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INOACHUTEJIBHAS 3AIINCKA

[Tporpamma aucuuiuivHel Pa3paboTka koxa MH(MOPMAIMOHHBIX CHCTEM NPEAyCMATPUBAET U3yuUEHHE
AJITOPUTMU3ALUK KaK 0a30BOM COCTABIAIOIIENH TEXHOJOTMYECKOro MpoLecca CO3AaHUs IPOrpaMMHOIO
MPOAYKTA, a TAaK JK€ M3y4YCHHE SI3bIKa MPOTPaMMHUPOBaHU U (OPMHUPOBAaHUE HABBIKOB pazpadorku MC,
00BEKTHO-OPUEHTHPOBAHHOTO MPOTPAMMHUPOBAHUS Yy CTYIEHTOB. [Ipu M3ydyeHUUW MpenMmeTa cleayeT
co0JIr0JaTh €IMHCTBO TEPMUHOJIOTUM U 0003HAUEHHsI B COOTBETCTBUHU C JICHCTBYIOUIMMHU CTaHAAPTAMH,
MexnayHnapoaHoi cuctremHon eqununbl (CH).
B pesynbrare u3ydeHus AUCHUIUINHBI CTYACHTBI O0IMHCHbL:
3HATD!
- OCHOBHBIE BUIBI U IPOLIEAYPHI 00pabOTKH MH(POPMAIINH, MOJETH U METOIbI PEIICHUS
3a1a4 00paboTKu MHGOPMAIIIH;
- OCHOBHBIE IIaT(OPMBI AJIS1 CO3AAHUS, UCIIOJHEHUS U yIIpaBJIeHUs! HH(OPMALIMOHHON
CHCTEMOM;
- OCHOBHBIE ITPOLIECCHI YIIPABICHUS IPOSKTOM pa3paboTKH;
- OCHOBHBIC MOJIEIM IOCTPOCHHUS MHMOPMAIMOHHBIX CHUCTEM, WX CTPYKTYpY,
0Cc00EHHOCTH U 00J1aCTH IPUMEHEHUS,
- METOABl W  CPEACTBA  MPOSKTUPOBAHMsS, pa3pabOTKM W TECTUPOBAHUS
MH(POPMALIMOHHBIX CUCTEM;
- CHUCTEMY CTaHIapTH3alMM, CepTU(UKAIUM U CUCTEMY OOECleUYeHUs KauecTBa
MPOYKIUH.
yMeTh!
- OCYILECTBIISITH TIOCTAHOBKY 3a/1a4 110 00paboTke HHpOpMaLny;
- IPOBOJUTH aHAJIU3 IPEAMETHON 001acTH;
- OCYIIECTBIISITH BHIOOP MOJIENIM U CPEICTBA MOCTPOSHUSI NH(POPMAIIMOHHON CHCTEMBI
Y TIPOTPAMMHBIX CPEJICTB;
- UCIIOJIb30BaTh aJITOPUTMBI 00paObOTKH MH(DOPMAIMK [T PA3TUYHBIX PUIIOKEHHIH;
- peliath NPUKIaJHbIE BONPOCHl MPOTPAMMHUPOBAHUS U S3bIKA CLEHAPHEB IS
CO3JIaHMsI IPOTPaMM;
- pa3pabarbIBaTh rpaguuecKuii MHTEpQEiic MPUIoKEHUS;
- CO3/1aBaTh U YNPaBIIATH POEKTOM IO pa3pabOTKe MPUIIOKEHUS;
- NPOCKTHPOBATh W pa3padaTblBaTh CHUCTEMY MO0 3aJaHHBIM TPeOOBaHUSM U
cienn(UKausIM. HMeTh NPAKTHYECKHH ONBIT B!
- YIOpaBIEHUU  MPOLECCOM  Pa3pabOTKM  MPHIOXKEHHH C  HCHOJIb30BAHUEM
MHCTPYMEHTAJIbHBIX CPEJICTB;
- obOecrieueHnr cOopa JaHHBIX JJIS aHAJIM3a HCIOJIb30BaHUS M (YHKIIMOHUPOBAHUS
MH(OPMALIMOHHON CUCTEMBI;
- IPOTrPaMMUPOBAHUH B COOTBETCTBUU C TPEOOBAHUSIMH TEXHUYECKOTO 33/1aHUS;
- UCTIOJIb30BAHUHU KPUTEpUEB  OLIECHKHU KayecTBa U
HAJIOKHOCTH  (PYHKIIMOHUPOBAHHS HHPOPMAIIMOHHON CUCTEMEI,
- NPUMEHEHUN METO/MKH TECTUPOBAHUS pa3padaThbIBaeMbIX MPUIOKEHUH;
-OnpeeNIeHMH cocTaBa 00OpY/IOBaHUS M MPOTPAMMHBIX CPEJICTB pa3pabOTKU MH(POPMAIMOHHON
CHCTEMBI;
- pa3paboTKe JOKYMEHTAIMH 10 YKCIUTyaTaIllii HHOPMAIIMOHHON CUCTEMBI;
- IPOBE/ICHUH OLIEHKU KauecTBa U 5KOHOMUYECKOH 3((heKTUBHOCTH HHPOPMALIMOHHOM
CHCTEMBI B paMKax CBOCH KOMIIETECHIIHH;

- MOI[I/I(l)I/IKaLII/II/I OTACIBbHBIX Mo;[yneﬁ HH(l)OpMaHHOHHOfI CHUCTCMBI.



B pe3ynbrare ocBoeHus yueOHOM NUCHUIUIMHBI CTYACHT JOHKEH OBJIaIeBaTh:

Obwumu KomnemeHyusMuU:

OK 01. Beibupath crioco0bl pemieHus 3agad npopecCuOHATbHON AeITEeIbHOCTH, IPUMEHHUTEIBHO K
Pa3IMYHbIM KOHTEKCTAM.

OK 02. OcymiecTBisaTh TOWCK, aHAIW3 W HWHTEPHpETANHi0 HHPOpMauH, HEOOXOIUMOH IS
BBITOJIHEHUS 32,124 TPO(PECCUOHATBHON EATEIbHOCTH.

OK 03. ITmanupoBath U PeaaTn30BLIBATh COOCTBEHHOE MPOPECCHOHATHHOE U IMYHOCTHOE Pa3BUTHE.

OK 04. PaboraTe B KOJUIGKTHBE M KOMaHJ;e, d()PPEKTHUBHO B3aMMOJICHCTBOBATh C KOJUICTAMH,
PYKOBOJCTBOM, KITUEHTAMH.

OK 05. OcymuiecTBisTh YCTHYI0 M IMHUCbMEHHYIO KOMMYHHMKAIMIO HA TOCYJAPCTBEHHOM S3bIKE C
y4eTOM 0COOEHHOCTEH COLMANBHOTO U KYJIBTYPHOTO KOHTEKCTA.

OK 09. Mcnonb3oBaTh MHGOPMAIIMOHHBIC TEXHOJOTHUH B MPOGECCHOHATBHOM JIEATSTLHOCTH.

OK 10. ITonp3oBarecs mpodecCHOHATFHON JTOKYMEHTAlMeH Ha roCy/1apcTBEHHOM M MHOCTPAaHHOM
S3BIKE.

IIpogheccuonanvuvimu KomnemeHyuaAMU.

I[IK 5.1. CobupaTh WHCXOAHBIE JaHHBIE [UIsI pa3pabOTKU MPOEKTHOM JOKyMEHTAllMM Ha
MH(POPMALIMOHHYIO CUCTEMY .

1K 5.2. PazpabaTpiBaTh MPOEKTHYIO TOKYMEHTAIMIO HA pa3paboTKy WH(POPMALIMOHHON CUCTEMEI B
COOTBETCTBUH C TPEOOBAaHUSMU 3aKa34HKa.

[1K 5.3. PazpabarbiBaTh MOJCUCTEMBI O€30MaCHOCTH UH()OPMALIMOHHOW CUCTEMBI B COOTBETCTBUU C
TEXHUYECKUM 3aJIaHUEM.

[IK 5.4. IlpousBoauth pa3pabOTKy MOIyJieli HHPOPMAIIMOHHOW CHCTEMBI B COOTBETCTBUU C
TEXHUYECKUM 3a/IaHUEM.

[IK 5.5. OcymecTBisTh TeCTHpOBaHWE WH(GOPMALMOHHON CHCTEMBI Ha JTale ONBITHON
JKCIUTyaTaluu ¢ (uKcalued BBIABIEHHBIX OHIMOOK KOJMPOBAHMS B pa3padaTbIBa€MbIX MOIYJISAX
MH(OPMALIMOHHON CUCTEMBI.

IIK 5.6. Pa3pabarbiBaTh TEXHHYECKYIO IOKYMEHTAI[MI0 Ha SKCIUTyaTalllio HH(OPMAIMOHHON
CHUCTEMBI.

IIK 5.7. Ilpou3BoauTh OLIEHKY HMH(OPMAIIMOHHOW CHUCTEMBI JUIsl BBISBIECHHS BO3MOXHOCTH €€
MOJIEpHU3ALIU Y.

OBIIME METOANYECKUE YKA3ZAHUSA K
BBINIOJTHEHHUIO TIPAKTUYECKUX PABOT

[To nucuunnune Pa3paboTka kona MH(OPMALMOHHBIX CHCTEM IpaKTUYECKHE padOThl coaepi aT
3aJ]auu ¥ TeOPETUYECKHe BOMPOChl. BapraHThI A1 K100 00y4aromerocs - UHAUBH Ty aJbHbIE.

32[)1&‘-11/1 M OTBCTHI Ha BOIIPOCHI, BBINTOJITHEHHBIC HE 11O CBOEMY BAPHUAHTY, HC 3aCYUTHIBAOTCA.

[TpakTudeckas paboTa BBIMOJIHAETCS B OTACIBHON TeTpaiu. YCIoBUA 3aaudl U (HOPMYIUPOBKU
BOIPOCOB MEPENUCHIBAIOTCS MOTHOCTHI0. DOPMYIIBI, pacyeThbl, OTBETH HAa BOIMPOCH! MUILYTCS PYUYKOM, a
YEepPTEIKU, CXEMbl W PUCYHKH BBITIONHSAIOTCS KapaHIamoM, Ha TpapuKax W JuarpamMMmax yKas3bIBaeTCs
Mmacmtad. BHauane 3agaga pemaercst B 00IIeM BHE, 3aT€M JIENAIOTCA PACUETHI 1O YCIOBUIO 3a/IaHHUS.
Pemenue 3aau 00s13aTenbHO BeeTes B MexayHapoaHoii cucreme equnui (CH).

[Tpu BBITOTTHEHUH TPAKTUYECKOTO 3aHATUS HEOOXOIMMO CIIeI0BaTh METOAMYECKHM yKa3aHHIM:
MOBTOPUTH KPATKOE CO/ICpP)KaHNE TEOPHUH, 3aIOMHUTH OCHOBHBIE (DOPMYITBI M 3aKOHBI, TPOAHATH3UPOBATH
MIpUMeEp BBIIOJTHEHUS aHATIOTUYHOTO 33/IaHUs, 3aTE€M MPECTYIHTH HETIOCPEACTBEHHO K PEIICHHIO 3a1auu.
K 3ayery nomyckaroTcst CTYAEHTBI, MOJYYHUBIINE IOJOKUTEIbHBIE OLIEHKHA IO BCEM MPAKTUYECKHM
pabotam.



IIpaBuiia BHINOJIHEHUS MPAKTHYECKUX PaldoOT.

1. CTyneHT JODKeH MPUNATH Ha TPAKTUYECKOE 3aHSTHE IOJTOTOBJICHHBIM K BBITIOJHEHUIO
MPaKTUYECKOU PabOTHI.

2. Kaxnpiit cTyfeHT mocie npoBeAeHus: padoThl IOJDKEH IMPEICTaBUTh OTYET O IMPOJACIIaHHON
paboTe ¢ aHATM30M IMOJIYYCHHBIX PE3yJIbTATOB U BEIBOJIOM I10 padoTe.

3. TabmuIbl ¥ PUCYHKH CIIEAYET BHITIOIHATD C TIOMOIIBIO YEPTEKHBIX MHCTPYMEHTOB (JIMHEHKH,
IUPKYJIS, U.T.]1.) KapaHaamom ¢ coomoaeanem ECK/I.

4, Pacuer ciemyeT mpoBOIUTE C TOYHOCTHIO J0 ABYX 3HAYAMUX IUDP.

5. HcnpaBnenus mpoBOIUThL Ha OOpaTHOW CTOpoHE JucTa. [IpM MENKUX HCIpaBiIeHUAX

HETpaBWIbHOE CIOBO (OyKBa, YHCIO M T.I.) aKKypaTHO 3aUepKHBACTCS W HAJl HUM IHIIYT MPaBHILHOE
MPOMYIIEHHOE CJIOBO (OYKBY, YUCIIO U T.I1.).

6. BcrmomorarenbHble  pacdeThl MOXHO BBINMOJIHATH HA OTIACIBHBIX JIMCTAaX, a IpH
HEO0OXOIUMOCTH Ha JINCTaX OTYeTA.

7. Ecnu cTysieHT He BBIOIHHUT MPAKTHYECKYI0 pab0Ty WM 4acTh Pa0OTHI, TO OH BBHITIOJHHT €€
BO BHEYPOUYHOE BPEMsI, COTJIACOBAHHOE C MPETI0/IaBaTEIIeM.

8. OneHKy MO MPAKTHYECKOH paboTe CTYNECHT MOJMydYaeT ¢ YIeTOM CPOKa BHITIOJTHEHUS paOOTHI,
eciy;

- pacyeThl BBITIOJIHCHBI IPABUJIBHO U B ITOJHOM 00BEME;

- ClIeNaH aHaIH3 MPOJCIaHHONW PabOTHI ¥ BBIBOJI 11O pe3yiIbTaTaM paboThL;

- CTYACHT MOXKET MOSICHATD BBITIOJTHEHHE JTIOOO0T0 dTarna padboThl;

- OTYET BBINOJIHEH B COOTBETCTBHH C TPEOOBAHHUSMH K BBIITOJIHEHHIO PaOOTHI.



IIpakTuyeckas padora Nel. BBoa Tekcra
nporpammbl. CoxpaHeHue NPOrpaMMbl

Hes: [Tonmyyenne 6a30BBIX HABBIKOB UCTIOIb30BAHUS CUCTEMBI IIPOTPAMMHUPOBAHHMS, HEOOXOAMMBIX
IUIsL TajIbHEUIIETO BBIMOJIHEHHS UK TPAKTHYECKUX PadoT.

OcHoBHble noHsATUS: VIHTErpupoBaHHas cpeaa, KOMIUisus, oriaaduk. TeopeTudyeckas

4acThb.

1. 3anyck cucmemuvl npocpammuposanus

Cucrema mporpammupoBanuss MS Visual studio cocrout u3 6omnbiioro yrcna (haiaoB, XpaHeHHE
KOTOPBIX CTPYKTYPUPOBAHO MO KaTajaoram.

JUist 3amycKa CHCTEMBbI IPOTPaMMHUPOBAHUSI JOCTATOYHO IIEJIKHYTh Ha SIPJIbIKE Ha paboyeM CToJe.

2. [lonv3o06anue noockaskoui 6 cpede

Cuctema niporpammupoBanust MS Visual studio uMeeT MOIIHYIO CHCTEMY OHJIAHHOBOM MOJICKA3KH,
KOTOpasi OueHb MOJIe3Ha, OCOOSHHO ISl HAYMHAIOIIETO MPOTrPAMMUCTA.

[Tonckaska sBISETCS TUNEPTEKCTOBOM, TO €CTh, BHIOPaB OJHO W3 BBIICICHHBIX CIIOB, MOXKHO
MIOJIyYUTh MOJICKA3KY, CBA3aHHYIO C TUM CJIOBOM.

[TepBast BO3MOKHOCTh OOpalieHus K mojackaske - yepes I'iauoe Menio -> Help. B tom menro
caMbIMU TOJIE3HBIMU SIBIISIOTCS MyHKTHI Contents u Index.

[Tynkt Contents BEIBOIUT HA SKpaH TEMATHYECKHH CIIUCOK Pa3/IeNiOB, 0 KOTOPBIM MOKHO TOJTYYHTh
nojcka3ky. [IyHkT Index BeIBOAMT Ha SKpaH aihaBUTHBIN CIIMCOK BCEX KIIFOUEBBIX CIIOB M UMEH (DYHKIIMN
S3bIKa U CUCTeMbI porpammupoBanus MS Visual studio. Beibupast myHKT 3TOro CucKa, MOYKHO MOJIYYUTh
MOAPOOHYIO MOJCKA3Ky [0 HEMY.

Hpyrasi BO3MOXHOCTh OOpallieHusi K MoJICKa3ke - uepe3 kiaBumd F1 u koMOMHAIMIO KIIABHII
Ctrl+F1. Dra mojackaska - KOHTEKCTHO-3aBUCUMasl, TO €CTh, MOJCKa3Ka, KOTOpas MOSABJISICTCS Ha SKpaHe,
OTHOCHUTCSI HIMEHHO K TOMY COCTOSIHUIO CHCTEMBI TPOIrPaMMHUPOBAHHUSI, B KOTOPOM OHa celuac HaXOIUTCS.

[To xnaBume F1 momyuyaere mojcka3Ky MO aKTHUBHOMY Ha JAaHHBIH MOMEHT MEHIO MJIM OKHY.
Kom6unarmenn Ctrl+F1 M0XXHO MOJb30BaThCs TOJIBKO B aKTHBHOM OKHE pefakropa. Eciu mpu HakaTuu
9TOW KOMOMHAIUM Kypcop HaXOJAMUTCA HAa KAaKOM-TO KJIIOYEBOM CJOBE WJIM Ha (YHKIMH, TO Ha SKpaH
BBIBOJMTCS OJPOOHAs MOACKA3Ka 110 3TOMY KJIIOUEBOMY CJIOBY MIIH (DYHKIIUH.

3. Cozdanue, peoaxmupogarue u coOXpaneHue npocpammobl

Bribepute I'imaBHoe Menio -> File -> New. YV Bac Ha skpaHe OTKPOETCS IIyCTOE OKHO pPeaaKTopa ¢
3aroioBkoM NONAME.CPP. B 3ToMm okHe HaGepuTe TEKCT MpOrpamMMmBbl.

Texct, koTopblit Bbl HaOMpaeTe Hy)KHO COXpaHUTh TEKCT B (paiiie Ha BHeHIHeN namsaTu. s sToro
BeinonHuTe: [1aBHoe Meno -> File -> Save as... . IIpu atom y Bac Ha skpane nosiisietcst okHo Save File
As. B BepxHeM 1ose 3TOro okHa HabepuTe UMmsl, Moj KOTOPhIM BbI XO0THTE COXpaHUThH TEKCT MPOrPaMMBI
6e3 pacmupenus. CucteMa aBTOMaTHUYHO J00aBUT K MMeHM Bameit mporpammsl pacmmpenue CPP -
CTaHJIapTHOE PaCUIMPEHUE AJIs IPOrpaMM, HaIIMCAaHHBIX Ha s3bIke CH++.

Janee nocne Kaxa0ro 700aBIeHUS HECKOIBKUX CTPOK HJIM MPU BHECEHUH HEKOTOPOT'O KOJIMYECTBA
M3MEHEHUH B TEKCT COXpaHAWTe MporpamMmy MHOJ TeM ke MMeHeM. JJif 3TOro 0CTaTOYHO BBIMOJIHUTE!
I'naBHoe Mento -> File -> Save win HaxaTh kinasumry F2.

Bnocnencteun, eciun Bam Hy»HO OyAeT CHOBa 3arpy3HuTh B PEJAKTOP TEKCT TOH k€ MPOTrPaMMBI,
BeinosiHuTe: ['iapHoe Menro -> File -> Open (wim Haxxmute kinasuiny F3). Bel monyunrte okao Open a
File, B xoTopoM Ha10 BEIOpaTh HYXHBIN (aiin. daiin, koTopblil Bl BEIOpaiu, 0OTKpOETCs B OKHE PEIaKTopa.

4. Komnunayus u blnoaHenue npocpammol

3akOHYMB HAa0Op TEKCTa M COXpaHMB (aill MpOrpaMMbl Ha JUCKE, BBITOJHUTE KOMIWJISLIUIO
nporpammel. J{iist atoro BeinonauTe: ['1aBHoe Menro -> Compile -> Compile wim HaxxmMuTe KOMOWHALIUIO
knasuin Alt+F9. Ha skpane nosiBisiercst okao Compiling, B KOTOpoM 0TOOpaskaeTcst X0 KoMmuisiun. [Ipu
HOPMaJIbHOM 3aBEpPIICHUH KOMITUJISIIIMK B HUYKHEH CTPOKE 3TOT0 OKHA JOJKHO OBITH BBIBEICHO:

Success: Press any key



Ecnu TaM BeIBOIUTCA.

Errors: Press any keywmu: Warnings:

Press any key

- BaIia mporpamma TpedyeTr KOppeKIInu.

[Tocne Toro, kak Bel oTkOMIuIupoBaiy nporpaMmy 6e3 omndoK, 3ayCTUTe €€ Ha BBITIOJTHEHHE.
Jiis sToro Bemnoanute: I'maBuoe Menio -> Run -> Run mwin Haxxmute KoMOuHanuio kiaasuin Ctrl+F9.
Ha skpane mosBnsercs okHo Linking, B KoTopoMm oToOpakaeTcsi X0J KOMIOHOBKH. [Ipu HOpMaibHOM
3aBepUICHUH KOMIIOHOBKH 3TO OKHO MPOMaJaeT caMo coO0i U BBINOIHSIETCA porpaMmMa. Eciu ke B aTomMy
OKHE BBIBOJUTCS:

Errors: Press any key- Baia nporpamMma TpeOyeT KOPPEKIIHH.

5. Omaaoka npoepammol

B cucreme nporpaMMupoBaHHs €CTh OTIAAYMK, KOTOPBI paboTaeT Ha ypoBHE TEKCTOBOTO KOAA.
Hcnone3yss ero, Bl MokeTe BBIIOJHATH NPOrpaMMy B IOIIATOBOM DPEKUME, yCTAaHABIUBATH TOYKHU
OCTaHOBA BBIMTOJIHCHUS U CIICAUTH 32 TEKYITUMH 3HAYCHUSMHU IEPEMEHHBIX TTPOTPAMMBI.

Beimonuute: I'imaBuoe Menio -> Debug -> Watches -> Add watch (nim HakmuTe KOMOHHALINAIO
kiasuin Ctrl+F7). B okae Add Watch, koropoe mosiBUTCSI Ha 3kpane, BBeaute B moje Watch Expression
MMeHa MepEeMEHHBIX, TeKYIIHe 3HaU€HUsI KOTOPBIX HAJI0 OTCIICKUBATH.

Knasumeit F8 3amycture mporpamMmy B momraroBoM pexume. Kaxkmoe ciemyromiee Hakarue
knaBumy F8 OyneT mponBuUraTh BBIOJIHEHUE MPOTpaMMBbl HA ONEpaTop BIEpel ¢ U3MEHEHUEM 3HAYeHUS
MEPEMEHHBIX.

3aganue

N3yunth ocHOBHBIE pueMbl paboThl B cpene MS Visual studio.

OcCy11ecTBUTh OCHOBHBIE ATAIbl pa3padOTKU IPOTPAMM.

Ha oyenky « Yooenemsopumenvro»

Pa3zpaboraTe mporpamMmy-KaubKyJIsSTOp AJS BBIMOJHEHHSI YETHIPEX OCHOBHBIX apHU(pMETHUYECKHX
NecTBUS (CIOXKEHHe, BbIUMTAHUE, YMHOXKEHHUE, JelIeHHWEe) HaJ JBYyMs BBOAMMBIX C KJIaBHATYpPbI
BEJTMYMHAMU.

Ha oyenky «Xopowioy

Pa3paboraTts mporpammy, KOTOpas 1Mo BBOAUMOMY C KJIaBHATYPbHI PaInyCy BBIYUCISET OKPYKHOCTh
W TUTOIIAIb TIOTy4aeMoro Kpyra. Ha oyenxy « Omauuno»

Pa3zpaborars mporpammy, KOTOpasi 10 BBOJUMBIM C KJIaBHATYPHl PANyCy OCHOBAHHS W BBICOTHI
WJIMH]IPA BBIYHUCIISET €r0 00bEM.

KoHnTpoJibHbBIE BONIPOCHI

1. Ilepeuncnute 3TaMbl pa3paboTKU 3aauH.

2. Kak MOXHO MOJIy4UTh CIPABKY MO HYKHOU KOMaH/IE s3bIKa?

3. Urto Takoe KOMITUiIAnums?

4. [puBeaute mpuMepsl omuOok kommuisuu. 5. [lepeuncnure, kakue Qaiinel 06paszyeTcs mocie

Ka)KJIOTO dTara BBITOIHEHUS TPOTPAMMBI.

IIpakTu4yeckoe 3ansitue Ne2. [IporpaMmMa MaTeMaTH4YeCKHX PacyeToB

Hean: IlomydyeHue HaBBIKOB B paboTe ¢ apu(METUYECKMMH BBIPAKEHHUSIMH M CTaHIAPTHBIMU
MaTemMaTuueckumu GyHkuusamu C++.

Tembl 1J1s1 npeaBapuTeabHOM NpopadoTkn CraHgapTHEIE

¢ynkuun C++.

OOBsBICHNE M HHUIMATH3AINS IEPEMEHHBIX.

@yHKIMM CTaHAAPTHOTO BBOJA U BBIBOJIA.



Crpykrypa nporpammsl Ha si3bike C/C++. OCHOBHBIC
ATanbl pa3pabOTKH MIPOTpamMM.
Teoperudecknii MmaTepuall

B C++ onpenernen mupokuii HAOOp BCTPOESHHBIX ONEPATOPOB, KOTOPHIE AAIOT B PYKU MPOTPAMMHUCTY
MOIIIHbIE pbIYary yNpaBIeHUs MPU CO3aHUU U BBIUMUCICHUM pa3HOOOpa3sHEeMIIuX BbIpakeHUi. Oneparop
(operator) — 9TO CHMBOJI, KOTOpBIH YKa3bIBa€T KOMIIMJISTOPY Ha BBINOJHEHUE KOHKPETHBIX
MaTEeMaTHUYeCKUX JACUCTBUU WM Jorudyeckux MaHunyisinuil. B C++ umeercss derblpe oOLIMX Kiacca
OIepaTopoB: apudMeTHUeCKHUe, MopaspsAHble, JOTUYECKHE U orepaTopbl oTHolleHuH. [lomMumo HuxX
oTpesieNieHbI JPyTrue OnepaTophl CIEUAIBHOIO HA3HAYCHHUS.

1. Apugpmemuueckue onepamopwi

B Tabnuue 1 nepeuncnensl apudmMeTndeckue onepaTopsl, pa3peuieHHbe s npuMeHeHus B C++.
JleiicTBHe oriepatopos +, -, * 1/ coBmaaeT ¢ JeHCTBUEM aHAJIOTUYHBIX OIIEPATOPOB B JIFOOOM APYTOM SI3bIKE
nporpaMMupoBanus. X MOKHO IPUMEHAThH K JaHHBIM JIF0OOr0 BCTPOEHHOT'O YMCIIOBOTO THUIIA.
[Tocne mpuMeHeHus orepaTopa JeneHus (/) K [eIoMy YHCITy OCTaTOK OyJIeT OTOPOIIICH.

Tabnuna 1. Apudmernyeckue oneparopbl

Omneparop HeiicTBUe

+ CroxeHue

- BLI‘{I/ITaHI/Ie, a TaKXKC YHapHBIﬁ MUHYC

* YMHOXkEHUE

/ Jenenue

% [enenune no MoayJto
-- JlexpeMeHT

++ HNuKpemeHT

OcTarok OT JIelIeHUs] MOXKHO IOJIyYUTh € TIOMOIIBbIO onepaTopa AeieHus mo moxayito (%). B C++
orneparop "%'" Henb3s NIPUMEHATH K TUIIaM ¢ IutaBatouiei Toukoi (float umu double.

YHapHbII MUHYC NPEACTaBIsAET COO0N YMHOXKEHNE 3HAUEHHsI CBOETO €IUHCTBEHHOTO ONepaHaa Ha -
1. Onepauust ++ yBeauuuBaeT €AMHCTBEHHBIN onepan] Ha 1, a — Ha00opoT ymMeHbIaeT Ha 1.

2. Mamemamuueckue ¢ynxyuu (3a2onosounuiil ¢aiin math. h)

B tabnune 2. coOpaHbl OCHOBHBIE MareMaTH4eckhe (QYHKIMH. Bce OHM MMEIOT BelleCTBEHHbIE
apryMEHTHI H BO3BpAIaeMBbIi pe3ysIbTar.

Tabnuua 2. Marematndeckue QyHKIMU

Oo0pameH POyHKIHA

ne
acos (x) ApPKKOCUHYC (paJraHbl)
asin (x) apKcuHyc (paJnaHb)
atan (x) apKTaHTeHC (paJraHbl)
cos (X) KOCHHYC (X B paJfaHax)
exp (x) € — SKCIIOHEHTA OT X




fabs (x) a0COITIOTHOE 3HAYEHHUE BEIICCTBEHHOTO X
log (X) jgorapudm HaTyparbHbId — LN X
log10 (x) aorapum necaTuaHbii — Lg X
pow (X,y) X B CTCIEHH y — X”
sin (x) CHHYC (X B paJyaHax)
sinh (X) rUrepOOTUIECKU CHHYC
sqrt (x) KOPEHb KBaJIPATHBIN (IIOJ0KUTEIBHOE 3HAUCHHE)
tan (x) TaHTeHC (X B paJuaHax)
3aganue

CocTaBuTh IIporpamMmal, BbIYUCIIAOIIUC Ha

b++b* +4ac

—@e+b?
2a

CosX
-2
oyenky « YooenemeopumenvHoy

+16X - Cos(XY) -2

2.

Ha oyenky «Xopowioy

BeruncnuTh nepuMeTp M IUIOHIAAb MPSIMOYTOJIBHOIO TPEYTrOJbHHMKA IO 33JaHHBIM JUIMHAM JBYX
KaTeToB a U b.

Ha oyenxy «Omauuno»

[TonTophl KOLIKK CHENAIOT 3a MOJATOPA Yaca MOJITOPHI MBIIIKH. CKOJIBKO MBIIIEK ChEIAT X KOILIEK 32
Y yacos.

KonTpoJibHbIe Bonpockl

1. Kakyro HE00X0IMMO MOAKITIOYUTE OMOIMOTEKY JIJISl UCIIOIB30BaHUS B IPOTpaMMe

CTaHJAPTHBIX MATEMATHIYECKUX (PYHKITAN?

2. Uem oTinyaercs pe3ysbTaT ONEpaluu JEIEHHE IJI1 LENbIX U BEUIECTBEHHBIX

gucen? 3. Yro sABiseTcs pe3yabTaToM onepanuu %? [Ipuseaure npumepsl.

IMpakTuyeckoe 3ansaiTue Ne3. [Iporpamma ucciieoBaHusi 6a30BbIX THIIOB.

Heas: MccnenoBaTh cUCTEMY CTaHAAPTHBIX TUIIOB s3bIKa porpaMMupoBanus C/C++.
Tembl 10151 IpeIBapUTEIbLHON NPOPA0OTKH

Apudmerndeckue oneparopsl C++ CranmapTHbIe

¢ynkuun C++.

OGBHBJ’IGHI/IG U MHULUAJIN3alus ICPCMCHHbBIX.
CrtpykTrypa nporpamMmsl Ha si3bike C/C++.



bazosble Tumnsl 3612 C/CH+.

TeopeTnyeckunii MaTepuaJl

1. Cumema munog 6 szvike C/C++

B Cu++ umeercs uerbipe 0a30BbIX apuMeTHUECKUX (YUCIIOBBIX) THIA JAaHHBIX. M3 HUX 1Ba
LeNOYHCIeHHBIX — Char, int — u aBa miaBatommx (BemectBeHHbix) — float u double. Kpome Toro, B
MporpaMMax MOXXHO HCIIOJB30BaTh HEKOTOPHIE MOIAM(UKAINN ITUX THUIIOB, OMUCBIBAEMBIX C TOMOIIBIO
CITyeOHBIX cI0B — Moaudukaropo. CymecTByIOT 1Ba MoaudukaTopa pazmepa — short (KOopoTkwmii) u
long (mauHHBIM) — W nBa MoaudukaTopa 3HakKoB — signed (3HakoBbIM) M unsigned (0e33HAKOBBIN).
3HaKOBBIC MOIU(DUKATOPHI TPUMEHSIOTCS TOJIBKO K I[ETBIM THIIaM.

Kak W3BECTHO, THIT BETMYMHBI CBsi3aH ¢ €€ (OpMON BHYTPEHHETO MPEACTABICHUSI, MHOXXECTBOM
MPUHUMAEMbIX 3HAYEHMH U MHOXECTBOM ONEpalui, NMPUMEHUMBIX K O3TOW BenuuuHe. B Tabmune
Mepeyuciensl apudmMerndeckue TUIbl AaHHbIX Cut+, ykaszaH o0beM 3aHMMaeMOW MaMsATH U JMana3oH
JOMYCTUMBIX 3HAUYEHUH.

Pasmep Tuma int u unsigned int 3aBHCHT OT pa3mepa CJIOBa OIEPAMOHHON CHCTEMBI, B KOTOPOU
pabotaer komnmiarop Cut++. B 16-pazpsausix OC (MS DOS) stum THmam cooTBeTCcTBYIOT 2 0aiiTa, B
32paspsaaubix (Windows) — 4 Gaiira.

Tabnuua 3. Tunuaneie pa3Mepsl 3HAYCHUH U TMaIia30HbI IPEACTABICHUS TUIIOB

Taomnumira 4.1

T Pa3zmep sz o s o DKBUBAJICHTHBIC
OaHHBIX (GaiiT) ZlnanasoH sHaueHu Ha3BaHUSI TUIIA
char 1 —128...+127 signed char
% o 2/4 3aBMCHUT OT CHUCTEMbI ii‘gned’ S oumed

LSSl 1 0...255 HEeT
char 3
Ezilgned 2/4 3aBHUCHUT OT CHMCTCMBbI unsigned
ghort > —32768...32767 shox_it,,.signcd
int short int
unsigned unsigned short
short 2 0...65535 At
long int | 4 —2147483648 ...2147483647 iggg'ijig”ed
L]nSJ-.g'nO_d 4 0...4294967295 unsigned long
i 8o} g Weo gl i 4 o2
float 4 (3. 4E—38...3.4E+38) HET
double 8 (1. 7E—308... 1.7E+308) HET
long -

_'_ O

double 10 +(3B.4E—4932...1.1E+4932) HET

2. Ocobennocmu munos ¢ C/C++

AHanu3upys 1aHHbIE TaOJIUIBI, MOXKHO CJIEJIaTh CIEIYIOIINE BBIBO/IBI:
€CIIM He yKa3aH MOAN(UKATOp 3HAKOB, TO IO YMOJIYAHUIO OpazyMeBaercs signed;
¢ 6a3oBbM THITOM float MogudUKaTOPHI HE yHOTpeOstoTes; Monudukarop short
IPUMEHHUM TOJIBKO K 6a30BOMY THITY int.

OcobenHoctb - Tun char npuuncien k apupmerndeckum tunam. B C/C++ Benuuuubl Tuna char
MOTYT pacCMaTPHUBATHCS B IPOrpaMMe U Kak CUMBOJIBI, M KakK IieJible uncia. Bee 3aBUCUT OT KOHTEKCTa, T.€.
OT crioco0a MCIIOJIb30BaHMs 3TOW BETMYMHBL. B cilyuae WHTEprpeTaluy BEMMYUHBI TUTIa char Kak CHMBOJIa
ee yncnoBoe 3HaueHue sapisierca ASCII-konom. Crenyromuii npumMep WITHOCTPUPYET CKa3aHHOE.

char a=65; cout<<(char)a;

cuMBOI A cout<<(int)a;

qucio 65

Eme onHol ocobeHHOCThI0 C++ sBIsieTCS OTCYTCTBHE Cpeau 0a30BbIX THUIIOB JIOTHYECKOTO THIIA
naHHBIX. B KkauecTBe normueckux BenduH B C++ BBICTYMAIOT Lienble yncia. VHTeprnperays ux 3HaueHui
B JIOTUYECKHE BEJIMYMHBI IPOUCXOAUT 110 TPABUILY: PAaBHO HYJIIO — JIO’Kb, HE PaBHO HYJIIO — HCTHHA.

//Ha skpaHe MosiBUTCS
//Ha skpaHe MosiBUTCS



B nmocnennne Bepcun C++ no0aBiieH OTAENBHBIN JIOTHYECKUI THIT ¢ uMeHeM bool. Ero oTHOCSAT K
Pa3HOBUAHOCTH LIETBIX TUIIOB JaHHBIX.

3. Onucanue nepementuvlx 8 npoepammax na C/C++

MMsI_TUIA CHOUCOK mepeMeHHBIX; [Ipumepsl
omcaHuii: char symbol, cc; unsigned char code;
int number,row; unsigned long long_number;

float x,X,cc3; double

e,b4; long double

max_num;

OaHOBpEMEHHO C OMMCAHHEM MOJKHO 3a/1aTh HaualbHbIC 3HAUYEHUS MIEPEMEHHBIX. Takoe NeicTBUE
Ha3bIBACTCSl MHULIMATU3AIMEH epeMeHHbIX. Onucanne ¢ MHUIMAIN3alue MPOU3BOIUTCS MO CIIECTY IO
CXeMe:

TUI UMs_TEpEeMEHHON = HavallbHOe 3HadeHue Hampumep:

float pi=3.14159, ¢=1.23; unsigned

int year=2000;

4. Koncmanmul ¢ C/C++

3anuch 1enblX KoHCTaHT. Llenble necaTnyHble uncia, HaYMHaroMMecs He ¢ HyJisd, Hanpumep: 4, 356,
—128. Llenbie BOCbMEpPUYHBIE YUCIIA, 3aIUCh KOTOPBIX HauMHAETCs ¢ HyJiA, Hampumep: 016, 077. Llensie
HIECTHAAIIATEPUYHBIE YKCIIA, 3alUCh KOTOPBIX HauWHaeTcs ¢ cuMBoJioB 0x, Hampumep: 0xIA, 0x253,
OXFFFF.

Tun KOHCTaHTHI KOMIUJISITOP OMpEAeNsieT MO CIASAYIOUUM IIPaBUIaM: €ClId 3HaYeHUE KOHCTAHTHI
JEKUT B JMANa3oHe TUIMA int, TO OHA MOJyYaeT THM int; B MPOTUBHOM Cily4ae MPOBEPSETCS, JEKUT JIU
KOHCTaHTa B IMana3oHe TuMa unsigned int, B cirydae MoJI0KHUTEILHOTO OTBETAa OHA TIOYYaeT ATOT THIT; €CITN
HE TMOJIXOAWT M OH, TO mpodOyercs Tum long u, HakoHen, unsigned long. Ecnu 3HavyeHue ymcna He
YKJIQJBIBAETCS B JUaNa3oH Tuma unsigned long, To BO3HUKAET OmMOKa KOMIUIISIUH.

3anuch BEIIECTBEHHBIX KOHCTAHT. ECM B 3anMCH 4MCIIOBOM KOHCTAHTHI IPUCYTCTBYET JI€CATUYHAS
Touka (2.5) wiu oskcnoHeHuuanbHoe pacmupenue (1E-8), To koMmuiasTop paccMaTpuBaeT ee Kak
BEIIIECTBEHHOE YUCJIO U CTAaBUT e B cooTBeTcTBUE TUTI double. [IpuMeph! BelieCTBEHHBIX KOHCTAHT: 44 .
3.14159 44E0 1.5E-4. Hcnonb3oBanue cyddukcon. IIporpaMMuCT MOXKET SIBHO 3aJ1aTh TUIT KOHCTAHTHI,
UCmoub3yst ist 3toro cyhukcel. CymiectBytoT Tpu Buaa cybduxcos: F (f) -float; U(u) —unsigned; L(1) -
long (st menBIX M BEIIECTBEHHBIX KOHCTAHT). Kpome TOro, momyckaercsi COBMECTHOE HCIOIb30BaHHE
cypduxcor U u L B BapuanTax ul wim LU.

[Ipumepsr:

3 .14159F — koncranTa THna float, moa KoTopyro Beiaensercs 4 Oaiita mamsTu;

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

50000U — koHcranTa THIA Unsigned int, 3aHuMaet 2 OaiiTa maMsTu;

OLU — koncranTa Tuna unsigned long, 3annmaer 4 Oaiita;

24242424UL — koucranTa Trna unsigned long, 3annmaer 4 Oaiita.

3anuch CUMBOJIBHBIX U CTPOKOBBIX KOHCTAaHT. CHMBOJIbHBIC KOHCTAHTHI 3aKITFOUAIOTCS B alTOCTPOQHI.
Hanpuwmep: 'A', 'a, 'S, ' + '. CTpokoBble KOHCTaHTBI, MpPEJCTaBIAIOIINE €000 CHMBOJIbHBIC
MOCIIE0BATEIHLHOCTH, 3aKJIIOYAlOTCS B JIBOMHBIC KaBbluku. Hampumep: "rezult", "BBeauTe HCXOAHBIE
NaHHBIE".

Oco0yr0 pa3HOBUIHOCTh CHMBOJBHBIX KOHCTAHT MPEACTABIISIOT TaK HA3bIBa€MbIE YIPABIISIONINE
cuMBOJIbl. VX Ha3HaueHHMe — YyIpaBi€HUE BHIBOAOM Ha HKpaH. Kak W3BECTHO, Takue CHUMBOJIbI
pacmooKeHbl B Ha4anbHOU yacTu kooBoii Tabmuiel ASCII (konbt oT 0 10 31) 1 He UMEIOT rpadUIecKOro
npencraeiaeHus. B mporpamme Ha Cu OHU W300paskaroOTCs ApOii CUMBOJIOB, MEPBbIN U3 KOTOpbIX '\ . BoT
HEKOTOpPBIE U3 YIPABISIOIIUX CUMBOJIOB:

\n' — nmepexo/ Ha HOBYIO CTPOKY;



\t' — ropusoHTtanbHas TabysAIHs; \a'

— [0/1aya 3ByKOBOT'O CUTHAJIA.

VMeHOBaHHBIE KOHCTaHTHI (KOHCTAHTHBIE mepeMeHHble). B mporpamme nHa C/CH++ MmoryT
MCIIOJIb30BATHCS MMEHOBAHHBIC KOHCTAHTBI. Y IOTpeOIsieMoe ISl KX OIpeIeTICHHs CITy>KeOHOe CIIOBO CONSt
MPUHATO Ha3bIBaTh KBajdudukaropoMm noctyna. KBammdukarop const yka3plBaeT Ha TO, YTO JaHHas
BEJIMYMHA HE MOXET U3MEHATHCA B TEUEHHE BCEr0 BpEMEHH PalOoThI MporpaMMbl. B uacTHOCTH, OHa HE
MOJXKET pacrojaraTbCsi B JIEBOMl 4YacTu omeparopa mnpucBauBaHus. [IpuMepsl ommcaHus KOHCTaHTHBIX
nepeMeHHbIX: const float pi=3.1415 9;

OmnpeneneHre KOHCTAHT HA CTA/IUU MIPETPOIIECCOPHOI 00padoTku mporpammel. Eme oqHOM
BO3MOYKHOCTBIO BBECTH MMEHOBAaHHYIO KOHCTAaHTY  SIBJISICTCA UCIIOJIb30BaHHE

npenporeccopHoi aupekTuBsl #define B ciemyroniem popmare:

#define <uMsi KOHCTaHTB> <3HaueHHE KOHCTAaHTH> Hampumep:

#define IMAX 1000

Tum KOHCTaHT SIBHO HE yKa3bIBACTCS M ONpeAeisieTcs Mo ¢opme 3anucu. B KoHIlEe TUPEKTUBBI HE
CTaBUTCS TOYKA C 3aIATOM.

3.5. Onpeoenenue pasmepa namamu

sizeof - omepanus BeIYHCIACHUS pa3Mepa (B OaiTax) st 00beKTa TOrO THIIA, KOTOPBIH HMEET
orepan. Paspemniensl nBa popmara oneparuu: sizeof 00 bekT u sizeof (Tum).

IIpumep nporpamMmbI 1J1 HCCIeOBAHUS THIIOB

Hcnonp30BaTh yHapHYIO onepanuio si3pika C++ sizeof, mo3BOJISIONIYI0 OIPEAETUTh pa3Mep B 6alTax
00JIacTH MaMsITH, BBIJICICHHOW IS CTOSIILIETO cripaBa onepanaa. Onucare He0OX0IMMbIE TIEPEMEHHBIE.

main()

{ float

a=3.14159f; float

b, c, d, e

b=50000I; 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;

€=2.58935E+3;

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

€=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; }

Pesynbrar  paborer  f

3.141590  dlina=>4 |

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 3aganue

Ha oyenky « Yooseremsopumenvro»

[TpoBectn nccnenoBanusi 0a30BbIX TUIOB si3bika C/C++, 0OBABIAA JaHHBIC PA3TUYHBIX THUIIOB.
CMopenupoBaTbe CUTyallMd IEPENOJHEHMs JUIsl LEIbIX M IUIaBAIOIIMX TUIIOB JaHHBIX. Vcmonb3oBaTh
ornepanuto sizeof.

Ha oyenky «Xopowoy

[ToctouTs TabaMIy THIOB. MICIIOIB30BaTh pa3IMYHbIE TUIIBI KOHCTAHT.

Ha oyenxy «Omauuno»

N3yuntb ocobennoctu har. OcymiecTBUTh BHIBOJ Ha 3KpaH cMMBOJIOB U uXx 3HayeHne ASCII koza.

Kontpoabnbie Bompocsr 1.

[epeuncaure 6a30BbIe TUIIHI SA3bIKa TporpammupoBanust C/C++.

2. C kaKoil 1IeNIbI0 YKa3bIBAIOT THUI BEJIMYMH B porpammax? 3.

YKaxuTe, 4TO ABISETCS Pe3yabTaTOM Olepanuu sizeof.

IIpakTuyeckoe 3ansaTue Ne4. BBoa - BbIBOJ JaAHHBIX.

Heab: [Tonydyenne HaBbIKOB (hOpMAaTUPOBAHUS JAHHBIX MPU BBOJIE U BBIBOJIE HA SKpaH CPEICTBAMU
s3pika C++.

Tembl AJ1s1 npeaBapuTeabHOl npopadorku CTpykTypa

nporpamMmel Ha C++.

Ture! JaHHBIX.

Teoperudeckunii MmaTepuall

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

B C++ umerorcs cnenuguyeckue cpeicTsa BBOAa-BbIBOAA. ITO OMOIMOTEKA KIACCOB,
MOAKJTI0YaeMas K mporpaMMe ¢ momoinbio ¢aiina iostream.h. B aToit 6ubnuorexe onpeneneHsl B KAYeCTBE
00BEKTOB CTaHJAPTHBIE CHUMBOJIbHBIE TIOTOKHU CO CIIEIYIOIIMMHU HUMEHAMU:

Cin — cTaHIapTHBIN MMOTOK BBOJA C KJIaBUATYpPbI; COUL

— CTaHJApPTHBINA TOTOK BHIBOJIA HA SKPaH.

BBon maHHBIX HMHTEpHpETHPYETCs KaK H3BJICYEHHE M3 MOTOKA Cin M IpHCBauBaHHE 3HAUYE€HUUN
COOTBETCTBYIOIIMM IepeMeHHbIM. B C++ ompenenena onepauus W3BIECYEHHs U3 CTaHAAPTHOIO MOTOKA,
3HaK KOTOpo# >>. Hanpumep, BBOJI 3HaUE€HUI B IEPEMEHHYIO X PEATU3yeTCs ONEPaTOPOM: Cin>>X;

BbiBo NTaHHBIX MHTEPIIPETUPYETCS KaK IMOMEIIEHHWE B CTaHAAPTHBIA IMOTOK cout BBIBOJMMBIX
3HaYeHU. BBIBOAUTHCS MOTYT TEKCTHI, 3aKJIIOUCHHBIE B JBOMHBIC KaBBIYKH, U 3HAYCHHS BBIPAKEHUN. 3HAK
olepaly OMEIIEHN B TOTOK <<. [IpuMepbl NCIOIb30BaHUS IOTOKOBOI'O BBIBOJIA!

cout<<a+b;

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

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

B BBIXOIHOM IOTOKE MOXKHO HCIIOJIB30BATh YIPABIISAIOIINE CUMBOJIBI, KAK M IPU HUCIIOJIB30BAHUN
¢bynkuu printf (); mepea kaxabIM 3JIEMEHTOM BbIBOJIAa HY’KHO CTaBUTh 3HAK Olepauu <<. DJIeMeHT BbIBOJA
endl sBigeTcs MaHUMYJISATOPOM, OIpPENEISIONIMM IEpPeBOJ Kypcopa Ha HOBYIO CTPOKY (AeHcTBYeT
AQHAJIOTUYHO YTNPABIISIOIIEMY CUMBOITY \N).



B mpouecce mOTOKOBOro BBOAA-BBIBOAA IMPOMCXOAUT MpeoOpa3oBaHHE W3 (OPMBI BHEIIHETO
CHUMBOJIBHOTO MPECTABICHUS BO BHYTPEHHU (hopMaT 1 00paTHO. DopMaT ONperesitoTCs] aBTOMaTHYECKU

main()

{ float a, b,

¢GPS

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

cout<<"\nb=": ci

n>>b;:

cout<<"\nc="; cin>>c; p=(at+b+c)/2;
s=sqrt(p*(p-a)*(p-b)*(p-c) ) ;
cout<<"\nlLnomaap TpeyroibHuKa="<<s;

2. Ucnonv3zoeanue MaHunyissmopos 6600a-6bi600a
MaHUIyJIATOPEl  MO3BOJIIIOT ~ BCTPAMBaTh HHCTPYKIMH — (OPMATHPOBAHUS B  BBIPAKEHHE
BBOJIaBbIBOIa. Hanbosee 4acTo UCIOIb3yeMble MAHUITYJIATOPHI OIIMCaHbI B TAOIHUIIE 4.
Tabnuma 4. OCHOBHBIE MAHHITYJIATOPHI BEIBOJIA
Maununyasrop Ha3znauenne DOyHKUUA
endl BriBoguT cMMBOI HOBOHM CTpokH U "cOpachiBaeT" MOTOK, T.€. | BeiBOI
MEPENUCHIBACT COePKUMOe Oydepa, CBI3aHHOTO C TIOTOKOM,
Ha COOTBETCTBYIOIIIEE YCTPOHCTBO
flush "CoOpacbIBaeT" OTOK BriBog
hex YcranasiuBaer ¢uiar hex BBoa-BBIBOJ
oct VYcranaBnuBaet uiar oct BBoa-BeIBO
right YcranaenuBaeT diar right BeiBog
scientific YcranasiuBaet ¢uiar scientific BriBon
setbase (int base) YcTaHaBIMBaeT OCHOBAaHUE CUCTEMbI CUMCIICHHS PABHOM BriBog
3HAYEeHHUIO base
setfill(int ch) YcTaHaBIMBaeT CUMBOJI-3aIIOJHUTE b PABHBIM 3HAUCHHIO BriBoj
napametpa ch
setprecision (int p) YcraHaBiuBaer KOJINYECTBO [U(DP TOYHOCTH BriBog
(mocne AecsITHYHOM TOUKH)
setw (int w) VY craHaBIMBaeT IMUPUHY TOJISE PABHOM 3HAYEHUIO TTapaMeTpa w | BeiBog

[Tpu Hucmonb30BaHUK MAaHUIYJISITOPOB, KOTOPbIE MPUHUMAIOT ApIyMEHThI, HEOOXOAMMO BKIIFOUUTH B
MpOrpaMMy 3arojioBok <iomanip.h>.

MaHI/IHyJ'ISITOp HCIOJIB3YCTCA KaK YaCTh BBIPAKCHUA BBOJAa-BbLIBOJA. Bot npumMep MnporpamMmel, B
KOTOpOﬁ IIOKa3aHO, KaK C IMOMOIIb0 MAHUITYJIATOPOB MOKHO YIPAaBJIATH (bOpMaTI/IpOBaHI/ICM BBIBOJUMBIX

JOaHHBIX.
main() { cout <<

setprecision (2) <<

1000.243<<« endl; cout << setw(20) <<

"Bcem mpuset! "

'}

P C3yJIbTAThI BBITTIOJIHCHUSA 3TOU MporpaMmbl TaKOBEIL.
1e+003 Bcem npuser!



3ananue

Ha oyenxy «Yooenemsopumenvno»

Wnet k-1 cexynaa cytok. OnpenenuTh, cKoibko 1enbix yacoB (H) u menbix MmunyT (M) mporuio ¢
Hauana cyTok. Hanpumep, eciiu k= 13257 =3 x 36000 + 40 x 60 + 57, o H = 3, M= 40. BeiBecTu Ha 3kpaH
¢bpa3zy: «IT0...9aCcOB...MHHYT». BMeCcTO MHOrOTOUMI TOCTAaBUThH BHIUMCIICHHBIE 3HaYeHus H u M.

Ha oyenky «Xopowioy

CocTaBuTh MporpamMmy peuieHus OOpaTHOM 3aJayd IO OTHOLIEHUIO K NpPeIbIaylIed: JaHo
KOJIMYECTBO YacOB M MUHYT, MPOIIEIIINX OT Havajia cyTok. OnpenenuTh KOIN4ecTBO CeKyHI. Ha oyenky
«Omauuno»

CocTaBuTh TpOrpaMMy BBIYHCIICHUS 00BEMa W IUIOMIAM MOBEPXHOCTH KyOa MO JAaHHOW JITHMHE
pedpa.

KounTtpoJbHbIie Bonpochl

1. Kakast komana B si3bike C++ OCYIIECTBIISIET BBOJ] C KJIIaBUATYPbI?

2. Kakas xomanja B si3bike C++ OCyIIECTBIISIET BRIBOJI HA IKpaH?

3. [lepeunciure OCHOBHBIE MAaHHUIYJIATOPHI BbIBoAA. 4. Kakyio He000AMMO MOAKIIIOYUTH

OuOIMOTEKY I MAaHUMYJISTOPOB?

IIpakTHyeckoe 3ansaTHE NeS.
Peasm3anus nporpamMm, mocTpoOeHHbIX HA 0a3e JTMHEHHOI0 aJIrOpUTMA.

Heas: Ilonydyenune HaBBIKOB B paboTe C omepaTtopaMd BBOJAa M BbIBOJA HH(pOpMamuu, ¢
apupMeTHIeCKUMH ornieparopamu C++.

Tembl 1151 IPeIBAPUTEIbHOM MPOPaAdoTKN AprudMeTHUECKHE

oneparopsl C++.

Crangaprtabie Gpynkuun C++.

OOBsBICHNE M HHUIMATU3AIMS IEPEMEHHBIX.

@OyHKIIUN CTaHAAPTHOTO BBOJIA M BHIBOJIA.

Teoperuyeckunii MmaTepuall

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

B C++ umerorcs cnenuguyeckue cpeicTsa BBOAa-BbIBOAA. ITO OMONIMOTEKA KIACcCOB,

MOAKIIOYaeMas K MporpaMMe ¢ oMoInbio ¢aiina iostream.h. B aToit 6ubnuoreke onpeneneHs! B

Ka4yecTBE 00BbEKTOB CTaHAAPTHBIE CHMBOJIFHBIE TIOTOKH CO CIIEAYIONMHA UMEHAMHU:

CiN — cTaHIapTHBINA OTOK BBOJA C KJIaBHATYpPhI; COUt

— CTaHJAPTHBIN MOTOK BBIBOJIA HA DKpaH.

BBoJ NaHHBIX MHTEpPHpPETHPYETCS KaK HM3BJICUEHHE W3 IMOTOKA Cin M MpHCBaWBaHUE 3HAYCHUN
COOTBETCTBYIOLIUM TepeMeHHbIM. B C++ ompezneneHa onepanusi U3BJIEUEHUSI U3 CTaHJAPTHOIO MOTOKA,
3HaK KOTOpo# >>. Hanpumep, BBOJ] 3HAUEHUI B IEPEMEHHYIO X Peallu3yeTcs OlepaTopoM: Cin>>x;

BbIBOJT MaHHBIX HMHTEPIPETUPYETCS KaK TOMEIIEHHE B CTAaHAAPTHBIA IMMOTOK cout BBIBOAMMBIX
3Ha4eHU. BBIBOIUTHCS MOTYT TEKCTHI, 3aKIIOUEHHBIE B IBOMHbBIC KaBBIYKH, U 3HAUEHUS BBIpAKECHUN. 3HAK
OIepaluy MOMeNeH sl B MOTOK <<. [IpuMeps! UCTI0Ib30BaHUS IOTOKOBOTO BBIBOJA:

cout<<a+b;

cout<<"\nPesymprar="<<Y,;

cout<<"x="<<x<<" y="<<y<<" 7 = "<<z<<endl,

B BBIXOJIHOM MOTOKE MOKHO HCITOJIb30BaTh YIPABJISIOIIAE CHMBOJIBI, KaK U MPHU HUCIOJIH30BAHUN
dbynkaun printf (); mepea KaXkKIpIM 3JIEMEHTOM BBIBOJIa HYKHO CTaBUTh 3HAK ONepanuu <<. DJIEeMEHT BbIBOIA
endl sBisleTCSs MaHUMYJISATOPOM, OIPEACNAIONIMM IIEPEeBOJl Kypcopa Ha HOBYIO CTpPOKY (IeicTByer
AHAJIOTUYHO YTNPABIISIOIIEMY CUMBOITY \N).



B mnpouecce mOTOKOBOro BBOAA-BBIBOJA IMPOMCXOIUT MpeoOpa3oBaHrWe U3 (OPMBbI BHEIIHETO

CHUMBOJILHOTO MPEJCTABIEHUS BO BHYTpeHHU hopMaT 1 06paTtHo. PopMaT OnpeessstoTcss aBTOMAaTHYECKU
3amanue

Ha oyenky « Yooseremsopumenvro»

CocTaBuTh POrpaMMy, BBIYHCISIONIYIO TUIOMIAIb OOKOBBIX TIOBEPXHOCTEH M 00BheM Kyba 1Mo ero
CTOpPOHE, BBOJAMMOMH T0JIb30BaTEIIEM.

Ha oyenky «Xopowoy

CocraBUTh NPOrpaMMy, BEIYUCIISIONIYIO JIONIA/b KOJIbIIA 110 BBOJUMBIM C KJIaBUATYPbl PaINyCaM.

Ha oyenxy «Omauuno»

CocraBUTh HpoOrpamMmy, BBIUKCISIONIYIO IUIONIA[b TPANEUMH IO BBOAUMBIM C KIJIABHATYPHI
OCHOBAHMS U BBICOTE.

KounTtpoJbHble Bonpochl
1. IlepeuncnuTe MpaBuUiia CHHTaKCHCAa KOMaH bl BBOJA Cin.
2. IlepeunciuTe npaBuiia CHHTAKCHMCa KOMaH bl BEIBOJA cout. 3.
UTto Takoe ynpaBistouii CUMBOJ?

IIpakTnueckoe 3ansaTHe Ne6.
MaremaTu4eckHe pacyeTbl A5 TPEYroJabHUKA.

Heab: [lomydyeHue HaBBHIKOB BBIYHUCICHHUS apu(PMETHYECKUX BBIPAKEHUNW U MPUMEHEHHE UX K
pacueTHsIM (popmyram 1jis TpeyroyibHUKa. TeMbl 1Jisl MPeIBAPUTEIbHON MPOPAdOTKU THUIIBI TaHHBIX.

Omnepartopsl BBOJa — BBIBOJIA IAHHBIX.

CtpykTtypa nporpammsl Ha s3bike C/C++.

Teoperuyecknii MmaTepual

1. Onepayuu u svipasicenus

Bo Bcex s3pIkax mporpaMMHUpPOBaHUS IO BEIPAKEHUEM MOIPA3yMEBACTCSI KOHCTPYKIIHS,
COCTaBJICHHAsl U3 KOHCTAHT, IEPEMEHHBIX, 3HAKOB OMepanuii, GyHKIUI, ckoOok. BripakeHue onpeaenseT
MOPSA0K BBIYUCIEHHSI HEKOTOPOTO 3HaueHMs. Eciu 3To unciaoBoe 3HaYeHHe, TO TaKOe BhIPAXKEHUE
HA3BIBAIOT apUPMETUUECKUM.

Onumiem HaOoOp omepanuid, Ucmoib3yemblx B C++, a Takke MpaBuUiia 3alUCH W BBIYHCICHUS
BbIpakeHNI. HamoMHuM, 4TO omeparusi, MpuUMeHseMas K OJHOMY OIEpaH/Iy, Ha3bIBaeTCs YHApHOH, a
orepariys ¢ IByMsl orepaHiaMu — OUHApPHOU.

2. Apugpmemuuecxkue onepayuu

K apudmernuecknm onepanusM OTHOCATCS:

- BbIUMTaHUE WJIW YHAPHBIA MUHYC;

+ CJI0’KE€HHE WJIU YHAPHBIH IUIIOC;

*  yMHOXEHHE;

/ IeJIEHUE;

%  nenenue mo moxayJito (anajor Mod B ITackaie);

++  yHapHas omnepaivs yBeIUYeHHS Ha eIUHUILY (HHKPEMEHT); -

- YHapHas orepalusi yMEeHbIICHUS Ha eUHUILY (JIEKPEMEHT).

Bce oneparun, KpoMe JeNeHHs M0 MOJYJI0, MPUMEHUMBI K JIFOOBIM YWCIIOBBIM THIIAM JAHHBIX.
Omnepanust % TpUMEHNMAa TOJIBKO K IENbIM YuciiaM. Eciii genmumoe W JenuTeNb — Ielble Yhciia, TO U
pe3ynbTar — 1enoe yrcio. Hanmpumep, 3HaueHne BoIpakeHus 5/3 OyaeT paBHO 2, a MpU BeIYUCIEHUH 1/5
nostyuures 0.

Ecin xors Obl ONMH M3 OMNEpaHIOB HMMEET BEIIECTBEHHBIM THUI, TO W pe3yibTaT Oyner
BelecTBeHHBIM. Hanmpumep, oniepartuu 5./3, 5./3., 5/3. nanyT BemiecTBEHHBIN pe3ynbTat 1.6666.



Onepanny UHKPEMEHTA U IEKPEMEHTa MOTYT IPUMEHSATHCS TOJIBKO K TIEPEMEHHBIM U HE MOTYT — K
KOHCTaHTaM U BeIpakeHusaM. Onepanus ++ yBeInyrBaeT 3HaUeHUE IEpEeMEHHON Ha €MHUILY, ONlepalus —
yYMEHbIIAeT 3HaUCHHE MEepeMEeHHOW Ha enuHUIy. O0a 3HaKa omepanuyd MOTYT 3allUCBIBAThCS Kak Iepen
orepanioM (mpedukcHas ¢opma), Tak U mocie onepanaa (mocrdpuxcHas Gopma), Hanmpumep: ++X WIH X.
Tpu cnenyromux oneparopa JAal0T OJUH U TOT K€ PE3yIbTar:

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

Paznuune nposBiseTcs Ipu UCTONIb30BaHUH MPEPUKCHON M MOCTPHUKCHON (OPM B BBIPAKEHUSX.
[TpomrocTpupyeM 3TO Ha IpUMEpax.

I[TepBoiii mpuMep: a=3; b=2; d=at++*b++;

PesynbraTel OyayT Takumu: a = 4, b= 3, d=6.
Bropoii mpumep: a=3; b=2; d=t+a*++b;
PesynbraTel OyayT Takumu: a = 4, b=3, d=12.

[Tpu ucnonb3oBaHuU MOCTHUKCHON (HOPMBI OIEpaluy ++ U -- BBIIIOJIHAIOTCA MTOCIIE TOr0, Kak
3HaYEHHUE MEePEMEHHON OBLIO UCTIOIB30BAHO B BHIPAKEHUH, a TPEPUKCHBIE ONepalluu — 0
ucnoinb3oBanus. [loaTromy B mepBoM nmpumMepe 3HaUeHHE epeMEeHHOM d BBIUMCIISIIOCHh KaK MPou3BeieHue 3
Ha 2, a BO BTOPOM — Kak npousBeacHue 4 Ha 3.

IIpumep nporpaMmbl MaTeMATHYeCKHX PACYETOB
Hano: a, b, c — cTopoHbI TpeyronbHUKa. BRIYUCINTE S— II0MIa1b TPEYTOIbHUKA, UCTIONb3YS

dopmyny Tepona: ° — Jp(p=a)(p=h)(p-0) e p — IOJIyNEpUMETP TPEYTOIbLHHKA.

#include <math.h> main()

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

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

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

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

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

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

cout<<"\nlTlmomanp TPEyroabHUKA=<<S;

} Hosicuenus k npoepammmomy

K0OY.

B BbIpakeHMM U1 BBIUMCICHUS IUIONIA[A MCIOJB3yeTcsa OubnuoTeunas ¢yHkuus sqrt() —
KBaJIpaTHBIH KOpeHb. [laHHas (YHKIMS OTHOCHTCA K OMONMMOTEeKe MaTeMaTHueckux GyHKuui. Jlms
MOJIKJIIOUYEHUS ITON OMOIMOTEKH K Hallel mporpaMMe MCIONb3yeTcs TUPEeKTHBa npernpoieccopa #include
<math.h>.

B paccmarpuBaemoii mporpaMMe onepaTopsl cin U cout peann3yroT COOTBETCTBEHHO BbIBOJI Ha DKPaH
Y BBOJI MCXOTHBIX JTAHHBIX C Ki1aBuatypsl. Oneparop cout<<"\na=" comepxut tekct ("a=") 1 ynpasistonmii
cumBoi ("\n"). YmpaBistomue CMMBOJIBI BIUSIOT Ha PACHOJIOXKCHUE HAa DKPaHE BBIBOJAUMBIX 3HAKOB. B
pe3yJbTaTe BBITOJHEHHS ATOTO ONEepaTopa Ha KpaH ¢ HOBOM CTPOKU BBIBEYTCS CUMBOJIBI a=.

Omnepatop cout<<"\nIlnomiaas TpeyroibHUKa="<< §; CIHUCOK apryMEHTOB COCTOMUT W3 OJHOU
nepeMeHHou s. Ee 3HaueHne BIBOJAUTCS HA SKpaH.

B nmporpamme umeercs onepatop cin>>a;

OTOT oneparop MPOU3BOIUT BBOJI YHCIOBOTO 3HAUEHUS B IEpeMeHHyIo a. B

porpaMMe Bce TPH BEIMYHUHBI &, b, C MOKHO BBECTH OJJHUM OIIEPATOPOM:

cin>>a>>b>>c;

Ecnu nocnenoBatensHOCTh BBOJA Oy et Takoit: 5 3.2 2.4 <Enter>, To

TepeMeHHBIE ToydaT ciaeayomue 3HadeHus: a = 5,0,b=3,2, c=24.

3aganue

Ha oyenky « Yooseremsopumenvro»

BBonsTcs KOOpIMHATBHI BEpIIMH TpeyroibHUKa. COCTaBUTh MPOTPaMMY, BBIYHUCISIONIYIO JJTHHBI
CTOPOH TPEYTOJIbHUKA, €T0 EPUMETP U IJIOIIA/Tb.



Ha oyenky «Xopowoy

HOHOJ’IHI/ITGHBHO BBIYMCIINTD JJIMHBI BBICOT, MCIWAaH U 6I/ICC6KTpI/IC 3aIaHHOT'0 TPCYT'OJIbHHUKA. Ha
OYEHKY «Omauunoy

JIOTOJIHUTEBHO BBIYUCIUTD PAJNYChl BIMCAHHOM U ONMCAHHOM OTPYKHOCTEH ISl TPEYTOJIbHUKA,
a TaK K€ IpaJyCHYI0 MEpy €ro yrIios.

CnpaBoyHbIii MaTepuai

1. Dopmynvl 07151 NPAMOY20IbHO20 MPEY2OTbHUKA

2 2 2
¢ =a +b
I'unorenysa:

s=—ab
IImomann:
) a b a b
sind=—, cosd=—, tgd=—, ctgd=—
c c b a
sina@+cos’a =1, tga*ctga=1
sin & cos &
1go = , clga=—
cos & sin e
2. @opmynsl 07151 NPOUZBOTILHOLO MPEY2ONbHUKA
ITnomane MIPOU3BOJILHOTO TPEYroJbHUKA!
1 1 c’sinAsinB  h’sinC
Ea- E ah = 5 = =

2sinC  2sin Asin B
®opmyiia ['epoHa [UIs TUIOIIAAM TPEYTOJIBHUKA!

a+b+c
sdepp(p=a)p-bIp-c),  =———
1 2
s=—ab -
i 2 4
[Tnomane paBHOOEAPEHHOTO TPEYTOJIBLHUKA:
r7ie a — OCHOBaHHe, b — O0OKOBasi CTOpOHA
1
s=—a’\3
[Tnomanb paBHOCTOPOHHETO TPEYTOJIBLHUKA: 4
Bricora K CTOpPOHE
2/ p(p-a)p-b)(p-c) _a+h+e
e p , =
a 2
m, = l\/ 2% +20% —a’
Menuana ot BepIInHbI A: 2
2 a+b+c
ﬂa=b bop(p—a) , —
buccekrpuca u3 yria A: +e

a=b*+c*=2bccos A o
Teopema kocHHYCOB JTH00ast CTOpOHA a: , TJIe A — IPOTHUBOMOJIOKHBIN YTrol K



PP+t —a?

cos A=
2bc
L Y-
Teopema cuHYCOB: sind sinB  snC
- - - +b+
. ‘%(p ap-bp=c)  _a Z ¢
Pannyc BOMCaHHOTO B TPEYTOJbHUK Kpyra: P
CTOPOHE a, NN
Pagnyc OIIMCAHHOTO OKOJIO TpEyrojbHHUKa Kpyra:
R)@g .a _ abc ’ _ at+b+c
sind 4 p(p-a)p-b)p-c) 2

KoHTpoJbHbBIE BOIIPOCHI
1. Jlaiite onpenenenue TMHEHHOMY allrOPUTMY.
2. Ilepeuncnute CIMCOK KOMaH I, 00ECTICYMBAIONINX JTHHEHHBIN aJITOPUTM. 3.
VYkakuTte IpaBuiia CHHTaKCHCa KOMaHAbl BBOJIA ¥ BBIBOJA.

IIpakTHyeckoe 3ansaTHE Ne7.
IIporpamma BbIAe/IeHUS TUQP U3 LEJTOr0 YUCIA.

Heasn: [lomyueHne HaBBIKOB B paboTe C apU(METHUECKHMMM BBIPAKEHUSIMU W CTaHIAPTHBIMHU
MaTeMaTH4ecKUMHU QyHKuusamMu C++.

Tembl /151 IpeaABapuUTeIbHON NPOPadOTKN ApudpmeTHuecKue

oneparopsl C++.

Crangaptabie GpyHkuun C++.

@OyHKIMH CTaHAAPTHOTO BBOJA U BBIBOJIA.

Teopernyecknii MmaTepuall

B C++ onpenenen mmpokuii HAOOp BCTPOCHHBIX ONEPATOPOB, KOTOPHIE JAIOT B PYKH TPOrPaMMUCTY
MOIIHBIE PBIYAard YIpaBiIeHUs IPU CO3JaHUU M BBIUUCIEHUH pa3HOOOpa3sHEeWIMX BbIpaxeHUU. Oneparop
(operator) — 93TO CHMBON, KOTOpBIH yKa3bIBa€T KOMIIWISTOPY HA BBINOJHEHHE KOHKPETHBIX
MaTeMaTUYECKUX AEHCTBUI WU JOTUYECKUX MAHUITYJISIIUH.

JetictBue omepatopoB +, -, * u / coBmajaer ¢ AEHCTBUEM aHAJIOTMYHBIX OMEPATOPOB B JIFOOOM
JPYroM sI3bIKE MPOrpaMMHpOBaHus. VX MOXXHO HMPUMEHSATH K JaHHBIM JHOOOT0 BCTPOCHHOT'O YHCIOBOTO
tuna. [Tocne npumeneHus oneparopa aenaeHus (/) K LEIOMY YUCITY OCTaTOK OyAeT OTOpOIIEH.

OcTraTok OT JeJeHUsT MOKHO TOJIYYUTh C IOMOIIBIO Oomeparopa aeieHus mo momxynwo (%) DTot
orepaTop BO3BPAILAET OCTATOK OT AeneHus Haueno. Hanpumep, 10 % 3 paBHo 1. OTo o3Hayaer, uro B C++
oreparop "%" HeNb3si IPUMEHATh K TUIaM ¢ MaBatomeit Toukoi (float mwnu double) /lenenue nmo moaymto
IIPUMEHMMO TOJIBKO K LEJOYMCIEHHBIM THUINaM. VICIosib30BaHME 3TOro olneparopa AEMOHCTPUPYETCS B
CHEAYIOLIEN MPOrpamMmMe.

IIpumep nporpamMmsl BbiejieHUsI HUQP U3 YUCIa

#include <stdio.h> main()

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

X =>1234567890";

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



(x%10000000000)/1000000000);

cout<<"\n (x divide mod 1000000000)/200000000 =>"<<

(x%1000000000)/100000000);

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

(x%2100000000)/10000000); cout<<"\n (x divide mod 10000000)/1000000 =>

"'<<(x%210000000)/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%210000)/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%210000000)/10000);

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

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

(x%1000000000)/100000);

}

PesynbTat paboTsl mporpammer: x => 1234567890

(x divide mod 10000000000)/1000000000 => 1

(x divide mod 1000000000)/100000000 => 2

(x divide mod 100000000)/10000000 => 3

(x divide mod 10000000)/1000000 => 4

(x divide mod 1000000)/100000 => 5

(x divide mod 100000)/10000 => 6

(x divide mod 10000)/1000 => 7

(x divide mod 1000)/100 => 8

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

divide mod 10 =>0

2 number

(x divide mod 100000)/1000 => 67

3 number

(x divide mod 10000000)/10000 => 456

4 number

(x divide mod 1000000000)/100000 => 2345

3amanue

Ha oyenxy «Yoosnemeopumenvnoy

CocTaBUTH oporpamMmy, KOTOpas 3amnpamrBacT y IMOJIb30BATCIIA YCTBIPEX3HAYHOC YUCJIO U BBIAACT
Ha 3KpaH cyMMy LU(p, U3 KOTOPHIX COCTOUT UCXOJTHOE YHUCIIO.

Ha oyenxy «Xopowioy

CocTaBUTH IIporpamMmMy, KOTOpas 3anpamunBacT y IMMOJb30BATCIA TPCX3HAYHOC YHCJIIO U BbBIAACT Ha
9KpaH YHUCIIO, MOIYYEHHOE NEPECTAaHOBKON B 0OpaTHOM mopsiike uudp, U3 COCTOUT HCXOaHOe yucio. Ha
OYEHKY «Omauunoy

CocTaBUTH mporpamMmy, KOTopas 3arpaunBacT y MOJb30BaTCIId ABA JBYX3HAYHBIX YHCJIa U BbIAACT
Ha 3KpaH 4YUCJI0, MMOJIYUYCHHOC CIIMAHUCM IICPBOI'0 U BTOPOI'O YUCCLII.

KonTposbHbIe BONpochl
1. Yto sBnsieTCs pe3yabTaToM onepanuu %?



2. Kak momyuuts nociieiHior0 udpy, BXOIAIIYIO B 4uciio? 3.
Kak momyuuthb nepByto udpy B NATH3HAYHOM YHCIIe?

IIpakTnyeckoe 3ansaTue Ne§.
Bbruncienue JIOTH4eCKHUX BbIPasKeHUH.

Heab: [TonyueHne HaBBIKOB BBIYUCIICHUS JOTHYECKUX BbIPAKECHHH.

TeMbl U1 IPeABAPUTEILHON POPadoTKM THUIibl

JTAHHBIX.

Omneparopsl BBOJIa — BEIBO/IA JAHHBIX.

[Ipuopurer onepauuii.

Crpykrypa nporpammsl Ha si3bike C/C++.

TeopeTnyeckunii MaTepuaJl

1. Onepayuu u svipasicenus

Bo Bcex s3pIkax mporpaMMUpPOBaHUs O] BEIPAKEHUEM MOIPA3yMEBACTCSI KOHCTPYKIIHS,
COCTaBJICHHAsI U3 KOHCTAHT, IEPEMEHHBIX, 3HAKOB OIepanuii, GyHKIui, ckoOok. Bripaxkenue onpeaenser
MOPSAIOK BBIYUCIICHUS HEKOTOPOTO 3HaUeHUs. ECM 3T0 YnCciIoBOE 3HAUEHUE, TO TAKOE BHIPAKEHUE
HA3BIBAIOT apU(PMETUUECKUM.

Onumem Habop omepauuid, ucmonb3yemblx B C, a Takke MpaBWia 3alHCH W BBIYHCICHUS
BbIpakeHNI. HanmomHuM, uTo omeparusi, mpuMeHsemas K OJHOMY OIepaH/ay, Ha3bIBaeTCs yHApHOH, a
oreparys ¢ IByMsl orepaniaMu — OUHApPHOU.

2. Apugpmemuueckue onepayuu

K apudmernueckum onepanusiM OTHOCSITCS:

- BBIYMTAHHUE WIM YHAPHBII MUHYC;

+ CJI0’KE€HHE WJIU YHAPHBIN IUIIOC;

* YMHOKECHHUE;

/ ZeJIEHUE;

%  nenenue mo moxyJto (anajor Mod B [Tackasne);

++  yHapHas onepauus yBeJIWYEHUs Ha €UHUILY (MHKPEMEHT); -

- YHapHasl oriepanys yMEHbUICHUS Ha €UHULLY (IEKPEMEHT).

Bce oneparuu, Kkpome JeneHus M0 MOJYJI0, MPUMEHUMBI K JIFOOBIM YHCIIOBBIM THUIIAM JaHHBIX.
Omnepanust % TpUMEHHMa TOJIBKO K IeJIBIM YuciiaM. Eciu genuMoe U JenuTells — Ielble Yuciia, TO U
pe3ynbTar — 1enoe yncio. Hanpumep, 3HaueHne BolpakeHus 5/3 OyaeT paBHO 2, a pu BbIYKMCIEHUH 1/5
nosryuures 0.

Ecnmu xoTss Obl OAMH M3 OIEpaHIOB HMEET BELIECTBEHHBIH THI, TO M pe3yibTaT Oyjaer
BemecTBeHHBIM. Hanpumep, oneparuu 5./3, 5./3., 5/3. naxyT BeniecTBEHHBIN pe3ynbTaT 1.6666.

Omnepanyn ”HKPEMEHTa U IEKPEMEHTA MOTYT ITPAUMEHSTHCS TOJBKO K MIEPEMEHHBIM H HE MOTYT — K
KOHCTaHTaM U BeIpakeHusM. Onepaius ++ yBelTudrBaeT 3HaUCHUE MEPEMEHHON Ha eMHUILY, ONIepaIus —
YMEHBIIAET 3HaYeHHE MepeMeHHOW Ha equHuily. O0a 3HaKa onepalnuyd MOTYT 3alHChIBaTbC Kak IMepej
onepansioM (mpedukcHas hopma), Tak U mocie onepanaa (moctpukcHas Gopma), Hampumep: ++X WK X.
Tpu crepyrommx onepaTopa Aar0T OJIUH U TOT )K€ pe3yJIbTaT:

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

Paznuuune nposBnsieTcs Npy UCTIONb30BaHUH MPEPUKCHOM U TOCTPUKCHON (POPM B BBIpasKEHUSX.
[TpommrocTprpyeM 3TO Ha IpUMEpax.

[TepBbIit mpumep: a=3; b=2; d=a++*b++;

PesynbraTel OyayT Takumu: a = 4, b=3, d=6.
Bropoii mpumep: a=3; b=2; d=t++a*++b;
PesynbraTel OyayT Takumu: a = 4, b=3, d=12.



[Ipn ncnonp30BaHUU TOCTUKCHOH (HOPMBI OnIepanuyl ++ U -- BBIOJIHSAIOTCS TTOCIIE TOTO, KaK
3HaYEHHE MIEPEMEHHOM OBUTO MCIIOJIB30BAHO B BBIPAKEHUH, a MPE(HUKCHBIE OTIEPAIlH — /10
ucnoib3oBanus. [loaTomy B mepBoM npumepe 3HaueHUE nepeMeHHON d BEIYUCIISIIOCH KaK Mpou3BeieHue 3
Ha 2, a BO BTOPOM — Kak IIpou3BesieHue 4 Ha 3.

3. Onepayuu omnowenus

B C/C++ ucnonp3yercs ciaeayromuii Habop onepariii OTHOIICHUS:

< MCHBIIIE,

<= MCHBIIIC UJIM PABHO,
> OoublIIE,

>= OoJIblIIe WK PABHO,
== paBHoO,

I= HE PaBHO.

B cranpapre s3pika C HET JIOTHYECKOTO THIA TaHHBIX. [103TOMY pe3yabTaToM onepariy OTHOLICHHUS
SBIIAETCS 1EJ0€ YMCIO: €CIM OTHOIIEHHEe HCTUHHO — To 1, ecnm noxkHo — To 0. B s3bike
MIPOrpaMMHUPOBaHUS J0OABJIEH TUIT bool, 3HAUEHUSMU KOTOPOT'O0 MOTYT OBITh UCTHHA (true) WIN JOXKb
(false).

[IpuMeps! OTHOLIEHHMIA:

a<0, 101>=105, ‘a’=='A’ al="A

Pe3ynpTaToM BTOpPOro U TpeThero oTHoIeHui Oyaer 0 — J10XKb; pe3y/IbTaT YETBEPTOrO0 OTHOIIEHUS

paBeH | — UCTHHA; pe3yNbTaT IEPBOr0 OTHOILICHUS 3aBUCUT OT 3HAYCHUS IEPEMEHHOI a.

4. Jloeuueckue onepayuu

Tpu noruueckue oneparuu B si3bike C 3aMUCHIBAIOTCS CIEAYIONUM 00pa3oM:

! onepanus orpunanus (HE),

&&  KoHBIOHKIUA, JorTuyeckoe ymMmHokeHue (1),

[ JTU3BIOHKINS, Jorudeckoe cnoxenue (MJIN).

[IpaBuia uX BBITIOJTHEHHUS ONPEIEISIOTCS TaOIUIeH NCTHHHOCTH.

Hanpumep, noruueckoe BeIpaskeHHe, COOTBETCTBYIOIIEE cucTeMe HepaBeHCTB 0 <x< | B mporpamme
Ha C 3anuiercs B BUJIE CIEAYIOIIEr0 JIOTHYECKOTO BBIPAKEHHUS:

x>0 && x<1

5. Ilpuopumemst onepayuii

BripakeHus! BEIYUCISIOTCS B 3aBUCUMOCTHU OT MIPHOPHUTETA OTEpaIiii, y4acTBYIOIINX B
BbIpakeHNH. OIUHAKOBBIE MO CTAPIIMHCTBY OMEPAIUU BHIMOIHSIIOTCS B MOPSAKE clieBa Hampaso. [[is

M3MEHEHMS TOPs/IKa BBITIOJIHEHUS ONEepaIfil B BEIPRXKEHUSAX MOTYT PUMEHSThCS KPYTJIble CKOOKH.
Tabnuua 5. [lpuopurers! (panru) onepauui

Panr Onepanuu Onucanue
1 O 1 = -
2 '~ + - ++ - & * (tum) sizeof yHapHbIe
3 * | % MYJIbTUIUTMKATUBHbIE OMHAPHBIE
4 + - aJTUTUBHBIC OMHApPHBIC
5 << >>> MOPa3psIHOTO CIABUTA
6 < <= >= > OTHOILIEHUSA
7 == 1= OTHOIIIEHUS
8 && KOHBIOHKIIUA «M»
9 | mu3broHKIUA « Iy
10 ? yCIIOBHAs
11 = *= [= %= += = = |5 <<= >>= COKpaIlleHHbIe

IIpuMmep nporpamMmel ¢ JIOorn4ecKuMu onepauusamMu CocTaBUTh
MIPOrpPaMMy, BEIYHCIISIONLYI0 ICTHHHOCTD BBIPAKCHUS:



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

npu a=2; b=-3; ¢=0; d=1; main()

{ inta, b, ¢, d, rez; a=2; b=-3;
c=0;d=1;rezca && 'b|c && 'd &&
(a && b); cout<<"\n a=2; b=-3; c=0;

d=1;";

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

Pe3ynbrarel paboTh

a=2; b=-3; c=0; d=1,

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

3aganue

Ha oyenxy «Yooenemsopumenvro»

BbrunciuTh 3HaUEHHE JTOTHYECKOro BeIpaskeHus mpu a=2; b=-3; ¢=0; d=1; rez=a

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

Ha oyenky «Xopowoy

Onpenenutb HCTUHHOCTH BBICKA3bIBAaHHS

X>y & & ! (x>0]z>Xx)

1) ycTaHOBUTH MOPAIOK JTOTHYSCKHUX OIEpPaIlHii;

2) cunras x=-1 y=1 z=-2 onpenenuTh HCTUHHOCTb BBICKA3bIBAHHSI.

Ha oyenxy «Omauuno»

CocTaBUThH YCIOBHE IS ONIPEICTCHUSI HCTUHHOCTH CJIEIYIOINIEr0 JIOTUYECKOTO BHICKA3bIBAHHUS:
SIBJISICTCS JIM YKMCIIO @ YETHBIM M KPaTHBIM 4 U 5.

KonTpoJsbHbIe BOPOCHI
1. Yro sBnsieTcst pe3yabTaToM Olepai OTHOILEHHs?
2. Kak B s3eike C xomupyercs uctuHa u Jokb? 3. [IpencraButh
Ta0JIMIly UICTUHHOCTH ISl IOTHYECKUX OTeparuil.

IIpakTnyeckoe 3ansaTue Ne9.
YcaoBue nonajaHusi B 3aJaHHbIA 1UANA30H.

Henp padotsl: [TomydyeHne HaBBIKOB COCTABIICHUS JIOTHUYECKUX BBIPAKEHUH.

Tembl 1J151 IpeaABapuUTeIbHOI NPOPadoTKH THIbI

JTAHHBIX.

OmnepaTopsl BBOAA — BBIBOJIA IAHHBIX.

Teoperuyecknii MmaTepual

1. Onepayuu u evipasicenus

B s3b1Kax nporpaMMHUpOBaHUs 110/] BEIPAKEHUEM ITOAPAa3yMEBAECTCsl KOHCTPYKIUS, COCTABJIICHHAS U3
KOHCTaHT, II€PEeMEHHBIX, 3HAKOB omnepauuid, (yHKUMH, CKoOOK. BpIpaxeHue ompenenser HOPSAOK
BBIUHCIIEHUS] HEKOTOPOro 3HaueHus. Onepanus, NpuMeHseMasl K OJHOMY OIlepaHy, Ha3bIBacTCs YHApHOM,
a ornepanus ¢ AByMs onepaHaMu — OWHApHOM.

2. Apugpmemuueckue onepayuu

K apudmernueckum onepanusiM OTHOCSITCS:

- BBIYATaHUE WIN YHAPHBIA MUHYC;

+  CII0)KEHHE WM YHApHBIN ILIIOC;

*  yMHOXEHHE,;

/

NeJICHHE;



%  nenenwue o moxyito (ananmor Mod B Ilackaie);

++  yHapHas omnepauus yBeJIUYEHHS Ha eUHUILY (MHKPEMEHT); -

- YHapHasl orepanys yMEHbIICHUS Ha EUHUILY (IEKPEMEHT).

Bce ornepanruu, KpomMe OCJICHUA 11O MOAYJIIO, TPUMCHUMBI K JIIO6BIM YUCJIIOBBIM THIIAM JOAaHHBIX.
Onepanus % npruMeHHMa TOJIBKO K IEJIBIM YHCIIaM.

OHGpaL[I/II/I HHKPCMCHTA U ACKPEMCHTA MOTYT IIPUMCHATBHCA TOJIBKO K IEPECMCHHBIM U HE MOT'YT — K
KOHCTaHTaM U BelpakeHUAM. Onepanus ++ yBeJInYMBacT 3HAUEHUE IEPEMEHHON Ha €MHUILY, OIIEpaALAsl —
YMCHBIIACT 3HAUCHUC HepeMCHHOﬁ Ha CAUHULLY.

3. Onepayuu omunowienus

B C ucnionb3yercs cienyromnuii HaOop orepanuii OTHOIICHHUS:

< MCHBIIIE,

<= MCHBIIIC UJIM PABHO,
> OoublIIE,

>= 00JIbIlIe WK PaBHO,
== pasHoO,

I= HE paBHO.

Pe3ynbpTaTom onepanui OTHOIICHHUS SIBIISIETCA 11€7I0€ YUCIIO: €CIH OTHOIIIEHHWE HCTUHHO — TO 1, eciu
710xHO0 — TO 0. [IpuMepsI OTHOLICHMIA:

a<0, 101>=105, ‘a’=="A’ al="Al

Pe3ynbpTatom BTOpOTro U TpeThero oTHomeHui Oyaer 0 — J10Xkb; pe3ybTaT 4eTBEPTOro0 OTHOIICHUS
paBeH 1 — UCTHHA; pe3yJIbTaT IEPBOrO OTHOIICHUS 3aBUCHUT OT 3HAUCHUS TIEPEMEHHO a.

4. Jloeuueckue onepayuu

Tpu noruueckue onepanuu B si3bike C 3aMMCHIBAIOTCS CIAEAYIOLIUM 00pa3oM:

! onepanus orpunianus (HE),

&&  KoHBIOHKIUSA, Joruueckoe ymHoxkeHue (1), |

| TU3BIOHKINS, JJorudeckoe ciioxxenue (MJIN).

[To yObIBaHMIO TpUOpPHUTETA JOIMYECKHE ONEpalldd M OINEpaldd OTHOLIEHHS PpaCIONIOKEHBl B
CIIEAYIOIIEM HOPSIJIKE:

IIpuMep nporpaMMsbl NONAJAHUA B 32JaHHBIA 1HANA30H
IIporpamma IEMOHCTPUPYET ONPEACIICHUE YCIOBUM MONAJaHUs 3aJaHHOM TOUYKU BHYTPb, BHE U Ha
KOHTYp yKazaHHOW (urypbl. MICXOAHBIMH JTaHHBIMHU K 33Jaue SBJISIOTCS KOOPAMHATHI HEKOTOPOH TOUKH.
Pesynbrarom paboTsl mporpaMmel siBisiercs | win 0 B 3aBUCHMOCTH OT pe3yibTaTa MOIaIaHHsl.

main()

{ float x,y; int rez,var;

cout<<"\n vvedi x=>"; cin>>Xx;
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 *****kontur rez=>"<<rez;



rez=(x>-1 && x<1) && (y>-1 && y<1) && ! (x>0 && x<1) \
&& (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 paboThI IPOTrPaMMBI
vvedi x=> -1 vvedi
y=>0
X'y -1.000000 0.000000 *****kontur
rez=>1
FFEF*FWnutry rez=>0
***x**wne figura rez=> 0
3aganue
Ha oyenxy «Yoosenemsopumenvrno»
Hanucate nporpammy, onpeaesstomei YCJIOBUS  IOMAJaHHWS TOYKH, 3aJaHHOM  CBOMMHU
KOOpJAMHATaMH, BHYTPb, BHE U HA KOHTYP 3aIITPUXOBAHHOUN (PUTYPHI.
Ha oyenky «Xopowioy
Hanucarts nporpammy, OnpenemsAoIen YCIIOBHSI MOMNAJaHUs TOYKH, 33JaHHON CBOMMH
KOOpJIMHATAMH, BHYTpPb, BHE M HA KOHTYP 3alITPUXOBAHHOUN (PUTYPEI.
Ha oyenxy «Omauuno»

Hanucats nporpammy, orpenemstomiei YCIIOBUS TIOTIAJaHUs TOUKH, 33JaHHON CBOUMU
KOOpJMHATaMH, BHYTPb, BHE M Ha KOHTYP 3alITpUX0oBaHHOU (purypsl. KOHTpobHbIE BONPOCHI

1. [lepeuncaure onepanunii o BO3pacTaHus UX IPUOPHUTETOB.

2. CdhopmupyiiTe ycrmoBusi Ui TNPOBEPKH TOMAJAHUS TOYKH, 33JaHHOH CBOUMH
KOOp/JMHATAMH B Kpyr €OUHHYHOTO panuyca. 3. Kakwe omeparnum Ha3pIBarOTCS YHApHBIMU;
OuHapHbIM?

IIpakTyeckoe 3ansaTue Nel0.
Co3znanue npocreiilero BApHaHTa NPOrpaMMbI-TecTa.

Heas: [IpnoOpeTeHre HaBBIKOB IPOTPAMMHUPOBAHUS BETBALINXCS alTOpUTMOB. TeMbl

AJIs IpeIBapUTeJbHOI MPpopadoTKn

OOBsBICHNE M HHUIMATU3AIMS IEPEMEHHBIX.

@OyHKIIMN CTaHAAPTHOTO BBOJIA M BHIBOJIA.

Coznanue nporpamMm ¢ JMHEMHON CTPYKTYPOM.

Jlornyeckue BbIpaXeHUSI.

Oneparop ycioBus.

Teoperuyecknii MmaTepual

J1st mporpaMMUpOBaHHSI BETBAIIMXCS alTOpUTMOB B si3bike C/C++ nmMeeTcst HECKOIBKO Pa3IMIHbIX
cpenctB. K HUM oTHOcATCs onepaius yciaoBus ? :, yCIOBHBIHN omnepartop if u oneparop Bei6opa switch. 1.
Onepamop sevibopa (nepexnouamens) ®opmar omneparopa BeiOopa: switch (I1eI09MCICHHOE BBIPAKECHHE)

{ case KoHCTaHTal: CIMCOK_OIEepaTopoB;

break; case KOHCTaHTa2: CIIUCOK_OIEPaTOPOB;
break;

default: ciucok  omeparopos; }



[Tocnenusst crpoka (default) mokeT oTcyTcTBOBaTh. OniepaTop BEIOOPA MCTIOIB3YETCS IS 3aMEHBI
BJIO’KEHHBIX BETBJICHHM U JIJIs1 BEIOOpA €MHCTBEHHOI'O BapHAHTA BBIOJHEHUS KOMaH I U3 MPEIJI0KEHHOTO
Habopa. SBnsercs kKoMnakTHON (OpMOI 3a1aHUS IPOBEPOK U BETBICHHUH B POTpaMMax.

Brimonnenue oneparopa switch mpoucXoIuT B CIEIYIONMIEM MOPSIKE:

1. BBIYUCIIACTCA HEJIOUYUCICHHOC BEIPAXKCHHC,

2. IMMOJIYUYCHHOC 3HA4YCHHUC OoCJICA0BATCIBbHO CpaBHUBACTCHA C KOHCTaHTaMu,
IIOMCIICHHBIMHU II0CJIC CJIy)Ke6HOI‘O CJIOBaA Casc;

3. IIpu IIEPBOM COBIIAACHHUUN 3HAYCHUH BBIITOJHSIIOTCS oneparopbl, CTOAINHUE IIOCIC
JABOCTOYMS,

4. €CJIM HHU C 0,[1H0171 N3 KOHCTAHT COBHAACHHA HC INIPOU3ONIIO, TO BBIIOJIHATCA

orepaTopsl ocie ciosa default.

2. Onepamop npepvi8arus

Omnepatop switch umeer cienyroyr0o 0COOEHHOCTh BBIITOJHEHMs: NPU COBIAJAECHUU 3HAYECHUS
BBIUMCIIEHHOTO BBIPAXKECHHS C METKOM, BBITIOIHSIETCS HE TOJIBKO OTIEPATOPbI, OTHOCAIINECS K TOH METKE, HO
BCE HIDKEINIeXKaIIHe, BIUIOTh 10 onepaTopa default. 3To He Bceraa cOOTBETCTBYET HEOOXOAUMOM CUTYAIUH.
Jlist Toro 4yToObl «OOOHTH» BBINOJIHEHHE ONEPAaTOPOB HAa MOCIEIYIOIMX BETBAX KOHCTPYKLUHU switch,
HY>KHO IPUHSATH CIIELUAIbHBIE MEPBI, HCIIOJIb3YsI ONIEPATOPHI BBIXO/a WK nepexoa. s 3TUX 1esei yacto
ucnonb3yercs onepatop break. Ero cienyer nucath B Kax0il BeTBU A case. [locne ero BbIIOJIHEHUS
MIPOMCXOIUT BBIXOJI U3 BCEX KOHCTPYKLMU switch Ha cienyromieii 3a Heil KoMaHy.

IIpumep MporpamMmel ¢ HCIOJIb30BAHKE OlEpaTopa BLIGOpa
CocTaBuTh MPOrpaMMy C OJHHM BOMPOCOM W YETBIPbMs BapHaHTaMu oOTBeTa. KommbroTep
CIIpaIlMBaeT y IOJIb30BATEsl BADHAHT OTBETA, CPABHMBAET OTBET C MPABHJIBHBIM BapHAHTOM W BBIJACT
MOIXOJIAIICEe COOOIICHHUE.
main()
{ int nom; // OTBET UCIIBITYEMOTO

cout<< “\nB kaxom romy 6bu1 ocHOBaH Cankt-IletepOypr?\n”;
cout<< “l. 2000\n”’; cout<< “2. 1700\n”; cout<< “3. 1703\n”;
cout<<“4. 1850\n”;

cout<< “Beeaure Bam BbiO0p 1 Haxxmute <Enter>";
cout<<’->*; cin>>nom; switch (nom)

{case 1: cout<< “BpI oTBeTHIN HENPaBIBbHO ; break;

case 2: cout<< “BsI oTBeTHIN HENPABIbHO ’; break;

case 3: cout<<*“BpI oTBeTHIH MpaBIbHO’; break; case

4: cout<<“Bpl oTBeTUIN HEMPaBILHO ; break;

default: cout<<*Takoro BapuaHTa oTBeTa HeT”;

k
k

3ananue

Ha oyenxy «Yoosnemeopumenvnoy

CocTaBUTh MPOTPAMMY-TECT MO CBOEW TEMATHKE C MIThIO BompocaMu. [IpolTH TeCT M BbIIATH
olieHKy B auana3one ot 0 10 5. Ha oyenky «Xopouioy

B 3aBucMMOCTH OT MOJIYYEHHON OIIEHKA MpPU MPOXOXKJECHHH TECTa, BBIBECTH MOAXOJSIIEE
coobmenune: «HeymoBmeTBOPUTENBHO», «Y IOBIECTBOPUTENBHO», «Xopommoy», «Otmuuno». Ha oyenxy
«Omauuno»

Jlist kaxaoro MpaBWIIBHOTO OTBETa HAa TECT BBIBECTH cooOiieHue «Momoaem», Ui KaxXIoTro
HEMPaBUJILHOTO OTBETa BhIBeCTU cooOIIeHne «I1moxoy.



KonTposbHbIe BONpoCchI
1. HazoBuTe OCHOBHOE Ha3HAuYCHUE
omeparopa switch.
2. 3anuimTe CHHTaKCHC orepaTtopa switch. 3.
OOBscHUTE Ha3HAYECHHE omepaTopa break.

IMpakTnyeckoe 3ansiTue Nell.
IIporpamma Ha 6a3e aJropurMa ¢ NOJHbIM BeTBJIEHHEM.

Heas: [IpuoOpeTeHre HaBBIKOB MPOTPAMMHUPOBAHHS BETBAIIMXCS aJITOPUTMOB.

Tembl 1J151 IpeABapUTeIbHOM MpopadoTku OObBICHNE

Y MHUIMATU3alKs IEPEeMEHHBIX.

OyHKIMH CTAaHAAPTHOTO BBOJIA U BHIBOJIA.

Coznanue nporpamMm ¢ JMHEHHON CTPYKTYPOH.

Jloruueckue onepanuu U ONepaluyd OTHOIICHHUS.

TeopeTnyeckunii MaTepuaJl

1. Ycnosnwiii onepamop

dopmar yCcI0BHOTO OIepaTopa CiaemayoHii:

if (BbIpaxkenme) omeparopl; else omeparTop2;

Orto monHas ¢opma oreparopa, MpOrpaMMUPYIOMIAs CTPYKTYypy MOJHOro BeTBieHUs. OOBIYHO
BBIP@XEHHUE — 3TO HEKOTOPOE YCIIOBUE, COJEpIKalllee Olepaliy OTHOLIEHUS M JIOTUYECKHE ONEpPALUU.
3HaueHue BBIPAXKECHHS MPUBOIUTCS K LEIOMY M MHTEPIPETUPYETCS B COOTBETCTBUM C MPABUIIOM: PABHO
HYJII0 — JIOXb, HE PABHO HYJI0 — HCTUHA. Eciiu BbIpakeHHEe MCTHHHO, BBINOIHSIETCS oneparopl, eciu
JIO’)KHO — omeparop2.

HeobxonumMo o0paTuTh BHUMaHUE Ha CIEAYIONNE OCOOEHHOCTH CUHTAKCHCa YCIOBHOTO OIlEpaTopa:

. BBIpa)KEHHE 3aMHChIBAETCS B KPYTJIBIX CKOOKaX;

. TOYKA C 3aMATOo mocie oneparopal craBUTCs 00s3aTENBHO.

2. Henoanas ¢hopma ycnosnozo onepamopa

Bo3MoHO HcCHoNb30BaHNE HEMONHOM (hOpMBI yclIOBHOro omeparopa. Mcmoab3yercs, Korna
OTCYTCTBYIO JI€MCTBHUS B ClIyyae HCTUHHOCTH JIOTUYECKOTO BBIPAYKEHMS.

if (BbIpaxkeHue) omeparop;

[Ipumep. Yopsa04uTh 110 BO3pacTaHUIO 3HAYEHMSI B IByX IIEpEMEHHBIX a, b: i1f(a>b)

{

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

¥

cout«'"a="<<a<<"b="<<b;

B naHHOM mpuMepe HCIOJB30BaH COCTABHOW OMNEPAaTOp — IOCIEA0BATENBHOCTh ONEPAaTOPOB,
3aKJII04YEHHas B (PUTypHBIE CKOOKH.

OOpaTtuTe BHUMaHHE Ha TO, YTO Mepes 3aKpbiBaroliell GUrypHoi CKOOKOW TOUKY C 3amsTOW Haao
CTaBUTH 00513aTENIFHO, a MOCIE CKOOKHU TOUYKA C 3aIsITOM HEe CTaBUTCSL.

IIpumep nporpaMmbl ¢ IpUMeHEHHEM MOJHOI0 H HEelOJIHOr0 BeTBJIeHMIt

Haiitu Gonbiiee 3HaueHHe U3 IByX NepeMeHHbIX a U b. Bapuant 1. C ucnons3oBaHreM

MOJTHOM BeTBH main()

{ float a, b, max;

cout<<"\n vvedi a=> ", cin>>3;

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

if (a>b) max=a;

else



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

}

Bapuant 2. C ucnosib30BaHHEM HEMOJIHON BETBU
main() {

float a, b, max;

cout<<"\n vvedi a=> ", cin>>g;
cout<<"\n vvedi b=>"; cin>>b; max=b;

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

ks

3ananue

Ha oyenky « Yoosenemsopumenvro»

BBectu Tpu yucna u HailTu HauboJbIIee U3 HUX.

[Tpumep: Beenure Tpu uncna: 4 15 9

Haubonpmiee uncmno 15

Ha oyenky «Xopowioy

CocTtaBUTh IPOrpaMMy YIIOPSIAOUYEHUS 110 BO3PACTAHUIO 3HAYEHUH B TPEX NEPEMEHHBIX, BBOJUMBIX
I10JIb30BATEJIEM C KJIABUATYPHI.

Ha oyenxy «Omauuno»

BBectu HOMEp Mecs1ia 1 BBIBECTH Ha3BaHUE BPEMEHU TOfa.

[Tpumep: BBeaute Homep Mecsa: 4

Becna

Kontpoabubie Bompocsl 1. C
KaKoOM LIeJIbI0 B IIpOrpaMMax MCIOJIb3YyEeTCs oneparop ycioBus if?
2. VKaXuTe CHHTAKCHUC MOJIHOTO BETBJIECHUS. 3.
VYKa)kuTe CHHTAaKCUC HEMOJIHOIO BETBICHMS.

IIpakTyeckoe 3ansaTue Nel2.
IIporpamma peuieHusi KBaApaTHOIO ypaBHEHUsI.

Heus: [TonydyeHue HaBBIKOB B pabOTE C Pa3BETBISIOUIMMHUCS AITOPUTMAMH.

TeMbl /151 IpeABAPUTEIbHOM NMPOPadoTKu ApudmeTnueckre

onepaTtopsl C++ .

OOBbsBICHNE U HHUIMATH3AIMS IEPEMEHHBIX.

@OyHKIIUN CTaHAAPTHOTO BBOJIA M BHIBOJIA.

Teoperuyeckunii MmaTepuaJ

Jniss mporpaMMUpOBaHHsI BETBSIIIUXCS alropuTMoB B si3bike C/CH++ W uMeeTcs HECKOIBKO
pa3NUYHBIX cpeacTB. K HUIM OTHOCSATCSI paCCMOTpPEHHAs! BBIIIE OTIepaIysl YCIOBHS ? @, YCIOBHBIA OTIepaTop
if u oneparop BrIOOpa switch.

1. Ycnosnwiti onepamop

dopmar ycIIo0BHOTO oreparopa cieayromuid: if

(BbIpakenue) omepatopl; else omeparop2;

Orto momHas Qopma ormeparopa, MPOrpaMMHPYIOMIAs CTPYKTYpPYy IOJHOTO BeTBieHUs. OOBIYHO
BBIpQKEHUE — 3TO HEKOTOPOE YCIIOBHE, COJEpIKaIllee OTepallii OTHOMICHHS W JIOTUYECKHUE OIEpaIli.



3HaueHue BbIPAXKEHUS MPUBOJUTCS K LEJIOMY U MHTEPIPETUPYETCS B COOTBETCTBUH C MPABUIOM: PaBHO
HYJII0 — JI0b, HE PaBHO HYJI0 — HCTUHA. Eciiu BbIpakeHHEe MCTHHHO, BBINOJIHSETCS oneparopl, eciu
JI0)KHO — oneparop2.

Heo6xoanmMo 00paTuTh BHUMaHKE Ha CIIeTYIOIINE 0COOCHHOCTH CHHTAKCHCA YCIOBHOTO OIlepaTopa:

. BBIpaXXCHHE 3aIHChIBACTCS B KPYIJIBIX CKOOKaX;

. TOYKa C 3aMATOH mocye orneparopa | cTaBuTcs 0053aTENBHO;

Bot npumep ucnonp30BaHus MONHOW (OPMBI YCIOBHOTO OIEparopa AJisi HaXOXKICHHUS OOJIBIIEro
3HAYEHUS U3 JABYX MEPEMEHHBIX a U b:

if(a>b) max=a;

else max=b;

2. Bnooicennvie ycnosus

BrnosxeHHble BETBICHHUS BO3HHUKAIOT B IMPOrpaMMax, KOTJa B KauecTBe JEHCTBUM 1O BETBU MCTHHA
WM JDKW BO3HUKAET €Ille OJIHA BETBb. BIIOXKEHHBIC BETBH MOTYT OBITH MOJHBIMH (C else) a MoryT OBITh
HenoJHbIMHE (0€3 else). PaccMoTpum mprMepsl IporpaMMUPOBAHUS BIIOKEHHBIX BETBSAILIUXCS CTPYKTYD.
Tpebyercs BeIUMCANTD PYHKIMIO Sign(X) — 3HAK X, KOTOpas onpejaeneHa cieayomum oopasom: [Ipumep

1. Anroput™m ¢ OJHBIMH BIIO’KEHHBIMH BETBIICHUSIMU:

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

ANTOPHUTM C HETIOJTHBIM BJIOKCHHBIM BETBICHHCM:

y=1;
if(x<=0)
if(x==0)
y=0; else
y=-I;
IMpumep nporpaMMbl pelieHUsi KBAAPATHOTO YPaBHEHUsI
main()
{ float a ,b, c; /I koaddurrenTsl ypaBHenus float
X1, X2; // KOpHU ypaBHEHUS
float d; // TECKpUMHUHAHT cout<<"\n*

Pemrenune xkBaaparaoro ypaBaenus *\n"; cout<<"Bpenute B 01HOI
CTpOKe 3HaueHus KodpduimenToB"; cout<<" u HaKMUTE

<Enter>";

cout<<"->";

cin>>a>>h>>c; // BBOA K03 Duinenton d
=b*b - 4*a*c; // TACKPUMUHAHT

if (d<0) cout<<"VpaBHeHHE HE UMEeT pereHus\N";

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

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

cout<<"KopHu ypaBHeHHs: X|="<<x]1<<"x2="<<Xx2;

¥

else {

X1 = -b/(2*a); x2 = x1; cout<<"KopHu ypaBHEHUS:

X[ ="<<x1<<"x2="<<x2;

k

}

3amanue

Ha oyenxy « Yooenemeopumenoroy

CocTaBuUTh OJIOK-CXEMy aIrOpUTMa peIIeHUs KBaJpaTHOro ypaBHeHHs. I[IpoBeputs paboTy
IIPOrpaMMbl Ha Pa3IMYHbIX UCXOJHBIX JAHHBIX.

Ha oyenxy «Xopowioy



Jl06aBHUTh MPOBEPKY YCIOBUS KOdXPHIMEHTA a, paBHOTO. [IpH MON0XKUTEILHOW MMPOBEPKE PEUIUThH
JINHEITHOE YpaBHEHUE.
Ha oyenky « Omauunoy
Paccmotpets ciydaii paBercTBa 0 K03 PUITMEHTOB b U ¢, BXOASIINUX B KBaJPaTHOE YPaBHCHHUE.
KonTposbHbIe BONPOCHI

1. Korga B mporpamMmax BO3HHMKAeT HEOOXOIMMOCTh HCIOJIb30BAHUS BJIOKCHHBIX
BeTBE?
2. [lepeuncnure pasHOBUIHOCTH BIIOKCHHBIX BETBJICHHHA U MPUMEPHI OJIOK-CXEM IS

Kax0ro ciydast. 3. O0bsICHUTE MTPABUIIO MCIIOIB30BaHUS (PUTYPHBIX CKOOOK BO BIIO)KEHHBIX BETBSIX.

IIpakTyeckoe 3anaTueNel3.
IIporpammupoBaHue BJI0KEHHBIX BETBJICHUI.
Heab: [IpnoOpeTeHre HaBBIKOB MPOTPAMMHUPOBAHHUS C BIIOKEHUEM BETBICHHIA.
Tembl 1151 npeaABapuTeabHOI NpopadoTku OO0bsIBICHNE
Y MHALMAIIN3AIUS IEPEMEHHBIX.
@OyHKIUN CTaHAAPTHOTO BBO/IA M BHIBOJIA.
Coznanue nporpamMm ¢ BETBICHHEM.
Teoperuyeckunii MmaTepuall
1. Broowcennvie if-uncmpyxyuu
BrnoxxeHHbIe BETBJICHUSI 00Pa3yIOTCS B TOM CIIy4ae, KOT/Ia B KAUeCTBE 3JIEMEHTa HHCTPYKIHS (CM.
MOJIHBIM (opMaT 3amucu) HUCHoNb3yercss apyras if-mHcTpykius. BroxeHHble if-MHCTPYKIMH O4YEHBb
MOMYJISIPHBI B IPOTpaMMHUPOBaHUU. [ TaBHOE 3/1eCh — MOMHHUTH, YTO else-MHCTPYKIUS BCErla OTHOCUTCS K
Onuxaiiiel if-MHCTPYKIIUH, KOTOpasi HAXOAUTCSA BHYTPH TOTO K€ MPOTrPaMMHOT0 0JI0Ka, HO ellle He CBs3aHa
HU C KaKko# Jipyroi else-nHCTpyKIMEH.
[TponemMoHCTpUpYEM HCIONIBb30BAaHUE BIOKEHHBIX MHCTPYKIMM C MOMOIIBIO IporpamMmsl "Yranait
Maru4eckoe 4nucio’.

main()

{int magic; //Marm4ecKoe 4nucio

int guess; //BapuaHT MOJIb30BATEIISI

magic = rand(); // Tlomy4yaeM ciry4aifHOE YHUCIIO.

cout << "BBenuTe cBOM BapuaHT Maru4eckoro 4ucia:";

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

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

cout << magic << " # ecTh TO caMOe Maru4eckoe yucio. \n";

} else { cout <<"Ouens xayb, HO BbI OMOIKCH."; if (guess

> magic) cout <<" Bai BapuaHT NpeBbIILIaET Marnyeckoe

ypcio.\n"; else cout << " Baur BapuaHT MeHbIIIE

Marmyeckoro uncia.\n"; }

2. Koncmpyxyus if -else-if

OueHp pacHpoCTpaHEHHOM B IPOTPaMMHUPOBAHUM KOHCTPYKIIMEW, B OCHOBE KOTOPOM JIEKHT
crnokeHHas if-uHCTpyKIMs, siBasercs "nectuuna" if-else-if. Ee Mo)kHO npecTaBUTh B CCIYIOIIEM BHIE.

if (ycroBue)

UHCTPYKIIHUS;

else if(ycnoBue)

WHCTPYKIIHS,

else if

(ycnoBue)

HUHCTPYKILINS;



else

HUHCTPYKILIUS;

31ech MOA 3JIEMEHTOM YCIOBUE IOHHMAETCS YCJIOBHOE BBIPAKEHHE. Y CIOBHBIE BBIPAKEHUS
BBIYHCIISIOTCS CBepXY BHU3. Kak TOIBKO B KakOi-HUOYIb BETBU O0OHAPYKUTCS UCTHHHBIN PE3yJbTaT, OyIeT
BBITIOJITHEHA UHCTPYKITUS, CBSI3aHHAsI C 9TOW BETBBIO, a BCS OCTanbHas "necTHua" omyckaercs. Pabora if -
else-if-"nmecTHuIBI" TEMOHCTPUPYETCS B CIEAYIOLICH ITPOrpamMMme.

main()

{int x;

x=rand()%10;

if (x==1) cout << "X paBeH eaunuie.\n";
else if(x==2) cout « "x paBeH qBym.\n";

else if(x==3)

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

else if(x==4)

cout << "X paBeH deTbipem.\n"; else cout << "X He
nomnazaer B auamnason ot 1 go 4.\n"; }

HpnMep nporpamMmal € BJIOKECHHBIMU BETBJICHUAMMU

[Tpumep HeMOHCTpHUPYET CIIPABEUIMBYIO IIKATY MOAOXOAHOTO Haora. 3aeck d — pa3mep 3apIuiaThl.
pn — pasmep moxoxoaHoro Hajora. Hampumep, ecou d<20000, pn=d*0.12, ecim d>20000, pn=2400+(d-
20000)*0.13 u T.x1.

main()

{ float d, pn;

cout<<"\nvvedi number ";

cin>>d; if (d>100000)

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

else if(d>=80000)

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

else if(d>=60000)

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

else if(d>=40000)

pn=5400+(d-40000)*0.2;

else if(d>=20000)

pn=2400+(d-

20000)*0.13;

else pn=d*0.12;

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

¥

3ananue

Ha oyenky « Yooseremsopumenvro»

Jansl Tpu uncia a, b, c. Onpenenurtsb, kakoe U3 HuX paBHo d. Ecnu Hu onHO He paBHO d, TO HallTH
max(d-a, d-b, d-c).

Ha oyenxy «Xopowioy

CocTaBuTh IporpamMmy, peajn3yrolyo U301 NIPUMEHEHHUs KOMITbIOTepa B KHH)KHOM MarasuHe.
KomnbloTep 3ampammBaeT CTOMMOCTh KHHMI, CyMMY JIEHEr, BHECEHHYIO IOKyHaTesieM; €Ccld cIaud He
TpeOyeTcs, IeyaTaeT Ha dKpaHe «cracu0o0»; ecliu JeHeT BHECEHO OOJIbIE, YeM HEOOXOAMMO, TO MevyaTaet
«BO3BMUTE C/Ia4y» M YKa3bIBAET CYMMY C/Ia4M; €CIIU JEHET HEJ0CTaTOYHO, TO IIeYaTaeT coo0IeHe 00 STOM
U yKa3bIBaeT pa3Mep HEeJOCTAIOLIEH CYMMBI.

Ha oyenky « Omauuno»



[TnaTa 3a coToBBIN TenedOH B3UMAETCS MO cieayromeMy Tapudy: 3a nepsbie S0 MUHYT pa3roBopa B
Mecsi — 1o 1 p., 3a cienyromue 30 MunayT — 110 80 KoTI., cineayromue 20 MUHYT 000HIyTCst a00HEHTY 110 50
KOII., a KaX/1as MocleaAyIonias MUHyTa CTOUT Bcero 30 xor. M3BECTHO, CKOBKO MUHYT B MECSI] aOOHEHT
HaroBopuil. Onpeaenure, KaKyr0 CyMMY OH JOJKEH 3aIlJIaTUTh.

KoHTpobHbIE BONPOCHI
1. Korna B mporpamMmax BO3HHKAET BIOXKCHHAsI BETBb?
2. IlepeuncnuTh npaBuiia padoThl KOHCTPYKLINUHU «JIECTHHUILIA». 3.
CdhopmynupoBath mpaBuiio B3auMojieiictus if u else.

IIpakTyeckoe 3anaTueNel4.
IIporpaMmma ¢ npuMeHeHHeM KOHCTPYKIIMU BbIOOpa.

Heas: [IpnoOpereHre HaBBIKOB MPOTPAMMHUPOBAHHSI BETBAIIMXCS aJTOPUTMOB.

Tembl 17151 npeaABapuTeIbHOI NpopadoTku OO0bsIBICHNE

Y MHUIMAIN3AIHs] IePEMEHHBIX.

@OyHKIIUN CTaHAAPTHOTO BBO/IA U BHIBOJIA.

Coznanue nporpamMm ¢ JMHEHHON CTPYKTYPOM.

Jlornueckue BhIpayKeHUSI.

OmnepaTop ycloBuUs.

Teoperuyeckunii MmaTepuall

Jist mporpaMMUpOBaHUSI BETBAIIMXCS alTrOpUTMOB B si3bike C/C++ numeeTcss HECKOIBKO Pa3IMIHbIX
cpeactB. K HIM OTHOCSTCS oneparus yciuoBus ? :, yCIOBHBIN omnepatop if u onepatop Beidopa switch. 1.
Onepamop evibopa (nepexaouamens) @opmar oneparopa BeIOOpa:

switch (L1e10YrCIIEHHOE BBIPAXKEHHE)

{ case koHCTaHTal: CIIUCOK_OIEpaTopoB;

break; case kOHCTaHTa2: CIIUCOK_OIEPaToOpOB;

break;

default: cucok _oneparopos; }

[Tocnenuss crpoka (default) Mmoxker orcyrecTBOBaTh. Oneparop BbIOOpA UCHOIB3YETCS JUIS 3aMEHbI
BJIOKEHHBIX BETBJIEHUH U JUI BEIOOpA €IMHCTBEHHOTO BapHaHTa BBIMOJIHEHHS] KOMaH/ U3 MPeI0KEHHOTO
Habopa. SBnsercs kKoMnakTHON (OopMOIi 3a/1aHUS IPOBEPOK U BETBICHHUH B MPOrpaMMax.

Brimonnenue oneparopa switch mpoucxXonuT B CAEAYIOMIEM MOPSIKE:

1. BBIYUCIIACTCS HEJIOUYUCICHHOC BBIPAKCHHUC,

2. MMOJIYUYCHHOC 3HA4YCHHUC OCJICA0BATCIBbHO CpaBHUBACTCHA C KOHCTaHTaMu,
IIOMCIICHHBIMHU II0CJIC CJ'Iy>Ke6HOFO CJIOBaA Case;

3. npu MnepBOM COBIIAACHUU 3HAYEHUIH BBIIOJHSIIOTCS oneparopnl, CTOAMUC IIOCIIC
JABOCTOYMA,

4, €CJIIM HHU C OJIHOI71 N3 KOHCTAHT COBHAACHHA HC IIPOU3OILIO, TO BBIIOJHATCA

orepaTopsl ocie ciona default.
2. OcobenHocmu KOMAHObL MHONMCECBEHHO20 8b100PA

1. Jnst switch Hy»eH oTaeNnbHBINH OJIOK.

2. Twur BeIpaskeHUsI MOKET OBITH IEJIBIM WJIH CUMBOJIBHBIM, HO HE BEIIECTBEHHBIM.

3. KoHcTaHTHI B case JOKHBI UMETh TOT )K€ THIL, YTO U BBIpasKEHHE.

4. Ecnu neiictBue moaXoAUT MO HECKOJIbKO KOHCTAaHT, TO cienyeT HEeCKOIbKO case MOApPS.
Hanpuwmep:

switch (Beipaxxenue)



{

case 1: case 2: case 5: JleiictBusl,
case 3: case 4: [leiictBus2; }
5. KoHctantel B mpenenax ogHoro switch AOMKHBI OBITh YHUKAIBHBI, T.€. HE JOJKHBI

MOBTOPATHCS. HapylieHue 3Toro npuBOAUT K HEOJAHO3HAYHOCTH BBIOOpA HY>KHOTO ONEpaTopa.

6. Ecnu st mopxopsimeit Koncrantel TpeGyeTcst BRIIOIHUTE HE OJIMH ONEPATOp, a HECKOJIBKO,
TO B OJOK UX OOBEIUHATH HE 00s3aTENIbHO, T.K. JACUCTBUSA Case PACIPOCTpaHseTcs 10 KOHIA, ToKa He
BCTPETUTHCA KoHell switch }, mim komanzaa break.

7. Komanga switch sBnsercst wactHpiM cimydaem komannbl if. Korma Henmb3s TpUMEHSATH
KoMmaHny switch:

- BBIP2)KECHHUE BEILIECTBEHHOE;

- BBIPAYKEHHE MPOBEPSIETCA B HEKOTOPOM JMANa30HE AaKe NS 1edbix, Hanpumep: 1<a<100. B
3TOM ciyyae jerde Hamucath if (a>=1&&a<=100) uem BomuceiBath 100 case.

- BBIp)KEHHUE MTPOBEPSETCS HA TOYHOE COBIAJICHUE CO 3HAYCHUEM KOHCTAHT B Case, CPABHEHUS
Ha <, > B switch He gomyckaroTcs;

- MPOBEpKa Ha CTPOrO€ PABEHCTBO MPOBEPSieTCSl TOJBKO Ui OJHOTO 3HAYCHUS —
BBIUMCIICHHOTO 3HAYEHHs BBIPAKEHUs, switch He MOAXOMUT JUIA TPOBEPKH YCIOBUH IS HECKOJIBKUX
BenmunH, Hanpumep if (x>10 && y<S5) ¢ momomipio switch 3a1aTe Takoe ycinoBue He yaacTcsl.

3. Onepamop npepvisarus

Omnepatop switch mmeer cienyromyro 0cOOCHHOCTh BBIITOJHEHHS: TPH COBIAJACHUU 3HAYCHUS
BBIYUCIIEHHOTO BBIPAXKEHHS C METKOM, BBITIOJIHAETCS HE TOJIBKO OTIEPAaTOPhI, OTHOCSIINECS K ATOH METKE, HO
BCE HIDKENIEXKAIIHe, BIUIOTh 10 onepaTopa default. 3To He Bcerma coOOTBETCTBYEeT HEOOXOAMMOM CUTYaINH.
s Toro 4toOBl «OOONTH» BBIIIOJIHEHUE OMEPATOPOB HAa MOCIHEAYIOIIUX BETBSIX KOHCTPYKIUHU switch,
HYKHO MPUHSATH CIIEIUAIBHBIE MEPBI, HUCIIOJIb3YS OMEepaTOPhl BBIXO/1A UK repexoaa. J{is 9Tux 1eneit 4yacto
ucnonp3yercs onepatop break. Ero cienyer mucats B Kaxoil BeTBH Juisi case. [lociie ero BBITOTHEHHS
IIPOMCXOJUT BBIXOJ U3 BCEX KOHCTPYKLIMHU switch Ha cienyromieil 3a Hell KoMaHAYy.

IIpumep nmporpamMmsbl ¢ HCMOJIL30BaHHE onepaTopa Beidopa [Tporpamma-

KaJbKYJISITOD.

BBoauTtcs BeipaxkeHue Buaa -5.45*3.56

HporpaMMa JIOJI’)KHA BBIYHUCIINTHh U BBIBECTU pGSYJ'II)TaT BI)Ipa}KeHI/If[.

B o61iem Buzie BeIpaskeHUE BRITJISIINAT Tak: onepanal omeparus onepana2

OmnepaHgamMu SIBJISIFOTCS BEIIECTBEHHBIE YHCIIA, B KAUECTBE OMEPAI[MU MOYKHO HCIOJIE30BaTh YEThHIpe
OCHOBHBIX apU(PMETUUYECKUX EUCTBUS: + - * /, KOTOpbIE BBOAATCS B IPOrPaMMy KaK CUMBOJIBI.

main()

{ float a, b, rez; char

oper; cin>>a>>oper>>b;

switch (oper)

{ case ‘+’: rez=a+tb;

break; case ‘-‘: rez=a-b;

break; case ‘*’: rez=a*b;

break; case ‘/’: rez=a/b;

break;

}

cout<<” Pezynprar="<<rez<,endl;

3amanue
Ha oyenky « Yooseremsopumenvro»
BBoautcs Homep mecsna. BergaTte Ha3BaHME BpEMEHU TO/1a.



Ha oyenky «Xopowoy

Broaurcs kommaectBo siet K — 1mienoe uncio ot 1 g0 99. BeiBectu dpaszy «MHue ... neT», rae Haao
3aMEHUTH CJIOBO <JIET» Ha MOJXOJIAIIEE MO CMBICTY CJIOBA «TOM» U «TOHa».

3amMeTuM 3aKOHOMEPHOCTh, Kak OT 3HaueHus K 3aBUCHUT CII0BO.

a) €CIIM YMCJIO 3aKaH4YuBaeTcs nudpoi 1, To cinoBo «roma» kpome 11 jeT;

0) eciu yncno K 3akanumBaetcs mudpamu 2, 3, 4 , To «romga» kpome 12, 13, 14 ner;

B) eciu yncio K 3akanuuBaercs uudpotii 0, 5..9, To «wier».

Ha oyenky « Omauyuno»

BBonutcs mata B Buze: neHb (d), mecsi (m), ron (g). BeimaTs Ha3BaHue AJ1 HEIETH, HA KOTOPYIO
MIPUXOJIUTCS BBEICHHAS /1aTa.

<Jlenp Hegenn™> = <OCTATOK OT JIeJICHUS X> Ha 7, Tae

X = [2.6*m - 0.2]+d+[y / 4]+y+[c / 4] - 2*c, rae [] 03HAYAIOT IIETYIO YacTh YHCIIA.

C — ABe crapume udpsl roaa; y

— JIBe MJIaIIIue mudphl roja.

[Tpu ucnonb3oBaHuu 3TON (HOPMYIIBI CIEAYET YUECTh JIBa 00CTOSITENHCTBA!

1) dbopmyra BepHa IJisi TPUTOPUAHCKOTO KajieHaapsi HoBoro ctuiist (ot 1582 1o 4902);
2) MecsIl CeayeT MpPeIBapUTENbHO MPeoOpa3oBaTh TaK, KaK €CiIM Obl Hayajio Toja

npuxoausock Ha 1 mapra. HbpIMU crioBamu, MapT B 3TOH (GopMylie UMEET MOPAIKOBbIM HOMep 1,

anpenb — 2, ..., sHBapb — 11 u ¢eBpans — 12, npuuém sHBaps U (PeBpaib clieyeT OTHECTH K

npeasiaymemy roay. Hanpumep, s
1 deBpans 1991 roga HOMEp MecsIa 1oJKeH ObITh paBeH 12, a rox 1990, B To Bpems kak it 31 nexadps
1991 rona Homepa mecsaua — 10, a rog — 1991. Pe3ynbpTaT BhIUMCIEHHS AA€TCS B BUJAE LIEJIOT0O 4YUCIa B
nuanazone ot 0 10 6, mpudém 0 COOTBETCTBYET BOCKPECEHBIO.

KoHTpoJibHbBIE BONIPOCHI
1. HazoBute OCHOBHOE Ha3Ha4YeHHUE
orneparopa switch.
2. 3anuIuTe CUHTAaKCHC oneparopa switch. 3.
OO0bsicHuTe HAa3HaUeHUE oneparopa break.

IIpakTnyeckoe 3anaTueNels.
IIporpamMmma BbIYHMCICHHSA CYMM H KOJHMYECTBA, MOMCK MAKCMMAJIbHOI0 M MUHUMAJILHOIO
3HAYEHUI.

Heanb: IlonyuyeHne HaBBIKOB B paboTe ¢ apU(PMETHUYECKHMMH BBIPRKEHUSIMH, LHUKINYECKUMU
UHCTPYKLHUSMH.

TeMbl 1J1s1 IpeABAPUTEIbHOM MPOPadoTKu ApudmeTnueckre

onepaTtopsl C++.

@DyHKIMM CTaHAAPTHOTO BBOJA U BBIBOJIA.

Oneparop BETBJIECHUS.

Teoperudecknii MmaTepuaJ

1. Huxn ¢ napamempom

dopmar oneparopa UKJa ¢ IapaMeTPOM:

for (BbIpa:kenue_1; BbIpaxeHue 2; BbIpakeHHe 3) onepartop;

Bripaxxenue 1 BBINOJIHACTCS TOJIBKO OJIMH pa3 B Havyasie ukia. OOBIYHO OHO OMpeeNnsieT HadyallbHOe
3Ha4YeHUEe MapaMeTpa LMKJIA (MHULMAIM3MPYET MapaMeTp LuKia). BelpaxeHue 2 — 3TO yclioBHe
BBINOJIHEHUS LIMKJIa. BeipaxkeHue 3 oObIYHO ompesersieT n3MeHeHne napamerpa nukia. OnepaTop — Telo



IIUKJIa, KOTOPOE MOXKET OBITh MPOCTHIM I COCTaBHBIM. B ImociieiHeM ciiydae UCTIONB3YIOTCS (GUTYpHBIC
CKOOKHU.

AJNTOpuTM BBHINOJIHEHUS LKKIa for mpeacTaBieH Ha OJIOK-cxeme:

[Tocne BbruMCIEHUS BBIPAKEHUS 3 MPOUCXOIUT BO3BPAT K BBIUYMCIICHHUIO BBIPAXKEHUS 2 — IIPOBEPKE
YCIIOBHSI TOBTOPEHUS IHKJIA.

PaccMoTpuM HEKOTOpBIE OCOOCHHOCTH apU(METHYECKOrO IMKIa Ha MPUMEpPe BBIYUCICHUS
dakropuana uyncia. C momoripio 1ukia for Haxoxaenrne N! MOKXHO OpraHH30BaTh CISAYIONIUM 00pa3oM:

F=I,

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

Hcnonp3ys onepanuo «3amsrash, MOKHO B BbIpaKeHHe | BHECTH MHULMAIN3ALUI0 3HAYEHUH cpasy
HCECKOJIbKMUX NCPEMCHHBIX !

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

HekoTopsix 3meMeHTOB B orieparope for MoKeT He ObITh, OJJHAKO Pa3ACIISIONINE UX TOYKH C 3aIsATOM
O69[33T€JIBHO AOJDKHBI ITPUCYTCTBOBATD. B CICAYIOUIEM ITPUMEPC NMHUIUAIIU3UPYIOIasd 4aCTb BHIHECCHA U3
oneparopa for:

F=I;

i=l;

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

Hwkxe nokasaH eie oJiH BapuaHT BeiurcicHus N!. B HeM Ha MecTe Telia IMKIJIa HaXOJUTCS Iy CTON
OIIepaTop, a BEIYUCIUTEIbHAS YacTh BHECCHA B BBIPOKEHHE 3.

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

IIpuMep nporpaMMsl ¢ apU(PMETHYECKUM HUKIOM

PaCCMOTpI/IM Iporpammy, OInpeacisIromyr0 CyMMy, a TaK KE HauOoJIbllIee U HANMEHbIIIEE 3HAUCHUS
cpenu mocienoBaTeabHOCTH 10 ciydaliHBIX BEJTMYUH, 3JaBAEMbIX C ITOMOIIBIO JAaTYMKA CIIYYaHBIX YHCET.

main()

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

randomize();

max=0;

min=100; s=0;

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

{

n=random(100);

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

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

¥

PesynbTarsl paboThl mporpamMmsl: 12
36 78 21 20 37 89 90 70 52

*xkx** max=90 min=12 s=505

3amanue
Ha oyenxy «Yooenemsopumenvro»



PazpabotaTs nporpaMmy, onpenensonyo CyMMy, a Tak ’Ke HauOoJIblee 1 HAaUMEHbIlIee 3HaUEeHUS
cpeau nociuenoBarenbHOCTH 10 ciyyaliHBIX BEIMYMH, AUANa30H KOTOPHIX MOT 3a/1aBaTh [10JIb30BaTENb.

Ha oyenky «Xopowioy

PaspaboTtars nporpamMMy, OnpeAesIoNyI0 CyMMY, a TaK e HauOoJbIlee 1 HAUMEHbIIee 3HAYCHUS
Cpeau MOCIeI0BATENbHOCTH CIIyYaiHbIX BEJIMYHMH, KOJIMYECTBO KOTOPBIX MOT 3a/1aBaTh [10JIb30BaTEb.

Ha oyenky « Omauunoy

Pa3paboTars nmporpamMmy, OnpeAessionyo CyMMY, a Tak e HanOoJbllIee 1 HaUMEHbIIee 3HaYCHUS
CpeAM IOCIIEAOBAaTEIbHOCTH  CIIy4alHBIX BEJIMYMH, A TaK € IO3MLUH, B KOTOPHIX JOCTUTAIOTCS
MaKCUMaJIbHOE€ 1 MUHUMAJIbHOE 3HAUYEHUSI.

KoHTpo/bHbIE BONPOCHI
1. JlaTb onpeaeneHne HUKINYECKOMY aITOPUTMY.
2. 3anuIy KOMaHay apu(METHYECKOTO UK C OCOOCHHOCTSIMH TPUMEHEHHUS. 3.
CocTaBp QJITOPUTM BBIYUCICHHUS CYyMMBI 33JaHHOTO KOJTMYECTBA BEJIHYHUH.

IIpakTyeckoe 3anaTueNe16.
IIporpamMupoBaHue NPUKJIAAHBIX 3224 ¢ IPUMeHEeHHEeM LU KJIMYeCKHX aJIrOPUTMOB.

Heasb: [TonyyeHre HaBBIKOB MpH pa3zpabOTKe MPHUKIAIHBIX TPOTPAMM C IPUMEHEHUEM ITUKIHUYECKUX
KOHCTPYKLUU.

TeMbl /151 IpeABAPUTEIBHOM MPOPadoTKu Apudmernieckne

oneparopsl C++.

@DyHKIMH CTaHAAPTHOTO BBOJA U BBIBOJIA.

Oneparop BerBieHus. Teopernueckuit matepuan 1. Yucra

Qubonauyu

W3BectHa cnenyromas 3anada o Kpoiukax. [lomecTunum mapy KpOJHMKOB B HEKOEM MecTe,
OTOPOXEHHOM CO BCEX CTOPOH CTEHOM, YTOOBI y3HATh, CKOJIBKO Iap KPOJIUKOB POAUTCS MIPU 3TOM B TEUEHUE
rojia, €CJIM IpUpoJia KPOJIMKOB TaKOBA, YTO YEPE3 MECSI] ITapa KPOJIUKOB IIPOU3BOAUT Ha CBET IPYTYIO Mapy,
a pO’KJAI0T KPOJIUKHU CO BTOPOTO MECSIA IOCJIE CBOETO POXKICHUS.

SIcHO, 4TO eciu cuUUTaTh NEPBYIO APy KPOJIMKOB HOBOPOXKIEHHBIMH, TO Ha BTOPOW MeCSII] Mbl OyAeM
110 TIPEKHEMY UMETH OIHY Tapy; Ha 3-if mecsan— 1 + 1 =2; Ha4-it — 2 + 1 = 3 maps1 (100 U3 IBYX UMEIOIIHUXCS
nap MoTOMCTBO JAeT JIMIIb OJHA Napa); Ha 5-i mecsan — 3 + 2 = 5 nap (b 2 poauBirecs Ha 3-i MecsI
napsl AaayT MOTOMCTBO Ha 5-i Mmecsdn); Ha 6-i mecs — 5 + 3 = § map (100 MOTOMCTBO JalyT TOJBKO Te
napbl, KOTOpbIE POAMIIUCH Ha 4-M MecAlle) U T. 1.

Ecnu 0603HauuTh 4KCIo map KpOJMKOB, MMEIOIIMXCS Ha n-M Mecsie yepe3 Fn, to F1 =1, F2 =1,
F3=2,F4=3,F5=5,F6=28,F7=13,F8 =21 uT. 1., npudueM o0pazoBaHue dTUX YUCEN PEryTUPYETCs
oOmmM 3akoHOM: Fn = Fn_1 + Fn_2 ipu Bcex n>2, BeAb YUCIIO Map KPOJIUKOB HA N-M MecsiIie paBHO yuciy Fn-
1 Map KPOJMKOB Ha MPE/IIECTBYIONIEM MECSIIE ITI0C YUCIO BHOBb POJIMBIIUXCS Map, KOTOPOE COBIMAJIAET C
yucyioM Fn2 map KpoJMKoB, poauBIIUXCS Ha (n — 2)-M Mecsie (100 JIMIIb 3TH Mapbl KPOJMKOB JAIOT
MTOTOMCTBO).

O®paniry3ckuii Marematuk JIroka BriepBble Ha3Ball YMCIOBYIO MocienoBaTeabHocTs 1, 1, 2, 3, 5, 8,
13..., koTopyto Ha3Bail yuciaaMu @UOOHAYUM U OTKPBLI HE MEHEE BaXKHYIO ITOCIEI0BaTEIbHOCTS: 2, 1, 3, 4,
7, 11...,koTOpas cBs3aHa ¢ 30J0TOW mponopiueid. OTHOIIEHNE coceAHUX yncel JIroka nmo Mepe yaaneHus
OT HayaJja Mocjie10BaTeIbHOCTH B MPeAesie CTPEMUTCS K 30JI0TONH IPOMOPIIUH.

[TocnenoBarensHoCTH uncen @udonavun F(n) =1, 1, 2, 3, 5, 8, 13,... u uncen Jlroka: L(n) =2, 1, 3,
4, 7, 11,... yueHble BCce Halle BCTPEYAlOT BO MHOTUX SIBJICHMSX OKpyXarouiero mupa. 2. Pexyppenmuvie
COOMHOUIeHUS

PexyppeHTHBIMH Ha3bIBAIOTCS COOTHOIIECHHMS, B KOTOPBIX OYEPEIHON YJIEH MOCIEN0BATEIbHOCTH
BBIPAXKEH U€pe3 OJIMH WJIM HECKOJIBKO IIPEIBIAYIINX (OT JATHHCKOrO "recurrere” — Bo3Bpalarscs').



[Tpumep: bopMyITbI 711 HAXOXKIACHUS N-TO JIEMEHTA

ag=6,a=aj-1+3 6,9,12,15,18,21,24,27,31 a1

=1,ai=ai1+ 10 1,11,21, 31,41, 51,61, 71,81 a1

=3,ai=aj1*2-1 5,9, 17, 33, 65, 129, 257, 513

[TocnenoBarensHocTn uncen dubonayun F(n) = 1, 1, 2, 3, 5, 8, 13,... aBiseTcs peKyppeHTHOM
MOCJIEI0BATEIILHOCTb, JIJII KOTOPOW BBITTOJIHSIFOTCS yCIIOBHSL:

Fi=F>=1;

Fn=Fn-1+Fn-2

Kaxxnprii 4jieH TakoW IOCIIEeNOBaTEeILHOCTH, KPOME IEPBBIX JBYX, 3aBHCUT OT 3HAYCHHUS IBYX
MPEABITYIIHUX YWICHOB MOCJIEI0BATEILHOCTH.

3.Oxonoeuveckas 3adava

B pe3ynbrate cOpoca mpoOMBIIIIIEHHBIX CTOKOB BO3POC YPOBEHB 3arpsi3HeHUs peku. KakuMm oH Oyaer
4yepe3 CYyTKH, IBOE U T.J. M KOT/Ia YPOBEHbB 3arpsI3HEHUS CTAHET JOIYCTUMBIM, €CJIM U3BECTHO, UTO 3a CYTKH
OH YMEHBIIIACTCS B OINPEICIICHHOE KOJIMYECTBO pa3?

O6031aunm: CO — HavyanbHas KOHIIEHTPALUs BPEIHON IPUMECH.

Cron — npeaenbHO JOMYCTUMAst KOHIIEHTPALIHS BPEIHON MTPUMECH.

K — k03 puiieHT cyTouHOro yMeHbIlIeHUsI KOHIICHTPAI[MU BPEIHOTO BelecTBa. Tadnuia

6. McxoaHple TaHHBIE K KOJIOTHYECKOM 3aade

Bemiectro CO (mr/n Cnom (mr/im) K

CauHell 5 0.03 1.12
MEIIBSIK 15 0.05 1.05
®dTop 0.2 0.05 1.01

Maremaruueckasi GopMyTUPOBKA 33/1a4H:

Cl=C0/K

C2=C1/K=C0/K2

C3=C2/K=C1/K3

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

Cn=C0/Kn HITH

Cn=Cn-1/K

AHanuzupyeM MocieHIon (GopMyIly — COCTOSHUE 3arpsA3HEHUs] PEKH B TEKYIIHUH J€Hb 3aBUCUT OT
COCTOSIHMS 3arPsI3HEHHUS B IPEABIIYLINHI 1€Hb, T.€. UMEEM PEKYPPEHTHOE COOTHOLICHHUE.

IIpumep nporpaMmsl ¢ peKyppPEeHTHBIMH MOCJIEA0BATEIbHOCTAMU

PazpaGoraem mporpammy nisi pacuéra cojiepkaHuss B peke cBuHIA. OO003HAUYUM MpeaenbHO
AONYCTUMOC 3HAUYCHUC KOHLUCHTpAlIuN BpeI[HofI IIpuMeCu CdOp, Ha4YaJIbHOC 3HAYCHUC KOHIICHTpallun c0 ,
KO3(I)(I)I/II_II/IGHT YMCHBIICHUS 3aIrpA3HCHUSA B CYTKHU k, 1 — YHACII0 CYTOK. ﬂJ’I}I CO3JaHus aJIrOpUTMa PpEACTAaBUM
peKyppeHTHYI0 ¢opmyiy B Buzae: c=cpred / k.

main() {

float c0, cdop, Kk, c, cpred; int

(¥

c0=5.0; c¢dop=0.03; k=1.12; /I3  Tabnuuel

cpred=cO0; for (i=1; ;i++)

{ c=cpred/k;

if (c<=cdop) break;

cpred=c; } cout<<i; }

PGSYJ'II)TaT pa60T51 IMporpaMMaI:



46
3ananue
Ha oyenky « Yooseremsopumenvro»
Pazpabotaem nporpammy uist pacuéra CoOAEp KaHus B pEKE MBIIIbSKA.
Ha oyenky «Xopowoy
Pa3paboraem nporpammy [uist pacuéra coaep:kaHusi B peke gpropa.
Ha oyenky « Omauyuno»
Pa3paboraem mporpammy [uisi pacuéra COJEp)KaHUs B PEKE YCIOBHOI'O BEILECTBA, NOKA3aTENIH
KOTOPOTO BBOJATCS MOJIb30BATEIIEM.
KonTposbHbIe BONPOCHI
1. Kakue cooTHOIIEHNUS Ha3bIBAIOTCS PEKYPPEHTHBIMU?
2. [IpuBenute nepBbix 10 uyncen GuboHayun, UCMONIB3Ys PEKyPPEHTHYIO (hopmyITy.
IIpakTyeckoe 3anaTueNel7.
HUrepanuonnbie unkibl. [lonck kopHeii HeJTUHEHHOT0 YPaBHEHHUsI METOI0M JleJIeHUs
MOMnoJam.

Heab: [Tomydyenue HaBBIKOB B pabOTe C HUKIMYECKUMU alTOPUTMaMU. Peanusanus Ha UX OCHOBE
MaTeMaTUYECKUX PacyeToB.

Tembl 17151 IpeIBAPUTETbHOI NPOPA0OTKH AprpMETHICCKHE

oneparopsl C++.

DYHKIMU CTAaHJAPTHOTO BBOJIA U BBHIBOJIA.

OmniepaTop BETBIICHUS.

TeopeTnyeckunii MaTepuaJl

1. Ocnosmnvie nowsmusi 051 YUKL08

Huki - 3T0 anropuTMUYECKasi KOHCTPYKIIMS, B KOTOPOW B 3aBUCUMOCTH OT YCJIOBHUSI TOBTOPSETCA
onpeenéHHas IoCIeI0BaTEIbHOCTD IEUCTBUM. J{J1s OpraHu3anuy qUKIOB MOKHO ITIPUMEHATDH YCIIOBHUS,
T.K. IUKIWYECKUHA QITOPUTM SIBJISETCS YACTHBIM CIIy4aeM pasBeTBisromerocs. Teno mMkaa - 3TO
MOBTOPSIOIIASICS TOCIEI0BATENILHOCTD IeHCTBUH (070K MHCTPYKIIHIA).

[ukn, ajig KOTOPOro HENb3sd yKa3aTb YUCIO NOBTOPEHUW, M MPOBEPKAa OKOHUYAHUS KOTOPOTO
MIPOUCXOAUT IO TOCTUKEHHUIO HY>)KHOTO YCIIOBUS, HA3bIBACTCS MTEPANMOHHBIM. [{MKT BBITIOHSIETCS 10 TEX
10P, MMOKa BBIPAKEHNUE OTIIMYHO OT HYJIS, T.€. 3aKJIFOUEHHOE B HEM YCIIOBHE LIMKJIa UCTUHHO. BBIX0O 13 KA
MIPOUCXOAUT MOCIE TOTO, KaK 3HAUCHHE BBIPAXKEHUS CTAHET JIOKHBIM, HHBIMU CIIOBAMHU PaBHBIM HYJIIO.

2. Luxn ¢ npedycnosuem

B nukne ¢ npegycioBueM, Ha3plBAEMOM €I€ LIUKIJIOM “MIOKa”, CHayaja MpOBEpSETCS yCJIOBUE, a
3aT€M BBITTOJTHSIOTCS ICUCTBHS.

Hukn ¢ npeaycnoBueM MOXKET HE BBIIOJIHUTHCS HU pasy.

dopmar oneparopa IUKJIa C IPETyCIOBHEM:

while (Bbipaxkenue) omepartop;

3. Luxn ¢ nocmycnosuem

B uumknie ¢ moctycioBueM cHauasa BBINOIHAETCS JACHCTBUE, a JIMILb TOTOM MPOBEPSIETCS YCIOBHE.
[Mukn “mo” GyHKIMOHHPYET CIEAYIOIMMM O0pa3oM: J0 TeX IMOp, MOKa YCJIOBHE HE BBITIOIHUTCS,
BBITIOJTHSIETCS TEJIO IUKJIA. XapaKTEPHO, YTO TEJIO IHUKJIA B IIUKJIE 10" BBITIOJIHSIETCS XOTS OBl OJIUH pa3.

dopmar oneparopa IUKJIa C IOCTYCIOBUEM:

do omeparop while (BbIpakeHnue);

Hukn ¢ npexycnoBueM. @opmMar oneparopa IUKJIa C IPeyCIOBUEM:

while (BblpakeHue) omnepartop;

[{ukn mOBTOPSIET CBOE BBINOJIHEHUE, TOKA 3HAYEHNUE BBIPAXKEHUS OTIMYHO OT HYJIA, T.€.
3aKJIIOYEHHOE B HEM YCJIOBUE LIUKJIA UCTUHHO.



3.4. Pewenue HetuHeliHO20 YPABHEHUSL MEMOOOM OelleHUsl NONOJIAM
[Tycth TpeOyercs pemuTh HenwHEHOe ypaBHeHHE Buna f(x)=0 Ha 3amaHHOM oTpeske [a; b] c
HE00X0IUMOM TOYHOCTBIO £>0.
Peummuth ypaBHEHHE — 3TO HAWTH ero KOpeHb (KopHu). KopHem Ha3bIBaeTCsl Takoe 3HAueHUE X*,
MoACTaBUB KoTopoe B f(X) momyuaercs Houb, T.€. T (x*)=0
J) A I'padmyecku KOpeHb — 3TO TOYKA IEPECCUCHUS
rpaduka pynkuuu y=f (X) c ocbro OX.
VY3Haewm, ecTh 1 Ha oTpe3ke [a,b] pemenue. s
3TOr0 HaJg0 MPOBECTU HCCIIEOBAHME, KaK BeAeT ceds
— ¢dbyuknus f(x) Ha KOHIIaX oTpe3ka [a; b].

\o¢ , X
& 0 —— e
] ~ 1
P
/ Pucynok 1 — KopHu HenmHeHOro ypaBHeHuUs
-HET pELICHUsI  -HET PELCHUs -
€CTb PELLICHUE
y A y A y A
=~ — —

a b x’ -

x*\;: a \ix
f(@)<0 1§50
f(b)<0 1D

FPHUCYHOK Z — VICCIICAOBAHHUEC OTPEC3Ka HA HAJIMYNE KOPHCHU

Ecnu HempepbiBHas MOHOTOHHAs yHKIH f (X) MMeeT pa3Hble 3HaKM Ha KOHIIAX OTpe3ka [a, b], To
OHA UMEET €IMHCTBEHHBI KOPEHb Ha JAHHOM OTpPE3KE.
f ( Cl) x f ( b) <0 VYcnoBue CyiecTBOBaHMS €IMHCTBEHHOTO KOPHS Ha [a; b].
Jns peleHus HENTMHEWHOIO YpaBHEHUS MOXHO HCIIOIb30BAaTh METOL
JIeJICHUSI TIOTI0JIaM, OTHOCSIIMICS K TUCIUIIIMHE «YMCIIEHHBIE METOIbI».
ANTOPUTM METO/Ia JIEJCHHUS TTOTI0JIaM



1. Haiitu cepeauny otpeska [a,b]:

BBoa: a, b, eps c=(a+h)/2:
v 2. Ecmu f(c)*f(a)<0, caBuHYTH IpaByIO TIpaHUILY
k=0 uHTepBaia b =c;
" 3. Ecmu f(c)*f(a)> 0, cnBuHYTH JIeByIO TIpaHUILY
k=k+1 MHTEpBaJIa a = C;
v 4, [ToBTOpsiTH M1aru 1-3, moka He OyzaeT | b

c=(a+h) /2 alse

oo WctiHa

a=c b=c
| |

UctnHa

BbIBOA. C, k Pucynok 3 - biok-cxema Meroza eneHus
MOToJIaM

IIpumep nporpamMmel JJis pellieHUs HeJIMHEHHOT0 YPaBHEHUsI METO/0M JieJIeHUSs MOoIoJIaM
®parMeHT NporpaMMHOTo Koja /Ui HeJTMHEeHHoro ypaBHeHus f (X)=cos(x)+sin(x).

main()

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

cout<<”BBeauTe rpaHullbl OTpe3Ka ~;

cin>>a>>b; cout<<’BBenuTe TOYHOCTH

pacueToB ’; cin>>eps; do

{
c = (ath)/2; //Cepenuna oTpe3ka
fa = cos(a)+sin(b); //3HaueHust QYHKIMH B KOHTPOJIBHBIX TOUKAX

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

if (fa*fc<0) b=c; //YcnoBue BIOOpa KOpHS
else a=c;
}
while ( fabs(b-a)>eps); //YcnoBue mpoaoikeHust pacueToB cout<<’KopeHb
ypaBHeHHUs = <<c<<endl;
}
3amanue

Ha oyenxy «Yoosnemeopumenvnoy

Hanucars nporpaMmy, BBIUHCISIONIYIO KOPEHb HEIMHEWHOIO YpaBHEHUSI METOJOM JECJIECHHS
MOTI0JIaM Ha 33JJaHHOM OTpE3Ke C YKa3aHHOI TOYHOCTHIO BBIUMCIICHHUS.

Ha oyenky «Xopowoy



JIOTIONTHUTENBHO ONPEAEIUTH KOJIMYECTBO COBEPIICHHBIX AeaeHUI. CaenaTh BEIBO, KAK KOJIMYECTBO
JICJIEHUI 3aBUCHUT OT TOYHOCTH PACUETOB.

Ha oyenxy « Omauunon

Bce pacuersl oToOpasuTh B BHJIE TaOJHIBIL, B KOTOPOH B IOIIArOBOM pEXHME IPEICTaBUThH
IIPOMEXKYTOUHBIE U KOHEYHBIE BBIYUCIICHUS.

KOHTpOJ’[LHbIe BOIIPOCHI

1. Kaxkue 1nukIibl Ha3bIBaOTCS UTEPALIMOHHBIMU ?

2. YeM OTIuYaroTCss UTeparMOHHBIC IUKIIBI C TIPETYCIOBHEM H ITOCTYCIOBHEM?

3. ChopmynupyiiTe anropuTM padboThl UTEPAITMOHHOTO ITHKJIA.

4. Uto Ha3bpIBaETCS KOPHEM HEJIMHEHHOTO YpaBHEHUS?

5. OnuimTe aaropuT™ METOIa JSTICHUS MTOI0JIaM JIJIS BEIYUCICHUS KOPHS HEJTMHEHHOTO
ypaBHEHUS.

IIpakTuyeckoe 3ansaTueNe18.
Boiuucienue psijioB ¢ 3aJaHHOI cTeNeHbI0 TOYHOCTH.

Heab: [TonyyeHrne HaBBIKOB B paboTe C MUKIMUYECKUMHU AITOPUTMaMHU.

Tembl 17151 IpeIBAPUTETbHOI POPA0OTKN ApHrpMETHICCKHE

oneparopsl C++.

@YHKIMU CTAaHJAPTHOTO BBOJIA U BBIBOJA.

OmnepaTop BETBIICHUS.

TeopeTnyeckunii MaTepuaJl

1. Ocnosmbie nowsmus 05t YUK108

Huki - 3T0 anropuTMUYECKasi KOHCTPYKIIMS, B KOTOPOW B 3aBUCUMOCTH OT YCJIOBHUSI IOBTOPSETCA
onpeneneHHas MOoCIeI0BaTENbHOCTh AUCTBUI. J{J1s1 opraHu3aiy MUKIOB MOKHO IPUMEHSTh yCIIOBHS,
T.K. IUKIUYECKUN aJITOPUTM SIBJISIETCS YACTHBIM CiIy4aeM pasBeTBistomerocs. Teqo umMkaa - 3TO
TTOBTOPSIFOIIASICS TTOCJIEI0OBATEILHOCTh IEUCTBUH (OJIOK MHCTPYKITUH).

[ukn, Ajig KOTOPOro HENb3sd yKa3aTb YUCIO TNOBTOPEHUM, M TMPOBEPKAa OKOHYAHUSI KOTOPOIO
MIPOUCXOAUT IO TOCTUKEHUIO HY>KHOTO YCIIOBHUS, HA3bIBAETCS MTEPAMOHHBIM. [[MK1 BBITTONHSIETCS 10 TeX
O, MOKa BBIPAKEHUE OTIMYHO OT HYJIS, T.€. 3aKIIF0UEHHOE B HEM YCIIOBHE IIMKJIa UCTUHHO. BBIX0/ 13 IuKia
MIPOUCXOAUT MOCTIE TOTO, KaK 3HAYCHHE BBIPAKEHUS CTAHET JIOKHBIM, HHBIMU CJIOBAMU PABHBIM HYJIIO.

2. Luxn ¢ npedycnosuem

B uwmkne ¢ npenycinoBreM, Ha3bIBAEMOM €II€ LUKJIOM “MOKa”, CHaudaja MpPOBEPSETCS YCIOBUE, a
3aT€M BBITTOJTHSIOTCS ICUCTBHS.

[uxn ¢ mpeaycioBreM MOKET HE BBITOJTHUTHLCS HU pasy.

dopmMmar oneparopa IUKJIa C IPeyCIOBUEM:

while (Bbipaxkenue) omepartop;

3.3. Luxn ¢ nocmycnoguem

B nukie ¢ moctycioBueM, Ha3pIBa€MOM IUKJIOM ‘710, HAOOOPOT: CHavayia BRIMOJTHSACTCS EHCTBHE,
a JIUIIb IOTOM MPOBEPSETCS YCIOBHE.

[Mukn “mo” GyHKIMOHHPYET CIEAYIOIMUM O0pa3oM: J0 TeX MOp, MOKa YCIOBHE HE BBHIMOIHUTCA,
BBITIOJTHSIETCS TEJIO IIUKJIA. XapaKTEPHO, YTO TEJIO IMKJIA B IUKJIE 0" BBITIOHIETCS XOTs ObI OJUH pa3.

dopmar oneparopa IUKJIa C TOCTYCIOBHEM:

do omeparop while (BbIpakeHnme);

[uk BBIMOMHSAETCS O TE€X MOP, MOKa BhIPAXKEHUE



IIpumep nporpaMmbl BIYMCJIEHUS PSII0B € 321aHHOI TOYHOCTBHIO
Beraucnuts cymmy rapmonnueckoro psga: 1+ 1/2+1/3+ ¢ 3agaHHOM TOYHOCTBIO pacyeToB €.
#include <iostream.h> #include <limits.h>
main()
{int n=l; double S=0, eps;
cout«"BBemaure ToynocTs: " ;

cin>>eps;

while(1.0/n>eps && n<INT_MAX)
{

S+=l./n; n+

+

}

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

}

@aiin limits.h, monkmroyaemMbplil TPEMPOLIECCOPOM, CONEPIKUT OMpPEAENCHUS MPeAeNbHbIX KOHCTAHT
JUIS LIETIBIX TUIOB JAaHHBIX. B 4acTHOCTH, KOHCTaHTa ¢ UMEHEM int_max paBHa MaKCHMaJbHOMY 3HAYCHHIO
TUNa int B JaHHOW peanu3auuu Kommwiaropa. Ecmum ang Tuna int ucnomnb3yeTcss JByxOaiiToBoe

npencrasienne, To INT _MAX=32767. B 3ToM ke 3aroJIoBOYHOM (haiisie onpenereHbl i Ipyrue KOHCTAHTHI:
INT_MIN=-327 68; LONG_MAX=2147483647 u T.x1.

3ananue
Ha oyenxy «Yoosenemsopumenvro»

Hanwucatps nporpaMmy, BEIYUCISIOUIYIO BCE WIEHBI YHUCIOBOI'O psijia, 3HAUCHUE
KOTOpBIX IpeBblmiaer 10-5.

Ha oyenky «Xopowoy

JlaHbl 4MCIOBOM psii U HEKOTOpoe uucio € HalTu cymMMmy Tex 4YiIeHOB psiAa, MOAYJb KOTOPBIX
0oJbIlle WK paBeH 3aAaHHOMY €. OOIIHIL YIeH psiia UMEET BHUI:

an=10"/n!

Ha oyenxy «Omauuno»

Haiiti HauMeHBIIUI HOMED YJIeHa MOCIeA0BaTeIbHOCTH, an=10"/n!

JUISL KOTOPOTO BBITIONHSIETCS yCIIOBHUE: |[an — an-1| < €. BeiBecTH Ha

9KpaH 3TOT HOMEP U BCE DIEMEHTHI ai, rae i =1, 2,..., n.

KonTpoJsbHbIe BOPOCHI
1. Kakue 1uKIIbl Ha3bIBAOTCSI UTEPAITMOHHBIMU ?
2. YeM OTIUYAIOTCS UTEPAIIMOHHBIC ITUKIIBI C IPEYCIOBHEM U MOCTyCIOBUEM? 3.
Chopmynupyiite anroput™ paboThl UTEPAIMOHHOTO ITUKJIA.

IIpakTyeckoe 3anaTueNel9.
IIporpamma cocraBjaeHus TA0JAMIBI (PYHKIMH HA 3aJaHHOM HHTEpPBaJIe.

Hean: [TonmydyeHnne HaBBIKOB B pa0b0Te C MUKIMYECKUMHU aITOPUTMAMH
Tembl /151 IpeABapUTeIbHON NPOPAdOTKN ApudpMmeTHuecKne
onepaTopsl C++.

@DyHKIMH CTaHAAPTHOTO BBOJA U BBIBOJA.

Omneparop BerBineHus. Teopernyeckniit MaTepuall

1. Huxn ¢ napamempom



dopmar oneparopa IUKJIa ¢ TapaMeTPOM:

for (BbIpa:xkenue 1; BbIpakeHHe 2; BbIpa:keHue 3) omeparop;

[{ukn ¢ mapamMeTpoM HMCHOJb3yeTCsl B Mporpammax, KOrja M3BECTHO KOJIMYECTBO COBEPIIAEMBIX
MOBTOPEHUI. BhipaxkeHune | BBIMOIHAETCS TOJBKO OJUH pa3 B Havaie nukia. OOBIYHO OHO OMpeAemsieT
HayaJlbHOE 3HAYECHHUE MapameTpa LUK (MHUIUAIU3UPYET MapameTp Lukia). Beipaxenue 2 — 3TO
YCIJIOBUE BBITIOJIHEHUS IUKIIA. Beipaxkenue 3 oObIUHO ompezernseT u3sMeHeHHe napaMeTpa 1ukia. Oneparop
— TeJo IUKJa, KOTOPOE MOKET OBbITh MPOCTHIM MM COCTaBHBIM. B mocnenHeM ciiydae MCHOIB3YIOTCS
(burypHble CKOOKH.

[Tocne BbuMCIICHUS BRIPAKEHUS 3 MPOUCXOIUT BO3BPAT K BRIYMCIICHUIO BEIPAKEHUS 2 — IIPOBEPKE
YCJIOBHS TOBTOPEHUS LIUKIIA.

Hcnonp3ys onepanuio «3amsTash», MOKHO B BbIpakeHHe | BHECTH MHUIIMAIM3AIMIO 3HAYECHUH cpasy
HECKOJIbKUX MTEPEMEHHBIX.

HekoTopsix 3meMeHTOB B orieparope for MoKeT He ObITh, OJJHAKO Pa3ACIISIONINE UX TOUYKH C 3aIsATOM
00513aTeNbHO TOJIKHBI IPUCYTCTBOBATH.

IIpumep nporpamMmmel Ta0y1MpOBaHUA GPYHKIHMHU

CocTaBuTh Tabnuily 3Ha4eHH (QYyHKIUU y=|X| B JAMara3oHe WU3MEHEHUs apryMeHTa oT -4 1o 4 ¢

marom 0.5.

#define LB -4 //HUXHSSA TPAaHHUIIA IUANIa30Ha U3MEHEHHUS apryMEHTa
#define HB 4 //BepXHsis TpPaHMIIA IMATIa30HA U3MEHEHHUS apryMeHTa
#define DX 0.5 //ipupalieHne apryMeHTa

main()

{ float x, y; //apryMeHT 1 3Ha4eHHE QYHKIUH

int n; //KOJI-BO TOYEK

inti; //c4eTYHK ITUKIIOB

cout<<"\nTabnuna 3Havenuit pynkiun y=[x| \n";
n=(HB - LB)/DX + 1; x = LB;

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

{y = fabs(x);

COUt<< X<<Y;

X +=DX;

}

}

3aganue

Ha oyenky «Yoosenemsopumenvro»

Hanumure nporpammy, COCTaBIISIIONLYIO TaOIUIy 3HaUeHUH QyHKIIMHN y=sin(X)-cos(X) B AUANa3oHe
MU3MEHEHHUs aprymMenTa ot -4 10 4 ¢ marom 0.5.

Ha oyenky «Xopowoy

Hamumuire mporpamMmy, COCTaBISIONIYIO TabMUIly 3HaUYeHUM PYHKIUU y=sin(X)-cos(x). Junamazon
WU3MEHEHHUs apryMEHTa, a TaK K€ I1ar €ro U3MEHEHHS BBOJUTCS II0JIb30BaTEIIEM.

Ha oyenxy «Omauunor

B noctpoenHoi Tabnuiie 3HaueHUN GYHKIIUN ONPEETUTh TOUKH SKCTPEMYMA.

KoHnTpoJbHbIE BONIPOCHI
1. Korza B mporpaMmax UCHOJIb3YyETCs LIMKJII C apaMeTpom?
2. YKaxXuTe MpaBwiia CHHTaKCcHca KOMaHbI for.

IIpakTnyeckoe 3anaTueNe20.
IIporpamMupoBaHue HUKJINYECKUX AATOPUTMOB MPHU pellleHUH MPUKJIATIHBIX 3a4a4.



Heab: [TonmydyeHrne HaBBIKOB paOOTHI ¢ Pa3TMYHBIMH BHIAMHU ITUKIMYECKUX alTOPUTMOB.
Tembl 17151 IpeIBapUTEIbHOM MPOPadoTKN AprudMeTHIECKHE
oneparopsl C++.
OYHKIMU CTAaHJAPTHOTO BBOJIA U BBIBOJIA.
Omneparop BeTBJICHHUS.
Teopernueckuii maTepuai 1.
Tousmue yuxna
[Ton LMKIOM MOHHMMAaETCs MOCIEA0BATEIbHOCT ACHCTBHM, KOTOPbIE MOTYT MOBTOPSATHCSA HY>KHOE
KOJIMYECTBO pa3. JlelcTBUs, KOTOPBhIC MOBTOPSIOTCS B IMKJIE, HA3BIBAIOTCS TEJIOM MHKIA (KOMaH/BI cin U
n3MeHeHue sum). IIpuMeHeHrne HUKIOB COKpallaeT JUIMHY IPOrpaMMbl, OJHAKO HE COKpAIAIOT BpPEMs
BBITIOJTHEHUS ITporpaMMbl. CUMTAETCS, YTO IIUKIIBI — 3TO CaMble MPOJIOJKUTENIbHBIE IO BpeMEHU (hparMeHThl
nporpaMMbl. CyliecTByeT HECKOJIBKO Pa3HOBUIHOCTEN IIUKIIOB, BCE UX MOXHO Pa3AeNuTh Ha IBE TPYIIIbL:
- TUKJIBL ¢ ycnoBueMm (while,
do).
- IUKJ ¢ mapamerpowm (for); 2.
Luxn ¢ npedycnoguem
while (ycsioBue nmukiia)

{

Tesno nukaa

Caenyiouee neiicrue;

Uuraercs: «Iloka ycioBue UKIa UCTUHHO, BBIMOIHATH KOMAH bl TEIA LUKIIAY.
Paboraer Tax:

1. CHayalia BBIUKCIISIETCS YCIIOBUE ITUKIIA.
2. Ecnu ono ucturHO (He paBHO (), TO BBIMOIHSAETCS TEJO IUKIIA U Mepexoa K 1.
3. Ecnu oHo noxHo (paBHO 0), TO TENO LMKJIA HE BBIMOJIHSAETCS W OCYIIECTBIIACTCS

BBIXO/JI U3 LIMKJA Ha chnenytoniee nercreue. [Ipapuna

1. BripaxkeHue nukiaa JOJKHO COJAEPKAThb HEKOTOPYHO BEJIMYMHY — MEPEMEHHYIO UK —
3HAYEHNE KOTOPOM BBIYUCISETCS B BHIPAKECHUH.

2. Teno nukiIa JOKHO COAEP)KATh KOMaHy, U3MEHSIONIEH 3HAYEHNE IEPEMEHHON IIUKJIA TAK,
9TOOBI BBIpAXKEHHE IIUKIA KOTAa-HUOYIb CTalo JOXKHBIM. Eciu Takoil koMaHIbsl He OyneT, BhIpaKeHUE
[IMKJIA Bcerya Oy eT UCTHHHBIM U BO3HUKHET 3allMKJIMBAHHUE MIPOTPAMMEI - OECKOHEYHOE MTOBTOPEHHUE Tela
LUKIIA.

3. JInst mepeMeHHOM UKIIA 1O KHBI BBITOJIHUTHCS TPU IEUCTBUS:

- MHULIMATIM3AIMs IEPEMEHHON 1IUKJIa — IPUCBANBAHUE NTEPEMEHHON HAYaJIbHOTO 3HAYEHUS —
BBITIOJIHSIETCS OJIMH pa3 JI0 Hauasa BHIMOJHEHHUS Teja [UKJIIa;

- MPOBEpPKAa HCTHUHHOCTH BBIPAXKEHHS, B KOTOPOM YYacTBYET I[I€pEMEHHas IUKJIa —
BBITIOJIHAETCS Mepe]] KaKIbIM BO3MOYKHBIM BBINIOJIHEHUEM Te€Ja IUKJIA;

- KOPPEKLHUs MEPEMEHHON 1IMKJIAa — U3BMEHEHUE 3HAUCHUS IEPEMEHHOM — BBITMOJIHAETCS B TEJE
LUKIIA.

OTcyTCcTBUE XOTSI OBI OTHOTO M3 ATUX JIEUCTBHI MOXET MPUBECTH K 3AIIMKINBAHUIO TIPOTPAMMBI.

4. luxn while siBsieTcst IUKIIOM € TIPEIyCIIOBUEM, T.K. YCIOBUE MTPOBEPSETCS Mepe]] BHIMOTHEHHEM
Tena LMKJIA. 3HAUYMUT, TEJIO IMKJIAa MOXET HM pa3y HE BBINOJHUTHCS, €CJIM YCIOBHUE IIUKIIA Cpa3y CTaHET
JIO’KHBIM.

3. Apupmemuueckuti yuxa

®opmMmar oneparopa IUKJIa C TapaMeTpoOM:

for (BbIpa:kenue 1; BbIpaxeHHue 2; BbIpaskeHHe 3) omepartop;



[{ukn ¢ mapaMeTpoM HUCIONB3YETCS B MPOTpaMMax, KOI/Ia M3BECTHO KOJUYECTBO COBEPIIAEMBIX
MOBTOpEeHMI. BhIpaskeHre | BBITIONHICTCS TOJBKO OJWH pa3 B Hadaye 1ukiaa. OObIYHO OHO OMpeaesseT
Ha4yaJbHOE 3HAYCHHE MapaMeTpa LuKIa (MHULUAIM3UpPYET NapaMeTp LuKia). Beipaxenue 2 — 3TO
YCIIOBHE BBINIOJTHEHHS IIMKJIA. BbipaxkeHne 3 0ObIYHO OIpeesseT M3MEHeHHE mapaMeTpa ukiia. OnepaTop
— TeNlo IUKJA, KOTOPOE€ MOXET ObITh MPOCTHIM WM COCTaBHBIM. B mociemHem ciydae HCIOIB3YIOTCS
(burypHbpie CKOOKH.

ITocne BbIUMCIIEHNS BBIPAKEHUSI 3 MPOUCXOAUT BO3BPAT K BBIUMCIICHUIO BBIPAXKEHUsL 2 — IMPOBEPKE
YCJIOBHS TOBTOPEHUS LIUKIIA.

Hcnionb3ys onepanuio «3amnstas», MOKHO B BhIpakeHue | BHECTH MHUIIMAIM3ALMIO 3HAUCHUN Cpa3y
HECKOJIBKMX [TE€PEMEHHBIX.

HekoTopsix 3meMeHTOB B ornieparope for MoKeT He ObITh, OJJHAKO Pa3ACIISIONINE UX TOUYKH C 3aIsTOM
00s13aTeTTbHO JTOJIKHBI IPUCYTCTBOBATH.

IIpuMmep nporpamMMsl ¢ pa3JIn4HBIMHU HUKJIAMHA

[TpumepNel. BeinaTh camblii BRICOKME Kypc $ 3a 12 mecsilieB roja W ykaszaTb HOMEp Mecsiia, B
KOTOpPOM OB OJy4YeH 3TOT Kypc. Hamucats mporpaMMHBIiA KOJ] ¢ IPUMEHEHHEM UTEPALIMOHHOTO LIUKJIA.

main()

{ float kurs, max;

int 1, nom; cout<< "BBeaute Kypc

1 mecsama";

cin>> kurs;

max=Kkurs; nom=1;

iI=2;

while (i<=12)

{

cout<< "Beemute Kypc''<< i<<" mecsia";

cin>> kurs; if ( kurs>max)

{
max=Kkurs;
nom=i; }
i++;

}

cout<< "camplIil BEICOKHI Kypc $="<< max;
cout<<’ObLI MONy4YeH B MecsIe ~“<<nom,;

} Ilpumep Ne2. Pemwnth 3amauy npumepa Nel ¢ mpumeHeHHeM apu(pMeTHUYECKOTro
LUKJIA.

main() {

float kurs, max; int i, nom; cout<<
"Beeaure kypc 1 mecsia”;

cin>> kurs; max=kurs;

nom=1,;

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

{ cout<< "Benure Kypc"<< i<<"

mecsia”; cin>> kurs; if ( kurs>max)

{ max=Kurs;

nom=i,

ky

}

cout<< "camplil BEICOKHIT Kypc $="<< max; cout<<’Obu1
MOJy4YeH B MecsIe ~<<nom;



3amanue
NmeroTcs 3apruiatel pabOTHHKA MO MeEcsIaM roja — ciaydaiHble yucia B amamna3zoHe ot 5000 mo
20000. BriBecTr HCXOAHBIC JJAHHBIC HA SKPAH U BBITOJTHUTH I HUX OYXTaJITEPCKUE PacUEThl.
Ha oyenxy «Yooenemsopumenvro»
1. Beruucauth 0011yI0 CyMMY BBIILIAT 3a FOJI.
2. OnpenenuTh CPeIHION 3apIiaTy pabOTHHKA.
3. BeiBecTH caMyo BBICOKYIO U HU3KYIO 3apIUIaTy, ¥ B KAKUX MECAIAX OH €€ IMOTYyJHIL.
Ha oyenky «Xopowoy
1. PaccuuTaTh exxeMecsyHble IEHCHOHHBIE OTUYUCICHHUSI, Kak 2% OT 3apIuiaThl COTPYIHUKA.
2. BuucnuTh 0011yI0 CyMMY BBIIIIAT 3a T'OJ] B IEHCHOHHBIX (DOHI.
Ha oyenky « Omauyuno»
1. BriBecTn HOMepa MecslleB, KOTJa €ro 3apiuiata Obula HIDKE MPOKUTOYHOTO MUHUMYMA
(BBOAMTCS TIOJIb30BATEIIEM).
2. Beraucnauts cymmy Hasora 3a roa. OTYMCIICHHE HAYMHAIOTCS ¢ TOTO MECsIa, KOoraa oomias
cyMmMma 110 3apruiate crabet 6osee 20 000 u cocraBisier 13%.
KonTposbHbie BOonpochl
1. Korga B mporpamMmax MCIOJIb3y€eTCs LUKI € TapameTpoM? 2.
Korna B mporpaMmax HUCIONIb3yeTCsl UK C YCIOBUEM?

IIpakTuyeckoe 3ansaTeNe21.
IIporpaMmmMupoBaHue aJrOPUTMOB €O CTPYKTYPO#i BJIOSKEHHBIX IMKJIOB.

Heanb: IlonyueHne HaBBIKOB B paboTe ¢ apU(PMETHUYECKMMH BBIPRKEHUSIMH, LHUKINYECKUMU
MHCTPYKLHUSMHU.

TeMmbl 1J1s1 IpeABApUTEIBLHOM NPOPadoTKU Apudmernueckue

onepaTtopsl C++.

@yHKIMM CTaHAAPTHOTO BBOJA U BBIBOJIA.

Oneparop BerBineHus. Teopernyecknit MaTepuall

1. Broowcennvie yuxivl

[{ukiBpl MO3BOJISAIOT MOBTOPSTH BBINOJHEHHE JHOO0ro Habopa omeparopoB. B yacTHOCTH MOXHO
MOBTOPSITH MHOTO Pa3 BBINOJIHEHUE APYTOro IUKIA. Takue [UKIbl Ha3bIBAIOTCS BIOKEHHBIMU.

IIpumep 1. Haneuatate uncna B BUAE CIEAyIOUICH TaOIUIIbI

33333

33333

33333

33333

Tabnuia COCTOUT U3 YETHIPEX CTPOK, B KAKION U3 KOTOPBIX YUCIIO 3 HamevyataHo S5 pa3. CTpoky u3
MSATH YUCETl MOXKHO HareyaTaTh ¢ IOMOIIbIO OAHOT0 1ukia for:

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

cout<<’3 “; cout<<endl;

YroObl MOBTOPUTH BBIBOJ CTPOUKH 4 pa3a, BCTABIISIEM 3TOT LUK BHYTpb Apyroro for

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

{

for (i=1;1<=5;1++) cout<<’3



cout<<endl; }

TunuyHas ommOKa, KOTrJla B Ka4eCTBE CUETYMKOB BIIOKCHHBIX HUKIOB (1 M k B mpuBeIeHHOM
MpUMepe) UCIONIb3YETCsl OJJHA U Ta ke MepeMeHHas. To eCTh Helb3s B Ka)XJJIOM M3 IIMKIOB HCIIOJIb30BATh
OJHY TiepeMeHHYIO i. [IoMHUTH 00 3TOM 0COOEHHO Ba)KHO, TOCKOJIbKY JIaHHAasI OIIMOKA HE OOHAPYKUBAETCS
Ha JTare KOMIWIALUY. Bamia nporpaMma 3ammycTurcs, Ho JiefiaTh OyAeT BOBCE HE TO, YTO BbI OT HEE XKJIETe.
B npuBenenHoM mnpumepe (eciau JOMYCTUTh OMMOKY, 3aMEHUB TNEPEMEHHYIO K Ha 1) BHEUIHUW ITUKII
BBITIOJTHUTCS Bcero 1 pa3 BMecTo 4-X. Bo3moxHa Takxke cuTyanusi, KOrja Takas OMIMOKa MPUBEACT K
3aIMKJIMBAHUIO: BHEIIHUH UK OYyIET BBIMOIHATHCS OECKOHEUHO JIOJITO — MpOoTrpaMma 3aBUCHET.

2. 3a0auu nepebopa

HmeeTcs nenblii Kacc 3a/1ay, pelieHrue KOTOPBIX CBOAMTCS K Iepedopy pazIuvHbIX BapHaHTOB,
Cpelld KOTOPBIX BEIOMPAETCS TAKOU, KOTOPBIN yIOBIETBOPSIET YCIOBHUIO 3a/1a4H.

[Tpumep 2. [enoe uncno K sBisercs nenmurenem N, ecau ocratok ot aeneHus N Ha K pasen 0. UToOsr
HaWTH BCe JAENMUTENM JOCTaTOYHO mepedparh Bce uyucia oT 1 g0 N u mpoBepuTh, SBISAIOTCA JIU OHU
nenurensiMu. JIaHHBINH alrOPUTM MOXKHO PEaiu30BaTh C MOMOIIBIO IPOTPAMMBI:

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

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

Ha sTom npocrTeiiiiem npumepe sicHa o0111asi CTpyKTypa pelieHus 3aaad Ha nepedop BapuanTos. s
opraHuzanuu mepedopa HUCHOJIB3YeTCs IUKI, KaXKIbIi IIar BBIMOJHEHUS KOTOPOTO COOTBETCTBYET
PACCMOTPEHHIO OJIHOTO U3 BapUAHTOB. BHYTpH IIMKJIa CTOUT MPOBEPKA, MOIXOIUT JIU IaHHBINA BapUaHT MO/
yCIIOBUE 33/1a4U.

Takue 3a7aun OOBIYHO PELIACTCS C MOMOIIBIO BIOKEHHBIX [UKIIOB, B KOTOPBIX B YCJIOBHH ILIMKJIA
HCIOJIb3YyEeTCs MepedrpaeMblil IPU3HAK.

[Tpumep 3. [Tycts aByms uncnamu (H u V) 3agano nonoxeHue KoHs Ha maxMatHoi qocke. Haiinure
KOOpPJIUHATHI BCEX KIIETOK, Ky/la KOHb MOXKET MONTH CIAEAYIOUIIM X0I0M (Ipyrux (GUryp Ha JOCKE HET).

B nmanHOM mpumepe, BapuaHTaMH PEIICHUS SIBISIOTCS KOOPAWHATHI KIETOK, TO €CTh KaXKIbIH
BapHaHT 3TO HE OJHO 4HcIo, a ABa. HeoOxoaumo nmpuaymaTh cioco0 BBIYMCICHHUS BapHaHTa (B JAHHOM
clly4ae HOMEpPOB FOPU30HTAIM U BEPTUKAIIN) TIO €0 HOMEPY.

H3BecTHO, 4TO KOHb XOIUT OyKBOii [, cMelascey Ha /1Be KJIETKU B OJIHOM HAIlPaBJICHUU U Ha OJHY B
apyrom. IlycTts mpoBepsieTcs kieTka ¢ koopauHatamu (X, Y). Toraa ycrnoBue cBura mo BepTHKaNIM Ha 2
OyneT BBINIAACTh Tak: abs(X-2).

B3satue moayns Heo6XoaumMo, 4TOOBI yuecTh BO3MOXKHOCTh CABUTA KaK BIIPABO, TaK U BIIEBO.
AHaJOTUYHO YCJIOBHE CABUTA HA OJIHY KJIETKY, HaIpuMep, 1o BepTukanu: abs(y-2). [Tonnoe

yCIIOBHE BO3MOKHOCTH MONTH Ha KJIETKY KOHEM OYJET BBITIIAIETh KaK:

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

UYtobs!l mepedpath Bce KIETKU MIaXMaTHOW JOCKH YAOOHO i iepebopa NCIOoIb30BaTh BIOKEHHBIE
UKIBL. B 1aHHOM cyyae HoMepa BEpTHKAIH M TOPU3OHTAIH SBIISIOTCS LIEIBIM YUCIaMu OT 1 10 8, mosTomy
i iepedopa uxX 3HaU€HUH MOKHO HCIIOJIB30BaTh CYETUYUKHU ITUKIIOB:

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

X <=8; X++) for (Y =1;

Y <=8; Y++)

if ((@bs(X-H)==2)&&(abs(Y-V)==1)) || ((abs(Y-V)==2)&&(abs(X-H)==1)) cout<<X<<Y<<endl;

IIpumep mMporpamMmel ¢ BJI0KEHHBIMH HHKJIAMH

HaiiTi Bce coBeplIeHHbIE YHCIIa B 3aJJaHHOM Jrana3oHe. COBEPIIEHHBIM CUYUTAETCS YUCIIO0, PAaBHOE
CyMMe€ BCE€X CBOMX AenuTenei. 3aaath auamna3oH ot 1 go 10000.

main()

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

n=10000;

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

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



{sum=1,;

for (j=2; j<i; j++)
if (1%j==0)
sum+=j; if(i ==
sum)

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

}

}

cout<<"\nkol sov="<<k; }
PesynbTar paboThl IpOrpaMMBl:
Diapason 1- 10000
1
6
28
496 8128
kol sov=5
3ananue
Ha oyenxy «Yoosenemsopumenvro»
Hanucats nporpammy pasioxeHHe YUCIIO Ha IPOCThIE MHOKUTEIH.
Ha oyenky «Xopowioy
Hanucats nporpammy Haxoxnenusa HOJL paznoskeHueM Ha IpOCTble MHOXKUTENU. Ha
oyenky « Omauunoy
CocrtaBuTh mporpammy-reneparop nudaropoBsix Tpoek. [IndaropoBoil Tpoiikoil Ha3bIBAIOT TaKHE
Lesble 4Yucia a, b U ¢, KOTOpbIe YJOBIETBOPSIOT YCIOBHIO. Takue 4Yuciaa MOTyT ObITh CTOPOHAMH
IIPSIMOYTOJIBHOTO TpeyrosibHuKa. Halinem takue uucina.
KonTpoJibHbIe Bonpockl
1. Kakue 3amaunm Ha3bIBalOTCS 3agayaMu  nepedopa? 2.
OOBACHUTD, KaKk pabOTaeT KOHCTPYKIIMSI BIIOKEHHBIX I[UKJIOB.

IIpakTyeckoe 3anaTueNe22,
Peasmm3anms 3ana4 nepesosa neJibIX BeJIMYMH B Pa3JIHYHbIC CHCTEMBbI CYMCIICHHS.

Hean: [TonydyeHnne HaBBIKOB B pab0OTE C CUCTEMAMU CYUCIICHUS U UTEPAIIMOHHBIMU ITUKIIAMH.

Tembl 1J151 IpeIBaAPUTEIbHOI NPOPAdOTKU ApHudMeTHUECKHE

onepaTtopsl C++.

OYHKIMU CTaHJAPTHOTO BBOJIA U BBIBOJIA.

Wrepanuonnsle nukibl. Teopernyeckuii MaTepuas

1. Cucmemul cuucnenus

B 1o3uIinoHHBIX cUCTeMax CUMCIICHUS OJUH U TOT K€ YHCIIOBOM 3HAK (IM(pa) B 3aIMUCH YUCIIA UMEET
pas3IUYHbIC 3HAYCHHSI B 3aBUCHMOCTH OT TOT'0 MecTa (paspsijia), rae OH pacroioxkeH. K ancimy Takux cucrtem
OTHOCHUTCS COBPEMEHHAs JIECITUYHASA CUCTEMA CYUCIICHUS], BOBHUKHOBEHUE KOTOPOM CBSA3aHO CO CYETOM Ha
najblax.

[Tox MO3UIIMOHHOW CHCTEMOW CUYWCICHHUS OOBIYHO TOHMMAETCS b-puyHasi CUCTEMa CUYHUCIICHUS,
KOTOpasi ONpeAesnsieTcs LeIbIM YiciIoM b>1, Ha3pIBaeMbIM OCHOBaHHEM CHCTEMBI curciieHus. Llenoe yucno
0e3 3HaKa X B b-puuHOIl cucTeMe CUHMCICHUS TPECTABISICTCS B BHIE KOHEYHOW JIMHEWHON KOMOWHAIIMU
cTerneHel yucna b:



n—1

& — O9TO TIeNble 4YWcia, Ha3blBaeMble MHPPaMH, YIOBICTBOPSIONINE
x = E a,b¥ HepaBeHCTBY D<a,=<(b-—1)
k=0
Kaxnas cremenb bX B Takoil  3ammcu

HA3bIBAETCSl BECOBBIM KO3 uumeHToM paspsaa. CTapIIMHCTBO pa3psAaoB U COOTBETCTBYIOMIUX UM IU(P
olpenessercss 3HadeHueM IokazaTtens k (Homepom paspsga). OObIYHO B 3alMCH HEHYJEBBIX YHCEIN
HAYaJIbHBIE HYJIN OITyCKAIOTCA.

B 11060i1 MO3UIIMOHHOM CHCTEME YHCIO MOXKET OBITh MPEICTABICHO B BUAEC MHOTOUJICHA.
IToxaxem, KaK IIPEACTABIISIIOT B BUJIE MHOIO4JIeHa JECATUYHOE YHCIIO:

4567 = 4000+ 500+60+7=4-10>+5.102+6-10*+7.10°

IIpumep nporpaMMsbI ¢ CHCTeMaMH CYHCIEHUST
[epeBecTr 4KCIIO U3 CUCTEMBI cuHcieHus B 10-Hyro cucteMy cumrcieHus. main()

{ long int x, y, step;
inta, q;
cout<<"Benure cucreMmy cuuciIeHUI->", cin>>q; cout<<"BBemure
yucio B "<<q<<" cucteme cuucienmsa->"; Cin>>X;
y=0; //Pe3ynbTat
step=0; //CternneHp OCHOBaHUA
while(x!=0) //Tloka B yrcie ecTh Mu(PHI
{a=x%10; //Mlocnenuss mudpa
if (a>=q) //TIpoBepka MpaBUIIBHOCTH BBOJIA

{

cout<<"Error";

exit(0);

}
y=y+a*pow (q, step); //Pe3ynbTar — HaKaruIMBaeMas CymMmma
x=x/10; //'Y6paTh MOCIEAHION MUY
step++; //T1OBBICUTE CTEIEHh OCHOBAHUSI

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

PucyHok 4 — OkHO ¢ pe3ynbpTaTaMu IPOrpaMMbl IIEPEBOAA YNCET

3amanue

Ha oyenxy «Yoosnemeopumenvnoy

BBoauTcs cucreMa cunciIeHMsI q M 4HMCIO X B 3TOM cucteme cuucieHus. [lepeBectu uucio x B
10TuHyt0 cuctemy cumcieHus. Mcnons3oBaTe mpu pa3paboTKe MporpaMMbl BCTPOCHHBIN oTiamauuk. Ha
oyenky «Xopouioy

BBoaurcs uncno x B 10 cucreme cunciaenus. BeiOpaTh Hy)KHYIO CUCTEMY CUUCIIECHHS ( U TIEpEeBECTH
YHCIIO0 X B 3TY CUCTEMY CUUCIIEHUs. TecTHpOBaTh pe3yabTaThl paboThl MPOrpaMMbl PYUYHBIM MOJCUYETOM.

Ha oyenky « Omauuno»

BBonutcs ql —ucxonHas cucreMa CUMCIIEHNS U 2 — JKelaeMasi CUCTeEMa CUMCIIEHUS, a TaK )K€ YHUCIIO0
X B cucreMme cuucienus ql. [lepeBectu 4uciio X B CUCTEMY CUHCIEHUS (2.



KonTposbHbIe BONpoCchI
1. Kak Ha/10 3a/1aTh YCJIOBHE LIUKJIA, YTOOBI IEPEBECTH YUCIIO B HY>KHYIO CUCTEMY CUHCICHUA? 2.
Kaxkue onepamuu BeIIETSAIOT U3 IIUCIA €0 MU PhI?

IIpakTyeckoe 3anaTueNe23.
IIporpamma c ucnoJjib30BaHueM QyHKIMii 6e3 mapamMeTpos.

Heasn: [Tonydyenne HaBBIKOB B paboTe ¢ (PyHKIMSIMH.

TeMmbl U1 peABaApUTEILHON popadoTku CTpyKTypa

MporpaMmsl Ha si3bike C++.

Hcnonb3oBaHue CTaHIAPTHBIX (PYHKLIUH.

Teopernyeckuii MmaTepuaJ

1. Ilonamue u nasHavenue hyHKyuil

JIrobass C++-mporpamma COCTaBIISICTCS U3 "CTPOUTENBHBIX OJIOKOB", MMEHYEMbIX (DYHKIIUSIMH.
@DyHKIMS — 3TO MOANPOrpaMMa, KOTOpasi COAEPKUT OHY MU HECKOJIbKO CH+-MHCTPYKUUHN U BBIIIOJIHSAET
OJIHY 3a/1auy.

Kaxnas QyHkims uMeeT HuMs, KOTOpOE HCIONb3yeTcs g ee Bbi3oBa. CBouM (yHKUIUAM
MIPOTPaAaMMHUCT MOXKET JIaBaTh JIOOble MMEHA 3a MCKIIOYEHHEM MMEHHU main(), 3ape3epBHPOBAHHOTO IS
(byHKINHU, ¢ KOTOPOH HAYMHACTCSI BBITIOJTHEHUE TTPOTPAMMBI.

OyHk1MH — 3T0 "cTpoutesnbHbie 6510Ku" C++-IIpOrpaMMel.

B C++ Hu ogna (yHKIMS HE MOKET OBITH BCTpoeHa B Ipyryro. OmHa QyHKIMS MOKET BBI3BIBATH
APYTYIO.

B ye paccMOTpeHHBIX puMepax rnporpaMm GyHKiusg main() Obliia eIMHCTBEHHOH, PyHKIIKA main
() — nepBast yHKUUs, BBINOMHSIEMAs MPU 3amycke mporpamMmbl. Ee nommkHa comepkarh kaxmas C++-
nporpamma. DyHKUIMM ObIBAlOT ABYX THUMOB. K mepBoMy THIly OTHOCSATCS (YHKLHH, HalvCaHHbIE
nporpaMMucToM (main() — mnpumep QyHKUMM Takoro Ttuma). OyHKUMH Opyroro Tuma HaXOAsTCs B
cTaHgapTHo OuoOmmoreke CH+-KoMmuiIsTOpa -. KOJUIGKIUS BCTpOoeHHBIX (GyHkmuil. Kak mpaswuiio,
CH++mporpammsl — cofiepkaT Kak — (yHKIMM, HaMMCaHHbIE MPOrpaMMMCTOM, TakK U (QyHKIUH,
IIPEIOCTABIIAEMBIE KOMITUIIITOPOM.

Ota nporpamma coAepkuT e GpyHkuuu: main() u myfunc().

void myfunc(); // mporoTun pyrakmun myfunc()
main() { cout <<"B ¢ynkuuu main() . " ;
myfunc(); // Be3piBaeM ¢yHKIHI0 myfunc()

cout << "CHoBa B ¢pyHk1mu main () ";

}

void myfunc()

{ cout <<" B ¢ynkmu myfunc() .

"}

[Iporpamma pabotaer cienyromuMm oOpa3oM. Bri3biBaercs QyHkuus main() ¥ BBIIOJIHSETCS €€
nepBasi cout-uHCTpyKIms. 3ateM u3 ¢yHKuu main() BebeBaeTca (ynHkuus myfunc (). Hns Bb3oBa
(GyHKIMHU B IporpamMMme ykasbiBaeTcss UM GyHKIMK myfunc, 3a KOTOPBIM CIEAYIOT Napa KPYIJIbIX CKOOOK
U Touka ¢ 3amsaToi. 3areM QyHkuuss myfunc() BHIMOIHSIET CBOI €IWHCTBEHHYIO COUt-MHCTPYKLIHIO U
nepenaeT ymnpasiieHWEe Haszaa GYHKIUM main(), mpuYeM TOM CTPOKE KoJa, KOTopas pacrojio’KeHa
HEMOCPEACTBEHHO 3a BbI30BOM (QyHKuMH. Hakonen, ¢yHKius main() BBINOIHSIET CBOK BTOPYIO
COUtMHCTPYKIIMIO, KOTOpast 3aBepIlaeT BCIO Mporpammy. Pe3yiabTarel paboThl TpOrpamMMBl:

B ¢ynxmum main() . B ¢pynkmun myfunc() . CHoBa B pyHkImuu main(). 2.

IIpomomun ghynxyuu



[Tpototnn ¢yHkunu oO0BABIAET (PYHKIHUIO 10 €€ ONpeAereHHUs M HCIojb30BaHMs. [Ipororun
MO3BOJISIET KOMIMJIATOPY y3HATh THUIl 3HAYEHUs, BO3BPAILAEMOI0 3TOH (YyHKLHMEH, a TakkKe KOJIUYECTBO U
TUI MTAPaMETPOB, KOTOPHIE OHA MOXKET UMETh. KOMIHMIATOPY HY>XHO 3HATh 3Ty MH(POPMALIUIO 10 TIEPBOTO
BbI30Ba (QyHKuuu. [losToMy mporoTun pacrnonaraercs 10 ¢yHkuud main (). EnuHcTBeHHOM (yHKIHMEH,
KOTOpas He TpeOyeT NpOTOTHIIA, sIBiIsieTCsl main(), OCKOJIbKY OHA BCTpOeHa B A3bIK C++.

void myfunc(); // mpototun GyHKuE myfunc()

Oynkuus myfunc () He coaepXuT HHCTpYKIuIo return. KimroueBoe cioBo void, KoTopoe npensapser
KaK OPOTOTHII, Tak M ompeneneHue Qpynkuun myfunc(),3asBaser o ToM, yto QyHKuus myfunc () He
BO3BpallaeT HHUKakoro 3HaueHus. B C++ ¢yHKuMu, He BO3BpAIlAONIME 3HAYCHUH, OOBSBISIOTCS C
HCIOJIb30BaHUEM KIIFOUEBOIO ClIoBa void.

IIpumep nporpamMmsbl ¢ pyHKIUSAMH 0€3 MapaMeTpoB

CocraBuTh mporpaMMmy c (GyHKLIMEH, KOTOpas pHUCYeT Ha HJKpaHe CTPOKY, cocrosuyro u3 80
3BE3/104EK.

void line(void); /Mportorun ¢ysxuu line main()

//OcHoBHast GYHKIUS

{

line(); //Bb130B ¢ynkun line
}

//Onpenenenue ¢yHkuu line

void line(void)

{ int 1,

for (i=0; i<80; i++)

cout<<"*"";

ks

3amanue

Ha oyenxy «Yoosenemsopumenvro»

CocraBuTh IpOrpamMMy ¢ TpeMsi QYHKIHSIMH, BEIBOASIIMMH Ha SKpaH CTPOKU CUMBOJIOB #, (@, $.

Ha oyenky «Xopowoy

CocTaBuTh NpOrpaMMy JUIsl BHIYACICHMS MIJIOMIAIN KOJIBLA [10 3HAYEHUSIM BHY TPEHHETO U BHEIIIHETO
panuycoB, UCHOJB3YsI (PYHKIMIO BBIYUCICHUS IO KpyTa.

Ha oyenxy «Omauunoy

Hansl Tpu nensix yucna. Onpenenurb, cymma udp Kotoporo u3 HuX Oosbuie. [logcuer cymmbl
1uGp OpraHu3oBaTh yepe3 PyHKIIHUIO.

KoHnTpoJbHBIE BOPOCHI
1. Ykaxxute Ha3HaueHUI QyHKIUI B TporpamMmme.
2. CKOJIBKO MHHUMAJIBHO (DYHKITHI MOKET OBITh B TiporpamMme? 3.
3aueM Hy>KeH NPOTOTUI QYHKIUH?

IIpakTHyeckoe 3ansaTueNe24.
IIporpamma ¢ ucnosib30BaHHeM QYHKIMH C IapaMeTpPaMu.

Heab: [TonydyeHrne HaBBIKOB B paboTe C PYHKIMSIMH.
Tembl 1151 npeABapuTeIbHOM NMpopadoTku CTpyKTypa
nporpamMmsl Ha si3bike C/CH++.

OyHKIMH 0€3 TapaMeTpoB.



TeopeTnyeckunii MaTepuaJl

1. Hasnauenue apeymenmog ghyHkyuu

OYHKIMM MOXHO TepeiaTh OJHO WIM HECKOJbKO 3HAUeHUH. 3HaueHue, nepegaBaemMoe (pyHKINU,
HA3bIBAETCS AprYMEHTOM. APryMeHT — 3TO 3HaueHHe, repeiaBaeMoe (PyHKIIMH [IPH BHI30BE.

PaccmoTpuMm mporpammy, KOTopasi uisi OTOOpakeHUs: aOCOIFOTHOTO 3HAYSHHSI YMCIIa UCIOJIb3YEeT
CTaHJIapPTHYIO OMOIMOTEUHYI0 QYHKIUIO abs(). DTa GyHKIMS MPUHUMACT OJIMH apTYMEHT, IPeo0pas3yeT ero
B a0COJIIOTHOE 3HAYEHUE U BO3BpAIIlaeT Pe3yJIbTaT.

main() {

cout << abs(-10); }

3nech GpyHkuu abs() B KauecTBe apryMeHTa nepeaaetcs uucio -10. dynkius abs() npuHuMaet
3TOT apryMEHT IPU BBI30BE U BO3BPALLAET €ro aOCOIIOTHOE 3HAUE€HUE, KOTOPOE B IaHHOM CIIy4ae paBHO
yucay 10. Ecniu gyHKIMS IpUHIMAET apryMeHT, OH YKa3bIBAaeTCs BHYTPH KPYTJIBIX CKOOOK,
PAacIIoNIOKEHHBIX Cpa3y MOCIe UMEHH (yHKITHH.

PaccmarpuBaemast mporpamma BKIrO4aeT 3aroioBok <stdlib.h>. On HeobxonuMm a1t obecrieueHus
BO3MOKHOCTH BbI30Ba (pyHKIMH abs(). Kaxxaplit pa3, koraa ucmonb3yercst 0ndarnoTeuHas pyHKIus, B
porpaMMmy HEOOXOIMMO BKJIFOUATh COOTBETCTBYIOIIHMIA 3aT0JIOBOK, KOTOPBIH IIOMUMO TPOYEH
nH(OpPMALIUU, COAEPKUT MPOTOTUN OMOINOTEUHON PYHKIINU.

2. Ilepeoasaemvie napamempol

I[Tapamerp — 5T0 ompezenseMas (QyHKIHEH MepeMeHHas, KOTopas NPUHUMAET IMepeaaBaeMblil
(bYyHKIHNU apTyMEeHT.

[Ipu co3manuu QyHKIMHU, KOTOpash MPUHUMAET OJUH HIM HECKOJIBKO apryMEHTOB, HMHOTI/A
HE00X0UMO OOBSIBUTH MEpEMEHHbBIC, KOTOpbIe OyIyT XpaHUTh 3HAUYEHHUS apTyMEHTOB. DTU MEPEeMEHHbIE
Ha3bIBAIOTCS mapameTpaMu (QyHkiuu. Hampumep, cinemyromas (QyHKUIHS BBIBOAUT HPOU3BEICHUE ABYX
[EJIOYMCIIEHHBIX apTyMEHTOB, IIepeIaBaeMbIX (PYHKIIMH MPH €€ BHI30BE.

void mul(int x, int y)

{cout<<x ¥y<<"

"}

[Tpu xaxxaom BbI30Be (yHKIIMU mul() BEIMOTHSAETCS] YMHOKEHUE 3HAYCHHUSI, IEPETaHHOTO
napameTpy X, Ha 3HaueHHe, TIepelaHHoe TTapameTpy y. PaccMoTpum mporpammy, KOTopasi IeMOHCTPUPYET
ucnosb3oBanue QyHKuy mul().

void mul(int x, inty); Il TIporotun ¢yukuuu mul() .
main() {

mul(10, 2 0); //BBI30BHI ()yHKIIUH C TIapaMeTpaMu
mul(5, 6);

mul (8, 9); }

Ora mnporpamma BbIBeAeT Ha d3kpaH uucia 200, 30 u 72. Ilpum BbI3OBe ¢yHKuMu mul()
C++xoMnwiATOp KONMMpYET 3HAUYEHUE KaKJOrO0 apryMEHTa B COOTBETCTBYIOLIMI NapameTp. B nanHoM
cllyyae Ipu nepBoM Bbi3oBe ¢yHkuuu mul() uucio 10 konupyercss B mepeMeHHYyIo X, a yucio 20 — B
nepeMeHHy1o y. [Ipu BTopoM BeI30Be 5 Konupyercs B X, a 6 — B y. IIpu TpeTbeM BbI30Be 8 KOnMpyeTcs B X,
a9 —mBgy.

3. @yukyuu, 603epawaioujue 3Ha4eHus

B C++ nns Bo3Bpara 3HaueHus U3 GyHKIUU UCIIONb3YyeTCsl MHCTpyKUuA return. O6muit popmar 3toit
MHCTPYKLIHUU TaKOB:

return smauenue;

3HayeHue NpeACTaBIsIeT OO0 3HaUeHHe-pe3yIbTaT, BO3BpaliaeMoe GyHKIHUEH.

HcnpaBum ¢ynkmuo mul() Tak, yToObl OHa BO3BpallaNa pPe3yJbTaT - MPOHU3BEACHUE CBOHMX
apryMeHTOB.

int mul(int X, inty); // TIpototun ¢yHkpu mul() ¢ pe3ynsraTom main()



{ int answer;

answer = mul(10, 11); //BBI30B ¢ BO3BPATOM 3HAYCHUS

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

// Dta pyHKIMS BO3BpaIaeT 3HaYCHHE. int

mul(int x, int y)

{

return x * y; // OyHKIUS BO3BpAIlaeT MPOU3BEICHUE X U Y.

}

B sTom npumepe ¢pynknus mul() Bo3Bpamiaer pe3yabTaT BEIYHCICHHS BRIPAKEHUS X ¥y ¢ TTOMOIIBIO
WHCTPYKIIUU return. 3aTeM 3HaY€HHUE 3TOTO Pe3ysibTaTa MPUCBAUBACTCS IEPEMEHHOM answer.

[Tockonbky B 3TOM Bepcum mporpamMmbl ¢GyHKIusSs mul () BO3BpaliaeT 3HAUYCHUE, €€ WUMs B
ompeielICHUH He npeaBapseTcs ciaoBoM void. 3nech dyHkums mul() Bo3BpaiaeT 3HaYCHHE IET0YUCIICHHOTO
tuna. Tum 3HaueHus!, BO3BpalaeMoro (yHKIHEH, MPEIIIECTBYET e¢ UMEHH, KaK B MPOTOTHUIIC, TaK U B
OTIpEICIICHUH.

[Tpu nocTH)EHUHM WHCTPYKIUU return (GyHKIUS HEMEJICHHO 3aBEPIIASTCs, a BECh OCTAIBHON KO
urHopupyertcs. OyHKIMs MOKET COACPKATh HECKOJIBLKO MHCTPYKIUH return. Bo3spar u3 pyHKIUU MOXKHO
00€CIeUYHTh C MOMOIIBI0 HHCTPYKIIUH return 0e3 yKka3aHus BO3BPAIaeMOro 3HAYCHHS, HO TaKylo ee popmy
JOMYCTUMO MPUMEHSTH TOJBKO JUIS (PYHKIIMH, KOTOPBIC HE BO3BPALIAIOT HUKAKKX 3HAYCHUN U OOBSIBICHBI
C MCIIOJIb30BAaHUEM KITFOUEBOTO CJI0Ba void.

IIpumep nporpammsl ¢ QyHKIUUAME ¢ IapaMeTpamMH

CocTaBuTh MPOrpaMMy HAXOXKICHHSI HAUOOJIBIIIET0 3HAYCHHSI U3 TPEX BEITMYMH — max (a, b, ¢). s
€e pPelIeHUs] MOXKHO HCIIOJIB30BATh BCIIOMOTATEeILHBINA AJITOPUTM HAX0XKICHUST MAKCUMAIILHOTO 3HAUCHUS U3
IBYX, TIOCKOJIBKY CIIpaBEJIMBO PaBEHCTBO: max (a, b, ¢) = max (max (a, b), ¢).

//OnipenenieHue BCIOMOTaTeNIbHON (D)yHKIINA

int MAX(int x, int y)

{if

>y)

return x;

else

returny;

¥

//OcHoBHas ¢pyHKIMS main()

{ inta,b,c,d;

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

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

(MAX (a, b), ¢);

cout<<"\nmax (a, b, ¢) ="<<d,;

¥

3amanue

Ha oyenky « Yoosenremsopumenvro»

CoctaBuTh mporpammy ¢ (yHKIUEH, BBIBOISIICH Ha JKpaH CTPOKY HYKHOW JIMHBI HYXHBIM
cuMBOJIOM. DyHKIMS TPUHUMAET JIBa MapaMeTpbl — JUIMHY CTPOKU M CUMBOJ. Bo3BpaiiaeMbIX 3HaUeHUI
HET.

Ha oyenky «Xopowoy

CocTtaBUTh IPOTpaMMy ISl BBIYMCICHUS TUIOLIAAN KOJIbIA M0 3HAYE€HUSIM BHYTPEHHETO ¥ BHEILIHETO
paanycoB, UCTIONB3Ysl (DYHKIMIO BBIUMCICHHS TUIOMATU Kpyra. OyHKIUU MepelaeTcss OJUH MapaMeTp —
paanyc ¥ BO3BpALIaeTCs pe3ysbTaT — BeIUMCIEHHAs MIomans. Ha oyenxy « Omauunor



Jansl Tpu 1ensix yncna. Onpenenuts, cymma mudp Kotoporo u3 Hux Oombme. [Toacuer cymMmsl
uQp opraHU30BaTh uepe3 GyHKINIO, KOTOpast HMEET JIBAa BXOAHBIX ITapaMeTpa — CKJIAJbIBAEMbIC YHCIIA U
pe3yIbTaT — BEIUUCICHHYIO CYMMY.
KoHTpo/bHbIE BONPOCHI
1. Uro Takoe apryMeHT (GyHKIIMU U 3a4€M OH UCIIONB3yeTcs?
2. Yto Takoe nmapamerp (pyHKUIMHU U KaK UM TOJIb30BaThCs? 3.
Kak u3 QpyHKIIMH BepHYT pe3ynbTar ee padoThl?

IIpakTnueckoe 3anaTeNe2S. PekypcuBHble QyHKIUH.

Heus: [Tomydyenue HaBBIKOB B pabOTe C PEKYPCUBHBIMH (DYHKIHSIMH.

TeMbl 1J1s1 IpeABapUTEIbHOM NMPopadoTku OCHOBHBIC

KOHCTpyKuuu C++.

QyHKIUN.

[{ukanueckue anropuTMsl.

TeopeTnyeckunii MaTepuaJl

1. Ilonamue pexypcuenou ¢hynkyuu

Pexypcueii Ha3bIBaeTCs CUTyalysi, KOrjia NOJANporpaMma BbI3bIBaeT cama ce0si. DyHKIUS MOXET
coZiepKaTh BBI3OB ApYyrux (yHKOuWiA. B TOM umcie mporemypa MOXeT BbI3BaTh camy ceOs. [lpumep
pPEeKypCUBHON (DYHKITHU:

int Rec(int a)

{

if (2>0) Rec(a-

1); cout<<a; }

O®yuknus Rec BbI3biBaercs ¢ mapameTpoMm a = 3. B Hell comepxutcst BbI30B QyHKIMM Rec ¢
napamerpoM a = 2. [Ipeasiaymmii BBI30B ellie He 3aBePIIHICS, TTOITOMY CO3/1aeTcs elie oOHa QYHKIHS U 10
OKOHYaHUsl ee paboThl IepBasi CBOIO paboTy He 3akaHuMBaeT. [Ipolecc BbI30Ba 3aKaHUYMBAETCS, KOI/a
napamerp a = 0. B 3TOT MOMEHT OJHOBPEMEHHO BBINONHSIOTCA 4 sK3eMIuisipa ¢yHkuuu. KommuecTBo
OJTHOBPEMEHHO BBIMIOJNHAEMBIX (YHKIMI Ha3bBalOT IJIyOMHOW pekypcuu. YerBepras BbI3BaHHAsS
mporenypa (Rec(0)) nameuataer umcio 0 u 3akoHUMT cBOw paboty. Ilocme sToro ympamieHue
BO3Bpariaercs K QpyHkuuu, koropast ee BbizBaia (Rec(1)) m meuartaercs uncno 1. M Tak nanee moka He
3aBepIIaTCcs Bce BBI3OBBL. Pe3ynbTaToM MCXOHOTO BbI30Ba OyIeT nmevats yeTsipex uucen: 0, 1, 2, 3.

IIpumep nporpaMmel ¢ peKypcuBHON GpyHKIHel

Ecnu QyHkuus BbeI3bIBaeT cama ceds, TO, MO CYTH, 3TO MPUBOAUT K MOBTOPHOMY BBITIOJIHEHHUIO
COJIep KAIIMXCS B HEH MHCTPYKLUH, YTO aHAJOIMYHO paboTe LUKJIA.

s mpumepa ceiMuTHpyeM padoty mukia for. [1iis aToro motpedyeTcst IepeMeHHast CYETYHK [1aroB,
KOTOPYIO MOYKHO Peali30BaTh Kak mapameTp QyHKITUH.

//mMuTanus paboThI IIUKIIA C TIOMOIIBIO PEKYPCHH

void LooplImit(int i, int n)

{

cout<<"\n"<<" 1n'<<" i<

//31ech MOXKET pacrojaraTbcsi NepBbli 00K HHCTPYKIUH if

(i<=n)

LooplImit(i+1, n);

cout<<"\n"<<" 2 n"<<M i M<<i;

//3mech MOXKET pacroaratbcsi BTOpoil 6JI0K HHCTPYKITUH

¥



main()

{ int i=0, n;

cout<<"n=";

cin>>n;

LoopImit(i, n); }

Pesynbrar paboThl mporpaMmbl: n=>5

Ini0
Inil
Ini2
Ini3
Ini4
Inib
Ini6
2ni6
2nib
2n i4
2n i3
2ni2
2nil
2ni0

3ananue
Ha oyenky « Yoosenemsopumenvro»
Pa3paboraTs pekypcuBHYIO (YHKIIHIO BRIYUCICHUS (haKTOpHaa.
Ha oyenky «Xopowoy
Pa3paborate pexkypcuBHYIO (yHKIHIO, KOTOpas JUIsl JBYX 3aJaHHBIX HaTypajbHBIX 4YHCEl
orpeJiesgeT UX HauOOIbIIUI OO JeTuTeNb.
Ha oyenxy «Omauuno»
PazpaboraTte pexypcuBHYIO (HYHKIIHIO, OTIPEALISIONTY 0 Yrciio @uboHay4Yn ¢ HOMEPOM n.
KonTpoJsbHBIE BOPOCHI
1. Yto Ttakoe pekypcuBHas PyHKIIHS?
2. YTo MOXKET 3aMEHUTDh PeKypcusi?

IIpakTyeckoe 3anaTeNe26. Pexypcus. Xanoiickue 0amnm.

Heap: [TonyueHne HaBBIKOB B paboTe C peKypCUBHBIMU (QYHKIIUSMHU.

Tembl 10151 npeaBapuTeIbHOM NPOopadoTkn OCHOBHBIE

KOHCTpyKuuu C++.

QyHKINN.

Teopernyeckuit MaTepuaJl

1. Ilonamue pexypcugHou (hyHkyuu

Pexypcueii Ha3pIBaeTCs CUTYalMsl, KOT/a MOAMPOTrpaMMa BbI3bIBaeT cama ceOs. DYHKIUS MOKET
coJiepkaTh BbI30B Apyrux pyHkiuit. [Ipumep pexypcuBHOM GyHKIINN:

int Rec(int a)

{

if (2>0) Rec(a-

1); cout<<a; }

PaccmoTpuMm mpuHIUN paboThl PEKYPCUBHOW (PYHKIIMHM HA TIPUMEPE BBI30BA CO3JAHHOW (PYHKIIHH
Rec(3).



Oynknus Rec BwpB3BIBaeTcs ¢ mapamerpoMm a = 3. B Hel comepxkutcs BbI30B GyHKIMH Rec ¢
napamerpoM a = 2. [Ipeaslayiuii BbI30B €I11e He 3aBEPIIUIICS, TO3TOMY CO3/1aeTCs ellle 0Ha PYHKIIHS U 0
OKOHYAHUS ee paboThl IepBasi CBOIO paboTy He 3akaHuuBaeT. lIporiecc BhI30Ba 3aKaHUMBAETCS, KOTIa
napametrp a = 0. B 3TOT MOMEHT OJHOBPEMEHHO BBIMOJHSAIOTCS 4 dK3eMIuisipa QyHkun. KommaecTBo
OJTHOBPEMEHHO BBITIOJTHAEMBIX TIPOIEAYP HA3bIBAIOT INIyOMHOM pekypcun. UeTBepTas BI3BaHHAS (YHKIIUS
(Rec(0)) naneuaraer uuciao 0 u 3akoHYUT cBOIO paboTty. [locie sToro ympaBieHHE BO3BpAILIAETCs K
dbyuknum, koropast ee Bbi3Basia (Rec(1)) m mewartaercs uncino 1. M Tak gaiee moka He 3aBeplIaTcsi BCe
BBI30BBI. Pe3ynpTaToM HCXOAHOTO BhI30Ba OyIeT neuats yetsipex uucel: 0, 1, 2, 3. 2. 3adaua o Xawnoiickux
OawHsAx

CymiecTByeT ApeBHEUHIUICKas JIET€HJIa, COTJIaCHO KOTOpoM B ropoje benapece mojn kymosiom
IJIaBHOTO Xpama, B TOM MecCTe, Iie HaXOIUTCs LIeHTp 3eMJIu, Ha OpOH30BOM IIOMIAIKE CTOST TPH aJIMa3HbIX
cTepxHs. B J1eHb COTBOpEeHUs MUpa Ha OJUH U3 3THX CTep)KHEH ObUIo Hazeto 64 koibia. bor mopyunn
KpelaMm TEepEeHECTH KOJblla C OJHOT0 CTEepXKHS Ha JAPYyro, HCIOJIb3ys TPETUH B KauecTBe
BCIIOMOTaTeNILHOTO. JKpersl 00s13aHbI COOTIOAATH YCIOBUS:

1. MEPEHOCHUTH 32 OJJMH pa3 TOIBKO OJTHO KOJIBIIO;
2. KOJIBIIO MOXHO TIEPEHOCUTH C OJTHOTO CTEPKHS (X) Ha IpYyro# (y), TOIBKO €CIIM OHO

MMEET MEHBIIUU JUaMeTp, YeM BEpXHEe KOJbI[0, HAXOMAIIeeCs Ha CTPEKHE y, UIU CTEPKEHb y

CBOOO/ICH.

CornacHo Ieresje, Korjaa, co0aroas Bce yCIOBHUs, XKPELbl epeHecyT Bce 64 Kolblla, HACTYIUT
KOHeI[ cBeTa. MUHMMAJIbHOE YHCIIO XO0B, HEOOX0IUMOE JIIsl PEIICHHUS TOJIOBOJIOMKH, paBHo 2" - 1, rae n
— YHCJIO TUCKOB. Eciiu cunTaTh, 4TO HAa IEPEHOC OJTHOTO KOJIbIIA MOTPEeOyeTCst OHa CEKYH/Ia, TO Ha IEPEHOC
Bcex 64 komern norpedyercs 6oee 5 MiIp/1 BEKOB.

Ecnu GaimiHs cocTOUT U3 OJHOTO JUCKA, TO OHA IEPEHOCHUTCS 32 OAMH X0 1->3.

BbamHs 3 ABYX JAMCKOB IMEPEHOCUTCS 3a TpU Xoxa: 1—>2, 1—>3, 2—>3.

Jliist mepeHoca OGanrHu U3 TPeX JUCKOB MOTpeOyeTcs yke ceMb XoA0B: 1->3, 1->2, 3->2, 1->3, 2->1,
2->3, 1->3.

UroObl mepeHecTH OalllHI0 W3 YEThIpEX TUCKOB C TEPBOrO CTEPKHS HA TPETUH, HEOOXOIMMO
JIEWCTBOBATH I10 IUIAHY:

1) nepenecTu OalIHIO U3 TPEX BEPXHUX JUCKOB C IMIEPBOT0 CTEP>KHS Ha BTOPOil (7 X0/10B);

2) caMblii OOJIBIIION TUCK MEPEHECTH C TIEPBOTO CTEpkHs Ha TpeTuit (1 xon); 3)

MePEeHECTH OAIIHIO U3 TPEX JUCKOB CO BTOPOTO CTEPKHsI Ha TpeTuid (7 X0/10B).

Bcero na nepenoc notpedyercst 15 xom10B.

Paccyxnast ananoruyHbIM 00pa3oM, COCYMTAEM YHUCIIO XO/10B, HEOOXOIMMBIX JJIsl TIEpeHoca OalrHu
W3 IISITH JACKOB: 15+ 1+ 15=2<15+1=31.

PaccMoTpeHHBIN anropuTMm pemieHds 3ajaud  «XaHoiickas OamiHs» o00nanaeT peKypCHUBHBIM
CBOMCTBOM: B XOJI€ €0 BBITIOJIHEHHS JIJIs1 OAIITHU, COCTOSIIIIEH U3 N KOJIEI, HCTIOIB3YETCS aITOPUTM TSl Uy Th
OoJiee MPOCTOM CUTyalMu — MepeHoca OaIHu, COCTOSMIEH U3 n - 1 Kombia. B cBoto odepenp, B alroputme
JUIs OallHu U3 n - 1 KOJbIa UCTIONB3YETCsl ATOT K€ aITOPUTM IS h - 2 KOJIeIl U T. [I.

IIpuMep nporpaMMsl ¢ peKypcuBHON QyHKIMeH

//xaHOVicKHe OalHu

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

{ if

(n>0)

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

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

(n'11 ZY, X),

+}

main()

{ int st1, st2, st3, st4;



/IBeenute uncio xoxnern Stl
cout<<"\nKol rkolez "'; cin>>st1;

//BBennuTe HaYaIbHBIA CTEPKEHB St2
cout<<"\nnum beg "; cin>>st2;

//BBeuTe KOHEYHBIN CTEpKEHB St3
cout<<"\nnum end "'; cin>>st3;

//BBenuTe BCIIOMOTATENIbHBIN CTEPIKECHD St4

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

hb(st1,st2,st3,st4); }

Pe3ynbTaTsl paboThl MpOrpamMmbl

Kol rkolez 3

num beg 1 num

end 3 num

wrem 2

<pP>1->3

<pP>1->2

<pP>3->2

<pP>1->3

<pP>2->1

<pP>2->3

<pP>1->3

3aganue

Ha oyenxy «Yoosenemsopumenvro»

Hamummure pekypcuBHy!0 (QYHKIUIO, ONPEACISAIONyI0 KOJIMYECTBO €AMHUIl B JIBOUYHOM
MIpeICTaBICHUH HAaTypalbHOIO YHCIA.

Ha oyenky «Xopowioy

Hanummure pexypcruBHyI0 (pyHKIINIO, KOTOpas M0 3aJJaHHBIM HaTypaJbHBIM YHCIaM M U N BHIBOAUT
BCE PA3IMYHBbIE MPEJICTaBICHUS YHUCIIa «B BHJAE CyMMbl M HaTypalbHbIX ciaraeMbix». [IpencraBnenus,
paznnuyarolrecs JUIlb TOPSAIKOM CIaraéMbIX, CAUTAIOTCS OJIMHAKOBBIMH.

Ha oyenxy «Omauuno»

Hanummure pexypcuBHyIO (pyHKIIHIO, KOTOpas MEepeBOpauMBaeT 3JIEMEHThl MaccuBa B 0OpaTHOM
MOPSJIKE.

KonTpoJsbHbIe BOPOCHI
1. Yto Takoe pekypcuBHast QyHKIMS?
2. Pacckaxkute CyThb 3a7aul 0 XaHOMCKHX OAIIHAX U CIIOCO0E ee perIeHusl.

IIpakTyeckoe 3anaTHeNe27.
ITIporpamma, peajiu3yomas OCHOBHbIE ONlePALMH ¢ O/JTHOMEPHBIM MAaCCHBOM.

Hean: [TomydyeHne HaBHIKOB B pab0Te ¢ MACCHBAMHU, BBITTOJTHEHHUS HAJl HUMHU 0a30BBIX OTIEpAIIHil.

Tembl 11 IpeaBapuTeIbHOM NPOPA0dOTKH THUIIBI

IaHHbIX B s3bike C/C++.

OyHKIMH CTaHAAPTHOTO BBOJA U BBIBOJIA.

Oneparop BETBICHHUS.

Oneparopbl LIUKIIOB.

Teoperuyeckunii MaTepuaJ

1. Ilonamue 00HOMepPHO20 Maccusa

MaccuB — 3T0 CTPYKTypa OAHOTUITHBIX 3JIEMEHTOB, 3aHUMAIOIUX HEMPEPHIBHYIO 00JIaCTh MaMSITH.
C MaccuBOM CBsI3aHBI CIIEAYIOLINE €0 CBOMCTBA: UM, TUII, Pa3MEPHOCTD, Pa3Mep.



dopmaT OMUCaHKS MAaCCHBA CIEAYIOLINN:

THII 3JIEMEHTOB MMsl [KOHCTAHTHOE BbIpaKeHHUe|;

KoHncTanTHOe BbIpaskeHUE OIpenesseT pa3Mep MacCuBa, T. €. YUCIO 3JEMEHTOB 3TOr0 MacCHBa.
Hanpuwmep, cornacuo onucanuto int A[10];

OOBSIBIICH MAacCUB ¢ UMEHEM A, conepskamnuii 10 3JIeMeHTOB 1eJI0Tr0 THIa. DIEMEHTHl MaCCHBa
0003HaYaI0TCsl UHJIEKCUPOBAHHBIMU MMeHaMu. HibkHee 3HaueHune nuaekca paBHo 0:

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

B C++ Henb3s onpeaensTh IPOU3BOJIbHBIC IHAMTA30HbI IS HHIIEKCOB. Pa3zMep MaccuBa, yKa3aHHBIH
B OMMCAHUHU, BCEr/la Ha €IUHUILY OOJIbIlIe MAKCUMAJIBLHOTO 3HAUEHUSI UHACKCA.

Pasmep maccuBa MOXET SIBHO HE YKa3bIBaTbCsA, €CIU IMPU €ro OOBSBICHUU IPOU3BOJIUTCS
WHUIMAIA3AIMs 3Ha9eHUH 311eMeHToB. Hanmpumep:

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

B sTOoM cityuae co3paeTcs MacCuB U3 IMSITH JIEMEHTOB CO CIAEAYIOIUME 3HaYeHUsIMU: p[0]=2,

pl11=4, p[2]=6, p[31-10, p[4]-L.

B pesynbrare cnemyromero oObsIBISHHS MaCCHBA

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

Oyner cosnaH MaccuB u3 niecTu 3yieMeHToB.  [lepBble TPU  DJIEMEHTA

noJrydyaT MTHUIUAJIU3UPOBAHHBIC 3HAYCHU . 3HaueHHUs OCTAJILHBIX 6y,HYT 1100 HCOIIPCACICHHBIMMU,
1100 PpaBHBI HYJIIO, €CJIM MaCCHUB BHEIIHUM UM CTaTUYCCKHU.

2. Ocnognble Oeticmsus ¢ oOHomepuvim maccusom [pumep 1. Brox ¢
KJIaBHATYPhI U BBIBOJI HA 9KpaH OJHOMEPHOTO MacCHBa.

main()

{ int i, A[5];

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

{

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

cin>>A[i];

}

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

COUt<<A [ "<<i<<"] ="<<A [ i]<<"; } IIpumep 2. BB/ BEIIeCTBEHHOTO
MacCHBa M BBIYHCIICHUE CPETHETO 3HAUCHHS.

main()

{ const n=10;

int i

double A[n], SA; for(i=0;

i<n; i++)

{

COUt<<"A [ "<<i<<" ] =" cin>>A[i]

}

SA=0;

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

SA=SA+A][i]; SA=SA/n;
cout<<"/cpenmmnee 3HaucHHE="<<SA;

¥

B »T0i nporpamme obpaTuTe BHUMAaHUE HA ONIpe/IeIEHUE pa3Mepa MacCuBa 4epe3 KOHCTAHTY.



IIpumep nporpaMmel ¢ 0OJHOMEPHBIMH MACCHUBAMH

CocTaBUTH nporpamMmmy, MNOACYUTBIBAOIIYHO YHCIO MHHUMAJIBHBIX 3JJICMCHTOB B OJHOMCPHOM
MacCCHuBE.

main()

{ const n=10;

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

i,min,k;

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

min=a[0]; k=1, for(i=0;

i<n; i++)

{if

(a[i]<min)

{min=a[i];

k=0; }

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

}

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

}

Pe3ynbTarhl paboThl MPOrpaMMbl

25316-211005-2 10 min=-2

kol=2

3aganue

Ha oyenxy «Yoosenemsopumenvro»

B nenouncienHol mocneaoBaTeNbHOCTH €CTh HyJeBbIe AieMeHThl. Co3/1aTh MacCUB U3 HOMEPOB
ATUX AJIIEMEHTOB.

Ha oyenky «Xopowioy

JlaHa mocie10BaTeIbHOCTD JICHCTBUTEIBHBIX YHCEI a1, a2,..., an. 3AMEHUTH BCE €€ WICHBI, OOJIbIINE
nmaHaoro Z, >tumM unciom. IlogcunTaTs KOJIMIECTBO 3aMEH.

Ha oyenxy «Omauuno»

Jlan maccuB AEMCTBUTENBHBIX 4YMCel, pa3MepHOcTh kotoporo N. IlomcuuTaTh, CKOJIBKO B HEM
OTPHUIIATENEHBIX, TTOJOKUTEIBHBIX U HYJIEBBIX DJIEMEHTOB

KouTtpoJibHble BOpoChI
1. Yro Takoe 0THOMEPHBIN MacCUB?
2. Kak omucath omgHOMepHBIH MaccuB B mporpamme? 3. Kak
OCYLIECTBUTH JTOCTYII K OTJAEIBHOMY 3JIEMEHTY MaccuBa?

IIpakTyeckoe 3anaTueNe28.
HpnMeHeHne OTHOMEPHBIX MAaCCUBOB B MaTeMaTHYeCKOii CTAaTHCTHKE.

Hean: [TonydyeHrne mpakTHYECKUX HABBIKOB paOOTHI ¢ OTHOMEPHBIMU MacCUBAMHU U UX MPUKIIAJTHOE
MIPUMEHEHUE B 3aJ]a4ax AUCHUIUIHMHBI «MaTemaTrueckas CTaTUCTHKAY.

Tembl 17151 NpeABapuTeabHON NPOPadOTKH THIbI

IaHHbIX B s3bike C/C++.

OyHKIMH CTaHAAPTHOTO BBOJA U BHIBOJIA.

Oneparop BETBICHHUS.

Onepartopsl IIUKIIOB.

TeopeTnyeckunii MaTepuaJl
1. Ilonamue 00OHOMepHO20 Maccusa



MaccuB — 3T0 CTPYKTypa OAHOTUITHBIX 3JIEMEHTOB, 3aHUMAIOLUX HEMPEPHIBHYIO 00JIaCTh MaMSITH.
C MaccuBOM CBSI3aHBI CIEAYIOIINE €r0 CBOWCTBA: UM, TUII, Pa3MEPHOCTD, pa3Mep.

dopMar onucaHusl MacCUBa CIICLYOLIUN:

TUI 3JieMeHTOB ums [Pa3mep];

Pazmep mMaccuBa - UMCIIO 3JIEMEHTOB 3TOr0 MaccuBa. Hampumep, coriiacHo onucaHuio int

A[10];

0OBSIBJICH MAacCUB ¢ UMEHEeM A, coniepskaiuii 10 371eMeHTOB 1esI0ro THMa. DJIEMEHTh MacCHBa
0003HaYar0TCA MHACKCUPOBaHHBIMU NMeHaMH. HipkHee 3HaueHne nHjekca paBHo 0:

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

B C++ Henb3s onpenensaTe NPOU3BOJIbHBIE JUAIIa30HbI )11 HHIEKCOB. Pa3Mep maccuBa, yKka3aHHBIN
B ONMCAHUHU, BCEI/la Ha €AMHUILY 0OJIbIlle MAKCUMAJIBHOI'O 3HAUEHUS UHAEKCA.

2. Ponv OBM 6 cmamuueckux pacuemax

[lenp MaTeMaTHYECKOM CTAaTUCTHUKUM — OIUCaHUe, OOBSCHEHHE U TMpeAcKa3aHue SBJICHUN
JEHCTBUTENBHOCTH Ha OCHOBE YCTAHOBJIEHHBIX 3HAKOB, YTO MO3BOJIIET HAXOJUTh PELICHUS B TUIIHYHBIX
cuTyauusix. B ocHOBe Hay4HbIX 3HAHUH JIEKUT HAOTIOCHHE.

Matematuueckasi CTaTUCTUKA WM3y4aeT METOJbl 00pabOoTKU pe3yJbTaTOB HAOIIOJIEHUN MacCOBBIX
CIIy4alHbIX SIBICHHUH, O0O0JaJaloluX CTAaTUCTHYECKON YCTOWYMBOCTBIO, 3aKOHOMEPHOCTHIO, C IIEJbIO
BBISIBJICHUSI 3TOM 3aKOHOMEPHOCTHU. BBIBOJBI O 3aKOHOMEPHOCTSIX, KOTOPBIM MOJYUHSIOTCS SIBICHUS,
u3ydaeMble METOJAaMM MAaTeMaTU4YEeCKOW CTaTHUCTUKH, BCErJa OCHOBBIBAIOTCS Ha OrPaHUYEHHOM,
BBIOOPOYHOM YHCIIE€ HAOIIOACHUH.

Jnis perieHust MHOTUX MPAKTUYECKUX 33]1a4 COBCEM Heo0s3aTeNIbHO 3HATh BCE BO3MOXHbBIE 3HAUCHUS
CIIy4allHO BEJIMYMHBI, a JOCTATOYHO YKa3aTh OTJEJIbHbIC YUCIIOBBIE IMAPAMETPBIXapaKTEPUCTUKH, TAKUE
KaK MaTeMaTU4eCcKUe 0XKUAAHNUE, AUCTIEPCHUS, MOMEHTBI PA3JINYHBIX MOPSIAKOB U
T.J. OTU XapaKTEPUCTUKU CIy4yalHOW BEIMYMHBI HA3bIBAIOT YMCIIOBBIMHM XapaKTEPUCTHKAMH CIy4yailHOU
BenMuuHbl. [lojcuer 3Ha4YeHUMH STHX XapaKkTEpPUCTHK Belercs Mo ¢opmyiaaM ¢ (UKCUPOBAHHBIM
KOJINYECTBOM HAOIIOJICHUH, HA OCHOBE KOTOPBIX MOTYT OBITh IIOCTPOEHBI BEIYUCIUTENbHBIE AlITOPUTMBI.

OrpomHOE 3Hau€HUE B HACTOSIIEE BPEMs MMEET HCIOJIb30BAaHHE BBIYMCIUTEILHOW TEXHUKHU, KaK
CpeICTBAa aBTOMATHU3alMM PYYHBIX T'POMO3JKHX IOJCUYETOB XapaKTEPUCTUK CIy4YailHOW BETUYHUHBI.
JIOCTaTOuHO €O34aTh YHHUBEPCAIbHBIN MPOTrPaMMHBIA MPOAYKT IS MOACYETa HEOOXOIUMBIX UYHCIIOBBIX
BEJIMYMH U 3aTEM IO0JIb30BATHCS UM HEOOXOAMMOE KOJIMUYECTBO pa3 Uil 0OpabOoTKU Pa3IMYHbIX HCXOAHBIX
JAHHBIX.

3. Hucnosvle xapaxmepucmuky CIy4auHblX 6e1UYUH

MaTeMaTI/I"IeCKOC OXKNJaHUue
g
I = A B 2
M =§(ﬁ£*— Mx)2p,
i=1 —

P

8, =+ Dx
ﬁk = M.'-'!I.'-'k

Hucniepcus

Cpez[Hee KBaAPATUIHOC OTKIIOHCHHUC

HauanbHblii MOMEHT K-TIOpSI/IKA

LentpanbHblii MOMEHT k-ro mopsiika

T
= Z(Iz' - MI}J{P:‘

i=1
_ m3 Koaddurment acummerpun
A= .I'-*!'ELI"r O
E = }i;: —_ DKcrece
Gl.:l:'

4, Hpu/vzeHeHue odﬂomepnbzx Maccueoes 6 cmamucmudecKkux pacuemax



B aucuunnune «Marematudeckass CTaTUCTHKA» MPUMEHSIOTCS OJHOMEPHBIE MACCUBBI JUIS
XpaHeHus: U 00pabOTKH MOCJeI0BaTeNIbHOCTH 4Yuced. B o0meM Buie, CTPYKTYpbl BXOJHBIX JaHHBIX
IIPOrpaMMbl MOKHO MPEJICTaBUTH clieAytommM oOpa3om: #define N 4mMcI0 KOMIIOHEHT B_BEKTOpE

Tun_snementoB uMs[N];

Hanpumep, MOXHO 3anucaTh Tak:

#define N 10

int X[N]; float

PINI;

[Tocne BbIAENeHUs naMATH oA MaccuB X U P, HE0OX0AMMO 3aMOHUThH €€ UCXOJAHBIMU TAHHBIMU.
Haubonee yHuBepcaibHbIM aITOPUTM OYyJIET B CIy4ae, KOT/1a HICXOAHbIE JaHHBIE BBOAUT CaM I0JIb30BaTelb
MIPOrPaMMBI IyTeM Ha0Oopa UX C KJIIABUATYPhI. DTO 00ECIICUUT HCIIOIH30BAHKUE OJTHON U TOM ke MPOTPaMMBbI
MHOTOKPATHO JUJIsi PAa3MYHBIX HCXOMHBIX JaHHBIX. [Ipu BBOJE UCXOAHBIX JAaHHBIX HEOOXOJUMO
BHUMATEJIbHO CIEAWTh 32 MPaBUWJIBHOCTHIO HabOpa U CBOEBPEMEHHOM KOPPEKTHpPOBKE HX. JlaHHBIE
HaOUpaloTCs B CTPOUKY, OTAEIISAA YUCIIa B OAHON CTpoKe mpobesnoM. B koHIle Habopa JaHHBIX HAKUMAETCS
knaBuma [Enter]. Ha 3Tom 3akaHumBaeTcsi mepBbIN IIar alropuTMa peuraeMon 3a/ladu, 1eIbl0 KOTOPOTro
SIBJISITIOCH BBOJ] ICXO/IHBIX JAHHBIX B POTPAMMY U COXPaHEHHUE X B MACCUBaX.

[Tocne BBOJIa MCXOJHBIX JAHHBIX B OJHOMEPHBI MacCHB, HEOXOIUMO HUX 00paboTaTh, pean3ys
BBIUHCJICHHUS] MAaTeMaTUYECKUX XapaKTePUCTUK, IMyTEeM MPOrpaMMHUPOBAHUS (OPMYIIBI, MPEICTABICHHbBIE
BBIIIIE.

Brrancnenue Takux BeITUYHH, KaK MAaTEMaTHIECKOE OKUIAHKE, TUCTICPCHUs], HAYAIbHBIC U
[IEHTPATBHBIC MOMCHTHI TPEOYIOT pealiu3alliy AJITOPUTMa MOCUETa CYMMBbI U3 KOHEYHOTO YHCIIa
cllaraeéMbIX. AJITOPUTM BBIYUCIICHUS CYMMBI PEaIM3yeTCs CIEAYIOIUMHU maramu: cyMmma=0;

//O6nynenue cymmsl 1o nukina for( i=0; i< Nj i++)

{

ITomyunts cnaraemoe

CyMMa=CyMMa-+ciaraeMoe;

}

PaccmoTpuM [utsi mpuMepa HaXOKJIEHHE MaTEeMaTHYeCKOTO OXHJIaHWsA. B kadecTBe CyMMEI 3]1eCh
BBICTYTAET BEJIMUMHA MX, cllaraeMoe onpeaensercs popmynon x[i]*p[i], rae x[i] u p[i] — 3TO KOMIIOHEHTHI
MacCHBOB X M P COOTBETCTBEHHO, CTOSIIIHME B IOCIEA0BATEIHHOCTH MO HOMepoM i. [TepeOupas B nukiie for
3HAYEHUS BCEX HOMEPOB MOCIEI0BATEILHOCTH, MOKHO TEM CaMbIM 00pab0oTaTh BCIO COBOKYITHOCTh YHUCEIL.

mx=0;

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

[Toxokue neiCTBUS TMPOBOMAAT ISl BBIYMCIEHUS JUCTIEPCUU M MOMEHTOB. OTIUYaIOT OHU TOJIBKO
BUJIOM ciaraeMoro B cymMMme. OcTaibHbIe YHCIOBBIE XapaKTEPUCTHKHU, TaKUe KaK CpeJHE KBaJpaTHUYHOE
OTKJIOHEHHE, KOI(PPUIMEHT acHMMETPHHM U JKCIECC He TpeOyeT BBIUMUCICHHS CYMMBI, IIO3TOMY H
BBIYHCIISIOTCS TIOCTICIOBATEIFHO €IMHCTBEHHBIM OIIEPATOPOM IPHUCBOCHHS.

IIpumep nmporpaMmsbl ¢ NpUMeHEHHEM OJHOMEPHBIX MACCHBOB

CocTtaBuTh  mporpamMmy, BBIIOJHSIOLIYIO pacueTsl CTaTUCTUYECKUX
XapaKTEPUCTHUK JUISL CIETYIOUINX UCXOAHBIX JaHHBIX
Xi |1 10 7 10 4 2 5 7 13 14

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

#define N 10 //PazmepHocTh MaccuBOB main()

{ int X[N];

float p[N];

float mx, dx, gx, ul, u2, u3, u4, m1, m2, m3, m4, a, e; int
i;

//BBOJ ¢ KJIaBHATYPBI HCXOMHBIX JTaHHBIX



cout<<“Bmemute B cTpouky<<’<<N<<"BbpIOOpOK”<<endl;

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

cTpouky<<N<<” BepositHOcTei <<endl; for (i= 0; i<N;

I++)  cin>>p[i];

//BBIUKACIIEHNE MATEMATHYECKOTO OXKuAaHnsI mx=0;

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

//BBIYHCIIEHUE TUCTIEPCUH

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

mx)*p[i]; /Beraucienue cpeaHe KBaapaTHIHOTO

OTKJIOHEHUS gx=sqrt(dx);

//BBIUMCIICHUE HAYAJIBHBIX MOMEHTOB 1, 2, 3, 1 4-BbIX IOPSJIKOB Ul=mXx;

//coBHagaeT co 3HaYeHUEM MaT. OkuAaHusI u2=u3=u4=0;

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

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

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

ud=ud+sqr(x[i])*sar(x[i))*p[il; }

//BBIMUCIIEHUE TICHTPATBHBIX MOMEHTOB 1, 2, 3 1 4-pI1x mopsiakoB m1=0;
//Bcerna paBen 0

m2=dx; //coBmamaeTr co 3HaueHueM gucnepcuu m3=m4=0;

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

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

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

//Bbruriciienue ko3 duieHTa aCHMMETPHH

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

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

//BBIBOJ PE3yJITATOB pa0OTHI MPOTrpaMMbl HA MOHUTOP

cout<<“Maremaruueckoe oxuaanne = << mx<<endl; cout<<*/lucnepcus

="<<dx<<endl;

cout<<“CpeaHe KBaJIpaTUYHOE OTKJIOHeHHE = "<<gx<<endl;

cout<<*Hau.momeHT 1-ro nopsaka="<< ul<<endl;

cout<<*Hau.moMmeHT 2-ro nopsaka="<< u2<<endl;

cout<<*Hau.momeHT 3-ro nopsaka="<< u3<<endl;

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

cout<<“Ilent.MmoMeHT 1-T0 mopska="<<ml<<endl;

cout<<“Ilent.MmoMeHT 2-T0 mopska="<<m2<<endl;

cout<<“Ilent.MmoMeHT 3-T0 opsIKa="<<m3<<endl;

cout<<“IlenT.MoMeHT 4-ro nopsiaka="<< m4<<endl;

cout<<“Koadennent acummerpun ="<<a<<endl; cout<<*“Axcrecc

="<<e<<endl;

}

ITosryuenne pesyabraroB padoTsl nporpammsl [
paccMaTpuBaeMoro MpuMepa pe3ybTaThl BBITTSAAT CISAYIONUM 00pa3oM:
Benure B ctpouky 10 BeIOOpOK
1149152527
Beenure B ctpouky 10 BeposTHOCTEN
0.222 0.034 0.166 0.025 0.075 0.014 0.061 0.002 0.023
Maremaruueckoe oxunanue = 6.10400000
Hucnepcus = 11.61118400
Cpenne kBaapatnyHoe oTkiaoHeHue = 3.40751875
Hau. momenT 1-ro nopsiaka = 6.10400000



Hau. momenT 2-ro nopsiaka = 48.87000000

Hau. momenT 3-ro nopsiaka = 453.92000000

Hau. MomeHT 4-ro nopsiaka = 4519.25399999

LenTp. moment 1-ro nopsaka = 0.00000000

lenTp. momenT 2-ro nopsinka = 11.61118400

enTp. MmomeHT 3-ro nopsnaka = 13.86818573

LlenTp. momeHT 4-ro nopsiaka = 196.71519835

Koaddenument acummerpun = 0.35051361

Axcrece = -1.54090053

3aganue

Pazpaborate nporpaMmy Juisi BBIYMCIECHUS OCHOBHBIX YHCIIOBBIX XapaKTEPUCTUK I ITCKPETHOM
CIIy4aiilHOM BEJTMYMHBI C IOMOIIBI0 CTATUCTUYECKMX JaHHbIX. HamucaTh mporpamMmy, peasu3yronryro
QJIITOPUTM BBIYUCIICHUS YKA3aHHBIX BeIHMUMH. CPaBHUTH PE3YJbTAThl, OJyUYEHHBIE PYYHBIM MOJICYETOM U C
MOMOIUIBI0 BBIUUCIUTENHHON TexHHUKHU. [IpoaHanmusupoBarh mnonydeHHble AaHHble. CaenaTh BBIBOJ O
TOYHOCTH pacyeToB. [[i1s 0OpabOTKM CTATUCTUYECKUX JAHHBIX MCIIOJIb30BaTh OJJHOMEPHBIE MAacCHUBBI
HEOO0XOIUMOI Pa3MEPHOCTH.

Ha oyenxy «Yoosenemsopumenvro»

Paccunrarh: MaTemMaTHUeCKOE OKUAAHKE, JUCTIEPCUIO U CPEAHE KBAJAPATHYHOE OTKIOHEHHE.

Ha oyenky «Xopowoy

PacuuTaTh HauanbHbBIE MOMEHTHI 1-T0, 2-T0, 3-T0 U 4-r0 mOpsIAKA.

Ha oyenxy «Omauuno»

PacuuTaTh neHTpanbHBIE MOMEHTHI 1-T0, 2-T0, 3-T0O 1 4-T0 TIOPs/IKa, a TaK ke KodPPenneHT
aCMMETPHUH U aKcIlecc.

BapI/IaHTI)I HHAUBUAYAJIBbHBIX 3aJaHui

BapuanTt Nel.

X 1 10 7 10 4 2 5 7 13 14

P 0,02 |008 |020 |05 |005 |0,25 |0,09 |0,01 |0,07 |0,08
BapuanTt 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
BapuanTt Ne3.

X 3 11 4 9 1 5 2 ) 2 7

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

X 0 11 10 13 6 4 6 15 8 6

P 0,004 (0,01 |0,245 |0,018 | 0,124 | 0,432 | 0,2 0,01 |0,007 | 0,05
Bapuant NeS.

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
BapuanTt 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 Neo7.

x 14 5 1 Ja J7 J2 [s8 |6 [6 [4 |




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

X 12 8 12 11 15 5 11 3 0 4
P 0,047 | 0,064 | 0,228 | 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 Nel0.

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
BapuanTt Nel 1.

X 6 2 5 13 6 12 5 10 4 11

P 0,05 0,025 | 0,115 | 0,203 | 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 |0,08 |0,176 | 0,063 | 0,15 |0,238 | 0,006 | 0,137 | 0,07 | 0,035

KOHTpO.]II)HbIe BOITPOCHI

1. YTto Takoe 0OJHOMEPHBII MaccuB?
2. Kaxk omucaThs oTHOMEpHBIN MAacCHB B pOrpaMme?
3. Jmst Kakux BBIYMCIICHUH B JUCHMIIMHE «MaTreMarudeckas CTaTHCTHKA» MOXKET

IIPUMCHATHCA O,[[HOMCpHLIﬁ maccuB?

IIpakTyeckoe 3anaTueNe29.
HpI/IMeHeHHC OTHOMEPHBIX MAaCCUBOB IJId MOJIC/IMPOBAHUSA onepaum‘/i C MHOXKXeCTBaMMU.

Hean: [lonyyeHre HaBBIKOB B pabOTe C YUCIOBBIMU OJJHOMEPHBIMU MAacCHUBaMH U MOJIETUPOBAaHUE
Ha UX OCHOBE OCHOBHBIX OIlepalfii ¢ MHOXKECTBAMHU.

Tembl 1J1s1 npeaBapuTeIbHON NPOPadoTKn OJHOMEPHBIN

MAacCHB.

OyHKINN.

Teoperuyecknii MmaTepual

1. Illonamue mnosrcecmea

MHOKeCTBO - 3TO COBOKYITHOCTh, HA0Op 3JIEMEHTOB, OObECIUHEHHBIX OOLIMMHU CBOWCTBAMU. DTH
O00BEKTHI Ha3bIBAIOTCS PJIEMEHTAMU MHOKECTBA. DJIEMEHThI B MHOXKECTBO BXOJIAT MO OAHOMY pasy, T.e. 0e3



MOBTOPEHHUM. DIIeMEHThl MHOXKECTBA MOKHO TEpPEUHCIIATh B MPOU3BOJIBLHOM mopsiike. Hampumep, ecnu
MHO’KECTBO — JHH HEJENIU, TO MOHEIEIbHHUK 2JIEMEHT 3TOr0 MHOXKECTBA.

HanmHoXecTBaMU ~ MOXHO BBITIONTHATH ~ OCHOBHBIC orepanuu TEOpUHr

MHOkecTB.  OHM MpeacTaBiIeHbI B TAOIUIIE.

2. [Ipeocmasnenue mnoxcecmaa 6 sizvike C/C++

B s13p1Ke MporpaMMHupOBaHUS HET MOHATHS MHOKECTBA. OJHAKO MHOXKECTBO MOYKHO 3371aBaTh B BHJIC
OJTHOMEPHBIX IIETIOYUCIICHHBIX MAaCCUBOB, 3JIEMEHTHI B KOTOPBIX HE MOBTOPSIOTCS. Hanmpumep, MHOKECTBO
1 1581215 muHoxectBO 2 813 17.

[ToaTOMy OCHOBHBIE OINEpalMy HaJ MHOKECTBAMHU BBITMOJIHSIIOTCS HAJl 3JIEMEHTaMU OJIHOMEPHBIX
MaccuBOB. Harpumep, A1 HCXOAHBIX MHOXKECTB

Pe3synbTaT nepeceueHuss MHOXKECTB 8

Pesynbrar oObenuaennst MHOKecTB 158 121513 17

Pesynbrar paznoctu MuoxectB lu2 151215

IIpumep mporpaMMel ¢ MHOKECTBAMU

CocraBuM nporpaMmy, IEMOHCTPUPYIOITYIO pabOTy CO3/1aHUs U O0BEIMHEHUIT MHOXKECTB.

//YHKIHS 3aTIOJTHEHHSI MHOYKECTBA

//TlapaMeTpbl: MHOXXECTBO-MACCUB U €0 pa3zMep

void sozd (inta[], int kol) {

inti=0, j, X, pr;

a[i]=random(20);

i++; while(i<kol)

{ x=random(20);

pr=0; /TIouck cpeau UMEIOIINXCS IEMEHTOB B MacCUBE

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

{pr=1; //Takoii yxe ecTb

break;

}

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

{a[i]=x; //ToGaBiisieM €ro B MacCHB

i++} }

}

//byHKIIMS BBIBOJIA HA DKpaH MHOKECTBA

void pr(int a[], int kol)

{ cout<<™\n*** ™ for

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

cout<<a[i]<<" "

cout<<endl; }

//00beTMHEHE MHOXKECTB

void objed(int m1[], int n1,int m2[], int n2, int m3[], int &n3)

{ inti, j, pr;

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

m3[i]=m1[i]; n3=n1,

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

{

pr=0;

for(j=0; j<n3; j++) //TIouCK cpeid BTOPOTO MHOXKECTBA
if(m2[i]l==m3[j])
{pr=1; break;} if



(pr==0) {
m3[n3]=m2[i];
n3++;

}

}

}

//T'naBHas QpyHKIUS

main()

{

const n=256;

int m1[n], m2[n], m3[n], m4[n],m5[n];

int n1,n2,n3,n4,n5; randomize();

cout<<™nkol el masl "; cin>>n1;

sozd(m1,nl); //BBI30B — CO3[1aTh IIEPBOE MHOKECTBO

pr(mi,nl); //BBI30B — BBIBOJI IIEPBOTO MHOXKECTBA
cout<<"\nkol el mas2 "; cin>>n2; sozd(m2,n2); pr(m2,n2);
cout<<"\nobjed";
objed(m1,n1,m2,n2,m3,n3); //Bb130B — 00bETMHCHHUE JBYX MHOKECTB
pr(m3,n3); //BBI30B — BBIBOJ] pe3yiibTaTta 00bEAMHEHUS
}
PesynbTar paboThl IpOrpaMMel
kol el masl1 7
*** 71411191 16 8 kol
el mas2 9
*** 528181910374 objed
***% 7141119116852181034
3aganue
Ha oyenxy «Yoosenemsopumenvro»
CocraBuM mporpaMmy, JEMOHCTPUPYIOIIYIO TIEPECEUECHNE MHOKECTB.
Ha oyenky «Xopowoy
CocraBuM nporpaMmy, A€EMOHCTPUPYIOUTYIO Pa3HOCTh MHOKECTB.
Ha oyenxy «Omauuno»

CocraBUM MporpaMMy, J€MOHCTPUPYIOIIYI0 CUMMETPUUECKYIO pa3HOCTh MHOYKECTB.

KoHnTpoJsbHbBIE BOPOCHI

1. HO‘ICMY MOXXHO IIPEACTABUTHL MHOXKECTBA OAHOMCPHBIMU MmaccuBamu? 2.

TpC6OBaHI/I$I JOJIXKHBI CO6J'IIOI[8.TBC}I AJIg 3JIEMCHTOB MHOXKECTBA ITPH €O COSI[E[HI/II/I?

IIpakTnyeckoe 3ansaTueNe30.
Peanu3anus aaropuTMa my3bIpbKOBOii COPTHPOBKH.

Ieas: [TonydyeHue HaBBIKOB B pabOTe C COPTUPOBKOM MAaCCHBOB.
Tembl 11 IpeaBapuTeIbHOM NPOPA0dOTKH THUIIBI

IaHHBIX B s3bike C/CH+.

Oneparopbl LIUKIIOB.

Coznanue MaccuBOB B IPOrpaMMe.

ba3oBble onepanuu ¢ MacCUBaMH.

Kakne



TeopeTnyeckunii MaTepuaJl

AJITOPUTM Ny3bIPLKOBOH COPTHUPOBKH

ANTOPUTM COPTHUPOBKH TMY3BIPHKOBBIM METOJOM TIONY4YMJI CBOE Ha3BaHHE OT CHoco0a,
UCTOJIB3YyEeMOr0 JUIS YIOPSJIOYMBAHUS 3JIEMEHTOB MAacCHBa. 37€Ch BBITIOIHIIOTCS TTOBTOPSIFOIIUECS
OIlEpallii CPaBHCHUS M TPH HEOOXOJAWMOCTH MEHSIOTCS MECTaMH CMEXKHbIC 3yieMeHTHl. [Ipu sTOM
AJIEMEHTHI C MEHBIIIMMU 3HAYCHHUSIMH TIOCTETIEHHO TIEPEMEIIAI0TCS K OJJHOMY KOHITY MAacCHBa, a DJIEMEHTHI C
OONBIIMMH 3HAYEHUSMU — K APYroMy. DTOT IMPOLIECC HAIOMUHACT IMOBEIECHUE Iy3bIPHKOB BO3JyXa B
pesepByape ¢ Bojioil. I1y3bIpbKoBasi COPTHPOBKA BBIMOJIHAETCS ITyTEM HECKOJIBKHX MPOXOAOB [0 MACCUBY,
BO BpeMsi KOTOPBIX IPH HEOOXOJMMOCTH OCYIICCTBIISICTCS] IEPECTAHOBKA AIIEMEHTOB, OKa3aBIIUXCS "HE HA
cBoeM mecte". KonmnyecTBo mpoxo/10B, rapaHTHPYIOMIMX MOJYYSHHE OTCOPTHPOBAHHOTO MAacCHBA, PaBHO
KOJIMYECTBY JIEMEHTOB B MacCHBE, YMCHBIICHHOMY Ha JIMHHILY.

XOTsl anropuT™M MY3BIPHKOBOM COPTUPOBKH MPHUTOJIEH JJIsi HEOOJBIINX MACCHUBOB, JIJII MacCHBOB
OoJbIIOr0 pa3Mepa OH CTAHOBHUTCS HEd(PPEeKTHBHBIM. bojee yHHBEpCalbHBIM CUYHMTACTCS alTOPUTM
Quicksort. B cranmaptayto 6ubnuoreky C++ BriroueHa QyHKIHs qsort(), KOTopas peaiu3yeT OJIHY M3
BEPCHUI 3TOTO aJIrOpUTMA.

[Ipumep mporpaMmel, peaju3yloluleid aIropuTM COPTHPOBKH My3bIpbKkoM B
CIIEAYIONIECH IPOTrpaMMe pealn30BaHa COPTHPOBKA MAcCUBA (LIEIIOUMCIIEHHOTO THIIA), COIEPIKAIIEro
Cily4yaiiHbIe yncia. JTa mporpamMma 3aciay’KUBaeT BHUMATEILHOTO pa3zdopa.

#define SZ 10

main ()

{ int a[SZ]={30,53,11,35,17,42,21,84,75,61};
inti, j=0; //cuerunk mukios int k;

//TeKynIuii MHIEKC dJIeMeHTa MaccuBa int buf;
cout<<"\nCoprrpo3ka maccuBa MeToioM \"my3sipbka\™\n";
for(i=0; i<SZ; i++) cout<<a[i]<<" "; for (i = 0; i < SZ-1,
i++)

{j++;

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

{

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

/lobmensieM k-# u (k+1)-it snements buf

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

}

}

// OTJIag04YHas nNe4aTb MaCCrUBa IOCJIC OYCPECAHOT'0 UKJIa COPTUPOBKU
cout<<"\n-----"<<j<<"-----" for (k = 0; k < SZ; k++) cout<<a[k]<<"
" cout<<"\n";

}

cout<<"*****Maccus orcopruponan\n";

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

"<<a[K];

cout<<"\n\n/lyis1 3aBepieHus paboTsl HaxkMuTEe <Enter>";
k

Pe3ynbTaTsl paboThl MpOrpaMMmsl:

CoprtupoBka MaccuBa MeTO10M "my3bIpbka’ 30
53113517 4221847561

----- 1-----53303517422184 756111
----- 2-----53353042218475611711
----- 3-----5335423084 7561211711



4-----5342 3584 756130211711
----- 5-----534284 756135302117 11
----- 6-----538475614235302117 11
----- 7-----84 75615342 3530211711

----- 8-----84 75615342 35302117 11 -----9-----84
756153423530211711

*AdE*MaccuB OTCOPTUPOBAH

84756153423530211711

3ananue
Ha oyenky « Yooseremsopumenvro»

CMEHHUTD NOPSAIOK COPTUPOBKY — CJEJIaTh YIOPSI0UEHNE MAaCcCCUBa 110 BO3PACTAHUIO 3HAUECHUI
aseMeHTOB. [lopaboTaTh BMECTO KOMITBIOTEPA, TPOXO/Isl HHCTPYKLUH MPOrpaMMbl. BHIOTHUTD
OTJIa/I0YHYIO [1€YaTh.

Ha oyenky «Xopowioy

W3MeHuTh NpUHLMI 3al0JIHEHHUS MacCuBa — CHAEJaTh 3alOJHEHUE CIIy4allHbIMM YHCJIaMHu.
[IpoBeputsh pe3ynbrar paboThl MPOTPAMMEI.

Ha oyenxy «Omauuno»

N3menuTs yncio anemenToB maccuBa (100, 1000, 10000, 100000). MccnenoBaTh, Kak H3MEHUTCS
BpeMst paObOTHI IPOrPaMMBbI OT pa3MEPHOCTH MAaCCHBA.

KounTtpoJbHble Bonpochl

1. Yro Takoe copTupoBKa MaccuBa?

2. Pacckasarp, B 4eM CyTh aJITOPUTMA COPTUPOBKH ITY3BIPHKOM.

3. YKka3arh NpUYMHBI, KOTOPBIE BIUSIOT HA CKOPOCTh COPTUPOBKHU MaccuBa. 4. Kakas cymiectByer

3aBUCUMOCTBb MEXAY CKOPOCTBIO COPTUPOBKH M Pa3MEPHOCTHIO MaccuBa’?

IIpakTnyeckoe 3anaTueNe31.
I[Iporpamma, peajmsyromasi OMHAPHBIA MOMCK.

Hean: [Tonyuenne HaBBHIKOB B paboOTe€ C MAacCMBAMH, OCBOCHUE PA3JIMYHBIX AJTOPUTMOB IMOMCKA
nH(opmanuu B MaccuBe. TeMbl I npeaBapuTebHON mMpopadoTku Maccussl B C++.

3anoJIHEHHE MAacCHUBa, BBIBOJ HA DKPaH.

Teoperuyeckunii MmaTepuall

1. Illonamue u 3a0anue maccugos 6 npocpamme

MaccuB — 3TO CTPYKTypa OJHOTHITHBIX 3JIEMEHTOB, 3aHUMAIOIINX HEMPEPHIBHYIO 00JIaCTh MaMsITH.
C MaccuBOM CBSI3aHBI CIEAYIONINE €T0 CBOMCTBA: UM, THII, Pa3MEPHOCTD, pa3Mep.

dopMar onucaHusl MacCUBa CJIETYOIIUI:

THII 3JIEMEHTOB MM$l [KOHCTAHTHOE BbIpa:keHue|

KoHCcTaHTHOE BBIpa)K€HHE OMNpPENENAEeT pa3Mep MacCHBa, T. €. YHCIO AJIEMEHTOB 3TOT0 MacCHBA.
Hampumep, cormacao onucanuto int A[10];

OOBSIBIIEH MAacCUB C UMEHEeM A, cofiepskamiuii 10 3J1eMeHTOB 1eNIoTo THIa. DJIEMEHTH MacCHBa
0003HaYAIOTCSI MHIEKCUPOBAHHBIMHU HMeHaMU. HikHee 3HaueHne nHaekca pasHo 0:

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

2. I[louck 6 maccuse memooom nepedbopa 31emMeHmos
CaMblil MPOCTOH THI MOMCKA B MACCHBE CBSI3aH C MepedOpOM IO MOPSIKY BCEX AIIEMEHTOB MacCHBA
C HICKOMBIM 3Ha4YeHHe. Takoi aaropuT™M UMEET OYCHB MPOCTYIO PEaTU3alllio, OJTHAKO, CYUTACTCS OJHUM U3



CaMbIX MCJICHHBbIX. Z[J'IH MacCHBOB HEOOIBIION PasMEPHOCTHU OH BIIOJIHE IMPUTOJCH, OAHAKO, JJIs1 MAaCCUBOB
OOJIBIIION Pa3MEPHOCTH €ro UCIIOIH30BAHUE HE KETATEIbHO.
#define HB 5 main()

{ int m[HB]; // MaccuB TeNbIX int
obr; // obpazer AJis moucka
int found; // mpU3HAK coBMaJCHUS ¢ 00pa3oMm int

I,

cout<<"\nITowuck B MaccuBe MeTO0M mepebopa\n™;
cout<<"Bmenute B 01HO#1 cTpoke %i nebix\n",HB;
cout<<"gmcen u Haxxmute <Enter>\n"; cout<<"->";

for (i = 0; 1 <HB; i++) cin>>m[i];

cout<<"BBemute oOpa3elr s moucka (1enoe 9nucio)->";
cin>>obr; found = 0;

1=0; // IpoBepsieM C MEePBOTO IEMEHTAa MaCCUBa
do{

if (m[i] == obr)

found =1, // coBmajzieHne ¢ 00pas3IomMm

else

I++; // Iepexo/1 K CIeAYIOMEMY HIEMEHTY

} while (*found && i < HB) ; if

(found)

cout<<"Cogmajenue ¢ aeMeHToM HoMep %o1", i+1; else
cout<<"CoBrnajzeHuii c oopasom Het";
}
IIpumep nporpammel, peaju3yrwuieil OMHAPHBIN MOMCK B MacCHBe

main()
{ const n=1000;

int m[n];

inti, c, k, zc, a, b, kol, pr;
for (i=0;i<n;i++) m[i]=i;
cout<<™\n vvod 0-999 ->"; cin>>k;

zc=0; kol=0; a=0;  b=n-1; pr=0;
c=(a+b)/2;
cout<<"\n******1/2 diapasona= "<<c<<"\n"; while
(c>=a && c<=b && kol<=n)
{if (m[c]==k)
{ zc=c; pr=1;
break; }

if (k>ml[c])
{a=c+1; c=(atb)/2; kol++; cout<<c<<"

}

if (k<mlc])

{b=c-1, c=(a+b)/2;
kol++; cout<<c<<"

1}
if (pr) cout<<"\n poz="<<zc;
else cout<<"\n no number";



cout<<"\n kol="<<kol; }

Pe3ynbratel paboThl MpOrpaMMBbl

1 nmposepka vvod 0-999 -

>500 ******1/2

diapasona= 499

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

2 mposepka Vvvod 0-999 -

>_100 ******1/2

diapasona= 499

2491246130146200

no number kol=9

3aganue

Ha oyenxy «Yoosenemsopumenvro»

CocraBuUTh MPOrpaMMy, PeAIU3yIONIYI0 AJITOPUTM JTUHEHHOTO TToucka. Ha

oyeHKy «Xopouio»

CocTaBuTh NporpamMmy, peaan3yrolyto alropuT™M OMHAPHOTO MOUCKA. BBIMONMHUTE aHAIN3
JMHEWHOTO M OMHAPHOTO MOKCKA IO CKOPOCTH pabOTHI C 3aBUCUMOCTH OT pa3MepHOCTH MaccuBa. Ha
oyenky « Omauynoy

CocTaBUTh TMpOrpaMMy, pEAIM3YIONIYI0 WIPY IIOJIb30BaTeNsi C KOMIbIOTepoM. KommbroTep
dbopMupyer ciydaitHoe ymciio B auama3one oT 1 mo 100 m mpenmnaraeT moJib30BaTEN0 BBECTH YHCIIO.
CpaBHUBaET CBOE YHCIIO U YHUCIIO, BBEACHHOE MOJIb30BaTeneM. Boigaer utor cpaBHeHHsI — 00JIbIIIE, MEHbIIIE,
yrajaHo, MOJCUMUTHIBAECT YHCIIO XOJ0B. Maest mporpaMMbl COCTOUT B MIPOBEPKE MOIB30BATEINS UCIIOIB30BATh
MeTOJ1 OMHAPHOTO IOUCKA.

KoHTpoabHbIEe BONPOCHI

1. Pacckazath cyTh MeTOZa TUHEIHOTO TTOKCKA. 2.

Paccka3zaTh cyTh MeTOZ]a OMHAPHOTO TIOMCKA.
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