe pekypcuBHas GyHKIHS?
2. UTo MOXKET 3aMEHUTDH peKypcusi?

JlabopaTopHasi padora Ne26. Pexkypcusi. XaHoiickue 0aliHu.



Heasn: [TonydyeHne HaBBIKOB B pab0OTe C PEKYPCUBHBIMHU (QYHKITHSIMH.

Temsbl 119 npeaBapuTeabHOI NPopadoTkn OCHOBHBIE

KOHCTpyKiuu C++.

DyHKINN.

TeopeTnyeckuii MaTepuaJl

1. Ilonsamue pexypcusHou ghyHkyuu

Pexypcueii Ha3pIBaeTCsA CUTyalMs, KOT/la MOANPOrpaMMa BbI3bIBAaET cama ceOs. DYHKIMS MOXKET
CoJIepKaTh BbI30B Apyrux (pyukuuid. [Ipumep pekypcuBHON (HyHKITUH:

int Rec(int a)

{

if (a>0) Rec(a-

1); cout<<a; }

Paccmotpum nipuHIUTT pabOTHl peKypCUBHOW (DYHKIIMU Ha MPUMEPE BBHI30BA CO3JaHHOHN (PYHKIIHH
Rec(3).

@Oynkius Rec BbI3bIBaeTcss ¢ mapamerpoM a = 3. B Hell conepxurcs BbI30B QyHKIUH Rec ¢
napametpoM a = 2. [Ipenpinymuii BbI30B elle He 3aBEpILIUICs, TOITOMY CO3/1aeTcs elle oaHa (pyHKuus u
10 OKOHYaHUS ee paboThl IepBasi CBOIO padoTy He 3akaHuuBaeT. [Ipolriecc BhI30Ba 3aKaHYMBAETCS, KOT/Ia
napamerp a = 0. B 3TOT MOMEHT OJHOBPEMEHHO BBHIMOJHSIIOTCS 4 3K3emiuiapa QyHkiuu. KomamuectBo
OJTHOBPEMEHHO BBHITIONHSAEMBIX MPOLEAYpP Ha3bIBAIOT TIJIyOMHOI pekypcuu. UYerBepras BbI3BaHHAS
bynkmus (Rec(0)) wamedaraer umcio 0 u 3akoHYUT cBow paboty. Ilocme sToro ympamieHue
BO3Bpamaercs k ¢yHKuu, kotopas ee Bbi3Baia (Rec(1)) m meuaraercs umncno 1. U Tak manmee moka He
3aBepIIaTCs BCE BBI3OBHI. Pe3ynbTaToM MCXOMHOTO BbI30Ba OyeT meuaTh yeThipex uucen: 0, 1, 2, 3. 2.
3aoaua o Xanoiickux dauinsx

CymiecTByeT ApeBHEWHAMICKas JIEreHJa, COTJIACHO KOTOpoil B ropojae benapece moja Kymojom
[JIaBHOTO XpaMa, B TOM MeECTe, IJleé HaxOJUTCs LEHTp 3eMiid, Ha OpOH30BOH IUIOMIAJIKE CTOST TpPH
QJIMa3HBIX CTEPXHs. B IeHb COTBOpPEHUSI MUpa Ha OJMH U3 3TUX CTep)KHEH ObLIo Hajgeto 64 xonbia. bor
MOpYYMJ JKpelaM TEepPEeHECTH KOIbIla C OJHOTO CTEp)KHS Ha JPYroi, HCIONb3ys TPETHH B KadecTBe
BcrioMorarensHoro. XKperpl 00s3aHbI COOII01aTh YCIOBHS:

1. MEPEHOCUTH 32 OJJUH pa3 TOJIBKO OJTHO KOJIBIIO;
2. KOJIBIIO MOKHO TIEPEHOCHUTDH C OJTHOTO CTEPKHs (X) Ha JApyroi (y), TOIBKO €CIIh OHO

MMEEeT MEHBUIMM JuaMeTp, YeM BEpXHEE KOJIbLIO, HaXOJsIIeecs Ha CTPEKHE Yy, WIN CTEPKEHb y

CBOOO/IEH.

CornacHo nerenzie, Korjaa, coooast Bce YCIOBHS, Kpelbl IepeHecyT Bce 64 KoJblla, HACTYIHT
KOHEI] cBeTa. MUHUMaJIbHOE YUCIIO XOJI0B, HEOOXOIMMOE AJIsl PEIIeHHUs] TOJOBOJIOMKH, paBHO 2" - 1, Te n
— yucno auckoB. Eciu cuutath, YTO Ha MEPEHOC OJHOIO KOJjblla MOTpedyeTcs OAHa CeKyHAa, TO Ha
NepeHoC Bcex 64 kouer motpedyeTcs 6osee 5 MIIp.T BEKOB.

Ecnu GamiHs cCOCTOUT U3 OHOTO JUCKA, TO OHA EPEHOCUTCA 3a OJIMH Xo1: 1->3.

bauins u3 AByX TUCKOB MEpEeHOCUTCS 3a Tpu xoxa: 1—>2, 1—>3, 2—>3.

Jlist mepenoca OalrHu U3 TpeX JUCKOB MOTpeOyeTcs yKe ceMb XoAoB: 1->3, 1->2, 3->2, 1->3, 2->1,
2->3, 1->3.

UtoObl mepeHecTn OalmrHIO W3 YEThIpEX AWCKOB C IEPBOTO CTEP)KHS HA TPETHM, HEOOXOIUMO
JIEWCTBOBATH MO IUIAHY:

1) nepeHecTu OaIIHIO U3 TPEX BEPXHUX AUCKOB C IIEPBOTO CTEPKHS Ha BTOpoi (7 X0/10B);

2) camblii OONBIION AMCK MEPEHECTH C TIEPBOTO CTEPKHS Ha TpeTwii (1 xon); 3)

MePEHECTH OAIITHIO U3 TPEX JUCKOB CO BTOPOTO CTEPXKHS Ha TpeTui (7 X0/10B).

Bcero na nepenoc norpedyercs 15 xo108B.

Paccyxnas aHanornyHeIM 00pa3oM, COCUUTAEM YHCIIO XOJI0B, HEOOXOAMMBIX JIJIsl IEpeHoca OalrHu
U3 MSITH TUCKOB: 15+ 1+ 15=2+15+1=31.



PaccMOTpeHHBIN alropuT™M pemieHus 3amadnd  «XaHoWckas OarmHs» 007aJgaeT PeKypCUBHBIM
CBOMCTBOM: B XOJI€ €r0 BBITIOJHEHMsI AJis OAIIHM, COCTOSALICH M3 N KOJell, UCIONb3YeTCs alTOpUTM s
qyTh 0o0Jiee TIPOCTOM CHUTyallud — TepeHoca OamrHu, coctosmieil u3 n - 1 koneiia. B cBoro ouepenp, B
ITOpUTME s OAIllHU U3 N - | KOJbIIa UCTIONIB3YETCS ATOT XKE alITOPUTM JUIA N - 2 KOJEI U T. 1.

IIpumep nporpaMMel ¢ peKypcUBHOM pyHKIHel

//xaHOWCKHe OalHu

void hb(int n,int x,int y,int z)

{ if

(n>0)

{hb (n-1, x, z, y);

cout<<"\n<P> "<< x<< " > "<<y;

hb (n-1, z, y, X);

I

main(

)

{ int stl, st2, st3, st4;

//BBenute unciio konelr stl
cout<<"\nKol rkolez ";

cin>>stl;

//BBenuTe HaYaIbHBIA CTEPKEHB St2
cout<<"\nnum beg "; cin>>st2;
//BBeiuTe KOHEYHBIN CTEpIKEHB St3
cout<<"\nnum end "; cin>>st3;

//BBeauTe BCIIOMOTATEIILHBIN CTEPKEHD St4

cout<<"\nnum wrem "; cin>>st4;

hb(stl,st2,st3,st4);

}

Pe3ynbrarhl paboThl MPOrpaMMBbl

Kol rkolez 3

num beg 1 num

end 3 num

wrem 2

<pP>1->3

<P>1->2

<P>3->2

<P>1->3

<pP>2->1

<p>2->3

<P>1->3

3amanue

Ha oyenxy «Yoosenemsopumenvro»

Hanummre pekypcuBHYIO (QYHKIHIO, OINPENEsSIONIyl0 KOJWYECTBO E€IUHHI] B JBOMYHOM
MIPEICTABJIICHUH HATYPAIBHOTO YKCIIA.

Ha oyenky «Xopowoy

Hanummure pexypcuBHYy10 (QyHKIIMIO, KOTOpas MO 33J1aHHBIM HaTypaJbHBIM YKCJIaM M U N BBIBOJIUT
BCE pa3NIMYHBIC MPECTABICHUS YHCIIa «B BHJIE CyMMBI M HATypaJbHBIX cllaraeMbix». lIpencraBieHus,
Pa3IUYAOIIUECS JIUIITH TIOPSAKOM CIIaraeMbIX, CAUTAIOTCS OJIMHAKOBBIMH.

Ha oyenxy «Omauunoy



Hanummre pekypcuBHYyIO (YHKIHIO, KOTOpash MEpeBOPAuYMBACT JIEMEHThl MaccHBa B OOpaTHOM
HOPSIZIKE.
KoHnTpoJibHBIE BOIPOCHI
1. Yro Takoe pekypcuBHas QyHKIH?
2. Pacckaxute cyTh 3aauu 0 XaHOMCKUX OalIHAX U CIIOCOOE €€ pelIeHusl.

JlaGoparopHasi padbora Ne27.
IIporpamma, peaju3yomas OCHOBHbIE OIlePAIUM C OTHOMEPHBIM MACCHBOM.

Heasn: [TonydyeHrne HaBBIKOB B padOTE C MAaCCUBAMHU, BHITIOJTHEHHS HAJl HUIMH 0a30BBIX OTIEpAIlHiA.

Tembl 1J1s1 IpeABaAPUTEILHON MPOPA0OTKH THUIIbI

aHHBIX B s3bike C/CH++.

DYyHKIIUY CTAaHJAPTHOTO BBOJA W BHIBO/IA.

OrniepaTop BETBIICHHUS.

OrniepaTophbl LUKJIOB.

Teopernyecknii MmaTepual

1. Ilonamue oonomepHo20 Maccusa

MaccuB — 93TO CTPYKTypa OJHOTHUITHBIX OJJIEMEHTOB, 3aHHMMAIOIIMX HEMPEPHIBHYIO 00JacTh
namMaTu. C MacCUBOM CBS3aHbI CIEAYIOIINE €r0 CBOMCTBA: UMs, TUII, PAa3MEPHOCTb, pa3Mep.

®dopmMart onucaHusI MacCUBa CJICTYIOTHI:

THII 3JIEMEHTOB HMSl [KOHCTAaHTHOE BbIpaskeHue|;

KoHcTanTHOE BBIpa)keHHE OIpeAesseT pa3Mep MAacCHBa, T. €. YUCIIO 3JEMEHTOB 3TOr0 MacCHBa.
Hanpumep, cornacuo onucanuto int A[10];

00BSIBIICH MacCUB ¢ UMeHeM A, cozeprkaiuii 10 31eMeHTOB 1eI0ro THMa. DIEeMEHThl MacCHBa
0003HaYAIOTCS] MHIIEKCUPOBAHHBIMU HMeHaMu. HukHee 3HaueHne uHaekca pasHo 0:

A[0], A[l], A[2], A[3], A[4], A[5], A[6], A[7], A[8], A[9].

B C++ Henb3s omnpenenarb NPOW3BOJbHBIE OHMANa30Hbl JJIsi WHIEKCOB. Pa3mep wmaccusa,
yKa3aHHBIN B OMMCAHKUH, BCET/Ia HA €AMHUILY OO0JIbIIIE MAKCUMAIBLHOTO 3HAYEHUST UHJIEKCA.

Pasmep maccuBa MOXET SIBHO HE YKa3bIBAaThCS, €CIHH MpPH €ro OOBSBICHUU TMPOU3BOJAUTCS
VMHULMAIU3alMs 3HaueHul anemMeHToB. Hanpumep:

int p[l={2, 4, 6, 10, 1};

B aTom cityuyae co3gaeTcsi MacCUB U3 ISITH DJIEMEHTOB CO CIICAYIONTUMU 3HaueHusMHu: p[0]=2,

pl11=4, p[2]=6, p[3]=10, p[4]-=L.

B pesynbrare crnegyromniero oObsABICHHS MaCCHUBA

int M[6]={5, 3, 2};

Oyzner co3naH MacCUB u3 mecT 35eMeHToB.  [lepBbie TpU  DJIEMEHTa

moJiydyaT MHUIIUAJIIU3UPOBAHHBIC 3HAYCHMS. 3Ha4YeHUS OCTAJIbHBIX 6y,HYT h19%(s10) HEONMPECACIICHHBIMU,
h19%(s10) PaBHBI HYJIIO, €CJIM MaCCHUB BHEIITHHI MJIM CTaTUYECKUM.

2. OcHosHble Oeticmsus ¢ 0OHomepHbuiM maccueom Ilpumep 1. Box ¢
KJIABHATYPBI U BBIBOJ] HA KPaH OJJHOMEPHOI'O MAaCcCHBa.

main()

{ int 1, A[5];

for (i=0; i<5; i++)

iout<<"A[”<<i<<”]=";

cin>>A[i];

}



for (i=0; i<5; i++)

cout<<A [ "<<i<<" ] ="<<A [ 1]<<"; } IIpumep 2. BBoA BEIIECTBEHHOTO

MaccHUBa U BBIYMCIICHUE CPEIHETO 3HAUCHUSI.

main()

{ const n=10;

int i

double A[n], SA;

for(i=0; i<n; 1i++)

{

cout<<"A [ "<<i<<" ] ="

cin>>Al[1] ;

b

SA=0;

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

SA=SA+A[i]; SA=SA/n;

cout<<"/cpemnnee

3HaueHHe="<<SA;

H

B aT0i1 mporpamMmMe oOpaTrTe BHUMaHUE Ha ONPE/IEIICHUE pa3Mepa MacCUBa Yepe3 KOHCTAHTY.

IIpumep mporpamMMel ¢ OJHOMEPHBIMH MACCHBAMU

CocTaBUTh NpOrpaMMy, MOACUUTHIBAIOIIYI0 YHCIO MHUHUMAJbHBIX 3JIEMEHTOB B OJHOMEPHOM
MacCHBeE.

main()

{ const n=10;

int  a[n]={25,3,16,-2,1,10,0,5,-2,10};

int 1,min,k;

for (i=0; 1<n; i++) cout<<a[i]<<" ";

min=a[0]; k=1;

for(i=0; i<n; 1++)

{if

(a[i]<min)

{min=a][i];

k=0; }

if (a[i]==min) k+

+

}

cout<<"\n min="<<min<<" kol="<<k;

}

Pe3ynbTatsl paboThl MporpaMmbl

25316-211005 -2 10 min=-2

kol=2

3aganue

Ha oyenxy «Yooeremsopumenvhoy

B nenouncneHHo# MocienoBaTeIbHOCTH €CTh HyJeBbIe diieMeHThl. Co37aTh MacCHB M3 HOMEPOB
ATUX BJIEMEHTOB.

Ha oyenky «Xopowoy

JlaHa mocite10BaTeIbHOCTD ICHCTBUTEIBLHBIX YUCET al, a2,..., an. 3AMCHHUTH BCE €€ YJICHBI, OOJIBIIIHE
nmaHaoro Z, >tum ynciaoMm. IloacunraTrs KOJIMYECTBO 3aMEH.



Ha oyenxy «Omauuno»
JlaH MaccuB AEHUCTBUTENBHBIX 4HCEI, pa3MepHOCTb KoToporo N. Ilomcunrtarh, CKOJIBKO B HEM
OTPULIATETBHBIX, MTOJOXKUTEIBHBIX U HYJIEBBIX 3JIEMEHTOB
KoHnTpoJbHBIE BOPOCHI
1. Uto Takoe 0AHOMEPHBIN MacCHUB?
2. Kak onmcate ogHOMepHbIM MaccuB B mporpamme? 3. Kak
OCYIIECTBUTD JIOCTYII K OTJIEILHOMY 3JIEMEHTY MaccuBa’?

JlaGoparopHasi padora Ne28.
IIpuMeHeHne 0THOMEPHBIX MACCHBOB B MaTeMAaTH4Y€eCKOH CTATHCTHKE.

Heab: [TonydyeHne mpakTHUYECKUX HABBIKOB PAOOTHI C OTHOMEPHBIMI MaCCUBAMHU U UX MPHUKIATHOE
NPUMEHEHUE B 33/1a4ax AUCLHMIUIUHBI «MaTemMaTHuecKas CTaTUCTUKA.

Tembl 115 peaBapuTeIbHONM NPopadoTKu THmsl

IaHHbBIX B A3bIke C/CH++.

OYHKIUU CTAaHJAPTHOTO BBOJAA U BHIBO/IA.

OrnepaTop BETBIICHHUS.

Omneparopbl UKIIOB.

TeopeTnyeckuii MaTepuaJl

1. Ilonsamue ooHomepHO20 Maccusa

MaccuB — 3TO CTPYKTypa OJHOTHUITHBIX OJJIEMEHTOB, 3aHHMMAIOIIMX HEMPEPhIBHYIO 00IacTh
namsaTu. C MacCHBOM CBSI3aHbI CIEAYIOIINE €r0 CBOMCTBA: UMS, TUII, Pa3MEPHOCTb, pa3Mep.

dopmaT ONMCaHMUs MaCCUBA CIIETYIOLINN:

THI 3JieMeHTOB uMms [Pasmep];

Pa3zmep MaccuBa - 4uciI0 3JE€MEHTOB 3TOr0 MaccuBa. Hampumep, coryiacHoO OINHUCAHUIO

int A[10];

O0OBSIBIICH MacCHB C UMeHEM A, comepxariuii 10 31eMEeHTOB 11eJI0T0 THMa. DJIeMEHThI MacCHBa
0003HaYaI0TCS UHACKCUPOBAaHHBIMU MMeHaMU. HikHee 3HaueHne nHjaekca paBHo 0:

A[0], A[l], A[2], A[3], A[4], A[5], A[6], A[7], A[8], A[9].

B C++ mHenmp3s ompenensTh NPOW3BOJIbHBIC AWANa30HBI 711 WHACKCOB. Pa3smep MaccuBa,
yYKa3aHHBIN B OMMCAHKUH, BCET/Ia HA €AUHUILY OO0JIbIIIE MAKCUMAIBLHOTO 3HAYEHUS UHJIEKCA.

2. Ponv OBM 6 cmamuueckux pacuemax

[lenp MaTeMaTHYECKON CTATUCTHKU — ONHUCAHHWE, OOBSICHEHHE U TMpelIcKa3aHhe sBICHUI
JEUCTBUTEILHOCTH HAa OCHOBE YCTAHOBJIEHHBIX 3HAKOB, UYTO IMO3BOJSET HAXOAWUTh PEIICHUS B TUIIUYHBIX
cuTyanusax. B ocHOBe Hay4YHBIX 3HaHUM JICKUT HAOIIOICHHE.

MareMatnueckas CTaTUCTHKA M3y4aeT METOIbl 0OpaOOTKH PE3yJIbTaTOB HAOIIOJEHUN MAaCCOBBIX
CIIy4aiHbIX SIBJICHHM, 0O0JajaloluxX CTaTUCTUYECKOM YCTOMYMBOCTBIO, 3aKOHOMEPHOCTHIO, C LIEJIbIO
BBISIBJICHUS 3TOM 3aKOHOMEPHOCTH. BBIBOABI O 3aKOHOMEPHOCTSIX, KOTOPBIM MOJYMHSAIOTCS SIBJICHUS,
U3y4yaeMble METOJJaMU MAaTeMaTHYeCKOM CTAaTUCTUKH, BCErJa OCHOBBIBAIOTCS HA OrPaAaHUYECHHOM,
BBIOOPOYHOM YHCJIC HAOIIOICHUH.

Jlnst pemieHusi MHOTHX TPAKTHUYECKUX 3a/lad COBCEM HEeoOs3aTeNbHO 3HATh BCE BO3MOXKHBIC
3HAYEHUS ciy4yaiHOMI BEJINYUHBI, a JIOCTaTOYHO yKa3aTh OT/JIeTIbHbIE YHUCJIOBbBIE
napamMeTpbIXapaKTEPUCTUKN, TaKME€ KaK MaTeMaTU4YECKHE OKUJAHUE, JUCIEPCHsl, MOMEHThI Pa3IMYHBIX
MOPSIKOB 1



T.JO. DTH XapaKTePUCTHKHU CIy4YailHOW BEIMYMHBI HA3BIBAIOT YHCIOBBIMHU XaPAKTEPUCTUKAMU CIydalHOU
BennunHbl. llojmcder 3HaYeHMI ATHX XapaKTEpUCTHK BeAeTcs Mo ¢opmylaM ¢ (UKCHPOBAHHBIM
KOJIMYECTBOM HAOJIIOICHUI, HA OCHOBE KOTOPBIX MOTYT OBITh MIOCTPOCHBI BEIYUCIUTEIHHBIC AITOPUTMBI.

OrpoMHOe 3HaY€HUE B HACTOsIEE BPEMs MMEET UCIIOJIb30BAHUE BBIYMCIUTEIBHON TEXHUKH, KaK
CpeACTBa aBTOMATH3AIMU PYYHBIX TPOMO3JKHX TIOJICYETOB XapaKTEPUCTHK CIIy4allHOM BETWYUHBI.
JlocTaTouHO CO37aTh YHHUBEPCAIBHBIN MPOTpaMMHBIA MPOAYKT ISl TMOJCYETa HEOOXOIMMBIX UYHCIOBBIX
BEJIMUMH U 3aT€M MOJIb30BaThCS UM HEOOXOAMMOE KOJIMUYECTBO pa3 Uit 0OpabOTKH Pa3NUYHBIX UCXOTHBIX
JTAHHBIX.

3. Yucnosvle xapakxmepucmuxu C1y4auHblX 6eIUYUH
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Koaddurment acummerpun
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4. Ilpumenenue 0OHOMEPHBIX MACCUBOE 8 CMAMUCIMUYECKUX PACYemax

B mucuunnmHe «Marematudeckass CTaTUCTHKA» MPUMEHSIOTCS OJHOMEPHBIE MAaCCUBBI  JUIS
XpaHeHUuss U 00pabOTKM IOCIeAOBATENBLHOCTH 4ucel. B olmem BuIE, CTPYKTYphl BXOJIHBIX JaHHBIX
pOrpaMMbl MOKHO MPEJCTaBUTH clieAytouM oOpa3om: #define N 4yMcI0 KOMIIOHEHT B BEKTOpE

Tun_snementoB uMs[N];

Hanpumep, MokHO 3amucarh Tak:

#define N 10

int x[N];

float p[N];

ITocne BeIgenenus namsaTu nog MaccuB X u P, He00X0AMMO 3aIIOJHUTE €€ UCXOJHBIMU JAHHBIMH.
HaunbGonee yHuBepcalibHbIM aJlropuT™M OyAeT B cllyyae, KOIJla HCXOAHbIE JaHHbIE BBOAMT CaM
N0JIH30BATEINb MPOTPAMMBI ITyTeM Habopa X C KJIaBUATYPbl. DTO 00ECTIEUUT HCIIOIb30BAaHUE OJHOM H TOM
K€ TPOrpaMMbl MHOTOKPAaTHO JI Pa3JIMUHBIX HCXOAHBIX [JaHHBIX. [Ipm BBOAE MCXOOHBIX AAHHBIX
HEOOXOJIMMO BHUMATEIbHO CIIEAMTh 3a NPAaBUIBHOCTHIO HAOOpPAa U CBOEBPEMEHHOW KOPPEKTHPOBKE HX.
JlanHble HaOuparoTCa B CTPOUKY, OTIENSS 4YUClia B OJHON CTpoke mpodenoM. B koHile HaOopa JaHHBIX
Haxxumaercs kiaBuma [Enter]. Ha sTom 3akaHumBaeTcss HEpBbIM IAar ajJropuTMa pelIaeMoM 3ajaud,
LIEJIBIO KOTOPOT'O SIBJISUIOCH BBOJ UCXOJHBIX JIaHHBIX B IPOIpaMMy U COXPaHEHHUE UX B MACCHBAX.



ITocne BBO/A MCXOAHBIX JAHHBIX B OJHOMEPHBIH MAaccHB, HEOXOAUMO UX 00paboTaTh, peanusys
BBIUUCIICHHUSI MaTEMAaTUYECKUX XapaKTEPHCTHUK, IMyTeM IMPOrPaMMHPOBAaHUS (OPMYJIbI, MPEICTaBICHHBIE
BEIIIIC.

Brrauciienue Takux BeTMUYWH, KaAK MaTEMAaTHYECKOE OKHUIaHHE, TUCTICPCHsI, HA4YalbHbIE U
[EHTpaJIbHBIE MOMEHTHI TPEOYIOT pean3aluy aIrOpUTMa IMOICYeTa CYMMBI N3 KOHEYHOTO YHCIIa
clIaraeMbIX. AJITOPUTM BBIUYMCIICHUS] CYMMBI pEaJIN3yeTCs CIEAYIOUIMMH aramMu: cymma=0;

//O6nynenue cymmsl 1o mukia for( i=0; i< N; i++)

{

[Tomyuuts ciaraemoe

CyMMa=CyMMa-+ciaraeMoe;

H

PaccmoTpum Ui mpuMepa HaxOoXJIeHHEe MaTeMaTHYecKOro OXXKHIaHus. B KauecTBe CyMMBI 371€Ch
BBICTYMaeT BEJIMYMHA mX, ciaraemoe ompenensercs dopmynoi x[i]*p[i], rme x[i] u p[i] — sTO
KOMITOHEHTBI MAacCHBOB X W P COOTBETCTBEHHO, CTOSIIME B TMOCJIEIOBATEIBHOCTH TIOJ, HOMEPOM 1.
[lepeGupas B mukie for 3Ha4eHUs BCEX HOMEPOB IOCIIEAOBATEILHOCTH, MOKHO TEM CaMbIM 00paboTaTh
BCIO COBOKYITHOCTb YHCEIL.

mx=0;

for(i=0; i< N; i++) mx=mx+x[i]*p[i];

[Toxoxkue neiCTBUS MPOBOMAAT JUIS BHIYMCICHUS AUCIIEPCHH U MOMEHTOB. OTIHYAIOT OHH TOJIBKO
BUJIOM ciiaraeMoro B cymme. OcTallbHbIC YMCIIOBBIC XapaKTEPUCTHKH, TaKHE KaK CPEIHE KBAaJIPATUIHOEC
OTKJIOHEHHE, KOX(P(GUIMEHT acHMMETPUH W JKCIecC He TpeOyeT BBIUUCICHHS CYMMBI, MOITOMY H
BBIYUCIISIOTCS TTOCIIEA0BATEILHO €AIMHCTBEHHBIM OTIEPATOPOM IPHCBOCHHUS.

IIpumep nmporpaMmbl ¢ MPpUMEHEHHEM OTHOMEPHBIX MaCCHBOB

CocTtaButh  NporpamMmy, BBIIOJHSIOLIYIO pacueTsl CTaTHCTUYECKUX
XapaKTEPUCTUK JUISL CJIETYIOIIUX UCXOAHBIX JAHHBIX
Xi |1 10 7 10 4 2 5 7 13 14

Pi | 0,02 0,08 0,20 (0,015 |0,05 |0,25 |0,09 |0,01l |0,07 |0,08

#define N 10 //Pa3mepHOCTh MaccuBOB main()

{ int x[N];

float p[N];

float mx, dx, gx, ul, u2, u3, u4, ml, m2, m3, m4, a, e;
int i;

//BBOJI C KJIaBHATYPbI UICXOIHBIX JTaHHBIX

cout<<“BBeaute B cTpouKy<<"<<N<<’BpIOOpoK’’<<endl;
for (1= 0; i<N; i++) cin>>X[i]; cout<<“BBemute B
cTpouky<<N<<” BepostHocTteii’<<endl; for ( i= 0; i<N; i+
+) cin>>p[i];

//BBIYHACIIEHNE MATEMAaTHIECKOT0 OXumanusa mx=0;
for(i=0; i< N; i++)  mx=mx+x[i]*p[i];

//BBIYHMICIIEHUE TUCTIEPCUN

dx=0; for(i=0; i< N; i++) dx=dx+sqr(x[i]-

mx)*p[i]; /BeancIeHUE CPETHE KBAIPATHIHOTO
OTKJIOHEeHHs gx=sqrt(dx);

//BBIYMCIIEHUE HaYaIbHBIX MOMEHTOB 1, 2, 3, 1 4-bIX MOPsSIAKOB ul=mx;
//coBnazaeT co 3HaYeHHEM MaT. OKugaHus u2=u3=u4=0;
for(i=0; i< N; i++)

fu2=u2-+sqr(x[i])*plil;



u3=u3-+sqr(x[i])*x[i])*plil;

ud=ud-+sqr(x[i])*sqr(x[i])*plil;

b

//BBIUMCIICHUE TIESHTPAIBHBIX MOMEHTOB 1, 2, 3 1 4-bIX TOpsiKoB m1=0;
//Bcerna paBeH ()

m2=dx; //coBmamaet co 3HaueHueM aucrepcuu m3=m4=0;

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

{m3=m3+sqr(x[i]-mx)*(x[i]-mx)*p[i];

m4=m4-+sqr(x[i]-mx)*sqr(x[1]-mx)*p[i]; }

//Bbruncienue ko3¢ UIMEeHTa ACUMMETPUH

a=m3/(sqr(gx)*gx); //BeIunCICHNE

akciecca e=m4/(sqr(gx)*sqr(gx))-3;

//BBIBOJT pe3yJIbTATOB PA0OTHI IPOTPAMMbI HA MOHUTOD

cout<<‘“MaremMaTn4eckoe oxumaHue = << mx<<endl;

cout<<“Jlucnepcus ="<<dx<<endl;

cout<<“CpenHe KBaJpaTUYHOE OTKJIOHEHHE = <<gx<<endl;
cout<<“Hau.momeHT 1-ro nopsiaka="<< ul<<endl,
cout<<“Hau.momeHT 2-ro nopsiaka="<< u2<<endl;
cout<<“Hau.momeHT 3-ro nmopsiaka="<< u3d<<endl;
cout<<“Hau.momeHT 4-ro nopsaka="<< u4<<endl,
cout<<“Ilent.MomeHT 1-ro mopsaka="<<ml<<endl;
cout<<“Ilent.MoMeHT 2-ro mopsaka="<<m2<<endl;
cout<<“Ilent.momeHT 3-ro mopsaka="<<m3<<endl;
cout<<“Ilent.momeHT 4-ro nopsaka="<< m4<<endl;
cout<<“Koapenuent acummerpun ="<<a<<endl; cout<<*“Axcuecc
="<<e<<endl;

}

ITosryuenne pe3ynbraTtoB padoTsl nporpammsl [
paccMaTpuBaeMoOro MpuMepa pe3yabTaThl BRITJISAAT CISIYIOIIM 00pa3oM:
Beenute B cTpouky 10 BEIOOpOK
1149152527
Beenure B cTpouky 10 BeposiTHOCTEM
0.222 0.034 0.166 0.025 0.075 0.014 0.061 0.002 0.023
Marematuueckoe oxuaanue = 6.10400000
Hucnepcus = 11.61118400
Cpenne kBaapatuyHoe oTkioHeHue = 3.40751875
Hau. MomenT 1-ro nopsnka = 6.10400000
Hau. momeHnT 2-ro nopsanka = 48.87000000
Hau. MomeHnT 3-ro nopsaka = 453.92000000
Hau. MomeHT 4-ro nopsiaka = 4519.25399999
Lentp. moment 1-ro mopsnka = 0.00000000
[lenTp. MmomeHT 2-ro nopsiaka = 11.61118400
I{enTp. MmoMeHT 3-ro nopsiaka = 13.86818573
ITenTp. MoMeHT 4-ro nopsaka = 196.71519835
Koaddermument acummerpun = 0.35051361
Axcuecc = -1.54090053



3amanue

Pa3paboraTe mporpammy ISl BEIYMCIIEHUS OCHOBHBIX YUCIIOBBIX XapaKTEPUCTHUK ML ATCKPETHOM
CIIy4aifHOM BENMYMHBI C TOMOIIBI0 CTaTUCTHUECKHUX JaHHBIX. Hammcate mporpammy, peanusyrouryro
AJITOPUTM BBIUMCIICHUS YKA3aHHBIX BeIMYUH. CpaBHUTH PE3yJIbTaThl, MOJYYCHHBIC PYUYHBIM MOJICYETOM U
C TOMOUIBIO BBIYMCIHUTENBbHON TeXHUKH. [IpoaHanu3upoBaTh MoJdydeHHblEe AaHHble. Chenatb BBIBOJ O
TOYHOCTH pacyeToB. [[nst oOpaOOTKM CTATUCTMYECKUX TaHHBIX HUCIOJIb30BaTh OJHOMEPHBIE MACCHUBBI
HEO0OXOAMMOM pa3MEPHOCTH.

Ha oyenky «Yoosenemsopumenvro»

PaccunTaTh: MaTeMaTuueckoe 0XKHIaHKE, TUCTIEPCUIO U CPEAHE KBAIPAaTUIHOE OTKIIOHCHHE.

Ha oyenky «Xopouwioy

Pacuurare HauanbHbIE MOMEHTHI 1-r0, 2-10, 3-T0 U 4-r0 NOPsAIKA.

Ha oyenxy « Omauuno»

Pacunrtats nieHTpanbHbIe MOMEHTHI 1-T0, 2-10, 3-T0 1 4-T0 MOpAIKa, a TaK ke KodddenueHT
ACUMMETPHUU U aKcIlecC.

BapHaHTI)I HHAUBUAYAJIBbHBIX 3aJaHui

BapuanTt Nel.

X 1 10 7 10 4 2 5 7 13 14

P 0,02 0,08 |020 (0,15 0,05 |0,25 |0,09 |0,01 [0,07 |0,08
Bapuant Ne2.

X 1 2 6 0 9 4 0 5 7 5

P 0,025 | 0,011 | 0,089 | 0,075 | 0,01 | 0,09 |0,001 |0,005 |0,094 | 0,6
Bapuant Ne3.

X 3 11 4 9 1 5 2 5 2 7

P 0,378 | 0,222 | 0,034 | 0,166 | 0,025 | 0,075 | 0,014 | 0,061 | 0,002 | 0,023
Bapuant Ne4.

X 0 11 10 13 6 4 6 15 8 6

P 0,004 | 0,01 |0,145 | 0,018 | 0,124 | 0,432 | 0,2 0,01 0,007 | 0,05
Bapuant Ne5.

X 2 6 11 8 10 13 14 2 4 14

P 0,014 | 0,543 | 0,331 | 0,001 | 0,007 | 0,004 | 0,011 | 0,044 | 0,003 | 0,042
Bapuant Neb6.

X 2 5 7 4 3 5 4 3 1 4

P 0,1 0,017 | 0,322 | 0,23 | 0,012 | 0,042 | 0,06 | 0,023 | 0,04 | 0,154
Bapuant Ne7.

X 4 5 1 4 7 2 8 6 6 4

P 0,003 | 0,176 | 0,271 | 0,001 | 0,41 | 0,086 | 0,008 | 0,04 | 0,002 | 0,003
Bapuant Ne8.

X 12 8 12 11 15 5 11 3 0 4

P 0,047 | 0,064 | 0,128 | 0,15 |0,512 | 0,04 | 0,017 [ 0,02 |0,003 | 0,019
Bapuant Ne9.

X 2 13 1 9 15 4 6 5 9 3

P 0,063 | 0,014 | 0,056 | 0,133 | 0,266 | 0,232 | 0,037 | 0,02 | 0,079 | 0,1




Bapuant NelO.

X 1 4 6 1 9 8 6 6 1 4

P 0,238 | 0,418 | 0,012 | 0,014 | 0,004 | 0,001 | 0,13 |0O,11 |0,003 | 0,07
Bapuant Nel 1.

X 6 2 5 13 6 12 5 10 4 11

P 0,05 10,025 | 0,115 | 0,103 | 0,169 | 0,099 | 0,404 | 0,005 | 0,024 | 0,006
Bapwnant Nel2.

X 5 2 2 13 9 10 0 13 4 6

P 0,137 | 0,34 | 0,003 | 0,008 | 0,231 | 0,085 | 0,014 | 0,176 | 0,005 | 0,001
Bapuant Nel3.

X |10 6 5 1 1 4 10 1 3 4

P 10,043 | 0,076 |0,196 |0,034 |0,072 | 0,435 | 0,102 | 0,004 | 0,034 | 0,004
Bapuant Nel4.

X 1 9 15 1 13 6 11 11 5 6

P 0,033 | 0,238 | 0,104 | 0,05 |0,176 | 0,025 | 0,11 {0,232 | 0,002 | 0,03
Bapuant Nel5.

X 8 4 1 3 6 9 15 3 11 13

P 0,04 |0,085 | 0,176 | 0,063 | 0,15 | 0,238 | 0,006 | 0,137 | 0,07 | 0,035

KoHnTpoJbHBIE BOPOCHI

1. Uto Takoe ogHOMEPHBIN MacCUB?
2. Kak onmcaTts oqHOMEPHBIN MacCHUB B porpamme?
3. Jng kakux BBIYMCICHMN B JUCHUIUIMHE «Maremarudeckas CTaTUCTUKa» MOXKET

MMPUMCHATBHCA OI[HOMGpHLIfI MaccuB?

JlaGoparopHasi padora Ne29.
IIpuMeHeHNe 0THOMEPHBIX MACCUBOB J1JIsl MOJAEJIMPOBAHMS ONEePALMIA C MHOKECTBAMM.

Heab: [lonyueHre HaBBIKOB B pabOTE C YUCIOBBIMU OJTHOMEPHBIMH MacCHBaMH M MOJICTUPOBaHHE
Ha WX OCHOBE OCHOBHBIX OTIEPAIMI C MHOYKECTBAMH.

Tembl 1J1s IpeABapuUTEIbLHON MPOPad0TKU OHOMEPHBIN

MacCCHUB.

DyHKIUN.

Teoperuyecknii MmaTepuaJ

1. Ilonsimue mnooxcecmsa

MHOECTBO - 3TO COBOKYITHOCTb, HA0Op 3JIEMEHTOB, OOBEAMHEHHBIX OOIIMMHU CBOMCTBAMHU. DTH
00BEKTHI Ha3BIBAIOTCS PJIEMEHTAMH MHOKECTBA. DJIEMEHTHI B MHOKECTBO BXOSAT IO OJHOMY pasy, T.e. 0e3
MOBTOPEHUN. DJIIEMEHThl MHOXECTBA MOXXHO IMEPEUYHCIIATh B MPOU3BOJIBHOM mopsiake. Hampumep, ecnu
MHOKECTBO — JHU HEJAEIHU, TO MOHEAEIbHUK 3JIEMEHT 3TOr0 MHOXECTBA.

HanMuoxecTBaMu ~ MOXKHO BBITIOJIHATH ~ OCHOBHBIE onepaluu TEOPUH

MHOkecTB.  OHHM mpeacTaBiIeHbI B TAOIUIIE.

2. Ilpeocmasnenue muoscecmsa 6 sazvike C/C++

B s3pike mporpaMMHUpOBaHMS HET MOHATUS MHOXecCTBAa. OZHAKO MHOYKECTBO MOKHO 33]1aBaTh B
BHJIC OJIHOMEPHBIX IICJIOYUCIICHHBIX MAacCCHUBOB, JJIEMEHTBHI B KOTOPBIX HE TOBTOpsrOTcsa. Hampumep,
MHOECTBO | 1581215 mHO)kecTBO 2 813 17.



[ToaTOMy OCHOBHBIEC OTMEpaIK HaJ MHOKECTBAMHU BBITIONHSIOTCS HAJ JIEMEHTaMHU OJHOMEPHBIX
MaccuBoB. Harmpumep, A7t HCXOIHBIX MHOKECTB

Pesynbrar nepecedeHus MHOXKECTB 8

Pesynbrat o0benunenus MaOX)ecTB 158 121513 17

PesynbTaT paznoct MHOKecTB 112 151215

IIpumMep mporpaMMsel ¢ MHOKECTBAMU

CocTaBuM nporpammy, I€MOHCTPUPYIOILYIO pPadOTy CO3/1aHUs U O0BETUHEHUN MHOMKECTB.

//YHKINS 3aMOTHEHNST MHOYKECTBA

//TlapameTpbl: MHOKECTBO-MAaCCHB M €T0 pa3Mep

void sozd (int a[], int kol) {

int i=0, j, x, pr;

a[i]=random(20);

i++; while(i<kol)

{ x=random(20);

pr=0; /Tlouck cpeau UMEIOIIUXCS 2IEMEHTOB B MacCHBE

for(j=0; j<i; j++) if(aj]==x)

{pr=1; //Takoii yxe ecTb

break;

}

if (pr==0) //Takoro erie HeT

{a[1]=x; //J1oGaBsieM ero B MacCuB

it} }

h

//pyHKIIHS BRIBO/IA HA DKPaH MHOKECTBA

void pr(int a[], int kol)

{ cout<<"\n*** " for

(int i=0; i<kol; i++)

cout<<a[i]<<" "

cout<<endl; }

//00beTMHEHNE MHOKECTB

void objed(int m1[], int nl,int m2[], int n2, int m3[], int &n3)

{ int i, j, pr;

for (1=0; i<nl; i++) //KommupyeM mepBoe MHOKECTBO

m3[i]=ml[i]; n3=nl;

for (1=0; 1<n2; 1++)

{ pr=0

b

for(j=0; j<n3; j++) //Tlouck cper BTOPOTO MHOKECTBA
if(m2[i]==m3[j])

{pr=1; break;} if

(pr==0)

{ m3[n3]=m2J[i];

n3++;

}

}

}

//TnaBHast pyHKITUSA
main()



{

const n=256;
int ml[n], m2[n], m3[n], m4[n],m5[n];
int nl,n2,n3,n4,n5; randomize();
cout<<"\nkol el masl "; cin>>nl;
sozd(ml,nl); //BBI30B — CO3/IaTh TIEPBOE MHOMXECTBO
pr(ml,nl); //BBI30B — BBIBOJI IEPBOTO MHOKECTBA
cout<<"\nkol el mas2 "; cin>>n2; sozd(m2,n2); pr(m2,n2);
cout<<"\nobjed";
objed(ml1,n1,m2,n2,m3,n3); /Be130B — 00bETMHEHHE IBYX MHOXKECTB
pr(m3,n3); //BBI30B — BBIBOJ] pe3ysibTaTta 00beIUHEHUS
H
PesynbraT paboThl IporpamMmbl
kol el mas1 7
¥** 7141119116 8
kol el mas2 9
¥k 5281819103 7 4
objed
*** 7141119116852181034
3ananue
Ha oyenxy «Yoosnemsopumenvro»
CocTaBuM nporpammy, I€MOHCTPUPYIOIIYIO TIepeceYeHne MHOKECTB.
Ha oyenky «Xopowoy
CocTaBuM mporpamMmy, JeMOHCTPUPYIOIIYIO Pa3HOCTh MHOYKECTB.
Ha oyenxy «Omauunoy
CocTaBuM mporpamMmy, JEMOHCTPUPYIONIYI0 CAMMETPUIECKYIO PA3HOCTh MHOXKECTB.
KoHTpoJibHBIE BOPOCHI
1. Tlouemy MOXKHO TIpEIACTaBUTh MHOXKECTBAa OJHOMEpPHBIMH MaccuBamMu? 2. Kakue
TpeOOBaHMS JOIHKHBI COOJIIOAATHCS IS AJIEMEHTOB MHOKECTBA MPHU €r0 CO3/IaHnun?

JlabopaTopnast padora Ne30.
Peanu3anus aaropurMa my3pIpbKoOBOii COPTHPOBKH.

Iean: [TonydyeHne HaBBIKOB B paboTe C COPTUPOBKONH MacCHUBOB.

Tembl 115 peaBapuTeabHONH NPpopadoTKu Tumbl

MaHHEIX B sa3bike C/CH++.

OrniepaTophbl LIUKJIOB.

Coznanne MaccuBOB B IpOrpaMMe.

ba3oBble onepanyy ¢ MacCuBaMH.

Teoperuyecknii MmaTepual

AJITOPUTM Ny3bIPbKOBOM COPTHUPOBKH

ANTOPUTM COPTUPOBKM ITy3BIPHKOBBIM METOAOM TMOJYYHJI CBOE Ha3BaHHE OT croco0a,
UCIIOJB3YEMOIO ISl YNOPSIIOUMBAHMS DJIEMEHTOB MAacCHBA. 3ECh BBIIIOJIHAIOTCS IOBTOPSIOIINAECS
ONEpalliy CpaBHEHHS U TPH HEOOXOAMMOCTHM MEHSIOTCS MECTaMH CMEXHble 3iieMeHThl. Ilpu 3Tom
9JIEMEHTBI C MEHBIIMMH 3HAYECHUSMH ITIOCTENIEHHO MEPEMEIAIOTCS K OTHOMY KOHIly MacCHBa, a DJIEMEHTBI
¢ OOJBIIMMHU 3HAYEHUSMU — K JPYyroMy. DTOT MPOLIECC HAIOMMHAET MOBEACHHUE My3bIPHKOB BO3IyXa B



pesepByape ¢ Boj1oil. Ily3bIppkoBast COPTUPOBKA BBIMIOJIHIETCS MyTEM HECKOJIBKUX MPOXOJI0B MO0 MAaCCHBY,
BO BpeMsI KOTOPBIX NPH HEOOXOJMMOCTH OCYIIECTBIISICTCS IEPECTAaHOBKA 3JIEMEHTOB, OKa3aBIIMXCS ""HE Ha
cBoeM Mmecte". KonmmdyecTBo TpoXo/10B, TapaHTUPYIONIMX MOJTYYSHHE OTCOPTHPOBAHHOTO MACCHBA, PaBHO
KOJINYECTBY JIEMEHTOB B MaCCHBE, YMEHBIICHHOMY Ha €AMHUILY.

XOTsl anroOpuUTM IYy3BIPHKOBOI COPTHPOBKH NPHUTOACH U HEOONBIINX MAacCHUBOB, IJISi MAaCCHBOB
OonplIOro pasmepa OH cTaHOBUTCS Hed(dekTuBHBIM. bonee yHHMBEpPCATbHBIM CUHUTAETCS aITOPUTM
Quicksort. B crangaptayto Oubnmorexky C++ BkimtodeHa QyHKuus gsort(), KOTopas peaau3yeT OAHYy U3
BEPCHI1 3TOr0 alrOpuT™MA.

IIpumep nporpaMmmbl, peajin3yolleil aJITOPUTM COPTUPOBKH My3bIpbkoM B
ClIelyolel mporpaMMe peain30BaHa COPTUPOBKA MACCHBA (LI€ITOUUCICHHOTO THIIA), COAEPKAIIETO

CIIy4aifHble Yyncia. JTa mporpaMmma 3aciyKHBaeT BHUMATEILHOTO pa3zbopa.
#define SZ 10

main ()
{ int a[SZ]={30,53,11,35,17,42,21,84,75,61};
int 1, j=0; //cueTdnK UKJIIOB int K;

//TeKylii MHIEKC JIeMeHTa MaccuBa int buf;
cout<<"\nCoptHpo3ka MaccuBa MeTo oM \"my3bIpbka\"\n";
for(i=0; i<SZ; i++) cout<<a[i]<<" "; for (1= 0; 1 < SZ-1;
i++)

{ ot

+

for (k =0; k <SZ-1; k++)
{

if (a[k] < a[k+1])

{

/lobmensieM k-1 U (k+1)- >31eMeHTbI

buf = a[k]; a [k] = a[k+1] ; a[k+1] = buf;

b

//oTnagoyHas meyaTh MacCHBa IMOCJIE OUYEPEIHOTO IIHKJIA COPTUPOBKH
cout<<"\n-----"<<j<<"-----"; for (k = 0; k < SZ; k++) cout<<a[k]<<"
"; cout<<"\n";

H

cout<<"*****MaccuB orcopTupoBan\n";

for (k =0; k < SZ; k++)

cout<<" "<<a[k];

cout<<"\n\n/[s1 3aBepiieHus padoTel HaxxmuTe <Enter>";
H

Pe3ynbrarhl paboThl IPOrpaMMBI:

CopTupoBKa MaccuBa METOJIOM 'my3bIpbKa'
3053 1135174221847561

----- 1-----533035174221 847561 11

----- 53353042218475611711

----- 53354230847561211711

————— 53423584756130211711

----- 53428475613530211711

----- 53847561423530211711

----- 84 756153423530211711



----- 8-----84 75 61 53 42 353021 17 11 -----9-----
84756153423530211711

*A*E*MaccuB OTCOPTUPOBAH
84756153423530211711

3aganue

Ha oyenxy «Yooeremsopumenvroy

CMEHHUTH MOPSIOK COPTUPOBKU — CAENIATh YIOPSIOYCHHE MacCHBa M0 BO3PACTaHUIO 3HAUCHUI
anemeHToB. [lopaboTaTh BMECTO KOMITBIOTEPA, MPOXOIST HHCTPYKIIUU POTPpaMMbl. BBITTOTHHUTH
OTJIaJIOYHYIO 11€YaTh.

Ha oyenky «Xopouwioy

WN3mMeHuThs NOpUHLMI 3alOoJHEHWsS MacCuBa — cJiejaTh 3alOJIHEHHE CIy4YallHbIMU YHCIaMHU.
[TpoBepuTh pe3ynbTaT paboThl MPOTrPaMMBbI.

Ha oyenxy «Omauunor

N3menuts gncio anementoB maccusa (100, 1000, 10000, 100000). MccnenoBath, Kak U3BMEHHUTCS
BpeMs pabOThI IPOrPaMMbl OT pa3MEPHOCTH MAaCCHBA.

KounTtpoJsibHbIe BOonmpochl

1. Yto Takoe copTUpOBKa MaccuBa?

2. Pacckasarb, B UeM CyTh aITOPUTMA COPTUPOBKU ITy3bIPHKOM.

3. YKka3aTp IPUYMHBI, KOTOPBIE BIMSAIOT HA CKOPOCTh COPTHUPOBKHU MaccuBa. 4. Kakas cymiecTByeT

3aBUCHUMOCTh MEX]Ty CKOPOCTBIO COPTUPOBKH M Pa3MEPHOCTHIO MaccuBa?

JlabopaTopnasi pabora Ne31.
IIporpamma, peanusyromasi OMHAPHBbIH OKUCK.

Hean: [Tonyuenne HaBBIKOB B paboTe C MacCMBaMU, OCBOCHHE Pa3JIMYHBIX aJITOPUTMOB IMOWCKA
uHpopMaluu B MaccuBe. Tembl [JIs1 MpeIBaApUTeIbHON MpopadoTku Maccussl B C++.

3anoJiHEeHWE MacCuBa, BBIBOJ Ha YKPaH.

TeopeTnueckuii MaTepuaJl

1. [lonamue u 3a0anue mMaccusos 8 npocpamme

MaccuB — 3TO CTPYKTypa OJHOTHUIIHBIX JJIEMEHTOB, 3aHHMMAIOIIUX HEMPEPHIBHYIO 00JacTh
namatu. C MacCUBOM CBSI3aHbI CIEAYIOIINE €r0 CBOMCTBA: UMS, TUII, Pa3MEPHOCTb, pa3Mep.

dopmart onucaHus MacCHUBa CIICTYIOITUI:

THII 3JICMEHTOB MMS [KOHCTAHTHOE BbIpa:KeHue]

KoHcTanTHOE BbIpa)keHHE OMNpeENesseT pasMep MacCHUBa, T. €. YHCIO JIEMEHTOB 3TOIO0 MAacCHUBA.
Hanpuwmep, cornacHo onucanuio int A[10];

O0OBSIBIICH MacCHB C UMeHEM A, comepxariuii 10 31eMEeHTOB 11eJI0T0 THMa. DJIeMEHThI MacCUBa
O603Ha‘-IaIOTC$I I/IHI[GKCI/IPOBaHHBIMI/I NMCHaAMU. HI/I)KHGC 3HAYCHUEC NHICKCA paBHO OZ

A[0], A[l], A[2], A[3], A[4], A[5], A[6], A[7], A[8], A[9]

2. Ilouck 6 maccuge memooom nepebopa 21emMeHmo8

Camplii TPOCTOM THUTI TTOMCKA B MACCHUBE CBSI3aH C Mepe0OpOM IO MOPSIKY BCEX IJIEMEHTOB MAacCHBa
C UCKOMBIM 3HaueHue. Takol alropuTM UMeeT OYEHb MPOCTYIO pealn3alnio, OJHAKO, CYUTAECTCS OJHUM U3
caMbIX MeJUIeHHBIX. JIis MaccHBOB HEOONBIIONW pa3MEpHOCTH OH BIIOJHE MPUTOJEH, OTHAKO, s
MacCHBOB OOJIBIION Pa3MEPHOCTH €r0 UCIIOJIb30BAHUE HE JKETIaTeNbHO.



#define HB 5

main()

{ int m[HB]; // MaccHB TENBIX int

obr; // obpa3zern 1ist morucka

int found; // IpU3HAK COBMAJICHUS ¢ 00PA3IoOM int

1,

cout<<"\nllouck B MaccuBe MeTos1oM mepedopa\n";
cout<<"Bpenute B 0JJHOI CTpOKE %o1 MEIbIX\

n",HB; cout<<"uncen n HaxxmMute <Enter>\n";
cout<<"->"; for (i = 0; i < HB; i++) cin>>m[i];
cout<<"Bpenurte oOpazerr ais Moucka (1eaoe yucio)->";
cin>>obr; found = 0;

1=0; // mpoBepsieM C MEePBOro 3JIEeMEHTa MacCHBa
do{

if (m[i] == obr)

found = 1; // coBnajieHne ¢ o0pa3romM

else

i++; // Iepexo/1 K CIAeAYIONIEMY JIEMEHTY

} while (!found && 1 < HB) ;

if ( found )

cout<<"CoBmajieHre ¢ meMeHToM HoMep %i", i+1; else
cout<<"CoBmnaaeHuii ¢ 0opasom Het";

}

IIpumep nporpammabl, peajiu3yoineii OMHAPHBIA MOUCK B MacCHBeE
main()
{ const n=1000;
int m[n];
int i, ¢, k, zc, a, b, kol, pr;
for (i=0;i<n;i++) m[i]=i;
cout<<"\n vvod 0-999 ->";
cin>>k;
z¢=0; kol=0; a=0;  b=n-1; pr=0;
c=(at+b)/2;

cout<<"\n******] /2 diapasona= "<<c<<"\n"; while
(c>=a && c<=b && kol<=n)

{if (m[c]==k)

{ zc=c;

pr=1; break; }

if (k>m][c])

{a=c+1; c=(atb)/2; kol++;
cout<<c<<"";

}

if (k<m]c])

{b=c-1, c=(at+b)/2;
kol++;

cout<<c<<"";

b
}



if (pr) cout<<"\n poz="<<zc;

else cout<<"\n no number";
cout<<"\n

kol="<<kol; }

Pe3ynbTarhl paboThI IPOrPAMMBI

1 mpoBepka vvod 0-999 -

diapasona= 499

749 624 561 530 514 506 502 500
poz=500 kol=8

2 nposepka vvod 0-999 -

>_100 ******1/2

diapasona= 499

2491246130146200

no number kol=9

3aganue

Ha oyenxy «Yooeremsopumenvhoy

CocTtaBuTh POTPaMMYy, PEATU3YIOINIYIO aJITOPUTM JIMHEHHOTO TIoncka. Ha

oyenxy «Xopouio»

CocTaBUTh POrpaMMy, peaIu3yoIlyI0 aIrOPUTM OMHAPHOTO MOMCKA. BBINMONHNUTE aHAIN3
JUHEWHOTOo U OMHAPHOTO MOKCKA MO CKOPOCTH PabOThI ¢ 3aBUCUMOCTH OT pa3MepHOCTH MaccuBa. Ha
oyenxy « Omauunor

CocTaBUTh MNpOrpaMMy, pEaTM3YIOIIyI0 UIpy I[OJIb30BaTedsl C KoMIbioTepoM. KommbioTep
dbopmupyeT ciaydaiiHoe 4ucio B auama3zoHe ot 1 mo 100 m mpesraraeT moib30BaTEN0 BBECTH YHUCIIO.
CpaBHUBaeT CBOE 4YMCIO M YHCIO, BBEIEHHOE IMOJb30BaTeleM. Bblgaer uror cpaBHeHUs — OOIblLE,
MEHbIIIE, yraJaHo, MOJCYUTHIBAET YUCIO XOAOB. Mes mporpaMMbl COCTOUT B MPOBEPKE IMOJIb30BATENS
UCIOJIB30BaTh METO ] OMHAPHOTO MIOUCKA.

KoHnTpoJbHbIE BOPOCHI

1. Pacckazath CyTh METO/AA JIMHEWHOI'O MOHUCKA.

2. Pacckasarh cyTh MeTO/1a OMHAPHOTO MOUCKA.

OcHoBHas JuTEpaTypa:

1. Annan, A. BBeneHue B reHepanyio MporpaMMHOTO koja / A. AnjgaH. - 2-¢ U3M., UCIp. -
M. : HatmonaneHbiit OTKpbITHIH YHHBepcuTeT « AHTYUT», 2016. - 189 c. : cxem. - bubauorp. B KH. ;
To xe [DnexkrponHslil pecypc]. - URL: http:/biblioclub.ru/index.php?page=book&id=428825

2. Coxkomnos B.I1. KogupoBanue B cuctemax 3aiuThl HHGOpMaIuu [ DIeKTPOHHBIN pecypc]:

yueObnoe mocobue/ CokonoB B.II., Tapacoa H.Il.— DnekTtpoH. TekcToBble maHHBIE.— M.:
MocCKkOBCKUH TEXHUYECKUI yHHMBEpCUTET cBsi3u U MHpopmaruku, 2016.— 94 c.— Pexum nocryna:
http://www.iprbookshop.ru/61485.html.— 3BC «IPRbooks»

3. AntumupoB, B. M. IlpoextupoBaHue amnmaparypbl CHCTEM aBTOMAaTHYECKOI'O
ynpasinenus. B 2 4. Y. 1 : yueOnoe nocobue st CIIO / B. M. Autumupos. — 2-e uzn. — Caparos,
ExarepunOypr : IIpodobpazoBanue, Ypanbckuii dhenepanpabiii yauBepcutet, 2019. — 92 ¢. — ISBN
978-5-4488-04014, 978-5-7996-2834-5. — TekcT : dJEKTPOHHBIK // DIEKTPOHHO-OMOIMOTEUHAS
cucrema [IPR BOOKS : [caiir]. — URL: http://www.iprbookshop.ru/87852. html. — Pexum moctymna:
U1 aBTOPU3HP.

II0JIb30BaTeNeH
Jlomo/IHMTe IbHAS JIUTepaTypa:



1. ®enoposa I'.U. Pa3paboTka, BHEpEHHE U alanTallys IPOrPaMMHOTO 00ECIICUCHHSI OTPaCICBON
HampaBieHHOCcTH. YueOHoe mocobue. Uza.: KYPC, Uudpa-M. Cpennee nmpodheccnoHanbHOE
obpazoBanme. 2016 1. 336 cTp.
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