HokymenT ST T EP TR HAVEI A BBICIIErO OBPA3OBAHHS POCCUIICKOI ®EIEPAIH
WNHbopmaLus o BnazensLe:

OUO: LLieB3yxosa Tawmﬂﬁ%&@%&éﬁge rocyJaapcTBeHHOe aBTOHOMHOE QOpa3oBaTe/IbHOE YUpeKIeHue
JlomxHocTs: IupeTop Maturopckoro uHcTuTyTa (dunman) Ces®BICIEEEXK@OPA30BAHUS
thenepanshoro yiusepcurera «CEBEPO-KABKA3CKHM ®EJEPAJIBHBI YHUBEPCUTET»

[Jlata ﬂOﬂﬂMfaHMﬂi 27.05.2925 16:25:59 IsrTuropekuii uueTHTYT (ujnan) CKOY
YHUKa/bHbIV NPOTPaMMHBbIN KITou:

d74ce93cd40e39275¢3ba2 58486412 K@gpe IisiTuropekoro nueTutyTa (Puinan) CKOY

IIM.0S ITPOEKTUPOBAHUE U PASBPABOTKA HH®OPMAIIMOHHBIX CUCTEM
IIM.05.02 PABPABOTKA KOJJA UTH®OPMAIIMOHHBIX CUCTEM

METOANYECKUE YKA3ZAHUA JJIs1 JABOPATOPHBIX PABOT

CnenuansHoctu CITO

09.02.07 apopMaimoHHbIE CUCTEMBI U TPOrPAMMUPOBAHHE

[Tsturopck 2025



Meroandeckue ykazanusi 1j1s JabopaTopHbIX padot o aucuumumae [IM.05.02 PazpaboTtka kona
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JUIsL  CTYyZIEeHTOB, oOydarmmmxcs 1o cneruaibHoctH 09.02.07 HMubopmarmoHHbIE CHUCTEMBI |

[IPOrpaMMHUPOBAHUE.



INOACHUTEJIbHAS 3AIINCKA

[Tporpamma aucuuiuivHel Pa3paboTka koxa MH(MOPMAIMOHHBIX CHCTEM MPEAyCMAaTPUBAET U3ydEHHE
AITOPUTMU3ALMK KaK 0a30BOM COCTABIAIOIIENH TEXHOJOTMYECKOro MpoLEecca CO3AaHusl IPOrpaMMHOIO
MPOAYKTA, a TaK K€ M3y4YeHHE SI3bIKa POTPaMMHUPOBaHUS U (OPMHUPOBaHUE HABBIKOB pazpaborku MC,
00BEKTHO-OPUEHTHPOBAHHOTO MPOTPAMMHUPOBAHUS Yy CTYIEHTOB. [IpM M3ydeHUM mpenMmera cleayeT
co0JIr0JaTh €IMHCTBO TEPMUHOJIOTUM U 0003HAUEHHsI B COOTBETCTBUHU C JICHCTBYIOIIMMHU CTaHAAapTaMH,
MexnaynapoaHoi cuctemHon eqununbl (CH).
B pesynbrare u3ydeHus AUCHUIUINHBI CTYACHTBI O0IMHCHYL:
3HATh:
- OCHOBHBIE BUJIBI U POLIEAYPHI 00pab0TKK HH(POPMAITIH, MOJETH U METOIbI PEIICHUS
3a1a4 00paboTKu MHGOPMALIIH;
- OCHOBHBIE IIaT(OPMBI AJIs CO3AAHUS, UCIIOJHEHUS U yIIpaBJIeHUs HH(OPMALlMOHHON
CHCTEMOM;
- OCHOBHBIE IPOLIECCHI YIPABICHUS TPOSKTOM pa3paboTKu;
- OCHOBHBIC MOJIEIM MOCTPOCHHMsST HMH(OPMAIMOHHBIX CHCTEM, WX CTPYKTYpY,
0c00EHHOCTH U 00JIaCTH IPUMEHEHUS,
- METOABl W  CPEACTBA  MPOEKTUPOBAHMSA, pa3pabOTKM M TECTUPOBAHHS
MH(POPMALIMOHHBIX CUCTEM;
- CHUCTEMYy CTaHIapTH3alMM, CepTU(UKAIUM U CUCTEMY OOECledYeHUs KauecTBa
TPOTYKITHH.
yMeThb:
- OCYIIECTBIISITh IOCTAHOBKY 3a/1a4 0 00paboTke HHPOpMaIuy;
- IPOBOJUTH aHAJIU3 PEAMETHON 001acTH;
- OCYIIECTBIISITH BEIOOP MOJIENT U CPE/ICTBA IMOCTPOSHUS WH(POPMAIIMOHHON CUCTEMBI
Y TIPOTPAMMHBIX CPEJICTB;
- UCIIOJIb30BaTh aJITOPUTMBI 00paObOTKH MH(DOPMAIMH [T PA3TUYHBIX PUIIOKEHHI;
- peliath NPUKJIaJHbIE BONPOCHl MPOTPAMMHUPOBAHUS M S3bIKA CILEHAPHEB IS
CO3JIaHMsI IPOTPaMM;
- pa3pabarbIBaTh rpaguuecKuii HHTEpQEiic MPUI0KEHHUS;
- CO3/1aBaTh U YIPABIAThH MPOEKTOM IO pa3padOTKe MPUIIOKEHHUS;
- NPOCKTHPOBATh W pa3padaTblBaTh CHUCTEMY MO 3aJaHHBIM TPeOOBaHUSIM U
cienu(UKausIM. HMeTh MPAKTHYEeCKHIi ONBIT B!
- yIpaBIEHUH  MPOLECCOM  Pa3pabOTKM  MPHIOKEHHH C  HCHOJIb30BAHUEM
MHCTPYMEHTAJIbHBIX CPEJICTB;
- obOecnieueHnr cOopa JaHHBIX JJIS aHAIM3a MCIONb30BaHUS M (QYHKIHUOHUPOBAHUS
MH(OPMALIMOHHON CUCTEMBI;
- IPOTrPaMMUPOBAHUH B COOTBETCTBUU C TPEOOBAHUSIMH TEXHUYECKOTO 33/1aHUS;
- UCTIOJIb30BaHUHU KPUTEPUEB  OLICHKHU KayecTBa U
HAJIKHOCTH (PYHKIIMOHUPOBAHHS HHPOPMAIIMOHHON CUCTEMB,
- NPUMEHEHUU METOJMKH TECTUPOBAHMS pa3padaTbIBaeMbIX MPUIIOKECHUH;
-OIpeeNIeHNH cocTaBa 00OpYIOBAaHUS M MPOTPAMMHBIX CPEJICTB pa3pabOTKU MH(POPMAIMOHHON
CHCTEMBI;
- pa3paboTKe TOKYMEHTALUU 10 KCIUTyaTallud HMHPOPMALIMOHHOM CUCTEMBI,
- MPOBE/ICHUH OLIEHKU KauecTBa U 5KOHOMUYECKOH 3()(heKTUBHOCTH MHPOPMALIMOHHOM
CHCTEMBI B paMKax CBOCH KOMIIETEHIIHH;

- MOAU(HUKAIINA OTACITHHBIX MOAYJICH HHPOPMAIIMOHHOW CHCTEMEI.



B pe3ynbrate ocBoeHUs yueOHOM NUCHUIUIMHBI CTYACHT JOKEH OBJIAEBaTh!

Obwumu KomnemeHyusmMu.:

OK 01. Bri6upats crioco0bl perieHus 3agad npopecCUOHATbHON AeITEeIbHOCTH, TPUMEHHUTEIBHO K
Pa3IMYHbIM KOHTEKCTaM.

OK 02. Mcnonb3oBaTh COBpEMEHHBIE CPEJICTBA MTOMCKA, aHAJIM3a U UHTEepIpeTanuu nHhopMaluu u
MH(pOPMAIMOHHbBIE TEXHOJIOTHH [T BBIIIOJIHEHUS 3a/1a4 TPO(PECCUOHATBHON AEATEIbHOCTH.

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

OK 04. 3ddexTrBHO B3aUMOACHCTBOBATH U pabOTATh B KOJIJICKTUBE M KOMAHJIE.

OK 05. OcymecTBiATh YCTHYIO M MHUCbMEHHYIO KOMMYHHMKAIIMIO Ha TOCYJApPCTBEHHOM SI3bIKE C
y4eTOM 0COOEHHOCTEH COLMAIBHOTO U KYJbTYPHOTO KOHTEKCTA.

OK 07. ConeiicTBOBaTh COXpPAaHEHUIO OKPYKAIOIICH CpPEIbl, PECypCOCOCPEIKECHUI0, MPUMEHSATH
3HaHUA 00 M3MEHEHHM KJIMMaTa, MIPUHLHUIIBI OepeKIMBOr0 MPOM3BOACTBA, 3((HEKTHUBHO NEHCTBOBATH B
Ype3BbIYAIHBIX CUTYAIIHSIX;

OK 09. ITonp3oBatecs mpoheCcCHOHATTFHON TOKYMEHTAlMEeH Ha rOCyJapCTBEHHOM M MHOCTPAaHHOM

SI3bIKaX.

Ipogheccuonanvrvimu KomMnemeHyuaMu:

I[IK 5.1. CoOupare WuCXOgHBIC JaHHBIE JUIS pPa3pabOTKM TPOEKTHOW JOKYMEHTAIlMH Ha
MH(POPMAIIMOHHYIO CUCTEMY.

[1K 5.2. PazpabaTbIBaTh MPOEKTHYIO TOKYMEHTAIMIO Ha pa3paboTKy HHPOPMAIIMOHHOW CHCTEMBI B
COOTBETCTBHUH C TPeOOBAaHUSMU 3aKa34HKa.

1K 5.3. PazpabaTsiBaTh MOACHCTEMBI 0€30ITACHOCTH MH(POPMALIMOHHOW CUCTEMBI B COOTBETCTBUH C
TEXHUUYECKUM 3aJIlaHUEM.

[IK 5.4. IlpousBoauTh pa3pabOTKy Moayled HH(POPMAIMOHHOW CHCTEMBI B COOTBETCTBUHM C
TEXHUYECKHUM 3aJIlaHUEM.

OBIIME METOANYECKHUE YKA3ZAHUSA K
BBINIOJTHEHUIO JIABOPATOPHBIX PABOT

[To mucuuruinHe Pa3paboTka kojga MH(MOPMAIMOHHBIX CHCTEM JIabOpaTOpHbIE pabOThl COAEpIKaT
3aJlauM ¥ TeOpeTHYECKHE BONPOCHl. BapuaHThl 115 Kaka0ro o0y4daronerocs - MHAUBUAYaJbHBIE.

33)13‘-11/1 M OTBCTHI Ha BOIIPOCHI, BBIMTOJIHCHHBIC HE 11O CBOEMY BAPHUAHTY, HC 3aCYUTHIBAIOTCA.

JlaboparopHas paOoTa BBIIOJHSAETCS B OTAEIBHOM TeTpaau. YciaoBUs 3a1auu U (GOPMYIHPOBKU
BOIIPOCOB MEPENUCHIBAIOTCS MOJIHOCTHIO. POPMYJIBI, pacueThl, OTBETHl HAa BOIPOCHI MUILIYTCS PYUKOH, a
YEepPTEKU, CXEMbl U PUCYHKH BBINOJHAIOTCS KapaHIalloM, Ha TpaduKax M JuarpamMMax yKas3bIBaeTcs
MmacmTa0. BHauane 3ajaua pemraeTcst B 00LIeM BHUJE, 3aTE€M JIENAIOTCA PACUEThI 10 YCIOBHIO 3a/1aHUS.
Pemenue 3anau o6s13aTenbHO BeAeTcs B MexnyHapoaHoi cucreme eaunui (CH).

[Tpu BbIMOTHEHUH Ja00PaTOPHOI PabOTHl HEOOXOAMUMO CIIEJOBATh METOMYECKUM YKA3aHUSIM:
MOBTOPUTH KPAaTKOE CO/IepIKaHNe TEOPUH, 3aIOMHUTH OCHOBHBIE (POPMYJIBI M 3aKOHBI, TPOAHATTU3UPOBAThH
IIPUMEP BBINOJIHEHNS aHAJIOTMYHOTO 33aHHUsI, 3aT€M IPECTYNUTh HEMOCPEACTBEHHO K PELLIEHUIO 3aauu.
K 3adery momyckaroTcsi CTYIEHTHI, MOJYYHMBILIUE IOJIOKUTEIbHBIE OIEHKH MO BCeM JabOopaTOPHBIM
paboTtam.

IIpaBuniia BbINOJIHEHUS J1a00PATOPHOI padoThI.

l. CTyneHT AOJDKEH NMPHHTH Ha J1a0opaTopHy0 padoTy MOATOTOBJICHHBIM K BBITIOJIHEHUIO
nabopaTopHON pabOTHI.

2. Kaxxnprit cTyaeHT mocie mpoBeAeHHsT padOThl IOJDKEH MPEICTaBUTh OTYET O TMPOACIIaHHON
paboTe ¢ aHaIKU30M MOIYYEHHBIX PE3yIbTaTOB U BBIBOAOM I10 padoTe.



3. TaOnuIsl 1 PUCYHKU CIIEAYET BBIMOIHATH C IOMOIIBIO YEPTEKHBIX HHCTPYMEHTOB (JIMHEHUKH,
UPKYIIS, U.T.J.) Kapa#aamom ¢ coomoaeanem ECKJI.

4. Pacyer cienyeT mpoBOIUTE C TOYHOCTHIO J0 ABYX 3HAYAIUX IUDP.

3. WcnpaBienuss npoBoAuTh Ha 0OOpaTHOM cTopoHe isncra. [lpm Menkux ucHpaBiIeHUSIX
HEenpaBWIbHOE cJ0BO (OyKBa, YMCIO M T.I.) aKKypaTHO 3a4epKHUBACTCS U HAJ HUM MHIIYT MPaBUIbHOE
MIPOMYIIEHHOE CJIOBO (OYKBY, YMCIIO U T.I1.).

6. BcromoraTenbHble  pacdeThl MOXKHO —BBINIOJIHATH Ha OTAEIBHBIX JIHCTaX, a MpH
HEe0OXOIMMOCTH Ha JIMCTaX OTYETA.

7. Ecnu cTyneHT He BBINOIHUT JIa0OpaTOPHYIO pabOTy WK 4acThb pabOThL, TO OH BHITIOJHUT €€
BO BHEYPOUHOE BpEMS, COTJIACOBAaHHOE C MPEIo/1aBaTesieM.

8. Onenky 1o J1abopaTopHO paboTe CTYACHT MOJy4aeT C YIETOM CPOKa BHITIOJTHEHUS pa0bOTHI,
eciy;

- pacyeTbl BBIIIOJIHEHBI IPAaBUIIBHO U B IIOJTHOM 00BEME;

- ClIeNaH aHaIW3 MPOoJCIaHHONW PabOThI U BBIBOJI 11O pe3yiibTaTaM paboThI;

- CTYJACHT MOXET MOSICHUTh BHITIOJTHEHHE JIIO0O0T0 dTamna padoThl;

- OTYET BBHINOJHEH B COOTBETCTBHUHU C TPEOOBAHHSIMH K BBIIIOJHEHUIO PAOOTHI.



Jlaboparopnasi padora Nel. BBoa Tekcra
nporpammbl. CoxpaHeHHue MPOrpaMMbl

Hes: [Tonydenne 6a30BBIX HABBIKOB UCTIOIb30BAHUS CUCTEMBI IIPOTPAMMHUPOBAHHS, HEOOX OAMMBIX
JUTS TATBHEUIIIETO BBIMOJIHEHUS ITUKJIIA TA00OPaTOPHBIX padoT.

OcHoBHble noHsATHA: VHTErpupOBaHHas cpefa, KoMInuisanus, ornaaduk. Teopernyeckas

4acTh.

1. 3anyck cucmemwvi npocpammuposanus

Cucrema mporpammupoBanuss MS Visual studio cocrout u3 Gomnbmioro yrcna (haiaoB, XpaHeHHE
KOTOPBIX CTPYKTYPUPOBAHO 10 KaTaJoram.

JUist 3amycKa CHCTEMBI IPOTPAaMMHUPOBAHMSI JOCTATOYHO MICIKHYTh Ha SIPJIBIKE Ha paboyeM CToJe.

2. Ilonv306anue noockasxoli 6 cpede

Cucrema nporpammuposanuss MS Visual studio umeer MOILIHYIO CUCTEMY OHJIAHHOBOMN MOJCKa3KH,
KOTOpast OueHb M10JI€3HA, OCOOCHHO JUIsl HAUMHAIOIIEr0 IPOrpaMMHUCTA.

[Tonckaska sSBISETCS TUNEPTEKCTOBOH, TO €CTh, BHIOPaB OJHO W3 BBIICICHHBIX CJIOB, MOXHO
MIOJIYYUTh MOJICKA3KY, CBSI3aHHYIO C 3THUM CJIOBOM.

[TepBass BO3MOXHOCTh OOpalieHust K mojickaske - yepe3 I'1aBHoe Menio -> Help. B Tom meHto
CaMbIMHM I0JIE3HBIMU SBIIAIOTCS MyHKTHI Contents u Index.

[TynxT Contents BBIBOAUT Ha 3KpaH TEMAaTUUYECKHM CIIMCOK pa3esIoB, 10 KOTOPHIM MOKHO IOJIYYUTh
nozckasky. [Iynkt Index BBIBOOUT Ha 3KpaH an(aBUTHBINA CIIMCOK BCEX KIHOYEBBIX CJIOB U UMEH (QYyHKIUI
A3bIKa M CUCTEMBbI TporpammupoBanus MS Visual studio. Beibupast myHKT 3TOro cucka, MOXHO MOJIyYUTh
MOJIPOOHYIO MOICKA3KY IO HEMY.

pyras BO3MOXXHOCTb oOpallleHusi K Iojcka3zke - yepe3 kiaBuimd F1 u KoMOMHaLMIO KJIaBUII
Ctrl+F1. Ora nojackaska - KOHTEKCTHO-3aBUCUMasi, TO €CTh, MOJACKa3Ka, KOTOpasl MOSABIISIETCS HA dKpaHe,
OTHOCHUTCSI HUMEHHO K TOMY COCTOSIHAIO CHUCTEMBI TPOIrPaMMHUPOBAHHUSI, B KOTOPOM OHA Ccelyac HaXOIUTCS.

ITo xmaBume F1 momywyaere nmoacka3Ky MO aKTHBHOMY Ha JAHHBII MOMEHT MEHIO WM OKHY.
Kom6unanueii Ctrl+F1 M0HO MOJb30BaThCS TOJIBKO B aKTHUBHOM OKHE penakropa. Eciu mpu Haxkatuum
3TOW KOMOWHAIMU Kypcop HaXOAMTCA HAa KAaKOM-TO KJIIOUEBOM CJIOBE WJIM Ha (YHKIMHM, TO Ha SKpaH
BBIBOJMTCS IOJPOOHAs MOACKa3Ka 110 3TOMY KJIIOUEBOMY CJIOBY MM (DYHKITUH.

3. Coz0anue, pedaxmuposanue u COXparenue npocpammol

Bri6epute I''mtaBnoe Menio -> File -> New. ¥V Bac Ha skpaHe OTKpOETCS TyCTOE OKHO PeaKkTopa C
3aroioBkoM NONAME.CPP. B 3ToMm okHe HabepuTe TEKCT NpOrpamMMmBbl.

Texct, koTopblit Bbl HaOMpaeTe HY>)KHO COXPAaHHUTh TEKCT B (hailine Ha BHemHel namsatu. s 3Toro
BeinosHuTe: I'itapHoe Menio -> File -> Save as... . [Ipu aTom y Bac Ha skpane nossnsercs okHo Save File
As. B BepxHeM 1osie 3TOoro okHa HaGepuTe UMsl, Mo KOTOPhIM BbI X0THTE COXpaHUThH TEKCT MPOrPaMMBI
6e3 pacmmpenus. CucreMa aBTOMAaTUYHO N00aBUT K uMMeHHM Bameil mporpammsl pacmmpenue CPP -
CTaHJIapTHOE PaCUIMPEHUE IJIs IPOrpaMM, HalUCAHHBIX Ha s3bIke CH++.

Janee nocne Kaxa0ro 700aBIeHUS HECKOIBKUX CTPOK HJIM MPU BHECEHUH HEKOTOPOT'O KOJIMYECTBA
M3MEHEHUH B TEKCT COXpaHAWTe MporpamMmy IOJ Te€M K€ MMEHEM. J[Js 3TOro JOoCTaTOYHO BBIMOIHHUTH:
I'naBnoe Menro -> File -> Save wnu Haxxats kinapuiry F2.

BrniocnenctBum, ecnmu Bam HyxHO OyzeT CHOBa 3arpy3uTh B PEIAKTOP TEKCT TOH k€ MpPOTrpaMMBI,
BeimonHuTe: I'naBHoe Menio -> File -> Open (nu Haxkmure knasuiny F3). Ber monyunte okHo Open a
File, B xoTopoMm Has10 BEIOpaTh HYXHbIN (aiin. Daiin, koTopslit Bbl BBIOpamn, OTKPOETCS B OKHE PEIaKTOpa.

4. Komnunayus u 6binoiHerue npopammol

3akOHUYMB HAa0Op TEKCTa M COXpaHMUB (a1 MpOrpaMMbl HAa JUCKE, BBITOJHUTE KOMITWIISLIUIO
nporpammsl. {7 storo Beimonuute: I'naBHoe Menio -> Compile -> Compile nin HaxxMuTe KOMOUHAIHIO
kiapui Alt+F9. Ha sxpane nossisiercst okao Compiling, B KoTopoM oToOpakaeTcs Xo1 komnuisiuu. [Ipu
HOpPMaJIbHOM 3aBEPIICHUH KOMIUJISLIMY B HUJKHEH CTPOKE 3TOr0 OKHA JJOJKHO OBITh BBIBECHO:

Success: Press any key



Ecnu TaM BeIBOIUTCA:

Errors: Press any keywim: Warnings:

Press any key

- BaIa mporpamma Tpedyer KOppeKIInu.

[Tocne Toro, kak Bel oTkoMnunupoBasu nporpammy 6e3 ook, 3ayCcTUTE €€ Ha BBITIOJHEHHE.
Jlist aToro BeinosauTe: I'1aBHoe MeHio -> Run -> Run win Haxxmute komOuHaruio kiapui Ctrl+F9.
Ha skpane mosBnsercss okHo Linking, B KOTOpoM oToOpakaeTcsi XoJ KOMIOHOBKH. [Ipu HOpMaibHOM
3aBepUICHUH KOMIIOHOBKH 3TO OKHO MPOMaJaeT caMo coO0i U BBINOIHsETCA MporpaMMa. Eciu ke B aTomMy
OKHE BBIBOJUTCS:

Errors: Press any key- Bamia nmporpamma TpedyeT KOPpEeKIUH.

5. Omnaoka npoecpammoi

B cucreme mporpaMMupoBaHUs €CTh OTJIAAYUK, KOTOPBI paboTaeT Ha ypOBHE TEKCTOBOIO KOAA.
Ucnons3yst ero, Bel MoOxkeTe BBINONHATH MPOrpaMMy B TOILIATOBOM PEXHME, YCTaHABIMBATh TOYKH
OCTAHOBA BBINOJIHEHUS U CJICIUTD 32 TEKYIIIMMH 3HAYECHUSIMU ITIEPEMEHHBIX MPOTPaMMBI.

Bremonnute: I'maBnoe Menio -> Debug -> Watches -> Add watch (wim Haxxmute KoMOMHAIUIO
knaBum Ctrl+F7). B okue Add Watch, kotopoe nosiButcs Ha skpane, BBeauTe B noje Watch Expression
MMeHAa MepEeMEHHBIX, TEKYIIHe 3HAUCHUSI KOTOPBIX HAJI0 OTCIICKUBATh.

Kiapumenr F8 3amycture mporpaMMmy B nomaroBom pexuMme. Kaxnoe cienyromiee HaxkaTtue
knaBumy F8 Oyner mpoaBUraTh BBIOJIHEHUE MPOTpaMMBbl Ha ONEpaTop BIEpel ¢ U3MEHEHUEM 3HAYeHUS
MEePEMEHHBIX.

3ananue

W3yunth ocHOBHBIE pueMbl paboThl B cpene MS Visual studio.

Ocy1ecTBUTh OCHOBHBIE ATAIbI pa3pabOTKH MIPOTPaMM.

Ha oyenxy «Yoosenemsopumenvro»

Pa3zpaboraTe mporpaMmy-KanbKYJISTOp IS BBIMOJHEHHSI YETBIPEX OCHOBHBIX apHU(pMETHUYECKHX
NecTBUS (CIOXKEHHE, BbIUMTAHUE, YMHOXEHHE, JelieHWEe) HaJ JByMS BBOJUMBIX C KJIaBHATYpPbI
BEJTMYMHAMM.

Ha oyenky «Xopowoy

Pa3paboraTts mporpamMmmy, KOTopas 1Mo BBOAMMOMY C KJIaBUATYPhl PAANYCY BBIYUCIISET OKPYKHOCTh
U TUIONIA]Ib TIOJTyyaemMoro Kpyra. Ha oyenxky « Omauynoy

Pa3zpaboraTe mporpamMmy, KOTOpasi 10 BBOAMUMBIM C KJIABHATYPhI PaJNyCy OCHOBAHHS W BBICOTHI
WJIMH]IPA BBIYUCIISET €r0 00bEM.

KoHTpoJbHbIE BONpOCHI

1. [lepeuncnure >Tambl pa3pabOTKH 3a1a4H.

2. Kak MOXHO MOJTyYUTh CIIPaBKY MO HY>KHON KOMaH/IE si3bIKa?

3. Yto Takoe KOMITHIISIIINSA?

4. [IpuBeaute mpuMepsl omubOok kommuisuu. 5. [lepedncnute, kakue Qaiinel odpaszyercs mocie

Ka)KJIOTO ATana BbINOJHEHUS POTPaMMBbI.

JlabopaTopnasi paGora Ne2. IIporpamma MaTeMaTH4YeCKHX pac4eToB

Hean: IlonydeHue HaBBIKOB B paboTe ¢ apu(METUYECKMMH BBIPAKEHHUSIMH M CTaHIAPTHBIMU
MareMaTudeckumMu GyHKuusmu C++.

TeMbl U1 IpeABaAPpUTEILHON popadoTku CTaHgapTHBIE

byaknun C++.

OObsBIICHNE Y HHUIIAATH3AIUS TICPEMEHHBIX.

OYHKIMU CTAaHJAPTHOTO BBOJIA U BBIBOJIA.



CrpykTypa nporpammsl Ha si3bike C/C++. OCHOBHBIC
ATanbl pa3pabOTKH MIPOTPamMM.
TeopeTnyeckuii MaTepuaJl

B C++ onpenernen mupokuii HAOOp BCTPOSHHBIX ONEPATOPOB, KOTOPHIE JAIOT B PYKU MPOTPAMMHUCTY
MOIIIHBIC PhIYary yMPaBJICHUS MMPU CO3IaHUU M BBHIYUCICHUH Pa3HOOOpa3HEWIINX BhIpakeHUH. Omeparop
(operator) — 9TO CHMBOJI, KOTOpPBIH YKa3bIBa€T KOMIIMJISATOPY Ha BBHINIOJHEHUE KOHKPETHBIX
MaTEeMaTHYeCKUX ACUCTBUN WM JoTMYeckux MaHunyiasiuui. B C++ umeercs derbipe oOmmx Kiacca
orepaTopoB: apupMeTHUeCKHUe, Mopa3psAHble, JOTHYECKHEe W orepaTopbl oTHomeHud. [lomumo Hux
oIpesieNieHbl JPyTHe ONepaTophl CIEUAIBHOIO HA3HAYCHHUS.

1. Apugpmemuueckue onepamopwi

B Tabnune 1 nepeunciensl apudmMeTndeckue OnepaTopsl, paspeuieHHbe s npuMeHeHus B C++.
JleiicTBHe orniepaTtopoB +, -, * 1/ coBmaaeT ¢ JeHCTBUEM aHAJIIOTUYHBIX OIIEPATOPOB B JIFOOOM IPYTOM SI3bIKE
nporpaMMupoBanus. X MOXKHO IPUMEHAThH K JaHHBIM JIF0OOr0 BCTPOEHHOT'O YHCIIOBOTO THUIIA.
[Tocne mpuMeHeHus oriepaTopa JeneHus (/) K [eIOMy YHCITy OCTaTOK OyJIeT OTOPOIIICH.

Tabnuna 1. Apudmernyeckue oneparopbl

Omneparop HeiicTBue

+ CroxeHue

- BBI‘II/ITaHI/Ie, a TaKiKC YHapHBIﬁ MHUHYC

* YMHOXkEHUE

/ Henenune

% [enenune no Moayto
-- JlexpeMeHT

++ WNuKpemeHT

OcTarok OT JIeIeHUs] MOXKHO TOJIyYUTh € TIOMOILIbIO onepaTopa AeiaeHus no moayiwo (%). B C++
orneparop "%'" Henb3s IPUMEHATH K TUIIaM ¢ utaBatouiei Toukoi (float umu double.

YHapHbII MUHYC NIPEACTaBIsAET COOON YMHOXKEHHE 3HAUEHHSI CBOETO €IMHCTBEHHOTO ONepaHa Ha -
1. Onepauus ++ yBeauuuBaeT €AMHCTBEHHBIN onepaH]l Ha 1, a — Ha00OpOT yMeHbIaeT Ha 1.

2. Mamemamuueckue @yHxyuu (3a2010804Hbll Gatin math. h)

B Ttabmnuue 2. cobpaHbl OCHOBHBIE MaTeMaTHueckne (QyHKIMH. Bce OHUM UMEIOT BelleCTBEHHbIE
apryMEHTHI M BO3BpANIaeMbIii pe3yibTar.

Tabnuua 2. Matematudeckue GyHKIUN

OopameHn POyHKIHA

ue
acos (x ) ApPKKOCUHYC (paJraHbl)
asin (x) apKCUHYC (paJraHbl)
atan (x) apKTaHreHC (paJiuaHbl)
cos (x) KOCHHYC (X B paJiaHax)
exp (x) e* — DKCIOHEHTa OT X




fabs (x) a0COJIIOTHOE 3HAYECHHE BEIIECTBEHHOTO X
log (x) norapudm HaTypanbHbId — Ln X
log10 (x) Jorapudm necsaTuuHbii — Lg X
pow (X,y) X B CTeNeHu y — x”
sin (X) CHUHYC (X B pajiiaHax)
sinh (x) runepOoTMYeCKUil CHHYC
sqrt (x) KOpPEHb KBaAPATHBIH (ITOJI0KUTEILHOE 3HAYCHUE)
tan (x) TaHTeHC (X B pa/inaHax)
3ananue

CocTaBuTh IIporpamMmal, BbIYUCIIAOIIUC Ha

b++b* +4ac

—@e+b?
2a

CosX
-2
oyenky « YooenemeopumenvHoy

+16X - Cos(XY) -2

2.

Ha oyenky «Xopowoy

BbruncnauTs nepuMeTp M IUIOHIAAb IMPSIMOYTOJIBHOTO TPEYTOJIbHHMKA MO 3aJaHHBIM JUIMHAM IBYX
KaTeToB a U b.

Ha oyenxy «Omauunoy

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

KonTpoJsbHbIe BOpOCHI

1. Kakyro Heo6X0auMo MOAKIIOUUTE OMOIMOTEKY JUIsl UCIOJIb30BaHUS B IPOTrPaMMe

CTaHJAPTHBIX MAaTEMATHICCKUX (YHKIIHIA?

2. Uem oTiMyaercs pe3ysbTaT ONEpaluu JEIeHHE Ui LENbIX U BEUIECTBEHHBIX

yucen? 3. Yro siBisieTcs pe3yabTaToM onepanuu %? Ilpuseaure npumepsl.

JlabopaTopHas padora Ne3. [Iporpamma uccienoBanusi 0a30BbIX THIIOB.

Heas: MccnenoBaTh cUCTEMY CTaHAAPTHBIX TUIIOB s3bIKa porpaMMupoBanus C/C++.
Tembl 17151 IpeABapUTENbHOI NPOPA0OTKH

Apudmernueckue onepatopsl C++ CranmapTHbie

byakaun C++.

OOBsBICHNE M HHUIMATIM3ALNS IEPEMEHHBIX.

CrtpykTypa nporpammsl Ha sizbike C/C++.



bazosble Tumnsl s3p1xKa C/CH+.

Teopernyeckuit MmaTepuaJ

1. Cumema munos 6 azvike C/C++

B Cu++ umeercst uetbipe 0a30BBIX apr(METHUSCKUX (YUCIIOBBIX) THUIA JAaHHBIX. M3 HUX 1Ba
[[eTOYHNCIIEHHBIX — char, int — u aBa 1utaBarommx (BemiecTBeHHbIX) — float m double. Kpome Toro, B
porpaMMax MOYXHO HCIIOJB30BaTh HEKOTOPHIE MOIAM(UKAINN ITUX THUIIOB, OMUCHIBAEMBIX C TOMOIIBIO
CITy)eOHBIX c10B — Moaudukaropo. CyecTByOT 1Ba MoaudukaTopa pazmepa — short (KopoTkwmii) u
long (muHHBIM) — W aBa MoaudukaTopa 3HakKoB — signed (3HakoBbIi) M unsigned (0e33HAKOBBIN).
3HaKOBBIC MOIU(DUKATOPHI IPUMEHSIOTCS TOJIBKO K I[EIBIM THIIaM.

Kak W3BECTHO, THIT BEIMYMHBI CBsi3aH ¢ €€ (OpMON BHYTPEHHETO MPEACTABICHUSI, MHOXXECTBOM
MPUHUMAEMbIX 3HAYeHHH W MHOXECTBOM ONEpaluil, NMPUMEHUMBIX K J3TOW BenuuuHe. B Tabmune
Mepeyuciensl apudmMernyeckue TUMbl AaHHbIX Cut+, yka3aH o0beM 3aHMMaeMOW HaMsATH U Uana3oH
JOMYCTUMBIX 3HAUYEHUH.

Pasmep Tuma int u unsigned int 3aBHCHT OT pa3mepa CJIOBa ONEPALMOHHON CHCTEMBI, B KOTOPOU
pabotaer komnmiarop Cut++. B 16-pazpsansix OC (MS DOS) stum THmam cooTBeTCTBYIOT 2 OaiiTa, B
32paspsaaubix (Windows) — 4 Gaiira.

Tabnuua 3. Tunuaneie pa3Mepsl 3HAYCHUHN U TMaIla30HbI IPEACTABICHUS TUIIOB

Taomnumira 4.1

T Paszmep sz o s o DKBHUBAJICHTHBIC
OaHHBIX (GaiiT) AlnanasoH sHaueHu Ha3BaHMSI 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 AaHHbIE TaOIUIIBI, MOXKHO C/IENATh CIIEAYIOIINE BBIBOIBI:

€CJIM He YKa3aH MOAu(UKATOP 3HAKOB, TO IO YMOJITYAHHUIO TMOJIpazymeBaercs signed;

¢ 6a3oBbiM THIIOM float MonudukaTopsl He ynorpebistores; MoaudukaTop short

MIPUMEHUM TOJIBKO K 0a30BOMY THITY int.

Ocob6enHocth - Tun char npuuncien k apupmerndeckum tunam. B C/C++ BenuumHbl THna char
MOTYT pacCMaTPUBATHCS B IPOrpaMMe M KaK CUMBOJIBI, M KakK IieJible uncia. Bee 3aBUCHT OT KOHTEKCTa, T.€.
OT crioco0a MCIIOJIb30BaHMs 3TOW BETMYMHBL. B cilydae HHTEpIpeTaluy BEMMYUHBI TUTIA char Kak cHMBOJIa
ee yncnonoe 3HaueHue sBisiercss ASCII-konom. Creayronuii mpuMep WLTFOCTPUPYET CKa3aHHOE.

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

cuMBOJI A cout<<(int)a;

qucio 65

Eme onHol ocobeHHOCThI0O C++ sBISIETCS OTCYTCTBHE Cpeau 0a30BBIX THUIIOB JIOTHUYECKOTO THUIIA
naHHBIX. B kadecTBe ormdeckux BennuuH B C++ BBICTYMAOT Lieble yrciha. MIHTepnperanus ux 3HaueHUu i
B JIOTUYECKHE BEJIMYMHBI IPOUCXOAUT 110 MPABUILY: PAaBHO HYIIO — JIOXKb, HE PaBHO HYJIIO — HUCTHHA.

//Ha sxpaHe mOSIBUTCS
//Ha sxpaHe mosIBUTCS



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

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

MMsI_THIA CHOUCOK mNepeMeHHBIX; [Ipumepsi
ommcaHuii: char symbol, cc; unsigned char code;
int number,row; unsigned long long number;

float x,X,cc3; double

e,b4; long double

max_num;

OaHOBpEMEHHO C OMMCAHHEM MOJKHO 3a/1aTh HaualbHbIC 3HAUYEHUS MEPEMEHHBIX. Takoe JelHCcTBUe
Ha3bIBACTCSl MHULIMATU3ALMEHN epeMeHHbIX. ONucanue ¢ HUIMAIN3aluel MPOU3BOIUTCA MO CIEAYIOIIEH
CXeMe:

TUIN UMs_TEpEeMEHHON = HavalbHOe 3HadeHue Hampumep:

float pi=3.14159, c=1.23; unsigned

int year=2000;

4. Koncmanmul ¢ C/C++

3anuch 1enblx KoHCTaHT. Llenble necaTuyHble yncia, HaYMHAIoIIMecs He ¢ Hylis, HanpuMmep: 4, 356,
—128. Llenbie BocbMEpUYHbBIE YKCIIA, 3AMMCh KOTOPBIX HAYMHAETCA ¢ HyJs, Hanpumep: 016, 077. Llensie
HIECTHAAIIATEPUYHBIE YKCIIA, 3alUCh KOTOPHIX HauWHaeTcs ¢ cuMBoJioB 0x, Hampumep: 0x1A, 0x253,
OxFFFF.

Tun KOHCTaHTHI KOMIUJISITOP OMpEAeNseT MO CIASAYIOUIMM MpaBUiaM: €CIIM 3HaY€HUE KOHCTAHTHI
JEKUT B JMANa3oHe TUIA int, TO OHA MOJy4aeT THM int; B MPOTUBHOM Cilydae MPOBEPSETCS, JEKUT JIU
KOHCTaHTa B IMara3oHe Tuna unsigned int, B cirydae MOJOKHUTEIHHOTO OTBETA OHA NOJTYYaeT STOT THUII; €CIH
HE MOAXOAMT U OH, TO NpoOyercs Tun long u, HakoHen, unsigned long. Ecnu 3HaueHue yucna He
YKJIQJbIBACTCS B AUaNa3oH Tuma unsigned long, To BO3HUKAET OMMOKa KOMIUIISIUH.

3anuch BEIIECTBEHHBIX KOHCTAHT. EcM B 3anMCH 4MCIIOBOM KOHCTAHTHI IPUCYTCTBYET JECATUYHASA
Touka (2.5) wiu skcnoHeHuuanbHoe pacmupenue (1E-8), To koMmuiasTop paccMaTpuBaeT ee Kak
BEIIIECTBEHHOE YUCJIO U CTAaBUT el B cooTBeTcTBUE TUTI double. [IpuMeps! BelecTBEHHBIX KOHCTAHT: 44 .
3.14159 44E0 1.5E-4. Hcnonb3oBanue cyp¢pukco. IIporpaMMUCT MOXKET SIBHO 3aJaTh TUIT KOHCTAHTHI,
ucnone3ys Ans 3toro cydduxcel. CymectByroT Tpu Buna cyddukcos: F (f) -float; U(u) —unsigned; L(1) -
long (y1s 1enBIX M BEIIECTBEHHBIX KOHCTAHT). Kpome TOro, MOmMycKaeTcsi COBMECTHOE HCIOIb30BaHHE
cypdukcor U u L B BapuanTax ul wim LU.

[Ipumepsr:

3 .14159F — koucranTa tuna float, mox kotopyro Beiaensercs 4 6aiita namsarTu;

3.14L — xoncranTa tTuna long double, 3anumaet 10 6aiir;

50000U — koHcTtanTa TUma unsigned int, 3aHuMaeT 2 6aifTa mamsTH;

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

24242424UL — xoHcTaHTa Tuna unsigned long, 3anumaet 4 6Gaiira.

3anuch CUMBOJIBHBIX U CTPOKOBBIX KOHCTaHT. CHMBOJIbHBIE KOHCTAHTHI 3aKTIOUAIOTCSI B AITOCTPOQHI.
Hanpuwmep: 'A', 'a, 'S', ' + '. CTpokoBble KOHCTAaHTBI, MpPEJCTaBIAIOIINE CO00M CHMBOJIbHBIC
MOCNIE0BATEIHLHOCTH, 3aKJIIOYAlOTCS B JIBOMHBIC KaBbluku. Hampumep: "rezult", "BBeauTe HCXOAHBIE
NaHHbIE".

Oco0y10 pa3HOBHIHOCTh CUMBOJIBHBIX KOHCTAHT MPEACTABIISIOT TaK HA3bIBAEMbIE YIPABIISIONINE
cuMBOJIbl. VX Ha3HaueHHMe — YyIpaBJi€HHE BBIBOAOM Ha 3KpaH. Kak HW3BECTHO, Takue CHUMBOJIbI
pacmooKeHbl B Ha4anbHOU yacTu ko1oBoii Tadbmuiel ASCII (konst oT 0 10 31) 1 He UMEIOT rpadUIecKoro
npencrasienus. B nporpamme Ha Cu oHE M300pakatoTCst Mapoi CUMBOJIOB, MEPBbI U3 KOTOphIX '\'. Bot
HEKOTOpPBIE U3 YIPABJISIOUINX CHMBOJIOB:

"\n' — mepexo Ha HOBYIO CTPOKY;



\t' — ropusoHTagbHas TaOysAIMs; "\a'

— I0/1aya 3ByKOBOT'O CUTHAIA.

MMeHOBaHHbIE KOHCTaHTHI (KOHCTAaHTHBIE mepeMeHHble). B mporpamme Ha C/C++ Mmoryt
MCTOJIb30BATHCSI IMEHOBAHHBIE KOHCTAHTHI. YTIOTpeOIsieMoe ISl UX ONPEIEICHHUs CITy)KeOHOe CIIOBO const
MPUHATO Ha3bIBaTh KBaju(uKaTopoMm goctyna. KBamudukatop const ykasblBaeT Ha TO, YTO JaHHas
BEJIMYMHA HE MOXET M3MEHATHCA B TEUEHHE BCErO BpEeMEHH PaloThl MporpaMmMbl. B uacTtHocTH, OHa He
MOJKET pacrojaraTbCsi B JIEBOM 4YacTu omepaTopa mnpucBauBaHus. [IpuMepbl omucaHus KOHCTAHTHBIX
nepeMeHHbIX: const float pi=3.1415 9;

Omnpenenenre KOHCTAHT Ha CTaIMU MPENPOLIECCOPHOI 00paboTku nmporpamMmsl. Eie ogHoi
BO3MO>XHOCTBIO BBECTHU MMEHOBAHHYIO KOHCTaHTY  sIBJIsSIeTCA UCIIOJIb30BaHUE

npenporeccopHoi nupekTuBbl #define B cienytomem popmare:

#define <uMsi KOHCTaHTH> <3HaueHHE KOHCTaHTH> Hampumep:

#define IMAX 1000

Tum KOHCTAHT SIBHO HE yKa3bIBACTCS M Ompeaessiercs mo ¢opme 3amucu. B KoHIlE TUPEKTUBBI HE
CTaBUTCS TOYKA C 3aIATOM.

3.5. Onpedenenue pazmepa namsamu

sizeof - omepamus BbluMcneHUs pa3Mepa (B Oaiitax) st 0OBEKTa TOrO THIIA, KOTOPBIA HMMeEET
orepan. Paspemniens! 1Ba hpopmara oneparuu: sizeof 06 bekT u sizeof (Tum).

IIpumep nporpamMmbl AJsl UcCJIeOBAHUS THIIOB

Hcnonp30BaTh yHapHYIO onepanuio si3bika C++ sizeof, mo3BOJISIONIYIO OTPEACTUTD pa3Mep B 6aiTax
00JIaCTH MaMsITH, BBIJICJIEHHOW JIJIs CTOSIILIETO CcIIpaBa orepanaa. Onucars He0OX0IMMbIE TIEPEMEHHBIE.

main()

{ float

a=3.14159f; float

b, c,d,e;

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

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

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

cout<<"L”<<’dlina="<<sizeof(c)<<endl;

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

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

e=2.58935E+3;

cout<<"exp <<e<<dlina="<<sizeof(e)<<endl,

e=2.58935E-3;

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

2.58935E+3;

cout<<"exp <<e<< dlina="<<sizeof(e)<<endl,

d=24242424UL,;

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

d=1234567890UL,;

cout<<"1234567890”<<d<<”dlina="<<sizeof(d)<<end],

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

a=3.14L;

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

Pesynprar  pabGoter  f

3.141590  dlina=>4 1

50000.000000 dlina=>4 L

78945.000000 dlina=>4

LU 123.000000 dlina=>4

LU 123.00 dlina=>4 exp

2589.350098 dlina=>4 exp



0.002589 dlina=>4 exp -

2589.350098 dlina=>4

24242424 24242424.000000 dlina=>4

1234567890 1234567936.000000 dlina=>4

1234567890 1234567936 dlina=>4

3.14L 3.140000 dlina=>4 3apanue

Ha oyenky « Yooenemsopumenvro»

[TpoBectn wuccienoBanusi 0a30BbIX THUIOB si3bika C/CH++, OOBSIBISIS JaHHBIC PA3TUYHBIX THIIOB.
CMonenupoBaTbe CUTyallMd TEPENONHEHUs IS LENIbIX M IUIaBAIOIIUX TUIOB JaHHBIX. VCmoiap30BaTh
ornepanuio sizeof.

Ha oyenky «Xopowoy

[TocTouts Tabnuity Tunos. Mcrnonab30BaTh pa3inyHble TUITHI KOHCTAHT.

Ha oyenky « Omauuno»

N3yunts ocobenHoctu har. OcymiecTBUTh BHIBOJ HA 3KpaH cMMBOJIOB U ux 3HaueHne ASCII koza.

KonTposibHbie BoOmpocnr 1.

[lepeuncnure 6a30BbIe TUIIHI sI3bIKa TporpaMmupoBanus C/C++.

2. C kaKoil 11eNIbI0 YKa3bIBAIOT THUI BEJIMYUH B porpamMmmax? 3.

YKaxuTe, 4TO SABISETCS Pe3yIbTaTOM Ollepaiuu sizeof.

JlaGoparopHasi pabora Ne4. BBo - BbIBO/I JJaHHBIX.

Heab: [Tonyuenne HaBbIKOB (hOpMAaTUPOBAHUS JAHHBIX MPU BBOJIE M BBIBOJEC HA SKpaH CPeICTBAMU
si3pIka C++,

Tembl 1J1s1 npeaBapuTeabHOl npopadoTkn CTpykTypa

nporpaMmel Ha C++.

Tumsl JaHHBIX.

Teopernyecknit maTepuaJ

1. Ilomoxkoewiii 6600-661600 6 Cu++.

B C++ umerotcs cnenuduueckue CpeacTBa BBOIa-BbIBOIa. ITO OMOIMOTEKA KIIacCOB,
MOJIKJII0oUaeMasi K mporpamme ¢ nomoisko (aiina iostream.h. B atoit 6ubnroTeke omnpeaeneHsl B KauecTBe
00BEKTOB CTaHJAPTHBIE CUMBOJIbHBIE TIOTOKHU CO CIEIYIOIIUMUA UMEHAMMU:

cin — cTaHIapTHBIN MOTOK BBOJIA C KJIABHATYPHI; cout

— CTaHJIapTHBIN MOTOK BBHIBOJIA HA DKPaH.

BBon nmaHHBIX HHTEpPNPETUPYETCS KaK M3BICYCHUE W3 IMOTOKA Cin W TMPUCBAWBaHUE 3HAYECHUU
COOTBETCTBYIOIIMM IepeMeHHbIM. B C++ omnpeznenena onepaiusi U3BJICYEHUSI U3 CTAaHAAPTHOIO MOTOKa,
3HAK KOTOpo# >>. HampuMep, BBOJ] 3HAYCHHIA B IEPEMEHHYIO X PEAIU3yeTCs OIepaTOpOM: Cin>>X;

BbIBOST JaHHBIX HHTEPIPETUPYETCS KaK TOMEIICHHE B CTAHIAPTHBIA TOTOK COUt BBIBOJIUMBIX
3HaYeHU. BRIBOAUTHCS MOTYT TEKCTHhI, 3aKIIOUYCHHBIE B JBOMHBIC KaBBIYKH, U 3HAYCHHS BBIPAKEHUN. 3HAK
onepanny noMeuieHus B notok <<. [Ipumepsl HCHOIB30BaHUSI TOTOKOBOT'O BBIBOJIA!

cout<<a-+tb;

cout<<"\nPesympraT="<<Y;

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

B BBIXOJTHOM MOTOKE MOXHO MCIOJI30BaTh YIPABISIONUIME CUMBOJIbI, KaK U MPU HUCIOIb30BAHUU
¢dbyakuum printf (); mepea KaXkKpIM 2JIEMEHTOM BBIBOJIa HY)KHO CTABUTh 3HAK OTepanny <<. JJIEeMEHT BBIBOJA
endl sBIAETCS MaHMITYJIATOPOM, OIPEACISIONIAM TIEPEBOJI Kypcopa Ha HOBYIO CTPOKY (JecTByeT
AQHAJIOTUYHO YIPABJISIONIEMY CUMBOIY \n).



B mpouecce mOTOKOBOro BBOJA-BBIBOAA IMPOMCXOAUT MpeoOpa3oBaHHe W3 (OPMBI BHEIIHETO
CHUMBOJILHOTO MPEJCTABICHUS BO BHYTPEHHU (hopMaT 1 00patHO. DopMaT ONpenesitoTCsl aBTOMaTHYECKU

main()

{ float a, b,

CDp,S;

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

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

cout<<"\nc="; cin>>c; p=(a+b+c)/2;
s=sqrt(p*(p-a)*(p-b)*(p-¢) ) ;
cout<<"\nlLmomanap TpeyroipHuka="<<s;

}

2. Ucnonvzosanue MaHunyissmopos 6800a-6vl600a

MaHunynsaTopsl

[IO3BOJISIIOT ~ BCTPauBaTb  MHCTPYKLUU

BBOJIaBBIBOJIa. Hanbomee 9acTo MCroib3yeMble MaHUITYIIATOPHI OMUCAHBI B TaOIUIE 4.

Tabnuia 4. OCHOBHbIE MaHUITYISATOPHI BBIBOAA

dbopMaTupoBaHus

B BBIpaXCHUE

Maununyasrop Ha3znauenmue DOyHKUUA
endl BrIBOIUT CMBOJI HOBO# CTpOKH U "cOpackiBaeT" MOTOK, T.€. | BeiBOI
MIEPETHCHIBAET coJiepKuMoe Oydepa, CBI3aHHOTO C MTOTOKOM,
Ha COOTBETCTBYIOIEE YCTPOUCTBO
flush "CopacbiBaet" MOTOK BriBox
hex VYcranaBnuBaet ¢uiar hex BBox-BIBOS
oct YcranaBnuBaet aar oct BBoa-BeiBOJ
right YcranaBnusaer ¢uar right BriBon
scientific VYcranaBnuBaer ¢uiar scientific BeiBon
setbase (int base) YcTaHaBnuBaeT OCHOBaHUE CHCTEMbI CUMCIICHUS PaBHOM BriBoa
3Ha4YeHHUIO base
setfill(int ch) VYcraHaBnuBaeT CUMBOJI-3aMIOJIHATEh PABHBIM 3HAYCHHUIO BriBon
napametpa ch
setprecision (int p) YcranaBnuBaer KOJINYECTBO LU(P TOYHOCTHU BeiBon
(mocne AeCSITUIHON TOYKH )
setw (int w) YcTaHaBnuBaeT MUPUHY TOJISL paBHOM 3HAUYEHUIO TapameTpa w | BeiBo

[Tpu ucmonb30BaHUK MAaHUIYISITOPOB, KOTOPbIE MPUHUMAIOT ApIryMEHThI, HEOOXOMMO BKIIFOUUTH B
IIpOrpaMMy 3arojioBok <iomanip.h>.

MaHI/IHYJ'ISITOp HCTIOJIB3YCTCS KaK 4YaCThb BBIPAKCHHA BBOJA-BbIBOJA. Bor npumMep mporpamMmhbl, B

KOTOpOﬁ IIOKa3aHO, KaK C IMOMOIIbI0 MAHUITYJIATOPOB MOXKHO YIIPABJIATH (I)OpMaTI/IPOBaHI/ICM BBIBOAMMBIX

JTAHHBIX.

main() { cout << setprecision (2) <<
1000.243<<« endl; cout << setw(20) <<
"Bcewm npusert! "; }

Pe3ynbTathl BHITOIHEHUS ATONH TPOTPaMMBbl TAKOBBI.
1e+003 Bcem npuser!



3amanue

Ha oyenky « Yooseremsopumenvro»

Nnet k-5 cexynma cytok. Onpenenuth, cKoiabko 1enbix yacoB (H) u nensix munyt (M) mpomnuio ¢
Hauana cytok. Hanmpumep, eciiu k= 13257 =3 x 36000 + 40 x 60 + 57, To H = 3, M= 40. BbiBecTu Ha 3KkpaH
bpa3zy: «3T0...9aCcOB...MHHYT». BMeCTO MHOTOTOUYHMI TTOCTAaBUThH BHIUMCIICHHBIE 3HAaUeHUs H u M.

Ha oyenky «Xopowoy

CocTtaBuTh MporpaMmy peuieHUs OOpaTHOM 3aJaydl IO OTHOLICHUIO K MpPEIbIayliel: AaHo
KOJMYECTBO YacOB M MUHYT, NMPOIIEAIINX OT Havyaja cyTok. OnpenenuTb KOJIM4ecTBO CeKyHI. Ha oyenky
«Omauuno»

CocTaBuTh TpOrpaMMmy BBIYHCICHUS 00BEMa M IUIOIIAIU MOBEPXHOCTH KyDOa IO JaHHOU IJIMHE
pedpa.

KonTposbHbIe BONPOCHI

1. Kakas komanja B si3bike C++ OCyIIECTBIISET BBO/ C KJIIABUATYPhI?

2. Kakas xomanza B si3pike C++ OCyIIECTBIISIET BBIBOJI HA DKpaH?

3. [lepeunciure OCHOBHBIE MaHHUMYJISTOPHI BbBoAa. 4. Kakyro He0o00AMMO MOJKIIIOYUTH

OuOIMOTEKY 11 MAaHUITYJISITOPOB?

JlaGopaTopHasi padora NeS.
Peasmm3zauusi nporpaMm, mocTpPOeHHbIX HA 0a3e JUHEHHOr0 aJIropuT™Ma.

Heasn: Ilonydenue HaBHIKOB B paboTe C omepaTtopaMd BBOJa M BbIBOJA HH(pOpManuu, ¢
apupMeTHIecKUMH orneparopamu C++.

Tembl /151 IpeABapUTeIbHOI NPOPadOTKN ApudpmeTHueckne

onepaTtopsl C++.

Crangaptabie GyHkiuu C++.

OOBsBIEHNE U HHUIMATU3AIMS IEPEMEHHBIX.

@OYHKIMM CTaHAAPTHOTO BBOJA U BBIBOJIA.

Teopernyecknit maTepuaJ

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

B C++ umerotces cnenuduueckie cpecTBa BBOAa-BbIBOAA. ITO OMOIMOTEKA KIIACCOB,

HOJKJII0YaeMast K mporpamMme ¢ oMolbio ¢aiina iostream.h. B aToii 6ubnmnoTexe onpeaeeHs! B

Ka4yecTBe 00bEKTOB CTaHAAPTHBIE CUMBOJIbHBIE IIOTOKH CO CIEAYIOUIMMUA UMEHAMHU:

cin — cTaHIapTHBIN MOTOK BBOJIA C KJIIABUATYPHI; cout

— CTaHJAapTHBINA MMOTOK BHIBOJIA HA SKPaH.

BBoa MaHHBIX MHTEpPHpPETHPYETCS Kak HM3BJICYEHHE W3 TMOTOKAa cin M MpPHUCBAaUBaHHE 3HAYCHUH
COOTBETCTBYIOIIUM NepeMeHHbIM. B C++ ompeznenena onepanus W3BJIEYEHHS U3 CTAHIAPTHOIO IOTOKA,
3HaK KOTOpo# >>. Hanpumep, BBOJ] 3HAUEHUI B IEPEMEHHYIO X Peallu3yeTCs ONEepaTopoM: Cin>>Xx;

BbIBol JaHHBIX MHTEPIPETUPYETCS KaK IMOMENIEHHWE B CTaHAAPTHBIA MOTOK cout BBIBOJUMBIX
3HaueHUI. BBIBOAUTHCS MOTYT TEKCTBI, 3aKJIFOUEHHBIE B IBOMHBIC KaBBIUKH, U 3HAUEHUS BBIPAXKECHUN. 3HAK
olepaly NoMeIIeHNs B OTOK <<. [Ipumepbl Hcnonb30BaHUs IOTOKOBOI'O BBIBOJIA!

cout<<a-+tb;

cout<<"\nPezynprar="<<Y;

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

B BBIXOZHOM NOTOKE MOKHO MCIIOJIb30BaTh YNPABISIOIINE CUMBOJbI, KaK U IMPHU UCHOJIb30BAHUU
dbynakuum printf (); mepea KaXkIpIM 3JIEMEHTOM BBIBOJIa HYKHO CTaBUTh 3HAK Onepanuu <<. DJIEMEHT BbIBOIA
endl sBiIsieTCs MaHUMYJSATOPOM, OIPECNSIONIMM TIEpeBOJ Kypcopa Ha HOBYIO CTPOKY (JeWCTBYyeT
AHAJIOTHYHO YIIPABJISAIONIEMY CUMBOJIY \n).



B mporecce mMOTOKOBOro BBOZA-BBIBOJA IMPOMCXOAUT MpeoOpa3oBaHue U3 (OPMBI BHEIIHETO

CHUMBOJILHOTO MPEJCTABIEHUS BO BHYTPeHHU (hopMaT 1 00patHo. DopMaT onpeaesnsstoTcs aBTOMaTUYECKU
3ananue

Ha oyenky « Yooenemsopumenvro»

CocTaBuTh IpPOrpaMMy, BBIYHCISIONIYIO TUIOMIAlb OOKOBBIX TTOBEPXHOCTEH M 00BEM Kyba 1o ero
CTOpPOHE, BBOAUMOM MOJIb30BATEIIEM.

Ha oyenky «Xopowoy

CocraBUTh MPOrpaMMy, BEIYUCIISIONIYIO IUIONIA b KOJIbIIA 10 BBOJMMBIM C KJIABUATYPHI PAJNYCaM.

Ha oyenky « Omauuno»

CocraBUTh NIpOrpamMmy, BBIUHCISIONIIYIO IUIOMIA[b TPAlEeUMH IO BBOAUMBIM C KJIABHATYPHI
OCHOBaHMS U BBICOTE.

KonTposbHbIe BONPOCHI
1. [lepeuncnute mpaBuiia CHHTAKCHMCa KOMAH bl BBOJIA Cin.
2. Ilepeuncnute npaBuiia CHHTaAKCHMCAa KOMaH/ bl BBIBOIa cout. 3.
UTto Takoe ynpaBisiFOUIMNA CUMBOI?

JlaGopaTopHas padora Ne6.
MartemaTu4ecKue pacyeTsl 1l TPEYroJbHUKA.

Heanb: [lonydyeHne HaBBHIKOB BBIYHMCICHUS apH()PMETHYECKUX BBIPOKCHHH M MPUMEHEHHE UX K
pacdeTHbIM (hopMynaM JUIst TpeyronbHuKa. TeMbl 1015 IpeABapUTeIbHON MPOPadoTKn THUIbI TaHHBIX.

Omnepartopsl BBOJa — BBIBOJIA IAHHBIX.

CrpyxTypa nporpammsl Ha sizbike C/C++.

Teopernuyeckuii marepuaJ

1. Onepayuu u vipasicenus

Bo Bcex si3pIKax MporpaMMHUPOBAHUS TI0]] BBIPAKECHHEM TTOAPAa3yMEBAETCs KOHCTPYKIIHS,
COCTaBIICHHAsI U3 KOHCTAHT, TEPEMEHHBIX, 3HAKOB OTepaIuii, GyHKINH, CKOOOK. BripaskeHue onpenenser

MOPSIOK BBIYUCIIEHHSI HEKOTOPOTO 3HaYeHHS. ECIu 9TO 4nciI0BOE 3HAYCHUE, TO TAKOE BEIPAKEHUE
Ha3bIBAIOT apU()PMETHIECKUM.

Onumem Habop omepanuii, ucnoiab3yeMblx B C++, a Takke NpaBuia 3alUCH U BBIYUCICHUS
BbIpaxeHuil. HamomMHuM, yTO omepanus, NpuMeHseMass K OJHOMY OIepaH]y, Ha3bIBaeTCs YHApHOM, a
orepaus ¢ IByMs ollepaHIaMu — OMHAPHOIA.

2. Apugpmemuueckue onepayuu

K apudmernueckum onepanusiM OTHOCSITCS:

- BBIYMTAHHUE WIM YHAPHBIA MUHYC;

+ CJI0’KE€HHE WU YHAPHBIN IUIIOC;

*  yMHOXEHHE;

/ NeJICHUE;

%  nenenue mo moxyito (anajor Mod B [Tackaine);

++  yHapHas onepauus yBeJIHMUEHUs HA €IUHUILY (MHKPEMEHT); -

- YHapHas orepanys yMEHbIICHUs Ha eUHUILY (IeKPEMEHT).

Bce omeparuu, kpome JeieHHs MO MOAYINIO, MPUMEHUMbI K JIFOOBIM YHCIIOBBIM THIIAM JIaHHBIX.
Omnepanus % mpuUMEHHMa TOJIBKO K IeNbIM yuciaM. Eciu genumoe U Aenurtenb — LeENble YHucia, TO U
pe3yabTaT — 1nesnoe yuciao. Hanpumep, 3HaueHue BoipaxkeHus 5/3 OyneT paBHO 2, a npu BeIYUCIeHUH 1/5
nostyantes 0.

Eciu xorst Obl OAMH M3 ONEpaHAOB HMMEET BEIIECTBEHHBIM THUII, TO U pe3yabTaT OyIeT
BemecTBeHHBIM. Hanpumep, onepartuu 5./3, 5./3., 5/3. nanyT BemiecTBeHHbIN pe3yabTat 1.6666.



Onepannuy HUHKPEMEHTA U AEKPEMEHTa MOTYT IPUMEHSATHCS TOJIBKO K IEPEMEHHBIM U HE MOTYT — K
KOHCTaHTaM U BeIpakeHusaM. Onepanus ++ yBeInYrBaeT 3HaUeHUE IepeMEHHON Ha eMHUILY, ONIepalus —
YMEHBIIAET 3HaUCHHE MEepeMeHHONW Ha enuHUIy. O0a 3HaKa orepanuyd MOTYT 3alHCHIBAThCS KakK Iepen
orepanioM (rpedukcHas ¢opma), Tak U mocie onepanaa (mocrpuxcHas Gopma), Hanmpumep: ++X WIH X.
Tpu cnenyromux oneparopa Aal0T OJUH U TOT K€ pe3yJIbTarT:

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

Paznuuue nposBiseTcs Ipu UCIOIb30BaHUHM MPEPUKCHON M MOCTPHUKCHON (HOPM B BBIPKECHUSX.
[IpowirocTpupyeM 3T0 Ha IPUMEpax.

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

[Tpu ucnonb30BaHUM MOCTHUKCHON (POPMBI OTIEPALIUH ++ H -- BBITIOIHSIOTCS TIOCIIE TOTO, KaK
3HAYEHUE MMEPEMEHHON OBLIIO UCTIOIB30BAHO B BHIPAKEHUH, a TPEPUKCHBIC OTICpAIlUU — 0
ucnoip3oBanus. [loaTomMy B mepBoM npuMmepe 3HaYeHUE epeMeHHON d BEIYUCIISIIOCH KaK Mpou3BeIeHue 3
Ha 2, a BO BTOPOM — Kak Ipou3BeneHue 4 Ha 3.

IIpumep nporpaMmbl MaTeMaTHYECKUX PACYETOB
Hano: a, b, c — cropoHs! TpeyronbHuKa. Beuucinth S— miomanb TpeyrojabHUKa, UCIIOIb3Ys

dopmyny Tepona: ° = \/p (p=a)(p=b)(p-c) r7ie p — MOJIyIepUMETpP TPEYroJbHUKA.

#include <math.h> main()

{ float a, b, ¢, p, s;

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

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

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

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

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

cout<<"\nllnomanp TpeyroipbHNKa=<<S;

} Hoscnenus k npoepammHoMy

K0OY.

B BeIpaxeHUH 1711 BBIYMCICHUS IUIOIMIAMMA HCIOJIB3yeTcs OmOmmoreuHas Qyskmus sqrt() —
KBaJIpaTHBIH KOpeHb. [laHHass (YyHKIHMS OTHOCHTCA K OMONMMOTEeKe MaTemaThueckux GyHKiui. s
MOJIKJIFOUEHUS 9TOM OMOMMOTEKU K Halllel mporpaMmme UCHONb3yeTcsl AUPEKTHBa mpernpoiieccopa #include
<math.h>.

B paccmarpuBaemoii mporpamMme onepaTopsl Cin ¥ cout peain3yroT COOTBETCTBEHHO BBIBOJ] HA OKPaH
Y BBOJI UCXOJIHBIX JTAHHBIX € Ki1aBHaTyphl. OnepaTop cout<<"\na=" cogepxut Tekct ("a=") u ynpapisromuii
cumBol ("\n"). Ympamistomye CUMBOJBI BIUSIOT HAa PACTOJIOKEHHUE HA dKpaHE BBHIBOAMMBIX 3HAKOB. B
pe3yabTaTe BHIMOIHEHHUS 3TOTO ONEpaTOpa Ha SKPaH C HOBOM CTPOKU BBIBEIYTCSI CAMBOJIBI a=.

Omnepatop cout<<"\nllmomaar TpeyroapHUKa="<< §; CHUCOK apPTyMEHTOB COCTOUT W3 OIHOU
nepeMeHHoM s. Ee 3HaueHne BIBOJAUTCS HA SKpaH.

B mporpamMmMe nmeeTcst oneparop cin>>a;

DTOT oneparop MPOU3BOIUT BBOJI YKCIOBOI'O 3HAUECHHUSI B IEPEMEHHYIO a. B

mporpamMme Bce TP BEIMYMHBI a, b, C MOKHO BBECTH OJTHUM OTIEPATOPOM:

cin>>a>>b>>c;

Ecnu nmocnenoBatensHOCT BBOAA Oyner takoit: 5 3.2 2.4 <Enter>, To

TepeMeHHbIE TIoJTydaT ciaeayomue 3HadeHus: a = 5,0, b=3,2, c=24.

3amanue

Ha oyenxy «Yooenemsopumenvro»

BBosTcss KOOpaUHATBHI BEpIIMH TpeyroibHUKAa. COCTaBUTh MPOTPAMMY, BBIYHUCISIONIYIO JITUHBI
CTOpPOH TPEYTrOJbHUKA, €T0 MEPUMETP U IIJIOIIAb.



Ha oyenky «Xopowoy

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

JIOTOJTHUTENBHO BBIYUCIUTD PAJANYChI BIMCAHHOW U OIIMCAHHOM OTPYKHOCTEH JJI TPEYTOJIbHUKA,
a TaK K€ I'paJyCHYIO MEpy €ro yrios.

CunpaBo4HbIil MaTepuaJl

1. Dopmynvl 0151 NPAMOY20IbHO20 MPEY2ObHUKA
2 _ 2 2
T'unorenysa: ¢ =~ ¢ +b
1
s=—ab
IImomane:
) a b a b
sind=—, cosd=—, tgd=—, ctgd=—
C C a
sina@+cos’a =1, tga*ctga=1
sin & cosa
1go = , clga=—
cosa sina
2. Dopmynvl 07151 BPOU3BOTLHO20 MPEY2ObHUKA
[Tnomans MIPOU3BOJILHOTO TPEYTrOJIbHUKA!

1 (I c’sindsinB  h’sinC
seE—Ad=— sin = _ = :
2 2 2sinC 2sin Asin B
®opmyna ['epona 1 ruionaau TpeyrojabHUKa:

at+tb+c
soe \pp(p—a)(p—b))p—c), ==
1 2
s=—a,|b* — a
I ) 2 4
JIONIATh PABHOOEIPSHHOTO TPEYTOJIbHUKA!
rJie a — OCHOBaHHe, b — OOKOBasi CTOpOHA
1
s=—a*\3
[Tnomaas paBHOCTOPOHHETO TPEYTOJILHUKA! 4
Bricora K CTOpPOHE
2p(p-a)Xp—b)p-c) _athbtc
e p s =
a 2
m, = l\/ 20 +2¢% —a’
Meauana OT BEpIIMHBI A: 2
2 a+b+c
ﬂﬁb— bop(p—a) , =
bBuccekTpuca u3 yria A: tc

_ 72 2
TeopeMa KOCHHYCOB T00as cTopoHa a: ¢~ b™+c" —2bccos 4 , TJie A — MPOTUBOIIOJIOKHBIN yrOJ K

2



PP+t —a?

cos A=
2bc
== .b =——=2R
Teopema cCUHYCOB: sind sinB  sinC
- - - +b+
ga@‘%(p ap-bp=c)  _a Z c
Pannyc BrMCaHHOIO B TPEYroONIbHUK Kpyra: P
CTOpOHE a, HJIH
Pamgnyc OIMCAHHOTO OKOJIO TPEYroJIbHUKA Kpyra:
Re g .a _ abc ’ _a+ b+c
sind 4 p(p-a)p-b)p-c) 2

KonTposbHbie BOpochl
1. JlaiiTe onpeneneHne TMHEHHOMY aJlTOPUTMY.
2. [lepeuncnure ciucOK KOMaH]l, 00ECIEUNBAIOIINX JIMHEHHBIA alIropuTM™. 3.
VYkaxkuTe npaBuia CHHTaKCHCa KOMaH bl BBOJIa M BBIBOJA.

JlaGopaTopHas padora Ne7.
IIporpamma BbIIeIeHUs HU(P U3 LEJIOr0 YHCIA.

Heasn: [lomyueHne HaBBIKOB B paboTe ¢ apu(METHYECKHMMM BBIPAKEHUSIMU U CTaHIAPTHBIMHU
MaTeMaTH4ecKuMHu QpyHKuusmu C++.

Tembl 1J1s1 IpeABApUTEIbHOM MPOPadoTKu Apudmernueckne

onepaTtopsl C++.

Crangaptabie GyHkiun C++.

@OYHKIMM CTaHAAPTHOTO BBOJA U BBIBOJIA.

Teopernuyeckuii MmaTepuall

B C++ onpenerneH mmpokuii HAOOP BCTPOEHHBIX ONEPATOPOB, KOTOPHIE JAOT B PYKU MPOTPAMMUCTY
MOIIHBIE phIYard YMpaBiIeHUs MPU CO3JaHUU M BBIYUCIEHUH pa3sHOOOpa3sHEeUIMX BbIpaxeHul. Oneparop
(operator) — 53TO CHMBOJ, KOTOpPBIM YKa3bIBaeT KOMIIWIATOPY Ha BBINOJHEHHE KOHKPETHBIX
MAaTeMaTUYECKUX JEHCTBUI WU JOTUUECKUX MAHUMYJISLIN.

JeticTBue omepatopoB +, -, * u / coBmajaer ¢ AEHCTBUEM aHAJIOTHYHBIX ONEPATOPOB B JIFOOOM
JIPYroM s3bIKE MPOrpaMMHpOBaHUs. VX MOXXHO MPUMEHSTH K JaHHBIM JHOOOT0 BCTPOCHHOTO YHCIOBOTO
tuna. [Tocne npumenenus oneparopa aeneHus (/) K HEIOMY YUCITy OCTaTOK OyneT OTOPOIIEH.

OcraTok OT JeJeHUsT MOXKHO TOJIYYHTh C IOMOIIBIO omeparopa aeneHus mo moaymo (%) DTot
orepaTop BO3BpPAILAET OCTAaTOK OT AeneHus Haueno. Hanpumep, 10 % 3 paBno 1. OTo o3Hayaer, uro B C++
oreparop "%" HeNlb3si MPUMEHATh K TUIIaM ¢ miaBatoieil Toukoi (float wnu double) [lenenue mo moysto
IIPUMEHMMO TOJIBKO K LEJOYMCIEHHBIM THUNaM. VICIosib30BaHME 3TOro oneparopa AEMOHCTPUPYETCS B
CIEAYIOLIEN MPOrpamMMe.

IIpumep nporpaMMsl BblieJIeHUs HUQP U3 YKcIa

#include <stdio.h> main()

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

x =>1234567890";

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



(x%10000000000)/1000000000);
cout<<"n (x divide mod 1000000000)/100000000 =>"<<
(x%1000000000)/100000000);

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

(x%100000000)/10000000); cout<<"\n (x divide mod 10000000)/1000000 =>
"'<<(x%10000000)/1000000); cout<<"\n (x divide mod 1000000)/100000
=>"<<(x%1000000)/100000); cout<<"\n (x divide mod 100000)/10000
=>"<<(x%100000)/10000); cout<<"\n (x divide mod 10000)/1000 =>
"<<(x%10000)/1000); cout<<"\n (x divide mod 1000)/100 =>
"<<(x%1000)/100);

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

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

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

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

cout<<"\n (x divide mod 10000000)/10000 =>"<<(x%10000000)/10000);
cout<<"\n"; cout<<"\n 4 number";

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

(x%1000000000)/100000);

}

Pesynbrar 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

3ananue

Ha oyenky « Yoosenremsopumenvro»

CocTaBuTh NporpamMmy, KOTopast 3arpamiiBaeT y MoJib30BaTelsl YeThIPEX3HAUYHOE YHCIIO U BbIIAET
Ha 3KpaH CyMMY IU}P, U3 KOTOPHIX COCTOUT UCXOTHOE YHCIIO.

Ha oyenky «Xopowioy

CocraBuTh porpaMmy, KOTopasi 3alpallriBacT y MOJIb30BaTEs TPEX3HAUHOE YMCIIO U BBIJIAET HA
9KpaH YHUCIIO, MOJYYEHHOE MEPECTAaHOBKON B 00OpaTHOM mopsiike uudp, U3 COCTOUT HCXOaHOe yncio. Ha
oyenky « OmauyHoy

CocraBuTh IporpamMmy, KOTopas 3alpaiiiBaeT y MoJib30BaTeNs /1Ba ABYX3HAUHBIX YUCIA U BBIIAET
Ha HKpaH YUCJIO, OJYyYEHHOE CIUSHUEM MIEPBOTO U BTOPOTO YUCEI.

KoHnTpoJsbHbBIe BOPOCHI
1. Yro sBisiercs pe3yapTaToM onepanuu %?



2. Kak monyuuTs nmocienHown nmudpy, BXOAAIIYIO B 4ucio? 3.
Kaxk momy4nts nepByto nudpy B MITH3HAYHOM Yncie?

JlabGoparopHasi padora Ne§8.
BorunciieHue JIOrn4ecKnX BbIpasKeHH .

Heap: [TonyyeHre HaBBIKOB BBIYUCIICHUS JTOTMYECKUX BBIPAKCHHUM.

Tembl 1J151 IpeABapUTeIbHON NPOPadoTKH THIbI

JTAaHHBIX.

Omneparopsl BBOJIAa — BEIBO/IA JAHHBIX.

[Ipuopurer onepauuii.

CrpyxTypa nporpammsl Ha si3bike C/C++.

Teopernyeckuii MmaTepual

1. Onepayuu u vipasxicenus

Bo Bcex si3pIkax MporpaMMUpPOBaHUS IO/ BEIPAXKEHUEM MOAPAa3yMEBAETCS KOHCTPYKIIHS,
COCTaBIJICHHAsI U3 KOHCTAHT, IEPEMEHHBIX, 3HAKOB ONepaluii, GyHKINH, CKOOOK. BripaskeHne onpenenser

MIOPSIIOK BBIUMCIIEHUSI HEKOTOPOIrO 3HAa4eHMs. ECIIM 3TO YHCII0BOE 3HAYEHHUE, TO TAKOE BBIPAKEHUE
Ha3bIBAIOT apU(PMETUYECKUM.

Onumem Habop omepaunuid, ucmonb3yembix B C, a Takke MpaBWia 3alMCH W BBIYUCICHUS
BbIpakeHUI. HanmomHuM, 4To omeparusi, mpuMeHsemMas K OJHOMY OIEepaHay, Ha3bIBaeTCs yHApHOH, a
oreparys ¢ IByMsl OrepaniaMu — OUHApHOU.

2. Apugpmemuueckue onepayuu

K apudmernaeckum oneparusiM OTHOCSITCS:

- BbIUMTaHUE WU YHAPHBIA MUHYC;

+ CJI0’KE€HHE WJIU YHAPHBIH IUIIOC;

* YMHOXXEHHUE,

/ NeJICHUE;

%  nenenue mo moxayito (anajor Mod B [Tackaine);

++  yHapHas omepalus yBeJIMYEHHs Ha €UHUILY (MHKPEMEHT); -

- YHapHas orepanys yMEHbIICHNs Ha eUHULY (I€KPEMEHT).

Bce oneparuu, Kkpome JeleHHUs 10 MOJYJII0, MPUMEHUMBI K JIFOOBIM UYHCIIOBBIM THUIIAM JaHHBIX.
Omnepanust % TpUMEHHMAa TOJIBKO K IeNIBIM YuciiaM. Eciu genuMoe U JenuTens — Ieble Yucia, TO U
pe3ynbTaT — 1enoe yucio. Hanpumep, 3HaueHue BoipaskeHus 5/3 OyaeT paBHO 2, a pU BbIYUCICHUH 1/5
nostyantes 0.

Ecnmu xoTst Obl OAMH M3 OINEpaHAOB HMEET BEUIECTBEHHBIH THN, TO M pe3yiapTaT OyneT
BemecTBeHHBIM. Hanmpumep, onepartuu 5./3, 5./3., 5/3. naayT BeuecTBeHHBIN pe3ynbTat 1.6666.

Omneparnyu HHKPEMEHTA U IEKPEMEHTa MOTYT IPUMEHSTHCS TOJIBKO K IEPEMEHHBIM U HE MOTYT — K
KOHCTaHTaM U BeIpakeHusM. Onepalius ++ yBenTudrBaeT 3HaUCHUE EPEMEHHON Ha eMHUILY, ONIepalus —
YMEHBIIIaeT 3HaYeHHUE MepeMeHHOW Ha enuHUIy. O0a 3HaKa onepanuyd MOTYT 3alHCHIBATbCS KakK Mepen
onepansioM (mpedukcHas hopma), Tak U mocie onepanaa (moctpukcHas Gopma), Hampumep: ++xX WK X.
Tpu cnenyromux omneparopa Jat0T OJUH U TOT K€ Pe3yJIbTaT:

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

Paznuuune nposBnsieTcs npy UCTIONb30BaHUH MPEPUKCHOM U TOCTPHUKCHON (POPM B BBIpaKEHUSX.
[IpoummocTpupyem 3T0 Ha IPUMEPAX.

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

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



[Tpu ucnonb3oBaHUU MOCTHUKCHON (HOPMBI OTIEpAIMK ++ U -- BBIIIOJIHSIOTCS MOCIIE TOT0, KaK
3HAYEHHUE MEPEMEHHON OBLIO UCTIOIB30BAHO B BHIPAKEHUH, a IPEPUKCHBIC OTIEpaIlluy — 10
ucnosb3oBanus. [loaTromy B epBoM npumMepe 3HaueHHEe epeMeHHOM d BBIUMCIISUIOCH KakK MPou3BeieHue 3
Ha 2, a BO BTOPOM — Kak npousBeacHue 4 Ha 3.

3. Onepayuu omuouteHus

B C/C++ ucnonb3yercs ciaeayromuii Habop onepamuii OTHOIICHUS:

< MCHBIIIC,

<= MCHBIIIC MJIM PABHO,

> OoublIIE,

>= OoJIblIIe NI PABHO,

= paBHo,

= HE paBHO.

B crannapre s3p1ka C HET 1OrMYecKOro Tuma JaHHbiX. [loaTromy pe3ynbratom onepanuy OTHOILIEHUS
ABJIACTCS LEJI0€ YMCIO: €CIM OTHOLIEHHE HCTMHHO — TO 1, ecom yokHo — TOo 0. B sA3bIke

MpOrpaMMHUpOBaHUs 100aBJIEH TUII bool, 3HAaUEHUSMU KOTOPOTO MOTYT OBITh HCTHHA (true) UiH JIOXKb
(false).

[IpuMeps! OTHOLIECHHUIA:

a<0, 101>=105, ‘a’=='A’ a'l="A

Pe3ynbratom BTOpOro u TpeThero oTHomeHui 0yaer 0 — J10Xkb; pe3ysbTaT YeTBEPTOr0 OTHOIIEHUS

paBeH 1 — uCTHHA; pe3yJIbTaT IEPBOr0 OTHOIICHUS 3aBUCUT OT 3HAUEHUS IIEPEMEHHOH a.

4. Jloeuueckue onepayuu

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

! onepanus orpunanus (HE),

&&  KOHBIOHKIMS, JIornueckoe ymMmHOxeHue (1),

|| TU3BIOHKINS, Jorudeckoe cnoxenue (MJIN).

[IpaBuiia ux BBIIOJIHEHUS ONPEAEISAIOTCS TaOIUIEH HCTUHHOCTH.

Hanpumep, norndeckoe BbIpa)keHHE, COOTBETCTBYIOIEE ccTeMe HepaBeHCTB ) <x< | B mporpamMme
Ha C 3anumercs B BUJE CIEAYIOIIEro JOrMYECKOrO BEIPaKECHMUS:

x>0 && x<1

5. Ilpuopumemur onepayuii

BeIpasxeHHUs! BBIYUCIIAIOTCS B 3aBUCUMOCTH OT IIPUOPUTETA ONEPALNM, YIACTBYIOIIMX B
BbIpakeHNMH. OJJMHAKOBBIE IO CTAPIINHCTBY ONEPAllMY BHINOIHIIOTCS B MOPsAKE clieBa Hampaso. [{is
M3MEHEHHUS MOPSAIKa BBIMOJIHEHHS ONepalliii B BEIPAXKEHUSIX MOTYT IPUMEHSTHCS KPYTJIble CKOOKHU.
Ta6nuua 5. [Ipuopurers! (paHru) onepanui

Paunr Onepanuu Onucanue
1 O [l = -
2 '~ + - ++ - & * (tunm) sizeof YHapHbIE
3 * I % MYJIbTUIUIMKATUBHbIE OMHAPHBIE
4 + - aJiTUTUBHBIC OMHAPHBIC
5 << >>> MOPa3psIHOTO CIBUTA
6 < <= >= > OTHOILICHUS
7 == 1= OTHOLLIEHUS
8 && KOHBIOHKIHUS «»
9 I nmusbloHKIHs « AT
10 7 yCJIOBHast
11 = *= = %= += = = |5 <<= >>= COKpAILEHHBIE

nporpammy, BbIYHUCIAOIIYHO HCTUHHOCTDb BBIPAKCHUSA !

IIpumep nporpamMmel ¢ JJOrH4ecKUMH onepanusiMu CocTaBUTh




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

npu a=2; b=-3; ¢=0; d=1; main()

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

d=1;";

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

Pe3ysbTaThl paboThI

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

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

3ananue

Ha oyenky « Yooseremsopumenvro»

BoruncnuTh 3Ha4€HHE JTOTHUECKOT0 BhIpakeHus pu a=2; b=-3; ¢=0; d=1; rez=a

&& !'b|lc&&!d && (a && b);

Ha oyenky «Xopowoy

Onpenennutb HCTUHHOCTDh BBICKA3bIBAaHUS

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

1) ycTaHOBUTH HOPSAAOK JIOTUYECKUX ONEpaluii;

2) cuuras x=-1 y=1 z=-2 onpeneanTb UICTUHHOCTb BHICKa3bIBAHUS.

Ha oyenxy «Omauuno»

CocTaBuTh yCJIOBUE AJIs ONPEAEIEHUS HCTUHHOCTH CIEAYIOLIET0 JIOTHYECKOT0 BbICKA3bIBAHUS:
SIBJISIETCS JIM YUCJIO @ YETHBIM U KpaTHBIM 4 1 5.

KouTtpoJbHble Bonpochl
1. YUro sBNIsleTCs pe3yabTaTOM ONEepaliid OTHOLLIEHUS?
2. Kak B s3pike C xomupyeTcs: uctuHa u joxb? 3. IlpencraButh
TaOJIUILy UCTUHHOCTHU JJIsI JIOTHUYECKUX OTepaIui.

JlabGopaTopHasi padora Ne9.
YciaoBue nonajgaHus B 3aJaHHbINA JHMAaNAa30H.

Henb padotsl: [lonydeHne HaBBIKOB COCTABJICHNUS JJOTMUYECKUX BBIPAKECHHM.

Tembl 1J151 NpeABapUTeNbHON NPOPadOTKH THmb

JTAaHHBIX.

Omneparopsl BBOJIa — BEIBO/IA JAHHbIX.

Teopernueckuii maTepuaJ

1. Onepayuu u evipadsicenus

B sA3bIKax nporpaMMupOBaHus O] BBIPAXKEHNEM TI0IPa3yMeBAETCsl KOHCTPYKIMS, COCTaBICHHAs U3
KOHCTaHT, I€PEeMEHHBIX, 3HAKOB omepauui, ¢GyHKUuH, ckoOOK. BrIpakeHue ompenenser MOPAIOK
BBIUHCIIEHHS] HEKOTOPOro 3HaueHus. Onepanus, NpuMeHseMasl K OJHOMY OIllepaHay, Ha3bIBaeTCs YHApHOM,
a ornepanus ¢ AByMs onepaHiaMu — OWHapHOM.

2. Apugpmemuueckue onepayuu

K apudmernueckum onepanusiMm OTHOCSTCS:

- BBIYMTAHHWE WM YHAPHBIA MUHYC;

+  CIOKEHME WY YHAPHBIN IUIOC;

* YMHOKEHHUE;

/

IeJICHHE;



%  nenenue o moxyito (anaimor Mod B ITackaie);

++  yHapHas omepalus yBeJIMYeHHs Ha eJUHUILY (MHKPEMEHT); -

- YHapHasi orepanusi yMEHbIICHUS Ha SUHUITY (IEKPEMEHT).

Bce omeparuu, kpome JElICHHS 110 MOIYJIO, MPUMEHUMBI K JTFOOBIM YHCIOBBIM THUIIAM JAaHHBIX.
Onepanus % npruMeHHMa TOJIBKO K IEJIBIM YHCIIaM.

Ornepanuy UHKPEMEHTA U JICKPEMEHTa MOTYT IPUMEHSATHCS TOJIBKO K IEPEMEHHBIM U HE MOTYT — K
KOHCTaHTaM U BeIpakeHussM. Oniepaiius ++ yBelInuuBaeT 3HaUCHUE IIEPEMEHHOM Ha STUHUILY, ONIEPAIIHS —
YMEHbIIIACT 3HAYCHHE TEPEMEHHON Ha CTUHUILY.

3. Onepayuu omuowerus

B C ucnionp3yercs cieayromnuii HaOop onepauii OTHOIICHHUS:

< MCHBIIIC,

<= MCHBIIIC MJIM PABHO,
> OoublIIE,

>= 00JIbIlIe WK PaBHO,
== paBHO,

= HE PaBHO.

Pe3ynpTaTom onepanuu OTHOLIEHHUS SIBJISETCS LeJI0€ YMCIIO0: €CIIM OTHOIIEHNWEe UCTUHHO — TO 1, eciu
710:xHO0 — TO 0. [IpMepsI OTHOLICHMIA:

a<0, 101>=105, ‘a’=='A’ a'l="A

Pe3ynbpTaTom BTOPOro U TpeThero OTHOLEeHUH OyieT 0 — J105Kb; pe3ysbTaT YeTBEPTOro OTHOLICHHUS
paBeH | — UCTHHA; pe3yJIbTaT IEPBOr0 OTHOLIEHHUS 3aBUCUT OT 3HAYEHUS IIEPEMEHHOI] a.

4. Jlocuueckue onepayuu

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

! onepauus orpunanus (HE),

&&  xoHBIOHKIUSA, Jorudeckoe ymHoxkeHue (1), |

| TU3BIOHKINS, Torudeckoe cinoxenue (UJIN).

[To yObIBaHMIO HpUOpPHUTETA JOIMYECKHE ONEpallii M OINEpaludd OTHOLIEHHS PpaCIOJIOKEHBl B

CJIe1YIOLEM MOPSIIKE:
!

V
A
%
I
A
Il

IIpuMep nporpamMMsbl NONAJAHUS B 3aJaHHBIN 1MAaNIA30H
IIporpamma IEMOHCTPUPYET ONPEACIICHUE YCIOBUN MONAJaHUs 3aJaHHOM TOUYKU BHYTPb, BHE U Ha
KOHTYp yKa3zaHHOU (urypbl. ICXOAHBIMHM JTaHHBIMHU K 33Jaue SBISIIOTCS KOOPAMHATHI HEKOTOPOM TOYKH.
Pesynbratom paboTel mporpammsl siBisieTcs 1 win 0 B 3aBUCUMOCTH OT pe3yJibTaTa Mona aHHusl.

main()

{ float x,y; int rez,var;

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

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

rez=(x==-1 && (y>=-1 && y<=1))\ ||
(x==1 && (y>=-1 && y<=0)) \

| (y==1 && (x>=-1 && x<=0)) \

| (y==-1 && (x>=-1 && x<=1)) \

| (x==0 && (y>=0 && y <=1))\ ||
(y==0 && (x>=0 && x<=1));
cout<<"\n *****kontur rez=>"<<rez;



rez=(x>-1 && x<1) && (y>-1 && y<l) && ! (x>0 && x<I) \

&& (y>0 && y<1));

cout<<"\n *****wnutry rez=>"<<rez;

rez=(x<-1 || x>1) || ({(x>=-1 && x<=0 && y>=-1 && y<=1) && \

I(x>=0 && x<=1 && y>=-1 && y<=0));

cout<<"\n *****wne figura rez=>"<<rez; }

PesynbTarhl paboThl MpOrpamMmBbl

vvedi x=> -1 vvedi

y=>0

x 'y -1.000000 0.000000 *****kontur

rez=> 1

R EWwnutry rez=> 0

*a#F*wne figura rez=> 0

3ananue

Ha oyenky « Yoosenemsopumenvro»

Hanucarte nporpammy, onpeaesstomei YCIOBUS IONMAJaHHUS TOYKH, 3aJaHHOM  CBOMMHU
KOOpJAMHATAMH, BHYTPh, BHE U HA KOHTYp 3aIITPUXOBAHHOU (PUTYPBHI.

Ha oyenky «Xopowoy

Hanucarts nporpammy, OnpeneNsoIen YCIIOBHSI MOMNAJAaHUs TOYKHU, 33JJaHHOM CBOMMH
KOOPJAMHATAMH, BHYTPh, BHE U HA KOHTYP 3aIITPUXOBAHHOU (PUTYPBHI.

Ha oyenxy «Omauuno»

Hanucate nporpammy, onpeaesstomei YCJIOBUS MONaAaHus TOYKH, 3aJaHHO CBOMMU
KOOpJAMHATaMH, BHYTPb, BHE U HAa KOHTYP 3aIITPUXOBAHHON Urypsl. KOHTpOJIbHBbIE BONPOCHI

1. [lepeuucnure oneparuii mo Bo3pacTaHus UX MPUOPUTETOB.

2. ChopmupyiiTe ycioBus Jis TPOBEPKH TOMAJaHMS TOYKH, 3aJlaHHOW CBOMMH
KOOp/JMHATAMH B KpPYr €OUHHYHOTO panuyca. 3. Kakwe omepammm Ha3bIBarOTCS YHApHBIMU;
OUHapHBIM?

JlabopaTopnas padora Nel0.
Co3nanne npocreiiniero BapuaHTa NporpaMMbI-TecTa.

Heab: [IpnoOpeTeHre HaBBIKOB MPOTrPAMMHUPOBAHUS BETBAIIMXCS alropuTMoB. Tembl

AJISl IPeIBAPUTEbHOM NPOPadoTKU

OOBbsBJICHNE U HHUIMATH3AIMS IEPEMEHHBIX.

OyHKIMM CTaHAAPTHOTO BBOJA U BBIBOJIA.

Coznanue nporpamMm ¢ JMHEHMHON CTPYKTYPOH.

Jlormueckue BbIpaKEHUS.

Oneparop yclioBus.

Teopernueckunii marepuaJ

Jis mporpaMMupOBaHUs BETBALIMXCS allTOPUTMOB B si3bIke C/C++ umeeTcss HECKOIBKO Pa3IMYHbIX
cpeactB. K HUM oTHOCSTCS oneparus ycioBus ? :, yClIoBHBIN onepatop if 1 onepaTtop Bbibopa switch. /.
Onepamop svibopa (nepexniouamens) GopMart orepatopa Beioopa: switch (11e109iCIEHHOE BBIPAXKEHUE)

{ case koHCTaHTal: CIUCOK OIEpPaTopoB;
break; case koHCTaHTa2: CIIMCOK OIEpPaTOPOB;
break;

default: ciucok  omeparopos; }



[Tocnenusist crpoka (default) moxxeT oTcyrcTBoBaTh. OmepaTop BEIOOpA HCTOIB3YETCS JJIS 3aMEHBI
BJIO’KEHHBIX BETBJICHUH U JIJIs1 BEIOOpA €MHCTBEHHOI'O BapHMAHTA BBHIITOJHEHUS KOMaH/ U3 MPEJI0KEHHOTO
Habopa. SBnsercs kKoMnakTHOW (OpMOI 3a1aHUS IPOBEPOK U BETBIICHHUH B POTpaMMax.

Brimonnenue oneparopa switch mpouCXoIuT B CIEIYIOLIEM MOPSIKE:

1. BBIYUCIIACTCA HEJIOUYUCICHHOC BEIPAXKCHUC,

2. IMMOJIYYCHHOC 3HA4YCHHC MOCJICA0BATCIBHO CpaBHUBACTCA C KOHCTaHTaMu,
IIOMCIICHHBIMHU II0CJIC CJI}’)KC6HOF0 CJIOBaA Casc;

3. IIpu IIEPBOM COBIIAACHHUN 3HAQYCHUH BBIITOJHSIIOTCS oneparTroprl, CTOAIIUE IIOCIIC
JABOCTOYMAA,

4, €CIM HM C OJHOM M3 KOHCTAHT COBIIQACHHUS HE IMPOU301LJI0, TO BBIIOJHATCA

orepaTopsl ocie ciosa default.

2. Onepamop npepwviganus

Omnepatop switch umeer cienyroyr0 0COOCHHOCTh BBIOJHEHHS: NPU COBIAJCHUU 3HAYCHUS
BBIYKCIICHHOTO BBIPOKCHHS C METKOM, BBIMOJTHICTCS HE TOJILKO OTIEPATOPbI, OTHOCSIIKECS K 3TOH METKE, HO
BCE HIDKENIEXKaIIHe, BIUIOTh 10 onepatopa default. 3To He Bceraa cOOTBETCTBYET HEOOXOAMMOM CUTYAIUH.
Jliist Toro 4ToOBl «OOOWTHY BBIMOJIHEHHE ONEPATOPOB Ha MOCICIYIOIIUX BETBSIX KOHCTPYKIUHU Switch,
HY)KHO MPUHSTH CIIEIUAIBHBIC MEPBI, UCIIOJIB3YS ONIEPATOPBI BBIXOIAa WK repexoa. Jliis 3Tux meseid 4acto
ucnoib3yercs onepatop break. Ero cienyer nucath B Kaxoil BeTBU s case. [locie ero BBITIOJIHEHUS
MIPOMCXOIUT BBIXOJ] M3 BCEX KOHCTPYKIIMU switch Ha ciemyronieii 3a Hell KOMaHTy.

IIpumep nmporpamMmsbl ¢ HCMOJIL30BAHHE ONIEPATOPA BhIOOpa

CocTtaBuTh MporpaMMmy C OJHHMM BOIPOCOM U UETHIPhMS BapuaHTaMu oTBeTa. KommbroTep
CIpAlINBAaCT y IMOJBH30BATEI BaPHAHT OTBETA, CPABHUBACT OTBET C MPABHIBHBIM BAPUAHTOM M BBIJACT
MOIXOIAIIEE COOOIIEHHE.

main()

{ int nom; // OTBET UCIIBITYEMOTO

cout<< “\nB kakom roay 011 ocHOBaH CankTt-IleTepOypr?\n”;

cout<< “I. 2000\n”’; cout<< “2. 1700\n”; cout<< “3. 1703\n”;

cout<<“4, 1850\n”;

cout<< “Beeaurte Bamr BbiO0p 1 Haxkmute <Enter>";

cout<<”->*; cin>>nom; switch (nom)

{case 1: cout<< “BsI 0TBeTHJIN HENPABIbHO ’; break;

case 2: cout<< “Bpl oTBeTHIN HEMPaBIBHHO ; break;

case 3: cout<<“BwI oTBeTHNIN TTpaBILHO”’; break; case

4: cout<<*“BpI oTBeTHIIN HENPABIHHO ; break;

default: cout<<“Takoro BapuaHTa OTBETa HET ;

h
h

3amanue

Ha oyenky « Yooseremsopumenvro»

CocTaBUTh MPOTPAMMY-TECT MO CBOEW TEMATHKE C MAThIO BompocaMu. [IpolTH TecT M BbIIATH
olieHKy B Anana3oHe ot 0 1o 5. Ha oyenky «Xopouwioy

B 3aBucumocTH OT MNOJTYYEHHON OIIEHKA MpPU MPOXOXKJACHUH TECTa, BBIBECTH MOAXOJSIIEE
coobmieHue: «HeymnoBneTBOPUTENbHO», «Y IOBIETBOPUTENBHO», «Xopomoy, «Otmuuno». Ha oyenxy
«Omauuno»

JUist KaXI0To TMPaBWIIBHOTO OTBETa HAa TECT BBIBECTH cooOmieHue «Momoaem», s Ka)XIoTro
HEMPaBUIILHOTO OTBETa BhIBeCTU cooOIIeHne «I1moxom.



KoHnTpoJsbHbIe BOnpochl
1. HazoBure OCHOBHOE Ha3HAYeHUE
omeparopa switch.
2. 3anuimTe CHHTAaKCHC orepaTopa switch. 3.
OOBsicHHUTE Ha3HAYCHHE omepaTopa break.

JlabopaTopnasi paGora Nell.
IIporpamma Ha 6a3e aJropuTMa ¢ NOJHbLIM BeTBJIEHUEM.

Heab: [IpnoOpereHne HaBBIKOB IPOrPAMMHUPOBAHMSI BETBSIIUXCS AJITOPUTMOB.

Tembl 1J1s1 IpeABapUTeIbHOM NMpopadoTku OObBICHNE

Y MHUIMATU3al1s IEPEeMEHHBIX.

OYHKIMK CTAaHAAPTHOTO BBOJA U BHIBOJIA.

Coznanue nporpamMm ¢ JMHEHHON CTPYKTYPOU.

Jlorudeckue onepanuu 1 ONepaluyd OTHOIICHHUS.

Teopernyecknii MmaTepuaJ

1. Ycnosnwiii onepamop

@dopmar ycI0BHOTO OIepaTopa CieIyOIHii:

if (BbIpaskenue) omepartopl; else omeparop2;

Orto monHas ¢opma oneparopa, MpOrpaMMHUPYIOIIAs CTPYKTYpy MOJTHOro BeTBieHUs. OOBIYHO
BBIPAKEHHUE — 3TO HEKOTOPOE YCIIOBUE, COZEpIKAIlee ONepaly OTHOLIEHUS M JIOTUYECKUE OIEPALUH.
3HaueHUe BBIPAKECHUS IPUBOJUTCS K LEIOMY U MHTEPIPETUPYETCS B COOTBETCTBUM C IPAaBUIIOM: PaBHO
HYJI0 — JIOXKb, HE PaBHO HYJI0 — HCTHHA. Ecliu BeIpa’keHHE MCTUHHO, BBINOJHSETCS omeparopl, eciu
JIO’)KHO — omeparop2.

HeobxonnMo 006paTuTh BHUMaHUE Ha CIEAYIOLME 0COOEHHOCTH CUHTAaKCHCa YCIOBHOTO OIIEpaTopa:

. BBIPa)KEHHUE 3aMHChIBAETCS B KPYTJIBIX CKOOKAX;

. TOYKA C 3aMATOoN mocie oneparopal craBUTCs 00s3aTENBHO.

2. Henonnas ¢oopma ycnosnozo onepamopa

Bo3MoxkHO ucnonb30BaHNe HEMONMHON (opMbl yciaoBHOro omeparopa. HMcmomb3yercs, Korna
OTCYTCTBYIO J€HCTBHS B Clly4ae UICTUHHHOCTH JIOTHYECKOTO BBIPAIKEHUSI.

if (BBIpakeHume) omeparop;

[Ipumep. Yopsa04uTh 10 BO3pacTaHUIO 3HAYCHHUS B IBYX NIEPEMEHHBIX a, b: if(a>b)

c=a; a=b; b=c;
cout«"a="<<a<<"b="<<b;
B nmaHHOM mpuMepe HCIOJIb30BaH COCTABHOW OIEpaTop — IOCIIEI0BAaTEIbHOCTh OMEPaTopoB,

3aKJII04YeHHas B (UTYpHBIE CKOOKH.

OOpaTtuTe BHUMaHHE Ha TO, YTO Mepes 3aKpbiBaroliell GUrypHoi cKkoOOKOW TOUKY C 3amsiTod Haao
CTaBUTH 00513aTENBHO, a MOCIe CKOOKHM TOUKA C 3asTON He CTaBUTCS.

IIpumep nporpaMmbl ¢ IPUMeHEHHEM MOJHOT0 U HETOJHOT0 BeTBJICHHI

Haiitu Gonbiiee 3HaUe€HME W3 IBYX MepeMeHHBIX a U b. Bapuant 1. C ucnonp3oBanueM

MOJTHOM BeTBHM main()

{ float a, b, max;

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

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

if (a>b) max=a;

else



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

§

Bapuanrt 2. C ucnons30BaHUEM HETOJIHON BETBU
main() {

float a, b, max;

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

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

}

3aganue

Ha oyenxy «Yoosenemsopumenvro»

Bectu Tpu yucna u HailTu HauboJbIIEee U3 HUX.

[Ipumep: Beeaute Tpu yucna: 4 15 9

Haubonpmiee uncmno 15

Ha oyenky «Xopowoy

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

Ha oyenxy «Omauuno»

BBecTu HOMEp Mecs1ia 1 BBIBECTH Ha3BaHUE BPEMEHU TOfa.

IIpumep: Beenute HOMep Mecsana: 4

Becna

Kontpoabubie Bompocsl 1. C
KaKoM LIeJIbI0 B IIpOrpaMMax MCIOJIb3yeTcs oneparop ycioBus if?
2. VKaXuTe CHHTAaKCHUC MOJIHOTO BETBJIECHUS. 3.
VYKa)XuTe CHHTAaKCUC HEMOJIHOIO BETBJICHMS.

JlabopaTopnasi paGora Nel2.
IIporpamMma pemieHusi KBaApaTHOI0 ypaBHEHHsI.

Heuas: [TonydyeHue HaBBIKOB B pabOTe C Pa3BETBISIOUIMMHUCS AITOPUTMAMH.

Tembl /151 IpeABapUTeIbHOI NPOPAdOTKN ApudpMeTHUecKHe

onepaTopsl C++ .

OOBbsBICHNE U HHUIMATH3AINS IEPEMEHHBIX.

OyHKIMM CTaHAAPTHOTO BBOJA U BBIBOJIA.

Teopernyecknit marepual

s mporpaMMHpOBaHMsI BETBSIIUXCS alropuTMoB B s3bike C/C++ M HUMeeTcss HECKOJIbKO
pa3iauyuHbIX cpencTB. K HUM OTHOCATCS pacCMOTpPEHHAs BBIIIE ONEpalys yCIoBus ? @, YCIOBHBIA onepaTop
if u oneparop BrIOOpa switch.

1. Ycnosnwiii onepamop

@®opmaT yCIOBHOTO OllepaTopa cieayromuii: if

(BbIpaxeHnue) omepartopl; else omepatop2;

Orto monHas (opma omeparopa, MpOrpaMMHUPYIOLIAsi CTPYKTYpy MOJHOro BeTBieHUs. OOBIYHO
BBIPAKEHUE — 3TO HEKOTOPOE YCIOBHE, COICPIKAIEe ONEpaluy OTHOLIECHUS M JIOTUYECKUE OINEPALHH.



3HaueHue BbIpAXKEHUs] MPUBOIUTCS K LEIOMY M MHTEPIPETUPYETCS B COOTBETCTBUU C MPABUIIOM: PaBHO
HYJIO0 — JI0XKb, HE PAaBHO HYJII0 — HCTUHA. Eciiu BbIpakeHHEe MCTHHHO, BBINOJHSETCS oneparopl, eciu
JI0’)KHO — omeparop2.

Heo6xoanmo 00patuTh BHUMaHKE Ha CIEIYIOIINE 0COOCHHOCTH CHHTAKCHCA YCIIOBHOTO OIlepaTopa:

. BBIpaXCHHE 3aHCBIBACTCS B KPYIJIBIX CKOOKaX;

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

BoT npumep ucnonp30BaHus MOMHOW (OPMBI YCIOBHOTO OIEparopa AJisi HaXO0XKICHHUS OOJIbIIEro
3HAYEHUS U3 JABYX MEPEMEHHBIX a U b:

if(a>b) max=a;

else max=b;

2. Brooicennvie ycnosus

BrnoxenHble BeTBJICHHS BO3HHKAIOT B IMPOrpaMMax, KOrja B KauyecTBe JEHCTBUM MO BETBU MCTHHA
WM JDKU BO3HUKAET €Ille OJIHA BETBb. BIIOKEHHBIC BETBH MOTYT OBITH MOJHBIMH (¢ else) a Moryt ObITh
HenosHbIMHE (0€3 else). PaccMoTpum mpruMepsl IporpaMMUPOBaHUS BIOKEHHBIX BETBSIIIUXCS CTPYKTYP.
Tpebyercs BeIUMCINTD PYHKIHMIO Sign(X) — 3HAK X, KOTOpas onpejaeneHa cieayommm oopasom: [Ipumep

1. AIropuT™ ¢ OJHBIMH BIIO’KEHHBIMH BETBIICHUSIMU:

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

ANTOPUTM C HETIOJIHBIM BIOKEHHBIM BETBICHUEM:

y=1

if(x<=0)

if(x==0)

y=0; else

y=-1

IIpumep mporpaMmel pemieHusi KBAAPAaTHOT0 YPABHEHHSA

main()

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

x1, x2; // KOpHU ypaBHEHHUS

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

Pemmenne kBagpaTHOro ypaBHeHus *\n"; cout<<"Bpenute B 0HOI

CTpOKe 3HaueHUs KOdPPuuneHToB"; cout<<" 1 HaXKMUTE

<Enter>";

cout<<"->";

cin>>a>>b>>c; /I BBOA kKO3 Puimenton d
=b*b - 4*a*c; // TACKPUMHUHAHT

if (d<0) cout<<"VpaBHeHHE HE UMEET pemeHus \n";

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

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

cout<<"KopHu ypaBHEeHHUs: X |="<<x]<<"x2="<<x2;

b

else {

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

X1 ="<<x1<<"x2="<<x2;

b

}

3ananue

Ha oyenky « Yooseremsopumenvro»

CocTaBuTh OJIOK-CXeMy alropuTMa peuieHus KBaJapaTHOro ypaBHeHHs. [IpoBeputh paboTy
MIPOrpaMMbl Ha Pa3IMYHbIX UCXOAHBIX TAHHBIX.

Ha oyenky «Xopowoy



JloGaBuTh npoBepKy yciioBus ko3duirenta a, paBHoro. IIpu nojgoxxuTensHO# TpoBEepKe PEIIUTh
JINHEITHOE ypaBHEHUE.
Ha oyenky « Omauyuno»
PaccmotpeTs ciydait paBercTBa 0 K03 PUITMEHTOB b U ¢, BXOASIINUX B KBaJPaTHOE YpaBHECHHUE.
KoHTpoJibHbIe BOMPOCHI

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

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

JlaGoparopHasi padora Nel3.
IIporpammupoBaHue BJI0KEHHBIX BeTBJIEHHIL.
Heab: [IpnoOpeTreHre HaBBIKOB MPOTPAMMHUPOBAHUS C BIIOKEHHUEM BETBICHHIA.
Tembl 17191 npeABapuTeIbHOI NpopadoTku OO0bsBICHNE
Y MHULIAATIU3AIHS TIEPEMEHHBIX.
@OYHKIMM CTaHAAPTHOTO BBOJA U BBIBOJIA.
Co3nanue nporpaMM ¢ BETBJICHUEM.
TeopeTnyeckuii MaTepuaJl
1. Broowcennvie if-uncmpyxkyuu
BrnoxeHnHble BeTBIIEHUSI 00pa3ylOTCs B TOM cllydae, KOTJa B KaU€CTBE AJIEMEHTa UHCTPYKLUS (CM.
MOJIHBIN (opMaT 3amucu) ucmonb3yeTcss Apyras if-uHcTpykuus. BroxeHHble if-MHCTpYKIIMU OuYeHBb
MOMYJISIPHBI B TIPOTPaMMHUPOBaHUU. [ TaBHOE 3/1eCh — MOMHHUTD, YTO else-MHCTPYKITUS BCErla OTHOCUTCS K
Oonuxaiiiel if-HHCTPYKIINH, KOTOpasi HAXOAUTCS BHYTPH TOTO K€ MPOTPAaMMHOT0 0JI0Ka, HO eIl He CBsi3aHa
HU C KaKo# JIpyrou else-nHCTpyKLIHEH.
[TponemMoHCTpUpYEM HCTIONb30BAaHUE BIOKEHHBIX MHCTPYKIMM C MOMOIIBIO Iporpammsl "Yranait
Maruyeckoe 4ncio".

main()

{int magic; //Marn4yeckoe 4ucio

int guess; //BapuaHT MOJIb30BATENS

magic = rand(); // Tlony4aeM ciy4aifHOE YnCIIO.

cout << "BBenurte cBOM BapMaHT Maru4eckoro yuciua:";

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

{cout << "** JIpaBunbHO **\n";

cout << magic <<" ¥ ecTh TO caM0Oe Marn4yeckoe 4ucio. \n";

} else { cout <<"OueHns xainb, HO BbI omuoOnCk."; if (guess

> magic) cout <<" Bam BapuaHT NpEBHINIAET MAaTHIECKOE

gucio.\n"; else cout <<'" Bamr BapuaHT MEHbIIIE

Maru4eckoro yucia.\n"; }

2. Koncmpyxyus if -else-if

OueHb pPacCHpPOCTPAaHEHHOW B MPOTPAMMHUPOBAHUM KOHCTPYKIMEW, B OCHOBE KOTOPOW JIEKHUT
cioxeHHas if-uHcTpykuus, ssusercs "nectHuna" if-else-if. Ee MokHO nipeIcTaBUTh B CIIEAYIOLIEM BUJIE.

if (ycroBue)

UHCTPYKIUS;

else if(ycnoBue)

UHCTPYKLUS;

else if

(ycnoBue)

UHCTPYKLUS;



else

UHCTPYKLUS;

31ech MOJA AJIEMEHTOM YCIOBHE IOHMMAETCS YCIOBHOE BBIPAKEHHE. Y CIOBHBIE BBIPAXKEHUS
BBIYHCIISIOTCS CBepXy BHU3. Kak TONBKO B KaKOH-HHOYIb BETBU OOHAPYKUTCS UCTUHHBIN pe3ylbTar, Oyner
BBITIOJITHEHA UHCTPYKITUS, CBSI3aHHAsI C ATOW BETBBIO, a BCA OcTajbHas "jecTHuna" omyckaercs. Padora if -
else-if-"nmecTHUIBI" JEMOHCTPUPYETCS B CIICIYIOUIEH ITporpamMmme.

main()

{int x;

x=rand()%10;

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

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

else if(x==3)

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

else if(x==4)

cout << "X paBeH 4eTbIlpeM.\n"; else cout << "x He

nornajaaeT B quanas3oH ot 1 1o 4.\n"; }

IIpumep nporpaMmbl ¢ BJI0KeHHBIMH BETBJIEHUSIMH

[Tpumep AEMOHCTPHUPYET CIIPABEUIMBYIO MIKATY IMMOA0XOAHOTO Haora. 3aech d — pa3mep 3apIuiaThl.
pn — pa3mMep mojoxoxHoro Hayora. Hampumep, eciim d<20000, pn=d*0.12, ecnmu d>20000, pn=2400-+(d-
20000)*0.13 u T.1.

main()

{ float d, pn;

cout<<"\nvvedi number ";

cin>>d; if (d>100000)

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

else i1f(d>=80000)

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

else 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;

}

3amanue

Ha oyenxy «Yoosnemeopumenvnoy

Haunsl Tpu uncna a, b, c. Onpenenuts, kakoe u3 HUX paBHO d. Ecnu Hu oHO HE paBHO d, TO HANTH
max(d-a, d-b, d-c).

Ha oyenky «Xopowoy

CocTaBuTh IporpamMmy, peaiu3yIoulyio 31130/l TPUMEHEHHUs KOMITbIOTepa B KHM)KHOM MarasuHe.
KommproTep 3ampamuBaeT CTOMMOCTh KHHMI, CYMMY JIEHET, BHECEHHYIO IOKyMarejleM; ecid coaud He
TpeOyeTcs, eyaTaeT Ha SKpaHe «Crmacu0oy; ecliu JeHeT BHECEHO OOJIbIe, YeM HEOOXOANMO, TO IevYaTaet
«BO3BMHTE CIauy» U YKa3bIBACT CYMMY CIAuH; €CIIU JIEHET HEIOCTATOYHO, TO MIEYaTaeT COOOIICHHE 00 3TOM
U yKa3bIBaeT pa3Mep HEJOCTAIOLIEH CYMMBI.

Ha oyenxy «Omauuno»



[TnaTa 3a coToBBIN TenedOH B3UMAETCS MO claeaytomeMy Tapudy: 3a nepBbie S0 MUHYT pa3roBopa B
Mecsi — 1o 1 p., 3a cienyromue 30 MuayT — 1o 80 Kor., caeayromue 20 MUHYT 000iayTCsS a00HEHTY 110 50
KOII., a KaX/as MocCleaAyIomias MUHyTa CTOUT Bcero 30 kxor. M3BeCTHO, CKOJIBKO MUHYT B Mecs1l aDOHEHT
HaroBopuil. Onpeaenure, KaKyr0o CyMMY OH JIOJKEH 3aIlJIaTUTh.

KonTposbHbIe BONPOCHI
1. Korga B mporpammax BO3HUKAET BIOYKEHHAsA BETBb?
2. [lepeuncnuth npaBuiIa pabOThl KOHCTPYKIIUHU <«JIECTHUIAY. 3.
CdhopmynupoBathb mpaBuiio B3aumojieiictus if u else.

JlabGoparopHasi padora Nel4.
IIporpamma ¢ npuMeHeHHEeM KOHCTPYKIMU BbIOOpA.

Heas: [IpnobpereHne HaBBIKOB MPOTPAMMHUPOBAHHSI BETBSIIMXCS aJITOPUTMOB.

Tembl 1711 npeABapuTeIbHOI NpopadoTku OObsIBICHNE

Y MHUIMATU3al1s IEPEeMEHHBIX.

@OyHKIIUN CTaHAAPTHOTO BBO/IA M BHIBOJIA.

Coznanue nporpamm ¢ JMHEHHON CTPYKTYPOU.

Jlorudeckue BbIpaKEHUSI.

OmnepaTop ycloBuUS.

TeopeTnyeckuii MaTepuaJl

JUis mporpaMMUpOBaHMsI BETBALIMXCS alTOpUTMOB B si3bike C/C++ uMeeTcss HECKOIBKO Pa3IUUHbIX
cpeactB. K HUM oTHOCSTCS oneparus ycioBus ? :, ycloBHbIN onepaTop if 1 onepaTtop Bbibopa switch. /.
Onepamop evibopa (nepexnouamens) Gopmat oneparopa BeIOOpa:

switch (L1eT0YrCIEHHOE BBIPAKECHHE)

{ case koHCcTaHTal: CIMCOK _OMepaTopoB;

break; case KOHCTaHTa2: CIIUCOK_OIEPaTOPOB;

break;

default: cnnucox _oneparopos; }

[Tocnenuss crpoka (default) Mmoxker orcyrcTBOBaTh. Oneparop BbIOOpA UCIONB3YETCS /ISl 3aMEHBI
BJIOKEHHBIX BETBJIEHUH U JUIg BEIOOpA €IMHCTBEHHOTO BapHaHTa BBIMOJIHEHHUS] KOMaH/1 U3 MPEJI0KEHHOTO
Habopa. SBnsercs KoMnakTHON (OopMOI 3a/1aHUs IPOBEPOK U BETBICHHUH B POrpaMMax.

Brimonaenue oneparopa switch mpoucXoauT B CAEAYIOMIEM MOPSIKE:

1. BBIYUCIIACTCA HEJIOUUCICHHOC BBIPAKCHHUC,

2. MMOJIYYCHHOC 3HA4YCHHC MOCJICA0BATCIBbHO CpaBHUBACTCHA C KOHCTaHTaMu,
IIOMCIICHHBIMHU IIOCJIC cny>1<e6H0r0 CJIOBaA Casc,;

3. npu MncepBOM COBIAACHUU 3HAYEHUIH BBIIOJHSIIOTCS oneparopbl, CTOAMUC IIOCIIC
JABOCTOYMA,

4. €CJIIM HH C OJIHOﬁ N3 KOHCTAHT COBHAACHHA HC IIPOU3O0ILIO, TO BBIIOJHATCA

orepaTopsl ocie ciona default.
2. Ocobernocmu KOMAHObL MHOMCECMBEHHO20 8blO0PA

1. Jnst switch HyXeH oTenbHBIN OJI0K.

2. Tun BeIpakeHHUsI MOXKET OBITh IEIBIM WM CHMBOJIBHBIM, HO HE BEII[ECTBCHHBIM.

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

4. Ecnu neiictBue moaxoauT Mo HEeCKoMbKo KOHCTAaHT, TO cielyeT HECKONBKO case MOAps.
Hanpuwmep:

switch (BeIpaxxeHue)



{

case 1: case 2: case 5: JlelicTBusl;

case 3: case 4: [leiicTBus2; }

5. Koncrantsl B mpenenax omHoro switch DomkHBI OBITh YHHUKANbHBI, T.€. HE JOJKHBI
MOBTOPATHCS. HapylieHue 3Toro npuBoAUT K HEOJAHO3HAYHOCTH BBIOOpA HY>KHOTO ONEpaTopa.

6. Ecnu st mopxozsimeit Koncrantel TpeOyeTcst BRIIOIHUTE HE OJIMH ONEPATOp, @ HECKOJIBKO,
TO B OJIOK UX OOBEIUHATH HE 00s3aTENIbHO, T.K. JACUCTBUS Case PACIpOCTpaHseTcs 10 KOHIA, ToKa He
BCTPETUTHCA KoHell switch }, mim komanaa break.

7. Komanna switch sBnsiercs vacTHbIM ciaydaeM komauzwl if. Kornma Henp3si mpuUMeEHSTH
KoMaHJy switch:

- BBIP@)KEHHUE BEILIECTBEHHOE;

- BBIPAYKEHHE MPOBEPSIETCA B HEKOTOPOM JMAIa30HE JAaxKe M1 1esbix, HanpuMmep: 1<a<100. B
3TOM ciydae jerde Hamucath if (a>=1&&a<=100) uewm BomuceiBath 100 case.

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

- MPOBEpKa Ha CTPOrO€ PABEHCTBO TMPOBEpSiCTCSl TOJBKO Ui OJHOTO 3HAueHus —
BBIUMCIICHHOTO 3HAUEHUs BBIpAXEHUs, switch He MOAXOIUT Ui MPOBEPKU YCIOBUH Ui HECKOIBKUX
BennunH, Hanpumep if (x>10 && y<5) ¢ momomipio switch 3a1aTe Takoe ycioBue He yaacTcs.

3. Onepamop npepwviéarusi

Omneparop switch MMeeT CIeAyIoNyr0 OCOOCHHOCTh BBITIOJHEHUS: MPHU COBIAJICHUU 3HAYCHUS
BBIYUCIIEHHOTO BBIPAXKEHHS C METKOM, BBITIOJTHACTCS HE TOJIBKO OTIEPAaTOPhI, OTHOCSIINECS K ATOH METKE, HO
BCE HIDKENIeXKaIIHe, BIUIOTh 10 onepartopa default. 3To He Bcera cOOTBETCTBYET HEOOXOAMMOM CUTYAIHH.
s Toro 4ToOBl «OOONTH» BBIMIOIIHEHUE OMEPATOPOB HA MOCIEAYIOIIUX BETBAX KOHCTPYKIUU switch,
HYKHO MIPUHSATH CIICIUAIBHBIE MEPBI, UCIIOJIb3Ys ONEepaTOPhl BBIX0/1a UITH repexoa. J{is 9Tux 1enei 4acto
ucnonp3yercs onepatop break. Ero cienyer mucate B Kaxmoil BeTBH Juis case. [lociie ero BBITOTHEHHS
MPOUCXOAUT BBIXOJ U3 BCEX KOHCTPYKIMH switch Ha ciiemyroreit 3a Heli KOMaH Ty .

IIpumep nporpaMmsbl ¢ HCNIOJIb30BaHHE OoMepaTopa Bbidopa [Iporpamma-

KaJTBKYJIATOP.

BBoauTtcs BeipakeHue Buaa -5.45%3.56

[Tporpamma A0JKHA BRIYUCIUTD U BHIBECTH PE3YJIHTAT BRIPAKCHHS.

B o0rieM Bujie BhIpakeHUE BBITIISIAT TaK: oniepanal oneparust onepani2

OnepaH/iaMu SIBIISIFOTCS BEIIECTBEHHBIC YHCIIA, B KAYECTBE OTEpAIlMi MOYKHO UCIIOJIb30BaTh YEThIPE
OCHOBHBIX apU()METHUECKUX JICHCTBUSA: + - * /, KOTOpbIE BBOAATCS B MPOrPaMMy KaK CHMBOJIBL.

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;

3amanme
Ha oyenxy «YoosnemeopumenvHoy
BBoautcsa Homep mecsna. BergaTe Ha3BaHUE BpEMEHU TOJ1a.



Ha oyenxy «Xopowioy

BBonurcs kommaectBo set K — nienoe uncno ot 1 10 99. BeiBectu dpaszy «MHe ... net», rae Hamo
3aMEHUTH CJIOBO IET» Ha MOJXOSIIEE MO CMBICTY CIIOBA «TOA» U «TOAa.

3amMeTuM 3aKOHOMEPHOCTh, Kak OT 3HaueHus K 3aBUCHUT cII0BO.

a) €I YMCIIO 3aKaHYuBaercs nudpoi 1, To cioBo «roa» kpome 11 ner;

0) ecnu yncno K 3akanumBaetcs mudpamu 2, 3, 4 |, To «roma» kpome 12, 13, 14 ner;

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

Ha oyenxy «Omauuno»

BBomutcs nata B Buze: neHb (d), mecsir (m), ron (g). BeimaTs Ha3BaHue A1 HEETH, HA KOTOPYIO
MIPUXOJIUTCS BBEJICHHAS /1aTa.

<Jlenp Hemenn™> = <OCTATOK OT JeJICHUS X> Ha 7, Tae

X = [2.6*m - 0.2]+d+[y / 4]+y+[c / 4] - 2*c, rhe [] 0O3HAYAIOT MENTYIO YacTh YHCIIA.

¢ — ABe crapume udpsl roaa; y

— JIBe MJIaIue mudpsl roaa.

[Ipu ucnonb3oBaHuu 3TON (HOPMYIIBI CIEAYET YUECTh JIBa 00OCTOSITENHCTBA!

1) dbopmyra BepHa IJisi TPUTOPUAHCKOTO KajieHaapsi HoBoro ctuiist (ot 1582 1o 4902);

2) MecsI| CIeNyeT IMpelBapUTENIbHO MpeoOpa3oBaTh TaK, Kak e€ciu Obl Hayajao roaa
npuxoauiock Ha 1 mapra. HbpIMU crioBamu, MapT B 3TOH (GopMylie UMEET MOPAIKOBbIM HOMep 1,
anpenb — 2, ..., sHBapb — 11 u ¢eBpanp — 12, npuuéMm sHBaps U (PeBpaib clieyeT OTHECTH K

npeasiaymemy roay. Hanpumep, s
1 deBpans 1991 roga HOMep MecsIa 1okeH ObITh paBeH 12, a rox 1990, B To Bpems kak it 31 mexadps
1991 rona Homepa mecsaua — 10, a rog — 1991. Pe3ynbTraTr BbluMClIeHHs AA€TCsl B BUAE LIEJIOTO 4YUCIa B
nuanasone ot 0 1o 6, npuyém 0 COOTBETCTBYET BOCKPECEHBIO.

KonTpoabHbIe BONpochl
1. HazoBute OCHOBHOE Ha3Ha4YCHUE
orneparopa switch.
2. 3anumuTe CUHTaKCUC orneparopa switch. 3.
OO0bsicHuTe HA3HaUeHUE oneparopa break.

JlaGopaTopnas padora NelS.
HporpaMMa BBIYMCJICHUA CYMM M KOJIHYECTBA, MOMCK MAKCUMAJIBHOT0 U MUHUMAJILHOTO
3HAYEHMH.

Heanb: IlonyyeHne HaBBIKOB B paboTe ¢ apUPMETHUYECKHMMU BBIPRKEHUSIMH, LUKINYECKUMU
MHCTPYKLUSMHU.

Tembl AJ1s1 IpeABapUTeIbHON NPOPAdOTKN ApudpMmeTHUecKne

onepaTopsl C++.

@DYHKIMM CTaHAAPTHOTO BBOJA U BBIBOJIA.

Oneparop BETBJIEHUS.

Teopernyecknit maTepual

1. Quxn ¢ napamempom

dopmar oneparopa UKJa ¢ IapaMeTPOM:

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

Bripaxkenue 1 BBINOHAETCS TOJIBKO OJIMH pa3 B Havase [ukiIa. OOBIYHO OHO OMpeeNnsieT HadyalbHOe
3Ha4YeHUEe MapaMeTpa LMKJIA (MHULMAIM3MPYET MapaMeTp Lukiaa). BelpaxeHue 2 — 3To ycioBHe
BBINOJIHEHUS LIMKJIA. BeipaxkeHue 3 oObIYHO ompeserseT n3MeHeHue napamerpa nukia. OnepaTop — Telo



IIUKJIa, KOTOPOE MOXKET OBITh MPOCTHIM I COCTaBHBIM. B mociieiHeM citydae MCHONB3YIOTCS (UTYPHBIC
CKOOKHU.

AnTOpHUTM BBITIONTHEHUS MUKIIA for mpeacTaBieH Ha OJOK-cxeMe:

[Tocrne BEIYHMCIICHUS BEIPKEHUS 3 MPOUCXOIUT BO3BPAT K BBIYUCIICHUIO BRIPAXKEHUS 2 — MPOBEPKE
YCIIOBHSI TOBTOPEHUS IIHKJIA.

PaccMoTpuM HEKOTOpBIE OCOOCHHOCTH apu(METHYECKOro IMKIA Ha MPUMEPE BBIYUCICHUS
dakropuana uyncna. C momoripio 1ukia for HaxoxaeHne N! MOXKHO OpraHH30BaTh CIACAYIOIIINM 00pa3oM:

F=l;

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

Hcnonb3yst onepannio «3arstasi», MOKHO B BRIpaXKCHHE | BHECTH MHUIMATU3AINIO 3HAYCHHI Cpasy
HECKOJIbKUX MEPEMEHHBIX:

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

HekoTopsix 351eMeHTOB B orieparope for MoKeT He OBbITh, OJJHAKO Pa3ACIISIONINE HX TOYKH C 3aIsTOM
00s13aTeNLHO JIOJDKHBI IPUCYTCTBOBATh. B cienyroniemM npuMepe MHUIHATM3HPYIOIIAs YaCTh BEIHECCHA U3
omeparopa for:

F=l;

1=1;

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

Hwkxe nokasaH eie oJiH BapuaHT BelurciicHus N!. B HeM Ha MecTe Telia IMKIJIa HaXOIUTCS MyCTON
OIIepaTop, a BEIYUCIUTEIIbHAS YaCTh BHECCHA B BBIPOKEHHE 3.

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

IIpuMmep nporpaMMel ¢ apU(PMETHYECKUM HUKIOM

PaccmoTpum nporpammy, onpeensoIlyo CyMMY, a Tak ke HauOoJbIllee 1 HauMEHbIIIee 3HAUYCHUS
cpenu mocienoBaTeabHOCTH 10 crydyallHBIX BETMYWH, 33JaBAEMbIX C TTIOMOIIBIO JAaTYMKA CIYIalHBIX YHCe.

main()

{ int 1, n, min, max, s;

randomize();

max=0;

min=100; s=0;

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

{

n=random(100);

cout<<p<<" "
st=n; if
(n>max)
max=n; if
(n<min)
min=n;
h

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

}

Pe3ynbrarhl paboThl mporpaMMmel: 12
3678 2120378990 70 52
FAdEEE max=90 min=12 s=505

3ananue
Ha oyenky « Yooseremsopumenvro»



Pa3paboraTs mporpammy, onpeensonylo CyMMY, a Tak ke HauOoJblllee U HauMeHbIlIee 3HaYCHHS
cpenu nocienoBaTebHOCTH 10 cay4yailHbIX BEIMYHMH, JUANa30H KOTOPHIX MOT 33J1aBaTh MOJIb30BaTENb.

Ha oyenky «Xopowoy

PaspaboTtare nporpamMMy, OnpeAeisIony0 CyMMY, a Tak e HanOoJbllee U HAaUMEHbIIee 3HAYCHUS
CpeIy MOCeI0BAaTeIbHOCTH CIIYYalHbIX BETMYHH, KOJMUYECTBO KOTOPHIX MOT 33J]aBaTh MOJIb30BATEb.

Ha oyenky « Omauuno»

Pa3paborare mporpaMmy, onpeaensonlyo CyMMy, a TaK K€ HanOoJIblIee U HAaUMEHbIIIEE 3HAUCHUS
CpeIu IMOCIeOBATEeIbHOCTH  CIIyYalHBIX BEJIIMYMH, a TaK >K€ IO3UIUHU, B KOTOPBIX JOCTHUTalOTCA
MaKCHMaJbHOE U MUHUMAJIbHOE 3HAUCHUSI.

KonTposbHbie BONpochl
1. latb onpeneneHrne MUKINYECKOMY alITOpUTMY.
2. 3anumm KoMaHay apu(METHUECKOro IUKIIa ¢ 0OCOOCHHOCTSIMH TPUMEHEHHUS. 3.
CocTaBb aJITOPUTM BBIYMCIECHUS CYMMBI 33/1aHHOTO KOJINYECTBA BEJINYMH.

JlabopaTopnas padora Nel6.
IIporpaMmmMupoBaHue NPUKJIATHBIX 32124 ¢ IPUMEHEHNEeM HMKJINYECKHX AJITOPUTMOB.

Heasb: [Tonydyenre HaBBIKOB MU pa3zpabOTKe MPUKIATHBIX TPOTPAMM C IPUMEHEHHEM [IUKIHYECKUX
KOHCTPYKLHUMA.

Tembl 1151 IPeIBAPUTEIbHOM MPOPadoTKN AprudMeTHUECKHE

oneparopsl C++.

DYHKIIUU CTaHJAPTHOTO BBOJIA U BBIBOJIA.

Oneparop BerBneHus. Teoperndeckunit marepuan /. Yucna

Dubonauuu

W3BectHa cnenyoomas 3anada o Kpojiukax. [lomecTunm mapy KpOJMKOB B HEKOEM MecCTe,
OTOPOKEHHOM CO BCEX CTOPOH CTEHOMU, YTOOBI y3HATh, CKOJIBKO Map KPOJIUKOB POJUTCS MPH ITOM B TEUCHHE
roJia, €ciiv IpUpoaa KpOIMKOB TAKOBa, UTO YEPE3 MECSLL ITapa KPOJIMKOB IPOM3BOAUT HA CBET IPYTyIO Napy,
a pOXKAAIOT KPOJIHUKHU CO BTOPOTO MECSIA MTOCIIE CBOETO POXKICHHUS.

SlcHo, 9TO eciiu cUuTaTh MEPBYIO MAPy KPOIMKOB HOBOPOXKIEHHBIMH, TO Ha BTOPOW MECSI] MbI OyieM
0 IPEXKHEMY UMETh OJIHY Mapy; Ha 3-i mecsiii— 1 + 1 =2; Ha 4-i1 — 2 + 1 =3 mapsl (160 U3 IBYX UMEIOIIUXCS
rap MOTOMCTBO JAET JIMIIb OJHA Napa); Ha 5-i Mecan — 3 + 2 = 5 map (b 2 poauBIIMecs Ha 3-H MecsLl
napbl 1aayT MOTOMCTBO Ha 5-i Mecsl); Ha 6-i mecs — 5 + 3 = 8 map (100 MOTOMCTBO JaAyT TOJBKO TE
Mapel, KOTOPHIC POJUIUCH HA 4-M MECSIIC) U T. 1.

Ecnu 0603HaunTh 4MCIIO TIap KPOJIMKOB, MMEIOIIMXCA Ha N-M Mecsie yepe3 Fn, to F1 =1, F2 =1,
F3=2,F4=3,F5=5,F6=28,F7 =13, F8 =21 u 1. 1., npuueM 00pa3oBaHue dTUX YUCEN PEryITHpPyeTCs
o01M 3aKk0HOM: Fn = Fn_1 + Fn_2 ipu Bcex n>2, BeAb YUCIIO Map KPOJIUKOB HA N-M MECSIIe paBHO YHCTy Fn-
1 Tap KPOJIMKOB Ha MPEANISCTBYIONIEM MECSIIE TUTFOC YKHCJIO BHOBb POJMBIIHNXCS Tap, KOTOPOE COBIAAET C
gucioM Fn2 map kponukoB, poauBmuxcs Ha (n — 2)-M Mecsiue (MO0 JUIIb 3TU Hapbl KPOJIHUKOB JArOT
MTOTOMCTBO).

O®paniry3ckuii MareMatuk JIroka BriepBble Ha3Ball YMCIOBYIO MoclieaoBaTeabHocTh 1, 1, 2, 3, 5, 8§,
13..., xoTopyto Ha3zBan yncnamMu OUOOHAYYH U OTKPBLT HE MEHEE BaXKHYIO MMOCJIEI0BATENBLHOCTD: 2, 1, 3, 4,
7, 11...,koTOpas cBs3aHa ¢ 3070TOM nmponopuueld. OTHOIEHUE COCEAHUX yucen JIroka 1o mepe yaaaeHust
OT Hayaja Mociae0BaTeIbHOCTH B MIPEJENE CTPEMUTCA K 30JI0TOM MPOMOPLIHH.

[TocnenoBarenpbHocTH uncen @udonavun F(n) =1, 1, 2, 3, 5, 8, 13,... u uncen Jlroka: L(n) =2, 1, 3,
4, 7, 11,... yueHsle Bce Halle BCTPEUYAIOT BO MHOTUX SIBJICHMSIX OKpyXkarouiero mupa. 2. Pexyppenmuvie
COOMHOUIeHUS

PexyppeHTHBIMH Ha3bIBAIOTCS COOTHOIIECHHS, B KOTOPBIX OYEPEIHON YJIEH MOCIEN0BATEIbHOCTH
BBIPAXKEH U€pe3 OJIMH WJIM HECKOJIBKO IIPEIBIAYIINX (OT JaTUHCKOrO "recurrere” — Bo3Bpaarscs'").



[Tpumep: hopMysbl 111 HAXOXKIEHUS N-TO JIEMEHTA

aj=6,a=aj.1+t3 6,9,12, 15,18, 21,24,27,31 a

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

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

[TocnenoBarensHocTH uncen dubonayuu F(n) = 1, 1, 2, 3, 5, 8, 13,... ABIsIeTCS pEeKyppEeHTHOMI
MOCJIEI0BATEILHOCTb, JIJIT KOTOPOW BBITTOJIHSIIOTCS YCIIOBHSL:

Fi=F>=1;

Fn=Fn-1+Fn-2

Kaxxnprit 4yeH TakoW IOC/IEeIOBAaTEILHOCTH, KPOME TMEPBBIX ABYX, 3aBUCHUT OT 3HAYCHUS IBYX
MPEABITYIINUX YWICHOB MOCJIEI0BATEILHOCTH.

3.Dkonocuveckas 3adava

B pesynbraTe cOpoca mpoMBIIIIEHHBIX CTOKOB BO3POC YPOBEHB 3arpsi3HeHus peku. KakuMm ol Oyer
4yepe3 CYyTKH, IBO€ U T.J. U KOT/Ia YPOBEHb 3arpsi3HEHUS CTaHET JOIYCTUMBIM, €CJIM U3BECTHO, UTO 3a CYTKH
OH YMEHBILIAETCs B OINPeIeTICHHOE KOJIMYECTBO pa3?

O6031auum: CO — HavyanpHas KOHIIEHTPALUs BPEIHOU IPUMECH.

Cron — npeaenbHO JOMYCTUMAsi KOHIIEHTPALIHS BPEIHON TPUMECH.

K — k03 puieHT cyTouHoro yMeHbIIeH!s! KOHIIEHTPAIMU BPEJHOTO BelecTBa. Tabnuma

6. VcxonHble TaHHBIE K DKOJOTHYECKOM 3a1a49e

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

Csunernt 5 0.03 1.12
MBIIIBIK 1.5 0.05 1.05
drtop 0.2 0.05 1.01

Matemarudeckas HGOpMYITHPOBKA 3a[a9H:

Cl=C0/K

C2=Cl1/K=C0/K2

C3=C2/K=C1/K3

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

Cn=C0/Kn WA

Cn=Cn-1/K

AHanu3upyeM MocieaHion GopMyny — COCTOSHUE 3arpsi3HEHUS] PEKU B TEKYIIUH I€Hb 3aBUCUT OT
COCTOSIHUS 3arPS3HCHUS B TIPEIBIIYIINAN JICHb, T.€. HMEEM PEKYPPEHTHOE COOTHOIIICHHE.

IIpumep nporpaMmel ¢ peKyppPEeHTHBIMH MOCJ1€10BATEIbLHOCTSIMU

Paspaboraem mporpammy s pacuéra cojiep)kaHus B peke cBHHIA. OO003HAUYNM TIPEIeTBHO
JIOTYCTUMOE 3HAYCHHE KOHIIEHTPAIlMU BpeaHON mpuMecu cdop, HayaabHOE 3HaYeHHe KoHleHTpanuu c0 ,
K03 (QUIIMEHT yMEHBIIIEHUS 3arpSI3HEHHS B CYTKH K, 1 — 4ucio cyToK. i co3laHus anroputMa mpeicTaBuM
peKyppeHTHYI0 GpopMyiy B Bujae: c=cpred / k.

main() {

float c0, cdop, k, ¢, cpred; int

i

c0=5.0; cdop=0.03; k=1.12; /N3 TaOIHILI

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

{ c=cpred/k;

if (c<=cdop) break;

cpred=c; } cout<<i; }

PesynbTaT paboThl MIPOrpaMMBbI:



46
3amanue
Ha oyenxy «Yooenemsopumenvro»
Pa3zpaboraem nporpammy Juist pacuéra CoAep:KaHus B PEKE MBITIbSIKA.
Ha oyenky «Xopowoy
Pa3paboraem nporpammy [uist pacuéra coaep:kaHusi B peke gpropa.
Ha oyenxy «Omauuno»
Pa3paboraem mporpammy sl pacuéra COJEp)KaHUS B PEKE YCIOBHOIO BEILECTBA, IOKA3aTENIH
KOTOPOTO BBOJATCS MOJIb30BATEIIEM.
KouTtpoJbHble Bonpochl
1. Kakue cooTHOIIEHHS HA3bIBAIOTCS PEKYPPEHTHBIMU?
2. Ilpuenute nepBbix 10 uncen @uOOHAYYM, HCTIOIB3YS PEKYPPEHTHYIO (hopMyITy.

JlabopaTopnas padora Nel7.
Hrepammonnbie nuKIbl. [lonck KopHeli HeJIMHEIHOTO YPaBHEHHSI MeTOI0OM J1eJIeHUsI
MOMmoJIaM.

Hean: [lomydyenre HaBBIKOB B pabOTe ¢ MUKINYECKHUMHU aJlropuTMaMu. Peanu3aius Ha UX OCHOBE
MaTeMaTUYeCKUX PacyeTOB.

Tembl 17151 IpeIBAPUTEIbHOI MPOPA0OTKH ApHupMETHICCKHE

oneparopsl C++.

DYHKIIMU CTaHJAPTHOTO BBOJIA U BBIBOJIA.

OnepaTop BETBIICHUS.

Teopernyecknit maTepuaJ

1. OcnosHbie nowsmust 0151 YUKI108

Huka - 5T0 anropuTMUUYECKasi KOHCTPYKIIUSI, B KOTOPOW B 3aBUCUMOCTH OT YCJIOBHS TIOBTOPSIETCS
onpenenéHHas oCIeI0BaTeIbHOCTh IEUCTBUM. [{1s1 OpraHu3anyy MUKIOB MOKHO IPUMEHSTh YCIOBHS,
T.K. IUKIUYECKUNA aJITOPUTM SIBJISIETCS YACTHBIM CiIyyaeM pasBeTBistomerocs. Teqno mmkaa - 3TO
MOBTOPSIOIIASCS TOCIEI0BATENILHOCTD IeHCTBUH (070K MHCTPYKIIHIA).

[y, i KOTOpOro HENb3s yKa3aTh YHUCIO TOBTOPEHUM, M TMPOBEPKAa OKOHYAHUSI KOTOPOTO
MIPOUCXOIUT IO TOCTUKEHUIO HY>KHOTO YCIIOBHUS, HA3bIBACTCS MTEPAMOHHBIM. LMK BRITTOTHSETCS 10 TEX
0P, MOKa BBIPAKEHUE OTIUYHO OT HYJIS, T.€. 3aKJIFOUEHHOE B HEM YCIIOBUE LIMKJIA UCTUHHO. BbIX0 13 IIMKIIa
MIPOUCXOAUT MOCIE TOr0, KaK 3HAU€HHUE BHIPAXKEHUS CTAHET JIOKHBIM, UHBIMHU CIIOBAaMH PaBHBIM HYIIIO.

2. Lukn ¢ npedycnoguem

B nmkie ¢ npemycioBreM, Ha3bIBAEMOM €III€ HUKJIOM “TIOKa”, CHadaja IMpOBEpAETCS YCIOBHE, a
3aTe€M BBINOJIHAIOTCS IEUCTBHUS.

[uk ¢ mpeaycioBueM MOKET HE BBITTOJTHUTHLCS HU Pasy.

dopmar oneparopa IUKJIa ¢ IPETyCIOBUEM:

while (BbIpaskeHue) omeparop;

3. Quxn ¢ nocmycnosuem

B numkie ¢ mocrycioBreM cHauyasa BBINOIHAETCS AEUCTBUE, a JIUIIb TOTOM IPOBEPSETCS YCIOBHE.
Huxn “no0” QyHKIMOHHpPYET CIEAYIOIIMM 00pa3oM: J0 TeX IMop, TMOKa YCIOBHE HE BBITOJTHUTCS,
BBITIOJTHSIETCS TEJIO IUKJIA. XapaKTEPHO, YTO TEJIO IHUKJIA B IIUKJIE 10" BBITIOJIHIETCS XOTS OBl OJUH pa3.

dopmMmar oneparopa IUKJIa C MOCTYCIOBHEM:

do omeparop while (BbIpakeHnme);

Hukn ¢ npegycnoBueM. @opmMar oneparopa IUKJIa C IPeyCIOBUEM:

while (BeIpakeHue) ormeparop;

[uk1 moBTOPSIET CBOE BBIMOJIHEHUE, TTOKA 3HAYEHUE BHIPAXKEHUS OTIUYHO OT HYJIS, T.€.



3aKJIFOYEHHOE B HEM YCJIOBHE LIUKJIA HCTHUHHO.
3.4. Pewenue nenuneiino2o ypagrenus Memooom oeienus nonoiam
[Tycts TpebyeTcs pemnTh HenuHeiHOoe ypaBHeHue Buaa f(x)=0 Ha 3amaHHOM oTpeske [a; b] c
HE00XO0AUMOI TOYHOCTBIO £>0.
Pemnte ypaBHEeHHE — 3TO HailTu ero kopeHb (KopHH). KopHeM HasbIBaeTcs Takoe 3HAa4YeHUe X*,
MOJICTaBUB KOTOpoe B f(X) momydaercs HOMb, T.€. f (x*)=0
J) A I'paduuecku KOpeHb — 3TO TOYKA IEpeceUeHUs
rpaduka Gynkiuu y=f (X) ¢ OCbI0 OX.
VY3Haewm, ecTh 1 Ha oTpe3ke [a,b] pemenue. s
3TOrO HaJI0 MPOBECTH HCCIENOBaHHE, Kak BeAeT cels
— ¢bynkus f(x) Ha KOHLIAX oTpeska [a; b].

oo X

& o : >

‘ *

A1 O i

O
/ Pucynok 1 — Kopau HenmHeNHOro ypaBHeHuUs
-HET PELIEHUsI  -HET PELICHUS -
€CTb pEIlCHUE

y A y A y A

~

x *
14§96 0
F{G R0

LT 4

Ecnu HenpepbiBHas MOHOTOHHAsE pyHKIM f (X) MMeeT pa3Hble 3HaKU Ha KOHIIaX oTpe3ka [a, b], To
OHa MMEET eTMHCTBEHHBI KOPEHb Ha JJAHHOM OTpE3Ke.
f ( Cl) % f ( b) <0 VYcnoBue cynecTBOBaHHs €JMHCTBEHHOI'O KOPHS Ha [a; b].
Jis perieHuss HEMMHEWHOTO YpPaBHEHUS MOXHO MCIIONB30BaTh METOJ
JIeJIeHNUs TIOTI0JIaM, OTHOCSIIIUNCS K TUCHUIUINHE «YHUCICHHBIE METOBI».
ANropuT™M METOAA ACTICHUS MOToJIaM



1. Haiitu cepenuny otpeska [a,b]:

BBoa: a, b, eps c=(a+b)/2;
v 2. Ecmu f(c)*f(a)<0, caBuHYTH IpaByiO TI'paHUILY
k=0 uHTEepBaa b=c;
V< 3. Ecmu f(c)*f(a)> 0, caBUHYTH JIEBYIO TpaHUILY
k=k+1 MHTEpBaJIa a = C;
v 4. [ToBTOpsiTH M1aru 1-3, moka He OyzaeT | b

c=(a+h) / 2 al=e

oo WctiHa

a=c b=c
| |

UctnHa

BblBOA: C, k Pucynok 3 - briok-cxema MeTona AeneHus
MOI0J1aM

IIpumep mporpamMmel AJisl pellieHUs HeJIMHEHHOT0 YPaBHEHHUSI METOI0M JIeJIeHHs MOoMmoJiaM
®parMeHT NporpaMMHOTO KOJIa JJIsi HeTMHEWHOTo ypaBHeHUs f (x)=cos(x)+sin(X).

main()

{ float a, b, ¢, fa, tb, fc, eps;

cout<<’BBenuTe rpaHuIlbl OTpe3Ka ~’;

cin>>a>>b; cout<<’BBeauTe TOUHOCTH

pacuetoB ”; cin>>eps; do

{

c = (atb)/2; //CepenuHa oTpe3Ka

fa = cos(a)+sin(b); //3Hauenus PyHKIIMU B KOHTPOJIBHBIX TOUKAX
fb = cos(b)+sin(b); fc

= cos(c)+sin(c)

if (fa*fc<0) b=c; //YcnoBue BbIOOpa KOPHS

else a=c;

b

while ( fabs(b-a)>eps); //YcnoBue mpogoiikeHust pacueToB cout<<’KopeHb
ypaBHeHHUs = ’<<c<<endl;

b

3ananue
Ha oyenky « Yooseremsopumenvro»
Hanucars nporpaMmy, BBIUHCISIONIYIO KOPEHb HEIWHEHHOTO YpPAaBHEHHUS METOJIOM JEJICHUS
MOTI0JIaM Ha 33JJaHHOM OTpE3Ke C YKa3aHHOI TOYHOCTHIO BBIUMCIICHHUS.
Ha oyenky «Xopowoy



JlomomHUTENBHO ONPENEIUTh KOJTUYECTBO COBEPLICHHBIX AeneHui. CaenaTh BbIBOJI, KaK KOJIUYECTBO
JIeJIeHU 3aBUCUT OT TOYHOCTH PAcyeTOB.

Ha oyenky « Omauuno»

Bce pacuersl oToOpa3uTh B BUAEC TaOJMUIBI, B KOTOPOW B IOIIArOBOM pPEKHUME IPEIACTABUTH
MIPOMEXYTOUHbIE U KOHEYHbIC BBIYUCIICHHUS.

KonTposbHbIe BONPOCHI

l. Kakue nukiibl Ha3pIBaOTCA UTEPALIUOHHBIMU ?

2. YeM oTiIMUarOTCA UTEPALIMOHHBIE LIUKIIBI C MIPEAYCIOBUEM H ITOCTYCIOBUEM ?

3. Cdhopmynupyiite anroput™ paboThl UTEPALMOHHOIO LIUKJIA.

4. UTto Ha3bIBaeTCSI KOPHEM HEJIMHEHHOTO ypaBHEHUA?

5. OnuiuTe anropuTM METOAA JIEIEHUS MIOT10JIaM JJ1s1 BBIUMCIIEHUS KOPHS HEIMHEHHOro
YpaBHEHUS.

JlabopaTopnas padora Nel§.
BoruunciieHue psijioB ¢ 32/1aHHOM CTENEHbIO TOYHOCTH.

Heab: [TonyyeHrne HaBBIKOB B padoTe C MUKIMUYECKUMU aITOPUTMaMHU.

Tembl 17151 IPeIBAPUTEIbHOM MPOPadoTKN AprudMeTHUECKHE

oneparopsl C++.

OYHKIHMM CTaHAAPTHOTO BBOJA U BHIBOJIA.

OmnepaTop BETBIICHUS.

Teopernuyeckuii marepuaJ

1. OcHosmbie nousmus 015 YuKi08

Huk - 3T0 anropuTMUYECKasi KOHCTPYKLUSI, B KOTOPOW B 3aBUCUMOCTH OT YCJIOBHS MOBTOPSETCA
onpeaeneHHasl NOCIeI0BaTENbHOCTh AUCTBUM. [l opraHu3aiy MUKIOB MOKHO IPUMEHSTh YCIIOBHS,
T.K. IUKIAYECKUN aJITOPUTM SIBJISIETCS YACTHBIM CiIy4aeM pasBeTBIstomerocs. Teqo umMkaIa - 3TO
TTOBTOPSIFOIIASICS TTOCJIEI0OBATEILHOCTh IEUCTBUH (OJIOK MHCTPYKITUH).

[ukn, Ajig KOTOPOro HENb3s yKa3aThb YHUCIO TOBTOPEHUM, M IMPOBEPKA OKOHYAHUSI KOTOPOIO
MIPOUCXOAUT IO TOCTUKEHUIO HY>)KHOT'O YCIIOBHUS, HA3bIBACTCA MTEPAMOHHBIM. [[MK1 BBITTONIHSETCS 10 TEX
O, MOKa BBIPAYKEHUE OTIMYHO OT HYJIA, T.€. 3aKII0OUEHHOE B HEM YCIIOBHUE IIMKJIa UCTUHHO. BBIX0/ 13 IIKiIa
MIPOMCXOAUT MOCTIE TOTO, KaK 3HAYCHHE BBIPAKEHUS CTAHET JIOKHBIM, HHBIMU CJIOBAaMHU PABHBIM HYJTIO.

2. Luxn ¢ npedycrosuem

B uwmkne ¢ npenycioBueM, Ha3bIBAEMOM €II€ LUKJIOM “NOKa”, CHaudaja MpPOBEPSETCS yCIOBUE, a
3aT€M BBITTOJTHSIOTCS ICUCTBHS.

[ukn ¢ mpeaycioBueM MOKET HE BBITTOTHUTHCS HU Pasy.

dopmMmar oneparopa IUKJIa C IPeyCIOBUEM:

while (BbIpaxkenmue) omeparop;

3.3. Luxn ¢ nocmycnoguem

B mmkie ¢ moctycioBuem, Ha3pIBaEMOM ITUKJIOM “710”°, HA00OPOT: CHAaYaIa BHIOJTHSACTCS IEHCTBUE,
a JIUILIb IOTOM MPOBEPSETCS YCIOBHE.

[Mukn “n0” GyHKIMOHHMPYET CIEAYIOUMM 00pa3oM: 0 TeX IOp, MOKa YCIOBHE HE BBITOJHHUTCH,
BBITIOJTHSIETCS TEJIO IIUKJIA. XapaKTEPHO, YTO TEJIO IMKJIA B IUKJIC 0" BBITTOIHIETCS XOTs ObI OJUH pa3.

dopmar oneparopa IUKJa ¢ MOCTYCIOBUEM:

do omeparop while (BbIpa:kenmue);

[ukn BBIMOTHSAETCS O TE€X MOP, OKA BEIPAKEHUE



IIpumep nporpaMMbl BLIYHMCJIEHHS PSIIOB € 32JaHHOI TOYHOCTHIO

Boraucnute cymmy rapMoHudeckoro psaa: 1+ 1/2+1/3+ ¢ 3agaHHON TOYHOCTBIO PacyeToB €.
#include <iostream.h> #include <limits.h>

main()

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

cout«"Beemure TounocTs: " ;

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

{

S+=l./n; nt+

+5

}
cout<<"\nCymma="<<S§;

@aiin limits.h, moakmoyaemMplii TPEMPOLIECCOPOM, CONEPKUT ONPEAETEHUS MPEACTbHBIX KOHCTAHT
JUIS LIETIBIX TUIOB JAHHBIX. B 4acTHOCTH, KOHCTaHTa ¢ UMEHEM int_max paBHa MaKCUMaJIbHOMY 3HAYEHUIO
TUNA int B JaHHOW peanu3aluy Kommowiaropa. Ecnu nns Tuma int Wcmosib3yercs ABYyXOalWToOBOe

npencrasienue, To INT MAX=32767. B atom ke 3arojoBOYHOM (paiisie onpeiesieHbl U Ipyrue KOHCTaHThI:
INT MIN=-327 68; LONG MAX=2147483647 u T.x1.

3aganue
Ha oyenky « Yoosenremsopumenvro»

Hamnucatps nporpamMmy, BEIYHCIISIONIYIO BCE WICHBI YHCIOBOTO psijia, 3SHAYCHUE
KOTOpBIX IpeBbiiaer 10-5.

Ha oyenky «Xopowioy

JlaHbl 4MCIIOBOM psiA W HEKOTOpoe uucio €. HaliTh cymMMy Tex WIEHOB psijia, MOAYJIb KOTOPBIX
Oosbliie WM paBeH 3aJjaHHOMY €. OOIIMIA YJieH psijia UMeeT BUJL:

an=10"/n!

Ha oyenxy «Omauunoy

HaiiTn HauMeHbLIUI HOMEp WieHa NOCIe10BaTeNbHOCTH, an=10"/n!

JUIs. KOTOPOT'O BBIMIOJHSETCS YCIOBUE: |an — an-1| < €. BoiBecTH Ha

9KpaH 3TOT HOMEpP U BCe 3JEMEHTHI ai, rae i =1, 2,..., n.

KoHTpoJbHbIE BONPOCHI
1. Kakue uMKibsl Ha3bIBAKOTCS. UTEPAMOHHBIMA?
2. UeM oTInMYarOTCA UTEPAMOHHBIE LIMKJIBI C TPEAYCIOBUEM U TIOCTYyCIOBUEM? 3.
Chopmynupyiite anroputM pabOThl UTEPAITMOHHOTO ITUKJIA.

JlaGoparopHasi padora Nel9.
IIporpamma cocrap/ieHusi Ta0 bl QyHKIMU HA 32JaHHOM HHTepPBAaJe.

Heab: [TonydyeHrne HaBBIKOB B paboTe C IMKIMYECKUMHU alrOpUTMaMHU
TeMmbl 1J151 IpeABAPUTENbHOM MPOPadoTKu Apudmernueckue
onepaTtopsl C++.

OyHKIMH CTaHAAPTHOTO BBOJA U BHIBOJIA.

Omneparop BeTBieHUA. TeopeTuyecKuii MaTepuas

1. Luxn ¢ napamempom



dopmar oneparopa IUKJIa ¢ apaMeTPOM:

for (Bbipaxkenue 1; BbIpaxeHue 2; BbIpaskeHHe 3) oneparop;

[{ukn ¢ mapamMeTpoM HCHOJb3YyeTCsl B Mporpammax, KOrja M3BECTHO KOJMYECTBO COBEPLIAEMBIX
NOBTOpeHU. Bripaxkenne 1 BBHIMONHAETCS TONBKO OAMH pa3 B Havaie nukia. OOBIYHO OHO Ompenensier
HayaJlbHOE 3HAYEHHUE MapameTpa LUKIAa (MHUIUAIU3UPYET NapameTp Lukia). Beipaxkenue 2 — 310
yCIIOBHUE BBITIOJIHEHUS IUKIIA. BeipaxkeHue 3 oObIYHO ompezesnseT u3MeHeHne napaMeTpa 1ukia. Oneparop
— TeJO IHMKJIa, KOTOPOE MOXET ObITh MPOCTHIM WJIM COCTaBHBIM. B mocienHeM ciiydae MCHOJIb3YIOTCS
(buUrypHbie CKOOKH.

[Tocne BbrYMCIEHUS BBIPAKEHUS 3 MPOUCXOIUT BO3BPAT K BBIUYMCIIEHUIO BBIPAXKEHUSI 2 — IIPOBEPKE
YCIJIOBUSI IOBTOPEHUS LIMKJIA.

Hcnonp3ys onepanuio «3amsTas», MOKHO B BIpaXkeHHe | BHECTH MHUIMATN3ALNIO0 3HAYCHHH cpasy
HECKOJIbKUX MEPEMEHHBIX.

HexoTtopsbix 31eMeHTOB B oniepaTope for MoxeT He ObITh, OJJHAKO pa3esIAIONINe HX TOUKH C 3alsTON
00513aTeTbHO OJIKHBI IPUCYTCTBOBATH.

I[Ipumep nporpamMmmel Ta0y1upoBaHusl GPyHKUMHU

CocTaBuTh Tabnuily 3HadeHui QyHKIUU y=|X| B AMana3oHe W3MEHEHUs apryMeHTa oT -4 10 4 ¢

marom 0.5.

#define LB -4 //HUXHSSA TPAaHHUIIA IUANa30Ha U3MEHEHUS apTyMEeHTa
#define HB 4 //BepXHsis TPaHMLIA TMATIa30HA H3MEHEHUS apryMeHTa
#define DX 0.5 //ipupalieHne apryMeHTa

main()

{ float x, y; //apryMeHT ¥ 3Ha4eHHEe PYHKIUU

int n; //K07-BO TOYEK

int 1; //cYEeTYNK LIUKIIOB

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

{ y = fabs(x);

cout<< x<<y;

X +=DX;

}

}

3amanue

Ha oyenxy «Yoosnemeopumenvnoy

Hanumure nporpammy, COCTaBIISIFOILYIO TaOMUIy 3HaUeHUH QYHKIIMHN y=sin(X)-cos(X) B JHAara3oHe
MU3MEHEHHUs apryMmeHTa ot -4 10 4 ¢ marom 0.5.

Ha oyenxy «Xopowoy

Hamnumuire mporpamMmy, COCTaBISIONIYI0 TabMUIly 3HaueHU QyHKIUU y=sin(X)-cos(x). Junamazon
M3MEHEHMs apryMeHTa, a TaK e LIar ero M3MEHEHHs BBOAUTCS MOJIb30BATENIEM.

Ha oyenky « Omauuno»

B noctpoennoit Tabnuiie 3HaueHUN QYHKIIMN ONPEIEIUTh TOUKH SKCTPEMYyMa.

KonTpoJsbHbIe BOonpockl
1. Korzna B mporpaMmax MCIOJIb3YETCs LUK C TapaMeTpoM?
2. YKaxuTe paBuiIa CHHTaKCHCca KOMaH/IbI for.

JlaGoparopHasi padora Ne2(.
IIporpamMupoBanne HUKIHYECKUX AJTOPUTMOB NPH pellleHUH NPUKJIAAHBIX 3a/1a4.



Heab: [TomydyeHrne HaBBIKOB paOOTHI ¢ Pa3TMYHBIMH BHIAMU ITUKIMYECKUX aITOPUTMOB.
TeMbl 1J151 IpeABAPUTENbHOM NMPOPadoTKu Apudmernueckue
onepaTopsl C++.
@DYHKIMH CTaHAAPTHOTO BBOJA U BBIBOJIA.
Omneparop BeTBJICHHUS.
Teopernyeckuii MaTrepua /.
Tousmue yuxna
[Ton LMKIOM MOHHMMAETCSl MOCIEAOBATEIBHOCTh JEHCTBHI, KOTOPbIE MOTYT MOBTOPATHCA HY)KHOE
KOJIMYeCTBO pa3. /leiicTBUs, KOTOpBIE TIOBTOPSIOTCS B IIUKJIE, HA3BIBAIOTCS TEJIOM IMKJIA (KOMaHBI Cin U
n3MeHeHue sum). IIpuMeHeHrne HUKIOB COKpallaeT UIMHY IpOrpaMMbl, OJHAKO HE COKpAILAIOT BpPEMs
BBITIOJTHEHUS ITpOrpaMMbl. CUMTAETCS, YTO IIUKJIBI — 3TO CaMble MPOJIOJKUTENIbHBIE IO BpeMEeHU (hparMeHThl
nporpaMMbl. CyliecTByeT HECKOJIBKO Pa3HOBHIHOCTEN IIUKIIOB, BCE UX MOKHO Pa3AeIUTh HA IBE TPYIIIIbI:
- TUKJIBI ¢ ycnoBueM (while,
do).
- UK ¢ mapamerpowm (for); 2.
Luxn ¢ npedycnoguem
while (ycsioBue nukiia)

{

Teso uukaa

Caenymwouee neiicreue;

Uwuraercs: «Iloka ycnoBue HUKIIa HCTUHHO, BBIMOJIHATH KOMaH/IbI TeJa LUKIIAY.
PaOoraer Tak:

1. CHayasa BBIUMCIISIETCS YCIIOBUE ITUKIIA.
2. Ecnu ono ucturHo (He paBHO (), TO BBIMOTHSAETCS TEJIO IUKIIA U Mepexoa K 1.
3. Ecnu oHo noxHo (paBHO 0), TO TENO LMKJIA HE BBIMOJIHSAETCS U OCYIIECTBIACTCS

BBIXO/JI U3 LIMKJIA Ha cheayrouiee nercreue. [Ipapuia

l. BripaxkeHue nukiaa OJKHO COJAEPKATh HEKOTOPYHO BEIMUYMHY — MEPEMEHHYI IUKIAa —
3HAYEHHE KOTOPOU BBIYUCIISETCS B BRIPAXKCHHH.

2. Teno nukiIa TOMKHO COACpKATh KOMAaHy, M3MEHSIIOIIEH 3HaAUCHUE TIEPEMEHHOM 1TUKIIA TaK,
9TOOBI BBIpAXKEHHE IIUKIA KOTAa-HUOYIb CTalo JOKHBIM. Ecnu Takoil koMaHAbl He OyaeT, BhIpaKeHUE
[IMKJIA BCeryia OyaeT UCTHHHBIM U BO3HUKHET 3allMKJIMBAHHUE MIPOTPAMMEI - 0ECKOHEYHOE TOBTOPEHHUE Tela
LUKIIA.

3. Jl71st mepeMeHHON UKJTAa TOJDKHBI BBITIOHATHCS TPU JACHCTBUSA:

- MHULIMATIM3AIMs IEPEMEHHON 1IUKJIa — IPUCBAMBAHUE NTEPEMEHHON HAYaJIbHOTO 3HAYEHUS —
BBITIOJIHSIETCS OJIMH pa3 10 Hauasa BHIMOJHEHUS Teja [IUKJIIa;

- MPOBEPKAa HWCTUHHOCTH BBIPAKEHUS, B KOTOPOM YYacTBYeT TIEpeMEHHas IHKJIA —
BBITIOJTHSIETCS TIEPE]T KaKTbIM BO3MOYKHBIM BBITTOJTHEHUEM TeJIa IUKJIA;

- KOPPEKLHUs MEPEMEHHON 1IMKJIAa — U3MEHEHUE 3HAUCHUS IEPEMEHHOM — BBITMOJIHAETCS B TEJE
LUKIIA.

OTtcyTcTBUE XOTS OBI OTHOTO M3 ATUX JIEUCTBUIA MOXKET MPUBECTH K 3AIIMKINBAHUIO TIPOTPAMMBI.

4. Iuxn while siBsieTCst IUKIIOM € TIPEIYCIOBUEM, T.K. YCIIOBUE TIPOBEPSIETCS MEPE]] BHIMOTHECHHEM
Tena LMKJIA. 3HAUYUT, TEJIO IMKJIAa MOXET HU pa3y He BBINOJHUTHCS, €CJIM YCIOBUE IIUKIIA Cpa3y CTaHET
JIO>KHBIM.

3. Apugpmemuueckuti yuxin

dopmMmar oneparopa IUKJIa C TapaMeTpOM:

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



[{ukn ¢ mapamMeTpoM HCHOJB3YETCsl B MporpamMmax, KOI/la W3BECTHO KOJHMYECTBO COBEPIIAEMBIX
MOBTOpEHMI. BbIpaskeHrne | BBITTONHIETCS TOJIBKO OJWH pa3 B Hadaye 1ukiaa. OOBIYHO OHO OMpeesseT
Ha4yaJpbHOE 3HAYEHHE NapaMerpa LUKIa (MHULUAIW3UpYeT MHapaMeTp Lukia). Belpaxenue 2 — 3TO
YCIIOBHE BBIIOTHEHHS IIMKJIA. Boipaxkenue 3 0ObIYHO OIpeaesseT M3MEHeHHE mapaMeTpa ukiia. OnepaTop
— TeJNOo IMKJIA, KOTOPOE MOXKET ObITh MPOCTHIM WJIM COCTaBHBIM. B mocieqHeM ciiydae HCHOIb3YIOTCS
(buUrypHbBIE CKOOKH.

[Tocrne BeIYMCIEHUS BBIPAXKEHUS 3 MPOUCXOIUT BO3BPAT K BBIYUCIICHHUIO BBIPAXKEHUS 2 — MPOBEPKE
YCIJIOBUSI IOBTOPEHUS LIMKJIA.

Hcnomnp3ys onepanuto «3amsras», MOKHO B BhIpaKeHHE | BHECTH MHULMAIN3ALINIO 3HAYEHUH cpasy
HECKOJIbKUX MTEPEMEHHBIX.

HexoTtopsbix 31eMeHTOB B oniepaTope for MoxeT He ObITh, OJJHAKO pa3esIIONINe NX TOUKH C 3alsTON
00513aTeNbHO JJOJKHBI TPUCYTCTBOBATE.

IIpumep nporpaMmsbl ¢ pa3jiMYHBIMU HUKJIAMHA

[TpumepNel. BoinaTh cambiii BeiCOKMIT Kypc $ 3a 12 mecsieB rona W yka3aTb HOMEp Mecsla, B
KOTOpPOM OB OJTy4YeH 3TOT Kypc. HamucaTs mporpaMMHBIiA KOJ ¢ IPUMEHEHHEM UTEPALMOHHOTO UK.

main()

{ float kurs, max;

int 1, nom; cout<< "BBeaute Kypc

1 mecsama";

cin>> kurs;

max=kurs; nom=1;

1=2;

while (i<=12)

{

cout<< "BBenute kypc"<< i<<" mecsma";

cin>> kurs; if ( kurs>max)

{

max=kurs;
nom=i; }
it++;
}

cout<< "camplil BEICOKHI Kypc $="<< max;

cout<<’ObLI MOJTy4YeH B MecsIe ~“<<nom,;

} Ipumep Ne2. Pemuts 3amauy nmpumepa Nel ¢ mpuMeHeHueM apupMeTHHYECKOro
LUKJIA.

main() {

float kurs, max; int i, nom; cout<<

"Benute kypc 1 mecama";

cin>> kurs; max=kurs;

nom=1;

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

{ cout<< "Bpenute kypc"<< i<<"

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

{ max=kurs;

nom=i;

}

}

cout<< "camblil BEICOKHI Kypc $="<< max; cout<<’Obu1
MOJIy4€H B MecsIe ~<<nom;



3aganue

NmeroTcs 3apruiatel pabOTHHKA MO MecsIlaM roja — ciaydaiHble yucia B amamna3zoHe ot 5000 mo
20000. BeiBecT HCXOHBIC JaHHBIC HA SKPAH U BBHITTOJHUTH JJI HUX OYXTaJTEePCKHUE PacueThI.

Ha oyenky « Yooseremsopumenvro»

1. BeruncnuTh 0011yI0 CyMMY BBIILIAT 32 TOJ.

2. OnpenenuTs CPeAHION0 3apIuiaTy paboOTHHKA.

3. BriBecTH camyio BBICOKYIO M HU3KYIO 3apIUIaTy, U B KAKUX MECSIaX OH €€ MOJIYUHII.

Ha oyenky «Xopowoy

1. Paccunrtath exemecsiuHble IEHCUOHHBIEC OTYUCIICHUS, Kak 2% OT 3apIuiaThl COTPYIHUKA.

2. BeraucnuTh OOMIYI0 CyMMY BBITIIAT 32 TOJ B IEHCUOHHBIX (OH].

Ha oyenxy «Omauuno»

1. BriBecTn HOMepa MecsleB, KOrja ero 3apiuiata Obula HIDKE MPOKUTOYHOTO MUHUMYMa
(BBOAMTCS TIOJIb30BATEIIEM).

2. Boruucnuts cymmy Hasiora 3a roa. OTYuC/I€HHE HAYMHAIOTCS C TOTO Mecsla, Koraa olmas
cymMa 110 3apruiate crabet 6osee 20 000 u cocraBiusier 13%.

KouTtpoJbHble Bonpochl
1. Korga B mporpaMmax MCHOIb3YETCs HUKII ¢ TapameTpom? 2.
Korna B mporpaMmax UCIOJIb3yeTCs UK C YCIOBUEM?

JlabGopaTopHas padora Ne21.
IIporpaMmmupoBaHue AJrOPUTMOB €O CTPYKTYPO# BJIO’KEHHBIX HMKJIOB.

Heanb: IlonyyeHue HaBBIKOB B paboTe € apUPMETHUYECKUMH BBIPRKEHUSIMH, LHUKINYECKUMU
MHCTPYKLHUSMHU.

Tembl /151 IpeABapUTeIbHON NPOPadOTKN ApudpmeTHuecKue

oneparopsl C++.

@DyHKIMM CTaHAAPTHOTO BBOJA U BBIBOJIA.

Omneparop BerBieHus. Teopernyeckuii matepuaJ

1. Bnoowcennvie yukivl

[{ukiBpl MO3BOJISIOT MOBTOPSITH BBINOJIHEHUE J1I000ro Habopa omeparopoB. B uacTHOCTH MOXKHO
MTOBTOPSAITH MHOTO pPa3 BBINOJIHEHNE APYroro Hukia. Takue MUKIbl Ha3bIBAIOTCS BIOKEHHBIMU.

[Ipumep 1. HanevaraTts uyncna B BUAE CIEIYIOMICH TaOIUIIbI

33333

33333

33333

33333

Tabnuia cocTOUT U3 YEThIpEX CTPOK, B KAX/I0M M3 KOTOPBIX YKcio 3 HarneyaTaHo 5 pa3. CTpoky u3
MSATH YUCEJl MOXKHO HareyaTaTh ¢ IOMOIIbIO OHOT0 1ukia for:

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

cout<<’3 *; cout<<endl,;

YroObl MOBTOPUTH BBIBOJ CTPOUKH 4 pa3a, BCTABIISIEM 3TOT LIUKJ BHYTPh JApyroro for

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

{

for (i=1;1<=5;1++) cout<<’3



cout<<endl; }

TunuuHas ommOKa, KOrJa B KayeCTBE CUETUYMKOB BIIOKEHHBIX ITUKIOB (1 U k B mpuBeAeHHOM
MpUMepe) UCIONIb3YeTCsl OJJHA U Ta ke MepeMeHHas. To eCTh Helb3s B KXKIOM U3 ITUKJIOB HUCIOJIB30BATh
OJHY TepeMeHHYIO i. [IoMHUTH 00 3TOM 0COOEHHO Ba)KHO, TOCKOJIbKY JIaHHAsI OIIMOKA HE 0OHAPYKUBACTCS
Ha JTare KOMIWIALUY. Bamia mporpaMma 3amycTurcs, HO JiefiaTh OyAeT BOBCE HE TO, YTO BbI OT HEE XKJIETe.
B npuBenenHoM mpumepe (eciau AOMYCTUTh OIMMOKY, 3aMEHHMB TNEpeMEHHYIO Kk Ha 1) BHEIIHUH ITUKI
BBITIOJTHUTCS Bcero 1 pa3 BMecTo 4-X. Bo3MmoxHa Takke cUTyalusi, KOrJa Takas OMIMOKa MPUBEAET K
3aIMKJIMBAHUIO: BHEITHUH UK Oy/IET BBIOJHATHCS OECKOHEUHO JIOJITO — MpOoTrpamMma 3aBUCHET.

2. 3aoauu nepebopa

WmeeTcs nenblid Kacc 3a/1ay, pelieHrue KOTOPBIX CBOAUTCS K repebopy paziuyHbIX BapHUAHTOB,
CpeIy KOTOPBIX BBIOMPAETCS TAKOW, KOTOPBIN yIOBIETBOPSIET YCIOBHUIO 33 [aUH.

[Tpumep 2. [enoe uncno K sBisiercs nenurenem N, eciau octaTok ot aeneHus N Ha K paseH 0. UToOsr
HaWTH BCe JAENMUTENN AOCTATOYHO mepedparh Bce yucia oT 1 g0 N U NpOBEpUTh, SBISAIOTCA JIU OHU
nenurensiMu. JIaHHBINA alrOPUTM MOXKHO PEan30BaTh C MOMOIIBIO IPOTPAMMBI:

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

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

Ha sTom npocteiiiiem npumepe sicHa o0111asi CTpyKTypa pelieHus 3aaa4d Ha nepedop BapuanTos. s
opraHuzanuu nepedopa HUCHOJIB3YEeTCS UK, KaXKIbI IIar BBIMOJIHEHUS KOTOPOTO COOTBETCTBYET
PaCCMOTPECHHIO OJHOTO U3 BAPHAHTOB. BHYTPH MUKIa CTOUT MIPOBEPKA, MOAXOINT JIM JAHHBIA BAPHAHT TIO]T
yCIIOBUE 33/1a4U.

Takue 3a7auu OOBIYHO PEILIACTCS C MOMOIIBIO BJIOKEHHBIX IIMKJIOB, B KOTOPBIX B YCIOBHH IIMKJIA
HCIIONIB3YETCs IepeOrupaeMblil IPU3HAK.

[Tpumep 3. [Tycts aByms uncnamu (H u V) 3anano nonoxeHue KoHs Ha laxMatHoi qocke. Haiinure
KOOpPJUHATHI BCEX KIIETOK, KyJ]a KOHb MOXKET MONTH CIEAYIOIINM X0I0M (IpYyrux (GUTryp Ha JOCKE HET).

B nmanHOM mpumepe, BapHaHTaMM PEIICHUS SBISIOTCS KOOPAWHATBHI KIETOK, TO €CTh Ka)IbId
BapHaHT 3TO HE OJHO 4HCIo, a ABa. HeoOxoaumo mpuaymars cnocoO BBIUKMCICHHS BapuaHTa (B JaHHOM
cllydae HOMEpPOB FOPU30HTAIM U BEPTUKAIIN) TIO €0 HOMEPY.

H3BecTHO, 4TO KOHb XOIUT OyKBOii I, cMemasch Ha 1Be KJIETKH B OJTHOM HAIIPABJICHUU U Ha OJHY B
apyrom. Ilycts mpoBepsieTcs kieTka ¢ koopauHatamu (X, Y). Toraa ycnoBue cBura mo BepTHKaNIM Ha 2
OyZeT BBITTIAAETh Tak: abs(x-2).

B3sitie Moy HE0OXO0AMMO, 9TOOBI YIeCTh BO3MOXHOCTh C/IBUTA KaK BIIPABO, TaK U BIICBO.
AHaJOTUYHO YCIOBHE CABUTA HA OJIHY KIIETKY, HalpuMmep, 1o BepTukanu: abs(y-2). [Tonnoe

YCIIOBHE BO3MOKHOCTH MOUTH Ha KJIETKY KOHEM OYAET BBITTISAAETh KaK:

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

YtoOs!l mepedpath Bce KIETKU MIaXMaTHOU JOCKH YIOOHO i nepebopa NCIOob30BaTh BIOKEHHBIC
[UKIIBL. B JaHHOM ciTydae HoMepa BEpTHKAIH ¥ TOPU30HTAIH SBJISIOTCS [EIbIM YicliaMu OT 1 10 8, mosTomy
i iepebopa uX 3HaU€HUH MOYKHO HCIIOJIB30BaTh CYETUYUKHU ITUKIIOB:

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

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

Y <=8; Y++)

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

IIpumep nmporpamMmel ¢ BJI0KEHHBIMHU HUKJIAMH

HaiiTi Bce coBeplieHHbIE YHCIa B 3aJaHHOM Auana3oHe. COBEPIIEHHBIM CYUTAETCS YUCIIO0, PAaBHOE
CyMMe€ BCE€X CBOMX AenuTeneil. 3aaars auamna3oH ot 1 7o 10000.

main()

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

n=10000;

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

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



{sum=1;

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

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

}

h

cout<<"\nkol sov="<<k; }
Pesynbrar paboTsl IpOrpaMMBl:
Diapason 1- 10000
1
6
28
496 8128
kol sov=5
3aganue
Ha oyenky « Yooenemsopumenvro»
Hanucats nporpammy pasiokeHHe YUCIIO Ha IPOCThIE MHOKUTEIH.
Ha oyenky «Xopowoy
Hanwucats nporpammy Haxoxaenus HO/JI pa3noskeHrueM Ha pocThle MHOXKUTENU. Ha
oyenky « Omauunoy
CocTaBuTh nporpammy-reseparop nudaroponsix Tpoek. [IndaropoBoii Tpoiikoil Ha3bIBAIOT TaKKe
LeJible 4Yucia a, b U ¢, KOTOpble YJOBICTBOPSIOT YCIOBUIO. Takue 4Yuciaa MOTYT OBbITh CTOpPOHAMHU
IIPSIMOYTOJIBHOTO TpeyrosibHUKa. Halinem takue uucia.
KonTpoJsbHbIe BOPOCHI
1. Kakwme 3amaum Ha3bIBalOTCS 3afayamu nepebopa? 2.
OOBACHUTD, KaKk pabOTaeT KOHCTPYKIIHS BIIOKEHHBIX IIUKJIOB.

JlabGopaTopHasi padora Ne22.
Peanu3zaums 3a1a4 nepeBojia 1eJibIX BeJIMYUH B Pa3JIUYHbIe CUCTEMbI CUUCIEHUS.

Hean: [TomydyeHne HaBHIKOB B pab0OTE C CUCTEMAMU CUYUCIICHUS U UTEPAIIMOHHBIMU ITUKIIAMH.

Tembl /151 IpeABapUTeIbHOI NPOPAdOTKN ApupMeTHUecKHe

onepaTopsl C++.

@OYHKIMU CTAaHJAPTHOTO BBOJIA U BBIBOJIA.

Wrepanmonnslie nukisl. Teoperudyeckunii Marepua

1. Cucmemul cuucnenus

B no3uiimoHHbIX cucTeMax CUMCICHUS OJIUH 1 TOT e YHCIIOBOM 3HAK (U (pa) B 3aIMUCH YUCIIA UMEET
pa3IUyYHbIC 3HAYCHHSI B 3aBUCHMOCTH OT TOT'0 MecTa (paspsia), re OH pacroioxkeH. K aucimy Takux cuctem
OTHOCHUTCS COBPEMEHHAs JIECITUYHASA CUCTEMA CUUCIICHUS], BOBHUKHOBEHUE KOTOPOM CBSA3aHO CO CYETOM Ha
najblax.

[Ton MO3WMIIMOHHON CHCTEMOM CUMCIEHHUS OOBIYHO MOHHMMAETCS b-puYHas CHUCTEMa CUUCIICHMUS,
KOTOpasi onpeAesnsieTcs edbIM YiciioM b>1, Ha3pIBaeMbIM OCHOBaHHEM CHCTEMBI cuuciieHus. Llenoe yucmno
0e3 3HaKa X B b-puU4HOI cucTeMe CUHMCICHHS TPEICTABISICTCS B BHJIE KOHEYHOW JIMHEWHON KOMOWHAIIMU
cTerneHel yucna b:



n—1 ak — 0ITO IEeJNble 4YHWCla, Ha3biBaeMble LU(PaMU, YIAOBJICTBOPSIONIUC
¥ = E a,b¥ HepaseHCTBY 0=a,= (b — -]_:}
k=0
Kaxnas crenenb bX B Takoif  3ammcu

Ha3bIBAETCS BECOBBIM KO3 duumeHToM paspsiaa. CTapIIMHCTBO pa3psAaoB U COOTBETCTBYIOLIMX UM LUDD
orpenensercss 3HadeHueM IokazaTtens k (Homepom paspsga). OObIYHO B 3alMCH HEHYJEBBIX YHCEIN
HayaJlbHbIE HYJIH OIyCKAIOTCS.

B n10001i MO3UITMOHHOM cHCTEME YHCI0 MOKET OBITh IPECTABICHO B BHIE MHOTOYJICHA.
[Tokaxxewm, KaK NPEJCTABISAIOT B BUJIC MHOTOYJICHA JECATUIHOE YHCIIO:

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

IIpumep nporpamMmel ¢ CHCTEMAMH CHHMCIEHHSA
[lepeBectu uncno u3 cucreMsl cunciienus q B 10-Hyto cucremy cunciaenus. main()

{ long int X, y, step;
int a, q;
cout<<"Bpenure cucremy CUUCICHUI->"; cin>>q; cout<<"BBemure
gucio B "'<<q<<" cucreme cuuciaeHmsa->"; cin>>X;
y=0; //Pe3ynbTaT
step=0; //CTeTnieHb OCHOBAHHUS
while(x!=0) //Tloka B yncie ecTh mu(psI
{a=x%10; /Mlocnenusis mudpa
if (a>=q) //TIpoBepKa MpaBHILHOCTH BBOJA

{

cout<<"Error";

exit(0);

h
y=y+a*pow (q, step); /Pe3ynpTaT — HaKarIMBaemas cymma
x=x/10; //'Y 6path nocienHo nudpy
step++; //TIOBBICUTH CTE€TICHh OCHOBAaHMUSI

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

Pucynok 4 — OkHO ¢ pe3ynbTaTamMu IpOrpaMMbl IIEPEBOAA YUCET

3aganue

Ha oyenky « Yooseremsopumenvro»

BBoaurcs cucrema cuucieHUs M YUCIO X B OTOM cucTeMme cuucieHusd. [lepeBectu 4ucio X B
10Tnunyto cuctemy cumcienus. Mcnons3oBaTe npu pa3paboTke MporpaMMbl BCTPOCHHBIN oTiaamuuk. Ha
oyenxy «Xopowo»

BBoaurcs uucino x B 10 cucreme cuncienus. BeiOpaTh Hy)KHYIO CUCTEMY CUHCIICHHS ( U TIEPEBECTH
YHCIIO0 X B ATY CUCTEMY CUUCIIEHUs. TecTHpOoBaTh pe3yabTaTbl paboThl MPOrpaMMbl PYUYHBIM HOJCUYETOM.

Ha oyenxy «Omauuno»

BBoautcs ql —ucxonHas cucreMa CUMCIIEHN U 2 — JKelaeMasi CUCTEMa CUMCIIEHUS, a TaK )K€ YUCII0
X B cucreMe cuncienus ql. [lepeBectu 4uciio X B CUCTEMY CUMCIIEHUS 2.



KoHnTpoJsbHbIe BOnpochl
1. Kak Ha/o 3a1aTh yCIOBUE IUKIIA, YTOOBI IEPEBECTH YHUCIIO B HY)KHYIO CUCTEMY CUHCTICHUS? 2.
Kaxkue onepamuu BeIIESAIOT U3 IIUCTA €0 MU PHI?

JlabGoparopHasi padora Ne23.
IIporpamma ¢ ucnoJsib30BaHueM QGyHKI U 0e3 mapaMeTpoB.

Heas: [Tonydenne HaBBIKOB B paboTe ¢ (QYHKIHSMH.

TeMmbl 1J1s1 IpeABapuUTeIbHOM MpopadoTku CTpyKTypa

IporpaMMsl Ha si3bike C++.

Vcnonb3oBaHue CTaHAAPTHBIX QYHKLUH.

TeopeTnyeckuii MaTepuaJl

1. Ilonamue u nasnauenue yHKyuil

JIrobass C++-mporpamma COCTaBIISIETCS U3 "CTPOUTENBHBIX OJIOKOB", MMEHYEMbIX ()YHKIHSIMH.
@OyHKIUS — 3TO TOANPOrpaMMa, KOTOpast COAEPKHUT OJHY WA HECKOIBKO C++-HHCTPYKIMA U BBITIOTHSIET
OJIHY 3a/1auy.

Kaxnas QyHKuus uMeeT MMs, KOTOpOE HCHONb3yeTcs A ee Bbl3oBa. CBOUM (QYHKLUSAM
MIPOTPAaMMHUCT MOXKET JIaBaTh JIOOble MMEHA 3a MCKIIOYCHHEM MMEHHU main(), 3ape3epBHpPOBAHHOTO IS
(byHKINHU, ¢ KOTOPOI HAYMHACTCSI BBITIOJTHEHUE ITPOTPAMMBI.

Oyukuuu — 3710 "cTpoutenbHbie 6510Ku" C++-porpaMMel.

B C++ Hu ogna (yHKIHMS HE MOXKET OBITH BCTpoeHa B npyryro. OqHa (QyHKIHS MOKET BBI3bIBATH
APYTyIo.

B ye paccMOTpeHHBIX IpuMepax nporpamm GyHkius main() Obu1a €IMHCTBEHHOM, (QyHKIMS main
() — mepBas ¢yHKUM, BBIOIHSAEMAas NpU 3amycke nporpaMmsbl. Ee nomkHa conepxarh kaxnaas CH++-
nporpamma. DyHKIMU ObIBAlOT ABYX TuUmoB. K mnepBomMy THMY OTHOCATCS (DYHKIMH, HamUCAHHBIE
nporpaMMucToM (main() — mnpumep QyHKUMM Takoro Ttumna). OyHKIUM Apyroro TUma HaXOASTCS B
cTaHgapTHou OumoOmmoreke CH+-koMmuwiIsTOpa -. KOJUIGKIUST BCTpoeHHBIX (yHkumil. Kak mpaBwuio,
CH++mporpammsl ~ coliepkaT Kak  (YyHKIMM, HamMCaHHBIE MPOrpaMMHUCTOM, TaKk U  (yHKIMH,
IIPEOCTaBIIIEMbIE KOMITUIISTOPOM.

Ora nporpamma coaepxuT e GyHkuuu: main() u myfunc().

void myfunc(); // mpotoTtun ¢pynkuun myfunc()

main() { cout << "B ¢ynkmuu main() . " ;

myfunc(); // Ber3piBaeM ¢yukmuo myfunc()

cout << "CHoBa B ¢pyHK1IMH main () ";

}

void myfunc()

{ cout << " B ¢pynkuuu myfunc() .

"

[Iporpamma paboraeT cienyromuM obpa3oM. Bri3biBaercss pyHkuus main() ¥ BBIIOJIHSETCS €€
nepBasi cout-uHCTpykuus. 3ateM u3 ¢GyHknuu main() Bb3eiBaeTca (Gynkuus myfunc (). ns BbI3oBa
(GbyHKIMU B TporpamMMme ykasbiBaeTcst uMs GyHKIMU myfunc, 32 KOTOPBIM CIEAYIOT Hapa KPYIJIbIX CKOOOK
U TOoYKa ¢ 3amsAToi. 3areM QyHkuus myfunc() BBIMOIHSIET CBOK €IUHCTBEHHYIO COUt-WHCTPYKLIHIO U
nepefaeT ympaBjieHHE Has3al (QyHKIMKA main(), TpuueM TOW CTPOKE KOAa, KOTOpas pacIoyiokeHa
HETIOCPEICTBEHHO 3a BBI3OBOM (yHKIMU. Hakonen, ¢yHknuss main() BBITOTHSIET CBOI BTOPYIO
COUtMHCTPYKIMIO, KOTOpast 3aBepIlaeT BCIO Mporpammy. Pe3ynbraTsl paboThl TpOrpamMMBl:

B ¢yakumuu main() . B ¢pyaxmun myfunc() . CHoBa B pynkuu main(). 2.

IIpomomun ¢hynkyuu



[Tpototnn ¢yHkuuu 00BABIAET (QPYHKIHMIO A0 €€ ONpeAeieHUs M HcIoab30BaHus. [Ipororun
MO3BOJISIET KOMIIMIIATOPY y3HATh THUII 3HAYEHUs, BO3BPALIAEMOT0 3TON (yHKLHMEH, a TakkKe KOJINYECTBO U
TUI MIAPaMETPOB, KOTOPBIE OHA MOXET UMeTh. KOMIMIATOPY HYKHO 3HATh 3Ty HHPOPMALIUIO 10 TIEPBOTO
BbI30Ba (QyHKuMHU. [losTOMy mporoTun pacmnomnaraercss 1o GyHkuuu main (). EquHcTBenHON (QyHKIMEH,
KOTOpas He TpeOyeT MpOTOTHIIA, sBIIsieTCsl main(), HOCKOJIBKY OHAa BCTpOeHa B A3bIK C++.

void myfunc(); // nporoTun ¢yukuuu myfunc()

Oynkuus myfunc () He coaepkuT HHCTPYKIHIO return. KimroueBoe ciioBo void, kKoTopoe rpeasapser
KaK IpPOTOTHII, Tak M ompenenenue ¢ynkmuu myfunc(),3asBiasier o ToMm, uyro ¢yHkuus myfunc () He
BO3BpalaeT HHUKakoro 3HaueHus. B C++ ¢yHKuMH, HEe BO3BpAINAIOUINE 3HAYCHUH, OOBSABISIOTCA C
HCIOJIb30BaHUEM KIIFOUEBOIO ClIoBa void.

IIpumep nporpammbl ¢ GyHKIUAMEU 0e3 mapaMeTpoB

CoctaBuTh mporpamMMmy c (yHKLHEH, KOTOpas pPUCYeT Ha 3KpaHe CTpPOKy, cocrosulyro u3 80

3BE3/104EK.

void line(void); //Mportotun ¢yaknuu line main()
//OcHoBHast GYHKIIHS

{

line(); //Bb130B QyHKIIMH line

}

//Onpenenenue ¢pynkuuu line
void line(void)

{ int 1

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

}

3ananne

Ha oyenky « Yoosenemsopumenvro»

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

Ha oyenky «Xopowioy

CocTaBuTh NPOrpaMMy JUIsl BBIYACICHMS IUIOLIAIN KOJIBLA [10 3HAUYEHUSIM BHYTPEHHETO U BHEILTHETO
panuycoB, UCHOJb3Ys (QYHKIMIO BBIYUCICHUS TUIOIIAAN KPYTa.

Ha oyenxy «Omauuno»

Jansl Tpu 1ensix yucna. Onpenenuts, cymma udp kotoporo u3 Hux Oombiie. [logcuer cymMmbl
udp opraHu3oBaTh yepe3 PyHKIUIO.

KoHTpoJbHbIE BONIPOCHI
1. Vkaxurte Ha3HaYeHUH (PYHKLUH B Iporpamme.
2. CKOJIbKO MUHUMANBbHO (QYHKIMI MOXET ObITh B TporpamMme? 3.
3aueM Hy>KeH NPOTOTUI PYHKIIMH?

JlabopaTopHasi paGora Ne24.
IIporpamma ¢ ucnosib30BaHueM QyHKIMH C IapaMeTpPaMH.

Hean: [TomydeHne HaBBIKOB B padoTe ¢ YHKIUSIMHU.
TeMbl U1 IpeABaAPUTEIbHOM popadoTkn CTpyKTypa
nporpamMmsl Ha si3bike C/C++.

OyHkmH 0€3 mapaMeTpoB.



Teopernuyecknit maTepuaJ

1. Hasnauenue apeymenmos ¢hynkyuu

OYHKIMY MOXHO TNepeiaTh OJHO WM HECKOJbKO 3HAUeHUU. 3HaueHue, nepegaBaemMoe (pyHKUIUU,
Ha3bIBAETCS Apr'YMEHTOM. APryMeHT — 3TO 3HaueHHe, repeiaBaeMoe (PYHKIIMH IIPH BHI30BE.

PaccmoTpuM mporpammy, KOTopas Ui OTOOpaKeHHs: aOCONIOTHOTO 3HAYEHUS YHCIIAa UCIOJIb3YET
CTaHJIapPTHYIO OMOIHOTEeYHYIO QYHKIHIO abs(). DTa GyHKINS MPUHUMAET OJIUH apTyMEHT, MPeo0pas3yeT ero
B a0COJIIOTHOE 3HAYEHUE U BO3BpAIIlaeT pe3ybTarT.

main() {

cout << abs(-10); }

3neck ¢pyHkiuu abs() B kauecTBe aprymeHTa nepeaaercs uncio -10. dynkmnus abs() npuHIMaeT
3TOT apTyMEHT MPH BBI30BE M BO3BPAIAET €r0 a0COIIOTHOE 3HAUCHHE, KOTOPOE B JAHHOM CIIy4ae PaBHO
yuciy 10. Ecnu dyHKIIUS npuHUMaeT apryMeHT, OH yKa3bIBaeTCs BHYTPU KPYTJIbIX CKOOOK,
PacMoJIOKEHHBIX Cpasy Mocjie UMEeHU (YHKIUH.

PaccmarpuBaemas nporpamma BkIItodaeT 3arooBok <stdlib.h>. On HeoOxoaum s obecrieueHus
BO3MOXXHOCTH BbI30Ba (pyHKIMU abs(). Kaxplil pa3, korna ucnomnas3yercs Oubnuoreynas GyHKIHS, B
pOrpaMMy HEOOXOAMMO BKIIIOYATh COOTBETCTBYIOLIUI 3ar0JI0BOK, KOTOPBI TOMUMO MpoyYen
nH(OpPMAIINH, COACPKUT MPOTOTUT OMOITMOTEUHON (HYHKIIHH.

2. Ilepedasaemvie napamempoi

I[Iapamerp — 53T0 ompezenseMas (QyHKIHMEH MepeMeHHas, KOTopas MPUHHMAET IepeaaBaeMblil
(GyHKINU apryMeHT.

[Ipu co3manuu QyHKIMHU, KOTOpash NPUHMMAET OJMH WM HECKOIbKO apryMEHTOB, WHOTIA
HE00X0IUMO OOBSIBUTH MEpEMEHHbBIC, KOTOpPbIe OyIyT XpaHUTh 3HAUYEHHUs apryMEHTOB. JTH MEpPEMEHHbIE
Ha3bIBAIOTCs mapameTpamMu (QyHkuuu. Hampumep, ciemyromas (yHKIUS BBIBOAUT MPOU3BEICHHUE ABYX
[IEJIOUMCIIEHHBIX apTyMEHTOB, TIepe1aBaeMbIX (YHKIIMH MPH €€ BHI30BE.

void mul(int x, int y)

{cout<<x *y<<"

"

[Tpu xaxx1oM BbI30Be (yHKIIMU mul() BBIIOTHSAETCS YMHOKEHUE 3HAUEHUSI, IEPEJaHHOTO
napameTpy X, Ha 3HaueHHe, epelaHHoe mapameTpy y. PaccMoTpum mporpammy, KoTopasi 1I€MOHCTPUPYET
ucnoib3oBanue GyHkuy mul().

void mul(int x, int y); // Tlporotun @ynkuuu mul() .
main() {

mul(10, 2 0); //Bb130BBI YHKIIMHU C TTapaMeTpaMu
mul(5, 6);

mul (8, 9); }

Ora mnporpamma BbIBeAeT Ha d3kpaH uucia 200, 30 u 72. Ilpum BbI3OBe ¢yHKuMu mul()
C++txoMnwiATOp KONMMpYET 3HAUYEHUE KaKIOrO0 apryMEHTa B COOTBETCTBYIOLIMI INapaMmerp. B naHHoM
cllyyae Ipu nepBoM Bbi3oBe GpyHkuuu mul() uucino 10 komupyercst B MepeMeHHyIo X, a yuciao 20 — B
nepeMeHHyto y. [Ipu BTopoM BbI30Be 5 KonupyeTcs B X, a 6 — B y. [Ipu TpeTbeM BbI30BE 8 KOMUPYETCH B X,
a9 —msgy.

3. @yukyuu, 6o3epawaiowjue 3HA4eHusl

B C++ nns Bo3Bpara 3HaueHus U3 QyHKIUU UCIIONB3YeTCsl MHCTPYKUus return. O6muit popmar 3toit
MHCTPYKIIUU TaKOB:

return 3HAYCHHUE;

3HayeHue MpeACTaBIsIeT COO0H 3HaUeHUe-pe3yIbTaT, BO3BpaIiaeMoe GyHKIHUEH.

HcnpaBum Qysaknuo mul() Tak, 4ToObl OHA BO3Bpamlaia pe3ylbTaT - MPOHU3BEACHHE CBOMX
apryMEHTOB.

int mul(int x, int y); // MIporotun pynkunn mul() ¢ pe3yapraToM main()



{ int answer;

answer = mul(10, 11); //BBI30B ¢ BO3BpAaTOM 3HAYCHUS

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

// Dta pyHKIMS BO3BpaIlaeT 3HaYeHHE. int

mul(int x, int y)

{

return x * y; // OYHKIHS BO3BPAIIACT MPOU3BEIACHHUE X H Y.

h

B stom npumepe ¢ynkius mul() Bo3Bpaiaer pe3yabTaT BIYUCICHUS BRIPAXEHHS X*y ¢ TOMOIIbIO
WHCTPYKIIMU return. 3aTeM 3HaYeHHUE 3TOTO Pe3ysIbTaTa MIPUCBANBACTCS IEPEMEHHOMN answer.

[Tockonmbky B 3TOH Bepcu: mporpamMmbl ¢QyHKus mul () Bo3BpamiaeT 3HAa4YeHHE, €€ HMS B
ompeJielICHUH He npeaBapsieTcs caoBoM void. 3aech pyHkms mul() Bo3Bpaiaer 3HaYCHUE 1ETI0UYNCICHHOTO
tuna. Tum 3HaueHus, Bo3BpamaeMoro (yHKIUEH, MPeAlIeCTBYeT €€ UMEHHU, KaKk B MPOTOTHIIE, TaK U B
OTIpe/ICIICHUH.

[Tpu noCTHKEHUHM WHCTPYKIIUU return GyHKIMS HEMEJICHHO 3aBEpIIAcTCs, a BECh OCTAILHOW KOJT
urHopupyerca. OyHKIUS MOXKET coAepkKaTh HECKOJIBKO MHCTPYKIMIA return. Bo3BpaT u3 GyHKIIMM MOKHO
00ecnednTh ¢ TOMOIIIbIO HHCTPYKITNH return 6e3 yka3zaHHus BO3BpAIlaeMOro 3Ha4Y€HHUs, HO TaKkylo ee popmy
JOMYCTUMO MPUMEHSTH TOJIBKO Ui (PYHKIIHI, KOTOpble HE BO3BpAIllal0T HUKAKUX 3HAUYEHUI U 0OBSBICHBI
C MCIIOJIb30BAaHKUEM KITFOUEBOTO CJIOBa void.

IIpumep mporpaMmsbl ¢ PYHKIHAMH ¢ TapaMeTPaMu

CocTaBuTh MPOrpaMMy HAXOXKICHHS HAUOOJIBIIIET0 3HAYCHHSI U3 TPEX BETMUMH — max (a, b, ¢). s
€e PeIIeHUs] MOYKHO MCITOJIb30BATh BCIIOMOTATEeIbHBINA AJITOPUTM HAXO0XKICHUS MAaKCUMAIBHOTO 3HAYCHUST U3
IIBYX, IIOCKOJIbKY CIIpaBeJIMBO PaBEHCTBO: max (a, b, ¢) = max (max (a, b), c).

//Onpenenenue BCIOMOTaTelbHON (YHKIIUU

int MAX(int x, int y)

{if

(x>y)

return X;

else

return 'y,

}

//OcHoBHas ¢yHKIUS main()

{ int a,b,c,d;

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

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

(MAX (a, b), ¢);

cout<<"\nmax (a, b, ¢) ="<<d;

}

3ananue

Ha oyenxy «Yoosnemeopumenvnoy

CoctaBuTh mporpammy ¢ (yHKIMEH, BBIBOJSIICH Ha DKpPaH CTPOKY HYKHON JIUHBI HYKHBIM
cuMBOJIOM. DYHKIIMS MPUHUMAET JIBa MapaMeTpbl — JUIMHY CTPOKU M CUMBOJ. Bo3BpamiaeMbIX 3HaUCHUI
HeT.

Ha oyenxy «Xopowioy

CocrtaBUTh NPOTpaMMy JJIs1 BBIYUCICHUS TUIOMIAAN KOJIbIIA M0 3HAYEHUSIM BHYTPEHHETO U BHEILIHETO
paanycoB, UCTONB3Ysl (GYHKIUIO BBIYUCICHUS TUIOMAIU Kpyra. OyHKIIMN TIepelaeTcsl OJUH mapameTp —
paanyc v BO3BpalIaeTCs pe3ysibTaT — BhIUMCIEHHAs miomans. Ha oyenxy « Omauunor



Jansl Tpu 1nensix yucna. Onpenenuts, cymma mudp Kotoporo u3 Hux Oombiue. [loacuer cymMMsl
udp opraHu30BaTh yepe3 (HyHKIUIO, KOTOpast IMEET Ba BXOAHBIX ITapaMeTpa — CKJIJbIBAEMbIC YHCIIA U
pe3yabTaT — BEIYUCICHHYIO CYMMY.
KonTposbHbie BOpochl
1. Yro Takoe apryMeHT (QYHKIMH U 3a4€M OH HCIIOJIb3YeTCs?
2. Yro Takoe mapameTp pyHKINHU U KaK UM TOJIB30BaThCs? 3.
Kak u3 pyHKIIMN BEepHYT pe3ysbTar ee padoThI?

JlaGoparopHuasi padora Ne25. PekypcuBHble (PYHKIIMH.

Heuas: [Tonydyenue HaBBIKOB B pabOTe C PEKYPCUBHBIMH (D YHKITHSIMH.

TeMbl U1 IPeABAPUTEIbLHOM TPOopadoTk OCHOBHBIE

KOHCTpyKuu C++.

OyHKIUN.

[{ukanueckue anropuTMsl.

Teopernyeckuii maTepuaJ

1. I[lonamue pexypcuenou hynkyuu

Pexypcueii Ha3bIBaeTCs CUTYyalMsl, KOIJla MOJNporpaMma BbI3bIBaeT cama ce0si. DyHKIMS MOXET
coZiepKaTh BBI3OB Apyrux (yHKnmii. B TOM umcie mpomemypa MoOKeT BbI3BaTh camy ceOs. [Ipumep
PEKypPCHBHOM (PYHKITHH:

int Rec(int a)

{

if (a>0) Rec(a-

1); cout<<a; }

O®yukuus Rec Bb3biBaeTcst ¢ mapamerpoM a = 3. B Hell comepkutcs BbI30oB (yHKIUM Rec ¢
napamerpoM a = 2. [Ipeaslayniuii BbI30B €I11e He 3aBEpIIUIICS, T0O3TOMY CO3/1aeTCs ellle 0JHa PYHKIMS U 10
OKOHYaHUs ee paboThl mepBasi CBOIO paboTy He 3akaHuMBaeT. [Iporecc BbI30Ba 3aKaHYMBAETCs, KOrja
napamerp a = 0. B 3TOT MOMEHT OJHOBPEMEHHO BBINONHSIOTCA 4 sK3eMIuisipa ¢yHkuuu. KommuecTBo
OJTHOBPEMEHHO BBIMOJIHAEMBbIX (YHKIUN Ha3bplBalOT IJIyOMHOH pekypcuu. YerBepras BbI3BaHHAs
nporenypa (Rec(0)) nameuataer umcio 0 u 3akoHUMT cBOw paboty. Ilocme sToro ympaBieHue
BO3Bpalmiaercs K QpyHkuuu, koropas ee BbizBana (Rec(1)) m meuartaercs uucno 1. M Tak nanee moka He
3aBepIIaTCs BCE BBI3OBBL. Pe3ynbTaToM HCXOAHOIO BhI30Ba OyeT rnevars yeTsipex uucen: 0, 1, 2, 3.

IIpumep nporpamMmel ¢ peKypcuBHO# pyHKIHeR

Ecnu QyHkius BbI3bIBaeT cama ceds, TO, MO CYTH, 3TO HMPUBOAUT K MOBTOPHOMY BBHIMOJTHEHUIO
COZIep KAIIUXCS B HEH MHCTPYKIUH, YTO aHAJTOIMYHO paboTe LUKJIA.

Jns mpumMepa ceiMUTHpYeM paboTy 1ukia for. [l 3Toro notpedyercs nepeMeHHasi CYeTYUK 11aros,
KOTOPYIO MOXHO peain30BaTh Kak rnapamerp GyHKIUH.

//mMuTanMsg paboThl UKJIA C TIOMOLIBIO PEKYPCHH

void LooplImit(int 1, int n)

{

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

//31ech MOXKET pacrojaratbcs nNepBblii 00K HHCTPYKIUH if

(i<=n)

LoopImit(i+1, n);

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

//3mech MOXKET pacronaratbcsi BTOpoi OJI0K HHCTPYKITUH

}



main()
{ int i=0, n;
cout<<"n=";
cin>>n;
LoopImit(i, n); }
Pe3ynbrar paboThl mporpaMmbl: n=>5
Ini0
Inil
Ini2
Ini3
Ini4
Ini5
Ini6
2n 16
2n 15
2n i4
2n i3
2n 12
2n il
2n 10
3aganue
Ha oyenxy «Yoosenemsopumenvro»
PazpaboTtath pekypcUBHYIO (DYHKIIMIO BHIYHUCIIEHUS (aKkTOpHaa.
Ha oyenky «Xopowioy
PazpaboTtaTe pekypcHBHYIO (YHKIIMIO, KOTOpas JJisg JBYX 3aJaHHBIX HaATypaJlbHBIX YHCEI
orpeJiesgeT UX HauOOIbIIUI OOLINI JeTUuTeNb.
Ha oyenxy «Omauuno»
Pa3paborate pekypcuBHYIO (PYHKIINIO, OIPEAEIIIONyI0 Ynciao PuboHauyu ¢ HOMEPOM n.
KoHnTpoJibHbIe BOonpockl
1. Yro Takoe pekypcuBHas QyHKIIHS?
2. YTo MOXET 3aMEHUTH pEKypcusi?

JladbopaTopHasi padora Ne26. Pexypcus. XaHolickue 0amHm.

Heab: [TonyyeHne HaBBIKOB B padoTe C peKypCUBHBIMU (DYHKIUSMHU.

Tembl 1015 IpeaBapuTeIbHOM NPopadoTkn OCHOBHBIE

KOHCTpyKimu C++.

OyHKIUN.

Teopernueckunii marepuaJ

1. I[lonsamue pexypcuenou hynkyuu

Pexypcueii Ha3pIBaeTCs CUTYAIlMs, KOTJla MOJNpOrpaMMa BbI3bIBaeT cama ce0sl. DyHKIUS MOXKET
coJiepKaTh BbI30B JIpyrux (GyHkuui. [Ipumep pekypcruBHON QyHKINN:

int Rec(int a)

{

if (a>0) Rec(a-

1); cout<<a; }

PaccmoTpuM npuHIMN paboThl peKypCHUBHON (YHKLMU HA MPHUMEPE BbI30BA CO3MAaHHOW (PyHKIMH
Rec(3).



Oyaknus Rec BweBBIBacTcs ¢ mapamerpoM a = 3. B Hell comepxkutcs BbI30B GyHKIMH Rec ¢
napameTpoM a = 2. [Ipeapiaymuii BHI30B €1l1e He 3aBEPIIIIICS, TOATOMY CO37aeTCs eile oJHa (PYHKITUS U 10
OKOHYAHUS e¢ paloThl MepBasi CBOIO paboTy He 3akaHuuBaeT. [Iporiecc BhI30Ba 3aKaHUMBAETCS, KOTIA
napametrp a = 0. B 3TOT MOMEHT OJHOBPEMEHHO BBIMOJHSAIOTCS 4 dK3eMIuisipa QyHkmuu. KommaecTBo
OJTHOBPEMEHHO BBITIOJTHACMBIX IPOIEAYD HA3bIBAIOT IJIyOMHOM pekypcuu. UeTBepras BeI3BaHHAS (YHKITUS
(Rec(0)) nmamewartaer uncimo 0 u 3aKOHUMT CBOKO padoty. Ilocime 3Toro ympaBieHHWe BO3BpaIIaeTCs K
¢dbynkuum, kotopast ee Bei3Basia (Rec(1)) m mewartaercs uncino 1. M Tak gaiee moka He 3aBepuiaTcsi BCe
BBI3OBBI. Pe3ynbTaToM MCXOQHOTO BhI30Ba OyAET neuath yethipex uncel: 0, 1, 2, 3. 2. 3adaua o Xawnoiickux
oawmsx

CyiecTByeT ApEeBHEHHIUICKAs JIETEHa, COTJIACHO KOTOpPOW B ropojie beHapece moj Kymoiom
TJIABHOTO Xpama, B TOM MECTE, TJIe HaXOAUTCs IIEHTP 3eMiir, Ha OPOH30BOH IIJIOMIAIKE CTOSIT TPU aIMa3HbBIX
CTep)KHs. B JIeHb COTBOpeHUs] MHpa Ha OJMH U3 ITHX CTEpKHEH Obu1o Hajero 64 kombla. bor mopyww
KpellaM TepPeHeCTH KOJblla C OJHOTO CTEepKHS Ha JPYroi, HCIOJB3ys TPETHd B KadecTBE
BCIIOMOTaTeNILHOTO. JKpersl 00s13aHbI COOTIOAATH YCIOBUS:

1. MIEPEHOCUTH 32 OJIUH Pa3 TOJIBKO OJHO KOJIBIIO;

2. KOJIBIIO MOXHO TIEPEHOCUTh C OJHOTO CTEPKHS (X) Ha Apyrou (y), TOIBKO €CIIM OHO
HMeeT MEHLIIHNHU ANaMETp, 4YEM BCPXHEC KOJIbLO, HAXOOAAMICCCAd Ha CTPCIKHE Yy, UM CTCPKCHb Yy
CBOOO/IEH.

CornacHo Ieresje, Korjaa, cobmaoas Bce YCIOBHUSA, KPelbl MepeHecyT Bce 64 KoIblia, HACTYIUT
KOHeI[ cBeTa. MHUHHMAaIIbHOE YMCIIO XOJI0B, HEOOXOAUMOE JJIs PEIICHUs TOJI0BOJIOMKH, paBHO 2" - 1, rae n
— 4nCiIo JUCKOB. Eciiu cuuTath, 4TO Ha IEPEHOC OIHOTO KOJIbIla HOTpeOyeTcs 0JJHa CEKYH/1a, TO Ha IEPEHOC
Bcex 64 koner notpedyercst 6osee 5 MiIp/1 BEKOB.

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

Bamrnst u3 AByX AUCKOB MEPEHOCUTCS 3a TpH Xoxa: 1—>2, 1—>3, 2—>3.

Jns nepeHoca 6aiHu U3 TpeX AUCKOB MOTpeOyeTcs yKe ceMb X00B: 1->3, 1->2,3->2, 1->3, 2->1,
2->3, 1->3.

YroObl mepeHecTH OallHIO U3 YEThIpeX AMCKOB C IMEPBOrO CTEPXKHS Ha TPETHH, HE0OX0IUMO
JIEWCTBOBATH MO IUIAHY:

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

2) caMblif OOJIBILION JUCK MEPEHECTH C MEPBOro CTep kHA Ha TpeTuit (1 xon); 3)

nepeHecTy OalIHIO U3 TPEX TMCKOB CO BTOPOTo CTepKHs Ha TpeTuit (7 X0/10B).

Bcero na nepenoc notpedyetcs 15 xo10B.

Paccyxnas aHaornyHeIM 00pa3oM, COCUUTAEM YUCIIO XOJ/I0B, HEOOXOAUMBIX JJIsl IepeHoca OalHu
U3 OATH AUCKOB: 15+ 1+ 15=2+15+1=31.

PaccMOTpeHHBIH anropuTM pemieHus 3ajauu «XaHoiWckas OamHs» o00JlajaeT peKypCHUBHBIM
CBOMCTBOM: B X0/I€ €T'0 BBITIOJHEHHUS JUIs OAILIHU, COCTOSIIEH U3 N KOJIEL, UCIIOJIb3YEeTCs aJTOPUTM JJISl UyTh
OoJiee MPOCTOM CUTyalluu — MepeHoca OalrHu, COCTOSIIEH U3 n - 1 KoJelia. B cBOto o4epenb, B anroputMe
11 GalTHM U3 1 - 1 KOJbIa HCHOJIB3YETCs 3TOT K€ AITOPUTM JJIS N - 2 KOJIell U T. 1.

IIpuMep nporpamMMsl ¢ peKypcuBHON QyHKUMeH

//xaHOViCKHe OalIHu

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

{ if

(n>0)

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

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

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

i

main()

{ int stl, st2, st3, st4;



//BBeauTe unciao xounery stl
cout<<"\nKol rkolez "; cin>>stl;

//BBenuTe Ha4YaJIbHBIN CTEPKEHD St2

cout<<"\nnum beg "; cin>>st2;

//BBenuTe KOHEUHBIN CTEPKEHb st3

cout<<"\nnum end "; cin>>st3;

//BBenTE BCIIOMOTATENBHBIN CTEpPIKEHb St4

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

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

Pe3ynbTarsl paboThl MporpamMmbl

Kol rkolez 3

num beg 1 num

end 3 num

wrem 2

<P>1->3

<P>1->2

<p>3->2

<P>1->3

<P>2->1

<P>2->3

<P>1->3

3ananue

Ha oyenky « Yoosenremsopumenvro»

Hanummre pexypcuBHYIO (DYHKIHIO, OINPEACISIONIYI0 KOJIWYECTBO CIUHUI] B JIBOUYHOM
MIPEJICTABICHUH HATYPAITHHOTO YHCIIA.

Ha oyenky «Xopowoy

Hanummre pexypcuBHYIO (DYHKITHIO, KOTOpas MO 33JaHHBIM HaTYPaJIbHBIM YHCIaM M U N BHIBOJIUT
BCE PA3JIMYHBIC MPEICTABICHHUS YUCIIa «B BUJEC CYMMBI M HATypalbHBIX cliaraeMbix». [IpeacraBieHus,
pa3IMYaroIIMecs JIUITb TOPSAKOM CIaraeMbIX, CUUTAIOTCS OJTMHAKOBBIMH.

Ha oyenxy «Omauuno»

Hanummre pexypcuBHYIO (DYHKITUIO, KOTOpas NMEPEeBOPAYMBACT DJIEMEHTHI MAacCHBa B OOpaTHOM
TTOPSITKE.

KoHTpoJibHBIE BOMPOCHI
1. Yro Takoe pekypcuBHas QyHKIIHS?
2. Pacckaxkute cyTh 3a71aui 0 XaHOMCKUX OAIIHSIX U CIIOCOOE €€ PEIICHUS.

JlabGoparopHasi padora Ne27.
IIporpamma, peau3youas OCHOBHbIE OIIEPALMH C OTHOMEPHBIM MaCCHBOM.

Hean: [TomydeHne HaBBIKOB B pab0Te C MACCHBAMHU, BBIMIOJTHEHHUS HAJl HUMHU 0a30BBIX ONEpaIluii.

Tembl 1J151 IpeABapUTeNbHON NPOPadOTKH THIbI

IaHHBIX B s13b1Ke C/CH+.

OYHKIMM CTaHAAPTHOTO BBOJA U BHIBOJIA.

Oneparop BETBICHHUS.

Oneparopbl LIUKIIOB.

Teopernyecknii MmaTepuaJ

1. Ilonamue oOHomepHo20 maccusa

MaccuB — 3T0 CTPYKTYpa OJHOTUIIHBIX JIEMEHTOB, 3aHMMAIOLINX HENIPEPHIBHYIO 00JaCTh NaMSITH.
C MaccuBOM CBsI3aHBI CIIEAYIOLIME €0 CBOMCTBA: UM, TUII, Pa3MEPHOCTD, Pa3Mep.



dopmaT ONMUCaHKUS MAaCCHBA CIETYIOLINN:

THII 3JIEMEHTOB HMsl |[KOHCTAaHTHOE BbIpaKeHHUe|;

KoHncTanTtHOe BbIpaskeHUE OIpeessieT pa3Mep MAacCuBa, T. €. YUCIO 3JIEMEHTOB 3TOr0 MacCHBa.
Hanpuwmep, cornacuo onucanuto int A[10];

OOBSIBIICH MAacCUB C UMEHEM A, cojiepkamiuii 10 371eMEeHTOB 11eJIOT0 THITa. DJIEMEHTHl MaCCHBa
0003HaYaI0TCsl UHJIEKCUPOBAHHBIMU UMeHaMu. HibkHee 3HaueHune nuaekca paBHo 0:

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

B C++ Henb3s onpenensaTs NpOM3BOJIbHBIE HAIIa30HbI sl HHAEKCOB. Pazmep MaccuBa, ykazaHHBIN
B OMMCAHUHU, BCEr/la Ha €UHUIY OOJIbIIE MAKCUMAJILHOTO 3HAUCHUSI UHACKCA.

Pasmep MmaccuBa MOXKET SIBHO HE YKa3blBaThCs, €CIU IMPU €ro OOBSBICHUU IMPOU3BOJIUTCS
WHUIMAaIu3anus 3HaYeHu 351ieMeHToB. Hanpumep:

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

B sToMm ciyuae cozaeTcsi MacCUB M3 MATH SJIEMEHTOB CO CIEIYIOIIMMHU 3HaueHusIMu: p[0]=2,

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

B pesynbrare cienyromero oObsIBICHHS MaCCHBA

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

Oyner cosnaH MaccuB u3 miectTu 3neMeHToB.  [lepBbie TP  DJIEMEHTa

MOJTy4aT WHUIHATU3UPOBAHHbIC 3HAYCHHUS. 3HAYCHHSI OCTAIBHBIX OYIyT JIMOO HEONPEICIICHHBIMH,
00 paBHBI HYITIO, €CJTU MACCHUB BHEITHUH WJIM CTATHYECKUH.

2. Ocnognble Oeticmgus ¢ oOHomepuvim maccugom [lpumep 1. Brox c
KJIABUATYPBI U BBIBOJI HA 3KPaH OJTHOMEPHOTO MacCHBA.
main()

{ int 1, A[5];

for 1=0; 1<5; 1t++)

{

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

cin>>A[1];

§

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

cout<<A [ "<<i<<" ] ="<<A [ 1]<<"; } IIpumep 2. BBoA BElIECTBEHHOTO
MacCHBa M BBIYHCICHUE CPEIHETO 3HAUCHUSI.

main()

{ const n=10;

int i;

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

<n; 1++)

{

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

}

SA=0;

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

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

cout<<"/cpenHee 3HaueHNEe="<<SA;

}

B sT0i1 mporpamme obpaTuTe BHUMAaHUE Ha OINIpeIelIeHUE pa3Mepa MacCuBa Yepe3 KOHCTAHTY.



IIpumep nporpaMmbl ¢ OJHOMEPHBIMH MaCcCHBaMH

CocTaBuTh MpOTpamMmy, MOJCUYUTHIBAIONIYI0O YHCIO MHHHMAIBHBIX JJIEMEHTOB B OJHOMEPHOM
MacCCHBE.

main()

{ const n=10;

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

1,min,k;

for (i=0; 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;

}

PesynbTarsl paboThl mporpamMmsl

25316-211005 -2 10 min=-2

kol=2

3ananue

Ha oyenky « Yoosenemsopumenvro»

B nenouncieHHol mocienoBaTeNbHOCTH €CTh HyJEBble 3yieMeHThl. Co34aTh MaccHB U3 HOMEPOB
3THUX AJIEMEHTOB.

Ha oyenky «Xopowoy

Jlana nocienoBaTeNbHOCTh AEUCTBUTEIbHBIX YHUCEN al, a2,..., an. 3AMEHUTH BCE €€ YJIEHBI, OOJIbIIINE
nmaHaoro Z, >tuM unciaoM. IlogcunTaTs KOJIMYECTBO 3aMEH.

Ha oyenxy «Omauuno»

JlaH maccuB AEMCTBUTENBHBIX 4YMCEl, pa3MepHOcTh Kotoporo N. IlomcumTaTh, CKOJIBKO B HEM
OTPHUIIATEIBHBIX, TTOJIOKUTEIHHBIX U HYJIEBBIX DJIEMEHTOB

KonTpoJsbHbIe BOpochI
1. Uto Takoe oAHOMEpHBIN MacCuB?
2. Kak onucarb OJHOMEpHbIA MaccuB B mporpamme? 3. Kak
OCYIIECTBUTD JOCTYII K OTAEIbHOMY 3JIEMEHTY MaccuBa?

JlabGoparopHasi padora Ne28.
IIpuMeHeHMe OTHOMEPHBIX MACCHBOB B MATeMATH4Y€CKOH CTATHCTHKE.

Heab: [TonydyeHne mpakTHYECKUX HABBIKOB padOThI C OJHOMEPHBIMU MacCUBaMM U UX MPUKIIATHOE
IIPUMEHEHHUE B 3a7a4ax AUCIUIUIMHBI «MaTemMaTu4yecKas CTaTUCTHKAY.

Tembl 1015 IpeBapuTeIbHOM NPOPA0dOTKH THUIIBI

IaHHBIX B s13b1ke C/CH+.

@DyHKIMM CTaHAAPTHOTO BBOJA U BBIBOJA.

Oneparop BETBICHHUS.

Oneparopsl IIUKIIOB.

Teopernuyecknit maTepual
1. Ilonsamue oOHOMepHO20 Maccuea



MaccuB — 3T0 CTPYKTYypa OJTHOTUITHBIX JIEMEHTOB, 3aHMMAIOLINX HENIPEPHIBHYIO 00JaCTh NaMSITH.
C MaccuBOM CBsI3aHBI CIEAYIOLIME €0 CBOMCTBA: UM, THII, Pa3MEPHOCTB, Pa3Mep.

dopMar onucaHus MacCUBa CJICYOLIUN:

THI 3JieMeHTOB ums [Pasmep];

Pazmep MaccuBa - UMCIIO 3JIEMEHTOB 3TOr0 MaccuBa. Hampumep, cornacHo onucanuio int

A[10];

OOBSIBJICH MAacCUB ¢ UMeHeM A, cofiepskaniuii 10 371eMeHTOB 1eNI0ro THMa. DJIEMEHThl MacCHBa
0003HaYar0TCA MHACKCUPOBaHHBIMU NMeHaMH. HinkHee 3HaueHne nHjekca paBHo 0:

A[0], A[l], A[2], A[3], A[4], A[S5], A[6], A[7], A[8], A[9].

B C++ Henb3s onpenensaTs NPOU3BOJIBHBIC TUaNa30Hbl 11 HHACKCOB. Pa3mep MaccuBa, yKa3aHHBIN
B ONMCAHUHU, BCEIIa HA €AUHUILY O0JIbIlIE MAKCHMAaJIbHOTO 3HAUEHUS MHIEKCA.

2. Ponv OBM 6 cmamuueckux pacuemax

Ilenp MaTeMaTUYEeCKOH CTAaTUCTUKUM — ONKCaHHE, OOBACHEHHE U MpeJCKa3aHue sIBJICHUN
JEHCTBUTENBHOCTH Ha OCHOBE YCTAHOBJIEHHBIX 3HAKOB, YTO MO3BOJIIET HAXOJUTh PELIECHUS B TUIINYHBIX
cuTyanusax. B ocHOBe HayuHbIX 3HaHUH JIEKUT HAOIIOACHHE.

MaremaTnueckasi CTaTUCTUKA M3y4aeT METOJbl 00pabOTKM pe3ysbTaTOB HAOIIOAECHUN MacCOBBIX
CllyyaillHbIX SIBJICHUH, OOJaJaloIMX CTATUCTHUYECKONW YCTOHYMBOCTBIO, 3aKOHOMEPHOCTBIO, C LIEJbIO
BBISIBJICHMSI 9TOW 3aKOHOMEPHOCTH. BBIBOIBI O 3aKOHOMEPHOCTSX, KOTOPBIM MOJYMHSIOTCS SIBJICHUS,
U3y4aeMble METOJAAMM MAaTE€MaTH4YEeCKOW CTaTHUCTUKH, BCErJla OCHOBBIBAIOTCS Ha OrPaHUYEHHOM,
BBIOOPOYHOM YHCII€ HAOIIOACHUH.

Jlis perieHust MHOTMX PAaKTUYECKUX 33124 COBCEM HE00s3aTeNIbHO 3HaTh BCE BO3MOKHBIE 3HAYECHUS
CIIy4alilHOM BEJIMYHHBI, a JOCTAaTOYHO YKa3aTb OTIEIIbHBIE YHMCIIOBBIE I1apaMETPBIXaPAKTEPUCTUKH, TaKUE
KaK MaTeMaTU4eCcKUe 0XKUAaHNUE, AUCTIEPCHUS, MOMEHTBI PA3JINYHBIX MOPSIAKOB U
T.J. DTU XapaKTEpUCTUKU CIy4yallHOW BEIMUYMHBI HA3bIBAIOT YMCIIOBBIMHM XapaKTEPUCTHKAMH CIy4ailHON
BelMuuHbL. [lojgcuer 3HaYeHUH STHX XapakTEpUCTHK BeleTrcs Mo ¢opmynaaM ¢ (UKCHPOBAHHBIM
KOJINYECTBOM HAOJIOJICHUH, HA OCHOBE KOTOPBIX MOTYT OBITh TOCTPOEHBI BEIYUCIUTENbHBIE AlITOPUTMBI.

OrpomHOE 3Hau€HUE B HACTOSIIEE BPEMs MMEET HCIOIb30BaHUE BBIUMCIUTEILHOW TEXHUKHU, KaK
CpEICTBAa aBTOMAaTH3alMM PYYHBIX T'POMO3JKHX TIIOJCYETOB XapaKTEPUCTUK CIy4alHONW BETUYMHBI.
JIOCTaTOYHO CO3AaTh YHHUBEPCAIbHBIN MPOrpaMMHBIA MPOAYKT JUIS MOJACYETa HEOOXOIMMBIX UYHCIIOBBIX
BEJIMYMH U 3aTEM MOJb30BATHCS UM HEOOXOAUMOE KOJIMUYECTBO pa3 /Uil 0OpabOTKU Pa3IMYHbIX HCXOAHBIX
JAHHBIX.

3. Yucnosvie xapakmepucmuku CIy4auHbIX 6eAUUUH
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4. HpumeHeHue OC)HOMeprlX Maccueoe 6 cmamucmudecKux pacuemax



B nucnumnmune «MareMaTHueckass CTaTHCTUKa» IPUMEHSIIOTCA OJHOMEpPHBIE MACCUBBI IS
XpaHeHHUs U 00pabOTKM IOCIIEAOBAaTENBbHOCTH 4Yuces. B obmem Buae, CTPYKTYpbl BXOAHBIX JaHHBIX
MIPOrpaMMbl MOKHO MPEJICTABUTH ClIeAyIomMM oOpa3om: #define N 4mMcI0 KOMIIOHEHT B_BEKTOpE

Tun_snementoB uMs[N];

Hanpumep, MOXXHO 3anucaTh Tak:

#define N 10

int x[N]; float

p[NT;

[Tocne BeIgeeHUs namMsATH oJ MaccuB X U P, HE06X0MMO 3al0JIHUTh €€ UCXOJHBIMHU JaHHBIMH.
HauOosnee yHuBepcaabHbIM aIropuT™ OYyZET B ciydae, KOr/ia MCXOIHbIE JaHHbIC BBOAUT CaM I0JIb30BaTENb
IIPOTrpaMMBbl IyTeM Habopa UX ¢ KIaBHATYphl. DTO 00ECIEUUT UCIIOIB30BaHUE OJJHON M TOH K€ MPOTpaMMbl
MHOTOKPAaTHO JUIS DPAa3IUYHBIX MCXOIHBIX JaHHBIX. lIpm BBOJE HMCXOAHBIX JAHHBIX HEOOXOIUMO
BHUMATEJIbHO CIIEIUTh 3a IPAaBUIBHOCTBIO HAa0Opa M CBOEBPEMEHHOM KOPpPEKTHpOBKEe uX. [laHHbIe
HaOMparTcs B CTPOUKY, OT/AENSS YUCia B OJJTHON CTpoKe npobesioM. B KoHIle Habopa JaHHBIX HA)KUMAaeTcs
kiaBua [Enter]. Ha aTom 3akaHunBaeTcs mepBblil IIar alropuTMa peraeMoil 3ai1auu, 1Heliblo KOTOPOro
SIBIISUTOCH BBOJ] HCXOHBIX JAHHBIX B IPOTPaMMy M COXPaHEHHUE UX B MAaCCHBaX.

[Tocne BBOJIA MCXOAHBIX JaHHBIX B OJHOMEPHBIH MAacCHB, HEOXOIMMO HUX 00paboTaTh, peanusys
BBIUUCIICHUS] MAaTeMaTUYeCKUX XapaKTEPUCTUK, IMYTEM IMPOrpaMMHpPOBaHUsA (HOPMyYJbl, MpPEACTaBICHHBIE
BBILIE.

Beruucnenue Takux BeJIMYMH, KAK MaTEMAaTHUYECKOE OXKUAHKE, TUCTIEPCHsl, HAuYaJIbHbIE U
LIEHTPaJIbHbIE MOMEHTHI TPEOYIOT peaan3aly aIrOpUTMa MOACYETa CYyMMBbI U3 KOHEYHOI'O YHCIIA
cllaraéMbIX. AJTOPUTM BBIYUCIICHUS] CYMMBI peajiu3yeTcsl CIEAYIOIMUMU aramu: cymma=0;

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

{

ITonmyuuTs cnaraemoe

CyMMa=CcyMMatcjiaracéMoe;

}

PaccMmoTpum amst mpuMepa HaxOoXJIeHHE MaTeMaTHYecKOro OKMIaHWsA. B KauecTBe CyMMBI 371€Ch
BBICTYIIAET BEJIMUMHA MX, cllaraeMoe onpeaensercs popmyinoit x[i]*p[i], rae x[i] u p[i] — 3T0O KOMIIOHEHTHI
MacCHBOB X U P COOTBETCTBEHHO, CTOSIIIIME B ITOCIEI0BATEIBHOCTH 101 HOMepoM 1. [lepebupas B nukie for
3HA4YEHHUs1 BCEX HOMEPOB MOCIIEA0BATENILHOCTH, MOKHO TEM CaMbIM 00paboTaTh BCIO COBOKYITHOCTb YHCEN.

mx=0;

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

[Toxoxue nefcTBUA MPOBOJAT ISl BBIYMCICHUS AUCIIEPCUU M MOMEHTOB. OTIMYAIOT OHU TOJIBKO
BUJIOM cjaraeMoro B cymme. OcTajbHbIe YHCIOBBIE XapaKTEPUCTUKU, TaKME KAaK CPeAHE KBAJApaTHYHOE
OTKJIOHEHHE, KOA(PQOUIMEHT acCHMMETPUHM M OKCIeCC HE TpeOyeT BBIYMCICHUS CYMMBI, IMO3TOMY U
BBIYUCIISTIOTCS TIOCJIEZ0BATEIHO €AMHCTBEHHBIM ONIEpPaTOPOM IPUCBOCHHUSI.

IIpumep nporpamMmbI ¢ IpUMeHEHHEM OJIHOMEPHBIX MACCHBOB

CocTtaBuTh  NmpoOrpamMmy, BBIIOJHSIOLIYIO pacyeTsl CTaTUCTUYECKUX
XapaKTEePUCTUK JUISL CJIEYIOLIUX UCXOAHBIX JAHHBIX
Xi |1 10 7 10 4 2 5 7 13 14

Pi | 0,02 0,08 0,20 {0,015 0,05 |0,25 |0,09 |00l |0,07 |0,08

#define N 10 //PasmepHOCTh MaccMBOB main()

{ int x[N];

float p[N];

float mx, dx, gx, ul, u2, u3, u4, m1l, m2, m3, m4, a, ¢; int
i

//BBOJI C KITaBUATYPbI UCXOTHBIX JTAHHBIX



cout<<“Baezaute B cTpouky<<’<<N<<’BpIO0OpoK <<end]l,

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

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

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

//BBIUACIIEHHE MATEMATHYECKOTO OKugaHus mx=0;

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

//BBIYHCIIEHUE TUCTIEPCUHI

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

mx)*p[i]; //BeIYHCIIEHHE CPEAHE KBAIPATUIHOTO

OTKJIOHEHUS gx=sqrt(dx);

//BBIYHICIIEHUE HAYAIBHBIX MOMEHTOB 1, 2, 3, 1 4-bIX MOPSAKOB Ul=mX;

//coBHagaeT co 3HaYeHNEM Mat. oKuganust u2=u3=u4=0;

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

{u2=u2+sqr(x[1])*p[i];

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

u4=ud-+sqr(x[i])*sqr(x[i])*p[i]; }

//BBIYUCIIEHUE TICHTPATBHBIX MOMEHTOB 1, 2, 3 1 4-bI1x TopsiaKoB m1=0;
//Bcerna paBen 0

m2=dx; //coBmamaet co 3HaueHueM gucnepcur 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]; }

//BRIAUCIIEHUE KOIPPUITMCHTA ACUMMETPUN

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

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

//BBIBOJ PE3YNBTATOB pa0OTHI MPOTPAMMBI HA MOHUTOP

cout<<“Marematudeckoe oxxuganue = << mx<<endl; cout<<“/lucnepcus

="<<dx<<endl;

cout<<“CpenHe KBaJpaTUIHOE OTKJIOHEHUE = <<gx<<endl;

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

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

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

cout<<*Hau.moMmeHT 4-ro nopsaka="<< u4<<endl;

cout<<“Ilent.MoMeHT l-ro mopsinka="<<ml<<endl;

cout<<“IleHT.MOMEHT 2-r0 nopsiaka="<<m2<<endl;

cout<<“Ilent.MomeHT 3-ro nopsaka="<<m3<<endl;

cout<<“IlenT.MOMeHT 4-ro nopsaka="<< m4<<endl;

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

="<<e<<endl;

}

ITosryuenne pesyabraToB padoTsl nporpammsl [
paccMaTpUBaEMOro MpuMepa pe3ysIbTaThl BBINISAIAT CIEIYIOUMM 00pa3oM:
Beenute B ctpouky 10 BeIOOpOK
1149152527
Beenute B ctpouky 10 BeposTHOCTEN
0.222 0.034 0.166 0.025 0.075 0.014 0.061 0.002 0.023
Matemaruueckoe oxunanue = 6.10400000
Hucnepcus = 11.61118400
Cpenne kBaapatnyHoe oTkiaoHeHue = 3.40751875
Hau. momenT 1-ro nopsinka = 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

enTp. momenT 2-ro nopsinka = 11.61118400

enTp. momeHT 3-ro nopsnaka = 13.86818573

LlenTp. momenT 4-ro nopsiaka = 196.71519835

Koaddenument acummerpun = 0.35051361

Axkcuecc = -1.54090053

3ananue

Pazpaborate nporpamMmy Uisi BBIUUCIECHUS OCHOBHBIX YMCJIOBBIX XapPaKTEPUCTHUK ISl ATCKPETHOM
CIIy4aiilHOM BEJTMYMHBI C IOMOIIBI0 CTATUCTUYECKUX AaHHbIX. HamucaTh mporpaMmy, peaau3yromyro
QJIITOPUTM BBIYUCIICHUS YKA3aHHBIX BeIHUnH. CPaBHUTH PE3yNbTaThl, MOJYYEHHbBIE PYYHBIM MOICYETOM U C
MOMOIIBIO0 BBIYUCIUTENBHON TexHHUKHU. [IpoaHanmusupoBarh monydeHHble naHHble. Crenatb BBIBOA O
TOYHOCTH pacueToB. [ oOpaOOTKH CTaTUCTUYECKUX JaHHBIX HCIOIB30BAaTh OJIHOMEPHBIE MAaCCHBBI
HEO0XO0AUMOI Pa3MEPHOCTH.

Ha oyenky « Yooenemsopumenvro»

Paccunrtarh: MaTemMaTHUeCKOE OKUAAHKE, JUCTIEPCUIO U CPEAHE KBAAPATHYHOE OTKIOHEHHE.

Ha oyenky «Xopouwoy

PacunTaTh HauanbHbIE MOMEHTHI 1-10, 2-T0, 3-T0 U 4-r0 mOpsIAKa.

Ha oyenxy «Omauuno»

PacuuTaTh neHTpanbHbIE MOMEHTHI 1-T0, 2-T0, 3-T0O 1 4-T0 TOPs/IKa, a TaK Ke KodPPenneHT
aCUMMETPHUH U aKcLecc.

BapuaHThl HHAMBUAYAJIBHBIX 3aJaHUM

Bapuant Nel.

X 1 10 7 10 4 2 5 7 13 14

P 0,02 (0,08 |020 |0,05 [0,05 |025 |0,09 |0,01 |0,07 |0,08
Bapuant Ne2.

X 1 2 6 0 9 4 0 5 7 5

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

X 3 11 4 9 1 5 2 5 2 7

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

X 0 11 10 13 6 4 6 15 8 6

P 0,004 | 0,01 |0,145 |0,018 | 0,124 | 0,432 | 0,2 0,01 0,007 | 0,05
Bapunant 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
Bapuant Ne6.

X 2 5 7 4 3 5 4 3 1 4

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

x 14 s v J4 J7 J2 [8 e Jo [4 |




P 0,003 [0,176 | 0271 | 0,001 [041 0,086 | 0,008 |0,04 |0,002 |0,003 |
BapuanT Ne8.

X 12 8 12 11 15 5 11 3 0 4

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

X 2 13 1 9 15 4 6 5 9 3

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

X 6 2 5 13 6 12 5 10 4 11

P 0,05 10,025 | 0,115 | 0,103 | 0,169 | 0,099 | 0,404 | 0,005 | 0,024 | 0,006
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
Bapuant Nel3.

X [10 6 5 1 1 4 10 1 3 4

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

X 1 9 15 1 13 6 11 11 5 6

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

X 8 4 1 3 6 9 15 3 11 13

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

KonTpoJsbHbIe BONPOCHI

1. YTto Takoe 0OJHOMEPHBII MaccuB?
2. Kaxk onucats 0oTHOMEpHBIM MacCcUB B Iporpamme?
3. Jns kKakuX BBIYMCICHWH B AUCHUIUIMHE «MareMmaTudeckas CTaTHUCTHKAa» MOXKET

MPUMCHATHCA OI[HOMGpHBIﬁ maccuB?

JlabGoparopHasi padora Ne29.
IIpyMeHeHMe 0IHOMEPHBIX MACCUBOB /IJISl MOJEJIMPOBAHMS ONlEPALMIA C MHOKECTBAMM.

Hean: [Tonyuyenne HaBBIKOB B pabOTE C YUCIOBBIMH OJTHOMEPHBIMH MAaCCHBaMH U MOJICTUPOBAHHE
Ha WX OCHOBE OCHOBHBIX OTIEPAIMI C MHOYKECTBAMH.

Tembl 10151 IpeABapUTENbHOM NPopadoTkn OHOMEPHBIN

MAacCHB.

OyHKIUH.

TeopeTnyeckuii MaTepuaJl

1. Ilonamue muoorcecmea

MHOKEeCTBO - 3TO COBOKYITHOCTh, HA0OP AJIEMEHTOB, OObEIUHEHHBIX OOIIMMHU CBONCTBAMHU. DTH
O0BEKTHI Ha3bIBAIOTCS PJIEMEHTAMU MHOKECTBA. DJIEMEHThI B MHOXKECTBO BXOJIAT MO OAHOMY pasy, T.e. 0e3



MOBTOPEHUI. DIIeMEHThl MHOXKECTBA MOKHO MEpPEUHCIATh B MPOU3BOJIBHOM mopsnke. Hampumep, eciu
MHO>KECTBO — JHH HEJENIU, TO MOHEIEIbHHUK 2JIEMEHT 3TOT0 MHOXKECTBA.

HanmHoXecTBaMu ~ MOXHO BBITIONTHATH ~ OCHOBHBIC orepaumn TEOpUHU

MHOXecTB.  OHU IpecTaBlIeHbI B Ta0IHILIE.

2. Ilpeocmasnenue muodicecmaa 8 sazvike C/C++

B s1361K€ TporpaMMHupOBaHUS HET MOHATHS MHOKECTBA. OTHAKO MHOXKECTBO MOYKHO 3371aBaTh B BUJIC
OJTHOMEPHBIX LEJIOYHCICHHBIX MAaCCUBOB, JIEMEHTHI B KOTOPBIX HE MOBTOPSIIOTCA. Hanmprumep, MHOXKECTBO
1 1581215 muHoxectBO 2 813 17.

[ToaTOoMy OCHOBHBIE OIEpaly HajJ MHOXKECTBAMHU BBIMOJIHIIOTCS HaJ 3JIEMEHTaMU OJHOMEPHBIX
MaccuBOB. Harpumep, A HCXOJHBIX MHOXKECTB

Pe3ynbrar nepeceueHuss MHOXKECTB 8

Pesynbrar 00benuuenust MEHOXKecTB 158 121513 17

Pesynbrar paznoctu MmHoxkectB l u2 151215

IIpumep nporpaMmsbl ¢ MHOKeCTBAMU

CocraBuM mporpaMmy, I€MOHCTPHPYIONTYIO paboTy CO3AaHus U 0ObEAMHEHUI MHOYKECTB.

//GyHKIHSI 3aTIOTHEHHSI MHOYKECTBA

//TlapaMeTpbl: MHOXECTBO-MAaCCUB U €0 pa3zMep

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

int i=0, j, X, pr;

a[i]=random(20);

i++; while(i<kol)

{ x=random(20);

pr=0; /TIorCcK cpey IMEIOIITNXCS 3JIEMEHTOB B MacCHBE

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

{pr=1; //Takoi1 yxe ecTb

break;

}

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

{a[i]=x; //[1oGaBmnsieM ero B MacCUB

i)}

}

//byHKIIMS BBIBOJIA HA DKpaH MHOKECTBA

void pr(int a[], int kol)

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

(int i=0; i1<kol; i++)

cout<<a[i]<<" "

cout<<end]l; }

//oObenuHEeHNEe MHOXKECTB

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

{ int 1, j, pr;

for (1i=0; i<nl; i++) //KonupyeM niepBoe MHO>KECTBO

m3[i]=ml[i]; n3=n1;

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

{

pr=0;

for(j=0; j<n3; j++) //Tlorck cpe BTOPOTO MHOKECTBA
if(m2[i]==m3[j])
{pr=1; break;} if



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

n3++;

}

}

}

//T'naBHas QyHKIUSA

main()

{

const n=256;

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

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

cout<<"\nkol el masl "; cin>>n1;

sozd(ml,nl); //BBI30B — CO3/1aTh MIEPBOE MHOKECTBO
pr(ml,nl); //BBI30B — BBIBOJI TIEPBOTO MHOYKECTBA

cout<<"\nkol el mas2 "; cin>>n2; sozd(m2,n2); pr(m2,n2);
cout<<"\nobjed";
objed(m1,n1,m2,n2,m3,n3); //Bb130B — 00bEAMHCHHUE JBYX MHOKECTB
pr(m3,n3); //BBI30B — BBIBOJ] pe3yybTaTta 00bEAMHEHUS
}
Pe3ynbrar paboTsl IpOrpaMMel
kol el masl1 7
% 71411191 16 8 kol
el mas2 9
*¥*%k 5281819103 7 4 objed
*EE 7141119116852181034
3amanue
Ha oyenky « Yoosenemseopumenvro»
CocTaBuM mporpamMmy, J€MOHCTPUPYIOIIYIO TIEPECEICHUE MHOKECTB.
Ha oyenky «Xopowioy
CocTaBuM mporpamMmy, I€MOHCTPUPYIOIIYIO Pa3HOCTh MHOYKECTB.
Ha oyenxy «Omauuno»

CocraBuM MporpaMmy, IEMOHCTPUPYIOIIYIO CHMMETPHYECKYIO Pa3HOCTh MHOXKECTB.

KoHnTpoJbHbIe Bonpockl

1. Hoquy MOXHO IMPCACTABUTbL MHOXKCECTBA OAHOMCPHBIMU maccuBamu? 2.

Tpe60BaHI/I$I JOJIXKHBI CO6J'IIOII&TLC$I AJId 3JICMCHTOB MHOXKECTBA IIPU €TI0 C03)13.HI/II/I?

JlaGoparopHasi padora Ne30.
Peanusanus ajropurMa nmy3bipbKOBOH COPTHPOBKH.

Heas: [TonydyeHue HaBBIKOB B paboTe C COPTUPOBKOM MAaCCUBOB.
Tembl 1J151 NpeABapUTeabHON NPOPadOTKH THIbI

naHHbIX B s3bIke C/CH+.

Oneparopbl LIUKIIOB.

Coznanue MaccuBOB B IPOrpaMMe.

ba3oBbie onepanuu ¢ MacCUBaMH.

Kakune



Teopernuyecknit maTepuaJ

AJTOpUTM NY3bIPbKOBOI COPTHPOBKU

ANTOPUTM COPTHUPOBKH TMY3BIPHKOBBIM METOJOM TONYYWJI CBOE Ha3BaHHE OT CIOc00a,
UCTIOJB3YyEeMOr0 JUIS YIOPSJIOYMBAHUS DJIEMEHTOB MacCHBa. 37€Ch BBITIOIHIIOTCS ITOBTOPSIFOIIUECS
OIlEpallii CPaBHECHUS M TPH HEOOXOJMMOCTH MEHSIOTCS MECTaMH CMEXHbIE 3JieMeHTHl. [lpu 3TOM
AJIEMEHTHI C MEHBIIIMMH 3HAYCHHUSIMH TIOCTETIEHHO TIEPEMEIIA0TCS K OJJHOMY KOHITY MAaCCHBA, a DJIEMEHTHI C
OOJBIIMMU 3HAYEHUSIMU — K JIPYrOMY. DTOT MPOIECC HAMIOMHHAET MOBEACHHUE IMY3bIPHKOB BO3/yXa B
pesepByape ¢ Bojioil. I1y3bIpbKkoBasi COPTHPOBKA BBIMOJIHAETCS ITYTEM HECKOJIBKHX MPOXOA0B M0 MACCUBY,
BO BpeMs KOTOPBIX NPH HEOOXOIMMOCTH OCYIIECTBIISIETCS] IEPECTAHOBKA AJIIEMEHTOB, OKa3aBIIUXCs "HE Ha
cBoeM mecte". KonmnyecTBo mpoxo10B, rapaHTHPYIONIMX MOJYyYCHUE OTCOPTHPOBAHHOTO MAcCCHBA, PAaBHO
KOJINYECTBY JIEMEHTOB B MacCHUBE, YMCHBIIICHHOMY Ha CAHHUILY.

XOTsl anropuT™M MY3BIPHKOBOM COPTUPOBKH MPHUTOJIEH JJIsi HEOOJBIINX MACCHUBOB, JIJISI MacCHBOB
OobIIOr0 pa3Mepa OH CTAHOBHUTCS Hed(PPEeKTHBHBIM. bojee yHHBEpCaJbHBIM CUYHTACTCS alTOPUTM
Quicksort. B cranmaptayto 6ubnnoreky C++ BritoueHa QyHkuus gsort(), KOTopasi peanu3yeT OJHY W3
BEPCHUH 3TOTO aJIrOpUTMA.

[Ipumep nporpaMmbl, peaju3yolleii aJJropuTM COPTUPOBKH IMy3bIpbkoM B
CIICAYIOIICH IPOrpaMMe peain30BaHa COPTUPOBKA MacCUBa (IIEJIOUMCIIEHHOTO THIIA), COIEPIKAIIETO

cllydaiiHble Yyucia. JTa mporpaMmma 3aciykKHBaeT BHUMATEIbHOTO pa3oopa.
#define SZ 10

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

//Tekymuii UHIAEKC 3JIeMeHTa MaccuBa int buf;
cout<<"\nCoptupo3ka MmaccuBa MeTo7IoM \"my3bIppKka\"\n";
for(i=0; i<SZ; i++) cout<<a[i]<<" "; for (1= 0; 1 < SZ-1;
i++)

{ith

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

{

if (alk] < alk+1]) {

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

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

//oTnagouHas mevyaTh MacCUBa MOCIe 0YEPEAHOr0 IIUKIIAa COPTUPOBKHU
cout<<"\n-----"<<j<<"-----"; for (k = 0; k < SZ; k++) cout<<a[k]<<"
n; Cout<<"\n";

cout<<"*****Maccu orcoprupoBan\n";

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

"<<a[k];

cout<<"\n\n/ly1s 3aBepuieHus paboTsl Haxkmute <Enter>";
}

PesynbpTaThl paboThl IPOrpaMMBl:

CoptupoBka mMaccuBa MeTO10M "my3bipbka’ 30
531135174221847561

----- 1-----53303517422184 7561 11

----- 2-----5335304221 8475611711

----- 3-----5335423084 7561211711



4-----53 423584 756130211711
5-----534284 756135302117 11

----- 6-----53 84756142 35302117 11

----- 7-----84 75 61 53 4235302117 11

----- 8-----84 7561 534235302117 11 -----9-----84

7561534235302117 11

*AdE*MaccuB OTCOPTUPOBAH

84 756153423530211711

3aganue

Ha oyenky « Yooenemsopumenvro»

CMEeHHUTD NOPSAJIOK COPTUPOBKHU — CJIENIaTh YIOPSI0UEHNE MacCHBa 110 BO3PACTaHUIO 3HAUCHUI
snemeHToB. [lopaboTaTh BMECTO KOMITbIOTEPA, MPOXOAsI UHCTPYKLIUU MPOrpaMMbl. BHITOTHUTH
OTJIAJIOUYHYIO TI€YaTh.

Ha oyenky «Xopowoy

V3MeHUTh NPUHIUI 3aloJHEHHUs MacCHBa — CJlelaTh 3allOJIHEHUE CIy4ailHbIMU YHCIaMH.
[IpoBeputsh pe3yabTaT pabOThI MPOTPAMMEI.

Ha oyenxy «Omauuno»

N3menuts yncio anemernToB maccuBa (100, 1000, 10000, 100000). MccnenoBaTh, Kak H3MEHUTCS
BpeMs paboThI MPOTPaMMbl OT Pa3MEPHOCTH MACCHBA.

KonTposbHbie BOpochl

1. Yro Takoe copTUpOBKa MaccuBa’?

2. Pacckasathp, B 4eM CyTh aIrOpUTMa COPTUPOBKHU My3bIPHKOM.

3. YKa3arp NpUYMHBI, KOTOPbIE BIUSAIOT HA CKOPOCTh COPTUPOBKHM MaccuBa. 4. Kakas cymiecTByer

3aBUCUMOCTD MEXAY CKOPOCTBIO COPTUPOBKH M pa3MEPHOCThIO MaccuBa?

JlaGopaTopnas padora Ne31.
IIporpamma, peanusywoniasi OMHAPHBIN MOUCK.

Hean: [Tonyyenne HaBBHIKOB B paboTe C MacCMBaMH, OCBOCHUE PA3TMYHBIX AJTOPUTMOB IMOMCKA
nH(opmanuu B Maccuse. Tembl I mpeaBapuTeJbHON MpopadoTku Maccussl B C++.

3anoJIHeHHE MAacCHUBa, BBIBOJI HA DKPaH.

Teopernuyecknit maTepual

1. I[lonamue u 3a0anue mMaccusos 8 npocpamme

MaCCI/IB — 9TO CprKTypa OAHOTHUIIHBIX 3JIEMEHTOB, 3aHUMAarOUINX HerepBIBHyIO 06J'IaCTB IIaMsITH.
C mMaccuBOM CBS3aHbI CIEAYIONINE €T0 CBOMCTBA: UMS, TUII, PA3MEPHOCTH, pa3Mep.

dopMar onucaHus MacCUBa CIIETYIOLIUN:

THII 3JIEMEHTOB HMM$l [KOHCTAaHTHOE BbIpa:keHue|

KoHCcTaHTHOE BBIpaK€HHE OINpENENIeT pa3Mep MacCHBa, T. €. YHCIO 3JIEMEHTOB 3TOr0 MacCHBA.
Hamnpumep, cormacuo onucanuto int A[10];

OOBSIBIICH MAacCUB C UMEHEM A, conepskamiuii 10 31eMeHTOB 11e10r0 TUIa. DIeMEHThHl MaCCHBA
0003HAYAIOTCSI MHIEKCUPOBAHHBIMU HMeHaMu. HibkHee 3HaueHune nHekca paBHo 0:

A[0], A[1], A[2], A[3], A[4], A[S], A[6], A[7], A[8], A[]

2. Ilouck 6 maccuee memooom nepebopa d1emMeHmo8
Camblii IPOCTO TUT MMOMCKA B MACCHBE CBS3aH C Mepe0OpOM MO MOPSAKY BCEX IIEMEHTOB MacCUBa
C MUICKOMBIM 3HaueHHE. Takoi aJropuT™M UMEET OYEHb IIPOCTYIO PEATU3ALUI0, OJJTHAKO, CYUUTAETCS OJHUM U3



CaMbIX MeJJICHHBIX. J[JIsi MacCHBOB HEOOJIBIIION Pa3MEPHOCTH OH BIIOJIHE MTPUTO/ICH, OJTHAKO, /IS MACCHBOB
OOJIBIIION Pa3MEPHOCTH €ro UCIOJIb30BAHUE HE JKENATEIIbHO.
#define HB 5 main()

{ int m[HB]; // MaccuB TeNbIX int
obr; // obpazer AJis moucka
int found; // mpU3HAK COBMaACHHS C 00pa3om int

1,

cout<<"\nllowmck B MaccuBe MeTOJIOM mepedopa\n";
cout<<"Bpenute B 071HO cTpoke %i nenbix\n",HB;
cout<<"upcen u Haxxmure <Enter>\n"; cout<<"->";

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

cout<<"Bpemurte 0Opazelr Ay moucka (1eaoe yucio)->";
cin>>obr; found = 0;

1=0; // IpoBepsieM C TIEPBOTO AJIEMEHTa MaCCHUBA
do{

if (m[i] == obr)

found = 1; // coBnajieHne ¢ 00pa3roM

else

i++; // Iepexo K CIeAYIONIeMy JJIEMEHTY

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

(found )

cout<<"CoamajaeHue ¢ 3eMeHToM HoMmep %o1", i+1; else
cout<<"CoBrnazeHuii c oopa3om Het";

}
IIpumep mporpaMmel, peau3yoileii OMHAPHBII MOMCK B MacCHBe
main()
{ const n=1000;
int m[n];

int i, c, k, zc, a, b, kol, pr;

for (1=0;1<n;i++) m[i]=1;

cout<<"\n vvod 0-999 ->"; cin>>k;
zc=0; kol=0; a=0;  b=n-1; pr=0;

c=(at+b)/2;

cout<<"\n******] /2 diapasona= "<<c<<"\n"; while

(c>=a && c<=b && kol<=n)

{if (m[c]==k)

{ zc=c; pr=l;

break; }

if (k>m][c])

{a=c+1; c=(atb)/2; kol++; cout<<c<<"

n.
2

}

if (k<m]c])

{b=c-1; c=(at+b)/2;

kol++; cout<<c<<"

I

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

else cout<<"\n no number";



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

PesynbTaThl paboThl IPOTPaMMBI

1 mposepka vvod 0-999 -

diapasona= 499

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

2 nposepka vvod 0-999 -

diapasona= 499

2491246130146200

no number kol=9

3aganue

Ha oyenky « Yoosenremsopumenvro»

CocTaBuTh IPOrpaMMy, PEATHU3YIONIYIO aITOPUTM JIMHEHHOTO oucka. Ha

oyeHKy «Xopouioy

CocTaBuTh MPOrpaMMy, PEATHU3YIOIIYIO AITOPUTM OWHAPHOTO MOUCKA. BBIMOTHUTE aHAIN3
JUHEHHOT0 U OMHAPHOTO MOKMCKA MO CKOPOCTH pabOThI ¢ 3aBUCUMOCTH OT pa3MEepHOCTH MaccuBa. Ha
oyenxy « Omauunoy

CocTaBuTh TNpOrpaMMy, pEATM3YIOIIYI0 HWIPY IMOJIb30BaTeNsl € KommbioTepoM. KommbroTep
dbopMupyer ciydaitHoe ymciio B amama3one oT 1 mo 100 m mpemaraeT moJib30BaTEI0 BBECTH YHCIIO.
CpaBHUBaET CBOE YHCIIO U YHUCIIO, BBEACHHOE MOJIb30BaTeneM. Beiiaet utor cpaBHeHHsI — OOJIbIIIE, MEHBIIIE,
yrajiaHo, OJCUYUTHIBACT YHUCIIO X010B. M 1es mporpaMMBbl COCTOUT B MPOBEPKE MOJIb30BATEINS HCIIOJIb30BATh
MeTO]1 OMHAPHOTO MOUCKA.

KonTpoJsbHbIe BOPOCHI
1. Paccka3zatb CyTh METO/A JIMHEHHOTO NIOUCKA. 2.
Paccka3zaTh cyTh MeTOZa OMHAPHOTO TIOMCKA.

OcHoBHasi iMTEpaTypa:

l. Anpman, A. BBeieHre B reHepaIiio mporpaMmmMHoOro koaa / A. Anjas. - 2-e u3j., ucrop. - M.
: Hanmonanwusiit OTkpbIThiil YHUBepcuTeT «MHTYUT», 2016. - 189 c. : cxem. - bubnuorp. B kH. ; To
xe [Dnexktponnslit pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=428825

2. Coxkonos B.I1. KogupoBanue B cuctemax 3anuThl HHGoOpMaIuu [ DIeKTpOHHBIN pecypc]:

yaebnoe nmocobue/ CokomnoB B.I1., Tapacoa H.IT.— DnexTpoH. TekcToBbie faHHBIE.— M.: MOCKOBCKHI
TEXHUYECKMH yHHMBepcUTeT cCBsi3u W uHpopmatuku, 2016.— 94 c.— Pexum pgocryna:
http://www.iprbookshop.ru/61485.html.— DBC «IPRbooks»

3. AHTHMHPOB, B. M. IIpoekTrpoBanue anmapaTypsl CHCTEM aBTOMAaTHYECKOTO YIIPaBICHHUS.
B 2 4. Y. 1 : yuebnoe mocodue mis CIIO / B. M. Aatumupos. — 2-e uzn. — Capatos, ExarepunOypr :
ITpodoGpa3zoBanue, Ypanbckuii GpenepanbHbiil yauepceutet, 2019. — 92 c¢. — ISBN 978-5-4488-04014,
978-5-7996-2834-5. — TekcT : »neKTpoHHBIN // DnekTpoHHO-OubmHMoTeunas cucrema [IPR BOOKS :
[caifT]. — URL: http://www.iprbookshop.ru/87852.html. — Pexxum nocryna: st aBTopusmp.
M0JIb30BaTENEeN

Jlonmo/IHMTeIbHAS JIUTepaTypa:

1. ®enoposa I'.1. PazpaboTka, BHEPEHHE U alaliTallAsI IPOTPAMMHOT0 00ECTICUCHHS OTPACIICBOM
HanpaBieHHOCcTU. YueOHoe mocodue. Uzn.: KYPC, Undpa-M. Cpennee nmpodeccnoHambHOE
oOpazoBanue. 2016 r. 336 ctp.


http://biblioclub.ru/index.php?page=book&id=428825
http://biblioclub.ru/index.php?page=book&id=428825

