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MeTtoanyeckue ykazaHus i 1abopaTopHbIx padboT no guctmminae MJIK.02.03 PaspaboTka
NPUKJIAJHBIX IPUIOKEHUH cocTaBiieHbl B cooTBeTcTBUHU ¢ TpeboBaHuaMu OI'OC CIIO. IIpeanasznaueHsl
JUTSL CTYIEHTOB, o0ydarommxcs 1o crneruanbHocT 09.02.01 KoMnbloTepHBIE CHCTEMBI i KOMITJICKCHI.



INOACHUTEJIBHASA 3AIIMCKA

[Tporpamma aucuumiauHsl Pa3paboTka kojga MH(GOPMALMOHHBIX CHCTEM IpEIyCMaTpUBAET M3YydEeHHE
QITOPUTMHU3ALMU KaK 0a30BOM COCTaBISIONIEH TEXHOJIOTUYECKOTO MpoIlecca CO3JaHusl IPOrpPaMMHOTO
INPOAYKTa, a TaK K€ M3Y4YEHHE SI3bIKa MPOrpaMMHUpPOBaHuUs U (opMHUpOBaHHE HaBBIKOB pa3pabotku MC,
00BEKTHO-OPUEHTHPOBAHHOTO MPOTPAMMHUPOBAHUS Yy CTyJIeHTOB. [Ipu u3yueHUM mpeamera cleayer
coOJII0/IaTh €IMHCTBO TEPMUHOJIOTHH M 0003HAYEHUS B COOTBETCTBUH C JCHCTBYIOIMMU CTaHJapTaMH,
MextyHaponnoit cuctemuoit equnuist (CH).

B pesynbrare u3ydeHus AUCHUILIUHBI CTYAEHTBI O0IICHbL:
3HATh!

- OCHOBHBIE BHJBl M MpOLERypbl O0pabOTKM HH(POpPMAIUH, MOJECIU H METOMABI
pelieHus 3aaa4 06padboTku nHpOpMaIUy;

- OCHOBHblEe  IUIATGOPMBI  JUISL  CO3JAHMs,  MCIOJHEHUs W yIpaBJICHUA
HH()OPMAITMOHHOM CHCTEMOM;

- OCHOBHBIE ITPOLIECCH] YIIPABIEHUS POEKTOM pa3pabOTKu;

- OCHOBHBIE MOJETH TIOCTPOCHUS HWH(POPMAIMOHHBIX CHCTEM, HX CTPYKTYpY,
0COOEHHOCTH U 00J1aCTH IPUMEHEHUS;

- METOABl U  CpPEeACTBA  INPOEKTHUPOBAHMSA, pa3pabOTKU M TECTUPOBAHMSA
MH(QOPMALIMOHHBIX CHCTEM;

- CHUCTEMY CTaHJapTU3aLUHU, CEpTUPHUKALMU MU CHUCTEMy OOecHeueHHsl KadecTBa
TPOTYKITUH.
yMeTh!

- OCYILECTBIIATH MIOCTAHOBKY 3aJ]1a4 10 00paboTke MH(popMaIuy;

- MIPOBOJUTH aHAJIN3 IPEMETHON 001acTH;

- OCYILECTBIIATh BEIOOP MOAEIH U CPEJICTBA NOCTPOCHUS MH(DOPMALMOHHONW CUCTEMBbI
U IPOTPaMMHBIX CPEJICTB;

- HCIOJIb30BaTh AITOPUTMBI 00pabOTKK MHGOPMALIUU ISl PA3INYHBIX PUITOKECHHI;

- pemaTh NPUKIAJHBIE BOMPOCH MPOTPAMMHUPOBAHHMS M SI3bIKa CLEHApUEB IS
CO3JIaHMs [IPOrpamu;

- pa3pabartbiBaTh rpaduueckuii MHTEpdenc NpuIIoKeHNs;

- CO3/1aBaTh U YIPABIATH IPOEKTOM I10 pa3padOTKe NPUII0KEHUS;

- IPOEKTHPOBAaTh U pa3pabaTelBaTh CUCTEMY IO 3aJaHHbIM TpeOOBaHMAM U
crnenuUKanusIM. HMeTh MPAKTHYECKHii ONBIT B!

- VIOPABICHUU  MPOLECCOM  Pa3pabOTKM  MPHJIOKEHHH C  UCIOJIb30BaHUEM
UHCTPYMEHTAJIbHBIX CPE/CTB;

- obecrieyeHnn cOopa AAHHBIX JJIsl aHAIM3a UCIOJIB30BaHUSA M (YHKIMOHUPOBAHUS
MH(POPMALIMOHHOM CUCTEMBI,

- [IPOrpaMMHUPOBAHUU B COOTBETCTBUU C TPEOOBAHUSAMU TEXHUYECKOTO 3a/1aHUS;

- MCIOJIb30BaHUU KpUTEpUEB  OLEHKHU KavyecTBa "
HA/IKHOCTH (PYHKIMOHUPOBAHMS WH(POPMAIIMOHHON CUCTEMBI;

- NPUMEHEHUU METOIUKH TECTUPOBAHU pa3padaTbiBaeMbIX IPUI0KEHUH;

-OIpeJIeNICHNH COCTaBa 0O0OPYAOBaHMS M MPOTPAMMHBIX CPEICTB pa3paboTKu MH(OPMAITMOHHON
CHCTEMBI;

- pa3paboTKe JOKyMEHTALMH 10 3KCILTyaTalud HH(POPMALMOHHON CUCTEMBI;

- MIPOBEJICHUM  OLIEHKM  KayecTBa W OJKOHOMHYecKoM  3ddexTuBHOCTH
MH(POPMALMOHHON CUCTEMBI B PaMKaX CBOEH KOMITETCHIINH;

- MOIU(UKALIMU OTACTBHBIX MOAYJIeH HHPOPMAIIMOHHON CHCTEMBI.



B pesynbrare ocBoeHus1 y4eOHON AUCHUIUIMHBI CTYACHT JI0JIKEH OBJIA1€BATh!

Obwumu KomnemenyusMu:

OK 01. Berbupats criocoObI petieHus 3a1a4 mpodecCHOHATLHON IeATETPHOCTH, MPUMEHUTEIEHO K
pa3IMYHBIM KOHTEKCTaM.

OK 02. OcymecTBiiaTh TOWCK, aHAIW3 W HHTEPHpPETAIM0 MHPOpMAlUHU, HEOOXOTUMOH IS
BBIMOJIHEHMSI 3a/1a4 NPOPECCUOHATBHON AESITENIbHOCTH.

OK 03. IlmanupoBath U peaan30BbIBaTh COOCTBEHHOE MPOPECCHOHATBHOE U IUYHOCTHOE Pa3BUTHE.

OK 04. PabGorate B KOJUIEKTHBE W KoMaHJe, 3()(eKTHBHO B3aMMOAEWCTBOBATH C KOJUIETAMH,
PYKOBOJCTBOM, KJIMEHTAMH.

OK 05. OcyuiecTBisTh YCTHYIO U NHCBMEHHYI0 KOMMYHHUKAIIMIO HAa TOCYAAPCTBEHHOM S3BIKE C
y4eTOM 0COOEHHOCTEH COLMANBbHOIO U KYJIbTYPHOI'O KOHTEKCTA.

OK 09. Hcnonp3oBaTh HHPOPMAIIMOHHBIE TEXHOJIOTUH B MPOPECCUOHATBHON AESITETbHOCTH.

OK 10. [Tonb3oBaTbes npodecCHoHaIbHON TOKyMEHTAlUeH Ha TOCY/IapCTBEHHOM M MHOCTPaHHOM
A3BIKE.

IIpogheccuonanvnvimu kKomnemeHyuamMu:

IIK 5.1. CoOupaTh HCXOIHBIE JaHHBIE i1 pPa3pabOTKUM IMPOEKTHOW JOKYMEHTallMud Ha
UH(POPMALIMOHHYIO CUCTEMY.

1K 5.2. PazpabaTbIiBaTh NPOEKTHYIO JOKYMEHTALIMIO Ha pa3paboTKy MH(OPMAIIMOHHON CUCTEMBI B
COOTBETCTBUM C TPEOOBAHUSAMM 3aKa34HKa.

1K 5.3. Pa3zpabarbiBaTh NOJCUCTEMBI O€30M1aCHOCTH HH(OPMALIMOHHON CUCTEMBI B COOTBETCTBUU C
TEXHUUYECKUM 33JJaHUEM.

[IK 5.4. Ilpou3Boauth pa3pabOTKy MOAyJeH HH(POPMAIMOHHOW CHUCTEMBI B COOTBETCTBUU C
TEXHUUYECKUM 33JaHUEM.

I[IK 5.5. OcymiecTBiasTh TECTUPOBaHHE WH(POPMAIMOHHON CHCTEMBI Ha JTare OIBITHOU
JKCIUTyaTalluu ¢ (UKcaluedl BbISBICHHBIX OIIMOOK KOJUPOBaHUS B pa3pabaThIBa€MbIX MOJYJIAX
UH(POPMALMOHHON CUCTEMBI.

[IK 5.6. Pa3pabarbiBaTh TEXHHWYECKYIO JOKYMEHTAIMIO HA SKCIUTyaTalWi0 WH(POPMAIMOHHOM
CUCTEMBI.

IIK 5.7. Ilpow3BoauTh OIEHKY HMH(DOPMAIMOHHOW CHUCTEMBI JJIS BBISIBJICHUS BO3MOXKHOCTH €€
MOJIEpHU3ALIH.

OBIIME METOANYECKHUE YKA3ZAHUA K
BBIIIOJIHEHHUIO JIABOPATOPHBIX PABOT

ITo aucuuruinHe Pa3paboTka Koja MH(POPMALMOHHBIX CUCTEM JabopaTOpHbIe pabOThI coaepxkar
3a7laud ¥ TEOPETUYECKHE BONPOCHl. BapuaHThI 17151 KaXk0ro 00y4aroIerocs - MHAMBUAYaJIbHBIE.

3az[atm 1 OTBCTHI Ha BOIIPOCHI, BBINIOJIHECHHBIC HE 110 CBOECMY BAPHAHTY, HC 3aCUUTLIBAKOTCS.

JlaboparopHas pa®oTa BBIIOJIHSAETCS B OTAEIBHON TeTpaau. Y CIIOBUS 3a7a4d U (OPMYIUPOBKU
BOIIPOCOB IEPENMUCHIBAKOTCS MOJIHOCTHIO. DOPMYIIBI, pacueThl, OTBETBHI HA BOIIPOCHI IUILIYTCS PYyYKOU, a
YEepTE)KHU, CXEMbl M PUCYHKH BBITIONHSIOTCA KapaHAAlIoM, Ha rpaduKax M JuarpamMmax yKas3bIBaeTcCs
Mmaciitab. BHauane 3amaua pemnaercs B o01ieM BUe, 3aTeM JeNaloTcsa pacuéThl MO YCIOBUIO 3a/laHusl.
Pemenue 3amau ob6s3aTensHO BeaeTcs B MexayHnapoanou cucteme equnuil (CH).

[Tpu BBIMOTHEHNHU TaOOPAaTOPHOIM PabOTHI HEOOXOIUMO CIIEI0BaTh METOANYECKUM YKAa3aHUSM:
MOBTOPUTH  KPaTKOE COJEp>KaHUE TEOpWUH, 3allOMHUTh OCHOBHBIE (OpPMYJNbl U 3aKOHBI,
IPOaHAIU3UPOBATH IPUMEP BHINIOJHEHHS aHAIIOTUYHOTO 33JaHUsI, 3aTeM MPECTYNUTh HEITOCPEICTBEHHO



K perieHuro 3a1aun. K 3a4ery JomycKaloTcs CTyACHTHI, MOTYYHBIINE MMOJOKUTEIBHBIC OIEHKU 110 BCEM
nabopaTOpHBIM paboTaMm.

IIpaBusia BbINOJTHEHUSs J1a0OPATOPHOI Pa0OTHI.

1. CTyneHT AOKeH NPUHTH Ha JabOopaTOpHYIO pabOTy MOATOTOBJIEHHBIM K BBHITIOJHEHUIO
nabopaToOpHOH PabOTHI.

2. Kaxaplit cTyieHT mocie npoBeieHus paboThl TOJDKEH MPEICTABUTh OTYET O MPOAETaHHON
paboTe ¢ aHAIN30M HOJTYYEHHBIX Pe3yIbTaTOB M BEIBOAOM IO padoTe.

3. Tabnmuubl ¥ PUCYHKH CJEIyeT BBIMONHATH C IOMOIIBIO YEPTEKHBIX WHCTPYMEHTOB
(JTMHEWKH, MPKYJIA, U.T.J.) KapaHaamom ¢ coomoaeanem ECK/I.

4. Pacuer cnemyeT mpoBOIUTH ¢ TOYHOCTHIO JI0 ABYX 3HAYAIUX LTUDD.

5. WcnpaBnenuss mpoBOAWTh Ha OOpaTHO cTopoHe smcTa. [Ipy MeNKHX MCIpaBICHUSIX

HENpPaBWJIbHOE CJIOBO (OyKBa, YUCIIO U T.N.) aKKypaTHO 3aU€pKUBAETCS U HAJ HUM IHUIIYT IPAaBUIbLHOE
MPOIYIIEHHOE CJIOBO (OYyKBY, YHCIIO U T.IL.).

6. BcnomorarenbHnie pacuc€Tel MOXHO  BBIIIOJHATE Ha OTACIBHBIX JIMCTAaX, a IIpu
HeO6XOIII/IMOCTI/I Ha JIMCTax OoT4dcTa.

7. Ecnu cTyieHT He BBIMOJHUT J1JA00paTOPHYIO paboTy MM Y4acTh pabOThI, TO OH BBHITIOJHHT €€
BO BHEYPOUYHOE BPEMsI, COTIIACOBAaHHOE C MPETIOIaBaTEIIEM.

8. Or1eHKy 110 1ab0paTopHOM paboTe CTYJASHT MOJMYyYaeT ¢ yYeTOM CPOKa BBITIOJHEHUS PaOOTHI,
ecIy;

- pacdeThl BBIIOIHEHBI TPABUIILHO U B IMOJIHOM 00BEME;

- CJeJaH aHaJIM3 NPOJIETaHHON PabOTHI U BBIBOJ MO pe3yibTaTtaM padoThl;

- CTYJCHT MOXET MOSCHUTH BBITIOJHEHHUE JII000TO 3Tana paboThl;

- OTYET BBINOJIHEH B COOTBETCTBUHU C TPCOOBAHUSMH K BBITOJHEHHUIO PaOOTHI.



JlabopaTopnasi padora Nel. BBoa Tekcra
nporpammbl. CoxpaHeHUue NPOrpaMmbl

Heab: IlomyueHune 0a30BBIX HABBIKOB  MCIOJNB30BAaHUS CUCTEMBl MPOTpaMMHUpPOBAHUS,
HEOOXOIMMBIX JUI JalbHEHIIEro BBHIMOIHEHHUS IUKIIA JAOOpaTOPHBIX paldoT.

OcHoBHble  moHATHA:  UHTerpupoBanHas  cpena,  KOMIOWIALMS, — OTJIaJ4HK.

Teopernyeckast 4acThb.

1. 3anyck cucmembl npocpamMmupo8arusl

Cucrema nporpammupoBanust MS Visual studio coctout u3 Gonbioro uncia (haiaoB, XpaHSHHE
KOTOPBIX CTPYKTYPUPOBAHO 10 KaTaJIOTaM.

Jlns 3amycka cucTeMbl IPOrpaMMUPOBAHHUS JJOCTATOYHO LIEJIKHYTh Ha sIpJIbIke Ha paboueM CToJe.

2. Ilonv306anue noockaskoii 6 cpeoe

Cucrema nporpammupoBannst MS Visual studio nmeeT MOIIHYI0 CHCTEMY OHJIATHOBOM MOJICKA3KH,
KOTOpasi OYEeHb M0JI€3HA, OCOOEHHO I HAYMHAOIIETO IPOrPaMMUCTA.

[lonckaska sBisleTCs TUNEPTEKCTOBOM, TO €CTh, BbIOpaB OJHO U3 BBIJCJIEHHBIX CJIOB, MOXHO
HOJIyYUTh TOJCKA3Ky, CBSA3aHHYIO C THUM CIIOBOM.

[TepBast BO3MOXXHOCThH OOpalleHus K mojicka3ke - yepe3 I'.1aBHoe Menio -> Help. B Tom mento
CaMbIMHU TOJIE3HBIMU SIBIISIIOTCS MyHKTHI Contents 1 Index.

[Iynukr Contents BBIBOIMT Ha 3KpaH TEMATHYECKHN CIHCOK Pa3JeioB, MO KOTOPBIM MOXKHO
noJy4uTh noacka3Ky. [IyHkT Index BbIBOIUT Ha 3KpaH a(aBUTHBIN CIIMCOK BCEX KIIIOUEBBIX CJIOB U HUMEH
(dyHKUUH s13pIKa U cucTeMbl porpaMmMupoBanust MS Visual studio. Beibupast myHKT 3TOr0 CMcKa, MOXHO
MOJyYUTh TOAPOOHYIO MOACKA3Ky IO HEMY.

Jlpyrasi BO3MOXXHOCTb OOpaIieHusi K IMojcka3ke - depe3 kiaBuimm F1 w1 KOMOWHAIWIO KIIaBHII
Ctrl+F1. Ora noackaska - KOHTEKCTHO-3aBUCHMasl, TO €CTh, MOJCKa3Ka, KOTOpas MOSIBISIETCS HA dKpaHeE,
OTHOCHUTCSI MMEHHO K TOMY COCTOSIHUIO CUCTEMBI ITPOIrPaMMHUPOBAHHUS, B KOTOPOM OHa celyac HaXOIUTCS.

Ilo xmaBume F1 mnonyuyaere nmoacka3Ky IO aKTHBHOMY Ha JIaHHBII MOMEHT MEHIO WJIM OKHY.
Komb6unanuenr Ctrl+F1 M0XHO Moib30BaThesl TONBKO B aKTUBHOM OKHE penaktopa. Eciu mpu Hakatuu
3TOW KOMOWHAIMU Kypcop HaXOAWUTCS Ha KaKOM-TO KJIFOUEBOM CJIOBE WM Ha (DYHKIUH, TO HA 3KpaH
BBIBOAMTCS TOAPOOHAS IMOJICKA3Ka 110 3TOMY KIIFOUEBOMY CJIOBY WIH (DyHKITHH.

3. Cozoanue, pedakmuposanue u COXpaneHue npocpammol

Bri6epute I'maBnoe Menio -> File -> New. ¥V Bac Ha skpaHe OTKpOETCS IyCTOE OKHO peaKTopa C
3arogoBkoM NONAME.CPP. B sTom okHe HaOepuTe TeKCT MPOrpaMMBl.

Texct, koTOpBIi Bel HabMpaeTe HY)KHO COXPAHUTH TEKCT B (aiiyie Ha BHEIHEH namsaTh. [ 3Toro
BeinosnHuTe: I'naBHoe Menio -> File -> Save as... . [Ipu 3Tom y Bac Ha skpaHe nosiBiseTcst okHO Save
File As. B BepxHeM moje 3TOro OkHa HabepuTe HUMsl, TOJ KOTOPHIM BBl XOTHTE COXpaHUTh TEKCT
nporpaMmel 0e3 pacumpenus. CucreMa aBTOMaTHYHO 100aBUT K MMeHU Baieit mporpaMMel pacuivpeHue
CPP - cranznapTHOE pacuIMpeHue A1 IporpaMM, HallMCaHHBIX Ha si3blke CH++.

Jlanee mocne Kaxa0ro 100aBIeHNUs HECKOIbKUX CTPOK MM IIPU BHECEHUH HEKOTOPOTO KOJMYECTBA
U3MEHEHUHN B TEKCT COXpaHSNTE MPOrpaMMy IMOJ TeM ke MMeHeM. JlJii 3TOro JO0CTaTOYHO BBIOJHHUTH:
I'naBHoe Men1o -> File -> Save win Haxarts kinasunry F2.

BnocnenctBuu, ecnu Bam HykHO OyzneT CHOBa 3arpy3uTh B peakTOp TEKCT TOM K€ MPOrpaMMBbl,
BeinosiHuTe: I'naBHoe Meni -> File -> Open (i Haxxmute kiasuiny F3). Bel monyuute okHo Open a
File, B xkoropoM Hamo BbIOpaTh HYXHBIM (aitn. Daiin, koTopslii Bbl BbIOpamu, OTKpOETCS B OKHE
penakropa.

4. Komnunayus u 8binoaHenue npocpammol

3aKkoHUMB HAa0Op TEKCTa M COXpaHUB (aill mporpaMMbl Ha JUCKE, BBIIOTHUTE KOMITHIISALIUIO
nporpammbl. {1 storo BeimosiHuTe: Iy1aBHoe Menwo -> Compile -> Compile wim HaxvuTe
koMOuHanuo kiasuin Alt+F9. Ha skpane nosiBisiercss okHo Compiling, B KOTOpOoM OTOOpakaeTcsi X0.



KoMy, [Ipy HOpManTbHOM 3aBEPIIEHUH KOMIWIAIUYA B HIKHEH CTPOKE ITOTO OKHA JOJKHO OBITh
BBIBEJICHO:

Success: Press any key

Ecan Tam BEIBOIUTCS:

Errors: Press any  keywmmu:

Warnings: Press any key

- Ballla mporpamMma TpedyeT KOPPEKIIUH.

[Tocne Toro, kak Bel oTkOMIMIIMpoBaIy MporpaMMy 0e3 oIIMOoK, 3aITyCTUTE €€ Ha BHITIOJIHEHHE.
Jns sToro Beimoanure: I'imaBHoe Menio -> Run -> Run nin Haxkmute koMOuHamuto kiaasum Ctrl+F9.
Ha skpane mosBnsiercs okHo Linking, B koTopoM oToOpaxaercs X0l KOMIIOHOBKH. [Ipu HOpManbHOM
3aBepIICHNH KOMIIOHOBKH 3TO OKHO MpomaaaeT camo co0oil v BbIMoHsAeTcs nporpamma. Eciu ke B aTomy
OKHE BBIBOJUTCS:

Errors: Press any key- Bamia nporpamma tpeGyeT KOppeKInu.

5. Omaaoka npozpammbi

B cucreme mporpaMMHpOBaHUSI €CTh OTJIQAYUK, KOTOPBIH paboTaeT Ha YPOBHE TEKCTOBOTO KOJA.
Ucnonw3ys ero, Bel MokeTe BBINOJHATH MPOrpaMMy B IOIIArOBOM PEKMME, YCTAHABIMBATh TOYKHU
OCTAHOBA BBINOJIHEHUS U CIEAUThH 3a TEKYIIMMHU 3HAYEHUSIMU ITIEPEMEHHBIX POTPaMMBbI.

Boimnonnute: I'maBnoe Menio -> Debug -> Watches -> Add watch (win Ha)xMuTe KOMOMHAIIIIO
knasutn Ctrl+F7). B okae Add Watch, kotopoe nosiBuTCsSt Ha SKkpaHe, BBeaute B oiae Watch Expression
MMEHA NIEPEMEHHBIX, TEKYIINE 3HAUEHUS KOTOPBIX HAJI0 OTCIIEKUBATD.

KnaBumeit F8 3amycture mporpaMMmy B momaroBoM pexume. Kaxknoe cienyroliee HakaTue
knaBuiu F8 Oyaer mpoaBurath BHITIOJHEHHE MPOrPaMMBI Ha OTEpaTop BIEpE] C U3MEHEHHEM 3HAYeHUS
NIEPEMEHHBIX.

3ananue

N3yunTh OCHOBHBIE TIpUEMBI paboThI B cpee MS Visual studio.

Ocy11ecTBUTh OCHOBHBIE ATAIBI pa3pabOTKU MPOTPaAMM.

Ha oyenxy « Yoosenemsopumenvno»

Pa3zpaborate mporpaMmy-KalbKyJISTOP 7S BBIMOJTHEHUS YETHIPEX OCHOBHBIX apH(PMETHUECKUX
NeicTBUS (CIOXKEHHE, BBIUMTAHHE, YMHOXEHHE, JeJeHHe) Haa ABYMS BBOIUMBIX C KJIaBHATYpPbI
BEJINYMHAMU.

Ha oyenky «Xopowoy

Pa3paboraTe mporpaMmy, KOTOpas 1o BBOAMMOMY C KJIaBHATYpPbl PaJINyCy BbIUUCISET OKPYKHOCTD
U TUIOIA/Ib TIOJIy4YaeMoro kpyra. Ha oyenxky « Omauunoy

Pa3paborate nporpammy, KOTOpasi 10 BBOJUMBIM C KJIaBUATypbl paJlyCy OCHOBAaHHUS M BBICOTHI
IMJIMH/IPA BBIYUCIIAET €r0 00BEM.

KonTpoabHbie BOpochl

1. [Tepeuncnure sTamnsl pa3pabOTKU 3a/1a4u.

2. Kak MOXHO IOJIy4UTh CIPABKY 10 HYKHOW KOMaH/I€ s3bIKa?

3. Yro Takoe KOMIUIAIUsA?

4. ITpuBeaute npumepsl ommoboK KoMmmuanuu. 5. [lepeuncnure, kakue ¢aitibl 0OpasyeTcs mocie

KQ)KJIOTO ATana BIMOJHEHUS IPOrpaMMBI.

JlabopaTopnasi paGora Ne2. IIporpaMmma MaTeMaTHYeCKHX Pac4eToB

Heasn: Ilonydyenue HaBbIKOB B paboTe ¢ apu(METHYECKMMM BBIPAKEHUSMHU M CTaHAAPTHBIMU
MaTemaTuyeckuMu GpyHKusmu C++.



Tembl 11 npeaBapuTeIbHOM NpopadoTkn CTaH1apTHBIE

¢ynkuun C++.

OObsiBIIeHNE U HHUIIMATU3AIUS TIEPEMEHHBIX.

@YHKIMH CTaHAAPTHOTO BBOJIA M BHIBOJA.

Crpykrypa nporpammsl Ha si3bike C/C++. OCHOBHBIE

ATaIBl Pa3pabdOTKU MPOTPAMM.

Teopernyecknit MmaTepual

B C++ omnpegenen mupokuii HaOOp BCTPOCHHBIX ONEPATOPOB, KOTOPbIE MAIOT B PYKH
IPOrPaMMUCTY MOIIHBIE pblUYard yMOpaBlIeHUS MpPH CO3JAHMM M BBIYMCICHUH Pa3HOOOpa3HEUIINX
BbIpaxkeHU. Omneparop (operator) — 3TO CHUMBOJI, KOTOPbII YKa3bIBa€T KOMIIMJISITOPY Ha BBINOJHEHHE
KOHKPETHBIX MAaTEMaTUYECKHUX NEUCTBUM WM JOrHYecKux Manumyiasinuid. B C++ umeercs yeThbipe o0mmx
KJlacca OIepaTopoB: apudMeTHUecKHue, mopas3psaHble, JIOTUUECKUE U omepaTopbl OTHOIIeHHH. [Tomumo
HUX OIPEENICHBbI APYTUe ONepaToOphl CIENUAIbHOTO HA3HAYEHUSI.

1. Apugpmemuuecxue onepamopwi

B Tabnune 1 nepeunciensl apupMeTHUecKre OnepaTophl, pa3pelieHHble sl MpuMeHeHus B C++.
JleiicTBue orepaTopoB +, -, * ¥ / COBHNAAaeT C JCWCTBUEM aHAJOTUYHBIX OMEPATOPOB B JHOOOM JIPYroM
S3bIKE POrpaMMHUpPOBaHMs. X MOYKHO IPUMEHSTh K JaHHBIM JIFOOOT0 BCTPOSHHOT'O YMCIIOBOTO THIIA.
[Tocnie mpumMeHeHus onepaTopa JeiaeHus (/) K IeIoMy YUCITy OCTaTOK OyIeT OTOPOIIIEH.

Tabnuna 1. ApudmMerndeckue oneparopbl

Oneparop JeiicTBHe

+ Cnoxenue

- Brrunranue, a Takyke yHapHBIH MUHYC

* YMHOKEHUE

/ Henenune

% Jlenenue 1o MOJTyJTIO
-- JlekpeMeHT

++ WNHKpemeHT

OcTaToK OT JeNeHUsT MOKHO TOJYYHTh C MOMOIIBIO oreparopa aeneHus no moayito (%). B C++
oreparop "%" HeIb3s MPUMEHATH K THIIaM C I1aBaromieit Toukoii (float mmu double.

VYHapHBI MUHYC IIPEJCTABISET cO00 YMHOKEHHE 3HAUEHHsI CBOETO €AMHCTBEHHOTO OIEepaHia Ha
-1. Onepanus ++ yBeJIMUMBaeT €IMHCTBEHHBINA ONIepaH/l Ha 1, a — HA0OOPOT yMEHbIIaeT Ha 1.

2. Mamemamuueckue gynxyuu (3a2010804nblll Gatin math. h)

B Ttabnuue 2. coOpaHbl OCHOBHBIE MaTeMaTHueckue (yHKIMU. Bce OHM MMEIOT BeIleCTBEHHbIE
apryMeHTHI M BO3BpaIlaeMblil pe3ysbTar.

Tabnuna 2. Marematuueckue GpyHKIUN

Oopamen DyHKIUA

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

atan (x) apKTaHreHc (pajuaHbl)




cos (X ) KOCHHYC (X B paiuaHax)

exp (x) €' — DKCIOHEHTA OT X

fabs (x) a0COJIIOTHOE 3HAYCHHE BEIIECTBEHHOTO X

log (x) Jorapudm HaTypalbHbI — Ln x

log10 (x) norapudm pecsaTuuHbil — Lg x

pow (X,y) X B CTENEHU Y — X’

sin (X) CHUHYC (X B pajiiaHax)

sinh (x) rUNepOOIMIeCKUl CHHYC

sqrt (x) KOPEHb KBaApaTHBIN (TI0JI0KUTEIbHOE 3HAUECHUE)
tan (X) TaHTeHC (X B pajuaHax)

3aganue
CocTaBUTh TPOTPAMMBI, BBIYUCIISIONINE
Ha
b++b* +4dac 2
—  —ac+b
2a
CosX

+16X - Cos(XY) -2
X

71' —
oyeHKy « ¥YooenemsopumenvHoy

2.

Ha oyenky «Xopowoy

BoruncnuTh mepuMeTp W IUIOMIA[b MPSIMOYTOJIBHOTO TPEyTOJIbHUKA MO 3aJaHHBIM JJIMHAM JIBYX
KaTeToB a U b.

Ha oyenky « Omauyuno»

[TonTophl KOUIKK CHEOAIOT 32 MOJTOPA Yaca MOITOPHI MBIIKH. CKOJIBKO MBIIIEK CHEASIT X KOIIEK
3a Y 4acos.

KounTtpoJibHbIe BOpockl

l. Kakyio Heo0X0uMO MOAKIIOYUTE OMOIMOTEKY Uil UCIIOIB30BAHUS B IPOTpaMMe
CTaH/JapTHBIX MaTEMAaTUYECKUX (PYHKIHIA?
2. YeM oTimYaeTcsi pe3yNbTaT ONEpaluy JIEICHUE UTS LENbIX W BEHICCTBEHHBIX

gucen? 3. Uro siBisieTcst pe3ysibraroM onepanuu %? [IpuBeaure npumepsl.

JlaGoparopnas padora Ne3. [Iporpamma uccienoBanusi 0a30BbIX THIIOB.

Heab: MccnenoBats cucTeMy CTaHIAPTHBIX TUIIOB si3bIKa MporpammupoBanust C/C++.



Tembl 1719 IpeABaApPUTEIbHOI MPOPA0OTKH

Apudmernueckue onepatopsl C++ CraHnapTHbie

¢dbyukmun C++.

OO0BsiBIEHNE U MHUITMATTN3AINS TIEPEMEHHBIX.

CtpykTtypa nporpammsl Ha si3bike C/C++.

bazossie Tumsl si3bika C/C++.

Teoperudyecknii MmaTepual

1. Cumema munos 6 azvike C/C++

B Cut+ umeercs yerpipe 0a30BbIX apudmeTrndeckux (UMCIOBBIX) THUMNA JaHHBIX. M3 HHX aBa
neourciaeHHsix — char, int — u 1Ba 1uaBaromux (BemiectBeHHbIX) — float u double. Kpome toro, B
nmporpaMMax MO>KHO HCIIOJIb30BaTh HEKOTOPHIC MOJU(DHUKAIIMKM THUX THIIOB, OIMHMCHIBAEMBIX C MTOMOIIBIO
CIIy’K€OHBIX CIIOB — MoAu(uKaTopoB. CyIIecTBYIOT ABa MOIU(HUKaTOpa pasmepa — short (KOpoTkuii) u
long (anuuHBI) — u nBa Mogudukaropa 3HakOoB — signed (3HakoBbINM) U unsigned (OGe33HAKOBBINN).
3HaKoBbIE MOJU(DUKATOPHI MPUMEHSIOTCS TOJIBKO K LEJIBIM THUIIAM.

Kak u3BecTHO, THUIl BEIMYUHBI CBA3aH C €€ (hOpMOIl BHYTPEHHErO MPEJCTaBICHUS, MHOXECTBOM
NPUHUMAEMbIX 3HAYEHUH M MHOJKECTBOM OIepalui, MPUMEHMMbIX K 3TOH BenuuuHe. B Tabnuie
MIEPEUYUCIICHBI apu(METUICCKHE TUIBI NaHHBIX Cu++, yka3aH 0o0beM 3aHMMaeMOU MaMsiTH W JHAIa30H
JOMYCTUMBIX 3HAUYCHUH.

Pa3mep tuma int u unsigned int 3aBUCUT OT pa3Mepa CJIOBa ONEPALMOHHONW CHUCTEMBI, B KOTOPOU
paboraetr kommuisiTop Cut+. B 16-pazpsaagaeix OC (MS DOS) stum Tumam cooTBETCTBYIOT 2 0aiiTa, B
32pa3psanubix (Windows) — 4 Gaiira.

Tabmuna 3. TunnyHbie pa3Mepbl 3HAYCHUN U TUANIa30HbI TPEICTABICHHS TUIIOB

Taonmnmimma 4.1

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

2. Ocobennocmu munog ¢ C/C++

AHanM3upys AaHHbIE TAOIULBI, MOXKHO CHIENATh CIEAYIONINE BBIBOIBI:
€CJIM He YKa3aH MOJU(PUKATOP 3HAKOB, TO M0 YMOJIYAHHIO MMOpa3zyMeBaeTcs signed;
¢ 6azoBbiM TunoM float Mmoaudukaropsl He ynorpebmustorcs; moaudukarop short
NPUMEHUM TOJIBKO K 0a30BOMY THITY int.

OcobenHocTh - THN char mpuuucieH kK apudmerndeckum Tunam. B C/C++ BenmuuuHbl THHA char
MOTYT pacCMaTpPUBATLCSA B NIPOrpaMMe M KaK CHMBOJIBI, H KaK IIeJIbIe Yyuciia. Bce 3aBHCHT OT KOHTEKCTA,
T.€. OT CH0oc0o0a MCIOJIL30BaHUS ATOW BEIUYHMHBI. B cilydae mHTeprnpeTanuu BeIWYWHBI THMA char kak
cuMmBoIa ee uncioBoe 3HaueHue spusercss ASCII-kogom. Cneayromuii mpuMep ULUTIOCTPUPYET CKa3aHHOE.



char a=65; cout<<(char)a;  //Ha skpaHe nosiBuTcs
cuMBoOI A cout<<(int)a; //Ha skpaHe MmosSBUTCS
9qucio 65
Eme onHol ocobeHHOCThI0 C+H+ sBIsIETCS OTCYTCTBUE Cpelu 0a30BBIX THIIOB JIOTMYECKOIO THUIMA
NaHHbIX. B kauecTBe nornueckux BenuunH B C++ BBICTYyNAOT Lesble yncaa. HTepnpeTanus ux 3Ha4eHui
B JIOTUYECKHE BEJIMYMHBI IPOUCXOIUT TI0 TIPABIITY: PABHO HYJIO — JI0XKb, HE PAaBHO HYJIFO — HUCTHHA.
B nocnennue Bepcun C++ nobaBiieH OTAENbHBIN JIornyeckuid Tum ¢ uMeHeM bool. Ero otHocAT
Pa3sHOBUIHOCTH LEJIBIX TUIIOB JJAHHBIX.
3. Onucanue nepemennvix 6 npoepammax na C/C+
+ UMs_THUIIA CHHMCOK INepeMeHHbIX; [Ipumepsl
ommcaHuii: char symbol, cc; unsigned char code;
int number,row; unsigned long long_number;
float x,X,cc3; double
e,b4; long double
max_num;
OnHOBpEMEHHO ¢ OMUCAHWEM MOJKHO 33/1aTh HadaJbHbIC 3HAYCHHS TIEPEMEHHBIX. Takoe neicTBre
Ha3bIBAETCS MHULMAIM3AMeH nepeMeHHbIX. Onucanne ¢ MHUIUAIN3alue POu3BOAUTCS 10 CIEAyoLIeH
cxeme:

TUI  UMS_NIEPEMEHHOM =  Ha4daJbHOE  3HAYEHHUE
Hanpuwmep:
float pi=3.14159, c=1.23;

unsigned int year=2000;

4. Koncmanmul ¢ C/C++

3anuchk 1eibIX KOHCTAHT. Llenmble mecsTHUHBIE YMClla, HAYMHAIOUIMECS HE C HyJis, Hampumep: 4,
356, —128. Llenble BOCBMEPUYHBIE YMCIIA, 3aIIMCh KOTOPHIX HauMHAETCs ¢ HyJsd, Hanpumep: 016, 077.
[lenble mIecTHaALIATEpUYHBbIE YHCIA, 3aMUCh KOTOPBIX HauuMHaeTcss ¢ cuMmBoyioB 0x, Hampumep: OxIA,
0x253, OxFFFF.

Tun KOHCTaHTBHI KOMIMJISTOP OMPEAETSIeT MO CICIYIOIIUM MPaBUIIaM: €CJIM 3HAY€HUE KOHCTAHTBI
JeKUT B JIMAa30HEe TUMA int, TO OHA MOJy4YaeT TUN int; B MPOTUBHOM CIlyyae HpPOBEPSAETCS, JICKUT JIU
KOHCTaHTa B JMalna3oHe Tuma unsigned int, B cilydyae MOJIOKHUTEILHOTO OTBETA OHA MOJY4YaeT ATOT THII;
€CJIM He TOAXOJMUT W OH, TO TpoOyeTcs Tun long u, Hakonel, unsigned long. Ecnu 3nauenue uucia He
YKJIaJpIBAaeTCs B JManazoH tuna unsigned long, To BO3HUKAET OMIMOKA KOMIIISIIUH.

3anuch BEIECTBEHHBIX KOHCTAHT. EClii B 3amicy YMCIOBOM KOHCTaHTHI MPUCYTCTBYET JIECTUYHAS
Touka (2.5) wmiam skcnoHeHuuanbHoe pacimupenue (1E-8), To xomMmuisTop paccMmarpuBaeT ee Kak
BEIIECTBEHHOE YHCJIO U CTaBUT el B cooTBeTcTBHUE TUI double. [IpuMeps! BeniecTBEHHBIX KOHCTAHT: 44 .
3.14159 44E0 1.5E-4. Vcnons3oBanue cyhduxcon. [IporpaMMuctT MOKET SIBHO 33/1aTh THI KOHCTAHTHI,
uCTob3ys st 3Toro cyddukcel. CymecTByroT Tpu Buaa cyddukcos: F (f) -float; U(u) —unsigned; L(1) -
long (U1 LenbIX M BELIECTBEHHBIX KOHCTAHT). Kpome TOro, nomyckaercss COBMECTHOE HCIOJIb30BAHUE
cybdurcor U u L B BapuanTax ul mimm LU.

[Tpumepsr:

3 .14159F — xoncranTa tuna float, mox koTopyto Bbiaensercs 4 6aiiTa namsarTu;

3.14L — xoncranTa THna long double, 3anumaer 10 Gaiir;

50000U — koHcTaHTa TUMa unsigned int, 3aHuMaet 2 OaiiTa maMsTu;

OLU — koncTanTa Tuna unsigned long, 3anumaet 4 6aiirta;

24242424UL — xoHcTaHTa THna unsigned long, 3anumaert 4 Gaiita.

3anuch CHUMBOJBHBIX U CTPOKOBBIX KOHCTaHT. CHMBOJIbHBIE KOHCTAHTBI 3aKJIIOYAIOTCS B

anoctpodsl. Hanmpumep: 'A', 'a', '5", ' + '. CTpoKOBBIE KOHCTAHTHI, IIPEICTABIISIONINE COOO CUMBOJILHEIE
2 9 2 9



MOCTIEIOBATEIbHOCTH, 3aKIIIOUalOTCA B JIBOMHBIC KaBbukh. Hampumep: "rezult", "BBemure HCXOIHBIC
naHHele".

Oco0yro pa3HOBUAHOCTH CHUMBOJBHBIX KOHCTAHT MPEJCTABISIIOT TaK Ha3bIBa€MbIe YIIPABIISIOIINE
cumBoNbl. VX Ha3zHaueHWe — ympaBieHHE BBIBOAOM Ha HKpaH. Kak H3BeCTHO, Takue CHUMBOJIBI
pacmonokeHsl B HadaidbHON dYactu komoBoit Tabmmubel ASCII (komer ot 0 mo 31) m He wuMelOT
rpadudeckoro npeacrasieHus. B mporpamme Ha Cu OHM HM300pakarloTcsi Mapoil CUMBOJIOB, TIEPBBIA M3
KOTOpHIX '\ '. BOT HEKOTOpBIE U3 YIPABISAIOMIUX CUMBOJIOB:

"\n' — mepexo1 Ha HOBYIO CTPOKY;

\t' — ropuszoHTaNbHAS TAOYyIAIHUS; '\

a' — mojayda 3ByKOBOTO CUTHAJIA.

MeHnoBaHHBIE KOHCTAHTHI (KOHCTaHTHBIE TmepeMeHHblie). B mporpamme Ha C/C++ Moryt
UCIIONTb30BAaThCS MMEHOBAHHBIE KOHCTAHTBHI. YTOTpeOsseMoe ANl WX OIpeleseHHs CIIy>KeOHOE CIIOBO
const IPUHATO HA3bIBaTh KBaTM(UKATOPOM nocTymna. Kpamudukarop const ykazpiBaeT Ha TO, YTO JaHHAsS
BEJIMYMHA HE MOXKET M3MEHATHCS B TEUEHHE BCETO BpEMEHU paloThl mporpamMmbl. B wacTHOCTH, OHA HE
MOJKET pacrojiaraThCsi B JICBOM YacTH olepaTopa NpucBauBaHus. [IpuMmepbl onmucaHusT KOHCTaHTHBIX
nepemMeHHbIX: const float pi=3.14159;

Omnpenenenre KOHCTAHT Ha CTaJIMU MPEMPOLIECCOPHOM 00paboTku mporpaMmel. Eme ogHoM
BO3MOKHOCTBIO BBECTH MMEHOBaHHYIO KOHCTAHTy  SIBIISIETCSA WCITIOJIb30BAaHUE

IIpenpolecCOpHOi nupeKTuBkl #define B cneayroiem gpopmare:

#define  <ums KOHCTaHTbI> <3HAYeHUE  KOHCTaHThI>

Hamnpumep:

#define IMAX 1000

Tunm KOHCTaHT SIBHO HE YyKa3bIBaeTcs U ompezensercs no ¢Gopme 3amucu. B KoHIE TUPEKTUBBI HE
CTaBUTCS TOYKA C 3aIATOM.

3.5. Onpedenenue pazmepa namsamu

sizeof - omepamus BbluMcIeHHs pa3Mmepa (B OaifTax) Ans oObEKTa TOrO THIA, KOTOPHIA HMeEeT
onepan. Paspemensl nBa ¢popmara onepanuu: sizeof 00bekT 1 sizeof (Tum).

IIpumep mporpamMmel AJs UCCJI€TOBAHUS THIIOB

Hcnonk3oBath yHapHyro omepanuio si3bika C++ sizeof, MO3BONSIONIYIO ONpPENEIUTh pa3Mep B
OaifTax oOnacTW mNaMSATH, BBIACICHHOW [UIs CTOSIIEro cmpaBa omepanaa. OmnucaTh HEOOXOAMMBIE
NEpPEMEHHBIE.

main()

{ float

a=3.14159f;

float b, ¢, d, €;

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

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

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

cout<<"L”<<”dlina="<<sizeof(c)<<end]l;

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)<<end];

d=24242424UL,;

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



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

b

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

a=3.14L;

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

Pesynbrar  pabGorer

3.141590  dlina=>4 1

50000.000000 dlina=>4 L

78945.000000 dlina=>4

LU 123.000000 dlina=>4

LU 123.00 dlina=>4 exp

2589.350098 dlina=>4 exp

0.002589 dlina=>4 exp -

2589.350098 dlina=>4

24242424 24242424.000000 dlina=>4

1234567890 1234567936.000000 dlina=>4

1234567890 1234567936 dlina=>4

3.14L 3.140000 dlina=>4 3aganmue

Ha oyenxy « Yoosnemsopumenvno»

IIpoBectu uccnenoBanusi 6a3oBbIX TUNOB si3blka C/C++, 0OBSABIAS JaHHBIE Pa3IMYHBIX THIIOB.
CMoaenupoBaThe CHTyallMH TEPEeroIHEHHs Ui LEeNbIX W IUIABalOIIUX TUIOB JaHHBIX. lMcmonb3oBaTh
onepanuio sizeof.

Ha oyenky «Xopowoy

[TocTouTs TabnuIyy TUNOB. Mcronb30BaTh pa3inyHble TUIBI KOHCTAHT.

Ha oyenxy « Omauyno»

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

KonTpoasnbie Bompocor 1.

[lepeuncnure 6a3oBbie TUIHI A3bIKa TporpammupoBanus C/C++.

2. C xaKkoi 1IeTbI0 YKa3bIBAIOT TUIT BEJIMYUH B Iporpammax? 3.

VYkaxure, 4TO ABJISIETCS PE3yJIbTaTOM ONepaluu sizeof.

Jlaboparopnasi pabota Ned. BBoa - BHIBOJ IaHHBIX.

Henan: [Tonydyenrne HaBBIKOB (hOPMATHPOBAHMUS JaHHBIX IPH BBOJE W BBIBOJIC HA DKPaH CPEACTBAMH
si3pIka CH++.

Tembl 115 IpeABapuTeIbHOI MpopadoTku CTpyKTypa

nporpaMmMsl Ha C++.

Twurel JaHHbBIX.

Teoperuyecknii MmaTepuaJ

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

B C++ umerores ciennduieckre cpecTBa BBOAA-BbIBOIA. ITO OMOINOTEKA KIIACCOB,
MOJIKITF0YaeMasi K mporpamme ¢ momoiisio (aiina iostream.h. B 3toit OubnmoTeke onpeaencHsl B Ka4eCTBE
00BEKTOB CTAHJIAPTHBIC CUMBOJIBHBIC TIOTOKHU CO CIIEIYIOIIMMHA UMEHAMHU:

cin — cCTaHIapTHBIA TMOTOK BBOJA C KIIABUATYyPBHI;
cout — CTaHIapPTHBIN MOTOK BBHIBOJA HA SKPaH.



BBoa JaHHBIX WHTEPIPETHPYETCS KaK W3BICYCHHE W3 MOTOKA Cin M TNPHUCBaWBAaHHE 3HAYCHUN
COOTBETCTBYIOIIUM TepeMeHHbIM. B C++ ompezneneHa omnepaiius M3BJICUEHUS M3 CTaHIAPTHOTO MOTOKA,
3HaK KOTOpo# >>. Hanpumep, BBOJ] 3HAUEHUI B IEPEMEHHYIO X peallu3yeTCs ONepaTopoM: cin>>x;

BbiBo# aHHBIX UHTEPIPETUPYETCS KaK MOMEIIEHHE B CTaHAAPTHBIA MOTOK cOout BBIBOAMMBIX
3Ha4YCeHHI. BBHIBOIUTHCS MOTYT TEKCThI, 3aKIIOYEHHBIC B IBOMHBIC KABBIUKH, U 3HAYCHUS BBIPAKEHU. 3HAK
onepaluy MoMeleHus B noTok <<. [IpuMepsl HCHOIB30BaHUS TOTOKOBOI'O BHIBOJIA!

cout<<a-+tb;

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

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

B BBIXOJTHOM MOTOKE MOKHO HCHOJIb30BaTh YNPABJISAIONINE CUMBOJIBI, KaK U MPHU HCIOIb30BAHUH
¢yukun printf (); mepen KakapIM 3JE€MEHTOM BbIBOJIa HY)KHO CTaBUTh 3HaK omnepanuu <<. DJIeMEHT
BbIBOJIa endl sSBIsIeTCSI MAaHUITYJISTOPOM, ONPEIEISIFOIIMM TIEPEBO Kypcopa Ha HOBYIO CTPOKY (ZIEHCTBYyeT
AQHAJIOTMYHO YIPABISIONIEMY CUMBOIY \n).

B mporecce moTOKOBOTO BBOMA-BBIBOJA MPOUCXOAHWT TMpeoOpa3oBaHue W3 (OPMBI BHEIIHETO
CUMBOJIGHOTO TIPEJCTABIICHUS BO BHYTpeHHHH (opmar u oOparHo. DopMar omnpeaensorcs
aBTOMaTH4YeCKy main()

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

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

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

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

s=sqrt(p*(p-a)*(p-b)*(p-¢) ) ;

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

}

2. Hcnonv3o6anue MaHUnysamopos 8800a-8b1800d

MaHuUnyasSTOpel  TO3BOJIAIOT ~ BCTpPaWBaTh HMHCTPYKIHH (OPMATUPOBAHUS B  BBIPAKCHHE
BBOJaBbIBOAa. Hanbomnee yacTo ucnonp3yeMble MaHUMYJISTOPBI OMMCAHbI B Ta0IHIIE 4.

Ta6mmia 4. OCHOBHBIE MAHUITYJIATOPHI BEIBOAA

Maununyasrtop Ha3nauenmue DOyHKuMs

endl BbIBOIUT CMMBOJI HOBOH CTpOKH U "cOpachiBaeT" MOTOK, T.€. | BriBox
HEPENUCHIBACT coJiepKUMOe Oydepa, CBA3aHHOTO C IIOTOKOM,
Ha COOTBETCTBYIOIEE YCTPOHCTBO

flush "COpacbIBaet" MOTOK BriBog
hex YcranaBnuBaet iar hex BBon-BeIBOI
oct VYcranaBnuBaet ¢uiar oct BBoa-BbIBOS
right VYcranaBnuaer ¢uiar right BriBoa
scientific YcranasnuBaer ¢ar scientific BriBox
setbase (int base) YcraHaBIMBaeT OCHOBAHHE CUCTEMbI CUMCIICHUS PAaBHOM BriBoa

3HAYEHUIO base

setfill(int ch) VYcraHaBIMBaeT CUMBOJI-3aI0JHUTENb PABHBIM 3HAUEHHIO BriBo1
napameTtpa ch

setprecision (int p) VYcranaBnuBaeT KOJUYECTBO IU(GP TOYHOCTH BriBon
(mocne AeCATUIHON TOYKH )




setw (int w) YcranaBiaMBaeT MIMPHHY TOJS paBHOW 3HAYEHMIO mMapameTrpa| BriBox
w

[Tpu uCrONB30BaHUK MAHUITYJIATOPOB, KOTOPHIE MPUHUMAIOT apTyMEHTHI, HEOOXOANMO BKIFOUUTH
B IIPOTrpaMMy 3arojioBok <iomanip.h>.

MaHunyiasTop UCHOJIb3YeTCsl KaK 4acTh BbIpAXKEHHUS! BBOAA-BbIBOJIA. BOT mpuMep mporpamMmsl, B
KOTOPOM MOKa3aHO, KaK ¢ IOMOIIbI0 MAHUITYJISTOPOB MOKHO YHPAaBIATh POPMATHPOBAHUEM BBIBOJMMBIX
JTAHHBIX.

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

1000.243<<« endl; cout << setw(20) <<

"Bcem npuset! "; }

Pe3ynbTathl BRIMOTHEHUS STOM MPOrpPaMMbl TAKOBBHI.

1e+003 Bcem npuseT!

3aganue

Ha oyenxy «Yoosenemsopumenvro»

Nner k-5 cexynma cytok. Onpeaenutb, CKoiabKo menbix yacoB (H) u nensix munyTt (M) mponuio ¢
Havana cyTok. Hampumep, ecnu k= 13257 = 3 x 36000 + 40 x 60 + 57, To H = 3, M= 40. BeiBectu Ha
aKpaH Ppazy: «IT0...4aCOB...MUHYT». BMECTO MHOTOTOYHIA TOCTABUTH BRIYHCIICHHBIC 3HaYeHusI H u M.

Ha oyenxy «Xopouioy

CocTaBUTh MpOrpaMMy pelleHHs OOpaTHOW 3aJadyd MO OTHOIICHHWIO K MPeAbIAYyHIeH: TaHo
KOJIMYECTBO YaCOB U MHUHYT, IPOIICAIINX OT Havaja cyTok. OnpeaenuTh KOJIHUUECTBO CeKyHI. Ha oyeHky
«Omauunoy

CocTaBUTh MporpamMmy BbIYHMCICHHS O00beMa M IUIOMIAAN MMOBEPXHOCTH KyOa MO JAaHHOW JIMHE
pebpa.

KonTpoJbHbIe BOIPOCHI

1. Kakas komanna B si3bike C++ OCyIIECTBIISIET BBOJI C KJIABHATYPHI?

2. Kakas komaHnja B si3bike C++ OCylIECTBIISIET BBIBOJ] HA DKpaH?

3. [lepeuniciiure OCHOBHBIE MAHHMMYJIATOPHl BbIBOJA. 4. Kakyr HeE000auMO MOAKIIOYUTH

O1OIMOTEKyY A1 MAaHUITYJISITOPOB?

JlaGoparopHnas pabora NeS.
Peanuszanus nporpamMMm, NOCTPOEHHBIX HA 0a3e JIMHEHHOI0 AJIrOpuTMA.

Heab: Ilomyuenue HaBBIKOB B paboTe ¢ omepaTopaMud BBOJAA U BbIBoJa HWHGPOpMAIUU, C
apudmMeTndeckuMu orepatopamu C++,
Tembl 1151 IpeaBaApUTEIbHOM MPOPAdOTKH AprdMETHUECKHEC
onepatopsl C++.
Cranpaptabie pyakmmun C++.
OO0BsiBIEHNE U UHUITMATIN3AIINS TIEPEMEHHBIX.
OYHKIMH CTAaHAAPTHOTO BBOJIA M BHIBOJA.
Teopernyeckniit MmaTepual
1. Ilomoxoesvlii 6600-6b1600 6 Cu+-+.
B C++ umerorcs cnenuduueckue cpeicTBa BBOAA-BbIBOIAa. ITO OMOIMOTEKA KIIacCOB,
MOAKIIOYaeMasi K mporpaMMe ¢ IoMoIibio ¢aiina iostream.h. B aToit bubanoreke onpeencHs! B
KauecTBE OOBEKTOB CTAaHIAPTHBIC CHUMBOJIBHBIC IIOTOKH CO CIICIYIOIIUMU UMEHAMH:
cin — craHgapTHBIM TOTOK BBOAA C KJIaBHATYPHI;
cout — CTaHJAPTHBIN MOTOK BBIBOJA HA HKPaH.



BBox naHHBIX MHTEpHIpETHpYETCsl KaK M3BJICYCHHE M3 MOTOKa Cin M NpUCBaMBAHUE 3HAUYCHHM
COOTBETCTBYIOIIMM IepeMeHHbIM. B C++ omnpeznenena onepanus W3BICYEHUS U3 CTAHIAPTHOIO IMOTOKA,
3HaK KOTOpo# >>. Hanpumep, BBOJI 3HaYEHHI B IEPEMEHHYIO X pEaM3yeTcsl OepaTopoM: CIn>>X;

BbeIBON [aHHBIX HHTEPIPETHPYETCS KAK NOMEIIEHHE B CTAaHAAPTHBIA IOTOK cOUt BBIBOAMMBIX
3HaueHUH. BBIBOAUTHCS MOTYT TEKCTBI, 3aKJIIOUCHHBIE B ABOMHBIE KaBbIUKH, U 3HAUCHUSI BBIPAKEHUH. 3HAK
orepanuy NoMemeHns B noTok <<. [Ipumepsl Ucnonbp30BaHMs MIOTOKOBOI'O BBIBOJA!

cout<<a-+tb;

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

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

B BBIXOTHOM NOTOKE MOKHO HCIOJIb30BaTh YNPAaBJISAIOLIME CUMBOJIBI, KAK U IIPHU MCIOIb30BaHUU
¢yukun printf (); mepen KakapIM 3JE€MEHTOM BbIBOJIa HY)KHO CTaBUTh 3HaK omnepanuu <<. DJIeMEHT
BbIBOZIa endl sIBJIIETCSI MAaHMITYJIITOPOM, OTIPENIEIISIONIUM IEPEeBOJT Kypcopa Ha HOBYIO CTPOKY (ZEHCTBYyeT
aHAJIOTUYHO YIPaBIISIONIEMY CUMBOIY \n).

B mporecce moTOKOBOTO BBOMA-BBIBOJA MPOUCXOAHWT TMpeoOpa3oBaHue W3 (OPMBI BHEIIHETO
CHUMBOJBHOTO TMPEJCTAaBICHUsI BO BHYTpeHHMH ¢opmar u oOparHo. @DopmaT ompeaenstoTcs
aBTOMATHYECKU

3amanmue

Ha oyenxy «Yoosnemsopumenvro»

CocTaBuTh NMpOrpaMMmy, BBIUUCISAIOUIYIO IUIOIIAL OOKOBBIX MOBEPXHOCTEH M 00beM Kyba 1o ero
CTOpPOHE, BBOAUMOH MOJIH30BATEIIEM.

Ha oyenky «Xopouwioy

CocTaBuTh IporpamMmy, BEIYUCIISIOILYIO IUIONIAlb KOJIbLIA [10 BBOAUMBIM C KJIABUATYphl panycaMm.

Ha oyenxy « Omauyno»

CocTaBuTh NporpamMmy, BBIUHCISIONIYIO ILIOIAAb Tpamelud I0 BBOAUMBIM C KJIABUATYpPBI
OCHOBaHUS U BBICOTE.

KonTposabHbIe BONPOCHI

1. Ilepeuncnure npaBuiia CHHTAKCHCa KOMaH bl BBOJIA Cin.

2. Ilepeuncnure nmpaBuiia CHHTaKCHCa KOMaH/Ibl BbIBOJIA cout. 3.

Urto Takoe ynpaBsIFOIIUI CUMBOI?

JlabopaTopnasi paGora Ne6.
MaTteMaTH4eCKHe pacyeThbl A/ TPeYroJabHUKA.

Henab: IlonydeHne HABBHIKOB BBIYHUCICHHS apu(PMETUYCCKUX BBIPAKEHUH W TPUMEHEHUE MX K
pacueTHbIM (hopMyram it TpeyroidpHuKa. TeMbl AJs NpeABapUTeabHOI NPopadoTKku THUIIBI JaHHBIX.

Omneparopsl BBOJIa — BEIBO/IA JAHHBIX.

CrtpykTypa nporpaMmmsl Ha sizbike C/C++.

TeopeTnueckuii MaTepuaJl

1. Onepayuu u evipasicenus

Bo Bcex s3pIKax mporpaMMHUPOBaHUS 0T BEIPAKCHUEM TOIPA3yMEBACTCS KOHCTPYKITHS,
COCTaBJICHHAs M3 KOHCTAHT, IIEPEMEHHBIX, 3HAKOB Olepanuid, QyHKIUH, CKOOOK. BrIpakeHne onpeaenser
MOPSZIOK BBIYUCIICHUSI HEKOTOPOTO 3HaUeHUs. Eciu 9T0 YnCIoBOE 3HAUCHUE, TO TAKOE BBHIPAKECHUE
HA3bIBAIOT apU(PMETUICCKUM.

Onumem HaGop omeparuii, ucmnonb3dyeMmbix B C++, a Takke MpaBWia 3aliCH U BBIYMCICHUS
BbIpaxkeHHl. HamoMHuM, 4yTO omepainus, mpuUMeHseMas K OJHOMY ONepaHAy, Ha3bIBaeTCs yHapHOH, a
orieparys ¢ IByMs OllepaHiaMi — OWHAPHOM.

2. Apugpmemuueckue onepayuu



K apupmeTrueckum oneparusiMm OTHOCSTCS:

- BbIUYMTAHUE WIU YHAPHBIA MUHYC;

+  ClOXEHHEe WIH YHApHBIH ILJTI0C;

*  yMHOXEHHE;

/ JIeJICHHE;

%  nmenenue no moxayiro (anamor Mod B Ilackane);

++  yHapHas omepanus yBEeJIHUEHHs Ha €JUHUILY (MHKPEMEHT);

- - YHapHas ornepanus yMEHbBIICHUS HA €IUHUITY (ICKPEMEHT).

Bce omepamnuu, kpome JeleHUs MO MOJYJIIO0, TPUMEHUMBI K JIOOBIM YHCIOBBIM THIIAM JTaHHBIX.
Omnepanusa % npuUMeHHMa TOJIBKO K IeNbIM yuciaMm. Eciu nenumoe u AenuTeNlbh — IeNble Yhcla, TO U
pe3yapTaT — 1ieso0e unciio. Hampumep, 3HaueHue BeIpaxkeHus 5/3 Oyaet paBHO 2, a IpH BBIYUCIICHUH 1/5
nosryuutcs 0.

Ecnmu xoTst Obl OOMH W3 ONEpPaHJ0B HMEET BEUIECTBEHHBIM THI, TO M pe3yiabTaT Oyaer
BellleCTBeHHBIM. Hanpumep, oneparuu 5./3, 5./3., 5/3. mamyT BemiecTBEHHBIN pe3yabTat 1.6666.

Onepanny MHKPEMEHTa U JIeKpeMEHTa MOTYT IPUMEHSATHCS TOJIBKO K TIEPEMEHHBIM U HE MOTYT —
K KOHCTaHTaM M BeIpakeHUsiM. Oriepaliys ++ yBeIrurMBaeT 3HaueHUe IepEMEHHON Ha eTUHUILY, OTlepalus
— YMEHbIIAeT 3HaYCHNE NTepeMeHHON Ha enuHuIy. O0a 3HaKa Oornepanuy MOTYT 3alUChIBATHCS KaK Iepe
orepanaoM (mpedukcHas Gpopma), Tak U mocie onepanaa (MocTPUKCcHas popma), HaIpUMep: ++X WIH X.
Tpu cnenyrommx oneparopa JaloT OJUH U TOT XK€ pe3yJbTar:

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

Paznuune nposiBisieTcs Mpu UCHOIB30BAaHUU MPEPUKCHONW U MOCTPUKCHON (POpPM B BBIPAKEHUSX.
[IpounmtocTpupyeM 310 Ha MpUMEpPaAX.

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

[Ipu ucnonp3oBaHUU MOCTPUKCHON (HOPMBI OTIEpalUU ++ U -- BHIIOJIHSAIOTCS MOCIE TOTO, KaK
3HaYEHUE MepeMEHHON ObLIO UCIIOIB30BAaHO B BHIPAKEHUH, a MPEPUKCHBIE ONepalluy — J10
ucnonb3oBanus. [loaTroMy B mepBoM npumepe 3HaueHHE NepeMeHHON d BBIYHMCISUIOCHh KaK TPOU3BEeHNE 3
Ha 2, a BO BTOpOM — Kak Ipou3BesieHue 4 Ha 3.

IIpumep nmporpaMMbl MaTeMaTHYeCKHX PACYETOB
JaHo: a, b, ¢ — CTOPOHBI TPEYTOIbHUKA. BBIUMCIUTD S— IUIOMAAb TPEYTrOJbHUKA, HCHIOIb3Y S

popmyny Tepowna: s=\p(p-a)(p-b)(p-0) 7€ p — MOJIyNEPUMETP TPEYTOIbLHUKA.

#include <math.h>

main()

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

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

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

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

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

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

cout<<"\nllnomaar TpeyrompbHUKA=<<S;

} Tosicnenust Kk npoepammuomy

K0OY.

B BbIpakeHUW ISl BBIYMCIICHUS IUIOINAAM HCIOJb3yeTcss OuOnuoreuHas ¢GyHkums sqrt() —
KBaJIpaTHBIA KOpeHb. JlaHHas (PyHKIMS OTHOCHUTCS K OHOMMOTEeKe MareMartudyeckux (ynkuomid. s



HOJKITIOUEHUS 3TOM OMOIMOTEKH K Hallel mporpaMMe MCIOJIb3yeTcsl AMPEKTHBA Mpenpoiieccopa #include
<math.h>.

B paccmaTtpuBaemoii mporpaMMe oneparopsl cin M cout peaJu3yloT COOTBETCTBEHHO BBIBOJ Ha
9KpaH W BBOJ| MCXOAHBIX JAaHHBIX C KiaBuaTyphl. Omepatop cout<<"\na=" comepxxut Tekct ("a=") u
ynpasisomii  cumBost  ("\n").  YmpaBnsiomme CHMBOJBI BIHMSFOT Ha PACIONIOKEHWE Ha DKpaHe
BBIBOJIMMBIX 3HAaKOB. B pe3ynbrare BBINOIHEHHS 3TOrO ONEPATOpa HA AKpaH ¢ HOBOW CTPOKH BBIBELYTCA
CHUMBOJIBI a=.

Omneparop cout<<"\nllnomane TpeyrospHuka="<< s; CIHCOK apryMEHTOB COCTOUT U3 OJHOU
nepeMeHHoi s. Ee 3HaueHue BBIBOJAUTCS HA SKPaH.

B nporpamme nmeetcs oneparop cin>>a;

OTOT onepaTop NPOU3BOIUT BBOJI YHCIOBOIO 3HAYEHUS B IEPEMEHHYIO a. B

IporpamMMe Bce TPH BEJIMUYUHBI a, b, C MO)KHO BBECTH OJJTHUM OIIEPATOPOM:

cin>>a>>b>>c;
Ecnu nocnenoBaTensHOCTh BBOAA OyAET TaKOM: 5 3.2 2.4 <Enter>,
TO TIEpEMEHHBIC MOTy4aT cienytomue 3Hauenus: a = 5,0, b=3,2, ¢ =2,4.

3ananue

Ha oyenxy « Yooeremsopumenvroy

BBoasitcst koopauHATHl BepIIUH TpeyroibHUKAa. COCTaBUThH MPOTrpaMMy, BBIYHCISIONIYIO JJIUHBI
CTOPOH TPEYTrOJIbHUKA, €70 IEPUMETP U IIJIOIIA/b.

Ha oyenxy «Xopouioy

JIOTIOTHUTENHHO BBIUMCIHUTH JUIMHBI BBICOT, MEMAH U OMCCEKTPUC 3aJaHHOTO TPEYTrOJIbHHKA.

Ha oyenxy «Omauuno»

JIONOTHUTENBHO BBIYUCIUTD PAINYChl BHUCAHHOM M OMMCAHHOM OTPYKHOCTEN IS TPEYTOJIbHUKA,
a TaK k€ IPaJyCHYIO MEpY €ro yrios.

CnpaBouHbIil MaTepuaJl
1. @opmynvl 0118 NPAMOY201bHO20 MPEY20IbHUKA

2 2 2
c=a +b

['unorenysa:
s=—ab
IInomane:
) a b a b
sind=—, cosd=—, tgd=—, ctgd=—
c c b a

sina+cos’ =1, tga*ctga =1

sine cos o
= , clgo =

cosa sin &

2. @opmynvl 01151 NPOU3EOTILHO2O MPEY2ONbHUKA

IImomans MIPOU3BOJIBHOTO TpEyroJIbHUKA:



D A

sdepp(p—aXp-b)p-c),  =—°

[Tnomank paBHOOEAPEHHOTO TPEYTOJbHUKA:
r7ie a— OCHOBaHHE, b- O0KOBast CTOpoHa
1
§= 1 a3

[Tnommans paBHOCTOPOHHETO TPEYTOJIbHUKA:

Bricota K CTOpPOHE
2p(p-a)(p-b)(p-c) _ath+c
= p R =
a 2
m, = Lo v2e—a
Menuana ot BEepIIMHBI A 2
2 a+b+c
po= wplp-a), =T
buccextpuca u3 yrina A: +e
T a=b*+c*=2bccos A o
eopemMa KOCHHYCOB JIt00asi CTOpOHa a: , 716 A— IPOTUBOMOJIOKHBIM YroJl K
2 2 2
2bc
a b c R

sind sinB sinC
Teopema cuHYCOB:

m\%(pa)(pb)(pc) S a+§+c
Pannyc BiucaHHOTO B TPEYTOJIBHUK KpyTra: P
CTOPOHE a, Ui
Pagnyc ONMCAaHHOT'O OKOJIO TPEYroJbHUKaA Kpyra:
a abc _a+b+c
2sind  4\/p(p-a)(p-b)(p—c) 2

KonTposabHbIe BOIPOCHI
1. JlaiiTe onpenesieHre TMHEHHOMY aJTOPUTMY.
2. Ilepeuncnure CIMCOK KOMaH, OOECICUMBAIOMINX JTMHEWHBIA AITOPUTM.
3. VkaxuTe paBuiia CHHTaKCHUCa KOMaH bl BBOJA U BBIBOJA.

JlabopaTopnasi paGora Ne7.
IIporpamma BeII€/IeHHA LMD U3 LEJIOI0 YHUCIA.

Hean: [lomydyeHune HaBBIKOB B paboTe ¢ apU(PMETHUECKUMHU BBIPAKEHUSMU U CTaHAAPTHBIMU
MaTemMaTuyeckuMu QpyHkusmu C++.

Tembl /151 IpeABAPUTEIBLHON MPopadoTKu Apudmernueckue

onepatopsl C++.

Crannmaptabie pyHKun C++.

@YHKIMM CTaHAAPTHOTO BBOJA U BBIBOAA.



Teoperuyecknit MmaTepual

B C++ omnpepenern mupokuil HaOOp BCTPOEHHBIX ONEPATOpOB, KOTOpPbIE JAlOT B PYKH
IPOrPAMMUCTY MOILHBIE pbIYard YNpaBJE€HUS IPU CO3JAHUM W BBIYUCIECHUU DPA3HOOOpPa3HEHIINX
BbIpaxkeHU. Omneparop (operator) — 3TO CHUMBOJI, KOTOPbII YKa3bIBa€T KOMIIWJISITOPY Ha BBINOJHEHHE
KOHKPETHBIX MaTEMATUYECKUX JECUCTBUNA WIIN JJOTHYECKUX MAHUITYJISLUAMN.

JleiicTBue omepatopoB +, -, * U / coBHajaeT ¢ AeHCTBHEM aHAJIOTMYHBIX ONEPAaTOPOB B JIIOOOM
JPYTOM SI3BIKE MPOTPAaMMHPOBaHUs. MIX MOXKHO MPUMEHATH K AHHBIM JIFOOOTO BCTPOSHHOTO YHCIOBOTO
tuna. [locie mpuMeHeHus orniepaTopa JeleHus (/) K 1eIoMy YUCITy OCTaTOK OyIeT OTOPOIIICH.

OcTaTtok OT AefieHusI MOYKHO MOJyYUTh C MOMOUIBIO orepaTtopa AeyeHus no moxyitwo (%) Otor
oIepaTop BO3BpPAILlAET OCTATOK OT jejeHus Haueno. Hanpumep, 10 % 3 paBHo 1. 910 03Hauaer, uro B C++
orepatop "%" Hesb3si IPUMEHATh K TUNaMm c miasaromieii Toukoi (float unu double) [lenenue nmo Mmoaymto
IPUMEHUMO TOJBKO K IIEJOYMCICHHBIM THUIaM. Vcronp30BaHME 3TOro oneparopa JEMOHCTPUPYETCS B
CIEYIOLIEH MporpaMmMme.

IIpuMmep nporpaMMsl BbiAeJeHUs] HUQP U3 YUcIa

#include <stdio.h>

main()

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

x =>1234567890";

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

(x%10000000000)/1000000000);

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

(x%1000000000)/100000000);

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(x%1000000000)/100000);

h

Pesynbrat paboTsl mporpaMmel: X => 1234567890

(x divide mod 10000000000)/1000000000 => 1

(x divide mod 1000000000)/100000000 => 2

(x divide mod 100000000)/10000000 => 3

(x divide mod 10000000)/1000000 => 4

(x divide mod 1000000)/100000 => 5

(x divide mod 100000)/10000 => 6

(x divide mod 10000)/1000 => 7



(x divide mod 1000)/100 => 8
(x divide mod 100)/10 =>9 x
divide mod 10 =>0

2 number

(x divide mod 100000)/1000 => 67

3 number

(x divide mod 10000000)/10000 => 456

4 number

(x divide mod 1000000000)/100000 => 2345

3aganue
Ha oyenxy «Yoosnemsopumenvro»
CocTaBUTH MpPOrpaMMy, KOTOpas 3alpalivBaeT Y MOJIb30BaTENsl YETHIPEX3HAYHOE YHCIIO U BBIIACT
Ha 3KpaH CyMMY LU}, U3 KOTOPBIX COCTOUT UCXOJHOE YHUCIIO.
Ha oyenky «Xopowoy
CocTaBUTh MporpamMmy, KOTopas 3allpalliiBaeT y MOJIb30BaTeNs TPEX3HAYHOE YHMCIIO U BbIAAET Ha
9KpaH YHUCIIO, TIOIYYEHHOE MePEeCTaHOBKON B 00paTHOM MOpsiiKe MHUdp, U3 COCTOUT UCXOnHOE uucio. Ha
oyenky «Omauuno»
CocTraBUTh IpOrpaMMy, KOTOpas 3alpallvBaeT y MOJb30BaTells 1Ba ABYX3HAUHBIX YMCIIA U BbIAAECT
Ha SKpaH YHCIIO0, MOJyYeHHOE CIUSHUEM ITEPBOTO U BTOPOTO YHCET.
KouTtpoJjibHbIe BONPOCHI
1. Yro sBiseTCs pe3yabTaTOM onepanuu %?
2. Kak mony4uth mocineaHion udpy, BXOASIIYI0 B YUCIO?
3. Kak mosyuuts nepByro mudpy B MATU3HAYHOM YHcIie?

JlabopaTopnasi paGora Ne§8.
BbruuciieHue JJOrH4ecKUX BbIPasKeHMii.

Heas: [TonyueHne HaBBIKOB BEIYUCIICHHS IOTHUECKUX BBIPA)KEHUI.

Tembl 1J1s1 IpeABapUTEIbHOI MPOPA0OTKH TUIbI

JTAHHDBIX.

Omnepartopsl BBOJIa — BHIBO/IA JaHHbIX.

IIpuopurer onepanuii.

Crpykrypa nporpammsl Ha s3bike C/C++.

Teopernyecknit MmaTepuall

1. Onepayuu u svipasicerus

Bo Bcex si3pIkax MporpaMMHUpPOBaHUS TIOJ] BBIPAKECHUEM TOpa3yMeBaeTCsi KOHCTPYKIIUS,
COCTaBJIEHHAs U3 KOHCTAHT, IEpEMEHHBIX, 3HAKOB orepanuii, GyHKIui, ckoOok. BripaxkeHue onpeaenser

HOPSIOK BBIYHMCICHUS] HEKOTOPOTO 3HaYeHUs. Eciii 3T0 4ncioBoe 3HaUueHHe, TO TaKOEe BBIPAKEHHE
Ha3bIBAIOT apU(METHYECKUM.

Onumem HaOop omnepanuid, ucnois3yeMbix B C, a TakKe MpaBWa 3alHCH M BBIYUCICHUS
BbIpakeHH. HamoMHuM, 4yTO omepainus, IpuUMeHseMas K OJHOMY OINepaHAy, Ha3bIBaeTCs YHApHOH, a
oriepanusi ¢ IByMs onepaHaaMu — OHMHApHOM.

2. Apugpmemuueckue onepayuu

K apudmerrueckum oneparusiMm OTHOCSITCS:

- BBIYMTAHUWE WM YHAPHBIN MUHYC;

+  ClOXEHHEe WIH YHApHBIH IJTI0C;

*  yMHOXXEHHE;



/ NeJIEHUE;

%  menenwue o moxayiio (anamor Mod B Ilackaine);

++  yHapHas omepanus yBEJIHUCHHs HA SIUHUILY (MHKPEMEHT);

- - YHapHas omnepalysi yMCHbIICHUS Ha SMHUITY (IEKPEMEHT).

Bce oneparnun, kpome JeneHHst 0 MOJIYJI0, TPUMEHUMBI K JFOOBIM YHCIOBBIM THITAM JaHHBIX.
Omnepanmst % TpUMEHNMa TOJIBKO K IETBIM 4yHciaM. Eciam nenuMoe U AenuTenh — Ielible YUclia, TO U
pe3yabTaT — 1esoe yuciao. Hanpumep, 3HaueHue BelpakeHus 5/3 Oyaet paBHO 2, a Ipu BblUucieHuu 1/5
nosryuutcs 0.

Ecmu xoTst Obl OOWH W3 ONEpaH/JOB HWMEET BEUICCTBEHHBIH THII, TO W pe3yiabTaT Oyaer
BeniecTBeHHbIM. Hanpumep, oneparuu 5./3, 5./3., 5/3. nagyT BemecTBeHHBIN pe3ynbTaT 1.6666.

Omnepanuy MHKPEMEHTA U IEKPEMEHTa MOTYT IPUMEHSTHCS TOJBKO K TIEPEMEHHBIM M HE MOTYT —
K KOHCTaHTaM U BeIpakeHusiM. Oniepaius ++ yBeIMYrBaeT 3HAYCHUE IEPEMEHHON Ha €IMHUILY, OIlepalus
— yMCHbBIIIACT 3HAYCHHE NTepeMeHHON Ha enuHuily. O0a 3HaKa omepaluyi MOTYT 3alHUChIBATHCS KaK Mepe
onepannoM (npedukcHas hopma), Tak U mocie onepanaa (mocrpukcHas popma), HampuMep: ++x WIH X.
Tpu crnenyromux oneparopa Aat0T OJUH U TOT K€ Pe3yJIbTaT:

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

Paznuuue nposiBnsieTcs Npy UCTIONb30BaHUH MPE(PUKCHOM U TOCTPUKCHON POPM B BRIpAKEHUSX.
[TponmmtocTpupyeM 3T0 Ha MpUMeEpax.

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

[Tpu ucronb30BaHUM MOCTHUKCHOM (HOPMBI OTIEpaLIiy ++ H -- BBITIOIHSIIOTCS TIOCIIE TOTO, KaK
3Ha4YeHUE MIEPEMEHHON OBLIO MCIIOIB30BAaHO B BBIPAKEHHH, a MPE(PUKCHBIE ONepatuu — J10
ucnonb3oBanus. [loaTroMy B mepBoM npumepe 3HaueHHE NepeMeHHOH d BBIYHMCISUIOCHh KaK ITPOU3BeeHNE 3
Ha 2, a BO BTOPOM — Kak IIpousBeeHne 4 Ha 3.

3. Onepayuu omuouteHus

B C/C++ ucnone3yetcs cneayronuii Habop onepannii OTHOIICHUS:

< MEHBIIIE,

<= MEHBIIIE UJIH PABHO,
> OoublIIe,

>= 0O0JIbIlIe WK PaBHO,
== paBHoO,

= HE PABHO.

B cranmapre s3pika C HET JIOTMYECKOTO THIIA JAaHHBIX. [l03TOMY pe3yJbTaToM OIleparuu
OTHOIICHHUS SIBJISIETCA 11€7I0€ YUCIIO: €CIM OTHOIIEHHWE MCTUHHO — TO 1, ecnu j0xkHO — TO 0. B si3bIKE
IporpaMMHUpPOBaHUs J00ABIIEH TUI bool, 3HaYEHUSIMH KOTOPOTO MOTYT OBITh UCTHHA (true) WIn JI0Kb
(false).

IIpuMepsl OTHOLICHHUIA:

a<0, 101>=105, ‘a’=='A’ "a'l="A'

PesynbraToM BTOpPOro W TpeThEero OTHOIIEHHH Oymer 0 — JIOXKb; pe3yibTaT YETBEPTOrO
OTHOILIEHUS paBeH | — UCTHUHA; pe3yJIbTaT EPBOr0 OTHOIIEHUS 3aBUCUT OT 3HAYEHUS [IEPEMEHHON
a.

4. Jlocuueckue onepayuu

Tpu norudeckue onepauu B A3bike C 3aMCHIBAIOTCS CIETYIONUM 00pa3oM:
! onepanus orpurianus (HE),

&&  KOHBIOHKIMS, Torudeckoe ymHoxkeHue (1),

| JTU3BIOHKIMS, Joruueckoe cioxenue (MJIN).



HpaBI/ma HX BBIITOJIHCHUA OTIPCACIAIOTCA Ta6J'II/II_I€‘I71 HNCTUHHOCTH.

Hanpumep, normueckoe BbIpaXXEHHME, COOTBETCTBYMOLIEE cucTeMe HepaBeHCTB 0 <x< 1 B

nporpamMme Ha C zammmercs B BHUC CIICAYIOLICTO JIOTUYCCKOI'O BbIPAKCHUS:

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

BBIpa)I(CHI/IH BBIUUCJIAIOTCS B 3aBUCUMOCTHU OT IIPUOPUTETA onepaunﬁ, Y4aCTBYHOIIUX B

BBIPpaKCHUM. OJII/IHaKOBI)Ie 110 CTAPUIMHCTBY OIICpallii BBITIOJHAIOTCA B IMIOPAAKE CJICBA HAIIPaBO. I[J'ISI
N3MCHCHHUA MMOPAJAKA BBIIIOJIHCHUA onepaunﬁ B BBIPAXKCHHUAX MOT'YT IIPUMCHATBECA KPYTJIBIC CKOOKH.

Tabnuua 5. [Ipuopurets! (paHru) onepanuii

Panr Onepauun Onucanue
1 O [1 > -
2 '~ 4+ - ++ - & * (tun) sizeof yYHapHBbIE
3 * /% MYJIbTHILITMKATUBHbBIE OMHApHbIE
4 + - aIMTUBHBIC OMHAPHBIC
5 << >>> MOPa3psAHOTO CABUTA
6 < <= >= > OTHOIICHUS
7 == 1= OTHOIICHUS
8 && KOHBIOHKINS «I»
9 | m3proHKIMA « Iy
10 ? yCIIOBHAs
11 = *= /= Y= += = = |= <<= >>= COKpaIllCHHbIC

IIpumep mnporpaMMbl ¢  JIOTHYECKHMH  ONepPAlUsIMHU
CoCTaBUTh MPOTPaMMy, BEIYUCIISFOIIYIO UCTHHHOCTD BBIPAKCHHUS:
a&&!b|c&&!d&& (a&&Db)
npu a=2; b=-3; c=0; d=1; main()
{ int a, b, ¢, d, rez; a=2; b=-3;
c=0; d=1;rez=a && ' b||c && ! d &&
(a && b); cout<<"\n a=2; b=-3; c=0;

d=1;";

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

PesynbraTel paboThI

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

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

3ananue

Ha oyenky « Yoosenemsopumenvro»

Brruucnuth 3HaUY€HHE JIOTHYECKOTO BBIpaXKeHUs npu a=2; b=-3; c=0; d=1;

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

Ha oyenky «Xopowoy

OnpenenuTb HCTUHHOCTD BBICKA3bIBAaHUS

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

1) ycTaHOBUTH MOPSIIOK JOTHUECKHUX OTIEpaIlHii;

2) cuuras x=-1 y=1 z=-2 onpenenuTb HCTUHHOCTb BbICKa3bIBaHUS.

Ha oyenky « Omauuno»

CocTaBUTb YCIOBUE AJI ONPENEIECHU UCTUHHOCTHU CIEAYIOLIEr0 JIOTUUYECKOTO BhICKA3bIBAHMUS:
SABJISIETCS JIX YUCJIO @ YETHBIM U KpaTHbIM 4 U 5.



KonTpoJbHBIE BOPOCHI
1. Yro sBiseTcs pe3yabTaTOM ONEpaliy OTHOLLIEHUS ?
2. Kak B s3pike C xogupyercs uctuHa u Joxb? 3. [IpeactaButh
Ta6n1/1uy HUCTUHHOCTH IJI1 JOTNYCCKUX onepaunﬁ.

JlaGopaTtopHas pabdora Ne9.
YciaoBue nmonaganus B 3aJaHHBLIN IUANIA30H.

Hean padorel: [lonyyeHne HaBBIKOB COCTABIEHUS JOTUYECKUX BBIPAKEHUM.

Tembl 1719 peABapUTeIbHOI NPopadoTKkH Tumbl

JTAHHBIX.

OrniepaTopbl BBOJIa — BHIBOJIA IAHHBIX.

Teoperudecknii MmaTepuaJ

1. Onepayuu u svipasicerus

B s3pikax mporpamMMupoBaHuUsl MOJI BBIPAKEHHUEM MOJAPA3YyMEBACTCS KOHCTPYKIIMS, COCTaBICHHAs
U3 KOHCTaHT, MEPEMEHHBIX, 3HAKOB orepanuii, (QyHKIHA, CKOOOK. BrlpaxeHue ompenenser Mopsaok
BBIUMCJICHHUS] HEKOTOPOTo 3HaueHus. Oneparys, npuMeHsieMas K OJHOMY OIE€PaH]ly, Ha3bIBae€TCsl YHAPHOM,
a omepanys ¢ AByMs olepaHaaMu — OMHAPHOH.

2. Apugpmemuueckue onepayuu

K apudmernueckum omneparusiMm OTHOCSITCS:

- BBIYMTAHUE WM YHAPHBIN MUHYC;

+  CIOXEHHEe WIH YHAPHBIH IJTI0C;

*  yMHOXEHHE;

/ JieJIeHue;

%  nmenenue no moxayiro (anamor Mod B Ilackane);

++  yHapHas omepanus yYBeJIWYEHUs HA €AMHUILY (MHKPEMEHT);

- - YHapHasl ornepanusi yMEHbIICHUSI HA €AUHUILY (IEKPEMEHT).

Bce omeparnuu, kpome JeleHUs MO MOJYJIIO, TPUMEHUMBI K JIOOBIM YHCIOBBIM THITAM JTAHHBIX.
Onepanust % npuMeHUMa TOJIBKO K LEIbIM YUCIIaM.

Onepanny UHKPEMEHTA U JIEKpEMEHTa MOTYT IPUMEHSATHCS TOJIBKO K TIEPEMEHHBIM U HE MOTYT —
K KOHCTaHTaM U BbIpakeHusiM. Orieparius ++ yBeTUYMBaET 3HAUCHUE TIEPEMEHHON Ha €MHHUILY, OTIeparius
— YMEHbIIIAET 3HAUCHHE MIEPEMEHHON Ha CANHUILY.

3. Onepayuu omuoweHus

B C ucnone3yercs crneayronmii Habop onepanuii OTHOIICHHUS:

< MCHbIIEC,

<= MCHBIIC UJIM PABHO,
> 0oJbIIIe,

>= 0oJIBIIIE WIJIM PABHO,
== paBHoO,

= HE PaBHO.

Pesynpratom omepanuy OTHOLIEHMS SIBISIETCS LIEJIO€ YHUCIIO: €CJIM OTHOLIEHHE UCTMHHO — TO 1,
ecsu 10%kHO — To 0. [Ipumeps! OTHOLIEHUH:

a<0, 101>=105, ‘al=='A’ "a'l="A'

Pe3ynbraToM BTOpPOro M TpeThero OTHOMIEHHH Oymer 0 — JI0XKb; pe3yjibTaT 4YeTBEPTOrO
OTHOILIEHUS PaBeH 1 — MCTHUHA; pe3yJIbTaT IEPBOT0 OTHOLIEHUS 3aBUCUT OT 3HAYEHUSI IEPEMEHHON a.



4. Jlocuueckue onepayuu

Tpu norudeckue oneparuu B s3b1ke C 3aNMCHIBAIOTCS CIIETYIONUM 00pa3oM:
! onepanus orpunanus (HE),

&&  KOHBIOHKIMS, Joruueckoe ymHoxeHue (1), |

] TU3BIOHKINS, Iorudeckoe cioxkenne (MJIN).

[lo yObIBaHHIO MPHOPHUTETA JIOTUYECKUE OTMEpalliy W OMNEpaldyd OTHOLIEHHUS PACIONOXKEHBI B
CJICIYIOIIEM TOPSIKE:

IIpumep nporpaMmsl NONagaHUs B 32/IaHHBIN 1MANIA30H
[Iporpamma 1eMOHCTpPUpPYET ONpPEAEIICHNE YCIOBUM MTONaJaHus 3aJaHHOW TOYKHU BHYTpPb, BHE U HA
KOHTYp yKa3zaHHOW urypsl. UcXOMHBIMU TaHHBIMHU K 3aJ1a4ye SBISIOTCS KOOPAMHATHI HEKOTOPOU TOYKH.
PesynbraTom paboTsl mporpaMmel siBisiercst | minm 0 B 3aBUCUMOCTH OT pe3yJIbTara MonalaHusl.

main()

{ float x,y; int rez,var;

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

cout<<"\n x y"<<x<<y;
rez=(x==-1 && (y>=-1 && y<=1)) \
| x==1 && (y>=-1 && y<=0)) \
| (y==1 && (x>=-1 && x<=0)) \
| (y==-1 && (x>=-1 && x<=1)) \
| (x==0 && (y>=0 && y <=1)) \ ||
y=—=0 && x>=0 && x<=1));
cout<<"\n Ak *kontur
rez=>"<<rez;
rez=(x>-1 && x<1) && (y>-1 && y<l) && ! (x>0 && x<I)\
&& (y>0 && y<1));
cout<<"\n *****wnutry rez=>"<<rez;
rez=(x<-1 || x>1) || ({(x>=-1 && x<=0 && y>=-1 && y<=1) && \
Ix>=0 && x<=1 && y>=-1 && y<=0));
cout<<"\n *****wnpe figura rez=>"<<rez; }
Pe3ynbTathl paboThl IPOrpaMMbl

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

Ak *kontur rez=> 1

FREE wnutry rez=> 0

EkxEEwne figura rez=> 0

3aganue

Ha oyenxy « Yooeremsopumenvroy

Hamnucarts nporpammy, onpenenstomieit YCIOBHUS TOMAJaHMsl TOYKH, 3aJaHHOM CBOMMH
KOOpJMHATAMHU, BHYTPh, BHE U HA KOHTYP 3aIITPUXOBAHHOU (DUTYPHI.

Ha oyenky «Xopowoy



Hamnucarts nporpammy, oInpeaesIomen YCJIOBHS IOINAJaHUs TOYKH, 3aJaHHOM CBOMMH
KOOpJIMHATaMH, BHYTpPb, BHE U Ha KOHTYP 3alITPUXOBAHHOM (pUTypBHI.
Ha oyenxy « Omauunor
Hanucats nporpamMmy, onpenenstomen YCJIOBHUS IONIAIaHUs] TOYKH, 3aJaHHON CBOUMU
KOOpJIMHATaMu, BHYTpPb, BHE U Ha KOHTYP 3alITPUXOBaHHOM (urypsl. KoHTpoIbHBIE BONPOCHI
1. Ilepeuncnure onepanuii o BO3pacTaHus UX IPUOPUTETOB.
2. Cdopmupyiite ycnoBus Ui HPOBEPKH IONMAJaHUA TOYKH, 3aJaHHOW CBOMMH
KOOpAMHATAMH B KpYr €QUHMYHOro panmyca. 3. Kakue omnepanuu Ha3bIBalOTCS yHApHBIMY;
OuHapHBIM?

JlaGopaTtopnas padora Nel0.
Co3nanue npocreiinero BApMaHTa NMPOrpaMMbI-TeCTAa.

Heas: [IpnoOpeTeHne HABBIKOB MPOTPAMMHUPOBAHHS BETBAIUXCS arOpuTMOB. TeMbl

AJIS IpeIBapUTeIbHOI MPopadoTKn

OO®bsBICHNE M HHUIMATIM3AINS IEPEMEHHBIX.

@DyHKIUHU CTaHAAPTHOTO BBOJA U BBIBOJA.

Coznanue nporpamm ¢ TMHEWHON CTPYKTYPOH.

Jlornueckuie BbIpaXKeHUsI.

Oneparop ycioBus.

Teoperudyecknii MmaTepual

Jnist mporpaMMUpPOBaHMS BETBSIIUXCS aITOPUTMOB B si3bike C/C++ MMeeTcst HECKOJIBKO pa3InyHbIX
cpencts. K HUM oTHOCSTCS onepanus ycioBus ? :, ycloBHbII onepatop if u onepaTtop Bbidbopa switch. /.
Onepamop evibopa (nepexmouamens) ®opMmar oneparopa Beioopa: switch (IIeI0YMCICHHOE BBIPAXKECHHE)

{ case koHCTaHTal: CIIMCOK _ONepaToOpoOB;

break; case xoHcTaHTa2:

CIHICOK_ormepaTopos; break;

default:

CIIMCOK__ OIIepaTopoB; |

[Tocnennss crpoka (default) moxet orcyrcTBOBaTh. OnepaTop BbIOOpA UCHOB3YETCS ISl 3aMEHBI
BJIOKCHHBIX BETBJICHHUH U JJIs1 BBIOOpA €JMHCTBEHHOT'O BapUAHTA BHIMOJIHEHUS KOMaH U3 MPEI0KEHHOTO
HaOopa. SIBisercst KoOMIakTHON (GOPMOH 3a/1aHuUs IPOBEPOK U BETBJICHUH B IPOrpamMMax.

Beinonuenue oneparopa switch MpouCXoIuT B CIELYIOEM MOPSIKE:

1. BBIYUCIICTCA HEJIOYUCIICHHOE BBIPAXKCHUC,

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

3. npu ncepBoM COBIAACHHUN 3HAYCHHUIH BBIIOJHIIOTCS oneparopnl, CTOAMUC IIO0CIIC
JABOCTOYMHA,

4, €CJIM HHU C OI[HOﬁ U3 KOHCTAHT COBIAACHHA HC IIPOU3O0IIIO, TO BBIIIOJIHATCA

ornepaTopsl nocie ciosa default.

2. Onepamop npepwvisanus

Omneparop switch umeer cienyroIyr0 OCOOCHHOCTh BBITIOJHECHUS: MPH COBMAJICHHH 3HAYCHHS
BBIYHUCJICHHOT'O BBIPAXKCHUA C MCTKOI\/II, BBIITOJIHACTCA HE TOJIBKO OIICPATOPBI, OTHOCAIIUCCA K STOU MCETKE,
HO BCE HIDKEJIeXKaIue, BIUIOTH J0 omepatopa default. DTo He Bcerma COOTBETCTBYET HEOOXOAMMOMN
curyauun. s Toro 4ro0bl «0OOHTH» BBIIOJHEHUE ONEPATOPOB HA MOCIEAYIOMIUX BETBIX KOHCTPYKIIMU
switch, Hy>)XHO TIPHUHATH CHEIMATBHBIE MEPbI, UCTIOJB3Ysl ONEPATOPBl BHIXOAA WM mepexona. s 3Ttux



enel yacTo ucmolnb3yercs omnepatop break. Ero ciemyer mucate B kaxkaoi BeTBU A case. [locne ero
BBITIOJTHEHHSI IIPOUCXOIUT BBIXOJ] M3 BCEX KOHCTPYKIIMU SWitch Ha clieayromien 3a Helt KOMaHTy.

IIpumep nporpamMmsl ¢ UCNOJIL30BaHHE ONIEPATOPA BbIOOpA
CocTaBuTh IHpOrpaMMy C OJHHUM BOIIPOCOM M YETHIPbMsI BapuaHTaMHM OTBeTa. KommbroTep
CIPAILLMBAET y MOJIb30BATENl BapUaHT OTBETA, CPABHUBAET OTBET C NPABUJIbHBIM BapUAHTOM W BbIAAET
HoJXO0s1Iee COOOLIeHHE.
main()
{ int nom; // OTBET UCTIBITYEMOTO

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

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

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

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

case 3: cout<<*“BbI OTBeTWJIH MIPaBIbHO’; break;

case 4: cout<<*“BpI oTBeTHIM HEPABIBHO ’; break;

default: cout<<“Takoro BapmaHTa OTBETa HET ;

h
b
3aganue

Ha oyenxy « Yoosnemsopumenvro»

CocTaBUTh IPOrpaMMy-TECT MO CBOEW TeMaTHKE C MAThI0 BompocaMu. [IpolTu TecT W BhIIATH
oleHKy B auamnaszone ot 0 1o 5. Ha oyenky «Xopowoy

B 3aBucuMOCTH OT MOJIy4EHHOM OLIEHKM NOpPU MPOXOKIEHUU TECTa, BBIBECTU MOAXOSIIEe
coobOmenue: «HeynoBneTBOPUTENBbHOY», «YIOBIETBOPUTEIBHO», «Xopomoy, «Otmuuno». Ha oyeuxy
«OmauuHnoy

JUis KakJIoTO TMPaBHIIBHOTO OTBETa HAa TECT BBIBECTU cooOIneHne «Monoaeny, Al KakIoro
HENPaBUJILHOTO OTBETA BhIBeCTU coodIieHne «Ilmoxoy.

KoHTpoJibHBIE BOMPOCHI
1. HazoBure OCHOBHOE Ha3HAYCHUC
omeparopa switch.
2. 3anummTe CHHTaKCHC onepaTopa switch. 3.
OO0ObsicHUTe Ha3HAYCHHE omepaTopa break.

JlaGopaTtopnas padora Nell.
IIporpamma Ha 6a3e aJropuTma ¢ NOJHbIM BeTBJIEHUEM.

Heas: [IpnobpeTeHne HaBBIKOB IPOrPaMMHUPOBAHUS BETBSIINXCS AITOPUTMOB.
Tembl Jifi npeaBapuTeIbHOU NpopadoTKu

OOBsBICHNE M HHUIMATIH3AINS IEPEMEHHBIX.

DyHKIMH CTAaHJAPTHOT'O BBOAA U BBIBOJIA.

Cozpanue nporpamm ¢ JMHEUHON CTPYKTYPOH.

Jlornueckue onepanuu U onepanuy OTHOLICHUS.



Teoperuyecknit MmaTepual

1. Ycnoemnwiii onepamop

@®opMmaT yCIOBHOTO OllepaTopa CiaeayoLuil:

if (Bbipakenue) omepartopl; else omeparop2;

Oto0 mnonHasg (opma omepaTopa, HPOrpaMMHUpYIOIIas CTPYKTYypy IMOJHOro BeTBieHUs. OOBIYHO
BBIp@XXEHHE — 3TO HEKOTOPOE YCIIOBHE, COJEPKAILEe ONEpallMd OTHOIICHUS U JIOTUYECKUE OIEpariyiH.
3HaueHUe BBIPAXKEHMsI PUBOAUTCA K LIEJIOMY U MHTEPHPETUPYETCS B COOTBETCTBUU C IPABUJIOM: PaBHO
HYJII0O — JIOKb, HE PaBHO HYJI0 — HMCcTUHA. Eciin BeIpakeHHe MCTUHHO, BBIMOJHsETCS oneparopl, ecnu
JI0KHO — omepaTop2.

Heo6xonumo 00patuTh BHMMaHUE Ha CIEAYIOIIME OCOOEHHOCTH CHHTAKCHCA YCJIOBHOTO
orepaTopa:

. BBIP)KEHHUE 3aIHUCHIBAETCS B KPYTJIBIX CKOOKAX;

. TOYKA C 3aIsATON mocJe oneparopal cTaBuTcs 0053aTENBHO.

2. Henonnas gpopma ycnoenoeo onepamopa

Bo3M0OXHO HCHONIb30BaHNE HEMONHOM (hOpMBI YCIOBHOTO ormeparopa. Mcmomb3yercs, Koraa
OTCYTCTBYIO I€HCTBHUS B Cllyyae HCTUHHOCTH JIOTHYECKOTO BBIPAYKEHMS.

if (BbIpakeHue) omeparop;

[Tpumep. YmopsaouuTe MO BO3PACTaHMIO 3HAUEHUS B JIByX IEPEMEHHBIX a, b:

if(a>b)

{

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

}

cout«"a="<<a<<"b="<<b;

B naHHOM mnpumepe HCHOJIB30BaH COCTABHOM OIEpaTop — IOCIIENOBAaTEILHOCTh ONEPATOPOB,
3aKJII0YEHHas B (PUTypHBIE CKOOKHU.

OOpaTtuTe BHUMaHUE Ha TO, YTO MeEpeJl 3aKpbIBaroulel GpurypHoit ckoOKoil TOUKy ¢ 3amsToi HaJ0
CTaBHUTH 0053aTENBHO, a MOCIIE CKOOKHM TOYKA C 3aISITOM HE CTaBUTCSI.

IIpumep nporpaMmsbl ¢ NpMMEHEHHEM MOJTHOT0 M HENOJHOI0 BeTBJICHHU I

Haiitu 6onbliee 3HaueHne U3 IByX nepeMeHHbIX a u b. Bapuant 1. C ucnons3oBaHueM

MOJIHOM BeTBH main()

{ float a, b, max;

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

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

if (a>b) max=a;

else

max=b;

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

b

Bapuant 2. C ucnosib30BaHHEM HEMIOJTHOW BETBU
main() {

float a, b, max;

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

max=a;

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

}



3amanue

Ha oyenxy « Yoosnemsopumenvno»

BBectu Tpu uncna u HaiiTu HanOoJbIlIEee U3 HUX.

[Tpumep: BBeaute Tpu yucna: 4 15 9

Haubonbee uncno 15

Ha oyenky «Xopowoy

CocTtaBUTh IPOrpaMMy YHOPSIOYEHHS IO BO3PACTAHUIO 3HAUEHUN B TPEX NEPEMEHHBIX, BBOJUMBIX
MI0JIb30BaTEJIEM C KJIaBUATYPHI.

Ha oyenky « Omauyno»

BBecTu HOMep Mecslla U BBIBECTH HaA3BAaHUE BPEMEHH I0/1a.

IIpumep: Bennure Homep mecsna: 4

BecHa

KonTpoasubie Bompocsl 1. C
KaKoM eNbI0 B MpOorpaMMax UCIOJIb3yeTcsl oneparop yciaosus if?
2. YKaXWTe CHUHTAaKCUC IOJHOTO BETBJIECHUS.
3. VYkaxure CHUHTaKCHUC HEIOJIHOTO
BCTBJICHUA.

JlabopaTopnas padora Nel2.
IIporpamma peneHusi KBaApaTHOIr0 YpaBHEHUSI.

Heab: [TomydyeHne HaBBIKOB B pabOTE C pa3BETBISIONIUMUCS ATOPUTMAMH.

Tembl 1J1s1 IpeABAPUTEIBLHON NPOopadoTKu Apudmernueckue

onepatopbl C++ .

OObsiBIICeHNE U MTHULIMATN3aUs IEPEMEHHBIX.

@OYHKIMH CTaHAAPTHOTO BBOJIA M BHIBOJA.

Teoperudyecknii MmaTepual

Jlis  mporpaMMUpOBaHUS BETBSAIIUXCS anropuTMoB B si3bike C/C++ U mMeeTcs HECKOIbKO
pa3IHyYHBIX cpelncTB. K HUM OTHOCSTCS pacCMOTpEHHAas BhIIIE OTepalus ycIoBus ? :, YCIOBHBIHM omepaTrop
if u orepaTop BeIOOpa switch.

1. Ycnosuwiii onepamop

dopmMar yCIOBHOTO ornepaTopa cienyomui: if

(BbIpakenue) omepatropl; else omeparop2;

Oro momHas (opma omeparopa, MPOTpaMMHUPYIONIAs CTPYKTYPY IOJHOTO BeTBiICHHS. OOBIMHO
BBIPAXEHUE — 3TO HEKOTOPOE YCIIOBHE, COAEPKAILEE ONEPALMU OTHOIICHUS U JIOTUYECKUE OIEpalH.
3HaueHue BBIPAKEHHsS MPUBOAUTCA K IIEJIOMY U MHTEPIPETUPYETCS B COOTBETCTBUU C MPABHIOM: PaBHO
HYJII0O — JIOb, HE PaBHO HYJI0O — HCTUHA. Eclii BhIpa)keHUEe UCTHHHO, BBINOJHSETCA omeparopl, eciu
JI0’)KHO — OTepaTop?2.

Heo6xomumo 00paTuTh BHMMaHHE Ha CIEAYIOIIME OCOOEHHOCTH CHHTAKCHCA YCJIOBHOTO
orepaTopa:

. BBIp2)KEHUE 3aIMCHIBACTCS B KPYTJIBIX CKOOKAX;

. TOYKA C 3aMATON MocJie onepaTopa 1 craBUTCS 00s3aTENIBHO;

Bot nmpumep ncrosnb30BaHus MOIHONW (OPMBI YCIOBHOTO OrepaTopa Uis HaXOKIEHUS OOJIBIIEro
3HA4YCHHUs U3 IByX EPEMEHHBIX a U b:

if(a>b) max=a;



else max=b;

2. Bnoowcennvie ycnosus

BroskeHHBIC BETBIICHHSI BOSHHKAIOT B MPOrpaMMax, KOT/Ia B Ka4eCTBE JCHCTBHI 10 BETBU MCTHHA
WIHA JOKW BO3HHMKAET €Ile OJJHA BETBb. BIO)KeHHBIC BETBU MOTYT OBITh MOJTHBIMU (C else) a MoryT OBbITh
HenonHbIMU (6€3 else). PaccMoTpum nmpruMeps! IporpaMMUpPOBaHUS BIOKEHHBIX BETBAIIUXCS CTPYKTYP.
Tpebyercs BbIUMCANTH (PYHKLHIO Sign(X) — 3HAK X, KOTOpas OIMpefelieHa CIEAYIOIUM O00pa3oM:

[Ipumep 1. ANTOPUTM C ITOTHBIMU BIIOKCHHBIMU BETBIICHUSIMH:

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

AJTOPUTM C HETIOJHBIM BJIOKCHHBIM BETBICHHUEM:

y=1;

1f(x<=0)

if(x==0)

y=0;

else y=-

L

IIpumep nporpaMmsbl penieHUusi KBaApaTHOr0 YPaBHEHHS

main()

{ float a ,b, c; /I ko3¢ dunments ypaBHeHus float

x1, x2; // xOpHU ypaBHEHUS

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

Pemenne kBagpaTHOTO ypaBHeHHs *\n"; cout<<"Bpenurte B 01HOI

cTpoke 3HaueHus1 KoddurmeHToB"; cout<<" u HaKMUTE

<Enter>";

cout<<"->";

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

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

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

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

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

b

else {

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

}

H

3aganue

Ha oyenxy « Yooenemsopumenvroy

CocTaBUTh OJIOK-CXEMYy aIroOpuTMa pEIIeHUs KBaJpaTHOro ypaBHeHus. [IpoBeputs paboTy
MpOrpaMMbl Ha Pa3IMYHBIX UCXOJIHBIX TAHHBIX.

Ha oyenky «Xopowoy

Jlo6aBHTH MTPOBEPKY ycioBus K03 duimenTta a, paBHOro. [Ipu MOJI0KHUTETBHON POBEPKE PEITUTH
JIMHEHHOE YpaBHEHHUE.

Ha oyenxy « Omauuno»

PaccmoTtpets citydaii paeHcTBa 0 KOO PHUIIMEHTOB b U ¢, BXOASIINX B KBAJPaTHOE YPaBHEHHUE.

KonTpoJbHBIE BOPOCHI
1. Korma B mporpammax BO3HHMKaeT HEOOXOIUMOCTb HCIOJIB30BAaHUS BIIOKEHHBIX
BETBEI1?



2. Hepe‘-II/ICJ'II/ITe PAa3SHOBHUIHOCTHU BJIOKCHHBIX BETBJICHUN U IMPUMCPLL OJIOK-CXeM JJIs
KaXXJa01ro ciydasd. 3. OOBsAcHUTE MMpaBUJIO HCIIOJIb30BAHHA q)HprHBIX CKOOOK BO BJIOKEHHBIX
BCTBIX.

JlabopaTopnasi paGora Nel3.
IIporpammupoBaHue BJI0KEHHBIX BETBJICHUIA.
Heasn: [IprnobGpereHne HaBBIKOB MPOrPAMMUPOBAHHUS C BIIOKEHUEM BETBICHUM.
Tembl IS npeaBapuTe1bHOH NpopadoTKu
OOBbsiBICHNE Y HHUIMATIM3ALMS IEPEMEHHBIX.
@YHKIMM CTaHAAPTHOTO BBOJA U BBIBOAA.
Cozanue nporpamMm ¢ BETBICHUEM.
TeopeTnyeckuii MaTepuaJl
1. Bnooicennvie if-uncmpyxkyuu
BrioxxeHHbIe BeTBIIeHUs1 00pa3yroTCsl B TOM Cllydae, KOTJa B KaUeCTBE JIEMEHTa UHCTPYKIUS (CM.
HOJHBIA (opmaT 3amucu) HUcHojib3dyercs apyras if-uHctpykuus. BioskeHHble if-MHCTpYyKUMH OYEHBb
HOIYJISIPHBI B TPOrpaMMHUpOBaHuU. [ TaBHOE 3/16Ch — IOMHUTD, 4TO else-HHCTPYKIMs BCerjja OTHOCUTCS K
Omwkaiiimend if-MHCTPYKLMHU, KOTOpas HAXOMUTCS BHYTPH TOTO JK€ MPOrpaMMHOro OJI0OKa, HO eIle He
CBsI3aHa HU C KaKOH JIPyroi else-nHCTpYyKITHeH.
[IponemMoHCTpHpyeM UCHOIb30BAaHUE BIOKEHHBIX MHCTPYKIMI C MOMOIIBIO Iporpammsl "Yranait
Maruyeckoe uucio".

main()

{int magic; //Maru4eckoe 4ucio

int guess; //BapHaHT MOJIb30BaTEIs

magic = rand(); // Tloydaem cirydaifHO€ YHCIIO.

cout << "BBenuTe cBOM BapuaHT Marm4eckoro uucia:";

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

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

cout << magic <<" u ecTh TO CaM0Oe Marmyeckoe 4ucio. \n";

} else { cout <<"OueHb kaynb, HO BBl OMUONKCE."; if

(guess > magic) cout <<" Bam BapuaHT IPEBHIIIACT

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

MEHbIIIe Maruueckoro yrcina.\n"; }

2. Koncmpykyus if -else-if

OdyeHb pacmpoCTpaHEHHON B MPOrPAMMHPOBAHMHM KOHCTPYKIIMEH, B OCHOBE KOTOPOM JIEKHT
cioxxeHHas if-uncrpykuus, sensercs "necruuna" if-else-if. Ee MokHO nmpecTaBuTh B cleyromeM BHIE.

if (ycnoBue)

UHCTPYKIUS;

else

if(ycnoBue)

UHCTPYKLHUS;

else if

(ycnoBue)

UHCTPYKLUS;

else

WHCTPYKIIHUS;

3nech MOJ 3JIEMEHTOM YCJOBHE MOHHUMAETCSl YCIOBHOE BBIPRKEHHE. YCJIOBHBIE BBIPAXKEHUS
BBIYUCIIIIOTCSL CBEpXYy BHH3. Kak TONBKO B KaKOW-HUOYIb BETBH OOHAPYXHUTCS HCTUHHBIN pPE3yibTaT,



OyZeT BBIMOJIHEHA WHCTPYKIIUS, CBSI3aHHAsE C OTOW BETBBIO, a BCS OCTaJIbHAs "JIECTHHUIA" OIyCKACTCH.
Pa6orta if -else-if-"necTHUIBI" AEMOHCTPUPYETCS B CIIEIYIONIEH ITpOorpaMme.

main()

{int x;

x=rand()%10;

if (x==1) cout << "X paBeH equHUIEC.\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 deTbIpeM.\n"; else cout << "X He

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

IIpumep mporpamMmel ¢ BJI0KEHHBIMHU BeTBJIECHUSIMU

[lpumep nEeMOHCTPUpPYET CHpPaBEUIMBYIO IIKalTy NOJIOXOAHOrO Hajora. 3meck d — pasmep
3apIiaThl. pn — pasMmep mojgoxoxHoro Hamora. Hampumep, ecmm 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 1f(d>=80000)

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

else if(d>=60000)

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

else if(d>=40000)

pn=5400-+(d-

40000)*0.2; else

if(d>=20000) pn=2400+

(d-20000)*0.13;

else

pn=d*0.12;

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

}

3amanmue

Ha oyenxy « Yoosnemsopumenvno»

Jlanel TpH uncna a, b, c. Onpenenutp, kakoe U3 HUX paBHO d. Eciu HU 01HO He paBHO d, TO HAUTH
max(d-a, d-b, d-c).

Ha oyenky «Xopowoy

CocTaBuTh NMpOrpaMMmy, peaqu3yIoUlyo 3MHU30/] NPUMEHEHUS] KOMIIBIOTEpa B KHH)KHOM MarasuHe.
KomneioTep 3ampammBaeT CTOMMOCTb KHUT, CYMMY J€HET, BHECEHHYIO MOKYIaTeJeM; €Clid Cladl He
TpeOyeTcsi, eyaTaeT Ha SKpaHe «CIacuOo0»; eciH JIeHeT BHECEHO OOJIbIIe, Y4eM HEOOXOIUMO, TO IevYaTaeT
«BO3BMUTE C/Iady» M yKa3blBaeT CyMMY CJauM; €CIM JCHEr HeJOCTaTOYHO, TO MedaraeT cooluieHue oo
9TOM M yKa3bIBaeT pa3Mep HEAOCTAIOIIEH CyMMBI.



Ha oyenxy « Omauunor

[Tnara 3a coTOBBIN TeneOH B3UMAECTCS IO cileayroneMy Tapudy: 3a nepsbie 50 MHHYT pa3roBopa
B Mecsll — 1o 1 p., 3a cnenyromue 30 MunyT — 1o 80 kort., cneayomue 20 MUHYT 000y TCs aOOHEHTY IO
50 kom., a Kaxjaas mocienyromas MUHyTa cTouT Bcero 30 kom. M3BecTHO, CKOJBKO MHHYT B MeECSII
aboHeHT HaroBopmiI. Onpenenure, Kakyro CyMMY OH JTOJIKEH 3aIlIaTUTh.

KonTpoJbHBIE BOPOCHI
1. Korma B mporpaMmax BO3HHKAET BJIIOYKEHHAs! BETBb?
2. [lepeuncnuth mpaBuiia pabOThl KOHCTPYKLUU «JIECTHULIAY.
3. CopmymmpoBaTh paBuiio B3aumoieicTus if u else.

JlaGoparopHasi padora Nel4.
IIporpamma ¢ npuMeHeHeM KOHCTPYKIIUM BbIOOpA.

Heas: [IpnobpeTeHne HaBBIKOB IPOrPaMMHUPOBAHUS BETBSIINXCS AITOPUTMOB.

Tembl s npeABapUTeILHON npopadoTKu

OO®bsBICHNE M HHUIMATH3AINS IEPEMEHHBIX.

QyHKIUY CTaHAAPTHOTO BBOJA U BBIBOJIA.

Cozpanue nporpamMm ¢ JMHEWHON CTPYKTYPOH.

Jloruyeckue BbIpAXKECHUSI.

Oneparop ycioBus.

TeopeTnyeckuii MaTepuaJl

Jist mporpaMMUpPOBaHMS BETBSIIUXCS aITOPUTMOB B si3bike C/C++ MMeeTCst HECKOJIBKO pa3IMyHbIX
cpencts. K HUM oTHOCSTCS onepanus yciuoBus ? :, yCIOBHBIN onepatop if u onepaTtop Bbibopa switch. 1.
Onepamop evlbopa (nepexnrouamens) @opMmar omneparopa BeIOOpa:

switch (L1eJ04YMCIIEHHOE BbIpaKEHHE)

{ case koHCTaHTal: CIMCOK ONeEepaToOpoOB;

break; case xoHcranTa2:

CIIMCOK_ormepaTopos; break;

default:

CIIMCOK__ OTIepaTopoB; |

[Tocnennss crpoka (default) moxet orcyTcTBOBaTh. OniepaTop BHIOOpA UCIONB3YETCS ISl 3aMEHBI
BJIOKCHHBIX BETBJICHHH U JJIs1 BBIOOpA €JMHCTBEHHOTO BapUAHTA BHIMIOJHEHUS KOMaH/ U3 MPEI0KEHHOTO
HaOopa. SBisercst KoOMIakTHON (GOPMOH 3a/1aHUs IPOBEPOK U BETBICHHUH B IPOTpaMMax.

Beinonuenue oneparopa switch poucXoIuT B CIEIYIOEM MOPSIKE:

1. BBIYHUCIACTCA HCJIOUYUCIICHHOC BBIPAXKCHUC,

2. IMOJIYUCHHOC 3HA4YCHHC IOCICI0BATCIIBHO CpaBHHUBACTCA C KOHCTaHTaMu,
INOMCIICHHBIMU I10CJIC CHy>KC6HOFO CJIOBaA Casc;

3. npu ncepBoM COBIAACHHUU 3HAYCHHUIN BBIIOJHIIOTCS oneparTropnl, CTOAMIUC IIOCIIC
JABOCTOYMHA,

4, €ClIi HHU C OI[HOﬁ N3 KOHCTAHT COBHAaJACHHUA HC IIPOU3O0LIIO, TO BBIIIOJIHATCA

orepaTopsl nocie ciosa default.

2. Ocobennocmu KOMaHObl MHONCECBEHHO20 8blO0PA

1. s switch Hy)keH OTaenbHBIN OJIOK.

2. Turn BeIpaKeHUS MOXKET OBITh IIEJIBIM UM CHMBOJIBHBIM, HO HE BEIIIECTBEHHBIM.



3. KoHcTanTsl B case JOJIKHBI UMCTb TOT 7K€ THII, YTO U BBIPAKCHUC.

4. Ecnn peilicTBue moaxoauT noj HeCKoiIbKo KoHCTaHT, TO cieayeT HECKOJIBKO case MOAPS.
Hanpuwmep:
switch (BbIpakeHHE)

case 1: case 2: case 5: JleiictBusl;
case 3: case 4: [lefictBus2; }

5. Koncrantel B mpenmenax omHOro switch JOMKHBI OBITh YHUKAIbHBI, T.€. HE IOJKHBI
MOBTOPATHCS. HapylieHne 3Toro npuBOAUT K HEOTHO3HAYHOCTH BBIOOpA HYKHOTO OTepaTopa.
6. Ecmm nmns momxomsimert KoHcTaHThl TpeOyeTcs BBINOJTHUTH HE OJMH ONEpaTop, a

HECKOJIbKO, TO B OJIOK MX 00BEIMHATH HE 0053aTENBHO, T.K. ACUCTBUS case PaclpoCTpaHsIeTCs 10 KOHIIA,
MIOKa HE BCTPETUTHCS KoHell switch }, nim komanaa break.

7. Komanna switch saBnsiercs dacTHeIM ciaydaeM komauzabl if. Korma Hemb3st mpuUMeEHSTH
KoMaHay switch:

- BBIPA)KEHHUE BEIIECTBEHHOE;

- BBIPAKEHHE MPOBEPSIETCA B HEKOTOPOM JUAIa30He Jaxe Ui UesbiX, Hanpumep: 1<a<100.
B arom cnyuae nerue Hanucars if (a>=1&&a<=100) uem BbmucsiBath 100 case.

- BBIp@)KEHUE TPOBEpSETCd HAa TOYHOE COBIAQJCHHWE CO 3HAYCHHEM KOHCTAaHT B case,
CpaBHEHUS Ha <, > B switch He JomycKaroTCs;

- IpoBEpKa Ha CTPOTOE pPAaBEHCTBO MPOBEPSETCS TOJBKO [UI OJHOTO 3HAYEHHS —
BBIYHMCIIEHHOTO 3HAYEHHs BBIPAXEHHUS, switch He MOAXOAWT U NMPOBEPKH YCIOBHH JUISi HECKOJBKHX
BemmunH, Hanpumep if (x>10 && y<S5) ¢ momomipro switch 3aaTe Takoe yciioBue He yaacTcs.

3. Onepamop npepwviéanus

Omneparop switch mMeer cleayronyr0 OCOOCHHOCTh BBHITIOJTHCHHS: TPU COBIAJCHUH 3HAYCHHUS
BBIYUCIICHHOTO BBIPAXKEHHUS C METKOM, BBIMOJIHACTCS HE TOJIBKO OMEPaToOpbl, OTHOCAIINECS K 3TOM METKe,
HO BCE HIDKENEeXallue, BIUIOTh 10 omepaTtopa default. OTo He Bcerga COOTBETCTBYET HEOOXOAMMOMU
curyarmd. [ Toro 9To0Bl «000MTI» BEHITIONIHEHUE OTEPATOPOB Ha TOCIEAYIONINX BETBIX KOHCTPYKIIHH
switch, Hy)KHO TIPHUHSTH CHEIMATIBHBIE MEpPbI, UCTIONb3Ysl ONMEPaTOPBl BHIXOAA WM mepexona. Jms sTux
neneit yacto ucnonb3yercs onepatop break. Ero crienyer mucath B Kaxaoi BeTBU ais case. [locie ero
BBITIOJTHEHUSI TPOMCXO/INT BBIXOJ] M3 BCEX KOHCTPYKIMH SWitch Ha ciemyromieii 3a Heli KOMaHTy.

IIpumep mporpamMmel ¢ UCNOJIL30BaHHE ONepaTopa Beidopa [Iporpamma-

KaIbKYJISITOP.

BBoautcs BeipaxkeHue Buaa -5.45%3.56

[TporpamMMa A0TKHA BEIYUCIUTD U BHIBECTH PE3YJIBTAT BHIPAKECHHUS.

B o0miem Busie BhIpaykeHUE BBIMISIIUT Tak: onepanal onepanus onepani2

OnepanagamMu SIBISIFOTCS BEIIECTBEHHBIE YKCIIA, B KAaueCTBE OIEpPallid MOXKHO HCIIOJIb30BaTh
YEeTHIPE OCHOBHBIX apU(PMETHUECKHUX JICUCTBUSA: + - * /, KOTOpBIE BBOAATCS B MMPOTPAMMY KaK CHMBOJIBI.

main()

{ float a, b, rez;

char oper;

cin>>a>>oper>>b;

switch (oper)

{ case ‘+’: rez=a+tb;

break; case ‘-‘: rez=a-b;

break; case ‘*’: rez=a*b;

break; case ‘/’: rez=a/b;

break;



}

cout<<” Pesynprar="<<rez<,endl;

3aganme

Ha oyenxy «Yoosenemsopumenvro»

BBoautcs Homep Mecsna. BeiiaTe Ha3BaHuE BpEMEHU roJia.

Ha oyenky «Xopowoy

BBoautcs xonmuuectBo net K — nenoe gyucno ot 1 1o 99. BeiBectu gpazy «MHe ... 1eT», T1Ie HAO0
3aMEHHUTH CJIOBO «JIET» Ha MOAXOJAIIEE 10 CMBICITY CIIOBA «TO/» U «TOIay.

3aMeTUM 3aKOHOMEPHOCTb, Kak OT 3HadeHus1 K 3aBucuT ciioBo.

a) €CIIM YMCII0 3aKaHduBaeTcs Mudpoit 1, To ciioBo «rom» kpome 11 ner;

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

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

Ha oyenxy « Omauunor

Broautcs nata B Buze: aeHs (d), mecsi (m), rox (g). Beinate Ha3BaHue i1 HEEIH, HA KOTOPYIO
MPUXOJUTCS BBEICHHAS J1aTa.

<JleHp HeAEIN> = <OCTATOK OT JIeJICHHsA X> Ha 7, rae

X = [2.6*m - 0.2]+d+[y / 4]+y+[c / 4] - 2*c, Tne [] 03HAYAIOT LIENYIO YACTh YUCIIA.

¢ — nBe crapmue nudpsl roaa;

y — IIB€ MJIame nudpsl rojaa.

[Tpu ucnonb3oBaHUM 3TOU (POPMYIIBI CIIETYET YUECTh ABA 00CTOATEIHCTBA:

1) (dbopMyIia BepHa JJisl TPUTOPUAHCKOTO KaneHaapst HoBoro ctuist (ot 1582 mo 4902);

2) MeCsII CIIeAyeT NpeABApUTEIBHO MpeoOpa3oBaTh TakK, Kak eciau Obl Hayallo Toja
npuxoauiock Ha 1 mapta. HpIMH cli0BaMHU, MapT B 3Toi (hopMysie UMEeT MOPAIKOBBIM HOMep 1,
anpenb — 2, ..., sHBapb — 11 u deBpany — 12, npuuém sHBaph U (HEeBpalib CIAEAYEeT OTHECTH K

npeapiaymemMy roxay. Hampumep, mis
1 deBpans 1991 roga Homep Mecsna goKeH ObITh paBeH 12, a rox 1990, B To Bpems kak g 31 nexabpst
1991 roga Homepa mecsiua — 10, a rox — 1991. Pe3ynbpraT BeluMCHEHUS JAETCA B BUJIE LIEJIOTO 4YUCia B
nuana3one ot 0 1o 6, mpuuém 0 COOTBETCTBYET BOCKPECEHBIO.

KoHTpoJibHBIE BOMPOCHI
1. HazoBute OCHOBHOE Ha3HA4YCHHE
omeparopa switch.
2. 3anummTe CHHTaKCHC onepaTopa switch. 3.
OO0ObsicHuTe Ha3HAYCHHE omnepaTopa break.

JladopaTopnasi padora NelS.
IIporpamMmma BeIYHMCIEHHS CYMM H KOJHYECTBA, MOMCK MAKCUMAJIbHOT0 H MUHUMAJILHOTO
3HAYEHUI.

Heapb: Ilomyuenue HaBBIKOB B padboTe ¢ apUPMETHUECKHMMH BBIPAXKECHUAMHU, LHUKINYECKUMU
UHCTPYKLHUSMHU.

Tembl /151 IpeABAPUTEIBLHON MPopadoTKu Apudmernueckue

onepatopsl C++.

@YHKIMM CTaHAAPTHOTO BBOJA U BBIBOAA.

Oneparop BeTBIEHUS.



Teoperuyecknit MmaTepual

1. Luxn ¢ napamempom

®dopmat oneparopa IUKia ¢ mapaMmeTpoMm:

for (BbIpa:kenme 1; BbIpakeHue 2; BbIpa)keHue_3) oneparop;

Boipakenue 1 BbINOJHSETCS TOJIBKO OJIMH pa3 B Hayane nukia. OOBIYHO OHO OIpenesseT
HayaJIbHOE 3HAYEHHE TapaMmeTpa IuKIa (MHUIHAIM3UPYET THapaMmeTp Iukia). Beipaxenue 2 — 310
YCIIOBHE BBITIONHEHUS IMKIA. BrepaxkeHue 3 0OBIYHO ompenenser H3MEHEHHe mapaMerpa IUKJIa.
Onepatop — TeNO LHMKIA, KOTOPOE MOXET OBITh MPOCTHIM WM COCTaBHBIM. B mocienHeM ciyuae
HCIIONIB3YIOTCS (PUTYpHBIE CKOOKH.

Anroput™ BbINOJIHEHUs LMK for mpeacTaBiieH Ha OJ0K-CXeMe:

[Tocre BBIUMCICHHUS BBIPAKEHUS 3 TPOUCXOIUT BO3BPAT K BBIYHUCICHHUIO BBIPAKCHHS 2 —
MIPOBEPKE YCIOBHSI IIOBTOPEHUS ITHKJIA.

PaccMoTpuM HEKOTOpBIE OCOOCHHOCTH apH(PMETHUECKOTO IHKIA Ha TPUMEPE BBIUUCICHHUS
dakropuana yucna. C momoripio 1ukia for Haxoxaenrne N! MOXXHO OpraHM30BaTh CIEIYIOIIMM 00pazoM:

F=l;

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

Hcnonb3yst ormeparuio «3armstas», MOXHO B BhIpaXCHHE | BHECTH WHHIIMATU3ALWIO 3HAYCHUI
Cpa3y HECKOJIbKUX MMEPEMECHHBIX:

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

Hekotopeix snemeHTOB B omepaTope for MokeT He OBITh, OJHAKO pa3lesIONINe WX TOYKH C
3amaToil 00s13aTENIbHO JTOJDKHBI MPHUCYTCTBOBaTh. B cienyromeM mpuMepe HMHULIHUAIM3UPYIOLIAs 4acTh
BBIHECEHA U3 onepatopa for:

F=I;

i=1;

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

Huxe moxazan emie oauH BapuaHT BbhluucieHus N!. B HeM Ha mecTe Tena IMKIa HaXOAUTCS
MyCTO oneparop, a BRIYUCIUTENbHASI YaCTh BHECEHA B BHIpAXKEHUE 3.

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

IIpumep nporpamMmmsl ¢ apupMeTHYeCKUM HUKIOM

Paccmotpum nporpammy, onpeensoyo CyMMY, a Tak ke HauOosblee 1 HAaMMEHbIIee 3HAUCHUS
Cpenu Tociea0BaTeIbHOCTH 10 CIIy9alHBIX BEIWYHH, 33/1aBaCMBIX C ITOMOIIBI0 JATYWKA CITyYalHBIX
YHCell.

main()

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

randomize();

max=0;

min=100; s=0;

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

{

n=random(100)

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



}

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

}

Pesynpratel paboThl HpPOTrpamMMbl:
123678212037 8990 70 52
FAHEEEX max=90 min=12 s=505

3ananmue

Ha oyenxy « Yoosnemsopumenvno»

PazpaboTtats mporpaMmy, onpenesionyo CyMMy, a TaK ke HauOoJIpIlee 1 HAaMMEHbIIee 3HAUYCHHS
Cpelu NocaenoBaTeNbHOCTH 10 ciayualiHbIX BEJIMYMH, JUANa30H KOTOPBIX MOT 3aJaBaTh M0JIb30BATEb.

Ha oyenxy «Xopouwioy

PazpaboTtats mporpaMmy, onpeneisionyo CyMMy, a TaK ke HauOoJIpIee M HAaMMEHbIIIee 3HAYCHHS
CpEH MOCIEN0BATEIBHOCTU CIIy4alHbIX BEJIUYMH, KOJIMYECTBO KOTOPBIX MOT 3a1aBaTh M10JIb30BATEb.

Ha oyenxy « Omauyuno»

PazpaboTtate nporpaMmy, onpeneisionyo CyMMy, a TaK ke HauOoJIblllee U HauMEHbIlIee 3HAUYCHUS
Cpelu IMOCJIENOBATEIbHOCTH  CIlyYaWHBIX BEJIMYMH, a TaK )K€ IO3MLIMH, B KOTOPBIX JOCTUTAOTCS
MaKCUMaJIbHOE€ 1 MUHMMAJIbHOE 3HAYCHMUS.

KoHTpo/ibHBIE BOIPOCHI
1. laTb onpenesieHne HUKINYECKOMY aJTOpUTMY.
2. 3anuiy KOMaHay apu(pMETHYECKOr0 IIUKIJIA C OCOOCHHOCTSAMHU PUMEHEHUs. 3.
CocTaBp aJITOPUTM BBIYMCIICHUS CYMMBI 33JJAHHOTO KOJINYECTBA BEJINYMH.

JlabopaTopnasi padora Nel6.
IIporpamMupoBaHue NPUKJIAAHBIX 3224 ¢ IPUMeHEeHHEeM HUKJIMYeCKUX aJIrOpUuTMOB.

Heab: IlonyyeHne HaBBIKOB TMpU pa3pabOTKe MNPUKIAAHBIX MpPOrpaMM C MPUMEHEHUEM
UUKINYECKUX KOHCTPYKLIHA.

Tembl A1 peABapuTeIbHOI MPpopadoTkn Apudmerndeckue

onepatopsl C++.

@DyHKIUYU CTaHAAPTHOTO BBOJA U BBIBOJA.

Oneparop BerBieHus. Teopernuecknit matepuan /. Yucaa

Qubonauyu

N3BectHa cnenyromas 3amada o kponukax. Ilomectmnu mnapy KpOJMKOB B HEKOEM MECTE,
OTOPOXXEHHOM CO BCEX CTOPOH CTEHOH, 4YTOObI y3HaTh, CKOJIBKO Iap KPOJMKOB POJIUTCS HpPU ITOM B
TEUYEHHUE T0/a, €CJIM MPHUPOJIa KPOJIUKOB TAKOBA, YTO 4Yepe3 MecCsI| Mapa KPOJUKOB IPOU3BOJIUT Ha CBET
JPYTYIO Mapy, a posKIatoT KPOJIMKU CO BTOPOTO MECSIIIA [1OCIJIE CBOETO POKICHHUS.

SIcHO, 4TO eciu CUMTaTh NEPBYIO Mapy KPOJMKOB HOBOPOXKIEHHBIMU, TO Ha BTOPOM MeCSI] MbI
OyJIeM 1o mpexHeMy UMeTh OAHY mapy; Ha 3-if mecsay — 1 + 1 =2; Ha 4-if — 2 + 1 = 3 maps! (160 U3 AByX
MMEIOIIUXCS TIap TTOTOMCTBO JIaeT JIUIIL OfHA Tlapa); Ha 5-if Mecsn — 3 + 2 = 5 map (b 2 poAUBIITHECS
Ha 3-i MecsII] mapbl AaayT MOTOMCTBO Ha 5-i1 Mecsn); Ha 6-i mecsi — 5 + 3 = 8 map (MO0 MOTOMCTBO JadyT
TOJIBKO T€ Maphl, KOTOPBIE POJWINCH HAa 4-M MECSIIE) U T. 1.

Ecnn 0603HauuTh yncio map KpoJIMKOB, UMEIOIIUXCS HAa n-M Mmecsne yepe3 Fn, to F1 =1, F2 =1,
F3=2,F4=3,F5=5,F6 =8, F7 =13, F§ =21 u 1. 1., npuuem oOpa3zoBaHUE ITUX YHCEI PETYIUPYETCS
o0muM 3akoHOM: Fn = Fn_1 + Fn2 npu Bcex n>2, BeJlb 4MCIIO0 Map KPOJIMKOB HA N-M MECALE PABHO YUCITY
Fn1 map KponMkoB Ha MpeAlIECTBYIOIIEM MeECALE IUIIOC YWCIO BHOBb POJMBIIMXCS Iap, KOTOpPOE



COBMAJIaeT C 4YUCIOM Fn2 map KpONWKOB, poauBIIUXCS HAa (n — 2)-M Mecsie (MO0 JHUIIL 3TU Tapbl
KPOJIMKOB JAtOT IIOTOMCTBO).

®paniy3ckuil MaTeMatuk JIroka BoepBble Ha3Bald YUCIOBYIO MOCeA0BaTeNbHOCTS 1, 1, 2, 3, 5, 8,
13..., xoTopyto Ha3Bai yuciamu OuOOHAYYM W OTKPHUI HE MEHEE BaKHYIO TOCIIeIOBATEIBHOCTD: 2, 1, 3,
4, 7, 11...,koTopasi cBsizaHa C 30J0TOW mpomopuuei. OTHomeHue cocenHux uucen Jlroka mo mepe
yAaJIeHHs OT HavaJla [OoCJIeI0BaTeIbHOCTH B IIPeieie CTPEMUTCS K 30J10TON MPOMOPIIUH.

[TocnenoBarensHocTH unucen @udonavuu F(n) =1, 1, 2, 3, 5, 8, 13,... u uncen Jlroka: L(n) =2, 1,
3,4,7,11,... ydeHble BCE Hallle BCTPEYAIOT BO MHOTHX SBJIECHUAX OKPY’KAOUIEro Mupa. 2. Pekyppenmusie
COOMHOULeHUS.

PexyppeHTHBIMH Ha3bIBAIOTCSI COOTHOIICHUS, B KOTOPHIX OYEPETHON UJICH MOCIEI0BATEIHHOCTH
BBIPAXKEH Uepe3 OJUH WM HECKOJIBKO MPEAbIAyIIuX (0T JaTUHCKOrO "recurrere” — BO3BpalaThes').

[Tpumep: dhopMyIIbI 17151 HAXOXKICHUS N-TO dIIEMEHTa

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

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

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

[TocnenoBarensuoctu uncen ®ubonauuu F(n) = 1, 1, 2, 3, 5, 8, 13,... saBaseTcss peKyppeHTHOM
MOCJIEIOBATEIbHOCTb, /111 KOTOPOM BBITIOJIHSIOTCS YCIIOBHUS:

Fi=F=1;

Fn=Fn-1+Fn-2

Kaxxaplii umeH Takoil MOCIeAOBaTEIbHOCTH, KPOME TEpPBBIX IBYX, 3aBUCHUT OT 3HA4YCHHS JBYX
MPEBIIYIINUX YICHOB MOCIeA0BATEIbLHOCTH.

3.Okonoeuueckasn 3aoaua

B pesynpTaTe cOpoca MpOMBINIUICHHBIX CTOKOB BO3POC YPOBEHB 3arpsi3HeHUs peku. Kakum oH
OyJlleT 4yepe3 CyTKH, ABOE U T.J. U KOTJIa YPOBEHb 3arpsi3HEHUsI CTAHET JOMYCTUMBIM, €CJIM U3BECTHO, YTO
3a CYTKM OH YMEHBIIAETCS B ONPEIETICHHOE KOJIMYECTBO pa3?

O603naunM: CO — HayanmbHast KOHIIEHTPALKs BPETHON IIPUMECH.

Cron — npeieNbHO TOMyCTUMAasi KOHIICHTPAIUS BPEIHOM MIPUMECH.

K — xo3dummeHT cyTodHOro yMEHBIIEHUS KOHIIEHTpAIlMH BpPEJHOTO BEIECTBA.
Tabmuua 6. Ucxoqasle TaHHBIE K DKOJIOTMYECKOM 3a1a4de
Bemiectro CO (mr/n Cnom (mr/im) K
CsuHern 5 0.03 1.12
MEIIBSIK 1.5 0.05 1.05
®dTop 0.2 0.05 1.01

Matemarndeckas (OpMyJIMPOBKaA 3a1a4u:

Cl1=C0/K

C2=Cl1/K=C0/K2

C3=C2/K=CI1/K3

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

Cn=C0/Kn WIIN

Cn=Cn-1/K

AHanu3upyeM MOCIEAHIO (OPMYITy — COCTOSIHHE 3arpsA3HCHUS PEKH B TEKYIIHHA JICHb 3aBUCUT OT
COCTOSTHUS 3aTPS3HCHUS B MIPEABLIYIIHIA JeHb, T.€. HMEEM PEKYPPEHTHOE COOTHOIIICHHUE.

IIpumep nmporpaMmsbl ¢ peKYPppPEeHTHBIMU MOCJI€10BATEIHLHOCTAMHU



Paspaboraem mporpammy s pacuéra coiepkaHuss B peke cBuHIA. OO003HAYMM MpEeAeNnbHO
JOTYCTUMOE 3HAYeHHE KOHIICHTpAIluu BpeHON mpuMecu cdop, HauaiabHOE 3HAUeHHe KOHIeHTparuu c0 ,
KOA(OPUIIMEHT YMEHBIICHHUS 3arpsi3HEHHUs B CYTKH K, 1 — 4mclIo CcyTok. [l co3maHust anropurma
MPEJICTAaBUM PEeKYpPpEeHTHYIO Gopmyny B Buue: c=cpred / k.

main()

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

c0=5.0; cdop=0.03; k=1.12; /3 TaOInIBI

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

{

c=cpred/k;

if (c<=cdop) break;

cpred=c; } cout<<i; }

Pe3ynbrat paboThl MpOrpamMMmBbl:

46

3ananue

Ha oyenxy « Yooeremsopumenvroy

Pazpaboraem mporpammy st pacué€ra CoAepKaHus B PEKE MBIIIbsKA.

Ha oyenky «Xopowoy

PaspaboTaem nporpamMmy i pacdyéra comepikanusi B peke GpTopa.

Ha oyenxy « Omauunor

Pa3paboraem mporpammy Juis pacuéra coAepaHUs B pEKe YCIOBHOTO BEIECTBA, MOKa3aTeln
KOTOPOTO BBOJSTCS TIOJIb30BATEIIEM.

KonTpoJbHbIE BOPOCHI
1. Kakuie cOOTHOIIIEHUSI HA3bIBAIOTCS PEKYPPEHTHBIMU?
2. llpuBenute nepBbix 10 yncen ®uboHaY4H, UCTIOIB3YS PEKYPPEHTHYIO (hopmyiy.

JladopaTopnasi padora Nel7.
HNrepanuonnbie nuKIbl. [IoMck KOpHeil HEJIHHEHHOT0 YPABHEHUS METOA0M JeJIeHUs
MOIO0JIAM.

Heab: [TomydeHre HaBBIKOB B paboTe C MUKIMYCCKUMH alropuTMaMu. Peanmu3anus Ha UX OCHOBE
MaTEeMaTHYECKUX PACUETOB.

Tembl 171 peABapUTEIbHOI MPopadoTkn Apudmerndeckue

onepaTopbl C++.

@OYHKIMH CTAaHAAPTHOTO BBOJIA M BHIBOJA.

Onepartop BeTBICHUS.

Teoperudyecknii MmaTepuall

1. OcHosmble nousamus OJis1 YUKio8

Huka - 570 anropuTMUYecKasi KOHCTPYKIIHS, B KOTOPOH B 3aBUCHMOCTH OT YCJIOBHUS TIOBTOPSICTCS
onpeaenéHHas OCIeI0BATEIBHOCTD IEHCTBUH. J[71s1 opraHu3anuy UKIOB MOYKHO IPUMEHSTh yCIIOBUS,
T.K. UUKIUYECKHH alrOpuTM SBISIETCS YacTHBIM Cly4yaeM pas3BeTBisitonierocs. Teqo ummkiaa - 3T0
MTOBTOPSFOIIASICS TTOCJIEIOBATEILHOCTh IEUCTBUH (OJIOK MHCTPYKITUH).

Hukn, ais KOTOPOro HENb3sl yKa3aTh YHUCIO MOBTOPEHHM, M MpPOBEpPKAa OKOHYAHUSA KOTOPOIO
MIPOUCXOIUT 1O JOCTH)KCHHUIO HY)KHOTO YCIIOBHS, Ha3bIBACTCS MTEPANMOHHBIM. L[UKIT BBITOIHSETCS 10
TEX MO, MOKA BRIPAKCHUE OTIMYHO OT HYJIA, T.C. 3aKITIOYCHHOE B HEM YCJIOBHE ITUKJIa HCTUHHO. BrIxo u3



[IUKJIa TMPOUCXOJUT MOCJIE TOTO, KaK 3HAYCHHUE BBIPAKECHHS CTAHET JIOKHBIM, UHBIMH CJIOBAMH PaBHBIM
HYJTIO.
2. Huxn ¢ npedycrosuem
B nukie ¢ npexgycinoBrueM, Ha3bIBa€MOM €IlI€ IIUKIOM “TIOKa”, CHayaja IMpoBepsieTCsl yCIOBHE, a
3aTeM BBHITIOJTHSIOTCS ICHCTBHUS.
[{uks ¢ npeaycioBUEM MOKET HE BBIITOJIHUTHCS HU pa3sy.
®dopmaTt oneparopa UKJa ¢ MPeayCclIOBUEM:
while (BbIpakeHue) omeparop;
3. Luxn ¢ nocmycnoguem
B ke ¢ nmocTyciaoBueM cHauaja BBINOJIHIETCS AEMCTBHE, a JIMIIb IOTOM IPOBEPSIETCS YCIOBHE.
Hukn “mo” GyHKOMOHHpYET CIEAYIOIIUM O0pa3oM: J0 TeX IMOp, MOKa YCIOBHE HE BBITIOJHUTCS,
BBITIOJIHSETCS TEJIO KA. XapaKTepPHO, UTO TeJIO KA B IIUKJIE 0" BBIMOIHIETCS XOTsS Obl OIUH pas.
®opmat oneparopa LKA ¢ MOCTYCIOBUEM:
do omeparop while (Bbipakenmue);
[uxn ¢ npexgycioBueM. @opmat onepaTopa LUKJIA C MPETyCIOBUEM:
while (BbIpaxkeHHe) ormeparop;
[Ty IOBTOPSIET CBOE BBIIIOJIHEHUE, I0KA 3HAUYEHUE BBIPAXKEHUS OTIMYHO OT HYJIA, T.€.
3aKJIFOYEHHOE B HEM YCJIOBUE IIMKJIA HCTUHHO.
3.4. Pewenue HelUHeNHO20 YPAGHEHUS MeMOOOM OeleHUs NONOAAM
[Tycte TpeOyeTcst pemnTh HenuHelHoe ypaBHeHue Buaa f(x)=0 Ha 3amaHHOM OTpeske [a; b] ¢
HE00X0IMMON TOYHOCTBIO £>0.
Pemmth ypaBHeHHE — 3TO HAlTH ero kopeHb (kKopHH). KopHem Ha3pIiBaeTCsi Takoe 3HadeHue X*,
MoJICTaBUB KoTopoe B f(X) moydaercs Houb, T.€. T (x*)=0
y & I'pa¢puyeckn kopeHb — 3TO  TOYKa
nepecedenus rpapuka ¢ynkuuun y=f (X) ¢ 0OCbio
OX.
VY3HaeM, ecTb 1M Ha oOTpe3ke [a,b]
— pemienue.  Jlas  2TOro  HaAO  TPOBECTH
* HccieoBaHue, Kak BeneT ceds ¢ynkmus f(x) Ha
KOHITaX OTpe3Ka [a; b].

£
Y=

Pucynok 1 — Kopau HenmHENHOr0 ypaBHEHUs
-HET pEIleHUs -HET peIleHus -€CTb pPEIICHNE



/
/

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

<

x *
F(&§Vg 0
FfDe 0

LA 4

FUCYHOK Z — VICCIICHIOBAaHMUEC OTPEC3KA HAa HAJIMYUEC KOPHCHU

Ecnu HenpepbiBHas MoHOTOHHAs QyHKuMs f (X) MMeeT pa3Hble 3HAKW Ha KOHIAX OTpe3ka [a, b], To

OHa UMeEECT CHHHCTBCHHLIﬁ KOpPCHb HAa JTaHHOM OTPE3KE.
YcoBre CynecTBOBaHMSI €IUHCTBEHHOTO KOPHS Ha [a; b].
Jns pelieHHss HEIMHEWHOTO YpPaBHEHHS MOKHO HCIOJIb30BaTh

fla)x f(b)<0

METOA ACJICHUA II0II0JIaM, OTHOCHMHﬁCH K JUCHUIIINHE «YHCIEHHBIE METOIbDY.

AHrOpI/ITM METOAa ACJICHUA I1OII0JIaM

Beoa: a, b, eps
v
k=0

Jloxw Hctinaa

a=c b=c
| |

Hctina

BbiBoa: ¢, k

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

Ecm f(c)*f(a)<0, caBuHyTh mpaByto
TpaHMIly HHTEpBajia b = c;

Ecm f(c)*f(a)> 0, caBuHYTH JEBYIO
TpaHUIly HHTEpPBAJIa a = C;

[MoBTopsTh miaru 1-3, moka He Oyznet | b

-a|<é&



Pucynok 3 - biok-cxeMa MeTo/1a IeJICHHs TTOT0JIaM

IIpumep mporpamMmel AJisl pellieHUs] HEJIMHEIHHOT0 YPaBHEHHUsI METO/I0M JIeJIeHHs MOoMoJIaM
@dparMeHT NporpaMMHOTO KOJa Ui HeTMHEWHOTO ypaBHeHH f (X)=cos(X)+sin(x).

main()

{ float a, b, ¢, fa, tb, fc, eps;

cout<<’BBeaute rpaHulibl OTpe3Ka ~;

cin>>a>>b; cout<<’BBenure TOYHOCTH

pacderoB ’; cin>>eps; do

{
c = (atb)/2; //CepenuHa oTpe3Ka
fa = cos(a)+sin(b); //3naueHunst GYHKIIMH B KOHTPOJIBHBIX TOYKAX

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

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

Ha oyenxy « Yooeremsopumenvroy

Hamucare nporpamMmy, BBIUHCTSIONIYIO KOPEHb HEIMHEHHOTO YpaBHEHUSI METOJOM JIEeJICHUS
MOTI0JIaM Ha 33JIaHHOM OTPE3Ke C YKa3aHHOW TOYHOCTHIO BBIUHUCIICHUSI.

Ha oyenxy «Xopouioy

I[OHOJIHI/ITGJ'ILHO OMNPCACIINTL KOJUYCCTBO COBCPIICHHBIX JICTICHHI. CI[eJlaTL BBIBOJI, KakK
KOJINYCCTBO I[eJ'IeHI/Iﬁ 3aBUCUT OT TOYHOCTH PaCUYCTOB.

Ha oyenxy « Omauunor

Bce pacuerbl oroOpa3uth B BUAE TaOMUIBl, B KOTOPOW B IOIIArOBOM pEXHME IPEICTaBUTh
IIPOMEKYTOUHBIE U KOHEYHBIEC BHIYUCIICHHUS.

KonTpoJbHbIe BOIPOCHI

1. Kaxkue nukibl Ha3bpIBalOTCS UTEPALIMOHHBIMU?

2. Uem oTIuvaroTcss UTeparmOHHBIC IIUKIIBI C TIPETYCIOBUEM U TIOCTYCIIOBHEM?

3. ChopmynupyiiTe anroput™ padOThl UTEPAIMOHHOTO ITUKJIA.

4. Uro Ha3pIBaeTCSd KOPHEM HEJTMHEMHOTO ypaBHEHUS ?

5. OnummTe anropuT™M METOJa JIeJICHUS TIOToJiaM JUIsi  BBIYMCIICHHS] KOPHS

HEJIMHENHOI 0 YPaBHECHHSL.

JladopaTopnasi padora Nel§.
Bolunciienue psijioB ¢ 3aJaHHON CTeNEeHbI) TOYHOCTH.

Hean: [Tomy4yeHne HaBBHIKOB B pab0OTe C MUKINYECCKUMH AJITOPUTMAMH.



Tembl 1J151 IpeABApUTEIBLHON NpopadoTku Apudmernueckue

onepatopsl C++.

@DyHKIUY CTaHAAPTHOTO BBOJA U BBIBOJIA.

Oneparop BETBICHUS.

TeopeTnyeckuii MaTepuaJl

1. Ochosmbie noHamust 015 YUKio8

Iuka - 370 anropuTMudeckass KOHCTPYKIHSI, B KOTOPOM B 3aBUCUMOCTH OT yCJIOBUS IIOBTOPSETCS
onpezaenEéHHas M0CIe10BaTEIbHOCTD NEUCTBUM. [[71s1 OpraHn3anny HUKIOB MOKHO IPUMEHATh yCIIOBHS,
T.K. LUUKIMYECKUH alrOpuTM SBISIETCS YAacTHBIM CilydyaeM pasBeTBisitomierocs. Teqo nmmkiaa - 310
HOBTOPSIOLIAsICSA MOCIEI0BATEIbHOCTD AEUCTBUI (010K MHCTPYKIMI).

Hukn, a1 KOTOpPOro HENb3sl yKa3aTh YHUCIO MOBTOPEHHM, M MpOBEpKa OKOHYAHHS KOTOPOIO
IPOUCXOAUT MO JOCTH)KEHHIO HY’KHOTO YCIIOBUS, Ha3bIBa€TCs MTePAllMOHHBIM. L[k BbIIONHSAETCS 110
TEX MOP, TOKa BBIPAXKEHHUE OTJIMYHO OT HYJIA, T.€. 3aKIIOYEHHOE B HEM YCJIOBUE IIMKJIa UICTUHHO. Brixon u3
IIUKJIa TPOMCXOJUT IOCJIE TOro, KaK 3HAYEHHE BBIPAKEHUS CTAHET JIOKHBIM, MHBIMM CJIOBAaMH PAaBHBIM
HYJIIO.

2. Huxn ¢ npedycrosuem

B nukie ¢ mpenycioBueMm, Ha3plBa€MOM €l IIUKJIOM “NOKa”, cCHayaua MpoBepsieTCs yCIOBHE, a
3aTeM BBINOJIHSIOTCS ACHCTBUS.

[{uka ¢ peaycioBUEM MOKET HE BBIITOJIHUTHCS HU pa3zy.

®opmat oneparopa LUKJa C MPe1yCIOBUEM:

while (BbIpakeHnue) omeparop;

3.3. uxn ¢ nocmycnoguem

B mukiie ¢ moctycinoBueM, Ha3bIBAEMOM LIMKIIOM “710”°, HAOOOPOT: CHavajia BHIIOJIHSIETCS ICHCTBHE,
a JIUILb IOTOM IPOBEPSIETCS YCIOBHE.

[Mukn “no” GyHKUMOHMPYET CIEIYIOUMM 00pa3oM: J0 TeX HOp, MOKa YCIOBHE HE BBINOJHUTCS,
BBINOJIHACTCS TEJIO LUKJIA. XapaKTepPHO, YTO TEJI0 LUKJIA B LIUKJIE ~J10” BBIIOJIHAETCS XOTs Obl OIUH pas3.

®opmaTt oneparopa IUKJa ¢ MOCTYCIOBUEM:

do omepaTop while (BbIpaikeHnue);

[{uks BBIONHSIETCA 10 TEX MOP, IIOKa BbIpaKEHNE

IIpumep nporpaMMebl BBIYHCJICHUS PSAAOB € 32IaHHOI TOYHOCTHIO

Boruucnuts cymmy rapmonuueckoro psiia: 1+ 1/2+1/3+ ¢ 3aganHON TOYHOCTBIO PacyeToB €.

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

main()

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

cout«"BBeaure  TouHOCTB:

"; cin>>eps;

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

{

S+=1./n;

n++;

}

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

®aiin limits.h, moakIrOYaeMbIid IPEIPOLIECCOPOM, CONECPKHUT ONPEACIICHUS MPEACITbHBIX KOHCTAHT
JUTSL TIETTBIX THITOB JaHHBIX. B 4acTHOCTH, KOHCTaHTa C UMEHEM int max paBHA MaKCHMAJILHOMY 3HAYCHHIO
TUNa int B JaHHOW peanum3anuu Kommuistopa. Ecim s Tuma int ucmoib3yeTcs ByxOaiToBOE



npencrasienue, 1o INT MAX=32767. B »stoM ke 3aromoBouyHoM (haiiie OmMpeneneHbl W ApyTue
koHCTaHThL: INT MIN=-327 68; LONG _MAX=2147483647 u 1.1.

3amanue

Ha oyenxy « Yoosenemsopumenvro»

Hanucats nporpamMmy, BRIYUCIISIONIYIO BCE YJIEHBI YHCIOBOTO Psijia, 3HAUCHHE

KOTOpBIX npesbimmaer 10-5.

Ha oyenky «Xopowoy

JlaHbl YKCIIOBOM psANl M HEKOTOpoe 4ucio €. Hailtu cymmy Tex 4jieHOB psiAa, MOIYJb KOTOPBIX
OoJibllie WK paBeH 3aAaHHoMY €. OOIINI WICH psia UMEeT BU/L:

a,=10"n!

Ha oyenxy « Omauunor

Halitn HanMeHbINiA HOMEp YjieHa ToClIeIoBaTeIbHOCTH, a,=10"/n!

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

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

KoHnTpoJibHBIE BOPOCHI
1. Kakue nuKIbl Ha3bIBAIOTCS UTEPALIMOHHBIMU ?
2. YeM OTIMYAIOTCS UTEPAIMOHHBIE LUKJBI C MPEIYCIOBHEM M MOCTYCIOBHUEM?
3. Chopmymnupyiite anroput™ paboThl UTEPAITUOHHOTO ITUKJIA.

JladopaTopnasi padora Nel9.
IIporpamma cocraBjieHus TA0JMIbI (PYHKIHN HA 32JAHHOM MHTEpPBAaJIe.

Hean: [TomyvyeHne HAaBHIKOB B pab0OTe C MUKINIECCKUMH aJITOPUTMAMHU

Tembl 119 npeABapuTeIbHOI NpopadoTkn Apudmernyeckue

onepatopsl C++.

@YHKIMM CTaHAAPTHOTO BBOJA U BBIBOAA.

Omneparop BeTBieHMs. TeopeTnuecKnii MaTepua

1. [Juxn ¢ napamempom

@dopmat oneparopa LUKJa C IapaMeTPOM:

for (BbIpa:kenme 1; BbIpakeHue 2; BbIpa)keHue_3) oneparop;

[Mukn ¢ mapaMeTpoM HCHOJIB3YETCs B MpOrpamMmax, KOrJa M3BECTHO KOJMYECTBO COBEPINAEMBIX
noBTOpeHHH. BripaxkeHne 1 BBIMOJIHSAETCS TOJBKO OAMH pa3 B Havaje 1ukiaa. OObBIYHO OHO ONpenesserT
HayaJbHOE 3HAYCHHME MapaMeTpa IuKiIa (MHULMAIU3UPYET IMapaMeTp LMKIa). BelpaxkeHune 2 — 370
yCIIOBHE BBINOJIHEHUS LUKJIA. Bblpaxenune 3 0ObIYHO ompeaenseT H3MEHEHHE Iapamerpa IMKIIA.
Omnepatop — Teno LMKIA, KOTOPOE MOXET OBbITh MPOCTHIM WM COCTaBHbIM. B mocieaneMm ciydae
UCTIONB3YIOTCST QUTYpHBIE CKOOKH.

[locne BbIUMCIEHMS BBIPAKEHUS 3 MPOUCXOAUT BO3BPAT K BBIYHUCICHHUIO BBIPAKEHUS 2 —
IIPOBEPKE YCIIOBUS TOBTOPECHMS LIMKJIA.

Hcnonbe3yst onepanuio «3amsras», MOXHO B BbIpaXeHHE | BHECTH MHMIMAIU3ALUIO 3HAYEHUI
Cpa3y HECKOJIbKUX NTEPEMEHHBIX.

Hekoropeix 31eMeHTOB B omeparope for MoXXeT He ObITh, OJHAKO pa3lelslolIMe MX TOYKH C
3arsTol 0053aTeabHO JOKHBI IPUCYTCTBOBATH.



IIpumep nporpamMmel Ta0yJIMpoBaHus (PYHKIHH
CocrtaBuTh TaOnMily 3HaueHUil QYHKIMU y=|X| B quana3oHe U3MEHEHHUs aprymeHta ot -4 1o 4 ¢
mrarom 0.5.

#define LB -4 //HVKHAS TpaHMIIA Uana30Ha U3MEHEHUs apryMeHTa
#define HB 4 //BepXHsisl TpaHMIIA THUATIA30HA U3MEHEHUS apryMeHTa
#define DX 0.5 //mpupalleHne aprymeHTa

main()

{ float x, y; //apryMeHT ¥ 3Ha4eHHE PYHKIIUN

int n; //KOJI-BO TOYEK

int 1; //c4eTUYNK LUKIIOB

cout<<"\nTabnwuua 3Hauenuit pynkuuu y=|x| \n";
n=(HB-LB)/DX + 1; x=LB;
for i=1;1<=n;it++)

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

X += DX

}

}

3aganue

Ha oyenxy « Yooeremsopumenvroy

Hanummure mnporpaMMy, COCTaBISIIOIIYIO TaOnuily 3Ha4eHMM (QyHKIMH y=sin(X)-cos(x) B
Jarna3oHe U3MEHEHHUs aprymenTa ot -4 1o 4 ¢ marom 0.5.

Ha oyenky «Xopowoy

Hamumure nporpammy, cOCTaBIsAONIYI0 Tabauily 3HadyeHUd QyHKIMU y=sin(X)-cos(x). duanazon
M3MEHEHUs apryMEHTa, a TaK K€ Il1ar €ro U3MEHEHMsI BBOJIUTCS 0JIb30BATEIIEM.

Ha oyenxy « Omauunor

B noctpoenHoit Tabnuie 3HaueHUH QYHKIMU ONPEISIUTh TOUKH SKCTPEMyMa.

KonTposabHbIe BOIPOCHI
1. Korza B mporpamMmmax HCIOJIb3Y€TCS LUK ¢ TapaMeTpoM?
2. VKaxxuTe MpaBuiia CHHTaKCHca KoMaH sl for.

JladopaTopnasi padora Ne20.
IIporpamMmMupoBaHne HUKIHYECKUX AJTOPUTMOB NPH pPellleHNH NPUKJIATHBIX 3a/1a4.

Heasn: [lonydyeHrne HaBBIKOB pabOTHI ¢ PA3IMYHBIMU BUJAMH LIUKJIUYECKUX aJTOPUTMOB.

Tembl 119 npeABapuTeIbHOI NpopadoTkn Apudmernyeckue

onepatopsl C++.

@YHKIMM CTaHAAPTHOTO BBOJA U BBIBOAA.

Oneparop BeTBIEHUS.

TeopeTnueckuii MaTepuaJl

1. Ilonsmue yuxna

[Tox nukIOM MOHMMAETCS MOCIEA0BATEIBHOCTD JEHCTBHM, KOTOPBIE MOTYT HMOBTOPATHCS HYKHOE
KOJINYECTBO pa3. JleiicTBuUS, KOTOpBIE MOBTOPSIFOTCS B IIMKJIC, HA3BIBAIOTCS TEJIOM LUK (KOMaHIBI Cin U
n3MeHeHue sum). IIpuMeHeHne IUKIOB COKpallaeT AJUHY NPOrpaMMBbl, OJHAKO HE COKPAIAIOT BpPEMS
BBIMIOJIHEHMsT NpOrpaMMbl. CUMTaeTcsi, YTO LHUKIBI — 3TO CaMble IPOJOJDKUTENBHBIE 10 BPEMEHH



¢dbparmeHTH porpamMmbl. CyIIECTBYEeT HECKOIBKO PA3HOBUIAHOCTEHN IUKIIOB, BCE MX MOXHO Pa3/IeiUTh Ha
JIBE TPYIIIBL:
- HUKIBI ¢ ycnoBueM (while,
do).
-k ¢ mapamerpom (for);
2. Huxn ¢ npedycrosuem
while (ycs0Bue nukJia)

{

Tesao uukIa

Caenymwiee aeiictBue;

Uwuraercs: «Iloka yciioBue IMKIa HCTUHHO, BBITIOTHATH KOMAH/IBI TEJTA IIUKIIAY.
Paboraer tak:

1. CHauana BbIUHCIISIETCS YCIOBHE LUKJIA.
2. Ecnu ono uctunno (ue paBHo 0), TO BHIIOTHSAETCS TEJIO LUKIIA U epexo K 1.
3. Ecnu ono noxHO (paBHO (), TO TEeNO HMKJIA HE BBIMOJHIETCA U OCYIIECTBISETCS

BBIXOJI M3 LIMKJIA Ha cieaytomee nercreue. [IpaBuna

1. BolpaskeHne nLuKia JOJKHO COJEP)KaTh HEKOTOPYIO BEJIMYMHY — INEPEMEHHYIO LKA —
3Ha4YeHHUE KOTOPOM BBIUUCIIAETCS B BHIPAKECHUU.

2. Teno nukiIa JOHKHO COIEpKaTh KOMaH/y, U3MEHSIONIEeH 3HaYeHHe IepEMEHHOM 1IMKJIa TakK,
YTOOBI BBIpAXKEHHE IUKJA KOTAa-HUOYIb cTajo JIOKHBbIM. Eciu Takoil komaHIbpl He OyleT, BbhIpaKeHUE
IIUKJIa BCerja OyJeT UCTUHHBIM U BOSHUKHET 3al[UKIMBaHUE MPOrpaMMbl - 0ECKOHEYHOE MTOBTOPEHHE Teja
IIUKJIA.

3. Jiist nepeMeHHOM IUKIIA JOKHBI BBITOJIHUTBCS TPU ACUCTBUS:

- MHUIIMAINA3a1Us IEPEMEHHOH IMKIIa — IPUCBAaWBaHUE MEPEMEHHONW HA4aJIbHOTO 3HAUECHUS —
BBITIOJIHSETCS] OAMH pa3 J0 Hayvaja BBIIOJHEHUS Tela IUKIIa;

- NpOBEpKa WCTUHHOCTH BBIPAKCHHUS, B KOTOPOM YyYacTBYeT II€peMeHHas IUKIa —
BBITIOJIHSACTCS TIEPe]] KaKIBIM BO3MOXKHBIM BBITIOJIHEHUEM TeJla IUKIIA;

- KOppEKIIHs IEPEMEHHON LIMKIIA — U3MEHEHNE 3HAUYEHNUs IEPEMEHHOMN — BBINIOJIHAETCS B TEJE
[TUKJIA.

OtcyTtcTBHE XOTS OBl OJTHOTO U3 3TUX JEHCTBUI MOXKET MPUBECTH K 3aI[UKIMBAHUIO IPOIPAMMBL.

4. Hukn while siBisieTcs LIUKIOM C IPEAYCIOBUEM, T.K. YCIOBHE MTPOBEPSETCS Mepe] BHIMOJIHEHUEM
TeNa IUKIa. 3HAYUT, TEJO IMKJIa MOXKET HU pa3y HE BBIIOJIHUTHCS, €CIIM YCIOBHE IMKJIAa Cpa3y CTaHET
JIO’KHBIM.

3. Apugpmemuueckuii yuxiu

@dopmat oneparopa LHUKJa C IapaMeTPOM:

for (BbIpa:kenue 1; BbIpa:keHue 2; BbIpa)keHue 3) omeparop;

[{ukn ¢ mapaMeTpoM HCHOJb3YyeTCsl B MpOorpaMmax, KOrja M3BECTHO KOJMYECTBO COBEPILAEMBIX
noBTOpeHHid. BripakeHre 1 BBIMONHSAETCS TOJIBKO OAMH pa3 B Hauaje ukiaa. OOBIYHO OHO OmpenesnsieT
HayaJbHOE 3HAYeHHE MapaMeTpa IUKiIa (MHULMATU3UPYET MapamMeTp LHKiIa). BelpaxkeHue 2 — 3T0
YCIIOBHE BBITIOJHEHUS] IUKJIA. Breipaxkenne 3 0OBYHO oOmpeAenser H3MEHEHHE Iapamerpa IHKIIA.
Omnepatop — TenoO LHMKIA, KOTOPOE MOXKET OBITh MPOCTHIM WIIM COCTAaBHBIM. B mocieaneMm ciydae
UCTIONB3YIOTCS GUTYPHBIE CKOOKH.

[Tocne BBUMCIIEHUS BBIPAXCHUS 3 TIPOMCXOIWT BO3BPAT K BBIYHCICHUIO BBIPAKEHUS 2 —
IIPOBEPKE YCIIOBUSI IOBTOPEHUS IIUKIIA.

Hcnone3ys omnepamnuio «3amstas», MOXKHO B BblpaKeHHE | BHECTH MHHMIMAIU3ALUIO 3HAYEHUI
Cpa3y HECKOJIbKHX TePEMEHHBIX.



HekoTtopeix snemeHTOB B omepaTope for MokeT He OBITh, OJHAKO Ppa3JEISIFONIMEe WX TOUYKH C

3arsToi 00s3aTeabHO JOKHBI MPUCYTCTBOBATH.
IIpumep nporpaMmsl ¢ pa3jiMYHBIMU HUKJIAMHA

[MpumepNel. Beiiath camblii BeICOKHIT Kype $ 3a 12 MecsieB roja M yka3aTh HOMEp MecsIa, B
KOTOpPOM OBLT MOTYYeH 3TOT Kypc. HamucaTs mporpaMMHBIN KO/ ¢ TPUMEHEHHEM UTEPAIIMOHHOTO ITUKJIA.

main()

{ float kurs, max;

int i, nom; cout<< "Bpeaure

Kypc 1 mecsma';

cin>> kurs;

max=kurs; nom=1;

1=2;

while (i<=12)

{

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

cin>> kurs; if ( kurs>max)

{ max=ku

IS; NOm=i;

§ it

h

cout<< "cambIil BRICOKHIT Kypc $="<< max;

cout<<’ObUI MOJy4YeH B MecsAIe ~<<nom;

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

UK.

main()

{

float kurs, max; int i, nom;

cout<<  "Bpemure kypc 1

Mecsa';

cin>> kurs;

max=kurs;

nom=1;

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

{ cout<< "BBeaure Kypc'"<< i<<"

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

{ max=kurs;

nom=i;

H

H

cout<< '"camplii BBICOKMH Kypc $="<< max;
cout<<”ObUI NOJY4YEH B Mecsle ~<<nom,;

}

3aganue
NmeroTcs 3apmuiaTtel pabOTHHKA 1O MECSIlaM ToJla — clydailHple uncia B auamnazoHe ot 5000 mo
20000. BriBecTu MCXOAHBIE TaHHBIE HA DKPaH U BBIMOJIHUTD ISl HUX OyXralTepcKue pacyeTsl.
Ha oyenxy « Yooeremsopumenvroy
1. BeruucauTs o01Iy0 CyMMY BBITIIAT 32 TO/I.



2. OnpenenuTh CPEIHION 3apIuiaTy pabOTHUKA.

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

Ha oyenxy «Xopouior

1. Paccuntats exxeMecsiuHble IEHCUOHHBIE OTYHCICHUS, Kak 2% OT 3apIuiaThl COTPYIHUKA.
2. BBIuCIuTh 00IIYI0 CyMMY BBITUIAT 32 TOJ] B IEHCHOHHBIX (DOHI.

Ha oyenxy «Omauunoy

1. BriBecTn HOMepa MecslleB, KOTJa €ro 3apruiata Oblla HUXKE MPONKUTOYHOTO MHUHHMYyMa
(BBOAMTCS TIOJIL30BATEIIEM).

2. Borancnute cymmy Hanora 3a roji. OTuuciieHue HauMHaTCA C TOro Mecdla, Korjaa oomas
cymma 1o 3aprare cranet 6osiee 20 000 u cocraBnsiet 13%.
KonTpoJbHbIe Bonpocskl
1. Korga B mporpammax HMCHoib3yeTcs LMK C apameTpom?
2. Korga B mporpamMmax MCIOJIB3YeTCs LIUKII C YCIOBUEM?

JlabopaTopnasi paGora Ne21.
IIporpaMmmupoBaHue aJIrOPUTMOB CO CTPYKTYPOH BJIOKEHHBIX IMKJIOB.

Heab: Ilomyuenue HaBBIKOB B padboTe ¢ apUPMETHUECKUMH BBIPRKEHUSAMHU, LUKINYECKUMU
WHCTPYKIUSMH.

Tembl 1715 IpeABapUTEIbLHOI MPopadoTkn Apudmerndeckue

onepatopsl C++.

DYHKIMU CTaHJAPTHOTO BBOJAA U BBIBOJIA.

Omnepatop BeTBiIeHHA. TeopeTHYecKHU MaTepuall

1. Brooicennvle yukivi

[{ukibpl MO3BOJISIIOT MOBTOPSITH BBIMOJIHEHUE J1I000TO Habopa omeparopoB. B 4acTHOCTH MOXKHO
MOBTOPSATH MHOTO Pa3 BBIMOJIHEHUE APYTOTr0 NUKIA. TaKkue IUKIIbl Ha3bIBAIOTCS BIIOKCHHBIMH.

[Ipumep 1. HamewaTaTh uncia B BUIE CASAYIOMICH TaOTHIIBI

33333

33333

33333

33333

Tabnuia cocTOUT U3 YETHIPEX CTPOK, B KAXKIOU U3 KOTOPBIX YKCiI0 3 HameyaTaHo 5 pa3. CTpoky u3
MSITA YUCEJT MOXKHO HAreyaTaTh ¢ MOMOIIBIO OJTHOTO InKIIa for:

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

cout<<3 “; cout<<endl;

YToObl MOBTOPUTH BBIBOJI CTPOUKH 4 pa3a, BCTABIIsIEM ATOT LUK BHYTpPb apyroro for

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

{

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

cout<<’3 “;

cout<<endl;

}

Tunuynas ommOKa, KOTla B KAa4eCTBE CUETYMKOB BIIOKCHHBIX IHUKJIOB (1 M Kk B NMPUBEIECHHOM
pHUMepE) UCTIONB3YETCS OJHA U Ta K€ MepeMeHHas. To ecTh Hellb3sl B KaKJIOM U3 IHMKJIOB UCIIOIb30BaTh
onHy mepeMeHHy0 1. [lomMHHTH 00 95TOM 0COOEHHO Ba)KHO, IIOCKOJIBKY JaHHas omuOka He
oOHapy»XUBaeTCs Ha dTarne KoMNUiIsuu. Baiia nporpamma 3amycTurcs, HO JiefiaTh OyJeT BOBCe HE TO, UTO



BBl OT Hee jeTe. B mpuBeeHHOM mpumepe (eciu TOMyCTUTh OIMOKY, 3aMEHHUB NepeMeHHYyIo k Ha 1)
BHEIIHHUI LMKI BBIMOJIHUTCS Bcero 1 pa3 BMecTo 4-X. Bo3Mo)kHa TakyKe CHTyalusi, KOrJa Takas OIMOKa
MpPUBEJET K 3alUKJIMBAHUIO: BHEIIHWA IHUKJI OyJeT BBITIOJHATHCS OECKOHEYHO JOJTO — Iporpamma
3aBUCHET.

2. 3aoauu nepebopa

Nmeetcs nenblif Kiacc 3a/iay, pelieHue KOTOPHIX CBOAUTCS K Mepedopy pasiUyHBIX BapHUaHTOB,
Cpenu KOTOPBIX BEIOMPAETCS TaKOM, KOTOPHIM yIOBIETBOPSIET YCIOBHUIO 3a/1aUH.

Ipumep 2. [lenoe uncno K siBngercs aenureneM N, ecnu octaTok oT aenenuss N Ha K paseH 0.
YtoObl HAWTH BCE ENUTEIHN JOCTATOYHO mepedpaTh Bece yucia oT 1 1o N U mpoBEpUTH, ABISIOTCS I OHU
JETUTENSIMH. J[aHHBIN alrOpUTM MOYKHO PEau30BaTh C MOMOIIBIO TPOTPAMMBI:

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

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

Ha sTom mpocreiimiem mpumepe sicHa o01asi CTpyKTypa pelieHus 3a7ad Ha rnepebop BapHaHTOB.
Jns opranuzanuu nepebopa MCMONB3YeTCsl IUKJ, KAl IIar BBIMOJIHEHUS KOTOPOTO COOTBETCTBYET
PacCMOTPEHHIO OJIHOTO M3 BapHaHTOB. BHYTpHW IMKIIa CTOUT MpOBEpKa, MOAXOAUT JU JIaHHBIA BapHaHT
10]1 YCJIOBHE 3a/1a4H.

Takue 3agaun 0OBIYHO PEIIAETCS C MTOMOIIBIO BIOKEHHBIX ITUKIIOB, B KOTOPHIX B YCIIOBUM IIMKJIA
UCTIONB3YETCS TepednpaeMblii PU3HAK.

IIpumep 3. Ilycts aBymsa uucinamu (H u V) 3amaHo monoxkeHne KOHS Ha IMIaXMaTHOW JOCKe.
Haiimute KoOpAMHATHI BCEX KIIETOK, KyJa KOHb MOXET MOWTH CIEIYIONUM XOJ0M (Ipyrux ¢uryp Ha
JIOCKE HET).

B nmanmHOM mpumepe, BapuaHTaMu pEIICHUS SBISIIOTCS KOOPAMHATHI KJIETOK, TO €CTh KaXIbId
BapHaHT 3TO HE OJIHO YMCJO, a JBa. HeobxomumMo mpuayMaTh crioco0 BBHIYHCICHUS BapHaHTa (B JaHHOM
ClIy4ae HOMEPOB TOPU30HTAIH U BEPTHKAIN) TIO €0 HOMEPY.

N3BecTHO, 4TO KOHB X0aUT OyKBO# I, cMemIasich Ha IBE KJIIETKH B OJTHOM HAMpaBJICHUH U HA OJHY
B ApyroM. Ilyctes npoBepsiercs kietka ¢ koopauHaramu (X, Y). Toraa ycioBue ciaBura no BepTUKaIu Ha 2
OyJIeT BBITIIAACTh TaK: abs(x-2).

B3sTue Moayns He00X0AMMO, 9TOOBI Y4eCTh BOSMOKHOCTh C/IBHTA KaK BIIPABO, TaK U BIIEBO.
AHaJOTMYHO YCJIOBHME CIIBUTa Ha OJHY KIIETKY, Hampumep, Mo BepTUkamu: abs(y-2).

[TomHOE yCITOBHE BO3MOXKHOCTH TTONTH Ha KJIETKY KOHEM OYJIET BHITJIAIETh KaK:

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

Urto0s!I mepedpath Bee KISTKH MIAXMATHON JOCKH YI00HO i iepedopa UCTIONh30BaTh BIOKCHHBIE
IUKIBL. B 1aHHOM cllydae HOMepa BEpPTHKAId W TOPU3OHTAIIM SIBISIOTCA IIEJbIM uuciaamMu oT 1 go 8,
MO3TOMY I Tiepedopa UX 3HaAUYEHUI MOXKHO UCIOJIB30BaTh CYETYMKHU IIUKIIOB:

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

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

I, Y<=8,Y++)

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

cout<<X<<Y<<endl,

IIpumep nmporpaMmsl ¢ BJIOKEHHBIMH IUKJIAMU

Haiitu Bce coBeplieHHbIE Ynciia B 3aJaHHOM Juana3zoHe. COBEpIIEHHBIM CUMTAETCA YHUCIIO, PABHOE
CyMMe€ BCEX CBOHUX JienuTenel. 3aaarh quana3on ot 1 go 10000.

main()

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

n=10000;

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

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

{sum=1;



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

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

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

}

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

PesynbTat paboThl mporpaMMsl:
Diapason 1- 10000
1
6
28
496 8128
kol
sov=5
3amanue
Ha oyenxy «Yoosenemsopumenvro»
Hanucats nporpamMmy pasiiokeHHe YUCIIO0 Ha POCThIE MHOKUTEIH.
Ha oyenky «Xopowioy
Hanucare nporpammy Haxoxaenuss HOJI paznokeHnem Ha MpoCTble MHOMKUTEIH.
Ha oyenxy « Omauuno»
CocTaBuUTh MporpaMMy-reHeparop mudaropoBeix Tpoek. [IudaropoBoit Tpolikoil Ha3BIBAIOT TAaKHUE
Henple 4ucia a, b U c, KOTOpbIe YIOBIETBOPSAIOT YCIOBHIO. Takue 4ucia MOTYT OBITH CTOPOHAMH
IPsIMOYTOJIBHOTO TpeyroibHUKa. HaliieM Takue uncna.
KoHnTpoJibHBIE BOPOCHI
1. Kakume 3amauM Ha3bIBAIOTCSA 3agayamMu rnepebopa? 2.
OOBSICHUTD, KaK pabOTaeT KOHCTPYKIIHS BIIOKEHHBIX ITUKIIOB.

JlaGoparopHasi padora Ne22.,
Peanu3zanus 3a1a4 nepeBojia meJibIX BeJIHYUH B PA3JIMYHbIe CHCTEMbI CHNCJICHUS.

Leas: [TosyueHne HaBBIKOB B pabOTE ¢ CUCTEMaMH CUMCICHHS U UTEPALIMOHHBIMHU IIUKJIAMHU.

Tembl 119 npeABapuTeIbHOI MpopadoTkn Apudmerndyeckue

onepatopsl C++.

@YHKIMM CTaHAAPTHOTO BBOJIA U BHIBOJA.

Nrepanmonnsie nukisl. TeopeTnyeckuii MaTepua

1. Cucmembl cuucnenus

B mo3unmMoHHBIX cHCTEMax CUMCICHUS OJWH M TOT K€ YMCIOBOW 3HAK (IM(pa) B 3aMUCH YHUCIIA
MMEET pa3jNyHbIe 3HAUE€HHUS B 3aBUCUMOCTH OT TOr'0 MecTa (pa3psizia), IIe OH pacioiokeH. K uncimy takux
CUCTEM OTHOCHUTCS COBPEMEHHAs ACCATUYHAS CUCTEMA CUUCIICHMS, BOSHUKHOBEHHE KOTOPOH CBSI3aHO CO
C4€TOM Ha Najblax.

[lon mo3uMIMOHHON cHCTEMOM cuuCieHHs OObIYHO MOHUMAaeTcsl b-puyHas cucTeMa CUMCICHHUS,
KOTOpasi OmpejessieTcss LeNbM YHCiIoM b>1, Ha3blBaeMbIM OCHOBAaHHMEM CHCTEMBbI cuMcieHus. Llemoe



qrcno 0e3 3Haka X B b-pHUYHON CHUCTEMe CYHCIEHUS MPEACTABISETCS B BUIC KOHEYHON IUHEHHOMN
KOMOWHAIINK CTelleHel unciia b:

n—1
% ak — OTO LeJble YHuCia, Ha3blBaeMble LUdpamMH, YyIOBIETBOPSIOLINE
x= @b
HEPABEHCTBY 0 < ay = (b — -l}
k=0

Kaxnas CTemeHb b* B Tako# 3ammcu
Ha3bIBAETCSI BECOBBIM KO3 duirieHToM paspsiga. CTapIIHHCTBO Pa3psI0B U COOTBETCTBYIOMINX UM IH(P
ompeNieNIsieTCss 3HaueHWeM Tokaszarens k (HomepoMm paspsaa). OObIYHO B 3amUCH HEHYJIEBBIX YHCEN
HAYaJIbHBIC HYJIN OITyCKAIOTCA.
B m100601i MO3UIIMOHHON cHCTEMe YHCII0 MOXKET OBITh PEICTABICHO B BH/IE MHOTOUJICHA.
[Tokaxewm, Kak MPEICTABIISIFOT B BUJIE MHOTOYJICHA JECTUIHOE YHCIIO:

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

IIpumep nporpamMmel ¢ cHCTEMAMH CYHCJIEHUS
IlepeBecTH uKcno U3 cucTeMsbl cuncieHus q B 10-Hyro cucteMmy cuucieHus. main()

{ long int X, y, step;
int a, q;
cout<<"BpeauTe cuctemy CUHUCICHUSI->"; cin>>q; cout<<"BBenmure
yucio B "<<q<<" cucteme cuucieHma->"; cin>>x;
y=0; //Pe3ynbTaT
step=0; //CTeneHb OCHOBAHUS
while(x!=0) //Tloka B umcie ecTh MudpbI
{a=x%10; //Mlocnenusis nudpa
if (a>=q) //TIpoBepka MpaBUILHOCTH BBOJIA

{

cout<<"Error";

exit(0);

b
y=y+a*pow (q, step); /Pe3ynbraT — HaKarIMBaeMas cymma
x=x/10; //YOpath mocneaHiow0 udpy
step++; //TIOBBICUTD CTENICHh OCHOBAHHUS

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

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

Pucynok 4 — OkHO ¢ pe3ynbTaTaMy IporpaMMbl IIepeBoia YUCET

3aganne
Ha oyenxy « Yooenemseopumenvno»
BBogutcsa cucteMa cUucCIEHHS U YUCIO X B 3TOM cucrteme cuucieHud. [lepeBectu yucno X B
10Tunyto cuctemy cumcieHus. Vcmnonb30Bath Mpu pa3paboTKe MporpaMMbl BCTPOCHHBIN oTinaguuk. Ha
oyeHkKy «Xopouto»



BBogutcs uucino x B 10 cucteme cuucieHus. BpiOpaTh HyXHYIO CHUCTEMY CYHCIEHUS ( U
MEPEeBECTH YUCJIO X B 3Ty CUCTEMY CuucieHHs. TecTHpoBaTh pe3yJabTaThl pabOThl MPOrpPaMMbl PYYHBIM
MOJICYETOM.

Ha oyenxy « Omauyno»

BBoagutcs ql — ucxomHas cucTema CUMCICHHS U (2 — KelnaeMas CHCTeMa CUHCIICHHsI, a TakK Ke
YHUCIIO X B cucteMme curcienus ql. [lepeBectu 4ncio x B CUCTEMY CUUCIIEHUSA (2.

KounTtpoJibHbIe BOpockl
1. Kak Hamo 3a/1aTh yCIOBHUE IIUKJIA, 9TOOBI TIEPEBECTH YUCIIO B HY>KHYIO CUCTEMY CUUCITICHHS? 2.
Kakwue onepanuy BeIIEISIOT U3 IHCIA €r0 HUQPPHI?

JlabopaTopnasi paGora Ne23.
IIporpamma ¢ ucnosb3oBanueM QyHKIUI 0e3 mapaMeTpoB.

Heus: [Tonydyenue HaBBIKOB B paboTe ¢ QyHKIHSIMU.

Tembl 17191 IpeABapUTEIbHOI NPOPA0OTKH

CtpykTypa nporpammsbl Ha s3bike C++.

Mcnonb30BaHue CTaHAAPTHBIX (QYHKIUH.

Teoperuuyecknit MmaTepual

1. Ilonamue u naznavenue hynkyui

Jlrobas C++-mporpaMma COCTaBIsE€TCS M3 '"CTPOMTENBHBIX OJIOKOB", MMEHYEMBIX (DYHKIHUSIMHU.
OyHKIMS — 3TO MOANPOrpaMMa, KOTOpash COJIEPKUT OJHY WIM HeCKOoiIbKo CH++-HHCTpYKUMHA H
BBITOJIHSET O/IHY 3aja4y.

Kaxnas ¢yHKOuss mMeeT WMs, KOTOPOE HCIIONb3yeTcs s ee Bbi3oBa. CBOMM  (QYHKIHSIM
IPOrPaMMHUCT MOJKET JaBaTh JII0OObIe MMEHA 3a MCKII0UYEHHEM MMEHM main(), 3ape3epBUPOBAHHOTO JUIS
(GyHKLUH, ¢ KOTOPOIl HAUMHAETCS BBINOJIHEHUE ITPOrpaMMBbI.

@yHKIMH — 3TO "cTpoutenbHbie 6510KK" CH++-IporpaMMel.

B C++ Hu oxHa QyHKUUS HE MOXET ObITh BCTpoeHa B Apyryto. OnHa (QyHKIUS MOXKET BbI3bIBATh
ApyTy*O.

B yxe paccMOTpeHHBIX NpuMepax mporpamMm ¢yHKuus main() Obula €TUHCTBEHHOU, (DYHKIIHS
main () — nepBas (QyHKIUs, BBIOJHAEMast IIpU 3arycke nporpaMmMsl. Ee nomkHa conepkath kaxnaas C+
+-mporpamMma. DyHKIUK ObIBalOT AByX THMHOB. K mepBoMy Tumy oOTHOCSTCS (YHKIMH, HalMCaHHBIE
nporpaMMucToM (main() — mnpumep (GYHKIUU Takoro Tuma). DyHKIMM Jpyroro Tuma HAXOIATCS B
cTaHgapTHON OubanoTeke CH+-KOMOMIATOpA -. KOJJICKIUS BCTpoeHHBIX (yHkumid. Kak mpasuio, C+
+IporpamMmsl cojiepKaT Kak (yHKIMH, HalTUCaHHbIE IPOTPaMMHUCTOM, TaK M (YHKLUH, IPEAOCTABIsEMbIE
KOMIIIJIATOPOM.

Dta nporpamma coaepKuT Ase ¢pyHkmuu: main() u myfunc().

void myfunc(); // mpotoTun ¢pyHKIH myfunc()
main() { cout << "B ¢ynkmmm main() . " ;

myfunc(); // Bei3biBaeM pyHkiuto myfunc()
cout << "CHona B (pyHkiuu main () ";

}

void myfunc()

{ cout <<" B ¢ynkuuu myfunc() .

", }

b

[IporpamMma paboTaeT cienyrommM oOpa3oM. Bei3biBaercss QyHKIMS main() ¥ BBINOTHIETCS €€
nepBasi cout-mHCTpyKims. 3ateM W3 ¢yHKiuud main() Bei3bIBacTcs GyHKuus myfunc (). s Be3oBa

GyHKIIMY B IporpaMMe yKkasbIBaeTcs uMs GyHKIUMU myfunc, 3a KOTOPBIM CIEAYIOT Mapa KPyIJbIX CKOOOK



U ToyKka ¢ 3amiaroil. 3ateM ¢yHkuus myfunc() BBIIOIHSET CBOI €IMHCTBEHHYIO COUt-MHCTPYKLHIO M
nepefaeT ympaBleHUE Ha3ad (QYHKUMM main(), MpuyeM TOH CTpPOKe KOJa, KOTopas pacIojioKeHa
HEIOCPEJICTBEHHO 3a BbI30BOM (yHkumu. Haxonen, @yHkuuss main() BBIIOJHSET CBOIO BTOPYIO
COUtHHCTPYKIHMIO, KOTOpasi 3aBepIIaeT BCIO Mporpammy. Pe3ynbTaTel paboThl MPOrpaMMBbl:

B ¢ysxmmum main() . B ¢dyakmumn myfunc() . CHoBa B pyHKIME main().

2. [Ipomomun gynxyuu

[Ipototn ¢yHkuuu 00BABIAET (PYHKIMIO 10 €€ OINpeleseHUuss M ucrnoib3oBaHus. IlporoTun
MO3BOJISIET KOMITWIIATOPY y3HATh THIT 3HAUEHHSI, BO3BPAIIAEMOT0 3TOHM (DyHKIMEH, a TaKKe KOJIHMYECTBO U
THUI TTApaMETPOB, KOTOPBIE OHA MOKET UMETh. KOMIMIIATOpY HY)KHO 3HaTh 3Ty WHPOPMALIUIO JI0 TIEPBOTO
BbI30Ba (pyHKIMH. [loaTOMy mporotun pacnonaraercss A0 ¢GyHkiuu main (). ExuacTBeHHON QyHKIMEH,
KOTOpas He TpeOyeT NPOTOTHUIIA, sBIIseTCs main(), MOCKOJIbKY OHa BCTpOeHa B s13bIK CH++.

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

Oyukuus myfunc () He coaepkuT HHCTpykHuio return. KiroueBoe cioBo void, koTopoe
npeaBapsieT Kak MPOTOTHI, TaK U onpeaeneHne pyHkuun myfunc(),3asBiseT o ToM, 4To GpyHKIus myfunc
() He BO3BpaIaeT HUKAKOro 3HaueHus. B C++ ¢yHkIMM, He BO3Bpallarolie 3Ha4YeHUH, OOBABISIOTCS C
UCIIOJIb30BaHUEM KITFOYEBOT'O CclIoBa void.

IIpumep nporpammsl ¢ pyHKIUsAMHE 0e3 TapaMeTpPoOB

CocraButh mporpamMmy ¢ (yHKnmei, KoTopas puUCyeT Ha 3KpaHe CTpPOKy, cocrosulylo u3 80

3BE3/I0YEK.

void line(void); /Mportotun ¢pynkuu line main()
//OcHOBHas GyHKUHUSA
{
line(); //Bb130B (hyHKkuH line
b

//Onpeneneuue Gynkmuu line
void line(void)

{ int i

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

H

3aganue

Ha oyenxy « Yooeremsopumenvroy

CocTaBuTh MPOrpaMmy ¢ Tpemst QyHKIUSIMH, BRIBOISIIUMH Ha 3KpaH CTPOKH CUMBOJIOB #, (@, $.

Ha oyenky «Xopouwoy

CocTaBUTh MNporpaMMmy JAjisi BBIYMCICHUS IUIOHIAJM KOJIbLIA MO 3HAUEHUSM BHYTPEHHETO H
BHEIIHETO PaJNyCOB, UCIIOJIb3Ys (DYHKIIMIO BHIYMCICHUS TUIOIAIU Kpyra.

Ha oyenxy « Omauunor

Hanbl Tpu nensix yucna. Onpenenuts, cymMma nudp kotoporo u3 Hux Oosbiie. [logcuer cymmbl
Qp OpraHu30BaTh Yepe3 PyHKLUIO.

KonTpoJbHbIe Bonpocskl
1. Ykaxxute Ha3HaueHUH QyHKIHUHA B IPOTpaMMe.
2. CKOIbKO MUHUMAJIBHO (PYHKIIUH MOXKET OBITh B Mporpamme?
3. 3aueM Hy»XeH NPOTOTUI QPYHKIHUU?

JlaGoparopHasi padora Ne24.,



IIporpamma ¢ ucnoIb30BaHHeM (PYHKIHMH € IapaMeTpaMH.

Heab: [lonydyeHrne HaBBIKOB B paboTe C PYHKIUSIMH.

Tembl 1J151 IpeABapUTeILHON NpopadoTku CTpyKTypa

nporpammsl Ha sizbike C/CH++.

OyHKIHH 0€3 TapaMeTpoB.

Teoperudecknii MmaTepuaJ

1. Hasnauenue apeymenmos (hyukyuu

@OyHKIMM MOXKHO IepelaTh OAHO MM HECKOJIBKO 3HAaueHui. 3HaueHue, nepeaaBaeMoe (pyHKIUH,
HA3bIBACTCSI AprYMEHTOM. APryMeHT — 3TO 3Ha4YeHHe, NiepeiaBaeMoe (PyHKIIMU ITPH BHI3OBE.

PaccmoTpum mporpammy, Kotopasi IJisi 0TOOpaskeHUsI aOCOTIOTHOTO 3HAYCHUST YKCIa UCIIONIB3YeT
CTaHJapTHYIO0 Onbnuoreunyro (GyHKuio abs(). Jta (GyHKIMS NPUHUMAET OJWH apryMEHT, IpeolOpasyeT
ero B abCOMIOTHOE 3HAYCHHE U BO3BpAIIaeT Pe3ybTar.

main()

{

cout << abs(-

10); }

3nech Gpynkuun abs() B KauecTBe aprymMenTa nepenaetcs yucio -10. @ynkuus abs() mpuHumaer
3TOT apryMEHT MPH BHI30BE U BO3BPAILlAeT ero a0COM0THOE 3HAU€HHE, KOTOPOE B JAHHOM Cllydae PaBHO

yuciy 10. Ecnu QyHKIMS mprUHUMAaeT apryMeHT, OH YKa3bIBA€TCSl BHYTPH KPYTJIBIX CKOOOK,
PaCTIONIOKEHHBIX Cpa3y MOCIe UMEHU (QYHKITUH.

PaccmaTtpuBaemas nporpamMma BKIItodaeT 3aroioBok <stdlib.h>. On HeoOxoqum 115 obecrnieueHus
BO3MOXHOCTH BbI30Ba (hyHKIMHK abs(). Kaxaplii pa3, korna ucnonbszyercs oubnuoreynas GyHKIHS, B
porpaMMy HeOOXOIMMO BKJIFOUATh COOTBETCTBYIOIINHN 3ar0JIOBOK, KOTOPBIH MOMHMO MPOYEH
uH(MOpMAIUH, COIEPKUT MPOTOTUIT OMOITHOTEYHON (PYHKITUH.

2. Ilepeoasaemvie napamempol

ITapameTrp — 3TO0 ompexaensemas (QpyHKIUEH MepeMeHHas, KOTopas MPUHUMACT IepeIaBacMBbli
(GYHKIIMHM apryMEHT.

Ilpu coszmanuu ¢GyHKIMH, KOTOpas MPUHUMAET OJUH WJIM HECKOJIbKO apryMEHTOB, WHOT/AA
HEOOXOIMMO OOBSIBUTH MEPEMEHHBIC, KOTOPhIC OYIYT XPaHUTh 3HAYCHUS apryMEHTOB. DTH MEpEeMEHHbIE
Ha3bIBAIOTCSl TapaMeTpamu ¢GyHKuuu. Hampumep, crnemyromass (QyHKIMS BBIBOAUT MPOU3BEACHUE IBYX
IEJIOYMCIIEHHBIX apTyMEHTOB, TIepe1aBaeMbIX (PYHKIIUH ITPH €€ BHI30OBE.

void mul(int x, int y)

{cout<<x *y<<"

"

ITpu kax oM Bb13oBe QyHKIMH mul() BBIMOIHAETCS YMHOXKEHUE 3HAUCHHS], IEPEIaHHOTO

napaMmeTpy X, Ha 3HadeHHe, iepeJaHHoe apaMeTpy y. PaccMoTpum nporpammy, KoTopasi A€MOHCTPUPYET
ucnoip30Banue GyHkuy mul().

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

mul(10, 2 //BB130BBI (DYHKIIMU C TapaMeTpaMu

0); mul(5,

6); mul (8,

9); }

Ota mporpamma BeiBeneT Ha dkpaH yucia 200, 30 u 72. Ilpu BeBoBe ¢ynknun mul() C+
+KOMIUIISATOP KOMUPYET 3HAUEHUE Ka)X10r0 apryMeHTa B COOTBETCTBYIOIIMM apameTp. B nanHoM citydae
npu nepBoM Bbi3oBe (QyHKuumu mul() umciao 10 kommpyercss B mepeMeHHyl X, a uyucio 20 — B



nepeMeHHy1o y. [Ipu BTopom BbI30Be 5 KomupyeTcs B X, a 6 — B y. [Ipu TpeTbeM BbI30BE 8 KOMHMPYETCs B
X,a9—mBy.

3. QyHxyuu, 8o38pawjaioujue 3Ha4e sl

B C++ g Bo3BpaTa 3HaueHUS U3 (PYHKIUHM HCIONb3YyeTCcs MHCTPYKIus return. O0umwmii ¢popmar
9TOW MHCTPYKILUHU TaKOB:

return 3HaYeHHe;

3HavyeHne TMPEICTaBIIET COO0M 3HaUEHHE-PE3ybTaT, BO3BpamaeMoe QyHKIUEH.

UcnpaBum ¢ynkmuio mul() Tak, 4ToOBl OHAa BO3Bpallajia Pe3yabTaT - MPOU3BEICHHUE CBOUX
apryMeHTOB.

int mul(int x, int y); // TIporotun pyukuun mul() ¢ pezynpraTom main()
{ int answer;
answer = mul(10, 11); //BBI30B ¢ BO3BPAaTOM 3HAYCHHSI

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

// Ota (yHKIMA BO3BpallaeT 3HAYCHUE.

int mul(int x, int y)

{

return x * y; // OYHKIUS BO3BpAIAST MPOU3BEICHHE X U Y.

H

B sToMm npumepe ¢pynkuus mul() Bo3Bpamaer pe3ynbTaT BHIYUCICHUS BEIPAXKEHUS X*y C TIOMOIIIBIO
UHCTPYKIUU return. 3aTeM 3HaUCHKHE ATOTO Pe3yJIbTaTa MPUCBAUBACTCS IEPEMEHHOM answer.

[Tockonbky B 3TOH Bepcuu mporpammbl QyHkmus mul () Bo3BpamiaeT 3HaueHUE, €€ HUMS B
ompeneneHun He TmpeaBapsieTcss cioBoM void. 3aech ¢yHkmms mul() Bo3BpamaeT 3HAYCHHE
[EJIOYMCIIEHHOTO THIA. THIT 3HA4eHWs, BO3BpamaeMoro (yHKIMEW, MpPEAIIeCTBYeT €e UMEHH, Kak B
MPOTOTHUIIC, TAK M B ONIPEICTICHHH.

[Tpu moCTHKEHUH MHCTPYKIMH return (pyHKIUS HEMEIJICHHO 3aBEpIIAETCs, a BECh OCTAIBHOMN KO/
urHopupyertcs. OyHKIUS MOXKET COAEPIKaTh HECKOIBKO HHCTPYKIUI return. Bo3BpaT u3 GyHKIIMH MOKHO
00eCTIeunTh ¢ TIOMOIIBI0 HHCTPYKITUH return 0e3 ykasaHusi BO3BPAIIaeMoro 3Ha4eHHUs, HO TaKylo ee hopMy
JOIYCTUMO MPUMEHSTh TOJIBKO A (PYHKINN, KOTOPHIE HE BO3BPAIIAIOT HUKAKUX 3HAYCHUN U OOBSBICHBI
C MCIIOJIb30BAaHUEM KJTFOUEBOTO CJI0Ba void.

IIpumep nporpaMmsl ¢ GyHKIHAMH ¢ IapaMeTpaMu

CocTaBUTh TPOTpaMMy HAXOXKICHHS HAMOOJBIIETO 3HAYCHUS U3 TPEX BEIUYMH — max (a, b, ¢).
Jlis ee pelmieHUs MOXKHO HCIOJIB30BaTh BCIOMOTATEIbHBIA AITOPUTM HAXOXKJICHUS MaKCHUMAaJIbHOTO
3HAaueHUs U3 ABYX, IOCKOJIbKY CIIPaBEATUBO PAaBEHCTBO: max (a, b, ¢) = max (max (a, b), c).

//OnpenenenHye BCIOMOTaTeIbHONW (QyHKIIMU

int MAX(int x, int y)

{if

(x>y)

return Xx;

else

return y;

b

//OcHOBHAas byHKIHSA

main()

{ int a,b,c,d;

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

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

(MAX (a, b), ¢); cout<<"\

nmax (a, b, ¢) ="<<d;



3amanue

Ha oyenxy «Yoosnemsopumenvro»

CoctaButh nporpammy ¢ (GyHKIMEH, BBIBOASIIEH Ha 3KpaH CTPOKY HYXHOW JUIMHBI HYXHBIM
cumBosioM. DyHKIUS MPUHUMAET JIBa apaMeTpbl — JUIMHY CTPOKH U CUMBOJI. Bo3BpariaeMbIx 3HaueHUI
HET.

Ha oyenky «Xopowoy

CocTaBUTh MNporpaMMmy Ajisi BBIYMCICHUS IUIOHIAJM KOJIbLIA IO 3HAUEHUSM BHYTPEHHET0 H
BHEIITHETO PAaJINyCOB, MCIOJIb3Ysl (DYHKIIMIO BBIYMCICHUS IUIOMAAd Kpyra. DYHKIMU TEepenaeTcss OauH
napaMmeTp — paJuyc U BO3BpAIaeTCsl pe3yJIbTaT — BBIUMCIIEHHAs Iulomanb. Ha oyenky « Omauunoy

Hanbl Tpu nensix yncna. Onpenenuts, cymma nudp kotoporo u3 Hux Oonbiie. [logcuer cymmbl
udp opraHu30BaTh Yepe3 QPyHKIHI0, KOTOpas UMEET JBa BXOJHBIX IMapaMeTpa — CKJIaJbIBaeMble YKcia U
pe3yabTaT — BBIYUCICHHYIO CYMMY.

KouTtpoJjibHbIe BOPOCHI

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

2. Yrto Takoe mapamerp (QYHKIMU U KaK UM TOJIH30BATHCS?

3. Kak u3 @yHKIIMM BepHYT pe3yabTaT ee padoThl?

JlabopaTopnasi padora Ne2S. PexkypcuBHbIe QyHKIIUH.

Heab: [lomydyeHne HaBBIKOB B paboOTe C PEKYPCUBHBIMHU (PYHKIIHSIMH.

Tembl 119 npeaBapuTeabHOI NpopadoTkn OCHOBHbBIE

KoHCTpyKuuu C++.

OyHKIUN.

[{uknnyeckue alrropuTMBl.

Teoperudecknii MmaTepuaJ

1. ITonsmue pexypcusHou (hyHkyuu

Pexypcueii Ha3pIBaeTCA CUTYyalMs, KOT/Ia MOANPOrpaMMa BbI3bIBAaeT cama ce0s. DYHKIMS MOXKET
coJiepKaThb BBI30B Apyrux (yHKIMA. B ToM umcie mpormenypa MoOXKeT BbI3BaTh camy ceOs. [Ipumep
PEKYPCUBHOM (PyHKITHH:

int Rec(int a)

{

if (a>0) Rec(a-

1); cout<<a; }

@ynkus Rec BoI3biBaeTcs ¢ mapamerpoM a = 3. B Hell comepxwutcs BbI3OB (yHKIMH Rec ¢
napametrpoM a = 2. [Ipenpiayuii BbI30B ellle He 3aBEepIIMIICS, TOITOMY CO3JIaeTcs ellle OJHa PYHKUUS U
JI0 OKOHYaHUS ee paboThl MepBasi CBOIO padOTy He 3akaHuMBaeT. [Iporiecc BbI30Ba 3aKaHYMBAETCS, KOT/Ia
napametp a = 0. B 3TOT MOMEHT OJHOBPEMEHHO BBHINOJHAIOTCS 4 sK3emiuiApa ¢pyHkiuu. KommuectBo
OJTHOBPEMEHHO BBITIOJIHAEMBIX (DYHKIMIA Ha3bpIBalOT IJIyOMHOW pekypcuu. YerBeprass BBI3BaHHAsS
nporenypa (Rec(0)) nameuataer umciao O W 3akoHUMT cBOIO pabory. Ilocie sToro ympasieHue
BO3Bpaiiaercs Kk pyHkuuu, koropas ee Bei3Bana (Rec(1)) u mewaraercs yucno 1. M tak panee moka He
3aBEpIIATCS BCE BBI30BBI. Pe3ynbTaToM MCXO0MHOTO BBI30Ba OyA€T meuath 4eThipex uncen: 0, 1, 2, 3.

IIpumep nmporpamMmsl ¢ peKYpCUBHOM (PyHKIIM e

Ecnu QyHkuus BbI3bIBaeT cama ceds, TO, MO CyTH, 3TO MPHUBOJAUT K MOBTOPHOMY BBITIOJHEHHUIO

CoOJIeprKalINXCs B Hel MHCTPYKIUI, YTO aHAIOTMYHO paboTe IHKIIA.



s mpumepa ceiIMUTHpyeM paboty nukna for. Jlns 3Toro morpedyeTcsl mepeMeHHasl CUETUHK
1aroB, KOTOPYIO MOKHO PEaIn30BaTh Kak mapameTp GyHKIUH.
//mMuTanUs pabOTHI IUKJIA C TOMOIIBIO PEKYPCHH
void Looplmit(int 1, int n)
{
cout<<"\n"<<" 1 n"<<"1'"<<j;
//31meck MOXKET pacronaratbCsi MEepBbIA OJOK WHCTPYKIMN
if (i<=n)
LoopImit(i+1, n);
cout<<"\n"<<" 2 n "<<" <<y
//3aech MOXKET pacroiaraTbCsi BTOPOH OJIOK MHCTPYKUUN
h
main()
{ int i=0, n;
cout<<"n=";
cin>>n;
Looplmit(i, n); }
Pesynbrar pa®oTBl  IpPOrpaMMBI:
n=5
Ini0
Inil
Ini2
Ini3
Ini4
Ini5
Ini6
2n 16
2n 15
2n i4
2n i3
2ni2
2n il
2n 10
3aganue
Ha oyenxy «Yooeremsopumenvroy
Pa3paboTtarh pexkypcuBHYIO (YHKIIHIO BBIYUCIEHUS (DaKTOpHaa.
Ha oyenky «Xopowoy
Pa3paborate pekypcuBHYI0 (GYHKIUIO, KOTOpas Uid JABYX 3aJaHHBIX HATypaJbHBIX YHCEN
onpeenseT uX HanOOIbIIHN OOIINI 1eTUTENb.
Ha oyenxy « Omauunor
PazpaboraTe pekypcuBHYIO (HYHKIIHIO, OTPEACIISIONTY 0 Yrciio @uboHay4yn ¢ HOMEpPOM n.
KoHTpoJibHbIE BOMPOCHI
1. Yto Takoe pekypcuBHas PyHKIIHS?
2. UTo MOKET 3aMEHUTh PEKypCHsi?

JladopaTopHasi padora Ne26. Pexypcus. XaHolickue 0amHm.



Leas: [Tonyuenne HaBBIKOB B pabOTe ¢ PEeKYPCUBHBIMU (DYHKIIUSAMHU.

Tembl 119 npeaBapuTeJabHOI NPopadoTkn OCHOBHBIE

KOHCTpyKuuu C++.

DyHKINH.

TeopeTnyeckuii MaTepuaJl

1. Ilonamue pexypcusHou ¢hyHkyuu

Pexypcueii Ha3pIBacTCS CUTYyalysl, KOTJa MOANPOrpaMMa BBI3bIBaeT cama ce0s. DyHKIUsS MOXKET
coJiepKaTh BbI30B APyrux ¢GyHkimid. [Ipumep pekypcuBHON (QyHKIMHU:

int Rec(int a)

{

if (a>0) Rec(a-

1); cout<<a; }

PaccmoTpuM npuHIMI paboThl peKYpPCUBHOM (PYHKIIMHM Ha MpUMepe BBI30BA CO3JaHHON (QyHKIHH
Rec(3).

@ynkius Rec BbI3piBaeTcs ¢ mapamerpoM a = 3. B Heil comepxwurtcs BbI3oB (yHKIMH Rec ¢
napametpoM a = 2. [Ipenpiaymmumii BI30B elle He 3aBEpIIUICs, MO3TOMY CO3/1aeTcs elle oaHa (pyHKuus u
10 OKOHYaHUS ee paboThl IepBasi CBOIO padOTy He 3akaHuMBaeT. [Iporiecc BbI30Ba 3aKaHYMBAETCS, KOT/1a
napametrp a = 0. B 3TOT MOMEHT OJHOBPEMEHHO BBIMONHSIOTCS 4 sKk3emIuisipa ¢yHKuuu. KommaecTBo
OJTHOBPEMEHHO BBINIOJIHIAEMBIX MPOLEAYp Ha3bIBAlOT IJyOMHOW pexypcum. YerBepras BbI3BaHHAs
¢bynkmus (Rec(0)) wameuaraer umcio 0 wu 3akoHYMT cBoro paboty. Ilocme sToro ympasieHue
BO3Bpamaercs K GyHKun, KoTopas ee Bbi3Baia (Rec(1)) m meuataercs uncno 1. U tak nmanmee moka He
3aBepIIATCS BCE BBI3OBBI. Pe3ysbTaTOM MCXOHOTO BBI30OBa OyneT medarh detbipex uucen: 0, 1, 2, 3. 2.
3aoaua o Xanoiickux 6auinsax

CymecTByeT ApeBHEWHIMIICKas JIETeHJa, COTJIaCHO KOTopoil B ropone benapece moa Kymojom
TJIABHOTO XpaMa, B TOM MeECTe, TJle HaXOIUTCS IEHTP 3eMIIM, Ha OpOH30BOH IUIOIIAAKE CTOST TPH
QJIMa3HBIX CTEPXKHs. B IeHb COTBOpEHUS MUpa Ha OJMH U3 3TUX CTepKHEH ObLIo HajmeTo 64 xonbia. bor
HOPYYMJI KpellaM IepeHEecTH KOJIbIla C OJHOTO CTepXHsS Ha JAPYrod, MCIONB3ys TPETUH B KadyecTBE
BCIIOMoOrarensHoro. XKperpl 00s3aHbI COOII01aTh YCIOBHS:

1. MIEPEHOCUTH 32 OJIUH Pa3 TOJIBKO OJHO KOJIBIIO;

2. KOJIBIIO MOKHO TIEPEHOCUTH C OJHOTO CTEPXKH (X) Ha Apyroi (y), TOIBKO €CIU OHO
UMEEeT MEHBIIHNI JUaMeTp, YeM BEpXHEE KOJIBIIO, HAXOJsIIeecss Ha CTPEKHE Y, WM CTEPKECHb y
CBOOO/IEH.

CornacHo neresjie, Kornaa, coOmroaast Bce yCIIOBUS, Kpellbl IEpeHecyT Bce 64 KoJblla, HACTYIUT
KOHEI] cBeTa. MUHUMAJIbHOE YUCIIO XOJ0B, HEOOXOIMMOE JJIsl PEelIeHUs TOJOBOJIOMKH, paBHO 2" - 1, rae n
— yucno auckoB. Eciu cumTarh, YTO Ha MEpEeHOC OAHOIO KOJjblla MOTpedyeTcs OJHa CeKyHAa, TO Ha
nepeHoc Bcex 64 koier moTpedyercst 6onee S MIPa BEKOB.

Ecnu GamrHs cOCTOUT U3 OJHOTO JUCKA, TO OHA IEPEHOCUTCS 32 OAMH X0 1->3.

bamins u3 AByX TUCKOB MepEeHOCUTCS 3a TpH xoda: 1—>2, 1—>3, 2—>3.

Jlist mepenoca OanrHu U3 TPeX AUCKOB MOTpeOyeTcs yke ceMb XoAoB: 1->3, 1->2, 3->2, 1->3, 2->1,
2->3, 1->3.

UtoObl mepeHecTn OamrHIO W3 YETHIPEX JUCKOB C TEPBOTO CTEP)KHS HA TPETHH, HEOOXOIUMO
JIEACTBOBATH M0 IUIAHY:

1) mepenecTyu GAITHIO U3 TPEX BEPXHUX JUCKOB C MIEPBOTO CTEPIKHSI Ha BTOPOil (7 X0/I0B);

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

MepeHECTH OAITHIO U3 TPEX JTUCKOB CO BTOPOTO CTEPKHS Ha TpeTuid (7 X0/10B).

Bcero na nepenoc notpedyetcs 15 xo10B.

Paccyxnas ananorngyHeIiM 00pa3oM, COCUMTAEM YHCIIO XOJ0B, HEOOXOMMMBIX ISl TIEpeHOCa OanTHN
U3 MSTH TUCKOB: 15+ 1+ 15=2+15+1=31.



PaccMoTpeHHBIN anropuT™M pemieHus 3amadu  «XaHoWckas OammHs» o0JanaeT pPeKypCUBHBIM
CBOMCTBOM: B XOJI€ €0 BBIMOJHEHHS AJIsi OAIlHMU, COCTOAIICH M3 N KOJell, UCTIONb3YeTCs alrOpUTM s
qyTh 00Jiee TIPOCTOM CHUTyalluu — TMepeHoca OamrHu, cocrosmieil u3 n - 1 koisa. B cBoro odepens, B
aIrOpUTME Jisi OalIHU U3 N - | KOJIbIIa UCTIONB3YETCS ATOT YK€ AITOPUTM JIJISl N - 2 KOJIEI U T. 1.

IIpumep nporpaMMel ¢ peKypcUBHOM pyHKIMel

//xaHo¥cKHe OalHu

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

{ if

(n>0)

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

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

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

I

main(

)

{ int stl, st2, st3, st4;

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

cin>>stl;

//BBennuTe HaYaIbHBIA CTEPKEHD St2
cout<<"\nnum beg "; cin>>st2;
//BBenuTe KOHEUHBIN CTep)KEHb St3
cout<<"\nnum end "; cin>>st3;

//BBeayTE BCIIOMOTATEIIBHBIN CTEPIKEHb St4

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

hb(stl,st2,st3,st4);

}

Pe3ynbrathl paboThl MPOrpaMMBbl

Kol rkolez 3

num beg 1 num

end 3 num

wrem 2

<pP>1->3

<P>1->2

<P>3->2

<P>1->3

<pP>2->1

<p>2->3

<P>1->3

3amanue

Ha oyenxy «Yoosenemsopumenvro»

Hanummure pexypcuBHYIO (DYHKIMIO, ONPENESIONIYI0 KOJWYECTBO E€IUHHII B JIBOUYHOM
MIPEICTABICHUH HATYPAIBHOTO YHCIIA.

Ha oyenxy «Xopowoy

Hanummre pexypcuBHy10 (QyHKIIMIO, KOTOpas MO 33JaHHBIM HATYpaJbHBIM YKCIaM M U N BBIBOJUT
BCE pa3NIMYHBIC MPEICTABICHUS YHCIIa «B BHUJE CYMMBI M HATypallbHBIX cllaraeMbix». lIpemcraBieHus,
Pa3TYAOIINECS JIUITH TIOPSAKOM CIaraeMbIX, CAUTAIOTCS OJTMHAKOBBIMH.

Ha oyenxy « Omauunoy



Hanummre pekypcuBHYIO (YHKIIHIO, KOTOpas MEepeBOpauyMBaET 3JEMEHThl MaccHBa B OOpaTHOM
HOPSIZIKE.
KoHnTpoJibHBIE BOPOCHI
1. Yro Takoe pekypcuBHas PyHKIMS?
2. Pacckaxxute CcyTh 3a7auu 0 XaHOMCKUX OalIHAX U crioco0e ee pereHHs.

JladopaTopnasi padora Ne27.
IIporpamma, peain3yioniasi OCHOBHbIE ONEPAI[UH ¢ OJHOMEPHBIM MAaCCHBOM.

Heab: [TonydyeHrne HaBBIKOB B pabOTE C MAaCCUBAMH, BHITIOJTHEHHSI HAJl HUIMH 0a30BBIX OTEpaIlHii.

Tembl 1J1s1 IpeABapUTEIbHOI MPOPA0OTKH TUIbI

aHHBIX B s13bike C/CH++.

DyHKIIUK CTaHJAPTHOTO BBOJA W BHIBO/IA.

OrniepaTop BETBJICHHUS.

OrnepaTophbl IIUKJIOB.

Teopernyecknit MmaTepuall

1. Ilonamue ooHomepHo20 Maccusa

MaccuB — 9TO CTPYKTypa OJHOTHITHBIX JJIEMEHTOB, 3aHMMAIOIIMX HEMPEPHIBHYIO 00JacTh
namMaTi. C MacCUBOM CBsI3aHbI CIEAYIOIINE €r0 CBOMCTBA: UMS, TUII, Pa3MEPHOCTb, pa3Mep.

®dopmMart onucaHus MacCUBa CJICTYIOITUH:

THII 3JIEMEHTOB HMSl [KOHCTAHTHOE BbIpaKeHue|;

KoHcTanTHOE BBIpa)keHHE OIpenessieT pa3Mep MaccuBa, T. €. YHCIO 3JIEMEHTOB 3TOT0 MACCHBA.
Hanpuwmep, cornacuo onucanuto int A[10];

00BSIBIICH MacCUB ¢ UMeHEM A, conepikaiuii 10 371IeMeHTOB 1eI0ro THHa. DIEMEHThl MacCHBa
0003HaYar0TCs MHIEKCUPOBAHHBIMU NMeHaMu. HukHee 3HaueHue nHaekca pasHo 0:

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

B C++ Henb3s omnpenenars NPOW3BOJBbHBIE HANA30HbI JJIsi WHIEKCOB. Pa3Mmep Maccusa,
yYKa3aHHBIN B ONMMCAHUH, BCETJIa HA €AMHUILY 0O0JIbIIIe MAKCUMAIHLHOTO 3HAYEHUS MHIEKCA.

Pa3smep MmaccuBa MOXET SIBHO HE YKa3bIBAaThCS, €CIM IPHU €ro OOBSBICHUU TMPOU3BOAUTCS
WHULIAATU3alMs 3HaueHui anemeHToB. Hanpumep:

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

B aTom citywyae co3gaeTcsi MacCUB U3 ISITH DJIEMEHTOB CO CIICTYIONTMMHU 3HaUYeHusIMu: p[0]=2,

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

B pesynbrare cienyromiero o0bsABICHUS MacCUBa

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

Oyzmer co3naH MacCUB u3 mecT 3neMeHToB.  [lepBbie TpU  DJIEMEHTa

MoJIy4aT MHUIIHUAJIU3UPOBAHHBIC 3HAYCHU . 3Ha4YeHHUSA OCTAJIbHBIX 6y,I[YT h19%(s10) HEOMMPECACIICHHBIMU,
h19%(s10) PaBHLBI HYJIIO, €CJIM MAaCCUB BHEITHHI MJIM CTaTHYCCKHIA.

2. OcHosHble Oeticmsus ¢ 0oOHomepHuiM maccueom Ilpumep 1. Box c
KJIABHATYPBI U BBIBOJ] HA KPaH OJJHOMEPHOI'O MAaCCHBA.

main()

{ int 1, A[5];

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

iout<<"A[”<<i<<”]=";

cin>>A[1];

}



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

cout<<A [ "<<i<<" ] ="<<A [ 1]<<"; } [Ipumep 2. BBoj BemeCTBEHHOTO

MaccUBa U BBIYUCIIEHUE CPEIHETO 3HAUCHUS.

main()

{ const n=10;

int i

double A[n], SA;

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

{

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

cin>>A[i] ;

b

SA=0;

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

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

cout<<"/cpemnnee

3HayeHne="<<SA;

H

B aT0i1 mporpamMme oOpaTuTe BHUMaHUE Ha OMPEICIICHUE pa3Mepa MacCUBa Yepe3 KOHCTAHTY.

I[Ipumep mporpamMMel ¢ OJHOMEPHBIMH MACCUBAMU

CocTaBUTh MPOrpaMMy, IMOACUUTHIBAIOIIYIO YHCIO MHUHUMAIbHBIX 3JIEMEHTOB B OJHOMEPHOM
MacCHBeE.

main()

{ const n=10;

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

int 1,min,k;

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

min=a[0]; k=1;

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

{if

(a[i]<min)

{min=a][i];

k=0; }

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

+;

}

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

}

Pe3ynbTathl paboThl MporpamMmbl

25316-211005 -2 10 min=-2

kol=2

3aganue

Ha oyenxy « Yooeremsopumenvroy

B uenouncnenHo#l mocienoBaTenIbHOCTH €CTh HyJeBbie 3JieMeHThl. Co371aTh MacCHB U3 HOMEPOB
ATUX 3JIEMEHTOB.

Ha oyenky «Xopowoy

JlaHa mocite10BaTeNbHOCTD JEHCTBUTEIBHBIX YUCET a1, a2,..., an. 3AMEHHUTH BCE €€ YJICHBI, OOJIBIIIHE
nmaHaoro Z, >tuM unciaoMm. ITomcunTars KOJIMYECTBO 3aMEH.



Ha oyenxy « Omauuno»
JlaH MaccuB AEHUCTBUTENBHBIX 4HCEI, pa3zMepHOCTh KoToporo N. Ilomcuurtarh, CKOJIBKO B HEM
OTPULIATENbHBIX, MTOJIOKUTEIBHBIX U HYJIEBBIX JIEMEHTOB
KonTpoJbHBIe BOPOCHI
1. Yto Takoe ogHOMEPHBIN MacCUB?
2. Kak onmucatb ogHOMepHbIM MaccuB B mporpamme? 3. Kak
OCYIIIECTBUTH TOCTYTI K OTJAEIHHOMY AJIEMEHTY MaccuBa?

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

Heab: [Tonydyenne mpakTHIECKUX HABBIKOB pa0OTHI ¢ OTHOMEPHBIMH MACCUBAMH U UX MPUKIATHOE
NPUMEHEHHUE B 3a/1a4ax NUCUMIUIMHBI «MaremaTnueckasi CTaTUCTUKAY.

Tembl 115 IpeaBapuTeIbHOM NPOPAOOTKH THUIIBI

IaHHbBIX B A3bIKke C/CH++.

OYHKIUU CTAaHJAPTHOTO BBOJAA U BHIBO/IA.

OnepaTop BETBICHHUS.

Oneparopbl HMKIIOB.

TeopeTnueckuii MaTepuaJl

1. Ilonsamue ooHomepHo20 Maccusa

MaccuB — 3TO CTPYKTypa OJHOTHUITHBIX JJIEMEHTOB, 3aHHMMAIOIIMX HEMPEpPhIBHYIO 00JacTh
namsTu. C MacCHBOM CBSA3aHBI CIEAYIOLINE €r0 CBOMCTBA: UMs, TUII, PAa3MEPHOCTb, pa3Mep.

dopmaT ONMCaHUs MacCCUBA CIETYIOLINN:

THI 3JieMeHTOB ums [Pa3mep];

Pa3zmep MaccuBa - 4uciio 3J€MEHTOB 3TOr0 MaccuBa. Hampumep, cOriacHO OINMCAHUIO

int A[10];

O0OBSIBIICH MacCHB C UMeHEM A, coaepxkaniuii 10 31eMEeHTOB 11eJI0T0 THIa. DJIeMEHThI MacCHBa
0003HAYarOTCS MHACKCUPOBAaHHBIMU MMeHaMU. HikHee 3HaueHne nHjaekca paBHo 0:

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

B C++ Henp3s ompenensTe NPOW3BOJIBHBIC AMANa30HBI 11 WHACKCOB. Pasmep MaccuBa,
YKa3aHHBII B OMTMCAaHUH, BCET/Ia HA €MHUILY OOJIbIIIE MAKCUMAIBHOTO 3HAYCHHSI MHJIEKCA.

2. Ponv OBM 6 cmamuueckux pacuemax

[lenrp MaTeMaTHUECKON CTATUCTHKU — ONHUCAHWE, OOBSICHEHHE U TMpelIcKa3aHue SBICHUI
JEMCTBUTENILHOCTH HAa OCHOBE YCTAaHOBJIEHHBIX 3HAKOB, YTO MO3BOJSET HAXOAUTh PELIECHUS B TUIIUYHBIX
cuTyanusx. B ocHOBe HayYHBIX 3HAHHU JICKUT HAOIIOICHHE.

MareMaTnyeckasi CTaTUCTHKA M3y4aeT METOAbl 0OpaOOTKH PE3yJIbTaTOB HAOIIOACHUN MaCCOBBIX
CIIy4aWHBIX SIBIICHUM, OOJAMAIONIUX CTATUCTUYECKOW YCTOWYMBOCTHIO, 3aKOHOMEPHOCTBHIO, C IICJIBIO
BBISIBJICHUS ATOM 3aKOHOMEPHOCTU. BBIBOABI O 3aKOHOMEPHOCTSIX, KOTOPBIM MOJYMHSAIOTCS SIBJICHUS,
M3y4yaeMble METOJJaMU MATeMaTHUYEeCKOM CTAaTHUCTHKH, BCErJa OCHOBBIBAIOTCSI HA OrPaHUYECHHOM,
BBIOOPOYHOM YHCJIC HAOIOICHU.

st pemieHus: MHOTHX TPAKTHYECKUX 3a/lad COBCEM HEoOs3aTeIbHO 3HATh BCE BO3MOXKHBIC
3HAUCHUS ciy4yaiHOMI BCIIMYHHDI, a JIOCTAaTOYHO yKa3aTh OT/CIIbHBIE YHCIIOBBIC
napaMeTPbIXapaKTEPUCTUKH, TAKHME KaK MaTEMaTUYECKHE OKUIAHUE, AUCIEPCHS, MOMEHThI Pa3IMYHBIX
MOPSIIKOB U



T.J. DTU XapaKTEPUCTUKU CIy4YalHOW BEIUYMHBI HA3bIBAIOT YMCIIOBBIMU XAPAKTEPUCTUKAMU CIy4daitHOU
BennuuHBL. [lojcuer 3HAaYeHWH HTHX XapaKTEPUCTHK BeAeTcs Mo ¢dopMmyiaM ¢ (PUKCHPOBAHHBIM
KOJIMYECTBOM HAOJIO/ICHUI, HA OCHOBE KOTOPBIX MOTYT OBITh MOCTPOCHBI BEIYUCIUTEIBHBIC aJITOPUTMBI.
OrpomHoe 3Hay€HHE B HACTOSIIEE BPEMS MMEET MCIOJIb30BAHUE BBIYMCIUTEILHON TEXHUKH, KaK
CpEACTBA AaBTOMAaTH3allMM PYYHBIX TPOMO3JKHX IMOJCYETOB XapaKTEPUCTHK CIIYyYalHOW BEJIMYHHBI.
JlocTaTouyHO CO37aTh YHHUBEPCAIBHBIN MPOTPaMMHBIA TMPOAYKT ISl MOJCYETa HEOOXOIMMBIX UYHCIOBBIX
BEJIMUMH U 3aTEM MOJB30BaThCS UM HEOOXOAMMOE KOJIMUYECTBO pa3 A 00pabOTKH Pa3NUYHBIX UCXOIHBIX
JTaHHBIX.
3. Hucnosvle xapaxmepucmuku Ciy4aiHblX eIUYUH
MarteMaTuueckoe 0XKUIaHue
n Hucnepcus
YB=Dy Th- Mo,
i=1 - Cpennee KkBaipaTUYHOE OTKJIOHEHUE
8. =vDx
ﬁk = Mx k

HadanbHblii MOMEHT K-MIOpAIKA

g
i = Z(i'fi — Mx) kP:‘

=1 3
A ZH.II-*!'E.I'FG'I
4

E=ti_
s

Hentpanbueiii MOMEHT k-ro mopsiaka

Koaddurment acummerpun

DKkcrecc

4. Ilpumenenue 0OHOMEPHLIX MACCUBOE 8 CIMATNUCTIUYECKUX PACYemax

B gucuunnune «Marematudeckass CTAaTUCTHKA» HPUMEHSIOTCS OJHOMEpPHBIE MAacCCUBBI JJIf
XpaHeHuss U 00pabOTKH IOCIeAOBAaTENFHOCTH uucel. B oOmiemM BHIE, CTPYKTYphl BXOJHBIX JaHHBIX
POrpaMMbl MOKHO IIPEJCTaBUTh clieAyromuM oopazom: #define N 4yncI0 KOMIIOHEHT B BEKTOpE

Tun_snementoB uMs[N];

Hanpumep, MoxHO 3anucaTh Tak:

#define N 10

int x[N];

float p[N];

ITocne BeIgeseHus namsaTu noa MaccuB X U P, He00X0AMMO 3aIIOJHUTH €€ UCXOJHBIMU JJAHHBIMU.
HaubGonee yHuBepcaJibHbIM alropuT™M OyAeT B ciyyae, KOIJa HUCXOAHbIE JaHHbIE BBOAMT CaM
N0JIH30BATEINb MPOrPAaMMBI ITyTeM Habopa uX ¢ KJIaBUATYyPbl. DTO 00ECIIEUUT HCIIOIB30BaHUE OJHOM U TOM
K€ NpOrpaMMbl MHOTOKPAaTHO MJIs DPA3IMUHBIX HCXOAHBIX JaHHBIX. [Ipm BBOAE MCXOIHBIX AAHHBIX
HEOOXOJIMMO BHUMATEIbHO CIIEAMTH 3a IPAaBUIBHOCTBIO HAOOpPAa M CBOEBPEMEHHOW KOPPEKTHPOBKE HX.
JlanHble HaOUparTCsS B CTPOUKY, OTIENSS YUCIa B OJHOM cTpoke mpodenoM. B koHile Habopa IaHHBIX
Haxumaercs kinaBuma [Enter]. Ha sTom 3akaHumBaeTcsi HEpBbIM IIar ajJropuTMa pelIaeMOM 3ajauu,
LIEJIBIO KOTOPOT'O SIBJISUIOCH BBOJ UCXOJHBIX JIaHHBIX B IPOIpaMMy U COXpaHEHHE UX B MACCHUBAX.



[Tocre BBOJA MCXOJMHBIX JaHHBIX B OJHOMEPHBI MacCHB, HEOXOJIUMO MX 00paboTaTh, peanusys
BBIYUCIICHHSI MaTEMAaTUYECKUX XapaKTEPHCTHUK, MyTeM MPOrPaMMHPOBAaHUsS (OPMYJIbI, MPEICTABICHHBIC
BEIIIIC.

Brrunciienue Takux BeJTMUWH, KAK MAaTEMAaTHYECKOE OKHUIAHHE, TUCTICPCHs], HavyaIbHbIC U
[EHTPaIbHBIE MOMEHTHI TPEOYIOT peaau3aliy aIrOPUTMa MOACUETa CYMMBI U3 KOHEYHOTO YHCIIa
CJIaraeMbIX. AJITOPUTM BBIYHCIICHUS CYMMBI PEATH3YETCs CICTYIOIUMH IaraMu: cymma=0;

//O6nynenne cymmsl 10 nukia for( i=0; i< N; i++)

{

[Tomyuuts ciaraemoe

CyMMa=CyMMa-+cijaraeMoe;

H

Paccmotpum uis mpuMepa HaxokKJIeHHE MAaTEeMAaTHYECKOTO OXKHUIaHUS. B kadecTBe CyMMBI 37€Ch
BBICTYMAaeT BENMYMHA mX, cjiaraemoe ompenenserca dopmynoit x[i]*p[i], rme x[i] u p[i] — 2310
KOMITOHEHTHI MAacCHBOB X W P COOTBETCTBEHHO, CTOSIIME B TIOCIEIOBATEIBHOCTH TIOJ HOMEPOM 1.
[Tepebupas B nukie for 3HaYeHUS BCEX HOMEPOB TOCIIEIOBATEIIEHOCTH, MOXKHO TEM CaMbiM 00paboTaTh
BCIO COBOKYITHOCTb YHCEJL.

mx=0;

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

[Toxoxxue neicTBUS MPOBOMAT IS BHIYMCICHUS AUCIIEPCUH U MOMEHTOB. OTIMYAIOT OHH TOJIBKO
BUJIOM ciiaraeMoro B cymme. OcTalbHbIC YHCIIOBBIC XapaKTEPUCTHKH, TAKHE KaK CPEIHE KBaJPATUIHOC
OTKJIOHEHHE, KOI(PPUIMEHT acCHMMETPHH M JKCIECC He TPeOyeT BBIYUCICHHUS CYMMBI, TO3TOMY U
BBIUUCIISIOTCS TIOCIIEIOBATEIBHO €IMHCTBEHHBIM OTIEPATOPOM IIPUCBOCHHUS.

[Ipumep nporpaMmbl ¢ NPpUMeHEHHEM OTHOMEPHBIX MACCHBOB

CocTtaButh  NporpamMmy, BBIIOJIHSIOUIYIO pacuersl CTaTUCTUYECKUX
XapaKTEPUCTHK JUISL CJIETYIOIUX UCXOAHBIX JAHHBIX
Xi |1 10 7 10 4 2 5 7 13 14

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

#define N 10 //PazamepHoCTh MaccuBOB main()

{ int x[N];

float p[N];

float mx, dx, gx, ul, u2, u3, u4, ml, m2, m3, m4, a, e;
int 1;

//BBOJI C KJIaBHATYPHI UICXOIHBIX JTaHHBIX

cout<<“BBeaure B cTpouKy<<"<<N<<’BpIOopoK”’<<end]l,
for (1= 0; i<N; i++) cin>>X[i]; cout<<“BBemute B
cTpouky<<N<<” BepostHocteri’<<endl; for ( i= 0; i<N; i+
+) cin>>p[i];

//BBIYHACIIEHNE MATEMATHIECKOT0 OXUAmanusg mx=0;
for(i=0; i< N; i++)  mx=mx+x[i]*p[i];

//BBIYHMICIIEHUE TUCTIEPCUU

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

mx)*p[i]; /Berancnenne cpeaHe KBaIpaTUIHOTO
OTKJIOHEeHMs gx=sqrt(dx);

//BBIYMCIIEHUE HAaYaJIbHBIX MOMEHTOB 1, 2, 3, 1 4-bIX MOPSIAKOB ul=mx;
//coBmazaeT co 3HaYEHHEM MaT. OKUIaHuA u2=u3=u4=0;
for(i=0; i< N; i++)

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



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

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

b

//BBIYMCIICHUE TICHTPAIBHBIX MOMEHTOB 1, 2, 3 1 4-bIX nopsikoB m1=0;
//Bcerna paseH ()

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

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

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

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

//Bbrancienue Ko3(UIHEHTa ACUMMETPUH

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

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

//BBIBOJT pe3yJIbTATOB PA0OTHI MPOTPAMMbI HA MOHUTOD

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

cout<<“Jlucnepcus ="<<dx<<endl,

cout<<“CpenHe KBaJpaTUIHOE OTKJIIOHEHNE = <<gx<<end]l;
cout<<“Hau.momeHT 1-ro nopsiaka="<< ul<<endl,
cout<<“Hau.momeHT 2-ro nopsaka="<< u2<<endl;
cout<<“Hau.momeHT 3-ro nmopsiaka="<< u3d<<endl;
cout<<“Hau.momeHT 4-ro nopsaka="<< u4<<endl,
cout<<“Ilent.MomeHT 1-ro mopsaka="<<ml<<endl;
cout<<“Ilent.MomeHT 2-ro mopsaka="<<m2<<endl;
cout<<“Ilent.MomeHT 3-ro mopsaka="<<m3<<endl;
cout<<“Ilent.MomeHT 4-ro nopsnka="<< m4<<endl;
cout<<“Koaddeunent acummerpun ="<<a<<endl; cout<<*“Axcrecc
="<<e<<endl;

}

ITosryuenne pe3ynbTaToB padoTsl nporpaMmsl [
paccMaTpuBaEMOro MpuMepa pe3yabTaThl BRITJISAAT CISIYIONINM 00pazoM:
Beenute B cTpouky 10 BEIOOpOK
1149152527
Brenure B cTpouky 10 BeposiTHOCTEM
0.222 0.034 0.166 0.025 0.075 0.014 0.061 0.002 0.023
MartemaTtuueckoe oxuaanue = 6.10400000
Hucnepcus = 11.61118400
Cpenne kBaapatuyHoe oTkioHeHue = 3.40751875
Hau. MomenT 1-ro nopsanka = 6.10400000
Hau. momenT 2-ro nopsanka = 48.87000000
Hau. MomeHnT 3-ro nopsaka = 453.92000000
Hau. MomeHT 4-ro nopsiaka = 4519.25399999
Lentp. moment 1-ro mopska = 0.00000000
[lenTp. MmomeHT 2-ro nopsiaka = 11.61118400
IlenTp. MmoMeHT 3-ro nopsiaka = 13.86818573
ITenTp. MoMeHT 4-ro nopsaaka = 196.71519835
Koadderment acummerpun = 0.35051361
Axcuecc = -1.54090053



3amanue

Pa3paboraTe mporpamMmy sl BBIYUCIICHUS OCHOBHBIX YHCJIOBBIX XapaKTEPUCTHK AJSL ATCKPETHOM
CIIy4ailHOM BETMYMHBI C TMOMOUIBI0 CTATUCTHYECKHX NaHHBIX. Hamucath mporpammy, peanusyrouryro
AJITOPUTM BBIYMCIICHUS YKA3aHHBIX BeMHMYUH. CpaBHUTH PE3YJIbTAThl, OJYYCHHBIE PYUYHBIM MOJCYETOM U
C TOMOUIBIO BBIYUCIUTENBbHON TeXHUKHU. [IpoaHanu3umpoBaTh MmojydeHHble NaHHble. Crenatbh BBIBOJ O
TOYHOCTH pacyeToB. [[ns oOpabOTKM CTATUCTHYECKUX IAHHBIX HCIOJIb30BaTh OJHOMEPHBIE MAaCCHUBBI
HEO0OXOAMMOM pa3MEPHOCTH.

Ha oyenxy « Yoosenemsopumenvro»

PaccunTtaTh: MaTeMaTHueCcKoe 0KHUIaHKE, TUCTIEPCUIO U CPEAHE KBAIPATUIHOE OTKIOHCHHE.

Ha oyenky «Xopowioy

Pacuurare HayanbHBIE MOMEHTHI 1-r0, 2-10, 3-T0 U 4-r0 NOpsAIKA.

Ha oyenxy « Omauyno»

Pacuurtath neHTpagbHble MOMEHTHI 1-T0, 2-10, 3-T0 U 4-r0 MOPAIKa, a TaK ke KodpderueHT
ACUMMETPHUH U aKcIlecc.

BapnaHTm HHAUBUAYAJTBbHBIX 3aJaHui

BapuanTt Nel.

X 1 10 7 10 4 2 5 7 13 14

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

X 1 2 6 0 9 4 0 5 7 5

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

X 3 11 4 9 1 5 2 5 2 7

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

X 0 11 10 13 6 4 6 15 8 6

P 0,004 | 0,01 |0,145 | 0,018 | 0,124 | 0,432 | 0,2 0,01 0,007 | 0,05
Bapuant 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 Neb6.

X 2 5 7 4 3 5 4 3 1 4

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

X 4 5 1 4 7 2 8 6 6 4

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

X 12 8 12 11 15 5 11 3 0 4

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

X 2 13 1 9 15 4 6 5 9 3

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




Bapuant 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 |0O,11 |0,003 | 0,07
Bapuant Nell.

X 6 2 5 13 6 12 5 10 4 11

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

X 5 2 2 13 9 10 0 13 4 6

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

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

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

X 1 9 15 1 13 6 11 11 5 6

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

X 8 4 1 3 6 9 15 3 11 13

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

KonTpoJbHBIE BOPOCHI

1. Uto Takoe ogHOMEPHBIN MacCUB?
2. Kak onucaTts oqHOMEPHBIN MaccuB B rporpamme?
3. Jng xakux BBIUMCICHMH B JUCHUIUIMHE «MaremMarudeckas CTaTUCTUKa» MOXKET

MMPUMCHSATBHCA OI[HOMGpHBIfI MaccHB?

JlaGoparopHasi padora Ne29.
IIpuMeHeHne 0THOMEPHBIX MACCUBOB JIJIsl MOJEJIMPOBAHMS ONEePALMIA ¢ MHOKECTBAMM.

Heab: [TonyueHne HaBBIKOB B pabOTe C UUCIOBBIMU OJTHOMEPHBIMH MacCHBaMH M MOJIEIHPOBaHHE
Ha WX OCHOBE OCHOBHBIX OTIEPAIMI C MHOYKECTBAMH.

Templ 1J1s IpeABapuUTEIbLHON MPOPadoTKU OHOMEPHBIN

MacCCHUB.

DyHKIUN.

Teoperudyecknit MmaTepual

1. Ilonsimue mnooxcecmsa

MHOECTBO - 3TO COBOKYITHOCTb, HA0Op DJIEMEHTOB, OOBEIUHEHHBIX OOIIMMHU CBOWCTBAMHU. DTH
00BEKTHI Ha3BIBAIOTCS PJIEMEHTAMH MHOKECTBA. DJIEMEHTHI B MHOKECTBO BXOAT TI0 OJHOMY pasy, T.e. 0e3
MOBTOPEHUM. DJIEMEHTHl MHOXECTBAa MOXXHO TMEPEUHCIATh B MPOU3BOJILHOM mopsiake. Hampumep, ecnu
MHOKECTBO — JHU HEAEIH, TO MOHEAEIBHUK 3JIEMEHT 3TO0 MHOXKECTBA.

HanMuoxecTBaMu ~ MOXKHO BBINIOJIHATH ~ OCHOBHBIE oneparuu TEOPUH

MHOkecTB.  OHM mpeacTaBieHbl B TAOIUIIE.

2. Ilpeocmasnenue muoscecmsa 6 azvike C/C++

B s3pike mporpaMMHUpOBaHUS HET MOHATHA MHOXecTBAa. OJHAKO MHOYKECTBO MOKHO 3aJ1aBaTh B
BUJIC OJIHOMEPHBIX IICJIOYMCICHHBIX MAacCCHUBOB, JJIEMEHTHI B KOTOPBIX HE TOBTOpsIOTCS. Hampumep,
MHOXECTBO 1 1581215 mHo)kecTBO 2 813 17.



[ToaTOMYy OCHOBHBIEC OTEpaIMi HaJ MHOKECTBAMHU BBIMOJHSIOTCS HAJ AJIEMEHTAaMU OJHOMEPHBIX
MaccuBOB. Harmpumep, A7 HCXOAHBIX MHOKECTB

PesynbTar nepeceyeHuss MHOXKECTB 8

Pesynbrar 00benunenus MaOX)ecTB 158 121513 17

PesynbTaT pazHoctyt MHOXKecTB 12 151215

[IpumMep mporpaMMsl ¢ MHOKECTBAMH

CocTaBuM nporpammy, AEMOHCTPUPYIOIIYIO pPabOTy CO3/1aHUs U O0BETUHEHUH MHOMKECTB.

//YHKIINS 3aMOTHEHNS MHOXKECTBA

//TlapamMeTpbl: MHOXKECTBO-MAaCCHB M €T0 pa3Mep

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

int i=0, j, x, pr;

a[i]=random(20);

i++; while(i<kol)

{ x=random(20);

pr=0; /TIouck cpeau UMEIOIINXCS YIEMEHTOB B MacCHBE

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

{pr=1; //Takoii yxe ecTb

break;

}

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

{a[1]=x; //[lo6aBisieM ero B MacCHB

it}

h

//pyHKIIMS BRIBO/IA HA DKPAH MHOKECTBA

void pr(int a[], int kol)

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

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

cout<<a[i]<<" "

cout<<endl; }

//00beTMHEHNE MHOXKECTB

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

{ int 1, j, pr;

for (1=0; i<nl; i++) //Konupyem nepBoe MHO>XKECTBO

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

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

{ pr=0

M

for(j=0; j<n3; j++) //Tlouck cpenu BTOPOro MHOYKECTBA
if(m2[i]==m3[j])

{pr=1; break;} if

(pr=0)

{ m3[n3]=m2[i];

n3++;

}

h

h

//TnaBHast pyHKITUSA
main()



{

const n=256;
int ml[n], m2[n], m3[n], m4[n],m5[n];
int nl,n2,n3,n4,n5; randomize();
cout<<"\nkol el masl "; cin>>nl;
sozd(ml,nl); //BBI30B — CO3/1aTh TIEPBOE MHOMXKECTBO
pr(ml,nl); //BBI30B — BBIBOJI IEPBOTO MHOKECTBA
cout<<"\nkol el mas2 "; cin>>n2; sozd(m2,n2); pr(m2,n2);
cout<<"\nobjed";
objed(m1,n1,m2,n2,m3,n3); /Be130B — 00bEAMHEHHUE IBYX MHOKECTB
pr(m3,n3); //BbI30B — BBIBOJ pe3ysibTaTta 00beAUHEHUS
H
PesynbraT paboThl mporpamMmsl
kol el mas1 7
¥** 7141119116 8
kol el mas2 9
¥k 5281819103 7 4
objed
*** 7141119116852181034
3ananue
Ha oyenxy « Yoosnemsopumenvro»
CocTaBuM nporpammy, A€MOHCTPUPYIOILYIO TIEpeceYeHHEe MHOKECTB.
Ha oyenky «Xopowoy
CocTaBuM mporpamMmy, JeMOHCTPUPYIOIIYIO Pa3HOCTh MHOXKECTB.
Ha oyenxy « Omauunoy
CocTaBuM nporpamMmmy, AEMOHCTPUPYIOIIYIO0 CAMMETPUIECKYIO PA3HOCTh MHOXKECTB.
KoHTpoJibHBIE BOMPOCHI
1. Tlouemy MOKHO TWIpEICTaBUTh MHOXECTBAa OJHOMEpPHBbIMM MaccuBamu? 2. Kakue
TpeOOBaHUS JOHKHBI COOJIIOIATHCS IJIS1 DJIEMEHTOB MHOKECTBA MPHU €ro CO3JaHuu?

JlabopaTopnasi pabora Ne30.
Peanu3anus ajaropurMa my3pIpbKoOBOii COPTHPOBKH.

Ieas: [TonydyeHne HaBBIKOB B pabOTe C COPTUPOBKONH MacCHBOB.

Tembl 11 peaBapuTeIbHOM MPOPAOGOTKH TUIIBI

MaHHBIX B sa3bike C/CH++.

OrnepaTophbl IIUKJIOB.

Coznanue MaccuBOB B ITPOrpaMMe.

ba3zoBsle onepanuu ¢ MaccuBaMu.

Teoperudyecknit MmaTepual

AJITOPUTM Ny3bIPbKOBOM COPTUPOBKH

ANropUTM COPTUPOBKM IIy3BIPHKOBBIM METOJOM IOJY4YWJ CBOE€ Ha3BaHHWE OT croco0a,
UCIIOJB3YEMOTO ISl YNOPSIAOYMBAHMS 3JEMEHTOB MACCHBA. 3/ECh BBINOJIHAIOTCS IOBTOPSIOIINECS
ONepalliu CpaBHEHHS U IPH HEOOXOAMMOCTH MEHSIOTCS MECTaMHM CMEXHble »ieMeHThl. Ilpu 3Tom
9JIEMEHTBI C MEHBIIMMH 3HAYEHUSAMH ITIOCTEIIEHHO MEPEMEIAIOTC K OTHOMY KOHIly MacCHBa, a DJIEMEHTBI
¢ OOJBIIMMHU 3HAYEHUSMU — K JPYyroMy. DTOT MPOLECC HAalOMHMHAET MOBEACHUE Iy3bIPbKOB BO3AyXa B



pesepByape ¢ Boj1oil. Ily3bIppKoBast COPTUPOBKA BBIMIOJIHIETCS TyTEM HECKOJIBKUX MPOXOJ0B M0 MAaCCHBY,
BO BpeMsl KOTOPBIX MPH HEOOXOJMMOCTH OCYIIECTBISIETCS IEPECTAaHOBKA 3JIEMEHTOB, OKa3aBIIUXCS ""HE Ha
cBoeM Mmecte". KonmmyecTBo Mpoxo0B, TApAHTUPYIOMIMX TOITYYEHHE OTCOPTHPOBAHHOTO MAcCHBa, PaBHO
KOJINYECTBY JIEMEHTOB B MACCHBE, YMEHBIICHHOMY Ha €AMHUILY.

XOTsl anroOpUTM MY3BIPHKOBOM COPTHPOBKH MPHUTOACH U HEOOJBIINX MAacCHBOB, JJISI MACCHBOB
OonpIIOro pasmepa OH cTaHOBUTCS Hed(dekTuBHBIM. boiiee yHHMBEpCATBHBIM CUHTAETCS AITOPUTM
Quicksort. B crangaptHyto Oubmmorexky C++ BkitoueHa QyHKIus gsort(), KoTopas peaau3yeT OJHYy U3
BEPCHI1 3TOTO aIrOpUTMA.

IIpumep nporpaMmbl, peajiM3yolleil aJITOPUTM COPTHPOBKH My3bIpbkoM B
ClIeIyolIeH mporpaMMe peain30BaHa COPTUPOBKA MACCHBA (1I€IOUUCICHHOTO THIIA), COAEPKAIIETO

CIIy4aifHble uyncia. JTa mporpaMMa 3aciyKHUBaeT BHUMATEIBLHOTO pa3bopa.
#define SZ 10

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

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

{ ot

+;

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

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

{

/lobmensieM k-1 U (k+1)- s1eMeHTHI

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

b

//oTagouHas meyaTh MacCHBa IOCJIE 0YEPETHOTO IIUKIa COPTUPOBKHU
cout<<"\n-----"<<j<<"-----"; for (k = 0; k < SZ; k++) cout<<a[k]<<"
"; cout<<"\n";

H

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

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

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

cout<<"\n\n/[;s1 3aBepiienus padotsl Haxxmute <Enter>";
Pe3ynbrathl paboThl IPOrpaMMBI:

CopTupoBKa MaccuBa METOJIOM 'my3bIpbKa'
3053 113517422184 7561

----- 1-----53303517422184 7561 11
----- 53353042218475611711
----- 5335423084 7561211711
————— 53423584 756130211711
----- 53428475613530211711
----- 538475614235302117 11
----- 84756153423530211711



----- 8-----84 75 61 53 42 353021 17 11 -----9-----
84756153423530211711
*Ax*F*MaccuB OTCOPTUPOBAH
84756153423530211711

3aganue

Ha oyenxy «Yooeremsopumenvroy

CMEHHTH TOPSIOK COPTUPOBKU — CACNIATh YIOPSAIOYCHHE MAaCCHBa MO0 BO3PACTaHUIO 3HAUCHUM
anemeHToB. [lopaboTaTh BMECTO KOMITBIOTEPA, MPOXOISl MHCTPYKIIUU TPOrpaMMbl. BBIMOTHUTH
OTJIAJIOYHYIO [1€YaTh.

Ha oyenky «Xopouwioy

WN3mMeHuThs NOpUHLMI 3aloJHEHHWS MacCuBa — CJejaTh 3alOJIHEHHE CIyYalHbIMU YHCIaMHU.
[TpoBepuTh pe3ynbTar paboThl MPOrPaMMBbI.

Ha oyenxy « Omauunor

N3menuts uncio anementoB maccusa (100, 1000, 10000, 100000). MccnenoBath, Kak U3MEHHUTCS
BpeMs pabOTHI IPOrPaMMbl OT pa3MEPHOCTH MACCHBA.

KounTtpoJibHbIe BOpPoChI

1. Yto Takoe copTupoBKa MaccuBa?

2. Paccka3athb, B UeM CyTh aITOPUTMa COPTUPOBKHU MTy3bIPHKOM.

3. YKka3aTp IpUYMHBI, KOTOPBIE BIMUAIOT HA CKOPOCTh COPTHUPOBKU MaccuBa. 4. Kakas cymiecTByeT

3aBUCHUMOCTB MEX]Ty CKOPOCTBIO COPTUPOBKHU U Pa3MEPHOCTHIO MaccuBa?

JlabopaTopnasi padora Ne31.
IIporpamma, peanusyromasi OMHAPHBIH MOKCK.

Heas: [Tonyuenne HaBBHIKOB B paboTe C MacCMBaMM, OCBOCHHE PA3JIMYHBIX aJITOPUTMOB MOUCKA
uHpopMaluu B MaccuBe. Tembl [Jis1 MpeIBaApUTEIbHON MpopadoTku Maccussl B C++.

3anoJiHEeHWEe MacCUBa, BBIBOJ Ha YKPaH.

TeopeTnueckuii MaTepuaJl

1. [lonamue u 3a0anue mMaccusos 8 npozpamme

MaccuB — 3TO CTPYKTypa OJHOTHUIIHBIX 3JIEMEHTOB, 3aHHMMAIOIIMX HEIPEPHIBHYIO 00JacTh
namatu. C MacCUBOM CBsI3aHBI CIEAYIOIINE €r0 CBOMCTBA: UMS, TUII, Pa3MEPHOCTb, pa3Mep.

dopmMart onucaHus MacCUBa CIICTYIOITU:

THII 3JICMEHTOB MMS [KOHCTAHTHOE BbIpa:KeHue|

KoHcTanTHOE BBIpa’kKeHHE OMNpENeNsseT pa3Mep MacCHuBa, T. €. YHCIO JIEMEHTOB 3TOI'0 MAacCHUBA.
Hanpumep, cornacHo onucanuto int A[10];

O0OBSIBIICH MacCHB C UMeHEM A, coaepxkaniuii 10 31eMEeHTOB 11eJI0T0 THIa. DJIeMEHThI MacCHBa
O603Ha‘-IaIOTC$I I/IHZ[GKCI/IpOBaHHI)IMI/I NMCHaAMMU. HI/I)KHGC 3HAYCHHUEC NHICKCA paBHO OZ

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

2. Ilouck 6 maccuge memooom nepebopa 21emMeHmo8

Camplii TPOCTOM TUTI TTOMCKA B MACCHUBE CBSI3aH C Mepe0opoM IO MOPSIKY BCEX DJIEMEHTOB MacCHBa
C UCKOMBIM 3HaueHue. Takoi alroputM UMeeT OYeHb IPOCTYIO pealn3alnio, OJHAKO, CYUTAECTCS OJJHUM U3
caMbIX MeJUIeHHBIX. JlJis MaccHBOB HEOONBIIONW pa3MEPHOCTH OH BIIOJIHE MPUTOACH, OHAKO, s
MacCHBOB OOJIBIION Pa3MEPHOCTH €T0 UCIIOIb30BAHHUE HE JKENaTeNIbHO.



#define HB 5

main()

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

obr; // obpazer aJis moucka

int found; // IpU3HAK COBMAJICHUS ¢ 00pa3IoOM int

1,

cout<<"\nIlouck B MaccuBe MeTo10M nepedopa\n";
cout<<"BpeauTte B OJJHOI CTPOKE %ol MEIBIX\

n",HB; cout<<"uncen n Haxxmute <Enter>\n";
cout<<"->"; for (i = 0; i < HB; i++) cin>>m[i];
cout<<"BpeauTte 00pazelr A Moucka (1eaoe ynuciuo)->";
cin>>obr; found = 0;

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

if (m[i] == obr)

found = 1; // coBnajieHne ¢ 00pa3romM

else

i++; // Iepexo/1 K CIACAYIONIEMY JJIEMEHTY

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

if ( found )

cout<<"CoBmajieHue ¢ eMeHTOM HoMep %i", i+1; else
cout<<"CoBmaaeHuii ¢ oopasiom Het";

}

IIpumep nporpamMmmsbl, peajusyoineii OMHAPHbINA MOUCK B MacCHBe
main()
{ const n=1000;
int m[n];
int i, ¢, k, zc, a, b, kol, pr;
for (i=0;i<n;i++) m[i]=i;
cout<<"\n vvod 0-999 ->";
cin>>k;
z¢=0; kol=0; a=0;  b=n-1; pr=0;
c=(at+b)/2;

cout<<"\n******] /2 diapasona= "<<c<<"\n"; while
(c>=a && c<=b && kol<=n)

{if (m[c]==k)

{ zc=c;

pr=1; break; }

if (k>m][c])

{a=c+1; c=(a+tb)/2; kol++;
cout<<c<<"";

}

if (k<m]c])

{b=c-1, c=(at+b)/2;
kol++;

cout<<c<<"";

b
}



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

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

kol="<<kol; }

Pe3ynbTathl paboThI IPOrPaMMBbI

1 mposepka vvod 0-999 -

diapasona= 499

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

2 npoBepka vvod 0-999 -

>_100 ******1/2

diapasona= 499
2491246130146200

no number kol=9

3aganue

Ha oyenky « Yoosenemsopumenvro»

CocTaBuTh HporpamMmy, pead3yIoLlyl0 aJIrOpUTM JIMHEWHOTO IOMCKA.

Ha oyenky «Xopowioy

CocTaBUTh MpOrpaMMy, peaIU3yIONIYIO aITOPUTM OWHAPHOTO MOUCKA. BBIMOTHUTH aHAN3
JUHEWHOro U OMHAPHOTO MOKCKA 10 CKOPOCTH PaboThI C 3aBUCHMOCTH OT pa3MepHOCTH MaccuBa. Ha
oyenxy « Omauuno»

CocTaBUTh MNpOrpaMMy, peaTM3YIOIIyI0 UIpy IOJIb30BaTelsl € KoMIbloTepoM. KommbroTep
dbopmupyeT ciaydaiiHoe 4ucio B auama3zoHe or 1 mo 100 m mpemiaraeT mob30BaTENO0 BBECTH YHUCIIO.
CpaBHUBaeT CBOE€ 4YMCIO M YHCIO, BBEIEHHOE IOJb30BaTeleM. Bblgaer uror cpaBHeHUs — OOIblle,
MEHbIIIE, yraJaHo, MOJCYUTHIBAET YMCIO XOA0B. Mes mporpaMMbl COCTOUT B MPOBEPKE IMOIb30BATENS
UCIOJIb30BaTh METO ] OMHAPHOT'O TIOUCKA.

KoHnTpoJbHbIE BOPOCHI

1. PacckazaTh cyTh METO/AA JIMHEWHOIO MOWUCKA.

2. Pacckazath cyTh MeTOa OMHAPHOTO MOUCKA.

OcHoBHasl JiuTepaTypa:

1. Annman, A. BBeneHue B reHepanyio MporpaMMHOTO koja / A. Anmjad. - 2-€ U31I., UCIp. -
M. : Hatmonaneubiit OTKpbITHIH YHUBepcuTeT «MHTYUT», 2016. - 189 c. : cxem. - bubauorp. B KH. ;
To e [DnexrponHslit pecypc]. - URL: http:/biblioclub.ru/index.php?page=book&id=428825

2. Coxkomnos B.I1. KogupoBanue B cuctemax 3amuThl HHGOpMaluu [ DNeKTpOHHbBIN pecypc]:

yueObnoe mocobue/ CokonoB B.II., Tapacoa H.Il.— DOnexTpoH. TekcToBble maHHBIE.— M.:
MoCKOBCKUH TEXHUYECKUH YHMBEpPCUTET CBsi3U U uH(popmatuku, 2016.— 94 c.— Pexum nocryna:
http://www.iprbookshop.ru/61485.html.— 3BC «IPRbooks»

3. AntumupoB, B. M. IlpoextupoBaHue ammaparypbl CHCTEM aBTOMAaTHYECKOI'O
ynpasinenus. B 2 4. Y. 1 : yueOnoe nocobue st CIIO / B. M. Autumupos. — 2-e uzn. — Caparos,
ExarepunOypr : IlpodobpazoBanue, Ypanbckuii dhenepanbabiii yauBepcuteT, 2019. — 92 ¢. — ISBN
978-5-4488-04014, 978-5-7996-2834-5. — TekcT : 31EKTPOHHBIH // DIEKTPOHHO-OMOIMOTEUYHAS
cuctema IPR BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/87852.html. — Pexxum mocrymna:
U1 aBTOPU3HP.

II0JIb30BaTENIEH
JlomoJIHMTeIbHAS JIMTepaTypa:



1. ®emoposa I'.1. Pa3paboTka, BHEJpEHUE U alanTallksl IPOTPAMMHOTO 00ECTICUEHHsI OTPaCIICBOM
HampasiieHHOCcTH. YueOHoe mocobue. U3n.: KYPC, Uudpa-M. Cpennee npodeccnoHanbHOe
obpazoanmue. 2016 1. 336 cTp.



	Лабораторная работа №1. Ввод текста программы. Сохранение программы
	Задание
	Контрольные вопросы
	Теоретический материал
	Задание
	Контрольные вопросы
	Теоретический материал
	Пример программы для исследования типов
	Теоретический материал
	Задание
	Контрольные вопросы
	Теоретический материал
	Задание
	Контрольные вопросы
	Теоретический материал
	Пример программы математических расчетов
	Задание
	Контрольные вопросы
	Теоретический материал
	Пример программы выделения цифр из числа
	Задание
	Контрольные вопросы
	Теоретический материал
	Задание
	Контрольные вопросы
	Теоретический материал
	Задание
	Теоретический материал
	Задание
	Контрольные вопросы
	Теоретический материал
	Задание
	Теоретический материал
	Задание
	Контрольные вопросы
	Теоретический материал
	Пример программы с вложенными ветвлениями
	Задание
	Контрольные вопросы
	Теоретический материал
	Задание
	Контрольные вопросы
	Теоретический материал
	Пример программы с арифметическим циклом
	Задание
	Контрольные вопросы
	Задание
	Контрольные вопросы
	Теоретический материал
	Задание
	Контрольные вопросы
	Теоретический материал
	Задание
	Контрольные вопросы
	Пример программы табулирования функции
	Задание
	Контрольные вопросы
	Пример программы с различными циклами
	Задание
	Контрольные вопросы
	Пример программы с вложенными циклами
	Задание
	Контрольные вопросы
	Задание
	Контрольные вопросы
	Теоретический материал
	Пример программы с функциями без параметров
	Задание
	Контрольные вопросы
	Теоретический материал
	Пример программы с функциями с параметрами
	Задание
	Контрольные вопросы
	Теоретический материал
	Пример программы с рекурсивной функцией
	Задание
	Контрольные вопросы
	Теоретический материал
	Пример программы с рекурсивной функцией
	Задание
	Контрольные вопросы
	Теоретический материал
	Пример программы с одномерными массивами
	Задание
	Контрольные вопросы
	Теоретический материал
	Задание
	Контрольные вопросы
	Теоретический материал
	Пример программы с множествами
	Задание
	Контрольные вопросы
	Теоретический материал
	Задание
	Контрольные вопросы
	Теоретический материал
	Задание

