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1aBa 8. AsiropurMmu3anya ¥ NporpaMMUpoOBaHUe
A3bIK Python

Asmopebl baazo0apsam B.M. lyposuuya u

C.C. Muxankosu4ya 3a 8HUMAMesibHoe YmeHue 3mo-
20 Mamepuana u rnosesHsle Kpumuyeckue 3ameya-
Hus.

§ 54. Aazopumm u ezo ceolicmea

YT0 Takoe airopurm?

MponcxoxaeHNe cnoBa «aaropuTM» CBA3bIBAIOT C MMeHeM Y4Yé€Horo anb-Xopesmu (nepc.
[al-Khwarazmi]), KoTopbiii onncan AEeCATUYHYIO CUCTEMY CYUCEHMA (NpMAyMaHHY B UHOMK)
N NpeafioXun npasuaa BbINOAHEHNA apUPMeTUUYECKUX AENCTBUI C AeCATUYHBIMU YNCNaMMU.

AnroputTm — 3TO TOYHOE OMNUCaHMUE nopAagKa AEI\/IICTBMI‘;I, KOTOpble AO0NXKEH BbIMO/IHATbL UCNOJTHUTENTb ONA
peweHna 3a4a4n.

34ecb UCNONAHUTENb — 3TO YCTPOMCTBO MM OAYLLEB/IEHHOE CYLLEecTBO (Y4enoBek), cnocobHoe NOHATb U
BbINO/IHATb KOMaH/bl, COCTaBAAIOLLME ANTOPUTM.

YenoseK KaK UCMONHUTE/b YacTo AelcTBYeT HedOopMasibHO, MO-CBOEMY MOHMMan KomaHabl. He-
CMOTPA Ha 3TO, emy TOXe 4acTo NPUXOAMTCA AEWCTBOBATb MO TOMY MAM MHOMY anroputmy. Hanpumep,
peuenT NPMUroToBAEHMA KaKoro-anb6o 611043 MOXKHO CUMTATb aAropuMTMOM. Ha ypoKax pyccKoro f3blKa,
BbINO/MHAA Pa3bop CAOBa WMAM NPEANOKEHUA, Bbl TOXKe AencTByeTe Mo onpeaeneHHOMY anaroputmy.
MHOro pas/IyHbIX aNirOPUTMOB B MaTemMaTUKe (noctapaiTecb BCMOMHUTb M3BeCTHble Bam). Ha npous-
BoAcTBe, pabouunii, BbiTauMBan AeTaNlb B COOTBETCTBMM C YEPTEKOM, AEMCTBYET MO aNropPUTMY, KOTOPbIN
paspaboTan TexHonor. U TakKMx NPUMEPOB MOKET BbITb MHOMKECTBO.

B MHPOpMaTMKe paccmaTpuBatoT TONbKO GOPManbHbIX UCMONHUTENEM, KOTOpble He NMOHMMAIOT
(M He MOTYT NOHATL) CMbICA KOMaHZ4, K aToMy TUMY OTHOCATCA BCE TEXHUYECKME YCTPOWCTBA, B TOM YnCie
M KOMMblOTEP.

Kaxkablt dopmanbHbii UCNONHUTENb 061a83eT COBCTBEHHON CUCTEMOI KOMAHA, B anropmMtmax
[ON19 TAKOTO UCTOIHUTENA HENb3A UCMO/Ib30BaTb KOMaHAbI, KOTOPbIX HET B €70 CUCTEME KOMaHA,

CBoyicTBa a/iropurMa

e  [IMCKPETHOCTb — a/ITOPUTM COCTOUT U3 OTAE/IbHbIX KOMaHZ (LaroB), Kaxaaa M3 KOTOPbIX BbINOJ-
HAETCA OrpaHNYeHHOe BpeMS.

e [leTepMMHMPOBAHHOCTb (ONpPeAeneHHOCTb) — NpPU KaXKAOM 3aMyCcKe airoputma ¢ O4HUMU U TEMMU
e UCXOAHbIMU AAaHHbIMM O/IKEH ObITb NONYYEH OAMH U TOT }Ke pe3y/bTar.

e [OHATHOCTb — A/ITOPUTM COLAEPKUT TONIbKO KOMaHAbI, BXOAALLME B CUCTEMY KOMaHA, UCMOIHUTENS,
A7 KOTOPOro OH NpeAHa3HaYeH.

o  KoHeyHoCmb (pe3ynbmamusHOCMb) — ANA KOPPEKTHOro Habopa AaHHbIX aroOpUTM LO/IKEH 3a-
BEpLIATbCA Yepe3s KOHEYHOE BPeMS C BMOJIHE OnpeaeneHHbIM Pe3y/ibTaToOM (pe3y/bTaTomM MOKeT
6bITb COOBLIEHNE O TOM, YTO 33J.a4a HE UMEET peLLeHunit).

e KoppekmHocmb — ANA AONYCTUMbIX MCXOAHbIX AAHHbIX aArOPUTM AO0/XKEH NPUBOAUTL K NPaBU/Ib-
HOMY pe3y/bTarty.

e  Maccogocms — anropuTM, Kak NPaBuIo, NpeaHasHavyeH Ans pelleHns MHOXKECTBA OAHOTUMHbIX 3a-
a4 C pasIMYHbIMU UCXOAHBIMWU AaHHbIMMU.

3T cBOWMCTBA He paBHOMpPaBHbl. ANCKPETHOCTb, AETEPMUHUPOBAHHOCTD W MOHATHOCTb — dyHAa-
MeHTa/IbHble CBOMCTBA afrOPMTMA, TO eCTb MMM 0613a4at0T BCE anropuTMbl 418 GOpPManbHbIX MCNONHK-
Tenen. OctanbHble CBOMCTBA MOYKHO PacCMaTpPMBaTb KaK TpeboBaHMA K «NPaBUAbHOMY» aiIrOpUTMY.

MHbIMW CNOBamM, anroputMm MOSYy4YaeT HA BXOZA HEKOTOPbIN AUCKPETHbIN BXOLHOM OOBEKT (Ha-
npumep, Habop umcen uam cnoso) n obpabaTbiBaeT BXOAHON OOBLEKT MO wWaram (gMCKpPeTHo), cTpos

NPOMEKYTOUHbIE ANCKPETHblE 06BEKTbI. ITOT NPOLLECC MOMKET 3aKOHYMTBCA UAN He 3aKOHUUTbCA. Ecan
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npouecc BbiNO/IHEHNA aNTOPUTMa 3aKaHYMNBAETCA, TO 061beKT, I'IO}'IyLIeHHbIﬁ Ha nocneaHeM LWware pa60TbI,
ABNAETCA PE3Y/IbTATOM pa60TbI anropmTma npu gaHHom exoge. Ecnm npouecc BbINONHEHMNA He 3aKaHYK-
BaeTCA, FOBOPAT, YTO a/IMOPUTM 3aLLUKAMACA. B aTOM cnyyae pesynbTaTt ero pa60TbI He onpegeneH.

Crioco0sbI 3anucH AJITOPUTMOB

ANrOPUTMbI MOKHO 3anNKUCbIBaTb PasHbIMK crnocobamu:

® Ha ecTecTBEHHOM fi3blKe, 0ObIYHO TaKOW CMocob MPUMEHSIOT, 3aMMCbiBas OCHOBHbIE UAEW anro-
pUTMa Ha Ha4ya/ibHOM 3Tane;

® Ha NCeBAOKOAE, TaK Ha3blBAETCA CMELUaHHas 3anncb, B KOTOPOW MCNONb3YETCA eCTECTBEHHbIN A3bIK
M onepaTopbl KaKoro-nnbo fA3bika NPOrpaMmMMPOBAHWA; B CPAaBHEHUU C NPeablayWwuM BapvaHTOM
TaKas 3anucb ropasgo bonee ctporas;

e B BUAe 6aOK-cxembl (rpaduyeckan 3anuce);

e B BMWAE NPOrpaMmbl Ha KaKOM-IMHBO A3bIKE NPOrPAMMMUPOBAHUS.

M3 Bcex nepeuncneHHbIX 34ecb cnocobos mbl byaem MCNob30BaTh ABa: NCEBAOKOA U 3aMuUCb
anroputma B BUAE Nporpammbl Ha A3bike Python.

9 KonmposbHble gonpocbwl

1. Yto TaKkoe anroputm?

2. Y10 TaKoe UcnonHuTens?

3. Yem oTnunyatotca popmanbHbie U HepopmabHble UCMOAHUTENN?

4. Y10 TaKoe «CuUCTEMa KOMaHA, McnosHutensa»? Mpuaymainte UCNOAHUTENA C HEKOTOPOM CMCTEeMOM
KOMaHZ.

5. Mepeuncaunte n 06bACHUTE CBOWCTBA aIrOPUTMA.

6. Kakue cywectsytoT cnocobbl 3anMcu anropuTtmoB? Kakue u3 HMX, NO BalleMy MHEHMIO, Yalle npu-
MEHAKTCA HA NpaKTMKe? MNoyemy?

§ 55. IIpocmetiwiue npozpammui

IpocTeiinue NporpamMmMbl

Mporpammsl Ha A3blke Python yaue Bcero BbINOAHAKTCA UHMeEPNPemamopom, KOTOPbIN YuTaeT
ouyepesHyt0 KOMaHAY M cpasy eé BbINOJIHAET, He NepeBoAA BCHO NPOrpPamMmmy B MALUMHHBIA KOZ KOHKpPeT-
Horo npoueccopa. MoHo paboTaTb B ABYX perKMMaX:

® yepes KOMaHAHYIO CTPOKY (B UHMEPAKMUBHOM PEXUME), KOTAA KaxKaan BBeAEHHAA KOMaHAa cpasy
BbIMOJIHAETCS;
® B MPOrpamMMHOM pexmme, Korga nporpamma cHavana 3anucbiBaetca B8 ¢ann (06blMHO UMEOLLNIA
pacwuvpeHve .py), ¥ Npu 3anycKe BbIMOJHAETCA LLe/IMKOM; Takas nporpamma Ha Python HasbiBaeT-
cs cKpunmom (OT aHrA. script = cyeHapuli).
Mbl 6yaem roBopuTb, FaBHbIM 06Pa3om, 0 NPOrPaMMHOM PeXUME.

MycTaa nporpamma — 3TO NPOrpamma, KoTopas HUYEro He Aenaet, HO yaoBneTsopseT Tpebosa-
HUAM BbIOpPaHHOro A3blKa NporpammuposaHua. MNycrtaa nporpamma Ha Python (B oTanume oT mHormx
APYrvX A3bIKOB NPOrPaMMUPOBAHNA) — AEACTBUTENIbHO NYCTasA, OHa He COAEPKMUT HU OA4HOro onepamo-
pa (KomaHgbl). MoXKHO 0,06aBUTbL B NPOrpammy KommeHmapuli — nosAcHeHWe, KoTopoe He obpabaTbiBa-
€TCA TPAHCNATOPOM:

# 3To0 mycTass nmporpamMa
Kak Bbl y»Ke yBUAEN, KOMMEHTAPUI HauMHaeTcs 3Hakom #. Ecin B nporpamme MCnonib3yloTca pycckue
6YKBbl, B CAMOM Hayasie 06bI4HO 3aMMCbIBAOT CNELMAIbHBIN KOMMEHTAPWUI, ONpeaenstowmii KoanpPo.-
Ky:

# -*- coding: utf-8 -*-
B AaHHOM c/iy4yae yKasaHa koamposka UTF-8. B Python 3 oHa ycTaHOBAEHA MO YMO/YaHUIO, MO3TOMY 3TY
CTPOYKY MOKHO He nucatb.

Hanuwem nporpammy, KOTOpasa BbIBOAUT HA 3KPaH TaKMe CTPOKMU:
2+2=7?
OrBer: 4
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BOT KaK OHa BbIrAAUT:

print ( "2+2=?" )

print ( "OrBer: 4" )
KomaHga' print BbIBOAMT Ha 3KpaH CMMBO/IbI, 3aK/tOYEHHbIE B anocTpodbl UM B KaBbl4KW. Mocne Bbl-
NMONHEHMA TON KOMaHAbl NPOMCXOAMUT aBTOMATUYECKNIA Nepexos Ha HOBYHO CTPOUYKY.

IlepeMeHHbIE

Hanuwem nporpammy, KOTOpas BbINONHAET COMKEHUE ABYX YMCEN:
1) 3anpawwuBaeTy No/ab30BaTeNA ABa Lie/blX YNCAa;
2) cknagbiBaeT ux;
3) BbIBOAUT Pe3ybTaT CNOMKEHUA.
Mporpammy Ha nceBaoKoae (CMecK pyccKoro Asbika U Python) mokHO 3anucath Tak:
BBeCTM QOBa 4YMcClia
CJIOXNUTE UX
BRIBECTHU pesynb'ra'r
KomnbloTep He MOMKeT BbINOJHUTbL NCEBAOKOA, NOTOMY YTO KOMaHJ, «BBECTM ABa YMcna» u e noaob-
HbIX HET B ero cucreme KomaHa,. Mo3ToMy Ham HY}KHO «paclndpoBaTbh» BCE TaKMe KOMaHZbl, Bbipasns
NX Yepes onepaTopbl A3blKa NPOrPaMmMMpPOBaHUS.
B oTanumne oT npeabiayliel 3a4ayum, AaHHble HYKHO XpaHWUTb B NamaATU. Oaa 3TOro UCnonb3yoT
nepemeHHsle.

MepemeHHaA — 3TO Be/MYMHA, KOTOPAA MMEET UMA, TUM U 3HaYeHne. 3HaYeHUe NepeMeHHON MOXKET
M3MEHSATbCA BO BPEMS BbIMOJIHEHUA MPOrPammbl.

MepemeHHasn (Kak M ntobas sueiika NamaTh) MOXKET XPaHUTb TOIbKO OAHO 3HayeHue. Mpu 3anmcK B Heé
HOBOTIO 3HAYEHMA KCTAPOE» CTUPAETCA U €r0 YXKe HUKAK He BOCCTAHOBUTD.

B s3bike Python (B oTnune OT MHOMMX APYrMX A3bIKOB) NEPEMEHHbIE HE HYXKHO NpeaBapuUTeNbHO
06bsBAATL. OHM CO34al0TCA B NAaMATM NPU NePBOM UCMOJIb30BaHMM, TOYHEE, NMPU NEPBOM NPUCBaUBaAHUM
UM 3HayeHus. Hanpumep, Npu BbINOJAHEHWUW ONepaTopa NPUCBanBaHUS

a=4
B NaMATW CO34aeTCA HOBaA nepemeHHan (06beKT TMNA «Le/ioe YNCI0») U OHA CBA3bIBAETCA C UMEHEM a.
Mo 3ToMy MMeHW Tenepb MOXKHO byaeT 0b6paLLaTbCa K NEPEMEHHONM: CYMTLIBATL U U3MEHATL €€ 3Haye-
Hue.

B MMeHax nepemMeHHbIX MOXXHO UCMO/Ib30BaTb ATUHCKME BYKBbI> (CTPOUHbIE U 3arnaBHble GyKBbI
pasnnyatoTca), umdpbl (HO UMS HE MOXKET HAaUMHATBLCA C UMPPbI, MHaYe TpaHCAATopy ByAeT CNOXKHO pas-
JIMYNTD, TAEe HAYMHAETCA UMSA, @ TAEe —YMUCI0) U 3HAK NOAYEPKMBAHUA «_»,

*enaTesbHO AaBaTb NepPeMeHHbIM «roBOPALLME» UMeHa, YTOBbl MOXKHO 6bl1I0 Cpa3y NOHATb, Ka-
KYHO POJib BbINOJIHAET Ta UM UHAsA NepeMeHHas.

Tun nepemeHHom B Python onpeaensetca aBTomatuyecku. Mporpamma

a=4
print ( type(a) )
BblAAET Ha aKpaH TUN (aHra. type) nepemeHHoOM a:

<class 'int'>
B gaHHOM c/lyYae nepemeHHas a LLesIoro TUMa, Ha 3TO YKasblBaeT C/I0BO int (coKpalieHue OT aHrAa. in-
teger — uenbii). FOBOPAT, YTO NepemeHHas a OTHOCUTCA K Kaaccy int.

Tun nepemeHHOW HyXXeH s Toro, YTobbl

e onpeaenvTb 061acTb 4ONYCTUMbIX 3HAYEHUIN NEePEMEHHO;

e onpeaennTb AONYCTUMbIEe OnepaLmm C NepeMeHHO;

e onpeaennTb, KAKOM 06bEM NamMATU HYXKHO BblAe/INTb NepeMeHHON U B Kakom dopmaTe byayT xpa-
HUTbCA [JaHHble (BCMOMHWTE, 4YTO LUeNble W BEeLWECTBEHHbIe YMC/AA XPAHATCA MO-pasHOMY,
CM. rnasy 4).

1 -
Ctporo roBops, print — 310 dyHKUMA A3bIKa Python. B yyebHUKe paccmaTpuBaeTcs Bepcus asbika Python 3, Ko-
TOpan HECKOJIbKO OT/IMYAETCA OT NpeablayLWwmnX BEPCUi.

2
MOKHO MCNOABL30BaTb U PyCcCKMe BYKBbI, HO /lyyllie TaK He AenaTb.
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B a3bike Python ncnonb3yetca duHamuyeckas munu3ayus, 3To 3HA4YUT, YTO TUN NEepPeMeHHOM on-
penenneTcs No 3HayeHuIo, KOTOPOE el NpucBamBaeTca (a He Npu 06bABNEHUN NEPEMEHHOM, KaK C A3bl-
Kax Mackanb u C). TakMm 06pa3om, B pasHbIX YacTAX NPOrpamMmbl 0A4Ha W Ta XKe NepeMeHHas MOXKeT Xpa-
HWUTb 3HAYeHMA PasHbIX TUNOB>.

BCNOMHMM, UTO HaM HYXKHO PeLnTb TPM NOA334a4M:

® BBECTM [1Ba YMNC/a C KNaBMaTypbl U 3anncaTb UX B NepemMeHHble (Ha30BEM 1X a U b);
® CNOXWUTb 3TM ABa YNCNA U 3aNnCaTb Pe3y/IbTaT B TPETbIO NEPEMEHHYIO C;
® BbIBECTM 3HAYEHME NEPEMEHHOMN C Ha IKpPaH.

[na BBOAA MCNonb3yeTca KomaHaa' input, pe3ynbTaT paboTbl KOTOPO MOXKHO 3anucaTb B ne-

peMeHHY0, Hanpumep, TakK:

a=input()
MpW BbINONHEHMM 3TOM CTPOKM cUCTemMa OyaeT OXKmaaTb BBOAA C KAaBMATypbl M, KOr4a Nonb3oBaTesb
BBEAET YMCNO M HAXMET KnaBuwy Enter, 3anuLeT 3TO 3HAYeHWe B NepemeHHyto a. MNpu Bbi3oBe PyHK-
uMm input B ckobKax MOXKHO 3anMcaTb cO0bLEeHNe-NOACKa3KY:

a=input ( "BBegure nemoe umcio: " )
CnoXuTb ABa 3HAYE€HMA N 3aNnCcaTb Pe3y/bTaT B NEPEMEHHYIO C O4E€Hb NPOCTO:
c=a+b

CMmBOAI «=» — 3TO onepaTop NPUCBAMBAHUA, C €0 NMOMOLLbIO U3MEHAIOT 3HaYeHMe nepemeHHon. OH
BbIMOJIHAETCA C/eayowmm 06pa3oM: BbIMMCAAETCA BblparkKeHWe cnpasBa OT CMMBOJIA «=», a 3aTem pe-
3y/IbTaT 3aNUCbIBAETCA B NEPEMEHHYI0, 3aNUCaHHYI0 cieBa. [1oaTomy, Hanpumep, onepaTop
i=i+1
yBe/IMYMBAET 3HAYEHNE NepeMeHHOM 1 Ha 1.
BbiBECTU 3HAUYEHME NepeMEHHO C Ha 3KPaH C MOMOLLBIO yXKe 3HaKOMON PyHKUMKM print:
print ( c )
Kasanocb bbl, Tenepb fierko cobpatb BClO Nporpammy:
a=input()
b=input()
c=a+b
print ( c )
04HaKo, nocse Toro, Kak Mbl 3anycTum eé un BBeAEM KaKue-TO umcna, gonyctum 21 u 33, mbl yBuamum
CTPaHHbIN oTBeT 2133. BcnoMHUTE, YTO NPU HaXKATUM KAABULLM Ha KaBMaType B KOMMbIOTEP NOCTynaeT
eé Kopg, TO ecTb Kog COOTBETCTBYIOLEro CMMBOA. M BxogHble OaHHble BOCMPUHUMAtOTCA GyHKUMen
input MMeHHO Kak NoTOoK cMmBO/IOB. [lo3TOMy B TOW Mporpamme, KOTopas NpuBeAeHa Bbllle, nepe-
MEHHbIe a U b — 3TO LUEenoYkn CUMBOJIOB, NPU CNOKEHUU ITUX LENoYeK (C NOMOLLLI onepaTopa «+»)
nporpamma npocTo o6begUHAET UX — NMPUNUCLIBAET BTOPYIO LLEMOYKY B KOHEL, NepBoii.
Y106bI MCNPaBUTb 3Ty OWMOKY, HY*KHO NpPeobpas3oBaTb CMMBOJILHYIO CTPOKY, KOTOpasA nosyvyeHa
npu BBOAE, B LI/10e YNCAO0. ITO AeNaeTcsa C MOMOLILbIo GYyHKUUKM int (OT aHrA. integer — uenblid):
a=int ( input() )
b=int ( input() )
Bo3amorkeH elie ogMH BapuaHT: oba Yncaa BBOAATCA HE B PasHbIX CTPOKaX, a B O4HOM CTPOKe ye-
pe3 npoben. B aTom c/iyyae BBOZ, BbINOHAETCA CNOXKHEE:
a,b=map ( int, input() .split() )
B 3TOl CTpOKe cobpaHO Ccpasy HECKONbKO AOCTATOYHO C/I0XKHbIX ONepaLui:
input () BO3BpaLLaeT CTPOKY, KOTOpPasA BBeAEeHa C KNaBnaTypbl;
input () .split () — 3Ta cTpoKa pa3pesaeTca Ha YacTu no npobenam; B pesynbrate NoayvaeT-
cs Habop 3HaueHul (cnucok);
map () NpMMeHAET KaKyl-TO ONepaLmio KO BCEM 3/1eMEHTaM CNUCKa; B Halem cay4dae 310 GyHK-
umAa int (), KoTopasa npeBpaLlaeT CTPOKY B LLes10€e YMCAO.
B pesynbTtate nocne paboTbl PyHKUUM map Mbl MOJy4aem HOBbIA CMUCOK, COCTOALLUIN YXKe U3 yucen.
MepBoe BBEAEHHOE YMCNO (NEpPBbI 3NEMEHT CMMCKa) 3anucbiBaeTca B MEPeMeHHYI0 a, a BTopoe — B ne-
pemeHHyto b.

3 o
MoaymaiTe, Kakne npeMmyLLLecTBa U HeJ0CTaTKM nmeeT 3TOT nogxod. ObcyamTe B Knacce.
* Tounee — byHKUMA, Kak M print.
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WNTaK, nocne Toro, Kak Mbl npeobpasoBanu BBeAEHHbIE 3HAYeHUA B GOpMaT LEenbIX YUCcen, npo-
roamma paboTaeT nNpaBU/bHO — CKNaAblBAET ABa YMCNa, BBEAEHHbIE C KnaBuaTypbl. O4HAKo y HEE ecTb
ABa HeJoCTaTKa:

1) nepes BBOAOM OaHHbIX NONAb30BaTE/b HE 3HAET, YTO OT Hero TpebyeTcA (CKONbKO UYMCEN HYXKHO
BBOAMTb W KaKnXx);

2) pesynbTaT BblgAETCA B BUAE YNC/IA, KOTOPOE O3HAYaeT HEU3BECTHO YTO.

XoTenocb 6bl, YTOObLI ANANOr NPOrPamMmMbI C NOJIb30BATENEM BbIrNALEN TAK:

BeennTe nBa LEJHX YMCIA:

2

3

2+3=5
MoAacKasKy AnA BBOAA Bbl MOMKeTe caenaTb camocToATenbHOo. Mpu BbiBoAe pe3yabTaTa CUTyauuma He-
CKO/IbKO YC/IOXKHAETCA, MOTOMY UTO HY>KHO BbIBECTU 3HAYEHUA TPEX NEPEMEHHbIX U ABa CUMBOAA: «+» U
«=». 1N 3TOro CTPOUTCA CNUCOK BbIBOAA, 3/1IEMEHTbI B KOTOPOM pa3fiefieHbl 3anaTbiMU:

print ( a, "+", b, "=", c )
MbI NOYTU MONYUYNIN HYXKHbIN Pe3ynbTaT, HO NOYEMY-TO 3HAKM «+» U «=» OTAENeHbl AMWHUMKN npobe-
JlaMM, KOTOPbIA Mbl «HE 3aKa3blBan»:

2 +3 =5
[elicTButenbHo, GyHKLUMA print BCTaBASET MeXAY BbIBOAUMbIMM 3HAYEHUSMM TaK Ha3blBaeMbli pas-
denumens (MK cenapaTtop, aHrA. separator). Mo ymon4aHuo pa3genntens — 3To Npoben, HO Mbl MOXKeM
€ro U3MeHUTb, YKa3aB HOBbIN pa3gennMTesib Nocae C/I0Ba sep:

print ( a, "+", b, "=", c, sep="" )
34ecb Mbl YCTAHOBMIM NYCTOW pasgenutenb (NycTyro cTPoKy). Tenepb Bce paboTaeT Kak HaZo, ANLIHUX
npobenios HeT.

B npuHumMne, MoXKHO Bblno 6bl 060MTUCL M B3 NepeMeHHON ¢, MOTOMY YTO 3/IeMEHTOM CMMCKa
BbIBOAA MOXKET bbITb apudMeTUUecKoe BbipaxKeHne, KOTopoe Cpasy BbIYMCAAETCA U Ha 3KPaH BbIBOAMUTCA
pesynbTart:

print ( a, "+", b, "=", at+b, sep="" )

B Python moxHO Mcnonb3oBaTb hopmamHeili 861800: yKa3aTb 06LLEE KOIMYECTBO 3HAKOMECT, OT-

BOAMMOE Ha uyncno. Hanpumep, nporpamma

a=123

print ( "{:5d}".format(a) )
BblBELET 3HaYEHUNE LLeNoM NepeMeHHOM a, 3aHAB POBHO 5 3HAaKOMeECT:

00123
MOCKONbKY Camo YMC0 3aHMMAET TO/IbKO 3 3HaKOMecTa, nepes, HMUM BblBOAATCA ABa npobena, KoTopble
0603HaueHbl Kak « o ». durypHble ckobku B cTpoke nepes ciosom format nokasbiBaloT mecTto, rae by-
OeT BblBEIEHO 3HaYeHue, 3anMcaHHoe B CKobKax nocne 3Toro cnosa (3To aprymeHT ¢pyHKummn format —
OaHHble, KoTopble el nepegatoTca). 3anucb «:5d» 03HaYaeT, YTO HY)KHO BbIBECTU LLe/I0e YMCN0 B gecs-
TUYHOW cucTeme cuncnenua (aHrn. decimal — pecATUYHbLINA) B NATU NO3ULUAX.
MO}KHO BbIBOAMTb CPa3y HECKO/IbKO 3HAYEHUI, Hanpumep, TaK

a=5

print ( "{:5d}{:5d}{:5d}".format (a, a*a, a*a*a) )
3HauyeHusn, KoTopble A0/KHa BbiBeCTU ¢yHKUMA £ormat, nepeyncneHbl B CKobKax yepes 3anatyto. Pe-

3ynbTaT by4eT Takou:
0000B0002500125

9 KOHmpOﬂbele 80NpocCsul

1. OnuwuTe NnpasBuaa NOCTPOEHMA MMEH NepeMeHHbIX B A3blke Python.

Kak 3anucbiBatoTcs KommeHTapuu Ha Python? Moaymalite, KaK KOMMEHTUPOBAHNE MOMKHO UC-
Nnonb30BaTb NPU NOUCKe OWKNOOK B afiroputme?

PacckaxkuTe o paboTe onepatopa BbiBoga Python.

YTto TaKoe nepemeHHan? Kak TpaHCcAaTop onpeaensaeT TUMN NnepemeHHomn?

3a4eMm HyXXeH TN nepemeHHon?

Kak M3ameHUTb 3Ha4YeHne nepemeHHomn?

g

oukWw
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7. Y7o Takoe onepaTtop NpucBaMBaHua?

8. [lloyemy KenaTeNbHO BbIBOAMTb HA 3KPaH NOACKA3Ky Nepes BBOAOM AaHHbIX?

9. TloaymaliTe, KOr4a MOXHO BbIUMCAATL Pe3ynbTaT NPAMO B ONepaTope BbiBOAA, @ KOTAa HYMKHO
3aBOAMWTb OTZE/IbHYIO NMEepeMeHHY!H0.

10. Y70 Takoe popmaTHbIN BbIBOA? KaK Bbl AyMaeTe, r4e OH MOXKET 6biTb Nosie3eH?

3adayu u 3ad0aHua

1. Wcnonb3ys onepaTtop BbIBOAA, NOCTPOMTE HA 3KpaHe Cneayowmne PUCYHKM U3 CUMBOJIOB:

M M M M M M M
MMM MM M M MM MM MM
MMMMM MMMMMM MMMMM MMM MMMMM
M M MM MMM MMMMM MM MM
MMM M MMMMM MMMMMMM M M
2. BbibepuTte npaBusbHble MeHa NepemeHHbIX B Python:
1 Vasya Ccy-27 @mail ru
mll Petyal23 cy_27 lenta.ru
lm Murun 6pat _27 "Pes barbos"
m 1l Quo vadis Cy (27) <Jlapes>

3. Y10 BYymeT BbiBEAEHO B pe3ynbTaTe paboTbl dpparmeHTa NporpaMmmeil:
a) a=5; b=3

print ( a, "=Z2(", b, ")", sep="" )
6) a=5; b=3
print ( "Z(a)=", "(b)", sep="" )
6) a=5; b=3
print ( "z2(", a, ")=(", at+b, ")", sep="" )
4. 3anuwwuTe onepaTop A/ BbIBOAA 3HAYEHWIA LieNbIX NepemMeHHbIX a=5 1 b=3 B popmare:
a) 3+5=2

6) Z(5)=F(3)
B) a=5; b=3;
r) Oreer: (5;3)

$ 56. BuiuucaeHus

B Kypce NporpaMmmnpoBaHNA MOXKHO Bbl4ENUTb ABE BayKHeNLWMNe CoCTaBAAoWME — aNTOPUTMbI U CNOCO-
6bl OpraHM3aLMM AaHHbLIX . B 3Tom naparpade Mbl NO3HAKOMMUMCA C NPOCTENILMMM TUNAMM AaHHbIX. B
cleayloWwmnx pasaenax paccMaTpuBatOTC OCHOBHbIE aNTOPUTMUYECKME KOHCTPYKLMU: BETBAEHUS, LUK-
Nibl, NOANPOrpaMmsbl. B KoHLEe rnaBbl NOAPOOHO M3y4atoTCA C/IOXKHbIE (COCTaBHbIE) TUMbI AAHHbIX: CMK-
CKW, CUMBOJIbHbIE CTPOKM, a TaKKe paboTa ¢ pannamu.

Tunbl JaHHBIX

Mepeyncamm oCHOBHbIE TUMNbI AaHHbIX B A3blke Python:
e int —uenble 3HaYeHUS;
e float - BewecTBeHHble 3Ha4YeHMA (MOryT 6bITb C APOBHOM YacTblo);
e bool — ornyeckune 3HadyeHus, True (UCTUHA, «da») unn False (NoXb, <HET»);
e str — CMMBO/ UM CUMBOJIbHASA CTPOKA, TO eCTb LeNoYKa CMMBOJIOB.
Kpome HuX ecTb eLwé n apyrue, C HUMM Mbl MO3HAKOMUMCS MO3MKeE.
Tun nepemeHHOW onpeaensaeTcs B TOT MOMEHT, Korga eé npuMcBaMBaeTca HOBOE 3HayeHue. Mbl
Y}Ke BUAENU, YTO ANA onpeaesieHma TUna NepemeHHON MOXHO MCMOb30BaTh CTaHAAPTHYIO GYHKLUMIO
type. Hanpumep, nporpamma

a=5
print ( type(a) )
a=4.5

5 o
3HameHUTaA KHUra WBenuapckoro cneumanucta Huknayca Bupta, paspaboTumka asbikos Mackanb, Moayna-2 u
06epoH, TaKk 1 Ha3biBanacb « ANTOPUTMBbI + CTPYKTYPbI A@HHbIX = NPOrPaMmbl».
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print ( type(a) )

a=True

print ( type(a) )

a="Bacsa"

print ( type(a) )
BbIAACT Ha 3KPaH TaKoW pe3ynbTart:

<class 'int'>

<class 'float'>

<class 'bool'>

<class 'str'>
CHavana B NnepemMeHHOI a XpaHUTCA Leoe 3HavyeHue 5, n eé Tun — uenbiii (int). 3aTem mbl 3anucbiBa-
eM B Heé BellecTBeHHoe 3HayeHue 4,5, nepemeHHas byaeT BelecTBeHHoro Tuna (£loat, oT aHra.
floating point — c nnaBatowen Toukon). TpeTbe NpUcBanBaHUe — orMyeckoe 3HadyeHne (bool, oT aHrA.
boolean — 6yneBckana BennunHa, B YecTb K. byna). MNocnegHee 3HayeHMe — CUMBOJ/IbHAA CTPOKa (str,
OT aHrA. String — CTPOKa), KOTopas 3anNMUCbIBAETCA B anocTpodax UM B KaBblYKax.

Llenble nepemeHHble B Python moryT 6biTb CKOMb YrogHo 601blWMMK (MM, HAOBOPOT, ManeHbKK-
MW, eCnn pedb naeT 06 oTpuLaTeNbHbIX YNCIAX): TPAHCNATOP aBTOMATUYECKM BblaensieT 061acTb NamaTy
TAaKoro pasmepa, KOTOpbI HEOBXOAMM AN COXPaHEeHMA pesynbTaTa BbluMcneHui. Moatomy B Python
Nerko (B oTnMuyme OT ApYyrux A3bIKOB MPOrpaMMMPOBAHMUS) TOYHO BbIMONHATL BblYMCAEHUS C BONbLIMM
KONMYECTBOM 3HauaLwmx umodp.

BelecTBeHHble NepemeHHble, Kak NpaBu/io, 3aHMmatoT 8 6aliTos, YTo obecneymBaeT TOYHOCTb 15
3HaYaLWMX AecATUYHbIX undp. Kak mbl obcyKgann B rnase 4, 60NbLIMHCTBO BELECTBEHHbIX YMCEN Xpa-
HUTCA B NAMATM HETOYHO, U B pe3y/abTaTe onepaumii C HUMWU HaKan/MBAeTCA BblYMCAUTE/IbHAA OLWMBKa.
MoaTomy a5 paboTbl C LEeN0YUCAEHHbIMU SAHHbIMU HE CTOMT UCMO/b30BaTb BELLECTBEHHbIE NepeMeH-
Hble.

JNlornyeckue nepemeHHble OTHOCATCA K TUNY bool U NpUHMMAaOT 3HayeHuss True (MCTUHA) Uau
False (noxb).

3HAaKOMCTBO C CMMBOJ/IbHbIMM CTPOKAMM Mbl OTN0XMM [0 § 66.

Kak Bbl yBMAENM, OAHA U Ta e NepeMeHHaa B Pa3/IMYHbIX YACTAX NPOrPaMMbl MOXKET XPaHUTb
3HAYeHUA Pas3/IMYHbIX TUNOB. [lesio B Tom, 4To B Python uma nepemeHHO CBA3bIBAETCA C HEKOTOPbIM
06bEKTOM, 3TOT OOBEKT MMEET onpeaenEHHbIN TUN U COAEPHKMUT AaHHbIe. [pyK BbINOJHEHMM onepaTopa

a=5
B NaMATU CO34aETCA 0ObEKT — AYEMKa ANA XPaHEHUA LLeIoro YMcna, KOTopasa CBA3bIBAETCA C MUMEHEM a
(puc. a). 3aTem KomaHza

a=4.5
CO34a€ET B NamATU APYron ob6beKT (ANA XpaHeHUs BeLLeCTBEHHOro YMcaia) U nepecTaBAaeT CCbINKY AN
nmeHn a (puc. 6). O6BEKT, Ha KOTOPbIN HE CCbIAaeTCA HU 0AHO UMA, YAANAETCA M3 NaMATU «COOPLLMKOM

Mycopa».
a) 6) B) r)
[z e[ 5] el .
| 4.5 | | 4.5 |
b | «] b [ «]
Ecnu BbINONHUTL onepaTtop
b=a
TO ABa MUMeHM ByayT CBA3aHblI C OAHUM U Tem XKe 06beKkTom (puc. B). MoXKHO 6b1710 Bbl NOgYMaTb, YTO
N3MEHEeHMEe O4HON M3 NepemMeHHbIX NPUBELET K TAaKOMY e U3MeHeHuto gpyron. OaHaKo 019 Yucesn 3To
He TaK. [leno B Tom, YTo Npu NpUCBaNBaAHUM
a=10
B MamATK ByaeT co3gaH HOBbIN 06BbEKT — uenoe yncno 10, KOTopblit CBA3bIBAETCA C MMEHeEM a (puc. r).

3To OTAMYAETCA OT APYrMX A3bIKOB MPOrPaMMMUPOBAHUSA, TAe B TAKUX C/IyYaax MPOCTO U3MEHAETCA 3HaYe-
HMe TOM e caMon SYENKU NaMATU.
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ApudmMeTHyecKue BhIpaOXKEeHUA U ONlepaluu

ApudmeTmyeckne BblpaxKeHUs B N0OOM f3blKe NPOrpPamMMMPOBaHMA 3aMUCbIBAOTCA B CTPOYKY,
6e3 MHOroaTaxKHbIx Apobei. OHM MOTryT coaep:KaTb YMCNA, UMEHA NepeMeHHbIX, 3HaKKM apudmeTnye-
CKMX onepaumin, Kpyrible CKOBKU (a9 nsmeHeHUs nopsaaKa AeNCTBUIM) U Bbi3oBbl GyHKUMA. Hanpumep,

a=(c+5-1) /2*d

Ecnu 3anmcb ANIMIHHOTO BbIPAXKEHMA HE MOMECTMAACh B OAHOM CTPOKE Ha 3KpaHe, eé MOXKHO nepe-
HEeCTW Ha CeAyloLLyo C MOMOLLLbIO 3HaKa « \» (OH Ha3blBaeTcA «06pPaTHbIN CNILWL»):

a=(c+5-1)\

/ 2*d
Mpu nepeHoce BHYTPW CKOBOK 3HaK « \» BCTaBNATb He 0653aTeNbHO:
a=(c+5
-1) /2*d

3TV npaBuia NepeHoca CNpaBeaMBbI U A1a APYTUX ONepPaTopoB A3biKka Python.
Mpw onpeaeneHnn nopaaka AeUCTBUN MCNOb3YeTCA npuopumem (CTapLUMHCTBO) onepaunini. OHK
BbINOJIHAIOTCA B CieAylowem nopsagKe:
® /eNcTBMA B CKODOKaXx;
e BO3BeAeHMe B cTeneHb (**), cnpasa Haneso;
® yMHOXeHue (*) u aenexue (/), cnesa Hanpaso;
® CNOXKeHWe 1 Bbl4MTaHUe, CieBa Hanpaso.
Takum 06pa3om, yMHOXKEHUE U AeNeHNE MMEIOT OAMHAKOBbIN NpuopuTeT, Hosee BbICOKUI, YeM CoXKe-
HWe 1 BblunTaHue. MNoaTomy B NpUBEAEHHOM MPUMEpPEe 3HaYeHME BbiPaXKeHUA, 3aKN0YEHHOTO B CKODOKM,
CHayana pasfenuTca Ha 2, a NOTOM — YMHOXMUTCA Ha d.
B Python (kak u B A3blke C1) paspelleHO MHOXKeCTBeHHOe NpucBamBaHme. 3anmnch

a=b=0
paBHOCW/IbHA Mape onepaTopoB

b=0

a=Db
Tak e, Kak n B C1, 4acTo MCMNO/Ib3YIOT COKPALLEHHYIO 3aMnCb apudMeEeTUYECKMX onepaumii:
COKpauw,eHHas 3anucb ros1HaA 3anuch
a+=Db a=a+b
a-=b a=a-b
a*=Db a=a*b
a/=b a=a/b

Ecnun B BblparkeHMe BXOAAT NepeMeHHble PasHbIX TUNOB, B HEKOTOPbIX C/ly4Yaax NPONCXOANUT aBTo-
MaTuyeckoe npusedeHme Tmna K 6onee «wWMpokomy». Hanpumep, pesynbTaT YMHOMKEHUA LLeNoro Ymcaa
Ha BeLLecTBEHHOE — 3TO BeLecTBeHHOoe Yncno. MNepexos K 6onee «ysKomy» TUMNy aBTOMATUYECKM HE Bbl-
nosHAeTcsA. HyXKHO MOMHUTb, YTO pe3ynbTaT AefeHns (onepauum «/») — 3To BelecTBeHHOe YUCNOo, AaXKe
ecnu AeNUMOe U JeNUTeNb — Lesble M AeNATcA APYr Ha Apyra Haueno®.

YacTo HYXHO MONYYUTb LEe/bl pe3ynbTaT AeJIEHUS LeJbIX YACEe/ U OCTaTOK OT AesieHus. B atom
C/ly4ae UCMOoJb3YHOT COOTBETCTBEHHO onepaTtopbl «//» 1 «$»(0OHU MMEIOT TaKol e NPUOPUTET, KaK yM-
HOXEHWe U aeneHune):

d=85

a=d // 10 # 8

b=d % 10 # 5
O6paTm BHUMaHME Ha Pe3yabTaT BbINOJIHEHUA 3TUX ONepaLnin s oTpuuaTenbHblx Ymucen. Mporpamma

print ( -7 // 2 )

print ( -7 % 2 )
BbIAACT HAa 3KpaH yncna «—4» n 1. [leno B TOM, YTO C TOYKU 3PEHUSA TEOPUMN YNCEJT OCTATOK — 3TO HEOTPU-
uaTtesnbHoe Yncno, nostomy —7 = (—4)-2+1, To ecTb YacTHoe OT geneHusa (—7) Ha 2 paBHO —4, a ocTaToK
paseH 1. Mostomy B Python (B oTanMume oT MHOMMX ApYrux A3biKoB, Hanpumep, MNackans n Cn) 3t one-
paLMn BbIMOJIHAIOTCA MaTeMaTUYeCKU NPaBU/bHO.

6
B HeKoTopbIX A3blKax, Hanpumep, B Cn, 3TO He TaK: NpPU AENEHUM Lenbix Yncen noayvyaeTca Lenoe YMciao n ocrta-
TOK 0T6paCbIBaeTCH.
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B Python €CTb onepaunAa so3seaeHUA B CTeNeEHb, KOTOpaA obo3HauaeTcs ABYMA 3Be3404YKaMU:

2,3
«**x». Hanpumep, BbipaxkeHue Y = 2X° +Z° 3anuweTtca Tak:

y=2%x* %2 4 z**3
Bo3BegeHue B cTeneHb MMeeT 6os1ee BbICOKMI MPUOPUTET, YEM YMHOKEHUE U AeNeHune.

BeulecTBeHHbIE 3HAYEHU A

Mpw 3anncK BeLweCcTBEHHbIX YMCeN B NMporpamme Lenyto un ,D,pOﬁHle 4acCTb pPa3aenAaroT He 3anAaTon

(KaK NpMHATO B OTEYECTBEHHOM MaTeMaTUUYECKOM IMTepaType), a TouKoi. Hanpumep
x=123.456

BelecTBeHHble 3HaUYEHWUA MO YMOMYAHUIO BbIBOAATCA Ha 3KPaH C 6O/bIMM KOIMYECTBOM 3Haua-

WMX uMdp, Hanpumep:

x=1/3

print ( x ) # 0.3333333333333333
Mpwu BbIBOAE OYeHb BO/BLIMX AN OYEHb MaseHbKMX YMCEsT UCMO/Ib3yeTCa TaK Ha3blBaeMbli Hay4YHbIM
(nnu akcnoHeHyuanebHbIl) dopmat. Hanpumep, Nnporpamma:

x=100000000000000000/3

print ( x )
BbiBEAET

3.3333333333333332e+16
yTo o3Havaet 3,3333333333333332 10", 10 ectb 40 6yKBbI «@» YKa3bIBAIOT 3HAYALLYIO YACTb YMCAA, a

nocse Hee — NopsAAoK (cm. rnasy 4).
YacTo ncnonbsyoT hopMamHsiii 8b1800: BCe AaHHble, KOTOPbIe HY}KHO BbIBECTM, CHa4yana npeob-
pasyloT B CUMBOJIbHYIO CTPOKY C NOMOLLbI0 PyHKUnK format:
a=1/3
print ( "{:7.3f}".format(a) )
B maHHOM cniyyae ncnonb3oBaH popmart «7 . 3£», KOTOpbIM onpeaenseT BbiBO4 YMcia ¢ PUKCUPOBAHHOM
3anatou (£ oT aHrA. fixed — PUKCMpPOBaHHBLIN) B 7 NO3NLMAX C TPEMSA 3HaKaMK B APOOHOM YacTu:
000.333
MocKoNbKy 3Ta 3anMcb 3aHMMaeT 5 no3munii (a noa Hee oTBeAeHo 7), nepen Ynciom aobaBnsaoTcs Aga
npobena, 0603HaUYEHHbIE 3HAKOM « © ».
MOXHO MCNo/ib30BaTb GOPMaTHbIN BbIBOZ, A1 HECKO/IbKMX 3HAUYEHUI cpasy (CMUCOK 3TUX 3Have-
HWI 3aK0YaeTCA B KPYrable CKOBKK):
a=1/3
b=1/9
print ( "{:7.3f} {:7.3f}".format(a, b) ) #°00.3330202020.111
3anucb «%e» 0b03HaYaeT 3KCNOHeHUNaNbHbIN dopmar:
print ( "{:10.3e} {:10.3e}".format(a, b) )
3aecb uncna 10 1 3 — 370 obLiee KO/IMYECTBO NO3MLUUIA U YMCIO 3HAKOB NOC/Ie AECATUYHOM TOYKM B 3aMnu-
CM 3Havalllen yactu:
03.333e-01001.111e-01

CraHpapTHble QyHKIIUU

BubnnoteKka Asbika Python cogepKnUT 60/blIOE KOANYECTBO FrOTOBbLIX PYHKLMIA, KOTOPbIE MOXKHO
BbI3bIBaTb M3 Nporpammbl. HekoTopble GyHKLUKN BCTPOEHbI B A4PO0 A3blKa, Hanpumep, ANA BblYUCAEHUA
MOAYNA YnCAa Ucnonb3yeTtca GyHKUmMA abs:

print ( abs(-1.2) ) # 1.2

CyLiecTBytoT BCTPOEHHbIE PYHKLUKN A5 Nepexosa OT BELLLECTBEHHbIX 3HAYEHWUI K LeNbIM:

e int (x) —npuBeaeHMe BEWECTBEHHOrO YMCAa X K Lenomy, oTbpacbiBaHMe A4pO6HOM YacTu;
e round (x) — OKpyrneHue BELWECTBEHHOTO YMCaa X K bankanuemy Lenomy.

BONbWKNHCTBO CTaHAAPTHbLIX GYHKUMI A3bIKa Python pasbuTbl Ha rpynnbl NO HAa3HAYEHMIO, N KaXK-
4an rpynna 3anucaHa B oTaenbHbIA paia, KOTopblt HasbiBaeTcs modysiem. MaTtemaTuyeckme GyHKLUK
cobpaHbl B Moayne math:

e sqgrt(x) —KBaapaTHbIA KOpeHb Yncna X;
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e sin(x) —cuHycyrna X, 3a4aHHOrO B pagnaHax;
e cos (x) —KOCMHyCyrna X, 3agaHHOro B pagnaHax;
® exp (x) —3KCnoHeHTa yucna X;
e log(x) —HaTypanbHblli norapndm umcna X.
Ons NogKNoYeHUs 3TOro MoAy1a UCMOJIb3yeTcs KomaHaa uMnopma (3arpyskm moayns):
import math
Mocne aToro ana obpaleHne K PyHKUUAM UCNONb3yeTcs Tak Ha3blBaemasn moyeyHas 3amnuch: yKa-
3bIBAOT UMA MOAYANA M 3aTEM Yepe3 TOUKY Ha3BaHNE QYHKUUK:
print ( math.sqrt(x) )
MoOMKHO NOCTYNUTb NO-APYroMy: 3arpy3mTb B paboyee NpocTPaHCTBO BCe PYHKLUN MOy As:
from math import *
Tenepb K yHKLMAM Moayna math MOKHO 06PaLLaTbCA TAK Ke, KaK K BCTPOEHHbIM GYHKUMAM:
print ( sqrt(x) )
3T10T cnocob obnagaeT cepbE3HbIM HEAOCTAaTKOM: B paboyem NPoCTpaHCTBE NOSBAAETCA MHOMo A0MNo-
HUTENbHbIX UMEH, KOTOPble MOTYT COBMACTb C UMeHaMM GYHKLUMIA, 06BbABNEHHbIX B ApYrnx moaynsx. Mo-
aToMy 6€e3 ocTpoit HEO6XO4MMOCTHM NyYLle TaK He Aenathb.
TpeTuii BapmnaHT — 3arpy3nTb TONbKO HYXKHble GYHKLUK
from math import sqrt, sin, cos
B atom cnyuae Bce pyHKUMM Mmoayna math, Kpome nepeuncneHHbix (sgrt, sin, cos) byayt Hegoc-
TYMHBbI.

Ciy4yaiiHble YK CIa

B HeKoTopbIX 3afa4ax HeObXO4MMO MOAENNPOBATL C/yYalHblE ABMEHWUA, HANPUMep, pe3yabTaT
6pocaHuns UrpanbHOro KybuKa (Ha HEM MOXKeT BblMacTb Yncno oT 1 Ao 6). Kak caenatb 3To Ha KOMMbiO-
Tepe, KOTOPbIi MO oNpeAeneHUI0 KHEC/IYHAEH», TO eCTb CTPOrO BbIMNOHAET 334aHHYI0 eMy Nporpammy?

CnyyaiiHble yncna — 3TO NOCNe[0BaATENbHOCTL YMCEN, B KOTOPOW HEBO3MOXKHO NpeAacKasaTthb ce-
AyroLee uncno, Aaxke 3Has Bce npeablgyme. Ytobbl NONAYYUTb MCTUHHO CAyYaiHble YMCaa, MOXKHO, Ha-
npumep, 6pocatb UrpanbHbIA KYOUK UM N3MEPATb KaKOW-TO eCTECTBEHHbIN LWYMOBOW CUrHan (Hanpu-
Mep, PAgMOoLLYM UIU SNEKTPOMArHUTHbIN CUrHAA, NPUHATBIN U3 Kocmoca). Ha ocHoBe 3TUX AaHHbIX CO-
CTaBAAANCH M NyBAMKOBaNUCb TabaunLbl CAyYaliHbIX YMCen, KOTOPble MCMOAb30BaAM B PasHblx obiacTax
HayKu.

BepHémcsa K KomnbtoTepam. CTaBUTb CNIOXKHYIO annapaTypy 411 U3MePEHUA ecTeCTBEHHbIX LYMOB
NN KOCMUYECKOTO MU3Iy4eHUS HA KaKkabli KOMMNbIOTEP OYEHb 40POro, MU NOBTOPUTL SKCNEPUMEHT ByaeT
HEBO3MOXHO — 3aBTpa BCe 3HauYeHus byayT yxe apyrue. Cywectsytowme Tabanupbl CAUWKOM Masbl, KO-
raa, CKaxkem, Hy>KHo nosydatb 100 ciyyaliHbIX YMCen Kaxayro cekyHay. Oaa xpaHeHna 60bwnx Tabauy,
TpebyeTcs MHOro NamsATH.

YT106bI BbINTM M3 MOMIOKEHUA, MaTEMATUKM MPUAYMANU aITOPUTMbI NOAYYEHUA M1ce800CyHaliHbIX
(«Kak 6bl cny4anHbIx») yncen. [na «NOCTOPOHHEro» HabngaTens nceBaocy4anHble YMcna npakTmye-
CKM HEOT/IMYUMbI OT C/IYYalHbIX, HO OHW BbIYMCAIOTCA MO HEKOTOPOI MaTemaTUyeckoi popmyne’: 3Has
nepBOe YNC/IO («3EPHO») MOXKHO MO Gpopmyne BbIYUCAUTL BTOPOE, 3aTEM TPETbE U T.N.

®yHKUMM ansa paboTbl C NCeBAOCAYHaWHBIMWU YMCaMM cobpaHbl B moayne random. [na nonyye-
HWA NceBAOCAYYaNHbIX YNCEN B 334aHHOM AManasoHe UCNO/b3YIoT QYHKUUK:

e random () — cayyaliHoe BellecTBeHHoe Yncao us nonyuHtepsana [0,1) ;

e randint (a,b) - caydaiiHoe uenoe uncno n3 otpeska [a,b].

Ons Toro, 4Tobbl 3anNncaTb B NEPEMEHHYIO N C/IlyYaliHOE YNCNO B AnanasoHe oT 1 ao 6 (pesynbTat
6pocaHus Kybu1Ka), MOXKHO UCNOb30BaTb TakMe onepaTopbl:
from random import randint
n=randint (1, 6)

7
B 6ubanoteke Python ucnonbsyetca oamH M3 Hanbonee coBepLUEHHbIX aNTOPUTMOB 4/1A reHepaLun ncesaocay-
YaliHbIX Uncen — «BUXpb MepceHHa», paspaboTtaHHbili B 1997 roay.
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BellecTBeHHOE Cy4aiiHOe YnUC0 B NoNyuHTepBane oT 5 go 12 (He Bkatovaa 12) nonyyaeTca Tak:
from random import random
x="7*random() + 5

9 KOHmpO./leble 80NpocCsul

1. Kakue TMnbl AaHHbIX Bbl 3HaeTe?

2. Kakue gaHHble 3anNUCbIBalOTCA B JIOTMYECKME NepemeHHbie?

3. Pacckaxkute 06 ocobeHHOCTAX nepemeHHbIX B A3blke Python. Moyemy mMoXKeT noay4nTbCA, YTO U3-
MeHeHWe O4HOW NepeMeHHOW aBTOMATUYECKN NPUBOANT K USMEHEHUIO APYron?

4. Y710 TaKOe NpMOpPUTET onepaLmin? 3a4em OH HyKeH?

5. B Kakom nopsagKe BbINOAHALOTCA onepaLymm, eC/iv OHU UMEIOT OAMHAKOBbIN MPUOPUTET?

6. 3auyem MCcnonb3yoTcs CKOBKN?

7. YTO NpoucxogmT, ecn B BbipaXKeHUA BXOAAT NepeMeHHble pa3HbiX YMCI0BbIX TMNos? Kakoro Tmna
byanet pesynbrart?

8. OnuwwuTe onepaummn // n %.

9. PacckaxkuTte 0 npobneme BbIYUCNEHWUA OCTaTKa OT AENEHUA B Pa3NYHbIX A3bIKax NPOrpammmpo-

BaHuA. ObcyauTte B KNnacce 3TOT BOMNpPOC.

10. Kakue cTtaHgapTHble maTemaTmyeckme OyHKUMM Bbl 3HaeTe? B KakuMx eAMHMUAX 3a4aeTcsa apry-
MEHT TPUFrOHOMETPUYECKUX PYHKLNIN?

11. KaK BbINONHUTb OKPYrAeHWe BELECTBEHHOMO YNCAa K BanKaliwemy Lesomy?

12. KaKkue uMcna HasbIBaOT C/Iy4aiHbIMM? 3a4eM OHW HYKHbI?

13. KaK nony4nTtb «ecTtecTBEHHOE» CAy4anHoe Yncno? NMovyemy Takme YMcaa NOYTU He UCMOb3YIOTCA B
uMdpoBot TEXHUNKE?

14. Yem oTnmyatoTca ncesaocayvaliHble Yncaa oT Cy4amHbIx?

15. Kakue ¢pyHKUUM oA NONyYeHUA NCEBAOCAYHANHbBIX YACEN Bbl 3HaeTe?

3adayu u 3a0aHuAd

1. Halgute B cnpaBoYHON cucteme nan B MIHTepHeTe gManas3oH 3Ha4YeHUn ana 64-6UTHbIX BeLLecT-
BEHHbIX AAHHbIX.

2. Hanuwwute nporpammy, KoTopasa HaxoAWT CyYMMy, NpousBedeHue U cpeaHee apudmeTnyeckoe
TPEX uenbix Ynmcen, BBEAEHHbIX C KnasuaTypbl. Hanpumep, npu BBoge uncen 4, 5 v 7 mbl 4O/IKHbI
Nnoay4YnTb OTBET

4+54+7=16, 4*5*7=140, (4+45+7)/3=5.333333

3. HanuwwuTe nporpammy, KOTOpas BBOAWUT paguyc Kpyra W BblMMCAAET ero naowanb U AAMHY OK-
PYXHOCTU. UCnonb3yiTe BCTPOEHHYK KOHCTAaHTYy math.pi u3 moayns math, npubankéHHo
paBHYLO Ynucny 7.

4. HanuwwuTte nporpammy, KOTopaa MeHAET MeCTaMM 3HAYEHMA ABYX NePEMEHHbIX B NAMATH.

5. *B npeapiayluei 3agade nonpobyiTe HallTK pelleHne, KOTopoe He NUCMO/b3yeT AOMNONHUTENbHbIE
nepemeHHble.

6. HanuwwnuTe nporpammy, KOTOpaa BO3BOAUT BBEAEHHOE YMCA0 B cTeneHb 10, ncnonb3ya TONbKO Ye-
Tbipe onepaLmmn YyMHOXKEHUA.

7. BbluMcAUTe 3HaYEHMe BELLECTBEHHOM NepemMmeHHoi cnpya=2nb = 3:

a) c=a+1/3
6) c=a+4/2*3+6
B) c=(a+4) /2*3
r) c=(a+4)/ (b+3)*a
8. BbluMCAMTE 3HAUYEHUE LUEeN0YNCTEHHOM NepeMeHHo cnpua=26nb = 6:
a) c=a%$b+b
6) c=a//b+a

B) b=a//b
c=a//b

r) b=a//b+b
c=a%$b+a

n) b=a%$b+4
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c=a%$b+l
e) b=a//b
c=a% (b+1)
%) b=a%b

c=a// (b+1)

9. BbinonHuTe npegbigywiee 3agaHme nppa=-22 nb =4.

10. Hanuwwnte nporpammy, Kotopasa BBOAMUT TPEX3HAYHOE YMCI0 U pa3busaeT ero Ha undpbl. Hanpu-
mep, npu BBOAE Yncna 123 nporpamma A40/KHa BbiBectn «1, 2, 3»,

11. Hanuwwnte nporpammy, KoTopas BBOAMT KOOpPAMHATbl ABYX TOYEK Ha YMC/OBOM OCUM U BbIBOAUT
PACcCTOAHME MEXKAY HUMWN.

12. HanuwwuTe nporpammy, KoTopas BBOAUT ABa Lesbix uncia, a n b (a < b), 1 BbIBOAMT Ha 3KpaH 5
CNyYalHbIX Lenbix Yyncen Ha otpeske [a,b].

13. HanuwwuTte nporpammy, Kotopas moaennpyer bpocaHne AByx UrpanbHbiX KYOMKOB: Npu 3anycke
BbIBOAMT C/ly4ailiHOE YMCAO B AManasoHe oT 2 o 12.

14. HanuwwuTte nporpammy, KOTopasa C/ly4aMHbiM 0Bpa3om BblIOMpPAET AeKYPHbIX: BbIBOAUT ABa pas-
JINYHbIX Cly4anHbIX Ynucna B gnanasoHe ot 1 go N, rae N — KOIMYeCTBO y4EHMKOB Ballero Kaacca.
C Kakolt Nnpob6a1emoli Bbl MOXKETE CTONIKHYTbCA?

15. HanuwwuTte nporpammy, KoTopas BBOAUT ABa BELLECTBEHHbIX YMcna, a U b (a < b), 1 BbIBOAUT Ha
9KpaH 5 cayyaliHbix BELLECTBEHHbIX YMCeN B NONyUHTepBane [a,b).

§57. BemeseHus

Yc/10BHBIH onepaTop

Bo3MoKHOCTU, oNMCcaHHble B Npeablaywmx naparpadax, Nno3BonsoT NUcaTb suUHeliHbie Nporpam-
Mbl, B KOTOPbIX ONepaTopbl BbINOAHAOTCA NOCAeA0BaTeNbHO APYr 33 APYromM, U NopsaaoK UX BbiNOHe-
HUS He 3aBUCUT OT BXOZHbIX AaHHbIX.

B 60/blUMHCTBE peanbHbIX 3a4a4 NOPAAOK AENCTBUN MOMKET HECKOJIbKO M3MEHATLCA, B 3aBUCUMO-
CTM OT TOro, Kakue AaHHble nocTynuau. Hanpumep, nporpamma A8 CUCTEMbI MOMKAPHOM CUrHANU3ALNK
[OO/KHa BblAaBaTb CUrHaN TPEBOrU, C/IN AaHHble C AaTYMKOB NOKa3biBalOT NOBbILWIEHWE TEMNEPATYPbI
WK 3a4bIMNEHHOCTD.

[ns aToM Lenun B A3blKax NPOrpaMMMUPOBaHNA NPeayCMOTPEHbI YC/IOBHbIE onepaTopbl. Hanpumep,
A5 Toro, 4Tobbl 3aNncaTh B NepeMeHHy0 M MaKCMMaibHOEe M3 3HAYeHUN NepemMeHHbIX a U b, MoXKHO
Mcnonb3oBaTb onepartop:

if a>b:
M=a
else:
M=b
Cnoso if nepeBoAMTCA C aHIIMIMCKOrO A3blKa Kak «ec/inM», a CNIoBO else — Kak «MHadye». Ecam BepHo
(McTMHHO) ycnoBue, 3anncaHHOE Moc/ie KA4YeBoro csosa if, To 3aTem BbIMOJIHAKOTCA BCE KOMaHAbl
(6510k KOMaHO), KOTOpblE pacnooXKeHbl 40 cnoBa else. Ecaun ke ycnosue nocne i £ HeBepHO (N10XKHO),
BbINOJ/IHAOTCA KOMaHAbI, CTOALME Nocie else.

B Python, B oT/inumMe oT Apyrux A3bIKOB, BAaXKHYIO POJIb UFPAKOT CABUIM ONEPaTOPOB OTHOCUTE/IbHO
neBow rpaHuupl (oTcTynbl). O6paTnTe BHUMaHMKe, 4YTo cnoBa 1f M else HauMHAOTCA Ha OAHOM YPOBHE,
a BCeé KOMaHAbl BHYTPEeHHMX 6/I0KOB CABUHYTbI OTHOCUTENbHO 3TOrO YPOBHS BNPABO HAa OAHO M TO e
pacctosiHMe. 3To No3BOJIAET He UCMNOJIb30BaTb 0cobble orpaHuMunTenm 610koB (cnosa begin 1 end B
A3blKe MacKanb, ¢purypHbie ckobku B CM-NnoaobHbIX A3blkax). AnsA casura UCNOb3YyOT CUMBO/bI Tabyns-
UMM (KoTopble BCTABAAOTCA NPWU HaXaTuuM Ha Knasuwy Tab) uau npobensi.

Ecnu B 6/10Ke Bcero oaAnH onepaTtop, MHorga bbiBaeT yao6HO 3anMcaTb 610K B TOM e CTPOKe, YTo
n Kntoyesoe cnoso if (else):

if a>b: M=a
else: M=b

B npuBeaeHHbIX NpMMepax YC/OBHbIM onepaTop 3anMcaH B NoJiHOW ¢popme: B o6oux caydanx (mc-
TUHHO YC/IOBUE W/IN JIOXKHO) HY}KHO BbINOJHUTbL HEKOTOpPbIe AelcTeus. Mporpamma Bbibopa MaKkcMmainb-
HOTro 3HaYeHMA MOXKeT BbITb HanMcaHa MHave:
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M=a
if b>a:
M=b
34ecb MCNOMb30BaH YC/NIOBHbIM onepaTop B HenonaHol ¢opme, NOTOMY YTO B Cay4yae, Korga ycnosue
JIOXKHO, HMYero genatb He TpebyeTca (HeT cnoBa else 1 610Ka ONepaTopoB NOCae HEro).
MocKoNbKy onepauuns Bbibopa MaKCUMaNbHOIO U3 ABYX 3HAYEHWUM HYXKHA O4YeHb YacTo, B Python

ecTb BCTPOEHHan GpyHKLMA max®, koTopas Bbi3biBaeTca Tak:

M=max ( a, b )

Ecnu BbibMpaeTca MakCMManbHOE U3 ABYX YNCEN, MOXKHO MCMO/b30BaTb 0cObyto Gopmy yCNOBHOFO one-
patopa B Python:

M=a if a>b else b
KOTOpas paboTaeT TaK e, Kak U NpMBeAEHHbIN Bblile YCAOBHbIN onepaTop B NoaHOM ¢dopme: 3anmcbiBa-
eT B NepemMeHHyt0 M 3HauYeHne a, ec/in BbINOHAETCA yCa0BMe a > b, u 3HayeHue b, ecnm aTo ycnosue
JIOXKHO.

YacTo Npu KaKOM-TO YCIOBUW HYXKHO BbINOJIHUTL CPa3y HECKO/IbKO AeicTBMIA. Hanpumep, B 3asa-

Yye COPTUPOBKM 3HAYEHMUI MepeMeHHbIX @ U b Mo BO3pPACTaHMIO HY)KHO MOMEHATb MeCTaMWU 3HAYEHUsA
3TUX MepeMeHHbIX, ecima > b

if a>b:
c=a
a=Db
b=c

Bce onepatopbl, Bxoaawme B 670K, CABUHYTbI Ha OAMHAKOBOE PACCTOAHME OT /IEBOr0 Kpad. 3ameTum,
yto B Python, B oTAnuMe OoT MHOMUX ApPYrMX A3bIKOB MNPOrpaMMMUPOBAHUS, €CTb MHOMKEeCTBEHHOe MNpu-
CBanBaHMe, KOTOPOE NO3BOSAET BbIMONHUTb 3TY ONepaLmio 3HAaYUTEIbHO NPOLLE:

a, b=D>b, a

Kpome 3HaKoB < M >, B YC/I0BUSAX MOXHO MCMNO/b30BaTb APYyrMe 3Haku OTHOLWEHUIN: <= (MeHblue
WK paBHo), >= (boblle Uan paBHo), == (paBHO, ABa 3HaKa «=» 6e3 npobena, yTobbl OTAUYUTL OT One-
paumun npuceamBaHus) n I= (He pasHo).

BHYTpM yc/IOBHOro onepatopa MOryT HaxoauTbcA Ntobble onepaTopbl, B TOM Yynucae U gpyrue yc-
JIoBHbIe onepaTtopbl. Hanpumep, nycTb Bo3pacT AHApen 3anMcaH B NepemMeHHoM a, a Bo3pacT bopuca — B
nepemeHHon b. HyXXHO onpeaennTb, KTo M3 HUX cTaplie. O4HUM YCNOBHbIM OMEpPaToOpoOM TyT He o0boi-
TUCb, MOTOMY YTO €CTb TPM BO3MOMKHbIX pe3yabTaTta: cTapwe AHapen, ctapwe bopuc 1 o6a ogHoro Bos-
pacTa. PelleHune 3aa4m MOXKHO 3anucaTh Tak:

if a>b:
print ( "Amgpem crapme" )
else:
if a==b:
print ( "Ommoro BospacTa" )
else:

print ( "Bopmc crapme" )
YCnoBHbIN onepaTop, NPOoBepstoWMiA PaBEHCTBO, HAXOAMUTCS BHYTPU 6/10Ka MHade (else), NO3TOMY OH
Ha3bIBAETCA 8/10XHEHHbIM YCNIOBHbIM OnepaTopomM. Kak BUAHO M3 3TOro NpMmepa, UCNoab30BaHME BJIO-
YKEHHbIX YC/IOBHbIX OMEepaTopOoB NO3BOAET BbIOPATb OANH U3 HECKO/bKUX (a HE TONbKO U3 ABYX) BapuaH-
ToB. Ecv nocne else cpasy cneayert ewe oanH onepatop 1 £, MOXXHO MCNOb30BaTb TaK Ha3biBaemoe
«KackafHoe» BeTB/IeHMe C Kao4yeBbiMKU cioBamu elif (coKpalleHue oT else-if): ecnm oyepeaHoe
YC/I0BME NNOXKHO, BbINOJHAETCA MPOBEPKA CNeAYIOLLErO YCAOBUA U T.4,.

if a>b:

print ( "Augpenu crapume" )
elif a==b:

print ( "OmHoro BOBpacTa" )
else:

® EcTb TaKKe 1 aHanornuHas dYHKUMA min, KOTopas BbIOMPAET MUHMMAJIbHOE U3 ABYX MW HECKOIbKMX 3HAYEHWIA.
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print ( "Bopmc crTapme" )
O6patuTe BHUMaHMUe Ha oTcTynbl: cnoea if, elif n else Haxo[AaATCA HA O4HOM YPOBHE.
Ecnmn B uenouke if-elif-elif-.. BbINOAHAETCA HECKO/IbKO YCA0BUI, TO cpabaTbiBaeT nepsoe
n3 HUX. Hanpumep, nporpamma
if cost<1000:
print ( "Cxmmok HeT." )
elif cost<2000:
print ( "Cxmmgka 2%." )
elif cost<5000:
print ( "Cxmpgxa 5%." )
else:
print ( "Cxmpgxa 10%." )
npu cost =1500 BbigaeT «Cxumka 2% .», xoTa ycnosme cost < 5000 Toxe BbiNnonHAeTCA.

C/10kHBI€E YC/I0BUSA

Mpeanonoxum, yto 000 «Pora 1 KonbiTa» HabunpaeTt coTpygHMKOB, BO3pacT KoTopbix oT 25 ao 40
JleT BKAOUNTEIbHO. Hy»KHO HanucaTb Nporpammy, KOTopas 3anpalinsaeT BO3pacT NpeTeHaeHTa U Bblga-
€T OTBET: «MOAXOAUT» OH MU «HEe NOAXOAUT» MO 3TOMY MPU3HaKY.

Ha KayecTtBe yc/i0BUA B YC/IOBHOM OMepaTope MOXKHO yKasaTb /tloboe fiornyeckoe BbipaXKeHue, B
TOM YMCNE C/IOXKHOE YCN0BME, COCTAaBNEHHOE U3 MPOCTbIX OTHOLIEHMA C MOMOLLbIO IOFMYECKUX onepa-
umit (cBasok) «M», «IN» n «HE» (cm. rnasy 3). B a3bike Python oHW 3anucbiBaloTCs aHIIMACKUMU CO-
Bamu «and», «or» n «notnr.

MycTb B NnepeMeHHO v 3anncaH BO3pacT COTPYAHUKA. Toraa HyKHbl pparmeHT nporpammel By-
OET BbIrNALETb TakK:

if v>=25 and v<=40:
print ( "momxommur" )
else:
print ( "He nmomxommuT" )
Mpw BbIMUCNEHNN CNOMKHOFO NOTMYECKOTO BblpPaXKEHMA CHAYaNa BbINOJHAKTCA OTHOWeEHMUA (<, <=, >, >=,
==, 1=) a 3aTeM — IOTMYECK1e onepauum B TaKOM NopagKe: CHayana BCe onepaumm not, 3atem — and,
M B CaMOM KOHLe — or (BO BCeX CNy4anx — c/ieBa Hanpaso). [AnA u3ameHeHUs nopaaKa AeicTBUIA UCNONb-
3YIOT KPYr/ible CKOBKM.

NHorpa ycnoBua nonyyvatoTcA AOCTaTOMHO OJIMHHBIMU U UX XOYETCA MEPEHECTU Ha CReayioLLyro
cTpoky. CaenaTb 370 B Python moxHO ABYyMA cnocobamu: MCcnosb3oBaTb 06PaATHbIM Cnaww (3TO He peKo-
MmeHayeTcs):

if v>=25 \
and v<=140:
WAW B3ATb BCE YC/I0BUE B CKOBKU (NepeHoC BHYTPU CKOBOK paspeLléH):
if ( v>=25
and v<=140 ):

B a3bike Python paspelueHbl 4BOlHbIE HEpPABEHCTBA, HaNpUMep
if A< B<C:

O3Ha4aeT TO Ke caMoe, YTO U
if A< B and B < C:

9 KOHmpO./leble 80NpocCsul

1. Yem oT/iMyaloTCA pa3BeTBAAOLMECHA AATOPUTMbI OT INHENAHBIX?

2. Kak Bbl AymaeTe, NOYEMY He BCE 3aa4M MOXKHO PELUNTb C MOMOLLbIO IMHENHbIX aArTOPUTMOB?

3. KakK Bbl AymaeTe, XBaTUT /M INHENHbIX a/IfOPUTMOB U BETBJIEHUI AN pa3paboTku ntoboi npo-
rpammbl’?

4. Tloyemy Henb3s BbINOJAHUTE OOMEH 3HaYEeHWUN ABYX NEPEMEHHbIX B ABa Wara: a=b; b=a?
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5. Yem oTan4atoTcA yCIOBHbIE onepaTopbl B NOAHOW M HenoHoU dopmax? KaK Bbl AymMaeTe, MOXKHO
1N 0BOMTUCH TONIbKO HENoJIHOW dopmoin?

Kakue oTHoweHuMA Bbl 3HaeTe? Kak 0603HAYatoTCA OTHOLIEHUA «PAaBHO» U KHE PaBHO»?

Kak opraHn3oBaTb BbI6OP U3 HECKOJIbKMX BapUaHTOB?

Y70 TaKoe CNoXKHOoe ycnosue?

Kak onpenensetca NnopAaAoK BbIMUCNEHWUI B CZIOXKHOM YCNOBUMU?

L N

:0i0)  3adayu u 3a0aHuAd

1. TlloKaxKuTe, 4TO NpMUBEAEHHAn Nporpamma He BCeraa BEpPHO onpeaenserT MakcMMmasnbHoe U3 TPEX

umcen, 3anncaHHbIX B NepemeHHble @, b un C:
if a>b: M=a

else: M=b
if ¢>b: M=c
else: M=b

MpuBeanTe KOHTPNPUMEP, TO ECTb 3HAYEHMA NEPEMEHHDIX, MPU KOTOPOM B NepemeHHol M byaet
nonyyeH HeBepHbI oTBeT. Kak HY»XHO AopaboTaTb Nporpammy, 4Tobbl oHa Bcerga paboTtana npa-
BUbHO?

2. HanuwwuTe nporpammy, KoTopasa BbiOMpPaAET MaKCMMaZbHOE U MUHUMAIbHOE U3 NATU BBEAEHHbIX
yncen (Ha NCNoNb3ys BCTPOEHHble GYHKUMM min M max).

3. HanuwwuTe nporpammy, KOTOpasa onpenensaeT, BEPHO /N, YTO BBEAEHHOE YNCN0 — TPEX3HAYHOe.

4. Hanuwwute nporpammy, KOTopasa BBOAUT HOMepP MecALa U BbIBOAUT Ha3BaHMe BpemeHu roaa. Mpu
BBO/ZlE HEBEPHOIrO HOMeEpPa MecALa A0/1XKHO bbiTb BbiBeAgeHO coobuieHne 06 owmnbke.

5. Hanuwwute nporpammy, KoTopasa BBOAWUT C KIaBUATypbl HOMep MecALa U onpeaenseT, CKOJIbKo
AHen B aTom mecaue. Mpn BBOAE HEBEPHOIrO HOMepa MecALa A0/KHO ObiTh BbiBEAEHO CO0bLLe-
Hue 06 ownbKe.

6. Hanuwwute nporpammy, KOTopaA BBOAUT C KNAaBMATYpPbl HOMEP MecAla M AeHb, U onpeaenser,
CKOJIbKO AHel ocTanocb Ao Hosoro roaa. Mpu BBOAE HEBEPHbIX AAHHbIX A0/IKHO ObITb BbIBEAEHO
coobuieHne 06 ownbKe.

7. HanuwwuTe nporpammy, KOTopas BBOAUT BO3PaCT YesioBeKa (Lienoe uncno, He npesbiwatoulee 120)
M BbIBOAMUT 3TOT BO3PACT CO CIOBOM «rog», «roga» nunu «net». Hanpumep, «21 roa», «22 roga»,
«25 net».

8. HanuwwuTte nporpammy, KOTopasa BBOAWUT Lenoe 4mcio, He npesbiwatowee 100, n BbIBOAUT ero
nponucbto, Hanpumep, 21 — «aABaALATb OAUHY.

9. HanuwwuTte nporpammy, KOTOPasa BBOAUT KOOPAMHATbI TOYKM HA NNOCKOCTM M onpeaenseT, nonana
/11 3Ta TOYKA B 3aLUTPMUXOBAHHYI 06/1acTb.

a) y L 6) y B) y F) y

-1 1 x O 2 X

>
<V

7 y=-X
10. HanuwwuTe ABa BapuaHTa Nporpammbl, KOTOpasa BBOAUT KOOPAMHATbI TOYKM HA NMJIOCKOCTU U onpe-
OenseT, nonana M 3Ta TOYKa B 3alUTPUXOBaHHYO 061acTb. OAUH BapWMaHT NPoOrpamMmbl LOJXKEH
MCNO/1b30BaTb C/I0XKHbIE YCA0BUA, BTOPON — 06x0A4MTbcA 6e3 HuX.
a) y A 6) y =sin(x) B)
XX+y?=4
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§ 58. Hukauueckue aazopummbwl

Kak opranusoBaTtb BUK/I?

LMK — 3TO MHOFOKpaTHOE BbINOJIHEHWE OAMHAKOBbIX AeNCTBUI. [loKa3aHo, 4To Atoboi anropmutm
MOMKeT BbITb 3aMMCaH C MOMOLLBIO TPEX ANTOPUTMUYECKUX KOHCTPYKLUMIA: LLUKNOB, YCIOBHbIX ONepaTopoB
M NocnefoBaTe/IbHOMO BbINOMHEHMSA KOMaHA (NMHENHbIX aAropuTMOB).

Moaymaem, Kak MOXKHO OpPraHM30BaTb LMK/, KOTopbi 10 pa3 BbIBOAUT HAa 3KPaH C/I0BO «NPUBETY.
Bbl 3HaeTe, 4TO Nporpamma nocse 3anycka BbINOAHAETCA NPOLECCOPOM aBTOMAaTUYeCcKU. M npu sTom Ha
Ka*KOOM LUAre HY)XHO 3HaTb, CKOJIbKO Pa3 y)Ke BbINOJHEH LUK U CKONbKO elé OoCTanoch BbINOAHUTD.
[Ona aToro Heo6XxoAMMO MCNO/Ib30BaTh AYEMKY NAMATKU, B KOTOPOKN ByAeT 3anoMUHATLCA KOMYECTBO Bbl-
MOJIHEHHbIX WAaroB UMKAa (CY4ETYMK Wwaros). CHayasa MOXKHO 3anucatb B HEE HOJb (HM OAHOrO Lara He
COENMAHO), a NOCAe KaXKAOro LWara UMK yBeIMYMBATb 3HAUYEHME AYENKM Ha eamHuuy. Ha ncesgokone
aNropuUTM MOXKHO 3anuMcaTb Tak (34ech U Aanee onepaumu, BXOAALWME B TeO LMKAA, BbIAENAOTCA OTCTY-
namm):

cuérumnk =0

noka cuérTumk != 10

print ( "lpueBeT!" )

YBEeJIUYUTE CUETUMK Ha 1
Bo3mOXeH W opyroi BapmaHT: cpasy 3anmncaTb B CHETUMK HYXKHOE KOJIMYECTBO LIAros, U NOC/e Kaxaoro
wara wMKna ymeHowamse CY4ETYMK Ha 1. Toraa LUMKN JOMKEH 3aKOHYNTLCA NPU HYIEBOM 3HAYEHWUU CYET-
yMKa:

cuérunk =10

noka cuérumk > 0

print ( "Ipueer!" )

YMEeHBUNTE CUYETUMK Ha 1
3TOT BapMaHT HECKO/IbKO NydLle, Yem NpeablayLLni, NOCKONbKY CYETYMK CPAaBHMBAETCA C HYNEM, a TaKoe
CpaBHEHWE BbINOJHAETCA B NPOL,ECCOPE aBTOMATUYECKM (CM. rnasy 4).

B aTux npumepax mMbl UCNONb30BaNN YUK/ C YyCaA08UEM, KOTOPbIM BbINOJIHAETCA A0 Tex nop, Noka
HEKOTOPOE YC/I0BME HE CTAHOBUTCA IOXKHO.

Kb C yciaoBUeEM

PaccmoTpum crnegytowyto 3agady: onpenennTtb KOAM4ecTso U,Md)p B p,echquoﬁ 3anuncu uenoro
NONOXKUTENBbHOIO Yncna. bygem npegnonaraTb, YUTO NCXOLHOE YNC/IO 3aNMCAHO B MepeMeHHYIo n Lesioro
ThnNa.
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CHauyana Hy)KHO pa3paboTaTb aNropuMTM peleHus 3agadn. YTobbl NoACYMTbIBATL YTO-TO B MpPO-
rpamme, HY>KHO MCNO/b30BaTb NEPEMEHHYI, KOTOPYIO Ha3bIBAlOT cyémyuxkom. [na noacHéta KoanyecT-
Ba LMOP HYXKHO KaK-TO OTCEKaTb 3TU LMPPbl MO O4HOW, C HAaYaNa UAM C KOHLA, KaXKablil pa3 yBenymBasn
CYETUYMK. HauanbHOE 3HaYeHMe CHETUMKA 0/IKHO BbiTb PABHO HY/IIO, TaK KaK 40 BbIMNOJIHEHWUA aAropuTMa
elé He HaMAEHO HM OAHO UMPPbI.

[nsa oTceyeHnn nepsoit LMdpbl HEO6XOAMMO 3apaHee 3HaTb, CKOIbKO LMP B AECATUYHOM 3anmcK
yncna, TO eCTb HY)KHO 3apaHee pelwnTb Ty 3aZady, KOTOpyl Mbl pewaem. CnenoBaTeNbHO, 3TOT METOZ,
He NoaxoamT.

OTceub nocnegHo LMopy npole — JOCTaTOYHO PasfenvTb YUcao Haueno Ha 10 (NocKonbKy
peyb MAEeT O AEeCATUYHOMN cucTeme). Onepaumm OTCEYEHUA U YBEANYEHUA CYETYMKA HYXKHO BbINONHATbL
CTOJ/IbKO pas, CKOMbKO LMbp B umcie. Kak Ke «noimaTb» MOMEHT, Korga undpbl KoHYaTca? HecnoxHo
MOHATb, YTO B 3TOM C/ly4Yae pesynbTaT ovyepesHoro aeneHus Ha 10 6yaeT paBeH Hy/O, 3TO U FOBOPUT O
TOM, YTO OTOpOLLEHa NoC/eAHsAn ocTaBlasAcA uuopa. M3ameHeHVe nepemeH-

HOM N U CYETUMKA ANA HAYaNbHOTO 3HaueHMa 1234 MOKHO 3anucaTb B BUAE n CHUETHNK
TabMLbI, NOKa3aHHO cnpasa. NceBaoKoA BbIFNAANT TaK: 1122334 g
cuérumk = 0
noka n>0 12 2
oTceur mnocnegnHo uUMOPy n 1 3
YBEIUMYNTE CYUETUMK Ha 1 0 4

Mporpamma Ha Python BbIrnsaanT Tak:
count =0
while n>0:
n=n//10
count +=1
Cnoso while nepeBogmTCcA KaKk «NoOKa», TO €CTb, LMK BbINOAHAETCA NOKa n > 0. [lepeMeHHaA-CHETUMK
umeet uma count.

O6paTnTe BHMMaHWE, YTO NPOBEPKA YC/NIOBUS BLINOIHAETCA B Haya/ie OYepeaHoro wara uukna.
Takol UMKN HasbIBaeTcA YUKAOM c npedycnosuem (To ecTb C NpenBapuUTeNbHON NPOBEPKON yCnoBUA)
WKW UMKIOM «NOKay. EcAn B HayanbHbI MOMEHT 3HaYeHWe nepeMeHHOW n byaeT HyNeBoe UAM OTpULa-
TEeNbHOE, LMK/ He BbIMOJHUTCA HM O4HOTO pasa.

B AaHHOM c/lydae KO/IMYECTBO LUAroB LMKAA «NOKa» HEUM3BECTHO, OHO PaBHO KOAMYecTBy unop
BBEAEHHOMO YMCNA, TO €CTb 3aBUCUT OT UCXOAHbIX AAHHbIX. KpOoMe TOro, 3TOT XKe LMK/ MOXKET ObITb UC-
NMonb30BaH W B TOM C/lydae, KOr4a YMC0 LWAroB M3BECTHO 3apaHee AN MOXKET ObITb BblMMUCAEHO:

k=0

while k< 10:
print ( "npmeer" )
k+=1

Ecnun ycnosume B 3aronoBKe LIMKNA HAKOT4A He HapyLwuTca, UMKN byaeT paboTtatb 6eCKOHEYHO A0N-
ro. B aTom cnyyae roBopsT, YTO «NpOrpamma saumkannacb». Hanpumep, ecnm 3abbiTb yBEAUYNUTL Nepe-
MeHHY!o k B npeablayLem umKae, NporpaMmma 3aunKianTca:

k=0
while k< 10:
print ( "npmeer" )

BO MHOrmMx A3blkax NPOrpaMMUpPOBaAHUNA CyLLECTBYET YUK C NOCmMycsa08UemM, B KOTOPOM yC/a0BUE
npoBepAeTca Nocse 3aBeplieHnA oYyepeaHOoro wara uukaa. 3To NofesHO B TOM C/y4ae, Korga HyXHo
0653aTeNbHO BbINOAHUTL LKA XOTA 6bl 04MH pa3. Hanpumep, No/ib3oBaTeb AOIXKEH BBECTU C KJ1aBua-
TYPbl NONOKUTENBHOE YNCNO0 U 3ALMUTUTL NPOrpammy OT HEBEPHbLIX BXOAHbIX AaHHbIX.

B asbike Python HeT uMKNa c NOCTYC/IOBMEM, HO €r0 MOMKHO OPraHW30BaTb C MOMOLLbIO LIMKAA
while:

print ( "BBemuTe NOJOKMUTENBHOE WMCIHO:" )
n=int ( input() )
while n<=0:
print ( "BBemuTe MNOJOKMTENBLHOE YMCIHO:" )
n=int ( input() )
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OfHaKo TaKoM BapMaHT He OYeHb XOPOLL, MOTOMY 4YTO HaM MPULLINOCL HanUcaTb ABa pasa napy onepaTo-
poB. HO MOXXHO NOCTYNWUTb MHaYe:
while True:

print ( "BBemuTe MNOJOKMTENBLHOE YMCIO:" )

n=int ( input() )

if n>0: break
Linkn, KoTopbIi HauMHaeTca ¢ 3aronoBka while True 6yaeT BbINOAHATLCA HECKOHEYHO, NOTOMY YTO
ycnosue True BCerga UCTUHHO. BbIMTM M3 TAaKOro UMKAA MOXHO TOJ/IbKO C MOMOLLbIO CNeunasbHOro
onepatopa break (B nepesoje C aHIN. — «NPepPBaTb», AOCPOUHbIA BbIXOA U3 LMKAA). B AaHHOM cnydvae
OH cpaboTaeT Toraa, Korga cTaHeT UCTUHHbBIM ycoBue n > 0, To ecTb TOrAa, Koraa Nonb3oBaTeNb BBeAET
[0NycTUMOe 3Ha4veHune.

IIuka c nepeMeHHOM

BepHEmcs CHOBA K 3aZa4e, KOTOPYH Mbl 06Cy»KAanm B Havane naparpada — BbIBECTU HA 3KpaH 10
pa3 cnoBo «npueeT». PaKTUYECKM HAM HYKHO OpraHM30BaTb LMK/, B KOTOpom 670K onepaTtopoB Bbl-
NOMHUTCA 3aJ4aHHOE YNCNO pa3 (B HEKOTOPbIX A3blKax TaKOM LMK ecTb, HanpumMep, B WKOJbHOM anro-
PUTMMUYECKOM fA3blKe OH HasbiBaeTca «uUuKa N pas3»). Ha asbike Python noao6HbIN UMKA 3anucbiBaeTcs
Tak:

for i in range(10):
print ( "lpuseT!" )
3pecb cnoBo for o3HauyaeT «4na», nepemeHHas i (e€ HasbIBAlOT NepPeMeHHOW UUKAa) U3MeHseTca B
AvanasoHe (in range) ot 0 o 10, He skatoyas 10 (To ecTb 0T 0 f0 9 BKAOUUTE/NIBHO). Takum 06pasom,
LUMKAN BbINOsIHAETCA poBHO 10 pas.
B nHbOpMaTUKe BaXKHYO poJib UrpatoT cteneHn ymcna 2 (2, 4, 8, 16 1 1.4.) YT06bLI BHIBECTM BCE
cTeneHu 4goiikv oT 2* 10 2'° Mbl y3Ke MOXKeM HanucaTb TaKyto NPOrPaMMy C LIMKIOM KTOKa»:
k=1
while |k<=10]|:
print ( 2**k )
Bbl HaBepHsAKa 3aMeTUM, YTO NepemeHHas k Mcnonb3yeTca TPUXKAbI (CM. BblaeNeHHble 610KK): B one-
paTope NpUcBaMBaHWA HaYa/lbHOTrO 3HAYEHMWA, B YCIOBUWM LMKNA U B Tene UMKna (ysenuyeHue Ha 1).
LlMKkn c nepemeHHOMN «cobupaeT» BCe AEMACTBUSA C HEN B OAMH onepaTop:
for k in range(1,11):
print ( 2**k )
3pecb AManasoH (range) 3afaeTca ABYMA YMCAAaMWM — HAYa/ibHbIM U KOHEYHbIM 3HAYEHUEM, MpUYeEMm
yKa3aHHOe KOHeYyHOe 3HayeHWe He 8xo0um B Auana3oH. TakoBa 0cobeHHOCTb QYHKLMM range B
Python.

LLlar nsmeHeHUA NnepeMeHHOM UMKAa N0 YMOYaHUIO paBeH 1. ECn ero HyXHO M3MeHWUTb, YKa3bl-
BatOT TpeTbe (HeobA3aTesIbHOE) YMC/IO B CKOBKax Moc/e C/10Ba range — HyXHblW war. Hanpumep, Takol
LUK BbIBEAET TO/IbKO HEYETHbIE CTENEHU Ynucna 2 (21, 2% n T.4.):

for k in range(1,11,2):
print ( 2**k )

C KaXKabIM LLIArom LMKNA NepemMeHHasa LMKAa MOMKET HE TO/IbKO YBE/INYMBATLCA, HO U YMEHbLLATb-
cs. lnA 3Toro HayanbHoOEe 3HAYeHWE AOJIKHO BbiTb 6ONbLUE KOHEYHOrOo, a War — oTpuuaTenbHblid. Cne-
Aylowan nporpaMmma rneyataeT KBagpaTtbl HaTypanbHbIX YmMcen oT 10 ao 1 B nopsaxe ybbiBaHUA:

for k in range(10,0,-1):
print ( k**2 )

BJ102KeHHbIe UKJIbI

B 6onee cnoxkHbIx 3a4a4ax 4acTo ObIBAET TaK, YTO Ha KaXKAOM LUare LUMKAQ HYXKHO BbINOHATL 06-
paboTKy AaHHbIX, KOTOPAn TaKKe npeacTaBAseT cobol UUKAMYECKUI anropuTtm. B aTom ciiyyae nonyya-
€TCA KOHCTPYKUMA «UUKA B LUKAEN UMY KBJOXKEHHDBIN LIUKA»,

MpeanosioknUm, YTO HYKHO HaTU BCe MPOCTbie Yncna B MHTepBase oT 2 go 1000. MpocTtenwumi
(HO He camblii BbICTPbLIN) aNTOPUTM peLlieHMA TaKoW 334341 Ha NCeBAOKOAE BbIrAAUT TakK:
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for n in range(2,1001):
if uwmcno n mpocToe:
print ( n )
Kak e onpefennTb, 4TO YUMcno npoctoe? Kak M3BeCTHO, NPOCTOE YNCAO AEeNUTCA TONbKO Ha 1 n camo Ha
cebna. Ecan uncno n He MmeeT genntenel B AnanasoHe oT 2 A0 n—-1, To OHO NPOCTOE, a ec/m XoTA Obl
OAMH AenuTenb B 3TOM UHTepBane HalgeH, TO COCTaBHOE.
Y106bI NPOBEPUTL AENMMOCTb YNCNA N HA HEKOTOPOE YMCNo K, HYXKHO B3ATb OCTATOK OT Ae/NeHUA
n Ha k. Ecam 3TOT OCTaTOK paBeH Hy/to, TOo n genuntca Ha k. Takum obpasom, Nporpammy MOXKHO 3anu-
caTb TaK (34ecb n, k M count — LenoYnUcNeHHble NepeMeHHble, count 0603Ha4YaeT CYETUMK AenuTe-
nen):
for n in range(2,1001):
count=0
for k in range(2,n):
if n$k==0:
count +=1
if count==0:
print ( n )
Monpobyem HEMHOIO YCKOPUTbL paboTy nporpammbl. Jenntenn ymcna obssatenbHO MAYT B Napax,
npuyém B NtoboM Nape MeHbLINIA U3 AenTesIel He NPeBOCXoauT \/ﬁ (nHaue nonyyaetcs, yto Nnpousse-
AeHue ABYyX AeNuTenen, Kaxkablit n3 Kotopbix bonblie \/ﬁ, byaet 6onblie, yem n). NO3TOMYy BHYTpPEH-

HUM LMK MOXHO BbINOJIHATb TO/IbKO A0 3Ha4YeHua +/N Bmecto n-1. A Toro, 4tobbl paboTaTb TO/IbKO
C UenbiMun yncaamm (M Takum obpasom nsberkaTb BbIYMCAUTESbHbBIX OLWMOOK), yylle 3aMeHUTb yCa0BMe

k <+/N Ha paBHOCKAbHOE emy ycnoBue k? < n. Mpu 3ToM NOTpebyeTcA NepeiTh K BHYTPEHHEMY LMKAY C

ycnoBuem:
count =0
k=2
while k*k <=n:
if n$k==0:
count +=1
k+=1

Y106bI ewe ycKopuTb paboTy UMKAG, 3aMeTUM, YTO KOraa HalaeH XoTa bbl OAUH AenuTeNb, YMUCIO YKe
3aBe0MO COCTaBHOE, U UCKATb Apyrve AenuTenn B AaHHOM 3agaye He Tpebyetca. [o3ToMy MOXKHO 3a-
KOHYMTb UMKA. Ona aToro npy n¥k == 0 BbINOAHMM AOCPOYHbIN BbIXOA U3 LIMKAA C NOMOLLbIO OnepaTo-
pa break, npnyém nepemeHHasa count y)Ke He HyXHa:
k=2
while k*k<=n:
if n$k==0: break
k+=1
if k*k > n:
print ( n )
Ecnm nocne 3aBepuweHna umkaa k*k>n (HapyLleHo ycnoBMe B 3ar0/1I0BKE LMKA), TO YNC/IO n NPOCTOE.
B ntobom BNOKEHHOM UMKNE NepeMeHHas BHYTPEHHEro UMKNa U3MeHseTca bbicTpee, yem nepe-
MeHHas BHELWHEro uMKkaa. PaccmMoTpum, Hanpumep, TaKoW BAIOMKEHHbIN LUKA:
for i in range(1,5):
for k in range(1l,i+1):
print ( 1, k )
Ha nepsom ware (npu i=1) nepemeHHaa k NnpuHMMaeT eaANHCTBEHHOe 3HadYeHne 1. [lanee, npu
i=2 nepemeHHasa k NnpMHMMaeT nocnefosBaTenbHO 3HaA4YeHUA 1 u 2. Ha cheaytowem ware npmn i=3 ne-
pemeHHaa k npoxoaut 3HayeHna 1,2 3, nr.4.

9 KOHmpO./leble 80NpocCsul

1. Yvo Takoe uukn?
2. CpaBHUTE UMK C NEPEMEHHON N UMKA c ycnosuem. Kakme npeMmyllectBa U HeAOCTaTKM eCTb Y
KaX0ro us Hux?
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3. Y70 03HauaeT BblpaxKeHME KLMKA C NpeaycnoBuem»?

4. B KaKOM cay4ae LMKA C NpeayCcnoBMem He BbIMONHAETCA HU pasy?

5. B Kakom cny4ae nporpamma, Coaepalan UUKA C YCNOBUEM, MOXKET 3aLUKANTLCA?

6. B Kakom cny4yae UMKA C NepeMeHHON He BbINOAHAETCA HU pasy?

7. BepHO nn, 4TO NtOHON LUMKA C NEPEMEHHOM MOXKHO 3aMEHUTb LIMKAOM C ycioBnem? BepHo nun 06-
paTHoe yTBepXaeHue?

8. B KaKoM cny4yae MOXHO 3aMEHUTb LMK/ C YCAOBMEM HA LUK C NepeMEHHOM?

9. Kak bypet paboTaTb NnpuBeaeHHas NPOrpaMmma, KOTOpas CYMTAET KONMYecTso Lubp BBEAEHHOTO
yncna, Npu BBoAe OTpuUaTenbHOro Yncna? Ecam Bbl cuntaete, YTo OHa paboTaeT HenpaBwUAbHO,
YKaXnTe, Kak eé HyXHOo fopaboTaTh.

:°:0)  3adayu u 3adaHus
1. Halaute owKBKy B NporpaMmme:
k=0
while k<10:
print ( "opuset" )
Kak eé MoXHO ucnpasuTtb?

2. HanuwwuTe nporpammy, KOTOpasa BBOAUT ABa LENblX YAC/IA U HAaXOOAUT UX NpounsBeseHne, He Uc-
No/ib3yA ONepauuio YMHOXEHUA. YUTUTE, YTO YNCNA MOTYT BbITb OTPULATENBHBIMM.

3. HanuwwuTe nporpammy, KOTOpPasa BBOAWUT HATypasibHOE YnCcno N 1 HaXo4UT CyMMy BCeX HaTypasib-
HbIx yncen ot 1 go N. Ucnonb3ynTe cHavyana UMK/ C YCNOBUEM, @ MOTOM — LMK/ C NepeMeHHON.

4. HanuwwuTte nporpammy, KOTopasa BBOAMUT HaTypanbHoe Yncno N 1 BbiBOAUT nepsble N YETHbIX Ha-
TYpPanbHbIX Yncen.

5. HanuwwuTe nporpammy, KOTOpasa BBOAMUT HaTypasbHble YNCAa a U b, 1 BbIBOAUT KBagpaTbl HaTy-
pafibHbIX YMCen B UHTepBane oT a Ao b. Hanpumep, ecnu BBectTn 4 U 5, nporpamma A0/1KHa Bbl-
BEeCTU

4*4=16
5*5=25

6. HanuwwuTe nporpammy, KOTOpasa BBOAWUT HaTypasibHble YNCNA a U b, 1 BbIBOAUT CYMMY KBaApaTOB
HaTypasibHbIX YMCeN B MHTEepBase oT a A0 b.

7. HanuwwuTe nporpammy, KoTopasa BBOAUT HaTypasibHoe 4nucno N 1 BbIBOAUT Ha 3KpaH N ncesaocny-
YalHbIX YMcen. 3anycTuTe eé HeCKO/IbKO pa3, 06bACHUTE pe3ynbTaTbl OMbITa.

8. HanuwwuTe nporpammy, KOTopasA CTPOUT NocaenoBaTeNbHOCTb M3 N ciydaliHbIX YMCen Ha OTpeske
oT 0 oo 1 v onpeaensieT, CKOMIbKO U3 HUX NonagaeT Ha oTpesku [0; 0,25), [0,25; 0,5), [0,5; 0,75) n
[0,75; 1). CpaBHUTe pe3ynbTaTbl, nonyyeHHble npu N = 10, 100, 1000, 10000.

9. HawnpguTe Bce NATU3HAYHbIE YMCNa, KOTOpble Npu aeneHun Ha 133 patoT B octaTke 125, a npu ge-
neHnun Ha 134 patot B ocTatke 111,

10. Hanuwwnte nporpammy, KoTopana BBOAWUT HaTypasibHOe 4mcno N n BbIBOAUT Ha 3KpPaH BCe HaTy-
panbHble YMCNa, He npesocxoaalune N n AenAlmMeca Ha KaxXayto nus cBoux undp.

11. Yucna ApmcmpoHea. HaTypasbHOe YMCNO Ha3bIBAeTCA YMCAOM APMCTPOHra, ecam cymma unop
yncna, Bo3BeAeHHbIX B N-Hyto cteneHb (rge N — Konnyectso umMdp B YMC/E) paBHA CAaMOMY YUCAY.
Hanpumep, 153 = 1¥+5°+ 3% Hangute Bce TpEx3HaYHbIE M YETbIPEX3HAUYHbIE YMCa APMCTPOHra.

12. AemomopcgpHele 4ucaa. HaTypanbHOe 4YMCIO HasblBaeTca aBTOMOPPHbLIM, €C/IM OHO PaBHO Mo-
cnegHUM undpam cBoero Keagpata. Hanpumep, 25° = 625. HanuwwuTe nporpammy, KOTopasa BBO-
OWT HaTypasbHoe Yncio N 1 BbIBOAUT HA 3KpaH Bce aBTOMOPdHbIe umcna, He npeeocxoaaume N.

13. Hanuwwute nporpammy, KOTOpas CYUTAET KOJIMYECTBO YETHLIX UNMdp BBEAEHHOIO Yncna.

14. Hanuwwnte nporpammy, KOTopas cyMTaeT cymmy umdp BBeAEHHOroO Ymcna.

15. Hanuwwute nporpammy, KOTopasa onpeaenser, BEPHO AU, YTO BBEAEHHOE YMCNO COAEPIKUT ABe
OAMHAKOBbIX LMbpbl, CTosLME pasom (Kak, Hanpumep, 221).

16. Hanuwwnte nporpammy, KOTopasa onpenenseT, BEpHO /N, YTO BBEAEHHOE YNCI0 COCTOUT U3 0AU-
HaKoBbIX Undp (Kak, Hanpumep, 222).

17. *Hanuwute nporpammy, KOTopas onpenenser, BEPHO AN, YTO BBEAEHHOE YMCIO COLEPKMUT NO

KpaliHeli mepe fBe 0AMHAKOBbIX LM Pbl, BOSMOMKHO, He CToAwwMe PAOM (Kak, Hanpumep, 212).
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18. Wcnonb3ya cHavyana LMKA C YyCNOBMEM, @ MOTOM — LKA C NEePEMEHHOM, HanNUWKTe NPOrpammy, Ko-
TOpas BbIBOAWT Ha 3KPaH YETHbIe cTeneHu uncna 2 ot 2'° ao 2° B nopaake y6biBaHUA.

19. Anecopumm Egkauda ana BblMUCAEHUA Hanboblero obLLero agenmTtens AByX HaTypasbHbIX Yymcen,
bopMynmpyeTcs TaK: HY)KHO 3aMeHATb Bosbluee YMCA0 Ha Pa3HOCTb BO/bLUEro U MEHbLUEro A0
Tex nop, MoKa OAHO U3 HUX He CTaHeT PaBHO Hy/o; Torga Bropoe u ectb HOA. HanuwwuTte npo-
rpammy, KoTopasa peannsyeT 3TOT aNropuTm. Kakoi LMKA TYT HYXKHO UCMONb30BaTb?

20. HanuwwuTte nporpammy, UCNOb3YOLWY MOOUGUUUPOBAHHBILU anzopumm EeKauda: HyXKHO 3ame-
HATb H6o/iblUEee YMCI0 Ha OCTATOK OT AeneHusa B6onbliero Ha MeHblee 40 Tex Nop, NOKA 3TOT OCTa-
TOK He CTaHeT paBeH Hyto; Toraa sTopoe u ectb HO/.

21. NobaBbTe B pelleHne ABYX NpeablayLnX 33434 BblYMCAIEHNE KOMYECTBA LWAroB UMKAa. 3anoiHu-
Te Tabanuy (warn-1 v warun-2 o3HayaoT KONMYECTBO LWAroB ABYX Bepcus anropntma Esknmaa):

a 64168 358853 6365133 17905514 | 549868978

b 82678 691042 11494962 23108855 298294835
HOL (a,b)
marmn-1
wmaru-2

22. HanuwwuTe nporpammy, KOTopas BBOAMT C KaasmaTtypbl 10 umcen v BbIYMCAAET UX CYMMY U NPOM3-
BefeHue.

23. HanuwwuTe nporpammy, KOTopas BBOAMT C KNaBMaTypbl YACAa 40 TeX NOP, NOKa He ByaeT BBeLEHO
umcno 0. B KoHUe paboTbl NPOrpaMmmbl Ha 3KPaH BbIBOAMTCA CYMMa M NPOM3BeaeHNe BBeAEHHbIX
yucen (He cumtan 0).

24, HanuwuTe nporpammy, KOTopas BBOAMT C KNaBMaTypbl YACaa 40 TeX NOP, NOKa He ByaeT BBeLEHO
umcno 0. B KoHLe paboTbl NPOrpammbl Ha 3KpPaH BbIBOAMTCA MUHMMA/IbHOE M MaKCMMasibHOe U3
BBEZEHHbIX Ymcen (He cumTas 0).

25. HanuwmnTe nporpammy, KOTopaa BBOAWUT C KAaBMaTypbl HaTypasbHoe yncno N n onpegenser ero
thakmopuas, To ecTb NponsseaeHue HaTypaabHbix umcen ot 1 go N: NI=1-2-3...-N.

26. HanuwuTe nporpammy, KoTopas BBOAMT HaTypasnbHble uncia A u N 1 Bbiuncaset AV 6e3 ucnons-
30BaHMA OnepaLmm Bo3BeAEeHNA B CTENEHb.

27. HanuwuTe nporpammy, KOTOpas BbIBOAMT Ha 3KpaH Bce UMdpbl YMCAa, HAUMHAA C NePBOA.

28. Pag umcen ®uboHauum 3agaetcA cnegylowum obpasom: nepsBble ABa 4Yucna  paBHbl 1
(F, =F, =1), a kaxgoe cnegytowee pasHo cymmy asyx npegbiaywmx: F =F  +F ,. Hanu-

LWMTe Nporpammy, KOTopasa BBOAUT HaTypasbHoe Yncno N u BbIBOAUT Ha 3KpaH nepsble N yucen
®dunboHauuu.

29. HanuwwuTte nporpammy, KOTopad BBOAMUT HaTypa/ibHble YNCNa a U b 1 BbIBOAUT BCE NPOCTbIE YMCAA
B AMana3oHe oT a Ao b.

30. CoBepLleHHbIM Ha3bIBAETCA YMCI0, PAaBHOE CYMMeE BCEX CBOUX AeNUTeNeld, MeHbLUMUX ero Camoro
(Hanpumep, uncno 6=1+2+3). HanuwunTte nporpammy, KoTopas BBOAMT HaTypasbHOe 4nmcio N u
onpeaensaet, ABNAETCA M Uncno N coBepLUeHHbIM.

31. HanuwwuTe nporpammy, KOTopasa BBOAMUT HaTypasibHOe Yncno N 1 HaxoguT BCE COBEPLUEHHbIE YNC-
Nna B AnanasoHe ot 1 oo N.

32. B marasnHe npoaaetca macTuKa B AwmMKax no 15 Kr, 17 kr, 21 Kr. Kak KynuTb poBHO 185 Kr macTu-
KM, He BCKPbIBAA AWMKM? CKONbKMMM cnocobamm MOMKHO 3TO CAeNaThb?

33. *BsecTu HaTypanbHoe 4yncio N 1 BbIBECTU 3HaYeHue ymcia 1/N, Bbiaenvs nepuog Apobu. Hanpu-
mep, 1/2=0,5 nnn 1/7=0,(142857).

34. *B TeNeBMKTOPUHE YYACTHUKY MpeanaratoT BblbpaTb OAMH M3 TPEX 3aKPbITbIX YEPHbIX ALLMKOB,
NPUYEM M3BECTHO, YTO B OAHOM M3 HUX — NPU3, a B ABYX APYrnX — nycto. Mocne 3Toro seayLmii
OTKPbIBAET OAMH MYCTOM AWMK (HO He TOT, KOTOPbI BbIbpan y4acTHWK) U NpeasiaraeT 3aHOBO cae-
NaTb BbIOOP, HO yiKe Mexay ABYyMS OCTaBLUMMUCA ALMKamMK. Micnonb3ys ncesaocayyaliHble YNCna,
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BbIMNO/IHNUTE MOAENNPOBAHUE 1000 payHgoB aTon Urpbl 1 onpenennTe, YTo BblirogHee AeNaThb yda-
CTHUKY BUKTOPUHDI: Bbl6paTb TOT e AWMUK, 4TO U B Ha4aie urpbl, nUan /J,pyroﬁg.

§59. Ilpoyedypui

YTo Takoe npoueaypa?

MpeanonoXunum, 4To B HECKONbKUX MECTax Nporpammol TpebyeTca BbIBOAUTL Ha 3KPaAH cooblLue-
HUe 06 oWwmnbKe: «OWUBKA MPo2pammMbi». ITO MOXKHO CAeaTb, Hanpumep, Tak:
print ( "Ommb6xa nporpamms" )

KoHeuyHo, MOXHO BCTaBMTb 3TOT OMNEPATOp BbiBOAA Be3/e, IAe HYXXHO BbiBECTU coobLieHne 06 owmnbKe.
Ho TyT ecTb ABe cNOXHOCTU. Bo-nepBbiX, CTPOKa-coobLeHMe XPaHUTCA B MaMATU MHOTO pas. Bo-BTopbix,
€C/IN Mbl 3aAyMaeM NOMEHATb TEKCT COObLLEHMA, HYXKHO ByaeT UCKaTb 3TV onepaTopbl BbiBOAA MO BCel
nporpamme. ns TakMX C/lydyaeB B A3blKax NPOrpammupoBaHMA NpeaycMOTPEHbI npouedypsbl — BCNOMO-
raTe/ibHble aNropUTMbl, KOTOPbIE BbIMOHAKT HEKOTOPbIEe AENCTBUSA.
def Error():

print ( "Ommb6xa nporpamms" )
n=int ( input() )
if n<O:

Error()

Mpoueaypa, BolaeneHHas 6enbim GoHOM, HauMHAETcA ¢ KatodeBoro cnosa def (oT aHrn. define —
onpenenutb). Mocne MMeHU nNpoueaypbl CTaBATCA NyCTble CKOOKKM (4yTb Aanee Mbl YBUAWM, YTO OHU MO-
ryT 6b1Tb M HenycTble!) u gBoeTouMe. Teno NpoLeaypbl 3aMMCbIBAe€TCA C OTCTYMOM.

PaKTUYECKN Mbl BBEIN B A3bIK NPOrPamMMmMPOBaHMA HOBYIHO KoMaHAy Error, Kotopaa bblna pac-
wudpoBaHa Npsmo B Tene nporpammbl. Ons Toro, 4tobbl npoueaypa 3apabotana, B OCHOBHOW Mpo-
rpamme (Mnu B Apyroi npouenype) HEOH6XOAMMO ee 8bI38aMb MO UMEHW (He 3abblB CKOOKM).

Mpoueaypa A0NXKHaA ObITb onNpeaenieHa K MOMEHTY e€ Bbl30Ba, TO €CTb A0/1KHa 6bITb BbINOJHEHA
nHcTpykuma def, KoTopas cosgaeT obbeKT-npoueaypy B namatu. Ecam npouenypa BbI3biBaeTCA M3 OcC-
HOBHOW MPOrpPamMmbl, TO HY>KHO MOMECTUTb e€ onpeaesieHMe paHblle TOYKN BbI30Ba.

Kak Mbl BUAENN, UCNONb30BaHME NPOLLEAYP COKpaLLaeT Kod, eCNM Kakne-To onepaumn BbiMoJHA-
IOTCA HECKOJIbKO Pa3s B pasHbIX MecTax nporpammbl. Kpome Toro, 6onbluyto nporpammy pasbusatoT Ha
HECKO/IbKO Mpoueayp ans yaobcTea v ynpolleHus, obopmassa B BUAe npoueayp OTAe/bHble 3Tanbl
CNIOXKHOTO anroputma. Takon noaxon Aenaet BClo Nporpammy 6os1ee NoHATHOMN.

IIpoueaypa c napaMmeTpamMmu

Mpoueaypa Error npu Kaxk4om Bbl30Be AeslaeT O4HO U To Ke. bonee nHTepecHbl npoueaypsl,
KOTOPbIM MOXHO Nepeaasatb napamemps (MAN apryMeHTbl) — AOMNO/IHUTE/IbHbIE AaHHbIE, KOTOPbIE U3-
MEHSAIOT BbIMOJIHAEMbIE AEACTBUA.

Mpeanonoum, 4to B Nporpamme TpebyercA MHOrOKpPaTHO BbIBOAMTbL HA 3KPaH 3amnucb LEenoro
uncna (0..255) B 8-6MTHOM ABOMYHOM Koge. CTaplian umMdpa B TaKoM 3aNUCKU — 3TO YaCTHOE OT AeNeHuns
yncna Ha 128. Janee BO3bMeM OCTAaTOK OT 3TOro AeNeHUA U pa3fennm Ha 64 — nosyyaeTca BTopasa uno-
pa u T.4. ANropuUTM, peLlatoLLmii 3Ty 3aa4y 414 NepeMeHHON n, MOXKHO 3anuncaThb TakK:

n=125
k=128
while k>0:

print ( n//k, end="" )

n=n%k

k=k//2
O6paTVM BHUMaHME Ha BbI30B GYHKLMM print, y KOTOPOM yKasaH MMeHOBaHHbIN napameTp'® end —
3aBepLUaoLLLNA CUMBOA (MO YMONYAHMIO — CUMBOJ1 «HOBAA CTPOKa», KOTOPbIA 0603HavYaeTca Kak « \n»).
HanomMHMM, 4TO paHblLe Mbl y¥Ke UCNO/Ib30BaIN eLé OANH UMEHOBaHHbIM napameTp GyHKUMK print —

9 .

ITa 3aga4ya M3BeCTHa Kak napagokc MoHTM Xonna, NoToOMy YTO eé pelueHue NPOTUBOPEYUT UHTYULUU U «34pa-
BOMY CMbICAY».
10

TaK Ha3bIBalOT NapameTpbl, UMelLWMe UMEHA.
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sep — pasgenuTenb Mexay 3leMeHTaMM CNKCKa BbiBoAa (N0 ymonyaHuto — npoben).

MucaTb TaKOM LMKAN KaXKAblM pa3, KOr4a HY*KHO BbIBECTM ABOMYHOE YMC/IO, OYEHb YTOMUTE/IBHO.
Kpome TOro, nerko caenatb OWWOKY MAM OneyaTKy, KoTopyk b6yaeT CNOXKHO HanTu. Moatomy Aydwe
0bOpPMUTL 3TOT BCMOMOraTe/IbHbIN aAropuT™M B BUAE npoueaypbl. Ho aTolt npoueaype Hy»XHO nepesaTb
napamemp —4nCno gNA NepeBosa B ABOUYHYIO cucTemy. MNporpamma noayvaeTcs Takas:

def printBin(n):
k=128
while k>0:
print ( n//k, end="")
n=n%k
k=k//2
# ocHoBHast nmporpamma
printBin ( 99 )

OCHOBHas NporpaMmma CoAepKMUT BCEro OAHY KOMaHAy — BbI30B npoueaypbl printBin. B ckob-
Kax YKa3aHo 3HayeHWe napameTpa (ero HasbIBAlOT apryMeHToOM npoueanypbl) — 99.

B 3arosnioBKe npoueaypbl B CKOOKax 3anucbiBalOT BHYTPEHHEE MMA NapameTpa (To ecTb Mmsa, no
KOTOPOMY K HEMY MOXHO 06paLLaTbca B Npoueaype).

B npoueaype MCNonb3yeTcs s10KAAbHAA (BHYTPEHHAA) nepemeHHasa k — OHa M3BECTHA TOJ/IbKO
BHYTPM 3TON npoueaypbl, 06paTUTbCA K HEN M3 OCHOBHOW NpPOrpammbl U U3 APYrUX Npouenyp HeBO3-
MOHO. MapameTpbl NpoLeaypbl — 3TO TOXKE /IOKaNbHble NepeMeHHbIe.

Ecnn nepemeHHONM NPUCBOEHO 3HAYeHWEe B OCHOBHOM Mporpamme (BHe BCeX Mpoueayp), OHa Ha-
3blBaeTcA 2106aa6HOU. BHYTpW npoueaypbl MOXKHO 0bpalaTtbca K rnobanbHbiM nepemeHHbIM, Hanpu-
Mep, 3Ta NporpaMmma BbiBeZET 3Ha4YeHue 5:

a=>5
def qq():
print ( a )
aq ()
OfHaKo Ansa Toro, Ytobbl MU3MEHUTb 3HaYeHWe rnobanbHON NepeMeHHON (He co3aaBan JIoKaNbHYLO), B
npoueaype ¢ nomolLbto cnosa global Hafo yKasaTb, YTO Mbl UCMONb3YEM UMEHHO FN06aNbHYO nepe-
MeHHyto. CnegytlouLan nporpamma BbiBeAeT Ha dKpaH uncao 1:
a=>5
def qq():
global a
a=1
aq ()
print ( a )

MapameTpoB MOKeT OblTb HECKO/IbKO, B 3TOM C/ly4ae OHU NEePEeYUCNAOTCA B 3aro/ioBKe npoueay-
pbl Yepes 3anaTyto. Hanpumep, npoueaypy, KOTopas BbIBOAUT HA SKpaH cpegHee apudmeTnyeckoe aByx
ynces, MOXKHO 3anmcaThb TakK:

def printSred ( a, b ):
print ( (a+b)/2 )

9 KonmpoavHbie eonpocul

1. Yro Takoe npoueaypbl? B 4eM CMbICA MX UCNO/Ib30BAHMA?

2. Kak odpopmnsatotca npouedypbl B Python? [locTaToyHO AW BKAKOYMTL Mpoueaypy B TEKCT Mpo-
rpammsl, 4Tobbl OHa «cpaboTtana»?

Y70 TaKoe NnapameTpbl? 3a4em OHWU UCMONb3YIOTCA?

Kakune nepemeHHble Ha3bIBaOTCA NOKAAbHBIMU? TN106aNbHbIMKU?

Kak B npoueaype npoYnTaTh U MU3MEHUTb 3HaYeHue rnobasbHON NepemMeHHON?

Kak odpopmnatoTca npoueaypbl, MMetoLLMe HECKO/IbKO NapameTpoB?

o v kW

:0i0) 3adayu u 3a0aHus

1. HanuwwuTe npoueaypy, KOTOPan BbIBOAMT Ha 3KpaH B CTONBMK Bce LMdpbl NepesaHHOro e uncna,
HauyMHasA c nocaesHen.
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2. HanuwwuTe npoueaypy, KOTOpas BbIBOAUT Ha 3KPaAH B CTONOUK BCe LMdpbl NepeaaHHoro el Yymcna,
Ha4YMHaA c NepBoMN.

3. HanuwwuTe npoueaypy, KOTOpPan BbIBOAMT Ha 3KPaH BCe AeNTENN NepesaHHOro ell yucna (B oaHy
CTPOYKY).

4. *HanuwwuTte npouenypy, KOTOpaa BbIBOAMT HA 3KPaH 3anucb NepesaHHOro en Yncna B PUMCKOM
cUCTEME CHUCNIEHUA.

5. HanuwuTe npoueaypy, KOTopas BbIBOAWUT Ha SKPaH 3anucb YMCAa, MeHbluero, yem 8'°, B8 Buge 10
3HAKOB B BOCbMEPUYHOM CUCTEME CHUC/IEHUA.

6. HanuwwuTte npoueaypy, KOTOpasa BbIBOAUT HA SKPAH 3anuUCb YMCIA, MEHbLLEro, Yem 2'® = 65536, B
BMAe 4-X 3HAKOB B LIECTHAALATEPUYHOM CUCTEME CHUCNEHUA.

7. HanvwwuTe npoueaypy, KOTopaa NPUHMMAET napameTp — HaTypanbHoe 4yncio N — 1 BbIBOAUT Ha
3KpaH AnHuto us N cumeonos '—'.

8. HanuwwuTte npoueaypy, KoTopaa NPUHMMAET NapameTp — HaTypanbHoe 4yncio N — 1 BbIBOAUT Ha
3KpaH KBaZpaT 13 3Be3404€eK Co CTOpoHoi N.

9. HanuwwuTe Npouenypy, KOTopas NPUHMMAET YNCOBOM NMapamMeTp — BO3PacCT Ye/I0BEKA B rofax, U
BbIBOAMT 3TOT BO3PACT CO C/IOBOM «roA», «roga» unu «net». Hanpumep, «21 roa», «22 roga», «12
nerm».

10. Hanuwwnte npoueaypy, KoTopaa BbIBOAUT NepedaHHOe el Ynucno nponuceto. Hanpumep, 21 —
«ABaAuaTb O4MHY.

11. HanuwwTe npoueaypy, KOTopaa NPUHMMAET NapameTp — HaTypaabHoe ynucno N — 1 BbIBOAMUT nep-
Bble N yncen dnboHayum (cm. 3agaHmnsa K § 58. ).

§ 60. Pyukyuu

IIpumep pyHKIUU

C YHKUMAMM Bbl y:Ke 3HAKOMbI, MOTOMY YTO MPUMEHSAN BCTPOEHHblE GYHKLMM A3blka Python
(Hanpumep, input, int, randint, cm. § 56. ). DyHKUMA, KaK M Npouesypa — 3TO BCNOMOraTe/IbHbI i
aNrOpPUTM, KOTOPBIN MOXKET MPUHUMATb aprymeHTbl. Ho, B oTanume oT npoueaypsl, GyHKLMA BCeraa Bos-
BPaLLAeT 3Ha4YeHue-pe3ysnbmam. Pe3ynbTaTom MOXKeT bbiTb YMCNO, CUMBOA, CMMBOJIbHAA CTPOKa UM
ntoboi apyron o6beKT.

CocTtaBuM GYHKLUMIO, KOTOPAA BbIMMCAAET CymMy Undp ymcna. byaem mcnonb3osaTb Cleayowmin
anroputm (NpeanonaraeTcs, YTo YNC/I0 3aMMCaHO B NepeMeHHOM n):

sum=0

while n!=0:

sum+=n%$ 10

n=n//10
YT106bI NONYYUTL NOCNegHIo UMbpy YMcna (KoTopas fobaBaseTca K CyMMe), HYXKHO B3STb OCTaTOK OT
aeneHua ymcna Ha 10. 3aTem nocnegHaa uMdpa oTCEKaeTca, U Mbl MepexoamMm K cnegytolen umnodpe.
LMKn npoponyKaetca A0 TeX NOpP, NOKA 3HAYEHWE N He CTAHOBUTCA PABHO HYAHO.

MoKa ocTaeTcA HeACHO, KaK yKasaTb B Nporpamme, Yemy paBHO 3Ha4YeHUe GyHKUMKU. [na 3Toro uc-
No/b3yloT onepaTop return (B NepeBoe C aHr. — «BEPHYTb»), NOC/e KOTOPOro 3amnmucbiBaloT 3Have-
HWe-pesynbTaT:

def sumDigits( n ):
sum=0
while n!=0:
sum+=n%$ 10
n=n//10
return sum
# ocHoBHas nporpaMma
print ( sumDigits (12345) )

Tak e Kak 1 B npoueaypax, B GYHKUMAX MOKHO MCMNO/b30BaTb JIOKaNbHble nepemeHHble. OHU
BXOOAT B «30HY BUAMMOCTM» TO/IbKO 3TOM PYHKLUMU, ANA BCEX OCTANbHbIX GYHKUMUIA M NpoLeayp OHU He-
OOCTYMHbI.
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B dYHKUMM MOKET BbITb HECKONBKO onepaTopoB return, nocne BbIMOAHEHUA NHOOBOro U3 HUX
paboTta PyHKLUMM 3aKaHUMBAETCH.

®yHKUMKM, cOo34aHHble TaKMM 06pa3om, MPUMEHSAIOTCA TOYHO TaK e, KaK U cTaHZapTHble GyHK-
UMW, X MOXKHO BbI3blBaTb Be3ae, rAe MOXKeT UCMO/b30BaTbCA BblParKeHWe TOro TMNa, KOTopblii BO3Bpa-
waet dyHKUmA. Mpuseaem HECKOIbKO NPUMEPOB:

x=2*sumDigits (n+5)
z =sumDigits (k) + sumDigits (m)
if sumDigits(n) $2==0:
print ( "Cymma umdp uéTHas" )
print ( "Oma paBua'", sumDigits(n) )

@DYHKLMIO MOXKHO BbI3blBaTb HE TOJIbKO M3 OCHOBHOM MPOrpammbl, HO 1 U3 apyro ¢pyHKuum. Ha-
npumep, PyHKUUS, KOTOpas HaXOAUT CPeHee U3 TPEX Pa3NYHbIX Yncen (To ecTb YUC/O, 3aKNOYEHHOoE
MeXKAY ABYMA OCTaNbHbIMK), MOXKET ObITb ONpeaeneHa TakK:

def middle ( a, b, c ):
mi=min( a, b, ¢ )
ma=max ( a, b, ¢ )
return a+b+c-mi-ma
OHa 1cnosib3yeT BCTPOEHHble PpyHKUMM min M max. Miaea peleHns cCoCToUT B TOM, YTO €C/IM U3 CYMMbl
TPEX YMcen BblMECTb MUMHUMAIbBHOE U MAaKCUMAJIbHOE, TO MOJIYYMUTCA KaK pa3 TPETbE YMC/O.
DyHKUMA MOXKET BO3BpaLLaTb HECKONbKO 3Ha4YeHUW. Hanpumep, GyHKUMIO, KOTOpasa BbluMcaneT
Cpasy ¥ YaCTHOe, U OCTATOK OT AeNEHUA 4BYX YMCEN'" MOMKHO HanucaTb TaK:
def divmod ( x, y ):
d=x//y
m=x%y
return d, m
Mpu BbI30BE TaKOW PYHKLUMM €€ pe3y/ibTaT MOXKHO 3anncaTb B ABE Pa3/iNyHbIe NepemMeHHble
a,b=divmod ( 7, 3 )
print ( a, b ) $#21
Ecnn yKazaTb TONbKO OAHY NepPeMEHHYI0, Mbl MNOJYy4UM KOpmext — Habop 3/1eMeHTOB, KOTOPbI 3aK/to-
YyaeTca B Kpyrible CKOOKU:
g=divmod ( 7, 3 )
print ( q ) # (2, 1)

Jloruyeckue GQyHKIUHN

Yacto nNpumeHstoT GyHKLMM, KOTOpble BO3BPALLAIOT s02uveckoe 3HavyeHue (True wau False).
MHaue roBops, Takasa so2udeckas GyHKLMA OTBEYAET Ha BOMPOC «A4a UM HET?» U BO3BpaLaeT 1 6UT uH-
dopmauum.

BepHEmcsa K 3aZa4e, KOTOPYIO Mbl YXKe pacCMaTpMBaIN: BbIBECTU Ha 3KPAH BCe MPOCTble YUCAa B
AuanasoHe ot 2 ao 1000. Anroputm onpegeneHua NpoctoTbl Yucaa opopmum B Buae dyHKUnuU. Mpu
3TOM €ro MOKHO /IerKo BbI3BaTb M3 /11060 TOUKM NPOrpammbl.

3anuwem OCHOBHYIO NPOrpaMmmy Ha NceBAoKoAe:
for i in range(2,1001):
print ( i )
Mpeanosioknm, YTo y Hac YXKe ecTb normyeckas pyHkuma isPrime, KoTopasa onpeaensaeTt npo-
CTOTY YMcna, NepesaHHoOro el Kak napameTp, U BO3BpalLaeT UCTUHHOE 3HayeHue (True), ecan Ymucno
npocrtoe, U NoXHoe (False) B NpPoTMBHOM caydae. Takyo GYHKLMIO MOXKHO MCNO/Ib30BaTb BMECTO Bbl-
AeneHHoro 610Ka anroputma:
if isPrime ( i ):
print ( 1 )
OcTaéTtca Hanucatb camy PyHKUMIO isPrime. Byaem Mcnonb30BaTbh yKe U3BECTHbIA aNroOpuUTM:

€C/IM YUCSI0 N B UHTEpBane oT 2 A0 +/N He nmeeT HU OA4HOro AeNuUTens, To OHO I'IpOCTOElZZ

' B Python ecTb Takan BCTPOEHHaA GYHKLMA.
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def isPrime ( n ):
k=2
while k*k<=n and n%$k !'=0:
k+=1
return (k*k >n)
3Ta dYHKUUA BO3BPALLAET s102UYecKoe 3HaYeHNE, KOToPoe onpeaensieTcs Kak
k*k >n
Ecnu 31O ycnoBme UCTUHHO, TO GYHKLMA BO3BpaLLaeT True, MHaye — False.

Nornyeckne GyHKUMM MOXKHO MCNO/Ib30BaTb TaK e, KaK 1 Ntobble yC0BMA: B YC/I0BHbIX ONepaTo-
pax u LMKNax c ycnoBuem. Hanpumep, Takom LIMKA OCTAaHAaBAMBAETCA Ha NepBOM BBEAEHHOM COCTaBHOM
yuucne:

n=int ( input() )

while isPrime(n) :
print ( n, "- npocToe umcio" )
n=int ( input() )

9 KOHmpO./leble 80NpocCsul

1. Yto Takoe PyHKLMA? Yem OHa OT/IMYaeTCA OT npoueaypbl?
2. Kak no TeKCTy nporpammbl onpeaennTb, Kakoe 3HaYeHne Bo3BpaLLaeT GpyHKUMA?
3. Kakue GyHKUMM HA3bIBAIOTCS IOTMYECKMMMU? 3a4eM OHM HYKHbI?

3adayu u 3a0aHuAd

1. HanuwwuTte dyHKUMIO, KOTOPAs BbIMMCAAET MAaKCMMAIbHOE U3 TPEX YMCEN, HE UCNO/b3YSA BCTPOEH-

HY0 GYHKUMIO max.

Hanuwute PpyHKUMIO, KOTOPas BbIUMCAAET KONIMYECTBO LMbp Yncna.

Hanuwute ¢yHKUMIO, KOTOpas BbluUCAAET HaMboNbLWNIA 06NN AennTenb ABYX YMcen.

Hanuwwute PpyHKUMIO, KOTOPas BbIUMCAAET HaMMEHbLLee 06LLee KpaTHOe ABYX YMcen.

Hanuwute ¢yHKUMIO, KOTOpaa «pa3BopaynmBaeT» AECATUYHYIO 3anucCb YMcaa HaobopoT, Hanpu-

mep, n3 123 nony4vaetca 321, n ns 3210 - 0123.

6. HanuwwuTte dyHKLUMIO, KOTOpas moaennpyeT BpocaHne AByX UTPabHbIX KYOUKOB (Ha Kaxgom mo-
»KeT BblnacTb oT 1 A0 6 o4KoB). (Micnonb3yitTe reHepaTop NcesaoCayYaliHbIX Yncen.)

7. HanuwwuTe dyHKUMIO, KOTOPas BbluMCAAEeT paKkTopuan HaTypasabHOro ymcna N.

HanuwuTte dyHKUMIO, KoTOpas BblumcaneT N-oe uncno PuboHauum.

9. [pyxcecmaeHHsble 4ucaa — 3T0 ABA HATYpPasbHbIX YMCAA, TAKUX, YTO CYMMa BCEX AeNnTenei og4Horo
yncna (MeHbLKWX CaMOro 3TOro YMCNAa) paBHA APYromy 4ucay, u HaobopoT. Haliaute Bce napbl
OPYMKECTBEHHbIX YMCEN, Kaxaoe u3 KoTopbix meHbwe 10000. Ucnonb3yinTe ¢yHKUMIO, KOTOopan
BbIYMCNIAET CYMMY Aenntenen ymcna.

10. HanuwwTe nporpammy, KOTOpasa BBOAUT HaTypanbHOe yncao N 1 HaxoaAuT BCe YMCNA B MHTepBase
[0,N], cymma umndp KOTOPbIX HE MeHsieTcA MNP YMHOXeHuU Ha 2, 3, 4, 5, 6, 7, 8 n 9 (Hanpumep,
yncno 9). Ucnonbsyite GyHKUMIO AN BbIYMCAEHMUA CYMMbI LMdP YmMca.

11. Hanuwwute fornyeckyro GyHKLMIO, KOTOpPaa ONpPeaenseT, BEPHO /M, YTO Yncio N — coBEPLUEHHOE,
TO €CTb PaBHO CyMMe CBOMUX AenunTenei, MeHbLUIUX ero CaMoro.

12. MpocToe Yncno Ha3bIBAETCA TMNEPNPOCTbIM, ECAN Nt0HOE YMCNO, NONYYAKOLLEeEeCcA U3 HEFO OTKUAbI-
BaHMEM HECKOJIbKUX nocneaHux undp, Toxke asndeTca npoctbim. Hanpumep, umncno 733 — runep-
npocToe, Tak Kak U OHO camo, U uncna 73 n 7 — npocTble. HanuwuTe normyeckyto GyHKUMIO, KOTO-
pas onpeaensaeT, BEPHO /N, YTo ymucno N — runepnpoctoe. Ucnonbayite yrKe rotoByto GyHKLUMIO
isPrime.

vk wnN

®

12
3Ty Nporpammy MOKHO €eLLe HEMHOIO YCOBEPLUEHCTBOBATb: MOC/IE YACAA 2 MMEET CMbIC/I NPOBEPATb TO/IbKO He-
YETHbIE AE/IUTENM, YBEIMYMBAA HA KAXKAOM Luare 3HayeHune k cpasy Ha 2.
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§ 61. Pekypcus

Yrto Takoe pekypcus?

OnpepeneHune HaTypanbHbIX YACEN B MaTEMATUKE COCTOUT U3 ABYX YacTei:
1) 1-HaTypanbHOe 4ncno;
2) ecan N —HaTypanbHoe uncno, To N+1 — Toxe HaTypanbHoe Yncso.
BTopasa yacTb 3TOro onpeaeneHna B MaTeMaTUKe Ha3blBAaeTCA UHOYKMUBHbLIM: HaTypasbHOE YUCNOo on-
pefenseTtca Yyepes Apyroe HaTypasbHOE YMCAO, U TaKUM obpasom onpenenaeTcAa BCE MHOMKECTBO HaTy-
panbHbIX YMcen. B nporpammmpoBaHmMm 3TOT NPUEM Ha3bIBatOT peKypcuel.

Pekypcua — sT1o cnocob onpeaneneHNA MHOXecCTBa 0b6beKToB yepe3 CaMoO 3TO MHOXXeCTBO Ha OCHOBe
3a4aHHbIX MPOCTbIX 6a30BbIX Cny4vaes.

MepBanA YacTb B onpeaeneHnn HaTypaabHbIX YNCEN — 3TO M eCTb TOT camblil 6a30BbIM caydan. Ecam y6-
paTb NepByo YacTb U3 onpeseneHns, OHO byaeT HENOIHO: BTOPasA YacTb AAET TO/IbKO MeTo, nepexoaa K
cneayroWemy 3HaYEHUIO, HO He AAET HUKAKOM «3auenkn», He oTBeYaeT Ha BONPOC «OTKYAa HauyaTby.

Moxoxum obpasom 3agatotca Yucaa PuboHay4u: nepsble ABa YNCNA PaBHbl 1, 3 KaXKaoe 13 cne-
OyoLWunX Yncen paBHO CyMMe ABYyX NpeablayLmx:

1) F=F =1,
2) F=F_ ,+F_aian>2.

MonynapHble NpUMepPbl PEKYPCUBHBIX OOBEKTOB — hpakmasel. Tak B MaTeMaTUKe HA3bIBAIOT reo-
MmeTpudeckme durypbl, obnagawowme camonodobuem. ITO 3HAUYUT, YTO OHW COCTaBfEHbl U3 GuUryp
MEeHbLUEro pasmepa, Kaxgaa us KoTopblix noaobHa uenoit ¢ourype. Ha pucyHke NoKasaH TpeyroabHUK
CeprnnHCKOro — oAMH U3 nepBbiX PpPaKTanoB, KOTOPbIA Npeanoxun B 1915 rogy nonbCkUii maTemaTuK
B. CepnnHCKuiA.

PaBHOCTOPOHHUI TPEYrobHUK AENUTCA Ha 4 paBHbIX TPEYroJibHUKA MEeHbLIEro pasmepa (/eBblit pucy-
HOK), 3aTeM KaKAabll M3 NOJIYYEHHbIX TPEYro/IbHUKOB, KPOME LeHTPA/IbHOro, CHOBa AeNnTCA Ha 4 elwé
6osee MesKMX TpeyrosibHMKa U T.4. Ha npaBom pucyHKe NoKasaH TPeyroabHUK CeprnmnHCKOro ¢ Tpems
YPOBHAMMW AeNeHus.

XaHolcKue 6alIHU

CornacHo nereHge, KoHew, cBeTa HacTynuT Toraa, Korga moHaxu Bennkoro xpama ropoga bernapac
CMOTyT Nepenoxntb 64 auncka Pa3HOro agnameTpa C OAHOro CTep*HA Ha ,a,pyroﬁ. BHauvane Bce AMCKM Ha-
HW3aHbl Ha I'IepBin;l CTepXKeHb. 3a oguH Pa3 MOXHO NepeKkanaabiBatb TO/ZIbKO OAUH OUNCK, NpUYeEM paspe-
LWAeTCcA KNacTb TO/IbKO MEHbLUNI ANCK Ha 6O}1bLL|Ml7I, HO He HaO60pOT. EcTb TaKkKe un TFJETMﬁ CTepX*KeHb,
KOTOprVI MOXHO MCNOJZ1Ib30BAaTb B Ka4eCTBE BCNOMOraTe/ZIbHOro.

1 2 3

PewnTb 3apauy gna 2, 3 n gaxke 4-x ANCKOB A0BOJ/IbHO NpocTo. [Mpobaema B Tom, YTOObI COCTAaBUTbL a-
ropuTm Ana ntoboro Yncna AUCKOB.
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MycTb HYXXHO NepPeHeCTM N ANCKOB CO CTEPKHA 1 Ha cTeprkeHb 3. MpeactaBum cebe, YTO Mbl KaK-
TO CMOr/IM nepemecT n—-1 AMCKOB Ha BCMOMOraTesbHbIM CTeprKeHb 2. Torga octaeTca nepeHecTu ca-
MbIi 6O/bLION AUCK Ha CTEPKEHb 3, a 3aTeM n-1 MeHbLKNX ANCKA CO BCMNOMOraTe/IbHOMO CTePXKHA 2 Ha
cTeprkeHb 3, 1 3aga4a byaeT pelueHa. MoayyaeTca TakoM NCeBAOKOA,:
neperecru ( n-1, 1, 2 )
1 ->3
neperecru ( n-1, 2, 3 )
3pecb 3anucb 1 —> 3 o0603HavaeT «nepeHecTM OAMH AUCK CO CTepXHA 1 Ha cTeprkeHb 3». MMpoueaypa
nepeHecTH (KOTOPYIO HaM NPeACTOMT HanncaTb) NPUHUMAET 3 NapameTpa: YNCNO0 SUCKOB, HAYasIbHbI
N KOHEYHbI CTepKHU. Takum 06pa3om, Mbl CBEIMU 3aZa4y NepeHoca n ANCKOB K ABYM 33434a nepeHoca
n-1 AWCKOB N OQHOMY 3/IeMEHTApPHOMY AENCTBUIO — NepeHocy 1 AncKa. 3ameTum, YTO NPU NM3BECTHbIX
HOMepax Ha4ya/ibHOIO0 M KOHEYHOrOo CTEepKHEW NIerko paccymtaTb HOMepP BCMOMOraTe/IbHOro, Tak KakK
cymma HomepoB paBHa 1 + 2 + 3 = 6. NonyyaeTca TaKas (MOKa He coBcemM BepHasd) npoueaypa:
def Hanoi ( n, k, m ):
p=6-k-m
Hanoi ( n-1, k, p )
print ( k, "->", m )
Hanoi ( n-1, p, m )
3Ta npoueaypa Bbi3biBaeT cama cebs, HO ¢ ApyrMmu napameTpamu. Takas npoueaypa HasbiBaeTcs pe-
KYPCMBHOM.

PekypcusHaa npouegypa (dyHkumna) — sto npoueaypa (GyHKUUA), KOTOpas Bbi3biBaeT cama ceba Ha-
NPAMYIO UK Yepes Apyrue npoueaypbl U GyHKLUUK.

OcHOBHaA Nporpamma Aaa peleHns 334341, HANPUMEp, C YeTblPbMSs ANCKamK, bByaeT cogepKaTb BCEro
O4HY CTPOKY (nepeHecTn 4 ANCKa co cTepKHs 1 Ha cTeprKeHb 3):

Hanoi ( 4, 1, 3 )
Ecnun Bbl nonpobyeTe 3anycTUTb 3Ty NPOrpammy, OHa 3aUMKANTCA, TO ecTb byaeT paboTaTb 6ecKOHeYHO
Jonro. B uem e geno? BcnomHUTe, 4To onpepeneHne PekypcMBHOro 06beKTa COCTOUT U3 ABYX YacTeN.
B nepBoit YacTM onpepensatoTcs 6a3oBble 06bEKTLI (HaNpPUMep, NepBoe HATypasbHOE YUCAO), UMEHHO
3Ta YacTb «OTBEYAET» 3a OCTAHOBKY PeKypcuu B nporpamme. NoKa mbl He onpeaennaun Takoe ycnosue
OCTaHOBKM, M npouenypa 6ecKoOHeYHO Bbi3blBaeT cama cebs (3TO MOXKHO MPOBEPUTb, BbIMNOAHAA MNPO-
rpammy no waram). Korga e oCcTaHOBUTb PERYPCUID?

OueBMAHO, YTO €C/IM HYXKHO NepenoxuTb 0 4MCKOB, 3afa4a yKe pelleHa, HUYero nepeknanblsatb
He HaJo. 3TO M ecTb YCN0BME OKOHYAHMA PEKYPCUM: eCAN 3HAYEeHMe NnapameTpa n, nepeaaHHoOe npoue-
aype, paBHo 0, HY)KHO BbINTU M3 Npoueaypbl 6e3 Kaknx-n1nbo genctemin. [ns atoro B A3blke Python uc-
nosb3yeTcsa onepaTop return. [paBuabHaA BepcUA NpoLeaypbl BbIFAAUT TakK:

def Hanoi ( n, k, m ):

if n == 0:
return
p=6-k-m

Hanoi ( n-1, k, p )
print ( k, "->", m )
Hanoi (n-1, p, m)
Y106bI NEepenokuTb N ANCKOB, HYKHO BbINOJAHUTb 2N -1 nepeknagbiBaHnin. Ana N=64 370 yncno
paBHo 18 446 744 073 709 551 615. Ecnv 661 MOHaxu, paboTaa AeHb M HOYb, KaXKAYI0 CEKYHAY nepeme-
LLanM oANH ANCK, UM Bbl noTpeboBanock 580 munanapgos net.

IIpumepsl

Mpumep 1. Coctasum npoLeaypy, KOTopasa NepeBoaAUT HATypasibHOe YNCIO B ABOUYHYIO CUCTEMY.
Mbl yKe 3aHMMANNCb BAapPUAHTOM 3TOM 3a4auu, rae TpeboBanoch BbiBECTU 8-O6UTHYIO 3anuUCb Yncaa U3
AnanasoHa 0..255, coxpaHuns nnaupytowme Hyan. Tenepb YCAOKHUM 334a4y: AMOUPYIOLLME HYAU BbIBO-
ONTb HEe HYXKHO, @ HaTypa/ibHOe YNC0 MOXKET ObiTb Nt0bbIM (B Npeaenax AonycTMMOro AnanasoHa aan
BblIOPaHHOroO TMMNA AaHHbIX).

CTaHaapTHbLIN anropuTm Nepesoga YMCNa B ABOUYHYO CUCTEMY MOXKHO 3anncaTb, HaNnpMmep, TakK:
while n!=0:
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print ( n%$2, end="" )

n=n//2
MNpobnema B TOM, YTO ABONYHOE YMC/IO BbIBOAUTCA «33a40M Hanepény, To ecTb NepebiM byaeT BbiBeAeH
nocneaHui paspag. Kak «nepesepHyTb YNCNO»?

EcTb pasHbie cnocobbl pelleHmsa 3Ton 3a43a4M, KOTopble CBOAATCA K TOMY, YTOObl 3aNOMMUHATL OC-
TaTKM OT AeneHuaA (Hanpumep, B CUMBOJIbHOW CTPOKE) M 3aTem, KOoraa pesy/bTaT NMoJHOCTbIO MOJ/yYeH,
BbIBECTU €ro Ha 3KPaH.

O4HAKO MOXKHO NPUMEHWUTb KPACMBbIN NOAXOA WUCMO/b3YHOWWIA pekypcuto. Maea TakoBa: yTobbl
BbIBECTU ABOMYHYIO 3aMMCb YNCNA N, HY}KHO CHavana BbIBECTU ABOMYHYIO 3anncb uncna n//2, a 3atem —
nocnegHow undepy n%2. Ecnm nonyvyeHHoe YMCNO-NAPaMETP PaBHO HY/I, HYKHO BbIATM U3 Npoueay-
pbl. Takol aAropmuTM O4eHb MPOCTO NPOrPaMMUpPyeTCa:

def printBin ( n ):
if n==0: return
printBin ( n//2 )
print ( n%$2, end="" )
KOHeYHO, TO e caMoe MOXKHO OblsIo caenatb M ¢ MOMOLLbIO UMKAa. OTcloga cneayeT BaXKHbIM BbIBOA,:
peKypcus 3ameHsem Yuka. Npu sTom nporpamma BO MHOTUX Cyvanx CTaHOBUTCA 6osiee NOHATHOM.

MNpumep 2. CoctaBum QYHKLUIO, KOTOPAA BbluMCAAET Cymmy undp umcna. bygem paccyxaaTb TaK:
cymma umdp uncna n paBHa 3HaYeHWUIo nocnegHen umdpbl naoc cymma umdp umcna n//10. Cymma
uMdp 0AHO3HAYHOIO YMC/IA PaBHA CAMOMY 3TOMY YMUCAY, 3TO YC/I0BME OKOHYaHUA peKkypcuu. Monyyaem
cnepyrouLyro GyHKUMIO:

def sumDig ( n ):
sum=n$% 10
if n>=10:
sum+=sumDig ( n// 10 )
return sum

Npumep 3. Anroputm EBKAMAQ, OAMH U3 APEBHENLUUX M3BECTHbIX aJArOPUTMOB, NpPeaHaA3HA4YeH

Ons Noucka Hanbonbwero obuiero genntens (HOA) oByx HaTypanbHbIX uncen. Popmynmnpyerca oH Tak:

Anroputm EBkamnaa. Ytobbl Hantv HO/L, AByX HaTypanbHbIX YACEN, HYXKHO BbIYUTATb U3 BO/bLLErO YMcna
MeHblLee A0 Tex Nop, NOKa MeHbllee He CTaHeT paBHO HyJto. Torga BTopoe uncao u ectb HO mcxoa-
HbIX Yncen.

3TOT aNropuTM MOXKET BbITb CPOPMY/IMPOBATL B PEKYPCUBHOM BUAE. Bo-nepsbix, B HEM A/1a nepexoaa K
cnepytollemy wWwary ucnonbsyetca paseHctso HOZ(a,b) = HoA(a—b,b) npn a>b. Kpome Toro, 3a-
[aHO yC/I0BME OCTAHOBA: €C/IN O4HO M3 Yncen paBHo Hynto, To HO/L, coBnagaeT co BTopbIMm Yncaom. lo-
3TOMY MOXHO HanucaTb TaKyl0 PEKYPCUBHYIO QYHKLNIO:
def NOD(a,b):
if a==0 or b==0:
return a+b
if a>b:
return NOD ( a-b, b )
else:
return NOD ( a, b-a )
3aMeTuM, YTO NPU PaBEHCTBE OAHOIO W3 YMCEN HYJIIO BTOPOE YMNC/IO COBMAAAET C CYMMOM ABYX, MO3TOMY
B KauyecTBe pesy/ibTaTa GYHKLUMM NpMHMMaeTcs a+b.
CyuwecTtsyeT 1 6bonee 6bICTPbIA BapMaHT anroputma EBkanga (MoouguyuposaHHsiii anroputm), B
KOTOPOM 60/bLIEE YMCN0 3aMEHAETCA HA OCTATOK OT Ae/ieHnA 6o/bllero Ha MeHbllee:
def NOD (a,b):
if a==0 or b==0:
return a+b
if a>b:
return NOD ( a%b, b )
else:
return NOD ( a, b%a )
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3Ty OYHKUMIO MOMKHO elle 3HAaYUTEeNbHO ynpocTUTb. [eno B Tom, YTO OCTaTOK AefieHuns a Ha b Bceraa
MeHblle genutensa b, No3ToMy Npu o4YepeaHOM PEKYPCMBHOM Bbi30BE MOXKHO nepegaBaTb GYHKLUUMU
NOD cHayana 6osbluee YMcno, a NMOTOM — MEHbLLEE; 3TO NO3BOINT N36aBUTLCA OT YC/I0BHOIO onepaTopa:
def NOD (a,b):
if b==0:
return a
return NOD ( b, a%b )
3ameTbTe, YTO YCI0BME OKOHYAHUA PEKYPCUUN TOXKe YNPOCTUAOCH: AOCTaTOYHO NMPOBEPUTb, YTO Ha o4e-
peaHOM Lliare oCTaToK OT AefieHus (BTOpoi napamMeTp) cTan paBeH Hy/o, TOrAa pesynbTaT — 3TO 3Hade-
HMe NepBOro nNapameTpa a.

Kak pa6GoTaeT peKypcus

PaccmoTpum Bblumcnerne gakmopuana NI: Tak HasbiBaloT npoussegeHne BCex HaTypasbHbIX
umcen ot 1 go 3agaHHoro uncna N : NI=1-2-3-...- N . daktopnan moskeT 6biTb TaKKe BBEAEH C MNo-
MOLLbIO PEKYPPEHTHON opMYAbl, KOTOpasa CBA3bIBaeT paKTopmMan JaHHOro ymcna ¢ GakTopnanom npe-
Ablayuiero:

1, N=1
N-(N-1!, N>2
3pecb NepBas yacTb onucbiBaeT 6a30BblIi CAyYait (YCI0BME OKOHYAHMA PeKypcuun), a BTopas — nepexog, K

cneagyrouwlemy wiary. 3anuwem COOTBETCTBYHOLLYIO d)YHKLI,VIIO Ha aaroputMmmnyecCKom A3blKe, ,D,OGaBMB B
Ha4dasie 1 B KOHUE OonepaTtopbl BbiBOAA:

N!

def Fact(N): -> 3
print ( "->", N ) -> 2
if N<=1: F=1 -> 1
else: <-1

F=N*Fact ( N-1 ) <- 2
print ( "<-", N ) <- 3
return F

CnpaBa OT Nporpammbl NoOKasaH NPOTOKo ee paboTbl Npu Bbi3oBe Fact (3) (414 HarnagHocTn caena-
Hbl OTCTYNbI, NOKa3blBaloLLME BAOXKEHHOCTb BbI30BOB). /I3 NpoTOKONa BUAHO, 4TO BbI30B Fact (2) npo-
NCXOAMUT paHblle, YeM 3aKaHumBaeTca Bbi3oB Fact (3). ITo 3HAUMT, UTO KOMMbBIOTEPY HYXKHO rae-to
(6e3 nomolLy NnporpammucTa) 3aNOMHUTbL COCTOAHUE NPOTrPamMmMbl (B TOM YMC/Ie 3HAYEHUA BCEX /IOKab-
HbIX NMepPeMeHHbIX) U agpec, Mo KOTOPOMY HYXKHO BEPHYTbCS Noc/e 3aBeplieHnn Bbi3oBa Fact (2). s
STOW LeNn UCNONb3YeTCA CMekK.

Crek (aHrn. stack — Kuna, cTtonKka) — ocobas 0b61acTb NamATU, B KOTOPOM XPAHATCA JIOKabHble NepemeH-
Hble U afpeca BO3BpaTa U3 npoueayp v GyHKLMIA.

OAMH U3 perucTpoB NpoLeccopa HasbiBaeTca ykazamesnem cmeka (aHrn. stack pointer = SP) — B HEM 3a-
nuncaH agpec nocnegHen 3aHATOM AYENKM cTeKa. Mpu BbI30BE NpoLLeAypbl B CTEK MOMELLAOTCA 3HaYeHMA
BCEX ee MapameTpoB, agpec BO3BPaATa M BbIAENAETCA MECTO Mo, /I0Ka/ibHble NepeMEHHbIE.

Ha pucyHKe @ noKa3aHo HaYanbHOE COCTOSIHME CTEKa, CEPbIM LIBETOM BblAeNEHbl 3aHATbIE AYEMKN.
Korpa ¢yHKuMA Fact Bbi3biBAETCA M3 OCHOBHOM MPOrpammbl C NapameTpom 3, B CTEK 3anMCbiBAeTCA
3Ha4YeHuWe nNapameTpa, 3aTeM — afpec Bo3spaTa A (PUCYHOK 6), 3aTemM B CTEKe pa3sMeLLatoTCA NOKa/bHble
nepemeHHble (3aecb — nepemeHHas F). MNpun BTOpOM 1 TpeTbeM B/IOXKEHHbIX BbI30BaX B CTEK A06aBNAIOT-
CA aHaNOrMYHble BNOKM AaHHbIX (PUCYHKM 8 U 2). 3aMeTbTe, YTO B HalleM c/yyae agpec Bo3BpaTta Af
(Touka B pyHKLMM Fact nocne peKypCcMBHOIO BbI30Ba) B NOCAEAHUX ABYX DNOKaxX OyAeT OAMH U TOT XKe.
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a) l

SP
6) Fact (3) [ ]
L [ [sfafr | [ [ [ |
SP
B) Fact (2) l
L[ [3[af2fa[Fr] [ |
SP
r) Fact (1) l

L[ [3[af2]af[1][a]F]

Koraa BbinosiHAeTCA BO3BPAT U3 NpoLeaypbl, COCTOAHME CTEKA U3MEHAETCA B 0OpaTHYIO CTOPOHY: I— B —
6—a.

YTo e cneayeT M3 3TOM cxemMbl? Bo-nepBblX, C KaXKAbiM HOBbIM BbI30BOM PacxoAyeTcs AOMNONHU-
TeNlbHanA cTekoBas NamaTb. Ecan BNOXKEHHbIX BbI30BOB ByAeT o4eHb MHOro (MK ecny npoueaypa co3aa-
€T MHOTO JI0Ka/IbHbIX MepeMeHHbIX), 3Ta NaMATb 3aKOHUUTCA, MU NPOrpamMmma 3aBepLUMTCA aBapuiiHo.

Bo-BTOpbIX, NpW KaxKA0M Bbi30Be Npoleaypbl HEKOTOPOE BPeMs 3aTPauMBaeTCs Ha BbIMOJIHEHME
cnyebHbix onepauuii (3aHeceHWe AaHHbIX B CTEK M T.M.), NO3TOMY, Kak NpaBUI0, PEKYpPCUBHbIE MPO-
rpaMmmbl BbINOJHAIOTCA HECKONbKO A0/blUE, YEM aHANIOMMYHbIE HEPEKYPCUBHbIE.

A Bcerga M MOXKHO HanucaTb HepeKypcuBHYto nporpammy? OkasbiBaeTcs Bceraa. [JokasaHo, 4to
No60oIN peKypPCUMBHbLIN aNroOpPUTM MOMKET bbiTb 3anuncaH 6e3 MCNob30BaHUA PEKYPCUM (XOTA YacTo npwm
3TOM MNPOrpamma YC/NOKHAETCA U CTaHOBUTCA MeHee NOHATHOM). Hanpumep, Ans BblMCAEHUSA daKTo-
pnana MOXHO UCNONb30BaTb OBObIYHbIN LIUKA:

def Fact(n):
£f=1
for i in range(2,n+1l):
f*x=3

return £
B AaHHOM cnyyae Takon UMepayuoHHbIl (TO eCTb NOBTOPAIOLWMIACA, LIMKAUYECKUA) aNrOPUTM 3HaYU-
Te/IbHO /ly4lle, YEM PEKYPCMBHbIN: OH HE pacxoAyeT CTEKOBYIO NamATb U BbiNoaHAeTCA bbicTpee. MNoaTo-
MY 3/1€Cb HET HUKaKoN HeoBX0AMMOCTM UCNONb30BaTh PEKYPCHUIO.

NTaK, pekypcma — 3TO MOLLHbIA MHCTPYMEHT, 3aMEHAIOLWNI LUMKAbI B 3aJa4ax, KOTOpble MOXHO
CBeCTM K bonee NpocTbiM 3a4a4am TOTO Ke TUNa. B c/IoXKHbIX CNyYasx UCMOJIb30BaHUE PEKYPCUM NO3BO-
AT 3HaYMUTENbHO YNPOCTUTbL NPOrPaMmmMy, COKPaTUTb ee TEKCT U caenaTb 6onee NOHATHOM.

C Apyroit CTOPOHbI, eCN CYLLLECTBYET MPOCToe pelleHne 3aga4m 6e3 Mcnonb3oBaHUA PeKypcun,
Jydlle NPUMEHNTb MMEHHO ero. Hy»KHO cTapaTbca 06Xo0anTbcA 6e3 peKypcun, eCnm BAOKEHHOCTb BbI30-
BOB MOJly4aeTca o4YeHb 60/bLION, AKX NpoLEeAypPa UCMOb3YET MHOIO /I0Ka/IbHbIX AaHHbIX.

9 KOHmPO./leble 80Npocel

1. Yto Takoe pekypcua? MNpusegute Nnpumepsbl.

2. Kak Bbl AymaeTe, noyemy nt0b6oe peKkypcMBHOe onpeaeneHne COCTOUT U3 ABYX YacTen?

3. Yto TaKoe pekypcuBHan npoueaypa (dyHkums)?

4. PaccKaxuTe 0 3aga4ye «XaHolcKkue bawHn». MonbiTalTech NpuaymMmaTb aJirOPUTM €e PeLleHUs, He
WCMOJIb3YIOWMIA PEKYPCHIO.

5. Mpoueaypa A Bbi3biBaeT npoueaypy b, a npoueaypa b — npoueaypy A n cama cebs. Kakyo n3 Hux
MOXHO Ha3BaTb PEKYPCUBHOM?

6. B Kakom cny4yae peKypcus HUKOrga He ocTaHOBUTCA? [JOKaxKMTe, YTO B PAaCCMOTPEHHbIX 3ajadax
3TOro He CNy4YMTCA.

7. Yto TaKoe cTek? KaK OH MCno/ib3yeTcs Npu BbIMOJAHEHUN NPOrPamm?

MoyeMy NpM UCNONB30BaHUN PEKYPCUMN MOXKET CAYYUTLCA NEPENOSTHEHME CTEKA?

9. Has30BWTe JOCTOMHCTBA M HEAOCTATKM peKkypcuun. Koraa ee cnesyet MCNO/Ib30BaTh, @ KOrAa — HeT?

®
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i) 3adayu u 3a0aHus

1. Hangute B NHTepHeTe nHbopmaLmio 06 NCNONb30BAHUM PEKYPCUM B UCKYCCTBE U pekname. Cae-
nanTe coobuleHmne B Knacce.

2. Haihgute B UHTepHeTe MHPopmaumio o dpaktanax. Caenante coobuieHme B Kiacce.

3. Wcnonb3ya maTtepuanbl MHTepHeTa, oTBETbTE Ha Bonpoc: «Kak cBA3aHbl Yncaa PruboHayum ¢ Kpo-
NINKamm»?

4. TMpuaymante CBOK PEKYPCUBHYIO GUIYpY M oNuLKTE eé.

5. *Ucnonb3ya rpaduyeckme BO3IMOKHOCTM BaLLEro A3blKa NPOrpamMmmMmUpPoBaHMA, NOCTPOMTE Ha 3Kpa-
He TpeyroibHMK CepnuHCKOro n gpyrmue dpakranb.

6. HanuwuTe pekypcusHylo npoueaypy 414 nepesBofa YMCAa B ABOMYHYHO CUCTEMY, KOTOpasa npa-
BWU/JIbHO paboTana 6bl Ana Hyns (BbiBoguna 0).

7. *HanuwwuTte pekypcuBHYIO Npoueaypy AAs NepeBofa YMCaa B LIECTHAAUATEPUYHYHO cuUcCTemy
CYMCNEHUA.

8. *HanuwwuTe pekypcuBHYO npoueaypy A1a NepeBofa YMCIA B TPOUYHYHO YPAaBHOBELLEHHYO CUC-
Temy cuncneHma (cm. § 14). BmecTto undpsl 1 NCNONb3YITE CUMBOA «H».

9. *[aHo HaTypanbHoe ymcno N. TpebyeTca NoAyYUTb U BbIBECTM HA 3KPaH BCe BO3MOMKHbIE pa3/iuy-
Hble cnocobbl NpeaAcTaBNEeHUs 3TOMO YMCAA B BUAE CYMMbl HaTypasbHbiX Yncen (To ectb, 1 +2 u
2 +1 — 3TO O4MH W TOT e cnocob pasnorKeHus uncna 3). Pewnte 3a4a4y ¢ MOMOLLbIO PEKYPCUB-
HoM npoueaypbl

10. HanuwuTe pekypcuBHYO npoLeaypy ANA nepesofa YMcaa M3 ABOUYHOM CUCTEMbI CHUC/IEHUA B
OEeCATUYHYIO.

11. *Hanuwute peKkypcuMBHYO Npoueaypy 408 NepeBofa YMCNa M3 LWeCTHAAUATEePUYHOW CUCTEMBI
CYMCNEHUNA B AECATUYHYIO.

12. *HanuwuTte pekypcuBHYIO Npoueaypy ANA nepesosa Yncaa U3 TPOMYHOW YpaBHOBELLEHHOW CUC-
TeMbl cuncnenua (cm. § 14) B gecatnunyto. Bmecto umdpbl 1 ncnonb3yiite cumson «i#».

13. Hanuwmnte peKypCcuUBHYO N HEPEKYPCUBHYIO QYHKLMUM, Bblumcnaowme HO/ ABYX HAaTypasbHbIX YM-
cen ¢ NomoLblo moamduumMpoBaHHOro anroputma EBkamaa. Kakoi BapuaHT Bbl npegnoytete?

§ 62. Maccusul

Y10 TaKoe MaccusB?

OcHOBHOe NnpeaHa3HauyeHMe COBPEMEHHbIX KOMMNbioTepoB — 06paboTKka 60/bLIOrO Koan4YecTsa
AaHHbIX. [Py 3TOM HaAo KaK-To 06pallaThbCA K Kax4oi U3 Tbicad (MM gaxke MUAIMOHOB) AYeeK C AaH-
HbIMKW. OYeHb CNOMHO AaTb KaxAol AveiKke cobcTBEHHOE MMA M NpU 3TOM He 3anyTaTbca. M3 aTol cu-
TyaLMu BbIXOAAT TaK: AalOT UMA He fYeliKe, a rpynne A4eeK, B KOTOPOU KaXKaan Auyelika umeeT cobcTBeH-
HbI Homep. Takasa 061acTb NAaMATM Ha3bIBAaETCA MacCMBOM (Man Tabanuen).

MaccmB — 3T0 rpynna NepemMeHHbIX 04HOro TUMa, PACMOJIOKEHHbIX B MaMATU PALOM (B cocegHUX Aden-
Kax) M umetoLLmx obLee umMa. Kaxkaas suelika B MacCMBE MMEET YHUKA/bHbI HOMeEp.

[na paboTbl C MacCMBAMM HYXKHO, B NEPBYIO oYepeab, HayyuTbCA:
® BbIAENATb NAaMATb HYXKHOFO pa3mepa Noz Maccus;
® 3anuCbiBaTb AAHHbIE B HYXKHYIO AYENKY;
® yuTaTb AaHHblE U3 AYEKM MacCHBa.

B A3blke Python HeT TaKoW CTPYKTYpbl Kak «MaccuB». BMeCTO 3Toro gns XpaHeHusA rpynnbl O4HO-
TUNHBIX"® 06BEKTOB UCMONB3YIOT CNUCKM (TN AaHHBIX 1ist).

Cnucok B Python — 310 Habop 3/1eMEeHTOB, KaXKAbli M3 KOTOPbIX MMEET CBOM Homep (MHAOeKc). Hy-
Mepauma BCeraa HaumHaeTcs ¢ Hyns (Kak B CM-Nog06HbIX A3blKax), BTOPOW MO CYETY 3/1eMEHT UMEET Ho-
mep 1 v T.4. B oTAMuMe oT 06blYHbIX MACcCUBOB B BONBLUIMHCTBE A3bIKOB NMPOrPaMmmUpPoBaHNA CMUCOK —
3TO AMHaMMYecKasa CTPYKTYpa, ero pasmep MOMKHO M3MEHATb BO BPEMSA BbIMOJHEHMA NPOrpammsl (yaa-

13
M He TONbKO OAHOTUMHbIX.
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NATb U 06aBNATb 3/IEMEHTbI), NPM 3TOM BCE OnepaLuMm Mo ynpaB/ieHMo NamaTbio 6epéT Ha ceba TpaHc-
natop.

CnnCoK MOXHO €O34aTb NEPEUYNUCIEHMEM INIEMEHTOB Yepes 3anATyI0 B KBaApaTHbIX CKOOKax, Ha-
npumep, Tak:

A=[1, 3, 4, 23, 5]

CNUCKN MOMKHO «CKNagblBaTb» C MOMOLLbIO 3HAKa «+», Hanpumep, NOKasaHHbIA Bblle CMMCOK

MOHO 6bI10 NOCTPOUTD TaK:

A= [1, 3] + [4, 23] + [5]
CnoxkeHne 0AMHAKOBbIX CMIMCKOB 3aMEHAETCA YMHOXEHUEM «*». BOT Tak co3gaértca cnmcok us 10 ane-
MEHTOB, 3aMO/IHEHHbI HYNAMMU:

A=[0]1*10

B 6osiee CNOXHbIX CNyyasx MCMONb3YIOT 2eHepamopsl CrUCKO8 — BblPaXKeHMA, HanoMMUHatowWwme

LMK/, C NOMOLLbIO KOTOPbIX 3aMNO/IHAKOTCA 3/IEMEHTbI BHOBb CO34aHHOTMO CMMUCKa:

A=[ i |for i in range(10) |]
Kak Bbl 3HaeTe, uMkn for i in range (10) nepebupaet Bce 3HayeHua i oT 0 go 9. BeipaxkeHue
nepeg cnosom for (B AaHHOM c/yyae — i) — 3TO TO, YTO 3aNMUCLIBAETCA B O4YepeHOM 3/1IeMEHT CNMCKa
ANA Kaxgoro i. B npuBeaéHHOM npumepe CAMCOK 3aMnosHAETCA 3HAYeHMAMM, KOTopble Moc/ienoBa-
Te/NIbHO NPUHMMAET NepemeHHas i, To ecTb MoayYMM TaKoM CIMUCOK:

[0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
To Ke camoe MOMKHO MOJIyYnTb, eCIN UCNOoNb30BaTb GyHKUMIO List ana Toro, YTobbl CO34aTh CNUCOK U3
AaHHbIX, KOTOPble NOMYYAKTCA C NOMOLLBIO PYHKUUM range:

A=1list ( range(10) )
[ns 3anoNHEeHUs CNUCKA KBagpaTamm 3TUX YNCEN MOXKHO MCNOAb30BaTb TAaKOM reHepaTop:

A=][ for i in range(10)]

B KOHUge 3anucu reHepaTopa MOXKHO A06aBUTb yc/ioBMeE OTOOPA. B 3Tom ciyyae B CNMUCOK BKLO-
YaloTCA NNLLb Te U3 3/IEMEHTOB, Nepebrpaemblx B LIMKIE, KOTOpble YA0BAETBOPAIOT STOMY yc/10BUtO. Ha-
NpPUMep CAeayoLWnii reHepaTop COCTaBAsAET CMIMCOK U3 BCEX NPOCTbIX Yncen B guanasoHe ot 0 go 99:

A=[ i for i in range(100) |if isPrime (i) |]
3necb isPrime — nornyeckan GpyHKLMA, KOTOpas onpeaenaeTt NnpoctoTy uncna (cm. § 60. ).
YacTo B TECTOBbIX W y4ebBHbIX MPOrpaMmax MaccuMB 3aMOJIHAT CAyYalHbIMKU YMCcnamu. ITO ToXKe

MOXHO CcAienaTb C MOMOLLbIO reHepaTopa:
from random import randint

A=[ |randint(20,100)| for x in range(10)]
3pecb co3paeTtca maccms U3 10 3/1eMeHTOB M 3aN0IHAETCA Cy4YalHbIMKU YMcnammn n3 otpeska [20,100].
[na atoro ucnonbsyetca ¢pyHKkuMA randint, KoTopasa MMNOPTUPYeTCA M3 Moaynsa random.

JOnunHa cnucKka (KONMYecTBO 3/1EMEHTOB B HEM) onpeaenseTca ¢ NoMollbio GyHKUUN len:
N=1len (A)

BBO/J M BbIBOJ MaccCuBa

[anee Bo Bcex npumepax mbl byaem cumtaTb, UTO B NMPOrpamme CO34aH CMUCOK A, COCTOAWMMN 13
N anemeHTOB (LesbiX Yncen). B aTom cnucke xpaHUTCA MAcCMB AAHHbIX, MO3TOMY MOZ BbiparkeHUeM
«MaccuB» Mbl Byaem nogpasymeBaTb «OAHOTUMHbIE AaHHbIE, XpaHALWMecs B BUAE CnvcKa». MNepemeH-
HaA i 6yaeT 0603HaYaTb MHAEKC 3/IeMEHTA CNUCKA.
YT106bI BBECTU 3HAYEHMA 3/IEMEHTOB MACCMBA C KIAaBMATYPbI, HYKHO UCMO/b30BaTb LMKA:
for i in range(N):
print ( "A[", i1, "]=", sep="", end="" )
A[i] =int( input() )
B atom npumepe nepen BBOAOM OYepeaHOro 3/ieMeHTa MacCMBa Ha SKPaH BbIBOAUTCA MoAcKasKa. Ha-
npumep, Npu Beoae 3-ro anemeHTa byaeT BbiBeAeHO «A[3]=n».
Ecnun HMKaKMe noacKasKM Ham He HY»KHbl, c034aTb MmaccuB U3 N 31eMeHTOB U BBECTU UX 3HAYEHMA
MOHO C MOMOLLbIO FreHepaTopa CruckKa:
A= |int(input() ) | for i in range(N) ]
34ecb Ha KaXkAaom Lware LMKNA CTPOKa, BBeAEHHAA MoJsib3oBaTesiem, NpeobpasyeTca B Lesoe YMCno ¢
nomoubto GyHKLMM int, 1 3To uncno fobaBaAETCA K MaccuBy.
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Bo3moKeH ele oaAnH BapuaHT BBOAA, KOrga BeCb MacCMB BBOAUTCA B OA4HOM CTpPOKe. B aTom cny-
Yyae CTPOKY, NOAYyYeHHY OT OYHKUMM input, HYKHO «pacLLenMTb» Ha 4YacTM C NOMOLLLI MeToaa
split:
data =input()
s=data.split()
WK cpasy
s=input() .split()
Hanpumep, echm seectn cTpoky "1 2 3 4 5", To nocne «pacwensieHna» Mbl NOAYYUM CAUCOK
[lll, l2l, l3l, l4l, l5l]
3TO CNUCOK CUMBOJIbHbIX CTPOK. /18 TOro, YTo6bl NOCTPOUTL MACcCUB (CMUCOK), COCTOALMI U3 LLESbIX YN-
Cen, HYXXHO NPUMEHUTb K KaXKA0MY 3/IEMEHTY CNUCKa pyHKLMIo int:
A=[ for x in s]
BMecTo reHepaTopa MOXKHO BblJ10 MCMO/1b30BaTb GYHKLMIO map:
A=1list( map(int, s) )
TaKas 3anucb 03HA4YaeT «NPUMEHUTb PYHKUMIO int KO BCeEM 3/1eMeHTaM CMMCKA S M COCTaBUTb U3 NOAY-
YEHHbIX YMCE HOBbIN CNUCOK (06BEKT TNa 1ist)».
Tenepb NOroBopuUM O BbIBOAE MAcCMBa Ha 3KpaH. Camblit NpocToi cnocob — BbIBECTM CMUCOK KakK
O[INH OB6BEKT:
print ( A )
B aTOM cnyyae Becb CNMCOK bepéTcs B KBagpaTHbIE CKOOKK, U 3/1EMEHTbI Pa3aenstoTcs 3anaTbiMu.
BbIBECTN MACCMBA Ha 3KPAH MOXHO M NO3JIEMEHTHO
for i in range(N) :
print ( A[i], end=" " )
Mocne BbIBOAA KaXKA0ro a/iemMeHTa CTaBuTca npoben, nHaye Bce 3Ha4YEHMA CONbIOTCA B OLHY CTPOKY.
Y[,06HO0 3anMcbiBaTb TaKOW LIMKA HECKOJIbKO MHAYe:
for x in A:
print ( x, end=" " )
34ecb He UCNOoNb3yeTCA NepeMeHHan-UHAEKC i, a npocto nepebupatoTca BCe 3/1eMEHTbl CMUCKa: Ha Ka-
KIAOM Liare B NepeMeHHYH X 3aHOCUTCA 3HauyeHMe o4YepesHoro alemeHTa MmaccuBa (B nopagKe Bospac-
TaHWA UHAEKCOB).
Bonee 6bicTpbI cnocob — NOCTPOUTL OA4HY CMMBOJIbHYIO CTPOKY, COAEPKALLyH0 BCE 3/1EMEHThI
MacCMBa, U Cpasy BbIBECTM €€ Ha 3KPaH:
print ( " ".Jjoin( [ for x in A]) )
®yHKUMA join (aHrn. join — 06beaUHUTL) 06beAMHAET CUMBOJIbHBIE CTPOKM, UCMOJb3YS YKa3aHHbIM ne-
pesn TOYKOM pasgennTens, B AaHHOM caydae — npoben. 3anuck str (xX) o3HayaeT KCMMBOJIbHAA 3aMNuncb
x». Takum 06pasom, asleMeHTbl MacCMBa 3aNUCbIBAOTCA Yepes npoben B 04HY CUMBOJ/IbHYIO CTPOKY, U
9Ta CTPOKa 3aTeM BbIBOAMTCA HA SKPaH C NOMOLLbIO PyHKUMKM print.

Ilepe6op 3/1IeMEHTOB

Mepebop 3/1eMeHTOB MaccMBa COCTOMT B TOM, YTO Mbl B UMKAE NMPOCMATPMBAEM BCE 3/IEMEHTbI
CMUCKA W, €CIN HYXKHO, BbIMOJIHAEM C Ka*KAbIM U3 HUX HEKOTOpPYo onepauuto. NepemeHHasa LMKNa Us-
meHaeTcA oT 0 oo N-1, rge N — KO/IM4eCTBO 3/1IeMEHTOB MaccMBa, TO ecTb B AnanasoHe range (N):

for i in range(N) :
Ali] +=1
B 3TOM NPUMepE BCE 3/IeMeHTbl MaccMBa A yBeNM4MBatoTcA Ha 1.

Ecnn maccuB M3MeEHATb He HYXKHO, ANA nepebopa ero anemeHToB ya06Hee BCero MCMoJib30BaTb

TAKOM LMKA:

for x in A:
346ecb BMECTO MHOTOTOUMA MOXHO A06aBnATb onepaTopbl, paboTatowme ¢ Konuen snemeHT, 3anncan-
HOM B NnepemeHHyto x. ObpaTuTe BHMMaHME, YTO USMEHEHNE NEePEeMEHHOM X B Te/le LUMK/Ia He NpuBeaeT
K U3MEHEHMIO0 COOTBETCTBYIOLLErO 3/1eMeHTa Maccuea A.

3ameTum, 4TO ANA NepBoM 33434n (YBEMUUTb BCE 3/1EMEHTbI MaccmMBa Ha 1) ecTb KpacuBoe pe-
WweHune B ctune Python, ncnonb3ytollee reHepaTop CAMCKa, KOTOPbIA NOCTPOUT HOBbIN MACCUB:
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A=[ x+1 for x in A ]
3pecb B UMKAe nepebupaloTcs Bce 3/1eMEeHTbl UCXOAHOTO MacCMBa, U B HOBbIM CMMCOK OHU nonagatoT
nocne ygenmyenus Ha 1.

Bo MmHormx 3agavax Tpebyetcsa HalTU B MacCUMBE BCE 3/1€MEHTbI, YAOBNETBOPAlOWME 3a4aHHOMY
YC/IOBUIO, N KaK-TO UX 0bpaboTatb. MpocTeiiuas u3 TakMX 3aga4y — NOACYET HYXKHbIX 3/1emMeHToB. AnA
peleHns 3TOM 3a4a4M HYXKHO BBECTM NEePEMEHHYIO-CYETYMK, HaYa/IbHOE 3HAYEHNE KOTOPOW PaBHO HYy-
nto. Janee B LMKAE NPOCMATPMBAEM BCE 3/1€MEHTbI MaccmBa. Ecam ana ovepesHOro anemeHTa BbiNoJ-
HAEeTCA 3a4aHHOE YCN0BUE, TO YyBENNYMBAEM CYETUMK Ha 1. Ha nceBAOKOAE 3TOT arOPUTM BbITNALMUT TaK:

cuérunk = 0

for x in A:

if ycnoBme BHNOJNHSIETCS OIS X:
cuérumk += 1

Mpeanosioknm, 4To B Maccuse A 3anmcaHbl AaHHbIe O POCTE UIPOKOB H6acKeTb0/IbHOM KOMaHAbI.
Haligem Ko/inuyecTBo UrpoKoB, poCT KoTopbix 6osblwe 180 cm, HO meHblwe 190 cm. B cneaytowen npo-
rPamme UCNoJib3yeTca NnepemMeHHaA-CH4eTUNK count:

count=0
for x in A:
if 180<x and x<190:
count +=1

Tenepb YCNOXKHUM 3a4a4y: TpebyeTcs HalUTU cpeaHUN POCT 3TUX UTPOKOB. [Ns 3TOr0 HY)KHO A0-
NONHUTENbHO B OTAENbHOM NEPEMEHHOM CKNaAblBaTb BCE HYXKHble 3HAYEHUA, @ NOC/E 3aBEePLUEHNA LINK-
Nla pasfaennTb 3Ty CYMMY Ha KoamdecTBo. HayanbHoe 3HayeHne nepeMeHHON Sum, B KOTOPOW HaKanau-
BaeTCA CYMMa, TOXKE A0JI}KHO ObITb PaBHO HY/IHO.

count=0
sum=0
for x in A:
if 180<x and x<190:
count +=1
sum+=x
print ( sum/count )

CymmnpoBaHMe 3/1eMEHTOB MaCcCMBA — 3TO OYEHb PACNpPOCTPAHEHHAA onepauusa, NO3ToOMy AnA

CYMMMPOBAHUA 31€MEHTOB CNMUCKa B Python cywecTtByeT BcTpoeHHaa GyHKLMA sum:

print ( sum(A) )
C e€ NOMOLLLbIO MOXKHO PeLlnTb NpeablayLlyto 3agady 6osee aferaHTHoO, B cTue A3blKa Python: cHavana
BbIAE/IUTb B JONONHWUTENbHbIN CMIUCOK BCE HYMKHbIE 3N1eMeHTbl'?, @ 3aTem NoeNUTb UX CYMMY Ha KOMU-
YecTBO (4/IMHY crKCKa).

[ns nocTpoeHunsa HOBOTo CMMCKa byaem MCMOo/1b30BaTb reHepaTop:

B=[ x for x in A |if 180<x and x<190|
Ycnosue otbopa 3aka04YeHO B paMKy. Takum 06pa3om, Mmbl OTOMPaEM B CNUCOK B Te 31eMeHTbl U3 CNu-
CKa A, KOTOpble yA0BNETBOPSAIOT 3TOMY YC/0BMIO. Tenepb A/1A BblBOAA CPeAHEr0 POCTa BblOpaHHbIX Ur-
POKOB OCTaeTCA pa3fenTb CYyMMy 3/1EMEHTOB HOBOTO CMIUCKA HA UX KOJIMYECTBO:

print ( sum(B) / len(B) )

9 KonmpoavHbie eonpocul

Y70 Takoe MaccuB? 3a4em Hy»KHbl MacCUBbI?

Kak Bbl AymaeTe, noyemy B A3blke Python HET MaccMBOB, @ BMECTO HUX MCNOJIb3YIOTCA CMUCKN?
Kakue cnocobbl co3gaHmaA CNMCKOB Bbl 3HaeTe?

Y70 TaKoe reHepaTopbl CNUCKOB?

3auyem Hy}KHbl reHepaTopbl CMUCKOB C YCI0BUEM?

KaK nocTpouTb CNMUCOK, COCTOALMI U3 15 eanHML, C MOMOLLbIO reHepaTopa CnucKa?

Kak 06paluaTtbca K oT4e/IbHOMY 3/IEMEHTY CNUCKa?

NoupwNe

4
XoTA 3TO NpuBeaeT K AONONAHUTENbHOMY Pacxody NamaTU U MOMKET BbiTb HeXKenaTefNbHO, eCNU CMUCOK OYeHb
6onblLUOW.
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8. KaK BBeCTM CMUCOK C KnaBmaTypbl?

9. KaK BbIBECTU CMUCOK Ha 3KpaH? MpuBeanTe pasHble BapUaHTbl pelleHnsa aTon 3agaun. Kakoi ms
HUX Bam 6onblle HpaBuTca?

10. KaK 3anonHUTb CNUCOK ClyYaliHbIMM YMcnamm B AnanasoHe ot 100 go 2007?

11. C nomoLLbio KaKnX GYHKLMIN MOXKHO HAUTU CYMMY U KOJIMYECTBO 3/1IEMEHTOB CMMCKa?

12. CpaBHWUTe pasHble CNocobbl pelleHns 3a4adyn o cpegHemM pocTe UrpokoB. Kakoin M3 HWMX Bam
6onble HpasuTca. ObcyanTe 3TOT BONPOC B KNacce.

:0i0)  3adayu u 3a0aHuAd

1. 3anonHuTe maccuB anemeHTamm apudmeTnHecKon nporpeccun. E€ nepsblit 31eMeHT, Pa3HOCTb U
KOJINYECTBO 31€MEHTOB HY*KHO BBECTM C KNaBMaTypbl.

2. 3ano/sHUTe maccuBs cTeneHamM Yncna 2 (ot 2! 0o 2N).

3. 3anonHuTe maccue nNepebiMK Yncnamm dPrnboHayuu.

4. *3anonHute maccu M3 N 31eMEHTOB C/Ily4alHbIMM LEeNbiMn Yncnamu B ananasoHe 1..N TaK, uto-
6bl B MmaccmB 0653aTeibHO BowM Bee umcna oT 1 Ao N (nocTpolite cny4yaiiHyo nepecTtaHoBKY).

5. *MocTpoiiTe cnyyaiHyo nepectaHoBKy uncen ot 1 ao N Tak, 4ytobbl NnepBoe 4Mcno o6s3aTenbHO
6b110 paBHo 5.

6. 3anosHUTEe MaccuB C/y4alHbIMM Yucnamm B ananasoHe 20..100 n noacuntanTe oTAE/bHO YNCAO
YETHbIX U HEYETHbIX 9N1€MEHTOB.

7. 3anosHUTE MaccuB CAyYalHbIMKM Yncnamum B gmanasoHe 1000..2000 u noacuuTalite Yymcno ane-
MEHTOB, Y KOTOPbIX BTOPas C KOHLUA undpa — 4éTHas.

8. 3anosiHUTe MaccuB cay4vyaliHbiMK YMciamu B ananasoHe 0..100 u noacumTanTe OTAE/bHO CpeaHee
3HauYeHMne Bcex aNeMeHToB, KoTopsble <50, U cpegHee 3HaYeHUe BCeX 3/1EMEHTOB, KoTopble 250.

§ 63. Aszopummbl 06pabomKu Maccugos

IIouck B MaccuBe

TpebyeTca HaMTM B MacCUBE 3/IEMEHT, PaBHbI 3HAaYEHUIO NepemeHHoN X, UAK COObLWNTb, YTO ero
Tam HeT. AITOPUTM peLleHnA CBOAUTCA K MPOCMOTPY BCEX 3/1IEMEHTOB MaccMBa € NepBOro A0 nocneaHe-
ro. Kak ToNbKO HaWAeH 3N1eMEHT, PaBHbIN X, HYXKHO BbIMTM U3 LUKAA U BbIBECTU pe3yabTaT. Hanpawwuea-
€TCA TaKOM anropuTm:

i=0
while A[i] '=X:

i+=1
Print( "A[", i, "]=", x, Sep:"" )

OH xopoLo paboTaeT, eCAM HYXKHbIN 3/1eMEHT B MacCUBE eCTb, O4HAKO NPUBELET K OLUIMOKe, ec/in TaKoro
3/leMeHTa HeT — NONYYUTCA 3aLUMKANMBAHME WM BbIXOA 3a rpaHuubl maccmea. [M03TOMY B YC/IOBUE HYXKHO
[06aBUTb ellle 0AHO orpaHMyeHune: i< N. Ec/im nocne OKOHYaHMA UMKAA 3TO YC/IOBME HapyLIeHo, 3Ha4nT
NMOWUCK 6blN1 HeYAaYHbIM — 3/IEMEHTA HET:
i=0
while i<N and A[i] '=X:
i+=1
if i<N:
print ( "A[", i, "]=", X, sep="" )
else:
print ( "He mammm!" )
OTmeTMM ogHY TOHKOCTb. B cnoxHom ycnoBum i < N m A[i] != X nepsoi AonXKHO NPoOBePATLCA
MMeHHO oTHoweHne i < N. Ecam nepsasa 4acTb YC/N0BUA, COEAMHEHHOrO C MOMOLWbLIO onepaunn «Nx,
NIOXKHO, TO BTOPadA 4acTb, Kak npasmnolS, He BbIYMCAAETCA — YXKe NOHATHO, YTO BCE yC/I0BME NOXKHO. [leno
B TOM, 4YTO ecan i >=N, npoBepka ycnosua A[i] != X npuBoauT K 8bixody 3a epaHuUUbl Maccued,
nporpamma 3aBepLlaeTcs aBapuinHo.

15 .
Bo mMHOrux coBpemeHHbIx A3blkax (Hanpumep, B C, C++, Python, Javascript, PHP) Takoe noseaeHue rapaHTupo-
BaHO CTaHAAPTOM.
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Bo3morKeH el oAMH NOXOA K pelleHuto 3TOM 3afayvn: UCMNOAb3yAa LMK C NepemeHHon, nepe-
6paTb BCE 3/IEMEHTbI MACCUBA M SOCPOYHO 33aBEPLUMTL LMK, ECIN HaAEHO Tpebyemoe 3HaYeHue.
nX=-1
for i in range ( len(A) ):
if A[i] ==X:
nX=1i
break
if nX>=0:
print ( "A[", nX, "]=", X, sep="" )
else:
print ( "He mammm!" )
[na BbixoAa M3 LMKAa MCMnonb3yeTca onepaTop break, Homep HaAEHHOIO 31eMeHTa COXPAHAETCA B
nepemeHHoi nX. Ecnun eé 3HaueHWe ocTanocb paBHbIM —1 (HE U3MEHWMNOCH B XOA4€E BbIMNONHEHMA UUKAA),
TO B MacCUBE HEeT 3/IeMeHTa, pasHoro X.
MocnegHWn NpUMEP MOMKHO YNPOCTUTb, MCNONb3YA 0COOble BO3SMOXKHOCTU UMKAa for B A3bike Py-
thon:
for i in range ( len(A) ):

if A[i] ==X:
print ( "A[", i, "]=", X, sep="" )
break
else:
print ( "He mammm!" )

WUTaK, 34eCb Mbl BbIBOAUM Pe3y/bTaT CPaA3y, KaK TONbKO HALLAW HYXKHbIN 3/1eMEHT, a He noc/e LMKAa.
Cnoso else nocne umkna for HauymHaeT 610K, KOTOPbIM BbINOJHAETCA NPU HOPMASbHOM 33aBEPLUEHUM
UMKna (6e3 npumeHeHus break). Takum obpasom, coobuieHme «He Hawnu!» byaeT BbiBEAEHO TOIbKO
TOraa, Korga yc/oBHbIM onepaTop B Te/e UMK HM pasy He cpaboTan.
Bo3amoskeH apyron cnocob pelueHWs 3ToK 3adayun, ucnonbsywolwmii metog (dyHkumio) index ans
TMNa AaHHbix list, KoTopas BO3BpaLLaeT HOMep NepBOro HaMA4EeHHOro a/1IemMeHTa, paBHoro X:
nX=A.index (X)
TyT npobnema TONbKO B TOM, YTO 3Ta CTPOYKA BbI3OBET OWMOKY NpU BbINOJHEHUN NPOrpamMmbl, eciu
HYKHOr0 3/1IEMEHTa B MaccuBe HeT. [103TOMy HY»KHO CHayasia NpoBepuTb, €CTb M OH Tam (C NOMOLLbIO
onepaTopa in), a NOTOM UCMNO/Ib30BaTb MeToA, index:
if X in A:
nX =A.index (X)
print ( "A[", nX, "]=", X, sep="" )
else:
print ( "He mammm!" )
3anucb «if X in A» 03Ha4aeT «ec/an 3HadYeHue X HalieHo B Crucke Ay.

MakcuMaJIbHBIN 3JIEMEHT

Haingem B maccuBe MaKCMMabHbIN 31eMeHT. [aa ero XxpaHeHMA BblAEIMM LENOYUCIEHHYIO Ne-
pemeHHyo M. bygem B UMK/e NPOCMATPUBATbL BCE 3/1eMEHTbl MacCnBa OAMH 3a gpyrum. Ecam ouepea-
HOWM anemeHT maccuBa 60/blle, YemM MaKCUMMAasbHbIM M3 Npeablgylmx (HaxogAaAWwmnca B nepeMeHHoM’
M), 3aNOMHMM HOBOE 3HAaYEHME MAKCMMAIbHOTO 3/1IeEMEHTa B M.

OcTaeTcA pelmnTb, KaKOBO AOJIKHO ObiTb HayanbHOe 3HayeHue M. Bo-nepBbiX, MOXKHO 3anucaTtb
TyAa 3HayeHue, 3aBelOMO MeHbllee, Yem tobon 13 3iemMeHTOB maccuBa. Hanpumep, ecan B maccuse
3anmcaHbl HaTypasibHble YMC/IA, MOXKHO 3anucaTb B M HONb MK oTpuuaTenbHoe ymncno. Ecam cogepKun-
MOe MaccMBa HEW3BECTHO, MOHO cpasy 3anucatb B M 3HayeHne A[0], a uMkn nepebopa HayaTb CO
BTOPOro CYETY 3/1IeMeHTa, TO ecTb, CA[1]:

M=A[0]
for i in range(1,N):
if A[i] >M:
M =A[i]
print ( M )
BoT eLue oAnH BapuaHT:
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M=A[0]
for x in A:
if x>M:
M=x
OH OoTAnYaeTCcA TeM, YTO Mbl HE UCMNOJ/Ib3YEM MEPEMEHHYIO-UHAEKC, HO 3aTO ABaKAbl NMPOCMATPMBAEM
anemeHT A[0] (BTOpOI pa3 — B LMKe, rae BbiNosHAETCA Nepebop ecex 3/1eMeHTOB).

MocKoNbKy onepauum NonMcKa MakCMMaAbHOTO U MMHUMAIbHOFO 3/1IEMEHTOB HY»KHbl O4E€Hb Y4acTo,
B Python ecTb cooTBeTCTBYIOLME BCTPOEHHbIE GYHKLMM max M min:

Ma=max ( A )
Mi=min ( A )

Tenepb NPeanoN0KUM, YTO HYKHO HAaTU HE TONbKO 3HAaYeHME, HO U HOMEP MaKCMMAJIbHOTO 3/1e-
MmeHTa. Kazanocb 6bl, HY»KHO BBECTU ellle OAHY NepemMeHHyo nMax A5 XpaHeHUA HoOMepa, CHavana 3a-
nucaTb B Hee 0 (cumTaem anemeHT A[0] MaKCMManbHbIM) M 3aTeM, KOTAa HaL/IM HOBbIA MaKCMMaslbHbIN
3/1eMeHT, 3aNOMMHaTb ero HoMep B NepeMeHHo nMax*®:

M=A[0]; nMax=0
for i in range(1,N):
if A[i] >M:
M=A[i]
nMax=1
print ( "A[", nMax, "]=", M, sep="")
OAaHaKo 3TO He camblii ydLwniA BapuaHT. [leno B Tom, YTO MO HOMEPY 3/IeMeHTa MOXKHO BCeraa onpege-
NNTb ero 3HavyeHue. MNosToMy A0CTAaTOMHO XPaHUTb TOJIbKO HOMEP MAKCMManbHOro anemenTa. Ecnm atot
HOMep paBeH nMax, TO 3HaYeHMe MAaKCMMANbHOrO 3/1eMeHTa paBHo A [nMax]:
nMax=0
for i in range(1,N):
if A[i] >A[nMax]:
nMax=1
print ( "A[", nMax, "]=", A[nMax], sep="" )

OnAa pewenuna aToM 3aa4nm MOXKHO MCMNO/Ib30BaTb BCTPOEHHble GyHKUMKM Python: cHavana HalTu

MaKCMMa/bHbIM 3/IEMEHT, @ NOTOM ero MHAEKC C NOMOLLbIO GYHKUMKM index:

M=max (A)
nMax =A.index (M)
print ( "A[", nMax, "]=", M, sep="" )

B aTom cnyyae paKTUYECKM NPUAETCA BbINOMHWUTL ABa Npoxoda no maccusy. OAHaAKO TaKoM BapuaHT pa-
60TaeT BO MHOrO pas bbiCcTpee, YeM «PYKOMMUCHBIAY LMKA C OAHUM MPOXOL0M, MOTOMY YTO BCTPOEHHbIe
bYHKUMM HanucaHbl Ha A3blke C++ W NOAKNIOYAIOTCA B BUAE FOTOBOIO MALWMHHOMO KOAQA, @ He BbIMOHSA-
OTCS OTHOCUTENIbHO MeAJ/IeHHbIM MHTepRpeTaTopom Python.

PeBepc maccuBa

PeBepc maccmBa — 37O NepecTaHOBKA €ro 3/1eMeHTOB B 06paTHOM nopAagke: HepBbIﬁ 3/1EMEHT CTa-
HOBUTCA NOCNeEQHUM, a I'IOC!'IE,CI,HVIIZ — nepsBbiM.

Y 1 N-2 N-1
7 [12 [ 5 [ [ 3] 40 [ 23 |

0 1 l N-2 N-1
[ 23 [ 40 [ 34 [ [ 5 [J12 ] 7 |

M3 pucyHKa cneayert, uto 0-i anemeHT meHAeTca mectamu ¢ (N-1)-m, BTopoit — ¢ (N-2)-m u T.4. Cymma
WHAEKCOB 3/1IEMEHTOB, Y4acTBYIOLWMX B 0bMeHe, gns Bcex nap pasHa N-1, nosTomMy 3/1eMeHT C HOMepoMm
i ponkeH meHATbCA mecTamu ¢ (N—1-1)-m anemeHTOM. KaxKeTca, UTO MOMKHO HanucaTb TaKOW LMK
for i in range(N) :
noMeHsaTk MecTamym A[i] m A[N-1-i]
OZIHAKO 3TO HEBEPHO. [TOCMOTPMM, YTO NONYUNTCA 19 MACCUBA U3 YETbIPEX 3/IEMEHTOB:

16 o
O6paTnTe BHMMaHWE, YUTO MOMKHO 3aNMUCbiBaTb HECKO/IbKO ONEPaTOPOB B OA4HOW CTPOKE, OHWU OTAENATCA APYr OT
ApYyra TOYKOM C 3anATOM.
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0 1 2 3
| 7 | 12 | 40 | 23 |
A[0]©&A[3] | 23 | 12 | 40 | 7 |
A[1]eA[2] | 23 | 40 | 12 | 7 |
A[2]oA[1] | 23 | 12 | 40 | 7 |
A[3]oa[0o] | 7 | 12 | 40 | 23 |

Kak BuAUTE, MaccMB BEPHY/ICA B UCXOLHOE COCTOAHME: peBepc BbINOAHEH ABaKabl. [03TOMY HY*KHO OcC-
TAHOBMWTb UMK Ha cepenHe MaccuBa:
for i in range(N//2):
noMeHsaTs MecTamm A[i] m A[N-1-i]
[ns obMmeHa MOXKHO MCNONb30BaTh BCMIOMOTaTe/IbHYHO NEPEMEHHYIO C:
for i in range(N//2):
c=A[i]
A[i] =A[N-1-i]
A[N-1-i] =c
WK BO3MOXKHOCTK Python:
for i in range(N//2):
A[i], A[N-i-1] =A[N-i-1], A[i]
3Ta onepawuua MOXKeT BbbITb BbINO/NHEHA U C MOMOLLbIO CTaHAAPTHOrO MeToAa reverse (B nepe-
BOZE C aHI/. — peBepc, 0bpaTtHbIn) TMna 1list:
A.reverse ()

CAaBur 3J1eMEeHTOB MacCHBa

Mpu yaaneHnn n BCTaBKe 3/1EMEHTOB He06X0AMMO BbINONHATb CABUT YaCTU UKW BCEX 3/1EMEHTOB
MaccuBa B TY UM APYryto cTOpOoHY. MaccuB YacTo pUCytoT B BUAE Tabnuubl, rae nepsblii 3N1€MeHT pac-
NonoXeH cnesa. [o3TOMy CABUT BAEBO — 3TO NeEpPEMELLEHME BCEX 3/IEMEHTOB Ha OAHY AYENKY, NPU KO-
Topom A[1] nepexoauT HA mecTOA[0],A[2] —HamecTOA[1l] nrT.A4.

0 1 N-2 N-1
| 7 |12 | 5 | [ 34 | 40 | 23 |
0 1 l N-2 N-1
|12 | 5 | | 34 | 40 | 23 | 23 |

MNMocneaHWn 3aNeMeHT OCTaeTcA Ha CBOEM MeCTe, MOCKO/IbKY HOBOE 3HAYeHMe ANA Hero B3ATb HEOTKyAa —
MaCCUB KOHYMACA. AIFTOPUTM BbITNAANT TaK:
for i in range(N-1):
A[i] =A[i+1]
Ob6paTnTe BHUMaHME, YTO LIMKA 3aKaHYMBaeTca Npu i=N-2 (a He N-1), yTo6bl He 6bl/I0 BbIXOAA 33 rpa-
HULbl MAcCMBa, TO ecTb 0bpalleHmMA K HecyllecTaytowemMy snemeHTy A[N].

Mpu Takom cagure NepBblii 3/1EMEHT NponagaeTt, a nocnegHuin — aybanpyetca. MoXKHO cTapoe
3HaYeHWe NepBOro 3jieMeHTa 3anMcaTb Ha MecTo nocsieaHero. Takom cABUM Ha3bIBAETCA YUKAUYECKUM
(cm. § 28). MpeasapuTenbHo (A0 Havyana LUKAA) NEePBbI 31EeMEHT HYXKHO 3aNOMHUTL BO BCMOMOraTe b-
HOI NepeMeHHOM, a Noc/ie 3aBepLUEHUA UMKA 3anmMcaTb ero B NOCAeAHI00 AYellKy MaccuBa:

c=A[0]

for i in range(N-1):

A[i] =A[i+1]
A[N-1] =c
Ewé npoue BbINOAHUTL TAKOW CABUT, MCNONb3Ys BCTPOEHHbIE BOSMOXHOCTU cnUcKoB Python:

A=A[1:N] + [A[0]]
34ecb MCMOb30BaH TaK HasblBaeMbll cpe3 — BblaeneHmne YyacTn maccma. Cpes A[1:N] o3HauaeT «Bce
anemeHTbl c A[1] 4o A[N-1]», TO ecTb He BK/AOYan 31eMeHT C nocaegHUm nHaekcom. Takmum obpa-
30M, 3TOT CPE3 «CKIaAbIBAETCA» CO CMMUCKOM, COCTOALLMM U3 ogHoro anemeHTa A[0], B pesynbTaTte no-
Jly4aeTcA HOBbIN MACCKB, COCTaBAEHHbI U3 «CMMCKOB-C/IAaraemMbix».
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Y1o6bl TaKas cuctema (VICK/'IK)LIeHMe nocneaHero :—)nerv\eHTa) 6bina 6onee NOHATHOM, MOXHO npeag-

CTaBUTb, YTO Cpe3 MacCuBa BbINOZIHAETCA NO pa3pe3am — rpaHnuam mexay aieMeHTaMu:
0 1 N-2 N-1

paspess: 0 1 2 N-2 N-1 N
Takum obpasom, cpes A[0:2] BbibBUpaeT BCe 3n1eMeHTbl MeXKay pa3pesamu O U 2, TO ecTb 3/1IeMEHTbI
A[O] nA[1l].
Ecnm cpes 3aKaHYMBaeTCA Ha NOC/AeAHEM 31eMEHTE MAcCMBa, BTOPOM MHAEKC MOXHO He YKasbl-
BaTb:
A=A[1:]+ [A[O0]]
AHanornyHo, A[ : 5] obo3HayaeT «nepsble 5 31eMeHTOB MaccuBa» (HauyanbHbIM MHAEKC He yKasaH). Ec-
/X He YKa3aTb HW HaYa/ibHbIW, HX KOHEYHbIN MHAEKC, Mbl MOlYYUM KOMUIO MaccuBa:
Acopy=A[:]
Ecnv ncnonb3oBaHbl OTpMUATENbHbIE MHAEKCHI, K HUM AobaBnseTca gnvMHa maccmsa. Hanpumep,
cpe3 A[:-1] BbibupaeT Bce 3NeMeHTbl, Kpome nocnegHero (oH pasHocuneH A[:N-1]1). A BOT TaK
MOXHO BblAe/InTb U3 MACCMBa TPU NOCIeAHNX INEMEHTA:

B=A[-3:]
3ameTnMm, YTO C MOMOLLLbIO Cpe3a MOXKHO, Hanpumep, BbINOJIHUTbL PpeBEPC MACCMBa:
A=A[::-1]

PaccmoTpum noapobHo npasyto YacTb onepatopa npucsamMsaHua. Ynucno «—1» obosHayaeT war Bbib6op-
KM 3HA4YeHMI, TO eCTb, 3NeMeHTbI BbibMpatoTca B ob6paTHOM nopsaake. CieBa OT NepBoro M BTOPOro 3Ha-
KOB A4,BOETOUMA 3aMMCbIBAIOT HAaYalbHOE M KOHEYHOEe 3HAYEeHUA MHAEKCOB; €CIM OHW HEe YyKa3aHbl, CYnTa-
eTcA, YTO pacCMaTPMBAETCA BECb MaCCHB.

OTGOP HYKHBIX 3JIEMEHTOB

TpebyeTtca oTobpaTh BCe 3/1€6MEHTblI MAaccuBa A, YA0BNETBOPAOLWME HEKOTOPOMY YC/IOBUIO, B HO-
Bbli1 maccus B. MNMockonbKy cnncku B Python moryTt pacwmnpaTteca Bo Bpemsa paboTbl NPOrpaMmbl, MOXKHO
NCNo/ab30BaTb TaKOW aNropuMTM: CHayana co3gaém MycToi CNUCOK, 3aTem nepebupaem BCe 3/1eEMEHTbI
NCXO4HOro MaccuBa M, eCIN OYEPEAHON 1EMEHT HaM HyXKeH, fo6aBasemM ero B HOBbIN CMUCOK:
B=1[]
for x in A:
if x%$2==0:
B.append (x)
3pecb ansa nobaBneHUA anemeHTa B KOHeL, CMUCKa UCNo/b30BaH MeTos append.
BTopoit BapmaHT pelleHma — MCNob30BaHWE reHepaTopa CAMCKA C YCNI0BUEM.
B=[x for x in A |[if x%2==0]]
B unkne nepebupatorca Bce aneMeHTbl MaccuBa A, U TO/IbKO YETHbIE N3 HUX BK/OYAOTCA B HOBbIN Mac-
cuBa.

0co6eHHOCTH KOMUPOBaHUs CIUCKOB B Python

Kak Bbl 3HaeTe 13 § 56. , UMA NnepeMeHHOI B A3bIKe Python cBA3biBaeTcA ¢ 06bEKTOM B NamATU:

YMCIOM, CMUCKOM U Ap. MNpK BbINOJIHEHNW ONEpPaToOpPOB

A=[1, 2, 3]

B=A
OBe nepemeHHble A 1 B byayT cBA3aHbl C OAHUM U TEM e CMUCKOM (puc. a), N03ToOMY Npu U3MeHEeHUU
O4HOro Cnucka byaeT U3MEHATLCA U BTOPOM, BeAlb 3TO GaKTUYECKM OAUH U TOT e CMUCOK, K KOTOpoMy
MOKHO 06paLLaTbcA No ABYM pPasHbIM MMeHaM. Ha puc. 6 nokasaHa cuTyauma nocse BbINOJHEHWUSA one-
patopaA[0] =0:

a) 6)
A A

[1, 2, 3] | A[0]=0/ s [0, 2, 3] |

B B
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3Ty ocobeHHOCTb Python Hy»KHO yuuTbIBaTL NpK paboTe co cnMcKamu. ECIM Ham HyXKHa MMEHHO Konwua
CMMCKa (a He eLLé 0AHa CCbI/IKa Ha Hero), MOXKHO MCMONb30BaTb CPE3, CTPOALLMIA KOMUIO:

B=A[:]
Tenepb A 1 B — 3TO HE3aBMCUMbIE CMTUCKU U UBMEHEHWNE OAHOIO U3 HUX HE MEHAET BTOPOIA:
a) 6)

A et [1, 2, 3] | A et [0, 2, 3] |
A[0]=0
B [ s [1, 2, 3] | -~ B [ s [1, 2, 3] |

BmecTo cpe3a MOXKHO 6bIN0 MCNONb30BaTb GYHKLMNIO COPY M3 MOAYNA COPY:

import copy

A=[1,2,3]

B = copy . copy (3)
370 TaK Ha3blBaemas «NOBEPXHOCTHAA» KOMUA — OHa He CO343a&T MOJIHYIO KOMUIO, €CNN CMIMCOK COAEPKNUT
KaKue-To M3meHaemMble 06beKTbI, HanNpumep, APYron CNUCoK. 1A NONHOIO KONMPOBaHUA UCMOb3yeTCA
dyHKLMA deepcopy 13 TOTO XXe MoAyANA:

import copy

A=[1,2,3]

B = copy . deepcopy (2)

9 KOHmPO./leble 80Npoceul

1. TMouyemy Npu NOUCKe MHAEKCA MAaKCUMANbHOIO 3/1eMeHTa HE HYXKHO XPaHUTb CaMO 3Ha4YeHUe MaK-
CUMa/IbHOTO 31eMeHTa’?

2. YTo TaKoe peBepc maccuBa’?

3. Kak Bbl AymaeTe, KaKylo oWwnBKy Yalle BCEro AenaloT HaunHalowme, NporpaMmmMmmpysa peesepc mac-
cuBa 6e3 MCNoNb30BaHMA BCTPOEHHOW GYHKLMK?

4. KakK Bbl gymaeTe, Kakue npobaembl (M oWwMOKM) MOTYT BO3HUKHYTb MPU LUKANYECKOM CABUIe Mac-
cuBa 8npaeso (6e3 Ncnosib3oBaHUA cpe3os)?

5. YTo npomsoingeT c MacCMBOM MNPW BbINOJIHEHMM C/iegytoWero gparmeHTa nporpammbl:

for i in range(N-1):
A[i+1] =A[i]

6. Kak (npu ncnonb3oBaHMM NPUBEAEHHOrO aAropUTMa NOUCKA) ONPeaennTb, YTO 3/1EMEHT He Hali-
neH?

7. YTo TaKoe BbIXOZ 3a rpaHuUbl MaccuBa? MNoyemy OH MOXKET ObITb OnaceH?

8. CpaBHMUTe pasHble MeToAbl 0OTOOPA YaCcTN 3N1EMEHTOB OLHOr0 MaccMBa B Apyroit maccus. Kakoli 13
HUX Bam bonblle HpasuTca? NMoyemy?

3adauu u 3adaHuA

1. Hanuwwute nporpammy, KOTopana HAXOAWUT MAKCMMaAbHbIN U MUHUMAJIbHbIM U3 YETHbLIX MONOXKMU-
TeNbHbIX 3/1IeMEHTOB MaccmBa. Eciv B maccuBe HeET YETHbIX NONOMKUTENbHbIX 3/1IEMEHTOB, HYXKHO
BbIBECTU coObLLEHNE 06 3TOM.

2. BBeauTe maccuB C KnaBuaTypbl U HalauTe (3a ogMH NPOXOA) KONMYECTBO 3/IEMEHTOB, UMEIOLLMX
MaKCMMaibHOe 3HaYeHune.

3. HaihguTe 3a 0aMH NpPOXo4 NO MACCUBY TPM €ro Pas/IMYHbIX 3/1eMEHTA, KOTOPble MeHbLUe BCEX OC-
TaNbHbIX («TPU MUHUMYMa»).

4. *3anofHUTE MaccuB CAy4yalHbIMW YMcnamum B guanasoHe 10..12 n Halaute ANMHY CaMon OJINH-
HOM Noc/ief0BaTENbHOCTU CTOALLMX PALOM OANHAKOBbIX 3/1EMEHTOB.

5. 3anosHuTe MaccuMB CAy4amHbIMU YnciaMu B guanasoHe 0..4 u BbiBegMTe Ha 3KpaH HoMepa BCex
3/1eMEHTOB, PaBHbIX 3Ha4YeHMI0 X (OHO BBOAUTCA C KNaBMaTypbl).

6. 3anosHUTE MACCUB CAYYAaMHbIMW YUCAAMM M NepecTaBbTe COCeAHUE 3/1EMEHTbI, MOMeHsB 1-bii
3/1IeMEHT €0 2-M, 3-U —c4-m n 1.4,

7. 3anofHUTE MaccuB M3 YETHOrO KONMYECTBO 3/IEMEHTOB CAYyYalHbIMU YMUCAaMU U BbINOAHUTE pe-
BEpC oTAeNbHO AnA 1-0i M 2-0M NONOBUH MaccuBa.
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8. 3anosHWTe MaccuB CAYYaMHBIMMW YNCAAMU U BbINOAHUTE PEBEPC AJ/1A YacTU MACCUBA MeXAY d/e-
MeHTaMM € MHAEKcammM K 1 M (BKAKOYAA 3TN S/1EMEHTDI).

9. HanuwwuTte nporpammy NS BbINOJHEHUS UMKANYECKOTO CABMIA MacCUBa BMPABO Ha 4 afleMeHTa.

10. Hangute B maccmBe BCe NPOCTbIE YNCAA U CKOMUPYNTE UX B HOBbIN MacCuB.

11. *HanguTe B maccuse Bce Yymcna PrMboHauyun 1 CKoNMpyinTe Ux B HOBbIM MaccuB.

§ 64. Copmuposka

BBeaenue

| CopTtupoBKa — 370 nepecraHOBKa 3/1EMEHTOB MaCCuBa B 3aJaHHOM nopAgKe.

MopAaoK COPTUPOBKM MOKET ObiTb Nt0bbIM; 414 Yncen 0bblMHO PacCMaTPMUBAOT COPTUPOBKY MO
BO3pacTaHuto (MM ybbiBaHMIO) 3HAYEHMIA. 18 MAacCMBOB, B KOTOPbIX €CTb OAMHAKOBbIE 3/1IEMEHTbI, UC-
NO/Ib3YHOTCA NOHATUA «COPTMPOBKA NO HEYObIBAHWUIO» N KCOPTUPOBKA MO HEBO3PACTAHUION.

Bo3HMKAeT ecTecTBEHHbIM BOMPOC: «3ayem COPTUPOBATb AaHHble?». Ha Hero nerko oTBETUTD,
BCMOMHUB, Hanpumep, paboTy co cnoBapsAMM: COPTUPOBKA C/10B Mo andaBuUTy ob1eryaet NOMUCK HyKHOM
nHpopmauum.

MporpammMmmncTbl M306penn MHOMKECTBO CNoCob0B COPTUPOBKU. B LLeNOM MX MOMKHO pPa3fenuTb Ha
Age rpynnbl: 1) npocTble, HO MeasieHHO paboTatowme (Ha 6ONbLWNX MacCcuMBax) U 2) CNOXKHbIE, HO BbICT-
pble. Mbl U3y4ynm ABa KNacCUUYECKNX MEeTOoAa M3 NepBoi rpynnbl U OANH METOoA U3 BTOPO — 3HAMEHUTYHO
«BbICTPYIO COPTUPOBKYY», NpeaoKeHHywo Y. Xoapom.

MeToa ny3bsipbKa (COPTUPOBKA OOMEeHaMH)

HasBaHMe 3TOro meToAa NPOM3OLLA0 OT U3BECTHOIO GU3NYECKOro ABAEHUA — NY3bIPpEK BO3AyXa B
BOoAe noAHumaeTca BBepX. Ecn roBopuTb 0O COPTUPOBKE MaccuBa, CHayana NoAHUMaeTcA «HaBepx» (K
HayaNy MaccmBa) Camblii «NETKMIA» (MUHUMAbHBINA) 9N1E€MEHT, 3aTeM CneayroLmii U T.4.

CHavyana cpaBHMBaem NocnegHuii 3nemeHT c npegnociegHuMm. ECAM OHU CTOAT HenpaBWUAbHO
(MeHbLNIM 31eMEHT «HUKE»), TO MeHAeM X mecTamu. [lanee TaK e paccMaTpMBaem c/edyloLlyio napy
3/1eMEHTOB U1 T.4. (CM. PUCYHOK).

4 4 4 4 1
5 5 5 1 4
2 2 1 5 5
1 i1 ]2 2 2

13| 73 | 3 3 3

Koraa mbl obpaboTtanu napy (A[0],A[1]), MUHUMANbHbIA 31eEMEHT CTOMT Ha MecTe A[0]. OTo 3HauuT,
YTO Ha CAeAyHLMX 3Tanax ero MoXHO He paccmaTpuBaTb. MepBblv UMK/, YCTaHaB/AMBAOWMIA Ha CBOe
MEeCTO NepBblit (MUMHUMA/bHBIN) SN1EMEHT, MOXKHO Ha NCEBAOKOAE 3anumcaTb TakK:
o j or N-2 mo 0 mar -1
if A[j+1]1<A[j]:
IIOMeHATHL MecTamm A[j] m A[j+1]
3aro/IoBOK LMK/AA TOXKe HanucaH Ha ncesagokoge. O6paTtute BHMMaHME, YTO Ha OYepesHOM Liare cpas-
HuBatoTcA anemeHTol A[j] n A[Jj+1], nosToMy UMKA HaumHaeTca ¢ J=N-2. Ecamn HauaTtb ¢ J=N-1, To
Ha NepPBOM Ke Liare Noay4yaem BbiXOZ 33 FpaHULbl MaccuBa — obpalyeHune K anemeHTy A[N]. NMocKonbky
umkn for B Python «He goxoanT» A0 KOHEYHOrO 3Ha4YEeHUA, Mbl CTaBMM ero paBHbiM «—1», a He O:
for j in range (N—2,,—1) :
if A[j+1]1<A[j]:
IIOMeHATEs MecTamm A[]j] m A[j+1]
To ecTb, B 3an1cK range (N-2,-1,-1) nepsoe 4ncio «—1» — 370 orpaHMuUTENb (YMCno. cnegytollee
33 KOHEYHbIM 3HaYEHMEM), a BTOPOE YMCN0 «—1» - War 3MeHeHMA NnepemMeHHOM LMKAa.
3a o4MH NPOXOoA TAaKOW UMKA CTaBUT HA MECTO OAMH 3/1IeMeHT. YTobbl «NoATAHYTb» BTOPOW 3/e-
MEHT, HYXXHO HanucaTb eLle OAMH NOYTU TaKoM XKe LUK, KOTOPbIN ByaeT OTANYaTbCA TO/IbKO KOHEYHbIM
3HaYeHWeM j B 3aronoBKe LMKAA. Tak Kak BEPXHWUIN 3IEMEHT y¥Ke CTOUT Ha MeCTe, ero He HY»KHO TporaTb:
for j in range(N-2,[0],-1):
if A[j+1]1<A[j]:
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IIOMeHATEs MecTamm A[j] m A[j+1]
Mpwn ycTaHoBKe cneaytollero (3-ro no c4éTy) anemeHTa KOHeYHoOe Mnpwu BbizoBe GYHKUUKM range byaeT
pasHO 1 n T.4.
TaKnx LWMKNOB HYXKHO caenaTb N-1 — Ha 1 meHblue, 4emM KOJIMYECTBO 3/IEMEHTOB MaccmBa. [o-
yemy He N? [leno B Tom, 4To ecam N-1 3/1eMeHTOB NoCTaBAeHbl Ha CBOM MECTa, TO OCTaBLUMICA aBTOMa-
TMYECKM BCTAaeT Ha CBOE MEeCTO — APYroro mecta HeT. [M03TOMy MO/IHbIN anropuUTM COPTUPOBKM Npea-

cTaBnsAeT coboi TaKoM BAOMKEHHbIN LUKA:
for i in range(N-1):
for j in range (N—2,,—1) :
if A[j+1] <A[3]:
A[j],A[j+1]=A[j+1], A[]]
3anuncaTb NOJIHYIO NPOrPaMMy Bbl MOXKETE CaMOCTOATE/NbHO.
Yacto mcnonb3yoT 60n1ee NpocToi BapuaHT 3TOr0 MeToda, KOTOPbIA MOXKHO Ha3BaTb «METO40M
KaMHA» — CaMbli «TAXKENBIN» 31€MEHT OMNyCKaeTCcA B KOHeL, MaccuBa.
for i in range(N):
for j in range (N-i-1):
if A[j+1]1<A[3]:
A[3], A[3+1] =A[3+1], A[3]

MeTop BbIOOpa

Ewe oguH nonyasapHbIA NPOCTOM MeToA COPTUPOBKN — MeToA, BbiIbopa, Npy KOTOPOM Ha KaxKaoM
aTane BblbUpPaeTcA MUHMMA/bHLIN 31eMeHT (M3 OCTaBLUMXCA) U CTaBUTCA Ha CBOE MecTo. ANropuTtm B
obuem BMAe MOMKHO 3anmcaTb TaK:

for i in range(N-1):
HauTM HoMep nMin MMHMMaJNBEHOTO 3JeMeHTa cpegm A[i]..A[N-1]
if i!=nMin:
noMeHaTs MecTramMm A[i] u A[nMin]
3aecb nepecTaHOBKa MPOUCXOANT TO/IbKO TOrAa, Korga HangeHHbIN MUHUMA/IbHbINA 3/IEMEHT CTOMT He Ha
CBOEM MmecTe, TO ecTb i !'= nMin. [10CKO/NIbKY MOUCK HOMEPA MMHMMA/IbHOIO 31EMEHTA BbINOHAETCA B
LMKNE, 3TOT a/IF0PUTM COPTUPOBKM TaKKe NpeacTaBaseT cob0l BNIOKEHHbIN LUKA:
for i in range(N-1):
nMin=1i
for j in range(i+1,N):
if A[j] <A[nMin]:
nMin=7
if i!'=nMin:
A[i], A[nMin] =A[nMin], A[i]

«BbbICTpasa cCOpTUPOBKaA»

MeToabl COPTUPOBKK, ONMNCAHHbIE B Npeablaywem naparpade, pabortaoT
meaneHHo Ana 60NbLINX MacCMBOB AaHHbIX (6onee 1000 anemeHTOB). MosTOMY
B cepeamHe XX BeKa MaTeMATMKM WM NPOrpaMMUCTbl CEPbE3HO 3aHUMaIUCL
pa3paboTkoit 6onee apPEKTUBHbIX aNrOPUTMOB COPTUPOBKU. OAUH M3 CambIx
nonyaapHbIX «BbICTPbIX» anroputmos, paspaboTaHHbIM B 1960 roay aHrani-
CKMM Yy4Y€HbIMm Y. Xoapom, TaK M HasblBaeTca — «ObICTpasa COPTUPOBKaA» (aHrA.
quicksort).

Byaem mcxoauTb M3 TOro, YTO CHavana aydwe Aenatb NepecTaHOBKM
3/1eMEHTOB MAcCMBa Ha 6ONbLWIOM paccTosHMU. MpeanonoKMM, YTO Y Hac ecTb
N 3/1eMEeHTOB M U3BECTHO, YTO OHU YKE OTCOPTMPOBaAHbLI B 0BOpaTHOM nopsaaKe.
Torpa 3a N/2 06MeHOB MOXHO OTCOPTUPOBATL MX KaK HYXKHO — CHavasa nome-
HATb MECTamW MepBblit U NocnegHUi, a 3aTeM NOCNeA0BaATENbHO ABUraTbCA C
ABYX CTOPOH K LeHTpYy. XOTA 3TO CnpaBeA/IMBO TO/bKO TOrAa, KOraa NopsafoK 3/1eMeHTOB 0bpaTHbIN, No-
[06HasA naea nonoxeHa B OCHOBY anroputma Quicksort.

Y.3. Xoap (p. 1934)
(en.wikipedia.org)
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MycTb AaH maccvs A 13 N anemeHTOB. Bbibepem cHavana Hayrag no6oi anemeHT maccuBa (Haso-
Bem ero X). Ha nepBom 3Tane Mbl pacCcTaBUM 3/1EMEHTbI TaK, YTO C/IeBa OT HEKOTOPOMU rpaHuubl (B nep-
BOW rpynne) HaxogAaATca BCe YMCNA, MEHbLIME MM paBHble X, a cnpaBa (Bo BTOpoW rpynne) — 6onblume
NAn paeHble X. 3aMEeTUM, YTO 3/IEMEHTbI, PaBHble X, MOTyT HaXOANUTbCA B 06enx YacTax.
A[i]<X | A[i]2>X |

Tenepb 371eMeHTbl PAaCNO/IOMKEHbI TaK, YTO HU OAMH 3/IeMEHT M3 NepBON rpynnbl NPU COPTUPOBKE He
OKaXKeTca BO BTOPOM 1 HaobopoT. MoaTomy ganee AOCTaTOYHO OTCOPTUPOBATb 0MOEsbHO KarKAyto YacTb
MaccuBa. Takoi noaxog, Ha3bIBaloT «pa3gensait u Bnacteyi» (aHra. divide and conquer).

Jlyqwe Bcero BbIGBUPATL X TaK, YTOObI B 06enX YacTAX Hbl1I0 paBHOE KOIMYECTBO 3/1eMEHTOB. Takoe
3HayeHue X HasblBaeTcA MeanaHoli maccusa. OgHaKo Aaa Toro, YTobbl HAWTU MeanaHy, Hago CHavana
OTcopTUPOBaTbL Maccus’’, TO ecTb 3apaHee pelunTb Ty camyto 3aady, KOTOPYIO Mbl COBUPaeMCa PeLLnTb
3TUM cnocobom. MosTomy 06bI4HO B KayecTBe X BbIOMPAIOT CPEAHUI 31EMEHT MACCUBA WM 3IEMEHT CO
CNy4YaliHbIM HOMEPOM.

CHavana bygem npocmaTpvBaTb MacCMB CAeBa A0 TexX Mop, MOKa He 0BHAPYKMM 3/1EMEHT, KOTO-
pbili 6osblwe X (U, cnefoBaTeNbHO, AO/KEH CTOATb cnpasa oT X). 3aTem npocMmaTpMBaemM MaccMB CrpaBa
[0 Tex nop, NoKa He 0BHAPYKMM 31eMeHT MeHblle X (OH A0/IXKeH cToATb cieBa oT X). Tenepb NOMeHs-
€M MecTaMu 3T ABa 3/IeMeHTa U NPOAO/IKUM NPOCMOTP A0 TEX NOpP, MOKa ABa «NPOCMOTPa» He BCTpe-
TATCA r4e-To B cepefnHe maccmBa. B pesynbTaTe MaccMB OKAXKETCA Pa3bUTbIM HA 2 YaCTW: NEBYIO CO 3Ha-
YEHMAMM MEHBLIMMW UAN PaBHbIMK X, M NPaBYIO CO 3HAYEHMAMM BONbLIMMM MM paBHbIMK X. Ha aTom
nepBbli 3Tan («pasgeneHune») 3aKOHYEH. 3aTem TaKas e npoueaypa npumeHaeTca K obemm yactam
MaccuBa [0 Tex Nop, NMOKa B KaXKA0M YacTW He OCTAHETCA OAMH 3NeMeHT (M Takum obpasom, maccus By-
[EeT OTCOPTUPOBAH).

YT106bI MOHATb CYLWHOCTb METOAA, PAaCCMOTPUM Npumep. MNycTb 3a4aH maccus

| 78 | 6 | 82 | 67 | 55 | 44 | 34 |

1
X

Bbibepem B KayecTse X cpefHUI 3N1EMEHT MaccKBa, TO ecTb 67. Halliem nepBbl cnesa 31eMeHT Maccu-
Ba, KOTOPbI 6osibllie UK paBeH X U AOJIKEH CTOATb BO BTOPOM 4YacTu. I3To uncno 78. O6o3HaYMM UH-
OeKc 3Toro asiemeHTa Yyepes L. Tenepb HaXoAuM CaMblii NPaBbIA 3/IEMEHT, KOTOPbIA MeHblle X 1 aon-
YKEH CTOATb B NepBOi YacTu. 3710 uncno 34. 0603HaUnMM ero MHAEKC Yepes R.

| 78 | 6 | 82 | 67 | 55 | 44 | 34 |

1 1
L R

Tenepb NnoMeHAEM MeCTaMM ABa 3TUX anemeHTa. Casuraa nepemeHHyto L Bnpaso, a R — BneBo, Haxo-
AWM CiegyroLLyo napy, KOTOPY HA40 nNepecTaBuTb. ITo Uncaa 82 n 44.

| 3 | 6 | 82 | 67 | 55 | 44 | 78 |

1 1
L R
Cnepyowana napa sfieMeHTOB 1A NepecTaHOBKM —yuncna 67 un 55.
| 3 | 6 | 44 | 67 | 55 | 82 | 78 |
1 1
L R

Mocne 3Tol NepecTaHOBKM Aa/ibHENLMIA MOUCK NPUBOAMUT K TOMY, YTO nepemeHHas L cTaHoBUTCA 60/1b-
Wwe R, TO ecTb MaccuB pa3buT Ha ABe YacTu. B pesynbTaTe BCce 3/16MEHTbl MacCUBa, PAacMo/IOXKEeHHble fie-
Bee A[L], meHblue unu pasHbl X, a Bce npasee A[R] — 6onblue nan pasHbl X.

| 3 | 6 | 44 | 55 | 67 | 82 | 78 |

1 1
R L

Takmm o6pa30N\, COPTUPOBKa NCXOOHOTo MaccuMBa CBeJslaCb K ABYM COPTUPOBKam yactei maccuBa, TO
eCTb K ABYM 3aja4yam TOro e TUMa, HO MeHbLllero pasmepa. Tenepb HY)KHO NMPUMEHUTb TOT Ke anro-

17
XoTAa ecTb 1 apyrue, ToXe AOCTaTOYHO HEMPOCTbIe aJArOPUTMBI.
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PUTM K ABYM NOMAYYEHHbIM YacTAM MaccMBa: Nepsas 4acTb — ¢ 1-oro Ao R-0ro anemeHTa, BTopaa 4actb —
¢ L-oro o nocnegHero afiemeHTa. Kak Bbl 3HaeTe, Tako NpMem HasblBaeTca pekypcuel.

Mpoueaypa COPTUPOBKM NPUHMMAET TPM NAapamMeTpa: caM MAccuB (CNUCOK) U 3HaYEeHUA UHAEKCOB,
orpaHuumMBalowme eé «pabouyto 30Hy»: nStart — Homep nepeoro asemeHTa, ¥ nEnd — Homep no-
cnegHero anemeHTa. Echv nStart = nEnd, 10 B «paboyeit 30He» OANH 3/1I€EMEHT U COPTUPOBKA He Tpe-
6yeTca, TO ecTb HY*KHO BbIATU U3 NpoLLeaypbl. B 3TOM ciyyae peKkypcuBHbIe BbI3OBbI 3aKaHYMBAtOTCA.

MpuBeaem NONHOCTLIO NpoLeaypy 6bICTpO copTUPOBKM Ha Python:

def gSort ( A, nStart, nEnd ):
if nStart >=nEnd: return
L=nStart; R=nEnd
X=A[(L+R)//2]
while L<=R:
while A[L] <X: L+=1 # paspenenue
while A[R] >X: R-=
if L<=R:
A[L], A[R] =A[R], A[L]
L+=1; R-=1
gSort ( A, nStart, R ) # pexypCHBHEE BHSOBH
gSort ( A, L, nEnd )
[na Toro, 4Tob6bl OTCOPTUPOBATL BECb MACCUB, HYXKHO BbI3BaTb 3Ty NpoLeaypy TaK:

gSort ( A, 0, N-1 )

CKopoCTb paboTbl BbICTPON COPTUPOBKM 3aBUCUT OT TOTO, HACKOJIbKO YAa4HO BbiIbMpaeTca BCNOMO-
ratesibHbi anemeHT X. Camblit Iy4LlINIA CayYald — KOrga Ha Kaxkaom 3Tarne mMaccuB Ae/UTCS Ha ABe paB-
Hble YacTu. XyALWnin cay4yam — Korga B O4HOM YacTU OKa3blBAETCA TOJIbKO OAMH 3/1IEMEHT, @ B ApYron —
BCE OCTasibHble. [Py 3TOM rnybuHa perkypcmm goctmraeT N, 4TO MOXKET NMPUBECTU K NEPENONIHEHUIO CTEKA
(HexBaTKe cTeKoBOM NamaTn).

[na T0ro, 4Tobbl YMEHbLLINTL BEPOATHOCTL XYALWEro C/yyYas, B afifOPUTM BBOAAT C/IY4aMHOCTb: B
KauyecTBe X Ha KaxgoMm Lware BblbMpatloT He cepeaunHy paboyeit 4acTM maccuBa, a 3/IEMEHT CO Caydai-
HbIM HOMEpPOM:

X=A[randint (L,R)]
HanomHum, yto pyHKUMI0O randint HyXXHO MMNOPTUPOBATbL M3 MoAys random.

dTa npoueaypa COpPTUPYET MacCMB «Ha mecTe», 6e3 co3AaHWUs HOBOTo Cnucka. MOXHO TaKKe
0bOopMUTL anroputm B Buae GyHKUMM, KOTOpas BO3BPALLAET HOBbIA CMMCOK, He 3aTparnBas CyLLecT-
BYHOLLMI:

import random
def gSort ( A ):

if len(A) <=1: return A # (1)
X =random. choice (A) # (2)
Bl=[b for b in A [if b<X]|] # (3)
BX=[b for b in A |[if b==X]] 4 (4)
B2=[b for b in A |if b>X|] # (5)
return gSort (Bl)+BX+gSort (B2) # (6)

Jagum HekoTopble NOACHEHMUA K 3Ton GyHKuuK. Ecnm anmnHa maccmea He 6osblue 1, TO OTBET — 3TO cam
MaccuB, COPTUPOBaTb TYT Heyero (cTpoka 1). MHaye BbibMpaem B KaYecTBe pasaenntens («CTep*KHeBoro
3NeMeHTa», aHrA. pivot) X ciyyaliHblil anemMeHT maccuBa (CTpoka 2), 41A 3Toro ucnonbayertca GpyHKUuUA
choice (B nepeBoge c aHrn. — Bblbop) U3 moayna random.. B cTpoKax 3-5 ¢ nomoLybio reHepaTopoB
CMUCKOB CO34aeM TPW BCMOMOraTe/IbHbIX MaccuBa: B maccus Bl BoMAyT BCe a/ieMeHTbl, meHblwue X, B
maccuB BX — Bce 3/1IeMeHTbl, paBHble X, a B MaccuB B2 — Bce asiemeHTbl, bosblune X. Tenepb ocTaeTcs
OTCOPTMPOBATb CNMCKM B1 1 B2 (BbI3BaB OyHKLMIO gSort peKypCMBHO) M NOCTPOUTb OKOHYATE/bHbINA
CNUCOK-pe3ynbTaT, KOTOPbIN «CKaAblBAaeTCA» U3 OTCOPTUPOBAHHOrO cnucka Bl, cnucka BX, n otcopTu-
pOBaHHOrO cnNUcKa B2.

[na Toro, 4Tobbl NOCTPOUTL OTCOPTUPOBAHHDBIN MACCUB, HYXKHO BbI3BaTb 3Ty QYHKLMIO TaK:

Asorted =qgSort (a)

B Tabnvue cpaBHMBaAETCS BPeEMA COPTMPOBKM (B CEKyHZaX) MacCMBOB PasHOro pasmepa, 3anos-
HEHHBbIX CIy4alNHbIMM 3HAYEHUAMM, C UCMOSIb30BAHNEM TPEX U3YHEHHbIX aATOPUTMOB.
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N meton meton 6bicTpas
nysbipbKa Bbibopa COpPTMPOBKa

1000 0,09 ¢ 0,05 ¢ 0,002 ¢

5000 2,4¢ 1,2 0,014 ¢

15000 22 ¢ 11c 0,046 c

26.04.2018
K.IO. Ilonaxos, E.A. Epemun

Kak noKa3bIBaloT 3TU AaHHble, NPEenMyLLecTso 6bICTpOl71 COPTUPOBKU CTAHOBUTCA NoAaBaAOWMM NpU
yBennyeHuun N.

CoptupoBka B Python

B oTaMume oT MHOTMX NONYAAPHbIX A3bIKOB NporpammupoBaHus, B Python ectb BcTpoeHHas GyHK-
umMs 418 COPTUPOBKM MAcCUBOB (CMUCKOB), KoTopasa HasbiBaeTca sorted. OHa MCMONbL3YET aNrTOPUTM
Timsort™. BOT Tak MOHO MOCTPOUTb HOBbIV MaccuB B, KOTOPbLIK COBMAaAaeT C OTCOPTUPOBAHHBIM B MO-
pAfKe BO3pacTaHUA MacCMBOM A:

B=sorted ( A )

Mo ymon4aHUIo BbINONHAETCA COPTUPOBKA NO BO3pacTaHuio (HeybbiBaHMIO). [Ana Toro, 4Tobbl OT-
COPTUPOBATb MaccuB MO ybbiBaHWIO (HEBO3PACTAHWUIO), HYXKHO 3a4aTb AOMNOJHUTENbHbLIN NapameTp
reverse (OT aHI. «0b6paTHbINY), paBHbI True:

B=sorted ( A, reverse=True )

NHoraa TpebyeTca ocobblli, HECTAHAAPTHbIM NOPAAOK COPTUPOBKMU, KOTOPbIMA OTIMYAETCA OT COp-
TUPOBOK «MO BO3PACTaHMIO» M «NO yObIBaHUIO». B 3TOM c/iydae MCNosb3yroT ele O4ANH MMEHOBaHHbIN
napameTp PyHKLUMM sorted, KOTOpbIA HasbiBaeTca key (OT aHrA. «KAOY»). B 3TOT napameTp HyXHO
3anucaTb HasBaHMe QYHKUMM (DAKTUUECKM — CCbIIKY Ha 0OBeKT-PYHKLMIO), KOTOpas BO3BPALLAET YUCIO
(nnmn cumBon), cnonblyemoe Npu CPAaBHEHUN ABYX 3/1EMEHTOB MacCHBa.

MpeanonoKnm, YTO HaM HYXKHO OTCOPTMPOBATb YMCNA NO BO3PACTaHWUIO MocaeaHeln unopsl (no-
CTaBUTb CHa4Yana Bce YMCNa, OKaHUMBatOWMecs Ha 0, 3aTeM — BCe, OKaH4YMBatowmecs Ha 1 u 1.4.). B aTom
C/alyy4ae K4y COPTUPOBKKU — 3TO nocnedHasa undpa ymcna, noaTomy Hanuwem GyHKLUMIO, KOTOpas Bblae-
NAeT 3Ty nocieHwow undpy:

def lastDigit ( n ):
return n%$10
Torpa copTpoBKa maccmea A nNo Bo3pacTaHuUIo nocneaHemn Lmbpbl 3anuILeTcs Tak:
B=sorted ( A, key=1lastDigit )

®yHKkuma lastDigit nonyynnacb o4YeHb KOPOTKAA, M 4acTO HE XOYeTCA CO34aBaTb JINLLHIOK
byHKUMIO ¢ nomoLbio onepaTopa def, ocobeHHO TOrAa, Koraa oHa Hy»KHa BCEro oAuH pas. B Takux cay-
Yyasax yaobHo Mcnonb3oBaTb PyHKUUKM Be3 MMeHM — TaK HasblBaemble «asambaa-PpyHKUUNY», KOTopble 3a-
NMMUCbIBAOTCA NPAMO Npw Bbi3oBe GyHKUMM B napameTpe key:

B=sorted ( 4, key=|lambda X: X% 10|)
B pamky BblaesieHa nambaa-dyHKUMS, KOTopas oA nepeaaHHOro el 3HaYeHMa X BO3BpPalLaeT pesy/ib-
TaTx $ 10, TO ecTb NnocneaHwow0 LUdpy AeCATUYHOM 3aNnCKu Yncna.

®PyHKUMA sorted He M3MEHAET NCXOAHbIN MacCMB U BO3BpaLLAeT ero OTCOPTUPOBAHHYIO KOMUIO.

Ecnm Hy»KHO OTCOPTMPOBAaTb MaCCUB «Ha MecTe», Jiyylle UCMO/Ib30BaTb METO, Sort, KOTopbIV onpeae-

NEH ANA CNUCKOB:
A.sort ( key=1lambda x: x% 10, reverse=True)

OH MMeeT Te e UMEeHOBaHHble NapameTpsbl, YTO U GyHKUMA sorted, HO U3MEHAET UCXOAHbIV CNUCOK. B
npuMBeaEHHOM NPUMepPe 3/1eMeHTbl Maccusa A ByayT OTCOPTUPOBaHbI NO ybbiBaHWUIO NocneaHen umdpbl.

9 KonmpoavHbie eonpocul

YTo TaKoe copTUpOBKa?

Ha KaKoi naee ocHoBaH MeToA Ny3blpbKa? MeTos Bbibopa?

O6bACHUTE, 3a4eM HYXKEH BOMKEHHbIN LMK/ B OMMUCAHHbIX METOLAX COPTUPOBKM.

CpaBHUTE MeTog, Ny3bipbKa U MmeTog, Bbibopa. Kakoi U3 HUX TpebyeT MeHblUe NepecTaHOBOK?
PacckaxkmuTe Npo OCHOBHbIE NAen MeToaa «B6bICTPOM COPTUPOBKMY.

kW E

8 http://ru.wikipedia.org/wiki/Timsort
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6. Kak Bbl ;yMaeTe, MOXKHO /1N UCMOb30BaTb METO/, «ObICTPON COPTUPOBKNY» ANA HEYMCNOBbIX AaH-
HblIX, Hanpumep, 418 CUMBOJIbHbIX CTPOK?

7. OT yero 3aBUCUT CKOPOCTb «BbICTPO COPTUPOBKU»? KaKol camblii IYULLMIA U CaMblid XyALWNK cny-
yain?

8. Kak Bbl AyMaeTe, MOXKeT N1 meTos, «bbICTPON COPTUPOBKNY» paboTaTb A0/blUE, YEM METOL BblOO-
pa (nnn apyroin «npoctoin» metoa)? Ecam aa, To NPy KakMX yCnoBusx?

9. KaK HY)XHO M3MEHWTb NPUBEAEHHbIE aTOPUTMbI, YTODObI 3N1eMEHTbl MaccmBa BblIM OTCOPTUPOBA-
Hbl No ybbIBaHMUIO?

10. KaKue BCTpOEHHbIE cpeacTBa COPTUPOBKU MaccmBoB B Python Bbl 3HaeTe?

11. KaK 3agaTb HeCTaHAAPTHbIV NOPSAAOK COPTUPOBKM AnA GyHKLMN sorted?

12. Y70 Takoe «nambaa-dyHKunm»? Koraa ux yaobHo Mcnoab3oBatb?

13. Yem otnmyatotca pyHKUMA sorted n metos sort Ana cNnMcKos?

0i9) 3adayu u 3a0aHus

1. HanuwwuTe nporpammy, KOTopas COPTUPYET MACCUMB M HaxOo4MUT KONMYECTBO Pas/IMYHbIX YnCen B
HEM.

2. HanuwwuTte nporpammy, B KOTOPON COPTUPOBKA BbIMONHAETCA «METOLOM KaMHA» — CaMbIi TAXKE-
NbIM» 31€MEHT OMyCKaeTCA B KOHeL, MaccuBa.

3. Hanuwwute nporpammy, KOTOpas BbINOJHAET HEMOJIHYD COPTUPOBKY MaccuBa: CTaBUT B Hayano
MacCMBa TPU CaMbIX MEHbLUMX MO BE/MYMHE 3/IEMEHTA B NMOpsAAKe BO3pacTaHua (HeybbiBaHMA).
MosfoXKeHMe OCTaIbHbIX 31EMEHTOB HE BaXKHO.

4. HanuwwuTe BapuaHT MeToAa MNy3blpbKa, KOTOPbIA 3aKaHYMBAeT paboTy, ecan Ha oYepesHOM Lare
BHELIHEro LMKAa He 6bl10 NepecTaHOBOK.

5. HanuwwuTe nporpammy, KOTOpPas COPTUPYET MACCMB MO BO3PACTAHWUIO Nepsoi Lmdpbl YMcna.

HanuwuTe nporpammy, KOTopan COPTUPYET MaccMB Mo YObIBaHUIO CYyMMbI Lndp ymcna.

7. Hanuwwute nporpammy, KOTOpas COPTUPYET NePBYI0 MNOJOBMHY MaccMBa MO BO3PACTaHWUIO, @ BTO-
pyto — no ybbiBaHWIO (31€MEeHTbI U3 NePBOI MONOBUHbLI HE A0/IXKHbl NonazaTbh BO BTOPYO U Haobo-
por).

8. HanuwwuTte nporpammy, KOTopas COPTUPYET MACCMB, @ 3aTEM HAXOAMUT MAKCMMAJIbHOE U3 YUCeN,
BCTPEYAOLMXCA B MACCUBE HECKO/IbKO Pas.

9. *HanuwwTe nporpammy, KOTOpas CPaBHMBAET KOJIMYECTBO NEPECTaHOBOK MPW COPTUPOBKE OAHO-
ro U TOrO YXe MaccuBa pasHbIMM MeToZamu. [poBeamTe KCNEPUMEHTbI 415 BO3pacTatoLwen no-
CnefoBaTe/IbHOCTU (YXKe OTCOPTUPOBAHHOM), ybbiBatowen (0TCOPTUPOBAHHON B 06PaTHOM NopAa-
Ke) 1 cy4anHoi.

o

§ 65. /JleouuHslii nouck

PaHee mbl yXKe paccmaTpuBaau 3a4a4y NOMCKa 31eMeHTa B MacCMBe U NPUBEIN aNroOpuUTM, KOTO-
pbIVi CBOAMTCA K MPOCMOTPY BCEX 3/IEMEHTOB MaccuBa. TaKoM NOWUCK Ha3blBAOT sUHeliHbIM. Ons maccuBa
13 1000 anemeHTOB HyXHO caenatb 1000 cpaBHeHMN, YTOObl yO6eauTbCs, YTO 3a4aHHOro 3/1eMeHTa B
mMmaccue HeT. EcnuM yncno anemeHToB (Hanpumep, 3anucent B 6ase AaHHbIX) O4eHb BE/IMKO, BPEMS NouC-
Ka MOKeT OKa3aTbCA HeA0MYCTMMbIM, MOTOMY YTO MOJIb30BaTE/b HE AOXKAETCA OTBETA.

Kak Bbl MOMHWTE, OCHOBHAA 33a4aya COPTUPOBKM — 0BErYMTb NOCAEAYIOLMIA MOUCK AAHHbIX.
BCMOMHUM, KaK Mbl ULEM HY)KHOE C/I0BO (Hanpumep, C/I0BO «rpasBuuana») B ciioBape. CHayana oTKpbI-
BaeM C/10Bapb NPMMEPHO B CEpeAnHEe U CMOTPUM, Kakue Tam cnoBa. Ecnm oHW HaumHawTca Ha BykBy
«Jl», TO CNOBO «rpaBMuana» ABHO Haxo4AMUTCA Ha NpeabliayWwmx CTPAHMLUAX, MU BTOPYK 4YacTb C/I0BapA
MOXHO He CMOTPEeTb. Tenepb TakK Ke NpPoBepsaem CTPpaHULYy B cepeamHe Nnepson NoN0BUHbI, U T.4. Takol
MOMCK Ha3blBaeTca 080UYHbIM. NOHATHO, YTO OH BO3MOXEH TOJ/IbKO TOrA4a, Korgaa AaHHble npeasapu-
Te/IbHO OTCOPTUPOBaAHbI. [aa npumepa Ha PUCYHKe NOKas3aH NOUCK ymcna X = 44 B OTCOPTUPOBAHHOM
maccuse:
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A[0] v AT
| 6 | 34 | 44 | 55 | 67 | 78 | 82 | 5
T B
L R
C
\ 4
| 6 | 34 | 44 | 55 | 67 | 78 | 82 |
T 1
L R
(]
v
| 6 | 34 | 44 | 55 | 67 | 78 | 82 |
T 1
L R

| 6 | 34 | 44 | 55 | 67 | 718 | 82 |
T ]
L R

Cepbim POHOM BblAeNEHbl AYENKM, KOTOPbIE Y)KE HE PAacCMaTPUBAOTCA, MOTOMY YTO B HUX HE MOXKeT
6bITb 3agaHHOr0 Yncna. NMepemeHHble L U R orpaHNYmMBatoT «pabouyto 30HY» MaccuBa: L COAEpPKUT HO-
Mep MepBOro 3/ieMeHTa, a R — HoMep 3/1eMeHTa, cr1edyrowe20 3a nocnegHMm. Takum o6pasom, HYKHbIM
3/1eMEHT (eC/IN OH ecTb) Haxo4MTcA B YaCTM MacCuMBa, KOTOpasa HauyMHaeTcs ¢ anemeHTa A[L] v 3akaHuK-
BaeTtcAa anemeHTom A[R-1].

Ha Kaxaom Lware BblUUCAAETCA HOMEP CpeaHero snemeHTa «paboyeit 30HbI», OH 3aMMUCbIBAETCS B
nepemeHHyto c. Ecrm X<A[c], TO 3TOT anemMeHT MOXKeT HaxoauTbcA ToNbKO nesee A[c], v npasas
rpaHuua R nepemeluaeTcs B ¢. B NpoTMBHOM Cnyyae HyXHblA 3/1eMEHT HaxoauTcsa npaBee cepenmHbl
unn cosnagaet cA[c]; npu aTom nesas rpaHuua L nepemeltaeTca B C.

MouncK 3aKaHYMBaeTCcA Npu BbiNoJHEHMM ycnoBusa L= R-1, Koraa B paboyeit 30He ocTanca oauH
anemeHT. Ecnm npu atom A[L]=X, TO B pe3y/ibTaTe HalAeH 3/1eMEHT, PaBHbIN X, MHaUYe TaKoro 3/IeMeH-

Ta HeT.
L=0; R=N
while L<R-1:

c=(L+R) // 2

# HauvanbHEN OTPEeBOK

# HamnM cepexmBHy

if X<A[c]: # cxaTme oTpeska
R=c
else: L=c
if A[L] ==X:
print ( "A[", L, "]=", X, sep="")
else: print ( "He mammm!" )

[BOWNYHBIN NOUCK paboTaeT 3HaUNTENLHO BbiCTpee, Yem NHENHbIM. B Hawem npumepe (ans mac-
CvBa M3 8 31eMEHTOB) YAaEeTCA PeLnTb 3a4a4y 3a 3 wara BMecTo 8 npu IMHeMHOM noucke. Mpu ysenu-
YeHUM pasmepa MaccMBa 3Ta pasHMLA CTAaHOBUTCA BnevaTastowen. B Tabanue cpaBHMBAETCA KoandecT-
BO LIAroB A/1A ABYX METOA0B MPU PasHbIX 3HaYeHusx N:

N JINHEMHDbIN NOUCK | ABOMUYHDIN NOUCK
2 2 2
16 16 5
1024 1024 11
1048576 1048576 21

OZHaKO Npu 3TOM He/lb3A CKa3aTb, YTO ABOMYHBIN MOUCK /lyyLle IMHeNHOro. HyXKHO NOMHUTb, YTO
[JaHHble HeobXxoAMMO NpeaBapuUTe/IbHO OTCOPTMPOBATb, @ 3TO MOMET 3aHATb 3HauyuUTeNbHO 6osblie
BPEMEHMU, YeM CaM NMOUCK. No3Tomy TaKol nNoaxos 3QpPpeKTUBEH, eC/IM JaHHble MeHATCA (M COPTUPYIOT-
cA) peaKo, a NOUCK BbIMOHAETCA YacTo. Takasa CUTyauma XxapaKTepHa, Hanpumep, Ana 6a3 gaHHbIX.

9 KOHmpo./leble 80npocsl

1. Toyemy 3TOT aNTOPUTM MOMUCKA HA3bIBAETCA «ABOMYHBIM»?
2. [MpuBeanTe NpUMepPbl UCNOJIb30BAHUA ABOUYHOTO NOUCKA B OBbIYHOM KU3HMU.
3. Kak MOXHO NpMMepHO NOACUYUTATb KOJIMYECTBO LIArOB NpU ABOMYHOM MOUCKe?
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4, CpaBHMTe AOCTOMNHCTBA U HEAOCTATKU NINHeNHoro n ABOUNYHOIO NOUCKa.

oiod 3adayu u 3a0aHus

1. HanuwwuTte nporpammy, KOTOpas COPTUPYET Maccus Mo yObiBaHMIO N ULLET B HEM BCE 3HAYEHWUS,
paBHble BBEAEHHOMY YMCAY.

2. HanuwwuTte nporpammy, KOTOpas cYUTaeT cpeaHee YNCIO0 LWaros Npu ABOMYHOM NOUCKe Aaa mac-
cmBa 3 32 anemeHToB B AnanasoHe 0..100. Ana noucka ncnonbsyinte 1000 cayvaliHbIX Ymcen B
3TOM }Ke AnanasoHe.

§ 66. CumeosibHbie cmpoKuU

YTo TaKoe CUMBOJIbHAsI CTPOKa?

Ecnv B cepeanHe XX Beka nepBble KOMMbHOTEPbI MCNOb30BA/IUCDL, F1aBHbIM 06pa3om, A/A Bbl-
MO/THEHUA CJIOXKHbIX MATEMATMUYECKMX PacyEToB, CeMyac MX OCHOBHas pabota — ob6paboTKka TeKCTOBOM
(cumBONbHOM) HPOPMaALUMN.

CMMBO/IbHAA CTPOKA — 3TO NOC/NEeA0BaTe/IbHOCTb CUMBOJIOB, PACMO/IOMKEHHbIX B MAaMATU PAAOM (B
coceaHux ayelikax). Aaa paboTbl C CUMBOIAMU BO MHOTMX Ai3blKax NPOrpamMmMpPOBaHUA eCTb NepemMeH-
Hble CNeunanbHOro TMMNa: CUMBO/bI, CUMBO/IbHblE MaCCUBbI M CUMBOJIbHbIE CTPOKM (KOTOpble, B OT/INUME
OT MaCCUBOB, PacCMaTPMBAIOTCA KaK LesibHble 06beKTbl). OCHOBHOW TUMN AaHHbIX Ana paboTbl C CUM-
BOJIbHbIMM BE/IMYMHAMM B A3bIKe Python —3To cumBoOIbHbIE CTPOKKM (TUN string).

[ns Toro, 4Tobbl 3anMcaTb B CTPOKY 3HAaYEHME, UCMOJIb3YIOT ONepaTop NPMCBaMBaHUS
s ="Bacsi nowén ryiaaTrs"

CTpoKa 3aK/104aeTCcs B KaBblYKM MAM B OAMHOYHbIE anocTpodbl. ECAM cTpoKa orpaHMyYeHa KaBbluKamu,
BHYTPM HEE MOTYT 6bITb anocTpodbl, U HA06oPOT.
[lna BBOAA CTPOKM C KNaBMaTypbl NPUMEHAIOT GyHKLMIO input:
s=input( "BBegmure mMMsz: " )

JOnnHa cTpoku onpegensieTca ¢ nomouwbio ¢yHKLUMK len (oT aHra. length — pnvHa). B atom npwm-
Mepe B NepeMEHHYIO N 3aMMUCbIBAETCA AJ/IMHA CTPOKU S:

n=1len(s)

[ns T0ro, 4Tobbl BbIAENUTL OTAE/NbHBIN CUMBO CTPOKK, K HEMY HYXKHO 00paLLaTbCA TaK »Ke, Kak K
anemeHTam maccuBa (CnMcKa): B KBaApaTHbIX CKOBKax 3anucbiBaloT HOMep cumBona. Hanpumep, Tak
MOHO BbIBECTW HA 3KPaH CMMBO/ CTPOKU S C MHAEKCOM 5 (A/1MHa CTPOKKU B 3TOM Cay4Yae A0NXKHA bbiTbh
He MmeHee 6 CUMBOJIOB):

print ( s[5] )
OTpuuaTenbHbl MHAEKC FOBOPUT O TOM, YTO OTCYET BeAETCA C KOHLA CTPoKu. Hanpumep, s [-1] o3Ha-
YyaeT To e camoe, YTo s[len(s) -1], To eCcTb NocAegHUN CUMBO CTPOKN.

B oTanume oT 60/bLIMHCTBA COBPEMEHHDIX A3bIKOB MPOrpamMmmMmnpoBaHua, B Python Henb3sa Mame-
HUTb CUMBOJIbHYIO CTPOKY, NMOCKO/IbKY CTPOKA — 3TO HEM3MEHAEMbIN 06beKT. MNosTomy onepatop npu-
cBamBaHuA s [5] = "a" He cpaboTaeT — byaeT BblAAHO cO0bLLEHME 06 OLWNOKe.

Tem He MeHee, MOXHO COCTaBUTb U3 CUMBOJIOB CYLLECTBYIOLLEM CTPOKU HOBYHO CTPOKY, U NPU 3TOM
BHECTU HY)KHble nameHeHuA. MNpueegém NONAHYIO NpPOrpammy, KOTOpaa BBOAMT CTPOKY C KAaBMaTypbl,
3aMeHsieT B Hell Bce ByKBbl "a" Ha OykBbl "6" U BbIBOAUT NOJYYEHHYIO CTPOKY Ha 3KPaH.

s=input( "BBegmure cTpokxy:" )

sl:""

for ¢ in s:
if c== "a": c="6"
sl=sl+c

print ( sl )
3pecb B UMKae for ¢ in s nepebupatoTcs BCE CMMBOJIbI, BXOAALWME B CTPOKY S. KarKabl UX HUX HA
oyepeaHOM LLAre 3anMCbiBAaeTCA B NEPEMEHHYIO €. 3aTeM Mbl NPOBEPAEM 3HAYEHME 3TOMN NEePeEMEHHOM:
€C/IM OHO coBnagaeT c ByKBOM «a», TO 3aMeHAeM ero Ha bykBy «b», U Npuuenasem B KOHew, HOBOM CTPO-
KM s1 c nomMolLblo onepaTopa CAOXKEHMUS.
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Hy»KHO OTMETWUTb, UTO MOKa3aHHbIM 34ecb CNocob (MHOrOKPaTHOE «CAOXeHMe» CTPOK) paboTaeT
o4YeHb MegJ/IeHHO. B npaKTMYeckux 3agayax, rae TpebyeTcA 3amMeHa CMMBOJIOB, /lyylle MCMNOAb30BaTb
CTaHAAPTHYIO PpYHKUMIO replace, 0 KOTOPOM NOMAET peyb Aanblie.

Onepauuu co CTpOKaMM

Kak mbl yXe Buaenu, onepatop '+' ucnonbsyetcs Ana obbeanHeHUs (cuenneHus) CTPOK, 3Ta
onepauma NHOr4a HasblBaeTCcAa KOHKameHayusa. Hanpumep:

sl ="IllpuBeT"

s2 = "Baca"

s =sl+", "+s2+4"!"
B pesynbtaTe BbINOJHEHUA NPUBEAEHHOW NPOrpammbl B CTPOKY s ByaeT 3anucaHo 3HayeHue "Mpu-
BeT, Bacs!".

Ons Toro, 4To6bl BbIAENUTb YaCTb CTPOKU (MOOCMpPOKY), B A3bike Python npumeHseTca onepaums
nony4yeHus cpesa (aHrn. slicing), Hanpumep s [3: 8] 03Ha4YaeT CMMBO/bI CTPOKK s € 3-ro no 7-1 (To ecTb
0o 8-ro, He BKAtoyas ero). Cneayowmin pparmeHT KONMPYET B CTPOKY S1 CUMBO/bI CTPOKM s € 3-ro no 7-
" (Bcero 5 cMmBonoB):

s="0123456789"
sl=s[3:8]
B cTpoky s1 6yaet 3anucaHo 3HayeHne "34567".

Ons yaaneHus 4actTu CTPOKM HY)KHO COCTaBUTb HOBYHO CTPOKY, 06BbeANHUB YacTM UCXOAHOM CTPOKM
[0 W nocne ygansemoro yyacTka:

s="0123456789"

sl=s[:3]+ s[9:]
Cpe3 s[:3] o03Ha4yaeT «OT Hayana CTPOKM A0 cumBosa s[3], He BKAOYaA ero», a 3anucb s[9:] —
«BCE CMMBO/IbI, HaUMHanA ¢ s[9] A0 KoHUa cTpoKM». Takum obpasom, B nepemeHHON s1 ocTaéTca 3Have-
Hune "0129".

C nomoLbto Cpe30B MOXKHO BCTAaBUTb HOBbIA GparmMmeHT BHYTPb CTPOKMU:

s="0123456789"

sl=s[:3] +"ABC" +s[3:]
MNepemeHHasa s noay4unT 3HavyeHue "012ABC3456789".

Ecnun 3apaHbl oTpuuaTeNbHble MHAEKCHI, K HUM AobaBnseTca gnvHa cTpokn N. Takum obpasom,

MHAEeKC «—1» 03Ha4aeT TO ke camoe, 4To N-1. [1pu BbINOAHEHUM KOMAHA,

s="0123456789"

sl=s[:-1] # "012345678"

s2=s[-6:-2] # "4567"
Mbl nonyymm s1="012345678" (cTpoKa s Kpome nocneaHero cMmBosia) M s2 ="4567".

Cpesbl NO3BONAIOT BbINOJIHUTL PEBEPC CTPOKM (pa3BepHyTb eé HaobopoT):

sl=s[::-1]
TaK KaK Ha4yanbHbIA M KOHEYHbIA MHOEKCbl 3/1EMEHTOB CTPOKM HE YKasaHbl, 3a4eMCTBOBAHA BCA CTPOKa.
Ynucno «—1» o3HayaeT Wwar U3SMEHEHMA UHAEKCA M TOBOPUT O TOM, YTO BCE CMMBOJIbI Nepebupatotcs B
obpaTHOM nopaakKe.

B Python cyLwiecTByeT MHOXeCTBO BCTPOEHHbIX METOL0B A4 PaboTbl C CUMBOIbHbIMU CTPOKaMMU.
Hanpumep, meToabl upper 1 lower No3BOAAOT NEPEBECTU CTPOKY COOTBETCTBEHHO B BEPXHUMN U HUNXK-
HUI perncTp:

s = "aAbBcC"
sl=s.upper() # "AABBCC"
s2=s.lower() # "aabbcc"
a meTtog isdigit nposepseT, Bce M CMMBOJIbI CTPOKM — LIMPPbI, U BO3BPALLAET JIOTMYECKOE 3HAYeHMe:

s= "abc"
print ( s.isdigit() ) # False
sl="123"

print ( sl.isdigit() ) # True
O Apyrvx BCTPOEHHbIX GYHKLMAX Bbl MOXeTe y3HaTb B InTepaType unv B MHTepHeTe.
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Ilouck B cTpokax

B Python cyuwectsyeT ¢pyHKUMA 414 NOMCKA NOACTPOKM (M OTAENBHOIO CMMBOAA) B CUMBO/IbHOM
CTpOKe. dTa ¢yHKUMA HasbiBaeTca £ind, oHa onpeaeneHa A CUMBOJ/IbHbLIX CTPOK W Bbi3bIBAaeTCA Kak

MeTOo/, C MOMOLLbIO TOYEYHOM 3anncK. B ckobKax Hy»KHO yKa3aTb obpasel, A5 Noucka:
s="8gecr 6m Bacs."

n=s.find ( "c¢" ) #n=3
if n>=0:

print ( "HomMep cmmMBONa", nNn )
else:

print ( "CuMBONM He HaugeH." )

MeTtog £ind Bo3BpallaeT Lesoe YMCN0 — HOMEpP CMMBOJIA, C KOTOPOro HauuHaeTtcs obpaseu, (bykBa
"c") B cTpoKe s. ECin B CTPOKE HECKObKO 06pa3LioB, GyHKLUMA HaxoaMT nepsblit U3 HUX. Ecnu obpasel,
He HangeH, GyHKUMA Bo3BpaLWaeT «—1». B paccmoTpeHHOM NpumepeB NepeMeHHy n 6yaeT 3anmMcaHo
ymcno 3.
AHanornyHbln metog rfind (ot aHrn. reverse find — uckaTb B 06paTHYHO CTOPOHY) ULLET nocsies-

Hee BXOXKAeHWe obpasua B CTpoKe. [1nA TOM e CTPOKM S, YTO U B Npeablaywem npumepe, MeTos,
rfind BepHEéT 12 (MHAEKC NocneaHen ByKBbI «C»):

s="8gecr 6m Bacs."

n=s.rfind ( "c" ) # n=12

IIpuMep 06paGOTKHU CTPOK

MpeanonoxXum, 4To € KNaBMaTypbl BBOAUTCA CTPOKA, coAepKallan UMsA, 0OTYeCTBO U GaMuamnto ve-
JI0BEKa, Hanpumep:

Bacunuit Anm6abaeBuu XpIOHAMKOB
Kaxkapble ABa cnoBa pasgesieHbl ogHUM npobenom, B Hayase CTPOKKU npobenos HeT. B pesynbTate obpa-
6OTKM JONKHA NONYYUTLCA HOBAA CTPOKA, coaepKawan Gamununto U HMLMANbI:

Xpougnkoe B.A.
BO3MOKHbI a/IrOPUTM PELIEHMA 3TOM 3aZa4M MOXKeT BbITb Ha NCEBAOKOAE 3aNnCaH Tak:

BBECTU CTPOKY S

HauTH B CTPOKE S MNEepPBHM npoben

¥MsT = BC&, 4YTO CJeBa OT IepBOro mnpobena

YOAJIUTE M3 CTPOKM S MMSI C npoﬁe.nou

HaUTK B CTpPOKe S IMEepBHM npoben

OTYeCTBO = BCE&, 4YTO CJIeBa OT MepBOTO mnpobesna

YOanuTe U3 CTPOKM S OTYUECTBO C mnpobesoM # ocranace bamMunaus

s=s+" "+uma[0] +"." + oruecTBO[0] + "."
Mbl nocnenoBaTelbHO BblAeNAEM U3 CTPOKU TPU 3/IEMEHTA: MMA, OTYECTBO U pamMUANIO, UCNONb3YA TOT
$aKT, UTO OHU pasgesieHbl 0g4MHOYHbIMK Npobenamu. Mocse Toro, Kak UMA COXPaAHEHO B OTAENbHOM ne-
pPEMEHHOM, B CTPOKE S OCTa/IMCb TOJIbKO OTY4eCTBO M damunma. Nocne «U3bATMA» OTYECTBA OCTaeTcA
TO/IbKO pammams. Tenepb HY*KHO CObpaTb CTPOKY-pe3y/bTaT M3 YacTel: «cuenuTb» Gamuanio n nepsbie
OYKBbl MMEHM W OTYECTBA, NOCTABMB NPOBEsbl U TOUKU MEXKAY HUMMU.

[Ona BbinosHEHUA Bcex onepauuit byaem cpesbl U meton £ind. Mpusegem cpasy NosHy Npo-

rpammy:
print ( "BBegumTe mMsi, oTUeCTBO M bammimio:" )
s =input()
n=s.find ( " " )
name =s[:n] # BIpeBaTe uMs
s=s[n+1:]
n=s.find ( " " )
name2 =s[:n] # BIpeBsaTeE OTYECTEBO
s=s[n+l:] # ocranace baMmnus
s=s+" "+ name[0] +"." + name2[0] +"."
print ( s )

Mcnonb3ysa BCTPOeHHble GYHKLMM A3blka Python, 3Ty 3a4ayy MOMKHO pelwmnTb HAMHOTO NPOLLE.
Mpexae Bcero, Hy»KHO Pa3buTb BBEAEHHYIO CTPOKY HA OTAENbHbIE C/10Ba, KOTOPble pasgeneHbl npobe-
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namu. [na atoro ucnonblyetca metos split (oT aHra. split — paclennTb) KOTOPbI BO3BPALLLAET CMK-
COK C/10B, MOJIy4EHHbIX NPU Pa3bUeHnn CTPOKMU:

fio=s.split()
Ecnu BxoaHas CTpoka npasBu/ibHanA (cooTBeTcTByeT GopmaTy, ONMCaHHOMY B YC/IOBUM), TO B 3TOM CMIUCKe
6yayTt Tpu anemeHTa: £i0[0] — umsa, £io[1] — otyectBo 1 £i0[2] — damununa. Tenepb ocTaérca
TONbKO COBPaTb CTPOKY-PE3YNLTAT B HYXKHOM BUAE:

s=fio[2]+" "+ fio[O][O]+"."+ fio[1][O] +"."
3anucb £i0[0] [0] obo3HauyaeT «0-1 cumBoa u3 0-ro anemeHTa cnucka £io», To ecTb, nepBas bykea
nmeHun. AHanornyHo £io[1] [0] —ato nepsas 6ykea oTyecTBa. BoT nosHaa nporpamma:

print ( "BBemuTe MMsI, OTYeCTBO M bammumio:" )

s =input()

fio=s.split()

s=fio[2] +" "+ fio[O][O] +"." +fio[1][O] +"."

print ( s )

l'lpeoﬁpasosamm YHUCJI0<>CTPOKa
B npakTMyeckux 3agadax 4acto Hy*KHO nNpeobpas3oBaTb YNCAO, 3aNUCAHHOE B BUAE LEMOYKM CUM-
BOJI0B, B YNC/IOBOE 3HAYEHME, U HA06OPOT. 1A 3TOro B A3bike Python ecTb cTaHAAPTHbIE GYHKUUK:
e int - nepeBoauT CTPOKY B LLENOE YUC/IO;
e float - nepeBoauT CTPOKY B BELLECTBEHHOE YNC/IO;
e str —nepeBoauT Lenoe NN BELLEeCTBEHHOE YMUC/IO B CTPOKY.
Mpueeaém npumep npeobpasoBaHMA CTPOK B YUC/OBbIE 3HAYEHMA:

g ="123"

N=int ( s ) # N =123
s="123.456"

X=float ( s ) # X = 123.456

Ecnn CTPOKy He yaanock npeobpas3osath B YNCNO (HaNpUmep, ecin B Hell coaepskartca 6yKBbl), BO3HUKa-
€T OLIMBKa 1 BbINOAHEHME NPOrPaMmbl 3aBepLIAETCS.
Tenepb NoKaxkem npumepsbl obpaTHoro npeobpasoBaHus:

N=123

s=str ( N ) # s = "123"
X=123.456

s=str ( X ) # s = "123.456"

37K onepauun Bceraa BbIMOAHAKTCA YCnewHo (ownbKa NPoU30onTM He MOXKET).
®yHKUMA str ncnonblyeT npasuna GopmMaTUPOBaHUA, YCTAHOBAEHHbIE MO YMoaYaHuio. Mpu He-

06X0AMMOCTN MOXKHO MCNONb30BaTh cobcTBEHHOE PpopmMaTUpoBaHKe. Hanpumep, B CTpoKe
s="{:5d}".format (N)

3HayeHue nepemeHHol N byaeT 3anuncaHo no popmaty d (Lenoe Yncno) B 5 NO3MLMAX, TO €CTb B HaYane
CTPOKM byayT cToATb ABa npobena:

00123
[na BewecTBEHHbIX YMCeN MOXKHO Mcnonb3oBatb ¢opmatbl £ (¢ PuKcHpoBaHHONM ToUKOM) M e (3Kcno-
HeHUMWaNbHbIN GopmaT, C NNaBaloLLelt TOUKOoM):

X=123.456
s="{:7.2f}".format(X) # s = "°123.46"
s="{:10.2e}".format(X) # s = "c01l.23e+02"

B nepsom cnyyae popmart «7 . 2£» 0603HaYaeT «BbIBECTM B 7 NO3UNLMAX C 2 3HAKamMM B APOOHOM YacTuy,
BO BTOpom — ¢popmaT «10 . 2e» 0603HaYaeT «BbIBECTU Hay4HOM dopmaTe B 10 Nos3mnumsax ¢ 2 3HaKamu B
Apob6HOI YacTuy.

CTpoKH B nmpoueaypax U QyHKIUAX

CTPOKM MOKHO NepeaaBaTth B Npoueaypbl M GYHKLUUU Kak NapaMeTpbl, a TaKKe BO3BpalLaTb KaK
pesynbTaT GyHKUMIA. [ocTpoMm npoueaypy, KOTopas 3ameHseT B CTPOKE S BCE BXOMKAEHWA C/lOBa-
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o6pasua wOld Ha cnoBo-3ameHy wNew (3a4ecb wOld M wNew — 3TO MMeHa NepeMeHHbIX, a BblpaxeHue
«cnoBo wOld» 03Ha4aeT «C/A0BO, 3aNMcaHHOe B NnepeMeHHyo wOld»).
CHauana paspaboTaem anroputm pelleHus 3agayn. B nepeyto ouepesb B ro/ioBy NPUXOANUT TaKoM
ncesaoKoL4,
while cnoBo wOld ecTe B CTpOke S:
ymanuTk CcyioBO wOld m3 cTpokxmu
BCTaAaBUTE Ha BTO MECTO CJIOBO wNew
OpHako Takol anroputm paboTaeT HeBepHO, ecan cnoso wOld BxoguT B coctaB wNew, Hanpumep,
HYYXHO 3aMeHUTb "12" Ha "A12B" (NOKa*KMTe CaMOCTOSTE/IbHO, YTO 3TO NPUBEAET K 3aLMKAMBAHMIO).
Y106bI M36eKaTb NOAOOHbLIX Npobaem, nonpobyem HakanaMBaTb pe3y/abTaT B APYroi CMMBO/b-
HO CTPOKe res, yAansaa us CTPOKKU s yrKe 06paboTaHHyo YacTb. [peanonoXxmm, 4To Ha HEKOTOPOM LWa-
re B OCTaBLUENCA YacTU CTPOKM s obHapyrKeHo ciioBo wOld (puc. a).
a) res wOld s

6) e T °
| B |
B) T&S B °
| FEEEHINIII e |
) res S

| HEEEn | |

Tenepb HY»KHO BbINOMHUTL CAeAyoLLMe AeACTBUA:

1) Ty y4acTb CTPOKM S, KOTOPAs CTOMT cneBa OT 06pasya, «NPULENUTL» B KOHEL, CTPOKK res (puc. 6);

2) «npuuEenUTb» B KOHEL, CTPOKKU res c/10Bo-3ameHy wNew (puc. B);

3) yAanuTb U3 CTPOKM S HaYa/IbHYIO YacCTb, BKOUYaA HaliaeHHoe cnoBo-obpasel, (puc. r).
[anee Bce 31 onepaumm (HauMHaA ¢ NOMCKA cnoBa wOld B CTPOKe s) BbINOJIHAETCA 3aHOBO A0 TEX Nop,
MOKa CTPOKa s He cTaHeT nycTon. Ecam oyepenHoe CNoBO HAWTK He yAan0Ch, BCA OCTaBLIAACA CTPOKA S
NPUNUCLIBAETCA B KOHEL, CTPOKM-Pe3ybTaTta, U LMK/ 3aKkaHYNBAETCA.

B Hauane paboTbl aAIrOPUTMbI B CTPOKY res 3anucbiBaeTca Nyctaa CTPoKa """, He coaeprKallan Hu

ofHOro cumBosa. B Tabnuue npuBeseH nNPOTOKOA paboTbl aNrOpuMTMA 3aMeHbl AAA  CTPOKM
"12.12.12", B KOTOPOWN HYXXHO 3aMeHUTb cioBo "12" Ha "A12B":

paboyas CTpoKa s pesy/bTaT res
"12.12.12" ne
".12.12" "Al12B"
".12" "Al2B.A12B"
nn "A12B.A12B.A12B"

Tenepb MOXXHO HanucaTb QYHKLMIO Ha A3blke Python. EEé napameTpbl — 3TO UCXOAHAA CTPOKA S,
CTpoKa-obpasey, wOld 1 cTpoKa-3ameHa wNew:
def replaceAll ( s, wOld, wNew ):
lenOld =len (wO1ld)
res=""
while len(s) > O:
p=s.find ( wOl1ld )
if p<o0:
returnres+s
if p>0:
res=res+s|[:p]
res =res + wNew
if pt+lenOld>=1len(s):
s=""
else:
s=s[pt+lenOld:]
return res
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MepemeHHas p — 3TO HOMepP MepPBOro CMMBO/IA NEePBOro HalgeHHOro cloBa-obpasua wold, a B nepe-
MeHHON lenOld 3anucaHa AAMHA 3TOro cnoea. Ecan nocne noucka cn1oBa 3HaYeHWe p MeHbLle HyAA

(obpaseL He HallaeH), NPOUCXOAMUT BbIXOA U3 LMKAA:

if p<0: res=res+s; return
Ecanp > 0, To cnesa oT o6pasua ecTb KakKMe-TO CUMBOJIbI, U UX HYXKHO «NPULENUTL» K CTPOKE res:

if p>0: res=res+s[:p]

Ycnosue p+len0ld >= len (s) o3HayaeT «obpasel, CTOMT B CAMOM KOHLLe C/I0Ba», NPM 3TOM OCTaTOK
CTPOKM s — NyCTas CTPOKa. B KOHLe Nporpammsbl pe3y/ibTaT 3anMCcbiBAETCA Ha MECTO UCXOAHOM CTPOKM S.
MpuBegem NpuUmep UCNO/Ib30BaHMUA 3TON GYHKLUN:
s="12.12.12"
s =replacedll ( s, "12", "Al2B" )
print ( s )

Tak KaKk onepauus 3ameHbl O4HOW MOACTPOKM HA APYryto MUCNOJ/b3yeTcs OYEeHb YacTo, B A3bIKe
Python ecTb BcTpoeHHasa PpyHKLMSA, KOTOpasA BbINOAHSET 3Ty onepaumto. OHa opopmaeHa Kak MeTog, 4N
nepemeHHbIX TUMNa «CTPOKa» (Str) v BbI3bIBAETCA C NOMOLLbIO TOYEYHOMN 3anNuUcHu:

s="12.12.12"
s=s.replace( "12", "Al2B" )
print ( s )

PeKkypcuBHbIN iepe6op

B andasute A3bike naemeHn «Tymba-tomba» yetbipe Byksbl: «bl», «lU», «4» n «O». Hy}KHO BbI-
BECTM Ha 3KpaH BCE CNOBA, cocTosAwme u3 L ByKB, KOTOpblE MOYKHO NOCTPOUTL M3 BYKB 3TOro andaBuTa.

370 TMNMYHaA 3aga4ya Ha nepebop BapMaHTOB, KOTOPYIO YAOBHO CBECTM K 3a4a4ye MeHbllero pas-
mepa. byaem onpegenats 6yKBbl C10Ba NOCAe40BaTENbHO, OAHY 33 APYroi. [Nepsan 6ykBa MoOXKeT 6bITb
Ntoboi 13 yeTbipéx 6yke andasuta. MpPesnonoxKMM, YTO CHaYana NepBon mMbl NocTasuan bykey "BI'. To-
raa ana Toro, Ytobbl MOAYYNTL BCE BapMaHTbl C NepBoi 6ykBon 'El', HyXHO nepebpaTb BCe BO3MOXKHbIe

KoMbuHauuu 6yks Ha ocTaBwmxca L-1 nosuumax:
nepebop L-1
CMIMBOJ10B

L [ 2 [ 2 | 2 |

[anee nooyepenHO CTaBUM Ha NepBOe MECTO BCe OCTa/IbHble BYKBbI, MOBTOPAA NpoOLLeAypY:
def nepebop L CHMBOJOB:

w="H"; nepebop nocnegHux L-1 cmMmBOIIOB
w="II"; nepe6op nocnepmuux L-1 cuMBOIOB
w="4"; nepe6op nocnepmuux L-1 cumMBOIOB
w="0"; nepebop mocnegumx L-1 cmMBOINOB

3pecb yepe3 w 0603HayeHa CMMBOJIbHAs CTPOKA, B KOTOPOM cobupaeTca paboyee cnoso. Takum obpa-
30M, 33g3a4a 418 cioB gavHbl L cBenack K 4-m 3agavyam gns cnos AavHbl L-1. Kak Bbl 3HaeTe, TaKow
npuem Ha3sblBaeTcA pekypcuell, a npouesypa — PeKYPCUBHOM.

Korga pekypcma gomkHa 3aKOHUMTbCA? Torga, Korga Bce CMMBOJIbI PacCTaB/eHbl, TO ecTb AJIMHA
CTPOKM W CTaHeT paBHa L. [1py 3TOM HYyKHO BbIBECTU NONYYMBLUEECA C/IOBO HA 3KPaH U BbIATU U3 NpoLie-
Aypbl.

MoacumTaem KONMYECTBO BCEX BO3MOMHbIX CN0B AnnHbI L. OueBMAHO, YTO CNOB AnnHbl 1 BCcero 4.
[obaensa eweé oaHy 6ykey, nonydyaem 4-4=16 KombuHauuii, gnsa Tpex byks — 4-4-4=64 cnosa u 1.4, Ta-
KUM 06pa3om, CnoB u3 L 6YKB MOXKeET 6biTb 4",

Mpoueaypa ansa nepebopa c1oB MOXKET ObITb 3aNMCcaHa TaK:

def TumbaWords ( A, w, L ):
if len(w) ==L:
print ( w )
return
for c in A:
TumbaWords ( A, w+c, L )
B napameTpe A nepegaétca andaBuUT A3blKa, NapaMeTp W — 3TO YyXKe MOCTPOeHHaa 4acTb cnoBa, a L —
Hy)XHaAa AnMHa cnosa. Korga gnmMHa nocTpoeHHOro cnoBa CTaHeT pasBHa L, To ecTb byaeT nosayyeHo cio-
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BO Tpebyemol A/MHbI, CNI0OBO BbIBOAUTCA HA 3KPaH M MPOUCXOAMUT BbIXOA W3 npouesypbl (OKOHYaHue
pekypcum). Ecnm cnoBo He AOCTPOEHO, B UMK/AE nepebupaem Bce CMMBOJIbI, BXoaslMe B andasuT, no
ouyepeam AobaBasem KaxKabli U3 HUX B KOHEL, CTPOKM M BbI3bIBAEM MPoLEeaypy PEKYPCUBHO.
B ocHOBHOI Nporpamme ocTaéTcsa BbI3BaTb 3Ty NPOLEAYPY C HYKHBIMWU UCXOAHBIMU AAHHBIMU:
TumbaWords ( "BOIYUO", "", 3 )
Mpw Takom BbI3oBe ByAyT NOCTPOEHbI BCe TPEXOYKBEHHbIE CNOBA, KOTOPbIE MOXHO MOAYYUTb C NMOMO-
wbto andasmta «blLLIYO».

CpaBHeHHeE ¥ COPTUPOBKA CTPOK

CTPOKM, KaK M YMCia, MOXKHO CpaBHMBATb. [lnA CTPOK, coCTOAWMX U3 OAHUX BYKB (pyccKux nam na-
TUHCKMX), pe3y/bTaT CpaBHEHMA OYeBUAEH: MeHblle ByaeT Ta CTPOKa, KoTopasa UAeT paHblue B andasuT-
HOM nopaaKe. Hanpumep, cnoBo «nNapoBo3» ByAeT «KMeHbLUEe», YEM C/I0BO «NAPOXOA»: OHU OTAMYatoTCA
B NATON OyKBe U «B» < «x». bonee KOPOTKOe C/I0OBO, KOTOPOEe CoBNagaeT ¢ Hayanom bonee ANMHHOIO,
TOXe byAeT CTOATb paHblue B anpaBUTHOM CMUCKE, MO3TOMY «Map» < «NapK».

Ho Kak OTKyZa KOMNblOTep «3HAET», YTO TaKkoe «andaBUTHbIN NopAAoK»? M Kak cpaBHMBaATbL Cno-
Ba, B KOTOPbIX €CTb U CTPOYHbIE U 3arnaBHble BYKBbI, a TakxKe UMdpbl U gpyrve cumeonbl. YTo 6onblue,
«MAP», «Map» nam «nap»?

OkasblBaeTca, Npu CPaBHEHUN CTPOK UCMOb3YIOTCA KOAbl CUMBOIOB. Torga noay4vaeTca, 4To

«[IAP» < «llap» < «nap».
Bosbmem napy «lAP» u «Map». MepBbIi cMmBON B 060UX CNOBax OAMHAKOB, a BTOPOI OTAMYaeTcA — B
nepsBom cnose 6yKBa 3ar/iaBHas, @ BO BTOPOM — TaKas e, HO CTPOoYHaA. B Tabanue cMmBoI0B 3ariaBHble
6YKBbI CTOAT paHblUe CTPOYHbIX, U MOITOMY MMEIOT MeHblune Kogabl. MoaTomy «A» < «a», «M» < «a» u
«[MAP» < «[Map» < «nap».

A Kak Xe c gpyrumm cumeoiamu (umdpamm, naTMHCKUMK B6ykBamun)? Lindpbl cToAT B KOA0BOW
Tabavue No NopAaAKy, NPUYEM paHblue, Yem SIAaTUHCKUE BYKBbI; TATUHCKME BYKBbI — paHblue, Yem pyc-
CKuWe; 3arnaBHble BYKBbI (PYCCKME M NaTUHCKME) — paHblue, YeM COOTBETCTBYIOLME CTPOYHbIe. [oaTomy

«5STEAM» < «STEAM» < «Steam» < «steam» < «IAP» < «llap» < «map».

CpaBHeHMe CTPOK UCNONb3yeTcA, Hanpumep, Mpu COPTUPOBKe. PacCMOTPUM TaKyto 3afa4y: BBECTU
C KNaBMaTypbl HECKONBbKO CcNOB (Hanpumep, Gamuamnii) u BbIBECTU UX HA KPaH B andaBUTHOM nopAaKe.

[na pelweHna sToM 3a4a4m ¢ NOMOLLbIO A3biKa Python yao6HO 3anucaTb CTPOKM B MaccmB (CNUCOK)
M 3aTeM OTCOPTMPOBATb C MOMOLLbIO MeToAa sort:

as=1[]
print ( "BBemmTe CTPOKM MOJIsTI COPTMPOBKM:'" )
while True:
sl =input()
if sl=="": break
aS.append ( sl )
aS.sort ()
print ( asS )
CTpoKM 3aHoCATCA B CcMMCOK aS. CHayana 3ToT CMUCOK MYCTOM, 3aTeM B LiMKJ/IE Mbl BBOAUM OYepeaHYIo
CTPOKY C K/laBMaTYpbl M 3anucbiBaem eé B nepemeHHyo s1. BBoa 3akaHUMBAETCA, KOrAa BBeAeHa nycran
CTPOKA, TO eCTb BMECTO BBOZA CTPOKM NOJIb30BaTeNb Haxan Knasuwy Enter. B sTom cnyyae cpabotaet
YCNOBHbIN ONepaTop U1 BbINOJHUTCA onepaTop break, npepbiBatowWwmii LUKA.

9 KonmpoavHbie onpocul

1. YTO0 TaKOe cMMBOJIbHAA CTPOKa?

Kak 3a4aTb 3Ha4YeHMe 419 CUMBOJ/IbHOM CTPOKKU? PaccMoTpuTe pasHble cnocobbl.

Kak o6palaTbCa K 3/IEMEHTY CTPOKM C 3a4aHHbIM HOMEPOM?

Mouyemy Henb3A cpaly 3anMcaTb HOBOE 3HaYEHWE B 3afaHHYI NO3MLMIO CTPOKM? Kak MOXKHO pe-
WNTb 3Ty 3a4a4y?

KaK BbluncnaeTca AnmMHa CTPOKn?

Y10 0603HayaeT onepatop '+' NPUMEHMUTENBLHO K CTPOKam?

MepeuncanTe OCHOBHbIE OMepaLMm Co CTPOKaMM U NpUBEAUTE NPUMEPDLI UX UCMO/b30BaAHUA.

Kak onpenenntb, 4TO Npy NoUCKe B CTPOKe 06paseL, He HanaeH?

W
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9. KaK npeo6pa3oBaTb YNCA0 M3 CUMBONLHOMO BMAA B YNCNOBOM M 06paTHO?

10. MoyeMmy CTPOKY He Bcerga MOXKHO npeobpa3osaTh B YMCIO?

11. OBbACHUTE BblpaXKeHMe «PeKypCUBHbIN nepebop».

12. CpaBHWUTE PEKYPCHBHbIE N HEPEKYPCUBHbIE METOAbI peleHnsa nepebopHbIX 3a4ad.

0:0) 3adayu u 3a0aHus

1. HanuwwuTte nporpammy, KOTOpasa BO BBEAEHHON CUMBOJIbHOM CTPOKE 3aMeHsAEeT Bce ByKBbl «a» Ha
6yKBbl «6» N HAOHOPOT, KaK 3arnaBHble, TaK U cTpoUHble. Mpu BBOAE CTPOKM 'aBCABC' Ao/XKeH
nony4nTbeA pesynbtaT '6acBAC'.

2. BBECTU CMMBOLHYIO CTPOKY U NPOBEPUTb, ABAAETCA I OHA NAAUHOPOMOM (NANMHAPOM YMTaeTcA
OAMHAKOBO B 060MX HanpaBAeHUAX, HaNPUMepP, KKa3aK»).

3. Bsectu agpec ¢daiina u «pasobpaTtb» €ro Ha YacTu, pasgesieHHble 3Hakom '/'. Kaxayl 4actb
BbIBECTM B OTAE/IbHOM CTPOKE.

4. BBecCTU CTPOKY, B KOTOPOW 3anMcaHa Cymma HaTypasbHbix Yncen, Hanpumep, '1+25+3"'. Bblumc-
nTe 3TO BbIpaXKeHue.

5. BBecTu c KnaBuaTypbl B O4HY CTPOKY GaMUIMIO, UMA U OTYECTBO, pa3aenms ux npobenom. Boisec-
™ amunnio U MHUMuManbl. Hanpumep, npu BBOAe CTPOoKM 'UBanHoB IleTrp CeMéHOBMY'
OO/IKHO nonyuntbea 'II.C. MBaHORB'.

6. PasbepuTech, Kak paboTaert elle oaHa GyHKUMA 3aMeHbI:

def replaceBad ( s, wOld, wNew ):

lenOld = len ( wOld )

res=""

p=s.find ( wOld )

while p>=0:
s=s[:p] +wNew + s[p+lenOld:]
p=s.find ( wO1ld )

return s

MpuBeanTe NpuMep BXOLHbIX AAHHbIX, TPU KOTOPbIX 3Ta GYHKLMA paboTaeT HenpaBubHO.

7. HanuwwuTe peKypcusBHyo Bepcuto npoueaypbl replaceAll. CpasHuTe Ase Bepcuun. Kakyo u3
HUMX Bbl peKOMeHAayeTe BblOpaTb U noyemy?

8. HanuwwuTte dyHKUMIO, KOTOPAn U3MEHAET B MMeHU daita paclumMpeHne Ha 3agaHHoe (Hanpumep,
Ha '.bak'). OyHKUMA NPUHMMaET ABa NapameTpa: UMA daiina U HyXKHO paclumpeHue. YUTuTe,
YTO B UCXOLHOM UMEHMW PACLLUMpPEHME MOXKET ObITb NYCTbIM.

9. HanuwwuTe GyHKLUMIO, KOTOpPAs onpenenseT, CKONbKO pa3s BXOAUT B CUMBOJIbHYIO CTPOKY 334aHHOe
CNnoBo.

10. C knaBmatypbl BBoAMTCA YMcio N, o603HayatloLLee Koanyectso pytbonmctoB KomaHabl «by6nK»,
a 3aTeM — N CTPOK, B Ka*KA0WM 13 KOTopbIX — MHPopmauma 06 ogHom dyTbonmcTe Takom dopmaTe:

<bamunua> <ma> <200 porcdeHUA> <20/1bl>
Bce faHHble pa3aenatoTca ogHUM npobenom. HyxKHO noacuntaTtb, CKONbKO GyTHONNCTOB, pOoaUB-
wmxcsa B nepuog ¢ 1998 no 2000 rog, He 3abunn mayein BoobLLe.

11. B ycnosuax npeaplaywein 3agaum onpegenunte pammanio m uma ¢yrtbéonncrta, 3abmsluero Hau-
60/1blLEe YNC/O r010B, U KOIMYECTBO 3aOUTbIX UM rO/10B.

12. B ycnosuax npegblaylieit 3a43a4un BoiBeante B andaBuUTHOM nopagke pamuamm U MMeHa BCex
¢byTH60NNCTOB, KOTOPbIE 326N XOoTA Bbl 0AMH rol. B cnncke He 6onee 100 pyTboNMCTOB.

13. M3meHUTe nporpammy pekypcmBHoOro nepebopa Tak, 4tobbl ASIMHY C/10Ba MOXKHO 6blJ10 BBECTU C
KNaBmaTypbl.

14. BbiBeauTe Ha 3KpaH Bce cnoBa U3 K 6yKB, B KOTOpbIX OykBa «bl» BcTpevyaeTca 6onee 1 pasa, u
noacYMUTanmTe NX KOJIMYECTBO.

15. BbiBeauTe Ha 3KpaH Bce cnoBa M3 K OYKB, B KOTOPbIX €CTb O4MHAKOBble HBYKBbI, CTOAWME PALOM
(Hanpumep, «blLULWIO»),  nogcunTanTe UX KOANYECTBO.

16. B a3blke naemeHu «Tymba-tomba» 3anpelieHo CTaBuUTb ABe r/lacHble bykBbl noapsag. BoiBeaute
Bce cnoBa gaunHbl K, yA0BAETBOPAIOLLME STOMY YC/IOBUIO, U HAUANTE UX KONINYECTBO.
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17. *Hanuwwute nporpammy nepebopa cnos 3aZaHHON A/JWHbI, HE UCMOMb3yOWYy pekypcuto. MNo-
npobyiiTe cocTaBuTb GYHKLMIO, KOTOPas Ha OCHOBE HEKOTOPOW KOMBMHALMKN BbIMMCAAET Ceayto-
LLLYIO 33 HeN.

18. *MepectaHoBKW. K Bam npuwnun K roctei. HanuwumTte nporpammy, Kotopas BbIBOAUT BCE repe-
CMAHOBKU — CNOCObbI NocaauTb UX 3a CTONIOM. [ocTet MOXHO 0603HaUYUTb NaTUHCKUMM ByKBamMu.

§67. Mampuyul

YTo Takoe MaTpULbI?

MHorue nporpammbl paboTatloT € AaHHbIMU, OPraHM30BaHHbLIMU B BUAEe Tabauu. Hanpumep, npu
COCTaB/IEHUWN NPOrPamMMbl A8 UFPbl B KPECTUKU-HOMMKUN HY}KHO 3aMOMUHATb COCTOAHUE KaxKa0M KNeTKu
KBagpaTHOM A0CKU. MOXHO NOCTYNWUTb TaK: NYCTbIM KNETKam NPUCBOUTb Kog, «—1», KNeTKe, rae cTout
HO/MMK — Ko, 0, a KNeTKe ¢ KpecTukom — Kog, 1. Toraa nHdopmauma 0 COCTOAHUM MO MOXKeT bbITb 3anu-
caHa B BMAe Tabnmubl:

o 1 2
OX o|-1/0 |1
O|X 1(-1/0 |1
O|X 210|1]|-1

Takve Tabnuupl Ha3bIBAOTCA MAMPUYAMU WUAWN ABYXMEPHbIMU MaccMBamM. Kaxkablii anemeHT
MaTpULbI, B OTIMYME OT 0BbIYHOTO (IMHEMHOr0) MaccMBa MMEET ABa MHAEKCA — HOMEP CTPOKK U HoMep
cTonbua. Ha pucyHke cepbiMm GOHOM BblAeNEH 3N1EMEHT, HAXOLALLMIACA HA NepeceyeHnr BTOPOM CTPOKM
W TpeTbero ctonbua.

MaTtpuua — 3To NpsAmoyronbHaa Tabanua, CoCTaBNEHHasA M3 3/1eMEHTOB O4HOro TUNa (Yncen, CTPOK U
T.4.). Kaxablit 3neMeHT MaTpuLbl UMeeT ABa UHAEKCa — HOMepa CTPOKM U cTonbLa.

MockonbKy B Python HET MaccKBOB, TO HET M MATPUL, B KNACCMYECKOM NOHMMAHUKU. A Toro, 4To-
6bl paboTaTb C TabanLLaMK, UCNOAB3YIOT CNUCKK. [lByxmepHaa Tabamua XpaHUTCA Kak CMMCOK, KaxAabli
3/1eMeHT KOTOPOro TOXe npeAacTaBanaeT coboi CNMCoK («CNMCOK CnUcKoB»). Hanpumep, Tabauly, noka-
3aHHYIO HA PUCYHKE, MOXHO 3anuncaTb Tak:

A= [[_11 Or 1] r
[_11 0 r 1] r
[0 ’ 1 14 _1] ]
3TOT onepaTop MOXKHO 3anncaTb U B OAHY CTPOYKY:
A=[[_1I OI 1]/ [_1/ O/ 1]/ [Or 1/ _1]]
HO nepBbIi cnocob 6osiee HarNsAeH, eCiv Mbl 3a4aéM HavalbHOE 3HaAYeHUA 419 MaTpuLbI.
MpocTeiwumnii cnocob BbIBOAA MaTPULbl — C MOMOLLbIO OAHOrO Bbi30Ba GpYHKUMM print:
print ( A )
B aTOoMm cnyyae maTpuLa BbIBOAMTCS B OAHY CTPOKY, YTO He o4YeHb ya06HO. MOCKo/IbKY YenoBeK BoCcnpu-
HMMaeT MaTpuLy Kak Tabauuy, nydwe 1 Ha 3KpaH BbIBOAUTL €€ B BUAe Tabaunubl. 418 3TOr0 MOXHO Ha-
nucaTb Takyto npoueaypy (B KnaccMyeckom ctune):
def printMatrix ( A ):
for i in range ( len(Aa) ):
for j in range ( len(A[i]) ):
print ( "{:4d}".format(A[i][J]), end="" )
print ()
3paecb 1 — 370 HOMep CTPOKM, @ j — HOMep cTonbLa; len (A) — 3TO YMC/AO CTPOK B MaTpuue, a
len(A[i]) — 4MCNO 31eMeEHTOB B CTPOKe i (coBMagaeT C YMC/IOM CTONBLIOB, ecin MaTpuLa NpAMOo-
yronbHas). ®opmart BbiBoga «4d» 03HaAYaeT «BbIBECTU LLEJI0E YMCI0 B 4-X NO3ULMAX», NOCNes BbiBOAA
oYepesiHOro Yncia He Aenaem nepesBof CTPoKM (end=""), a nocne BbIBOAA BCEWN CTPOKU — Aenaem
(print()).
Mo*KHO HanucaTb Takyto GyHKUMIO U B cTUae Python:
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def printMatrix ( A ):
for row in A:
for x in row:
print ( "{:4d}".format(x), end="" )

print ()
3aecb Nepsbii LMK NepebupaeT Bce CTPOKM B MaTPULLE; KaxKkaasa U3 HUX Mo o4yepean nonagaeT B nepe-
MEHHYI0 rOwW. 3aTeM BHYTPEHHUIN LMKN nepebupaeT Bce 31eMeHTbl 3TOM CTPOKU U BbIBOAWUT UX Ha 3KPaH.

MHoraa HyXHO co34aTb B MaMATM MATPULY 3a4aHHOrO pasmepa, 3aN0NHEHHYIO HEKOTOPbIMU Ha-

Ya/ZbHbIMW 3HAYEHMAMMU, HANpUMep, Hy}'IHMMlg. MepBas MbICNb — MCMOJ/Ib30BaTb TaKOM anropuTm, mc-
NoNb3YIOLWWIA ONepPaLMio MOBTOPEHUSA «* »:

N=3

M=2

# HeBepHOe coBpmaHme MaTpuis!

row=[0]*M # cosmaéM COMCOK-CTPOKY IJIMHON M

A= [row] *N # cospmaém Maccue (cmmcok) m3 N CTpok

OpHako 31oT cnocob paboTaeT HeBepHO M3-3a ocobeHHocTen A3bika Python. Hanpumep, ecan nocne
3TOro BbIMOAHUTL NPUCBAaNBaHNE

A[0][0] =1
Mbl YBUOUM, YTO 8ce anemeHTbl ctonbua 0, To ectb A[0] [0], A[1] [0] n T.4. cTanu paBHbl 1. Oeno B
TOM, YTO MaTpULLA — 3TO CMMUCOK CCbIJIOK Ha CMUCKU-CTPOKKU (CNUCOK aapecoB cTPoK). Mpu BbINOJHEHUN
onepartopa

A= [row] *N
TPAHCAATOP CO34aET B NAMATU O4HY €4UHCTBEHHYIO CTPOKY, Ha KOTOPYHO YCTaHAB/IMBAET BCE CCbI/IKU:

A

0 "—_\0 1

1’—
2 | o—

EcTecTBEHHO, YTO KOrAa mMbl MeHaeT 3ieMeHT 0 B 3ToW CTpoKe (OH BblaeneH cepbiM GOHOM Ha PUCYHKe),
MEHAIOTCA N BCe 3N1eMEHTbI C Homepom 0 B KaXKA0M CTpoKe.

[Ons co3paHUA NONHOLEHHOW MATPULbl HAM HYXKHO KaK-TO 3aCTaBUTb TPAHCAATOP CO34aTb BCe
CTPOKM B MAaMATM KaK pasHble 06beKTbl. [11a 3TOro cHavasa co3gaanm nyctoi CNMCoK, a notom byaem B
UMKIe 106aBAATb K HeMY (c nomoLLbio meToza append) HOBble CTPOKM, COCTOALLME U3 HY/EN:

A=[]
for i in range(N):
A.append ( [0]*M )
WU TaK, C MOMOLLbIO FreHepaTopa:
A=[[0]*M for i in range (N)]
Tenepb Bce CTPOKM PaACNOJIOKEHbI B Pa3HbIX MeCcTax NamaATu:

A
0O[e ™ 0|0
1| e—q4— 0|0
2 | e » 0|0

Kaxkaomy sanemeHTy maTpuLbl MOXKHO NPUCBOUTL Ntoboe 3HaveHue. MOoCKobKY MHOEKCOB ABa,

ONA 3aMoJIHEHUA MaTPULLbl HYXXHO MUCMNO/1b30BaTb BAOXEHHbIN UMKA. Janee 6yaem cyMTaThb, YTO CyLLECT-
ByeT maTpuua A, coctoAawasa u3 N cTpok u M ctonbuos, a 1 U j — uenoumcaeHHble nepeMeHHble, 0603Ha-
yatowme MHAEKCbI CTPOKKU M cTonbua. B aTom npumepe maTpuua 3ano/IHAETCA CYyYalHbIMM YMCNaMU U
BbIBOAUTCA Ha 3KpPaH:

import random

for i in range(N):

for j in range(M):
A[i][j] =random.randint ( 20, 80 )

19
[na paboTbl ¢ MaTpMLAMKM M BOOBLLE 1A CAOMKHbIX BbIYMCAUTENbHbIX 33434 /lyylle UCNOoNb30BaTb paclunpeHne
NumPy (www.numpy.org), obcy*KaeHne KOTOPOro BbIXOAUT 33 PaMKK yyebHMKa.
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print ( "{:4d}".format(A[i][j]), end="" )
print ()

TaKolt e ABOMHOW LMKA HYKHO MCMO/Ib30BaTh ANA nepebopa BCEX 3/IEMEHTOB MaTpuLbl. BOT Kak Bbi-
yncaaeTca Cymma BCexX 9/1€MEHTOB:
s=0
for i in range(N):
for j in range(M):
s+=A[i][]]
print ( s )
MOCKO/IbKY Mbl HE U3MEHSIEM 3/1IEMEHTbI MaTpULLbl, b0/1Iee KpacnBo pellaTb 3Ty 3a4ady B cTune Python:
s=0
for row in A:
S += sum (row)
print ( s )
B unkne nepebupatotca Bce CTPOKM MaTpULbl A, Kaxaaa M3 HUX Mo ovyepean 3arnncbiBaeTca B NepemeH-
HYlO row. B Tesie uMKna cymma 3/1eMeHTOB CTPOKM NpubaBaseTca K 3HaYeHU0 NepeMeHHON s.

O6pa6oTKa 3/1IeMEHTOB MaTPHULLbI

MoKa)Kem, Kak MOXHO o6paboTaTb (Hampumep, CAOXKMWTb) HEKOTOpPble 3/1eMEHTbl KBaApaTHOM
MaTpuupl A, cogeprkalein N cTpoK n N ctonbuos.

Ha puc. a BblgeneHa rnaBHas guaroHanb MaTpuubl, Ha puc. 6 — BTopana (noboyHas) amnaroHasnb, Ha
puc. 8 — rnNaBHas AMaroHanb U BCE 3N1€MEHTbI Nog, HEN.

a) 6) B)

lnasHaa guaroHanb — 310 anemeHTol A[0,0],A[1,1], .., A[N-1,N-1], TO ecTb HOMep CTpO-

KM paBeH Homepy ctonbua. [na nepebopa sTUX 3N1€MEHTOB HYXKEH OAUH LMKA:
for i in range(N):
# paboraeM c
dnemeHTbl Nob6oYHOM anaroHanm — 3to A[0,N-1], A[1,N-2], .., A[N-1,0]. 3ameTtum, 4To
CyMMa HOMEPOB CTPOKM U cToNbLa ANA KaXKA0ro 3iemMmeHTa paBHa N-1, nosTomy nosnyyaem Takow LKA
nepebopa:
for i in range(N) :
# paBoraem c |A[i] [N-1-i]
B cnyyae 6 (06paboTKa BCeX 31€MEHTOB Ha r1aBHOW AMArOHanu U Nog Hel) HYXKeH BIOMKEHHbIM
LMK HOMep CTPOKK byaeT meHaTbea oT 0 fo N-1, a Homep cTonbua Ana Kaxaom cTpokm i — ot 0 go i:
for i in range(N):
for j in range (E):
# paBoraem c |A[i][]]
Y1o6bl MepectaBuTb CTONOLI MaTpWULbl, 4OCTAaTOMHO OAHOrO UMKAa. Hanpumep, nepecraBum

cTon6bubl 2 M 4, UCNONb3YA BCOMOTraTe/IbHYIO MEPEMEHHYIO C:
for i in range(N) :

c=A[i] [2]
A[i][2] =A[i][4]
A[i][4] =c

WK, NCMONb3YA BO3MOXKHOCTK Python:
for i in range(N):
A[i] [2], A[i][4] = A[i][4],A[i][2]
MepecTaBUTbL ABE CTPOKM MOXKHO BOObLLe 6e3 LMKNa, yunTbiBan, 4to A[i] — 3To ccbliKa Ha cnu-
COK 9/1eMEHTOB CTPOKM i. [103TOMY AOCTAaTOYHO NPOCTO NepecTtasBuTb CCbliKM. OnepaTop
A[i], A[j] = A[]j],A[i]
nepectaBnAeT CTPOKM MaTpULLbl C HOMepamn 1 1 j.
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[ins Toro, uto6bl CO3AaTh KOMMIO CTPOKM C HOMEPOM i, Henb3a Aenatb Tak (nogymaiite, nouemy?):
R=A[i]
d BMeCTO 3TOIo Hy>XHO CO34aTb KOMUIKO B NaMATU:
R=A[i][:]

MocTpounTb Konuio cTonbLa ¢ HOMEPOM J HECKONbKO CNOXHee, TaK Kak MaTpuLa pacnosioXKeHa B
NamATK No CTpoKam. B aToi 3agaye yaobHO Mcnonb30BaTh reHepaTop:
C=[ row[]j] for row in A ]
B uMKkne nepebupatoTcs BCe CTPOKM MaTpULbl A, OHM NO oYyepeamn NonagaloT B NepemeHHyo row. [eHe-
paTop BbIOMpPaeT U3 KaXKAO0M CTPOKU 3/IEMEHT C HOMEPOM J U COCTaBAAET CMMCOK M3 3TUX 3HAYEHUIA.
C nomoLbto reHepaTopa JIErKO BblAE/IUTb B OTAE/IbHbIA MAacCUB 3/IEMEHTbI T1aBHOW AMaroHa u:
D=[ A[i][i] for i in range(N) ]
3aecb npeanonaraeTcs, YTo maTpuua A coctomT ns N cTpok 1 N cton6u08.

9 Konmpoanble 80NpocCsul

1. Y10 Takoe mMaTpuLbl? 3a4eM OHW HYKHbI?

2. CpaBHUTE NOHATUA «MACCMB» U KMaTpULLA».

3. Kak Bbl gymaeTe, MOXHO /N CYMTaTb, YTO MEPBbIA UHAEKC 3/eMEHTA MaTPUubl — 3TO HOMep
cTonbua, a BTOpOM — HOMEp CTPOKKU?

4. Y70 Takoe rnaBHaa n NnoboyYHaA AMaroHanu maTpuupl?

5. TMNo4yemy cymmnpoBaHWe 3/1eMEeHTOB N1aBHOM AnaroHann TpebyeT OAUMHOYHOIO UMKAQ, @ CYMMMU-
pOBaHMe 3/1eMEHTOB NOJ, INMAaBHOM AMAroHaNbIO — BAIOKEHHOIO?

3adayu u 3a0aHuA

1. HanuwwuTte nporpammy, KOTOpaa HaXOAUT MUHUMAbHbLIA U MAaKCUMAIbHbIN 31EMEHTbI MATPULLbI U
WX UHOEKCHI.

2. HanuwwuTe nporpammy, KOTOpaa HAXOAUT MUHUMAbHbBIA U MaKCUMAbHbIN U3 YETHBIX MO0 M-
TeNbHbIX 91€MEHTOB MAaTPULLbl U UX UHAEKCbI. YUTUTE, YTO TaKUX 3/IEMEHTOB B MaTpULLE MOXKET U
He ObITb.

3. HanuwwuTe nporpammy, KOTOpaa BbIBOAUT Ha 3KPaH CTPOKY MaTpuLbl, CYMMa 3/IEMEHTOB KOTOPOW
Hanbonbluas.

4. HanuwwuTe nporpammy, KOTopas BbIBOAMT HA 3KPaH CTONOEL, MaTpuLbl, CYMMa 3/IEMEHTOB KOTO-
pOI HauMeHbLLas.

5. HanuwwuTe nporpammy, KOTopaa 3ano/HAET MATPULYY CY4aMHbIMU YMCNAaMK, 3 3aTEM 3anuUcbiBaeT
HY/1M BO BCE 3/IEMEHTbI BbiLLe IN1aBHOMN AMaroHanu.

6. HanuwwuTe nporpammy, KOTOpaa 3anoJHAET MATPULLYY CY4aMHbIMU YMCNAaMM, a 3aTEM 3anuUCbiBaeT
HY/IM BO BCE 3N1€MEHTbI Bbille NOHOYHON ANaroHanu.

7. HanuwwuTe nporpammy, KOTopas 3ano/sHAET MaTpuuy 7x7 clydarHbIMM YMCNaMK, a 3aTem 3anu-
CbIBaeT B 3/IeMEeHTbl, OTMEYEHHbIe Ha PUCYHKaX, ymcio 99:

a) 6) B)

8. 3anonHuTe maTpuLy, cogepKallyto N cTpoK 1 M cTo6L0B, HaTypasibHbIMM YUCAAMM NO CNUPAIU U
3MeMKOM, KaK Ha pUCyHKax:

a) 6) B)
g, - B 1 |34 | 1 1R
10413412 | § 5|57 > | 5|81
8fTont b 67 | 14212 3 914
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9. 3anonHute KBa4paTHYHO MaTpuuy CﬂyqaﬁHblMM 4YMUCNAMM U BbINONHUTE eé MPAHCNOHUPOBAHUE:
TaK Ha3blBaeTCA npouenypa, B pe3ynbrate KOTOpOVI CTPOKMU MaTpuULlbl CTAaHOBATCA CTOJ'I6LI,aMM, a
CTOI'I6LI,bI — CTPOKamu:

11213 147
4|!5|6| = |2|5]|8

71819 3(/6]|9

10. 3anonHnTe KBaApPaTHYIO MaTPULY CAy4alHbIMM YNCAAMK U BbINOAHUTE e€ noBopoT Ha 90 rpagy-
COB:

1(2 |3 71411

4|5|6| = |8|5]|2

71819 9163

11. *HanuwwuTe nporpammy, KOTOpas UTPaET C YE/IOBEKOM B KPECTUKU-HOINKMU.

12. *B maTpuue, coaeprKalleit N cTpok 1 M cTonbuoB, 3anMcaHa KapTa OCTPOBHOro rocyaapcTaa Jlu-
MOHMA (HyNM 0603HAYaOT Mope, a eAnHULBI — cywy). Bce ocTpoBa MmetoT Gopmy NPSAMOYro/ibHU-
Ka. HanucaTb nporpammy, KoTopas no roToBoi KapTe onpeaensieT KoIM4ecTBo OCTPOBOB.

13. HanuwuTe nporpammy, KOTopasa HaxoAUT B MaTPULLE MaKCUMAa/bHbIN 3N1eMeHT U yaanaeT CTPOKY
M cToNbLE, B KOTOPbIX OH PACMOJIOXKEH.

14. 3anonHuTe matpuuy M3 N CTPOK U M cToN6LOB CyYaliHbIMU ABOUYHBIMU 3HAYEHUAMM (KarKablid
anemeHT moXeT bbiTb paBeH 0 unun 1) n gobasbTe K Helt ewé oamH ctonbel, (ctonbel, YETHOCTH)
TakK, YTO6bl KONNYECTBO eAMHNL, B KaXKA0MN CTPOKE BbIN0 YETHBLIM).

§ 68. Pa6oma c gpaiinamu

Kak pa6oTaTts ¢ ¢paitsiamu?

®ainn — 3to Habop AaHHbIX Ha AUCKe, nmerowmnit uma. C TOYKU 3peHns nporpammucTa, 6biBatoT
¢dalnbl ABYX TUMNOB:

1) meKcmosbie, KOTOpble COAEPXKaT TEKCT, Pa3buTblil Ha CTPOKM; TaKMM 06pasom, M3 BCex cneLmanb-

HbIX CUMBO/IOB B TEKCTOBbIX $aiax MOryT ObiTb TO/IbKO CUMBOJIbI epexosa Ha HOBYIO CTPOKY;

2) O08ouyHble, B KOTOPbIX MOTYT COAEpPXKaTbCA Nobble AaHHble U Ntobble Koabl 6e3 orpaHUYEeHUit; B

[ABOUYHbIX panax XpaHATCA PUCYHKK, 3BYKU, BUAEODUIbMbI U T.A.

Mbl 6ygem paboTaTb TO/IbKO C TEKCTOBbIMMK daliiamu.

PaboTa c panaiom n3 nporpammol BKAtOYaeT TpM 3Tana. CHayasna Hago omkpbime ¢alin, To ecTb
COENaTb ero aKTMBHbIM ANA Nporpammbl. Ecamn ¢alin He OTKpPbLIT, TO NPOrpamma He MOXKET K Hemy obpa-
watbcs. Mpu oTKpbITUKM daitNa YKasblBalOT pexXum paboTbl: YTeHME, 3anncb Uan fobaBieHMe AaHHbIX B
KoHeL, dpaiina. Yawe Bcero oTKpbITbIN daiin 6AoKMpyeTcs TaK, YTO APYrve NporpaMmmy He MOryT UCMOJb-
308BaTb ero. Koraa ¢ain oTKpbIT (aKTUBEH) Nporpamma BbIMOHAET BCe HEODXOAMMbIE ONEPALUMN C HUM.
Mocne 3Toro Hy»KHO 3aKkpbimb ¢halis, To ecTb 0cBO6OAMUTL €ro, pasopsaTh CBA3b C NPOrpammoin. MMeHHo
NPV 3aKPbITUM BCE NOC/eAHUE U3MEHEHUSA, CAeNaHHble NPOrpammoit B dbaitnie, 3aNmCbIBAOTCA Ha AUCK.

Takol NnpuHLMN paboTbl MHOrAA HA3bIBAKOT KMNPUHLMMIOM CIHABUYAY, B KOTOPOM TpU CNosi: x1eb,
3aTeM HauyMHKa, M NOTOM CHOBa xN1eb:

xneb [

i

HA4YUHKQ <= paboTa c daisiom

B 60/1blUMHCTBE A3bIKOB NPOrPaMMMPOBaHUA C dpanamm paboTatoT Yepes BCMOMOraTeibHble ne-
pemeHHble (MX Ha3bIBAlOT YKasaTenun, naeHTuduKkatTopbl 1 T.0.). B Python ecTb ¢yHKUMA open, KoTopas
OTKpbIBaeT ¢pann n Bo3BpalLaeT GpaliioBbli yKasaTe/b — NePeMEHHYL0, Yepes3 KOTopylo MAET BCA Aalib-

4= OTKPbITb Paiin

X/Ie6[ 4= 32KpPbITb paiin
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Helwas paboTa ¢ dpannom. PyHKUMA open NPUHUMAET ABa NapameTpa: umsa danna (Mam nyTb K daiiny,
ecnv Gann Haxo4UTCS He B TOM KaTasiore, r4e 3anucaHa nporpaMmma) U pexkum oTKpbITUA danna:
e "r'" —OTKPbITb Ha YTEHUE,
e "w'" — OTKPbITb Ha 3aNuCb,
e "a" — OTKpPbITb Ha A0baBeHMe.
MeTog close, onpefenéHHblin ana pannoBoro ykasatens, 3akpbieaet dpann:
Fin=open ( "input.txt" )
Fout =open ( "output.txt", "w" )
# smece pa6oraeMm c darnammu

Fout.close()

Fin.close()

Mpu nepsom Bbi3oBe GYHKLMM open pexxUm paboTbl ¢ Gpaiiiom He yKasaH, HO MO YyMOAYaHUIO Npeano-
naraetca pexum "r" (uteHue).

Ecnn dalin, KoTopblii OTKPLIBAETCA Ha YTEHME, He HAaWAeH, BO3HUKAET ownbka. Ecam cyliectsyto-
Wwmn Gain OTKPbIBAETCA HA 3aMWCb, €r0 COAEPKMMOE YHUUTOXKAEeTCA.

Mocne oKOHYaHWA PaboTbl NPOrPaMmbl BCe OTKPbITblE $ali/ibl 3aKPbIBAtOTCA aBTOMATUYECKMU.

YTeHne ogHOM CTPOKM U3 TEKCTOBOTO daina BbinonHAeT meTog readline, cBA3aHHbIN ¢ daiino-
BOW NepemeHHOoM:

s=Fin.readline ()
ECn HYXXHO MpoYMTaTb HECKOJIbKO [aHHbIX B OAHOW CTPOKe, pa3fenéHHbIXx npobenamu, UCNONb3YOT
MeToq split. 3TOT meTon pa3buBaeT CTPOKY No npobenam M CTPOMUT CMUCOK M3 COOTBETCTBYHOLLMX
«CNOoBY»:

s=Fin.readline() .split()
Ecnun B npounTaHHOM cTpoke daiina 6b1am 3anucaHbl Ymucna 1 n 2, cnucok s byaeT BbIrNAAETb TaK:

[riv, "2"]
3NneMeHTbl 3TOr0 CAMCKa — CMMBOJIbHbIE CTPOKW. Mo3TOMY A1A TOro, YTOObI BbINONHATL C STUMMU AAHHbI-
MW BbIYUCNEHUSA, UX HYXKHO NEepeBecTn B YNC/NIOBOMN BMA C NOMOLLLIO GYHKUMM int, npumeHuB eé ans
Ka*KO0ro asiemMmeHTa CnucKa:

a,b = int(s[0]), int(s[1])
To ke camoe MOXKHO 3anucaTb C MOMOLLbIO reHepaTopa

a,b = [int(x) for x in s]
WA C NOMOLLbIO PYHKLMK map, KOTopasa NnpumeHaeT GyHKUMIO int Ko Bcem afiemeHTam Cnucka:

a,b = map( int, s )
3anucb map (int, s) 03Ha4yaeT «NPUMeHUTb GYHKUMIO int KO BCeEM 3/1eMEeHTaM CNUCKa S».

[ns BbiBOAA CTPOKM B dana NPUMEHSAIOT meTos write. Eciv HyXKHO BbiBECTM B dail Ync/ioBble

AaHHble, UX CHavana npeobpasytoT B CTPOKY, HaNpMUmep, Tak:

Fout.write ( "{:d} + {:d} = {:d}\n".format(a, b, atb) )
Takum obpasom mMbl 3anucann B $Gan pesynbTaTt CAOXKEHUA AByX uncen. ObpaTuTe BHUMAHWE, YTO, B
oTnumne oT GYyHKUMKM print, npu Takom cnocobe 3anmcyM CUMBOA MEPEeXosa Ha HOBYIO CTPOKY «\n»
aBTOMaTMYECKM He fobasnseTca, U Mbl 406aBUIM €ro B KOHLLE CTPOKMU BPYUHYIHO.

Kak npaBuno, TEKCTOBbIM Qalil — 3TO «yCTPOMUCTBO» MOC/NeA0BaTe/IbHOIO A0CTyNna K AaHHbIM. TO
3HAYUT, YTO A/ TOro, YTo6bl NpoumTaTh 100-e No cYETY 3HaUeHne 13 dpainna, HY»KHO CHavana NpPoYMTaThb
npeablgylime 99. B cBoel BHYTPEHHEN NaMATM CUCTEMA XPaHUT NOJIOXKEHUE YKasaTens ($banioBoro Kyp-
copa), KoTopbIi onpeaenseT Tekylee mecto B paitne. Mpu oTKpbITUM daitna yKasaTesb yCTaHaBAMBAET-
CA B camoe Hayano daitna, Npu YTEHMM CMELLAETCA Ha NO3ULMIO, CAeAyOLWYO 3@ NPOYUTAHHBIMWU AaH-
HbIMM, @ NPU 3aMNUCK — Ha C/IeAYHOLLYI0 CBODOAHYI0 NO3ULMIO.

Ecnn Hy)XXHO NOBTOPUTbL YTEHME € Hayvasa $aiia, MOXKHO 3aKpbITb €ro, @ NOTOM CHOBA OTKPbITb.

Heu3BecTHOe KOJINYECTBO JAaHHBIX

MpeanonoKum, 4To B TEKCTOBOM daitnie 3anncaHo B CTONOWMK HEM3BECTHOE KOIMYECTBO Yucen u
TpebyeTca HaUTU X cymmy. B 3Toi 3aaue He HyKHO OZLHOBPEMEHHO XPaHUTb BCE YMCAA B MAMATU (M He
HY»KHO BbIAENATb MaccKB!), 4OCTAaTOYHO YMTaTb MO OAHOMY YUC/Y M Cpa3y ero 0b6pabaTtbiBaTh:

while He koHen odanna:

OopouMTaTh YMCIO M3 dania
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nDo6aBUTE €ro K CyMMe
Ona Toro, 4TobbI ONpeaennTb, Koraa AaHHble 3aKOHYMAUCL, ByaeM MCMONb30BaTb 0COOEHHOCTb
meToga readline: Korga ¢alnoBbii Kypcop yKasbiBaeT Ha KoHel, ¢anna, metog readline Bo3Bpa-
LLLAEeT NYCTYO CTPOKY, KOTOPAA BOCNPUHMMAETCA KaK JIOXKHOE I0rnYecKkoe 3HavYeHme:
while True:
s=Fin.readline ()
if not s: break
B sTOM npumepe npu NONYYEHUU NYCTOM CTPOKM LIMKA YTEHMA 3aKaHYMBAETCA C MOMOLLbIO onepaTopa
break.
Bo3moxHbI U apyrue BapuaHTbl. Hanpumep, metoa readlines no3BosseT NpoyYmTaTb BCE CTPO-
KM Cpasy B CMMCOK:
Fin=open ( "input.txt" )
lst=Fin.readlines ()
for s in 1st:
print ( s, end="" )
Fin.close()
CTpoKkn danna unTaloTca B CNMCOK 1st M BbIBOAATCA Ha 3KpaH. ObpaTute BHMMAHME, YTO Nepexos Ha
HOBYIO CTPOKY B QYyHKUMM print oTkAtoveH (end=""), NOTOMY 4YTO NPWU YTEHMUMU CMMBO/IbI NEPEBOAA
CTPOKM «\n» B KOHLLE CTPOK daiina coxpaHsatoTca.
B Python ecTb ewwé ogunH cnocob paboTbl ¢ hannamm, Npn KOTOPOM 3aKpbiBaTb Palin He HYXKHO, OH
3aKPOETCA aBTOMATMYECKN. ITO KOHCTPYKLUMA with-as:
with open ( "input.txt" ) as Fin:
for s in Fin:
print ( s, end="" )
B nepsoli cTpoke ¢ann input. txt oTKpbIBAETCA B PpEXKMME UTEHUA U CBA3bIBAETCA ¢ GainioBbIM yKa3a-
Tenem Fin. 3atem B UMKae nepebupatotca Bce CTPOKM B 3TOM dalinie, KarKaaa U3 HUX No odepeam nona-
[aeT B NepeMeHHYI0 S 1 BbIBOAWUTCA HA 3KPaH. 3aKpbiBaTb $ana ¢ NnomoLLbio close He HY»KHO, OH 3aKpo-
€TCA aBTOMATMYECKM MOCNE OKOHYAHUA LMKAa.
HakoHeu, npusegém ewwé ogmH cnocob B ctune Python:
for s in open ( "input.txt" ):
print ( s, end="" )
3TOT BapnaHT 06bIYHO PEKOMEHAYIOT K UCMOJ/Ib30BaHMIO, MPU HEM TaK}Ke He HYXKHO 3aKpbiBaTb daiin.
BepHEMcA K MCXOAHOM 3afa4ve CNOKEHUA YMcen, 3anncaHHbix B paitne B ctonbuk. Janee byaem
CYMTaTb, YTO darnoBas nepemeHHasa Fin ceasaHa c ¢aitsiom, OTKPbITbIM Ha yTeHMe. OCHOBHAA 4YacTb
nporpammsl (6€3 KomaHA OTKPbITUA U 3aKPbITUA GaitIoB) MOXKET BbIFAAETb, HANPUMEp, TaK:
sum=0
while True:
s=Fin.readline ()
if not s: break
sum+=int (s)
WK TaK:
sum=0
for s in open ( "input.txt" ):
sum+=int (s)

06paboTKa MacCUBOB

B TekcToBOM daine 3anmcaHbl Lesnble Ymucaa. TpebyeTca BbIBECTU B APYron TEKCTOBbLIN dain Te xe
yncna, OTCOPTUPOBAHHbIE B MOPSAKE BO3PaACTaHUS.

OcobeHHOCTb 3TOM 3a4a4M B TOM, YTO AJ1S COPTUPOBKM HaM HYXKHO YyAEpPrKMBaTb B NamATU Bce
yncna, To eCcTb ANA UX XPaHEHUA HYXKHO BbleNUTb MaccuB (CNUCOK).

B 60/1bLUIMHCTBE A3bIKOB MNPOrPamMmMMPOBAHNS NamMATb NOA MACCUB HYXKHO BblAENUTb 3apaHee, Nno-
3TOMY HEeobXxoAMMO 3HaTb Hambonbluee BO3MOMKHOE YUCAO0 3/IeMEeHTOB MaccuBa. MOCKO/IbKY CNUCOK B
Python moxeT pacwmpaTtbea, y Hac aTol Npobaembl HET. LIMKA YTEHUA MOXKET BbIrNAAETb TakK:

A=[]
while True:
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s=Fin.readline ()
if not s: break
A.append ( int(s) )

EcTb 1 apyrow BapuaHT, B ctune Python. Metoa read ana ¢palinoBoro ykasatensa 4ymMTaet (B otau-
yne oT readline) He O4HYy CPOKY, a Becb daia. 3aTemM Mbl Pa30b6bLEM MOMYYMBLUYIOCA CUMBOJIbHYIO
CTPOKY Ha C/10Ba C MOMOLLbIO MeToaa split:

s=Fin.read() .split()
n npeobpasyem cn0OBa B YNC/A, COCTAaBUB U3 HUX CMIUCOK:
A=1list ( map(int, s) )

Tenepb HYXXHO OTCOPTMPOBATb MACCUB A (3TOT KOZ Bbl YXKe MOXKeTe HanncaTb CaMOCTOATENIbHO) U

BbIBECTU MX BO BTOPOI daiif, OTKPbLITLIA Ha 3aMnuch:

Fout =open ( "output.txt", "w" )

Fout.write ( str(a) )

Fout.close()
B 3TOM BapmaHTe Mbl UCNONb30BanM GYHKUMIO Str, KOTOpPasa BO3BPALLAET CUMBO/IbHYIO 3aNUCb O6BEKTA,
TAKyl0, KOTOpPasA BbIBOAUTCA Ha 3KPaH. EciM Ham HyXHO dopmaTUpPOBaTb AAHHbIE MO CBOEMY, Hanpumep,
BbIBECTU MX B CTONOMK, MOXKHO 06paboTaTb KaXKAbIA 3NEMEHT BPYYHYIO B LUK/E:

for x in A:

Fout.write ( str(x)+"\n" )

K cMMBO/IbHOM 3anucK o4epesHOro afemMmeHTa mMaccuMBa Mbl J06aBAAEM CMMBOA Mepexosa Ha HOBYHO
CTPOKY, KOTopblit o603HayaeTcs Kak "\n". B aTom cnyyae uncna BbiBogAaTcA B Gpaiin B CTONOUK.

0O6pa6oTKa CTPOK

Kak M3BeCTHO, cCoOBpeMEHHbIE KOMMbOTEPbI B6O/bLUYIO YacTb BPEMEHW 3aHATbI 06paboTKoN cum-
BOJIbHOW, @ He 4YucioBoli nHbopmaumu. MpennosioKnUm, YTo B TEKCTOBOM daine 3anmncaHbl AaHHble O
cobakax, NPMBE3EHHbIX HA BbICTABKY: B Ka)KAO0M CTPOUYKe KAMuKa cobaku, ee BO3pacT (Lenoe 4mcio) u
nopoga, Hanpumep,

MyxTap 4 HeMelkasi oBdYapkKa
Bce anemeHTbl OTAENAITCA APYr OT Apyra oAHMM npobenom. Hy»KHO BbiBeCTM B Apyron ¢aiin ceeaeHuns
0 cobaKax, KOTOpbIM MeHbLUe 5 nerT.

B aTolh 3a4aue AaHHble MOXKHO 06pabaTbiBaTb MO OAHOM CTPOKE (He HY}KHO 3arpy»aTb BCE CTPOKM
B ONepaTMBHYIO NamMATb):

while He koHen damna (Fin):
npoYymMTaTk CTPOKy u3 bdanma Fin
pasobpaTe CTPOKY — BHAEIUTE BOSpacT
if BospacT<5:
BanmucaTk CTpoky B damnnm Fout
3pecb, Kak U paHblwe, Fin n Fout — ¢alinoBbie nepemeHHble, CBA3aHHble ¢ ¢paniaMmmn, OTKPbITbIMU Ha
YTEeHWe M 3aNNCb COOTBETCTBEHHO.

Byaem cuntatb, YTO BCE AaHHbIe KOPPEKTHbI, TO €CTb NepBblii Npoben oTaeNAeT KAUMYKY OT BO3pac-
Ta, a BTOPOM — BO3pacT oT nopoabl. Toraa ansa pasbopa ovyepesHOM NPOUYNTAHHOM CTPOKU S MOMKHO UC-
nonb3oBaTb meTos split, KOTOpPbIV BEPHET CMUCOK, TAe BTOPOW MO CYETY 3/1EMEHT (OH MMEEeT UHAEKC
1) — aTo Bo3pacT cobaku. Ero n Hy*kHo npeobpasoBaTh B LEN0e YMUCAO:

s=Fin.readline ()
data=s.split()
sAge=data[l]
age=int ( sAge )
3TK onepauynm MOXKHO 3anuncaTb B KpaTKoh dopme:
s=Fin.readline ()
age=int ( s.split()[1] )
MonHana nporpamma (6e3 y4éTa KOMaHA OTKPbITUA U 3aKPbITUA GalioB) BbIFNAANUT TaK:
while True:
s=Fin.readline ()
if not s: break
age=int ( s.split()[1] )
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if age<5:
Fout.write ( s )
E€ MOXHO 3anucaTb HECKO/IbKO MHaye, UCNosib3ys meTon readlines, KOTOPbIA YMTaeT cpasy Bce
CTPOKW B CMMUCOK:
lst=Fin.readlines ()
for s in 1st:
age=int ( s.split()[1] )
if age<5:
Fout.write ( s )
WU/IN KOHCTPYKUUIO with-as:
with open ( "input.txt" ) as Fin:
for s in Fin:
age=int ( s.split()[1] )
if age<5:
Fout.write ( s )
BoT eLLé ogMH BapuaHT B cTue Python, BO3MOXKHO, HaUNyYLLMNA:
for s in open ( "input.txt" ):
age=int ( s.split()[1] )
if age<5:
Fout.write ( s )

9 Konmpoanble 80NpoOcCul

1. Yem OT/AMYAIOTCA TEKCTOBbLIE M ABOMYHbIE (aiibl MO BHYTPEHHEMY COAEPKAHUIO? MOMKHO N CKa-
3aTb, YTO TEKCTOBbIM dalil — 3TO YaCTHbIN c/lyYait gBomyHoro daiina?

2. O6bACHMTE «NPUHLMN CIHABMYA» Npu paboTe c pannamum.

3. KakK Bbl AgymaeTte, no4yemy OTKpPbITbIN Nporpammon ¢ainn, Kak npaeBuno, 61OKMpyeTcs U apyrue
Nporpammy He MOTYT NOIYYUTb K HEMY A0CTyN?

4. MMovyemy peKOMeHAyeTCA BPYYHYIO 3aKpblBaTb ¢aiisibl, XOTA NPU 3aKPbITUM NPOrPamMmbl OHWU 3a-
KPOITCA aBTOMATUYECKM? B KaKMX CUTYyaLLMAX 3TO MOXKeET ObITb BaXKHO?

5. Y10 Takoe dannosan nepemeHHan? Moyemy ansa pabotbl ¢ paliiom UCNONL3YIOT HE UMA dalina, a
¢dalinoByo NepemeHHyo?

6. B Kakom cnyyae ofHa M Ta ke daiioBas nepemeHHas MOXKeT bbiTb MCNO/Ib30BaHa AN PaboTbl C
HECKONbKMMM daiinamu, a B KAKOM — HeT?

7. YTto TaKoe «nocnenoBaTesibHbIA AOCTYN K AaHHbIM»?

8. Kak MOXHO HayaTb YTeHWe AaHHbIX U3 palina c camoro Hayana?

9. Kak onpenenutb, UTO AaHHble B paiine 3aKOHYNANUCH?

10. B KaKux ciy4asnx HY»KHO OTKPbIBAaTb O4HOBPEMEHHO HECKOJIbKO $ainioB?

3adauu u 3adaHuA

1. HanuwwuTe nporpammy, KOTOpasa Haxo4uT cpeaHee apuPMeTUYECKOE BCEX YMUCE/, 3aMUCAHHbIX B
daitne B cTonbuK, U BbIBOAMUT pe3ynbTaT B Apyron daiin.

2. HanuwwuTte nporpammy, KOTopas HaXoAUT MUHUMAIBHOE U MAKCMMAa/ibHOe cpean YETHbIX Nono-
YKUTE/IbHbIX YMCeN, 3anucaHHbIX B daine, U BbIBOAUT pe3ynibTaT B Apyron dainn. YUTuTte, 4to Takmx
ymnces MoXKeT BoobLLEe He BObITb.

3. B daline B cTON6MK 3anucaHbl Leble Yucna. Hanuwute nporpammy, KoTopasa onpeaenser AaAunHy
CamMOM O/IMHHOW LEenoYkn MAYWMX NoApAL OAMHAKOBbLIX YMCEN M BbIBOAWUT Pe3ynbTaT B APYrou
danin.

4. B ¢anne 3anucaHbl B CTONOUK Lesble Ymucaa. OTCoOpTMPOBaTh UX NO BO3pacTaHUIo nocaegHen ung-
pbl 1 3anucaTtb B Apyroi ¢ain.

5. B daline 3anuncaHbl B cToNOUK Lenble yncna. OTCopTMPOBATb UX MO BO3PACTAHWUIO CYMMbI LUdp U
3anucaTtb B g4pyroi daii.

6. B aByx dannax 3anmcaHbl OTCOPTMPOBAHHbIE MO BO3PACTAHUIO MACCUBbI HEW3BECTHOM AJIMHbI.
O6beaAnHUTb UX U 3aNncaTb pe3ynbTaTt B TpeTun dann. MoaydyeHHbIN MaccuB Tak»Ke A0NXKeH ObITb
OTCOPTMPOBAH MO BO3PaCTaHMto. He paspeluaeTcs UCNo/1b30BaTb CNMCKM.
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7. [OononHute peweHue 3aga4mn o cobakax, Tak 4Tobbl nporpamma obpabatbiBana OWMOKM B UCXOA-
HbIX AaHHbIX. [Py NO6bIX OLWMBKax NporpaMmma He A0/XKHA 3aBepLIaTbCA aBAPUINHO.

8. B ucxopgHom daitne 3anmcaHa peyb NOAPOCTKA, B KOTOPOM YAacTO BCTPEYAETCA CIOBO-NAPA3MUT KKO-
poyey», Hanpumep: «Mama, Kopo4e, Mbiaa, Kopoye, pamy.» Y6paTb U3 TEKCTA BCe CNOBA-NAPA3MUTHI
(monxHo octatbes «Mama mMbiaa pamy.»).

9. [MpouunTaTb TEKCT M3 daitna 1 NoAcYMUTaTb KONNYECTBO C/IOB B HEM.

10. MpounTaTb TEKCT U3 daiNa 1 BbIBECTU B APYron ¢ain TONbKO Te CTPOKKU, B KOTOPbIX ECTb C/0BA3,
HauMHarowwmecs ¢ 6yKkBbl A.

11. MpounTaTb TEKCT U3 daiina 1 BbIBECTU B Apyroi ¢paiin B cToNOUK BCe CNoBa, KOTOPbIE HAYMHAIOTCA
c 6ykBbl A.

12. MpouunTaTb TEKCT M3 palina, 3aMeHUTb Be3ae C/I0BO «MapoBO3» Ha C/I0BO «MapoXoa» M 3anucaTb B
apyroi dann.

13. B daitne 3anucaHbl AaHHble O pe3y/ibTaTax cAauM 3K3ameHa. Kaxkaana cTpoka cogepuT damunuio,
UMA N Koanyectso 6annos, pasgeneHHble npobenamu:

<®dammima> <Uma> <KoamuecTBO Ganjiom>
BbiBECTN pammnanmM U UMEHA TeX YY4EHUKOB, KOTopble noJsiyuman 6obie 80 6annos.
14. B npegblaywei 3agaye A06aBUTb K CMIMCKY HYMEpaUMIo, Hanpumep:
1) MBauom Bacs
2) Ilerpoe lleTss
15. B TOM }Ke 3a4a4e COKpaTUTb UMA 40 0AHOM ByKBbl M NOCTaBUTb Nepes damuamen:
1) B. MraHOB
2) 0. leTpos
16. B Toi1 »Ke 3aa4e OTCOPTUPOBaTb CNUCOK Mo andasuTy (Mo damuann).
17. *B TOM e 33a4e OTCOPTUPOBATL CMCOK MO yObIBaHWUIO NoNyYeHHOro 6anna (BbiBecTn 6ann B Bbl-

XoAHoM daiin).
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Hngpopmamuxa, 10 knacc K.1O. Ilonaxos, E.A. Epemun

CaMoe BaxHoe B IJ/iaBe 8:

e ANropuTMbl MOTYT 3aMMCbIBaTbCA HA NCEBAOKOAE, B BUAeE H60K-CXxeM U Ha A3blKax NPOrpaMmupoBaHma. Anro-
PUTM, 3aMMCaHHbIM Ha A3bIKE NPOrPaMMMUPOBAHNA, HA3bIBAETCA MPOrPaMMONA.

e JlaHHble, C KOTOPbIMK paboTaeT NporpaMma, XpaHATCA B NepeMeHHbIX. [lepeMeHHana — 3TO Be/IMYMHA, KOTO-
pas UMeeT UMA, TUMN U 3HaYeHMe. 3HaYeHMe NepeMeHHON MOXKET M3MEHATLCA BO BPEMSA BbINOJIHEHUA NPO-
rpaMmol.

o /11060 aNIropuUTM MOKHO 3aMMCcaThb, UCMOJIb3YA NOCAeA0BaTe/IbHOE BbIMOJIHEHME ONEPATOPOB, BETBNEHUA U
LMKAbI. BeTBNEHUA npefHa3HaveHbl /1A Bbibopa BapMaHTOB AEeMCTBUIA B 3aBUCUMOCTM OT BbINOJIHEHWUA HEKO-
TOPbIX YCNOBUI. LLIMKA — 3TO MHOTOKpPATHOE NOBTOPEHWNE OAMHAKOBbIX AENCTBUN.

e [loanporpammbl — 3TO BCMOMOraTe/ibHble air0PUTMbl, KOTOPbIE MOTYT MHOFOKPATHO BbI3blBAaTbCA M3 OCHOB-
HOWM Nporpammsl 1 Apyrux nognporpamm. NMognporpammbl-npoLeaypbl BbIMOJAHAKOT ONMUCAHHbIE B HUX AEWACT-
BWA, @ NOANPOrpaMmmbl-GyHKLMMN B LOMNOJHEHME K 3TOMY BO3BPALLAIOT BbI3BaBLUEM NporpaMmme pesynbTat
3TUX LeNCTBUI (YMCI0, CUMBOJ, IOTUYECKOE 3HaYeHWe U T.4.). [lonosHUTeNbHbIe AaHHble, NepesaBaemMble B
noAnporpammy, HasblBatOT aprymeHTaMu. B nognporpamme 3T1 AaHHble NpeACcTaBAEHbl KaK IOKaibHble ne-
pemeHHble, KOTOPble Ha3bIBAOTCA NapaMeTpamm NOANPOrPaMmbl.

® PeKypCMBHbIE aNroOpUTMbl OCHOBaHbI Ha NOCAeA0BaTe/IbHOM CBEAEHUMN UCXOAHOW 3a4a4m Ko BCE bonee npo-
CTbIM 334,3a4aM TAKOrO e Tina (c 4pyrMumu napameTpamu). PeKypcus MosKeT CyKUTb 3aMeHoN LmKAay. JTo-
60V peKypCUBHbIM aNrOPUTM MOXKHO 3anucaTb 6e3 peKypcum, HO BO MHOTUX C/ly4anx Takas 3anucb bonee
ANVHHAA U MeHee NOHATHas.

e MaccuB — 3TO rpynna nepemeHHbIX OLHOTO TUMa, PACMONOKEHHbIX B MaMATU PAAOM (B coceHMX AYeliKax)
nmetoLmx obuee nms. Kaxaan aueinka MaccMBa MMeET YHWUKa/bHbIA MHAEKC (KaK MPaBuUIo, 3TO HOMep 3ne-
MEeHTa).

e CopTMpPOBKA —3TO pacCTaHOBKA 3/1IEMEHTOB MaccKBa B 3a4aHHOM nopsaake. Llenb copTMpoBKu — 061er4mTb
nocneayoLwmii NoucK. [1na oTcopTMPOBAHHOIO MaccMBa MOXHO NMPUMEHUTb ABOUYHbIN NOUCK, KOTOPLINM pa-
60TaeT 3HaUUTENbHO BbICTPEE, YEM IMHENHDbIN.

e CMMBO/IbHaA CTPOKa — 3TO NOC/NEeA0BATENBHOCTb CUMBOJIOB, PACNOIOKEHHbIX B MAMATU PAAOM (B cCOCeaHUX
Avelikax). CTpoka npeactaBnser cobol eanHbIN 06BbEKT, OHAa MOXKET MEHATH CBOIO AJIMHY BO Bpems paboTbl
nporpammol.

e MaTpuua — 3T0 NPAMOYroNbHas TabaMLa, COCTaB/eHHas U3 3/1IEMEHTOB OA4HOTO TUMA (YMcen, CTPOK U T.4,.).
Kaxgblii aneMeHT MaTpuubl MMeeT ABa MHAEKCA — HOMepa CTPOKM U cTonbua.

e [10 BbINO/IHEHUA onepaLmii ¢ GalioM HY*KHO OTKPbITb dain (caenaTb ero akTMBHbIM), @ NOC/E 3aBEPLIEHMA
BCEX AENCTBUIM — 3aKPbITb (0CBO6OAUTD).
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