BacunbeB A. H.

Python

Ha NpuMmepax

Bknioyasn
OT npocTenwmnx 06BHEKTHO-OPUEHTMU-
KOHCTPYKL WA poBaHHOE
[0 paboTbl CO cnmuckamm nporpammupoBaHue
N KopTexamu Ha Python

3-e
n3anaHue

[MpaKkTuyecKknin Kypc
Nno nNporpamMmmMmnpoBaHunIO



"Hayka n TexHuka"

CaHkT-lMeTepbypr






Bacunses A. H.

Python

Ha NpUMepax

[MpaKTnyecKnin Kypc
No nNporpaMmmMmpoBaHunIo

3-e n3gaHue

"Hayka n TexHuka"

CaHkt-lMeTepbypr



YOK 004.43 ; BBK 32.973
ISBN 978-5-94387-781-0

Bacunbesa. H.

PYTHON HA NPUMEPAX. MPAKTUYECKUA KYPC MO MPOrPAMMVIPOBAHMWIO.
3-E USAAHWE. — CI6.: Hayka n TexHuka, 2019. —432 c., wn.
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BeepeHne

3HakomMmcTBO C Python

Bo BCeM ecTb CBOSI MOpaslb,  HY>KHO TO/bKO
YMeTb ee HanTu!

N. Kapponn "Anuca B cTpaHe vygec'

B 3Toii KHUTe peyb ByfeT UATU O TOM, Kak nNucaTb NPorpamMmMbl Ha f3blKe Npo-
rpaMMUpPOBaHWs, KOTOPbIW HasbiBaeTca Python (NpaBuibHO YnMTaeTcs Kak naii-
TOH, HO 06bIYHO Ha3BaHWeE A3blKa YATAKOT KaK MUTOH, YTO TOXE BMOJIHE Npueme-
M0). Takum 06pa3om, pewathb Gyfem [Be 3a4auu, 0fHa U3 KOTOPbIX NMPUOPUTET-
Hasi, a BTopas, X0Ts U BCNOMOraTenbHasl, HO 40CTaTOYHO BaHas. Halwa oCcHoB-
Has 3afiaya - KOHEYHO >Xe, U3y4YeHWe CUHTaKcmca f3blka MporpaMMupoBaHus
Python. MapannenbHo Mbl 6yAeM 0CBaMBaTh a3bl MPOrPaMMUPOBAHNS, SBHO WU
HEsIBHO MPUHMMAas BO BHUMAaHWE, YTO COOTBETCTBYIOLLME aNrOPUTMbI Npegnona-
raeTcs peasM3oBbIBaTh Ha 3biKe Python.

Ll Haszametky

[axe ecnu y untatens ecTb OMbIT NPOrpaMMUpPOBaHNA Ha ApYrux A3blkax, He cnefyet
OTHOCUTbLCS NOBEPXHOCTHO UM NPeHebpeXmnTesibHO K NPOLEeCcCy NOCTPOEHUS anropuT-
Ma nporpammel. [paBuia XxopoLuero ToHa B NpOrpaMMmnpoBaHnn nogpasymMmeBatoT, YTo
HarnucaHve NporpaMMbl Ha4MHaeTCcsA 3a40/1ro 40 Habopa NPorpaMMHOro Koga. XopoLuo
B3ATb INCT 6yMarun n HabpocaTb 06LLYI0 CXeMy TOr0, Kak 6yeT BbINONHATLCSA Nporpam-
Ma. A 7191 3TOro npoueaypy pelleHus 60NbLUIOW U C/IOXKHON 3afjaun cnegyeTt pasbuTb
Ha nocniefoBaTes/IbHOCTb MPOCTbIX AelCTBUA. C 0O4HOW CTOPOHbI AaHHbIN NPOLEecc yHU-
BepCa/ibHbI. C APYroi CTOPOHbI, Te 3afa4n, KOTopble Mbl Ha3Ba/IM Bbllle "MPoOCTbIMK™,
pellatoTcs nocpefcTBOM 6a30BbIX KOMaHZ UM OYHKUUIA A3blka NporpaMmmMmpoBaHns,
Ha KOTOPOM MnpeanosaraeTcs cocTaB/ATb NporpaMmmy. MoaTomy 064ymbliBast airopuT™,
NOMIHOCTbIO abCTParMpoBaTbCs OT KOHKPETHbIX BO3MOXHOCTEN si3blKa NporpaMmmMmmpoBa-
HUA BPAS /N yAACTCA. YUNTbIBas Xe rTMOKOCTb 1 adhEKTUBHOCTb A3blka NPOrpaMMmnpo-
BaHus Python, crnegyeT npusHaTtbh, YTO a/IFOPUTMbI Aaxe 415 "Knaccuyecknx” 3agad npu
peannsauun Ha Python cTaHOBATCA NpoLe 1 NOHATHee. [lpyrumMun c/ioBaMu, axe ecnu
yuTaTeslb UMeeT OMbIT COCTaB/IeHNsA a/ITOPUTMOB, 3HAKOMCTBO C S13bIKOM MpPOrpamMmmm-
poBaHus Python no3BosiMT emy NOCMOTPETb Ha MHOIME 3HaKOMble BellM COBEpPLUEHHO
no-nHomy.

Boo6lLye, S36IKOB NPOrpaMMupoBaHuns LOBOSbLHO MHOro. Bosiee Toro, Bpems oT
BPEMEHM MOSBASAKTCSA HOBble A3bIKW. M03TOMY €CTECTBEHHbIM 06Pa3oM BO3HM-
KaeT BOMpOC: NoYyemy UMeHHo Python? Hal oTBeT 6yfeT COCTOATL U3 HECKO/Ib-
KUX MYHKTOB.

e {3blK NporpaMMmpoBaHus Python - f3bIK BbICOKOTO YPOBHS, 40CTAaTOuY-

HO "MON0LON", HO OYEHb MOMYNAPHbIN, KOTOPbINA YXKe celiivac WNpPOKo nc-
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Python

Q

MoNfb3yeTca Ha NpakTuke u chepa NpumeHeHns Python nocTosHHO pac-
wupseTcs.

Ha 3ameTky

Mo OTHOLWEHUIO K fA3blkaM MNPOrpPaMMMPOBaHMSA HEPeaKO MPUMEHSIOT TakMe Bblpaxe-
HUSA, KaK 513bIK BICOKOIO YPOBHS, A13bIK CPEAHEr 0 YPOBHS UM A3bIK HA3KOI 0 YPOBHS. JTa
KnaccudukaLma AOCTaToOvHO YCoBHas 1 6a3upyeTcs Ha ypoBHe abCTpakumn sisblka.
Bepb fA3bIK, HA KOTOPOM pasroBapuBatoT 04N, HEMHOIO OT/IMYaeTCs OT TOro "s3blka”,
KOTOPbIii "NOHMMAIOT" KOMMNbIOTEPBLI. KOMaHaa, HanncaHHasi Ha NPOCTOM YesIoBEYECKOM
A3blKe, 6yAeT COBepLUEHHO HenpuemaemMon Ans komnbtoTepa. KomaHga, rotoBas K uUc-
NO/THEHNIO KOMMbBIOTEPOM (MaLUMHHbIA KOA), 6yAeT HENOHATHOWM AN 60MbLUNHCTBA NPO-
CTbIX CMepPTHbIX. [03TOMy BbIGUpPaTbL NpUxoauTcst Mexay Cuuninoii n Xapnénoii. MNpo
AA3bIKW, OPUEHTUPOBAaHHbIE HA MPOrPaMMMUCTa, FTOBOPSIT, YTO 3TO SI3bIKM BbICOKOIO YPOB-
HsA. TIpO A3bIKM, OPUEHTUPOBAHHbIE HA KOMMbIOTEP, FOBOPST, YTO 3TO A3bIKA HU3KOrO
YPOBHS1. [pOMEXYTOUHas rpynna s3bIKoB HasblBaeTCcs A3blkaMy CPeHero ypoBHsi. XoTs
ellle pa3 NoAYEPKHEM, YTO AesleHMe 3TO LOCTAaTOYHO YC/IOBHOE.

CuHTaKcuc s3blka Python MUHMManucTnyeckuin n rubkmii. Ha aTom
13bIKE MOXKHO COCTaB/IATh MPOCTble U 3 HEKTUBHbLIE NMPOrPaMMbI.

CTaHgapTHas 6M61M0oTeKa 415 9TOTO A3bIKa COAEPXKMT MHOXECTBO M0-
Ne3HbIX YHKLWIA, YTO 3HAUMTENbHO 06/1eryaeT NPoLecc Co3gaHns npo-
rPaMMHbIX KOZ|0B.

A3blk Python nopaepXuBaeT HECKONbKO Mapagurm mnporpaMMupoBa-
HUWSI, BK/IOYas CTPYKTYPHOE, 06BbEKTHO-OPMEHTNPOBAHHOE U PYHKLMO-
Ha/bHOe NPOrpaMMUpOBaHMe. W 3TO fafeKo He MOJMHbIA CNUCOK.

A3blKk Python BnonHe ygayHbiil BEIGOP 415 MepBOro A3blka npu obyue-
HUW MPOrpaMMUPOBaHNIO.

CyLLeCTBYIOT M UHble MPUYMHBI K TOMY, YTOObI BblYYUTb 13bIK NPOrpaMMMpoBa-
HUA Python - BO3MOXHO, faXe BeCOMee TeX, YTO NepeyuncneHbl Boiwe. O HEKO-
TOPbIX Mbl elle 6yeM roBopuThb (B KOHTEKCTE 0COBEHHOCTEN A3biKa NporpaMmmu-
poBaHusa Python). Bo Bcsikom cnyyae, 34ecb 6yeM UCXOAUTb U3 TOTO, YTO YMTa-
Tenb AN cebs peweHne 06 n3yyeHnu s3bika Python npuHan, nnm, no KpaiHein
Mepe, MPOSBASET MHTEPEC K 3TOMY A3bIKY NPOrpaMMUpPOBaHHS.

L
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Ha 3ameTky

Mapagurma nporpammMupoBaHunst - 3To Hambosee obLLas KOHLUENLKMs, KoTopas onpeje-
nsieT pyHAaMeHTalbHble XapakTePUCTUKN 1 6a30Bble MeTOAbl peanm3auny nporpamMmm-
HbIX KOAOB. Hanpumep, napagurma 06beKTHO-OPUEH TUPOBAHHOIO NPOrpaMM1UpoBaHns
(cokpateHHo OOIl) nogpasymeBaeT, 4YTO NporpamMmmMa peanusyeTcs yepe3 Habop B3au-
MOZeNCTBYIOLLNX 06BEKTOB, KOTOPbIE, B CBOK OYepeb, 06bIYHO CO34at0TCA HA OCHOBE
KnaccoB. B pamkax CTPyKTYpHOro nporpaMMrMpoBaHusi nporpammMa npeacrasnisieT co-
60l KOMOBMHaLMIO faHHbIX 1 npoueayp (PyHKUMIA) ANsa nx o6paboTkn. HA3bIK MOXeET Noa-
LepXnBaThb cpasy HECKOJIbKO napaaurM. Tak, si3blkv Java n C# NOSTHOCTbIO 06 bEeKTHO-



BeepeHune

OpWEHTMPOBaHHbIe, MO3TOMY A/ HanUcaHWs caMoil MasleHbKOM NMporpaMMbl Ha 3TUX
A3blKax NPUAETCS oNMcaTb Kak MUHUMYM OAVWH Knacc. B asbike C nogaepxunBaetcs na-
pagurma CTpyKTYpHOro nporpamMmmmnpoBaHiis, NO3TOMY KNaccoB U 06BbeKTOB B sA3blke C
HeT. 3aTO OHY ecTb B si3blke C++. MocneaHUi NoanepxXmMBaeT Kak napagurmy o6bekTHo-
OpPUEHTMPOBAHHOIO NPOrPaMMMUPOBaHKs, Tak U NapagnrMy CTPYKTYPHOro nporpaMmMu-
poBaHusi. Kak cneactBue, Npu paGoTe C si3bIKOM C++ KacChl M 0GBEKTbI MOXHO UCMO/b-
30BaTh, & MOXHO U HE UCMO/b30BaTh - B 3aBMCMMOCTM OT NOTpe6GHOCTEl nporpaMmu-
cTa U cneumdurKu pelaemMoii 3agaum. IT0 Xe 3aMeyaHne OTHOCUTCS K A3blKy Python:
C OfIHOV CTOPOHbI, NPU HanNucaHWM NporpaMMbl Ha A3blke Python y Hac nmeeTcst BO3-
MOXHOCTb MPUGETrHYTH K MOLLHOMY apceHasnly 06 beKTHO-OPUEHTUPOBAHHOIO NPOrpam-
MUPOBaHUsi, a C APYroi CTOPOHbI, YacTO ObIBAOT NPUEMIEMbIMU U METOAbLI CTPYKTYPHO-
ro NporpaMM1MpoBaHUsI.

CyulecTByOT 1 apyrue, 60nee yTOHYEHHbIE KOHLEMNUWW NPOrpaMMUPOBaHMS.
CkaxeMm, napagurma (yHKLMOHaNbHOrO NpPOrpaMmMuUpOBaHMs MOApasyMeBaeT,
YTO pesynbTaT PYHKLMW B MpoOrpamMme ONpefensieTcd UCKIUYUTENbHO 3Hadve-
HUAMMW aprymMeHTOB, NepefaHHbIX PYHKLMM, N HE 3aBUCUT OT COCTOSHUSA BHELL-
HUX (N0 OTHOLWEHMIO K PYHKLMKN) nepeMeHHbIX. COOTBETCTBYOWNE PYHKL NN
NPUHATO HasbiBaTb YACTbIMW DYHKUUAMU, U OHU 06nagatoT PAAOM MONE3HbIX
CBOICTB, NO3BONAKLWNX CYL,ECTBEHHO ONTUMN3NPOBATb U YCKOPUTbL BbIYNCAN-
TebHbIV npouecc. 3Ta KOHUeNUuUs, Kak n pag Apyrux, HaxoaaT peannsauuto B
A3blKe Python.

[anee 06cyauM HeKOTOPbIe BaXXHble MOMEHTbI 1 "NOABOAHbIE KAMHMW™, KOTOPbIE
MOTYT BCTPETUTHLCA Ha, MeCTaMU TPYLHOM, HO BCE XX€ UHTEPECHOM U yBNeKaTe b-
HOM MYTW OCBOEHWSA HOBbIX BEPLUWH B MPOrpaMMuUpOBaHunN.

Kpatkas uctopusa mn oCO6eHHOCTMN A3blKa
Python

CepbEé3Hoe 0THOLLIEHWE K YeMY 6bl TO HI GbIIO B
3TOM MUpE ABSETCSA POKOBOI OLINGKOIA.

N. Kapponn "Anuca B cTpaHe vygec'

Y a3blka Python ecTb aBTop - ['BUA0 BaH Poccym (Guido van Rossum). U xoTq
B pa3paboTKe 1 MONynapusayum f3biKa Ha JaHHbIA MOMEHT YCMeno noy4acTBo-
BaTb MHOIO Ta/laHT/IMBbLIX Pa3paboTYMKOB, UMEHHO 'BMAO BaH PoccyM MoXuHa-
€T 3aCNYyXEeHHble NaBpbl CO34aTe/NA 3TOr0 NepcnekKTUBHOMO U NONYAAPHOro A3bl-
Ka nporpammMmupoBaHus. Boobuie e paboTa Haf A3bIKOM Havanach B 80-x rogax
npownoro cronetus. Cumtaerca, YTo nepsasd Bepcus A3bika nossuaacb B 1991
rogy. KacatenbHo Ha3BaHus A3blka nporpaMmmuposaHus Python, To ¢opmans-
HO 3TO Ha3BaHuWe penTuaun. CoOTBETCTBEHHO, 06bIYHO B KAYECTBE IOrOTUNA UC-
nonb3yeTca munas (UNU He OYeHb) 3MeKUKa Tuna "nNUToH". I XoTa npakTuye-
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Python

CKu nto6oe yyebHOe nnm cnpaBovyHoe nocobme no A3blky Python cogepxut no-
BECTBOBaHMe 0 TOM, YTO Ha camoMm fene Python - 310 He "nNWUTOH", a Ha3BaHue
IOMOPUCTMYECKOW nepegaun "JleTawoWwnin uupk MoHTK MaikToHa", 4N UCTopUK
3TO YXXe He BaXHO.

Q Ha 3ameTky

YMeCTHO BCMNOMHUTL C/10Ba KanutaHa BpyHrensa: "Kak Bbl AXTy Ha30BeTe, Tak OHa U1 no-
nnbIBeT". Y A3blka NnporpammmpoBaHnsa Python goctato4yHo arpeccnBHOe Ha3BaHue, W,
Hafo npusHaTb, 3TO Ha3BaHWe cebs onpasablBaeT. APryMeHTOM K TakoMy yTBepxje-
HUIO MOXET 6bITb Kak rMOKOCTb 1 a(pheKTBHOCTL CaMoro fA3blka, Tak 1 Ta 6bICTpOTa, €
KOTOpPOIi OH 3aBoeBas cebe "MeCcTO Nog CoNHuem" cpegu Hanbonee NONyIAPHbIX A3bl-
KOB NpOrpaMMmpoBaHus.

A3blK Python 6ypHo pa3BuBaeTcd. OTOMY CMOCOOCTBYET HE TOMIbKO JOCTATOYHO
yAayHas KOHLEnuus A3blka, HO TakxXe ChOpMMUPOBaBLLEeCcs CrjioYeHHOe Co06-
WecTBO pa3paboTUMKOB M MOMyNAPN3aToOPOB A3blKa. HemanoBaXkeH u TOT (hakT,
4yTO Heobxofumoe nporpaMMmHoe obecneyeHue, BKAOYAA cpedbl pa3paboTku, B
OCHOBHOW cBOeii macce 6ecnnaTHbl. Bce 370 gaeT OCHOBaHMA paccMaTpuBaTb
Python B KauecTBe 0iHOr0 M3 Hamboee NePCrneKTUBHBIX A3bIKOB NPOrpaMmm-
poBaHus.

Ha cerogHsawWwHWiA feHb Python ncnonbayetcs npu paspaboTke cambiX pas3nmny-
HbIX MPOEKTOB, CPEAUN KOTOPbIX:

* paspaboTka cueHapueB 418 paboTbl ¢ Web n Internet-npmnoxxeHunii;
* CeTeBOE MPOrpaMMunpPOBaHue;
e cpeacTBa noggepxxka TexHonornii HTML n XML;

e MNpuUnoxXxeHuda and pa6OTbI c 3]18KTp0HHOI7I nouyToh u noanep>XXkKu
Internet-npOTOKonos;

e MNPUIOXEHUS A5 06CNYXKMBAHUS BCEBO3MOXHbIX 6a3 AaHHbIX;
e MpOrpammsbl /15 HAyYHbIX PacyeToB;

e MPUIOXKEHUS C rPpaPUUECKUM UHTeP(eRcoM;

e CO3[aHMe UTP N KOMNbITEPHON rpadinky,

1 MHOTOe Apyroe. PasymMeeTcsi, 0OXBATUTb BCE 3TU TeMbl B O[JHOW KHWTe A0CTATOu-
HO C/I0XHO. [la Mbl 1 He CTaBMM Mepe[ co6oii Takoi uenn. Tem He MeHee, AaXe Ha
OTHOCWUTE/NIbHO HEGOMbLIOM KOMMYECTBE HECNOXHbIX MPUMEPOB BMOMHE MOXHO
MPOAEMOHCTPUPOBATb 3/1ETAHTHOCTbL U UCKIOUUTENbHYI0 3PP EKTUBHOCTb A3bl-
Ka Python. 3TuM, COGCTBEHHO, Mbl U 3aIMEMCSt B OCHOBHOI 4acTW KHUTU - TO

«a



BsegeHve

€CTb HEMHOTO no3xe. Ceityac 06CYANM OCOBEHHOCTU M HEKOTOpPble "TeXHWYe-
CKMe" MOMEHTbl, KOTOPble BaXHbl 418 MOHUMAHWA OCHOB NMPOrpaMMupoBaHUA
Ha Python.

A3blk Python oTHOCUTCS K MHTEPNPeTMPYEMbIM si3biKaM MPOrpaMMUpPOBaHMS,
UTO MMEET ONpefesieHHble NOCNeACTBMSA. D OpPManbHO TO, YTO A3bIK MPOrpaMMu-
pPOBaHUS WHTEPNPETUPYEMbIiA, O3HAYAET, YTO MPOrpaMMHbIA KO BbIMO/HSAETCS
C NOMOLLbI creyunansHoli nporpamMmMbl. MporpamMMa HasblBaeTcs MHTepnpeTa-
TOpPOM. MHTepnpeTaTop BbIMOMHAET NPOrpaMMHbI/A Kog MoCcTpouHo (C npefBa-
PUTENbHBIM aHaNM30M BbIMOMHAEMOrO Kofa). HegocTaTok Takoro nogxoga co-
CTOUT B TOM, UTO, BO-NEPBbLIX, OWNGKM BbISBASIOTCS PaKTUYECKM HA 3Tane Bbl-
MOSIHEHUS NPOTPaMMBbl U, BO-BTOPbIX, CKOPOCTb BbIMO/IHEHUS NPOrpPaMMbl OTHO-
CUTE/IbHO HeBbICOKas. [M03TOMY HEPEAKO UCMOMb3yeTcs GOMee CMOXKHAA CXeMa:
MCXOAHbIV NPOTrpaMMHbI/ KOL KOMNUAMPYETCS B MPOMEXYTOUHbLIN Kog, a yXe
3TOT NPOMEXYTOUHBIA KOZ BbINOMHAETCS HEMOCPELCTBEHHO UHTEPNPETATOPOM.
B 3TOM C/lyyae CKOPOCTb BbIMO/THEHWS MPOrpaMMbl YBETMUMBAETCS, HO BMECTE C
HEe yBeNMUMBAETCS U 3aNpOC Ha CUCTEMHBIE pecypchl. MprMepHO Mo Takoli cxe-
Me BbINOJIHAETCSA NPOrpaMMHbI/ KOZ, HanWcaHHbIA Ha a3bike Python.

W Ha3sameTtky

HanomMHWM, 4YTO MOMWMO WHTEPMPETUPYEMbIX, CYLECTBYIOT KOMMUIMPYeMble S3bIKN
(MMeeTcA B BUAY KOMNWUAALMSA B MaLlIWHHBIV Kof). B 3ToM cnyyae ncxofHblii nporpamm-
HbIA KO, KOMNUAMPYETCA B UCMOMHUTE bHBIA (MalWWHHbIN) KoA. VcnonHWUTenbHbIR Kop,
BbINosiHAeTCA (06bIYHO) Mo/ yrpaB/ieHneM onepauroHHOi cucteMbl. Komnunnpyemsle
B MCMOJIHUTENbHBIV KOA MPOrpaMMbl XapaKTepu3yoTCs OTHOCUTE/IbHO BbICOKOL CKOpPO-
CTblO BbINOJTHEHUS.

Ecnn mMbl XOTUM Hanucatb nporpaMmy Ha Python, To Ans 3aToro, Kak MUHUMYM,
noHagobuTca HabpaTb COOTBETCTBYIOLWMIA NPOrpaMMHbIA KOf. 34eCb BO3MOXHbI
BapuaHTbl, HO B NpMHUUNE Kof HabupaeTcsa B IO6OM TEKCTOBOM pefaktope, a
COOTBETCTBYIOLLMIA (haiin coxpaHaeTcs C pacliUMpeHnem py uam pyw (gns npo-
rpamm c rpaguyeckum nHTepdeincom). Mpn nepeom 3anycke (Nocne BHECEHUSA
N3MEHEHWI B MPOrPaMMHbI KOA) CO34aeTCA MPOMEXYTOUHbIN KO, KOTOPLIN 3a-
nucblBaeTca B aiin ¢ pacwmpeHunem pyc. Ecnm nocne atoro B nporpammy nsme-
HEeHWS He BHOCUAWCH, TO MPMW BbINOJHEHUN NPOrpaMmMbl 6yAeT BbIMOAHATLCS CO-
OTBETCTBYHOLW WA pyc-aiin. MNocne BHECEHWNA U3MEHEHWUIA B NpOrpamMmMy OHa npu
ouyepefHOM 3amycke nepekoMnuanpyeTtcs B pyc-tain. 31o obwas cxema. Hawm,
Ha camOM fiefle, OHa UHTepecHa UCKIUYMTENLHO B NaHe 00LLero pasBuTus, XoTa
Ha NPaKTUKe NHOTAa 6biBaeT B&XKHO YUNTbIBATb 0COOEHHOCTMN BbINOMHEHUS NPO-
rpaMMbl, HanMcaHHoW Ha f3bike Python.

Kak oTMeuanoch Bbllle, MPOrpaMMHbIi KO MOXeM HabupaTb X0Tb B TEKCTOBOM
pefakTope. Ho BOT ANs BbINOJIHEHWS TaKOro NMPOrpaMMHOr0 Kofja noHago6uT-
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Python

cs crneymanbHas mporpamMma, KoTopas HasbiBaeTcsi MHTepnpeTaTopoMm. [py-
TMMU cfioBaMu, A pa6oTbl ¢ Python Ha KOMMblOTEpP HEO6XOANMO YCTAaHOBUTD
nporpammy-uHTepnpeTatop. Mbl 0TAe/bHO 06CYAMM 3TOT Bompoc. Ceiuac e
TO/MIbKO 3aMeTUM, YTO 06bIYHO UCMO/b3YETCA He MPOCTO MHTEPNPETaToOp, a UHTE-
rpupoBaHHas cpefapaspaboTKu, KoTopas, KpOMe NPOYero, BK/OUaeT B ce6s Kak
MHTEpnpeTaTop, Tak U peAakTop NMPorpaMMHbIX KOJO0B.

VHTepnpeTatop BbiMOMHAET Mporpammy KoMaHa 3a KomaHgoi. [loaTomy B
NMpUHLKUNE, ecny nporpamma CoOCTOUT U3 HECKONbKUX KOMaH[, ee MOXHO OpraHu-
30BaTh B BUAe (paiifia c NporpaMMHbIM KOLOM, a 3aTeM "0TnpaBuTb" 3TOT (haiin Ha
BbIMOSIHEHNE. ELle 04MH BapumaHT - "nepefasartb” MHTepnpeTaTopy 415 BblNoJ-
HeHUs No O4HON KoMaHge. W ToT, 1 Apyroli pexkrMbl BO3MOXHbI U MOAAepXunBa-
IOTCA MHTEPNpPeTaTopoM A3bika Python. Mbl 6yfeM coCTaBnATb M 3anMoOMUHaTbL
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nporpamMmmHble KoAbl B haiinax - To eCTb MUCNO/b3YEM "TPaAULMOHHBIA" NoAXos.

Q Hasametky

Mpo pexum, npyv KOTOPOM B KOMaHAHOM OKHE MHTeprnpeTaTopa KoMaHabl BBOASTCS U
BbINOJIHSAKOTCS OAHa 3a APYroii, rOBOPST, KaK 0 PEXVMe KOMaHAHOM CTPOKM U PeXu-
Me Ka/lbKynsTopa.

MockonbKy f3bIK Python pa3BrnBaeTcs UHTEHCUBHO 1 OT BEPCUMW K BEPCUN B CUH-
TaKCUC U CTPYKTYPY A3blKa BHOCATCA U3MEHEHUA, BOXKHO YUNTbIBATb, 419 KaKOl
Bepcumn A3bika Python cocTaBngetca (M mpegnonaraeTcsd UCNOAb30BaTh) MPoO-
rpaMMHbIi Kog. OCO6EeHHO 3TO BaXKHO C YY4ETOM TOr0 06CTOATENbCTBA, HYTO MpK
BHECEHUW U3MEHEHUI NMPUHLMN 06PATHOR COBMECTUMOCTHU paGoTaeT JafeKo He
BCErfa: ecnu NporpaMMHbliA KOJ KOPPEKTHO BbIMOHAETCS B 60nee cTapbix Bep-
CUSAX A3blKa, TO COBCEM He (DaKT, YTO Gy/AeT BbIMOMHATLCA NpU paboTe ¢ 60nee HO-
BbIMU BepcuaAMU. OAHAKO NaHMKOBaTb N0 3TOMY NMOBOAY He CTOMT. OBbIYHO NPO-
6nema HeCOBMECTUMOCTM KOJOB N5 Pa3HbIX BEPCUIA CBA3aHa C 0CO6EHHOCTAMMU
CUMHTAKCMCA HEKOTOPbIX YHKUWUIA MM KOHCTPYKLWIA A3blKa M OCTATOYHO Ner-
KO ycTpaHseTcs.

W Ha3sameTky

Ha MOMEHT HanncaHnsa KHUMM akTyanbHoW sBnseTca Bepcus Python 3.3. MimeHHO oHa
MCnosib3oBanach /11 TECTUPOBaHUA NPUMEPOB B KHUre. Mpu NosiB/IEHUN HOBbIX BEP-
CUA N CTaHAAPTOB A3biKa, 419 06ecneyeHnss COBMECTUMOCTU MPOrpaMMHbIX KOJOB,
MMeeT CMbIC/1 MPOCMOTPETbL TOT pasfe/1 CNpaBOYHON CUCTEMbI, B KOTOPOM ONUCHLIBAOT-
csl HoBOBBeeHUsA. Caenarb 3TO MOXHO, HanpumMep, Ha ohuumasibHOM caiTe noagepx-
Kn a3bika Python www.python.org/doc/ B pazgene ¢ HazBaHveMm What's New In Python
(B nepeBofe o3HavaeT YToHOBOroO B Python).


http://www.python.org/doc/

BeepeHne

Ho BCe 3TO TEXHWYECKUE AETaNu, KOTOPbIE XOTb U BaXKHbl, HO BCE XXE He Mep-
BOCTEMEHHbI. A MEPBOCTENEHHBIMU A5 HAC 6YAYT CMHTAKCMC A3bika Python u
€ro OCHOBHbIE YNPaBASIOLLME NHCTPYKLUMMW. I COBCTBEHHO 34€Ch HAC XAET MHO-
ro MPUATHbLIX CHOPNPU3O0B.

L Ha 3ameTky

Oco6eHHO MHOrO ClOpnpu30oB ByaeT Ana unTateneid, KotTopble 3HaKOMbl C TaKUMU A3bl-
KaMu nporpamMmmupoBaHus, kak Java unm C++, HanpumMep. Ho 3To, KcTaTu, COBCeEM He
03Ha4aeT, 4YTO HOBMYKOB B MPOrpaMMnpoBaHnn A3bik Python ocTtaBuT paBHOAYLUHBIMU.
MpocTo Te, KTO n3yyan ocHoBbl OOM (06bEKTHO-OPUEHTUPOBAHHOE NPOrpaMMmnpoBa-
HWE) 1 NporpaMMupyeT Ha YNOMSHYTbIX A3blKax, 3Ha4YMTe/IbHO PacLUNPAT CBOW Kpyro-
30p B NJ1aHe MeTOZO0B M NPYeMOoB NPorpaMmM1UpoBaHus, a Takke B HEKOTOPOM CMbIC/ie
1M NpeAcTOUT M3MEHUTL CBOE NpeAcTaB/IeEHNe O A3blkax MPOrpaMmMmMpoBaHns.

CuHTakcuc a3blka Python 6onee uem nHTepeceH. Bo-nepBbix, OH NPOCT, NOHA-
TeH U HarnageH. B HEKOTOPOM CMbIC/le er0 MOXHO AaXe Ha3BaTb NO-CNapTaHCKK
NaKOHWYHbIM. OJHOBPEMEHHO C 3TUM NPOrpaMMHble KOAbl, HanWcaHHble Ha
Python, 06bIYHO NErKo YMTAOTCA U aHaNU3NUPYHOTCA, a 00bEM MPOrpammHOro
KOZa HaMHOr0 MeHbLle, eC/IN CPaBHUBATb C aHANOrMYHbIMK NPOrpaMmMamu, Ha-
NMUCaHHbIMW Ha APYTUX A3blKax NPorpaMmMmmpoBaHus. B kauecTse nantcTpauum
B AUMCTUHIe B.1npuBeseH Kog nporpaMmMbl Ha fA3blke C++, B pesyfibTaTe BbINo-
HEeHUs KOTOPOI B KOHCOMbHOE OKHO BbiBOAMTCA coobuieHne Hello, world!.

JNnctuHr B.1. MNMporpamma Ha A3blke C ++

¢include <iostream>

using namespace std;

int main(){

cout<<"Hello, world!"<<endl;
return O0;

}

AHaNOrMYHbIA NPOrpaMMHbIA KO, HO YXXe Ha fA3blKe Java, npejcTaBfeH B 1u-
CTuHre B.2.

JnctuHr B.2. MNporpamma Ha si3blke Java

classMyClass{
public static void main(String[] args){
System.out.println ("Hello, world!");

¥
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Python

HakoHey, B nucTtuHre B.3 nokasaHo, Kak 6y,qu BbIrNA4eTb NporpamMmma, BbliBO-
aduias B KOHCO/IbHOe OKHO TEKCTOBOe COOﬁLLLEHVIe, ecnn gnga ee HanncaHMA BOC-
MOoNb30BaTbCA A3bIKOM NMporpaMmmMmunpoBaHnA Python.

NnctumHr B.3. Nporpamma Ha s3bike Python

print ("Hello, world!")

HecnoxHo 3ameTWTb, YTO 3TO BCEro OfHa KOMaHja, B KOTOPOA BCTPOEHHOV
yHKUMM print () aprymMeHTOM nepefaeTcs TEKCT, KOTOPbIA HEOO6X0ANMO Ha-
neyaraTtb B KOHCO/IbHOM OKHe. PasyMeeTcs, fafieKo He Bcerjay Hac 6ygert nony-
4yaTbCA NUCaTb TaKMe "IKOHOMHbIE" KOAbl, HO MPUMEpP BCe e BO MHOIOM MoKa-
3aTeNbHbIN.

Ha BCcsikniA cnyyail KpaTKO MPOKOMMEHTUPYEM MPeLCTaBeHHbIE Bblle KOAbl Ha
A3blkax C++ nJjava - NpocTo YTOObLI Y YMTaTENSA, HE 3HAKOMOIO C 3TUMM A3blKa-
MW, He NOABUIOCL KOMMJIEKCA HEMOJIHOLEHHOCTU. HayHeM ¢ nporpaMmbl U3 fu-
CTUHra B.1, HaNUCaHHON Ha A3blKe C++:

cm

WHcTpykumeld #include <iostream > noaknt04aeTcs 3arofioBoY-
HblV haiin 6nbnnoTekn BBOa/BbIBOAA.

KomaHga using namespace std o3HauyaeT UCMO/b30BaHUE CTaH-
[ApTHOTO MPOCTPAHCTBA UMEH.

®dyHKUMA ¢ HazBaHueM main () Has3bIBAaeTCA rNMaBHOW (PyHKLMER npo-
rpamMmMbl. BoinonHeHve nporpaMmMbl B C++ - 370 BbINOJIHEHWE T/1aBHOI
(hYHKLMNW NporpamMmbl.

NpeHTugpukatop int cnesa oT pyHKUMU main () o03Hayvaet, 4TO PYHK-
LMS BO3BPALLAET LLe/I0UNCIEHHbI pe3ynbTaT.

Mapa urypHbix cko60K ({v }) BbigenseT Teno rnaBHol QyHKUUK,

KomaHgoi cout«'Hello, world!"<<endl B KOHCO/b BLIBOAUTCS
TekcToBoe coobuieHne Hello, world! u BbiNosHAETCA NEPeEXos K Ho-
BOW cTpoke (MHCTpyKuusa endl) .OnepaTop BbIBOAA «  BbIBOAUT TEKCT,
YKa3aHHbIl CfieBa OT HEro, Ha yCTPOIiCTBO, OnpeaensemMoe naeHTuduka-
Topom cout (N0 YMONYAHUIO - KOHCO/b).

MHCcTpykums return 0 03HayaeT, 4YTO BbIMOSIHEHWE FNABHON YHKUUN
(To ecTb MporpamMmebl) 3aBepLIEHO U B KayecTBe pesynbTaTa yHKLUEN
BO3BpalLaeTca 0 (03HayaeT 3aBeplieHMe paboTbl NporpamMmbl "B WITAT-
HOM pexume" - To ecTb 6e3 OWn60K).



BsegeHve

Mporpamma B MCTUHTe B.2, HAMOMHWM, HanucaHa Ha f3blKe Java U B COOTBET-
CTBYHOLLEM MPOrpaMMHOM KOfie Ha3HAYEHUe MHCTPYKLUIA cregytoLee:

» Co3sgaetca knacc ¢ HazBaHuem MyClass: nepes Ha3BaHMEM Knacca yKa-
3bIBaeTCs Kwouesoe cnoso class, a Teno knacca 3aknto4aeTca B Pu-
rypHble CKOO6KN (BHellHAA napa ckobok {u }).

* B rTene knacca onucbiBaeTCA raBHblli MeTOA € Ha3BaHMeM wai n (), Teno
MeTOo/a 3aKnyaetcd B 6/10K U3 PUIYpHbIX CKOBOK (BHYTpPEHHAA napa
ckobok {un }).

* [lepes Ha3BaHWeM rNaBHOIO0 MeTOAa YKa3aHbl Takne AeHTUPUKATOPBI:
public (oTKpbITbIA MeTOh - TO ecTb AOCTYMEH BHe Knacca), static
(cTaTnyeckmii MeTof - 4NA BbI30Ba MeTO4a HET HEOOXOAMMOCTH CO34a-
BaTb 06BLEKT Knacca), void (MeToj He BO3BpalLlaeT pesynbTar).

e [lapameTpom (aprymeHTom) MeToga main () ykasaHa nepemMeHHas
args, KoTopas fBISETCA TeKCTOBbIM MAacCUBOM (TEKCT - 3TO 06beKT
Knacca String, a Hanuume NycTbiX KBaApaTHbIX CKOBOK [] cBUAeTesb-
CTBYET 0 TOM, YTO 3TO TEKCTOBbI/i MacCWB - YNOPSAAOYEHHbI Habop Tek-
CTOBbIX 3HAYEHMWIA).

e TeKCT B KOHCO/IbHOE OKHO BbIBOAMTCA MeTogoM printIn (): aprymeH-
TOM MeTOAY NepefaeTcs BbIBOAWMbI/ B KOHCO/b TEKCT, & CaM MeTOoj Bbl-
3blBaeTCs M3 06beKTA MOTOKA BbIBOLA OUt, KOTOPLIA, B CBOK O4epessb,
SIBNAETCSA CTATUYECKMM NOMEM Knacca System.

PasymeeTcs, Ha (DOHE BCEro 3Toro pasHoobpasma nporpamma (a TOYHee, OfHa-
e MHCTBEHHAsA KOMaHa) Ha A3blke Python BbirnaguT 6onee yem agekTHo. Ho
elle pa3 NOAYEPKHEM, YTO JaXKe ec/in ynTaTeNb NMOHAN HE BCE U3 M3/I0XKEHHOTO
Bbilwe (no noBogy Kogos C++ nJava) - 370 He CTpawHO. Ham, B Hallei ganbHe-
Wweli paboTe, BCe 3TO HE NPUTOAMTCA. Mbl NPOCTO XOTENM NPOUAMIOCTPUPOBATH
macluTabbl, Tak CKasaTb, pa3iMumnii 418 pa3HbiX A3bIKOB.

Mpwn paboTe ¢ A3bIkoM Python Mbl He BCTPETUM MHOTUX MPUBbLIYHBIX AN APY-
rMX A3bIKOB KOHCTPYKLUMIA. Hanpumep, B 0TAMumne 0T A3blkoB C++ nJava, B KO-
TOPbIX KOMaHAHble 610K BblAenatoTca QUrypHoiMu ckobkamu {u }, v B o11n-
yme OT A3blka Pascal, B KOTOpoM 6/10KM BbIAENSAKTCA MHCTPYKUUAMU begin u
end, B A3blke Python 610k KOMaHA BblgenseTcs OTCTYNOM (PeKOMeHAYeMbIl OT-
CTyn - YeTbipe npobena).

B Python HeT HEO6XOAMMOCTM 3aKaHUYMBATb KaXAYI0 KOMaHAy TOUKON € 3ans-
ToW. CyLl,ecTBYKOT U MHOTMe gpyrue ocobeHHOCTU fA3blka Python. Mbl 6ygem
3HAKOMWUTbCS C HUMW NOCTENEeHHo, W, nepetpasmpys Muxauna Esrpadosnya
CanTblkosa-LLleapuHa, noctapaemcs npy 3TOM He NPUMEHATb Hacuue.

?
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W Ha 3ameTky

MmeeTca B BUay umtata "lMpoceelleHne BHeAPATb C YMEPEHHOCTbIO, MO BO3MOXHOCTU
nsberas KpOBOMPOANTUS™ N3 caTUPUYECKOro poMaHa "ictopusa ogHOro ropoga” aBTop-
ctBa M.E. CanTtbikoBa-LleapuHa.

346eCb NPOCTO BaXXKHO MOHATH, UTO A3bIK Python focTaTouHO CBOEOGpPa3HbIii, ca-
MOGBITHbIV U BO MHOFMX OTHOLIEHUAX He MOXO0X Ha Npoyne, MONysipHbIE Ha ce-
roAHsl, I3bIKWM NPOrpaMMUpPOBaHNS.

HeMHOro o KHure

- BoT no aTomy noBoAy nepsblii TOCT.
- Ceifyac 3anuuy.
- [oTom 3anuLeLb.
n3 K/ "'KaBkasckas naeHHuuUa""

Mpuwno camoe BpeMs cKasaTb (MpoYnTaTh, HANMCATb - KOMY Kak 60/iblle Hpa-
BUTCA) HECKO/IbKO C/TIOB HEMOCPEACTBEHHO O KHUTE: YTO OHA COGOV NpefCTaB/s-
€T, /15 KOT0 HanucaHa, 1 Boo6LLe, Yero YNTaTe/t0 0XUAATL OT MPOUTEHUS.

Pa3ymeeTcs, KHUra nucanacb B MepByt0 ouyepefb AN1S TeX, KTO pewwmnn 0CBOUTb
A3bIK NporpamMMupoBaHna Python. To ecTb ecTecTBeHHbIM 06pa3om npegnonara-
eTCH, YTO ynuTaTenb € A3bIKoM Python He 3Hakom coBcem. bBosiee TOro, Mbl HesiB-
HO 6yfiemM UCXOAUTb U3 TOTO, YTO YnTaTeNlb BOO6LE NMEET MUHUMANbHBIA ONbIT
nporpamMmupoBaHus. lMocnefHee He nNomellaeT HaM NEPUOANYECKU CCbINaTbCH
K TAKUM A3blKam nporpaMmmupoBaHuns, kak C++ nJava. KoHeuyHo, fenatbeca 310
OyaeT B NepByt0 0Yepefb B pacyeTe Ha TEX UMTaTenei, KTo MMeeT XOTS Obl MUHU-
ManbHOe npeacTaBfieHne 06 3TUX A3bIKaxX U/MNN 06BEKTHO-OPUEHTUPOBAHHOM
nporpammMmunposaHuu (cokpauieHHo OOT).

UT06bl KOMMEHCMPOBATL Hey06CTBa, KOTOPbIe MO Gbl BOSHUKHYTh Y UnTaTe-
neii, He 3HaKOMbIX ¢ C++ 1 Java, NOSCHEHUS MaKCUMasbHO afanTupylTCs s
BOCMPUATUS MOMHOCTHIO HEMOATOTOBAEHHOW ayauTopueii. Mpole roeops, He
MMEET 3HAYEHWNS, 3HAET YMTATE b APYTMe A3bIKW MPOrPaMMUPOBAHNS WU HET -
B I06OM C/ly4ae OH MOXET pacCUMThIBaTh Ha YCMEX.

MaTepuan KHUTU O0XBaTbIBAeT BCE OCHOBHbIE TeMbl, HEOOXOAUMbIE 418 yCMeLl-
Hol paboTbl ¢ Python, Bkntouyasa metogbl OOT. B ocHOBHOM Mbl 6ygem pac-
cMaTpuBaTb MpUKNagHble NMPUMepbl - TO ecTb Teopua O6yLeT npefcras/ieHa "Ha
npumepax". 3TO NpMeM, KOTOPbI Ha MPaKTUKe HeMoXo ce6s 3apeKoMeHL0Ban.
Oco06eHHO OH 3ah(heKTUBEH, KOrAa HEO6XOAMMO B CXKaTble CPOKM C MUHUMAaSIb-
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BeseneHve

HOI 3aTpaToi aHeprum n pecypcoB OCBOUTL Ha KaYeCTBEHHOM YPOBHe 60/bLUOA
06bem maTepuana. Mpu TakoM NOAX0AE eCTb M 4OMNOJIHATENbHbIA GOHYC: NOMUMO
0CO6eHHOCTeN A3blKa YnTaTe b MMeeT BO3MOXHOCTb MO3HAKOMMUTbLCA C anropuT-
MaMu, KOTOpble MPUMEHAIOTCA ANA pelleHuns paga npuknagHbix 3agad. Uto ka-
caeTcd nogbopa NpMMepoB 1 3a4ay, To OHU BbIGUPaNnCh B MePBYIO 0Yepelb Tak,
4yTOo6bI HanboNee APKO NPOMNNOCTPUPOBATHL BO3MOXHOCTM M OCO6EHHOCTM A3bI-
Ka Python.

[MporpamMmMHOe obecneyeHune

- HeT, eii 06 3TOM AymMaTh €Ll paHo.

. 06 3TOM flyMaTb HUKOMY HE PAHO, U HUKOT-
Ja He Mo3aHo.

n3 K/ ""Kaskasckasi mneHHMLA”

Mpexze, YeM NOrpy3nTbCS B camble TNYy6MHbI MUpa Nog Has3BaHWe Python u Ha-
uaTb yepnaTb GECLEHHblE 3HAHUS, Pa3yMHO BHECTU SICHOCTb B BOMPOC O MpoO-
rpaMMHOM 0GecneyeHn, KOTOPOe HaM MPUroguTcs ANs TECTUPOBAHUS NpUMe-
POB 13 KHUTY U HANMUCaHWUS COBCTBEHHbIX OPUTUHA/BHBIX MPOTrPamMm.

Kak y>e oTMeyanoch Bbllle, ANA BbINOJIHEHUSA NPOrpaMMHbIX KOAOB, HanucaH-
HbIX Ha Python, Ham NoHafo06MTCA NporpaMma-nHTepnpeTatop. Ho nyylle Bcero
BOCMO0/1b30BaTbCA KaKOo-HMOYAb MHTErPUPOBAHHOI Cpeaoii pa3paboTku (Cokpa-
weHHo IDE ot aHrnuiickoro Integrated Development Environment). Cpega pas-
paboTKu NpeaocTaBaseT NOAb30BATE/HO HE TO/ILKO UHTEPMPeTaTop, HO 1 pefak-
TOP KOZOB, PABHO KaK psif APYTWX NOMAE3HbIX YTUNT.

VHTerpnpoBaHHbIX cpej pa3paboTku ana pabotbl ¢ Python cyuiecTByeT focTa-
TOYHO MHOIO ¥ B M3BECTHOM CMbIC/E NMepes NporpaMmmMuCcTOM BO3HUKAET Henpo-
cTaa npobnema Bblbopa. Kputepuu ans Bolbopa cpefbl pa3paboTkm MoryT 6bITb
caMbIMMK pa3HbIMW. HO rnaBHble cpefn HUX, KOHEYHO e - 3TO yA06CTBO B UC-
Nonb30BaHWN, Habop BCTPOEHHbIX BO3MOXHOCTEN/DYHKUMIA WHTErpupoBaH-
HO cpefbl pa3paboTKK, a TaKXXe ee CTOMMOCTb (CYLLeCTBYIOT KakK KOMMepyeckue
NPOAYKTbl, TaK U CBOBOAHO pacnpocTpaHsemMble). Mbl pacCCMOTPUM HECKO/bKO
Hanbonee NONYNAPHbIX N JOCTYMHbIX MHTEFPUPOBAHHBIX Cpej pa3paboTku Ans
Python.

Ecnm Mbl TOBOPMM O MPOrpaMMHOM 0GECreyeHnm, To B MePBYI O4Yepedb MMe-
eT CMbICN BbIATK Ha opULManbHbIA caiiT noagepxku Python no agpecy www.
python.org. OkHoO 6pay3epa, OTKPbITOE Ha COOTBETCTBYHOLLEl CTpaHULe, MoKa3sa-

HO Ha puc. B.1.
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Puc. B.1. OkHO 6pay3epa OTKPbITO Ha ohuLMasibHOM cTpaHuLe
nopaepxkn Python www.python.org

CailT copep>XXnT MHOXeCTBO MOMEe3HOW MHGopmauuu, BKAKYas BCeO6bLEMIIIO-
LLYIO CNIPaBKY W, KPOMe NpoYero, mo3sonseT 3arpy3mTb He06X0ANMOE NPOrpaMm-
Hoe obecneyeHue - B TOM Yficne n cpegy paspaboTku, koTopas HasbiBaeTcs IDLE
(cokpauieHme ot Integrated Development Environment, uto 6ykBanbHO 03Haua-
€T MHTErpupoBaHHas cpefa paspaboTku). [na 3arpy3km nporpaMMHoro obecne-
yeHna Heobxoaumo nepeiiTn K paszgeny DOWNLOAD (3arpyska) - agpec Www.
python.org/download.

Cam npouecc 3arpy3kum 1 yCTaHOBKMW A0OCTATOYHO MPOCTON M MHTYUTWUBHO MO-
HATHbI/, NO3TOMY OCTaHaBNMBATbCA Ha HeM He Byaem. Hac nHTepecyeT KOHeu-
Hblli pe3ynbTar. A B pe3ynbTaTe Mbl MOAYy4YaeM NOJSIHOLEHHYO cpeay Ans pabo-
Tbl C NpOrpaMMHbIMKM Kogamu Python. Pa6ouyee okHO cpeabl IDLE npepgctasne-
HO Ha puc. B.2.

Mepes HamMyu KoMaHAHas 060/704Ka MHTeprnpeTaTopa. 3TO OKHO C HECKO/bKU-
MU MeHK 1 60Mblol paboyeil 06nacTblo, B KOTOPO MOCNE CMMBOMA TPOMHOM
CTPENKN » > MWUraeT Kypcop - 3T0 KOMaHfHas CTpoka. B aTom mecTe BBOAUT-
CSl KOMaHfa, KOTopas BbIMOJIHAETCA NOCAe HaXaTus Knasuwm <Enter>. Hanpu-
Mep, ec/in Mbl XOTUM BbIMOMIHUTL KOMaHay print ("Hello, world!"), Ham
cnepyeT BBECTM 3Ty KOMaHAY B KOMaHAHOM CTpoKe (TO eCTb TaM, e MUraeT Kyp-
COop - MOC/ne CMMBOAA » > ) W HaXaTb kKnasuwy <Enter>. Kak cnefctene, KOMaH-

L1


http://www.python.org

BBeneHve

Puc. B.2. Pabouee OKHO cpefbl pa3paboTku IDLE

4a GyfeT BbINOMHEHA, a Pe3y/ibTaT ee BbINOHEHNUS 0TOGPaXKAeTCA CHU3Y, NOJ, KO-
MaHfHOV CTPOKOi. CUTyaumns npountoCcTpUpoBaHa Ha puc. B.3.

........ Al

In: 5 Cof. 4

Puc. B.3. Pe3ynbTaT BbINOJIHEHNSI KOMaH/bl B KOMaHAHO
o6o0n0u4ke cpeabl pa3paboTku IDLE

Mpwn 3TOM Nog pe3ynbTaTOM BbIMOMHEHNS KOMaHAbl CHOBa NOABASETCA TPOiHas
CTpenka » > 1 B 3TOM MeCTe MOXHO BBOAWTbL HOBYH KOMaHAy. Hanpumep, mo-
XKeM BBECTU KaKoe-HUbyfab anrebpanyeckoe BbIpaXXEHME - CKAXEM, MycKali 3To
6ynet 5+3*4, Kak NoKasaHo Ha puc. B.4.

: Q
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re7 Cot4

Puc. B.4. Pe3ynbTaT BblUMC/IEHUSA afirebpanyeckoro BbipaxeHus

PasymeeTcs, KOMaHbl MOTYT 6biTh U 60Jiee 3aMbIC/IOBATLIMU, PABHO KaK HUKTO
He 3anpeljaeT HaM KOMaH/a 3a KOMaHAOM BbIMOMHATL NPOrpaMMHbIi kog. Ho
3TO AOCTATOYHO Heyfo6Ho. OG6LIYHO NMpW HanucaHUKM Gonee-MeHee Cepbe3HO
nporpamMmMbl ee ohOPMASIOT B BUAE MOC/EA0BATENBHOCT UHCTPYKLMIA U 3anu-
CblBalOT B OTAE/bHbIV (halin. 3aTeM COOTBETCTBYHOLLAS NPOrpaMma BbliMOHSAET-
csl.

Co3pgatb haiin NporpaMmMbl MOXEM C MOMOLLbIO BCE TOM Xe 060104KK cpefbl pas-
paboTku. Ecnu wenkHyTb MeHto File, 0TKpoeTca CNMCOK KOMaHA U NOAMEHIO0,
cpeamn KoTopbix nmeetcs u KomaHaa New File (puc. B.5).

/4
1(755] Edit Shell Debug Options Windows Help

Puc. B.5. Co3gaem dcpaiini c nporpammori



BsegeHve

Cpa3sy nocne Bblbopa 3TO KOMaHfbl OTKpPbIBAeTCA pPefjakTop KOAOB, NMOKa3aH-
HblIV Ha puc. B.6.

Puc. B.6. PefiakTop KOA40OB MCNOMb3yeM AJ/1s1 coO34aHusA halina c nporpammoi

B okHe pefakTopa BBOAUM NPOrpaMMHbIi KOA. B faHHOM cnydyae Hawa nporpam-
Ma ByJeT COCTOATb BCEro M3 HeCKOJIbKUX KOMaH[, KOTOpble NpuBefeHbl B Nn-
CTUHre B.4.

JWicTuHr B.4. Heckomnbko KoMaHa, 4715 3anicmy B doaiirt

print('HaunHaem BbluncneHua!")

a=4

print ('3HayeHne nepemeHHoW a=",a)
b=12

print ('3HauyeHne nepemeHHoOW b="",b)
c=b/a

print('Pe3synbTar pgenexHnsa b/a=",c)
print('BoluncneHnsa 3akKoH4YeHb ')

MMeHHO TaKoil NporpaMMHbIiA KO Mbl BBOAUM B OKHE pefakTopa Kogos. OKHO
peAakTopa ¢ NporpaMMHbIM KOLOM NMOKa3aHo Ha puc. B.7.

Mocne TOro, Kak NporpaMMHbIi Ko4 HabpaH, ero MOXHO cpasy BbIMOAHUTL. Ans
3TOro B MeHto Run Bbibnpaem komaHgy Run Module, kak nokasaHo Ha puc. B.8.

L1

?
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Puc. B.7. OKHO pefakTopa KogoB € KOAOM nporpamMmmbl

Puc. B.8. 3anyck nporpaMmmMmbl Ha BbINO/IHEHNE

Mpasga, NpesBapUTENLHO BCE XE Nyylle COXpPaHWUTb (hain ¢ nporpaMmmoid, Ans
4yero NonesHon 6ynet komaHga Save u3 meHto File (puc. B.9).

HI



BeepeHne

Puc. B.9. CoxpaHeHue chaiina c nporpaMmmoii

Ll Haszametky

Ecnv nepeg 3anyckom nporpamMmmbl Ha BbIMNOJSIHEHNE CbaVI}'I HEe COXpaHUTb, NOABUTCA AN-
asioroBoe OKHO C npeasioXXeHnem CoxXpaHuTb (*Jal\;lﬂ. MoaTomy nydlle 3To cAenaTb cpasy.

Ho Kak 6bl TO HM 6bINI0, B pe3ynbTaTe BbIMOMHEHUSA NPOrpaMMbl B OKHe KOMaHj-
HOl 060/104KM NOSIBUTCA pe3ynbTaT, Kak Ha puc. B. 10.

Puc. B.10. Pe3ynbTaTt BbINO/IHEHUA NMPOrpaMmmb|
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Kak Buaum, B 06nacTu BbIBOAA pe3ynbTaToB (MO4 CMMBOAOM »>)NOABASAET-
CSi HECKOMbKO COO06LLEHMNI, KOTOPble, O4EBUAHO, ABNAKOTCA CAEACTBMEM BbINO/-
HEeHWA NporpaMmbl, MPeACTaBNAeHHON B nucTuHre B.4. Pe3ynbTaT nporpaMmel
npefcTaB/ieH HUXKe:

PesynbTar BbIno/HeHVs NporpaMMbl (U3 SiNCTvHra B.4)

HaunHaem BblUMcCneHual

3HauveHne nepeMeHHol a = 4
3HauveHne nepemeHHolr b = 12
PesynbTat pgeneHmsa b/a = 3.0

BbluMcneHnss 3akKoH4EeHb!!

M xoTa mbl ewe "oduumanbHO" Kak Obl He MPUCTYMUAN K U3YYEHUIO fA3biKa
Python, nmeet cMbICN1 MPOKOMMEHTUPOBATL COOTBETCTBYIOLME KOMAaHAbI U pe-
3YNbTaT UX BbIMOJIHEHUS.

WTak, kKomaHgonm print ("Hauunaem Bbiuucnenns !") B Hayane BbIMOSIHE-
HWA NporpaMMbl BbIBOAUTCS TEKCTOBOE CO006LeHMe. Takum o6pa3om, e Havane
BbINOJIHEHWA NPOrpamMMmbl NOABNAAETCH TEKCT HaunHaem BbiuucieHns l. AHa-
NOTNYHO, 6narofaps KomaHge print ("Beiuncnenus 3akoHueHb !"), KOTO-
pas 3aBepllaeT NPOrpamMMHbIA KoL, NPU3HAKOM OKOHYAHWS BbIMOJIHEHWUA MpPO-
rpaMMbl ABNSIETCA TEKCTOBOE COOOLLEHNE BhluncieHns 3aKOHUYeHbl !

Me)K,qy 3TUMKN KOMaHAaMn BbIMONHAKTCA He60MbLUNE BbIUYNCIEHUS:
i KOM&H,EI,OIZ a=4 HGPEMGHHOVI a npuceamBaeTCca YNC/10BOE 3HAYEHNE 4;

* KOMaHgomprint ("3HayeHnme nepemMeHHOW a = ",a) BbIBOAMTCA
TEeKCT, & 3aTemM 3HayeHune NepeMeHHol a;

* KOMaHpgon b=12 nepeMeHHOIi b npncBanBaeTCca YNCN0BOE 3Ha4YeHUe 12;

* KOMaHgoWprint ("3HauyeHue nepemMeHHOW b = ", b) BbiBOAUTCA
TEKCT U 3HaYeHNe NepemMeHHow b;

* KOMaHfoW c=b/a nepemeHHOli C B KayecTBe 3Ha4YEeHWNA MPMUCBanBaeTCA
pesynbTaT AefleHNA 3HAYeHUs NepeMeHHON b Ha 3HaueHVe nepeMeHHOIA
a;

* KoMaHpoWprint ("PesynbTaT geneHmsa b/a = ",c) BbiBOAUTCA
TEKCT U YNC/I0BOE 3HAYEHME NepeMeHHOI C.

* B cnpaBeanuMBOCTM 3TUX YTBEPXAEHWI uuTaTeNb MOXeT ybeanTbes,
elle pas3 B3rngaHys Ha puc. B. 10.



BseneHve

L Ha 3ameTky

HaBepHsiKa NbIT/MBbLIN YMTaTelb 3aMeTW/1, YTO NepPeMeHHble B NPOrpaMMHOM KoZge uc-
nosb3oBaHbl 6e3 06bABNEHUSI UX TuNa. JpyrMu CI0BaMy Mbl HATAE He YKa3blBasIn SBHO
TUM NepPeMEHHbIX, KOTOPble UCMO/b30Ba/IM B NporpaMmmMe. 3TO CTaHgapTHas cuTyaums
0718 MPOrpamMm, HamnmucaHHbIX Ha Python - TN nepemMeHHbIX yKasbiBaTb He HYXHO (OH
onpegensieTcs aBTOMaTUUECKM Mo 3HAYEHMIO, KOTOPOE NPUCBanMBaeTCsi NePeMEHHO).

Takxe Mbl YBUAENN, 4TO PYHKUMKM print () MOXHO nepefaBaTb He TONbKO
OfMH, & HECKONbKO aprymeHToB. B aTom cnydyae B 06/1acTb BblBO4A (MM KOH-
COMib) MNocnefoBaTenbHO, B OfAHY CTPOKY, BbIBOASATCA 3HAYEHMsA aprymMeHTOB
yHKuum print ().

O TOM, KaK NpaBu/bHO COCTaBNATb MPOrpamMmHbie Koabl Ha Python, mbl 6ygem
roBOPWTb B OCHOBHOM 4acTW KHUIW. B faHHOM cly4yae Ham BaXHO AWLWb Npo-
WANIOCTPUPOBATL, YTO MOTOM C 3TUMU NPOrPamMMHbIMKU KOAaMun Aenatb. Takxe
Ham Ba)KHO [aTb yuMTaTesto caMmoe obLiee npecTaBieHne 0 TeX NPUNOXKEHUAX U
cpefax pa3paboTKu, KOTOPbIe NMO3BONAIOT B Y06HOM pexxumMe COCTaBNATb KOAbI
M 3anyCcKaTb UX Ha BbINOJIHEHME. YTO KacaeTcs KpaTKO ONMCaHHON Bbille cpe-
4bl IDLE, To Ha3BaTb ee OYeHb YX Y4aUHOl BPAL MM MOXHO, XOTA KOHEYHO, 3T0
CyObeKTUBHaA TOUKA 3PEHMA aBTOpPa M YnTaTesib He 0653aH ee pasgensThb.

Puc. B.11. OKHO MHTerpupoBaHHOW cpeabl pa3paboTku
Komodo IDE ¢ nporpaMMHbIM KOZOM
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CpeAn KOMMEPYECKUX MPOAYKTOB MOXHO BblIAE/NUTb WHTErpUPOBaHHYK cpe-
4y paspabotku Komodo IDE (oduunanbHblii callT www.activestate.com). OkHO
MPUNOXEHNS C OTKPbITbIM B HEM (hali/loM pacCMOTPEHHOI paHee NporpaMmel no-
KasaHo Ha puc. B.11.

PesynbTaT BbINOMHEHMA nporpaMmbl B cpefe Komodo IDE noka3saH Ha puc. B.12
(&na 3anycka NporpamMmbl Ha BbIMOSIHEHWE MOXHO BOCMO/b30BaTbCA KOMaHA4OM
Run Without Debagging u3 meHto Debug).

Fill Edit £ode tjsvigation Vie» Debug Eroject lools Help

d * * 'I/I w m]® - O * | - JZ »( Fifd . ~ 1 fa currentfile
pythoatutortefcr 00»Start Page * 1 («* SimpleCalcs.py *
contenttypes 1 print ("HaynHaem BbluMcneHua*")
- 2 a»4
i it «ontmtlypepy A . N .
1150 Heliowortd.html 3 print. ("BnageHue nepemeHHeid a - ,a)
4 b-12
helfoworto.py
o . N i P
[** preprocess,py % print("3HayeHue nepemMeHHOWh b ,b)
B c-bl/a
print ("Pesynbtat pgeneHus b/a * ",c>
3 print{"BbiuyncneHns 3akoH4YeHbl !")
&m
Projects
1 *
I m 4 L e
« Breakpoints Command Output Test Results i Notifications f Syntax Checking Status !W| Python Shell Run Output i
1) r« ot » || m »j }} Debugging session hasended.
| Name Type Value HaunHaem BbluncneHus!
3HayeHMe nepemMeHHON a < 4
3HaueHWe nepemMeHHOW b - 12
| PesynbTaT pgenenus b/a w 3.0
BbluncneHus 3aKoOH4YEeHbI!
W atch + . . « 4 Output CaliStack HTML
... exampies * chOO * SimpieCalcs.py wT-8 : # Python Lmecotj

Puc. B.12. Pe3ynbTaT, BbINO/IHEHUSA Nporpammbl B cpeae Komodo IDE

Mbl, TEM He MeHee, 6yieM N0MIb30BaTLCA 419 TECTUPOBAHUSA NPUMEPOB U3 KHUTU
HeKOMMepuUecKyto cpeay paspaboTkmu PyScripter. Cpeaa paspaboTku PyScripter
yAo6Has, npoctas u 6ecnnaTHas. Y cTaHOBOYHbIe (Daiisibl MOXKHO CBOBOAHO 3arpy-
3nTb Ha cTpaHuue https://code.google.eom/p/pyscripter B pasgene Downloads.
OkHO 6pay3epa, OTKpPbITOE Ha CTpaHuULe NoAAEPXKKM npoekTa PyScripter, noka-
3aHO Ha puc. B.13.

EA


http://www.activestate.com
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BsegeHve

Puc. B.13. CTpaHunua noanepxku npoekrta PyScripter

OKHO cpefibl pa3paboTKM ¢ NporpaMMHbIM KOOM NOKa3aHo Ha puc. B.14.

Puc. B.14. OkHoO cpefbl PyScripter c nporpaMmmMHbIM KO40M

@D
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W  Hasametky

UTo6bl co3faTh HOBbI haiil ¢ MporpamMmoii, BbiGupaem komaHay HOBbIi B MeHio

darin, a uTobbl OTKPbITL YXE CYLLEeCTBYHOLWMIA (aiin BblibrpaeMm komaHay OTKPbITb U3
TOrO Xe MeH!Ho.

[nsa 3anycka nporpammbl Ha BbliMOMHeHWe BblbupaemM B MeHt [MycK KOMaHLy
Myck (puc. B.15) nnu wenkaem KHOMKY € 3e/1IeHO CTPENKOI Ha MaHen NHCTPY-
MEHTOB.

Ha puc. B.16 noka3saH pe3ynbTart BbIMOJHEHUA NPOrpaMmbl.

Puc. B.15. 3anyck nporpaMMbl Ha BbINo/IHeHNE B cpene PyScripter

Pe3ynbTaT 0TO6paXkaeTcs BO BHYTpPeHHeM okHe WHTepnpeTaTop Python, n ato
[,0CTaToO4YHO yA06HO.

W  Hasametky

Mpu xenaHun BO BHYTpeHHeM okHe VIHTepnpeTaTtop Python MOXHO BbINOMHATL OT-
[enbHble KOMaHAbl: MHCTPYKLUUM A5 BbINONIHEHWS] BBOAATCS MOC/E CUMBOSIA » > .



BsegeHve

Puc. B.16. Pe3ynbTaT BbINO/IHEHUS NpOrpaMmmbl B cpefe PyScripter

MOoCKONbKY B HULLW MNaHbl BXOAWT LWUMPOKOE MCNONb30BaHMe cpeabl pa3paboT-
Kn PyScripter gns paboTbl ¢ NPpOrpaMMHbIMU Kogamu, aanee Mbl 60nee fetanb-
HO 06CyaMM HeKOTOPble 0COBEHHOCTW JAHHOMO NPUNOXEHUS. TakXe OTMETUM,
YTO ecIv YNTaTeNb B CUNTY KAKUX-TO 0ObEKTMBHbLIX MU CYOBEKTUBHbBIX MPUYMNH
npeanouTeT APYryto cpeay paspaboTku (B TOM Ymuciie U 0gHY M3 NepeyuncreH-
HbIX BbllUe) - HET HUKaKUX Npobnem. MpaBga, Ha cTpaHMLax KHUTU OTCYTCTBY-
€T BO3MOXHOCTb [aTb OMMcaHue Bcex (MU faxke HEKOTOpbIX) Hanbonee nony-
NAPHbIX cpef pa3paboTku gnsa Python: KHUra, Bce-Takmn, NOCBSALLEHA A3bIKY NPO-
rpaMMMUpPOBaHUs, a He MporpaMMHOMY o6ecredeHnto. [a u 60/bWNHCTBO Npej-
naraembix yTUAnUT gnsa paboTbl ¢ MPOrpaMMHbIMU Kogamun Python o06bl4HO npo-
CTbl B UCMONb30BaHWUW, YHMUBEPCANIbHbI B M/laHE METO0B M NPUEMOB paboThl C
HUMW, @ TAKXXe MHTYUTUBHO MOHATHbI. X0YeTCA BEPUTb, YTO YMTaTE/b B CyYae
Hafo06HOCTU CaM CMOXET CMPaBUTHCS C OCBOEHWEM HEOBXOAMMOro NPOrpamMMHO-
ro obecneyeHus.
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PaboTa co cpepnoit PyScripter

ByAb NPOKNAT TOT feHb, KOraa s censa 6apaH-
Ky 3T0ro nbinecoca!
n3 K/ ""KaBkasckasi mneHHMUa"

Cpasy OroBopuMMCS,, YTO MOJIHOCTbIO OMWCLIBATL MPUNIOXKEHMe PyScripter mbl
He ByJeM: BO-MepBbIX, BO3MOXHOCTW TaKO HET, a, BO-BTOPbIX, HEO6X0AMMOCTH,
€C/IN YECTHO, TOXe. M03TOMY Mbl OCTAHOBMMCS /INLWb HA TEX HACTPOIKax U pe-
XMUMax, KOTOPbIe KPUTWUUYHBI U BYAYT (MM MOTyT GbiTb) MOMIE3HbI YNTATENO B
npouecce paboTbl Haf MaTePUanoM KHUTW (MMekTCs B BUAY B MEPBYH OYepefb,
KOHEYHO, NPOrpaMMHble KOfbl, KOTOPbIE pacCMaTPUBAIOTCS B KHUTE).

Mpexpae Bcero, cToMT 06paTUTL BHUMAHUE, YTO MHTepdeic cpedbl pa3paboT-
Kn PyScripter nogaepxusaeT pa3NnyHble A3blKK, B TOM YMcie U pycckmii. Ha
puc. B.17 nokasaHO OKHO MpunoxeHua PyScripter, B KOTOPOM MCMNOJIb3yeTCH
PYCCKOA3bIYHbI NHTEpPeENiC.

Puc. B. 17. OkHO npunoxeHus PyScripter ¢ pyccKosi3bI4YHbIM MHTEPdERCOM 1 LWaBGIOHHbIM
KOL,0OM B OKHe pejakTtopa KoAoB



BsegeHve

W Hasavetky

Mo ymMon4aHuio npu 3anycke npuioxeHus PyScripter BO BHYTPEHHEM OKHE peAakTo-
pa KoAoB A1 HOBOro, aBTOMATMYECKM CO3aHHOTO (HO elle He COXpaHeHHOro) dhaiina
npeanaraeTcs WabMoHHbIV KOf, Kak 3TO MOXHO BMAETb Ha puC. B. 17. TOT Wa6MOHHbIN
KO, MOXHO YAa/IUTh 1 BBECTU COBCTBEHHbIN. Takxe nonb3oBate/ib MOXET U3MEHUTb Ha-
CTPOVKN NPUMOXKEHNS, B TOM HYUC/IE U COAEPXKUMOE Wa6/IOHHOTO KoAa.

Ecny Mbl XOTUM NEPENTM K aHTN0SA3bIYHOMY UHTepdeiicy, To B MeHto Bug cnegy-
eT BblbpaTb NOAMEHI0 A3bIK, @ B 3TOM NMOAMEHIO - KOMaHAY AHI/IMACKWIA, KakK no-
Ka3aHo Ha pwuc. B.18.

Puc. B.18. Nepexognm K aHr1083bI4HOMY MHTepdeiicy ans npunoxeHus PyScripter

B pesynbTate nHTEpdeinc npunoxeHns PyScripter cTtaHeT aHr10a3bl4HbIM. UTO-
6bl BEPHYTbCA 06PaTHO K PYCCKOA3bIYHOMY MHTep(eiicy, B MeHIO View B nogMe-
HI0 Language Bbl6bnpaem komaHay Russian (puc. B.19).

XoueTcs BEPUTb, YTO Takue CTaHAapTHble NPoLeAypbl, KaK co3faHue, coxpaHe-
HWe, OTKPbITUE U 3aKpbiTe paboyero gokymeHTa (aina c NporpamMmoit) y um-
TaTens npobaem He BbI30BYT. BMecTe ¢ Tem o6palLliaemM BHUMaHWE Ha OCTATOYHO
NOMe3HYI YTUANTY: BHYTPeHHee 0KHO O630p (haiifoB, HENOCPEACTBEHHO B KO-
TOPOM MOXHO B CUCTEME KATaNoros Bbl6OPaTh TOT JOKYMEHT, C KOTOPbLIM co6upa-
emcs pabotatb (puc. B.20).

fa
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Puc. B.19. OkHO npunoxeHus PyScripter c aHrnos3bI4YHbIM MHTEPdIelicom

Puc. B.20. BbIGpaTb HyXHbIii (halin ¢ nporpaMMHbIM KOZOM MOXHO
HernocpeACTBEHHO B OKHe NpuoxeHusa PyScripter

AL



BsegeHve

Cpepna pa3paboTkum PyScripter gocTaToyHo rubkas B njaHe HacTpoek. Ha-
npumep, 4To6bl HACTPOUTbL MapaMeTpbl peAakTopa KoLOB (Takue, CKaxeMm, Kak
WPUAT MAN PEXUM BblLENeHUA CUHTAKCUYECKUX KOHCTPYKUWUIA) B MeHIO WH-
CTPYMEHTbI B NoaMeHI0 MapameTpbl Bbibupaem komaHay CBoOIiCTBa pejakTopa,
KakK nokasaHo Ha pwuc. B.21.

Puc. B.21. Nepexopn B pexunm HaCTpPOWK/ NapaMeTpoOB pefakTopa NporpaMmMHbIX KOA40B

B pesynbTaTe 0TKpOETCS AKWAnoroBoe OKHO C Ha3BaHMeM PefaKTop CBOWCTB, B
KOTOPOM, COGCTBEHHO, U BbIMOSTHAKTCSA HACcTPOlikn (puc. B.22).

OfHo BeCbMa BaXKHOe 3aMeyaHne KacaeTcs MPorpaMmMHbIX KOLOB, B KOTOPbIX MC-
NONb3yeTca KUPUAINYEeCKUiA TeKcT. Takue aiinbl HYXXHO COXpaHATb B "nmpa-
BU/IbHOM" KOAMPOBKE - MHAYye NpuW MOCNeAyowWwemM OTKPbITUM B TOM MecCTe, rae
6bl1 KAPUNNYECKUIA TEKCT, NoABATCA "Kapakynu". B 4aCTHOCTU, PEKOMEHAY-
eTCA nepef coxpaHeHuem (haiina B MeH PepgakTupoBaTb B nogmeHo P op-

mart paiina yctaHoBUTb Kogupoeky UTF-8 (puc. B.23).

? Yozl
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Puc. B.22. OKHO HacTpoliku napameTpoB pegakTopa NporpaMmmMHbIX KO40B

Puc. B.23. Npu pab6oTe C KUPUISTMHECKMM TEKCTOM /151 KOPPEKTHO paboTbl
HeobxoaAMMOo haiifibl COXpPaHATbL B "NPaBUIbHON" KOAMPOBKE

m



BseneHve

Tak)e paHee Mbl 0TMeYasn, YTO UCNOMb3yeMble MO YMOYaHMIO WabnoHbl Npo-
rpaMMHbIX KOAOB, NpefnaraeMble Moab30BaTeNo B Pa3fIMYHbLIX CUTyauumax (npu
CO3JaHVN HOBOTO JOKYMEHTa) MOXHO U3MEHUTb (OTpefaKTUpoBaTh). MonesHbl-
MW B 3TOM cnyyae 6yAyT KoMaHbl NoAMeHI0 MNapameTpbl B MeHI0 VIHCTPYMeH-
Tbl. Ha puc. B.24 noka3aHo guanorosoe okHO daiifibl WabM0HOB, C NOMOLLbIO
KOTOPOro pefakTUpPYTCA WaboHbI.

Puc. B.24. OKHO HacTpoiiku wab/oHoB

XapakTepusys CcuTyauuto B UENOM, crefyeT cKasaTb, 4YTO MNPUNOXKEHMWE
PyScripter HacTpauBaeTcsa 4OBONbHO NPOCTO, TaK YTO Ha NpakTUKe Npobnem ¢
HaAcCTPOWKOI 06bIYHO HE BO3HMKAET AaXe Y HEMOLTOTOB/IEHHbIX MO/b30BaTENEN.
B cnyuae kpaliHeili He06X0AMMOCTM, pasymeeTcs, BCerja MOXHO 06paTuTbCs K
CNpaBOYHOI cucTeMe cpegbl paspaboTkm PyScripter.

W Hasametky

B kHUre mbl 6ygem paccmaTpuBaTbh UCXOAHbIE MPOrpaMMHble Koapbl Ha sidblke Python n
pe3ynbTaT BbINOIHEHUS 3TUX KOAOB - B TEKCTOBOM chopmaTe. MMoaTomy paboTy co cpe-
[0V pa3paboTky OTAeNbHO 06CcyXxaaTb He byaemM. dakTuyecku, 3agada Habopa U Bbl-
NMOJIHEHMSA NPOrPaMMHOro KoZa NosIHOCTLIO JIOXUTCS Ha nneun untatens. bnaro, 3aga-
HUWE 3TO HEe OYEHb CITOXHOE.

Ecnu Bce e BOSHUKHYT HenpeABUAEHHbIe MPO6aeMbl C MPOrpaMMHbIM 06ecne-
YEeHMEM, HaMOMHUM, YTO Ha XYAOW KOHEL, NPOrpaMMHbIA KOA MOXHO HabpaTb

ftfli
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B 06GbIYHOM TEKCTOBOM PefaKTOpe M COXPaHUTb B COOTBETCTBYHLWMIA (aiin ¢
pacluimMpeHuemM py. 3aTeM 3TOT (halin BbIMOMHSAETCSA C MOMOLLbI MPOrpaMMbi-
MHTepnpeTatopa. To ecTb NPOrpaMMy-MHTEPNPETATOP BCE Xe NPULETCS YCTaHO-
BUTb.

BnarogapHocTtu

- A yTO nepegaTb MO KOPONbL?

- Mepepait TBOW KOPOb MO NAAMeHHbIA Npu-
BeT!

n3 K/t ""VeaH Bacunbesny meHsie T nNpo-
theccuro™

ABTOp BbIpaXKaeT MCKPEHHIOI NPU3HATe/IbHOCTb COTPYAHMKAM W34aTeNbCTBa
"Hayka n TexHuka", 6narogaps cnaxeHHoW 1 npodeccnoHanbHOR paboTte KOTO-
pbIX KHMTa cTana nyywe n nHtepecHeli. Ocobas 6narogapHoctb - Mapky ®PuH-
KOBY, NMpW NOAAEPXKE KOTOPOTO yXe peasn3oBaHbl MHTEPECHbIe MPOEKThI U, XO0-
4yeTca BEPUTb, MHOTO HOBbIX elle 6yaeT peann3oBaHo.

Mpumepsl 1 3a4a4n U3 KHAT N0 NPOrpaMMMpPOBaHMI0 06bLIYHO MPOXOAAT anpoba-
LWI0 Ha TepMeNBOiA, HO TPe6OBATE/IbHON ay4UTOPUN - CTYAEHTAX U CAyLIaTensx
KypcoB. M - oTaenbHoe cnacn6o. Befb HenocpeACTBEHHOE 06LLEHMNE C TEMU, KTO
yunuTCa MPOrpaMMMpOBaHUI0, faeT 6eCLeHHbI ONbIT 4N4 NpenojasaTens, 1 3To,
eCTeCTBEHHbIM 06pa3oM, Hax04UT CBOE OTPAXKEHME B KHUTaX.

OrpomHeiiwein 6narogapHoCcTy 3acNy>XUBAKT YnTaTENN, KOTOPbIE MPUCHINANMN 1
MPUCLINAKT NUCbMA CO CBOUMU KPUTUYECKUMU 3aMEYaHUSIMU U NPeSIoXeHU-
fAMun. bnarogaps nx HepaBHOAYLIHOMY OTHOLUEHWUIO BOMJOLEHbI B XXW3Hb MHO-
rve 3ameyvatenbHble ugen. OT yBakaeMoro YMTaTens BCeLeno 3aBucuT, 6yaeT nu
MPOAO/KEH 3TOT npoLecc.

Ob6paTHasa cBA3b

$1 Mory npoHu3aTb NPOCTPAHCTBO W YATK B
npoLunoe.

n3 K/ "‘VieaH Bacunbesny meHsie T npodec-
cuo*!

Csou MnoXenaHnd, 3aMmedaHna n npeanoXXeHnd 4Yntatenn MOryT HanpabiATb
no 3/eKTPOHHON nouTe alex@vasilev.kiev.ua nnun vasilev@univ.kiev.ua. Knurun 8
MepBYyto oyepefb NULIYTCA 418 YnTaTeneid. M03TOMy KpaiiHe BaXXHO 3HaTb, YTO B

L
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mailto:vasilev@univ.kiev.ua

BsegeHve

KHUTe yanocb, a uto - HeT. KOHCTPYKTUBHAasA KpUTUKa M 06paTHaa CBA3b C UnTa-
TENAMMN - OYEHb AENCTBEHHbIE MHCTPYMeHThI, KOfopbie no3sonawT gBuratbcsa B
npaBUNbHOM HanpaBneHuu.

HekoTopas nmofiesHas UH(OpPMaLMUs MO 3TON KHWTe U APYTUM KHWFaM aBTopa
npegcTaBneHa Ha caiite www.vasilev.kiev.ua. Ecnm e HyXHOW ynTaTensam WH-
(hopMaLuy Tam HeT, HO TEXHUYECKM ee pa3MellieHe BOSMOXHO, UMEET CMbIC/T Ha-
nucaTb NUCbMO C MPeSnoXeHneM f06aBUTb Ha CTpaHWULYy HefocTaloliue cBege-
HUA - afpeca 3MEKTPOHHOM NOYThI MPUBEAEHbI BbILLE.


http://www.vasilev.kiev.ua
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- Maku, naku... e xepysumbl! Balue cuarens-
CTBO, CMUNyiTecb. Me>Kay npouum, Bbl MeHs
He Tak MNoHAM.

- Ja Kak >ke Tebs NOHATb, KOMb Thl HUYETO He
rosopuLb?

- f13bIKkamu He Bnageto, Bawe 6naropogue.
n3 K/t ""VeaH Bacunbesny meHsie T npodec-
cuo*!

Mbl npucTynaem K n3yyeHuto a3sika Python. B 3Toli rnaBe nosHakoMmumcs ¢ 6a-
30BbIMW KOHCTPYKLMAMM, KOTOPbIE MO3BONAT HAM COCTaBAATL HECNOXHbIE MPO-
rpamMMmHble Koabl. HeKOTOpble MOMEHTbI CHavana 6yayT 06bACHATLCA HA HEMHO-
ro NoOBepXHOCTHOM YPOBHE, YTO6bI 06/1erYnThL A5 HOBMYKOB NpoLecc nepexoja
OT TEOPEeTM3NPOBaHMUA K MPaKTUYEeCKOMY MCNo/b3oBaHUo Python ana Hanwuca-
HWA nporpaMm.

Q Ha 3ameTky

Hepegako nporpamMmbl, HanMcaHHble Ha A3blke Python, HasbiBaloT cueHapusamu. Mbl He-
CKOJ/IbKO OTOMAEM OT TPaaULMU 1 K TEPMUHY CLieHapuii npuberats He Gyaem.

HauHeM Mbl € TOro, 4TO 06CYANM O6LLME MPUHLMIMBI OpPraHU3aLuy NPorpaMMHO-
ro Koga, HanucaHHoro Ha Python.

Pa3mbiwnasa O nporpaMmme

OTO0 >Ke BaM He Nle3rnHka, a TBucT!
n3 K/ ""KaBkasckas nneHHuua"!

Mporpamma B Python - 3To nocnefoBaTeslbHOCTb KOMaH4. HUKakux crneyuans-
HbIX MHCTPYKUNIA ANs popManbHOro 0603HavyeHns Havana uiv OKOH4YaHMA Koga
nporpaMmMmbl MCMO/Mb30BaTb He HYXHO. Takum 06pa3om, Npy HanucaHum npo-
rpaMmbl Mbl pasMellaeM KOMaHAbl OfHa 3a APYroii - B TOM MOpAAKe, KaK OHK
LO/MKHbI BbINOMHATLCA. KoMaHAa NOMeLLaeTca B Hayasne CTPOKM. OTCTYNoB ge-
NaTb He HY>XHO. B 0HOW CTPOKe 00bIYHO N0 O4HOI KOMaH/e - TO eCTb KaXjas Ko-
MaHza B HOBOW cTpoke."

car
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Q Has3zametky

B paHHOM cnydae peyb uaeT 0 "MpPoCTbIX" KOMaHAaax, Hanogobue koMaHAabl BbiBOAA B
KOHCO/IbHOE OKHO TEKCTOBOro coobLieHmns. Kak oTMeyasiocb Bbllle, 3T KOMaHAbl pas-
MeLLaloTCA B Hayasie CTPOKW, npobes nepes HUMM He CTaBUTCA, U B KOHLe KOMaHAbl
TOXEe HMYEro CTaBUTb He HY)XHO. HEMHOro no3xe Mbl NO3HAKOMUMCS € YNpPaBAsoWNMm
MHCTPYKUMAMM - TaKMMU, KaK orepaTop LMK/a 1 yC/I0BHbIN onepaTop. B aTux cuHTakcu-
YeCKMX KOHCTPYKLMSAX C MOMOLLbIO OTCTYNOB (NPO6e/10B) BbIAEATCA COCTaBHble HYacTu
BbIpaXeHns ana onepartopa (610K kKomaHA Tena onepatopa). Ho 06 3TOM Mbl NOroBo-
pvM no3xe. Ha AaHHbIi MOMEHT BaXKHO 3aMOMHUTbL, 4YTO Npoben B A3blike Python -Bax-
Hblli 3/1eMeHT C TOYKM 3PEeHUs CMHTaKcuca U MUCMNosb3oBaTb €ro cnefayert ¢ KpaliHei
OCTOPOXHOCTbIO. JIMLWHNIA NPo6en MOXEeT BbI3BaTb OLLUNOKY.

B npuHuune, aTo BCe, YTO HaM MOKa HEOBXOAMMO 3HATb O CTPYKTYype nporpam-
Mbl 415 TOro, 4TO6bI NPUCTYNNTL K HanmcaHuio nporpaMmHoro koga. Co Bpeme-
HeM Mbl MO3HAKOMMMCS C Pa3/INYHbIMUN CUHTAKCUYECKUMU KOHCTPYKLUUSAMMU, KO-
TOpble BHOCAT B NPOrpaMMHbIiA Kof 60MbLIYI0 MHTPUTY 1 AenatoT NpoLecc npo-
rpaMMuUpoOBaHNS UHTEPECHBIM M B HEKOTOPbLIX CAy4asx HenpegckasyembiM. Ho
3TO OGyfeT Nno3xe.

UTto BaxHO ceityac? Celiyac BaXHO MOHMMAaTb, YTO KOMaHAbl B Nporpamme
[OO/MKHBI ObITb KOPPEKTHBIMW KaK MUHUMYM C TOUYKM 3pEHUA CUHTAKCUCa A3bl-
Ka Python. Ho gaxe (opmanbHO NpaBu/ibHbIE KOMaHAbl HE TapaHTUPYIOT npa-
BM/ILHOCTW BbIMO/THEHNSA NporpamMmmbl. O6bIYHO NPOrpamMMbl NMULWYTCA ANA peLle-
HUA TOM MNK NHOI 3afayn. 3afaya pellaeTcs B COOTBETCTBUMN C OMpPeesieHHbIM
anropuTMOM, KOTOpbI/ B nogasnstoLiem 60/1bWNHCTBE Cnyvaes paspabaTbiBaeTt
n peanunsyeT nporpaMMucTt. To eCTb B NporpaMme peann3yeTcs HEKOTOPbIA an-
roputMm. Ecay 3TOT anropuTM HenpaBWbHbIA, TO U NporpaMMa Bbl4acT He TOT
pesynbTaT, KOTOPOro OT Hee oXugaroT. 03TOMY No-XOPOLLEeMy HarnucaHue npo-
rpaMMmbl Ha4YMHAETCA C BbIpabOTKM anroputMa, a y>Ke 3aTem 3TOT anropuTm pea-
Nn3yeTca B BUAe KOMaHAa nporpammbl. Mbl AnS NPOCTOTbI UCXOAUM U3 Mpeano-
NOXEHWS, YTO aNTOPUTM NMEETCS, U ero N1 b He06X04MMO "NepeBecTn™ Ha A3blK
MHCTPYKUKin Python.

MpakTnyeckn nobaa nporpamMma onepmpyeT ¢ HEKOTOPLIMW AaHHbIMU. TO MO-
XET BbITb KakK peanbHo 60/bluas 6a3a faHHbIX, Tak U OL4HO-eAUHCTBEHHOE 3Haue-
HWe - NPUHLMUNWANbHOW pasHULbl 34ecCb HeT. BaKHO TO, YTO JaHHbIe B NpOrpam-
Me [O0/DKHbl KakK-TO cOXpaHATbCA. Mbl noka 4yto 6yaem "coxXpaHATb" AaHHble C
MOMOLLbIO MEPEMEHHbIX. B OTHOLIEHWW NepeMeHHbIX BaXKHbl ABa MOMEHTa:

ey NEepPeMeHHOI ecTb UMS (UK Ha3BaHUE);
e nepeMeHHas CCbINAeTCA Ha HEKOTOPOE 3HAYEHMUE.
B npuHumMne, 3Ha4YeHUe, Ha KOTOPOE CCbIIAETCSA NEPEMEHHAs, Mbl MOXEM:

* npo4ynTaThb,
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. N3MEHUTL.

/1 B TOM, 1 B APYrOM C/ly4ae Mbl UCMONb3YEM, B KOHTEKCTE KOMaHAbI, UMs nepe-
MeHHOI. MocKonbKy B Python Tvn nepemMeHHO SIBHO He yKa3biBaeTcs (OH onpe-
LenseTca Mo 3Ha4YeHMH0, Ha KOTOPOE CChITaeTCs MePEMEHHAs), TO NpefBapuTeb-
HO 06bABNATHL NEePeMeHHbIe He HYXXHO. MpocTo Npu NepBoOM MCMOMb30BaHUN Me-
PEMEHHOI1 eli cpa3y NpMCBanNBaeTCA 3HAYEHME.,

L Hasametky

O6bIYHO, KOrAa O6BLACHAIOT Ha3HayYeHe MepeMeHHbIX, CPaBHMBAOT UX, Hanpumep, ¢
KOP3WHOWM Wn 6aHKOBCKOW SAYeiikoi. 3HavyeHue nepemMeHHOW npwu Takol aHanorum -
3TO TO, UTO HAXOAUTCA B KOp3uHe/ayelike. MNoka Y4To Mbl MOXeEM AyMaTb O NepeMeHHOol’
MMeHHo Tak. Tem He MeHee, B Python fena ¢ nepemMeHHbIMU 06CTOAT HECKO/IbKO NMHAYe.
TexHU4Yeckn nepemMeHHas CoAepXuT agpec B 06/1aCTU NaMATH, TAe XpaHNTCS 3HavYeHue,
OTOX/eCTB/IieMOe CO 3Ha4YeHNEM nepemMeHHoOn. Tem He MeHee OYeHb YacTo (B MPOCTbIX
cnyyvanx) BHeLHN adodekT Takol, Kak ecniv 6bl MepeMeHHas peasibHO cofepxana cBoe
3HaveHne - Kak Kop3nHa unym 6aHKkoBcKasi fyelika. MNoka 4To MexaHn3m XpaHeHus 3Ha-
YeHWUI NepeMeHHbIX He BakeH. HeMHOro nosxe, Korga AaHHblli BONPOC CTaHeT akTyaslb-
HbIM, Mbl paccTaBum BCe TOYKU Hag "T.

[Nns Hauyana Mbl pacCMOTPUM HeGOMbLUY nporpamMy. B Hell, KpOMe HECKO/b-
KUX MPOCTbIX KOMaHA, 6yAyT UCN0Nb30BaHbl KOMMEHTapun. KoMMeHTapuii - 310
TEKCT, NpefHa3HaueHHbI A8 nporpammucta. IHTepnpeTaTopoM KOMMEHTapuii
urHopupyeTcs. [ANns co3gaHus KOMMEHTapUs UCMONb3YHOT CMMBON #. Bce, uTo
HaxoAMTCSA cripaBa OT CUMBO/A #, ABNIAETCA KOMMEHTapUeM.

Mpumep NpoCcTON NporpamMmmbl
BapaHOB -B CTOVIHO, X0M10ANNbHUK - B IOM.

n3k/¢p ""KaBkasckas nneHHMLA"

B nporpammMe, KOTOPYH Mbl PaCCMOTPUM fasiee, peannsyeTcs cnefyouunii anro-
puUTM:

* BbIBOANTCA TEKCTOBOE MPUBETCTBUE C I'IpOCb60[7I K Mo/ib30BaTe/Il0 YKa-
3aTb UMHA;

e [ocneToro, Kak nosib3oBatesib BBOAUT UMA, OHO CHYNTbIBAETCA N 3aMUChI-
BaeTCA B NEPEMEHHYIO;

* MpOorpaMmoii BbIBOAUTCSH €LLe OAHO CO0OLLIeHMe, a TEKCT co06LLeHNs CO-
LEPXUT UMS, KOTOPOE Ha NPpeablAyLLEM Liare BBE NONb30BATENb.

[ns BbiBOAa COO6LLEHNI B KOHCOMbHOE OKHO MCNOMb3yeTcs PyHKumna print (),
a N CYMTbIBAHWNA BBEAEHHOIO NOMb30BaTeIeM TekcTa (MMA NoNb30oBaTens) uc-
nonb3yem yHKuMiO input (). Takke B nporpaMme ectb KOMMeHTapuu. Mon-
Hbll KOA NpOrpaMMbl NpUBeAEH B McTUHre 1.1,

e)K_
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JvctvHr 1.1. TMporpavivia.C BBOOOM Y B BOOPM JpHHBL IX

# BbiBogMTCSA coobuieHue

print ("AasainTe no3Hakomumcal!")

# CumTbiBaeM BBeJeHHOe NONb30BaTe/eM 3Ha4YeHMue.
# PesynbTaT 3anucbiBaeTcd B MepeMEeHHY nawe
name=input("Kak Bac 30ByT? ")

# BbiBOAMTCA HOBOe coob6leHue

print("Aobpbli feHb,",name+"1"

lMocKonbKy 3TO MepBas Hawa "oduumanbHas™ nporpaMmma, ucciegyem Bonpoc
0 TOM, KaK oHa 6ygeT BbIMONHATLCA B cpefe PyScripter n IDLE (Ha npakTuke
MeXAY MPOLEeccCOM BbIMOMIHEHMA NPOrpaMMbl B 3TUX Cpefax UMEeKTCA HEeKOTO-
pble oTnnuma). Ha puc. 1.1 nokaszaHo OKHO cpefbl PyScripter ¢ nporpaMmmHbIM
KoZloM (Mepef 3anycKoM MporpaMmbl Ha BbIMOJIHEHME).

Puc. 1.1. OkHo cpeabl PyScripter nepef Hayas10M BbINOJIHEHUS NPOrpaMmMbI

B npouecce BbIMONHEHWNA NPOrpaMMHOI0 Koja CHavana B OKHe UHTeprpeTaTopa
noABAsSeTCA Nepsoe coobLleHne, a 3aTeM OTKPbIBaeTCA OKHO ¢ nonem Beoga. Me-
pes nonem BBOAa 0TOGpaXKaeTcs TeKCT Kak Bac 30ByT?, & B M0/e BBOAA Mbl
yKasblBaem UMs nonb3osatens (puc. 1.2).

<a
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Puc. 1.2. Bnpouecce BbINOSIHEHMA NporpaMmmbl B cpene PyScripter nosasnsaetcs
OKHO C noJsieM BBOAA

Mocne wenykaHa kHonke OK B OKHe BBOZA, NMOIy4yaeMm pe3ynbTaT, Kak Ha puc. 1.3.

Puc. 1.3. Pe3ynbTtart BbINO/IHEHNA NpOrpaMmmMbl B cpese PyScripter
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Takum 06pas3om, npu paboTe co cpefoit PyScripter BBOA BbINOMHAETCA B OTAE/b-
HOe OKHO, KOTOpOe OoToGpaxaeTcs aBTOMaTU4eCKU. HecKo/lbKo MHaye 06CTO-
AT fena npu ucnonb3osaHum cpegbl IDLE. Ha puc. 1.4 nokasaHO OKHO cpefbl C
NMPorpaMMHbIM KOLOM MNepej HayasoM BbIMOJIHEHUSA NPOrpaMmbl.

Puc. 1.4. OkHo cpeapbl! IDLE nepepg HayaslomM BbINOJSIHEHUA NporpamMmbl

Mocne 3anycka NporpamMmbl Ha BbIMOJIHEHME B OKHE MHTepnpeTaTopa NOsSIBNAET-
Cs NepBOe CO06LEHNE W, B HOBOW CTPOKe, (hpa3a Kak Bac 30ByT?, MOCNE KO-
TOPOIt NONb30BaTENIEM BbIMOMHAETCA BBOA TEKCTA, KaK 3TO MOKa3aHOo Ha puc. 1.5.

Puc. 1.5. B npouecce BbINo/IHeEHNA Nporpammbl B cpege IDLE BBoA TekcTa
BbIMNOJIHAETCA B KOHCO/IbHOM OKHe

BBoj nonb3oBaTens NOATBEPXKAAeTCA HaxaTnem knasuwu <Enter>. Pe3ynbTar
BbIMOJIHEHUA NpOrpaMmMbl NpeacTasieH Ha puc. 1.6.
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Puc. 1.6. Pe3ynbTaT BbINO/HEHNA nporpammbl Bcpeae IDLE

Taknm 06pas3om, pe3ynbTaT BbINOHEHWS NpOrpamMmMbl 6yAeT creayowmm (kmp-
HbIM LUPU(TOM BbIfie/IEH BBOZ MOJb30BATENS):

Pe3ynbTaT BbINO/IHEHWS NporpaMmMbl (M3 iucTuHra 1.1)

LaBaiiTe nosHakomumcs!
Kak Bac 30ByT? Anekcei BacunbeB
Lo6pblii geHb, Anekcein Bacunbes!

W Hasawvetky

Ecnn nporpamma BbinosHsietca B cpeae IDLE, pe3ynbTar 6ygeT TOUHO TakMM, Kak noka-
3aHO Bbllle (pa3ymeeTcs, C yYeTOM TOrO, Kakoe 3HauyeHue BBeN Nnosib3osBaresnb). B cpe-
ne PyScripter BTopas cTpoka OTCyTCTBYeT. XOTA Mbl NpegnosiaraeM NUcrnosb3oBaTh cpe-
ny PyScripter, pe3ynbTar Ana Tex nporpaMm, B KOTOPbIX NO/b30BaTesleM BBOAATCA AaH-
Hble, ByaeM NpMBOAUTL B BUAe, Kak ans cpeabl IDLE.

Tenepb paccMOTpUM GoJiee eTanbHO NPOrPaMMHBINA KOZ, BbINMOSIHEHME KOTOPOTo
MPUBOANT K TAKOMY pe3ynbTaty (CM. IMCTUHT 1.1):

Bce, 4TO HauMHaeTca ¢ cMmBoOfa #, ABNAETCAH KOMMEHTApMEM N Ha pe-
3yNnbTaT BbIMO/THEHNA NPOrpaMmMbl HE BNUAET.

KomaHgoprint ("Aasaiite nosHakomumcsa!™) B OKHe MHTEpnpe-
TaTopa BbIBOAUTCA COO06LEHMe, onpedeNiseMoe apryMeHToOM (QyHKUUK
print().

B komaHge name=input ("Kak Bac 30ByT? ") BbI3bIBAETCA PYHK-
umg input () C TEKCTOBbIM apryMeHTOM, a pe3ynbTaT Bbi30Ba (hYHKLUN
3anucblBaeTca B NepeMeHHyto nawe. Kak cneAcTsue B OKHE UHTepripe-
TaTopa (OKHe C NofieM BBOAA) NOSABAAETCA TEKCT, NepefaHHblil aprymeH-
TOM PYHKUMKM input (). To 3Ha4YeHMe, KOTOPOE MOJSb30BaTe/lb BBE/N B
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OKHe MHTepnpeTatopa (None BBOAA 4MAaN0roBOro OKHa) Bo3Bpalyaetcs
KakK 3HauyeHue (pe3ynbTaTt) QyHKUUK input (). DTO U eCcTb 3HaYeHUe
nepemMeHHOI nawe.

 KomaHgoiiprint ("Lo6pbii AeHb, ", Nnawe+ ) B OKHe uHTepnpe-
TaTopa BbIBOAUTCSA eLle 0HO CO0OLLEHMe, KOTOPOE nosyyaeTca 06bvean-
HeHWeM (KOHKaTeHaumeid) TekcTa lo6pbiii A€Hb,, 3HAYEHUS NepemMeH-
HOM nalle U BOCKNMLATENbHOIO 3HAaKA.

W Ha 3ameTtky

B nocnepgHeli komaHge y yHKkuum print () gBa aprymeHTta: "[o6pbii  AeHb,™ un
nawe+"1"_ I nepBblii, 1 BTOPOW aprymMeHTbl - TeKCcToBble. OHU BbIBOASATCS B OAHOMN
CTpPOKe Apyr 3a ApYroM, npuyem Mexay HUMW aBTOMaTM4ecky no ymondaHuio gobas-
naetca npoben. Uto kacaeTcs BTOPOro aprymeHTa, To 00pMasibHO OH NpeAcTaB/ieH Kak
"cymma'" TeKCTOBOW MepemMeHHOl name (TouHee, NepeMeHHOW C TEKCTOBbIM 3HaYeHU-
eM) n Tekcta " !'". Ecnm onepaumns CNOXeHUs NpUMEHSETCS K TEKCTOBbIM 3HAYEeHUAM,
pe3ynbTaToMm AB/ISETCA TEKCT, nosyvarolmiics obbegMHeHneM COOTBETCTBYHOLNX TeK-
CTOBbIX 3HaYeHunli. O6bpaTuTe BHUMaHWe, 4To Npoben B 3TOM criydae He fo6aBnseTcs.
Utobbl He 3anyTaTtbcsa ¢ gobaBneHnem nnm He fobasneHveM npob6ena MOXHO MOb30-
BaTbCA TakMm npasBunom: pyHKumsa print () nevaraet cBoOM aprymMeHTbl Yepes npoben,
a npu o6begnHeHNN CTPOK Npoben He gobasnseTcs. Hy u, pasymeeTcs, umTartenb yxe
3aMeTu/, YTO TEKCTOBbIE 3HAYEHUS YKa3blBAlOTCA B [ABOMHbIX KaBblikaX. TO He eAnH-
CTBEHHbI cnocob BblaeneHus TekcTa B Python (MoxHO, HanpumMep, NCNO/b30BaTb 04M1-
HapHble KaBblYkM). Mbl BOCHOBHOM By/eM 3ak/toyarb TEKCTOBbIE 3HAYeHUS (NMnuTepasibl)
B ABOWHbIE KaBbIYKW.

[anee mbl 6onee nogpo6HO 06CyAMM HEKOTOPbIe 0COBEHHOCTM paboThl ¢ nepe-
MeHHbIMU B Python.

Obcyxpnaem nepemMeHHble

BbIBalOT Takue ciyyan, Korja Hemioxo 1 coBpaTh,
13 K/ ""VIpoHwms cyabObl MK ¢ Nerkum napom**

Mbl y)Ke umenun geno ¢ nepemeHHbIMnU. HO 3TO 6bI10 cKopee "wano4yHoe" 3Ha-
KOMCTBO. 3feCb Mbl YJe/IMM MepeMeHHbIM HeMHOro 6o/ble BHUMaHuUA. Hago
CKasaTb, OHM TOro 3acnyxusatT. Tem 6osee uto B Python nepemeHHble focTa-
TOYHO CNeUnPUYHBI.

B nepBylo oyepefb, UTO KacaeTcA Ha3BaHWA MepeMeHHbIX: B NPUHLMMe, 3TO MO-
XeT BbITb MpakTUyeckn noboe nMa (KoMbUHauus 6yks, LUPpP U CUMBOJIOB NOA-
YyepKuBaHudA), KOTOPOE He COBMafaeT HU C OLHUM W3 KJOYeBbIX CoB Python.
Cnucok KnwueBbix cnos Python npepcrtaeneH B Tabnuue 1.1.

*
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Tabnmua 1.1. KntoueBble cnoBa Python

and del

as elif
assert else
break except
class False
continue finally
def for

from None
global nonlocal
if not
import or

in pass

is raise
lambda return

True
try
while
with
yield

Kntoyesble c/ioBa He MOryT 6bITb MO,qI/ICbI/ILI,VIpOBaHbI, M NOoNbITKa NCNONb30BaTb
NepeMEHHYHO C COOTBETCTBYHO WM UMEHEM NMPUBEAET K oLn6Ke.

Ll Hasametky

3ameTbTe, YTO B l]aHHOM C/lyyae Mbl He 060y>K,u,aeM Ha3Ha4veHue KIYeBbIX C/10B. Cnu-
COK K/o4eBbIX CNoB npueBegeH NCKAKYUTENIbHO ANA TOro, 4yTO6bI UMTaTe b 3HAs, Kak He

cnenyet HasbiBaTb NepeMeHHbIe.

MoMnMo KNtoUeBbIX €0B, B Python cylecTByeT MHOXECTBO BCTPOEHHbIX UAEH-
TUUKATOPOB - TaKUX, HANPUMeEP, KaK Ha3BaHUA BCTPOEHHbIX YHKL WA (CMNCOK
BCTPOEHHbIX UAEHTU(PNKATOPOB NpuBeseH B Tabnuue 1.2).

Tabnmua 1.2. BcTpoeHHble ngeHTngukaropbl Python

ArithmeticError
AssertionError
AttributeError
BaseException
BlockinglOError
BrokenPipeError
BufferError
BytesWarning
ChildProcessError
ConnectionAbortedError
ConnectionError
ConnectionRefusedError
ConnectionResetError
Deprecationwarning
EOFError

Ellipsis

_I

SyntaxError
Syntaxwarning
SystemError
SystemEXit
TabError
TimeoutError

True

TypeError
UnboundLocalError
UnicodeDecodeError
UnicodeEncodeError
UnicodeError
UnicodeTranslateError
UnicodeWarning
UserWarning
ValueError

float
format
frozenset
getattr
globals
hasattr
hash

help

hex

id

input

int
isinstance
issubclass
iter

len



EnvironmentError
Exception

False
FileExistsError
FileNotFoundError
FloatingPointError
FutureWarning
GeneratorExit
IOError
ImportError
Importwarning
IndentationError
IndexError
InterruptedError
IsADirectoryError
KeyError
KeyboardIinterrupt
LookupError
MemoryError
NameError

None
NotADirectoryError
Notlmplemented

NotlmplementedError

OSError
OverflowError

PendingDeprecationWarning

PermissionError

ProcessLookupError
ReferenceError
Resourcewarning
RuntimeError
Runtimewarning

Stoplteration

W Ha3ameTtky
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Warning

WindowsError

ZeroDivisionError
build class
debug
doc
import
loader
name
package

abs

all

any

ascii

bin

bool

bytearray

bytes

callable

chr

classmethod

compile

complex

copyright

credits

delattr

diet

dir

divmod

enumerate

eval

exec

exit

filter

license
list
locals
map

max
memoryview
min

next
object
oct

open

ord

pow
print
property
quit
range
repr
reversed
round
set
setattr
slice

sorted
statiemethod

str
sum
super

tuple

type
vars

zip

B Tabnuue 1.2 npuBefeHbl B OCHOBHOM Ha3BaHUS BCTPOEHHbIX K1aCCOB UCK/THOYEHNIA 1
Ha3BaHWA BCTPOEHHbIX (hyHKUNA. BooblLue, y3HaTb, Kakme naeHTUNKaTopbl Ha AaHHbIR
MOMEHT 3afeicTBOBaHbl B paboTe nHTepnpeTtaropa (onpegeseHbl B nporpammMe) Mox-
HO ¢ nomMoLbio pyHKUMn d ir (). Ecnm BbI3BaTb 3Ty hyHKUUIO 63 apryMeHTOB (CKaxemM,
BOCMO/b30BaTbCcA kKOMaHgom print (dir ())), nonyuum cnucok (Habop) naeHTUdrKa-
TOPOB (MMeEH), KOTopble yXe "3aHATbI". HO B 3TOT CNNCOK He 6yAyT BXOAUTb Ha3BaHWUA
BCTPOEHHbIX (PYHKUMIA 1 APYTMX BCTPOEHHbIX MAEeHTUMMNKATOPOB. Monyuntb JOCTYN K

_I
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CMUCKY BCTPOEHHbIX NAEHTU(PMKAaTOPOB MOXHO Yepes moaysb bui lt ins. [na aToro He-
obxoanmo koMaHAon import builtins noaknoUMTbL MOAY b, a 3aTeM BbI3BaTb (DYHK-
umto dir () c aprymeHTom builtins (a1 otob6paxeHnsa cnucka BCTPOEHHbIX MAEHTU-
chmkaTopoB B 061acTu BbiBOAa Ucnonb3yem komaHay print (dir (builtins))). MNoga-
pobHee 0 NoAkMOYeHU MOoAy el paccka3biBaeTCsa B KOHLLE 3TOW rNnaBbl.

<Dop|v|aan0 Mbl MOXXeM Sa,D'EVICTBOBaTb nepemMeHHyI Cc MMeHeM, coBnagatloLlnm c
TEM UJTN NHBIM I/I,EI,EHTI/ICbI/IKaTOpOM. OAHaKo 3TO MOXET HEOXKMAAHHbIM 06pa30M
NOBNUATb Ha BbINO/IHEHUN NPOrpamMmabl. |_|O,q06HbIe CUTyaunnm CHNTAKTCA Ayp-
HbIM TOHOM B nNporpaMmmmpoBaHunun, n ux cnegyet n3beratb.

NMs nepeMeHHOl He MOXET HauMHaTbCA C UUdpPbl. Takke KpaliHe 0CTOPOXHO
crneAyeT WCMoMb30BaTh MNOJYEpPKUBaAHME B HaYane M KOHLE VMEHU NepemMeHHO
(NepemMeHHbIe C Hauya/lbHbIM MOAYEPKUBAHMEM U C IBOHBIM MOAYEPKNBAHMEM B
Havasie 1 KoHLe MMeHn 06pabaTbiBalOTCS MO CrelnanbHbIM NpaBuiam).

O TOM, YTO ANS NEPEMEHHbIX HE HYXHO IBHO 00bABNATL TUM, Mbl YXKe 3HaeM.
OfHaKo 3TO BOBCe He O3HayaeT, YTO TUNOB AaHHbLIX B Python HeT. ipyroe aeno,
YTO TaKoe NMOHATUE KaK TUM OTOXAECTBNAETCA UMEHHO C JaHHbIMU, a He ¢ nepe-
MEHHOIA.

L Ha 3ameTky

Boo6uie TN gaHHbIX BaXeH, N0 MeHbLUel Mepe, C ABYX NO3nUuii: TN AaHHbIX onpese-
NsieT 06beM NamsAaTv, BblAeNsieMbli AN XpaHeHUst 3TUX AaHHbIX, a Takke HaxoauTcs B
TECHOVi CBAA3N C TeMU onepaunusmu, KoTopble 4ONYCTUMbI C AaHHbIMW. Bo MHOrnx s3bl-
Kax NporpaMmMnpoBaHns nepemMeHHble 06bABISETCA C ykadaHuemM Tuna. Bot BaTom cry-
yae NepemMeHHyo ya06HO NpeacTaBisATb Kak KOP3UHY, Ha KOTOPO HannmcaHo HasBaHue
nepemMeHHON’, a 3HauYeHne NepemMeHHoI - TO, YTO BHYTPU KOP3UHbI. Taknx KOP3uH B NPO-
rpamme MOXeT 6bITb MHOro. Kaxaas KoOp3nHa OTOXAECTB/SAETCA C KakKOW-TO KOHKpeT-
HOW NepemMeHHO, B KaXA0l KOP3uHe Y4TO-TO "nexuT" (3HaveHne cOOTBETCTBYIOLEN ne-
peMeHHoI). Pa3mep KOp3uHbI onpeaenseTcs TUNOM NepemMeHHOl, ¢ KOTOPON Mbl 3Ty
KOpP3UHY oToxgecTBnsiem. Korga Mbl cuMTbiBaeM 3HayeHwe nepemMeHHOl, TO NpocTo
"CMOTPUM", YTO NEXUT B KOp3nHe. Korga MeHsem 3HavyeHue nepeMeHHON, TO BbIHUMa-
€M 13 KOP3UHbI TO, YTO B Hel 6b1/10, 1 NOMeLLaeM Ty4a HOBOE COAEePXMMOE.

B Python Bce HECKO/IbKO MHaye. [epemMeHHble He MMetoT Tuna. Ho TMn ecTb Yy AaHHbIX,
KOTOpble "3anoMuHaloTca" C NOMOLLBbI0 NepeMeHHbIX. M03TOMYy KOHLUEenuus 06blYHbIX
KOP3VH TepsieT CBOK aKTya/lbHOCTb. AKTYaNlbHOM CTaHOBUTCA KOHLLENUUSA KOP3UH, K KO-
TOpbIM NpYBA3aHbl BepeBOYKN. [epemMeHHas - 3TO BepeBOYKa C 6MPKOW (HasBaHue ne-
PEMEHHOI), a KOp3MHa -3TO AaHHble, Ha KOTOpble CCbINaeTcs nepeMmeHHas. To ecTb Te-
nepb Ha3BaHVe NepeMeHHOW - 3TO He Bupka Ha Kop3uHe, a bupka Ha BepeBke. Ha kop-
31Hax 6MPOK HeT. Kak 1 paHee, pasmep KOp3uHbI onpeaenseTca xapakTepom ee cogep-
XXMMOTO (TUN AaHHbIX). HO AOCTYN K KOP3MHEe Yy Hac eCTb TONbLKO Yepes3 BepeBouky. Bepe-
BOYKM BCe OQNHAKOBbIE 1 OT/INYAKOTCA /INLLb Ha3BaHMeM Ha 6upke. YTo Mbl MOXeM cae-
natb BTakol CUTyaumnn: Mbl MOXeM NOTSAHYTh 3a BEPEBOYKY M MOCMOTPETb, YTO HAXOAUT-
CS B KOP3MHe, K KOTOPOIi NpuBsA3aHa BepeBoUYKa. OTO aHaNOor CUNTbIBAHUA 3HaYeHWs ne-
peMeHHON. Takxe Mbl MOXeM NMOMEeHATb COAEPXMMOE KOP3UHbI N BOOOGLLEe OTBA3aTb
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OT BEPEBOYKN KOP3UHY N NPUBA3aTb BEPEBOYKY Kp,perVI KOp3uHe. 3TO aHas10r U3MeHe-
HUA 3HavYeHnsA nepemeHHoﬁ. Bonee TOro, Mbl MOXeM NMpPMBA3aTb HECKOJIbKO BepeBoYeK
KOZAHO 1 TOW xe KOp3uHe. Ha A3blke NnporpaMMmnpoBaHusa 3TO 03HAYaeT, YTO HECKOJIbKO
rnepemMeHHbIX CCbIN1IaloTCA Ha O4HO U TO XXe 3HayeHune. Vi Takoe B Python TOXe BO3MOXXHO.

B Python nepemeHHble CCbINAIOTCA Ha faHHbIe, & He COAepXKaT UX, Kak B HEKOTO-
pbIX ApYrux f3blKax nporpamMmuposaHus. Kaxgas nepemeHHas "noMHuT", B Ka-
KOM MecTe B NamATh HaXxOAUTCA HEKOTOpPOe 3HayeHue. ITO 3HAYeHWe Mbl 0TO-
XAECTB/SAEM CO 3HAYEHNEM MEPEMEHHON (XOTSA Ha CAMOM fJefie 3Ha4YeHNeM nepe-
MeHHOI ABNfeTCS afpec AYENKM NaMATL C COOTBETCTBYOW UMY faHHbIMYK). Tem
He MeHee, KOrja mbl o6paliaemcs K NepeMeHHO, TO BbINONHAETCA aBToMaTuye-
CKWiA Nepexof Mo CCbIJIKe Ha fjlaHHble, TaK YTO BHELUHe WIN03MA TaKas, KakK ecnu
6bl NepemMeHHasa peanbHO cofepXana onpejeneHHoe 3HayeHne, Kakue cneicTsms
N3 BCEro cKasaHHOro?

BO-I'IepBbIX, OMMWCaHHbLIA Bblllle MEXaHWU3M Hepeako ABNAETCA KpaeyrosibHbiM
KaMHEM B MOHMMaHWK TOro, YTo NPONCXoANT NP BbINOMHEHNW NMPOrpamMMHOro
Kofda 1, B YaCTHOCTU, Npu npucBanBaHnun 3HaYeHuli NepeMeHHbIM.

BO-BTOprX, COBEPLUEHHO O4YEBMAHO, YTO OAHA N Ta XXe nepemMeHHada Ha pa3HbIX
dTanax BbIMOJIHEHNA NporpaMmMbl MOXXET CCbiNnaTbCA HE MPOCTO Ha pa3Hble 3Ha-
YeHNA, HO Ha 3HaYeHNA pa3HblIX TUNOB (Hanpmmep, CHa4ana CCblylaTbCA Ha TEKCT,
a 3aTeM Ha l-Il/ICI'IO).

B-TpeTbux, XOTH HEMNOCPEACTBEHHO Y MEpPEMEHHbIX TUMa HeT, Mbl MOXeM Mno-
NY4YnUTb JOCTYN Yepe3 NepeMeHHYH K 3HaYeHWUI0, Ha KOTOPOe OHa cCblnaeTcs, u
y3HaTb ero Tmn. OcTasoch NULWb BbIACHUTL, KaKWe TUMbl AaHHbIX BOOOLLE BO3-
MOXHbI B Python.

W Ha3ameTtky

Lns onpeaeneHust Tuna 3HayeHusl, Ha KOTOPOE CCbIIaeTCs NnepemMeHHasi, MOXHO WC-
nonb3oBatb PyHKUMIO type (). MepemeHHasi ykasbliBaeTCst apryMeHTOM (PyHKLMN.

Haw onbIT paboTbl C NEPEMEHHBLIMU MOKA YTO OrpaHM4YMBaeTCa TEKCTOBLIMU U
YMCNOBLIMMW 3HaYeHMAMK (Mpumep BO BCTynneHun). Tak BOT, TEKCTOBbIE 3HAYeE-
HUA OTHOCATCA K TUMY, KOTOPbI Ha3biBaeTca Str. UnWCcnoBble 3HAYEHWNA OTHO-
cATcAa KTuny int (ecnu ato uenble yucna) unu Kk tuny float (ecnu ato gencTeu-
Te/lbHble Yncna B hopMaTe 3Ha4YeHUS € NNaBalLell TOUKo). MPUATHOW HEOXN-
LAHHOCTbIO AN1A NobuTeneli matemaTU4eckKmMx pacyeTos 6yaert 1o, 4To B Python
€CTb BCTPOEHHAA nofjepXka Ans KOMMAEKCHbIX yncen. Ona aTux uenei uc-
NoNb3yTCA 3Ha4YeHUs Tuna complex. HekoTopble NpyMepbl HECNOXHbIX YKC-
NOBbIX PACYETOB NPUBeAEHbI fanee B 3TON rnase.
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3Ha4yeHUs IOTMYECKOro TUMa MOTyT MPUHUMATh ABa 3HauYeHUs (MCTUHA WK
No>Kb). B Python nornuecknii Tun o6o3HavaeTcs kak bool. C nornyeckumm Bbl-
PaXXEHUSAMN Mbl MO3HAKOMUMCS, KOr4a NPUCTYNUM K U3YYEHUIO YCNOBHbIX WH-
CTPYKUUA U MHCTPYKLUA LuKna.

HeckonbKo no3)e Mbl NO3HAaKOMUMCS CO CNCKaMU, KOTOPbIe UTpaKT posib Mac-
cuBoB B Python. Cnuckn oTHocATca K Tuny list. Ewe B Python ecTb MHO>Ke-
CcTBa (0 HUX Mbl TOXe NOrOBOPUM, HO He B 3TOI rnaee). MHOXecTBa OTHOCATCA
KTuny set. CyLlecTBYIOT ¥ Apyrue TUnbl AaHHbIX, KOTOPblE Mbl ByAeM n3yyaTb
NOCTeNeHHO, N0 Mepe HaLlero n3yyeHus a3oika Python.

Q Ha 3ameTky

B nepByto oyepenb MMeNTCA B BUAY Takuve "pasHOBUAHOCTU" fAaHHbIX, KaKk KOPTexu
(tvn tuple) n cnosapu (Tun diet). A euwe B Python ecTb cnepytowme Tunbl: bytes
(HensmeHseman nocnepoBaTesibHOCTL 6aiToB), bytearray (u3meHsemasa nocnepno-
BaTeNbHOCTb 6alitoB), frozenset (HemsmeHsemoe MHOXecTBO), function (dyHk-
ums), module (mogynb), type (knacc). EcTb Takxe Tunbl AN cneuyanbHbIX 3Ha4YeHWn
ellipsis (gna anemeHTa ENLipsis) nNoneType (o115 3HayeHns None) .

Kak oTMeuanoch Bbllle, OT TWMa AaHHbIX 3aBUCUT TO, KaKue onepaLuy MoryT ¢
3TVMM JaHHBIMU BbIMOMHATLCSA. MaHMNYNUPOBATh C faHHBIMU MOXEM UJTN C MO-
MOLb0 DYHKLMIA, unu onepatopoB. Kakue onepatopsl, KOrAa n Kak UCNo/b3y-
toTcs B Python, Mbl 06cyauM B cnefytollem pasgene.

L  Ha3sameTky

B 3aBeplUeHve 3TOro pasgenia 0TMeTUM, UTo B Python nepemeHHble MOXHO HE TOSIbKO
co34aBath, HO U yAansTe. N5 yaaneHus nepeMeHHoR ncnonbayeTcst MHCTpykuus del,
rocsie KOTOpOA, Yepes Npobes, yKasbIBaeTCca UMs yaansiemoii nepemeHHoi. Ecnm yaa-
NSIEMbIX MNEPeMEHHbIX HECKOJIbKO, OHU Pa3aensatoTcs 3ansiToil.

OCHOBHble onepaTopbl

BOT 4TO KpecT >XWBOTBOPALWUNIA genaeT!
n3 k/¢ "'ViBaH BacunbeBny MeHseT npo-
theccuto™

OO6bIYHO BbILENAIT YeTblpe rpynmnbl ONepaTopos:
* apugmeTnyeckue;

*  NOGUTOBbLIE;
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s 0MNepaTopbl CPaBHEHUS;
*  JIOTMYecKMe onepaTopsl.

ApnhmeTHYECKME OnepaTopbl NpejHa3HauYeHbl B MePBYIO 04epesb 415 BbINO/He-
HUSA apuPMeTUYECKNX BbluMcneHnid. B Tabnuue 1.3 nepeymcneHbl U KpaTKo Onu-
CaHbl OCHOBHble apudMeTUYeCKne onepatopbl a3bika Python.

Cpa3sy cnegyeT OTMeTUTb, YTO AeicTBMe apupMeTUYECKNX ONepaTopos focTa-
TOYHO TOYHO COOTBETCTBYET "MaTeMaTMyeckoli npupoge” aTux onepaTopos. Mpw
3TOM Mbl MpejnonaraemM, YTo peyb NAeT 0 YUCI0BbIX pacyeTax.

Tabnuua 1.3. ApudmeTryeckmne oneparTopbl

Onepartop OnucaHve
+ Oneparop cnoXxeHus. BolumcnseTca cymMMa ABYX Yncen
- OnepaTop BblYMTaHUA. BblumcnseTcs Pa3HOCTb ABYX YUCES

OnepaTop YMHOXXEHUA. Bobluncngaerca nponsseeneHne Asyx 4um-

cen
/ OnepaTop JeneHus. BoluncnseTca oTHOWeEHWeE asyxducen
/1 OnepaTop LeNOYNCNEHHOrO fJefieHna. Bobluncnsetca uenas

4acCTb OT AE€NEHNA OQHOI0 YNCna Ha apyroe

% OnepaTop BblYMNCEHNA OCTaTKa OT LENOYUC/IEHHOTO AENEHNA.
Bbluncnsaercsa ocTaToK OT AefleHUst O4HOr0 Ymcsa Ha apyroe

OnepaTtop BO3BeJEHUS B CTeMNeHb. Pe3ynbTaToM sSIBASETCSA YmMC-
N0, NoNyyatoLLieecs BO3BEAEHVEM NEPBOr0 OrnepaHAa B CTEMEHb,
onpefensiemMyto BTOpPbIM OMepaHioM

Q Ha 3ameTky

HekoTopble M3 NepeyncrieHHbIX Bbille OMepaTtopoB MOryT NPUMEHATLCA He TOJIbKO K
3HaYeHUSAM YMCNOBbIX TUMOB, HO U, HaNpUMep, TEKCTY UK CNCKaM. 3TN TeMbl Mbl NMOKa
He 3aTparmBaem 1 o6CyaMM MX nolxe. HanoMHWM TOMLKO, YTO €C/IM K OHOM TeKCTo-
BOli CTPOKe NpnbasBunTb APYryo TEKCTOBYHO CTPOKY (C MOMOLLbIO onepaTtopa +), To B UTO-
re npousongeT KoHkaTeHauns (06beAnHeHWe) CTPOK: pesynbTatoM OyaeT TekcToBas
CTpOKa, nonyvawLlasica o6begnHeHeM "cyMMUpyeMbIx™ CTPOK. Hanpumep, B pesysb-
Tate BbINOMHEHUA KOMaHAbl tXt="H3biK ”+"Python" nepemeHHan txt 6yaeT cCbl-
naTbCs Ha TEKCTOBOE 3HaydeHue ""A3blk Python '

Ecnn Mbl NONbITaeMCS YMHOXUTb TEKCTOBOE 3Ha4YeHMe Ha Lies10e YMCo (Mn Lesnoe Yuc-
710 Ha TEKCT), TO MOIY4MM TEKCTOBYIO CTPOKY, Nosny4yarulyroca NnoBTOpPeEHNEM (V1 KOHKaTe-
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Hauwmeli) NCXOAHOM CTPOKM (KOMMYECTBO MOBTOPEHUI OnNpeaesiieTcs Lenovnc/ieHHbIM
ornepaHAoM B MHCTPYKLUMM YMHOXEHUS1 TEKCTa 1 uncna). Hanpumep, B pesynbTare Bbl-
nosiHeHNs KomaHabl txt=""Python ''*3 nepemeHHas txt 6yaeT cCblNaTbCA Ha TEKCT
"Python Python Python ", KOTOpbI/ nony4aeTcs TPOekpaTHbIM MOBTOPEHUEM WU
KOHKaTeHauuen ncxogHoro Tekcta "Python

anIMep nporpaMmMHOro Koga Anda BblNO/THEHUA HEC/T0XKHbIX apI/ICpMeTVI'-IECKVIX
BbIUMCNEHWUA npuBegeH B TUCTUHIe 1.2.

NncTtumur 1.2. ApudomeTnyeckme onepatopbl

a=(5+2)**2-3*2 # PesynbTtaTt 43

b=6-5/2 # PesynbTtaTt 3.5
¢=10//4+10%3 # PesynbTtatr 3

# Pe3ynbTaTbl BbIYUCNEHWIA BLIBOAMM Ha 3KpaH
print("Pe3ynbTaTbl BblYMCNEHUNA:")
print(a,b,c)

Pe3ynbTart BbIMOMHEHNA 3TOr0 NPOrpamMMHOro Kofa NpeficTaBneH HUXe:

Pe3ynbTar BbINOMHEHWS MPOrpamMmmbl (M3 NNCTUHrA 1.2)

PesynbTarthl BblYNCNEHNI:
43 3.5 3

Q Hasametky

BO3MOXHO, HEKOTOPbIX MOSICHEHWI NOTPe6yeT NpoLesypa BbIYMC/IEHUS 3HAUEHUS! Bbl-
paxeHus 10//4+10%3. Tak, 3HaueHnem BbipaxeHusi 10//4 asnsetcsa uenas vyactb OT
nenexnvs 10 Ha 4 - aTo uncno 2. 3HauveHune BbipaxeHns KOYB - aTo umcno 1 (octaTok oT
aenenus 10 va 3). B pesynbTare nonyuaem cymmy 2 v 1 - 10 ectb uncno 3.

A3blk Python nossonseT co3faBaTb OYeHb 3/MeraHTHbIE MPOrpaMMHbie KOAbl.
34ecb Mbl BOCMOMAb3yeMCA BO3MOXHOCTbIO, YTOObI MPOUNIIOCTPUPOBATL AaH-
HOe yTBepXAeHue. PacCMOTpPeHHbIVi Bbille NPOrpaMMHbliA KO4 Mbl nepenu-
LUEM HEMHOrO MHaye. B yacTHocTh, Bocnonb3yemcs hyHkumeid eval (), KoTo-
pas Mo3BOASeT BbIYMC/IATL BblpaXKeHUd, 3afiaHHbIe B TEKCTOBOM (hopmare. Ha-
npuMep, eCNN HeKOTOpOe anrebpanyeckoe BbipaXeHue, 3annMcaHHoOe B COOTBET-
CTBMMW C NpaBuaamu CUHTaKcuca a3blka Python, 3aknounTb B 4BONHbIE KaBbly-
KW, TO MOAYYUTCA TeKCT. ECNn 3TOT TEKCT Tenepb yKasaTb apryMeHTOM (DYHK-
umm print (), To Ha 3KpaHe MOABUTCS COOTBETCTBYIOLLEE anrebpanyeckoe Bbl-
paxeHue. Ecnu e TekcT (c anrebpanyeckum BblpaxeHMeM) nepefatb apryMeH-
TOM PyHKUMKM eval (), TO COOTBETCTBYIOLLEE anrebpanyeckoe BbipaxxeHune 6y-
LeT BbluncneHo. O6paTumMcs K AMCTUHTY 1.3,

a
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NnctuHr 1.3. Ncnonb3oBaHne dyHkumm aval ()

a="(5+2)**2-3*2" # TeKCTOBOE 3Ha4YeHue

b="6-5/2"

# TekcToBOe 3HavyeHune

c="10//4+10%3" # TekcTOBOE 3HaueHue

# Pe3ynbTaTbl BbIYMCNEHWUI BbIBOAMM Ha 3KpaH.
# Onsa "BblUMCEHNA" TEKCTOBBIX BbIPaXEHWIA

# ucnonb3yem yHkumio eval()
print("Pe3ynbTaTbiBblUMCAEHUI:")

print(a+" =",eval(a))
print (b+" =" ,eval(b))
print(c+" =" eval(c))

B pe3ynbTaTe BbIMOMHEHWS 3TOF0 NPOrpPaMMHOr0 Koja nosyyaem chefytoLee:

Pe3ynbTaT BbINOMHEHNUS NPOrpamMmmbl (M3 IMCTUHra 1.3)

PesynbTaTthl BblYNCNEHUN:
(5+2)**2-3*2 = 43

6-5/2

=3.5

10//4+10%3 = 3

L

Ha 3ameTky

Pe3ynbTaTbl BbIYMC/IEHNA NOACHUM Ha NpUMepe MaHUNyNAuni ¢ nepeMeHHON a, KoTo-
poli B KayecTBe 3HayeHWs nNpucBavmBaeTcs BblpaxeHue " (5+2) **2-3*2"_ 3TO TeKCT.
Ecnu 6b1 Mbl He NICNONb30Ba/IN ABOMHbIE KaBblYkK, 6b110 6bl 06bIYHOE apumeTUyeckoe
BblpaxeHue. [1BOlViHble KaBbl4KN apudMeTUYecKoe BblpaXeHue npeBpalatoT B TEKCT.
MoaToMy nepemeHHas a CCblNlaeTca Ha TEKCTOBOe 3HadeHue. Ecnv Mbl nepegaem ne-
pPEMEHHYI0 a apryMmeHToM yHKUMM print O , TO Ha aKpaHe NOSABUTCA TEKCTOBOE CO-
AepXUMoe, Ha KOTOpPOe CCbI/lIaeTcsA NepeMeHHas - Kak 1 AO/MKHO ObITb. Ecnm Mbl yka-
3blBaeM nepemeHHyto a aprymeHTom doyHkumm eval (), TO BbINONHAETCA MNOMbITKA Bbl-
YNCUTb BbIpaXeHne, KOTopoe npeAcTaBfeHO TEKCTOM, Ha KOTOpbI cCblnaetcsa ne-
pemeHHas a. dyHkuus eval () goctaTouyHo "yMHas”. ECnvm ee aprymMeHT - OObIYHbIA
TeKcT (Habop cnoB), TO pe3ynbTaToOM ByAeT 3TOT Xe TeKCT. Ecnun, Kak B HaleMm cny4vae,
B TeKCTe"cnpaTaHoO" apndmeTnyeckoe BblpakeHUe - 6yaeT BbIYMC/IEHO 3Ha4YeHne 3To-
ro BbIpax&Hnsa. BoobLie, 4TObbl NOHATb, KakoB OyAeT pe3y/ibTaT BbINOHEHUSA (yHK-
umm eval (), Hy>XHO NpeAcTaBUTb, YTO BbIMOMHAETCA KOMaHAa, npeacTtaB/ieHHas Tek-
CTOM B aprymeHTe dyHKuun. Ecnm 3agymaTbCs, TO N1€rKO MOHATb, YTO 3TO NpOCToe 06-
CTOATENIbCTBO OTKPbIBAET nepes HaMu rpaHAMo3Hble nepcnekTBbl. Hanpumep, ecnm
Mbl rocsiefoBaTes/ibHO BbINOSIHAM KOMaHAbl X=3, y=7 1 z="x+y", a 3aremM KomaHAy
print(z+" =", eval (2)), To nony4ynm Bo6/1acTn BbiBOAa coobLeHne X+y = 10.To-
yeMmy Tak? Becb CeKkpeT, O4eBMAHO, KPOeTCs B TOM, Kak o6pabaTbiBaeTcs 3HayYeHue ne-
pemeHHol z coyHkumsamm print () neval (). B nepBom criyyae HAYEro 0CO6eHHOro He
NPOUCXoANT - TEKCT ""X+y'" obpabaTbiBaeTcsA Kak TeKCT. Bo BTOpoM criyyae pesysibTa-
TOM 6yAeT 3HauYeHne BbIpaXeHUs xX+y, "CcnpATaHHOro" B ABONHbIX KaBblvkax. [MOCKOMb-
KY 4,0 3TOr0 NepeMeHHble X N Y NOYYUIN YAC/IOBbIE 3HAYEHUSA, NOJSTyHaeM CyMMY ABYX
YNCOBbIX 3HAYEHUIA.
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MobuToBble (NN ABOUYHbLIE) ONEPaTopbl OYEHb G/IN3KN K apUMETUYECKUM B
TOM OTHOLUEHWUW, YTO TOXe MpefHa3HayeHbl gnd paboTbl C YNCNOBLIMU 3HaYe-
HUAMU. TONbKO B Cnyyvae NOOGMTOBbLIX ONEPaTOPOB BbIYUCAEHUS BbIMOAHATCA
Ha ypOBHe ABOMYHOI0 Kofa uncna. Ans sheKTUBHOro NCNosib30BaHNA NO6UTO-
BbIX OMepaTopoB He06X04MMO HENOXO0 pa3bupaTbCa B 4BOUMYHOM NpeacTaBie-
HUW yucen. NpuBefeHHan fanee Bpe3Ka nNpejHa3HaveHa ANns Tex yutatenei, KTo
C 3TOVi TEMOI 3HAKOM HEe OYEHb XOPOLLO.

Q Hasawmetky
B ABOMYHOM KOAe 4nCo NpeacTaBnsieTcsa B BUAE NocnefoBaTeNbHOCTY Hyneli n egn-

HWL. CTapwuini 6BUT NCNob3yeTcs A1 onpeeneHnsa 3Haka umcna: Hoslb COOTBETCTBYET
NMoOJIOXNTENIbHOMY 4/ACy, a eAnHnLLa COOTBETCTBYET OTpulaTe/IbHOMY HAC/Ty .

B 06bIYHOW XWU3HU 415 3aMUCK YNCEN Mbl UCMONb3YeM AecaTb ungp: 0,1,2, n Tak
Janee, 10 9 BK/IIOUNTENLHO. C NOMOLLbIO 3TUX AecATr Ludp Mbl MOXEM 3anNuncaThb
no6oe uncno. octuraetcs 3To 61arofaps nNo3MLUMOHHOMY MpPeCTaBNEHNIO Yn-
CEeJl: YUCNO 3annChiBAETCS B BUAE MOC/EL0BATENILHOCTM Lngp. BaxHoe 3HaueHne
MMEeT TO, Ha KaKoli No3nLuM Kakas uugpa Haxogutcs. JonycTuMm, Mo3uLUOHHOE
npegcTaBfeHNe YucnauMeeTBMganar ... alac(4epToykacBepxy03HauaeT,uTo
peyb MAET 0 MO3ULMOHHOM NpPeACcTaBAEHNN YMCNa), TAE YACNOBbIE MapaMeTphbl a 0

,av .. an MOTYT NPUHNMATb 3HAYEHUA o1 0 go 9 BknounTenbHo. Kak onpenennTb
3HayeHMe Takoro ymucna? [ocrtaTtoyHo npocCTO. Mo onpegeneHno MMeetT MectTo

COOTHOLWEHNe Om™n-i — = a0e«10° + ar+101+ a2+102+ — I-On+*10n
TOYHO TaKyl >Xe CXemy Mbl MOXEM MCNONb3oBaTb AAs TOro, 4ToObl 3amnu-

CblBaTb YMC/la C MOMOLWbID BCEro ABYX LUMpP - uuepsl 0 u uudpsl 1 Ta-
Koe NpeACTaBfieHWe Ha3biBaeTCs [ABOWYHbIM KOAOM. [lpeAcTaBUM, 4TO He-

KOTOpOe 4YuCno B MO3MLMOHHOM npeAcTaBfeHun umeet Bug bnbn-r ... brb0
, HO TONbKO Tenepb napameTpsbl b0, bl .., bl mMoryt npuHumatbs NuWb ABa
3HaueHus: 0 mnm 1 Yemy paBHsieTcs umcno bnbn_!..b"0o? OTBeT Takoii:

bnbn-x ...brb0= b0*2° + XMW1+ H M2+ - + b m"

OCHOBHble apudpmMeTUYeCcKMe onepauun Npyu ABOMYHOM MPeACTaBNEHUN YUCEN
BbIMOJTHAKTCS TaK XE JIErKo, Kak B MPMBLIYHOM HaM AeCcATUUYHOM MpejcTaBe-
HUU. TONIbKO HEMHOTO BUAOWN3MEHSAOTCS OCHOBHbIE NpaBuia. Hanpumep, MMetoT

(1B
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MEeCTO Takume cooTHoweHua: 0+0=0,1+0=1,0+1=1,1 +1=10, n Tak ganee. Y MHoO-
>XeHMWe yncna Ha Ba CBOAMTCA K LONUCbIBAHWUIO B MO3ULMOHHOM NpeAcTaBieHnn
3TOro ynucna B KoHUe Hynda. [lefieHne Ha 4Ba YETHOrO YMC/a 03HayaeT "3a4epKu-
BaHMe" HyNs B NPaBOil KpaliHeil No3nuMy B ABOUYHOM KOAe (HEYETHbIE Yncnia Ha
[iBa 6e3 ocTaTKa He fendarcs).

TakumMm o6pasom, N0b60e YNCN0 Mbl MOXEM 3amnucaTb Kak NocnefoBaTelbHOCTb
HyNel 1 eANHUL, U BbIMOMHATL C 3TUMM YUCIaMUK BCe Te onepaunu, KOTOPbIE Mbl
NPUBbLIKAN BbINOMHATbL C YMC/iaMX B AeCATUYHOM (opmaTte. HO oAuH BOMpocC
0CTaeTCs OTKPbLITbIM: KaK 3anucbiBaTb oTpuLaTtesibHble yncna? OnaTtb e, ecnu
Mbl MULLIEM YMCNIO Ha Bymare, Mbl MPOCTO JOMNMUCLIBAEM Nepes HUM 3HaK "MUHYC".
B npuHLUKMne 3TO XXe Mbl MOXEM Cenatb U B Cy4vae, ec/ivi YACN0 NpescTaB/ieHo
[BOMYHBIM KOJOM. HO npo6nema B TOM, YTO INCT Bymarun - He KoMMbioTep. A4
KOMMblOTEPA HY>XEH ApYroi nogxog. O6bIYHO NCNOb3YT NPUHLMM KOAUPOBA-
HUSA OTpMLUaTebHbIX YNCEN, KOTOPbIA Ha3biBaeTCcs "fONOMHEHME Jo0 Hyna". YTo-
6bl NOHATb €ro OCHOBHYO NAEHK, pACCMOTPUM BCNOMOTaTe/bHbIA NpuMep.

JlonycTuM, ecTb HEKOTOPOE MOJTIOXMUTENbHOE (3TO BaXHO!) UMcno, KOTopoe 060-

3HauuMm yepes X (MKC). A UTO Takoe yucno —x (MUHYC uKc)? OTBeT MOXeT
ObITb TaKMM: 3TO TaKOe YMCo, KoTopoe Byayyuun npnbaBneHo K UCXO4HOMY, aacTt
B pe3ynbTaTe HOMb. TO eCTb (hpaKTMUecku No OnpefeneHuto JO/MHKHO ObiTh Tak:

X + (—&) = 0. OT aTOro MomeHTa 1 6yfem OTTanknBaTbCs.

EcTb Takas onepauus, Kak no6utosas UHBepcus (B Python aToii uenu cnyxuT
onepaTop -). Mo6nuToBas MHBEPCUSA COCTOWUT B TOM, YTO B ABOMYHOM MNpeACTaB-
NEeHUW YKCNa BCE HYIM 3aMEHAKOTCA Ha eAWHULbI, a BCE efUHULbI 3aMEHAOTCS

Ha HYyNn. Ecnu Y HaC €CTb HEKOTOPOE NO/I0OXKNTENBHOE YNC/10 X, TO 4Mcno ~x no-
ny4daetTca U3 yucna x 3aMeHOiA Hyne|7| n eguHny Ha CBOM aHTUNOAbI. CI'IpOCl/IM

cebs: a uTo 6y,qu, €C/In Mbl BblYMCNUM CYyMMY yucen X wu ~X? HecnoxHo co-
O6pa3l/ITb, 4YTO B pe3ynbTate NnonyvynuTca 4ncno, ABoONYHOe npeacrtaBieHNne KOTo-

poOro COCTOUT U3 eanHuL,. [eAcTBUTENbHO, HA TOW MO3ULMK, TAe Y Yncna X Ha-
xoamutea 0, y uncna ~x Haxogutcs 1 Tam, rge y umcna X Haxogutes 1,y uncna

~X Haxoautca 0. A mMbl yXe 3HaeM, 4to 0+1=1+0=1. To ecTb nosiyyaem Takoe:

X+ (~x) = 111... 11

n eAuHNL,

A Tenepb K NONy4YeHHOMY pesynbTaTy npubasum yucno 1 ("B murpy BcTynaet”
npasuno 1+1=10).
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*+ (-*)+1=1M1 ..11+ 1= 1000 ...00 TT
Monyuutcs cnefytowee: T o e V- —1I-* /| BOT Te-

N egnHuL, n Hyne
nepb Mbl BCMNOMWHAEM, YTO peyb MAET He MPOCTO O BbIYUCMEHUAX, & O BblYUC-
NEHUAX Ha KoMMbloTepe. A B KOMMbIOTepe 415 3anoMuHaHua uvucen (B LBO-
WYHOM KOJe) Bblfensercd PUKCMPOBAHHOE KOMIMYEeCTBO GUTOB - TO eCTb (PUK-
CUPOBAHHOE KONMMYEeCTBO MO3MLUMiA (MM paspafoB) Ansa 3anucu uucna. Ecnm
418 3anMcy ymncia HyXHo 60nblie paspafoB, YeM 3TO OTBEAEHO B KOMMbOTe-

pe, cTaplue paspsabl 6yayT NOTepsiHbl - OHKU MONPOCTY UrHOpUpYloTCs. Tenepb
MpeacTaBuMM, UTO A5 3anUCU YMCeN UCMOb3yeTca ~pa3psagoB. Torga Mbl CMO-

XKEM 3anmMcaTtb YWCNO X, YMCNO0 ~X, He ByaeT npobnem ¢ Ux cymmoi X + (~x)

. HO BOT npw 3anucu pesynbtata X + (~X) + 1 yXe NoHafo6bMTCs Ha OAUH 6UT
(pa3psg) 6onbwe. Ho gns atoro 6uta MecTo He BbifefieHO. [103TOMy B uncne

X+ (~x) + 1 —1000 ...00 eguHMUa B cTapliem 6uTe 6yaeT moTepsiHa, U Mbl

nosiyuymm Kof m3 n Hynéw Ho 3ato yucno 0! Takum o06pa3om, ¢ y4eTOM MpakTu-
K1 KOMMbIOTEPHbIX BblYUC/IEHWI Nonyyaem pesynbTtatX + (~x) + 1 = 0.C gpy-
ol CTOPOHbI, Mbl paHee AOroBOPUANCK, YTO X + (—x) = 0. Kakoii U3 3Toro BblI-

BoA? OuyeHb NpocTOi: —X = ~X + 1. lpyrumm cnosamu, 4Tobbl NOAYyYUTb LBO-
WYHbIV KO OTPULATENbHOIO YNCNA, HYXHO B3ATb ABONYHbIN KOZ COOTBETCTBYHO-
LL,Ero noJioXXMTe/IbHOro Yncna, no 6utaMm MHBEPTUPOBATH €ro, U K NoSyYeHHOMY
3HaYeHUto NpnbBaBnTb efuHMLy. Ipu 3TOM eCNKn Y NOMIOXUTENbHBIX YiCen cTap-
Wnit 6UT BCerga HyneBol, TO y OTPULATENbHbIX YNCEN OH BCErfa eAnHUYHbINA.
VIMEHHO cTaplinini 6UT CAYXUT NPU3HAKOM MONOXKUTENbHOCTU/OTPULLATENBHO-
CTW uncna. MonoXxunTenbHble YMCna U3 ABOUYHOTO KOAA B LEeCATUYHbIW Nepeso-

aatca no gopmyne bnbn_! ..b"0o =b0e2°+ bxe21+ b2¢22+ — |-bn«2n.
Ecnv yncno otpuuatensHoe, TO 3Ty (hOpMYy/ly NPUMEHATH Henb3s. UTo6bl nepe-
BECTU OTpuuUaTenbHOE YNCi0 B ABONYHOM KOAEe B MPUBbIYHOE HaM AECATUYHOE
npegcTaBneHne, HEO6XOANMO BbIMOIHUTL TaKne AeNCcTBUSA:

* 1o 6utam MHBEPTUPOBATbL ABOMYHOE MpeacTtaB/eHNE OTPULATENNbHOTO
ynecna,

e nNpn6aBUTb K NONYYEHHOMY pe3ynbTaTy eAnHULY;
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*  MONYYEHHbI BONYHbIW KOZ MEPEBECTYU K ECATUUHOMY MPEACTaBIEHUIO

no oopmyne bnbn”i ... bxb0 = b0«2° + bt 21 + b2¢22 H---—--1 bn m2”

»
e [JonucaTtb 3HaK "MUHyC".

UT06bI NOHATD, OTKyAa B3ANMUCb 3TN npasuna, 4OCTaTOYHO 3aMeTUTb, YTO C y4e-
TOM 0COGeHHOCTei npeacTtaBneHNA Yncen B KOMNbOTEPE MMEET MECTO COOTHO-

weHne —X + ~(—x) + 1 = 0. MNocnegyolwme paccyxneHus (C TOYHOCTbH A0
0603Ha4YeHN) NOBTOPAIOT Te, YTO MPUBOAUINCHL PaHee.

Hanpumep, Mbl XOTUM Yy3HaTb, KAKOBO [BOMYHOE NMpefcTaB/ieHne gnsd yucna -5.
HauyunHaem c TOro, YTo onpegenvum Kog Anga yncna 5. HecnoXxHo nNpoBepuThb, 4YTO
3TO Takas nocnegosaTensHocTb 6uTOB: 00...000101. MNMocne No6UTOBOro MHBEP-
TUpoBaHMA nonyyaem kog 11...111010. K nonyyeHHOMY Kofy npubasnsem 1, no-
nyyvaem kog 11...111011. 3T0 n eCTb ABOMYHbIN KO Ymcna -5.

HanpoTtus, HaM X0o4eTcs y3HaTb, KAKOE YMC/0 3aKoaAnpoBaHo B Buae 11...110111.
MockonbKy cTapwmnii (caMblil KpaliHWin cnesa) 6UT paBeH 1, yncno oTpuuaTenb-
Hoe. YUT0o6bl Y3HAaTb, 4TO XEe 3TO 3a YMCO0, BbINOJIHAEM NOBMTOBOE MHBEPTUPOBa-
Hue koga. Monyyaem Takoi pesynbtat: 00...001000. MpubaBnsem egnHuLy, No-
nyyvaem kog 00..001001. 310 kog uncna 9. CnegoBaTenibHO, B UCXOLHON NOCNefo-
BaTenbHOCTM 6MTOB 11...110111 6bI70 32aKOAMPOBAHO YMCNO -9.

Mo6uToBLIE ONEpaTOpbl MEPEYNCIEHbI N onNucaHbl B Tabnuue 1.4,
Ta6nvua 1.4. MNMobuToBbIe onepaTopbl

Oneparop OnucaHve

Mo6nToBas MHBepcKs (YHAPHbIA ONepaTop - y HEro OAMH OMepaHA).
Pe3y/nbTaTOM SIBASIETCA YMCMO, MOYyYatoLLeecss 3aMeHON Hyneli Ha
eAVHULbI M eJUHUL, HA HY/IM B NOGMTOBOM NPeACTaB/EHNM OnepaHaa
(cam onepaHf npu 3TOM He MEHsIeTCs)

Mo6utoBoe W. Mpy BbIYMCNEHUU pe3ynbTaTa CPaBHMBAKOTCS MO6U-
TOBble NPeACTaB/AeHUS onepaHAoB. Ecnv Ha OfHOM K TO e no3u-
LMK B ONepaHdax CTOAT e4UHMLbI, TO B UMCne-pesy/ibTaTe Ha 3TOM Xxe
nosuuunu 6yget eanHunLa. B npoTMBHOM cnyyae (TO eCTb €CM XOTH
6bl B O4HOW U3 ABYX MO3ULNIA HY/b) B UMC/e-pesy/bTaTe Ha COOTBeET-
CTBYHOLLEM NO3MLUKN BYLET HYNb
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Oneparop OnwucaHve

MobuTtoBoe UJTN. CpaBHUBaOTCA NOBMTOBbLIE MPeACTaBAeHUs one-
paHfoB. Ecnv Ha ogHOI 1 TOI XKe No3MLUK B OMepaHgax CTOST Hy/N,
TO B YKCNe-pe3ynbTaTe Ha 3TOM e no3mummn 6yaet Hynb. B npoTus-
HOM c/iy4ae (TO ecTb eCivi XOTA 6bl B OAHON U3 ABYX MO3ULUIA egUHM-
La) B uncne-pe3ynbTaTe Ha COOTBETCTBYHOLLEN NO3nLMM ByaeT efu-
HM1ua

Mo6utosoe VCKIOYAKLWEE W/N. PesynbtaT BbluMCiseTCH
CpaBHeHMeM NOBMTOBbLIX NpeACTaBNeHNii onepaHaoB. Ecnv Ha ogHO
1 TOW XKe Mo3nuuM B onepaHiax CTOAT pasHble 3HaYeHns (y 04HOT0

A yncna Hynb, a y Apyroro eanHULA), To B Yucne-pe3ynstaTe Ha 3Toi
Xe nosuumm 6yaet equHuLa. B npoTMBHOM cnyyae (TO eCTb eCM Ha
COOTBETCTBYIOLUX MO3ULMAX B OnepaHpax CTOAT OAMHAKOBbIE YMC-
na) B yMcne-pesynbrarte Ha 3TON No3mumm ByaeT Hy b

CaBur BneBo. Pe3ynbTaT BbIUUCASETCSA TaK: B MOGUTOBOM MpeacTaB-
NEHUW MEepBOro onepaHaa BbINOMHAETCA CABUI BNeBo. KOnMyecTBo
paspsfoB, Ha KOTOPbIE BbIMOHAETCA CABWT, ONpPeAensieTcs BTOPbIM
ornepaHaoM. Mnagwne HegocTaroWMe 6UThI 3aMOTHAKTCS HY MU

«

Cphgur Brpaso. [N BbIUMC/IEHWS pe3y/ibTaTa B MOGUTOBOM Mpea-
CTaB/IEHUM MEPBOrO OMepaHAa BbIMOJHAETCA CABUI BnpaBo. Konu-
UeCTBO Pa3psifjoB, Ha KOTOPbIE BbIMOJIHSETCS CABWT, OMpPeAensercs
BTOPbIM OMepaHAoM. BUTbI CieBa 3anosIHAKTCS 3HAYEHWEM CaMOro
cTapuiero 6uTa (415 NONOXMTENbHBIX YMCEN 3TO HY/b, & AN OTpU-
LaTeNbHbIX eAUHMULA)

»

UT06bl NPOMIIOCTPUPOBATL METO/bl MCMOJIb30BaHWUS MOGUTOBLIX OMEPaTOPOB,
paccMOTPUM HeBONbLUOW NPOTrPaMMHbIA KOA, MPeACTaBEHHbIN B MUCTUHTE 1.4,

NucTtuHr 1.4. MobutoBble onepaTopb|

a=70>>3

b=~a

c=a<<l
print(a,b,c)
print(7|3,7&3,7N3)

Pe3yanaT BbIMO/IHEHNA 3TOI0 NMNPOrpaMMHOro Koga TaKolM:

Pe3ynbTar BbINO/HEHVS NMpOrpamMMbl (M3 NNCTUHa 1.4)

8 -9 16
7 3 4
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Ha 3ameTky

Ha Bcakuii cnyyan npyBeaem NOSCHEHNS OTHOCUTE/IbHO Pe3y/IbTaTOB BbINOSIHEHUSA MPO-
rpamMHoro koga. PesynbTart BblpaxkeHus 70» 3 - 3TO 4nic/o, Nosiyyaemoe caBUromM 6u-
TOBOro npeacTtaBneHns ymcna 70 Ha 3 no3mumm BNpaBo (C noTepeli MmiagwmMx 6uTos).
ABounuHbIii Kog ans ymucna 70 nmeet Brg 00...0001000110 (Tpu 6MTa, KOTOpbIE "Nnpona-
patoT" nocne caBura Bnpaso, BblAeNeHbl XUPHbIM WpudTom). MNMocne casura Ha 3 nosu-
umn BnpaBo nostydaem 00...0000001000. 3To koA umcna 8. Takoii e pe3ynbTaT MOXHO
6b1/10 NONYYNTL NPOLLE, eCc/i BCMNOMHUTbL, YTO CABUT BNPaBOo Ha OA4HY NO3ULMI0 3KBUBA-
NeHTEH LeslovnC/IeHHOMY AiefleHunIo (AeneHunto 6e3 ocTarka) Ha umcno 2. Ecnn 70 Tpux-
Abl noaennTb 6e3 octaTka Ha 2, nony4ynm 8 (35 nocne nepBoro AeneHus, 17 nocne BTO-
poro geneHvs, n 8 nocne TpeTbero AeneHns).

[anee, ecnv npumeHUTb NO6UTOBOE MHBEPTUPOBaHME K ynucay 00...0000001000
(3Ha4eHne nepeMeHHOW a), NoNy4ymm 6uHapHbIi kog 11...1111110111, KOTOPbIT
COOTBETCTBYET OTpuuaTesibHOMY yucny -9. XXenatowme MOryT BbINMOSHUTL NPO-
BEPKY CamOCTOATE/NIbHO, OAHAKO eC/in BCMOMHUTbL, YTO pe3ynbTaToM onepaluu
~a+l ABngeTca Kof Ans 3HayeHus -a (B JAHHOM c/lyyae 3TO -8), TO HEC/OX-
HO forafaTbCs, 4TO ~a COOTBETCTBYET 3HAYEHUIO -a-1 (TO eCcTb B JAHHOM Cly-
yae 370 -9).

3HauyeHWe BbIpaXeHUs a« 1 Mnosyyaem CABUIOM GUHAPHOMO KOAa ANf 3HAYEHUS
MepeMeHHOM a Ha OfLHY NO3VLMI0 BMPABO C 3aMO/IHEHUEM MIAALIEr0 6UTa Hyem
(COOTBETCTBYET YMHOXEHUIO 3HAYEHUS MEPEMEHHOW a Ha 2). MOCKObKY 3Haye-
HWe MepPeMEHHON a PaBHO 8, TO 3HAYEHUE BbIpaXeHUs a« 1 paBHseTcs 16.

B cnefytowmnx BelpaXeHMaxX Mcnonb3ytotca umcna 7 (buHapHbiii kog 00...000111)
n 3 (6buHapHbin kog 00..000011). Ana nobuToBbIX onepaynii | (nnm), &wm), N
(vcknovatollee UIN) NONYYaeM CrefytoLine pesybTaThl:

Ro

00 ...000111
00..000011
00 ...000111
00 ...000111
00..000011
00 ...000011
00 ...000111
00..000011
00 ...000100



Python

B 1EBOM HUXHEM YTy XXMPHBIM LWPUQPTOM BbIfje/IEH Pe3yNbTaT COOTBETCTBYHO-
Leid onepayumn B AeCATUYHOW CUCTEME CUNCTIEHUS.

C NOrMYECKUMMU 3HAYEHNSAMUN Mbl CTONIKHEMCS NPU NPOBEPKE YCN0BUIA B YCNOBHO
MHCTPYKL MK (onepaTtope). 3HAYEHWIA y NOrMYECKOro Tuna Bcero gga: True (MUC-
TUHA) U False {NO>Kb). Ans paboTbl CO 3HAYEHUSIMM NOTMYECKOTO TUNa npea-
Has3HayeHbl cneunanbHble OrnepaTopbl, KOTOPbIe MPUHATO Ha3blBaTb IOTMYECKU-
Mu. Ncnonb3yemblie B Python nornyeckue onepaTopbl onucaHbl B Tabnunue 1.5.

Tabnuua 1.5. Jlornyeckme oneparopsbl

Onepatop OnwncaHwne

BuHapHblli onepatop (y onepaTtopa ABa onepaHga). Jloruye-
ckoe VJ1A. B 061em criydae pe3yibTaTOM BbIPaXXEHUS X or Y
ABNAETCA True, €C/IN 3HAUYEHUe XOTA Obl OL4HOIO U3 ONepaHLoB
X UAN Y paBHO True. Ecny 3HaveHns o6emx onepaHAoB X 1y
paBHbl False, pe3ynbTaTOM BblpaXKeHnAX or ybygeT False.

or B Python Bblpa)xeHMA Ha OCHOBe OMepaTopa OrBblYNCAATCA
Mo YNpPOLLEHHOI CXeMe: eciv MepBblii onepaH X UHTeprnpeTun-
pyeTcs Kak True, TO X BO3BpalLaeTca B Ka4yeCcTBe pesynbTaTta
(BTOpOIi OnepaHAy Npu 3TOM He Bbluucnsetca). Ecav nepsblii
onepaHj X UHTepnpeTupyeTcs Kak False, TO B Ka4yecTBe pe-
3ynbTaTa BO3BpalLaeTcs BTOPOIi onepaHy Yy

BuHapHbIii onepatop (y onepaTopa fABa onepaHga). Jlornde-
ckoe V. B obuiem cnyyae pe3ynbTaTOM BblpaXeHUs X and Yy
ABMAETCA 3HaYeHMe True, €C/N 3HaYeHNA 06enx onepaHLoB X
My paBHbl True. Ecnun 3HaueHne x0T 6bl 04HOr0 U3 OMNepaHioB
XWNW Yy paBHO False, Pe3ynbTaToOM BblpaXKeHnsx and yo6y-

and JeT False. B Python BbipaXeHusa Ha 0OCHOBe onepartopa and
BbIYNCAIOTCA MO YNPOLLEHHOW CXeMe: ec/in NepBblii onepaHj
X UHTEpnpeTupyeTcsa Kak False, TO X BO3BpaLlaeTcs B Kaye-
CTBe pesynbTaTta (BTOPOI omepaHAy Npu 3TOM HE BblYUCAAET-
cs). Ecnu nepBblii onepaHg X MHTepNpeTupyeTca Kak True, TO
B KayecTBe pe3ynbTaTa BO3BpaLLAETCA BTOPOM onepaHy y

JNlornyeckoe oTpuuaHue. YHapHblii onepatop (y onepartopa
OfVH onepaHf). Pe3y/bTaTOM BbipaXeHUs not x ByneT 3Ha-

not ueHue True, €CAM Yy OMepaHia x 3HaYeHue False. Pe3ynbTa-
TOM BbIpaXeHus not x OYAeT 3HauyeHue False, €CiM y one-
paHfa x 3HauyeHue True

(L
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Ll Haszametky

Hepeako Ha npakTuke WMCMOMb3yeTcs Takas onepauus, Kak /IorMyeckoe MCK/ovato-
Lwee nnn. ITo 6GuHapHas onepauus. Ee pesynbTatom SBASETCA UCTUHA, €CNN onepaHabl
MMeloT pasHble 3HaYeHUsi. Ecnu onepaHabl MMelOT OfMHaKOBble 3HaYeHus, pesy/ibTa-
TOM onepauun UCK/IOHAIOLWEro UK ABMSIETCS 3HAYeHWe /TIOXb. [pyrnmm cnoBamu, uc-
KNtoYatoLee Uy - 3To NpoBepka Ha NpeAMeT TOro, pas/InyHble /M 3HAYEHUS Y onepaH-
[0B, Unu HeT. C NOMOLLbIO JTOrMYeckux onepartopos or, and 1 not onepauus Ucko4a-
loLero nav onsa onepaHaoB X 1y 3anuweTca kak (X or y) and (not (x and y)).

MoMUMO HemocpeiCTBEHHO /IOTMYECKMX 3HAYEHWIA MOTYT MCMOJSb30BAThHCA U
UNCNOBbIE 3HAYEHUS (Aa U He TONbKO). Ecim umcnoBoe 3HaYeHWe BCTpeyaeTcs
B TOM MECTE, rfe no ugee 40/KHO ObITb 3HAUYEHWE NIOTMYECKOT0 TUMA, HAYUHAET-
CS UHTEPNpEeTaLNs HENIOTMYECKOTO BbIPXKEHUS KakK 0rMyeckoro. MiHTepnpera-
LWs BbIMOJHAETCSA Tak: HY/EBble YNC/MOBbIE 3HAYEHUS WHTEPNPETUPYIOTCA Kak
False, a HeHyneBble 3HAUYEHUSA UHTEPNPETUPYIOTCS Kak True.

L Ha3ameTtky

CuTyauus faxe 6onee MHTEpecHas, YeM MOXeT nokasaTbCs Ha nepsblii B3rnsg. Jloru-
yeckue 3HaveHusa True n False MOXHO MCnonb3oBaTb, COOTBETCTBEHHO, Kak yucna 1
n 0. Hanpumep, B apndmeTUYeckux pacyetax BMecTo 1 MoxeM Mcnonb3osatb True,
a BMecTo O MoxeM ucrnonb3oBaTtb False. OfHako k TekcToBOMY chopmarty (Hanpumep,
6yayun nepegaHHbIMK apryMmeHTaMmun pyHkumm print ()) 3HadeHus True n False npu-
BOAATCA He Kak 1 1 0, a kKak "True'™ n "False'. O6 31Ol 0CO6EHHOCTU crieayeT Nom-
HUTb.

Kpome Toro, npv NpoBepKe YCM0BUIA NN BbIYUCIEHUN NOTUYECKNX BbIPXKEHUNA
MOTYT UCMOJIb30BATLCA HE TOJIbKO HENOCPeACTBEHHO NOTMYECKMe 3HaYeHUsa unun
4yuncna, Ho U UHble 06beKTbl. Kak MMEHHO BbIMOJIHAETCA "Iornyeckas™ nHTepnpe-
Tauma Takux 06B-EKTOB Mbl Y3HAEM, KOrga no6amxe no3HaKOMUMCSA ¢ MeToLaMu
oorn.

MporpamMMHbIA KA, NPUBEAEHHBIA B NUCTUHTEe 1.5, faeT nNpeAcTaBleHUE O TOM,
KaK C MPUMEHEHUEM JIOTMYECKUX OMEPATOPOB BbIUYMCAAKTCA NOTUYECKME Bblpa-
XKeHUs.

JincivHr 1.5. Jlormdeckvie onepemophb |

a=True
b=nota
print(a,b)
c=a and b
d=aorb
print(c,d)

PesyanaT BbIMOJ/IHEHNA NMPOrpaMMHOro Koga TaKol:
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Pe3ynbTaTt BbINO/HEHNS NPOrpamMmmbl (M3 IMCTUHTA 1.5)

True False
False True

Q Ha 3ameTky

B faHHOM Cc/lyyae MepeMeHHasi a CCbIIaeTCs Ha JIOTMYECKOe 3HAueHUWe True.
3Ha4yeHVe NEPEMEHHO b - 3TO 3HaYeHNe BbIpXEHUSA not a. [OCKO/bKY a - 3T0
True, TO 3HAYEHME BbIPAXEHNSA not a PaBHO False. [03TOMY pe3ynbTaTtoMm
BbIpOXKEHUS a and b fBNAeTCA 3HaYeHWe False, a 3HAYEHUEM BbIPAXKEHUSA
a or b sABNSETCH 3HAYEHMe True.

XO0TA No CBOei CyTU Nornyeckme onepaTopsbl JOMKHbI BO3BPALLaTh OrMYECKME
3HayeHue, B Python 3To ganeko He Bcerfa Tak. Pe3ynbTaTOM BbipaXeHWi Ha
OCHOBE OMepaHAoB Or 1 and fBNAeTCA OfWUH U3 ONepaHfoB COOTBETCTBYOLLE-
ro BbipaXeHuns. A onepaHfbl He 06513aTe/IbHO JO/MKHbI 6bITb TOFMYECKOro TUna -
LOCTaTOYHO, YTO6LI OHU MOT/IN MHTEPMPETUPOBATLCA KaK IOrMYeckne 3HaueHns.
CuTyauuo UNIKCTPUPYET cnefyrolwuii npumep (MPOrpamMMHbIA KOA B TUCTUH-
re 1.6).

NIncTuHr 1.6. CHoBa florMyeckue oneparopsbl

x=10 # Yucnosasd nepemMeHHasd

y=20 # Uwncnosasa nepemMeHHas

z=x and y # Jlornyeckoe W

print (z) # PesynbTaT norumyeckoro MW
z=X or y # Jlornyeckoe WIN

print(z) # PesynbTatr norumyeckoro WIN
# Nlormyeckoe oTpuuaHue

print (not x)

B faHHOM C/iyyae I0rMYeCKMe OnepaTopbl UCMOMb3YTCS C YNCIOBLIMU OMEpaH-
Aamu. Mpu BbINOHEHWUM NPOrPaMMHOI0 KOZa NojlyvyaeM Takol pesy/bTar:

Pe3ynbTaT BbINO/IHEHNS NPOrpamMmmbl (M3 IUCTUHTA 1.6)

20
10
False

HEPEMGHHbIe X Ny CCblNaroTCA Ha Ue/1ovHNCNEeHHbIE 3HAYEHNA. |_|OCKOI'Ibe 3Ha-
YEHNA HEHYyeBbl€, TO NPU BbINO/THEHUN NOTNYECKUX OI'IEpEiLI.I/IVI 06e nepemMeH-

O
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Hble UHTEPNPETUPYIOTCA KaK Takue, YTO MUMEIOT 3Ha4YeHNe True. Ho MHTEpNpe-
TnpoBaTbCA KaK 3Ha4eHMe True W CCblNaTbCA Ha 3Ha4YeHWe True - 3TO AasieKo
He 04HO N TO Xe.

Mpu BbIYMCNEHUN BbIpaXKeHUsA X and y cHayana npoBepseTcs 3Ha4YeHue nepso-
ro onepaHga. NMockonbKy nepsbliii onepaHg x (3HavyeHue 10) nHTepnpeTupyeTCcs
Kak True, B KauecTBe pe3ynbTaTa Bblpa>KeHUs BO3BpaLLaeTca BTOPOI onepaHy -
TO eCcTb y (3HayeHue 20). AHaNOrMYHO, NPY BbIYNC/IEHNN BbIPAXKEHNA X or Y,
MOCKOJIbKY MepBblii ONepaHA X MHTepnpeTUpyeTcs Kak True, OH Xe BO3BpaLla-
eTcA B KayecTBe pesynbTaTa. Ho pe3ynbTaTtom ABMSAETCA peasibHOE YNCN0BOE 3Ha-
YyeHue, Ha KOTOPOe CCblflaeTca nepeMeHHas X (To ecTb 3HayeHue 10).

MHaye 06CTOAT Aena Cc 0nepaTopoM N0rMYecKoro 0TpuuaHus not. PesynbtaTom
BbIpaXEHNA N0t X ABNAETCS 3HAUYEHNE False. TO eCTb B JaHHOM C/lyyae ioru-

(o

yeckunii onepaTop faeT BNO/He "OXWAAEMbIA™ NOTMYECKNli pe3ynbTar.

OnepaTopbl CPaBHEHWS MO3BOAKT CPaBHMBATL Ha NpejMeT paBeHcTBa/Hepa-
BEHCTBA pa3nuyHble 3HaYeHus. OB6bIYHO (XOTS M He BCerga) peyb MAET O Yuc-
NOBBbIX 3HAYEHMAX. Pe3ynbTaToOM OMepaLuili CpaBHEHUS ABAAKOTCA IOTMYeEcKue
3HayeHus: True, €CM COOTBETCTBYHOLLEE COOTHOLIEHME BEPHO (ecnin OTHOLLE-
HMEe UMeEeT MecCT0), M False, €C/y HEBEPHO (OTHOLLEHWE He UMeeT MecTo). 3aech
1 ganee mbl 6yfieM roBopmTh 06 onepaumnax cpaBHeHUs TONbKO B OCHOBHOM Afs
YMCNOBbIX 3HayeHMin. OnepaTopbl cpaBHeHWA fA3blka Python npefcTaBneHbl B
Tabnuue 1.6.

Tabnvua 1.6. Onepatopbl CpaBHEHWSI

Onepatop OnucaHne

CTpOFO MeHbLle. Pe3yl‘IbTaTOM ABNAeTCca True, €C/NN 3Haye-
HVWe onepaHga cneBa OT onepatopa MeEHbLUE 3Ha4YeHUA one-
paHAa crnpaBa OT oneparopa. NHaue BO3BpallaeTCAa 3Ha4eHune
False

CTpOFO 6onblue. Pe3yl‘|bTaTOM aBnAeTca True, €C/in 3Haye-
HWe onepaHfja cneBa OT onepatopa 60MblLUe 3HAYeHUs one-
paHAa crnpaBa OT oneparopa. NHaue BO3BpallaeTCA 3Ha4eHne
False

MeHbLe nnn paBHO. Pe3yl‘|bTaTOM ABNAETCA True, €C/IN 3HA-
YyeHue onepaHga cfieBa OT onepaTopa He 6GOMblUe 3HaYeHUs
onepaHpa cripasa oT oneparopa. MHaye BO3BpalLaeTcs 3Ha-
yeHne False

? up
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Onepatop OnuncaHve

Bonbwe nnn paBHO. Pe3yl‘|bTaTOM ABNAeTCA True, €CNN 3Ha-
YeHue onepaHja cneBa OT onepartopa He MEHbLUE 3Ha4YeHUA
onepaHja cnpasa OT onepartopa. VMiHaye Bo3BpaLiaeTca 3Ha-
yeHue False

PaBHO. PesynbtaTtom fBNieTCA True, €C/W 3Ha4YeHue ore-
== paHza cfieBa OT onepaTopa paBHO 3HAYEHUIO onepaHaa cnpa-
Ba OT onepartopa. MHaye Bo3BpaLLaeTcs 3HaueHue False

He PaBHO. Pe3y}'leaTOM ABNAeTca True, €CnNn 3HadyeHue

|= onepaHfa cfesa OT onepaTopa He paBHO 3HAYEHUIO OMepaH-
ga cnpaBa OT oneparopa. NHaue BO3BpallaeTCA 3HayeHue
False

OnepaTop NPOBEPKU UAEHTUYHOCTU 06bEKTOB. B KauecTse
pe3ynbTaTa BO3BpallaeTca 3HaueHne True, ecnv o6a onepaH-

is [ia CCbINaloTCA Ha OAMH U TOT Xe 00beKT. B NpoTUBHOM Ccny-
yae (TO eCcTb €CAU OMepaHAbl CCbIalTCA Ha pa3Hble 06bek-
Thl) BO3BpalLaeTca 3HaueHne False

OnepaTop NPOBEPKMN HEUAEHTUYHOCTU 06BEKTOB. B KauecTBe
pesynbTaTa BO3BPALLAETCS 3HAYEHUE True, €C/IM OMEpaHfbl

is not CCbINalTCA Ha pasHble 06bEKTbl. B NpoTMBHOM cnyuvae (To
€CTb €C/IV OMepaHfbl CCbINAKTCA HAa OAMH U TOT € 06bLEKT)
BO3BpAlLaeTCca 3HaUeHWe False

[OymaeTcsa, onepaTtopbl cpaBHEHUA 0COObIX KOMMEHTapUeB He TPebyroT (MOXeT
TONbKO 3a UCK/IKDYEHUEM OMepaTopoB NPOBEPKU UAEHTUYHOCTU/HENLEHTUYHO-
CTU 06beKTOB). Hebonbwme NpuMepsbl NCNOMbL30BAHNS ONEpPaToOpOB CPaBHEHUA
npuBeLeHbl B incTuHre 1.7.

JnctuHr 1.7. OnepaTtopbl cpaBHEHUA

a=100
b=200
print(a<b,a>=b,a==100,b 1=199)

Pe3yanaT BbIMO/NTHEHNA KOoAa TaKolM:

Pe3ynbTar BbINO/IHEHNS NPOrpammbl (M3 UCTUHTA 1.7)

True False True True

LL
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L Ha 3ameTky

Ecnun co cpaBHeHVEM YMC/OBbIX 3HAYeHU Bce 60/1ee-MeHee SICHO, YTO onepaTopbl is
nis not MoryT 6bITb He COBCEM MOHATHbI YMTaTeNto. 34ecCb YMECTHO BCMOMHUTb, YTO
nepeMeHHble B Python He cofepxaTt 3HauyeHus, a CCbI/IaloTCA Ha HUX. Mbl FOBOPUM O
nepeMeHHbIX, KOTOpble CCbIalOTCA Ha 3Ha4YeHUss oAHOro Tuna. Kakve npu aTom BO3-
MOXHbl BapuaHTbl? Bo-nepBbiX, NepeMeHHble MOTyT CCbaTbCA Ha pasHble 3HaYeHUs.
Bo-BTOpbIX, NepeMeHHble MOTYT CCbINIaTbCA Ha OfUHAKOBble 3HAYeHWUs (TO ecTb PU3u-
YeckU 3TW 3HaYeHWs OAMHAKOBbIe, HO KaXA0e M3 HMX 3anucaHo B NamsATW OTAeslbHO).
B-TpeTbuX, NnepeMeHHble MOTYT CCbI/TaTbCA HE MPOCTO Ha OAMHAKOBbIE 3HAYeHUs, a Ha
Of1HO 1 TO Xe 3HayeHue. BTopas 1 TpeTbs cUTyauumn NpUHUUNMasbHO pasHbie. MNpuyem
ec/In Mbl NPOCTO ob6palaeMcsi K NepeMeHHOM, To hakTMyecku noslydyaem TO 3HaYeHue,
Ha KOTOpoe nepeMeHHas ccblnaeTcs. [py NpoBepke Ha NpeAMeT paBeHCTBa (oneparop
==) W HepaBeHCTBa (onepaTop!=) 3HaueHWli, Ha KOTOPble CCbINIATCA ABE NepeMeH-
Hble, CPaBHUBAOTCA 3HAYEHUs!, BO3BpaLlaeMble MO COOTBETCTBYIOLWMM cCbisikam. Mpu
3TOM C MOMOLLBIO0 YKa3aHHbIX 0ONepaTtopoB HEBO3MOXHO MPOBEPUTb, pPeasim3yoTcs /n
3TW 3HAYEHNS O HUM 06 BEKTOM UMM Pa3HbIMU 06 beKTamMU. [i15 BbINO/IHEHUS Takoi nNpo-
BEPKM UCMO/b3YIOT Oonepartopbl is nis not.

B 3aknto4veHune pas3nena caenaem HeEeCKOJIbKO BaXXHbIX 3aMmeyaHunii. I'IepBoe KacCa-
eTCsl TaK Ha3blBaeMblX COKpaLlleHHa (hopM onepaTopa NpuceanBaHus.

Kak Mbl y>e 3HaeM, OMepaTopoM npuceamMBaHus B Python cnyXuT 3HaK paBeH-
cTBa =. TakXe CYLLeCTBYIOT TaK Ha3blBaeMble COKpalLeHHble hOpMbl onepaTopa
npuceaMBaHns. Peub uaeT BOT 0 YeM. ECiM HEOBXOAMMO BbIMOMHUTL KOMaHAY
BUga x=x © vy, rae yepes x Uy 0603HaueHbl HEKOTOPbIE MEPEMEHHbIE, a Yepe3 ©
Mbl (hOpMasibHO 0603HAYNN OLWH U3 apUPMETUYECKMX UM NOBUTOBLIX OMepa-
TOPOB, TO 3Ty KOMaHAy MOXHO 3anucath B Buge x © =y. Hanpumep, BMecCTO KO-
MaHfbl X=X+Y MOXHO MUCMO/b30BaTb KOMaHALY X+=Y.

UTo KacaeTcs caMoro oneparopa npucBauBaHusa (3TO BTOPOE 3amMeyaHue), TO B
Python paspelieHo MHOrOKpaTHOE 1 MHOXKECTBEHHOe npucsanBaHue. Mpu MHO-
roKpaTHOM MpUCBavBaHUM B OAHOM BbIPaXXEHUU UCMONb3YETCSA HECKOMbKO one-
paTtopoB npucBamBaHusA. MpUMepoM TaKO CUTYaUUN MOXET 6biTb BbIpaXeHME
X=y=10, KOTOPbIM NePEMEHHbIM X 1 Yy MpucBamBaeTcs 3HayeHne 10. MHoXe-
CTBEHHOe MpuCBaMBaHue - 3TO KOrAa B /1eBOI 4acTu OT OomeparTopa NnpucBansa-
HUS YKa3aHO cpa3dy HeCKONMbKO MepeMeHHbIX. MpuMepomM Takoil cuTyauum mo-
XeT 6bITb KOMaHga a,b=1, 2. B gaHHOM cny4ae cnesa OT oneparopa npuceau-
BaHUS Yepe3 3anaTylo yKa3aHbl NepeMeHHbIe a U b, a cnpaBa (ToXe 4yepes 3and-
TYyt0) - 3HaueHua 1 1 2. B pesynbTate nepemMeHHas a nony4aet 3HaveHue 1,ane-
peMeHHas b nonyvaet 3HaueHume 2. MpuHLMN 06paboTKM TaKOro pofa BblpaXe-
HUI cnefyroWmMii: CHavYana BbIYUCNATCA 3HaYEHMA B NPaBOil YacTu OT onepa-
TOpa NprcBaMBaHus, a 3aTeM 3TU 3HAYEHUS MPUCBAMBAIOTCSA MEPEMEHHbIM, YKa-
3aHHbIM C/ieBa 0T onepartopa npucBanmBaHMsA (KONMYECTBO NepeMeHHbIX CneBa U1
KO/IMYeCTBO 3HAYeHWIA cnpaBa JOMKHbI cOBMagaTh). Mo3Tomy, Hanpumep, 4To-

?
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6bl MepemeHHble a U b "obMeHANUCL™ 3HAYEHNSAMU, MOXXHO BOCMNO/1b30BaThCA KO-
maHaoit a,b=b, a.

BmecTe ¢ TeM, MHOFOKpaTHOe Y MHOXeCTBEHHOE npucsavBaHue cnegyeT UCnoJib-
30BaTh C KpariHeil 0CTOPOXHOCTbIO, NOCKO/bKY Npu paboTe € TaKMMU LaHHbIMU,
KaK, Hanpvmep, CAMUCKK, pe3ynbTaTbl NOA06HbLIX onepauuii MOryT 6biTb BMOHE
HeOXngaHHbIMKU. Bca "CnoxHocTb" cutyauumm cef3aHa B OCHOBHOM C TEM, 4TO B
Python (kak nofguyepkusanocb u ewe 6yaeT NofUEPKUBATLCA) NEepPeMEHHbIE He
COZlepXXaT 3HayYeHund, a CCbINatoTCA Ha HUX. [/19 HEKOTOPbIX TUMNOB faHHbIX 3TOT
MOMEHT AB/ISETCS NPUHUMNUanbHbiM. Bee mogobHble "npemygpoctn™ Mbl 6ygem
M3yyaTb N0 Mepe 3HAKOMCTBA C PasfINYHbIMU TUMAMU LaHHbIX.

TpeTbe 3amMeyaHMe KacaeTCcs NPUOPUTETA Pa3/IMUYHbLIX OMepaTopoB. B CNOXHbIX
BbIP@XKEHUSAX OAHOBPEMEHHO MOTYT MPUCYTCTBOBaTb CaMble pa3Hble Oneparto-
pbl. Takne BblpaXeHUs BblYNCNAOTCA B COOTBETCTBUM C MPUOPUTETOM ONEPATO-
poB. CHayana BblYMCAKTCA BblPAXKEHUS U MOLBbIPAXEHUS C onepaTopamu, Ko-
TOpble UMEKOT 6051ee BbICOKWI NPUOPUTET, & YXKe 3aTeM BblUNCNATCS BblpaXe-
HUS 1 NOABbIpaXKeHMs ¢ 60/1ee HU3KMM NPUOpPUTETOM. ECnin HECKONbKO OnepaTo-
pPOB MMEIOT OJMHAKOBbIE NPUOPUTETHI, BbIP@XKEHWE BbIYMCNAETCA C/ieBa Hanpa-
BO. BKpaTue npuopuTeT onepaTopos B Python cnegytowuii (B nopsgke yMmeHb-
LWeHWa npuopuTeTa):

e no6uTOBas MHBEPCUS, BO3BELEHWNE B CTEMEHD, 3HAK Yncna (YHApPHbIA Mu-
HYC UM YHApHBIN natoc);

e YMHOXE€HWe, ieNleHNe, LLeNIOYNCNEHHOE IeNleHNe, 0CTATOK OT fAeNeHus;
e C/IOXEHUE, BblUNTAHUE;

*  NOGUTOBLIE CABUTK;

 nob6utosoe U;

e nobwutosoe N CIMJTOYAKOLWEE WU,

e no6utosoe NJ;

e onepaTop NpucBauBaHus (BK/OYas U COKpaLLeHHble GopMbl).

Q Ha 3ameTky

Bbllwe YNOMUHA/ICS 3HAK Yuc/ia - 3TO YHapHbIA onepaTtop, KOTOpbIii CTaBUTCS nepes
UMC/IOBbLIM 3HAYEHUEM U OnpeaensieT, NOMOKUTENILHOE YNC/IO UK oTpULaTenbHoe. s
NMOMIOXNUTESbHBIX YMCEST 3HAK YNC/a 06bIYHO He CTaBUTCS (Takas BOT Tpaanuus), XOTs HU-
KTO He 3arnpelaeT HanucaTtb nepes NofioXUTeNIbHbIM UAC/IOM 3HaK +. Mepes oTpuua-
TefIbHbIMY YMC/IaMU CTABUTCSI 3HAK -

O n



nasa 1. lNepsble nporpammbl Ha Python

[ NS n3meHeHns NopsifKa BbIUMCIEHNS BbIPaXXEHUS MOXHO MCMOMb30BaTh KPY-
rnble cko6KW. bonee Toro, HanUuMe B NPaBUILHOM MECTE KPYT/ibiX CKOGOK (Aaxe
€C/IM OCTPOI HeOGXOAMMOCTM B HUX HET), He TO/IbKO [enaeT Koj 6onee "Hagex-
HbIM", HO 1 3HAYNTE/IbHO NOBbILLAET €ro YNTaBeIbHOCTb.

[anee Mbl 6onee OETANIbHO O6cy,ﬂ|l/IM HEKOTOpPbIE 0COBGEHHOCTU YUCNOBbIX
JaHHbIX. Yncnosble TUMBI MHTEPECHbI CaMK MO cebe 1 yacto MCNONb3YKTCA NMpuU
COCTaB/IEHNN NporpamMMHbIX KOOOB. I'Ipqule TUNbl AaHHbIX, TakKne, KakK TEeKCT,
CNUCKN, MHOXeCTBa, KOPTEXN KU cnoBapu, Mbl pacCCMOTPUM B cneayrowmnx rna-
BaX KHUTW.

UncnoBble gaHHbIe

- A 3a4eMm Bbl MHe 3T0 rosopuTe?
- CurHanusumpyto,
n3k/¢p "OesyaTa”

Yuncnosble 3Ha4YeHNA MOTYT 6bITb NPeAcTaBaeHbl HECKONbKUMY Tunamu. Lienbie
ynucna peannsyloTca C NOMOLWbIO TuNa int, AelNCTBUTENbHbIE Helenble Ymcna
(uncna B hopmaTe ¢ NnaBakLW el TOYKON) peannsyoTca ¢ nomowbio Tuna float,
a KOMMN/IeKCHbIE YNCNa peannsyloTcs B BUAE faHHbIX Tuna complex.

Q Ha 3ameTky
C mMaTemMaTnUYeCKo TOUKM 3peHna MHOXeCTBO Le/bIX H1NCen ABAeTCA NogMHOXeCTBOM

[eiCcTBUTENbHBIX Yucen, KOTOpOe, B CBOK o4epeb, ABNAETCA NOAMHOXECTBOM KOM-
MAEKCHbIX Yucersn.

HanomMHuMM, 4TO KOMMJIEKCHbIe 4ucaa - 3TO 4ucna, npeancrtaBuMble B BuUae

Z =X+ Iy, roe AeﬁCTBMTeﬂbele yncna X Uy HasblBalOTCA COOTBETCTBEHHO
,D.el7|0TBVITe]'IbHOI7I N MHUMOI 4aCTbK KOMMJIEKCHOTO 4Yuncna, a MHMMas eanHunua

j No onpepeneHnio Takosa, yTo i2= —1 Onepau,vwl C KOMNMAEKCHbIMW YuKUcna-
MW (yMHO)KE‘HVIe, feneHune, CnoXxKeHune u BbILIVITaHI/IE) BbIMOJTHSAOTCA KaK C 00bIY-
HbIMW anre6pamquKV|M|/| BbIPpaXXeHNAMU, TONbKO NNLWb C I'IOI'IpaBKOI‘/'I Ha TO, YTOi

i2=—1 Pe3y]’|bTaTOM CNOXEeHNA, BbIYHNTaHNA, YMHOXEHNA U OeNeHUda OBYX
KOMMNNEKCHbIX Yncen asndaetca KomMmrniekKcHoe 4mncno.

Yucnom, KOMNIEKCHO COMPsXXeHHbIM K 4Yucny z =X + Iy, Ha3blBaeTcqa 4ucno

Z = X —iy (nony4aeTcsa 3aMeHOI B UCXOAHOM Yuchne j Ha—i).
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Mogaynb \z\ KoMNAeKCHOTo yncna Z - 370 BCEra YMcno AeicTBUTENIbHOE, paBHOE
KOPHIO KBaApaTHOMY U3 Npon3BefeHNs 3TOr0 YMcaa Ha KOMMJIEKCHO COMPSXKEH-

34ecb Hac B MepBylo oyepefb 6yAyT MHTEpPeCcoBaTb NPUeMbl CO34aHUA YACOBbIX
nutepanos. O TOM, KaK BbIMOMHAKTCA YAC/OBbIE pacyeTbl, peyb NOWLET HEMHO-
ro no3xe - No KpaiHein mepe, Nocne TOro, KaK Mbl MO3HAKOMUMCS C OCHOBHbIMU
YyNpaBAALWNMN UHCTPYKLUAMK (TAKMMU, KaK YCNIOBHbI/ onepaTop u oneparo-
pbl L1KNa).

OGbIYHO YMC/IOBble NUTEpanbl HAGUPAKOTCH B AECATUYHOW CUCTEME - TO ecTb
B TO/ CUCTEME, KOTOPOI Mbl NOMb3yeMCS B MOBCEAHEBHOM XU3HU. DTO fecATb
undp ot 0 40 9 BK/IOUUTENBHO, C MOMOLL LI KOTOPbLIX Mbl U BBOAWM B MPOrpamMmm-
HOM KOfle HY>XHOe HaMm Lie/loe Unn aeicTemTenbHoe yncno. Liensie uncna Habu-
paloTcs B BUAE NOCNef0BaTe/IbHOCTW LMGP U, EC/IM HYXHO, 3HaKa uucna. [eii-
CTBUTENbHbIE Yncna HabupalTCsa NMPaKTUUYECKN TaK Xe, HO TONbKO Y HUX €CTb
Lienas u Apo6GHas 4YacTu, a B KaUecTBe pasfeNnnuTens Lenoi n opo6HoOI vacTeli uc-
Mosib3yeM TOUKy.

Q Haszametky

Jlutepan - 3To PUKCUPOBaAHHOE 3HAYEHNE, KOTOPOEe HEe MOXET 6bITb U3MEHEHO B NpO-
rpamme. O6bIMHO MO NUTepasiamu MNoApasymMeBaloT 4yMc/la U TeKCT, KoTopble uc-
NoNb3ylTCA SBHO B NporpaMmMHOM koAe. Hanpumep, B komaHae x=1.5 yepe3 x 060-
3HayeHa nepemeHHas, a 1.5 - aTo imtepan (unmcnosoit). [pyroii npumep: B KOMaHAe
nawe=""VBaH MBaHOBNY” TekCT "'iBaH MBaHOBUY' ABNsETCA IMTepasoM, a hame -3T0
nepevMeHHas .

Ho B npuHunne B NnporpaMMHOM KoAe A4 UenblX YHACeN 3Ha4YeHNA MOXXHO YKa-
3blBaTb HE TOJIbKO B,EI,BCFITVI'-IHOIZ CNCTEME CHNCNEHNA, HO N B ,D.BOVI‘-IHOI\/’I, BOCbME-
PUYHO U meCTHaAuaTepMHHOﬁ.

[BONYHYIO CUCTEMY CUMC/IEHUS Mbl YXe 06CyxXpann. B BOCbMepuuHoli cu-
CTEMe YKCna 3anuCbIBAOTCA C MOMOLLbIO BOCbMU Lupp: oT 0 40 7 BK/IOUM-
TenbHO. ECnM B BOCbMEPUYHOW CHUCTEME YMCAO MMEET MO3ULMOHHOE Mpea-

ctaBneHue anan_l..a2ala0 (3gecb napameTpbl a0, ab .. an moryTt npwu-
HUMaTb 3HauveHusa 0, 1, .., 7), TO 3TO Ha camoOM [eJfie O3Ha4yaeT, YTO peub
MaeT 0 uucne, KOTOpoe B [ECATUYHYH CUCTeMY MepeBOAUTCA MO (opmyne

aTan® 1..a2ala0 = a0+8° + ax+81l+ a282+ e+ « 811

LLI



nasa !. TlepBble nporpammbl Ha Python

AHanorn4yHo o6¢cTOAT fena C WecTHaALaTePUYHOM CUCTEMOI cuncneHns. Tonb-
KO Tenepb MCNONb3yeTCH, KakK HEC/MOXHO forafgartbca, 16 "cumBOMOB": [ecATb
umntp ot 0 o 9 n ewe wecTb 6ykB 0T a A0 f BKNHOUMTENLHO. 3TK BYKBbI 0603Ha-
yatoT ymcna ot 10 go 15 (To ecTb 6ykBa a cooTBeTcTBYyeT uncny 10, 6yksa b co-
OTBETCTBYeT uncny 11, n Tak ganee, BnaoTb A0 O6yKBbl f, KOTOpasg COOTBETCTBY-
et uucny 15).

Echrn B UJeCTHa,ElLI.aTepMHHOVI cnucreme 4Ymcno wunMeeT npencrtaB/ieHnE

OfjOn-! ...a2a”a0 (Ho Tenepb napameTpbl a0, at, .., anNMOryT NpMHMMaTh 3Ha-
yeHna 0,1,..., 9,4, b,..., ), B LECATUYHOW CUCTEME CHNC/IEHUA 3TO YNCO BblYNC-

nsaetca Tak: OnOn-r ...ar*ao = a0+16° + ar«161+ a2+162 4----- tan- 16n.

Ecnu nutepanbl 3afat0TCA He B LeCATUYHOI CMCTEMe CUUCIEHUS, TO HaYMHATbCA
OHW [OMXHbI CO CMeLuanbHoro npegukca, KOTopblin "uageHTUGUUUPYeT”, K Ka-
KOW cncTeMe CUMCNeHNa OTHOCMTCA nuTepan. Ana 6uHapHbIX Yyucen (nutepansl
B JBOMYHOW cucTeme) npeduKc COCTOUT M3 HyNs 1 6ykebl b (6onbwoin nnm ma-
neHbKoi). Hanpumep, nutepan Obl 01 o3Ha4aeT YnMcno 5. BnonHe 3aKOHHOI 6y-
[eT, CKaxeM, KomaHga x=0bl 01, KOTOpPOI NepeMeHHO X NpUCBanBaeTCsa Ync-
NOBOe 3HauveHwue 5.

W Ha3ameTky

Ecnun 6bl HaM NOHaAO6UNOCHL NPUCBOUTL NEPEMEHHON X 3HayeHue -5 (To ecTb OTpu-
uaTtesnibHOe 3HayYeHue), Npuyem Habpatb NUTepan B ABOVMYHOM KoAge, TO COOTBETCTBY-
olan komaHaa Bbirnisgena 6ol kak Xx=-0bl01.T0O ecTb Mbl UICNO/Ib3YyEM 3HaK "MUHYC" B
nutepane. Bce TO, 0 YeM Mbl FOBOPUAN Bbllle 0 BMHAPHOM KOAMPOBaHMW oTpuuaTtesb-
HbIX YMNCEeNl B KOMMbIOTEPE, O NPUHLUMNE "AONONHEHNS A0 HyNA" - B AaHHOM Crly4ae Ham
He Hy>HO. Moyemy? MoTOMy YTO TaM peyb Lina 0 TOM, Kak oTpuuaTenbHble Yucna npes-
CcTaBfieHbl B NaMATM KOMNblOTepa. 34ecb pedb naeT o hopmasibHON 3anmMcu Ymcna c nc-
nonb30BaHMeM ABONYHOro Koga. To, YTO Mbl NMLIEM B NPOrpaMmMHOM Koje, npegHasHa-
YEHO ANA TOro, KTo 6yAeT aTOT KOA YMTaTh - TO eCTb A1 NporpaMmucTa, nonb3oBaTe-
ns, yntatens. NMoaTomy 34eCb HUKTO He 3anpeLiaeT HaMm UCMNoNb30BaTb B YAC/IOBOM /K-
Tepasie 3HaK "MUHYC", Aaxe ecnum 3TOT NuTepan npeacTaBAseT YMCNO B ABOUYHOWN CU-
cTemMe cuncneHusn. KomnbroTep, Korga npuaeT ero yepeps B3aTbCA 3a BbINOSIHEHME NPO-
rpaMmMHOro kofa, aBTomMaTuyeckn nepeBefeT ykasaHHbIi nutepan B "nMpaBuiibHoe™ €
TOYKM 3peHNs KOMMNbloTepa npeacTaBneHne. IT0 Xe 3aMeyaHue (OTHOCUTENIbHO 3Haka
yucna) KacaeTcsa M NPOYNX CUCTEM CHUCIEHNS: BOCbMEPUYHON 1 WecTHaauaTepuYHoOA.

Mpu3HaKom 4ucna, 3anMcaHHOro0 B BOCbMEPUYHOI CUCTEME CHUC/IEHWSA, ABNAET-
ca npeukc 00 (HoMb M 6oNbLIAA AN ManeHbKas 6yKBa 0), a YMcna, 3anucaH-
Hble B LUECTHAALATEPUYHOW CMCTEME, HaYMHaTCA ¢ npedukca OX (HOAb M 60/b-
Waa unn maneHbkas 6yksa x). Hanpumep, uncno 123 B BOCbMEPUYHOIA cucTeme
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cumcneHus sanuwetca kak Ool 73. 3To e 4UMcno B WecTHagUaTepuyYHoi cncte-
Me npegcrasnsdercsd nutepanom 0x7b.

KoMnneKkcHble yncna BBOAATCA B "eCTeCTBEHHOM" (popmaTe, TO €CTb B BUJE CYM-
Mbl LEeACTBUTENbHON N MHUMO YacT. MPU3HAKOM MHUMOCTM Yncna SiBNSETCH
cydhduke j (6onbwas nnm maneHbkas 6ykBa), KOTOPbIA pasMelyaeTcs cpasy no-
CNe YMUC/I0BOr0 3HaYeHUs. pyrumu cnosamu, ecnm nocne YACA0BOro nuTepana
yKa3aTb (6e3 npo6enoB Uy MHbIX pasgenuTteneid) 6yksy j, TO NOAYYUTCA MHU-

MO€ 4Yuncno. Hanpmmep, KOMM/IEKCHOE UMcno 3 + 2i3anuuwertca B nporpaMmMHOM

Kofe Kak 3+2j. MHumMas eanHuua j B BUAe NPOrpaMMHOro Koja peannsyert-
cA Kak 1j,un Tak ganee. Takxe A8 CO34aHNA KOMM/IEKCHOIO YMCia MOXEM BOC-
nonb3oBaTbes hyHKumed complex (). MepBbIM aprymeHTOM (hyHKLMW Nepeja-
eTCs feliCTBMTE/IbHAA YaCTb KOMM/IEKCHOIO Y/CNa, & BTOPOI apryMeHT - MHUMas

4yacTb KOMMIEKCHOro yucna. Tak, yncno 3 + 2i MOXeM noayyuTb C MOMOLLbIO

KomaHgbl complex (3,2), a MHUMOW e4UHULE ] COOTBETCTBYET UHCTPYKLMUSA
complex(0, 1).

Mpu BBOAE OYEHb 6OMLLINX UMW, HAMPOTMB, O4EHb ManeHbKMX (M0 MOAY/H) YK-
cen yfobHo BOCMONb30BaTLCA NPeACTaBEHMEM YKCia B BULLE MAHTUCChI U NOKa-
3aTeNs CTeneHn. B kayecTBe pasgennTenst MaHTUCCHl U NOKa3aTens CTENeHN uc-
nonb3ytT 6YKBY e (60/bLY NN ManeHbkKyto). Hanpumep, YncnoBoin nutepan

1.2e3 o6o3HavaeT umcnio 1.2 < 103 auucnosoit nutepan 1.2e-5 cooTBETCTBY-

etyucny 1.2 «10-5.

Bbilwe Mbl y)Xe paccmatpuBanu apumeTudeckme n no6utosble onepatopbl. C
LeNI0YNCNEHHbIMWU 3HaYeHNAMM (faHHble TMMa int) MOryT UCNOMb30BaThHCA U
Te, n gpyrue. C feicTBUTENbHbIMMW 3HaYeHnamu (gaHHele Tuna float) mcnons-
3yl0TCa apugMeTnyeckme onepatopbl. Takxe A8 BbINONHEHUS MaTtemaTuue-
CKUX BbIYUCNEHWI NpeAHa3Ha4yeH Lenblil pag BCTPOEHHbIX GyHKLNA. HekoTo-
pble None3Hble B paboTe maTemaTumyeckme YHKLUWM NpescTaBfieHbl B Tabnuue
17.
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MnaBa 1. lepsble nporpammbl Ha Python

Tabnmua 1.7. HekoTopble MaTeMaTuyeckme oyHKLMN

DyHKUNA

abs ()

bin ()

complex()

float ()

hex ()

OnucaHune

BbluncneHne mogyns uucna. Yucno, gns KOTOPOro Bblyuc-
NAeTCcA MOAYNb, YKa3blBAETCA aprymeHTOM pyHKUUN. MoxeT
MCNOMb30BATLCA C KOMMIEKCHBIMU Yncnamu. Hanpumep, pe-
3yNbTaTOM KaXKoro us BoipakeHnin abs(5.0),abs(-5.0)
nabs (3-t-4j ) asngercs 3HavyeHne 5.0

dyHKUMA npegHasHayeHa 418 npeobpas3oBaHUsA yucna u3
[LECATUYHOI CUCTEMbI CUYUCNEHWS B ABOUYHYK. McxofgHoe
YMCO YKa3blBaeTCA aprymeHToOM (PYHKUMW, a pe3ynbTaToM
ABNAETCA TEKCTOBOE NpeAcTaBfeHWe A8 LBOWYHOMO Kofga
yncna. Hanpumep, pesynbtaTom BbipaxeHus bin (9) 6yget
TekcT "0b1001"

PyHKLMA Ucnonb3yeTcs 4NA CO3L4aHNSA KOMMNNEKCHbIX Yyncen
Ha OCHOBe (nepefaHHbIX aprymeHTamu yHKLUN) OeACTBK-
TeNbHOW MU MHUMOW YacTeil uncna, A Ha OCHOBE TEKCTOBOIO
npefcTaB/ieHNs KOMMAEKCHOro yncna. Hanpumep, pesynbTa-
TOM BblpaxeHuii complex(3,4) u complex("3+4j")
6yLeT KOMMIEKCHOE YNCNo 3+4 j

PyHKUMA ncnonb3yetca Ana npeobpasoBaHWA UYMCNOBbIX
3HAYeHW W TEeKCTOBbIX NPeLCTaBfeHWUA ANA AelCTBUTENb-
HbIX Yncen B uncnosble 3HayeHus Tuna float. Hanpumep, pe-
3ynbTaToM Kaxgoro u3 sbipaxeHuii float (5), float ("5"),
float ("5.") ufloat ("5.0") ABnaetca 3HayeHue 5.0

P yHKLMA NpefHa3HavYeHa A1 npeobpa3oBaHna ynucna us ge-
CATUYHON CUCTEMbI CUNCNEHNA B LIeCTHaALATepUUHyto. Ap-
FYMeHT OYHKLMWW - YNCI0 B LECATUYHOW CMCTEME CUUCTIEHNS.
Pe3ynbTaT PYHKUUKN - TEKCTOBOE NpejCcTaB/ieHne 3TOro Yunc-
na B WWeCTHajLaTepuyHon cucteme. Hanpumep, pesynbtaTom
BblpaxxeHns hex (123) 6ypet Tekct "0x7b"
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DPYHKUUA

int ()

max ()

min ()

oct ()

pow ()

OnucaHne

dyHKUuMa ana npeobpa3oBaHMa 06bekTa (Hanpumep, Tek-
cTa) B uUenoe umucno. Ecnm aprymeHTom (yHKUMM nepeja-
HOo peiicTBuTenbHoe yucno (tun float), TOo pesynbTar Bbli-
ynucnaeTca oTbpacbiBaHMEM APOGHOI YacTu B AeliCTBUTENb-
HOM yucne. Ecnv aprymeHTOM yKa3aTb TEKCTOBOE NpefcTas-
NeHne Lenoro yucna, pesynbTaTtoMm 6yfeT camo 3TO 4MUCAO.
Mpuyem yncno (B TEKCTOBOM NpeAcTaBNeHUM) MOXET OblTb
He TOMbKO B AECATUYHOW CUCTEME, HO U B ABOUYHON, BOCb-
MEPUYHON MAn WecTHaguaTepuyHoii. B aTom cnyvae BTO-
pbIM apryMeHTOM YKa3blBaeTCs Lefioe 4YUC/o, OMnpefensio-
ee WMCXOAHYH CUCTEMY CUUC/eHUs (COOTBETCTBEHHO, 2,
8 unn 16). Hanpumep, pe3ynbTatoM Kax[oro n3 Bbipaxe-
HUA int (123.4),int("123"),int("OblIIIIOI1", 2),
int ("00l73",8) mint ("Ox7b", 16) faBnaeTca 3Haye-
Hue 123

PYHKLMA AN BbIYUCIEHUS MakCMManbHOro 3HayeHus U3
Habopa umcen. Hanpumep, pesynbTaToOM BblpaXKeHWA wax (-
2,4,9, -1) aBnaetcd 3HayeHue 9

D YHKUMA 415 BbIYNCEHUS MUHUMANbHOTO 3HAYEHUS M3 Ha-
6opa uucen. Hanpumep, pe3ynbTaTOM BblpaXKeHUa min (-
2,4,9,-1) aBngetcs 3HauyeHue - 2

dyHKUMA npefHasHaveHa AnA npeobpasoBaHMA uucna u3
LECATUYHON CUCTEMbI CYMUC/IEHWA B BOCbMEPUUHYHO. Apry-
MEHTOM YKa3blBaeTCH YMCI0 B AECATMYHON cCUCTeMe CuuMC-
NeHus, a pesynbTaToOM ABNAETCA TEKCTOBOe NpeAcTaBfeHue
3TOr0 yncna B BOCbMEPUYHOI cucteme. Hanpumep, pesyb-
TaToM BbipaxkeHus oct (9) 6ygert Tekct "Ool 1"

DYHKUMA ONA BO3BELEHWNA B CTeneHb yncna. Ecnn y pyHk-
UMK 4Ba aprymeHTa, TO pe3y/bTaTOM ABAAETCA MepPBOe Yuc-
N0 B CTeneHu, onpefenseMoii BTOpPbIM 4uciom. [Apyru-
MW CMOBaMM, pPesy/nbTaTOM BblpaXeHUsA pow (X, y) ABAAeT-
CA 3HayYeHue X* *y. Ecnm y yHKLUM TPU aprymeHTa, To no-
Cne BO3BeAeHUs B CTeNeHb BblYWUC/AETCH OCTAaTOK OT fere-
HUS Ha TPeTUI apryMeHT: TO eCTb Pe3y/NbTaTOM BblpaXeHus
pow(x,y,z) aBnderca 3HayeHue (X**y) %z. Hanpumep,
pe3ynbTaToM BbipaxeHus pow (2,3) 6yaeT 3HayeHue 8, a
pe3ynbTaTOM BblpaxeHuns pow (2,3,5) 6ynert 3HayeHue 3
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DYHKUUA OnucaHne

CDyHKLI.I/IFI npegHasHadyeHa ANnA OKPYyrneHud ,El'el\/‘ICTBI/ITel'Ib-
HbIX 3HAYEHU A0 LUenoYncneHHbIX. ApfyMeHTOM YKasblBa-
€TCA OKpyrndemoe 3Ha4eHwue. OprrneHme BbIMO/THAETCA NO
TaKM MpaBunam:

e ecnn gpo6Has 4acTb OKPYI/ISEMOro 3HauyeHWUs MeHbLLE
0.5, OKpyrneHue BbINOMHAETCA A0 61MKaRLLIETO MEHbLLE-
ro Lesioro Yncna;

e eciiM Apo6GHas 4acTb OKPYF/ISEMOr0 3HayeHuUs O0/bLIe
0.5, OKpyr/ieHne BbINONHAETCA A0 6/MXKaiiwero 60bLe-
ro Lienoro Yncna;

e ec/n Apo6Has yacTb OKPYI/ISieMOro 3HauyeHUs PaBHSET -
ca 0.5, oKpyrneHue BbIMOMHAETCS A0 GAMXKaliLIEero yet-
HOTO L|e/I0ro Ymncna.

round() Ecnv (yHKUMM nNepefaTb BTOPOI aprymeHT, TO OH Gyger

onpefensTb KONMYECTBO 3HAKOB B APO6HOI YacTu, 40 KOTO-
pbiX 6YZeT BbINOMNHATLCA OKPYrneHue (TO eCTb B 3TOM CAy-
Yyae OKpYr/ieHWe BbIMO/HAETCA HEe [0 Lenoro uyucna, a go
LeNCTBUTENbHOTO C KO/MMYECTBOM pa3psjoB nocne 3ans-
TOl, ONpefenseMbiM BTOPbIM apryMeHToM (yHkKuum). Ha-
npuMep, pesynbTaToM BblpaxkeHusa round (4.6) (ApobHas
yactb 0 .6) ecTb 3HayeHue 5, y BoipaxxeHus round (-4.6)
(apobHasa wuvactb 0.4) 3HayeHwe -5, Yy BblpaxeHusa
round (4.4) (gpobHas yacTb 0.4) 3HaueHue 4,y Bblpaxe-
Hua round (-4.4) (gpobHas yactb 0 .6) 3HayeHue -4,y
BbipaxeHus round (4.5) (gpo6Haa yactb 0.5) 3HayeHue
4,ay BblpaxeHuns round (-4.5) (gpobHas yactb 0.5)- co-
OTBETCTBEHHO, -4. 15 cpaBHeHWA: pe3ynbTaT BblpaXKeHWSA
round(1.23456,3) -uucno 1.235

C HEKOTOPbLIMU U3 3TUX q)yHKLI,VIVI Mbl €eLle 6y,CI,EM MMETb A€/10 N MO3HAKOMUMCA C
HUMMW NOGAMXKE npun peweHnn 3agad B cneayrownx rnasax KHUrn.

G3
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Bonblwoe KONNYECTBO MaTeMaTUUYECKUX PYHKUUIA CTAHOBUTCA AOCTYMHbIM MO-
cne nogkntoyeHna mogyna math. Mogynm obcyxgaroTca fanee, HO cpasy oTMme-
TUM, YTO HMYErO CNOXHOTO B MOAKAOUYEHUN MOAYA HET: ANF 3TOr0 B Nporpam-
My LOCTAaTOYHO A06aBUTb MHCTPYKLUMIO import math. MNocne atoro, Hanpu-
Mep, MOXeM B MPOrpaMmMHOM KOAE MCMO0/b30BaTb TPUTOHOMETPUYECKNE PYHK-
uunu, Takue, kKak sin () (cunyc), cos () (kocunyc), tan () (TaHreHc) u MHorue
apyrue. MNpasja, 419 YKasaHHOro crnoco6a MMNopTUMPOBaHUA MOAYSA, NPW BbI30-
Be (DYHKL WA N3 3TOr0 MOAYNSA NPUAETCA Nepes UMeHeM (DYHKL UM YKa3biBaTb Ha-
3BaHue mogynsa (pasgenuTesnb UMeEHU MOAYNA U UMEHU PYHKUUKN - TOUKA): Ha-
npumep, math.sin (), math.cos () uamu math.tan (). Takxke B 3TOM MOAY-

Ne onpepeneHbl nppaLnoHanbHble NOCTOAHHbIE: N ~ 3.14159265 (MHCTpyKLUSA

math.pi) ne « 2.7182818 (MHcTpyKkuma math.e).

HeMHOro nosxe B KHUre mbl PacCMOTPUM MPUMEPLI, B KOTOPbIX NMPOrpaMMHblie
KOAbl, HalMMCaHHbIE Ha A3blIKe PythOI’], MCNONb3YKHTCA OANA pelWeHNna BblHUCNN-
TeNbHbIX 3a4ad.

Moaknw4yeHne moayneu

Hy, noHumaeTe, A 3a Keupom nowen, a TyT
Takue NPUKNYeHns!

n3 K/ "'TocTusa 13 bygywiero™

O6bI4HO Nog MOAYNEM NoApa3yMeBaeTCcs HeKOTOPbIA aiin ¢ nporpamMmoi unu
610KOM nporpaMMHoro kKoga. Mpu HanucaHum 60MbWIMX NPOrpaMMm He BCer-
fa yfoOHO BeCb MPOrpaMMHbIA KOA XpaHuTb B O4HOM ¢haiine. MoaTomy ero pas-
6VBalOT Ha OTAe/bHbIE YAaCTM UAW HA MOAYNU. BO3MOXEH W Apyroii BapuaHT:
Npu HanucaHum co6CTBEHHOW NPOrpaMMbl Mbl XOTUM MCMNOMb30BaTh YaCTb NPoO-
rpaMMHOro Koga, KoTopbli 6bi1 co3gaH paHee (M HaXOAUTCA B KAKOM-TO onpe-
feneHHom mogyne). YTobbl MCnonbL30BaTh TakoW KOA, HEOOXOAMMO UMMOPTU-
pOBaTb COOTBETCTBYOLW M MOAYNb. Jns MNOPTUPOBaAHUA MOAY e NCNONb3Y-
eTCH MHCTPYKLUMA import, nocne KOTOPOI yKa3blBaeTCA Ha3BaHve NogKayae-
MOro (MMNopTUPYyeMoro) mogynsa. Mel 6ysem MMNOpTUPOBaTbh BCTPOEHHbIE MO-
aynu Python - To ecTb Te MOAY/IN, KOTOPbIe ABNAAIOTCA COCTABHON YacTbiO Cpefbl
pa3paboTku Ha a3blke Python. Hanpumep, eciM Mbl XOTUM MMNOPTMPOBAThL Ma-
TeMaTuyeckuii mogynb math (Mogynb coaepXuT pasinyHble MaTemaTuyeckue
YHKLUN U YTUAUTBI), TO UCNONb3YEM UHCTPYKUMIO import math. Ecnu nm-

LNNKI
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MopTUPYeMbIX MOAYNeii HECKO/IbKO, TO MOC/e MHCTPYKLUMM im port UMeHa M-
NOPTUPYEMbIX MOAY/IEN NepevncnanTCa vYepes 3ansaTyio.

Mocne Toro, Kak MOAyNb NOAKNHOUEH, OMUCAHHbIE B HEM (DYHKLUW, NEPEMEHHbIe
M Apyrue nonesHbie KOHCTPYKLMN MOXHO MCNO/b30BaTb B MPOrpaMMHOM KoZe.
Ho npu aToM KaxKabli pa3 HE06XO0ANMO ABHO YKa3blBaTb UMA MOAY /A, B KOTOPOM
onucaHa nepemMeHHas unu yHKUuA. cnonb3yeTca Tak HasbiBaeMbIil TOYEY-
HbIA CUHTAKCUC: CHavana ykasbiBaeM UM MOLYNA, W, Yepe3 TOUKY, UMS MepemMeH-
HOM MAn HasBaHMe PyHKUMKM (CO BCEMM MonaravwWwummca aprymeHtamu). Ha-
nNpMMeEp, eciM Mbl XOTMM UCMOJIb30BaTb MepeMeHHY0, KOTopas onucaHa B MO-
Ayne, TO COOTBETCTBYIOLW A UHCTPYKLMA OyAeT BbIrNafeTb KaK MOLYNb . ne-
pemeHHas. Mprnyem npegBapuTesibHO KOMaHAoOM im port Moayab HE06X0AUMO
MMnopTMpoBaTb MoAynb. Bonee KOHKPeTHO, B Mogyfie math ecTb nepemeHHas

pico 3Ha4yeHMEeM NOCTOSHHOW N ~ 3.14159265. Ecnn Mbl XOTUM YBWAETb 3Ha-
YeHue 3TON NepeMeHHOR, TO cHavyana KomaHgoi import math nogkntouaem
mMoAaynb math, a 3atem komaHgoii print (math.pi) oTtobpaxaem 3HauyeHue
nepemMeHHON p i 1n3 mogynsa math.

BmecTo TOro 4to6bl MCMONL30BATL MMSA MOAYNA Npy 0bpaweHun K ero "cogep-
XUMOMY", MOXeEM AnA MOAYNSA co3faTb "ncesgoHnM™. Mogy/b NOAKN0YAEM KO-
MaHZo# B hopmate import Moaynb as ums. pyrumu cnosamu, B MUHCTPYKLUK
NMOAKMIOYEHNA MOLYNA NOCNE UMEHN MOAYNA Yepes KN0YEBOe C/I0BO aS MOXHO
yKa3aTb UAEHTU(PNKATOP, KOTOPbIA 6yAeT NCNONb30BaTLCA BMECTO UMEHN MOLY-
nd. To ecTb MOLY/b BCe paBHO MOAK/IOYAETCA, HO KOTla Mbl 06pallaemcs K nepe-
MEHHbIM U PYHKLUAM 3TOr0 MOAYNA, TO YKa3blBAEM HE UMSA MOLYNA, & UAEHTU-
thnkatop (TOT, KOTOPbI NOC/e KNHOYEBOro C/0Ba as). Hanpumep, ecnu mbl nog-
Kn4yaeM MOAYNb KOMaHAoW import mMogynb as umA, To obpawartbca K ne-
PEMEHHOI M3 MOAYNA HYXHO B JopmaTe UMA. NnepeMeHHas. Ecnv BCNOMHUTL
0 Mogyne math v mogknYMTL €ro KOMaHgom import math as m To pacne-
yaTaTb 3HAYEHWe NEPEMEHHON P i MOXeM KOMaHZou print(m.pi).

W Ha3sameTtky

Ecnn mMbl nogxknioumnnm mogysb ¢ "nceBAoHNMOM', TO o6pallaTbCs K CoOAepXUMoMy MOo-
Ayns npuaeTcs vepes "nceBAOHUM'™ - MOMNbITKA UCMNONb30BaTb UMA MOAYNA NpuBeAeT K
ownbKe.

OueBuaHbIM 06pa3om 6pocaetca B rnasa Heyfo6CcTBO, CBA3aHHOe C HEOOXOoAM-
MOCTbIO Mpu 06palleHnn K nepemMeHHbIM U YHKLMAM MOLYNA B ABHOM Bufe
yKasblBaTb UM MOAYNA (Unu ero "ncesfoHMM™). Ho 3ech e KpoeTca 1 rnas-
HOEe NPeVMYLLEeCTBO: HEMOCPEACTBEHHO B MPOrpaMMHOM KOZe Mbl MOXEM Onpe-
LeNnnUTb NePEMEHHYIO ((DYHKLMIO WX YTO-TO eLLe) C TaKUM XEe MMeHeM, KakK 1 B
nofkntoyaemom Mogyne. B aTom cnyvyae HanuMuve Mam OTCYTCTBME MMEHU MO-

T
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Ayns npu o6palleHnn K nepeMeHHOW (MAn QyHKLMM) NO3BOMSET OLHO3HAYHO
NAEHTN(HNLMPOBATh, O KAKOW NPOrpaMMHOA KOHCTPYKLWN ULET peyb.

BmecTe ¢ TeM, MOXHO MOAKNOUYATb He BECb MOAY/Tb, 8 TONIbKO HEKOTOPbIE €r0 YTU-
NnTbI (MepeMeHHble NK GyHKLKUKN). CKaxeM, ecnnm U3 MOAYNA HAc UHTepecyeT
TO/IbKO OfjHAa NepeMeHHas, TO MOXEM BOCMO/b30BaTbCA KOMaHaoh from wmo-
Aynb import nepeMmeHHas. [locne aTOro NnepemMeHHy0 MOXHO UCNONb30BaThb
6e3 CCbI/IKM Ha UMA MogynA. Tak, 4To6bl MCNOMbL30BAaTL B MPOrpaMMHOM KOAe rne-
peMeHHYI0 p i 6e3 ykazaHus nepej ee MMeHeM Ha3BaHusa Mogyns math, ucnonb-
3yeM MHCTpyKuuio nmnopta from math import pi.

Ecnv Mbl XOTUM NOAKAOYNTL BCE YTUMMUTBLI M3 HEKOTOPOTrO MOAY NS, NOME3HON
6ynet MHcTpykuma from mofynbe import * (To eCTb NOCAe UHCTPYKLUUU UM-
MOPT YKa3biBaeM 3BE3J04KY).

TepHapHbIi onepaTtop

Hwnuyero ocob6eHHoro. O6blKHOBEHHas KOHTpa-
6aHpa.
n3k/ "'bpunivaHToBaspyka”

YacTo BO3HMKaeT HEO6XOAMMOCTb BbIMOMHATL B MPOrpaMMHOM KOZe pa3finyHble
KOMaH[bl B 3aBUCUMOCTU OT TOr0, BbIMO/HAEGTCA UM HET HEKOTOPOE YC/IoBMeE.
Boo6Le Takasa 3ajaya peLaeTcs ¢ NOMOLL b0 YCNOBHOI0 onepaTopa, ¢ KOTOPbIM
Mbl MO3HAKOMUMCS B CliefytoLeid rnase. BmecTe ¢ Tem, ecTb "ynpoLyeHHas" gop-
Ma YC/I0BHOTO onepaTopa, KOTOpyto, Mo aHanorum ¢ assikamy C++ njava, MOX-
HO Obl/1I0 6bl Ha3BaTb TEpPHAapPHbLIM OMepaTopPoM (XOTH, KOHEYHO, paccmaTpuBae-
Mas fanee KOHCTPYKLUA Pe3KO KOHTPACTUPYET C 0ObIYHLIMU MPeSCTaBNeEHNAMM
06 oneparope).

Q Hasawmetky

OG6bIYHO OrnepaTopbl 6bIBAOT YHAPHbIE Y BUHAPHbIE. Y YHApHOro onepaTopa ofAuH one-
paHg, y 6uHapHoro onepaTtopa Aga onepaHga. TepHapHbIii onepaTop - oneparop, y Ko-
TOporo Tpu onepaHga. OAVH U3 OMNepaHAoB - 3To NpoBepsieMoe ycrnosue. Eule aBa one-
paHa - 3HaueHUsl, OAHO M3 KOTOPbIX BO3BPALLAETCA B Ka4ecTBe pesynbrara, B 3aBUCU-
MOCTV OT NPOBEPSIEMOro YC/0BUs.

TepHapHbIii onepaTop BO3BpaLyaeT 3HaYeHne. Mpuyem 3To 3HaueHne 3aBUCUT OT
WCTUHHOCTW UM NIOXKHOCTU HEKOTOPOro yciosus. LLIa6noH TepHapHOro onepa-
TOpa TakKoi ()KMPHbLIM WPU(HTOM BblAeNeHbl OCHOBHbIE UHCTPYKLUM B Bblpaxe-
HUW NS TEPHAPHOTO onepaTopa):

3HauveHune_1 if ycnoBue else 3HauyeHue_?2

0
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TepHapHbIii onepaTop - AOCTAaTOYHO C/I0XHAsA KOHCTPyKUMs. CHavana ykasbl-
BaeTCs BblpaXeHUe (3HauyeHune_1), KOTOpoe onpesensieT 3HaueHne TepHapHO-
ro ornepaTopa NpyW UCTUHHOCTU YCNOBUA. MexXay 3TUM BblpaXeHUEM U YC/o-
BMEM yKa3sblBaeTcs Kntouesoe cnoBo if. Mocne ycnoBus ykasbiBaeTcs Knoue-
BOe C/10BO else, a 3aTeM BblpaXeHUWe (3HaUYeHMe_2), onpefenstoliee pesysb-
TaT TePHApPHOrO ONepaTopa, eC/iM yCN0BUE He BbINOIHEHO.He60/bLIo npumep
MCNONb30BaHUA TEPHAPHOTO OMepaTopa NpuBeAeH B INCTUHTEe 1.8.

JincTtuHr 1.8. TepHapHbI onepaTop

# CuuTbiBaeTCA MNEpPBOE 4YUCIO
a=float (input ("BBegute nepBoe uucno: "))
# CumTbiBaeTCq BTOPOE 4UCAO
b=float (input ("BBeguTe BTOpPOE umcno: "))
# [lepBoe 3HauyeHUe

value_I="nepBoe uucno 6onbwe BTOpPOro."

# BTopoe 3HaueHUe

valu6_2="BTOpoe 4YMCNO He MeHblle NepBOro."
# Bbl3blBaeTCcqd TepHapHbIi onepaTtop

res=value_ | if a>b else value_2
# OTob6paxaeTca pe3ynbTaTr
print(res)

Pe3ynbTaT BbIMOMHEHWUS 3TOr0 MPOrPaMMHONO KOAa MOXET BblTb TakuM (KUp-
HbIM LUPU(TOM BbleNeH BBOJ NO/b30BaTENSA):

Pe3ynbTar ebinonHerusi nporpammbi (U3 JIMCTUHrA 1.8)

BeeauTe nepBoe uyucno: 12
BBEAMUTE BTOpOe uucno: 30
BTopoe 4MCNO HEe MeHblle MepBOTroO.

Nnn Taknm:

pe3ynbTaT BbINOIHEHUSI NPOrpamMMbl \U3 IMbTHra law/

BeeauTe nepsoe uucno: 30
BBeANWTe BTOpOoe uucno: 12
MepBoe umcno Gonblie BTOPOTO.

B faHHOM cniyyae cuTyauus 4OCTATOYHO npocTas. CHauyana nosb30BaTefieM BBO-
ASTCS ABa YMcna, KOTOPble 3aNUCLIBAKOTCA B NepeEMeHHbIe a U b. [11s cunThiBa-
HWs BBOSMMOTO NOJIb30BATE/IEM 3HAYEHUS Mbl UCMOMb3YeM PYHKUMIO input ().
Ho nockofibKy 3Ta yHKLMS B KauyecTBe pe3y/bTaTa BO3BpaLlaeT BBEAEHHOe
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nonb30BaTeNeM 3Ha4YeHne B TEKCTOBOM (hopmate, 415 HAAEeXHOCTU npeobpasy-
eM CYMTaHHOe 3HaYyeHue K hopMaTy ymucna ¢ nnasarolyeli TOUKON, ANa Yero ne-
pefaem pe3ynbTat Bbl3oBa GyHKUUKM input () aprymeHTom pyHkumu float ().

3HayeHMe nepemMeHHOW res BbIYWCAAETCH HAa OCHOBE TepHapHOro oneparto-
pa. B TepHapHOM onepaTtope nposepseTca ycnosue a<b. Ecnu ycnosue UCTUH-
HO, TO NEpPeMeHHOW res MpucBaMBaeTCs TEKCTOBOE 3HAYeHMe U3 NepeMeHHOi
value_Il. Ecnun ycnoBue N0XHO, TO NEPeMeHHON res nNpucBanMBaeTca 3Ha4YeHue
nepeMeHHoOW value_2. 3HayeHne nepemMeHHOl res oTobpaxaeTca B OKHe Bbl-
BOZa C MoMowbio hyHKuum print ().

Pe3ome

Tonbko A Teba npolwy - roBopu cCNokoliHo, 6e3 opa-
TOpPCKOro HaXkmma.
n3 K/ ""Be3ymMHbIN feHb H>KeHepa bapkacosa”

MoaBeneM KpaTKWe UTOTW 3TOI FNaBbl.

1 MporpamMma, HanucaHHas Ha Python - 3To mocnefoBaTenbHOCTb KO-
MaHg. [Ons BbIMOMHEHMS 3TUX KOMaHfA WCNOb3yeTcs creyuanbHas
nporpamMMa-uHTEpNpeTaTop.

2. B nporpamme MOryT UCnosib3oBaTbCa nepemMeHHble. B Python nepemeH-
Has CcCbl/laeTCs Ha 3HAYeHMe, a He COLEPXUT ero, Kak BO MHOTUX ApYrux
A3blKax NPorpaMmMmmpoBaHus.

3. B Python cylecTByeT HeCKOJIbKO TUMOB JaHHbIX. YNCNOBbIE 3HAYeHUA
peanunsyoTcsa gaHHbiMy TUna int (yensie yncna), float (gelicTBuTeNb-
Hble yncna) u complex (komnnaekcHble Yyncna). na o603Ha4YeHUss MHU-
MOW 4aCTW KOMMJEKCHOIO Ync/ia Mcnonb3yrT 6ykBy j (60nbWwy0 mam
ManeHbKyt0). BUHapHbIe, BOCbMEpPUYHbIE U LIECTHALaTePUYHbIE NUTE-
panbl BBOAATCHA COOTBETCTBEHHO ¢ npedukcamu Ob, 00 n Ox (BTOpas
6yKBa MOCne HYs MOXET ObITb 60bLWIOK NAN ManeHbKOoM).

4. TeKCTy COOTBETCTBYET TN Str. TeKCTOBble MMTepasbl 3aK/HOYAOTCS B
ABOViHbIEe (UM OfUHAPHbIE) KaBbIUYKM.

5. C nomouibo TMNa bool peanusyroTca noruvyeckue 3HauvyeHud. [aH-
Hble 3TOF0 TMMa MOTYT MPUHMMaTb 3Ha4YeHWa True (MCTUHA) N False
(noXb). Jlornyeckme 3HavyeHUsa ABAAKOTCA MOABMAOM LLENOYNCIEHHO-
ro TMna faHHbIX, U MO3TOMY MOTYT UCNO/b30BaTbCS B apuPMEeTUYECKNX
BbIYNCNEHUAX.

i?H i
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Mnasa 1. lNepsble nporpammbl Ha Python

Tvn nepeMeHHON SIBHO YKasbiBaTb HE HYXHO - OH ONpejensieTcs Ha
OCHOBE 3HAUYEHWS, HA KOTOPOE CChINTaeTCs NepeMeHHas.

[Ons BBOoAa AaHHbIX C KOHCOMM MCNOMb3YOT PyHKUMO input (), a ans
BbIBOJA - yHKUMO print ().

[ns BBOZA B MPOrpamMMHbIi KOJ KOMMEHTapWs UCMOMb3YHT CUMBON #.
Bce, 4TO HAXOAMTCS cnpasa OT 3TOr0 CUMBO/A, MHTEPNPETATOPOM UTHO-
pupyeTcs.

OcHOBHble onepaTopbl Python MOXHO pa3gennTb Ha YeTbipe TPymMbl:
apumMeTUYeckue, NOGUTOBbIE, TOTUYECKME 1 ONEPATOPbLI CPABHEHUS.

ApumeTnyeckune onepaTopsl: + (CnoxeHue), - (BbluntaHue), * (yMHo-
XeHue), / (peneHue), // (uenoyucneHHoe feneHue), %(ocTaTok OT Le-
NIOYMCNIEHHOT 0 feneHus), ** (Bo3BeJeHune B CTENEHbL).

Mo6uToBbIe onepaTopbl: ~ (N06MTOBOE OTpULaHKE), &(NobuTtosoe N),
| (no6utosoe NN), N(no6nTosoe UCKAKOYAKOLWLEE NN), « (no-
6UTOBLIN cABWT BNEBO), » (NOOGMTOBLIV CABUT BNpPago).

Nornyeckune onepatopsbl: or (noruyeckoe MJIN), and (nornueckoe A1),
not (normyeckoe oTpuuaHue).

Onepatopbl cpaBHeHUsA: >(60/blHE), <(MeHbIHe), <=(He 60/bLIEe),
>=(He MeHblUue), ==(paBHO), !=(He paBHO). Takxe K ornepaTopam cpas-
HeHUs 06bIYHO OTHOCAT OMepaTop MPOBEPKU UAEHTUYHOCTU OOBLEKTOB
iS 1 onepaTop NPOBEPKN HEMAEHTUUYHOCTM 006BEKTOB iS not.

OnepaTop NpucBavBaHus UMEET COKpPALLEHHble (POPMbI: HANpUMep, KO-
MaHAy BUAa X=X+Yy MOXHO 3anucaTb B BUAe X+=y. Takoro Tmna cokpa-
LEeHHbIE BbIPAXEHWSA MOXHO UCNO/b30BaTh AJf BCEX apuMETUUECKNX
1 NOGUTOBLIX ONEPaTOPOB.

®yHKuus eval () NO3BONSET BBIUNCANTL BbIPOXKEHNE, KOTOPOE B BUJE
TeKCcTa NepesaHo apryMeHToM yHKUUN.

[na nogknoyeHna mogyneii UCNONb3yeTca UHCTPyKUMUa import, no-
C/fle KOTOPOW yKa3blBaeTcA UMA NOLKOYaeMoro mogynsa. Mpu mcnonb-
30BaHMM nepemMeHHbIX (PYHKLUIA) N3 NOAKIOYEHHOTO MOAYNA UMS MO-
Ayns (Yepes TOYKY) yKasblBaeTCa nepef MMEHEM MepemMeHHON (PyHK-
uunu).

TepHapHbIii onepaTop MMeeT TpM OMepaHAa WM BO3BPALLaeT 3HauYeHue
B 3aBMCMMOCTM OT UCTUHHOCTU WM NIOXXHOCTWM HEKOTOPOrO YC/0BUSA
(oAvH 13 ONepaH0B TEPHAPHOTO OMEpaTopa).
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YnpaBnawwme NHCTPYKUNK
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Hy, €C/IN Thbl X04elWb BpawlaTbCAd, TOorga, KoHe4-
HO, BpaLaiics.
n3 K/ ""ipoHus cyabbbl Um ¢ Nerkum napom'

B 3Toii rnase peyb NoigeT 06 ynpaBafoWwmUX MHCTPYKLMAX. K ynpasastowmm
WHCTPYKUMSAM B JaHHOM C/lydae Mbl OTHOCUM YC/IOBHbIIA onepaTop (Co BCEMU ero
BO3MOXHbIMN MOAUMUKALUAMN), a TaKXKe onepaTopbl Uukna (B A3bike Python
nx 4Ba). Mo 60nbWOMY CUETY, UMEHHO YNpPaBAfOLW e MHCTPYKLAN LenatoT npo-
rpamMmMmy LeiCTBUTENbHO MPOrpaMMoOi - TO ecTb LLeNIOCTHOW KOHCTPYKLMEN, a He
6aHanbHbIM HA60pPOM NOCNe0BaTeIbHO BbIMOIHAEMbIX KOMaH. Ho 060 Bcem no
nopsigky. B nepByto ouepesb pacCCMOTPUM YC/IOBHbIA 0NepaTop, NpuyeM HauHem
C CaMbIX NPOCTbIX €ro Bepcuii.

YCNoBHbI onepaTop

-Byab A Baweil >XKeHoli, 1 6bl ToXKe yexana.

- Ecnun 6bl Bbl 661N MOE >XeHOM, 9 6bl MOBECUN-
csi.

n3 K/ "'ViBaH Bacunbesny meHsie T npodec-
cuio™

YcnoBHbIli onepatop (MW, Kak ero ele MHOTAa Ha3biBaKT, YC/IOBHAA UHCTPYK-
Lus) NMO3BOMSET B 3aBUCMMOCTU OT UCTUHHOCTY WU NTOXKHOCTY OMpPeeNIEHHOT0
YC/TIOBUS BbIMOMIHATL Pa3/MyHbie 6/I0KM MPOrpaMMHOro koga. O6uias cxema, B
COOTBETCTBUM C KOTOPOI (PYHKLWOHUPYET YCNOBHbI/ 0NepaTop, BoIFASANT Tak:

e [lpoBepsieTcs HEKOTOPOE YC/0BME: 06LIYHO 3TO BbIPAXKEHWE, 3HAUYEHWE
KOTOPOT0 MOXET MHTePNPeTUPOBATLCA KaK UCTUHHOE (3HAaYeHUe True)
WM NOXHOe (3HaueHue False).

» Ecnu BbipaXkeHMe-ycnoBue WHTEPNPETUPYETCS KaK UCTUHHOE, BbINO-
HAeTCA BblfeNeHHas cneuuanbHbiM 06pa3oM MocnefoBaTeNlbHOCTb KO-
MaHf.

e Ecnn ycnosue UHTEPNpPETUPYETCS KaK /I0OXHOE, BbIMOHAETCS Apyras
(HO ToXe BblAeneHHas crneynanbHbiM 06pa3oM) NOCe[0BaTENLHOCTb
KOMaHf,.

« [locne Toro, Kak ofjHa Unu Apyras nocneAoBaTeNbHOCTb KOMaH/ yC0B-
HOro onepaTtopa BbIMOMHeHa, ynpaBneHue nepegaeTcs Toil KOMaHge, Ko-
TOpasi HaXoAWUTCA MOCNe KOMaH bl Bbi30Ba YCNOBHOIO onepaTopa.
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PakTnueckm, peyb ULeT 0 TOM, YTO MMeeTCca ABa Habopa KOMaHf, a pelleHne o
TOM, KaKoii U3 HabopoB KOMaHJ BbINOMHATL, MPUHUMAETCS NO pesynbTaTam npo-
BEPKMN BblpaXeHus-ycnosma. TakuMm obpa3om, B mporpamMme co3gaeTcs "Touka
BeTBNEHUA".

B A3bike Python ycnoBHbIli onepaTop peanusyeTcs B BUAe NporpaMm-
HOro 6/10Ka co cnegyowmnm WwabnoHoM (KUPHbLIM LWPUQPTOM BblAeNEHbI
K/HOYEBbIE 3NIEMEHTbI):

if ycnosue:
KomMaHAabl_1
else:
KomMaHAab 2

Mocne kntoyesoro cnosa i f ykasbiBaeTcs YCNOBUE - BbIPAXEHNE NOTNYECKO-
ro tmna (Mnm gonyckarwllee MHTeprnpeTaunio B TepMmHax True U False). o-
cne ycnoBusa ctaButca gsoetouune (To ecTh :). [anee cnegyeT 610K KOMaH[, KO-
TOpbIE BbIMOMHAKTCS, €CN YCNOBUE UCTUHHO (B WabnoHe 3To KOMaHAbl_1).
Bnok komaHA BblgensaeTcs C MOMOLL b0 OTCTYIMOB (3TO CTaHAAPTHbIA CNOCO6 Bbl-
feneHns 610KoB KoMaHz B A3bike Python). B npuHumne, KonnyecTso OTCTYMNOB
MOXeT ObITb NPOM3BO/IbHBIM - F1aBHOE, YTOObI 415 KaXL0N KOMaHAbl 6n1oka ae-
Nanocb OA4HO U TO XK€ KOANYeCTBO OTCTYNOB. HO 06LWenpuHATLIM ABNAeTCA Npa-
BUNO genaTh 4 oTcTyna (4 npobena).

Mocne oKoH4YaHMA 610Ka KOMaHA (BbIMOAHAEMbIX NMPU UCTUHHOM YC/IOBUMW)
cnefyeTt KnrueBoe CnoBo e lse (1 gBoetoumne :). Knoyesoe CNoBO else [LOJIXK-
HO 6bITb Ha TOM XXe YPOBHe (TaKTe )Ke KOIMYeCTBO OTCTYMNOB AN Npo6enoB), 4to
n Knto4vesoe cnoso if. [anee - ewe oguH 610K KOMaHg (B WwabnoHe 0603HaUYEHbI
Kak KOMaHfbl_2), KOTOpble BbINOMHAKTCA, €CNN YCIOBUE NI0XHO.

W Ha3sameTtky

B Python HECKOJIbKO KOMaHA MOTyT HaxoaAnTbCA B OAHOM cTpoke. B aTom cnyyae komaH-
Abl pasaenarTca TOUKON C 3anAToN. Takke KOMaH4bl MOXHO pasmMewaTtb B opnHomn TPO-
Ke c ko4veBbiMu cnoBamun i f n else. Ho 3To He TOT cTunb, KOTOPOro Hy>XXHO npunaep-
XnBaTbCA.

Cxema BbIMO/IHEHMSA YCN0BHOTO onepaTopa UuancTpupyerca Ha puc. 2.1.
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Punc. 2.1. Cxema BbINOJSIHEHUSA YC/IOBHOIO orneparopa

MpumMep NCNOMb30BaHUS YCIOBHOTO OMepaTopa NpuBeAeH B MCTUHTe 2.1.

JIncTtuHr 2.1. YcnoBHbIi onepatop 1

# llonb3oBaTenb BBOAWUT 3HauveHue
res=eval(input("BBegnte 4To-HMOGYAbL: "))
# Mcnonb3yem yCNOBHbLI onepatop ANA NPOBeEPKM
# Tvna BBeLEHHOT0 MNONb30BaTeNeM 3Ha4YeHUSA
if type(res)==int:

# Ecnu uenoe uywucno

print("Bbel BBEAM Lenoe 4yucnol!™)
else:

# Ecnm uTt0-TO pgpyroe

print("9To TOYHO He uenoe uyucno!")
# lMocne BbINOMHEHWSA YCNOBHOFO0 onepaTtopa
print("Pa6boTta 3aBepweHal")

[Mpwn 3anycke nporpamMsbl Ha BbIMOJIHEHME CHaYala NoABAseTCA 3anpoc 414 BBO-
[la MoNb30BaTe/IEM HEKOTOPOro 3HayeHus. BBefeHHOe nosib3oBaTesieM 3Ha4eHue
CUMTBLIBAETCA U 3aMOMUHAeTCA. 3aTeM NPOBEPAETCA TUM BBEAEHHOrO MoJib30Ba-
TeNEM 3HAYeHUA: eCc/in TOYHee, NPOBEPSAETCA, HE LeNOYUC/IEHHOe NN 3HAYeHune
BBEJ1 MO/Ib30BaTeNb? 15 3TOro NCNOoNb3yeTcs YC/0BHbLIN onepatop. Eciv nosb-
30BaTefib BBE/ Lie/I0e YMCNO, BbIBOAUTCA COOTBETCTBYHOLee coobuieHne. Ecnn
TO, YTO BBE/ MOJIb30BaTE/b, HE ABNAECTCA LiefIbiM YUC/IOM, TOXe MOABNAECTCA CO-

Xa
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06LLeHMe, HO Y)Ke Apyroe. HakoHew, noc/ie 3aBePLIEHUS BbINO/IHEHWS YCTIOBHOTO
onepartopa nosB/seTcs coobLieHe 06 OKOHYaHUM paboThbl MPOrpamMmbl.

Ll Hasametky

HanomHum, 4yto npu pa6oTe co cpegoii IDLE BBOA, NONb30BaTeNEM 3HAYEHUA OCYLLeCT-
B/ISIETCA Yepe3 OKHO MHTepnpeTatopa. MNpun paboTe co cpepoit PyScripter ons BeBoga
3HavyeHnss oTobpaxaeTcs cnelnasibHOe OKHO C NosieM BBOAA.

MOHSATHO, YTO pesy/nbTaT BbIMOJHEHUS NPOrPaMMHOI0 KoAa 3aBUCUT OT BBOAA
nonb3oBaTens. Hanpumep, ecnn Nonb3oBaTelb BBOAUT Lie/I0€ YMCNO, pe3ynbTat
MOXET 6bITb TAKUM, KaK MOKa3aHo HUKEe (KMPHbLIM LWPUQPTOM Bbl4eNEHO BBOAU-
MOE€ MO0J/Ib30BaTeNIEM 3HAUYEHME):

Pe3ynbTaTt BbINO/IHEHNS NPOrpaMmMbl (U3 IMCTUHTA 2.1)

Beegnute 4TOo-HMGYAbL: 12

Bbl BBenn uenoe yumcno!

Pa6oTta 3aBepuweHa!l

Ecnn nonb3oBaTesnb BBOAWT He Lesioe YNcno nnn BoBce He YNCNo, pesynbtat 6y-
[eT HECKOMbKO MHbIM (PKUPHBI/ WPUPT - TO, 4TO BBOAMT NOMb30BATENb):

Pe3ynbTar BbIMNO/IHEHVS MPOrpamMmbl (M3 INCTUHTa 2.1)

Beegute uto-HMGYAbL: 12.0
3T0 TOYHO He uenoe ywucno!
Pa6oTta 3aBepweHa!

PasHuLa B TOM, YTO B MEPBOM C/lyyae Nonb30BaTe/b (HO HalleMy XOTEHUIO) BBO-
AWNT 3HaveHne 12,1 3T0 Lenoe yncno. Bo BTopom cnyyae BBogMTCA yncno 12.0,
M 3TO YK€ YNCNO JeACTBUTENIbHOE - Haln4Yne AeCcATUYHON TOYKN MpeBpalyaeT Le-
NOYUCNEHHBIA NMTepan B INTepan 4Ns Yucna ¢ nnasarowwen Toukoi (tun float).

UTo KacaeTCcs HENoCpeACTBEHHO MPOrpamMMHOro Koga (CM. INCTUHT 2.1), TO He-
KOTOPbIe KOMaHAb! NIyyLle NPOKOMMEHTUPOBATb. Tak, Mbl y)Ke 3HaKOMbl C PYHK-
umeid input (). OHa BO3BpaLLaeT TEKCTOBOE NpeAcTaB/leHNe TeX AaHHbIX, KO-
TOpble BBOAUT MO/Mb30BaTE/b. TO €CTb JaXKe eC/iM No/b30BaTeNb BBOAUT YUCIO,
OHO BCe paBHO OyfJeT cuyuTaHO B TEKCTOBOM (hopmaTe (3TO Ha3biBaeTCH TEKCTO-
BOe npejcTasfieHne yucna). NMUKAHTHOCTb CUTyaLuUn B TOM, YTO Y Hac HeT ra-
paHTUK B TOM, YTO MOMbL30BAaTENIb BBEN YMCO. B npuHuuMne aToM MOXeT BbITb
KaKoi-yrofHo TekcT. Mo3aToOMy Mbl MPUMEHAEM XMTPOCTb: pe3ynbTaT QYHKUUK
input () (a aTo, HaNOMHUM, BBeAeHHOE M0Jib30BaTe/IeM TEKCTOBOE 3HaYeHUe)
nepefaem aprymeHtom yHkuuu eval (). ®yHkuunsa eval () nbitaerca "Bbl-
YNCNTL" BblIpaXKeHMe, "cnpsaTaHHoe" B TekcTe. Ecnm Tam cnpsaTaHo Lenoe yuc-
no, pesynbTatom 6ygeT aTo umcno. Ecnm felicTBUTeNbHOE YNCNO - Pe3yNbTaTOM

L 1
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6yneT OHO (geiicTBUTENbHOE YUCN0). EcAn npocTo Kakoi-TO TEKCT, TO OH TeK-
CTOM M OCTaHeTCH.

Q Hasametky

Mpv BBOAE TEKCTA €0 HYXHO ByAeT 3ak/ounTh B ABOMHbIE KaBbluki. ECIM 3TOro He
clienatb, BO3HUKHET OWMGKa, MPUYeM BO3HWKHET OHA Ha 3Tane BbINOSHEeHNUs! (OyHKLMM
eval (). To ecTb Ha 3anpoc BBeCTU 3Ha4YeHue criefyeT pearnpoBaTb akKypaTHO: Win
BBOAVM YUC/I0, UM TEKCT - HO TEKCT 06513aTe/IbHO B KaBbluKax!

Pe3ynbTat 3anOMWHaeTCA B NepeMeHHON res. Janblie B Urpy BCTynaeT yC/oB-
Hblli onepaTop. ®yHKUMeRd type () BblUMCASEM TWUM BBEAEHHOro Mojb3oBaTe-
nem 3HayeHus. B yacTHOCTW, B YCNOBHPM OnepaTope NpoBepseTca BblpaXeHue
type (res)==int, KOTOpOe NUMeeT 3HayeHue True ecnu TUMN 3HAYeHUs, Ha KO-
TOpPOe CCbINIAeTCA NepeMeHHas res, paBeH int (To eCTb ec/iv 3TO Lien0e YNCo).

Ecnn nonb3oBaTenb 4eACTBUTENbHO BBE/ LE/0€ YUCNO, BbIMONHAETCA KOMaHaa
print ("Bbl BBenu uenoe uucno!"). B npoTUBHOM cny4ae (ecnm He Bbl-
MOJIHEHO ycnoBue type (res) ==int) BbiMoNHAeTCA KoMaHfa print ("3T1o
TOYHO He UuUenoe 4yucno!™). Ha3atom 670K yCNOBHOr0O oneparopa 3akaHuu-
Baetca. KomaHgaprint ("PaboTa 3aBeplweHa!") BbINONHAETCH YXe nocne
3aBEpLUEHNS YC/IOBHOTIO oneparopa.

Tak)e xoyeTcs 06paTUTbL BHMUMaHME Ha O4HO HEManoBaXKHOe 06CTOATENLCTBO:
€C/N MONb30BaTe b BBEAET C POPMaAnbHON TOUKMN 3PEHMSA HE YNCO, HO BblpaXKe-
HMe, KOTOpPOe BO3BPALLAeT LE/IOYNCNEHHbI pe3ynbTaT (Hanpumep, 1+2**3-4),
athheKT ByaeT Takoii, Kak ecnu 66l N0Nb30BaTeNb BBEN LLE/10€e YUCIO:

Pe3ynbTaT BbINOMHEHNS NPOrpamMmbl (M3 ANCTUHrA 2.1)

BBegnTte 4TOo-HMOYfAb: 1+2**3-4
Bbl BBenun uenoe uyucno!
Pa6oTa 3aBepweHa!

: OnucaHHbIA BbIWE YCNOBHbIA onepatop 06bIYHOHA3bIBAOT if-
| onepatopom unu if-else-onepatopoM. BmecTe ¢ TeM, 3ToTONEpPATOpP |
* MOXEeT MCMNO0Mb30BaTbCA U B HECKO/IbKO MHOM BMAe. Tak, fonyckaetca uc- |
e NONb30BaHMWe yNPOLEHHOW hopMbl onepaTopa 6e3 e Ise -6noka. LLlabnoH o
*  UCNOMb30BaHWA YC/NOBHOrO OMepaTopa B 3TOM clyyae Takoil (KMPHbIM o
* WPUDTOM BbifeNeHbl KOYEBbIE IIEMEHTbI): !

| if ycnoBue: !
KOMaH bl

Kak 1 B nMpeAblAyLiem cyyae, CHayana npoBepseTcs YCA0BUE, KOTOPOE yKa3sa-
HO nocne Knto4eBoro cnosa if. EcAM yCNOBUE UCTUHHO, BbIMOMHAETCS 610K

c u
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KoMaHf. Mocne aToro ynpasneHue nepefaetca KoMaHje, pasMeLLeHHON nocne
YyCNOBHOTO onepaTopa. Ecnv ycnosue noXxHo, To paboTa yCc/I0OBHOro oneparopa
Ha 3TOM 3aKaH4YMBaeTCA W BbINONHAETCA CfefytoLlas KomaHa nocse ycnoBHOro
onepatopa. Kak BbINMOMIHAETCS YCNOBHbIV OnepaTop B YNPOLLEHHOW hopme, un-
NIIOCTPUPYET CXema Ha puc. 2.2.

Puc. 2.2. Cxema BbINO/IHEHNA YC/IOBHOTO Ofneparopa B YNpoLweHHOM
BapuaHTe 6e3 else-6n10ka

HebonbLlwoli npumep NCNONb30BaHMA YNPOLLEHHO BEPCUMM YCI0BHOIO 0NepaTo-
pa npuBeAeH B INCTUHTE 2.2,

JINCTUHT 2.2. YnpoleHHas dpopmMa yCnoBHOro oneparopa

# Monb3oBaTenb BBOAUT 3HauyeHue
res=eval(input("BeeanTte 4To-HMOYAb: "))
# Twun 3HayeHWsd 3anoMWHaeM B MepemMeHHOW
resType=type(res)
# MWcnonb3yem YyCcNnoBHble onepaTopbl (ynpoweHHas ¢opma)
# AN NPOBepKM Tuna BBELEHHOT0 MNONb30BaTefleM 3HayeHuUd
if resType==int:

# Ecnn uenoe uwucno

print("3to uenoe uymcno!")
if resType==float:

# Ecnum pelcTBUTENbHOE 4YUCNO

print("3to pgehictBuTenbHoe uymcno!")
if resTypel=int and resType!=float:

# Ecnum He uyucno

LLALL
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print("HaBepHoe, 3T0 TekcT!")
# Mocne BbLINONHEHUS YCNOBHbIX ONepaTopoB
print("Pa6ota 3aBepweHal!")

CuTyauLua oyeHb NOX0XKa Ha NPefbIAYLLY0, HO eCTb HEKOTOPbIe 0T/n4uKA. nas-
HOEe COCTOWMT B TOM, YTO TEeMepb OTC/NEXMBAKOTCA 4Ba TUMNA AaHHbIX: int U float.
MpoBepKa BbINOMHAETCA C NOMOLLbIO TPEX YCNOBHbIX ONEPaTopoB - KaXAblil B
yNpoLiLeHHoW hopme, cnegytoT OAVH 3a Apyrum. B nepBom ycnoBHOM onepaTo-
pe npoBepseTcs ycnoBue resType==int (NpeLBapuTeNibHO NEPEMEHHON re -
sType MPUCBOEHO 3HauyeHue type (res) ). TO YCN0BME UCTUHHO, eCNN nepe-
MeHHas res CCblI/Ia€TCA Ha LLeN0YNCNEHHOe 3HaYeHne. Ecnm aTo LelicTBUTENbHO
Tak, BbINONMHAETCA KOMaHAa print ("3T0 uenoe uwucno!™). Ecnu ycnosue
NNOXKHO, HNYero He BbIMOMHAETCA (MMEeTCs B BULY, YTO HUYEro He BbINO/IHAETCSH
MepBbIM YC/IOBHbIM OMEPaToOpPOM).

Bo BTOpOM yCNnOBHOM OnepaTope rnposepseTca ycnosue resType==float. Ha
cnyyail MCTUHHOCTM Takoro ycnoBMA MpefycMOTpeHa KOoMaHfga print ("371o
geicteutenbHoe umcnol"). ECnM ycnoBue NI0XKHO - HA JAHHOM 3Tarne HU-
Yero He MPOUCXOANT.

B TpeTbem yC/IOBHOM onepatope npoBepseTcs ycnoBue resTypel=int a
nd resType !I=float. YCcnoBme COCTOUT B TOM, YTO TUMN 3HAYEHUHA, Ha KOTO-
poe ccblnaetcs NepeMeHHas res, He coBnafgaeT ¢ TUMOM int W, OLHOBPEMEH-
HO, He COBMAaZaeT ¢ TUNoM float. ®aKTUUECKHU, 3TO YC/IOBUE BbIMOJIHAETCSH, €C/N
He BbIMO/IHEHO HW O4HO U3 ABYX YCNOBUI, KOTOPbIE NCMOJIb30BaNCh B NpeAbl-
AyLinX YCNOBHbIX onepartopax. Tak BOT, B 3TOM C/y4ae BbINMO/HAETCA KOMaH4a
print ("HaBsepHoe, 3T0 TekcT!").

Takum 06pasom, UMeeTCs TPX YCIOBHbIX OMEPATopa, B KAXKAOM U3 KOTOPbIX MPO-
BEPSETCS HEKOTOPOE YCN0BUE. Y CNOBUS TakUe, UTO BbIMOSHATHCS MOXET OfHO
W TONIbKO OfHO M3 HUX. [P UCTUHHOCTU TOTO UM UHOTO YC/I0BUS BbIBOAUTCS
COOTBETCTBYHOLLEE COOBLLEHNE. HUXe NpUBeseH MPUMEpP TOro, Kak MOXET Bbl-
rNS4eTb pesy/bTaT BbIMOMHEHUS NMPOrpaMMbl, EC/IN MO/Ib30BaTe/b BBOAUT LiEN0e
uncno (KUPHbIM WPUGTOM, KaK BCETAa, BblAENeH BBOJ MO/b30BaTENS):

Pe3ynbTart BbINO/IHEHNUS MPOrpamMmmbl (U3 NCTUHIA 2.2)

Beegute 4TOo-HMbYyfab: 12
310 uyenoe uywucno!
Pa6oTa 3aBepweHal!

Ecnun BBeCTU AeiACTBUTENLHOE YUCNO, pe3ynbTaT OyAeT BhIFA4ETh CEAY LM
obpasom:
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Pe3ynbTtart BbINOSIHEHNA NMPOrpamMmbl (I/I3 JTINCTUHIa

Beegute uto-Hubypgab: 12.0
370 fpencTBuTEeNbHOE ywucnol!l
PaboTta 3aBepweHa!

HakoHeL, ecnu BBECTU TEKCT, MONYYMM Takol pe3y/bTar:

Pe3ynbTar BbINO/IHEHNS NPorpaMMbl (M3 NNCTUHIA 2.2)

Beeante u4to-Hubyab: "'MI3yyaem Python*
HaBepHoe, 3TO0 TekcT!
Pa6oTta 3aBepweHa!

Ewe pa3 obpaliaemM BHUMaHUe, YTO TEKCT HYXXHO BBOAUTb B KaBblukax. U ewe
pa3 HamoMuHaeM, 4YTO CBA3AHO 3TO C TeM, Kak Mbl 06pabaTbiBaeM BBefEeHHOe
Nonb30BaTeNeM 3HAUYEeHUe - Mbl JaHHOe 3HaYeHWe nepefaeM apryMeHTom yHK-
unmeval().

UT0 MOXHO CKa3aTb 0 pACCMOTPEHHOM Bbille NporpaMmMHOM Kofe? Bo-nepsbix,
OH pabouwnii (TO ecTb BbIMOAHAETCA). B0-BTOPbLIX, OH BbINO/HAETCA MpPaBuib-
HO: ec/in Mbl BBOAWMM LeN0e YMNC/Oo, ec/in Mbl BBOAUM AeACTBUTENbHOE YUCAO, U
€C/IN Mbl BBOAWM HEUTO Apyroe (TEKCT) - B KXKA0M U3 3TUX CIy4aeM nosasnseT-
cq "nepcoHanbHoe", npefjHa3Ha4yeHHOe UMEHHO /19 3TOr0 Cay4as CoobLeHme.

OfHako ecTb 0AHO "HO". COCTOMT OHO B TOM, YTO C OfHOI CTOPOHBLI, U Mbl 3TO OT-
Meyanu, BbIMOMHATLCA MOXET TONbKO OLHO M3 TpeX NPOBepPsAeMbIX B YCNOBHbIX
onepaTopax YCNOBUiA, a C ApYroil CTOPOHbI, JaXKe eCc/i KaKoe-TO YC/I0BUE Bbl-
MOJTHEHO, OCTaBLUMECSA YCNI0BMA BCE PaBHO OyAyT NpoBepATbCs. bonee KOHKpeT-
HO, NpefCTaBMM, YTO B NEPBOM XXe YC/IOBHOM OMNepaTope yCN0BUe 0Ka3anochb Uc-
TUHHbIM.

JlaHHOe 06CTOATENLCTBO 03HAYAET, UTO fBA APYTUX YC/0BUSA O4HO3HAYHO JTOXK-
Hble, HO OHU BCe PaBHO GYAYT NPOBEPEHbI. A 3TO - I HWUE BblYMC/EHUS. U XOTA
Ha BPEMEHU BbIMO/IHEHNS CTOJ/Ib Manoro no 06beMy NPOrpaMMHOro Koja Takas
M36bITOYHOCTb MPAKTUYECKM HE CKAXKETCS, HEKOTOpasi HEY40BNETBOPEHHOCTb OT
CUTYyaL MK BCe Xe ocTaeTcs. B JaHHOM clyyae pasyMHee UCM0/Ib30BaTh HECKO/Ib-
KO BNOXEHHbIX YC/OBHbIX OMEpaTopoB. M Ha 3ToT cnyvail B Python umeetcs
cneymanbHas Bepcus yC0BHOTO oneparopa.

cu...
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OfHa Oo4YeHb NosnesHas MOAU(UKALMS YCMIOBHOTO OmepaTtopa MO3BOS-
eT MocnefoBaTelbHO MPOBEPSTbH HECKONBKO ycnoBuid. Ecnm cMoTpeThb B
KOpPEHb, TO 3TO Ha CAMOM fie/le CUCTEMA B/IOXKEHHbIX YC/MIOBHbIX ONepaTo-
poB. Vicnonb3yeTcs cnefyrowmnin wabnoH (KMpHbLIM LWPUGHTOM BblAE/EHbI
K/TIOUEBbIE 3/IEMEHTbI):

if ycnosue_1:
KoMaHabl_1

elif ycnosune_2:
KOMaHAabl_2

elif ycnosune_3:
KOmMaHabl_3

elif ycnosue_bl:
KoMaHAabl_ bl
else:
KOoMaHAbl

B faHHOM cnyyae Hayano TpaguLMOHHOE: Mocne Knwyesoro cnosa i f ykasbisa-
eTca ycnosue ans npoeepku (0603HayveHo ycnosue_1). Ecnm ycnoBue NCTUH-
HO, BbINOMHAOTCA KOMaHAbl if -610Ka (0603HayYeHbl Kak KOMaHAbl_1). Ecnu
BblpaXkeHne yc0Bue_1 noXHO, NpoBepseTCcs YCNOBUe, yKa3aHHOE Noc/ie KIto-
yeBoro cnosa e lif (B wabnoHe ycnoesue 0603Ha4eHO Kak yCnoBue_ 2, nocne
YyCNOBMWA CTaBUTCA ABOETOUME :).

Ecnu 3to, BTOpOe, YyCNOBME WCTUHHO, BbINOMHAKTCA KOMaHAbl ANS AAHHOTO
el if-6noka (komaHabl 3TOro 6/10Kka 0603Ha4YeHbl Kak KOMaHAbl_2), 1 Ha 3TOM
paboTa yCnoBHOro onepartopa 3aBepluaetca. Ecnm xe v BbipaeHue ycnosue_2
NOXHO, NpoBepseTcs ycnosue B cnegytowem el i f-610Ke, 1 B cyyae ero MCTUH-
HOCTU - KOMaH/bl 3TOro 6/10Ka.

Ecnv npu nepe6ope el i f -610KOB HU OQHOTO UCTUHHOTO YC/IOBUS HE 06HAapYXXe-
HO, BbIMOJIHAIOTCA KOMaHAbl € |s e -6/10Ka, KOTOpbIil pasMelyaeTcs B WwWabnoHe ca-
MbIM nocnefHnUM. Ha puc. 2.3 npefcTasieHa cXxema BbINMO/IHEHWA YCN0BHOIO One-
patopa c NPOBEPKO HECKONbKNX YCOBUIA.

B nucTuHre 2.3 npvBegeH NporpamMmMHbIi KoL, B KOTOPOM uaest npegblayLiero
npvMepa peann3oBaHa Yepe3 OfLMH YCNOBHbIA 0nepaTop C NPOBEPKO HECKO/b-
KMX YC/TOBWIA.
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Puc. 2.3. CxeMa BbINOSIHEHUSI YC/TIOBHOTO ofepaTtopa ¢ NPoBepKoii HECKOTLKUX YC/I0BUiA

JINCTUHT 2.3. YCNOBHbI onepaTop C NPOBEPKO HECKOMbKUX YCoBUiA

# onb3oBaTenb BBOAUT 3HayeHUue
res=eval(input("Bseante, 4To-HNbYAL: "))

# Tun 3HavyeHWs 3aNOMUHAEM B MepPeMEHHON
resType=type(res)

# Mcnonb3yem YyCnoBHble onepatopbl (ynpoweHHasa ¢opma)
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# [na NpoBepKM Tuna BBEAEHHOr0O NONb30BaTeNeM 3Ha4YeHUN
if resType==int:

# Ecnun uyenoe yucno

print("3to uenoe uwnucno!")
elif resType==float:

# Ecnu pelicTBUTENbHOE 4YUCNO

print("3to pgeWictBuTenbHoe uymcno!")
else:

# Ecnum He uyucno

print("HaBepHoe, 3T0 TekcT!")
# Mocne BbINONHEHWA YCNOBHbIX 0OMNepaTopoB
print("Pa6ota 3aBepweHal")

PesynbTaT BbIMOMIHEHWSA 3TOT0 NPOrpaMMHOr0 Koja TOYHO TaKoi e, Kak U B
npeablgyuiemM NprMepe, NO3TOMY OCTaHaBAMBATLCA Ha 3TOM He 6yaeM. OpHa-
KO anropuTMm 34ecb HEMHOTO MHOI. Tak, NepBbIM [e/0M NPOBEPSETCS YCN0BME
resType==int. Ecnu ycnoBne UCTUHHO, BEIBOANTCSA COOTBETCTBYIOLLEE CO06-
LeHne 1 paboTa yCNOBHOrO oneparopa 3aBepliaeTca. OTO 03HauyaeT, YTo cpasy
6yfeT BbiNONHEHa KOMaHga print ("Pa6oTa 3aBepweHa!™) B KOHUE npo-
rpammel, a Bce "BHYTpeHHMe" ycnoBus (TOUHee, OHO TaM 0CTanoCh OfHO) MpoBe-
psATbCA He 6yayT.

Ycnosue resType==float 6yaeT NpoBepATbLCSA TONILKO B TOM CNy4ae, eC/n N0X-
HO ycnosue resType==int. Au4To Kacaetcs e Ise -6/10Kka, TO OH BbINO/IHAETCS
“ BOBCE INLWb B TOM CNyyae, €C/N He BbIMO/HEHb! NepBble 4Ba YCN0BUS.

OnepaTtop uunkna while

KasaHb 6pan, AcTpaxaHb 6pan, PeBenb 6pan...
LLl naka He 6pan.

n3 K/ "'VieaH Bacunbesny meHsie T npodec-
cnio™

Onepatopbl LKUKNa NO3BONAT MHOFOKPATHO BbIMOMHATbL MPeAonpeae/ieHHbIN
Habop unu rpynny KomaHg. B s3bike Python ecTb gBa onepatopa uukna. CHava-
Na Mbl MO3HaKOMWUMCSH C OMepaTopoM LMKNa, B KOTOPOM ucnosb3yetrca while-
MHCTPYKUMA. Mo3ToMy 06bIYHO TaKOoi onepaTop LUKa HasbiBalOT ONepaTopoM
umkna while, nan w hile -onepatopom.

# LWa6noH y 3TOro onepatopa LMKaa No-CnapTaHCKU TPUBMAbHbIA (Kup-
HbIM LUPUPTOM BblJeNeHbl K/TOUEBbIE AEMEHTHI):

while ycnosue:
; KOMaHabl

cul
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MpuHynn paboTel onepaTopa LMKAa 04YeHb MPOCTOM: NEPBbIM AeN0M, KakK 40X0-
AWT o4yepeflb O BbINO/MIHEHWUS 3TOr0 onepaTopa, NPoBepseTca yCcnoBue, KOTO-
poe yka3zaHo nocse knwo4esoro cnosawhile. Ecnu ycnosue UCTUHHO, BbIMON-
HAKTCA KOMaHAbl B Tefie onepartopa uukna. focne BbINOMHEHUA KOMaH[ CHO-
Ba NpoBepsieTcs ycnosue. Ecv ycnoBue UCTUHHO, BbIMOMHAKTCA KOMAaH/bI,
a 3aTem nNpoBepseTcA yCNOBME, U Tak fanee - 4o Tex Nop, Noka npu npoeepke
YC/NIOBUA He OKAXETCH, YTO OHO JIOXKHO. Ha 3aTOM BbINO/IHEHME onepaTopa K-
Na 3aKaHuYMBaeTCs U BbINOMHAETCA KOMaH/a, clefytoLas nocne ycnoBHOro one-
paTtopa. CxemaTnyeckmn npoLecc BbINMOMHEHNA onepaTopa LuKna nponnnocTpu-
poOBaH AnarpamMmmoi Ha puc. 2.4.

Puc. 2.4. Cxema BbINO/HEHNA onepaTtopa uukna

Y oneparopa uunkna UMeeTca 1 "paclinmpeHHan” Bepcus ¢ KoyeBbiM C/10-
Bom else. LLa6noH 4ns onepatopa LMKa B 3TOM C/lydae TakoB (XKMPHbIM
WPUGTOM BblfeNieHbl KKUYEBbIe 3/1IEMEHTbI):

w hile ycnosue:
KoMaHabl_1
else:
KomMaHAab 2

Kpome w hile-6n0ka B aTom cnyyae ecTb ewe v e lse -610K: mocne KAKYeBoro
cnoeaelse (u gBoeTOUMA) yKa3biBaeTCca 610K KOMaHA, KOTOPbIE BbINOMHAKOTCSA
TONbKO B TOM C/lyyae, ecin YCNoBMeE Nocne MHCTPYKUUM while aBnseTca nox-
HbIM. B yacTHOCTM, B camMOM Hayasie BbINO/HEHUSA ONepaTopa LuKna nposepseT-

T
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caycnosue nocne nHCTpykuum while. Ecnv ycnosue noXHo, BbINOMHAKTCA
KomaHfbl B e Ise -6noke 1 Ha 3TOM paboTa onepaTopa LuKna 3asepLluaetca. Ecnu
YCNIOBUE NCTUHHO, BbINOMHAKOTCA KOMaHAbl w hile -6n0ka. Mocne aToro npose-
pseTcsa ycnosue. Ecnm ycnoBue N0XHO, BbinonHsaetcsa e Ise -6/10k 1 3aBeplua-
eTcs paboTa onepaTopa uukna. Ecnm ycnosue UCTUHHO, BbIMOMHAKTCA KOMaH-
bl w hile-610Ka n cHoBa NpoBepseTca ycnoBue, U Tak ganee. Cxema BbINos-
HeHUs TakoW "pacliMpeHHON" BepcMM onepaTopa UuMkna uantcTpupyeTcs gua-
rpammMoli Ha puc. 2.5.

Puc. 2.5. Cxema BbINONHEHUs oneparopa uukna c else-6,10kom

Ecnv BHMMaTeNbHO MpOaHanM3nMpoBaTb 3Ty CXeMy, TO HEC/I0XHO C006pasunTh,
YTO KOMaHAbl e lse -6/10Kka BbIMOAHAKTCS OAWH U TONbKO OAWH pa3, NpPUYEM
Ha 3aBepLUatoLLleil CTaAnun BbIMOMHEHNS OMepaTopa uyukna. Takoro e adek-
Ta MOXKHO J0O6MTbLCA, eCn 3T KOMaHAbl pa3MecTUTb BHe onepaTopa Lukna cpa-
3y nocne Hero. Moatomy B e Ise -610Ke 6b1710 6b1 Mano NOMb3bl, €Ccnn 6bl He ABa
K/H0YeBbIX CoBa (ABe MHCTPYKUuK): break n continue. MHcTpykuma break
3aBepLuaeT paboTy onepaTtopa Uukna 6e3 BbiNonaHeHUs e lse -6noka. MHCTPYK-
ums continue 3aBeplaeT BbINOMHEHME TEKYLLETO LKA N NO3BOSET MEPENTH
cpasy K npoBepke ycnosusa B w hile-6noke.

[anee mMbl NpoMNIOCTPUPYEM UCMONIb30BAHUE onepaTopa umMkna while Ha He-
CKOJIbKMUX HEC/IOXHbIX Npumepax. HayHem c npumepa, B KOTOPOM BblYMCNAETCS
CYMMa HaTypanbHbIX yncen. COOTBETCTBYHOLW M NPOrpamMMHbI/ KO NpuBefeH B
NINCTUHTE 2.4,
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JcTvHr 2.4. Cymivia HamyparisHs X WACES T Y ONepaTop LKA

print("Cymma HaTypanbHbIXx uyucen")
n=100 # KonmuyecTBO cnaraemsblx
# dopmupyeM TeKCT Ans oTobpaxeHuWa pesynbTaTa
text="1+2+...+"+str(n)+" ="
# WTepaunoHHaa nepeMeHHas ANA onepatopa LMKna
i=1
# [MepemeHHaa ANsA 3anmMcu CyMMbl
s=0
# OnepaTop uUWKNa.ANA BbLIYUC/EHUA CYMMBbI
while i<=n:
# Lob6aBnAem cnaraemMoe K CymMMme
S=s+i
# WN3meHsemM uTepauMOHHYK MNEPEMEHHYIO
i=i+l
# OTob6paxaem pe3ynbTar
print(text,s)

PesyanaT BbIMO/THEHMNA 3TOI0 NMPOrpaMMHOro Koga npeacTtaB/ieH HUXeE!

PesyrsTar BbNoHeHA MporpeMvis| (M3 JVcTvHRa 2.4)

Cymma HaTypanbHbIX 4ucen
1+2+...4100 = 5050

OcHOBY NPOrpaMMHOro Kofa cocTaB/ifeT onepaTop LMKna, Npy BbINOMHEHNUN KO-
TOPOro OCYLLEeCTBAAKTCA OCHOBHbIE BbluncneHns. Mepes BbINOMHEHWEM OMepa-
TOopa unkna komaHgom print ("CymMma HaTypanbHbiX 4ucen") BbIBOAUTCA
CO06LLEHME O TOM, 4YTO Mbl CO6MPaEMCA BbIYNCAATL CYMMY HaTypasbHbIX YMCen.
[Janee 06bABNAETCA HECKONLKO NEPEMEHHBIX.

MepemeHHas n (co 3HayeHMem 100) onpegenset KONMYECTBO CnaraemblX B CyMMe.
B gaHHOM cnyyae Mbl 6yfieM BbIUMCNATbL CyMMY 100 HaTypanbHbIX YACEN: TO ecTb
cymmy oT 1 go 100. Takxe HaM NOHaZ06UTCA TEKCTOBOE 3HAYEHME, KOTOPOE Mbl
BbIBEJ,EM B KOHCO/IM MPU 0TO6PaXKeHWK pesynbTaTa BbluncieHuii. C aToi Lenbio
MepemMeHHoONn text mpucBauBaeTcsi 3HayeHue "l+2+ ... +"+str(n)+" =",
3T0 TeKCTOBOE 3HayeHue. onyyaeTca OHO 06befuMHeHWEM (KOHKaTeHaumei)

TpeX TEKCTOBbIX PparmMeHToB: "1+2+... +" str(n) un" ="

[na o6beMHEHNA UCMONL30BAH OMepaTop CN0XeHUsA. Bonpocbl MOTYT BO3HUK-
HYTb CO BTOpPbIM "(hparMeHTOM", KOTOPbIA B JAHHOM C/ly4ae NpefCTaBeH WH-
CcTpyKumeii str (n).Pe3ynbTaToM 3TOr0 BbipaXXeHWA ABNSAETCA TEKCTOBOE Npes-
CTaBJIEHMe YMCNOBOr0 3HaAYeHMA, Ha KOTOPOe cCblfilaeTcsa nepemeHHas n. i ne-

€n
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pPeBOfa YMC/IOBOTO 3HAYEHMNS B TEKCTOBOE Mbl UCMOMb30BaNN QyHKUM str (),
KoTopas 415 NOAOGHbLIX Lefeil n npegHasHayeHa.

Takxe Mbl onpejendeM utepayoHHyto (MCNONb3yeTCsA B onepaTope uukna ang
"MHOeKcauMm™ LLMKNOB) NEPEMEHHYIO i C Haya/ibHbIM 3HadyeHMeMm 1. 3To nepsoe
cnaraemoe, KOTopoe Mbl 06aBUM K CymMMe. Pe3ynbTaT (3HauyeHue CyMMbl) 6ygem
3anucbiBaTb B MEPEMEHHYIO S, Y KOTOPOI HayanbHOe 3HavyeHue Hynesoe. [ocne
3TOrO0 BbINO/IHAETCA ONepaTop umkna. HaunHaeTca OH ¢ MHCTpYKuun while, no-
cfe KOTOPOWA yKa3aHo ycnoBue i<=n. 9T0 03HayaeT, 4TO onepaTop OyAeT BbINON-
HATbCA L0 TEX NOp, NOKa 3HaYeHMe NePeMEHHON | (MTepaLnMoHHas nepeMeHHas,
OHa Xe onpegenser cnaraemoe, npubaBnseMoe K CyMMe) He NpeBblLIaeT 3Have-
HWe nepemMeHHOl N (nocnefHee cnaraemoe B cymMMe). B Tene onepaTtopa uukna
BbINOMIHAETCS ABe KOMaHAbl. KomaHgoli s=s+i fob6asnsem ouepefHoe crnarae-
MO€ K CymMme, a 3aTeM KOMaHZoi i=i+| Ha eguHNLY YBENMYMBAEM 3Ha4YeHUe
nTepaunoHHON NnepemMeHHON. ocne BbINOAHEHMSA onepaTopa Lukna KOMaHgoi
print (text, s) oTto6paxaem B KOHCO/IbHOM OKHE pe3y/ibTaT BbIYNCIEHWNIA.

W Ha3ameTtky

BmecTo KOMaHAbl S=S+i MOXHO 6blI0 UCMO/b30BaTh 3KBUBAJIEHTHYIO eil KOMaHay
s+=i, a BMeCTO KOMaH/pl! i= i+ | - COOTBETCTBEHHO, KOMaHAy i+=1.

Cneunduka onepaTopa LMKAa TakoBa, 4YTO B KOMaHAax LMKAa LO/MKHA 6biTb
3a/10)KeHa NPUHLMNMaNbHas BO3MOXHOCTb AN N3MEeHeHUs (B pe3ynbTaTe Bbl-
MOMHEHWA 3TUX KOMaHA) NpoBepsemMOoro 3a Kaxablid LuUKA ycnosus. MiHaye mo-
XKEM MOMYUYNTb GECKOHEYHbIV LUK/, X0TA, C APYroi CTOPOHLI, faxe hopMasibHO
OECKOHeYHbI LMKA ele He 03Ha4aeT, YTo KO COCTaBfeH HempaBuabHO. B nu-
CTWHre 2.5 npuBeAeH NpMMep NPOrpaMMHOro Koga ¢ 6eCKOHeYHbIM, Ha MepBblii
B3rNf4, oNepaTopoM LuKna (KOTOpbIiA, KOHEYHO e, Ha caMOM fene 6eCKOHeuy-
HbIM He ABASeTCH).

NncTtunHr 2.5. Onepatop umkna c break-mHCTpyKumei

print("Cymma HaTypanbHbIX 4yucen")
n=100 # KonumuecTBO cCnaraemblx
# ®dopmupyem TeKCT [ANf OTo6paxeHua pesynbTaTa
text="1+2+...+"+str(n)+" ="
# WNTepaunoHHas nepemMeHHas ANA onepaTtopa LUuKna
i=1
# lMNepemeHHas Ans 3anuMcu CyMMbl
s=0
# OnepaTop uUMKNa ANA BbIYUCIEHUSA CYMMbI
while True:
# Nob6aBnAem cnaraemMoe K CymMme
s+=i



# M3MeHdAeM WTepaLWOHHYID MEPEMEHHYI0
i+=1
if i>n:
break
# OTob6paxaeM pe3ynbTaT
print (text,s)

Pe3y/ibTaT BbIMO/IHEHWUS 3TOr0 MPOrpaMMHON0 Kofa abCco/loTHO Takol e, Kak
1 B npeAblgyuiem npumepe. To eCcTb B AaHHOM C/lyYae Mbl UMeeM [efio ¢ npak-
TUYECKM TO e 3afauelt, U pellaemM ee TemMu e MeTogamu. MpocTo Mbl HEMHO-
ro MHaye OpraHM30Basn OMepaTop LMKa. A UMEHHO, MOC/E K/OYEBOr0 C10Ba
w hile B KauecTBe ycNnoBus yKasaHo 3HaueHue True. STO KOHCTaHTa. Kakue Gbl
KOMaHfbl B Tefie onepaTopa LWKAa HU BbIMOHANNCH, YC/OBME HE U3MEHUTCS.
Mo3TomMy 4TOGbI BbIATY M3 OMepaTopa LKA B HY)XXHbIA MOMEHT (3aBEPLWIMUTH pa-
60Ty onepaTtopa LuKa) B Tefie ornepaTopa Mbl pa3MecTu/M YC/TOBHbIA onepaTop,
B KOTOPOM MpPOBepsieTcs ycnoBue i>n. EcAu ycnoBue UCTUHHO, BbIMOMHSAETCS
MHCTPYKUMs break. BbINONHEHMe 3TOW MHCTPYKL MU NPUBOAUT K 3aBEPLLEHUIO
onepaTopa LuKna, 4To Ham, COGCTBEHHO, U HYXHO.

Ll Haszametky

B nepBoM MnpriMepe C ONepaTopoM LuK/Ia yC/ioBre i<=n SBASM0Ch YCMOBUEM MPOAOII-
XeHus paboTbl ornepatopa. Bo BTOpoM npumepe ycrioBre i>n BYC/IOBHOM onepaTtope
ABNSETCS YC/IOBMEM 3aBEPLUEHUSI onepaTopa uukna. HecnoxHo 3aMeTUTb, YTO eC/IN UC-
TUHHO ycnoBue K=n, TO JIOXHO yC/l0BMe >N, N HA060POT.

Cnepywowuii npumep, KOTOPbIA Mbl PACCMOTPUM - 3afaya 0 BbIYUCAEHUW N0~
wagu hurypbl, OrpaHMYEHHON BYMS KPpUBLIMU. 34€eCh, B 3TOM NPUMEPE, Mbl UC-
MoNib3yem B/IOXEHHbIE OMepaTopbl LuKna (To eCTb OAWH OMNepaTop LKA Bbl3bl-
BAaeTCs B Te/fie APYroro oneparopa Lukna).

UT0 KacaeTcs HEMoCPeACTBEHHO peLlaeMoii 3afayumn, To Ham NPeacTouT BblUuUC-
ANTb Naowanb QUrypbl, KOTOpas orpaHMYeHa ByMa KPUBbIMU, YPaBHEHMS KOTO-
pbIXy(X) = X ny (x) = X2 'padkun 3TUX KPUBbLIX NPEACTABNEHbI Ha pUc. 2.6.

370 npsmMas AMHUA 1 napabona. KprBble MepecekarnTcs B ABYX TOUKAX: B TOUKE

Xx =0,y = 0uBToukex = 1Y = 1(TOUKM ONpeLensdtoTCA Kak peleHune ypas-

HeHUus X = X2). Mony4aeTtca Takoil cBOeo6pasHbIi “nenectok”, naouiagb KoTo-
poro Ham v MPeaCcToOUT BbIYUCIUTD.

Q Hasametky

3ajaya MMeeT TOUYHOe pelleHne. A WMEHHO, MJIoWaAb S yKasaHHON  courypbl

S = V(X —x2)dx = —* 0.166667 . O4HaKo Mbl NCMOMb3YEM HECKOJIbKO WHOM
0
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Puc. 2.6. BblumcneHne obnact purypbl, OorpaHNYeHHON ABYMSI KPUBbIMU

noaxop. MeTtof, KOTOpbI/i onuckbIBaeTCs fasiee U NPUMEHSIeTC HaMW AN1S BbIYUC/IEHNS
naowaan purypbl, MMeeT OTHOLLEHWE K TEOPUN BEPOSATHOCTEl U MaTeMaTnyeckoii cTa-
TUCTUKe (0B6bIYHO TakKoW NoAxXoA Ha3biBalOT MeTogamu MoHTe-Kapno).

Mpw BbIYMCIEHUN NNOWAAN PUTYPLI Mbl BYAEM UCXOLUTL U3 CNeAYLNX Co06-
paxxeHuii. Bo-nepBbIX, 3aMe4aeM, 4To 061acTb, OrpaHNUYEeHHas KPUBbIMU, NOJTHO-
CTbiO MONajaeT B eAMHUYHbIA KBapaT C 1EBOI HMKHEI BEPLUNHON B TOUKe Hava-
Na KOOPAMHAT M NpaBoil BepPXHei BEPLUNHON B TOUKe C eAUHUYHBIMU KOOpAMHa-
TaMun. Ecnm mbl cnydaiiHbiM 06pa3om BbibepeM TOUKY BHYTPU 3TOr0 KBagpara, 10
OHa C HEKOTOPOIi BEPOATHOCTbLIO MonajaeT B 061acTb, UTO OrpaHMyeHa KpUBbIMU
(To ecTb NnonageT BHYTPb "nenectka"). Teopns BEPOATHOCTEW YTBEPXAAET, YTO
3Ta camas BepOATHOCTb paBHa OTHOLWIEHMIO Nowagen "nenectka" n keagparta. Y
KBajpaTa C efMHNYHON CTOPOHONM niowasb paBHa eguHuue. MoaToMy naowagb
"nenecTka" (KOTOpPY Ham HEOO6XOAMMO BbIYMCNNTL) PABHAETCA BEPOATHOCTH, C
KOTOpOUi cnyvaiHbiM 06pa3om BbibpaHHas TOYKa nonajaeTt BHYTPb "nenectka'.
370 bypeT "BO-BTOPbIX".

B TpeTbux, ecnu B3ATb O4EHb MHOTO Cly4vaiiHbiX TOYEK, PABHOMEPHO pacnpege-
NEeHHbIX MO KBajpaty, W BbIYNC/INTL OTHOLIEHME KO/IMYECTBA TOUEK BHYTpU "ne-
necTka" K 06LLieMy KONMYECTBY TOUEK, B MAeane NOMyYMM OLEHKY, 613Ky K Be-
POATHOCTM MOMafaHus cyvanHo BbIGPaHHOM TOYKM BHYTPb "nenectka’.

Mbl BCO 3Ty NpOLEAYPY HEMHOIO MOAU(QULMPYEM 1 NOCTYNUM Clefylounum 06-
pa3oM. BMecTo TOro uto6bl reHepupoBaTh CayyYaliHble TOUKM, MOKPOEM BECh KBa-
ApaT paBHOOTCTOSALMMY Y3/10BbIMUM TOUKaMu. [locunTaeM, CKOMbKO MX Nonano
BHYTPb "fenecTka” (To ecTb 06/1aCTW, OTPAHUYEHHON KPUBLIMUI), U MOAENNM Ha
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o6LLee KOMYeCTBO Touek. ITo U ByAeT pe3ynbTaT. [porpaMMHbIiA Ko, B KOTO-
pOM peasn30BaH TaKoi MoaXof, NPeacTaB/ieH B IMCTUHTE 2.6.
NINCTUHT 2.6. BbluncneHune nnowaan ourypbl 1 oneparTopbl LyKna

# KonuuecTBO paBHbIX MHTEPBAaNOB, Ha KOTOpble AenaTcs
# CTOpPOHbI €AMHMUYHOTO KBajgpaTa

n=500

# "LleHa peneHua" - paccToOAHWEe MeXAy COCeAHUMMU TouyKamu
dz=1/n;

# KonnuecTBO TOYEK, KOTOpble nonajawT BHYTpb ob6nactu
pts=0

# HavyanbHOe 3HauyeHWe uWHpeKkca, onpefjenswwero cronbey Touek
i=0
# BHewHuin onepatop umukna. Mepebupaem cTonbubl TOouek
while i<=n:
# X-KOoOpAMHATA TOYKMU
x=dz*i
# HavyanbHOe 3HauyeHMe BTOPOro MHAeKkca ANA To4vyek cTonbua
j=0
# BHYTpeHHUR onepaTopa uUwukna. MNepebupaem TOUYKK
# B ofHOM cTon6ue
while j<=n:
# y-KoopAuHaTa TOYKM
y=dz*j
# YCnoBHbIi onepaTtop: nNpoBepsfeM, nonana NuM Touka
# BHYTpb ob6nacTtu
if y<=x and y>=x**2:
# Ewe ogHa Touyka BHYTpu obnactwu

pts=pts+1
# 3HauyeHue BTOPOro WHAeKca YBeAUYMBAEM Ha efUHULY
j=j+l
# 3HauyeHMWe NepBOro WMHAeKca YBeAUYMBAEM Ha efUHULY
i=i+l

# Bblumcnsem nnaowagb GuUrypsl

s=pts/ (n+1) **2

# OTob6paxaem pe3ynbTart

print("Mnowaab Gurypsl:",s)

Pe3ynbTaT, KOTOPbIA NPUBELEH HMKE, LOCTATOUYHO 6/1M30K K TOUHOMY PELLEHMIO:

Pe3ynbTart BbINO/HEHMA NpOrpamMmbl (U3 JINCTUHTA 2.6)
Mnowaab ¢urypsl: 0.16694355799379285
YT06bl NOHATH NOTNKY Bbl'—IVICI'IEHI/IVI, MMEET CMbIC/T MbICNIEHHO NPeACTaBUTb, KakK

Mbl pa3brnBaeM Kaxayto 13 CTOPOH KBaApaTa Ha onpejesieHHOe KOJIMYeCTBO MH-
TepBanoB. KONMYeCTBO 3TUX MHTEPBA/IOB 3aMWCbIBAETCS B MepeMeHHYyto N (3Ha-
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yeHue 500). MpaHWULbI MHTEPBANOB GyeM Ha3biBaTb Y3N10BbIMU TOYKaMu. Uepes
KaXXAylo Y3/10BYH0 TOYKY Ha CTOPOHAax KBajpaTa NPOBOAWM FOPU3OHTa/bHbIE U
BEPTUKANbHbIE NMHUW. TOYKMU NepeceyeHnid 3TUX NMHUIA - 3TO UMEHHO Te TouY-
KW, KOTOPbIE HAM HYXXHbl. KaXXAYyl0 TaKyt TOUKY MOXHO "MAEHTUPULMPOBATL"
C MOMOLLbIO ABYX MHAEKCOB. MMepBbIil HAEKC ONpefenseT Y3/0BY TOUKY NO ro-
pU30HTaNM, a BTOPOW - y310BYI0 TOUKY MO BEPTUKaNU. Ha nepecevyeHnmn nnHUM,
NPOXOAALLMNX Yepe3 3TN Y3/10Bble TOYKU, HAXOAUTCA "naeHTUULMpyemas" Tou-
Ka BHYTpW KBagparta. Ecnu mbl 3amKcnpyem nepBblii MHAEKC, U Byaem 6paTb
pasHble 3HaYeHWs AN BTOPOro MHAEKCa, TO BCE COOTBETCTBYHOLIME TOUKMN 6Yy-
OYT HAXO4UTHCA Ha OAHON BepTUKANbHON NpAMOIA. Mpo Takme TOUKM Gyfem ro-
BOPUTb, YTO OHW HaXOoAATCA B OL4HOM CTON6Le. ECcnu 3aMKCMpoBaTh BTOPOW MH-
[eKc 1 6paTtb pasHble 3HAYEHWSA NEepBOro MHAEKCA, TO BCe COOTBETCTBYIOLLME TOY-
Kn 6ygyT HaX04UTbLCA Ha O4HOI rOPM30HTaNbHOM NPsSMONA. Mpo Takme TOUYKM MO-
YXEM TOBOPUTbL, YTO OHW DOPMUPYIOT PAL ToueK. B KaXAom pafy v B KaXKoMm
cTonbue pa3MeLeHo POBHO N+1 ToyeK (ecnn y4nTbiBaTb U Te TOYKU, YTO HaXo-
LATCHA Ha KOOPAMHATHBIX 0CAX).

PaccTosaHue (MO ropm3oHTanM WaW MO BEPTUKANWU) MEXAY ABYMSA COCELHUMU
Y3/10BbIMW TOYKAMU paBHAETCH, OYEBUAHO, eAUHULE, AeNEHHON HA KONMYecTBO
MHTEPBa/IOB, Ha KOTOPble pa3buBanach KaXxjas U3 CTOPOH Keafparta: Takas "LeHa
feneHna" 3anucbiBaeTcsa B NepeMeHHy dz (3HayeHue 1/n). B nepemeHHyo
pts (HauyanbHoe 3HayeHue 0) ByaeM 3anucbiBaTb KOMYECTBO TOYEK, KOTOPbIE
nonanu BHYTpb "nenecrka’.

HauanbHoe 3HayeHne NHAeKca i, onpegenstoLlero ctonbew ToUYeK, LONXKHO BbITb
HyneBbIM (HYNeBOM MHAEKC COOTBETCTBYET TOUKE HAa KOOPAUHATHOM ocu). Yepes
nepBbli UHAEKC, HANOMHUM, "HYMepytoTca" cTon6ubl Tovek. Korga sanyckaertcs
BHELUHWIA onepaTop LuMKa, B HEM NMpoBepseTca ycnosue i<=n. [103TOMy LUKN
BbIMOSIHAETCA A0 TeX Mop, NoKa 3HauYeHWe UHAEKCHOW NepeMeHHON i He NpeBbl-
CUT 3HaYeHNe NepeMeHHON .

B Tesne onepartopa LMKia KoMaHAol x=dz *i BeluMcAseTca KoopanHarta x (B40/Nb
ropM30HTaNbHON ocK - abcuucca) Ans ToueK, HaXoAAWMXCA B 4aHHOM cTon6ue
(cTon6ew, HaNOMHUM, OnNpefenseTcsa 3HaYeHWEM MHAeKCaA i). TakXke NMOCKOMbKY
fanee Mbl NaHNpyem nepedupaTb TOYKM B CTON6LE, KOMaH4OM j =0 ycTaHaBu-
BaeM HauyalbHOe Hy/lIeBOe 3HaYeHUe 419 BTOPOro MHAeKCa, (onpesensoLwero no-
NOXEHUe BHYTPEHHUX To4eK). Mocne 3Toro BbIMOAHAETCS BTOPOWA, BHYTPEHHUIA
onepartop uukna. B Hem npoBepsieTcs yCn0BKE j <=N - TO €CTb BTOPOI UHJEKC j
6yaet yeenmumaTbcs (06 3TOM Mbl y3HaeM MO3)Ke) A0 TexX Nop, NOKa OH He npe-
BbICMT rpaHWYHOE 3HaYeHue M.

B Tene BHYTPEHHEro onepaTopa LuKna KOMaHAoh y=dz* j BbluncnseTcs Koop-
AUHaTa y AN TOUKK B CTONGLE (KOOPAMHATA BAO/b BEPTUKA/BHOW OCU - OpAMHA-
Ta). C NOMOLLbIO YCNIOBHOTO OMepaTopa NpPoBepsieM, NMonajaeT M TOUKa BHYTPb
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"fenecTka”, n €CAM TakK, TO KOMaHfoin pts=pts+1 Ha eAnHULY YBENMNYMBAEM
3HauYeHNe nepemeHHow p ts (B KOTOPYH, HAMOMHWM, 3aNUCbIBAETCA KONUMYECTBO
Touek, NnonajaroWwnx BHYTpb "nenecrka™).

Q Ha 3ameTky

B ycnoBHOM onepartope nposepsieTcs ycnosme y<=x and y>=x**2_ 3T0 n ecTb yC/o-
BMe nonagaHnsa TOYKM ¢ koopauHaTamum X (nepemeHHas X) 1y (nepemeHHas y) BHYTPb
o6nacTun, orpaHMYeHHoM KpuBbiIMMy = X My = X2 YT06bl TOUKA NONagana BaTy 06-
nactb, Heo6xoANMMO 4TOObl OAHOBPEMEHHO BbINOHAMUCL ABa YC/0oBuA. Bo-nepsbix,
TOYKa A0/HKHA HAXOOUTBLCA HUXe NPAMOnY = X, a 3TO UMeeT MecTo, ecimy < X (He-
CTpOroe HepaBeHCTBO - €C/IN Mbl AOMNYyCKaeM, YTO6bl TOUKa MOrna okasaTbCs He TOJlb-
KO HWXe NPSMOWA, HO 1 HENOCPeACTBEHHO Ha NPSAMOIi). BO-BTOPbIX, TOYKA AO/HKHA HAXO-
AVTbCA Bblle napabonbly = X2(1Wan Hacamoin napabose - Takoli BapuaHT Mbl TOXeE [,0-
nyckaem). CoOOTBeTCTBYIOLLEE YC/I0BME BbIMNSAUT Kaky > X 2. CnepoBaTtenibHO, A0X-
HO BbIMNOJIHATLCA COOTHOWEHMEe X2 < y < X. Ecnim nepeBecTu 3TO Ha fA3bIK Python, To
nonyunm y<=x and y>=x**2_ KcTtaTu, BMECTO MHCTPYKUUM Y<=X and y>=x**2 Bnon-
HEe 3aKOHHO MOXHO 6bI/1I0 UCMO/b30BaTh BbIpaXeHNe X**2<=y<=x. Takoro Tuna Bbipa-
XeHnsa B Python gonyctumel.

Mepep 3aBepLueHMEM BHYTpPeHHero oneparopa Luukia KomaHgol j =j +1 BTOpOIi
WHAEKC YBE/IMYNBAETCA Ha efMHULY. DTO NocnefHASa KOMaHa BHYTPeHHero one-
patopa uukna. BHyTpeHHU1 onepaTop LukKna sBnseTca npeanocnegHei "KomaH-
[OV" BHELWHEero oneparopa uukna. A nocnegHas KOmaHa BHELWHEro onepaTtopa
UMKNA - 3TO MHCTPYKUMSA i=i+ 1, KOTOPOI Ha egMHULY YBENMUYMBaeTCs 3Haye-
HWe NepBOro MHAeKca.

MMocne BbINOMIHEHWA BHELLIHero oneparopa UMKNa, nepemMeHHas pts COLEPXUT
3HayeHMe KO/IMYecTBa TOYEK, KOTOpble nonajatoT BHYTPb “nerectka”. Obuiee
KONIMYeCTBO TOYEK, KaK HeC/IOXHO forajaTbcs, paBHAeTca (M+1) **2 (B Kax-

aom n3n + lcron6uos no M+ 1Touek - Bcero (N + 1) 2Touek). Moatomy ecnu
Mbl NofennM OLHO 3HAYEHMe Ha Apyroe, noayyum nnowapb "nenectka”. Coort-
BETCTBYIOLLEe 3HaUeHUe BblUnUCAeTCs KOMaHaolh s=pts/ (n+1) **2. HakoHel,
KomaHgon print ("Mnowagb Gurypbl:", s) oTobpaxaem pesynbTar.

Kpome onepatopa uukna w hile, B A3bike Python ecTb elle oguMH onepaTop LUK-
na, KOTOPbI, OTTaNKMBaACh OT K/IKOYEBOTO C/I0BA, BXOAALLEr0 B BblpaXeHue ans
3TOro onepaTopa, Ha3biBalOT onepaTopom Lukna for.

Onepatop uukna for

Mo cpaBHeHUIO c onepaTtopoM uukna w hile, onepatop uukna for mMoXxHo 6b110
6bl Ha3BaTb 6onee "cneymanm3mpoBaHHbiM™. C 04HOI CTOPOHbLI, ONEPaTOP OYEHb
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rMOKNiA N athpekTUBHbIN. C LPYrOi CTOPOHbI, ero yCreLwHoe ncnoab3oBaHne Mo-
XKET Bbl3BaTb HEKOTOPbIE TPYAHOCTH MAE0N0rMYECKOr0, TakK CKasaTb, XapakTepa.
Mpowe rosops, npn paboTe ¢ onepaTtopom for (B 3aBUCUMOCTM OT PeXUMA ero
MCNONb30BaHUA) BO3HMKAET MHOMO BCAKMX HKOAHCOB. M0O3TOMY Mbl MOKa 4TO
paccMOTPUM CcaMble MPOCTble U Hanbonee NOHATHbIE CXeMbl MPUMEHEHUA onepa-
Topa umukna for, ayxxe no xoay KHuUrn 6yaem paclimMpsaTb U COBEPLUEHCTBOBATb
HallW 3HAHUSA 1 HaBblKM B JaHHOM BOMpPOCE.

e LWa6noH UCMOMb30BaHMS 3TOFO OMepaTopa Takoi (KUPHbIM LIPUGTOM Bbl-
e [eNIeHbl K/OYEBbIE 3/IEMEHTI):

1 for snemenT 1N nocnepgoBaTeNbHOCTb:
| KOMaH bl

Mocne kntoueBoro cnoBa for ykasbiBaeTCs HeKU 3neMeHT (ecnu npolye,
TO Has3BaHWe MepPeMEHHOI), KOTOpbIA MocnefoBaTeslbHO MPUHMMAET 3Haue-
HWS M3 MOCNefO0BaTENbHOCTW (YNOPSAOYEHHbI HAaGop 3HayeHwit). Mex-
4y 3N1eMeHTOM U NOCNEef0BaTEIbHOCTLIO - K/OYEBOE C/OBO in. 3aBeplia-
eTCA [JaHHas CUMHTAKCUYeckash KOHCTPYKLUS ABoeTouMeM :. 3aTem uAaeT 610K
KOMaH/ onepatopa uukia. B onepatope Lukna KOMaHAbl BbIAENSOTCSA OTCTY-
namu - TPagMUNOHHO, YeTbIPbMS.

Ll Hasametky

Hepepako (HO He Bcerfa) B kauecTBe nocsiefoBartesibHOCTU Bonepartope umkna for nc-
nosnb3yTcs cnuckn. Co cnMckaMy Mbl elle He 3HakOMbl. OCHOBHble CBefleHVst O Cnun-
cKax (paBHO Kak 1 06 MHbIX TMNaX AaHHbIX, CoAepXalinx KOIEeKUUN 3HaYeHUA 1 nog-
najawoowmnx nog onpeesieHne nocnefoBaTeslbHOCTN) NpeAcTaB/ieHbl B CreAyOLMX
rnaBax. 3f,eCb Hac CMUCKN MHTEPECYIOT TOJIbKO B KOHTEKCTE MCMO/Ib30BaHUSA UX B one-
patope uukna for. BaxHo 3HaTb, Y4TO CMIMCOK - 3TO HAGOP YNOPAA0YEHHbIX 3/IEMEHTOB
(ochopMneHHbIX COOTBETCTBYHOLWMM 06pa3om). MNMpuyuem anemMmeHTbl MOryT ObITb pa3Horo
Tuna. Utobbl co3AaTb CNMUCOK, AOCTATOYHO B KBaApaTHbIX CKOBKax Yepes 3anaTyto nepe-
YNC/ITb 3/1EMEHTbI cnncka. Hanpumep, KOHCTpykumns [1,2,3,4,5 ] npeacraBnseT co-
60i CNNCOK M3 NATU HaTypasibHbIX YMCer.

B KauecTBe NoC/ef0BaTe/IbHOCTY MOXHO UCMO/b30BaTh TEKCTOBbLIE 3HaUYeHus. B aToM
cryuyae nepe6uparoTcs GyKBbI B TEKCTE.

BbinonHsAeTCs onepaTtop UMKAa cregylowum o6pa3oM: 3fieMeHT (NepemMeH-
Hasi, yKasaHHas nepef K/AOYEBbIM C/IOBOM in) MPUHMMAET NepBOE 3HAYEHUE B
nocnefoBaTeNbHOCTHW, YKa3aHHOI Nocne KNYEBOro cnosa in. Mocne aToro
BbIMOMHSOTCS KOMaHAbl OnepaTopa Lukna. 3aTeM 3/1eMeHT NPUHUMAET BTOPOE
3HauyeHWe M3 NOCMef0BaTE/IbHOCTMU, U CHOBA BbIMOJHAIOTCS KOMaH[bl Orne-
paTopa uukna. M Tak ganee, noka He GyzeT 3aBelleH nepe6op BCeX 3HAUYEHWUI B
nocneioBaTEIbHOCTHU.
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Q Ha 3ameTky

B 6n10ke KOMaH/A onepaTtopa LyK/ia MOXHO MCMosb30BaTb MHCTPYKUMK break n con-
tinue. OdicheKT TakoM Xe, Kak U Npyv UCMO/b30BaHMM 3TUX MHCTPYKUNIA B onepaTope
umkna while: BbINOMHeHWe MHCTPYKUMKM break npuBOAWT K 3aBepLUEHUIO onepaTtopa
LMKa, a BbINO/IHEHME MHCTPYKLMKU continue NpUBOAUT K 3aBEPLUEHNIO TEKYLLETO LiMK-
na v nepexogy K criefytoliemy.

B onepatope yukna for MoxeT ucnosb3osatbes e lse -6510k.

LLla6noH onepatopa uukna for c else -6/10KOM BbITAAAUT CNeayoWnUm
06pa3oM (KMPHbLIM WPUGPTOM BblfefIeHbl K/TH0UYEBbIE 3/IEMEHTbI):

for snemeHT in cnnMcok:
KoMaHAabl_1*
else:
KomMaHpgb 2

KomaHgbl B e lse -6/10Ke BbIMONHAKOTCA, PAKTUYECKM, MO 3aBepLUEHMM onepa-
TOpa UMKNa, Kak Mbl €ro noHumanu 6ol 6e3 e lse-610ka. Becb "Bbivrpbiw” ot
e lse-610kKa B TOM, 4TO ec/im paboTa onepatopa LMKna 3aBepLuaeTcs BCeCTBME
BbINO/THEHNSA MHCTPYKLUUK break, To KOMaHAbl B 6710Ke e ISe He BbINOMHAOTCA.

PaboTy onepatopa uukna for nNpoMnIOCTPUPYEM HAa HECNOXHbIX MpUMepax.
B nepBylo oyepeab pacCMOTPUM NpuMep, B KOTOPOM BblYMCAETCH CyMMa Ha-
TypanbHbIX Yncen. Bbile Mbl Takoi nNpuMep paccMaTpusaniun, HO MCNONMb30Ba-
nn Tam onepatop unkna while. 3geck npuberHem K yciyram onepartopa Lukna
for. Ewe oHO BaXXHOE HOBLLECTBO - UCNOMb30BaHUe yHKLUKM range (), c no-
MOLLbI0 KOTOPOW Mbl ByfeM co3gaBaTb BUPTYaNbHYO MOCnef0BaTeNbHOCTb Ha-
TypanbHbIX Yncen. YTobbl co3fatb Takoi 06BEKT, Kak BUPTyasnbHas nocnefosa-
Te/IbHOCTb YuCes, aprymMmeHTamm yHkumMmn range () nepefaroTca rnepsoe yuc-
N0 BMPTYanbHOW NOCNef0BaTeNIbHOCTM U NOC/EAHee YNCN0 NOCNef0BaTe/lbHO-
CTU NAKC OAMH. Hanpumep, ecnyv Hac MHTepecyeT NOC/ef0BaTeIbHOCTb Yucen
oT 1 10 5 BKNOUMTENBHO, TO AN5 CO3J4aHNSA TaKoW NocnefoBaTeNlbHOCTU MOXeM
BOCMNO/Ib30BaTbCA MHCTPYKLUMel range (1, 6). Takum o6pa3om, nocnegHee Yuc-
N0 B NOC/Ie40BATENIbHOCTM Ha €4MHULY MeHblue BTOPOro aprymeHTa QyHKUun
range().

Q Ha 3ameTky

Ecnu doyHKumM range () nepeaatb TOSIbKO OAWH apryMeHT, TO CCPOPMUPOBaHHasi nocse-
[0BaTeNbHOCTL ByfleT HAaUMHATLCS € Hyns. Ecnm doyHKumm range () nepegatb Tpu ap-
rymeHTa, TO TpeTuii aprymeHT 6yAeT onpefensTh Wwar apugMeTMUeckoii Nporpeccum:
nepBblii apryMeHT onpefesisieT Haya/lbHoe YMC/IOBOe 3HaueHue B MOC/NefoBaTesbHO-
CTW, a Kaxaoe criegytolee nonydyaetcsi NpubasieHem Lwara nporpeccumn (Tpetuii ap-
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FyMeHT) - HO He 60o/blUe, YeM 3HaYeHne BTOPOro aprymeHTa. MOXHO Takxe ckasaTb, YTO
ecnm TpeTVIVI aprymMeHT He yKasaH, TO No yMO/14aHUO 3TO 3HaYeHne paBHO eguHuue, a
ecnn He yKkasaH nepB|>u7| aprymMeHT, TO ero 3Ha4vyeHune no ymosi4aHuio Hynesoe.

Ewe ofHO 3aMeyaHUe KacaeTcs TepMUHa BUPTYasbHblA. [oyeMy Mbl FOBOPUM
0 YMC/I0BOI NOC/ef0BaTENbHOCTU, CHOPMMPOBAHHON PyHKLMed range (), Kak
0 BUPTyanbLHON? Bce fgeno B TOM, YTO Ha caMOM fefie (hyHKLMel BO3BpaLLaeT-
CSl HEKOTOPbI 06BEKT, KOTOPbIA fONYyCKaeT ¢ co6oli Takoe obpalleHne, Kak ecimn
6bl 3TO Oblna MocnefoBaTenlbHOCTL Yucen (BNnocneacTeMm Mbl 60/ee Noapoo6-
HO MO3HaKOMMUMCS C NOLOGHbIMM 00bEKTaMy - Korga 6yjem B paMmKax KOHLem-
uun OO obeyxaaTh UTEPATOPbI, HYHKLUUU-TEHEPATOPbI N NTepaLMOHHbIE 06b-
eKTbl). Ho ecnn Mbl npucBouMM pesynbTaT PyHKuuMn range () HEKOTOPON mne-
pPeMEHHOI 1 3aTem 3aXOTUM MPOBEPUTHL 3HAYeHMe 3TON NepeMeHHON, nocneso-
BaTeNbHOCTU Mbl He yBUAMM - ByaeT gopManbHOe 0603HaYeHue pesynbTarta C
CCbINIKOI Ha Ha3BaHMe GyHKuum range ().

UTobbl Harna4HoO yBUAETh, UTO Xe "CNpATaHO" BHYTPU, MOXHO BOCMO/1b30BaTh-
cs QyHKUMed hopmumpoBaHua cnuckos list (). AprymeHTOM 3TOW (yHKUUK
nepejaetca pesynbtar Bbi3oBa ¢yHKUUM range (). Hanpumep, pesynbTaTom
BbipaxeHus list (range (1, 6) ) asnsdetca cnucok [1,2,3, 4,5]. OgHako
obpallaemM BHMMaHWe 4YuTaTensi, 4to And Mcnonb3oBaHma QyHkuum range ()
B onepatope umkna for HMKaKNX SOMOMAHUTENbHbIX AECTBUIA MO "BU3yanusa-
uun" BUPTYanbHOWN NoCneAoBaTe/lbHOCTU NPeANPUHAMATL HE HY)XXHO.

B nucTuHre 2.7 npeacTaB/ieH NPOrpaMMHbIiA Kog, B KOTOPOM CyMMa HaTypasib-
HbIX YMCEN BBIYMUCASAETCS C MOMOLLbIO onepaTopa uukna for.

JvictvHr 2.7. BeMceH/e CyMvib 1 WIoaN

print("Cymma HaTypanbHbIX uyucen")
n=100 # KonmuecTBO cnaraemsblx
# ®dopmupyeM TeKCT [fAna oTobpaxeHusa pesynbraTta
text="1+2+...+"+str(n)+" ="
# llepeMeHHada AnA 3anucu CyMMbl
s=0
# OnepaTtop uUMKNa ANA BbIYUC/IEHUA CYMMBbI
for i in range(l,n+1):
# [Lo6aBnAem cnaraemoe K CymMMme
S=s+i
# OTob6paxaem pes3ynbTaT
print(text,s)

Mpu BbIMOMHEHUW JAHHOTO MPOrPaMMHOIO KOAa Mbl MOJyYaeM ClefyroLwnii pe-
3ynbTar:
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PesynTar BbNorHEH/A nporpamMMb 1 (M3 JMICTVIHIAL2.7)

Cymma HaTypanbHbIX 4ucen
1+2+...+100 = 5050

Mo cpaBHeHWIO C MPUMEPOM W3 NUCTUHIA 2.4 U3MEHEHNA MUHUMaNbHbIE U Ka-
catoTCA OHU, B OCHOBHOM, onepartopa Lukna. Tak, NOCKONbKY B onepaTope LuK-
na for nepemeHHas i npoberaeTt 3Ha4YeHUs U3 NOCMeA0BaTENbHOCTU YMCen OT
1 no n (mocnefoBaTenbHOCTb CO34aeTCs BolpaXKeHmeM range (1, n+1)), 70 oT-
nana He0o6Xo04MMOCTbL MPUCBaNBaTh MEPEMEHHON i HavanbHOe 3HaueHue. Takxe
B OMepaTope L1MKna HET HYX/bl B KOMaHAe YBeNNYEHNS Ha eANHNLY 3HAYEHUS
NTepaLMoHHOI NepemMeHHOl i: nepebop 3HaYeHWUIt BbINOAHAETCA aBTOMaTuye-
cku. MoaTomy 6e3 BCAKMX AOMOMHUTENbHbIX KOMaHA nepeMeHHas i npoberaet
3HauyeHus oT 1 40 N BKAKOUUTENBHO.

W Hasaverky

CYyMMY MOXHO BbIYUCMNTL C MOMOLLbIO BCTPOEHHOM hyHKUMM sum (). ApryMeHTOM
OYHKUUM NepefaeTcsi CNUCOK 3/1EMEHTOB, CyMMa KOTOPbIX BbluMcaseTcs. Tak, cymmy
HaTypa/ibHbIX Yncesn oT 1 Ao N (ecnm 3HaYeHWe 3ToW NepeMeHHOol 3a1aH0) MOXEM Bbl-
ymcnMTb KoMaHgoh sum (range (1, n+1)). 3aecb aprymeHToMm yHKumMmM sumO nepe-
naeTcsi BUpTyanbHasi nocnefoBate/ibHOCTb range (1, n+1) - Tak TOXe MOXHO Aenathb.

Cnegylwownii NnpuMep UAMKOCTPUPYET, Kak B ornepatope uukna for B KauecTse
nocnefoBaTeslbHOCTM A4/ nepe6opa 3HaYeHU ncnonb3yeTcs TekcT. Ecnu 6onee
KOHKPETHO, TO Mbl 6epeM B Ka4eCTBE OCHOBbI TEKCT, M 3aTEM C MOMOLLbIO OMepa-
Topa umkna for pacneyaTsbiBaeM TEKCT Mo GYKBaM C HEGO/bLWIMMMN TEKCTOBbLIMU
BcTaBKamu. Tenepb 06paTumcs K MporpaMMHOMY KOAY B MCTUHTe 2.8.

JictvHr 2.8. TekcT Boreparope Lwa

# TekcT pgna onepaTtopa LUukKna
txt="Python"
# MepemeHHas ANA Hymepauuun 6YKB
i=1
# OnepaTtop uukna
for s in txt:
# dopmupyem BCNoOMOratenbHblli TeKCT
t=st-r (i) +"-a 6ykBa:"
# BblBOAMM coO0OWeHMNe

print (t,s)
# M3meHsieM Homep O6YKBbI
i=i+l

# KomaHpa nocne 3aBepleHUs onepatopa UWKna
print("Pa6boTta nporpammbl 3aBepweHal'!")

BE )--
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B nepemeHHyto tx t 3anucbiBaeTcs 6a30Bbli TEKCT, KOTOPbIA Mbl NAaHupyem
"nepebupate™ no 6ykeam B onepaTope Luka. Takxke Mbl 06BABNAEM C Hayalb-
HbIM €LVHWYHbLIM 3HAYEHWEM NepemMeHHYIo i. Mbl npu BbiBOfAe OYKB M3 TeKCTa
tx t cobupaemcsa ykasbiBaTb HOMep KaXKAoW OykBbl, U A4 3TOr0 Ham NOHago-
6unacb OTAesnbHas nepemeHHas. Ho oTAeNbHO NMOLYEPKHEM: XOTHA B Onepartope
UMKNa 3Ta NepeMeHHas M UCMonb3yeTcs, nepebop 3NeMeHTOB NoC/nef0BaTeNb-
HOCTK (OYyKB B TEKCTE) BbIMOMIHAETCS C NOMOLLbIO APYrOli NepeMeHHOl - Mbl ee
HasBanu s. IHCTpyKuMa s in txt B oneparope LMKNa Noc/e KIHOYEBOro Cro-
Ba for o3HayaeT, 4To NepemeHHaa s GyfeT NOCNe[0BaTE/bHO NPUHUMATL OYK-
BeHHble 3HAYeHMA Ha OCHOBE TeKCTa NepeMeHHO tx t. MoaTomy 0 nepeMeHHOA
S Mbl MOXEM AyMaTb Kak 06 oyepefHoi 6ykse B TekcTe txt. [Npuuem nepebu-
patoTca 6yKBbl CTPOro B TOM NOCNeA0BaTENbHOCTU, KAK OHU HAX0AATCA B TEKCTE.

B onepartope umkna KomaHgoin t=str (i) +"-a 6ykBa: " Mbl (hOPMUPYEM U
3anuncbiBaeM B MeEpPeEMEHHYI0 t BCMOMOraTefibHbl TEKCT, KOTOPbIA nonyvaeT-
ca 006beMHEHNEM TEKCTOBOIO NpeAcTaB/ieHns NopsagKoBoro Homepa i 6yKBbI B
TeKCTe U TekcTa "-9 OykBa:". [ng nepesoja YMCNOBOro 3HaYEHUS B TEKCTO-
BOE MCMNOJ/Ib30BaHa (hyHKUMA str ().

B pesynbTarte BbINOMHEHUS KOMaHAbl p rint(t,s) BCTpPOKe BbIBOAA BCNOMOra-
TeNbHbIV TEKCT C HOMEPOM BYKBbI U cama b6ykBa. [ocne 3Toro KomaHgom i=i +lI
Ha e4MHULY YBeMUYMBaeTCA HOMep ANA cnegytoweli 6yKBbl.

Mocne 3aBepweHns onepaTopa LMKna KomaHgom print ("Pabota nporpam
Mbl 3aBeplieHa !") BbIBOAUTCA (hMHanbLHOe coobuieHme. Hmxe npusegeH pe-
3yNbTaT BbIMOMHEHWA NPOrpPaMmbl:

Pe3ynbTart BbINO/IHEHNS NMPOrpamMbI (M3 INCTUHTA 2.8)

1- a 6ykBa: P
2- A 6ykBa: Yy
3- A 6ykBa: t
4- A b6ykBa: h
5- a 6ykBa: o

6- 4 6ykBa: n
PaboTa nporpammel 3aBepleHal

Crnegywowuii npuMep UANKCTPUPYET UCMONb30BaHUE MHCTPYKUMM break u
6noka e lse B onepaTope uukna for. B nporpamMme npoBepsieTCs TWUM 3/IEMEH-
TOB CNMCKA. Mbl WLLEM TEKCTOBbLIE 3/1EMEHTHI. [l 3TOr0 B NporpamMmme UCnosib-
3yeTcs onepaTop Lukia. B onepatope UuMKia nociefoBaTenbHO nepebuparoTcs
3/IEMEHTbI CMUCKA, W WX TUM NPOBEPSETCSA HA NPEAMET TOrO, TEKCT 3TO UMM HET.
Ec/in B CMUCKE HET TEKCTOBbLIX 3/1EMEHTOB, MPOrPaMMOil BbIBOAUTCS COOGLLEHE
COOTBETCTBYIOLLErO COAEPXaHUs. Ho ecnu npu nepebope 3/1eMEHTOB TEKCT, BCE
e, BCTPeYaeTcs, TO BbINO/HEHNE ONepaTopa UnKia 3akaHYnBaeTcs 1 nporpam-

A
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Ma coobLyaeT Noab30BaTe/No, YTO B CMIMCKE CPean 3N1EMEHTOB ecTb TekcT. lMpo-
rpaMMHbIV KOA, B KOTOPOM peasin3oBaHa faHHas uges, npeacraBieH B TMCTUH-
re 2.9.

NnctuHr 2.9. Oneparop yukna c else-6710kom

# HauyvHaem npoBepKy cnucka
print('TipoBepsaem cofepxumoe cnucka:'™)
# CnuUcoK Ans npoBepkKu. TeKcTa He COAepXuT.
# Mpu npoBepke anbTepHATUBHOrNO CMNucka cnepyet
# NOMETUTb KakK KOMMEHTapwuili crnepywowyil CTPOKY
myList=[1,3+2j ,True,4.0]
# ANbTepHaTUBHbIA CNUCOK C TEKCTOM.
# Mpn npoBepke 3TOro cnucka cnegyert
# OTMEHUTb KOMMEHTapwuii Ans
# cnepywweih cTtpokn M ygaimTb npoben)
# myList=[1,3+2) ,"Python",4.0]
# OToOpaxaem cogepxmmoe cnumcka
print('Cnvcok:",myList)
# OnepaTop umkna Ana NPOBEPKU TunNa 3NEMEHTOB CnucKa
for s in myList:
# [lpoBepsAeM 23/iIeMeHT Ha ''TeKCTOBOCTb'
if type (s)==str:
# Ecnn anemMeHT TEeKCTOBbIN
print("'B cnucke ecTb TeKCTOBble 3NeMeHTb!™)
# 3aBepuwaeTcsa BbINO/HEHWE onepaTopa uukna
break
# Bbnok else onepaTtopa uukna.
# BbiNOMHAETCA TOMILKO €C/n He BbiNoJ/HAMNach
# VHCTpyKuus break
else:
# OTo6paxaeTcsa cooblueHne 06 OTCYyTCTBUMU B
# CNUCKe TEeKCTOBbLIX 3/IEMEHTOB
print('B cnucke HeT TEKCTOBLIX 3/1eMeHTOoB!')
# CoobueHne O 3aBeplleHUN NPOBEPKU
print('TipoBepka 3aKoH4YeHa.')

B nporpamme komaHgoi myList=[1,3+2],True, 4.0] o6bsABNsSeTCcH cnu-
cOoK myList, KoTopblii Mbl 1 6yfem NpoBepATb Ha HalMyue B HEM TEKCTOBbIX
3NeMeHTOB (B JAHHOM C/y4yae, O4EBWHO, TaKUX He MMeeTCs, HO HUKTO He 3a-
npeLiaeT HaM U3MEHUTb CcNUCOK). YT0o6bl 6blN0 BUAHO, KAKOW MMEHHO CNUCOK
npoBsepsieTcsd, KomaHgoW print ("Cnucok: ", myList) BbIBOAUM COAEPXW-
MOe CMKCKa B KOHCONbHOE OKHO. Mocne 3TOro 3anyckaeTcs Ha BbIMO/IHEHWE One-
patop umkna. NepeMeHHaa s npoberaet Habop 3HAYEHWI 3NEMEHTOB M3 CNKCKa
myList. NS Kax[oro sHayeHWs nepemMeHHOW S B YCNOBHO OMepaTope BbIMos-

1]
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HAETCA NPOBEPKA BblpaXKeHUs type (S)==str. BbipaXeHune UCTUHHO, eCn TUN
3HayeHus, Ha KOTOPOe CCbINIAeTCs MepemMeHHaa s, paBeH Str (To ecTb ecnum ne-
pemMeHHas cCblnaeTcs Ha TEKCTOBOE 3HavyeHue). B aToM cnyvae KOMaHgol prin
t(""'B cnucke ecTb TEeKCTOBble 3/1eMeHTHI!'™) BbIBOAUTCA COOOLLEHMe
0 HanMuumn B CNUCKe TEKCTOBbIX 3/IEMEHTOB, a 3aTeM MHCTpPyKuueid break 3a-
BepluiaeTcs paboTa onepaTtopa uuKna. Ecnu BoipaxeHune type (S) ==str nox-
HO, TO HMYEro 3TOr0 He MPOUCXOAMUT M HAYMHAET NPOBEPATLCA ClefyloWwunii ane-
MEHT CrucKa.

Ecnv npu nepe6ope 3neMeHTOB CMUCKA HU OAMH U3 HUX HE 0Ka3anCA TEKCTOBbIM,
OCHOBHas YacTb Onepartopa LnK/a 3akaH4YnBaeTCs "HUYEM': HUYETr0 HE NPONCXO-
OMT. HO 370 eLlle He OKOHYaHWe onepaTopa Lukia. Y Hero ecTb e Ise -6/10K, Ko-
TOpbIV "BCTynaeT B Urpy" ecnv B Tefle onepatopa LMKna He BbIMOMHANACh UH-
cTpykumsa break. B e lse-610Ke BbiNONHAeTCA BCEro ofHa KomaHgaprint ("
B cnncke HeT TeKCTOBbIX 3nemMeHTOB !"). Takum obpasom, ecnm break-
WHCTPYKLMA He BbIMOIHANACK (& 3TO 03HAYaeT, YTO B CMUCKE HET TEKCTOBBIX 3/1e-
MEHTOB), TO MOSABUTCA coobuieHue u3 else-6no0ka. Ecnm uHcTpykums break
BbINOMHANACh, coobLleHNe 13 e lse -6noKa He NOABUTCA. 3aTO B 3TOM Clyyae
NnosBUTCA COOBLLEHMEe U3 YCNIOBHOIO onepartopa (BbimonHAeTcs neped break -
NHCTPYKLUMeNn).

PeayanaT BbIMONTHEHUA NporpamMmbl Anda cny4yas, Korga B nposepsaemMomMm Cnnucke
HeT TEKCTOBbIX 3/IEMEHTOB, MOKa3aH HUXe:

Pe3y/bTarT BbINOMHEHWs NporpammMbl (M3 MCTUHra 2.9)

MpoBepsieM cofgepXuMoe Chucka:
Cnvcok: [1, (3+2J), True, 4.0]

B chnncke HeT TEeKCTOBbIX 3/1eMEeHTOB!
MpoBepKa 3aKOHYeHa.

Ecnu B cnucke TeKCTOBbIe 3/1EMEHTbI €CTb, Pe3y/bTaT BbIMOMHEHWS NPOrpaMMbl
MOXET ObITb CNEAYHLUM:

Pe3ynbTar BbINO/IHEHWS MPOrpamMMbl (M3 IMCTUHTA 2.9)

MpoBepsieM CcoAepXMMoe chnucKa:
Cnucok: [1, (3+2j), “Python®, 4.0]
B cnucke ecTb TEeKCTOBble 3MeMeHTh!
MpoBepka 3akoHYeHa.

W Ha3ameTtky

[ns yno6cTBa B UCXO4HOM NPOrpaMmMHOM KO/Ae eCTb IBE KOMaHbl 06bABEHNUSA CrCcKa
myList, HO TO/IbKO OZHa BbINO/IHEHA B BUAE KOMMEHTapus. B nepBom cnydae Crnvcok
He COAEPXMUT TEKCTOBbIX 3/IEMEHTOB, BO BTOPOM - COAEPXUT. Mpy HEO6XOANUMOCTU OHY
KOMaHAy MOXHO BblAe/IMTb KOMMEHTApUEM, B 4PYroli KOMMEHTMPOBaHNE OTMEHUTb.
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Takxe o6pau.|,ae|v| BHMMaHWNE N HaNOMWHAEM YNTATENHO, YTO TEKCT B Python MOX-
HO BblenaTb Kak ,IJ'BOVIHbIMI/I, TaK N 0OAUHaPHbIMUN KaBblYKaMW. |-|pl/l BblBOJE CO-
LEPXNMOro cnmcka C TEKCTOBbIM 3/IEMEHTOM TEKCT OTO6pa)KaETCFI B OAMHAPHbIX
KaBbl4YKaX, X0TA B nporpaMmmMHOM Kojae AnA aTol Lenn Mbl UCNONb30BaNu ,EI,BOVI-
Hbl€ KaBblI4YKN.

B cnepyrowem nprvmepe Mbl pelwim 3agadyy o noucke coBnagaroLlimx 3NeMeHToB
B A4BYX cnuckax. Npu pewweHnn mbl BOCMNO/b3YEMCA 4BYMA OneparopaMmun LnK-
na for, npuyem B 04HOM onepaTope uukaa 6yaeT Bbi3bIBaTbCA APYTrOi - TO €CThb
peyb UAET O BIOXKEHHbIX onepaTopax Uukna. PaccmoTpum nporpaMmMHBbIiA Kog B
NMCcTnHre 2.10.

Jinctnur 2.10. CoBnageHvie 3/IEMeHTOB B CMMCKax

print('Mouck coBnagawwnx 3/71eMeHTOB."")
# MMepBbiii CNMCOK
A=[2,False,9.1,2-1j,"hello",5,"Python']
# BTopoil cnucok
B=[5,3,"HELLO",7,12.5,"Python",True,False]
# OTOoGpaxaem copgepxmmoe 1-ro cnucka
print('l-n cnucok:",A)
# OToOpaxaeMm cogepxmmoe 2-ro cnumcka
print(2-in cnucok:",B)
print('CosnaganT:")
# WHoekc ansa HyMmepauuun 3/1eMeHToB 1-ro cnucka
i=0
# BHewHwWli onepaTop uukna.
# Mepebupaem anemeHTbH 1-ro cnucka
for a in A:
# HoBbIN MHAEKC 3nemeHTa M3 1-ro cnucka
i
NHpoekc ana Hymepauum 3/1eMEHTOB 2-ro cnucka
J=0
# BHYTpEeHHWI onepaTop uukna.
# MNepebupaem 3anemMeHTb 2-ro crnucka
for b in B:
# HoBbll MHOEKC 3nemeHTa M3 1-ro cnucka
J=i+l
# YcnoBHbi onepatop. [poBepsem
# paBeHCTBO 3J/IEMEHTOB
if a==b:
# Ecnn anemeHTH coBnajawnTt
txt=str(i)+"-in anemeHT n3 1l-ro cnucka u
txt=txt+str(§)+"-ii anemeHT U3 2-ro cnmcka"
print(txt)
# 3aBeplleHne nporpamMmsl
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print('Tlonck 3akoH4yeH.'™)

B nporpamme 06bABNAOTCA [BA CMINCKA, A U B, UX 3/IEMEHThI YKa3blBalOTCA IBHO.
CofepXXMMOe CMUCKOB 0To6paXkaeTcs B KOHCO/IbHOM OKHe. Kpome CrUCKoB, Mbl
MCronb3yem ABe MNepemMeHHble. MepemMeHHas i npefgHasHa4yeHa Ans 3anoMuHa-
HWUS UHOEKCOB 3/IEMEHTOB 13 MEPBOr0 CMMCKA, a MePEMEHHAs j CMYXUT TO e
LLeNn, HO TOIbKO MO OTHOLLEHMWIO KO BTOPOMY CMUCKY. MepeMeHHas i cpe3y mno-
ny4aeT Ha4ya/lbHOe HYNeBOe 3HaYeHne. STO NPOMCXOANT Kak pa3 rnepes Havanom
BbIMO/IHEHWUA BHELLHEro ornepaTopa LUMKMa, B KOTOPOM MepeMeHHas a npo6era-
eT 3HaYeHMs U3 cnucka A. To ecTb BO BHELLHEM LMKJe Nepe6GupatoTCcs 3/1EMEHTBI
MepBoro cnucka.

B onepaTtope yuukna komaHgoi i= i+ | 3agaeTcsd 3Ha4yeHWe NOPALKOBOro HoMepa
ONA 3NeMeHTa NepBOro CNucKa, KOTOPbIl NpesnonaraeTcs cpaBHUBATD C 3/IEMEH-
TaMu BTOPOro cnucka. Takxke NepeMeHHas j nosiyyaeT Hy/eBOe 3HayeHue (3Ta
nepeMeHHas onpegenset NOPALKOBbIA HOMEP 3/leMeHTa BO BTOPOM cnucke). Me-
pe6op 3neMeHTOB BTOPOro CNMCKa OCYLLECTBNAETCA BO BHYTPEHHEM onepaTope
UMKna. B 3TOM BHYTpeHHeM onepaTope LMKNa nepemMeHHaa b nocnefosarte/isHO
NPUHMMAeT 3HaUYeHUs 13 cnucka B.

Bo BHyTpeHHeM onepaTope LuMKaa KOMaHgoi j =j +1 Ha efuHMLY YBenn4nsaeT-
CA 3HauyeHWe nepemMeHHON j , Tak 4ToObl NepBOMY 3NEMEHTY B CMUCKE COOTBET-
CTBOBa/ MNepBblii MOPSAAKOBLIM HOMep. [1ocne 3TOro B yCN0BHOM OnepaTope npo-
BEpsAeTcA ycnoBue a==b. BbINonHEHMe 3TOr0 yCcnoBMA 03Ha4aeT, TO 3/1eMeHThI
CNMCKOB coBNagjalT. B aTom cnyyae AByMSa KOMaHgamu tx t=str (i )+"-ii an
eMEeHT M3 1-ro cnucka um "wntxt=txt+str(j)+"-n 3nemeHT n3 2-
ro cnucka" opmmpyeTcs TeKCT 4N 0TOOpaXKeHMs, a KoMmaHgonprint (tx t)
3TOT TEKCT 0TO6paxKaeTcs B KOHCO/IbHOM OKHe (OKHe BbIBOAA).

Takum 06pa3oM, ecnu 3nemMeHTbl CMMCKOB COBNAajaloT, NOSBAAETCA CO06LEeHMe
0 TOM, Kakme (N0 NOPSAKOBOMY HOMeEpPY) 3/IEeMeHTbl B MePBOM W BTOPOM CMU-
CKax coBnagatoT. Pe3ynbTart BbINOMHEHUS 3TOW NPOrpamMmbl BbIFIAAUT CRefYH0-
Wwum obpasom:

PesynbTaT BbINOHEHVA NMporpaMmmbl (M3 IUCTUHIA 2.10)

Mouck coBnajawwmx 3/1eMeHTOB.

1- i crmcok: [2, False, 9.1, (2-1j), Thello®, 5, "Python"]

2- 1 crmcok: [6, 3, THELLO®", 7, 12.5, T"Python", True, False]
CoBnapgawT:

2-ih anemMeHT M3 1-ro cnucka M 8-i anemMeHT M3 2-ro cnucka

6- i anemMeHT M3 1-ro cnucka u 1- anemMeHT U3 2-ro Ccrnucka

7- W 2aneMeHT M3 1-ro cnucka un 6-ii an1emMeHT M3 2-ro crnucka
MoNCK 3aKOoH4YeH.

7
7
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Q Hasametky

Bbille B NPOrpaMMHOM Kofe TeKCT (MepemMeHHasi txt) Ans oTo6paxeHUs B KOHCOSb-
HOM OKHE MpY COBNAaAEHUN 3/1EMEHTOB CMUCKOB (DOPMUPOBA/ICH B HECKO/ILKO 3TAMNoB Mo
OYeHb MPOCTOIA NpUUMHE: 04Ha KOMaHAa Bbirnsgena 6bl 40CTaTo4yHO rPOMO3AKO.

3 npuBeAeHHOro npuMepa BUAHO, YTO NPY CPaBHEHUUN TEKCTOBbIX NEPEMEHHbIX UMeeT
3HaueHne He TOIbKO BYKBEHHbI COCTaB TEKCTa, HO U pernctp 6ykB (6onbluve nan ma-
neHbkue).Takke CTOMT 3aMeTUTb, YTO B Halleid NnporpaMme He npefycMoTpeHa o6pa-
60TKa cny4as, Korga coBnaZieHuii B Cnmckax HeT. Huyero cTpalHoro B 3TOM Criyyae He
npousoiieT, HO pe3ysbTaT 6yAeT BbI/IAAETb HE OUYEeHb 3CTETUYHO.

XO0Ts yCNIOBHbIE OMepaTopbl U OMepaTopbl LMKia NpeAcTaBsioT co6oil gocTa-
TOYHO MOLLHOE CPeACTBO U MO3BOMSIOT pellaTb MHOTME HETPMBMa/bHbIe 3aja-
um, B Python cyuiecTByeT elle 04Ha CUHTAKCMYeCKas KOHCTPYKLMS, KOTopas B
M3BECTHOM CMbIC/IE MOXET BGblTb OTHECEHA K YMPAaBAAOWMUM UHCTPYKLUUAM - BO
BCAKOM CJly4ae, OAVH U3 BO3MOXXHbIX BAPMAHTOB €€ UCMO/b30BaHNA CBOANTCS K
opraHusauuy ToYeK BETBJIEHUS B nporpammMe. Peub naet 06 06paboTke UCKAIO-
UMTENbHbIX CUTYaUMIA.

O6paboTKa UCKMTIUNTENbHbLIX CUTYyaL A

- Hexogu Typa, Tam Tebsa >4y T HenpuaTHO-
cTw.

- Ho Kak >ke Tyga He XoaAnTb? OHU >Kke >KayT!
usm/cp "KTo ckazan "may"

Kakoii 6bl BUTMEBATO-M30LWPEHHbIA NPOrpaMMHbIA KOA HW co3gasancs, "060ii-
TW" BCe "onacHble MecTa" M NpefyCcMOTPEeTb BCE BO3MOXKHbIE BapuaHTbl pas3Bu-
TUSA CUTyaLumn faneko He Bcerga ygaetca. OcobeHHO aTa Nnpobnema akTyanbHa,
Korja B MporpamMme 4acTb AaHHbIX CUUTbIBAETCA U3 (haitna unu BBOZMTCS B Npo-
rpaMMy nosib30BaTesnieM yXe B MPOoLecce BbIMOMIHEHMA nporpammel. B atux cny-
Yanax BeNnKa BepOSTHOCTb MOMYYEHWUA NMPOrpaMmMoli HEKOPPEKTHbIX AaHHbIX. B
TaKUX Cnyyasx npu BbIMOSHEHUN MPOrpaMmbl MOTYT BO3HUKaTb OWNOKK. Ca-
MOEe r/flaBHOe 1 Hanmbosiee HENPUATHOE CleCTBME BOSHUKHOBEHUNS OWLNOKHU - 3TO
npeXxeBpemMeHHOe "aBapuitHoe" 3aBeplleHne nporpammel. B Python cywecTBy-
€T MexaHu3M, KOTOpblii M03BONAET MPOrpamMme BbIMOMHATLCA JaXKe Moc/e Toro,
KaK BO3HUWK/A OWNbKa. Bce 3TO HasbiBaeTCA 06WMUM M eMKMM TepMUHOM: 06pa-
60TKa UCKNOUNTeIbHbIX CUTYauuit.

OWUBKN, UK UCKNIYUNTENbHBIE CUTYaLWK, GbiBalOT pasHble. OGbIYHO BblAeNs-
tOT TPW TUMA OLMBOK:

e Owmn6KKM, CBA3AHHbIe C HEMPaBW/IbHBIM CMHTAKCMCOM KOMaHA. Apyrumu
CioBamu, 370 OWMNGKM, CBSA3aHHbIE C HEMpPaBWIbHO HabpaHHbIM KOLOM. Ta-
Kne OWn6KM BbISBAAKTCA MPOCTO M 6€3 0CO6bIX YCUANA: MpU NOMNbITKE 3a-
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nyCKa Ha BblIMOJIHEHNE NporpaMmbl C HENPaBU/IbHbIMW KOMaHAaMKn, CKopee
BCEro, 6y,qu BbIBEAEHO COO6LIJ.€HI/I€ 0 MECTe ONOKN 1 NMPUYNHE €€ BO3HUK-
HOBEHWA.

e Owwnbkmn, cBA3aHHbIE C "HenpaBW/IbHLIM" anrOPUTMOM BbIMOIHEHUA MNpPO-
rpammbl. To eCTb OLWNGKM, KOTOPbIE CBA3aHbI C TEM, YTO NpOrpaMma Kak Ta-
KOBas cCOCTaB/ieHa HeNpaBUAbHO (XOTA C POPMaNbHOW TOUKMN 3pEHUS BCe KO-
MaH/bl KOPPEKTHbIE). 3TO OYeHb "KOBapHbIe™ OLWNOKKN, NOCKONbKY 06bIYHO
HUKaKuX npegynpexgjarLmx coobuieHnit He NosBAseTCs, NporpaMma pabo-
TaeT, a pe3ynbTaT - HenpaBWbHbIA. BO3MOXHOe pelleHne Npo6ieMbl: TeCTU-
poBaHWe NporpaMmMbl Ha MOJE/IbHbIX MPUMepax Uan 3agavax, gng KoTopbIX
M3BECTEH NPaBW/IbHbI/ pesynbTar.

e OWMUGBKN BPEMEHU BbINOMHEHWS, BO3HMKAOLLME B MPOLECCE BbIMOSHEHUS
MpPorpaMMbl U CBSI3aHHbIE C HEKOPPEKTHOCTLID MEpefaHHbIX B MpoOrpaMmmy
[aHHbIX, HEAOCTYNHOCTLIO PECYPCOB 1 Np.

IMOHATHO, YTO JaneKko He ANA KaXK4OW OWMOKN MOXHO BbINOHUTL 06paboTKy
Tak, 4T06bl Nporpamma NpoAoXana BblNONHATLCA. OfHAKO B HEKOTOPbIX CAYy-
yasax Takas 06paboTka MOXeT 6bITb BbINOSIHEHA. COBCTBEHHO O TaKUX NOTEHL -
anbHO "oTnaBnMBaeMbix" oWwMbKax, NX nepexsare n 06paboTke peyb byaeT NaTH
fanee.

O6wan nges, 3an0XeHHas B OCHOBY MeTo4a 06paboTKM UCKAOUNTENbHbBIX CU-
Tyauwid, Takaa: NporpamMMmHbIiA Ko, B KOTOPOM TEOPETMYECKM MOXET BO3HUK-
HYTb OwWwmn6Ka, BblgenseTcs cneyuanbHbiM 06pa3omM - o6pa3Ho rosops, “6epet-
CA Ha KOHTponb". ECnv nNpw BbIMOJIHEHMM 3TOF0 NPOrpaMMHOIN0 Koga owunbka
He BO3HWKAeT, TO HUYero oCO6eHHOro He NpPoucxoauT. Ecnn npu BbIMOMHEHUN
"KOHTPONMPYeMOro" Kofa BO3HMKAaET OWNOKa, TO BbINOSIHEHME KOAa OCTaHaB/N-
BaeTCHA M aBTOMaTUYECKMN CO3AaeTCs UCKIIOYEHNE - 06BEKT, COAepXalLnini onuca-
HUe BO3HMKLWEW owmnbKM. C NPaKkTUYeCKO TOUKM 3pEHNSA Mbl MOXEM AyMaTb 06
NCK/IIOYEHNN KaK O HEKOTOPOM COOOLLEHNU, KOTOPOE FreHepupyeTca MHTeprpe-
TaTOPOM B CUJTy BO3HMKLUEN OWMNOKY MPX BbIMONHEHUW KOAA TN 13-3a HEKOTO-
PbIX 4pYTMX 06CTOATENLCTB, 6N3KMX NO CBOE NPUPOe K OLLINOKe BbIMOIHEHMWSA
Kofa. X0Ts OWnbKa 1 UCKKOYEHNWE - 3TO HE OJHO 1 TO Xe (UCKMYeHNe ABNSAeT-
CA CNeiCTBMEM OLUNGOKN), Mbl, EC/TN 3TO He BYeT NPUBOLUTL K HEL0pPa3yMeHUAM,
00bIYHO 6YEeM OTOXAECTBAATL 3TN MOHATUS.

Ona o06paboTKM UCKNOUYNUTENbHBIX CUTyauuii B A3blke Python ucnonb3yetcs
KOHCTPYKLUA try-except. CyWecTBYOT pasHble BapuaLuy MCMoNb30BaHUS
3TON KOHCTPYKUMMW. Mbl HayHeM C Hanbonee NPOCTbIX CUTYaL A,

Mo>keM MOCTYNUTbL ChedylowW MM o6pa3oM: Moc/ie KYeBoro cnosa try u ABo-
eToumMs pasmellaeTcss 60K MPOrpaMMHOrO Kofa, KOTOPbI Mbl MOA03peBaeM
Ha npeaMeT BO3MOXHOMO BO3HUKHOBEHUS OWMNGKKU. DTOT Koj 6yemM HasblBaTb
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OCHOBHbIM WU/ KOHTPOAMPYeMbIM. Mo 3aBeplieHnn 3Toro 6/70Ka yKasbiBaeTca
KNto4eBoe cnoBo except (C ABOETOUMEM), NOC/E KOTOPOTO UAET eLle 0AuUH 610K
NporpaMMHOro Koga. 9ToT Kof 6yAeM Ha3biBaTb BCMOMOraTe/bHbIM MAN KOLOM
06paboTKM UCKNKYEHNA. To eCTb WaboH TaKoN (KMPHbLIM WPUEHTOM BblAeNEHbI
K/OYEBbIe 3/1EMEHTHI):

! try:

; # OCHOBHOWN KoOA

| except:

t # BCnomoraTeNlbHbIA Kop

Ecnu npu BbINOMHEHWW OCHOBHOTO KOZAa B 6710Ke try olmMGKa He BO3HUKNA, TO
BCMOMOTaTe/bHbIA MPOrpaMMHbIii KOZ B 6/10Ke except BbIMOMHATLCSA He ByfeT.
Ecnu npwv BbINOSHEHUW OCHOBHOTO KoAa B 6/10Ke try BO3HMK/A OWKGKA, TO Bbl-
MoNHeHWe Koja try -6/10Ka NPeKpalyaeTcs, ¥ BbINOIHAETCS BCMOMOraTebHbI
Kog B 6710Ke except. [Mocne aToro ynpasneHve nepegaeTcs ceaytolleil KOMaH-
€ noc/ne KOHCTPYKUMM try -except.

MpumMep MCMOMb30BaHUS KOHCTPYKLWMW try -eX cept B ONMCAHHOM Bbile (hop-
MaTe NpMBeAEeH B INCTUHTe 2.11. B 3TOM NpUMepe peyb ULET O PELEHUUN TUHEN-
HOr0 ypaBHeHWs Bua. TO YpaBHEHNE UMEET OUEBUIHOE PELLEHME , HO 3TO NpK
YC/IOBWM, YTO MapaMeTp OT/IUYEH OT Hyns. MOCKONbKY NapamMeTpbl U BBOASATCA
Mo/ib30BaTe/IeEM, TO, KaK FOBOPUTCS, BO3MOXHbI BAPUAHThI.

NnctmHr 2.11. O6paboTKa UCKIHOUNTENBHON CUTyaLn

print("Pewaem ypaBHeHMe ax = b")
# Havyano try-6noka (OCHOBHOW kogp)
try:

# Onpepensem nepBbii nmapameTp. Bo3moxHa owwunbka
# npu npeobpas3oBaHWW TeKCcTa B 4YMUCAO

a=float (input ("BBegute a: "))

# Onpepensem BTOpOM napameTp. Bo3moxHa owwunbka
# npu npeobpas3oBaHWM TeKCcTa B 4YMUCAO

b=float (input ("Beeagute b: "))

# PeweHne ypaBHeHWsA. Bo3moXHa owwmnbKa

# Npu feneHWW Ha HONb

x=b/a

# OTob6paxaeTca 3HauyeHWe [N KOPHA YpaBHEHMWSA.
# KomaHpa BbiNONHAeTCA, €CAM [O 3TOr0 He BO3HUKAW

# ownbku

print("PeweHne ypaBHeHMa: X =" X)
# Hauyano except-6noka (BcnmoMoraTenbHbIi KopA)
except:

# KomaHfa BbIMONHAETCA TONbKO eCln paHee
# NpWU BbLINOMITHEHUM OCHOBHOTO KOfa BO3HWKNa owunbka
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print("Bbl BBeNW HeKOpPpPeKTHble faHHble!")
# KomaHpa BbimonHseTca nocne 6noka try-except
print("Cnacnbo, paboTa nporpammbl 3aBepweHa.")

Pe3ynbTaT BbIMOAHEHWA 3TOF0 NPOrpaMMHOro Kofa 3aBUCUT OT TOr0, KaKoe 3Ha-
YeHue BBOAMWT NOJIb30BaTE b - B TOM YMC/e NPWU HEKOPPEKTHO BBEAEHHOM 3Ha-
YEHUN MOXKET BO3SHUKHYTb OWNOKa, 1 Takme cuTyaumm obpabaTbiBaloTCA B NpPO-
rpaMMHOM Kofe. Bonee KOHKPeTHO, B Hauasne BbINOMHEHUS NPOrpamMmmbl Mofib-
30BaTeNto0 npegnaraeTca BBeCTW 3HAYEHUS 415 NepeMeHHbIX a u b (KomaHabl
a=float (input ("'Beegunte a: ") )nb=Float (input (‘'BBegute b: "))).
B faHHOM cnyuvae BBefeHHble N0/b30BaTe/IeM 3Ha4YeHNs NpeodpasyoTcsa K Yuc-
NoBOMY (hopmarty.

W Hazawverxy

[na npeo6pasoBaHUsA TEKCTOBOro MpeACcTaB/IEHUs YMCa K YAC/IOBOMY 3HayeHuo (B
copmate ¢ nnasatoLeil ToUkoi) ncnonb3osaHa yHkums float ().

MOHATHO, YTO eCc/M NONb30BaTe b BBELET HeNpaBUIbHOE 3HaYeHne (TO ecTb He
4Yncno), To BO3HUKHET owwmnbka. 103TOMY COOTBETCTBYHOLLME KOMAHAblI pasme-
WweHbl B 6510Ke try. B aToM Xe 6/10Ke ecTb KOMaHfa Xx=b/a, KOTOPOI Ha OCHOBE
3HaYeHWi NnepeMeHHbIX a U b nprucBamBaeTca 3HaYeHMe nepeMeHHoM X. [lo 3Tol
KOMaHAbl "ouyepedp" HOMAET, TONMbKO ecniv ByAyT YCNELWHO BbIMOMHEHbI NPefbl-
Jywve no NpucBavBaHWIO 3HaYeHWi nepeMeHHbIM a U b. Ho gaxe korga Bce
MPOLLU/IO FNaAKO Ha NPeabIAYLL X 3Tanax, Hac BNOMHE MOXeT XAaTb HOBbIA COp-
npu3: eCNn NepeMeHHO a NPUCBOEHO HyNeBOe 3HauvyeHue (HUKTO He 3amnpelya-
€T M0Nb30BaTeNt0 TakK MOCTYNUTb), TO NPX BbINOSHEHUN KOMaHAbl X=b/a BO3-
HUKHET OWNOKa JeneHnsa Ha HONMb. M03TOMY AaHHas KOMaHAa Takxe nomMeLieHa
B 610K try. B aToM 6/10Ke ecTb elle 0fjHa KOMaHa - pedb 06 MHCTPYKLUKM prin
t (""PeweHne ypaBHeHMUA: X =", X),KOTOPOW 0TO6GpaxaeTcs 3Ha4YeHue ANs
KOPHSA ypaBHeHHUSA.

Momumo 6110Ka try, B NporpaMMHOM Kofe nMeeTcsd 610K except. B atom 610-
Ke BCero ofjHa KoOMaHaa print('Beol BBe/in HEKOPPEKTHble pAaHHble!™) .
Bnok except "BcTynaet B urpy" TonbKo ecniu B 6/10Ke try BO3HMKNA OLWING-
Ka. lpyrumm cnoBamu, KomaHzbl B 6/10ke try BbINOAHAOTCS OfHA 3a 4PYroi, n
MOKa He BO3HMKAaeT oWwnbKa, BCe NPOMNCXOAMUT TakK, Kak eciu 6bl OHU BbiN cCambl-
MU 0BbIYHBLIMM KOMaHaMu, 6e3 BcAKoro 61oka try. Ecnm ownbka Tak n He BO3-
HWKNA, NO 3aBepPLUEHMMN BbINONHEHUA 610Ka try KomaHabl B 610Ke except He
BbIMO/IHAKOTCSA, a Cpa3y HauYMHAIOT BbIMO/HATLCA KOMaHAbl MOC/e KOHCTPYKLUK
try-except. B gaHHOM cny4ae 370 KomaHga print ('Cnacubo, paboTa
nporpavMmsl 3aBeplieHa."). Ecnv Ha Kakom-To 3Tane B 6/710ke try noasu-
nacb owmnbKa, BbINONHEHME KOMaH[ 610Ka try npekpaLw,aeTcs, 1 HaYUHAaKT Bbl-
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NOAHATHCA KOMaHAbl (B Hallem MpuMepe OHa 04Ha) B 610ke except. 3aTeM Bbl-
MOSTHAIOTCA KOMaHAbl MOC/Ae KOHCTPYKuun try-except (To ecTb nocnegHas
KOMaHfa B NporpaMMHOM KOJe BbIMOHAETCS B NH0O60M Ciayyae - He3aBUCUMO OT
TOro, 6bila owmnbKa B try -6/10Ke, NN HeT).

Hwvke nokasaHO, Kak MOXET BbIT/IAETb Pe3y/IbTaT BbIMOJHEHWS NPOrpPamMmmMbl B
cflyyae, ec/im Bce JaHHble Mo/b30BaTeNeM BBOAATCS KOPPeKTHO (34ech U panee
BBOJ MO/Ib30BATENS BbIAENEH XUPHbIM LLIPUPTOM):

Pe3ynbTaT BbINosHeHVA nNporpaMmmbl (M3 NUCTUHra 2.11)

Pewaem ypaBHeHue ax = b

Beegute a: 5

Beegute b: 8

PeweHne ypaBHeHus: x = 1.6

Cnacub6o, paboTa nporpamMmbl 3aBeplueHa.

Ecnv BMECTO YMC/I0BOrO 3HAYEHMS BBECTW HEYTO JPYroe, MOXeM Moy4nuTh CO-
BCEM WHOIi pe3ynbTart:

Pe3synbTaT BbINOHEHVA NporpaMmMbl (M3 NUCTUHTa 2.11)

Pewaem ypaBHeHMe ax = b

BBegute a: text

Bbl BBeNnW HeKOpPpPeKTHble faHHble!
Cnacub6o, paboTa nporpammbl 3aBeplleHa.

MpaKTUYeCKN TaKoW Xe pe3ynbTaT NojyyaeM, ecnu Ans NepeMeHHOl a ykasaTb
HY/IeBOE 3HAYeHME:

Pe3synbTaT BbINOHEHVA NporpaMmmbl (M3 IUCTUHIa 2.11)

Pewaem ypaBHeHMe ax = b

Beeagnte a: O

Beeante b: 3

Bbl BBENW HEKOPPeKTHble fJaHHble!
Cnacu6o, paboTa nporpammbl 3aBeplieHa.

B npuHumMne, cxema 06paboTKN UCKNKOYNTENBHBIX CUTYaL M, OMMCaHHas BblLUe,
BO MHOrOM npocTa 1 ygobHa. Ho 1 oHa He nnwieHa HefoCTaTKoB. B nepByto oyve-
pefb cpa3y 6pocaeTca B rnasa, YTo pasHble oWMH6KN 06pabaTbiBatOTCA O4UHAKO-
BO. TO eCTb, Kakas 6bl HM BO3HUKNA OWMOKa, peakyma nporpaMmel 6ygeT ogHa u
Ta Xe.

Bonee Toro, cutyauus mMoxeT 6bITb elle 607ee HeOLHO3HAYHOM. JonyCcTUM, Mbl
CNYYahHO (UM He 0YeHb) OWKNGINCL B HAMUCAHUW HA3BaHWS, Hanpumep, PyHK-
uumn Float () BkomaHge a=Float (input ("'BBeanTte a: "). lNpwu 3anycke Ha

(ORC)
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BbIMO/IHEHME MPOrPaMMHOro Koda Mmoayyum Takyl nocfiefoBaTelbHOCTb CO06-
LLLEHNA:
Pewaem ypaBHeHue ax = b

Bbl BBENU HEKOPPEKTHble AaHHble!
Cnacn6o, pa6oTa nporpamMmbl 3aBeplieHa.

Moyemy Tak npomcxogmt? MOTOMY YTO B MCNOMb30BAHHON HAMMK CXeMe Mepe-
XBaTbIBAKTCA BCE OWMOKM M NOTOMY 4TO NporpaMMHblil Kof Python BbinonHA-
eTCA MHTepnpeTaTopoM NOCTPOYHO (6e3 npeaBapuTenbHO Komnunauum). Kor-
fa vepes LOXOAUT A0 BbINOSHEHUA KOMaHAbl C Heu3BeCTHOW (yHKuuein (He-
npaBuibHOE HasBaHWe (YHKLMMK), eCTeCTBEHHO BO3HMKaeT owwnbka (Knacca
NameError), u ata ownbka nepexsarbiBaeTcsa B 6110ke except. [103TOMY Mbl
Jaxe He CMOXEM 3HaYeHWe 415 NepemMeHHOl a BBECTHU.

C Apyroit cTOpOHbI, ecin pedb MAeT He O HEMPaBWIbHOM Ha3BaHUW (PYHKLUK
(Hanpumep, Float ()), a 0 HEKOPPEKTHOM CUHTaKcuce KomaHibl (40ONYCTUM,
[BOMHbIE KaBblYKW B TEKCTE HE YKa3aHbl), TO 3TO YXXe HenpaBu/bHbI CUHTaK-
CUC KOMaHAbl, 0 YeM NOABUTCHA coobLLeHMe cpa3y nocfe 3anycka nporpammbi.
O6bIYHO TakMe OWMOKM aBTOMATMYECKN BbIAENAIOTCA B OKHe pefakTopa KoAoB
elle npu Habope. X0T4, KOHEYHO, MHOFO€ 3aBUCUT OT BO3MOXHOCTEl pefakTopa.

Bonee yToHYeHHas 06paboTKa MCKAOUYUTENbHLIX CUTYaLMid nogpasymeBaeT U
6onee UHAMBMAYaNbHbIWA, TaK CKa3aTb, NoAxoA. Peub uget o ToM, 4To6LI 06pa-
60TKa OWNBOK BasmpoBanach Ha TUMe UK XapakTepe OWNOKK. PasymeeTcs, 31O
BO3MOXHO. MNpuyemM onucaHHasa Bbille cxemMa 06paboTKyM UCKIHOUYNTENBHBIX CU-
Tyauumii npetepneBaeT MWHWMasbHbIE U3MeHeHUs. Ecin 6onee KOHKpeTHO, TO
CUTyauus BbITNAAUT Tak: B KOHCTPYKUMK try-except nocne 6noka try yka-
3bIBAETCS HECKOMbKO e X C e p t-6/N0KOB, MpUYeM A8 KXKA0ro 6/110Ka ABHO yKasbl-
BaeTCsA TUM OLWMOKM, KOTOpbI 06pabaTbiBaeTca B 3TOM 6/10Ke. KnoueBoe cnoBo,
onpegenstollee TUM oWKN6KKM, yKasblBaeTCca NOCAe KNHUEBOro cnoBa except co-
OTBETCTBYHOLLEro 6/0Ka.

W Hazaverky

BoobLe aena 06cToAT Tak. [Mpn BO3HNKHOBEHUM OLLUNGKM FEHEPUPYETCSH UCK/TIOYUEHNE 1
Cc03aeTCcs 06BbEKT, ONUCHLIBAOLLNIA OLIMGKY. [TO3TOMY TUMN OLLNGKK - 3TO HA camMOoM fene
Kflacc, Ha OCHOBe KOTOPOro co3faeTcsi 06bekT NCKNIoYeHns (bonee TOUHOE HasBaHue,
npuHaToe B Python - ak3emMnnsap uckntoyenus). Apyrumu cnosamu, “Tmnonorms™ owmn-
60K 6asupyeTcsa Ha nepapxmmn kiaccoB. Kaxabllii knacc coOoTBETCTBYET Kakol-To owmnob-
ke. PaboTa c knaccamn n o6bekTamn (ak3eMnasapamm kKnacca) ob6cyxaaeTcsd HEMHOro
nosxe. [la 1 0CO6eHHOCTM NCMO/Ib30BaHUA K1aCCOB U 06BEKTOB 3/1eCb HAC Masio UHTe-
pecytoT. Bo BcsAkOM cnyvae, He 6yaeT 60/bLlIoi Npo6emMoli, ecnn Mbl CTaHEM MHTep-
npeTMpoBaTb Ha3BaHWe Knacca OLWMBKM NPOCTO Kak HEKOTOPOe K/1lo4eBOoe C10BO, onpe-
Aensolee TUM, K KOTOPOMY OTHOCUTCS OLIMOKa.
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B aTom cnyuae wab/10H NPOrpaMMHOro Koga, CoAepxawumii o6paboTky
OWNBOK PasHOro Tvna, UMeeT Takoli Bug (KMPHbLIM WPUPTOM BbIAENEHDI
K/TUEBbIE 3/IEMEHTDI)

try:

# OCHOBHOW Kof
except Tun_ownbkn_1:

# BcnomoraTenbHbIli KOf
except Tun_owmnbkm_2:

# BcnomoraTenbHbIli KoOp

except Tun_owwnbkun_Li:
# BcnomoraTtenbHbIi KoOp

3TOT KOA BbIMOMHAETCA CNefylounmM o6pa3oM. BbIMONHATCA KOMaHAbl try -
6noka. Ecnn Bo3HUKNA OLIMGKA, TO BbINOMAHEHME KOMaH/ try -6/10Ka npeKpatla-
eTCs U HauMHaeTCs MocneaoBaTe/bHbI/i NPOCMOTP € X cep t-6/10KOB Ha NpeaMeT
COBMAZIEHMA TUNa OWNGKN, KOTOPas BO3HWKNA, U TUNA OWNGKM, YKA3aHHOTO No-
CNe K/0YeBOro cnosa B except-6/1oke. Kak ToNbKO cOBMNafeHne HaiifieHo, Bbl-
MONTHAOTCS KOMaHAbl COOTBETCTBYIOLLEIO € X C e p t-6/10Ka, Nocne Yero ynpasne-
HMe NepexoAnT K KOMaH/e Nocne KOHCTPYKLUKM try-except.

CoBnafieHne TUMOB NPU NOUCKe HYXXHOTo ex cept-610Ka gnd 06paboTKM oW mn6G-
KW He 06513aTeNbHO AO/MHKHO 6bITh "OyKBanbHbIM". [le/10 BOT B YeEM.

Mbl yXe 3HaeMm, YTO TUMN OWNOKN —3TO Ha CaMOM Jefie KacC, KOTOPbIA OMnChi-
BaET 3Ty OWMOKY. HO Yy KaccoB MOryT GbiTb nogkiaccs (NMPon3BoAHble Knac—
o). 3TO NPUMEPHO TaK, Kak ecnm 6bl y Tvna 6biivM noaTunsl. v, apyrum
C/oBaMM, [/7151 HEKOTOPbLIX KaTeropuin ownMboK cCywecTByeT 6onee petasibHasi
Knaccupukaums no cpaBHEHWUI0 C OCTaUTbHLIMX OWwMbKaMmun. Hanpuvep, Kriacc
ZeroDivisionError, COOTBETCTBYWWWIA OWNOKE OENEHVS HA HOMb, ABMSA-
eTca nogriiaccoMm Kriacca ArithmeticError (apupmetmnyeckas ouwmbka) - A
elwe y knacca ArithmeticError ecms nogknaccel FloatingPointError
(ownbka npu onepauusax ¢ nnaeawwei Toukoi) n OverflowError (owmbka
nepenosiHeHns) . Tak BoT, Npy 06paboTKe UCKIUNTESbHLIX CUTYaLui nepexsa-—
TbIBATCA HE TOMbKO OWMOKM onpegeneHHoro (YkasaHHOro B except-6orioke)
K1acca, HO M OWMOKKU NOAKIACCOB 3TOro Kracca. Hanpuvep, ecrm Mbl B except-
6/10Ke yKaxeMm Knacc ownbku ZeroDivisionError, To 6yayT nepexsaTtbi-
BaTbCA ownbku Tuna ZeroDivisionError (geneHve Ha Hob). HO ecrm B
except-6noke ykasatb knacc ArithmeticError, 10 B 9TOM 6/10Ke OyayT
nepexeaTbiBaTbCs M obpabartbiBarbCA ownbkyn Tuna ZeroDivisionError,
FloatingPointError n OverflowError.

A»---
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Ecnn npu nepe6ope except-6/10koB coBnageHue (Mo Tuny owmnbKM) He Hali-
[ieHO, BbIMOSIHEHME KOAa npekpaliaeTca U nosasnsetcs coobueHue o6 owmb-
Ke. MNpaBga, MOryT MCNOMb30BAaTHCA B/IOXKEHHbIE KOHCTPYKLMM try-except.
B atom cnyuyae HeobpaboTaHHas owM6HKa MOXET NepexBaTblBaTbCHA BHELLHUM
except-6/10koM (HO Takas BO3MOXHOCTb 40/DKHA ObITb NPefyCMOTPEHA B NPO-
rpamme).

Ecnv npu BbINOMIHEHUK try -6/710Ka OWMGOK He 6bI10, KOAbl B € X C e p t-610Kax
He BbINOMHAOTCA.

B nucTtuHre 2.12 npusefeH npuMep WMCMNOMb30BaHWA HECKONbKUX except-
6/10KOB C ABHbIM YKa3aHWeM Tuna OWwWmnoKu. PaKTUUYECKU, TaM PeLIaeTCs Ta Xe
3afjaya, YTo U B NpeAblgyLeM cayyae, HO TONbKO Tenepb UCMOJb30BaH HECKO/b-
KO MHO cnocob 06paboTKM UCKUYNTENbHBIX CUTYAUNA.

INcTuHr 2.12. O6paboTKa OWMBOK pa3HbIX TUNOB

print("Pewaem ypaBHeHWe ax = b")
# Hauano try-6noka (OCHOBHOW KoOf)
try:

# Onpepensem nepsBbii napameTp. Bo3moxHa owunbka
# npn npeobpa3oBaHWM TeKcTa B 4YUCAO
a=float (input ("BBegute a: "))
# Onpepensem BTOpOM nmapameTp. BosmoxHa owwunbka
# npn npeobpasoBaHMW TeKcTa B 4YMUCAO
b=float (input ("BBegute b: "))
# PeweHne ypaBHeHWsA. Bo3mMOXHa oOWMbOKa
# Npun JeneHWM Ha HONb
x=bla
# OTob6paxaeTca 3HauyeHWe AN KOPHA YpPaBHEHWUS.
# KomaHpa BbINONHAETCA, €CAM [O 3TOr0 He BO3HUKAW
# ownbku
print ("PeweHne ypaBHeHua:, x =",x)
# Hauyano except-6noka (BcnomoraTefbHbIM Kog)
except ValueError:
# KomaHpa BbINOMHAETCA €CNU NONb3oBaTenb
# BBeN HEKOPPEeKTHOe 3HayeHwue
print("HyxHo 6bin0 BBeCcTU uymcno!")
except ZeroDivisionError:
# KomaHpa BbINOMIHAETCHA NPU NOMbITKE
# [eneHnWa Ha HONb
print("BHumaHune! Ha Honb pennTb Henb3a!")
# KomaHpa BbinonHAeTcs nocne 6noka try-except
print("Cnacubo, pa6oTa nporpammbl 3aBeplieHa.")

Mo 60nbLWIOMY CYETY, U3MEHMIACH, MO CPABHEHUIO C MPeSblAyLLMM NPUMEPOM,
TOMIbKO Ta 4YacTb KOAQ, UTO CBsi3aHa C ex cept-6/0kamu. Bonee TOuHO, Takmx

LLY?P
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6/10Kk0B Ternepb ABa. Nocne NepBoro KAOYEBOro CnoBa except ykasaHo Ha3Ba-
Hue ValueError. K knaccy ValueError oTHOCATCA OWNOKK, BO3HUKaOLLME
npw paccornacoBaHm TUNOB (Hanpumep, PYHKLUN HY>KEH apryMeHT YMC/10BOTO
Tuna, a nepefaeTcs TeKCT). Bo BTOpoM e x cep t-6/10ke o6pabaTbiBalOTCA OLWING-
Kn knacca ZeroDivisionError. K 3Tomy Knaccy 0THOCATCS OWNOKKN, BO3HU-
KaloLue npu NonbITKE BbIMONHUTL fefleHNe Ha HOMb.

Kak Bugum, gnd Kaxgoro except-610ka npegnaraetcs CBOW NPOrpamMmMHbIi
Kog (B 060MX cny4vasax BbIBOAUTCA COOOLLEHME C MH(OPMALLMEl O TOM, YTO Xe
npousowno). Mpn BbINONHEHWW Kofa B 6/10Ke try ecnu npousowna owunbka,
TUN 37Ol OWMOBKKN CHavana conocTasnseTcs ¢ knaccom ownbkm ValueError B
nepeom e x cept-6noke. Ecnu coBnageHue ecTb, TO BbIMOAHAETCA KO 3TOro 6/10-
Ka. Ecnn coBnageHnsa HeT, NpoBepseTca coBnageHne Tuna owmbKM ¢ Knaccom
owunbkn ZeroDivisionError Bo BTOpom except-6noke. Ecnm ectb coBna-
fieHue - BbIMONHAGTCS Kog AaHHOro except-6noka. Ecnun xe n 3gech coenage-
HWUA HET, BbIMO/NHEHME NPOrpaMMbl 3aBepLUaeTca ¥ NOSBAAETCA aBTOMATUYECKU
CreHepupoBaHHOe MHTEPNpPeTaToOpoM coobuieHune 06 ownbke.

B cnyuae, Korga Bce faHHble BBeeHbl KOPPEKTHO, pe3ybTaT BbINOSHEHNUA NPO-
rpamMmbl 6yaeT Takum Xe, Kak u paHee. Hvxe nokasaHo, Kak 6yaeT BbIrnageTb
pe3ynbTaT BbINOJSIHEHWA NPOrpaMMbl, ECNN NPY BBOLE ANA NepeMeHHOol b ykasa-
HO HEKOPPEKTHOe 3HayeHne (KMPHbIM WPUGTOM BblfieNIeH BBOA NO/Mb30BaTeNs):

Pe3ynbTar BbINO/IHEHUA NporpaMMbl (M3 NMUCTUHTa 2.12)

Pewaem ypaBHeHMe ax = b

Beeante a: 3

Beegute b: number

Hy>XHO 6blN10 BBECTU 4yucno!

Cnacu6o, pa6oTa nporpamMmbl 3aBeplleHa.

PeaKHMHHpOFpaMMbIHaHOHMTKyAeﬂeHMH HaH0ﬂb6yAeTTaKOW

Pe3ynbTar BbINOMHEHUS NMporpaMmmbl (U3 INCTUHIA 2.12)

Pewaem ypaBHeHue ax = b

Beegnte a: O

Beegnte b: 5

BHumaHue! Ha Honb penntb Henb3a!

Cnacub6o, paboTa nporpamMmbl 3aBeplleHa.

CTtouT Takxe o06paTUTb BHUMaHWe Ha cnefyroliee 06CTOATENbLCTBO: 06pa-
6aTbiBalOTCS B f[aHHOM cfyvae Tonbko owunbkm knaccoB ValueError u
ZeroDivisionError. Ecnn 6bl TeOpeTMYeCcKn BO3HMK/IA OWMBKA KAKOro-To
WMHOrO TWMa, TO OHa B6bl NepexBayeHa He bbina.

<l
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UT0 KacaeTcs KNacCcoB UCK/OUYEHNI, TO KPOME MEPEYUCIEHHBIX BbILIE, HAMGO/b-
WU MHTEPEC C NPAaKTUYECKON TOUKM 3peHNUS MOTYT NPeaCTaBNATh Takue:

WcknoueHne Index E rror: BO3HUKAET, KOTAa MHAEKC (Hanpumep, Ans
3MIeMEeHTa CMUCcKa) yKasaH HenpaBubHO (BbIXOAWT 3a rpaHuubl gony-
CTUMOro AuanasoHa). Cnucku o6cyXaalTcs B 04HOW M3 CRegyoumnx
rnaB.

NckntoyeHne KeyError: BOSHUKAET MPU HEBEPHO YKa3aHHOM KJtoye
cnoeaps. CroBapyn 06CyXal0TCA B OAHOI U3 Cnefyownx rnas.

WckntoueHne NameError: BO3HWKAET, €CN He yAaeTcsa HalNTW N0Kasb-
Hoe nnn rnobanbHoe UMs (NepeMEHHYH0) C HEKOTOPbIM Ha3BaHUEM.

MckntoyeHne SyntaxError: CBS3aHO C Ha/MYMEM CUHTAKCUUYECKUX
OLIMBOK.

WcknoueHne TypeError: CBA3aHO C HECOBMECTUMOCTLIO TUMOB, KOTAa
4nsd 06paboTku (Hanpumep, B PyHKLMK) TpebyeTca 3Ha4YeHme onpeje-
NEeHHOTO TWNa, a NepefaeTcs 3HayYeHWe APYroro Tmna.

HekoTopble U3 3TUX UCKIKOUYEHUIA Mbl ByeM UCMONb30BaTh (SBHO UM HESABHO)
B Nnpumepax. bonee noapo6bHO Knaccel UCKMOYEHWIA U MeTOAbl paboTbl C HUMMK
6yayT 06CyxAaTbCs NOC/e TOro, Kak Mbl MO3HAKOMMMCS C KiaccaMu 1 06bek-
TamMn. B pacCMOTPEHHOM BblLLE NPMMEpPE Mbl CO34aBanu A5 Pa3HbIX TUMOB O K-
60K pasHble ex ce pt-610kn. HOr4a NPUXOAUTCA HECKONBKO MHYIO 3ajady: Ans
HECKONbKMUX TUMOB OWNBOK CO34aBaTh OAUH eX cept-6/710K. B 3TOM cnyyae no-
clie K/II0YeBOro cnoBa except B KPYyrabiX CKo6Kax yepes 3anaTyto nepeyuncns-
IOTCA T€ TUNbl OWMGOK, AN KOTOPbIX BbINOMHAETCS 06paboTKa B faHHOM 610Ke.

B MHCTPYKLUU try-except moOMUMO 6/I0OKOB try u except MOryT Tak- j
e ucnonb3oBatbes 6nokm else nfinally. O6wwii WabnoH MHCTPYKLUN B |

3TOM C/lyyae TakoW (KUPHBIM LPUQPTOM BblAeNEHbI K/THOUEBbIE /IEMEHTbI):

try:

# OCHOBHOW KOfA

except Twn_owwnbkun_1: ;

# BcnomoraTeNnbHbIR Kop .
except Tun_owunbkn_2: .
# BcnomoraTenbHbIl Kop .

except Tun_owunbku_bl:
# BcnomoraTeNnbHbIR KOfA
else:

# Kop ANs cnyyas, ecnuM OWWGKU He 6biNo .

finally:

# KOof, KOTOpbI BbIMONHAETCA BCerga .
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MporpaMMHbIA 610K C KNHOYEBLIM CNOBOM e lse pa3melyaeTcs nocne nocneg-
Hero except-6510Kka U COAEPXUT NPOrpamMMHbIA Kof, KOTOPbIA BbINOMHAET-
CA TONbKO B TOM C/lyyae, €Cii NPU BbIMOSHEHUM OCHOBHOIO Kofa B try -6/10ke
OWN60K He 6bINo.

MporpaMMHbIA Ko, pasmelleHHbIi B 610ke finally, BbinonHAeTcA B M060M
cnyvae, He3aBUCUMO OT TOr0, BO3HMK/A OWMOKa NpU BbIMOIHEHMM Koda try -
6/10Ka, NN HeT.

Q Ha 3ameTky

OLWNBKN MOXHO He TO/IbKO NepexBaTbiBaTb, HO U FeHepupoBaTb NCKYCCTBEHHO. [lenaeT-
Cs1 9TO C NMOMOLLbIO MHCTPYKUWI raise nnn assert. Kak aTo genaetcsa n3adyem, Mbl 06-
cyAuM B nocnepgHeri rnaee - Nocsie Toro, Kak No3HaKOMUMCS € K/laccamu U 06 bekTaMu.
Tam e 6yfeT onncaHo, Kak MOXHO CO3/aBaTb N0/1b30BaTe/IbCKME KNACChl MCKTHOUEHUIA.

Pe3tome

Hy, cka>kn 4To0-Hnbyab! Thl >XKe 'y Hac camblii co-
o6pasnTenbHbIn.
n3 K/ ""MpoHusa cyab6bl UK € Nerkum napom™

1. YcnoBHbIii ornepaTop No3Bo/seT BbIMOAHATL pa3nyHble 6/10KM KOAa B 3aBU-
CMMOCTM OT UCTUHHOCTW UJTN JIOXKHOCTU HEKOTOPOTO YCNOBUS.

2. B ycnoBHOM ornepaTope moc/ie KntoueBoro cnoea if ykasbiBaeTcs ycnoBue,
KOTOpOe MPoBepsAeTCs NPpU BbIMOMHEHUN onepaTopa. ECM ycnoBne UCTUH-
HO, BbIMONHsAETCA 610K KOMaH/ nocsie ycnosus. ECNu ycnosue noXHo, Bbl-
nonHsieTcs 610K KOMaHz Noc/e KNo4esoro ciosa else.

3. B ycnosHoM onepatope else-6/10k He aBnseTcA 06s3aTeNibHbIM. TakxXe B
YC/I0BHOM Onepatope MOryT ucnonb3oBatbcs el i f -6noku, uto nossonseT
NpoBepsATb B YCNOBHOM OMepaTope NocnefoBaTeslbHO HECKO/IbKO YCNOBUI 1
BbIMOMTHATL AN KOXL0r0 U3 HUX OTAeNbHbI/ 6/10K KOMaHA,.

4. OnepaTop Uukna while No3BosseT MHOFOKPaTHO BbIMOMHATb Npefonpese-
NEHHbIA HAbOp KOMaHA,

5. TMocne kntoyeBoro cnoea while B onepaTope UMK/Ia yKasbiBaeTCs YCOBHE.
OnepaTop BbINOJHAETCS, MOKa YCN0BME UCTUHHO. YCNOBUE MPOBEPSETCSA B
Hauane BbIMO/IHEHWS OMEPaTopa, U 3aTeM KaXAblii pa3 Mnocie BbIMOMHEHWNS
rpynnbl KOMaHg onepaTopa LuKna.

6. Onepatop uyukna for yno6eH B TOM cnyuae, eCiM HEOGXOAMMO MpPOU3BeE-
CTU nepe6op 3/1EMEHTOB HEKOTOPOI mocnefoBaTenbHocTu. Mocne Knwoue-
BOro cnoBa for ykasbiBaeTcs nepemMeHHas ANs BbIMOMHeHWs nepe6opa 3ne-
MEHTOB MOC/eA0BaTeIbHOCTW, KOTOPasi, B CBOK 0uepesb, yKasblBaeTCs nocne

call
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K/1I0YEBOrO c/oBa in. I'IepemeHHaﬂ nocnenoBaTe/ibHO NPUHUMAET 3HAYEHUA
3/1EMEHTOB NnocnefoBaTe/ibHOCTU, N ANA KaX[0ro Takoro sHayeHuUa Bbinon-
HAeTcs 610K KOMaH[ onepaTtopa uunkKna.

7. B kayecTBe nocnefoBaTelbHOCTU, KOTOPas yKa3blBaeTcs B onepaTope LWK-
na for MOXHO, KpOMe MPOYEro, ykasblBaTb TEKCT, CMUCKN UK BUPTYasb-
HYI0 4MUCNOBYIO MOCNEef0BaTENbHOCTb, CO3[4aHHYI0 C NMOMOLbLI0 PYHKLWUK
range().

8. MHcTpykumm break m continue wucnonb3ytTcs B onepatopax LMKna
while n for cooTBeTCTBEHHO AN NpeKpaLLeHUs BbIMOMHEHUSA onepaTopa
LUKNa Un 4Na npexkpalLeHnsa BbIMOSIHEHUSA TEKYLLEro Lukna.

9. B onepatopax uukna (while n for) moxer ucnonb3osatsca e lse -6/0K,
KOTOPbIV BbINOMHAEGTCA NO 3aBepLUeHMM paboTbl onepaTopa v nNpu ycnosuu,
4TO 3aBepLleHne paboTbl onepaTopa LMKna He CBA3aHO C BbIMOAHEHUEM WH-
cTpyKumm break.

10. MexaHn3m 06paboTKM MCKNKUYNTENbHbIX CUTyaLnin 6asnpyeTca Ha MCNONb-
30BaHUMW UHCTPYKLUMKM try-except. Ecan npyu BbINOMHEHUM NPOrPaMMHO-
ro Kofa, NOMeYeHHOro KNYeBbIM C/10BOM try, BO3HMKaeT oWmn6Ka, OHa MO-
XeT ObITb NepexBayeHa n o6paboTaHa B 04HOM U3 6/10KOB, OTMEUYEHHbIX UH-
CTpyKumei except. Ang Kaxgoro except-6710ka nocne K1OYEBOro cnosa
except MOXHO yKa3aTb TUM OWNOKK (MCKOYEHUS), KOoTopas obpabaTbiBa-
eTCs 3TUM 610KOM.
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3aMeyaTenbHas ngea! YUTo>k oHa MHe camoMy
B r0N0BY He npuwna?

n3 K/ ""MpoHnsi cyabbbl MK ¢ nerkum na-
pom**

JTa rnaea NOCBsLLEHa CO3A4aHUI0 (hYHKLMIA nonb3oBaTens B Python. C Heko-
TOPBLIMU PYHKUUAMU Mbl YXKE CTaNKWBAIUCh PaHee, HO 3TO GbIIN BCTPOEHHbIE
(YHKUMW. 34ecb Mbl Y3HAaeM, Kak co3AaBaTb COGCTBEHHbIE DYHKLUU. TaKxKe Mbl
OCBOVM OCHOBHbIE MPUEMbI MO UCMO/b30BaHMUIO (hYHKLMWIA B MPOrpamMMHbIX KO-
Jax.

Korga Mbl rOBOpMM 0 PYHKL MK, TO MMEEM B BUAY hparMeHT NPorpaMMHOro Koaa,
KOTOPbI/ MMeeT Ha3BaHWe, U KOTOPbIA N0 3TOMY Ha3BaHWIO Mbl MOXEM Bbl3BaTb
B N1060M (MK nNpakTuyeckn N06OM) MecTe nporpaMmMbl. @ YHKLKUKN - O4EHb MO-
Ne3Hbli N 3IWPEKTUBHBIA MHCTPYMEHT NPOrpamMMMpoOBaHuUs, NOCKOMbKY NO3BO-
NAeT 3HaYMTEeNbHO COKPaTUTb 06bEM MPOrpamMMHOro Koaa, caenatb ero noHAT-
Hee 1 athpekTmMBHee. Kopoue rosops, 6e3 yHKUUIA nucatb 3PeKTUBHbIE NPO-
rpaMmMbl NPaKTUYECKUN HepeanbHO. Mo3TOMy C hYHKLUMAMU HYXXHO ObITb Ha "ThI",
0C06eHHO ecnn peyb MAET 0 NnporpaMmmMupoBaHuy B Python.

Co3pnaHue pyHKUNN

- Mbl He 6ygem nonaraThbCs Ha cayyain. Mbl
I'lOVI,D,éM APOCT bIM NOTNYECKMM XOL0M.

- Moigem BmecTe.

n3 K/ ""VpoHwnsi cygbbbl MK C NErkKUM na-
pom™

Mepes Tem, Kak hYHKLMIO UCMNONb30BATh, e HE06X04MMO onncaTb. YTo nogpas-
yMeBaeT onuncaHune pyHKLMn? Kak MUHUMYM, 3TO TOT NPOTrpaMMHbIli KOZ, KOTO-
pblii cnefyeT BbINOMHATH NPU BbI30BE PYHKLWM, U, pa3yMeeTcs, Ha3BaHUe PyHK-
umn. TakxKe PYHKLUU NPU BbINOSHEHUIM MOTYT NOHaf06MTbCA HEKOTOPbIE Mapa-
METpbI, KOTOpble MepejarnTcs QYHKLMUM NPy BbI30BE U 63 KOTOPbLIX BbIMOJHE-
HMe QYHKLMMN HEBO3MOXHO. DTW mapaMeTpbl Mbl GyAeM Ha3blBaTb aprymeHTa-
MU OYHKLMN.
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W Ha3sameTky

Hepefko pasfensioT NoHsATVe napaMmeTpa PyHKLUM 1 aprymeHTa yHkumn. O napame-
Tpax 06bI4HO FOBOPAT MPU ONUCaHUN PyHKUMU. O6 apryMeHTax ugeT pedb, Korga yxe
onucaHHas (PyHKUUA BbI3bIBAE€TCS B MPOrpamMMHOM Kofe. Mbl, UTOGbl HE YC/IOXHSTH
cebe XM3Hb BO BCEX 3TUX Cllyyasix 6yieM UCMOMb30BaTb TEPMUH aprymMeHT.

WTak, ong onucaHus yHkuum B Python Heobxoanmo:
* yKasaTtb (3afaTb) UM PYHKUWY;
e onucatb apryMeHTbl PyHKUUY;
e onucatb NPOrpaMMHbIA KOA yHKUUK.

OnwucaHue PYHKLUN HaunHaeTcs ¢ kntoveBoro cnosa d e f. Mocne Hero ykasbiBa-
tOT Ha3BaHMe YHKL MW (3TO AO/KEH GbITb YHUKaNbHLIA MAEHTU(UKATOP, Xena-
Te/IbHO CO CMbIC/TIOBOI HArpy3KoW, COCTOSALMNIA U3 NAaTUHCKNX BYKB, MOXHO Tak-
Xe 4ndp 1 cMMBOMA MOAYEPKUBAHMS - HO C LU PbI UMS (YHKLWWN HAYMHATHCS
HE MOXEeT). 3aTeM NepevncnsioTCs apryMeHTbl YHKUMUW. 1S apryMeHTOB Npo-
CTO YKa3blBalOTCA HasBaHWsA. TUM apryMeHTOB He YKa3blBaeTCcA. APryMeHThbI ne-
peuncnsaTCA Nocie UMeHU PYHKLNUM B KPYTIbIX CKOGKax. ECin apryMeHTOB He-
CKONbKO, OHU pasfenstoTcs 3anaTbiMu. [axe ecnm apryMmeHToB Y QYHKUUN HET
(Takoe ToXe 6bIBAET), KPYT/ible CKOGKU BCE PABHO YKa3blBAOTCS. 3aKaHUYMBAET-
€S BCS 3Ta KOHCTPYKLMA LBOETOUMEM, U Aanee C HOBOW CTPOKM crepyeT 610K
KOMaHZ, KOTOpble COGCTBEHHO W ONpefenstoT NPOrpaMMHbIA KOZA (YHKLUWK.
Becb Wa6n0H 06bABNEHUS DYHKLUM BbITASAUT CAEAYIOLWMM 06pa3oM (KUPHBIM
WpPNEHTOM BbIfE/EHbI KOUYEBbIE 3/1EMEHTI):

def umsa_oyHkunn(aprymeHTs) :
KOMaHAbl
To ecTb BCe JOCTATOYHO NPOCTO U NPO3PaYHO.

L Ha 3ameTtky

LNA oyHKUMM He ykasbiBaeTcsi TUM pesynbTata (XOTs (PYHKUMS,, pa3yMeeTcs, MOXeT
BO3BpallaTh pesynbTar). ATO MOXeT CTaTb CIOPMNPU30M AJ1s TEeX, KTO MU3ydasl 1 3HAKOM
C APYrMMY si3bIKaMun NPOrpamMmmMmnpoBaHns. Ho 3To coprpus TOMIbLKO Ha NepBblii B3rsg,
Ecnv BCNOMHWTB, YTO B A3blke Python A/1si nepeMeHHbIX TUM He yKasblBaeTcs U onpege-
NIAETCA MO 3HAYEHMIO, HA KOTOPOE CCbIIAeTCs MepeMeHHas, TO BCe BbIMISIANT BMOJIHE
JIOTVYHBIM: M OTCYTCTBUE UAEHTUMKATOPA TUNA A1 pe3y/ibTaTta (yHKUMN, N apryMeH-
Thbl, /151 KOTOPbIX TUM TOXE HE YKa3blBaeTCs.

®YHKUMS MOXET BO3BpaLLaThb PE3y/sbTaT, a MOXET He BO3BpallaTb pe3ynbTar
(B mocnefgHem cnyuyae vMeno Gbl CMbIC/ FOBOPUTL O Npouegype - HO B Python
BCE Ha3bIBAETCA OfHWM C/I0BOM (DYHKLMSA). ECinM yHKLMS He BO3BpaLiaeT pe-
3ynbTaT, TO e MOXHO paccMaTpuBaTh KaK HEKOTOPYHO MOC/eA0BaTENbHOCTb KO-

41N
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MaHf, KOTOpbI€ BbIMOJTHAKTCS B TOM MECTE 1 B TO BPEMSI, UTO U BbI3OB PYHKLUU.
Ecnu hyHKUMsA BO3BpaLLAeT pe3ysbTaT (a 3T0 MOXeT 6bITb 3HAUEHME NpaKTuye-
CKM N06Oro TMna), T0O MHCTPYKLMIO BbI30BA PYHKLMUM MOXHO UCMOMb30BATh B
BbIPAXKEHUAX TaK, KaK ec/iv 6bl 3TO 6bla HEKOTOpPas NepeMeHHass. B Tene QyHKk-
UMM 4TOBbI ONPEAeMTb TO 3HAUEHWE, KOTOPOE SBNSETCSA Pe3ybTaToM PyHKLUK,
06bIYHO UCMONb3YHT MHCTPYKLUMIO return. BbINOMHEHWE 3TON WHCTPYKLUK,
BO-MEepPBbIX, NPUBOAUT K 3aBEPLUEHMIO BbINOMHEHWUS NPOrPaMMHON0 KoAa hyHK-
LMK, a BO-BTOPbIX TO 3HaYeHWe, KOTOPOe YKa3aHO Mocie MHCTPYKUuW return,
BO3BpaLLaeTca PyHKLUMeE B KauecTBe pesysbTaTa.

Ll Hasametky

BbI3blBaeTcs (DYHKLMS NMPOCTO - YKa3bIBAETCA UMS (DYHKLMW U apryMeHTbI, KoTopble el
nepegaroTcsa. Hy v, pasymeeTcs, Bbi3blBaTb (PYHKLMIO MOXHO TO/IbKO MOC/IE TOro, Kak
hyHKUMS 06 bABEHA, HO HUKAK He paHbLue.

[anee mbl paccMOTpuM MPOCTON NpuMep, B KOTOPOM 06BABNAETCH HECKO/b-
KO MpocTbiX PyHKLUWIA. [Mocne 06bABNEHNA 3TU PYHKLUWN Bbi3blBAOTCSH B NpPO-
rpaMMHOM KOAe A5 BbINOMHEHUSA HECNOXHbIX AelicTBUiA. COOTBETCTBYHIOLLMIA
NporpaMmMHbIi KOA NpescTaBnieH B incTuHre 3.1,

NnctuHr 3.1. O6bsABNEHNE hyHKUNI

# ®yHKuMs 6e3 apryMeHTOB
def your_name():
# OTobGpaxaeTca coobweHune
print("Aobpbli geHb!")
# 3anomunHaeTcs BBELEHHbIA NONb30BaTeNeM TeKCT
name=input("Kak Bac 30ByT? ")
# Pe3ynbTaT GyHKLUK
return nawe
# @®YHKUMS C OOHUM apryMeHTOM
def say_hello(txt):
# OTob6paxaeTca coobweHune
print("3apascTBYyWiTe," , txt+"1"
# Bbl3blBaeM (YHKUUIO W pe3ynbTaT 3anuMcbiBaeM B MNEPEMEHHYIO
my_name=your_name()
# Bbi3blBaeM (YHKLUUKO C apryMeHTOM
say_hello(my_name)

B pesynbTaTe BbINOMHEHUS 3TOr0 NPOrpaMMHOr0 Kofa nofyvaem CRegyoLnii
pesynbTaT (KMPHbIM LWPUEHTOM BbILENeHO BBEAEHHOE MO/Mb30BaTefieM 3Haue-
Hue):

?
«1981
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Pe3ynbTar BbINO/IHEHNUSA NPOrpamMmmbl (M3 NUCTUHIA 3.1)

Lo6pbli geHb!
Kak Bac 3oByT? Anekceii Bacunbes
3apaBcTBYiiTe, Anekceli Bacunbes!

Kog focTaTo4HO NPOCTOl, HO Mbl €r0 BCe XXe MPOKOMMEHTUpPYeM. B nporpamme
06baBNAeTCA ABEPYHKLUMU. PYHKLMA your_name () He uMeeTaprymeHTos. [Npu
BbIMO/THEHUN 3TOW (PYHKLMKM CHavana komaHgon print (""Jo6pbii geHb !'")
oTobpakaeTcsa NpuBeTCTBUE. 3aTeM MNOJIb30BATENO NpejnaraeTcs BBECTU CBOe
M. BeefleHHOE Nob30BaTe/IeM TEKCTOBOE 3HAUYEHMe 3aNMOMUHAETCA B MepeMeH-
HON name. Bcsa komaHAa BbIrnaanT kak name=input (‘'Kak Bac 3o0ByT? ").

MMocne 3TOro ¢ NOMOLLBLIO MHCTPYKLMK return name 3Ha4yeHWe MepeMeHHOIA
name BO3BpallaeTcA B KayecTBe pe3ynbrarta pyHKUUM your_name (). Takum
00pasom, y 3TOW PYHKLUMN HET apryMeHTOB, HO 3aTO OHA BO3BpaLLaeT pesy/nbTar.
W ee pe3ynbTart - 370 TO, YTO BBOAMT NOMb30BaTeNb (Mpeagnonaraercs, YTo UMS
nonb3oBaTens).

Ewe ogHa pyHkunsa say _hello() HyXHa ong oTo6paKeHUs NPUBETCTBUSA.
Y (yHKUUM oguH aprymeHT (0603HayeH Kak txt). TekcT coobuieHuns, KoTopoe
oTo6paXkaeTcs Npu BbI30BE (PYHKLMUM, (DOPMUPYETCA C YHETOM 3HAUYEHMUA apry-
MeHTa tX t, nepegaHHOro PyHKUMK. Pe3ynbTaT PYHKLMA He Bo3BpaLLaeT. B Tene
(hyHKLMY BCEro ogHa KomaHgaprint ("'3gpaBcTByiiTe, ", txt+" "), KOTO-
POl B KOHCO/IbHOE OKHO BbIBOAMTCS COObLLEHME.

W Haszaverky

Mpun BblUMCNEHNM BblpaXeHust tXt+ " 1" Mbl HesIBHO npegnonaraem, YTo aprymeHT txt
CCbl/1aeTCA Ha TEKCTOBOE 3HaveHue. EC/im Takoli yBepeHHOCTM HeT, TO Jlyulle nepecTpa-
XOBaTbCA M BOCMNO/Mb30BaTbCs BblpaxeHvem str (txt) +" 1", B KOTOPOM BbIMNOHSETCSA
SAABHOE NnpusBefieHne aprymeHTta tXt K Tekctosomy Tuny.

OnucaHHble (DYHKLWUKM UCNoNb3yem cnegywolwmnm obpasom. CHavana KoMaH-
fon my_name=your_name () BbI3biBaeM (yHKUMO your_name() u pe-
3ynbTaT BbI30Ba 3aNMCbIBAEM B MEPEMEHHYI0 my_name. 3aTeM KOMaHAol say_
hello (my_name) Bbi3biBaeM pyHkumto say _hello (), nepegas eii aprymeH-
TOM MepemMeHHY my_name. Pe3ynbTaT 3TWMX [eliCTBUIA TakoB, Kak MOKa3aHO
BblLLE.



naea 3. ®yHKUMMN

OYHKUMM AN MaTeMaTUUYECKUX BbIUNCNEHUN

3To Bennkas nobega AeAyKTMUBHOMoO MeToAa,
n3 K/ ""TocTwsA U3 byayuiero”™

OueHb y06HO c03aBaTh (hYHKLMMW 415 BbINOTHEHUS MaTeMaTUUECKUX pacye-
T0B. OCOGEHHO eCTECTBEHHbIM TaKOW MOAX04 NpeACcTaBseTCcs NpW peanunsaunm
B NMporpamMme MaTeMaTWyecKUxX QyHKUWiA. MpruymnHa B TOM, YTO KOHLENLMS Ma-
TEMATMYECKOW PYHKLMW [OCTATOYHO 6/M3Ka KOHLUENLMU (YHKLUWN B NpOrpam-
MUpOBaHUWU. MHorue Hambonee NONynsipHble W YacTO WCMO/b3yeMble MaTeMa-
TUYeCcKMe PYHKUUM NpeAcTaB/eHbl B MaTeMaTUieckom Mogyne math. Ho yacto
NPUXOAMTCA OMUCbIBATL MaTeMaTUyecKne QPYHKLUUN caMoCToATeNbHO. Kak un-
NIOCTPaLMI0 PacCMOTPUM NMPOTPaMMHbI/ KOA B INCTUHTE 3.2, B KOTOPOM peasnu-
30BaHa MaTeMaTuyeckas QYHKLUSA 415 BbIYMCIEHUS IKCMOHEHTbI exp (x).

Ll Haszametky

Mpun BbIYNCEHNAX Mbl UCNOMNb3YEM Cneaytollee BbipaxeHne (OCHOBaHHOe Ha psage Tel-
X2 x3 Xn
. exp(x) = 1+ X+ —+ — +mm+ — +mm
nopa gnsi cooTBeTCTBYyloWelr dyHKUMN): 2! 3! nl
BocknuuartenbHblii 3HaK 03HavaeT BblunceHve hakTopuana: no onpegeneHnion !o3Ha-
yaeT nponsBefeHne HaTypasibHbIX Yicen oT1 o N, ToecTb NNl = 123 ..o (N1 —1) N

nctuHr 3.2. MatemaTunyeckue yHKLMn

# ®PYHKUMA ANA BbIYNCNEHWUSA 3IKCMOHEHTH
def my_exp(x,n):
s=0 # HayanbHOe 3HayeHue CyMMbl psaja
g=1 # HavyanbHoe 3HayeHMe [JobGaBKMK
# OnepaTtop uuWKna ANA BbIYMNCNEHUA pAaja
for k in range(n+1):
S+=q # Oo6aBka K cymme
q*=x/(k+1) # HoBaa pgob6aBKa
# Pes3ynbTaT (QYyHKUWUKN
return s
# MpoBepsem pe3ynbTaT Bbl30Ba (QYHKUUU
Xx=1 # ApPryMeHT [ANA 3KCNOHEHTHI
# OnepaTtop uUMKNa ANA MHOTOKPATHOrO
# Bbl30Ba (PYHKUWW BbIYMCNEHUA IKCMNOHEHTHI
for n in range(ll):
# OTob6paxaem pe3ynbTaT Bbl30Ba
# (DYHKUUW 3KCNOHEHTH

print("n =",n , ,wy_exp(x,n))
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CDyHKLI,I/IFI anga BblHNCNEHNA 3KCIMOHEHTbl Ha3blBa€TCA WY e€Xp Owm Yy HeEe OBa
aprymMmeHTa: 4yepes3 X 0603Ha4eH HenocpeaCTBEHHO aprymMmeHT ANA BblYUCNEHUA
3KCMOHEHTHI, a BTOpOVI dprymeHT n onpenendaetT KoONMM4ecTeo cnaraéMbiX B CyM-
M€ A1 3KCMOHEHTbI.

W Ha3ameTky

K\ - 9T0 6eCcKOHeuHbIV psaa. Mpu
BbIYMC/IEHUN 3HAYEHUS [/11 SKCMOHEHTbl Ha MPaKTMKe UCMOoMb3YyeTCs MpPUG/IKeHHOoe

BbipaxeHne eXPW* Z 1! , B KOTOPOM GECKOHEUHbIN psj 3aMeHeH Ha KOHEUHYHo
CymMMy. Yem Gosblie crnaraeMbix B CyMMe, TeM TOUHee BbIpaXeHue [/1s 3KCNOHeHThI. B
paccmaTpuMBaeMoM MpuMepe apryMeHTaMy coyHKLWW, KOTOPYIO Mbl OMCHIBAEM /18 Bbl-
YNCNIEHUA IKCMOHEHTbI, ABNAOTCA NapameTpbl X nll.

B Tenie hyHKL MM Mbl UCMO/b3YEM HECKOIbKO NEPEMEHHBIX. B MepeMeHHY0 S Mbl
6y[nem 3anncbiBaTb CYMMY psija A5 9KCNOHEeHThl. HavasbHOe 3HaYeHWe 3Tol ne-
PEMEHHOI paBHO HyMt0. Elle 0fHA NEPEMEHHAS ( C HAYaIbHBIM €ANHWNYHBIM 3Ha-
UEHWEM HYXXHA Ham A5 TOro, YTo6bl 3aMMCbIBaTh B 3Ty MEPEMEHHYIO 3HAYEHUE
[806aBKM, KOTOpPas Ha KaX40W HOBOM nTepaLmn npubaBnseTcs K cymmMe psja.

CymMa pafia BblYMCNAETCA C NOMOLLbIO onepaTopa Uukna. MHaeKcHas nepemMeH-
Hasd K npoberaeT 3HaYeHUs 0T 0 40 N BKAKOUYMTENBbHO (BbipaXeHuem range (n+1)
BO3BpaLLaeTca BUPTyasbHas nocrefoBaTe/ibHOCTb B AnanasoHe ot 0 40 M BK/O-
unTenbHO). B onepatope LuMKNa BCero ABe KOMaHAbl: KOMaHAOW S+=g cymma
pAaga s yBennumBaeTcsa Ha 3HayeHue fobaBKuW ¢, a KOMaHAoh q* =x/(K+1) Bbl-
ynucnseTcs 3HauYeHue o06aBKM K pagy 4N CnefyroLLero uukna.

W Ha3ametky

X
il ~f Ha - uTepauuu gobaBka K cymme psija pas-
X *»0 X
HSeTCA TT, a ANs cnegyoulein ntepaunn ata gobaska Ao/KHa ObITb . O603HauYMM
_x*m x *+1 Ym * ( I

AK — K\ * 4t+1 ~ (K + 1)!- HecnoxHo 3ameTntb, 4To gk K + 1le[l03TOMY UTOGbI Bbl-
YncnTb fo06aBKy ANA CrefyroLwero Lmkaa no 3HavyeHuto obaBky Ha TeKyleM Lukie
(nepemeHHas Q) HYXXHO Tekylliee 3HayeHne A06aBKM YMHOXUTb Ha BeINMUMHY

Mocne 3aBepLlieHund pa6OTbI oneparopa uukKkna CyMmma pdapa Onda 3KCMOHEHTHI
BblYMCNeHa, N NepeMeHHada S CCbl/laeTCA Ha 3TO 3Ha4YeHue. |-|03TOMy KOMaH,ﬂ,OVI
return s 3HayeHue HGDEMGHHOVI S BO3BpallaeTCA KaK pe3yibtat beHKLI.I/IVI.

B nporpamMme Mbl NpoBepseM pe3ynbTaT Bbi30Ba PYHKLUUN BbIYUCIEHNA IKCNO-
HEHTbI ANA aprymMeHTa X=1 HO MpuW pasINYHbIX 3HAYEHNAX BTOPOro aprymeHTa
hyHKuMK. ns nepebopa 3HavyeHunii (B gnanasoHe ot 0 40 10) BTOPOro aprymeH-
Ta pyHKuMn Ty _exp () 3anyckaem onepatop uukna. B kaxaom Lukie Bbinos-

<l



nasa 3. ®yHKUMK
HAeTca KOMaHpga print ("n =",n, "->" Ty _exp (x,n) ). Kak cneacteue B
OKHe BblBOAa 0TO6paXkaeTca Nocnef0BaTeIbHOCTb 3HAYEHMWIA BTOPOro apryMeHTa
M 3HaYeHUs PYHKLMM, BbIYNCIEHHOE MO COOTBETCTBYIOLWEMY KOJIMYECTBY Cna-
raembix B Cymme paga. Pe3ynbTaT BbINOSIHEHUSA NPOrpaMMbl MMEET CiefyHoLLnii
BUL!

Pe3ynbTaTt BbINO/IHEHNS NPOrpamMmMbl (U3 NUCTUHTA 3.2)

.0

.5
.6666666666666665
.708333333333333
.7166666666666663
.7180555555555554
.7182539682539684
.71827876984127

= 10 -> 2.7182815255731922

33 33 333 3 3
I

O 00 N Ol b WN
'
\%
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Kak n cneposano oxwupgatb, C YBe/IMYEHMEM KOJIMYecTBa CliaraeMbiX TOY-
HOCTb BbIYMC/IEHUIT BO3pacTaeT (HanNOMHWM, "TOYHOE" 3Ha4yeHWe paBHAETCS
e= exp (1) * 2.718281828459045).

Q Ha 3ameTky

[Nsi BbIUWC/IEHUS IKCTIOHEHTLI B MOy e math ecTb pyHKUMs exp Q-

3HauyeHns aprymMeHTOB MO YMOJ/IYaHUIO

Ny4we 6bl A ynan BMecTO Teb1,
n3 K/ "'bpunnnaHToBasipyka'

[ns apryMeHTOB (hYHKLMUIA HepeAKo 3a4aloT 3HaYeHWs N0 YMON4YaHWi. To ecTb
4151 apryMeHTOB (DYHKL MM [OMYCKAeTCs yKasaTb 3HAYeHMe, KOTOpoe 6yaeT uc-
MoNib30BaHO, EC/IM apryMeHT PYHKLUMN SBHO He yKasaH. MOXHO W UHade: ecnu
npu BbI30BE PYHKLMM apryMeHT He yYKasaH, TO BMECTO HEro MCMOo/b3yeTcs 3Ha-
UeHUe No YMOMUYAHUIO.

UTo6bl 3a4aTh 3HAUYEHNE apryMeHTa Mo yMON4YaHu1to, B ONUCAHUN PYHKLUN MO-
CNe UMEHM 3TOro aprymMeHTa 4yepe3 3HaK PaBEHCTBA YKa3blBaeTCs 3HaueHue no
YMOYaHNI0. Y (YHKLUWU, KaK Mbl 3HaeM, BO3MOXHO Ha/Mune HeCKONbKUX ap-
ryMeHTOB. YacTb 3TUX apryMeHTOB MOXET MMeTb 3HaueHWs M0 YMOMYaHuio, a
OCTaflbHbl€ - HET. BaXHO MOMHMWTb, YTO B ONMUCAHWUU YHKLMUW MPW Nepeymncne-

BEU
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HUW apryMmeHTOB CHaYasa YKa3blBalOTCA apryMeHThl 6e3 3Ha4YeHuniA no ymMon4a-
HUI0, a aprymMeHTbl CO 3Ha4YeHUAMKU N0 YMONTHaHUIO pasMeLlatTCa B KOHLE.

L Ha 3ameTky

[aHHbI cnocob nepegayn hyHKUUM aprymeHToB (CHadana 6e3 3HauveHuii no ymonya-
HWO, & 3aTeM CO 3HAYEHMSMU MO YMONYaHW) - BbIHYXAEeHHas Mepa. B NpoTUBHOM cny—
Yae Npv BbI3OBE (YHKLUMM, €C/IM CNUCOK NepefaHHbIX apryMeHTOB HEMosHbIA, npobne-
MaTU4YHO 6blN10 Gbl ONpefeMTb, Kakue UMEHHO apryMeHTy nepefaHbl GyHKLNA -

MprMepbl QYHKLWIA CO 3HAYEHUAMMW apryMeHTOB MO YMO/YaHWIO MPUBELEHbI B
nporpaMMHOM Koge nuctuHre 3.3.

JINCTuHr 3.3. 3HayeHNs apryMeHTOB Mo YMO/T4aH o

# 1-9 (QYyHKUMA C OAHWM apryMeHTOM.

# Y aprymeHTa ecTb 3HayeHWe MO yMONYaHuio

def print_text(6x6="3HayeHne aprymeHta No ymMon4yaHut."):
print (txt)

# 2-9 (QYyHKUMA C ABYMS aprymeHTamu.

# Y BTOPOro aprymeHTa €CTb 3Ha4YeHWe N0 yMON4aHutio

def show _args(a,b="BTopoin aprymeHT He ykKasaH."):
print(a,b)

# 3-9 (QYyHKUMA C ABYMS aprymeHTamu.

# Y apryMeHTOB €CTb 3HauYeHUs N0 YMONYaHWIO

def my_func(x="1-ii aprymeHT X.",y="2-1 aprymeHt y.",):
print(x,y)

# MpoBepsem paboTy 1-ii PyHKUWWU.

# ®YHKUUW nepefaH OfWMH apryMeHT

print_text("AprymeHT ykasaH fBHO0.")

# OYHKUMM aprymMeHTbl He nepepatwTcs

print_text()

# MpoBepdem paboTy 2-ii QYyHKUMWMK.

# O®YHKUMKM NepefaHbl fBa aprymeHTa

show _args("MepBblli aprymeHT." ,"BTopoin aprymeHTt.")

# ®YyHKUMM nepefaH OAWH apryMmeHT

show _args("MepBblii aprymeHT.")

# MpoBepdem paboTy 3-ii QyHKUWWU.

# OYHKUMM apryMeHTbl He MnepepjarkwTcs

my_func()

# ®DyHKUMM nepefaH OAWH aprymeHT

my_func("OguH M3 aprymeHToB.")

# O®OYHKUMM nNepefaH OAWH apryMEHT.

# MepepaHHbI aprymMeHT WAEHTUPULMUPOBAH HABHO

my_func(y="OAWH 13 aprymeHToB.")

cm t
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B pe3ynbTaTte BbINOJHEHWS NPOrPaMMHOT0 KoAa nosiyyaemM clefyounii pesyb-
TaT:

Pe3ynbTaT BbINOMHEHWS NporpaMMbl (M3 IMCTUHIA 3.3)

ApPrymeHT yKas3aH SBHO.

3HayeHWe aprymeHTa Mno YMONYaAHUIO.

MepBblli aprymeHT. BTOpoi aprymeHT.

MepBblli aprymeHT. BTOpol aprymeHT He yKasaH.
1-n aprymeHT X. 2-/ aprymeHT VY.

OfWH N3 aprymMeHTOB. 2-W aprymeHT VY.

1-ii aprymeHT X. OAWH M3 aprymMeHTOB.

Mbl 06bABNSEM TpU QYHKLMK. Bce Tpu PyHKUMU JeACTBYIOT MO OAHON Cxe-
Me: 3HaYeHMs apryMeHTOB BbIBOAATCA Ha 3KpaH. Mbl nofpasymeBaeMm, 4YTo BCe
TPU PYHKUUMN ONEPUPYIOT C TEKCTOBbIMW apryMeHTamu. HekoTopble U3 aTuX ap-
rYMEHTOB MMEKT 3HaUYeHUs Mo yMonyaHutoo. Tak, y pyHKuum print_text ()
OfMH apryMeHT, 1y 3TOr0 apryMeHTa ecTb 3Ha4YeHue Mo yMon4yaHuto. Mbl Bbi3bl-
BaeM 3Ty (DYHKUMIO0 6e3 aprymeHTa (B 3TOM C/lyyae UCMNO/b3YeTCA 3HAYeHue ap-
rymeHTa Nno yMOMYaHWI0), a TaKXe Bbl3blBaeM 3Ty PYHKUUIO C OAHUM apryMeH-
TOM (B 3TOM C/ly4ae UCMONb3yeTCA NepejaHHOe apryMeHTOM 3HaYeHue).

Y thyHkumm show _args () fLBa aprymeHTa, U y BTOPOro aprymeHTa ecTb 3Ha-
YyeHue No ymonyaHuto. MoaToMy ecnu Bbl3BaTb PYHKLMIO C OAHUM apryMeHTOM,
TO 418 BTOPOrO aprymMeHTa UCMO/b3yeTcs 3Ha4YeHMe nNo ymonyaHuo. Ecnn nepe-
falTca [Ba apryMeHTa, To 418 060MX aprymeHTOB UCNONb3YIOTCA Te 3HAYEHUS,
4TO NepefaHsl.

Y pyHkumun my_func (), Kak 1 B npeabigyliem cnyyae, fBa apryMeHTa, Ho Te-
nepb y 060MX aprymeHTOB €CTb 3HAYEHUS N0 yMONYaHWi0. Ecnv Mbl BbI30BEM 3Ty
(DYHKUUIO C ABYMS apryMeHTaMu, TO UHTPUTU He BYJeT - Te 3HaYeHus, YTo Me-
pefaHbl aprymeHTamu, 6y4yT NCMOMAb30BaHbl NPY BbINOMHEHUN KOAA (DYHKLUK.
Ecnun ¢hyHKUMM NPpY BbI30BE NepefaH O4WUH apryMeHT, TO BO3HMKaeT BOMPOC: Ka-
KO 3TO apryMeHT - NepBblil Ny BTOPOin? Beab 3HaUeHWe N0 yMONYaHUIO eCTb U
y NepBoro, ny BTOPOro aprymeHTa. lMoatomy TeopeTnyeckun nepefaHHoe yHK-
LMW 3HAYEHUE MOXET ObITb KaK MepBbIM, TaK 1 BTOPbIM apryMeHTOM.

Mo yMOnuaHUo cuMTaeTCs, YTO PYHKLUU NepesaeTcs MepBbIA aprymMeHT, a Ans
BTOPOTO MCMOJb3YeTCsA 3HAYEHME MO YMONYaHU. HO y Hac ecTb eLle 0fjHa BO3-
MOXHOCTb: Mbl MOXEM SIBHO YKa3aTb, [/15 KAKOTO apryMeHTa iIBHO YKa3aHo 3Ha-
ueHue. B 3TOM c/lyyae npu BbI30BE PYHKLMM YKA3bIBAETCA HE TO/ILKO 3HAUYEHME
aprymMeHTa, HO 1 ero ums (To, KOTOpPOe YKa3blBasoch Npu ONMcaHUnM QyHKLNN).
Wcnonb3yeTcs hopmMat UMS_aprymMeHTa=3Ha4yeHue.

« il
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MpumMepom MoxeT 6bITb KOMaHfa my_func (y="OauH n3 aprymMeHTOoB.").
B 3TOM cnyyae 414 NepBOro apryMeHTa 1crnosib3yeTcs 3Ha4YeHne N0 YMOI4aHuIo,
a nepefaHHoe yHKLMY 3HAYeHUe - 3TO 3HaYeHMe BTOPOro apryMeHTa.

Taknm o6pas3om, nepefaya aprymMeHTOB Npu BbI30Be YHKL MM BO3MOXHA!

» 0e3 yKasaHWA UMEHW apryMeHTOB, NPU 3TOM 3HAYeHWA apryMeHTOB ne-
pefalTcsA CTPOro B TOW NOCNef0BaTeNIbHOCTM, KaK 3TW apryMeHTbl Obin
onucaHbl B hyHKLMK (Takoil cnocob nepefayn aprymMeHTOB Ha3blBaloT
NO3ULUOHHBIM);

e CSBHbIM yKa3aHWeM UMEHV apryMeHTOB, NpW 3TOM NOPSALOK nepeyuncne-
HWS apryMeHTOB He MMeeT 3HaueHUs (TakoW cnocob Ha3biBaeTCs mepe-
Javeil aprymMeHTOB MO KUY WK MO UMEHU, & CaMU apryMEeHTbI MHOTaa
Ha3blBalOT MMEHOBAHHbIMM).

Ecnu npu Bbi30oBe hYHKLMM YacTb apryMeHTOB MepeAaeTca No K4y, a vacTb -
MO3ULMOHHbIM CMOCO60M, TO B KOMaH/e Bbl30Ba CHayana ykasblBaroTCA No3unum-
OHHble apryMeHTbl, a 3aTeM Te, 4YTO NepefalTca No knody. CTOMT TakxKe 0COo-
60 06paTUTbL BHUMaHMWeE, YTO CNOCO6 ONUCAHMUA apryMeHTOB (Npu onpejeneHumn
(hYHKLMUN) HE 3aBUCMT TOrO, KakK npeanonaraetcs nepefaBarb aprymeHTbl npu
BbI30BE PYHKLUM (NO KAKOYY UK NO3ULUOHHO).

W Ha3ameTky

Ecnn y apryMeHTOB HEKOTOPOW (hYHKLUM eCTb 3HAYEHWUS MO YMO/HaHUIo, TO 3Ta (PYHK-
LSt MOXeT BbI3bIBaTbCS C Pa3HbIM KO/IMYECTBOM apryMeHTOB (Nogpo6HOCTY 3aBUCAT OT
cneundunkm onucanmsa pyHkumun). B aA3bike Python MOXHO 06bABNATL OYHKUUN C nepe-
MEHHbIM KO/IMYeCTBOM apryMeHTOB. 3TOT BOMpoc 6osiee AeTaslbHO Mbl 06CYAUM MO3Xe.
3pech xe caenaem o6liee BBOAHOe 3aMevaHue.

MpeanonoXumM, HaM HY>KHO Onucatb PYHKLMIO Takyto, YTOObl ee MOXHO 6bIN0
BbI3blBaTb C Pa3HbIM KO/IMYECTBOM apryMeHTOB. 3[4eCb BaXHO, YTO KO/IMYECTBO
apryMeHTOB He OrpaHWYeHOo - Mbl Hamnepej He 3HaeM, CKO/IbKO B MpuHuune 6y-
[eT nepefaBaTbCA apryMeHToB PYHKUUKW. B 3TOM Cliyyae Mbl OMUCLIBAEM (PYHK-
LU0 C OLHWUM apryMeHTOM, HO nepej 3TUM apryMeHTOM CTaBUM 3Be3[04Ky *. Ta-
KOV apryMeHT OTOXAeCTB/SAETCS CO CMUCKOM, 3IEMEHTbI KOTOPOro (hOpMUpPYHOT-
CH peanbHbIMW aprymeHTaMu, 4YTo fepefaHbl QYHKLUUKU Npu Bbi3ose. Apyrumu
CNoBaMu, Hall "3Be34HbIA" aprymeHT B Tefie )yHKL MM 06pabaTbiBaeTCa Kak cnm-
COK. Ho npu BbI30Be (hYHKUUM apryMeHTbl nepefaroTcs, Kak 06blyHO. Hanpu-
Mep, PYHKLMA MOXET 6bITb ONMcaHa Tak:
def get_sum(*nums):

s=0

for a in nums:

S+=a
return s
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JaHHas GpyHKUMA B KauecTBe pe3ynbTaTa 6yfeT Bo3Bpawatb CyMMy uuncen, ne-
pefaHHbIX aprymeHTamMy GyHKuuu. CKaxem, 3HauyeHMeM BblpaxeHusa get_
surn(1,3,5,2) 6yaer uncno 11, a 3HayeHue BbipaxeHus get_swn(-2,4) -
yncno 2. Cnuckm obeyxalTca B cnegytolleid rnage. yYHKLUN C NEPEMEHHBIM
YKUC/IOM aprymMeHTOB ONUCbLIBAKOTCA B NOCNEAHEN rnase.

OYHKUMA KaK apryMeHT

1 BcA Takas BHe3anHasi, Takas npoTMBOpeYn-
Basi BCA...
n3k/g ""Tokposckue BopoTa'

UT06bl MOHATH CRefylouinMii NPUeM, BaXXHO YTOUHWUTb HEKOTOPble OCOBEHHO-
CTW, Kacawwumecs o6bvaBneHns GyHkumnii B Python. A nmeHHo, npu o6bABNE-
HUM (DYHKLMK Ha camoM fefie co3faeTcd 06bekT Tuna function. Ccbiika Ha
3TOT 00BEKT 3aMnCbiBaeTCSA B NEPEMEHHYIO, KOTOPAs YKa3aHa B 0NnMcaHum QyHkK-
uum nocne nHcTpykuun def. Apyrumu cnosamu, nmsa QyHkumm (6e3 Kpyrabix
CKOBOK) MOXHO MCNOMb30BaTh KakK NepeMeHHYy0 (KOTopas cCbinaeTca Ha PYHK-
uuto). Bonpoc T0NbKO B TOM, YTO C 3TO NepeMeHHON MOXHO caenatb. BapuaH-
TOB 3/€Cb J0BO/IbHO MHOT0, HO HAaC UHTepecyeT B MePBYI0 0Yepeb BO3MOXHOCTb
NPUCBOUTL UMSA PYHKL UMW APYTOli NepeMeHHO, a 3aTem Bbl3BaTb 3Ty PYHKLUIO
yepes faHHYI0 NepeMeHHY0 Tak, KaK ecin 6bl 370 6b1/10 UMA yHKUUK. Mpu npun-
CBanBaHWM NepemMeHHOl B Ka4ecTBe 3HAUEHUS UMeHU YHKL UM 3Ta MepeMeHHas
CTAHOBMTCSH CCbINIKON Ha PYHKLMIO (HapaBHe C UMeHeM GyHKLMK). HebonbLuoli
npUMMep, MANIOCTPUPYIOLWL NI 3TY BO3MOXHOCTb, NPEACTABNAEH B IMCTUHIE 3.4.

NuctnHr 3.4. Ceblnka Ha hyHKUMIO

# WNcxopgHasa GyHKLKUA
def my_ func(txt):

print("®yHkyna my_func:",txt)
# MNepeMeHHOW npucBamBaeTCca UMA GYHKLWK
new_func=my_func
# Bbi3biBaeM (YHKLUWIO 4Yepe3 MEepeMeHHYo
new_func("Bbi3oB uyepe3 new_func.")

Pe3yanaT BbIMO/THEHNA 3TOI0 NPOrpaMMHOro Koga TaKoli:

Pe3ynbTar BbINO/HEHNS NporpamMmbl (M3 INCTUHIA 3.4)

®dyHkuma my_func: BbI30B uepe3 new_func.
Npes 3pecb peanusoBaHa ouyeHb npocTas. CHauvana Mbl OMWUCLIBAEM (HYHK-

umto my_func() (y GQyHKUMM OAWH apryMeHT), a 3aTeM KOMaHgoi
new_func=my_func nepemeHHoin new_func B KayecTBe 3Ha4YeHWA Npuceau-
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BaeTca UmA pyHkumm my_func. B pesynbTaTe U ngeHtudpukatop (MmMa GpyHK-
umn) my_func, n nepemeHHas new_func ccblnaloTca Ha OAUH U TOT Xe 06b-
eKT - 00beKT (yHKUUKN. ITO 03Ha4aeT OYyKBa/bHO CreayloLlee: O MepeMeHHOA
new_func Mbl MOXeM AyMaTb Kak 06 UMeHN PYHKUWUIA, npuyem QPyHKLNUN TOM
Xe camoit, uTo n pyHkuma my_func (). MoaTomMy KoAa BbIMNOAHAETCA KOMaHAa
new_func ("Bbl30B 4Yepe3 new_func."), aTo Bce paBHO, KakK ecivt 6bl Mbl
BbI3BaIN (hyHKUMIO my_func () ¢ TeM Xe TOYHO aprymMeHTOM.

OnvcaHHOe CBOWCTBO (hyHKL WA (BO3MOXHOCTbL MPUCBaNBATL UMS DYHKL MW Ne-
PEMEHHO) NMeEeT PS4 NONE3HbIX NPUMEHEHWIA, B TOM YMCae Nepes HaMW OTKpbI -
BAeTCS BO3MOXHOCTb MepefaBatb UM QYHKLUUYU apryMeHTOM ApYroii yHKLMK.
CKaXeM OTKPOBEHHO, BO3MOXHOCTb HETPUBUANIbHAS U NO3BONSET NErKo (M rae-
TO AaXe KpPacnBO) pellaThb CIOXKHbIE 3afaun. Knaccuueckoii unntocTtpauneids Mo-
ryT 6bITb HEKOTOPbIE MaTeMaTUYECKME 3aaum, B KOTOPbIX PYHKLUMOHANbHASA 3a-
BUCMMOCTb UIpaeT po/b BHELLHEro (hakTopa: HanpuMmep, Npy BbIYUCIEHUN UHTe-
rpanoB, pelleHun audgepeHLmanbHbiX UK anrebpanyecknx ypaBHeHMWA.

[Jlanee Mbl pacCCMOTPUM HECKO/IbKO UNMOCTPALUIA K TOMY, KaK 0gHa DYHKLKS ne-
peAaeTcs apryMeHTOM Apyroi yHKLUMU. HauyHem ¢ MpocToro npumepa, B KOTO-
pOM OMWCbIBAETCS (YHKLMWSA 415 pelleHns anrebpanyeckux ypasHeHuii MeTo-
[OM Moc/ef0BaTe/IbHbIX NMPUGAKEHWIA.

W Ha3ameTky

Peub naeT o pelleHnN ypaBHeHUs BuAa X = /(X ) OTHOCUTEeNIbHO nepeMeHHOol X, npu
ycnosumn, 4to dyHkumsa /(x) usBecTHa (3agaHa). CyTb meToga nocnefoBaTteflbHbIX
npUGAMKEHNIA COCTOMT B TOM, 4TO 3aflaHO HavalbHOe NpubAnxeHne Xq AN KOPHS
ypaBHEHVs, Ha OCHOBaHMM KOTOPOrO BbIYUC/AETCA MepBoe MPUGMKEHME A5 KOPHS
xX = /(x 0). Ha ocHOBaHUM NepBOro NpuGaMXKeHUs X\ BbIYMCASIOT BTOPOe Npubanxe-

Hue X2 = f(xi), nTak ganee. Obwan pekyppeHTHasa copmyna ass BbluMcneHusa Xn+l
npubnuxeHnsa Ha ocHoBe npubnmkenns XM nmeet Bug Xn+l = f(xn). VIMeHHO 3Ty
cxemy Mbl cOGMpaeMcs peasin3oBaTth B NporpaMmme.

MOHATHO, YTO Aaneko He no6oe ypaBHEHNE MOXHO pelnTb noao6HbLIM METOAOM. Cy-
LEeCTBYHOT onpeaeneHHble KpUTepum NnpuMeHMMOCT MeToda nocneaoBaTe/ibHbIX Npn-

6nmxeHnii. B yactHocTn, doyHKumA f(xX) Ao/mkHa ObITb Takol, UTOObI Ha Bcell 061acTn

noncka KOpHSA BbINOMHAMOCL COOTHOWeHue |f 'ex’)| < 1, To eCTb MOAyNb NPOM3BOAHOM
PYHKUNN [ONKEH ObITb MEHbLUE eUHULLbI.

3afia4ya coCTOMUT B TOM, YTOObI HE NPOCTO PeLUnTb KaKoe-TO KOHKPETHOe ypaBHe-
HWe, a HanucaTb PYHKLWIO, KOTOpas 6bl NO3BONAMA pelaTb YKa3aHHbIM METO-
[lOM pa3finyHble ypaBHeHUA (pa3yMeeTcs, Npu ycnoBuu, 4To MeTos BoobLle and
HUX NpMMeHUM). MporpamMMmHbIA KO4 C pelleHneM 3TORN 3afjayn MpefcTaBieH B
nucTuHre 3.5.

*®~
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NncTtuHr 3.5. MeTtoa nocriegoBaTeibHbIX MPUGAVKEHWNIA

# OnucaHne GQYHKUUW ANA pelleHWs YypaBHeHUS
def solve_eqn(f,x0O,n):
# HavanbHoe npubnuXeHue ANA KOPHA
x=x0
# OnepaTop uUMKNa ANA BblYUCNEHUA
# NpMONMXEHNA ANA peweHuns
for k in range (1,n+1):
x=f(x) # WTepaumoHHas c¢opmyna
# PesynbTaT GYHKUMK
return X
# ®yHkuusa, onpegenswowas l-e ypaBHeHue
def egqn_I(x):
# 3HauyeHMe QyHKUUK
return (x**2+5)/6
# ®yHKUMA, onpefendwouwans 2-e ypaBHeHUe
def eqn_2(x):
# 3HauyeHue GQYHKLUK
return (6*x-5)**0.5
# Pewaem 1-e ypaBHeHUe
x=solve_eqn(eqn_1,0,10)
# OTob6paxaem pe3ynbTaT
print("l-e ypaBHeHMe: x =",Xx)
# Pewaem 2-e ypaBHeHMUe
x=solve_eqn(eqn_2,4,10)
# OTob6paxaem pes3ynbTaT
print("2-e ypaBHeHMe: X =" Xx)

B nporpamme Mbl OnucbiBaeM yHKUMO solve_eqn () ¢ Tpems aprymeHTamu.
Hawwu npegnonoXxeHns OTHOCUTENIbLHO apryMeHTOB TaKue:

* nepBblii aprymeHT f ABNSETCA CCbINKOW Ha YHKLMIO, ONPeaensioLLyto
pewaemoe ypaBHeHue (UMeeTcd B BUAY (DYHKUMA /(*) B ypaBHeHUM

*=1(*));
e BTOpPOI aprymeHT xO onpegenseT HayanbHOE NPUBAUXKEHUE A/1S KOPHSA
YPaBHeHMUS;

e TPETWii apryMeHT N (hyHKL MKW - KOJIMYECTBO UTEpaLnid, N0 KOTOPBLIM Bbl-
UnNCNAeTCs KOPeHb.

B tene pyHkuun solve_eqn () KomaHAoh X=x0 NepeMeHHOl X B Ka4eCTBE Ha-
YyaJIbHOro NMPUCBanBaeTCa HyneBoe NPUGINXEHNE ANA KOPHA ypaBHeHUA. Nocne
3TOro 3anyckKaeTcs onepaTop LMKNa, B KOTOPOM OCYLLECTBAAETCA N uTepaymii
MunknoBs). 3a KaxAablii LMK BbINOAHAeTCA KoMaHaa X=f (X), B KOTOPOR Mbl UC-
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Nonb3yeM BbI30B (hYHKUWUWU, NepefaHHOW Yepe3 ngeHTugukatop f aprymeHtom
hyHkuum solve _eqn (). Kaxpgoe BbinonHeHWe KoMaHabl Xx=f (X) npuBoAuUT K
BbIYMCNEHMIO HOBOIO (CNefyroLLero) NnpubnmxeHns ona KOpHA ypaBHenus. Mo
3aBepLUeHnn onepaTopa LMKNa nepeMeHHas X KOMaHgoi return x Bo3Bpalya-
eTca Kak pesynbtat pyHkuumn solve_eqn ().

Takxke Mbl OnpegensieM ABe (hYHKLMM OT OAHOTO aprymeHTa, KOTOpble 3afalT
YPaBHEHUS [N15 PELUEHNS.

Q Ha 3ameTky

Mbl pelwaem KBafpaTHoe YypaBHeHWe X2-6X + 5= 0, KOTOpoe wumMeeT fABa Kop-

HA: X = 1 1n X = 5. 1nA npumMeHeHna meToga nocneaoBaTesibHbIX NPUGAVKEHNA 3TO
ypaBHEHWE HYXHO nepenucaTb. MNMpuyem A8 NUcka pasHbIX KOPHEW HYXHO WUCMOoSb-
30BaTb pa3sHble npeacTaBneHuns. CBA3aHO 3TO C HEOOXOAMMbIM YC/IOBMEM CXOAUMO-

D5
cTn metoga. Tak, A1 Moucka KOpHA X = 1 ypaBHeHVe npefcTaBuMm B BUAe X = —-—.

X2+ 5 6
B aTom cnyq% ypaBHeHve 3aaeTcs (PyHKUMeh X = —-— . [poun3BoHas OT 3TOi (pyHk-

uum /'(*) =; B TOYKe MpeanosiaraeMoro KopHsa X = 1 Mo MOAy/0 MeHblue efuHW-

X2+ 5
Ubl. PYHKUMA X = —-— B NpOrpaMMHOM Koge peanunsyetca dyHkuuen egqn 1(). Uma

3TOl hyHKUMN ByaeM ykasbiBaTb NepBbiM aprymeHToMm dyHkuumn solve_eqn(). Ha-
YasibHoe NpUGAMXEHME B 3TOM c/lydae AO/DKHO nonagaTb B UHTepBasl -3 < x < 3. BTo-

pOVI KOpeHb ypaBHeHNA X = 5 He nonagaeT B 3TOT UHTepBaJ/l, NO3TOMY /1A €ro BblYnC-
NIeHUst Heo6X04MMO N3MEHUTL CNOCco6 3anucu ypaBHeHUsA. Tenepb npeactaBuM ypas-

HeHne B BUge x = n/6x —5. flaHHOe ypaBHeHue 3agaeTtcs dyHkumein fix) = V6x —5.

3
MpousBogHas oOT 3Tol dyHKumMmM TOO = =jr No MoAynl MeHblue eauHULbI

npu 2 > 3 “ 2.66667 3asucumoctb /CO = V6X —5 B nporpamme peannsoBaHa ue-
pe3 dyHkumio eqn_2 (). ma aTolh dyHKUUM NepefasnmM nepBbiM apryMmeHToOM OYHK-
uun solve _eqn (). BTOpbIM aprymMeHTOM HYXHO yKa3aTb YMC/I0BOE 3HaueHue, 60sb-
wee 7/3.

XOTsl B JaHHOM C/lyyae peub (PakTU4Yecku uaet 06 O4HOM ypaBHEeHUW, 3arucaHHOM B
pasHOM BuAe, Mbl, YTO6bI HE MYyTaThCsl, 6y4eM roBOPUTL O ABYX YPaBHEHUSX.

®yHKuMA eqn_1 (), onpeaensioLLas nepBoe ypaBHeHUe, COAEPXUT BCEr0 OAHY
KOMaHAy return  (x**2+5) /6, KOTOPO/ Ha OCHOBE 3HAYEHWA aprymeHTa x
BbIUMC/IAETCA pe3ynbTaT QYHKUWW. B gaHHOM cnyvae onpegensercs (yHKUW-

X2+
OHanbHas 3aBUCUMOCTL /(*) = m W pellaeTcs, COOTBETCTBEHHO, YpaBHEHME
X2+ 5
X=n (peyb naeT o KOpHE X = 1)e

Ewe ofHa (yHKUMSA, KoTopas HasbiBaeTcs eqn_2 () Takxe npefHasHayeHa
AN15 ONpefeneHuns ypaBHEHUS AN peleHuns. 3HaueHne QYyHKLUM BO3BpaLLaeT-
Csl KOMaHfoM return  (6*x-5) **0.5, rge X - 370 apryMeHT yHKkuun. Ta-

AAIl-



naea 3. ®yHKLMMN

KMM 06pa3om, paccmaTpuBaeM PyHKLMIO ypaBHeHud /(X) = VB6X - 5, ypaBHeHue
X =V6x- 5 (uwuwem peweHnex =5).

[na pelweHus nepBoro ypaBHeHUA Mbl UCNOMb3yeM KOMaHAy X=solve_
eqn (eqn_1, 0,10). NMepeMeHHON X B KayecTBe 3HAYEHUSA MpUCBanBaeTCs pe-
3ynbTaT Bbi3oBa yHKUMK solve_eqn (), NepBbIM aprymeHTOM KOTOpPOIA nepe-
faHo uma eqn_| yHKUMK, onpegensiolleil peliaeMoe ypaBHeHue, BTOPOil ap-
F'YMeHT - HayanbHoe (B A4aHHOM Cfly4ae HYNeBOe) 3HaYeHWe ANA KOPHA ypaBHe-
HWA, a TPeTUi aprymeHT (3HavyeHue 10) onpegenseT KOAMYeCTBO UTepauuii, no
KOTOPbIM BblUMCNAETCA NPUBAMIKEHNE A1 KOPHA YpaBHEHUSA (B NPUHLMME, YeM
60nblle nTepaLmnii - TeM Bbllle TOYHOCTb pPeLleHns).

KomaHgon print ("1-e ypaBHeHWe: X =", X) HalljeHHOe pelleHne ans
KOPHSA ypaBHEHUs 0TOOpaXaeTcs B KOHCONIbHOM OKHE.

Mo Tol e cxeme UWETCA pelleHne AN BTOPOro ypaBHEHMS, TO/bKO Tenepb
nepBbiM aprymeHTtoMm ¢yHkuumn solve _eqn() nepefaeTcd uAeHTUUKATOP
eqn_2,a HavyanbHoe 3Ha4YeHne 415 KOpHA (BTOPOIl apryMeHT) paBHO 4. Pe3ynb-
TaT BbINOMHEHUS MPOrpamMmbl MOKa3aH HUXE:

Pe3ynbTaT BbINO/IHEHUSI NPOrpPammbl (M3 NCTUHrA 3.5)

0.9999925289581152
4.992839487820055

1- e ypaBHeHMne: X
2- e ypaBHeHMue: X

Kak Hec/nioXXHOo 3aMeTuTb, HaﬁAEHHbIe HaMn I'IpVI6I'II/I)KEHHbIe peweHna gocta-
TOYHO BNIM3KU K TOUYHBIM 3HAYEHUAM.

[anee paccmoTpuMm 3ajadvy 0 pelleHun auddepeHunanbLHOro ypaBHeEHUA nep-
Boro nopagka y'(x) = /(x,y(x)) c HayanbHbIM ycnoBuem y(x0) = y0 (3aga-
ya Kowwn). 3gecb yepes X 0603HayeHa HesaBucumas nepemeHHas, Y00 - He-
M3BecTHas PYHKLMA OT HE3aBUCUMOI MepemMeHHol, y'(X) = — - Npon3BOAHan
OT yHKUMKM Y () no aprymeHTy X ,a/(X,y) - u3BecTHas (3afaHHas) QYHK-
uMa ABYX aprymeHToB (PpyHKUMIO /(X,y) 6yaem HasbiBaTb YHKLUMENR ypaBHe-
HMA). Ham Heo6X0AMMO HaliTK Takyr PYHKLMIO Y(XT), 4TO6bI AUt depeHynanb-
Hoe ypaBHeHMe y'(X) = /(X,y (X)) npeBpaTuUnoch B TOXAECTBO, U, KDOME 3TOrO,
B TOUKe X = X0 (yHKUMA Y (X) npuHUMana 3HayeHne Yo (YMCNoBble napame-
Tpbl X0 1 Y0 cumTaem 3afjaHHbIMK).

[ns pelleHns ypaBHEHUS B YMC/NOBOM BUAE MCNOMb3yeTcs Hambosee MpocTas
cxema Jiinepa.

KLU



Python

ffl

Ha 3ameTky

Ecnu BKpaTue, TO CyTb CXeMbl Jiiniepa COCTOUT B criefytolemM. ViHTepBan 3HadeHuii ap-

rymeHTa oT X0 (TOYKa, B KOTOPOW 3a4aH0 HavyasibHOe ycnoBue) Ao X (Touka, B KOTOpPOU
HYXHO BbI4YMCAUTb 3HauYeHne pyHKuun y (X)) pasbusaetcsa Ha N (gocTtaToyHo 60MbLIoe

UMCO) OAVHAKOBbIX OTPE3KOB A/IMHOA X ox° .
n

3HauveHns QyHKUMKM Yy (X) nocnefoBaTeflbHO BbIYUCASAIOTCA B Y3/10BbIX TOUKax
XK = X0 + Ax mK, rge nugekc k = 0,1,2,..., A, npuyem rno AoroBOPEHHOCTN XN = X.
B y3noBoii Touke XA 3HayeHue yHKUUn y(xO) = yO ornpenensieTca U3 HavyaslbHOro
ycnosus. [na BceX OCTaslbHbIX Y3/0BbIX TOUEK X/~ BblYMC/IEHNE 3HAYeHUs yHKUUU
YK = Yy (XK) ocyliecTnseTcs Ha  OCHOBE  PEKYPPEHTHOrO0  COOTHOLUEHUSA
YK = Yi-1+ JT* o/(**-1.YK-1>

Takum 06pa3oM, ecniv Mbl 3HaeM 3HayeHne yHKUMN YO BTOUKe Xz (a Mbl ero 3Haem u3

HaYaILHOTO YCIOBUS), TO MOXEM BbIUMC/UTL 3HaUeHWe chyHKLmm Y\ B Touke X ] no dop-
myne = vy0+ AXwOo,y0>

3Haa Y%, Bblumcnsem Y2 = Yt + AXe+/ XbYyl), u Tak pganee go
M= Yti + bCcw(x,,-i,y..-i)- Ayn= y(Xm) -atonectby (x).

[nsa peanusauuun metoga diniepa No BbIYUCNEHWUIO peLleHns auddepeHLnanb-
HOro ypaBHEHMWA B TOYKE OMUCbIBAEM ChneuunanbHy (yHKUUIO (HasbiBaeTcs
solve_deqn () ). Y aToli pyHKLNU YeTbIpe aprymeHTa:

HasBaHue (yHKUuKW, onpegenstowein anddepeHunansHoe ypaBHeHMe
(aprymeHT c Ha3BaHuem f);

y3/10Bas TOYKa, B KOTOPOi1 3a4aeTca HavyanbHOe ycnoBue (apryMeHT C Ha-
3BaHuem x0O);

3HauYeHMe NCKOMOM (PYHKLMWN B TOUKE HAYa/bHOMO YC0BUA (aprymeHT C
Ha3BaHuem yO);

3HauYeHMe TOUKM, ANA KOTOPOl He06X04MMO BbIYUCANTL 3HAYEHUE PYHK-
Lun - peleHuns augpdepeHLnansHOro ypasHeHus (apryMeHT ¢ Ha3BaHu-
eM X).

B kauecTBe pesynbTata yHKLWA 6yAeT BO3BpaLLaTh 3HAUYEHUE pelleHns aud-
(hepeHLManbHOro ypaBHeHus (gns 3agaHHol To4ku). COOTBETCTBYIOLWMIA NPoO-
rPaMMHbIA KO NpuBeAeH B NMCTUHTe 3.6.
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JinctvHr 3.6. Peterve aydocpepeHLyianibHOMo yoaBHeH A

# MnopT mMaTemMaTuMdyeckoro moayns
import math
# OYHKUMA [Na peweHna AuddhepeHunanbHOro ypaBHeHUs
def solve_deqn(f,x0,y0, X) :
# KonuyecTBO OTpPe3KOB, Ha KOTOpbLEe AEeNUTCA uHTepsan
# noucka peweHus ypaBHeHUA
n=1000
# PaccTosiHMe mMexAy CoCefHUMW Y3/M0BbLIMU TO4YKaMmu
dx=(x-x0)/n
# HauvanbHada Touka
Xx=x0
# HayanbHoe 3HayeHne QyHKUUN
y=yO0
# OnepaTtop umkna A7 BbIYUC/IEHUA peleHnn
for k in range(l,n+l):
# 3HauyeHMe (QYHKUMM B y3/10BOA TOUKe
y=y+dx*f(x,y)
# Cnepywwasa y3nosasd TouKa
X=x+dx
# Pe3ynbTaTr (QyHKUUU
return y
# OyHKUMA, onpejenswwas AndpepeHumanbHoe ypaBHeHue
def diff_eqn(x,y):
# Pe3ynbTaTr (QyHKUUU
return 2*x-y
# OYHKUMA TOYHOrO peleHusa ypaBHeHUA
def y(x):
# Pe3ynbTaTrT (QyHKUUU
return 2*(x-1)+5*math.exp (-
# War npupaweHnsa No aprymeHTy
h=0.5
# BbluMcneHue pesynbTaTa ANA HECKO/bKUX
# 3HauyeHWin aprymeHTa
for k in range(, 6):
# 3HayeHMe aprymeHTa
x=k*h
print('Yncnosoe peuweHne:')
# YucnoBoe peleHne
print(x =",x,"-> y(xX) =",solve_degn(diff_eqn,0,3,x))
print('ToyHoe peweHue:")
# TouyHOe pelweHne

print("x =",x,"-> y(x) =",y(x))

Mpu BbINOHEHWM NPOTPAMMHOT0 KO NoyvyaeM Takoli pesy/bTar:
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Pesyrstar Bbno/HeH/A nporpavivis | (M3 JIUCTVHRA 3.6)

Uncnosoe pelweHue:

X = 0.0 -> y = 3.0

To4yHOe peleHne:

X = 0.0 >y = 3.0

Uncnosoe pelweHue:

X = 0.5 -> y&) = 2.0322741142003067
TouHOoe pelweHmne:

X = 0.5 -> y(x) = 2.032653298563167
Uncnosoe pelleHne:

X = 1.0 -> y(x) = 1.8384771238548225
TouHoe pelweHmne:

x = 1.0 -> y (&) = 1.8393972058572117
UncnoBoe peleHue:

X =15 -> y () = 2.1143951442170557
TouHoe pelweHmne:

x = 1.5 -> y () = 2.115650800742149
Uncnosoe pelweHue:

X = 2.0 -> y() = 2.6753226122334164
TouHoe peweHue:

X =2.0 > yX) = 2.6766764161830636
Yncnosoe peweHue:

X = 2.5 -> y () = 3.4091422819998414
TouHoe peweHue:

X = 2.5 -> y () = 3.410424993119494

XO0T4 NporpaMmMHOro Kofa 40BOJIbHO MHOT0, NporpaMma Ha camom fefe npocras.
[NMpoaHannsMpyem OCHOBHbIe ee MecTa u Hambonee BaXHble MOMEHTHI.

OTHOCUTENBbHO HOBAdA A4/19 Hac MHCTPYKLUWMA im port math HY>XHa and nmnop-
Ta MaTemMaTtmn4yeckoro moaynsa math, a OH, B CBOIO oyepenb, HOH&AOﬁMTCﬂ HaM ansa
TOro, 4YTOObI npn npoBepke Hal\/‘I,CI,EHHOFO YNCNOBOTO peleHnA (CpaBHEHI/II/I ero
C TOYHbIM, aHaAIMTUHYECKUM pemeHmeM), MOXXHO 6bI/I0 UCMOMb30BaTb prHKLI,VIIO
ONnA BblHUCNEHNA 3HAYEHUA 3KCMOHEHTbI €XP ()

B tene yHkuum solve_deqn (), ucnonb3yemoin na peweHus guddepen-
LUManbHOro ypaBHeHNs, KOMaHaol Nn=1000 3ajaeTcs KOAMYECTBO OTPE3KOB, Ha
KoTopble pa3buBaeTcs MHTepPBaA MOUCKA pelleHnsa (MMeeTca B BUAY MHTepBan
3HaYeHW aprymeHTa QyHKUUKN-pelleHnsa oudgepeHLnanbHOro ypaBHeHusa ot
x0 fo x). Torga pacctosiHue Mexgy CoOCeAHUMU y3/M10BbIMW TOUKamu OyaeT co-
CTaBNATb BefMunMHy dx= (x-x0)/n (gNvMHa vHTepBana, feneHHasa Ha Konuye-
CTBO OTPE3KOB, Ha KOTOpble pa3busaeTca MHTepBan). B nepemMeHHYO X KOMaH-
[0V x=X0 3anncblBaeTCs 3HaYEHME TOUKM, B KOTOPOI 3a/1aeTCA HaYanbHOe yCno-
BME, a8 KOMaHAoM y=y0 NepeMeHHOI y npucBanBaeTca 3Ha4eHne NCKOMOM PYHK-
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LMK B TOUYKE HAYanbHOro ycnosus. Takum 06pa3om, NepemMeHHble X 1 Y nofyya-
0T CBOM HayaNibHble 3HaYeHUs. Mocne 3TOro 3anycKaeTcs UTEPaLMOHHbIV Npo-
Liecc, OCHOBY KOTOPOro COCTaBAsAeT onepaTop uukna. Onepatop LuKia paccuu-
TaH Ha BbINOMIHEHWE N UTepaunii, NpUYeM 3a KXYyl UTepalmio BbINOMHAETCA
fBe KOMaHAbl. CHauyana KoMaHfgoh y=y+dx*f (x,y) BblUMC/IAETCA 3HA4YEHMnE
(DYHKUUMN-PELLIEHNS YpaBHEHMA B C/ieaytoLLein (N0 CpaBHEHWMIO C TEKYLLER) y3/10-
BOV TOUKe. 3aTeM KOMaHoi x=X+dx BbluMcaseTCs cama y3/0Bas Touka. [ocne
BbIMO/IHEHMA OMnepaTopa LuKna 3HauYeHre NepeMeHHON y BO3BpalLaeTCcs B Kaye-
CTBe pe3ynbTaTta pyHKUUmM solve_deqgn ().

Takxe B porpamMmme mbl onpegensem QYHKLUIO, KOTOpas 3afaeT peliaeMoe AUd-
thepeHumManbHoe ypaBHeHue. Peub nget o ¢pyHkuum diff_eqn O,y KoTopoli
[Ba aprymeHTa (X 1 y), a B Ka4ecTBe pe3ynbTaT PYHKLMER BO3BPaLLAETCA Bblpa-
KeHne 2*x-y.

W  Hazawverky

Ncxopa 3 onpegenenvs doyHkumm d iff eqn () HecnoxHo caenaTb BbIBOA, YTO peyb
naet o dyHkumm ypaBHeHus f(x,y) = 2x —y. CnepoBaTenbHo, pewaetcs gudde-
peHumnanbHoe ypaBHeHMe y'(X) —2Xx —Yy(X)- Y 3TOro ypaBHEHUS eCTb aHanmTuue-
ckoe (TOo4HOe) peweHne y(x) = 2+ (x —1) + C, *exp (—x), rae nocrtosiHHas Cj
onpefenseTcsa M3 HadaslbHOro ycrnoBus. Hanpumep, ecny HavaslbHOe ycrioBue 3anu-
cbiBaetca kak y(0) = 3 (a B nporpamMmme npu nposepke pe3y/ibTaTta Mbl UCMO/b3Y-
eM VMMEeHHO Takoe HadaslbHoe YC/IoBUE), TO pelleHue 3aga4qn Kowwn 6yaeTt nmeTb BUA,
y(*) =2+(k—1) + 5+exp (-*).

YT106bl CPaBHUTL Pe3ynbTaT, MONYUYEHHbIN N0 cxeme Jiinepa, C TOYHbIM peLleHn-
em y(X) = 2¢(x- 1) + 5¢exp (-X) ypaBHeHNS, B NPOrpaMMHOM KoAe Mbl 06baBAS-
eM yHKUUo y () C 0Og4HUM apryMeHTOM X, KOTOpas COOTBETCTBYET aHaInTuye-
CKOMY pelueHuto 3agadumn Kowm gns ypaBHeHusa y'O) = 2x- y(X) ¢ Ha4ya/ibHbIM
ycnosuem y(0) = 3.

W Hazawverky

B Tene dpyHkumn y () ANs BbIYUCEHUS 3HAYEHMSI 3KCMOHEHTbI BbI3bIBAETCA (DYHKLNS
exp () n3 mozyns math, KOTOpbIii Mbl B CAMOM Hauasie NporpaMmMbl NOAKNOUWAN C MO-
MOLLBI UHCTPYKUMK import. AprymMeHTOM (yHKUMM exp() nepefaeTcs nokasateslb
3KCNOHeHTbI. Mpu Bbi3oBe hyHKLUMM exp () sIBHO ykasblBaeTcsi MoAy/lb math, nosatomy
MaTeMaTMUYeCKOMY BbIpaXeHNo exp (—x) (MM To e camoe, YTo e ~X ) B NporpaMm-
HOM KOJile COOTBETCTBYET UHCTPYKuMs math.exp (-x).

MpoBepKa cO34aHHbIX PYHKLWIA BbIMOMHAETCS Tak: AN HECKONbKUX 3HAUYeHW
aprymeHTa X (QYHKUWW-PELEHUS YPAaBHEHUS Mbl HAXOAUM YUCNOBOE PELLEHME
W CPaBHMBAEM €ro C TOUYHbIM peLleHneM. 1715 3TOro 3anyckaem onepaTop LUK-
na, B KOTOPOM WHJEKCHas MepeMeHHas k npoberaeTt 3HauyeHMs OT 0 A0 5. Mepe-
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MEHHas X NpuHMMaeT 3HaueHua k*h (h=0.5 - war npupateHna na aprymeHTa
X), NpnbnmxeHHoe (YNCNOBOE) peLleHne BblUMCNAETCA MHCTPYKLMel solve _
degn (diff_eqn, 0,3, X), a 4N NOMyYEHNS TOUYHOTO peLleHns UCMOo/b3yeM
BblpaXkeHue y (X ).

Pekypcus

Hwukorga He gymaii, 4TO Thbl UHasA, 4YeM Morna
6bl 6bI Tb MHaYe, YeM BYAyYM MHON B Tex cayda-
AIX, KOrfa nHaye Henb3s He 6bITh.

1. Kapponn ""Anvca B cTpaHe yvygec'

Mpn onucaHun GyHKLWA MHOrga ya0OHO MCMO/b30BaTh PEKYPCUIO. Pekypcus
noapasymeBaeT, YTO B MPOrpaMMHOM KOje (YHKL MM MCNONb3yeTCs Bbl30B 3TOM
Xe caMoi yHKUUKM (HO 06bIYHO C ApYTUMM aprymeHToMm). Jlyylle BCero ckasaH-
HO€e NPOUNNMOCTPMPOBaTh Ha MpuMepe. B nnucTuHre 3.7 npmeedeH NporpaMmMHbIi
KO4 (hYHKUMKM, KOTOPO NO NOPsSLKOBOMY HOMEPY BblYMCAAETCA YUCNO U3 MO-
cnegosatenbHocT ®PuboHavuun. Mpu onucaHMM YHKLUKM UCNONb30BaHa pe-
Kypcus.

W Ha3sameTky

Uncna ®nboHauum - nocnenoBaTefnlbHOCTb YMCes, B KOTOPOV NepBoOe U BTOPOE YUC/0
paBHbI eAMHNLE, a Kaxaoe criefytolee onpefenserca Kak cymma AByX npeablayLumx.
Takum o6pa3om, peub nget ouncnax 1, 1,2, 3, 5, 8, 13, 21 ntak ganee.

NunctuHr 3.7. Yncna dmnboHauum

# DyHKUMS [NAa BblUMCNeHURA yucen PuboHauyuwu.
# Mpun onucaHMm (QYHKUMM MCNONb30BaHa pekKypcusd
def Fib (n):
# [llepBoe M BTOpPOE 4YuCnNo
# B nocnefoBaTeNbHOCTM paBHbl 1
if n==1 or n==2:
return 1
# Yucna B nocnefoBaTeNlbHOCTH
# paBHO CyMMe [ABYX MpegblAgywmnx
else:
return Fib(n-1)+Fib (n-2)
# MpoBepsaem paboTy QyHKUUK
print("Yncna ®unboHayum:")
# Bblumcnaem 15 nepBbiXx uyumcen duboHauuu
for i in range (1,16):
# Ywucna nevaTtatoTCAa B OAHOW CTpOKe 4Yepes3 npoben
print(Fib(i),end=" ")
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B pe3ynbTaTte BbINOMHEHUS NPOrpaMMbl B psig Yepe3 npoben oTo6paxaeTtcs 15
uncen U3 nocnefoBaTeNbHOCTY ®UBOHAYYM:

Uncna PduboHauuu:
112 35 8 13 21 34 55 89 144 233 377 610

PyHKUMA Ans BblYNCNeHUs yncen PuboHaY4M B Halwem MCNOAHEHWUM Ha3blBa-
etca Fib O uny Hee oguH aprymeHT (0603Ha4YeH Kak N) - 3TO NOPAAKOBbI/A HO-
Mep uucna B nocfiegoBaTeNibHOCTU. 0 3TOMY HOMepY He06XO0ANMO BbIUYUCIUTD
yucno. MNpouecc BbIYMCAEHUA Mbl peann3yemM C MOMOLLbIO YC/IOBHOrO 0neparo-
pa, B KOTOPOM NpoBepseM 3HauyeHue aprymeHTa QyHKLUMK. ToyHee, NpoBepseTcs
ycnosue n==1 or n==2.Ycnosue UCTUHHO, €CAN aprymeHT n pasein 1 unu 2,
TO €CTb €C/M peyb UAEeT 0 MepBOM WM BTOPOM Yuc/ie B NocnefoBaTensHocTu. B
aToM cnyyvae yncno dmb6oHayum paBHo 1. [103TOMY eCnun yCnoBme UCTUHHO, Bbl-
NOSTHAETCA UHCTPYKUMA return 1. To ecTb ecnu pyHkumu Fib () 3HaveHue
aprymeHTa paBHo 1 unu 2, yHKLUMelh Bo3BpaLLaeTca 3HaveHne 1.

Moka Bce npocTo. CUTyaLua yCnoXHseTca, ecnm ycnosue n==1 or n==2 n0x-
HO. JTOXXHO yCnoBuWe, ecnim MHAEKC Yy uucna (ero NnopsfKoBbIA HOMep B noche-
[loBaTenlbHOCTM) 60MbLUe YeM 2 (3K30TUYECKME BAPUAHTLI C OTPULLATENbHBIMU U
HeuenbIMW MHAEKCAMU Mbl HE paccmaTpuBaem). W 3gecb Mbl BCMOMUHaeM npa-
BWU/IO BbIYMC/IEHUS YMCEN B MOCNEA0BATE/IbHOCTU PUOOHAUYYN: KadXKL0Ee YUCIOo
(KpoMe nepBbIX ABYX) - 3TO CyMMa ABYX MpeablayLnx.

[anee, ecnu yncno ®uboHayum ¢ NOPAAKOBLIM HOMEPOM M BO3BpaLLaeTCcs B pe-
3ynbTate Bbi3oBa PYHKLMU KOMaHAoh Fib (m), To gBa npegbigylinmx yucna -
ato Fib (n-1) u Fib (n-2). MNoatomy B Tene ()yHKUMMK (C aprymMeHTOM M) B
YyCNOBHOM onepaTope B e Ise -6/10Kke BbINOMHAETCA KOMaHga return  Fib (n-
1) +Fib (n-2). Cob6CcTBEHHO, HAa 3TOM BCe. Y HAc eCTb MPOrpaMMHbIi KO PYHK-
LKW, N 3TOT NPOrpaMMHBbIii Kog pabounii.

W Ha3sameTtky

YTob6bI NOHATbL, NOYEMY Xe peKypcus "paboTaeT”, pasbepemMcsi, UTO NPOUCXOANT, ecnn
Mbl Bbi3biBaeM pyHKUMo Fib (). Hanpumep, ecniv Mbl Bbi3biBaeM (QYHKLNIO C apryMeH-
ToM 1 nnm 2 (BblpaxeHue Fib (1) win Fib (2) coOOTBETCTBEHHO), TO B Tesie PyHKLUN
"B Urpy" BCTynaeT TOT 6/10K B yC/IOBHOM Onepartope, KOTOpblli COOTBETCTBYET UCTUH-
HOMY YCNOBMIO. A BOT YTOObI BbIYNCINTL BblpaxeHne Fib (3) B else-6/10ke ycnoBHOro
oneparopa BbINOMHAETCA NONbITKa BbIMNCUTE BbipaxeHne Fib (2) +Fib (1). Mpu atom
CHOBa BbI3blBaeTcs hyHkums Fib O ,HO Tonbko ¢ aprymeHTamun 2 n 1. Yto npomncxo-
OUT B 3TOM CJlyyae, Mbl yxe 3HaeM. [locne Toro, Kak BbluUC/eHbl 3HaveHns Fib (D) wm
Fib (2), moxeT 6bITb BbluMcneHo 3HayeHue Fib (3). ANS BblUMCNEHMA 3HAYEHUA Bbl-
paxeHns Fib (4) Bbluncnsetcs cymma Fib (3) +Fib (2), B KOTOpPOW HY)HO npeaBapu-
TenbHO Bbluncntb Fib (3) n Fib (2). Kak BbluMcnaoTca 3T 3HayeHUs, Mbl paccma-
TpuBa/In BbiLle. [oc/e UX BbIYNCIEHUS, BblUMCSETCA 3HaveHne Fib (4), v Tak ganee.
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Ons npoepku paboTbl PyHKuMn Fib () Mbl C ee NOMOLLbLIO BbIYUCIAEM U Bbl-
BOAMM B OfHY CTPOKY 15 mepBbIX YMcen uU3 nocnefosaTesisHOCTN ®unboHauvuu.

L

Ha 3ameTky

Mo ymonyaHmio nocne BbIBOAA B KOHCOIbHOE OKHO (hyHKUMeEN print () 3HaYeHwui cBomx
aprymMeHTOB BbINOJIHAETCS Nepexos K HOBOW cTpoke. MNo3ToMy ecrin Bbi3biBaTb NOAPSAS,
HECKO/IbKO pa3 dyHKumio print (), kaxaoe HoBoe coobLeHne (BbIBOOUMbIN TEKCT) By-
neT NosBNATLCA B OTAENbHOM CTPOKe. TeXHUYECKU NPUYnHA B TOM, YTO aBTOMaTUYeCKn
B KOHLLe BbIBOAVMOTO B KOHCO/1b (OKHO BbIBOAA) TEKCTA A06aBNsieTCss MHCTPYKLUMA nepe-
X0A4a K HOBOI CTpOKe. UTo6bl U3MEHUTb 3TOT PeXumM paboTbl yHKUuM print () Mox-
HO B SIBHOM BUAe yKa3aTb TEKCTOBOE 3HauyeHue ansi aprymeHTa end. 3HayeHne 06bI4HO
yKa3blBaeTCsl Mo KoYy, Yepes 3HaK paBeHCTBa Nocrie Ha3BaHus aprymeHTa end. [daH-
HOe 3HaueHue onpegensieT cuMBoO (TEKCT), KOTOpbI Aob6asnsieTca (BMECTO UHCTPYK-
L1Kn nepexofia K HOBOW CTPOKE) B KOHLE BbIBOAMMOIO TekcTa. Hanpumep, B KOMaHzae
print (Fib (i) ,end=" ") ucnonb3oBaHa MHCTpPyKuMsa end=" ", NO3TOMYy Nocne Bbl-
BOJA CTPOKM floGaBnsieTcst Npo6en. MNepexon K HOBOU CTPOKE He ocyLlecTBAsieTCS.

XO0Ts peKypcus U fenaet 06bI4YHO MPOrpamMMHbIE KOAbl KOMMAKTHBIMU U UHTY-
WTUBHO MOHSATHBIMU, METOJ PEKYPCUBHOTO ONpeAeneHns PYHKLUMN HENb3s Ha-
3BaTb 3KOHOMHBbIM B M/1aHe UCMO/Ib30BAHNS CUCTEMHBIX PECYpCcOB. BmecTe ¢ Tem,
HEpeaKo peKypcus sBSeTCs eUHCTBEHHO BO3MOXHbIM Ha MPaKTUKE CNOco6oM
peann3aynm NporpaMMHOro Koga pyHKLMK.

PaccMOTpMM eLle OAWH NpUMep pekypcuu. Ha 3ToT pa3 nepenuiuem npumep u3
AucTuHra 3.5, B KOTOPOM, HaNMOMHUM, NpefCTaBaeHa Nporpamma Ans peweHuns
anrebpanyecknx ypaBHeHUin MeETOA0OM NOCNeA0BaTeNbHbIX NPUBAMKEHNA. TONb-
KO Ha 3TOT pa3 (hyHKLUI, C NOMOLLbI KOTOPOW peann3yeTcs UTepPaLUOHHbI
npouecc YTOYHEHUA pelleHns ypaBHeHUA, peannsyemM yepes pekypcuto. Ob6pa-
TUMCS K NPOrpaMMHOMY KOay B nUCTUHre 3.8.

JNIncTuHr 3.8. Pekypcus Ana MeToaa nocnefoBaresibHbIX MPUGImKeHni

# OnucaHne (QYHKUMKU ANS pelWeHUs ypaBHEHMUSA.
# Mcnonb3yem pekypcuto
def solve(f,xO,n):

# HavanbHoe npubnuxeHue
if n==0:

return xO

# PeKypcuBHOE COOTHOLWEHUE
else:

return solve(f,f(xO),n-1)

# ®yHKUMA, onpefenstouias ypaBHeHMe
def eqn(x):

# 3HauyeHMe QyHKLUM
return (x**2+5)/6

# Pewaem ypaBHeHWUe
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x=solve(eqn,0,10)
# OTob6paxaeMm pe3ynbTaT
print ("PeweHne ypaBHeHuUsa: x =",Xx)

Mbl HEMHOTO U3MEHUN NPOrPaMMHBbIl KOJ: YaCTblo Nepenncani, 4acTblo ynpo-
cTunun. dyHkuma solve () npefHasHauyeHa ANS pelleHUa ypaBHeHUs, onpege-
NAEMOro MepBbiM apryMeHToM (CCbifiKa Ha YHKUNIO ypaBHeHus f) ¢ Havanb-
HbIM NPUBAVKEHNEM, ONpPesensieMblM BTOPbIM apryMeHToM (0603HaueH Kak xXO)
No KONMWYECTBY WTepaumii, onpefensemMoMy TpeTbUM aprymMmeHTom (0603HayeH
Kak n).

OcHOBY MPOrpaMMHOro Koga (@yHKLMN cocTaBnseT YCNOBHbI onepaTop, B KO-
TopoM nposepseTca ycnosue n==0. Y10 03Ha4YaeT MCTUHHOCTb 3TOr0 YCNOBUA?
VICTUHHOCTb 3TOr0 YyCN0BMSA 03HAYaeT, YTO Mbl BbIYKUC/AEM HyneBoe Mpubam-
XEHWe ANA KOpHA ypaBHeHus. Ho Hynesoe npubnuxeHne onpeaenseTcs BTO-
pbim aprymeHToMm XO hyHKUUKM solve (). TO3TOMY HET HUYEro yauBUTENIbHOTO
B TOM, YTO MPN UCTUHHOM ycnoBun Nn==0 KomaHgon return xO 3HayeHue xO
BO3BpalllaeTcs Kak pesynbTtat yHkuum solve (). Ho ecnun ycnosume n==0 nox-
HO, B KauecTBe pe3y/nbTaTa Bo3BpalwaeTcsa BbipaxeHue solve (f,f(x0),n-1),
B KOTOPOM PEKYPCMBHO BbI3biBaeTCsA (PyHKLUMA solve ().

L Ha 3ameTky

YTo6bl MOHATL NpoucxoxaeHue BblpaxeHusa solve (f, f <x0) ,n-1), HyXHO y4yecTb
cnepytowee. JonycTUM, HaM HYXHO BbIYUC/IUTbL N-0 UTepauunio AN1si KOPHS ypaBHe-
HUA X = /(X) C HadasibHbIM NpnbnnxeHnem x = XO0- Ecnu dpyHkyma solve () nosso-
nsieT pewarb NoAo6Hble 3agaun, f () Ha NporpaMMHOM YPOBHE AIBASIETCS peann3alnii
PYHKUMM ypaBHeHUsl, napameTp xO onpenensieT HadasibHoe MpUBAMXKeEHMe AN Kop-
Hsl, a N - HOMep nUTepayuun, To POPMa/ILHO pPe3y/ibTaT NoslyHaeM C NOMOLLbI0 KOMaHAb!
solve (f,xO, n). C apyrow CTOpoHbIl, BbI4MUC/IEHNE N-1 UTepaLn Ha OCHOBE Hy/1eBOro
NPUGINKEHNSA - 3TO TO XXe camoe, YTO BblumcieHne (N —1)-ro NpubAmKeHns Ha OCHOBE
nepBoro npuénmkeHna Xy Hor, = /(x 0). MoaTomy pe3ynbTar Ha NPOrpaMMHOM YpPOB-
He MOXeT ObITb NpeacTaBneH Takxke BblpaxkeHnem solve (f,f (xO),n-1). 3gecb Mbl
YUnu, 4TO NepBoe NPUGANXKEHME A1 KOPHS YPaBHEHUSI MOXHO BbIlUMC/IUTL Kak f (XO).

PesynbTatr paboTbl co3faHHOW Hamu GyHKuum solve () nposepsem fgna pe-

%

4*5 o
WeHNA ypaBHeHU x = —— . C 3TOW Lenbio B Mporpamme onucaHa gyHKLua
eqn (). B utore nofy4aem Takoi pe3ynbTar:

Pe3ynbTaT BbINO/IHEHUS MPOrpamMMbl (U3 TUCTUHTA 3.8)

PeweHne ypaBHeHua: x = 0.9999925289581152

Buaum, 4To OnpeneneHHas Yepe3 peKypcuto GYHKLUS AN PELIeHNs YPaBHEHNS
BbIMOJTHAETCS KOPPEKTHO. YKenarLy e MoryT caMmoCTOATeNIbHO Yy6eAUTLCS B TOM,

SO = 3
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UTO C NMOMOLLbLI 3TOW PYHKLUUM MOXHO HaiiT BTOPOI KOPeHb ypaBHeHus. [ns
3TOrO ML HYXXHO MPeACTaBUTL B MHOM BUJE CaMO YPaBHEHWE - KaK Mbl 3TO Ae-
nanu paHee.

iambépa-pyHKUNM

3HaewWb, O0flHa M3 CaMblX Cepbe3HbIX NOTEPb B
6uTBe -3TO noTepa ronosbl.
1. Kapponn "Anuca B cTpaHe yvygec'

Mbl y>Ke 3HaeM, YTO UM PYHKLMUN MOXHO NMPUCBOUTL B KaUeCTBE 3HAYEHUA MNe-
PEMEHHO, Nocne Yero Yepes 3Ty NepeMeHHY JOMYCTUMO CCblNaTbCA Ha PYHK-
umto. Ho B A3bike Python ecTb n gpyraa "KpaiHOCTb": Mbl MOXEM CO34aTb PYHK-
LMIO, HO MMA el He NpucBaMBaTb BOBCE. Takme PYHKLUUMN Ha3bIBAKTCA aHOHWM-
HbIMU PYHKUNUAMU unu naMmépa-qyHKLAMKU. 3aueM nofobHbIe YHKUUN HYX-
Hbl - 3TO BONPOC OTAENbHbIA. MOXHO MPUBECTU KaK MUHMMYM HECKOMbKO Npu-
MepoB, KOrga Mcnonb3oBaHue naAmM64a-QyHKUMA npeacTaBNseTcs OnpaBhaH-
HbIM:

e nepepavyanamoa-thyHKLMM apryMeHTOM ApYroli yHKUWK;
e BO3BpalleHWe PYHKLMel B KauecTBe pe3ynbTata Apyroi PyHKLuu;
e OJHOKpaTHOE MCMNOJ/Ib30BaHUe QYHKLUN.

Mpu onncaHmn namb6aa-hyHKLUUM MCNONbL3YIOT KNtoueBoe cnoso lambda, nocne
KOTOPOro0 yKa3blBatOTCA apryMeHThbl PYHKL MK, a yepe3 4BOETOUME - ee pe3y/bTar.
To ecTb WabnoH onucaHusa naMmb6aa-hyHKUUM TaKO (KMPHLIM LWPUGHTOM Bblfe-
NeHbl KNOYEBbIe 3N1EMEHTbI):

lambda aprymenTh: pesynbTaT

Y 3T0i KOHCTPYKLUW eCTb Pe3ybTaT: CChl/IKa Ha 00beKT Nambaa-hyHkumum. Mo-
aTomy B npuHumMne lambda-KOHCTPYKLUIO MOXHO MPUCBOUTbL B KayecTBe 3Ha-
YeHUs NepeMeHHO, TeM camblM OMpejesine, B 06LLEM-TO, 0ObIYHYIO (DYHKLHUIO.
He6onblol npumep, UANKOCTPUPYIOLLMIA HEKOTOPble acnekTbl 06bABNEHUA U
ncnonb3oBaHuna nambaa-QyHKLWiA, NpuBeseH B nucTuHre 3.9.

NncTtunhr 3.9. lambaa-chyHKUMn

# ®yHKUMS ANS oTo6GpaxeHWs 3HauvyeHwUd
# Oopyroi yHKUWK
def find_value (f,x) :

print("x =",x,"-> f (x) =",f(x))
# MepeMeHHON npucBauBaeTcH
# ccblnka Ha namb6pa-gyHKUUIO
my_func=lambda x: 1/(1+x**2)

KLU
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# lMpoBepdaeM pe3ynbTar

find_value (my_func, 2.0)

# ApPrymeHTOM (YHKLMW nepefaHa

# naAmb6pa-pyHKUmnA

find_value (lambda x: x*(1-x),0.5)

# Mcnonb3oBaHue namépa-gyHKLUM

# B BblpaXeHuu

z=l+(lambda x,y: Xx*y-x**2) (2,3)**2
# lMpoBepsaeM 3HauyeHWe MepPeMEHHbIX
print("z =",z) "',

B nporpammHoM koge o6baBnsetca ¢yHkuma find_value () ¢ gBymsa apry-
MeHTaMu. 3T0 camas o6bluyHasa (yHKUMA. Mbl cobupaemcs ee MCNONb30BaThb
Kak BCMOMOraTenbHY0 AN UKOCTPALUM K UCNOIb30BAHUIO NamM64a-PYyHKL WA,
MepBbiii aprymeHT dyHKumm f, Kak npegnonaraeTcs, ABAAETCA CCbINKOW Ha
(hyHKLMIO, a X - Npejnonaraemblii aprymeHT Ana aToil yHKuuu. B Tene gyHK-
uum find_value () komaHgonprint ("x =",x,"-> f(x) =",f(x)) oTo-
HpaxkaeTcs coobLieHne, B KOTOPOM, KPOME NPOYero, UCMnoabL30BaHa MHCTPYKLUSA
f (X) BbI30Ba (DYHKL MK, HA KOTOPYIO CChlNaeTcsA nepemeHHas f,caprymeHTom Xx.

[Janee npmBefeHO HECKOMbKO MPMMEPOB ONUCAHMA U MCMNONb30BaHMA nambaa-
hyHKUMin. Tak, B kKomaHge my_func=lambda x: 1/ (1+x**2) ecTb onuca-
Hue nAMOa-hyHKLMM, a CCbINKa Ha 3Ty (DYHKLUIO NpYCBanMBaeTCca NepeMeHHo
my_func. Cob6cTBEHHO PYHKLMSA ONUCbIBAaeTCA MHCTPYKumeid lambda x: 1/
(1+x**2), B KOTOpOI nocne Knuesoro ciosa lambda ykasaHo gopmanbHoe
Ha3BaHuWe X A1 aprymeHTa (OyHKUUN, a BbipaxkeHue 1/ (1+x**2) o3HauyaeT, uTto
npu aprymeHTe OYHKLMU X ee pe3ynbTaToM OyaeT 3HaveHune 1/ ( 1+x**2).

L Ha 3ameTky n

Takum 06pa3om, 34ecb pedb MAeT 0 PYHKUMN /(K ) = - —"2-

UTo6bl NpoBepuTh "paboTocnocobHOCTL" CO34aHHOW Hamu YHKLWUKU, NCNOMb-
3yem komaHgy find_value (my_func, 2.0). B aToii KomaHae nepBbIM apry-
mMeHTOM pyHkuum find_value () nepegaetca uma nepemeHHoli my_func, Ko-
TOpas COAEPXWUT CCbIIKY Ha NaAMOAa-hyHKUUI0. BTOpoit apryMeHT 2.0 QyHK-
umn find_value () - 370 3HayeHue aprymeHTa ansd GyHKLUUN, HA KOTOPYHO CCbl-
naetcs nepeMeHHada my_func. B pesyfibTaTte B KOHCO/IbHOE OKHO BbIBOAMUTCA CO-
o6wweHune co 3HaueHnem my_func (2.0). Pe3synbTaTom ABNSETCA 3HaYeHue 0 .2

(nerko npoBepuTb, UTo/(2) = 1+22=5=02 )e

Ewie 0guH BapuaHT, KOTOPbI Mbl paccMaTpuBaeM - nepegava naMoéga-hyHKLMm
B KayecTBe aprymeHta ¢yHKuuu. COOTBETCTBYHOLLAA KOMaHa BbITNALMT Kak
find_value (lambda x: x* (1-x) ,0.5). 3pecb nepBbiM aprymeHTOM
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tdyHkumn find_value () nepegaeTcs He MepeMeHHas CO CCbIIKON Ha nambga-
(hyHKLMIO, KaK B NpefbigylieM cnyvae, a cama nambga-gpyHkuus. Mepsblii ap-
ryMeHT BbIrnaguT Tak: lambda x: x* (1-x).To ecTb apryMeHTy (yHKUWUY
X B COOTBETCTBME CTABUTCH BblpaxeHue x* (1-x) (3T0 03HayaeT, YTO Mbl UMe-
em feno ¢ pyHkumein /(x) = x ¢(1- x)). Btopoit aprymeHT dhyHkumm find_val-
ue () - uncnosoe 3HayeHne 0.5. ITO 3HauyeHMe urpaeT ponb aprymeHTa ans
(hYyHKLMW, NepefaHHON nepBbiM apryMmeHTom ¢yHkuum find_value (). N xoTa
nepBbIM apryMeHTOM MNepefaHa He MepeMeHHas, a aHOHWUMHas QYHKLWA, CYTb
[lena He MeHseTcA: Bbluncnaetcs 3HaveHue /(0.5) =05+(1-D.5) = 0.25 ,T0 ecTb
BblUMCNEeHHOe 3HayYeHne pasHo 0.25.

TpeTuiinpuMep MCNoNb30BaHNANAMOAa-DYHKLUN -UCNONb30BaHME TAKOW PYHK-
UuKM B BblpaXeHun. Mpumepom cnyxuTt komaHga z=1+ (lambda x,y: Xx*y-
X**2) (2,3) **2, B pe3ynbrare BbIMOMHEHNA KOTOPOA NepeMeHHas z Mnony-
yaeT 3HayeHue 5. 3HayeHue BbipaxeHus 1+ (lambda x,y: x*y-x**2)
(2,3) **2 Bbluncngercs TakK: K eiUHNLE NPNOABNAETCA 3HAYEHWNE BblPaXKeHUs
(lambda x,y: x*y-x**2) (2,3) **2. [laHHOe Bblpa)KeHue - 3TO KBagpar
3HauveHus BolpaxxeHnsa (lambda x,y: x*y-x**2) (2,3). A3T0 BblpaxeHue,
B CBOIO OYepefb, eCTb HM YTO MHOe, KaK pe3ynbTar AelicTBuA nambéaa-gpyHKuumn
(lambda x,y: Xx*y-x**2) HaaprymeHTbl (2,3).

MHcTpykumein lambda x,y: x*y-x**2 onpegenserca namb6ga-gyHKuma
LBYX @apryMeHTOB (X M Yy), a pe3y/ibTaTOM ABNAAETCA 3HaYeHMe X*y-x* *2 Bblunc-
NSEMOE Ha OCHOBE 3HAYEHWI apryMeHTOB (yHKUMN. TO eCTb 34eCb UMeeM Leno C
hyHKumnein /(x,y) = Xy —x 2 Ecnv BbIUNCAATb 3HaYEHNE 3TON DYHKUMK ANA
aprymeHTtos X = 2,y —3 nonyuum /(2,3) = 2-3 -22=6- 4=2 . CnepoBa-
TeNbHO, 3HauYeHUeM BblipaxxeHusa (lambda x,y: x*y-x**2) (2,3) aBnser-
€A 2,3HayeHneM BbipaxeHua (lambda x,y: x*y-x**2) (2,3)**2 asnqert-
ce 4, a 3HayeHue BbipaxeHua 1+ (lambda x,y: Xx*y-x**2) (2,3) **2, Ta-
KuM ob6pasom, 5.

B pe3ynbTaTe BblIMO/ITHEHUA NPOrpaMmsbl MNojsyv4aem Takmne COO6IJ.I,€HI/IFI B OKHE Bbl-
BOja:
Pe3ynbTar BbINoSHEHWA NporpamMme! (M3 IMCTUHrA 3.9)

X = 2.0 -> f(x) = 0.2
0.5 -> f(x) = 0.25
5

N X
1
1

Ewe ofHa nporpamMma, Kotopasa WAMKOCTPUPYET BO3MOXHbIe BapuaHTbl B Mpu-
MeHeHUN nambpa-PyHKUWiA, npeactaBneHa B nuctuHre 3.10. B atom cnydae
nambga-PpyHKUMSA MCNONb3YIOTCA AN TOro, YTo6bl CO34aTb PYHKLMIO, KOTOpas
BO3BpalL,aeT B Ka4yecTBe pesyfbTaTa APYryro (yHKUUIO.
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L Hasametky

MbI NPUBBIK/N, U 4151 HAC K&XETCA BMOJIHE eCTECTBEHHbIM, YTO pe3y/ibTaT Bbl30Ba (DyHK-
LMK - 3TO HEKOTOPOE 3HaYeHne (HanpuMep, Y1Co, UK TEKCT). 3A4eckb pedb MAET O TOM,
4YTO pe3yfnibTaToM (hyHKUMM ABNSeTC PYHKUUS. UTOGbl MOHATb, Kak Takoe BO3MOXHO
(kak thyHKLMS MOXeET BO3BpaLlaTh BKkadecTBe pe3dysibTara (OyHKLMI0), CTOUT BCOMHUTb,
470 hyHKUMSA B Python - 310 06bekT Tna function (06 06beKTax Mbl 6yAeM roBopuTb B
crnepylowmx rnasax, 3fecb Mbl BAaBaTbCsl B NOJPOGHOCTM OTHOCUTE/IbHO Takoro MoHs-
TNS, Kak 06 beKT, 0cO060 He Byaem). [N HaC BaXHO TO, YTO onncaHme PyHKUUN - 3TO He-
KOTOpble flaHHble, Ha KOTOPble MOXHO BbIMO/HWUTL CCbIIKY U 3anvcaTb 3Ty CCbIMKY B ne-
peMeHHYto, KoTopasi UrpaeT posib UMeHU hyHKLMKN. 03TOMY eCc/iv Mbl FOBOPUM, YTO pe-
3y/1bTaTOM PYHKLMW ABASeTCA (hyHKLUMA, TO O3Ha4YaeT 3To, Kak NpaBuso, cneaytoLlee:

. B Tese hyHKUMM onucbiBaeTcs (co3aaeTcs) HekoTopasa hyHKLuS;

. CCbl/1IKa Ha CO3aHHYO beHKLlVIK) BO3BpaLlaeTCa Kak pe3ynbTar.

CTOUT OTMETUTb KOHLEeNTYya/llbHO BaXKHbI MOMeHT. Korga Mbl Bbi3blBaeM PYHK-
unio (Hanpumep, KoMaHAoi BmAa (YHKUMA (apryMeHTbl)), TO cama MH-
CTPYKLMA Bbi30Ba DYHKLUWN TOXe fBNAETCA (YyHKUMeid. To ecTb BblpaxeHue
QYHKLUA (apryMeHTbl) MOXHO MHTEpPNpeTupoBaTb Kak UMA PYHKUMUK (ecnu
TOYHee, TO CChIJIKY Ha (DYHKLMI0). DTO CCbI/IKA UMEHHO Ha TY ()YHKLMUIO, KOTO-
pas BO3BpaLLaeTCsA KaK pe3ynbTaTt Bbl3blBaeMOW QPyHKUuUK. [03TOMyY ecnim nocne
WHCTPYKUUU (YHKLNA (ApTYMEHTbI) B KPYI/blX CKOOKax ykas3aTb aprymeH-
Tbl, TO NONYUYNM BbI30B YHKUUN-pe3ynbTaTa. Jpyrumm cnoBamu, npu Bbl30BE
(hYHKLMM-pe3ynbTaTa MMeeM efo C BblpaXeHeM BUa hyHKLMA (apryMeHThl)
(aprymeHTbl). MOXHO NOCTYNUTb MHaYe: NPUCBOUTbL HEKOTOPO MepeMeHHO
3HaYeHue BblpaXeHUsa YHKLMA (apryMeHTbl). Mocne BbINONHEHUA KOMaHAbI
nepeMeHHaas=MyHKUMNA(apryMeHTbl) C NepeMeHHONW MOXHO o6paliaTbCs
KakK C UMeHeM (YHKLUN.

JnctuHr 3.10. dyHKUMA KaK pe3ynbTaT QYHKUUN

# ®YyHKUMA B KauyecTBe pe3ynbTarTa
# BO3BpawaeT (YyHKUUIO
def my_pow(n):
return lambda x: x**n
# lpoBepdAem pes3ynbTaTr
for n in range(1l,4): # BHewHWn uukn
for x in ranged, 11): # BHYTpeHHWIA UUKN
# BbiBOAMM pe3ynbTaT Bbi30Ba (QYHKLMK
printtmy_pow(n)(x),end=" ")
print() # lNMepexogum K HOBON CTpOKe

B nporpamMMHOM Kofe onucbiBaeTca yHKUMa my pow (), Y KOTOPOWA OAWNH apry-
MeHT N. Pe3ynbTaToM (PYHKLUUM BO3BPaLLaeTCA MHCTPYKUMS lambda x: x**n.
310 NAM6a-(hyHKLMA, Yy KOTOPOW OAWNH apryMeHT X, a pe3y/bTaT - 3Ha4YeHue ap-
ryMeHTa X B CTEMeHu n.

B ettt CB)
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Q Ha 3ameTky
dyHKUMA my pow () npu BbI3OBe C OAHMM aprymeHToMm (0603HauuM kak H) Bo3Bpalia-
eT B KauecTBe pesynbTara yHkumo f(x) = xn . Takum 06pas3om, MHCTPYKLMIO WY
pow(n) MOXHO paccMaTpuBaTb Kak MMs (DyHKLMKW, KOTOPOW nepefaeTcst oAvH apry-
MEHT. UTOObI BbIYNCANTL 3HaYeHne X N MCNosib3yeM MHCTPYKLUMIO my_pow (M) (X).

[na nposepkn paboTbl CO3[aHHONW HaMW (YHKLWW Mbl 3anyCKaem BNOXEH-
Hble OMepaTopbl UMKNa, B KOTOPbIX nepebupaem 3HayeHMa nepemeHHow n (ot 1
0 3) n nepemeHHOW x (0T 1 go 10). Ana KaxXAoin n3 nap 3Ha4eHUin KOMaHzaow
print (my_pow (n) (x) ,end=" ") BbIBOAATCA (B O4HY CTPOKY - 6narofaps
MHCTPYKUUKM end=" ") 3HaYeHMA BbIpaXXeHUs my_pow (n) (x).

Pe3yanaT BbIMONTHEHWA NPOrpaMMHOro Koga npeacrtaBnieH HUXeE:!

Pe3ynbTar BbINOAHEHWS NporpaMmmbl (M3 NUCTUHIa 3.10)

123456789 10
1 4 9 16 25 36 49 64 81 100
1 8 27 64 125 216 343 512 729 1000

W Ha 3ameTtky

YT0o6bl OTOGpaXaTb 3HAYEHUA B OAHOM CTpoke, oyHKUmMM print () nepegaeTca UMeHO-
BaHHbI aprymeHT end=" ". [InA nepexoja K HOBOIi CTPOKe ncnosnb3dyem print () 6es
aprymMeHTOB.

MepBas cTpoka 3HaYeHW - 3TO HaTypa/ibHble Yncnia oT 1 A0 10 B nepBoii cTeneHn. BTo-
poii psaf - Te Xe uncna, HO BO BTOPOIi cTeneHn. TpeTuii psag - TpeTbs CTeneHb.

L Ha 3ameTky

Mpy onucaHun NAMGAA-PYHKUUIA apryMeHTamMm MOXHO 33aZiaBaTb 3HA4YeHWsl MO YMOsl-
YaHuo. 3HavyeHVe Mo YMOJTYaHUIO yKasbiBaeTCsl MOC/e MMEHU apryMeHTa yepes 3Hak
paBeHcTBa. Hanpumep, uvHcTpykuueiri lambda x=1: 1/x onpegensietcsa nambéga-

yHKUMA oNS 3aBMCUMMOCTM /(*) = ~ CO 3HayYeHWem aprymeHTa no ymondaHuio 1.
Ecnun aTy nAam6aa-hyHKLMIO NPUCBOUTL NEPEMEHHOI (Hanpumep, BbINOSIHUTL KOMaHAy
f=lambda x=1: 1/x), To 3aTeM Npu BbI30Be (PYHKLMMN MOXEM aprymMeHT yKasblBaTb
(Hanpumep, f (2)) wm He ykasbiBaTb (Hanpumep, f ()). B nocnegHem cnyvae ncnonb-
3yeTcsl 3HaueHve apryMeHTa no yMmosiyaHuio (B 4aHHom cnydae 1).
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JTokanbHble U rnobanbHblE nepemMeHHble

A Tbl He NyTalli CBOK NNYHYIO LWePCThb C rocy-
fapcTBEHHO.
n3 K/th ""Kaskasckast nieHHMUA "'

Mbl yXe onucany AoCTaTOMHO MHOT0 (OYHKUWIA, ¥ NpaKTUYECKN KaxAblid pas
MCMnonb3oBanu B Tene QYHKLUUIA Te UAM UHble nepeMeHHble. OcobblX Hegopas-
YMEHUI y Hac He BO3HMKano. OAHaKO 3[eCb ecTb OfHA AOCTATOUYHO CepbesHas
npo6nema, cBsA3aHHas C TeM, FA€ UCMO/Mb3yeMble HAMUW MepeMeHHble AOCTYMHbI,
arje - Het. MepemMeHHble, KOTOPbIE AOCTYMHbI TONbKO B Tefle (hYHKL MM, Ha3biBa-
t0TCsA NOKanbHbIMK. MMepeMeHHble, KOTOPbIe JOCTYMHbI BHE DYHKLNUN, HAa3bIBAOT-
€S rno6anbHbIMN.

Ll  Hasametky

B TakMx si3blkax NPorpaMMmMpoBaHusi, Kak C++ 1 Java, rge nepeMeHHble 06bsiB/ISIOTCS C
yKasaHuem Tvna, npobem ¢ pasgesieHmemM nepemMeHHbIX Ha SIoKasibHbIe U T106a/bHble
He BO3HMKaeT. ITy Kraccudumkaumio ferko NpPoBecT! Ha OCHOBE TOrO, rae, B KaKOM Me-
cTe NporpamMmHOro Koga, nepemMeHHas ob6bsBreHa. B sisbike Python cutyauus 6onee
cnoxHasi. [lenio B TOM, 4TO NOCKO/IbKY NepemMeHHble B Python 3apaHee (4o nepsoro uc-
NoNb30BaHNsA) He 06BLSB/SAIOTCA, TO ONpeAe/UTb, Kakas NepeMeHHas flokasibHas, a Ka-
Kas - rnobasibHasi, 6bIBAeT He TaK Y 1 NPocTo.

PaccMOTPUM HEKOTOpPbIe HEC/IOXHbIe NMPUMEPbI, UTIOCTPUPYIOLLME 0COOEHHO-
CTU UCNONMb30BaHWA NOKaNbHbIX U FN06anbHbIX NepemMeHHbIX. Tak, ecnu B Tene
(hYHKLWUW NepeMeHHOM NpucBanMBaeTCa 3HayeHWe, N0 YMONYAHUIO Takad nepe-
MeHHas ABnseTcA NoKanbHOM. Mpuuem nNpaBuno LeliCTBYeT, faXe ecnu paHee
(8o onucaHus hyHKLMK) 6bina 06bABNEHA FNobanbHas nepeMeHHas ¢ Takmm xe
nMeHem. Kak pa3 Takoi cnyvali peainsoBaH B MPOrpaMMHOM KOAe B JINCTUH-
re 3.11.

NincTtuHr 3.11. JlokanbHas 1 rnobasibHas nepemMeHHble

# FnobanbHas nepemeHHas
x=100
# OnucaHune GQYHKLUYK
def test_vars():
# JloKkanbHaa nepemMeHHasd
X="/nokKanbHasf nepemeHHas"
# MNpoBepsAsemM 3HayeHMe MepeMeHHOMN
# B Tene QyHKUUN
print("B Tene QyHKuuMmn x =
# BbinonHaeM GYHKLMWIO
test_vars()
# MpoBepsieM 3Ha4YeHWe MNepeMeHHON
BHe Tena QyHKLUYK

VX))
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print("BHe ¢yHKunn x =",x)

Ha u4To 3gecb cToMT 06paTTb BHMMAaHWE: CHayana Mbl CO34aeM [/0-
6anbHY0 MepeMeHHYl x €O 3HadyeHuem 100. 3atem 06bABNAETCA (PYHK-
ums test_vars(), B Tefe KOTOPOA NEpPeMEHHOW X MpucBauBaeT-
CA TeKCTOBOe 3HayeHue "/oKanbHas nepemeHHas". KomaHgoli
print ("B Tene @yHKumu x =",x) MNPOBEPSAEM 3HAYEHUNE MEPEMEHHON X.
370 Becb KO hyHKLUUK.

BHe Tena yHKLUM BbIMOMHAETCA KOMaHga test_vars () , KOTOPOW Bbi3blBa-
eTCs OnMcaHHas Bbllle (YyHKLMA, a 3aTeM KOMaHAoW print ("BHe QyHKLNMU
x =",x) MpOBEPSAEM 3HaYeHWe NMepeMeHHON x. Pe3ynbTaT BbIMNOMAHEHUS MpPO-
rPamMMHOI0 Kofa NpuBefeH HUXe:

Pe3ynbTaTt BbINO/IHEHUSA NpOrpammbl (M3 MUCTMHIa 3.11)

B Tene ¢yHKUMM X = NokKanbHas nepemMeHHas
BHe ¢yHkyun x = 100

Ecnu no nyHKTam, TO CUTyaumna Takas: Mbl NepeMeHHOl NprcBanBaem 3HaveHue,
BbI3blBaeM PYHKLUIO, B KOTOPOI MEPEMEHHOI C TAKUM Xe UMEHEM NpucBanBaeT-
€Sl 3Ha4YeHue (3HayeHmne BbIBOAMTCS B KOHCONbHOE OKHO), U NOC/e Bbi30Ba PYHK-
UMW CHOBA NpOBepseM 3HayeHWe nepeMeHHOW. Kak BUAHO NO pe3ynbTaTy Bbl-
MOHEHWA MPOrpPaMMbl, MPU NPOBEPKE 3HAYEHWA MEPEMEHHON X B Tene QyHKLWUK
1 3HA4YeHUs NepemMeHHOW X BHe Tefla PyHKL WM NoayYaem pasinyHble 3HaYeHWs.
UTo 310 03HayaeT? O3HayaeT 3ToO TO, YTO B Tefle PYHKLUN U BHE Tena QyHKUUK
Mbl UMeeM [ief10 C Pa3HbIMU NepeMEHHbIMU, XOTA Y HUX U COBNajarLlme umeHa.

Ecnm Mmbl Tenepb HEMHOr0 W3MEHWM MPOrPaMMHbIA KOA (YHKUuM test_
vars (), ybpaB 13 Hero KomMaHgy npucBanBaHUsA 3HAYEHUA NMEPEMEHHON X (HO
0CTaBMB KOMaHAy OTO6GpaxeHUs 3HA4YeHWUs 3TOW MEPEMEHHON), cuTyaums He-
MHOrO U3MeHUTCA. HOBbI NPOrpaMmMHbIiA KOA NpuBeAeH B nMCTuHre 3.12.

NncTtunHr 3.12. FnobasibHble NepPeEMEHHbIE

# OnucaHune GQYHKLUN

def test_vars():
# MpoBepsAeM 3HauyeHMe NepemMeHHOMN
# B Tene (QYHKUMM. 3HauvyeHWe MNepeMEHHOW
# X B Tene (YHKLMM He npucBauBaeTcH
print("B Tene d¢yHKyuMn x =" ,x)

# FnobanbHasa nepeMeHHas

x="rnob6anbHas nepemeHHaa"

# BbinonHAeM GYHKLUIO

test_vars ()

# lMpoBepsemM 3HayeHMe MEpPEMEHHON

# BHe Tena GQyHkumuprpn6("BHe ¢GyHKUMM X =

'X)
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Pe3ynbTaT BbINOJIHEHMA 3TOM0 NPOrpamMMHOro Koga TaKoli:

Pe3ynbTaT BbINO/HEHNS NPOrpamMmbl (M3 NUCTUHra 3.12)

B Tene QyHKuUuMM X = rnobanbHas nepemeHHas
BHe (YHKUMW X = rnob6anbHas nepemMeHHas

34ecb Mbl B Tefle OYHKLMW BbIBOAMM Ha 9KPaH 3HAYeHMe NepemMeHHOl X, HO npu
3TOM MCMONb3YeTCA TO 3HaYeHMe, YTO 6bIN0 NPUCBOEHO NEPEMEHHON X [0 Bbl30-
Ba (DYHKLUMN.

W Ha3sameTtky

O6paTuTe BHMMaHWe, YTO 3HaYeHWe MepeMeHHOI X NMpucBavBaeTCsi Moc/e OnucaHus
dyHKuMn test vars () HO 4O ee BbI30OBa.

Takum 06pa3om, ecnim B Tefie PYHKL MM €CTb MepPeMeHHas, U 3TOW NepemMeHHOl B
Tene QYHKUUU NpUCBaMBAETCS 3HAUYEHMWE, Takas nepeMeHHas 6yaeT NOKabHONA.
Ecnu B Tene yHKLUM ecTb NEPEMEHHAs, HO 3HaYeHMe B Tene QYHKLUKN eil He
npuceamsaeTcs, To OyAeT ncnonb3oBaHa rnobanbHas nepeMeHHas (nepemeHHas,
3Ha4yeHMe KOTOPOI MPUCBOEHO BHE Tenla hYHKLWM - HO [0 ee BbI30Ba).

B Takyl CXemMy WHTepnpeTaLuu YpOBHS LOCTYNa MepPeMeHHbIX MHOrga HyX-
HO BHOCUTb W3MeEHEHUs. Bosiee KOHKPETHO, CYLLECTBYET BO3MOXHOCTb B IBHOM
BUAE BbIAENUTb (YKasaTb) rnobanbHble NepeMeHHble B Tene QyHKuuu. Ans aTo-
ro UCnonb3ytoT KtoueBoe cnoBo global. Mocne aToro KNHOUYEBOro €0Ba yKa-
3blBalOTCS (Yepes 3ansTyr, ec/in X HECKO/IbKO) MEPEMEHHbIE, KOTOpPbIe cnepy-
eT NHTEepPNpPeTUPOBaTh Kak rnobanbHble. B nuctuHre 3.13 npusegeH HeGOMbLLON
npumep.

Nuctuir 3.13. Vicnonb3osaHve nHctpykuum global

# FnobanbHas nepemeHHas

x=100

# OnucaHne QyHKUUK

def test_vars():
# O6baBnsdeMm rnobanbHble MepeMeHHble
global x,y
# lMpoBepsAeM 3Ha4yeHUe nNepemMeHHON X
print("B Tene QyHKuun x =",x)
# 3HauyeHue rnobanbHON MNepeMeHHOW Yy
y=200
# MNpoBepsemM 3HauyeHUe nNepemMeHHOW Yy
print("B Tene ¢yHKuun y ="y)
# 3HauyeHue rnobanbHON nNepemMeHHOW X
x=300

AEEL
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# BblinonHAaeM ®QYHKLUMWIO

test_varsy()

# MNpoBepsAeM 3Ha4yeHUe nNepemMeHHOW X
# BHe Tena @QyHKUUK

print("BHe QyHKuumn x =" x)

# MNpoBepsAeM 3Ha4yeHUe nNepemMeHHOW Yy
# BHe Tena (QyHKUUK

print("BHe ¢yHKummn y ="y)

B aTom mporpammHOM Koge ucnonb3yetrcs mHcTpykums global x,y. OToW
MHCTPYKLUUEA nepemMeHHble X U Yy 06BbABAAIOTCA Kak rnobanbHble. KomaHaol
print ("B Tene QyHKUMM X =" ,X) B Tene PYHKLUM NpoBepsAeTCcA 3Haue-
HWe nepemMeHHOW X, a 40 3TOro, A0 06BABAEHNA PYHKUUN, MEPEMEHHON X NpuU-
CBOEHO 3HauyeHne 100. IMeHHO 3TO 3HayeHue ByaeT oTo6paxaTbCcs NPU BbINOS-
HEeHWWN yKa3aHHOI Bbllle KOMaHApbl.

CBoe nepBoe 3HauyeHWe MepemMeHHas y nonyvaeT B Tene (PYHKUMU (KOMaH-
fa y=200). 3atem Mbl MpoBepseM 3HayeHWe 3TON MNepemMeHHOl (KoMaHga
print ("B Tene QyHkumm y =",y)). HakoHel, KoMaHfol X=300 npucea-
MBAETCA HOBOE 3HAauYyeHue NepeMeHHOl X (KOTopas, HaNOMHWUM, ABISETCA /10-
6anbHoIi). Ha aTom onucaHve yHKLUN 3aKaH4MBaeTCA.

[ns npoBepKu paboTbl PYHKLMUM U POn FN06aNbHBIX NEPEMEHHbIX Bbi3biBAeTCS
thyHKumsa test_vars (), amnocnie 3TOro NPoOBEPSOTCA 3HAYEHUS NEPEMEHHbIX X
1 'y. Pe3ynbTaT BbIMOJHEHNS NPOrpaMMbl TaKOI:

Pe3ynbTaT BbINO/IHEHWS NPOrpamMmbl (M3 IMCTUHTa 3.13)

B Tene ¢yHkyun x = 100
B Tene QyHkyun y = 200
BHe ¢yHkymm x = 300
BHe ¢yHkyummn y = 200

O6LKii BLIBOA MOXXHO CDOPMYNNPOBATb TaK: eC/M NepeMeHHas rnobansHas, 1o

N3MEHEHME ee 3HaYEeHUA TaKXKe HOCUT "rnobasnbHblin XapakTep.

BnoxeHHble PYyHKLNY

MMeHHO Tak Bblpa>aeTcsa ee I'lOTpe6HOCTb B
MUWUPOBOW rapMoHUM.
n3 K/ "‘Iokposckue sopoTa'

B Python dhyHKLMN MOXHO OMWCbIBATb BHYTPU (YHKUWUIA. Takne pyHKUnKN 6y-
[eM Ha3blBaTb BNOMKEHHbIMU PYHKUMAMWU (MNKU BHYTPEHHUMU PyHKUMsMK). B

aTon cutyauunmn 6b110 6bl Mano NHTEPECHOro, ecnun Obl He O0fHa 0CO6EHHOCTL: BNO-
*
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XeHHas YHKLNA UMEET AOCTYN K MEPEMEHHbIM BHELHel QYHKUUN (TOW PYHK-
LMK, B KOTOPOIi OMncaHa BIOXeHHAs PYHKLUS).

MpUYMHBI, NO KOTOPbLIM B MPOrpaMMHOM KOZE UCMOMb3YHT BAOXEHHbIE PYHK-
UMK, MOTYT 6bITb pasHbIMU. Hanpumep, Yepes BAOXEHHYH (YHKLUIO YA0GHO
peann3oBaTb BCMOMOraTe/ibHble BbIYMC/EHUS. [pyroli BapMaHT - BIOXEHHYHO
(hYHKLUMIO MOXHO BO3BpaLLaTh B Ka4ecTBe pe3ynbTaTa. HeGonbLwoi npumep mc-
MO/Ib30BAHMWS BIOXEHHbIX PYHKUMIA NpuBeLeH B TUCTUHTe 3.14. Tam Mbl ONNCbI-
BaeM (hYHKUMIO ANS BbIYUCIEHUS CYMMbl KBafpaTOB HaTypasbHbIX yucen. Mpu
3TOM B TeNe YHKL MU ONUCaHbl BE BIOXEHHbIE PYHKLMUK.

nctuHr 3.14. Nicnonb3oBaHNE BAIOXKEHHbLIX (PYHKLNIA

# BHewHsa (yHKUKUA
def sq_sum():
# BnoxeHHas QYHKUMA ANA CUYUTbIBAHMUA
# KonmMuyecTBa cnaraemblx
def get_n():
# CuMmTbiBAaeM 4YMCNOBOE 3HauyeHue
n=int(input("Cnaraemblx B cymme: "))
# PesynbTat QyHkumm get_n() - uyenoe uucno
return n
# BnoxeHHasa GYHKUMA ANA BblYUC/IEHUA
# CyMMbl KBafpaTOB HaTypalbHbIX 4Yucen.
# PesynbTaTom ABNAeTca PyHKUUA
def find_sq_sum () :
# HavyanbHoe 3HayeHUe CYMMbl

s=0
# OnepaTop UuWKAa ANA BbIYUCIEHUS CYMMb
for i in range(l,n+1):

s+=i**2 # HoBoe cnaraemoe B CyMMe
# PesynbTtaTt QyHkuum find_sq_sum ()

return s
# OnpepfensemM KONMYECTBO cllaraeMblX B CyMMe
n=get_n()
# PesynbTaT GQYHKUMM sq_sum() - BNOXeEHHas QyHKuMA

return find_sq_sum
# Bblumcngem cymMmy KBajpaToB u4ucen

z=sq_sum()()
# OTob6paxaem pesynbTaT
print("Cymma kBagpatoB paBHa:",z)

B Tene BHewHel GpyHKLUK, KOTOpas HasbiBaeTca sq_sum (), u KoTopas npeg-
Ha3HayeHa HENOCPEACTBEHHO AN BbIYMCIEHUA CYMMbl KBafpaTOB HaTypabHbIX
Yyuces, ONUCbIBAOTCA BNOXeHHble hyHKuuM get_n () ufind_sg_sum ().

€
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Mpy BbINOAHEHMM (PYHKUMM get_n() nonb30BaTeN0 NpefnaraeTcsa BBeCTU
LieNoe 4ncno, KOTopoe onpefesnseT KOAMYecTBO cClaraembix B cymme. BsegeH-
HOe Monb30BaTefieM 3Ha4YeHWe BO3BPALLAETCSA B KaYecTBe pe3ynbTara PyHKUUK
get_n (). B tene ¢pyHkumm get_n () komaHgoii n=int (input ("Cnaraembl
X B CyMmMme: ")) oTobpaxaeTcs coobLieHMEe C MPOCbOOI BBECTM YUC/IO U CHU-
TbIBAETCA 3TO YMCI0. YMCNo 3anncbiBaeTCsA B NEPEMEHHYIO N, KOTOpas KOMaHoii
return n BO3BpaLLaeTCsA B Ka4eCTBe pe3ynbrata PyHKLUN.

W Ha3ameTky

[na npeobpa3oBaHMsA TEKCTOBOrO 3HaYeHus, BO3Bpalwaemoro dyHkumen input (), K
uenouncneHHomy chopmaty Mbl UCMob3yem pyHkumo int ().

BnoxeHHasa QpyHKUUA ANA BbIYUCNEHWUS CYMMbl KBafpaTOB HaTypanbHbIX YK-
cen find_sq_sum () comepXxwuT cnegytowme kKomaHasl. Komangoii s=0 npucea-
MBaeTCs HY/IEBOE HaYaNbHOE 3HAYEHME NEPEMEHHON S, B KOTOPYH 3anucbiBaeTCs
CyMMma KBagpaToB yucen. [15 BblYNCAEHNA CyMMbl 3anyCcKaeTcs oneparop LukK-
na. B onepaTtope yuukna nepemeHHas i npoberaet 3Ha4yeHme 0T 1 40 N, 1 3a KaX-
AblA UMK BbIMOMHAETCA KOMaHAa S+=i**2, KOTOPOM K TeKYLeEMY 3HA4YEHUHO
CyMMbl S npubaBnsieTcs KBajgpar 04epefHOro cnaraemoro i**2. Mo 3aBepue-
HUK onepaTopa LMKAa 3Ha4YeHUe NepeMeHHOol S BO3BPaLLaeTCAa B KayecTBe pe-
3ynbTata QyHKLUN.

34ecb eCTb OAWH MHTEpecHbli MOMEHT: B omepaTope uukaa (B UHCTPYKUUK
range (1,n+1)) Mcnonb3yeTca NepeMeHHas M, KOTOPOil B Tefie BAOXKEHHOW
yHKuumn find_sq_sum () 3HayeHue He npucBamBaeTcAa. 3HayeHUe MepemeH-
HO M onpegenseTcs B Teje BHELWHeN (PyHKLMM sg_sum (): TaM ecTb KOMaH-
fan=get_n (), KOTOPOIi C MOMOLLLI BbI30Ba BNOXEHHON (hyHKUMKM get_n ()
OnpeLenseTcs KOAMYeCTBO CnaraeMbiX WM 3anUCbIBAETCA B NepeMeHHyto . Mo-
cneatoro komaHgom return find_sq_sum pesynbTaTom yHKLUM Sq_sum ()
Bo3Bpauaetca pyHkuusa find_sq_sum ().

Takum 06pa3om, Korga mMbl Bbi3biBaeM yHKLUKO sq_sum (), B Tene 3TOR hyHK-
UMK BbI3biBaeTca yHKumMA get_n () u, Kak cnefCTBMe NOABASETCA CO06OLEHME
€ nNpocbb0ii BBECTU YMC/IOBOE 3HAUYEHME. DTO 3HAYEHME UCNOMb3YeTCs BO BNO-
XXeHHOW pyHkumm find sq sum (), KoTopas BO3BpaLLaeTCa B Ka4eCcTBe pesy/ib-
Tata. Takum o6pas3om, BbipakeHne sq_sum () MOXeM MHTeprnpeTMpoBaTb Kak
nepemMeHHy0, KOTopas CCblflaeTCA Ha (YHKUUIO (TO ecTb Kak MMS QYHKLUN).
Ecnn Mbl XOTUM BbI3BaTb 3TY DYHKUMIO, HEO6X0AMMO L06aBUTL eLle OAHY napy
CKOOOK. bonee KOHKpeTHO, BbipaxkeHne sq_sum() () thakTuyeckn npepcras-
nseT coboit BbizoB hyHKumm find_sq_sum () (c npesBapuTeNbHbIM BbI30BOM
(hyHKUum get_n () ). MoaTomy nocne BbINoAHeHUsA KoMaHabl z=sq_sum () ()
B NEPeMEHHYI0 Z 3anunCcbiBaeTCA CyMMa KBaApaToB HaTypabHbIX yncen. Mony-
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YeHHOe 3HaYeHne oTobpaXkaeM ¢ NOMOLLbI0 KOMaHabl print ("Cymma kBagpa
TOB paBHa:", z). HMXe nokasaH pe3ynbTaT BbINMOJHEHUA nporpaMmmMbl (Kup-
HbIM LUPU(TOM BblJeNEHO BBeeHHOE MN0/b30BaTeNeM 3HaUYeHuUe):

Pe3ynbTaT BbINO/HEHWS NPOrpamMmmbl (M3 IMCTUHTA 3.14)

Cnaraemblx B cymme: 10
Cymma kBafpaToB paBHa: 385

Kak BuanM, pesynbTaT NoNyymnscs KOPPeKTHBI.

OYHKUNA KaK pe3ynbTaT PYyHKLUNN

HesaBucumble ymbl HuKorga He 6osnuch 6a-
HanbHoCTeM.
13K/ "'Tlokposckue BopoTa'

Bbiwe, npyn paccMoTpeHnmn namo64a-pyHKLUNUIA, Mbl yXXe MO3HAKOMWUIUCH C CUTYa-
uuel, Korga yHKUMA B Ka4yecTBe pe3ynbTaTa BO3BpaLLaeT pyHkumio. Ha npak-
TUKe Takue 3afaym BO3HMKAKT [OCTATOYHO 4acTo. OTKPOBEHHO roBOpPS, BO3-
MOXHbI U fpyrue, faxe 60/ee 3K30TUYeCKNe BapuaHTbl. HO 3K30TUKY Mbl OCTa-
BMM "Ha MOTOM", a 34eChb eLe pa3 BEPHEMCS K TEME CO34aHNs PyHKLWIA, KOTOpble
BO3BpAaLLalOT CBOMM pe3y/ibTaToM (yHKUMU. Ha 3TOT pa3 paccCMOTPMM BOMPOC
60nee 0CHOBaTe/IbHO.

BaXHbll/i MOMEHT, KOTOPbIi Mbl y)Xe MOg4YepKMBaIn N KOTOPbIA cnegyet UMeTh B
BMUAY - 3T0 TO, YTO PYHKLMSA KaK TakoBas NpefcTaBnaeT co60i HEKOTOPbIA 06b-
eKkT. To ecTb KOrja B NporpaMMHOM KOZe BCTpeyaeTcs onucaHue QyHKUUK, 4ns
aTol QyHKUMK co3faeTca 06bekT. Ceblka Ha 06bEKT 3aNMNCbIBAETCA B MEPEMEH-
HYIO - Ha3BaHWe PYHKUNN. B 3TOM OTHOLLIEHWW BaXXHO MOHMUMATb, YTO NMepemMeH-
Has, CCbINAlLLLAACA Ha YNCNO, KOHLeNTyaNbHO Mano YeM OT/AMYaeTcs OT nepe-
MEHHOI, cchinatoweiica Ha QyHKL M0 (06beKT PyHKUUKM). EcAn Mbl B Nt0601 MO-
MEHT MOXEM U3MEHUTb 3HAUeHUe "4MCIOBOW" NepeMeHHON, TO TOYHO TaK Xe Mbl
MOXeM U3MEHWUTb 3HaYeHUe AN NMEPEMEHHON - UMEHU (YHKUUN.

L[ ocTaTouyHO 37Ol MepemMeHHON MPUCBOMTb HOBOE 3HAYEHWE - CChINIKY Ha 06BHEKT
apyroi gyHkumn. bonee Toro, NockonbKy B Python Tun gns nepeMeHHbIX He
YKa3blBaeTCA U MepemMeHHble MOTYT CCblNaTbCA Ha N0Oble 3HaAYeHUs, TO TEOPEeTHU-
YeCKM HUKTO He 3anpeLiaeT NpUCBOUTbL NEPEMEHHOM, KOTOpas paHee cCblnanacb
Ha (DYHKUWIO, CCbINIKY Ha faHHble ApYyroro tuna (Hanpumep, Ha YMCN0BOE 3Ha-
YyeHue unu TekcT). BosmoxHa 1 obpatHas cuTyaLlms: nepemMeHHas, Kotopas pa-
Hee Ha PYHKLMWIO He cCblfiasiacb, MOCNe NMPUCBaNBaHMA 3HAYEHUA MOXET "CTaTb
(hyHKLMeR". 3TO He BONPOC BO3MOXHOCTH, a CKOpee BOMpPOC L,esiecoobpasHoCTHU.

*
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Hanpvmep, ecnu Mbl XOTUM, YTO6bI YHKLMS B KauecTBe pe3ynbTaTa BO3Bpalla-
na yHKUMIO, TO TEOPETUYECKMU BO3MOXHbI TaKue BapuaHThl (Hanbonee o4eBuA-

Hble):

Bocnonb3oBatbcs nam6aa-PpyHKUMed M BO3BpaL,aTh CCbIKY Ha 3Ty
¢yHKumMto. C TakM NOAXOAOM Mbl BCTPEUYA/INCH PaHEE.

Onucatb B Tefie PYHKLUN BNOXEHHYIO QYHKLUIO U BEPHYTH CChINIKY Ha
3Ty PYHKLMIO KaK pPe3ynbTaT BHEWHEN (YHKLMW.

B kauecTBe pesynbTata PYHKUMM MOXHO BO3BpaliaTb WMA ApPYyroi
(YHKUMM (He BNOXEHHOI). Takoi Mogxos TOXKe BO3MOXEH.

B nuctuHre 3.15 npuBegeH npumep QyHKLUKU, KOTOpas B KAYeCTBe pPe3ynbraTa, B
3aBWCMMOCTM OT NepesaHHOro e IOrMYeckoro apryMeHTa, BO3BPALLaeT CChlKy
Ha QYHKLMIO NS BbIYMCIEHUS (paKTopuMana uau ABoiHOro aktopuana yncna.

Q

Ha 3ameTky

HanomHum, 4To hakTOpMasioM uyucrna HasbiBaeTCs NMPOu3BefeHNe BCeX HaTypasibHbIX
yucesn, He npeBblWaOWMX 3T0 yncno: n! = ne(n —1) -... m2 ml. [1BoliHOW hakTopu-
an uucna - Takxe NpovsBefeHne HaTypasibHbIX YUCEST, HO TO/IbKO “Yepe3 OAHO YMCo':
nl'=ne(n—2)«(n—4) .. (nocnegHuii MHOXUTENb paBeH 2 AN YeTHoro uncnall n 1
0151 HeYeTHOro uncnan ).

NncTtuHr 3.15. BbluncneHne daktopuana

# ®yHKUMS ANS BblYMCNeHUs GakTopuana
# n pBOMHOro GakTopuana
def factor(mode=True):

# BnoxeHHasa GQYHKUWA [N BblYUCNEHUSA
# (dakTopuana uwucna
def sf(n):
s=| # HayanbHOe 3HauyeHWe NpPoOM3BELEHUSA
i=n # HavyanbHOe 3HayeHWe WHpAeKca
while i>1: # Ycnosue
S*=i # YMHOXEeHWe Ha WHfAeKC
i-=| # YMeHbweHue mHpekca Ha 1
return s # Pe3ynbTaT BNOXEHHOW QYHKLUYK
# BnoxeHHasa GQYHKUWA [N BbIYUCNEHMWSA
# [BOWHOTO (akTopumana uwucna
def df(n):
s=| # HayanbHOe 3HayeHWe NpPOU3BEAEHUSNA
i=n # HayanbHOoe 3HayeHWe MHAEKCa
while i>1: # Ycnosue
S*=i # YMHOXeHWe Ha WHfAeKcC
i-=2 # YMeHblueHMe WUHJeKCa Ha 2
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return s # Pe3ynbTaT BAOXEHHOW QYHKUMWK
# Ecnum aprymeHT mode paBeH True
if mode:
return sf # Ccbinka Ha GQYHKUWMIO ANS
# BbluMcneHnsa GakTopuana
# Ecnm aprymeHT mode paBeH False
else:
return df # Ccbinka Ha QyHKUuw fgnd
# BblUMCNEHWA [BOWHOro gakTopuana
# Bbi3biBaem ¢yHkumto factor() Aana BbluMcneHus GakTopuana
print("5! ", factor () (5))
print("5! =", factor (True) (5))
# Bbi3biBaeM ¢yHkuuto factor () ANna BblYMCNeHUN
# pBOMHOro akTopuana
print ("5! ! =" factor(False) (5))

Pe3yanaT BbIMOJ/THEHUA NMPOrpaMMHOro Koga TaKolM:

Pe3ynbTat BbiNO/IHEHUA nporpammbl (M3 AncTuHra 3.15)

5! = 120
51 = 120
51 =15

dyHkuna factor () onucaHa ¢ ogHUM aprymeHToMm mode, y KOTOPOro ecTb
3HauyeHMe No ymonyaHuto True. Takum 06pa3om, GyHKLNA MOXET Bbl3bIBATbCA
6e3 aprymMeHTOB W/IM C OLHMUM JIOTMYECKMM apryMeHTOM. Ecnu aprymeHT paBeH
True, yHKLMeEW B KauyecTBe pe3ynbTara BO3BpalLaeTca yHKLMA, NpejHa3Ha-
YeHHas Ana BbluucneHus aktopuana umcna. Ecnu ¢pyHkuma factor () BbI3bl-
BAeTCA C IOrMYeckMm aprymeHTom False, pesynbtatom 6yaet pyHKuusa, npea-
HasHayeHHas ANs BblYMCAEHUA ABONHOIO hakTopumana uncna.

B Tene gpyHkuun factor () onucaHbl ABe BNOXEHHble PYHKUUKN: GYHKLNEN
sf () Bblumcnsaetcs haktopuan, apyHkuueid df () BblumcnseTcsa gBOMHON ak-
TOopuan. B 3aBMCMMOCTM OT 3HAYeHUs aprymeHTa mode B yCNOBHOM Onepartope
B KayecTBe pe3ynbTaTa pyHKUUKM factor () Bo3spawaetca ccolnka st unu df.

W Ha3sameTtky

B Python cyuiecTBytoT 60/1ee NPOCTbIe CMOCO6bI BbIUNC/IEHVS MPON3BeAEHUs HAaTypasib-
HbIX UMCesl, YeM CO3AaHue f/1s 3TO Lenu oneparopa uukna. Tem He MeHee, Mbl K HAM
NPUHUMNWANBHO He Npuberaem.

Mpun npoBepke PYHKUMOHANLHOCTU cO3fdaHHOR pyHkumm factor () Ham Ha
nomouib npmxogat komaugbl factor () (5), factor (True) (5) (B o6o0-



Python

MX CMyyasx peyb MAET O BblYUCNEHUWN 3HAUYeHMA 51 = 5-4-3-2-1 =120 ) u
factor (False) (5) (BbluumcneHmesHayeHUA5! = 5031 = 15).

Q Ha 3ameTky

O6patnte BHUMaHWe, 4TO pesynbTaTamu BbipaxeHuli Ffactor)), Factor (True) wn
factor (False) ABNAOTCA CCbIIKM Ha (hyHKUMKU. TTO3TOMY AaHHble BbIpaXeHus cne-
AyeT paccMaTpuBaTb Kak "Ha3BaHusa" yHKUuii. UTOGbl Bbi3BaTb 3TW (PyHKUWUWU, NO-

cnie "Ha3BaHWii" B KPYI/bIX CKOBKAX yKasblBaeTCcs aprymMeHT oyHKuuM (B LaHHOM cry-

yae uucno 5). Otctoga nonyyaem cootBeTcTBeHHO Factor () (5), factor (True) B
n factor(False) (5)-

Elle ogHO 3aMeyaHMe OTHOCUTENbHO PACCMOTPEHHOI nNporpammbl. J1Ierko 3ame-
TUTb, YTO MPOrpaMMHble KOAbl BNOXEHHbIX QyHKunin sf () n df () npaktnue-
CKW WOEHTUYHbI U OT/IMYAKOTCA NNLW b 3HAYUeHNEM [eKpeMeHTa NHAeKca B onepa-
TOpe uuKna (BefnynHa, Ha KOTOPYI YMEHbLUaeTCs nepemMeHHas i - Npu BblYnc-
NneHnMn 06bIYHOrO hakTOopMana 3To 1, a Npu BbIYUC/EHUW LBOWHOIO (hakTopw-
ana MHAEKC YMeHbLIAeTCs Ha 2). YunTbiBaf 370 06CTOATENbCTBO, PACCMOTPEH-
HblIli paHee NPOrpaMMHbIi KO MOXHO 6bif10 6bl OPraHn30BaTb HECKO/IbKO MHAYE.
Mpumep npuseneH B IUCTUHTE 3.16.

NncTtuHr 3.16. dakTopmasn 1 ABOMHON hakTopma

# OYHKUMA [NS BblUMCNeHWA GakTopuana
# n pBOMHOro akTopuana
def factor(mode=True):
# BnoxeHHasa GYHKUMA [N BbIYUCIEHWSA
# 06blMHOrO/4BOHOIO (akTopmana 4ymcna
def f(n,d):
s=| # HayanbHOe 3HauyeHWe NPOU3BELEHUSA
i=n # HavyanbHOoe 3HayeHMe WHfAeKca
while i>1: # Ycnosue
S*=i # YMHOXeHWe Ha WHfAeKC
i-=d # YMeHbWweHMe MHAeKca
return s # Pe3ynbTaT BAOXEHHOW (YyHKUUK
# 3HauyeHWe feKpeMeHTa ANA WHAeKca
d=1 if mode else 2
# PesynbTaT QYHKUWK
return lambda n: f(n,d) # Namé6pga-hpyHKUNA
# Bbi3biBaeM (yHkumio factor () Ana BbluMcNeHUs GakTopuana
print("5! =" ,factor () (5))
print("5! =" factor(True) (5))
# Bbi3biBaeM (yHkumiw factor () gns BblUMCNeHUN
# OBOWHOro GakTtopuana
print("5!" =" factor(False)(5))
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Pe3ynbTaT BbIMOMHEHMSA 3TOF0 NPOrpaMMHOr0 Koja TOYHO TaKoli e, Kak U npwu
BbIMOJ/IHEHWW Nporpammbl U3 nucTuHra 3.15. UTo kacaeTcq camoro nporpamm-
HOro Kofa, To Tenepb B hyHKUMM factor () onucaHa Bcero ofHa B/IOXKEHHas
(hyHKUMA, KoTopas HasbiBaeTcs f (), My Hee ABa aprymeHTa: Yncno n, 4nsa KoTo-
POro BbIYMCAAETCA OObIYHbLIA MAWM ABOWHOW (hakTopuan, a TakXe Lar UCKpeT-
HOCTU d 4/19 YMEHbLUIEHUS NHAEKCHOI MePEMEHHON B onepaTope LuKia.

dakTnyeckm, 3HaueHne aprymeHTa d onpegenset, Kakoi haktopuan (06blUHbINA
Unn 4BOHOW) 6yaeT BblUMCNATLCA: 414 06bIYHOIO (hakTopmMana 3HayeHue ap-
rymeHTa d paBHoO 1, a 4ns BblUMCNEeHNA ABOWHOrO (hakTopmana 3HavyeHue 3To-
ro aprymeHTa JO/MKHO 6bITb paBHO 2. B Tene dhyHkumm factor () komaHgoi
d=1 if mode else 2 (aHanor TepHapHOro onepaTopa) nepeMeHHON d npu-
cBanBaeTCs 3HayeHue 1 nam 2 B 3aBUCMMOCTY OT 3HAYEHUA NIOTUYECKOrO apry-
meHTa mode yHkuum factor (). Mocne aToro B Ka4ecTBe pe3ynbTaT PYHKLM-
eii factor () Bo3BpawlaeTca ccbiika Ha Namb6aa-hyHKLUMIO, KOTopas 3afaeTcs
BbipaXkeHuem lambda n: f (n,d).

naBHas ngea B TOM, YTO BNOXEHHOW (yHKuUumM npu Bbi3oBe f () nepepatoTcs
[lBa aprymMeHTa, B TO BpPeMS KakK B KauyecTBe pesynbTata qpyHkuua factor ()
LO/MKHA BO3BpaLlaTb (DYHKUMIO, Y KOTOPO O4MH aprymeHT. [1oaTomy BO3Bpa-
WwaTb ccbinky Ha hyHkuuto f () B KayecTBe pesynbTata yHkuum factor () -
MbICNb Na0Xasa. Mbl MOCTYMNaeM MHaye: Co34aeM aHOHUMHYH0 (DYHKLMIO C O4HUM
apryMeHTOM, KOTOpas nofpasymMeBaeT BbI30B yHKUMM f () € 3TUM XKe nepsbIM
aprymeHTOM, a BTOpOI aprymeHT dyHkuun f () - paHee onpegeneHHoe yucno-
BOe 3HayeHue d.

HakoHel, ewe oanH cnocob peLleHns BCe TOM e 3a4a4M NPOUINKCTPUPOBaH B
nucTuHre 3.17.

Nnctnhr 3.17. Ewe oanH cnocob BbIUNCIUTL dhakTopuan

# OYHKUMA [NS BbluMCNeHWa GakTopuana uyucna
def factorial (n):
if n==1:
return 1
else: # Pekypcusa
return n*factorial(n-1)
# O®OYHKUMA AN BblYMCNeHWA ABOMNHOro (akTtopuana
def dfactorial (n):
if n==1 or n==2:
return n
else: # Pekypcusd
return n*dfactorial(n-2)
# O®OYHKUMA [N BblUMCNeHWA GakTopuana
# n pBOMHOro akTopuana
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def factor(mode=True):
# Pe3ynbTaT - CCbi/IKa Ha BHELWHIOW GYHKLUIO
return factorial if mode else dfactorial
# Bbi3biBaeM (yHkuniwo factor () gns BbluMcneHua GakTopuana
print ("5! =" ,factor () (5))
print("5! =" factor (True) (5))
# Bbi3biBaeM (yHkuniwo factor() gns BblYMCNEHMUA
# pBOMHOro (akTtopuana
print ("5!'! =" factor(False) (5))

B nporpaMmMHOM Kofie onucaHbl ABe (BHeWHUe) yHKUumn: factorial () anga
BbluMcC/ieHNa (hakTopranaumcnandfactorial O [Ans BblUUCNEHUS 4BOWHOTO
thakTopmnana uncna. Npy onucaHMm aTuX QYHKLNIA NCNONb30BaNach PeKypcus.
Mpun aTom NporpamMmHblIin Kog GyHKUMU factor () WMCKAKUYMUTENbHO MPOCTOM
M COCTOWT BCEro U3 POLHON KOMaHAbl, KOTOPOI B Ka4yecTBe pe3ynbTaT hyHKUUN
BO3BpalLaeTcs BblpakeHne factorial if mode else dfactorial. 3T0
BblpaXeHWe 0CHOBAHO Ha TEepPHapHOM OnepaTope 1 ero 3Ha4yeHune paBHo facto -
rial, eCnn aprymeHT mode NPUHUMAET 3HayeHWe True. B npoTuBHOM cnyuae
pe3ynbTaT BblpaXeHWa paBeH d factorial. I B TOM, 1 B 4pyrOM C/yyae peyb
NieT 0 BO3BPALLEHMUU CCbIJIKM Ha BHELWHIOK (MO OTHOLWEHWNIO K YHKUUKN fac -
tor () ) dyHKuMIO. Pe3ynbTaT BbIMOMIHEHMSA NPOrPaMMHOI0 KOAa TaKoi Xe, Kak
M B MPEeAbIAYLWUX CryYasX.

OuepeaHoii npumep, KOTOPbIA Mbl paCCMOTPUM 34eCb - 3TO (DYHKLMSA, KOTOPOiA
aprymeHTOM nepegaeTcs hyHKLMSA, U KOTOpas B KauecTBe pe3y/nbTaT BO3Bpalla-
eT (yHKUMI0. Ecnn 601ee KOHKPETHO, TO pedb NOMAET O BbIYUCNEHUN NPON3BO-
[IHOA.

Ha 3ameTky

MpounsBogHoli ana dyHkumm f(jx) HasbiBaeTca HekoTopas yHkums (o603Hadva-
df

etca kak /' 00 wwm KOTOpasi paBHa npefesny OTHOLIEHWSI Pas3HOCTWU 3Hade-

HUIA pyHKUMK f(jX~) K NpupalieHuto aprymeHta AxX npu CTpemMJIeHUU NocfiefHero K
I A*)-IC)

Hymo: TW = & = el s . lna Hac xe BaxHO cregylollee: CyLIeCTBY-

eT npaBnao (NpaBuIO BbIYUCMIEHUSA NPOM3BOAHOl), HA OCHOBE KOTOPOro OAHOW (DYHK-

LN MOXHO B COOTBETCTBME MOCTaBUTb APYryto OyHKLUMIO (KOTopas HasbiBaeTcs Npo-

n3BogHoi). Hanpumep, ecim f(x) = x2, 10 f'(x) = 2%, a ecm f(x) = —— , 70

1,(0k) = ~(1+x)2.

Boo6Le npouegaypa BblUMCIEHUSI MPOU3BOAHOW - onepauusi aHanuTuyeckasi. Ho Ha
NnpakTMKe 4acTo NpuberaroT K BbIYUCIEHNIO MPOU3BOAHON B NPUBAMXEHHOM BUAae, A/1S
yero BbIGUPAETCA Masioe, HO KOHEYHOoe, NpupalleHe apryMmeHTa Ax, 1 BTouke X Mpo-

I(* + A% —(x)

]
n3BogHasn /' (* ) BbIYNCNAETCA KaK OTHOLWEHUE T (*) ~ --mmmmmmmm —omemmoeeeees . imeHHO
TakMM NoAXOof0M Mbl BOCMO/b3YEMCS AJ151 BbIUMC/IEHUSI MPOU3BOAHOW B MPOrpaMmMHOM
Koge.
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nasa 3. ®yHKUUMN

B nuctuHre 3.18 npuBefeH npuMep NporpaMMbl, B KOTOPOW onucaHa PyHKLMS,
No3BONAILWAaA BbIUNCAATL (B NPUBNMXKEHHOM BUJE) NPOU3BOAHYIO.

McxopHas (pudpdepeHumpyemas) hyHKLNA nepefaeTca apryMeHToM, a npouns-
BOAHas PYHKL WA BO3BpaLLaeTCA Kak pesynbrar.

NnctrHr 3.18. BbluncieHve Npov3BOAHOM

# OYHKUWA [NA BbIYMCAEHWA NPOU3BOAHOW
def D(f):
# BnoxeHHaa GyHKuUusa. Bbiuucnser
# npnbnnXeHHoe 3HavyeHWe MNPOU3BOLHON
def df(x,dx=0.001):
# Pe3ynbTaT BAOXEHHOW (YHKLMK
return (f(x+dx)-f(x))/dx
# PesynbTaT (GYHKUMM - NpoOW3BOAHaN
return df
# MepBaa GQyHKuMs ans guddepeHuMpoBaHmns
def fl(x):
return x**2
# BTopas GQyHkums ana guddepeHUMpoBaHuUs
def f2(x):
return 1/(1+x)
# ®yHKUMA fNs oTo6paKeHus NpPOU3BOAHON B
# HECKONbKWX TOuKaxX. ApPrymMeHTbl Takwue:
# F - npoussofHas (NpubnanxeHHas)
# Nmax - KONW4YyecTBO TOo4YeK (MWUHYC OAMH)
# Xwax - npaBas rpaHuua Mo apryMmeHTy
# dx - npupaweHne aprymeHrta
# f - npousBofgHasa (aHaNMTUYECKK)
def show(F,Nmax,Xmax,dx,f):
# TouyknM, B KOTOPbIX BblYMCNAETCA NPOU3BOAHASA
for i in range(Nmax+1):
x=i*Xmax/Nmax # 3HauyeHuWe aprymeHta
# MpunbnuxeHHoe M TOYHOE 3HAYeHWe MNPOM3BOAHOMN
print (F(x),F(x,dx), 6 f(x),sep=" ->")
# MpownsBofHas ANA NepBOA QPYyHKUUYK

FI=D (fl)
# MpownsBofHas ANA BTOPOWA (QYHKUWUK
F2=D(f2)

# 3HauyeHMs B pasHbIX TOYKax

# NPoOM3BOAHOW ANA NepBON (QyHKUUN
print("MponssogHas (x**2)'=2x:")
show(F1,5,1,0.01,lambda x: 2*x)



Python

# 3HauyeHMs B pa3HbIX TO4YKax

# NpPOU3BOAHOW ANsA BTOPOMA (QYyHKUUWK
print("MpounssogHas (1/(1+x))'=-1/ (1+x)**2:")
show(F2,5,1,0.01,lambda x: -1/(1+x)**2)

Pe3ynbTaT nosiyyaem TaKoii:

Pe3ynbTaT BbIMNO/IHEHWS NPOrpamMmmbl (M3 NMUCTUHTa 3.18)

MpownssogHaa (x**2)'=2x:

0.001 -- 0.01 -- 0.0

0.4009999999999986 -> 0.4099999999999999 -> 0.4
0.8009999999999962 -> 0.8099999999999996 ->0.8
1.2010000000000076 -> 1.21 -> 1.2
1.6009999999999636 -> 1.6100000000000003 -> 1.6
2.0009999999996975 -> 2.0100000000000007 -> 2.0
MpownssogHaa (1/(1+x))'=-1/(1+x)**2:
-0.9990009990008542 -> -0.990099009900991 -> -1.0
-0.6938662225923764 -> -0.688705234159781 ->
-0.6944444444444444
-0.5098399102682061 -
-0.5102040816326532
-0.3903810118676132 -> -0.38819875776396895 ->
-0.39062499999999994

-0.3084706027516315 -> -0.30693677102516803 ->
-0.30864197530864196

-0.2498750624687629 -> -0.24875621890546595 -> -0.25

\

-0.5065856129686019 ->

Y ¢yHKuumn D (), npefHa3Ha4YeHHON AN BbIYMCAEHUSA NPOU3BOAHON, O4WH apry-
MEHT, KOTOpbIi1 0603Ha4YeH Kak f 1 KOTOpbI OTOXAECTBNSAET Ha3BaHune andde-
peHumpyemoin ¢pyHkumuu. B Tene pyHkumumn D () onmcaHa BAOXEHHad DYHKLMA
df () cpaBymsa aprymeHTamu. MepBblil apryMeHT X 0603Ha4aeT TOT apryMeHT, Ty
TOYKY, B KOTOPOi BbluMCAsAeTCA Npon3BoAHas. BTopoil aprymeHT dx 0603HavaeT
npupalieHune no aprymeHTy, Ha OCHOBaHMUW KOTOPOTO BbIYNCNAETCS BblpaXKeHME
4N NPOM3BOAHON. Y aprymeHTa dx MMeeTCs 3HayeHMe no ymonyaHuo. B Tene
BNOXEHHON GyHKumu df () Bo3BpawaeTcs (Kak pesynbtar PyHKLMU) 3HaYe-
Hue BbipaxeHusa (f (x+dx) -f (x) )/dx (OTHOLWEHWe pa3HOCTM 3HAYEHWIA gud-
thepeHUMpyeMOi PYHKLMN K Npupaw,eHunto aprymenTa). ®yHkuma D (), B CBOK
ouyepefb, BO3BpaLlaeT B KaUeCTBe pe3ynbTaTa CCbl/IKY df Ha BNOXEHHYIO (hYHK-
uno df ().

Takxe B nporpaMMe ONMCbIBAKTCA Be PYHKLUU 415 BbIYUCAEHUS HA UX OCHO-
BE NPOM3BOAHbIX. Peub naet o pyHkuum f1 () (COOTBETCTBYET 3aBUCUMOCTU

f(jx) =x2 )nyHkynn f2 () (cooTBeTcTBYET 3aBUCUMOCTM /(*) =Y-+IC ) Mpous-
BOAHbIE 4718 3TUX DYHKLMIA BbluncnstoTca komaHgamu F1=D (f 1) n F2=D (f 2)

nn4a--



Mnasa 3. PyHKUUU

COOTBETCTBEHHO. [10Cne BbINOMHEHNS 3TUX KOMaHA nepemeHHas F1 ccbinaercs
Ha ()YHKLMIO, COOTBETCTBYHL YO Npon3BogHONW Ans ¢pyHkymm 1 (). AHanorny-
HO, NepemeHHas F2 ABnseTcs CCbIIKOW Ha NpoM3BOAHYIO Ana ¢yHkuum 2 () .
Mpuuem pyHkumnam F1 () n F2 () npu BbI30BE MOXHO NepejasaTb OAUH UK ABa
aprymeHTa. MepBblil apryMeHT onpeaensiet TOUKY, B KOTOPOU BblYnCASeTCS Npo-
M3BOAHAA, a BTOPOIA aprymeHT, eC/M OH 3ajaH, 3ajaeT npupalieHne no aprymeH-
Ty 4719 BbIYMC/IEHUS MPOU3BOLHOM.

[na BbluMCNeHUA M O0TOOpPaXKeHWUA 3HAYeHWd NMPOU3BOAHbIX (DYHKLWUA B He-
CKO/IbKMX TOUKax ucnonb3yercsa pyHkunsa show (). ®yHKLUA onucaHa co cre-
AYIOWMMN apryMmeHTamu:

e yepe3 Fo603HaueHa yHKLMA AN9 BbIYMCAEHUS NPOU3BOAHOM B YNCO-
BOM BMfe (Ha 3TOI No3MLMM Npu BbI30Be PYHKLMM YKa3biBAlOTCA Ha3Ba-
HUs F1 n F2 pyHkunin FL () n F2 () );

e nepemeHHas Nmax 0603Ha4aeT KO/MMYECTBO MHTEPBA/IOB, Ha KOTOPbIE
pas6buBaeTcs fManasoH U3MEHEHWS apryMeHTa Npu BbIYNCIEHUM NPOU3-
BOAHOW (3TO YUMCNO Ha eAMHULY MeHbLUE KOMYECTBA TOYEK, B KOTOPbIX
BbIUMCNIAETCS NPON3BOAHASRA);

* nepeMeHHas Xwax 0603HavaeT NpaByo rpaHMLYy gmana3oHa U3MeHeHus
aprymeHTa (nesas rpaHuua paBHa Hyn);

e uepe3 dx 0603HAYEHO NpUPALLEHUE APTYMEHTA;

e yepe3 f 0603HaYeHO UMS (YHKUMUW, KOTOpas OMpefenseT aHanmTuue-
CKOe 3Ha4yeHune 4151 MPOU3BOAHOI.

Mpw BbI30Be (pyHKUMM show () nocnefHUM aprymMeHTOM nepegatotcs nambéga-
yHkuun: lambda  x: 2*x (cooTBeTCcTBYeT 3aBucumoctu /'(*) = 2x )

n lambda x: -1/ (1+x) **2 (/'(*) =- "~ +xy )- Mpu BbINOMIHEHUMN KOAA
hyHKuMKn show () oTobpaxaeTcs TpU 3HAUYEHUSA:
* 3HayeHWe MPOM3BOLHON, BbIYWC/AEHHOE Ha OCHOBE MCMO/b3YEMOro Mo

yMoOfiyaHuto npupatweHus aprymenTa (pyHkuum F1 () u F2 () Bbl3biBa-
IOTCH C OLAHUM apryMeHTOM);

*  3HayeHuWe NPOM3BOAHONM, BbIYMCNEHHOE HA OCHOBE IBHO YKa3aHHOTIO0 3Ha-
yeHus gnsa npupauieHnsa aprymedTa (pyHkumm F1 () n F2 () BbI3blBa-
I0TCA C ABYMS aprymeHTamum);

e 3HAauYyeHWe MPOM3BOLHON, BbIYMC/IEHHOE HA OCHOBE aHA/IMTUYECKOTO Bbl-
paxeHus.

w11
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Kak BnguMm, B OCHOBHOM Pe3ynbTaTbl BbIYHNCTEHNA MPOU3BOAHbLIX YMNCNOBbIMU
MeToAaMn HENTOXO KOPPEeNNpyrT C TOYHbIMK (Bbl‘-II/ICI'IEHHbIMVI Ha OCHOBE aHa-
NINTUYECKUX Bblpa)KeHVIVI) 3HaYEHNAMMN.

Pe3tome
MacTepa He MyapCcTBYIOT,
n3 K/ "'lMokposckume BopoTa"
1 Tpu onucaHnmn yHKUUU nucnonb3lyem naeHtugukarop def, nocne Kotopo-

L

ro yKa3blBaeTCs UM (DYHKLUU, CMIUCOK apryMeHTOB (B KPYT/ibIX CKOBKaAXx) u,
nocne ABOETOUMS, MPOrPaAMMHbINA KOS OYHKLMK.

MHCTpyKUUs return B Tese PYHKUUM NMPUBOSAUT K 3aBEPLUEHNIO BbIMOJHE-
HWS NPOrPaMMHOro Koga (hYHKUMYW, a 3HAUYEHWNE, YKa3aHHOE NOC/e UHCTPYK-
UMM return, BO3BpaLLaeTCs B KAYECTBE pe3ysbTaTa PYHKLUY.

Mpu onucaHnun pyHKUMN co3faeTca 06bekT Tuna function. Nma gpyHkunm
ABNAETCA CCbINKON HA 06BLEKT PYHKUMUM. Cchbisika Ha 06bEKT YHKLUMN MO-
XKEeT NpucBamBaTbCa NepemMeHHON. B 3ToM cnyyae nepemeHHas 6yaeT cCblfi-
KOV Ha (OYHKUMIO, 1 3Ta NepeMeHHas MOXeT MCNO0Mb30BaTbCA KaK UMSA PYHK-
umm.

NMs yHKUMM MOXET NepefaBaThecs apryMeHTOM ApYroi yHKLuU.

®YHKLMSA MOXET BO3BpaLLaTh B KAYECTBE Pe3ynbTaT (hyHKLMI0. B aTom cny-
uae BO3BPALLAETCA CCbIIKA HA (DYHKLMIO-PE3YNbTAT.

Y apryMeHTOB MOTYT 6bITb 3HAYEHUS MO YMONYAHNIO. 3HAYEHME apTryMEHTOB
Mo YMO/TYAHUIO YKa3blBAKTCSA Yepes 3HaK PaBEHCTBA MOC/E UMEHU apryMeH-
TOB. APryMeHTbI CO 3HAYEHMAMM MO YMOYaHWIO YKa3blBAOTCS B CMUCKe ap-
F'YMEHTOB (PYHKLWM NOCNEAHUMN.

Mpn onucaHMm yHKLMM B Tene (OYHKLMMN MOXHO UCNO/Ib30BaTb BbI30B OMNU-
CbiBaeMON hyHKUUM (0BbIYHO C ApYyrMMM aprymeHTamu). Takasa cuTyauus
Ha3blBAETCA peKypcumei.

. Nlambpa-hyHKLMA UM aHOHMMHAA PYHKUUSA - 3TO PYHKUUA 6e3 umeHun. Ta-

Kne QYHKLMM MOTYT MCMOb30BATbCS, HAMpUMep, ANA nepefavyn aprymeH-
TOM B Apyrve yHKUUM NN BO3BpaLLaThCA B KaUecTBe pesyibTata PyHKLUUK.
OnucblBaeTca Namb6aa-pyHKLUMUA C NOMOLLLI KUeBoro cnosa lambda,
nocne KOTOPOro yKasbiBaeTCcs CMUCOK apryMEeHTOB U, Yepes JBOETOYME, Bbl-
paXKeHne, KOTOPOe SBNSETCA pe3ynbTaToM naAMb64a-PyHKLNN.

Ecnv nepemMeHHO npucBanBaeTcs 3HauYeHWe B Tefie PYHKLMM, TO Takas ne-
peMeHHas siBAsieTCs f0KanbHOW. OHa [OCTYNHA TONLKO B Tene (hyHKLWK.
Ecnn nepemeHHas B Tefie PYHKUMW BXOAMT B BbIPAXEHUS, HO 3HAUYeHWE eil

T
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nasa 3. ®yHKUMKN

He nMpucBaMBaeTCs, TO Takas NepeMeHHas MHTepnpeTUpyeTca Kak rnobanb-
Hasa. UTo6bl ABHO 06BABUTL MEPEMEHHYIO B Tene DYHKL MW KaK rnobanbHyto,
Mcnonb3yoT Kno4yesoe coso global.

B Tene pyHKLMM MOTYT onucbiBaTbCA Apyrue QyHKumu. Takne HyHKLUN Ha-
3bIBAlOTCS BIOXKEHHBIMU. BoXeHHbIe YHKLMW UMEKT JOCTYN K NMepeMeH-
HbIM B TeJjle BELHeW (hyHKLWK.

-fS J
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PaboTa co cnuckamm wu
KopTexamu



Python

Bam TpyaHo yroaguTb. Ho 5 Bce-Takn nonpo-
6yto.
n3k/g ""Cny>kebHblipoman"

B 370l rnaBe Mbl NO6AMXKE MO3HAKOMUMCA CO CMUCKAMU U KopTeXKamu. XoTs
€C/I1 YeCTHO, TO rN1aBa B OCHOBHOM NOCBSALeHa cnuckam. C KopTeXamu y Hac co-
CTOUTCH AOCTATOYHO MOBEPXHOCTHOE, "LWanoYyHoe" 3HaKoMCTBO. MpryunHa B TOM,
YTO KOPTEXM, Ha CamMOM fefe, O4eHb "6AM3KM" K CNMCKam, MPUYEM CMUCKU BO
MHOTMX OTHOLWEHUAX ABNAIOTCA 6oee "TMOKUM" TUNOM [aHHbIX, M0 CPABHEHUIO
C KopTexamu. MOXHO faxe yTBepXaaTb (C HEKOTOPOI HaTAXKOM), 4TO KopTe-
XU - 3TO Takue ocobble cnucku. NMo3ToMy Mbl CHayana No3HaKOMUMCS CO CNu-
CKamu, onpefenrMmcs ¢ OCHOBHbIMWU METO4amMM UX UCMOb30BaHMA, a YXe 3aTeM
KpaTKO OCTaHOBMMCS Ha KOpTexax.

3HAKOMCTBO CO cnuckamm

OrnacuTe Bech CNUCOK, no>kanyiicra!
n3 K/ ""Onepaups bl v gpyrue npuknoye-
HuA LLypnka"

XO0TS CNUMCKU Mbl NOAPOGHO He 06CYXAanu, HO HaMm YyXKe NPUXOAUN0CH C HAMU
cTankuBaTbca. Ho Tam, B NpeAblAyLiMX rnaBax, Mbl B AeTaan oco6o He BAaBa-
nvck. Tenepb NPULLIO BPeMs MOCBATUTL CNUcKaM Gofblue BHUMaHUA. W, Hago
cKasaTb, OHU TOFO CTOSAT.

Cnncok - 3To yNopsA0Y€eHHbIR HAbop 31eMEHTOB. B HEKOTOPOM CMbIC/IE CIIMCKU
B Python nrpatoT ponb, aHanorMyHy poay MacCUBOB B UHbIX A3blKaxX Nporpam-
MUpPOBaHUA. HO 3TO TONLKO "B HEKOTOPOM CMbIcne". Ha camom fefie CNUCOK B
Python - aTo ncknouMTeNbHO rnMbKas, aPeKTUBHAA U rhe-TO faXe YHUKasb-
Haa WTyKa. JLoCcTaTOYHO CKasaTb, YTO 3/1leMEHTaMM CNUCKa MOTYT ObiTb 06bek-
Tbl (faHHbIe) pa3Horo Tuna. bonee Toro, anemeHTaMuy CNM1CKa, B CBOK OYepeb,
MOTyT ObITb CMIUCKKN. TO €CTb C MOMOLLbI CAMCKOB Mbl MOXEM C034aBaTb BMO-
XXEHHYIO CTPYKTYpY NpakTuyeckmn noboii (B pasymHbIX npegenax, pasymeercs)
CNOXHOCTH.

Q Ha 3ameTky

Ecnn Mbl rOBOPUM O CMUCKE Kak TakoM, TO pedb uaeT o tune list. Ho y cnvcka ectb
3NEMEHTBI. U KaxXablli U3 TakMxX 3/1EMEHTOB MOXET OTHOCUTLCA K KaKkOMy-TO ornpeje-
NIeHHOMY TUNy.



naBa 4. PaboTa co cnuckamu n KopTexamu

Kak 370 6b1/10 C YNCNOBLIMU U TEKCTOBBIMU 3HAYEHUAMM, CCbINIKA HA CMUCOK 3a-
MUCbIBAETCA B NMepeMeHHYH0. TaKyto NepeMeHHY0 Mbl 06bIYHO 1 6yeM Ha3biBaTb
CMUCKOM - €C/n 3TO He OyAeT NPMBOAWNTL K HegopasymeHusm. Boobuie xe ne-
pemeHHas ccblfaeTca Ha cnucok. Cam CNMCOK co3faeTtcs, B 06WeM-To, NpocCTo.
JlocTaTouyHO MepeyncnnTb 3/1IEMEHTbI CUCKA Yepes 3andaTyto, a BCKO 3Ty nocne-
[,0BaTeNIbHOCTb 3/IEMEHTOB 3aK/OUYNTb B KBajpaTHble CKO6kM. Hanpumep, Ko-
MaHZoW nums= [1,2,3] co3jaeTca CNUCOK U3 TPeX 3/1IEMEHTOB, KOTOPbIe ABNA-
I0TCA UenbiMu ymcnamm (1, 2 n 3). TakxKe MOXeM BOCMOMb30BaTbCA AN CO3-
JaHusa cnucka yHKumei list (). B aTom cnyyae aprymeHTamMu QyHKLUM ne-
pefatoTcs 3neMeHTbl cnucka. OcobeHHO yAo6HO BOCMO/b30BAaTbCA (DYHKLMU-
e list () 4na co3gaHMsa CNUCKOB Ha OCHOBE TEKCTOBbLIX 3HAYEHWIA: ecfin ap-
rYMEHTOM (PYHKUMU list () nepefaTb TEKCT, TO B pe3ynbTaTe MOAYYUM CMu-
COK, 3/1eMEHTbl KOTOPOro - 6YKBbI, (POpMUPYIOLLME TeKCT. Tak, Mpu BbIMOJIHE-
HUM KOMaHAbl symbs=1list ("Python") CO34aeTca CNUCOK U3 OBYKB P, vy,
t, h, o n n. CNMCOK MOXEeT 6biTb 1 605€e "U3bICKAHHbIM": CKa)XeM, KOMaH/0l
data= ["text", 100, [5,10] ] co3maeTca cnMCcOK data W3 TPEX 3/IEMEHTOB,
npuyem NepBblil 3IEMEHT CMMCKA - 3TO TEKCT "te x t ", BTOPOI 3/IEMEHT CNMCKa -
uenoe yucno 100, a TPETUIA 3NEMEHT - CMUCOK U3 ABYX anemeHToB [5,10].

Q Ha 3ameTky

Co3pgaBaTb CNUCKN MOXHO C NMOMOLLbIO CneluanbHbIX reHepaTtopoB CNWCKOB. B kBa-
ApaTHbIX CKOOKax yka3blBaeTCA BbIPaXeHWe, 3aBUCSLLEee OT MHAEKCHOW nepemMeHHO,
KOoTOpasa npoberaeT onpejesieHHble 3HavYeHWs. lInana3oH N3MeHeHns NHAEKCHOW nepe-
MEHHOI TakXxe yKasblBaeTCs B KBafpaTHbIX CKObkax. Hanpumep, komaHaon pows_of
two=[2**i for i in range (11) ] co3gaeTcs CNNCOK N3 AeCATU 3/IEMEHTOB, Npea-
CTaBNaLWMX CO60M cTeneHn ABOIKWA. Ecnv nocne co3gaHnsa cnucka BbINOSIHUTL KOMaH-
Ay print (pows of two), nonyyum Takon pesynbtart: [1, 2, 4, 8, 16, 32, 64
, 128, 256, 512, 1024]. B pgaHHOM cniyyae npu hOpMMPOBaHMN CINCKA SNIEMEHTbI
crnucka onpeaensoTcs BblpakeHeM 2**i, 1 nNpu 3TOM nepeMeHHasn i npoberaeT 3Ha-
yeHus B AnanasoHe oT 0 go 10 BktounTenbHo (MHCTpykumsa for i in range (11)).
KaxaoMy nHaekcy I COOTBETCTBYET 3/1IEMEHT B CMUCKE, a 3HayYeHue afieMeHTa paBHO
2%*].

Kpome ananasoHa M3MeHeHUs MHOEKCHOV NepeMeHHOlM MOXeM yKasaTb YC/i0Bue, KO-
TOpOoe A0/HKHO BbINOMHATLCA A/19 BKKOYEHUS 3/1eMeHTa B CNUCOK. Kak nnntctpaumio
paccmoTpum kKoMaHay nums_list= [7*i+l for i in range(20) if i%4==3], Kko-
Topoii co3gaetca cnucok [22, 50, 78, 106, 134] (4T06bl yBMAETb 3TOT CMNUCOK,
pasyMHO BOCMoNb30BaTbCA KoMaHAol print (nums list)). MonyyeHHbIi CNUCOK co-
CTOMT M3 Ymncesi, KOTopble NPV AeNeHnn Ha 7 fatoT BocTaTke 1, a npy geneHnn Ha 4 ue-
I01h YacTn OT AeNeHns Ha 7 AatT B ocTaTke 3 (TO eCTb €CNN BbIMUCNTD Lie/yo YacTb OT
AeneHns ynucna Ha 7 1 noaennTb ee Ha 4, To B ocTatke 6yaet 3). Kak nony4vaeTtcsa cnu-
COK? NHAaekc i npoberaeT 3HavyeHUss U3 gnanasoHa ot 0 40 19 BKIKOUMTENBHO, U ecnn
AN Tekylero 3HayeHns nHAekca i BbINOHAETCA ycnoBue 1%4==3 (ocTaTtok OoT gene-
HUA nHAekca i Ha 4 paBeH 3), To no dopmyne 7*i+l BbluncnseTca oyepenHoii ane-
MEHT Cnucka.
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ObpalieHune K 3feMeHTy CNUCKa BbINMOMHAETCA MO MHAEKCY 3NeMeHTa. SNeMeH-
Tbl UHAEKCUPYIOTCA, HauyMHaa ¢ Hynsa (TO eCTb caMblii MepBbl 3eMeHT umeeT
HyneBoON MHAeKc). NHAeKC yKa3blBaeTCcs B KBajpaTHbIX CKOOKax mocne MMeHu
nepeMeHHON, KOTOopas cCblnaeTcs Ha cCNUcoK. Ecnm BOCNoNb30BaTbCA NPUBELEH-
HbIMW Bbille NPUMepamMu, TO, CKaXeM, MHCTPYKLUMa nums [0] aBnseTca ccbin-
KOV Ha nepBblii afeMeHT cnucka nums (To ecTb 3HauveHue 1). [na obpaweHuns
K TpeTbeMy (No nopsAaKy) aneMeHTy cnucka symbs (6yksa t) ucnosnb3yem UH-
cTpykuuto symbs[2].

Mpy obpaleHnn K 3NeMEHTY CMMUCKA MOXHO YKa3biBaTb OTPULATENbHbIA UH-
[eKC - B 3TOM C/lyyae 3/IEMeHTbl "OTCUMTBLIBAKOTCA" HauMHas C KOHLUA Crucka.
Tak, caMblil nocnefHUA anemMeHT 6yaeT UMeTb UHAEKC - 1, npegnocnegHuii ane-
MeHT 6yaeT UMeTb MHAEKC - 2, U TaK fanee.

W Ha3ameTtky

OnpefennTb KOJIMYECTBO 3/1eMEHTOB B CcKe No3BonsieT hyHKumsa len (). Cnncok ne-
pepaetTcs aprymMeHTOM hyHKUUW: Hanpumep, pe3ynbTaToM BblpaxeHus len (symbs)
ABNAETCS 3HaYeHUe 6 - KONIMYECTBO 3/1IeMEHTOB B crvcke symbs. AHaniormyHo, pesysib-
TaTtoMm BblpaxeHus len (data) 6yaeT 3HayeHue 3, NOCKO/bKY B cnucke data Bcero 3
anemMeHTa: (06paTtvnTe BHMMaHMWE: XOTA NocnefHUA anemeHT B crnvcke data cam siBns-
eTCsA CMUCKOM, "yunTbiBaeTCa" OH MMEHHO Kak OAVH 3/1IEMEHT).

MockonbKy NHAEKcaLNsA 3/1eMeHTOB CMNCKa Ha4YMHaAeTCA C Hy IS, TO nocneaHuii anemeHT
Cnncka nMveet UHAEKC, Ha eguHNLY MEHbLUMIA, YeM AJIMHa cnucka.

CnnCOK MOXHO U3MEHATb NO3NIEMEHTHO. [ pyrumun cnosamu, obpalasch K ane-
MEHTY CMKCKA, Mbl MOXEM He TO/IbKO "NpounTaTh" 3HAYEHWe 31eMeHTa, HO U U3-
MeHWUTb ero. Hanpumep, nocse BbINOMHEHNS KOMaHAbl nums [1]=-10 3HayeHwue
BTOPOro (Mo NOpPAAKY) 3/IeMeHTa CAMCKA NUMS CTaHeT paBHbIM - 10, a cam cnum-
COK, (KOTOpbIn go atoro 6611 [1,2,3]) cTaHeT [1,-10,3].

Mpwn paboTe co cnMcKaMu Mbl MOXeM 06paLlaTbCs cpa3y K HECKOMbKUM 3/1eMEH-
Tam. B 3TOM cnyyae roBopsAT 0 nosfyyeHnn cpesa. PakTUYecKmn, pedb ULeT 0 TOM,
4yTO Mbl Gepem CNUCOK, U "N3BNeKaem" M3 HEro HEKOTOPYH YacTb: BCE 3/EMEH-
Tbl, MHAEKCHI KOTOPbIX NONafalT B YKa3aHHbIA AnanasoH. [na 60nblueil KOH-
KpeTuKy NpeacTaBuM, 4YTO Y Hac eCTb HEKOTOPbIA CMMUCOK. Ecnn mMbl XOTUM K3-
BN1eYb M3 3TOr0 CNuMcKa rpynny afemeHToB (MOACNUCOK) C UHAEKCAMU OT i -ro 0
Jj -TO BKNOYUTENIbHO, TO COOTBETCTBYIOLLAA UHCTPYKUMA OYAET BbIMNAAETb Kak
cnucok [i :j+1]. ToecTb B TOM MecCTe, Fi€ Mbl PaHblUe YKa3blBaau UHAEKC, Te-
nepb YKa3blBaeTCs, pa3feneHHble 4BOETOUNEM, ABA UHAEKCA, KOTOPbIe U onpeje-
NAKT 3NeMeHTbI cpe3a. Hanpumep, 3HaueHMeM BbipaxeHusa symbs [1:4] asns-
eTCcA CNUCOK U3 3neMeHToB symbs [1], symbs [2] n symbs [3], To ecTb cnu-
COK U3 6ykB Yy, t nh.
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Ha 3ameTky

O6paTVITe BH/MAaHWE: ec/in U3BJ/IEKAOTCA 3/IEMEeHTbl C MHAEKCamMM OT i [0 j BKIOUU-
T€/IbHO, TO B KBagpaTHbIX CKOGKax nepej ABoeToUMEM yKa3blBaeTCA UHAOEKC i nepBo-
ro U3B/IEKAEMOro 3/1EMEHTa, a Nocsie ABOeTOoUMS yKa3biBaeTCs UHAEKC j+1 - TO ecTb
3TOT MHAEKC Ha eguHULY 60sblue, YeM UHAEKC NOoC/enHero u3 U3BiekaeMblix 3/1eMeH-
ToB. Ellle 0HO YTOYHEHNE KacaeTCA CMbIC/a, KOTOPbIM Mbl HafesiieM CNoBo "'n3Bneka-
eTcs': BaXXHO NMOHMMATb, YTO UCXOAHbIA CNUCOK He MeHSeTCA. KakuMm OH 6bl1, TakuMm n
OCTaHeTCs nocsie npoueaypbl nosyvyeHnsa cpesa.

Mpoueaypa nonyyeHus cpesa npocta, yaobHa M 4YacTo MO3BONAeT co3faBaTtb
3(hheKTUBHbIE NPOrpamMmHble Kofabl. CyLecTByeT HECKONbKO NpaBus, KoTopble
OKaXyTCSsl BMOJIHE NOJIE3HbIMU AN5 3 PEKTUBHOTO BbIMOJIHEHMA NMPOLEaYyphI No-
nyyeHus cpesa. N5 yao6CcTBa BOCNPUATUSA Mbl BblJ€/TMM OCHOBHble hopMaThl, B
KOTOPbIX MOXET BbIMONHATLCS cpe3. CHayana pacCMOTPUM KOMaHAy Nony4vyeHus
cpes3a Buga cnucok [i :j ], To ecTb KOrga nocse MMeHU CNMUCKa B KBaApPaTHbIX
CKoOKax (4Yepe3 ABOETOUYME) YKA3blBAETCH [iBa UHAEKCA, NpuyeM 06a 3TN UHAEK-
ca HeoTpuuaTe/bHble. B 3TOM c/ly4dae UMEET CMbIC/1 MOMHUTb, YTO:

Pe3ynbTatoM WMHCTPYKUUM cnUCOK [i :j ] ABNAeTCA CNUCOK, COCTOS-
WM U3 3IEMEHTOB C MHAEKCaMMW, KOTOpPble 60/bLUe NN PaBHbI | N MeHb-
we j.Hanpumep, ecnm w=[1,5,10,15,20,25], TO pe3y/nbTatoM Bbl-
paxeHua m[2:5] asngetrcsa cnucok [10,15,20] (3nemMeHTbl €O 2-T0
no 4-i BKAKOYNTENbHO).

Ecnv vHAekcobl i uan j npesbiWalOT AAMHY cnucka (KO/IMYecTBO 3fie-
MEHTOB B CMMUCKe MOXHO OMpefe/inTb C MOMOLLbI UHCTPYKLUMK BUja
len (cMUCOK)), TO COOTBETCTBYHOLWMUA WHAEKC (MU WHAOEKCHI) He-
ABHO 3aMeHseTcs Ha 3HayeHue len (cnucok) (TO eCTb C/AULIKOM
6onbliMe MHAeKCY aBToMaTuyecku "ypesatotca"). Tak, ANs cnucka
w=[1,5,10,15,20,25] pe3ynbtatom BbipaxeHus w[2:100] 6yaeT
3HayeHue [10,15,20,25], NOCKONbKY NPV BbIYNCIEHNAX BTOPOWA UH-
fekc 100 aBTOMATMYeCKUN 3aMeHsAeTCA Ha 3HayeHue 6 (3HaYeHUe Bbipa-
XeHus len (w) paBHO 6).

Ecnu He yka3aTb NepBblii MHAEKC i, OH MO YMOMYaHWUIO CUUTAETCA HY-
NeBbIM: Hanmpumep, KOMaHa CNucOK [:j] 3KBMBaneHTHa KOMaHpe
cnucok [0:] ]. Ans cnucka WwKoMaHAom w(: 4] Bo3BpalwaeTca CINCOK
N3 3/IEMEHTOB C UHAEKcaMM OT 0 f0 3 BKAOYNTENbHO (NO/lyvaem Cruncok
[1,5,10,15], kak gna komaHgbl w[0:47]).

Ecnm He ykasaTb BTOPOl MHAEKC j, TO OH MO YMOMYaHWIO paBeH Anu-
He Cnucka: Hanpumep, KoMaHfa cnucok [i :] sKBMBaNeHTHa KomaHfe
cnucok [i:len (cnucok) ]. Ana cnucka W pe3ynbTaTOM BblpaXXeHUS
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m[3: ] 6yget cnucok [15,20,25] (Takoi e pe3ynbTaTt noay4vyaemM Kak
3HayeHue UHCTpYKUMM Ww[3: 6]).

» Ecnu nepsblil MHAEKC 60MbLUE BTOPOr0 UHAEKCA UK PaBEH eMy, cpe3 By-
[eT nycTbiM (Nosy4yaem cnucok 6e3 afemeHTOB). Hanpumep, B KayecTse
pesynbTaTa BblpaxeHnem m[4:3] Bo3BpaliaeTcs NycToi cnmcok (To
ectb []).

W Ha3ameTtky

Takum 06pa30M, KOMWUKO CNNCKa MOXeM Mosly4ynTb C NMOMOLLbIO MHCTPYKLUUN CMNCOK [Z ]

B komaHfe opmaTa cnucok [i :j ] o4AWH M3 WMHOEKCOB WUNM Aaxe oba MoO-
ryt 6biTb oTpuuaTenbHbiMW. Ecnu nepsblii u/unu BTOPOW WHAEKCHl OTpuULa-
TeNbHble, TO YTO6bl MOHATb, KakK 06pabaTbiBaeTcA Takas WHCTPYKUWUA chepy-
€T 3aMeHWUTb OTpuLaTeNbHbIi MHAEKC Ha lenm (cnuUcOK)+uHAeKc (HO npu
3TOM MHfAEKC -0 o3HauaeT uHAekc 0). CkaxeMm, eciv Mbl UMEEM [Aefo CO CNu-
ckom 7=[1,5,10,15,20,25], 10 KOMaHfa m[1: - 2] 3KBMBaNEHTHa KOMaH-
Je m[1: 4], nOCKOJNIbKY 3HayeHue -2 AN WHAEKCa j 3KBUBANEHTHO 3HAYeHUIo
4 (LnvHa cnucka 6 natc popManbHOe 3HaYeHMe NHAEeKea -2, 4TO B pesynbTaTe
naeT 4). llanee, no TOM e cxeme NErko MOXeMm nokasaTtb, YTO KoMaHga m[-5: -
2] akBMBaneHTHa KoMaHge w[1l: 4].

W Ha 3ameTky

OTpuuaTenbHbIi NHAEKC, TaKUM 06pa3oM, MOXeM UHTEPNPETMPOBATb Kak NopsAKOBbIiA
HOMEpP 3/1IEMEHTa B CMUCKe, eC/IN CUMUTaTb 3NIEMEHTbLI C KOHUA. MpaBaa, Takas UHTep-
npeTaums oTpuuatenbHbIX MHAEKCOB He BCerga ygadHa A/ NOHMMaHUs TEXHUKU Bbl-
UMCNEHNIA.

KpoMme Toro, ec/iv ykasaH "CvLWKOM OTpuuaTesbHbIA" MHAEKC (TO eCTb OTPULATE bHbI
MHAEKC, KOTOPbI N0 MOAY/N0 NPEBLIWAET 4/IMHY CMMUCKA), A1 TAKOTO MHAEKCa UCMOSb-
3yeTcsl Hy/fIeBoe 3HauveHue.

Mpn nonyyeHnmn cpesa MOXHO yKa3biBaTb He ABa, a TpU MHAekca. B atom cny-
Yyae TpeTuii nHAeKC (KOTOPbIWA, KCTaTW, MOXET ObiTb OTpuLaTeNbHbIM) onpege-
NnAeT npupaweHne 48 UHAEKCa 3MEMEHTA, BKNKOYaemMoro B cpes. Peub nget 06
MHCTPYKUUK Buga cnuncok [i :j :k]. B pesynbTaTe nonyyaem cpes - CNMCOK U3
3/1IEMEHTOB C UHAEKcamm i, i+k, i+2*k, i+3*k utak ganee (Ho nocnegHuin NH-
[EeKC He 6onbLue, yem j ). Hanpumep, gnd cnuckaw=[1,5,10,15,20,25] pe-
3yNbTaToOM BblpaXeHns m[1:5:2 ] ABnAeTCA CNMCOK-CPe3 U3 3/IEMEHTOB C UH-
fekcammn 1 m 3 (To ecTb cnucok [5,15]).

Ecnn KomaHfa nonyyeHus cpesa MCnonb3oBaHa B hopmaTe C TPeMS MHAEKCAMM
(TO ecTb €c/iM Mbl MbITaeMCS NONYYNUTH CPe3 KOMaHAoW Bnga cnucok [i :j :k])
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W TPeTUii nHaekc (MHAEKC K) MOMOXWUTENbHLIA, TO CNpaBefMBLIMU OCTAOTCA
npuBefeHHbIe Bbllle NpaBuia UHTEPNpPeTaLUU OTCYTCTBYHOLWMX WHAEKCOB, OT-
prLaTenbHbIX UHAEKCOB M MHAEKCOB, NMPEBOCXOAALLMX 3HAYeHME WHAEKca Mo-
CNefjHero afeMeHTa. Ho BOT eC/iv TPeTUid MHAEKC K OTPULATE/IbHBIN, TO NOHATS,
Mo KakUM MpaBu/iaM NOy4aeTcs Cpes3, MOXET 6biTb HE TaK Y)XX MpocTo. naBHoe
MpaBuIo, KOTOPOE CeAyeT 3aMOMHUTL: €CAIN B MHCTPYKUUM MOSTYYEHUS Ccpes3a
TPETU MHAEKC OTPULLATENIbHbI, TO 3/IEMEHTHI 13 CMIMCKA BbIBGUPAIOTCS B CPE3 B
06paTHOM MopsiaKe, TO eCTb CpaBa Haieso. Mpu 3TOM NepBblii MHAEKC i [OMKEH
6bITb TAKUM, YTOGbI 31EMEHT, KOTOPbLI/ COOTBETCTBYET 3TOMY WHAEKCY, HAXOAMN-
Csl CMpaBa OT 3/IEMEHTA, KOTOPbI/i COOTBETCTBYET UHAEKCY j . ECnu 3TO ycnoBue
He BbIMO/IHEHO, TO B pe3y/ibTaTe NOy4YaeM NycToii CNMCOK.

B cnyyae ecnu npu oTpuLaTelbHOM TPETbEM MHZAEKCE (MMeeTcs B BUAY WHAEKC
K) He yKasaH NnepBblii MHAEKC i, TO B 3TOW "NO3MUMM" NCNONb3YETCH UHAEKC MO-
CMefIHEr0 3/ieMeHTa B cnucke. ECin e He yKasaH BTOPOW WHAEKC j , TO nepe6op
3/1eMEHTOB BbINO/HAETCSA 40 HAYabHOTO 3/IEMEHTA BK/IKOUUTESNLHO.

Q HasameTky

YT0 KacaeTcsa TpeTbero nHaekca K (B komaHge suga cnucok [i -j :k]),To ero 3HayeHne
He MOXeT ObITb Hy/IeBbIM, & €C/IM ATOT MHAEKC He yKa3aH (komaHaa Buga cnucok [i -j -]
nnu cnucok [i :j P, To No ymonyaHuo cnosb3yeTcs efMHUYHOE 3HaYeHwe.

CwuTyaumsa ¢ BbINOMHEHMEM Cpe3a KOMaHAol Buga cnucok [i :j k] ¢ oTpuua-
TeNlbHbIM TPeTbUM UHAEKCOM K MOXET NoKa3aTbCs HEMHOrO 3anyTaHHON. Mo3-
TOMY 418 60/blUel HAarNAAHOCTN NPUBeLEM HECKONIbKO NPOCTbIX NPUMEPOB Bbl-
MONMHEHMA cpe3a B (popmate KOMaHfbl ¢ Tpems uHgekcamu. Cpes bygem nony-
YyaTb Ha ocHoBse cnucka 7=[1,5,10,15,20,25]. Pe3ynbTatbl psga KOMaHg
NOACHEHMAMU NpuBedeHbl B Tabnumue 4.1,

Tabnuua 4.1. BbINosnHeHne cpesa

KomaHpa PesynbTar MoacHeHne

Bbibupatotca anemeHTbl ¢ 5-ro
no 1-ii MHAEKC C Larom Aga,
NMPUYEM 3/1EMEHT C UHAEKCOM 1

m[5:1:-2] [25,15] B CNUCOK-pe3ynbTaT He BKIIO-
yaetca. B wuTore nonyuaetcs
CMUCOK U3 3/1EMEHTOB C UHAEK-
camn 51 3
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KomaHaa

m[5:-1:-1]

m[-5:-1:-1]

m[-1:-5:—4]

PesynbTar

I

a

[25,20,15,10]

[25,20,15,10,5,1]

[NosicHeHKe

XoTa nepBbll UHAEKC op-
MasbHO 60/iblle BTOPOro, BTO-
poii WMHAEKC OTpuuaTebHbli
(3HaueHue - 1) 1 COOTBETCTBYET
nocnefjHeMy 3Me€MeHTYy B CNu-
cKe W [epBblil nHAEKC (3Haue-
Hue 5) Takxe COOTBETCTBYET
nocnefHeMy 3fnemeHTy B Chu-
cke W MoaTomy pe3ynbTaT cpe-
3a - MyCTOW CNMCOoK

MHpaeke -5 COOTBETCTBYET BTO-
pomy cneBa 3/IeMeHTY B CNu-
CKe W MHAeKc -1 cooTBETCTBY-
eT nocnegHemy (Lectomy cne-
Ba) 3/1EMEHTY B cnucke T. [Mo-
CKONbKY TpeTuin wmHaekc (war
npupaweHns) oTpuLaTenbHbIi,
B pe3ynbTaTte BblIMONHEHUA Cpe-
3a Mosiy4yaem nycToW CINCoK

Cpe3 nonyvaetcs Bbl6OpOM K3
CNMCKa M 31eMeHTOB C nocneg-
Hero (MHAeKc - 1) Ao TpeTbero
cnesa (MHAEKC -4) C efNHWNY-
HbIM LUIArOM YMeHbLUEeHUS WH-
pekca. O6paTuTe BHWMaHwue,
4YTO 3/IEMEHT C MHAEKCOM -5 B
CNMCOK-CPe3 He BK/YaeTCH

He ykasaH nepBblli U BTOPO/
MHAOEKC, a TPeTUA WHAEKC pa-
BeH - 1. B aTom cnyyae nepe6op
3MEMEHTOB BbIMO/HAETCS OT NO-
CNefHEero anemeHTa [0 NepBo-
ro (BkAtouutenbHo!) ¢ eAnHNY-
HbIM LIarom (TO ecTb 3/IEMEH-
Thbl CMUCKa BKIKOYAOTCA B Cpe3
B 06paTHOM Mopsigke)



KomaHpa

m[10:-10:-1]

m[lO 0:- 1]

PesynbTar

[25,20,15,10,5,1]

[25,20,15,10,5,1]

[25,20,15,10,5]

naBa 4. PaboTa co cnuckamu 1 KopTexamu

MNosicHeHWe

MepBblil UHAEKC He YyKasaH, a
BTOPOI MHAEKC -10 BbIXOAWT
3a [ManasoH 3HaYeHWi MHAeK-
COB 3/IEMEHTOB CNucKa WL B pe-
3ynbTaTe BbIGOPKA 3/1EMEHTOB
AN cpesa BbinonHseTcs (¢ eaun-
HWYHbLIM LIArOM YMeHbLIeHUNS
WHZAEKca), HaYMHas ¢ nocneiHe-
ro afeMeHTa 1 3aKaH4MBas nep-
BbIM 3/IEMEHTOM CNMCKa M

MepBblii M BTOPOI MHAEKCHI Bbl-
XO4AT 3a AuanasoH peasnbHbIX
3HaYEeHWU MHAEKCOB 31EMEHTOB
cnucka T. B atom cnyvae npwu
BbIYMUC/IEHUN Cpe3a Bbl6UpPaoT-
CA BCe 3/1eMeHTbl cnucka m (B
obpaTtHOM nopsagke, oT nocnefg-
Hero [0 rMepBOro BK/IHOYUTESIb-
HO)

3HayeHne nepBoro UWHAeKca
CNUWKOM 60/blWwoe (B CrnucKe
m Bcero 6 anemeHTOB). B 3TOM
cnydae a(pheKT Takol ke, Kak
ecnm 6bl 6bIN yKasaH WHAEKC
nocnefHero 3nemeHTa crnucka
W BTOpoii WMHAEKC HYNEBOM.
MocKoNbKy TpeTuii MHAEKC OT-
puuaTtenbHblii  (3HaveHue -1),
TO NpU MNONYYEHWUWU Cpe3a Bbl-
6uparoTca 3IeMeHTbl HauYMHas ¢
nocnefHero ¢ eANHUYHbIM Lia-
rOM yMeHblUeHUs nHaekca. VH-
[EeKCbl BbIOGUPAEMbIX 3/1eMEHTOB
LO/MKHBI ObITh 60/bLUE HYNA.
Kak cnepctBue, MepBblid 3ne-
MeHT crnucka m (3/1eMEeHT C HYy-
NeBbIM UHAEKCOM) B Cpe3 He no-
nagaer

"SEE)
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(0] Ha 3ameTky

Bblwe Mbl BUAen, HackosibKo pa3H006pa3HbIMVI MOTyT ObITb MHOEKCHI npu nonyyeHnn
cpe3a. Ho BaXHO MoHMMaTb, YTO BO BCEX 3TUX Cyvasx peyb Lina 06 mHTepnpeTaunmn
Pas/INYHbIX YACNOBbLIX 3HAYEHWNI NMPU NCNOSIb30BaHUM UX B KaYeCcTBe UHAEKCOB. YTOo Ka-
caeTcd CnunuckKos, TO HAaNOMHUM: MHAEKCcauUnAa 3/1eMeHTOB CNUCKa Ha4YnMHaeTCAa C HyA, a
VHAEKC NocfieaHero a/ieMeHTa B CMNCKe Ha eaMHULY MeHbLue A/IMHbI cnucka (Konye-
CTBa 3/1eMEHTOB B CMNUCKe).

[anee mbl PacCMOTPN HEKOTOPbIE MPOCTbIE Onepaunn, KOTOPblE BbIMOMHAKTCA
CO CnnckKamu.

OCHOBHble onepauum co cnuckamm

-MeHs BYUepa Myxa yKycuna.
-fa, A 3ameTwnna.

- Wnwn A c uenun copeancs.

-BoT 3ToO y>xKe 6Nn>Ke K UCT UHE,
n3 K/ "*Cny>kebHbliipomaH""

MOHATHO, YTO CNMUCKM B MporpaMmmMme cO3[alOTCA He NPOCTO Tak, a AN Yero-To.
Tak 415 Yero e c034al0TCA CMUCKM U KaK OHU NCNonb3yoTca? UTobbl 0TBETUTH
Ha 3TOT BONPOC, UMeeT CMbIC/T pacCMOTPETL Te onepalun, KOTopble MOTYT Bbl-
NMOMHATLCA CO cNMcKaMu. MNMoKa YTO Mbl 3HAEM HE OYEHb MHOI0: Kak co3faTb CMu-
COK, KaK 06paTuUTbCA K 3/1IeMEHTY CMMCKA 1 KaK MONy4YunTh cpes. [ocnegHioo one-
pauuto, 04EBUAHO, MOXHO paccMaTpuBaTb Kak paclUMpPEeHHbI BapuaHT Npoueay-
pbl 06paLleHnsa K afeMeHTy cnucka. Ho BMecTe ¢ TeM, COBEPLUEHHO eCTECTBEH-
HbIM 06pa3oM BO3HMKAeT pajg BONpocoB. Hanpumep, kak 406aBuTb AW yaanuThb
3NeMeHT u3 cnucka? Kak KonuposaTtb cnuckn? KoHeuHo, BONPOCOB MOXET ObIThb
HaMHOro 60nbLle, HO AN Havyana pazbepemcs XoTsa 6bl C ITUMM.

[Ona po6baBneHns 3nemMeHTa B KOHel, CMWCKa MCNOMb3YHT MeToh ap-
pend (). MeTog Bbi3biBaeTCA M3 cnucka (hopmaTt KOMaHAbl TakOi: CNMCOK,
append (aprymeHT) ). ApryMeHTOM METOAY MnepefaeTca 3HauyeHue (nepemMeH-
Hasl), go6aBnsieMoe B CMUCOK. [LONyCTMM, YTO Yy Hac ecTb cnmcok s= [10,20,30].
YT06bl [06aBUTL B KOHEL, 3TOF0 CMMUCKA HOBbI/ 3nemMeHT (Myckai gna onpe-
feneHHocTn 3to 6yaet umcno 100), ucnonb3yem kKomaHgy s .append (100).
Ecnu nocne aToro npoBepuTb 3HaYeHMe cNucka s (BOCMOMb30BaBLUINCh KOMaH-
ponmprint (s) ), nonyumm cnucok [10,20,30,100].

Q Ha 3ameTky

MeToz, BO MHOFOM MOXOX Ha (OYHKLUMIO, TONbKO hYHKLUMA CyLLecTByeT cama no cebe, a
MeToz "nNpuBsi3aH” K HEKOTOPOMY O6BHEKTY 1 BbI3bIBaeTCs U3 3TOro o6bekta. B gaHHOM
crlyvae B ponv 06bekTa BbICTynaeT CNMcok. Ecnn mbl roeopum o metoge append (), Toy
KaXK[0ro crnvcka ecTb CBOI MeTO/, C TakKUM HasBaHveM. MNpu BbI30BE MeToAa HYXXHO yKa-

<uw
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3aTb He TOJ/IbKO MMA BbI3biIBae€MOro Metoaa, HO U CNNCOoK, A/ KOTOPOTro Bbi3biBaeTcA Me-

ToZA. MpU 3TOM MCMO/b3YeTCs "TOUEUHbIIA" CUHTAKCKC: MOC/Ie UMEHU CNCKa Yepes Tou-
KY YKa3blBaeTCs UMsi BbI3bIBAEMOro MeToAa. Bbi3biBaeMblii MeTO4 MMeeT AOCTYM K Cnu-
CKY, 13 KOTOPOro Bbi3biBaeTcs. MoaTomy, Hanpumep, mMetos append O MOXeT uame-
HUTb TOT CMUCOK, 13 KOTOPOro 6bU1 BbI3BaH (406aBUTb B CMIMCOK 3/IEMEHT).

Moxoxum obpasom geiicTByeT n metog extend (), HO 3TOT MeTOg NpeAHa3Ha-
yeH ANna fo6aBNeHMA B KOHEL, CNUCKa rpynnbl 3nemeHToB. [Job6asnsemas rpynna
3MIEMEHTOB, B CBOKO 0Yepefb, 06bIUHO TaKXe peanusyeTcsa B Buae cnucka. Apy-
rMMu cnoBamu, ¢ MomoLblo meToga extend () B KOHeL cnMcKa MOXET ObITb f0-
6aBneH 4pyroi CN1CoK, NpMyemM J06aBNAETCA OH He KaK OTAE/bHbIA 3/1EMEHT, a
MO3/IEMEHTHO: KaX /bl 31eMeHT 406aBNSEMOr0 CNUCKa CTAaHOBUTCA 3/IEMEHTOM
MCXOAHOro cnucka (Toro, U3 KOTOpPoro Bbi3biBaeTcad Metoq extend () ). B aTom
cnyyvae 6yfiem roBopuTh 0 PACLLUMPEHUN CNUCKA.

W Ha3ameTtky

Ecnm mbl B cnncok A po6aBnsem cnncok B ¢ nomouwbio metoga append () (komaHaa
A. append (B)), T0 Bcnucok a 6yeT A06aB/ieH HOBbI 3/IEMEHT - CMMCOK B (BECb CMu-
COK B BXOAWT B CNUCOK A Kak OAUH 3/1eMeHT). Ecnnm Mbl B cnucok A fo6aBrisieM CNUCOK B
c nomouwbio meToga extend () (komaHga A. extend (B)), To Bcnucok A 6yayT aobas-
NeHbl 3/1EMEHTbI CMncKa B.

Kak unntoctpauuto pacCMOTPUM He6OoMbLLIOK NporpaMMHbIiA Kog, NpeacTaBieH-
HblI B NUCTUHre 4.1.

inctuHr 4.1. flo6aBrieHne 3/IEMEHTOB B CINCOK

# BbasoBblli CcNUCOK
s=[10,20,30]

# [lo6aBnsdem B CNMUCOK HOBbIN
# 3NeMeHT - CMUCOK
s.append([1,2])

# lpoBepaeM pe3ynbTaT
print (s)

# Pacwwupaem cnmucok 3a cuyeT
# Opyroro cnucka
s.extend([3,4])

# lpoBepaemM pes3ynbTat
print(s)

Pe3ynbTart BbIMOMIHEHUA 3TOr0 NPOrpamMMHOro Kofa NpuBeLeH HUXKe:

Pe3ynbTaT BbINO/IHEHUSI POrpaMmbl (M3 NNCTUHIAa 4.1)

[10, 20, 30, [1, 2]]
[10, 20, 30, [1, 2], 3, 4]
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B naHHOM cnyuae co3fgaem cnucok s=[10,20,30] u3 Tpex anemeHToB. Kor-
[la BbIMONHATCA KoMaHga s .append ([1,2]) B cnucok s fob6aBfseTcs HO-
Bbl/i 3IEMEHT, W 3TOT 3NeMeHT - cnucok [1,2]. Pe3ynbTaToM fiBNSETCA CNU-
cok [10,20,30, [1,2]]. ToecTb ecnun Mbl 4o6aBNseM CANCOK B APYroW cnu-
COK, TO Ao6aBnsemblii CMMCOK CTAHOBUTCS HOBbIM 3/1eMEHTOM B TOM CMUCKe,
B KOTOpbIA OH Aob6aBnsetca. Korga >xe Mbl pacliMpsieM CAWUCOK S KOMaHgoi
s.extend ([3,4]), Tocnucok [3,4] pob6aBnsaeTca B CNUCOK S He KaK OTAeNb-
HblI 3NeMeHT, aB BUAE OTAE/bHbIX 3/1IeMEHTOB. B pe3ynbTaTe (C y4eTOM BHECEHHbIX
paHee B CMUCOK S M3MeHEeHMn) nonyyaem cnucok [10,20,30, [1,2],3,4].

Mpu ncnonb3oBaHun GyHkumnii append () nau extend () anemeHT nan ane-
MeHTbl f06aBnAOTCA B KOHel, cnucka. Metog insert () no3BonsfeT BCTaBUTH
3/1EMEHT B CMMUCOK B TON NO3ULUKN, KOTOPYHO Mbl yKa3biBaeM camu. [epBbim apry-
MEHTOM MeTo4y nepefaetcs MHAEKC 06aBAAeMOro B CNUCOK 3feMeHTa. ®akTu-
YecKu, 3TOT TOT MHAEKC, KOTOPbI 6yaeT UMeTb 06aBNEeHHbIV B CMTUCOK 3/IEMEHT.
3neMeHTbl, KOTOPble YXKe Oblin B CNUCKE, CABMTAOTCSA HA OA4HY NO3WLMIO Brpa-
BO. TO eCTb TOT 3/1IEMEHT, KOTOPbI B CNMCKE HAXOAM/ICA Ha NO3ULWN, B KOTOPYIO
f06aBnseTcs HOBbIA 3MEMEHT, He TepsAeTCH, a cABuraeTca Bnpaso. BTopbim ap-
rymeHTom metogy insert () nepegaerca coO6CTBEHHO J06aBnsgeMblii B CNMCOK
anemeHT. Ewe pa3 0TMeTUM, YTO C NOMOLLbIO MeToga insert () B CMMCOK MOX-
HO f,06aBUTb TOIbKO OfMH 3/1IEMEHT. ECIM HAM HY>KHO [06aBUTb HECKO/LKO 3/1e-
MEHTOB B CNUCOK (N0 MPUHUKUNY, KakK 3TO Aenaetca metogom extend (), korga
fob6aBnsemble 3n1eMeHTbl CaMW OpPraHW30BaHbl B BUAE CMCKA), MOXeM BOCNO/b-
30BaTbCA MHCTPYKLUMEN nNpucBaMBaHUs 3Ha4eHUA cpesy. B yacTHOCTU, ecnn Mbl
MMeeM [1ef10 CO CMUCKOM M HaM HY>KHO B MO3MLMIO, KOTOPas COOTBETCTBYET i -My
WHAEKCY, BCTaBUTb HEKOTOPOe 3HayYeHne (MMeeTCA B BUAY BCTaBKa 3/MEMEHTA,
a He NpucBanBaHue 3feMeHTY CNUCKa HOBOrO 3Ha4YeHMUs), TO COOTBETCTBYHOLLAS
KOoMaHfa 6yaeT BbIrna4eTb Kak cnMcok [i :i ]=3HaveHue. ipyrumu cnosamu,
cnesa OT oneparopa NpMcBaMBaHUs pasmeLLaeTcs UHCTPYKL WA cpe3a, B KOTOPOI
yepes [BOETOUME YKA3blBAeTCA OAUH M TOT XXe MHAEKC - 3TOT MHAEKC 1 onpeje-
NAeT No3nLUMI0 B CNKCKe, B KOTOPYIO BbIMOMHAETCA BCTaBka 3HaveHus. Ecnu
Xe Mbl BOCMO/Mb3yeMCA KOMaHLON Buga cnmcok [1:1+1]=3HaueHuné, 10 Oy-
[eT BbIMO/HEHA He BCTaBKa HOBOIO 3/IEeMeHTa B CMUCOK, & U3MEHEHUE 3HaUYeHue
3NeMeHTa CnucKa C MHAEKCOM i.

W Ha 3ameTtky

Ecnu 6bl Mbl 3aX0TeNN MOJyYUTbL CPe3 HEKOTOPOTro CMUCKa C NOMOLLbI0 KOMaHAbl BUAA
cnucok [i :i], To nony4mnum 6bl NyCTOM CANCOK, NOCKOMbKY BAaHHOM C/ly4ae nepBbli 1
BTOPOIi MHAEKChI coBnazatoT. KomaHaa nony4deHus cpesa Buga cnncok[1:1+17 - ato
Ha caMoM fefie CNUCOK U3 OAHOrO 3/1eMeHTa C UHAEKCOM i. TakuM 06pasom, ecnn Mbl
npuceavBaemM 3HayeHue BblpaxeHuto cnucok [ :1], To Kak 6bl NonyyaeTcs, 4YTo Npu-
cBavBaeM 3HaueHue 3/1IeMeHTY, KOTOPOro HeT. B pe3ynbTaTe Takoli 3NeMeHT B CNucke
nosiensieTcsi. Ecnun Mbl NnpucBavBaem 3HaveHue BblpaxXkeHuto cnnucokna. :1+17, 1o 3Ha-
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YeHVe NPUCBaMBAaETCS 3NIEMEHTY CNUCKa C UHAEKCOM i. Bonee Toro, Kak Mbl yBUAUM
fanee, ecsivm NpPUCBOUTbL HEKOTOPOE 3HayveHne cpeldy cnucok [i:i+k], To aTo npuse-
[eT K TOMy, 4TO B Cnucke 6yayT yaaneHbl 3/IEMeHTbl C MHAekcamu oT i go i+k-1 Bito-
UUTENTBHO M BMECTO HUX J06aB/ieHbl 3/1eMeHTbl U3 CMKCKa, KOTOpbI/ NpYcBavMBaeTcs B
KayecTBe 3HAYEeHUs .

HekoTopble NpuMepbl BCTABKM HOBbIX 3/IEMEHTOB B CIUCOK NpPeACcTaB/eHbl B N1X-
CTUHTEe 4.2.

JINCTWHr 4.2 . BCTaBKa 3/1EMEHTOB B CNNCOK

# WcxopgHbIl cnucok
s=[10,20,30]

.insert (1, [1,2])

MpoBepsem pe3ynbTart

print (s)

# B cnucok po6aBnfeTcs ABa 3/1eMeHTa

# (peanu3oBaHbl B BUAE CNUCKa W3 [LBYX 3/IEMEHTOB)
s [2:2] =[3, 4]

# MpoBepsaem pe3ynbTaT

# B cnucok ao6aBndaeTcs 3NeMEHT

# (4yucno -5 BTOpPbLIM CneBa 31EMEHTOM B CMNUCKE)
s.insert(1,-5)

# lMpoBepsem pesynbrar

print(s)

# B cnucok pgo6aBnaeTcs 3NeMeHT - CHAUCOK

# (BTOpoOW cneBa 3nemMeHT - cnucok [1,2])

s

#

print(s)
# OneMeHTy cnucka nNpucBauMBaeTCs 3HauyeHue
# (cnucok [100,200] - 3HayeHMe TpeTbero cneBa Cnesa)

s [2:3]=[100,200]
# lpoBepAem pes3ynbTar
print (s)

Pe3y/nbTaT BbIMOMIHEHWUS 3TOW NMPOrpamMmmbl TaKoiA:

Pe3ynbTaTt BbINO/IHEHNS MPOrpamMmmbl (U3 NTNCTUHTA 4.2)

[10, -5, 20, 30]

[10, [1, 2], -5, 20, 30]

[10, [1, 2], 3, 4, -5, 20, 30]

[10, [1, 2], 100, 200) 4, -5, 20, 30]

B KayecTBe UCXOLAHOT0 Mbl UCNOMb3yeM cnucok s= [10,20,30]. YTobbl B aTOT
CNUCOK Ha NO3ULMI0 C MHAEeKCOM 1 (BTOpas no3uuusa cneea) L06aBUTb HOBbII
anemeHT (4mcno -5) ncnonblyem KomaHay s.insert(l,-5),B koTtopoi me-
Tof insert () BbI3bIBAETCA M3 CMUCKA S, @ apryMeHTaMy MeToLy nepefarTcs
MHAeKc 1 (MecTo B CMUCKe S 419 BCTaBKWU 31eEMeHTa) U f06aBnseMoe B CMUCOK

UBTS1
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3HauyeHue -5 (3nemMeHT, KOTOpbIli fob6aBnseTca B cnucok s). Mocne 3aToro Ko-
MaHZoW print (s) oTobpaxaem COAEpPXUMOe cnucka S. B gaHHOM cnydae no-
nyyvaem pesynbtat [10,-5,20,30]. UTo Mbl BUAUM? B cnncok s, KOTOPbIN
M3HayvanbHO coctoan u3 Tpex umcen [10,20,30] Ha No3ULMUIO C MHOEKCOM 1
(BTOpOIi aneMeHT cneBa) 40b6aB/ieH YACNOBON 3NeMeHT -5, a 3/IeMeHTbl CKCKa
20 1 30 cABUHYNUCbL Ha OAHY NMO3ULMIO BMpaBo. [lasiee BbIMOMHAETCA KOMaHba
s.insert(l, [1,2]).B pe3ynbtate Ha NO3MLKNIO C MHAEKCOM 1 nmomeLLaeTcs
HOBbI 3NEMEHT - cNNCOK [1,2]. DTOT CNMCOK, KaK 3/IEMEHT CMUCKa S, pasme-
L aeTcs Ha BTOPOI no3uumm cnesa (MHAeKC 1), a OCTa/bHble TPY 3NEMEHTA CNK-
CKa S CMeLlaloTcsA BNpaBo. BecneacTeue aTol onepawum CnMcoK S CTAHOBUTCA Ta-
kum: [10,[1,2],-5,20,30].

Ha cnegytowwem ware Mbl 4o6aBnsem B 3TOT CNMCOK [Ba 3nemeHTa. [1ns aToro uc-
nonb3yem KomaHay s [2 :2]=[3, 4]. B faHHOM cfy4yae BCTaBKa BbINO/HAETCA
Ha MO3NLMI0 C UHAEKCOM 2 (TPeTuil afemMeHT cnesa B cnucke s). Ho Tenepb Bcnu-
COK S f06aBnseTcs He CNMCOK-3NeMeHT, a [jBa 3/1eMeHTa - Te 3/IeMeHTbl, KOTOpble
thopmupytoT cnucok [3,4]. Moatomy nonyyaem cnucok [10, [1,2],3,4, -

5.20.30] . HakoHeL, nocne BbINO/HEHUA KOMaHAbl S[2:3] =[100,200]
TPeTUiA aneMeHT cnucka s (31eMeHT C MHAEKCOM 2) MEHSeT CBOe 3HauyeHue ¢
3 Ha [100,200]. B utore nonyyaetrca cnucok [10, [1,2],100,200,4,-

5.20.30] .

Q Hasametky

MeToabl append ()+, extend () ninsert () N3MEHAKOT CNNCOK, N3 KOTOPOrO BbI3blBa-
10TCA 1 pe3ynbTaT He BO3BPAaLLAtoT.

[ns o6beAnHeHNs CMUCKOB MOXHO MCMOJb30BaTb U ornepaTop CrioXeHus. Hanpumep,
pe3ynbTatom BblpaxeHunsa [1,2,3] +[4,5] asnsetcacnucok [1,2,3,4,5].

[nsa ypaneHusa anemMeHTa U3 Cnucka Ucnonb3ytT Metod pop (). AprymeHToM
MeToAy nepefaeTcs MHAEKC 3/1EMEHTA, KOTOPbIA HYXXHO yAanuTb. lpyrumu cno-
Bamu, meToz pop () No3BONAeT yAanuTb 3/IEMEHT CNUCKA C YKa3aHHbIM UHAEK-
coM. MeTog pop () He TONIbKO M3MEHSET CMUCOK, U3 KOTOPOro Bbi3biBaeTcs (B
CNUCKe yfanseTca 3NeMeHT), HO elle 1 BO3BPaLLaeT pe3ynbTar - 3HayeHue yjaa-
NAeMoro anemeHTa. Ecnv HY>XHO yJanuTb 31eMeHT CNUCKa C OMPefeneHHbIM
3HayeHueMm, TO MCNONb3YIOT MeTog remove (). ApryMeHTOM MeToAy nepepjaet-
CA 3HAYEHWE 3/IeMeHTa, KOTOPbIM HYXHO yAannTb U3 cnnucka. Ecnu B cnucke He-
CKONbKO 3/1EMEHTOB UMeOT TaKoe 3HaueHue, yaanseTcs nepsblil C/ieBa 3/NeMeHT.
MeTog remove () M3MEHsET CANCOK, M3 KOTOPOrO Bbl3blBAETCA M He BO3BpaLla-
eT pesynbTar.

Ewe ogmnH MPUMEM, VICI'IOI'Ib3y€MbII7I ona yganeHnda aneMeHTa nan 31IeMeHTOB U3
CMnCcKa COCTOUT B TOM, YTO Cpe3y CnuCKa B Ka4eCTBe 3Ha4YeHUA nNpuceBanBaeTcA

A EE1--
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nycToi cnucok. Hanpumep, eCnn Mbl XOTUM B HEKOTOPOM CNUCKe yAanuTb BCe
3N1eMeHTbl C MHAEKCAMM OT i A0 j BK/IHOYMTEbHO, TO COOTBETCTBYHOLL A KOMaH-
fa morna 6bl BbIrnagets Kak cnucok [i :j+1]=[].

Q Haszawmetky

HanomHMM, 4TO ec/im NPUCBOUTL Cpe3y HerycTol CMUCOK, 3/1EMeHTbI 13 cpe3a B UCXO-
AHOM crnivcke 6yayT yaaneHbl. BMecTo HMX BCTaBNAIOTCA 3/1EMEHTbI U3 TOr0 CNucka, Ko-
TOpbI NPpUCBanMBaeTCA B KA4eCTBE 3HAUYEHUS cpesy.

Y [anuTb 3/1EMEHT M3 CMMUCKA MOXHO C MOMOLLbH MHCTPYKLMUN del - TOW Xe nH-
CTPYKLMW, KOTOPOW yAanarTcs U3 namaty nepemeHHble. TobKo ecnu s yaa-
NeHNA NepeMeHHON ee UMS HYXHO yKa3aTb nocne MHcTpykuuu del, To gnq yaa-
NeHNs 3aneMeHTa M3 cnucka nocne MHCTpykumn del ykasbiBaeTca CCblIKa Ha
3TOT 3/leMeHT (B (hopmaTe cnuncok [mHaekc] ). Hanpumep, ecnm mMbl XOTUM yaa-
NNTb B CMIUCKE S 3/IEMEHT C MHAEKCOM i, KOMaHfa AN yAafeHNs 3TOro 3fieMeH-
TaBbirnaguT kak del s [i ]. He6onblwoi npumep c yganeHnem u 3ameHoin ane-
MEHTOB B CMUCKE NPUBELEH B INCTUHTe 4.3.

JctuHr 4.3. YoaneHve a/eMeHToB 13 Crivicka

# Co3flaeM WCXOAHbIA cnucok

s=[i*(10-i) for i in range (11)]
# lpoBepaemM pe3ynbTarTr
print(s)

# Ypandem 3/1eMeHT C WHAEKCOM 5

# n oTo6paxaem 3HauyeHue 3NeMeHTa
print("Yganaem 3anemeHT",s.pop(5))
# lpoBepAeM copepXumoe cnucka
print(s)

# Ypansem 3n1emMeHT CcO 3HayeHuem 21
s.remove(21)

# lpoBepdaeM copepXumoe cnucka
print(s)

# YpanaeMm M3 cCnuckKka 3/ileMeHT

# Cc MHAekKcom 3

del s [3]

# lpoBepsaem cofepXummoe CnNuUcka
print (s)

# YpanfieM HeECKONIbKO 31eMEeHTOB B CMNUCKe
s[2:5] =[]

# lpoBepsaem cojepXumoe cnucka
print(s)

# B cnucke ypanseTcd [fBa 3/leMeHTa
# n pobaBnaetcd NATb 3NEMEHTOB
s[1:31=[-1,-2,-3,-4,-5]

~kLUn
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# lpoBepAeM cofepXxumoe cnucka
print (s)

Pe3yanaT BbIMO/THEHNA NPOrpaMMHOro Koga TaKolM:

PesynsTar BbINOHEHWA nporpamvMbl (U3 IMCTUHTa 4.3)

[0, 9 16, 21, 24, 25, 24, 21, 16, 9
Ypansem[ anemeHT 25

[0, 9, 16,. 21, 24, 24, 21, 16, 9, 0]
[0, 9, 16, 24, 24, 21, 16, 9, 0]

[0, 9, 16, 24, 21, 16, 9, 0]

[0, 9, 16, 9, 0]

[0, -1, -2, -3, -4, -5, 9, 0]

CHavanakomaHgow s= [i* (10— ) for i in range (11) ] mblco3gaemcnucok
M3 YNCNOBbIX 3HAYEHMIH (MHAEKCHAaA NepeMeHHas i npoberaeT 3HayeHMs oT 0 40
10, a COOTBETCTBYHOLLNIA 31eMEHT CNMCKa ONpefenseTcs BblpaeHuem i* (10—
i )). B pesynbTaTte nonyvaem cnucok [0,9,16,21,24,25,24,21,16,9,0].

KomaHgo print ("Ygpansem anement ", s.pop (5) ), BO-nepBbIX, yaanserT-
CS 9NEMEHT C UHAEKCOM 5, U, BO-BTOPbIX, 3HAYEHWE 3TOr0 371eMeHTa 0TobpaxaeT-
CSi B KOHCO/IbHOM OKHe. 371eCb Mbl BOCMO/b30Ba/INCh TEM, YTO MPW BbIMOAHEHUN
MHCTPYKUUKM s .pop (5) M3 cnucka s yaansercs 3/IeMeHT C UHAEKCOM 5, a 3Ha-
YeHue 3TON MHCTPYKLUW - 3TO 3HAUYeHUe yAanseMoro anemeHTa (B 4aHHOM cny-
Yyae peyb MAeT 06 3aneMeHTe CO 3HaYeHnemM 25). Pe3ynbTatoM BbIMOAHEHUSA NPU-
BE/IEHHOW Bbllle KOMaHAbl ABNSIETCA COOOLEHNE Y nanaemM anemeHT 25,acam
CMUCOK S Npw aTom bypet Takum: [0,9,16,21,24,24,21,16,9,0] (ToecTb
B HEM [E/ACTBMTENIbHO YAaNneH 3/1IEMEHT CO 3HayeHnem 25).

C nomowbio KOMaHfAbl S. remove (21) yaansem 3/eMeHT CO 3HayeHuem 21.
MMocne aToro cnucok s ctaHeT Takum: [0,9,16,24,24,21,16,9,0]. BaxHo
3[leCb TO, YTO [0 YAANEHUA 3/IeMEHTA UX B CMIUCKe S 6bIN0 4Ba: Y ABYX 3/IEMEHTOB
6b1710 3HayeHune 21. MNpu yganeHn anemeHTa, yaansercs 10T, KOTOPbI/ B CNUcKe
nepBblii. A BTOPO/ 3N1EMEHT CO 3HaYeHMem 21 B CMMCKe S OCTaeTcs.

KomaHpgovi del s [3] u3 cnucka s ygansieMm aneMeHT ¢ uHgekcom 3. Mocne aTo-
ro cnucok s paseH [0,9,16,24,21,16,9,0]. Bugum, 4to cnucok notepsn
OfMH 3NEMEHT CO 3HaYeHnemM 24 (TOT, KOTOPbI/i HAX04MCA HA NO3ULUN C UHAEK-
com 3).

UT06bl YAanuTb 3IEMEHTbI C MHAEKCAMUW OT 2-T0 A0 4-r0 BKAKOYUTENbHO, UC-
nonb3yem komaHay s [2:5]=[]. 3gecb cpe3y npucsamBaeTCs B KauecTBe 3Ha-
YyeHuMs NycTol cnucok. Cnucok s npespawaercas [0,9,16,9,0].

tn § -



nasa 4. Pa6oTa co cnuckamm un Koptexamu

KomaHpa s[1:3] =[-1,-2,-3,-4,-5] wunnocTpupyeT onepauuto BCTaBKU
(C 3aMeHOIA) B CNMCOK HECKOMbKMX 3MIEMEHTOB. Y JanatoTca 3/IEMeHTbl CrMCKa
S C MHAeKcaMun 1 1 2,a BMECTO HUX BCTaBnfeTCsA rpynna 3afieMeHTOB U3 CnCKa
[0,-1,-2,-3,-4,-5,9,0].

[na npoBepKu TOro, BXOAMT 3/IEMEHT B CMIMCOK UN HET, UCNOML3YIOT OnepaTop
in. Pe3ynbTatoM BblpaXKeHUsa popmara 3Ha4YeHmne in CNuUCOK ABNSeTCA N0Tn-
Yyeckoe 3HayeHue True uau False B 3aBUCUMOCTM OT TOrO, BXOAUT 3HAYeHUE
B CMUCOK, UK HeT. HanpuMep, pe3ynbTaToMm BbipaXeHua 2 in [1,2,3] 4aB-
naetvcs 3HavyeHue True, NOCKONbKY B cnucke [1,2,3] npeacrtaBneHo 3HavyeHue
2, apesynbTaTtoM BbipaxxeHus 0 in [1,2,3] aBndetcq 3HaveHue False, no-
CKONbKy B cnncke [1,2,3] 3HauveHus O HeT.

C noMOLLbIO OMepatopa in MOXHO MONY4YUTb OTBET Ha BOMPOC, BXOAWUT UM HET
3HayeHue B CNMCOK. ECnu HYXHO Y3HaTb, r4e UMEHHO B CIUCKe (Ha Kakoi nosm-
LLMKN) HAXOAMTCA 3HAYEHME B CMNCKe, UCNONb3YIOT MeTog index (). MeTtog Bbl-
3blBaeTCH M3 CNKUCKa, apryMeHTOM MeToAy nepejaeTca 3HaYeHue, KOTOpoOe npo-
BepsAeTCs Ha NpeAMeT BXOX/AEHWNA B CMUCOK. Pe3yibTaToM ABNAETCA UHAEKC 3fie-
MeHTa C COOTBETCTBYIOLWMM 3HauYeHWeM. Ecnv nposepsieMoe 3HayeHue cpasy y
HEeCKO/IbKMX 3/1IeMeHTOB, BO3BpalllaeTCA UHEKC NepBoro 3/ieMeHTa C Havana Cnu-
cka. Hanpumep, 3HaueHueM BbipaxeHus [1,2,3,2,1] .index (2) ABnaetcq
1, nockonbKy B cnucke [1,2,3,2,1 ] nepBblil 3eMeHT CO 3HAYeHUEM 2 Haxo-
OWTCA Ha NO3NLUN C MHAEKCOM 1.

Q Ha 3ameTky

O6bpalaem BHMMaHue yuTaTens W Ha TO, Kak Bbllle Bbi3biBasicA meTof index (). A
MMEHHO, Mbl BbI3blBa/IM 3TOT METO/, HENOCPeACTBEHHO U3 CUCKa, 6e3 npeaBapuTesb-
HOro NMpucBavBaHUS CnMcka B Ka4ecTBe 3HauYeHWs nepemMeHHoW. Takoil nmoaxop Aony-
CTUM, OfHaKO He Bcerga onpaBfaH. B yacTHocTu, meTtog index () He U3MeHsieT cnu-
COK, U3 KOTOPOTO BbI3blBaeTcs. [103TOMY B AaHHOI KOHKPEeTHOI CUTyaunn Hall NoAaxof,
npuemnem.

MeTogy index () BTOpPbIM aprymMeHTOM MOXHO MepefaTb 3HauYeHWe WHAEKcA,
C KOTOPOro B CMWCKe HayuMHaeTCd MOMCK. Hanpumep, 3HAYEHUEM BblpaXKeHUs
[1,2,3,4,3,2,1] .index (2,3) asnsetrca 5. MMOUCK 3NeMeHTa CO 3HAYEHU-
eM 2 HaumHaeTcsd B cnucke [1,2,3,4,3,2,1], HauMHasa c aeMeHTa C UHEK-
com 3. Moatomy nepsas ABOIKa B CNMUCKe B 06/1aCTb MOMCKA He nonagaeT u B pe-
3yNnbTaTe BO3BPALLAETCA MHAEKC 5 TOro 3/1eMeHTa, 3HaYeHNe KOTOpPOro paBHo 2,
HO KOTOPbI/ HAaXOAMTCA CNpasa OT 3/IeMeHTa C MHAEKCOM 3 (CaM 3/1eMEHT C WH-
[ekcoM 3 Takxe nonajaeTt B Aunana3oH noucka). Metogy index () Takxe Ao-
NycTUMO nepefaTb TPETWUA aprymeHT, KOTOPbI/ OnpegenseT KOHEYHYI rpaHuLy
fvanasoHa noucka anemeHTa. Cnegyer yyecTb, YTO €C/IN 3N1IEMEHT C YKa3aHHbIM
3HAYeHMEeM He HalfeH, BO3HMKaeT owmnbKa.

cn)
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MeTtopg

count () Mo3BO/IA€eT BbIYMUCNUTbL KONNYECTBO 3/1IeMEHTOB B MWUCKe C

onpejeneHHbIM 3HaveHuem. MeToj Bbi3biBaeTCA U3 CNMCKa, & apryMeHTOM Me-
TOLy MepefaeTca 3HayeHWe 31eMEHTOB AN noucka. Hanpumep, 3HauyeHWe Bbl-
paxeHua [1,2,3,2,1,3,2].count (2) paBHO 3, MOCKO/IbKY B CHMUCKe
[1,2,3,2,1,3,2] ecTb 3 3/ileMeHTa CO 3HAYEeHUEM 2.

MeToge reverse () uyHkuna reversed () NO3BONAOT USMEHUTL NOPAJOK
CnefoBaHNA 3NEMEHTOB CMMCKA Ha MPOTUBOMONOXHbLIA. Pasnnune mexay Meto-
LOM 1 hYHKLMEl B TOM, YTO:

meTog reverse () (6e3 aprymeHToOB) Bbl3biBaeTCA U3 CMUCKA, He BO3-
BpallaeT pe3ynbTaT 1 M3MeHSeT CNMCOK (M3 KOTOPOrO Bbi3blBaeTCA);

npv Bbi3oBe (yHKUumn reversed () CNMCOK MepefaeTcsa eli aprymeH-
TOM, NPUYEM CaM CMUCOK He MeHsAeTCs, a pesynbTaToM PYHKL UM BO3Bpa-
L aeTcs HOBbIA CNMCOK C 06paTHbIM NOPALKOM ClefOBaHWUA 3/IEMEHTOB
(no cpaBHEHWIO CO CMUCKOM, NepefaHHbIM apryMeHTOM QYHKLNK).

AHanoruyHas cuTyauns MMeeT MecTo fAns metoga sort() u dyHKuum
sorted(). Metog v (yHKUMS NpeAHa3HaYyeHbl 415 COPTUPOBKU 3/1EMEHTOB

CMncka:

meTof sort () Bbi3biBaeTCA M3 CMWUCKA, KOTOPbI/ COGCTBEHHO U COPTU-
pyeTcs - B NopsAfKe BO3pacTaHWUs, eciv MeTof, Bbi3BaH 6e3 apryMeHTOB,
M B NopsAgKe y6biBaHUA, €CNN MeTOA Bbi3BaH CO 3HAYEHWEM aprymeHTa
reverse=True (aprymeHT 06bI4HO NepefaeTcs MO KAKOYY);

hyHKuum sorted () nepefaeTcst UCXOAHbIW CMUCOK, & pe3ynbTaTOM SiB-
NnAeTcs OTCOPTMPOBAHHbLIA CNMCOK (COPTUPOBKA B MOPsAAKe BO3pacTa-
HWA, a 4N8 COPTUPOBKM B NopsajKe y6biBaHMA (YHKLMM NepefatoT elle
OfVH aprymeHT reverse=True).

CyLLECTBYIOT W pYyr1e OYeHb NOJe3HbIe YHKLMMU U METOAbI, KOTOPbIE LLIVPOKO

ncnonb

3yloTcs npu paboTe O cnUcKamy (M He TONIbKO). 3HAKOMUTLCSA C HUMM

6ysnem no mepe HeOH6XOLUMOCTH.

L

Ha 3ameTky

EcTb psg maTeMaTnyecknx yHKUMIA, NpegHa3HaveHHbIX A1s paboTbl co cnuckamu. Ha-
npumep, pyHkuum min () nwax () npegHasHayeHbl COOTBETCTBEHHO 418 onpeaesnieHns
MUHVMaJIBHOTO Y MaKCYMaslbHOTo 3Ha4YeHUsA U3 CMMCKa 3Ha4YeHWin (CNMCOK nepepaeTcs
aprymeHToMm cpyHkuum). Hanpumep, 3HayeHue BbipaxeHusa min ([3,4,-1,7,0]) paB-
HO -1 (HaMMmeHbllee U3 3HayYeHU, NpeacTaB/ieHHbIX B cnucke [3,4,-1,7,0]), a 3Ha-
yeHue BblpaxeHns max ([3,4, -1,7,0]) paBHO 7 (Hanbonbluee N3 3HaYeHWN, npes-
CTaB/ieHHbIX B cnucke [3,4,-1,7,0]). ®yHKuma sum() ncnonb3yetcsa ANA BblUUCe-
HVS CyMMbl 3HAYEHWI Crucka, nepefaHHOro aprymMeHToM OyHKLUW: 3HaYeHue Bblpa-
xeHnsa sum([3,4,-1,7,0]) paBHseTca 13 (cymma uucen scnucke [3,4, -1,7,0]).
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KonnpoBaHune n npucBavBaHne CN1UCKOB

Hy, a 3T 0 f0BeCOK K KoLIMmapy.
n3k/d ""CTapmku-pasbonHukn'

EcTb 0fiHa, Ha MepBbIl B3N NpocTtas, 3ajada, Kotopas MMeeT cepbesHble "Mno-
cnepctemna”. 9Ta 3afava - co3faHue Konuu cnucka. ®opmanbHO 3[ech BCe Mpo-
CTO: Ha OCHOBE Y>K€ CYLL,eCTBYIOLLEr0 CAMNCKA CO3aeTCA TOYHO Takoil xe. Movemy
e 3Ta 3agaya umeet nocnegctena? Notomy 4To "mMexaHM3Mmbl", KOTOpbIE 3a4eii-
CTBOBaHbI UN NPOABASIOTCA NPU PELLIEHNN 3TOR 3a4a4n, JaKT K1Y K MOHMMa-
HUIO MHOIMX Ba>KHbIX MOMEHTOB, CBA3aHHbIX C NporpaMMmumpoBaHuem B Python.
UToO6bl He BbITb FONOCNOBHLIMK, Cpasy obpaTUMCS K npuMepy.

MpeanonoXnMm, 4TO Y Hac eCTb CMUCOK - Hanpumep, Takoii: a= [10,20,30]. Mo-
C/le 3TOro BbINOMHAEM KOMaHAY b=a. B cCOOTBETCTBUYU C Heli NepemMeHHON b B Ka-
YecTBe 3HAYeHUs NPUCBaNBAETCS 3HAYEHME NMEPEMEHHO a, KOTOpas, B CBOIO OYe-
pefdb, CCbINAETCA Ha CMUCOK. JTIOTUYHO OXMUAATb, YTO NMepemMeHHas b Toxe 6yger
CCbINIaTbCA Ha CMMUCOK - TaKOW XXe, KakK MU CMUCOK, Ha KOTOPbIA cCbinaeTca nepe-
MeHHasa a. B ToM, 4TO CNUCKK O0fMHAaKOBbIe, y6eaUTbCA IErKo. [ 19 3TOro MOXeM
BOCMNO/Ib30BaTbCA, HanpumMep, KomaHgamn print (a) mprint (b). PesynbTa-
Tbl 6yAyT OfMHAKOBbLIMM (0TOGpaxaeTca o4uH 1 TOT Xe cnncok [10,20,30]).
Ho cuTyauma He Takaf npocTas, Kak MOXeT MN0oKa3aTbCA Ha nepBblil B3rnag. Jo-
nycTUM, KOMaHgoi b [1]=0 Mbl N3MEHMN 3HaYeHMe BTOPOro (C MHAEKCOM 1)
anemeHTa cnucka b. Ecnv mbl mocne aToro koMmaHgoiprint (a) nposepum 3Ha-
YyeHue cnucka a, To nonyuum pesynstat [10,0,30]. Opyrumu cnosamu, nsme-
HEeHWA Mbl BHOCU/IN B CMUCOK b, @ U3MeHWAM Npn 3TOM CNKUCOK a (Cnucok b Toxe
M3MEHUIICA - XXenalLwme MOTyT B 3TOM f1erko ybeantbca). O6bACHEHME TaKoe:
npv BbINO/IHEHUWN KOMaHAbl b=a nepemeHHas b nosyyaeT CCbIIKY He MPOCTO Ha
Takoli e CMUCOK, Kak NepemMeHHas a, a Ha TOT >Ke camblii CUCOK, 4T 1 nepe-
MeHHas a. Takum 06pa3om, nNoce BbINOMIHEHNA KOMaHAbl b=a 1 nepeMeHHas a,
M nepeMeHHas b ccolnaloTca Ha OAMH M TOT Xe CNMCOK. [103TOMYy KOrfa mMbl KO-
MaHgon b [1]1=0 nameHsem 3N1e€MEHT B CMUCKE, HA KOTOPbII CCblNaeTcA NEPeMEH-
Has b, Mbl TEM CaMbiM M3MeHSeM TOT Xe CaMblii CMMCOK, Ha KOTOPbIA cCblnaeT-
CA U MepeMeHHas a.

EcTecTBEHHbIM 06pa3oM BO3HMKAET BOMPOC: YTO AenaTth, €C/IM HaM HYXHO CO3-
JaTb KOMWIO crnucka (To eCTb €CIM HAM HYXXHO, YTO6bI [1Be NMepeMeHHble cCbifia-
JINCb HA Pa3Hble CMUCKU C OJMHAKOBLIMU 3HAYEHMAMN)? ECTb HECKONLKO Bapw-
aHTOB pelleHus npob6nembl. Bo-nepBbiX, MOXeM BOCMO/b30BAThCA OnepaLuel
nosflyyeHus cpesa. Hanpumep, 3HauYeHUEM BbIpaXXeHUs a [: ] ABNSETCA CNUCOK,
TaKOWi Xe, KaK TOT, Ha KOTOPbIW CCbiNaeTcs nepeMeHHas a. Moatomy ecnu nepe-
MEHHOI b 3HauUeHMe NprcBaMBaeTCa KOMaHAoN b=a [: ], TO nepeMeHHble b 1 a
6YLyT cCbiNaTbCs Ha (YM3MYECKM Pa3HbIe CMIUCKW, HO 3HAYEHUS B 3TUX CMMCKaX
6yanyT oAvHakoBble. Kak cfiegcTBre nocsie BbINOMHEHNUS KoMaHabl b [1]=0 cnu-

w T



COK b uameHutcs (bygetr [10,0,3 0]), acnumcok aocTaHeTcA NpeXHUM (3Haye-
Hue [10,20,30]).

Takxke 41 cO34aHMA KONUMW CAMUCKA CNONb3YIOT MeTog copy (), KOTOPbINA Bbl-
3bIBAETCA U3 CNMCKa, 419 KOTOPOro co3faetca Konusa. Hanpumep, B pesynbTa-
Te BbINO/IHEHNSA KOMaHAbl b=a.copy () co3gaetca Konua TOro Crvcka, Ha Ko-
TOPbIN CCbINAETCA NEPEMEHHAA @, U CCbINIKA HA 3TOT HOBbI CAMCOK 3anuncbiBaeT-
CA B NepeMeHHyl b. 34ecb CUTYyaL s TaKas e, KaK 1 Npu NCnonb30BaHnmn cpe-
3a 4014 co3jaHna Konuun. B nuctuHre 4.4 npusefeH npuMep nporpamMmmsbl, B KOTO-
poil pasHbIMK cnoco6amu co3[atTca KoMK CrUCKOB.

NnctuHr 4.4. Co3gaHue Konmu crimcka

# BbasoBblii cnucok

a=[10,20,30]

# [lpoBepsaemM cofepXunmoe cnucka

print("Cnucok a:",a)

# lNpucBanBaHne NepeMeHHbIX

b=a

# Cos3jaHMe KOMMM CNMCKa C MNOMOLWbI cpesa

c=al[:]

# Cos3faHue KOMMM CcnuUckKa C nomowbi metoga copy()
d=a.copy()

# lpoBepaemM cofepXuMmoe CNUCKOB

print("Cnucok b:",b)

print("Cnucok c:",c)

print("Cnucok d:",d)

print("MeHsiem 3HauyeHue 3nemeHTa a[l]=0.")

# N3meHdaeM 3neMeHT B 6a30BOM Chucke

a[l]=o0

# lpoBepaemM cofepXummoe CNUCKOB

print("Cnucok a:",a)

print("Cnucok b:",b)
print("Cnucok c:",c)
print("Cnucok d:",d)

PesyanaT BbIMO/THEHNA 3TOI0 NPOrpaMMHOIo Koga TaKoli:

Pe3ynbTaT BbINO/IHEHNUS MPOrpamMmmbl (M3 NTNCTUHTA 4.4)

Cnucok a: [10, 20, 30]
Cnucok b: [10, 20, 30]
Cnucok c: [10, 20, 30]
Cnucok d: [10, 20, 30]
MeHsfemM 3HayeHuWe 3nemeHTa a[l]=0.
Cnucok a: [10, 0, 30]
Cnucok b: [10, 0, 30]

w T
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Cnucok c: [10, 20, 30]

Cnucok d: [10, 20, 30]

Ha nepBblil B3rna4 MOXET nokasaTbCs, YTO BONPOC C CO34aHMEM KOMUU CMMCKa
nposicHuncA. Ho aTo ToNbKO Ha nepsblii B3rnsa4. UTobbl nokasatb, YTO HE BCe Tak
NpoCTO, PacCMOTPUM eLle 04uMH Hebonbwoi npumMep. Myckain cnucok x= [10,2
0, [100,200] , 30, [300, 400] ]. BaxxHo3aecCb TO, YTO Cpefy 3/IEMEHTOB CMu-
CKa X €CTb 3/1EMEHTbI-CNUCKM (3TO CAUCOK [100,200], KOTOPLIIi ABNAETCA 3ne-
MeHTOM X [2], n cnucok [300,400], KOTOpbIA ABNAeTCS 3neMeHTOM X [4]).
Mbl KOMaHgaMn y=x [: ] n z=x.copy () co3gagnm Be KONUWU CNUCKa X, NU3me-
HUM KoMaHfammn X [2] [1]1=0 n x [4]=0 3aneMeHTbl 3TOro CNMUCKa 1 3aTeM Npo-
BEPUM, KaK 3TU U3MEHEHUSA NOBANANN HA KOMUN Y U Z CINCKA X.

Ll Haszametky

3nemMeHT X [2] - aTO TpeTnit Cc Havasia 3a/1IEMEHT CNUCKa X. JIerko 3ameTuTb, UYTO JaHHbIN
3/1eMeHT cam AABNSeTCA CNNCKOM: 3To cnucok [100,200], cocToAwmin n3 AByx aNemMeH-
TOB. NS Hac BaxHO TO, 4YTo X[2] -3TO cnucok. NoaTtomy BblpaxeHue X [2] [1] ssnsa-
eTCsl CCbI/IKOM Ha 3N1eMeHT C MHAEKCOM 1 Bcnucke X [2]. JIerko noHATb, YTO peyb naet
0 BTOPOM 3niemeHTe Bcnucke [100,200], To ecTb aniemMeHTe co 3HavyeHnem 200. Moa-
ToMy KOMaHAolix[2] [1]=0Bcnucke [100,200] (koTOpbI/i cam SBMSETCA 3N1EMEHTOM
cnucka X), 3HadeHune 200 meHseTcs Ha 3HadeHue O.

BblpaxeHue x [4] aABnseTcs ccbiNKoi Ha anemeHT [300, 400] cnucka X. [aHHbIA ane-
MEHT TaKxe siBnsieTcst cnuckom. KomaHaon x [4]=0 eMy B kayecTBe 3HA4EHUS BMECTO
CCbI/IKM Ha CMNCOK NPUCBanBaeTCs YUCIO.

CoO0TBeTCTBYHOLW M NPOrpaMMHbIii KOA NpefcTaBieH B NNCTUHTe 4.5.

JictvHr4.5. KorvposaH/e BoHeHHL X CIIVICKOB

# WNcxopHbIM cnucok

x=1[10,20, [100,200],30, [300, 400]]

# Konua cnucka

Y=x[:]

# Konua cnucka

z=x.copy()

# MpoBepseM cofepXMmMoe CNUCKOB

print("Cnucok x:",x)

print("Cnucok y:",y)

print("Cnucok z:",z)

print("MeHsem anemeHTbl: Xx[2][1]=0 un x[4]=0.")
# M3meHAeM 3HauyeHWe 3nNeMeHTa BO BHYTPeHHeM cCnucke
x[2] [1]=0

# M3meHAeM 31eMeHT BO BHeLWHeM CRAWUCKe

x [4]=0

# lpoBepAeM copepXuMmoe CNUCKOB

print("Cnucok x:",x)
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print("Cnucok y:",y)
print("Cnucok z:",z)

|_|pl/l BbIMOJ/IHEHNNX 3TOr0 NPOrpaMMHOro Kofa nony4vyaem Takom pesynbTart:

Pe3ynbTarT BbINO/HEHWS NPOrpamMmmbl (U3 NTNCTUHA 4.5)

Cnucok x: [10, < [100, 200], 30, [300, 400]]
Cnucok y: [10, 20, [100, 200], 30, [300, 400] ]
Cnwncok z: [10, 20, [100, 200], 30, [300, 400]]
MeHsem anemMeHTbl: X[2][1] =0 u x[4]=0.

Cnucok x: [10, 20, [100, 0], 30, 0]

Cnucok y: [10, 20, [100, 0], 30, [300, 400]]
Cnucok z: [10, 20, [100, 0], 30, [300, 400]]

HanoMHUM, YTO HaC MHTepPEeCyeT, HACKONbKO M3MEHEHUS B MCXOAHOM CMMUCKe X
BANAKOT Ha KoMK Y 1 z. 10 NOTMKe, N3MEHEHUSA B CMIUCKE X HE LO/MKHbI BNATH
Ha CMUCKN Y 1 Z. YT0 Xe Mbl BUAMmM? Bo-nepBbix, C CAMUM CMUCKOM X NMPOUCXO-
OUT TO, UTO U 0XMAANOCb: NOC/ie NPUCBaNBaHWNA 3HAYEHWUIN 3IeMeHTaM CMUCKa,
CNMCOK MeHseTcA. Bo-BTOpbIX, M3MeHeHUWe 3feMeHTa X [4] AeACTBMTENbHO He
CKa3blBAETCA Ha CMMUCKax Y U Z. 34eCb HET HUYEr0 HeOXKMAaHHOro. Ho ecTb clop-
npu3, CBA3aHHbIN ¢ KoMaHZoi x [2] [1]=0 (u aTo, B-TpeTbux). [leno B TOM, 4TO
XOTS U3MEHEHNSA BHOCATCA B CMMCOK X, OHM UMEIKOT MECTO M B CNMUCKaxX y u z. MNo-
HATHO, 4YTO CUTyauus TpebyeT pasbACHEHMUIA.

Pa3y|v|Ho 6onee [eTalbHO OCTaHOBUTLCA Ha TOM, KaK co3faeTcqa Konuna cnucka, B
KOTOPOM €CTb 3/TEMEHT-CMNUCOK. UT0o6bl Nnerye 66110 NOHATL npouncxopasuiee, Bbl-
[NENUM KNo4YeBble MOMEHTbI N TEPMUHDbI:

* VIMEETCs CMUCOK, KOTOPbIA KOMMpYeTcs - 3TO UCXOAHbIA, uau Konupye-
Mblli CMIUCOK;

* B KOMNUpyeMOM CMNCKe eCTb 3N1IEMEHT, KOTOprVI caM ABndeTcA CNUCKOM -
9TO 3/IEMEHT-CMUNCOK;

e CMWCOK, CO34aHHbI B pe3ynbTaTe KOMMPOBAaHUS UCXOAHOrO, Komupye-
MOTO CMMCKA - 3TO CMINCOK-KOMUS.

B npuHyune, npouecc I'IpOCTOVIZ ANnA KaX[oro U3 3/1EMeHTOB COo34aeTCA Konus.
Ecnun anemeHT - yncno, To B CNMUCKe-KOMUN COOTBGTCTByIOLLI.VIVI 3NIEMEHT NMEET
TaKoe Xe 4YncnoBoe 3HayeHne. Ecnm B UICXOLHOM CNUCKE 3/IEMEHT - 3TO CMUCOK,
TO CUTyauUnNA HECKONbKO NHaA. TaKoi 3/1eMeHT Ha CaMmoMm pene CcCblnaeTCA Hacnn-
COK. DNeMeHT-CNUCOK B CMUCKe-KONnmu 6y,qu MMETb TaKO€ XXe 3Ha4YeHNe, Kak 1
3/1EMEHT-CMNCOK B UCXOAHOM, KONMNPYEMOM CMUCKE. Ho, pr60 roBops, 3To 3Ha-
YeHune - agpec Cnucka, Ha KOTOprVI CCbl/1aeTCAa 3/1ieMeHT. inun apyrmmun cnosamu,
B CNUCKE-KOMMW 3NEMEHT-CNUCOK TEXHNYECKKN NOony4yaeT B KayeCTBe 3Ha4YeHUA
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TOYHO TaKyH Xe CCbl/IKY, KaK 1 aHaNOTNYHbI 3/IEMEHT B ncxogHom cnucke. lMNMo-
3TOMY U NnosyyaeTcA, 4YTo 06a anemMeHTa (B NCXO0AHOM CINCKE n CI'II/ICKe-KOI'Il/IVI)
CCblnakoTcA CpVI3VILIECKVI Ha OAWH K TOT >e CMUNCOK.

Konun, KoTopble co3fat0TCA C MOMOLLbIO OMepauumn noayyeHmsa cpesa unm me-
Toda copy (), 06bIYHO Ha3bIBAOT MOBEPXHOCTHBLIMU KONUAMU. ECnn Ham HYX-
HO, 4TOObI MPX CO34aHMM KONMMW CNUCKA CO3[aBaCh KOMUK Jaxe ANS BHYTPeH-
HUX CMUCKOB (TO €CTb CMWCKOB, ABAAIOLWMUXCA 31E€MeHTaMu CMUCKOB), MMeeT
CMbIC/1 BOCMO/b30BaTbCA (PYHKLUMENH co3gaHus "rny6okoi"”, nau noaHoin Konuu
deepcopy (). AprymMeHTOM (DYHKLWUMN nepefaeTcd CNUCOK, AN KOTOPOro co3-
faetca konus. ®yHKLMA CTAHOBMTCA LOCTYMNHOW NOCNAE NOAKAOYEHNA MOAY NS
copy. Ecnv mHCTpyKUMA NOAKNIOYEHUS MOAYNA UMEET BUa import copy, TO
(hyHKUMA Bbi3biBaeTcA B popmate copy.deepcopy (). MNMpumep ucnonb3osa-
HUA GyHKUUKN deepcopy () NpuBeaeH B TNCTUHTE 4.6.

JINcTuHr 4.6. CosgaHue NosHOM KOMMKM cnmcka

# VmnopTupyem mMoAynb copy

import copy

# MNCXOAQHbIA CNUCOK C 3N1eMeHTaMW-CNUCKaMMm
A=[[10,20], [[30, 40], [50,60]11]

# MonHas KoMWA cnucka
B=copy.deepcopy(A)

# MNpoBepseM CcOLEpPXMMOE CMNUCKOB
print("Cnucok A:", A

print("Cnucok B:",B)

print("BbeinonHatwtca komaHabl A[0][1]=0 w A[1][1][1]1=0.")
# M3MmeHAeM 31eMeHTbl Cnucka

A[O0][1]=0

A[1][1] [1]=0

# [lpoBepAaeM CcOAepXMMoe CNUCKOB
print("Cnucok A:",A)

print("Cnucok B:",B)

B pe3ynbTaTte nNpu BbINOHEHUM KOAA NONYYAEM ClefytoLLee:

Pe3ynbTar BbINO/IHEHUS MPOrpaMMbl (U3 TUCTUHTA 4.6)

Cnucok A: [[10, 20], [[30, 40], 1[50, 60]1]
Cnucok B: [[10, 20], [[30, 40], [50, 60]]1]
BoinonHawTca komaHgbl A[0][1]=0 wn A[1][1][1]=0.
Cnucok A: [[10, 0], [[30, 40], [50, O0]1]
Cnucok B: [[10, 20], [[30, 40], [50, 60]]]

McxoaHbl i CNUCOoK co3jaeTcs KOMaHgo
A=1[[10,20] , [[30,40], [50, 60] ]]- B atom cnucke aBa anemeHTa. lNep-
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Bblil anemeHT [10,20] (ccbinka A[0]) ABNAETCS CMMCKOM M3 ABYX YMCNOBbIX
anemeHToB. BTopoii anemeHT [[30,40], [50,60]] (ccbinkaA[1]) -3To TOXE
CMUCOK W3 ABYX 3/IEMEHTOB, HO 3TW 3/1IeMEHTbI, B CBOIO O4Yepesb, TAKXKe ABNAIOT-
ca cnuckamu (ccbinka A[1] [0] Ha cnucok [30, 40] w ccbinka A[1] [0] Ha
cnucok [50, 60]). Takum 06pa3omM, MMeeM [0 C nepapxmneii BMOXKEHHbIX ApYyT
B Apyra cnuckoB. KomaHgon B=copy,deepcopy (A) co3gaem MOAHYH KOMUHO
cnucka A. Takum o6pa3om, nepemeHHble A 1 B ccbinaloTcs Ha (D M3NYeCKU pasHble
CMUCKW, HO C OMHAKOBbIMU 3/IeMeHTaMun. [103TOMy Npyu 0TOBPaXeHUU C NOMO-
Wbt pyHKUMKN print () cofep>XMMoro cnMckos A n B nNosyvyaem OfMHaKOBbIe
pe3ynbTathbl.

Ha cnegywouwem atane komangamn A[0] [1]=0 n A[1] [1] [1]=0 n3meHAOT-
CA 3Ha4YeHUs 3N1eMEHTOB BO BHYTPEeHHUX cnuckax. [locne aToro cHoBa NpoBeps-
eM cofep>XumMoe cnnuckos A 1 B. JTIerko 3aMeTuTb, YTO CNUCOK A U3MEHUCH, a
CNUCOK B - HeT.

EcTb ofHa MHTepecHas 0COGEHHOCTb oneparopa NpuceBanMBaHus, KoTopas Ume-
€T OTHOLUEHME K CNUCKaM M O KOTOPOIA XenaTenbHO 3HaTb. KacaeTcs oHa MHO-
XKECTBEHHOr0 NpUcBanBaHus, KOrja B 1eBOM YacTu OT onepaTopa npucBanmBaHua
yKa3biBaeTca (4epes 3anATyt0) HECKO/IbKO MepeMeHHbIX, a cnpasa (ToXe uvepes
3anATyl0) - NnpucBamMBaemMble NepeMeHHbIM 3HayeHUa. Hanpumep, B pesynbTaTe
BbINOMHEHUA KOMaHAbl X, Y, z=1,2,3 nepeMeHHO X 6yaeT NPMCBOEHO 3Haye-
Hue 1,nepeMeHHOl y 6yeT MPMCBOEHO 3HaYeHWe 2,a nepemMeHHOl z 6ygeT npu-
CBOEHO 3HayeHue 3. Booble KoNnM4ecTBO NepeMeHHbIX ClieBa OT oneparopa npu-
CBaMBaHMA JOMKHO COBMajaTh C KOIMYECTBOM 3HAYeHWiA cnpaBa OT onepaTopa
npucsaneaHuns (4Tobbl 6bIN0 OfHO3HAYHOE COOTBETCTBME). HO MOXeT 6biTb U
60nee xuTpas cMTyaLmus, Korga cnpasa 3HauyeHUn 60/bLue,, 4emM NepemMeHHbIX Cne-
Ba. Torga ecnu nepes OAHOM U3 MEPEMEHHbIX YKa3aTb 3Be3404KY *, TO BCe "nuL-
HMe" 3HayeHus 6yayT 3anucaHbl B 3Ty NepemMeHHYH B BuAe cnucka. Hanpumep,
Mpw BbIMNONTHEHUN KOMaHabl X, *y,z=1,2,3,4,5 nepemMeHHaa X NONy4ymnT 3Ha-
YyeHue 1, nepeMeHHas z NONY4YUT 3HaYeHne 5, a nepeMeHHas y 6yaeT CCbiNKOM
Ha cnucok [2,3,4].

Ewe ogHO 3aMeyvaHne UMEET OTHOLIEHWe K MHOTOKPaTHOMY NpucBavBaHuio (B
BbIP@XKEHWUW HECKOMbKO ONepaTopoB npuceanBaHus). Hanpumep, B pesynbrarte
BbINOMIHEHUSA KOMaH/bl X=Y=1 MepeMeHHble X U y Noayyat 3HadyeHue 1. Mpnyem
€CNV BNOCNeACTBMN U3MEHWUTb 3HAYEHWE OLHOW N3 NepemMeHHbIX (HanpuMmep, Bbl-
MOJIHUTb KOMaHAY X=2), TO 3Ha4YeHMne ApYyroii NepeMeHHO (B 4aHHOM cyvae y)
He u3MeHuTCA. HO 3TO ecnu peyb He et 0 cnuckax. CKaXem, BbINOMHAETCA KO-
MaHga x=y= [1, 2]. Mocne ee BbINONHEHUS MEPEMEHHbIE X U Y CCbINAKTCA He
NpOCTO Ha OAMHAKOBbIE CMIMCKWU, a HA OAMH W TOT Xe cnucok [1,2]. Ecau mbl
NMPMCBOMM NEpPeMeHHOM X APYroi CNUCOK (MAK 3HAYEHWE UHOTO TUMa), NepemMeH-
Has y He U3MeHUTCA. Tak, eciu nocne KoMaHgbl Xx=y=[1, 2] BbINOAHAETCA KO-

SuUB*
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MaHfa X= [3,4 ], To nepeMmeHHan x 6yfeT ccblaTbca Ha cnucok [3,4 ], a nepe-
MeHHas y 6yAeT cCblnaTbCs Ha NCXOAHbIV cnnucok [1,2 ]. Ho ecnv Mbl U3MEHUM
TONMbKO 3/1EMEHT B UCXOAHOM CMMCKe, TO U3MEHUTCA 3HaYeHne 06enx nepemeH-
HbIX. [lonycTuM, nocne KoMaHabl x=y= [1, 2] BbinonHsetTcq komaHga x [0]=0.
MMocne aTOro nepemMeHHas X ccblfaetcs Ha cnucok [0, 2] (Kak 1 JO/MKHO 6bITh),
HO 1 NepemMeHHasn y ccblfiaeTca Ha 3TOT cnucok! YTo6bl NOHATL, MOYeMy Tak npo-
NCXOAUT, HEOOXOAMMO ONATH Xe y4eCTb, 4To B Python nepemeHHble cCblnatoTCs
Ha 3HayeHuA. Mo3ToMy BaXXHO NPOBOANTL YETKYIO FPaHULY MeXay U3MeHeHneMm
CCBINIKM Y U3MEHEHMEM 3HAYEHMNSA, HA KOTOPOE CChIJIKA BbIMOJIHEHA.

Cnunucknm n pyHKunn

3To npocTeliwas Lenb paccy>X AeHUN,
n3 K/ ""MpuknoveHns LLlepnoka Xonmca un
JokTopa BaTcoHa"

YuuTbiBas 0cobyo ponb CNMCKOB B 3blKe Python, ganee paccMoTpMM HekoTo-
pble MOMEHTbI (B OCHOBHOM MPUK/IafHOr0 XapakTepa), CBA3aHHbIE C NCMONb30-
BaHWEM CMMCKOB. B 3ToM pasgene oCTaHOBMMCS Ha TOM, KaK KOHLeNuua cnu-
CKOB COOTHOCUTCA C KOHLeNuued pyHKLMiA. Jpyrumm cnosamu, B cpepy Hawle-
ro UHTepeca Ha ;aHHOM 3Tarne nNonagatT BOMPOChl COBMECTHOIO UCMO/b30BaHUS
(hYHKLWIA 1 CMNCKOB.

Cpa3sy e B rnasa 6pocalTcs ABe 04eBUAHbLIX CATYaUUn: 3TO nepegadya cnucka
aprymeHToM yHKUUM 1 BO3BpaLLeHMe hyHKLME CNNCKa B KA4eCTBe pe3ybTa-
Ta. C (hopManbHOM TOUKM 3pEHNS 34eCb HET HUYEro CII0XHOr0. Tak, ecim CNncok
nepejaeTcs aprymeHToM (PyHKUMMK, TO Npy 06paboTKe Takoro aprymeHTa npo-
CTO HEO6XOAMMO YUYeCTb, YTO UMEEM [eN0 UMEHHO CO cnuckoM. Ecnu yHkuus
BO3BpalLaeT B Ka4eCTBe pe3yfbTara CNM1COK, TO B Tefe (OYHKLUM CNUCOK JOMKEH
6bITb CHOPMUPOBAH, & 3aTEM C MOMOLLbIO MHCTPYKLUK return "BblgaH" B Ka-
YyecTBe 3HaYeHUA PYHKUMK (BO3BpaLLAeTCA Ha CaMOM [ief1e CChl/IKa Ha CMUCOK).

Kak nnncTpaymio paccMoTpuM NpoOrpamMMHblid KoL, B KOTOPOM ONpefeneHbl 1
3aTeM UCNOMb3yeTCH HECKONbKO (DYHKUMIA. B yacTHOCTW, onucbiBaeTca DYHK-
uma rand_vector () gns co3gaHma cnmcka ykasaHHOW gavHbl (onpegenseTcs
aprymeHToOM DYHKLMK) CO CNYYaNRHbIMU LLeNOUYNCAEHHBIMU 3N1eMEHTaMK, YHK-
uma show () 4ns oTob6paxKeHUs COLEPXMMOro Cnucka, a Takxke yHkuma scal
prod () 4NS BbIUMC/IEHNA CKANAPHOro NPoU3BeeHUs BEKTOPOB.

Q Ha 3ameTky

Ecnw ecTb aBa Bektopa a = (al;a2, .., a,)ub = (br, &, ..., bH), To ckanapHbIM npous-
BeJleHMeM 3TUX BEKTOPOB HasbiBaeTcs uncno a *b = albl+ a2b2 H---- a,,bn.
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MporpamMmMmHbIi KOA, B KOTOPOM peasim30BaHbl NEPEUNCEHHbIE Bbille QYHKLUY,
a TaK)Xe NPOoUINKCTPUPOBaHbI UX BO3MOXHOCTW, NPUBEAEH B MCTUHTE 4.7,

JINCTUHT 4.7 . DYHKUNN N CNIUCKN

# lMopaknwyaem MoAyNnb ANSA
# reHepupoBaHMA CAYy4YalHbIX 4ucen
import random
# ®yHKUMA NS O0TO6GpPaXKeHMA COAEPXWMOro crnucka
# ApPrymMeHT (QYHKUMWM - OTOo6GparkaeMblii CMNMCOK
def show(a):
# [OnuHa cnucka

n=len(a)

# HavyanbHas ¢pasa

print(n,"D-sekTop: <",sep="",end="")

# OnepaTop UuwMkna Ana 0TOGpaXeHUs 3NEeMEHTOB
for i in range(n-1):

# OTob6GpaxaeTca 3/7eMeHT CNMUCKa
print(af[i],end="|")
# OTob6GpaxaeTcs nNocCAefHWUA 3N1eMeHT CchuUcCKa
print(al[n-1,6sep="")
# ®OYyHKUMS LA CO3J4aHMA CNUCKA CO CAydyaliHbIMK
# LeNoYNCNEeHHbBIMU 3NeMeHTaMu. APrymeHT QYHKUUKN -
# KONMYECTBO 3/IEMEHTOB B CMMUCKe
def rand_vector(n):
# Co3fjaeM nycToli cnucok
r=[]
# OnepaTop uukna Ana fo6GaBneHUS HOBbIX
# 3NeMeHTOB B KOHEL CNucka

for i in range(n):
# Nob6aBnAem B KOHel, CNUCKa HOBbIWA
# 3aneMeHT - cnyuvaliHoe Uenoe 4ucno

# B punana3oHe oT 0 pgo 6
r.append(random.randint (0,6))

# 3HaueHWe QYHKUMM - CMMUCOK
return r
# ®YHKUMA [ONS BbIYUCNEHWS CKAaNAPHOTo npoussBefeHus
# DBYX BEKTOPOB. APryMeHTbl (PYHKUMM - CMNWUCKU, HA OCHOBE

# KOTOPbIX peanunu3ylTcsd BEKTOpPbI
def scal_prod(a,b):
# [OnnHa nepBoro cnucka

Na=len(a)
# [OnnHa BTOpPOro cnucka
Nb=len(b)

# HaumeHbwee W3 ABYX 3Ha4YeHWU
N=min(Na,Nb)

f2§-
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# HavyanbHOoe 3HauyeHue cymmbl (4epes
# onpepenseTtcs cKanapHoe nNpousBedeHMe)
s=0
# OnepaTop UMKNa ANA BbIYUCNEHUA CYMMb
for i in range(N):
# Lo6aBnfaem K CyMMe HOBOe claraemoe
s+=al[i]*b[i]
# PesynbTaT (QYHKUMK
return s
# MHuuunanmsauna reHepartopa caydaliHbiX 4yucen
random.seed(2014)
# TlepBblii cny4vaiHblli BeKTOP
a=rand_vector(3)
# BTOpOA cny4yaiHblli BeKTOPp
b=rand_vector(5)
# OTo6paXaem nepBbili BEKTOP
show (a)
# OTob6paxaem BTOPON BEeKTOp
show(b)
# Bbluncnaem ckKkanapHoe npou3BefeHUe
p=scal_prod(a,b)
# OTo6paxaeM pe3ynbTaT [fAS CKANAPHOro NPOM3BELEHUSA
print("CkansipHoe npou3BefeHue:",p)

Pe3yanaT BbIMOJ/THEHNA NMPOrpaMMHOro Koga TaKoli:

30-BeKTOp: <2|4|3>.
50-BekTOp: <1|2|1|3|3>.
CkanspHoe npous3BefeHue: 13

MoCcKoNbKY Mbl B MPOrpaMMHOM Koge cobupaemcs reHepupoBaTb ClyYailHble
ynucna, KomaHgon import random nogknoyaem mogynb random, npegHa3Ha-
YEHHbIA UMEHHO NS TaKUX Lene.

W Ha3ametky

B AaHHOM Cc/lydae Ham MoHafo6uTCs BCEero ABe PyHKUMM U3 Moaynsi random, XoTs Ha
camomMm esie Tam OYeHb MHOTO APYrvX NoMe3HbIX YHKLMIA.

Mpy oTo6paXKeHMM COLEPXXMMOro CMMUCKA SBHO YKa3blBaeTCA KOAUYECTBO 3fe-
MEHTOB B CMKCKe, a CaMn 3/1eMeHTbl pa3melLatoTCs B YrN0BbIX CKOGKax ¢ BEPTU-
KanbHOW YepToWi, urparoLeii ponb pasgenntens. Bce aTo peannsyetcs B QYHKLUN
show (), npegHa3Ha4YeHHON 415 OTOOPaXKEHMS COAEPXKMMOTO CnucKa (nepegaH-
HOFo apryMeHTOM PYHKLMW - apryMeHT 0603HaueH Kak a). B Tene hyHKUMM KO-

w
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mMaHgo n=len (a) BblumcnseTca gamHa cnmucka (KoM4ecTBO 3/IEMEHTOB B CMM-
cke). Mocne atoro komaHgovi print (n, "D-BekTop: <", sep="",end="")
oTobpaxaeTtca TekcT. MepBble ABa aprymeHTa PyHkumumn print () -3to Konmue-
CTBO 3/1IEMEHTOB B CMUCKe M U TeKCT "D-BekTop: <". ®yHKUUM print ()
no KNKYy nepegatoTca aprymeHTol sep=""wun end="" (06a 3Ha4eHUA - MyCTble
TEKCTOBbIE CTPOKMW).

Takue aprymeHTbl 03HavaloT 6YKBa/ibHO cnefytollee: pasgenntens (aprymeHt
sep) Mexay oTobpaxaemMbIMK 3fieMeHTaMM HeT (TOUYHee, pasgennTesb - NycToi
TEKCT), a B KOHLe (apryMeHT end) nepexog K HOBOW CTPOKE He BbIMOHAETCS
(BMeCTO MCMOb3yEMO MO YMOMYAHWUIO UHCTPYKLMMW Nepexoja K HOBOM CTpO-
Ke - nycToli TekcT). Ana oTobpaXKeHUs 3NeMeHTOB CNMCKa a B onepatope Lukna
MHAeKCHas nepeMeHHas i npoberaet 3HayeHMs oT 0 40 M- 2 (HANOMHWM, UYTO WH-
CTpyKumeli Buga range (W) BO3BpaLLaeTcA BUPTyanbHas NoCneL0BaTeIbHOCTb
LenblxX yucen ot 0 4O T -1 BK/IHOUYUTENbHO) - TO €CTb NepedbuparoTca BCe 31eMeH-
Tbl CNUCKA, KPOME MOCNeAHero.

KomaHgon print (a[i],end="|") oTobpaxaeTcq O4YepeHON 3NEMEHT CMu-
CKa, a cpasy nocfe 3ToOro afemMeHTa - BepTuUKanbHasa yepta. [lepexos K HOBOWA
CTPOKe He ocyuiecTBnsfeTcqA. Mo 3aBeplleHUn BbIMOMHEHUS onepaTopa LuKna
KomaHgoin print (a[n—],">.", sep="") oTobpaxkaeTcs MmocnegHuii ane-
MEHT U 3aKpblBaloLias yrnosas ckobka. Pasgenntenb Mexay 3TUMWU TEKCTOBbI-
MU (hparmMeHTamm CNY>XUT NYCTON TeKCT (6narogapa nepefaHHoOMY Mo KUy ap-
rymMeHTy sep="").

PyHKLMA ANA CO34aHMA CNUCKA CO CyUYalHbIMU LeNOYNCNEHHBIMU 3/IEMeHTa-
MU HasbiBaeTcs rand_vector (). Y Hee oguH apryMmeHT (0603Ha4YeH Kak n) -
npeAnonaraetcs, 4Tto 3TO Liefioe YMCNO, KOTOPOe onpejenser pasmep cnucka. B
Tene QYHKLMN KOMaHAOM r= [] co3gaeTca NycTol CNMUCOK.

Mocne 3Toro 3anyckaeTcs onepatop UWMKNA, M 33 KaXAbld LUWUKN KOMaHAoW
r.append (random, randint (0, 6)) B cnucok (B KOHeL cnucka) fob6aens-
€TCS HOBbIi 3NEMEHT - C/lyyaiiHoe Lenoe YnCno B fuanasoHe ot 0 4o 6.1 reHe-
pUpOBaHMUs cayyaiiHbiX YMCeN Mbl UCNOMb30Banu PyHkumio randint () M3 Mo-
ayns random. ApryMmeHTamn yHKUUWM NepefaloTca rpaHuLbl fMana3oHa, B KO-
TOPOM FEHEPUPYIOTCA LeNible yncna.

PesynbTtat pyHKumn randint (), KaK HECNOXHO fOrafatbCs - Liesioe YMcno.

Ll  Hasametky

Kak oTMeuanoch Bbllle, B MoAysie random MHOr0 ApYrux (oyHKUUIA, UCMOMb3yeMbIX, KPO-
Me NpoYero, A5t FTeHepMPOBaHUS CyYaiiHbIX Yncen. Hanpumep:s

. hbyHKumen random () reHepupyeTcs cnydyaiiHoe AeliCTBUTeNbHOE YMC/Io B gnana-
30He OT 0 (BKNHUMTeNbHO) A0 1 (He BKIoYas);
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. dyHkums uniform () npegHasHavyeHa A1 reHepuUpoBaHUS paBHOMEPHO pacrpe-
[eneHHbIX AeliCTBUTE bHbIX YMcen B OnpefesieHHOM AnanasoHe - rpaHnLbl guana-
30Ha nepejaroTcsa apryMmeHTamm oyHKLMK;

. hbyHKkuma be'tavariate () Bo3BpawaeT cayyaiHoe YMC/Oo, NOAUYNHSIIOWEeecs 3aKo-
Hy 6eTa-pacnpegeneHus;

. hbyHKUMA expovariate () BO3BpaliaeT cayyaiHoe YMC/o, NOAUMHSIOLWEeeCs 3aKo-
HY 9KCMOHEHLMaNbHOro pacnpeseneHus;

. dyHKUMA gammavariate () BO3BpallaeT cny4variHoe Yncno, NoAUnHsLLeecs 3a-
KOHY ramma-pacnpegsesneHus;

*  (oyHKumMsi gauss () BO3BpalLaeT c/yyaliHoe UYMC/IOo, MOAUVHSIOLIEECS 3aKOHY pac-
npegenexus Faycca;

*  (oyHKumsi lognormvariate O Bo3BpaliaeT c/yyaliHoe 4YnC/o, NOAUMHSIIOLEeecs
3aKOHY /IOTHOPMa/ILHOTO pacrpeaeneHus;

. dyHkuma normalvariate () Bo3BpallaeT c/lyyaiHOe YMcs1o, NoAYNHSAOLLLeecs 3a-
KOHY HOpMasibHOT0 pacnpegeneHus (hakTMyeckn To Xxe, 4To 1 pacnpegeneHve la-
ycca);

. tbyHkums paretovariate () Bo3BpallaeT c/yyaiHoOe YMC/o, NogumHsoLeecs 3a-
KOHY pacnpegeneHus MNapeTo;

. dyHkuma weibullvariate () Bo3BpalwaeT cnyyaHoe 4ucno, NogyuHsAIoLLeecs
3aKOHY pacnpegeneHus Benbynna.

AprymeHTamu 3TMM pyHKLMAM NepefatoTcs napaMeTpbl COOTBETCTBYIOLWNX pacnpeje-
NEeHnin (ecnun TakoBble UMeLDTCS).

[na fobaBneHna HOBOro 3/ieMeHTa B CMUCOK MCMonb3oBaH metod append Q,
KOTOpbI/ Bbl3blBaeTCA U3 CNMCKa. [locne TOro, Kak CIMCOK I CPOPMUPOBAH, KO-
MaH4o return r OH BO3BpaljaeTca Kak pesynbTaT QyHKuum rand_vec-
tor ().

C nomowbto pyHkuum scal prod () BbluncnseTcd ckanapHoe npoussefeHue
[BYX BEKTOPOB, KOTOPble Mbl OTOXAECTBASEM CO CMCKaMu. APryMeHTbl DYHK-
UMK - cnucku. PesynbTaT PYHKLMM - 3TO CyMMa MonapHbIX NPOn3BeLeHnid ane-
MEHTOB CMUCKOB. 34€Cb Mbl CTaNKNBAeMCH C OAHOM NOTEHLNANbHOI NPO61EMOIA:
B CMUCKaX MOXET BbITb pa3HOe KONMYECTBO 3/1EMEHTOB.

B TakoM cnyyae HesiBHO ByfieM noJsiaratb, YTO HELOCTAlOLL e 3NEMEHThI HY/IeBble.
A NOCKONbKY Npoun3BefeHne Hyns Ha 1o60oe YnCcio paBHO HY/I0 U COOTBETCTBY-
folllee cnaraemMoe B 06LLYI0 CYMMY BKMafa He BHOCUT, TO BMECTO TOro, YTo6bl B
6onee "KOPOTKOM" CMUCKE AONUCHIBATL HYJIEBbIE 3/IEMEHTbI, Mbl MPOCTO MOXEM
MTHOPMPOBATb JINLIHMWE 371eEMEHTHLI B 60/ee "6MHHOM" cnucke. IMEHHO TaKol
noAxoA4 UCMONb30BaH Npu onpeaeneHumn pesynbtata PyHkumn scal_prod () -
B tene pyHkumn komaHgamu Na=len (a) n Nb=len (b) onpegensercs gnuHa
(KonMYyecTBO 3/1EMEHTOB) MepBOro U BTOPOrO CMWCKOB, MepefaHHbIX apryMeH-
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Tamn yHkymu. 3atem komaHgoi N=min(Na,Nb) B nepemeHHyt N 3anucbl-
BaeTCs MMHMManbHOEe U3 AByX 3HayeHuii Na n Nb. Takxke komaHgol s=0 3aga-
€TCS HYNeBOE HayanbHOE 3HaYeHWe A1 NepeMeHHON, B KOTOPYIO 6yfeT 3anuchl-
BaTbCA CyMMa - pe3ynbTaT CKaNsapHOro npovssegeHus. B onepatope Lukaa nuH-
feKcHasa nepemeHHas 1 npoberaet 3HaveHus oT 0 go N-1 u CAyXWUT MHAEKCOM
4ns nepebopa afemMeHTOB B MEPBOM W BTOPOM CMMCKax. 3a KaXAyl uTepauuto
KomaHgoin s+=a[1]*b[i] 3HauyeHne nepeMeHHOW S yBeINYNBAETCA Ha BeU-
YMHY NPOU3BeAEeHUS COOTBETCTBYHLLMX 3/1eMEHTOB (3/1EMEHTOB C O4UHAKOBbI-
MW MHAeKcaMK) cnuckoB a u b. Mo 3aBeplieHnn onepaTopa LMKNa KOMaHLoi
return s3HauyeHVe NepeMEHHON S BO3BPaLLAETCA KaK pe3ynbTaT (yHKUUN.

MoMUMO OMUCAHHBIX PYHKLMWIA, B NPOrPaMMHOM KOfe eCTb CNeaytoLne KOMaH-
abl:

e WHcTpykyuen random, seed (2014) BbIMNOAHAETCA MHULMANN3ALNUS TEHE-
patopa cnyu4aliHbix umncen. Boobuie, aTa kKoMmaHga HeobsA3aTenbHas. Mox-
HO 6bINI0 ee He UCMOMb30BaTh BOBCE. ECNM BCe e Mbl Bbi3blBaeM (DYHKL MO
seed () C HEKOTOPbIM YMCMOBLIM apryMeHTOM, TO FeHepaTopoM Mpu Kax-
[OM 3anycke nporpammbl 6yfeT reHepupoBaTbCa 0f4Ha W Ta Xe nocnefo.a-
TENbHOCTb CNYyYaliHbIX Ymncern.

L Ha 3ameTky

MKaHTHOCTbL CUTyaUnn B TOM, YTO /10601 reHepaTop CiyvariHbIX Yucen Ha caMoMm fere
"BblaeT" COBCeM He CrlyyaliHble uncna. Noatomy npasusibHee roBOpuTbL O NCEBAOCIY-
YalHbIX Ymcnax. BHellHe o4eHb MOX0Xe, YTO YMC/a Cry4aliHble - HO 3TO He Tak. [1na no-
NyYeHVs NnocnefoBaTeslbHOCTU TakuX 4YMcen UCMOosb3yeTcs onpefesieHHas dopmysna
Wnn anroputm. M 4tobbl BCe 3TO "'3anyCcTUTh', HY)XXHO Kakoe-TO "3aTpaBO4HOe™ Wan Ha-
Ya/lbHOe 3HayeHune, KOTopoe 6epeTcs 3a OCHOBY MPU BbIYMC/IEHUN NOCNef0BaTeNbHO-
CTW NceBAOCyYaHbIX Yncesl. Takoe KpaliHe BaxKHOe /181 reHepaTopa CriydaHbIX ynces
3HaueHune 06bI4HO 3a4aeTcs NpU UHULNaNM3aLmmn reHeparopa cny4aliHbix uncen - ak-
TUYECKW, B 3TOM MHULMaNN3aLmsa reHepaTtopa 4mcen n coctont. Ecnm mbl B ABHOM Buje
MHULMann3npyem reHepartop, Bbi3BaB (yHKUMIO seed () C onpegenieHHbIM aprymeH-
TOM, TO 3TOT aprymeHT ncnosnb3yetcs 4715 "cTapTa” BblUMC/IUTENBLHOrO npouecca. MNos-
TOMY Kaxxblli pa3 nocnefoBaTes/IbHOCTb NCEBAOC/TYHaHbIX Yncen 6yAeT ofHa 1 Ta Xe.
Ecnu siBHO MHMLManu3auma reHeparopa ciy4vaiHbIX Yicen He BbINOJIHSAeTCs, To "3aTpa-
BOYHOe" 3HayeHue onpefesisieTcsl Ha OCHOBE CUCTEMHOIO BPEMEHUN, NO3TOMY KaXAbll
pas3 npu 3anycke nporpaMmbl NosyyaeM HOBYHO MOC/ie0BaTe/IbHOCTb NceBAOC/yYali-
HbIX YMCes.

KomaHgamu a=rand_vector (3) nb=rand_vector (5) cosgaloTcs fBa
CNyYaiHbIX CANCKA C KOJIMYECTBOM 3/IEMEHTOB 3 M 5 COOTBETCTBEHHO.

KomaHgamu show (a) v show(b) cogepxumoe cnuckosB oTobpaxaeTtca B
KOHCONN.

KomaHgoin p=scal_prod (@, b) Bbluncnserca ckanipHoe Npon3BefeHne, a
komaHgoin print C'CkandpHoe npousBegeHune:", p) otobpaxaem pe-
3yNbTaT BblUNC/EHNSA CKANSPHOI0 NPOn3BeAeHus.

Wyp----
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B1oXXeHHble CMUCKU

MeHs He nposegeLlb. |_|pI/IEMbI CbILMKOB A BU>KY
Ha NATb Oy TOB Brybb,

n3 k/dp "MpuknioveHus LW epnoka Xonmca un
AOKTOpa BaTcoHa"

XO0TH pasfNyHbIX BapuaHTOB CMUCKOB OYEHb MHOMO, Ha OLHOM TWME CMUCKOB
OCTaHOBUMCH NoAPOo6Hee. 3TO BNOXKEHHbLIE CMUCKW: CMUCKKW, 3N1EMEHTaMU KOTO-
pbIX, B CBOKO 0Yepefb, TOXE ABNAKOTCA CMUCKW. Hac 6yleT MHTepecoBaTb Npu-
KNajgHoI acnekT B MCNOMb30BAHUM TAKOro poja "KOHCTPYKuuiA". TMo3TomMy Mbl
60nee NogpobHO OCTAaHOBMMCS HA TOM, KaK CO3[iaBaTb BIOXEHHbIE CMIUCKU, U KaK
MX 3aTem UCMo/b30BaTb Ha NpakTuKe. NMOHATHO, YTO 3TK 3aa4M MOXHO peLlaTtb
pasnuyHbiMu cnocobammn. PaccmoTpuM He6OMbLIOK MpuMep, B KOTOPOM ONu-
CaHbl HECKOMIbKO (DYHKUWA, NpefHa3HauYeHHbIX 415 paboTbl C MaTpuULaMu: ecTb
(hYHKUMA ANSA CO34aHUsA MATPULbl C 3NEMEHTAMM - CAyYaliHBIMU YMCNaMK, eCTb
(hYHKUMA ANA CO3[4aHUA eAUHNYHOW MaTpuLbl, onucaHa PyHKLUMA A0S BblUKC-
NEeHNA NPOn3BELEHNSA KBAAPATHLIX MAaTPUL, a TaKXKe UMeeTca hyHKLUMA Ans no-
CTPOYHOI0 0TO6PAXKEHMA MATPULbI B OKHe BbiBOAA (KOHCONN).

Ll Haszametky

HenuwHum 6yaeT 0CBeXUTb HEKOTOPblE MOMEHTbI, CBSI3aHHblE C MaTpuuamun. MaTpu-
Lei HasbiBaeTcs Habop uucesn, ynopsifoUeHHbIX No CTpokaM M ctonéuam - To ecTb B
BUAe Tabnuubl. KBagpaTHOW Ha3biBaeTCsl MaTpuLa, B KOTOPO OANHAKOBOE KOMIMYECTBO
CTPOK U CTON6LOB. MaTpuLa, TakuMm 06pa3om, ONMCbIBaeTCsi HAGOPOM 3/1EMEHTOB: eC/n
npo matpuuy A roBopsAT, UTO OHa COCTOUT U3 3/1eMEeHTOB Sy (MHAEKChl 1= 1.2, —>n 1
) = 1.2,...,T), TO 3TO O3Ha4aeT, YTO Ha NepeceyYeHnn i-i CTPOKM n j-ro cTonbLa Haxo-
outca uncno CLij. EguHnMyHas maTpuua - 3To Takas KBagpaTHas maTpuua, y KOTOpoi
Ha rnaBHO AnaroHan eANHNYHbIE 3/IEMEHTbI, a BCE NMPOUME 3/IEMEHTbI PaBHbI HY/IO: TO

ecTbay = lecnuni = j, nai; = 0 ecm i &-j.

Ecnv nmeeTcs ABe KBagpaTHble MaTpuLbl A ¢ afiemeHTamu Ay \NEc anemeHtamm by
(UHaekebl i,j = 1,2,...,n), TO NPOU3BEAEHMEM ITMX MaTpuL, HasbiBaeTCsi MaTpuua

C = AS c anemeHTammn Cy = N A”bNy = aiinNi] + ai2”~2j H--—--¢"ain”nj- Cne-
k=1

AyeT OTMETUTb, YTO YMHOXaTb MOXHO He TO/IbKO KBagpaTHble MaTpuubl. Ho B to60M

C/lyyae KOJ/IMYECTBO CTO/IGLOB NepBoii MaTpuLbl AO/HKHO COBMajaTb C KOIMYECTBOM

CTPOK BTOPOI MaTpuLbl.

COO0TBETCTBYIOLMIA NPOrpaMMHbIA KOZ MPefCcTaBneH B IMCTUHTe 4.8.

JInctuHr 4.8. Vicnonb3oBaHME BIIOXEHHBLIX CMMCKOB

# Mopgknioyaem MOAYNb [ANA TeHepPUPOBaHMA CchNyyalHbIX 4yucen
from random import *
# ®YHKUMS AN cO3JaHWA MaTpullbl CO CNyYaliHBIMW 31eMeHTaMMm
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def rand_matrix(n,m):

# CosgaemM MaTpuuy C 3fieMeHTaMu - clAy4YalHbIMU 4yucnamu
A=[[randint(0,9) for j in range(m)] for i in range (n)]
# Pe3ynbTaT GYHKUMK

return A

# OYHKUMA LNS cO3[aHMA eAMHWYHOW MaTpuLbl
def unit_matrix(n):
# EgMHnyHag maTtpuua

A=[[int(i==j) for i in range(n)] for j in range(n)]
# Pe3ynbTaT GYHKUWK
return A

# OYHKUMA [N BbIYUCAEHWA NPOM3BELEHMA KBafpaTHbIX MatTpul
def mult_matrix(A,B):
# Pasmep mMaTpuubl
n=1en(A)
# MaTpuua-pe3ynbTaT C Ha4vyalbHbIMW HYNEBbIMW 3HaYEHWUAMU
C=[[0 for i in range (n)] for j in range (n)]
# TlMepBblli MHAEKC
for i in range (n):
# BTopoin uHpekc
for j in range (n) :
# BHYTpPeHHUA WHAeKc, no KoTopomy 6GepeTcsd cymma
for k in range (n):
# [o6aBnfaem cnaraemoe B CymMMmy
CLil[il+=ATlillx]*B[k][]j]
# Pes3ynbTaT QYHKUWUK
return C
# DyHKUMA Jna oTob6paxeHUMs MaTpulbl
def show_matrix(A):
# Mepebop CTPOK MaTpuubl
for a in A:
# Mepebop 3NeMeHTOB B CTPOKEe MaTpulbl
for b in a:
# OTo6paxaeM 3/1eMEHT MaTpuubl

print(b,end=" ")
# lMepexoa HOBOW cTpoke (Npu BbIBOAE B KOHCO/b)
print()

# MHuumnanmsauma reHepartopa cayvyalHbIX 4ucen
seed(2014)

# MaTpuuya co Ccny4vyalHbIMW 4Yucnamu
A=rand_matrix(3,5);

# MaTpuua B BUAE cnucKa

print("Cnucok:",A)

# MaTpuua KakK OHa ecTb

print("9ta xe matpuya:")

show matrix(A)

w T
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# EounHnYyHaa maTtpuua
E=unit_matrix(4)

# OTob6paxaem maTpuuy
print("EguHnyHaa matpuya:")
show_matrix(E)

# [lepBas maTpuua
Al=rand_matrix(3,3)

# BTopaa maTpuua
A2=rand_matrix(3,3)

# lMpounssefeHne maTpuy
A3=mult_matrix(Al, A2)

# OTob6paxaeMm nNepBYyl MaTpuuy
print("Mepsas maTpuya:")
show_matrix(Al)

# OTob6paxaem BTOpPYl MaTpuuy
print ("Btopasa matpuya:")
show_matrix(A2)

# OTo6paxaem npousBefeHue MaTpul
print("MpousBegeHne matpuy:")
show_matrix(A3)

B nporpammHom koge komaHgol from random import * nogkniovyaem
Mogynb random Ans reHepupoBaHWs CAy4YaiHbIX yucen (Mpuyem nNpu Takom
NOAK/MOYEHUN MOAYNA ANA Bbl30Ba DYHKLWWA M3 3TOr0 MOAYNS MMA MOLYNA
ABHO YKa3blBaTb HE HYXXHO). Ham noHafobutcsa u3 moayna random (yHKUUA
rendint (), C NOMOLLbIO KOTOPOI 6yeM reHepupoBaTb 3/IEMEHTbl MaTpuLbl B
Tene yHkuMm rand_matrix (). ®PyHKUUSA onucaHa ¢ 4BYMSA aprymMeHTamm n
M T, KOTOPbIE OMNPeseNialoT COOTBETCTBEHHO KOIMYECTBO CTPOK 1 CTONGLLOB B Ma-
TpuLe, BO3BPaLLaeMoli B Ka4ecTBe pe3y/brara.

MaTpuua co3gaetca komaHgoh A=[[randint (0, 9) for j in range (m)]

for i in range (n) ]. B gaHHOM cny4yae Mbl MCNO/Ib30BAN BOXEHHbIE Te-
HepaTopbl CNUCKOB. MHcTpykumen [randint (0,9) for j in range (m)]
thopMmpyeTCcs CNUCOK M3 M 3/IEMEHTOB, MPUYEM KaXKAbli 3NeMEHT - pe3ynbTart
Bbl30Ba PyHKumm randint (0, 9), To eCcTb Lenoe cAyyaiiHOe YMCNO0 B fMmanaso-.
He 0T 0 40 9 BKNKOUYNTENLHO.

Cama e uHcTtpykuus [randint (0, 9) for j in range (m) ] ykasaHa kak
Takas, 4To opMuUpyeT 3NEMEHT CMMNCKA ANA BHELLHEro reHeparopa cnuckos. B
3TOM BHeLUHEeM reHepatope CMWCKOB MHAEKCHAasA nepemMeHHas npoberaet Leso-
YnUCNEeHHble 3HaYeHns oT 0 fo n-1.o3ToMy B pe3yabTaTe NOayyYaem CNUCOK U3
N 3MIEMEHTOB, NMPUYEM KaX[blli 3IEMEHT 3TOr0 CMKNCKa Cam SBNAETCH CMUCKOM U3
MaNeMeHTOB (& 3TU 3NEMEHTbI - CllyYaliHble YnCna).

*
-#Ar1l
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®YHKUMA ANA CO3[aHNA e[UHNYHON MaTpULLbl Ha3blBaeTcA unit_matrix () u
Yy Hee O4MH aprymMeHT (0603Ha4YeH Kak n) - pasmep (paHr) MaTpuubl (KOANYECTBO
CTPOK W OHO >Xe KONMYecTBO CTO/I6L0B, MOCKO/IbKY MaTpuua no onpefeneHunto
KBagpaTHasa). EAMHMYHAA MaTpuua A B Tenle YHKUUUN BbIYUCAETCA KOMaHOW
A=[[int(i==j) for i in range(n)] for j in range(n)].

KomaHfa o4yeHb NoXoXa Ha Ty, YTo 6blna B Tene GyHKUUU rand _matrix (),
HO ecTb Hebonblwmne oTANYMA. Bo-nepBbiX, 06 MHAEKCHbIX NepeMeHHbIX (BO
BHELLUHEM ¥ BHYTPEHHEM reHepaTope CMUCKOB) NpoberaldT 04uMHAKOBbIe Anana-
30Hbl 3HaYeHWI (B KBaAPaTHON MaTpuue KOMMYECTBO CTPOK PaBHAETCHA KOMM-
4yecTBY CTON6L0B). BO-BTOPBIX, NpU DOPMMUPOBAHUY 3NEMEHTOB BO BHYTPEHHEM
reHepatope CNMCKOB BMecTO (YHKUMKM randint () MCNONb30BaHa WMHCTPYK-
uma int (i==j ). 34ecb 0rMKa Takas: 3Ha4eHue BblpaXeHna i==j paBHsAeTCA
True, €CIW UHAEKCHI i W j OAMHAKOBble, U False, €CM 3TU UHAEKChI Pa3Hble.
Jlornyeckoe 3Ha4yeHUe Npu npeocbpasoBaHnM ¢ NOMOLLbIO yHKUMM int () Kue-
NOYNCNEHHOMY BUAY faeT 1 Tam, rge 6b110 True, U 0 Tam, rge 6bi10 False. B
pesynbTaTe Noayyaem CNUCOK, COCTOALLMIA N3 M CNUCKOB, KaXAblli U3 KOTOPbIX, B
CBOIO 0Yepefb, COCTOUT U3 N HYNel UK efuHUL,

B ka4oM BHYTPEHHEM CMUCKe TONbKO OfHa efuHMua (OCTasbHble 31eMeHThI
HyneBble), NPUYEeM efMHMLa BO BHYTPEHHEM CMMUCKE HaXOAWTCA Ha TOW MOo3w-
LMK, KOTOpas coBnagaeT ¢ No3numMeli BHYTPEHHero CnucKa Bo BHELIHEM CNUCKe.
Ha A3blke MaTpuy 370 03Ha4aeT, YTO eAUHULbI HaXOAATCA TOMbKO Ha rNaBHOW
LMaroHanun - To eCcTb Mbl CO34any eMHUYHYI0 MaTpuLy. 3Ta MaTtpuLua u ABiseT-
cA pe3ynbTaToM PyHKUMM unit_m atrix ().

®yHkyMa mult_matrix () npeaHasHayeHa AN BbIYUCAEHUS NMPOU3BELEHUS
KBafpaTHbIX MaTpul. Ee aprymeHTsl A U B, KaK Mbl Npegnosaraem, siBisTcs
MMEHHO TEMU MaTpULaMMW, KOTOPbIE HY)XHO MEPEMHOXWUTb. Pe3ynbTaT yHK-
UMK - MaTpuua, KoTopas nojyyaeTcs B pe3ynbTaTe YMHOXEHUS MaTpul, nepe-
HaHHbIX apryMeHTaMmu QyHKLUu.

B Tene hyHKLMM KOMaHAOW N=1en (A) onpefenseTcs pasMmep MaTpuLbl - NepBo-
ro aprymMmeHTa pyHkuum mult_matrix (). CTporo rosops, B NepeMEHHYIO M 3a-
NMUCbIBAETCH KOMYECTBO 3/1IEMEHTOB B CMMNCKe A. DNeMeHTaMy CN1cKa A, B CBOO
ouepefb, TaKxe ABAAKOTCA CNUCKK (BHYTPEHHUE cnuckn). KonnyecTso anemeH-
TOB B CMUCKE A - 3TO KO/IMYECTBO CTPOK B COOTBETCTBYIOLW e maTpuue. Konnue-
CTBO 3/1EMEHTOB BO BHYTPEHHMX CNUCKAX - KONNYECTBO CTONOL0B MaTpuLbl. Mbl
npeanonaraem, 4To MaTpuLa A KBagpatHas, U KOJIMYeCTBO CTONOL0B Y Hee Takoe
Xe, KaK KOn4ecTBo CTPOK. bonee Toro, Mbl TakXKe UCXOAUM U3 TOrO, YTO BTO-
poii aprymeHT pyHKumu mult_matrix () - maTpuua B, - TaKXe KBagpaTHas u
TOrO )€ pa3Mepa, 4To 1 maTpuua A. Ho npoBepka BCeX 3TUX BaXKHbIX MOMEHTOB B
NporpaMMHOM Kofe He peanusyetcs. XKenawouwime MoryT nogymarb, Kak ee MOX-
HO 6b1/10 Obl peann3oBaTh.
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W Hasaverky

Y[06HbIN MexaHU3M 06paboTKM BCEBO3MOXHbIX "HeNnpuATHoCTeN" (OWNBOK, BO3HUKA-
IOLWMX NPU BbINOIHEHUN NPOrpaMMbl) CBSi3aH C UCMOJ/Ib30BaHNEM KOHCTPYKLMMK try -
except. 9TOT NOAXOA Mbl YXKe 06CYXAaM B OAHOWN U3 NpeablayLnx rnas.

B Tene pyHkumm mult_matrix () komaHgoii C=[ [0 for 1 iIn range ()
] for j in range (n) ] co3gaem BAOXeHHbIR cNMCOK C C HYyNeBbIMU 3N1EMEH-
Tamu. 3TOT CNUCOK 3a4aeT CTPYKTYpY MaTpuLbi-pe3ynbTaTa pyHKuun. Bee ane-
MEeHTbI 3TON MaTpULbl Nepes Hauyanom BblYNCIEHWUIA HY/EBbIE.

[Janee B Tene PyHKLMM 3anyCcKaeTCa TPU BIOXKEHHbIX ONepaTopa uukna: B nep-
BbIX [BYX OnepaTopax nepebuparTca UHAEKCbl 31eMeHTOB MaTpuubl C,a No nH-
[eKcy TpeTbero oneparopa LMKna Bblumcnaerca cymma. MNpu 3aTom BbIMONHAET-
cqa Bcero ogHa komaHga C[1] [J]+=A [] [K]1*BLK] [j]. xkoTopoii cymma ans
3HauveHusa anemeHTa C [1] [J] yBeNmumBaeTcs Ha BEIMYNHY NPOU3BEAEHUSA 3fle-
meHToB A 1] [K] wB[k] [J] matpuu A n B. Mocne 3aBepieHUst BbIYUCIEHWI
maTtpuua C Bo3BpaLlaeTcs KakK pe3ynbTaT PyHKLMN.

[nsa oTobpaxeHns matpuy, B 60/1ee NpMemMeMoM C MaTEMATMUYECKON TOUKM 3pe-
HUSA BUAe onpegensem QyHKuuo show_matr ix (), apryMeHTOM KOTOpPOW nepe-
faetca matpuua gng otobpakeHus.

Q Hazaverky

Ecnun nonbITaTbCs 0TO6Pa3nTb BNOXEHHbIN CMUCOK C NOMOLWbIO hyHKUMnM print (), To
3/1eMeHTbI CMUCKA Mbl, KOHEYHO Xe, YBUANM. Ho oTo6paxaTbcst OHu 6yayT He B BuAe Ta-
61U, KaK MPUHATO OTOGPpaXaTb MaTpULbl, a Kak B/IOXEHHbIe CMUCKU.

B Tene pyHkumn show_matrix () 3anyckawlTcs BNOXEHHbIe onepaTopb! LUK-
na. Bo BHelHeM LuMK/e nepeMeHHas a npoberaet Habop 3HayYeHU N3 cnucka A
Jpyrumu cnosamu, nepemMeHHas a nocfiefoBate/ibHO MPUHUMAET 3HAYEHNSA 3ne-
MeHTOB M3 cnucka A. N03TOMy a MOXEM UHTEPNPETUPOBaTb KaK 3/IEMEHT CMnu-
cka A. TToCcKO/bKYy CMMCOK A cam COCTOMUT U3 CMUCKOB, TO @ - 3TO CAMCOK. TaMm Ha-
XOOATCHA 31EMEHTbI, COOTBETCTBYHOLLME ONpejenieHHOMY pady B matpuue A. Bo
BTOPOM, BHYTPEHHEM OrepaTope LuKna nepeMeHHas b npoberaet 3HaYeHNs ane-
MEeHTOB M3 cnucka a. Takum o6pasom, ecniv a - aTo pAj 3/1EMEHTOB B MaTpuLe A,
TO b - 370 04MH 13 3IeMeHTOB 3Toro psga. Komangoii print (b ,end="" ") ane-
MeHT psaja 0Tob6paxkaeTca B OKHe BbIBOAA, MEPeEX0 K HOBOI CTPOKe He OCYLLecT-
BNISIETCA, @ BMECTO 3TOro gobasnsaerca npoben. Takum obpa3om, afieMeHTbl paga
oTo6paxatTCca B 04HY CTPOKY Yepe3 npoben. Mocne Toro, Kak afnemMeHTbl onpe-
LeNeHHOro paga matpuubl nepebpadbl, n paboTa BHYTPEHHEr0 OnepaTopa LuKna
3aBepLUeHa, BbINO/HAETCA KOMaHAa print (). B pesynbTaTe BbINOAHAETCA ne-
pexof K HOBOI CTPOKe A5 BbIBOAA UH(pOPMaLumn. Bo BHeWwHeM onepaTope LuK-

#
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na nepemMeHHas a MPUHMMAeT HOBOE 3HAYEHME, U BCE HAUYMHAETCS CHOBA: 3/1IEMEH-
Tbl psifia 0TOGpaXKatoTCsA B OAHY CTPOKY Yepe3 npoben, 1 Tak gasnee.

MoMUMO OnMCaHHbIX HYHKLWI €CTb HECKONLKO KOMaHZ, KOTOpble MO3BOMSIOT
MPOUNIOCTPUPOBATD, KakK 3TU camble (DYHKL MM MOXHO MCNO/Ib30BaTh.

VHuunanmsaumio reHepatopa C/ayyaliHbIX 4UCeN BbIMOMIHAEM KOMaHAOM
seed (2014). Ewe pa3 HaANOMHUM, YTO TaKyt MHULMANN3ALUIO MOXHO 6bl/10
6bl U He BbINOMHATD.

MaTtpuua co cay4ailHbIMM 4yuMcnamum co3jaeTcsd KomaHgoih A=rand_ma-
trix (3,5). B gaHHOM cnyuyae peyb ugeT o matpuue u3 3 CTPOK U 5 cTon6Lu0B.
[na cpaBHeHus komaHgow print ("Cnucok: A) oTobpaxaem COAepXnUmoe
cnucka AcCTaHAapTHbIM cnocobom, a 3aTemM KoMaHgolk show _matrix (A).

EanHnyHaa matpuua paHra 4 cosgaetca komaHgo E=unit_matrix (4). Ma-
Tpuyy oTobpaxkaem KomaHgon show _matrix (E).

Kpome aToro, KOMaHaamu Al=rand_matrix (3,3) n
A2=rand_matrix (3,3) co3gaem fBe c/yyaliHble KBaApaTHble MaTpuubl
paHra 3. NpoussegeHUe 3TUX MATPUL, BbIYMCASAEM C MOMOLLbI MHCTPYKLUK
A3=inult_matrix (Al, A2). MNocne atoro komaHgamm show _matrix (Al),
show _matrix (A2) nshow_matrix (A3) oTobpaxaem ABe NCXOAHble MaTPU-
Lbl, @ TAKXXe MaTpuLy-nNpoun3BeseHue.

Hue NokasaHo, YTO MOXEeT GbiTb BblBEEHO NMPW BbIMONHEHUU MPOTPaMMHOI0
Koga:

Pe3ynbTar BbINOHEHWS NPOrpamMmbl (U3 NUCTUHTA 4.8)

Cnwncok: [[5, 9, 6, 3, 5], [3, 6, 6, 7, 0], [9, 6, 5, 2, 9]]
OTa Xe MaTpuuya:
596 35
36670
96529
EguHMYHaa maTpuua:
10 00

010 O

0010

0001

MepBas mMaTpuua:
727

340

12 3

BTopas mMaTpuua:
346

6 6 5

fm
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12 4

MpownsBefeHne MaTpul:
40 54 80

33 36 38

18 22 28

XXenawuwne MOTYT CaMOCTOATENIbHO MNPOBEPUTb MNPaBWU/IbHOCTb BbIYNC/TEHUA
npounssefeHna maTpuu.

OfHO M3 KOHKYPEHTHbIX NPeuMyLLecTB f3blka Python cocTouT Kak pas B TOM,
UTO OZHA M Ta XXE 3aa4a MOXET pellaTbCs PasHbIMU CNoco6amu, NpUYemM Hepes-
KO 3TW CMOCO6bl OTAIMYAOTCA pa3nuTeNibHO. M03TOMY OYEBMAHO, YTO NPEAIOXKEH-
Hblli BbiLLI€ MOAXOA He ABNAETCSA efUHCTBEHHO BO3MOXHbIM. C HEKOTOPbIMYU ApY-
TMMMW KOHLENLUAMW COCTAaBNEHMS MPOrPaMMHbIX KOJOB Mbl ellie M03HaKOMUMCS
Mo Mepe N3yyeHus maTepuana KHUTU.

L Ha 3ameTky

Mpu co3pgaHnn cnUckos (B TOM YKC/e N BNOXEHHbIX), HEPeAKO MCNO/b3yeTcsa onepa-
TOp NOBTOPEHUA * (3Be3a04Ka). Ecnmn aTOT GMHapHbI onepaTtop (KOTopbIi dhopMasibHO
coBnajaeT Cc onepaTtopoM YMHOXEHWNRA) NMPUMEHAETCA K CNUCKY (OAWH onepaHA - cnu-
COK, ApYroi onepaHy, - Lenoe 41Mcnio), To pesysibTaToM 6yAeT HOBbIV CMCOK, KOTOPbI
nonyyaetTca NOBTOPEHMEM 3/1EMEHTOB M3 UCXOAHOro cnmucka. KonunuyectBo nosTope-
HWI onpefenseTcs LesIoYUC/IEHHbIM onepaHaoM. Hanpumep, B pe3ynbTaTe BbINosiHe-
HUs KoMaHabl A=[0] *5 (unn komaHgpl A=5* [0]) nepemeHHas A 6yaeT cebiiatbCsa Ha
CnucokK n3 natn Hynen [0,0,0,0,0]. Ecnmn B=[1,2]*3, TO Ha camMOM fene pesy/b-
Tatom 6yAeT CNUCOK, MOJyvaloWwmnica TpoekpaTHbIM NOBTOPEHMEM napbl 3/1EMEHTOB
1wn 2, 10 ecTb cnucok [1,2,1,2,1,2]. Wnun, ckaxeMm, Nocne BbINOAHEHUS KOMaHAbl
C-[ [1] *2] *3 nepemeHHasa c 6ygeT ccblnatbcs Ha cnucok [[1,1], [1,1], [1,1]].
Mouemy Tak? MOTOMY UTO pe3ysibTaToM BbipaxeHus [1]* 2 saBnsetca cnmcok [1,1], a
pe3ynbtatom BblpaxeHus [1,1 ]*3 asnsaetca cnucok [[1,1], [1,1], [1,1]] (Tpoe-
KpaTHOe NoBTOpeHue anemeHTa [1,1]).

CTOouT 3aMeTUTb, YTO OrepaTop NOBTOPEHUSA * MOXET MPUMEHATBLCA He TOJIbKO K CMu-
CKaMm, HO, Hanpumep, N KTEeKCTy.

3HaAKOMCTBO C KOpTeXaMu

- YTo3aB3gop. Kak Bam 310 B ronosy B36peno ?
- [la He B36peno 6bl, HO (haKTbl, KaK rOBOPUTCA,
ynpamas BeLp.

n3k/d ""Yapogen'

KopTe>k npeactaBnset co60il ynopsfoueHHblii Habop HEKOTOPbLIX 3/IEMEHTOB.
B 3TOM CMbIC/Ie OH Mao YeM OT/INYAETCS OT CNUCKA. TO ecTb U CMUCOK, U KOp-
TEX - 3TO YNOPSAJ0YEHHbIA HAGOP 3/IEMEHTOB. B YeM Xe pasnuune? Pasnnyue - B
crnocobe uay MexaHu3Me peannaanuu, a Takxe B TOM, Kakue onepawum onycru-
Mbl CO CMIMCKaMM 1 KOpPTeXaMu. MOXHO TakXe ckKasaTb, YTO B OCHOBE CMUCKOB

n B
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M KOPTEXel OfHA U Ta Xe CTPYKTypa - yNopsA0UeHHbI HAbop 3NeMeHTOB. 3Ta
CTPYKTYypa MOXET peann3oBaTbCs Yepes CNUCKMU, a MOXET peann3oBaTbCs yepes
KOpTEXMN.

Ecnn oT aBCTPaKTHbIX MOHATUI NepeinTn K 60/7ee NPaKTUUYECKUM BONPOCaM, TO
crnesyeT OTMETUTh, YTO MPUHUUMMANBHOE OT/IMYNE KOPTEXel OT CMUCKOB COCTO-
UT B TOM, YTO KOPTEXMW HeNb3s U3MEHSATb. TO ecTb NOC/Ie TOro, KaK KOPTEX CO3-
[aH, BHECTW B HETO U3MEHEHUS YXKE He NOMyYmnTCS.

W Ha3ameTky

Ha nepBbIli B3rns ata 0CO6eHHOCTb KOPTEeXeil 04YeHb CUNBHO orpaHnymBaeT 06/1acTb
VX NPUMEHNMOCTU. HO 3TO TONBKO Ha NepBbIii B3rNag. Ha camom gene gaHHas ocobeH-
HOCTb CKOpee "TexXHMYecKoro" xapakrepa 1 ee BO MHOMMX cny4vasx ygaeTca o6ontun. Ha-
npumep, ecsiv nepeMeHHasi CCbINaeTca Ha KOPTEX M HAM HY)XXHO BHECTU B KOPTEX M3-
MEHEHMA, TO MOXHO CO3[aTb HOBbIi KOPTEX W CCbIJIKY Ha 3TOT KOPTEX NPUCBOUTL Mne-
pPeMEeHHOIA.

C TOuku 3peHua "Tunonorum™ Asblka Python KopTex OTHOCUTCA K Tuny
tuple. Mo3aTOMy HET HMYEro yAUBUTENLHOIO, YTO CO34aTb KOPTEX MOXHO C Mo-
Molblo PyHKumn tuple (). Ecnu aprymeHTay yHKLUKN HET, TO 6ydeT co3faH
nyctoii KopTex. Ecnn aprymeHTom dyHkumm tuple () nepegatb, Hanpumep,
CMUCOK UMW TEKCTOBYIO CTPOKY, NOYYNM KOPTEX, COCTOALMA COOTBETCTBEHHO
13 3/1IEMEHTOB CMMNCKa MU 6YKB TEKCTOBOWN CTPOKMW. Takke MOXEM CO34aTb KOp-
TEX, eCiY B KPYT/IbIX CKOOKaxX nepeuyncninTb Yepes 3anaTyro 3/IeMeHTbl, popMu-
pyloL e KopTex.

W Ha3ameTky

MycTble Kpyr/ible CKOOKM O3Ha4aloT MycToi KopTex. Ecnn B KOpTexe OAWH 3/1eMEHT,
1 Mbl CO3aeM TakKoW KOPTeX C MOMOLLbIO KPYr/ibiXx CKOBOK, TO MOc/ie 3TOro 3sieMeH-
Ta creflyeT NocTaBuTh 3anATyto. Ecnm 3anaTyto He NOCTaBUTb, TO MOYYNM He KOPTEX,
a NPOCTO TOT 3/IEMEHT, KOTOPbI/ B KPYr/bix ckobkax. Hanpumep, komaHaon a= () cos-
[aeTcsi MyCTO KOPTeX, U CCbisika Ha Hero 3anvcbiBaeTcsl B NepeMeHHyto a. KomaHpaoi
a= (10,20) co3paeTca KopTex u3 AByx anemeHToB (10 1 20). A kOoMmaHgol a= (100)
KOPTeX He co3faeTcs: NepeMeHHas a cCblflaeTcsi Ha LiesloumcrieHHoe 3HadveHne 100.
UTOo6bI CO3/aTb KOPTEX, COCTOALLUIA BCEro U3 ogHoro anemeHTta 100, ncnosb3yem Ko-
MaHay a=(100,).

Elle oAVH BaxHbI/i MOMEHT: eC/IN He UCMOMb30BaTb KPYr/ible CKOGKWU, a NPoCTo nepe-
YACNUTBL Yepes 3anATyH HEeCKO/IbKO 3/1EMEHTOB (M NPUCBOUTL 3TY KOHCTPYKLUUIO nepe-
MEHHOW), NOMyYNM KOPTEX.

O6pallleHne K 3/IeMeHTaM KOpTeXKa BbIMOMHAETCS TaK Xe, KaK U K 3/IeMeHTam
CMMCKa - C MOMOLLbI0 MHAEKcA. VIHAEKC YKa3biBaeTCA B KBaipaTHbIX CKOGKaX Mo-
C/le UMeHU KopTexa. MHaeKcalns aNemMeHTOB KopTexa HaunmHaeTca ¢ Hyns. Tak
e KaK 1 A5 CnucKa, AN KopTeXxxa MOXHO NoMy4YnTh Cpes.
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Ll Haszametky

Eule pas HanoMHWM, 4YTO NoJlydeHne AOCTyNa K 3/IeMeHTY KopTexa Wiv nosyyeHue cpe-
3a 19 KopTexa 03HavyaeT, YTO Mbl MOXeM "'NMpoynTaTh’ COOTBETCTBYOLWNE 3HAYEHUS, HO
U3MEHUTb UX HE MOXEM.

HekoTopble HECNIOXKHbIE MPUMEPBI CO34aHMA M UCMONb30BaHNA KOpPTexXei npu-
BeLleHbl B IUCTUHTE 4.9.

JINCTUHT 4.9. 3HaKOMCTBO C KopTexamu

# Co3pfaeM NycTOW KopTex

a=tuple()

# [lpoBepaemM COfEpXWUMOe KopTexa
print(a)

# Co3ZaeM KOPTeX Ha OCHOBe cnucka
b=tuple([10,20,30])

# lpoBepAaeM copepXuMmoe KopTexa
print(b)

# Co3flaeM KOpPTeX Ha OCHOBe TeKcTa
c=tuple("Python")

# lpoBepaemM cofepXuMmoe KopTexa
print(c)

# O6beanMHeHMEe KOpTexen

a=b+ (4.0, [1,2,3], 60)

¢.MpoBepsAemM pe3ynbTtaT 06beAUHEHWUA KOpTeXxeW
print(a)

# lMonydyeHne cpesa

print(af[2:5])

Mpu BbINOSIHEHMM 3TOr0 NPOrPaMMHOT0 KOZa MoNyyaeM cnefytownii pesybTar:

Pe3ynbTar BbINOHEHVS NPOrpaMMbl (U3 INCTUHIa 4.9)

0]

(10, 20, 30)

('P', 'y, 'ty 'h'y o', 'm')

(10, 20, 30, 40, [1, 2, 3], 60)

(30, 40, [1, 2, 3]

Hanpuwmep, komaHgoli a=tuple () co3gaeTcs NycTOW KOPTEX, U CCbIIKA HAa HErO
3anucebiBaeTcs B nepemeHHyto a. KomaHgon b=tuple ([10,20,30]) co3gaem
KOPTEX 13 TPEX YNC/IOBbIX 3/IEMEHTOB. [1pyMepoM cO34aHMA KOPTeXxa Ha OCHOBE
TEKCTOBOIr0 3HaAYeHUA MOXeT 6bITb KOMaHaa c=tuple ("Python™).

KomaHga a=b+(40, [1,2,3] ,60) wunnocTpupyetr cpasy HECKO/IbKO "MO-
MEHTOB", CBA3aHHbIX C MCMO/Mb30BAHWEM KOpTexei. Bo-nepBbiX, 34ecb 06b-
eAuHATCA ABa KopTexa. OfWH onpefensetcs nepemMeHHoOW b, a BTopoii

H1l
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(40, [1,2,3],60) 3agaH ABHO. [ns 06begMHEHUA KOPTEXeN WCNob3o-
BaH onepatop cnoxeHus. Bo-BTopbix, B KopTexe (40, [1,2,3],60) oauH
M3 3N1eMEHTOB - cnncok [1,2,3]. B-TpeTbux, CCbl/IKA Ha pe3ynbTaT onepayuu
b+(40, [1,2,3],60) 3anucbiBaeTCA B NepeMEHHYIO &, KOTOpas [0 3TOro CChl-
nanacb Ha NyCcTON KOPTeX. 34eCb HYXKHO y4ecTb, YUTO B pe3ynbTaTe BbIUNCAEHNSA
BbipaxeHus bl- (40, [1,2,3],60) co3gaeTcsa HOBbI KOPTEX, KOTOPbIA MONy-
YyaeTcst nocnefoBaTebHbIM 06beanMHeHemM KopTexeid bu (40, [1,2,3],60).
VIMEHHO Ha 3TOT HOBbI KOPTEX BYyfeT ccbinaTbCa nepemMeHHas a. B nocnegHem
HeCN0oXXHO y6eanTbLCA, HaNnpuUMep, Mo pe3ynbTaTty NofiyyeHusa cpesa A1 KopTexa,
Ha KOTOPbI cCblNaeTca nepemMeHHas a. A UMeHHO, YTo6bl NONYUYUTb CPE3 Mbl UC-
NONb3yeM UHCTPYKUUIO & [2: 5] - TO eCTb feliCTBYEM TOUHO TaK Xe, Kak U B C/y-
Yyae MonyyeHmsa cpesa Ans Cnucka.

W Ha3ameTtky

O6paTnTe BHAMaHNE: CPE30M KOpTeXa ABISAETCHA KOPTEX.

MeTogoB y KopTexei Bcero gea. C nomouiblo Metoga index () Mo 3HaYeHuUto
afleMeHTa B KOpPTEXe MOXHO y3HaTb WHAEKC 3TOro snemeHta. Ecnm anemeHTOB
C TaKUM 3HAYeHMeM B KOPTEXe HecKo/bKo, BO3BpaLLaeTcs MHAEKC NepBOro ane-
mMeHTa. C nomouwblo metoga count () BbINOMHAETCA NOLCYET KONMYeCTBa 3fe-
MEHTOB B KOPTeXe C OMpefefieHHbIM 3HauyeHWeM (3HayeHue nepegaeTca apry-
MEeHTOM MeTogy).

Y3HaTb 06LUee KOMYECTBO 3/IEMEHTOB B KOPTEXE MOXHO C MOMOLLbI (YHKLUN
len (). ApryMeHTOM (YHKUUM NepesaeTcs KOPTex (U nepeMeHHas, KoTopas
ccbilaeTcs Ha KopTex). Onepatop in MO3BONSET OMNPeAenUTb, BXOAUT 3EMEHT
B KOPTEX, U/ HET.

Pe3ome

OueHb y6eauTenbHO. Mbl nogymaem, K KOMy
3TO0 NPUMEHNTb,
n3 K/ ‘31 noHa""

1. Cnucok - 3To yl'lOpFI,ﬂ,O‘-IEHHbIVI Ha6op 3/1eMeHTOB. [1715 co3fgaHna cnmcka ane-
MEHTbI 3aK/NnK4yalTCA B KBagpaTHbIe CKOOKKN. TakKXe MOXHO MCNosb30oBaTb

yHkuuo list ().
ONeMeHTbI CAKUCKa MOTYT 6bITb Pa3HOTo TMNA.

w N

OnpefennTb KONNYECTBO 3/IEMEHTOB B CMIMCKE MOXHO C MOMOLLbIO (hYHKLMK
len ().
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4. Onsa nonyyeHnAa AocCtyna K 3/1IEMEHTY CMUCKa nocne MMeHU CnuCkKa B KBa-
ApaTHbIX CKob6Kax YKa3blBalOT UWHAEKC 3/1IEMEHTa. MHpekcaums 3N1emMeHTOB
Hau4YMHaEeTCA C HyNnA. Ona vHpekcaunun 3aNeMeHTOB C KOHLLA CNUCKaA ncnonb3y-
0T OTpULUaTENbHbIE UHAEKCHI.

5. [lns nonyyeHus cpesa (4OCTyna K HECKOMIbKMM 3/IEMEHTaM) B KBaApaTHbIX
ckobKax Moc/ie UMeHU MacCuBa YKa3biBaeTCs, Yepe3 JBOETOUME, [1BA UHAEK-
ca, KOTOpble OMpPeaensoT Noc/eA0BaTeNbHOCTb AIEMEHTOB Cpe3a.

6. 3HayeHWA 31eMEHTOB B CMUCKE MOXXHO MEHATL. DNEMEHTbI U3 CMUCKA MOXHO
yganato (Hanpumep, metogamm pop () n remove () ), Lo6aBNSATb B CANCOK
(Hanpumep, c nomolbio MeTogoB append () minsert () ), a Takxe 3ame-
HATb OA4HY FPYNMy 3/1eMeHTOB Ha APYTYI0 (CKaXXeM, Yepes onepawuto npucea-
MBaHMWA 3Ha4YeHUs cpedy). CMUCKM MOXHO 06begnHATL (MeTog extend ()).

7. Mpn KonMpoBaHMK CAWCKOB MpUCBaMBaHuWe 06bIYHO He Mcnonb3yetca (no-
CKO/bKY MPpW 3TOM KONWA CNUCKA He CO3LaeTcs, NPOCTO [iBe NepeMeHHble By-
OyT CCblNlaTbCA Ha OA4MH CnKCcOK). MOBepXHOCTHOE KOMUPOBaHWe CMWUCKOB
OCYLLECTBNAETCA Yepe3 NosyyYeHne cpesa Uam ¢ nomoublo Metoga copy ().
Mpwu co3gaHUM NOBEPXHOCTHON KONUMN ANS BHYTPEHHWUX CIIMCKOB KOMUW He
cosgatoTca. KonupoBaHue CNMCKOB MOXHO BbIMOAHATb C MOMOLWbIO PYHK-
umm deepcopy () (m3 mogyns copy). B nocnegHem cnyyae cosfaeTcs nosn-
Has Konua cnucka (To ecTb CO3[aKTCA KOMUK faxe AN BHYTPEHHUX CNu-
CKOB).

8. KopTex, KakK 1 CMNCOK, MpeAcTaBAseT coboii ynopag0UeHHbI Habop anemeH-
TOB. BO MHOTOM KOPTEXMW MOXO0XM Ha CIMCKM, HO KOPTEXW HeNb3 U3MEHATD.

9. Ana co3gaHna KopTexa uMcnonb3yrT @yHkuuio tuple () nnam B Kpyrabix
CKOOKaxX yKa3blBalOT Yepes 3anAaTyl aNeMeHTbl KOPTexa.

10. ﬂ,OCTyI’I K 3/1IEMEHTaM KOPTeEXa Nnony4varT Mo NHAEKCY. MHpekcaumns anemeH-
TOB KOpPTeXa HaYMNHAETCA C HY/IA. MNHpekc YKa3blBaeTCA B KBagpaTHbIX CKO0-
Kax nocsie UMeHN KOPTEXa. Cpe3 ONA KOPTEXa Nony4varkT Tak XXe, KakK 1 Cpe3
onsa cnucka.

11. OnpepfennTb KOAUYECTBO 3MEMEHTOB B KOPTEXE MOXHO C MOMOLLbHO
yHKuum len (). WHAEKC 3aneMeHTa B KOpPTeXe onpefensercid MeTOAOM
index (), a KONMYECTBO 3/IEMEHTOB C 3afjaHHbIM 3HAYEHMEM MOXHO onpeje-
NNTb C NoMoLLbI0 MeTofa count ().
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MO>KeT rae-HU6Yy/pb BLICOKO B ropax, HO He B Ha-
LeM paiioHe, Bbl YT 0-HUOYAb 06HapY>KUTe Ans
BaLLe HayKu.

n3 K/ ""Kaskasckas nneHHuUa"

B 3Toil rnaBe Mbl Npofo/mKaeM 06CyXAaTb Te TUMbl AaHHbIX, KOTOPble MOXHO
661710 6bl Ha3BaTb MHOXXECTBEHHbIMMW, MOCKO/bKY MX KOHUeNnuua 61mM3ka K Teo-
pun ynopsaoYeHHbIX 1 HEYNOPSA0YEHHbBIX MHOXeCTB. B npefbiayLyeii rnase co-
CTOSNIOCh Halle 3HAaKOMCTBO CO CMMCKaMW U KopTexamu. [103ToMy HeKoTopoe
npeacTaBneHne o TOM, KakMM e 06pa3oM 60/bLINE MAacCUBLI AaHHbIX MOTYT pe-
ann3oBaTbCs B NpOrpamMMHOM Koge B Python, unTtaTenb yxxe nMmeeT. VI XOTS KOH-
Llenuuns cCnMcKoB NO3BONSET MPOCTO M 3D(heKTUBHO pewaTh WNPOKUIA Knacc 3a-
[la4y, B HEKOTOPbIX CMyvasx MOAe3HbIMW MOTYT OKasaTbCs U ApYyrvue nporpamm-
Hble KOHCTPYKLMW - TaKne, Hanpumep, Kak MHOXecTBa 1 cnoBapu. O HUX ByaeT
WATW peyb B 3TON rnaBe. Takke Mbl 6051€ee No4PO6HO 06CY/AMM TEKCT.

MHOXecTBa

Kak, 1 30ech HauMHaeTCsA TO >Ke camoe?
n3 K/ ""VpoHnsi cyabbbl MW C NErKUM Napom'*

MHO>KeCTBO - 3TO HEYNnopsAOYEHHbI HAaBGop YHUKANbHbIX 3/leMEHTOB. B aaH-
HOM C/ly4yae HeynopsifOYEHHbIA 03HAa4YaeT, YTO MOpPSAfOK ChefoBaHWs (BKIHOUe-
HWA) 3/1EMEHTOB BO MHOXECTBE 3HaYEHUs He UMeeT. UTo KacaeTcsl YHUKaNbHO-
CTW, TO BO MHOXECTBE HE MOXET GbIThb fBa OAMHAKOBbLIX 3/IeMeHTa (OANHAKOBbLIE
3/IeMEHTbI PACCMATPUBAIOTCS KaK OAUH 3/1eMeHT). P aKTUUecKu, ecim y Hac ecTb
HEKOTOPbIVi 3/IEMEHT, TO MO OTHOLUEHUIO K TOMY U/ UHOMY MHOXECTBY Mbl MO-
EM NINWb CKa3aTb, BXOAWUT 3/IEMEHT BO MHOXECTBO MW HeT. FOBOPUTb 0 NO3K-
LMK 3/1eMEHTA BHYTPU MHOXECTBA HET CMbIC/a.

Ll Hasawmetky

YcnoBne YHUKaIbHOCTU 3/1EMEHTOB BO MHOXECTBE MMEET MOCNeACTBUA: 3/1IeMeHTaMun
MHOXecTBa MoryT ObITb 3HAaYEHMNsI TaK Ha3blBaeMbIX HEU3MEHSAEMbIX runo s - Hanpuwmep,
yucna Win CTPoKKU. MOHATHO, YTO NPY 3TOM 3/IEMEHTbI OAHOro MHOXecTBa MOryT OTHO-
CUTbCA K Pa3HbIM TUMNaM AaHHbIX (B npeaenax onyctuMbIxX TVII'IOB).



nasa 5. MHOXecTBa, CnoBapu 1 TeKCT

[nsa co3gaHna MHOXeCTBa MCMNONb3YIOT PYHKLMKO set (), aprymMeHTOM KOTO-
poil nepefaeTca CNMCOK CO 3HAYEHUAMMU, KOTOPble BKIKOYAKTCA BO MHOXECTBO.
Takke MOXHO C(HOPMUPOBATb MHOXECTBO C MOMOLLbIO Napbl PUIYPHbIX CKO-
60K, BHYTPM KOTOPbLIX Yepes 3anATyi0 NepPeyncnsaoTca 3/1eMeHTbl MHOXEeCTBa.
OpHako BapmaHT ¢ yHKuued set () Bce Xe sBnseTcs 6onee NpesgnoyTUTENb-
HbIM, MOCKOJIbKY C MOMOLLI PUTYPHBIX CKOOOK 3afaroTca (nNpaBfa, B HECKO/b-
KO MHOM (hopmaTe) He TO/IbKO MHOXeCTBa, HO M CNoBapu (cnosapy ONMCbIBaKOT-
CA HEMHOT O NO3Xe).

W Ha 3ameTtky

B npofo/mkeHre K BbILECKA3aHHOMY MOXHO [06aBWTb, YTO NyCTble (UrypHble CKOGKM
VNHTEPNPETUPYIOTCS He Kak MyCcTol CMMCOK, a He Kak MyCToe MHOXECTBO. UTo6bl co3aaTb
NycToe MHOXECTBO, UCMO/Ib3yeM UHCTPYKumio set ().

He60onbLwoli Nnpumep co3faHns MHOXECTB NPUBELEH B IUCTUHTE 5.1.

NinctuHr 5.1. CosgaHne MHOXeCTB

# WcxopHbll cnucok

A=[1,30,"text", True,30,100,False]

# OTob6paxaem cofepXumMoe cnumcka
print("Cnucok A:",A)

# Ha ocHoBe cnMcKa coO3jaeTCs MHOXeCTBO
B=set(A)

# OTob6paxaem COLEepXUMOE MHOXeCTBa
print("MHoxecTtBo B:",B)

# Cos3gaem elle OLHO MHOXECTBO
C={1,30,"text", True,30,100,False}

# OTob6paxaeM CcOLepXUMOe MHOXeCTBa
print("MHoxectBo C:",C)

# lpoBepAeM paBeHCTBO MHOXECTB
print("PaBeHcTBO MHOXecTB:",6 B==C)

# BxoxpeHue 3nemeHTa 1 B MHOXecTBOo C
print("9nemeHT 1 B MHoXxecTBe C:",lI in C)

B pe3ynbTaTe BbIMO/IHEHUA NPOrpaMMHOIo Kofa nonyvyaem cnegyroLlee:

Pe3ynbTar BbINO/HEHNS NPOrpaMmbl (M3 NCTUHTa 5.1)

Cnucok A: [1, 30, 'text', True, 30, 100, False]
MHoxectBo B: {False, 1, ‘'text', 100, 30}
MHoxectso C: {False, True, ‘'text', 100, 30}
PaBeHCTBO MHOXecTB: True

onemeHT 1 B MHoXecTtBe C: True
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B paHHOM cnyyae cHavyana komaHgon A=[1,30, "text", True, 30, 100,
False] mbl co3gaem cnmcok Ac HECKOJIbKUMM 31EMeHTaMm pasHoro tuna. Ana
yfo6CcTBa cNMCOK oTo6paXaeTcs B OKHe BbiBoda (komaHga print (*Cnucok
A: ", A)). 3aTem Ha OCHOBe 3TOro CNUCKa KOMaHgon B=set (A) co3gaeTcsi MHO-
XecTBo (Mcnonb3yem GyHkuuio set (), aprymeHTOM KOTOpOUM nepegaeM cCnu-
cok A.). CoflepXMMOe MHOXecCTBa B - a 3T0 3/1IeMeHTbI MHOXEeCTBa, - 0To6paxa-
eTcA B OKHe BbiBOofAa KomaHgoi print ('MHoxecTBO B:", B). UYT0 MbI BU-
AMM? Bo-nepBbix, BCNucke A 6biv coBNajaroLie YACOBbIE 3/1EMEHTbI CO 3Ha-
yeHnem 30. Bo mHOXecTBe B 3/1eMEHT C TaKMM 3Ha4YeHMeM OCTasiCAa BCEro OAMH.
Bo-BTOpbLIX, BO MHOXECTBe B, M0 CpaBHEHMWIO CO CMUCKOM A, Ky[a-To nponan ane-
MEHT CO 3HaueHueM True. O6bACHEHWE NPaKTUYeCKM TaKoe Xe, Kak U B Npesbl-

Ayliem cnyuae.

[eno B ToM, yTo B Python fiormyeckne 3HayeHUs ABNAKOTCA MOAMHOXECTBOM
MHOXeCTBa LefibIX Yncesi, Mo3aToMy True MHTeprnpeTupyetcs Kak 1. dnemeHT 1
B CNucke A Toxe ecTb. [103TOMY M3 ABYX 31eMeHTOB True n 1 "BbKMBaeT" TO/b-
KO OfVH U3 HUX - B JAHHOM C/ly4yae 370 3/ieMeHT 1. B-TpeTbux, B MHOXeCTBe B,
MO CPABHEHMWIO CO CMUCKOM A, NOPALOK 3/1EMEHTOB NomeHsAncs. Ho fgaHHoe 06-
CTOATENLCTBO BOOOLLE He JO/MKHO CMYLLaTb, MOCKOMbKY A8 MHOXecTBa nops-
[lOK cfief0BaHNA 3/1eMEHTOB 3HauyeHUsa He UMeeT. ToYHee, TaKoro NoHATUA, KakK
MECTO 3/1IeMeHTa B MHOXeCTBe, BOOOLLe HeT. /IMeeT 3HayeHune TOMbLKO TO, BXOAUT
3/1IeMEHT B MHOXXECTBO, U/N HET.

Komangon C={1,30, "text", True, 30, 100, False} co3gaem ewe 0fHO
MHOXecTBO. Mo ngee, Habop 31eMeHTOB, KOTOPbIE YKa3aHbl Yepes 3ansaTyto B hu-
FYPHbIX CKOOKaxX TaKoW e, Kak U Habop 3/IEMEHTOB B CMUCKe A, Ha OCHOBE KO-
TOPOro paHee C034aBasioCb MHOXECTBO B. JIOTMYHO 0XMAaTb, YTO MHOXeCTBa B
n C 6ygyT coBnagaTb (MOCKO/bKY CO34aBaMCb Ha OCHOBE OfMHAKOBbIX HA60pOB
3aneMeHTOB). Ho ecnn ¢ nomolbio KoMaHabl print ("Muoxectso C:", C)
0T06pa3uTbL CoAepXMMoe MHOXecTBa C U CpaBHUTL C COAEPXKMMbIM MHOXECTBA
B, MOryT BO3HUKHYTb COMHEHWS B CMIPaBEA/IMBOCTU YTBEPXKAEHNSA O paBEHCTBE
MHOMECTB.

W Ha 3ameTtky

[Ba MHOXecCTBa nonaratot paBHbIMWU APYT APYTY, €C/IN OHU COCTOSAT U3 OANHAKOBbIX 3/1€-
MeHTOB. B yacTHOCTU, eCniv N3BEeCTHO, YTO [IBa MHOXeCTBa paBHbl, TO 3TO O3Ha4aeT, YTo
KaXKAbIA 3/1EMEHT 13 nepBOro MHOXecTBa eCTb BO BTOPOM MHOXeECTBe, a KaXKablii ane-
MEHT U3 BTOPOro MHOXeCcTBa TakKXe npeactaB/ieH 1 B NepBOM MHOXeCTBe.

bofiee KOHKpPETHO: BO MHOXeCTBe B ecTb 3afieMeHT 1, HO HeT 3anemeHTa True, a
BO MHOXecTBe C ecTb 3/1IeMeHT True, HO HeT afiemeHTa 1. OfHaKo ec/nm BCMoOM-
HUTb, YTO NIOrMYECKOe 3HaYeHMe True Ha caMOM fefie 3KBMBANEHTHO LLe/Iovnc-
NIeHHOMY 3HayeHuto 1, To npobnema B NpUHLMUNE CHUMaeTcA. Bce-xe Mbl Npo-
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BEpseM paBeHCTBO MHOXecTB B u C, Ans yero ucnonb3yem komaHgy print (*'P
aBEeHCTBO MHOXecTB:", B==C)./lna cpaBHEHUS MHOXeCTB Ha npegMeT pa-
BEHCTBA Mbl UCMO/Ib30BANIN ONepaTop ==. Pe3ynbTaTOM UHCTPYKUUK B==C aBnAa-
eTca 3HaveHue True, 4TO ObIBAET TO/MLKO B TeX Clyyasdx, Korja cpaBHUBaeMble
C NMOMOLLbIO OMepaTopa == MHOXeCTBa COfepXXaT 04MHAKOBble Habopbl 3eMeH-
TOB. ELLe Mbl MpoBepseM OTAeNbHO Hanuuue anemeHTa 1 Bo MHoxecTBe C (Ha-
MOMHWM, 4TO hOPMasbHO TaM YMC/I0BOrO 3/IEMeHTa 1 HeT, HO eCTb NOTMYEeCcKoe
3HayeHue True).

Ona npoBepKM BXOXOEHUSA 3MeMeHTa B MHOXECTBO MCMOMb3YWT orepaTop
in. Pe3ynbTarom KomaHAbl BUAa anemMeHT in MHOXecTBO 6yaeT True,
eCc/M 3M1EMEHT BXOAUT B MHOXecTBO, W False, ecrm Takoro anemeHTa B
MHOXecTBe HeT. B komaHae print ("OSnemeHT 1 B MHOXecTBe C:',1
in C) Hamu 1Cnosb30BaHa MHCTPYKUMS 1 in  C, pe3y/ibTaTtom KOTOpOi siB-
naeTca True. HecnoxHo Jorajarscs, YTO NPy NPOBEPKE Hainuma 1 B MHOXe -
crBe C KaK e UHNYHbIV YNC/IOBOW 3MeMEHT UHTEPNPETUPYETCH NIOrMyeckoe 3Ha—
yeHve True.

Cpeav MeToA0B M DYHKLMIA, UCNONb3yeMblX Npu paboTe C MHOXeCTBaMU, MHO-
rme HaMm yxe 3HakOMbl. Tak, KONIMYECTBO 31EMEHTOB B MHOXECTBe OMpeaensioT
c noMmoubio hyHKUMK 1en () (MHOXeCTBO nepefaeTcd apryMeHTOM PYHKLUNK).
[nsa co3gaHns Konum MHOXeCTBa UCNoNb3yoT MeTog copy () (meTog 6e3 apry-
MEHTOB Bbl3blBaeTCH U3 KOMUPYEMOT0 MHOXECTBA).

L Ha 3ameTky

MHOXeCTBO MOXeT BK/toYaTb TOJ/IbKO 3/1IeEMEHTbl HeU3MeHSAeMbIX TUNOoB. MNo3ToMy, Ha-
npumep, CNMCoK 3/IEMEHTOM MHOXeCTBa ObITb He MOXeT. He MOXeT 6bITb 3/1eEMEHTOM
MHOXeCTBa Apyroe MHoxecTBo. Kak cnefactBue npobsiema co3gaHns NOBEPXHOCTHbIX
WA NOJHbIX KOMWIA, C KOTOPOW/ Mbl CTOIKHY/INCb NPU 06CYXAEHUN CMNCKOB, A1 MHO-
XKeCTB HeaKTya/ilbHa.

BmecTe C TeM, eCc/v NonbITaTbCs CO34aThb KOMWIO MHOXECTBa C MOMOLLbIO ofepatopa
npuceavBaHus - TO eCTb, NPOCTO NPVUCBOUB OAHOW NepemMeHHOl 3HaveHne Apyroii ne-
peMeHHOl (KOTopasi CCbIIaeTCsA Ha MHOXECTBO), TO MOMy4YuM ABE NepemMeHHble, KOTO-
pble CCbINIAIOTCA HA OAHO U TO e MHOXECTBO.

MpoBepUTb, CCbINAKOTCA /N NEPEMEHHbIE Ha OANH M TOT XXe 06BEKT (B TOM YMC/ie TakKUM
06BEKTOM MOXET BbITb MHOXECTBO) MOXHO C MOMOLLbIO oneparTopa is.

[na pob6aBfieHUs 3NeMeHTa B MHOXECTBO W3 MHOXECTBa Bbl3blBAlOT MeTOf
add (), aprymeHTOM KOTOPOMY MepegalT fob6aBnsgemblii anemeHT. Ob6paTHas
npoueaypa, - To ecTb yjaJieHne 3N1eMeHTa U3 MHOXECTBA, - BbIMOMHAETCA C MO-
molbto meTogoB remove () unu discard (). MeTogbl BbI3bIBAKOTCA U3 MHO-
XKecTBa, a aprymMeHTOM MepeaaeTcsa 3/1eMeHT, KOTOPbIA cnefyeTt yaanmTb U3 MHO-
»KecTsa. [[NaBHOe pa3nuune Mexay metofamMu B TOM, Kak OHUM "pearmpylot” Ha cu-
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Tyauuto, Korga y4ansieMoro 3feMeHTa BO MHOXEeCTBE HeT: Npu UCMo/b30BaHUK
meToga remove () BO3HMKaeT ownbka, ametogdiscard () OWKNOKM He BbI3bl-
BAET - B 3TOM C/ly4ae NPOCTO HUYETO HE NPOUCXOANT.

W Ha3ameTtky

[na nonHoii ouncTkn MHoxXecTBa (yAasleHNst BCeX 3/1EMEHTOB U3 MHOXECTBa) MOXHO
ncnonb3osaTb metog clean ().

EcTb psg onepauuii (B OCHOBHOM MaTemMaTM4ecKoro xapakTepa), KOTOpble MO-
ryT BbIMOJHATHCA C MHOXECTBAMMW U 4111 KOTOPbIX MPesYyCMOTPEHbI Crieynanb-
Hble METOAbl U/UNK OMepaTopsbl.

W  Ha3sameTky

34eCb HENULIHUM BYAEeT OCBEXUTb B MAMSITU HEKOTOPbIE MOHATUS U3 TEOPUN MHOXECTB.
WTaK, AONYCTUM, UTO UMeeTCs ABa MHOXEeCTBa, KoTopble 0603Hauum kak A n B . 061-
eanHeHnem aAByx MHoxecTB A 1 B HasbiBaeTcsi Takoe mHoxecTBo A U B, KoTopoe co-
AepXuT B cebe Bce aneMeHTbl MHoxecTBa A 1 Bce anemeHTbl MHOxXecTBa B. Hanpu-
mep, ecim A = {1,2,3,4}nB = {3,4,5,6}, ToAUB = {1,2,3,4,5,6}. Pe3ynbTaT nony4yaer-
cA 06beAVHEHNEM B OfJHO MHOXECTBO 3/1eMeHTOB U3 MHoxecTs A u B- Mpu atom "06-
LWMe" aemMeHTbl (TO ecTb Te, YTO ecTb 1 B MHOXecTBe A, 1 B MHoxecTBe B- a B gaHHOM
crlyyae 37O uncsna 3 n4) BKIOYaOTCH TONIbKO OAMH pas (To ecTb He Ay6nupytoTcs). Mpu-
YMHa B TOM, YTO MO ONpeaeNeHN0 MHOXECTBO COCTOUT U3 YHUKa/IbHbIX 3/1eMeHToB. [Ba
ONHAKOBbIX 3/1EMEHTa B MHOXECTBO BXOAUTb HE MOTYT.

MepeceueHnem mHoxecTs A n B HasbiBaeTcsa Takoe mHoxecTso A M B, kotopoe cocTo-
T N3 3M1eMEeHTOB, BXOAALLMX OHOBPEMEHHO Kak B MHOXECTBO A, Tak 1 B MHoxecTBo B
. Hanpumep, ecnin A = {1,2,3,4} nB = {3,4,5,6}, To 4 N B = {3,4}. NockonbKy No onpe-
AeneHunto, nepeceyeHne MHOXECTB COCTOUT U3 OBLLNX 3/IEMEHTOB 3TUX MHOXECTB, a B

[laHHOM cryyae 06WMMKn anemenTamun ans MHoxects Aun B asnsiotca uncna 3 u 4, 1o
MMEHHO 3T 3/1EMEHTbI (DOPMUPYIOT MHOXECTBO-PE3y/bTaT.

PasHuuert MHOXecTB A U B HasbiBaeTcss MHOXecTBO A\ B, KOTOpoe COCTOUT U3 asle-
MeHTOB MHOXecTBa A, KoTopble NPy 3TOM He ABMAIOTCA 3/leMeHTaMu MHoxecTea B .
Hanpumep, ecim A = {1,2,3,4}uB = {3,4,5,6}, ToA\B = {1,2}. 3gecb pe3ynbTar oop-
MupyeTca Tak: 6epeM aneMeHTbl U3 MHoxXecTBa A, 3a UCK/IIOUEHMEM TeX, UTO BXOAAT
Takxe 1 B MHoxecTBO B (310 uncna 3 n4). Noatomy B uTore NoslyyaemM MHOXeCTBO, KO-
TOpOe COCTOUT N3 uncen 1um 2.

CummeTpuueckoii pasHuueit mHoxecTs A u B HasbiBaeTcsa Takoe mHoxecTBo A A B,
KOTOPOE COCTOUT U3 3/1IeMeHTOB MHOXecTBa A , He BXxoasLWwmx B MHoxecTBo B, nus ane-
MeHTOB MHOXecTBa B, He Bxopsawmx B MHOXecTBO A [lpyrumu cnosamu, no onpege-
NeHuNto cuMmMeTpuyeckas pasHocTb MHoxecTB A u B - 310 o6beauHenne mHoxecTs
4U B, 3a UCKIHOYEHMEM KX O6LWMX 3neMeHTOB (nepecedyeHne MHoxecTB J1T1 B

): TO ecTb uMeeT mMecTo cooTHoweHne AAB = {Aun B)\(A n B). Hanpumep, ecnm
A={1,234}nB= {3,456}, To AnB = {1,256} MNoctynaem Tak: 6epem BCce 3ne-
MeHTbI U3 MHOXecTB A 1 B, 3a UCK/IIOUEHUEM TeX U3 HUX, YTO OJIHOBPEMEHHO BXOAST
Kak B MHoxecTBO A, Tak 1 B MHoxecTBo B (uncna ot 1 1o 6 BkAouMTeNbHO). O6LiMe
3M1eMEHTbI AN ABYX MHOXECTB - uncna 3 n 4. MoaToMy pe3ynbTaT - MHOXEeCTBO yncen
1,2, 5n6.
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[Lns BbluUCNEHNUS 06bEAVHEHNS, NEPECEYEHNS N PA3HOCTU (B TOM YMCIIE U CUM-
MeTpMUYecKoii) MHOXecTB B Python npegycmMoTpeHa uenas rpynna crneyuanb-
HbIX METOAO0B (1 onepaTopoB). PaccMoTpum ux. [anee yepes A U B 0603HaueHbl
HEKOTOPbIe MHOXECTBA.

Lns BbluncneHns 06bEAVHEHWUS MHOXECTB MOTYT MCMO/b30BaThCA OMepaTop |
(onepaTop 06befMHEHNA MHOXECTB - ecnu onepaHibl ABAATCA MHOXeCTBa-
MU) uam meTog union (), KOTOPbIA Bbi3bIBAETCA M3 NEPBOrO0 MHOXECTBA, a ap-
rYMEHTOM eMy rnepefaetcsa BTOpOe MHOXecTBO. COOTBETCTBYIOLME KOMAHAbI
nvetoT Bug A [Buam A.union (B) (MOXHO Takxxe BOCMNO/b30BaTbCA KOMaHLOWA
B.union (A) - pe3ynbTat 6yget Takum xe). Camm MHoXecTBa A 1 B npu aTom
He U3MEHAIOTCS, a pe3y/ibTaToM SBIAETCA HOBOE MHOXECTBO, COCTOsLLee 13 3fie-
MEHTOB MHOXeCTB A 1 B. ECM Ham He HYXHO B pe3ynbTate 06beUHEHNA MHO-
XECTB C034aBaTb HOBOE MHOXECTBO, & Mbl XOTMM BMECTO 3TOr0 "paclimpuTb”, Ha-
npuMmep, MHOXeCTBO A 3a CYeT 3/IeMeHTOB MHOXEeCTBa B, nonesHbiM Oyaet me-
Tog update (). B pesynbTaTe BbiNoNHeHUA KoMaHabl A. update (B) co3paet-
cA 06benMHeHNe MHOXeCTB A 1 B, a pe3y/nbTaT 3anucbiBaeTCcA B NepeMeHHyo A.
Takoro e apekrTa MOXeM 0OUTLCA, CKaXEM, C NOMOLLbIO KOMaH A=A |B nnn
A |=B (cokpauweHHasa hopma onepaTopa 06beguHEHNS MHOXECTB |). Mpumepsl
BbIMO/IHEHMA OMnepaLum 06beJUHEHNSA MHOXECTB NPUBELEHBI B INCTUHTE 5.2.

NnctuHr 5.2. O6begnHeEHNE MHOXECTB

# lMepBOoe MHOXecTBO (MHOXecCcTBO A)
A={1,2,3,4}

# OTob6paxaeM COAEpPXMMOE MHOXecTBa
print("MHoxectBo A:" A)

# BTopoe MHOXecTBO (MHOXecTBO B)
B={3,4,5,6}

# OTob6paxxaeM COAEepXMMOE MHOXecTBa
print("MHoxecTtBo B:",B)

# O6begumHeHne MHoOXecTB (MHoXecTBo C)
C=A|B

# OTo6paxaem pe3ynbTart
print("MHoxectBo C=A|B:",C)

# O6beAMHEHNE MHOXECTB
print("MHoxecteo A.union(B) :", A.union(B))
print("MHoxectBo B.union(A):",B.union(A))
# WN3meHsem MHOXecTBO A

A.update(B)

#mllpoBepaeM pes3ynbTaT
print("MHoxectBo A:",A)

# V3MeHAeM MHoXecTBO B
B=B|{-1,-2,-3}

# lNpoBepAeM pe3ynbTart
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print("MHoxecTBo B:",B)
# N3meHaem MHoxecTBo C
cl={7,8,9}

# lpoBepAemM pe3ynbTart
print("MHoxectBo C:",C)

Pe3ynbTaT BbINOMHEHNS LAHHOTO MPOrpamMMHOTO KOAa CefyoLnii:

Pe3ynbTar BbIMNO/IHEHVS MPOrpamMmbl (U3 INCTUHIA 5.2)

MHoxectBo A: {1, 2, 3, 4}

MHoxectBo B: {3, 4, 5, 6}

Muoxectso C=A|B: (1, 2, 3, 4, 5, 6}
MHoxecTBo A.union(B) : {1, 2, 3, 4, 5, 6}
MHoxectso B.union(A) @ (1, 2, 3, 4, 5, 6}
Muoxectso A: {1, 2, '3, 4, 5, 6}
MHoxectso B: {3, 4, 5 6, -2, -3, -1}
Muoxectso C: {1, 2, 3, 4, 5 6, 7, 8, 9}

[na BblunCneHna MepeceyeHUsi [BYX MHOXECTB MOXHO WCNO/Mb30BaTb Me-
Tog intersection () unu onepatop &(onepaTop NepeceyeHUss MHOXECTB -
€Cn1 onepaHabl SBAAKTCA MHOXECTBaMM): (hopmMaT KOMaHj BbIFNAAMT Kak
A.intersection (B) unm A&B. Kak u B cfiyyae 06beUHEHUA MHOXECTB,
CamMyM MHOXecTBa A U B He U3MEHAKTCA, a NOPALOK YKa3aHA MHOXECTB 3Hauye-
HUA He UMeeT (KOMaHAbl A. intersection (B),B.intersection (A),A&B
M B&A C TOUYKM 3PEHNA KOHEYHOrO pesyfibTaTa 3KBUBANEHTHbI).

Ecnm mMbl XOTUM, 4TO6bI NPY BbIYUC/IEHUW NEPECEYEHUA MHOXECTB BMECTO CO3-
[aHnNa HOBOrO MHOXECTBA pe3y/bTaT 3anucbiBanci B O4HO U3 UCXOAHbLIX MHO-
XKeCTB, UCNONb3YIOT MeTof intersection_update (). Hanpumep, B pe3yfib-
TaTe BbINMO/IHEHMA KOMaHAbl A. intersection_update (B) Bbluucnsercs ne-
peceyeHMe MHOXECTB A 1 B 1 CCbljIKa Ha NOYYEHHOE MHOXECTBO 3anucbiBaeT-
CA B MepeMeHHYI0 A. Takoro e pesynbtata 4O6MBaeMCA NOCPEACTBOM KOMaH[
A=A&B Unn A&=B (COKpalleHHas hopma onepaTopa nepecevyeHns MHOXeCTB &).
B nucTuHre 5.3 npefcTaBneHbl NPpUMepbl BblUMCNEHWSA NepeceveHns MHOXECTB.

JnctuHr 5.3. MNepeceyeHne MHOXeCTB

# [MepBoe MHOXEeCTBO
A={1,2,3,4}

# OTob6paxaeM COLEPXUMOE MHOXEeCTBa
print("MHoxectBo A:" A)

# BTopoe MHOXecCcTBO (MHOXeCTBO B)
B={3,4,5,6}

# OTob6paxaem COfepXMMOe MHOXEeCTBa

@

(MHOXecTBO A)
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print("MHoxecTtBo B:",B)

# MepeceyeHne MHOXecCcTB (MHOXecTBOo C)

C=A&B

# OTob6paxaem pe3ynbTaTr

print("MHoxectBo C=A&B:",C)

# lMepeceyeHne MHOXeCTB

print("MHoxecTBo A.intersection(B):",A.intersection(B))
print("MHoxecTtBo B.intersection(A):",B.intersection(A))
# VI3MeHAeM MHOXecTBO A

A.intersection__update (B)

# lpoBepAemM pe3ynbTat

print("MHoxectBo A:",A)

# V3meHAemM MHoOXecTBO B

B=B&{4,6,8,10}

# lpoBepAeM pe3ynbTat

print("MHoxecTtBo B:",B)

# WN3meHsem MHoxecTBo C

C&={1,2,3}

# lpoBepAeM pe3ynbTat

print("MHoxectBo C:",C)

B pe3ynbTaTe BbIMOSHEHUS MPeACTaBNEHHOTO NPOrpaMMHOro Koja nojy4vaem
cregytoulee:

Pe3ynbTaT BbINO/IHEHNSA MPOrpamMmbl (M3 NCTUHIA 5.3)

MHoxectso A: {1, 2, 3,4}

MHoxecteo B: {3, 4, 5, 6}

MHoxecTtBo C=A&B: (3, 4}

MHoxecTtBo A .intersection(B): {3, 4}
MuoxecTBo B.intersection(A): {3, 4}
MHoxectBo A: (3, 4}

MHoxecteo B: {4, 6}
MHuoxectso C: {3}

Pa3HocTb MHOXecTB Bbluncnsgetrca metogom difference () unm ¢ nomoLybio
onepatopa - (onepatop "MUHYC" LS ONepaTopOB-MHOXECTB UHTEPNpeTupyeT-
CA KakK OnepaTop BblYWUC/eHUs PasHOCTM MHOXEeCTB). B pesynbrate Bblunce-
Hus BbipaxkeHuii Buga A.difference (B) u A-B Bo3BpaLLaeTcs HOBOE MHO-
XKEeCTBO, KOTOPOe COCTOMT M3 TeX 3/IEMEHTOB MHOXEeCTBa A, KOTOpble He ABNSA-
IOTCA 31eMeHTaMK MHOXecTBa B (o4eBMAHO, YTO B JaHHOM C/lyyae MMeeT 3Ha-
YyeHVe MOPSAOK YKasaHWs MHOXecTB). [na Toro 4tobbl pe3ynbTaT BblUMche-
HUS Pa3HOCTU MHOXECTB 3arnucbiBascs B MepeMeHHy A, UCMONb3YyeM KOMaH-
abl A. difference_update (B) (34ecb U3 MHOXecTBa A Bbi3blBaeTCA METOZ
difference_update () c aprymeHToM - MHOXecTBOM B), A=A-B nnun A-=B

o H 9
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(cokpauieHHas popMa orepaTopa BblUMCIEHNS PA3HOCTY MHOXECTB). MpumMepsbl
BbIYMC/IEHUS PA3HOCTU MHOXECTB NpPeACTaB/eHbl B TMCTUHTE 5.4.

JINCTUHT 5.4. Pa3HOCTb MHOXECTB

# lMepBOoe MHOXecTBO (MHOXecTBO A)
A={1,2,3,4}

# OTob6paxaeM COLEpXMUMOE MHOXecCcTBa
print("MHoxectBo A:",A)

# BTopoe MHOXecTBO (MHOXecTBO B)
B={3,4,5,6}

# OTob6paxaem COLEpPXUMOE MHOXeCcTBa
print("MHoxecTtBo B:",B)

# Pa3HoCTb MHOXecTB (MHoXxecTBo C)
C=A-B

# OTob6paxaeM pe3ynbTaTt
print("MHoxectBo C=A-B:",C)

# Pa3HOCTb MHOXECTB
print("MuHoxectBo A .difference(B):", A.difference(B))
print("MHoxectBo B.difference(A):",B.difference(A))
# V3MeHAeM MHOXecTBO A
A.difference_update(B)

# MpoBepaeM pe3ynbTaT
print("MHoxectBo A:" A)

# V3meHdAemM MHoXecTBOo B
B=B-{4,6,8,10}

# lpoBepaem pe3ynbTarTr
print("MHoxecTtBo B:",B)

# N3meHsaem mHoxecTBo C

Cc— {1,3,5}

# lpoBepdaemM pe3ynbTat
print("MHoxectBo C:",C)

Pe3yanaT BbIMO/THEHNA NPOrpaMMHOIo Koaa 6y,ﬂ'8T TaKNM:

Pe3ynbTar BbINO/IHEHNS NPOrPamMmmbl (M3 TNCTUHIA 5.4)

Muoxectso A {1, 2, 3, 4}
MHoxecTBo Bl O, 4, 5, 6}
MHoxecTBo C=A-B: {1, 2}
Muoxectso A.difference (B) : {1, 2}
Muoxectso B..difference (A) : {5 6}
MHoxectso A {1, 2}

MHoxecTBo B:: {3, 5}

Muoxectso C:: {2}

Clh
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YT00bl BLIYNCAUTD CUMMETPUYECKYIO PA3HOCTb MHOXECTB, WCMONb3yeM Me-
Ton symmetric_difference (). Bbl3biBaeTca MeTOo[ W3 MepBOro MHOXe-
CTBa, BTOPOE MHOXECTBO MNepefaeTcsa apryMeHToOM, a pes3y/bTatoM SBAAET-
CA HOBOE MHOXeCcTBO. MHOXeCTBO, No/yyalLeecs Kak 3HayeHMe BblpaXKeHus
A. synunetric_difference (B) coCTOMT M3 3/1IEMEHTOB MHOXeCTB A 1 B, HO
TONIbKO TeX, KOTOpble NpuUHagaexar Nnlb 04HOMY M3 MHOXECTB. Takoi xe pe-
3ynbTaT nojiyyaem € NOMOLLbI0 MHCTPYKUMKN AJIB. 3aecb Mbl UCMOMb3YEM Onepa-
TOop J1(ecnu onepaHgamu ABNAOTCA MHOXeCTBA, TO OMNepaTop BbIYNCIAET CUM-
METPUYECKYIO Pa3HOCTD).

Ecnn Bocnonb3oBatbcs KoMaHAo A=AJIB unn ANl=B (cokpaw,eHHas ¢opmMa Bbl-
YMCNEHUS CUMMETPUYECKOI pPa3HOCTKM), TO ByAeT BblUMCeHa CUMMeTPUYECKan
pasHoCTb MHOXecTB A 1 B, a pe3ynbTaT 3anucaH B nepemMeHHyo A. 3ToW xe Lenu
cnyxut metog symmetric_difference_update ().

MpuMepsl BbIYUCIEHUS CUMMETPUYECKOW PasHOCTY NPUBEAEHbI B TMCTUHTE 5.5.

JictvHr 5.5. GrmvveTpHeckas pasHOCTL MHOKECTB

# MMepBoe MHOXecTBO (MHOXecTBO A)

A={1,2,3,4}

# OTobGpaxaem COfepXUMOe MHOXecCTBa
print("MHoxectBo A:",A)

# BTopoe MHOXecTBO (MHOXecCcTBO B)

B={3,4,5,6}

# OTob6paxaeM COLEpPXUMOE MHOXEeCTBa
print("Muoxectso B:",B)

# CnumMeTpuyeckas pasHOCTb MHOXecTB (MHoxecTBo C)
C=AnB

# OTob6paxaem pe3ynbTaTr

print("MHoxecTtBo C=AJIB:",C)

# Pa3HoCTb MHOXeCTB

print("MuoxectBo A.symmetric_difference( B ) A.symmetric
difference(B))

print("MHoxectBo B.symmetric_difference(A):",B.symmetric
difference(A))

# V3MeHAeM MHoOXecTBO A
A.symmetric_difference_update(B)

# lpoBepAemM pe3ynbTat

print("MHoxectBo A:",A)

# V3MeHAeM MHoXecTBOo B

B=B/N1{4,6,8,10}

# lpoBepdaemM pe3ynbTat

print("MHoxectBo B:",B)

# WN3meHsaem MHOXecTBOo C
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Cn={1,3,5}
# lNpoBepdaemM pe3ynbTart
print("MHoxectBo C:",C)

Mocne BbINOAHEHNS 3TOFO NPOrPaMMHOI0 KOZa NoslyvyaeM Takol pe3y/bTar:

Pe3ynbTar BbIMOHEHUSI POrpamMmbl (M3 INCTUHIA 5.5)

MHoxectBo A: {1, 2, 3, 4)

MHoxectso B: {3, 4, 5, 6}

MHoxecTtBo C=A/B: {1, 2, 5, 6)

MuoxectBo A.symmetric difference (B) : {1, 2, 5, 6}
MHoxecTBo B.symmetric difference (A) : (1, 2, 5, 6}
MuoxectBo A: {1, 2, 5, 6}

MHoxectBo B: {3, 5, 8, 10}

MHuoxectBo C: {2, 3, 6}

LLIA-

Hazamvetky

Onepatopbl |, &1 A, KOTOPbIE Bbllle YNOMUHANINCL COOTBETCTBEHHO MPU BbIUNCIEHWN
06beayHeHUs!, NepeceyeHmnst 1 CUMMETPUYECKOW Pa3HULbI MHOXECTB, HaM YXe 3HaKo-
Mbl (BO BCSIKOM C/lydyae, BU3YasibHO) - 0 3TOTO OHW 6bUIN NpesbsBieHbl MUPY B Kaue-
CTBE NOBUTOBbIX OMEPATOPOB. PaKTUUECKN MHOTOE 3aBUCUT OT OMnepaH4oB. Hanpumep,
onepartopb! |, &1 ALOMNYCTUMO UCMOSb30BaTb A1 BbINO/IHEHUS /TIOTMUECKMX ONepaLnii:
onepaTopom | BbIUMC/SETCA JIOFMUECKOe UK (aHaslor onepaTopa or), onepaTtopom &
BbIUNC/ISIETCA SlIOTMYecKoe U (aHanor onepartopa and), a onepatopom J1 BbluUCSETCS
florMyecKoe Uckovatoliee Wiv (aHasnor onepaTtopa xor). Bce aTo npovcxoguT, ecniv
onepaHAamMu s onepaTopos |, &u JlykasaTb fiornyeckue 3HaueHns True uim False.
OnpaBaaHve TakoMy ieMOKPaTU3My oueBrgHOE. JTOrMyeckme 3HaueHUs ABNSOTCA Noj-
MHOXECTBOM Liefbix uncesn. Bonee KOHKPETHO, /lorMueckoe 3HadveHne True uHTepnpe-
TUpyeTcsi Kak 1, a nornueckoe 3HaueHune False uHtepnpetupyetcsi kak 0. 41 aTmx Le-
NbIX YMCEN BbIMOJHSAIOTCA NOGUTOBbLIE OMepauuy, Pes3yfibTaToM KOTOPbIX MOXET 6biTb
OnsATh Xe uncsio 1 nn O, KOTOpbIe UHTEPMNPETMPYIOTCS Kak SIorMueckue sHaueHns True
1 False COOTBETCTBEHHO.

Ecnu "cMOTpeTh B KOpeHb”, TO onepaumn ¢ MHOXecTBamu, Jlormvyeckme onepaymm u no-
6uTOBbIE OMNepauuMn Ha caMOM Jesie OAHOTUMHble. AHaMOrM0 NPOUANKCTPUPYEM Ha
npumepe Norvyeckmx onepaunii. B atom cnyyae nog True cnegyeTt NoHUMaTb NpuUHaa-
NEeXHOCTb 3/ieMeHTa MHOXeCTBY, a nog False - oTcyTCcTBME 3/ieMeHTa B MHOXECTBE.
Hanpumep, BbipaxeHve suga A|B ¢ noruveckumun onepaHgamu o v B cootBeTcTByeT
nornyeckomy wnn: pesynbtaTtom 6yaeT True, ecnu xXoTs 6bl OAMH U3 onepaHAoB paBeH
True. Ona mHoXecTB A 1 B BblpaxeHue Al B - 3To 06begMHeHne MHOXecCTB. Pe3ynbTa-
Tom onepauum a |B ABnseTcs MHOXeCTBO, COCTosLee U3 HEKOTOPbIX 3/1leMeHTOB. Bo3b-
MeM Ternepb NPOU3BO/IbHLIA 31eMeHT. OH MOXEeT npuHaanexars MHoxecTBy A|B (aHa-
nor 3HayeHue True Ans pesysbTaTa /IorMYeckoro BbIPaXeHUs), a MOXeT He npuHage-
xaTb MHOXecTBY A| B (aHanor sHaueHve False Ans pesy/nbTara /IorMyeckoro Bblpaxe-
HUSA). DNEeMEHT npuHaanexar MHoXecTBy A|B, eCnv OH NPUHAA/EXUT XOTS 6bl OfHO-
MY M3 MHOXECTB a (aHasior 3HaueHusi True gns onepaHaa AB /IOrMUECKOM BbIPaKEHUN)
nnu B (aHanor 3HaveHusa True ans onepaHga B B nornyeckom BblpaXeHum).
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[lnsi nornyeckoro 1 sHadeHue BbipaxeHns ABBc normueckmy onepaHaamu A n B pasHo
True, Tonbko ecnin o6a onepaHga VB pasHbl True. [/19 MHOXeCTB a 1 B pesynbtatom
BuipaxeHns ABB (nepeceueHne MHOXeCTB) SIBNSETCS MHOXECTBO, COCTOALLEe U3 3e-
MeHTOB, NpuHaanexalux ogHoepemeHHo Aun B (aHanor sHaueHuit True ans onepas-
[,0B B /1I0TM4ECKOM BblpaXeHunm).

HaKoHeL|, NorMyeckune UckovaroLlee UK Ans norudecknx oneparaos Au B (Bbipaxe-
vne A/B) naet sHaueHne True ec/M 0AMH U TONLKO OfVH U3 OMepaH/oB paBeH True.
CummeTpuueckas pasHuua A'B ana mHoxecTs Av B aeT B pesynbTaTe MHOXeCTBO, CO-
CcToALLee 13 3/IEMEHTOB, NPUHAAeXaLLMX OHOMY U TONILKO OIHOMY 13 MHOXecTB Au B.

MOMUMO NepeuncneHHbIX oOnepaLnii ¢ MHOXeCTBaMM, 4acTo NPUXOANTCA UMETb
A€o0 C onepaynsamMn OTHOLIEHNUS (BbINMOMHAEMbIMW B KOHTEKCTE PaboThbl C MHO-
)ecTBamu). Kak cpaBHMBaTb MHOXECTBa Ha npegmeT paBeHCTBA U Kak npose-
PATb, BXOANT 11 3/1EMEHT B COCTaB MHOXECTBA, Mbl Y)Ke 3HaeM. B nepBom cyyae
none3HbIM 6yfeT onepaTop ==, a BO BTOPOM - ONepaTop in.

L

Ha 3ameTky

[Ba MHOXecTBa A 1 B cunTatoTca paBHbIMK (0603HavaeTca kak A = B), ecnn kaxablit
3/1eMeHT MHOXecTBa A BXOAUT B MHOXECTBO B, a Kax/pblli a/1leMeHT MHOXecTBa B Bxo-

[ANT B MHOXECTBO A.

MHOXecTBO A ABMsieTCA NOAMHOXECTBOM MHoxecTBa B (o603HauvaeTcs kak A c. B
nwam A ¢ B ecnu mHOXecTBa A 1B MOryT coBnagatb), eC/iv KaKAblii 9/1eMeHT MHOXe-

CcTBa A AIB/IFeTCA 3/1eMEHTOM MHOXecTBa B.

B KauecTBe omnepaTopoB OTHOLUEHWA MCMOMAL3YHOTCA CTaHAAPTHbIE OMepaTopbl
CpaBHeHUA, a AN19 HEKOTOPbIX eCTb elle AOMO/IHUTeNIbHblE MeToAbl. OCHOBHbIE
onepaTopbl M COOTBETCTBYHLLME UM OMepauumn onucaHsl B Tabnmue 5.1. Uepes
A 1 B 0003HaYEHbl HEKOTOPbIE MHOXECTBA, Haf, KOTOPbIMU BbIMONHAKOTCA One-

pauum.

Ta6nuua 5.1. OCHOBHble oMnepauy OTHOLWEHMS A1l MHOXECTB

Onepartop n/vnn metoa OnucaHune

Pe3yﬂbTaTOM BblpaXXeHNa A<B ABNAeTCA True,
eC/in BCe 3/IEMEHTblI MHOXXECTBa A BXOAAT B MHO-
)XXKeCcTBO B (MHO)KECTBO A gABNndeTca NogMHOXe-
CTBOM MHOXeCTBa B), NpUYem 06a MHOXecTBa
HE paBHbI. B NMPOTMBHOM C/ly4ae 3Ha4eHWNe Bblpa-
XXEHNA paBHO False
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Oneparop uvnu meTog,

<=unun issubset

>= nnu issuperset ()

isdisjoint Q

#K*U-

OnucaHne

Pe3ynbTatom BblpaXeHusa A<=B (unu Bbipaxe-
Hua A. issubset (B)) sasnsetca True, ecnu
BCE 3/IEMEHTbl MHOXecCTBa A BXOAAT B MHOXe-
cTBO B (mMHOXecTBO A fABNsieTCA NOAMHOXe-
CTBOM MHOXecTBa B), npnyem gonyckaertcs pa-
BEHCTBO MHOXeCTB. B npoTMBHOM cfiyyae 3Haue-
Hue BbipaXKxeHUs paBHo False

PesynbTatom BbipaxeHus A>B asnaetca True,
€C/IN BCE 3/1IeMEHTbI MHOXKeCcTBa B BXOAAT B MHO-
XecTtBo A (MHOXeCTBO B aBnfeTcA MogMHOXe-
CTBOM MHOXecTBa A), npuyem oba MHOXecTBa
He paBHbl. B NpOTMBHOM C/lyyae 3HauYeHue Bblpa-
XXeHus pasHo False

PesynbtatoMm BblpaxkeHus A>=B (unu Bbipa-
XeHua A. issuperset (B)) asnsetrca True,
ec/N BCe 3/IEMeHTbl MHOXeCTBa B BXo4AT B MHO-
ecTBo A (MHOXecTBO B ABfsieTcs NOgMHOXe-
CTBOM MHOXecTBa A), Npuyem LOMycKaeTca pa-
BEHCTBO MHOXeCTB. B npoTuBHOM cnyyae 3Haye-
Hue BbipaXeHus pasHo False

PesynbTatom BblpaxeHuna A==B asnaeTtcsa True,
€C/IN BCE 3/1EMEHTbI MHOXKecTBa A BXOAAT B MHO-
XecTBo B, a Bce anemeHTbl MHOXecTBa B BXO-
AT BO MHOXeCTBO A (paBeHCTBO MHOXecTB). B
NPOTUBHOM CNyyae 3HaUYeHWe BblpaXXEeHUSA PaBHO
False

PesynbTaTtoM BbipaxeHns A_isdisjoint(B)
ABNnsAeTCA 3HauyeHWe True, ecnu mnepeceyeHue
MHOXeCTB A 1 B ABnAeTCA NYCTbIM MHOXXECTBOM
(To ecTb ec/in y MHOXecTB A 1 B HeT 06w Kx ane-
MEHTOB). B NpOTUBHOM C/nyyae 3HayeHue Bblpa-
XeHus paBHo False

PesynbTatom BblipaxeHus a in A aBnfeTcs
3HayeHue True, eCnn 371EMeHT & BXOAUT B MHO-
XecTBo A. B NnpoTUBHOM Cnyyae 3HayeHMe Bbipa-
XeHus pasHo False
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W Ha3ameTtky

MycTbIM Ha3bIBaeTCA MHOXECTBO, KOTOPOEe He COAEPXUT HM OAHOTO 3/ieMeHTa (06bIY-
HO 0603HavaeTcsa Kako0).

Cnepyet 3aMeTUTb, YTO MHOXECTBa MOTYT MCMNO/b30BaTbLCS B OMepaTopax LUK-
na gns nepebopa 3Ha4YeHUn NepeMeHHOl LMKa, Kak 370 ObI10 1 CO CAUCKaMM.
EAMHCTBEHHOE, 0 YeM CrefyeT MOMHUTb - YTO B OT/INYME OT CMUCKA, B MHOXE-
CTBe MOPAAOK 3/1EMEHTOB He PMKcMpoBaH. Kakoe MMEHHO 3Ha4yeHMe MepemMeH-
Has LMKna 6ygeT NpUHUMAaThL Ha TOW UNKM UHOW UTepauumn, CKasaTb KpaiiHe npo-
6nemaTu4Ho.

L Ha 3ameTky

[ns co3[aHna MHOXECTB MOXHO MCMO/Mb30BaTh reHepaTopbl MHOXECTB. MpuHLuMN TOT
e, UTO U B reHepaTopax CrM1CcKOB, TOJLKO A/11 MHOXECTB reHepaTop 3aK/o4aeTcsi He B
NPSIMOYTO/IbHbIE, a B (PUrypHbIE CKOBKM.

Kak unnicTpauuio K UCMo/fb30BaHNI0 MHOXECTB PacCMOTPUM peLleHue npo-
rpaMMHbIMU MeTOofaMu creaylolleid 3agaun: Heo6Xo4uMo OnpeaennTb, Kakue
ynucna B AManasoHe 3HauyeHuit oT 140 100 yJ0BMeTBOPSAIOT CAEAYIOLIUM YCO0-
BUSAM:

* yucsna npu geneHnun Ha S JaroT B OCTatke 2 Unu 4;
* yucna npu geneHUn Ha 7 JaroT B oCcTatke 3;
* NPV AeneHnn ynucen Ha 3 B OCTaTKe NOJyyvyaeTcs YUC/O0, OTIMYHOe OT 1.

OTO0 HECNOXHAsA 3a4ava v pellaTbCs OHa MOXET pasNnyHbIMu cnocobammu. Camas
npocTtas v o4YeBUAHasA UAeq, KoTopas NPUXOLMUT B rO/OBY - MOC/IEL0BATE/IbHO Ne-
pebpaTtb BCe HaTypa/bHble yucna ot 1 40 100 U gna KaxAoro 4ymcna npoBepuThb
BbIMO/HEHME MEPEUNCIEHHbIX BblLle YCA0BUA. HO HAac, NOHATHO, MHTEpPecyeT He
CTONbKO KOHEeYHbI pe3ynbTaT, CKOMbKO MeTofuyecKas cCTopoHa sonpoca. Mos-
TOMY [NA pelleHUs 3Toi 3agaum B Python mbl 6ygem "oTTankmBatbca" OT Teo-
pyUM MHOXECTB M BO3MOXHOCTEN A3blka Python.

Q Ha 3ameTky

YT0o6bl NOHATH anropnuTMm peleHna sagaydun, Heob6xo4nMo NMPUHATL B pacyeT cnegytouine
o6CcTOosATeNIbCTBA.

MHOXeCTBO HaTypasibHbIX YMcen oT 1 4o 100 o603Haumm kak E. MHOXeCTBO uuces, Ko-
Topble Npu AeneHnn Ha 5 gatoT B ocTatke 2 0603Ha4YnM Kak A r. MHOXeCTBO umncen, Ko-
Topble Npu AeneHun Ha 5 galoT B ocTtatke 4, 0603HauYMm Kak A2. Yucna, KoTopble npu

AeneHnn Ha 7 AaloT BocTaTke 3, 0603HaYUM Kak MHOXeCTBO B. MHOXeCTBO uuncen, Ko-
Topble Npu AeneHnn Ha 3 AatoT BocTaTke 1, 0603HaUMM Kak C . Bo Bcex NepeuncrieHHbIX

L
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crlydasx peyvb UAET 0 umcnax, He npesbiwarolwmx 100. NMo3aToMy BCe 3T MHOXeCTBaA SB-
NA0TCA NOAMHOXeCcTBaMn MHoXecTBa E.

MHOXeCTBO uuncen, KoTopble Npu AeneHnn Ha 5 gatoT BocTaTke 2 uam 4, 0603HaUMM Kak
A. OueBugHo, 4To A = AX 1 A2. MHOXECTBO 4ucesl, KOTopble Npu geneHun Ha 5 aawT B
ocTaTke 2 win 4, a npu geneHun Ha 7 fatoT B ocTaTke 3, onpefensercs BblpaXkeHnem
A n B, nockonbKy Takue yncna Ao/HkHbl O4HOBPEMEHHO NpUHaAAexaTb Kak MHOXEeCTBY
A (ocTaTtok 2 nnu 4 npu geneHnn Ha 5), Tak N MHOXecTBY B (ocTaTok 3 npu AesieHnmn Ha
7). Ecnn Mbl HaknaabiBaeM ycnoBue, YToObl Takme Ynca elle v npu geneHnn Ha 3 He ga-
Ba/IM BOCTaTKe 1, TO 3TO 03Ha4aeT, YTO Yncia He AO/MKHbI NpuHaanexaTb MHoxecTBy C
(ocTtaTok 1 npu geneHnn Ha 3). NMoaTomy n3 MHoxecTtBa A I B cneayeT "BbluecTb” MHO-
xecTBo C. Takne o6pa3omM, MHoXecTBO D = (A n B) \ CcoaepXuT HyxXHble uncna - To
ecTb YnCna, yA0BAETBOPSAIOLWME BCEM NEPEYNCIEHHbIM YC/TOBUAM.

COO0TBETCTBYIOLLMIA NPOrPaMMHbIA KOA NPUBEAEH B UCTUHTE 5.6.

JWCcTrHr 5.6. /icnorb3oBaHe MHOXXECTB

# BepxH
n=100

A9 rpaHuua

# MHOXeCTBO HaTypaJsibHblX 4ucen
E={s for s in range(l,n+1)}
# MHOXecTBO uncen, KoOTopble MNpu AeneHuu

# HA 5

LalT B ocTaTtke 2

Al={s for s in E if sW5==2}
# MHOXeCTBO uwucesn, KOTOpble NpU AeNeHuun

# Ha 5§

JawnT B ocTaTtke 4

A2={s for s in E if s%5==4)
# MHOXecCTBO uwuces, KOTOpble NpuU AeneHuun

# Ha 5
A=A1]A2

LalT B ocTatke 2 wan 4

# MHOXecCcTBO u4ucen, KOTOpble Mpu AesleHUun

# Ha 7

pawT B ocTtatke 3

B={s for s in E if s%7==3}
# MHOXecCTBO uucen, KOTOpble Npu AeneHun

# Ha 3

pawT B ocTatke 1

C={s for s in E if s%3==1}
# MHOXeCTBO uwucesi, KOTOpble NpU AefleHun

# Ha 5
# pawnt

[JawnT B ocTaTtke 2 vunn 4, npu genieHun Ha 7
B ocTaTKe 3, a npu geneHnnm Ha 3 He pawT

# B ocTaTke 1
D=(A&B)-C
# OTobOpaxaem pe3ynbTarT

print(
print(

'NipyBefeHHble HMxe 4ymcna ot 1 no'™,n)

') npu geneHum Ha 5 gawT B ocTtartke 2 wiu 4;5')

print(2) npu.geneHnu Ha 7 pawT B ocTaTke 3;')

print(

3) npu geneHunm Ha 3 He gawT B ocTaTke 1:')

print(D)

fSHI
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B gaHHOM cny4yae nony4vaem cne,u,yrou.l,mﬁ pe3ynbTar:

Pe3ynbTar BbINO/HEHNS MPOrpamMmbl (M3 NNCTUHTA 5.6)

MpuBegeHHble HMXe uymcna ot 1 pgo 100

1) npu peneHunm Ha 5 patoT B ocTaTke 2 unm 4;
2) npu aeneHWm Ha 7 pfawT B OcTaTkKe 3;

3) npu pgeneHmm Ha 3 He pJakwT B ocTatke 1:
{24, 17, 59, 87}

B nepemMeHHY N 3anucCbiBaeTCA 3HauYeHWe A8 BEPXHEW rpaHuLlbl YMCNOBOrO
Amana3oHa. MHOXeCTBO HaTypasibHbIX YMCE CO 3HAYEHUAMU B gMana3oHe oT 1
8o n popmupyetca komaHgoh E={s for s in range (I,n+1) } 3gecb
Mbl MCMNOMb30BaNN reHepaToOp MHOXecTBa: B (YMIypHbIX CKOOKax MHCTPYKLWA
s for s in range (1,n+1) o3HayaeT, YTO 3/IeMEHT MHOXECTBa onpeaens-
eTCA NepeMeHHON s, KoTopas npoberaeT 3Ha4YeHNA HaTypanbHOro psaga ot 1 4o n.

MtuoxecTBo Al co3gaem komaHgoin Al={s for s in E if sW5==2}. Te-
nepb B reHepaTtope MHOXeCTBa MepeMeHHas S nepebupaeT 3HaYeHUA 31eMeHTOB
13 MHOXecTBa E. 3neMeHT 3aHOCUTCA B MHOXecTBO Al npu ycnosum shs5==2 ,
TO eCTb eC/I OCTATOK OT fefIeHNs S Ha 5 paBHAeTCA 2. AHaNONMYHO KOMaH4amMu
A2={s for s in E if s%5==4},B={s for s in E if s%7==3}H
C={s for s iIn E if s%3==1}co3gatoTca npoune MHOXecTBa. MHOXeCTBO
yucesn, KOTOpble Npy AeneHnn Ha S fatoT B 0CTaTke 2 UM 4, Bblynucisem nyTem
06beAnHeHNs MHoXecTB Al 1 A2 —c nomoublo KomaHabl A=A11A2. HakoHel,
KomaHfoin D= (A&B) -C HaxofguM HY>XXHbI pe3ynbTar.

Komy-To, BO3MOXHO, 60/ee yAayHbIM MOKaXKeTC MHOM MOAX0f, B KOTOPOM
MHOX€eCTBO-pe3yibTaT (hopMuUpyeTCcs cpasy € NMOMOLLbIO reHepaTopa MHOXECTB.
[aHHbIA cnocob pelweHns 3agaym NpeacTaBieH B IMCTUHIE 5.7.

NnctuHr 5.7. N'eHepupoBaHVe MHOXeCTBa

# BepxHaa rpaHuua

n=100

# MHOXECTBO 4uCen, KOTOpble NPU LEeNeHuu

# Ha 5 pawT B ocTaTkKe 2 wunuM 4, npu AeneHWun Ha 7

# palT B ocTaTtke 3, a Npu AeNeHUM Ha 3 He jJakoT

# B ocTaTKe 1

D={s for s in range(1,n+1) if (s%5==2 or s%5==4) and s%7==3
and s%3!=1}

# OTob6paxaem pe3ynbTaT

print("MpuBegeHHble HUXe 4ymcna oT 1 pgo",n)

print("l) npu pgeneHun Ha 5 palT B ocTaTke 2 unu 4;")
print ("2) npu geneHnwn Ha 7 pawT B ocTaTke 3;")

print ("3) npu pgeneHum Ha 3 He pJatwT B ocTaTke 1:")



print(D)

Pe3yanaT BbIMO/THEHNA 3TOr0 NPOrpaMMHOro Koga TaKo Xe, KaK 1 B npeabiny-
em cny4yae:

MpuBepeHHble HWXe ymcna ot 1 pgo 100

1) npu peneHum Ha 5 pawT B ocTaTke 2 unm 4
2) npu AgeneHMmnm Ha 7 pakwT B OoCTaTke 3;

3) npu peneHvn Ha 3 He patT B ocTaTke 1:
{24, 17, 59, 87}

34ecb Mbl pe3ynbTaT chopmumpoBanu akTuyeckn ogHoin komaHgoh D={s fo
r s in range(l,n+1l) if (s%5==2 or s%5==4) and s%7==3 an
d s%3 !=1}, B KOTOPOIi B reHepaTope MHOXECTB NepemMeHHas s npoberaeT 3Ha-
YyeHus HaTypanbHOro paga ot 1 go n. Ho COOTBETCTBYIOLLEE YMAC/NO BK/IOYaeT-
CSl B CO3JaBaeMOe MHOXECTBO TOJ/IbKO €C/IM BbIMO/IHEHO C/I0XHOe ycioBue (s %
5==2 or s%5==4) and s%7==3 and s%3!=1.B 3TOM yC/0BUMK C NOMO-
b NOTMYECKUX OMepaTopoB or (nornyeckoe uam) u and (nornyeckue n) 06b-
eA4UHeHbl HECKO/bKO NOTMYEeCKMUX BblP@XXEHWIA: OfHOBPEMEHHO LO/MKHbI BbIMNO/-
HATbCA ycnoBua (s%5==2 or s%5==4),5%7==3 n s%3 =1, npnyem ycnosue
s%5==2 or s$%5==4 cOCTOMT B TOM, 4YTO BbIMOJIHAETCA XOTH 6bl O4HO N3 YCNO-
BUIA S%5==2 nnn s%5==4.

C Apyroii CTOPOHbI, MOXXHO BOCMO/b30BaTbCs U 6osee "Knaccu4yeckmMm™ nogxo-
fom. Mpumep npuseseH B INCTUHTE 5.8.

JNincTtnHr 5.8. CosfaHve MHOXECTBA Yepes LUK/

# BepxHaa rpaHuua
n=100
# lycToe MHOXecTBO
D=set ()
# dopMupyeTCcqs MHOXECTBO YMCeN, KOTOPble MNpU LeNeHWUun
# Ha 5 pawT B ocTaTke 2 wnuM 4, npu JeneHuunm Ha 7
# palT B ocTaTKe 3, a npu feneHun Ha 3 He pgawoTt
# B ocTtaTtke 1
for s in range(1,n+1) :
if s%5==2 or s%5==4:
if s%7==3:
if s%3!=1:
D.add(s)
# OTo6paxaem pe3ynbTaTt
print("MpuBegeHHble HWXe uymcna ot 1 pgo",n)
print("l) npu peneHuwn Ha 5 pfawT B ocTaTtkKe 2 unum 4;")

® T -
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print ("2) npu peneHwnm Ha 7 patwT B ocTaTke 3;")
print ("3) npu peneHumnm Ha 3 He parwT B ocTaTke 1:")
print(D)

PesynbTaT Mnosy4ynum TaKoii:

Pe3ynbTar BbINO/IHEHNS MPOrpamMmbl (M3 INCTUHIA 5.8)

MpueBegeHHble HMXe uymcna ot 1 pgo 100

1) npu pgeneHum Ha 5 pawT B ocTaTke 2 unum 4;
2) npu pgeneHunW Ha 7 pfawT B ocTaTke 3;

3) npu pgeneHunm Ha 3 He pawT B ocTaTke 1:
{24, 17, 59, 87}

Mpu Takom NOAXOAE Mbl CHayana co3faem KomaHgoi D=set () nycToe MHOXe-
CTBO, a 3aTemM C MOMOLLbI0 oMnepaTopa LMUKAa U FPpynmnbl BAOXKEHHbIX YC/TOBHbIX
onepaTtopoB f06aBnAeM B CMMCOK HOBbIE 3/IEMEHTHI - pa3yMeeTcs, eciv 3Tu ane-
MeHTbl Y[ 0B/IETBOPSOT BCEM KPUTEPMAM (YCMOBMSA B YC/MIOBHbIX OMepaTtopax).
[na nobaBneHnsa sfnemMeHTa B MHOXECTBO 3ageiicTBoBaH Metog add ().

Ll Haszametky

Momumo Tvna set (MHOXecTBO), B fA3blke Python ecTb TMn frozenset (HensmeHsie-
MOEe MHOXEeCTBO). [laBHOe OT/INYMe HEU3MEHSIEMOTO MHOXECTBO OT O6bIYHOIO MHO-
EeCcTBa COCTOUT B TOM, YTO HEM3MeEHSIEMOEe MHOXECTBO, KakK HEC/MIOXHO Aorajatbes,
Hesb3s U3MeHUTb. Co3aTb HEM3MEHSEMOE MHOXECTBO MOXHO C MOMOLLLIO OYHKL N
frozenset O, aprymeHTOM KOTOPOli MepefaroT, Hanpumep, CNUCOK WU TEKCTOBYH
CTPOKY. MHOrMe MeToAbl, NPUMEHsIEMbIe K OObIYHBIM MHOXECTBaM, MOTYT NPUMEHSTLCS
K HEeM3MEHsIeMbIM MHOXeCTBaM - peyb, 6e3yC/I0BHO, NAET O MeToZax, He U3MEHSHOLLNX
CTPYKTYPY UCXOHOrO MHOXECTBA.

[anee mbl paccMOTpuUM €elle oaunH NoMe3HbIn TUN OaHHbIX - @ UMEHHO, peYb novi-
[eT 0 cnoBapax.

CnoBapwu

Bo>ke, kakoii Tuna>k! Bpaso, 6paso! Cnywalii-
Te, 5 Hey3Hato Bac B rpume! KTo Bbl Takoii?
n3 K/ "'ViBaH Bacunbesny meHse T npodec-
cuo™

B HEKOTOPOM CMbICNe CNOBApPU MOXXHO paccMaTpuBaTh KaK HEYTO CPefHEE MEX-
4y CNUCKOM M MHOXecTBoM. CnoBapb NpeAcTaBnsfeT co60i HEYNnopAg0YeHHbI
Habop anemeHTOB. OfHAKO B OT/INUME OT MHOXECTBA, KaXAbl 3/IeMeHT C/l0Ba-
ps "naeHTUGUUMPOBaH" cneunanbHbIM 06pa3oM. A UMEHHO, KaXA0MY 3/1eMeH-
Ty CN0OBaps CONOCTABAAETCA KNOY, KOTOPbIA O4HO3HAYHO UAEHTUDULNPYET 3ne-
MeHT B cfioBape. CuTyaLma HEMHOIO NOX0Xa Ha MHAEeKCcaL Wi 3/1IeMEHTOB B CMU-
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cKe. HO B CMIMCKE MHAEKCHI - LLe/IOUMCIIEHHbIE PaHXXMUPOBaHHbIE 3HaueHus. Knto-
um e B C/oOBape He 06513aTeNlbHO LOJIKHbI 6bITh YACMAMU: MOMUMO YUCES, 3TO
MOTyT 6bITb, HANPUMEP, CTPOKM, CIUCKU U KOPTEXM. TO €CTb C HEKOTOPOIA Ha-
TSOKKOW MOXHO AyMaTh O C/IOBapsX KaK 0 CMUCKaX, HO C HEUYNCNOBbIMY (B 06LLeM
Clyyae) NHAeKcamu.

Ona cosgaHua cnoeapsa  ucnonb3ywT QyHKuuMio dict(). AprymeHTom
(yHKLMM MOTyT nepefaBaTbCs, pa3fefieHHble 3anATbIMMW, BbIPaXEHUS BUAA
Kno4y=3HauyeHune. Takxxe MOXHO nepeaarb CUCOK, 3/1leMeHTaMun KOTOPOro fAB-
NAKTCA CNUCKM (MM KOPTEXMW) MO [Ba 3NEMEHTOB B K&XOM: K04 N COOTBET-
CTBYIOLLEE EMY 3HAYEHMe.

W Ha 3ameTtky

Ecnn doyHkuum diet () npu Bbi3oBe He nepefatb aprymeHTbl, 6yaeT co3gaH nycToi
cnoBapb. Ecnun npu BbI3oBe apryMmeHToM doyHKumMmn diet () nepepaeTcs yxe CylecTBy-
lowmii cnoBapb, TO B pe3y/ibTaTe GyfeT co3faHa Konusi Takoro cnosaps (npaBga, no-
BEPXHOCTHAs - TO CTb /i/151 TAKUX B/IOXKEHHbIX 3/1EMEHTOB C/1I0Bapsl, Kak CMUCKN 1 cnoBa-
pW, BbIMNOJHSIETCA KOMMPOBAHME CCbI/IOK, HO HE KOMMPOBaHUe 3/1eMEHTOB).

MO>XHO c037aTh C/IOBapb, YKa3as B YUIYyPHbIX CKOGKaX Yepe3 3ansThbie Bbipaxe-
HWS BMAA KNHOY: 3HaYeHUe (KOY U COOTBETCTBYIOLLEE eMY 3HAYEHUE YKa3bl-
BAlOTCS Yepes BOETOUUE).

O6palleHune K 3IEMEHTY CI0Baps BbIMOHAETCA (POPMasbHO Tak Xe, Kak u o6pa-
LeHMe K 3EMEHTY CMKCKA: C MOMOLLbI KBaApaTHbIX CKOBOK Mocne UMEHU cno-
Baps, HO TO/IbKO B C/lyyae C/I0Baps B KBaApaTHbIX CKOGKAaX YKa3biBAeTCS HE UH-
JEeKc, a KMoy, ipyrumu cnoBamu, ecaiv Mbl UMEeM [e/10 CO CIOBApPEM, TO Y3HATb,
KaKOBO 3HAYEHWe 3/1IEMEHTA C YKa3aHHbIM K/IIOUOM MOXEM UHCTPYKLMENR BUga
cnoBapb [knwy]. Mpuuem TaKyl WHCTPYKLUIO WCMOMb3YIOT He TOMbKO ANs
TOro, YTo6bl NPOYMTATL 3HAYEHWE I/IEMEHTA, HO U YTOBLI M3MEHWTL 3TO 3Haue-
Hue. HeGonbLuMe NpuMepbl CO3aHUs CNoBapeli NpUBEAEHbI B TMCTUHTE 5.9.

NnctuHr 5.9. CosgaHue cnoBapeii

# Cnncok ana ¢GopmMmpoBaHMA cnoBaps

A=[["MywkuH A.C"KanutaHckasa pgouka"],["Yexo A.M.","BuwHesbl
capg"],["ToncTtoh N.H.","BoWHa u mup"]]

# Cos3pfaem cnoBapb Ha OCHOBe CNMCKa

writers=dict(A)

# OTob6paxaeM CcojepXumoe cnoBaps

print("CnoBapb:")

print(writers)

# O6paleHne K 3NeMeHTy cnoBaps N0 Kaw4y
print("Yexos Hanucan nbecywriters["UHexos A.M."])
# WN3meHsieM 3HayeHWe 3N1eMeHTa cnoBaps
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writers["Uexos A.M."]="KawTaHka"
# lpoBepAeM copepXxummoe cnosaps
print("CnoBapb nocne WM3MeHeHUs 3nemMeHTa:")
print(writers)
# [Oo6aBnsem B C/l0Bapb HOBbIA 3NEMEHT
writers["LocToeBckuin ®.M."]="lMpecTynneHne n HakasaHue"
# [lpoBepAeM copepXxumoe cnosapA
print ("CnoBapb nocne po6aBneHnMa 3nemeHTa:")
print(writers)
print ()
# Mepebop 3NeMeHTOB CNoBapfs Mo KAWYYy
print("ABTOpbl M WX nNpou3BegeHunsa.")
for s in writers.keys():
print("AsTop:",s)
print("MponsseaeHune: writers[s])
print ()
# Cos3faemM HOBbI cnoBapb
lights=dict(kpacHbln="gBMXXKeHne 3anpeweHo",XenToli="BceM
BHUMaHMe",3eneHbIN="[BN)XKeHNe pa3peweHo")
# lpoBepAaeM copepXxumoe cnosaps
print("HoBbli cnoBapb:")
print(lights)
# 3HauyeHuWe Knwya
color="3eneHblin"
# Ob6palweHne K 3NeMeHTY cnosapsa Mo Kiwuy
print("Ecanum roput",color,"ceet, TO0",lights[color]+"!")
print ()
# Cos3faem elWwe OLWH CNnoBapb
girls={(90,60,90):"CBeTa",(85,65,39):"tOna",(92,58,91):"HunHa"}
# lpoBepAeM cofepXxumoe cnosaps
print("Ewe oauH cnoBapb:")
print (girls)
# 3HauyeHue KYa
params=(90,60,90)
# Ob6palleHMe K 31eMEHTY cnoBapsa Mo Kiawvy
print(girls[params]+":",params)

Mpu BbINOJIHEHMM NMPOrPAMMHOIO KOZa MOJly4aeM TakKoi pesynbTart:

Pe3ynbTaT BbINO/HEHWS NPOrpaMmMbl (M3 IMCTUHIa 5.9)

CnoBapb:
{'Yexos A.M.': 'BuwHeBblin capg', 'MywknH A.C.': 'KanuTaHckasd
pgouyka', 'Tonctow J1.H.': 'BoiiHa un mup'}

UexoB Hamwucan nbecy: BullHeBbIi cap
CnoBapb nocfie M3MEHEHWs 3JeMeHTa:
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{'UexoB A.M.': 'KawrTaHka', 'MywknH A.C.': 'KanuTaHckas pgouyka',
'"Tonctoh N1.H.': 'BoWiHa n mup'}

Cnosapb nocne po6aBneHUs 3neMeHTa:

{'UexoB A.M.': 'KawrTaHka', 'flocToeBCcKuiA ®.M.': 'llpecTynneHune
N HakaszaHue', 'MywkuH A.C.': 'KanuTaHckaa pgouyka', 'ToncTtoi
N.H.": 'BoiiHa u mup'}

ABTOpPbl M UX NPOWU3BELEHMNSA.
ABTOp: Yexos A.l.
MpounsseneHne: KawrtaHka

ABTOop: [JocToeBckuin ®.M.
MpowunssepeHune: lMpecTynneHne M HakKasaHwue

ABTop: MywkuH A.C.
MpoussepeHne: KanutaHckas f[ouyka

ABTop: Tonctoi J1.H.
MpownssepaeHune: BoitHa u mup

HoBblli cnoBapb:

{'3eneHbln': 'OBWXeHUe pa3peweHO', 'XeNTblih': 'BCEM BHUMaHue',
"KpacCHbI': 'ABWMXXeHWe 3anpeljeHo'}

Ecnn ropuT 3eneHblil cBeT, TO ABWXEHUe paspelleHO!

Ewe oAMH cnoBapb:

{(92, 58, 91): 'HwuwHa', (85, 65, 89): 'HOnsa', (90, 60, 90):
‘CseTa'}

CeeTta: (90, 60, 90)

B sTomM nporpaMMHOM KOZe WANKCTPUPYETCA HECKO/IbKO Cnoco60B co3gaHus
cnoBapeii, a TakxXe LEMOHCTPUPYIOTCA HEKOTOPble HEC/N0XHble npuemsbl pabo-
Tbl €O cnoBapsMu. CHavana komaHgoin A= [['NMywknH A.C .", "KanutaHc K
as pgouka'],["UYexo A.N.","BuwHeBwii cag'],["'Tonctoin N.H."
,"'BoiHa n mup' ] ] co3gaetca cnucok A. CnmMcok A cOCTOWT M3 TPEX 3/1EMEH-
TOB. KaXXbli1 3/1eMeHT caMm ABNSETCHA CMUCKOM. B KaXA0M BHYTPEHHEM CruUCKe
no fBa anemeHTa. MepBblli 3aeMeHT UrpaeT pofb Ko4va Npu co3faHnm cnosaps,
a BTOPOIi 3NEMEHT - HEMOCPeLCTBEHHO 3/1IeMEHT cnosaps. B faHHOM cnyuae Bce
3HAYEHWA TEKCTOBbIE, MO3TOMY W K/HOUU C/I0Baps, U HEMOCPELCTBEHHO 3/1eMEH-
Tbl C0Baps 6yAyT TEKCTOM.

[ns cospaHuna cnoBaps cnUCcokK A nepefaem apryMmeHToM yHkunm diet () (ko-
mMaHga writers=dict (A)). UTo6bl OUEHUTb COAepXMMoOe crnoBaps writ-
ers nepeflaeM WM CNoBapsA aprymMeHTom qQyHkuumm print () (komaHpa
print (writers) ).

A cEl-
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L Hazaverky

Kak HecnoxHo 3aMeTUTb U3 COAEPXMMOro B OKHe BbIBOJA, C/I0Bapb OTOOGPaxaeTcs B
Takom dhopmate: B UrypHbIX CKOBKax yepes 3ansaTyro oTo6paxatoTcsa napbl 3Ha4YeHWU
K/I0Ya 1 COOTBETCTBYIOLLErO eMy 3/1lemeHTa cfioBaps. Krod 1 3HaveHne anemMeHTa pas-
[enstoTcs AgBoeToureM. MNopsaaok oTobpaKeHMs Takux nap B OUrypHbIX CKOBKax npouns-
BOJIbHbIN. ECM BAyMaTbCs, TO CTAHOBATCSA OYEBUAHBLIMU NPUYMHBI TAKOro “nnbepanns-
Ma'": 3HauyeHue afleMeHTa C/10Baps OAHO3HAYHO onpefenseTcsa no K4y 1 He 3aBUCUT
oT "MecTa” (WM No3nunKn) 3NeMeHTa B crioBape. bonee Toro, Takoe NOHATME, Kak No3u-
LSl a/1leMeHTa B C/l0Bape He NMeeT CMbIC/a.

Kak oTmMeuanocb paHee, o6palleHne K 3/1eMeHTY C/10Baps BbINOMHAETCA NO KO-
yy. Hanpumep, uHctpykuus writers [""HexoB A.M.'""] npeacTtasnser co6oi
obpalieHne K aneMeHTy cnoBapsa writers c knwyom ""YexosB A._TM." (ane-
MEHT CO 3HayeHueM "'‘BuwHeBbini cag'”).

KomaHgoin writers [""YexoB A.M. "] =""KawTaHKa'" Mbl N3MEHSieM 3Haue-
Hue 3fieMeHTa cnosaps c kKnwyom ""Yexos A.T1.". Ecan nocne 3Toro npose-
puUTb coflep>Xxnumoe coBapa writers (4to, CO6CTBEHHO, U fleN1aeTcs), TO MOXHO
3aMeTUTb U3MEHEHUNS B COLEPXMMOM C/oBaps.

Ecnu B KOMaHe NpucBanBaHus 3HAYEHUS 3/1IEMEHTY CN0Baps yKasaTb KoY, KO-
TOpbIA B CNOBape He NpefCTaBieH, TO B c/loBapb OyfaeT 406aB/AeH 3/1EMEHT C CO-
OTBETCTBYHOLMM KNOUOM. Hanpumep, B pe3ynbTaTe BbINONHEHUA KOMaHAbl Wr
iters["[JocToeBckuin ®.M._."]="TpecTynneHne n HakasaHue''B cno-
Bapb writers gob6aenderca anemeHT ‘lipecTyrnsieHne ” HakasaHue™ ¢
Kntouom "locTtoeBcKuin O_M.".

[na nepebopa 3/eMeHTOB C/10Baps Mo K4y MOXeT MCNO/b30BaTbLCAa onepa-
TOp umMkna. locTyn K Knoyam cnosaps noiyvaroT ¢ noMmolybio metoga keys () -
Kak pesynbTaT mMeTo[ BO3BpallaeT uTepupyemblii (To ecTb LONYCKAKOLWMIA Npo-
uecc "nepebopa" COAEPXMMOro) 0OBLEKT C KAwvamu cnosaps (TOro cnosa-
ps, U3 KOTOPOro Bbi3blBaeTcAd MeToA). Ha pesynbtaT Bbi3oBa Metofa keys ()

MOXHO CMOTpPeTb Kak Ha "KOoHTeliHep", B KOTOpPOM '“cogepkartca™ Kawuu cno-
Baps. B onepartope uukna 3TOT KOHTelHep yKa3biBaeTCca TaK Xe, Kak ecnu Obl
370 ObII0 MHOXECTBO, COCTOALLEe U3 KtOYeil cnoBaps. Ckaxem, ecin Mbl UMe-
€M [ieq10 C OMepaTtopoM LWKNa, B KOTOPOM HayanbHafd MHCTPYKLUA UMEET BUA
for s in writers.keys (), T0 3T0 03HayaeT, YTO NepemeHHasa s byget
nocnefoBaTe/lbHO MPUHMMATb 3HAYEHUA K/KOYeid n3 cnoeapa writers (npas-
[ia HEM3BECTHO, B KAKOW MMEHHO O4epefHOCTM OyayT nepebupaTbecsa Kawum). B
Tene oneparopa Lukna KomaHgonm print (""ABTop: ", S) oToO6paxkaeTcs 3Haye-
HUe KMYa, a KomaHgon print ("'MponssepeHune: " ,writers [s]) oTobpa-
XaeTcs 3HayeHue 3fieMeHTa C COOTBETCTBYOLWMUM KAo4YyoM. [na co3gaHusa ny-
CTOW CTPOKMW B OKHe BbIBOAA MCNOMb3yeM KOMaHAy print () .

*
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HoBbiii cnoBapb co3faetcad KomaHgoin lights=dict (KpacHbIA="4BUXEHU
€ 3anpeweHo",XenTbli="BCceM BHWMaHMe", 3efeHbIN="0BUKEHNE pa
3peweHo"). AprymeHTamy pyHKuuu diet () nepeparTcs BblpaXXeHUs BuAa
Knuy=3HayeHune. N KoUK, N 3HAYEHUA, KaK 1 B NpeblayLLem cyyae, TEKCTO-
BblE.

Q Ha 3ameTky

OGpaTVITe BHMMaHMe, YTO TEKCTOBbIE 3HAYEHUS K/IOYeN B aHHOM KOHKpPeTHOM cny4ae
YKa3blBaloTCA 6€e3 KaBblYeK.

CofiepXXMMoe CroBaps NPoBepsieTCs KOMaHgol print(lights). KomaHpoi
color="3eneHblii" B MEPEMEHHYK color 3annCbiBaeTCA 3Ha4YeHWE Knua,
nocne 4ero 3Ta nepemMeHHasa NCMOJIb3YeTCA B KOMaHAE p r int ("ECﬂI/I ropur
,color, "ceet, To",lights [color]+"!") pna oTobpaxkeHnsa 3Haue-

HWS KAK4a 1 3Ha4YeHNs COOTBETCTBYHOLLErO K/AOYY a/1IeMeHTa cnoBapsa lights.

HakoHey, komaHgon girls={ (90, 60,90) :"Cseta", (85,65, 89) :"lOns
", (92,58,91) :"Huua" } co3faeTcq elle o4MH cnoBapb. 34echb fBe 0CO6EH-
HOCTMW: BO-MepBbIX, 3/IEMEHTLI CNOBApPA BMeCTe C Knwuyamu (pasfenstorcs ABO-
eT0UMEM) YyKasblBalTCH B PUIYpPHbIX CKOO6Kax. Bo-BTOpbIX, KAKOYaMy CloBaps
B AAHHOM C/lydae Cny>aT KOpTeXxu. B 3TOM HeT HMYero HeobbIYHOTO: KOPTEX
BMOMHEe NIerMTUMEH B KaYecTBe Ktouva cnosaps. Kak nnncrpayms K ckasaHHO-
MY - KOMaHgaprint (girls [params params) rae Kal4yom ang ane-
MeHTa c/ioBaps g irls yKa3aHa NepeMeHHas params, KOTOPOW npefBapuTesib-
HO KomaHaoW params= (90,60,90) NpMCBOEH KOPTEX.

Q Ha 3ameTky

Ecnn npu obpatleHnmn K afieMeHTy c/ioBaps yka3aTb HenpaBu/bHbIA KoY (KoY, KOTo-
poro B cnoBape HeT), BO3HUKHET owmnbka. Ectb meTog get (), KoTopbIi No3BONsAeT no
K04y MOsyUNTh 3HAaYeHMe 3/1ieMeHTa cnoBaps. Mpy 3TOM ecnin yKasaH HecylecTBYHo-
WA KoY (apryMeHT meToaa), ownbku He byaeT (MeToAoM Bo3Bpaliaetcsa ''nycrtoe”
3HaueHue None). Metony get () MOXHO nepefatb BTOPOIA apryMeHT - JaHHOe 3Haue-
Hue 6yAeT BO3BpallaTbCA METOAOM MPU HEBEPHOM KJltOYe.

Momumo nonyyeHMa AocCtyna K 3/IEMEHTY C/oBapd No KAw4vy, CyweCcTByKOT U
apyrme MHTEpecHble onepaunn, KOTOPblE MOXHO BbIMONMHATL CO C/I0BapAMU.
Tak, Mbl YK€ 3HaeM, YTo C NOMOLLbIO MeTofa keys () MoOnyyarT JOCTYN K KO-
Yyam cnoBapA. ﬂ,OCTyI‘I K 3HayeHnaAM cnoBapsa nosny4vyakldT C NOMOLW b MeToda
values().

W Ha3ameTky

O6a mMeToAa BO3BpalWaloT B KadecTBe pesynbTata 06bekTbl. [Ans metoga keysQ)
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3TO0 06bekT knacca dict keys. Meton values O Bo3BpawaeTr 06bekT kiacca
dict values. B aTux o6bekTax "cnpataHbl’ COOTBETCTBEHHO K/IOUM M 3HAYEHUS ane-
MEeHTOB cnoBaps. Mbl camu 06beKTbl 06CyXAaTb He naHnpyem. [1 Hac NinLlb BaXHO,
4YTO 3TN 06BEKTbI AONYCKaOT UTepaumnmn. To eCTb COAepPXKMMOe 0O6bEKTOB (K/10UN U 3Ha-
YEHNs1 3/1IEMEHTOB) MOXHO MOC/efoBaTes/IbHO “"Mepebuparb”, XOTs AenaeTca U He Tak
"NPAMONNHEHO", KaK MOXHO 6bI/10 6bl NogyMaTb. MNoaTomy 06 o6bekTax, Bo3Bpallae-
MbIx MeTogamu dict keys n values O c HEKOTOPOW HaTSXKOM MOXHO AyMaTb Kak O
HEKOTOpPOW BUPTYya/1bHOW Noce0BaTesIbHOCTM 3Ha4YeHUA. 3Ty BUPTYasibHYO Nocneno-
BaTe/IbHOCTb MOXHO MNpeo6pasoBaTb K 60/1ee NPOCTOMY M NOHATHOMY hopmarty: Cnu-
CKy, KOPTeXY UM MHOXECTBY - B 3aBVCMMOCTUN OT KOHKPETHbIX MOTpebHOCTEeN 1 cneym-
umkum pewaemoli 3agaun. Ana atoro pesynbtat metoga dict_keys wnm values () ne-
pepaetca aprymeHtom metogy list O (cosgaHue cnucka), tuple O (co3gaHue Kop-
Texa) nnm set () (cosgaHve MHOXeCTBa).

EcTb Takxe meTtop items (), KOTOpbIi BO3BpalwaeT o6bekT knacca dict_items, co-
nepxawmii KopTexu ¢ napamu 3HavyeHwin onst KIdei U anemeHToB. puBefeHHble
Bbille 3aMeyaHns OTHOCATCA 1 K MeToay items () -

Y [anuTb 3IEMEHT U3 CNIOBaps MOXHO C MOMOULblo MeToda pop (). AprymeHToMm
MeTody nepedaeTcs KU yAanseMoro anemMeHta. MeTopa Bo3BpaliaeT 3Haue-
HWe - 3TO 3HaUYeHMe TOro 3/1eMeHTa, KOTOpbIA yaansetca us cnoeaps. Ecnm Hyx-
HO yannTb 3/1eMeHT cfoBapsa “no Tuxomy", 6e3 Bo3BpaLleHuMs pe3ynbrara, - Uc-
MoNb3yKT MHCTPYKLUMIO del, mocne KOTOpPOl yKasbiBalOT CCblINKY Ha ypanse-
MblA N3 CNoBapst aNeMeHT (MM$S c/ioBaps U B KBagpaTHbIX CKOGKax Mocne mme-
HU - KNKHOY 3neMeHTa). MOMHOCTbI0 OYNCTUTL CNIOBAPb MOXHO C MOMOLLbIO MeTO-
paclear().

Kak fo6aBnsetca afieMeHT B C/10Bapb, Mbl YXKe BUAE/N B PACCMOTPEHHOM Bbille
npumepe: 3eMeHTY C HOBbIM K/HOUYOM MPOCTO NpucBamBaeTcs 3HayeHue. Ecnu
HY>XHO [06aBUTb Cpa3y HECKO/IbKO 3/1eMEeHTOB, TO y06Hee BOCNO/1b30BaTLCA Me-
Togom update (). MeToj He Bo3BpalLaeT pe3ynbTaT U Bbl3bIBAETCA U3 TOTO CJI0-
Baps, B KOTOPbIA HY>XHO A00aBUTb HOBbIE 3/1eMeHTbl. APFYMEHTOM MeToAy MO-
XKET nepejaBaTbCs CM0Baphb, 3/1eMeHTbl KOTOPOro 406aBNATCA B UCXOAHbIA CNO-
Bapb (M3 KOTOPOro Bbi3BaH MeTon). Takxke aprymeHTom metoga update () mo-
XeT 6bITb CMMCOK, Yepe3 KOTOpbIi peanusyetca "gobasnsemblii" cnosapb Uamn
Habop pasfeneHHbIX 3aNATbIMU BbIPXEHWA BUAA KNOUY=3HayeHue. HekoTo-
pble MpMMepPbl UCMOAb30BAHMA MEPEUNCIEHHbIX Bbllle METOA0B A4 paboTbl CO

c/ioBapsMu npepacTtassieHbl B AncTuHre 5.10.

NnctuHr5.10. PaboTa co cnoBapsimun

# Co3gaem cnoBapb

symbs=dict([["a","nepBbIWA"], ["b","BTOpPOIA"]])

# Co3gaem ele OAWMH CnoBapb
more_symbs=dict([["c","TpeTuin"],["d", "ueTBepTbIii"]])
# [lo6aBnsdem BTOPOMN CnoBapb B NepBblii
symbs.update(more_symbs)
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# Copepxumoe cnosaps
print ("CnoBapb:",symbs)
# OnnHa cnoBap4

print("KonnyectBo knwoueih B cnosape:",len(symbs))

# [ocTyn K 3fneMeHTy no Kaw4y (K1Y B cnoBape ecTb)
print("9nemeHT Cc Knw4Yom 'c':",symbs.get("c","HeT Takoro
Kntoyval"))

# lMpoBepsieM HanuWyue Knw4a B cnosape
print("Hannuyne 3nemeHTa ¢ Kaw4yom '
# Ypansem 3neMeHT K3 cnosaps

del symbs["c"]

# Copepxumoe cnosaps
print("CnoBapb:",symbs)

# [ocTyn K 3NneMeHTY Mo Kawuyy (Kiw4Ya B CnoBape HET)
print("9nemeHT c kKnw4yom 'c':",symbs.get("c","HeT Takoro
Kntoyal"))

# MpoBepsieM HanMyue Knw4ya B cnosape

print('Haivumne snemeHTa C K/w4yomM “c”:I","c"™ in symbs)

# Cnucok knwuveil cnosapsd

c':","c" in symbs)

print("Knwoun cnosapda: list(symbs.keys()))

# CnUCOK 3HayeHUR 3NeMeHTOB cnosaps

print("3HayeHns 3nemeHToB cnoBapda:", list(symbs.values ()))
# Copepxumoe cnosaps

print("Copgepxumoe cnoBapsa:",list(symbs.items()))

# Y[paneHue 3nemeHTa M3 cnosaps

print("Ypgandetrcsa 3nemMeHT CcO 3HayeHuem:",symbs.pop("b"))
# Copepxumoe cnoBaps

print("CnoBapb:",symbs)

# OuucTtka cnosaps

symbs.clear()

# Copepxumoe cnosaps

print("CnoBapb:",symbs)

Pe3yanaT BbIMO/THEHWA 3TOI0 NporpaMmMHOro Koga TaKol:

Pe3ynbTaT BbINO/HEHUSA nporpamMmMbl (M3 NUcTuHra 5.10)

CnoBapb: {'d': ‘'ueTBepThiW', 'c': 'TpeTuin', 'b': 'BTOpoON', a'
'nepsBblii'}

KonunuyecTtBo kntwo4yeit B cnosape: 4

3NeMeHT C KAKW4YOM 'c': TpeTuii

Hannuyne anemeHTa C Kaw4yom 'c': True

Cnoapb: {'d': 'veTBepTblli', 'b': 'BTOponn', 'a': 'mepBblii'}
ONeMeHT C KAKW4YOM 'C': HeT Takoro kntua!

Hannune asnemeHTa c knw4yom 'c': False

Kntoun cnosaps: ['d', 'b', 'a']
3HayeHNA 3NeMeHTOB cnoBapA: ['yeTBepThiiA', 'BTOpoONA', 'mepBbiin']
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Copgepxumoe cnosapfa: [('d', ‘'ueTBepTblIi'), ('b', 'BTOpONn'),
(‘a', 'nepBblii')]

Ypansietcss 3/1eMeHT CO 3HauyeHWeM: BTOpOW

CnoBapb: {'d': ‘'ueTBepTblii', 'a': 'nepBbIN'}

Cnosapb: {}

B paHHOM cny4yae Mbl co3gaem gBa cnoBapsa symbs=dict ([["a", "nepBbiii
"1, ["b","BTOpPOin"]]) u more_symbs=dict([["c","TpeTnin"], ["d

n ~ o

, "ueTBepTbIA" ]]), nocne yero komaHgon symbs.update (more_symbs)
pacwmpsem ciioBapb symbs 3a cuet cnoBapa more_symbs. Mpu atom cnosapb
symbs meHseTcs, a cnosapb more_symbs 0CTaeTcs TakMM, KakK 1 npexae.

OnuHy cnosaps (KONWYECTBO K/KOYEN B C/OBape) onpejenseM C MOMOLLbO
hyHKUunn len (). ObpaweHne K 3fIeMEHTY C/10Baps BbIMOMHAETCHA C MOMOLLbLIO
metosa get (). NHcTpykums symbs.get ¢'c™,""HeT Takoro kmoyal'™)
BO3BpallaeT B Ka4eCTBe pe3y/nbTara 3HayeHue 3fieMeHTa cnoBapsa symbs C K-
yom "'C'' ecnv Takoli KNOY eCTb, M 3HaueHWe ""HeT Takoro knw4al", ecium
Knouya *'c™ B cnosape symbs HeT. [1ng NpoBepKu BXOXAEHUA Kto4va *'Cc™ B CNno-
Bapb Symbs Ucnofb3oBaHa MHCTPYKLMA *'C™" In sSymbs: 3Ha4yeHue 3TOro Bblpa-

XeHus paBHO True ec/im Ky "'c' ecTb B cfioBape symbs, v paBHsetcs False
B MPOTUBHOM C/lyuyae.

UTo6bl yaanuTb 3IEMEHT C K/Il04OM "c" 13 cnoBaps symbs ncnonb3yem KomaH-
gy del symbs ["c" ]. Mpwn yganeHnn aneMeHTa cnoBaps KOMaHgom symbs.
pop ("b") He TONbKO yAanseTca 3/ieMeHT € KN4yom "b™, HO eLle 1 BO3BpaLla-
eTCA 3HauyeHue yaansemoro anemeHTa. HakoHeu, komaHgoii symbs.clear ()
BbIMO/IHAETCA NOJSIHAA 0YMUCTKA CI0BAPA: U3 Hero yaanatoTCa BCE 3/IEMEHTHI.

W Ha3sawmeTtky

[Ons co3gaHnsa Konuu crioBapsi UCNonb3yoT meTog copy () n doyHkuuto deepcopy () u3
Moayns copy. Metogom copy () co3gaeTcsi NOBEPXHOCTHAasA KONusi crioBapsi. ®YHKLM-
eli deepcopy () co3gaeTcsa nosiHas konus crioBaps. To eCTb B fJ]aHHOM Crlyyae Habsto-
[aetcsa aHanorusi co crnuckamum.

Tak Xe, Kak 4na CNMCKOB, AN CNoBapeii CyLLecTBYOT reHepaTopbl. Ecnu cpas-
HWBaTb FeHepaTop CNOBapeil ¢ reHepaToOpoOM CMUCKOB, TO CTb HEKOTOPbIE OT/IN-
yus (B NpuUHLMNeE, UX 4Ba):

e B oT/MuMe OT reHepatopa Cnucka, KOTOPbI/ 3aknovaeTcs B Mpsmoy-
rosbHble CKOGKM, FeHEpaTop C/I0Baps 3aK/M0YaeTCcs B (hUTypHbIe CKOGKM.

e [lpwu co3gaHny cnosaps C NOMOLLbIO FeHepaTopa 3a Kaxayl uTtepauuio
(umkn) npuxoanTcs "reHepMpoBaTh” ABa MapameTpa: KA4 U 3/1eMEHT.
Knwoy v anemeHT pasfenatoTcsa ABoetoynem. Hanpumep, ecnm y Hac ectb
aBacnucka c I r-["kKpacHbIA", ">XenTbln", "3eneHbln"] ntxt=["c
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Toum", "xagem", "aBrxemcs"], To komaHgon A={clr[i] :txt[i]

for i in range (len (clr) )} co3paetcsa cnoBapb, B KOTOPOM 3/e-
MeHTbl NEPBOro cnucka c Ir nrpatoT ponb KAKYeid, a COOTBETCTBYIOLLME
MM 31EMEHTbI BTOPOrO CAMCKa tX t - COBCTBEHHO 3/1eMeHTOB cnoBapsa A

[Janee paccMOTPUM HeKOTOpPble OCOBEHHOCTY peann3aumnmn TeKCTOBbIX 3HAUYEHW
B Python.

TEeKCTOoBble CTPOKMU

Ecm Mbl gonycTuM 6ecropsfok B JOKYMeHTa-
Lyn, NOTOMKM HAM 3TOrO He MPOCTAT,
n3 K/ "'TocTws U3 bygyLero ™

B Hawwmnx nporpaMMHbIX Kogax Mbl MOCTOAHHO UCMOJ/Ib3YEM TEKCTOBbIE 3HaA4eE-
HNA, XO0TA NpPU 3TOM 0co60 Cepbe3HOro BHMMaHNA TakoOMy TuUNy AaHHbIX, KaK
TEKCT, HE yAendann. HacTano BPEMSA YCTPAHUTbL 3Ty HeECNpPaBeaA/INBOCTb.

O TeKcTe (MM TEKCTOBbIX CTPOKAX) MOXHO FOBOPUTbL U NMUCATb OYEHb MHOFO -
6naro 06bEKT UCCNef0BaHNSA AeT K 3TOMY BCE OCHOBaHUs. YTOGbI HE OTBNEKATb-
Csl HA BTOPOCTEMNEHHbIE BOMPOCHI, Mbl BbIE/IMM OCHOBHbIE TEMbI, KOTOPbIE Npej-
CTaBNAKT NEPBOOYEPEHON UHTEPEC. Ha HUX N CKOHLEHTPUpPYeEMCS.

Hac 6yayT HTepecoBaTh:
e CO3[aHue TEKCTOBbIX CTPOK;
e OCHOBHbIE OMepaLumn co CTPOKaMu;
e MCMNO/Ib30BaHME B CTPOKAX CMeLnanbHbIX CUMBO/OB;
e (hopMaTMpOBaHME TEKCTOBbLIX CTPOK.

Ho gaxe B PaMKaX 3TUX TEM Mbl 6y,u,eM orpaHnymBaTbCA TO/IbKO Hanbonee nHTe-
PEeCHbIMU N NOKa3aTe/IbHbIMW CAy4daaMu.

TeKCcTOBbIE CTPOKU Mbl YXK€ CO3[jaBann: TEKCTOBOE 3HAYEHME 3aKNHUaN0Ch HaMK
B [IBOIiHbIe KaBbl4KW. Ha caMoMm Aene 370 He eANMHCTBEHHbI CNOCO6 co3aaThb TeK-
CTOBbI nnuTepan. C TakMM Xe YCrnexoM MOXHO 3aKni4aTb TeKCT B OAUHApHbIe
KaBblUKuW. B Kakme KaBbl4YKM 3aK04aTh TEKCT (OfMHAPHbIE UK LBOIHbIE) - pas-
HUUbI HeT. U Tak, 1 Tak - pe3ynbTaT O4UH U TOT Xe. TO eCTb eC/IM Mbl UMEEM [eno
C 06bIYHOI TEKCTOBOI CTPOKOW, He CoAepXalleil KaKUX-TO cheuunanbHbiX CUM-
BOJIOB, TO BbIGOP TMMa KaBbIYEK - BOMPOC CYry60 3CTETUYECKMX NPeAnOYTEHUN
nporpammucta. OfHaKo ecnnm Mbl NpejgnonaraeM WCNoOAb30BaTh B TEKCTe 0Au-
HapHble UK ABOWHbIE KaBblYKMW, TO 06bIYHO NCNOMb3YHOT CMEAYOLWNIA Npruem:

* €eC/In B TEKCTE €CTb ,ﬂ.BOVIHbIe KaBbl4YKWN, TO BECb TEKCT 3aK/NHO4YaeTCA B
OfiNHapHble KaBbl4YKU;

LI LI
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* €C/in B TeKCTe eCTb OANHAaPHbIE KaBbl4YKW, TO BECb TEKCT 3aK/N04aeTCca B
,D.BOVIHbIe KaBbIYKW.

3Tn npaBuna ygobHble, HO He o6s3aTenbHble. Hanpumep, mMbl MOXEM B Tek-
CTe, Bbl4e/IEHHOM ABYMS KaBblYKamu, UCNOMb30BaTh 4BONHbIE KaBblYKN - HO B
3TOM C/yyae 4BOMHbLIM KaBbl4KaM B TEKCTE AO/KHA NpejLlecTBOBaTb KOcas yep-
Ta (cnew \). 3TO0 Xe 3aMeyaHuWe OTHOCUTCA U K CNy4yalo, KOrga B TeKCTe, Bbl-
LeNeHHOM OAUHAPHbBIMY KaBblYKaMM, HYXXHO MCM0Nb30BaTh anocTpod (oAnHap-
HY KaBblUKY).

Ll Hasametky

Ecnv BTEKCTOBOM 3HAUYEHUWN HYXXHO MOMECTUTb CUMBO/ \ He Kak YacTb HEKOTOPOIA cne-
LManbHOM MHCTPYKLMK, a B Ka4ecTBe GyKBbl (TO €CTb eC/IM Mbl XOTUM, YTODObI B TEKCTE
oToGpaxasicsi cumBO \), TO HA CaMOM Jiefie HYXHO MCMNOoJ/ib30BaTh [iBe KOCble YepThl,
To ecTb \\. Apyrnumun crioBamu, KombumHaumsa \\ B TEKCTe OoTOGpaxaeTcs Kak oguHap-
Hasl Kocasi yepTa.

BygneT nonesHolt Kocas yepTa v B TOM C/lyyae, €C/iM Mbl 3aXOTUM CO34aTb TEK-
CTOBbI NUTepan (TEKCTOBOE 3HAYEHME), 3aHUMAIOLLMIA HECKONbKO CTPOK KOZa.
CumBON \ B KOHLE CTPOKM KOAa BHYTPW TEKCTOBOTO SINTEpasna 03Ha4aeT nepe-
HOC CTPOKM.

Ll Haszametky

CuMBOJ1 NepeHoca \ A0/KeH 6bITb MOC/IEAHVM B CTPOKE KOMaH/bl - TO €CTb BHYTPY TEK-
CTOBOrO SiTepasia B CTPOKe C CUMBOJIOM \ CnpasBa OT Hero HUKakmx Apyrux CUMBOJIOB
(6yKB) 6bITb He AO/HKHO. TakKe BakHO MOHMMATb, YTO BAAHHOM C/lyyae pedb MaeT o pas-
MEeLLEeHMM TEKCTOBOIO inTepasia B HECKO/IbKMX CTPOKaxX B OKHe pejaktopa kogos. Mpu
OTO6paxXeHUN TAKOro TEKCTOBOrO finTepasia nepexos K HOBOl CTPOKe B MecTe pasme-
LWEeHNA cMMBONA \ He ocyllecTB/sieTCA. VHCTpyKuMel nepexoaa K HOBOM CTpOKe siB-
nserca \n. [pyrummn crosamu, eciiv Heo6xoAyMmMo, YTo6bl NPU OTOGPAKEHUN TEKCTA B
onpefenieHHOM MecTe 3TOro TEKCTA BbINOJIHSA/CA MEPEXO/ K HOBOM CTPOKe, B 3TOM Me-
CTe BCTaB/IAeM UHCTPYKLMIO \.

MOXHO NOCTYnuThb elle 60nee pagnKanbHO: 3aK1H0UYMUTb TEKCTOBbIN NnTepan B
TPOWMHbIe fBOWHbIE KaBblYKW (TO TeCTb B Hayase TEKCTa TPW pasa ABOIHbIE Ka-
BbIYKMW, 1 TPU pa3a [BOIiHbIe KaBblUYKWN - B KOHLE TEKCTAa) UM TPOMHbIe 0gnHap-
Hble KaBblUKy (TPY OAMHAPHbIE KaBblYKW B Havane TEKCTa, U TPU O4MHAapHbIe Ka-
BbIYKM B KOHLe TekcTa). [MpenmyLLecTBO Takoro nogxoja cOCTOUT B TOM, YTO
BHYTPM COOTBETCTBYIOLLEr0 TEKCTOBOr0 3HAYEHNS MOXHO CBOGOAHO MCNOMb30-
BaTb OfMHapHble 1 [BOIHbIE KaBblUKW, a TaKXe BbINONHATL pa3buBKy nutepana
Ha HECKO/IbKO CTPOK. Mpuyem npn oTo6paxeHUn nutepana pasbrueka Ha CTPOKM
0CTaeTCs Takol, Kakoll oHa 6blna B OKHe pefakTopa Kogos. He6onblimne npume-
pbl 06BbABNEHNA TEKCTOBbIX 3HAYEHWIA NpUBEAEHbI B ANCTMHre 5.11.

?
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JinctuHr5.11. Co3naHue Tekcta

txt="3HaHMe sa3bika 'Python' -
print(txt)
txt='3HaHue da3blka "Python"
print(txt)
txt=""3HaHne da3blka \"Python\"
print(txt)
txt="'3HaHue das3blka \'Python\'
print(txt)
txt=""3HaHne fA3bka 'Python'\

- 3anor ycnexa."
print(txt)
txt=""3HaHne sa3bika 'Python'\n
print (txt)
tXt="""3HaHune n3bIKa

"Python"
- 3anor ycnexa

print(txt)

3anor ycnexa."

3anor ycnexa.'

3anor ycnexa."

3anor ycnexa.'

3anor ycnexa."

Pe3y/ibTaT BbINO/HEHNS 3TOF0 NPOrPaMMHOro KoZAa ClefytoLnii:

Pe3ynbTtar BbINO/HEHUsA nporpaMmmbl (M3 NUcTuMHra 5.11)

3HaHuMe f3blka 'Python' - 3anor
3HaHue f3blka "Python" - 3anor
3HaHune dA3blka "Python"™ - 3anor
3HaHuMe f3blka 'Python' - 3anor
3HaHue A3blka 'Python' - 3anor

3HaHne A3blka 'Python'
- 3anor ycnexa
3HaHue A3blKa
"Python"
- 3anor ycnexa

XouercA BEPUTDL, 4YTO 0C06bIX KOMMEHTapPUEB N KOA, N pe3y/ibTaT €ro BblMoOJ/IHE-

HUS, He TpebytoT.

MockonbKy TeKcTOBas CTpPOKa MnpegcTaBnsieT cobOil ynopsago4veHHbI Habop
CUMBOJIOB, TO HET HUYEro YANBUTENLHOMO B TOM, YTO K CTPOKaM NMPUMEHUMbI Ta-
KuWe onepawuuu, Kak obpalleHune K 31IeMeHTy CTPoKM (6yKBE) N0 MHAEKCY U NONY-
yeHue cpesa. Kak n B cnyyae gpyrux ynopsgovyeHHbIX MHOXECTBEHHbIX TUMOB
[aHHbIX, TAKUX KaK KOPTEXMW U CMNCKW, UHAEKCaLna 3fneMeHToB (6yKB) B CTpoO-

Ke Ha4YMHaeTca C HynA.

Y3HaTb KOMNYECTBO 6YKB (CUMBOJIOB) B CTPOKE MOXHO C MOMOLLbIO (PYHKL UK
len (). KoHkateHayns (06beauHeHUE) CTPOK BbIMOJTHAETCA, KaK Mbl YXKe 3Ha-

ycnexa
ycnexa
ycnexa
ycnexa
ycnexa

€M, C NMOMOLLIbIO onepaTopa CN0XXeHN] +.
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nasa 5. MHOxecTBa, Cnosapu 1 TEKCT

W Ha 3ameTtky

Momunmo npouenypbl 06beANHEHUS CTPOK 0ObIYHBIM "CNoXeHneM" (To eCcTb C MOMOLLBIO
onepartopa +), B Python cyujecTByeT Tak Ha3biBaemMasi HesiBHast KOHKaTeHaunst CTPok. B
3TOM C/lyyae CTPOKM MPOCTO yKasblBAIOTCA PAAOM OfHa C Apyroli, 6e3 BCcsAKoro onepa-
Topa Mexay HMMKu. Hanpumep, Tak: txt="MH nlyudaem " "'Python". ToecTb Mbl pas-
MecTunun psgom (Yepes npoben) gsa nNuTtepana: ‘Ml ulydaem " un “"Python'. B pe-
3ynbTaTe nepemeHHasn txt nonyyaer 3HaveHue ""Mbl n3yyvaem Python™.

MpumMepsbl 06paLLeHns K CMMBOIaM TEKCTOBOI CTPOKU Yepes UHAEKC, MONYUYeHNS
cpesa, a TakXKe KOHKaTeHaL M CTPOK NpUBeSeHbl B IUCTUHTE 5.12.

IncTtuHr 5.12. TeKCToBble CTPOKMN

# HefBHasa KOHKaTeHauusa CTPOK

txt="Mbi n3yuvaem " "Python"

print (txt)

print("Bcero",len(txt),"6yks")

# Wcnonb3oBaH cumBON Tabynauunm \t

print("Mupgekc\tByKBa")

# OTOo6paxalTCs WMHAEKCbl M OYKBbI

for i in range(len(txt)):
# MpueepgeHne (c nomowbio QyHKUUKM str())
# LEeNOYUCNEeHHOro TMNa K TEeKCTOBOMY,
# obpaweHne K O6YyKBe MO WHAEKCY
print(str(i)+": \t"+txt[i])

print(txt[11:])

# C nomolwbio cpe3a CcTpoka oTob6paxaeTcs

# B obpaTHOM nopsafke

print(txt[::-1])

# TekcToBafa CTpoOKa

word="Java"

# flBHas KOHKaTeHauusa CTPOK W nMpucBamBaHue

# nepeMeHHOW txt HOBOro 3Ha4yeHUs

txt=txt[:3]+"He"+txt[2:11]+word

print(txt)

Hwuxe npuBeaAeH Pe3ynbTaT BbIMO/IHEHNA 3TOIT0 NPOrpaMMHOro Koja:

Pe3ynbTaT BbINO/IHEHNS NPOrpamMmmbl (M3 NTNCTUHA 5.12)

Mbl n3yvyaem Python
Bcero 17 6ykB
MHupekc bBykBa

0: M
1: bl
2:

3: n
*

—/1B1
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© oo ~N oo A~
2 Do w

10:
11:
12:
13:
14:
15:
16:
Python
nohtyP meauy3un bM
Mbl He n3ydyaem Java

O 0o O+ T

B npuBefeHHOM nNporpaMMHOM KOAe, XOTS OH MPOCT U 0YeBUAEH, CTOUT obpa-
TUTb BHVUMAHNE HA HEKOTOPble MOMEHTbI. Tak, MCXOA4HasA TeKCTOBas CTpoka tx t
CO3/aeTCA HeABHOW KOHKaTeHaunen TeKCTOBbIX NMTePanos (A4Ba TEKCTOBbLIX N1 -
Tepana nogpsg 6e3 onepatopa mMexagy Humu). Ans onpefeneHns Konumyectsa
6yKB B TEKCTOBOW CTPOKe tx t ncnonb3yem MHCTpykumto len (txt).B TekcTo-
BbIX /inTepanax HeCKONbKO pa3 MCcnonb3yeTcs crneumanbHblii cumson \t - aTo
CMMBOJ Tabynaymu.

W Ha3sameTtky

CneuuanbHble CMMBO/bI, Takne kak \M (nepeBog cTpoku) unm \t (Tabynsiums), He oTo-
6paxatoTcs, a UMeroT HeKMiA "TaliHbIli cMbIcn™. XOTA hopMasibHO CMMBOSIOB ABa (B UH-
cTpykuum \r 3to \ u M), paccmaTpuBaloTCcs Takve chelvanibHble CUMBO/IbI Kak OfVH.
BcTaBnsitoTCSA OHU NPSIMO B TEKCTOBYHO CTPOKY.

B onepatope uukna obpauieHne K 6yKBe B TEKCTOBOW CTPOKe tX t BbINOMHAET-
ca B popmaTe txt [i ] (rge i - nHAEKCHas nepemMeHHas). Npu aTOM Npu BblUUC-
NeHWUN TEKCTOBOrOo BblpaxeHusa str (i) +": \t"+txt [i],npeacraenatoule-
ro co60i KOHKaTeHaLuIo Tpex TeKCTOBbIX ()parMeHTOB, 415 MepeBoja Lenoyvuc-
NEHHOTO 3HAYEHWNS UHAEKCHOWN MepeMeHHON i B TEKCTOBbIM (hopMaT MCNoib30-
BaHa yHKUUA str ().

Takxe NporpaMMHblii KOA COAEPXWUT MPUMeEPbl BbINOMIHEHMA Cpe3a AN Tek-
CTOBOW CcTpoKW. Tak, MHCTpPyKumen txt [11:] Bo3BpawaeTca YacTb TEKCTOBOWA
CTPOKM tXt, HauMHasa ¢ 12-i 6yKBbl (3TOW GYKBe COOTBETCTBYET MHAEKC 11, TakK
KaK UHAEeKcaLus HauMHaeTCs C HYNA) 1 [0 KOHLa TekcTa. BoipaxeHne tx t [ :-
1] - aTo TekcTOBas CTpOKa txt, 3anucaHHas B 06paTHOM nopsigke (MOCKOMbKY
war npupaLweHns no MHAeKCY AN NONyUYeHNs cpe3a yKasaH 0TpULaTenbHblif).

LU -



nasa 5. MHOxecTBa, cnoBapu 1 TEKCT

B komaHfe txt=txt [: 3] +"He"+txt [2:11] +word npu BbluMC/ieHUU npa-
BOW YacTU BbINOMIHAETCSH KOHKATeHaLNA TaKNX TEKCTOBbIX CTPOK:

cpe3 txt [: 3] (B TekcTe tx t 6YKBbl OT Hayana U Ao UHAEKCA 2 BKNIO-
YUTENbHO);

TEKCT "He",;
cpes3txt [2:11] (6ykBbl BTeKcTe txt OT MHAeKca 2 A0 UHAeKca 10);

TEKCTOBOE 3HayeHune nepemeHHon word (3HayeHne "Java").

|_|OJ'Iy'-IeHHbII\/’I TEKCT B Ka4eCTBE HOBOro 3HadyeHue npmuceanBaeTcCs nepemeHHoﬁ

txt.

Q

Ha 3ameTky

TekcT (TN AaHHbIX Str) OTHOCUTCS K HeM3MeHSIeMbIM TWMam AaHHbIX, NO3TOMY M3Me-
HUTbL TEKCTOBOE 3HauYeHne Hefb3sl. TO eCTb Mbl He MOXEM B TEKCTOBOM 3HAUEHUN B3ATb
1 N3MEHUTb, HaMpYMep, Kakyt-To GykBy. HO Mbl MOXeEM Ha OCHOBe TeKcTa ChopMuUpo-
BaTb HOBOE TEKCTOBOE 3HAaueHVe, a MOTOM MepPemMeHHOM, KOTopasi CCbIIaeTCs Ha UCXO-
[HbI TEKCT, NPUCBOMTL HOBOE 3HaueHue. Bnarogaps Tomy, uto B Python nepemeHHble
CCbI/IAOTCS Ha 3HaUYeHUs (& He CoAepXarT nx), Takoi NprMem BO3MOXEH 1 4acTo UCMOJIb-
3yeTcs Ha NpakTuke. Npuyem BHeLIHe CO34aeTcsl UAM03NS, Kak 6yATo peasibHO MeHsi-
eTcsi 3HaueHe nepemMeHHol. Ha camom gese ceblika (CoAepxallascsi B nepeMeHHol n
CBsi3blBaloLLasn 3Ty NepeMeHHyI0 € AaHHbIMY) NepebpackbIBaeTCsi C O4HOMO 3HAUEHWsT Ha
Apyroe. /IMEHHO TakMM MPUEMOM Mbl BOCMO/Ib30BA/IUCH BhblLLE.

UTto kacaetcs meTofoB (M hyHKUMIA) And paboTbl C TEKCTOM, TO UX OYEHb MHO-
ro v AuanasoH MX HasHayeHus Ype3BbluaiiHO WNPOK. Hanpumep, ecTb HECKO/b-
KO MeTOf0B, NpefHasHauYeHHbIX 415 YNpaBieHUs PerucTpoM CUMBOJIOB B TeK-
CTOBOW CTPOKE:

metog upper () Mo3BoNfAeT MOAY4YUTb CTPOKY, B KOTOPOU BCe OYKBbI
nponucHeble (60/blINe BYKBbI NN BEPXHUI PErncTp);

metog lower () Mo3BONSAET MOJYy4MTb CTPOKY, B KOTOPOI BCe OYKBSI
CTPOUHble (ManeHbKne 6YKBbl NN HUXHUI PErucTp);

metog capitalize () Nno3BonseT NOMyYUTb CTPOKY, B KOTOPOU nepBas
6yKBa nponucHas;

meTog title () mo3BonseT NOAYYMTb CTPOKY, B KOTOPOU nepsas bykea
KaXJoro cfioea - NponuncHas,;

MeTog swapcase () N03BONSET NONYUYNThL CTPOKY, B KOTOPOI BCE CTPOY-
Hble 6YKBbl 3aMEHEHbI Ha MPOMMUCHbIE, @ MPOMMUCHbIE - HA CTPOYHbIE.

Y BCeX 3TMX MeTOAOB aprymeHTOB HeT. MeTofbl Bbl3blBAOTCA M3 TEKCTOBOrO
06bekTa (M TEKCTOBOI NepeMeHHON). ICXO4HYHO TEKCTOBYH CTPOKY OHM He Me-

#1'W
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HAKT, @ Ha OCHOBE 3TOW CTPOKU (hOPMUPYHOT HOBYHO, KOTOpas 1 BO3BpalLaeTcs B
KauecTBe pe3ynbTaTta Metoja. MpumMepbl MCNONb30BAHUA METOJ0B NMPUBELEHbI B
nmcTuHre 5.13.

JInctnHr 5.13. Pernctp cnmBosioB

txt="Mbi nsyuyaem n3blk PYTHON"
print(txt.upper ())
print(txt.lower())
print(txt.capitalize ())
print(txt.title ())
print(txt.swapcase ())
print(txt)

Pe3yanaT BbIMO/THEHNA AaHHOIO0 NPOrpaMMHOro Koda TaKoli:

Pe3ynbTaT BbINOSIHEHWA NMporpaMmMbl (U3 SIMCTUHTa 5.13)

Mbl 3YYAEM A3bIK PYTHON
Mbl M3y4yaeM f3blK python
Mbl M3yyaem A3blK python
Mbl M3yyaem HA3blk Python
Mbl U3YYAEM A3bIK python
Mbl M3yyaem f3blk PYTHON
BaxkHbI Knacc 3afa4y cBA3aH C MONCKOM CMMBOJIOB UJIN TEKCTOBbLIX Q)paFMEHTOB

B CTpOKe. Hanpumep:

e -

MeTogbl Find() n index () ucnonb3ywTCA ANA MOUCKA NOLACTPOKMU B
CTpoke. Kaxablli N3 METOZ0B Bbl3blBAETCA N3 06bEKTA CTPOKM (MEepEMEH-
HOM, ccbinatoLwelica Ha CTPOKY), a apryMeHTOM nepejaeTcs MNOACTPOKa,
MOWCK KOTOPOW BbINOMHAEGTCA B CTPOKe. Pe3ynbTaToM ABNAETCA UHAEKC
no3nuumn, HauMHaa ¢ KOTOPON MNOACTPOKA BXOAMUT B CTPOKY. Ecnin cTpoka
COZleP>XUT NOACTPOKY B HECKO/IbKUX MecTax, BO3BpallaeTca MHAEKC nep-
BOr0 BXOXAeHUA. Ecnu B cTpoKe HeT noAcTpoku, 1o metog Find () BO3-
BpallaeT 3HavyeHue - 1, a metog index () reHepupyeT owmnbKy (knacc
ValueError). MeTogaMm MOXHO TaKXe MepefaTb BTOPOW W TPeTuii
YMCroBble apryMeHThl. B 3TOM c/iyyae NMOUCK NMOLACTPOKY OCYLLLECTB/IAET-
CS B Anana3oHe UHAEKCOB, OMNpejeNiseMblX 3TUMWN aprymeHTaMu. AHarno-
rMyHbiM o0bpa3om mcnonb3ytotcs n metogbl rfind() v rindex (). ba-
30B0e oTnyme ot Metogos Find() n index () B TOM, UTO Tenepb Bbl-
MOJSIHAETCA MNOUCK NOC/IEHETO BXOXKAEHUA MOLCTPOKU B CTPOKY.

C nomouwblo meToga count () MOXHO NOACYMTATb, CKOMIbKO pa3 nofg-
cTpoka (apryMmeHT mMeTofa) BXOAWUT B CTPOKY (06BEKT, M3 KOTOPOIO Bbl-
3blBaeTCs MeTof). [MOMCK MOXET BbIMOMHATLCA He NO BCei CTPOke, a



nasa 5. MHoOXecTBa, c/noBapu 1 TEKCT

TO/IbKO MO ()parmMeHTy CTPOKM - BTOPOI 1 TPETUIA YNCNOBbIE apryMeHThI
MeToja (ec/in OHU eCTb) ONpefensatoT fuanasoH Noucka.

MeTogbl startswith () HendswithO no3sonsioT NpoBepuUTh COOT-
BETCTBEHHO, HAYMHAETCA N U 3aKaH4YMBaeTCs N cTpoKa (06BbEKT, U3 KO-
TOPOro BbI3blBaeTCA METOA) MOACTPOKON (apryMeHT MeToga).

MeTtog replace () ucrnonb3yeTcs ANS BbIMONHEHUS 3aMEHbl TEKCTO-
BbIX ()parMeHTOB B TEKCTOBOW CTPOKe. MeToj BbI3bIBAeTCA M3 TEKCTO-
BOI NMepeMEeHHO, a aprymeHTamMmy eMy nepefaroTcs fBe TEKCTOBbIE MOf4-
CTPOKM. MeTo4OM B KauyecTBe pesy/bTaTa BO3BPaALLaeTCs TeKCTOBas
CTpoKa, KOoTopas Mofiy4yaeTcs 3aMeHOW B UCXOLHOM TeKCTe (06BEKT, U3
KOTOPOTO BbI3bIBAETCA METOA) MOACTPOKU - NEPBOrO apryMeHTa MeTo-
[a, Ha MOACTPOKY - BTOPOW aprymeHT meToga. KonmuecTBO 3aMeH MOX-
HO OrpaHu4YuUTbL, NepefaB MeTony TPETUI YMCNOBOW aprymMeHT (Makcu-
MaslbHO€E KO/IMYECTBO 3aMeH).

Hebonblwue npumepbl UCMOMNb30BaHUA HEKOTOPbLIX U3 MEPEYUC/IeHHbIX Bbllle
METOLOB NpuBeAeHbl B IMCTUHTEe 5.14.

JinctuHr 5.14. NMounck n 3ameHa cCMMBO/10B

txt="""H.B. leTe. "dayct" (0TPbIBOK):
beccogepxaTeNbHY peyb

Bcerga nerko B cnoBa 06neub.

N3 ronblx cnos, ApfAcb M cnopsa,

Bo3BoaAaT 3faHuUA Teopuii.

CnoBamMu Bepa NuWb XuBa.

Kak MoXxHO oTpuuyaTtb cnosa?"""

word="cnos"

print(txt,end="'\n\n")

print("MopgcTpoka BcTpeyvaeTca”,txt.count(word), "pasa")
print("Mepsasg no3nywna:" ,txt.index(word))

print ("Cnegytowaa nosuuuna:", txt .find (word, 69))

print ("MocneaHsa no3umuymna:" ,txt.rindex(word))
print("B Havyane wuHuumans:",txt.startswith("N.B."))
print("B koHue 3Hak Bonpoca:",txt.endswith("?"),end="\n\n")
print (txt.replace(" ","_"))

BobinosiHeHne nporpaMMHOro Koda NnpueBoANT K TaKOMY pe3ynbTaTy:

Pe3synbTart BbINOMHEHWS NporpaMmmMbl (U3 IMCTUHIa 5.14)

n.B.

lete. "dayct" (oTpbIBOK):

BeccofepxaTenbHyl peub
Bcerga nerko B cnosa o06neysb.
N3 ronbix cnos, spsacb W cnops,
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B03BOAAT 3faHUA Teopuii.
Cnosamu Bepa Nullb XWBa.
KakK MOXHO 0TpuuaTtb cnosa?

MoacTpoka BCTpeuvaeTcs 3 pasa

MepBas

nosnuuna: 68

Cnepytowas nosuuuma: 91
MocnegHaa nosumuma: 179

B Hauyane wuHuumnane: True

B koHue 3Hak Bonpoca: True

nB. T

etTedaycT(OTpPbLIBOK):

BeccopepxaTeNbHY_peyb
Bcerpga_nerko_B_cnoBa_o6neusb.
N3_ronbix_cnoB,_sipicb_u_cnops,
Bo3BoAAT_34aHuUA_Teopui.
CnoBamMu_Bepa_nub_XWuUBa.
Kak_MOXHO_oTpuuaTb__cnosa?

L

Ha 3ameTky

B HEKOTOpPbIX KOMaHAax C BbI30BOM (byHKUMM print () cpegn apryMeHTOB eCTb WH-
cTpykummn end="\n\n"'. B 3TOM c/ly4ae Npv BbIBOAE TEKCTA B KOHCO/Ib B KOHLE ABaX/bI
BbIMNOJIHSIETCA NepPexo/ K HOBOIA CTpoke. Mo3ToMy Moc/e BbINOSIHEHNS Takol KoMaHab! B
OKHe BbIBOAA NOSAB/ISETCS MyCTast CTPOKa.

EcTb rpynna MeToA0B, KOTOpPbIE MO3BOMIAOT BbIMOMHNTL MPOBEPKY COAEPXMNMO-
ro TEKCTOBOI NepeMeHHO. CKaXKeM, HaC MOXeT MHTEPeCoBaTh BOMPOC, B KAKOM
perncTpe HaxoaaTcs 6YKBbl B TEKCTE, UM €CTb /1M B TeKCTe LUdpbl. Ha MHOTMe
Takue HeTPUBMA/IbHbBIE BOMPOCHI PeasibHO MOYyYNUTh UCUEPMbIBAKOLLE OTBETHI C
MOMOLLbIO TPYNMbl CNeLnanbHbIX METOL0B. Ha3BaHMe KaXAoro MeTofa HauynHa-
eTcs co cnoBa is. Kaxablii 13 MeTO0B Bbi3biBaeTcs (663 apryMeHTOB) U3 TEKCTO-
BOI CTPOKW W BO3BpaLLaeT 3HaueHUe True ecnu npoeepsieMoe ycnosue (CBOIA-
CTBO TEKCTA) NCTUHHO, 1 False - ecsiv oHo NoXHO. Hanpumep:

L &LLI-

metogom isdigit () B KauecTBe 3HauyeHUs BOo3Bpallaetcs True, ecnu
TEKCT COCTOMT TONbKO U3 LUp;

veTopq isalpha () Bo3BpawaeT 3HauveHve True, ecrin TEKCT COCTOUT
TONBbKO U3 OyKB;

meTtos isalnum () Bo3BpauiaeT 3HaueHue True, ecnn TeKCT He cofep-
XXWUT HUYEro, Kpome 6YKB U LUngp;

metoq islower () Bo3BpallaeT 3HayeHue True, ecnum TEKCT COCTOUT
TONbKO U3 CTPOUHbIX (MAaNeHbKNX) BYKB;
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e MeTOof isupper () Bo3BpawaeT 3HayeHue True, ecnum TEKCT COCTOUT
TO/IbKO U3 NPOMUCHBIX (60/bWNX) OYKB;

e MeTof istitle () Bo3Bpauiaet 3HaueHue True, eCNu Kaxjoe c/fioBO B
TEKCTe HaYMHaeTcs ¢ 60bLON 6YKBbI.

MpuMepbl UCNONb30BaHMA 3TUX MeTOL0B cobpaHbl B TUCTUHTe 5.15.

NInctuHr 5.15. NMpoBepka TEKCTOBbIX 3HAYEHWIA

print("123".isdigit(),"12.3".isdigit ())
print("abc".isalpha(),"abcl23".isalpha())
print("abl2".isalnum(),"abl2\n".isalnum())
print("ABC".isupper(),"aBc".isupper ())
print("abc".islower(),"aBc".islower())

print ("Abl2 Abl2".istitle (), "Abl2 AB12" .istitle ())

PesyanaT BbIMO/THEHNA 3TOI0 NPOrpaMMHOro Koga TaKoM:

Pe3ynbTaTt BbINOAHEHWA NporpamMmMbl (M3 NUCTUHra 5.15)

True False
True False
True False
True False
True False
True False

ECTb 1 fpyrue nonesHble METOAbI, YACTO HE3AMEHWMbIE NPU paboTe ¢ TEKCTOBbI-
MW 3HaYeHUAMU. OHU KPATKO MEPeUnCneHbl HUXE:

*  MeTogbl strip (), Istrip () nrstrip () ucnonb3ytTca Ang ypa-
NeHnsa onpefeneHHbIX CUMBO/IOB U3 TEKCTOBOW CTPOKU - COOTBETCTBEH-
HO B Hayasie U KOHLe CTPOKM, TO/IbKO B Hayase CTPOKU U TOJIbKO B KOHLE
CTPOKKW. Y pansemble CUMBONbI (B BUAE TEKCTOBOW CTPOKM) nepegatoTcs
aprymeHToM Mmetody. Ecnum aprymeHT He yKasaTb, N0 YMONYaHUIO yaans-
t0TCA Npob6enbl.

e [ina pasgeneHus CTPOKU Ha NOACTPOKM UCMonb3yoT meTof split ()
(nam rsplitO). Pasgenntens (B BUAe TeKkcTa), KOTOPbIA cay-
XWUT MHOMKATOPOM pa3bmBKM Ha CTPOKW, NepefaeTcd apryMeHToM Mme-
Tony. Pe3ynbTatom meToj BO3BpaliaeT CMNUCOK M3 MOACTPOK, Ha KO-
TOopble pasbuBaeTcA ucxogHas cTpoka. Metogom split () nouck
NOACTPOKM-pasfenuTens BbINOMIHAETCA CfeBa HanpaBo, a METOAOM
rsplit () - cnpaBa Haneso. Ecnu pa3buBka Ha NOACTPOKU BbIMOHSA-
€TCS N0 CMMBO/Y Mepexoja K HOBON CTpOKe \M, MOXHO UCMO/b30BaThb
meTog splitlines (). Metog partition () BbIMOMHAET MOXOXYIO

€L
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npouegypy. B cTpoke, N3 KOTOPOIi BbI3bIBAETCA METOf, HAXO4UTCA Mep-
BOE BXOX/EHWe MOACTPOKMW, MepefjaHHOi apryMeHToM MeTogy. To ecTb
aprymeHT MeTofa - 3TO MOACTpOKa-pasgenutens. VI ncxogHas cTpoka
Kak Obl pa3buBaeTCsa Ha TPU YacTu: TO, YTO A0 NOACTPOKMN-pa3genunTens,
NOACTPOKa-pa3fennTenb 1 To, YTO NOC/e NOACTPOKU-pasgenmtend. Bes
3TM Tpu (parmeHTa BO3BpawalTcA B BMAE KopTexa. B cnyvae ecnm
NOACTPOKM-pa3fennTens B UCXOAHOW CTPOKe HET, KopTex (pe3ynbrtat
MeToga) byaeT cofepXartb NepBbiM 3/1IEMEHTOM UCXOLHYIO CTPOKY, a ABa
OPYTUX 3/IEMeHTa - NYCTOW TeKCT. AHanOrMYyHO MCMOMb3yeTCcs MEeTOA
rpartition (), HO TO/IbKO NOUCK MOACTPOKMN-pa3feINTeNns BbINONHA-
€TCA C KOHL,a MCXO4HOI CTPOKM.

MeTog join () mo3BonfeT co3faBaTb TEKCTOBbIE CTPOKU NyTeM 06be-
OVHEHUSA TeKCTOBbIX NOACTPOK, peann3oBaHHbIX B BUude cnucka. Cnncok
C 06beAMHAEMbIMM TEKCTOBLIMU (PparMeHTamm nepejaeTca apryMeHToM
meToZy. Mexay hparMeHTaMu MOXHO 400aBnATb TECTOBbIA pasfenu-
TeNlb - 3TO TOT TEKCT, U3 KOTOPOTO Bbi3biBaeTcs MeTos j oin ().

MpruMmepbl UCNOMBb30BAHUA HEKOTOPbLIX METOLOB NPUBELEHBI B NUCTUHTe 5.16.

JInctuHr 5.16. HekoTopble onepauumn co cTpokamu

txt="_*_ABC_*_abc_*_"
print(txt.lstrip)
print(txt.rstrip)

print(txt.s t r i p )
print(txt.split("*"))
print(txt.rsplit("*"))
print(txt.partition("*"))
print(txt.rpartition ("*"))

print("abc \n ABC \n ***" splitlines ())
printjoin (["AAA","BBB","CCC"J))

Hwnxe npuBeAeH pPe3ynbTaT BbIMO/IHEHNA 3TOI0 Koa:

Pe3ynbTart BbINOSIHEHMS NMporpaMmmbl (M3 NMUCTUHIa 5.16)

ABC_* abc_*_
_* ABC_*_abc
ABC_*_abc

' ABC_', '_abc_',

' ABC_', '_abc_',
¢_', '*", '_ABC_*_abc_*_)
(,_*_ABC_*_abc_',

['abc " ABC ', ' ***]

AAA * BBB * CCC
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W Hasawvetky

WHorga npuxoautcst UMeTb es10 ¢ Kogamu cumBosioB. ®yHkumsa chr () no3sonsieT no
KOAY CMMBOJIA BOCCTAHOBUTbL CaM CUMBOJ: apryMEHTOM (PYHKLMU NnepefaeTcs Kof, a
pesynbTatom siBnsieTcs cumsos. Ob6paTHas npoueaypa (onpegeneHve koga alsi CUM-
BOJ1a) BbINOMHAETCA C NOMOLWpbI0 yHKUMK ord (): aprymeHToM chyHKLMM nepegaetcs
CUMBOJ1, a pe3y/ibTaToM (DYHKLUN SIBNSIETCS KO 3TOro CMMBO/A.

Elle ogMH BaXKHbIi BOMPOC, KOTOPbI/ Henb3sa 000ATU BHUMaHUeM - 370 hopma-
TUPOBaHME TEKCTOBBIX CTPOK. Peyb naeT o ABHOM onpegeneHuu cnocoba n op-
Mbl 0TO6paXXeHUs TeKCTOBbIX 3Ha4eHUn. B Python aTa 3agaya MoxeT pellaTbes
no-pasHomy. Hanpumep, metogbl center (), 1just () mrjust () nossonaioT
NPOM3BOAMTbL BblpaBHMWBaHWE TEKCTOBOW CTPOKMN (COOTBETCTBEHHO - MO LEHTPY,
Mo IEBOMY Kpato ¥ Mo NpaBoOMy Kpar) BHYTPWU NOsA 3afaHHOW WwupuHbl. W upu-
Ha Monga nepefaetca aprymeHTomM metogy. Mpvmepbl UCNONb30BAHUSA 3TUX METO-
[l0B npuBefeHbl B INCTUHTE 5.17.

ur5.17.1

txt="ABCDEFGH"
print("*"+txt.center (20)+"*")
print("*"+txt.rjust(20)+"*")
print("*"+txt.ljust (20)+"*")

Pe3ynbTaT BbINOHEHMS 3TOT0 NPOrPaMMHOIo KoAa TaKoii:

PesynbTar BbINOMHeHA NporpamMvbl (U3 JIMCTUHIa 5.17)

* ABCDEFGH *
* ABCDEFGH*
*ABCDEFGH *

B AaHHOM cnyyae TeKCT BblpaBHWBAETCS BHYTPU NOAS WWPUHON 20 CUMBO/OB,
a Ans yno6cTea B Hauase U KOHLe TEKCTOBbIX 3HAYeHUIA LO6BABEHbI CUMBObI *.

[JoctatouHo nHTepecHbll metog format (). MeToj Bbi3blBaeTCA U3 TEKCTOBON
CTPOKW, Y HEro ecTb apryMeHTbl U B KA4UeCTBe pesy/ibTaTa MeTo/ BO3BpalLaeT Tek-
CTOBOE 3HayeHune. Ecnn abecTparnpoBaTbes OT AeTanei, 10 obuias cxema Takas:
6epemM HeKOTOPYHO TEKCTOBYIO CTPOKY, BbIMONHAEM C Heli onpejenieHHble MaHu-
nynsauun, U B pesynbTate Nnosiyvyaem HOBYH CTPOKY. 3a "MaHunynauun" Kak pas
n "oTBevaet" metos format ().

MaHUNynaumm BbIMONHAKTCSA Haf TeM TEKCTOM, U3 KOTOPOroO Bbl3biBAeTCA Me-
TOA4. A XapakTep MaHunynaumnii onpegenserca aprymeHtamu metoga format ().
TekcToBasi CTpPOKa, M3 KOTOPON Bbi3biBaeTcs meTog format (), moxert cogep-
XaTb crneumnanbHble CUMBO/bI POPMATUPOBAHMUSA - TO €CTb BCTPOEHHbIE B TEKCT
MHCTPYKLMK, KOTOPbIe MMEKT 0Co6bIli "cMbicn™ ans metoga format () n obpa-
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6atbiBaloTCA UM. [103TOMY 06bIYHO TEKCTOBYH CTPOKY, M3 KOTOPOIA Bbi3blBAETCA
metog format (), Ha3biBalOT CTPOKOI hopMaTa. Mbl Byfem npuaepxusaTbes
MMEHHO TaKoin TepMUHONOIUN.

WHCTpyKLMKn hopmaTMpoBaHMa B CTPOKE (hopmaTa 3ak/yatoTcs B GUrypHble
CKOOKM. B Hambonee npocToM BapuaHTe CTPOKa (popmMaTMpoBaHWA MnpencTas-
nseT coboi TeKCTOBbIW WabnoH, B onpeAeneHHble MecTa KOTOPOro BCTaBAAKT-
CSl TEKCTOBbIE NapaMeTpbl. MecTa /19 BCTaBKW TEKCTOBbIX NapamMeTpoB onpee-
NATCA UHCTPYKLMAMU (hOPMATUPOBAHUSA, & CAMW MapaMeTpbl - 3TO apryMeHThbl
meTtoga format ().

LlenoyuncrieHHble 3HaYeHUA B PUTYPHbIX CKO6Kax COOTBETCTBYIOT MHAEKCAM ap-
rymeHToB metoga format (). MIHAekcaumsa aprymeHToB MeTofa HauMHAeTCca ¢
Hyna (MepBOMY aprymeHTy COOTBETCTBYET MHAEKC HOMb). Hanpumep, pesynb-
TatoMm BbipaxeHus "OpguH - 3to {0}, a pgBa - ato { 1 format("
one","two") aBnsdercd TekcT "OgMH - 3TO one, a fABa - 370 two."
.WHcTpykuma {0} B cTpoKe popmaTa 03HAYAET, YTO B 3TOM MecTe LO/XKEH ObITb
BCTaB/ieH MepBblii aprymeHT metoda format () (tekct "one"). WHCTpyKuma
{1} onpepensier MecTo BCTaBKW BTOPOro aprymeHta metoga format () (tekct

"tWOI').

WHCTpyKuMu opmaTta MOryT 6biTb 60nee 3aMbICN10BATbIMM, YEM YUCIO B (K-
rYPHbIX CKO6Kax, v cofepxaTb 60/blie MHDOpMaL MK, YeM NPOCTO MHAEKC apry-
MEHT A8 BCTaBKMW B TEKCTOBbIW WwabnoH. Yepe3 gBoeToumne nocne MHAEKca ap-
rYMeHTa MOXHO YKa3aTb MUHUMa/bHYHO WUWUPUHY nond (Lesoe 4yucno), KoTo-
pas BblfenseTcs ANA 3TOr0 aprymeHTa, a Takxe cnocob BbipaBHMBAHUA TEKCTa
B 3TOM rosie. Crnoco6 BbipaBHUBAHWA OMpejenseTca cneynanbHbIMM CUMBO/IA-
MU: < 03Ha4yaeT BbipaBHMBaHME MO NIeBOMY Kpato, > 03Ha4yaeT BbIpaBHMBaHMWE MO
npasoMmy Kpato, a J103HayaeT BblpaBHMBaHWE MO LEHTPY. Hanpumep, NHCTPYK-
uma {0:>207} 03HayaeT, YTO B COOTBETCTBYIOLLEM MECTe HY>XHO BCTaBUTb Nep-
BbIl (N0 NopsAKy) aprymeHT metoga format (), mo4 aTOT apryMEHT HYXXHO Bbl-
L0ennTb Nofe WHUPUHON He MeHbLle 20 CUMBOJIOB, & BCTaBNSAeMblil TEKCT JOMKEH
BbIpaBHMBATLCH MO NPaABOMY Kpato.

W Ha 3sameTky

UuncnoBoit NnapameTp nocsie 4BOETOUMs onpeaensieT MUHUMANbHYHO WMPYHY Bblaesisie-
MOro nosisi. Ecniv BCTaB/sieMblii TEKCT 3aHMMaeT 60/bliue MecTa, TO AaHHbIi napameTp
UrHopupyetcs.

Mo ymon4aHuto Ncnosib3yeTcs BblipaBHMBaHWE TEKCTa Mo JIeBOMY Kpato.

Heb6onblwoi npumep ucnonb3oBaHma metoga format () npuBefeH B NUCTUH-
re 5.18.

w ...
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NInctnnr5.18. Ctpoka chopmata

rxe="{0}xabr {0} - o6ypmer {1}"
print(txt.format("asa", "ueTbipe"))
print(txt.format("tpu","gessats"))

print("Tekct '{0}': {0:<20format("abcdef"))
print("Tekct '{0}': {0:n2 0 format("abcdef"))
print("Tekct '{0}': {0:>20format("abcdef"))

PesyanaT BbIMO/THEHNA 3TOI0 NPOrpaMMHOro Koga TaKoli:

Pe3ynbTat BbINONHEHWS NporpamMmMbl (M3 INCTUHra 5.18)

ABaXAbl ABa - OyfAeT uUeTbipe

TpUXAabl Tpu - 6yaeT [AeBATb

TekcTt 'abcdef': abcdef

TekcT 'abcdef': abcdef

TekcT 'abcdef': abcdef.

CyLecTBYOT U Apyrue nNpuembl BbIMOHEHUSA (hOpMaTMpPOBaHNS, B TOM 4uUcie
n c nomolbio metoga format (). B cnyyae Heo6X0AMMOCTU YMTaTeNb MOXET
06paTUTbCA K CNeumanbHON CNPaBOYHON NMTepaType Uamn BCTPOEHHOW CrnpaBke
cpefbl pa3paboTku Python.

Pe3ome

BoT Befb, Ha BCeX A3blKax ropopuib, a no-
PYCCKW HE NOHMMaEeLlb,
n3 k/¢p "'Mokposckue BopoTa "

1. MHOXEeCTBO - 3TO HeyNopsAAOYEHHbIA HABOP YHUKaNbHbIX 31emMeHToB. CO3-
[laeTca MHOXECTBO C NOMOLb0 PYHKLMKN set () (aprymeHTOM nepepaeTcs
CMUCOK C 3/1IeMEHTaMN MHOXECTBA) UAN MYTEM MEPEYNCNEHNA 3/IEMEHTOB B
(hUTypHbIX CKOOKaX.

2. [lna npoBepKu TOro, BXOAWUT /1N 3/IEMEHT B MHOXKECTBO, UCMO/bL3YIOT Onepa-
TOp in.

3. K0nMyecTBO 3/1eMEHTOB B MHOXEeCTBE ONPefensoT C NOMOLWb (yHKLUN
len ().

4. [ns co3gaHusa KOMUU MHOXECTBA UCNONb3yeTca MeTog copy ().

5. Ana pob6aBneHWa afeMeHTa B MHOXECTBO UCMonb3yT Metoq add (), ana
ypanenus - metog remove (). Ana go6aBneHns B MHOXECTBO 3/IEMEHTOB
LpYyroro MHOXecTBa Ucnosb3yrT Mmetog update ().



Python

6. O6beanHEHNE MHOXECTB - MHOXECTBO, 3/IeMeHTbl KOTOPOro COCTOAT U3 3fe-
MEHTOB 06beHAEMbIX MHOXECTB. [n1 06beNHEHUA MHOXECTB UCNOMb3Y-
0T meTog union () uaum onepartop |.

7. MepeceyeHne MHOXECTB - MHOXECTBO, 3/1eMEHTbl KOTOPOTo COCTOAT U3 3ne-
MEHTOB, 06 NX AN 060MX MHOXECTB. [Ns BbIYNC/NEHNA NEpPecevYeHns MHO-
XEeCTB UCNONb3YT MeTog intersection () unm onepatop &

8. Pa3HOCTb MHOXECTB - MHOXECTBO, 3/1eMEHTbl KOTOPOr0 COCTOAT M3 3/1eMEH-
TOB MepBOro MHOXECTBA, 3a BbIYETOM TeX 3/1EMEHTOB, KOTOPbIe BXOAAT BO
BTOPOE MHOXECTBO. [LNs BbIYNCAEHNA PA3HOCTA MHOXECTB UCMO/b3YIOT Me-
Togdifference () wnu onepatop -.

9. CumMMeTpuMyeckas pasHOCTb MHOXECTB - MHOXECTBO, 3/IEMEHTbI KOTOPOrO CO-
CTOAT U3 3/IEMEHTOB NEPBONO M BTOPOr0 MHOXECTB, 3a BbIYETOM TeX 3/IeMeH-
TOB, KOTOpPble BXOAAT B 06a MHOXeCTBa O4HOBPEMEHHO. [nA BblUUCNeHUS
CUMMETPUYECKO PasHOCTM MHOXECTB MCMNOMb3YIOT MeTog symmetric_
difference () unn onepatop /1.

10. ina cpaBHEHWA MHOXECTB WCMONb3YIT Onepatopbl == (PaBeHCTBO MHO-
XecTB), < (NepBoe MHOXECTBO €CTb MOLMHOXECTBO BTOPOro MHOXEeCTBa),
<= (nepBoe MHOXXECTBO ABMAETCA MOLMHOXECTBOM BTOPOr0 MHOXeCTBa
MAY MHOXECTBa PaBHbI), > (BTOPOe MHOXECTBO eCTb NOAMHOXECTBO NEPBO-
ro MHOXXecTBa), >= (BTOPOe MHOXXEeCTBO ABfeTCA NOLAMHOXXEeCTBOM NEPBOTo
MHOX€eCTBa U/ MHOXECTBa paBHbl).

11. MeHepaToOp MHOXeCTBa Nofo6eH reHepaTopy CMUCKa, HO BCA KOHCTPYKLMS
3aKnoyaeTcs B QUrypHble CKOBKM.

12. CnoBapb npeacTaBfisgeT co60il HEeynopsiAOYeHHbI Habop 3anemeHToB. [o-
CTYN K 3/1IeMEHTaM C/10Baps BbIMOJHALTCA MO K/OYY.

13. Ans co3faHuna cnoBaps UCnonb3yoT pyHkumo diet (), apryMeHTOM KOTO-
poii MepejarT CNUCOK C 3eMeHTamu-cnuckamn. Kaxablil Takoli BHYTPeH-
HWI CNUCOK COCTOMT U3 ABYX 3/IEMEHTOB: 3HAYEHUS K/KoYa U 3HaYeHus ane-
MeHTa. MOXHO TakxXe co34aTb CI0Bapb, 3aKN0UUB B YUTypHble CKOOKK, pas-
LeneHHble ABOETOUMEM, K/HOUMN M 3HAYEHNA COOTBETCTBYHOLLUX 3IEMEHTOB.

14. ﬂ,OCTyI’I K3/1EMEHTaAM C/10Baps BbIMOMHAETCA MO K/IKOYY: NOCNe UMEHM C/i0Ba-
PA B KBafpaTHbIX CKobKax YKa3blBa€TCA K/HOY 3/IEMEHTA.

15.

¢,

MeTop keys () mo3BonseT NoAy4YnTb 4OCTYN K KNtoUaM cnosaps. 4nsa gocTy-
na K 3HaueHuaMm cnosaps ucnonb3ytot metog values (). Metog items ()
BO3BpallaeT KOPTEXM C KNoYaMu U 3HAYEHUAMU 3/1EMEHTOB CNOBaps.

16. And yganeHusa anemMeHTa u3 cnosaps npumeHsaoT metog pop (). And go6as-
NEHWNS HECKONIbKMX 3/IEMEHTOB MCMOoMb3ytoT MeTog update (). HoBblid ane-

LWL -



17.

18.

19.

20.

21.

22.

23.

24,

25.

naBa 5. MHOxecTBa, CNnoBapu 1 TeKCT

MEHT B C/N10Bapb MOXHO ,D'O6aBI/ITb, npuceBonB 3Ha4YeHNE 3IEMEHTY C HOBbIM
KNK04YoM: nocse NMeHn cnoBapsa B KBagpaTHbIX CKob6Kax YKa3blBaeTCcAa KoYy
,D|O6aB]'IFIEMOFO 3/IEMEHTaA, N, NOC/e 3HaKa paBeHCTBa, 3HA4YEHNE 3/IEMEHTa.

lMoBepxHOCTHaA Konusa cnosapsd CO3J4aeTcsa C NOMOLLbLI0 MeToda copy (), a
MOJIHYI0 KOMWUIO MOXHO C034aTh C MOMOLLbIO PYyHKUUKN deepcopy () U3 Mo-

Ayns copy.

eHepaToOp cnoBaps 3aknw4aeTcss B QUrypHble CKOOGKU, W OAHOBPEMEHHO
HY>XHO CO3ZaBaTh ABa NapaMeTpa: KoY U COOTBETCTBYHOLLMIA eMYy 31IEMEHT
cnosaps.

TekcToBas CTPOKA - YNOPSALOYEHHbIA HABOp CUMBO/MOB. TEKCTOBLIE UTEpPa-
Nbl 3aK/10YAKTCSA B OMHAPHbIE NN ABOIHbIE KaBbIYKN.

Ons po6aBneHus anocTpoda, ABOWHbLIX KaBblueK, 06paTHON KOCOW uepTsl
nepes aTUMKU CUMBOSIAMU yKa3biBaeTcs o6paTHas Kocas yepTa \. O6paTHas
Kocas yepTa UCMO/b3YyeTcs U B psifie CneynanbHbiX CUMBOJ/IOB, TaKMX Kak Ta-
Gynaums \'t namM MHCTPYKLMS Nepexoaa K HOBOW cTpoke \n.

K anemeHTam (CMMBO/1IaM) CTPOKM MOXHO 06paliaThCs HO MHAEKCY (MHAEK-
cauus 6yKB B CTPOKE HAUMHAETCS C HY/s): NOc/ie TEKCTOBOM NepeMeHHOW B
KBafpaTHbIX CKOGKax yKa3blBaeTcs MHAEKC GYKBbI B CTpOKe. Takxke gony-
CKaeTCs BbIMOJIHEHWNE CPE30B AJ/151 TEKCTOBOW CTPOKM.

M3MeHNTb TEKCTOBOE 3HAYEHWE HeMb3A (HO MOXHO TEKCTOBOWA nepemeHHoﬁ
nPUCBONTbL HOBOE 3Ha‘-IeHI/IE).

0na KoHKaTteHauumu (06'be,EI'I/IHeHI/IFI) TEKCTOBbIX CTPOK MCNOMIL3YKT One-
patop +. ABHOe npueefeHMe K TeECTOBOMY TNy BbINMOJIHAETCA C NOMOLbLIO

yHKuum str ().

KonnyectBo 6YKB B CTPOKE MOXHO OMPefenuTb C MOMOLWbIO (YHKUUK
len ().

CyLLecTBYET 3HAUMTENIbHOE KOIMYECTBO METOAOB, KOTOPbIE MO3BO/AOT Bbl-
MOMHATL CaMble pasHoO6pasHble OMepauuy C TEKCTOBLIMU 3HAYEHUSMMU,
BK/lOuYas (HO He OrpaHUuYMBaschb) cregytoliee: npeo6pasoBaHMe perncrpa
CUMBOJIOB, MOUCK CMMBOJIOB U MOACTPOK, 3aMeHa TEKCTOBbLIX (parMeHTOB,
pa36uBKa CTPOK Ha NOACTPOKU, MPOBEPKA COAEPXKMMOT0 TEKCTOBOW CTPOKY,
(hopmaTMpOBaHME TEKCTOBOM CTPOKM AN BbIBOAA B KOHCOJIb, U MHOTO€ ApY-
roe.
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OCHOBbI OOBEKTHO-
OPNEHTNPOBAHHOIO
nporpaMmmMmmnpoBaHuns
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NcTopusa, negeHawias Kposb. 104 Mackoli oBLbI
CKpbliBancsa nes!
n3 K/ "‘Iokposckue BopoTa'"

B 3T0i1 rnaBe Mbl NO3HAKOMMMCS C OCHOBAMMW 06bEKTHO-OPUEHTMPOBAHHOTO NPO-
rpamMmupoBaHusa (cokpawieHHo OOIT), a TouHee, ¢ Tem, Kak npuHuunel OOT pe-
anusyroTcs B f3bike Python. B ocHoBe Bcel koHuenuum OOT, 6e3 npeyBenu-
YeHUs, HaXOA4ATCA Takme MOHATWA, KaK Knacc n 06beKT (B oTHOWweHuUn Python
3TO KNacc 1 3K3eMNAAp Knacca). MoaToMy Mbl HAUHEM CO 3HAKOMCTBA UMEHHO C
3TUMW MOHATUAMMU UAN UX aHanoramm (Xots, 6e3ycroBHO, TOJIbKO UMW Leno He
orpaHuunTCH).

Knaccbl, 06beKTbl U 3k3eMnaapbl K1acCOB

Ha Tonep, 4T 06 CKONMb3NTb,
n3 k/¢p "'Mokposckue BopoTa'

Mpexae, 4yem NO6GAMKE MO3HAKOMMUTLCSA C Klaccamm U 06beKTaMu, UMEET CMbIC/
NoAYEepPKHYTb HECKOJ/IbKO MPUHLUMNMANbHBIX MOMEHTOB, KOTOpPble B HEKOTOPOM
CMbIC/ie MOATOTOBAT YMTATENS K TOMY MOAXOAY, KOTOPbIA 6yAeT NCNob30BaH B
3TOW rnaee 419 00bACHEHNA PYyHAAMEHTaNbHbIX MOHATWIA 1 NpuHumnos OOT.
[na Hac BaXKHO BOT 4YTO: peyb OYyAeT UATK He NPOCTO O Knaccax M 06bEKTaX, a 0
TOM, KaK KOHLENLMsA KnaccoB U 061-EKTOB peann3yeTcs B A3bike Python. Moye-
MYy 3TO BaXXHO? BaxHo noTomy, 4To cama no cebe tema OOT 1, 60nee KOHKpeT-
HO, KN1acCOB 1 06BEKTOB, 0ObIYHO AOCTATOYHO C/I0XKHA A5 NOHMMaHWA faxe 4na
TeX, KTO UMEeT OMnbIT MpOorpaMmMumpoBaHus. A B ciyyae ¢ A3blIkoM Python npo6ne-
Mbl, CKOpPee BCEro, BO3HWKHYT He TOJIbKO Y HOBMYKOB, HO M Y YnTaTeneid, 3HaKo-
MbIX ¢ meTogamu OOTT Ha npumepe TakuX A3bIKOB, Kak C++, Java nnn C#.

Ll Hasametky

MOHATHO, YTO BblIlle U3/10XKEHO TO/IbKO MpeanosioxeHne. Hageemcs, YTo AnsA untarens
BCe, UTO ByfeT 06CyxaaTbCcs Aanee, OKKETCA MOHATHLIM WKW Aaxe O4YeBUHbIM. Tem
He MeHee, CTaTUCTUKA M MpaKTuKa npenogaBaHUsi rOBOPAT 06 o6paTHOM. Mbl Toxe 6y-
OEeM MCXOAWTb 13 CypoBbix peanuii OOM. Mpu 3TOM NPUIOXKUM BCe YCUIUS, YTODObI 13-
yyeHue a3oB (M He ToNbko a3oB) OOl 6bI1o Hanbonee ya06HbLIM N HaMEHee TpyAoeM-
KUM.
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Bce feno B TOM, YTO MexaHU3Mbl U NpuHUKUNbl peanusayum OOTT B Python 3Ha-
YNTENbHO OT/IMYAITCA OT TEX, YTO UCNoNbL30BaHbl B C++, Java u C#. MNpuHuu-
nuanbHble pa3nyuns CyLWecTBYIOT JaXe Ha YPOBHe TEPMUHONOTUN. TTo3aToOMYy ne-
pes HamMu CTOMT fBOMHas 3ajaya: ¢ Of4HOM CTOPOHbI, HEO6X04MMO B JOCTYMHOW
thopme M3noXuTb npuHunnel OOTT gns Tex, KTO C HAMW He 3HaKOM, a C Apyroi

CTOPOHbI, BaXHO BEPHYTbL "Ha NYTb UCTUHHbLIN" Tex, KTO u3yyan OOT1 B KOHTeK-
CTe ApYrux A3bIKOB NPOrpaMMunpoOBaHus.

Q Ha 3ameTky

[Ona Tex, KTO 3HAaKOM C APYrMMW O06BbEKTHO-OPUEHTUPOBAHHbIMU fA3blkamu: B Python
Knacc cam iBNSeTcs 06 bekToM. ITO UHTPUryroLLee 06CTOATENBCTBO NMeeT BeCbMa Aa-
NeKko nayuwme nocnencteus. bonee Toro, Kak Mbl y)xe 3HaeM, nepemMeHHble B Python He
06bABNAOTCS, a BBOAATCA B NporpamMmmMy nyteM npucBavBaHUA 3HavyeHus. 3TO Xe npa-
BW/1I0 OCTaeTCa crnpase/MBbIM Npu paboTe ¢ knaccamu 1 ob6bektamu. OTcroga nosnyya-
eTcs, YTo Npoueaypa 06bABNEHNS NoNen, cTaHaapTHaa AN MHOTMX S3bIKOB Nporpam-
MuMpoBaHusa, B Python npocTo TepsieT CMbICN. AHa/IOTMYHO, MHOrMEe MpUBbIYHbLIE (NO
fA3blkaM NporpammMmupoBaHmst C++, Java n C#) B OOIN MOMEHTbI OKaXKyTCS UyXAbIMU A4/15
Aa3blka Python. Kopoue roBops, B 3K30TuKe HegocTaTka He byaerT.

naBHas naes OOT cocTOWUT B TOM, YTOObl 06bEANHUTL B OAHO LieSI0e AaHHble
(TO ecTb TO, UTO XPAHMTCS B MEPEMEHHbIX) U PYHKLUUWN, NpeaHa3HauYeHHble ANs
06paboTKM 3TUX AaHHbIX. PeannsyeTcs aTta ugea B knacce. Mo 6onbwomy cue-
Ty KNacc - 3T0 HeKas KOHCTPYKL WS, KOTOpas CBA3bIBaeT UM 06beNHAET onpe-
[eNeHHOe KOMMYecTBO NepeMeHHbIX 1 onpeaeneHHoe KonnyecTBo yHKLMIA. Ha
OCHOBE Knacca co3garTcsa 00beKTbl. BoobLie, Npo knacc yao6Ho fyMaTb Kak rnpo
HeKOTOPbI WabnoH, Ha 0CHOBe KOTOPOro 3aTeM “no o6pa3y u nogo6uto” cospa-
I0TCA 06bEKTHI. HO BaXXHO MOHUMAaTb, YTO 34eChb peyb UAET He O CO34aHUN KO-
HOB. TO eCTb K/lacc U 06bEKT, CO3faHHbIli Ha OCHOBE 3TOr0 KJlacca - COBEPLLEHHO
pasHble BEWM (MK CyLHOCTK). Mbl BOCNONb3YEMCS aHanoruei. Jonyctum, Ham
HY>XHO cfenatb (Co6paTb) aBTOMO6UNb. 3aBOA Y HAC €CTb, M Mbl MOXEM MPOU3-
BECTM NtO6YI0 AeTanb. Ho 3TOro mMano. Ham Hy>XeH HeKuii NnaH uan YepTex, Ko-
TOPGLIV 6bl faBan HaM YETKOE U OAHO3HAYHOE NpeAcTaB/eHNe, Kakue geTann B aB-
TOMOG6MNE KaK 1 Kyaa KpensTcs. MOHATHO, YTO Ha CAMOM fiefle TaM OYeHb MHOIO
yepTexe 414 pas3HbiX 6/10KOB U MeXaHU3MOB. HO B JaHHOM Ciy4yae 3TO He BaX-
HO. Mbl MOXEM AymaTb, YTO YepTeX OAUH. BOT 3TOT YepTeX, Ha OCHOBE KOTOPO-
ro cobupaetca aBTOMOOGMbL - 3TO aHaNor knacca. A aBTOMO6GMWAbL, KOTOPbIA CO-
6upaeTca B COOTBETCTBUM C YEPTEXKOM - aHanor 06bekTa, CO34aHHOM0 Ha OCHO-
Be Knacca.

Kakyto ponb nrpaet yeptex? B Hem "nponucaHo", Kakue feTann ectb y aBTOMO-
6una n uyTo 3TO aBTOMO6UNbL "yMeeT fenatb": CKOMbKO ABepeid, CKONbKO hap u
KaK OHW pacrnosioXeHbl, pa3Mep Konec, Hainyme UM OTCYTCTBUE KOHLULNOHE-
pa, pagmonpueMHuKa, NapKoBOYHOrO yCTPOICTBA, MU MHOroe apyroe. Bce aBTo-

jjBl
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Mo6uAKn, cobpaHHble MO 3TOMY YepTexy, 6yayT O4HOTUMHBLIMK B CMbiCNe Habopa
onumnii N PYHKLMOHA/IbHbIX BO3MOXHOCTEH. ECM Mbl BO3bMEM APYTrOi YepTex
1 cobepem aBTOMOGU/b MO 3TOMY YepTeXY, TO, OUEBUAHO, YTO MONY4UM aBTOMO-
UMb C HECKOMBbKO MHBIMU XapakTepnucTukamu (BCe 3aBUCUT OT YepTexa - 4To B
HEM 3a/I0KEHO, TO WU NOAYUUM).

To ecTb cUTyaLua cnefytoLas:
* EcTb uepTex aBTOM0O6UASA. ITO aHaNor Knacca.

+ Ha OoCHOBe yepTexa MOXHO cob6upaTb aBTOMO6UNU. ABTOMOGUNbL, CO-
GpaHHbIi Ha OCHOBE YepTexa - aHanor 06beKTa, KOTOpblA co3faH Ha
0CHOBE Knacca.

Ho 370 eLle He Bce. UepTex Beflb J0/MKEH 6bITh "3anucaH™ Ha KAKOM-TO "HOCUTe-
ne". Ceilvyac, KOHEYHO, "HOCUTENAMU" SIBASKOTCSH KOMMNbIOTEPbI, HO HaM yA06Hee
LymaTb, YTO YepTeX BbIMO/IHEH HA IMCTe Bymarun. JInct 6ymarm ¢ 4YepTexom - 370
TOXe 0OBLEKT, - HO APYroOi, He TakKoi, Kak aBToM0obunb. To ecTb Ha camoMm fene,
€CTb TAKOW 06BLEKT, KaK YepTeXxX. Ha 0CHOBe 3TOro 06beKTa MOXHO co34aTh ApPY-
roin 06LEKT - aBTOMOOUAL. 34ech "cnpsATaHo" BaKHOe 06CTOATENbCTBO, CNeyu-
(hUYHOE MMEHHO ANA A3blKa Python: B 3TOM A3blKe 06BHEKTOM ABNAETCA HE TO/b-
KO TO, YTO Mbl CO3JaeM Ha OCHOBE KJjlacca, HO 1 CaM K/iacc AB/SAETCS 06bEKTOM.

TOUYHO TaK Xe, Kak BYMaXHblli NUCT C YepTEXOM SIBNSAETCA 0OGbEKTOM, OT/IMYHBIM
0T aBTOMO6MNA, 06BLEKT, KOTOPbIM ABAAETCA Knacc, 0TM4aeTcs oT 06beKTa, Ko-
TOpbIA co3faeTca Ha OCHOBe Knacca. M 34ecb Mbl MOAXOAMM K OYEHb BAXXHOMY
MECTY: K TEPMUHONOrMN. TOT 06BEKT, KOTOPbI CO34aeTCs HAa OCHOBE Knacca, Mbl
6yfem HasbiBaTb IK3EMMNSAPOM Knacca. ToT 06bekT, Yepe3 KOTOPbI peannsyeTcs
Knacc, 6yaemM HasbiBaTb 0OBEKTOM Knacca.

W Ha3ameTky

Ans canatoB C++, Java u C# Takoii TepMUHO/IOTMYECKUI MOAXOA MOXET nokasaTb-
CcS NPOU3BOJSIOM (A€e/10 B TOM, UTO B 3TUX A3blkax 06 bEKTOM K/lacca 00bIYHO HasblBalOT
TOT O6BEKT, YTO CO34aeTCA Ha OCHOBE Klacca). Ho Mbl Tak nocTynaem no Heo6xoAnMmMo-
CTU 1 cnefyem TOW TpaguuMn MMEHOBAaHUA K1acCcoB M OO6bEKTOB, KOoTopas "'mcrtopuye-
cKn'" cnoxunacb cpegmn paspaboTumkos s3blika Python 1 nporpammMncToB, UCMO/b3YHO-
LLMX 3TOT A3bIK.

WTak, ganee mbl 6ygem MMeHOBaTb 00bLEKTbI, KOTOPbIE CO34al0TCA HA OCHOBE
Knacca 3K3emnnspaMu Knacca unuM npocTo IK3emnnspamu. Takke B HEKOTOPbIX
Cny4asax Ucrosb3yT TEPMUH 06BEKT-3K3emnnap. To, uTo knacc B Python Ha ca-
MOM Jefie ABNSeTCA 00bEKTOM - 06CTOATENLCTBO BaXHOE, HO HAa AaHHOM 3Tane
Mbl Ha 3TOM 3aUMKIMBaTbLCA He Byaem. X0TS BNOC/AEACTBMM U BCMOMHUM O TaKoli
ero ocobeHHocTH. Ceiivac CKOHLEHTPUPYEMCS Ha ABYX BOMpPOCaXx:

(ESI"



MaBa 6. OCHOBbl 06'bEKTHO-0PMEHTUPOBAHHOMO NPOrPaMMUPOBAHNS

» Kakco3gaTb (onucaTb) knacc?
* Kak Ha ocHOBe Knacca co3gartb 3K3emnnap Knacca?

OTBeTbl Ha 3TU BOMPOCHI OJHOBPEMEHHO MPOCTble U CNOXHbIe. MMpPOCTbie OHMU,
€C/IN CMOTPETb Ha BCe 3TO C POPMasibHOM TOYKM 3peHUSA. A CNOXHBLIMUW OHW CTa-
HOBATCA, KaK TOJIbKO Mbl Ha4MHaeM "KonaTb Briayb6b".

WNTakK, WwabnoH onucaHns Kiacca UMeeT chnefyownii BUg (KUPHbIM LWIPUGHTOM
BblZ€NeHbl KHOUYEBbIE UHCTPYKLUN):

class mms_knacca:
# Teno kKnacca

HaunHaeTcs Bce ¢ KMOYEBOro cioBa class, mocne KOTOPOro ykasbiBaeTcst UMS
Knacca u Boetoyme. 3aTeM OMUCHLIBAETCA TeNO Knacca (HanoMuHaem, YTo npu
OMUCAHWWN WHCTPYKLWIA B Tene Knacca HE06X04MMOo AenaTb OTCTYMbl - PEKOMEH-
fLyeTcs Ucnonb3oBaTh YeTblpe Npobena). UTo e nuwyT B Tene Knacca? B Tene
Knacca, Kak npaBsuo, OnucbiBaloT MeTOAbl. MeTog - 3TO Ta e YHKL NS, TONb-
KO BbI3bIBaTbCs OHa OyfeT U3 ak3emnasapa knacca. Mbl ¢ METOZAMM YXKE UMENU
[,eN0 HEOAHOKPaTHO. HO TONbKO paHblle Mbl MCMOMb30BaN FOTOBbIE METOAbI, a
Tenepb HaM NPELCTOMT BCE 3TO OPraHM30BaTb CBOMMM PyKamu.

Mpexae, YeM paccMOTPeTb KOHKPETHbIA NpumMep, 0TMETUM OAHO BaXHOe 06CTO-
ATeNnbCTBO. POpMaNbHO METOZ B TE/Ie Knacca OnucbiBaeTcs Kak 06bluHas QyHK-
ums. Ho MeTofbl, KaK Mbl Y)Ke 3HaeM, JO/IKHbI BbI3bIBATLCS 13 3K3EMMsApa Kac-
ca. Mpy onucaHMn MeToAa 3K3EMMAAP Kfacca, U3 KOTOPOro 6yAeT Bbi3blBAThCA
METOf, LOMKEH BbiTh SBHO YKa3aH Kak MepBblii aprymMeHT MeToga. Mpu Bbi3oBe
MeTOoAa 3TOT apryMeHT METOAY SIBHO He nepeAaeTcs. MprynHa B TOM, YTO 3K3EM-
MAsSp Knacca, U3 KOTOPOTo BbI3bIBAETCS METOA, YKa3biBaeTcs SIBHO (Nepes ume-
HEM MeTofa yepe3 TOUKy). MMonyyaeTcs Takoe CBOe06pa3HOe NpaBusio, KOTOpoe
YC/TOBHO MOXHO Ha3BaTb "MWHYC OAWH apryMeHT": NPy BbI30BE METOAA 13 IK3EM-
nAsipa Knaccay Hero Ha OfMH apryMeHT MeHblUe, YeM 3TO GbIIO NPU ONWCaHUK
MeToAa (3TO eC/IM HET apryMeHTOB CO 3HAYEHMEM MO YMOYAHUIO).

Q Ha 3ameTky

Lpyrumu crosamu, npy onNucaHunm MeToga BTe e K1acca y Hero o/mkeH 6bITb, No Kpaii-
Heli Mepe, 0fuH apryMeHT. MepBbIil apryMeHT B CMIMCKe apryMeHTOB MeToaa 0603Haua-
eT TOT 3K3EeMMNIAP K/acca, U3 KOTOPOro BbI3bIBAETCS (UM ec/iv TouHee, GYAeT Bbi3bl-
BaTbCs) MeToZ,. Korga MeTof, Bbi3bIBaeTCs, TO Camblii NepBblii 13 apryMeHTOB eMy He
nepegaeTcsi (TouHee, B KPYr/ibIX CKOGKax Moc/e UMeHN MeToAa He yKasbiBaeTcs) - B Ka-
yecTBe NepBOro aprymeHTa aBTOMaTUUYECKN UCMOMb3YeTCs CChI/Ka Ha 3K3eMM/IAp Kiac-
ca, U3 KOTOPOro BbI3BaH MeTOS.

Hy 1, pasymeeTcs, 13 TOro, YTO 'y METOAa ECTb apryMeHT, elle He C/iedyeT, UTo aToT ap-
ryMeHT 065s13aTe/IbHO L0/HKeH GbITb 3a/1eiiCTBOBaH B NPOrpaMMHOM KOAe MeToAa.
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CyluecTByeT corfialleHne Has3biBaTb NMPU OMKUCAHWW MeToAa MepBblil ero apry-
MeHT self. Mbl Toxe 6yfemM NPUAEPXKMBATLCA 3TOTO COrNaleHns - TO ecTb B
TeX MecTax MPorpaMMHOro Koja, rae y MeToAa 06bsiBIEH apryMeHT C Ha3BaHMEM
self, aToT aprymeHT GyAeT 03HauaTh CCbIJIKY Ha 3K3EMNAAP Kiacca, U3 KoTopo-
ro Bbl3blBAETCS METOA.

Mocne TOro, Kak Knacc co3fgaH, BO3HMKAEeT CMefytWwuii BONPOC: Kak Ha OCHO-
BE KJjlacca co3gaTb 3K3emnasp knacca? [lenaeTcs 3TO OYEHb MPOCTO C MOMO-
b0 KOMaHAbl BUAa nepemeHHas=knacc (). Apyrumu cnosamu, nocne MMeHu
Kfacca ykasbiBaeM Kpyrible CKOOKM (MoKa YTO MYCTble) U BCHO 3TY KOHCTPYK-
LMI0 NpUCBaMBaeM B Ka4eCTBE 3HA4YEHMA HEKOTOPOA mnepemMeHHON. Kak pe3ynb-
TaT 6yfeT co3gaH 3K3eMNAp Kfiacca, a CCbiIKa Ha 3TOT 3K3EMNAAP 3anucaHa B
NMepemMeHHYI0.

W Ha 3ametky

KomaHpa co3gaHunst ak3emnaisipa knacca MoXeT 6bITb 60/1ee 3aMblc/ioBaTo. Ho aTy cu-
Tyaumo Mbl 06CyaAnM Noce Toro, Kak No3HaKOMUMCS C KOHCTPYKTOpamu.

MeTog, OnMcaHHbI B Knacce Kak MeToj 9K3eMnasp knacca (a Mbl NOKa Apyrux
BapMaHTOB He 3HaeM), BbI3bIBAETCS M3 3K3eMMNsipa Knacca ¢ MOMOLLbI "To4veu-
HOro CUHTaKcuca': nmocie 3K3emnaspa knacca 4Yepe3 TOUKY yKasbiBaeTcs MMS
BbI3bIBAEMOr0 MeTofa. [1pu 3TOM MeToAy B KPYT/bIX CKOGKax MepefaroTcs HyX-
Hble apryMeHTbl. Ecv apryMeHTbl MeTOf4y nepefaBaTb He HYXHO, NYCTble Kpy-
rNble CKOOKM Moc/ie MMeHN MeTofa BCe paBHO yKasbiBaeM. Heb6onblwoi npumep
CO34aHMA Knacca W 3K3emnaspa knacca (C nocnegyrLiuM BbI30BOM U3 3K3eM-
nnspa knacca MeToga) npuBefeH B TMCTUHTE 6.1.

JIncTuHr 6.1. Knacc v ak3eMnaspbl kiacca

# Co3pgaem knacc ¢ HasBaHuem MyClass
class MyClass:
# MeTOo4 3K3emnnApa Knacca.

# EAWHCTBEHHbIW aprymeHT MeToga self - ccbinka
# Ha 9K3emnnap Knacca, W3 KOTOPOro Bbl3blBaeTCH
# MeTOopq

def say_hello(self):

# MeTogoMm oTo6GpaxaeTcsi coobueHne. APrymeHT
# meTtopa (ccbinka self) sSBHO He mcnonb3yeTcs
print("Bac npuBeTcTBYyeT 3k3emnnsp knaccal!")

# Co3pfaeM 3K3eMnnap knacca

obj=MyClass()

# Bbl3biBaeM MeTO[ 3K3eMnnspa Knacca.

# Mpu BbI30Be aprymeHTbl MeTOAY He nepeparwTCcH

obj.say_hello()



Inaea 6. OCHOBbI 06BEKTHO-OPUEHTUPOBAHHOMO NPOrPaMMUPOBAHNS

B pe3ynbTaTe BbIMO/IHEHUA AAaHHOIO NPOrpaMMHOro Koga B OKHe BbiBOAa NOsAB-
NAKTCA Takoe COO6LL|.€HVI€:

Pe3ynbTart BbINO/IHEHUS NPOrpamMmmbl (M3 TUCTUHIA 6.1)

Bac npuBeTcTBYeT ak3emnnsap knacca!

B gaHHOM crnydae Mbl co3daem Kracc c Ha3BaHnem MyClass . B Terie knacca onm-
CaH BCEro ouH MeTof, KOTopbid HasbiBaeTca say_hello (), ny storo vetoma,
KaK HEC/TIOXHO 3aMETUTb, OAVH aprymMeHT, KOTOpbIi Ha3biBaeTca self. B Tene
MeTOOAa UMEETCS ofgHa KomaHga print ('Bac npuBeTCcTBYyeT 3K3emnisp
knaccal '), B pe3y/bTare BbiNO/IHEHNS KOTOPOiA, KaK Mbl HE 6e3 OCHOBaHWiA
OXMZJaeM, B OKHE BbiIBOAA MOSABUTCH TEKCTOBOE COOOLEHNME -

W Ha 3ameTtky

XoTa meTog say hello () o6bsaBneH c aprymeHTom se lf, aTOT aprymeHT B Tese Mme-
ToZa Ha caMOM fesle He NCMosib3yeTcs. 3[,eCb HeT HNYero "HesakoHHOro". Xopoluero,
npaega, Toxe Masno. KommeHTapuu - ganee.

3k3eMmnnap knacca cosgaetca KomaHgoii obj=MyClass O . B gaHHOM cfiy4ae
3K3eMMNAp Knacca co3jaeTcs HEMOCPeLCTBEHHO NPU BbIMOMHEHUN NUHCTPYKLUN
MyClass (), a ccbl/ika Ha 3TOT 3K3eMMNAAP 3anuUCbiBaeTCA B NEPEMeHHYI0 obj -
Ho Mmbl, ecnin aT0 He 6YAeT BbI3biBaTb Hefopa3yMeHWUiA, 3aech U fanee 6yaem Ha-
3blBaTb 3K3eMMNISAPOM Knacca NepeMeHHyIo, KOTopas Ha camOM fiefie BCero nullb
CCbI/1AeTCA Ha IK3EMMIAP Knacca.

MeTop say hello () n3 ak3emnnsapa knacca (nepemeHHas obj) Bbl3blBaeTCH
KomaHfoin obj .say_hello (). B npuHymMne, Takoro poga KomMmaHgbl, Korga me-
TOJ, BbI3blBAETCA M3 IK3EMNAPA Knacca, Mbl YXKe UCNOb30Banu BO MHOXECTBe.
O6pawaeT Ha ceba BHUMaHMWe [iBa 06CTOATENLCTBA.

Bo-nepBbix, xoTd MeTtog say_hello () onucbiBancd B Knacce ¢ O4HUM apry-
MEHTOM, Bbl3blBaeTCs OH 6e3 nepefayn aprymeHToB. To ecTb nosiyyaem npasu-
N0 "MUHYC OAWH apryMeHT” B AeicTBMW. BO-BTOpbIX, pe3ynbTaT BbIMOMHEHUA
metona say_hello (), B cuny T0ro, Kak OH onpejeneH, He 3aBUCUT OT 3K3eM-
nnspa Knacca, M3 KOTOporo Bbi3biBaeTcs MeTod. Ecnm 6bl Mbl Ha OCHOBe Knac-
ca MyClass co3ganu ele o4uMH 3K3eMMaap Kjacca U BbI3Ba/M U3 HErO METOS
say_hello(), pe3ynbtar 6bi1 6bl TOYHO TakKUM >Xe, KaK B PaCCMOTPEHHOM
BblLLe NpuUMepe.

XOTS HUYEr0 HEMPaBUILHOTO UM HEKOPPEKTHOTO B 3TOM HET, TaKOi NoAxog rpa-
HUYUT C AYPHbIM TOHOM. NMoyemy? Kak MMHUMYM MOTOMY, YTO €C/IM Hac ycTpau-
BaeT CUTyaLus, Korja Bce aK3eMnnsApbl Knacca "Befyt" ce6s 04UMHAKOBO, TO BO3-
HUKAT COMHEHUWA B HEO6X0AUMOCTH ncnonib3oBaHua OOT gna pelleHus cooT-
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BeTCTBYIOLeli 3agaun. Mpolye roBops, 34ecb MMeeT MeCTO HE COBCEM aJeKBaTHOe
MCNoNb30BaHME 0O0bEKTHO-OPUEHTUPOBAHHOIO noaxoaa. Mo3aToMy 06bIYHO Me-
TOAbl, KOTOPbIE ONUCbLIBAKTCA KaK MeTOAbl 3K3eMNAspa Knacca, B TOM NN MHOM
BUE UCMNOJb3YIOT CChbIIKY Ha 3K3EMMAAP Knacca, U3 KOTOPOro Bbl3bIBAaeTCA Me-
Tof (MepBbIii apryMeHT C PEKOMEHA0BaHHbIM Ha3BaHueM self).

Mpexnae, YeM NPUCTYNUTL K PACCMOTPEHUIO MPUMeEPa, B KOTOPOM HaMm yjaacTcs
136eXaTb ONMCAHHOM BbILLE A0CAJHON HEMNPUATHOCTU, PAaCLUMPUM MO3HAHUSA OT-
HOCUTENIbHO COAEPXMMOro 3K3eMNAPOB Knacca. HOBOCTb OYeHb NpOCTas: y 3K-
3eMN/ISIPOB Kiacca MOryT 6biTb He TO/IbKO METOAbI, HO U NepeMeHHble, KOTOpble
Mbl 6yZeM Ha3biBaTb MONSMM 3K3EMNAApa Knacca. A BCe BMECTE, - MO/S U MeTO-
Abl 3K3eMnspa knacca, - 6yeM HasblBaTb aTPMOyTaMu ak3emnnspa kiacca. To
ecTb aTpubYThl - 3TO MONA U METOAbI.

L Ha 3ameTky

CuTyaums c TepMMUHOJIOTNEN He OYeHb OHO3HauYHas. TEpMUH NoJie CKopee OTHOCUTCA K
Taknm A3blkam, kak C++, Java unun C#. B cnpaBoYHbIX pecypcax no sa3biky Python 1o, uto
Mbl 6yZileM HasblBaTb M0J1IeM, 06bIYHO Ha3bIBAOT HECKOJIbKO MHaYe: aTpuby Thi-AaHHble,
nepeMeHHble 3K3eMMspa Kiacca, pexe - CBOWCTBO, a MHOrga MpPoCcTo MUCMO/b3YoT
TepMuH aTprbyT. Tem He MeHee, TEPMUH MoJ1e 4OCTaTOYHO KOMMAaKTHbIM 1 yA06HbIN. M
1 6yaemM nosb30BaThbCsl.

P aKTMUeCKW Mose 3K3eMNAApa Knacca - 3T0 HEKOTOpas NepemMeHHas, Kotopas
"npunucada” (Mnm "npukpensieHa™) K aTOMy 3ak3emnnapy knacca. Npo6nema
3[leCb BOT B YeM: MepeMeHHble, KaK Mbl 3Haem, NOSABAAKOTCS TOr4a, Korga um npu-
cBanBaeTCs 3HayeHne. Ecnm Mbl FOBOPUM O MEPEMEHHO B KOHTEKCTe 3K3eMns-
pa Knacca, TO eCTeCTBEHHbIM 06pa3oM BO3HMKAET BOMPOC: rAe, B KAKOM MecTe, ne-
pPeMeHHOM (NOJ0) MOXHO NPUCBOUTL 3HaYeHMUe? JIOrMYHO NPeANoNOXNUTb, YTO
Npv BbIMOJIHEHUW MeTOofa 3K3emMnasapa Knacca.

Heb6onbLlwol NpuMep, B KOTOPOM peanusyeTcs Takoli NOAX0[, NpPeAcTaB/eH B N-
CTUHre 6.2.

JinctvHr 6.2. Morne ak3emmnispa Kacca

# CospfaeM Knacc
class MyClass:
# MeTog ANnA npucBamMBaHWA 3HavYeHUSA
# nont ak3emnnsapa kKnacca
def set(self,n):
print("BHumaHue! MpuceanBaetca 3HauyeHue!")
# [Monto npuceanBaeTcda 3HauvyeHue
self.number=n
# MeTog ANA CUMTbIBAHUA 3HayeHuUA
# nona a3k3emnnapa kKnacca

cun
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def get(self):
# OTob6paxaeM 3HauyeHue nons
print ("3HayeHune nonsa:", self.number)
# Cos3jaem 3K3eMnnsap kKnacca
obj=MyClass()
# Bbl3blBaeTCcqd MeTOj 3K3emnnspa kKnacca u
# nonw a3k3emnnapa knacca npuceamBaeTcH
# 3HauyeHwue
obj.set (100)
# Bbl3biBaeTCcqd MeTOj 3K3emMnaapa Knacca u
# oTobGpaxaeTcd 3HayeHWe nona ak3emnnapa
# Knacca
obj.get()
|_|pI/I BbIMO/THEHUWN 3TOI0 NMPOrpaMMHOro Kofa B OKHE BblBOAa MOAB/IAETCA ABa
COO6LLI,€HI/IF|, KaK MOKa3aHO HWXe:

Pe3ynbTar BbINO/HEHNS NPOrpamMmmbl (U3 UCTUHTA 6.2)

BHumaHune! MpucsanBaeTca 3HayeHue!
3HayeHune nona: 100

MpoaHanu3npyem NporpaMmMHbIi Kog. Mbl, Kak 1 B npefblayLieM npumepe, co3-
faem knacc ¢ HaseaHnem MyClass. Ho Tenepb B 3TOM Knacce onucaHbl Ba me-
TOZa 3K3eMnnsapa Knacca: metof set () npeAHasHauyeH 4719 npucBanBaHUA 3Ha-
YeHMs NOMo 3K3emnnsapa knacca. Mone HasbiBaeTca number, 1 0 €ro CyLLecTBo-
BaHWM Mbl Y3HaeM WCKIIOUYUTENbHO U3 NporpaMMHOro koga meroga set (): B
TOM MecCTe, rae komaHgol s e | f.number=n nonto number ak3emnnsapa knacca,
Ha KOTOpbI/ ccbinaeTca nepemeHHas self, npucsanBaeTcs 3HaUYeHWe NepemMeH-
Hol n. W nepemeHHas self (mepBblit aprymeHT), n nepemeHHas n (BTOpoOW ap-
ryMeHT) 06bsABMEHbI KaK aprymeHTbl meToga set ().

MepemeHHas selT npegctasnset cob0i CCblIKY Ha 9K3EMNAAP Kfacca, U3 Ko-
TOpPOro BbI3bIBAETCA METO[, a NepeMeHHas N - 3TO HeNnocpeACcTBEHHO TOT apry-
MEHT, KOTOPbI NepejaeTcs MeTOAy NpuW Bbi30Be. BnocneacTenu, Korga KoMaH-
pon obj=MyClass () 6ypget co3gaH ak3emnnsap obj knacca MyClass n 3atem
KomaHfoin obj.set(100) u3 aToro sk3emnnsapa Bbi3BaH MeTog set () ¢ ap-
rymeHtom 100, gaHHOe 3HauyeHue 6yfeT MPMCBOEHO Mo number 3k3emnns-
pa obj.

W Ha3ametky

Mepep Tem, kak MeTogom set () nono number npucBamBaeTCA 3HaYeHWe, KOMaHAON
print ("BHumaHue ! MpucBamBaeTcsa 3HayeHue!') BTene mMetoga BbIBOAUTCS CO-
obuieHne. Tak 4To Npouecc NnpucBanBaHUs 3Ha4YeHUSA MO0 He3aMeYeHHbIM He MPOoXo-
anT.

-fU
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MeTog a3k3emnnspa knacca get () npegHasHayeH [ANA CUUTbIBAHUSA 3Ha-
YyeHus nona number ak3emnnaspa kKnacca (To4Hee, AN1A OTOGpPaXKeHWs 3Ha-
YeHUs 3TOro Mons B OKHe BbIBOJA). B Tene metoja Bcero ofHa KoMaHAa
print ("3HaueHne nona:",self.number), KoTOPOii 1 pewaeTca NocTas-
NeHHas nepen meTtofoM 3agaya. Cebinka self .number Ha none number ak-
3emMnafpa Knacca BbINOMHAETCA Yepe3 nepemeHHyto self - eAMHCTBEHHbIN ap-
ryMeHT MeTofa 3K3emnnapa knacca. MNpu BbI30Be U3 3K3eMniapa Knacca MeTo-
4oy get () aprymeHTbl He nepefaroTca. Tak, B pe3ynbTare BbINOMHEHUS KOMaH-
bl obj .get () B OKHe BbIBOfA OTOGpaXaeTcsd 3Ha4YeHMe Noas number 3k3em-
nnspa obj . BaxHo To, UTo KOMaHAa obj .get () BbINOMHAETCA NOC/NE KOMAH/bI
obj.set(100), nockonbKy npexpe, 4em 3Ha4YeHue Mo NONYyUNTb, 3TO 3HaYe-
HWEe MO0 HYXXHO MPUCBOUTD.

Q Hasametky

Ha camom gene cutyaums eue 6onee "xectkaa': npu nepBoM Bbi3oBe MeToga set ()
13 3K3eMnaspa Knacca nosto number He NPOCTO NpucBanBaeTCsa 3Ha4YeHne - 3To nosne
co3pgaeTcs. To ecTb 10 TeX MOP, NOKa He BbINOJIHEHA KOMaHAa NpUCBanBaHUs 3Ha4YeHus
nosto number ak3emnsisipa obj (a BAaHHOM c/yyae Takoe npuvcBavBaHWe BbIMNOJHAET-
ca meTogom set ()) y ak3demnnapa obj nons number kak 6bl He cyulecTByeT. CoBCeEM.

3HaueHMe MO0 IK3EMNIAPa Kacca MOXHO NMPUCBOUTL Yepes nNpsmMoe oGpatye-
HWe K 3TOMY MO/t0. PacCMOTPUM He6OMbLIOK NpUMep B TMCTUHTE 6.3.

nctuHr 6.3. 3HaveHne Noga aK3emMnaspa Kiacca

# Co3pgaem knacc 6e3 MeTOAOB
class MyClass:
pass
# Cos3faeM 3K3eMnasp Knacca
obj=MyClass()
# MpucBamBaeTcs 3HauyeHWe noaw number
# aksemnnapa obj
obj.number=100
# OTobGpaxaeTcsa 3HauyeHue nons number
# ak3emnnapa obj
print ("3HaueHue nons:",obj.number)

PesyanaT BbIMO/THEHMNA NPOrpaMMHOIo Koaa TaKol:

Pe3ynbTaT BbINOMHEHWS NPOrpaMmMbl (M3 IMCTUHTA 6.3)

3HayeHune nons: 100

B gaHHOM cfiyyae Mbl CO3/1aeéM Knacc, B KOTOPOM BOOOGLLE HUYET0 HET - HUKaKne
MeTOo/bl B Tefle My Class Knacca He OnMucCbiBaloTCsA. TaM ecTb TO/IbKO MHCTPYK-

LT -
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uns pass. C NOMOLLbIO 3TOW MHCTPYKL MU Mbl BblieNIsieM Tenlo Knacca. Mpo6ne-
Ma B TOM, YTO €C/IM TaM He HanucaTb BOOG6LLEe HUYEr0, TO TaKOl CUHTAKCUC ByaeT
COZAEepXaTb OLWNGKY. MO3TOMY aXe eC/ KNAaCC HUYETO He COLEPXKMUT, UTO-TO TaMm
BCE PABHO A0/KHO GbITb. B TakMX ciyyasx UCNoib3yem (hOpMasbHY HUYEro He
3HayalLyt MHCTPYKLMIO pass.

JK3eMnasap Knacca, Kak 1 BO BCEX MpPeAbIAYyLIMX CAyyasx, CO34aeM KOMaHAoM
obj=MyClass (). 3atem kKomaHgow obj .number=100 sk3emnnsap obj nony-
YyaeT none number, n 3TOMYy nonto npuceameaetcs 3HavyeHre 100. Mocne 3TOro
3HaueHuWe nonag number sk3emnnapa obj cunTbiBaeTCS M 0TOOpPaXKaeTCA B OKHE
BbIBOJA KOMaHfom print ("3HayeHne nons:", obj .number).

W Ha3ameTtky

He HyXHO 6bITb LLlepiokoM X0onIMcOM, 4TOObl NOHATL: B Python pasHble ak3emMnnspbl
OHOro M TOrO Xe Knacca MOryT UMeTb pa3Hblii HAbop noneil. Takoe NOsIOXeHWe aen AB-
NIIeTCS COBEPLUEHHO HEMbICINMbIM B C++, Java, C#: B 3TUX A3blkax NporpamMmMmunpoBa-
HUA NOJIHbIA HAaBOp XapakTePUCTUK 3K3EMMN/IAPOB Klacca (Bblpaxaschb Hallell Tepmu-
HONOrner) onpeaensieTcs pa3 M HaBcerga Tem, YTO ONMMCcaHo B K/lacce, Ha OCHOBE KO-
TOPbIX CO34at0TCs IK3EMNAAPbLI. NO3TOMY BaXXKHO MOHUMATb, YTO K/1acChbl 1 3K3EMNASPbI
Knacca B Python - 370 faneko He TO e caMoe, YTO Knacchl U 06bekTbl B C++, Java n C#.

CuTyaums, Korga sHaueHUst MonsiM 3K3eMMISPOB Knacca NpUcBamMBaroTCs (ABHO
WM NOCPeACTBOM CreumanbHbiX METOAOB) YXKe Moc/ie co3faHus 3K3eMnns-
pa Kknacca He o4eHb yf06Ha. OCO6EHHO OHa Heyao6Ha, eciv NPUXOLUTCS UMETb
[leN0 CO 3HAUYUTeNbHbIM KOAMYEeCTBOM 3K3eMnnapoB. CylLecTBYeT MexaHu3Mm,
KOTOPbI/ MO3BONAET YaCTUYHO (MU faxKe MOMHOCTbK) CHATb 3Ty npobnemy.
Peub ngeT 06 NCNOMb30BAHWMM KOHCTPYKTOpA.

KOHCTPYKTOp U AECTPYKTOpP 3k3eMnasipa
knacca

Kak roBopuT Haw fjoporoii wed, B HaweMm fene
rnaBHoe —3TOT caMblit peannim,
n3k/gp ""bpunnnaHToBasipyka'

Mpu co3gaHumM Knacca MOXHO OnMcaTb ClelnanbHblii METO, KOTOPbIA Ha3biBa-
eTCA KOHCTPYKTOPOM 3K3eMnispa knacca (MHorga Takxke HasblBaloT METOLOM
HULManusayumn). 3ToT MeToh aBTOMATMYECKMN BbI3bIBAETCS MPU CO3LaHUMN 3K-
3emnnspa knacca. Peuent co3faHns KOHCTPYKTOpA OYeHb MPOCTON: Heob6Xoam-
MO co3faTb MeTOA C Ha3BaHueM__init__ () (aBa cumBoNa NofvyepKnBaHUA B
Hayane u 4Ba CUMBO/A NOAYEPKMBAHUSA B KOHLE). APryMeHTOB Y KOHCTPYKTO-
pa MOXEeT BbITb CKO/IbKO YFOAHO - HO He MeHbLLUE 0JHOrO0 (CCbisiKa Ha 3K3eMnasp,
npu co3faHUM KOTOPOro Bbl3bIBAETCSA KOHCTPYKTOP).
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W Ha3ameTtky

B Python ecTb rpynna cneumanibHbIX MeTO40B, KOTOpble NO3BOJIAIOT COCTaBNATb rMbKMe
1 achheKTMBHbIE MPOrpaMMHble Kofbl. Ha3BaHWe Takmx MeTof0B HaunHaeTCs ¢ [BOHO-
ro NofyepKMBaHUA 1 3akaHUMBaeTCs ABOVHbIM nogvepkMBaHmeM. CoO MHOTUMU U3 3TUX
MeTO0B U NX Ha3HauYeHneM HaM NpeACcTOUT NO3HaKOMUTLCA. B gaHHOM criyyae Mbl 06-
cyXpaem KOHCTpyKTop__init__ Q.

B nuctuHre 6.4 npuBefeH npumep cO3faHUA Knacca, KOTOPbIA COLEPXUT KOH-
CTPYKTOP.

JIncTnHr 6.4. KOHCTPYKTOpP aK3eMmnidpa kacca

# Co3pfaeM Knacc
class MyClass:
# KOHCTpPYKTOp
def __init__ (self) :
# lNpuceanBaeTca 3HayeHWe nNoso
self.number=0
# OTob6paxaeTca coobuweHune
print("Co3gaH ak3emnnap knaccal!")
# Co3faeTcs 3K3emMnnaAp Knacca
obj=MyClass|()
# MNpoBepsemM 3HauvyeHMe NONA 3IK3eMnasapa kKnacca
print("3HayeHne nons:",obj.number)

|_|pl/l BbIMOJ/IHEHMNX NPOrpaMMHOro Koa nony4vyaem Takoli pesynbTart:

Pe3ynbTaT BbINOMHEHWS NPOrpaMmMbl (M3 IMCTUHTA 6.4)

Co3paH ak3emnnsap Knacca!
3HayeHune nonda: O

B knacce MyClass onucaH KOHCTpYKTOop___ Init__ () C 0gHUM aprymeHTOM
selT (B cnyyae KOHCTPYKTOpPa 3TO CChIJIKa Ha CO34aBaeMblii 3K3EMMNASP Knac-
ca). B Tene koHcTpykTOpa komaHgo self._number=0 nonw number 3k3em-
nasipa Knacca NpuUcBanMBaeTCa HyJ/IeBOE 3HA4YeHMe, a 3aTeM KomaHgon print ("
Co3paH 3ak3emnnsap knacca!") B OKHe BbiBOJa 0TO6paXkaeTcs coobLLeHme.

JTK fBa AeACTBUS 3aNporpaMMUpPOBaHbl B KOHCTPYKTOPE, KOTOPbIA, HAaMOMHUM,
aBTOMATMYECKU BbI3bIBAETCS MPUW CO3AaHMM 3K3eMNasApa Knacca. [M1o3aTomMy Kax-
AbliA pa3, Korga co3faeTcs aK3eMnaap, aTOMY 3K3eMNASApy aBToMaTUYeckn 6yaeTt
f[06aBnsATLCA Nofe number ¢ Hy/1IeBbIM 3HAYEHMEM, U MOC/E 3TOr0, OMATh XKe aB-
TOMaTUYeCKu, 6yAeT NOSBNATHCS COOOLEHNE B OKHe BbiBOAA. 03TOMY Npu €O3-
faHun aksemnnsapa obj komaHgoin obj=MyClass () y aToro sksemnsnspa no-
fABNseTca none number, v 3TOMY MO/ MpUcBaMBaeTcs 3HadeHue 0. Takxe B

€28-~
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OKHe BbiBOJa MosiBUTCA cooblleHre Co3aaH ak3emnnsap knacca L. C nomo-
Wb KoMaHAbl print C'3HayeHne n o 1 A obj -number) wmbl npoBepsiem,
CrpaBef/Bbl N BCE Te YTBEPXAEHUS OTHOCUTENBHO Noss number ak3emnnsa-
pa obj ,koTopble 66l caenaHbl Bolwe . Pe3ynbTar BhiNOMHEHUS 3TO KOMaHAp
He JaeT NOBOAOB A/11 COMHEHWIA .

Y KOHCTPYKTOpPa MOXET 6bITb HECKO/bKO apryMeHTOB (BO BCAKOM C/yyae, 60/b-
e oA4HOro). B aTom cnyyae npu co3gaHumM 3K3eMnasapa Knacca KOHCTPYKTopy
HY>KHO nepejaTb HEOO6X0AUMbIe aprymMeHThl. Kak 3To genaetca, NpounnCcTpu-
poBaHO B INCTUHTE 6.5.

JINCTUHT 6.5. ApryMeHTbl KOHCTPYKTOpa

# Cos3pfaeM Knacc
class MyClass:

# MeTog ANA NpucBaumBaHMA 3HauvYeHUs NoOMO

def set(self,n):
# Monto number npucBamBaeTCcAa 3HauvyeHue
self.num=n

# MeTog Ana oTo6paeHWa 3HauvyeHWa nons

def get(self):
# OTob6paxaeTca 3HauyeHuWe nonsa number
print("3HayeHune nonqa:", self.num)

# KOHCTPYKTOpP C ABYMSA aprymeHTamu.

# Y BTOpPOro aprymeHTa ecTb 3HayeHue

# Nno ymonyaHwutio

def __init__ (self,n=0):
# Bbl3blBaeTca MeTofh set() NS npucsamBaHua
# 3HauyeHua nofaw number
self.set(n)
# OTob6paxaeTcs coobueHune
print("Co3gaH ak3emnnsp kKnacca.")
# Bbl3biBaeTcsi meTton get() Ana oTobpaxeHus
# 3HayeHua nona number

self.get ()
# Cos3paeTcsa 3K3eMmMnnap knacca
a=MyClass()

# Cos3paeTcsa elwe OAWH 3K3eMNasp Kaacca
b=MyClass(100)

3pecb Mbl co3gaeM knacc MyClass, B Tene KOTOPOro onucaHbl MeToAbl 3K3eM-
nnsipa knacca set () nget (). MepBbli METOA NpefHa3Ha4YeH 4na nNpuceansa-
HUS 3Ha4YeHuns Non number ak3emnnspa Knacca, a BTOPO METOZ HYXeH Ans
0TO6GpaXeHUs 3HaUYeHMs 3TOro Mond. Y KOHCTPYKTOpa Tenepb fBa apryMeHTa.
MepBbIiA, Kak BCerga, ABNSETCA CCbIIKOW Ha 3K3eMNAAp Kriacca, a BTOPOWA ap-
rYMeHT MO Hallei 3afymke, onpefenser 3HayeHue nons number ak3emnasapa
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knacca. MpuyeM 3TOT BTOPOI apryMeHT MMeeT Hy/eBoe 3HauyeHue Mo ymosya-
HWIO: TO €CTb €C/IM MPU CO3[aHUUN IK3EMMNsSpa apryMeHT yKasaTb, TO 3TO OyaeT
3HaueHMe nons number, a eC/M 3HAUYEHUe He yKasaTb, TO y noas number Gygert
HY/IEBOE 3HAUYEHME.

Bo3HMKaeT BOMpOC: a Kak nepefatb aprymeHT KOHCTPYKTopy? OueHb npo-
CTO: B KOMaHfe CO3JaHua 3K3eMmnnapa kKnacca nociae MMEHW Knacca B Kpy-
rNbiX CKobKax (KOTopble A0 3TOr0 y Hac Bcerga O6blAM NycTbIMW) nepegarT-
CA apryMeHTbl KOHCTPyKTOpy. [Apyrumu cnoBamu, WabnoOH KOMaHAbl CO3-
fJaHna 3K3eMnaspa Knacca C nepefaveid aprymMeHTOB KOHCTPYKTOPY TaKOii:
nepemMeHHasa=knacc (aprymeHTbl). UTo KacaeTca AaHHOrO0 KOHKPETHOrO
cnyyas, TO MOCKONAbKY BTOPOW aprymMeHT vMeeT 3HauYeHUe Mo yMOSYaHWIO, Mbl
MOXKeM Kak nepefaBaTb apryMeHT KOHCTPYKTOPY, TaK 1 He nepefaBaTh.

Mpumepom nepBoi cuTyaumm sienseTca komaHga b=MyClass (100) (s3k3em-
nnap b cosgaetca co 3HayeHmeMm 100 gns nons number), a BTOPON - KOMaHAa
a=MyClass ( (sk3emnnsap aco3gaetcsa co 3HadyeHmem O ana nona number).

Pe3yanaT BbIMO/THEHNA NpMBEAEHHOTO BbllE KOAa TaKoli:

Pe3ynbTar BbINO/IHEHUA NporpaMMbl (M3 IMCTMHIA 6.5)

Co3paH 9K3emnasap Kiacca.
3HaueHne nona: 0O

Co3paH 9kK3emnnap Kracca.
3HaueHne nona: 100

Bce coobuieHUss 0ToGpaxatoTcs MPU BbIMOMHEHUM NMPOrpaMMHOro Kofja KOH-
CTPYKTOPOB, NOCKO/bKY NpPOrpaMmMa, KpoMe CO3aHns Knacca 1 ByX 9K3eMMs-
POB KNacca, HUKaKMX WHbIX KOMaHAHbIX G/TOKOB HE COfePXXMUT.

MeTos ¢ Ha3BaHuem__del () (4Ba cMmBONa NOAYEPKUBAHUS B Hayane u
[lBa - B KOHLe) aBTOMATMYeCKN Bbl3blBAETCHA NPU YAaneHUM ak3emnaspa Knac-
ca U3 namATu. ITOT METOA MPUHATO HasbiBaTb AECTPYKTOPOM. Y fecTpyKTopa
OLWH 1 TONbKO OAWH apryMeHT (CCblfika Ha ak3eMmnnap knacca self).

He6onbLWwoli npumep ¢ UCNOMb30BAHWNEM AeCTPYKTOpA NPUBEAEH B INCTUHTE 6.6.

JIncTuHr 6.6. [lecTpyKTop 3aK3emmnsspa kiacca

# Knacc ¢ KOHCTPYKTOpPOM W AeCTPYKTOPOM
class MyClass:
# KOHCTpyKTOp
def __init___ (self) :
print("Bcem npuset!")

EZI
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# [OecTpykTop
def __del_ (self):
print("Bcem nokal!")

print("MpoBepsaem paboTy pgecTtpyktopa.")
# Cos3pfaeM a3k3emnnap kKnacca
obj=MyClass|()
print("9k3emnnap knacca co3gaH. Ypandem ero.")
# Ypansem ak3emnnap knacca
del obj
print("BbinonHeHne nporpammbl 3aBepweHo.")

Mbl co3gaeM Knacc, B KOTOPOM ONMCaHbl KOHCTPYKTOP W gecTpykTop. U B Tene
KOHCTPYKTOpa, U B Tefie 4eCTPYKTOpa BbIMOAHAETCA MO OAHON KoMaHge. U npu
Bbl30Be KOHCTPYKTOPA, U MpW Bbi30Be LeCTPYKTOpa B OKHe BbiBOAa 0TO6OPAXa;
I0TCA CO06LLEHNS - TONbKO pa3Hble 415 KOHCTPYKTOpPa 1 gecTpykTopa. Mpu cos-
fJaHny 3K3eMnnagpa Knacca nossutca coobuleHne Bcem npwueeT !, a npu yga-
NEeHUn 3K3emmnaapa Knacca u3 namatu nossnsercsa coobuweHne Becem nokal.
UT06bl yaanuTb 3K3eMnaap knacca (KOTOpPbIA 40 3TOro 6bla CO34aH KOMaH4oi
obj=MyClass () ) ncnonbsyem uHctpykuuto del obj. Bo3aMOXHbIil pe3ynb-
TaT BbINOJSIHEHUSA NPOrPaMMHOI0 Kofa NpeicTaBfieH HUXKe:

Pe3ynbTar BbINO/IHEHUS NporpammbI (U3 INCTUHTA 6.6)

Mposepsaem paboTy pecTpykTtopa.

Bcem npusert!

JK3emMnnap Knacca co3faH. Ypaansdem ero.
Bcem noka!

BbinonHeHne nporpammbl 3aBepLUEHO.

X0Ts BCsA 3Ta CXeMa C UCMONb30BaHNEM AeCTPYKTOPa BbIFISANT JOBOMLHO 3/ie-
FaHTHO, Y Hee ecTb CYLLECTBEHHbI HEAOCTATOK, NMPUYEM KACAETCSH OH He TOMbKO
paccMOTPEHHOr0 MpKUMepa, HO AecTPYKTOPOB BoO6GLLe. [Jes0 B TOM, YTO O4NCTKA
namsaTu B Python BbINOMHAETCA aBTOMATUYECKN. Y JaNA0TCS 06bEKTHI, HA KOTO-
pble B MporpamMmmMe HeT CCbIOK. Ho cKas3aTb, KOrAa KOHKPeTHO OHU 6yAyT yAane-
Hbl MPAKTMYECKN HEBO3MOXHO. [103TOMY €C/IM HEKOTOPbI 06BEKT [OMKEH ObITh
yfAaneH, TO OH paHO UM NO34HO 6yaeT yfaneH. Ho Korja MMeHHO - BOMPOC COX-
HbIA.

B KOHTEKCTe MCNOMb30BaHUSA AECTPYKTOPOB AN 3K3EMM/IAPOB K/acca 3TO 03Ha-
YaeT, YTO Mbl MOXEM YTBEPXAaTb, YTO AecTpyKTOp OyAeT Bbi3BaH (Torga, Kor-
[a 9K3eMMSP peasnbHO yAaNseTcs n3 NaMsTu), HO He COBCEM TOYHO MOXEM CKa-
3aTb, KOTZa UMEHHO 3T0 Npou3oiigeT. Mo3ToMy gecTpyKTopsl B Python ncnonb-
3yHTCS He 0YeHb YacTo.
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[Mone o6bbekTa ksacca

- KpynHoe geno?

- [laBHO Takoro He 6bino!

n3 k/¢p ""MpuknoveHns LLiepnoka Xonmca u
JokTopa BaTcoHa"

Celiyac camoe Bpems BCMOMHMWTb, YTO Kiacc caM Mo cebe ABNAETCS 0O6BEKTOM.
TOUYHO TaK Xe, KaK peanbHbiM 06bEKTOM ABNAETCA IUCT Bymaru, Ha KOTOPOM Bbl-
NOSIHEeH YepTexX aBTomMo6una. [Jo aToro Mbl, 06pa3HO Bblipaxasacb, UMeNn Aeno
C MOCTpOiKoW "aBToMO6Mnen". Ceityac 60nee NpUCTanbHO MOCMOTPUM Ha TOT
"yepTex", C KOTOPOro BCE Ha4anocCh.

A Mbl HQYHEM C BaXXHOI0 MOMEHTA: HpOFpaMMHbIVI KO Knacca BbINOMHAET CA. ,D,O
3TOro Mbl B Tesie Knacca pasMmellann ToNbKO 06bABNEHUS MeTo[0B, N HUKaKux
APYTUX UHTEPECHbIX KOMaH4 TaM HE 6bl]10, XO0TA TEOPETUYECKN OHN TaM BO3MOXX-
Hbl (ApYroi BOMPOC, HYXHbI 1N OHW Tam). Camoe NpoCTOoe, YTO MPUXOAUT HaA YM -
pasMeCcTnTb B Te€Ne KnacCa KOMaHAy npuceamBaHuUa 3Ha4e€HUA HEDEMEHHOVI. B
3TOM C/iy4ae noay4dymm noje, HO He IK3emMnadapa Knacca, a HEMNOCPEACTBEHHO Ca-
MOro Knacca (Mnu none o6beKTa Knacca).

Ll Haszametky

O nose 06bEKTA K/lacca MOXHO AyMaTb Kak O NepeMeHHOl, KoTopasi "13BecTHa" To/b-
KO B Tefie Knacca. 3a npegenamu knacca fOCTYr K Takoli nepemMeHHol ocyLiecTBseT-
Ccsl uepes sIBHOe yKa3aHue K1acca, B KOTOPOM OHa 06bsiB/ieHa. cnonb3yeTcsi ToUeUHbIi
CUHTaKCUC BUAA K/1accC -nepemMeHHast -

Ecnu BepHYTbCA K aHanorum ¢ YepTeXxom Ha nucTte Gymaru, To none o6bekTa
Knacca - 3T0 Takas iMny4yka c HanoMWHaHWEM UK KaKoli-To MHopmaLmeid, Ha-
LenseHHaa Ha nucT bymarun. Bce, KTO MONb3YHOTCA YEPTEXOM, BUAAT U 3Ty NU-
nyuyky. Ho Ha npouecc co3gaHus aBToM0o6ueid No YepTexy oHa He BAUSAET. OTO
NpoCTO Takoii "goBecoyek” K BaXXHOMY AOKYMEHTY, Kakas-To LOMOSHUTENbHAA
NHpopmaLmns.

C TOYKM 3peHNS NPUKIALHOTO NMPOrpaMMMPOBaHNs AN HAC HA faHHbIA MOMEHT
BaXKHbI [1Ba 06CTOATENLCTBA!

« B Tene Knacca MOXHO NPUCBOWTL 3HAUEHWE NepeMeHHOI (none Knacca).

e OO6pawaTbCa K TAKON NepeMeHHOl cneayeT Tak: yKasblBaeTcsl MMS Knac-
ca, U, Yepes TOUKY, UMS NMepeMeHHOIA.

Q Ha 3ameTky

HepeaKo B CNpaBOYHON NMTepaType MOXHO BCTPETUTb YTBEpPXAEHMWe, UTo Moss Kac-
ca UrpatoT poJsib CTaTUYECKUX MepPeMeHHbIX (Kak B siblkax C++, Java, C#). [lns Tex, KTo
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He 3HaKOM C 3TVM TEPMUHOM: CTaTU4eckas nepeMeHHas uaM ctatuyeckoe nose - aTo
none, o6uiee A5t BCEX IKIEMM/ISIPOB K/acca. B HEKOTOPOM CMbIC/IE MOXHO KOHEYHO,
OTHOCUTBLCA K MOJISIM K/lacca Kak K CTaTUYecKUM nepemMeHHbIM. Ho Ha camMom gese 31o
He COBCEM TaK - TO eCTb, MOJIHOW aHanorum Het. C 04HO CTOPOHbI, Mbl NP ONpeaesieH-
HbIX 06CTOATENLCTBAX (KOTOPbIE 06CYXAAIOTCA Aasiee) Y TONbKO A/ CUUTLIBAHNSA 3Ha-
YeHUs1 MOXeM 06pallaTbCs K MOS0 Knacca Yepes 3K3eMnisp Knacca. B atom cryyae
BMECTO VIMEHM K/lacca yKasblBaeTCsl MMsi 9K3eMmispa kiacca (HO U 34ecb He Tak Bce
npocTo). YTo KacaeTcsi nMpucBamMBaHus 3HA4YeHWs1 MO0 Kacca, TO Yepes IK3eMnasp
Knacca cgenatb 9T0 KpaiiHe npo6emMaTuyHo. UTo6bl NPOSICHUTL CUTYaumMio Mbl Aasnee
pPaccMOTPUM HECKOJIbKO NPYMEPOB.

B nncTuHre 6.7 npeAcTaB/ieH NPOrpaMMHbIA KO, KOTOPbI/ B HEKOTOPOWA CTene-
HW NO3BOMSAT MOHATL Pa3HMLY MeXAy nosem 06bekTa Knacca v NoaeM 3K3em-
nnspa Knacca.

NunctuHr 6.7. None o6bekTa knacca

# Co3pgaeMm Knacc
class MyClass:
# [Mone Knacca
nawe="Knacc MyClass"
# MeTon ANA npucBaumBaHUS 3HayYeHWUN
# nonw 3sk3emnnapa kKnacca
def set(self,n):
self.nickname=n
# MeTon AN oTo6GpaXeHMA 3HayYeHMUd
# nond a3k3emnnsapa knacca
def get(self):
print ("3HauyeHne nonsa:", self.nickname)
# KOHCTpYKTOp
def __init__ (self,n):
# [lono ak3emnnapa Knacca
# npuceanBaeTcs 3HauyeHwue
self.set (n)
# OTob6paxaeTcs coobuweHune
print("Co3gaH a3k3emnnsap kKnacca.")
# OTobpaxaeTcd 3HauyeHMe NoNA 3kK3emnnapa
self.get(
# Co3paeTcs nepBbli 3K3emnnap kKnacca
green=MyClass("3eneHbiin")
# Ob6paleHMe K MNOMK Knacca 4Yepes3 39K3eMnnap kKnacca
print("MpuHagnexHocTb:" ,green.name)
# Co3paeTcs BTOPOM 3K3eMnnap Knacca
red=MyClass("KpacHbli")
# Ob6paleHne K MOMKO KNacca 4Yepe3 3K3eMnasap knacca
print("MpunHagnexHocTb:", red.name)
# Mon Knacca npucBamBaeTCA 3HauvyeHue



Python

MyClass.nawe="3aecb mMorna 6bTb Bawa peknama!”

# ObpaweHne K MONK Kfnacca 4vepe3 3K3eMnaap knacca
print("Cnpawneaet KpacHblii:", red.name)

# O6paleHne K MNOMK Kfnacca 4vyepe3 3K3emMnaap knacca
print("CnpawunBaeT 3eneHblii:", green.nawe)

Mpu BbINOSIHEHUW AAHHOTO MPOrPaMMHOTNO KOAA NOYyYaeM CleayoLuii peyb-
Tar:

Pe3ynbTar BbINO/IHEHNSA MPorpamMmmbl (M3 INCTUHIA 6.7)

Co3faH 3kK3emMnnap kKnacca.

3HauyeHune nons: 3eneHbli

MpuHagnexHocTb: Knacc MyClass

Co3pfaH 3kK3emMnnap kKnacca.

3HayeHue nons: KpacHbli

MpuHagnexHocTb: Knacc MycClass

CnpawwnBaeT KpacHbili: 3pecb morna 6biTb Bawa peknamal
CnpawwneaeT 3eneHbli: 3pecb morna 6biTb Bawa peknamal

MpoaHanm3upyem 0CO6EHHOCTU NporpaMMHOro Koga. B Tene knacca My-
Class, Kkpome 06bABNEHWA [BYX METOAOB W KOHCTPYKTOpa, eCTb KOMaH-
fa narne="Knacc MyClass', KOTOpoi (hakTM4yecku co3gaeTca nose name
knacca MyClass, 1 aToMy No/i0 NpUCcBanBaeTCa TEKCTOBOe 3HayeHue "Knacc
MyClass'. MeTtog set () npegHasHauyeH And NpuUcBamMBaHUsA 3HAYEHUS MOS0
ak3emnnsapa knacca nickname. C nomouwsbto metoga get() 3HaueHue nons
nickname 3sk3emnnspa kKnacca oTobpaxaeTcd B OKHe BbIBOAA. Takxe B Kfacce
onmncaH KOHCTPYKTOpP. Mpu BbINOMHEHWW KO4a KOHCTPYKTOpa nosto nickname
3K3eMnnsapa Knacca npucsavBaeTcA 3HavyeHMe aprymeHTa, nepefaHHOro KoH-
CTPYKTOPY, 0TO6paXkaeTca coobLieHne 0 CO34aHnmn IK3eMnaspa Knacca 1 3Have-
Hue nong nickname. Ha atom ko knacca MyClass B npuHuune ucyepna. Ja-
Nee B nNporpamMme MAYT KOMaH[bl, B KOTOPbIX CO34al0TCA 3K3EMNAAPLI Knacca u
BbIMOJ/THAIOTCA pPa3IMYHbIe MaHUNyALMK ¢ nonem name knacca MyClass.

MepBblin 3k3emnnsap (nepemeHHas green) knacca MyClass cosgaeTcsd KO-
maHgoin green=MyClass (‘'3eneHnin''). [na 3T0ro ak3emnnapa none
nickname, 04YeBUAHO, MOAy4vaeT 3HavyeHue ''3eneHbiii’. pu BbI30BE KOH-
CTPYKTOpa B OKHe BbiBOJA OTO6paxarTca coobuieHusa c TekcTom ‘‘Co3gaH

[V

3Kk3emniap knacca." n ""3HayeHne nonAa:  3efieHbin™.

Cpa3y nocne co3jaHMs  3K3eMnngapa green  cnefyeT  KOMaHpza
print ("MpuHap/iIexHoCTb green.name). B Hein ob6paweHune (MH-
CTpPyKUMA green._name) K nofto name o6bekTa knacca MyClass BbinonHAET-
cs yepe3 3K3eMnasAp Knacca. B pesynbtate nossnsetca cooblieHe ¢ TEKCTOM
"MpuHagnexHocTb: Knacc MyClass'. Takum 06pa3om, 3Ha4EHUEM WH-

fE t
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CTPyKUMn green _.name siBnsieTca Tekct "'Knacc MyClass ' -To ecTb 3TO 3Ha-
yeHue nosns name knaccaMyClass. Ecnu 6bl Mbl BMECTO MHCTPYKUMM green .
name ucnonb3oBam MyClass .name, nony4unn 6bl TOUHO Takoii Xe pesysb—
Tar. B AaHHOWM KOHKPETHOW CUTyaumn MHCTPYKuun green .name n MyClass.
name 3KBMBA/IEHTbI C TOYKN 3peHus pe3ysibTara (HO 3TO He 03HaYaET, UTO Tak Oy—

[eT Boergg)-
Q Ha 3ameTky

MprUMHbI Tako "3KBMBANIEHTHOCTN" He TakK O4YeBUAHbI, KaK MOXET MnokasaTbCs Ha nep-
Bbll B3rNs4. Bce 310 Mbl 06Ccyanm no3xe.

BTopoii aksemnnap (nepemeHHas red) knacca MyClass co3gaetca KomaHo
red=MyClass ("'KpacHuiii'") . Mone nickname sk3emnnaspa red nonydvaet
3HauyeHue ""KpacHbili " [pun BbI30BE KOHCTPYKTOPA B OKHE BbIBOAa 0TOO6paXkaeTcs
TekcT '"Co3paH 3K3emmisAp Kaaccawn ""3HadyeHme nons: KpacHbii'.
Mpu obpaweHumn K nonto name knacca MyClass yepes sk3eMnnsap Knacca B Ko-
MaHge print C'TipyuHagnexHocTb -, red. name) pe3ynbTaTOM UHCTPYKLUU
red ._.name 6yJeT TEKCTOBOe 3HayeHue nons name knacca MyClass, o yem cBu-
LleTenbCTBYET coobleHune MNMpuHaanexHocTb : Knacc MyClass B OKHe Bbl-

BOJA.

Kak 1 B npeabigyLLem ciyyae, o6palleHre K Mo Knacca Yepes sK3eMnasp Knac-
ca fjaeT TaKoW e pe3ynbTaT, Kak 370 6b1/10 6bl NPY UCNOMb30BaAHNWN UHCTPYKL NN
MyClass -name. Euie 0fuH BbIBOA COCTOWT B TOM, YTO KaKOW Obl 3K3eMnsp
Knacca Mbl HW MCMOMb30BaNM, ec/iM Mbl 06paliaemMcs Yepes 3K3eMnasap K nonto
Knacca, monyyaem OAMH W TOT Xe pe3ynbTaT - 3HaYeHue Nons Knacca.

W  Ha3sameTtky

Uuntaresib, 3HaKOMbI C sizblkamu C++, Java unm C# Takyto CUTyauuto HailaeT oveHb no-
XOXel Ha CUTyaumto C UCMO/Ib30BaHNEM CTaTUYECKUX Nosiei.

Uto6bl MNpoBepUTb HawM MNOJO3PeHUss, KomaHgoih MyClass.name="'
30ecb  wmMorna  ObTb Bawa  peknamal!' npucBavBaeM HOBOE 3Ha-
yeHne nonw name knacca MyClass. 3aTemM BbIMOJIHAKOTCA KOMaHAbl
print("CnpawuvBaeT KpacHbuii:", red.name) u print(‘'CnpaunBaeTt
3eneHblii:'", green.name), B KOTOPbIX 06paleHne K MO Knacca BbIMOMHSA-
eTCA Yepes aK3eMnaapbl Knacca.

B pesynbTare BbHINOMHEHUS 3TUX KOMaH4 B OKHE BbiBOAA MNOSABAANT-
CA COOTBETCTBEHHO Takve coobueHnsa: CnpawvBaeT KpacHslii:
30ecb wmorna 6uTb  Bawa peknama! u CnpawvBaeT  3eNeHblii:
30ecb morna ObTb Bawa peknamal. BeiBOA NpocToii: 06e MHCTPYKLMW

Al
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green.name u red. name Ha camOM [iefle BO3BPALLAKOT 3HauYeHMe Nons nhame
knacca MyClass. Mo)eT nokasatbCs, YTO M0Jie Knacca - 3T0 BCEro NnLlb obuiee
nose AN BCEX 3K3eMNNAPOB Knacca. Ho Torga BoO3HMKaeT BOMPOC: a YTo byaer,
€C/IX Mbl MONbITAEMCHA U3MEHUTL MOJE Kflacca, NPUCBOMB eMY 3HaYeHue He vepes
CCbI/IKY Ha 06beKT knacca (HanpumMep, MyClass .name), a yepes CCbI/IKY Ha 3K-
3eMnnsAp Knacca (HanpumMep, green.name uan red. nate)? Mo f1ornke Mox-
HO 0XWAaTb, YTO U3SMEHEHUA "NOYYBCTBYIOT" BCE 3K3eMNApbl Knacca. Ho 3To He
Tak. PaccmoTpum nporpaMMHbIii KOA B IUCTUHTE 6.8.

NnctuHr 6.8. MNone o6bekTa knacca u none aK3emMnnAapa kKnacca

# Cos3pfaeM Knacc
class MyClass:
# [one name Knacca
name="Knacc MyClass"
# MeToL ANA npucBaumBaHMA 3Ha4vyeHUN
# nono nickname ak3emnnspa Knacca
def set(self,n) :
self.nickname=n
# MeToa ANa oTo6GpaXeHWs 3HauvyeHUA
# nond nickname 3k3emnnasapa knacca
def get(self):
print ("3HaueHune nonda:",self.nickname)
# KOHCTpYKTOp
def __init__ (self,n):
# lMpuncBanBaeTca 3HayeHWe nNONt
# nickname 3ksemnnfpa Knacca
self.set(n)
# OTob6paxaeTcsa coobueHne
print("Co3gaH 3k3emnnap knacca.")
# OTob6paxaeTca 3HayeHWe nong
# nickname 3k3emnaAapa Knacca
self.get ()
# TMMepBbli ak3emnnap (nepemeHHas green)
green=MyClass("3eneHblii")
# lMpoBepseMm 3HavyeHWe nNona name
# yepes3 3K3emMnaAp green
print("MpuHagnexHocTb:",green.name)
# BTopoin ak3emnnap (nepemeHHas red)
red=MyClass("KpacHbln")
# lpoBepdaeM 3HayeHMe Nonaa name
# uvepes aksemnnap red
print("MpuHagnexHocTb:" ,red.name)
# VI3MeHAeM 3HayeHMe Mnond name
# yepes3 akK3emMnnap green
green.nate="3aecb 6bin1 3eneHbIRn"

IS|
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# [lpoBepdAeM 3HayeHWe nons nawe

# yepes 3k3emnnap red
print("Cnpawuneaet KpacHblli:", red.nawe)
# lpoBepAeM 3HayeHWe nons name

# yepes3 a3kK3emMnnaap green
print("CnpawwnBaetr 3eneHbili:",green.name)
# V3meHAeM 3HauyeHue nond nauwe

# yepe3 o06bekT knacca MyClass
MyClass.nate="3gecb mMorna 6biTb Bawa peknamal!"
# lpoBepdaemM 3HauyeHWe nonas narte

# uvepes3 aksemnnap red
print("Cnpawwneaet KpacHblii:", red.name)

# lpoBepAeM 3HayeHWe nons name

# yepe3 3kK3emMnnaap green
print("CnpawwnBaeT 3efieHbli:" ,green.name)
# Ypansem none name 3K3emnnapa green
del green.name

# [lpoBepAeM 3HayeHWe nona name

# yepe3 ak3emMnnaap green
print("CnpawmunBaeT 3eneHbin:", green.name)

Pe3ynbTat BbIMOMIHEHNA 3TOr0 NPOrPaMMHOro Kofa NnpuBeLeH HUXKe:

Pe3ynbTaT BbINOMHEHWS NPOrpaMmMbl (M3 NMCTUHTA 6.8)

Co3faH 3k3emMnnap Knacca.

3HayeHue nona: 3eneHbll

MpuHagnexHocTb: Knacc MycClass

Co3faH 3kK3emnnap Knacca.

3HavyeHne nona: KpacHblii

MpuHagnexHocTb: Knacc MyClass

CnpawwnBaetT KpacHbili: Knacc MyClass

CnpawwnBaeT 3eneHbIn: 3pecb OblN 3eneHbIi

CnpawwnBaeT KpacHbili: 3gecb morna 6biTb Bawa peknama!l
CnpawwnBaeT 3eneHblini: 3pecb Obln 3eneHblit

CnpawwnBaeT 3eneHblin: 3paecb morna 6bITb Bawa peknama!

Uto kacaetca knacca MyClass, To OH (haKTUUEeCKMN TaKOW Xe, KakK 1 B Npeablay-
wem npumepe. N3mMeHUNUCHL NULWb Te KOMaHAbl, "MaHUNynaumMn", KoTopble Mbl
BbIMOJIHAEM C MOJIEM KJlacca name nocre co3faHns IK3eMnaapoBs green un red.
O6cyaMM COOTBETCTBYIOLLYIO YacTb MPOrpaMMHOro Koja.

Moka Mbl MoOCMe CO3A4aHUs 3K3eMNAspoB red ¥ green npoBepsemM 3Haye-
Hue nons name knacca MyClass ¢ moMoLbl0 MHCTPYKLUI Buga red. name u
green.name, BCe MPOWCXOAUT COBEPLUIEHHO OXWAAEMO: B 060MX C/yyasx no-
nyyaem 3HauyeHue mons name knacca MyClass. 3Ty cuTyauuto Mbl 06CyXAa-

-CD
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NN Bblle, B NpejblaylieM npumepe. A aanee BbIMOMHAETCA KOMaHAa green.
nawe="3aecb 6bi1  3eneHbiit', KOTOPOA Mbl KakK-6bl MbITAEMCA U3MEHUTH
3HayeHue nong nawe knacca MyClass, Ho o6paLlasch K MO0 He Yepe3 06beKT

knacca MyClass, a yepes ak3eMmnnap green.

PaHee Mbl C MOMOLLbIO MHCTPYKUUM green._name CUYMTbIBaAM 3HaYeHue nons
naie, no3ToMy MMeeM HeKOTOPble OCHOBAaHMUA paccynTbiBaTh Ha ycnex. OfHaKo
npwv BeINOAHEHUN KoMaHabl print ('CnpawvBaeT KpacHbuiiz ", red. name)
nofyyaem B OKHe BbiBOofa coobuweHne CnpawvBaeT  KpacHblii: Knacc
MyClass. To ecTb 3Ha4yeHue Nong name, MosiyyeHHOE Mo CCbl/IKE Yepe3 3K3eM-
nnap red He U3MEHWUNOCL. XOTA MPU BbIMOSIHEHUU KOMaHAbl print (*'Cnpauw
nBaeT 3eneHbin:" ,green.name) B OKHe BbIBOAA NOAYYaEM BMOJSIHE OXMU-
faemoe coobuieHne CnpawnBaeT 3eneHbin: 3pecb Obinl 3eneHsii. MoBo-
pOT CO6bLITWIA [OCTATOUYHO HEOXKMAAHHbIV: MOKA Mbl Yepe3 UHCTPYKUUIO green .
name 3HayeHuWe MO0 Name He MpUCBaMBanW, 3HAYEHUSA BbIPXKEHUA green.
name n red.name coBnagaan, HO MOCNe NMPUCBanUBaHWA 3HAYEHUS MO0 ITU
WHCTPYKLUM BO3BPALLAIOT pasHble 3HaUeHUs. O6bACHEHNEe TaKoe.

[V

Mpu BbINONHEHUN KOMaHAbl green.nate="3aecb Obi1  3esieHblin™ Ha ca-
MOM [efile 3HauyeHue nonw nate knacca MyClass He npucsauBaetcs. Bme-
CTO 3TOr0 CO3f4aeTcs MNoJie C Ha3BaHWeM name y 3K3emmnsapa green, U 3ToMy
MOJt0 NpucBamBaeTCs 3HaYeHne "'3gecb Obin 3eneHbiii' . M nocne aToro Kax-
ObliA pas3, korga mMbl 6ygeM MCNonb30BaTb MHCTPYKUUIO green.name, oHa 6y-
[eT 03HayaTb He none name knacca MyClass, a nosie name ak3emnasapa green.
Opyrumu cnosamu none name 3k3emnasgpa green "nepekpoiBaet” nose name
knacca MyClass. Ho 3710 ToNbKO AN18 3K3eMnaspa green. Y ak3emnnsapa red
nofia name HeT, MO3TOMY MHCTPYKUMA red.name npu CYUTbIBAHUW 3HAYEHUS
03Hayaet nose name knacca MyClass.

W Ha 3ameTky

Ha camom gene npuHUun Tako. ECnAv Npy cUMTbIBaHUM 3HAYEHUS MONS Yepes3 CCbIIKy
Ha 3K3eMMN/1Ap K/lacca oKa3bIiBaeTCHd, UTO TakKoe MnoJsie y aKk3emMnsisgpa Ksacca ectb, TO 3Ha-
YeHue 3TOoro noss v Bo3spawlaetcsa. Ecnmy aksemnaspa knacca rnosnsi ¢ Takum Has3BaHu-
€M HET, TO Ha4YNHaeTCsl MOMCK OAHOMMEHHOIO MO/s cpean Nnosnei knacca.

Mpwn BbiINoAHeHUN kKomaHapl MyClass .nate="3gecb Morna O6bTb Bawa
peknamal!' wun3meHseTcsa 3HayeHue nons name krnacca MyClass. MoaTtomy
korga B komaHae print ('CnpawvBaeT KpacHbiii: "', red.name) wucnosnb-
3yeTcs cebinka red .name, TO pe3y/bTaroM 3TOM MHCTPYKUMK ByaeT HOBOe 3Ha-
yeHune nonsg name knacca MyClass. A 3HayeHVe MHCTPYKUMM green.name B
KomaHge print('CnpawunBaeT 3efeHuii:", green.name) -3TO 3HaYEHVE

[

"3pecb 6bin 3eneHblid’ nonda name aK3emnspa green.

w3
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Ha cnepytouiem atane komaHgoii del green._name y ak3emnnspa green yja-
ngeTca nosie nawe. locne atoro y ak3emnasapa green nong nawe yxe HeT, 1
3HaYeHWEM MHCTPYKUUM green._name B KOMaHfe print (“'CnpawvBaeT 3e
NeHbin ", green._name) ABAAETCS 3HA4YeHMe Nonga name knacca MyClass.

[lo6aBfieHne v yganeHne noaem n MetToaos

NapHo, Bce. Hago 4yTo-TO AenaTs. [aBait-ka,
MOXKET 6bITb, CAMU U300peTEM,
n3 K/ ""Yapogen"'

Mocne HaWwux CMefbiX 3KCMEPUMEHTOB C NONAMU 06bEKTA Knacca U 3K3eMMs-
POB KNacca uymMTaTeNb, CKOpee BCEro, YXKe Aorafgancs, Yto nons MoXHo 06aBnsTh
W yaanaTb, NPUYEM 3TO CNpaBefANMBO KakK A1 06beKTa Knacca, Tak 1 /15 9K3eM-
NAspoB Knacca. 3ecb, B 3TOM pasfesie, Mbl 06Cy UM 1 NpoaHanvu3nupyem Ase no-
3NLUN:

i Monsa JK3emMmnadpa Knacca MOXHO ,D'O6aB}'IFITb nypanAaTb nocne co3gaHua
JK3emnnapa Knacca.

e [lons ob6beKTa Knacca MOXHO A06aBNATb U yAanaTb Nocne cosfaHus
00beKTa Knacca.

C nNpuknagHoW TOYKM 3peHNs cuTyauns B 00LLEM 1 LLeSIOM HECNOXHaa: 414 A0-
6aBneHUs NONSA 3K3EMNAAPa Kiacca 3TOMY MO0 NpUcBanBaeTcs 3HavyeHue (pas-
yMeeTcs, Yepes CCblIKY Ha aK3emnasap knacca). [MpumepHO TO e camoe npouc-
X04UT npu fobaBneHWn nons 06bLEKTY Knacca: TakoMy MO0 MpucBanBaeTcs
3Ha4YeHwMe, 1 3TOro JOCTaTOYHO, YTOObLI Yy 06bEKTA Knacca NOsBMI0Ch HOBOE MOJe.
UTto6bl yaanuTb nosie y o6bekTa Knacca, nocne onepatopa de 1 ykasbiBaeM CCbif-
Ky Ha nosne o6bekTa knacca (B "TouyeyHoM “thopmare: Kiacc 1, Yepes TOUKY, MM
nons). AHanornyHoiM 06pa3om ygansercsa u noje ak3emnaspa knacca, TONbKO
Tenepb nocne onepatopa de 1 ykasbiBaeTCA CCbl/IKA HAa NMOJie 3K3eMMspa Knacca
(3k3emnnsp Knacca, TO4KU U MMA NONSA).

He60MbLWOK NpUMep MaHUNyAMPOBaHMA C NONAMU 06beKTa Knacca v Nofsamm
3K3eMMNNApOB Kflacca NpUBEAEH B INCTUHTe 6.9.

NIncTuHr 6.9. Llo6asneHne 1 yaaneHve nonei

# Co3pfaeM Knacc
class MyClass:

pass
# Co3paeMm aksemnnap A
A=MyClass()
# Co3pgaem aksemnnasap B
B=MyClass()

#1:1*
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Jksemnnapy A pobasnsem
none first
first="3k3emnnap A"
Jk3emnnapy B pobaBnsem
none second
becon6="3k3emnnap B"
Knaccy MyClass po6aBnsaem
none total
MyClass.total="Knacc MyClass"
# MpoBepsaem pgocTyn K nonsm total wm
# first yepes3 ccbiNKy Ha a3k3emnasp A
print (A.total, A .first)
# MpoBepsaem pocTyn Kk nonto second
# 4yepes3 cCCbIIKY Ha 3k3emnaap A
try :
# Ecnum none second ecTb
print(A.second)
# Ecnnm Takoro nond Her
except AttributeError:
print("Takoro nona y 3k3emnnspa A HeT!")
# MpoBepsaem pgocTyn K nonsm total wm
# second uyepe3 ccbinKy Ha 3k3emnnsap B
print(B.t o ta |, B.second)
# MpoBepsaem pgoctyn Kk nonto first
# Yyepe3 CCbIIKY Ha 3k3emnnap B
try:
# Ecnu none first ecTb
print (B.first)
# Ecnm Takoro nona Het
except AttributeError:
print("Takoro nons y 3k3emnnapa B Het!™)
# Ypansem none total knacca MyClass
del MyClass.total
# Mposepsem pgocTyn K nont total
# 4yepes3 CCbIIKY Ha 3kK3emnnap A
try:
# Ecnn none ecTb
print(A .total)
# Ecnum nona Hert
except AttributeError:
print("Takoro nons HeT!")
# MpoBepsaem pgoctyn K nont total
# 4yepe3 cCCbiNKYy Ha 3k3emnnap B
try:
# Ecnn none ecTb
print(B.total)

HOH 0 OH HE D> R R
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# Ecnu nona Het
except AttributeError:
print("Takoro nons HeT!")
# Ypansem none first aksemnnapa A
del A .first
# MpoBepdem pocTtyn k nonto first
# yepes3 CCbIIKY Ha aksemnnap A
try:
# Ecnnm none ecTb
print (A.first)
# Ecnnm nona Her
except AttributeError:
print("Takoro nons y ak3emnnapa A HeT!")

P63yﬂbTHTBHHOﬂHeHMH HpOFpaMMHOFOKOAaTaKOM

Pe3ynbTaT BbINOMHEHWS NPOrpaMMbl (M3 TUCTUHTA 6.9)

Knacc MyClass -> 3k3emnnap A
Takoro nonsa y sk3emnnapa A HeT!
Knacc MyClass -> 3Jk3emnnap B
Takoro nona y ak3emnnapa B HeT!
Takoro nona HeT!

Takoro nona Hert!

Takoro nonsa y 3sk3emnnapa A HerT!

B atom npumepe co3gaetca knacc MyClass, He cofepxaluii, CO6CTBEHHO, HU-
Yyero. Ha ocHOBe 3TOro K/acca co3falTca 4Ba 3K3emnnsapa c HassaHuaMu A n B.
3atem komaHpam un A. First=""0k3emnnap A", B .3econ3=""3k3emnnap B"
n MyClass .total="Knacc MyClass" po6asnsttcs (C npucBaMBaHMEM
3HaveHuii) nona First gna sksemnnspa A, none second gns ak3emnnspa B u
none total gna knacca MyClass. B komaHfe print (A. total, ""->" A.
first) ectb cebinkn Ha none First ak3emnnapa knacca v none total o6bekTa
Knacca, npuyem o6e CCbINIKM BbINMOMHAOTCA Yepes ak3emnaap A

Mo pesynbTaty BbIMO/HEHNSA KOMaH bl (coobueHne Knacc
MyClass -> 3k3emniap A B OKHe BbiBOJA) BUAMM, 4TO NpobsemM ¢ LOCTYNnoOM
K NoNsM He BO3HUKaeT. B npuHuune, HeYTo nogobHoe mMbl Habnwganu B npeg-
bIAYLLMX NPUMepax, HO 3[eCb eCTb 0fHa 0C06eHHO60CTL. CBA3aHa OHa C TeM, YTO
none total nossunock y knacca MyClass yxe nocne Toro, kak 6bi1m co3ga-
Hbl ak3eMnnapbl A n B. Ho, Tem He MeHee, gocTyn K go6asneHHomy nonto total
yepes IK3eEMMNAAPbI Knacca nMeetcsa. A BOT fo6aBneHune nons 04HOMY 3K3eMNaa-
py Knacca gna gpyroro aksemnnspa "ocrtaerca He3ameyeHHbIM" (4TO, B NPUHLU-
rne, BMOJIHE NOTUYHO).
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Mpw nonbiTKe BbINOAHUTL KOMaHAy print (A. second) BO3HMKaeT OWNbOKa
knacca AttributeError: nons second y ak3emnnapa A HeT. 3Ty cUTyaLuto
Mbl 06pabaTbiBaem ¢ NoMoLblo 6n10Ka try-except. PesynbTatom aBnseTcs co-
obuieHne Takoro nonda y ak3emnnaapa A HeT!, koTtopoe oTobpaxaetcs
komaHgon print ("'Takoro nons y 3k3emnnasapa A HeT!') B except-
610Ke.

AHaNorMyHo 06CTOAT Aena ¢ aksemnaspom B: goctyn Kk nonwo total knacca
MyClass v nonto second sk3eMn/spa yepe3 rnepemMeHHy B nonydyaem 6e3
npo6nem, a k noto First aksemnaspa 4ocTyna HeT, NOCKO/bKY 3T0 nose g06as-
NANOCH B 3K3EMNNAP A, 1 9K3eMNNAP B K aHHOMY MO0 HUKAKOTO OTHOLLEHUS
He MMeeT.

Ha cnepgywouem stane komaHgo del MyClass.total ygansem none total

obbekTa Knacca MyClass, nocrie yero komangon print (A. total) (B try-
6/10Ke) MbiITaeMCA NpouMTaTb 3HaYeHVe 3Toro nod. Cyasa no Towy, YTO B 3TOM
C/ydae BO3HVKaeT owmnbka kriacca AttributeError (HeBepHbii atpnbyT) ”
B except-6/ioke BbiNo/HAETCA KomaHga print ("Takoro nons Het!'),

none total pelicTBuTENbHO YaaneHo 13 obbekTa KraccaMyClass . HeT gocty-
na K yganeHHomy nosiwo total v yepe3 nepemeHHyw B.

HakoHey, komaHgow del A_first ygandem none first sksemnnsapa A. Kak
CneAcTBME, MPY NONbITKE BbIMOAHUTL KOMaHgy print (A .first) B try -6noke
BO3HMKaeT owmnbKa. MoaToMy B e X cept-6/10Ke BbiNonHAeTCA KoMaHgaprint (
“"Takoro nona y sk3emnnapa A HeT!').

W Ha 3ametky

YTO6bI fierye 6bI10 MOHSTb, YTO U Kak MPOMCXOANUT Npu fo6aBieHnn 1 yganeHuy nonei
06beKTa K/lacca 1 3K3eMNASAPOB Knacca, cfedyeT YUecTb, UTO MOMst U UX 3HAYEHUs ANs
KaX/0ro 3K3eMmnispa kKnacca n o6bekTa Kiacca XpaHsaTca B criosape. MNone ansieTcs
K/IIOUOM, a 3HaueHue Nosist - 3/IEMEHTOM coBaps. Mpy o6paleHnn K Nosto aK3eMmnJis-
pa nomck cHavana BbINOJHAETCS MO C/I0BapH0 3K3eMIIsApa Klacca, U ec/iv Tam HeT Co-
OTBETCTBYIOLLErO K/toUa (HAMOMHUM, YTO 3TO HA CAMOM [efie Ha3BaHue Nossi), TO MOUCK
nepeMeLLaeTca K C/IOBapio C Ha3BaHMSAMU 1 3HAaYeHUsAMY MNoneit o6bekTa knacca. [o-
6aBnsist WY yaansas nonsi, Mbl BHOCYM M3MEHEHUsI B COOTBETCTBYOLWMI cnoBapb. Mo3-
TOMY 3K3eMMN/APbI, CO3AaHHbIE A0 BHECEHUA M3MeHeHUl B 06bEKT K/acca, ""3HatoT" 06
3TUX N3MEHEHUSIX.
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MeToabl U PYHKLNN

dopmy OyseTe co3faBaTb MoJ MOUM NNYHBIM
KOHTponeM. dopme cerogHa npugaeTcs 60b-
LLIOE coaep>KaHue,

n3 k/¢p ""Yapogen™

B aTom pasgene Mbl 06cyanm MeTodbl. Tema 3Ta HeTpMBUANbHAA, HO Mbl NOCTa-
paemMcs BbljeNUTb OCHOBHbIE, TaK CKa3aTb, KOHLENTYyaNbHble MOMEHTbI, KOTOpPbIEe
MO3BONAT YmTaTento 6onee-meHee cBOH6OLHO OPUEHTUPOBATLCA B TOM BoraTcTee
NPMeMOoB M NOAXOLO0B, KOTOPbIE MMEIKOTCA B €r0 pacnopsHXXeHUM Npu NporpamMmm-
poBaHWKM Ha Python. HauHem ¢ He6onbLWOro npumepa, NPeACTaBAEHHOrO B /11-
CTUHTe 6.10.

NIncTtuHr 6.10. MeTtoa ak3emnaspa un hyHKUmMs knacca

# Cos3pflaeM Knacc
class MyClass:
# MeTog 9sk3emnnsapa
def say(self):
# OTobGpaxaeTca coobweHune
print("Bcem npuet!")
# Cosgaem 3K3emnnap kKnacca
obj=MyClass()
# Bbl3blBaeM METO[ 3K3eMmnnafdpa.
# ApPrymeHTOB HeT

obj.say()
# Bbl3blBaeM (YHKUMIO Knacca.
# ApPrymeHT - 23K3eMnnap kKnacca

MyClass.say(obj)

# Bbl3blBaeM (YHKUMIO Knacca.

# ApPrymMeHT - TeKCT
MyClass.say ("Kakoi-To TekcT")

Pe3yanaT BbIMO/THEHNA NPOrpamMMHOro Kofa npuBeneH HUXe!:

Pe3ynbTar BbINOMHEHVS MPOrpaMMbl (U3 INCTVHMA 6.10)

Bcem npusert!
Bcem npusert!
Bcem npusert!

Mbl co3gaem knacc MyClass, B KOTOPOM ONuUCbiBaeM MeTOJ, 3K3eMNaspa knacca
say (). B Tene metoga Bcero ofgHa kKomaHgaprint ("Bcem npuseT !™"), KOTO-
poii, o4eBMAHO, B OKHe BblBOAa 0TO6paXkaeTca coobLieHne. XoTa y MeToa ecTb
aprymMeHT se lf, 3TOT aprymeHT ABHO He UCNOJMb3yeTCH.

“J
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B faHHOM Knacce HeT HUYero HeobblYHOro. TeM He MeHee, Mbl BCE Xe NpoBeaem
He60NbLWON aKcnepuMeHT. A nd atoro komaHgoin ob j=MyClass () co3gaem 3k-
3emnnsap obj . 3aTem M3 ak3emnnsapa Bbi3biBaeM MeTof say () (MMeeTcs B BUAY
KoMaHpaa ob j -say () ). Pe3ynbTat BNoMHe 0Xugaem: otobpaxaeTtca coobuieHue
Bcem npuBeT L 3aTem nocnefosatenibHO BbINONHAKTCA KOMaHabl MyClass .
say(obj) un MyClass .say ("'Kakoin-To TekcT"). Pe3ynbTaT TOYHO TaKol
e, Kak Npu BbIMOHEHUN KOMaHAbI ob j . say (). MNonpobyem pa3obpartbces, no-
4yeMy Xe NPOUCXOAUT UMEHHO Tak.

HauHem ¢ komaHAbl MyClass .say (obj ). B n3BeCTHOM CMbICNe OHa ABNSAET-
Cs BOMMOWEeHNeM KOMaHAbl obj .say (). [eno B TOM, 4TO KOrja Mbl ONWCbIBa-
eM B knacce MyClass metof ak3emnnspa say (), Ha camMoOM fiefie Mbl ONUCbIBA-
em (yHKuMo say (). 3To, B 06LLeM-TO, camas 06blYHasA PYHKLMA, MPOCTO ONK-
CbiBaeTCA B Tefe knacca. PaHee Mbl Takne PYHKLMUM Ha3biBaAu METOLAMM U Bbl-
3blBaNN Yepes IK3eMNAAp knacca. 34ecb Mbl Bbi3blBaeM (DYHKLMIO, yKa3aB BMe-
CTO 3K3EMMAAPa Knacca cam Knacc. Tak TOXe MOXHO fenatb.

W Ha 3ameTtky

Utobbl He 3anyTaTbcs, 6yaem HasbiBaTb say () dyHKUMel, ecnv peub NaeT o KomaHae
MyClass. say (obj), n meTogom, ecnu pedb nget o komaHge obj . say Q.

C opmanbHOR TOYKM 3pEHMSA TNaBHad 0COGEHHOCTb PyHKUMM say () B ToM,
4yTO Mpu obpaleHmn K Heli Mbl yKasbiBaeM ewe n nmsa knacca MyClass. Bbl-
30B (hyHKUMK say () yepe3 MMA Kfacca - 3TO Kak ecnm 6bl Mbl BbI3Bain Camyto
00bIYHYO (yHKLMIO: KomaHgon MyClass .say (obj ) Bbi3biBaeTca pyHKLUS
say (), onucaHHas B Tene knacca MyClass, a aprymeHTOM 37O (hyHKUUW MNe-
pefaeTcsa cCbljika Ha 3K3emMnnap knaccaobj.

Korga mbl roBopyM 0 BbI30Be MeTOAa say (), TO nofpasymMeBaeM, YTO BbI30B
OCYLLeCTBNAETCA Yepes CChbIIKY Ha 3K3eMnnap knacca. Kak Mbl y)Xe 3Haem, 3K-
3eMmnap Knacca HesBHO nepejaeTcs nepsbiM (M B JAHHOM C/yyae efjMHCTBEH-
HbIM) aprymeHToMm B say (). NMoatomy kKomaHga obj . say () 3KBUBanNeHTa Bbl-
308y (hyHKUUKM say () n3 knacca MyClass c aprymeHTom obj. CnepoBateb-
HO, HeT HMYero yAUBUTENbHOTO B TOM, YTO BbIMO/MHEHNE KomaHg MyClass.
say (obj ) n obj .say () NnpuBOAUT K O4MHAKOBbLIM pe3ynbTatam. UTo KacaeT-
cA KomaHabl MyClass . say ("'Kakoii-TO TeKCT"), TO B U3BECTHOM CMbIC/E
3TO "XYNnUraHcTso", X0TA W BMOJIHE 3aKOHHOE.

Mbl Bbi3biBaeM yHKLUIO say () u3 knacca MyClass ¢ apryMeHTOM, KOTOPbIi
ABNIAETCSA TEKCTOBbIM 3HAYEHMEM, XOTS MO JIOTMKe apryMeHTOM JOJIKHA Gbl 6bITb
CCbIfIKa Ha 3K3eMnnsp knacca. Ho nockosbky B Tene yHkuun say() ccbin-
Ka Ha 3K3eMMAsp Knacca iBHO He MCMO/b3yeTcs (TO ecTb apryMeHT Y yHKL MK
MMEeTCs, HO B Tee (hYHKL MU He NCNOMb3YeTCs), TO HE UMEeT 0COB0ro 3HAUYEHUS,

T T -
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YTO XKe Mbl MepesaemM aprymeHToM PYHKLUKN - F1aBHOE, YTOObI apryMeHT NpPoCTo
Obl/1.

BoobLie, cuTyaumns He Takas NpocTas, Kak MOXET MOKa3aTbCA Ha NepBblii B3rnag,.
YT00bl €6 HEMHOIO MPOACHWUTbL, UMEET CMbIC/ HAMOMHUTb, YTO PYHKLUA B Py-
thon - 370 HEKOTOPbLIA 06BLEKT (B 06LLLEM CMbIC/IE 3TOFO TEPMIUHA), a EC/IN TOYHEE,
T0 06beKT TuNa function. M03TOMy Ha PYHKLUIO, ONNCAHHYIO B KNacce, MOX-
HO CMOTPeTb UMEHHO KaK Ha TaKO 06bEKT - M0 aHaN0rMm K TOMY, Kak Mbl OMUCHI-
Ba/M B TeJie Knacca NepeMeHHble, KOTOPble Urpanu ponb nosneli 06bvekTa Knacca.

MimMa pyHKUMKM, ONWCaHHON B Tene Knacca, CPOAHN MMEHMN 0ObIYHON MepemMeH-
HO, ONMcaHHOW B Tene knacca. Kak u B cnyyae nons 06bekTa knacca, npu ccbin-
Ke Ha PYHKLMI0, ONUCAaHHYIO B TeNe Knacca, MM Knacca Yepes TOUKY YKa3blBaeT-
cs nepej MMeHeM (YHKUMKU. B KOHTEKCTe ckasaHHOro uHctpykuma MyClass .
say ABNAeTCA CCbINKOM Ha 06beKT Tuna function.

W Hasawvetky

XXenatwoume MoryT NpoBEeCTU Takoli 3KCNEPUMEHT: B NPOrpamMMHbIli KOZ, OMMCaHHbIN
Bbllle, Ao6aBUTb KOMaHAay print (type (MyClass. say)). B pe3synbtate B OKHE BbIBO-
na nosiButcsa coobuweHune <class ' function'>. Pe3ynbTatoM BbINOIHEHUSI KOMaHAbI
print (type (obj -say) ) 6yneT coobuieHne cclass "method'>.

Mbl MOXEM paccMaTpuBaTtb MMA (YHKLMW KaK HEKOTOpbIA aTpnbyT knacca, K
KOTOPOMY 00bIYHO 06paLLatoTCA € yKaszaHWeM KPYr/biX CKOOOK (M apryMeHTOB B
HUX). B 4aCTHOCTK, ecin BYHKUMA, ONUCaHHas B Tefe Knacca, Bbl3biBAETCA Ye-
pe3 ccblfiKy Ha knacc (To ecTb B hopmaTe Knacc, pyHkunsa (aprymeHTsl) ),
TO (hakTMYeckM MOApasyMeBaeTCs BbI30B (PYHKUWMU C COOTBETCTBYHOL UMUK
apryvMeHTamu .

Mo 601bWIOMY CYETY, 34€Ch peydb UAET 06 06bIYHON PYHKLMMW, HO TONBKO "NPuUBS-
3aHHON" K Knaccy. B TakOM KOHTEKCTe Mbl MOXEM OMnucaTh B Tefle Kaacca npak-
TUYeCcKU o6y PYHKLUUIO N BbI3blBATb €€ KaK 00bIYHYI0 PYHKLMIO, HO TONbKO
MCNONb3Yys B HA3BAHWUYW SBHYIO CCbINIKY Ha Knacc. C fyroi CTOPOHbI MOHATHO, YTO
06bIYHO He 4N1A 3TOro PYHKUMKM onucbiBaloTCA B Knacce. o kpaiiHein mepe, pa-
Hee Mbl BbI3blBanN PYHKLMUN, ONUCAHHbIE B TENE K/1acca, Yepes CChbINIKY Ha 3K3eM-
NAAp Knacca v HasbiBann Takue yHKLMW MeTOAaMWU. 3aecb, pasyMeeTcs, HET
NpoTUBOPEUUS.

D yHKLUMKN, ONUCaHHbIE B Te/e Knacca, MOXHO Bbli3blBaTb HE TO/bKO Yepes Knacc,
HO 1 Yepe3 3K3eMNNAp Knacca. B N3BECTHOM CMbICNe NPU 3TOM Mbl MOXEM F0OBO-
PUTb O BbI30BE TO XXe caMoil (DYHKLMM, YTO U NPU BbI30BE YEPE3 MMS Kiacca, HO
yepes 3K3emMnasp Knacca obpalleHne K GYHKLUM OCYLLEeCTBNAETCS He TaK "nps-
MONMHENHO".

t)
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UTto e npomcxogunT (B 06WMX yepTax), KOrga Mbl Bbi3biBaeM (PYHKLMIO yepes
3k3eMnnap knacca (To ecTb Bbi3blBaeM MeT04)? LpyrMMu cnoBamMu, Kak yHK-
1S CTAHOBUTCA METOAOM? A NMPOUCXOANT NPUMEPHO CregytoLLee.

* Cpeaun HasBaHW (YHKLMWIA, ONWCaHHbLIX B Te/fe Knacca, BbIMOAHAET-
CA MOMCK UMEHN METOAA, KOTOPbINA Bbl3blBaeTCHA U3 IK3EMMNAPaA Knacca.
Mpegnonaraem, 4To PYHKLMA C COOTBETCTBYHOL MM Ha3BaHMEM HalfeHa
(ecnu Het, TO BO3HMKaeT oW MNOKa).

» Co3paetcs 06bekT MeTofa (06beKT Knaccamethod). 3TOT 06bEKT COOT-
BETCTBYET (PYHKL MM, Bbl3blBAEMOI C aprymeHTamMmun, KOTopble nepefatoT-
CA METOAY NpY BbI30BE, HO AOMONHUTENLHO MNEPBbIM apryMeHTOM Ao06aB-
NAeTCA CChINKA Ha 3K3eMNAAP Knacca, U3 KOTOPOro Bbl3biBAETCA METOL.

W Ha3ameTky

Mpolue rosops, KOMaHaa BUAa aK3eMnasp .uma (aprymMeHTs) SKBMBaSIeHTHA KOMaHae
Knacc.mma (aK3eMnasap, aprymeHTsl) .

B ganbHeilwemM ans Hac Haubonee BaXHbIMU 6yayT Be NO3ULUK:

e [lpwv BbI30BE MeTOAA NEPBbIM apryMeHTOM HesiBHO MepefaeTcs cCblfika
Ha 3K3eMNsp Kiacca.

e WNwmsa pyHKyun/mMeToa SBNAETCA aTpUBYTOM, KOTOPOMY MOXHO Mpu-
CBOWTb 3HAYEHMUE.

YT0 KacaeTcs nepBoOro NyHKTa, TO OH Ham 6bin M3BECTEH M A0 3TOro. o nosogy
BTOPOro NYHKTa NOTPebyloTCA HEKOTOPble NOSCHeHUA. MpeacTaBUTb MX Nydlle
BCEro Ha KOHKpPeTHOM MpuMepe, 4TO Mbl 1 caenaem. Hanpumep, coBceM Heob6s3a-
TeNbHO ONMUCbIBATb METOZ 3K3EMMIAPA Knacca nnam PyHKLKI0 Kiacca Hemocpes-
CTBEHHO B Tefie knacca. Mbl MOXeM OnucaTb COOTBETCTBYHOLWYIO PYHKLUIO OT-
[enbHO OT ONMcaHMa Knacca, a 3aTeM "3aperucTpupoBaTh” ee Kak MeTof 3K3eMm-
nnspa unu Kak QyHKuuio knacca. C noMoulbo MHCTPYKUUK del MeTon 3K3eM-
nnspa Knacca Mnm yHKLUIO Knacca MOXHO yaanuTb. YTo6bl MOHATb, Kak Bbl-
NONHAOTCSA Takue onepawuun, pacCMOTPUM NUCTUHT 6.11.

JctvHr 6.11. [iotasneHvie U yaareHve MeToaoB

# Co3pgaem Krnacc
class MyClass:
pass
# Cos3paem 3kK3emnaapbl Knacca
A=MyClass ()
B=MyClass ()
C=MyClass ()
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# CospaeM nepByl (YHKLUIO

def hello():

print("MeTtog ak3emnnsipa - ‘'hello')
# Co3faeM BTOpYk (QYHKUUIO
def hi () :

print("Ewe oguH metop - ‘'hi'")

# OnpepensdemM MeTojh 3K3emnnsapa
A .say=hello
# Onpepgensem MeTo[ 3K3emnnapa
C.say=hi
# Bbl3blBaeM MeTO4 3K3emnnafapa
A.say()
# Bbl3biBaeM MeTO[4 3K3eMnnafapa
try :
B. say ()
# Ecnm Takoro mertopa Hert
except AttributeError:
print("Takoro meToga HeT")
# Bbl3biBaeM MeTO 3K3emnnafapa
C.say ()
# BbI3blBaeM (YHKUMIO Knacca
try:
MyClass.say ()
# Ecnum Takoil GYHKUWM HeT
except AttributeError:
print("Takoin QyHKuun HeT")
# Ypandem MeTOof 3K3emnnapa
del A.say
# Bbl3biBaeM MeTO[4 3K3emnnfapa
try :
A.say()
# Ecnum Takoro mertofja HeT
except AttributeError:
print("Takoro meToga HeT")
# Bbl3biBaeM MeTOj[ 3K3emnnfapa
C.say()

PesyanaT BbIMO/THEHNA 3TOT0 NPOrpaMMHOro Koaa TaKolM:

Pesyrtar Bb NorHeH/s Mpopavivib | (U3 /ICTVHMa 6.11)

MeTtoa sk3emnnapa - ‘hello’
Takoro meToja HeT

Ewe oguH metog - ‘'hi’
Takol (GyHKUUN HET

Takoro meTtofa HeTt

Ewe oaunH metog - ‘'hi’

fH
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Mbl co3faem Knacc ¢ TpaguLUMoHHbIM Ha3BaHueM MyClass. B knacce B faH-
HOM KOHKPETHOM C/ly4yae HUYEero He onucaHo (Hu noneii, HU MeToaoB). [anee Ha
OCHOBe 3TOr0 Knacca co3faeTcs Tpu ak3emnnsapa: A, B U C. Take Mbl ONUCbIBa-
em aBe ¢pyHKuun hello () nhi (),y KOTOPbIX HET apryMeHTOB U KOTOPbIE He
BO3BpAaLLatoT pe3ynbrarT.

Mpy BbINONHEHWMW KaXAOM M3 3TUX (YHKLUMIF B 06n1acTh BblBOAA OTO6paXkaeT-
¢ coobueHne (gna Kaxgon GyHKuMmM ceoe). Lo 3TOro MOMeEHTa He MPOUCXO-
OWT HMYero HeobblyHOro. OTKPOBEHHas "3K30TMKA" HA4YMHAeTCHs C KOMaHAbl
A.say=hello, kKoTopoi aTpubyTy say 3k3emnnsgpa A NnpucBanMBaeTCs B Kaye-
CTBe 3HaueHus naeHTngukarop hello - uMa 0gHON M3 CO3AAHHBIX HAMWU (PYHK-
UMiA. YTo BCE 3TO O3HAYAET M YTO NPU 3TOM MPOUCXOANT?

[nsa oTBeTa Ha 3TV BONPOChI CefyeT BCMOMHUTb, YTO PYHKLMSA peannsyeTcs ye-
pe3 cneunanbHblii 06BEKT, @ UMA PYHKLUN - 3TO CCbI/IKA HA AaHHbIA 06bekT. lMo-
3TOMY B JaHHOM cfiyyae ngeHTugunkatop hello ABnseTCs CCbINKOW Ha 06BLEKT,
yepes KoTopblii peanusyetcsa hyHkuus hello ().

C apyroii CTOpOHbI, ecnu aTpubyTy say 3k3emnnapa A NpMCBanBaeTCs CCblf-
Ka Ha 00beKT, peann3yoLmnin PyHKLMIO, TO yKa3aHHbIn aTpnbyT OyaeT ccbinatb-
CS HAa 3TOT 06BEKT. 3HAUNT, aTPMOYT Say MOXHO paccMaTpmBaTb Kak QYHKLMIO,
npuyem 3To Ta Xe PyHKuma, uyto n pyHkuma hello (). MoaTomy, Korga Bbinon-
HAeTCcAa KOMaHfa A. say (), Ha camom fene Bbi3biBaetca pyHkuma hello ().

HeuTo noxoxee NpOMCXOANT MPU BbINOSHEHUN KOMaHAbl C.say=hi, C nONpas-
KOW NnLWb Ha TO, 4TO peyb MaeT 06 ak3emnnspe C (a He A) n pyHkunmn hi () (a
Hehello () ). B pesynbtarte npu BoINOSIHEHUN KOMaHAbl C.say () Bbl3blBaeTCA
(yHKUMA hi (). ABOT NPW BbIMONHEHUN KOMaHAbl B.say () BO3HWKaeT owuno6-
Ka (Tuna A ttributeError), Tak Kak atpubyTta say y ak3emnnspa B HeT. Tou-
HO TaK e, KaK HeT Takoro aTpubyTa uy o6bekTa knacca M yClass. MoaTtomy Ko-
MaHfaMyClass .say () TOXe NPUBOAUT K OLLNOKe.

UTtobbl yaanuTb aTpubyT say y ak3emnasapa A, UCnonb3yem KomaHay del A.
say. Mocne aToro komaHga A. say () 6ygeT NnpuBogUTH K OWMGKe, a KOMaHga
C.say () - HeT, NOCKONbKY Yy 3K3eMnnsapa C aTpubyT say He yfanancs.

W Ha3ametky

YTBepXaaTb, YTO Mbl, NpuUcBavBas aTpubyTam 3K3eMMIAPOB Kacca B kayecTBe 3Ha-
YeHWli CCbINIKM Ha (PYHKUMK, co3haBanin TeM caMbiM METOAbl 3K3eMMNIsSpoB, 6yaeT He
COBCEM KOPPEKTHO. ECTb Heckonbko BaXHbIX 06CTOSTENIbCTB, KOTOPblE CYLUEeCTBEH-
HO OX/TaXAAl0T Hall MbUl. Bo-nepBbIX, (OYHKLMUW, CCbIIKN Ha KOTOpble Mbl NpUcBanBasiv
aTpmbyTaMm, He MMeloT OCTYMNa K aK3eMnaspam kiacca. pyrmmm cnosamu, Mbl He CMO-
XeM U3MeHUTb nporpamMmmHbIli Kog pyHkuumn hello Q Tak, 4To6bl NPY BbINOSTHEHUM KO-
MaHabl a .say () 6bLn 6bl NPAMON AOCTYN K ak3eMnnapy A. Kak 6bl HM XOTesI0Cb Ham pac-
cmaTpuBatbh say () Kak MeTof 3K3eMnispa knacca, faHHblli MeTog, hakTUHecKn K aK-
3eMnapy knacca gocTyna He uMmeeT. 3TO Cepbe3HbI MUHYC.
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[anee, ecnn 6bl Mbl B35/IM HECKOJIbKO 3K3eMI/IAPOB U aTpubyTy say KakAoro m3 aTux
39K3eMN/ISPOB NPUCBOUN CCbIIKY Ha dyHKUMio hello O, To Bce 3T ak3eMNApbI Ye-
pe3 aTpubyT say ccCbiianncb 6bl Ha OAHY W Ty Xe dyHkumo. MNonydyaeTtcs “obuwan”
OYyHKUMA A8 BCeX 3K3eMMSApoB. B ToMm, UTo aTO AelicTBUTENbHO (DYHKUWSA, a He Me-
TOA4, Nerko ybeamTbCsa - 4OCTATOYHO Mocsie KomaHabl a .say=hello go6aBuTb kOomMaHay
print (type (A.say)). BokHe BbiBOga nosButcs coobuweHune <class 'function' >
HanoMHuM, 4TO KOrga npoBepsieTCcs TUMN MeToAa 3K3eMMnsspa, B aHa/IOrMUYHOW cuTya-
Lu1un nosiBnsietcs coobuieHne <class 'method’' >. Kopoue rosops, Tem, 4To Mbl fena-
N BblLLIE, yYllle BCe Xe 0C060 He yBeKaTbCs.

bonee ahheKTUBHLIM MOXET ObITb NPUCBaNBaHWE CCbINIKM Ha PYHKLMIO B Kaye-
CTBe 3HaueHnsa aTpubyTy Knacca (pasymeertcs, obpaTHas npouegypa - yganeHue
aTpnbyTa CO CChINKOW Ha PYHKLUMIO, - TOXKE gonyckaeTcs). Hebonbwon npumep
npeacTaBneH B IMCTUHTE 6.12.

Jctvir 6.12. JpGaeneHvie nyaanerve gyHUym Knacca

# Co3pfaeM Knacc

class

MyClass:

def __init__ (self,n):

self.name=n

# Cos3gaem 3K3eMnaapbl Knacca
A=MyClass("A")
B=MyClass("B")
# Co3pfaeM (QYHKUMIO C aprymMeHTOM
def hello(self):
print("3to sk3emnnaap",self.name,hello")
# Cos3gaeM (QYHKUMIO C aprymMeHTOM
def hi(self):
print(self.name+": hi")
# OnpepensemM (YHKUMIO Knacca
MyClass.say=hello
# Bbl3biBaeM MeTOo4 3K3eMmnnafapa

A. say ()
# Bbl3biBaeM MeTO4 3K3eMmnnfapa
B. say()

# Bbl3biBaeM (YHKUMIO Knacca
MyClass.say (A)
MyClass.say (B)

# MeHseM CcCbiNKy Ha (QYHKLUIO
MyClass.say=hi

# Bbl3biBaeM MeTOo4 3K3eMmnnafapa
A. say ()

# Bbl3biBaeM MeTOo4 3K3emnnafapa
B.say ()

# Bbl3biBaeM (GYHKUMIO Knacca
MyClass.say (A)

-€EED
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MyClass.say(B)
# Ypansem (QyHKUMK Knacca
del MyClass.say
# Bbl3blBaeM MeTO4 3K3emnnfdpa
try:
A.say()
# Ecnu meTtopa Her
except AttributeError:
print("Takoro meTtoga HeT")
# Bbl3biBaeM MeTO4 3K3emnnfapa
try:
B.say ()
# Ecnun metopa Hert
except AttributeError:
print("Takoro metofa HeT")
# Bbl3blBaeM (YHKUMIO Knacca
try:
MyClass.say (A)
# Ecnum QyHKYUMM HeT
except AttributeError:
print("Takoin (QyHKYUMnM HeT")

Pe3ynbTar BbINOMHEHUA 3TOr0 NPOrpamMMHOro Koja npeacTaBieH HUXKe:

PesyrnsTar Bb MoHeH/A Mporpavivibl (U3 JIUCTVHR 6.12)

3710 ak3emnasap A - hello
3710 3k3emnnasap B - hello
3710 ak3emnasap A - hello
3710 3k3emnnsap B - hello
A: hi
B: hi
A: hi
B: hi

Takoro meToja HeT
Takoro meTofa HeTt
Takol (GYyHKUUM HeT

B knacce MyClass onucaH KOHCTpykTop. pu co3faHun 3K3eMmnnspa Knac-
ca KOHCTPYKTOPY nepejaeTcs aprymeHT, KOTOPbI onpefenseT 3Ha4YeHWe nons
nawe sk3emnnspa knacca. Mol co3faem gBa ak3emnnsapa: A (Co 3HadyeHuem A"
ana nond name) n B (co 3HaueHnem "B ans nona nawe). Takxke ONUCbIBaeEM
ase pyHkumm hello () mhi (). Mpuyem y KaxXaon us QyHKLMA 06BABNEHO MO
OLHOMY aprymeHTy (aprymeHT Ha3biBaeTcs self), npuyem HeaBHO npegnonara-
eTC#, YTO 3TO CChINIKa Ha ak3emnnap knacca MyClass, NOCKONMbKY B Tene PyHK-
unin nmetoTcs cebikm s e | f.name Ha none nawe sk3emnnsapa self.

Cawur*
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BmecTe c Tem, 06e 3TV PyHKLUNM onurcaHsl BHe Tena Kriacca MyClass, Tak vto
roBOPUTL O (DYHKLUN K/acca NN MeTOAEe 9K3eM/iApa Noka paHo —paHo, Moka
He BbinosHeHa komaHpa MyClass.say=heHo. B 3ToM c/iydae aTtpubyTy
say Knacca MyClass npucBavBaeTCA B KaUeCTBe 3HaYeHNS CCblKa Ha (yHK-
uuio hello (- MNocne aToro Moxem Bbi3biBATbL METOZ say () 415 9K3eMNIAPoB
Knacca komaHgamn A. say Q) v B _say (- lNpu 3TOM (haKTNYECKM Bbi3bIBAET—
ca pyHkumsa hello (), aprymMmeHTOM KOTOPOi NepesaeTcsi CCblIKa Ha 9K3eM/Isp
Kracca, 13 KOTOpOro Bbi3biBaeTcA MeTog say (-

AHa/IOMNYHbIE pe3y/bTartsl NOyYaeM Mpu BLIMOHEHUN KomaHg MyClass.
say (A) nMyClass .say (B)-B HMX HenocpeaCTBEHHO Bbi3biIBAETCA (hYHKLNS
say Q kiaccaMyClass coAHUM apryMeHTOM.

Mbl MOXEM M3MEeHNTb 3HaueHve aTpubyTa say knacca MyClass, BbinosHvB,
Hanpuvep, KomaHgy MyClass.say=hi. [llocne BbiMnO/HEHMS 3TO KOMaH-
bl MPpU BbI30BE (DYHKLMU Kracca Unn MetToga sk3emmispa say () peasibHo 6y-
JEeT BbINONMHATBLCA Kof hyHKumm hi (. B nocnegHem nerko yéeammscsa ¢ nomMo-
wbio komaHa A.say(Q, B.say(Q, MyClass.say(®) un MyClass.say(B).-
HakoHey,, Mbl MOXeM yganmTb pyHKuui say () knacca MyClass komaHzoi
del MyClass .say. llocrie 3To BbiNoSIHEHWE NEPEUNCIEHHbIX Bbille KOMaH/, C
BbI3OBOM (hyHKUMN/MeToa say () NpUBOAUT K OWMOKe -

[V

BO3MOXHbI 1 gpyrve BapyaHTbl "\gelicTBuiA™" C PyHKLMAMKU Kracca u MeTogamm
3K3eMN/IAPoB Kiacca. HekoTopbie HeEGO/bWME NPUMEPSI MPUBEAEHbI B JIMCTUH-
re6.13.

NIncTtuHr 6.13. Onepayun ¢ metogamu U YHKUMSAMIN

# Co3paem KJacc,
class MyClass:
# KOHCTpPYKTOp 3K3emnnapa kKnacca
def __init__ (self,n):
self.name=n
# MeTo4 3K3emnndpa kKnacca
def say(self):
print("Knacc MyClass:", self.name)
# Co3faemM 3K3eMnnApbl Kfnacca
A=MyClass("A")
B=MyClass("B")
# Bbl3blBaeM MeTO4 3K3emnnfapa
A. sayO
B. say()
# CcCbiNKy Ha MeToj 3anucbiBaeM B MeEpPEeMEHHYIO
F=A.say
# Bbi3blBaeM (YHKLMIO
FO

LLIB
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# ATpunbyTy 3K3emnnapa npucBamBaeTca TeKCT
A . say="llone ak3emnngapa A"
# lpoBepaemM 3HayeHuWe nonq
print(A.say)
# lMblTaeMca Bbl3BaTb MeTO[ 3K3emnnapa
try :

A .say ()
# Ecnn Takoro metoja Het
except TypeError:

print("HeBepHas komaHpga")
# Bbl3biBaeM MeTO0[ 3K3emnnapa

B. say ()
# Bbi3blBaeM (QYHKLUIO

FO

B knacce MyClass onucaH KOHCTPYKTOpP 3K3eMnsapa Knacca, B KOTOPOM NoJio
name 3k3emnnapa npuceamMsaeTcd 3HaveHWe. TakXke B Kfacce OnucaH MeTof
say (), oToOpaxarLWmii TEKCT 1M 3HAYeHME N0 name 3K3eMMaspa, U3 KoTopo-
ro Bbi3blBaeTca Metod. MNpu co3gaHuu ak3emnnsapbl A v B nonyvaroT Ansg CBOUX
nonein name COOTBETCTBEHHO 3HaueHusa A" u "B'". Y Kaxgoro u3 aksemnns-
poB A 1 B ectb meTof say (), B UeM HECNOXXHO Y6eAnTLCA C MOMOLLbI0O KOMaHA
A.say() uB.say().

[Janbwe mbl 6ygem paccyxpgatb Tak. MIHCTpykumus A. say npegcrasnseT coboi
CCbI/IKY Ha 06bekT meTofa say () ak3emnnsapa A knacca MyClass. HukTo He
3anpelyaeT HaM NPUCBOUTH CCbIJIKY Ha 3TOT 0O6BEKT B HEKOTOPYHO MEPEMEHHYIO.
MIMeHHO TakK Mbl U NOCTYyMNaeM, KOrga ncnosb3yem KomaHay F=A .say. B pesynb-
TaTe ee BbINOMIHEHUS B MepeMeHHYI0 F 3anucaHa cCbifika Ha 06BEKT - TOT cambli,
Ha KOTOPbI CCbiNaeTcad MHCTPYKLUMA A. say. [10CKoNbKY peyb uaet 06 06bek-
Te MeTOAa, TO BbI3BaTb 3TOT METO MOXEM UHCTpyKumneid A.say () nim F(). B
060MX cNyYanx Bbl3blBAETCA O4MH U TOT XK€ METOA, MO3TOMY Mbl NOMly4aeM OAWH
W TOT e pesy/nbTar.

Ha cnegytouwem ware komaHgon A. say=""Tlone ak3emnnspa A" aTpubyty
say ak3emnnspa A npucBamBaeTcs TEKCTOBOE 3HauyeHue. XOTS paHee aTpubyT
say 3k3emnnspa A cCblnancsa Ha MeTof 3K3emnnspa, Tenepb 3TO (haKTUYECKM
nofie, KOTOPOe CCblNAeTCsA Ha TekcT. [103TOMY BbI3BaTb METOA 3K3emnaspa Ko-
mMaHgoin A. say () 6onbwe He nonyunTca. Ecnm mbl BOCNoNb3yemMcs KOMaHAoi
A_ say (), BO3HUKHET owWwKn6Ka HecornacosaHus Tunos TypeError. KoppekT-
HbIM ABNAeTCA obpalieHne A. say K TEKCTOBOMY MO0 3K3emMnaspa.

W Ha3ameTtky

Taknm o6pasom, y akzemnaisipa A NosiBNSETCA Nose say, U gaHHoe nose "nepekpbiBaeT”
meTtog say () ak3emnnsApa. MoHATHO, YTO 3TO ObLLee NpaBuo.
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Mpu aTom y ak3emnnapa B metof say () "ocTtaetca” n 6e3 npobaem MOXeT 6biTb
BbI3BaH KOMaHAoW B.say (). Ho camoe nHTepecHoe, 4To UHCTpyKuuei F () mbl
No-npexKHeMy MOXeM Bbi3BaTb MeTof say () aksemnnspa A. O6bACHEHME Npo-
CToe: nepemeHHas F ccbinaeTca Ha 06bekT meTofda say () aksemnnsapa A. PaHee
Ha 3TOT 00BbEKT coAepXanach CCbifika U B aTpubyTe A. say. M xoTa nocne npu-
CBaMBaHWA TEKCTOBOIO 3HAYeHMA aTpubyTy say UHCTpykuua A.say () Ans Bbl-
30Ba MeTOLa MCNOMb30BaHa ObITh HE MOXET, NepeMeHHas F 4na aToi uenw Bnon-
He nofoiaeT. B utore nocne BbINOMHEHWA BCEr0 NPOrpaMMHOro Koda noayvaem
TakKoi pe3ynbTaT:

Pesyrstar Bb MorHeH/ Mporpavivis| (U3 JICTVHR 6.1.3)

Knacc MyClass: A
Knacc MyClass: B
Knacc MyClass: A
Mone ak3emnnsapa A
HeBepHaa KoMaHfga
Knacc MyClass: B
Knacc MyClass: A

XO0TS ONUCaHHbIE Bblle BO3MOXHOCTU MO MaHUMY/IMPOBaAHUIO MONSMU U METO-
[lamMmun [0CTaTOYHO YHUKaNbHbI (Takue "TPIOKN" MOXHO [enaTth fafeko He B KaX-
[OM A3bIKE NPOrpamMMmMpoBaHus), KapTuHa bbina 6bl HEMOMHOM 663 0AHOT0 OYEHb
BaXXHOT0 MexaHu3ma, 6e3 KOToporo Boo6uie He 661710 Bbl CMbIC/Ia paccMaTpuBaTb
OOT1. Peyb 0 HacnegoBaHUW. HacnefosaHue, paBHO KakK U HEKOTOpble Apyrue
MOMEHTbI (HanpuMep, nepeonpesesieHMe onepaTopoB) paccmaTpusaeTcs B Clie-
fytouieli rnaee.

KonupoBaHune 3K3eMNASAPOB U KOHCTPYKTOP
co3flaHnsa Konuwu

XoTwnTe 06MaHyTh Mara? bo>ke, kakas geT-
CKas HernocpefCcTBEHHOCTb. f >Ke BUM>KY Bac
HaCKBO3b.

n3 K/ ‘31 mioHs"

KOHCTPYKTOPbI Mbl Y)XXKe 06Ccyxaann. Mbl 3HaeM, UTO KOHCTPYKTOPY 3K3eMnnsapa
Knacca MOryT nepefaBatbCs aprymeHTbl. JTO C O4HOI CTOpPOHbI. C Apyroi cTo-
POHbI CTb B U3BECTHOM CMbIC/Ie "Knaccuyeckas™ 3afava, Kotopas COCTOUT B TOM,
4YTO Ha OCHOBE OAHOr0 3K3eMNAApa Knacca HyXHO C034aTb TOYHO TakoW xe. py-
60 roBops, akTyanbHO ABNAETCA 3afaya cO34aHMsA KONMM 3K3eMnaspa knacca.
Mpobnema B TOM, YTO OBbIYHBIM NMPUCBANBAHUEM 3HAYEHUSA MEPeMeHHbIM, KOTO-
pble CCblNalTCa Ha 3K3eMNAAPbI KNaccoB, 34ecb He 060iTUCh. Begb Nnpu npucea-
MBaHUMN 3HAYEHWA NepeMeHHbIM NPOCTO "nepebpacbiBadTCA” CCbIIKKU. Tak, ecnun

m L
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HEKOTOpadA nepemMeHHasa X CCbl/laeTCA Ha 3K3eEMNAP Knacca, TO NOC/Ne BbINO/THE-
HNA KOMaHAbl Y=X nepemMeHHada y 6y,qu CCbINIaTbCA Ha TOT caMbllii aKsemnnap,
4yTO N NepemMeHHana X. M 3TO He TO, YTO Ham HY>HO. Ham HY>XHO, o6pa3Ho Bblpa-
)Kasacb, YTOOBI nepemMeHHasa y cCblnianacb Ha 3K3eMNNApP C TOYHO TaKUMKU XKe Xa-
PaKTEPUCTUKaMWN, KaK Yy 3K3eMnndapa, Ha KOTOprI7I CCbl/1aeTCA NnepemMeHHaa X.

Ll Hasametky

To ecTb HaM Kak Obl Hy>X€H TOUHO TaKo e 3K3eMnAap, HO APYroii.

B npuHuune gns co3faHna KONUMM 3K3eMNaspa MOXHO BOCMO/1b30BaThCA PYHK-
unamu copy () wnm deepcopy () 13 moayna copy. lNpu mcnonb3oBaHUu
yHKuun copy () co3paetcs NOBEPXHOCTHAA KOMWA 3k3emnnspa, B TO Bpems
Kak pyHKunA deepcopy () no3BonseT co3gaBaTh NOJHbLIE KONUK. PasHuua mex-
[y NOBEPXHOCTHOI 1 MNOMHO KONUAMU NPOSABAAETCS, KOTA4a Cpeam nonei ak3em-
NAAPOB MUMEKTCHA MepeMeHHble, CCblNarLimecs Ha AaHHble U3MEeHAeMbIX TUMoB
(npvmepom MoOryT 6bITb CNMCKKN). Hebonbluasa nnnocTpaumns K NCnonb30BaHMIo
3TUX YHKUWUI NprBefeHa B TUCTUHIe 6.14.

JctvHr 6.14. CozapH/e KONy k3eMivspa

# WmnopT dyHkuuin copy() n deepcopy()
# M3 mMoayna copy
from copy import copy, deepcopy
# Knacc
class MyClass:
# KOHCTpYyKTOp
def init (self,name,nums):
# 3HauyeHue nona name
self.name=name
# 3HayeHue nond nums
self.nums=nums
# MeTog Ans oTob6paxeHusa
# 3HayeHMIU nonein ask3emnnasapa
def show (self):
# [Mone name
print("name ->" self.name)
# lone nums
print("nums ->" self.nums)
# CosgaHue 3kK3emnnapa knacca
x=MyClass("Python",[1,2,3])
print("3k3emnaap x:")
# OTobGpaxeHne nonen aksemnnapa X
x . show ()
# MoBepxHOCTHasdA KoMWA 3k3emMnnaapa X
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y=copy(x)

# MonHaa Konua 3kK3emnnapa X
z=deepcopy(x)

print("3k3emnasp y:")

# OTo6GpaXkeHMe nonein aksemnnapa y
y. show()

print("9k3emnnap z:")

# OTobGpaeHue nonei 3k3emnnapa z
z. show()

print("Mons ak3emnnapa X mMameHawTCcA!")
M3meHeHMe 3HavyeHWa nona nawe
aKsemnnapa X

.name="Java"

M3meHeHMe 3HauyeHWA 3NemMeHTa B CNUCKe
nums - nojfe 3k3emnnasapa X
.nums[0]=0

print("9k3emnnaap x:")

# OTobGpaeHMe noneli sk3emnnapa X
X . show()

print("9k3emnnaap y:")

# OTo6GpaXkeHMe nonein aksemnnapa y
y . show ()

print("9k3emnnasp z:")

# OTobOpaxeHue nonei aksemnnapa z
z. show()

X #H H X H K

B pe3ysbTaTe BbIMOMHEHUS MPOrpamMMHOr0 Kofa Noyyaem Takoe:

Pesynstar Bb norHeH/A Mporpavivis | (M3 JUCTVHA 8.14)

oK3eMnaap X:

nawe -> Python
nums -> [1, 2, 3]
IK3eMNnap y:

name -> Python
nums -> [1, 2, 3]
ak3emMnnap z:
name -> Python
nums -> [1, 2, 3]
Mons aksemnnspa X m3ameHawTCAl
IK3eMnnap X:
name -> Java
nums -> [0, 2, 3]
IK3eMnnap y:

name -> Python
nums -> [0, 2, 3]
ok3eMnnap z:
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nawe -> Python
nums -> [1, 2, 3]

MmnopT ¢pyHkuuin copy () n deepcopy () n3 Mogyns CcOpy BbINOSHAETCA WNH-
cTpykuvein from copy import copy, deepcopy. Knacc, Hag ak3emnns-
pamu KOTOpOro 6yfyT NPOBOAUTLCA 3KCNEPUMEHTHI MO “"KNOHUPOBAHUK", Ha-
3biBaetca MyClass. B KOHCTpYyKTOpe 3k3emnaspa Kiacca onpejensoTcs nons
name v nums. lMpuceanBaemble MOMAM 3HAYEHUA MepefaloTCa aprymeHTamu
KOHCTPYKTOPY. Mbl npegnonaraem, 4To none name ABNAETCA TEKCTOBbLIM, & nose
nums npegcrasnseT cO60M YNCNOBOW CNMCOK (XOTA 3TO, KOHEYHO, YCNIOBHOCTM).

B knacce onuncaH metof ak3emnnaapa show (), KOTOpbIM BbINOHAETCA OTOOpaxe-
HWe noneli name 1 NUMS 3K3eMnasapaKnacca. HaaTom onucaHue Knacca 3akaH4u-
BaeTcs. [anee nepexofum K npouefype cO3faHUs KONUA aK3eMnaapos. [na aToi
LLe/IN HaM HY>KEH MCXOAHbIN 3K3eMMNASP Knacca, KOTOPbIA 6yaeT KonupoBaThCs.
Jk3eMnasap knacca cosgaem kKomaHpoin x=MyClass (“'Python™, [1,2,3])-
B pesynbTate co3gaetcs ak3emnnap X knacca MyClass. Y co34aHHOro aK3em-
nnspa kiacca 3Ha4eHWeM Mnons name ecTb TeKCT '"Python’, a 3HayeHue nong
nums -cnucok [1,2,3]- MNMpoBepuTb 3Ha4YeHUE NOJEN IKIEMMNAAPA X MOXKHO C
NOMOLLbI0 KOMaHabl X . show ().

Konun ak3emnnspa X co3fatTca Tak: KOMaH4ol y=copy (X ) co3gaetca noBepx-
HOCTHas Konus (3K3eMnasp y) ak3emnasapa X, a KomaHgon z=deepcopy (x)
CO3JaeTcA MnonHaa Konua (3K3eMnnsap z) aksemnaspa X. Ha aTom artane 3Haye-
HUS NOMEN y 3K3eMNNSAPOB Y U Z TaKuUe Xe, KaK y 3K3emMnaspa X: NoA4TBEPXAeHN-
eM CNYXUT pe3ynbTaT BblMoNHeHUsd KomaHg y . show () ur. show ().

Ha cnegytowem aTane komaHgamu x .name="Java" n x .nums [0]=0 nsmeHsa-
eTCHA 3HaYeHMe Nosd name 3K3eMMApa X v nepsblii (C HYNEBbIM UHAEKCOM) 3/1e-
MEHT B CMUCKE nums, ABNAOLWEMCS NOMEM 3TOr0 Xe ak3emnnsapa. KomaHgamu
x.show (), y.show () nuz.show () nposepsem, U3MeEHUNNCL 1 (1 ecnu da, TO
Kak) nosis aK3eMnnaspos X, y u z. C 3k3eMNAAPOM X BCe NpPocTo. Ero nons nsme-
HUMNCbL CTPOr0 B COOTBETCTBUM C TEMW KOMaHAaMM, KOTOpble 6bl/1n BbIMOJHEHbI
npv NpMCBanBaHUM 3HAYEHWIA.

Monsa ak3emnnapa z (NonHas KONWA) He M3MeHUINCL. UTO KacaeTca aK3emnisa-
pay, TO Y HEro He U3MEHWJIOCH MOJIE Name, HO U3MEeHU0Cb MOAe-CNMCOK NUMS
(MepBbliA 3NeMeHT CcTan HyneBbiM, KaK 1 y ak3emnaspa X). O6bACHeHMe B TOM,
4YTO NpU CO3ZaHUN NOBEPXHOCTHON KONUMW LN1A U3MEHAeMbIX TUMOB, TAKUX Kak
CMUCKM, BbINOMHAETCA KONMPOBAHMWE CCbIIOK, HO He 3HauYeHuii. MoaTomy peanb-
HO 3K3eMnaapbl X Uy (MOBEPXHOCTHAA KOMUSA X) CCbIIAlOTCA Yepes CBOWU MoJid
nums Ha OAWH M TOT Xe CMUCOK, Torja Kak y aksemnnsapa z (nonHas Konus X)
none nums "nepcoHanbHoe".

fS§
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XOTSA ONMCaHHbIN BbllEe MNOAXOL NEFMTUMEH, HO BCE XK€ He BCerga npuemnem (B
CUNY pasHbiX Npu4ynH). CyLlecTBYOT U MHbIE BapuaHTbl. B yacTHOCTU, Mbl MO-
YXEM MOCMOTPETb Ha CUTyauuto 6onee WMPOKO U NepeopMynmMpoBaTh 3afadvy
0 CO3JaHMM KOMWM 3K3eMMN/Apa Kak 3ajaqy 0 co3faHuy 3K3eMnaspa knacca Ha
OCHOBE YXe cyllecTBYyloWero aksemnnspa. Ecnu npu atom Tpe6oBaTb, 4TOOLI
CO3JaHHbIV 3K3eMNIAP UMEN Takme XKe 3HaYeHUs MoMei UCXOZHOro 3K3eMns-
pa, To peyb 6ByAeT UATM O CO34aHNM KOMUU.

C npaKTU4ecKOl TOYKM 3peHUs TaKol MOAXO0[L O3Ha4aeT, YTO B Knacce Heo6Xo-
OUMO OnuncaTb KOHCTPYKTOP 3K3eMMAsApa, aprymMeHTOM KOTOPOMY nepejaeTcs
CCbl/IKa Ha Apyroi 3ak3emnasp 3aToro knacca. Mo TpaguuuyM 03HaYEeHHbIA KOH-
CTPYKTOP Ha3blBaeTCs KOHCTPYKTOPOM CO3JaHUs KOMWUU (XOTSA NpW 3TOM MOXET
c03[aBaThbCsl COBCEM He KOMus).

W Hasaverky

Mpo6riema B TOM, UTO B Python HeT neperpysku MeTofoB. M03TOMY Mbl HE MOXEM, Kak
B C++ W Java, co3faTb HECKOJIbKO KOHCTPYKTOPOB pasHbIX TUMnos. B Python y ak3em-
nsipa Knacca KOHCTPYKTOP A0/MKEH 6bITb OAMH. ITO BHOCUT HEKOTOPYH MHTPUTY B Mpo-
Liecc co3faHuns KOHCTPYKTOpa Komnumu.

Ha npakTuke oyeHb yA06HO, ec/iv 3K3eMNAPbI K/lacca MOryT CO37aBaTbCA pas-
HbIMW criocobamu. B nepsylo oyepefb MMeeTca B BUAY BO3MOXXHOCTb nepeja-
BaTb KOHCTPYKTOPY NpW CO34aHUM 3K3eMnnsapa Knacca pasnnmyHblie Habopbl ap-
r'YMEHTOB. OTO0 e 3aMeyaHune, KCTaT, OTHOCUTCA U K 0O6bIYHBIM METOLAM: XOpOo-
L0, KOTAia MEeTOZ MOXKEeT Bbl3bIBATHCA C Pa3HbIMU aprymeHTaMu. B Takux a3bikax
nporpammupoBaHus, kak C++,Java n C# npobnema CHUMAEeTCA C NOMOLLbIO Me-
XaHW3Ma Neperpyskn MeTOLOB 1 PYHKLMIA.

B A3blke Python kak TakoBOro mexaHu3ma rneperpysku Metojos HeT. Ho, 0TKpo-
BEHHO rOBOPSA, YUUTbIBAA UCKOUMTENBHYO "rTMbKOCTL" A3bika Python, ocoboit
Heo6XxoAMMOCTU B neperpyske He Habnwogaetca. CyllecTBYOT Apyrme BO3MOX-
HocTU. OfiHAa U3 HUX - cO3haHne PYHKLUWIA M MeTOA0B C NepeMeHHbIM Konuye-
CTBOM apryMeHTOB. ITOT NOAXOJ ONWCbIBAETCA B NOCNEAHEN rnase.

3[eCb Mbl PaCCMOTPMM NPUMEp K/acca ¢ KOHCTPYKTOPOM, KOTOPOMY MOXHO Me-
pefaBaTh pas/IMYHOE KOMMYECTBO apryMeHTOB, BK/OYas U cnyyai, Korga apry-
MEHTOM MEepPeAaeTcs CChl/IKa Ha YXKE CYLLECTBYHOLLMIA 3K3eMMAP Kacca.

MexaHU3M neperpyskum Ham ygacTtca "060ATn" 6narogaps HasHavyeHWK apry-
MeHTaM 3Ha4YeHW No yMONYaHUIO 1 BOCMONb30BaBLLCL NPOBEPKON TMNa nepe-
[LAaHHOT0 KOHCTPYKTOPY aprymeHTa. COOTBETCTBYHOLLMIA NPOrpaMMHbIA KO npu-
BefEeH B INCTUHTE 6.15.

t
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JINCTUHI 6.15. KOHCTPYKTOp Co34aHUA KOMNUm aK3eMnaspa

# Knacc
class CompINum:
# KOHCTpPYKTOp co3faHua 3K3emnnspa Knacca
def __init__ (self,x=0,y=0):
# Ecnu aprymeHT X - 3K3emnndap
# knacca ComplINum
if type(x)==ComplINum:
# 3HauyeHune nona Re
self.Re=x.Re
# 3HayeHne nona Im
self.Im=x.Im
# Ecnnm aprymMeHT X - He 3K3emnnadap
# knacca ComplINum
else:
# 3HauyeHune nona Re
self.Re=x
# 3HayeHune nona Im
self.Im=y
# MeTof Ans O0TOoOpaXKkeHMA 3HAYeHWUN
# noneil aksemnnApa kKnacca
def show (self):
print("Re ",self.Re)
print("Im =" self.Im)
# Co3paeTcs 9K3eMnasp kKnacca
a=CompINum(1,2)
# Cos3paeTcd Konus 3kK3emMnnapa Knacca
b=ComplINum(a)
print("9k3emnnaap a:")
# 3HayeHusa nonei MCXOQHOTO 3K3emnnapa
a. show()
print("9k3emnnaap b:")
# 3HayeHusa nonei aksemnnapa-konuwu
b. show ()
print ("Mona ak3emnnspa a mM3MeHswTCca!")
# M3meHdAeM 3HauyeHUs nNonell UCXOZHOTO
# aK3emnndapa
a .Re=10
a.Ilm=20
print("9k3emnnaap a:")
# 3HayeHMsa nonei MCXOQHOro 3akK3emnnsapa
a. show ()
print("9k3emnndap b:")
# 3HayeHusa noner aksemnnapa-konuwu
b. show()



Inaea 6. OCHOBbI 06LEKTHO-OPUEHTUPOBAHHOTO NPOrPaMMMPOBAHUS
Pe3yanaT BbIMOJ/THEHNA NPOrpamMMHOro Koga TaKoW:

Pe3ynbTar BbIno/HeHVs nporpavvbl (M3 iMctuHra 6.15)

ok3eMnnap a:

Re =1
Im = 2
Jk3emnnasap b:
Re =1
Im = 2

Mona ak3emnnapa a Mm3meHawTCcAa!
ok3eMnnap a:

Re = 10
Im = 20
dk3emnnap b:
Re =1
Im = 2

B npegcTaBneHHOM npumMepe Mbl co3gaem knacc ComplNum co cnabbiMm HameKoM
Ha peann3auunio KOMMIEKCHbIX YNCeN MOCPeACTBOM 3K3eMMIAPOB 3TOr0 Kacca.
Bo BCAKOM cnyuae, y 3K3eMMNIAPOB Knacca ecTb ABa Nons: Re U Im (Kak bl geli-
CTBUTENbHAA U MHMMAs YaCTN KOMMJIEKCHOTro ynucna). MNpu co3fgaHnm ak3emnnisa-
pa Knacca aprymeHTamm KOHCTPYKTOPY MOXHO nepefaTb 3HAYeHWA AN Monel
Re W Im, a MOXHO nepefaTb CCbIIKY Ha 3K3eMMNNAp Knacca, Ha 0CHOBE KOTOPOro
6yneT co3faBaTbCs Konus.

W Ha3ameTky

KOHCTPYKTOp onucaH ¢ Tpems aprymeHtamu. MepBblii aprymeHT self siBnsietca ccbin-
KOI Ha 3K3eMM/IAp Knacca (ToT aK3eMnasp, Yto cosgaetcs). Eule ABa aprymeHta o6o-
3HaYeHbl KakK X UY. Y KaX40ro U3 aTux apryMeHTOB eCTb Hy/IeBble 3HAUEHUsI N0 YMOJI-
YaHuio. Mo3TOMY (POPMasIbHO KOHCTPYKTOP MOXHO BbI3blBaTb 6€3 apryMeHTOB, C O4HUM
apryMeHTOM WK C A4BYMS apryMeHTaMu. EC/n KOHCTPYKTOP Bbi3blBaeTcsi 6€3 aprymeH-
TOB, TO 3TO BCE PABHO, KaK eC/in 6bl OH BbI3bIBA/ICA C ABYMSI HY/IEBbIMM apryMeHTamMu.
Ecnn KOHCTPYKTOPY NepeaaH ToMIbKO OAMH apryMeHT, TO BTOPOI CUATAETCS Hy/IEBLIM.

B Tene KOHCTpyKTOpa B YC/IOBHOM OrMepaTtope npoBepseTcs TWUM MepBOro apry-
MeHTa. TouHee, NpoBepseTCcs ycnoBue type (x) ==ComplNum, KOTOpOE COCTO-
UT B TOM, YUTO TUN AaHHbIX, Ha KOTOPbIE CCbI/TAETCA aPryMEHT X, AB/IA€TCA 3K3EeM-
nnapom Knacca CompINum. Ecnu ato Tak, 10 aprymMmeHT X O6pa68TbIBaeTCFI KaK
aK3emnaap Knacca ComplNum.

KomaHaamm se If .Re=x.Re M se |f.Im=x.Im 3Ha4YeHNs noneii Re N Im 3K-
3eMnaspa x NpucBanBaeTCcs COOTBETCTBEHHO NOIAM Re U Im 3K3emnaspa se | f
(3K3emnnsp, KOTOPbIA CO34aeTCA NPU BbI30BE KOHCTPYKTOPA).
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Ecnu ycnosue type (X) ==CompINum JI0OKHO, TO Mbl HESIBHO MpeAnofiaraem,
UTO X U Y - YUC/IOBble apryMeHTbl. B 3TOM c/iyyae KOMaHgamu self .Re=X U
self ., llu=y 3HaUeHNs apryMeHTOB MPUCBaMBAlOTCA NOASAM Re U Im co3jaBae-
MOTO 3K3eMMspa kKiacca.

W Ha3ameTtky

TakM 06pa3om, ecv nepebIM (HO He 0683aTe/IbHO eANHCTBEHHLIM apryMeHTOM) KOH-
CTPYKTOpY MepefaHa ccbiika Ha ak3eMnasp knacca ComplNum, To BTOPOI aprymMeHT
KOHCTPYKTOPa B BbIYMC/IEHUSX HE UCMOJIb3YETCH - BHE 3aBMCMMOCTY OT TOro, nepeaaH
OH SIBHO W/IN HET.

Takxe B knacce CompINum onucaH MeTof ak3emnnspa show (), KOTOPbIA 0TO-
6paxkaeT B 06nacTU BbIBOAA 3HAYEHMA MOMei ak3emnnspa. Mbl 3TOT MeTO4 UC-
nonb3yem A4 NPOBepKN "CoLep>KMMOro" 3K3eMnasapoB Knacca ComplNum.

BHe kopa knacca ComplINum KOMaHAoin a=ComplINum(1,2) co3laeTca 3kK-
3emMnasp a knacca ComplNum. Konus 3Toro aksemnnspa Co34aeTcsd KOMaH-
[O/ b=CompINum (a). 34eCb apryMeHTOM KOHCTPYKTOPY 3K3emMnaspa kKnacca
ComplINum nepefaHa CCblIKa Ha paHee CO34aHHbIV 3ak3emnnsp a. Henocpeg-
CTBEHHO MPOBEPKON ybexgaemcs, 4TO IK3eMNAAp b LeACTBUTENbHO ABNAETCA
Konuei ak3emnaspa a: nocne co3gaHus ak3emnnsapa b y Hero Takue xe 3Haue-
HUS NOMei, Kak Uy 3K3emMnapa a, a Noc/ie U3MEHEeHNs 3HAYEHWIA NONen IK3em-
nnsapa a 3Ha4YeHUs Nosei aK3emnasapab He MEHAKOTCA.

CTOMT OTMETUTbL, 4YTO faxKe MPW OMUCaHUM B KflacCe KOHCTPYKTOpa co3fja-
HUS KOMUM HEOO6XOAMMO NMOMHUTL 06 0OCOBEHHOCTAX KOMUPOBAHUA JaHHbIX W3-
MeHSeMbIX TUMOB - TaKMX, KakK CMUCKU. Tak, NporpaMMHbIi KO, pacCMOTPEH-
HblA HAMMW MPU MANOCTPALUM NPUHLMNOB UCNOMb30BAHNA PYHKUUA copy () ©
deepcopy () u3 mogyna copy, Mor 6bl 6biITb peann3oBaH HECKO/bKO WHa-
ye, NPUBErHN Mbl K MOMOLLKM KOHCTPYKTOpPA CO3faHna Konuid. PaccmMoTpmuM nun-
CTUHT 6.16, B KOTOPOM MOKa3aHO, KaK MOXET BObITb 0NMcaH KOHCTPYKTOP, N0O3BO-
NALWKIA co3faBaTb KOMUKM 3K3EMNAAPaA Knacca ¢ NoNAMU-CNUCKaMMm.

JINCTVHT 6.16. KOHCTPYKTOP CO34aHUA KOMW W MOJIS-CIIUCKA

# Knacc
class MyClass:
# KOHCTpYKTOp
def __init__ (self,arg,nums=None):
# Ecnn aprymeHT arg - CcCbllKa Ha
# aksemnnsap knacca MyClass
if type(arg)==MyClass:
# 3HauyeHuMe nona name
self.name=arg.name[:]

<<[ «W-
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# 3HauyeHMe nons nums
self.nums=arg.numsJ[:]

# Ecnum aprymeHT arg - He CCblnkKa Ha
# ak3zemnnap knacca MyClass
else:

# 3HayeHue nona nawe
self.name=arg
# 3HayeHue nona nums
self.nums=nums
# MeToL gns oTobGpaxeHus
# 3HauyYeHMWI nonei aksemnaapa
def show (self):
# lMone name

print("name self.name)
# one nums
print("nums self.nums)

# CosgaHue 3K3emnnsapa Knacca
x=MyClass("Python", [1,2,3])
print("9k3emnnaap x:")

# OTo6GpaXkeHMe nonein ak3emnnapa X
X. show()

# Konuga sk3emnnapa X
y=MyClass(x)

# OTobOpaxeHMe nonein aksemnasapa y
y . show ()

print("Mona ak3emnnapa X M3MmeHAwTCA!")
M3meHeHMe 3HavyeHWa nons name
akzemnnapa X

.name="Java"

M3meHeHMe 3HauyeHWA 3eMeHTa B CNUCKe
nums - nofe ak3emnnspa X
.nums{0]=0

print("9k3emnnaap x:")

# OTobOpaxeHuWe nonein aksemnnapa X
X .show ()

print("9k3emnnaap y:")

# OTob6paxeHMe nonen aksemnnaapa y
y. show ()

X #H H X H

Hwnxe npuBeaeH pe3ynbTaT BbIMO/IHEHWUA 3TOI0 NPOrpaMMHOro Koga:

Pe3ynbTar BbINO/IHEHNS NPOrpamMmbl (M3 NINCTUHIA 6.16)

IK3eMnnap X:
name -> Python
nums -> [1, 2, 3]
name -> Python
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nums -> [1, 2, 3]

Mona ak3emnnapa X m3meHawTCA!
Jk3emnaap Xx:

name -> Java

nums -> [0, 2, 3]

IK3emMnaap y:

name -> Python

nums -> [1, 2, 3]

34ecb Mbl NPV ONUCAHMM KOHCTPYKTOpPa 3K3emnaspa knacca MyClass npegy-
CMOTPENN BO3MOXHOCTb Mepefarb KOHCTPYKTOPY ABa apryMmeHTa (TeKCT U cnu-
COK), WM OfWH apryMeHT, KOTOPbIA ABNSIETCA CCbINIKON Ha YXXe CYL,eCTBYOLWNIA
3K3eMnnsAp knaccaMycClass (414 co3gaHus Konum).

Q Ha 3ameTky

[ns aprymMeHTa nums B ONWCaHUM KOHCTPYKTOPA yKasaHO 3HauyeHue Mo YMOYaHuio
None, UTO COOTBETCTBYET MYyCTON CCbI/IKE. B M3BECTHOM CMbIC/IE 3TO Takoi hopmasib-
HbIi MPYMEM, MOCKOJIbKY COBCEM He yKasaTb 3HaueHMWe Mo YMOMYaHWUIO Mbl HE MOI/N:
ec/n A/1si apryMeHTa NUMS He yKasaTb 3HayeHue MO YMOJIYaHWIo, TO MPU BbI30BE KOH-
CTPYKTOpA CO3ZaHns KOMUW NPULLNIOCH 6bl NepefaBatb U BTOPOM, HUYEro He 3Haualyuii
apryMeHT. A 3TO He OYeHb YA06HO.

Boo6ue, 4To6bl OLLEHUTb pasHULY B NOAX0A4ax, XenawLlme MoryT CpaBHUTb NporpamMmm-
Hble KOAbl B JINCTUHrax 6.14-6.16.

B KOHCTpYKTOpe MCNOMb30BaH TaKOW e MpuemM, YTO U B NpefblAyLiemM npuMe-
pe: NpoBepseTcs, coBnagaeT M TUN apryMeHTa arg € Knaccom MycClass. Cno-
c06 06pabOoTKM aprymMeHTOB KOHCTPYKTOPA 3aBUCUT OT UCTUHHOCTM UM NIOXKHO-
CTW 3TOro ycnosus. MpuHuMnuanbHoe 0TANYME, MO CPABHEHWUIO C NPeabIAYLLUM
NPUMEPOM, COCTOUT B TOM, YTO NPV NPUCBAUBAHUUN 3HAYEHWUIA NONSAM BbINONHA-
eTCA KOMMPOBaHMe 3HAYeHUA C UCNOoNb30oBaHMeM cpesa (MHCTpykuma [: ] nocne
MMeHV MepemMeHHOM, cebinatLelics Ha TEKCT Uan cnucok). B atom cnyuae He-
ABHO MpeAnonaraetcs, YTO TUN apryMeHTOB MO3BO/IAET BbINONHATL NOA06HYHO
onepaumio.

U Ha 3ameTky

HanomMHMM, 4YTO C NOMOLLBLIO MOMYYEHNs cpe3 COo3[aeTCA NOBEPXHOCTHaA KOMus Cnu-
cKa. Y untatens MoryT BO3HVUKHYTb BOMPOChl OTHOCUTEIBHO TEX MPUMEPOB, YTO paccma-
TpuBa/INCb B INCTUHIe 6.14 n nucTuHre 6.16. Monpobyem mx npeayragatb. Ans aTo-
ro getanbHee pacCMOTPUM, YTO MPOUCXOAUT MPU CO3[aHUMN KOMUW ak3emnasapa (nu-
CTUHI 6.14). Tam ¢ nomoubio pyHKuun copy() cosgaBasiacb NOBEPXHOCTHaA Konus
y ak3emnnsapa x knacca MyClass. Y atoro aksemnaspa X 6bL10 None-CnnucokK nums.
Mpu co3gaHnn HOBOrO 3K3eMNISApa Yy y Hero toxe 6yaeT nosne nums. 3HayeHue 3To-
ro nonsA Takoe Xe, Kak 3Ha4yeHue Mosis Nums MCXOAHOro ak3emnaspa X- Ho Ha camom
Aerie 3HavyeHne nons NCXo4HOro aK3eMnIsapa X - 3TO CCbI/Ika Ha CNUCOK (B JaHHOM Cny-
vae [1,2,3])- NoaTomy B HOBOM 3K3eMMspe y nNosie nums 6yAeT CCbNaTbCa Ha TOT Xe
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caMblii CMNCOK, Ha KOTOPbIl CCbl1aeTCcs Nosie nums ak3emnsipa X. Ecnn mbl yepes ak-
3eMnN/IAp X M ero nosie NUMS MeHsieM 3/1IeMEHT B COOTBETCTBYIOLLLEM CNUCKE, TO U3MeHe-
HUA "3aMeTUT" 1 3K3eMnasAp y (MOCKO/IbKY ero nosie CCbislaeTcsa Ha TOT Xe caMblii Cnu-
coK). Ho ecnun mMbl NnpucBOUM APYroe 3HavyeHune rnosto nums akK3emnasapa X, To 3HayeHue
noss NUMS 3K3eMmnspa y ocTaHeTcsl HensMeHHbIM! ObpaTuTe BHMMaHMe - peyb naeT o
npuceaviBaH 3Ha4YeHUs MO0 NUMS, a He OTAe/IbHOMY 3/IeMeHTY CNUCKa nums: xena-
oL me MoryT B NporpaMMHOM Koge U3 nucTuHra 6.14 komaHgy X. nums [0] =0 3ameHUTb
Ha KOMaHAy X .nums=0 1 NPoBepUTb pe3y/ibTaT BbIMONHEeHVS Koha. MNovemy Tak npouc-
XxoauT? MoTOMY YTO NpU NprYCBanBaHUM 3HAYEHWNS MO/ NUMS 3K3eMMIsipa X CCblfiKa B
3TOM MoJie NPOCTO NepebpacbiBaeTCA Ha HOBble AaHHble. [1py 3TOM Mosie NUMS 3K3eM-
nasipa y NpoAosHKaeT CCbIaTbCsA Ha CUCOK.

B iMcTuHre 6.16 B KOHCTPYKTOpPE 3K3eMM/Isipa klacca npv co3faHumn konuu noseli nauwe
1 nums nucnosb3oBaHa npoLeaypa nonyyeHus cpesa. Batom cnyyae cosgatotcs noBepx-
HOCTHbIe KOMuK Nosiei name MNMT3MCXOAHOT03K3eMMNIAPa.UCChISIKA HA3TUKONUU3anu-
CbIBalOTCA B MO/ hame 1 nums 3K3eMmnssipa-konun. B oTHOLLEeHUN Nosist nums peyb UaeT
0 NMOBEPXHOCTHOW Konuu cnncka. Ho NockonbKy BAAHHOM Crlyvae NoJsie-CnMcoK NUms He
COZEPXUT B KAYECTBE 3/1EMEHTOB APYrNX CMMUCKOB, NPo6/sieM He BO3HMKaeT. OHWU MOrn
6bl1 6bITb, €C/M 6bl B UICXOAHOM 3K3eMMJ/IAPe X CIINCOK NUMS CoAepXas BHYTPeHHME cnu-
cku. Hanpumep, ecnv BAuctuire 6.16 komangy x=MyClass (*'Python™, [1,2,3]) 3a-
MeHUTb Ha komaHay x=MyClass ("'Python™, [[1,2] ,3]),a komaHay x .nums [0] =0 -
Ha KomaHAy x -.nums [O] [0]=0, To n3MeHeHUs1 B NOJIe NUMS 3K3eMMNIApa X OTpasAaTcsa u
Ha nosie nums 3K3emnaspay-

Pe3tome

1. Bs3bike Python nogaepxvBaeTcs napagnrma 06beKTHO-OPMEHTUPOBAHHOTO

nporpammupoBaHus (OOTT). MNporpaMMHble KOAbl, HAaNUCaHHbIE Ha A3blKe
Python, moryT cofiepXaTb U ONEPUPOBATH KiaccaMu U 3K3eMNAApaMu Knac-
COB.

B o6uem cmbicfie Knacc - 3T0 HeKOTOpPbIil WabnoH, N0 KOTOPOMY CO34al0T-
cA 06beKTbl. O6BLEKT, B CBOKO 0o4epefb, 06beUHAET B OLHO LeNoe AaHHble U
yHKLUMKN (MNK MeToAbl) AN 06pabOTKM 3TUX AAHHbBIX.

O6beKTbI, CO3JaBaeMble HAa OCHOBE K/lacca, HasbiBAK T 9K3EMN/IsipaMu Kiacca.
Cawm knacc B Python Takxe siBNsieTC 06bEKTOM.

MepemeHHble, 06bAB/IEHHbIE B K/acce, HasbiBalOTCA nonsamu knacca. MNepe-
MEHHbIE, CBA3aHHbIE C 3K3EMMsSpaMK Knacca, Ha3blBardTCA NOMSAMU 3K3EM-
nnspa knacca. ®yHKUWMKW, ONMCaHHble B K/acce, Has3biBalOT (PYHKLUAMMU
Knacca. ®yHKLUMM, CBA3aHHbIE C 3K3eMMIApaMu Knacca, Ha3blBardTCA MeTo-
famu ak3emnnsapa knacca. lMons v metofbl (PYyHKLUN) Ha3bIBAKOTCA aTpU6Y-
TaMy (Knacca unm aK3emnnaspa Kjiacca COOTBETCTBEHHO).

OnucaHue Knacca HauMHAeTCsA C K/HOYEBOro cnosa class, nmocne KOTopo-
ro yKasblBaeTcs UM knacca. MeTofbl 3K3eMnsipa Kaacca OnuChbIBalOTCS B
Tene Knacca Kak 06bluHble PyHKLMU. Tpu 3TOM MepBblii aprymMeHT MeTona

m
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10.

11.

12.

13.

L

(pekomeHayemoe Ha3BaHue sel ) no ymonyaHuio ABISETCS CCbINKON Ha K-
3eMnNNap, U3 KOTOPOro Bbli3biBAaeTCA MeTod. [pu Bbl30Be MeTofda M3 3K3eM-
naspa Knacca nocine UMeHM 3K3eMNaspa Yepes TOUKY YKa3blBaeTCA UMA Me-
TOAa, a B KPYI/bliX CKOGKax - apryMeHTbl. Ccbifika Ha 3K3eMNAsp Knacca, 13
KOTOpPOrO BbI3bIBAETCA METO[, NepeaaeTcs aBTOMaTUYECKN, TaK YTO NPU Bbl-
30Be MeTOfa y Hero Ha OAWH apryMeHT MeHblUe, YeM 3T0 GbISI0 NpU onuca-
HUKM MeTo/a B Tese Knacca.

[ns co3paHns aK3emMnaspa Knacca nepemMeHHOW 3K3eMnispa npucBamBaeT-
Csl BbIPQXXEHWE, COCTOSALLEE U3 UMEHU K/lacca U KPYT/ibiX CKOBOK. B Kpyrabix
ckobKax MOTyT nepefaBaTbCs apryMeHTbl KOHCTPYKTOPY 3K3eMnspa Kiac-
ca.

KoHCTpYKTOp 3K3emnaspa Knacca - 3T0 MeTof, KOTOpPbI/i aBTOMaTU4ecKu Bbl-
3blBaeTCA NpY CO34aHUM 3K3emnnsapa knacca. KOHCTPYKTOp MMeeT Ha3BaHue
_init__ (). Takxe cywectsyet gectpyktop__del__ (), HO OH Ha npak-
TUKe UCNONb3YyeTCa peaKo.

. ATpnGyTbl 06bEKTa K/acca W 3K3emnaspa Knacca yxe nocie Ux co3gaHus

MOXXHO MeHATb (f06aBnATb U yganate). Ana yganeHusa atpubyToB MOXHO
ncrnonb3osats onepatop del. lo6aBneHne aTpubyTOB BbINOHAETCSA NYTEM
npucBanBaHUs UM 3HAUYEHUSA.

Ecnny knacca ny aKk3eMmnnspa kjiacca ectb Nons ¢ 04MHAKOBbIMUW Ha3BaHUA-
MW, NOMe 3K3eMNApa Knacca "nepekpbiBaeT” none knacca. O6paweHune K Ta-
KOMY MOS0 N0 UMeHU (Y4epe3 CChISIKY Ha 3K3eEMNAAP Knacca) 6yeT 03HavaThb
obpalleHue K MO0 3K3eMnaspa Knacca.

Mpn o6paljeHnn K QyHKLUW, ONUCAHHOI B Tene Knacca, Yepe3 CCbIIKY Ha
3K3eMNAsAp Knacca, co3faeTcs 06bEKT METOAa IK3eMMNispa Knacca, KoTopblii
1 Bbl3blBaeTCA. Bbl30B JaHHOr0 MeTOAa 3KBMBANIEHTEH BbI30BY COOTBETCTBY-
oL el (hYHKLMM Knacca ¢ TaKUMM XXe apryMeHTaMu, YTo 1y MeToaa, HO eLle
C 406aBNEHNEM [OMOMHUTENIbHOTO MEPBOT0 apryMeHTa - CChIIKMA Ha 9K3eM-
MAsp Knacca, M3 KOTOPOTro Bbl3bIBAETCA METOS,

Nmsa dyHKUMKM, ONMCaHHON B Knacce, ABnfeTcA aTpubyTOM 3TOro Knacca.
Kak BCAKOMY aTpubyTy, 3TOMY MOXET 6blTb MPUCBOEHO HOBOE 3HAayeHue
(MMA PYyHKLMN), OH MOXET BbITb YeN1eH UK B KNacc MOXeT 6bITb fo6aBneH
HOBbI aTpUBYT, CChINAKLWMNIACA HA PYHKLAIO.

CcbifiKa Ha (hYHKLMIO Knacca MnnM MeToj 3K3eMMspa Knacca MOXeT 6biTh
3anucaHa B MEPEMeHHYI0, KOTOpas 3aTeM UCMOb3yeTcs A5 Bbi30Ba PYHK-
UM MNn mMeToga.

[na co3gaHma Konwuu 3K3eMnnspa kKfiacca COo34aldT KOHCTPYKTOp co3fa-
HUA KONUU UNK UCMonb3yoT pyHKuum copy () ndeepcopy () us mogyns
_copy. @
T
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JNyywinii cnoco6 06bACHUTL - 3TO camMOMy cAe-
naTh.
. Kapponn "'Anuca B cTpaHe yvygec'

[anee peyb NoigeT 0 HEKOTOPBIX JOCTATOYHO HETPUBMANBHBIX MEXaHU3MaXx, B-
NAWMXCA HeoTbemnemoit YacTbto OOT. B mepByto ovepedb 3TO, KOHEYHO Xe,
HacnegoBaHue. Kpome HacnegoBaHus, Mbl 06CyMM MCNONb30BaHMe creymab-
HbIX MeTOLOB M aTpubyToB Npu paboTe ¢ Knaccamu, NO3HAKOMUMCA C BO3MOX-
HOCTSIMW MO NepeonpesesieHN0 OMepaTopoB, a TaKXXe 3aTPOHEM PAfL APYTUX TeM.

HacnepoBaHue

3Bpuka! Llapckne wmoTku! Opesaiicsl, Lapem
6yneLb!

n3 K/ *'ViBaH BacunbeBny MeHsie T npogec-
cuio'!

Ecnu B 06WKX YyepTax, TO UAes HacnefoBaHWs COCTOUT B TOM, YTO HOBbI Knacc
co3jaeTcs He Ha "MyCTOM MecCTe", a Ha OCHOBe YXe CYLLeCTBYIOLLEro Knacca.
MpeAnonoxuM, 4To OfMH Knacc co34aeTcs Ha OCHOBe Apyroro knacca. ToT Knacc,
4yTO co3faetcs, 6yaem HasbiBaTb MPOU3BOAHBLIM KaccoM. TOT Kfiacc, Ha OCHOBe
KOTOpOro co3jaeTcs MPOU3BOAHLIA Knacc, 6yaeM Ha3biBaTb 6a30BbIM K/IACCOM.
Takum 06pa3om, No ONpeseneHunto NPOM3BOAHbINA Klacc Co3haeTcsa Ha OCHOBe Oa-
30BOr0 Knacca.

B pe3ynbTaTe HacnefoBaHUsA BCe NONA U PYHKLMUKN U3 6a30BOr0 Knacca HeBHbIM
obpasom "HacnegytoTca" B npon3BogHOM knacce. C hopMasibHON TOUKM 3PEHNS
4yTOObI CO34aTh MPOM3BOAHbIN Knacc Ha 0CHOBe 6a30BOro MPW ONUCAHWMW NMPOU3-
BOZHOIO Knacca rnocne UMeHW Kracca B KPYr/ibIX CKO6Kax yKa3blBaeTca nmsa ba-
30BOrO Knacca.

Lpyrumuy cnosamu npu 0NMcaHMmM NPOM3BOLHOIO KNacca MCnosb3yem Takoi Lwa-
6/10H (OKMPHBIM LWPUDTOM BblfefIeHbl KNOYeBble 31eMEHThI La610HA):

class nNpou3BoAHbIA_knacc(6a3oBblii_Knacc):
# Teno Knacca

cm
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Mpumep HacnefoBaHUS MPOUNNKOCTPUPOBAH MPOrPaMMHbBIM KOAOM B SIUCTUH-

re7.1.

JluctnHr 7.1. HacnepomHme knaccos

# BasoBblii Knacc
class BaseClass:
# Mone 6a3o0BOro knacca
name_base="Knacc BaseClass"
# MeTog ak3emnnapa 6a30BOro knacca
def say_base(self):
print("Metog say_base()")
# Mpon3BOAHBLIA Knacc
class NewClass(BaseClass) :
# [lone npons3BOAHOro Knacca
name_new="Knacc NewClass"
# MeToa 3sk3emnnsapa NPOM3BOLHOIO Knacca
def say_new((self):
print("Metog say_new()")
# Ok3emnnap 6a30BOro kKnacca
obj_base=BaseClass O
# JK3emnnAp NpPoOM3BOAHOrNO Knacca
obj_new=NewClass()

print("Knacc BaseClass u 3ak3emnnap obj _base:")

# Mone 6a3o0BOro Knacca
print(BaseClass.name_base)

# MeTop 9k3emnnapa 6a30BOro kKnacca
obj base.say_base()

print("XnKnacc NewClass n ak3emnnsp obj_new:")

# lMone npons3BOLHOr0 Knacca
print(NewClass.name_base)

# MeTog 9k3emnnapa NPOW3BOLHOIO Kfacca
obj_new.say_base()

# YHacnepoBaHHoe M3 6a30BOro knacca

# none NPoM3BOAHOrNO Knacca
print(NewClass.name_new)

# YHacnepoBaHHbIA M3 6a30BOro kKnacca

# MeTO4 9K3emnnsapa MNPOM3BOLHONO Knacca
obj_new.say_new|()

B nporpaMmHOoM Kofe 6a30Bblii KnacCc HasbiBaeTcs BaseClass.

910 ca-

MbIA 0BbIYHBIA Knacc. O6CTOATENLCTBO, YTO AaHHbIA Kjacc nocnyxun 6aso-
BbIM A/18 CO34aHUs HOBOrO Knacca, HMKaK He OTpaXeHo B Knacce BaseClass.
B knacce BaseClass onucaHo nose name_base ¢ TEKCTOBbIM 3Ha4YeHUEM
"Knacc BaseClass'™ v MeTo[ 3k3eMnaspa c Ha3BaHWeM say_base (). Y me-

*
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ToAa OAWH apryMeEHT U METOAO0M B OKHE BbiBOa OT06pa)K68TCFI npocrtoe coo6u.|,e-
Hue.

UTo KacaeTcs Npou3BOAHOro Knacca, To oH HasblBaeTcd NewClass. lMpu cos-
JaHuM 3TOro Knacca B KPYr/blX CKOOGKax nocne UMeHu co3faBaeMoro npousso-
[IHOTO Knacca ykasblBaetcs ums 6a3oBoro knacca BaseClass. HenocpefcTseH-
HO B Tene knacca NewClass onucaHbl Nnojfie name_new ¢ TEKCTOBbIM 3HaYeHU-
em ""Knacc NewClass' v npegHa3HauyeHHbI 418 BbiBOAA COOOLLEHNS METOA
ak3emnnspa knacca say_new() € o04HWM aprymeHToM. Ho, NOCKO/MbKY Kfacc
NewClass co3gaetcs Ha ocHOoBe Knacca BaseClass, 10 "B HacneAcTBo" OT 3TO-
ro Knacca OH nonyvaet none name_base n meTog say_base (). Takum o6pa-
3oM, y knacca NewClass fBa nona (name_new n name_base) v aBa metoga
(say_new () n say_base () ).

Jk3emnasap 6a30BOro knacca cosgaetca komaHgoin obj base=BaseClass () -
JK3eMnasap NPoM3BOAHONO Knacca co3gaem komaHgon obj new=NewClass ().
Uepes knacc BaseClass nonyyaem foctyn K nonto name_base. Uepes aK3eMm-
nnsp obj base 6a3oBoro knacca Bbi3biBaeM MeTof say_base (). Y knacca
NewClass, kak 0TMe4yanocb, ecTb Noas name_base n name_new, y ak3emnns-
pa obj new - metogbl say_base () u say_new(), KoTopble, COGCTBEHHO, "
BbI3bIBAKOTCA. Pe3ynbTaT BbINOMHEHWA ONUCAHHOTO MPOrpaMMHOro Koja npeg-
CTaB/IeH HUXe:

Pesyrsrar esinonHeHust nporpaMvibi (M3 JUCTVHIA7 1)

Knacc BaseClass n ak3emnnap obj_base:
Knacc BaseClass
MeTtop say_base()

Knacc NewClass n ak3emnnap obj new:
Knacc BaseClass

MeTtop say_base()

Knacc NewcClass

MeTop say_new()

BaXHO MoHMMaTb, YTO NPM CO3[aHMM NPON3BOLHOIO Knacca Ha 0CHOBE 6a30B0r0
Knacca nocfiegHnin Ncnosib3yeTca He A48 TOro, YTo6bl MPOCTO CO34aTh HA OCHO-
Be ero aTpubyToB Takue >Ke aTpnOyTbl B MPON3BOLHOM Knacca: B MPOU3BOLHOM
Knacce UCMONb3YHOTCA Te Xe caMble aTpnbyThl, YTO 1 B 6a30BOM Knacce. [103To-
MY ec/in yXe nocne co3gaHua npous3BoAHOro Knacca M3MeHUTbL "cogepxxumoe”
6a30BOro Knacca, 3Tu MU3MEeHEHWA 0TPa3ATCA U Ha NPOM3BOLHOM Kiacce.

Mpumep Takol cuTyaumm NPOUIAKOCTPUPOBAH B IMCTUHTE 7.2,

H |
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NnctunHr 7.2. ameHeHue 6a30BOro kiacca

# BbasoBblli Knacc
class BaseClass:
# lNone 6a3oBOro Knacca
nawe="Mone name"
# MeTog sk3emnnspa 6a30BOro knacca
def say(self):
print("Metog say()")
# Mpoun3BOAHBLIA Knacc
class NewClass(BaseClass):
pass
# OK3emMnnap nNpou3BOAHOrO Kacca
obj=NewClass ()
# [lone npons3BOAHOrO Knacca
print(NewClass.name)
# MeTon ak3emnnfpa NPOM3BOLHONO Knacca
obj.say()
# Co3faem GyHKLUIO
def hello(self):
print ("HoBblAi meTon hello O")
# WN3meHAeM CCbINKy Ha (QYHKUMIO
# B 6a30BOM Knacce
BaseClass.say=hello
# VI3MeHAeM 3HauyeHue nong
# B 6a30BOM Knacce
BaseClass.nawe="HoBoe 3HayeHue nons name"
# lMpoBepsdemM 3HayeHMe MNonNd B NPOM3BOAHOM KJacce
print(NewClass.name)
# Bbl3blBaeM MeTOh W3 3K3emnnapa
# NpPOM3BOAHOrO Knacca
obj.say()

Pe3yanaT BbIMO/THEHNA 3TOI0 NPOrpaMMHOro Koda npueeneH HMXE:

Pe3ynbTaT BbINOHEHWS NPOrpaMmMbl (M3 NMUCTUHTA 7.2)

Mone name

MeTog say ()

HoBoe 3HauyeHMe nons name
Hosbili metog hello ()

B 6asoBom knacce BaseClass onucaHo nofe mnawe €O 3HayeHuem
"Mone nate" un wmetog say()", oToOpaxawwWwmWii B OKHe BbIBOAA TEKCT
"Metog say () ". MNMpoussogHbil knacc NewClass, KOTopblii co3gaetcs Ha
ocHoBe 6a30B0ro knacca BaseClass, HMKakoro JonoaHUTENbHOIO KO4a He COo-
4epXxuT. Mbl co3faem ak3eMmnnaap obj nponssogHoro knacca NewClass. KomaH-

"o
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famu print (NewClass .name) un obj .say () nposepsieM, YTo Mosne name u
meTog say () ycnewHo HacnefoBaHbl 13 6a30BOro knacca. 3aTem ornpegenser-
ca pyHkymns hello () n komaHgoi BaseClass .say=hello ccbinka Ha 3Ty
(hyHKUMIO 3anucbiBaeTcsd B atpubyT say 6asoBoro knacca BaseClass. Takxke
KoMaHaoin BaseClass.nare=""HoBoe 3HauyeHMe nonsg name' U3MeHs-
eM 3HauyeHue nong name B 6a30BOM Knacce. [locne 3Toro npoBepseM 3HaueHue
nonsg name B NPOU3BOAHOM Knacce ¢ nomollbio komaHabl print (NewClass.
name), a TakXe Bbi3blBaeM MeTof say () U3 ak3emnnapa npou3BOAHOro Knac-
ca C NMoMOLLblo KoMaHAbl obj . say (). Kak Buanm no pesynbtaty BbINONHEHNUA
3TUX KOMaHf, B NPOMU3BOLHOM KJiacCce UCMO/b30BaHbl HOBbIE 3HAYEHUA aTpuby-
TOB 6a30BOrO KJacca.

Mpu HacnegoBaHWM CYLLECTBYET BO3MOXHOCTb NepeonpeaensiTh Noas U MeTo-
Abl, Hacnef0BaHHbIE B MPOM3BOAHOM Kracce u3 6a3oBoro. O6uas uges coctout
B TOM, Y4TO MOJIE U/ METOS, KOTOPbIE HAacleAyTCcs U3 6a30BOr0 Knacca, B Npoun3-
BOJHOM KJlacce CO3[alTCs 3aHOBO. KaK 3To AenaeTcs Ha NpakTUKe, UNNICTPU-
pYyeT NporpaMMHBbIiA Kog U3 McTuHra 7.3.

NncTtuHr 7.3. NepeonpegeseHvie Nonen n MeToaos

# BbasoBblli Knacc
class BaseClass:

# Mone 6a3oBOro knacca

nate="MNone nate 6aszoBoro knacca"

# MeTop sk3emnnapa 6a30BOro knacca

def say(self):

print("Metog say() 6a3oBoro knacca")

# TMpou3BOAHbLIA Knacc
class NewClass(BaseClass):

# lMone npouM3BOLHOrO0 Knacca

nate="lone nate Npou3BOAHOro kKknacca"

# MeTop ak3emnnapa NPOU3BOAHOrNO Knacca

def say(self):

print("Metog say() nmpou3BogHOro knacca")

# Ok3emnnap 6a3o0BOro kKknacca
obj _base=BaseClass()
# OK3eMnnap NpPOM3BOAHOrO Kjacca
obj_new=NewClass()
# ATpubyTbl 3k3emnnsapa 6a30BOro knacca
print (obj__base.name)
obj _base.say()
# ATpubyTbl 3K3emnnspa NPOW3BOLHOr0O Knacca
print(obj_new.name)
obj_new.say()

W T .uuas
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Mpu BbINOJHEHWM JAHHOTO NPOrPaMMHOI0 KOZ4a NOMyYaeM Chnefytownii pesyb-
TaT:

Pe3ynbTar BbINO/IHEHNUS MPorpaMmmbl (M3 NNCTUHIA 7.3)

Mone nmaTte 6a30BOro knacca
MeTtopg say() 6as3oBoro knacca
Mone nawe NPoM3BOLHOTFO Kfacca
MeTtog say() mMpoM3BOLHOrO kKnacca

B aTom npumepe Mbl CHavana co3ganu 6a3oBbilii knacc BaseClass ¢ nonem
nawe u MetoZoM say (), a 3aTem Ha OCHOBe 3TOro Knacca cosganu npousso-
AHblli knacc NewClass. WM xoTa npu HacnefoBaHUmM nojse name u Metog say ()
CTAHOBATCA AOCTYMHbLIMW W B NMPOW3BOLHOM KNacce, Mbl BCE PaBHO B KJacce
NewClass onucbiBaem none nawe n meTof say (), HO yxe gpyrue (no cpaBHe-
HUIO ¢ 6a30BbIM Knaccom). B pesynbTate ak3emnasp obj base 6a3oBoro knac-
ca ccblflaeTcs Ha nosie U MeTof 13 6a30BOro Kacca, a sk3emnaap ob j_new npo-
M3BOLHOIO Knacca CChINIaeTcs Ha noJie U MeToA NMPOoM3BOAHOIO KJacca.

OO6bIYHO Ha nNpakTuMKe npuberawT K nepeonpegeneHno meTogos. Mpuyem cu-
Tyaunst MOXeT ObITb fa/IeKO He TaKoi NPOCTOi, Kak 6blf10 MOKa3aHo Bbiwwe. Eule
OAVH NpuUMep nepeonpejeneHns MeToL0B NPW HACNeLoBaHUW MPUBELEH B NU-
CTUHre 7.4.

JIucTnHr 7.4. MNepeonpegeneHve metogoB

# BbasoBblli Knacc
class BaseClass:
def init (self,num):
self.id=num
def get(self):
print("ID:",self.id)
# MeTon ak3emnnsipa 6a30BOro knacca
def show (self):
print("Mone sk3emnnapa 6a3oBoro knacca")
self.get(
# Mpon3BOAHbLIA Knacc
class NewClass(BaseClass) :
def init (self,num ,txt):
super().__init__ (num)
self.name=txt
def get(self):
super().get()
print("Name:" ,self.name)
# Ok3emnnap 6a30BOro knacca
obj base=BaseClass(1)
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print("BbisabiBaem meTtop show() u3 asksemnnsapa obj_base:")
# Bbi3oB MeToja 3k3emnnspa 6a30BOro knacca

obj _base.show()

# JK3emnaap NpoW3BOAHOrO Kjaacca
obj_new=NewClass(10,"gecatka")

print("BbidbiBaem meTtop show() wn3 ak3emnnapa obj new:")
# Bbl30B MeToja 3K3eMnnsapa NpoOW3BOAHONO Knacca

obj new.show()

Mpexae, 4eM NOCMOTPETb, KAKOB e GYy/AeT pe3ynbTaT BbIMOMHEHUS 3TOr0 Npo-
rPaMMHOTIO0 KOAa, KpaTKo NpoaHanun3npyem ero.

Basosbiii knacc BaseClass cogepXUT KOHCTPYKTOP, B KOTOPOM nonwo id ak-
3eMmnapa Knacca npucBanBaeTcs 3HaueHue (nepefaeTcsd apryMeHTOM KOHCTPYK-
Topy). MeTog ak3emnnspa get () oTobpaxaeT B OKHe BbiBOfA 3HAYeHMe Nons
id 3k3emnnsapa, U3 KOTOPOro Bbi3biBaeTcAd Metof. Ewe B knacce BaseClass
onucaH metog 3ak3emnnspa show(), B kotopom komaHgoin print (‘'Mone
ak3emnidpa 6a30Boro kmacca'') B OKHe BbiBOAA 0TO6paXkaeTcsa coobule-
Hue, a 3aTem KomaHgow self.get () Bbi3biBaeTcss MeTog ak3emnasapa get ()
(KOoTOpbI, HANOMHUM, 0TO6GpaXKaeT 3Ha4yeHMe Nons Id ak3emnnaspa Knacca).

MpownseogHblli knacc NewClass co3gaetca Ha OCHOBe 6a30BOro knacca
BaseClass. B faHHOM Knacce MHOTO HOBbIX AN8 Hac (M, BO3MOXHO, HEMOHAT-
HbIX) WHCTPYKUMWIA. B nepByto o4yepefb 3TO KOHCTPYKTOp. Mbl npegnonaraem,
4yTO Yy 3K3eMnNasapa NPoM3BOAHOIO Kfacca byfeT fBa nons: nose id v nose nawe.
Heobxoanmo, 4To6bl 3TUM MOAAM B KOHCTPYKTOPE MPUCBavBaiNChb 3HAYEHUS,
W, COOTBETCTBEHHO, 3HAYEHUS 3TUX MOJEN JOMKHbI NepegaBaTbCA apryMeHTaMu
KOHCTPYKTOPY.

Hawa nges cocTouUT B TOM, YTOOblI B KOHCTPYKTOPE 3K3eMNaapa Npon3BoLHOro
Knacca Bbl3BaTb KOHCTPYKTOpP 3k3emnnspa 6a3oBoro knacca. lNpo6nema ycyry-
6n9eTca 06CTOATENILCTBOM, YTO BCE KOHCTPYKTOPbI BO BCEX KnaccaxX Ha3blBalT-
€A 0AUHAKOoBO. UT06bI BbI3BaTb "MpaBW/bHbIA" KOHCTPYKTOP, HaM NOHazo6uT-
cAd PyHKumnsa super (). PyHKUUA BO3BpaLlaeT B KayecTBe pesyfibTara cneuu-
anbHbI NPOKCM-06BEKT, KOTOPLIN LeNerupyeT BbI30B MeToga 6a30BoMYy Kaccy.
C NpakTU4ecKOoi TOUKM 3peHNs Ha 3Ty PYHKLUIO MOXHO CMOTPETb Kak Ha 3ame-
CTUTeNb 3K3emMnasapa 6a30BOro Knacca, U3 KOTOPOro NoslyvyaeTcs Bbi3BaTb UCXO-
OHYI0 (onpeaeneHHyto B 6a30BOM Kfiacce) BepCcUio MeToja - B TOM YMC/Ie 3TO Ka-

CaeTCcs U KOHCTPYKTOpA.

Q Ha 3ameTky

Kak 6bl TaM HY 6bIM10, @ Bbl3BaTb KOHCTPYKTOP 6a30BOro K/lacca MOXHO WHCTPYKLuei
Buga super () .__init__ (aprymeHTbl). B Kpyr/bIx ckobKax Ans KOHCTPYKTOpa yKasbl-
BalOTCA apryMeHTbl, Npu4eM 6e3 CCbINIKM Ha 3K3EMM/IAP Knacca, U3 KOTOPOro Bbi3biBa-
€TCA KOHCTPYKTOP.
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KomaHgoin super () .__init__ (num) B Tene KOHCTPYKTOpa 3K3emmnnspa
NMPOU3BOAHONO Kiacca Bbi3blBaeTCH KOHCTPYKTOP 3K3emnnspa 6a3oBoro knac-
ca. B pesynbTtate none id nonyuuT cBoe 3HavyeHume. 3aTeM KOmaHgonm se lf.
name=txt 3HayeHMe MpuUcBaMBaeTCa MOMK name 3K3emMnnspa NPOU3BOAHOIO
Knacca (nepemeHHble self, num n tx t 0603HaualOT apryMmeHTbl KOHCTPYKTOpa
3K3emMnsapa npon3BOAHOro Knacca).

B npoussogHOM Knacce nepeonpegenserca metog get (). B Tene meTtoga Ko-
maHgoh super () .get () BbI3bIBaeTCA Bepcusi mMetoga M3 6a30BOro Kracca.
Mpwv BbINOAHEHWM 3TOFO MeTOAa, HANOMHWM, B OKHE BbIBOa 0TO6paXkaeTcs 3Ha-
YyeHue nons id aK3emnaspa knacca, M3 KOTOPOTO Bbl3bIBAETCA METOA. 3aTEM KO-
maHgoh print ("Name: se lf.name) oTo6paxaeTca 3Ha4YeHMe Noas name
NMPOU3BOAHOrO Knacca.

W Ha3ameTtky

Ecnn umeeTcst HEKOTOPbI METOA, KOTOPbI onpeaeneH B 6a3oBOM k1acce v nepeonpe-
AensieTcs B NPOU3BOAHOM K/lacce, U Ham Heo6xoAMMO B Tesle 3K3eMmnisipa NpousBo-
AHOTO Knacca BbI3BaTb 3Ty MCXOAHY0, 6a30BYyl0 BEPCUIO MeTOAA (& Takoe BO3MOXHO),
ncnosib3yeM MHCTPYKUMiO Buaa super O -meTog (aprymeHTb!) -

EcTb anbTepHaTMBa K UCMO/Ib30BaHUMIO0 hyHKUMM super (). Hanpumep, ecnv Ham B nNpo-
M3BOAHOM K/lacce HYXHO BbI3BaTb Bepcuio MeTofa 3k3emnaspa u3 6a3oBoro kniacca,
MOX€eM BbINO/HUTL SIBHYIO CCbI/IKY Ha 6a30Bbli K1acc, BOCMNO/b30BaBLUMCL KOMaHAoM
Buaa 6a3oBblli_knacc.metos (self, aprymeHTs) - 370 BMecTo KomaHabl super() .
veTon (aprymeHThl). Hanpumep, komaHga super () .get () morna 6bl BbIrNA4eTb Kak
BaseClass.get(self).

BaxHblli MOMEHT, Ha KOTOPOM crefyeT OCTAHOBUTbCHA, CBA3aH C METOAO0M
show (), KoTopbIil onnucaH B 6a30BOM Knacce, a B NpoOM3BOAHOM He nepeonpe-
pensdetcs. MoaToMy NPpoOU3BOAHbLINA Knacc HacnegyeT Bepcuto metoga show () uns
6a3oBoro knacca. Ho B metose show () (B 6a30BOM Knacce) Bbi3blBaeTCA MeTO[
get (), KOTOpbIA, B CBOK OYepefb, NepeonpejenseTca B NPOM3BOLHOM Knacce.
Mpwu BbI3oBe MeToga show () M3 sK3emnasapa NPOM3BOLHONO Knacca 6yaeT Bbl-
3biBaTbcs MeTog get (). Bonpoc B TOM, Kakoli MMeHHO 310 6ygeT metog get () -
13 6a30BOro Knacca uam n3 npon3sogHoro? OTBET Ha 3TOT BOMPOC Mbl NOMYUYUM
13 pe3ynbTarta BblIMOJIHEHWNA NPOrpaMMHOro Koja.

Jk3emnnsp 6a30BOro knaccacosfaercs komaHgon obj base=BaseC lass (1) .
3atem BbI3biBaem meTof show () m3 ak3emnnspa obj base 6a3oBoro knacca
(komaHfa obj_base _show () ).

ak3emnnap Npon3BOAHOIO Knacca cosfaercs KOMaHAoi obj
new=NewClass(10,"gecatka'). KomaHgoii obj _new.show() Bbi3biBa-
etca metog show () 3 aksemnnsapa obj_new npoussofgHoOro kKnacca. Pesysb-
TaT BbINOJIHEHWA BCErO NPOrpaMMHOro Koda Takoi:
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Pe3ynbTar BbINO/IHEHUS MPOrpamMmbl (U3 INCTUHTA 7.4)

BbizbiBaem meToa show() u3 aksemnnapa obj_base:
Mone 3ak3emnnapa 6a30BOro kKnacca

ID: 1

BbisbiBaem mMeTtog show() wu3 asksemnnapa obj new:
Mone ak3emnnapa 6a3o0BOro kKnacca

ID: 10

Name: pecaTka

Oco6blii MHTEpeC NPeACTaBAAOT NOCAEAHNE TPU CTPOKM B OKHE BbIBOZAA: 3TO pe-
3yNbTaT BbINOIHEHUS KOMaHAbl obj_new .show (). HECNIOXHO MOHATL, YTO Ta-
KOI pe3y/sibTaT MOXeT 6blTb MOMYYEH, ECNIN B Te/Ie HAC/I€40BAHHOTO M3 6a30BO-
ro knacca metoga show () BbI3bIBAETCA MEPEONPESENEHHbIA B MPOVN3BOAHOM
knacce metog get (). Mpnyem 3To 06LLEE NPABWO: EC/TN B HAC/NEAYEMOM METO-
[e ecTb KOMaH/a Bbl30Ba 4pyroro MeToAa v 3TOT ApYroii MeToZ nepeonpegens-
eTCs B MPOU3BOAHOM Kfacce, To 6yAeT Bbi3BaHa 3Ta HOBas (NMepeonpegesieHHas)
BepcUs MeToza.

W Ha3sameTtky

B si3blke C++ Takoe CBOICTBO Ha3blBaeTCA BUPTYabHOCTLIO. Bblpaxascb TepMUHOIO-
rueii sizbika C++, B Python Bce MeToAbl SBSIHOTCA BUP TYa/IbHLIMU.

[lo 3TOro npw co3gaHnm Npon3BOAHOIO Knacca 6a3oBblil Knacc 6bi/1 BCEraa OAuH.
Ha camom gene B Python npon3BofiHbIN KNacc MOXHO CO3/1aBaTh Ha OCHOBE Ccpa-
3y HECKO/bKMX 6a30BbIX KNacCoB. ATO Ha3blBAeTCA MHOXKECTBEHHbIM Hacneao0Ba-
HUeM. Mpy MHOXKECTBEHHOM HacNef0BaHWUM Yy MPOU3BOAHONO K/lacca He OAuH 6a-
30BbIii Knacc, a HECKOMbKO 6a30BbIX KMaccoB. [MPOU3BOAHbIN Knacc Hacnegyet
BCE aTPMGYThl KaXX40ro 13 CBOMX 6a30BbIX KaccoB. He60oMbLLIOK NpUMepP C MHO-
YKECTBEHHbIM HacnefoBaHMEeM NPeAcTaBieH B IUCTUHTe 7.5.

Q Haszametky

B aTOM npumepe Mbl Kak 6bl YC/IOBHO "onucbiBaeM" HekoTOpyto KOPOOKY nnn Awmk. Y
3TOro AlMKa ecTb reoMeTpuyeckme pasMmepsl (LULMPUHA, BbICOTa, rNy6uHa), Macca (Mnm
BEC - XOTS, €C/IM YeCTHO, 3TO JasIeko He OAHO 1 TO Xe), a elle LBeT. Ha ocHOBe INHeNR-
HbIX pa3MepoB BblYNCsieTCA 06 beM (MPou3BefeHne LMPUHbI, BbICOTbI U I1y6VHbI). Bee
enHVLbI N3mMmepeHunii 6e3pasmepHble.

B knacce BoxSize npegycmMoTpeHa BO3MOXHOCTb 3anucblBaTb /IHENHblE pa3smMepbl U
BblUMCNATL 06beM. Knacc BoxParams npegycmarpvBaeT BO3MOXHOCTb 3aroMUHaHUsA
Takux napameTpoB, Kak Bec 1 LUBeT. Ha ocHoBe knaccoB BoxSize v BoxParams nytem
HacnefgosaHuA co3gaeTcs Knacc Box. ,
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NncTtuHr 7.5. HacnepoBaHme HECKOTbKMX 6Ga30BbIX KNaccoB

# MMepBblii 6a30BbI Knacc
class BoxSize:
# KOHCTpYyKTOp
def __init__ (self,width,height,depth):
# MNpuceanBaHWe 3Ha4YeHUN NONAM 3K3emnnapa
self.width=width
self.height=height
self.depth=depth
# MeToa ANS BbluMCNeHWA ob6bema
def volume(self):
# PesynbTaT - npou3BejeHue nonei aksemnnsapa
return self.width*self.height*self.depth
# MeTog AnA oTob6paxeHWA 3HavyeHUW nonein ak3emnnapa
# n pesynbTata Bbl3oBa MeToga volume()
def show (self):
# [ona ask3emnnapa Knacca
print("Pa3mepbl U 06bem Awmnka:")
print("Wwupuua:", self.width)
print("BbicoTa:", self.height)
print("fnybuna:",self.depth)
# PesynbTaT Bbi3oBa MeTtoga volume()
print("O6bem:", self.volume())
# BTopoin 6a30Bblii Knacc
class BoxParams:
# KoHCcTpyKTOp
def __init__ (self,weight,color):
# MpuceanBaHue 3Ha4YeHUMN NONAM 3K3emnnapa
self.weight=weight
self.color=color
# MeTop Ana oTob6paXeHWAa 3HavYeHUN nonein ak3emnnapa
def show (self):
# OTob6paXxeHMe 3Ha4YeHWn nonei
print("AononHnTenbHble napaMmeTpbl fAujmMka:")
print("Bec (macca):",self.weight)
print("LBet:",self.color)
# TMpou3BOAHbLIA Knacc
class Box(BoxSize,BoxParams):
# KOHCTpYyKTOp
def __init__ (self,width,height,depth,weight,color):
# Bbl30B KOHCTpyKTOpa nepBoro 6a3oBOro knacca
BoxSize. init__ (self,weight,height,depth)
# Bbl30B KOHCTpyKTOpa BTOpOro 6a3oBOro knacca
BoxParams. _init__ (self,weight,color)
# Bbl3oB MeToga show() aksemnnapa Knacca
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self._show(
# NepeonpegeneHne metoga show()
def show(self):
# Bbi3oB MeToga show() n3 nepBoro 6a3oBOro knacca
BoxSize.show(self)
# Bbi3oB MeToga show() wn3 BTOporo 6a30BOro kriacca
BoxParams .show(self)
# Co3paem 3K3emnasap NpouM3BOAHONO Kracca
obj=Box(10,20,30,5,"3eneHblii'")

B 6a30BOM Knacce BoxSize onucaH KOHCTPYKTOpP, B KOTOpoM nofam width,
height 1 depth sk3emnnspa knacca npucBanBarOTCA 3HaYeHUA (TEM CaMblM
npu co3j4aHMK 3K3eMNaapa Knacca aToMy 3K3emnnapy fo6aBns0TCs COOTBET-
CTBYHOLME NONS).

Q Ha 3ameTky

O6patnte BHUMaHWe, YTO aprymMeHTbl KOHCTpykTopa width, height, depth v nons ak-
3eMnsipa knacca HasblBaloTCsA 0AuHaKoBo. Ecnv B Tesie KOHCTPYKTOpPa Mbl NPOCTO Nu-
wem HasBaHve width, height wnun depth, To nmetloTCa B BUAY aprymeHTbl KOHCTPYK-
Topa. /19 CCbINKN Ha NoNs ak3emnasapa knacca ncnonblyem nHeTpykumn sel f.width,
self_height n self.depth c fABHbIM yka3zaHuem aprymeHta KoHcTpyktopa self,
OTOX/AECTB/IIEMOrO CO CChI/IKOW Ha 3K3eMNAsAp Kracca.

[na Tex, KTo 3HakoM ¢ C++, Java nnm C# noguepkHeMm: B Python HeT cokpatlyeHHon dhop-
Mbl O6paLLeHns K NonsaM ak3emnaspa knacca.

Takxke B knacce BoxSize onuceiBaetca metog volume (), npegHasHauYeHHbIl
ON5 BblUMCNeHUs obbema: pe3ynbTaTtoM MeTofa ABnseTca npousseseHne sel f.
width* sel T _height*sel f_depth 3HaueHnii Bcex Tpex nonei aksemnaspa.

MeTtog show () cofep>XuUT KOMaHzbl MO 0TO6PaXKEHUIO B OKHE BbIBOAA 3HAYEHMUA
nosen aKk3emnnsapa u pesynbTaTa Bbi3oBa meToga volume () .

B 6a30BoM knacce BoxParams B KOHCTPYKTOpe 3a4alTcs 3Ha4YeHUs ABYX No-
neii, a metog show () B 3TOM Kfiacce onucaH Tak, YTO NpwW ero Bbi30Be 0TobOpaxa-
IOTCA 3HAYEHMWA ITUX NONEN.

Mpowns3BogHbI knacc Box co3gaetca Ha OCHOBe 6a30BbIX KnaccoB BoxSize wu
BoxParams: Ha3BaHWA 3TUX KNaCCOB yKa3blBATCA B KPYr/blX CKOOGKax nocrne
MMEeHN NPOU3BOAHOIO Kfacca. B npou3BogHOM Knacce ONuCbiBAeTCA KOHCTPYK-
TOp, Yy KOTOPOro A40CTaTOYHO MHOIO aprymMeHTOB.

B Tene KOHCTPYKTOpa NOCNeA0BaTe/lbHO BbI3biBAKOTCA KOHCTPYKTOPbI 6a30BbiX
KnaccoB: KomaHgol BoxSize. init (self,weight, height, depth)
BbI3bIBAETCA KOHCTPYKTOP 3K3emnnspa knacca BoxSize, a komaHgoih Box-
Params.__init (self,weight, color) Bbi3biBaeTCAd KOHCTPYKTOpP 3K-
3emnnspa knacca BoxParams. W B TOM U B ApyroM Cny4yae KOHCTPYKTOP Bbl-
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3bIBaeTCS KaK (hYHKLMS Kacca ¢ SBHbIM YKa3aHUeM UMeHW Knacca U nepegavei
MepBbIM apryMeHTOM KOHCTPYKTOPY cChinkn se | f Ha ak3emnnsp knacca.

Takxe B KOHCTPYKTOpPE Bbl3blBa€TCA METOA show () Ho 31ecb Mbl TEOPETUYECKU
OOJIKHbI 6611 6bl CTONKHYTbCA C Hp06ﬂ6MOl7'IZ B KaXAoOM K13 6a30BbIX K/laccoBs
BoxSize M BoxParams eCTb MeTOA C Ha3BaHWeM show (), U KaXAbIA U3 3TUX
MeTOoA0B HacneayeTca B NPOM3BOAHOM Knacce Box. B npuHuunne, B Takom cntya-
LUK NO yMONYaHUo npu obpauieHnn K metody show () Bbi3biBanach 6bl Bepcus
MeToa U3 Knacca BoxSize, MOCKO/NbKY B CMNCKEe 6a30BbIX K1acCoOB 3TOT Knacc
yKa3saH nepsbIM.

W Ha3ameTtky

B ak3eMnsipe Npou3BOAHOIO Knacca npy oGpalleHnn K o Win Metoay, ecivm 3T1o
nosie WM MeTO/ He OnucaHbl B Tesle NPOU3BOAHOTIO Kacca, NOUCK HaunHaeTcsi B 6a30-
BbIX K/1accax, Npuyem CTPOro B COOTBETCTBUM C TEM MOPSIAKOM, B KOTOPOM K/accChbl yka-
3aHbl B CMUCKe HacrefoBaHusl (B KPYI/ibIX CKOGKax nocsie UMeHy Npov3BOAHOrO K/ac-
ca).

Ho Mbl ngem gpyrum nyTtem - nyTem nepeonpegeneHua metoga show () B npo-
M3BOLHOM Knacce Box. B Tene meTtofa B knacce Box KOMaHAamum BoxSize.
show () MBoxParams.show () Moc/iefoBaTe/IbHO BbI3bIBAKTCA BEPCUM 3TOTO
MeTofa COOTBETCTBEHHO M3 Kiacca BoxSize M BoxParams. 3[ecb AeicTBYeT
TOT Xe MPUHLMMN, 4TO U NPU NepeonpefeseHUN KOHCTPYKTOpa Knacca Box: me-
TOLbl BbI3bIBAOTCA KaK PYHKLUMN Knacca Yepes CCbliiKy Ha 06bEKT Knacca u ne-
pefayeil apryMeHTOM CChIJIKM Ha 9K3eMNAp Knacca.

MoMnMo onucaHUs KnaccoB, B NPOrpaMMHOM KOAe eCTb BCEro ojHa KoMaHzaa
obj=Box (10,20, 30, 5, "3efeHbIN"), KOTOPO/ CO37aeTCA 3K3EMNAAP Npo-
M3BOAHOIO Knacca Box. MPpW 3TOM BbI3blBAETCA KOHCTPYKTOP, & B KOHCTPYKTOpe
BbI3bIBaeTCA METOA show (), KOTOpPbIM 0TOGpaXatoTCA 3HaUEHMWS BCEX NOMei K-

3eMnaspa obj . Tak UTO pe3ynbTaT Nosyvaem Creayownii:

Pe3ynbTaT BbINO/HEHNA MPOrpamMmmbl (M3 NTNCTUHTA 7.5)

Pa3smepbl 1 ob6bem fAwmKa:

WnpuHa: 5

BoicoTta: 20

FnyéuHa: 30

0O6bem: 3000

JononHuTenbHble napaMeTpbl fAWWKa:
Bec (macca): 5

LlBeT: 3eneHbli

Kpome MHOXECTBEHHOTO Hac/ef0BaHNUs MOXET UCMO/b30BaTbCA MHOFOKpaTHOE
HacnegoBaHue. Mpu MHOTOKPaTHOM Hac/ef0BaHUM NPOU3BOAHbIN Knacc ABAseT-

~XK T
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cA 6a30BbIM anda aopyroro Knacca. Ecnn Y4€CTb, UTO OAHOBPEMEHHO AOMYCTUMO
ncnonb3oBatb 1 MHOXXeCTBeHHOe HacnegoBaHue, CTaHOBUTCA OYeBUAHbIM, 4YTO

AT

CTPYKTYypa "poAcTBEHHbIX OTHOWEHMIA" MeXAy KnaccaMu MOXeT 6biTb OYeHb
C/I0XKHOM.

W Ha 3ametky

Yacto Bce CBOAUTCSA K OrnpefesieHnto Toro, Kak npm MHOrokKpatHOM 1N Of4HOBPEMEH-
HO MHOXECTBEHHOM HacnefoBaHUN NPOU3BOAHBIM K1aCCOM Hac/eflytoTCs U3 pasHbIX
Knaccos atpmbyTbl (MeToAbl/PYHKLNM) C OANHAKOBbLIMN Ha3BaHUAMU. Peub naeTt BOT O
yeM: npefcTaBuM, YTO M3 3K3eMMisApa NPOM3BOAHOIO K/lacca BbI3bIBAETCA METOL UK
13 NPOU3BOAHOIO Knacca BbI3blBaeTca hyHKLMSA, a B CTPYKType HacnefoBaHUSA Knac-
COB eCTb MeTOoAbI/YHKUNN C TaKUM Xe MMeHeM. Bonpoc B TOM, Kakas Bepcus (M3 Ka-
KOro Knacca) metoga wim pyHkuumn 6yaeT Bbi3biBaTbcA? B 06Lem ynpouweHHOM Buae
OTBET Ha 3TOT BOMPOC CBOAUTCA K TOMY, Y4TO nocnefoBaTefnibHO nepebupaeTcsa Lenoy-
Ka Hacsief0BaHUA KNaccoB A0 NepBoro “cosnageHns”. basosble kaccbl nepebupatoTcs
BTOM NOpsAKe, Kak OHM yKasaHbl Npu co3gaHnn Npons3BoaHoOro knacca. MNMpuyem 6a3o-
Bble K1acchbl "npocmarpuBaloTca” BMecTe cO CBOMMM 6a30BbIMU Knaccamu. XoTsa u TyT
He Tak Bce NpoCTo. HenpmnATHOCTU BO3HUKAIOT B C/lyyae, ec/iv OAnH U TOT e Klacc okKa-
3blBaeTca "pasHbiMU NyTAMU", MPAMO WK ONnocpenoBaHHO, HECKO/IbKO pa3 cpean Ha-
cnepyembIix knaccoB. Hanpumep, knacc A Bnsetca 6a3oBbiM AN15 KnaccoB B 1 C, a Ha
VX OCHOBe co3faeTcs Knacc o. B pesynibtarte nosiyyaeTcs, 4to knacc D HacniefyeT Knacc
A" pBaxapl": uepes knacc B 1 yepes knacc C. A MOryT 6bITb 1 60/1ee TparnyHbie "XUTpo-

Puc. 7.1. Cxema HacnefoBaHusi knaccoB. HacnegoBaHne nsobpaxaeTcs HanpaB/eHHOM

cTpenkoi (oT 6a30BOro ksiacca Kk Nnpon3BoAgHOMY knaccy). LUudpamm o603HauYeH nopsaok

HacnefoOBaHWA K1accoB B C/ly4Yae MHOXECTBEHHOMO HacnefoBaHusA. Knaccbel ¢ onncaHHoM
dyHkumeli hi() BblaeneHbl TEMHbIM LBETOM



nasa 7. Tpogosmkaem 3HakomcTso ¢ OOM

crnneteHns”. B Nofo6HbIX ciydasx B Python npumeHsieTcs cneuyaibHblii anropuTtM, Ko-
TOPbIM OMNpeaensieTcs Lenoyka Hac/fefoBaHNsA KIaccoB, NpuYeM B 3TON LENoYKe Kax-
AObli KNacc BCTpevaeTcs TONbKO eAVHOXAbI.

Mbl no aToMy NoBOAY pacCMOTPMM He6ONbLUOWK NpuMep, NpeAcTaBNeHHbIN B 1N-
CTUHre 7.6. B npuBegeHHOM TaM NporpaMmMHOM KOZe OmnucaHbl HECKO/IbKO Kac-
COB, MPUYEeM OHWM M3 HUX HacnefylT gpyrue. O6lWwas cxema HacnefoBaHWA
K/lacCoB npejcras/ieHa Ha puc. 7.1.

Tpu 6a30BbIX Knacca (Alpha, Bravo M Charlie) cogepXaT onucaHue QyHK-
ummn hi (), aocrtanbHble KNacchl HaceLyOT (PasNUYHbIMU MYTAMM) 3TU KNacchl.
MporpaMMHBbIA KOA TaKOo:

JinctnHr 7.8. MHOroKparHoe HacnieaosaHne

# OnucbiBaeM Knacchl
class Alpha:
def hi () :
print("Knacc Alpha")
class Bravo:
def hi () :
print("Knacc Bravo")
class Charlie:
def hi():
print("Knacc Charlie")
class Delta(Alpha):

pass

class Echo(Delta):
pass

class Foxtrot(Bravo,Alpha):
pass

class Golf(Foxtrot):
pass

class Hotel(Echo,Charlie,Golf):
pass

# Bbi3blBaeM (YHKUUW KNaccoB

Echo.hi()

Golf.hi ()

Hotel.hi ()

Pe3yanaT BbIMO/IHEHNA NPOrpaMMHOro Koga CﬂB,EI,yPOLIJ.VIVIZ

PesynbTar BbINo/HeHUS MporpaMmb| (M3 MCTUHIa 7.6)

Knacc Alpha
Knacc Bravo
Knacc Charlie

-iB |
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Mocne onucaHuns KNaccoB B MPOrpaMMHOM KOfe NOCNeA0BaTe/lbHO BbIMOMHAOT-
cA KoMaHabl Echo.hi (), Golf.hi () MHotel.hi (). Pa3bepem, uyTto npouc-
XO4MUT NPY BbIMOMHEHUN KaXX0A U3 3TUX KOMAHS.

Mpwn BbINOAHEHUN KOMaHAbl Echo.hi () BbINOAHAETCA MOUCK PYHKLUUU hi ()
B Tefle Knacca Echo. HenocpefcTBeHHO B 3TOM K/iacce PYHKLMA He onucaHa. Ho
Knacc Echo co3faetcs Ha OCHOBe Knacca D elta. B aToM Knacce hyHKLMA C MMe-
Hem hi () TakXe He ornmMcaHa, N03TOMY NOUCK (PYHKL MW BbINOMHAETCH B Kflacce
Alpha - 6a30BOM Knacce Ans knacca D elta. B pe3ynbTare Bbi3biBaeTCA hYHK-
UMs u3 Knacca Alpha 1 B OKHe BbiBOZa NOsBAAeTCA CO06LWeHe Knacec Alpha.
34ecb cuTyaumsa npocTas, MOCKOMbKY MPOCTas Lenoyka HacnefoBaHmsa: Knacc
Echo Hacnegyet Knacc D elta, a knacc D elta Hacnegyet knacc Alpha. Mounck
(yHKUMKM hi () ocyL,ecTB/seTCcA B COOTBETCTBMM C 3TOW LLeN0OYKO Hacnenosa-
HUS.

Mpwn BbINONHEHUM KOMaHAbl G o If.hi () nouck PyHkumm hi () cHavana npo-
MCXOAMUT B Tene Knacca Golf. Ho TaMm Takasg (hyHKLUMA He onucbiBanach. l1o-
CKOJNIbKY KJflacc G o If co3fiaBanca Ha OCHOBe Kfacca Foxtrot, MOUCK PYHKLMNU
hi () BbINONMHAETCA B 3TOM Knacce. B Tene atoro knacca pyHkuusa hi () takxke
He onucaHa. NMouck npofomkaeTca B 6a30BbIX Knaccax AN Knacca Foxtrot:
3TO Knaccbl Bravo M A Ipha (B TOM NopsAfKe, KaK OHW YKa3aHbl Npu HacnefoBa-
HuK). Tak Kak B Knacce Bravo ecTb onucaHue ¢yHKuMmM hi (), oHa 1 Bbi3biBa-
eTcs, B pe3ysibTaTe Yero B OKHe BbIBOJA NOABNAETCA CO06WEeHNe Knacc Bravo.
Ecnu 6bl B knacce Bravo (yHKUMKU hi () He 0Kazanocb, NOUCK 6bl NPOAONKUII-
cA B Knacce Alpha.

Bonee cnoxHas cutyauus ¢ KomaHgoi Hotel.hi (). Mo nornke gna nomc-
Ka pyHKUMM hi () Knaccbl JOMKHbI 6binM 6bl MPOBEPATLCA B TaKOi nocnepgo-
BaTe/lbHOCTW: CHauana Hotel, Echo, Delta, Alpha, 3aTeM C harlie, a janee
Golf, Foxtrot, Bravo MAlpha - noka He OyaeT HaileH MepBbliA Knacc B 3TOM
noc/iefoBaTenbHOCTW, B KOTOPpOM onuncaHa pyHkumusa hi (). B aToii uenoyke nep-
BbIl Knacc, B KOTOpOM onucaHa yHKuma hi (), - knacc Alpha. MoaTomy ecnm
6bl BCe Tak 1 6bl10, NoABMAOCL 6bl coobleHne Knacc Alpha. Ho Ha camom
fene nossnseTcs coobuweHne Knacc Charlie. MNMoyemy Tak?

Ha camom gene NOMHbIA U MCYEPNbIBAIOLW NI OTBET CBOAUACS Obl K ONMCAHUIO
anropmTma, ucnonb3yemoro B Python npu ¢opmumpoBaHumM Lenovku Hacnepo-
BaHWA, KOr4a Of4HW U Te XKe KnacCbl MHOTOKpPaTHO HacnefyTca B MPON3BOLHOM
Knacce. Ham Takue "TexHuYeckue" nogpo6bHOCTU BPAL M NOHAJ06ATCS, NO3TO-
MYy Mbl OrpaHu4mnmcs obLei naeei ¢ anenndaumeidn K Hawemy npumepy. MNtak, B
thopManbHO MOCnef0BaTeIbHOCTU Hac/efyeMblX KNaccoB Knacc A lpha BCTpe-
yaeTcs ABaXAbl. A HYXHO, 4TOObl OH TaM BCTpeYasica BCero oguH pas. MNpuuem
BaXKHa M0O3MLMA, Ha KOTOPOW 3TOT Knacc 6yaeT HaXoANTbLCA B LLleNOYKe Hacnefo-

il —
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BaHMA (MOCKO/MIbKY OHa onpefenseT, B KaKOi nNocnefoBaTe/lbHOCTU NPOCMATPU-
BaKOTCA Kflacchbl Npu noncke QyHKUUM hi () ).

Ba3oBbIi NPUHLMN COCTOMT B TOM, YTO6bI M3beratb cMTyauuid, Korga cHavana
npocmaTpuBaeTcs 6a30Bblii Knacc, a 3aTeM MPOW3BOAHbIN OT Hero. B gaHHOM
KOHKPETHOM C/ly4ae TEOPETMYECKM MMEeeTCs fABa BapuaHTa LEeMo4YKu Hacnego-
BaHWa Anga Knacca Hotel: Echo, Delta, Alpha, Charlie, Golf, Foxtrot,
Bravo WKW Echo, Delta, Charlie, Golf, Foxtrot, Bravo, Alpha. B nep-
BOM C/iy4yae Knacc A lpha npocmaTpuBaeTcs nepef Knaccom Foxtrot, Ans Ko-
TOPOro Knacc Alpha ABnseTcs 6a30BbIM.

Kak Mbl ynoMWHanu Bbllle, 3TO NJ0X0l BapuaHT. Bo BTOPOM ciyvae Takoi npo-
6nembl HeT. T103TOMY LenoYyka Hac/efoBaHWA KnaccoB A/ Kfacca Hotel Ha
camoM fJene BbIrNnaguT Tak: Echo, Delta, Charlie, Golf, Foxtrot, Bravo,
Alpha. [1BUrascb no aToil Lenoyky npm nomcke koga pyHkummn hi () (peysb, Ha-
MOMHWUM, UAET O BbINO/IHEHUN KOMaHAbl H otel.hi () ) "ocTaHaBnMBaemcsa™ Ha
Knacce C harlie, B KOTOPOM 3Ta PyHKLMA OnmcaHa.

L  Ha3sameTtky

Ytobbl yBMAETb "LEenoyKky HacnegoBaHusa" ANnsi MPOM3BOAHONO Kacca, pasyMHO BOC-
nonb3oBaTbCA MOMAEeM__Mro__3TOro knacca. B yacTHOCTW, ecnn B paCCMOTPEHHOM
Bblle NpuMepe f06aBUTL koMaHay print (Hotel __mro__ ) ,yBuaum, B Kakoii nocne-
[0BaTe/IbHOCTM HacneayoTes knacebl B knacce Hotel .

BoOGLLEe, HECMOXHO NPUAYMaTh TaKylo CXeMy HAacfef0BaHUA KaccoB, KOoTopast AB/s-
€TCA HeJoNyCTUMOl B TOM CMbIC/IE, YTO He NO3BOMAET YCTAHOBWUTL MOC/e0BaTe k-
HOCTb WM LIENOYKY Hac/e/loBaHNs Kaccos. Hanpumep, knacce C HacneyeT knacchl A u
B, knacc Dnacnegyet knaccbl B v A a knacc Enacnepyet knacebi € n D B takoii cutya-
LM BO3HMKAeT olnGKa Tuna TypeError, cBA3aHHas ¢ HEBO3MOXHOCTbIO YCTAHOBUTH
LIeMNouKy HacneoBaHuA.

B cnegytowiem pasgene pedb NOMAeT 0 HEKOTOPbIX CreLnabHbIX MeTo4ax v no-
NAX, KOTOPbIe NO3BONAOT CYLLECTBEHHO PACLUMPUTL BO3SMOXHOCTY KNaccoB U 3K-
3emMnnapoB Knaccos B Python.

CneynanbHble MeTOoAbl N NONA

Xunebem 6paThb feMOHOB!
n3 K/ "'ViBaH Bacunbesny meHsie T npodec-
cno™

B Python ecTb rpynna MeTofoB, Ha3BaHUs KOTOPbIX HAYMHAIOTCSA U 3aKaH4YMBa-
0TCS ABOMHBIM NOAYEPKMBaHUEM. Takue MeTOAbI NpeAHa3HaYeHbl AN paboThl €
K/fiaccamuy 1 3K3eMNAspamu Knaccoe, U No3BOAAIOT BbINOHATL HEKOTOpPbIE BECh-
Ma cneunduyHble onepaymu. NMo3aToMy Takme MeToAbl 06bIYHO Ha3bIBAKOT CMELN-
aNbHbIMN.

CSl
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Q Hasawetky

Mo kpaliHell Mepe, ¢ ABYMS creunanbHbIMU METOAAMU Mbl Y)Ke 3HAKOMbI: 3TO KOHCTPYK-
Top __init__ () npectpyktop__del__ ().

TakxXe ecTb rpynna nosei, KOTOpble B HA3BAHWM B HaYasle U KOHLLe COAepXaT no
[Ba CMMBOJIA MOAYEPKMBAHUA. DTN MO AOCTYMHbI 415 KAXA0r0 Kiacca n/mnu
3K3EMMSPA N0 YMOMUYAHUIO.

Q Haszawmetky

Ha nepBbIli B3rnag MOXeT NoKas3aTbCA CTPaHHbIM, YTO Y KNaccoB, KOTOPble CO34atoTcs
nonb3oBaTenem, ecTb aTpubyThbl, KOTOPblE MONb30BaTENEM He onucaHbl. Ho 3gech cne-
[yeT yyecTb, 4YTO HaumHas ¢ Bepcumn Python 3 Bce Knacchbl (B TOM YuCfie U CO3AaHHbIE
nosnb3oBaTesieM), B KOHEYHOM cyeTe, ABNAIOTCA HacnefHNKaMmn Knacca object. [py-
rMMU CrI0BaMu, CYLLECTBYET MepapXma KNaccos, W B BEPLUMHE 3TOM MepapXmun HaxoauT-
CA Knacc object.

B Ta6nuue 7.1 nepeumcrieHbl HEKOTOpPbIe CreLuanbHble NOs, KOTOpble MOTyT
6bITb MOJIE3HbI NPU PaboTe ¢ Knaccamu.

Tabnmua 7.1. CrneuyiaribHbie Mo

More HazHaueHvie
bases Bo3Bpalyaetcs cnncok 6a3oBbIX KNaccos
diet BosBpallaeTcs cioBapb C aTpubyTamu Knacca
doc Bos3Bpawjaetcd TeKCT [OKYMEHTUPOBaHMA Knacca

(TekcT, onucbiBalOW Ml Knacc). TeKcT JOKYMEHTUPO-
BaHMA MOXHO HEMOCPEACTBEHHO YKa3aTh B Te/le Knac-
ca nepBoii CTPOKOW UM NPUCBOUTL MOS0 3HAYEHWE

module Bo3BpallaeTca Mofy /b Knacca
mro Bo3sBpallaeTca Lenoyka HacnefoBaHUs Knacca
name Bo3Bpalyaetcs nms knacca
qualname Bo3BpallaeTcd nosiHOe UM Knacca (B TO4eYHOM (hop-
maTe, oTobpaxarLiemMm CTPYKTYPY BIOXKEHHbIX Knac-
COB)
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W Ha3ameTtky

Y3K3eMNspoB Knacca ecTb CnelumansHoe nofe_class__ , KOTOpOe N0O3BONSET Onpe-
[eNnTb Knacc, Ha 0OCHOBE KOTOPOro co3jaBascs ak3emnasp. MockonbKy Knacc cam siB-
nsieTcs 06BLEKTOM, TO Y Knacca Takoe Mnosie Toxe ecTb. [Mone__class__ans o6bvekTa
Knacca faet (Npu BbiBOAe 3HaYeHns PyHkumeli print ()) 3HaveHne cclass 'type'>,
UTO 03HaYaeT NPUHALNEXHOCTL 06bEKTA Klacca K Tuny type.

Taloke eCTb O4eHb nonesHas yHkuus dir o, KoTopas NO3BONSET MOAYUUTb CMUCOK
aTpubyToB (Noneit 1 MeToA0B) ak3emnnsapa Knacca. Mpu Bbi3oBe DyHKUUM 3K3eMNAAp
Knacca nepejaeTcs apryMeHToOM (DyHKLMN.

Heb6onbwolii NnpuMep MCNONb30BaHUA MEPEYNCNEHHbIX MONEN NpUBEAEH B NU-
CTUHTe 7.7.

JuctunHr 7.7, CneunasibHble nost™

# Knacc
class Alpha:
"Knacc Alpha n BHYTpeHHMWIWA kKnacc Bravo"
def hello():
pass
# BHYTpPeHHWIA Knacc
class Bravo:
pass
# MpoussogHbln oT Alpha knacc
class Charlie(Alpha):
pass
# MpoussogHbln oT Charlie knacc
class Delta(Charlie):

pass

# Co3faeM 3K3emnnap knacca
obj=Alpha()

# [lone class JK3emnnapa kKnacca
print ("NMNone __class__ ")
print("9k3emnnap obj:",0bj._ _class__)
# Mone class. Knacca

print ("Knacc Alpha:",Alpha.__class__)
print("Knacc Alpha.Bravo:",Alpha.Bravo.__class__)
print("Knacc Charlie:", Charlie.__class__)

# Mons __bases__ n __mro__

print ("XnMonsa _ _bases__ n __mro__")

print ("Knacc Delta, none __bases__ :",Delta. bases_ )
print("Knacc Delta, none _mro_ :",Delta. mro )
print("Knacc Alpha, none __bases___ :",Alpha. bases_ )
print("Knacc Alpha, none _mro__ :",Alpha. mro )

# lone doc
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print("\nMone __doc__ ")

print("OnuncaHne knacca AlphaAlpha._doc_ )
Delta.__doc__ ="Knacc Delta HacneagyeT knacc Charlie"
print("Onucanmne knacca D eltaD elta._doc_ )

# Mone __ _module__

print ("XnMone _ module__ ")

print("Moagynb knacca AlphaAlpha.__module_ )

# Mone __diet

print("XnMone diet ")

print("AtpubyTtel knacca AlphaAlpha._ diet_ )
print("Atpnbytel knacca Alpha.BravoA lpha.Bravo. dict_ )
print("ATtpubyTtel knacca D eltaD elta._ diet_ )

# Mons __name___ u __ qualname__

print("XnMons name n qualname ")

print("Knacc Alpha, none _name__ Alpha. name )
print("Knacc Alpha, none _qualname Alpha. qualname_ )
print("Knacc Alpha.Bravo, none _ _name__ Alpha.Bravo.

name__)

print("Knacc Alpha.Bravo, none _ _qualname__ Alpha.Bravo.
qualname__)

print("Knacc Delta, none _name_ :",Delta.__ _name_ )
print("Knacc Delta, none _qualname Delta. qualname_ )

Pe3ynbTat BbINOMIHEHNA 3TON0 NPOrpamMMHOrN0 Koga NpuBeAeH HUXE:

Pe3ynbTar BbINo/HeHA NporpaMvbl (U3 SINCTVHMA 7.7)

Mone __class___

Jdk3emnnap obj: <class ' _main__ .Alpha'>
Knacc Alpha: Cclass 'type'>

Knacc Alpha.Bravo: Cclass 'type'>
Knacc Charlie: Cclass ‘'type'>

Mona _ _bases__ u __ _mro__

Knacc Delta, none _ _bases__: (cclass ' _main__.Charlie'>))
Knacc Delta, none __mro__: (cclass ' main .Delta’>, Cclass
' _main__.Charlie'>, Cclass '__ _main__ .Alpha'>, Cclass
'object'>)

Knacc Alpha, none __bases_: (cclass ‘'object'>,)

Knacc Alpha, none __mro__: (Cclass ' main Alpha'>, Cclass
'object'>)

Mone _ doc___
OnucaHue knacca Alpha: Knacc Alpha u BHyTpeHHWA knacc Bravo
OnucaHue knacca Delta: Knacc Delta HacneagyeT knacc Charlie

mm—
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Mone _ module_
Moagynb knacca Alpha: _ _main__

Mone __diet

ATpubyTtbl knacca Alpha: {'__diet__': <attribute '_diet_ ' of
'Alpha' objects>, 'Bravo': Cclass '__main__ .Alpha.Bravo'>,

' weakref__': kattribute ' _weakref__' of 'Alpha' objects>,
'hello': kfunction Alpha.hello at 0x023201EO0>, ' module__ ":
' _main__"', '__doc__"': 'Knacc Alpha »n BHyTpeHHUIn Knacc Bravo'}
ATpunbyTtol knacca Alpha.Bravo: {'__weakref__': kattribute '
weakref ' of 'Bravo' objects>, ' diet " kattribute '_
diet " of 'Bravo' objects>, ' doc ' None, ' module '
' _main__ "'}

ATpunbytol knacca Delta: {' doc ': 'Knacc Delta Hacnepyer
knacc Charlie', ' module "' ' main '}

Mons _ _name__ u _ _qualname__

Knacc Alpha, none _ name__: Alpha

Knacc Alpha, none _ _qualname__: Alpha

Knacc Alpha.Bravo, none name__: Bravo

Knacc Alpha.Bravo, none _ _qualname__ : Alpha.Bravo

Knacc Delta, none _ _name__: Delta

Knacc Delta, none _ _qualname__: Delta

Q Haszawmetky

HekoTopble nons (a UMeHHO, _bases 1M mro__ ) B Ka4eCTBe 3HaYeHUn BO3Bpa-
LaoT KopTeXu (Habop 31eMeHTOB B KpYT/ibIX CKOOKax). ECi KOPTeX COCTOMT U3 OfLHO-
ro afemMeHTa, No NpaBuiam cUHTakcuca Python nocne 3Toro anemeHTa CTOWT 3ansTas,
XOTS CNefYHOLLEero 3eMeHTa B KOPTEXE HeT.

[anee Mbl paccMOTpWMM cneymanbHbie MeTOAbl. HauHeM B KayecTBe MnntwcTpa-
umm c metopga__call___ (), koTopblii NnpeAHa3HayYeH ANA BbINONHEHWA AOcCTa-
TOYHO 61aropoHON MUCCUM: eCNU B KNlacce onucaH 3TOT MeToj, TO 3K3emMnnap
Knacca MOXHO Bbi3blBaTb KaK PyHKLUIO.

Hebonbwoi npumep, UANKOCTPUPYOLWNIA, Kak onpegensietca metoa__ call
(), npeacTaBneH B AUCTUHTEe 7.8.

NnctuHr 7.8, OnpegeneHne metoga_ call ()

# Knacc
class Box:
# KoHCTpyKTOp
def __init__ (self,width,height,depth):
# Mona ak3emnnapa kKnacca
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self.width=width
self.height=height
self.depth=depth
# OnpepeneHne metoga __call__ ()
def _call__(self):
# Bbluncndetcs npousBefeHue noneil sakzemnnsapa
volume=self.width*self.height*self.depth
# OTobGpaxaeTca pe3ynbTaT BbIYUCNEHUIA
print("O6bem paBeH",volume)
# Cos3jaem 3K3eMnnap kKnacca
obj=Bo0x(10,20,30)
# Bbl3blBaeM 3K3eMNAAp Knacca Kak (QYHKUWUIO
obj ()

Pe3y/ibTaT BbIMO/HEHWS NPOrPaMMHOT0 Kofa Takoii:

Pe3ynbTaT BbINO/IHEHWS MporpammMbl (M3 IMCTUHIA 7.8)

O6bem paBeH 6000

B aTom npumepe Mbl 3KCNAyaTupyem MAeto C KNaccom, KOTOPbI/ OMUCbIBAET He-
KOTOPbI "AWKUK"™ nnm "Kopobky" (B reOMeTpMyYecKOM CMbIC/Ie 3TOFO MOHATUA).
Knacc Ha3biBaeTca Box. B knacce onucaH KOHCTPYKTOpP, MPU BbIMONHEHUN KO-
Toporo nonsm width, height n depth npuceamBalTca 3HauyeHUs (aprymeH-
Tbl KOHCTPYKTOpA).

[nsa BbluncneHns obbema, BMECTO TOro, YTO6bl ONWUCHIBATh METOA 3K3eMnasapa
Knacca, onpegensem metoa__call__ (). NMockonbKy meTof 6yfeT Bbl3blBATbCH
(HesABHO) yepe3 3K3eMNnAp Kracca, apryMeHTOM MeToja yKasaHa ccblfika se | f
Ha 3K3eMnnsAp Knacca. B Tene knacca komaHgon vo lume=se If.w idth *self.
height*self.depth Boluncnserca nponssegeHne nonein sk3emnaspa knacca
(To ecTb 06bEM "KOPOOGKM™) M 3anuUCbiBaeTCA B NOKaNbHYIO NepeMeHHyo v o l-
ume, Noc/e Yero 3HavYeHmne 3TOW NepemMeHHOR oTo6paXKaeTca B OKHe BbiBOAA. Ha
3TOM onucaHue Knacca Box 3akaHumBaeTcH.

BHe nporpammHoro koga knacca Box cosgaetca aksemnnsap obj atoro knacca, a
3aTeM cnegyeT KomaHga obj () - To ecTb Mbl 06palaeMca K 3K3eMNapy knacca
Tak, Kak ec/ii 6bl 3T0 6bln1a PYHKLKMA. TTOCKONbKY B Tefle Knacca Box onpepfeneH
meton call__ (), To aBTOMaTn4eckm Bbi3blBaeTCA 3TOT MeTo4. B pesynbTaTe
B OKHe BbIBOJa NOsABASETCSA CO06LWEeHNe ¢ MHopmaLuein 06 ob6beme "KOpobku™.

Q Haszawmerky

Bbipaxascb 60onee "TeXHOMOrMYHbIM™ A3bIKOM, KOMaHaa obj () obpabaTbiBaeTcs Kak
koMaHpga Box.__call__ (obj).

dcfcflb........
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MoxHo onpegenuts Metod__call () Tak, 4Tobbl 3K3eMNAP Knacca He npo-
CTO "BbI3bIBasica", a "BbI3bIBaNCA" C aprymeHTaMmn. HecsioXxXHo foragartbcs, 4to
[ns 3TOro focraroyHo onucatb Metod__call () c gononHUTENbHbIMU (KPO-
Me CCbIJIKM Ha 3K3eMMap Knacca) aprymeHTamu. Mpumep Takoii cutyauum npu-
BefleH B INCTUHre 7.9.

NnctuHr 7.9. Metop_ call__() c aprymeHTamun

# Knacc
class Box:
# KOHCTpYKTOp
def init (self,width,height,depth):
print("O6bem paBeH",self(width,height,depth))
# OnpepeneHne metoga __call__ ()
def call (self,width,height,depth):
# [ona 3k3emnnapa Knacca
self.width=width
self.height=height
self.depth=depth
# BbluncnseTcs npou3BejeHue nonen aksemnnsapa
volume=self.width*self.height*self.depth
# Bo3BpalwaemMblii pesynbTart
return volume
# Cos3pgaem 3Kk3eMnasp kKnacca
obj=Box(10,20,30)
# Bbi3biBaeM 3K3emMnnap Kak QyHKLuio
print("Hosoe 3HauyeHune",obj (1,2,3))
Pe3yanaT BbIMOJ/THEHUA NMPOrpaMMHOro Koga TaKoii:

Pe3ynbTar BbINOHEHUSI NPOrpPamMMbl (M3 INCTUHIA 7.9)

O6bem paBeH 6000
HoBoe 3HauyeHUe 6

B paHHOM cnyyae mbl Tak onpegensem meton call__ (), 4To npu BbI3oBe
ak3emnnaspa knacca (B ¢opmarte obpaweHMa K PyHKUMM) HeobxoaMmo nepe-
faTb TPW apryMeHTa, KOTOpble OMNpefensaT 3HaYeHUs Nonei ak3emnaspa knac-
ca. bonee TOro, Tenepsb ele 1 BO3BpaLLaeTCa pesysnbTar - 3T0 06beM (Npounsse-
feHune nonei aksemnnsapa knacca). CywecTBeHHO U3MEHU/ICA U MPOrpaMMHbIii
KOZ KOHCTpYKTOpa. bofiee KOHKPEeTHO, B Tefe KOHCTPYKTOPA BbIMOHAETCA BCEr0
ofHa KomaHga print("O6bem paBeH",self(width,height,depth)),
B KOTOpOW ecTb mHcTpykuma self (width, height, depth) Bbi3oBa 3k3em-
nnspa knacca self caprymeHtamu width, height ndepth.

Taknum 06pa3omM, HesiBHbIA BbI30B MeToda __ call__ () ucnonb3yetcsa yxe
B KOHCTPYKTOpe - TO eCTb MpW CO3JaHUM 3K3emnaspa kKnacca. [MOCKObKY

B
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npu Bbi30BE 9K3EMM/APa K/iacca BO3BPALLAETCA pesynbTaT, TO Y BblpaXeHMUs
self (width, height, depth) €CTb Y/C/I0OBOE 3HAUYEHME - MPOU3BEAEHME MO-
nei aK3eMnaspa Knacca. 3To 3HaueHne 6y1eT 0TO6PaXaTbCsA B OKHE BbIBOAA NPU
CO3/aHNM 3K3eMMaspa Knacca.

UTo KacaeTcq HenocpeacTBEHHO NPoOrpamMMHOro Koga metoga__call__ (), 1O

OH OMKMCaH C YeTbIpbM#A aprymeHTaMun: aprymeHT se | f NnpeacTaBNdeT CCbIIKY Ha
3K3eMnnaap kKnacca, a apryMeHTbl width, height n depth 3a4at0T 3HaYeEHUSA
nonei aksemnnsapa. B Tene metoga kKomaHgamm se I f.width=width, self.

height=height nself.depth=depth nonam npuceamBalTCA 3HAYEHUS,
3aTeM KOMaHfAol volume=self.width*self.height*self.depth Bbl-
YNCNAETCA nNponsseneHne I'IOﬂeVI, n, HakKoHel, I/IHCprKLI,VIQVI return volume
3T0 3HayeHMe BO3BpaLlaeTCca Kak pe3ynbtar metoga__call__ ().

MoaTomy Korga komaHgow ob j=Box (10,20,30) co3faetca ak3emnnsap Knac-
ca, TO MpuW BbI30Be KOHCTPYKTOpa NonsM width, height ndepth 3ak3emnnaapa
npuceamBalTCa 3Ha4YeHUs 10,20 n 30 COOTBETCTBEHHO, BbIUMCNAETCA MPOM3BE-
feHune aTux nonei n otobpaxaetcs coobuieHue. Mpy BbINONHEHUW KOMaHAbl pr
int ("Hosoe 3HaueHwne ",o0bj (1,2,3) ) yKasaHHble N0/ NOAyYatoT 3HaYe-
HUA 1,2 1 3, BLIYUC/IAETCH HOBOE 3HaYeHue ana ob6bema "KopobKM™ 1 3TO 3Haue-
Hue oTob6paxaeTca B OKHe BbIBOAA.

Momumo meTtopga_ call__ (), CywecTByOT U Apyrne nojesHble cneyuanb-
Hble METO/bl, KOTOPbIe YC/IOBHO, B 3aBMCMMOCTU OT UX, TaK CKa3aTb, Ha3HauYeHus,
MOXXHO pa3buTb Ha rpynmnbl. Tak, ecTb 4OCTATOYHO MHOIO METOZO0B, NpejHa3Ha-
YeHHbIX 419 npeobpa3oBaHUs IK3EMMNIAPOB Knacca K 6a30BbIM TUNaM - TaKUM,
Hanpumep, Kak Lenble yncna unu Tekct. B Tabnuue 7.2 npefAcTaBneHbl HEKOTO-
pble U3 TakKuxX MeToAoB. Npun onnucaHUy BCE OHW MUMEKT OANH apryMeHT - CChINKY
Ha aK3emnasp knacca (310, hakTUYECKM, TOT 3K3eMNAAP, KOTOPbIA HYXHO npe-
o6pa3oBaTb K 6a30BOMY TUNy). ABHO 3TN MeTOAbl 06bIYHO HE BbI3biBaOTCH. Mpu
Kakux 06CcToATeNbCTBaxX OHM "BCTynawT B Urpy", oNucaHo B Tabnuue.

Ta6bnuua 7.2. CneuunasibHble METOAbI NPUBEAEHUS K TUMY

MeTop, OnucaHne

__bool__() MeTog Ana NpuBEAEHUA 3IK3EMNAApa K NOTMYecKOMy
Tuny (tTun bool). Bbi3biBaeTcd npu MCNonb30BaHUK
hyHKuum bool () unm B MHBIX Cyyasax, Korga BbiNoHA-
eTCA aBTOMAaTUYECKOe NMPUBELeHNe K NOTUYECKOMY TUny
(HanpuMmep, KOrja 3k3emnasp ykasaH B TOM MecTe, rje
LOMKHO ObITh IOFMYECKOE 3HAYEHME - CKaXXEM, B YC/0B-
HOM oneparope)
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complex () MeTo ANS NPUBEAEHWUS K KOMMEKCHOMY Tuny (Tun

complex). MeTtoa BbI3blBaeTCA MNpPW UCNO/Mb30BAHUU
hyHKuum complex ()

__float__() MeTogq Ana npusefeHus K uncnosomy Tuny float (dpop-

MaT 4ucnia ¢ nnaBatolleil ToUuKoii). MeTopf Bbi3biBaeTCA
npu ncnonb3osaHum yHkuum float ()

_int_Q MeTog Ans NpuBeAeHUs K LenouncneHHomy tuny (Tun
int). MeToA BbI3biBaeTCA NPU UCMONb30BaHUN DYHKLUN
int ()

_str__0 MeTog 419 NpuBeAEHNA IK3eMNaspa K TEKCTOBOMY dop-

mMaty (Tun JaHHbiX str). MeToA Bbl3biBaeTCA MpuU MC-
nonb3oBaHUU GyHKUUM Str () unM B Tex cny4vasx, Kor-
[la BbIMO/IHAETCA aBTOMATUYECKOe NPuBefieHNe K TeKCTO-
BOMY (hopmaty

He6o0nbWwol npumep € MCNOMb30BaHNEM 3TUX METOLOB MPUBEAEH B NUCTWH-
re 7.10. B aTom npumepe Mbl ONUCbIBAEM K/lacC My C lass. QK3eMNAsp, KOTOPbIT
CO3/aeTca Ha OCHOBe 3TOrO0 KJacca, 6yAeT MMeTb Noae-CrNUCcoK C YNCNOBLIMU 3e-
MeHTamu. [lanee mbl yCTaHaB/IMBAEM Takue "npasuna” npueefeHnNs aksemnnapa
K pasHbIM TUMNam:

Ecnn IK3eEMNIAp NpmBoanUTCA K UE/104YNCNEHHOMY Tuny, TO B KayeCTBe
3Ha4YeHNA BO3BpallaeTCAa Lesnoe YNCao - Konn4ecTteso 3/IEMEHTOB B MNoJie-
CMnNCKe.

|_|pl/l npueegeHnM aksemnndapa K tuny float B KauecTBe 3HaUYEHUS BO3Bpa-
luiaeTca cpeaHee apmq)lvlemqecme 3HayeHue 3/71eMeHTOB B MNoJie-Crncke.

Ecnn IK3eEMNIAP NpuBOoANTCA K TUNY complex, TO B Ka4eCTBe 3Ha4e-
HNA BO3BpaLlaeTca KOMMNNeKCHOe YKMCno, KOTopoe co3faeTcda no Takomy
anroputTmy: ,D'eVICTBIATeﬂbHaFI 4aCTb KOMMJIEKCHOIO 4unucna - 3TO 3JIEMEHT
M3 CnNnckKa ¢ MakKCMMalibHbIM 3Ha4eHMeM, a MHUMasA 4aCTb KOMIM/IEKCHOI O
ypycna - 3To 3aIeMEeHT U3 CMMNUCKa C MUHUMa/IbHbIM 3Ha4YeHUeM.

K nornyeckomy Tuny bool aksemnnap 6yAetr npuBOAUTLCA TakK: €C/n B
none-cn1cke HeYeTHOE KONIMYECTBO 3/1EMEHTOB, NPU NPUBELEHUN IK3EM-
nnapa K Tuny bool Bo3Bpawaetcs 3HaueHue True, a €CAN KOMYECTBO
3/1EMEHTOB B CMMCKe YeTHOe, BO3BpalLaeTCca 3HaYeHne False.

HakoHel, Npu NpUBEAEHNM IK3eMNNAPa K TEKCTOBOMY Tuny 6Gy/eT BO3-
BpaLLaTbCs TEKCT, B KOTOPOM, KPOME MPOYEro, COAepXKaTcs 3HaueHus ane-
MEHTOB M3 NONA-CMMCKa.

€L



Tenepb NPUCTYNUM K PaCCMOTPEHUIO MPOTPaMMHOr0 Koga.

NnctuHr 7.10. MeToabl NpuBeELEHNSA K TUMY

# Knacc
class MyClass:
# KOHCTpYyKTOp
def __init__ (self,nums):
# Cos3paeM none - NycTOMN CNWUCOK
self,nums=list()
# OnepaTop uukna gna nepebopa
# 3NeMeHTOB B apryMeHTe nums
# (3TO CNWCOK WNW MHOXECTBO)
for n in nums
# [o6aBnaemM HOBbLIA 3NeMeHT B CMUCOK
self.nums.append(n)
# MeTog ANA npuBefeHMA K TunNy str
def _ _str__ (self):
# HayanbHOe 3HauyeHMe TeKCTOBOMW CTPOKMWU
6x1="3HauyeHune nona-cnucka:\n| "
# Mepebupaem 3NeMeHTb B CNUCKE Nnums- none
# aksemnnsapa knacca
for n in self.nums:
# [ononHdaeM CTPOKY HOBbIM TEKCTOM
txt+=str (n)+" | "
# Pe3ynbTat meToja
return txt
# MeToa ANSs npuBeAgeHMs K Tuny int
def __int__ (self)
# PesynbTtaT mMeTofa (KONMYECTBO 3/1eMEHTOB
# B cCnuWcKe nums - nofe 3K3emnnapa kKnacca)
return len(self.nums)
# MeTog gna npuBepeHua k Tuny float
def float (self) :
# CpefjHee 3HayeHWe 3N1eMEHTOB B
# cnucke nums - none akK3emnnaapa
avr=sum (self.nums)/int(self)
# PesynbTaT MeTofa
return avr
# MeTon Ans npuBefeHua kK tuny bool
def bool (self) :
# EcCNuM HeyeTHOe KO/NMYECTBO 3/IEMEHTOB
if int(self)%2==1:
# Pe3synbTatr MeToja
return True
# ECNM KONMYECTBO 3/IEMEHTOB YeTHOe

CEEY
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else:
# Pe3ynbTarT MeToja
return False
# MeTog Aona npuBefeHua K Tuny complex
def _ _complex__ (self):
# MuWHMManbHoe M3 4Yucen B CNUCKe
mn=min(self.nums)
# MakcumanbHoe M3 4Yucen B CNUCKe
mx=max(self.nums)
# KomnnekcHoe u4ucno
z=complex(mx,mn)
# Pe3ynbTatr MeToja
return z
# Cos3pgaem 3kK3emnnap kKnacca
obj=MyClass({2.8,4.1,7.5,2.5,3.2})
# BblBOAUM Ha ne4yaTb 3K3emMnnap
# (npeob6bpasoBaHue K Tuny str)
print(obj)
# MpuBegeHne K Tuny int
print("3nemeHtoB B cnunckeint(obj))
# TMpuseaeHne K Tuny bool
if obj:
print("HeyeTHOe KONMYEeCTBO 3N1eMeHTOB")
# TMpueepgeHne k Tuny float
print ("CpeaHee 3HaueHue:", float (obj))
# TMpeobpa3oBaHue Kk Tuny complex
print("MuHumym n makcumym:", complex(obj))

B pe3ynbTaTe BbIMO/IHEHMNA 3TOI0 KOAa noslydyaem Takoe:

Pe3ynbTar BbINOMHEHWSA NporpaMmmbl (M3 iMcTuHra 7.10)

3HayeHMe noffs-cnucka:

1 41 |1 2.8 125 | 3.2 | 7.5 1
dNeMeHTOB B cnucke: 5

HeuyeTHOe KONMYECTBO 3/1€EMEHTOB
CpepHee 3HauyeHwue: 4.02

MuHUMYM M Makcumym: (7.5+2.5j)

Y knacca MyClass ecTb KOHCTPYKTOpP. Y KOHCTPYKTOpa eCTb apryMeHT nums.
3TOT aprymeHT 0603Ha4aeT HEKOTOPbIM HAbop 3nemMeHTOB AN (hOPMUPOBaHUA
nons-cnucka. Mol 6yfeM MCXOLWUTb U3 TOrO, YTO 3TO CMUCOK MAN MHOXECTBO.
Ho npw co3gaHuy sK3eMnaapa Knacca 3fIeMeHTbl OpraHn3yoTcs B BUAe CNMUCKa.
[na atoro B Tene KoHCTpykTOpa kKomaHgo self.nums=list () y sk3emnns-
pa self co3gaem none nums, KOTOPOe BHayvase ABASETCA NYCTbIM CIUCKOM. 3a-
Tem 3anyckaetcs onepaTop LMKna, B KOTOPOM nepeMeHHas n nepebupaet 3Haue-
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HUS M3 CAKUCKA UM MHOXECTBa NUMS, NnepesaHHOro apryMeHTOM KOHCTPYKTO-
py. 3a KaxAabli Lukn komaHgon se I f.nums .append (n) BNone-CAXCOK nums
aksemnnsapa se | f gobasnsercs c nomowbio Mmetoga append () HOBbIWA 31EMEHT
(nepemeHHas n).

Metog__ str__ () ananpeobpa3oBaHnsa KTUMNY St I TAKXKe COLEPXMUT onepartop
uuKna. B Tene MmeTofa cHavyana KoMaHAom txt="3Had4eHne nona-cnucka: \
n| " onpegenserca HayaibHOe TEKCTOBOE 3HAa4YeHWe ANS MEePeMeHHONW txt, a
3aTeM B OMepatope LMK/a, B KOTOPOM NepeMeHHas n rnepebupaeT 3Ha4YeHWs us3
nonsa-cnmcka nums ak3emnnaspa self, kKomaHgoW txt+=str (n)+" | "go-
6aBnsgeTCA TEKCT CO 3HAYEHMEM 3/1EMEHTa W pasgenuTtenem (B BMAE BEPTUKab-
HOl 4epTbl). Mo 3aBepweHWK onepaTopa LMKAa NepeMeHHas txt KOMaHAoM
return txt BO3BpalWlaeTCcs Kak pe3ynbTaTt MeToga.

[na BO3MOXHOCTW BbINONHATL Npeobpa3oBaHMe 3K3emnnapa K Tuny int B
Knacce MycClass onucbiBaetcs metog__int__ (). B Tene metoga Bcero ofHa
kKomaHga return len (self.nums), KOTOpPOI Kak pe3ynbTaTt MeToga BO3Bpa-
LaeTca KOIMYECTBO 3EMEHTOB B CMMCKE nums K3 ak3emnnspa self. 3gech gns
BbIYMCNEHUA KONIMYECTBA 3/IEMEHTOB Mbl UCMO/b30Ba/IY BCTPOEHHYIO (PYHKLUIO
len ().

Metopn__ float__ () npepHasHaueH and npueefeHusa K Tuny float. B Tene me-
Tofa AN1A 3HAYEHMWIF 3NEMEHTOB Nons-cnucka nums ak3emnnspa self Bbiumc-
nsgeTca cpefHee apumMeTMYeCcKoe: CyMMY 3/1EMEHTOB BbIYMCISAEM C MOMOLLbIO
BCTPOEHHOW (yHKUMM sum (), N NONYYEHHOE 3HAYeHME LeMM Ha KONNYeCTBO
371eMEHTOB B cnuckKe. Mpuyem Ana onpefesnieHns KONMYecTsa 3N1EMEHTOB Mbl UC-
nosib3yeMm MHCTpyKuuto int (self) aBHoro npueefeHus sksemnnsapa self k
LLeSIOYNCNEHHOMY TUNY (HAaNOMHWM, YTO 3Ta OMnepauua nepeonpejesieHa Hamu
Tak, UTO ee pe3ynbTaToOM ABASETCA KOAMYECTBO 3/IEMEHTOB B MOME-CMUCKE 3K-
3emnnapa). Pe3ynbTar 3anncbiBAeTCA B MEPEMEHHYIO avr, KOTopas v BO3Bpalla-
eTCA KaK pe3ynbTaT MeTofa.

B tene metoga___bool__ (), koTopblit onucbiBaeTcs, YTOObI MPUBOAUTL IK3EM-
nnsp K Tuny bool, 3anyckaetcs yCnoBHbI onepaTtop, B KOTOPOM NpoBepseTcs
ycnoeue int (self) %2==1:0cTaToOK OT J€/IeHNA Ha 2 KONMYeCTBa 3/IEMEHTOB
B none-cnucke aksemnnsapa self gomkHo paBHATbCS 1. Takoe cayyaeTtcs, ecnu
KO/IMYeCTBO 3/1IEMEHTOB HecUyeTHOe. Kak 1 paHee, 414 onpeAeneHns KoamyecTsa
3/1IEMEHTOB Mbl MCMO/b3YEM IBHOE NpuBefAeHue ak3emnnapa self k Tuny int c
noMoLWbl PyHKuMKM int(). HennwHum 6yaeT nog4epKHYTh, YTO 3TO BO3MOX-
HO, NOCKO/NbKY B Tefie Knacca onucaH metog__int__ ().

Tak BOT, €CNM KO/IMYECTBO 3/1EMEHTOB HEYeTHOE, B YC/IOBHOM OMepaTope WH-
CTPYKUMeN return True Ans Metoda__bool__ () BO3BpalLaeTcs 3HA4YeHMe
True. B NpoTUBHOM C/lyyae BO3BpalLaeTCcs 3HauYeHue False.
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MeTog ona npeobpasoBaHusa K Tuny complex HasbiBaetcd___complex__ ().
B Tene metoga komaHgo mn=min (self, nums) onpegenserca MMHUMaNbHOE
3HayeHne 13 Habopa 3nemMeHTOB B NoJsie-CNUCKe nums 3k3emnnapa self, a ko-
mMaHgol mx=max (self, nums) onpegenseTca MakCUManbHOe 3HAYEHNE U3 Ha-
6opa 3/1IeMeHTOB B nosie-Cnucke nums ak3emnnspa self. 3arem mbl co3paem
KOMM/IEKCHOE Ync/io KoMaHgon z=complex (mx,mn). 3To KOMNAEKCHOE YunC-
N0 BO3BpaLLaeTca Kak pesynbTtat metoga__complex__ ().

W Ha3ameTtky

Mbl onucbiBaem metog__complex__ (), 4TOBbl MOXHO 6b110 UCNOBL30BaTh (PYHKLMIO
complex (), nepenaBas eli apryMeHTOM CCbI/IKY Ha ak3emnasap knacca. MNpy onncaHmm
metona__complex__ () ™Mbl Bbi3biBaeM chyHKumio complex (), HO 3gecb Npobnemsbl
HeT, NOCKO/IbKY Mbl 3Ty (PYHKUMNIO Bbi3blBaeM "B CTaHAapTHONI", "WTaTHOW" cuTyaumn, c
AByms aprymeHtamu tuna float.

k3emnnaap Knacca co3faeTca KOMaHgol obj=MyCla
ss({2.8,4.1,7.5,2.5,3.2}). AprymMeHTOM KOHCTPYKTOpY nepejaeTcs
MHOXECTBO M3 YMCMOBbIX 3HAYEHWIA, XOTA 3TO MOT 6bl 6bITh M CNUCOK. Kak Obl
TaM HW 6bln10, 3K3emMnap obj co3gaH, y aToro aksemnssapa ecTb nose-crmcok
nums, U eLe 3TOT IK3EMMNAAP MOXHO NMPUBOANTL K 6a30BbIM TUMaM. VIMEHHO 3Tu
BO3MOXHOCTK npoBepsaeM. [11a Hayana neiTaeMmca "Hanedvararb"” aK3emMnnsap, 4nq
yero ucnonb3yem KomaHgy print (obj).

XoTa (hopmanbHO Mbl 34ecb PYHKUMIO Str() C aprymMeHTOM-3K3eMNaspom
He BbI3blBaeM, MO KOHTEKCTY KoOMaHAbl print (obj) 3anyckaetrTca aBTO-
mMaTuyeckoe npusefeHuve K Tuny str. 103TOMY Npu BbIMOJSIHEHUM KOMaHZbI
print (obj ) B oOkHe BbIBOfa (haKTUUYeCKN OTOOBpaXkaeTCsH TEKCTOBOE 3HAYEHME,
KOTOpOe BO3BpaLLaeTCA B KayecTBe pesy/nbTata metofgom__str__ () c apry-
MEHTOM - 3K3eMnasapomMm obj.

AHaNorMyHas cuTyauus ¢ aBTOMAaTUYECKUM TMPUBEAEHUEM, TOMbKO TeMepb K
Tuny bool, nMeeT MecTo Npu BbLINOMHEHWN YC/IOBHOFO OMepaTopa, B KOTOPOM
YCNOBMEM YyKasaH 3K3emnsp obj. Bo Bcex ocTasbHbIX Clyvasx MpuUBEAeHMe
BbIMOJIHSIETCSA SIBHBIM 06pa30M C BbI30BOM COOTBETCTBYHOLWEH DYHKLMW 1 nepe-
Javeii CCbISIKU Ha 3K3EMMIAP Knacca apryMeHToOM hyHKLUN.

B paccmMOTpeHHOM Bbille NpuMepe 415 ONpefeneHns KOAnM4yecTBa 3/IEMEHTOB B
CruckKe-nose aK3emnaspa Knacca Mbl onpegensanu metog__int__ (), B KOoTO-
poMm BbI3biBanachk GyHKumMsa len (), KOTOpPOiA, B CBOK 0Yepesb, ONpesensnoch Ko-
NNYeCcTBO 3/1eMEHTOB B MOJe-CNUCKE 3K3eMMaApa knacca. MoXHo 6bi10 NoOATH
MHbIM NyTeMm: onucatb B Tene knacca metog_ len_ (). OTOT MeTOA Bbl3blBa-
eTcs, eCn Bbi3blBaeTCA PyHKLUMA 1en () CaprymeHTOM - 3K3eMMASpOM COOTBET-
CTBYIOLLErO Knacca.

"“HH
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Opyrumun cnosamu, ecnm onucaTtb B knacce metof_ len__ (), To MOXHO 6y-
[eT BbI3blBaTh PyHKUMIO len () Ans ak3emnnaspa aToro knacca. B amctunre 7.11
npuBefeH npumep onucaHma metoga__ len_ (). Kpome aToro metoga, Takxe
onucaHbl MeTofbl (M3 TeX, YTO MOKa Ham He3HakoMbl) index () (Bbl3biBa-
eTca npu ucnonb3oBaHum pyHkumin bin (), oct () mhex ) )m  round ()
(BbI3bIBAETCHA NPU UCNONb30BAHUN hYHKLMK round () ).

InctuHr 7.11. "OkpyrneHne" ak3emnaspa n gpyrve onepaymn

# Knacc
class MyClass:
# KOHCTpYyKTOp
def __init_~(self,txt):
# lNpuceamBaHue 3HayeHUA nNosto
# ak3emnnapa Knacca
self.name=txt
# MeToL fna nNpuBefeHUA K TEKCTOBOMY Tuny
def _ str__ (self) :
# Pe3ynbTaTrT MeTofa - 3HayeHMue
# nond nawe 3K3emMnnaspa Knacca
return self.name
# MeTo4 ANnA BblYUCNeHUA "ANAUHBI"
# aksemnnapa kKnacca (yHkuymen len()
def __len__ (self) :
# Pe3ynbTaT mMeTofa - KO/NMYeCTBO
# CMMBONIOB B NOMe name 3K3emnnapa Knacca
return len(self.name)
# MeTof, KOTOPbIA BbI3bIBAETCA MPU MUCNONb30BAHMWU
# yHkuyuin bin (), oct () u hex()
def __index___ (self) :
# KonnuectBo npob6enos nnwc eaunHuua
p=self.name.count(" ")+1
# PesynbTarT MeTofa
return p
def _ _round__ (self) :
# lNpucBamBaHMe 3HayeHuUsd MNON name
self.name="C6poc 3HaueHun"
# Pe3ynbTaT - CCbl/IKa Ha 3K3emMnnap kKnacca
return self
# HayanbHOoe TeKCTOBOE 3HauyeHMue
txt="Pa3, pgBa, Tpu, YeTbipe, NATb.
# YTOUHAEM TeKCTOBOE€ 3HayeHwue
txt+="\nBbniien 3aliunk norynatb."
# Co3faem 3k3emnnap Knacca
obj=MyClass(txt)
# Ok3emnnAp "neuyaTaeTcsa" B OKHe BbIBOfJA

B JZ1 -
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print(obj)

# Bblumcnsem KOAM4YeCcTBO CUMBOMOB B NOJe name
print("Konunyectso 6ykB (cumBonoB)len(obj))
# KonunyecTBo cnos (npob6enoB) B nojse name
print("Konnyectso cnoB:",o0bj.__index__ ())

# [BOWMYHbLIN KOf

print("B gBonyHom K o g e bin(obj))

# BOCbMepUYHbLIA KoOf

print("B BocbmepuyHom Kopge:",oct(obj))

# WlecTHaguaTepUUHbIA KOA

print("B wecTHagyaTtepuyHom kope:",hex(obj))
# BbinonHaem "oKpyrneHue" 3k3emnnapa kKnacca
print(round(obj))

# BbiBoAMM "Ha ne4yaTb" 3K3eMNnnAap Knacca
print(obj)

Pe3yanaT BbIMO/THEHNA NpOorpaMmmbl TaKoli:

Pe3ynbTaT BbINOMHEHMS NporpamMMbl (M3 ANCTUHra 7.11)

Pa3, paBa, Tpu, 4eTbipe, NAThH.
Bbiwen 3aiuynmk NOorynathb.
KonnuectBo 6ykB (cumBOonoB): 52
KonnuecTtBo cnos: 8

B pgBounuHom kopge: O0bl0O0O

B BocbMepuyHom kopge: OolO

B wecTHapguatepmyHoMm Kopge: 0x8
Cbpoc 3HauyeHMd

Cbpoc 3HayeHUs

Knacc Ha3biBaeTcss MyClass v B 3TOM Knacce eCTb KOHCTPYKTOP. KOHCTPYKTO-
py nepefaeTcs TEKCTOBbI/ apryMeHT, CCblfika Ha KOTOPbIA MpucBanBaeTcs B Ka-
YyecTBe 3HaYeHUs MO0 name 3K3emnaspa kKnacca. Takxe pagu yaobcrtea B Knac-
ceonucaH metof__ str__ (), 6narogapa yemy hyHkuum print () MOXHo ne-
pefaBaTb apryMeHTOM 3K3eMnnsAp knacca. Mpu aTom 6yget otobpaxarbcs 3Ha-
YyeHune, Ha KOTOPOe CChbINaeTca Mnojie name sK3emmnaspa Knacca.

Meton__len__ () ang BbluncneHus "anvHbl™ ak3emnnaspa knacca (ecnu ak-
3eMNAap nepefaeTca aprymeHTom yHkumnu len () ) cogep>XuUT BCEro OfHY UH-
cTpykuuto return len (self .name): pesynbtatom mMeToja Bo3BpaLjaeTcs
AnnHa (KoMYecTBO CMMBOJ/IOB) TEKCTOBOr0O Nons name ak3emnnsapa self. Mo-
3TOMY Ka)XKAblil pas, Korga Mbl 6yaem Bbi3biBaTb PyHKUMIO len () n nepefaBaTb
el apryMeHTOM CCbIfIKY Ha 3K3eMMasAp Knacca, pesynbTaTom 6yaeT KOnM4ecTBo
CUMBOJIOB B M0/l name 3TOro 3K3eMnnsapa.

?
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MeTtopn _index__ (), KOTOpbIli BbI3blBaeTCA NMPU MCMOMb30BaHUN (DYHKLMIA
bin (), oct () nhex (), cogepxut komaHgy p=self.name.count (" ")+1,
KOTOPOIi B MEPEMEHHYIO P 3anMCbiBaeTCA KO/MMYECTBO NpobenoB B noje name
aksemnndApa self, naoc eguHnua. Konuyectso npo6enoB MoACYMTbIBAeTCS C
MOMOLLb BCTPOEHHOTro MeTofda count (). 3Ha4YeHMe NepemMeHHO p BO3BpaLla-
eTCA Kak pesynbTaT MeToAa.

W Ha 3ameTtky

Ecnn ucxoanTb U3 TOro, YTO MeX/y C/ioBamMy B TEKCTe HaxoauTcs npoben, To Konmde-
CTBO NPOGEIoB Ha efVHULY MeHblLlE, YeM KO/IMYeCTBO C/I0B B TekcTe. B aTom cmbicne
pe3ynbTaT, BO3BpalwaemMblii MeTogoM__in it__ () MOXHO MHTeprnpeTupoBaThb (C onpe-
AeneHHo aoneli yCNOBHOCTM, KOHEYHO) Kak KOMIMYeCcTBO C/I0B B TEKCTOBOM Mosie name
aksemnasapa.

B tene metoga__round__ () KOMaHJOM se lf.name="C6poc 3HauyeHus"
nojt0 name npuceamBaeTCcAa 3Ha4eHNE, N 3aTEM KOMaHAOVI return self ccbin-
Ka Ha aK3emnnaap self, u3 KOTOPOTroO Bbi3blBAETCA METOA, BO3BPaLlaeTCA B Kaye-
CTBe pesy/ibTaTa MeToaa.

W Ha3ameTky

Kak oTmeuyanoch paHee, metoa__round__ () 3ageicTByeTcs, korga pyHkums round O

BbI3bIBAETCA C 3K3eMMNISPOM kKacca (B gaHHOM cnyyae MyClass). Hanpumep, ecnmn
CCbI/IKY Ha 3K3eMnasp 0603Ha4YMThb 0 b j, TO Npy BbINONHEHUU KoMaHabl round (obj) Ha
camoM fJerne BbINosHAeTca komaHga obj._ round__ (). MNpw BbINOMAHEHUN 3TOWN KO-

MaHApb! (B cuy Toro, Kak mbl onncanu metog__self__ ()) nono name npuceavBaeT-
cs 3HayeHue "C6poc 3HauveHuUsa", a pe3ynbTaToM BblpaxeHns round (obj ) aBnsetcsa
CCblflKa Ha ak3emnnsap obj.

Lna npoBepkyn YYHKUNOHANBHOCTU OMWCAHHBIX METOAO0B B MEPEMEHHYIO tx t
3anuncbliBaeTCA TEKCTOBOE 3HauYeHWe, a 3aTeM Ha OCHOBE 3TOro0 TeKCTOBOrO 3Ha-
YeHWs KOMaHfoM obj=MyClass (txt) CO34aeM 3K3eMnaap obj knacca My-
Class. [lanee cnefyet cepus KOMaH[, B KOTOPbIX MCMOMb3YEeTCA CChI/IKA Ha 3TOT
ak3emnnap. Tak, cHayana BbIMOAHAETCA KOMaHgaprint (obj ). B aTom cnyyae
"B Urpy" BcTynaet MeTof__ str__ ().

B pe3synbTaTe oTOoOpaxaeTca 3HayeHMe Nons nawe 3k3emnaspa obj. Konuue-
CTBO CMMBOJIOB B MNOJIe name 0TO6PaXaeTcs MpPu BbIMOJHEHUWN KOMaHAbI prin
t ("Konnuectso 6yke (cumsBonos)len(obj)). BaToii komaHge nc-
Mofib30BaHa MHCTPYKLMA len (obj ), KOTOpas BbIYUCAAETCA NYTeM Bbl30Ba Me-
Tofga ___len__ () n3 ak3emnnspa obj. Konnyectso npobenoB oTobpaxaem Ko-
MaHgoh print ("Konnuecteo cnos:",0obj.__index () ). Mbl 3gech
ABHO BbI3biBaem MeTof index ().

e 3
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Mpwu BbluMCcNeHMM NHCTPYKUUiA bin (obj ) ,oct (obj ) n hex (obj ) Toxe BbI-
3blBaeTCA 3TOT METOA, HO YMCNOBOI pe3ynbTaT (a 3To, C MaTeMaTUyecKoin TOUKHK
3pEHUA, KaXAbl/i pa3 OfWH U TOT XXe pe3ynbTaT) 0TO6paxKaeTcsa COOTBETCTBEHHO
B JBOVYHOI, BOCbMEPUYHON W LWECTHAALaTEPUYHON CMCTEMAX CHUCNEHUS.

HakoHeLl, npu BbiNofHeEHUN KoMmaHabl print (round (obj )) nono name 3k-
3eMnnapa obj npuceanMsaeTcs 3HavyeHue ""COpoc 3HauyeHUA". NOCKONbKY pe-
3ynbTaToM round (obj ) sBnsdeTcA cCbl/iKa Ha ak3emnasap obj, a Takxe 6naro-
faps onucaHHomy B knacce MyClass meTtony  str__ (), npu BbIMOSIHEHUN
KomaHgbl print (round (obj ) ) nossnsietcs coobweHne COpPOC 3Ha4YeHMUA.
UTo6bl YAOCTOBEPUTBLCA, YTO 3K3eMMap obj nsmeHuncs, BoINONHAEM KOMaHLy
print(obj).

pynna meTtofoB__setitem__ (),__ getitem__ () u__ delitem__ () aB-
TOMAaTUYECKMN Bbl3blBAKOTCA COOTBETCTBEHHO NPW NPUCBAMBAHUMN 3HAUYEHUS 3K-
3eMNAApy Yepe3 MHAEKC, CYUTbIBAHMM 3HAYEHWA IK3EMMAAPA Yepe3 UHAEKC U
yOaneHun 3HaueHna aK3eMnasapa Yepes MHAEKC.

W Ha 3ametky

3TN e MeToAbl UCMO/b3YTCA A1 06paboTKM onepayunii nprcBamBaHusi 3HaUYeHUsl,
CUMTLIBAHUSI 3HAUYEHUS 1 yAAIeHNS 3HAYEHNS MO KoY.

B nuctunHre 7.12 npusefeH npumep MUCMNONb30BaHMUA 3TUX METOLOB. Tam Mbl
onuceiBaem knacc MyClass ans co3faHns 3K3eMNApoB, Y KOTOPbIX eCTb noJse
nums, npeAcTaBnstoLLee CO60/ 4YnCcNoBO cnmcok. KonmyecTBO 3/1EMEHTOB B
CMUCKe onpefensetcs nonem knacca Nmax.

OnucbiBas meToabl__setitem (), getitem__ () nw___delitem__ (),

Mbl XOTUM J06UTbCA 3hdeKTa, YTOObI MOXHO 6bINI0 06paLLaTbLCA K 31eMeHTaM
nons nums ak3emnaspa (418 NpUcBavBaHWA 3HAYEHUSA, CHNTbIBAHWUA 3HAYEHUS
M ypaneHua 3HaYeHus), yKasblBasg UHAEKC HEMOCPEACTBEHHO AN1A 3K3emnaspa
Knacca. Mpuyem Npu yKkasblBaHUN NHAEKCA, €C/IN 3TOT UHAEKC BbIXOAMT 3a 40OMNY-
CTUMble Npejesbl, BbINOMHAETCA LUKINYeCcKas NepecTaHOBKa.

MporpamMMmHbIi KOf BbIFASAUT TaK:

InctuHr 7.12. Onepayumn ¢ ak3emnisgpamMmm yepes NHAeKC

# Knacc
class MyClass:
# Mone Knacca
Nenax=5
# KOHCTpYyKTOp
def init (self) :
# KONMYecTtBO 3N1EMEHTOB
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n=MyClass.Nmax
# CNMCOK C HYNeBbIMW 3NeMeHTaMu
self.nums=[0 for i in range (n)]
# MeTof nNpuBefeHWA K TeKCTOBOMY Tuny
def __ str__ (self):
# TekcToBaa nNepemMeHHas
txt—"1"
# dopmupyem TekcCT
for s in self.nums:
# [lo6aBnsaem K TeKCTY (parmMeHT
txt+=" "+str(s)+" 1"
# Pe3ynbTaT MeToja
return txt
# MeToL ANA npucBamMBaHWA 3HavyeHUs MO WMHAEKCY
def _ setitem__ (self,i,v):
# OcTaToOK OT pAefeHus
k=i % len(self.nums)
# lNpucBanmBaHne 3HayeHUA
self.nums[k]=v
# MeToL ANA CUYMTbIBAHMA 3HAYEHUA NO MHAEKCY
def _ getitem __ (self,i):
# OcTaToOK OT pgefeHus
k=i % len(self.nums)
# 3HauyeHuWe 3neMeHTa
return self.nums[k]
# MeToL ANA ypaneHWa 3HavyeHWs N0 WMHAEKCY
def delitem__(self,i):
# OcTaTOK OT pAefeHus
k=i % len(self.nums)
# HoBOe 3HayeHWe 3nNemeHTa
self.nums[k]="*"
# Co3pfaeTcsa 3K3emnnap kKnacca
obj=MyClass()
# Copepxumoe cnucka
print(obj)
# HoBble 3HaYeHWS 31eMEHTOB CNuUCKa
obj[0]=100
obj[2]=-3
obj[24]=123
# Copepxumoe cnucka
print(obj)
# CumTblBaHWE 3HA4YeHWUW 31eMEeHTOB cnucka
print("9nemeHT c uHpekcom 4:",0bj[4])
print("3nemeHT ¢ mMHAekcom 7:",0bj[7])
# YpaneHue 3NeMeHTOB CMNuUCKa
del obj [0]
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del obj [9]
# CopepXxumoe cnucka
print(obj)

|_|pl/l BbIMO/THEHNW 3TOI0 KOAda nojay4vyaem Takoli pesynbTar:

Pe3ynbTar BbI/IOMHEHX] nporpammbl (M3 IMCTUHTA 7,

o o (o] (o] (o] 1
1100 | O | -3 | 0 1 123 |
OneMeHT ¢ MHAekcom 4: 123
ONeMeHT C uMHAekcom 7: -3
1* 10 ] -3 |0 ] *1

B knacce MyClass nonto Nmax npucsamBaeTcs 3HayeHue 5. OT0 03HAYaeT, YTo
none-cnucok ak3emnnsapa knacca 6yaert cogepxatb 5 anemeHToB. Mpu cosgaHum
3K3eMnasapa BCe 3NeMeHTbl 3TOr0 CNUCKa NOMyYalT HyneBble 3Ha4YeHna. B vact-
HOCTU, B Te/le KOHCTPYKTOpPa CO3[,aeTCA CMMCOK M 3aN0/IHAETCA HYynamu (BCe 3TO
[lenaeTcs ¢ NOMOLLbI reHeparopa cnuckos). Metoa__str__ () onucaH Tak,
4yTOo6bI NpPKU Nepegave PyHKUMM print () CCbINKX Ha 3K3EMMAAP Knacca B OKHe
BblBOJAa 0TO6PaXKanocb COAePXMMOe CANCKA NUMS - MO IK3EMNAAPaA Knacca.

Bce, uto onucaHo B Tene Metofa __ setitem __ () - 93T0 Ha ca-
MOM fefie TO, 4TO MPOMCXOAUT MNpPW MNOMNbITKE BbIMONHUTbL KOMaHgy BuAaa
ak3eMmnnap [MHOekc] =3HayeHue. Bce Tpu napameTpa (ccbifiKa Ha
3K3eMNNAp Knacca, MHOEKC U NpUCBanBaeMoe 3HaYeHMne) onuncaHbl Kak ap-
rymeHTbl MeTofa__ setitem __ (), - cooTBeTcTBeHHO self, i nv. B Tene me-
ToAa KoMaHgoh k=i % len(self. nums) BbluMCNAETCA OCTATOK OT LENIEHUS
MHAekca i Ha 3HadeHue len (self .nums) (KONNMYECTBO 3N1EMEHTOB B CMUCKE
nums). 3atem komaHgoli s e | f.nums [k] =v anemMeHTy B 3TOM CMNCKE C UHEK-
COM K MpUCBauBaeTCs 3HAYEHME V.

HeuTo noxoxxee NPONCXOAMT MPW BbIMOMHEHWUM NPOTPaMMHOI0O Koga Metoga
getitem__ (). B gaHHOM cny4ae peyb UAET O BbIYMCNEHUN 3HAUYEHUA Bblpaxe-
HUA BUAa aK3emMnnap [MHAeKc ]. PasHuua B CpaBHEHUM C NPeAbIgYL UM Cllyya-
€M B TOM, YTO paHee 3TOMY BbIpaXXeHUWI0 NMpUCcBanBanoCh 3HauYeHue, a Tenepb 44
3TOro0 BbIPaXXeHWA 3HaYeHUe BblunucnfaeTca (CUMTbiBaHME 3HavyeHunsa). OTclogay
meTofa__getitem __ () ABaaprymMmeHTa: cCblnkKa Ha ak3emnnsap knaccaself u
3HayeHue nHgekca i. B Tene metofda BbIMOMHAKTCS BCErO [BEe KOMaHAbI: KOMaH-
pon k=i % len (self.nums) BbluMcnAeTCA MHAEKC K C YH4ETOM LUKINYECKOM
nmepecTaHOBKM 1 KOMaHfoin return se lf.nums [K] Bo3Bpawiaetcs pesynbrart
MeTofa - 3Ha4YeHMe 3IeMeHTa C MHAEKCOM K M3 cnucka nums ak3emnnsapa self.

Meton__delitem__ () aBTOMaTU4YeCKU Bbi3biBaeTCA NPU NONbITKE yAaNieHna
3HAYEHUS KOMaHAOW BMaa aksemnnaap [mMHpgekc]. Y metoga (mpyn onucaHum)
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[iBa apryMeHTa: CCbIfIKa Ha 3K3eMNANAp Knaccan nHaekc (yaansieMmoro aneMeH-
Ta). B Tene metoga TpagMumnoHHO KomaHgon k=i % len (self.nums) "yTou-
HAeTCcA" MHAEKC, a 3aTeM BbiNonHAeTcsa npucsauBaHue self .nums [kK]="*".
Takum obpasom, ecnu 6ygeT npeAnpuHATa NOMNbITKA YAANUTbL 3/1IeMEHT, TO Ha ca-
MOM [fiefie 3TOMY 3/1eMEHTY B KayecTBe 3HauYeHUs 6yaeT NPUCBOEH TekCT " *

W Ha3ameTtky

Korga Mbl roBopvM 06 yaaneHun 3MeMeHTOB, TO (hakTUYeckn pedb UAET O KomaHze
Buga del 3sk3emnnsap [uHaekc]. Ecnm mMbl 6ygem yaanaTb 31eMeHTbl, HanpsaMyto 06-
paliasch K Non-cnucky aKk3emnnsipa, yaaneHve 6yaeT BbINOMHATLCS Tak, Kak U 0X-
HO 6b1/10 6bl GbITb. ITO Xe 3aMevaHne OTHOCUTCS K NPUCBaMBaHWIO 3HAYEHWI Yepes UH-
nekc (komaHga ak3emnasip [MHAeKC] =3HayeHue) U CUUTbIBaHMIO 3HAYEHUS Yepe3 UH-
nekc (komaHga ak3emnnsap [mHoekc]). Kpome TOoro, B NpuHUMMNE COBCEM Heobs3a-
TefIbHO, YTO6bI Y 3K3eMnaspa 6bU10 None-cnucok. B npuHuune, obpalleHre K 3K3eM-
nnsipy Yepes MHAEKC MOXHO peasin3oBaTb COBEPLLUEHHO MHaYe, He NprB/eKast BCTPOEH-
Hble B 9K3eMI/ISip CNCKMU.

Mocne co3gaHns komaHgoin obj=MyClass () aksemnnspa obj knacca My-
Class, Bce anemeHTbl (MX BCero 5) cnmcka nums sk3emnaspa 6yLyT HY/feBbl-
MU. 3HAYEeHMA 3/1IEMEHTOB CMMCKA NUMS OTOOPaXarTCA MPU BbIMOAHEHUMN KO-
MaHabl print (obj ). 3aTem HeCKO/NbKMMMW KOMaHAaMu BbIMOJIHAETCA NpuUcea-
MBaHMe 3HAYEHMWIi 3leMeHTaM Cnucka nums, npuyem obpaleHve K aneMeHTam
BbINO/IHAETCA Yepe3 yKa3aHue nHAeKca 418 3K3eMnaapa knacca. Tak, KOMaHoii
obj [0]=100 anemeHTy nums [0] (none-cnucok nums ak3emnnapa obj) npu-
cBamBaeTcsi 3HayeHme 100, komaHgoin obj [2]=- 3 npucBanBaeTcs 3HayeHme - 3
anemeHTy nums [2], u, HaKOHel, KoMaHaoh obj [24 ]1=123 anemeHTy nums [4]
npuceanBaeTcs 3HavyeHune 123.

W Ha3ameTky

Yto KacaeTcs koMaHabl obj [24 ]=123: ocTtatok OoT geneHus 24 Ha 5 ecTb 4. MNoaTomy
peyb MAEeT 0 NpYCBanNBaHUN 3HAYEHUS1 3/IEMEHTY MaccuMBa NUMS C UHAEKCOM 4.

Mocne BHeceHUs M3MEHEHWI NpoBepseM COAEPXMMOe CNMCKa NUmMS KOMaH-
pon print (obj). MOXHO cunTbiBaTb 3Ha4YeHWA 1 NO3/IEMEHTHO, obpaliasch
"MepcoHanbHO" K TOMY MM MHOMY 3/IEMEHTY - KakK 3TO AieflaeTCA B MHCTPYKLUMNAX
obj [4]1nobj [7] (anemeHTbl nums [4] nnums [2] cooTBETCTBEHHO). Mpu no-
NbiTKe yAaneHusa afeMeHToB cnucka komaHgamu del obj [0] mdel obj[9]
aneMeHTbl nums [0] n nums [4] nonyyaroT 3HadyeHne "*  PesynbTaT npoBeps-
em KomaHgol print (obj).

W Ha3ameTtky

WHeTpykumn obj [7] v obj [O] o3HauvaloT obpauieHne kK anemeHTam nums [2] un
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nums [4] COOTBETCTBEHHO: OCTATOK OT fefleHnsl 7 Ha 5 paBeH 2, a 0CTaToK OT fefieHus
9Ha SpaseH 4

bnarogaps onucaHuit cneunanbHbIX MeTofoB __ getattr__ (), _ getat-
tribute__ (), _ setattr__ () n __delattr__ () MOXHO CYyL,ECTBEHHO
pa3Hoo6pa3nTb onepaunmn obpalweHns K atpubyTam ak3emnnapa knacca. Metog
__setattr__ () Bbi3blBaeTCA NpPU NpMCBanBaHUM 3HAYEHNA aTpUOYTy IK3EM-
nnspa knacca. Metog__delattr__ () Bbi3biBaeTcs npu yganeHun atpubyra
ak3emnnsapa knacca. Mpu obpaweHun (419 CUATBIBAHUA 3HAYEHUS) K HECYLe-
cTBytOLWEeMY aTpubyTy Bbi3biBaeTcA MeTo_getattr_ (). HakoHeu, npu 06-
paleHun K nto6omy aTpubyTy Bbi3biBaeTca MeTof__getattribute _ ().

MeTop getattr__ () Bbi3biBaeTcs npu 06palleHUN K HecylecTBYHOLWeMy
aTpmbyTy 3K3eMnaspa Knacca, eciim B Knacce He onuncaH meTof _getattrib-
ute__ (). Echu meToa__ _getattribute__ () B Knacce onucaH, TO Bbl3blBa-
eTCA OH, MPMYEM Npu obpaweHnn K M060My aTpubyTy - Kak CyLLeCTBYHOLLEMY,
Tak W HecywecTsywoulemy. Metog _ getattr__ (), faxe ecnn OH onucaH B
Knacce, Npy 3TOM UTHOPUPYETCH.

C metopgom__getattribute _ () cBsA3aHa onpefeneHHas npobnema: ecnu
B Te/le 3TOr0 MeTofa BbIMO/HAETCA obpalieHne K aTpubyTy ak3emnnaspa Knac-
ca C MCnoJib30BaHMEM TOYEYHOro CUHTaKcKca (To ecTb B hopmMaTe 3K3eMMAAp.
aTpubyT), TO Nony4vaeTcad 6ECKOHEYHbIA LMKANYECKMIA BbI30B MeTofa__ ge-
tattribute _ ().

[elicTBuTenbHO, eCcnun Bbi3biBaeTcs MeTog getattribute __ (), a npu BbI-
MOJIHEHUN 3TOr0 MeTofa BbINOSHAETCA obpalleHne K aTpubyTy 3k3emnnspa
Knacca, To MeToj 6yaeT Bbi3BaH CHOBA. TO €CTb B MPOLECCE BbIMONHEHNA METOS
(hakTMyecky Bbi3blBaeT caM ceb6s. Ho Ha aTOM npouecc He 3akaH4MBaeTCH. Bbl-
3BaHHbI METOJ CHOBA BbI3blBAET 3TOT Xe MeTof, U TakK 0 6eCKOHEYHOCTN.

Ha nepBblIii B3rnag cutyaumsa Kaxerca 6e3HagexxHoM, HO 3T0, pasyMeeTcs, He Tak.
MpocTo obpalyeHne K aTpubyTam 3K3eMnasapa Knacca cinefyer BbINOMHATL, ABHO
Bbl3biBafA MeTo[ _getattribute () kak ¢hyHKUMIO M3 Knacca object ¢
ABHbIM YKa3aHMeM CCbIJIKM Ha 3K3eMMaap Knacca u ero atpubyT. MOCKOMbKY
peub naet 06 obpaweHun K aTpubyTy B Tene metoga__getattribute __ (),
TO CCbI/IKa Ha 3K3eMnasAp Knacca bygeT HasbiBaTbea self. Ecnv peub mget 06
obpalleHny K aTpubyTy 3TOro ak3emnaspa, To obpalleHne K 3TOMY aTpubyTy
OypeT BbirnageTs kKak object._ getattribute__ (self, atpubyrT).

HeuTo nMoxoxee NpoMcxoanT, Korga B Tene metoga__setattr__ () (KoTopblii
"oTBeYaeT" 3a NpUCBanBaHNe 3HAYEHNI aTpMBYTaM 3K3EMMN/ISAPOB) BbIMOHAETCS
npucBanBaHne 3HaYeHUs aTpMBYTy C MCMNOMb30BAHWEM TOYEYHOTO CUHTAKCKCA.
Mpo6iema Takas: Npu BbINONHEHUM MeToaa__setattr__ () ecnu npuceamBsa-
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eTCs 3HaUeHUe aTpMbyTy, aBTOMATUYECKU BbI3biBaeTcsA MeToh__setattr__ (),
B T€/Ie KOTOPOTO Bbi3blBaeTca MeTon setattr (), U Tak ganee.

UTo6bl 3TOM0 HE MPOUCXOLM0, NPU NMPUCBANBAHUMW 3HAYEHUNA aTPpUBYTY 3K3eM-
nnspa Knacca B Tene metoga__setattr__ () cnepyet "gobupartbca” f0 HYX-
HOro atpubyTa 4yepes crneumanbHoe none__diet_ , 3Ha4eHMeM KOTOPOro fAB-
NAeTCcA CNoBapb M3 Has3BaHMii aTpubyTOB 3K3emMnasfpa M WX 3HayYeHWin. Ecnu
peyb UAET O NMpuUcBaMBaHWN 3HAYEHUA aTpubyTy, TO B Tene metofa__ setat-
tr__ () cooTBeTCTBYHOLan KOMaHAa MOXET Bbirnageto kKak self.  diet
[aTpnbyT]*3HaueHne (3gech yepes self 0603HaYEHa CCbIIKa HA 3K3EMMASP
Knacca).

®opmManbHO B AaHHOM c/iyyae Mbl B cioBape__diet__ M3MeHseM 3HayeHue
3NIEMEeHTa C K/AoYoM aTpubyT. HO MOCKONbKY Habop aTpubYTOB U 3HAUEHMIA
aTpMBYTOB 3K3EMMN/sApa peasim3yeTcs UMEHHO Yepe3 3TOT CI0BaPb, TO HYXHbII
3 heKT GYAET [OCTUTHYT - aTpUBYT 3K3EMN/Isipa MEHAET 3HAUYEHMUE.

He cnegyeT yfanate nons ¢ nomouibto onepatopa de 1 B Tene metoga_ de lat -
tr__ (). B atom cnyyae metog___delattr__ () 6ygert Bbi3biBaTb Cam CebA.
Ecnn HyxHO yganutb none B Tene metoga__delattr__ (), nyywe chenatb
370, yAanuB COOTBETCTBYHOLW I 3eMeHT n3 cnoeapa__diet_ .

Heb6onblwoi npuMep c onucaHnem mMeTogoB__getattr__ (), setattr__
() n__delattr__ () npuBeneH B nucTuHre 7.13. B 3TOM npumMepe co3gaeTcs
knacc MyClass. B knacce onucaH KOHCTPYKTOp - TakoW, YTO NpU CO34aHUN 3K-
3emMnafApa Knacca nofw name 3K3emnnspa npucBavMBaeTcs 3HayeHue. Takxe B
Knacce onucaH metoa__str__ (), 6narogapa 4yemy npu nepefaye ak3emnnas-
paaprymeHTom metogy print () otobpaxaercs 3Ha4eHMe MNOMA name 3TOr0 3K-
3emnnspa.

Mbl TakXe X0TUM J06UMTLCA TaKO peakummn Ha 4eiCcTBMA C aTpubyTaMu 3K3eM-
nnspa knacca:

e 3HayeHue noag name MOXHO U3MEHATD.

e Mpu nonbiTKe co3paTth (MyTeM NPUCBaMBaHWS 3HAYEHUS) HOBOE MO,
nosBnseTcs coobuieHme Onepauus He paspel eHa !, u HOBOe mone
He co3faeTcs.

e Ecnv npu cumTbIBAaHMM 3HAUYEHUS NONS BbINOHAETCS 06palleHue K He-
CYLLECTBYHOLLEMY MO0, NOSBAsETCA CO06LLEHNe Takoro nons HeT!.

e T[lpy nonbiTKe yAanuTb MOMe 3K3eMmnaspa MNOABASETCA COO06LeHne
Ypanate nong 3anpeueHo!.

€ 3 -



nasa 7. TMpoponmkaem 3HakomcTso ¢ OOr

Co6CTBEHHO, /11 PELLIEHMA 3TUX 3a4a4 Mbl U onucbiBaem B knacce MyClass wme-
Toabl __getattr__ (), setattr__ () un delattr__ (). Kak nmeHHo
OHW OMUCaHbI, MOKa3aHO HUXe:

JIncTtnHr 7.13. O6paweHne K Noasim aksemnnsipa

# Knacc
class MyClass:

# KOHCTpPYKTOp
def __init__ (self,name):
# [ono ak3emnndapa
# npuceamBaeTCs 3HauyeHwue
self.name=name
# MeTon ANA npuBefeHUs 3K3emMnnsapa
# K TEeKCTOBOMY 3HaYyeHWUI
def __str__ (self):
# Pe3ynbtaTt meToja
return self.name
# MeTon pgna o6paboTkuM cuTyauum, Kkorga
# aTpubyTy npucBamBaeTCqs 3HauvyeHue
def _ setattr__ (self,attr,val):
# Ecnm 3HavyeHWe npuceanBaeTcH
# nonw name
if attr=="name":
self. diet_ [attr]=val
# Ecnm 3HauvyeHue npuceaumBaeTCcsd He
# nont name
else:
print ("Onepauna He pa3peweHal!”)
# MeTog ona o6paboTkuM cuTyauuu, Korpga
# cumTbiBaeTCAa 3HayeHuWe aTpubyTa
def getattr (self,attr)
# PesynbTaT MeTofa
return "Takoro nona Het!"
# MeTog ona o6paboTkuM cuTyauuu, Korga
# aTpunbyTt ypanfetcs
def delattr (self,attr)
# OTob6paxaeTcs coobuieHue
print("Ypganate nons 3anpeueHo!")

# Co3paeTca 3K3emMnnap kKnacca
obj=MyClass("VcxogHoe 3HauyeHue")
# lpoBepaemM 3HayeHWe nons name
print(obj)

# HoBOe 3HayeHue nona nawe
obj.nate="HoBoe 3HauyeHue"

# lpoBepdaeM 3HayeHWe nondg name
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print (obj)

# MpucBamBaeM 3HayeHWe NONK number
obj.number=100

# lMpoBepsem 3Ha4yeHWMe nonsa number
print(obj.number)

# Ypandem nofe name

del obj.name

# lpoBepdaeM 3HayeHWe nons name
print(obj)

Pe3yanaT BbIMO/IHEHMNA NPOrpaMMHOro Koga TaKol:

Pe3ynbTar BbINOSIHEHVA NporpaMmbl (U3 INCTUHTa 7.13)

McxopHoe 3HayeHue

HoBoe 3HauyeHwue

Onepauva He pa3peweHal!
Takoro nons HeT!
Ynanatb nona 3anpeweHo!
HoBoe 3HauyeHwue

PaccmoTpuM nporpamMmmHble KoAbl MeTOoL0B __getattr__ (),
_setattr__ () n __delattr_ (). Cambiii npocToi Ko Yy MeTOLOB
_Qgetattr Oun delattr ():BTenemerofa getattr () pe3ynb-
TaT BO3BpalwiaeTcs komaHgon return "Takoro nonsa Het !", aB Tene meTo-
pa __delattr__ () BbIMONHAETCA efUHCTBEHHAA KOMaHja print ("Ygpanar
b nonsd 3anpeuweHo!"). Cmetogom__setattr__ () BCeE HEMHOIO C/IOXHee:
B YC/I0BHOM OMnepartope npoBepseTca ycnosue attr=="name ", KOTOPOE UCTUH-
HO, ec/in 3anpalinBaemMblil aTpubyT (aprymeHT mMetoga attr) - aTo none nawe.
B aTom cnyuyae BbinonHsetcA komaHpa self. _diet  [attr]=val. 3gech
B cnosape__dict_ pana aksemnnapa self anemeHTy ¢ knouom attr npu-
cBauBaeTca 3HaudeHue val (aprymeHT metofga__setattr__ () ). Ecnu ycno-
BMe attr=="name" N0OXHO (TO eCTb aTpUOYT attr He ABNSETCA MOMAEM MaLle),
BbiNONHAeTCA KoMaHgaprint ("Onepauus He paspeweHa!™).

Mocne onucaHus knacca MyClass komaHgoin obj=MyClass ("MicxogHoe
3HayeHue™) cosgaeTca ak3emnnap obj, none nawe KOTOPOro nosyvaer 3Ha-
yeHne "McxofHoe 3HauyeHue". [NpoBepuTL 3HAYEHME NOJA name 3K3eMN /-
pa obj MOXHO Cc nomowbio KoMaHabl print (obj ).

KomaHpgoi obj .nawe="HoBoe 3Ha4yeHue" MO name NpUcCBaMBaeTCs HO-
BOe 3HayeHue. OTa onepaumns NPOXoAUT ycnewHo. Ho npu NonbITKE BbINMOMHUTL
KoMaHay obj .number=100 none number y sk3emnnspa obj He co3gaercs, u,
pasymeeTcs, 3Ha4YeHUe eMy He npuceBanBaeTca (BMeCTO 3TOro nosBAseTCs Co06-
weHne Onepauna He paspeweHal). MNpu nonbiTKe "npouyntars” 3HaUYeHUe
HecyllecTBytoulero nonsd number B komaHge print (obj .number) nossns-
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eTca coobuleHme Takoro nons Het . Ecnv nonbiTatbecs yaanuTb Moje name
y ak3emnnsapa obj komaHgoin del obj .name, none name He ygansdetcs, U no-
ABNsAeTCA coobuleHMe Y aanaTe nona 3anpelweHol.

Euwe ogmH cnocob 06paboTkM onepaynin NnpucBanBaHns 3Ha4YeHUS NOAAM, CUU-
TbiBas 3HaYeHWA NoMei 1 yaaneHns nonei, NnpeacTaBfieH B CAeAyoLemM npume-
pe. Kak 1 B npefblgywemM ciyyae, Mbl ONMcCbIBaeM meToabl__setattr__ () u
__delattr__ (), a BmecTto meTofa__getattr__ () onucbiBaem MeToj _
getattribute__ ().

Q

Ha 3ameTky

HanomHum, uTo MeToa__getattr__ () BbI3biBAeTCS NpU 06PaLLEeHNI /1S CUATLIBAHUSA
3HaHNA K HECYLLECTBYIOLLEMY MOosIo, BTO Bpems kak MeTos__getattribute_ O Bbl-
3bIBAETCS NPU CUMTBIBAHUN 3HAYEHUsI 1I06OrO MOJS - KaK CYLLEeCTBYIOLLEro, Tak U He Cy-
LLLeCTBYIOLLETO.

NTak, B knacce MyClass onucbiBatoTcs Metoabl___setattr (), getat-
tribute__ () w__delattr__ ().

Mpu BbiNONHeHUN MeToda__setattr __ ():

nosaBnseTcs coobLieHNe 0 Havasne BbIMONHEHUS METOA];

noapndaeTcsa COO6LLI.€HI/Ie 0 TOM, KaKOMYy Nol0 Kakoe 3Ha4yeHne npucea-
NBAETCA,

BbINONHAETCA NpucBanBaHne MO 3HaYEHUA,

noaBnsaeTcsa COO6LLI,eHI/Ie 0 3aBepLUeHUN BbINMOMHEHNA MeTOo/a.

Mpu BbINONHEHUU MeToda__getattribute  ():

nosaBdeTCcA COO6LLI|6HVI6 0 HayaJie BbINOJIHEHNA METOaA;
noAaendeTcsa COO6LL|,€HI/Ie 0 TOM, 3Ha4YeHNe Kakoro nosada CHUTbIBaeTCA,
BbIMONHAETCA NOMNbITKa NPOYUTAaTb 3HAYEHNE NMONA,

ecnn none CyuwecTBsyet, noAaBndaeTcAa COO6LLI,€HI/I6 0 3aBeplleHUn MmeToaa
1 BO3BpaLllaeTcsa 3HavYeHne nong,

€C/N MONS He CYLeCTBYeT, NOSABNAETCA COOBLIEHNE O 3aBepPLUEHNN Me-
TOZla U BO3BpALLAeTCsA TEKCTOBOE 3HAYEHWE C MH(OPMaLMeil 0 TOM, YTO
MoNs He CyL|ecTByeT.

Mpu BbiNnONHeHUN MeTopa__delattr__ ():

nosiBNAeTCA COO6LLEHME O HaYane BbINOMIHEHUS METOAa,;

noapndaeTcsa COO6LLI,EHI/I6 0 TOM, KaKoe none yaandaetca,

—-H# m
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# BbINOJHAETCA NONbITKA YAaNUTL Nose;

# ecnu none cyuiecTsoBasio n ero yganeHue npoxoagnT ycnewHo, noaBns-
eTcAa COOﬁLLI,eHVIe 0 3aBEPLUIEHNN BbINO/THEHUA METOAA,

# ecnu nong He cyuiecTtsoBano, noasndaeTcs coo6u.|,eH|/|e 0 HEBO3MOXXHO-
CTN yaanunuTb MoJe, a 3aTemM COO6LLI|BHI/Ie 0 3aBepwieHnn metonda.

Becb I'IpOFpaMMHbII‘/’I KOO npeacTtaB/ieH B INCTUHIE 7.14 N BbITNAAUT TaK:

JINCTUHT 7.14. CunTbiBaHME 3HAYEHUSA NONSA

# Knacc

class MyClass:
# MeTOL Bbl3blBaeTCsA, ecnuM nonkw
# npuceanBaeTCcs 3HayeHwue

def _ setattr_ (self,attr,val):
print("BbinonHaerca meton _ _setattr__ ():")
1xC="*\1Montwo "+str(attr)
txt+=" npuceBaumBaeTcs 3HauveHue "+str(val)
print(txt)

# lMpuceBanBaHMe 3HayeHUA MNONOK
self. diet__ [attr]=val
print("Metops _ setattr__ () BbiMONIHEH.")
# MeTo4 Bbl3biBaeTCcs, €cnu
# cuuTbiBaeTCA 3HayYeHue nong
def _ _getattribute__ (self,attr):
print("BbinonHaeTrca meton _ getattribute  ():")
txt="*A"CuyuntbiBaeTCca 3HayeHue nons "+str(attr)
print (txt)
# Pe3ynbTaTt MeToja
try:
# 3HayeHMe nona - ecnum nojfe cywecTByeT
res=object. getattribute__ (self,attr)
except AttributeError:
# Ecnun nona He cyuwecTtByeT
res="Y ak3emnnapa nons "+str (attr)+" HeT!"
print("Metops _ _getattribute__ () 3aBepwaeT paboTy.")
# Pe3ynbTaTt MeToja
return res
# MeTof BbI3blBaeTCcd, ecnu
# none ypanseTcsa
def __delattr__ (self,attr):
print("BbeinonHsetrca metog _ delattr__ ():")
txt="*"Ypanaetcs none "+str(attr)
print(txt)
try:
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# YpaneHue nona - ecnu none cyuwecTByeT
del self. diet_ [attr]
except KeyError:
# Ecnm Takoro nona He cyuwectByeT
print("Henb3a yganuTtb none "+str(attr))
print("Metog __delattr__ () BbimOAHEH.")
* Co3faeTcda 3K3eMnaap kKnacca
obj =MyClass ()
* TMonw name npuceaMBaeTCcs 3HauyeHue
obj.name="Python"
* MpoBepAeTcAa 3HavyeHMe nNona name
print("3HayeHne nond nameobj.name)
* Ypandetrca none name
del obj.name
* MpoBepAeTcda 3HayeHMe nona name
print(obj.name)
* [MoOBTOPHO ypanseTcsa none name
del obj.name

Pe3ynbTaT BbINOMIHEHMWA NPOrpamMMHOro Kofa NnpeAcTaBieH HUXe:

Pe3ynbTaTt BbINOAHEHUA NporpamMmmbl (M3 NUCTUHra 7.14)

BbinonHdetcs meTtop _ setattr__ ():

* Tlonto name npuceBamBaeTcs 3HauvyeHue Python
BbinonHdeTcs metop _ getattribute  ():

* CuyuTblBaeTCAa 3HayeHue nons diet

MeTon _ getattribute_ () 3aBepwaeT paboTy.
MeTon _ setattr__ () BbINOJIHEH.

BbinonHdetca meTton _ getattribute  ():

* CunTbiBaeTCA 3Ha4YeHWe nons name

MeTon _ _getattribute__ () 3aBepwaeT paboTy.
3HauyeHuMe nond name: Python

BbinonHdaetcs metop _ delattr 0):

* Ypansetcda nonae name

BbinonHdeTcs meTtop _ _getattribute 0O:

* CunTbiBaeTcs 3HadyeHue nona _ dict
MeTon _ getattribute__ () 3aBepwaeT paboTy.
MeTtoq _ delattr__ () BbINOMHEH.

BbinonHdetca meTon _ _getattribute _ ():

* CunTbiBaeTCA 3HayYeHWe nona name

MeTon _ _getattribute__ () 3aBepwaeT paboTy.
Y ak3emnnapa nong name HeT!

BbinonHaetcs metop __delattr__ ():

* YpanaeTcd none name

BbinonHdetcs meTtopn _ getattribute  ():

* CunTbiBaeTCAa 3HayYeHWe Mnons diet
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MeTon _ getattribute__ () 3aBepwwaeT paboTy.
Henb3s ypanuTb none nawle
Meton __delattr__ () BbIMOMIHEH.

UT06bl NOHATH, NOYEMY MOSBASIOTCH UMEHHO TakKue COO6LLEeHNs, BO BHUMaHWe
HY>XHO NPUHATb CReAyroLMe 06CTOATENbCTBA.

» [ocne co3gaHns ak3emnnspa knacca komaHgolh obj=MyClass () vy
3TOro 3K3emnnsapa HeT nonei (Tex, YTO CO34aHbl Nonb3osatenem). Mpu
BbIMOMHEHUN KOMaHAbl obj .name="Python" y ak3emnnspa obj no-
ABNAETCA MOe nawe co 3HayeHnem "Python™. lMpu 3ToM Bbi3bIBaeT-
cameToa__setattr__ (), BTene KOTOpPOro BbiNOfiHAeTCS obpaleHme
K cneymnansHomy nonto__diet__ . O6paweHne k nonw__diet__ B
CBOIO oYepeab NPUBOAUT K BbI3OBY MeTofa__getattribute __ ().

* Tlpu nposepke 3HauyeHue nons nawe KOMaHgoi
print ("3HauyeHune nonsd nawe :", obj .nawe) BbI3bIBAETCH METO[
__getattribute__ ().

* [pwuypaneHnn nong name komaHgow del obj .name BbI3biBaeTCA Me-
Tog __delattr__ (). MockonbKy B npoLecce yfaneHus nons Bolnon-
HAeTCcA obpalieHune K cneynanbHomy nonto___diet__ ,To aBToMatuye-
CKM Bbi3blBaeTCA U MeTof__getattribute _ ().

* [locne yganeHus noas name 3HayeHWe 3TOro NONAA NPOBEPAETCA KOMaH-
poim print (obj .name). Kak cnefcteue Bbi3biBaeTCa MeTOf _ ge-
tattribute__ ().

e [lonbiTKa NOBTOPHOrO yAaneHusa Monas name KomaHgoin del obj .
name MpuUBOAWT K Bbl30oBY MeTofa__delattr__ (), a npu BbiNnonHe-
HUW 3TOr0 METOJA - K BbI30BY MeTofa _getattribute _ ().

[Janee Mbl NO3HAKOMUMCS C OAHUM OY€Hb UHTEPECHBIM MEXaHU3MOM, KOTOPbIii
AOCTyneH npu paboTe C Knaccamu ¥ aK3eMnaspamy Knaccos B Python. Peub
noiigeT o nmeperpyske onepaTopoB.

Meperpy3ka onepaTtopos

Mepe3arpys3ka 3aBepweHa. CyacTnmnsoro nyTwu!
n3 K/ ""TocTusa 13 byayuiero "

B Python cyuiecTByeT BO3MOXHOCTL OMNPeAensiTh ANA 3K3EMMN/ISPOB MO/b30Ba-
TENIbCKMX K1acCOB TakWe OMepauuu, Kak COXeHWe, YMHOXeHWE, BblUMTaHMe,
JeneHune, v pag apyrux. VIHbIMKU cnoBamu, Mbl UMEEM BO3MOXHOCTb TaK OMu-
caTb K/acc, YTO 3K3eMMSPbl 3TOFO K/acca MOXHO 6yAeT CKNafbiBaTh, BbIYUTATS,
YMHOXaTb, A€/INTb W TaK fasee - Kak, Hanpumep, 06bluHble Yncna. YTo nonyya-

m
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eTCs B pe3ynbTaTe - 3T0 BONPOC APYroi, M OTBET Ha HEr0 BCELLE0 3aBUCUT OT Hac
M Hawel paHTasmu.

UTo6bl Ta UM UHas onepauus (HanpuMep, CA0XeHWE) cTana AOCTyNHA 4N Bbl-
MOMIHEHUSA C 3K3eMMNAPaMU Knacca, AOCTAaTOUYHO B K/lacCe OnucaTb ONpeaenieH-
HbI cneynanbHbIl MeTog (KaXA0MY onepaTopy COOTBETCTBYET METOZ, KOTOPbIA
aBTOMATUYECKU BbI3bIBAETCA NpY 06paGoTKe BbIPAXEHUS C 3TUM OMEPATOPOM).
Ecnn Takoii MeToZ B K/iacce onucaH, TO onepawus, COOTBETCTBYHOLAs JaHHOMY
MeTogdy, O6yaeT AOCTYMHa ANS 3K3eMNAAPOB Knacca.

Hanpumep, onepatopy cnoxeHus + cooTsetcTByeT meton add__ (). Ecnn B
Knacce onucaH metoa__add__ (), TO Npu BblYMC/IEHUN BbIPaXEHUHA, B KOTO-
pOM K 3K3EMMAAPY Knacca 4to-To npubaBnseTtcs, 6yLeT Bbi3BaH (aBTOMatuye-
ckn) meton__add__ ().

Heb6onblwoW Npumep ¢ Knaccom, B KOTOpom onucaH metoq _add __ (), npea-
CTaB/ieH B IACTUHTE 7.15.

JInctnHr 7.15. MNeperpy3ka oneparopa CroXeHus

# Knacc c onucaHuem mMeToga __ _add__ ()
class Adder:
# KOHCTpPYKTOp
def __init__ (self,number):
# Monw ak3emnnapa npucBauBaeTcH
# 3HauveHwue
self.numberenumber
# MeToL ANA NpUBELEHUA K TEKCTOBOMY
# TuUny
def str (self):
# dopmupyetcs TeKCT
txt="3HadeHne nona number =
txt+=str(self.number)
# PesynbTaT MeTofa
return txt
# OnucaHune meToja [ANS ONepauun CHAOXeHUSA
def add (self,x):
# BblumcngaeTcs 4YMCNOBOe 3HayeHue
number=self.number+x
# Co3paeTcs 3K3emMnnaAp Knacca
tmp=Adder(number)
# Pe3ynbTaT MeTofa - CCbliKa Ha
# ak3emnnap knacca
return tmp
# Co3faeTcs 3K3emnnap kKnacca
a=Adder(10)
J K ak3emnnapy kKnacca fjob6aBnseTrca 4ucno

W1X1
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b=a+5

# lMpoBepsdem none number 1-ro 3k3emnnaspa
print(a)

# MpoBepsem none number 2-ro 3k3emnnapa
print(b)

Pe3y/ibTaT BbINO/HEHNS MPOrPaMMHOI0 KoAa TaKoii:

Pe3ynbTtaT BbINO/HEHUA NporpamMmMbl (M3 MUCTUHra 7.15)

3HaueHune nonda number = 10
3HauyeHune nonga number = 15

B knacce Adder ecTb KOHCTPYKTOP, NPUW BbIMOJIHEHUN KOTOPOro nonto number
3K3emnnspa npucsavMBaeTca 3HayeHwe. Metopn_ str__ () onwucaH Tak, 4yTo
npu nepejaye aK3emnnaspa kiacca aprymeHtom metogy print () otobpaxaer-
CA 3Ha4YeHMe nona number ak3emnnsapa.

MHTepec npegctasnset metod__add__ (), onucaHHbIl ¢ ABYMSA apryMeHTamu;
aprymeHT se | f TpaguLMoOHHO 0603HaYaEeT CCbIIKY Ha 3K3eMMIap Kiacca, U3 Ko-
TOPOro BbI3blBaeTCA METOA, @ aprymeHT X 0603Ha4aeT 4ncnoBoe (Kak Mbl Npeg-
nonaraem) 3sHauyeHue, KOTOpoe Npu6aBNAETCA K IK3EMNAAPY Knacca.

B Tene metoga komaHgoin number=self_number+x Bbluncnsercs cym-
ma nona number asksemnnsapa self u aprymeHta X. PesynbTar 3anucbiBaeT-
CA B NIOKaNbHYI nepemMeHHyl number. [JaHHOe 3HayeHWe nepefaeTca apry-
MEHTOM KOHCTPYKTOPY Npu CO34aHWK HOBOrO 3K3eMMaspa Kiacca KOMaHgoi
tmp=Adder (number). 3TOT 3k3eMNAAp Kacca BO3BpaLLaeTCs Kak pesynbTar
MeTo4a KoMaHAoi return tmp.

Takum 06pa3oM, Npu NpruGaBNeHUN K IK3eMNAPY Kacca YNCNOBOrO 3HAYEHUS
CO3[aeTCS HOBbIV 9K3eMMSP Knacca, Nosae number KOTOPOro paBHAETCS CyMMe
3HAYEHMWI Noas nuMber NCXOLHOTO 3K3eMMNIspa U NPUBGaBISEMOro K 3TOMY 3K-
3eMnNAspy uncna.

BHe Tena knacca komaHgoin a=Adder(10) cos3gaeTcd 3K3emnasap a Knacca
Adder co 3HaueHnem 10 gna nons number. bnarogaps ToMmy, YTO B Kjacce
Adder onucan metog___add__ (), CTaHOBMTCA BO3MOXHO KOMaHga b=a+5, B
KOTOPOIi BbluMcaseTca "cymma" ak3emnaspa a u yncna 5, a pesynbrar, - CCbif-
Ka Ha HOBbI/ 3K3eMN/AP Kfacca, - 3anucbiBaeTca B nepeMeHHyto b. Mocne aTo-
ro nepemMeHHble a u b ccblaloTcs Ha ak3eMnnapbl knacca Adder. IpoBepuTs,
YTO peyb MAET O pasHbIX 3K3eMMaapax, Nerko: 4OCTaTOUHO BbIMOMHUTL KOMaH/bI
print(a) nprint®).

f& |
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Ha 3ameTky

Ecnn Mbl BMECTO TOr0, YTO6bI K 3K3EMMISPY Knacca NpubaBnsiTb YMC/O, NomnbiTaemcs
K uncny npubaBuTb 3K3eMNASAP (Hanpumep, NONpo6yem BbINOMHUTL KOMaHAay b=5+a),
nosBuTCcAa coobuieHne 06 owmnbke. leno B ToM, Yto meToa__add__ () "obpabaTbiBa-
eT" ToNbKo NpuGaBfeHne K 3K3eMMIsipY YMcia, HO He Hao6opoT. YUTOGblI MOXHO 6bUIO
K uncny npubaBnAaTb 3K3eMnasp, cnepyet B knacce Adder onuvcaTb ele u MeTop,
__radd__ (). MNporpamMHbIii KOA 3TOro MetToga Mor 6bl 6bITb TaKUM:

def __radd_ (self,x):
return self+x

B pgaHHOM cnyydae Mbl B Tenie metoga _ radd_ () HesiBHO BbI3bIBaeTcsl MeTof,
__add__ (), nockonbKy UMEHHO 3TOT MeTo/, 6yaeT 3a4eNCcTBOBaH NpU BbIYNCIEHUN Bbl-
paxeHusi sel f mx, B KOTOPOM K 3K3eMNJIsipy Kiacca NpubaBrisieTcs YNCo.

B faHHOM cryyae Mbl onpegenisieM onepawmy CNOoXeHNA 3K3eMnsisspa ¢ YACIOM 1 vncna
C 3K3eMMJIIPOM TakK, YTO pe3y/ibTarbl UAEHTUYHBLI. HO Heo6Xxo4MMOCTM B 3TOM He 6bl/10 -
Mbl MO Bbl onpegennTb 3TN onepauynn nNo-pasHomy.

OnepaTopoB, KOTOPble MOXHO MNeperpyxatb, 40CTaTOYHO MHOro. Mx 06bl4HO
pa3buBaloT Ha TpU FPyMnbl: MateMaTuyeckre ONepaTopbl, ABOMYHbIE ONEPATO-
pbl 1 onepaTopbl cpaBHeHuA. [anee B Tabnuue 7.3 nepeumcieHbl neperpyxae-
Mble MaTteMaTmnyeckue ornepaTopbl. Mpu 3TOM Mbl UCNONb3yeM Takue 0603Haue-
Hus: yepe3 obj 0603HauyeH 3K3eMNAAp Knacca, B KOTOPOM Neperpyxaetcs me-

TOf4, a ApYroii onepaHA (ecnu Takoil MMeeTcs) 0603HAUYEH Yepes X.

Ta6bnuua 7.3. Meperpyxaemble MaTemaTU4eckme oneparopsbl

MeTton Onepatop Mpumep OnucaHne

add () + obj +x Cnf))KeHme 3K3eMnaspa Knacca
obj conepaHfoMm X

_radd__() + x+0bj CnoxeHwve onepaHga _x C 9K-

3eMNNApoM Knacca obj
CrnoxeHwne 3ak3emnnapa Knacca

: - . obj c onepaHfoM X ¥ npucea-

iadd () += obj +=x ] PanA pucea-
MBaHWe 3HAYeHUA MepeMeHHOn
ak3emnnapa obj

sub () ) obj -x BbILII/ITaHVI_e M3 3k3emnnspa
Knacca obj onepaHpa x

rsub () ) x-0bj BblunTaHme 13 onepaHga X K-

3eMnnapa knacca obj

-ira
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MeTop,

isub ()

mul ()

rmul ()

imul ()

truediv

rtruediv

itruediv

floordiv

rfloordiv

ifloordiv

fat*-

0

0

0

Oneparop

~

/1

/1

Mpumep

obj-=x

obj *x

X*0bj

obj *=x

obj /x

x/obj

obj/=x

obj/ix

x /1 obj

obj//=x

OnucaHne

BblunTaHme 13 3k3emnnaspa
Knacca obj onepaHfa x u npu-
cBaMBaHue pesynbTata nepe-
MEeHHOI 3K3emnaspa Knacca
obj

BbluncneHne  npowusBefeHus
ak3emnnapa knaccaobj none-
paHga X

BbluncneHne  npov3BefeHUs
onepaHga X W 3K3emnnspa
Knacca obj

YMHOXeHMe 3K3emMnaapa Knac-
caobj HaonepaHg X v npucsa-
nBaHWe pe3ynbTaTa MepemMeH-
HOI 3K3emmnapa knacca obj

JeneHune 3ak3emnnapa knacca
obj Ha onepaHp X

[eneHve onepaHga X Ha 3K3eM-
nnsp Knacca obj

[eneHune 3k3emnnaspa knacca
obj Ha onepaHpg X u npucsau-
BaHWe pe3ysibTaTa NepemMeHHO
3K3emMnnsapa knacca obj

LlenouncneHHoe peneHue 3k-
3eMnnapa knacca obj Ha one-
paHg X

LienouncnernHoe fenexHvie one-
paHfa X Ha 3K3eMnnsp kKnacca
obj

LlenouncneHHoe pfeneHne 3K-
3eMnnapa Knacca obj Ha one-
paH4 X W npuceBauBaHue pe-
3ynbTata NepeMeHHOW 3K3eM-
nnspa knacca obj
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MeTtop, Onepartop Mpumep OnucaHvie

OCTaTOK OT [leleHnA 3K3eM-
mod__() % obj %x naspa Knacca obj Ha onepaHj
X

OcTatoKk OT geneHus onepaH-

_rmod__ () % x%obj .
Aa x Ha 3K3eMnnap Knaccaobj

OcCTaToK OT [eneHus 3K3em-
nnspa knacca obj Ha onepaHg

imod () %= obj %=x X W npucsamBaHue pesynbTa-
Ta MepeMeHHON 3K3emnaspa
Knacca obj

Bo3BefeHune ak3eMmnisapa Knac-

pow () obj **x ]
caobj BcCTENeHb onepaHAa x

Bo3segeHune onepaHpa x B CTe-

rpow () X**0bj .
neHb 3K3emnnasapa Knaccaobj

Bo3BeaeHune ak3emnispa Knac-
caobj BCTeNneHb onepaHaa x

__ipow__() = obj **=x npucBaMBaHWe pesynbTaTa ne-
PEMEHHOI 3K3emnaspa Knac-
caobj

MprMeHeHUe yHapHOTo (0AuH
__neg__() - -obj onepaHA) onepatopa “"MuUHycC"
K 9K3eMNNsApy Knacca obj

MpumeHeHWe yHapHoro (oAuH
__pos__() + +0bj onepaHp) onepaTtopa "nnatc"” K
3K3eMNNApy Knacca obj

BbluncneHue Moayna 3K3eM-

abs MOaynb abs(obj
0 Y (ob]) nnsipa Knacca obj

B tabnuue 7.4 nepeyncneHbl neperpyXaeMmblie Nno6uToBble onepatopbl. Kak u B
npeablgyliem cnyyae yepes obj 0603HaueH aK3eMnnsap Knacca, B KOTOPOM nepe-
rpy>aeTcs onepaTop, a Yepes X - 4pYroi onepaHy.

LM
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Tabnuua 7.4. MeperpyxaemMble NOOGUTOBbLIE ONEPaTopb!

MeTop,
invert ()
and ()
rand ()
iand ()
_or__Q)
ror ()
_ior_J0
xor ()
rxor ()
ixor ()

Oneparop

Mpumep

~obj

obj &

X &obj

obj &=x

obj |x

x |obj

obj t=x

obj /ix

XAobj

obj n=x

OnucaHne

MobuToBas NHBEPCUSA IK3EM-
nnspa knacca obj

MobutoBOE N ANS 3K3eMNNA-
pa knacca obj u onepaHga X

Mo6uToBOE M 4N1A ONepaHia X
M aK3emnnsapa knacca obj

MobuToBOE U 418 3K3eMMNA-
pa knacca obj v onepaHpga X
C npucBavBaHWem pesynbTa-
Ta MepeMeHHOn 3K3emnnspa
Knacca obj

MobutoBOE WM AN 3K3EM-
nnapa knacca obj n onepaH-
ga X

Mo6utoBOE MNKU ANA ONepaH-
Ja X U 3K3emnaspa knacca
obj

MobutoBoe UM AN 3K3EM-
nnspa knacca obj n onepaH-
fJa X C npucsamBaHuem pe-
3ynbTata NepeMeHHON 3K3eM-
nnsapa knacca obj

MobutoBoe nckovarolLlee
Wi pns ak3emnaspa knacca
obj nonepaHga x

Mo6butoBoe UcKNvaroLlee
WM 4nsa onepaHga X v 3K3eM-
nnspa knacca obj

Mo6utoBoe NCKNoYarLLee
Wi pns ak3emnaspa knacca
obj nonepaHpa x c npucsaun-
BaAHMEM pe3yfbTarta nepemeH-
HOW 3K3emnnspa knacca obj
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MeTtop, Onepartop Mpumep OnwncaHne
_Ishift__ () « obj <<x C/BWUT B/IEBO /19 3K3eMMA-
pa knacca obj Ha onepaHf X
rishift « X«obj CABUT BNEBO ANS onepaHaa X
@) Ha ak3emnnsap knacca obj
ilshift «= obj«=Xx CABUT BNEBO AN 3K3eMMNA-
@) pa knacca obj Ha onepaHp X

C NMpucBaMBaHWeM pe3ynbTa-
Ta MepemMeHHOW 3K3eMnnspa

Knacca obj
rshift 0 » obj >>x CaBur BMpaBo A5 3K3eM-
nnspa knacca obj Ha one-
paHa X
reshift » X»0bj C/BUT BMpaBo A41a onepaHga
0 X Ha 3K3emnnap knacca obj
irshift >>= obj >>=x CAoBur BMpaBo ANS 3K3EM-
@) nnapa knacca obj Ha one-

paHj X C NnpucBanBaHWEM pe-
3y/bTata NepemMeHHON 3K3eM-
nnspa knacca obj

Tabnuua 7.5 COQEPXUT CBEAEHMA O MEPErpyXaembiX OnepaTopax CpPaBHEHUS
(obj -ak3emnnsAp Knacca, a X - 4pyroi onepaxg).

Tabnvua 7.5. Meperpy>xaemMble oneparopbl CpaBHEHNS

MeTop, Onepartop Mpumep OnwncaHne
_eq__0 o< PaBeHCTBO 3K3eMMNA-
pa knacca obj u one-
paHga X
_ne__( objl=x HepaBeHCTBO 3K3eM-
nnapa knacca obj u
onepaHpa X
_1t_0 < obj<x Sk3emnnsp  knacca

obj meHble onepaH-
fa X
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—9t_0 > obj >x Sk3emnnap  Kknacca
obj 6onble onepaH-
fa x
_le_ 0 <= obj <=x dk3semnasp  Kknacca
obj He 6onbwe one-
paHga X
_he__0 >= obj>=x dk3semnnsp  Knacca
obj He meHbwe one-
paHga X
Contains_() in X in Obj OnepaH'q X BX0AuUT
B 3K3emMnnap Knacca
obj

OnepaTopoB, NOAXOAALWNX A5 MePerpysku, LOCTaTOYHO MHOr0. 34eCb BaXHO
MOHATH MPOCTYH LITYKY: Mbl B MPUHLMIE MOXEM MepPerpyXxatb OnepaTopbl Kak
yrogHo (B onpefeneHHbIX Npefenax, KOHeYHo). BaxHO TONbKO TO, Kakoli 3To
onepaTtop: 6MHapHbIA (TOT, KOTOPOMY HYXXHO ABa OMepaHa) Uau yHapHbIid (y
onepaTopa oAvH onepaHg). Mpumep, B KOTOPOM BbIMOHAETCS Meperpy3ka HeKo-
TOPbIX 13 MEPEYUC/IEHHBIX BbILLE ONEPaToOpPOB, NMPUBELEH B TNCTUHTE 7.16.

Q Ha 3ameTky

[Janee onucbiBaeTcsi Knacc Ans peann3aunm Takoro MaTeMaTuyeckoro o6bekTa, Kak
BekTop. Ecnm a6CcTparvpoBatbCsi OT reoMeTpUYeckol WHTeprnpeTauuy BekTopa, TO
C HEKOTOPOW HaTSHKKOW MOXHO YTBEpXAaTb, UTO BEKTOP - 3TO Habop M3 Tpex napa-
MeTpOB, KOTOpble Has3blBalOTCA KOOpAMHAaTaMu BekTopa. C BEKTOpamMu MOryT BbIMNosi-
HATBCA HeKoTopble onepauun. Tak, eciv MMeeTcs ABa BekTopa a = (al(a2,a3) u

b = (b1l,b2<”3), TO MOXHO BbMMC/IUTL CyMMY BekTopoB C = a + b. Moonpegene-
HUWIO 3TO BEKTOP C= (C 1( C2, C3) c KoopanHaTamMu, paBHbIMU CYMMe KOOPAMHAT CKna-
[blBaeMbIX BEKTOPOB: CK = + b* (MHoekck = 1,2,3). AHaJIOTMYHO BbIUNC/ISETCSA

pasHocTb Bektopos: C = d —b, npuuem koopauHatel BekTopaC = (c”, C2, C3) pas-
Hbick = dfc — fofc(uHgekck = 1,2,3).

CkansipHbIM nponssegeHnem Bektopos d = (a 1( a2, a3) nb = (bl( b2, b3) Ha3bl-

BaeTcs umucnod b = + a2b2 + a3b3, 70 ecTb cymma NponsBefeHnii cooT-
BETCTBYIOLLUMX KOOPANHAT BEKTOPOB. [Py YMHOXEHUN BEKTOPa Ha YMC/10 BCE ero KOopan-
HaTbl yMHOXaIOTCs Ha aTo uncno: ecima = (ar,a2,a3),70Ad = (Hal(da2,Aa3)
. AHaJ/TIOTMYHO BEKTOP AE/IUTCA Ha YMCIO: HY>KHO NOAENUTb KaXKAyto KOOPAUHATY BEKTOpa
a _ k! a2 ald\
Ha 3To umcno - no onpegenenmto J — ("A4-"~x CyuiecTByeT Takas XxapakTepucTtu-
Ka, KaK Moay/ib BeKTopa. Mofyb BEKTOpa - 3TO YNC/0, PaBHOE KOPHIO KBaJpaTHOMY 13
cKansaipHOro nNpovsBeAeHus BeKTopa Ha camoro ce6s. Ans Bektopad = (al(a2,a3)

moaynblal = Va «d = af + a2 + a3.
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JWcTvHr 7.16. Meperpy3xa oneperopos

# ®PYyHKUMA ANSA BbIYUCNEHWUA KBafApaTHOrO KOPHA
from math import sqrt

# Knacc pna peanusauunm BeKTOpa

class Vector:

# KoHCTpyKTOp
def __init__ (self,x=0, y=0, z=0) :
# lMonamM npucBauBalwTCA 3Ha4YeHUHd
self.x=x
self.y=y
self.z=z
# MeTofL gna nNpuBefeHMA K TEKCTOBOMY Tuny
def str (self):
# TekcTOoBOE 3HauyeHwue
txt="<"+str(self.x)+"|"
txt+=str(self.y)+"|"
txt+=str(self.z)+">"
# Pe3ynbTaTt MeToja
return txt
# CNnOXeHWe BEKTOPOB
def add (self,obj):
# Co3faeTcsa 3K3emnnap kKnacca
t=Vector()
# 3HauyeHMa nonei sk3emnnsapa
t . x=self.x+obj.x
t.y=self.y+obj.y
t.z=self.z+o0bj.z
# Pe3ynbTaTt MeToja
return t
# CNnoXeHWe BEKTOPOB C MpuUcCBauMBaHWeMm
def __iadd__ (self,obj):
# WN3meHdaeM 3kK3emnnasap
self=self+obj
# Pe3ynbTaTt MeTofa
return self
# YMHOXeHWe BeKTOpa Ha BEKTOpP unu
# BeKTOpa Ha 4ucno
def _ mul__ (self,p):
# lpoBepaemM TuUN aprymeHTa
if type (p) —Vector:
# lpousBefeHNe BeKTOPOB

fg H
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res=self.x*p.x+self.y*p.y+self.z*p.z
# Pe3ynbtaTt meToja
return res
# lponssefileHne BeKTOpa Ha 4yucno
else:
self.x*=p
self.y*=p
self.z*=p
# Pe3ynbTaTr metoga
return self-
# YMHOXeHMe 4ymcna Ha BeKTOp
def __rmul__ (self,p):
# Pe3ynbTat MeToja
return self*p
# MUWHYC nepef BEKTOPOM
def __neg__ (self) :
# Pe3ynbTtat meToja
return Vector(-self.x,-self.y,-self.z)
# Pa3HOCTb BEeKTOpPOB
def _ sub__ (self,obj):
# Pe3ynbTaT MeTOja
return -obj+self
# Pa3HOCTb BEKTOPOB C MNpucBauMBaHuem
def __isub__ (self,obj):
# N3meHAeM 06beKT
self=-0bj +self
# Pe3ynbTaTt MeTOoAa
return self
# Mopynb BekTOpa
def __abs__ (self):
# Pe3ynbTaTt MeToja
return sqrt(self*self)
# [leneHne BeKTOpa Ha 4ucno
def _ truediv__ (self,p):
# PesynbTatr metoja
return self*(l/p)
# PaBeHCTBO BEKTOPOB
def __eq_ (self,obj):
# Ecnm paBHbl 3HauyeHUsa none
if self.x==o0bj.x and self.y==o0bj.y and self.z==0bj.z:
return True
# Ecnm 3HauyeHWs noneii pasHble
else:
return False
# HepaBeHCTBO BeKTOpOB
def __ne_ (self,obj):
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# Pe3ynbTatr MeTopga
return not self==obj
# OAMH BeKTOp "MeHbWwe" ppyroro
def __ It’ (self,obj):
# Ecnm moAaynb nNepBOro BeKTOpa MEHbLe
# MoAyns BTOPOro BeKToOpa
if abs (self)<abs(obj):
return True
# Ecnun 3To He Tak
else:
return False
# OpuH BekTOp "6onbwe" Apyroro
def gt (self,obj):
# Ecnn moaynb nepBoro BekTopa 6o0nblue
# MoAyna BTOPOro BekToOpa
if abs(self)>abs(obj):
return True
# Ecnu 3To He Tak
else:
return False
# OpauH BeKTOop "He 6onbwe" Apyroro
def le (self,obj):
# Ecnm moaynb nNepBOro BekTopa He 60nblue
# MOAynNa BTOPOro BekKTopa
if abs(self)<=abs(obj):
return True
# Ecnm 3710 He Tak
else:
return False
# OOuH BeKTOp "He MeHblWwe" Apyroro
def ge (self,obj)
# Ecnm mMoAynb nNepBOro BeKTOpa He MeHblle
# MoAyna BTOPOro BeKToOpa
if abs (self)>=abs(obj):
return True
# Ecnm 310 He Tak
else:
return False
# MobutoBasd WHBepcus ANA BekKTopa
def invert (self) :
# lpuceanBalTCca 3Ha4YeHUA nNonam
self.x=10-self.x
self.y=10-self.y
self.z=10-self.z
# Pe3ynbTaT MeToja
return self

€31



Python

# CpBur BneBo (ak3emnnAp Kfnacca - NepBblil onepaHp)

def __Ishift__ (self,n):

# BbinonHAKLTCA UWMKAMYECKNUe NnepecTaHOBKM nonei

for i in range(n):

self.x,self.y,self.z=self.y,self.z,self.x

# PesynbTaT MeTOoja

return self
# CpBur BneBo (3k3emnnap kKnacca -
def _ rlshift__ (self,n):

# PesynbTaT MeTOofa

return self>>n
# Cpgsur BnpasBo (ak3emnnap knacca -
def __rshift__ (self,n):

BTOPOW onepaHy)

nepBblili onepaHp)

# BblNONHAETCHA LUKNIMYecKasd nepecTaHoOBKa nonei

for i in range (n):

self.x,self.y,self.z=self.z,self.x,self.y

# Pe3ynbTatr MeToja
return self
# CpsBur Bnpaso (ak3emnnap knacca -
def __rrshift__ (self,n):
# Pe3ynbTaTtr MeToja
return self«n
# BekTopbl
print("BekTopbl:")
a=Vector(1,2,-1)
b=Vector (1,-1,3)
c=~Vector (9,8,11)

print ("a =",a)
print("b =",b)
print("c =",c)

# BbluncneHue mopyns
print("Moaynb BekToOpa.")

print("|al] =",abs(a))
print("|b] =",abs(b))
print("|c| =",abs(c))

# CpaBHeHMe BEKTOpPOB
print("CpaBHeHne BeKTOpOB.")
print("a==b ->",a==b)
print("a'=b ->",al=b)
print("a==c ->",a==c¢)
print("a<b ->",a<b)
print("a>b ->",a>b)
print("a<=c ->",a<=c)
print("a>=c ->",a>=c)

# Onepauum c BeKTOpamwu
print("Cymma BekTopoB:")

«2»-

BTOPOW onepaHg)
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print("atb =",a+b)

c+=a

print("c+=a ->",c)

print("Pa3HocTb BeKTOpOB:")

print ("a-b =",a-b)

c-=a

print("c-=a ->",c)

print("YmMHoXeHne BeKTOpPOB:")

print("a*b =",a*b)

print("YMHOXeHWe U AeneHWe BeKTopa Ha 4yucno:")

print ("a*3 =",a*3)
print ("a =",a)
print("2*bh =",2*b)
print("b =",b)
print("-b =",-b)

print("b =",b)

print("a/3 =",al3)

print("a =",a)

print("Unknnyeckne nepectaHoBKu:")
v=Vector(1,2,3)

print("v =",v)

print ("v«l =", v«l)
print("v>>1 =", v>>1)
print ("2>>v =" 2»v)
print ("2<<v =" ,2«V)

Pe3y/nbTaT BbINO/HEHMS MPOrPaMMHOr0 KoAa TaKoi:

Pe3ynbTaT BbINO/IHEHUA NPOrPaMmMbl (M3 IMCTUHIA 7.16)

BekTopbl:

a = <1l12|-1>

b = <1]-1|3>

c = <1|2]|-1>

Mogyne BekTOpa.

la| = 2.449489742783178
|[b] = 3.3166247903554
lc| = 2.449489742783178
CpaBHEHMEe BEKTOPOB.

a==b -> False

al=b -> True
a==c -> True
a<b -> True

a>b -> False
a<=c -> True
a>=c -> True
CymMma BEKTOpPOB:
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ath = <2|1]2>

c+=a -> <2|4]|-2>
Pa3HoCTb BEeKTOpPOB:
a-b = <0I3|4>

c-=a -> <112]|-1>
YMHOXeHUe BEKTOPOB:
a*bh = -4

YMHOXeHUE U JeNeHWe BeKTOpa Ha 4Yucno:
a*3 = <3|6]-3>

a = <3|6|-3>

2*b = <2|-2|6>

b = <2]-216>

-b = <-2]2]|-6>

= <2|-2|6>

/3 = <1.0]2.0]-1.0>
a = <1.0|2.0]-1.0>
Lmknuueckme nepecTaHOBKMU:
v = <112 |3>

vl = <21311>

v»l = <112|3>

2»v = <3|1]|2>

2«v = <1|2]|3>

MocKonbKy Mbl cobrpaemMca NpW BblYMCNEHUM MOAYNA BEKTOpa UCMOMb30BaThb
yHKUMI0O sqrt () 4N8 HAXOXAEHWUS KBAAPATHOIO KOPHSA, HAYMHAEM NporpamMmm-
Hbl KOg MHCTpyKumein from math import sqrt mmnoprta aToi QyHKUUK
13 mogyns math.

OCHOBY MPOrpamMMHOrO KOZa COCTaB/seT onucaHue knacca Vector, yepes Ko-
TOpPbI peanu3yoTcs BEKTOPbI. Y Knacca ecTb KOHCTPYKTOP. Eciv npu co3gaHunm
3K3eMMNsipa Kjlacca KOHCTPYKTOPY MepejarTcs TPpU aprymMeHTa, To 370 GyayT
KOOpPAUHATLI BEKTOPA, KOTOPbLIA peanusyeTtcs B BUAe 3K3eMnaspa knacca. Ecnu
Mpy CO34aHMU 3K3EMMSPA apryMeHTbl He NMepefaloTcs, TO 3TO COOTBETCTBYET
HY/IeBbIM KOOpAMHATaM BEKTOpA.

B knacce onucaH cneymanbHblil MmeTo4_ str__ (), Tak YTO 3K3eMNasApbl Knac-
ca MOXHO nepefiaBatb aprymeHToM yHkumum print ().

[nsa peanusauun onepaymm CNOXEHWA BEKTOPOB (TO €CTb CYMMMUPOBAHMA 3K-
3eMNNApoB Knacca) onucbiBaoTca Mmetodbl _add __ () (cnoxeHue ak3emnna-
poB) us_iadd__ () (cnoxeHue sK3eMnaspoB C NpUCBaMBaHUEM).

Q Ha 3ameTky

MeTopa__add__ () BbI3blBaeTcsi B c/lyyae, Korfa nepsBbiM ONepaHAOM SIBASIETCS K-
3emMnaap knacca. B npvHuune, Ans cny4yasi, Korga ak3eMnasip knacca siBnsieTcst BTO-
pbIM OnepaHAoM, HYXHO 6bl10 6bl onucatb MeTtog,_ radd__ (). Ho nockonbky B gaH-
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HOM KOHKPEeTHOM c/ny4dae 06a onepaHfa 6yayT aK3emnasipamu knacca (Mbl paccmaTtpu-
BaeM TOJIbKO Takme ciyyaun), To onucbiBatb Mmetos,_ radd__ () HE0O6XO4MMOCTU HET.

B Tene metopga___add__ () co3paetcd 3k3emnnap t knacca Vector, a 3a-
TEM 3Ha4YeHWA MOMel 3TOro 3IK3EMMAApPa BbIUMCAAKTCA KakK Cymma nonei
3K3eMnnspoB-onepaHAoB. Mocne aToro ak3emnnaap t Bo3BpaLlaeTcs Kak pesysb-
Tat metoga__add__ ().

B Tene metopa__iadd__ () BbinonHsfeTca komaHpa self=self+obj, ko-
Topoii K ak3emnnspy self (nepsoiii onepaHA) npubaensetcs ak3emnnsap obj
(BTOpOIi ONepaHf) v pe3ynbTaT 3anucbiBaeTca B nepemeHHyto self. 3Ta nepe-
MeHHas BO3BpalLaeTCcs Kak pe3ynbTaT MeToja.

W Ha 3ameTtky

Mpn BbluncneHun BblpaxeHus self=self+obj B npaBoii yacTn BblMUCASIETCA CyMMa
nByx ak3emnnsipos self n obj. Mpy BblUMCNEHUN CYMMbI 3K3EMM/ISIPOB BbI3bIBAETCS
meTton__add__ (). Takum o6pasom, Npu onucaHnm OAHOro cneunasibHOro metToga Mbl
MCMNO/Ib3YeM HesIBHbI BbI3OB ApYroro onnMcaHHoro B kKnacce cneuyanbHOro Metosa.

MeTton_ mul__ () npefHasHaueH 415 BbIMO/HEHNS YMHOXEHNSA BEKTOpA Ha
BEKTOP M BEKTOpA Ha YyMc/o. B nepBoM cnyyae peub MAeT 06 YMHOXEHUU ABYX
3K3eMMN/IPOB, & BO BTOPOM CJ/lyyae peyb UAET O BbIYUCEHUN NMPOU3BELEHUS IK-
3eMnspa Ha ymcno.

B 3aBMCMMOCTM OT TOro, K KAKOMY TUNYy OTHOCMUTCSA BTOPOW OnepaHd, pesy/b-
TaT OygeT pasHbiM. BTopoli onepaHs 0603HayYeH B CMMCKe apryMeHTOB MeTo4a
__mul__() kak p. B Tene meTofa B YC/IOBHOM OMepaTope NnpoBepseTcs ycno-
Bue type (p) ==Vector, KOTOpOe UCTUHHO, eCIN MEPEMEHHAA P CCbI/IaeTCA Ha
aK3emnnap Knacca Vector. B 3ToM cfiyyae BbIUMCNAETCH 3HAUYEHUNE BblpaXKeHNs
self . x*p.x+self.y*p.y+self .z*p.z (cymma npon3BefeHUn COOTBET-
cTBytoWwmx nonein aksemnnsapos self u p), BblYNCNEHHOE 3HA4YEHME 3aNnChiBa-
eTCS B NEePeMEHHYI0 res, 1 3Ta NepemMeHHas BO3BpallaeTcs Kak pe3ynbTar Me-
TOAA.

Ecnu ycnosue type (p)==Vector NoXxHo, Mbl Npegnonaraem, 4to aprymeHT
p - 3T0 uMcno. Ha flaHHOe YMCNo YMHOXatoTCs Bee nons aksemnnspa self, no-
cfle Yero cchbinka Ha aksemnnap self Bo3BpallaeTcs Kak pe3ynbTaT MeToja.

Q Ha 3ameTky

Takum 06pa30M, npu yMHOXeHNN 3K3eMnsisgpa Ha 3aKk3emMnaap, UCXogHble 3K3eMnisapbl
He MEHSAIOTCSA, a pe3y/bTar NpPou3BeaeHUs - YAC/o. Ecnm e ak3eMnasap yMHOXaeTcs Ha
4mcno, TO USMEHSAETCHA UCXOAHbIV aK3emnnaap.
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Takxe B knacce Vector onucaH metod__ rmul__ (). OTOT MeTof Bbi3blBa-
eTCsl, ecny BTOPOI onepaHg Mpyv YMHOXEHUMN ABASIETCA 3K3eMMIApPOM Knacca
Vector, a nepBblil onepaHg TakUM 3K3eMMNASPOM He fBNAeTCA (Mbl UCXOAUM
M3 TOro, YTO 3TO YMCcno). Takum obpasom, MeToq "BbIXOAUT Ha CLEHY" npu no-
NbITKe YMHOXEHUSA Ynucna (apryMeHT p MeTofa) Ha 3k3emnasap Knacca Vector
(aprymeHT self metoga). B Tene meTofda BbIMOMHAETCA BCEro OfHA UHCTPYK-
unsa return self*p, KOTOpON B KauecTBe pe3ynbTara BO3BpaLLaeTCa NMpons-
BefeHue ak3emnnapa self Ha ymucnoBoe 3HauyeHue p. PakTUUeCKU, Mbl onepa-
LUK YMHOXEHUS YMCa Ha 9K3eMMAAp Kfacca onpefensieM Kak YMHOXEHUe 3K-
3eMnaapa Ha umcno.

MeTog___neg__ () Bbi3biBaeTCs B Cyyae, KOrfa nepes 3K3eMnispoM yKasbiBa-
eTCs 3HaK MUHYC. Mpryem B JaHHOM C/ly4ae peyb NAeT 0 MUHYCE KakK 06 YHapHOIA
onepauuun. [laHHbIi METOL Mbl OMWCHLIBAEM TaK, YTO 3K3EMMAP Knacca MEHSATh-
cs He ByfeT, a pe3ynbTaTOM BO3BPALLAETCA BHOBb CO3faHHbI 3K3eMNAAP, NONS
KOTOPOT0 MOJMyYaloTCsA M3 Nofell MCXOAHOTO 3K3eMMAsSPa YMHOXEHMEM Ha - 1.

Pa3HOCTb BEKTOPOB BbluncaseTcs Metogom__sub__ (). PesynbTaTom MeToga
ABNAETCA 3Ha4YeHMe BbipaxeHns -obj +self, B KOTOPOM yHapHbIA MUHYC NpU-
MeHSEeTCA K 3K3eMnspy ob j 1 K nofy4yeHHOMY B pe3yfibTaTe 3TOW onepaunn k-
3emnnapy npubasnsercs aksemnnap self. Heuto noxoxee NponMcxoguT B Tene
meTofa__ isub__ (), HO TONbKO Tenmepb pe3ynbTaT MpUCBaMBaeTCs MepeMeH-
Holi self.

Moaynb BekTOpa BblunucnseTcs metogoM__abs_ () Kak 3HauyeHue Bbipaxe-
Hua sqrt(self*self) (kopeHb KBaApaTHbIN U3 MPOM3BEAEHMNA 3K3eMMaspa
self Ha cebs xe).

[eneHune BeKkTOpa Ha Yncno peanusyetcs yepes metos__ truediv__ (). 3gech
Mbl UICXOAMUM M3 TOTO, 4YTO AeneHune sk3emnnsapa self Ha umcno p - aTo TO Xe ca-
MOe, YTO YMHOXeHue ak3emnnapa self Ha uncno 1/p. MoaTomy pesynbtaT Me-
ToAa Bbluncnsaetca BolpaxxeHnem sell *(1/p).

Mpn cpaBHEHWW 3K3eMMNNAPOB Ha NpeAMeT PaBeHCTBa Bbi3blBaeTCA METOL_
ed__ (). MeTop onucaH Tak, 4To 3Ha4yeHue True BO3BpaLLaeTCcs, ecny coBnaga-
0T 3HAYeHUA Nosein cpaBHMBaeMbIX 3K3eMNasApoB. CpaBHEHME IK3EMMIAPOB Ha
npeameT HepaBeHCTBa peann3yeTcsd nocpeactsom metoga_ ne_ (). Pesynb-
Tat meTofa (BblpaxxeHune not self==obj, rge self u obj - aprymeHTbl MeTO-
[a) Mony4yaeTcs NOrMYecKNM OTPULAHMEM pe3ynbTaTa CPaBHEHMSA 3K3eMNASPOB
Ha npefMeT paBeHCTBa.

Mpy cpaBHeEHWUM 3K3eMMIAPOB C MOMOLLbLI0O OMepaTopoB 60/blUe, MeHbLle, He
60/blle M He MeHblle (COOTBETCTBEHHO MeTodbl gt  Q, 1t O,
le__()wn ge__ () ) HacamoM gene cpaBHMBAKOTCA MOAY/IU 9K3EMNNAPOB.
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B knacce Vector OMUCbIBAlOTCA U HEKOTOPbIE METOAbI 4719 NOOUTOBLIX OMepa-
TOpPOB. Tak, "nobutoBas MHBepCcUA™ A4 IK3EMNIAPA Kacca BbINMOMHAETCA MeTO-
gom __invert__ (): "MHBEPTUPYEMBIA" 3K3EMNASP U3MEHSETCS TaK, YTO HO-
Bble 3HA4YEHMA NOMei nony4vatTca BblYMTaHMEM U3 yncna 10 Tekywmux 3Hadve-

HWIA nonein aksemnaapa.

Kpome atoro, onucbiBatotca metoabl_ Ishift__ (), rilshift__ (), _
rshift Ownm rrshift (). Mbl npegnonaraem, 4To OAMH U3 aprymeH-
TOB B Ka&XXAOM M3 3TMX METOLOB - 3K3eMM/Ap Kfnacca Vector, a Apyrov one-
paHA - 3To uenoe yucno. Npu BbI30BE METOA0B (2 3TO MPOUCXOLUT NPU UCMOSb-
30BaHMM 0NepaTopoB << W » ) BbINOJIHAETCA LMKANYecKas nepecTaHOBKa 3Ha-
YyeHunii monei aK3emnaspa knacca.

KonnyecTBo nocnefoBaTeNbHbIX NepecTaHOBOK ONpeAenseTca 3HaYeHnem Yuc-
noBoro onepaHga. HanpasneHue (BNeBO WAM BNpaBo) NepecTaHOBKW onpefe-
naeTca onepaTopomMm W NMOpsAKOM aprymMeHTOB. [NepecTaHOBKMW B/IeBO NMPOUCXO-
OAT ONA KOMaH BUAa 3K3EMNAAPKYUCAO U YNCNO>>3K3eMNnaap, a ne-
pecTaHOBKa BMPaBO BbIMOAHAETCA ANA KOMaH[ BMAA 3K3eMNAAP»YUCNO U
yncno>>sk3emnnap. Hanpumep, B Tene metoga__ Ishift__ () 3anyckaet-
Cs onepaTop LuKna, B KOTOPOM YMCN0 UTepaLmii onpesenseTcsa YACA0BbIM apry-
MEHTOM, a 3a KaXX/blil LMK BbINONHAETCA KOMaHA4a MHOXXECTBEHHOIO MpUCBamn-
BaHna self.x,self.y,self.z=self.y,self.z,self.x

B pesynbTate none X nony4vyaet 3HavyeHue nongd y, nosne y nosiyvyaert 3HayeHue
nona z, a none z nony4vyaet 3HavyeHne nong X.

W Ha3ameTtky

UTOBbI NOHATb, KaK BbIYUCAETCS BblpaXeHne
self.x,self.y, self.z=self.y,self.z,self.x, cneayert yyecTb, 4UTO CHavana
BbIUMC/SIOTCA 3HAYEHUS B NPaBO YacTu, a NOTOM KaxK0e N3 HUX NpucBanBaeTCs Co-
OTBETCTBYIOLElN NepemMeHHOl B 1eBOl YacTu.

BHe Tena knacca rpynna KomMaH no3BONAeT MPOBEPUTb prHKLI,I/IOHafIbHOCTb
OMNUCaHHbLIX B Kfacce Vector cneunanbHbIX METOLOB.

Pe3ome

MpusemneHHas Thbl cybcTaHumA,
n3 K/t "'TocTes U3 byaywiero™

1. HacnepoBaHue NO3BOJ/ISET CO3JaBaTb HOBbIE K/ACChl HA OCHOBE YXEe cylie-
CTBYHOLLMX KnaccoB. HOBbI co3faBaeMblii Knacc HasblBaeTcs MpPOU3BO-
OHbIM, @ TOT Knacc, Ha OCHOBE KOTOPOT0 CO3/aeTcs NPOM3BOAHbIN Knace, Ha-

RO
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3blBaeTCca 6a30BbIM. [1oNd U MeToabl 6a30BOro Knacca HacneaoyrwTca B npo-
M3BOAHOM Knacce.

2. Mpwu co3gaHnM NPOU3BOAHOrO Knacca 6a3o0Bblli KnacCc yKasbiBaeTCcsl B Kpy-
rNblIX CKOGKax nocne MMeHuW NPOM3BOLHONO Knacca. ba3oBbix KnaccoB Mo-
XeT ObITb HECKO/IbKO. B 3TOM cnyyae ux MMeHa B KPYT/blX CKOBKax pasfe-
NAKTCA 3anaTbiMK. [TPON3BOAHbBIA KNacc MOXET B CBOK oyepefb 6biTh 6a30-

BbIM A4/15 APYrOro Knacca.

3. MeTofbl, yHacne[0BaHHbIE B NPOM3BOAHOM Knacce U3 6a30BOro, MOXHO mne-
peonpeaensTb (ONMCbiBaTb 3aHOBO B MPOM3BOAHOM K/acce).

4. CyulecTByeT rpynna crneLuanbHblX Moneid u MeTogoB, KOTOPbIE NMO3BONAIT
nofy4atb BaXKHY MH(OpPMaLUI0 0 kniacce. TakxKe C MOMOLLbIO Cheuunanb-
HbIX METOZ0B MOXHO MEPerpy3nTb onepaTopsl (Takue, Kak OnepaTop CroXe-
HUS, BbIYUTAHUS, YMHOXEHUS, MOGUTOBOI MHBEPCMM WX OMepaTopbl CpaB-
HEeHUS) ANA UCMONb30BAHMS UX MpK paboTe C IK3eMNAApPaMK Knacca.

tast
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Bcé Bpemsa AymaTb OfHY U TY >Ke MbIC/b HeNb-
39! OT0 oveHb BpeaHo! OT 3TOro MO>KHO CO-
CKy4MTbCA 1 3a60N€Th,
nsm/d '38 monyraes"

Mbl yXKe paccCMOTpenn MHOT1e BOMPOCHI, KacalLlnecsd 0CHOBHbIX CUHTaKCcHUye-
CKMX KOHCTPYKUWiA A3blka Python, y3Hanu pasHuLy Mexay cnuckamm, Koptexa-
MW MHOXXeCTBaMu 1 CI0BapAMM, NO3HAKOMUINCL C YNPaBAAOLWUMN UHCTPYKLMN-
AMU (TAKUMU, KaK YCNOBHbI/ OnepaTtop Uan OnepaTop LUKAa), BbIACHUAN, Kak
OMUCbLIBAKOTCA (DYHKLMN, KNACChI, a TAKXKE KaK CO34alTCa 3K3eMNAPbI KNaccoB.
O6CcyXaanuchb U MHble TEMbl U BOMPOCHI. BMecTe ¢ Tem, C Hawleli CTOPOHbI 6b110
6bl HaVBHbLIM Monaratb, YTO NOMYYEHHbIE CBELEHWNA ABNAIOTCA NCYEPMbIBAKOLU-
Mu. TMOHATHO, YTO MHOroe ocTanoch ""3a 6opToM™. Tenepb HACTYNWU/IO BPeMSA 3a-
rNAHYTb 32 3TOT camblii "60pT". Ecin 60/1€e KOHKPETHO, TO Mbl B 3TOW rnaBe pac-
CMOTPWUM HEKOTOPbIE BOMPOCHI, KOTOPbIE KACATCA B OCHOBHOM PaboThl C PYHK-
UMAMK M Knaccamy (3K3emnaspamuy Knacca). Takxe pacCMOTpUM Hebofblume
npuMepbl - NoKasaTefibHble C TOUKW 3PEHUS MeTOAMKMN NPporpaMmMupoBaHus Ha

A3blke Python.

PYHKUMN C nepeMeHHbIM KOTMYEeCTBOM
aprymeHTOB

Beb 3TO >ke HacTodAWas TaitHa! Tbl NOTOM
HUKoraa cebe He NpoCcTULWb!
n3k/¢p "lrocTws U3 yaywiero™

B Python cyuiecTByeT BO3MOXHOCTb ONUCbIBaTL (CO3f4aBaTb) PYHKLMMW, KOTO-
pbIM MOXET nepefAaBaTbCsl, OT BbI30Ba K BbI30BY, pa3finiHoe (MPOM3BObHOE) KO-
NNYeCcTBO aprymeHToB. Mo 60/bLIOMY CUHETY pedb UAET O TOM, YTO MPU BbI30BE
(YHKLWUW Mbl MOXeM YKa3blBaTb TO U/ MHOE KONMYECTBO apryMeHTOB, B 3aBU-
CMOCTM OT NOTPe6HOCTEA.

(R== 2
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C nopo6HOI cuTyauuen Mbl yXXe CTaIKWBanuCh, KOrga numenun geno ¢ QyHkyn-
MW, apryMeHTbl KOTOPbIX MMEHT 3HaYeHUs Mo ymMonyaHuw. Hanpumep, ecnu
Yy PYHKUMM ONUCAHO NSTb apryMeHTOB, U Y KaXAOro eCcTb 3HaYeHue Mo ymon-
YyaHuWto, TO NpY BbI30BE DYHKLUMUWN €l MOXHO He MepeaaBaTb apryMeHTbl BOBCE
MNn yKasaTb OT O4HOTO A0 NATW aprymMmeHToB. HO B JaHHOM Mogxode ecTb Cy-
LEeCTBEHHbI HEAOCTATOK: MPM OMMUCAHUM BCe apryMeHTbl HEOOXO0ANMO Nepeymnc-
NNTb SIBHO. DTO KaK MMHUMYM HaKNafblBaeT OrpaHNUYeHne Ha MaKCManbHOe Ko-
NNYEeCTBO 3NEMEHTOB, KOTOPbIE MOXHO NepefaTh GYHKLUN.

Kpome TOro, 4acTo BaXHOEe 3HaYeHWE UMEKT HE TO/IbKO CaMy NnepefaHHble Gy HK-
LWN apryMeHTbl, HO U UX KONUYecTBO. TO ecTb KOMIMYECTBO apryMeHTOB (yHK-
UMM MOXET MrpaTb pofb HESIBHOTO MapameTpa WUy aprymMeHTa, UCMosib3yeMo-
ro Npu BbIMOMHEHUM PYHKLUWU UM BbIUMCIEHUN ee pe3ynbTaTa. B aTom cnyvae
noAxoA, OCHOBAHHbIM Ha UCMO/b30BAHWM 3HAYEHUIA MO YMONYaHUIO A4/1s apry-
MEHTOB (YHKLWM, [aNeKO HE CaMblil ONTUMANbHbINA.

EcTb gpyroii BapuaHT - nepejaBaTb apryMeHTbl (hyHKLMW B BuAe cnucka. Ho
3TO TOXe He Bcerga ygobHo, NOCKO/IbKY B 3TOM C/lyyae apryMeHT Ha camoM fene
0fMH 1 06pabaTbiBaTb €0 HYXXHO KakK cnuMcok. OpraHn3oBaTb Takyto 06paboTky
[0CTAaTOYHO MPOCTO, HO OCHOBHbIE TPYAHOCTM BO3HUKAKOT MpW nepejave apry-
MEeHTOB BO BPEMS Bbl30Ba )YHKL MW, MOCKOJIbKY 3TW aprymMeHTbl NpesBapuTens-
HO NMpuUAeTCA OPraHM30BaTh B BUAE CNUCKa. XOTA, KOHEYHO, M 3Ta 3ajaya He fAB-
NAeTCA CNOXKHONA. Mpumep TaKoro Nogxoga NpouItoCTPMpoBaH B IMcTuHre 8.1,

JICTVHT 8.1. APryMEHT (oyHKLM =CrUCOK

# ®YHKUWA C apryMeHTOM - CMUCKOM
def show_me(args=[]):
# HauyanbHOe 3HauyeHMe MHAeKcCa
i=0
print("AprymeHT(bl) GQYHKUMN:")
for s in args:
# HoBoe 3HauyeHue WMHAeKca
i+=1
# OTobpaxaeTca 3NeMeHT cnucka
print(str(i)+"-ih 'aprymeHTt' : s)
print("BboinonHeHne GYHKUWW 3aBeplieHo.")
# TMpumepbl Bbi30Ba (YHKLMWK
show_me()
show_me([100])
# CNWCOK - aprymeHT QYHKLUYU
nums=[10,55,2+3j,0.123]
show_me(nums)
show_me(["Python","Java"])
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Pe3ynbTaT BbIMO/IHEHMS NPOrPaMMHOT0 KOAa TaKoli:

Pe3y/bTaT BbINO/IHEHUSA NPOrpamMmbl (M3 MCTUHIa 8.1)

AprymeHT(bl) QYHKLWK:
BbinofHeHWe (YHKUMKU 3aBepLlIeHO.
AprymeHT(bl) GQYHKUMNK:
1-ii 'aprymeHnTt': 100
BbinonHeHWe QYHKUUKU 3aBepLlIEHO.
AprymeHT(bl) GQYHKUMNK:

1- 7 'aprymeHTt': 10
2- I ‘'aprymeHT': 55
3- N 'aprymeHT': (2+3])
4- A 'aprymeHT': 0.123

BbinonHeHNe (YHKUUKN 3aBepLlIeHO.
AprymeHT(bl) QYyHKLWK:

1- 7 'aprymeHT': Python

2- N 'aprymeHT': Java
BbinoNHeHNe (QYHKUUU 3aBEPLIEHO.

B gaHHOM cniyyae Mbl onucbiBaem yHkumnto show me (), y KOTOpPOI 0O4MH apry-
MEHT, NMPUYEM y 3TOr0 aprymMeHTa ecTb 3Ha4YeHMe N0 YMOMYAHMWIO - NYCTON cnu-
cok. CaMm aprymeHT, KaK Mbl MpejnoniaraeM, Takxxe AsngeTca cnnckom. Bo Bca-
KOM cfnyyae, obpabaTbiBaeM Mbl €r0 UMEHHO Kak CnucoK. B yacTHocTu, B Tene
(hYHKLUW 3anyCKaeTCsd ONepaTop LMKa 1 B 3TOM OnepaTope LuMKna nepeMeHHas
S npoberaet 3Ha4yeHMa U3 cnucka args (aprymeHT yHKuun). MHgeKCHasa ne-
peMeHHas i 3a KaXAblli LWKN YBENNYNBAET CBOE 3HAUYEHWNE Ha eANHNLY, HYMepys
TEM CaMbIM 3/IEMeHTbI cnucka args. Onepauum ¢ aTUMKN 3/IeMEHTaMW BbIMOJIHA-
I0TCA NPOCTbIe: OHM 0TO6PaXKaKTCA B OKHe BbIBOAA. [1pn 3TOM KaXKAblil 3NeMEHT
Mbl Ha3blBaeM "apryMeHTOM" - KaK HamoMUHaHWe, YTO CMNCOK args, yKasaHHbli
aprymeHTom oyHKuum show_me (), "MMUTUPYeT" HAbOp apryMeHTOB PYHKLUMK,
M KONIMYECTBO 3TUX apryMEHTOB He (DUKCUPOBAHO.

3atem nayT npumepsl Bbi3oBa (PyHKLUK show_me (): 6e3 aprymeHTOB (3TO BO3-
MOXHO, MOCKOJIbKY Npu onucaHuu GyHKLWW AN5 ee apryMeHTa-crnucka 3ajaHo
3Ha4YeHNe Mo YMOUYAHUID), C apryMEeHTOM-CMUCKOM U3 OAHOr0 3/1eMeHTa, 13 Ye-
TbIPEX 3MIEMEHTOB U U3 ABYX 3/1eMEHTOB. B KaXA0M 13 3TUX Cy4yaeM napameTpsbl,
KOTOpble nepefarnTcs B PYHKLMIO, AOMXKHbI OblTb OPraHW30BaHbl B BUAE CNU-
cka (CnMcoK co3gaeTca NpeaBapuTe/IbHO M CCbl/IKAa HA HEro npuceBamBaeTcs ne-
pPeMEHHOI NAK CNUCOK HEMOCPEACTBEHHO NepesaeTca apryMeHToM QYHKLUN).

U Ha 3ameTky

dopmanbHo y doyHKUMM show_me () oauvH aprymeHT (M Mbl UICXO4UM U3 TOTO, YTO 3TOT
aprymeHT - cnumcok). MoaTomy npu BbI3oBe DYHKLUMMN eii HYy)XHO nepefaTb OAWH apry-
MeHT. UTOo6bl MOXHO 6bI/10 BbI3bIBaTb (hYHKLMIO 6€3 nepefayn aprymeHTa, Mbl 3agaem
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3HaYeHve apryMeHTa no yMosiuaHuio (nycToli Cruncok).

Mpu BbI30Be dhyHKUMN show me (), ecnu el He nepefaeTcsa aprymMeHT, B Tesie hyHKUunmn
BoOnepartope Lukna nepebrpatoTcst 3/1eMeHTbI MyCTOro cnucka. Ho NockosibKy B NyCTOM
CrunCKe 3/1eMEeHTOB HeT, TOo 1 nepe6upaTtb 0co60 Heuvero. Kak cneAcTBume, HU 0fHa U3 KO-
MaHf B Tesle onepaTopa LyK/a He BbINOSHAETCS.

B npuHumMne, HET HUYEro MAOXOr0 B TOM, 4YTOObI MCMNOMb30BaTb O3HAYEHHbI
Bbile Noaxof (c nepefayeid pyHKLMUN apryMeHTOM CMUCKA), HO UMEIOTCA U 4py-
rme BO3MOXHoCTK. Kak manocTpayuio paccMOTpUMM MpPOrpaMMHbIiA Kog B Nu-
cTuHre 8.2. o cpaBHEHUIO C MpeabIgyLWwUM NPUMepoM 34eCb BHECEHbl MUHMU-
Ma/lbHble U3MEHeHUs (KOTOpble, TEM He MeHee, UMEeOT CyLLeCTBEHHbIe noc/es-
CTBMA).

JINCTUHT 8.2. DPYHKUMSA C NEepPeMeHHbIM KOIMYECTBOM apryMeHTOB

# ®YHKUMA C NPOM3BONAbHbLIM KONMYECTBOM apryMeHTOB.
# EQWHCTBEHHbI (opManbHbIl aprymeHT ob6pabaTbiBaeTcs
# KaK cnucok
def show_me(*args):
# HayanbHOoe 3HayeHue WMHAeKca
i-0
print("AprymeHT(bl) GyHKUMK:")
for s in args:
# HoBOe 3HauyeHWe WHAeEKcCa
i+=1
# OTobpaxaeTca 3NeMeHT cnucka
print(str(i)+"-i aprymeHTs)
print("BbeinonHeHne ®QyHKUUKU 3aBeplleHO.")
# Mpumepbl BbI30Ba (QYHKLUK
show_me()
showjme(100)
# ApPrymeHT @QYHKUUWU (GOpPMMPYETCHA Ha OCHOBe cNucka
nums=[10,55,2+3j,0.123]
show_me(*nums)
show_me("Python", "Java")

Pe3ynbTaT BbINOMHEHNS NPOrPaMMHOro Koaa 6yeT BbIrsa4eTh CeAyLWUM 06-
pasom:

BbINO/IHEHUST NPOI PBVKbI (U3 INCTUHTE 8%2)

AprymeHT(bl) GQYHKLUMUK:
BbinonHeHNe QYHKUUKM 3aBepLlIeHO.
AprymeHT(bl) QYHKUUK:

1-n aprymeHT: 100

BbinosHeHNe (YHKUUKM 3aBepLlIeHO.

-<B
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AprymeHT(bl) GQYHKUWK:

1- % aprymeHT: 10
2- W aprymeHT: 55
3- N aprymeHT: (2+3))
4- A aprymeHT: 0.123

BbinonHeHne (YHKLWM 3aBepLlIEHO.
AprymeHT(bl) GQYHKLMUK:

1- % aprymeHT: Python

2- N aprymeHT: Java
BbinonHeHne (YHKUWMU 3aBEpPLIEHO.

Bce, UTo Mbl caenanu - 3To Npu onucaHum pyHkuum show_me () nepeg apry-
MEHTOM args nocTaBun 3Be3404Ky *. Mpu 3TOM B Tene PYHKLUU MepemeH-
Haa args obpabaTbiBaeTcs Kak CNUCOK (a ecniv TOYHee, KaK KOPTEX - HO B
[JaHHOM cflyyae pasHuua HeowyTuma). A BOT NPU BbI30BE PYHKLUU apryMeH-
Tbl €li MOryT nepefaBaTbCA B NO60M KonmyecTBe (BKAOYaa "3K30TUYECKMA"
cnydvaid, Korga aprymMeHTOB HeT BOBCe). B Buge cnmcka aprymeHTbl O OpM-
NATb He HyXHo. Bonee TOro, ecnm y Hac uMmeeTcs Cnucok (Kak, Hanpumep,
nums=[10,55,2+3j,0.123] ), TO ero MOXXHO MepefaTb apryMeHTOM PyHK-
unn show_me (), ykasas nepeg MMeHem CnucKa 3Be3f0uky * (kak, Hanpumep, B
KomaHge show_me (*nums)). 3 dekT 6yaeT Takoi, Kak ecnm 6bl aprymeHTamm
(hYHKLNW NepesaBannch aeMeHTbl CNCKA.

Takum 06pa3om, UTo6bl ONMcaTb PYHKLMIO C NPON3BOAbHLIM KOJIMYECTBOM apry-
MEHTOB, (hOpPMaNbHO Yy YHKLUUWN YKa3blBAeTCA OAUH apryMeHT, nepes KOTOpPbIM
LO/MKHA ObITb 3Be304Ka *. [pu 3TOM B Tene OYHKUUM aprymMeHT ob6pabaTbiBa-
eTca Kak cnucok. Mpu Bbi3oBe PYHKLMMW apryMeHTbl NepejaTcst 00bIYHbIM 06-
pasom, 6e3 popMnpoBaHuA cnucka. Ecnav npm Bbi3oBe PyHKL MK el nepesatb ap-
r'YMEHTOM CMMCOK U Nepej 3TUM CMIUCKOM YKa3aTb 3BE3[J04KY *, TO DYHKLMA OY-
[eT Bbl3BaHa C apryMeHTamu, KOTOpble SBAAKOTCA 3/1eMEHTaMM JaHHOTO CNCKa.

W Hasaverky

MNMocnegHee 3ameyaHVie OTHOCUTCA He TOMIbKO K (PYHKUMAM C MPOU3BOSIbHLIM KON-
4YeCTBOM aprymMeHTOB, HO KO BCeM (PyHKLMAM. Hanpumep, 3KBUBasSIeHTOM KOMaHAbl
pow (* [10,2]) sBnsetca komaHga pow (10,2). HanomHuM, 4To doyHKUMel POW () Bbl-

MOSIHAETCA BO3BeAEHME B CTeMneHb, NO3TOMY pe3ysibTaT 06enx komaHg - 310 KO, 1o
ecTb uncno 100.

CuTyaums MOXeT 6blTb He TakOW OYEBWAHOI, KaK B PacCMOTPEHHOM mpuMme-
pe. BapuaHTOB JOCTaTOYHO MHOTO, U Mbl OCTAHOBUMCS Ha HanbO/ee 3HAUMMBIX.
CKaXeM, HEPeAKO C/y4yaeTcs, UTO HEOBXOAMMO OnucaTb PYHKLMWIO, B KOTOPOI
KaKoe-TO KO/IMYECTBO apryMeHTOB 40/HKHO GbITh MepesaHo Npu BbI30BE B 0653a-
TeNbHOM MopsifKe. Ecnu Tak, To QYHKLMS ONUCLIBAETCA C ABHBIM OMUCAHUEM He-
06X04MMbIX apryMeHTOB (KaXfblii N3 HUX B MOC/EA0BATENbHOCTW apryMeHTOB

w



naBa 8. HemHoro o pasHom

0603HayaeTCcs OTAENbHON NepeMeHHOI), a BCe OCTalbHble apryMeHThbl (Konuye-
CTBO KOTOPbIX HE PMKCUPOBAHO) 0603HAYAIOTCA OLHUM apryMeHTOM CO 3BE3/04-
KOW. Mpumep Takoi cuTyaumy NpuBegeH B NNCTUHre 8.3.

NincTuHr 8.3. O6s3aTeNbHble U Heo6s3aTesIbHble apryMeHTbI

# OYHKUMA C ABYMA, KakK MWUHWUMYM, apryMeHTamu
def show_me (first, second, *other)
# TlepBblil aprymMeHT
print ("MepBbli aprymeHT first)
# BTOpoOA aprymeHT
print("BTopoih aprymeHT:" , second)
# KonnuecTtBo Heo6fA3aTeNlbHbIX aprymMeHTOB
n=len(other)
print("Ewe ocTtanocb",n,"aprymeHnta:")
# KopTeX n3 Heob6A3aTeNbHbIX apryMeHTOB
print(other)
# BbI30B (yHKLUM
show_me(10,20,30,40,50)

B pe3ynbTaTe BblMO/IHEHNA AAHHOIO NMPOrpaMMHOro Koga B OKHE BbiBOJa NoAB-
NAKTCA TakKne COO6I.IJ.8HI/IF|Z

Pe3ynbTar BbINO/IHEHUS NPOrpamMmbl (U3 NMNCTUHIA 8.3)

MepBbit aprymeHT: 10
BTopoin aprymeHT: 20

Ewe octanocb 3 aprymeHra:
(30, 40, 50)

B paHHOM cnyyae y pyHkuunu show_me () nepsble gBa aprymeHTtafirst usec-
ond onucaHbl 6e3 3Be3404YKM, MOITOMY 3TO CaMble 06blYHbIe apryMeHTbl. OHU
0693aTeNbHO LO/MKHbI 6bITb YKa3aHbl Napy Bbi30Be PYHKUUW. TpeTuin aprymeHT
(hyHKUUKM, KOTOPbIA HasbiBaeTca other, ykasaH CO 3Be3404KONA. [103TOMy npw
Bbi3oBe (hyHKUMM show_me () nepBblii NepefaHHbIA eii aprymMeHT - 3TO apry-
MeHT first, BTOpoli nepefaHHbIi QYHKLUUN apryMeHT - 3TO apryMeHT second,
a BCe Npoyune aprymeHTbl hyHKLUKN - 3TO KOpTex other. B Tene gpyHKLUM ap-
rymeHT other obpabaTbiBaeTcs Kak KOPTeX (MAM KakK CMMUCOK - B JaHHOM Cly-
Yyae 3TO He MpuHUMNManbHo). Tak, komaHgol n=len (other) BbluncaseTca u
B MEePEMEHHYI0 M 3aNnCbIBAETCA KOIMUYECTBO 3N1EMEHTOB B KopTexe other. 3710,
(haKTUYeCKmn, KONNYECTBO TeX He06A3aTeNbHbIX aprYMEHTOB, KOTOPbIE NepeaHsbl
hyHkuum show__me () npu BbI3oBe. UTOOLI NPOAEMOHCTPMpPOBaTL, YTo o ther -
3TO MMEHHO KOpTeX, B Tefnie hYHKLMUN BbINONHAETCA KOMaHgaprint (other).

Bbi3biBaeTCA (hyHKLUMA show_me () € NATbIO aprymeHTamu: nepsble ABa - apry-
meHThbl first n second, a Tpu nocnefHue HOPMUPYIOT KOpTex other.
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Ho 3To ewe He Bce. YUnTaTenb, HaBepHOe, MOMHUT, YTO apryMeHTbl (hYHKLUN
MOXHO MnepefaBaTb He TO/AbKO MPOCTbIM NEpPeyncneHmem yepes 3anaTyr (Kak
Mbl 06bI4HO ¥ genaem). Ewe 4n1a apryMeHTOB MOXHO ABHO YKa3biBaTb K/OY UK
MMSA aprymeHTa B hopmaTte aprymeHT=3HauyeHue. MepBblil cnocob nepegayun
aprymeHTOB (PYHKLMWN Ha3blBaeTCs MO3ULUMOHHLIM, a BTOPOM - MO KNOYY nau no
VIMEHW.

Mpv BbI30BE CHayana yKasblBalOTCA MO3MLUOHHbIE apryMeHTbl (NepegaroTca B
CTPOroM COOTBETCTBMM MOPSALKY, B KOTOPOM apryMeHTbl OMMUCaHbl B PYHKLMN), a
yXXe 3aTeM Te, YTO NepesarTCca no KoYy (MoryT 6biTb B MPOW3BONLHOM MOPAA-
Ke, MOCKO/IbKY Ha3BaHWe KaXK4oro aprymMeHTa ykasaHo fBHO). B Python cyuie-
CTBYET BO3MOXHOCTb CO34aBaTb PYHKLMUWN C NPON3BO/bHLIM KOJIMYECTBOM apry-
MEHTOB, MPUYEM 3TN apryMeHTbl MOXHO NnepeasBatb He TOJIbKO NMO3ULUOHHBIM
cnocoboM, HO U C IBHbIM YKa3aHuem kntoya. [na 0603HayeHUs nocnefHux unc-
Nonb3yrT POpPManbHbIii apryMeHT, nepes KOTOPbIM YKa3biBalOT ABOWHYO 3Be3-
LOUKy **.

Ecnun 6onee TO4HO, TO TaKOW apryMeHT NpeacTaBnseT cob6oii cnoBapb, KUM KO-
TOPOro - 3TO Ha3BaHWA apryMeHTOB, a 3HAYeHUS CNoBaps - 3TO 3HAYEHUA apry-
MeHTOB (DyHKLMMW. Hanpumep, B CNefyoLLeM NnpuMepe onmcaHa gyHkuua show_
me () caprymeHTamu first, second, *other n **byname. MNepsble ABa apry-
meHTa first u second (yHKUMM fONXKHbBI BbITh NepefaHbl 06a3aTeNbHO (N03u-
LMOHHBbIM CMOCOBOM MM Yepe3 KY), aprymeHT other npegcraBnsaet cob6ol
KOPTEX CO CMUCKOM Tex aprymeHToB (3a ucknoveHuem first n second), Koto-
pble nepefaHbl QYHKLMUN NO3ULNOHHBIM COCO60M, a aprymMeHT byname aBnseT-
CS CIoBapem C Ka4vaMmu 1 3HavyeHUAMU aprymeHTos (kpome first n second),
KOTOpble nepefaHbl PYHKLUN Yepes KIHou.

OnucaHue pyHkumm show_me () 1 npumepbl ee BbI30BA NPeLCTaB/EHbl B /1U-
CTUHre 8.4.

JInctunHr 8.4. MNMepegaya apryMeHTOB MO KHouy

# PYHKUMA C NPOM3BONbHBIM KONMYECTBOM aprymMeHTOB
def show_me (first, second, *other, **byname) :
# OTob6paxalwTcA 3HayeHWA apryMeHTOB

print ("first ->" first)
print("second ->",6second)
print("other ->" other)
print("byname ->" ,byname)
# TMpumepbl Bbl30Ba (PYyHKLMUK
print("1-ii cnoco6 BbI30oBa (GyHKUUK.")
show_me(10,20,30,40,50,60,70)
print("2-# cnocob6 Bbl30oBa (GyHKLUUKN.")
show_me(10,20,50,60,70,third=30,fourth=40)
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print("3-ii cnoco6 Bbl3oBa (GyHKUUM."
show_me(10,20,third=30,fourth=40)
print("4-# cnocob Bbl30Ba (YHKUMU.

show_me (second=20, first=10)

print("5-W cnocob6 Bbl3oBa (YHKUMU.

)
")

show__me (first=10, second=20, third=30, fourth=40)

Pe3yanaT BbIMO/IHEHMA NPOrpaMMHOIo Koga TaKol:

Pe3ynbTaT BbINO/IHEHUA NpOrpaMMbl (M3 NNCTUHTA 8 .4)

1- 1 cnoco6 Bbi30oBa (YHKLUMMK,
first -> 10

second -> 20

other -> (30, 40, 50, 60, 70)
byname -> {}

2- 1 cnocob BbI3oBa (YHKUWWU,
first -> 10

second -> 20

other -> (50, 60, 70)

byname -> {'third': 30, 'fourth":

3- 1 cnocob6 Bbi3oBa (PyHKUUHU,
first -> 10

second -> 20

other -> ()

byname -> {'third': 30, 'fourth':

4- i cnocob6 Bbl3oBa (GYyHKUUMU,
first -> 10

second -> 20

other -> ()

byname -> {}

5- N cnoco6 Bbi3oBa (YHKLMWMK,
first -> 10

second -> 20

other -> ()

byname -> {'third': 30, 'fourth':

40}

40}

40}

nasa 8. HemHOro o pasHom

Ecnn yHKLMA BbI3biBaeTCH C Nepefayeil BCex apryMmeHTOB NO3ULNOHHbBIMY CMO-
cobom (kak B komaHge show_me (10,20,30,40,50,60,70)), To nepBoe u
BTOpOE 3HauYeHMs - 3TO 3HaueHuns aprymeHToB first n second, a Bce oCTasbHble
aprymeHTbl QOPMUPYIOT KOPTEX, ABNAIOLWLMIACA 3HAYEHMEM aprymeHTa other.
AprymeHT byname B 3TOM c/lyyae AB/ISETCA NYCTbIM C/IOBApEM.

B komaHge show_me(10,20,50,60,70,third=30,fourth=40) «kpo-
Me NO3ULMOHHbLIX apryMeHTOB, eCTb apryMeHTbl, NepefaHHble Mo Kawuvy (npu-
Yyem pedb He naet 06 aprymeHTtax first n second). lNepBble fBa 3HaYEHUA - ap-
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rymeHTbl first n second, Bce ocTanbHble NMO3ULNOHHbIE APTYMEHTbI - 3/1IEMEH-
Tbl KOpTexa other, a cnoBapb byname ¢opmupyeTcs Ha OCHOBe aprymeH-
TOB, MepefaHHbIX NO KYy. bonee KOHKPETHO, 3HaYeHUs apryMmeHToB first u
second-3to 10 n20,kopTexx other coctomT U3 Tpex anemeHTos (50, 60,70),
a cnoeapb byname cofepXWUT 31eMeHTbl co 3HadeHusmMu 30 u 40 ¢ KO-
yamu third u fourth cootBeTcTBeHHO. [lox0oXas cuTyauus C KOMaHAOM
show_me (10,20, third=30, fourth=40), Tonbko KopTex other B 3TOM
cnyvae nycToii.

Ll Haszaverky

O6patnte BHMMaHuWe, 4TO aprymeHTbl third wn fourth B onucaHun dyHKUUN
show me () oTcyTcTBYIOT. [pyrumMn cnoBamu, Mpu BbI30Be (PYHKUMM Mbl yKa3biBaem
K/0UM, KOTOPbIX Kak 6bl M HET. TeM He MeHee, Tak MOXHO Aenatb - A3blk Python npepo-
cTaB/isieT BO3MOXHOCTU Mo 06paboTKe Takmx cutyaumii.

B komaHfe show_me (second=20,first=10) nepBble 06A3aTeNbHbIe ap-
FYMEHTbI yKasaHbl MO K4y, a APYrMx apryMeHTOB HeT. [M03TOMY U KOpPTeX
other, n cnoBapb byname B 3TOM c/iyyae nycThble.

HakoHey, B komaHpe show_me (first=10,second=20,third=30, four
th=4 0) Bce aprymeHTbl yKasaHbl Mo knouy. Kak cneacteme, aprymeHT other
ABNAETCA NYCTbIM KOPTEXEM.

W Hasaverky

Ecnm npv BbI3oBe (PYHKLMM apryMeHTOM eiil nepefartb C/10Bapb, nepej KOTopbIM yKa-
3aTb ABE 3BE3[04YKMN **, TO 3TOT C/I0Bapb 6yAeT aBTOMaTUYECKN npeobpas3oBaH B Cru-
COK VIMEHOBAaHHbIX apryMeHTOB: K/IHOUM C/I0Bapsi CyXaT Ha3BaHUsIMM apryMeHToB, a
3HAYEHNsA CMNoBaps - 3HaYEHUAMU apryMeHTOB (DYHKLN.

NekopaTopbl PYHKUMIA 1M KNaccoB

Monopfoii YenoBekK, a Bbl HEMPaBUILHO OfETHI,
n3 K/ ""TocTwbsA 13 byayiero™

UT06bl MOHATHL CyTh W Ha3HauYeHMWe AeKOPaTOPOB (PYHKLMIA, cAeNaeM HEKOTOPbIE
npefBapuTeNibHble 3aMeyaHus. Tak, pe3ynbTaToM QYHKLUM MOXET 6bITb (YHK-
Lms.

L Haszaverky

Mprmep yHKLUM, KOTOpasi B Ka4ecTBe pesy/ibTaTta BO3BpallaeT qyHKUMIO, NpuBeseH
B rnaee 3 B pasfesie, NOCBALWEHHOM ONUCaHUIO NAME4a-PYHKLMIA, a Takxe B pasgene,
crneuuanbHO NOCBSILLEHHOM 3Tol Teme.
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ApPryMeHTOM QYHKLUKN TakXe MOXeT 6bITb YyHKLUA. [T03TOMY HUKTO U HUYTO
He 3anpeLiaeT onucatb HaM PYHKLUIO, KOTOPas apryMeHTOM NPUHUMAET YHK-
LMI0 1 pe3ynbTaToM BO3BpaLaeT QyHKUMI0. [na 6onblueil KOHKPeTUKKU 0603Ha-
yum yepes () HekoTopyto pyHKLUIO, a F () -3T0 ByaeT (hyHKLUA, KOTOpas ap-
FYMEHTOM MPUHUMAET PYHKLMIO U pe3ynbTaTOM BO3BpaLaeT PYHKUNI. P YHK-
unm F () B KayecTBe aprymeHTa MOXeT 6bITb nepefaHa PyHkums £ () (aprymeH-
TOM YyKa3blBaeTca uma pyHkuun). Takum obpas3om, BoipaxeHne F (F) npegcras-
nsaeT co60ii PyHKLMIO.

Pe3ynbTaT 3TOr0 BblpaXeHUs MOXHO NMPUCBOUTbL B KAYECTBE 3HAYEHMWS MEPEMEH-
HOW, 1 3Ta nepemeHHas GyAeT CCbiNaTbCsA HAa 0OBLEKT (YHKUMUKM. Opyrumu cno-
BaMW, TaKyl MepemMeHHYt MOXHO OyaeT paccMaTpuBaTb Kak (yHKUM0. Mano
TOrO, 3TON NEPeMEHHO MOXEeT 6bITb F - Mbl MOXEM BOCMO/1b30BaTbCA KOMaH4O0M
f=F (f). B aT0li kKOMaHfe HeT owmnboKn. Ee BbINONHEHNE NPUBEAET K nepeonpe-
neneHno pyHKumum £Q .

Q Hazawverky

Komanga T=F () BbinonHsietcsa Tak. BHavane nepemerHas Fcebinaercs Ha HekoTopbiit
06LEKT, KoTopbIit onpepgenseT dyHkuuio f (). Mpu BbinonHeHnn komaHasl F=F (F) cha-
uana paccuutbiaeTcs pesynbtar Boipaxenus F(F). Mpu atom ncnonbayetca Tekyuas
cebinka Ha 06bekT dyHkumn T ). Pesynbtatom Boipaxerus F (F) saenserca HoBbili 061b-
eKT, onpeaensitownini HeKOTopyto hyHKUMIO0. CCbinika Ha 3Ty (OYHKLMIO 3an1cbiBaeTcsl B
nepemerHyto F. BHewHWli adhhekT oT aTMX AeiCTBUII CBOAUTCA K TOMY, YTO MEHSETCS

yHkums Q-

Takum 06pa3oM, C MOMOLbIO PYHKLUN F () Mbl MOXeM BbIMONHUTL Mpeo6pa-
30BaHMe GyHkuum F(). Ons 3T0ro [OCTAaTOYHO BOCMO/b30BATbCS KOMaHOM
f=F (F). Takoro Xe shekTa MOXXHO LOOUTLCA, ECNN Mepes onucaHnemM QyHK-
umn () noctaBUTb MHCTPYKUUIO @ (3HaK O U UMSA PyHKUUKU F (), Ha OCHO-
Be KOTOPOWA BbINO/IHAETCSA nNpeobpa3oBaHue). To ecTb peyub UAET 06 NHCTPYKLUK
BMAaa
OF
def T (aprymeHTsl) :

# Teno QyHkunun
O6 MHCTPYKLMK @F roBopsiT, YTO 3TO AeKopaTop yHKUMK. MprumMep UCNOb30-
BaHWA feKkopaTopa yHKLMI NpuBeSeH B ncTuHre 8.5.

Q Hazawverky

[anee Mbl paccMaTpuBaeM *"MaTeMaTUUeECKMiA" npuMep. B YacTHOCTU, Mbl paccMaTpu-
BaeM BblpaxeHue Bugaexp (-/(x)2), roe/(x) ecTb HekoTopas yHKumMsa. Ecnn 6b1 Ham

npeacTosaI0 4acTo NCNONb30BaTb TAKOrO PoAa BbIpaXeHus (4N pasHbiX yHKuni / (X)
), TO pa3yMHO 6b1/10 6bl ICNOB30BaThb AeKOPATOP PYHKUNA. A UMEHHO, Mbl ONUCLIBaEM
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cpyHkuMio F () Takyto, uto F (/)(x) = exp (/O ) 2. dyHkuuio F(f~) noctatouHo onu-
caTb OfMH pa3. 3aTeM UCMO/b3ys ee Kak fekopaTop, MoXeM onpeaenstb hyHKUUM Ans
BbIUVCNEHNS BblpaXeHi Bugaexp (— (X ) 2), npyu aTom onpeaenss akTmyeckn To/IbKO
KO A1 BbIYUCIEHNA BblpadkeHns /(X ).

JvctuHr 8.5. [exopatop dyHKUMIA

# NMnopT mMaTeMaTUYeCKUX QYHKUNIA
from math import exp,sin,cos,tan
# ®yHKUMS AN MCNONb30BaHMA B AeKopaTope
def F(f):
# Nam6pa-hyHkuns (aHOHMMHas GQYHKUMA)
res=lambda x: exp (-f(x)**2)
return res
# O®OyYHKUMA [N8 MCNONb30BaHUA B AeKkopaTope

def Q (f):
# BHYTpeHHAs (QyHKUUA
def q(x):
return tan(f (x))
return g

# ®OYHKUMA C AeKOopaTopom
OF # [Jekopatop
def f(x):
return sin(x)
# ®OYHKUMA C AeKopaTopom
OF # [ekopaTop
def g(x):
return cos(x)
# ®OYHKUMA C ABYMS jJekopaTtopamu
0Q # BTopoii pekopaTop
OF # MMepBbll gekopaTop
def h(x):
return x
# lepemeHHasn
n=5
# 3HayeHWa QYHKUUA B pasHbIX TouKax
print("®yukuna f():")

for i in range (n+1):

z=iln

print(f(z), exp(-sin(z)**2))
print("®ynkyua g ():")
for i in range (n+1):

z=iln

print(g(z), exp(-cos (z)**2))

print("®yHkyua h():")
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for i in range (n+1):
z=iln
print(h(z), tan(exp(-z**2)))

Mpu BbINOHEHWM NPOrPAMMHOI0 KOZa MosyyaeM Takoli pesy/bTar:

Pe3ynbTar BbINO/IHEHUS NporpamMmbl (M3 IMCTUHA 8.5)

dyHkuns f ():

1.0 -> 1.0

0.961,299270288799 -> 0.961299270288799
0.8592918618974276 -> 0.8592918618974276
0.7270055824268487 -> 0.7270055824268487
0.5977397854322518 -> 0.5977397854322518
0.49259230319603176 -> 0.49259230319603176
dyukuna 4 ():

0.36787944117144233 -> 0.36787944117144233
0.38268981631591364 -> 0.38268981631591364
0.4281193125221935 -> 0.4281193125221935
0.5060201050223136 -> 0.5060201050223136
0.6154508201347391 -> 0.6154508201347391
0.7468233644427067 -> 0.7468233644427067
dyHkuus h ():

1.5574077246549023 -> 1.5574077246549023
1.4307602577401106 -> 1.4307602577401106
1.143266474503948 -> 1.143266474503948
0.8383239288289558 -> 0.8383239288289558
0.582285681136045 -> 0.582285681136045
0.38542559176909813 -> 0.38542559176909813

B camMoM Havane nporpaMMHOro Koga Mbl UMNOPTUPYeM 13 Moayna math dyHk-
umm exp() ANnA BbIYMCNEHUA 3KCMOHEHTHI, Sin () ANA BbIYUCNEHUSA CUHYCA,
cos () 4ond BblYMCNEHMA KOCMHYyca U tan () ANS BbluMCNeHUS TaHreHca. Janee
onucbiBaeTcs QyHKUmMA F (), y KOTOpOWA, Kak npegnonaraeTtcs, aprymeHT f - nms
OPYroi yHKuun. B Tene yHKLUM NEepeMEHHON res NpucBavBaeTCsA B Kaue-
CTBe 3HAYEHUS CCblIKA HA aHOHUMHYIO PYHKLUUIO (nAmM64a-(hyHKLMNI0), 06BbEKT
KOTOpOW co3gaetca nHctTpykumein lambda x: exp (-f (x) **2). NMepemeHHas
res (ccblnka Ha 06bEKT (DYHKLMK) BO3BpaLLaeTCsa Kak pesynbTat yHKuum F () -

dyHKumMa Q () Takxe BO3BpalLaeT B KayecTBe pe3ynbtar QYHKUUIO (NO3TOMY
MOXeT 1 6yaeT ucnonb3oBaHa B fekopaTope). B Tene yHKUMM onucbiBaeTcs
BHYTpPeHHAS pyHKUuMa q (), KoTopasd B KauyecTBe pe3ysbTara BO3BpalLaeT Bbipa-
XeHue tan (f G ), roe x - apryMmeHT pyHKuum g (), a f - aprymeHT hyHKL UK
Q (). ma dpyHkyMm g (ccbinka Ha 06beKT yHKUMK g ()) BO3BpaLaeTCcs Kak pe-
3ynbTaT QyHKLuUM Q Q-
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Ll Ha zameTtky

Takum 06pa3om, pe3ynbTaToM BblpaxeHns Q (/) aBnseTca yHKUnNs, koTopas ans apry-
MeHTa X Bo3BpaluaeT 3HaueHue (2 (/)(*) = tg (f(ac)) (taHreHc oT 3HayeHns /00).

dopmanbHo hyHKumna f () onucaHa Tak, YTO ANA aprymMeHTa X BO3BpaLiaeTcs
3HauyeHue sin (x).Ho nockonbKy nepeg onncaHnem yHKLMN ecTb LeKopaTop
OF, TO 3TO BCe paBHO, Kak ec/iv 6bl nocne onpegeneHna PyHkumm f () BbIMOMHSA-
nacb KomaHga f=F (f). B pesynbtate ¢pyHkumna f () onpegenserca Kak takas,
4TO 3HauveHue BbipaxeHus f (X) ecTb exp (-sin(x)**2).

Moxoxasa cutyaumnsa ¢ pyHkumein g (). NMockonbKy nepen PyHKUMeRd ecTb ge-
KopaTtop @F, a B Tene (YHKUMM pe3ynbTaT BO3BpaLlaeTCs KOMaHAOW re -
turn cos (x) (4epe3 x 0603HaYeH aprymeHT yHKuum g () ), To Ha camoMm
fiene pesynbTatoM BblYMC/IEHUSA UHCTPYKUMKN g (x) ABAAeTCA 3HavyeHue exp (-
cos(x)**2).

UTo kacaetca pyHKuum h (), To nepes ee onnucaHMemM ecTb Ba SECKPUMTOpPA: 0Q
N @ . 3TO 3KBMBANIEHTHO BbINOMIHEHUIO KOMaHAbl h=Q (F (h) ) nocne onpegene-
HUs dpyHkuum h (). B ntore sHayeHme BbipaxeHns h (X) aKBUBaneHTHO 3Haue-
HWUIO BblIpaXKeHUs tan (exp (-x**2)).

[Janee B nporpaMMHOM KOfe 4719 HECKONbKUX 3HAYEHUI aprymeHTa X (B fuana-
30He oT 0 8o 1) BbluncnsaTcs 3HadeHusa f(x),g(x) wu h (x).[4nd cpaBHeHuA
B ABHOM BUJe BbIYMCNAIOTCHA TaKXe U COOTBETCTBYHOLME MaTeMaTUYeCKUe Bbl-
paXKeHus.

AHaNornyHo TOMY, KaK AeKOopaTopbl MCNOMb3YKTCA AONA (i)yHKLI,I/IVI, MOryT uc-
Mno/ib30BaTbCA U AEKOPATOpPbI A/14 KNacCoB.

W Hasaverky

MpaBpga, Ha NpakTMKe K 3TOMy NpuberarT He YacTo, HO Takasi BO3MOXHOCTb MMeeTCs U
0 Heli nyulle 3HaTb.

[ns cospgaHna gekopaTopa knacca Heo6X04MMO UMeTb (hYHKLUI, apryMeHTOM
KOTOPO mepefaeTca Knacc v pe3ynbTaTOM BO3BpallaeTcs knacc. Ha mepBblii
B3r/1A[ BCE 3TO MOXET MOKa3aTbCs CTPaHHbIM. HO TYT HY>XHO BCMOMHUTb, 4TO B
Python knacc cam aBnsieTcs 06LEKTOM, a UM Knacca BeTCA CCbINKOM Ha 3T0T
06beKT. TakuM 06pa3oM, yNoMsHYTOW PYHKLMMN B Ka4ecTBe UMEHU [LOSIKHO Me-
pejaBaTbCa MM Knacca, a B Tene yHKLUKU NMA APYroro Knacca f0/1XHO BO3Bpa-
WaTbCca KakK pe3ynbTaT. BapuaHToB 34eCb MOXeT ObiTb MHOT0, Mbl PACCMOTPUM
[OCTAaTOYHO MPOCTON Clyyail.

S er+



nasa 8. HemHOro o pasHom

MTak, npegnonoxum, 4to PyHkums F () And aprymeHTta - 06bekTa Knacca A,
BO3BpaLLaeT 3HaYeHue - 06bEKT Knacca F (A). Ecnm knacc A onucaH ¢ gekopaTo-
pom @F, TO 3TO BCE PaBHO, KakK ecnn Obl NOC/e ONUCAHUA Kflacca A BbINMOHANACH
KomaHfga A=F (A). [pumep npnBefAeH B NNCTUHTE 8.6.

JivctnHr 8.6. [lekopatop Kriaccos

# ®yHKUMS C aprymMeHTOM - K/accom u
# pesynbTaToM - 06beKTOM Kjacca
def F(A):

# BHYTpPeHHWWA Knacc
class Alpha(A):
# MeTop ak3emnnApa BHYTPeHHEro knacca
def hi (self) :
print("Knacc Alphal™)
# PesynbTaT (QYHKUMM - 0O0bEKT Knacca
return Alpha
# ®OYHKUMA C aprymMeHTOM - K1accom Mu
# pesynbTatom - 06beKTOM Knacca
def Q(A):
# BHYTpPeHHUR Knacc
class Bravo(A):
# MeTog 3k3emnnsapa BHYTPeHHero knacca
def hi(self):
print("Knacc Bravo!")
# Pe3ynbTaT (QYHKUMM - 0O6bEKT Knacca
return Bravo
# Knacc ¢ pgekopatopom
OF # [ekopaTop knacca
class First:
# MeTo4 sK3emnnapa Knacca
def hello (self) :
print("Knacc First!")
# Knacc ¢ pgekopatopom
OF # [OexopaTop Knacca
class Second:
# MeTo4 3K3emnnapa Knacca
def hello(self):
print("Knacc Second!")
# Knacc ¢ pgByma fekopaTtopamu
0Q # BTopoini pgekopaTop knacca
OF # MMepBbll gekopaTop Knacca
class Third:
# MeTog 3k3emnnsapa knacca
def hello(self):
print("Knacc Third!")

""mO 3
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# ®yHKUMS [ANA Bbl30BAa MeTOLOB 3K3emMnnsapa
def show _obj(obj):
# Knacc ak3emnndpa
print("Knacc sk3emnndapa:",obj._class__)
# Bbl30oB MeTO4O0B 3k3emnnapa
obj.hi(
obj.hello()
# OYHKUMA fns oTob6paXeHWAa XxXapaKTepUCTUK Knacca
def show _class(A):
# VmMa Knacca
print("Mvwa knacca:",A.__name__ )
# BasoBblii knacc
print("ba3oBbln knacc:", A.__bases__)
# Llenoyka HacneposaHwusa
print ("Uenoyka HacnegoBaHua:",A.__mro__)
# Co3faHne 3K3eMNNAPOB Knaccos
one=First()
two=Second()
three=Third ()
# MeToAbl 3K3EMNNAPOB
print("9k3emnasapbl kKnaccop.")
for obj in [one,two,three]:
show _obj(obj)
# XapakTepuCTUKW Knaccos m
print("Knaccsol.")
for A in [First,Second,Third]:
show _class(A)

BbINO/HEHWE NMPOrpamMMHOTO KOAa NPUBOAUT K TaKUM pe3ynbTaTam:

Pe3ynTar BbINo/HeH s nporpamMmMb| (U3 siMcTuHra 8.6)

JK3eMnnapbl KNaccoB.

Knacc aksemnndapa: <class '__main__ .F.<locals>.Alpha'>
Knacc Alphal

Knacc First!

Knacc 3aksemnnsapa: <class '_ _main__.F.<locals>.Alpha 1>
Knacc Alpha!

Knacc Second!

Knacc ak3emnnsapa: <class
Knacc Bravo!

__main___.Q.<locals>.Bravo'>

Knacc Third!

Knacchl.

Mva knacca: Alpha

basoBbln knacc: (<class '__main__ .First'>))

Llenouka HacnepgoBaHms: (<class '__main__ .F.<locals>.Alpha'>,

<class main__ .First'>, <class 'object'>)

L -
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Mma knacca: Alpha

basoBbin knacc: (Cclass '__main___.Second'>))

Llenouka HacnepgoBaHus: (Cclass '__main__ .F.<locals>.Alpha'>,
Cclass '__main__.Second'>, cclass 'object'>)

Mma knacca: Bravo

basoBbin knacc: (Cclass '__main__ .F.clocals>.Alpha'>))

Llenoyka HacnepgoBaHus: (Cclass '__main___.Q.clocals>.Bravo'>,
Cclass '__main__.F.clocals>.Alpha'>, cclass '__ _main__ .Third'>,
Cclass 'object'>)

B 3TOM npuMepe Mbl ONMcbiBaeM ABe PYHKLUU, KOTOPbIe MCNONb3YIOTCA B AEKO-
paTopax Knacca. TakXe ¢ Ucrnosib30BaHMEM LEeKOopaTopoB CO34akdTCA TPWU Kniacca.
EcTb 1 gpyroi BcnoMoraTtenbHbliA Kog. PaccMoTpuMm Bce 3TO NO3TamnHo.

dyHKUUM F () apryMeHTOM, KaK Mbl npegnonaraem, nepegaetcsi knacc (060-
3HaueH Kak A). B Tene pyHKLMM ONncaH BHYTPEHHWIA Knacc, KOTOPOIi Ha3biBa-
etca Alpha. Knacc Alpha co3faeTcs Ha OCHOBE Kjacca A NyTem HacfefoBa-
Hus. Knacc Alpha, Takum 06pa3om, HacnefyeT aTpubyThl Knacca A, U Mpu 3TOM
B Tefle Knacca A lpha onucaH metog hi (). [eiicTBue meToda CBOAMUTCA K OTO-
H6pa>KeHU0 B OKHE BbIBOJa TEKCTOBOI0 3Ha4YeHMA. CChl/IKa Ha BHYTPEHHWIA Knacc
BO3BpalllaeTcs B KayecTBe pesynbTata PyHKUMU F ().

AHanornyHeiM o6pasom onmcaHa yHKUMA Q (), TONbKO €e BHYTPEHHUI Knacc
HasbiBaeTcA Bravo. OH TOXe CO3JaeTcs Hacnef0BaHWEM TOro0 Knacca, 4To nepe-
[laH aprymeHToM PyHKumMn Q(). Y BHYTpPEHHero Knacca Bravo TakXe, Kak Uy
Knacca Alpha u3 pyHkuuu F (), uMmeetcsa Metog hi (). OTOT MeTog Takxe 0TO-
H6paxaeT coobLeHne - ToNbKO Apyroe. PesynbTatom PyHKuma Q () Bo3spaLiaet
CCbIJIKY Ha Knacc Bravo. Mo3aToMy QPYHKUMSA Q (), KaK n PYHKLUMUA F (), MOXeT
MCNONb30BaTbCA B AeKopaTope Knacca.

Knacc First onucaH C fekopaTopom OF. B Tene knacca onucaH MeTo4
hello (). Mpu co3gaHnm knacca F irst NPOUCXOANT CnefytoLlee:

+ CHauana cosgaeTcs 00bEKT Knacca First B COOTBETCTBUM C TeM, Kak
HenocpeACTBEHHO ONMCaH KOJ Knacca, a CCblfika Ha 06BbEeKT KJacca 3anu-
CbiBaeTCA B MepeMeHHyto First. Ha aTom aTane Kfiacc COAepXuUT NnLLb
meTof ak3emnnapahello () (nnwc cneynanbHble NONS U METOAbI).

+ [Jlanee Bbi3biBaeTCca (YHKUMA F (), apryMeHTOM KOTOPOI nepegaeTcs
CCblIfIKA F irst Ha 06BbEKT COOTBETCTBYHOLLErO Knacca. MNpu BbINONHEHNN
Kofa PYHKUMM Ha OCHOBe Knacca F irst cO34aeTcsa BHYTPEHHWA (no-
KanbHbIli) Knacc Alpha. Y 3T0ro knacca, NnOMMMO MeToja 3K3emnnsapa
hi (), noABnaeTcs ewe 1 MeToA ak3emnnapahello ().

« Ccbl/IKa Ha 06BEKT BHYTPEHHEr0 Kacca, CO34aHHOr0 Npu Bbi30Be PYHK-
umm F (), npucBauBaeTcs B Ka4ecTBe 3HAYEHUS MEPEMEHHOW First. B
pe3ynbTaTe NMepemMeHHas CCbiNaeTcs Ha 06BHEKT Knacca, y KOTOPOoro ecTb
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meTonpl ak3emispa hi () (vetog u3 knacca Alpha ¢pyHkumm F Q) wu
hello ( (onucaH HenocpencTBeHHO B Kracce First).

B 3TOi1 cXeMe ecTb HECKO/bKO BaXXHbIX 415 MOHUMAaHUA MOMEHTOB. Bo-nepBbiX,
XOT# K/lacC Mbl Ha3biBaeM First, Ha camoMm jefe nepemMeHHas ¢ TaKMM Ha3BaHM-
em 6yfeT ccbilaTbCs Ha Knacc, KoTopblil co3fasancs npu Bbi3oBe GyHKuum F Q.-
A 3710 nokanbHbI knacc Alpha. MoaTomy ecny BOCMOAb30BaTbCA UHCTPYKLN-
e First.___name__ ,TO B Ka4yecTBe 3Ha4yeHUs nonyduum nms knacca Alpha. A
BOT 6a30BbIM 4715 3TOr0 Kjacca ABAfeTca Knacc ¢ uMeHeM First. U 370 nmeH-
HO TOT K/1acc, KOTOPbI OblN CO34aH B CAMOM Hauase, U CCblfIKa Ha KOTOPbIA nep-
BOHauyanbHO 3anucbiBanach B nepeMeHHyt First. Bo-BTopbIX, €CK CO34aThb 3K-
3emMnAsp 4Ns Knacca, Ha KOTOPbIA ccbinaeTcs nepemeHHas First (Hanpumep,
KomaHfoin one=First ()), To 3TOT 3K3eMNAsap, Ha caMoM fgene, 6yfeT IK3em-
naspom ynomsHYTOro Bbile nokanbHoro knacca Alpha (knacca, co3gaHHOro
npu Bbi3oBe (hyHKUMK F()). B aTom nerko ybegutbca, o6paTuBLINCL K MOS0
_class ak3emnnsapa.

Knacc Second Takxe onucaH ¢ fekopatopom OF. CuTyaumsa cxofHa ¢ npefbl-
AyLyei:
» Cospaetcs 06beKT knacca Second Tak, Kak onucaH Koj 3Toro knacca.
Knacc cofepxut metog aksemnnsapa hello () -

* Bbi3biBaeTca pyHkuusa F (). AprymeHToM (hyHKLUWN NepefaeTcs CCblKa
Ha 06bekT Knacca Second. Npu aTom HacnefoBaHueMm knacca Second
co3gaetca BHyTpeHHMIi knacc Alpha (HoO 3To He TOT Kfacc, KOTOpbIl
cosjaBancs npu cosgaHum knacca First).

e Ccblfika Ha 06BEKT CO3aHHOT0 BHYTPEHHErO K/acca npucBanmBaeTcs ne-
pemeHHoIn Second.

Takum o6pa3om, nepemeHHass Second ccbinaeTcs Ha 06BLEKT Knacca, KOTOpbll
6bl1 co3faH HacefoBaHWeM "UcxofHoro™" knacca Second. Ecnum 3anpocutb nma
knacca Second yepes cneyuanbHoe Noae__nawe__ , To oHo 6yget Alpha.

W Hasawerky

XOTA 3HayeHus nons name__ ansa knaccoB First v Second coBnagatoT (peyb 06
nmeHun Alpha), Ha camom gene First n Second - 3TO pasHble Knaccbl. [pocTo 3Ha-
yeHneM NoJisa__naTe__ sABNsieTca "/iokanbHoe™ nma knacca. B gaHHOM cnydae knac-
Cbl co3gatoTcs Npu BbidoBe oyHKUMK F (). Kaxabli pa3 co3gaeTcs HOBbIV Knacc, ¢ 'no-
ka/bHbIM” meHeM Alpha. Ho nockonbky peyub naeT 0 NoKasibHbIX MPOCTPaHCTBaX UMeH
npu BbI30Be (PYHKLUNN, KOH(PIMKTA N0 NPUYMHE coBNafeHs Ha3BaHU He BO3HMKaeT (TO
eCTb K1acCbl C 0ANHAKOBbIMW IOKU1bHBbIMW Ha3BaHUAMMW NONajaroT B pa3Hble NPoCTpaH-
CTBa MMEH).
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OO6beKT Knacca, Ha KOTOpbI/ ccblnaeTca nepemeHHas Second, UMeeT MeTOAb!
aksemnnapa hi () n3 nokansHoro knacca Alpha n hello (), onucaHHbIR He-
nocpefCTBEHHO B TeJie Kfacca Second.

bonee cnoxHas cuTyaumns ¢ knaccom Third. 3TOT Knacc onucaH ¢ AByMS 4eKo-
patopamu: @F n 0Q. MpoucxoaunT crnegytollee:

» Co3pgaeTca 06beKT knacca Thi rd.

» Ccbinka Ha 06beKkT knacca Third nepepaetca B yHkuyuo F (). B pe-
3ynbTaTe c034aeTCa HOBbI 06bEKT Knacca: knacc Third HacnegyeTcs B
nokanbHom knacce Alpha.

* CcblnKa Ha yKasaHHbIi 06beKT nepegaetca B pyHkuuio Q (). B Tene
3TOM (DYHKLUMWU HacnefoBaHMEM MepefaHHOro aprymMeHTOM Knacca cos-
[laeTCsA HOBbI KNacc ¢ 10KanbHbIM Ha3BaHMeM Bravo.

» CcblnlKa Ha HOBbIi 06BEKT K/lacca 3anucbiBaeTcs B mepeMeHHyto Third.

Takum 06pa3om, I0KafbHOE UMSA K/acca, Ha KOTOpbI/ CCblnaeTcs MepeMeHHas
Third, ecTb Bravo. Y 3k3emnnspa 3Toro Knacca ectb gsa metoga: metog hi ()
13 Knacca Bravo, co3gaHHoro npu sbizose hyHkuum Q (), n metog hello Q,
onucaHHbIV B camoMm knacce Third.

W Hasawvetky

B onncaHHOI Bblle cxeMe cHavasia co3gaetcsa 06bekT knacca ¢ metogom hi () ms no-
kanbHoro knacca Alpha, a 3ateM 3TOT MeTof (hakTUYecku nepeonpenensieTcs wuim
nepekpbiBaeTcsi Metogom hi (> u3 nokasibHOro knacca Bravo. Tem He MeHee, 4e-
pe3 ak3emnnsap three n nepemeHHyto Third mMoxHo "gobpaTbcsa” 1 Ao Bepcun me-
Toma hi () u3 knacca Alpha. [Ons 3Toro gocTtaToO4HO BOCMO/b30BaTbCA KOMaHOOoM
super (Third, three) .hi () ,koTopoli c nomouwbo hyHKuMn super () 13 aK3emnas-
pa three BbI3bIiBaeTcA meToA hi (), onucaHHbI B Knacce, siBnstowemMcs 6a3oBbiM 415
Knacca, Ha KOTopbIii ccblnaetcs nepemeHHasn Third.

®dyHkuma show_obj () npepgHasHayeHa And Bbi30Ba METOAOB 3K3eMNNAPOB
Knaccos (TeX, Ha KOTOpbIe cCbinalTcs nepemMeHHble First, Second v Third).
[nsa oTobpaxeHUs xapakTepucTnK cammx Knaccos (HasBaHue Knacca, 6a3oBblii
Knacc u Lenoyka HacnefosaHua) npegHasHaveHa ¢pyHkuuna show_class () -
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[JOKyMeHTUpOBaHMe M aHHOTaLNKN B
dyHKUMAX

B Bawem BO3pacTe Yy>e Mnopa HayuynmTbCsH
BpaTb Kak cneayeT.
n3 K/t "'TocTbsa 13 yaywiero™

EcTb HekoTOpble MoO/ie3Hble CBOWCTBA (DYHKLMIA, KOTOpPOE MOXHO WCMOJb30-
BaTb Ha MPaKTKUKe 415 MOBbIWEHNS YNTabeNbHOCTU NPOrpaMMHOro Koga. B nep-
BYIO O4Yepefb CneayeT ckasaTb 06 0C060W ponn nepeoi (mocnie Ha3BaHUA PyHK-
LMUK) TEKCTOBOW CTPOKU B OMMCAHUU PYHKUUKU. DTa CTPOKA CAYXMUT 415 AOKY-
MEHTMPOBAHUA - CO3[aHUS 0CO60ro KOMMEHTapus, LOCTYN K KOTOPOMY MOX-
HO MOMY4YUTb NPOrpaMMHbIMKW MeToAaMn. bonee KOHKPETHO, Y KaXAoWh PYHK-
LuM ecTb cneymanbHoe none__doc__ (4Ba NofyYepKUBaHMA B Havane, ABa Noj-
YepKMBaHUS B KOHLUe). Ecnu nocne MeHn PyHKLMM Yyepe3 TOUKY yKasaTb none
__doc__,To 3HauyeHuneM GyaeT TEKCTOBaA CTPOKA, yKasaHHas B CaMOM Havane B
Tene yHKuumn. Hebonblioli npumep npuBefeH B ANCTUHre 8.7.

JinctnHr 8.7. [JokyMeHTVpoBaHMe toyHKUMN

# ®yHKUNA

def hi():
"9Ta (QYyHKYUMS nNpocTo BbLIBOAWT coobujeHue."
print("AokymeHTupoBaHue ¢GyHKunMu.")

# Bbl3blBaeM (YHKLMWIO

hi ()

# OnucaHue GQyHKUUNK

print(hi.__doc_ )

Pe3yanaT BbIMOJ/THEHUA MPOrpaMMHOro Koga TaKol:

Pe3ynbTar BbINo/HeH/A NporpaMvb| (U3 SIMCTUHIa 8.7)

LOKYMEHTUpOBaHWE (YHKLUMUN.
3Ta (PYHKUMSA NPOCTO BLIBOAWT cooGlUieHME.

MoMumo 3TOro, Npu onucaHumM YHKLMU MOXHO co3faBaTb “"aHHOTauuu" And
aprymeHToB hyHKUMUN. Peub nAeT 0 crneynanbHblX KOMMEHTApPUAX, KOTOpble 40-
6aBNATCA B OMUCAHUN apryMEHTOB PYHKLUMK. TakxXe MOXHO 0603Ha4YnThL pe-
3ynbTat (TMN pesynbTaTa), KOTOPbIA OXKUAaeTCa NOAYYNTb B pesynbTaTe BbINO/-
HEHNSA PYHKLUN.

AHHOTaLMU 415 apryMEHTOB NOMELLaeTCs NOC/e 3TUX CaMblX apryMeHTOB, B Ka-
UECTBE pa3feNnTeNs UCMOb3yeTCs 4BOETOUME. AHHOTALMER MOXET 6bITh N1t060e
KOPPEKTHOE C TOUKM 3 PEHMS CUHTaKcuca Python BeipaxkeHue. Ecnuy aprymeH-

=g
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TOB €CTb 3HAYEHWs MO YMOYAHUIO, TO OHM YKa3blBAOTCS Yepes 3HaK PaBeHCTBA
Mocne aHHOTALWUW K apryMeHTYy.

AHHOTauns AN pe3ynbTaTa (QYHKLUU YKa3biBAeTCs 4epe3 CTPeNky -> Mno-
Cc/le KPYr/ibIX CKOBOK C OMMCAHWEM apryMeHTOB (DYHKLUWU, HO Mepes ABOETOYN-
€M, KOTOpbIM 3aBEpPLIAETCS CTPOKA ONMCaHKs 3aronoBka PyHKLMmM. O6Lnii Wwa-
6710H (PYHKUUN C aHHOTALUAMU /151 aQPTYMEHTOB 1 pe3yfibTaTa TaKol (KUPHbIM
WPUEGTOM BbIfE/IEHbI K/OUYEBLIE 3/IEMEHTHI):

def uma_gyHKuuMn(aprymMeHT: aHHOTaUWA=3HauYeHMe,
apryMeHT: aHHOTaUWA=*3HauyeHMUe,...)->aHHOTaUuUA:
# Kop GYHKUWUWK

[ns nonyyeHus focTyna K aHHOTALMAM, UCMOMb30BaHHbBIM B YHKLNW, U3 06b-
eKTa (hyHKL MM BbI3bIBAETCA CNelnanbHoe Nofle__annotations__ . 3HaveHue
3TOr0 CBOICTBA - CI0BAPb, K/OYaMM KOTOPOTO SIBASKOTCSA HAa3BaHMS apryMeHTOB,
a3Ha4YeHus - aHHOTALUM K apryMeHTaM. AHHOTaUMS K pe3ynbTaty GyHKLUU co-
OTBETCTBYET K/lOUy return. Mpumep CO3A4aHMS U UCMOMb30BAHUS YHKLWN C
aHHOTaUUsMU NPUBEAEH B UCTWHTE 8.8.

# @®YHKUMS C aHHOTaUWUAMM
# nons aprymMeHTOB U pe3ynbTaTa
def show(a:"nepBblit aprymeHT",b:int=0)->None:

print("a =",a)

print("b =",b)
# Bbi3biBaeM (QYHKLUUIO
show (10)

show(10,20)

# Vicnonb3oBaHHble aHHOTaLUWUW:
print(show._ annotations__)

# AHHOTaAUMAY ANA aprymeHTa a
annt=show.__annotations__ ["a"]
print("AprymeHt a:",annt)

# AHHOTaAUMA ANa pe3ynbTaTa
res=show.__annotations__ ["return"]
print("Bo3BpawaemMbli pe3ynbTaT:", res)

Mpu BLINOHEHWW NPOTPAMMHOI0 KOZA MOJTyYaeM CreaytoLLee:

PnayublyT 1 bBITAMOVLLL nporpammbl (M? HMTMMra A.91)

a = 10
b =0

a = 10
b = 20




{'b': Cclass 'int'>, 'a': 'nepBbliAi aprymeHT', ‘return’': None}
AprymMeHT a: nepBbli aprymeHT

BosBpauiaemblii pesynbTaTt: None

BaHO MoHMMaTb, YTO Hanuuue aHHOTauMﬁ He BNAET airfOPUTM BbINONHEHUA
KoAa (byHKLI,VIVI, PaBHO KaK Hann4dme aHHOTauun Ond pesynbTaTa (byHKLI,VIVI pe-
anbHO He OorpaHMyMBaeT cBoboay NporpaMmmucTa B NaHe TUNa BO3Bpallaemoro
(hyHKUMelh 3Ha4YeHna. pyruMu cnoBamu, aHHOTaLUM - 3TO Takaa "feKopaTus-
Has" cocTaBnAauad B onncaHmmn (byHKLI,VIVI. Tem He MeHee, HEKOTOPYHO MUKaHT-
HOCTb B ornpefesieHne PYHKLUWM OHU MOTYT NpuBHecTU. B nuctunHre 8.9 npuse-
[LeH ellle 0gMH HebonbWwoN Nnpumep MYHKLMN, B KOTOPOI B KAYECTBE aHHOTAL UK
LN aprymeHTa u pesybTata GyHKLMM yKasaHbl KOMaHAbl 0TO6paXeHnsa TekcTa
B OKHE BbIBOAaA.

NInctuHr 8.9. AHHOTaUUM Kak KoMaHbl

def demo(arg:print("3gecb ecTb aprymeHT."))->print("Pe3ynbTata
He 6ypeT."):
print("Bac npusetcTtByeTr demo!")
print(arg)
print("Bbi3biBaem ¢yHkumto demo():")
demo("Kog (yHKUMM BbINOAHEH.")

Pe3yanaT BbIMO/IHEHMA NPOrpaMMHOIo Koga TaKoM:
Pe3ynbTar BbINO/HEHUsI POrpaMMbl (M3 NNCTUHTA 8.9)

34ecb ecTb apryMeHT.
PesynbTata He 6ypgerT.
BbisbiBaeM (yHKunto demo():
Bac npuBetcTtByeT demo!
Kog ¢yHKUWM BbINOMHEH.

UT06bl MOHATH CMbIC/T MPOUCXOAALLENO, HY>KHO YYeCTb, YTO @aHHOTaL MK He MPOCTO
"NPUHNUMAKOTCH K CBEAEHUIO" - OHW BbIMOMHAKTCA. BbIMOMHAKTCA NpU CO34aHUN
06beKTa PYHKUUM. A 06BEKT YHKLMMN CO34aeTCA NMPY BbINMOSHEHMIM KOAa C ONK-
caHveM (yHKUUK (He NyTaTb C BbINO/IHEHWEM KOZa NPy BbI30Be PYHKUUK). Apy-
rMMu CNOBaMu, aHHOTauum 6yayT BbIMO/IHEHbI B TOM MECTE M B TO BpeMs, Korga
MHTepnpeTaTop "AobepeTcs” A0 MPOrpaMMHOro Koja ¢ onucaHuem QyHkuuun. B
paccMaTpuMBaeMoM Mpumepe KOMaHabl print ("3aecb ecTb aprymeHt.")
Mprint ("Pe3yanaTa He 6y,qu."), KOTOpble Mbl UCMOMIb30BaIN KaK aH-
HOTaLMW AN apryMeHTa U pesynbtaTta QYHKUUKU, 6YAYT BbINOAHEHbI Npy "Npo-
CMOTpe™ MHTepnpeTaTopoM Koja c onucaHueM PYHKUNUN. ITO NPOUCXOAMUT TOSb-
KO pas.

Mpn BbI30BE PYHKUUM 3TW KOMaHAbl YXXe BbIMOMHATLCA He 6yayT. osTomy
TEKCT "3paecb ecTb aprymeHTt." W "Pes3ynbTaTa He 6ypgeT."” OTO-

f®
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6paxaeTcs elle [0 TOro, Kak 6bina Bbl3zBaHa yHKUMA demo (). A nocne Bbl30-
Ba pyHKUMK demo () 3T coobLLeHNS YXKe He MOABAAKTCA, 3aTO 0TOOpaxaeTcs
TekcT "Bac npusetcTtByeT demo! "u "Kof (yHKUUM BbIMONHEHKAK
CNnefCTBMeE BbIMOMIHEHNA KOMaHA B Tene hyHkuuu demo ().

W  Hasaverky

MopsAoK BbINOMHEHUS aHHOTaLMA MOXeT OT/IYaTbLCA OT TOro Nopsiika, B KOTOPOM OHU
yKasaHbl B ONUCaHNN PyHKLMN.

McKn4dyeHna Kak aK3eMnsiapbl Knaccos

OTpuuaTenbHbl pesynbTaT -3TO0 ToOXKepe-
ynbTaT.
n3 K/ "'TocTws U3 BygyLuero™

C 06paboTKOI NCKMUYNTENbHBIX CUTYaLWMid Mbl HEMHOTO 3HaKOMbI. Mpuriien ve-
pef paclwmnpuTb HaLIKW NO3HAaHMWA B 3TOW 061acT. A UMeHHO, 60nee npucTanbHoe
BHUMaHWe Mbl YAeNUM TOMY 06CTOATENLCTBY, YTO TUMbl UCKOUYEHMWIA ONUCHIBA-
l0TCA Knaccamu, a caMy UCKIHYEHUS ABNAIOTCS 3K3eMnaspaMun knaccos. Kpo-
Me TOro, Ham MpeACTOUT NMO3HAKOMUTLCA C HEKOTOPbIMW MOME3HbIMU MeXaHMU3-
MaMun - TaKUMUW, HanpyMep, Kak reHepupoBaHue UCKIHUUTENbHBIX CUTYaLUNii 1
co3faHune Nob30BaTeIbCKUX KNACCOB UCKIKOYEHUIA.

XO0TA Koe-4T0 06 06paboTKe OWMOOK (MCKAOUYNTENbHBIX CUTYaLMnid) Mbl YXe
3HaeM, 3[eCb HENUWHUM 6yaeT HaMOMHUTb OCHOBHbIE MOMEHTbI. MITak, KOHTPO-
NMpYyeMblil Kog nomMewaetca B 6710k try. Kog, KOTOpbIA npegHasHaveH ans 06-
paboTkn ownbku, pasmeLtaeTcs B 610ke except. BNIOKOB, MOMEYEHHbIX KO-
YeBbIM C/I0BOM eXxcept, MOXeT 6biTb HECKO/IbKO. Kaxablii 610K COOTBETCTBYET
oWwwnbKe onpesenieHHoro Tuna. Tun (ManM, ToYHee, Kacc) owWn6KNM, KoTopas 06-
pabaTbiBaeTCs B COOTBETCTBYIOLLEM € X C e p t-6/10Ke, yKa3blBaeTCsA Noc/e Kntye-
BOro cnoBa except.

[ns onucaHus pasinyHbIX OWMGOK NpefyCcMOTPEHbI CreLuanbHble Knacchl, Ko-
TOpble Ha3blBAlOT KaaccaMyu BCTPOEHHbIX UCKIHOUEHUIA. DTN Knacchl 06pasyoT
Mepapxuto, OCHOBAHHYH0 Ha HacnefoBaHuW. O6LWas nepapxuyeckas CTpyKTypa
K1aCCOB BCTPOEHHbIX UC/TOUYEHWIA NpefCTaBfieHa Ha puc. 8.1.

Q Hazamverky

Kak BUAMM, K1accoB [OCTATOYHO MHOrO. B BepLunHe nepapxmmn HaxoamTcs knacc Bas-
eException. Y 3Toro knacca BCero 4yetbipe Npou3BoAHbIX knacca (GeneratorEx-
it, KeyboardInterrupt, SystemExit wn Exception), npuyem TOMbKO y Kracca
Exception ecTb Npon3BoAHbIe Kiacchl. Mo3ToMy He ByaeT NpeyBesiMyeHMEM cKasaTb,
4YTO nofaBnstoLee GOMBbLUMHCTBO K/1acCOB BCTPOEHHbIX OLWMGOK - MOTOMKU (NpsiMble
Uy onocpeaoBaHHble) knacca Exception.
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Puc. 8.1. VMiepapxns KnaccoB BCTPOEHHbIX UCKHOYEHWIA
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Korga npu BbINOHEHWM NPOrpPaMMHOr0 Koja BO3HMKaeT ownbka, aBTOMaTu-
YecKu onpepenserca Knacc, KOTOPOMy 3Ta ownbKa COOTBETCTBYET, U 415 3TOr0
Knacca co3gaeTcs ak3emnnap. O6pa3Ho Bblpaxanch, CO34aHHbIN Takum 06pasom
3K3EeMNAAP COAEPXKMUT OCHOBHYH MHPOPMALMIO 0 BO3HUKLLEW ownbke. K aTomy
3K3EMNNAPY MOXHO NOAYUNTb JOCTYN M UCMO/Ib30BaTb €ro B ABHOM BUAe B Npo-
Liecce 06paboTKM UCKIHOYUEHUS.

Mbl y>Ke 3HaeM W3 NpegblAyLLnX rnas, Kak nepexsaTbiBaTb UCKIOYEHNSA pasHbIX
TUNOB. 34eCb Mbl PACCMOTPUM eLLe HECKONbKO BOMPOCOB, CBA3AHHbIX C 06paboT-
KO MCKNIOUYNTENbHBIX cUuTyauuii. MpakTuyeckn Bce OHW, TaK UAN MHa4e, No4-
pasymeBarT ncnonb3oBaHue napagurmel OO v obpalyeHme K Knaccam BCTPO-
EHHbIX OWKN60K. B yacTHOCTH, Hac 6yeT NHTePeCOBAaTb:

e Kak BbINO/HATb B OAHOM except-6roke 06paboTKy sl UCKIIUEHWI
HECKOJIbK/X TUMOB;

e KaK Moy4nTb AOCTYMN K 3K3EMN/ISPY Kacca, ONMChiBaWeMy UCK/ToYe -
Hvie (DOCTYN K 9K3eMN/ISPY UCKIIUEHUST) ;

* KaKTeHepnpoBaTb MCKNKYEHUA;
* KaK COo3aBaThb M0/1b30BaTE/IbCKME K/T1acCcChl VCK/TUEHWIA .

JonycTuM, Heo6XOAMMO peann3oBaTb 06pPaGOTKY WUCKOUYUTENbHLIX CUTYya-
LW TaK, Y4TOBbl HECKO/IbKMUX Pa3HbIX TUMOB OWUGOK 06pabaThbiBaiNCh OAMHA-
KOBO. UTO HY)XHO y4YecTb B 3TOM c/iyyae? ECTb fjBa MOMeHTa. Bo-nepBbIX, ECNU B
except-6/10Ke yKasaH onpefeneHHbll KNacc UCKIOYEHUS, TO NepexBaThbiBaTh-
cs GYAYT UCK/OUEHUS He TONbKO JAaHHOTO Kacca, HO U UCK/TUYEHUs, OTHOCS-
LWMecs K NPOU3BOAHbIM K/accaMm.

Hanpuvep, B except-6moke 415 UCKI4YeHnin kracca Exception 6yayT ne-
pexBaTbiBaTbCA NPaKTUYECKN BCe MCK/IIHEHUS, MOCKO/bKY Kiacc Exception
ABnseTca 6a3o0BbiM (MO LENOYKE Hac/efoBaHMs) M1 BCEX KMaccoB, Kpome
GeneratorExit, KeyboardInterrupt, SystemExit n BaseException
(ov. prc. 8.1D). Bo-BTOpbIX, B except-6/ioke MOXHO yKas3aTb He TOMbKO OAWH
KNacC UCK/IIUEHUS, a Llefblii KOpTex, 3/ieMeHTaMM KOTOpPOro SABASKTCS Ha3Ba-
HUSA KNACCOB MCK/YEHW. B Takom except-6roke OyayT nepexsaTbiBaTbCs
BCE MCK/IYEHMS U3 KOpTexa. Hanpuvep, npeanonoxum, YTo 4718 nepexsara u
06paboTKM UCK/TIOYEHWS UCTIONB3YETCA CrIeAYWMIA WabsI1oH:

try:
# KOHTpoOnupyemblil Kop

except (ArithmeticError,TypeError,ValueError):
# kKopg Ana o06paboTKwm

except Warning:
# kKopg AnA ob6paboTKwm

~m i
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UTo 3TO 03Ha4aeT? 3TO O3HaYaET, UTO MPU BO3HMKHOBEHUWN OWNOKM B try-
6/10ke OHa OyAeT nepexBaqeHa 1 obpaboTaHa B nepBoM except-Gmoke, ecrm
TVN OWNG KM OTHOCUTCSA K Knaccy Ar i thmeticEr ror (Bkovas npovu3BoaHbe
knaccel FloatingPointError, OverflowError n ZeroDivisionError),
TypeError wam ValueError. Ecmv Tvn ownbkn vHoi, "B urpy'' BCTyraeT
BTOPOIi except-Gmok. B aTom 6/10Kke 06pabaThiBaTCA OWNOKM,, KOTOPbLIE OTHO-
CATCA K Knaccy Warning v BCEM ero npoM3BOAHbIM Kaccam.-

Mol YX€ 3Haem, 4TOo eC/in eCTb KnaccC, TO Ha ero ocHose, CKopee BCero, MO>XHo
c034aTb 3K3eMMnnadap Knacca. 10 OTHOLWEHUIO K OLIKNBKAM Mbl roBopmm 0O Knacce,
KOTOprI7I COOTBETCTBYET TOW UNM UHO UCKNIOUYNTENBLHO cnutyayunin. Ho rpe xe
IK3eMNNAPbI TaKNX Knaccos?

B npuHumMne, HUKTO He 3anpeljaeT HaMm CO34aTb 3K3EMMAAP Knacca OObIYHbLIM
CNoco6oM, KakK Mbl JO 3TOr0 CO3faBanu 3K3eMMAsApbl MPOYMX KIacCoB - Yepes
UMA Knacca, yKasaB B KPYr/blX CKOOKax (€C/IN HYXHO) apryMeHTbl A/11 KOH-
CTPYKTOpa M NPUCBOMB pe3y/sibTaT TakKoi MHCTPYKLUN HEKOTOPOI NepeMeHHOV
(ccblnka Ha ak3emnaap knacca). Xota 06bIYHO (HO He BCerga) UCMonb3yoT Te
3K3eMNASAPbl, YTO aBTOMATUYECKN CO3[AKOTCA NMPU BO3HWKHOBEHWUU WCKIOUM-
TeNbHOW cuTyaumnmn. To ecTb TaKOM 3K3eMNAAP BCerfja CyLlecTByeT, eC/N YK BO3-
HUKNa owmnbka. [lpyroe Aeno, Kak Mbl 3TOT 3K3eMMAAP UCNOb3YeT (UK He nc-
nosb3yem).

B cnyyae ecnu B e X cept-6/10Ke Mbl BCE Xe PeLlnN SIBHO UCMNO/b30BaTh IK3EM-
MASP UCK/OYEHUS, WabNoH KOMaHAHOTO Koga 6yaeT Takum (KUPHbIM WpuUd-
TOM BbIfl€/IEHbI KNHOYEBbIE 3NEMEHTLI KOAA):

try:
# KOHTpPONMpyeMblii KOA

except knacc_ucknw4veHnsa as sk3emnnsap:
# Kopg Ana o6paboTKM

Ecnun KopoTKo, TO NOC/ie Ha3BaHMUs Knacca MCKKUYEHNS Yepes KOYeBOE C/10BO
as yKasbiBaeTcs (popManbHOE Ha3BaHMe N5 IK3eMMNAApa Knacca UCKIOUYEHMS,
KOTOpbIi ByaeT aBTOMaTUYeCKU Co34aH NPU BO3HUKHOBEHUN OWNGKN. VIMEHHO
yepep 3TO MMs B 6/10Ke 06pabOTKM UCKNKOUYEHUS cneayeT o6pawaTbca K 3K3eM-
NNApy Knacca UCKNOYeHUs. B KayecTBe MANKOCTPaALMM K MCMONb30BAHUKD 3K-
3eMnAsapa Kiacca UCKNOYeHUs pacCMOTPUM HebONbLLONK Npumep, NpeAcTaBNeH-
HbIlA B IMCTUHTE 8.10.

JInctuHr 8.10. 3K3emMnAp Kracca UCKTHYEHUS

# Nmnopt GyHKUWA n3 moaynsa random
from random import seed, randint
print("MepexBaT MUCKNOYEHUR.")

# CNMCOK M3 [BYX 3N1eMEHTOB

wu
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nums=[1,2]
# CnoBo M3 wectn 6YyKB
txt="Python"
# UenouyncneHHas nepemeHHas
a=10
# CnNucok M3 Tpex 3NEMEHTOB
names=[nums,a,txt]
# VMHuUmnanmsauma reHepaTtopa cly4yailHbIX 4ucen
seed(123)
# OnepaTtop uukna
for i in range (10) :
# KoOHTponupyemblii Kopg
try:
# CnyualiHoe uenoe 4yucno B Aguana3oHe oT 0 go 2
n=randint(0,2)
print("CreHepupoBaHo uymucno:",n)
# KonnuectBo 31eMeHTOB B CMUCKe WAN TEKCTe.
# Mpu nonbiTKe BbI3BaTb QyHKUuUto len() Ans yenoro
# yncna BO3HUKaeT owwnbka (HEKOPPEKTHbLIA TWUM AaHHbIX)
print("KonnuyectBo anemeHTOB:",len(names[n]))
# HeBepHbIi MHAEKC WNW [eNeHUEe Ha HOMb
names[n+1]//=n
# O6paboTKa OWMOKW, CBA3aHHOW C
# HEKOPPEKTHbIM TWUNOM AaHHbIX
except TypeError as err:
# OK3eMNAAp WCKNKYEeHUs nepefaH
# aprymeHToM B (yHKUuto print()
print("Owunbka:" ,err)
# O6paboTKa OWMOOK, CBA3AHHLIX C HEKOPPEKTHbBIM MHAEKCOM
# nAM nNonbITKOW [eNneHUs Ha HONb
except (LookupError,ArithmeticError) as err:
print("Mpobnema ¢ BblYUCNEHMAMMK:")
# Onpepensem Knacc OWW6KM No 3K3emnnapy kKnacca
print("Knacc owmnbkn -",err._class__ )
# CTpoka u3 45 cumBONOB (GopmMupyeTcsas C MNOMOLLbIO
# onepaTtopa NOBTOpPeHUS
print("-"*45)
print("Pa6boTta 3aBepweHa.")

Pe3ynbTaT BbINOJHEHNS MPOrPaMMHOTO KOAA MOXET GbITb TAKUM (8 MOXET ObITb
1 HECKO/IbKO MHBIM, MOCKO/IbKY MHOTO€ 3aBUCUT OT UCMO/Ib30BAHHOTO FEHEPaTo-

pa cnyvaiHbIX yncen):

Pe3ynbTaT BbINOMHEHWS NPOrpaMmbl (M3 NUCTUHra 8.10)

MepexBaT MCKNHOYEHUN.
CreHepuposaHo 4yucno: O
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KonnuyectBo 3nemMeHTOB: 2
Mpo6nemMa C BbIYUCNEHUAMMU:
Knacc owunbknm - <class 'ZeroDivisionErroril>

CreHepupoBaHo 4ucno: 1
Owwnbka: object of type 'int' has no len()

CreHepupoBaHo 4yucno: O

KonnyectBo 3NeMeHTOB: 2

Mpo6nema C BbIYNCNAEHUAMMN:

Knacc owunbkm - <class 'ZeroDivisionError'>

CreHepupoBaHo u4ucno: 1
Owmnbka: object of type

int' has no len ()
CreHepupoBaHo uucno: 1

Owmnbka: object of type

int' has no len ()

CreHepupoBaHo uwnucno: O

KonunuyecTBo 3neMeHTOB: 2

Mpob6nemMa C BbIYUCAEHUAMMU:

Knacc owwnbknm - cclass 'ZeroDivisionError'>

CreHepupoBaHo yucno: O

KonnuectBo 3neMeHTOB: 2

Mpob6nema C BbIYUCAEHUAMMN:

Knacc owwnbkn - <class 'ZeroDivisionError'>

CreHepupoBaHo uywnucno: 1
Owwnbka: object of type 'int' has no len()

CreHepupoBaHoO uyucno: 2

KonnyectBo 3N1eMeHTOB: 6

Mpo6nema C BbIYNCNAEHUAMMN:

Knacc owwnbkm - <class 'IndexError'>

CreHepupoBaHo 4yucno: 2

KonnuectBo 3anemMeHTOB: 6

Mpob6nema C BbIYUCAEHUAMMN:

Knacc owunbknm - Cclass 'IndexError'>

PaboTa 3aBepweHa.

B 3aToM npumepe Mbl UCNOJMIb3YEM TFEHEPATOpP CAY4YaiHbIX YMcen, N03TOMY npe-
Xge Bcero komaHgoin from random import seed, randint umnop-
Tupyem u3 mogynsa random ¢yHkuumn seed() u randint (). ®PyHKUMA
randint () npegHasHayeHa gnsa reHepMpoOBaHUA LenblX cny4vainHbix (ncesgoc-
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nyyalinbix) uncen. ®yHkuus seed () Mcnonb3yerca 4NA MHULMANU3AL NN TEHE-
paTopa Cc/ydaiHbIX yncen.

Q Hasametky

XOTA C reHepaTopomM CriydaliHbIX YMCeN Mbl YXXe UMeNN Aeno, HeMWHUM 6yaeT Koe-uTo
HarNoMHUTL.

Kak 6bl Mbl H/ MbITA/IMCb CTEHEPUPOBATL CrlyvaliHoe YMC/0, Ha CaMOM iefle 3TO HenoAb-
eMHasn 3afjavya. MakcumMyM, Yero Mbl MOXeM A06UTLCA - co3faTb WAMKO3UIO TOro, YTO
yuncno cnyvaiHoe. MoaToMy reHepupyemble “'ciyyariHble” uncna npaBubHee 6bI10 6bl
HasbIBaTb "MceBAOCyYalHbIMN". Tak, COGCTBEHHO, MX U HasblBalOT. TeXHMYECKN Npo-
Llecc reHepupoBaH1a NceBAOCAYyYaHbIX YACeN COCTOUT B TOM, YTO NO HEKOTOPO dhop-
Myfne Win anroputMy BbIYUCASAKOTCS Yncna. Ans Havana BblMUCAEeHNA Heo6XoAMMo, Mo
KpaliHell mepe, 04HO HavaslbHOe, "“3aTpaBo4HOe" uncno. Korga aTto uncno 3agaHo, 3a-
nyckaeTcs npouecc BblYMCEHWA. 3a BCe 3TO OTBeYaeT rpynna yTUanMT, KOTOPY Mbl
Ha3blBaeM reHepaToOpoM Ciy4valHbIX yncen. [elncTBus, CBA3aHHble C onpeaeneHnem
"HayasIbHOro" COCTOSIHUA reHepaTtopa C/y4dalHbIX YMCesl, Ha3biBalOTCA WHULManm3a-
uMen reHeparopa cryyaliHbix uncen. Ans BbINOMHEHNS NHUUManuMsaumm cnegyeT yka-
3aTb YUMCO0 N NepefaTb ero aprymeHToM doyHkumm seed (). MOCKO/bKY, Kak Mbl yXe 3Ha-
eM, BblYMC/IEHNE CNyYdaliHbIX (NCeBAOCNyYaliHbIX) Yncen - NPoLecc CTPOro AeTepMUHM-
pOBaHHbIl, a "HavyanbHasa Touka" B 3TOM npouecce onpeaenseTcs UCNob3yembiM NS
MHMLNaNn3aumm Yncsiom, To UCNOMb3ys B KavecTBe "MHuumnanusaropa’ ofHO U TO Xe
uncno, byaem nonyyarb O4HY U Ty Xe nocnefoBaTenbHOCTb uncen. Ecnn nHnynanmsa-
LUMs reHepartopa criydaiHbIX Yucen B ABHOM BUAE He BbINOMHEHA, 06bIYHO BbINOHAETCS
HesiBHas MHULUMann3aumnsa ¢ MCNosib30BaHMEM CUCTEMHOIO BPeMEHM.

KomaHgo# nums=[l,2] co3gaeTcs CNMCOK M3 [BYX 3/1EMEHTOB, KOMaHAOM
txt="Python" co3gaem TeKCT, a UncnoBas nepemMeHHas onpegenseTcsd KOMaH-
foin a=10. HakoHel, KOMaHAoW names= [nums, a, txt] co3gaetca CNUCOK M3
TPeX 3/1eMeHTOB, OAMH U3 KOTOPbIX - CIWUCOK, APYrOW - Lenoe Yncno, a TpeTuii -
TekcT. MepBblli M TPETUIi 3NEMEHTbI MOTYT 6bITb YKa3aHbl apryMeHTOM PYHKLUK
len (), KoTOpas, Kak N3BeCTHO, B KAYeCTBe pe3ynbTaTa BO3BpPALLAET KO/IMYECTBO
3/1EMEHTOB [/19 CMMCKa MU KOJIMYeCTBO BYKB A9 TeKcTa.

WMHnumnanusauma reHepaTopa CAy4aillHbIX 4YWCeNn BbINOMHAETCA KOMaHA4OoM
seed (123). B paHHOM cny4yae aprymeHT pyHkumumn seed () murpaet hopmans-
HYH POJib - MOXHO YKa3aTb U ApYyroe 4ncno.

3aTem 3anyckaeTcs onepatop uukna (10 ntepayuii). 3a KaxabliA LUK BbINON-
HAETCA rpynna KoMaHA, KOTopble pasmeLieHbl B 6/10Ke try. A UMEHHO, BbINOJ-
HAKTCA Takue KOMaHAbl: KoMaHgo n=randint (0, 2) reHepupyeTcs cnydai-
HOE Le/noe Yncno B AnanasoHe ot 0 0 2 BK/OYUTENbHO, Y 3TO YMCO 3aNUChI-
BaeTCA B MepemMeHHyto . [lanee B MHCTpPyKuun len (names [n] ) BbINONHAETCA
MOMbITKA BbIYNC/IUTL KOJIMYECTBO 3/1IEMEHTOB B 3/IEMEHTE CNMUCKa names C UH-
LeKcom .

Ecnu 3HaueHMe NepeMeHHo N paBHO O UM 2, TO NPo6GaeM C BbINMOJHEHUEM WH-
CTPYKUUM He BO3HUKAET, MOCKO/bKY 3/IEMEHT C MHAEKCOM O - 3TO CMUCOK, a 3/ie-
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MEHT C MHAEKCOM 2 - TeKCT. Ho ecnu 3HayeHue nepemMeHHOi n paBHsAeTca 1, TO
BO3HMKaeT ownbKa Knacca TypeError, TaK KaK 3N1EMEHT C MHAEKCOM 1 - Lienoe
yucno. na nepexsarta faHHON OWMOKM eCTb CNeunanbHblii e X c e p t-610K, B KO-
TOPOM 3K3eMNAAp OWNOKM Knacca TypeError 0603Ha4YeH Kak err (MHCTPYK-
umMa TypeError as err Bexcept-6noke).

B 3ToM except-6n0Ke BbiNoAHAeTCA KOMaHga print ("O w mué6kaerr).
34ecb  ak3emnasp  OwWM6KM  err  nepefaH  apryMeHToM  (yHKUUK
print (), 4YTto nNpMBOAUT K AaBTOMATUYECKOMY TMNPUBEAEHUIO 3K3EMNNA-
pa err K TeKcToBoMYy opmaTty (3K3eMnnspbl KNacCoB WCKIOYEHWI NoA-
LEPXMBAIOT TaKyl onepauuto). 3Ik3emnnap err 6OyaeT 3amelleH TEKCTOM
"object of type 'int' has no len ()" (4TO 03Ha4yaeT 0ObEKT TUNa
'infue nmeeT (hyHkymun) len()).

Bce 370 MNpOMCXOAMT, HamOMHWUM, €C/M  BbIMOMIHEHWE  UHCTPYKLUM
len (names [n]) npuBOoAMT K OwWnOKe. HO ecnun BbIMOJIHEHWE UHCTPYKLUUN K
OoWnbKe He NMPMBOAUT, TO OWNOKA TOYHO BO3HWUKHET MPX BbIMOSIHEHUN KOMaH-
bl names [n+1]//=n. 3gecb cgenaHa NonbiTKa U3MEHUTb 3HAYEeHMNeE 3/IeMeHTa
names [n+1], BbIYNCAUB pe3ynbTaT LeSIOYNCNEHHOIO AeNeHNA TeKyLero 3Ha-
YeHMs 3TOro 3/1IEMEHTA Ha 3Ha4YeHUE NepemMeHHoN N. Heo6X0ANMO YUYECTb, UTO YXK
€CNN Aeno JOW/I0 A0 BbIMO/HEHUS KOMaHAbl names [n+1], To 3HaYeHWe N paBs-
HO O unu 2 (Npu 3HavyeHUM 1 ownbGKa BO3HMKAET Ha npefblgyuiem ware). Mpu
3HayeHMn 0 MHAEKC N+1 faeT 3HayeHue 1. DNeMeHT C TaKMM WHAEKCOM B CNu-
CKe names umeeTca. Ho 6ega B TOM, 4TO 3HaYEHUE 3TOMO 3/IEMEHTA Mbl MbITAEM-
CA NOAEeNUTb Ha HOMb. TakoW CamMOHafesHHbI MPOCTYNOK NPMBOANT K OWMOKe
Kknacca ZeroDivisionError.

Ecnu 3HaueHvie NepemMeHHo N PaBHO 2, TO AENIEHUS HA HOJb HET, HO UHAEKC MN+1

paBeH 3, 1 a51eMeEHTa C TaKMM MHAEKCOM B CMCKE names HeT. B pe3yribTare Bo3-
HUKaeT ownbka knacca IndexError. Jns nepexsara v Tod, U APYroi OWNGKY

npepHa3HayeH except-6/10K C KOPTEXEM U3 K/IaCcCoB MCKIoueHui LookupEr-

ror nArithmeticError. 3k3emnnsp Kiacca owrMb6Ky 0603HAYEH KaK err .

Q Ha 3ameTky

Knacc uckniyeHnss ZeroDivisionError siBnsieTcs NpoM3BOAHbLIM K/1ACCOM OT K/ac-
ca ArithmeticError. Knacc ncknwouennss IndexError siBnsieTcsa nogknaccom Knac-
ca LookupError. Mo3aTomy B except-6/l0Ke C KOPTEXEM W3 KIAcCOB UCK/IYEHWU
LookupError un ArithmeticError nepexsaTbiBaloTCA WCK/INYEHNSA K/1accoB
ZeroDivisionError n IndexError.

B 6n0oke npu 06paboTKe oWINOKN BbIMONHAETCA obpaleHne Kk nonw__ class
3K3emnaspa owmnoKy err. 3Ha4eHUEM 3TOr0 NoMA ABAAETCA Ha3BaHMe Knacca, K
KOTOPOMY OTHOCUTCH 3K3EMMNAAP €rT.
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Q Ha 3ameTky

B nporpammHOM kofAe ecTb KomaHga print (- "*45). B aaHHOM cnyvae oTobpaxaeT-
Csl CTPOKa, KoTopasi Nosly4yaeTcs MOBTOPEHNEM CUMBOA 45 pas.

Kak oTMeuanoch paHee, UCK/TIOUYEHUSI MOXHO He TO/IbKO NepexBaTthbiBaTh U 06pa-
6aTblBaTh, HO W TEHEPUPOBaTb. 3a4eM FeHepupoBaTh UCK/OYEHUS - BONPOC OT-
JeNbHbIA. HanpumMep, MeTog reHepMpoBaHUS UCKIOUYEHMIA MOXHO paccMaTpu-
BaTb KaK HEKUIA CNoco6 MMUTAL MKW YCIOBHOTO OMepaTopa Wau BbiINO/IHEHWE aHa-
nora 6e3ycnoBHOIO Nepexoja B NporpaMMHOM Koge. Ho Kak 6bl Tam HY Gbifo, re-
HEpPUPOBaHME UCK/HOUYEHNIA KaK MEXaHM3M NpPOrpamMMupoOBaHUs CYLLECTBYET, U
Mbl C HUM KPaTKO MNO3HAKOMUMCS.

C TeXHWYECKOIM TOUKM 3peHUA 419 TeHEPUPOBaHUA UCKNOYeHUs (owmnbku) fo-
CTaTOYHO NOC/Ie UHCTPYKLMMN raise ykasaTb 3K3eMMAp Kiacca UCKIOYEHUS.
JK3eMnnap Knacca UCKIOYEHUA MOXHO UM CO034aTb, WAM BOCMOJ/Ib30BATbLCA
"roTtoBbIM" - HaNpuMep Tem, YTO CO3faeTcs aBTOMaTU4Yeckun, Korga owmnbka pe-
aNbHO BO3HWMKAET, W 3aTEM MnepefaeTcs B 610K 06paboTKM UCKNOYeHUs. MNpumep
B IMCTUHTe 8.11 unntoctTpupyeTt o6e aTn cntyauuu.

NnctuHr 8.11. NeHepupoBaHUEe UCKOYEHUS

# Cos3faeM 3K3eMNAAp MCKAKYEHUS
err_one=ZeroDivisionError("Ownbka geneHna Ha Honb!")
print("Ceiniyac \"BO3HMKHeT\" owwunbKa.")
print ("MepBas:")
# OnucaHue 3K3emMnnapa WCKAKYEHUA
print(err_one)
# KoHTponupyewmblii Kopg
try:
# FeHepupoBaHWe OWNOKNK
raise err_one
# O6paboTka oOWKNGKHK
except ZeroDivisionError as err_two:
print("BTtopasa:")
# OnucaHue owWNUGKM
print(err_two)
# KoHTponupyemblii Kopg
try:
# MOBTOpPHOE TreHepupoBaHue OWMNOKHU
raise err_two
# O6paboTka OWNOKNK
except ZeroDivisionError as err_three:
print ("Tpetba:")
# OnucaHune owunbku
print(err_three)
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# KoOHTponumpyemblii Kog

try:
# lMonbiTKa AefeHNa Ha HONb
a=1/0

# O6paboTKa OWNOKNK

except ZeroDivisionError as err_four:
print("YetBepTan:")
# OnucaHue owunbku
print(err_four)

print("bonbwe HUKaKMX OWM6OK.")

|_|pl/l BbIMO/THEHUN NMPOrpaMMHOIo Koda nosiyyaem TaKom pe3ynbTar:

Pe3ynbTart BbINO/IHEHNS NPOrpammbl (M3 MNCTUHTa 8.11)

Ceilyac "BO3HWKHeT" owwunbKa.
MepBasn:

Ownbka fgeneHnms Ha HoNb!
BTtopas:

Owwnbka feneHWs Ha HoNb!
Tpetba:

Owwnbka feneHWsa Ha HoNb!
YeTBepTasna:

division by zero

bonblie HWKaAKMX OWMNOOK.

B 3TOoM nporpaMMHOM KOAe KOMaHaoW err_one=ZeroDivisionError
(""Ownbka peneHnsa Ha Honb!'™) wMbl co3faeM 3K3eMnasAp err_one uc-
KnoyeHus knacca ZeroDivisionError. TekcT, KOTOpbI/i nepegaetcsa apry-
MEHTOM KOHCTPYKTOPY MpPU CO34aHUMN 3K3EMMApa, CAYXWUT onucaHuem owwm6-
K. IMeHHO 3TOT TeKCT OyaeT pe3ynbTaToOM NPUBELEHNA 3K3EMMIAPA UCKOYe-
HUA K TEKCTOBOMY (DOpMaTy: Hanpumep, ecnu nepefatb 3K3eMNAdp err_ore B
KauecTBe aprymeHTta metogdy print (), B pesynbtate B OKHe BblBOZAA NOABUTCSH

TekcT "OwnbKa pgeneHns Ha Homb 1.

3atem B try -6/10Ke BbINOJIHAETCA KOMaH4a raise err_one, B pe3ynbTaTe
4ero reHepupyeTcs owmnbKa, peaim3oBaHHas Yepes 3K3eMNasAp err_orne knac-
ca ZeroDivisionError.

W Ha 3ameTky

O6paTVITe BHMMaHue, 4YTO co3gaHne ak3emMmnaiapa UCK/IinYEeHNA He
03Ha4aeT BO3HUKHOBEHUS OLLNGKMN. ,ﬂ,]‘lﬂ reHepunpoBaHns OLINBKM
MCMO/SIb3YEeM UHCTPYKLMIO raise.
[nsa 06paboTKu creHepMpoBaHHON OWNOKM NpefHa3HayvyeH ex cept-6/10K, 1 3K-
3emnnisap o6pabarbiBaeMoin oM6KM 0603Ha4YeH BHEM Kak e rr_ two. Bcamom 6510-
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Ke BbINOMHAeTCA KOMaHjaprint (err_two),KOTopoli B OKHe BbiBOga 0TO6pa-
XaeTcsa onucaHve ownbkn. B gaHHOM cnydyae cnefcTBUe BbINOMHEHUS 3TON KO-
MaHZbl - N0SB/IEHNE B OKHe BbIBOAA CO06WeHna Ownbka feneHns Ha Honb L
3T0 TO Xe camoe coobLieHNe, KOTOPOe NOSABAANOCH MPU BbINOAHEHWWN KOMaH-
abl print (err_one). Huyero yamBuTeNnbHOro 34ecb HeT, MOCKOJIbKY Mepe-
MeHHasa err two ccblnaeTca (PakTUUYECKN Ha TOT XXe 3K3eMnasp, Ha KOTOpbIii
ccblnanach nepemeHHas err_one. Mpu nepexsaTe CreHEPUPOBAHHOIO KOMaH-
O raise err_one WCKIIOYEHUSA 3K3eMNAsp UCKAOYeHUs nepefaetca B
except-6/0K, 1 B3TOM 6/10Ke CCbl/IKa HA 3K3eMNAAP OWNOKM BbINONHAEGTCH Ye-
pe3 nepemMeHHy err_two.

B except-6noke 06paboTky own6KM MMeeTCs CBOM try -6/10K, B KOTOPOM KO-
MaH4oN raise err_two BblIMNO/HAETCA MOBTOPHOE reHepupoBaHme OWunbKY.
HoBas 06paboTka BbINONHAETCA B eXCept-6/10Ke, U B 3TOM 6/10Ke CCbINIKA Ha
3K3EMMNAP OWMNBKM BbINOMHAETCA yepe3 nepemMeHHyto err three. W cHoBa
peyb MAeT O TOM >Xe CaMOM 3K3eMMJsApe, YTo U B Npemblaylwmnx cinydaax. Ceu-
[leTeNbCTBOM TOMY - pe3y/ibTaT BbIMO/MHEHUSA KOMaHAbl print (err_three)
(pe3ynbTaT TaKOW >Xe, Kak MpW BbINOJHEHWW KOMaHA print (err_one) wu
print (err_two) ).

3aTem npu NOMbLITKE BbIMNO/THUTL KOMaHay a=1 /0 cHoBa reHeprpyeTCs OWw1oKa,

CBsi3aHHas € fleneHre Ha Homb (Knacc ZeroDivisionError) . Ho Ha 3ToT pa3
3K3EMMN/IAP UCKTIHYEHUSA CO30AETCH aBTOMATUYECKN U 3TO YXXe COBCEM NHOM 3K—
3emMrIap, KOTOPLIN K NepemMeHHbIM err_one, err_two v err_three He uve-
€T HVMKaKOro OTHOWeHUA. Mo3ToMy MpU BLINMO/IHEHUN KOMaHasl print (err_
four) B except-6noke (nepemeHHas err four -ccbUika Ha 3K3eMmnisp uc-
K/IlYEHWST) No/TyHaeM, Mo CpaBHEHWIO C NpeablayWUnMm CryyHasivii, COBCEM MHO

pe3ynsTar (TeKCT, ONUCLIBANWMIA NCKITUEHVE) .

[na reHepupoBaHMA UCKNKOYEHUA He 0653aTenbHO nNpuberatb K NOMOWW WH-
CTPYKUMM raise. MOXHO BOCMONb30BaTbCA HECKONbKO WHbIM MOAXOAOM, B
OCHOBE KOTOPOro MCMNoab30BaHWe MHCTPYKUUKM assert. Ecnv nocne MHCTpyK-
uun assert ykasaTb BblpaXeHue C 10rmyeckum 3HadeHuem False, 6ygert cre-
HEpMPOBAHO MCKNOYeHne knacca AssertionError. Hebonbwoil npumep, B
KOTOPOM UCK/IHOUYEHUNE FEHEPUPYETCA C NOMOLLbI0O MHCTPYKL MK assert, npuse-
[JeH B INCTUHTEe 8.12.

IncTuHr 8.12. Micnonb3oBaHne NHCTPyKUuK assert

# PYHKUMA C NIOTUYECKUM aprymMeHTOM
def show(arg):
# KoHTponupyemblii Kopg
try:
Ecnn aprymeHT arg paBeH False
reHepupyeTcs WCKJOYeHUe
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assert arg
# Ecnum owmnmbka He creHepupoBaHa
print("WTaTHbIA pexum.")
# O6paboTka MCKA4YeHUSA
except AssertionError as err:
print("WcknoueHmne:" ,err.__class__)
# Bbl3biBaeM GYHKLUIO
show(True)
show (False)

PesyanaT BbIMO/THEHNA 3TOI0 NPOrpaMMHOro Koga TaKolM:

Pe3ynbTaT BbINOAHEHUS NporpamMmmMbl (M3 NUCTUHra 8.12)

LLITaTHbI pexum.
McknoveHne: Cclass 'AssertionErroril>

B gaHHOM cny4yae Mbl onucbiBaem ¢yHKumMo show (), y KOTOpOM, Kak npegno-
naraetcs, O4MH NOTUYECKNI aprymeHT. 3TOT aprymMeHT B Tene (yHKLUN YKasbl-
BAETCHA NOCMe MHCTPYKUMK assert. MoaTomy npu 3HayeHumn aprymeHTa False
reHepupyetca ucknoyveHue knacca AssertionError. MNMpun o6paboTke NCKNIO-
YyeHus B except-610ke oTobpaxkaeTcsa 3HaYeHue nonsa__class__ ak3emnna-
pa ncKnYeHns (3HavyeHue NonA - 3TO KNacc UCKYeHUs). Ecnm xxe aprymeHT
(hyHKLMY paBeH True, UCKOYEHWE He TEHEPUPYETCA, a BbINMOHAETCA KOMaHAa
print ("WTaTtHbli pexum. ") nocne assert-MHCTPYKUMK. Bbi3biBas PyHK-
uuto show () ¢ pasHbIMU aprymeHTaMmu, nofiyyaem pasHble pe3ynbratbl (TOUHEE,
B OKHE BbIBOJa 0TOOpaXkaeTCs pasHblil TEKCT).

L Ha 3ameTky

Mpn reHepnpoBaHNM UCK/IOYEHUS C NOMOLLBIO MHCTPYKLMU assert MOXHO A06aBUTb
onucaHue (TEKCT) AN aK3eMnaapa UCkoveHns. [1na aToro nocne 10rmyYeckoro 3Have-
HUSA BassSert-MHCTPYKLUUM Yyepes 3anATyro YKa3biBaeTCA TEKCT - TOT TEKCT, KOTOPbIl By-
[eT oTobpaxaTbCs NMpW NOMbITKe "HaneyataTb" 3K3eMNAsp UCKIYeHus. Hanpumep, B
pe3ynbTaTe BbINOSIHEHUSA MHCTPYKUUKM assert False '"HeoxupgaHHas owubka'™ 6y-
AeT co3aaH ak3emnnap knaccaAssertionError. Mpu npuBeaeHnn ak3eMnispa KTek-
cToBOoMy chopmaty OyaeT Bo3BpallaTbCA TEKCTOBasA CTPoka ""HeoxmaaHHas owmbka' .

Ewe oanH BONpoc, KOTOPbIA Mbl 34eCb PAaCCMOTPUM, CBA3aH C CO3faHUeM Knac-
COB MO/Ib30BaTE/IbCKUX UCKIOYEeHUA. OBW KA peuenT B AJaHHOM c/y4ae npocT:
He0obX0AMMO CcO3[aTb HOBbIA Knacc NyTeM HacnefoBaHWA Kiacca M3 nepapxuu
KNacCoB BCTPOEHHbIX UCKOUYeHNA. OBbIYHO B KayecTBe 6a30BOr0 Kfiacca peko-
MEHAYHT Ucronb3oBaTh kKnacc Exception.

Mpouecc co3faHna KNaccoB MOJb30BATENbCKMX UCKKOYEHWI PacCMOTPUM Ha
npumMepe, npeicTaBieHHOM B nMcTUHre 8.13. B 3TOM npumepe Mbl pellaem KBa-

*

g'fiti
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ApaTHble ypaBHeHMS. MOUCK pelleHns B YNC/I0BOM BUAE NOAPA3yMeBaeT reHepu-
pOBaHWe UCKITIOUYEHNI MO/b30BATENIbCKUX TUTIOB.

W Ha3ameTtky

HanomMHuM, 4TO KBajpaTHOe ypaBHeHUE UMeeT BUA ax2+ bx+ c= o BzaBucumo-
CTV OT 3HaueHWi napaMeTpoB. a, b C BO3MOXHbI crieaytolime BapuaHTbl. PopmasibHO Y
-b +Vb2- 4ac -b - Vvb2- 4ac
KBaJpaTHOro ypaBHeHUs ABa peleHns: *i = -—-------- A n** ~ 2a >HO
3TO B TOM criydae, ecnv napametp a ® 0 u BbipaxeHne D = b2 —4ac (HasbiBaet-
CA AUCKPUMUHAHTOM KBaZpaTHOro ypaBHEHWS) HeoTpuuatenbHo, To ecTb ecin D > O
. Mpuyem ecnm ANCKPUMUHAHT HyneBoi (To ecTb D — O), To 06a KOpHSA ypaBHEHUS CO-

BMafaloT: XX = Xr = —— , EC/iM AMCKPUMWUHAHT OTpUUATE/IbHbLIA (MMeeT MecTo

D < O), To Ha MHOXeCTBe AelCTBUTE bHbIX YMNCEN KBaApaTHOE ypaBHeHNe peu_leHl_/l\i/'l/kile_

-b +1 ||
nMeer. 3§TO MMeeT [iBa peLleHnss Ha MHOXECTBE KOMIMJ/IEKCHbIX uncen: = -- 5

-b- . a
N 2a---- mrfle yepe3s | o603HavyeHa MHMMast eAuHULA (Takas, 4YTo No onpeje-
neHnto i2 = —1). Bce aTO MMeeT MeCcTo, ecinm napameTp a He paBeH Hynto. Ecnm xe
a = O, To haKTUYeCK/ peyb UAET He O KBaApaTHOM, a O JIMHEMHOM ypaBHEHUU Buia
c

bx + ¢ = O.Y aT0ro ypaBHeHUs1 O4HO pelleHne X = - HO 3TO MpW YCNOBUM, YTO

b =£ O. Ecqrim6 = O, TO BCe 3aBUCUT OT TOro, paseH nn Hymto napameTp C. Mpuc = O
pelweHnem ypaBHeHWs bx + ¢ = O 6ygeT nwb6oe uncno. MNMpu ¢ @ O Y ypaBHEHUA
bx + ¢ = OpeLlleHnit HeT.

MOHSATHO, UTO MPY HaMMCaHWUKU MPOrPaMMHOIO KOAA [/l PELUeHUs KBaApPaTHbIX ypaBHe-
HWIA C y4eTOM BCEX MepeuncrieHHbIX Bbile (DaKTOPOB MOXHO UCMO/b30BaTb CTPYKTYPY
13 B/IOXEHHbIX YC/IOBHbLIX ONepaTtopoB. Ho Mbl noiigem gpyrumM nytem. B npuBegeHHOM
nporpaMMHOM KOZe OMUChIBaeTCs ABa K/lacca nosib30BaTe/lbCKUX UCKIIHoUeHiA. OgHO
MCK/IOUEeHWe TeHepupyeTcs B C/lyyae, ec/in ypaBHeHUe He SIBMSieTCs KBafpaTHbIM, a
ApYroe - eciv y ypaBHeHUsi KOMIM/IEKCHbIe pelleHuns (KopHK).

Nuncturr 8.13. Nonb3oBaTesibCKUe KNacCbl UCKIHOUEHWI

# MmMnopT mMaTemMaTUyeCcKON GYyHKLMK
from math import sqrt
# Knacc nonb3oBaTenbCKol owWNBKNK
class LinearEquationWarning(Warning):
# KOHCTpPYKTOp
def __init__ (self,b,c):
# KOHTponumpyemblid Kop
try:
# MpuceanBaHMe 3HavyeHWA MONK 3K3emnnapa.
# Bo3MOXHa OWMOKa AeneHUs Ha HONb
self.x=-c/b
# Ecnu BO3HWMKNa owunbKa fLeNeHWs Ha HONb
except ZeroDivisionError:
# Ecnm napaMeTp HyneBoOW
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if c==0:
# PeweHue - nwb6oe uyucno
self.x="nw60e uucno"
# Ecnnm napaMeTp He paBeH HyNw
else:
# PeweHnin Het
self.x="peweHnii HeT"
# MeToL ANA nNpuBefEeHWS IK3eMNAApa MCKAOYEHMUSA
# K TeKCToBOMY (opmarty
def __ str__ (self) :
# dopmMupyeTca TeKCTOBOEe 3HayeHwue
# Ona pe3ynbTatTa MeTofa
txt="PeweHne ypaBHeHUS:
txt+=str(self.x)
# Pe3ynbTarT MeTofa
return txt
# Knacc nonb30BaTenbCKOr0 WCKAKYEHUS
class ComplexRootsError(Exception):
# KOHCTpYyKTOp
def __init__ (self,a,b,D):
# 3HauyeHMe nona 3ak3emnnapa
self.xI=complex(-b/2/a,sqrt(-D)/2/a)
# 3HauyeHMe nonsa ak3emnnapa
self.x2=complex(-b/2/a,-sqrt(-D)/2/a)
# MeToL ANA NpuUBeLeHUS 3K3eMNNApa MCKAKUYEHUSA
# K TeKCcTOBOMY dopmarty
def __ str__ (self) :
# ®opmupoBaHue TEKCTOBOW CTPOKMWM pAns
# pesynbTaTa MeTOfja
txt="xIl ="+str(self.xI)+"\n"
txt+="x2 ="+str (self.x2)
# Pe3ynbTatr MeToja
return txt
# OYyHKUMA Ans oTo6paXxeHWda napamMeTpoB YypaBHeHMA
def show_params(a,b,c):
# TekcT c dopmaTtMpoBaHuUEM
print("Mapametpbl: a={0}, b={1}, c={2}:".format(a,b,c))
# OYHKUMA LN pelWweHWA KBafpaTHOro ypaBHeHWUS
def find_roots (a, b, c) :
# OTo6GpaxeHne napameTpoB peWwaemMoro ypaBHEHWS
show_params(a,b,c)
# KoHTponupyemblit KoOf
try:
# Ecnum napameTp Hynesoil
if a==0:
# leHepupyeTca WUCKNIOYeHUE
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# NonNb30BaTeNbCKOro Tumna
raise LinearEquationWarning(b,c)
# OVCKPUMWHAHT ypaBHEeHWUS
D=b*b-4*a*c
# ECNN OUCKPUMMWHAHT MeHblle HynAd
if D<O0:
# leHepupyeTcqd UCKNKOYeHUe
# NoNb30BaTenNbCKOro Tuna
raise ComplexRootsError(a,b,D)
# TlepBblii KOpeHb (peweHWe) ypaBHEHUS
xl=(-b+sqrt(D))/2/a
# BTopoin KopeHb (peweHWe) ypaBHEHUS
x2=(-b-sqrt(D))/2/a
# OTob6paxaeTcAa KOpPeHb ypaBHeHUS
print("xIl =",x1)
# OTob6paxaeTcAa KOpPEHb YypaBHeHUS
print("x2 =",x2)
# MepexBaTblBaeTCA MWCKAKYEHWE NONb30BAaTENbCKOro Tuna
except LinearEquationWarning as err:
print("3To nNuHeliHoe ypaBHeHue!")
# OTob6paxaeTca MHGopmauua 06 3K3emMnnsape WUCKNHOYEHMUSA
print(err)
# MepexBaTbliBaeTCs WCKAOYEHWEe NONb30BaTeNbCKOro Tuna
except ComplexRootsError as err:
print("BHumaHune! PeweHns kKomnnekcHblie!")
# OTob6paxaeTca MHGopmauua 06 3K3emnnape WUCKNOYEHUSA
print(err)
# PelwlaeM KBafpaTHble ypaBHeHUA
print("PeweHne ypaBHeHUA a*x**2+b*x+c=0.")
# [lBa [eNCTBUTENbHbIX KOPHA
find_roots (2,-3,1)
# CoBnajatowmne KOpHWU
find_roots (1,2,1)
# [1Ba KOMMNIEKCHbIX KOpHA
find_roots (2,1,3)
# JlnHeHOe ypaBHeHWEe C OAHW peleHueMm
find_roots (0, -6, 5)
# PeweHnin HeT
find_roots (0,0,1)
# PeweHune - nwb6oe uymcno
find_roots (0,0,0)

Pe3yanaT BbIMOMHEHNA AaHHOIO0 NPOrpaMMHOro KoJda NnpeacTtaBNeEH HNXKE!

ca
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Pe3ynbTaT BbINO/IHEHNS NPOrPamMmbl (M3 NMUCTUHTA 8.13)

PeweHne ypaBHeHMA a*x**2+b*x+c=0.
MapameTpbl: a=2, b=-3, c=1:

x1 = 1.0
x2 = 0.5
MapameTpbl: a=1, b=2, c=1:
x1 = -1.0
x2 = -1.0

MapameTpbl: a=2, b=1, c=3:
BHumaHune! PeweHNs KOMMNMEKCHble!
x|l =(-0.25+1.1989578808281798j)
x2 =(-0.25-1.1989578808281798j)
MapameTpbl: a=0, b=-6, c=5:

3T0 NUHelHOe ypaBHeHMue!

PeweHne ypaBHeHusa: 0.8333333333333334
MapameTpbl: a=0, b=0, c=1:

3T0 NUHelHOe ypaBHeHwue!

PeweHne ypaBHeHUSA: peweHWn HeT
MapameTpbl: a=0, b=0, c¢=0:

3T0 NUHelNHoe ypaBHeHUue!
PeweHne ypaBHeHua: nwboe 4ucno

MocKonbKy Mbl cO6MpaeMcsa B MPOLECCE BbIYUCNEHWIT U3BNEKATb KBagpaTHbIN
KOpeHb, KOMaHAol from math import sqrt M3 MOAYNS math UMNOPTMPY-
eM (DYHKLUIO N3BNeYeHUs KBaLpaTHOro KopHa sqrt ().

Knacc ¢ HasBaHMeM LinearEquationW arning CO34aeTcs NyTem Hac/iefoBa-
HWS Knacca UCKNYeHUs W arning. B Tenie knacca onvcaH KOHCTPYKTOp, U cpe-
AV apryMeHTOB 3TOr0 KOHCTPYKTOpa, KPOMe CChINIKM s e | f Ha 3K3eMnsp Knac-
ca, eCTb eLe nmapameTpbl b 1 ¢. Ha3BaHWUsA 3TX apryMeHTOB COBMajatoT C Ha3Ba-
HWSMU NapamMeTPOB PELLIAeMOro YpaBHEHMS.

Q Hasametky

MapameTp a B AaHHOM C/lyuyae He HyxeH, MOCKOJbKy owm6ka knacca LinearEqua-
tionWarning 6yfeT reHepypoBaTbCs B C/lydae, ec/iv napaMeTp a paseH Hy/o. To ecTb
€C/IN YX [ieNo A0S0 A0 CO34aHus 3K3eMMnasipa nckitodenns LinearEquationWarn-
ing, TO 3TO aBTOMATMUYECKM O3HAYAET, UTO NapameTp a B ypaBHEHWUN HY/IEBOA.

B Tene KOHCTpyKTOpa KOMaHAol self .x=-c/b monw x aksemnnaspa knacca
npucBamBaeTca 3HayeHWe, paBHOe, OYEBWUAHO, KOPHIO YpaBHEHWA (IMHENHOTO B
LaHHOM cnyyae). Ho npn 3TOM BO3MOXHa OWM6Ka AeNeHNs Ha HOJb - eCNu na-
pameTp b HyneBoil. B 3TOM cnyyae Ha CLEHY BbIXOAMUT 06paboTUMK UCKTIOYEHUSA
Knacca ZeroD ivisionError 1 C MOMOLLbI YCOBHOI0O oneparopa, B 3aBUCKU-

gum....
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MOCTUW OT 3Ha4yeHus napaMeTpa C, MO0 X IK3eMr/Ispa Kiacca npricBavBaeTcA
3HauyeHve "'nboe 4Yncno' wuam ‘'peweHnii Het''.

Takxe B knacce LinearEquationWarning onucaH metof__ str__ (), uTo
MO3BO/IAET BbINOMHATL aBTOMaTWUYECKOEe MPUBELEHME 3IK3EMNAAPOB Knacca K
TeKcToBOMY hopmaTy. B Tene metoga hopmmpyeTca TeKCToBas CTpPOKa, Coaep-
Xalas, KpoMe Npoyero, 3Ha4eHMe Nons X aK3eMnnapa kKnacca. AT0T TEKCT BO3-
BpallaeTcs Kak pesysnbTar MeToja.

Ewe oAnH Knacc nonb30BaTeNbCKOr0 UCKNOYeHMA HasbiBaeTcs ComplexRoot-
SError v co3gaeTcd OH HacnefoBaHueM Knacca Exception. KoHcTpykTopy,
OMUCaHHOMY B Tefle Knacca, nepefaloTcs napamMeTpbl ypaBHEHNA a U b, a Takxe
OVCKPUMUHAHT ypaBHeHns D. HedaBHO npegnonaraeTcs, YTO AUCKPUMUHAHT OT-
puuaTenbHblii (MOTOMY YTO TOMILKO B 3TOM C/lyvae reHepupyetcs ownbka knac-
ca ComplexRootsError). B Tefle KOHCTpYKTOpa nonam x! u x2 aksemnng-
pa Knacca npucBanBaloTCA 3HaYeHUA. DTO KOMMIEKCHbIe ynucna. KoMnnekcHole
yucna co3gatoTcsa C MOMOLLLI0 BCTPOeHHON PpyHKuun complex () (HanoMHuM,
4TO ee apryMeHTbl - 3TO AeiACTBUTENbHAA M MHMMas YacTh KOMMJIEKCHOIO Yyuc-
na). MNpu BbIYNCAEHUAX UCMONb30BaHbl (HOPMYSbl A8 KOMMAEKCHbIX KOPHei
KBafpaTHOro ypaBHeHMA (CM. BCTaBKY BbILLE).

Mpy NpuBeAeHMM 3K3eMNAPa Knacca K TEKCTOBOMY (opmMaTy (MporpaMmMmHbiii
Kog metoga__ str__ () ) B TEKCTOBYH CTPOKY, BO3BpaLLaeMyto KaK pe3ynbTar,
BK/IOYAKOTCS 3HAUeHWs Noneit X 1 1 X2 aK3eMnspa Knacca.

Tak)e B MporpaMMHOM KoOfe, KpOMe OnucaHus KnaccoB Mnosib30BaTe/IbCKUX uc-
KNHYeHnii, umeetcs yHkumsa show _params (), npegHasHayeHHas g/1d OTO-
6paxkeHnsa 3Ha4YeHMn napameTpOB A4 PeLLaemMoro KBafpaTHOro ypaBHEHMS.

W HasameTtky

B Tene doyHkuum show_params () BbinonHsietcss komaHaa print (“MapaveTpbl:  a={
0}, b={1} c={2):" _format (a,b, c)). 3aecb Mbl Nnpubernn Kk opMUPOBaHUNIO
TEKCTOBOl CTPOKU /19 OTOGPaXeHUss B OKHe BbIBOAA MOCPEACTBOM Bbi30Ba (hYHKLIMN
format () u3 ctpoku popmata. B tekcte "MapameTpsl: a={0}, b={1}, c={2}:",
13 KoToporo Bbi3biBaeTcst pyHkuust Format (), nHctpykuum (O}, {1} n (2} onpepens-
10T MecTO BCTaBKM 3HayYeHuii COOTBETCTBEHHO MepPBOro, BTOPOro U TPeTLEro aprymeH-
TOB (pyHKUMn Format O .

®dyHkuma show_params () Bbi3bIBaeTCA B Tefie ApYroi (yHKUWK, KOTOpas
HasbiBaeTca Find_roots () v npefgHasHayeHa 4N1A pelleHUa ypaBHeHUs. Kpo-
Me 3Toro, B Tene PyHKuuny Find_roots () B yC0BHOM orfepaTope nNpoBepseT-
cs ycnosue a==0, 1 €CNM OHO UCTUMHHO, KOMaHAol raise LinearEquation
Warning (b, C) reHepupyeTcs UCK/IHOUYEHUE MNONb30BATENbLCKOro Knacca Lin-
earEquationWarning.

_JIIC)
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L Ha 3ameTky

KomaHpoii LinearEquationWarning (b, C) co3gaetca ak3emnnsap knacca Lin-
earEquationWarning, HO CCbl/Ka Ha 3TOT 3K3eMMJISIP ABHO HU B KaKylo NepemMeHHyto
He 3anucbiBaeTcs. ITO Tak HasblBaeMbIii aHOHVMHbI 3K3eMNIAp Kacca.

Ecnn ownbka He reHepvposasiacb (ycrioBue a==0 JIOXHO), TO KOMaHAOW
D=b*b-4*a*c BbMUCNAETCA ANCKPUMUHAHT ypaBHeHUSA. B c/lyyae ec/iv OH OT-
puyuaTensHeii (ycnosve D<0 B elle OAHOM YC/IOBHOM ONeparope), KOMaHAob
raise ComplexRootsError (a,b, D) reHepvpyeTca ownbka Mosb30Ba-
Tenbekoro knacca ComplexRootsError.

uw Ha 3ameTky

KomaHnpgoii ComplexRootsError (a,b, D) co3pgaeTca aHOHMMHbIN 3K3eMMISAP Kacca
ComplexRootsError.

Ecnu ycnosue D<O He BbinonHsaeTcs, komaHgamm x1= (-b+sqrt (O) )/2/a n
x2= (-b-sqrt (D)) /2/a BbUNCNANTCA KOPHU ypaBHeHus (Npu 3ToM, ecrnn
ONCKPUMWHAHT Hy/IEBOI, TO 3HAYEHMSA KOpPHEl OAMHaKOBb) , & 3aTeM KOMaH4amu
print ('xI =",x1) nprint ("'x2 =",X2) BblMUCNEHHbIE 3HAYEHUSA OTO-
OpaxalTCsA B OKHE BbiBOAA.

Mpn nepexsaTe n 0O6pPabOTKE MCK/IYEHWS MOMb30BaTe/IbCKOro Tuna Lin-
earEquationWarning komMaHgon print('9To nuHeliHoe ypaBHeHune!
') BbIBOAWUTCA TEKCTOBOE MpeaynpexieHne, a 3atem komangon print (err)
oTOGpaxaeTCca 1 onMcaHne 3K3eMriapa UCKIYEHUS err. AHasIorMyHO Npo-
NCXOAUT 06paboTKa NCKTUYEHUSA NOMb30BaTe/Ibekoro knacca Comp lexRoot-
sError.

Q Ha 3ameTky

B npuHUMne, MOXHO 6bi10 Gbl MepexBaThiBaTb U ob6pabaTbiBaTb WCK/INYEHUS Knac—
coB LinearEquationWarning n ComplexRootsError B ogHomMm except-6moke. Mpu
3TOM “‘cneunduyeckune’ ans Kaxgoro U3 UCMNONb30BaHHbLIX HaMy except-6/10KoB TeK-
CTOBble COOBWEHNsI MOXHO 6bI/10 6Gbl *'CNPsATaTh' B KOHCTPYKTOPb 3K3EMM/ISIPOB COOT-
BETCTBYIOWMX KIACCOB.

To, uTo Knaccel LinearEquationWarning n ComplexRootsError co3gaBanncb Ha-
cnepoBaHveM pasfinyHeiX 6a30BbIX knaccoB (warning v Exception cooTBeTCTBEH-
HO) B KOHTEKCTE VX UCMOMb30BaHWs He ABNSIETCS NPUHUMNUasbHLIM . HO pasnuuve Bce
Xe ecTb. Hanpumep, B except-6/0Ke AN nepexBarta UCK/YeHnii knacca Exception
OyayT nepexBaTbiBaTbCA M OWMOGKM KnaccoB LinearEquationWarning n Complex-
RootsError, aBexcept-6s0ke o151 nepexsara UCKoHeHuin knaccaWarning -owmno6 -
K1 TONbKO knacca LinearEquationWarning.

CW



nasa 8. HemHoro o pasHom

[na nnnoctpauum Toro, kak paboTaeTt BCA 3Ta CXema, B NpOrpaMMHOM Koge npu-
BefleHO HeCKOJIbKO npumMepoB Bbl3oBa pyHKUUK find _roots () ¢ pasHbIMU Ha-
6opamu napamMeTpoB /11 PeLLIaeMoro ypaBHeHus.

NTepaTopbl U PYHKUNN-TEHEPATOPI

KnesaTb 6yfeT Tak, HTO KNMeHT nos3abygeT
060 BCeM Ha cBeTe.
n3 k/¢d "BpunnmaHToBaspyka'

B Python ecTb ocobas kateropmsa 06b-EKTOB, KOTOpPbLIE Ha3biBalOT UTepaTopa-
MW. NTepaTopbl co3aal0TCA Ha OCHOBE UTEPaLMOHHbIX 06bEKTOB. K nTepaumnoH-
HbIM 06BbeKTaM OTHOCATCA CMMUCKK, KOPTEXW U TEKCT. HO Hac nHTepecyeT co3ja-
HWe M0Nb30BaTeIbCKUX UTepaLNOHHbIX 06BLEKTOB. Takne 06beKThI CO34at0TCA Ha
OCHOBe Kfiaccos. 1

Knacchl, Ha OCHOBe KOTOPbIX CO34al0TCA UTepalMoHHbIe 06BbEKTLI, OyAeM Ha3bl-
BaTb WTEPALMOHHBIMI KnaccaMu nnm Knaccamm-urepaTopamu (XxoTa nocnegHee
Ha3BaHMe, BO3MOXHO, U He O4YeHb KOPPEKTHOE). TakumM 06pa3om, BCe Ha4YMHaeTCs
€ Knacca-utepaTtopa. Ecnn nogoiitn k Bonpocy opmansHo, To Knacc-utepatop -
3TO Knacc, B KOTOPOM nogaepxusatoTcsa (TO ecTb, ONpefeneHbl) crneumnanbHble
meTtoabl__iter__ () n_next__ ().

Ho 4T06bl NOHATB, 3a4eM BCE 3TO HY)XXHO W KaK MCMOMb3yeTcs, lyyle “"HayaTb
nsganeka". Ml B nepByto oyepefib PpAaCCMOTPUM NPOrpamMMHbIi Kof, NpefcTaB/eH-
HbIA B NUCTUHre 8.14.

JINcTUHr 8.14. dyHKkumm irntO u itorO
s=iter([1,2,3])
print(next (s))
print(next (s))
print(next (s))
try:
print(next (s))
except Exception as err:
print(err.__class__)

PesyanaT BbIMO/IHEHNA NPOrpaMMHOro Koga TaKoii:

BbU IO/ BV (uBWacWhFD 1
1
2
3
<class 'Stoplteration'>

*

cm
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Mbl BbIMOMHAEM NPOCTbIe ONepaL M, B KOTOPbIX UCNONb3yem yHKUuun iter ()
mnext (). A UMEHHO, NepemMeHHOW S NpuUcBaMBaeTCs Pe3y/ibTaT BblPaXKeHUA
iter ([1,2,3] ),B KOTOpOM aprymeHTOM (pyHKUUM iter () nepepaercs cnu-
cok [1,2,3]. Cpa3sy 3amMeTuM, UTO pe3ynbTaToM BbipaxeHusa iter([1,2,3])

ABNAETCA UTepaTop - 3TOT 06BLEKT MOXHO nepefasaTb PyHKUUU next (). Mpu-
YyeM Kaxpblii pa3 npu Bbi3oBe hyHKUMM next () (c aprymeHTOM-UTepaTopom)
nosyyaem HOBOE 3Ha4YeHue - Npasaa, 40 ONpeaeneHHOro MOMEHTA.

CBUAETENLCTBOM TOMY C/TYXXWUT pe3ynbTaT nocrefoBaTe/IbHOro BbIMOMHEHUA KO-
MaHabl print(next(s) ): Nnpu nepBbiX TPEX BbI30BaX BO3BPALLAOTCA COOTBET-
CTBEHHO YMCNOBbIe 3HaYeHna 1,2 n 3. HeCcnoXXHo foragaTtbCs, YTO 3TO 3/1EMEHTHI
cnucka [1,2,3], KoTOpbIV NepegaBancsa apryMeHToMm yHkumu iter (). Aot
MpY BbIMOHEHNN KOMaHAbl print (next (s) ) B YeTBepThlli pa3, reHepupyeT-
cA oWwmnbKa Knacca Stoplteration. 370 B NPUHLMNE TOXe MOHATHO - B CMHU-
cke [1,2,3] 3akoH4Mnucb aneMeHTbl. UTO 13 3aToro cnegyet? A cnegyet 6yk-
Ba/lbHO BOT YTO: MTEPATOP - 3TO TaKOW 06BEKT, KOTOPLI/i MOXHO nepesaBatb ap-
rymeHTom yHKLuuMmM next () v nonyyatb B pe3ynbTarte HEKOTOPOe 3HayeHune (Ha
caMoM fiefie He 0643aTefibHO YMcnoBoe). MNpogomKaeTcs 370 He A0 6eCKOHEYHO-
CTU. B KaKoli-TO MOMEHT Mpu BbI30BE PYHKLMN next () € NTepaTopom B Kade-
CTBe aprymMeHTa reHepupyeTtcs UCKMoYeHue knacca Stoplteration. Bo3Hu-
KaeT BOMPOC: a KaKOBa BO BCEM 3TOM pPosib pyHKUum iter () ? OTBET NPOCTOI:
C NoMoLWbo yHKUUK iter () Ha OCHOBe MTepaLMOHHOro 06bLEKTA CO34aeTcs
ntepaTop. B paccmMoTpeHHOM npuMepe y Hac 6bin cnncok [1,2,3]. Cnucok -
3TO UTEpaLNOHHbI/ 00BEKT, HO elle He UTepaTop. ViTepaTop Ha OCHOBe CNMCKa
HYXHO co3gaTb. UT06bl CO34aTb MTEPATOP HA OCHOBE CMMUCKA, CNMCOK nepejaeT-
cA aprymeHTOM pyHKUum iter ().

W Ha 3ameTtky

Mbl AOCTATOYHO YacTO UCMONb30Ba/IM U UCMOMNb3YEM WMHCTPYKUUU C KIHOYEBbIM CJ10-
Bom for Buga for anemeHT in 4TO-TO. Ob6pabaTbiBalOTCA OHM HA CaMOM ferie Tak.
CHavana co3gaeTtcsl utepatop iter (4To-T0). 3aTeM 3TOT UTepaTop nocnefoBaTesib-
HO NpW Kaxkaon ntepaumm nepepaetca dyHkuun next (). UTepauumn npogosmxatoTcs
0,0 Tex Nop, Noka npu Bbi3oBe PyHKUUN next () He ByaeT creHepupoBaHO UCK/IOYEHME
Stoplteration.

Ho ¢yHkumm next() miter () -3To, Tak CKasaTb, BHEWHAA YacTb aiicbepra.
PaccmMOTpyM MpOrpaMMHbIA KOf, NpefcTaB/ieHHbI B nncTuHre 8.15.

NnctmnHr8.15. Metoabl _next_() u_Jdter_fl !

s=[1,2,3].__iter__ ()
print (s._next_ ()
print (s._next_ ()
print (s._next_ ()

cm
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try:
print(s._next_ ()
except Exception as err:
print(err.__class__)
Pe3ynbTaTt BbIMOMIHEHUA NPOrpaMMHOro Koga 6yfeT Takum Xe, Kak B npeabiay-
Lem cnyyae:

Pe3ynbTart BbINOSIHEHWS NpOrpaMmbl (M3 INCTUHTa 8.15)

1
2
3
<class 'Stoplteration'>

CuTyauns o4eHb HaNnOMWHaeT PacCMOTPEHHbI paHee npumep. ToNbKO Tenepb
BMeCTO PyHKUMK iter () C aprymMeHTOM-CNMUCKOM W3 CMUCKA BbI3bIBAETCA Me-
Ton __iter__ (), a BMecTo PyHKUuM next () c aprymMeHTOM-UTeEPaTOPOM U3
nTepaTopa Bbi3blBaeTcAd MeToA__next_ (). HecnoXHo goragartbecs, 4To Bbl-
30B pyHKuuii iter () mnext () NPMBOANUT K BbI30BY COOTBETCTBEHHO METO/0B

_iter_( m next__ (). Manee nornka takas: HaM HY>XHO 6blJio O6bl ONK-
catb Knacc ¢ metogom___iter__ ().

JK3eMnaapbl TAKOT0 Knacca - uTepauMoHHble 06beKThbl. [1pu BbI30BE M3 NTepa-
LUMOHHOro obbekTa metofa__iter __ () B KayecTBe pe3ynbTara JO/DKEH BO3-
BpalaTbCA MTepaTop - 0OBEKT, Yy KOTOpPOro ectb meTod__ next__ (). Takoli
00BEKT TOXKE HYXHO C03faBaTb Ha OCHOBE KaKOro-To knacca (TO4YHee Takoro, B
KoTopom onucaH metof__next__ ()).

EcTecTBeHHbIM 06pa30M Ha yYM MPUXOAUT peLleHne: onucatb OWUH Knacc ¢ MeTo-
pamu__iter__ () m__next__ (), npuuem meTton___iter__ () onpenenutb
TaK, YTOObl B Ka4ecTBe pe3y/bTaT OH BO3Bpalian CCbIKY Ha 3K3eMnasap, U3 Ko-
TOPOro Bbi3blBaeTCA. B UTOre knacc Hy>XeH BCEro OAuUH, a 3K3eMMAp, KOTOPbIA
C03JaeTcs Ha OCHOBE 3TOro K/acca, noggepXxunsaet oba metoga__iter__ () u
__next__ (). ToecTb nony4yaem Kak 6bl MTEpaLMOHHbI 06BEKT M UTepaTop "B
04HOM nnue".

UTo6bl 3apaboTaTb TakoW [BOWHON Npu3, Ham HY>XeH BCEro oAwWH Knacc. O6
3TOM Kak pa3 W Lifia pedb B Hauane pasfgena, Korga Mbl rOBOPUAM O Kfaccax-
ntepatopax. lanee A NpocToThl, 1 €CNW 3TO He 6yAeT NPUBOAUTL K HeJopasy-
MEHUSM, 3K3eMNASAPbI KNacCoB-UTepaTopoB 6yAeM Ha3biBaTb MTepaTopamu.

MTak, cxeMa Hallunx AeACTBUIA TakKas:
» Co3pgaem knacc c metogamu__iter___ () u next__ ().

e MeToa__iter__ () onucbiBaem TakuM 06pa3oM, YTOObI pe3ynbTaToM
OH BO3BpaLLan CCbIJIKY Ha 3K3eMNsp, U3 KOTOPOT0 BbI3bIBAETCA.
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e "MpaBunbHbin" metog__ next__ () fo/mKeH 6bITb TAKMM: KaKOe-TO KO-
NNYecTBO BbI3OBOB METO/[ BO3BpALLAET 3HAYEeHUA, a 3aTeM reHepupyer
ncknoYveHne knacca Stoplteration.

B nuctuHre 8.16 npvBeAeH NMpumep CO3A4aHMs UTepaTopa, KOTOPbI/ No3BonseT
BbIYUCNIATH YMCNA U3 MOCNeL0BaTEIbHOCTN DPUBOHAYYN.

W Ha3ameTky

HanomHum, 4TO B nocnegosBaTesnibHOCTM PMOOHAUYUN NepBbIe ABa YMCNa PaBHbl 1, a Kax-
[loe cnejytolliee YMC/o paBHO CyMMe ABYX npegbigywmx: 1, 1,2, 3, 5, 8, 13, 21,34, 55,
nTak ganee.

NucTtuHr 8.16. Utepatop ans uicen dmnéoHavum

# Knacc - wutepatop
class Fibs:
# KOHCTpPYKTOp
def __init__ (self,n):
# HauyanbHble 3HavyeHUa [NA nonein
# count (HOMep reHepupyemoro u4wucna),
# a (reHepupyemoe 4ucno)
# n b (cnepytowee 4ymcno)
self.start ()
# 3HayeHuMe nona n (KONWYECTBO TEHEPUPYEMbIX
# uncen)
self.n=n
# MeTo4 AnAa nepesofa B "HayalbHOe COCTOfiHue"
# noneit count, a m b
def start(self):

self.count=1 # Homep reHepupyemoro uucna
self.a=1 # eHepupyemoe 4wucno
self.b=1 # Cnepytowee 4ymucno

# MeToh, KOTOpbIA BO3Bpalwaer uMTepartop
def __iter__ (self)
# Pe3synbTaT MeTofa - CChbiNKa
# Ha 3K3emnnap kKnacca
return self
# MeTog ANna BbluMcneHus uumcna duboHayuu
def _ _next__ (self) :
# Ecnu npeBblWeH NUMUT TeHePUPYEMbIX YUCEN
if self.count>self.n:
# Mona count, a U b nonyyawT HavyanbHble
# efUHNYHblE 3HauyeHUn
self.start ()
# [eHepupyeTca UCKNHOYeHUe
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# knacca Stoplteration
raise Stoplteration
# EcAn NMMUT reHepupoBaHusa
# 4yucen He npesblleH
res=self.a # BosBpauwaemoe MeTOLOM 3HayeHue
# HoBoe uucno B nocnegoBaTeNbHOCTM DubOHaUUYU
self.a,self.b=self.b,self.a+self.b
# HoBoe 3HayeHue nong count
self.count+=I
# Pe3ynbTat meTopga
return res
# Co3faeTcs 3K3emMnnap kKnacca
obj=Fibs(10)
# Ok3eMnnap Knacca MCNoONb3yeTcAa B ONepaTope UuKna
for s in obj:
print(s,end=" ")
print ()
# M3meHAeM 3HauyeHMsA noneil ak3emnnapa kKnacca
obj.a=3 # YeTBepTOeE 4YMCNO B MOCNEefOBATENbHOCTM
obj.b=5 # MATOe 4yncno B NOCNEAOBATENbHOCTH
obj.count=4 # Homep uncna B NOCNeAOBaTENbHOCTMH
# HoBbI onepaTop UMKNAa C 3K3eMNNApOM Khacca
for s in obj:

print(s,end=" ")
print()
# KonnuyecTBO reHepupyeMmbliX uucen
obj.n=15

# Ewe ofuH onepaTop LMKNa C 3K3eMNNApOM Knacca
for s in obj:
print(s,end=" ")

Pe3yanaT BbIMO/THEHNA 3TOI0 NPOrpaMMHOro Koga TaKoli:

Pe3synbTaT BbINOSIHEHWA NporpaMmMbl (U3 INCTUHIa 8.16)

1 12 358 13 21 34 55
58 13 21 34 55
1 12 3 58 13 21 34 5589 144 233 377 610

Knacc, KOTOpbIii Mbl CO3aeM B MPOrpaMMHOM KOfe M KOTOPbIA MpefHasHaueH
ANS CO3aHWNs UTepaTopoB, HasbiBaeTcs Fibs. Y ak3emnnspa knacca ecTb Ta-
Kve nons:

* Ywucnosoe none n onpefensieT KOAMYECTBO 4WCeNl B NOC/NeA0BaTe/IbHOCTU
®dunboHauun, Kotopble 6YAYT reHepupoBaThbCA UTepaTopoM (OH XXe IK3eM-
nnap Knacca).

B
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* Yucnosoe none count onpegenseT HOMep TOrO 3/leMeHTa MOCeno-
BaTE/IbHOCTU, KOTOPbIA ByAeT reHepupoBaThbCA MPU BbI30BE DYHKLUUM
next (). O4eBNAHO, YTO FEHEPMPOBAHUE YNCEN MOXET OCYLLECTBAATb-
CH, eCIY 3HAYEHME MNONA COUNt He MpeBbIWaeT 3Ha4YeHWe nons n. B npo-
TUBHOM Cny4yae OyaeT reHepupoBaTbCa MCKAOYeHne knacca Stop lt-
eration.

 [lona a nb "nomMHAT" gBa ymcna U3 nocnegoBatenbHOCTU PnBOHaAYUN:
B M0Jie a 3aNuUCbIBaeTCA 3Ha4YeHMe Yncna, Kotopoe OyLeT CreHepupoBaHo
npu BbI3oBe (yHKUMKM next (), a B none b 3anuckiBaeTcs cnefytollee
4YUCNO B NOCNeL0BATE/IbHOCTU.

MeTog start () ak3eMnnspa Knacca Hy>XXeH Ans YCTaHOBKWU HauyasibHbIX 3Ha-
yeHuWii nonei a, b n count. B Tene MeToga Bce 3TU NOAA NOAYYalOT eAUHUYHbIE
3HaYeHus.

B KOHCTpYKTOpe Bbl3biBaeTCA MeToL Start (), a Takke npuceanBaeTCcs 3Haye-
HWe Noto n. 3HaYeHue 419 3TOro NoNA nepefaeTcs apryMeHTOM KOHCTPYKTOPY.

MeTtop__iter__ () BO/MKeH, KakK yXxe OTMeYasnocb, BO3BpalLaTbh CCbINKY Ha
ntepatop. TakXe Mbl YCNOBUAUCH, YTO UTepaTtopomM OyaeT IK3EeMMNAp Kracca
Fibs. Moatomy B Tene metofa __iter__ () c aprymeHTom self Bcero ofiHa
MHCTPYKUMA return self, KoTopoii B KayecTBe pe3ynbTaTa MeToja BO3Bpa-
LLaeTcs CCblfIKAa Ha aK3emnasap knacca Fibs, 13 KOTOpOro Bbi3biBaeTca MeTog (1
3TOT 3K3eMMAp, COOTBETCTBEHHO, NepefaeTca apryMeHTom hyHKuum iter () ).

Haunbonee nHTepecHblil Kog, noxanyi, y metoga__next__ (). VIMEHHO B 3TOM
MeTOfle onpefensdercsd, Kakoe 4yucno 6yfeT reHepnpoBaTbCA UTEPATOPOM (3K-
3eMNAAPOM Kfacca) Ha KaxAon utepauun. B Tene metoga B nepByto oyepejb
B YC/IOBHOM orepaTope npoBepsietcd ycnosue self.count>self.n (4yepes
self o603HayeHa cCblKa Ha 3K3eMMNAAP Knacca - apryMeHT Mmetofa_ next__
()). NCcTMHHOCTL fJaHHOT0 YCN0BUSA 03HaYaeT, YTo Yucna 60/blle reHepupoBaTh-
CSl He JO/MKHbI. B aTom cnyyae komaHgon self_start () nonam a, b n count
aksemnnsapa self npucsamBaloTCs eMHNYHbIE 3HAYeHUS (KakK B Hayane ntepa-
LMOHHOrO npouecca), a 3aTeM KomaHgol raise Stoplteration renepupy-
eTca uckndeHue knacca Stoplteration.

W Ha3ameTky

O6paTuTe BHMMaHWe, YTO UCK/TIIOUEHVE TeHepUpyeTCs, HO He NepexBaTbIiBaeTCcsA U He 06-
pabaTtbiBaeTca. OHO 6yaeT o6paboTaHo onepaTopom for u UMEHHO AN 3TOro onepa-
Topa npegHasHa4veHo. MNosiBNeHVe NCK/TIOYEHUS CYXMT NPU3HaKOM TOro, 4To uTepauu-
OHHBbIi NpoLiecc Heo6XoANMO 3aBepLUNTb.

MOCKO/IbKY UCK/IIOUEHNE HE NepexBaTbIBaeTcs, TO try -6/10K Mbl HE UCMOsb3yeM. Tak-
e Nnoc/ie K/UYEBOro C/loBa raise Mbl yKkasann To/IbKO UMS K/lacca UCKoUeHust (a He
MHCTPYKLMIO CO34aHUs 3K3eMMNAsipa, Myckail faxe aHOHMMHOrO). Tak MOXHO Aenatb.
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B 3TOM cnyyae co3paeTcs aHOHMMHbIN 3K3eMNnaAap UCKIKYeHNA COOTBETCTBYHOUWEro
Knacca.

Ecnv ycnosume B yC/IOBHOM OMepaTope He BbINOJHEHO, METOZ JO/DKEH BEPHYTH B
KauyecTBe pe3y/bTaTta OUepesHOe YMCI0 U3 nocnefoBaTesibHOCTM duboHavyum. B
3TOM C/lyyae UCK/TKOUYEHWE HE TEHEPUPYETCS, 3aTO BbINOJIHAETCS NOC/AeA0BaTe b-
HOCTb TaKNX KOMaHJ;

e KomaHgoii res=self.a B oKaNbHYH NEPEMEHHYIO res 3anuchiBaeT-
Cs 3HaueHuWe nonisA a. MIMeHHO 3To uucno 6yaeT BO3BpalLaThCs Kak pe-
3ynbTaT MeToga.

e KomaHpgoli self.a,self .b=self.b, self.a+self.b Bbluncnsa-
€TCA HOBOE YMCNO0 B NocnefoBaTesibHOCTM ®uUboOHaY4YM, N OAHOBPEMEH-
HO MPUCBaUBaKTCA HOBbIE 3HAYEHMA NONAM a U b. 34ecb UCNob3yeTcs
MHO>XECTBEHHOE NpKucBanBaHne: cHavana no cTapbiM 3HAYEeHUAM Monei
a nb BbIYMCAAIOTCA BbIPaXKEHMSA B MPaBOii YacTu, a 3aTEM 3TW Bblpaxe-
HUSA NMPUCBaNBaKOTCA COOTBETCTBEHHO MO0 a U b,

* KomaHpoii se lf.count+=1I 3HaueHue nona count yBean4nBaeTcs Ha
efMHMLY (NOCKONbKY FreHepupyeTcsa HOBOE YUCIO).

i HakoHel, KOMaH,CI,OVI return res 3HayeHue HepEMeHHOVI res Bo3Bpa-
LiaeTca KaK pe3ynbTaTt MeToa.

Ha aTtom onucaHune knacca Fibs 3aBepliaetcs. [lanee nayT KoMaHAbl, KOTOpble
UNNIOCTPUPYIOT MCNOMb30BaHME 3K3EMMAPOB 3TOr0 Kjlacca B KayecTBe uTe-
patopoB. Tak, komaHfoin obj=Fibs(10) co3gaeTca ak3emnasp obj knacca
Fibs. AprymeHT 10, nepefaHHbIil KOHCTPYKTOPY, O3HAYaeT, YTO 3K3eMnsAp obj
NO3BOMNT reHepupoBatb 10 NepBbIX YMCEN B MOCNEA0BATE/IbHOCTM D UbOHaYUN.
UTo6bl NPOBEPUTHL 3TO, 3amMyCcKaeTcsa OnepaTop UWKNa, B KOTOPOM MepemMeHHas
s nepebupaeT 3HavyeHUs "n3 ak3emnaspa” obj. 3a KaXAbl LMK BbINOMHAET-
cAd KoMaHgaprint (s,end=" "), BcneAcTBMe Yero yncna (3HayeHue nepemeH-
HOIi S) BbIBOAATCH Yepe3 npoben B OfHON cTpoke. B pe3ynbTaTe nonyyaem no-
cnefosaTenbHocTb ®uboHayum U3 10 yncen. Ecnm nocne 3Toro 3anycTuTb ewwe
pa3 onepaTop uMKna, Noay4ymm Takoi e pesynbtar. To ecTb ak3emnasap obj saB-
ngeTtca "MHOropasoBbiM™ UTEPaTOPOM - B TOM CMbIC/E, YTO €r0 MOXHO UCMOJib-
30BaTb MHOTO pas.

L Hasametky
3/4ecb KpOeTCs BaxHbIN "naeonornyecknii' momeHT. [leno B TOM, UYTO KaxAblli pa3 npu
BbI30Be MeTofa__next_ () MeHseTcs "BHYTpPeHHee cOCTOsHMe" ak3emnnasapa, n3 Ko-
TOPOro BbI3bIBAETCA METOA: U3MEHSAIOTCSA 3HAYeHUA nosne ak3emnasapa. TeopeTunyeckmn
nocse Toro, Kak nNpu oyepeaHoOM Bbi3oBe MeToga_ next_ () 6yaeT creHepypoBaHoO
MCKNOYeHne knacca stopiteration v uTepaunoHHbIN NpoLEecC 3aBepLUNTCS, 3Hade-

CSS
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HUA noneit akemnasapa 6yayT COBCEM He TakKMMU, Kak B Havane ntepaumMoHHOro npo-
uecca. NMoaToMy 4TOObl 3K3EMNASAP MOXHO ObIIO MCNOMb30BaTb CHOBa, HEO6X0AUMO
BEPHYTb ero "BHYTPEHHME HaCTPOWKn" B "HadasibHOe cocTosiHue". IMeHHO C 3Tol ue-
Nblo BTeNle MeTofa__next_ () neped reHepupoBaHMeM UCKIHOYEHWS Bbi3blBa/ICA Me-
Toq start (). Ecnu aToro He caenaTb, TO NMOMy4MM "OAHOPA30BLIN" nTepaTop: Takol
3K3EeMMNAAP MOXHO ByAeT NCNosib30BaTh B onepaTope uukna eanHoxasl. Mpu nonbiTke
MCNONb30BaTb €r0 B CeAyoWnNi pa3 HUKakKnx ntepaumin He 6yaeT - UCKNoYeHne sto -
piteration creHepupyeTcsl nNpy NepBOM Xe Bbi3oBe MeToda__ next_ ().

MOXHO 6b110 NOCTYNUTbL N NO-APYroMy: NOMeCTUTb KOMaHAy Bbi30Ba MeToga start ()
He BTene metogda__next_ (), aBTene metoga___iter__ (). Xenatowue moryT no-
AymaTb, YTO 6bl U3MEHW/IOCh B 3TOM C/lyvae?

UT06bl NOAPO6HEE PacKpbiThb MEXAHN3M FEHEPUPOBAHUA YMCENT C NOMOLLbIO 3K-
3emnnspa obj, ganee npoBoAUM HebOMbLIOW 3KCNepuMeHT. KomaHgamu obj .
a=3, obj .b=5 nobj .count=4 n3meHsem 3Ha4yeHMns Nosei ak3emnaspa obj.
B gaHHOM cnyyae none a paBHO YeTBepToMy (N0 NOPAAKY) Yncny B nocnefosa-
TenbHOCTM PMOOHAYUM, CefyloLLee YUCN0 B NOCNEA0BATE/IbHOCTU - 3TO 3Haue-
Hue nonsa b, M 3HaYeHMe NoNg count COOTBETCTBYET NOPALKOBOMY HOMEpPY Yuc-
Na, 3anncaHHOro B nose a. Ecnu Tenepb 3anyCcTUTb ONepaTop UKnKNa, To reHepu-
poBaHWe YMCen HaYHeTCs € Yncna c NopsgKOBbIM HOMEPOM 4 B noc/efoBaTefib-
HocTu. locnefiHee CreHEPUPOBAHHOE YUCO - fecaToe (B COOTBETCTBUM CO 3HA-
YyeHuem nona n aksemnnsapa obj,a oHo pasHo 10).

W Ha3ameTky

Mocne 3aBeplleHVs onepartopa uukna nons a, b n count cHoBa 6y,qu nveTb egnHnNY-
Hble 3Ha4YeHunA.

Ecnm n3ameHuTb 3HaYeHMe Nona N ak3emnaspa ob j, Hanpumep, KomaHgoi obj .
n=15, To Npu o4yepefHOM 3anycKe oneparopa uukna 6yaeT reHepupoBaTbCs He
10,ayxe 15 ymcen U3 nocnefoBaTenbHOCTU PUHOOHAYYMN.

B 13BECTHOM CMbICNe PYHKUMA-TEHEPATOP MOXET paccMaTpUBaTbCa Kak "ynpo-
WweHHaa" v "obneryeHHasa" hopma 419 CO3JaHNA UTepaTopa UamM UTepaLuoHHOro
ob6bekTa (TOXe "B 0gHOM finue"). Kak u utepartop, pesysbtar Bbi30Ba (hyHKLUN-
reHeparopa npv Kaxjom oyepefHOM ob6palleHUn K Hemy AaeT HOBOE 3HayeHue
“3 onpegeneHHOro Habopa 3HayeHuii. Ans NpocToThl 6yaem HasbiBaTb pe3y/b-
TaT BbI30Ba (PYHKLMM-reHepaTopa 06bEKTOM reHepaTopa. O6beKT reHeparopa
MCNO/b3YyeTCa MO TOM Xe CXeMe, 4TO 1 uTepatop.

Mpun co3gaHnn (YHKLWU-TeHepaTtopa He HYXXHO fBHO OMNWCbiBaTb MeTOAbl
_next__ () u __iter__ () (oHm co3paloTcA aBTOMatuyecku). Het Heob-
XOAUMOCTU ABHO cO03faBaTb OOBLEKT reHeparopa (pesynbtaT @yHkuun). Bce,
4YTO HY)XXHO cfenatb - "cpopmmpoBaTh"” NOC/ME[0BATENIbHOCTb 3HAYEHWU, KOTO-
pble 6yayT BO3BpalaTbcs 06BbEKTOM reHepaTopa. [naBHoe hopmanbHOe OTNuW-

m
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yne yHKLMN-TeHepaTopa 0T 06bIYHOW PYHKLUKN COCTOUT B TOM, YTO pe3ynibTaT
(hyHKUMKN-TeHepaTopa (hopMupyeTcs ¢ NOMOLLbIO KAto4eBoro cnoea yield (a
He BO3BpalLaeTCAd MHCTPYKUMeRd return, Kak y 06bl4HbIX PYHKUWIA). MpumMep
(hyHKUMN-TeHepaTopa, NpefHa3HauYeHHON AN reHepnpoBaHua Yncen u3 nocrne-
foBatefibHOCTU ®MbBOHaY4M, NpMUBeLEH B NUCTMHIe 8.17.

INcTtuHr 8.17. dyHKUUs-reHepaTop gHsS uncen dPunboHauun

# ®yHKUMA-TeHepaTop Ana uyucen duboHayuwn
def fibs_gen (n) :
# MepBoe 4YuCNO NOCNefoOBATENbHOCTHU
a=1
# BTOpoe 4uCcnNO NOCNELOBATENbHOCTHU
b=1
# OnepaTop UMKAa ANA BbIYUCNEHMUSA
# yucen duboHauuwn
for i in range (n):
# 3HauyeHuMe Ana pesynbTaTa
# QyHkuuu (gna paHHOW wuTepaummn)
res=a
# BbluncneHne HOBOrFOo 3HayeHua B
# nocnepoBaTenbHOCTW U MpucBamBaHwue
# 3HAYEeHW MepeMeHHbIM a ”n b
a,b=b,a+b
# PesynbTaT (YyHKUMKM-TeHepaTopa
yield res
print("MonbiTka Nel")
# OnepaTtop uukna pAna seiBoga 10 uucen
# 3 nocnepgoBaTenbHoOCTU ®uboHauYuu
for s in fibs_gen (10) :
print(s,end=" ")
print("XnMonbiTka Ne2")
# Ewe oAMH onepaTop uMKna ANA BbiBOAA
# 10 uncen m3 nocnepoBaTenbHOCTU DuboHayuu
for s in fibs_gen (10) :
print(s,end=" ")
print("\nMonbiTka Ne3")
# Ccbinka Ha 06beKT reHepaTtopa 3anwucaHa
# B NEepeMeHHYI
f=fibs_gen (15)
# OnepaTtop uwukna Ansa BeiBoga 15 uyucen
# M3 nocnefoBatenbHoOCTU DuUbOHAYUMU.
# Ccblnka Ha 06beKT reHepatopa BbINONHeHA
# 4Yepes3 MNepeMeHHY
for s in f:
print(s,end=" ")
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print("\nMonbiTka Ne4")
# Ewe ofMH onepaTop UMKNa ANA BbiBOAA
# 15 umncen m3 nocnepgoBatenbHoCcTU PubGOHaAYUN.
# Ccbinka Ha 06beKT reHepatopa BbiMOJHEHa
# 4yepes nepeMeHHYyl
for s in f:
print(s,end=" ")
print("3aBepweHne paboTbl.")

Pe3ynbTaT BbINOMHEHWS NPOrPaMMHOT0 KOAa TaKoiA:

Pe3synbTaT BbINOMHEHVA MPOorpaMmMbl (U3 IUCTUHIa 8.17)

MonbiTKka Nd

112 35 8 13 21 34 55

MonbiTKa N2

112 35 8 13 21 34 55

MonbiTka N&B

112 3 5 8 13 21 34 55 89 144 233 377 610
MonbiTKa N&

3aBepweHne paboThl.

B 3TOM npumepe, Kak OTMeyanocb Bbllle, Mbl CO34aeM (YHKUMIO-TeHepaTop
ans yncen ®mboHauun. PyHkuna HasoiBaetca fibs_gen () ny Hee oguH apry-
MeHT (0603HauYeH Kak N) - KOAN4ecTBO reHepupyembix PyHKUKe uncen. B Tene
(MYHKUMW NepeMeHHbIM a U b npuceBanBaroTCa efMHNYHbIE 3HAYeHUA. 3TO nep-
Bble [iBa YMCna nocnefoBaTe/lbHOCTW. 3aTeM 3anycKaeTca orneparop L1Kna, B Ko-
TOPOM nepemeHHas i npoberaet 3HayeHue oT 0 4o n-1. KOHKpeTHbIE rpaHuULbl
AnanasoHa U3MEHEHWA MEPEMEHHON i He BaXKHbl, MOCKO/IbKY B Tefe LuKna aTa
nepeMeHHas ABHO He UCnosib3yeTcs. [[NaBHOe, YTO LMK COCTOMT U3 N UTepayunii.
3a Kaxayl uTepaunio KOMaHoi res=a B MePeMEHHYI0 res 3anucbiBaeTcsa Te-
KyLLee 3Ha4YeHMe NepemMeHHon a. 9To 3HavyeHue byaeT "Bo3BpaLleHo" (Ha 4aHHOM
nTepauumn) Kak pesynbtat pyHKuumn. 3atem komaHaol a, b=b, a+b c ncnoneso-
BaHMEM MHOXECTBEHHOIr0 MpucBavBaHUA BblYMCNAETCA HOBOE YMC/O B nocne-
foBaTe/ibHOCTN ®MBOHAYUM, U MepeMeHHble a U b NoyyaroT HOBbIE 3HaYeHUA.

W  Ha 3ameTtky

BbipaxeHue a, b=b, a+b BbluncnsaeTca Tak. ANs TeKywWMX 3HAYEHN NepeMeHHbIX a u b
BbIUMCNAOTCA 3HAUYEHUs BblpaxeHuii b (0603Ha4YMM kak 3HadeHne_1) n a+b (0603Ha-
UMM Kak 3HauyeHune_2) B NpaBoli YacTn OT onepatopa npuceanBaHns. 3aTeM nepemen-
HOW a NnpucBavMBaeTCsa BbIYMC/IEHHOE Ha Npeablayllem 3Tane 3HayeHne !, anepemMeH-
HOW b NpncBanBaeTCA BbIYMCIEHHOE Ha NpeAblayllem aTane 3HadveHue_2.

Mocne atoro komaHaoi yield res chopmupyeTtca pesynbTar (419 4aHHOW uTepauunm).
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W Ha3sameTtky

Uro kacaeTcs pesynbTaTa (DyHKLMU-TeHepaTopa, TO pa3yMHee Ha BCe 3TO CMOTPETb Kak
Ha nocnefoBaTe/IbHOCTb 3HAYEHWUIA, KOTOPble BO3BPALLAIOTCA B MPOLECCe BbINOSIHEHNS
nporpaMmHoOro koga cyHkumn. KomaHga ¢ nHctpykumeii yield gaet, nnu po6asnset
HOBbI 3/1IEMEHT B 3Ty nocriefoBaTte/lbHOCTb. Hepeako Ans hopMmpoBaHusa Takoil no-
cnefoBaTesIbHOCTY Pe3y/ibTaToB NpuberatoT K NOMOoLLM onepartopa Lukna. OfHako aTo
He 06s3aTesIbHO. Hanpumep, MoXeM onpeaennTb Takyto YHKLUIO-TeHepaTop

def colors Q :
yield "KpacHbiin'
yield "XentwiA"
yield "3eneHbin™

Torga npu BbIMOJIHEHWM OMepaTopa Lukia

for clr in colors Q:

print(clr)
nosy4ymMm cneaytoumii pesynbTar:

KpacHbiii

XenToiii

3eneHblii
[nsa npoeepku paboTbl PYHKUUM 3anyCKaem onepaTop LuKna, B KOTOPOM nepe-
MeHHas s npoberaeT 3Ha4YeHUsA N3 06beKTa reHepaTopa, KOTOPbIA BbluMCseTcA
nHcTpykuueli fibs_gen (10) (Bbi3biBaeM hyHkyuto fibs_gen () caprymeHTOM
10). B Tene onepartopa LMKNa BbIMOMHAETCA KOMaHaa print (s, end=" ").
Kak cneacTsue, B OKHe BbIBOJa B CTPOUKY Yepes npoben BbiBogMTCA 10 uncen u3
nocnefoBaTe/ibHOCTM ®ubOHaYUN.

Uto npoucxoaut npu BbizoBe hyHKUMKM-reHepatopa fibs gen () ? Mpu BbI3O-
Be (DYHKUUM-TeHepaTopa co3jaeTcs 06beKT reHepatopa. [na o6bekTa reHepa-
TOpa MOXHO BbI3BaTb PYHKUMK iter () u next () (YTO HEABHO U MPOMCXO-
OWT Npy UCNOMb30BaHUM (YHKLUM-TeHepaTopa B onepatope Lukna). OfHako
3[eCb eCTb BaXXHOE 06CTOATENLCTBO: CO3aHHbIli B pe3ynbTaTte Bbi30Ba PYHKLUN-

reHepatopa 06bekT reHepatopa “04HOpPas3oBbli". Ero MOXHO WCMOMb30BaTh B
onepaTope LKA TO/bKO OAWH pas.

Ha nepBbliii B3rNsg 3T0 MOXET NOKa3aTbCs CTPaHHbIM. OCOBEHHO €C/IN YUecTb,
UTO MOBTOPHO BbIMOMIHEHHbIA OMEPATOP LMK/A B HALLIEM NPUMEPE AAET TOYHO Ta-
KOl )e pe3ynbTaT, Kak 1 nepsblii onepaTop urkna. Ho Bce CTaHOBMTCS Ha CBOM
MECTa, EC/IM YUeCTb, UTO KaXKAbIA pas npu BbI30Be (hYHKLUU-TeHepaTopa (gaxe
eC/N C TEMW XK€ apryMeHTamu) co3faeTcs HOBbI/ 06beKT. OH M UCMO/b3yeTcs.
UTo6bl y6eauTLCA B CMPaBEA/IMBOCTY AaHHOTO YTBEPXAEHUS, BbIMOJHUM MNpo-
CTYI0 NPOBEEpPKY.
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CHauana komaHgon f=fibs_gen (15) B nepemeHHyw f 3anucbiBaeTcs cCbin-
Ka Ha 06beKT reHepaTopa, CO34aHHbI/i BbI30BOM (PyHKUuM-reHepaTopa fibs_
gen (15). 3atem B onmepaTope LuMKna yKasbiBaem nepemeHHyto f. CHauvana Bce
NPOUCXOANT BNOJSTHE OXMAAEMO: B OKHE BbiBOAA 0To6paxkaeTcs 15 uncen us no-
cnegosatensHocT ®ub60HAYYU. Ho ecnii Mbl MOMbITAEMCS BbIMONHUTL TOYHO
TaKOoW >Xe onepaTop C TOW e caMOii NepeMeHHOR f, HNW OAHO YMCNO BbIBEAEHO
He OygerT.

MpuynHa B TOM, YTO NepemMeHHas f CCbINaeTCs Ha TOT Xe Camblii 06BEKT, YTO UC-
nofb3oBascs B Nepsom (U3 ABYX MOCMEAHMX) OMnepaTope Lukna. N aToT 06bekT
CBOIO 3a/jauy BbINOMHMW/. BOMbLUE OT HEFO NO/b3bl HET.

Q Hasametky

Knaccbl-utepatopbl 1 thyHKLUN-TeHepaTopbl MOXHO MCNO/b30BaTb He TOMbKO /15 CO3-
AaHusA 06BEKTOB, cryxXalux "KoHTeliHepaMun'™ nepebrpaemblx 3Ha4YeHWli B oneparopax
uukia. Ha ocHoBe MTepaTOpOB MOXHO cO3faBaTb, Harnpumep, cnucku. [ns atoro go-
CTaTO4YHO uTepatop nepepatb aprymeHToMm cdyHkumm list (). Ckaxem, pe3ynbTaTom
nHeTpykumn list (Fibs_gen (15)) 6ygeTt cnucok n3 15 uncen M3 nocnepoBareslbHO-
ctn dmnboHauun (cbyHkumsa fibs gen () onncaHa B nucTuHre 8.17). K aHanornyHomy pe-
3ynbTaTty NnpuseneT BbinonHeHne nHcTpykumn list (Fibs (15)) (knacc Fibs onucaH B
NNCTUHre 8.16).

Kpome TOro, MmeroTcsi HEKOTOPble BCTPOEHHbIE (PYHKLMMW, KOTOPble MO3BOMSAIOT MPO-
CTO 1 6bICTPO cOo3faBaTbh 06bEKTbI UTEPaLMOHHOro Tuna. B kadvecTBe npumMepa MOX-
HO npuBecTn doyHKumio wap (). Ecnm nepBbiM aprymeHToM doyHkumn wap () nepepatb
MMSA HEKOTOpOIi yHKUMW, @ BTOPbIM apryMeHTOM - CMUCOK 3Ha4veHuli (komaHaa dop-
maTta wap (QyHKuMss,  CnMcok)), TO B pe3ynbTare Nonyynm OO6bekT UTepauMoHHO-
ro tuna. Kaxgoe 3HayeHue, BO3BpallaeMoe Nnpu o6palleHnn K 3TOMy O6BbEKTy C no-
MOLBbIO PyHKUMN next (), nonyyaeTcs BbI30BOM (PYHKLMW, YKa3aHHOW MepBbIM apry-
MeHTOM B wap(), C apryMeHTOM, KOTOpbIi AABNSETCA 3/1eMEeHTOM Cnucka, nepepaH-
HOro BTOPbIM apryMmeHToM cyHKumn wap (). Ecnm ncnonb3oBaTb WUHCTPYKLUIO BUAA
list (map (byHKUMA, CNUCOK)), B pe3ynbTaTe NoayyYnM ClUCOK, 3/1IEMEHTbI KOTOPOro
NnoslyHatoTCs BbI30BOM (YHKLMMN C apryMeHTOM, KOTOpbIA Npo6eraeT 3HaYeHUS 3/1eMeH-
ToB cnucka. Hanpumep, pesynbTtatom BblpaxkeHnsa list (map (lambda n: 2**n, [1,
2,31)) 6ypetcnucok [2,4,8].

Mo cxopgHomy npuHumny pelicteyeT dyHkuma Filter (). Pe3ynbTtatom BblipaXeHUs
Buga list (Filter (hyHKUMA, CNNCOK)) ABMASETCA CMNCOK, KOTOPbIN NosyyaeTca us
cnucka, nepegaHHoro aprymeHtom dyHkuumn Filter () - HO TO/IbBKO TeX 3/1EMEHTOB,
ON191 KOTOPbIX BbI30B QYHKLMN (NepBbIi aprymeHT coyHkuun Filter ()) Bo3BpallaeT 3Ha-
yeHne True. To ecTb hakTUYECKN B JaHHOM Crlydae MOXHO BbIMOMHATL "duibTpaumto”
CNNCKOB. VIMA QYHKUMM, WUrpatoleil posib KpUTEPUsS BKIIOYEHUS 3/1EMEHTa B CMUCOK-
pe3ynbTaT, ykasbliBaeTcs nepsbiM aprymeHTom chyHkumn Filter (). Hanpumep, pesynb-
Tatom BblpaxeHus list (Filter (lambda x: bool(x%2),[1,5,6,2,7,8])) 6yaet
cnucok [1,5,7] (TONbKO HeYeTHble 3/IeMeHTbl).

®yHKUMA zip () NO3BOSSIET U3 HECKOJIbKMX CMUCKOB CO34aTb CMUCOK KOpTexel, rae
KaXOblii KOPTEX NoJlyYaeTcs BK/IHOYEHMEM COOTBETCTBYHOLLMX 3/IEMEHTOB U3 UCXOOHBLIX
cnuckoB. Hanpumep, ecin x=[1,2, 3], y=[4,5, Bl nz=[7,8,9 ], TO pe3ynbTaTtoM Bbl-
paxeHusa list (zip-(x,y, 2) ) 6ygetcnucok [(1,4,7), (2,5,8), (3,6,9)].
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CnepyeT TaKkxe UMeTb B BUAY, HYTO co3jaBaeMble B pe3ysibTaTe Bbi3zoBa yHKUmMiA wap Q,
filter () n zip () 06beKTbl UTEPALNOHHOIO TUNa ABASIOTCA "0AHOPAa30BbIMU' B TOM
KOHTEKCTe, Kak 3TO OnuCbIBasioCh Bbiwe. Tak, ecnun BbINOMHUTL KomaHay obj=map (la
mbda n: 2**n, [1,2,3]),a 3arem uHcTpykumio list (obj), To BnonHe oxmaaemo
nonyuvm B pesysnbTaTe cnucok [2,4,8 ]. Ho ecnu Ha cnepytowemM aTare 1Crosib3oBaTb
06bekT obj B onepatope uuknia, utepauuii He 6yaet! XoTa ecnu nepeg onepatopom
umkna nHetpykumio list (obj ) He BbINONHATL, TO onepaTop yukia BbinosHseTcs. Mpu-
YMHa B TOM, YTO 06bEKT Obj MOXeT NCMNOb30BaTbCA TO/IbKO OAMH pa3. Mbl € Takoli cu-
Tyauwueii yxxe CTa/IKUBaJ/IUChb.

Pe3ome

OH HauMHAeT HOBYH >KW3Hb, JaliTe eMy BO3-
MO>KHOCTb BCMIOMHUTb BCE JyuLLIEe,
n3 K/ "'lMokposckue BopoTa'

1. B Python moxHo co3gaBatb GYHKLUMN C NEPEMEHHbIM (HEPUKCUPOBAHHbLIM)
KONMYEeCTBOM aprymMeHToM. Becb Habop Takmx aprymeHToB ob6pabaTbiBaeTcs
KakK Cnucok (KopTex), a Npu onucaHuM PyHKLuMmM 0603HayaeTcs Kak oAuH
apryMeHT, HO CO 3Be3[04KON * nepej Ha3BaHWeM apryMeHTa.

2. AprymeHT, MOMeYeHHblli [BOMHON 3Be3[04YKON **, 0603HauaeT cnosapb C
MMEHOBAHHbIMY apryMeHTamu (nepefaHHbIMU PYHKLMM NO KKOYY).

3. [lekopaTopbl MO3BONAOT M3MEHATH NOBEAEHME U CBOWCTBA (DYHKLMIA 1 Knac-
coB. [lekopatop AN (GYHKLMIA cO34aeTCA Ha OCHOBE DYHKL MU, KOTOPOW ap-
rYMEHTOM Mepefaetca PyHKUUSA U KOTOpas BO3BpallaeT B KA4eCTBe pe3y/ib-
Tata yHKUMIO. [lekopaTop Knacca CO3faeTcs Ha OCHOBE (hyHKUUK, apry-
MEeHTOM KOTOPOWA ABNSETCA Knacc, U pe3ynbTaToM TOXe ABnseTcs knacc. [e-
Kopatop (cMMBON O M UMA PYHKLMUW ON5 CO3[aHUSA eKopaTopa) yKa3blBaeT-
cA nepes MUMeHeM PYHKUUW Uan Krnacca. B pesynbtate PyHKLUA LeKOpaTo-
pa npuMeHseTcs K "AeKopupyemoii™ gyHKLUU unu knaccy. Pesynbtat npu-
MEHEHMA feKkopaTopa K (hYHKLMMN UK Klaccy 3anucbiBaeTCs B NepeMeHHY!0,
KOTOpas CNY>XUT Ha3BaHWEM COOTBETCTBEHHO PYHKL MM UK Knacca.

4. TlepBas TeKCTOBas CTPOKA B ONMMUCAHUMN (DYHKLUWN CNYXUT B KAYECTBE TEKCTA
CnpaBKu No PYHKUMU 1 BO3BpaLLaeTca Kak 3HavyeHue nonsa__doc__ 06b-
eKTa PyHKUmnu.

5. [N aprymeHToB U pesynbTata (hyHKLUN MOXHO CO3[jaBaTb aHHOTaLMK: cne-
LuuanbHble TEKCTOBbIE "MOACHEHUA". AHHOTAUWUA 419 apryMeHTOB yKa3bliBa-
eTcs uepes ABOETOUME NOC/E UMEHW apryMEHTOB B ONUCAHUUN (DYHKUWUW. AH-
HOTauus 4ns pesynbTata YKasblBaeTCa Moc/ie 3aKpbliBaOLWUX KPYT/bIX CKO-
60K (B KOTOPbIX OMUCbLIBAIOTCA apryMeHTbl (DYHKLMNW) Yepe3 UHCTPYKLUIO
->. Hannumne aHHOTauUMIi He HaKafblBaeT OFPaHNYeHWiA Ha TUN apryMeHTOB
NNun pesynbrata PyHKUUN.

—(EBi



Python

6. Knaccbl BCTPOEHHbIX UCK/TOUEHUI1 06pa3yoT Uepapxuto, B BEPLUNHE KOTO-
poii HaxoguTcs Knacc BaseException. [pyroii BaxHbI Knacc - Kniacc
Exception. Bo/bWMWHCTBO KNaCcCOB UCK/OUYEHUI SBNSOTCA NPOM3BOLHbI-
MW Knaccamu oT Knacca Exception.

7. B except-6n0Ke nepexesaTblBalOTCA HE TOJ/IbKO T€ UCKNKYEHNA, KOTOPbIE
YKa3aHbl ABHO, HO eLlle N UCKHYEeHNA MPOMN3BOAHbIX KNacCoB.

8. [Mpu 06paGoTKe UCKIOYEHUS B eXCept-6/10KE MOXET MCMO/b30BATHCA
CCbI/IKA Ha 3K3EMMIAP NCK/OYEHNS.

9. WcKNoYeHUe MOXeT 6biTb CreHepUpPOBaHO BPYUHYIO C NOMOLLbH MHCTPYK-
unii raise un assert.

10. Monb30BaTeNbCKME KNAcChl NCKNHOUYEHWUI CO34al0TCA Hacne40BaHNeM Kac-
COB BCTPOEHHbIX MCKAOYeHNA (06bI4HO 6a30BbIM ABAAeTCA Knacc Excep-
tion).

11. WTepaTtopbl CO3[al0TCS Ha OCHOBE K/1aCCOB, COAEPXKALLUX OMMCaHUe MeTo-
pos__iter__ () u__next__ (). Metop___iter__ () Bo3BpalwaeT B Ka-
YyecTBe pe3y/bTara CCbIJIKY Ha 3K3eMMAAap, M3 KOTOPOro 6bin Bbi3BaH. Mpu
Bbi30Be MeToga__ next__ () KaxAblii pa3 BO3BpaljaeTcs HEKOTOpPOe 3Ha-
YyeHue, NOKa NPV O4YepPeaHOM BbI30BE He OyAeT CreHepupoBaHO UCKKYEHME
knacca Stoplteration.

12. NTepaTtop MOXHO MCMOMNbL30BaTb B onepatope uukna (Kak KOHTeHep Ans
nepebopa 3HayYeHW B LMKAE), UK, HANpuUmep, AN8 OPMUPOBAHUS CMN-
CKOB.

13. dyHKUMA-reHepaTop BO3BpaLLaeT 06BbEKT, KOTOPbIA MOXeT UCNO/b30BATLCA
Kak utepatop. B Tene gpyHKUMn-reHepatopa pesynbtat popmumpyeTcs ¢ no-
MOLLbIO MHCTPYKLUMKM yield.

C2t-



3ak/iroyeHune

O yeM Mbl He NoroBopuUIn



Python

[opory ocunuT naywnin. Bam Heo6xoanMm TBOP-
YecKunii HeNOKOWA.
n3 K/ *‘Tlokposckme BopoTa™

O6bIYHO 0 A3bIKaX NMPOrpaMMUpPOBaHNSA TOBOPAT U MULYT CYXUM TEXHUYECKUM
A3bIKOM. B npuHuune ato npasmnbHO. HO BOT 4YTO Kacaetcs A3blika Python, 1o
"npuyeckne" annuTeTbl NPUXOAAT CaMU, HEMPOU3BOJILHO, TaK CKa3aTb. MIX MHO-
ro. Ho ecny nonbiTaThbCA OXapakTepU30BaTh A3blK O4HMM C/0BOM, TO, NOXanyi,

"MHOTONMKWIA" 6yfeT yAauHbIM BapnaHTOM.

Q Ha 3ameTky

C Apyroii CTOpPOHbI, "TMBKMIA" - TOXEe 3BYUNT HEM/10XO0.

Kak 6bl Tam HM 6bIf10, @ U3ydeHune s3bika Python - npouecc TBOpYECKUil u, Kak
npasuno, JoNArnin. Asbl, OCHOBbI i3biKa MOXHO OCBOMTb JOCTAaTOYHO nerko. Ho
BOT 4YTO KacaeTcs "TOHKOCTe", TO 3TO Mpouecc HebbICTPLIA - NpaBga, BO MHO-
FOM WHTEPECHbIV N HEOXWNAAHHbIA. B KaKON-TO MOMEHT MOXET NoKasaTbCs, YTO
BCE TOYKM Hafg "i" y>ke paccTtaBneHbl. Ho He TyT To 6bin10! O6sA3aTeNbHO HalgeT-
CA MHTEPECHbIN MpUMep, MOHATb KOTOPbIA Cpa3y MOXET 6biTb C0XHO. VHOrga

npnxoanTca NepeocMbIC/INTb BCE, YTO A0 3TOr0 y3Han.

Mbl, npu n3yyeHun a3bika Python, nbiTanncs, cocpesoToOUYNTLCA Ha TNaBHOM, OT-
LennTb, 06pa3Ho BbipaXkasach, 3epHa OT nJeBes. MNpu 3TOM HEKOTOPbIe MOMEHTHI
6b111 OCTaB/eHbl 32 60poTOM". Pa3yMeeTcs, 3TO He 04eHb XopoLo. Ho Mbl cebs
onpasfbiBaeM TEM, YTO 3aia4ya-TO CTOUT C/IOXHAsA: MNOHATb U OCBOUTbL MPUHLMUNBI
[LOCTAaTOYHO HETPUBMANIBHOTO W HE OYeHb ""CTaHJAPTHOrO™ A3blKa MPorpaMMmnpo-
BaHuA. TyT, KaK roBOpPUTCH, BCE CPeACTBa XOpowu. HACKOMbKO XOPOLWMW HaLlw
CpefcTBa, MOKaXeT BpeMs. HO BOT YTO HY)XXHO YeTKO NOHMMAaTh - TaK 370 TO, YTO
YUMTbCA A3bIKY MporpamMmupoBaHma (0cob6eHHO Takomy, Kak Python) cnepyet
MOCTOAHHO, U NIyYLle Ha NPaKTUYecKUX npumepax. YTobbl He 6bITb FONOCNOBHbI-
MW, NPOUNIOCTPUPYEM CKa3aHHOE - Ha MPUMepe, eCTECTBEHHO.

CN—



3aknoyeHne

Mbl 3HaeM, YTO Y apryMeHTOB (OYHKLMIA MOryT ObITb 3HAUYEHWS MO YMOMYaHWIO.
Bonee Toro, Mbl 3TOl 0COBEHHOCTLIO (PYHKLMIA He pa3 Nnosb3oBancb. Paccmo-
TPUM (QYHKLMIO CO CNesyroLww M nporpaMMHbIM KOAOM:
def f<A=[0]):

A[0]+=1

return A[0]

3pecb y pyHKunmM f () 06bABNEH OAUH apryMeHT A, Yy KOTOPOro ecTb 3HaYeHue
M0 YMOJTHaHMIO - 3TO cnucoK [0], cocToALwMiA BCEro U3 OAHOT0 3/1eMeHTa (4MCo
0). B obLiem crnyyae npegnonaraeTcs, UTo aprymeHT A yHKuum f () - cnncok. B
Tene PYHKUMN KOMaHZOM A [0] +=1 Ha efMHULY YBeIMYMBAETCA 3HAYEHME nep-
BOr0 3/1EMeHTa B CNIUCKE, NepejaHHOM aprymeHToOM (hYHKUUKW. ITO HOBOe 3Hauye-
HU1e 3/leMeHTa BO3BpaLLlaeTCcsa Kak pe3ynbtaT hyHKUMK.

Uero MOXXHO 0XKMAaTb OT TaKoi yHKUUM? MOXHO 0XugaTb, YTO CMIMCOK, Nepe-
[aHHbI aprymMeHToM (yHKUMK, ByeT M3MeHeH. 3TO AeiCTBMTENbHO Tak. Ha-
npuMep, ecsiv CNUCcoK B= [10,2 0, 30], TOo pe3y/ibTaToM BblipaxkeHusa f (B) OyaeT
ymncno 11, a CNMCOK B Mocne BbIMOSIHEHNA KOMaHbl 6yaeT paseH [11,20, 30]
(TOYHee, NepeMeHHas B ByfieT CCbINaTbCA HA TaKOW CNNCOK). TakXe MOXHO 0XW-
[aTb, YTO eC/N Mbl BbI30BEM PyHKUMIO f () 6€3 apryMeHTOB, TO pe3y/nibTaToM by-
JeT uncno 1. 3To Tak. Ho To/bKo nepBbIii pas. Ecam Mbl ewe pas BbIYUC/IMM Bbl-
paxkeHue f (), B pe3ynbTaTe Nonyynum 3HayeHuwe 2, 3aTeM - 3Ha4eHUe 3, U TakK
fanee. XKenarowime MOryT npofenarb 3KCNepuMeHT: Mocsie onucaHua QpyHKLUn
f () BbINONHUTL ONepaTop UukKna
for s in range (10):

print(f(),end=" ")

B pesynbTaTe B obnactu BbIiBOA4a NMNOABUTCA CTPOKa U3 AeCATU HaTypas/ibHbIX Y-
cen

123456 789 10

TakuM obpasom, 6yayun Bbi3BaHHas 6e3 apryMeHToB, PyHKUmMs f () Kaxgblii pas
BO3BpaLLlaeT HOBOE 3HaYeHne - Ha eAnHNLY 6onblue npeablgyulero. B yem npum-
yYMHa? A NpuYMHa B3HAYEHMM N0 YMONYaHUIO 418 aprymMeHTa hyHKunn. Ecnm 60o-
lee KOHKpPeTHO, TO NPOUCXOANT cneaytoLlee. MNpu co3gaHnm o6bekTa 418 QyHK-
umm f () B NaMATK BbIAeNAETCA MECTO Moj CNUcoK [0]. OTO Kak Obl 3HaYeHMe
aprymeHTa no ymosnyanuio. ""Kak 6bI' - N0OTOMYy 4TO Ha CAMOM flef1e 3HaYeHeM no
YMOTHaHWIO ABMISIETCA CCbI/IKA Ha CMMCOK. JTa CCbl/IKa OCTAETCA HEM3MEHHOI OT
3anyckKa K 3anycky yHKumMn. Ho cam CnMcoK MeHSETCA KadKablli pas, Korfja Bbl-
3bIBaeTCa PyHKUMA. OTCIO4a 1 TaKol HEMHOI0 HEOXXMAAaHHbIV pe3ynbTaT (XOTS
BMOJTHE SIOTUYHBIi, €C/TN BO BCEM pa3obpaTbes).

@=C)
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Cnepyowaa nnnoctpauma 6yneT CKopee 0 TOM, KakK Npu cocTasBfieHWu npo-
rpamMMHbIX KOZOB Ha A3blke Python BHOCUTbL B npouecc "TBOpPUYECKOe Havano".
WTak, ponyctum, nMeeTcs onucaHue aAsyx knaccos. Knacc A:

class A:
def show (self):
print ("31o knacc A!")
B aTom knacce Bcero ognH metog show (), KOTOpLIM OTOGpaxaeTcsi COO6WeHVe -
UTo KacaeTcs Kacca B, TO OH NpakTUYeCcKn Takon xe, Kak 1 Kriacca A

class B:
def show (self):
print("3to knacc B!")

MMa Knacca - 3T0 Ha caMOM flefie MepeMeHHas, KoTopas CCblaeTca Ha 06bEeKT
Knacca. Ha 06beKT kfacca MOXeT cCblnaTbCa 60/blUe, YeM OfHA NepeMeHHas.
Hanpumep, 3akoHHO ABnseTca komaHaa MyClass=A. B pe3ynbTate nepemMeH-
Hag MyClass 6yfeT ccbinaTbCd Ha TOT e 06beKT Knacca, YTo U nepemMeHHas
A.Apyrumu cnosamu, nepemeHHas MyClass asnsetcs "CMHOHUMOM" Ha3BaHMWA
Knacca A. Tenepb nyTeM HacnefoBaHna co3faemM Knacc Stranger:

class Stranger(MyClass):
def show(self):
MyClass.show (self)
print("Knacc Stranger!")

34ecb ABe ocobeHHOCTU. Bo-nepBbiX, B KayecTBe MMeHU 6a30BOro Kiacca Mol
yKasanu nepemeHHyto MyClass, a He A. Bo-BTopbIX, Npy nepeonpegeneHun me-
Tofia show () B Knacce Stranger Bbl3biBaeTCs BepCUA 3TOro MetToja U3 6a3oBo-
ro Kfiacca, npuyem B CCbl/IKe HA 3TOT MeTOZ ABHO YKa3aHo uMsa knacca MyClass.

[anee komaHgoii obj=Stranger () cos3gaem a3k3emnasp obj knacca
Stranger. Ecnu nocne 31oro BbiNoAHUTL KomaHgy obj . show(), pesynbTa-
TOM OYAYT Takue CoobLeHNs:

310 Knacc Al
Knacc Stranger!

A 3aTem Mbl BbiNo/HAeM KoMaHAy MyClass=B, KOTOpoii cCbisika B NepeMeH-
Holi MyClass ¢ o6bekTa knacca A nepebpacbiBaeTcq Ha 06bekT knacca B. Mo-
Cne NpojenaHHbIX MaHUNynaunini pesynbTaToM KomaHabl obj .show () 6yayt
coobuweHns

310 Knacc Bl

Knacc Stranger!

)Kenalou.wle MOryT nogymatb, MOYEMY TaK MPOUCXOONT. Bo3MoXHO, B npouecce
MOMCKOB OTBETAa Ha 3TOT BOMNPOC YMNTATENb HaﬁAeT onsa cebs UTO-TO HOBOE U UH-
TEPECHOE. Be,qb MONCK OTBETOB Ha BOMNPOCHI -I'Iy'-lLIJVII7I nyTb Ana camopasBuTuA.



MN3paTenscTBO ""Hayka 1 TexHuKa''peKomeHayeT:

CamoyumnTens C++ ¢ 3agadamu 1 npmmMepamu. 6-e nsgaHue (nepepabotaHHoe 1 06-
HoBneHHoe). KHura + BupTyanbHbiii CD. — CI16.; Hayka n TexHuka, —480 c., un.

[JaHHas KHUra siBNsieTcs LLUECTbIM M3aHWeM NPEBOCXOAHOT0 U 3(h(heKTUBHOI0 yHe6HOro Moco-
6us, NpefHa3HaYeHHOr 0 A1 3YYeHNs A3blKa NporpavMmypoBaHus C++ ¢ Hyns 1 YA0BNeTBO-
PAIOLLEr0 CaMbIM NOCNeAHUM cTaHaapTam (C++ 17 n C++ 20). KHuira sagyMbiBanach, ¢ 0HOI
CTOPOHbI, KaK Moco6ye 415 TeX, KTO CaMOCTOSITE/IbHO U3Y4aeT si3bIK NPOrpaMmMmpoBaHmnsi C++,
a ¢ Apyroi, oHa MOXET BOCMPUHUMATLCS KaK NIEKLUMOHHBIA Kypc ¢ MPoBeAeHMEM NpaKTuye-
CKMX 3aHATUIA. KHUra cofep>XmnT NosHbIv Habop CBEAEHUIA O CUHTaKCMCe U KOHLEMNLMK A3blKa
C++, He06X0AMMbIN [NA YCMELLHOr0 aHanm3a 1 cocTaBeHUst ApeKTUBHBLIX NPOrPaMMHbIX
KofoB. MaTepuan KHUIMM usnaraeTcsi Noc/es0BaTe/lbHO M COMPOBOXAAETCS 60MbLUMM KONnye-
CTBOM HarnsifHbIX NPUMePOB, Pa3HOMIAHOBbLIX MPaKTUYECKUX 3afjay U JeTaslbHbIM pPa3bopom
NX peLleHuid. K Kaxxgomy pasgeny npunaraetcs o6LUMPHbI CIMCOK 3adad 415t CamMmoCTOosATe b-
HOFO peLUeHNs], a TakKe KOHTPO/IbHbIe BOMPOChI (0TBETHI HA KOTOPbIe pa3meLLieHbl Ha BUPTY-
abHbIN CD).



KHUXHbIN MmarasuH

n3pgatenbcTBa «Hayka n TexHuka»
npurnawaeT 3a NoKynkamm

W wWes m

Mpennaraem LWNPOKNIA aCCOPTUMEHT
TEXHUYECKOMN NnTepaTypbl BeayLwmx
nsgartenbcTB (6onee 2000 HaMMeHOBaHWUIA):

* KomnbloTepHaa nutepartypa

* PagonoanekTpoHukKa

* TeneKkoMMYHUKaLnmnm N cBA3b

¢+ TpaHcnopT, CTPOUTENbLCTBO

e HayuyHo-nonynsapHaa megunuyunHa,
negarorvka, rncuxosnoruns

b UeM npuBnekaTesieH Haw MarasmH:

* HNU3KNE LEHbI;
e e)XegHeBHOE NOMoJIHEHNE aCCOPTUMEHTA;
* MONCK KHUT Noj 3aKas;
e 06CNny)>XMBaHMe 3a Ha/IMYHbI
n 6e3HaNnYHbIN pacyer;
e rmbkasi cuctema CKMAoK;
e KOMMNJIeKTOBaHUe 6nbnnoTek;
* ob6ecrneyvyeHune WKON y4HebHNKaMU
no nHpopmaTtmnke;
e BO3MOXHa gocTaBKa.

Haw aflpecC: r. Cankt-MeTtepbypr
np.WAxom;kc1*Oppmbig. 107

CT. MeTpO Ennsaposckas B ai

CnpaBKkn 0 HaAN4YnUM KHUTr no Ten. 412-70-26

E-mail: admin@nit.cofn.ru
(paccblifika acCOPTUMEHTHOTO nparic-nncTa nNo 3anpocy)

Mol pa6otaem ¢ 10 fo 19 yacos 6e3 06ea 1 BbIXOAHbIX
(B cy660TY M BOCKpeceHbe 0 18 vac)
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M3paTenscTBo «Hayka 1 TexHuka»

KHUT MO KOMMBKOTEPHBLIM TEXHOJTOTNAM,
MEAOWNUNHE, PAOVNO3NMEKTPOHUKE

YBaXkaemble yutaresnm!

KHuru nsgarenscrea «Hayka 1 TexXHnka» Bbl MOXETe:
> 3aKasartb B HawleM nHTepHeT-marasnHe BE3 MPEAOIM/IATbLI no OMNTOBbIM ueHam

WwWWw.nit.com.ru

* 6onee 3000 NyHKTOB Bblgaun Ha TeppuTopun PP, foctaska 3—5 aHell
« 6onee 300 nyHKTOB Bblgaun B CaHKT-MeTepbypre n MockBe, AOoCTaBKa — Ha cneaylownii AeHb

Cnpasku nsakas:

« na caiire WWWW.NIL.COM.IU
+ no Ten. (812) 412-70-26
¢ Mo 3. nouTe nitmail@nit.com.ru

> Npuo6GpecTn B MarasuHe U3gaTesibCTBa no aapecy:

CaHkT-lMNeTepbypr, np. O6yxoBCKO 060pPOHbLI, A4.107
M. Enusaposckas, 200 m 3a K um. Kpynckoii
ExepgHeBHo ¢ 10.00 go 18.30
CnpaBku 1 3akas: Ten. (812) 412-70-26

> npuo6pecTy B MoCkBe:

«HOBBbI KHWXHBbI» CeTb MarasnHos
TA, «<BUBJTNO-TNOBYC»

MockoBckuii flom KHuru,
«[IK Ha HoBoM Apb6aTte»

MockoBckuii jlom KHuru,
«[JOM TEXHNYECKO KHUTU»

MockoBckuit flom KHurm,
«[JOM MeAVNLINHCKOM KHUT»

Aom kHurn «Monogas reapausi»

Ten. (495) 937-85-81, (499) 177-22-11

yn. MacHuukas, g. 6/3, ctp. 1, c1. M «Jly6siHka»
Ten. (495) 781-19-00,624-46-80

yn. HoBblii Ap6ar, 8, cT. M «Ap6aTckas»,

Ten. (495) 789-35-91

JIeHWHCKMIA np., A.40, cT. M «JTIEeHUHCKNIA Np.»,
Ten. (499) 137-60-19

Komcomonbckuii np., 4. 25, cT. M «®pyH3eHcKan»,
Ten. (499) 245-39-27

yn. B. MonsHka, a. 28, cT1p. 1, cT. M «[lNonsHka»
Ten. (499) 238-50-01

> npuobpecTtn B CaHkT-MeTepbypre:

CaHkT-MNeTepbyprckuii Jom KHurn
Byksoep, CeTb MarasvHoB

Hesckuii np. 28, Ten. (812) 448-23-57
Ten. (812) 601 -0-601

> npuo6pecTu B pervoHax Poccuu:

r. BopoHex, «AmuTanb» CeTb MarasvHos

Ten. (473) 224-24-90

r. EkatepuHbypr, «[Jom KHurn» CeTb Mara3uHoB Ten. (343) 289-40-45
r. HwkHuii Hosropog, «JoM KHurn» CeTb MaraswHoB Ten. (831) 246-22-92
r. BnaamBocToK, «[JOM KHUrM» CeTb MarasvHoOB Ten. (423) 263-10-54

r. IpkyTcK, «Mpoganmtb» CeTb MarasvHoB

Ten. (395) 298-88-82

r. OMCK, «TexHn4yeckas KHura» yin. MylwkunHa, 4.101 Ten. (381) 230-13-64

Mo paap| coTpyaHyecTBy ¢ Bav!
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Bacunbes A. H.

MpakTuyecknii Kypc nNo nporpamMmmMumpoBaHn0

3-e nsgaHune

B 3Toil KkHUre peub OyAeT MATM O TOM, Kak NUcaTb NPOTrpPaMMbl Ha A3blke
nporpamMMupoBaHNs, KOTOPbI HasbiBaeTcss Python (NpaBu/ibHO uuTaeTcs Kak
naToH, HO 06bIYHO Ha3BaHWE $3blka YWTAKT KaK MUTOH, UYTO TOXE BMOJSIHE
npuemnemo). Takum o6pas3omM, pewath OyAem [Be 3afjauu, ofHa W3 KOTOPbIX
npuopuTeTHas, a BTopasi, XoTs ¥ BCNoMoratesibHasi, Ho 0CTaTOYHO BaxHas. Hawa
OCHOBHas 3a/laya, KOHEUYHO Xe, U3yUYeHne CUHTaKcuca sidbika NporpaMMypoBaHuns
Python. MapannensHo Mbl 6yaem ocBauBaTb NpoOrpaMMupoBaHve Kak TakoBOE,
SIBHO W/ HESIBHO MPUHMMAasi BO BHUMMaHWe, 4TO COOTBETCTBYHLLME aJITOPUTMBbI
npegnosaraeTcs peasiM3oBbiBaTh Ha A3blke Python.

BONbWMHCTBO aBTOPOB KHUT B CBOMX TpyAax paccMaTpuBaloT TeopeTuuyeckue
OCHOBbI A3blKa W YAENSI0T OCHOBHOE BHMMaHMe 6a30BOMY CUHTAKCUCY A3blKa, He
paccMaTpuBasi Npu 3TOM MPaKTUYECKYH CTOPOHY €ro NprMeHeHus. 3Ta Xe KHura
cTapaeTcss BOCMOJIHATL HEAOCTATOK MPakTUYECcKOro MmaTepuana, COAEPXUT
MHOXECTBO NPYMEPOB C KOMMEHTapUsMU, KOTOpPbIE Bbl CMOXeTe UCNOo/b30BaTh B
KauecTBe OCHOBbI CBOMX MPOrpPaMMHbIX pPeLleHuii, nsyuenuns Python.

MaTepuan KHUIM u3naraetcs noc/efoBaTe/lbHO W CONMPOBOXAAETCSH 6GO/bLIMM
KO/IMYECTBOM HArfsiiHbIX NPYMEpPOB, Pa3HOMNMAHOBLIX MNPAaKTUYECKUX 3ajady u
JeTanbHbiM pa3éopoM UX pelleHuii.

M3parenscteo "Hayka n TexHuka
r. CaHkT-MeTepbypr

[ns 3akaza KHur:
(812)412-70-26

e-mail: nitmail@nit.com.ru
Www. nit.com.ru
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