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MeTtoauueckne ykazaHus Ui MpakTHueckux 3aHsaATuil mo aucuurummae [IM.05.02 Pazpabotka
Kofga WHGOPMAIMOHHBIX CHUCTEM COCTaBlIeHBl B cooTBercTBUM C TpeboBanmsimu DIOC CIIO.
[IpenHa3zHaueHsl I CTYACHTOB, oOyuwaromuxcsi 1o crenuaiabHoctd 09.02.07 MubopmarmoHHbIe

CHUCTCMBI U IPOTpaMMHUPOBAHUC.



INOACHUTEJIBHAS 3AIIMCKA

[Tporpamma aucuumiuuHbl Pa3paboTka xojga MHGOPMALMOHHBIX CHCTEM IpelyCMaTpUBaeT U3ydEeHUE
QITOPUTMHU3AINH KaK 0a30BOI COCTABISIOMICH TEXHOJOTHYECKOTO IMPOIecca CO3/IaHusl POTrPaMMHOTO
NPOJIYKTa, a TaK K€ U3yUYEHHUE sSA3bIKa MPOrpaMMHUpPOBaHus U (HOpMUpOBaHHE HAaBBHIKOB pa3padotku MC,
00BEKTHO-OPUEHTHUPOBAHHOTO MPOTPaMMHUPOBAHUS Yy CTyJIeHTOB. [Ipu u3yueHHM mpeamera cleayer
coOJII0/1aTh €IMHCTBO TEPMUHOJIOTHH M 0003HAYEHUS B COOTBETCTBUM C JEHCTBYIOIMMH CTaHJApTaMH,
MexnynapoaHoi cucreMHol enunuisl (CH).

B pesynbrare u3ydeHus: AMCUUIUTUHBI CTYACHTBI OO0MMHCHYL:
3HATh:

- OCHOBHBIE€ BHJbl M MpOLERypbl OOpabOTKH HH(POPMALUH, MOJEIU M METOMAbI
penieHus 3a1a4 o0paboTku HHPOPMAIINH;

- OCHOBHBIE  TUIATGOPMBI  JUISI  CO3MAHMs,  WUCIIOJIHEHWS W YIpPaBJICHHUSA
UH(POPMALMOHHON CUCTEMOI;

- OCHOBHBIE ITPOIECCHI YIPABJICHUS IPOSKTOM pa3pabOTKH;

- OCHOBHbBIE MOJENTM TIOCTPOCHUS HWH(POPMALMOHHBIX CHCTEM, HUX CTPYKTYpY,
0COOEHHOCTH M 00J1aCTH MPUMEHEHHS;

- METOABl U  CpeACTBAa  IPOCKTHUPOBAHUA,  pa3padOTKU U TECTUPOBAHUSA
UH(POPMAIMOHHBIX CHCTEM;

- CHCTEMY CTaHJAapTU3ALUHU, CEpTUPHUKAIMK M CHUCTEeMy oOOecreueHHs KadyecTBa
HOPOAYKIUH.
yMeTh!

- OCYILECTBIIATh OCTAHOBKY 3ajJjau 0 00paboTke HH(pOopMaIumy;

- MIPOBOJIUTH aHAIIN3 IPEMETHON 001aCTH;

- OCYIIECTBIISITH BEIOOP MOJETH U CPENICTBA MOCTPOCHHUS MHPOPMAIMOHHONW CHCTEMBI
U IPOTPaMMHBIX CPEJICTB;

- UCIOJIb30BaTh aJITOPUTMBI 00PaOOTKH MH(DOPMAIIUK [T PA3IUYHBIX PUIIOKEHUIH;

- pemiaTh MPUKIATHBIE BOMPOCHI MPOTPAMMHUPOBAHMS M SI3bIKa CLIEHApUEB IS
CO3JIaHMsI TPOrpamm;

- paspabaTeiBaTh Tpaduueckuii ”HTEpPEic MPUITOKESHHUS;

- CO3MIaBaTh U YNPABISATH MPOCKTOM IO Pa3padOTKe MPUIIOKEHUS;

- NPOCKTHPOBATh U pa3pabaThlBaTh CUCTEMY IO 33aJaHHBIM TpPEOOBaHHUAM U
creur(puKanusaM. HMeTh NPAKTHYEeCKHIl ONBIT B!

- yIpaBJIEHUH  OPOIECCOM  Pa3pabOTKM  MPUIOKEHUH € HCIOJIb30BaHHEM
MHCTPYMEHTAJIbHBIX CPE/CTB;

- oOecnieueHnu cOoOpa JAHHBIX ISl aHAJIU3a WCIOJIb30BaHUSA U (DYHKLHMOHUPOBAHUS
UH(POPMALIMOHHON CUCTEMBI;

- MIPOTPaAMMHUPOBAHUH B COOTBETCTBUU C TPEOOBAHUSIMH TEXHUYECKOTO 33/1aHUS;

- UCTOJIb30BaHUH KPUTEPUEB  OLICHKU Ka4yecTBa U
Ha/IeKHOCTH  (PYHKIMOHUPOBaHUS HH(OPMALIMOHHON CUCTEMBI;

- IPUMEHEHUH METOAMKH TECTUPOBAHUS pa3padaThIBaeMbIX MPUIIOKEHUH;

-OTIpeIeTICHUH COCTaBa 00OpPYNOBaHMS M TMPOTPAMMHBIX CPEICTB pa3padOTKu MH(GOPMAIIMOHHON
CHCTEMBI;

- pa3paboTKe JOKyMEHTAIMH 0 SKCIUTyaTallii HH()OPMAIIMOHHON CUCTEMBI;

- IPOBEJICHUM  OLEHKM  KauecTBa M JKOHOMHUYECKOH  3ddexTuBHOCTH
MH(POPMALMOHHON CUCTEMBI B PAMKAX CBOEH KOMIIETEHIUH;

- MOIU(UKAIMK OTACTBHBIX MOAYJIeH HH(POPMAITMOHHON CHCTEMBI.



B pe3ynbraTe ocBoeHUs yueOHOM AUCIMITIIMHBI CTYIEHT JOJDKEH OBJIa/IeBaTh:

Obwumu KomnemenyusMu:

OK 01. Bsi6upats criocoObl pemieHus 3a1a4 npodecCHoHaIbHON NesITeIbHOCTH, IPUMEHHUTENBHO K
Pa3IMYHBIM KOHTEKCTaM.

OK 02. OcymiecTBiiTh TOWCK, aHAIW3 W HMHTEPHPETAII0 HHPOPMAIUHA, HEOOXOIUMOU IS
BBITIOJIHEHHS 33/1a9 IPOPECCUOHATBHOMN e TETFHOCTH.

OK 03. [TnanupoBaTh U peaTn30BbIBaTh COOCTBEHHOE MPOPECCHOHATIBHOE U TMYHOCTHOE Pa3BUTHE.

OK 04. PabGotath B KOJUIEKTMBE U KoMaHJe, 3(p(eKTHBHO B3aMMOAEWUCTBOBATH C KOJUIETAMH,
PYKOBOJICTBOM, KJIINEHTAMHU.

OK 05. OcymiecTBasATh YCTHYH0O U MUCbMEHHYI0 KOMMYHHKAIMI0 HA TOCYJAPCTBEHHOM SI3BIKE C
y4eTOM 0COOEHHOCTEH COMANBHOTO U KyJIBTYPHOTO KOHTEKCTA.

OK 09. Ucnonp3oBaTs HHPOPMAITHOHHBIE TEXHOJIOTHU B TIPO(PECCHOHANBHON eI TETHHOCTH.

OK 10. ITonp30oBaThcs MpodeccnoHanbHOM JOKyMEHTaIMel Ha TOCYAapCTBEHHOM M MHOCTPAaHHOM
A3bIKE.

IIpogheccuonanvrvimu kKomnemeHyuaMu:

I[IK 5.1. CoOupare HCXOIHBIE JaHHbIE Ui pa3pabOTKH MPOEKTHOM JTOKYMEHTAllUHu Ha
UH(POPMALMOHHYIO CUCTEMY .

[1K 5.2. PazpabarbiBaTh MPOEKTHYIO TOKYMEHTALIMIO HA Pa3padOTKy MH(OPMALMOHHON CUCTEMBI B
COOTBETCTBHUH C TPEOOBAHUIMH 3aKa34nKa.

1K 5.3. PazpabaTsiBaTh OACHCTEMBI 0€30aCHOCTH HHPOPMALIMOHHOW CUCTEMBI B COOTBETCTBHH C
TEXHUYECKUM 33JJaHUEM.

IIK 5.4. IlpousBoauTh pa3paboOTKy MoayJiell HMH(OPMAIMOHHOM CHCTEMBI B COOTBETCTBUU C
TEXHUYECKUM 3aJJaHHEM.

I[IK 5.5. OcymiecTBiasTh TeCTUpOBaHHE WH(POPMAIMOHHON CHCTEMBbI Ha JTare OIBITHOU
OKCIUTyaTallil C (UKCAlMel BBISIBICHHBIX OINMOOK KOJMPOBAaHWS B pPa3pabaThIBAEMBIX MOJIYJISX
UH(POPMALMOHHONW CUCTEMBI.

IIK 5.6. Pa3pabareiBaTh TEXHHYECKYI JOKYMEHTAIMIO Ha SKCIUIyaTalUl WHPOPMALMOHHOM
CUCTEMBI.

IIK 5.7. Ilpou3BoauTh OIEHKY HH(DOPMAIIMOHHOW CHUCTEMBI JJIA BBISIBICHHUS BO3MOXKHOCTH €€
MOJIEpHH3AIIIH.

OBIHIUE METOAUYECKHUE YKA3ZAHMUS K
BBIITOJIHEHUIO IPAKTUYECKUX PABOT

[To mucuunnune Pa3paboTka koxa MH(OPMALMOHHBIX CHUCTEM IPAKTUYECKHE pabOThl coAepiKaT
3aJauu ¥ TEOPETUYECKHIE BOMPOCHL. BapraHThI A1l KaK0T0 00y4aromerocs - MHAWBUAYaJIbHBIE.

3az[atm 1 OTBCTHI Ha BOIIPOCHI, BBINIOJIHECHHBIC HC 110 CBOEMY BAPHUAHTY, HC 3aCUUTLIBAIOTCA.

[IpakTryeckas paboTa BBIIOJIHIETCS B OTAEIBHOM TeTpaau. Y CIOBUS 331a4l U (GOPMYIUPOBKH
BOIPOCOB IEPEIUCHIBAIOTCS MOJHOCTHIO. DOPMYJIbI, pacueThbl, OTBETHI Ha BOMPOCHI MUILITYTCSA PYYKOH, a
YepTekKH, CXEMbl U PUCYHKHU BBINOJHSAIOTCS KapaHZalloM, Ha rpadukax U JuarpaMMax yKas3blBaeTcs
macmTal. BHauane 3agaya pemaercs B o0IIeM BUjE, 3aT€M AENAIOTCS PAcUYEThl M0 YCIOBHIO 3a/IaHHS.
Pemienue 3amau o6s3arensHo BeneTcs B MexxayHapoanoii cucreme enunui (CH).

[Ipy BBIMOJHEHMHM TNPAKTUUECKOTO 3aHATHUS HEOOXOAMMO CJEI0BAaTh METOJUYECKUM
yKa3aHUSAM: TOBTOPUTH KPATKOE COJIEp’KaHUE TEOPUH, 3alIOMHUTH OCHOBHBIE (DOPMYJBI U 3aKOHBI,
IPOaHAIU3UPOBATh IPUMEP BBINIOJHEHHS aHAIIOTUYHOTO 33JaHUs, 3aTeM MPECTYNUTh HEMOCPEICTBEHHO
K penieHuio 3a1aun. K 3auety nomyckaroTcsi CTyA€HThI, MOTYUYUBIINE MTOJO0KHUTEIbHBIE OLEHKU 110 BCEM
NPaKTUYECKUM paboTaMm.



IIpaBuJja BbINOJTHEHUS] IPAKTHYECKUX PadoT.

1. CTyleHT AOKEeH NPUNTH Ha MPaKTHUYECKOEe 3aHSATHE IMOATOTOBICHHBIM K BBIMOJIHEHUIO
MPAKTUYECKON pabOTHI.

2. Kaxplit cTyieHT mocie npoBeneHusi padoThI TOJKEH MPEICTABUTh OTYET O IMPOAETaHHOM
paboTe C aHaIM30M MOIY4YEHHBIX PE3yJIbTaTOB U BBIBOJOM IO padoTe.

3. TaGnuupel M PUCYHKH CJEIyeT BBINOJHATH C IOMOINBIO UYEPTEKHBIX WHCTPYMEHTOB
(TMHEWKH, IUPKYJIA, U.T.J1.) KapangamoMm ¢ coomoaearnem ECKJI.

4. Pacuer cnenyet mpoBOIUTH ¢ TOYHOCTBIO JIO ABYX 3HAYAIUX LUPD.

5. UcnpaBnenns npoBoAWTh, Ha 0OpaTHOM cTOopoHe nucta. IIpu Menkux wucrnpaBiIeHHUIX

HeNpaBWIbHOE CJIOBO (OyKBa, YMCIIO W T.I.) aKKypaTHO 3au€pKHBAETCS M HaJl HUM MHILIYT MPaBUIbLHOE
MIPOITYIIIEHHOE CJIOBO (OYKBY, YHCIIO U T.I1.).

6. BcnomorarensHple  pacdeTl MOXKHO — BBIMIOJHATH HA OTHACNBHBIX JIUCTAX, a TIpH
HEOOXOAMMOCTH Ha JIMCTax OTYeTa.

7. Ecnu cTyieHT He BBIOJIHUT MPAaKTHYECKYI0 PadOTy MM 4acTb paboThl, TO OH BBITIOJHHUT €€
BO BHEYPOUYHOE BPEMsI, COIJIAaCOBAaHHOE C MPEI0IaBaTeNIeM.

8. O1eHKy 1O IPAaKTUYECKOI paboTe CTYJCHT NOIyYaeT C y4eTOM CPOKa BBIIIOJHEHUS PAOOTHI,
ecIy;

- pacyeThl BBITIOJTHEHBI IPABWIHHO M B TIOJTHOM 00bEME;

- ClHeNaH aHaJH3 MPOJETaHHON paboTh! M BEIBOA MO pe3ybTaTaM padOTH;

- CTYACHT MOXeET MOSCHUTH BHITIOJTHEHHUE JIF000T0 3Tana paboTsl;

- OTYeT BHINOJIHEH B COOTBETCTBHUHU C TPEOOBAHUSMU K BBITTOJTHEHUIO PAOOTHI.



IIpakTHyeckas padora Nel. BBog Tekcra
nporpammbl. CoxpaHeHHe IPOrpaMMbl

Hean: Ilonyyenne 0a30BBIX HABBHIKOB  HCIIOJIB30BAaHUS  CHCTEMBl  [POrPAaMMHPOBAHUS,
HEOOXOIUMBIX IS JajbHEUIIEro BBIMOIHEHUS [IMKIIA IPAKTUYECKUX paboT.

OcHoBHble  moHsATHA:  MHTerpupoBaHHas  cpena,  KOMIWISALMS,  OTJIaJ4HK.

Teopernyeckas 4acThb.

1. 3anyck cucmemul npocpammuposanus

Cucrema nporpammupoBanust MS Visual studio cocrout u3 Gomnpiioro uncna (HaiioB, XpaHeHHE
KOTOPBIX CTPYKTYPHUPOBAHO I10 KaTaJIOTaM.

Jliist 3amycKka cucTeMbl IPOTpaMMHUPOBAHUSI TOCTATOUYHO IIEJIKHYTh Ha sIpJIbIKE Ha pabouyeMm cToJe.

2. Ilonv3oeaHnue noockasxoll 6 cpede

Cucrema nporpammupoBanus MS Visual studio mMeer MOIIHYIO CUCTEMY OHJIAWHOBOMW ITOJICKA3KH,
KOTOpasi OYeHb I0JIe3HA, OCOOCHHO I HAUMHAIOILET0 IPOTPAMMHUCTA.

ITonckaska siBisieTCSl TMIEPTEKCTOBOM, TO €CTh, BBIOpPAB OJHO M3 BBIJCIEHHBIX CJIOB, MOKHO
MOJTYYUTh TOJICKA3Ky, CBSI3aHHYIO C THM CJIOBOM.

[TepBast BO3BMOXXHOCTh OOpaleHus1 K mojckaske - yepe3 I'1aBHoe Menio -> Help. B Tom mento
CaMBIMH TIOJIE3HBIMU SBIISAIOTCS TyHKTHI Contents u Index.

IIyaxkr Contents BBIBOOIUT Ha 3JKpaH TEMaTHYECKUHM CIMCOK pa3JesioB, MO KOTOPBIM MOKHO
noJay4yuTh nojckasky. [IyHkT Index BEIBOAMT Ha 5KpaH an(aBUTHBIA CIIMCOK BCEX KIFOUEBBIX CJIOB U UMEH
GyHKIMI s13pIKa U cucTeMbl porpamMMmupoBanus MS Visual studio. Beibupas myHKT 3TOro crucka, MO>KHO
HOJIyYUTh NOAPOOHYIO MOACKA3Ky IO HEMY.

Jlpyrasi BO3MOXHOCTh OOpaIleHusi K ToicKaske - depe3 kimaBumu F1 um KoMOWHAIMIO KIIaBHII
Ctrl+F1. Ora noackaska - KOHTEKCTHO-3aBUCUMasl, TO €CTh, MIOJCKa3Ka, KOTOpas MOSBIISIETCA HA DKPaHE,
OTHOCHUTCSI HIMEHHO K TOMY COCTOSIHUIO CHCTEMBI TPOIrPaMMHUPOBAHHUS, B KOTOPOM OHa celyac HaXOIUTCS.

[To xmaBume F1 monydaere mojacka3Ky IO aKTMBHOMY Ha JaHHBIM MOMEHT MEHIO WIH OKHY.
Kom6unanuein Ctrl+F1 M0HO 1m0ib30BaThCsl TONBKO B aKTUBHOM OKHE peaakTopa. Eciau npu Haxartuu
3TOM KOMOMHALIMM KypcOp HAXOAWUTCS Ha KAaKOM-TO KIIFOYEBOM CJOBE WM Ha (DYHKIMH, TO Ha JKpaH
BBIBOAMTCS MOAPOOHAs MO/ACKA3Ka 110 3TOMY KJIFOUEBOMY CJIOBY MM (DYHKIMH.

3. Cozoanue, pedakmuposanue u CoOXpanenue npocpammol

Bri6epute I'naBHoe Menio -> File -> New. ¥V Bac Ha skpaHe OTKpPOETCS ITyCTOE OKHO PEAAKTOpa C
3arogoBkoM NONAME.CPP. B s3ToM okHe HaGepuTe TeKCT MPOrpaMMBbl.

TexcTt, koTopblit Bbl HabupaeTe HY>)KHO COXPaHUTH TEKCT B (ailyie Ha BHelIHel namsaTu. s aToro
BeimosinuTe: I'1aBHoe Menio -> File -> Save as... . [Ipu aTom y Bac Ha skpane nosiBiisieTcst OKHO Save
File As. B BepxHem mosie 3TOoro OokHa HaOepuTe HMMs, IMOJ KOTOPbIM BBl XOTHUTE COXpPaHHUTh TEKCT
nporpaMMel 6e3 pacimupenus. Cucrema aBTOMaTMYHO JOOaBUT K UMEHHU Barei nporpamMmsl paciupeHue
CPP - cranmapTHOE pacmmpeHue i IporpaMM, HallMCaHHBIX Ha sA3bIke C++.

Jlanee mociue KaxxJoro 100aBIeHHsI HECKOJIBKUX CTPOK WM IIPU BHECEHUU HEKOTOPOTO KOJIMYECTBA
U3MEHEHUHN B TEKCT COXpaHSANTE MPOrpaMMy IOJA TeM ke MMeHeM. JlJig 3TOro J0CTaTOYHO BBIIOJHUTH:
I'naBHoe Men1o -> File -> Save win Haxats kiaBunry F2.

Brniocnencteum, eciiu Bam HyxHO OyleT cHOBa 3arpy3uTh B PElIaKTOp TEKCT TOW K€ MPOTrpaMMBbl,
BeimosiHATE: ['1aBHOe MeH1o -> File -> Open (wm Haxxmute kinasuiry F3). Ber momydnte okHo Open a
File, B xkoropoM Hamo BwIOpaTh HYXHBIN (Qaitn. Daiin, koTtopelii Bbl BbIOpamu, OTKpOETCS B OKHE
penakropa.

4. Komnunayus u 6blnoiHeHue npocpammuol

3akoHYMB HAa0Op TEKCTa W COXpaHUB (DAl MporpaMMmbl Ha JHMCKE, BBIMOJIHUATE KOMITHJISIIHAIO
nporpammel. [l atoro BeimosnHuTe: I'maBHoe Menio -> Compile -> Compile wim Haxmute
komOuHanuto kiasum Alt+F9. Ha skpane nosinsercss okHo Compiling, B KOTOpoM OTOOpa)xaercss XoJ



komnwianud. [Ipy HOpManTbHOM 3aBepIIEHUU KOMIWIALWY B HIKHEH CTPOKE ATOrO OKHA JOJKHO OBITh
BBIBE/ICHO:

Success: Press any key

Ecnu Tam BeIBOAUTCS:

Errors:  Press any  keywiu:

Warnings: Press any key

- Ballla mporpamma TpedyeT KOpPeKIUH.

[Tocne Toro, kak Bel oTkKOMIMIMpoBau nporpaMMmy 0e3 ommoOoK, 3aIyCTUTE €€ Ha BHIMOJIHEHHUE.
nst atoro Bemoanute: I'ltaBHoe MeHio -> Run -> Run nin Haxkmute koMOuHaruio kiaaum Ctrl+F9.
Ha sxpane mosiBisiercst okHo Linking, B KOTOpoMm oToOpa)xaeTcsi Xoa KOMIOHOBKH. [Ipy HOpManbHOM
3aBepIIEHNH KOMIIOHOBKH 3TO OKHO MPOIMaJaeT caMo coOOi U BBINOJHsETCS porpaMMma. Eciu ke B aToMy
OKHE BBIBOJUTCS:

Errors: Press any key- Bama mporpamma TpeOyeT KOPPEKITUH.

5. Omnaoxa npoecpammol

B cucreme mporpaMMHUpoBaHHs €CTh OTJIATYUK, KOTOPBIA paboTaeT Ha YPOBHE TEKCTOBOTO KOJa.
Hcnone3ys ero, Bel Mo)keTe BBINOJHATH MPOTPaMMy B MOLIATOBOM pPEXHMME, YCTaHABIWBATH TOYKU
OCTaHOBA BBINOJIHEHHUS U CIIEUThH 3a TEKYLIUMH 3HAYEHUSIMU IEPEMEHHBIX IPOrPaMMBI.

Boinonnute: I'maBnoe Menio -> Debug -> Watches -> Add watch (win HaxMuTe KOMOMHALIMIO
knasutn Ctrl+F7). B okae Add Watch, kotopoe nosiBuTcst Ha skpaHe, BBenute B oiae Watch Expression
MMEHa MePEMEHHBIX, TEKYIIHE 3HAUE€HUSI KOTOPBIX HAJIO OTCIICKUBATh.

Kmapumenn F8 3amycture mporpamMmy B nomaroBoMm pexume. Kaxknoe cieayrolmiee HaxaTue
knaBumu F8 Oyzaer mpoaBurath BHIIOJHEHHE MIPOrpPaMMbI Ha ONEpaTOp BIEPE] C U3MEHEHHEM 3HAYEHUS
NIEPEMEHHBIX.

3amanmue

W3yunth ocHOBHBIE pueMsbl paboTsl B cpene MS Visual studio.

Ocy11ecTBUTh OCHOBHBIE ATAIbI pa3pabOTKU MPOrPaAMM.

Ha oyenxy «Yoosenemsopumenvro»

Pa3paboraTe mporpamMmy-KajdbKyJISTOp 7S BBIMOJIHEHUS YEThIPEX OCHOBHBIX apH(PMETHYECKUX
NeHCTBUS (CIOXKEHHE, BBIUMTAHHE, YMHOXKEHHE, JAEJEHHE) Haja JBYMs BBOJUMBIX C KJIaBUATypbl
BEJIMUMHAMH.

Ha oyenky «Xopowoy

Pa3paboraTe mporpammy, KOTOpas 1o BBOAMMOMY C KJIaBHATypPbl PailyCy BBIYUCISET OKPYKHOCTh
Y IUIOIIAJb MOJIy4YaeMoro kpyra. Ha oyenxky « Omauynoy

Pa3paboraTe mporpammy, KOTOpasi MO BBOJUMBIM C KJIAaBHATypbl PaJANyCy OCHOBAaHHUS U BBICOTHI
WJIMHIPA BBIYUCIISIET €T0 00BEM.

KonTposabHbIe BOIPOCHI

1. Ilepeuncnute 3Tansl pa3pabOTKH 3a1a4u.

2. Kak MOXHO IOJIy4UThb CIPABKY 110 HY’KHOW KOMaH/JE A3bIKa?

3. Yto Takoe KOMITHISIINS?

4. ITpuBeaute mpumepsl omubok kommusiuu. 5. [lepeuncnure, kakue (aiinsl oOpasyercs mocie

Ka)KJ0T0 ATara BBIIOJHEHHS POTPaMMBbl.

IIpakTuueckoe 3ansitne Ne2. [Iporpamma MaTeMaTHYeCKHX PACYeTOB

Heaw: IlomyuyeHue HaBBIKOB B paboTe ¢ apu(METHUYECKHMMH BBIPAKEHUSIMH M CTaHJAPTHBIMHU
MaTteMaTHuecKuMu QpyHKIpsiMu C++.

Temsbl A1 npeaBapuTeabHOI NpopadoTrkn CTaHnapTHbIE

¢ynkuun C++.



OOBbsBICHNE U HHUIMATIU3ALNS IEPEMEHHBIX.

@DYHKIMM CTaHAAPTHOTO BBOJIA U BHIBOJA.

Crpykrypa nporpammsl Ha sizbike C/C++. OcHOBHBIE

ATarnbl pa3pabOTKU MPOrPaMM.

Teoperndyecknii MmaTepual

B C++ omnpemeneH mupokuil HaOOp BCTPOEHHBIX ONEPaTOpOB, KOTOpPbIE JAIOT B PYKH
IPOrPAMMUCTY MOILHBIE pbIYard YNpaBIE€HUS IPHU CO3JAHUM U BBIYUCIECHUH PA3HOOOPAa3HEHIIMX
BbIpakeHU. Omneparop (operator) — 3TO CHUMBOJI, KOTOPbII YKa3blBaeT KOMIIMJISITOPY Ha BBINOJIHEHHE
KOHKPETHBIX MaTeMaTU4YeCKHX JeHCTBUI WM JOrMYecKuX MaHumyauuil. B C++ umeercs yetsipe o0mumx
KJacca ONepaTropoB: apupMeTHdecKue, Mopa3psaHble, JOrMYECKHe U oneparopbl oTHomeHui. [Tomumo
HUX ONPEIEIICHBI IPYTHe ONEPATOPHI CIIENNAIbHOIO HA3HAYCHMS.

1. Apugpmemuuecxue onepamopwi

B Tabnune 1 nepeunciensl apudpMeTHUecKre ONepaTophl, pa3pelleHHble s MpuMeHeHus B C++.
JeiicTBue omepatopoB +, -, * U / coBHmamaer ¢ JACHCTBHEM aHAJIOTMYHBIX ONEPATOPOB B JIIOOOM JIPyrom
S3bIKE POTrPaMMHUpPOBaHUA. X MOXKHO NPUMEHATH K JaHHBIM JIF0O0T0 BCTPOSHHOTO YMCIIOBOIO THIIA.
[Tocne npumeneHust oneparopa AeneHus (/) K LeJIOMY YHUCITy OCTaTOK OyaeT OTOpOIIeH.

Tabmuua 1. Apudpmerndeckue onepaTropsl

Oneparop JeiicTBHe

+ Cnoxenue

- Brrunranue, a Takyke YHapHBIH MUHYC

* YMHOKEHUE

/ Henenune

% JlereHue 1o MOJTyJTIO
-- JlekpeMeHT

++ WNHKpeMeHT

OcraTok OT JeJeHUsT MOKHO TIOJYYHTh C IMOMOIIBIO oreparopa aeieHus no moayito (%). B C++
oreparop "%" HeIb3s1 MPUMEHATH K THIIaM C I1aBaromieii Toukoii (float wmu double.

VYHapHBIII MUHYC MIPEJCTABISAET COOON YMHOXKEHHE 3HAUCHHsI CBOETO €MHCTBEHHOTO OlEepaH/a Ha
-1. Onepanus ++ yBeJIMUMBaeT €IMHCTBEHHBINA ONIEpaH/ Ha 1, a — HA00OPOT yMeHbIIaeT Ha 1.

2. Mamemamuueckue gynxyuu (3a2o10804nslil gatin math. h)

B Ttabnuue 2. coOpaHbl OCHOBHBIE MaTeMaTHueckue (YHKIMU. Bce OHM MMEIOT BEIeCTBEHHBIE
apryMeHTBI ¥ BO3BpaIlaeMblil pe3ysbTar.

Tabnuna 2. Marematuueckue GpyHKIUN

OopameH 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) a0COJTIOTHOE 3HAYCHHE BEIIECTBEHHOTO X

log (x) norapudm HaTypanbHbI — Ln X

log10 (x) norapudm necsaTuuHbli — Lg x

pow (X,y) X B CTENEHH y — X’

sin (x) CHUHYC (X B paJiaHax)

sinh (x) rUnepOOTMYECKUd CHHYC

sqrt (x) KOPEHb KBaIPATHBIH (TTOJ0KUTEITLHOE 3HAUCHUE)
tan (x) TaHreHC (X B pajuaHax)

3amanue

CocTaBuThb nporpamMmsl, BbIYHUCJIAIOMINC

Ha

b++b* +4ac

%+16X-COS(XY)—2
T=2X

3 -2
—-ac+b

oyeHKy « Yooenemeopumenvbho»

2.

Ha oyenky «Xopowoy
BoruncnuTh nmepuMeTp W IUIOMIA[b MPSIMOYTOJIBHOTO TPEYTOJIbHUKA MO 3aJaHHBIM JJIMHAM JIBYX

KaTeToOB a U b.

Ha oyenxy «Omauunor

HOJ'ITOpI)I KOIIKH CHhECOAIOT 3a ITOJITOpa Yaca IIOJITOPbI MBIIIKH. CKOJIBKO MBIIIIEK ChbCIAT X Koriek

3a Y 4acos.
KonTpoJbHbIe BOpOCHI
1. Kakyro Heo0Xx0auMO MOAKIIOYUTE OMOIMOTEKY Ul UCIIOIb30BAHUS B IPOTpaMMe
CTaHJAPTHBIX MaTeMaTU4ECKUX (PyHKIMHA?
2. YeM ornuyaercs pe3ysibTaT ONEpalud JACJICHUE ISl LEIbIX M BEHIIECTBEHHBIX

gucen? 3. Yto sBiseTcs pe3yiabTaToM onepauuu %? [IpuBeaure npumepsl.

IIpakTuueckoe 3ansaTue Ne3. [Iporpamma uccienoBanusi 6a30BbIX TUIIOB.

Hean: UccnenoBaTh cUCTEMY CTaHIAPTHBIX THIIOB sI3bIKa MporpamMmmupoBanus C/C++.

Tembl 1J1s1 IpeIBAPUTEIbLHOI MPOPA0OTKH
Apudmernueckue onepatopsl C++ CranaapTHbie

¢bynkuun C++.

OOBbsBIIEHHE U HHULIMaJIn3anus repeMCHHBIX.

CrtpykTypa nporpammsl Ha sizbike C/C++.



bazoBbie Tumsl s3pika C/C++.

Teoperuyeckunii MmaTepua

1. Cumema munos 6 azvike C/C++

B Cu++ ummeercss derpipe 0a30BbIX apudMeTHUeCKHX (YHCIOBBIX) THIA JaHHBIX. M3 HHX 1Ba
nenoyncieHHpIx — char, int — u aBa ruraBaronmx (BemecTBeHHbIX) — float u double. Kpome Toro, B
nporpaMMax MOKHO HCIIOJIb30BaTh HEKOTOPbIE MOJU(HUKAIIMM ATUX THUIIOB, OMUCHIBAEMBIX C IOMOIIBIO
CITy’K€OHBIX CJIOB — MoJudukatopoB. CyIiecTBYIOT ABa MoaudukaTopa pasmepa — short (KOpoTkuii) u
long (mmuHHBIM) — W nBa Moaudukatopa 3HakoB — signed (3HaKkoBBIM) W unsigned (OE€33HAKOBBIN).
3HaKOBBIE MOJU(PHUKATOPHI IPHUMEHSIOTCS TOJIBKO K IIEITBIM THIIAM.

Kak u3BeCTHO, TUN BEIMYUHBI CBS3aH C €e (POpPMOIl BHYTPEHHEro IMpe/CTaBICHHs, MHOXECTBOM
NPUHUMAaeMbIX 3HAYEHUW M MHOKECTBOM ONepalui, MPUMEHHMBIX K JTON BenuuuHe. B Tabnuie
NIepEYNCIICHBl apu(MeTHIeckne THITI MaHHbIX Cu++, yka3aH o0beM 3aHMMaeMOH MaMsTH W IHAaIra3oH
JIOITyCTUMBIX 3HAaYCHUH.

Pasmep tuma int u unsigned int 3aBUCHT OT pa3Mepa CJOBa ONEPAIMOHHON CHCTEMBI, B KOTOPOU
pabortaer kommwiarop Cu++. B 16-pazpsaaeix OC (MS DOS) 3TuM TUmam COOTBETCTBYIOT 2 Oaiita, B
32pazpsnnbix (Windows) — 4 Gaiira.

Ta6muma 3. Tunuanbie pa3Mepsl 3HAYCHHUHN U TUAMTa30HbI TPEJICTABICHHS THIIOB

Taonmnwnma 4.1

Twnn Pazmep sy i s s o DKBHUBAJICHTHLIC
OaHHBIX (6anT) ARANBIOH akade e Ha3BaHMUS THUIIA
char 1 —128...+127 signed char
int 2/4 3aBHMCHT OT CHUCTEMbI iignec{’ SR
un?lgned 1 0...255 HeT
char
igil STe 2/4 3AaBHMCHUT OT CHMCTEMbI unsigned
ghort > —32768...32767 :—:ho:{iw,. signed
int short int
u:s:tqned > 0. 65535 gnsigned short
short int
long int |4 —2147483648...2147483647 | 1ong. signed
Jong Lint
;jﬂSJ.g-ﬂQd 4 0...4294967295 unsigned long
ong int
float 4 (3. 4E—38...3.4E+38) HET
double 8 (1. 7E—308...1.7E+308) HEeT
long i
-+ =
G ot 10 +(3.4E—4932.._ 1. 1E+4932) HET

2. Ocobennocmu munog ¢ C/C++

AHanu3upys AaHHbIE TaOIHIIbI, MOXKHO CAENAaTh CIEAYIONINE BBIBOIBI:

€CJTM HE yKa3aH MOJAU(PUKATOP 3HAKOB, TO TI0 YMOJYAHHUIO MOApa3yMmeBaeTcs signed;

c 6azoBbIM TunoM float monudukaropsl He ynorpebistorcs; Moaudukarop short

MPUMEHHUM TOJILKO K 0a30BOMY THITY int.

OcobenHocts - Tun char npuuucied Kk apudmernueckum tunam. B C/C++ Bennuunsl thna char
MOTYT pacCMaTpUBaTHCS B MpOrpaMMe M Kak CHMBOJIBI, M Kak Iiefible yucia. Bece 3aBHCUT OT KOHTEKCTa,
T.€. OT croco0a WCIIOJIb30BaHMsI 3TOW BENWYHMHEL. B ciydae mHTepnpeTanuy BeMWYWHBI Thma char kak
cuMBoJa ee uncnoBoe 3HadeHue spisiercs ASCII-konom. Creayronuii npuMep WLTIOCTPUPYET CKA3aHHOE.

char a=65; cout<<(char)a;  //Ha 3xpaHe mosiBUTCS

cumBoOI A cout<<(int)a; //Ha skpaHe mosiBUTCS

qucio 65

Eme ogHoii ocobenHoCThI0O CH++ SBISIETCSI OTCYTCTBHE Cpely 0a30BBIX THIIOB JIOTUYECKOTO THIA
naHHBIX. B KadecTBe jorumueckux BemduH B C++ BBICTYIAOT Liejble uncia. IHTepnpeTanys uX 3HAYCHHA
B JIOTUYECKHE BEJIMYMHBI IPOUCXOUT T10 TMPABUITY: PABHO HYJIO — JI0XKb, HE PAaBHO HYJIIO — UCTHHA.



B nocneanne Bepcun C++ no6aBieH OTAENbHBIN JOrHueckuil THI ¢ uMeHeM bool. Ero otHocaT k
Pa3HOBUAHOCTH LIETBIX TUIIOB JaHHbIX.
3. Onucanue nepemennuvix 8 npoepammax Ha C/C+
+ UMs_TUTIa CIUCOK MepeMeHHbIX; [Ipumepbl
onmcaHuit: char symbol, cc; unsigned char code;
int number,row; unsigned long long_number;
float x,X,cc3; double
e,b4; long double
max_num,;
OAHOBpPEMEHHO C OMHMCAHWEM MOXKHO 3aJaTh HadallbHbIC 3HAYCHHS MMEePEeMEHHBIX. Takoe aeiicTBre
Ha3bIBaeTCs MHUIIMATU3aIuell nepeMeHHbIX. Onucanye ¢ MHUIMANU3aIe MPOU3BOIUTCS M0 CIEAYIOIeH
cXeme:

TAII ~ UMS _IIEPEMEHHOM =  HadaJlbHOE  3HA4YCHUE
Hamnpumep:
float pi=3.14159,  c=1.23;

unsigned int year=2000;

4. Koncmanmulr ¢ C/C++

3anuch LenblX KOHCTaHT. Llenble necaTuyHble YMcia, HAUMHAIOLIMECS HE ¢ HyJs, Hampumep: 4,
356, —128. llenpie BOCbMEpUYHBIC YMCIA, 3aIIUCh KOTOPBIX HAYMHAETCS ¢ HyJsA, Hanpumep: 016, 077.
Lenble mecTHaaaTepUUHbIe YMCIA, 3aIMCh KOTOPBIX HauumHaercss ¢ cumBoioB 0x, Hampumep: OxIA,
0x253, OXFFFF.

Tum KOHCTaHTBI KOMIUJISATOP OINpEAeNseT MO CIeIYIONIMM MpaBUilaM: €clid 3HaYeHHE KOHCTAHTHI
JSKUT B MANa3oHe TUMA int, TO OHAa MOJydYaeT THUII int; B MPOTHBHOM cCllydae MPOBEPSETCS, JICKUT JIH
KOHCTAaHTa B JMAaIla30HE THIA unsigned int, B cllydae MOJIOKHTEIHLHOTO OTBETA OHA IOJydYaeT ATOT THII;
€CJIM He TIOJXOJUT U OH, TO mpoOyercs Tum long u, HakoHel, unsigned long. Ecnu 3Hauenue ywcna He
yKJIaIbIBacTCs B IMana3oH tuma unsigned long, To BO3HUKAET OMIMOKa KOMITUJISIIIUH.

3anuch BeIIeCTBEHHBIX KOHCTAHT. Eciin B 3amucy YUCIIOBO KOHCTAHThI MPUCYTCTBYET JIECATUYHAS
Touka (2.5) wim SKcrmoHeHnuanbHoe pacmupenne (1E-8), To koMmumiaTop paccMaTpuBaeT €€ Kak
BEIICCTBEHHOE YHCJIO U CTaBUT el B cooTBeTcTBHUE TUM double. [IpuMeps! BeleCTBEHHBIX KOHCTAHT: 44 .
3.14159 44E0 1.5E-4. Ucnonb3oBanue cyddukcos. [IporpaMmMucT MOXKET SBHO 337aTh TUI KOHCTAHTHI,
uCcnonb3ys s 3Toro cyddukcel. CymectByroT Tpu Buaa cyddukcos: F (f) -float; U(u) —unsigned; L(1) -
long (1a wenbIX U BEHIECTBEHHBIX KOHCTAHT). Kpome Toro, nomyckaercs COBMECTHOE HCIOJIb30BaHHE
cybduxcor U u L B BapuanTax ul wmm LU.

IIpumepsr:

3 .14159F — koucranTa tuna float, moj kotopyro Beiensiercs 4 6aiiTa nmamsTH;

3.14L — xoncranTa Tuna long double, 3anumaer 10 Gaiit;

50000U — koHcTaHTa TUMa unsigned int, 3aHuMaeT 2 Oaiita namsTu;

OLU — xoncranTa Tuna unsigned long, 3anumaet 4 Oaiita;

24242424UL — xoHcTaHTa THma unsigned long, 3aHnMaeT 4 Oaiita.

3anmuch CHUMBOJIBHBIX M CTPOKOBBIX KOHCTaHT. CHUMBOJIBHBIC KOHCTAHTHI 3aKIIIOYAIOTCS B
anoctpodser. Hanpumep: 'A', 'a', 'S', ' + '. CTpoKkOBbIe KOHCTAHTBI, MIPEICTABISIONINE COOOM CUMBOJIBHBIE
MOCTIEIOBATEIPHOCTH, 3aK/IIOUAlOTCs B JIBOMHBIC KaBbluku. Hampumep: "rezult", "BBemuTe uCXOIHBIC
nagHeie".

Oco0y1o pa3HOBUJAHOCTh CUMBOJBHBIX KOHCTAHT MPEJICTABISIOT TaK Ha3bIBacMble YIIPABJISIONINE
cuMBOJIBI. VX Ha3HaueHWe — yIpaBJIeHHE BBIBOJAOM Ha OJKpaH. Kak W3BeCTHO, TakWe CHMBOJIBI
pacrioynio’keHbl B HadaidbHON dwactu komoBoil Tabmuiel ASCII (xkogst ot 0 mo 31) W He wuMerOT
rpaduueckoro mpeacrapieHus. B mporpamme Ha Cu OHM HM300pa)karoTCs Mapoil CHMBOJIOB, MEPBBIM U3
KOTOpBIX '\ '. BOT HEKOTOpBIE U3 YIPABISAIOMIUX CUMBOJIOB:

"\n' — mepexo/1 Ha HOBYIO CTPOKY;



"t' — ropusoHTaIbHAA TaOysALuUs; "\

a' — mo/1aya 3ByKOBOT'O CHUTHAJA.

VimeHOBaHHBIE KOHCTaHTHI (KOHCTaHTHbIE mepeMeHHble). B mporpamme nHa C/C++ MmoryT
UCTIOJIb30BaThCsl MMEHOBAHHBIE KOHCTAHTHI. YTOTpeOssieMoe Al MX OIpEeesieHHs] CIy>KeOHOE CIO0BO
const NPUHATO Ha3bIBaTh KBanH(pukaropoM aoctyna. KBanudukarop const yka3slBaeT Ha TO, UTO JaHHAs
BEJIMYMHA HE MOXET MU3MEHSThCS B TEUEHHE BCEro BpeMeHHU paboThl mporpammbl. B dacTHOCTH, OHa He
MOJKET pacroyiaraThCsi B JIEBOM 4YacTH olepaTopa npucBauBaHus. [Ipumepbl onucaHusi KOHCTaHTHBIX
nepemMeHHbIX: const float pi=3.1415 9;

OmnpeneneHre KOHCTAHT Ha CTAAMU IPENpOIecCOpHON 00paboTKu mporpaMMel. Eie oaHoi

BO3MOKHOCTBIO BBECTU MMEHOBaHHYO KOHCTAaHTy  SIBJISICTCSA HCIOJIb30BaHHUE
npenpoueccopHoi nupektuBsl #define B cinemyromem popmare:
#define  <ums KOHCTaHTBI> <3HaueHWe  KOHCTAHTH>
Hamnpuwmep:

#define iMAX 1000

Tun KOHCTAaHT SIBHO HE YKa3bIBaeTCs U OIpenenseTcs no (gopme 3anucu. B KoHIe TUPEKTUBHI HE
CTaBUTCS TOYKA C 3aISTOM.

3.5. Onpeoenenue pazmepa namsamu

sizeof - omepauus BbIUMCIEeHHs pa3Mmepa (B Oaifrax) s oObeKTa TOTO THUIA, KOTOPBIM HMMeeT
onepana. Paspemniens! aBa popmara oneparuu: sizeof 06bekT u sizeof (Tum).

[Ipumep nporpaMmsbl AJ1s MCCJIeJOBAHUS THIIOB

Hcnonp3oBath yHapHyto omepanuio sizbika C++ sizeof, MO3BOJSIONIYIO ONpPENENUTh pa3Mep B
OaiiTax 00JacTH MaMATH, BBIIEIEHHOW Ui CTOSILIEro cmpaBa onepaHna. Omnucatb HEO0OXOAWMBIE
HIepEMEHHBIE.

main()

{ float

a=3.14159f;

float b, c, d, e;

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

cout<<’f’<<a<<’dlina="<<sizeof(a)<<endl;

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<<"7242424247<<d<<"dlina="<<sizeof(d)<<endl,

d=1234567890UL,;

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

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

a=3.14L;

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

Pesynmpbrar  pabGorer  f

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 oyenky «Yoosenemsopumenvro»

ITpoBectn uccnenoBanust 6a3oBbIX TUHOB s3blka C/CH++, 0OBABIAS AaHHBIE PA3IUYHBIX THUIIOB.
CMopenupoBaTbe CUTyallMd IEPENOIHEHMs JUIsl LEeNbIX W IUIABaIoOIIUMX TUIOB JaHHBIX. Mcmonb3oBarh
ormeparuio sizeof.

Ha oyenxy «Xopouioy

[TocTouTh TabnuIly TUMOB. MCronb30BaTh pa3inyHble TUIIBI KOHCTAHT.

Ha oyenxy «Omauunor

N3yunth ocobennoctr har. OcyiecTBUTh BBIBOJ Ha SKpaH cuMBOJIOB U ux 3HaueHne ASCII kona.

KonTposbnbie BOmpocor 1.

[Tepeuncnure 6a30BbIe TUIBI sI3bIKa IporpaMMupoBanust C/C++.

2. C KaKo LeNbl0 YKa3bpIBalOT THUII BEJIMYMH B Iporpammax? 3.

VYkaxxure, 9TO SBJISIETCS pe3yJIbTaTOM Olepaiuu sizeof.

IIpakTuyeckoe 3ansitue Ne4. BBo/ - BLIBO/I IaHHBIX.

Hean: [Tonyuenue HaBBIKOB (JOpPMATUPOBAHUS JAHHBIX IPH BBOJIC U BBIBOJIE HA IKpPaH CPEICTBAMH
si3pika C++.

Tembl 1J1s IpeaBapuTeIbLHON MpopadoTku CTpyKTypa

nporpaMMsl Ha C++.

Tunel faHHBIX.

Teopernyecknii MmaTepua
1. Ilomokoeulii 6600-6b1600 6 Cu++.
B C++ umerores cienuduieckye cpeicTBa BBOAa-BbIBOIA. DTO OMOINOTEKA KIIACCOB,

MOJIKJIF0YaeMasi K mporpamme ¢ nomoisio (aiina iostream.h. B atoit Oubnuoreke onpenencHbl B Ka4eCTBE
00BEKTOB CTaH/IAPTHBIE CUMBOJIBHBIE TOTOKHU CO CIEAYIOIIMMH UMEHAMU:

cin — craHgapTHBIA MOTOK BBOJA C KIIABUATYPHI;

cout — CTaHAAPTHBINM MOTOK BBIBOJA HA DKPaH.

BBox nmaHHBIX WHTEpPNPETUPYETCS KaK HM3BICYCHHE W3 IMOTOKA Cin W TMPUCBAWBAaHHUE 3HAYCHUUN
COOTBETCTBYIOIIMM TepeMeHHbIM. B C++ ompezenena onepaiusi U3BJACYCHHUS] U3 CTAHIAPTHOTO MOTOKA,
3HaK KOTOpo# >>. Hanmpumep, BBOJI 3HAYCHHIA B IEPEMEHHYIO X PEaM3yeTCsl OepaTopoOM: Cin>>X;

BpiBOA HaHHBIX MHTEPHPETUPYETCA KAK MOMEIIEHUWE B CTAHAAPTHBIA MOTOK COUt BBIBOAMUMBIX
3Ha4Y€HHUI. BBIBOIUTHCS MOTYT TEKCTBI, 3aKIOYEHHBIE B IBOMHBIEC KABBIUKH, U 3HAUEHUS BBIPAKEHUN. 3HAK
omnepanuy noMenieHus: B noTok <<. [TpuMepsl uCnonb30BaHus MOTOKOBOTO BBIBOJIA:

cout<<a-+b;

cout<<"\nPezymprar="<<Y;

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

B BBIXOAHOM MOTOKE MOXHO KCIIOJIb30BaTh YHPABJISAIOIIME CUMBOJIBI, KaK U MPHU UCIOIb30BAaHUU
dbynkuu printf (); mepen KakIpM 3JIEMEHTOM BBIBOJIA HYKHO CTaBUTh 3HAK omepanuu <<. DIeMeHT



BbIBOZIa endl SIBJISIETCSI MaHMITYJIATOPOM, OTIPEACISIFOIINM TIEPEBOJT Kypcopa Ha HOBYIO CTPOKY (IEHCTBYeT
AQHAJIOTUYHO YIPABJISIONIEMY CUMBOJY \n).
B mpomecce MOTOKOBOTO BBOAA-BBIBOJAA IMPOUCXOTUT TpeoOpazoBaHUEe U3 (HOPMBI BHEIIHETO

CUMBOIILHOTO TpPEJICTaBICHUs BO BHYTpeHHHI (opmar u oOpatHo. Dopmar omnpeaenstorcs
aBTOMaTH4ecku main()
{ float a, b, c, p, s; cout<<"\
na="; cin>>a; cout<<"\nb=";
cin>>b; cout<<"\nc="; cin>>c;
p=(atb+c)/2;
= % k % .
s=sqrt(p*(p-a)*(p-b)*(p-c) ) ;
cout<<"\nllnomane Tpeyronpauka="<<s;
2. Hcnonv3oeanue MaHUnYIamopos 6600a-8bl600d
MaHunyasaTopsl MO3BOJIAIOT  BCTpawBaTh MHCTPYKIMH (OPMAaTUPOBAaHUS B  BBIpaXKCHHE
BBOJIaBbIBOIa. Hanbomnee yacTo ucnoip3yemMble MaHUIYJISITOPBI ONMCAHbI B Ta0IHIIE 4.
Ta6muua 4. OCHOBHBIE MAHHUITYJISITOPHI BEIBOAA
Maununyasrop Ha3nauenue DOyHKuMs
endl BbIBOIUT CMBOJI HOBOH CTpOKH U "cOpachiBaeT" MOTOK, T.€. | BriBoa
MIEPETHCHIBACT CoJiepkuMoe Oydepa, CBI3aHHOTO C TTIOTOKOM,
Ha COOTBETCTBYIOILEE YCTPOHUCTBO
flush "COpacbIBaeT" MOTOK BriBoa
hex YcranaBnuBaet ¢iar hex BBon-BeIBOI
oct YcranaBnuBaet ¢ar oct BBoa-BeIBOI
right Ycranasnusaer ¢uar right BriBoa
scientific YcranaBnuBaet ¢ar scientific Brisog
setbase (int base) YcTaHaBnMBaeT OCHOBAHWE CUCTEMbI CUMCIICHHS PaBHOM BriBoa
3HaYeHHIO base
setfill(int ch) VYcraHaBIMBaeT CUMBOJI-3aMIOTHUTENh PABHBIM 3HAYCHHIO BriBon
napametpa ch
setprecision (int p) YcranaBnuBaet KOJIMYECTBO MH(pP TOYHOCTH BriBoa
(mocne AeCATUYHON TOYKH)
setw (int w) VYcraHaBiIMBaeT MMPUHY I0OJISL PABHOM 3HAYEHHUIO napamerpa| BeiBox
w

[Tpu muconb30BaHUM MAaHUMYJISITOPOB, KOTOPBIE IPUHUMAIOT apryMEHTHI, HEOOXOIMMO BKIIOUUTH

B IIPOTrpaMMy 3arojioBoK <iomanip.h>.

MaHunynsaTop UCHOJIb3yeTCs KaK 4acTh BBIPAXKEHUS BBOJA-BbIBOAA. BOT mpumep mporpammsl, B
KOTOPOH MOKa3aHo, KaK ¢ MOMOLIbI0 MAaHUITYJIATOPOB MOKHO YIIPABIATh (POPMAaTUPOBAHUEM BBIBOJUMBIX

JaHHBIX.

main() { cout << setprecision (2) <<
1000.243<<« endl; cout << setw(20) <<

"Bcem mpuset! "; }
PesynbTaThl BRIIOTHEHHUS TOM MMPOrPaMMBI TAKOBEI.
1e+003 Bcem npuser!



3aganue

Ha oyenky «Yoosenemsopumenvro»

Nner k-5 cexynna cytok. Onpeaenutb, CKoIbKo menbix 4acoB (H) u nensix muryT (M) mponuio ¢
Hayayia cyTok. Hampumep, ecnu k= 13257 = 3 x 36000 + 40 x 60 + 57, o H = 3, M= 40. BeiBectu Ha
9KpaH ¢pazy: «ITO...9aCcoB...MUHYT». BMECTO MHOTOTOYHI MOCTAaBUTH BBIYUCIICHHBIC 3HaUeHUs: H 1 M.

Ha oyenky «Xopowoy

CocTaBUTh MPOrpaMMy peIICHHsS OOpaTHOW 3aJa4yd 10 OTHOIICHHIO K TMPEABIAYIICH: IaHo
KOJIMYECTBO YacCOB M MUHYT, MPOUIEANIUX OT Hayajga cyToK. OnpeneauTh KOJIUYECTBO CeKyHa. Ha oyeHnky
«OmauuHo»

CocTaBUTh TPOrpaMMy BBIYUCIICHHS 00BbEMa W TUIOMIAJM TMOBEPXHOCTH KyOa MO JaHHOHW JIMHE
pebpa.

KouTtpoJsibHbIe BOpoChI

1. Kakast komanja B si3bike C++ OCYyIIECTBISIET BBOJ C KJIaBUATypbl?

2. Kakas komanzaa B si3pike C++ OCyIIECTBIISIET BBIBOJI HA SKpaH?

3. [lepeunciiure OCHOBHBIE MAaHMITYJISATOPHl BbIBOAA. 4. Kakyro HeE000auMO MOAKIIOYUTH

OMOIMOTEKY I MAaHUITYISTOPOB?

IIpakTuyeckoe 3ansitue NeS.
Peanm3anus nporpamMM, MOCTPOEHHBIX HA 0a3e JUHEHHOI0 AJITOPUTMA.

Heasn: Ilonydyenune HaBBHIKOB B paboTe C omeparopaMd BBOJa W BBIBOAA HWH(POpPMALUHU, C
apupMeTHuecKuMH oneparopamu C++.

Tembl 1151 IpeaBaApUTEIbHONH MPOPAdOTKH AprdMeTHIECKHE

onepatopbl C++.

Crangaptasie Qynkuun C++.

OOBbsBICHNE W HHUIMATIH3AINS IEPEMEHHBIX.

@YHKIMM CTaHAAPTHOIO BBOJA U BBIBOJIA.

Teoperuyeckunit MmaTepua

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

B C++ umerotces crieruduueckie cpeacTBa BBOAA-BbIBOA. ITO OHMOIMOTEKA KIIACCOB,

MOAKIIOYaeMasi K mporpaMMe ¢ oMoInbio ¢aiina iostream.h. B aToit 6ubanoreke onpenencHs! B

KauecTBe OOBEKTOB CTaHAAPTHBIE CUMBOJIbHBIE IIOTOKH CO CJIEAYIOIIUMU UMEHAMMU:

cin — cTaHJapTHBIM MOTOK BBOJA C KJIaBHATYpbI;

cout — CTaHJApTHBIN MOTOK BBIBOJA HA IKPaH.

BBoa AaHHBIX HMHTEPNpETHpPYETCS KaK HW3BIEYEHHE W3 MOTOKAa Cin M TpPHUCBAaMBaHHE 3HAYEHUN
COOTBETCTBYIOIIMM INepeMeHHbIM. B C++ ompezenena onepauusi U3BICYEHHUS] U3 CTAHIAPTHOIO MOTOKA,
3HaK KOTOpoi >>. Hanpumep, BBOJI 3HAUEHU B IEPEMEHHYIO X PEaU3yeTCsl ONepaTOPOM: CIN>>X;

BriBOJ MaHHBIX MHTEPIPETHPYETCS KaK TOMEIICHHWE B CTAaHAAPTHBIA IMOTOK COUt BBIBOAMMBIX
3Ha4YeHHUM. BBIBOIUTHCS MOTYT TEKCThI, 3aKIIOYEHHBIC B JIBOMHBIC KABBIUKH, U 3HAUCHHS BHIPAXKEHUN. 3HAK
olepanuy MOMELIEHNs B IOTOK <<. [Ipumepsl NCTI0Ib30BaHMs IIOTOKOBOI'O BBIBOJIA:

cout<<a-tb;

cout<<"\nPesynpTaT="<<Y;

cout<<"x="'<<x<<" y="<<y<<" z = "<<z<<end];

B BBIXOJTHOM NOTOKE MOKHO HCHOJIb30BaTh YNPABISAIOLUINE CUMBOJIBL, KaK U MPHU HCIOIb30BAaHUU
¢ynkuuu printf (); mepen KaxabIM 3JEMEHTOM BbIBOJA HY)KHO CTaBUTh 3HAK omepamuud <<. DIEMEHT
BbIBOZIa endl sIBJIIETCSI MaHMITYJIATOPOM, ONPEEISIIOIIUM EPeBOJl Kypcopa Ha HOBYIO CTPOKY (ZIE€HCTBYeT
AQHAJIOTUYHO YIPABISIONIEMY CUMBOIY \n).



B mporecce MmMOTOKOBOTO BBOAA-BBIBO/A IMPOUCXOTUT TMpeoOpazoBaHHe U3 (HOPMBI BHEIIHETO
CUMBOJIBHOTO TpEJICTaBlIeHUss BO BHYTpeHHMH ¢Qopmar u oOpatHo. Dopmar omnpeaensorcs
ABTOMATHUYECKHU

3amanue

Ha oyenxy «Yoosenemsopumenvro»

CocTaBUTh MpOTrpamMMy, BBEIYHCISIONIYIO TUIOIMIAIh OOKOBBIX IMOBEPXHOCTEH M 00beM KyOa 1o ero
CTOPOHE, BBOAUMOM MOJIb30BATEIIEM.

Ha oyenky «Xopowoy

CocTtaBUTh NPOrpaMMy, BEIYHMCIISIONIYIO IUIONIA/Ib KOJIBLIA 10 BBOJUMBIM C KJIaBUATYPhI paInycaM.

Ha oyenxy «Omauuno»

CocraBUTh NpPOrpaMMy, BBIYUCISIIOUIYIO IUJIOIIAAb TpANelUuyd [0 BBOJMMBIM C KIIABUATYPhI
OCHOBaHHS U BBICOTE.

KoHnTpoJibHBIE BOIPOCHI

1. [Tepeuncnure npaBuiia CHHTAKCHCa KOMaHAbI BBOJIA CIN.

2. Ilepeuncnure npaBuiia CHHTAKCHCa KOMaHAbl BbIBOJA cout. 3.

UTto Takoe ynpaBistoIMil CUMBOJI?

IIpakTuyeckoe 3ansaTHEe Ne6.
MaTteMaTH4ecKHe pacyeThl 1/ TPEYTroJabHUKA.

Hean: [lomyueHne HaBBIKOB BBIYHCICHUS apU(PMETHYCCKUX BBHIPAKCHHH W TPHUMEHEHHE UX K
pacyeTHBIM (popMyIiaM JJisi TpeyrojibHUKa. TeMbl 11 peaBapuTeabHONH MPopPadoTKu THIIBI JaHHBIX.

OnepaTopbl BBOJAa — BBIBOJIA IAHHBIX.

CtpykTtypa nporpammsl Ha si3bike C/C++.

TeopeTnyeckuii MaTepuaJl

1. Onepayuu u evipasicenus

Bo Bcex sA3pIkax mporpaMMUpPOBaHUS O] BEIPAKEHUEM MOIPA3yMEBACTCs] KOHCTPYKIIHS,
COCTaBJICHHAs M3 KOHCTAHT, IIEPEMEHHBIX, 3HAKOB Olepanuid, (GyHKIUH, CKOOOK. BripakeHne onpenenser

MOPAAOK BBEIYHUCIICHUA HCKOTOPOT'O 3HAYCHUA. Ecnu sT0 uncioBoe 3HAYCHUE, TO TAKOC BBIPAKCHUEC
Ha3bIBAIOT apH(bMeTqucng.

Onwumem HaOOp omepanuii, ucnoib3dyeMbix B C++, a Takke NpaBuiIa 3alyCd M BBIYHCICHUS
BeIpaXeHUI. HamomMHnM, 4TO omepamms, MpUMeHsieMas K OJHOMY OIepaHIy, Ha3bIBaeTCS YHApHOW, a
oriepanus ¢ IByMs OllepaHIaMu — OWHAPHOM.

2. Apugpmemuueckue onepayuu

K apudmMeTrueckum oneparysiM OTHOCSITCS:

- BBIYMTAHHE WM YHAPHBIA MUHYC;

+ CJIOYKEHUE WJIM YHAPHBIN IUIIOC;

*  yMHOXEHHE;

/ NeJIEHUE;

%  nmenenwue o moxyito (anamor Mod B Ilackaie);

++  yHapHas omepaius yBEeIHUCHHs HA CIUHUILY (MHKPEMEHT);

- - yHapHas onepalys yMECHBIICHUS Ha SMHUILY (IEKPEMEHT).

Bce omeparun, Kpome JeneHHst M0 MOIYJII0, MPUMEHUMBI K JFOOBIM YHCIOBBIM THIIaM JIaHHBIX.
Omnepanust % NpUMEHUMA TOJBKO K IETbIM uuciaM. Eciu gennMoe M JenuTens — Lelble YHCia, TO U
pe3yibTaT — 1enoe yncino. Hanmpumep, 3HaueHue BeipakeHus 5/3 OyIeT paBHO 2, a IpU BbIUUCIICHUH 1/5
nosryaurcs 0.

Ecmu xoTst Obl OOWH W3 OMNEpaHJOB HWMEET BEHIECTBEHHBIH THUI, TO W pe3yJbTar OyneT
BenecTBeHHbIM. Hanpumep, oneparum 5./3, 5./3., 5/3. nagyT BemecTBeHHBIN pe3ynbTaT 1.6666.



Onepanuy MHKpPEMEHTA U JIEKpEMEHTa MOTYT MPUMEHSATHCS TOJIBKO K MEPEMEHHBIM U HE MOTYT —
K KOHCTaHTaM M BeIpaxkeHHUsiM. Omiepaliusi ++ yBeJInurMBaeT 3HauYeHHe NepeMEHHON Ha eIUHUILY, OTlepaIus
— YMEHbBIIIAeT 3HAUYCHUE IMePEMEHHON Ha equHuIly. O0a 3HaKa ONepanuyd MOTYT 3alAChIBATHCS KaK Tepe
orepanioM (mpedukcHas ¢popMma), Tak U mocie onepanaa (moctpukcHas Gopma), HaIpUMep: ++X WU X.
Tpu cnenyronumx oneparopa JaloT OJUH U TOT XK€ pe3ysbTar:

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

Pasznuune nposiBisieTcs npu UCHOIL30BAaHUU MPEPUKCHONW U MOCTPUKCHON (POpPM B BBHIPAKEHUSX.
[IpouutrocTpupyeM 3TO Ha MPUMEPAX.

[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=t++a*++b;
Pesynbratsl OyyT Takumu: a = 4, b=3, d=12.

[Ipu ucnonp3o0BaHUU MOCTPUKCHON (HOPMBI OTlEepaluy ++ U -- BBIIOJIHAIOTCS MOCIIE TOTr0, KakK
3HaYEHHUE MepeMEHHON ObLJIO NCIIOIB30BAaHO B BHIPAKEHUH, a MPEPUKCHBIE ONepalluu — J10
ucnonb3oBanus. [1o3ToMy B mepBoM npumepe 3HaueHHE MepeMeHHO d BBIYMCISUIOCHh KaK MPOU3BeaeHHE 3
Ha 2, a BO BTOPOM — Kak IIpou3BejieHue 4 Ha 3.

IIpumep nporpaMMbl MaTeMaTHYeCKHX PAC4YeTOB
JaHo: a, b, ¢ — CTOPOHBI TPEYTOIbHUKA. BRIUMCIUTD S— IUIOIAAb TPEYTrOJbHUKA, UCHIOIb3Y S

dopmyny TDepona: ° \/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<<"\nllmomane TpeyroapHUKA=<<S;

} Hoschenus k npoepammHomy

K0OY.

B BBIpakeHMHM a1 BBIYUCIICHHS IUIOMIATU HCIIONB3yeTcss OmOmmoredHass (yHkius sqrt() —
KBaJpaTHBI KopeHb. JlaHHAs (QYHKIMS OTHOCUTCS K OMOIMOTeKe MareMaThyeckux ¢QyHKuui. Jlns
MOJIKITIOUEHUS 3TOW OMOIMOTEKH K Halllel mporpaMMe UCTOIb3yeTcs JUPEKTHBA mpemnpoieccopa #include
<math.h>.

B paccmatpuBaeMoil mporpamme omepaTophl cin U cout peaqu3ylOT COOTBETCTBEHHO BBIBOJ Ha
9KpaH M BBOJ HMCXOJHBIX JAaHHBIX ¢ KiaBuaTypbl. Omepatop cout<<"\na=" comepxwurt tekct ("a=") u
yopapmsitomuit  cumBon  ("\n"). YmpaBnisionmue CHUMBOJBI BIMSIOT Ha PAcHoONOKEHHE Ha JKpaHe
BBIBOJIMMBIX 3HAaKOB. B pe3ynbrare BBHIMOIHEHHS STOTO ONEpaTopa Ha HKpPaH ¢ HOBOW CTPOKH BBIBEIYTCS
CUMBOJIBI a=.

Omnepatop cout<<"\nllmomanp TpeyrompHUKa="<< §; CHHCOK apTryMEHTOB COCTOUT W3 OJHOH
nepeMeHHoi s. Ee 3HaueHne BIBOAUTCS HA dKPaH.

B nporpamme nmeetcs oneparop cin>>a;

DTOT omnepaTop MPOU3BOIUT BBOJI YHCIOBOTO 3HAYCHHS B IEpEMEHHYIO a. B

IporpaMMe Bce TpY BEIHUYUHBI a, b, C MOXKHO BBECTU OJIHUM OIIEPATOPOM:

cin>>a>>b>>c;
Ecnu mocnenoBaTenbHOCTh BBOJIA OyACT TaKOM: 5 3.2 2.4 <Enter>,
TO IMEePEMEHHBIE TIONyUaT clieAyronue 3Hauenus: a = 5,0, b=3,2, c =24.

3ananue
Ha oyenxy «Yoosnemsopumenvro»



BBoasTcs KOOpAMHATHI BEPIIMH TPEeyrojapHUKa. COCTaBUTh NPOrpaMMy, BBIYUCIISIOIIYIO JUIMHBI
CTOPOH TPEYTOJIbHHKA, €70 IEPUMETP U IUIOIIAb.

Ha oyenky «Xopowoy

JIOTIONTHUTENBHO BBIUMCIUTD JUIMHBI BBICOT, MEHaH U OMCCEKTPUC 3aJaHHOTO TPEyroJbHHKA.

Ha oyenxy «Omauuno»

JIOTOJTHUTENBHO BBIYUCIIUTD PAINyChl BIUCAHHOW M ONMCAHHOM OTPY’KHOCTEH ISl TPEYTOJIbHUKA,
a TaK e I'paJyCHYIO MEpPY €ro yrioB.

CnpaBo4HbIii MaTepua
1. Dopmynvl 015 NPAMOY20ILHO2O MPEY20bHUKA

S =a’+b

MMnoTteHy3a:
s=—ab
MNnowaap:
. a b a b
sind=—, cosd=—, (gA=—, ctgd=—
c c b a
sina+cos’a =1, tga*ctea =1
sina cosa
= , clga=—
cosa sin o

2. Dopmynvl 0151 NPOUZEOTILHO20 MPEY20TbHUKA

ITmomans MIPOMU3BOJIBHOTO TPEYTrOJIbHUKA:
1 1 ¢*sindsinB  h*sinC
cE—B=— = - =— -
2 2 2sinC 2sin Asin B

=

dopmyna FepoHa A1 NAOLWAAN TPEYTO/bHUKA:
oy L



Z
1 a’
a h b s=—ay\b’ vy
Mnowaab pasHobeApPEHHOrO TPeYro/ibHMKa:
rae a — ocHoBaHwue, b — 6oKoBas cTopoHa
1
§= Z(IZ\/:;
3 B 0 4 Mnouwaab paBHOCTOPOHHErO TPEYroNbHUKa:
C BbicoTa K CTOpOHe
2/p(p-a)p=b)p—c) Ca+b+e
ep ) D —
a 2
1
m, = 5\/2[)2 +2¢° -a’
MepgmuaHa oT BeplwuHbI A: 5
2 a+b+c
po=——pp-a), =T
) b+c 2
buccekTpuca ns yrna A:
a=b"+c*—2bccos A .
Teopema KocuHycos ntoban cTopoHa a: , FAe A — NPOTMBOMNOJIOXHbIN Yron K
b’ +c’—a’
a: cosA=———
2be
b
2 -2 -_° 2R
sind sinB sinC
Teopema CMHYCOB:
—-a)(p-b)p-c a+b+c
rie PP =P =b)Xp—0) ’ _
p 2
Paanyc BNMcaHHOro B TPEYro/bHUK Kpyra:
CTOPOHE a, WK
Pamnyc OITFICAHHOT'O OKOJIO TpEyroJIbHUKa Kpyra:
a abc a+b+c
R)@g - = , =
sind 4 p(p-a)p-b)(p—c) 2

KoHnTpoJibHBIE BOIPOCHI
1. MaiiTe onpeneneHne TMHEHHOMY aJIFOPUTMY.
2. Ilepeuncnure CIUCOK KOMaH, OOECHEUMBAIOMIUX JIMHEHHBIH alropuTM.
3. YkaxxuTe IpaBujIa CHHTaKCHCa KOMaHbl BBOJIA M BBIBOJIA.

IIpakTyeckoe 3ansaTue Ne7.
IIporpamma Beife/IeHHs HU(P U3 LEJTOr0 YHCJIa.

Heasn: IlomyueHne HaBBHIKOB B paboTe C apU(PMETUYECKHMH BHIPRKECHUSMH WM CTaHAAPTHBIMU
MaTteMaTHuecKuMu pyHKusMu C++.

Tembl 171 peABapUTEILHOI MPpopadoTkn Apudmerndeckue
onepatopbl C++.

Crannaptasie pyHKIun C++.

@OYHKIMM CTaHAAPTHOTO BBOJIA U BHIBOJA.



Teoperudecknii MmaTepuaJ

B C++ onpeneneH mupokuid HaOOp BCTPOEHHBIX ONEPATOPOB, KOTOPbIE JAOT B PYKH
OPOTPaMMHUCTY MOIIHBIE pBIYard YNpaBICHUS MPU CO3JAaHUM W BBIYHUCICHUH Pa3HOOOPa3HEUIINX
BeIpakeHUil. OnepaTop (operator) — 3TO CHUMBOJ, KOTOPBIN yKa3bIBaeT KOMIMJISATOPY Ha BBIMOJHEHHUE
KOHKPETHBIX MaTeMAaTHICCKUX JIEHCTBUN MM JIOTUIECKUX MAaHUITYJISIINH.

JleiictBue omepatopoB +, -, * W / cOBMagaeT ¢ JACUCTBHEM aHAJIOTHYHBIX OMEPATOPOB B JIOOOM
JPYTOM SI3bIKE MPOTPaMMHPOBaHUs. X MOKHO MPUMEHATH K JTAHHBIM JIFOOOTO BCTPOEHHOTO YHCIIOBOTO
tuna. [locie npumenenus oneparopa aeiaeHus (/) K HeIOMy YUCITy OCTaTOK OyJeT OTOpOIIIEH.

OcTaTok OT AENeHHUs MOXHO IOJIyYUTh C MOMOUIbIO omeparopa jAeieHus no moaynwo (%) 1ot
orepaTop BO3BpaIllaeT OCTaTOK OT jAeneHus Haueno. Hanpumep, 10 % 3 paBuo 1. 310 03Hauaer, uro B C++
oreparop "%" Helb3st MPUMEHATH K TUIaM ¢ iaBaromeii Toukoi (float wmu double) [lenenue mo Momysro
OPUMEHUMO TOJBKO K IIEJIOYMCICHHBIM THUIaM. VIcrosib30BaHHE 3TOr0 Oreparopa JeMOHCTPHPYETCS B
CJIeyIolIel mporpamMme.

IIpuMep nporpamMmsl BblAeJeHUs HU(PP U3 YKCIa

#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);

}

PesynbraT pabotsl nporpammsl: 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
3amanmue
Ha oyenxy «Yoosenemsopumenvro»
CocTaBuTh NpOrpaMMy, KOTOpasl 3allpallluBacT y MOJIb30BATEINIs YETHIPEX3HAYHOE YHUCIIO U BBIJACT
Ha 9KpaH CyMMy LU(P, U3 KOTOPHIX COCTOUT UCXOHOE YHUCIIO.
Ha oyenky «Xopowoy
CocTaBuTh MporpamMmy, KOTOpas 3allpalllMBacT y I0JIb30BATENs TPEX3HAYHOE YMCIO U BBIJACT HA
9KpaH YHUCIIO, MOJYYEHHOE NEePECTAaHOBKON B 00paTHOM Mopske udp, U3 COCTOUT UCXOAHOE uncio. Ha
oyenxy « Omauunor
CocTaBUTh porpamMmy, KOTOpas 3alpalliBacT y M0JIb30BaTeNs JBa JBYX3HAYHBIX YKCIIA U BbIAAET
Ha 3KpaH 4MCJII0, ITOJIyYEHHOE CIUSHUEM IIEPBOTO U BTOPOIO YHCEI.
KonTpoabHbie BOpochl
1. Yro siBiIsieTcs pe3yapTaToM onepauuu %?
2. Kak noiy4uTs MOCIEAHIO HU(pPYy, BXOIIIIYIO B YHCIO?
3. Kak noiyuuts nepByio uu¢py B MATU3HAYHOM yHUCIie?

IIpakTyeckoe 3ansaTue Ne§.
BorunciieHue JIOTMYeCKUX BbIPAKeHH.

Heasn: [lonyyeHne HaBBIKOB BBIYMCIEHUS JIOTHYECKUX BBIPAKEHUH.
Tembl A1 npeaBapuTeJabHOI NPOpadoTKK Turb
JAHHBIX.
Omneparopsl BBOJIa — BEIBO/IA JAHHBIX.
IIpnopurer onepanuii.
CrpykTypa nporpammsl Ha sizbike C/C++.
Teoperuyeckunii MmaTepuaJ
1. Onepayuu u evipasicenus

Bo Bcex s3bIKax MpOrpaMMHUPOBAHUS 10| BEIPAXKEHUEM MTOAPA3yMEBAETCSI KOHCTPYKIMSA,
COCTaBJIEHHAs U3 KOHCTAHT, IEPEMEHHBIX, 3HAKOB Onepanuii, GyHkuui, ckoook. Beipaxkenue onpenenser
MOPSI0K BBIYUCIICHUS HEKOTOPOIO 3Ha4eHUs. ECiii 3TO YnCI0BOE 3HAaYEHHE, TO TAKOE BBIPAKECHUE
Ha3bIBAIOT apU(PMETUYECKUM.

Onmmem ©Habop omepauuii, wcrmonb3yeMbix B C, a TakKe NpaBWiIa 3aliCH W BBIYUCICHHS
BbIpakeHUil. HamomuuM, 4to omepamus, mpuMeHsieMas K OAHOMY OIepaHIy, Ha3bIBaeTCs YHApHOH, a
oTiepanus ¢ IByMsl OTiepaHaMi — OMHAPHOM.

2. Apugpmemuueckue onepayuu

K apupmeTrueckum onepanusiM OTHOCSTCS:

- BBIYHMTAHWE WM YHAPHBII MUHYC;

+  CIOXEHHE WIN YHapHBIN IUIIOC;

* YMHOXECHHE;

/ JeJIeHuE;

%  nmenenue mo moxyJto (anajor Mod B ITackaie);

++  yHapHas omepanys yBEJIHMUCHHs HA €JUHUIYY (MHKPEMEHT);

- - yHapHasi onepalys yMEHbUICHUS Ha SMHUIYY (IEKPEMEHT).



Bce omeparyn, kpoMe JeneHus MO0 MOAYIIO, MPUMEHUMBI K JTIOOBIM YHCIOBBIM THIIAM JIaHHBIX.
Omnepanus % HpUMEHMMa TOJIBKO K IIeJIbIM uHciaaM. Eciau aenuMoe M AenuTenb — LENble Yucia, TO U
pe3ynbpTaT — 1esnoe yrucio. Hanpumep, 3HaueHne BeIpakeHus: 5/3 OyneT paBHO 2, a pH BBIYHUCICHUH 1/5
nosryuntcs 0.

Ecnmu xorss Obl ONMH M3 ONEpaHAOB HMMEET BEUIECTBEHHBIH THII, TO M pe3ynbTar OyAeT
BellecTBeHHbIM. Hanpumep, oneparuu 5./3, 5./3., 5/3. naayT BemecTBeHHBIH pe3ynbraT 1.6666.

Omepary HHKpeMEHTa U JJEKPEMEHTa MOTYT NMPUMEHSTHCS TOIBKO K IIEPEMEHHBIM U HE MOTYT —
K KOHCTaHTaM | BbIpaxeHussM. Onepanus ++ yBeIHYMBaeT 3HAYCHNUE IEPEMEHHON Ha €IMHHUILY, OTIepaIys
— yMEHbIIIaeT 3HaYeHHe NepeMeHHOl Ha enuHuIly. O0a 3HaKa omepaly MOTYT 3alKChIBATHCS KaK Mepen
onepanaoM (mpedukcHas ¢hopMma), Tak U mocie omnepanaa (moctpukcHas hopma), HaIpUMep: ++X UIU X.
Tpu cnexyromux onepaTopa Ial0T OJUH U TOT K€ pe3yJIbTaT:

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

Pasniumne nposiBnsieTcst mpy UCTIONB30BaHUH MTPEPUKCHOM U TOCTPHUKCHON POPM B BBHIpAKEHUSX.
[IpommntocTpupyem 310 Ha IPUMEpax.

[TepBeriii mpumep: a=3; b=2; d=at++*b++;
Pesynbrarel OyayT Takumu: a = 4, b=3, d=6.
Bropoii npumep: a=3; b=2; d=++a*++b;
Pesynbratel OyayT Takumu: a = 4, b=3, d=12.

[Ipu ucnonp3oBaHuU MOCTPUKCHON (HOPMBI OTIEepaluy ++ U -- BBITIOJIHSAIOTCS MOCIE TOTr0, KakK
3HAYEHUE TIEPEMEHHON OBLJIO UCTIOIB30BAHO B BRIPAKEHUH, a MPEPUKCHBIC ONEPAlluU — JI0
ucronb30Banus. [loaToMy B IepBOM IpuMepe 3HaUCHUE TIepeMEHHOM d BBIYUCIIATIOCH KaK TIPOU3BEICHUE 3
Ha 2, a BO BTOPOM — Kak npousBenieHue 4 Ha 3.

3. Onepayuu omnouwieHus

B C/C++ ucrionb3yercs Clenyronmii HAOop onepamnuii OTHOIICHHUS

< MEHBIIIE,

<= MEHBIIIEC WU PABHO,
> OoJIblIIE,

>= 00JIbIlIE WIIM PaBHO,
== paBHo,

= HE PaBHO.

B cranpapre s3pika C HeT JIOrMYecKOoro Tuma AaHHbIX. [loaTomy pesyibTatoMm omnepanuu
OTHOILIEHHUS SIBIISIETCS 1I€JI0€ YMCIIO: €CIM OTHOIIEHHWE UCTUHHO — TO 1, ecin jo)kHO — TO 0. B s13bIKE
pOrpaMMUPOBaHUs J0OABJIEH TUI bool, 3HAYEHUSIMHU KOTOPOT'O MOTYT OBITh UCTHHA (true) WK JOKb
(false).

[IprMepbl OTHOIICHUI:

a<0, 101>=105, ‘a’=='A" a'l="A’

Pesynbrarom BTOpOro u Tperhero oTHouleHuid Oyaer 0 — J0Xb; pe3yJbTaT YETBEPTOIrO

OTHOIIEHHUS paBeH 1 — MCTHUHA; pe3yJIbTaT IEPBOI0 OTHOLIEHUS 3aBUCUT OT 3HAYEHMSI IEPEMEHHOMN

a.

4. Jlocuueckue onepayuu

Tpu norudeckue oneparuu B sa3bike C 3aNMCHIBAIOTCS CIETYIONUM 00pa3oM:

! onepauus orpunanus (HE),

&&  KOHBIOHKIIMS, JIoTMueckoe yMHOxeHue (M),

|| JMU3BIOHKINS, JJoTnueckoe cioxenue (MJIN).

[TpaBuiia ux BBHIOTHEHUS OMPENESIOTCS TaOIHUIIe HCTUHHOCTH.

Hanpumep, norudeckoe BBIpaKEHUE, COOTBETCTBYIOLIEE cHUcCTeME HepaBeHCTB 0 <x< 1 B
nporpamme Ha C 3anUIIETCs B BUJE CIEAYIOLIETO JIOTUYECKOTO BBIPAXKEHHUS:

x>0 && x<1

5. Ilpuopumemur onepayuii



BBIpa)KCHI/IH BBIUUCIIAIOTCS B 3aBUCUMOCTU OT IIPUOPUTETA onepaunﬁ, Y4aCTBYIOIIUX B
BBIPpAXKCHUMH. OI[I/IHaKOBI)IG 110 CTApUIMHCTBY OIICpallii BBIIIOJHAIOTCA B IMOPAAKE CJICBA HAIIPABO. ILJ'I?I
N3MCHCHMUA MMOPAJAKA BBIITOJIHCHUA onepaunﬁ B BBIPAKCHHUAX MOT'YT IIPUMCHATHCA KPYTJIBIC CKOOKH.

Tabnuua 5. [lpuopureTs (paHru) onepanmi

Panr Onepanuun Onucanne
1 O [J = -
2 '~ 4+ - ++ - & * (tun) sizeof yYHapHBbIE
3 * /I % MYJIbTUIUITMKATUBHBIE OMHAPHbIE
4 + - aIMTUBHBIC OMHAPHBIC
5 << >>> MOPa3psIHOTO CABUTA
6 < <= >= > OTHOIIICHUS
7 == 1= OTHOIIEHUS
8 && KOHBIOHKIUA «»
9 | mu3bloHKIUS «JT
10 ? yCIIOBHAs
11 = *= /= %= += = = |= <<= >>= COKpaIllCHHbIC

Ilpumep mporpamMmsl

JOTHYE€CKUMH onepanmuaMu

CocTaBUThH nmporpamMmy, BEIYHUCIIAIOITY 0 HCTUHHOCTD BBIPAKCHUA:

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;
}

PesynbraTel paboTh

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

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

3amanue

Ha oyenxy «Yooeremsopumenvroy

rez=> (0

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

rezma&& !b | c && ! d && (a && b);
Ha oyenky «Xopowoy

OnpenenuTb HCTUHHOCTDH BBICKA3bIBAaHUS
x>y &&! (x>0 z>x)

1) ycTaHOBUTbH NMOPSATOK JOIMYECKHUX OIEpaIuii;

2) cuuras x=-1 y=1 z=-2 onpenennuTs HICTUHHOCTb BbICKa3bIBaHMUSI.

Ha oyenxy « Omauyno»

CocTaBuThb YCIIOBUEC IAJId OIIPEACIICHUA UCTUHHOCTH CIICAYIOHICTO JIOTHYCCKOI'O BBICKA3bIBAHU !

ABJIACTCA JIX YUCIIO a4 YCTHBIM U KPATHBIM 4ms5.

KonTposabHble BOIpochl

1. Yro siBNIIeTCA pe3yapTaTOM OINepaliy OTHOILEHUSA?

2. Kak B s3pike C koaupyercs uctuHa u Jioxs? 3. [lpeacraButh

Ta6J'II/II_Iy UCTUHHOCTH AJIA JIOTHYCCKHUX OHCpElL[PIfI.




IIpakTyeckoe 3ansaTue Ne9.
YcioBue nonajaHust B 3aJaHHbIA JUANA30H.

Lesas padorsi: [lonydyeHne HaBBIKOB COCTaBJICHUS JIOTHYECKUX BBIPAXKEHUH.

Tembl 1J1s1 IpeABaAPUTEILHON MPOPA0OTKH THUIIbI

JTAHHBIX.

OmnepaTopsl BBOJa — BBIBOJIA IAHHBIX.

Teoperudecknii MmaTepual

1. Onepayuu u svipasicenus

B s3pIKax mporpaMMHpOBaHUS O] BBIPAKCHHUEM IOJIPa3yMEBACTCS KOHCTPYKIUS, COCTaBJICHHAS
U3 KOHCTaHT, NEPEMEHHbIX, 3HAKOB olepauui, (QyHKUuil, cKoOOK. BelpaxkeHue ompenenser MOpsaoK
BBIUHCJICHUSI HEKOTOPOTo 3HaueHus1. Onepaius, npuMeHsieMasl K OJHOMY OIEpaH/y, Ha3bIBaeTCsl YHAPHOM,
a omepanys ¢ AByMsI oliepaHaaMu — OMHApHOH.

2. Apugpmemuuyeckue onepayuu

K apupmeTrueckum oneparusiM OTHOCSITCS:

- BBIYHMTAHWE WIH YHAPHBII MUHYC;

+  CIOXEHHE WIN YHAPHBIN IUTIOC;

*  yMHOXEHHE,

/ NeJIEHuE;

%  nmenenwue no moxyito (anamor Mod B Ilackaie);

++  yHapHas omnepauus yBeJIMYEHUS HA €AUHUILY (MHKPEMEHT);

- - yHapHas onepalysi yMEHbIICHUS Ha €MHUIY (IEKPEMEHT).

Bce omeparyn, Kpome JeneHHst M0 MOIYJII0, MPUMEHUMBI K JFOOBIM YHCIOBBIM THITAM JIaHHBIX.
Onepanus % nmpruMeHUMa TOJIBKO K LEJIBIM YHCIIAM.

Onepanyy MHKPEMEHTA U JIeKpEMEHTa MOTYT MPUMEHSATHCS TOJIBKO K IEPEMEHHBIM U HE MOTYT —
K KOHCTaHTaM U BeIpaxkeHHusiM. Omiepaliysi ++ yBeJIurMBaeT 3HaueHHe NepeMEeHHON Ha eTUHUILY, OTlepaIus
— YMEHBIIIAeT 3HaUCHHNE NIEPEMEHHON Ha eNHUILY.

3. Onepayuu omuoweHnus
B C ucnonb3yercs cieayromniuii HaOOp oreparuii OTHOIICHHUS

< MEHBIIIE,

<= MCHBIIC UJIM PAaBHO,
> Oourle,

>= 0OoJIBIIIE WIIH PABHO,
= paBHoO,

I = HE PaBHO.

Pe3ynbpTaTom omepainuu OTHOIIEHHS SBISETCS IENOE YHCIO: €CU OTHOLIEHHWE UCTHHHO — TO 1,
ecnu J105kH0 — TO 0. [IpuMepbl OTHOIIEHUIA:

a<0, 101>=105, ‘a’=='A’ a'l="A’

Pesynbrarom BTOpOro W TpeThero oTHoOmeHUH Oyner 0 — J0Xb;, pe3yJbTaT YeTBEPTOTO
OTHOLLIEHUS paBeH | — UCTUHA; Pe3yJIbTaT EPBOr0 OTHOIICHUS 3aBUCUT OT 3HAUCHUS IEPEMEHHOM a.

4. Jloeuueckue onepayuu

Tpu moruueckue ornepaiuu B sa3bike C 3aMUCHIBAIOTCS CASAYIOIIMM 00pa3oMm:

! onepanus orpunanus (HE),

&&  KOHBIOHKIHA, Joruueckoe yMHoxkeHue (1), |

] JTU3BIOHKINS, JTJorTndeckoe cioxxenue (MJIN).

[To yObIBaHMIO TPHOpPUTETA JOTUYECKHUE OTEPAIMM W OIEpalliid OTHOIICHHsI PaCIOJIOKEHBI B
CJIEIYIOIIEM TMOPSIKE:

!

> < >= <=



I[Ipumep nporpaMmsl nonagaHus B 3aIaHHbIH 1MANA30H
[Iporpamma 1eMOHCTpPHUPYET OIpeesieHne YCIOBUM MonagaHus 3aJaHHOW TOYKH BHYTpPb, BHE U Ha
KOHTYp yKa3aHHOUW (Gurypbl. MICXOAHBIMU JaHHBIMH K 3a/lade SBJSIOTCS KOOPAMHATHI HEKOTOPOW TOUKH.
Pesynbrarom pabotel mporpammsl siBisietcst 1 win 0 B 3aBUCUMOCTH OT pe3yJIbTaTa MonajiaHusl.

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 FAdE*Fkontur
rez=>"<<rez;
rez=(x>-1 && x<1) && (y>-1 && y<1) && ! (x>0 && x<I)\
&& (y>0 && y<1));
cout<<"\n *****wnutry rez=>"<<rez,
rez=(x<-1 || x>1) || ({(x>=-1 && x<=0 && y>=-1 && y<=1) && \
I(x>=0 && x<=1 && y>=-1 && y<=0));
cout<<"\n *****wne figura rez=>"<<rez; }
PesynbraTsl paboTh IPOTPaMMBI

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

sk kontur rez=> 1
HREEEwnutry rez=> 0
kxR Ewne figura rez=> 0
3amanmue
Ha oyenxy «Yoosenemsopumenvro»
Hanucars nporpamMmy, onpenenstomen yCIOBUSL IIONAJAaHMs TOYKM, 3aJaHHOM CBOUMU
KOOpJMHATaMH, BHYTpb, BHE U Ha KOHTYP 3alITPUXOBAHHOM (pUTYPBHI.
Ha oyenky «Xopowoy
Hanucats nporpammy, OIIpeAEIAOIEN yCIJIOBUS TONAJAaHMUs TOYKH, 3aJaHHOW CBOMMH
KOOpAMHATaMHU, BHYTPb, BHE M HAa KOHTYp 3aIlITPUXOBAHHOW (PUTYpHI.
Ha oyenxy « Omauyuno»
Hanucats nporpammy, onpenensoniei YCIIOBUS TIONIaJJaHNsl TOUKH, 3aJaHHON CBOUMU
KOOpAMHATaMHU, BHYTPb, BHE M HAa KOHTYp 3alITpUX0oBaHHOU purypsl. KoHTpoIbHBIE BONIPOCHI
1. [Iepeuncnure oneparuii o BO3PACTAHUS UX IPUOPUTETOB.
2. Chopmupyiite ycrmoBus s TPOBEPKU TOMAMAaHUS TOYKH, 3aJaHHOM CBOUMU
KOOpAMHATaMU B KpYr €JUHMYHOro paauyca. 3. Kakue omepainuu Ha3bIBalOTCS yHapHBIMU;
OuHapHBIM?



IIpakTH4eckoe 3ansaTue Nel0.
Co3ganue npocreiilero BapuanTa nporpaMmbI-Tecra.

Heas: [IpnoOpeTeHne HABHIKOB IPOTPAMMHUPOBAHHS BETBSIIUXCS alrOPUTMOB. TeMbl

AJIS IpeIBapUTeIbHOI MPOPadoTKn

OO0BsiBIEHNE U MHUITMATIN3ALINS TICPEMEHHBIX.

@DyHKIUHN CTaHIAPTHOTO BBOJA U BBIBOJIA.

Coznanue nporpamMm ¢ JMHEWHON CTPYKTYpPOH.

Jlormueckue BhIpasKEeHUSI.

Omnepatop ycinoBus.

Teoperuyeckunii MmaTepua

JUist mporpaMMHUPOBAHHS BETBAIIUXCS aTOPUTMOB B si3bike C/C++ MMeeTcst HECKOJIBKO pa3IMYHbIX
cpeacts. K HUM oTHOCSTCS onepauus ycinoBus ? :, yCIOBHBIN onepatop if u onepaTtop Bbibopa switch. /.
Onepamop evibopa (nepexntouamens) @opmar oneparopa BeiOopa: switch (11eI0UUCIEHHOE BBIpAaXKEHUE)

{ case xoHCTaHTal: CIUCOK _OMEPaToOpoOB;

break; case koucranral:

CIIHCOK_omepaTopoB; break;

default:

CITMCOK _ OTIepaToOpOB; }

[Tocnennsis crpoka (default) moskeT oTcyTcTBOBaTh. OriepaTop BhIOOpa UCIIONB3YETCS JIJIs 3aMEHBI
BJIOKCHHBIX BETBIICHHI U ISl BBIOOpA €JMHCTBEHHOTO BapUAHTA BHITIOJTHEHUS] KOMaH/I U3 MPEI0KEHHOTO
HaOopa. SBnsercst KOMIakTHON (OPMOH 3a1aHUs IPOBEPOK U BETBICHUH B IPOTpaMMax.

BrimonHenue oneparopa switch IpouCcXoauT B CIEIYIOIIEM MOPSIKE:

1. BBIYUCIISIETCS LIEJIOYUCIIEHHOE BBIPAXKEHUE;

2. MOJIyYEHHOE  3HAa4Y€HWE IIOCJIEeOBATEeIbHO CPaBHUBACTCS C  KOHCTAHTaMH,
MOMEIIIEHHBIMHU TIOCIIE CITY’>KEOHOTO CIIOBA Case;

3. MPU TEPBOM COBMAJCHUHM 3HAYCHUU BBITIOJHSAIOTCS OMEPaTOPhl, CTOSIIHE IOCIIEe
JIBOETOYHS;

4, €CIi HU C OJHOW M3 KOHCTAaHT COBMAJCHHS HE MPOU3OILIO, TO BBIMOIHATCS

omeparopsl nmocie ciaosa default.

2. Onepamop npepuvi8arus

Omneparop switch mMeeT clneayrolyl0 OCOOCHHOCTh BBHITIOJHEHHsS: MPHU COBMAJICHUHM 3HAYCHUS
BBIUHCJICHHOTO BBIPAXEHHSI C METKOM, BBIIIOJHAETCS] HE TOJIBKO OMEPATOPbI, OTHOCALINECS K 3TOM METKe,
HO BCE HIDKENeXallue, BIUIOTh J0 omeparopa default. 3To He Bcerma COOTBETCTBYET HEOOXOIUMOMN
cutyaruu. [t Toro 4To0bl «00O0MTH» BBITIOJIHEHUE OMEPATOPOB HA MOCICAYIOIINUX BETBSIX KOHCTPYKIIUU
switch, Hy>)KHO TPUHSATH CIELUATbHBIE MEphI, UCTIONB3YS OMEPATOpPhl BBIXOJA WU mepexoda. s aTux
Hesel yacTo ucnoipdyercs omnepatop break. Ero cienmyer nucate B kaxkaoil BeTBu ais case. Ilocne ero
BBITIOJTHCHHMSI IIPOMCXOJIUT BBIXOJT U3 BCEX KOHCTPYKIMH switch Ha cirenyroreii 3a Heil KOMaHTy.

IIpumep nmporpamMmmsl ¢ MCNIOJIB30BAHUE OllepaTOPa BbIOOPaA
CocraBUTh NporpaMMy C OJHHUM BONPOCOM M YETHIPbMS BapuaHTamMu oTBeTa. Kommbrorep
CIIpalllMBacT y MOJIb30BATENsl BapUaHT OTBETA, CPABHUBAECT OTBET C MPABWIHHBIM BAPUAHTOM U BBIJIACT
HOJXOs1Iee COOOILIeHNE.
main()
{ int nom,; // OTBET UCIIBITYEMOTO

cout<< ‘“\nB kakom roay 6su1 ocHOBaH CaHKT-IIeTepOypr?\n”;
cout<< “1. 2000\n”; cout<< “2. 1700\n”’; cout<< “3. 1703\n”;
cout<<“4. 1850\n”;



cout<< “Bpeaure Bam BriOop u Haxkmute <Enter>";
cout<<”->*; cin>>nom; switch (nom)

{case 1: cout<< “BpI oTBeTHJIN HENPaBIbHO ’; break;
case 2: cout<< “BpI OTBeTHIIN HETPaBIbHO ; break;
case 3: cout<<“BsI OTBeTWIHN MIPaBIbHO’; break;
case 4: cout<<*“BpI oTBeTHIN HETPaBIIbHO ’; break;
default: cout<<“Takoro BapmaHTa OTBETa HET ;

h
}
3aganue

Ha oyenxy «Yoosnemsopumenvro»

CocraBUTh IPOrpaMMy-TECT IO CBOEU TeMaTHKE C MAThIO BompocaMmu. [IpodTu TecT u BbIAATH
oneHKy B auanaszone ot 0 1o 5. Ha oyenky «Xopowoy

B 3aBucMMOCTH OT TMOJIy4EHHOM OIEHKH MpPH TPOXOXKICHUH TECTa, BBIBECTU MOAXOJSIICE
coobmenue: «HeynoBneTBOpUTENbHO», «Y IOBIECTBOPUTEIBHOY», «Xopommoy, «Otmuuno». Ha oyenxy
«OmauuHoy»

JUis KakJIoTo MPaBHJIBHOTO OTBETa Ha TECT BBIBECTHU coolineHue «Monoaeny», A KakIoro
HENPaBUIBLHOTO OTBETA BhIBeCTU coobIieHue «Ilmoxoy.

KoHTpoJibHBIE BONPOCHI
1. HazoBute OCHOBHOE Ha3HAYEHUE
omeparopa switch.
2. 3anummTe CUHTaKcUcC oneparopa switch. 3.
OO0bsicHUTEe Ha3HAYCHHE omepaTopa break.

IIpakTH4yeckoe 3ansitue Nell.
IIporpamma Ha 0a3e aJropurMa ¢ HOJHBIM BEeTBJICHHEM.

Heasn: [Ipno6pereHue HaBBIKOB MPOTrPAMMUPOBAHMSI BETBSILIKUXCS allTOPUTMOB.

Tembl st npeaBapuTeJIbHOI NnpopadoTKu

OObsiBIICeHHE ¥ HHULIUATH3AIUS TIePEMEHHBIX.

OYHKIMU CTAaHJAPTHOTO BBOJA U BBIBOJIA.

Co3gaHue nporpamMM ¢ JUHEUHON CTPYKTYpPOU.

Jlormdeckue onepanuu 1 Onepalnuyd OTHOIICHHUS.

Teoperuyeckunii MmaTepua

1. Ycnosnwiii onepamop

dopmart yCIOBHOTO OIepaTopa CIeAyOIIUn:

if (BbIpakenme) omeparopl; else omeparTop2;

Oto monHasg (opma omepaTopa, HPOTrPaMMUPYIOIIAs CTPYKTYpy MOJHOrO BeTBieHUs. OOBIYHO
BBIp@XXEHHE — 3TO HEKOTOPOE YCIOBHE, COAEprKAIllee ONEpallid OTHOIICHUS W JIOTMYECKHE OTepallHH.
3HaueHue BhIpAXKEHUsI MPUBOAUTCA K IEJIOMY M MHTEPIPETUPYETCS B COOTBETCTBUU C MPABHIIOM: PABHO
HYJII0O — JIO’Kb, HE PABHO HYJII0O — HMCTHUHA. Eclin BbIpa’keHHE MCTHHHO, BBINOJHSETCA oneparopl, eciu
JI0’KHO — oTeparop2.

Heob6xomumo 00patuTh BHHMaHUE Ha CIEAYIONIME OCOOEGHHOCTH CHHTAKCHCAa YCIOBHOTO
oreparopa:

. BBIpa)KEHHE 3aHCHIBAETCS B KPYIJIBIX CKOOKaX;

. TOYKa € 3amaToil mocie oneparopal craButcs 00g3aTenbHO.

2. Henoanas ¢hopma ycnoenozo onepamopa



Bo3MoxHO uCHOIB30BaHUE HEMONHON (QOpMBI yCcIOBHOTO omepaTtopa. Mcmonb3yercs, Koraa
OTCYTCTBYIO JIEHCTBUS B Cllydae UCTUHHOCTH JIOTUYECKOTO BBIPAKEHUSI.

if (BbIpaxkeHue) omeparop;

[Tpumep. YHOpsAIOYUTH MO BO3PACTAHHWIO 3HAUEHHUS B JIBYX NEPEMEHHBIX a, b:

if(a>b)

{

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

h

cout«"a="<<a<<"b="<<b;

B nmanHOM mpuMepe HCIOIB30BaH COCTABHOHM OIepaTop — IOCICI0BATEIIBHOCTh OIEPaTOPOB,
3aKIII0YCHHAs B (PUTypHBIE CKOOKH.

OOpaTtuTe BHHUMaHHE Ha TO, YTO TMEpeJl 3aKpbIBarolie GpUrypHoil ckoOKOM TOUKY C 3amsiToi HaI0
CTaBUTh 0053aTENBHO, a MOCJIe CKOOKU TOYKA C 3asTON HE CTaBUTCA.

IIpumep nporpamMMsl ¢ IpUMEHEHUEM MOJTHOI0 U HEMOJIHOI0 BeTBJIEHUI

Haiitu Gonbiee 3HaueHne U3 IByX NepeMeHHbIX a 1 b. BapuanT 1. C ucnons3oBannemM

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="<<makx;

}

Bapuant 2. C ucnosib30BaHHEM HETOJIHON 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="<<max;

}

3aganue

Ha oyenxy «Yooeremsopumenvroy

BBectu Tpu umcna u HailTH HauOOJIbIIIEE U3 HUX.

[Ipumep: Beenute Tpu uncna: 4 15 9

Haubonwmmee gucno 15

Ha oyenky «Xopowoy

CocTaBUTh NporpamMmy yHopsii04eHUs 110 BO3PACTaHUIO 3HAUEHUH B TPEX NEPEMEHHBIX, BBOJUMBIX
I10JIb30BATENIEM C KJIABUATYPBI.

Ha oyenxy «Omauuno»

BBectu HOMEp Mecs1a ¥ BBIBECTU Ha3BaHUE BPEMEHHU roJa.

[Tpumep: Beenute Homep Mecsua: 4

Becna

KonTtposbnubie Bompocst 1. C
KaKOM IIeJIbI0 B IPOrpaMMax UCIIOJIb3YETCs OIepaTop yciaoBus if?



2. YKaXUTe CHUHTAKCHUC IIOJHOTO BETBJICHHS.
3. Vkaxure CHUHTAKCHUC HENOJIHOTO
BCTBJICHU.

IpakTnyeckoe 3ansiTue Nel2.,
IIporpamma pemeHusi KBaJApaTHOI0 YPABHEHUSI.

Heasn: [lonyueHne HaBBIKOB B pabOTe C pa3BETBIISAIOIIMMUCS AITOPUTMAMHU.

Tembl /151 IpeABAPUTEIBLHON MPopadoTKu Apudmernueckue

onepartopsl C++ .

OOBbsBJICHNE Y HHULMATIU3ALNS IEPEMEHHBIX.

@yHKIUY CTaHIAPTHOTO BBOJA U BBIBOJA.

Teoperuyeckunii MmaTepua

Jlnist mporpaMMHUpPOBAaHMST BETBSIIUXCA aNIrOpuTMOB B si3bike C/C++ W HMMeeTcss HECKOJBKO
pa3nuuHbIX cpencTB. K HUM OTHOCATCS pacCMOTpPEHHAs BBIIIE ONEpalys yCIOBUs ? :, YCIOBHBIN OlepaTop
if u oneparop BeIOOpa switch.

1. Ycnosnwiti onepamop

dopmaTt yCJIOBHOTO omnepaTopa clieayrommii: if

(BbIpakenue) omepatopl; else omeparop2;

Oto mnonHasg (opma omnepaTopa, HPOrpaMMHUpYIOIIas CTPYKTYypy MOJHOro BeTBieHUs. OOBIYHO
BBIPAXEHHE — 3TO HEKOTOPOE YCIIOBHE, COJAEpKAllee ONEpalliyd OTHOIICHUS U JIOTMYECKUE OIEparliH.
3HaueHUE BBIPAXKEHMs IPUBOAUTCA K LIEJIOMY M MHTEPIPETUPYETCS B COOTBETCTBUU C IIPABHIIOM: PABHO
HYJII0 — JIOKb, HE PaBHO HYJI0 — HMCTUHA. Eciin Belpa)keHHe MCTUHHO, BBIMIOJHsETCS oneparopl, ecnu
JI0KHO — omepaTop2.

HeoO6xomumo 00paTuTh BHHMaHHE Ha CIEAYIONIME OCOOECHHOCTH CHHTAKCHCa YCJIOBHOTO
oreparopa:

. BBIpA)KEHHUE 3aMKCHIBACTCS B KPYTIJIBIX CKOOKaX;

. TOYKa C 3aMAToi mociue oneparopa 1 cTaBUTCs 005S3aTENBHO;

BoT npumep ncnosnb3oBaHus MOJHONW (POPMBI YCIOBHOIO OIepaTopa JUlsl HAXOXAEHUS OOJbILIEro
3HAYEHUS U3 IByX IEPEMEHHBIX a U b:

if(a>b) max=a;

else max=Db;

2. Bnooicennuie ycnogus

BrnosxeHHbIe BETBIEHMSI BOSHUKAIOT B IIPOrpaMMax, KOr/ia B KaueCcTBE JACWCTBUN IO BETBU MCTHHA
WIN JDKU BO3HUKAET ellle OJJHa BETBb. Bilo)kKeHHBIE BETBH MOTYT OBITh MOJHBIMU (C else) a MoryT ObITh
HenosHbIMHU (0e3 else). PaccMoTpuM npumepsl IporpaMMHUPOBaHUS BIIOKEHHBIX BETBAIIMXCS CTPYKTYP.
TpeOyercs BbUMCHUTL (PYHKLHIO Sign(X) — 3HAK X, KOTOpas OMpeJesieHa CIeAYIIUM o0pa3oMm:

IIpumep 1. AITOPUTM C OJHBIMU BJIOKEHHBIMU BETBIICHUSIMMU:

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

AJNTOpUTM C HETIOJIHBIM BJIOXXEHHBIM BETBJICHUEM:

y=1

if(x<=0)

if(x==0)

y=0;

else y=-

L

IIpumep nporpaMmbl pelieHUs1 KBAJAPATHOT0 YPABHEHUS
main()



{ float a ,b, c; /I koappuumenTs ypaBHeHus float
x1, x2; // KOpHU ypaBHEHUS

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

Pemenwne kBagpaTHOTO ypaBHeHHS *\n"; cout<<"Bpenute B 0HOI

CTpOKe 3HaueHUs1 Ko3(ppuuneHToB"; cout<<" 1 HaXXKMUTe

<Enter>";

cout<<"->";

cin>>a>>b>>c; // BBO# ko3¢ ¢unmentor d
=b*b - 4*a*c; /| TACKPUMHUHAHT

if (d<0) cout<<"VYpaBHEHHE HE UMEET pemieHus\n";

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

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

cout<<"Kopnu ypaBHeHHs: X |="<<x]<<"x2="<<X2;

h

else {

x1 = -b/(2*a); x2 = x1; cout<<"KopHH ypaBHEHHS:
X1=7<<x1<<"X2="<<x2;

}

H

3ananue

Ha oyenxy «Yoosenemsopumenvro»

CocTaBUTh OJIOK-CXEMYy alropuTMa pelleHus KBaJpaTHOro ypaBHeHus. [IpoBeputs paboTy
IPOrpaMMbl Ha Pa3IMYHBIX UCXOIHBIX JaHHbBIX.

Ha oyenky «Xopowoy

Jlo6aBuTh MpOBEPKY ycioBuUs kKoddduumeHTa a, paBHoro. [Ipu monoxuTenbHON MpOBEpKE PEIIUTh
JIMHENHOE YpaBHEHMUE.

Ha oyenxy «Omauunor

Paccmotpets citydaii paeHcTBa 0 KO3PPUIIMEHTOB b U ¢, BXOASIINX B KBAJPaTHOE YPaBHCHHUE.

KonTpoJbHbIe Bonpockl

1. Kornga B mporpamMmax BO3HUKaeT HEOOXOAMMOCTb HCHOJIBb30BAHUS BIIOKEHHBIX
BETBEW?

2. Ilepeuncnanre pa3HOBUJHOCTH BJIOXKEHHBIX BETBJIECHUH U NpPUMEpHI OJIOK-CXEM IS
Kaxaoro ciydas. 3. OOBSCHUTE MPaBWIO HCIIOJIB30BAaHUS (UTYPHBIX CKOOOK BO BIIOKEHHBIX

BCTBIAX.

IIpakTHyeckoe 3ansaTueNel3.
I[IporpaMmmupoBaHne BJI0KEHHBIX BeTBJICHHUIA.
Heanb: [IproOpeTeHre HAaBBIKOB MTPOTPaMMHUPOBAHUS C BJIOKCHUEM BETBJICHUH.
Tembl IS npeABaAPUTEIbHOM NpopadoTKU
OO0BsiBNIEHNE U MHUITMATIN3AIINS TICPEMECHHBIX.
OYHKIMH CTAaHAAPTHOTO BBOJIA M BHIBOJIA.
Co3znanue nporpaMM ¢ BETBJIICHUEM.
Teoperuvecknii MmaTepuaJ
1. Bnooicennvle if-uncmpykyuu
BrioxxeHHbIe BeTBIIeHUST 00pa3yrOTCs B TOM Cllydae, KOTJa B Ka4eCTBE AJIEMEHTa HHCTPYKIUS (CM.
MOJIHBIA (popMaT 3alucy) HCMOJb3yeTcs apyras if-uHCTpykums. BioxeHHble if-MHCTpyKIMM OYEHB
MOITYJISIPHBI B IIPOTrpaMMHpOBaHuH. [ JIaBHOE 3716Ch — IMOMHHTB, YTO elSe-HHCTPYKITUS BCET/1a OTHOCUTCS K



Omwkaiime if-MHCTPYKLMHU, KOTOpas HaXOIUTCS BHYTPH TOTO JK€ NMPOrpaMMHOro OJI0Ka, HO elle He
CBsI3aHa HU C KaKOW JIPyTroi else-uHCTpYyKITueH.

[IponemMoHCTpHpyeM UCHOIb30BAaHUE BIOXKEHHBIX MHCTPYKIMI C MOMOIIBIO Iporpammsl "Yranai
Maruyeckoe uucio'.

main()

{int magic; //Marmgeckoe 4ucio

int guess; //BapHaHT MOJIb30BaTeNs

magic = rand(); // Tloy4yaeM ciy4aifHOE YHCIIO.

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

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

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

cout << magic <<" u ecTh TO CaMO€ Maru4yeckoe 4ucio. \n";

} else { cout <<"OdeHs xayib, HO BI OIMIMOINCE."; if

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

Marudeckoe uucio.\n"; else cout << " Bam BapuaHt

MEHBIIIE Marun4ecKkoro yrcina.\n"; }

2. Koncmpykyus if -else-if

OuyeHb pacnpoCTpaHEHHON B NPOrPAMMHUPOBAHMM KOHCTPYKIIMEH, B OCHOBE KOTOPOM JIEKHUT
cioxxeHHas if-uHcTpyKims, aensercsa "necruuna" if-else-if. Ee MokHO mpencTaBuTh B ceyromeM BUe.

if (ycnoBue)

UHCTPYKIUS;

else

if(ycnosue)

UHCTPYKLUS;

else if

(ycnoBue)

UHCTPYKIIHUS;

else

UHCTPYKIIUS;

3mech TOJ DJIEMEHTOM YCIIOBHE TIOHHMMAETCSl YCJIOBHOE BBIPAKCHHE. Y CIIOBHBIC BBIPAKCHHS
BBIUHCIISIOTCS CBepXy BHH3. Kak TOJNBKO B KakOW-HUOYIb BETBH OOHAPYKUTCS WCTUHHBIA pE3ybTar,
OyJeT BBIMOJNHEHA MHCTPYKIMS, CBSI3aHHAS C OTOW BETBBIO, & BCS OCTalbHas "JecTHUIA" OITyCKaeTcs.
Pa6orta if -else-if-"necTHUIBI" JEMOHCTPUPYETCS B CIIEIYIONMIEH ITpOorpamMme.

main()

{int x;

x=rand()%10;

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

else if(x==2) cout « "x paBeH naBy™m.\n";

else

if(x==3)

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

else

if(x==4)

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

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

IIpumep mporpamMmsl ¢ BJI0KEHHBIMU BeTBJIECHUSIMU
[Tpumep nDEeMOHCTPUpPYET CHpaBEIMBYIO INKalTy 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 i1f(d>=80000)
pn=14000+(d-80000)*0.3;
else 1f(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;

}

3aganue

Ha oyenky «Yoosenemsopumenvro»

Jlanel Tpu yncna a, b, c. Onpeaenuts, kakoe u3 HUX paBHO d. Eciu HU oHO He paBHO d, TO HalTH
max(d-a, d-b, d-c).

Ha oyenky «Xopowoy

CocTaBUTh MPOTpaMMy, PEATU3YIONIYIO SIU30/ MPUMEHEHHSI KOMITbIOTEpa B KHIDKHOM MarasuHe.
KowMmmberoTep 3ampammBaeT CTOMMOCTh KHHT, CyMMY JICHET, BHECEHHYIO MMOKYyMaTeJeM; eClu CIaud He
TpeOyeTcs, meyaTaeT Ha SKpaHe «Cracu0oy»; eciau AeHET BHECEHO OOJbIle, 4eM HeoOX0IMMO, TO rmevyaTaeTt
«BO3BMUTE CAaYy» M YKa3blBaeT CyMMY CIauM; €CIIM JIEHEI HeJOCTaTOYHO, TO Meyaraer cooOuieHne o0
9TOM U YKa3bIBa€T pa3Mep HEJOCTAIOMICH CYMMBI.

Ha oyenxy «Omauunor

[TnaTta 3a coTOBBIN TenedoH B3UMaETCs 1o cieayromeMy Tapudy: 3a nepbie S0 MUHYT pa3roBopa
B MecsIl — 1o 1 p., 3a cienyromue 30 MuayT — 110 80 Kort., ciieayromue 20 MUHYT 000HIyTCs a0OHEHTY I10
50 xom., a Kaxzgas mnocieAyoomas MuHyta ctouT Bcero 30 kom. M3BeCTHO, CKONBKO MHHYT B MECSII
aboHeHT HaroBopmiIl. Omnpenenure, KakKyro CyMMY OH JTOJKEH 3aIlIaTUTh.

KonTpoJbHbIe BOIPOCHI
1. Korna B mporpamMmax BO3HHKAET BIOXKCHHAs BETBH?
2. IlepeuncnuTh mpaBmiia pabOTHl KOHCTPYKIMH <«JIECTHHUIIAY.
3. ChopmynmpoBath npaBuiIo B3aumozeicTeus if u else.

IIpakTHyeckoe 3anaTueNel4.
I[Iporpamma ¢ npuMeHeHHeM KOHCTPYKIMH BbIOOpA.

Heasn: [IpnobGpereHue HaBBIKOB MPOrPAMMUPOBAHMSI BETBSILIHUXCS allTOPUTMOB.
Tembl IS npeABaAPUTEIbHOM NMpopadoTKU

OO0BsiBNIEHNE U MHUITMATTN3AIINS TICPEMECHHBIX.

OYHKIMU CTAaHJAPTHOTO BBOJA U BHIBOJIA.

Coznanue nporpamMm ¢ JMHEWHON CTPYKTYpPOH.

Jlornueckue BbIpaXeHUsI.



Omnepatop ycloBus.
Teoperuyeckunii MmaTepua

JIist mporpaMMHUPOBAHHS BETBAIIUXCS aITOPUTMOB B si3bike C/C++ MMeeTCst HECKOJIBKO pa3IMIHbIX
cpeacts. K HUM oTHOCSTCS onepanus ycioBus ? :, yCIoBHBIN onepatop if u onepaTtop Bbibopa switch. /.
Onepamop evibopa (nepexnouamens) @opmar oneparopa BeIOOpa:

switch (LIe1o4YrcIeHHOE BhIpaXKEHHE)

{ case koHCTaHTal: CIIMCOK _OTepaToOpoOB;

break; case koncrtanTa2:

CIIHCOK_orepaTopos; break;

default:

CIIMCOK _ OIIepaTopoB; |

[Tocnenusist ctpoka (default) MmoxkeT orcyrcTBOBaTh. OnepaTop BEIOOpA MCTIONB3YETCS ISl 3aMEHBI
BJIOKCHHBIX BETBJICHHUH U JJIs1 BBIOOpA €JMHCTBEHHOT'O BapUAHTA BHIMIOJIHEHUS KOMaH/ U3 MPEI0KEHHOTO
HaOopa. SIBnsercst KOMIakTHOM (OPMON 3a/1aHuUs POBEPOK U BETBIICHHUH B IPOrpaMMax.

Brinonnenue onepartopa switch MpouCXoIUT B CIEIYIOLIEM MOPSIKE:

1. BBIYUCIICTCA HEJIOYUCIICHHOC BBIPAXKCHUC,

2. IIOJIYUYCHHOC 3HA4YCHHC IIoCJIICA0OBATCIBHO CpaBHHUBACTCA C KOHCTaHTaMu,
INOMCIICHHBIMU I10CJIC CJ'Iy>KC6HOFO CJIOBaA Case,;

3. npu nepBoM COBIAACHUU 3HAYCHHUH BBIIOJHAIOTCS oneparopnbl, CTOAMIMUC IIOCIIC
JABOCTOYMA,

4, €CIIM HM C OJHOM M3 KOHCTAaHT COBIIaJCHHS HE MIpOU301LJIO0, TO BbIIIOJHATCA

omeparopsl nmocie ciaosa default.
2. Ocobennocmu KOMaHObl MHONCECHBEHHO20 8b100PA

1. st switch Hy>keH OTIaenbHBIN OJI0K.

2. Tun BeIpaskeHUsT MOXKET OBITh IEJIBIM MM CHMBOJIBHBIM, HO HE BEIIIECTBEHHBIM.

3. KoHcTaHTHI B case JOJDKHBI HIMETh TOT K€ THII, UTO U BEIPAKCHHE.

4, Ecin neiicTBre MOIXOIUT MO HECKOIbKO KOHCTaHT, TO clieAyeT HECKOJIBKO case MOAPSI.
Hanpuwmep:

switch (BbIpaxeHwue)

{

case 1: case 2: case 5: JlewicTBusl;

case 3: case 4: JleiictBus2; }

5. KoHctantel B mpenemax omHoro switch MOMDKHBI OBITH YHUKAQJIBHBI, T.€. HE JOJIKHBI
MOBTOPATHCS. HapyiieHne 3Toro mpuBOAUT K HEOTHO3HAYHOCTH BBIOOpA HYKHOTO OTIepaTopa.

6. Ecnu nana monxonsmield KoHcTaHThl TpeOyeTcss BBIMONHUTH HE OJUH OMEpaTop, a
HECKOJIBKO, TO B OJIOK MX OOBEIUHATH HE 00s3aTeNbHO, T.K. JEMCTBUS case pacHpOCTpaHsIeTcs 10 KOHIIA,
NIOKa HE BCTPETUTHCS KOHell switch }, i komana break.

7. Komanna switch sBnsiercs wactHeiM ciayuyaem komasisl if. Korzma Henb3st npumeHsTbH
KOMaHJy switch:

- BBIpQ)KCHHE BEIIECTBEHHOE;

- BBIpQKEHHE MPOBEPSAETCS B HEKOTOPOM JHara3oHe Jaxke /Ui Lenbix, Hampumep: 1<a<100.
B stom ciyuae nerye Hanmcats if (a>=1&&a<=100) uem BemuckiBaTh 100 case.

- BEIpOKCHHE TIPOBEPSICTCS HA TOYHOE COBIAQJCHHE CO 3HAYCHHEM KOHCTAHT B case,
CpaBHEeHHS Ha <, > B switch He momyckarTcs;

- IpoBEpKa Ha CTPOro€ PaBEHCTBO TMPOBEPSETCS TOIBKO JUISI OMHOTO 3HAYCHHS —
BBIYHCJICHHOTO 3HAYCHMsS BBIPAKEHUS, SWitch He MOAXOAUT AN MPOBEPKH YCIOBUN MO HECKOIBKUX
BennuuH, Hanpumep if (x>10 && y<5) ¢ momomipio switch 3a1aTh Takoe ycaoBue HE yIacTCsl.

3. Onepamop npepwviéanus



Omneparop switch nMeer crieayronyl0 OCOOCHHOCTh BBHITIOJHEHHsS: MPHU COBMAJCHUH 3HAYCHUS
BBIYHMCIICHHOTO BBIPAKEHHUSI C METKOM, BBITIOJIHAETCS HE TOJIBKO OTMEPATOPHI, OTHOCAIINECS K 3TOH METKE,
HO BCE HIDKEJIEeKaIe, BIUIOTh J0 omepatopa default. DTo He Bcerma COOTBETCTBYET HEOOXOAMMOM
cutryanu. s Toro 4ToObl «000MTHY BBHIMOIHEHHE ONEPaTOPOB HA MOCIEAYIOUIMX BETBSIX KOHCTPYKIMU
switch, Hy>)KHO TPUHATH CIELUATbHBIE MEphI, UCTIOIB3YS OMEPAaTOphl BBIXOJA WU mepexoda. s aTux
1ese 9acto ucmonb3yercs: oneparop break. Ero crmenyer mucarh B kaxkmoi BeTBu i case. [locie ero
BBITIOJIHEHUSI TIPOMCXOIUT BBIXOJ] U3 BCEX KOHCTPYKIIMU SWitch Ha cremyroiei 3a Helt KOMaH/Ty.

IIpumep nporpamMmmsl ¢ MCNIOJIb30BaAHUE ONlepaTopa BbiOopa [Iporpamma-

KaJTbKYJISITOP.

Broautcs Beipaxkenue Buma -5.45%3.56

[TporpamMMa J0JKHA BBIYMCIIUTE M BRIBECTU PE3YJIbTAT BHIPAXKCHHUS.

B o01miem Bujie BhIpaKeHUE BBITISANT TaK: onepadal oneparus onepan2

OnepaHgamMH  SBJISIOTCSA BEIICCTBCHHBIC YHCIIA, B KA4YeCTBE OINEPAMA MOXHO HCIOJb30BaTh
YeThIPE OCHOBHBIX apU(PMETHIECKHUX JACHCTBHS: + - * /, KOTOPBIC BBOJIATCS B IPOrPaAMMy KakK CHMBOJIBI.

main()

{ float a, b, rez;

char oper;

cin>>a>>oper>>b;

switch (oper)

{ case ‘+’: rez=a+b;

break; case ‘-‘: rez=a-b;

break; case ‘*’: rez=a*b;

break; case ‘/’: rez=a/b;

break;

§

cout<<” Pesymprar="<<rez<,endl;

3aganue
Ha oyenxy «Yoosenemseopumenvrno»
BBoautca Homep mecsna. BergaTe Ha3BaHWE BPEMEHH TOJ1A.
Ha oyenky «Xopouwoy
Broautcs kommaectBo siet K — mienoe uncio ot 1 1o 99. Beisectu ppazy «Mue ... neT», rae HaIo0
3aMEHHUTH CJIOBO «JIET» Ha MOAXO/SIIEE MO CMBICITY CI0BA «TOA» U «TOJay.
3amMeTUM 3aKOHOMEPHOCTb, KaK OT 3HaueHus K 3aBUCHT c10BO.
a) eCJIM YMCII0 3aKaHuuBaeTcs nuudpoit 1, To ciaoBo «roa» kpome 11 ner;
0) ecnu yncio K 3akanuuBaercs uudpamu 2, 3, 4, To «roga» kpome 12, 13, 14 ner;
B) ecnu uncio K 3akanumBaetcs mudpoii 0, 5..9, To «ter».
Ha oyenxy «Omnuunor
BBoaurcs nata B Buze: aeHs (d), mecsi (m), rox (g). Beinate Ha3BaHue 1J1s HEIEIH, HA KOTOPYIO
IPUXOJIUTCS BBEJICHHAS J1aTa.

<JleHp Hemenn> = <OCTATOK OT JICJICHUS X>> Ha 7, TJe
X = [2.6*m - 0.2]+d+[y / 4]+y+[c / 4] - 2*c, The [] 03HAYAIOT LIETYIO YaCTh YUCIIA.
¢ — JBe crapmme uudpsl roaa;
y — ABE MIIaAIINe UQPHI Toa.
[Tpu ucnonb30BaHUU ATON (HOPMYIIBI CIIEAYET YUECTh JIBa 00CTOSTENHCTRA!

1) dhopmysa BepHa I TPUTOPHAHCKOTO KajieHaapsi HoBoro ctuiis (ot 1582 1o 4902);

2) MecsI cleAyeT IMpelBapUTeNIbHO MpeoO0pa3oBaTh TakK, Kak €ciau Obl Hayalo rojaa
npuxoauiaock Ha 1 maprta. HBIME ciioBamMH, MapT B 3TOH (opMyiie UMeeT MopsAKOBbIA HOMep 1,



anpens — 2, ..., sHBapb — 11 u ¢epans — 12, npuuém stHBapb U (eBpasib CIeIyeT OTHECTH K
npeasaymemMy rony. Hanpumep, mis
1 deBpans 1991 roga Homep Mecsna JokeH ObITh paBeH 12, a rog 1990, B To Bpems kak i 31 nexabpst
1991 roga nHomepa mecsua — 10, a rox — 1991. Pe3ynbrar BeluMCHeHUS JAETCS B BUJIE LIEJIOTO 4YUCIa B
nuanasoHne ot 0 10 6, npuyéM 0 COOTBETCTBYET BOCKPECEHBIO.

KoHTpoJibHBIE BOPOCHI
1. HazoBute OCHOBHOE Ha3HAYCHHE
omeparopa switch.
2. 3anuImmTe CHHTaKcucC oneparopa switch. 3.
OO0bsicHUTE Ha3HAYCHHE omepaTopa break.

IIpakTnyeckoe 3ansaTueNels.
IIporpaMma BbIYMC/IEHHS CYMM H KOJU4YECTBA, MOUCK MAKCUMAJIbHOT0 1 MUHUMAJIbHOTO
3HAYEHHH.

Heab: Ilomyuenune HaBHIKOB B paboTe ¢ apUPMETHUECKUMU BBIPAKECHUSMHU, LUKINYECKUMU
WHCTPYKITUSMH.

Tembl 119 npeABapuTeIbHOI NpopadoTkn Apudmerndyeckue

onepatopsl C++.

DyHKIMU CTAHJAPTHOTO BBOJAA U BHIBOJIA.

OrnepaTop BETBIICHHUS.

TeopeTnyeckuii MaTepuaJl

1. Hukn ¢ napamempom

®dopmat oneparopa IUKIA C IapaMeTPOM:

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

Boipakenue 1 BBINONMHSETCS TOJIBKO OJMH pa3 B Havyane HUKiIa. OOBIYHO OHO OIpEnessieT
HavaJbHOE 3HAYCHHE MapaMeTpa Iukia (MHUIHMATU3UPYeT MapaMeTp IMKia). Beipakenue 2 — 3To
yCIIOBHE BBITIONHEHUS LUKIA. BreIipakeHue 3 0OBIYHO ompenenseT H3MEHEHHe MapaMerpa IUKJIa.
Oneparop — TeNO LHKIA, KOTOPOE MOXET OBbITh MPOCTHIM WM COCTaBHbIM. B mocienHem ciyuae
UCIIOJIB3YIOTCS (PUTYPHBIE CKOOKH.

ANTOPUTM BBHITIOJIHEHUS 1IHKJIa for mpeicTaBieH Ha OJIOK-CXeMme:

[locne BbIUMCIEHUS BBIpAXKEHUS 3 TMPOUCXOAUT BO3BPAT K BBIUHMCICHUIO BBIPAXKEHUA 2 —
MIPOBEPKE YCIOBHSI IOBTOPEHUS IIUKIIA.

PaccMoTpuM HeKOTOpble OCOOCHHOCTH apHU(PMETHYECKOTO LHKIA Ha TMpPUMEPE BBIUMCICHUS
dakropuana yncna. C momompto 1mukia for HaxoxaeHue N! MOKHO OpraHM30BaTh CIAEAYIOIIMM 00pa3oMm:

F=l;

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

Ucnons3ys omepanuio «3amsitas», MOKHO B BbIpaK€HHE | BHECTM MHUIMAIN3ALNIO 3HAYCHUH
Cpa3y HECKOJIbKUX MMePEeMEHHBIX:

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

Hekotopeix snemeHTOB B omepatope for MokeT He ObITh, OJIHAKO pa3JeNsIIONIMEe HUX TOUKH C
3amiaTol 00s3aTeNnbHO JOJKHBI MPUCYTCTBOBaTh. B cienyromiem npumepe MHUIMATU3HUPYIOIIAs 4acTb
BBIHECEHa U3 omneparopa for:

F=l;

i=l;

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



Hwxke mokasaH emie ofauH BapuaHT BblymcicHHs N!. B HeM Ha MecTe Tenma IUKIA HAXOJUTCS
MyCTOM OTNepaTop, a BEIYUCIIUTEIbHAS YaCTh BHECEHA B BRIpAKEHHUE 3.
for(F=l1, i=l; i<=N; F=F*i, i++);

IIpumep nporpammsl ¢ apupMeTHIECKUM HUKIOM

PaccmoTpum nporpammy, onpeensoyo CyMMY, a Tak k€ HauOouiblilee 1 HAaUMEHbIIee 3HAaUeHUs
cpenu TocneaoBaTenbHOCTH 10 CIy4ailHBIX BENWYHH, 33/1aBa€MbIX C TMOMOIIBI0 JaT4YWKA CIydalHBIX
Yucel.

main()

{ int 1, 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;

b

cout<<"\n FFFFF*F max="<<max<<" min="<<min<<’ s="<<s;

}

Pesynbratel paboOThl MPOrpaMMBI:
123678 21 20 37 89 90 70 52

wekHEEE max=90 min=12 s=505

3ananue

Ha oyenxy «Yooeremsopumenvroy

PazpaboTaThs mporpammy, onpeaesnsoyo CyMMY, a Tak ke HauOoJiblliee 1 HauMEHbIIIee 3HAUCHHSI
cpenu nocieaoBarenbHOCTH 10 ciayyallHbIX BEJIMYMH, AHANa30H KOTOPHIX MOT 337aBaTh MOJIb30BATENb.

Ha oyenxy «Xopouioy

Pa3paboraTs mporpammy, onpeesonlyi0 CyMMY, a Tak ke HauOoJIblllee 1 HANMEHbIIIEe 3HAUCHUS
Cpe/H MOCEeI0BATENbHOCTH CIIyYailHbIX BEJTUYHMH, KOJIMYECTBO KOTOPBIX MOT 337aBaTh MOJIb30BATENb.

Ha oyenxy «Omauuno»

Pa3paboraTts mporpammy, onpeeNsony0 CyMMY, a TaK K€ HauOoJIblllee 1 HANMEHbIIIEe 3HAYCHUS
CpeaM TMOCIIENOBATEIbHOCTH  CIy4YalHBIX BEJIIMYMH, a TaK >K€ MO3ULHUU, B KOTOPBIX JOCTHTAIOTCS
MaKCUMaJIbHO€ 1 MUHUMAJIbHOE 3HAYECHHUS.

KounTtpoJibHbIe BOnpochl
1. JaTp onpeneneHue MUKINIECKOMY aJITOPUTMY .
2. 3anuiy KoMaH1y apuMeTHIECKOro UKIIA C 0COOEHHOCTAMU MTPUMEHEHHUS. 3.
CocTraBb aITOPUTM BBIYUCIICHHS] CYMMBI 33/ITAaHHOTO KOJIMYECTBA BEITMYMH.

IIpakTHyeckoe 3ansaTHeNe16.
IIporpaMmMupoBaHue NPUKJIATHBIX 32124 ¢ IPUMeHEHNEeM IUKJINYECKUX aJIrOPUTMOB.



Heab: IlomyyeHne HaBBIKOB TMpU pa3pabOTKe NPUKIAAHBIX MPOrpaMM C MPUMEHEHUEM
HUKINYECKUX KOHCTPYKIUH.

Tembl 1719 peABapUTEILHOI MPOpPadoTkn Apudmerndeckue

oneparopsl C++.

OYHKIMU CTAaHJAPTHOTO BBOJA U BHIBOJIA.

Oneparop BetBieHusA. Teoperudeckuii marepuadu /. Yucna

Qubonauuu

W3BectHa cnenyromas 3amada o kponukax. Ilomectunu mapy KpOJMKOB B HEKOEM MeECTe,
OTOPO’KEHHOM CO BCEX CTOPOH CTEHOW, YTOOBI y3HaTh, CKOJIBKO Hap KPOJUKOB POJUTCS MPU 3TOM B
TE€YEHUE roja, €CIM MPUPOJa KPOJIUKOB TaKOBA, YTO Y€pe3 MECSIl Mmapa KPOJUKOB MPOU3BOJUT HA CBET
JIPYTYIO Tapy, a pOKIAIOT KPOJIMKU CO BTOPOTO MECsIa MOCJIE CBOETO POXKICHUSI.

SIcHO, YTO €cM CUWTaTh MEPBYIO Mapy KPOJIMKOB HOBOPOXKIACHHBIMH, TO HAa BTOPOW MECSI] MBI
OyJZieM 1o TpeXKHeMY UMEeTh OHY mnapy; Ha 3-if mecsany — 1 + 1 = 2; Ha 4-if — 2 + 1 = 3 mapsl (00 U3 ABYX
MMEIOLINXCS Map MOTOMCTBO AA€T JIMIIb OJHA Mapa); Ha 5-i mecsan — 3 + 2 = 5 nap (Jiumpb 2 poAUBIINECS
Ha 3-i MecsI] mapbl JaJyT TOTOMCTBO Ha 5-i Mecsn); Ha 6-if Mecsi — 5 + 3 = 8 map (100 MOTOMCTBO JaayT
TOJIBKO T€ Maphl, KOTOPBIE POJWINCH Ha 4-M MecCsIIIe) U T. 1.

Ecnm 0603HaunTh unCio map KPOJIMKOB, UMEIOIINXCS Ha n-M Mmecsie yepe3 Fn, to F1 =1, F2 =1,
F3=2,F4=3,F5=5,F6=28,F7 =13, F8§ =21 u T. 1., npuueM o0pa3oBaHUE 3TUX YUCEJ PETYIUPYETCS
o0muM 3akoHOM: Fn = Fn.1 + Fn2 mpu Bcex n>2, BeZlb YHCIIO Map KPOJIMKOB HA N-M MECSAIE PABHO YHCITY
Fo1 map kponMkoB Ha MPEANIECTBYIOIIEM MeCAlle IUTFOC YKCIO BHOBb POJUBIIMXCS Map, KOTOPOE
COBMAJAET C YMCIOM Fn2 map KposukoB, poauBIIMXcs Ha (n — 2)-m Mecse (MO0 JUIIb 3TH Mapbl
KPOJIMKOB Jat0T IIOTOMCTBO).

O®paniry3ckuid MaTeMaTuk Jlroka BnepBble Ha3Bajl YMCIOBYIO MOcieaoBarenbHocTh 1, 1, 2, 3, 5, 8,
13..., kotopyto Ha3Baja yuciaMu OuOOHAYYH U OTKPHUT HE MEHEE BAKHYIO MOCIEN0BAaTeNbHOCTD: 2, 1, 3,
4, 7, 11...,koTopasi cBsizaHa C 30JI0TOM mpornopuued. OTHOmIEHHE coceqHux uucen Jlooka mo mepe
yAaJeHUs OT Hayaja I0ocCJIeJOBaTeIbHOCTH B IIPEJIENIE CTPEMUTCS K 30JI0TOM MPOMOPLHH.

[TocnenoBarensuocTn yucen @udonauun F(n) =1, 1, 2, 3, 5, 8, 13,... u uncen Jlroka: L(n) =2, 1,
3,4, 7, 11,... ydeHble Bce yallle BCTPEYAIOT BO MHOTHUX SIBJICHUSAX OKpYXarollero mupa. 2. Pexyppenmmbie
COOMHOULeHUsL

PexyppeHTHBIMH Ha3bIBAIOTCSI COOTHOIICHUSI, B KOTOPBIX OYEPEIHON UICH MOCIEI0BATEIIBHOCTH
BBIPAXXEH Uepe3 OJIMH WM HECKOJIBKO MPEAbITyIInX (0T JaTUHCKOrO "recurrere” — Bo3BpamaThes').

[Tpumep: bopmMybl 1j1s1 HAXOXKACHUS N-TO SJIEMEHTa

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

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

3,a=ai, *2-1 5,9,17,33,65,129, 257,513

[TocnenoBarensnocTn uncen d®udonauun F(n) = 1, 1, 2, 3, 5, 8, 13,... saBaseTcs peKyppeHTHOU
II0CJIEI0BATENBHOCTD, /111 KOTOPOM BBIMOIHSIOTCS YCIOBHS:

F1:F2:1;

Fn=Fn-1+Fn-2

Kaxknp1ii uyieH TakoW MOCJIeI0BAaTEIbHOCTH, KPOME MEPBBIX JABYX, 3aBUCUT OT 3HAUEHUS JBYX
MPEBIIYIINUX YICHOB MOCIIE0BATEIbHOCTH.

3.Okonoeuueckas 3aoaua

B pesynbprate cOpoca MPOMBINIICHHBIX CTOKOB BO3POC YPOBEHb 3arps3HEHHsS peku. Kakum oH
OyJIeT yepe3 CyTKH, JBO€ U T.J. U KOTJa YPOBEHb 3arpsS3HEHUS CTaHET AOIMYyCTUMBIM, €CIH U3BECTHO, YTO
3a CyTKH OH YMEHBIIAETCS B ONPEEICHHOE KOJUYECTBO pa3?

O603naunm: CO — HavaabHasi KOHLIEHTPALMsI BPEJHON IPUMECH.

Cron — npeaenbHO JOMyCTUMAst KOHIICHTPAIHs BPEIHON MTPUMECH.

K — xo3}dummeHtT cyTo4HOro yMeHbIIEHUS KOHIICHTPAI[MH BPEIHOTO BEIIECTBA.

Tabmuia 6. MicxonHble TaHHBIE K 9KOJIOTHYECKOH 3a1aue



BemectBo CO (mr/n Cnom (Mmr/i) K

Cunen 5 0.03 1.12
MEITIBSIK 1.5 0.05 1.05
®dTop 0.2 0.05 1.01

Matematuyeckasi GopMyJIHpPOBKa 3a7a4u:

Cl1=C0/K

C2=Cl1/K=C0/K2

C3=C2/K=C1/K3

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

Cn=C0/Kn WIn

Cn=Cn-1/K

AHanu3upyeM MoClIeaHI0 GOpMyYIy — COCTOSIHUE 3arpsS3HEHUS PEKH B TEKYIIHH JEHb 3aBUCUT OT
COCTOSTHUS 3aTPS3HCHUS B MPEABLIYIIHH JICHB, T.€. IMEEM PEKyPPEHTHOE COOTHOIIICHHE.

IIpumep nporpamMMel ¢ peKyppeHTHBIMH MOCJ1€10BaTeIbHOCTSIMU

PazpaGoraem mporpammy nmsi pacuéra coaep)kaHus B peke cBuHIA. OO003HAYMM TPENeThHO
JOIYCTHUMOE 3HAYCHHE KOHIICHTPAIIUU BpeaHON npuMecu cdop, HauanbHOE 3HA4YeHUE KOHIeHTparmu c0 ,
KOX(P(UIIMEHT YMEHBIICHUS 3arpsi3HeHus B CyTKH k, 1 — uumcio cytok. s co3maHus anroputma
MIPEICTaBUM PEKyppeHTHYIO (hopmyiy B Buje: c=cpred / k.

main()

{

float c0, cdop, k, ¢, cpred; int

i

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

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

{

c=cpred/k;

if (c<=cdop) break;

cpred=c; } cout<<i; }

PesynbTar paboThl IPOrpaMMBI:

46

3aganue

Ha oyenxy «Yooeremsopumenvroy

Pa3zpaboraem nmporpammy Jutsl pacuéra Coep:KaHus B PEKE MBITIBSIKA.

Ha oyenky «Xopowoy

Pa3pabortaem nporpammy uig pacuéra cofepxaHus B peke (ropa.

Ha oyenxy «Omauunor

Pa3zpaboraem mporpammy Juis pacuéra coiepaHHs B pEKe YCIOBHOTO BEIECTBa, MOKa3aTeiau
KOTOPOTO BBOJISATCS TIOJTb30BATEIICM.

KoHTpoJibHBIE BOPOCHI
1. Kakue cooTHOIIEHUSI HA3bIBAIOTCS PEKYPPEHTHBIMH?
2. IMpuBenure nepBbix 10 yncen @uOOHAUYH, UCTIONB3YS PEKYPPEHTHYIO (HOPMYITY.
IMpakTnueckoe 3ansiTueNel7.
Hrepanuonnbie HukIbl. [IoucKk KOpPHell HeTHHEITHOT0 YPABHEHHUSI METOA0M JIeJIeHU s
MomnoJam.



Heab: [TonmydyeHne HaBBIKOB B paboTe C MUKIUYECKHUMH ajaroputMamu. Peanuzaius Ha UX OCHOBE
MaTeMaTUYECKUX PacuyeTOB.

Tembl /151 IpeABApUTEIBLHON NPopadoTku Apudmernueckue

oneparopsl C++.

@DyHKIIUN CTAaHIAPTHOTO BBOJA U BBIBOJIA.

Omneparop BeTBICHUS.

Teoperudecknii MmaTepuaJ

1. OcHosmble nousmust OJisl YUKI08

Huxa - 370 anroputMuveckass KOHCTPYKIIHS, B KOTOPOH B 3aBUCUMOCTH OT YCJIOBHUS MIOBTOPSETCS
onpeenéHHas MoCiIeI0BaTeIbHOCTD IEUCTBUM. [l OpraHu3anuy MUKIOB MOKHO IIPUMEHSTh YCIIOBUS,
T.K. UUKIMYECKUM allfOPUTM SBISIETCS YacTHBIM ciy4yaeMm pasBeTmisitomierocs. Teqo nmmkaa - 3To
MOBTOPSIOMIASICS TOCIIEIOBATENLHOCTD NEHCTBHM (OJIOK MHCTPYKITUH).

[ukn, uis KOTOPOTO HENb3sl yKa3aTh YHUCIIO TMOBTOPEHHM, M MpPOBEpKa OKOHYAHUS KOTOPOTO
MPOUCXOAUT MO JOCTHXKEHUIO HYKHOTO YCIIOBHUS, Ha3bIBae€TCS MTePAllMOHHBIM. L[k BBIMOTHSAETCS 110
TEeX MOp, OKa BBIPAXKEHUE OTIIMYHO OT HYJIA, T.€. 3aKIIOUEHHOE B HEM YCJIOBHE IIMKJIa UCTUHHO. Brixon u3
LIUKJIa MPOMCXOIUT TOCJIE TOr0, KaK 3HAYEHHWE BBIPAKEHUS CTAHET JIO)KHBIM, MHBIMHM CIIOBAaMHM PaBHBIM
HYJTIO.

2. Huxn ¢ npedycnosuem

B nukie ¢ npenycioBreM, Ha3bIBA€MOM €II€ IIUKIJIOM “TIOKa”, CHayajia MpOBEPSIETCS YCIOBHE, a
3aTeM BBITIOJTHSIOTCS ICHCTBUS.

[{uky ¢ mpeaycinoBreM MOKET HE BBIIIOJIHUTHCS HU pa3y.

®dopmat oneparopa IUKJa C MPeayCIOBUEM:

while (BbIpakeHue) omeparop;

3. Luxn ¢ nocmycnosuem

B ke ¢ mocTyciaoBueM cHauaia BBIIOJIHSETCS AEMCTBHE, a JIMILIb IIOTOM IPOBEPSIETCS YCIOBHE.

Hukn “mo” ¢GyHKIMOHMPYET CIEAYIOIMM OoO0pa3oM: 10 TeX IOop, MOKa YCIOBHE HE BBIIOJHHUTC,

BBITIOJHSETCS TEJIO KA. XapaKTePHO, UTO TEJIO IUKJIA B [IUKJIE 0" BBIMOIHIETCS XOTs Obl OJIUH pas.
®opmat oneparopa LUKJa ¢ OCTYCIOBUEM:

do omeparop while (BbIpakeHmue);

[uxn ¢ npeayciouemM. @opmaT oniepaTopa LUKIA € MPETYCIOBUEM:

while (BbIpaxkeHHe) ormeparop;

[Ty IOBTOPSIET CBOE BBIIIOJIHEHUE, I0KA 3HAYEHHUE BBIPAKEHUS OTIUYHO OT HYyJIs, T.€.
3aKJIFOYEHHOE B HEM YCJIOBUE IIMKJIA HCTUHHO.

3.4. Pewenue HeluHelHO20 YPAGHEHUS MeMOOOM OeleHUs NONOAAM

[Tycte TpeOyeTcst pemnTh HenuHelHoe ypaBHeHue Buaa f(x)=0 na 3amanHOM oTpeske [a; b] ¢
HE00X0IMMOM TOYHOCTBIO £>0.

Pemuth ypaBHEHHE — 3TO HaWTH ero KopeHb (kopHu). KopHem Ha3bIBaeTcs Takoe 3HaYeHHE X*,
Mo/ICTaBUB KoTopoe B f(X) mosrygaercs Houb, T.€. T (x*)=0

y & I'pajpuyecku kopeHb — 3TO  TOYKa
nepecedenus rpapuka ¢pyHkuuun y=f (X) ¢ OCbio

OX.
VY3HaeM, ecTb JM Ha oTpe3ke [a,b]

: — pemenne.  Jlng  3TOro  HajmO  MPOBECTH
x* % Y uccienoBaHue, kak BeneTr ce0s ¢yHkuus f(x) Ha
| el - KOHI[axX oTpe3Ka [a; b].
‘. ! ' EN) - -

. | 0 :
X __ /xz ;




Pucynok 1 — KopHu HETMHEHHOTO ypaBHEHUS

-HCT pCIICHUSA -HCT pCIICHUSA -CCTh PCIICHHUC
y A y A y A
— — —~—

1
|
i *
1
1

: x" ~ a b | x -
a b x x*\\;c a b x
f(@)>0 f(a)<0 1(§ve 0
f(5)>0 f(b)<0 PO

PucyHok 2 — VicchepnoBaHue OTpe3Ka Ha Ha/invymne KopHeun

Ecnu HenpepbiBHAass MOHOTOHHAs ¢pyHKIuUs f (X) MMeeT pa3Hble 3HaKM Ha KOHIIAX oTpeska [a, b], To

OHA MMEET eIMHCTBEHHBI KOPEHb Ha JAHHOM OTpE3Ke.
f ( Cl) X f ( b) <0 VYcnoBue CymecTBOBaHMs €IMHCTBEHHOTO KOPHS Ha [a; b].
21.]'[5[ peicHuA HEJIMHEHHOTO YpaBHCHHA MOKHO HCIIOJIbB30BaTh

METOA ACJIICHHUA I10110JIaM, OTHOCSIHII/II;'ICSI K JTUCHUIIIINHEC «YucnenHnie MCTOABD).

AHFOpI/ITM METOAa ACJICHUA II0IIOJIaM

1. Haiitu cepenuny otpeska [a,b]:
Beoa: a, b, eps c=(atb)/2:
v 2. Ecm f(c)*f(a)<0, caBuHyTh mpaByro
k=0 rpaHuIly UHTepBaia b = c;
‘f 3. Ecm f(c)*f(a)> 0, caBuHYTH JEBYIO
k=k+1 IpaHUIly HHTEpBaJa a = C;
7 4. [ToBTOpsiTh m1aru 1-3, moka He OyzaeT | b
-a|<é&
c=(a+h) | 2 |
Jlo HcrimHa
a=c b=c

Hctnua

BbiBoa: ¢, k




Pucynok 3 - biok-cxeMa MeTo/1a IeJIeHHs TOT0JIaM

IIpumep mporpamMmel AJisl pellieHUs] HEJIMHEHHOT0 YPaBHEHHUsI METO/I0M JIeJIeHHs MOoMoJiaM
@®parmMeHT nNporpaMMHOTO KoJia JJis HelMMHEeHHOTo ypaBHeHus f (X)=cos(X)+sin(x).

main()

{ float a, b, c, fa, fb, fc, eps;

cout<<’BmeauTe rpaHuIlbl oTpe3Ka ~’;

cin>>a>>b; cout<<’BBenuTe TOYHOCTH

pacueToB ”’; cin>>eps; do

{
c = (atb)/2; //CepennHa oTpe3ka
fa = cos(a)+sin(b); //3naueHust GyHKIIMH B KOHTPOJIBHBIX TOYKAX

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

if (fa*fc<0) b=c; //YcnoBue BbIOOpa KOpHS
else a=c;
}
while ( fabs(b-a)>eps); //Y cnoBue mpojoiikeHust pacueToB cout<<’KopeHn
ypaBHeHUs = <<c<<endl;
h
3ananue

Ha oyenxy «Yoosenemeopumenvrno»

Hanucate mnporpaMmy, BBIYHMCISIOLIYI0 KOPEHb HEJIMHEHHOIO YpPaBHEHUS METOIOM JEJIEHUS
IOTI0JIaM Ha 3aJJaHHOM OTPE3KE C YKa3aHHON TOYHOCTBIO BBIUHUCIICHMS.

Ha oyenky «Xopowoy

JIOTIOJIHUTENIBHO ~ ONpPEAETUTh KOJIMYECTBO COBEPILIEHHBIX JeneHuil. CraemaTe BBIBOJ, Kak
KOJIMYECTBO JIEJIEHUI 3aBUCUT OT TOUHOCTU PACUETOB.

Ha oyenky «Omauyuno»

Bce pacuCThL OTO6pa3I/ITL B BHIC Ta6J'II/II_U>I, B KOTOpOﬁ B IIOMIAroBOM pexumMe NpCACTABUTH
IMPOMEKYTOYHBIC U KOHCUHBIC BBIYMCIICHUI.

KOHTPOJ’ILHLIC BOIIPOCHI

1. Kakwue 1ukiibl Ha3bIBatOTCS UTEPALIMOHHBIMU ?

2. Uem 0TaM4aroTCs UTEpAllMOHHBIEC LUKIIBI C TIPEYCIOBUEM U MOCTYCIOBHEM?

3. ChopmynupyiiTe aroput™ padOoThl UTEPAIIMOHHOTO IIUKIIA.

4. UYrto Ha3bIBaeTCSI KOPHEM HEJIMHEWHOIO YpaBHEHUS?

5. OnuimTe anropuT™M MeETOJa JIeJCHUS T[OIoJiaM JUIsl  BBIYMCIICHHUS KOPHS

HEJIUHEHHOTO YpaBHCHHUAL.

IIpakTnueckoe 3ansaTueNel8.



BblunciieHue psiioB ¢ 32/1aHHOI CTeNeHbI0 TOYHOCTH.

Heasn: [TonydyeHrne HABBIKOB B pa0d0OTe C MIUKINISCKUMU AITOPUTMAMH.

Tembl 1151 IpeaBaApUTEIbHONH MPOPAdOTKH AprdMETHIECKHEC

onepatopbl C++.

@OYHKIMH CTaHAAPTHOTO BBOJIA U BHIBOJA.

OrniepaTop BETBIJICHHUS.

Teoperudyeckunii MmaTepuaJ

1. OcHosmnble nousimuisi OJisi YUKI08

Uk - 370 anropuTMUYecKas KOHCTPYKIUS, B KOTOPOU B 3aBUCMMOCTH OT YCIIOBHUSI IOBTOPSETCA
onpeaenéHHas MociaeI0BaTeIbHOCTh NeHCTBUH. [[1s opraHu3anny UKIOB MOKHO PUMEHSTh YCIIOBHS,
T.K. UUKIUYECKHH alrOpuUTM SBISIETCS YacTHBIM Cly4yaeM pas3BeTBisitonierocs. Teqo umukiaa - 3To
MTOBTOPSIOIIASICS TTOCJIEIOBATEILHOCTD IEUCTBHH (OJTOK MHCTPYKITHIA).

[ukn, ams KOTOPOTO HENb3s YyKa3aTh YHMCIO IMOBTOPEHHM, W MPOBEPKA OKOHYAHHS KOTOPOTO
MPOUCXOJNUT MO JTOCTHXKEHHIO HY>KHOTO YCIIOBHUS, Ha3bIBAE€TCs MTEPAlMOHHBIM. [{UKi BhIONHSAETCS 10
TeX MOp, MOKa BhIpAKEHHUE OTIIMYHO OT HYJIA, T.€. 3aKII0UEHHOE B HEM YCJIOBHE ITUKJIa HCTUHHO. Brixon u3
[IMKJIa TIPOMCXOAMT IOCJE TOTO, KaK 3HAUYCHHUE BBIPAKCHHUS CTAHET JIOXKHBIM, WHBIMH CJIOBAMH pPaBHBIM
HYJIIO.

2. Luxn ¢ npedycrosuem

B nukine ¢ npenycinoBueM, Ha3bIBAEMOM €IlI€ LIUKJIOM “‘TIOKa”, CHayajga MpOBEPSETCA yCIOBHUE, a
3aTeM BBITIOJHSIOTCS IEUCTBUS.

[{uKI1 ¢ mpeayCI0BUEM MOXKET HE BBIIOJTHUTHCS HU Pasy.

®dopmar oneparopa IUKJIa C IPeyCIOBUEM:

while (BbIpa:kenue) omepartop;

3.3. Lukn ¢ nocmycnoguem

B nukie ¢ noctycinoBuem, Ha3pIBAEMOM IHKIOM “A0”°, HA00OPOT: CHavasa BBIMOIHIETCS EHCTBHE,
a JINIIb TIOTOM MPOBEPSETCS YCIOBHE.

Huxn “n0” GyHKIHMOHUPYET CIASAYIOIIMM 00pa3oM: 0 TEX IOp, MOKa YCIOBHUE HE BBITOJTHHUTCS,
BBITIOJIHAETCS TEJI0 HUKJIa. XapaKTepPHO, YTO TEJIO0 HUKJIA B LIUKJIE 0" BBINOIHIETCS XOTs Obl OJIUH pa3.

®dopmar oneparopa IUKIa ¢ TOCTYCIOBUEM:

do omepartop while (BbIpakeHnue);

[{uKJ1 BBITIOJIHSIETCS A0 TEX MOP, MOKa BhIPAKEHUE

IIpumep nporpaMMbl BbIYUCIEHUS PSAOB € 32/IaHHOI TOYHOCTHIO

Beruucnuth cymmy rapmonudeckoro psaa: 1+ 1/2+1/3+ ¢ 3agaHHON TOYHOCTBIO pacyeToB €.

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

main()

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

cout«"BBenure  TOYHOCTB:

", cin>>eps;

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

{

S+=1./n;

nt++;

}

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

@aiin limits.h, moakIIOYaeMBblil IPENPOIIECCOPOM, COACPIKUT OTPEACTICHUS TPEACTHHBIX KOHCTAHT
JUISL LEJIBIX TUIIOB JIaHHBIX. B 4acTHOCTH, KOHCTaHTa C UMEHEM int max paBHa MaKCHUMaJbHOMY 3HAUEHUIO
THMA int B JaHHOM peanu3aluu Komnwistopa. Ecnm mns Tuma int Mcmoib3yeTcs ABYXOaWTOBOE



npenctasienue, 1o INT MAX=32767. B stom xe 3aromoBouyHoM (paiine ompeneneHsl U Apyrue
koHcTaHThL: INT MIN=-327 68; LONG MAX=2147483647 u 1.1.

3ananue

Ha oyenxy «Yooeremsopumenvroy

Hanucars nporpamMmy, BBIYUCIISIONLYIO BCE YJIEHBI YUCIOBOIO Psijia, 3HAUCHHE

KOTOpBIX npesbimmaer 10-5.

Ha oyenky «Xopowoy

JlaHBl YMCIOBOM PSiJ M HEKOTOPOE YMCIO € Halth cymMy TeX WJIE€HOB psla, MOAYJIb KOTOPBIX
OoJbIle WK paBeH 3aAaHHoMy €. OOIIHIA YieH psaa UMeeT BU:

a,=10"/n!

Ha oyenxy «Omauuno»

HaiiTi HanMeHbLINI HOMEp WieHa N0Ce0BaTeNbHOCTH, a,=10"/n!

JUTSE KOTOPOTO BBITIONHSIETCS YCIIOBHUE: |an — an-1| < €. BriBecTn Ha

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

KoHTpoJibHBIE BOPOCHI
1. Kakue uuKIbl Ha3bIBAIOTCSI UTEPALIMOHHBIMU?
2. UeM OTIIMYAIOTCS MTEPAIMOHHBIC ITUKIIBI ¢ TPEIYyCIOBHEM U TIOCTYCIOBHEM?
3. ChopmynupyiTe anropuT™ pabOThl UTEPAIIMOHHOTO IIUKJIA.

IIpakTHyeckoe 3ansaTueNe19.
IIporpamma cocraBjeHus1 TA0AMIbI (PYHKIMH HA 32JaHHOM HHTEpPBaJIe.

Heanb: [TonydyeHne HaBBIKOB B pab0OTE C MUKINYECKUMH aJITOPUTMAMHU

Tembl 1J1s1 IpeABApUTEIBLHON NPopadoTku Apudmernueckue

onepatopsl C++.

@DyHKIUHU CTaHIapPTHOTO BBOJA U BBIBOJA.

Oneparop BeTBieHMs. TeopeTnueckuii MaTepuas

1. Lukn ¢ napamempom

®dopmat oneparopa IUKJa C IapaMeTPOM:

for (BbIpa:xxkenme 1; BbIpaxkeHue 2; BbIpa:keHHe 3) omepartop;

[ukn ¢ mapaMeTpoM HUCHOJB3YETCsl B Iporpammax, KOrja M3BECTHO KOJIMYECTBO COBEPIIAEMBIX
noBTOpeHM. BripaxkeHne 1 BBIMOJIHSAETCS TOJBKO OJIWH pa3 B Hayane 1ukia. OOBIYHO OHO ONpeAemseT
HayaJbHOE 3HAYEHUE MapamMeTpa LUKIa (MHULMAIM3UPYET MapaMerp IHKia). Beipaxkenue 2 — 3T0
yCIOBME BBINOJIHEHUS LUKIA. BbIpaxeHue 3 0ObIYHO ompeAenseT H3MEHEHUE Iapamerpa IHKIIA.
Oneparop — TelO LHMKIA, KOTOPOE MOXET OBbITh NMPOCTHIM WM COCTaBHbIM. B mocinennem ciyuae
UCTIONIB3YIOTCS (PUTypHBIE CKOOKH.

[Tocne BbIUMCIIEHUS BBIPAXKEHHUS 3 TPOMCXOAUT BO3BPAT K BBIYMCICHHUIO BBIPAXKEHUS 2 —
NPOBEPKE yCIOBUS NOBTOPEHUSI LIUKJIA.

Vcnonb3ys onepanuio «3amsiTas», MOXXKHO B BblpakeHHE | BHECTM WHMLMAIM3ALUIO0 3HAUYEHUM
Cpa3y HECKOJIbKUX MEPEMEHHBIX.

Hexoropeix 31eMeHTOB B omepatope for MoXeT He ObIThb, OJHAKO Ppa3eNsIoNIMe MX TOYKH C
3ansaTol 005A3aTeNbHO JOKHBI IPUCYTCTBOBATH.

IIpumep nporpammsel Ta0yJIMpoBaHus (PYHKIHH

CocraBuTh Tabnuily 3Ha4YeHU (QYHKIHMK y=|X| B quama3oHe W3MEHEHHUs apryMeHTa oT -4 10 4 ¢

mrarom 0.5.



#define LB -4 //HVDKHSAS TpaHMLA AMana30Ha U3MEHEHUs apryMeHTa

#define HB 4 //BepXHsisl TpaHULIA 1MaNla30Ha U3MEHEHUS apryMeHTa
#define DX 0.5 //mipupalieHre apryMeHTa

main()

{ float x, y; //apryMeHT ¥ 3Ha4eHue PYHKLIUU

int n; //x0n-BO TOUEK

int 1; //CYETUNK IIUKIIOB

cout<<"\nTabnuua 3HaueHnit pynkuuu y=|x| \n";
n=(HB-LB)/DX+ 1;x=LB;
for 1=1;1<=n;1t++)

{ y = fabs(x);
cout<< x<<
Y;

x +=DX;

}

}

3aganue

Ha oyenxy «Yoosnemsopumenvro»

Hanummre nporpamMMmy, COCTaBJSIOILYIO0 TaOJMuIly 3HAa4eHUH QYHKUUMU Yy=sin(X)-cos(X) B
JMana3oHe U3MEHEHUS aprymenTa oT -4 110 4 ¢ marom 0.5.

Ha oyenky «Xopowoy

Hamumuire nmporpammy, cOCTaBISONIYI0 TabauIly 3HadyeHud QyHKIuM y=sin(x)-cos(x). duanazon
M3MEHEHUs apTyMEeHTa, a TaK K€ I1ar ero U3MEHEHHsI BBOJIUTCS T0JIb30BaTEIIEM.

Ha oyenxy «Omnuunor

B noctpoenHoii Tabnuiie 3HaueHUN PYHKIMU ONPEEIUTh TOYKUA SKCTPEMyMa.

KoHnTpoJibHBIE BOIPOCHI
1. Korna B mporpammax UCIOJIb3YETCs LUK ¢ TapaMeTpom?
2. YKaxuTe nmpaBuiia CHHTaKcuca KOMaHbI for.

IIpakTHyeckoe 3ansaTueNe20.
IIporpaMmmMupoBanue HUKINYECKUX AJTOPUTMOB NPH pellleHUH NPUKJIAAHBIX 3a/1a4.

Heasn: [TonydyeHrne HaBBIKOB paOOTHI ¢ PA3IUYHBIMUA BUJAMH [IUKINYECKUX alTOPUTMOB.

Tembl 1151 IpeaBaApUTEIbHON MPOPAdOTKH AprdMeTHIECKHE

onepatopbl C++.

DyHKIIUY CTAaHJAPTHOTO BBOJA M BHIBO/IA.

OrniepaTop BETBIJICHHUS.

Teopernuecknii maTepuas /.

Tonamue yukna

[Toa nuKIOM MOHMUMAETCS MOCIEA0BATENBHOCTh JEUCTBUM, KOTOPBIE MOTYT NOBTOPATHCS HYKHOE
KOJIMYECTBO pa3. JIelCTBUA, KOTOpHIE TOBTOPSIOTCS B IIMKJIC, HA3BIBAKOTCS TEJIOM IMKJIA (KOMaHIbI Cin U
u3MeHeHue sum). [IpuMeHeHre IUKIOB COKpallaeT JIMHY MPOrpaMMbl, OJHAKO HE COKpAIAIOT BpeMs
BBIMIOJIHEHUST TporpaMmbl. CunTaercs, 4YTO LMKJIBI — 3TO CaMble MPOJOJDKUTENbHBIE 1O BpPEMEHHU
dbparmenTsl porpammbl. CyIecTBYeT HECKOJIBKO Pa3HOBUIHOCTEH LIMKIIOB, BCE MX MOXKHO Pa3leiluTh Ha
JIBE TPYIIIIBI:

- IUKJIBI ¢ ycnoBueMm (while,

do).



- uukn ¢ mapamerpom (for);
2. Luxn ¢ npedycrosuem
while (ycsioBue nukiia)

{

Teso HuKIa

Caenyomee aeicTeue;

qI/ITaeTCSIZ <<H01<a YCJ'IOBI/IG UKJIa UICTHUHHO, BBIIIOJIHATH KOMAaHABI TEJIa ITUKJIIAa».
Paboraer Tax:

1. CHauana BbIYHCISAETCS YCIOBHE IUKJIA.
2. Ecnu oHo uctunHO (He paBHO 0), TO BHINOJIHAETCS TEJIO LIUKJIA U epexoa K 1.
3. Ecnu oHo noxHO (paBHO (), TO TENO LUKJIA HE BBINOJIHIAETCS M OCYIIECTBIISAETCS

BBIXOJ1 U3 LIMKJIA Ha cieaytolee neictaue. [IpaBuna

1. BripaxkeHue 1uKIa OMKHO COJEp)KaTh HEKOTOPYIO BEIWYHHY — MEPEMEHHYIO IUKIa —
3Ha4YeHHE KOTOPOI BBIYUCIIAETCS B BBIPAKEHHH.

2. Tesno nuKIa J0JIAKHO COEPKaTh KOMaHAy, U3MEHSIOLIEH 3HaUeHUE IEPEMEHHOM 1IUKJIa TaK,
4TOOBI BBIpAKEHHE ITMKJIA KOT/a-HUOYIbh CTano JIOKHbIM. Eciu Takoil koMaHIbsl He OyleT, BhIpaKEHUE
[UKJIa BCerja OyJeT UCTUHHBIM U BOSHUKHET 3al[MKIMBaHHE MPOTrpaMMbl - 0ECKOHEYHOE TOBTOPEHHE Teja
UKJIA.

3. Jli1s mepeMeHHOM 1UKIIA JOJIKHBI BBIMIOJHUTHCS TPU JEHCTBUS:

- MHUIMAIN3alKs IEPEMEHHON LIMKJIA — IPUCBAaMBaHUE [IEPEMEHHON HauaabHOIO 3HAUYEHUS —
BBITIOJIHSIETCS] OJIMH pa3 0 Hayasa BIIOJHEHUS Teja [UKJIa;

- MpOBEpKa HUCTUHHOCTH BBIPAXKEHUS, B KOTOPOM YYacTBYeT II€pEeMEHHas UUKIa —
BBITIOJTHSETCS Mepe/l KaKIbIM BO3MOXKHBIM BBITIOJIHEHUEM Tella KA,

- KOppeKLs EPEMEHHON LUKIIAa — U3MEHEHHE 3HAUYEHUs IEPEMEHHON — BBINOJIHSETCS B TEJe
LUKJIA.

OtcyTtcTBUE XOTS OBl OJJTHOTO U3 3TUX JEHCTBUM MOXKET MPUBECTH K 3ALMKIMBAHHUIO IPOTPaMMBbI.

4. Iukn while siBsieTcs LIUKIIOM C MPEIYCIOBHEM, T.K. YCIOBUE MPOBEPSETCS Mepe]] BBINOIHEHUEM
TeNa IUKJIA. 3HAYHT, TEJO IMKJIa MOXKET HU pa3y HE BBIIOJIHUTHLCS, €CIIM YCIOBHE IMKJIAa Cpa3y CTaHET
JIO’KHBIM.

3. Apugpmemuueckuii yuxin

®dopmat oneparopa IUKIa C IapaMeTpOM:

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

[Mukn ¢ mapaMeTpoM HUCHOJB3YETCSl B Iporpammax, KOrja M3BECTHO KOJIMYECTBO COBEPIIAEMBIX
NOBTOpeHMIA. BripakeHne 1 BBIMONHSAETCS TOJIBKO OAMH pa3 B Hadajie Iukia. OOBIYHO OHO OMpesernseT
HavaJbHOE 3HAYCHHE MapaMeTpa Iukia (MHUIMATU3UPYeT MapaMeTp IMKia). Beipakenue 2 — 3T0
yCIIOBUE BBINIOJHEHUS] LUKJIA. BbIpakeHue 3 0O0BIYHO ompenenseT H3MEHeHHe mapaMerpa IUKIa.
Omnepatop — TeNO NHMKIA, KOTOPOE MOXET OBITh MPOCTHIM WM COCTAaBHBIM. B mociemHeMm ciydae
UCTIOJIB3YIOTCS (PUTypHBIE CKOOKH.

[locne BbIUMCIEHUSI BBIpAXKEHUS 3 TMPOUCXOJUT BO3BPAT K BBIYHMCICHUIO BBIPAXKEHUA 2 —
MPOBEPKE YCIOBHS OBTOPEHUS IIUKJIA.

Hcnonb3yst omepanuio «3amstas», MOXHO B BblpakeHHE | BHECTH HHHUIMAIU3ALUI0 3HAYEHUI
Cpa3y HECKOJIbKUX NTEPEMEHHBIX.

Hexotopeix snemMeHTOB B omepatope for MokeT He ObITh, OJHAKO Pa3eNsIONIMe MX TOYKH C
3arsToi 0053aTeNbHO JOKHBI PUCYTCTBOBATH.

IIpumep nporpaMmsl ¢ pa3jMYHBIMU HUKJIAMH

[MpumepNel. Beigate cambrii BeicOkHii Kype $ 3a 12 mecsieB roga v ykasath HOMEp Mecsia, B
KOTOpPOM OBLI MOTy4eH 3TOT Kypc. HamucaTs mporpaMMHbIi KO ¢ TPUMEHEHUEM UTEPALMOHHOIO IIUKJIA.

main()



{ float kurs, max;

int 1, nom; cout<< "Bpemure

Kypc 1 mecsia";

cin>> kurs;

max=kurs; nom=1;

1=2;

while (i<=12)

{

cout<< "Benure kypc"<< i<<" mecsma";
cin>> kurs; if ( kurs>max)

{ max=ku

rS; NOm=i;

j it

h

cout<< "cambIii BEICOKHIT Kypc $="<< max;
cout<<’ObUI MOJy4eH B MecsIe ~“<<nom,;
} Ilpumep Ne2. Pemuth 3amauy mpumepa Nel ¢ mpuMeHeHHEM apU(pMETHYECKOTO
IUKJIA.

main()

{

float kurs, max; int 1, nom;
cout<<  "Bpemure kypc 1
Mecsma";

cin>> kurs;

max=kurs;

nom=1;

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

{ cout<< "BBenure Kypc"<< i<<"
Mecsma"; cin>> kurs; if ( kurs>max)

{ max=Kkurs;

nom=i;

H

}

cout<< '"camplii BbICOKMI Kypc $="<< max;
cout<<’ObLI MOJy4eH B MecsIe ~“<<nom,;

}

3ananue

NwmeroTes 3aprutatel pabOTHHKA 10 MECSIaM rojia — ciyd4aiHele uucia B nuanasone ot 5000 mo
20000. BeiBecTH UCXOAHbIE JaHHbBIE HA KPaH U BBIMOJIHUTH JUIS HUX OyXTaJITepCKUE PacUEeThl.

Ha oyenxy «Yooeremsopumenvroy

1. Beraucnuts oOIIyr0 CyMMY BBITIIAT 32 TO/I.

2. OnpenenuTh CPEIHION 3apIuiaTy pabOTHHUKA.

3. BriBecTH caMyI0 BBICOKYIO M HU3KYIO 3apIliaTy, U B KAKUX MECSIAaX OH €€ MOTyUHII.

Ha oyenxy «Xopouioy

1. Paccunrath exxeMecsiuHble TICHCHOHHBIE OTYHCIICHHUS, Kak 2% OT 3apIuiaThl COTPYIHUKA.

2. BBIUCIuTh 00IIYI0 CyMMY BBITUIAT 32 TOJ] B IEHCHOHHBIX (DOHI.

Ha oyenxy «Omauunoy



1. BeiBecTn HOMepa MecslieB, KOrja €ro 3apjara Obljla HMXKE HPOXKUTOYHOIO MHUHHMYyMa
(BBOAMTCS TIOJIb30BATEIIEM).
2. Beraucnute cymmy Hanora 3a roji. OT4uclieHHe HAauMHAIOTCA C TOTO Mecsla, Korjaa oomas
cymMa 1o 3aprutate cranet 6osee 20 000 u cocrasisier 13%.
KonTpoJbHbIe BOpOCHI
1. Korma B mporpaMmax MCHOJIB3Y€TCsSl LUK C IapaMeTpom?
2. Korga B mporpamMMax HCIOIB3YETCs IIUKII C YCIOBUEM?

IIpakTHyeckoe 3ansaTueNe21.
IIporpaMmmupoBaHue aJIrOPUTMOB €O CTPYKTYPOI BJIOKEHHBIX HIMKJIOB.

Heasn: IlomyyeHue HaBBIKOB B paboTe ¢ apu(PMETHUYECKUMHU BBIPAKEHUSAMH, LUKIMYECKUMHU
MHCTPYKLUSMHU.

Tembl 119 peABapuTeIbHOI MpopadoTkn Apudmerndyeckue

oneparopsl C++.

@YHKIMM CTaHAAPTHOIO BBOJA U BBIBOJIA.

Oneparop BeTBieHMs. TeopeTnuecknii MaTepuas

1. Brooicennvie yukivl

[{ukipl 1MO3BOJSIOT HMOBTOPSITH BBIMIOJIHEHUE J1I00OT0 Habopa omeparopoB. B yacTHOCTH MOXKHO
HOBTOPSITH MHOT'O Pa3 BBIIIOJIHEHUE APYTOro HUKia. Takue [MUKIb Ha3bIBatOTCS BIOKEHHBIMHU.

[Tpumep 1. HaneuataTh 4ncia B BUIE CIEAYIOIEH TaOIUIIbI

33333

33333

33333

33333

Tabnuna cocToUT U3 YeThIpEX CTPOK, B KAKJIOW U3 KOTOPBIX YuCiIo 3 HamevyataHo 5 pa3. CTpoky u3
ISTH YMCET MOKHO HarleyaTaTh ¢ IIOMOUIBIO OAHOTO HuKia for:

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

cout<<3 “; cout<<endl;

YToObI 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;

}

Tunmynas ommOKa, KOTJa B KayecTBE CUETUYMKOB BIIOXKEHHBIX LUKJIOB (1 ¥ k B mpuBeICHHOM
IIPUMEpPE) UCIOJB3YETCS OJHA U Ta K€ NepeMeHHas. To ecTh Hellb3sl B KAKJOM U3 LIUKJIOB MCIIOJIb30BaTh
olHy mnepeMeHHyr0 1. IloMHuUTP 00 3TOM OCOOEHHO Ba)KHO, IIOCKOJBbKY JaHHas oOlMOKa He
oOHapyXUBaeTCs Ha dTarne KOMNUIAMK. Baiia nporpamma 3anmycTuTcsi, HO AefaTh OyAeT BOBCe HE TO, YTO
BBl OT Hee jaere. B mpuBeneHHOM mpumepe (ecnu JOMyCTUTh OIMMOKY, 3aMEHHUB NepeMeHHylo k Ha 1)
BHEIIHUHM LIMKJ BBIOJHUTCS Bcero 1 pa3 BMecTo 4-x. Bo3MokHa Takke CUTyalusi, KOTJia Takas OIInOKa
OpUBEAET K 3alMKIMBAHUIO: BHEIIHUN LUK OyJeT BBINIOJHATbCA OECKOHEUHO J0JIT0 — IMporpamma
3aBHCHET.

2. 3a0auu nepebopa

Nwmeetcs uenblii Kiacc 3a/1ay, pellieHUue KOTOPHIX CBOAMUTCSA K Iepedopy pa3iMyHbIX BapHUaHTOB,
CpeaH KOTOPBIX BEIOMPAETCS TaKOM, KOTOPHI YAOBIETBOPSET YCIOBHUIO 3a/1a4H.



Ipumep 2. llenoe uncno K siBugerca aenureneM N, ecau octaTok oT aeneHuss N Ha K paseH 0.
YtoOBI HAWTH BCE ACIUTENN TOCTATOYHO MepedpaTh Bce uncia oT 1 10 N u poBEpUTh, SBISIOTCS JTH OHU
JeNUTeNsIMH. JJaHHBIN arOpUTM MOXKHO PEau30BaTh C MOMOIIBIO TPOTPAMMBI:

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

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

Ha stom mpocreiimem mpuMepe sicHa o0iasi CTpyKTypa pelieHus 3a7ad Ha rmepedop BapHaHTOB.
Jns opranuzanuu nepedopa HCMOJb3YeTCsl LUKI, KaXblil IIar BHIMOJIHEHHUS KOTOPOTO COOTBETCTBYET
pPacCMOTPEHHIO OJIHOTO M3 BapHaHTOB. BHYTpW IMKIa CTOUT MpOBEpKa, MOAXOAUT JU JIaHHBIA BapHaHT
MO/ YCJIOBHE 3aJauH.

Takue 3aaun 0OBIYHO penIaeTcs ¢ MOMOIIBIO BIOXKEHHBIX ITUKJIOB, B KOTOPBIX B YCIOBUH IIMKJIA
HCITIOJIB3yETCs TIepeOrpaeMblil IpU3HAK.

[pumep 3. Ilyctp nByms uuciamu (H m V) 3agaHo monoxeHHWE KOHS Ha IIaXMaTHOM JIOCKeE.
Haiigure xoopauHATBI BCEX KIETOK, KyJa KOHb MOXKET MOWTH CIEAYIONUM XOAOoM (Apyrux ¢Guryp Ha
JIOCKE HET).

B nanHoMm mpumepe, BapHaHTaMU pEIICHUS SBIAIOTCS KOOPIWHATBHI KIIETOK, TO €CTh Ka)JbIi
BapHaHT 3TO HE OJIHO YHMCIO, a JBa. HeoOxonumo mpuaymMaTh crioco® BBIYMCIEHHUS BapHaHTa (B JAHHOM
ClIyyae HOMEPOB FOPU30HTAIU U BEPTUKAJIHN) 10 €r0 HOMEPY.

N3BecTHO, 4TO KOHB X0aAUT OYKBOI ', cMenIasch Ha ABE KJIETKH B OJIHOM HAlpaBJIICHUH U HA OJIHY
B ApyroMm. Ilyctes npoBepsiercs kietka ¢ koopauHaramu (X, Y). Toraa ycinoBue caBura no BEpTUKaIM Ha 2
OyJIeT BBITIIAETh Tak: abs(x-2).

B3stue Mmoaymnst He06X0AMMO, YTOOBI YYECTh BOBMOXXHOCTH CIBUTA KaK BIPABO, TaK U BIIEBO.
AHAJIOTUYHO YCJIOBHE CHIBUTAa HAa OJIHY KIETKY, HampuMmep, Mo BepTHKamu: abs(y-2).

[TonHOE yCIOBHE BO3MOXKHOCTH TTONTH Ha KJIETKY KOHEM OYJIET BHITJIAIETh KaK:

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

YroOsl mepedpaTh Bce KIETKH MIaXMATHOM TOCKH y100HO Ui iepedopa UCTIONb30BaTh BIOKEHHBIE
IUKJIBL. B 1aHHOM ciiyyae HOMepa BEpTUKAIM U TOPH3OHTAIM SBJISIOTCS LENbIM YHciIaMu OT 1 1o 8,
MO3TOMY AJis Nepedopa UX 3HaAYEHUI MOXKHO UCIIOJIB30BaTh CUETYUKH I[UKIIOB:

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

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

1, Y <=8; Y++)

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

cout<<X<<Y<<endl,

IIpumep nporpaMmsl ¢ BJIOKEHHBIMHU ITUKJIAMHA

Haiitu Bce coBeplilieHHbIE YMCIIa B 33/JaHHOM Juarna3oHe. COBEPIIEHHBIM CUYUTAETCS YUCIIO, PAaBHOE
CyMMe€ BCEX CBOUX AenuTenei. 3aaaTh auamna3oH ot 1 1o 10000.

main()

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

n=10000;

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

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

{sum=1;

for (=2; j<i; j++)

if (1%j==0)

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

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

}



cout<<"\nkol

sov="<<k; }

PesynbTar paboTsl IpOrpaMMmBsl:

Diapason 1- 10000

1

6

28

496 8128

kol

sov=>5

3aganue

Ha oyenxy «Yooeremsopumenvroy

Hamucate nporpamMmmy pasiioxeHue 9UciIO Ha IPOCThIE MHOKUTEIH.

Ha oyenky «Xopowoy

Hamnucare nporpammy nHaxoxnaenuss HOJI paznokeHreM Ha NMpOCTble MHOKHTEIH.

Ha oyenky «Omauuno»

CocTaBUTh MporpaMMmy-reHeparop mudaropoBeix Tpoek. IludaropoBoit Tpoiikol Ha3bIBAIOT TAKHE
Henple 4yucina a, b U ¢, KOTOpble YIOBIETBOPAIOT YCIOBHIO. Takue 4ucia MOTYT OBITh CTOPOHAMU
IPSIMOYTOJIBHOTO TpeyroibHuKa. Haiiiem takue uncna.

KonTposabHbie BOopochl

1. Kakume 3amaun Ha3bIBalOTCSA 3amayamMu rnepebopa? 2.

OOBsICHUTH, KaKk paboTaeT KOHCTPYKIIHS BIIOKEHHBIX ITUKIIOB.

IpakTnyeckoe 3ansaTueNe22,
Peanu3zanus 3a1a4 nepeBojia me/ibIX BeJIHYUH B Pa3JIMYHbIe CHCTEMbI CYNCIEHUS.

Heasb: [lonydyeHrne HaBBIKOB B pabOTE C CUCTEMaMH CUMCICHUS U UTEPALMOHHBIMU IIUKIAMH.

Tembl 1151 IpeABaApUTEIbHONH MPOPAdOTKH AprpMETHIECKHEC

oneparopsl C++.

OYHKIMU CTAaHJAPTHOTO BBOJA U BHIBO/IA.

Urepanmonnsie nukiibl. TeopeTudyeckuii MaTepuall

1. Cucmemwi cuucnenus

B mo3unmMoHHBIX cHCTEMax CUMCICHUS OJWH M TOT K€ YMCIOBOW 3HaK (LHdpa) B 3aMUCH YHCIIA
MMeEeT pa3jIuvHble 3HAUCHUS B 3aBUCUMOCTU OT TOr0 MecTa (pa3psiaa), re OH pacnoiioxkeH. K unciy Takux
CHUCTEM OTHOCHUTCSI COBPEMEHHas AECSATHUYHAs CUCTEMa CUMCIIEHUS, BOSHUKHOBEHHE KOTOPOW CBSI3aHO CO
CYE€TOM Ha MaJIbIaX.

[Tox MO3WIIMOHHON CHCTEMOW CUHUCIICHUsS OOBIYHO TIOHMMAeTCs b-puyHas cucTeMa CYHCIICHHUS,
KOTOpasi OmpeielsieTcss HeNbIM YucioM b>1, Ha3piBaeMbIM OCHOBAaHHMEM CHUCTeMBbI cumciieHus. Llemoe
yucino 0e3 3Haka X B b-pUYHON cHCTEME CUUCICHHUS NPEJCTAaBISCTCS B BHJE KOHEYHOW JIMHEHHOM
KOMOWHAIIUK CTETIeHeH uncia b:

n—1
B Bk ak — DJTO IeNble 4YHcla, Ha3blBaeMble LUPpPaMHU, yIOBICTBOPSIOIINE
X = oy
HEPaBEHCTBY 0 = @, = (}J — -]_}
k=0

Kaxmas crerledb b* B Takoi 3ammcu
Ha3bIBAETCSI BECOBBIM KO3 duimeHnToM paspsga. CTapImIMHCTBO pa3psioB U COOTBETCTBYIOIIMX UM (P
ompezensseTcss 3HaueHWeM mokaszarens k (Homepom paspsga). OObIYHO B 3allUCH HEHYJIEBBIX YHCET
HavyaJbHbIC HYJU OIyCKAOTCA.



B nroboi MO3ULIMOHHOM CUCTEME YHCIIO MOXKET OBITE MMPEACTABJICHO B BUJAC MHOT'OYJICHA.
HOKa)KeM, KakKk MMpEaACTaBIIAIOT B BUIC MHOI'O4JICHa JCCATHYHOC YHUCJIIO:

4567 = 4000+ 500 +60+7=4-10+5.102 +6-10' +7-10°

IIpumep nporpaMmsbl ¢ CHCTEMAMH CYMCJICHUSA
IlepeBecTr uncio u3 cucteMsl cuncieHus q B 10-Hyro cucteMmy curcieHus. main()

{ long int x, y, step;

inta, q;

cout<<"Bpenure cucremy cuucieHus->"; cin>>q; cout<<"Benure
qrcio B "<<q<<" cucreMme cuuciIeHMI->"; CIn>>X;

y=0; //Pe3ynbTat

step=0; //CTeneHb OCHOBaHUS

while(x!=0) //Tloka B ymcine ecTh HU(PHI

{a=x%10; /Mocnenuss mudpa

if (a>=q) //TIpoBepka MPaBUIBHOCTH BBOJIA

{

cout<<"Error";

exit(0);

}
y=y+a*pow (q, step); /Pe3ynpTaT — HakarmIMBaeMas cymma
x=x/10; //Y6path mocneaHIow udpy
step++; //TIOBBICHTH CTETICHh OCHOBAHUS

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

\MarpicHr M. Apor pammmpoeaHme -3koHOM\T rog\M=10 LiuknbiiNe3 MNpe o

Pucynok 4 — OkHO ¢ pe3ynbTataMu IpOrpaMMbl IIEPEBOJIA YUCET

3amanmue

Ha oyenxy «Yoosnemsopumenvro»

BBoautcs cucrema cuuciaeHUs q W YHMCIO X B ATOM cucrteMe cuucienus. llepeBectu uuciao x B
10Tnunyto cuctemy cumcieHus. Mcrnonap3oBaTh npu pa3paboTke MporpaMmbl BCTPOCHHBIN oTinamuuk. Ha
oyenky «Xopouioy

Beoautcs uucno x B 10 cucreme cuucnenus. BpiOpaTh HYXKHYIO CHCTEMY CUHUCIICHHS  H
MEPEeBECTU YUCIO X B 3Ty CUCTEMY CUUCICHMs. TecTUpoBaTh pe3yiabTaThl pabOThI MPOTPAMMBI PYYHBIM
MIOJICUETOM.

Ha oyenxy «Omauuno»

BBoautcs ql — ucxoanas cucreMa CUMCIECHHMS M 2 — Kejaemasi CUCTeMa CUMCIICHUS, a TaK ke
YUCIO X B cucteme cunciienus ql. [lepeBectu unciao X B cUCTEMY CUMCIEHUS (2.

KouTtpoJjibHbie BOonpochl
1. Kak Hamo 3aaTh yCaoBUE UK, YTOOBI IEPEBECTU YUCIIO B HYKHYIO CUCTEMY CUncieHus? 2.
Kakwue onepaiinu BeIIEISIOT U3 IMCIa €ro HHQphI?

IIpakTHyeckoe 3ansaTHeNe23.
IIporpamma ¢ ucnosb3oBanneM QyHKIUI 0e3 mapaMeTpoB.



Heuas: [Torydyenue HaBBIKOB B paboTe ¢ (PyHKIHSIMH.

Tembl 1719 IpeABapUTEIbHOI NPOPA0OTKH

Crpykrypa nporpaMmsl Ha s3bike C++.

Hcnonb30BaHue CTaHAAPTHBIX (QYHKIUI.

TeopeTndeckuii MmaTepuaJl

1. Ilonsamue u naznavenue hynkyuii

Jlrobass C++-mporpamma cocTaBiisieTcsl U3 "CTPOUTENbHBIX OJOKOB", MMEHYeMbIX (YHKLIUAMHU.
@yHKIMSA — H3TO MOANPOrpamMMa, KOTOpas COIEPNKUT OJIHY WIM HECKONIbKO CH+-HHCTpYKIUH |
BBITIOJIHSET O/HY 3ajauy.

Kaxnas ¢yHkums uMeer uMs, KOTOpOE HCIIONIb3yeTcss A ee Bbi3oBa. CBOMM (YHKIHMSIM
OPOTPaMMHUCT MOKET JaBaTh JI0ObIE MMEHA 32 MCKII0YEHHEM MMEHHM main(), 3ape3epBUPOBAHHOTO IS
(GYHKLUH, ¢ KOTOPOIl HAUMHACTCS BHIMOJIHEHUE [TPOrpaMMBbl.

dyHKIMKU — 3T0 "cTpouTtenbHbie 0510ku" CH+-IIporpamMmsl.

B C++ Hu oxHa QyHKUUS HE MOXKET ObITh BCTpoeHa B Apyryto. OnHa QyHKUUS MOXET BbI3bIBATh
ApyTyIO.

B yxe paccMOTpeHHBIX mpuMepax mporpamMm ¢yHkuus main() Obula €TUHCTBEHHOH, (DyHKIHS
main () — nepBas QyHKLUs, BBINOJIHAEMast TIpU 3arycke nporpamMMsl. Ee nomkHa comepkath kaxnaas C+
+-nporpamMa. DyHKIUK ObIBatOT AByX TunoB. K mepBoMy THIy OTHOCATCS (YHKIMH, HalHMCaHHbIE
nporpaMMucToM (main() — npumep (yHKUIMU Takoro Tuma). OYHKIMM JAPYroro THUIAa HAaXOIATCS B
cTaHgapTHOM OubnanoTeke CH++-KOMOMIATOpA -. KOJUIEKIMsS BCTpoeHHBIX (yHkmmidl. Kak mpasuno, C+
+IporpamMmsl cojiepKaT Kak (yHKIMH, HalTUCAHHBIE POTPaMMUCTOM, TaK U (YHKLUH, IPEAOCTaBIsEMbIe
KOMITUJISITOPOM.

Dta nporpamma coaepKuT ABe ¢pyHkuun: main() u myfunc().

void myfunc(); // mpotoTun (yHKIH myfunc()
main() { cout << "B ¢yHkuuu main() . " ;

myfunc(); // Bei3biBaeM pyHkimio myfunc()
cout << "CHoBa B (pyHKIMu main () ";

}

void myfunc()

{ cout <<" B dynkuun myfunc() .

"

[Iporpamma paboTaer cnenyroumM oOpazoM. Bei3biBaercs (GyHKIMS main() W BBINONHSAETCS €e
nepBasi cout-uHCTpykuusa. 3ateM M3 (yHKIMM main() Be3bIBaeTca ¢(yHkuus myfunc (). as BbI3oBa
GyHKIIMM B TIporpaMMe  yKasbIBaeTcs UMs GyHKIIMKA myfunc, 3a KOTOPBIM CJIEIYIOT IMapa KPYTJIbIX CKOOOK
U Touka ¢ 3amiaToil. 3ateM ¢yHKuus myfunc() BBIIOIHSIET CBOIO €JUHCTBEHHYIO COUt-WHCTPYKIHIO H
nepefaeT ympaBieHuWEe Ha3aa (GYHKUMM main(), mpuyeM TOW CTpPOKE KOAa, KOTOpas pPacIloJIokKeHa
HEMOCPEeACTBEHHO 3a BbI30BOM (yHKIMM. Hakonen, ¢yHkuus main() BBINOJHSAET CBOIO BTOPYIO
COUtMHCTPYKLHUIO, KOTOpasi 3aBEpIIAET BCIO Mporpammy. Pe3ynbTaTel paboThl IpOrpaMMmBbl:

B ¢ynkmuu main() . B dyakuun myfunc() . CHoBa B pyHKImu main().

2. Ilpomomun ¢ynxyuu

[Tpototun ¢yHkuMu OOBABIAECT (PYHKIHMIO JO €€ OINpeleseHUs] M HUCHoib3oBaHus. IIpoTtoTHm
MO3BOJISIET KOMITWIATOPY y3HATh THUIl 3HAUEHHsI, BO3BPALIAEMOro 3TOM (PyHKIMEH, a TaKkKe KOJUYECTBO U
THUI TapaMETPOB, KOTOPbIE OHA MOXKET UMeTh. KOMIMIIATOpY HyKHO 3HaTh 3Ty MH(GOPMALHIO 10 IEPBOTO
BbI30Ba (pyHKIMH. [loaTomMy mporotun pacronaraercst A0 ¢ynkmum main (). ExuacTBenHOM dyHKIMEH,
KOTOpasi He TpeOyeT MPOTOTHUIIA, ABIseTCS main(), TOCKOJIBKY OHa BCTPOEHA B s3bIK CH++.

void myfunc(); // mporoTun ¢pynkmuu myfunc()

Oynkius myfunc () He colepX HUT MHCTpykiuio return. KiroueBoe cioBo void, koTopoe
npeaBapsieT Kak MPOTOTHI, Tak U onpeneneHue Gynkmuu myfunc(),3asBisieT o ToM, uyto GyHKIHUS myfunc



() He BO3BpaIaeT HUKAKoro 3HadueHus. B C++ ¢yHkumu, He BO3Bpallarolive 3Ha4eHUH, OOBSABISAIOTCS C
UCIIOJIb30BaHUEM KIIFOYEBOI'O ClIoBa void.
IIpumep nporpaMmsbl ¢ QyHKIMAMHU 0e3 mapaMeTpoB
CocraBuTh THporpaMmy c (QyHKIHEH, KOTOpas pUCYeT Ha 3KpaHe CTpPOKy, cocTosmryio u3 80
3BE3/J0YEK.
void line(void); /Mpototun gynkuuu line main()
//OcHOBHast GyHKIUSA

{

line(); //Bb130oB pyHKIMH line

}

//Onpenenenue GyHkuH line
void line(void)

{ int i

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

b

3amanmue

Ha oyenxy «Yoosenemeopumenvrno»

CocraBuTh IIpOrpamMMy ¢ TpeMsi QYHKIMSIMH, BEIBOASIIMMY HA SKPaH CTPOKU CUMBOJIOB #, (@, $.

Ha oyenky «Xopowoy

CocTaBuTh MNporpaMMmy s BBIUMCICHHS IUIOLIAJM KOJIbLIA 110 3HAUEHUSM BHYTPEHHETO H
BHEIIIHETO PaJinyCOB, UCIIOb3Ys (PYHKIUIO BBIYMCICHUS TUIOIAAN KpyTa.

Ha oyenxy «Omauunor

Hanel Tpu nensix yucna. Onpenenuts, cymma nudp koroporo u3 Hux Oosbine. [Toacuer cymmsl
Qp OpraHu30BaTh Yepe3 PyHKLUIO.

KonTpoabHbie BOIPOChI
1. YkaxuTe Ha3HauYeHUI QYHKIHMI B IporpaMme.
2. CKONbKO MMHUMAJIbHO (YHKIHMH MOXET OBITh B mporpamme?
3. 3aueM HyXeH NpoToTHN QyHKIMH?

IIpakTHyeckoe 3anaTueNe24.
IIporpamma ¢ ucno/Ib30BaHueM (PYHKIHMH € IapaMeTpaMH.

Heanb: [Tomy4yeHne HaBBIKOB B paboTe ¢ HyHKIIUSIMHU.

Tembl 1J151 IpeABapUTeIbHON npopadoTku CTpyKTypa

nporpamMmsl Ha sizbike C/C++.

OynkiuKn 6€3 mapameTpoB.

TeopeTnyeckuii MaTepuaJl

1. Hasnauenue apeymenmos (hynxyuu

@OyHKIMM MOXKHO NepelaTh OJHO MM HECKOJIBKO 3HaueHui. 3HaueHue, nepeaaBaeMoe (PyHKIUH,
Ha3bIBAETCSl APTYMEHTOM. APryMeHT — 3TO 3Ha4yeHue, repeJaBaeMoe (yHKIUH NP BBI3OBE.

PaccmoTpum mporpammy, KoTopasi Uit 0TOOpaskeHHUsI aOCOMIOTHOTO 3HAYCHUSI YUCIIA UCTIONb3YeT
CTaHJapTHYIO0 Oubnuoreunyro QyHkiuio abs(). Ita GyHKIMS TPUHUMAET OJWH apryMeHT, mpeolpasyeT
€ro B a0COIIOTHOE 3HaYEHUE M BO3BpAILlaeT pe3yibTar.

main()

{



cout << abs(-

10); }

3neck (pyHKIMU abs() B kadecTBe aprymMeHTa nepeaaercs uncio -10. Oynkius abs() npuHEMaeT
3TOT apTyMEHT MPH BBI30BE U BO3BPAIIAET €r0 a0COIIOTHOE 3HAYCHNE, KOTOPOE B JAHHOM CITy4ae paBHO
yucny 10. Ecnu QpyHKIMs npruHUMaeT apryMeHT, OH YKa3bIBA€TCsl BHYTPH KPYTIIBIX CKOOOK,
PacTOI0XKEHHBIX Cpa3y Mocjiae UMEHU (YyHKIUH.

PaccmarpuBaemas mporpamma BkirodaeT 3arooBok <stdlib.h>. On HeoOxoaum s obecrieueHus
BO3MOXXHOCTH BbI30Ba (hyHKIMH abs(). Kaxxaprii pa3, korna ucnonsdyercs o0nbnnoreynas QyHKIHs, B
nporpaMMy HeOOXOAMMO BKIIIOUATh COOTBETCTBYIOIINI 3ar0JIOBOK, KOTOPBII MOMUMO MPOYei
uHbOpMAaIH, COACPKUT MPOTOTUN OMOINOTEUHOU (PYHKIIUU.

2. Ilepeoasaemvie napamempoi

ITapameTp — 510 ompenenseMas (QyHKIMEH MepeMeHHas, KOTopas MPUHUMAET IepeaaBaeMblil
(GYHKIIMM apryMEHT.

[Ipn cozmanuu (QyHKUMM, KOTOpas NPUHUMAEeT OJMH WJIM HECKOJBKO apryMeHTOB, HHOI/A
HEOOX0IMMO OOBSBUTH IEPEMEHHBIE, KOTOPhIe OYIyT XpaHWUTh 3HAUYEHUS apryMEHTOB. DTH NEpEeMEHHbBIE
Ha3bIBalOTCS MapameTpamu ¢yHkuumu. Hampumep, crnemyromas (pyHKIUS BBIBOAMT MPOU3BEACHUE IBYX
[EJOYHUCTICHHBIX apTYMEHTOB, MepeiaBaeMbIX (DYHKIIMU TIPU €€ BBI30BE.

void mul(int x, int y)

{cout<<x *y<<"

"

[Tpu xax oM BbI30oBe QyHKIMHU mul() BBIMONHACTCS YMHOXKEHUE 3HAUYCHHSI, IEPEAaHHOTO
napameTpy X, Ha 3HaueHHe, IepelaHHoe mapaMeTpy y. PaccMoTpum mporpammy, KOTopasi I€MOHCTPUPYET
ucrnosib3oBanue Gynkuu mul().

void mul(int x, int y); // TIporotun ¢pynkuuu mul() .

main() {

mul(10, 2 //BB130BBI (DYHKIIMH C TTapaMeTpaMu

0); mul(5,

6); mul (8,

9); }

Ota mporpamma BeiBeneT Ha d3kpaH yucia 200, 30 u 72. Ilpm BeI3oBe ¢yHKimu mul() C+
+KOMIUJIATOP KOMUPYET 3HAUEHUE Ka)X10ro apryMeHTa B COOTBETCTBYIOIIMI napameTp. B nanHoM ciydae
npu nepBoM Bbi3oBe (yHKuuM mul() umcino 10 kommpyercss B mepeMeHHyHO X, a uucio 20 — B
nepeMeHHyo y. [Ipu BTopoM BbI30Be 5 KomupyeTcs B X, a 6 — B y. [Ipu TpeTbem BbI30Be 8 KOmHpyeTcs B
x,a9—By.

3. @yHxyuu, 8038pawjarowue 3Ha4eHus

B C++ nns Bo3Bpara 3HaueHHsS U3 (YHKIMHM UCTOJIB3yeTcss MHCTPYKIus return. OOmmii ¢popmat
9TOW MHCTPYKLUU TaKOB:

return 3HaYeHue;

3HavyeHue MpeICTaBIAeT COO0H 3HaUCHHE-PE3yIbTaT, BO3BpaIaeMoe GyHKIUEH.

UcnpaBum QyHkmuo mul() Tak, 4yToObI OHa BO3BpalIajia Pe3yJbTaT - TPOU3BEICHUEC CBOUX
apryMEHTOB.

int mul(int X, int y); // TIporotun pynkuuu mul() ¢ pezyapraToM main()
{ int answer;
answer = mul(10, 11); //BBI30B ¢ BO3BPATOM 3HAYCHUS

cout << "OrtBer paBeH " << answer; }

// Ota GyHKIHMS BO3BpaIlaeT 3HAYCHUE.
int mul(int x, int y)

{

return x * y; // OyHKIMS BO3BpAIAET MPOU3BEICHHUE X U Y.



}

B stom npumepe ¢ynkuus mul() Bo3BpamaeT pe3yiabTaT BHIYMCICHHS BBIPAXKEHUS Xy C TTOMOIIBIO
MHCTPYKLMU return. 3aTeM 3HaYeHHE 3TOr0 pe3yJibTaTa MpHUCBanBaETCs IEPEMEHHOM answer.

[Tockonpky B 3TO# Bepcum mporpammbl QyHkiuss mul () Bo3BpaimiaeT 3HauY€HHE, €€ UMS B
ompeAeNeHUU He mnpeaBapsercs cioBoM void. 3meck ¢yHkmus mul() Bo3BpamaeT 3HadYCHHE
[EJOYHMCIICHHOTO TUMa. THUM 3HaueHHWs, BO3BpaliaeMoro (yHKIueH, MpeaiIecTByeT ee HMEHH, KaK B
MPOTOTHUIIE, TAK U B ONPEICTICHUN.

[Tpu mocTr)eHUH WHCTPYKIUU return (GyHKIUS HEMEUICHHO 3aBEpPINAcTCsl, a BECh OCTAILHOW KOJT
urHopupyercs. OyHKIUS MOKET COAepKaTh HECKOIBKO MHCTPYKIUH return. Bo3BpaT U3 GyHKIIMH MOXKHO
o0ecnevnTh ¢ TOMOIIbI0 HHCTPYKITNH return 6e3 yKka3aHusi BO3BPAIlaeMOro 3HaUeHUs, HO TaKyo ee popmy
JOITYCTHMO MPUMEHSTH TOJIBKO I (PYHKIHN, KOTOPhIC HE BO3BPAMIAIOT HUKAKMX 3HAYCHUN U OOBSIBIICHBI
C MCIIOJIb30BaHUEM KITFOUEBOTO CJI0Ba void.

IIpumep nmporpaMmsl ¢ PYHKIHUAMH C TapaMeTPaMHu

CocTaBUTh MpOrpamMMy HaXOKICHHsI HauOOJIBIIIETO 3HAYEHHS U3 TpeX BENUYMH — max (a, b, c).
Jlis ee pelreHUss MOXKHO WCIIOB30BaTh BCIIOMOTATEIBHBIA QJITOPUTM HAXOXKJICHUS MaKCHMaJIbHOTO
3HAYEHMSI U3 JBYX, MOCKOJIBKY CIIPAaBEAJIMBO PAaBEHCTBO: max (a, b, ¢) = max (max (a, b), ¢).

//OnpeneneHre BCIIOMOTATENbHON (DyHKIINN

int MAX(int x, int y)

{if

(x>y)

return Xx;

else

return y;

b

//OcHOBHas byHKIUS

main()

{ int a,b,c,d;

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

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

(MAX (a, b), ¢); cout<<"\

nmax (a, b, ¢) ="<<d;

}

3amanue

Ha oyenxy «Yooeremsopumenvroy

CocraButh mnporpamMmy ¢ (PyHKIMEH, BBIBOASIIECH HAa SKpaH CTPOKY HYKHOM JUIMHBI HYKHBIM
cuMBoJioM. DyHKIMS NPUHUMAET JIBa MapaMeTphl — JJIMHY CTPOKH M CUMBOJI. Bo3BpaiiaeMbIx 3HaYeHUI
HET.

Ha oyenky «Xopowoy

CocTaBUTh MNporpaMMmy AJisi BBIUMCICHUS IUIOHIAJM KOJbIA IO 3HAYEHUSM BHYTPEHHETO H
BHEIIHETO PaJuyCOB, UCHOJB3YS (DYHKLUHMIO BBIYUCIIECHUS IUIom@aau kpyra. OyHKIUU nepenaeTcs: oJIuH
napaMmeTp — paJuyc U BO3BpAIlaeTCsl pe3yJIbTaT — BBIUMCIIEHHAs Iuiomanb. Ha oyenky « Omauunoy

Janel Tpu nenbix yucna. Onpenenuts, cymma nudp xoroporo u3 Hux Oosbine. [loncder cymmsl
udp OpraHU30BaTh Yepe3 PYHKIHMI0, KOTOpas UMEEeT Ba BXOJHBIX MapaMeTpa — CKJIabIBaeMbIe YUCa U
pe3yNbTaT — BEIYUCICHHYIO CYyMMY.

KouTtpoJjibHbIe BOnpochl
1. Yto Takoe apryMeHT (h)yHKIIMU U 3a4€M OH HCIIONb3yeTcs?
2. Yrto Takoe mapameTp (QYHKIUU U KaK UM TMOJIB30BATHCS?
3. Kak u3 pyHKIIMU BepHYT pe3yabTaT ee paboThl?



IpakTnueckoe 3ansiTueNe25S. PekypcuBHble (PYHKIIMH.

Heasn: [TonydyeHne HaBBIKOB B pabOTE C PEKYPCUBHBIMHU (PYHKIIHSIMH.

Tembl 1J151 IpeABapUTEIbHOI MPOPad0TKH OCHOBHbBIC

KOHCTpyKuuu C++.

DyHKIUN.

[uKIUYecKre anropuTMBL.

Teoperuyeckunit MmaTepual

1. [lonsamue pexypcugrou hyHkyuu

Pexypcueii Ha3bIBaeTCsa CUTYyalMsl, KOrja MOANpOrpaMMa BbI3bIBaeT cama ce0s. DyHKIHS MOXKET
coJlep’kaTh BBI30B JApYyrux (QyHkuuil. B Tom uwmcie mpouenypa MoKeT BbI3BaTh camy ce0s. [Ipumep
PEKypCUBHOM (YHKITUH:

int Rec(int a)

{

if (a>0) Rec(a-

1); cout<<a; }

Oyukuus Rec Bb3bIBaeTcs ¢ mapamerpoMm a = 3. B Heil comepxkutrcs Be13oB (pyHKIMU Rec ¢
napameTpoM a = 2. [Ipenpiaymuii BEI30B €I1e He 3aBEPIIUIICS, IIOATOMY CO3JAeTCs emie oaHa (PYHKIUSI 1
710 OKOHUYaHUs ee paboThl IepBasi CBOIO paboTy He 3akaHuMBaeT. IIporiecc BbI30Ba 3aKaHYMBAETCS, KOI/1a
napametrp a = 0. B 3TOT MOMEHT OJHOBPEMEHHO BBINMONHSAIOTCA 4 sK3emIusipa ¢yHkuuu. KommuecTBo
OJIHOBPEMEHHO BBINOJHAEMBbIX (YHKIUN Ha3plBalOT IJIyOMHOH pekypcuu. YerBepTas BbI3BaHHAS
npouenypa (Rec(0)) nameuataer ymcino 0 u 3akoHYUT CBOIO paboty. Ilocie »Toro ympaBieHue
BO3Bpamaercs kK (pyHkuuu, koropas ee Bbi3Baia (Rec(1l)) m mewaraercs uucno 1. M tak panee moka He
3aBepIlaTCs Bce BBI3OBBI. Pe3ysbTaToM HCXOIHOTO BhI30Ba OyeT nevars yersipex uucen: 0, 1, 2, 3.

IIpumep nporpamMmsl ¢ peKYpCUBHOM (PyHKIIMEH

Ecmu ¢yHkius BbI3bIBaeT cama ceds, TO, IO CyTH, 3TO NMPHBOAWT K MOBTOPHOMY BBITIOJTHEHUIO
COJIepXKaIINXCs B HEM MHCTPYKIIMM, YTO aHAJIOTMYHO padoTe IUKJIA.

Jns nmpumepa ceiMuTHpyeM paboty nukna for. Jlns storo morpebyercs NmepeMeHHas CUETYHK
IaroB, KOTOPYIO MOKHO PEaIN30BaTh KaK mapameTp QyHKIUU.

//mmuTarys paboThI MIUKIJIA C TIOMOIIIBIO PEKYPCHH

void Looplmit(int 1, int n)

{

cout<<"\n"<<" 1 n"<<"1i"<<i;

//3neck MOXKET pacroyiaratbesi TMEepBbIA OJOK MHCTPYKLIUH

if (i<=n)

LoopImit(i+1, n);

cout<<"\n"<<" 2 n"<<" "<y

//3nech MOXKET pacrosnaraTbCsi BTOPOU OJIOK MHCTPYKIUH

h

main()

{ int i=0, n;

cout<<"n=";

cin>>n;

Looplmit(i, n); }

Pesynbrar pa®oThl  IpPOrpaMMBI:

n=5

Ini0



Inil
Ini2
Ini3
Ini4
Inis
Ini6
2ni6
2n 15
2n 14
2n 13
2n 12
2n il
2n 10
3amanmue
Ha oyenxy «Yoosenemsopumenvro»
Pa3paboTtats pekypcuBHYIO (DYHKIHIO BBIYUCICHUS (haKTOpHaa.
Ha oyenxy «Xopouioy
PazpabotaTh peKypcHBHYIO (YHKIHIO, KOTOpas Jjs JBYX 3aJaHHBIX HaTypaJbHBIX YHCEI
orpeenseT X HauOOIbIIUI OO JennuTeNb.
Ha oyenxy «Omauunoy
Paspabotats pekypcuBHYIO (QyHKIHIO, ONpeAesIoNny o yucao GuboHay4n ¢ HOMEpOM 1.
KonTposabHbie BOpochl
1. Yro Takoe pexypcuBHasi (yHKIIHS?
2. UTo MOXKET 3aMEHUTDH peKypcusi?

IIpakTyeckoe 3anaTueNe26. Pexypcus. Xanorckue 0amHm.

Heasn: [lonydyeHne HaBBIKOB B paboOTe C pEKYPCUBHBIMHU (PYHKIIUSIMH.

Tembl 119 npeaBapuTeabHOI NpopadoTkn OCHOBHbBIE

KoHCTpyKuuu C++.

DyHKIUN.

TeopeTnyeckuii MaTepuaJl

1. Ilonsamue pexypcuenou pynkyuu

Pexypcueii Ha3pIBaeTCsA CUTYallMs, KOT/Ia MOANPOrpaMMa BbI3bIBAaeT cama ceOs. DYHKIHMS MOXKET
coJiepkaTh BbI30B Apyrux (pynkuuit. [lpumep pekypcuBHON QyHKIUH:

int Rec(int a)

{

if (a>0) Rec(a-

1); cout<<a; }

Paccmotpum npuHIMI paboTHl peKypCHUBHON (DYHKIIMU Ha MPUMEpPE BbI30BA CO3JAaHHOMN (PYHKIHH
Rec(3).

@ynkius Rec BbI3biBaeTcs ¢ mapamerpoM a = 3. B Hell conmepxurcs BbI30oB QyHKIMH Rec ¢
napametrpoM a = 2. [Ipenpiayniuii BbI30B €llle He 3aBEepIIMIICS, TOITOMY CO3JaeTCsl elle OJHa (PYHKIUS U
10 OKOHYaHUS ee paboThl IepBasi CBOIO padoTy He 3akaHuuBaeT. [Iporiecc BhI30Ba 3aKaHYMBAETCS, KOT/Ia
napamerp a = 0. B 3TOT MOMEHT OJHOBPEMEHHO BBHIMOJHSIIOTCS 4 sK3emiuiapa QyHkiuu. KomamuectBo
OJIHOBPEMEHHO BBINIOJHAEMBIX MPOLEAYpP Ha3bIBalOT IIyOMHOHl pexypcuu. UYerBepras Bbl3BaHHAA
¢bynkmus (Rec(0)) wamedaraer umcio 0 u 3akoHYMT cBow paboty. Ilocme sToro ympamieHnue
BO3Bpamaercs k ¢yHKuuu, kotopas ee Bbi3Baia (Rec(1)) m meuaraercs umucino 1. U Tak manee moka He



3aBepuIaTcsl BCE BBHI3OBBI. Pe3ylnbTaToM MCXOAHOTO BBI30Ba OyneT meyaTh 4erbipex yucen: 0, 1, 2, 3. 2.
3adaua o Xanovckux oauwinsax

Cy1iecTByeT OpeBHEMHIUMNCKAs JIET€HIa, COMJIACHO KOTOpoil B ropojae benapece moj kymoigom
[JIABHOTO XpaMa, B TOM MeCTe, IJleé HaXOJUTCs IEHTp 3emiid, Ha OpOH30BOH IUIOINAAKE CTOST TPHU
alMa3HbIX CTEpKHS. B eHb COTBOpEHHs MUpa Ha OJMH U3 3TUX CTepkHEH Obulo HajeTo 64 konbia. bor
MOpYUYMJ JKpeliaM TMEepPEeHECTH KOJbla C OJHOTO CTEp)KHA Ha JpPYroM, HCMONb3ys TPETHl B KadecTBe
BCIIOMoraTensHOro. JKpersl 00s13aHbI COOMI0AATh yCIOBUS:

1. MEPEHOCUTD 32 OJJUH pa3 TOJBKO OJTHO KOJIbIIO;
2. KOJIBLIO MOXHO MEPEHOCUTh C OJHOTO CTEPKHS (X) Ha Jpyroi (y), TOIBKO €CIIU OHO

UMeeT MEHBIINHM JuaMeTp, YeM BepxXHee KOJIbIIO, HaxoJsIleecs Ha CTPEKHE Y, WM CTEPKEHb y

¢BOOOIEH.

CornacHo neresjie, Korjaa, coOaroasi Bce yCIIOBUS, KpeLbl epeHecyT Bce 64 Kojblla, HACTYIUT
KOHEI] cBeTa. MMHUMaJIbHOE YUCIIO XOJ0B, HEOOX0IMMOE JJIsl PEIIEHHUs FOJI0BOJIOMKH, paBHO 2" - 1, e n
— YHCI0 AMCKOB. Ecam cuMrTaTh, YTO HA MEPEHOC OJHOTO KOJIbLA MOTpedyeTcs OJHA CeKyHAa, TO Ha
nepeHoc Bcex 64 kouner notpedyetcs 6omee 5 MIp.1 BEKOB.

Ecnu GatiHst cOcTOUT U3 OJHOTO JUCKA, TO OHA IEPEHOCUTCA 3a OAUH X0 1->3.

bamns u3 n1ByX TUCKOB NMEPEHOCHUTCS 3a Tpu xoxa: 1—>2, 1—>3, 2—>3.

Jlnst mepeHoca OalHu U3 Tpex JAUCKOB MOTpedyeTcs yke ceMb XofoB: 1->3, 1->2, 3->2, 1->3, 2->1,
2->3, 1->3.

YroObl mepeHecTH OamiHIO M3 YETHIPEX JAWUCKOB C IEPBOTO CTEP)KHS Ha TpeTui, HE0OXOAMMO
NECTBOBATS 1O IUIAHY:

1) nepeHecTu GAILIHIO U3 TPEX BEPXHUX JUCKOB C MIEPBOT0 CTEP>KHSI Ha BTOPOil (7 X0/10B);

2) camblii OOJIBIIION TUCK TIEPEHECTH C MEePBOTO CTepkHs Ha Tpetui (1 xom); 3)

nepeHecTy OALTHIO U3 TPEX TUCKOB CO BTOPOTO CTEPKHs HA TpeTui (7 XOI0B).

Bcero na nepenoc norpebyercst 15 xo10B.

Paccy»xnas aHamoruuHbIM 00pa3oM, COCYUTAEM YUCIIO XOJI0B, HEOOXOAMMBIX ISl IepeHoca OalIHu
W3 ISITH JUCKOB: 15+ 1+15=2¢15+1=31.

PaccMoTpeHHBI alropuT™M pelieHus 3agaud  «XaHoWckas OamHs» 00JaJaeT PeKypCUBHBIM
CBOWCTBOM: B XOJI€ €r0 BBIMOJIHEHHS JJIs1 OalllHU, COCTOSIIECH M3 N KOJell, UCIOIb3YeTCs] AJITOPUTM IS
qyTh OOJiee MPOCTON CUTyalluM — IepeHoca OallHu, cocTosmei u3 n - 1 koneua. B cBoio ouepens, B
anroputMme s 6alrHu U3 n - 1 KOJIblla UCHIOIB3YETCS 3TOT JKE€ AITOPUTM IS N - 2 KOJIel U T. 1.

IIpumep nporpamMmbl ¢ peKypCcUBHOM (PyHKIIMEH

//xaHo¥cKHe OalTHu

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;

//BBenure uncno xouers stl
cout<<"\nKol rkolez ";

cin>>stl;

//BBenuTe Ha4YaJIbHbIN CTEPKEHb St2
cout<<"\nnum beg "; cin>>st2;



//BBeanTe KOHEUYHBIN CTEpPKEHb St3
cout<<"\nnum end "; cin>>st3;

//BBenuTe BCTIOMOTATENbHBIN CTEP)KEHb St4

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

hb(stl,st2,st3,st4);

}

Pe3ynbTarhl paboThI IPOrpPaMMBbI

Kol rkolez 3

num beg 1 num

end 3 num

wrem 2

<pP>1->3

<P>1->2

<P>3->2

<pP>1->3

<P>2->1

<P>2 ->3

<p>1->3

3amanue

Ha oyenxy «Yoosremsopumenvro»

Hanummre pekypcuBHYIO (QYHKIHIO, OMNPENEsIONIyl0 KOJWYECTBO E€IUHHII B JBOHMYHOM
MPEICTaBICHUN HATypPaIbHOTO YHCHA.

Ha oyenky «Xopowoy

Hanummre pexypcuBHYy10 (QyHKIIMIO, KOTOpas MO 33JaHHBIM HATYpaJbHBIM YKCJIAM M U N BBIBOJUT
BCE Pa3JIMYHbIE NMPEJCTABICHUS YHCIA «B BHJIE CYMMbl M HaTypaJIbHbIX ciaraembix». [IpencraBienus,
pa3IUYaIONIUeCcs JIUITh TTOPSIKOM CIIaraéMbIX, CAMTAIOTCS OJITMHAKOBBIMHU.

Ha oyenxy «Omauunor

Hamummre pexypcuBHYIO (DYHKIIHMIO, KOTOpas MEpPeBOpavMBaeT AJIEMEHTHI MacCHBa B OOpaTHOM
MOPSIJIKE.

KounTtpoJibHbIe BOPOCHI
1. Yro Takoe pexypcuBHasi (yHKIIHS?
2. Pacckaxute CyTh 3a7a4u 0 XaHONCKUX OAIIHAX U CIIOCOOE €€ PEIICHHUS.

IIpakTHyeckoe 3anaTueNe27.
IIporpamma, peain3yroniasi OCHOBHbIE ONIEPALMH C OJHOMEPHBIM MAaCCHBOM.

Heasn: [ToyvueHne HaBBIKOB B padOTE C MACCUBAMH, BHITIOJTHCHHS HAJl HUIMH 0a30BBIX OIICPAIlHiA.

Tembl A1 npeABapuTeabHOI NPOpadoTKH Turb

aHHBIX B A3bIke C/CH++.

OYHKIMM CTaHAAPTHOTO BBOJIA M BHIBOJA.

Oneparop BETBICHUS.

Onepatopsl UKIIOB.

Teoperuyeckunii MmaTepuaJ

1. Ilonamue oOHOMepHO20 Maccusa

MaccuB — 3TO CTpPYKTypa OJHOTHITHBIX JJIEMEHTOB, 3aHMMAIOIINX HEMPEPHIBHYIO 00JIaCTh
namsaTH. C MacCHBOM CBSI3aHBI CIEYIOIINE €T0 CBOWCTBA: UM, THII, Pa3MEPHOCTb, pa3Mep.

dopmaT onucaHus MaccUBa CIEAYIOLIHI:

THII 3JIEMEHTOB MMS [KOHCTAHTHOE BbIpasKeHue];



KoHcTanTHOe BBIpakeHHE OIpeAemsieT pa3Mep MacCHBa, T. €. YUCIO 3JEMEHTOB 3TOr0 MacCHBa.
Hampumep, cormmacao onucanuto int A[10];

0OBSBIICH MacCHB C UMEHEM A, cojepxariuii 10 371eMEeHTOB 1IeJI0ro THMa. JJIEeMEHThI MacCuBa
0003Ha4aroTCsA HHIACKCUPOBAHHBIMH NMCHAMMU. Hwuxuee 3nauenune HHIACKCA paBHO 0:

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

B C++ Henb3s omnpenensTh NPOW3BOJIbHBIE AWAaNa3oHbl s WHAEKCOB. Pa3mep MaccuBa,
yKa3aHHBII B OMMCaHUH, BCET/Ia HA €AMHUILY OOJIbIIIE MAKCUMAIILHOTO 3HAYEHUS UHIEKCA.

PazMep MacCuBa MOXCET SIBHO HE€ YKa3bIBaTbCA, €CJIW IIpU €ro 0OBSIBIICHUU IMPONU3BOAUTCA
VHHULIMAIU3ALMUs 3HAYEHU I 351IeMeHToB. Hanpumep:

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

B sTom cnyuae co3maeTcsi MacCHUB U3 MSITH JIEMEHTOB CO CIEAYIOIUMU 3HaYeHus MU p[0]=2,

pl11=4, pl[2]=6, p[3]=10, p[4]=1.

B pesynbraTe cneayromiero o0ObsSBICHHS MacCHBa

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

Oyzer cosnaH MaccHUB u3 mectu 3neMeHToB.  [lepBbie TP  DJIEMEHTa

MOJTy4aT MHUIHATU3UPOBAHHBIE 3HAYCHUS. 3HAYEHUS OCTAIBHBIX OyIyT TUO0 HEOMpeIeICHHBIMH,
1100 paBHBI HYJIO, €CITH MACCHB BHEITHUH WIIM CTATUYECKUH.

2. Ocnognble Oeticmsust ¢ 0OHomepHbvim maccueom [pumep 1. BBox ¢

KJIAaBUATYPBI U BBIBOJI HA SKPaH OJJTHOMEPHOTO MaCcCHBA.

main()

{ int i, A[5];

for (i=0; 1<5; i1++)

{

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

cin>>A[1];

}

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

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

MacCHUBa U BBIYMCIIEHUE CPEIHETO 3HAUCHUSI.

main()

{ const n=10;

int 1;

double Aln], SA;

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

{

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

cin>>A[1] ;

h

SA=0;

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

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

cout<<"/cpennee

3HaueHne="<<SA;

b

B aT0if mporpamMMe oOpaTrTe BHIMaHUE Ha ONPE/ICIICHUE pa3Mepa MacCuBa Yepe3 KOHCTAHTY.

IIpumep nporpamMmel ¢ OJHOMEPHBIMH MACCUBAMU

CocTaBUTh MpOrpaMMy, MOACUUTHIBAIOIIYIO YHCIO MHUHUMAIBHBIX 3JIEMEHTOB B OJHOMEPHOM
MaccCHBe.

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; 1++) cout<<a[i]<<" ";
min=a[0]; k=1;

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

{if

(a[1]<min)

{min=a][i];

k=0; }

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

+

}

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

}

Pe3ynbTathl paboThl MpOrpaMmbl

25316-211005 -2 10 min=-2

kol=2

3amanue

Ha oyenxy «Yoosenemsopumenvro»

B uenouncneHHoi mocienoBaTenbHOCTH €CTh HYJEeBbIe 3iieMEeHThl. Co37aTh MacCHUB M3 HOMEPOB
3TUX 3JIEMEHTOB.

Ha oyenky «Xopowoy

JlaHa mocnenoBaTenbHOCTD IEHCTBUTENBHBIX YUCEN al, a2,..., an. 3AMEHUTH BCE €€ WICHBI, OOJIbIIHIEe
nmaHaoro Z, »tuM unuciaoM. IloacunraTts KOJIMYECTBO 3aMEH.

Ha oyenxy « Omauyno»

JlaH MaccuB JIEWCTBUTENBHBIX YHUCEN, pa3MepHOCTh KoToporo N. Iloacuurtarh, CKOIBKO B HEM
OTPULIATEIIBHBIX, ITOJIOXKHUTENBHBIX U HYJIEBBIX 3JIEMEHTOB

KounTtpoJibHbIe BOnpochl
1. Yto Takoe olHOMEpHBIM MaccuB?
2. Kak onmcate ogHOMepHbIH MaccuB B mporpamme? 3. Kak
OCYIIECTBUTH JIOCTYI K OTAEIbHOMY 3JIEMEHTY MaccuBa’?

IIpakTHyeckoe 3ansaTHeNe28.
IIpuMeHeHHe OJHOMEPHBIX MACCHBOB B MATEMATHYECKOI CTATHCTHKE.

Heab: [TonydyeHne mpakTHUECKUX HABBIKOB paOOTHI ¢ OTHOMEPHBIMH MACCUBAMHU U UX MPHUKIAIHOE
IIPUMEHEHNUE B 3aJ]a4ax JAUCHUIUIMHBI «MaTemaThuueckas CTaTUCTHKAY.

Tembl 119 npeABapuTeabHOI NPOpPadoTKH Turb

aHHBIX B s3bike C/CH++.

@OYHKIMM CTaHAAPTHOTO BBOJIA U BHIBOJA.

Oneparop BETBICHUS.

OrniepaTopsbl IUKJIOB.

Teoperudeckunii MaTepuaJ

1. Ilonamue oonomepHo20 Maccusa

MaccuB — 3TO CTpPYKTypa OJHOTHUIIHBIX JJIEMEHTOB, 3aHHUMAIOIIMX HEMPEPHIBHYIO 00JIacTh
naMaTi. C MacCUBOM CBS3aHbI CIEAYIOIINE €r0 CBOMCTBA: UMs, TUII, PAa3MEPHOCTb, pa3Mep.

dopmMar onucaHusi MacCUBa CIIEYOLIU:



THI 3JeMeHTOB uMs [Pasmep];

Pa3mep MaccuBa - 4uCIIO 3JIEMEHTOB 3TOro MaccuBa. Harmpumep, corimacHO ONMCaHUIO

int A[10];

00BSIBIIEH MacCUB ¢ UMeHeM A, cozeprkanuii 10 31eMeHTOB 1eIOoro THMa. DIEeMEHThl MaCCHBa
0003Ha4al0TCsl UHJEKCUPOBaHHBIMU UMeHaMU. HukHee 3HaueHune unjexca pasHo 0:

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

B C++ Henp3s onpenenars IpOU3BOJIbHBIE JAMANa3oHbl JUld HHAEKCOB. Pa3mep MmaccuBa,
yKa3aHHBII B OMMCaHUM, BCET/Ia HA €AMHUILY OO0JIbIIIE MAKCUMAJIBHOTO 3HAYEHUS UHJEKCA.

2. Pone OBM 6 cmamuueckux pacuemax

Ilenrr MaTemMaTHMYeCKON CTATUCTHKUM — ONHUCAaHHWE, OOBSICHEHHE U IMpe/icKa3aHhe sBICHUI
JEHCTBUTENBHOCTH Ha OCHOBE YCTAHOBJIEHHBIX 3HAKOB, YTO MO3BOJIIET HAXOJUTh PELICHUS B TUIUYHBIX
cuTyanusax. B ocHOBe HayuHBIX 3HAHUH JIEXKUT HAOIIOIEHHE.

MaremaTHueckasi CTaTUCTUKA M3Y4aeT METOJbI 00paOOTKU pe3ysIbTaTOB HAOIIOJICHHIA MacCOBBIX
CIly4aliHbIX SIBJICHUH, OONaJarouX CTAaTUCTUYECKOHW YCTOHYMBOCTBIO, 3aKOHOMEPHOCTBIO, C LEJIbIO
BBISIBJICHUS 3TOM 3aKOHOMEPHOCTU. BBIBOABI O 3aKOHOMEPHOCTSX, KOTOPBIM IOJYMHSAIOTCS SIBJICHUSA,
u3ydyaeMble METOJaMHU MaTEeMaTHYeCKON CTAaTUCTUKH, BCErJa OCHOBBIBAIOTCSI HA OTPaHUYEHHOM,
BBIOOPOYHOM YHKCIIEe HAOTIOACHUH.

Jlnga pemnieHus MHOTHX MPAKTUYECKHX 3a/Jad COBCEM HEO0O0s3aTeIbHO 3HATh BCE BO3MOXKHBIE
3HAYEHHUS CIIy4aniHOMI BEJINYUHBI, a JIOCTaTOYHO yKa3aTh OTJI€TIbHbIE YHUCJIOBBIE
apaMeTpbIXapaKTePUCTUKHU, TaKHE KaK MAaTeMaTHYECKHE OXHUAAaHUE, AUCIEPCHsl, MOMEHThl pa3IUYHbIX
HOPSKOB U
T.A. DTH XapaKTEPUCTUKHU CIy4yailHON BEJIMYMHBI HA3bIBAIOT YMCIOBBIMU XapaKTEPUCTUKAMHU CIIydaiiHOU
BenuuuHbl. llofcuer 3HaueHWil ATUX XapakTepUCTUK BeAeTcss Mo QopmynaM ¢ (QUKCUPOBAHHBIM
KOJIMYECTBOM HaOJIOICHUH, HA OCHOBE KOTOPBIX MOTYT OBITh MOCTPOEHBI BBIYUCIUTEIbHBIE AIITOPUTMBI.

OrpomMHOe 3HaY€HUE B HACTOSILEE BPEMs MMEET HUCIIOJIb30BAHNUE BBIYMCIUTEIIBHON TEXHHUKH, KaK
CpPEICTBAa aBTOMATH3aLMM PYYHBIX TI'POMO3JIKHX IIOACUETOB XapaKTEPUCTUK CIIy4alHON BEIMYMHBI.
JlocTaTouHO CO37aTh YHHUBEPCAJIBHBIN MPOrpaMMHBIA MPOAYKT ISl MOJCYeTa HEOOXOIMMBIX UYHCIOBBIX
BEJIMYMH U 3aT€M MOJIb30BaThCS UM HEOOXOAMMOE KOJIMUYECTBO pa3 Ui 00pabOTKH Pa3IUYHBIX UCXOTHBIX
JTAaHHBIX.

3. Yucnosvle xapakmepucmuku ciy4auHblX eIUYUH
MaremMatnyeckoe 0XKUIaHNe
Hucnepcust

CpenHee KBaipaTUYHOE OTKJIOHEHUE

HauanpHblii MOMEHT K-IOpsJIKa

LenTtpanpHblii MOMEHT k-ro mopsiika

Koadhpumument acummerpun

= D o
i=1 —_—
8, =+Dx
ﬁlk = M.'-'!I.'-'k

H
Tr’.. EW T L



A= pg/8;

E=—— OKcrecc

4. IIpumenenue 00HOMEPHBIX MACCUBOS 8
CMAmMuCmuyecKux paciemax

B mucuunnmHe «Marematudeckass CTaTUCTHKA» IPUMEHSIOTCS OJHOMEPHBIE MAaCCUBBI  JUIS
XpaHeHHuss U 00pabOTKM IOCIeA0BAaTEIbHOCTH 4ucesl. B olmieM Bule, CTPYKTYyphl BXOJIHBIX JAaHHBIX
MIPOTrpamMMBbl MOYKHO TIPEJICTABUTh CIEAYIOMIM oOpa3oM: #define N 4nciI0 KOMIIOHEHT B BEKTOpE

Tun_snementoB uMA[N];

Hanpumep, MOKHO 3anucarh Tak:

#define N 10

int x[N];

float p[N];

[Tocne BeIgeneHus namsaT nog MaccuB X U P, He00X0AMMO 3aIlIOJTHUTE €€ UCXOJHBIMU JaHHBIMU.
HaubGonee yHuBepcampHbIM anroputM OyaeT B ciayyae, KOrJa HCXOJHbIE JaHHbIE BBOJUT caMm
MI0JIH30BATENb MPOTPAMMBI ITyTeM Habopa WX C KJIaBUATYpPbl. DTO 00ECTIEUUT HCIIOIb30BAaHUE OJHOM M TOM
K€ TPOrpaMMbl MHOTOKpPAaTHO MJI Pa3IMUHBIX HMCXOAHBIX JaHHBIX. [IpM BBOAE MCXOOHBIX JAHHBIX
HEOOXOJIMMO BHUMATEIbHO CIIEAMTH 3a MPAaBUIBHOCTHIO HA0Opa U CBOEBPEMEHHOW KOPPEKTHPOBKE HX.
JlanHble HaOuparoTCa B CTPOUKY, OTIENsS 4YMclia B OJHOM cTpoke mpodenoM. B koHile Habopa JaHHBIX
HaxxuMmaercs kinaBuma [Enter]. Ha sTom 3akaHumBaeTcsi HEepBbIM IIar ajJropuTMa peliaeMoi 3ajayd,
LIEJIBIO KOTOPOT'O SIBJISUIOCH BBOJ MCXOJHBIX IaHHBIX B IPOrpaMMy U COXPaHEHHUE UX B MACCHBAX.

ITocne BBO@ MCXOAHBIX JAHHBIX B OJHOMEPHBIH MAaccHB, HEOXOAMMO UX 00paboTaTh, peanusys
BBIUMCJICHHUSI MAaTEMaTUYECKUX XapaKTEPUCTHK, IMyTE€M IporpaMMUpOBaHus (OpMyIbl, HpeCTaBIECHHBIE
BBIIIIE.

Boruncnenmne Takux BEJIMUMH, KaK MaTeMaTHUECKOE OKUAAHNUE, AUCTIEPCHs], HAYaJIbHbIE U
LIEHTPaJIbHBbIE MOMEHTHI TPEOYIOT pean3alyy alropuT™Ma MojicyeTa CyMMBbl U3 KOHEYHOTO YHCIIa

CllaraeMbIX. AJITOPUTM BBIYUCICHUS] CYMMBI PEaTM3yeTCsl CIeYIOMMMY maramMu: cymma=0;
//O0nynenue cymmsl 1o nukia for( 1=0; i< Nj i++)
[Tonmyuuts cnaraemoe
CyMMa=cyMMa-tcllaraemMmoe;

Paccmotpum Uit mpuMepa HaxXxoXkJIeHHE MaTEeMaTHMYeCKOTO OXHMJaHUs. B xauecTBe cyMMBI 37eCh
BBICTYMAeT BEJIMYMHA mMX, cliaraemoe ompenensercs dopmynoit x[i]*p[i], tme x[i] m p[i]] — sTO

KOMIIOHCHTBI MAacCHBOB X H P COOTBETCTBEHHO, CTOSIIME B IIOCJICIOBATEILHOCTA IO HOMEPOM 1.
[Tepebupas B nukie for 3HaueHUST BCeX HOMEPOB MOCIENOBATEILHOCTH, MOXHO TEM CaMbIM 00paboTaTh
BCIO COBOKYITHOCTh UHCEII.

mx=0;

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

[Toxoxkue neicTBUS MPOBOMAAT JUIS BHIYMCICHUS AUCIIEPCUH U MOMEHTOB. OTIMYAIOT OHU TOJIBKO
BUJIOM CJIaraeMoro B cymme. OCTaJIbHBIE YHCIIOBBIC XapaKTEPHUCTUKH, TAKUE KaK CPEHE KBAIPATUIHOE
OTKJIOHEHHE, KOI(PPUIMEHT acUMMETpPHH M OKCIECC He TpeOyeT BBIUMCICHUS CYMMBI, TOITOMY U
BBIUHCIISIOTCS TIOCTIEI0OBATENILHO €IMHCTBEHHBIM ONEPATOPOM MPUCBOCHHSL.

IIpumep mporpaMMel ¢ IpUMEeHEHHEM OTHOMEPHBIX MACCHBOB

CocTtaBuTh  NpOrpamMMmy, BBIIOJHSIOUIYIO pacuersl CTaTUCTUYECKUX
XapaKTepUCTUK JUIS CAEQYIOLIUX UCXOAHBIX JaHHBIX
Xi |1 10 7 10 4 2 5 7 13 14

P1 |0,02 0,08 0,20 |0,15 |0,05 |0,25 |0,09 |0,01 |0,07 |0,08

#define N 10 //PazmepHOoCcTh MaccuBOB main()
{ int x[N];



float p[N];

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

int 1;

//BBOJI C KJIABHATYPHI UCXOTHBIX JTaHHBIX

cout<<*BBeaure B cTpoUKy<<"<<N<<’BbpIOOpOK’<<endl;

for (i=0; i<N; i++) cin>>x[i]; cout<<“Bpenute B

cTpouky<<N<<” BeposrHocteii ’<<endl; for (1= 0; i<N; i+

+)  cin>>pli];

//BBIYHCIIEHNE MAaTEMAaTHIECKOr0 OKuaanusg mx=0;

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

//BBIYMCIIEHUE TUCTIEPCHU

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

mx)*p[i]; /BeIuucieHne cpeaHe KBaIPATUIHOTO

OTKJIOHEeHUs gx=sqrt(dx);

//BBIYUCIIEHUE HAYaTBHBIX MOMEHTOB 1, 2, 3, 1 4-BIX MOPSIAKOB Ul=mX;

//coBmajaeT co 3HaYeHHEM MaT. OkugaHus u2=u3=u4=0;

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

{u2=u2+sqr(x[i])*p[i];

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

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

}

//BBIYHMICIIEHUE TIEHTPAIbHBIX MOMEHTOB 1, 2, 3 1 4-p1X nopsaakoB m1=0;
//Bcerna paBeH ()

m2=dx; //coBmamaet co 3HaYyeHueM aucrepcud m3=m4=0;

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

{m3=m3-+sqr(x[i]-mx)*(x[1]-mx)*p[i];

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

//BRIUMCIIEHUE KOI(PPUIHEHTA ACUMMETPUHU

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

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

//BBIBOJI pe3yJITATOB PA0OTHI IPOTPAMMBI HA MOHUTOD

cout<<‘“MaremMaTndeckoe OxuIanue = << mx<<endl;

cout<<*“Jlucnepcus ="<<dx<<endl;

cout<<“CpenHe KBaJpaTUYHOE OTKIOHeHHE = <<gx<<end]l,

cout<<“Hau.momeHT 1-ro mopsiaka="<< ul<<endl,

cout<<“Hau.momeHT 2-ro nopsiaka="<< u2<<endl;

cout<<“Hau.momeHT 3-ro nmopsiaka="<< u3d<<endl;

cout<<*Hau.momeHT 4-ro nopsika="<< u4<<endl;

cout<<“Ilent.momeHT 1-ro mopsaaka="<<ml<<endl;

cout<<“IlenT.MOMEHT 2-ro nopsaaka="<<m2<<endl;

cout<<“Ilent.MmomeHT 3-ro mopsiaka="<<m3<<endl;

cout<<“Ilent.momeHT 4-ro nopsaka="<< m4<<endl;

cout<<“Koaddenument acummerpun ="<<a<<endl; cout<<“Axcuecc
="<<e<<endl;

}

ITosryuenne pe3ynbraTtoB padoTsl nporpammsl [
paccMaTpUBaeMOro puMepa pe3yJibTaThl BHINISAAT CIEAYIOUMM 00pa3oM:
Beenute B ctpouky 10 BEIOOpOK
1149152527
Beenure B cTpouky 10 BeposiTHOCTEH
0.222 0.034 0.166 0.025 0.075 0.014 0.061 0.002 0.023



Marematnueckoe oxuganue = 6.10400000

Hucnepcus = 11.61118400

Cpenne kBagpatuuHoe oTkioHeHue = 3.40751875

Hau. momenT 1-ro mopsiaka = 6.10400000

Hau. momenT 2-ro nopsiaka = 48.87000000

Hau. momenT 3-ro nopsiaka = 453.92000000

Hau. momenT 4-ro nopsinka = 4519.25399999

entp. MmomenT 1-ro nopsiaka = 0.00000000

Lentp. MmomeHT 2-ro nopsanka = 11.61118400

entp. MmomeHT 3-ro nopsiaka = 13.86818573

entp. MmomeHT 4-ro nopsiaka = 196.71519835

Koaddenunent acummerpun = 0.35051361

Akcuecc = -1.54090053

3amanmue

Pa3paboraTe mporpammy sl BEIYMCIIEHUS OCHOBHBIX YHCIIOBBIX XapaKTEPUCTHUK M ATCKPETHOM
CIIy4aifHOM BENMYMHBI C TOMOIIBI0 CTaTUCTHUECKHUX JaHHBIX. Hammcate mporpammy, peanusyrouryro
QJITOPUTM BBIUMCIICHUS YKA3aHHBIX BeIMYUH. CpaBHUTH PE3yJIbTaThl, MOJYYCHHBIC PYUYHBIM MOJICYETOM U
C TOMOUIBIO BBIYMCIHUTENbHON TeXHUKH. [IpoaHanu3upoBaTh MoJdydeHHblEe AaHHbe. CHenatb BBIBOJ O
TOYHOCTH pacyeToB. [[nst oOpaOOTKM CTATUCTHYECKUX TaHHBIX HCIOJIb30BaTh OJHOMEPHBIE MACCHUBBI
HE0OXOAMMOM pa3MEPHOCTH.

Ha oyenky «Yoosenemsopumenvro»

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

Ha oyenky «Xopowoy

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

Ha oyenxy «Omauyno»

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

BapHaHTI)I HHAUBUAYAJIBbHBIX 3aJaHui

Bapuant Nel.

X 1 10 7 10 4 2 5 7 13 14

P 0,02 |0,08 |0,20 (0,05 |0,05 |025 |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
Bapunant 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 | 0,11 |0,003 | 0,07
Bapuant Nel 1.

X 6 2 5 13 6 12 5 10 4 11

P 0,05 0,025 | 0,115 | 0,103 | 0,169 | 0,099 | 0,404 | 0,005 | 0,024 | 0,006
Bapuant 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
BapuanTt Nel3.

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

P {0,043 | 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

KOHTpOJIbele BOIIPOCHI

1. UTto Takoe 0AHOMEpHBII MaccuB?
2. Kak onucaTts oqHOMEPHBIN MacCcUB B porpamme?
3. Jlisg KakuxX BBIYUCICHUH B JIUCHUIUIMHE «MareMmatudeckash CTaTHCTUKA» MOXKET

MIPUMEHSTHCS OJTHOMEPHBIA MAaCCUB?

IIpakTHyeckoe 3anaTHeNe29.
IIpuMeHeHHe OHOMEPHBIX MACCHBOB /IS MOCJIMPOBAHUS ONlePALMIA C MHOKECTBAMH.

Hean: [Tonyuenne HABBIKOB B pabOTE C YUCIOBBIMUA OJJHOMEPHBIMU MaCCUBAMU M MOJICITMPOBAHUE
Ha UX OCHOBE OCHOBHBIX ONEPALMI C MHOKECTBAMH.

Tembl 1J1s1 IpeABapUTEILHON MPOPadoTKU OHOMEPHBIN

MacCHB.

DyHKIUY.



Teoperudecknii MmaTepuaJ

1. Ilonsamue muodxcecmea

MHOXECTBO - 3TO COBOKYITHOCTh, HAOOP 3JE€MEHTOB, OOBEAMHEHHBIX OOIIMMHU CBOMCTBAMHU. JTH
00BEKTHI Ha3BIBAIOTCS 3JIEMEHTAMHU MHOXECTBA. DJIEMEHTHI B MHOKECTBO BXOJST IO OTHOMY pasy, T.e. 06e3
MOBTOPEHMIA. DIEMEHTHl MHOKECTBA MOYKHO IEPEUMCIISITh B MPOHU3BOJILHOM mopsiake. Hampumep, ecnu
MHO>KECTBO — JIHU HEJIeNU, TO IOHEEIbHUK 3JIEMEHT 3TOTO MHOYKECTBA.

HagmHoxecTBamMu ~ MOXKHO BBITIOJHATH ~ OCHOBHBIE orepauu TEOpUU

MHOkecTB.  OHM mpeacTaBiIeHbI B TAOIUIIE.

2. IIpeocmasnenue muoxcecmea 6 azvike C/C++

B s3pIke TIpOrpaMMUpPOBaHUS HET MOHATHS MHOXKecTBa. OJHAKO MHOXKECTBO MOXKHO 3a/1aBaTh B
BUJIE OJHOMEPHBIX IEIOYMCICHHBIX MAacCHBOB, JJIEMEHTHI B KOTOPHIX HE TMOBTOpstoTcs. Hampumep,
MHO€ECTBO 1 1581215 mHo)kecTBO 2 813 17.

[ToaTOMy OCHOBHBIEC OTEpaIly HaJ MHOXKECTBAMHU BBIMIOJHSIOTCS HAJ JIEMEHTAaMU OJHOMEPHBIX
MaccuBoB. Hampumep, A7t HCXOAHBIX MHOKECTB

PesynbTar nepecedyeHuss MHOXKECTB 8

Pesynbrar 00benunenus MaOX)ecTB 158 121513 17

Pesynbrar paznoctu MuokectB lu2 151215

IIpumep mporpaMMel ¢ MHOKECTBAMU

CocTaBuM nporpammy, A€MOHCTPUPYIOIILYIO pPadOTy CO3/1aHus U O0BEIUHEHUN MHOMKECTB.

//pyHKIMSL 3a110JTHEHUSI MHOKECTBA

//TlapameTpbl: MHOKECTBO-MAaCCHB U €r0 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; /Tlonck cpei UMEIOIIHNXCS SJIEMEHTOB B MACCHBE

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

{pr=1; //Takoii yxe ecTb

break;

}

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

{a[1]=x; //JloGaBsieM €ero B MacCcuB

i)}

}

//pyHKIHS BRIBO/IA HA DKPAaH MHOKECTBA

void pr(int a[], int kol)

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

(int 1=0; i<kol; it++)

cout<<a[i]<<" "

cout<<endl; }

//00beIMHEHNE MHOYKECTB

void objed(int m1[], int nl,int m2[], int n2, int m3[], int &n3)
{ int1i, j, pr;

for (1=0; i<nl; i++) //KomupyeM repBoe MHOKECTBO
m3[i]=ml[i]; n3=nl;

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

{ pr=0

b



for(j=0; j<n3; j++) //Tlonck cpeiu BTOPOrO MHOXKECTBA
if(m2[i]==m3[j])

{pr=1; break;} if

(pr==0)

{ m3[n3]=m2J[i];

n3++;

}

}

}

//TnaBHas QyHKUNA

main()

{

const n=256;

int ml[n], m2[n], m3[n], m4[n],m5[n];

nt nl,n2,n3,n4,n5; randomize();

cout<<"\nkol el masl "; cin>>nl;

sozd(ml,nl); //BBI30B — CO3/1aTh TIEPBOE MHOMXKECTBO

pr(ml,nl); //BBI30B — BBIBOJ IEPBOTO MHOXKECTBA
cout<<"\nkol el mas2 "; cin>>n2; sozd(m2,n2); pr(m2,n2);
cout<<"\nobjed";
objed(m1,n1,m2,n2,m3,n3); //Bb130B — 00beAMHEHNE JBYX MHOXKECTB
pr(m3,n3); //BBI30B — BBIBOJI PE3yJIbTaTa OOHETMHEHHUS
h
PesynbTar paboThl mporpaMMel
kol el masl1 7
*Ex 714 11191 16 8
kol el mas2 9
kkx 528181910374
objed
*EX T7141119116852181034
3ananue
Ha oyenxy «Yoosenemseopumenvro»
CocraBuM nporpaMmy, AEMOHCTPUPYIONUIYIO MIEPECEUEHNE MHOKECTB.
Ha oyenky «Xopowoy
CocraBuM nporpaMmy, IEMOHCTPUPYIOIIYIO pa3HOCTh MHOXKECTB.
Ha oyenxy «Omauunor

CocrtaBuM NporpaMmy, AEMOHCTPUPYIOIIYIO CHMMETPUUECKYIO pPa3HOCTh MHOKECTB.

KOHTpOJIbeIe BOIIPOCHI

1. HO‘ICMy MOKHO TIIPEACTABUTh MHOXECTBA OAHOMCPHBIMU MaccuBamu? 2.

TpeOOBaHMS JOHKHBI COOJIIOAATHCS IS AJIEMEHTOB MHOKECTBA MPHU €TI0 CO3/IaHnun?

IIpakTyeckoe 3ansaTueNe30.
Peasmm3anus anropurMa ny3pipbKoOBOil COPTHPOBKH.

Heas: [Tonydyenne HaBBIKOB B pabOTE C COPTUPOBKON MacCHUBOB.
Tembl A1 npeABapuTeabHOI NPOpadoTKH Turb

IaHHEIX B s3bike C/CH++.

OrnepaTophl MUKJIOB.

Kakune



Coznanmne MaccMBOB B IIpOrpaMMe.

ba3oBble onepannu ¢ MaCCUBaMH.

TeopeTnyeckuii MaTepuaJl

AJITOpPUTM Ny3bIPbKOBOI COPTHPOBKH

ANTOPUTM COPTHUPOBKHU TY3BIPHKOBBIM METOJOM TOMYYWJI CBOE€ Ha3BaHHME OT croco0a,
UCIIOJIB3YEMOTO JJIsl YNOPSIOYMBAHMS DJIEMEHTOB MacCHUBa. 3JECh BBINOJHAIOTCS MOBTOPSIOMINAECS
OTlEpalliil CpPaBHEHUS W TPH HEOOXOAWMOCTH MEHSIOTCS MECTaMH CMEXHBIE 3JieMeHTHL. [lpu sTom
3JIEMEHTHI C MEHBUIMMHU 3HAYEHUSMH MTOCTENIEHHO TepEMEIAaloTCs K OJTHOMY KOHILy MacCHBa, a JIEMEHTHI
¢ OONBIIMMHU 3HAYEHUSMU — K JPYroMy. DTOT MPOLIECC HAIOMHHAET MOBEACHHUE MYy3bIPHKOB BO3AyXa B
pesepByape ¢ Bojoil. [ly3bipbKoBasi COpTUPOBKA BBIMOIHIETCS IyTEM HECKOJIBKUX MPOXOO0B MO0 MACCHUBY,
BO BpeMs KOTOPBIX IPU HEOOXOJAUMOCTH OCYIIECTBIISICTCS IIEPECTaHOBKA 3JIEMEHTOB, OKa3aBIIMXCS "He Ha
cBoeM Mecte". KomnyecTBo Mpoxo0B, FrapaHTUPYIOIUX MOIYyYEHHUE OTCOPTUPOBAHHOTO MACCHBA, PaBHO
KOJIMYECTBY SJIEMEHTOB B MaCCHBE, YMEHBIIIEHHOMY Ha €IUHUILY.

XOTs aJTOPUTM ITy3bIPHKOBOM COPTHPOBKHU MPUTOZEH JJs1 HEOOJIBIIMX MAacCHBOB, Ul MAaCCHUBOB
0oJbIIOro pa3Mepa OH cTaHOBUTCS Hed(peKTUBHbIM. boiee yHUBEpCAalbHBIM CUHUTAETCS AITOPUTM
Quicksort. B cranmaptayto Oubnumoreky C++ BrmrodeHa QyHkiusi qsort(), KoTopas peaau3yeT OJHY W3
BEpPCUI ITOr0 AJIITOPUTMA.

IIpumep nporpamMmbl, peau3yiolleil aIropuTM COPTHPOBKH NMy3bIpbkoM B
CIeyrolIel MporpaMMe peaau3oBaHa COPTUPOBKA MAcCHBA (1IETIOYUCIEHHOTO THIIA), COACPKAIIIETO

ClIy4yalHbIC Ynciia. JTa mporpamMma 3aciyKMBacT BHUMATEILHOTO pa3dopa.
#define SZ 10

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

//TeKyImniA MHJIEKC 3JIEMEeHTa MaccuBa int buf;
cout<<"\nCopTtupo3ka maccuBa MeTo0M \"my3bipbka\"\n";
for(i=0; 1<SZ; i++) cout<<a[i]<<" "; for (1= 0; 1 < SZ-1;
i++)

{ I+

+

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

{

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

{

//obmensieM k-1 U (k+1)-ii BIEMEHTHI

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

//oTian04Has MeYaTh MacCHBa IMOCIIE OUEPEAHOTO KA COPTUPOBKU
cout<<"\n-----"<<j<<"-----"; for (k = 0; k < SZ; k++) cout<<a[k]<<"
"; cout<<"\n";

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

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

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

cout<<"\n\n/Ins 3aBepmenus pabotel Haxxmute <Enter>";
}

PesynbraThl paboOThI IPOTPAMMBI:

CoptupoBka MaccuBa METOAOM 'my3bIppka'
3053 1135174221847561



[----- 53303517422184756111
2-----5335304221847561 1711
3-----53354230847561211711
----- 4-----53423584 756130211711
5
6
7

----- 5342847561353021 1711

----- 53847561423530211711

---------- 84756153423530211711

————— 8-----84 75 61 53 42353021 17 11 -----9-----
84756153423530211711

*Ekx**FMaccuB OTCOPTUPOBAH

84 756153423530211711

3ananmue
Ha oyenxy «Yoosenemseopumenvro»

CMeHUTh NOPSAAOK COPTUPOBKH — CAEIATh YIIOPAIOUEHUE MACCHBA 110 BO3PACTAaHUIO 3HAYEHUN
aneMeHTOB. [TopaboTaTh BMECTO KOMITBIOTEPA, MPOXOS MHCTPYKIUH ITPOrpaMMbl. BEIOTHUTE
OTJIaJJOYHYIO [1€YaTh.

Ha oyenky «Xopowoy

W3MeHuThs NOpUHIUO 3aloidHEHHUS MacchBa — CJeNlaTh 3alojHEHHE CIy4alHbIMH YHCIaMHU.
[TpoBepuTth pe3yabrat paboThl MPOTPAMMBI.

Ha oyenxy «Omauunor

N3menuts uncio anementoB maccusa (100, 1000, 10000, 100000). MccnenoBarb, Kak U3BMEHHUTCS
BpeMs pabOThI MPOTPAMMBI OT Pa3MEPHOCTH MaCCHBA.

KonTpoJbHbIE BOPOCHI

1. Yro Takoe copTrpoBKa Maccusa’?

2. Pacckasath, B 4eEM CyTh aJlTOPUTMA COPTUPOBKH MY3bIPHKOM.

3. Yka3aTh MpUYHMHBI, KOTOPBIE BIUSIIOT HA CKOPOCTh COPTHUPOBKU MaccuBa. 4. Kakas cymiecTByeT

3aBUCUMOCTDH MEXIY CKOPOCTBIO COPTUPOBKH M Pa3MEPHOCTHIO MaccuBa?

[MpakTnyeckoe 3ansiTueNe31.
IIporpamma, peajsusyomasi OMHAPHbBIN OKUCK.

ILeas: IloaydeHne HaBBIKOB B pabOTe ¢ MAacCUBaMM, OCBOCHHE PA3IMYHBIX AJITOPHUTMOB IMOMCKA
uHbopMaluu B MaccuBe. Tembl [JIs1 IpeABapuTeIbHON MpopadoTku Maccussl B C++.

3arosTHeHHEe MacCHBa, BBIBOJ Ha SKpaH.

Teoperuyeckunii MmaTepua

1. Ilonamue u 3a0anue mMaccugos 6 npozpamme

MaccuB — 3TO CTpPYKTypa OJHOTHUITHBIX JJIEMEHTOB, 3aHMMAIOIIMX HEMPEPHIBHYIO 00JIaCTh
namsaTu. C MacCUBOM CBSI3aHBI CIIEIYIOLINE €ro CBOMCTBA: UM, TUII, Pa3MEPHOCTh, pa3mep.

dopmar OMUCaHUs MAaCCUBA CIIEIYFOLIHIA:

THII 3JIEMEHTOB MMSl [KOHCTAHTHOEe BbIpa:keHue]

KoHcTaHTHOE BBIpaXCHHE OMpEICIseT pa3Mep MacChBa, T. €. YHCIO JEMEHTOB ATOTO MacCHBA.
Hanpumep, cornacuo onucanuto int A[10];

0OBSBIICH MacCHB C UMeHEM A, coaepxariuii 10 371eMEeHTOB 11eJI0r0 THMa. JJIeMEHThl MacCuBa
0003HaYar0TCs NHAEKCUPOBaHHBIMU MMeHaMH. HibkHee 3HaueHne uHaekca paBHo 0:

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



2. Ilouck 6 maccuse memooom nepedopa 31emMeHmo8

Camblii IPOCTOI THII MOMCKA B MACCHUBE CBSI3aH C MepeOOpPOM IO TOPSIIKY BCEX 3JIEMEHTOB MacCHUBa
C UCKOMBIM 3HaueHue. Takoi aJroOpuT™ UMEET OYCHB MPOCTYIO PEaTU3aIINI0, OHAKO, CYUTACTCS OJJHUM M3
caMbIX MeJUIeHHBIX. [T MacCHMBOB HEOONBIIONW Pa3MEPHOCTH OH BIIOJIHE MPUTOIEH, OJHAKO, IS
MacCHBOB OOJIBIIION pa3MEPHOCTH €0 UCIOIb30BAHUE HE KeJIaTeabHO.

#define HB 5

main()

{ int m[HB]; // MaccuB TENbIX int

obr; // obpa3zer 1ist morucka

int found; // IpU3HAK COBMAJICHUS ¢ 00PA3IoM int

1

cout<<"\nllowuck B MaccuBe MeTo/I0M mepedopa\n";
cout<<"Bpenute B 0JJHOI CTpOKE %61 MEIbIX\

n",HB; cout<<"uncen n HaxxmMute <Enter>\n";
cout<<"->"; for (i = 0; i < HB; i++) cin>>m[i];
cout<<"Bpenurte oOpazerr A moucka (1eaoe yucio)->";
cin>>obr; found = 0;

1=0; // mpoBepsieM C MEPBOro 3JIEMEHTa MacCHBa
do{

if (m[i] == obr)

found = 1; // coBnajieHne ¢ 00pa3romM

else

i++; // Iepexo/1 K CIASAYIONIEeMY JIEMEHTY

4 while (!found && 1 < HB) ;

if ( found )

cout<<"CoBmajieHre ¢ eMeHTOM HoMep %i", i+1; else
cout<<"CoBmnaaeHuii ¢ 06pasom Het";

}

IIpumep nporpammabl, peaju3yoineii OMHAPHBIA MOUCK B MAaCCHBeE
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<<"";

J

}

if (pr) cout<<"\n poz="<<zc;

else cout<<"\n no number";
cout<<"\n

kol="<<kol; }

PesynbraTsl paboTh IPOTPaMMBI

1 mpoBepka vvod 0-999 -

diapasona= 499

749 624 561 530 514 506 502 500
poz=500 kol=8

2 mpoBepka vvod 0-999 -

>_100 ******1/2

diapasona= 499

2491246130146200

no number kol=9

3ananue

Ha oyenxy «Yoosenemsopumenvro»

CocTaBuTh NporpaMMy, pealu3yonlyr0 aJropyuT™ JIMHEHHOTO Moucka. Ha

oyenxy «Xopouio»

CocTaBUTh MPOrpaMMy, peaIu3yoIIyI0 aIrOpUTM OMHAPHOTO MOMCKA. BBIMONIHUTE aHAIN3
JUHEHHOTO U OMHAPHOTO MOKCKA MO CKOPOCTH PabOThI ¢ 3aBUCUMOCTH OT pa3MEepHOCTH MaccuBa. Ha
oyenky «Omauuno»

CocrtaBUTh MpPOTpaMMy, pPEATM3YIONIYI0 WIpy TMOJb30BaTeNisi ¢ KoMmibioTepoM. KommbioTep
dopMmupyer ciydaitHoe umcino B aumanazoHe ot 1 go 100 m mpemiaraeT MOIB30BATENI0 BBECTH HYHCIIO.
CpaBHUBaeT CBOE 4YMCIO M YHWCJIO, BBEIEHHOE TMOJb30BaTeleM. BblgaeT UTOTr cpaBHEHUS — OOJblle,
MEHBbIIIE, YyTraJaHo, MOJCYUTHIBAET YHUCIO XOAOB. Mes mporpaMMbl COCTOUT B MPOBEPKE IOJIb30BATENS
WCITI0JIb30BaTh METO/I OMHAPHOTO TIOKCKA.

KoHnTpoJibHbIE BONPOCHI

1. Paccka3ath CcyTh ME€TOJA JIMHEWHOI'O IMOWCKA.

2. Pacckasarb cyTh METO/1a OMHAPHOTO MOUCKA.

OcHoBHas JuTEpaTypa:

1. Annan, A. Beegenue B reHepanuio nporpaMMHOTO kKoaa / A. Anpad. - 2-€ u31., UCTIp. -
M. : HatmonaneHsiit OTkpbITeI YHHBepcuTeT « IHTYUT», 2016. - 189 c. : cxem. - bubauorp. B KH. ;
To xe [DnexkTponHsIil pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=428825

2. CoxkonoB B.I1. KogupoBanue B cuctemax 3amuTsl HHGopMauu [ DIeKTpOHHBINH pecypc]:

yueObnoe mocobue/ CokonoB B.II., Tapacoa H.Il.— DnekTpoH. TeKkcTOBbIe maHHBIC.— M.:
MockoBCKUil TeXHUYECKHI yYHHUBEpCUTET cBsizu U uHpopmatuku, 2016.— 94 c.— Pexum nocryna:
http://www.iprbookshop.ru/61485.html.— DBC «IPRbooks»

3. AntumupoB, B. M. [IlpoektupoBaHue amnmapaTypbl CHUCTEM aBTOMAaTHYECKOTO
ynpasieHus. B 2 4. Y. 1 : yuebnoe nocodbue mis CITO / B. M. AatumupoB. — 2-e uza. — Capatos,
ExarepunOypr : [IpodobpazoBanue, Ypanbckuii ¢penepanbHbiii yauBepcuret, 2019. — 92 c¢. — ISBN
978-5-4488-04014, 978-5-7996-2834-5. — TekcT : SNEKTPOHHBIH // DNEKTPOHHO-OMONIHOTEYHAS



cucrema IPR BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/87852.html. — Pexxum nocrymna:
JUIsL aBTOPH3HP.
II0JIb30BaTENEN
JomnosHuTeIbLHASA JIUTEpPaTypa:
1. ®enoposa I'.1. Pa3paboTka, BHEpEeHHE U alanTallysl IPOTPaMMHOTO 00ECTIeYeHHS OTPaciIeBOU
HarpaBJeHHOCTH. YueOHoe nmocooue. M3a.: KYPC, Uudpa-M. Cpennee npodeccuoHaibHOE
obpazoBanme. 2016 1. 336 cTp.
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