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3HakomcTBO ¢ Python

Bo scem ecmb c8os Mopany, HYMHO MOLKO
ymemnw ee naumu!

JI. Kappoan "Anuca 6 cmpane wydec”

B 3T10it KHure peub GydeT UATH O TOM, KaK MKMCATh MPOrPAMMBbI Ha SI3bIKE MPO-
rpaMMKPOBaHUs, KOTOPbIi HasbiBaeTcst Python (mpaBusibHO uMTaeTcst Kak mai-
TOH, HO OOBIYHO Ha3BaHHeE SI3bIKA YUTAIOT KAK IMTOH, YTO TOXKE BIIOJIHE IPHUEM.JIE-
mo). Takum o6pasoM, pematb GyneM [Be 3alauy, OfHA U3 KOTOPHIX TPUOPUTET-
Has, a BTOpasi, XOTsI U BCIIOMOTaTeJIbHAs, HO IOCTaTOYHO BaxkHasi. Hama ocHOB-
Has 3aJjaya - KOHEYHO XXe, U3yuyeHUue CUHTAKCHUCa S3bIKa MPOrpPaMMHUPOBAHUS
Python. [TapaniensHo Mbl 6y 1eM 0OCBaMBaTh a3bl IPOrPAMMHPOBaHUSI, IBHO UJIH
HESIBHO IPUHKUMAs BO BHUMAaHHe, YTO COOTBETCTBYIOIIME aJTOPUTMBI ITPeIoJIa-
raeTcsi peajiM30BbIBaTh Ha si3bike Python.

£ Hasametky

Jaxe ecnm y watatens ecTb ONbIT NPOrPaMMUPOBaHUS HAa APYrvx A3blkax, He cneayet
OTHOCUTBCS NOBEPXHOCTHO WM NpeHebpexXmnTeNbHO K NPOLLECCY NOCTPOEHUS anropuT-
Ma nporpammel. [lpaBuna xopoLlero ToHa B NporpaMMMpoBaHn NOAPa3yMeBaloT, YTO
HanncaHwe NPorpaMMbl Ha4MHaAETCs 3aA0ro A0 Habopa NPOrpaMMHOro Koaa. XopoLo
B35iTb NUCT 6Gymaru n HabpocaTb 06LLyto CxeMy Toro, kak 6yAeT BbINONHATLCA NPOrpam-
Ma. A 4na 3TOro Npouenypy peweHns 60nblUOA U CNOXHOK 3anayuv cnepyeT pa3dutb
Ha NnocnenoBaTeNbHOCTbL NPOCThIX AeiCcTBUA. C OAHOM CTOPOHLI AaHHbIA NPOLECC YHU-
BepcanbHblii. C Apyroi CTOPOHbI, Te 3aA4a4M, KOTOPbIE Mbl HA3BaAW Bbile "NPOCTbIMKU ",
pelalnTcs nocpeacTBoM 6a30BbIX KOMaHA v GYHKUMIA A3blka NPOrpaMMUpPOBaHNS,
Ha KOTOPOM NpeAanoJsiaraeTcs COCTaBNsATb Nporpammy. MoatoMy 06ayMbIBas anropuTMm,
NONHOCTbIO aBCTParMpoBaTLCA OT KOHKPETHBLIX BO3MOXHOCTEN 13blka NPOrpaMMnpoBa-
HWSA BPSIA NN yAacTCs. YunTbiBas xe rubkocTtb n adpdEKTUBHOCTb i3blIka NPOrpaMMmnpo-
BaHusa Python, cnegyeT npyM3HaTh, 4TO anropuTMbl Aaxe Ans "knaccmyeckux” 3aaay npu
peanu3aunn Ha Python cTaHOBATCS NpoLe u noHATHee. [lpyrumMu cnosamu, aaxe ecnm
yuTaTenb UMeeT ONbIT COCTaBNEHUS anrOpUTMOB, 3HAKOMCTBO C SI3bIKOM NPOrpaMmu-
poBaHus Python no3BonMT eMy NOCMOTPeTb Ha MHOIrMe 3HAKOMbIE BELLW COBEPLUEHHO
NO-NHOMY.

Boobiiie, s13bIKOB IPOrpaMMHPOBaHKsI JOBOJIBHO MHOTO. BoJiee Toro, Bpemsi ot
BPEMEHHU MOSIBJISIOTCS] HOBBIE 53bIKU. [103TOMY ecTecTBEHHBIM 00pa3oM BO3HU-
KaeT Bonpoc: noueMy mMerHo Python? Haur oTBeT 6y et cOCTOSITh U3 HECKOJIb-
KUX IIyHKTOB.

* S3bik mporpammupoBanusi Python - s3bIK BHICOKOTO yPOBHS, JOCTATOY-
HO "MOJIOJION", HO OY€eHb MOITYJISIPHBIM, KOTOPBIi yKe ceifuac MUPOKO KC-



M0JIb3y€ETCsI Ha MpaKTHKe U cdepa npuMeHenus Python mocrosiHo pac-
IIUPSIETCS.

0 Hasametky

Mo OTHOLWEHWIO K A3blkaM NPOrPaMMUPOBAHUSA HEPEAKO NPUMEHSIIOT Takue Bbipaxe-
HWS, KaK 13bIK BLICOKOIO YPOBHS, A3bIK CPEAHEr0 YPOBHS UNN A3bIK HU3KOIO ypOBHS. 3Ta
Kknaccudukauus AOCTaTO4HO YCNoBHas M 6asupyeTcs Ha ypoBHe abCcTpakumm A3bika.
Be b A3biK, HA KOTOPOM pa3roBapuBaloT NI0AN, HEMHOMO OTANYAeTCs OT TOro "a3bika”,
KOTOPbIA "NOHUMAIOT" KOMNbIOTEPLI. KOMaHAaa, HanMcaHHasa Ha NPOCTOM YEeI0BEYECKOM
a3blke, 6yaeT coBepLeHHO HeNpUeMnemon ana komnelotepa. KomaHaa, rotosas K uc-
NOSIHEHNIO KOMMNBLIOTEPOM (MALWMHHBLIV KOA,), 6yAeT HENOHATHOK Ans 60nbLIMHCTBA NPO-
CTbIX CMepTHbIX. Mo3TOMY BbibUpaTh Nnpuxoantcs mexay Cumnnoit n Xapubpgoii. MNpo
A3bIKW, OPUEHTUPOBAHHLIE HA NPOrpPaMMmNCTa, rOBOPST, YTO 3TO A3bIKU BLICOKOIrO YPOB-
HA. PO f3bIKK, OPUEHTUPOBAHHbLIE HA KOMMbIOTEP, MOBOPST, YTO 3TO A3bIKW HU3KOrO
ypoBHs. [poMexyToyHas rpynna s3blIkOB Ha3biBaeTCA A3blkaMu CpeaHero ypoBHs. XoTs
ele pa3 noAYepKHEM, H4TO AefleHne 3TO 4O0CTaTOHHO YCI0BHOE.

* Cunrakcuc s3bika Python munmmanucruveckuii u rubkuit. Ha atom
s13bIKe MOKHO COCTaBJISATh IPOCTBIE U 3 PeKTUBHBIE IPOTPAMMBI.

e CranpaprHas 6u6IMOTEKA [JIST ATOTO S3bIKA COAEPIKUT MHOXKECTBO TI0-
JIe3HbIX QYHKIMH, YTO 3HAYUTETBHO 00JIErYaeT MPOLeCC CO3AaHUS IPO-
IPaMMHBIX KOJIOB.

e d3bix Python moanepxuBaer HecKOJBKO MapajurM IPOrpaMMHPOBa-
HHUS, BKJII0OYast CTPYKTYPHOE, 00beKTHO-OPHEHTHPOBAHHOE U QYHKIIHO-
HaJIbHOE ITporpaMMupoBaHue. V 3To najiexo He MOJIHBIN CIIUCOK.

« SI3bik Python BrmosiHe yaauHbiii BBIOOp /IS TIEPBOTO sI3bIKA IIpU 00y Ye-
HWMH [IPOrPAMMHUPOBAHUIO.

CyluecTBYIOT ¥ MHbIE TIPUYMHBI K TOMY, YTOOBI BBIYYUTD S3bIK IPOrPAMMHUPOBA-
Hus Python - Bo3MOXXHO, Jaxe BecoMee TeX, UTO MepeyucieHbl Boime. O HEKO-
TOPBIX MBI elile 6y 1eM TOBOPUTH (B KOHTEKCTE OCOOEHHOCTEH S3bIKa IIPOrPaMMHU-
posanus Python). Bo BcsikoM cayyae, 31ech 6yaeM UCXOAUTH U3 TOTO, YTO YUTA-
TeJb A4S cebst pemeHue 06 u3ydeHnH s3bika Python mpuHsit, wim, mo kpaiiHeit
Mepe, IPOSIBJISIET UHTEPEC K 3TOMY S3bIKY IIPOrPaMMUPOBAHUSI.

) Has3sametky

MNapapaurma nporpamMmMupoBaHus - 3To Hanbonee obLas KoHUenums, KoTopas onpeae-
nset pyHaaMeHTanbHble XapakTePUCTUKU 1 6a30Bbie METOAbI peann3aumm NporpamMm-
HbIX KOAO0B. Hanpumep, napaaurma 06 bekTHO-0pPUEeHTNPOBAHHOMO NPOrPaMMUPOBaHNS
(cokpauwieHHo O0IM) nogpasymeBaeT, YTO NporpaMma peanmayeTtcs Yyepes3 Habop B3aun-
MOAeCTBYIOWMX 06LEKTOB, KOTOPLIE, B CBOIO 04epe b, 06bIYHO CO3AaI0TCA HAa OCHOBE
Knaccos. B pamkax cTrpykTypHOro nporpaMMmMpoBaHusi NnporpaMmMa npeacTaBnseT co-
6011 KOMBUHaLMIO AaHHbIX U Npoueayp (yHKUMIA) Ans ux 06paboTkn. A3bIK MOXET NOA-
[epxuBaTbh Cpady HECKOMbKO napaaurm. Tak, a3biku Java u C# nonHocTbio 06BbEKTHO-



BBseaenue

OPVEHTMPOBAHHbLIE, NO3TOMY A1 HANUCAHUSA CaMOW MaJIeHbKOW NPOrpaMMbl Ha 3TUX
A3blKax NPUAETCa onucaTb Kak MMHUMYM OAuH knacc. B a3bike C nopaepxusaeTcs na-
pagurma CTpyKTYPHOrO NPOrpaMMmpoBaHns, NO3TOMY KaccoB n 06bekToB B a3bike C
HeT. 3aT0 OHU ecThb B A3blke C++. MNocnegHuii noaaepxuvsaeT Kak napaaurMy 06bekTHo-
OPUEHTMPOBAHHOMO NPOrPaMMMpPOBaHUS, Tak U NapagurMy CTPYKTYPHOro NporpaMmmm-
posaHus. Kak cneactene, npu paboTe ¢ 93bikoM C++ knaccbl  06bEKTbI MOXHO UCMOb-
30BaThb, @ MOXHO U HE UCNOJIb30BaTb - B 3aBUCMMOCTM OT NOTPeBHOCTEN NporpaMmm-
cTa u cneundurku pelsaemMoirt 3agaqn. 31O Xe 3aMedyaHne 0THOCUTCA K A3biky Python:
C 0HOM CTOPOHbI, NPU HanNnUcaHuM Nporpammbl Ha a3bike Python y Hac umeeTcs BO3-
MOXHOCTb NPUBErHYyTb K MOLLHOMY apceHany 06beKTHO-OPUEHTUPOBAHHOIO NPOrpam-
MWUPOBaHUS, a C A4PYroi CTOPOHbI, YaCcTo HbIBAIOT NPUEMIEMbBIMUN N METOAbI CTPYKTYPHO-
ro NPorpaMmmMunpoBaHus.

CywecTByIoT U Apyrue, 6osiee yTOHYEHHblE KOHLENIUU HPOrPAMMHUPOBAHHUS.
CxaxxeM, mapaaurma (hyHKIMOHAIBPHOTO IPOrPAMMUPOBAHHUSI MOAPa3yMeBaeT,
4TO pe3yJsbTaT QYHKUHMU B MPOrpPaMMe OMNPeessieTCs] UCKIIOYUTE..bHO 3HAYe-
HUSIMU apryMEHTOB, TlepeaHHbIX GYHKIWHY, U HE 3aBUCUT OT COCTOSIHMSI BHELI-
HUX ([0 OTHOIIEHHUIO K pyHKIMK) nepeMeHHbIX. COOTBETCTBYOIINE DYHKIUH
TNIPUHSITO HA3bIBATD YUCMbIMU QYHKUUAMU, 1 OHU OOJANAIOT PSIIOM IIOJIE3HBIX
CBOWCTB, MO3BOJISIIOIUX CYIECTBEHHO ONMTHUMH3NPOBATh U YCKOPUTh BHIYUCIIHU-
TEJIbHBIIA [polecc. ITa KOHIEINIHs, KaK U PSI APYTUX, HAXOASAT Peaau3aluio B
si3pike Python.

[lanee 06Cy 1M HEKOTOPBIE BaXKHbIE MOMEHTHI U "TOJBOAHBIE KAMHU", KOTOPBIE
MOTYT BCTPETUTHCS HA, MECTAaMU TPYAHOM, HO BCe ke UHTEPECHOM U yBJIEKATeb-
HOM IIyTH OCBOEHHUSI HOBBIX BEPIIMH B TPOTPaMMUPOBaHUM.

KpaTtkaa ncropmsa n ocooeHHoCcTH a3blka
Python

Cepvé3noe omnowenue K uemy 6vL mo Hu 6vui0 6
IMOM MUpe A8NAEMCS POKOBOU OUUOKOI.

JI. Kappoan "Aauca 6 cmpane uydec”

Y s3bika Python ects aBtop - I8udo éan Poccym (Guido van Rossum). U xotst
B pa3paboTKe U MOMyJISPU3aliy A3bIKa Ha JaHHbIA MOMEHT YCIIEJIO MOYYacTBO-
BaTh MHOTO TaJIAHTJIMBBIX Pa3paboTYMKOB, UMeHHO [BiI0 BaH PoccyM moxxuHa-
€T 3aCJIy>KEHHbIE JIABPbI CO3/1ATEJISI 3TOTO IEPCIIEKTUBHOTO M MOMYJISIPHOTO S3bI-
Ka nporpaMMmupoBanust. Boobiie xe pabota Haja si3bIKoM Havasach B 80-x rozax
npouuioro crojyietusi. CUuTaeTcs, UTo nepBasi Bepcusi si3bika mosiBusiach B 1991
rony. KacarenpHo Ha3BaHus si3biKa nmporpammupoBanusi Python, To dopmasib-
HO 3TO Ha3BaHue penTuaruu. COOTBETCTBEHHO, OOBIYHO B KAYECTBE JIOTOTHIIA UC-
MOJIb3yeTCst MUJIasl (MJIM He OYEHD) 3MeIoYKa TUMa "muToH". M XoTs npakTuye-



cku Joboe yuebHOe WK CIIpaBoYHOE 1mocobue 110 sA3bIKy Python cogepxur mo-
BECTBOBaHHE O TOM, YTO Ha camoM zene Python - aTo He "muToH", a Ha3BaHUE
foMopucTuieckoii mepeaauu "Jleratomuit nupk Mountu [laiiToHa", as1s uctopun
3TO y’Ke He BaXKHO.

(1) HasameTky

YMeCTHO BCNOMHUTL CnoBa KanutaHa BpyHrens: "Kak Bbl sXTy Ha30BeTE, Tak OHa U Nno-
nnbiBeT". Y A3bika NporpaMmmmnposaHma Python goctatoyHo arpeccusHoe Ha3saHue, u,
Hafo Npu3HaTb, 3TO Ha3BaHue cebs onpasabiBaeT. ApryMeHTOM K TakoMy yTeepxae-
HUIO MOXET BbiTb Kak rMbkocTb U 3¢dHEKTUBHOCTL CaMOro A3bika, Tak U Ta BbIcTPOTa, C
KOTOPOV OH 3aBoeBan cebe "MecTo nog conHuem” cpeay Hambonee NONyNSAPHbIX A3bI-
KOB NPOrpaMMmnpoBaHus.

SI3bix Python 6ypHo pa3BuBaercsi. ITOMY COCOOCTBYET HE TOJIBKO JOCTATOYHO
yaayHasi KOHIIEMIUs sI3bIKa, HO Tak)ke chOpMHUPOBaBILEeCs: CIIOYEHHOE CO00-
IECTBO Pa3paboOTYMKOB U MOILYJISIPU3aTOPOB si3bika. HemasioBaxkeH u TOT (axr,
4TO HEOOXOQMMOe MPOrpaMMHOe obecrieyeHue, BKIoYast cpelibl pa3paboTKu, B
OCHOBHO# CBoeit Macce GecriaTHbl. Bce 3TO JaeT OCHOBaHHSI paccMaTpUBaTh
Python B kayectBe oxHOro U3 HanboJIEE TEPCIIEKTUBHBIX SI3BIKOB MPOrPAMMHU-
POBaHMSI.

Ha ceropusimnmit nens Python ucnosib3yertcs npu pa3paboTke caMbIx pas3Jiny-
HBIX TIPOEKTOB, CPEJX KOTOPBIX:

» paspaboTka cluieHapues aJs pabotel ¢ Web u Internet-npusioxeHuss;
*  CeTeBOe IPOTrPaMMUPOBAHHUE;
e cpeacrtBa nojaepxka rexHosoruit HTML u XML;

*  OpUIOXKEHHS AJas paboThl € 3JIEKTPOHHOM IIOYTONM M IOAJAEPKKH
Internet-mpoToK00B;

*  MPWIOXKEHHUs AJIs1 00CTyKUBAHUST BCEBO3MOXKHBIX 6a3 IaHHBIX;
*  [IpPOrpaMMBbI 1151 HAYYHBIX PACYETOB;

*  MPUJIOXKEHUS € rpaduUecKuM HHTEPdeiicoM;

*  CO3JaHME UT'P ¥ KOMIIBIOTEPHOI rpaduKy,

¥ MHOTroe Ipyroe. PadyMmeeTcs, 0XBaTUTb BCe 3TU TeMbI B OJJHOI KHUTe JOCTATOY-
HO cJI0kHO. /la MBI ¥ He CTaBUM Mepes co6oii Takoit esiu. TeM He MeHee, Aaxke HA
OTHOCHUTEJIbHO HEOOJIbIIOM KOJHUYECTBE HECJIOXKHBIX TPUMEPOB BIIOJHE MOXHO
IIPOZIEMOHCTPHPOBATD 3JIETAHTHOCTb U UCKJIIOYUTENbHYI0 3 DEKTUBHOCTD S3bI-
ka Python. 9TuM, co6cTBEHHO, MBI U 3aiiMEMCSI B OCHOBHOM YaCTH KHUTH - TO



Beepenue

ecTb HeMHOro mo3xe. Ceifuac 06Cy MM OCOOEHHOCTH U HEKOTOPbIE "TeXHUYE-
CKMe" MOMEHTBI, KOTOPbIE Ba)KHbI JJIsi IOHUMAHUsI OCHOB MPOrPaMMHUPOBAHUS
Ha Python.

S3bik Python otHocuTcst K unmepnpemupyempin i3bIKaM IPOrPaMMUPOBAHUS,
YTO MMeET OTpeesieHHbIe mocecTBUst. DOpMabHO TO, YTO S3BIK TPOrPAMMU-
POBaHUSI MHTEPIPETUPYEMBIiA, 03HAYAET, YTO IIPOTPAMMHBINA KO/ BBITOJTHSETCS
C TIOMOIIBIO CelaIbHON nporpaMmMbl. [Iporpamma Ha3bIBaeTcst unmepnpema-
mopom. VIHTepripeTaTop BBIMOJIHSET MPOTPAMMHBIN KO/ IIOCTPOYHO (C TpeaBa-
PUTEbHBIM aHAJM30M BBINOJHsIEMOro koja). HemocraTtok Takoro moaxona co-
CTOUT B TOM, YTO, BO-TIEPBBIX, OIIMOKHU BBISBJISAIOTCS (haKTHYECKHU HA TAlle BbI-
MIOJIHEHUS TIPOrPaMMBI U, BO-BTOPBIX, CKOPOCTb BBIITOJTHEHUSI TPOTPaMMbl OTHO-
cuTesbHO HeBbicOKasi. [I0aTOMy Hepeako UCHoJb3yeTcsi 60Jiee CI0XKHAS CXeMa:
HCXOIHBIN MPOrpaMMHBIN KO KOMIIMJIMPYETCS B IPOMEXYTOUYHBIN KOJ, a yxke
3TOT MPOMEXXYTOYHBINA KOJ] BBIIIOJTHSIETCS] HETIOCPECTBEHHO HHTEPIIPETATOPOM.
B 3ToM ci1yyae CKOpPOCTD BBITIOJIHEHUS [TPOrPaMMBbI yBeJINYUBAETCs, HO BMeCTe C
Hell yBeJIMYUBAETCS U 3alIPOC Ha CUCTeMHBIe pecypchl. [IpuMepHo 1o Takoii cxe-
Me BBIMOJTHSIETCS TPOrPaMMHBI KOJI, HallMCaHHbIH Ha s13bike Python.

3 Ha3ametky

HanoMHWM, 4TO NOMWMO MHTEPNPETUPYEMbIX, CYLLECTBYIOT KOMIMU/IMPYEMBbIE A3bIKN
(umeeTcCs B BUAY KOMNUAALMA B MALLWHHBIA KOA4). B 3TOM Cnyyae ucxoaHbIn nporpamm-
HbIW KOO, KOMNUAMPYETCHA B NCNOSHUTENbHBIN (MALUNHHBIK) koA, NCNONHUTENbHbIA KOA
BbINONHAETCH (06bINHO) NOA, yNPaBNEHNEM ONEPALMOHHON CUCTEMBI. KOMNMAupyemble
B UCNOSTHUTENbHBIA KOA, NPOrpaMMbl XapakTEPU3YIOTCA OTHOCUTENbHO BbICOKOR CKOPO-
CTbIO BbINOSIHEHUSA.

Ecoi MbI X0TUM Hamucathb mporpamMmy Ha Python, To ast aToro, kak MUHUMYM,
NoHa106MTCSI HAGPATh COOTBETCTBYIOIHIA IPOrPAMMHBIIA KOJ. 31€Ch BO3MOXHBI
BapUAHTBI, HO B TIPUHIMIIE KO HabupaeTcsi B JEOOOM TEKCTOBOM PEIaKTOpe, a
COOTBETCTBYIOLINI (paiiyl COXpaHsIeTCs ¢ paclIUpeHUeM py WU pyw (AJs1 Ipo-
rpaMM c rpaduueckum uHTepdeiicom). [Ipu mepBom 3amycke (mocjie BHECEHUS
KM3MeHeHMH B IporpaMMHBIHN KOJ) CO3AaeTCs IPOMEeKYTOUHBIHN KOA, KOTOPBIi 3a-
nuchIBaeTcs B ¢aiii ¢ pacupeHueM pyc. Eciu nocsie 3Toro B nporpaMmy u3me-
HEHUS He BHOCUJIKCh, TO [IPU BBIIIOJHEHUHU [TPOrPAaMMbI Oy IET BBITIOTHSATHCS CO-
OTBeTCTBYIOIINH pyc-aiin. Ilocie BHECeHNST MUBMEHEHMIA B IPOrPAMMY OHA IIPH
OYepeHOM 3aMyCKe MepeKOMITMINPYETCs B pyc-daitn. Ito obias cxema. Hawm,
Ha CaMOM JieJie, OHa MHTEPECHA UCKJTIOYUTEIBHO B IIIaHe 0O1Iero pa3BUTHS, XOTS
Ha MPaKTHUKe WHOT/A ObIBAET BAXKHO YYUTHIBATH OCOOEHHOCTHU BHITOJHEHHUS TIPO-
rpaMMbl, HalTMCaHHOM Ha s13bike Python.

Kak oTMeyasioch Bbillie, IPOrPAaMMHBIN KOX MOKEM HaGUpPaTh XOTb B TEKCTOBOM
penaktope. Ho BOT /st BBINIOJTHEHUST TAKOTO MPOrPAMMHOTO KO/Ia TIOHA00HUT-



Cs1 creluajbHasi MPOrpaMMa, KOTOpasi Ha3bIBaeTCs uHmepnpemamopom. [py-
TUMH cJI0BaMy, AJ1s1 pabotsl ¢ Python Ha kommbloTEp HEOOXOAUMO YCTAHOBUTD
IporpaMMy-uHTeprperaTop. Mbl oTAepHO 00cy 1M 3ToT Bompoc. Ceitdac xe
TOJIBKO 3aMETHUM, YTO OOBIYHO HCIIOJIb3YETCsI HE IIPOCTO WHTEPIPETATOP, & UHME-
ZpuUpoBannas cpeda paspad omxu, KOTopasi, KpoMe POYEro, BKIIOYAET B ce0sT Kak
HHTEPIIPETATOP, TAK M PEAAKTOP MPOrPAMMHBIX KOJOB.

WHrepripeTaTop BBINOJHSIET TMPOrpaMMy KoMaHJa 3a KomaHzaoil. Iloatomy B
MIpUHIUIIE, eCIU IIPOrpaMMa COCTOUT U3 HECKOJIbKUX KOMaH/I, e MOXHO OpraHu-
30BaTh B BU/Ie (aiiyia c IPOrpaMMHBIM KOJIOM, 2 3aTEM "OTIIPAaBUTE" 3TOT (aiii Ha
BbInoJTHeHMe. Enle oquH BapuaHT - "MepeJaBaTh’ UHTEPIPETATOPY JJIS1 BBINOJI-
HEHUsI M0 OTHOM KoMaHze, M TOT, U APyroii pe)xuMbl BO3MOXKHBI 1 TIO/IIEPXKUBA-
IOTCSI HHTEPIpeTaTopoM si3bika Python. Msl GyzeM cocTaBisiTh U 3aIlIOMUHATD
MIPOrpaMMHbIe KOZIbI B (Daiiyiax - TO €CTh UCIIOJIb3YEM "TPAaJAUIIMOHHBIN" TIOAXO/.

3 Ha3sametky

Mpo pexuMm, Npu KOTOPOM B KOMaHAHOM OKHE MHTepnpeTaTopa KOMaHAbl BBOASATCA W
BLINONIHSAIOTCA OAHA 32 APYroW, FOBOPSAT, KaK O PEXMME KOMaH AHOV CTPOKM UM pexu-
Me KasibKynaTopa.

[Tockousbky s13biK Python pasBuBaeTcst HHTEHCHBHO M OT BEPCUH K BEPCUH B CHH-
TAKCHUC ¥ CTPYKTYPY S3bIKA BHOCSITCSI U3BMEHEHH ST, BAXKHO YYUTHIBATB, /IS KAKOU
Bepcuu si3bika Python cocraBiisiercst (M mpearosiaraeTcsi CIOJb30BaTh) MPO-
rpaMMHBIii KoJ. OcoO6eHHO 3TO BaXKHO C YYETOM TOrO OGCTOSITEIBCTBA, YTO TIPH
BHECEHUM U3MEHEHUI npunuun o6pammuoi coemecmumocmu paboTaeT JaieKko He
BCer/ia: eCJid MpOrpaMMHbI KO KOPPEKTHO BBIMIOJIHSIETCSI B 60Jiee CTapbiX Bep-
CcHSIX SI3bIKA, TO COBCceM He (paKT, uTo Gy eT BBIMOIHAThCS pH paboTe ¢ 6oJ1ee Ho-
BbIMH BepcusiMu. O JHAKO TAHUKOBATB 110 3TOMY ITOBOAY He cTOUT. OGBIYHO MPO-
6./1eMa HECOBMECTUMOCTH KOJIOB JIJIs1 Pa3HbIX BEPCHii CBsI3aHa C 0OCOOEHHOCTSIMHU
CUHTaKCHCA HEKOTOPHIX QDYHKIUN WU KOHCTPYKIIMIA sI3bIKA U IOCTATOYHO JIeT-
KO yCTPaHSIeTCsI.

3 Hasametky

Ha MOMEeHT HanucaHus KHUrn akTyanbHou sensetca sepcua Python 3.3. UMeHHOo oHa
Mcnonb3oBanach ANA TECTUPOBAHUS NPUMEPOB B KHUre. Mpy nosBneHnn HOBbLIX BEp-
CuWiA M CTaHAapPTOB fA3blka, A8 obecneyeHnss COBMECTMMOCTM NPOrpaMMHbIX KOA,0B,
MMEET CMbICJ1 NPOCMOTPETL TOT pa3aes CnpaBOYHOM CUCTEMbI, B KOTOPOM ONUCLIBAIOT-
cs HoBoBBeAeHUS. CaenaTb 3TO MOXHO, HAaNnpuUmMep, Ha odULMaNbLHOM CaiTe NoAAEPX-
ku a3blka Python www.python.org/doc/ B pasgene ¢ HassaHnem What’s New In Python
(8 nepeBone o3HavaeT Y7o HoBoro B Python).
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Ho Bce 3T0 TexHMYecKue AeTaJiu, KOTOpbIE€ XOTb M BaXXHbl, HO BC€ )X€& H€ IIEp-
BOCTENEeHHBbI. A NIEPBOCTEINIEHHBIMU AJIS HAC 6}7[[}’T CHUHTAKCHC sA3bIKa PythOIl u
€ro OCHOBHbBI€ YIIPpaBJIAIOIIUE HHCTPYKIUH. U co6CcTBEHHO 31E€Cb HaC XAET MHO-
'O TPUATHBIX CHOPITPU30B.

£ Hasamertky

Oco6eHHO MHOrO clopnpu30B ByaeT ANs YuTaTenei, KOTopble 3HaKOMbl C TaKUMU A3bl-
KamMu NnporpamMMupoBaHus, kak Java unm C++, Hanpumep. Ho 3To, kcTaTtv, COBCEM He
03HavaerT, 4TO0 HOBUYKOB B NPOrpaMMupoBaHumn f3blk Python ocTaBuT pasHOAYLUHLIMU,
MpocTo Te, kT0 udyyan ocHoBbl OOIM (06HLEKTHO-OPNEHTUPOBAHHOE NPOrpPaMMUpPOBa-
HWE) U NPOrpPaMMUPYeT Ha YNOMSHYTbIX A3blKax, 3HAYUTENbHO PACLLUMPAT CBOMK KPYro-
30p B NfiaHe METOA0B 1 NPUEMOB NPOrPaMMUPOBaHUS, @ TAaKXE B HEKOTOPOM CMbIC/E
UM NPeACTOUT M3MEHUTb CBOE NPeACcTaBNeHNE 0 A3blkax NPOrpamMMNPOBaHUS.

Cunrakcuc s3bika Python 60siee yem unTepeced. Bo-mepBbix, OH IPOCT, MOHSI-
TEH U HarJisiieH. B HEKOTOpOM CMBICJIe eT0 MOXHO /1aXKe Ha3BaTh MO-CIIAPTAHCKU
JakoHUYHBIM. OHOBPEMEHHO C 3TUM IpPOrpaMMHble KOJbl, HAIMCaHHbIE Ha
Python, 06bIYHO JIETKO YUTAIOTCS U aHAJIU3UPYIOTCS, & 0OBEM TIPOrPAMMHOTO
KOJIa HAMHOTO MEHblIle, €CJTU CPAaBHUBATh C aHAJIOTMYHBIMH MTPOrPAMMaMH, Ha-
MMCAaHHBIMU HA IPYTHX SI3bIKaX IIPOrpaMMHUPOBaHus. B kauecTBe wiutocTpaliuu
B sctunre B.1 npuBeneH ko mporpamMmel Ha si3bike C++, B pe3yJisraTe BbINOJI-
HEeHMSI KOTOPOU B KOHCOJIbHOE OKHO BBIBOAUTCS coobmenune Hello, world!.

Juctunr B.1. Mporpamma Ha a3bike C++

#include <iostream>

using namespace std;

int main () {

cout<<"Hello, world!"<<endl;
return 0;

}

AHaJIOrMYHBIA TPOTPAMMHBIHN KOJI, HO y>Ke Ha sI3bIKe Java, mpeJCcTaBJieH B JIU-
ctunre B.2.

Jiucrunr B.2. Mporpamma Ha sisbike Java

classMyClass{

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

}

}



Haxower, B muctunre B.3 mokasano, kak OyzeT BHITJISIIETh IIPOrPaMMa, BbIBO-
Asiiasi B KOHCOJIbHOE OKHO TEKCTOBOE COOOIIEHNE, €CJIH IJI51 €€ HAaIllMCaHUsI BOC-
I10JIb30BATHCSI S3BIKOM MporpamMmmupoBanusi Python.

Juctunr B.3. NMporpamma Ha s3sike Python

print ("Hello, world!")

HecmnoxHo 3aMeTUTb, YTO 3TO BCEr0 OJHA KOMaHZAA, B KOTOPOH BCTPOEHHOM
GyHKUMK print () apryMeHTOM IEPefaeTcsl TEKCT, KOTOPbI He0OX0 UMO Ha-
reyataThb B KOHCOJbHOM OKHe. PazymeeTcs, 1ajieKo He Bceraa y Hac Oy JeT moary-
YaThCs MMUCATh TaKHe "3KOHOMHBIE" KOJbI, HO IpUMep BCe K€ BO MHOTOM ITOKa-
3aTeJIbHBIMH.

Ha Bcsikuii cory4dail KpaTko MPOKOMMEHTUPYEM IIPe/ICTAaBJIEHHbIE BBILIE KOAbI HA
si3pikax C++ 1 Java - mpocTo 4ToOBI Y YMTATEIS, HE 3HAKOMOTO C 3TUMH SI3bIKa-
MM, He TIOSIBUJIOCh KOMILJIeKCa HelloJIHOIleHHOCTU. HauHeM ¢ mporpaMmbl U3 Jid-
crunra B.1, HamcanHo#i Ha g3biKe C++:

MNucTpykuueil #include <iostream> MOAKJIIOYAETCS 3aroJOBOY-
HbIA it 6ubMoTeKr BBOAA,/BBIBO/A.

Komanza using namespace std 03HayYaeT WCIIOJb30BaHHE CTAaH-
JapTHOI'O IIPOCTPAHCTBA UMEH.

DyHKIMs ¢ Ha3BaHMEM main () Ha3bIBAETCS TJIABHOM (yHKIUEHN MPo-
rpaMMbl. BoinosiHeHue nmporpamMmbl B. C++ - 3TO BBIMTOJIHEHHUE TJIABHOIM

(byHKIIMM TIPOTPaMMBI.

Nnentudukartop int ciaeBa oT QyHKIUU main () O3HAYAET, YTO QYHK-
IIUsI BO3BpallaeT 1eJIOYNCTIEHHBIH Pe3yJIbTaT.

ITapa ¢urypHbix cKO60K ({1 }) BbIAESET TEJO IJIaBHON (QYHKIUH.

Komanpoit cout<<"Hello, world!"<<endl B KOHCOJIb BBIBOAUTCS
TEKCTOBOe coobieHre Hello, world! ¥ BBIIOJIHSIETCS IEPEXO K HO-
BOif cTpoke (MHCTPYKIusa endl).OnepaTop BbiBOAa << BBHIBOJIUT TEKCT,
YKa3aHHBII CJIeBa OT HETO, Ha YCTPOMCTBO, ONpeesisieMoe UAeHTU(uKa-
TOpPOM cout (IT0 YMOJTYaHUIO - KOHCOJIb ).

NHcTpykiuus return 0 03HAYAET, UTO BHINOJHEHHUE [JTABHON QYHKIUU
(TO ecTb MPOrpaMMbI) 3aBEPIIEHO U B Ka4eCTBe pe3yJbraTta QyHKIMeH
BO3Bpallaercs O (03HayaeT 3aBeplieHHe PabOTHI MPOrpaMMbI "B IITAT-
HOM pexuMe” - T ecTb 6e3 oInboK).



[IporpamMa B siictuHre B.2, HamOMHUM, HaNMcaHa Ha SI3bIKE Java U B COOTBET-
CTBYIOILIEM [IPOrPaMMHOM Ko/le Ha3HaueHue UHCTPYKIMi cieayollee:

* Cospgaercs kiacc ¢ Ha3BaHueM MyClass: nepesi Ha3BaHMEM KJiacca yKa-
3bIBAETCSI KJIIOYEBOE CJIOBO class, a TeJIo KJjacca 3akJodaercs B ¢u-
rypHble CKOOKY (BHEIIHSIS Tapa CKOOOK { U }).

» B Tese knacca onuchiBaeTCs I1aBHbIH METO C Ha3dBaHHEM main (), TeJo
METO/Ia 3aKJII0YaeTcsl B 6JIOK U3 (PUTypPHBIX CKOOOK (BHYTPEHHSIS Tapa
CKOOOK { # }).

» Ilepen Ha3BaHMEM IJIABHOIO METOJA YKa3aHbl TaKWe UAEHTU(MUKATODBL
public (OTKpPBITBIA METOX - TO €CTh AOCTYIIEH BHE KJjacca), static
(cTaTUYeCcKHii METOA - JIsl BBI30Ba METO/Ia HET HEOOXOJUMOCTHU CO3/1a-
BaTh 00BEKT KJlacca), void (METOA He BO3BPAIaeT Pe3yJIbTaT).

» IlapamerpoMm (apryMeHTOM) MeTOJa main () yKa3aHa IepeMeHHas
args, KOTopas SIBJISIETCS TEKCTOBBIM MAacCHBOM (TEKCT - 3TO OOBEKT
KJlacca String, a HAJIMYUE YCTHIX KBaJAPaTHBIX ck00OK [ ] cBUZETED-
CTBYET O TOM, UTO 3TO TEKCTOBBII MACCUB - YIIOPSIJOYEHHBI Habop Tek-
CTOBBIX 3HAYEHUN ).

¢ TekcT B KOHCOJIbHOE OKHO BBIBOAUTCSI METOAOM println (): apryMmes-
TOM METOAY TlepeiaeTcsl BBIBOAUMBII B KOHCOJIb TEKCT, @ CAM METOJ BbI-
3bIBaeTCsI U3 06BEKTA MIOTOKA BBHIBOJA Out, KOTOPBIA, B CBOIO OUYEPE/b,
SABJIAETCS CTAaTUYECKHUM II0JIEM KJjacca System.

Pasymeetcst, Ha ()OHEe BCero 3Toro pasHoobpasusi mporpamMma (a TOYHee, OfIHa-
eIMHCTBEHHAs1 KoMaH/a ) Ha si3bike Python Beirsigut 6osee yem addextro. Ho
elle pa3 rMoJ4epKHeM, YTO JaXKe ECJIU YUTATENb TIOHST HE BCE U3 U3JI0KEHHOTO
Bhile (10 moBoAy kogoB C++ u Java) - ato He crpainHo. Hawm, B Hanreil qaipHei-
el pabore, BCe 3TO He MPUTOAUTCS. MbI IIPOCTO XOTEJIM MPOUJIIIOCTPUPOBATH
Macitabbl, TaK CKa3aTh, PA3JUYUH 1JIsI PA3HBIX SI3bIKOB.

I[Ipu pabore c s3pikoM Python Mbl He BCTpeTUM MHOTHX HPUBBIYHBIX AJIS APY-
T'UX $13bIKOB KOHCTpPYyKuUMil. Hanpumep, B otsimyue ot s13p1k0B C++ U Java, B KO-
TOPBIX KOMaH/HbIe OJIOKU BBIAESIOTCS (GUTYPHBIMU CKOOKaMH { U }, ¥ B OTJIU-
uue ot s3bika Pascal, B KoTOpoM GJIOKY BBIIEJSIIOTCS MHCTPYKUMSMU begin u
end, B si3bike Python 6710k koMaH[ BbizesisieTCst OTCTYIOM (PEKOMEHIYEMBIii OT-
CTYII - YeThIpe mpobeia).

B Python HeT HeoGxoaMMOCTH 3aKaHUMBATh KaXKAyl0 KOMaHIy TOYKOH C 3ams-
toi. CylecTBYIOT U MHOTHe Apyrue ocobeHHOCTH sidbika Python. Msr Gynem
3HAKOMUTBCS C HUMHU IIOCTEIEHHO, W, mnepedpasupyss Muxaura Eezpaposuua
Canmwixosa-IIJedpuna, moctapaeMcsi IPU 3TOM He TIPUMEHSITh HACHIIHE.



(O Ha3zametky

WmeeTca B Buay umtaTa "lpoceeLwieHne BHeAPSATb C YMEPEHHOCTbLIO, N0 BO3MOXHOCTU
naberas KpoBONPOAMTUS” U3 CaTUPUHECKOro pomaHa "Uctopus oaHoro ropoaa” aBTop-
ctea M.E. CanTteikoBa-LLleapuHa.

3nech IIPOCTO BaXHO IMMOHATD, UTO SA3bIK PythOIl AO0CTaTOYHO CBOCO6pa3HbIﬁ, ca-
MOOBITHBII ¥ BO MHOTHMX OTHOIIEHUAX He TIOX0X Ha IIPpOYUE, IOITyJISAPHBIE Ha Ce-
rOJHA, A3BIKU ITPOrPaMMUPOBaHUA.

HeMHOro o kHure

- Bom no smomy nogody nepewlii mocm.
- Centuac sanuwiy.
- Ilomom 3anuwewn.
u3 x/¢ "Kasxascxaa naennuya”

HpI/IIlIJIO CaMO€ BpEMsA CKa3aTb (HpO‘{I/ITaTb, HammucaTb - KOMYy KaK 6oJb1IE Hpa-
BI/ITCSI) HECKOJIbKO CJIOB HEMMOCPEACTBEHHO O KHUT'€! YTO OHa coboit IpeacTaBJidg-
€T, IJ1d KOro HalliMCaHa, 1 BOO6III€, Yero YNTaTeJaI0 OXKUAAaTh OT ITPOYTEHUA.

Pasymeercs, kHura mucasach B IEPBYIO O4Yepenb AJISI T€X, KTO PELINJ OCBOUTD
s13bIK TporpammupoBanust Python. To ects ecTecTBeHHBIM 06pa3oM mpeAmnoara-
€TCs1, YTO YnuTaTesb ¢ si36ikoM Python He 3HakoM coBceM. BoJiee Toro, MbI HesiB-
HO Oy/iIeM UCXOJWUTh U3 TOTO, YTO YUTATEJIb BOOOIIE MMEET MUHUMAJIbHBIN OIBIT
nporpamMmupoBanus. IlocienHee He moMenIaeT HaM MEPUOAUYECKH CCHLIATHCS
K TaK¥M sI3bIKaM MmporpaMmupoBanus, kak C++ u Java. KoneuHo, nenatocs ato
OyZeT B IEPBYIO OYEPEH B pacyeTe Ha TEX YUTATEJIel, KTO UMEET XOTsI Obl MUHU-
MaJIbHOE IpeJCTaBjIeHne 00 3TUX SI3bIKaX M/WIM 00bEKTHO-OPHEHTHPOBAHHOM
nporpammupoBatuu (cokpamteHuo OOIT).

Yr1o6bI KOMIIEHCUPOBATh HEYN0OCTBA, KOTOPbIE MOTJI Obl BOBHUKHYTh Y UATATE-
Jeii, He 3HaKOMBIX ¢ C++ U Java, MosiICHeHNSI MAaKCUMAaJIbHO aIalITUPYIOTCS IJIsT
BOCIIPUSITUSI TIOJTHOCTBIO HETOATOTOBJIEHHOU ayaurtopueil. Ilpomie roBops, He
uMMeeT 3HaUYeHU s, 3HaeT YUTaTe b JpyTue 3bIKM MPOrpaMMUPOBaHUS WU HeT -
B JIFOOOM CJTyYae OH MOXKET PACCUUTHIBATH HA yCIIEX.

Matepuaj KHUrM OXBAaThIBAE€T BCE OCHOBHbIE TEMBI, HEOOXOAUMBIE /sl YCIIEel-
Ho# pa6oTsl ¢ Python, Bkmouast metoasr OOII. B ocHoBHOM MbI GysieM pac-
CMaTpUBaTh IPUKJIaHble IPUMEPBI - TO eCTh Teopusi OyAeT MpeACTaBIeHa "Ha
npuMepax”. To MpuUeM, KOTOPbIH Ha MPAKTHKE HETLJIOXO ceOsl 3apeKOMEHI0BaI.
OcobGenHo oH adekTrBeH, Koraa HeOO6X0AMMO B CXKaTble CPOKU C MUHMMAJIb-



HOI 3aTPaTON SHEPTUH U PECYPCOB OCBOUTD Ha KAUECTBEHHOM yPOBHE GOJIbLIONM
o6beM MaTepuaJia. [Ipu TakoM Ioaxo1e eCTh U AOMOJHUTEIbHBINA GOHYC: TOMUMO
0COOEHHOCTEN S3bIKA YMTATENb UMEET BOSMOXXHOCTD TIO3HAKOMUTHCSI C aJITOPUT-
MaMH, KOTOpbIE TPUMEHSIIOTCS IJIs1 pellleHus psiia MPUKJIaJHbIX 3aaa4. YTo Ka-
caetcst moabopa MpUMEPOB U 3aJay, TO OHU BHIOMPAJIUCD B IIEPBYIO OYEPeIb TaK,
uT0ObI HanbOoJIee SPKO MPOUJLITIOCTPHPOBATH BO3MOXKHOCTH U OCOOEHHOCTH SI3bI-
ka Python.

NporpammMmHoe o6ecne4veHue

- Hem, eii 06 smom dymamnv ewse pano.

- 06 smom Oymams HUKOMY He PAHO, U HUKOZ-
0a He no30no.

u3 x/¢p "Kaexascxan naennuya”

[Ipex e, yeM OTPY3UTHCS B caMble TJIyOUHBI Mupa 1moj Ha3Banue Python u Ha-
4aTh yepnaTb GeclieHHble 3HAHMs], Pa3yMHO BHECTH SICHOCTb B BOIIPOC O TIPO-
rpaMMHOM O0ecrieyeHn , KOTOPO€e HaM MPUTOAUTCSI 1JIsI TECTUPOBAHUS [IPUMeE-
POB 13 KHUTH M HAMTUCAHUS COOCTBEHHBIX OPUTMHAJIBHBIX [IPOrPAMM.

Kak y»e oTrMeuasioch BbIllIe, 1JIs1 BHITIOJHEHUST TPOTPAMMHBIX KOJOB, HAIIMCAH-
HbIx Ha Python, Ham moHago6uTcst mporpamma-uHTeprperatop. Ho siyuie Bcero
BOCIIOJIb30BAThCSI KAKON-HUOY Ib MHTETr PUPOBAHHOM Cpeoy pa3paboTKu (COKpa-
wenHo IDE ot anramiickoro Integrated Development Environment). Cpena pas-
pabOTKH MPEeAOCTaBIISIET MOJIb30BATEIIO HE TOJIbKO HHTEPIIPETATOP, HO U PEaK-
TOP KOZIOB, PAaBHO KaK PsiJl APYTUX MMOJIE3HBIX yTUIIUT.

WHTterpupoBaHHbIX cpel padpabotku st pabotei ¢ Python cymectByer nocra-
TOYHO MHOTO U B U3BECTHOM CMBICJIe Tiepe]] IPOrpaMMHICTOM BO3HUKaeT HEIpo-
crasi mpo6JieMa Beibopa. Kputepuu asst Bibopa cpezibl pa3paboTK# MOTYT OBITh
caMbiMu pasHbiMU. Ho riiaBHbIe Cpeny HUX, KOHEYHO e - 3TO yI06CTBO B HC-
T0JIb30BaHWH, HAGOpP BCTPOEHHBIX BO3MOXKHOCTEH/(GYHKIWIA HHTErPUPOBaH-
HOI1 cpefibl pa3paboTKH, a TAKXKe ee CTOMMOCTh (CYLIECTBYIOT KaK KOMMepUYECKHe
HPOAYKTHI, TAK U CBOGOAHO pacrpocTpaHsieMbie). Mbl paCCMOTPUM HECKOJIBKO
HauboJiee TIOMyISIPHbIX U AOCTYIHBIX MHTETPUPOBAHHBIX CPeJl pa3paboTKu 1Jist
Python.

Ecsii MBI TOBOPUM O MPOrpaMMHOM O6GeCleYeHNH, TO B IEPBYIO OYEPEIh MMe-
€T CMBICJI BBIATH Ha OpUIMaNbHBINA cailT moaaepxku Python mo agpecy www.
python.org. OkHo Gpay3epa, OTKPBITOE Ha COOTBETCTBYIOIIEH CTPAHHUILE, TOKA3a-
HO Ha puc. B.1.



#. Python Programming Language ~ Offi 4
€ & % @ & wrepythonorg

- i Araexc [ Novra i@ U 1 W @ Havanenen crpemmus
A pgthon L search |
Advanced Search |
AROUT : Python Programming Language — Official Website :
i : Python Is a programming language that lets you work more
DOCUMENTATION quickly and Integrate your more eff: y. You can .
DOWNLOAD > Iearn to use Python and ses aimost immediate gains In Help the Python community by
8 5 p y and lower costs. becoming an associate member o7
making a one-fime donation.
L Saaiiiate ) Python runs on Windows, Linux/Unix, Mac OS X, and has been ported e :
FOUNDATION b to the Java and NET virtual machines. Simulate biomotecules with
F
CORE DEVELDPMENT . ) _Extbon
Python is free to use, even for commercial products, because of its
telp OSl-approved open source license
Package lndex
Quick Links {2.7.6} New to Python or choosing between Python 2 and Python 3? Read
» Bocumentation Python 2 or Python 3. =
» Yingows fastaller .. joining users such as
» Source Distritution The Python Software Foundation holds the inteflectual property rights Rackspace, industrial Light and

behind Python, underwrites the PyCon conference. and funds many Magic. AstraZeneca. Honeywell.
other projects in the Python community. and many others.

nks {3.3.3)
» Documentation
» Windows (astailer
- Bei

Read more, -or- download Python now
s ok

Puc. B.1. OxHO Gpay3epa OTKpbITO Ha 0duULUanbLHOA CTPpaHULe
noanepxku Python www.python.org

CaiiT comepXUT MHOXECTBO TOJIe3HON MH(MOpPMANUH, BKJIIOYasi BCEOOBEMITIO-
1Y IO CIIPABKY U, KPOME IIPOYETO, TO3BOJISIET 3arPy3UTh HEOOXOAMMOE TPOrPaMM-
Hoe obecrieueHure - B TOM YKCJIe ¥ Cpely pa3paOoTKu, KoTopasi HasbiBaeTcst IDLE
(coxpaienue ot Integrated DeveLopment Environment, 4to 6yKBaJbHO O3Haya-
€T MHTErPUpOBaHHas cpe/ia pa3paboTku ). [Jis 3arpysKu mporpaMMHOro obecrie-
uyeHust HeobxoauMo nepeiitu K pasneny DOWNLOAD (3azpysxa) - anpec www.
python.org/download.

Cam mporiecc 3arpy3Ky ¥ YCTAHOBKHU JOCTAaTOYHO IPOCTON M MHTYUTHUBHO MO-
HSITHBIM, TI03TOMY OCTaHaBJIUBAThCS Ha HeM He OyzxeM. Hac unTepecyeT kKoHeu-
HbIIf pe3ysibTaT. A B pe3yJbTaTe MbI II0JTyYaeM IOJHOLEHHYIO cpely AJist pabo-
ThI C TIPOrpaMMHBIMU KoziamMu Python. PaGouee okHo cpeast IDLE npeacrasie-
HO Ha puc. B.2.

[Tepen HamMu KoMaHAHasi 000JI0YKA WHTEPIPETATOPA. ITO OKHO C HECKOJIbKHU-
MU MeHI0 U 60JiblIoi paboueit 06J1acTbio, B KOTOPOM MOCJIE CUMBOJIA TPOWHOM
CTpeJIKH >>> MHUTaeT Kypcop - 3TO KOMaHAHas CTpoka. B atoM mecre BBOIUT-
CsI KOMaH/1a, KOTOPasi BBITIOJIHSIETCS MOCJIe HaxaTus Kiaasuiu < Enter>. Hanpu-
MEp, €CJIM MbI XOTUM BBINIOJIHUTh KOMaHAY print ("Hello, world!"), HaM
cJjielyeT BBECTU 3Ty KOMaHAY B KOMaHIHON CTPOKe (TO eCcTh TaM, IJie MUTAeT Kyp-
cop - TIocJIe CUMBOJIA >>>) U HaxKaTh KjaBulry <Enter>. Kax cyiencTBue, KOMaH-



Python 3.3.3 (v3.3.3:c3896275c0£6, Now 18 2013, 21:18:40) [MSC v.1600 32 bit (Intel)] on win32 :J
o Type "copyright™, "credits™ or "license(}® for more information.
| >>> |

Puc. B.2. Pabouee okHO cpeabl pa3pa6otku IDLE

na 6y et BBIIIOJIHEHA, & PE3YJIbTAT €€ BHIIIOJTHEHUSI 0TOOpaskaeTcsi CHU3Y, IOJ1 KO-
MaHJHO# cTpokoii. CuTyalus MpouJIIIOCTPUpPOBaHa Ha puc. B.3.

File Edt Shell Debug Options Windows = Help i ’
| Python 3.3.3 (v3.3.3:c3896275c0f6, Nov 1B 2013, 21:18:40) [MSC v.1600 32 bit (Intel)] on win3Z __!
;, Type “"copyright®, "credits®™ or "license(}* for more information.

>>> print(“Hellc, woridi®

Hello, world!

[t:5(Cot:4 |

Puc. B.3. Pe3ynbTaT BbINOJSIHEHUA KOMaHAbl B KOMaHOHOMN
o6onouke cpeabl pa3paborku IDLE

'

IIpu aTOM MOA pe3ybTATOM BBITIOJTHEHUST KOMAH/IbI CHOBA TIOSIBJISIETCS TPOMHAS
CTpeJIKa >>> U B 3TOM MECTe MOXXHO BBOJUTH HOBYI0 KoMaHay. Hampumep, Mo-
’KeM BBECTH KaKoe-HUOYIb aireGpanyeckoe BbIPaKeHHe - CKaxKeM, IyCKai 3To
Oyner 5+3* 4, KaK MI0OKa3aHo Ha puc. B.4.



Python 3.3.3 (v3.3.3:c3896275c0f€, Nov 18 2013, 21:18:40) [MSC v.1600 32 bit (Intel)] on win32
| Type "copyright®, "credits® or "license()" for more information.

| >>> print ("#2ilc, worid!™)

Hello, worid!

>>> 5+3%4

Puc. B.4. Pe3ynbTaTt BbiMUCEHUA anreGpanyeckoro BbipaXxeHus

Pasymeetcst, koMaHbl MOTYT OBITh ¥ 60JIee 3aMbICJIOBATBIMH, PABHO KaK HUKTO
He 3alpelniaeT HaM KOMaH/a 3a KOMaH/IOH BBINOJIHATH porpaMMHbIi koa. Ho
3TO IOCTaTOYHO HeymoOHO. OOBIYHO MPU HamucaHuu 0oJiee-MeHee CepPbe3HOMN
MpOrpaMMBbI ee 0POPMJISIOT B BUJIE TTOCJIEIOBATETBHOCTY MHCTPYKILIMIA U 3aTTH-
CBIBAIOT B OT/EJIbHBIH (aiiy. 3aTeM COOTBETCTBYOIAS TPOrPaMMa BBIIOTHSIET-
sl

Co3aatb ¢aiis mporpaMMbI MOKEM C IIOMOIIBIO BCE TOH ke 060JI0YKH CpeIbl pa3-

pa6otku. Ecau menknyts MeHio File, oTKpoeTcst ciMcOK KOMaHAI 1 TIOAMEHIO,
cpenu Kotopbix umeetcsi 1 komanaa New File (puc. B.5).

[File] Edit Shell Debug Options Windows Help
e 36275c0£6, Nov 18
',:s" oxr "license()
Open... Ctrl+0
Recent Files »
Open Module... Ait+M
Class Browser  Ait+C

‘Path Browser
Save Ctri+S
Save As... Ctrl+ Shift+S

Save Copy As... Alt+Shift+S

Print Window  Ctrl+P

Close Ait+F4
Exit Ctr+Q

Puc. B.5. Co3paem ¢aiin c nporpammoit



Cpasy nocJie BbIOOpa 3TO KOMaH/Ibl OTKPHIBAETCS PEAAKTOP KOJIOB, OKa3aH-
HbII Ha puc. B.6. i

Run Options Windows Help

w

Ln:1/Col: 0

Puc. B.6. PenakTop kogoB ucnonb3yem Ana co3paxusa ¢paiina c nporpaMmmoit

B okHe pejakTOopa BBOJUM IIPOrpaMMHBIH KOJI. B 1aHHOM cily4ae Hallia mporpam-
Ma OyZIeT COCTOSITh BCETO M3 HECKOJbKUX KOMaH/, KOTOPbIe IIPUBEJIEHbI B JIH-
ctunre B.4.

print ("HaumHaeM BuUMCIeHusa!")

a=4

print ("3HaueHMe nepeMeHHOM a=",a)
b=12

print ("3HaueHue nepeMeHHOM b=",Db)
c=b/a

print ("PesynbTaT meneHus b/a=",c)

print ("BeumcieHMsa 3aKOHYEHH!")

VIMeHHO Takoif TPOrpaMMHBINA KO/l Mbl BBOJUM B OKHE peflakTopa KoaoB. OKHO
peZlakTopa Cc IporpaMMHBIM KOJIOM TI0Ka3aHO Ha puc. B.7.

ITocsie TOrO, KaK MporpaMMHBbIN KO HaGpaH, ero MOXHO Cpa3y BbIMOJHUTD. st
atoro B MeH0 Run Boi6bupaem komanay Run Module, kak nokasano Ha puc. B.8.



|| print ("Haumnaer seumcnesms!? "y’

| a=4
i print ("Snagesnns epen
b=12
| print ("Saavenns
c=b/a
|| print (“F
i; print ("EumMpCcnesss 3axoHgen! ”'}l

Puc. B.7. OkHO peaakTopa KOA0B C KOAOM NPOorpaMmmbi

_ File Edit Format

| print ("Haunszas
a=4 Python Shell
print ("Ssauens
b=12 Check Module Alt+X

il print ("3xzaven

| c=b/a

| print ("Pesy

| print ("Buuucnenya 3axosgess! " )I

Puc. B.8. 3anyck nporpaMmMbl Ha BbINOJIHEHUE

[IpaBaa, mpexBapUTESBPHO BCe K€ JIydllle COXPaHUTh daiia ¢ HpOI‘paMMOI/I IUTST
yero 1oJjie3Hou 6yner komanzaa Save us mMenio File (puc. B.9).



New File Ctri+N
Qpen... Ctri+0
Recent Files

Open Module... Ait+M

Class Browser  Al+C
Path Browser

Save Ctrle s
Save As... Ctri+Shift+S
Save Copy As... Alt+Shift+S

Print Window  Ctri+P

Close Alt+F4
Exit Ctrl+ Q

Puc. B.9. CoxpaHeHue ¢aitna c nporpammoit

Q) Hasametky

Ecnm nepeg, 3anyckoM NporpaMMbl Ha BbINONHEHWE $ainn He COXPaHMTb, NOSIBATCS an-
anoroBOe OKHO C MpeasioXeHnemM CoxpaHuTb dain. MoaTomy nyywe aTo caenatb cpasy.

Ho xax 6b1 TO HY ObLIO, B Pe3yJIbTaTe BBIIIOJHEHHUS TIPOTPAMMBbI B OKHE KOMaH/I-
HOM 060JI0YKY TIOSIBUTCS pe3yJIbTaT, Kak Ha puc. B.10.

| File Edit Shell Debug Options Windows Help g }

Type "copyright”, "credits" or "license(}" for more information.
>>> RESTART
55>

Hawinaem suwpIcnenus!

| Bravenue nepeMexHoV 2 = 4

Suawenme nepeMeHHoM b = 12

PezynbTar meresmua bfa = 3.0

BEDICAGHUA 3aNCHYESHH!

> |

;Python 3.3.3 (v3.3.3:c3896275c0f6, Nov 18 2013, 21:18:40) [MSC v.1600 32 bit (Intel}] on win32 _:_[x

Puc. B.10. Pe3ynbTaT BbINOSIHEHUS NPOrpaMMbl



Kak BuauM, B 06/1aCTH BbIBOJA Pe3yIbTaToB (II0A CUMBOJIOM >>>>)IOSIBJISIET-
Csl HECKOJIBKO COOOIIEHHI, KOTOPBIE, OYEBUIHO, SBJSIOTCS CJIEJCTBUEM BBIMOJI-
HEHUSI TIPOrpaMMBbl, TIpeicTaBjeHHoi B jucTuHre B.4. PedynsraT mporpaMmbl
IpeACTaBJIeH HUXeE:

PeaynbTar BbINONHEHMS NPOrPaMMBbl (3 nucTuhra B.4)

HaumMHaeM BHUMCJIIEHUS!

BHadeHNe NnepeMeHHOM a = 4
3HaueHue repeMeHHom b = 12
PesynbTaT meyieHus b/a = 3.0

BEIUMCJIEHMS 3aKOHUEHH !

U xoTsa MbI eme "opuiMaabHO" Kak Obl He MPUCTYIUIN K U3YyYEHMIO A3bIKa
Python, uMeeT cMbICT TPOKOMMEHTUPOBATH COOTBETCTBYIOIIME KOMAH/bI U pe-
3yJIbTAT UX BBITIOJIHEHUSI.

Wrak, komaHAol print ("HauMHaeM BruucjieHmsa!'") B Hayaje BBIIIOJTHE-
HMS TIPOrPAMMBbI BBIBOJUTCS TEKCTOBOE coobuenne. TakuM o6pa3oM, B Hayase
BBITIOJTHEHUSI TTPOTPAMMBI TIOSIBJISIETCS TeKCT HaumuHaeM Beumciienus!. AHa-
JIOTUYHO, 6nar011apﬂ KOMaHJe print ("BelumciieHns 3akoHuUeHEH!"), KOTO-
pasi 3aBeplIaeT MPOTPaMMHBIN KO/, MPU3HAKOM OKOHYAHHUS BBIIIOJTHEHUS IIPO-
rPaMMbl SIBJISIETCSI TEKCTOBOE COOOIEHNE BEUMCIEHUA 3aKOHUEHEH ! .

Me>1<11y 9THUMH KOMaH/IaMH BBITIOJTHAKTCSA HeOOoJIbLINE BHIYUCIEHUS:
e KOMaHAOU a=4 HepeMEHHOﬁ a MMpHUCBaWBA€TCA YHNCJIOBOE 3HAYEHUE 4;

* KOMaHAOW print ("3HaueHMe MNepeMeHHOM a = ",a) BbIBOAUTCS
TEKCT, a 3aTeM 3HaueHle NIepeEMEHHO a&;

* KOMaHOH b=12 nepeMeHHOH b IprcBauBaeTCs YUCJIOBOE 3HAUeHUEe 12;

e KOMaHAOM print ("3HaueHMe MepeMeHHO! b = ", b) BBIBOAUTCS
TEKCT Y 3HayeHue repeMeHHOH b;

* KOMaHJIOI c=b/a mepeMeHHOI C B KauecTBe 3HAUEeHU s IPUCBaUBaeTCs
pe3yJIbTart JeJieHUs1 3HaUeHUsI IepeMeHHOH b Ha 3HaueHUe IepeMeHHON
a,

* KOMaHIOM print ("PesymneTaT mesieHus b/a = ",c) BHIBOAUTCS
TeKCT U YMCJIOBOEe 3HaUYeHUe TIepeMEeHHOM C.

* B crnpaBeasMBOCTH 3THX YTBEPXKAEHHI YHUTATENb MOXET yOeAUTbCS,
ellle pa3 B3IJIsTHYB Ha puc. B.10.



Beepnenue

£ Ha3zametky

HaBepHsika NbITAMBLIMA YMTaTeNb 3aMeTUJ, YTO NEPEMEHHbIE B MPOrpaMMHOM KOAe UC-
nonb3oBaHbl 6€3 06 bsIBIeHUS NX TUNa. JpyruMn cI0BaMm Mbl HUrA,E HE YKa3biBam SBHO
TUN NepPEeMEHHbIX, KOTOPbIE UCNOIb30BaNM B NporpamMmMe. 3To CTaHAapTHas cuTyaums
AN\ NporpaMm, HanMCaHHbIX Ha Python - TN nepemeHHbIX yka3biBaTb HE HYXHO (OH
onpepaenseTca asToMaTU4eCKun No 3HAYEHNI0, KOTOPOE NPUCBaNBaETCA NePEeMEHHOA).

Takxxe Mbl yBUIEIH, YTO QYHKIUU print () MOXXHO IepenaBaTh He TOJIBKO
OJIMH, a HECKOJIbKO apryMeHTOB. B 3TOM cilyyae B 0o6JacTh BbiBOAA (MJIM KOH-
COJIb) IOCJIEZIOBATEJNBHO, B OAHY CTPOKY, BBHIBOASITCS 3HAYEHWS apryMEHTOB
yHkuuu print ().

O ToM, KaK MpaBUJIbHO COCTaBJISATh IIPOrpaMMHBbIe Koabl Ha Python, Mbl Oynem
TOBODUTb B OCHOBHOH 4acT¥ KHUTU. B naHHOM ciyyae HaM BaXKHO JIMLIb IPO-
UJLTIOCTPUPOBATD, YTO TIOTOM C 3TUMHU IIPOTPAMMHBIMH KOJAMH AeJaTh. Takxke
HaM Ba)KHO JaTh YUTATENIO caMoe o0llee IpeCTaBIeHHe O TeX MPUIOKEHUSAX U
cpeziax pa3pabGoTKH, KOTOPbIE MO3BOJISIOT B YIOOHOM PEXMME COCTABJISITh KOBI
Y 3aMyCKaTh MX Ha BBIMOJIHEHWE., UTO KacaeTcsl KPaTKO OMMCAHHOM BbIIE Cpe-
b1 IDLE, To Ha3BaTh ee 0ueHb yXK yAAYHOH BPSIZ JTU MOXHO, XOTSI KOHEYHO, 3TO
cyObeKTHBHASI TOYKA 3PEHUST aBTOPA U YUTATEJb He 0OsI3aH ee pa3aesisiTh.

_ File Edit Code Navigation View Debug Project Tools Help
ﬁ *' ) f’ ! u |~ % { @ u ﬂ i 5 E : ¥ {FEN,* " ~ i in curment file
python_tutorials~ - | B St Page X | @ SimpleCalcspy X
. contenttypes ;! print ("HaumunaeM swumcresma!™)
contenttype.py Z a=4¢
i!] helloworid.htmi 3 print ("3xauenue nepemMexHHoy a = ",a)
A helloworld.py . e 3 _
rocess.py 5 print ("SHavenue nepemexsor b = ", b}
v Pree & c=b/a
. = print ("PeaysasTaT Zesexua bla = ,c)
| 8 print ("Banascnenus 3axoxuwenm! "}
| 8
%
_ Projects - &
@ . ‘ n X4 [ i a
. examples * ch00 » SimpleCalcs.py = ' : UTF-8 : @ python 4 Lm1Cokl
it s s s T T N — b i

Puc. B. 11. OKHO UHTErpmMpoBaHHOM cpeabl pa3paboTku
Komodo IDE ¢ nporpaMMHbIM KOA0M



Cpeau KOMMepUYECKHX MPOLYKTOB MOXHO BBIJEJUTh MHTETPUPOBAHHYIO Cpe-
ny paspabotku Komodo IDE (obuuuaibHbiil callT www.activestate.com). OKHO
TIPUJIOKEHUSI C OTKPHITHIM B HEM (DaiiloM pacCMOTPEHHOI paHee MPOTrpaMMBlI TT0-
Ka3aHo Ha puc. B.11.

Pesyisrat BoimosiHeHust mporpammsi B cpesie Komodo IDE nokasad Ha puc. B.12
(ans 3amycka mporpaMMbl Ha BbITIOJTHEHHE MOXKHO BOCIIOJIb30BATHCS KOMAaHIOMN
Run Without Debagging u3 menio Debug).

A% SRR SN WIS PERRIEY e S e b o e : o SRR
_ File Edit Code Navigation View er.ug Project Tools Help :
{ e wh- = A | BEH E @ -2z ’ v Find ... v | incurrent fite
python_tutorials® $- @wiatPage X | P SimpleCalespy X
" content.types i print ("Haumnaen swuMcaenual!”)
.2 contenttype.py 2 a=4
: ‘!3 elloworld, htmi o print ("3HayeHye nepeMeHHo¥ a = ",a)
- 1 helloworld.py s b=
e e g print ("SHauenue nepemex:oM b = ",b)
| W prep Py ¢ abia
| 3 print ("PesynsTar nenesxa b/a = ",c)
i 2 print {"BuNucaenua 3axoHuenn’”}
. g
| Projects - -
gLl =

- i i ;
| Breakpoints | Commuand Output | Test Results | Notificatio

t >t L it B8 » : 3 Debugging session has ended.

| Syntax Checking Status (M Python Shell | Run Output |

?i Name Type Value Hawmnaem BeicsieHua’

i Snauexve nepemesHoi a = ¢

] Srauexye nepemesnoit b = 12

- Pesynesrar nenewua b/a = 3.0

BupICREHMA 3aKOHWEHN!

- Watch wp f wm G M Output Call Stack HTML

. examples ¥ ch00 » SimpleCalcs.py UTF-8 s - Python § Lm6Cokl

S st T T 2 s s TR

O

Puc. B.12. PesynbTar BbinONHEHUA Nporpammsl B cpeae Komodo IDE

Mbl, TeM He MeHee, Oy/IeM TT0JIb30BaTHCS /1S TECTUPOBAHK S IPUMEPOB U3 KHUTH
HEKOMMepUeCKyIo cpery paspabotku PyScripter. Cpena paspabotku PyScripter
ymobHas, mpocTas v b6ecriaTHas. YcTaHOBOYHbIE (haiiibl MOXXHO CBOGOIHO 3arpy-
3UTh Ha cTpaHulle hitps.//code.google.com/p/pyscripter B pa3nene Downloads.
OxHo 6pay3epa, OTKPBITOE Ha CTpaHHIle MoaAepxku mpoekta PyScripter, moka-
3aHo Ha puc. B.13.
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pys_prtpter

Python Devel Enmi {IDE}

‘:Projmﬂom- Downloads  Wiki  lssues  Source

Summary People

Project information PyScripter is a free and open-source thon Integrated Development Environment (IDE) created with the ambition to become
Proect feeds in with dows-based IDEs available for other languages. Being built in @ compiled language is
rather snappier than some of the other Python IDEs and provides an extensive blend of features that make it @ productve Python
Code license development environment
MIT License
Support: Get support on PyScripter by emailing to pyscrigler@gmail.com or by visiting the PyScripter Internet group and pasting your
Labels questions and comments
Python, (DE, Delpni
PyScripter cormes in two Ravors, 32-bit and 64-bit. The 64-bit version will only work in a 64-bitversion of Windows. The 32-bitversion of
$8Members PyScripter requires the presence of a 32-bit python installation and the 64-bit version requires the presence of a 64-bit python installation
gyseripter from python.org.
2 committers Notes:
Featured o For compatibility with Python 2.6 and Python 3 0, since version 1.9.9.5, PyScripter requires the [atest C++ Redistributable Package
@ loads This is automatically installed by Python 2.6 and Python 3.x. ifyou do not have any ofthese versions installed. then you need to

downloadand install it manually.

tf you find PyScripter useful and make regular use, please consider malang a donation. This will support further development
ofthis project

Puc. B.13. Ctpanuua noanepxxku npoekrta PyScripter

OkHO cpefibl pa3pabOTKH € IPOrPaMMHBIM KOJIOM TT0Ka3aHo Ha puc. B.14.

* print(“Haupnaes smuscaeHan! )
* a=4
¢ print("Inauens nepeseoscid a = 7
p
18 Komnerotep

‘ Noxansmbiit auck (C) i 2 Agpemennai b o= ",b)
; !Ehmw.:”“(m) ¢ print("PesynuTar gesenun bia = “,c)
&A:ments(s-é RO * print{“Buuncnensa saxervenst <Y
3 cxosoa BD- :

** Python 3.3.3 {v3.3.3:c3836275¢@f6, Nov 18 2813, 2 38) [MSC v.16@@ 32 bit (Iatel}] on
** Remote mexaWa3m Python ABASETCA BKTUBHMM ***
>

win32. ¥**




(2 Hasametky

Y1o6bl co3paTb HOBbIA dain ¢ nporpammoi, Boibpaem komaHay HoBbI B MEHIO
®aiin, a 4TOObI OTKPLITL YXE cyllecTByowWmMiA ¢paiin BoibpaemM koMaHay OTKpbITb U3
TOrO X€ MEHIO.

[lns1 3amycka mMporpaMMbl Ha BbITOJIHEHUE BbiOupaeM B MeHI0 ITyck komaHny
Iyck (puc. B.15) unu meskaeM KHOIKY € 3eJIEHO CTPEJIKOH Ha MaHe I UHCTPY-
MEHTOB.

Ha puc. B.16 nokasaH pe3yJbTaT BBIIIOJHEHHUS TPOT PAMMBI.

Mposepxa cunrakcuca
« print(” Wnnopruposate mogyns

| easd
/ é * print("] flyex
Kowmnutorep j * b=12 : Tapamerpel komananoi crpoml'}
@ § Moxanombii awcx (C:) | ¢ print(” Zswxox Python
1 s Noxansheni anck (D:) :c'::: -
|| & &3 Elements (F) B p:int§“ Brewnuil nyck
| & o} AncxosoaBD-ROM(G) || P

HacTpodica BMeLMEro BbinoANEeHUS ...

Ortnaaxa 2+ 2
Vicnonnams 40 Kypcopa

Wanym e 7
Uisriyrs veper £

MY TRIUS Shuft +F3

Flavia

p armapry CtebsaltaF9

m 3 Post mortem ansans

Brn./suixn. Touky ocTanosa FS

YaanuTs Bce TOUKM OCTaHOB2 P1)] on win32, ***

L %3 python 3.3.3 (v3.3.3:c3896275¢0F6, Mo
*** Remote mexawusm Python aenseTcs axTw
L >>> £l Cosaats svipaxenue ns nog kypcopa  AlteW

Phc. B.15. 3anyck nporpamMmmbl Ha BbinosiHeHue B cpeae PyScripter

PesyusraT oToGpakaercsi Bo BHyTpeHHeM okHe UHTepmperarop Python, u ato
JOCTaTOYHO yAOGHO.

£ Hasametky

MNpun XxenaHum Bo BHyTpeHHeM okHe UHTepnpetaTop Python MOXHO BbINONHATE OT-
[OeNbHbIe KOMaHAbl: MHCTPYKLMW AN BbINONHEHWS BBOAATCA NOCNE CUMBONA >>> .



* print("Haummasen swuucaenanl”)

* a=4

# print(“3savense nepesennci a = ”,a)
¢ b=12

* print{"3nausrue nep

4 c=bja

* print(’

¢ print(”

E Jioxanshbii anck (C)
i JToxansubiit anck (D:)
E2 Elements (F3)

@ & Auckosos BD-ROM (G7)

é * Remote mexaHu3s Python dBARRETCA aKT#sHem ** ¢
(B2

*** YRanennsi UNTEPOPETATCP MHAUNANUBUPSBAR NCHTODHEY* ¥
>

Hauunaes Buancaernal

Juavenue nepemerncd o = &

3 3nauerse nepemeniol B = 12

PeayanTar peners
BmudCAeHUA 3ARONE !
[ >>>

Puc. B.16. Pe3aynbTaT BoiNnOIHEHUS Nporpammbl B cpeae PyScripter

[TocKoJIbKY B HUIIM MJIAHBI BXOAUT MIMPOKOE MCIIOJIb30BaHKME CPelibl pa3paboT-
ku PyScripter a5 paGoThbl ¢ IpOrpaMMHBIMK KOJAaMH, Jajiee Mbl GoJiee JeTaib-
HO 00CY MM HEKOTOpble OCOOEHHOCTH JAHHOTO TPUJIOXKEHHs. TakkKe OTMETHM,
4TO €CJIM YUTATENb B CUIY KAKUX-TO OOBEKTUBHBIX WM CyOBEKTUBHBIX IIPUYUH
HPEINOYTET APYTYIO Cpely pa3paboTKu (B TOM YUCJIE U OJHY U3 MEPEYUCJIeH-
HbIX BbIlIE) - HET HUKaKuX 1pobJem. [IpaBaa, Ha cTpaHULAX KHUIH OTCYTCTBY-
€T BO3MOXHOCTb JIaTh ONMCAHUE BceX (MM Jaxke HEKOTOPhIX ) HauboJiee ToIy-
JIAPHBIX cpe pa3paboTku Ay Python: kHura, Bce-Taku, HOCBSIIEHA S3bIKY MPO-
rpaMMHUPOBaHUS, a He IPOrpaMMHOMY obecriedeHuto. /la 1 60JIbIIUHCTBO Mpe-
JlaraeMbIX YTUJIUT 171 pabGoThI ¢ IporpaMMHbIMU Kogamu Python o6bryHO mpo-
CThI B MCIIOJIb30BaHUH, YHUBEPCAJIbHBI B IJIaHE METOJI0B U IIPUEMOB PabOThI C
HUMH, a TAK)KE HHTYUTUBHO MIOHATHBI. XOUYETCS BEPUTH, YTO YUTATEJIb B CJIydae
Ha{00HOCTH CaM CMOJKET CIIPABUTHCS C OCBOEHHEM HEOOXOJUMOr0 POrPAMMHO-
ro obecrieyeHus.



PaGoTa co cpepnon PyScripter

Byov npoxasim mom Oenv, x0z0a 5 ce 3a 6apan-
KY 3mozo nwvLrecoca!
u3 x/¢ "Kaexascxan nnennuya”

Cpa3y oroBopuMmcs, 4YTO MOJIHOCTBIO OIUCHIBAThH NpuioxeHue PyScripter Mer
He OyzeM: BO-TIEPBbIX, BOBMOKHOCTH TaKOM HET, a, BO-BTOPbIX, HEOGXOUMOCTH,
€CJIY YeCTHO, Toxe. [103ToMy MBI OCTAaHOBUMCS JIMIIIb HA TEX HACTPOHKAX U pe-
KHMMax, KOTOpble KPUTHYHBI ¥ OYayT (MM MOTYT ObITh) MOJIE3HbI YUTATEIO B
mpoiiecce paboThl HAJZl MATEPUAJIOM KHUTH (MMEIOTCSI B BUAY B MEPBYIO OYEPE/lb,
KOHEYHO, IPOTPaMMHbIE KO/Ibl, KOTOpPbIE PACCMATPUBAIOTCS B KHUTE).

[Ipexne Bcero, cTout 0OpaTUTh BHHUMaHKe, 4TO WHTEp(eiic cpeasl pa3paboT-
ku PyScripter moanepxvuBaeT pa3jivyHbIe SI3bIKM, B TOM 4McJie M pycckuil. Ha
puc. B.17 nokasano okHo npusoxenust PyScripter, B KoTopoM ucnosb3yeTcst

PYCCKOSI3bIYHBINA UHTEpdEIiC.

Komnsrotep
& Noxanshbiit guck (C:)
o g:::z"(':""“ @ | #Crecteds  snslosn
£} i % t: (¢} srexcel 2814
&} AuckoeoaBD-ROM(G) is 7 o

Author:

B wwn S

def main():
- pass

* if _name_ == '_ s
. main{)

* Python 3.3.3 (v3.3.3:c3896275c0f6, Hov 18 2013, 21:18:48) [MSC v.1660 32 bit e1)] on win32.
* Remote MexaHu3m Python RBAAETCA aXTaBHew ***
>

Wurepnperarop Python

Puc. B.17. OkHo npunoxexus PyScripter ¢ pycckos3bi4HbIM MHTEpdEeiicoM M WwaGIoHHbIM
KOQOM B OKHE pefakTopa Koaos



(O Hasametky

Mo ymMonyaHuio npu 3anycke npunoxeHus PyScripter BO BHyTPEHHEM OKHE penakTo-
pa Ko4oB ANst HOBOrO, aBTOMAaTUYECKN CO3AaHHOrO (HO eLle He CoXpaHeHHOro) daiina
npeanaraeTcs WabNoHHbIN KOA, KakK 3TO MOXHO BUAETbL HA puc. B.17. 3ToT wabnoHHbIN
KO, MOXHO YAanuTb U BBECTU COOCTBEHHBIN. Takxe NoNb30BaTe b MOXET U3MEHUTb Ha-
CTPOWKM NPUIOXEHUS, B TOM YACNE N COAEPXUMOE LWabnoHHOr o koaa.

Ecii MBI XOTHM HIepeiiTé K aHIJIOSI3bIYHOMY MHTepdelicy, To B MeHIo Buna cieny-
eT BbIOpaTh noaMeHIo S3BIK, a B 3TOM MOJAMEHIO - KOMaHIy AHTIMHACKHIA, KaK IMo-
Ka3aHo Ha puc. B.18.

Cheayrousan exnagka Ctri+Tab
Mpeasiayuian exnagka . Shifts Ctri«Tab
Pasgenute sknagky

Komnurorep W Worksyice

‘ SNoxanbHeid gnck (C:) 7 Ysennunms
<z Noxaneueit anc (03 .
B3 Elements(F:)
i & Auckosoa BD-ROM (G:) | Manens wncrpymtentoe
Crpoxa cocroRnms

Yuenswmms

Oxna cpeasi paspaborkn
Okna ornagumka
Nepeiitn

Cunraxcuc

3:¢3896275¢0f6, Nov 18 2013, 21:18:48) [MSC 1)] on win32.
Remote mexanMam Python ABNAETCA aKTusHwm ***
>

% Wispmperarop Byt

Puc. B.18. Nepexoaum k aHrnos3sivHOMY uHTepdeiicy ans npunoxenus PyScripter

B pesyasraTe unrtepdeiic npusnoxxenus PyScripter ctaHet aHros13pr9HbIM. UTO-
ObI BEpHYThCsI 06PATHO K PYyCCKOSI3bIYHOMY HHTEP(eiicy, B MeHIO View B moaMe-
Hio Language BoiGupaem komanay Russian (puc. B.19).

XoyeTcst BepUTh, UTO TaKue CTaHAapTHbIE NPOLeyPbl, KaK CO3JaHUe, COXPaHe-
HUe, OTKPbITHE U 3aKpbITHE pabouero qokymenta (aiiaa ¢ mporpamMmoit) y uu-
Taresisi npobJieM He BhI30BYT. BMecTe ¢ Tem o6palaeM BHUMaHHUe HA IOCTATOYHO
TI0JIE3HYIO YTUJIUTY: BHyTpeHHee 0kHO 0030p (aitnoB, HemocpeCTBEHHO B KO-
TOPOM MOXHO B CHCTEME KaTaJIOroB BEIOPATh TOT JOKYMEHT, C KOTOPBIM cOOMpa-
emcst paborats (puc. B.20).



Next Editor Ctri+Tab
Previous Editor  Shift+ Ctrl+Tab
Split Editor

Split Workspace

Zoomin

Zoom Out

Toolbars
Status Bar

IDEWindows
Debug Windows
Navigate

Syntax

*** Pythen 3.3.3 (v3.3.3:c38396275¢0f6, Nov 18 2013 : v.1608 32 bit (Intel)] on win32, w==
*** Remote mexanMsm Python RBAKETIN AKTHBHEM ***
>>>

* print{“Haunnses smuacaenma! )
. a=4
* print("3nsuenus nepesenncd & = 7
g = * b=12
& Pubhs[’gers - # print(”uavenne nepemenoit b = ”,b)
b Qt_Projects + c=b/a
s Astopam * print{“Pesynur

T genenun bia = “,c)

4 Bnnanax * print{“Buuncnenas saxonusnu!”)

b

B paGore
% §. Math_with_Excel
i Python
- ji examples
= <h00

pictures
MyTestFile01.py

wsmenenmns: 30.01.2014 8:30
pleCal x

' 38956275caf6, Nov 18 2013, 21:18:40) [MSC v.1600 32 b
Remote mexannss Fython BBnReTes aKkTusHom **7

[ >>>

T R

Puc. B.20. BbiGpaTb HyXHbI ¢ aiin c NporpamMmmHbIM KOAQOM MOXHO
HernocpeacTBEeHHO B OKHe npunoxenusa PyScripter .



Cpena paspaborku PyScripter nocraroyno rubkasi B miane HacTpoek. Ha-
npuMep, 4TOOBI HACTPOUTH MAPAMETPhl PeflaKTopa KOJAOB (TaKue, CKakeM, KaK
WpUQT WU PEXUM BBIIEJEHUS] CUHTAKCUYECKUX KOHCTPYKIMii) B MeHIO HMH-
cTpyMeHThI B oametio Ilapamerpsl BoibrpaeM komanay CoiicTsa peakropa,
KakK MoKa3aHo Ha puc. B.21.

PYTHONPATH
: Macrep Tecros...
Wexognbiit koa
s Wnctpymentor
' e Publisrgers HacrpoiiKa uHCTpyMeHTos ...
b QtProjects
- s Astopam v Mapaserpet Mapaserpe: cpesst paspaborxu
- 4 Brnanax CXpMITS, WCNGAREMBIE Npw CTapTe PR Couerniia kiasns cpeant paspaboTan

5 ju Bpibore
@ g Math_with_Excel Mposeputs Hanwune obrosaenmit Seolicies pamaps.

B i Python © Mwunopt/3xcnopt

5 j examples
£ : onwsosarenscxue napamerpol...

14 a6 nonel xoaa...
. @ i pictures % | Wabnowe: aitnos...

& MyTestFiledlpy

**+ python 3.3.3 (v3.3.3:c3896275c8¥6, Nov 18 2813, 21:18:48) [MSC v.1682 32 bit (Intel)] on win32, ***
*** Remote mexanusm Python ABARETCH BKTASHmmM ***
33>

| @ Vinrepnperarop Python

Puc. B.21. Nepexopa B peXxum HAaCTPOiiKu NnapaMeTpoB peaakTopa NporpaMMHbIX KOA0B

B pesysisraTe oTKpOETCST AMAIOr0BOe OKHO ¢ Ha3BaHueM Penakrop cBoiicts, B
KOTOPOM, COOCTBEHHO, U BBIMOJIHSIIOTCSI HACTPOMKH (puc. B.22).

OnaHo BecbMa BaXkKHOe 3aMeyaHHe KacaeTcs IPOrPAMMHBIX KOJIOB, B KOTOPBIX HC-
MOJIb3YEeTCS KUPUJLTMYECKU TeKCT. Takue Gaiiibl Hy>KHO COXPaHSTh B "mpa-
BUJIbHON" KOAMPOBKE - MHaye MpH MOCJeLyIoleM OTKPBITUA B TOM MecCTe, Ilie
ObLT KUPUJITMYECKUI TEKCT, MOSBATCS "Kapakyau'. B yacTHOCTH, peKoMeHay-
eTcsl mepes coxpaHeHueM ¢aiia B MeHI0 PemakrupoBars B noameHio @op-
Mar ¢aiisa ycranosuts koauposky UTF-8 (puc. B.23).



2

- Pepaktop wpud

{

Censolas 18pt

iclNoHE

| i -3

i aak

% [#] Knoun 3aknaaku

% n 33KNAAKM
[ Vireptan uowsy cxposawif npborpat _pu Ll

[¥] Astopasmep

1] Start at zero

[”J Noxasars nomepa crpox

. MNokasatb My w & Havane

Courier New 8pt

Ueer nons: EctBtnFa;_

Mpurenurecs xo BCeM peIaKTOPan

Puc. B.22. OxkHO HacTpPOMKY NapaMeTpoB peaakTopa NporpaMMHbIX KOA,0B

Konuposare
Borasnns
Yaznute
Boigennts Bee

¢ a=4

Haey BRMCAS

* print(“3uzuenve nepemennod a

* b=12

* print(”dnauenns nepesennoi b

* c=b/a

* print("PesyasTar gencuun bla =
¢ print(”Emuucaenmn sakcnuensn )

|| “** Python 3.3.3 (v3.3.3:¢3836275
| *** Remote mexaHusm Python ABAReTC
P>

40) [MSC v.160@ 32 bit {Intel)] on win3z, **==

Puc. B.23. lNpu paboTe ¢ KMPUANNYECKUM TEKCTOM ANA KOPPEKTHOW paboTbl

Heo6xoAaMmMOo Paitnibl COXpPaHATb B "NPaBUJIHO

U Koauposke



.................................................

Tax>xe paHee Mbl OTMEYaJIH, YTO UCII0JIb3y€EMbIE TI0 YMOTYAHUIO MIAGJOHbI TTPO-
IPaMMHBIX KOZOB, IIpeJiJIaraeMble TI0JIb30BATENIO B PA3JIMYHBIX CUTyalsIX (IpU
CO3JJaHMH HOBOTO IOKYMEHTA) MOXKHO U3MEHUTD (0TpeJaKTUpoBaTh). [Toe3HbI-
MH B 3TOM ciydae GyayT komanasl noamenio Ilapamerpst B Menio HucTpyMen-
L. Ha puc. B.24 nokasaHo quasioroBoe okHO (Daiijibl mAGIOHOB, C IOMOIIBIO
KOTOPOTO PeaKTUPYIOTCS MIAGJIOHBI.

| Name Category

! Cython Script Python
HTML Jokyment Wrreprer
XML aokyment Wereprer

Wnreprer

Tl Pythcn A S sh el

Pacumpenne no ymonuanuio:

Wabnow:

Mapxep:

Kame:
Puyposa:

i Moauduxarop: Shift+ Crls M

Puc. B.24. OkHO HacTpo#ku wabnoHos

XapakTepu3dyst CUTyallMI0O B I1I€JIOM, CJIeAyeT CKa3aTh, 4YTO MPHUJIOXEHHUE
PyScripter HacTpauBaeTCs IOBOJIBHO TPOCTO, TAK YTO HA MPAKTHKE MPOBJIEM C
HACTPOMKOMN 0OBIYHO HE BO3HUKAET JaKe Y HEMOArOTOBJIEHHBIX 10JIb30BATEEN.
B cayuae kpaiiHeil HeOOXOIMMOCTH, pa3yMeeTcsl, BCeraa MOKHO 00paTUTbCS K
CIIPaBOYHOM cucTeMe cpefibl paspabotku PyScripter.

() Hasametky

B kHure mbl 6yaem paccmaTpuBaTh MCXOAHbBIE NPOrpaMMHbIE KOAbl Ha A3bike Python u
pesynbTaTt BbiNOSHEHUS 3TUX KOAOB - B TEKCTOBOM dopmaTe. MNoatomy paboTy co cpe-
noi pa3paboTku oTaensHO obcyxaaTte He ByaeM. dakTuyeckn, 3agada Habopa v Bbi-
NOJIHEHWSA NPOrPAMMHOMO KOAA NOMIHOCTBIO JIOXUTCS Ha nneyn ymtatens. bnaro, 3aaa-
HUE 3TO He OYEHb CIOXHOE.

Ecsim Bce e BO3HHKHYT HellpeABHA€HHbIE POOJIEMBI C TPOTPAMMHBIM 06ecite-
yeHHeM, HAlIOMHUM, YTO Ha Xy/OH KOHelLl IPOrPaMMHBIN KO MOXHO HaGpaTb



B OOBIYHOM TEKCTOBOM peJaKTOpe W COXPAaHUTh B COOTBETCTBYIONIMH (aiii ¢
pacuipeHrieM py. 3aTeM 3TOT (ailyl BBINOJIHSIETCSI C MIOMOIIBIO MTPOrPaMMBI-
HMHTepIipeTaTopa. To ecTb MporpaMMy-MHTEPIIPETATOP BCE Xe MPUAETCS yCTaHO-
BUTb.

BbnaropapHocTu

- A umo nepedamv Mol KOPOL?

- Ilepeoaii meoti KO POb MO NAAMEHHBIL NPU-
eem/!

u3 x/¢p "Hean Bacunvesuu mensaem npo-
deccuro”

ABTOp BBIpa)kKaeT MCKPEHHIOIO MPHU3HATENIBHOCTD.COTPYAHUKAM H3AaTebCTBA
"Hayxa u Texnuxa", 61arogaps cjaaxxeHHOM v mpodeccuoHabHON paboTe KOTO-
PBIX KHHUTa CTaJa Jy4lie u uHrepecHeit. Ocobasi 6;1aroqapHocTd - Mapky Dum-
K08Y, IPY TIOAJEPKKE KOTOPOTO YK€ PeaM30BaHbl MHTEPECHBIE TTPOEKTHI U, XO-
4eTCsi BEPUTh, MHOTO HOBBIX elile Oy IeT peau30BaHo.

[IprMeps! 1 3a1a4K U3 KHUT 10 TPOrPAMMHUPOBAHHUIO OOBIYHO IIPOXOAT arpoba-
IO HA TEPIIEJMBOM, HO TpeOOBATEIbHO ay TUTOPHH - CTY AEHTAX U CTyLIATEIISAX
KypcoB. VM - oTaesibHOe criaci60. Beab HemocpeacTBeHHOe 001IeHNE C TEMH, KTO
YYHTCSI TPOrPaMMHUPOBAHMUIO, IaeT OECLIEHHBIN OMBIT AJIS IPEMOAaBaTe s, ¥ 3TO,
€CTeCTBEHHBIM 06pa30oM, HAXOAUT CBOE OTPaXKEHUE B KHUTaX.

OrpomHeiiineii 6;1arofapHOCTH 3aC/IyKUBAIOT YUTATEH, KOTOPbIE TPUCHLIATN U
MPUCHLIAIOT MUCbMA CO CBOMMM KPUTHYECKUMH 3aMEYaHUSIMHU U TPEAJIOXKEHU-
siMu. Barogapsi ux HEpaBHOAYUTHOMY OTHOIIEHHUIO BOIJIOUIEHBI B )KM3Hb MHO-
rue 3amevartesbHble uaer. OT yBa)kaeMoro YuTaTe ist BCELeJI0 3aBUCHT, Oy IeT Jiu
MPOJIOJIXKEH 3TOT TIPOLIECC.

OopaTHas cBa3b

A mozy nponusamv npocmpancmeo u yumu 6
npousnoe.
u3 x/¢ "Hean Bacunvesun mensem npogpec-

"

Curo

Csou IMoXXeJlaHudA, 3aM€4YaHuA U NPEAJIOKEHUA YUTATEJIHW MOI'YyT HAIIPpABJIATH
TI0 3JIEKTPOHHOM nouTe alex@uasilev kiev.ua win vasilev@univ.kievua. Kuuru B
TIEPBYIO 0Yepeb ULy TCS AJIs1 yutaTesieid. [0aToMy KpaiiHe BaXKHO 3HATh, UTO B

m ........................................... P .



KHUTe YIaJI0Ch, a 4TO - HeT. KOHCTpyKTHBHAsi KpUTHKA M 00 paTHAsI CBSI3b C YMTa-
TeJISIMU - OUeHb JieliCTBeHHble HHCTPYMEHTH], KOTOpbIe MO3BOJISIOT ABUTAaThCS B
MPaBUJIbHOM HalPaBJIEHUU.

Hexoropas nosiesHast uHgopmMalys no 3Toil KHUre U APYTMM KHHUTaM aBTOpa
TIpe/ICTaBJIeHa Ha caiite www.vasilevkiev.ua. Eciu e HyXKHOM YUTaTENsIM UH-
¢dopMmanuy TaM HeT, HO TEXHUYECKH ee pa3MellleHre BO3MOXHO, UIMeeT CMbICJI Ha-
IHCaTh MUCHMO C MPEAJIOKEHNEM N00aBUTh HAa CTPAHUILY HEJOCTAIOLIME CBele-
HUA - afipeca 3J1eKTPOHHOM NIOYThI IPUBE/EHDI BhILIE.






‘nasa 1

‘'lepBble nporpammbl
Ha a3blke Python



- laxu, naxu... uxce xepysumot! Bawe cusmen-
cmeo, cmunyiimecv. Mexcoy npouum, Bor mens
He max NOHSIU.

- la xax e mebs nonsmp, KOb mbl HUYE20 He

2080 pulli?

- A3vikamu ne 8nadero, Bawe 6nazopodue.
u3 x/¢p "Hean Bacunveéuu mennem npogec-
curo”

MbI npucTynaeM K u3ydeHuIo sisbika Python. B aToii riaBe mosHakomumcsi ¢ 6a-
30BBIMHM KOHCTPYKIUSIMU, KOTOPbIE TIO3BOJISIT HAM COCTABJISITh HECJIOKHBIE MTPO-
rpamMMHble Kobl. HeKOoTOpble MOMEHTBI CHauas1a Oy ayT 0ObsSICHSITHCST HA HEMHO-
0 MIOBEPXHOCTHOM YPOBHE, YTOOBI 06JIErYMTB /17151 HOBUYKOB ITPOLIECC TIEpexoia
OT TEOPETU3UPOBAHUS K MPAKTUYECKOMY HCIOJb30BaHMI0 Python must Hamuca-
HUSI IPOrPaMM.

Q) Hasametky

Hepenko nporpammel, HanUcaHHbIe Ha A3bike Python, Ha3biBalOT cueHapnamm. Mbl He-
CKOJIbKO OTOMAEM OT TPAAULMM N K TePMUHY cLueHapuii npuberaTe He GyaeM.

HauHeM MbI ¢ TOr0, 4TO 06CYAMM OOII[Me TPUHIIMITBI OPraHU3aIMU [TPOrPAMMHO-
ro Kojia, HanucaHHoro Ha Python.

Pa3mMbilungasa o nporpamme

Imo e 8am He ae3zunka, a meucm!
u3 x/¢p "Kaexascxan nnennuya”

[Tporpamma B Python - ato mocsenoBatenbHOCTh KOMaHa. Hukakux crenuasib-
HBIX HHCTPYKUUH 17151 GOpMaIbHOr0 0603HaYeH s HayaJia Ui OKOHYAHUSI KOJa
[IpOrpaMMbl HMCIIOJIb30BaTh He HYXKHO. TakuM 06pa3oM, MpU HAMMCAHWM TIPO-
rpaMMbl MbI pa3MelllaeM KOMaHbl OJHA 3a JPYToif - B TOM MOPSIAKE, KaK OHU
JOJIKHBI BBINOJTHATHCSL. KoMaH1a moMenaercs: B Hayase cTpoku. OTCTyNOB Je-
JIaTh He HYKHO. B 01HO#1 cTpOKe 06BIYHO 110 0JHOI KOMAH/IE - TO eCTh KaXkaast KO-
MaH/ia B HOBO# CTPOKe. "
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3 Hasametky

B naHHOM cnyyae peyb uaeT o "npocTbiX” komMaHaax, Hanoaobve komaHabl BbIBOAA B
KOHCOMNbHOE OKHO TEKCTOBOro coobuieHns. Kak 0TMe4anoch Bbille, 3T KOMaHAbl pas-
MeLalTCa B Ha4Yane cTpoku, npoben nepen HAMU He CTaBUTCS, U B KOHLE KOMaHAbl
TOXE HUYEro CTaBUTb HE HYXHO. HEMHOro No3xe Mbl N03HAKOMUMCS C YNPaBASIOLWLNUMN
MHCTPYKUMSIMU - TaKUMW, Kak ONepaTop LUKJSa v yCNOBHbI onepaTop. BaTuxcuHrakcu-
YECKMX KOHCTPYKLUAX C NOMOLLIbIO OTCTYNOB (NMp0o6enoB) BblAENAI0TCA COCTaBHbIE YacTu
BblpaXeHus Ansa onepartopa (6nok komaHa, Tena onepatopa). Ho 06 3TOM Mbl NOroBO-
pUM no3xe. Ha AaHHbI i MOMEHT BaXHO 3anNOMHUTb, 4TO Npo6en B A3bike Python -Bax-
HblA 3/IEMEHT C TOYKM 3PEHUA CUHTaKCMCa M UCNOoNb3oBaTb €ro crneayert C KpaiHew
OCTOPOXHOCTLIO. JINWHWMA Npo6en MoXeT Bbi3BaTb OLUNGKY.

B npuHiue, 310 BCe, YTO HaM MOKa HEOOXOAUMO 3HATH O CTPYKTYPE IPOrpaM-
MBI JIJIS1 TOTO, YTOOBI TPUCTYTIUTD K HAIMCAHUIO TPOrpaMMHOro koaa. Co Bpeme-
HEM MbI TIO3HAKOMHUMCSI C Pa3JINYHBIMM CHHTAKCUYECKUMHU KOHCTPYKIUSIMH, KO-
TOpBIE BHOCAT B TIPOrPAMMHBIN KO GOJIBIIYI0 MHTPUTY U €JIAIOT MPOLIECC MPO-
rpaMMHMPOBaHMsI HHTEPECHBIM U B HEKOTOPBIX CJAydYasx HempeackadyeMmbiM. Ho
3TO Oy IET MO3XKeE.

Yto BaxHo ceifyac? Ceifyac BaXHO TOHMMAaTbh, YTO KOMaHJbI B IIPOrpaMMe
JIOJKHBI OBITh KOPPEKTHBIMU KaK MUHMUMYM C TOYKU 3PEHMSI CHHTAKCHCA SI3bI-
ka Python. Ho maxe ¢dopmasibHO npaBujibHbIE KOMAH/Ibl HE TAPAHTUPYIOT Ipa-
BUJIBHOCTH BBITIOJTHEHU ST TIpOrpamMMbl. OOBIYHO IPOrpaMMBI IIUIITY TCSI /ST peliie-
HUSI TOW WJIU MHOI 3a/1ayi. 3a/1aya peliaeTcsi B COOTBETCTBUM C OIPEEEHHBIM
aJITOPUTMOM, KOTOPbIi B MOAaBJIsIONIEM GOJIBIIMHCTBE CyYaeB pa3pabaThiBaeT
U peaju3yeT MporpaMMUCT. To ecTh B IIporpaMMme peaii3yeTcsl HEKOTOPBIH aJj-
roput™. Ecjiu 3TOT aJiroput™M HempaBWJIBHBIN, TO U MPOrpaMMa BBIAACT HE TOT
pe3yJIbTaT, KOTOPOro OT Hee 0KuAaioT. [loaToMy mo-xopoureMy HanucaHue Ipo-
rpaMMbl HAYMHAETCST C BBIPAOOTKY aJrOPUTMA, a YKe 3aTEM 3TOT aJITOPUTM pea-
JIU3yeTCs B BUJIE KOMaH/| IIPOrpaMMbl. MBI 1JIsT TPOCTOTHI UCXOJUM U3 TIPEATIO-
JIO’KEHUS, YTO AJITOPUTM UMEETCSI, M €0 JIMIIb He0OX0JUMO "TIepeBecTH” Ha A3BIK
uHCTpyKIwi Python.

[TpakTryecku Jiobasi MporpamMMa OrepupyeT ¢ HEKOTOPBIMU JaHHBIMU. ITO MO-
KeT OBITh KaK peasibHO GoJibliast 6a3a AaHHBIX, TAK M OAHO-€ANHCTBEHHOE 3HaUe-
HUe€ - IPUHIMIIAAJIbHON Pa3HUIIbI 31eCh HeT. BaXkHO TO, UTO JaHHBIE B IPOrpaM-
Me JIOJIXKHBI KaK-TO COXPaHSITbCss. MblI 1I0Ka 4To OyaeM "COXpaHsATh" JAaHHbBIE C
MIOMOILBIO nepemenHbix. B OTHOIIEHUU TTepeMEHHBIX BaXKHBI IBA MOMEHTA!

* yTmiepeMeHHOU ecTb UMS (M1 Ha3BaHUE );
* TlepeMeHHas CCbLIaemcs Ha HeKOTOPOe 3HaueHue.
B npuHIuUTIe, 3HaueHKe, Ha KOTOPOE CChLIAETCS ePeMeHHAsT, MbI MOXKeM:

¢ IIPOYHUTATD;



HN3MEHUTD.

W B TOM, ¥ B APYTOM CJIyYae MbI UCIIOJIb3yEM, B KOHTEKCTE KOMaH/Ibl, UM TIEpe-
menHoii. [Tockosbky B Python Tum nepeMeHHOIt SIBHO He YKa3biBaeTcsi (OH OIpe-
AeJIsieTcsI II0 3HaYeHUIO, Ha KOTOPOE CChIJIAETCS IepeEMEHHAsT ), TO IIPeABapUTeIb-
HO OOBSIBJISITh TIEPEMEHHBIE HE HYXKHO. [IpOCTO 1pH IIepBOM KCIIO/Ib30BaHUH ie-
PEMEHHOI €1 cpa3y NpUCBANBAETCS 3HAYEHHE.

(28]

Ha 3ametky

O6bI4HO, KOraa OH6BLACHAIDT Ha3HAYEeHNEe NepeMeHHbIX, CPaBHMUBAIOT WX, Hanpumep, C
KOP3UHOW unn 6aHKOBCKOWN Si4EKON. 3Ha4yeHUe NEePEMEHHOW NpY Takoin aHanorum -
3TO TO, YTO HAXOOUTCH B KOP3uHe/a4yeiike. MNMoka 4TO Mbl MOXEM AymMaTb O NEPEMEHHOM
MMEHHO Tak. TeM He MeHee, B Python nena ¢ nepeMeHHbIMU 06CTOAT HECKO/ILKO NHAYe.
TexHn4eckn nepemMeHHas CoaepXuT agpec B 061aCTy NnaMaTy, rae XxpaHUTCa 3HavyeHue,
0TOXAECTBSSEMOE CO 3HA4YEHMEM NEPEMEHHON. TEM HE MEHEE OYEHb YacCTO (B NPOCTbIX
cnyyasx) BHewwHuii adpdekT Takou, kak ecnm Gbl nepeMeHHas peanbHo coaepxana CBoe
3Ha4YeHWe - Kak Kop3nHa unm 6aHkoBckas ayerika. MNoka 4To MexaHn3M XpaHeHus 3Ha-
YeHWU NepeMeHHbIX He BaxeH. HEMHOro No3xe, Koraa AaHHbI BONPOC CTaHeT akTyasb-

HbIM, Mbl pPaCCTaBuUM BCE TOYKMN HAL I .

Jlnst Hayasia Mbl PAaCCMOTPUM HeGOJIBLIYIO TporpaMMy. B Hell, KpoMe HECKOJIb-
KHX POCTBIX KOMaH, Oy YT UCIIOJIb30BaHbl KoMmermapuu. KommeHTapuii - 310
TEKCT, IpeIHa3HaYeHHBIH [J1 MporpaMMucTa. VIHTepnpeTaTopoM KOMMeEHTapui
urHopupyetcs. /1151 co3naHusi KOMMEHTapHsl UCHOJIb3YI0T cuMBoOJI #. Bce, uto
HaXOAUTCH CIIpaBa OT CUMBOJIA #, SIBJISIETCSI KOMMEHTapHeM.

Mpumep npocTon nporpamMmmbl

Bapanos - 6 cmoiino, xon00unvhux - 6 dom.
u3 x/¢ "Kaexascxas nnennuya”

B ImporpaMme, KOTOPYIO Mbl paCCMOTPHM JiaJie€e, pean3yeTcsa CJIeI[yIOI.III/If/i aJro-

PUTM:

BBIBOJUTCS TEKCTOBOE NMPUBETCTBHE C MPOCHOOI K MOJB30BATENIO YKa-
3aTh UMS;

I10CJI€ TOro, KaK I10JIb30BaTE€J/JIb BBOJAUT MMs1, OHO CYHUTbIBAETCA U 3aIIUChI-
Ba€TCA B [IEPEMEHHYIO;

[POrPaMMOM BBIBOJUTCS €Ille OJHO COOBIIEHHE, a TEKCT COOOIIEHHUS CO-
JEPKUT UMSsI, KOTOPOE Ha MPEAbIAYILEM IlIare BBEJI MTOJIb30BATENb.

Jl1s1 BBIBOZIAa COOOIIEHHIA B KOHCOJIBHOE OKHO MCIIOJIb3YeTCst PyHKIUs print (),
a [UIsl CYUTHIBAHUSI BBEIEHHOT'O M0JIb30BATEJIEM TEKCTA (MMSI II0JIb30BATES ) MC-
mosb3yeM ¢GyHKIMIO input (). Takxe B mporpaMMe ecTh KOMMeHTapuu. [1oJ-
HBIii KOJ TPOrpaMMBbI TIpUBe/IeH B uctunre 1.1.
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# BeIBOOMTCHA coobleHue

print ("HaranTe nosHakoMmmMmcsa!")

# CumTeHIBAEM BBEIEHHOE MO0JIb30BaTeJIeM 3HauyeHue.
# PesynbTaT 3anMCHBAETCA B [IE€PEMEHHYK name
name=input ("Kak Bac zoByT? ")

# BHIBOOMTCH HOBOE COOOlEeHMue

print ("Oobpeit OeHb,",name+"!")

ITockospky 3TO mepBast Hama "oduuMagbHas” MMPOrpaMMa, UCCIeNyeM BOIPOC
0 TOM, Kak oHa 6yzieT BoImonHATbesA B cpese PyScripter u IDLE (u1a mpakTuke
MEX]y TPOLIECCOM BBIITOJTHEHUS] TPOTPAaMMBbI B 3THUX CpeliaX UMEIOTCS HEKOTO-
poie otiinuus). Ha puc. 1.1 mokasaHo okHo cpeabl PyScripter ¢ mporpaMMHBIM
K0/0M (IIepej1 3aIyCKOM MPOrpaMMbI Ha BBIIOTHEHHE ).

Nyce CtdsBIf i)

P 48, 2

* print(”
#

* Pesysemom scnucelaemca B repemensyw nome
& Tokansmstii anck (C) * name=input(“iax Bac “
¢p Noxansbiit guck (D7) o sbﬂofw o
s (F) & print( " Robpuidt g2
&5 Awckoeoa BD-ROM (G:

Pythan 3.3.3 (v3.3.3:c3896275¢@f6, Nov 18 2613, 21:18:48) [MSC v.1688 32 bit (Intel)] cn win32.

i
%"‘ Remote mexanusm Python ABASETCA aKTuBHsM *** |
[ >>> i

Puc. 1.1. OkHo cpeabl PyScripter nepea Ha4anom BbINOSIHEHUA NPOrpaMMbl

B mpotiecce BBITIOJHEHKS TIPOTPAMMHOTO KOJ/Ia CHAYaJla B OKHE WHTEPIIPETaTOpa
TIOSIBJISIETCSI TIEPBOE COOOIIEHME, a 3aTEM OTKPHIBAETCSI OKHO C 0JIeM BBoAa. [le-
pez 1moJsieM BBOZia 0ToOpakaercsi TeKCT Kak Bac 30ByT?, a B [0JI€ BBOJA MBI
yKa3bIBaeM UM MoJib30Bares (puc. 1.2).



% BuBodumcs coobuenue
* print(“faesaite nosmakomumcal”)
# CuumeBaer B8ed: rose308: oM 3t 3
# Pesypomar sanucwBeemcs 8 nepemesmyn name
¢ name=input("Kax Bac sosy™’ )
# BwBodumca woloe cook
¢ print("fobpuit genb,” ,name+ ™)

1% Komnstotep
ﬁ flokansbhbii guek (C:)
fNoxansbheiit auck (D:)
E3 Elements (F)

&3 Auckosog BD-ROM (G2)

*#= python 3.3.3 v.1600 32 bit (Intel)] on

*** Remote

- seronsvecam PR ——

Puc. 1.2. B npouecce BbinonHeHus NnporpaMmmsl B cpeae PyScripter nossnsercsa

OKHO C nosiemMm BBOAA

[Mocuse mesruka Ha kHOnKe OK B OKHE BBO/Ia, TIOJTyYaeM pe3yJIbTaT, Kak Ha puc. 1.3.

# BuBodumcr coobuerue
# print (TRasslive ricmeaismnes
# CuumeBoer B8ed nex:
& Peaymmam 3arucsBoemcs § neprusnye nome
* name=input(“Kazx Bac saeyr? *)
# Bubodumcs woboe coobaenue
* peint(“fofpmi gern, ", names” |

‘ Floxansrei gner (C3)
Aoxanbroid auck (D)
Elements (F;)

& Ancxosoa BD-ROM (G}

)

| === python 3.3.3 (v3.3.3:c3896275¢0f6, Hov 18 2013, 21
| *** Remote mexanusm Python ssaseTcs axTusHews ¥+

YQaneHnyii HNTEPMPETATOP WHALWAAMSHPOBAH NOBTOPHG**®

| fasalite noznaromumcal
ZoBpuilt amin, Anavcall Pacvneeal
3>
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Takum o6pa3om, ipu paboTe co cpenoit PyScripter BBo/I BBIMOJIHSIETCS B OTAEb-
HOe OKHO, KOTOpoe oTobOpa)kaeTcsi aBToMaTudyecku. Heckosibko mHave 06CTO-
SIT AeJa rpy ucnosab3oBanuu cpeabl IDLE. Ha puc. 1.4 mokaszaHo OKHO Cpefibl C
MPOrpaMMHBIM KOJIOM Tlepe]] HauajioM BBIMTOJTHEHHUSI IPOTPaMMBI.

File Edit Format " ‘
| Bumommmox cor - c e e e :j
| print("Zasafizsl  Python Shell
| # Cunrnsaem s Y mmasere .,
Check Module Alt+X hyo name

# Feaynurar 3a

& {tne1/Cok:0

Puc. 1.4. OkHo cpeabl IDLE nepea Ha4yasioM BbINOJIHEHUA NPOrpamMmbl

[Tocse 3amycka mporpaMMbl Ha BHITIOJTHEHUE B OKHE MHTEPIIPETATOPA MOSIBJISIET-
cs1 mepBoe coobleHue U, B HOBOIT CTpoKe, hpasa Kak Bac 30ByT?, IOCTE KO-
TOPOIA 10JIb30BATEIEM BBIMIOJIHSIETCSI BBOJ TEKCTA, KAK 3TO MOKA3aHO Ha puc. 1.5.

File Shell Debug Options Windows Help .
| Python 3.3.3 (v3.3.3:c3896275c0f6, Nov 18 2013, 21:18:40) [MSC v.1600 32 bit (In ‘“:_;
| itel})] on win32

Type "copyright", "credits®™ or "license(}" for more information.

>>> RESTART

Puc. 1.5. B npouecce BbinosHeHus nporpammel B cpeae IDLE BBoA TekcTa
BbINOJIHAETCA B KOHCOJ/IbHOM OKHE

BBozx nosb3oBaTests MoATBepXkAAeTCS HaXxKaTueM KJaaBuu <Enter>. Pesyibrar
BBINOJTHEHU S TPOrPaMMBbI IIPeJICTaBsIeH Ha puc. 1.6.



. Fite Edit Shell Debug Options Wind |
Python 3.3.3 (v3.3.3:c389%6275c0f6, Nov 18 2013, 21:18:40) [M5C v.1600 32 bit (In_ﬂ
tel)] on win32

Type "copyright®, "credita®™ or "license ()" for more informatiomn.

>>> - RESTART

>>>

LaBafiTe no3HaKOMMMCH!

Kax Bac 30ByT? Azexcelt Bacunber
zoﬁplbw“x neHb, Asexcey Bacwsbes!
>>>

Puc. 1.6. Pe3ynbTaTt BbiNnONHEHMs Nporpammsl B cpeae IDLE

TakuM 06pa3oM, pe3yJIbTaT BBITIOJHEHUST TIPOTPaMMBI Oy €T Cieayonmm (Kup-
HBIM LIPU(TOM BbIJEJIEH BBOJ 0JIb30BATEN ):

PesynbTar BuiNONHEHNS NporpamMmbl (w3 nuctuwra 1.1)

IaBanTe No3HaKOMMMCSH!
Kak Bac 30ByT? Anekce; Bacunwes
Hobpe1 OeHb, Anekcen Bacuibesn!

£ Hasametky

Ecmm nporpamMma BuinosiHAeTcs B cpege IDLE, pe3ynstaT 6yaeT TOYHO TaknuM, Kak noka-
3aHO BbllLE (pa3ymMeeTcs, C y4eTOM TOro, Kakoe 3Ha4eHne Been Nonb3osaTtens). B cpe-
ne PyScripter BTopasi CTpoka OTCyTCTBYeT. XOTS Mbl NpeanonaraemM ncnoib3oearth Cpe-
Aay PyScripter, peaynbTtat 4ns Tex nporpamMm, B KOTOPbIX NONb30BaTEEM BBOASATCH AaH-
Hble, 6yaem NnpMBOoAUTL B BUAE, Kak Ans cpeab! IDLE.

Tenepb paccMoTpuM 60J1€€ AETATBHO TPOrPAMMHBIN KOJI, BBITIOJTHEHHE KOTOPOTO
MPUBOIUT K TAKOMY pe3yJibTaTy (cM. sucTuHr 1.1):

e Bce, YTO HAYMHAETCS C CUMBOJIA #, SIBJISIETCS ‘KOMMEHTAapHUEM U Ha pe-
3yJIbTaT BBIIIOJIHEHH A IIPOTPaMMbI HE BJIMAET.

* Komannmoit print ("IaBarniTe nosnakommmcs!") B OKHe UHTEpIIpe-
TaTopa BBIBOAUTCS COOOIIEHHE, ONpeNessieMOe apryMEeHTOM (yHKIMU
print ().

* . Bxomange name=input ("Kak Bac 30ByT? ") BbI3bIBAETCS QYHK-

IUs input () € TEKCTOBBIM apT'yMEHTOM, a pe3yJbTaT BbI30Ba (PyHKIUU
3alMCBIBaeTCs B MepeMeHHyIo name. Kak cjencTBue B OKHe HHTepIIpe-
Tatopa (OKHE C 0JIeM BBOJIA ) OSIBJISIETCSI TEKCT, TIEpEAAHHbIN apryMeH-
ToM pyHKIuKA input (). To 3HaUYeHHE, KOTOPOE MOJIb30BATEDb BBEJ B
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OKHe UHTeprpeTaTopa (IoJie BBOJa AMAJIOTOBOTO OKHA) BO3BpAIlAeTCs
Kak 3HaueHue (pe3ysbTar) PyHKUMM input (). ITO U eCcThb 3HAUEHHUE
nepeMeHHON name.

* Komanzoii print ("Jo6peii geHb, ", name+"!") B OKHe HHTEPIIPe-
TaTOpa BHIBOJUTCSI €11l OHO COOOIIEHKE, KOTOPOE MOJIyYaeTcsi 00beIu-
HeHMeM (KOHKaTeHaluel) TekcTta JoOphri OeHb , , 3HaUeHUS IIepeMEeH-
HOIf name ¥ BOCKJIMI[ATEJIBHOTO 3HAKA.

1 Has3sameTtky

B nocnepgHeli komaHae y GyHKUMM print () ABa aprymeHTa: "Jo6peni IneHb, " W
name+"!". W nepBblii, U BTOPOA aprymeHTbl - TEKCTOBble. OHU BLIBOAATCA B OAHOW
CTPOKEe Apyr 3a APYroM, NPUYEM MEXAY HAMWU aBTOMaTUYECKN NO yMonyaHuio aobas-
nsetcsa npoben. Yto kacaeTcs BTOPOro aprymeHTa, To popmasibHO OH MpeacTaBeH Kak
"CyMMa" TEKCTOBOW NEPEMEHHOW name (TOYHEE, NEPEMEHHON C TEKCTOBbLIM 3HAYEHU-
em) n tekcta " ! ". Ecnu onepaums CNOXeHUs NPUMEHSIETCA K TEKCTOBBIM 3HAYEHUNAM,
pe3ynbTaToM SIBASIETCHA TEKCT, Noy4alowmiicas 06beanHeHneM COOTBETCTBYIOLNX TeK-
CTOBbIX 3HaYyeHun. ObpaTnTe BHUMaHue, 4To Npoben B aToM cnyyae He nobasnseTtcs.
Y106bl HE 3anyTaTbes ¢ fobasneHnem nnn He nobasneHemM npobena MOXHO NOJb30-
BaTbCA TakUM NpaBuioM: GyHKUMA print () ne4aTaeT CBOM apryMeHThl 4epes npoben,
a npu o6bearHeHun cTpok npoben He pobasnsercsa. Hy u, paszymeeTcs, untatens yxe
3aMeTun, 4TO TeKCTOBble 3Ha4eHUA yKa3biBaloTCA B ﬂBOﬁHbIX KaBblyKax. ATO He eavH-
CTBEHHbI cnocob BeiaeneHus Tekcta B Python (MoxHO, HanpuMep, UCNoNb30BaTb 0AM-
HapHble KaBbl4kn). Mbl B OCHOBHOM ByaeM 3akNo4aTb TEKCTOBbIE 3HAYEHUS (MMTepanbl)
B [1BOVHbIE KaBbIYKW.

[lanee mbl 60siee MOAPOOHO 0OCY IUM HEKOTOPBIE OCOOEHHOCTH paboThI C Tepe-
MeHHbIMU B Python.

OOcyxgaem nepemMmeHHbie

Buisatom maxue cryyuau, k020a HEenI0Xo u cospamo.
u3 x/¢p "Hponus cyov6ut uau ¢ aezxum napom”

MbI yxe uMesu aeno ¢ nepeMeHHbIMU. Ho 3T0 6bL10 cKOpee "miamoyHoe” 3Ha-
KOMCTBO. 3/1eCb MBI yJIeJUM TIepeMEHHbIM HEMHOTo OoJibiie BHUMaHus. Hano
CKa3aTh, OHM TOTO 3acayxuBatoT. Tem GoJiee uto B Python nepemenubie nocra-
TOYHO CHENU(DIYHBL

B nepBy1o ouepeib, 4YTO KacaeTcsi HA3BAHUS TIEPEMEHHBIX: B TIPUHIIUIIE, 3TO MO-
XeT ObITh MPaKTUYeCKH JI060e uMsi (KoMOrHanusi 6yKB, LGP U CUMBOJIOB I10/1-
YepKUBaHMsl ), KOTOPOE He COBNajaeT HU C OJHUM M3 KJIOYeBbIX cj10B Python.
Cnncok koueBbix cjioB Python npeacrasien B Tabsune 1.1.
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and del

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

None

from

global nonlocal
if not
import or

in pass

is raise
lambda return

True
try
while
with
yield

KioueBble cjioBa He MOr'yT OBITh MOI[I/I(bI/ILII/IpOBaHbI, 1 IIOIIbITKA HUCII0JIb30BATh
IMepeMEHHYI0 C COOTBETCTBYIOILIUM UMEHEM IIPDUBELET K omuoKe.

) Hasametky

3ameTbTe, 4TO B l@aHHOM Cliydae Mbl He 06CyXAaeM Ha3HaYeHME KNIOYEBbIX CNoB. Cnu-
COK KJII04EBbIX CI0B NPUBEAEH UCKNIOYMTENBHO A NS TOrO, 4TO6LI YATaTENb 3HAN, KakK He
cneanyetT Ha3blBaTb NEPEMEHHLbIE.

[ToMuMoO KJTI0YEBBIX CJ10B, B Python cyiecTByeT MHOXXeCTBO BCTPOEHHBIX HIEH-
TU(DUKATOPOB - TAKUX, HAIPUMED, KaK Ha3BAHUSI BCTPOEHHBIX (GYHKIUH (CITHCOK
BCTPOEHHBIX UEHTU(HUKATOPOB pUBeaeH B Tab e 1.2)

Ta6nuua 1.2. Berpoenubie uaentudukatopsl Python

ArithmeticError
AssertionError
AttributeError
BaseException
BlockingIOError
BrokenPipeError
BufferError
BytesWarning
ChildProcessError
ConnectionAbortedError
ConnectionError
ConnectionRefusedError
ConnectionResetError
DeprecationWarning
EOFError

Ellipsis

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
KeyboardInterrupt
LookupError
MemoryError
NameError

None
NotADirectoryError
NotImplemented
NotImplementedError
OSError
OverflowError

PendingDeprecationWafning

PermissionError

ProcessLookupError
ReferenceError
ResourceWarning
RuntimeError
RuntimeWarning

StopIteration

£ HasameTky

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
dict

dir

divmod
enumerate
eval

exec

exit

filter
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license
list
locals
map

max
memoryview
min

next
object
oct

open

ord

pow
print
property
quit
range
repr
reversed
round
set
setattr
slice

sorted
staticmethod

str
sum
super
tuple
type
vars
zip

B Tabnvue 1.2 npuseaeHbl B OCHOBHOM Ha3BaHWUS BCTPOEHHBIX KJIACCOB UCKJIIOYEHUI 1
Ha3BaHWs BCTPOEHHbIX GYHKUMIA. BoobLue, y3HaTb, kakue naeHTMdukaTopbl Ha AaHHbIN
MOMEHT 3aZieiCTBOBaHbI B paboTe nHTepnpeTaTopa (onpeaeneHsl B NporpaMme) Mox-
HO C NnomMoLwbio GyHKUMM dir (). Ecnuv BbI3BaTh 3Ty PyHKUMIO 683 apryMeHTOB (CKaxem,
BOCNOJIb30BaTLCS KOMAHAOW print (dir () ) ), NONYy4MM CNMCOK (Habop) naeHTudrka-
TOPOB (MMEH), KOTOpble yXe "3aHATbl". Ho B 3TOT cnucok He ByayT BXOAUTb Ha3BaHWS
BCTPOEHHbIX DYHKUMWIA U APYrMX BCTPOEHHbIX nAeHTudukaTopos. MNonyunTtb A0CTYyN K



CNUCKY BCTPOEHHbIX NAEHTUHUKATOPOB MOXHO Yepe3 Moy ib builtins. ANaaToOro He-
06x0ANMO KOMaHAoM import builtins NOAKAYUTL MOAY/b, @ 3aTEM Bbi3BaTh DYHK-
umio dir () € apryMeHToM builtins (An8 oTo6paxeHns cnucka BCTPOEHHbIX UOEHTU-
dukaTopoB B 061acCTu BbIBOAA UCNONMb3yeM KOMaHAY print (dir (builtins)) ). Noa-
po6Hee 0 noakHeHNN MOAYyEN Paccka3biBa€TCS B KOHLLE 3TOW rnasbl.

DopMaIbHO MBI MOXEM 3a/1€HICTBOBATH IEPEMEHHYIO C UMEHEM, COBIIAIAIOII[UM C
TEM WJIU WHBIM uaeHTudukaTopoM. OmHAKO 3TO MOXKET HEOKHUAAHHBIM 06Pa3oM
TIOBJIMSITh HA BBIMIOJIHEHUU MPOrpaMMbl. I10g00HbBIE CUTYyallMH CUUTAIOTCS AyP-
HBIM TOHOM B ITPOTPaMMHPOBaHUH, U UX CJI€AyeT U36erars.

VIMs1 mepeMeHHO! He MOXeT HauMHAThCA ¢ udpol. Takke KpaliHe OCTOPOXKHO
cJiefiyeT UCIOJIb30BaTh MOAYEPKUBaHME B Hayajle U KOHIle UMEeHU IepeMeHHOMI
(TlepeMeHHbIe C HaYaJIbHBIM MTOYePKMBAHUEM U C IBOMHBIM IIOJYEPKUBAHUEM B
HayaJie ¥ KOHIIe MMeHU 00pabaThiBAIOTCSI 110 ClIENUAIbHBIM TIPABUJIAM).

O TOM, YTO A/ IEPEMEHHBIX HE HYXHO SBHO OOBSBJIATD THUII, MBI YK€ 3HaeM.
OnHaKo 3TO BOBCe He O3HAyaeT, YTO TUIOB AaHHbIX B Python Het. /[pyroe aeo,
YTO TaKOe IOHSITHE KaK THUII OTOXKIECTBJISIETCSI MUMEHHO C IaHHBIMH, a He C Iepe-

MEHHOIA.

(2 Hasametky

Boobuwe Tun aaHHbIX BaXeH, N0 MeHbLUEe Mepe, C ABYX NO3ULUIA: TN AaHHbIX onpeae-
naeT o6bem namMaTn, BolAENAEMbIA AN XPAaHEHUS 3TUX AaHHbIX, @ TaKXe HaxoauTcs B
TECHOW CBA3W C TeMW onepaumsMmu, KOTopbie A0NYyCTUMbI C AaHHbIMW. BO MHOrMX s3bl-
KaxnporpaMmMmnpoBaHus NnepemMeHHble 06 bSBNSETCS C yka3aHueM Tuna. BotsaTomcny-
yae nepemeHHyIo ya06HO NpeaCcTaBnATb Kak KOP3uHy, Ha KOTOPOW HaNnMCaHO Ha3BaHne
nepeMeHHO’, a 3Ha4eHne NePEMEHHON - TO, YTO BHYTPW KOP3WHbI. TakMx KOP3UH B NpO-
rpamme MoxeT 6biTb MHOro. Kaxaas Kop3vHa OTOXAECTBAAETCA C KaKO-TO KOHKpeT-
HOW NepeMeHHOM’, B KaX A0 KOP3UHE YTO-TO "NexuT” (3Ha4yeHne COOTBETCTBYIOLLEN Ne-
peMeHHOoI1). Pa3mep KOp3uHbl onpeaensieTcs TUNOM NepPeEMEHHON, C KOTOPOW Mbl 3Ty
KOP3UHY OTOXAECTBAseM. Koraa Mbl CHATbIBAEM 3HAYe€HWE NepeMeHHOW, TO NPOCTOo
"CMOTPUM", 4TO NIEXUT B KOP3UHE. Koraa MeHseM 3HaueHne NepemMeHHo, TO BbIHUMAa-
€M 13 KOP3UHbI TO, YTO B Hel 6biNo, U NOMeLaem Tyaa HOBOE COAEPXKUMOE.

B Python Bce Heckobko uHaye. NepemMeHHble He MEIOT Tuna. Ho Tun eCTb Y AaHHBIX,
KOTOpble "3anoMUHAIOTCS" C NOMOLLbIO NepeMeHHbIX. Mo3TOMY KOHUenuus 06blYHbIX
KOP3WH TEPSIET CBOIO aKTyaNbHOCTb. AKTYanbHOM CTAHOBUTCS KOHL,ENUUA KOP3WH, K KO-
TOpbIM NPUBA3aHbl BEPEBOYKU. [epeMeHHas - 3To BepeBoyka ¢ 6upkoii (Ha3BaHue ne-
PEMEHHOI1), @ KOP3UHa -3TO AaHHbIE, HAa KOTOPbIE CChITAaeTCs NnepeMeHHas. To eCcTb Te-
nepb Ha3BaHWe NepPEMEHHO - 3TO He BMpka Ha Kop3uHe, a 6upka Ha BepeBke. Ha kop-
3nHax 6UpokK HeT. Kak 1 paHee, paaMep KOpP3vHbl ONpeaenseTcs xapakTepoMm ee coaep-
XMMOro (Tvn AaHHbIX). HO A0CTYN K KOP3UHE Y HAaC eCTb TOJIbKO Yepe3 BEPEeBOUYKY. Bepe-
BOYKW BCE OIMHAKOBbIE U OTIMYAIOTCH NULLL HAa3BaHWEM Ha Bupke. YTo Mbl MOXeEM cae-
naTtb B TaKOW CUTYaumn: Mbl MOXEM MOTSIHYTb 32 BEPEBOUKY M NOCMOTPETh, YTO HAXOAUT-
CH B KOP3WHE, K KOTOPOI NpuBA3aHa BEPEBOYKA. ITO aHANOr CHATLIBAHUS 3HAYEHUSA Ne-
PEMEHHOI. TakXe Mbl MOXEM NOMEHATL COAEPXMMOE KOP3UHbI v BOOGLLE OTBA3ATL
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OT BEPEBOYKM KOP3UHY 1 NPUBA3ATb BEPEBOYKY K APYroi KOP3nHe. ITO aHanor nameHe-
HWA 3HaYeHVs NepeMeHHoN. Bonee Toro, Mbl MOXeM NPUBA3aTh HECKO/ILKO BEPEeBOoYeK
K OZIHOI 1 TOM Xe KOP3uHe. Ha a3blke MporpamMmMrpoBaHVs 3TO 03HA4AET, HTO HECKOJILKO
NepeMeHHbIX CCbINalTCs Ha 04HO U TO Xe 3HayeHune. U Takoe B Python Toxe BO3MOXHO.

B Python nmepemeHHbIe ccoLratomes Ha TaHHbIE, a HE COAEPXKAT UX, KaK B HEKOTO-
PBIX IPYTHX SI3bIKaX MporpamMmupoBanust. Kaxaas mepemeHHasd "MoMHUT", B Ka-
KOM MeCTe B MaMsTH HAXOAUTCS HEKOTOpOe 3HayeHue. ITO 3HaYEHUE MbI OTO-
XK/IECTBJISIEM CO 3HaYeHHeM MepeMeHHOH (XOTsI Ha CaMOM Jiesie 3HaYeHHEeM ITiepe-
MEHHOM SIBJIsIeTCSI aAipec sTYeNKU MaMsITH C COOTBETCTBYIOLIMMU JaHHBIMU). TeM
He MeHee, KOor/ia Mbl oOpaiifaeMcsi K mepeMeHHOIA, TO BBIITOJTHSIETCS] aBTOMaTHye-
CKUH Iepexo/] 10 CChIJIKe Ha JaHHbIE, TaK YTO BHEIIHE WJLTIO3US TaKasl, KaK ecIu
6bl IepeMeHHas peaJibHO COZIepKaJia onpejesieHHoe 3HayeHue, Kakue cienctBus
13 BCEro CKa3aHHOI0?

BO-HepBI)IX, ONMCAHHBIN BBIIIE MEXaHU3M HEPEeAKO SABJAETCA KpaeyIroJIbHbIM
KaMHEM B IIOHUMAaHUMH TOT'O, YTO IIPOMCXOAMT IIPU BBIIIOJTHEHHWH IIPOTPAMMHOIO
KOZa ", B YaCTHOCTH, ITPU IIPUCBAUBaAHUU 3HAYEeHUH TNNEPEMEHHBIM.

Bo-BTOpbIX, COBEPIIEHHO OYEBUAHO, YTO OJIHA U Ta e IIePeMeHHas Ha Pa3HbIX
aTanax BBITIOJHEHUS TPOTPAMMbI MOXKET CChLIATHCS HE MPOCTO HAa Pa3HbIE 3HA-
YeHU s, HO Ha 3HAYEHUsI Pa3HbIX TUIOB (HAIIPUMED, CHAYaJIa CChLIATHCS HA TEKCT,
a 3aTeM Ha YHCJIO).

B-TpeTbHX, XOTS HENOCPEACTBEHHO y IIePeMEeHHBIX TUIIA HET, Mbl MOXeM II0-
JIy4YUTb JOCTYT Yepe3 IepeMEeHHYI0 K 3HAUeHHUIO, Ha KOTOPOe OHA CChLIAeTCs, U
y3HaTh ero Tii. OcTajoch JULIb BRISICHUTD, KAKHe TUIBI JAaHHBIX BOOGIIe BO3-
MoxHbI B Python. '

£ Ha3sametky

[ns onpepenexHns Tyna 3Ha4YeHWs, Ha KOTOpPOE CCbINAaeTCs NepEeEMEHHas, MOXHO UC-
nonb3oBaTb GYHKUMIO type () . [lepeMeHHas ykasbiBaeTCst apryMeHTOM OYHKLUUK.

Haur onbiT paboThl ¢ IEpeMEHHBIMHU TIOKA YTO OTPaHUYUBAETCS TEKCTOBBIMH U
YHICJIOBBIMU 3HaUEHUSIMU (TIpuMep Bo Bemynaenuu). Tak BOT, TEKCTOBbIE 3HAYe-
HUSI OTHOCSITCS K THITY, KOTOPBI Ha3bIBaeTcsl str. YucaoBble 3HAYEHUST OTHO-
CATCS K TUMY int (ecJiu 3TO LieJible YHCJIa) UK K Tumy float (ecsiu 3To 1eHCTBU-
TeJIbHBIE YKCJIa B PopMaTe 3HAUEHHUSI C TIaBatollel Toukoif). [IpusTHoil Heoxu-
JAaHHOCTBIO /1151 JIIOOUTE e MaTEMaTHUECKUX pacyeToB Oy aet To, uto B Python
eCcTb BCTPOEHHAs MOJAeP)KKa [JIsI KOMILJIEKCHBIX yucesl. [[ns aTux uesei uc-
MOJIB3YIOTCSI 3HaUeHUsI TUIa complex. HekoTopbie mpuMepbl HECJIOXKHBIX YK C-
JIOBBIX PaCUeTOB IIPUBe/IeHbI ]ajiee B 3TOH IJIaBe.



3HaveHUsI JIOTUYECKOT0 THUIA MOTYT IPUHUMATH [BAa 3HAYEHUS (UCmuHa WU
20%v). B Python norunyeckuit Tun o6o3Havaercsi kak bool. C 10rH4eCKUMH Bbl-
Pa’KeHUSIMHU MBI TIO3HAKOMHUMCS], KOT/J]a IIPUCTYIIUM K U3YUYEHHIO YCJIOBHBIX UH-
CTPYKLUH U MHCTPYKLMI LIUKJIA.

Heckonbko mo3xe Mbl TO3HAKOMUMCS CO CHUCKAMU, KOTOPbIe UTPAIOT POJIb Mac-
cuBoB B Python. Criucku otHocsiTcst k Tuny 1ist. Eite B Python ectb mroaxce-
cmea (0 HUX MBI TOXKe IIOTOBOPHUM, HO He B 3TO# rJiaBe). MHOXECTBA OTHOCSITCS
K Tuny set. CylIecTBYIOT ¥ APYTHe TUIIbI JaHHBIX, KOTOPbI€ MbI Oy/IeEM M3y4aTh
MIOCTETIEHHO, TI0 MEPE Halllero udydyeHus siabika Python.

£ Hasametky

B nepsyio ouepenb MMEIOTCS B BUAY Takve "pPasHOBUAHOCTU" OAHHbIX, KaK KOPTEXM
(TN tuple) u caoBapu (Tvn dict). A ewe B Python ecTb cnepyowume Tunbl: bytes
(HenameHsiemas nocnepoBaTenbHOCTb 6aliToB), bytearray (M3MeHsiemas nocneno-
BaTeNbHOCTb 6aiToB), frozenset (HEM3MEHAEMOe MHOXEeCTBO), function (PyHk-
ums), module (MOAynb), type (knacc). ECTb Takxe Tunbl Ana cneumanbHbIX 3Ha4YeHUi
ellipsis (ana anemMeHTaEllipsis)un NoneType (AN5 3Ha4eHUs None).

Kak oTMeuasioch Bbillle, OT TUIMA JAHHBIX 3aBHCUT TO, KAKKE OMEPAIMKA MOTYT C
3TUMM JaHHBIMU BBIITOJTHSTHCS. MaHUITYJIMPOBATH C AAHHBIMU MOXEM WJIH C TI0-
MoLIbI0 QYHKIMH, Uiu onepatopoB. Kakue onepaTopsl, KOria v Kak UCIOJIb3Y-
fotcsi B Python, Mt 06cyium B ciiegyoniem paszee.

3 Ha3sametky

B 3aBepLueHVe 3TOro pasaena 0TMETUM, 4TO B Python nepeMeHHbIe MOXHO He TObKO
co3aaBaTh, HO U yaansTb. [ns yaaneHvs nepemMeHHon Ucnonb3yeTcs MHCTpyKums del,
nocne KOTOpoit, Yepes NPoGen, ykasbiBaeTca UM yaanaemon nepemeHHomn. Ecnm yaa-
NeMbIX NepeMEHHbIX HECKObKO, OHW Pa3AensaioTCs 3ansToM.

OcHoBHblIe onepaTopbl

Bom umo xpecm acusomsopsuuii denaem!
u3 x/¢p "Hean Bacunvesuu mensem npo-
deccuro”

OO6BIYHO BBIAEJSIIOT YETHIPE TPYIIIbI ONIEPATOPOB:
*  apudpMETHYECKHUE;

*  NOOUTOBBIE,;
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*  OmepaTopbl CDABHEHUST,
*  JIOTMYECKHUE OMEPATOPHIL.

Apugmemuueckue onepaTtopbl IpeiHA3HAYEHbI B IEPBYIO OYEPEb IJISI BBIIOTHE-
HUS apuPMETUYECKUX BhIYUCIeH it B Tabiuue 1.3 mepeynicieHbl 1 KpaTKO ONU- -
caHbl OCHOBHbIE apudMeTHYECKHEe OepaTopsl s3bika Python.

Cpasy cieyer OTMETUTD, YTO AeHCTBHE apu()MeTUYECKUX OIEPATOPOB JOCTA-
TOYHO TOYHO COOTBETCTBYET "MaTeMaTHYECKOM Mpupo/e” 3Tux onepatopos. [Ipu
3TOM MBI IIPEATIOJIaraeM, 4YTo peyb UAET O YHCJIOBBIX pacyeTax.

Tabnuua 1.3. ApudpmeTnyeckue oneparTopbi

OnepaTop OnucaHune

+ Oneparop cioxeHusi. Beruucasercs cymMma AByX yuce

o OnepaTop BbluMTaHusA. Beruncisercs Pa3HOCTb ABYX YHCEJI

* Onepatop yMHOXXeHUs.. Bpruncisiercst npousBeeHue aAByX Yu-
ceJ

/ Oneparop nesietusi. BoruncisieTcst OTHOIIEHHE ABYX YHCEJT

// Onepatop 1eJIOYNCIEHHOrO [ejieHusl. Bruruuciasercs uesnas

4acCTb OT A€JIEHUA OQHOTO YUCJla Ha APpYyToe

% i OnepaTop BbIYUCJIEHHUA OCTATKA OT LEJIOYHCJIEHHOTO AEJIEHUA.
Briuncisercs octaTok ot AE€JIEHUA OAHOro YMcCJia Ha Apyroe

** OrnepaTop BO3Be/IeHUS B CTelNeHb. Pe3yJIkTaTOM SIBJISIETCS YKC-
JIO, oIy yarollleecsi BO3BeleHHeM MEPBOTO ONEPAH/Ia B CTETIEHb,
- OIpezieJIsieMy 0 BTOPbIM ONlePaH/I0M

(2 Hasamertky

HekoTopble M3 nepeyYncneHHbiX Bbille ONepaToOpOB MOTMYyT NMPUMEHATLCS HE TOJIbKO K
3HaYeHWAM YUCIIOBbIX TUMOB, HO W, HANPWUMEP, TEKCTY WM Crinckam. 3TV TEMbI Mbl NOKa
He 3aTparveaem u 06cyauM ux no3xe. HanoOMHUM TOMLKO, YTO €CAN K OAHOW TEKCTO-
BOW CTPOKE NpubaBnTb ApYrylo TEKCTOBYIO CTPOKY (C NOMOLLbIO onepaTopa +), TO B UTO-
re Npon3onaeT KoHkaTeHauus (o6beanHeHne) CTpok: pesdysibTaTtoM 6yaeTt TekcToBas
CTpOKa, nonyyatrowascs obbeamHeHMeM "cymMmupyembix” CTpok. Hanpumep, B pesynb-
TaTe BbINOJHEHUSA KOMaHAbl txt="dA3k "+"Python" nepeMeHHas txt 6yaeT ccCobl-
naTbCsa Ha TEKCTOBOE 3Ha4YeHne "A3uk Python".

EC/u1 Mbl NONLITAEMCSA YMHOXMWTb TEKCTOBOE 3HAYEHWE Ha LLENIOe YUCO (MK LeNoe 4Ync-
NO HAaTEKCT), TO NOJy4YUM TEKCTOBYIO CTPOKY, NOJyHaIOLLYIOCA MOBTOPEHWEM (U KOHKaTe-



Haume) UCXO4HON CTPOKMU (KONNMYECTBO NOBTOPEHWUIA ONpeaenseTcs uenoYnMCneHHbIM
onepaHAoM B MHCTPYKLMM YMHOXEHUSA TeKCcTa 1 Yucna). Hanpumep, B pesysnibtaTe Bbi-
NOMHEHNA KOMaHAbl txt="Python "*3 nepemMeHHas txt OyAeT CCblNaTbCA Ha TEKCT
"Python Python Python ", KOTOPbIA NONy4aeTCa TPOEKPaTHLIM NOBTOPEHNEM U
KOHKaTeHauuel NICXOAHOro TekcTa "Python ™.

[Ipumep mporpaMMHOTO KOZAA JJISI BHITIOJIHEHUS] HECJIOXKHBIX apU(pMETHYECKIX
BBIYMCJIEHUH TIPUBE/IEH B JIUCTUHTE 1.2,

a=(5+2)**2-3*2 # PesynbTar 43
b=6-5/2 # PesysnbTaT 3.5
c=10//4+10%3 # PesynbTatr 3

# Pe3syJbTaTH BHUMCJIEHMI BHBOIOMM Ha 3KpaH
print ("Pe3ynbTaTH BHUMCIIEHMM:")

print (a,b,c)

Pe3yJIbTaT BBITIOJTHEHH A 3TOT'O ITPOrpaMMHOTI0O KOJia ITPEACTABJIEH HHUXXE!

Pe3ynbTaTh BHUYMCIIEHMN
43 3.5 3

1 HasameTky

B03MOXHO, HEKOTOPbIX NOSICHEHWIA NOTPeOyeT Npoueaypa BbIYUCNEHNS 3HAYEHUS Bbl-
paxeHus 10//4+10%3. Tak, 3Ha4eHUEM BblpaxeHns 10//4 sBnsieTca uenas 4actb OT
aenexns 10 Ha 4 - 3TO YUCNO 2 . 3HaYeHMe BbipaxeHus 10%3 - 3TO 4Mcno 1 (ocTaTok oT
penenns 10 Ha 3). B peaynbrate nony4yaem CyMmy 2 1 1 - TO €CTb YACNO 3.

S3bik Python mo3Bosisier co3paBaTh OYeHb 3JIETAHTHbBIE MPOrPAMMHbIE KOJBL
3aech Mbl BOCIOJIb3YEMCSI BO3MOXKHOCTBIO, YTOOBI MPOUJLTIOCTPUPOBATh JaH-
HOe yTBepXKJeHue. PaccMOTpeHHBIN BbIlle MPOrPaMMHBIN KOJ MBI Ieperu-
1eM HeMHOTo uHave. B yactHocTH, Bocnosib3yeMcst GyHKuuen eval (), KOTo-
pasi HO3BOJISIET BBIYUCIISTD BRIPAXKEHUS], 3aJaHHbIE B TeKCTOBOM ¢opMmarte. Ha-
IIPUMED, €CJIM HEKOTOPOE ajireOpandyeckoe BhIpaXkKeHHe, 3alMCAaHHOE B COOTBET-
CTBUU C MPaBUJIAMU CUHTaKcHca si3bika Python, 3akmounTs B 1BOiiHbIE KaBbIY-
KH, TO TIOJYYUTCS TEKCT. ECJIM 3TOT TEKCT Temnepp yKa3aThb apryMeHToM (pyHK-
UMy print (), TO Ha KPaHe MOSBUTCS COOTBETCTBYOIIIEE aIredpanyeckoe Bbi-
paxenue. Eciu xe Teker (¢ ajre6panyeckuM BoIpaKeHUEM ) TIEPEAATh apryMeH-
ToM GYHKIMK eval (), TO COOTBETCTBYIOLIee ajarebpanyeckoe BbipaskeHue 0y-
et Bbraucaeno. ObpaTumcs K uctunry 1.3,
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- Jincrunr 1.3. Henonbaosakme pyHkumn eval ()

a="(5+2)**2-3*2" # TexcToBOE 3Ha4eHWe
b="6-5/2"  # TekcToOBOE 3HaYeHWe
c="10//4+10%3" # TexcToBOE 3Ha4eHWE

# PesynbTaTbl BbIMCTIEHMIA BbIBOAUM HA 3KPaH.
# [InA "BblMMCIEHUA" TEKCTOBBIX BbIPAXEHUA

# ncnonb3yem dyHkuuio eval()

print ("Pe3ynbTaTHBEYUMCIIEHUM ")

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

B pe3yJbTaTe BBIIIOJTHEHNA 3TOI'0 IPOTPAaMMHOI'0O KOJa II0JIy4aeM CJieyIollee:

~ Pesynbrar BoinonHeHus nporpammst (u3 amcruira 1.3)

Pe3yJIbTaTH BHYMCIIEHUH :
(542) **2-3*2 = 43
6-5/2 = 3.5
10//4+10%3 = 3

) Ha3zametky

Pe3ynbTaThl BbIMUCAEHWNIA NOSCHUM HA NPUMEPE MaHUNY NALUA C NePEMEHHON a, KOTO-
PO B KQ4eCTBE 3HAYEHNA NPUCBAMBAETCH BbIpAXEHWE " (5+2) **2-3%2". JTO TEKCT.
Ecmm 6bl Mbl HE NCNONL30BaNM ABOVHbIE KaBblYkW, 66110 6bl 06bIMHOE apudMeTUHeckoe
BblpaxeHue. [1BOiHbIe KaBblikn apudMETUHECKOE BbipaXeHue NpPeBpallaloT B TEKCT.
MNMo3aToMy NnepeMeHHas a CCbiNaeTca Ha TEKCTOBOE 3HavyeHune. Ecnm mbl nepepaem ne-
PEMEHHYIO a apryMeHTOM OYHKUUN print (), TO HA 3KpPaHEe NOSIBUTCA TEKCTOBOE CO-
OEpXMMOoe, Ha KOTOPOE CCbIIaeTCs NEPEMEHHAs - KakK U A,0NXHO 6biTb. Ecnm Mbl yka-
3bIBAEM NEPEMEHHYIO a apryMeHToOM GyHKUUN eval (), TO BbINONHSAETCHA NONbITKA Bbl-
YUCANTb BbIpaXeHWE, KOTOPOe NpeacTaBNEeHO TEKCTOM, Ha KOTOPbLIA CCbinaeTcs ne-
pemeHHas a. PyHkuMs eval () AOCTATOYHO "yMHasa". Ecnn ee apryMeHT - o6bl4HbliA
TekcT (Habop cnos), To pesynstatoM ByaeT 3TOT Xe TekcT. Ecnu, kak B Hawem cnyyae,
B TEKCTe"cnpsTaHo" apudmMeTnieckoe BoipaxeHue - 6yaeT BbIMUCNEHO 3HAaYEHNE 3TO-
ro BbipaxeHus. Boobuue, 4To6bl NOHATb, KakoB GyaeT pe3ynbTaT BbiNONHEHUS YHK-
um eval (), HYXHO NPEACTaBUTb, YTO BLINOSIHAETCA KOMaHAa, NPeACTaBNeHHas Tek-
CTOM B aprymeHTe ¢pyHkumn. Ecnm 3agymaTbCs, TO Nerko NoHATb, Y4TO 3TO NpocToe 06-
CTOSTENBCTBO OTKPbLIBAET NEpPes, HaMW rpaHAMOo3HbIE NEPCNeKTUBLI. Hanpumep, ecnm
Mbl MOCNeaoBaTeNbHO BLIMONHUM KOMaHAbl x=3, y=7 W z="x+y", a 3aTEM KOMaHAay
print (z+" =", eval(z)),TOnony4nm B 06nactu ebiBoaa coobuieHme x+y = 10. Mo-
yeMy Tak? Becb cekpeTt, 04eBNAHO, KPOETCS B TOM, kak o6pabaTbiBaeTcs 3HaYeHue ne-
PEMEHHOM z dyHKUMAMN print () M eval (). B nepeBom cnyyvae Hu4ero oco6eHHoro He
NPONCXOAUT - TEKCT "x+y" obpabaTbiBaeTcs kak TEKCT. Bo BTOpoM cnyyae peaynbTta-
ToM ByaeT 3HauYeHNE BbipaXeHus x+y, "CNPATAHHOro" B ABOMHbIX KaBblukax. Mockob-
KY A0 3TOr0 NEPEMEHHBIE X W y NOJNTYHYUM HACNIOBbLIE 3HAYEHUS, NONYYAEM CYMMY ABYX
YACNOBLIX 3HAYEHWNA.



ITobumogvie (Mn ABOMYHBIE) ONIEPATOPHI OUYEHb OJU3KU K apU(pMETHUIECKUM B
TOM OTHOILIEHWH, YTO TOXeE TpeAHa3HaYeHbI AJIs1 pabOThI C YUCIOBBIMU 3HaYE-
HusiMu. TOJIBKO B Ciydyae MOOMTOBBIX OIIEPATOPOB BBHIYMUCJIEHUS BBITTOJHSIOTCS
Ha YPOBHE IBOMYHOTO Koja ynca. [171s1 3¢(heKTUBHOTO UCIOIb30BaHUS TOOUTO-
BBIX OIIEPATOPOB HEOOXOAUMO HEIJIOXO Pa3bMpaThCsi B ABOMYHOM IpeCTaBIIe-
Huu yuces. [IpuBeneHHas naee Bpe3ka IpeHa3HavY€eHa AJIs TeX YATATeJeH, KTO
C 3TOV TEMOM 3HaKOM He 04Y€Hb XOPOILIO.

(1 HasameTky

B ABOVMYHOM KOAE YMCNO NPEACTaBSETCA B BUAE NOCNeA0BaTENbHOCTU Hynel u eam-
HUU,. CTaplumii GUT UICNONL3YETCS ANA ONPeAeneHUs 3Haka YMcna: HoMb COOTBETCTBYET
NONOXWTENBHOMY YMCITY, @8 EAMHULLA COOTBETCTBYET OTPULLATENBHOMY YUCY.

B 06bI4HOI XKU3HU [JIsI 3aTIMCH YHCEJT MbI MCTIOJIb3yeM aecsiTh uudp: 0, 1, 2, u Tak
nasee, 10 9 BK0YUTETbHO. C IOMOILBIO 3TUX AECSTH HUGPP MBI MOXKEM 3aIHCATh
no60e yuciio. Jlocturaercs 3To 6yarofapsi HO3UIUOHHOMY TIPeCTaBIEHUIO Y-
CeJI: YKCJIO 3aIIMChIBAETCS B BUJIE TI0CJIe10BaTENbHOCTH 1M p. BakHoe 3HaueHne
MIMEET TO, Ha KaKOi 03MLIMH Kakas 1udpa Haxoautcs. [lomycTuM, HO3UIMOHHOe

IpeacTaBJI€HUEYHCIauUMEET BU Ay _q oo a,l aG (qepTquaCBepxyosﬂaqaeT, 4To
p€dYb UAET O ITO3UITUOHHOM IIPEACTABJIEHUHA I{I/ICJI(':l), rae 4rucCJIOBbIE ITapaMETPbI aO

,a1, ..., dn MOTYT IPUHUMATD 3HaueHus oT 0 10 9 BkmouuTesbHO. Kak onpesenutsb
3HaueHue Takoro uuciaa? loctatouHo npocro. Ilo onpexneseHuio uMeeT MecTo

o e ; B R 0 1 2
COOTHOLIeHue AnQn—1 .--A1Q9 = Qg * 10° + a - 10" + a- 10+ .-+ an - 10"
Touyno TaKyl0 JXX€ CXEMY Mbl MOXEM MHCIIOJb30BaTh AJA TOrO, "IT06]JI 3aliu-

CBIBATh YMCJA C NOMOIUBIO Bcero AByX uudp - uudpsl 0 u nupper 1. Ta-
KOe TIpe/ICTaBJieHHe Ha3bIBa€TCsl JBOMYHBIM KOAOM. IIpencraBuM,- 4TO He-

KOTOpPOE YHCJO B TMO3UIMOHHOM IIpeJCTaBJEHHM HMeeT BUA bpb,_, .. b by
, HO TOJbKO Temepb mapamerpbl by, by, .., b, Moryt mpuHuMarth Juumb aBa
sHavenust: 0 uau 1. Yemy paBHsSeTCS 4MCAO bpb,_;..biby? OTBeT Taxoii:
BBy Bybg =bo- 20+ by - 21+ by - 22 + -+ by - 21

OcHoBHBIE apu(pMETHYECKHE ONEPALlUU TIPU JTBOMYHOM IPEACTABJIEHUM YUCEJT
BBITIOJIHSIIOTCS TaK K€ JIETKO, KaK B IIPUBBIYHOM HaM JIECSITUYHOM IIpeJICTaBJIe-
HUU. ToIbKO HEMHOT'O BUZOM3MEHSIIOTCSI OCHOBHBIe IIpaBusa. Hanpumep, uMmeror



Inasa 1. Mepsbie nporpammbl Ha Python

MecTo Takue cootHouenust: 0+0=0, 1+0=1, 0+1=1, 1+1=10, u Tak nanee. YmHo-
XKEHUe YKCJIa Ha 1BAa CBOJUTCS K JOTIUCHIBAHUIO B TO3UI[IOHHOM MTPECTABJIEHUN
3TOrO YMCJIa B KOHIIE HYJIs. [[esleHre HA 1Ba YETHOTO YKCJIA O3HAYAET "3aYepKH-
BaHue" HyJIS B IPaBOM KpaiHel MO3UIIMY B ABOMYHOM Kojie (HEYETHBIE YHCJIa Ha
aBa 6e3 ocTaTKa He JeSTCS ).

TaxkuM o6pa3oM, 11060e YHCIO0 MBI MOXKEM 3alKCaTh KaK MOCJIEA0BATETbHOCTD
HyJIel ¥ eIMHUII ¥ BBITIOJHSATD C 3TUMU YHCJIaMU BCe Te Ollepaliik, KOTOPbIe MBI
IPUBBIKJIM BBINOJHSTDH C YUCIaMU B fecsitTuyHoM dopmarte. Ho oauH Bompoc
OCTaeTCs OTKPBITHIM: KaK 3aMMChIBaTh OTPHUIaTeIbHble unca? ONATh Ke, ecu
MBI TTHIIIEM YKCJIO Ha GyMare, Mbl IPOCTO JIONUCHIBAEM MEPe]] HUM 3HaK "MUHYC".
B npuninune aTo e Mbl MOXeM CZeJIaTh U B CJIyyae, €CJIU YUCJIO IPe/ICTaBIeHO
aBonyHbM KoZoM. Ho mpo6Jiema B ToM, uTo et Gymary - He kommbioTep. [is1
KOMITBIOTEpA HYy’XeH Apyroi noaxox. OObIYHO UCHIOIB3YIOT TIPUHIMI KOAMPOBa-
HUS OTPULIATeJbHBIX YHCeJl, KOTOPBII Ha3bIBaeTCs "NOMOJIHeHUe A0 Hyas". UTto-
OBl IOHSITH €r0 OCHOBHYIO HJIEI0, PACCMOTPUM BCIIOMOTATE IbHbIN HPUMED.

JlomycTuM, ecTh HEKOTOPOE MOJIOKUTETbHOE (3TO BaXKHO!) YKCI0, KOTOPOe 060-

3HayuM 4epe3 X (MKC). A 4TO Takoe yucjao —X (MuHyc ukc)? OTBET MOXET
OBITh TAKMM: 3TO TaKOE YMCJI0, KOTOpoe Oyayyu pubaBIeHO K HCXOAHOMY, 1acT
B pe3yJibTate HOJb. TO ecTb (HaKTUYECKH MO ONMpeeIeHUI0 JOJDKHO ObITh TaK:

x + (—x) = 0. OT 3TOrO0 MOMeEHTa U Oy/IEM OTTAIKUBATHCSI.

EcTb Takas omepauusi, Kak moburosasi uHBepcusi (B Python atoit uesu cayxur
onepatop ~). Ilo6uToBasi MHBEpPCUsI COCTOUT B TOM, YTO B JBOMYHOM IIPE/CTAB-
JIEHUW YUCJIa BCE HYJIM 3aMEHSIIOTCSI HA €JIMHUIIbIL, a BCE €MHUIIbI 3aMEHSIIOTCS

Ha HyJu. EcJiu y Hac ecTh HEKOTOpOE T0JI0XKUTEJNbHOE YUCJIO X, TO YUCJIO ~X TI0-
JIy4aeTcsi U3 YKMcJja X 3aMeHOM HyJiei U eAVHUI] Ha cBoU aHTUIOAbl. Cripocum

cebst: a uTo OyAeT, ecid MBI BBIYMCIMM CyMMY uuces X u ~X? HecmoxHo co-
00pa3uTh, YTO B Pe3yJIbTATE MOTYYUTCST YUCJIO, ABOUYHOE MIPE/CTABIEHHE KOTO-

pOro cOCTOUT U3 eAnHUIl. [lefiCTBUTENbHO, HA TON MO3UIIMH, [Jle Y YHCJIa X Ha-
xoxaurcs 0, y uncia ~X Haxonutcest 1. Tam, rae y uucia x HaxoauTcs 1, y yucia

~x Haxonutes 0. A Mbl yxe 3HaeM, 4to 0+1=1+0=1. To ecTb nmosyyaem Takoe:

X+ (~x) =111 ..11

N eAHHHI{

A Tenepb K MOJIy4eHHOMY pe3yJibrary mnprbaBuM umciao 1 ("B urpy BcTymaer”
mnpasuiio 1+1=10).



x+(~x)+1=111..11+1=1000...00
[Tonyuurcs cnenymouiee: T T T U Bot Te-

Mepb MbI BCIIOMUHAEM, YTO PeYb UJET HE MPOCTO O BBHIYKMCJIEHUSIX, 3 O BBIYKC-
JIEHUSIX Ha KOMIBIOTEPE. A B KOMIBIOTEPE [JIs1 3alIOMUHAHUS yucesa (B JBO-
UYHOM KOJIe) BbIAEJSIETCST (PUKCUPOBAHHOE KOJIMYECTBO OUTOB - TO €CTh (PUK-
CHUPOBaHHOE KOJIMYEeCTBO MO3ULMI (MM pa3psioB) AJs 3anucu yucia. Ecau
IJIst 3aMMCH YMCJIa HYXKHO OOJiblile pa3psioB, YeM 3TO OTBEJEHO B KOMIIbIOTE-
pe, crapiuue pa3psasl GyAyT MOTEPSHbI - OHU TIOIPOCTY UTHOpUPYIOTCs. Ternepb

TIPEICTaBUM, YTO [IJIsI 3aAMIUCH YKCEJI UCTIOJIb3yeTcs TpaspsinoB. Toraa Mbl CMo-
K€M 3allucaTh YUCJIO X, Yuciao ~X, He OyaeT mpobsieM ¢ ux cyMMoi X + (~x)

, HO BOT IIpH 3amucH pe3ysbTata X + (~x) + 1 yxke moHagoOUTCs Ha OfMH OUT
(paspsin) 6ousbme. Ho mist atoro 6ura Mecto He BbiaeseHo. Iloatomy B uucie

X+ (~x)+1=1000..00 exynuua B crapuem 6ure GyaeT MOTepsIHA, K MbI

n HyAgp
IOJIY4YUM KO U3 N HYJIEU. Ho 3to uncio 0! Takum o6pasoM, C YUYETOM IIPAKTHU-

KU KOMITBIOTEPHBIX BHIYMCJIEHHIA TIOTy4aeM pe3ybrat X + (~x) + 1 = 0. C xpy-
TOl CTOPOHBI, MBI paHee JOTOBOPUJIUCH, uTo X + (—x) = 0. Kakoii u3 aToro BbI-

Boa? OueHb MpoCcTOii: —x = ~X + 1. /[pyruMu cioBamu, YTOObI TIOJTYYUTH ABO-
WYHBII KO OTPULIATETbHOTO YMCJIA, HY’KHO B3 Th IBOMYHBIN KOJ COOTBETCTBYIO-
I[ETO TTOJI0KUTEIBHOTO YKMCJI, 110 GUTaM UHBEPTUPOBATH €T0, U K TTOJYYEHHOMY
3HAYEHUIO TIPUOABUTDH eqUHUIY. IIpU 3TOM eCJiM ¥ MOJI0XKUTENBHBIX YKCEJT CTap-
i OUT BCerjga HyJIeBOH, TO Y OTPULIATE/IbHBIX YKCEJ OH BCErja eIMHUYHbIN.
VIMeHHO cTapiuuii GUT CJIYKUT IIPU3HAKOM MOJIOKUTEIbHOCTH /OTPUIIATETBHO-
¢ty ymcaa. [lonoxuresbHble Yyucaa U3 JBOUYHOTO KOJa B IECSITUYHBIN MTEPEBO-

asatcsa no gopmynae bpbp_q ..bybg = by -2°+ by - 21 + b, - 22 4+ -+ b, - 2™,
Ec/i 4nc/Io OTpHUIaTebHOe, TO 3Ty (hOpMY.Ty IPUMEHSTh Heb3s. UTo6b mepe-
BECTH OTpHIIATe/IbHOE YHCJIO B IBOMYHOM KOJie B MPUBBIYHOE HAM JeCATHYHOe
TIpe/ICTaB/IeH1e, HeOOXOMMO BBITIOJIHUTD TaKUe 1eHCTBHUSL:

e 10 OuTaM HWHBEPTUPOBATb ABOUYHOE IIPEACTABJIEHUE OTPULATEJIbHOI'O
qHcCJia,

*  1pubGaBUTD K IIOJyYEHHOMY PE3yJIbTATy eIUHHUILY;
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® HOJIy‘IE‘HHbIﬁ JBOUYHBIA KO/ IMepeBeCTU K J€CATUYHOMY ITPEACTABIE€HUIO

1o opmyne bpby_q ...bibg = by +2° + by - 21 + b, - 22+ .-+ b, - 27

' e JOmMcaTh 3HAK "MUHYC'.

Y1068 IIOHATD, OTKY A B3AJHUCb 3THU IIPpaBUJia, JOCTATOYHO 3aMETHUTD, YTO C yUe-
TOM 0COOeHHOCTeM IpeCTaBJIEHUA YUCEJI B KOMIIbIOTEpE UMEET MECTO COOTHO-

mwenne —x + ~(—x) + 1 = 0. [ocrenyroue paccyxaeHust (C TOYHOCTBIO O
0603HaYEHU 1) TOBTOPSIIOT T€, YTO IIPUBOJUIUCH PAHEE.

Hanpumep, MbI XOTHM y3HaTh, KAKOBO ABOMYHOE NPECTABJIEHHE JJISI YUCA -J.
HauunHaeM c Toro, 4to onpeznesuM Kox A yucaa 5. HecsioxHo mpoBepuTs, 4To
aTo Takasi nocaeaosatesnbHocTb 6utos: 00..000101. ITocsie mo6uTOBOTO MUHBED-
tupoBaHus nmonyyaeM kox 11...111010. K mosryuyennomy koay npubaisieM 1, mmo-
ayuyaeMkox 11...111011. 3to 1 ecTb IBOMYHBIN KOJ YHCIA -5.

Hanpotus, Ham x0o4eTcst y3HaTh, KAKOE YHCJIO 3aKoAMpoBaHo B Buze 11..110111.
[TockobKy cTapumii (CaMblii KpaitHUiA cJieBa) OUT paBeH 1, YMC/IO OTPUIATEb-
Hoe. UToObI y3HATh, 4TO e 3TO 32 YHUCJIO, BHITIOJIHSIEM TIOOUTOBOE HHBEPTUPOBA-
Hue koxa. [Tonyyaem takoii pesy.srat: 00..001000. ITpubasisiem eauHuiLy, mo-
ayuyaeMkox 00..001001. Ito koxyucaa 9. CrenoBaTenbHO, B UCXOAHOH MTOCJIERO-
BaTesbHOCTH OuToB 11...110111 GbLITO 3aKOAMPOBAHO YKCJIO -9.

[To6uTOBbIE OTIEPATOPHI TIEPEUUCIEHBI ¥ OMKCAHBI B Tabuiie 1.4.

Ta6nuua 1.4. No6urosbie onepaTopbi

Oneparop OnucaHxue

[To6utoBasi uHBepcHsi (YHAPHbIH OMEPATOP - Y HErO OIUH ONEPaH ).
PesysbTaToM sIBiIsSIleTCSl YUCIIO, TIOTyYarollleecs: 3aMeHOI HyJel Ha
€IMHULbI ¥ €[UHUI] Ha HYJIA B TIOOUTOBOM IIPECTAaBJIEHUH OIepaH/a
(cam omiepaH/1 IpY 3TOM He MEHSIETCST)

[To6utoBoe . TIpyu BbIYKMCJIEHUH Pe3yJIbTaTa CPaBHUBAIOTCS TOOH-
TOBBIE TIpeJICTaBJIeH s OllepaH/I0B. Eci Ha OfHOM U TOM e Mmo3u-
L1 B OTlepaH/IaX CTOSAT eIMHULIB, TO B YHCJIe-pe3yIbTaTe Ha 3TOH Ke
no3uiuu OyzeT eauuuna. B mpoTuBHOM citydae (TO €CTb €CJIi XOTST
Obl B O/THO# M3 [IBYX MO3UIIHIA HyJIb) B YKCJIe-Pe3yJIbTaTe Ha COOTBET-
cTByomei nosuuu 6y 1eT HyJIb




Oneparop

Onucanue

[To6burosoe NJIN. CpaBHUBAIOTCS MOOGUTOBbIE NMPEACTABJIEHUS OII€e-
paHzaoB. Ecsiv Ha 01HOH U TOH XKe TO3MLMH B OTlepaHax CTOSIT HYJIH,
TO B YKCJIe-pe3yJIbTaTe Ha 3TOi ke no3unuu 6y aet HyJib. B npotus-
HOM CJIy4ae (TO €CTb €CJIM XOTsi Obl B OTHON U3 IBYX MO3UIIMI e TUHH-
11a) B YHCJie-pe3yJIbTaTe Ha COOTBETCTBYIOLIEH no3uuuu OyaeT eau-
HHIIA

[Mo6uroBoe MCKIOYAIOIIIEE WJIN. Pe3ysbTaT BbIYMCISAETCA
cpaBHeHHeM MOOUTOBBIX Npe/icTaBIeHu onepan1oB. Eciin Ha oaHO#M
1 TOM ’Ke TO3UIIMH B ONePaHJaX CTOSIT pasHble 3HaueHus (Y OXHOTO
YKCJIa HYJb, @ y APYTOTO €AMHMIIA), TO B YKMCJIe-pe3yJIbTaTe Ha 3TOM
e no3uuuy OyneT eaununa. B npotuBHOM ciydae (TO eCTb €CJIM Ha
COOTBETCTBYIOLIMX MO3UIUAX B ONEPaHIaX CTOSIT OAMHAKOBBIE YHC-
J1a) B YMCJie-pe3yJIbTaTe Ha 3TOU I03UL1H OyAeT HY b

<<

Casur ByieBo. Pe3yJibrat BHIUKMCIISIETCS TaK: B TOOUTOBOM MPE/ICTAB-
JIEHUY TIePBOTO ONepaH/a BBINOJHSETCS cABUT BieBo. KommuecTBo
pa3ps/0B, Ha KOTOPbIE BBINOJHAETCS CABMUI, OlIpeJessieTCsl BTOPhIM
onepaHzoM. Muaive HeoCTaone OUThI 3aM0JTHAIOTCS HY JIIMA

>>

Casur BrpaBo. /[Jis1 BHIUKMC/IEHUs pe3yJkTaTa B MOOUTOBOM IpEJ-
CTaBJIEHUM I1epBOTO OllepaH/a BBINOJHsIETCS CABUT BrpaBo. Kousu-
4ecTBO Pa3psiIoB, HA KOTOPBIE BBITNIOJHSIETCS CABUI, ONpeesieTCst
BTODBIM OIlEPaHJOM. DUTHI cjieBa 3aloJIHAIOTCS 3HaUYeHHeM CaMoro
crapuiero 6uta (A7t OJIOXXUTENbHBIX YHUCEJ ATO HYJIb, & [JIs1 OTPH-
LaTeJIbHbIX eJMHULIA)

YT106bI NPOUJLTIOCTPUPOBATH METO/IbI MCII0JIb30BaHUA MOOUTOBBIX ONIEPATOPOB,
paccMOTpPUM HebOJIbIIOM NPOTPAMMHBIM KO/I, IPeACTaBIEHHbIN B TucTHHTE 1.4.

a=70>>3
b=~a
c=a<<l1l

print (a,b,c)
print (713,7&3,7"3)

PBBYJI])TB.T BBIIIOJTHEHU A 3TOTO IIPOrPaMMHOTI0O KOZa TaKoI:

PesynbTar BbINONHEHWS NPOTPaMMB! (W3 nucTwHra1.4)

8 -9 16
7 3 4



() Ha3sameTky

Inaea 1. Mepsble nporpammei Ha Python

Ha BcsakuiA cnyyan npuseaem NOACHEHNSE OTHOCUTENIbHO Pe3YbTaToB BbINOJIHEHWUS NPO-
rpaMMHOro koaa. PesynbTat BeipaxeHus 70>>3 - 3T0O 4MCNO, NOJly4aemMoe CABUromM 6u-
TOBOro npeacTaeneHnsa yncna 70 Ha 3 No3vuum BNpaeo (C noTepei Mnagwmx GUToB).
[BsownyHbiii kog ans yucna 70 umeet Bug 00...0001000110 (Tpwm 6uTa, koTOpLIE "NPONa-
[aloT" Nnocne casvra BNpaso, BblA,eNIEHbI XUPHbIM WwWpudToM). NMocne casura Ha 3 no3u-
um Bnpaso nonyyaem 00...0000001000. 37o kog 4ncna 8. Takoi xe pedynbraT MOXHO
6b110 NONYYNTL NPOLLE, ECM BCNOMHUTb, YTO CABUr BNPaBO Ha OAHY NO3ULUIO 3KBUBA-
NEHTEH L,eNoYNCNEHHOMY AeneHnio (aeneHuio 6e3 octaTtka) Ha uncno 2. Ecim 70 Tpyux-
Obl nogennTb 6€3 octaTka Ha 2, nonydum 8 (35 nocne nepsoro aenexus, 17 nocne BTO-
pOro aenexHus, u 8 nocne TpeTLEro AeNeHUs).

[lanee, eciu mpuMeHUTh oO6KUTOBOE HHBepTHpOoBaHue K yucy 00..0000001000
(3HaueHue IEPEMEHHOM a ), moyuynM GuHapHbiil kox 11..1111110111, koTopsbrit
COOTBETCTBYET OTpPHUIATEbHOMY yKcay -9. Kenaroiyie MOryT BBIIOJHUTD MPO-
BEPKY CaMOCTOSTEJBHO, OMTHAKO €CJI BCIIOMHUTD, YTO PE3YJIbTATOM OTepaliu
~a+1 SABNsAETCS KOJ AJs 3HaUYeHUs1 —a (B AAHHOM cJiydyae 3TO -8), TO HECT0XK-
HO JIOTaJlaThCsl, YTO ~a COOTBETCTBYET 3HAUEHUIO -a—1 (TO €CTh B IAaHHOM CJIy-

yae 3T0 -9).

3HaueHHe BhIPAXKEHHUS a<< 1 MOJIyYaeM CABMIOM OMHAPHOTO KOJA [Jist SHAYEHMUS -
IIEPEMEHHOI a Ha OJJHY MO3UIIKIO BIIPABO C 3aM0THEHHEM MJIA/IIETO OUTa HyJIeM
(cooTBeTCTBYeT YMHOXKEHHIO 3HaueHHsI lepeMeHHoi! a Ha 2). [lockosbKy 3Have-
HUE NIEPEMEHHOI a paBHO 8, TO 3HaUeHNe BhIPAXKEHUST a<<1 paBHsieTcs 16.

B cieayromnux BbipakeHUSIX MCIOJIb3y0TCs ynca 7 (Gunapubiii koa 00...000111)
u 3 (6unapusiii kox 00..000011). Jus no6utossix onepauuii | (wian), &(u), *
(MckJToyaloIee Win) TOTyYaeM CIeAYIOlIe pe3yabTaTh:

00..000111
| 00..000011
7 00..000111
o 00..000111
00...000011
3 00..000011
. 00..000111
00...000011
4 00..000100



B neBoM HM)KHEM YTJTy )KUPHBIM IIPUGTOM BBIJEJIEH PE3YJIETAT COOTBETCTBYIO-
1Iel onepamnyy B 1eCITUYHON CUCTEME CUUCTIEHUS.

C n0zuneckumu 3Ha4eHusiMu Mbl CTOJIKHEMCSI ITPU TPOBEPKE YCJIOBUIA B YCJIOBHOU
WHCTPYKIMY (onepatope). 3HAYEHUH y JIOTUYECKOT0 TUIA Bcero aBa: True (uc-
muna) v False (10xw). Ls1 paboThl O 3HAYEHUSIMU JIOTUYECKOTO THUIIA TIPe/-
Ha3HauyeHbI CellajbHble ONEPATOPHI, KOTOPbIe IPUHSATO Ha3bIBATh JIOTHYECKU-
mu. Viciosibayembie B Python sozuueckue one pamopw: onvcansi B tabomie 1.5.

Tabnuya 1.5. Jlornyeckue oneparopsbl

Oneparop

Onucanue

or

bunapusiii onepatop (y onepaTtopa ABa onepaHzaa). Jloruue-
ckoe UJIH. B o6uieM ciryyae pe3y IbTaTOM BBIDaXKEHHS X Or y
siByIsieTcst True, ec/id 3HaYeHue XOTs ObI OJJHOTO U3 OIEPaH/IOB
X WK y paBHO True. Eciu 3HayeHust 06erx OnepaHioB x U y
paBHbI False, pe3yJIbTaTOM BbIpakeHus x or y 6yaer False.
B Python BbIpakeHus1 Ha OCHOBE ONEPAaTOpPa OrBBIYHCIISIOTCS
II0 YTIPOILEHHOH CXeMe: eCJIU IIepPBBIil OllepaH/ x HHTEPIPETH-
pyercs Kak True, TO x BO3BpAIlaeTCsI B KAUeCTBe pe3yJibTaTa
(BTOpOI1 onepaHzy IpY 3TOM He BbIYUC/seTCs ). Ecau nepBblii
orepaH/l X UHTEPIPETUPYeETCs Kak False, TO B KayecTBe pe-
3yJIbTaTa BO3BPALLAeTCsI BTOPOH ONEPAHL y

and

buHapHbiii onepatop (y onepatopa JIBa onepaHzaa). Jloruye-
ckoe /. B ob1ieM ciryyae pe3y/IbTaToM BeIpaxkeHHusi x and y
SIBJISIETCS] 3HAUeHUe True, eclii 3HaYeHUst 00erX ONepPaHA0B X
1 y paBHbl True. Eciiu 3HayeHue X0Tst GbI OJIHOTO U3 OTEPaH/I0B
X WJIK y paBHO False, pe3yJIbTaToOM BbipaXkeHusl x and y 6y-
net False. B Python BbipasxeHust Ha ocHOBe onepaTopa and
BBIYHCJISIIOTCS 110 YIPOLIEHHOM CXeMe: eCJIM NePBbIil onepaHa
X VUHTepIIpeTUPYyeTCcs Kak False, TO X BO3BpalllaeTcs B Kaue-
cTBe pe3yJibTaTa (BTOPOI ONepaHAy MpPU 3TOM HE BBIYUCIISET-
cs1). Ecin nepBeii oniepaHz x MHTEPIIpeTUPYeTCs Kak True, TO
B KauecTBe pe3yJibTaTa BO3BPAIaeTCsl BTOPOH OMEPaH/ y

not

Jloruyeckoe orpuliaHve. YHapHbiil omepatop (y omepatopa
oauH onepaHn ). Pe3ysibraToM BeIpaxkeHusi not x Gyner 3Ha-
yeHHe True, eCJIM y ONepaHaa x 3HaueHue False. Pesysbra-
TOM BBbIpaXKeHUsi not x Oyner 3HaueHue False, ecu y ore-
paHza x 3HaueHue True
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3 Hasametky

Hepepako Ha mpakTuke UCNoNb3yeTCcs Takas onepauus, Kak JIorn4eckoe UCKI04ar-
wee nam. 1o 6uHapHas onepaums. Ee pesynbtatoM sBnseTca uCcTuHa, eCv onepaHab
UMeloT pa3Hble 3HaveHusi. Ecim onepaHabl UMEIOT 0AUHAKOBbIE 3HAYEHWS, pe3ybTa-
TOM OnepaLum UCKI0HAIoWEro UM ABASETCA 3HaYeHne JIoxb. [ipyrumm cnosamm, uc-
KfKo4aruwiee nnn - 3To NpoBepkKa Ha NnpeaMeT TOro, pa3ninyHble N 3Ha4eHNsa y onepaH-
[0B, m HeT. C NOMOLLBIO IOrMYECKUX ONepaTopos or, and U not onepaums Ucklo4a-
owiero nam ang onepaHnos x Uy 3anuweTcakak (x or y) and (not (x and y)).

ITomuMoO HermocpeACTBEHHO JIOTMYECKUX 3HAYEHWH MOTYT HWCIOJb30BaTbCS U
YHCJIOBble 3HaUYeHUs (Ja U He ToabKo). Eciu yucioBoe 3HauYeHUe BCTpeyaeTcs
B TOM MECTe, I/ 10 Hiee I0JDKHO OBITh 3HaYeHHe JOTHYecKOro THIIA, HaYMHaeT-
Cs1 UIHTePIIpeTalusl HeJIOTUYeCKOr0 BbIpa>keHUs Kak Jiorudeckoro. VInteprpera-
LM BBITNIOJIHSIETCS TaK: HyJieBble YMCJIOBblEe 3HAUEHUS] UHTEPIIPETUPYIOTCS KaK
False, a HEHyJIeBble 3HaU€HUSI HUHTEPIIPETUPYIOTCS Kak True.

3 Ha3sameTtky

Cutyauusa naxe 6onee nHTepecHas, YeM MOXET NoKa3aTbCA Ha NepBbli B3rnaa. Jlorn-
yeckue 3HaveHuss True U False MOXHO UCMNONb30BaTb, COOTBETCTBEHHO, Kak y1cna 1
n 0. Hanpumep, B apudMeTUyecknx pacyetax BMECTO 1 MOXEM MCMNonb30BaTb True,
a BMecTo 0 MOXeM MCnonb3oBaTth False. OgHako K TEKCTOBOMY ¢dopmarty (Hanpumep,
6yayum riepeAaHHbIMKM apryMeHTamMm GyHKUMM print () ) 3Ha4eHUs True U False npu-
BOAATCHA HE KaK 1 M 0, akak "True" n "False". O6 310l 0CO6EHHOCTU CneayeT NoM-
HUTB.

KpoMe Toro, npu mpoBepKe yCJI0BUIA U BBIYUCIEHIH JIOTUYECKUX BBIPAXKEHUH
MOT'YT UCTIOJIb30BATHCS HE TOJBKO HETIOCPEACTBEHHO JIOTHYECKUE 3HAYEHUST UJTH
4KCIIa, HO ¥ WHble 00beKThl. Kak IMEHHO BBIMOTHSIETCS "TOrnYecKasi” WHTepIIpe-
TalKsi TAKUX 0OBEKTOB MbI Y3HaeM, KOra MobJIMkKe MO3HAKOMUMCS C METOJIaMU

OOIl.

ITporpamMMHBIi KOJ, IPUBEEHHBIN B JUCTUHTE 1.5, TaeT IPEJCTaBJIEHUE O TOM,
KaK C IpUMeHeHHeM JIOTUYeCKUX OIlepaTOPOB BBIYUCISIOTCS JIOTUUECKUe BbIpa-
JKeHUs.

Juctunr 1.5. Jloruueckue oneparopb!
a=True
b=nota
print (a,b)
c=a and b
d=aorb
print(c,d)

PeSyJIbTaT BBITIOJTHEHHW A MPOrPaMMHOI'O KOJa TaKOI:



Pesynbrar BbinONHeHUs NporpamMmbl (U3 nuctunra 1.5) -

True False
False True

(1) Ha3ametky

B nmaHHOM ciyyae mepeMeHHasl a CChLIAETCS Ha JIOTMYECKOe 3HauyeHue True.
3HayeHHre lepeMeHHOI b - 3To 3HaueHue BhipaXkeHusi not a. [IockosbKy a - 3To
True, TO 3HaUeHUe BhIpa)KeHUS not a paBHO False. [loaToMy pe3ysbraToM
BbIpaKeHMsI a and b sABseTcS 3HaueHWe False, a 3HAUEHWEM BBIPAXKEHM ST
a or b sBisieTcs 3HaYeHue True.

XoTs 110 CBOE# CyTH JIOTUYeCKHe OIepaTopbl JOKHBI BO3BPAILATh JIOTHYeCKUe
3Hauenue, B Python ato namexo He Bceraa tak. Pe3ysbTaToM BbipakeHW Ha
OCHOBe OIIEPaHZOB Or U and SBJSETCS OAUH U3 OlepaH/0B COOTBETCTBYIOIIIe-
r0 BbIPa)KEHHUs. A OrepaH/ibl He 0653aTeIbHO A0JKHBI ObITH JIOTMYECKOTrO THUIIA -
JI0CTATOYHO, YTOOBI OHU MOTJIA UHTEPIIPETUPOBATHCS KaK JIOTUYECKUE 3HAUEHH .
Cutyanuio WITIOCTPUPYET CJAEAYIONIMIA TpuMep (IIPOTPaMMHBII KO B JIMCTHH-
re 1.6).

Jiuctunr 1.6. CHoBa noruyeckue oneparopbl

x=10 # UmcrioBas NnepeMeHHas

y=20 # UucioBas NepeMeHHas

z=x and y # Jlormueckoe A

print(z) # PesyneTaT JOTMYECKOTO U
z=x or y # Jlormueckoe WA

print(z) # PesynbraT Jjormueckoro WA

# JlorMueckoe OTpHULAHME
print (not x)

B nanHOM ciryyae jormueckue onepaTopbl HCHOJIb3YIOTCS C YACJIOBBIMU ONlEPaH-
namu. [Ipu BeIMOTHEHUY IPOTPaMMHOTO KOZIA [TOJTyYaeM TaKOH pe3yJIbTaT:

Pesynbrar BbinonHeHus nporpaMmsi (43 nuctusra 1.6)

20
10
False

HepeMEHHbIe X U Yy CCbLIAIOTCA Ha EJIOYUCJIEHHbIE 3HAYEHU . HOCKOJIbe 3Ha-
YEHUs HEHYJIEBbIE, TO IIPHU BBIIIOJITHEHUHU JIOTUYECKUX onepaunﬁ obe InepeMeH-
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Hble MHTEPIIPeTUPYIOTCS Kak Takue, YTO MMeloT 3HaueHue True. Ho untepnpe-
THUPOBAThCA KakK 3HaueHHe True U CChLIaThCs Ha 3HaYeHUe True - 3TO JaJIeKO
He OJTHO U TO Xe.

[Ipu BeIuMCIEeHUH BbIpaXKeHUus x and y CHavaJia IpOBepsIeTCs 3HaYeHUE TIEPBO-
ro onepanza. [lockosibky nepBelit onepanf x (3HadyeHue 10) uHTepnpeTUpyeTcst
Kak True, B KQUeCTBE pe3yJibTaTa BbIPA’KEHHUs BO3BPALIAETCSI BTOPO OIEepaH[ -
TO ecTh y (3HaueHue 20). AHAJIOTUYHO, TIPH BBIYUCJIEHUU BBIDAXKEHHUS X OF Y,
MIOCKOJIbKY NIEPBBII OIepaH/l X MHTEPIPEeTUPYeTCs Kak True, OH e BO3Bpalla-
eTcsl BKayecTBe pe3ysbraTa. Ho pe3yibTaToM siBiisieTcs peajibHOe YUCJIOBOE 3Ha-
YyeHUe, Ha KOTOPOE CChLJIAETCS IIepeMeHHas x (TO eCTb 3HayeHue 10).

VHaye o6CTOSAT A€71a C ONlepaToOpOM JIOTMYECKOro OTpHLiaHus not. Pe3yipraTom
BBIPQXXEHHSI NOt X siBJIsIeTCs 3HayeHHe False. To ecTh B JaHHOM CJydae JIOTHU-
YecKUH olepaTop AaeT BIIOJHE "0KUAaeMbIi JIOTMYeCKHil pe3ybTart.

Onepamoput cpasHenus: MO3BOJISIIOT CPABHUBATh Ha IPEJMET PaBEHCTBA/Hepa-
BEHCTBa pasjinuHble 3HaueHusi. OOBIYHO (XOTSI U He BCEr/aa) pedyb UAET O YHUC-
JIOBBIX 3HAYeHUsIX. Pe3ysbTaToOM ornepanuil CpaBHEHUS SIBJISIFOTCS JIOTHYECKHE
3HayeHUs:: True, eCIM COOTBETCTBYIOIIEE COOTHOIIEHHE BEPHO (€C/IU OTHOIIE-
HHe UMeEeT MeCTO), U Fal se, ecii HeBEpHO (OTHOLIEHHE HE KIMEET MECTO). 3/1eCh
Y J1ajiee MbI OyieM TOBOPUTH 00 OMepaIisix CpaBHEHUS TOJIBKO B OCHOBHOM JIJIsi
4KCJIOBBIX 3HaueHui. OmepaTopsl cpaBHeHus si3bika Python mpeacrasiensr B
tabure 1.6.

Tabnuua 1.6. Oneparopbi cpaBHeHUS

Oneparop Onucaxue

Ctporo Menbiile. Pe3yssraToM siBiisieTcsi True, eCcjid 3Have-
HHUe olepaHJa CjeBa OT OllepaTopa MeHbuie 3HAUYEHUS OIle-
paHza crpaBa OT orneparopa. VIHaue Bo3BpalaeTcs 3HaueHue
False

Ctporo 6oJiblIe. PesynbsraToM siByisieTcst True, eciv 3Haye-
HHUe ollepaH/a CjeBa OT ollepaTopa 6oavwe 3HAaYeHUs oIe-
paH/a crpaBa OT onepatopa. FiHaue Bo3BpaiaeTcsi 3HaueHue
False

Memblie unu paBHo. Pe3ysisraToM siBiisieTcst T rue, eCJI 3Ha-
YyeHHue OllepaH/a cjeBa OT olepaTropa He 6onvwe 3HaYeHUs
onepaHja CIpaBa OT onepatopa. MiHaue Bo3BpalaeTcst 3Ha-
yeHue False




Onepatop

Onucanue

Bonbie uau paBHo. PesysibraToM siBasieTcsi True, €CIy 3Ha-
4yeHUe olepaHfa cJieBa OT OllepaTopa He MeHvuie 3HaueHUs
olepaH/ia CrpaBa OT onepaTopa. lHaue Bo3BpalaeTcs 3Ha-
yeHue False

PagHo. Pe3yJIbTaTOM siBisieTCs1 True, eCjiM 3HaYeHUe OIle-
paHa cjieBa OT OIiepaTopa pasHo 3HAYEHUIO OllepaH/Ja CIipa-
Ba OT OIiepaTopa. HNuaye BO3BpalllaeTcs 3HaueHue False

He paBHo. Pe3ynbraTom sBisieTcss True, eciu 3HauyeHUe
olepaH/ia CjeBa OT OllepaTopa He PasHO 3HAUYEHUIO OllepaH-
Ja cnpaBa oT onepatopa. VHaue Bo3Bpalaercsi 3HayeHHe
False

is

OnepaTop NpoBepKU UAEHTUYHOCTH 00BEKTOB. B kayectse
pesyJIbTaTa BO3BpalllaeTcst 3HaueHue True, eciu 06a onepaH-
/la CCHLIAIOTCS Ha OJIMH U TOT ke 06beKT. B IpoTUBHOM CiTy-
yae (TO eCTb eCJIM ONepaH/Ibl CCHLIAIOTCS Ha Pa3Hble 00bEK-
ThbI) BO3BpallaeTcs 3HayeHue False

is

not

OnepaTtop NMpoBepKH HEUJAEHTUYHOCTH 0OBEKTOB. B kauecTse
pe3yJbTaTa BO3BpallaeTcs 3HaYeHue True, eCciu ONepaH/bl
CCBLJIAIOTCS HAa pasHble 00bEKTH. B mpotuBHOM ciyyae (TO
€CThb €CJIY OTIePaH/Ibl CCHIJIAIOTCS HA OJUH U TOT XK€ OOBEKT)
BO3BpallaeTcs 3HayeHue False

JlymaeTcsi, onepaTopbl CpaBHEHHSI 0COObIX KOMMEHTapHEB He TPEOYIOT (MOXET
TOJIBKO 32 MCKJIIOYEHHEM ONEPATOPOB NPOBEPKU UEHTHYHOCTH/HENAEHTUYHO-
ctu 06bekTOB). Heboblye npuMephl UCIIOJIb30BAHUSI OIIEPATOPOB CPAaBHEHUSI
MpuBe/IeHbI B iucTunre 1.7.

Jiuctunr 1.7. Onepatopbl CpaBHEeHUs!

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

PGSyJII)TaT BBITIOJIHEHU S KOJIa TaKOM:

Pe3ynbTar BbINONHEHUS NporpaMmbl (U3 nucturra 1.7)

True False True True
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1 Hasametky

Ecnn co cpaBHeHneM 4ncnosbix 3Ha4eHuii Bce 6onee-meHee ACHO, HTO OonepaTophbl is
M is not MOryT 6biTb HE COBCEM NOHATHLI YATATENIO. 34ECh YMECTHO BCNOMHUTDb, YTO
nepemMeHHble B Python He coaepxaTt 3Ha4yeHus, a ccbinalTcsa Ha HUX. Mbl rosopum O
nepemMeHHbIX, KOTOpble CCbINAIDTCA Ha 3HAYeHUs OAHOro Tuna. Kakve npu aTom BO3-
MOXHbI BapMaHTbI? BO-I‘lepBbIX, nepemMeHHbIe MOryT CCbilaTbCA HAa pa3Hble 3Ha4YeHus.
Bo-BTOpPbLIX, NEPEMEHHBbIE MOTYT CCbINAaTbLCA HA OAVHAKOBbIE 3HAaYEHUs (TO eCTb Ppu3sn-
4YeCKW 3TU 3HAYEHUSA 0ANHAKOBbIE, HO KaxA0e U3 HUX 3anMcaHo B NaMaTu OTAENbHO).
B-TpeTbux, nepeMeHHbIe MOryT CCbiNIaTbCA HE NPOCTO Ha OAVHAKOBbIE 3HAYEeHUs, a Ha
OJHO 1 TO Xe 3HaueHne. BTtopas u TpeTbs cuTyauum NpuHLMNnansHoO pasHele. Mpuyem
eC/ Mbl NPOCTO 06paLLaemMcs K NePeMEHHON, TO HakTUHECKU NOSTlyHaeM TO 3HaYeHue,
Ha KOTOpOe nNepemeHHas ccoinaeTcs. MNpu npoeepke Ha NpeaMeT paBeHCTBa (onepaTop
==) WAN HepaBEeHCTBA (OnepaTop ! =) 3Ha4E€HU, Ha KOTOPbIE CCbINAIDTCA ABE NEPEMEH-
Hble, CPAaBHMBAIOTCH 3HAY€HWs, BO3BpaLLaeMble N0 COOTBETCTBYIOWMM CChiikam. Mpu
9TOM C NOMOLLBIO YKa3aHHbIX ONEPaTOPOB HEBO3MOXHO MPOBEPUTbL, PeannayloTca v
3TN 3Ha4YeHUs 04 HUM 06 BEKTOM NN pa3HbIMU 06bekTaMun. [ N5 BbINONHEHWSA TaKoW NPo-
BEPKW UCMONL3YIOT ONepaTopsbl is U is not.

B 3aksmouenue pasaesa CaejaeM HECKOJIbKO BaXXHBIX 3aMeYaHUM. HepBoe Kaca-
€TCs TaK Ha3bIBAEMbIX COKPAUWEHHLIX d)OpM onepamopa npuceausanusl.

Kaxk MbI yke 3HaeM, oriepaTopoM npucBauBanusi B Python ciyxut 3Hak paBeH-
cTBa =. TakXe CyIIeCTBYIOT TaK Ha3bIBaeMble COKpallleHHbIe (h)OpMBI onepaTopa
npucBauBaHust. Peub uzer BOT 0 yeM. Ecjin HE0OXOAMMO BBIMOJHUTH KOMAaHIY
BHIAa X=X © Yy, I/e Yepe3 x U y 0003HaYeHbI HEKOTOPBIE IEPEMEHHBIE, a Yepe3 ©
MbI (hopMasIbHO 0603HAYKMIIU OfUH U3 apUPMETHYECKUX MU TOOMTOBBIX OMepa-
TOPOB, TO 3Ty KOMaHy MOXHO 3aMUCcaTh B BUjle X © =y. Hanpumep, BMecTo Ko-
MaH/Ibl X=X+ y MOXXHO UCIIOJIb30BAaTh KOMaHAY X+=Y.

Uro kacaeTcsi caMoro orepaTtopa NpucBauBaHus (3TO BTOpOe 3aMeyaHue), TO B
Python paspeeno muozoxkpammoe u mnoxcecmsennoe nprcsaubanue. [Ipu MHO-
FOKpPaTHOM IIpHCBauBaHWH B OTHOM BbIpa>K€HUHU MCIT0JIb3YETCsI HECKOJIbKO OIle-
paTopoB npucBauBaHus. [IpuMepoM Takoii CUTyalluu MOXKET OBITh BBIPAXKEHME
x=y=10, KOTOpBIM TlepeMeHHBIM X U y IpuUcBauBaeTcsl 3HayeHue 10. MHoxe-
CTBEHHOE IIPUCBauBaHUeE - 3TO KOT/la B JIEBOW YaCTH OT olepaTopa NpUCBauBa-
HUS yKa3aHO Cpa3y HeCKOJbKO NepeMeHHbIX. IIpuMepoM Takoi cuTyauuu Mo-
ket ObITh KOMaH/a a, b=1, 2. B 1anHOM ciiyuae cyieBa OT onepaTopa MpuUcBau-
BaHUS Yepes3 3aIsITyI0 yKa3aHbI IepeMeHHBIe a U b, a cripaBa (Toxe yepes 3arisi-
TYyIO) - 3HaueHUs 1 u 2. B pesysibTaTe nepeMeHHasl a NoJlyyaeT 3HaueHue 1, a re-
peMeHHasi b nosiyyaer 3HaueHue 2. [IpuHiun 06paboTKU TAaKOro po/a BeIpaxe-
HU CJIeYIOUINI: CHAYajIa BBIYUCJIISIOTCS 3HAaUY€HUs B IPABOU YaCTHU OT OIepa-
TOpa IIpUCBauBaHNs, a 3aTEM 3TU 3HAYEHUs [IPUCBAUBAIOTCS I€PEMEHHBIM, YKa-
3aHHBIM CJIeBa OT OlepaTopa MpUcBauBaHUs (KOJIMYECTBO llepeEMEHHBIX CJIEBa U
KOJIMYEeCTBO 3HAYEHUI CIIpaBa JOJDKHBI coBnaaarth). [loaromy, Hanpumep, uto-



ObI epeMeHHbIE a U b "0OMEeHSINCh" 3HAUEHUSIMH, MOXKHO BOCIIOJIb30BaThCSI KO-
MaHoii a, b=b, a.

BMecTe c TeM, MHOTOKPaTHOE U MHOXKECTBEHHOE IPUCBAUBAHUE CJIEIYET UCTIOIIb-
30BaTh C KpaifHel OCTOPOXKHOCTHIO, IIOCKOJIBKY IpH paboTe ¢ TAKUMH JaHHBIMH,
KaK, HalIpUMeD, CIIMCKH, Pe3yJIbTaThl HOAOOHBIX Ollepaluii MOTyT ObITh BIIOJIHE
HEOXXUJAHHBIMU. Bcst "CJI0KHOCTB" cUTyalluu CBsI3aHA B OCHOBHOM C TEM, UTO B
Python (kak moguepkuBaJioch u eie GyaeT MoYePKUBATHCS) MEPEMEHHbIE He
COZIEPKaT 3HAYEHUS, & CChLIAIOTCS HA HUX. /[JIsT HEKOTOPBIX THIIOB JaHHBIX 3TOT
MOMEHT SIBJISIETCSI IPUHIMITHAIbHBIM. Bee momo6HbIe "npemMyapocTi” Mbl 6yaem
M3y4yaTh 10 Mepe 3HAKOMCTBA C Pa3JUYHBIMU TUIIAMU JAHHBIX.

Tperbe 3ameuanue KacaeTcsi IPUOPUTETA PA3JIMYHBIX ONepaTopoB. B cii0XHBIX
BBIPAXXEHUSIX OJHOBPEMEHHO MOTYT IPHCYTCTBOBATb CaMble pa3HbIe OIepaTo-
pblL. Takue BEIpa>Ke€HUS BBIYUCIISIIOTCS] B COOTBETCTBUU C IIPHOPUTETOM OIEpaTo-
poB. CHayaJjia BBIYUCJISIOTCS BBIPAXKEHUS U ITOIBBIPAXKEHHUS C OIlepaTopaMH, KO-
TOpPbIe UMEIOT (G0Jiee BBICOKHIA IPUOPHUTET, a YXKE 3aTEM BBIUUCJISIIOTCST BBIPaXKe-
HUSI ¥ TIOBBIPaKeHust ¢ 6oJiee HU3KMM IpuopuTeToM. Eciin Heckos1bKo oneparo-
POB MMEIOT OJIMHAKOBbIE IPHOPUTETHI, BBIPAXKEHUE BBIYKCJISIETCS CJIEBA HAIpa-
B0. Bkpartiie nmpuopurter onepatopos B Python cienytomuii (B mopsigke ymeHb-
IIeHUsI IPUOPUTETA):

* 1006HMTOBasi MHBEPCH S, BO3BEIEHUE B CTEIIEHb, 3HAK YHCJIa (YHAPHbINA MU-
HyC UJIY YHaPHBIH IJIIOC);

*  YMHOXEHHUe, JeJIEHHe, 1IeIOYMCIEHHOE eJIeHHE, OCTATOK OT JeJIEHUS],
*  CJOXEHHE, BBIYMTAHUE;

*  TI0OGUTOBBIE CABUIY;

* moburosoe

» noburosoe UCKIIOYAIOIIEE UJIH,

* moburosoe UJIN,;

* orepaTop IIpUCBauBaHUs (BKJIIOYAs U COKpallleHHble (DOPMBI).

2 Ha3sametky

Bbiwe ynoMMHANCA 3HaK Y1CNa - 3TO YHapHbI onepaTop, KOTOPLI CTaBuTCa nepes
YNCOBLIM 3HAYEHNEM U ONpeAensieT, MOOXUTENbHOE YACNIO UK oTpuLaTensHoe. Ans
NONOXUTESbHbBIX YACEN 3HAK YMCNa 06bIHHO HE CTAaBUTCA (Takas BOT TPAAWUNA), XOTSA HU-
KTO He 3anpeLlaeT HanncaTtb nepes NoSoXUTENbHbIM YMCIOM 3Hak +. Mepea oTpuua-
TeNbHbIMW YUCNaMM CTaBUTCA 3HAK —.
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Jl1s1 u3BMeHeHUs TIOPsIIKA BBIYMCJIEHUS] BBIPAXKEHUS] MOXKHO HMCIIOJIb30BATh KPY-
rJible ckoOku. Bosee Toro, Haimume B paBUJIBHOM MecTe KPYTJIbIX CKOOOK (axe
€CJIM OCTPOi HEOOXOMMMOCTH B HUX HET), HE TOJIbKO JIeJiaeT Koj OoJiee "Haaex-
HBIM", HO ¥ 3HAYUTEJIbHO MOBBIIIAET ero YUTAOeJTbHOCTD.

lanee Mbl GoJiee meTajbHO OOCYIMM HEKOTOPble OCOOEHHOCTH YHCJIOBBIX
JNaHHBIX. YKCJIOBbIE TUITBI HHTEPECHBI CAMH M0 cebe U YaCcTO UCHOJIb3YIOTCS IPU
COCTaBJIEHUU MPOTPaMMHBIX KOJOB. [Ipoure THUOBI JaHHBIX, TaKHe, KaK TEKCT,
CIIMICKY, MHOXKECTBA, KOPTEXH U CJIOBAPU, MBI PACCMOTPHM B CJEAYIOUIMX IJIa-
Bax KHUTH.

HYucnosbie aaHHbIE

- A 3auem 6vL MHe 3mo zogopume?
- Cuznanusupyro.
u3 k/¢ "leeuama”

‘YycioBble 3HaUEHUS] MOTYT OBITh Mpe/ICTaB/IeHbl HeCKOJIbKMMH THIaMu. [esbie
YKCJIa PeAsM3YIOTCS C MOMOIIBIO THUMA int, JeMCTBUTEIIbHbIE HEIlEeJble YHUCTIA
(uncia B (popMarTe C IJIaBaIOIIEN TOUYKON) pealu3yIoTcs ¢ MoMolIbio Tumna float,
a KOMILJIEKCHBIE YUCJIA PEATTM3YIOTCS B BU/IE JAHHBIX THIIA comp lex.

) Hasametky
C MaTemMaTu4ecKom To4kn 3peHnsa MHOXECTBO UeJbiX Yucen asnaetcs NnoAMHOXECTBOM

AENCTBUTESbHBIX YMCeN, KOTOPOe, B CBOIO o4epenb, ABNSETCA NOAMHOXECTBOM KOM-
NNEeKCHbIX Ynucen.

HaHOMHI/IM, YTO KOMILJIEKCHbIE YHCJIa - 3TO 4YHUCJIa, IpeACTaBUMblE B BHU/E -

zZ=x+ ly, rie JeMCTBUTEJIbHbIE YHCJa X U Y Ha3bIBaIOTCS COOTBETCTBEHHO
JIECTBUTEJIBHONM M1 MHHUMOH YacCTbhI0 KOMILJIEKCHOT'O YHCJa, a MHUMas eJUHHIa

i 10 Ompe/ieJIeHUI0 TaKoBa, 4To {4 = —1. Onepaluy ¢ KOMILUIEKCHBIMM YMCJIA-
M (YMHOXeHUe, leJIeHNe, CI0XKeHNe U BbIYMTAHKE) BBIIOIHSIOTCS KaK C 00bIY-
HBIMU aJireOpanyecKUuMH BbIPa)kKEeHUSIMH, TOJIBKO JIUIIb C TIOMPaBKO# Ha TO, YTO

iz =-1 PeByJII)TaTOM CJIOKEHHUA, BBIYUTAHUA, YMHOXEHUSA U NEJEHUA ABYX
KOMIIJIEKCHBIX YHUCEJI ABJISETCA KOMIIJIEKCHOE YHCJIO.

YucJioM, KOMILJIEKCHO CONPSKEHHBIM K YHUCJY z = x + iy, Ha3bIBa€TCsI YUCJIO

= x — iy (nosyvyaeTcs 3aMeHOU B UCXOTHOM YHUCJIe l Ha —1).



Moy 16| Z| KOMILIIEKCHOTO YnCa Z - 3TO BCEr/ia YUCJI0 NeHCTBUTEIIbHOE, DABHOE
KOPHIO KBaIpATHOMY U3 IPOU3BE/IEHHUSI 3TOI'0 YHCJIA HA KOMILJIEKCHO COTPSKeH-

Hoe:|z| = vz-Z = Jx2 +y2,

31ech HacC B IEPBYIO 04epe/lb OYayT MHTEPECOBATH IIPHEMbI CO3aHUsT YMCIIOBBIX
surepasioB. O TOM, KaK BBITIOJHSIOTCS YUCJIOBbIE PACYETHI, PEYb MOIeT HEMHO-
IO MO3Xe - 10 KpaiHe# Mepe, MOCTIe TOro, KaK Mbl TO3HAKOMUMCS C OCHOBHBIMHU
YIPaBJISIOUIMMHU MHCTPYKIMSIMH (TaKUMHU, KaK yCJIOBHBII OIEpPaTop U ONepaTo-
PBI IIUKJIA).

OG6BIYHO YHCJIOBbIE JIUTEPAbl HAOMPAIOTCS B IECATUYHON CHCTEME - TO €CThb
B TOH CUCTeMe, KOTOPOH MBI IT0JIb3yeMCsI B TIOBCETHEBHON >KU3HU. JTO JECSTh
udp ot 0 10 9 BKIIOYUTENBHO, C TOMOIIBIO KOTOPBIX MBI U BBOJIUM B IIPOTrPaMM-
HOM KOJIe Hy>KHOe HaM I[eJIoe MJIH JeicTBUTeIbHOe yncJo. Llensie yncia Habu-
paroTcs B BU/le T0cJIeI0BaTeIbHOCTH 1Udp U, ecjii Hy>KHO, 3HaKa yuca. [lei-
CTBUTEJIbHBIE YUCJIA HAOUPAIOTCST MPAKTUYECKH TaK )K€, HO TOJBKO y HHUX €CTh
1eJ1asi ¥ IpoOHAast YaCTH, a B Ka4eCTBe pa3/leIuTeJIs 11eJI0i 1 [1poOHOIT yacTeit mc-
TI0JIb3Y€eM TOUKY.

Q) Hasametky

Jutepan - 370 HGUKCUPOBAHHOE 3HaYeHNe, KOTOPoe He MOXET BbiTb N3MEHEHO B NPO-
rpamme. O6bLIMHO MOA NUTepanamMy NOApPa3yMeBAlOT YMCNla U TEKCT, KOTOpblE MUC-
noNb3ylOTCA SBHO B NPOrpamMMHOM Koae. Hanpumep, B komaHae x=1.5 4yepes x 060-
3Ha4YeHa nepemMeHHas, a 1.5 - 310 nmTepan (YMcnoBeoi). [lpyroii npuMmep: B KOMaHae
name="}JpaH VBaHOBUU" TEKCT "ViBaH VBanoBuu" ABNAETCA IMTEPA/IOM, a name -3TO
nepemMeHHas.

Ho B npunnumne B mporpaMMHOM KO/l [IJISI 1I€JIBIX YKCeJI 3HAUEeHUSI MOXKHO yKa-
3bIBaTh HE TOJIBKO B IECSITUYHOM CUCTEMe CUMCJIEHUS], HO U B IBOMYHOMH, BOCbMe-
PUYHO U IIECTHA[ATEPUYHOM.

JIBOMYHYIO CHCTEMY CYMCJIEHHsI Mbl yXe o0cyxnaaau. B BocbMepuuHoil cu-
cTeMe 4HCJa 3allMCHIBAIOTCS C MOMOIIbI0 BocbMU nudp: ot 0 1o 7 BKJI0OYH-
TeJbHO. Eciim B BOCbMEPDHYHOH CHUCTEME YHUCJIO MMeeT II03ULHOHHOE Ipes-

CTaBJIeHUE Q,A,_q .-0A,0,0y (37ecb nmapameTpel Ag, A1, .., Ay MOTYT IIpU-
HuMaTh 3Havenus 0, 1, .., 7), TO 3TO Ha caMOM [ejle O3HAyaeT, YTO pPeYb
UJET O YHUCJe, KOTOPOe B JECSITUYHYIO CUCTEMY IEPeBOAUTCS 1O ¢opmyJie

GnQn_1..020;00 =a9-8°+a,;-8"+a,-82+--+a, 8"
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AHaioruyHo 06CTOSIT Ie1a C MeCTHAALATEPUYHOM CUCTEMOIT cuucaenust. Tosb-
KO Telepb UCNOJIb3yeTcs, KaK HEecJ0XXHO Aoraaatbcs, 16 "cuMBOJIOB": mecsTh
1up ot 0 10 9 u emre mwectb OYKB OT a 10 f BKIOYUTENBHO. ITH O6YKBBI 0603Ha-
yatoT yncsa ot 10 1o 15 (To ectb 6ykBa a coorBeTcTByeT uncay 10, 6yksa b co-
OTBeTCTBYeT uuciy 11, u Tak aasee, BIUIOTh 10 OYKBHI f, KOTOpasi COOTBETCTBY-
et yuciay 15).

Eciu B IHBCTHaIIHaTepH'{HOfI CUCTEME YHCJI0O HMEET IpeACcTaBJIEHHUE

apQn_q ..0,a10 (HO Temepb MapaMeTpsl @y, &y, ..., @, MOTYT NPUHUMATD 3Ha-
~uenus 0, 1, .., 9,4, b, .., f), B 1eCATUYHOI cHCTEME CUUCTIEHUS ITO YMCJIO BHIUUC-

JISIETCA TAK: Aplpy_q - Q0,09 = g - 16° + a; - 16* + a, - 162 + -+ a,, - 16™

Ecnu mutepasisl 3a1a10TCs HE B IECSITUYHOM CUCTEME CYUCJIEHUS, TO HAUNHATHCS
OHM JIOJKHBI CO CHENMATIBHOrO npedukca, KOTOpbii "uaeHTuGUIMpyeT”, K Ka-
KOIi CHCTEME CUMCJIEHUS] OTHOCUTCS JiuTepaJt. [Ijisi OWHAPHBIX yKcest (JIMTepasibl
B IBOMYHOM cHCTEME) MPePUKC COCTOUT U3 HYJisi U OYKBbI b (GOJIBIION WK Ma-
nenbkoi ). Hampumep, mutepas 0b1 01 o3HayaeT yucJio 5. BrosHe 3akonHO# Oy-
JeT, CKaxkeM, KoMaHa x=0b101, KOTOPOif IepEMEHHON X MTPUCBAUBAETCS YHUC-
JIOBOE 3HaueHue 5.

(0 HasameTky

Ecmm 6bl HaM NOHago06UNOCh NPUCBOUTL NEPEMEHHON x 3Ha4YeHue -5 (TO ecTb OTpu-
uatensHoe 3HadeHue), npudem HabpaTb nMTepan B ABOMYHOM KOAE, TO COOTBETCTBY-
lowas komMaHga ebirnsgena ool kak x=-0b101.To eCTb Mbl UICMOMIb3YEM 3HaK "MUHYC" B
nutepane. Bce 1o, 0 4eM Mbl FOBOpUAM Bbille 0 GUHAPHOM KOAUPOBAHUWN OTPULATENb-
HbIX YUCEN B KOMNbIOTEPE, O NPUHLUMNE "AO0NONHEHUS A0 HYNS” - B AAHHOM Clly4ae Ham
He HyXHO. MNoyemy? MoTOMY 4TO TaM pedb La 0 TOM, Kak OTpyuaTenbHble Yucna npea-
CTaBJIeHbl B MAMATU KOMMNbiOTEpa. 34ech peyb naeTt o dopmManbHOW 3anucu YmMcna c uc-
nonb30BaHMEM ABOUHHOM O koaa. To, 4TO Mbl NMLWEM B NPOrpaMMHOM KoAe, NpeaHa3Ha-
4yeHo ANns Toro, KTo ByAeT 3TOT KOA YATaTh - TO eCTb ANA NPOrPaMMMUCTa, NONb30BaTe-
ns, yiTatens. o3ToMy 34eCb HAKTO HE 3anpewiaeT HamM UCMNONb30BATb B YUCIOBOM Nin-
Tepane 3HakK "MWHYC", faxe ecnu 3TOoT nMTepan NPeacTaBsnseT YNCNO B ABOUYHOW CU-
cTeme cumcneHus. KomnbloTep, korga npuaeT erovyepes B3aTbCcs 3a BbiNOSIHEHUE Npo-
rpPaMMHOro Koga, aBToMaTU4eCKu nepeBedeT ykasaHHbI imTepan B "npaBunibHOE” C
TOYKM 3PEHUS KOMMbIOTEPA NpeacTaBneHne. AT0 e 3aMeydaHne (OTHOCUTENbHO 3Haka
yucna)KacaeTcs U NPOHUX CUCTEM CHUCNEHUS: BOCbMEPUHHOW U LWeCTHaaUaTePUYHON.

[Tpu3HakoM 4ucJIa, 3aMUCAHHOTO B BOCBMEPUYHOM CUCTEME CUHCJIEHUS], SIBJISIET-
cs1 npedukc 0o (HoJb 1 OOJIbIIAsT UK MaJieHbKasi OYKBa o), a YMCJIa, 3alMCaH-
Hbl€ B IIECTHAAL[ATEPUYHON CUCTEME, HAUMHAIOTCS C ipedukca 0x (HOJIb U 60JIb-
asi v MaJsieHbkasi 6ykBa x). Harmpumep, uncio 123 B BOCbMEPHYHOM CHCTEME



CYHMCJIeHUs 3anuieTcs: Kak 0017 3. ITO XKe YUCJIO B LIeCTHAJIIATEPUYHOM CUCTe-
Me€ MIpeJCTaBIIsIeTCS JIUTepaoM 0x7b,

KoMmniekcHbie yncia BBOASTCS B "ecTeCTBEHHOM" ()OpMaTe, TO €CTh B BU/IE CYyM-
MBI JIeMCTBUTEJbHON U MHUMOM YyacTy. [Ipu3HakoM MHUMOCTH YMCJIA SIBJISIETCSI
cybduxkc j (bopluast niu MaeHbkast 6ykBa), KOTOPbI pa3MelaeTcsi cpasy I1o-
CJIe YUCJIOBOTO 3HAaUeHUsL. [IpyruMu cJI0BaMH, €CJIU MTOCJIE YUCJIOBOT0 JIUTEpPasa
ykasaThb (6e3 mpobeJioB WJIM UHBIX pas/esuTesieil) OYKBY j, TO MOJYYUTCS MHH-

Moe uucJio. Hanpumep, komiiekcHoe yucsio 3 + 2i 3anuiIeTcst B IporpaMMHOM

KoJe Kak 3+27j. MHumas eaunuia l B BHJIe IPOrpaMMHOr0 KoJa peau3yeT-
cs kak 17, ¥ Tak fgaJjiee. Takoke 1711 CO3[JaHUSI KOMITJIEKCHOTO YHCJIa MOXeM BOC-
10JIb30BaThcsl QYHKIIMEH complex (). [lepBbIM aprymeHTOM (PyHKIIUH NEpe/a-
eTCsl AeUCTBUTEIbHAS YaCTh KOMILJIEKCHOTO YHMCJIA, 8 BTOPOUM apryMeHT - MHUMast

4acTb KOMILJIEKCHOTO 4yuc/a. Tak, 4yucio 3 + 2i MOXeM MOJIyYUTb C IOMOLIBIO

KOMaH[bl complex (3,2),a MHUMOHU eIMHUIIE l COOTBETCTBYET UHCTPYKIUS
complex (0,1).

IIpu BBOZE OYEHb OOJIBIINX WJIH, HATPOTUB, OYE€Hb MaJIEHbKUX (110 MO/IYJII0) YH-
ceJ1 y106HO BOCIIOJIb30BAThCsI TPEICTABJIEHHEM YHCJIA B BUIIE MAHMUCCHL i NOKA-
3amens cmeneny. B kauecTBe pa3nesMTesisi MAHTUCCHI U TTOKA3aTeJIsl CTETIEHU HC-
noJb3y10T OYKBY e (60.IbLIYIO UM MaJIeHbKY10 ). Hanpumep, 4yncioBoii iurepast

1.2e3 obosnayaet yucao 1.2 - 103, a uncsioBoit muTepasn 1. 2e~5 COOTBETCTBY-

er yncay 1.2 - 1075,

Bbiiie MbI yoke paccMaTpuBasu apudMeTnyeckue U moO6UTOBbIE onepaTopsl. C
LEJIOYMCIEHHBIMU 3HAYEHUSIMU (JaHHbIE TUMA int) MOTYT MCHOJIb30BATHCS U
Te, u Apyrue. C 1eldcTBUTEIbHBIMU 3HAUEHUSIMU ([JaHHBIE THMA float) UCIOJIb-
3y10TCcsl apu¢MeTHUYECKHe OMepaTopbl. Takxe Jisi BBHIIOJHEHUS MaTeMaThye-
CKUX BBIYUCJIEHUI TpeIHAa3HAYeH 11eJIbIid psifi BCTpoeHHbIX dyHKIui. Hekoro-
pble ToJie3Hble B paboTe MaTeMaTHyeckue HYHKIMK MpeACTaBJIeHbl B TabJIuie
1.7.
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Tabnuuya 1.7. Hekoropbie MaTemMaThyeckne QyHKUUM

OyHkums Onucanue

Beruucnenne Moaysst uucaa. Yucsio, 1151 KOTOPOTO BBIYHC-
JISIETCSI MO/TY Jib, YKa3bIBAE€TCSI apryMeHTOM (pyHKIu. MoxeT
abs () HCTOJIb30BaThCS C KOMILJIEKCHBIMU yucaaMu. Hanpumep, pe-
3yJITaTOM KaX/I0ro U3 BeIpaxeHuii abs (5.0),abs (=5.0)
U abs (3+47) sBJsercs 3HadyeHue 5. 0

DyHkuMs npegHa3HayeHa sl peo6pa3oBaHMs YMCJIa M3
JEeCSTUYHON CHUCTEMbI CUUCJIEHUs B JBOMUYHYW0. McxonHoe
YHCJIO YKa3bIBA€TCA apryMEHTOM (YHKIUH, a Pe3yIbTaToM
SIBJIAETCA TEKCTOBOE NpeJCTaBJEHUE JI1 JBOMYHOIO KOJAA
uncsa. Hampumep, pe3yJsibTaToM BbipaXkeHusi bin (9) 6yaer
TexkcT "0b1001"

bin ()

DyHKUUS UCTIONB3YeTCS JJIs1 CO3/IaHUSI KOMILJIEKCHBIX YHCeJT
Ha OcHOBe (MepeJaHHbIX apryMeHTaMHu (DYHKIIMH) IeHCTBU-
TeJIbHOU 1 MHUMOW YacTell YUCJIa, UJIU HAa OCHOBE TEKCTOBOTO
npeJCcTaBJieHUs KOMILIeKcHOro yucia. Harnpumep, pedyJbta-
TOM BBIpQ)XXeHHH complex (3,4) u complex ("3+43")
OyeT KOMILJIEKCHOE YUCJIO 3+4

complex ()

DyHKIUS HUCIOJIb3YeTCsl A1 MPeoOpa3oBaHUST YUCJIOBBIX
3HaYeHWH U TEKCTOBBIX NPE/CTaBJIEHUN IJISI JeHCTBUTEb-
float () HBIX YMCeJI B YUCJI0Bble 3HaueHus Tuna floa t. Hanpumep, pe-
3yJIBTATOM KaXIorO U3 BbIpaXkeHu# float (5), float ("5"),
float ("5.") ufloat ("5.0") sBasgercs 3HadyeHue 5.0

DyHKIWS TpeHa3HAYeHa [J1s1 TpeoOpa30BaHUsl YHCIIa U3 Je-
CSTUYHOHM CHCTEMBI CUUCJIEHUS B IIECTHAATEPHYHYIO. Ap-
TYMEHT (DYHKIIMH - YUCJIO B IECSITUMHON CUCTEME CUUCTIEHUS.
PesyusraT QyHKIINY - TEKCTOBOE IPECTaBJIEHHE 3TOIO YUC-
JIa B IIeCTHAAllaTepu4HOi cucteme. Hanpumep, pesyssraTom
BbIpaXkeHust hex (123) Gyzer TekcT "0x7b"

hex ()




Onucanne

int ()

Oyukius 1715 npeobpa3oBaHusi 00beKTa (HANpPUMEp, TeK-
cta) B neJsoe yuciao. Ecau aprymeHToM YHKIMHM Tiepea-
HO AeHcTBUTebHOe uucyao (TUl float), TO pe3yJsbTaT BBI-
4ucIIsieTCs OTOpackiBaHKEM APOOHOM YaCTH B [IEUCTBUTEb-
HOM ymcJe. Eciiu apryMeHTOM yka3aTh TEKCTOBOE MTpe/ICTaB-
JIeHWe 1eJIOTO YKCJIa, Pe3yJbTaToM OyIeT caMo 3TO YHCJIO.
[Tpuyem yucsio (B TEKCTOBOM IPEICTABIEHUN) MOXKET OBITH
HE TOJIbKO B IECSTUYHOU CUCTEME, HO M B JIBOUYHOMH, BOCh-
MEpUYHOU WJIM IIECTHAIIATEPUYHOMU. B aToM ciyyae BTO-
PBIM apryMeHTOM YKa3bIBaeTcs 1IeJI0e YMCJIO, OIpe/eJsio-
Hlee HCXOAHYIO CHCTEMY CUHUCJEHHs (COOTBETCTBEHHO, 2,
8 uau 16). Hanpumep, pe3yssTaToM Ka)XI0ro M3 BhIpake-
HMI int (123.4),int("123"),int ("0b1111011",2),
int ("00173",8) u int ("0x7b",16) sABJsgeTCA 3Haye-
Hue 123

max ()

DyHKIMS OJIs BBIYMCJIEHUS] MaKCUMaJIbHOTO 3HAYEHUs U3
Habopa yuces. HarmpuMep, pe3yibTaToOM BbIpaXkKeHHs max (-
2,4,9,-1) aBiseTcs 3HayeHue 9

.min ()

DyHKIMS 1J1s BBIYUCJIEHUS MUHUMAJIbHOTO 3HAUEHUSI U3 Ha-
6opa umces. Hanpumep, pe3ysisTaToM BbIpa)keHHs min (-
2,4,9,-1) gBiaseTcs 3HayeHue -2

oct ()

DyHKIMs TpeqHa3HayeHa /i npeobpa3oBaHKs YKMCJIA U3
JECSITUYHOU CUCTEMBI CUYUCJIEHUS B BOCBMEPHYHYIO. Apry-
MEHTOM YKa3blBaeTCsl YUCJIO B JECATUYHOU CUCTeMe CYHC-
JIEHUS], a PEe3YJIbTaTOM SIBJISIETCSI TEKCTOBOE IpeCTaBJIEHUE
3TOrO YyucJja B BOCbMePUYHOU cucteme. Hampumep, pe3yJib-
TaTOM BbIpaXkeHust oct (9) Oymer TekcT "0o0l11"

pow ()

DyHKIUS 19 BO3BeeHHS B cTeneHb yuciaa. Ecau y pyHk-
LIMK [[Ba apryMeHTa, TO pe3yIbTaTOM SBJIS€TCS IIepPBOE YUC-
JIO B CTelleHH, OIpejessieMoil BTOPBIM uucjaoM. [pyru-
MU CJIOBaMH, Pe3yJIbTaTOM BBIPaXKEHMs pOw (X, y) SBJISET-
cs1 3HayeHue x* *y. Ecam y GyHKIMM TPU apryMeHTa, TO 1o-
CJie BO3BEIEHHUs B CTENEHb BBIYUCJISAETCS OCTATOK OT JeJie-
HUSI Ha TPETHI1 apI'YMEHT: TO €CTh Pe3yJIbTaTOM BbIpa’KeHUst
pow (x,y,z) SBJsSeTCS 3HaueHUe (x**y)%$z. Hampumep,
pe3yJIbTaTOM BbIpa)keHusi pow (2, 3) 6Gynaer 3HayeHue 8, a
Pe3yJIbTATOM BbIpa)keHusi pow (2, 3, 5) OyzeT 3HaueHue 3
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Oynkuus Onucanue

(DyHKIII’IH npeaHa3Ha4y€Ha AJid OKPYTJIEHUA JeUCTBUTEIb-
HBIX 3HAYEHHUH [0 1eJIOYHUCJIEHHBIX. ApI‘yMEHTOM YKa3bIBa-
€TCs OKPYTIJIIEMOE 3HaYEHUE. OprFJIeHI/Ie BBITIOJIHAETCSA 110
TaKHUM IIpaBUJIaM:

e ecau ApoOHAsi 4acTb OKPYIJISIEMOTO 3HAYEHHUS MeHbvlue
0.5, oKpyTJIeH1E BHITIOIHSIETCS 0 OJIMXKANIIEro MeHblie-
IO LeJIOT0 YUCIa;

e ecau ApoOHasi 4acTb OKPYIJISIEMOTO 3HAYEHUS O0abule
0.5, OKpyTJIeHHE BHINIOJIHAETCS 10 OnxKaiiero 6oblie-
IO 1[€JIOT0 YUCJIA;

* ecyu ApoOHAasi YaCcTh OKPYTJISIEMOrO 3HAYEHUSI paAGHAEM-
cs 0.5, OKpyrJieHHe BBIMOJHAETCS A0 OJMKANIIEro yet-
HOT'O 11eJIOTO YHUCJIA.

reund () Econ dyHkuuu nepenath BTOPOM apryMeHT, TO OH Oyaer

onpenessSTh KOJMYECTBO 3HAKOB B APOOHOM YacTH, 1O KOTO-
PbIX OYZIET BBIMOJHSTHCSI OKPYTJieHHe (TO eCTh B 3TOM CJIy-
yae OKpyIJIeHUe BBINOJHSETCS He OO0 11eJIOTO Yucia, a A0
JefiCTBHMTEJIbPHOTO C KOJIMYECTBOM pa3psiioB Mocje 3ams-
TOH, orpejeJisieMbIM BTOPbIM aprymeHToMm ¢ynkuuu). Ha-
pUMep, Pe3yJIbTaTOM BhIpaXkeHus: round (4.6) (apobHas
yacTh 0. 6) ecTb 3Ha4YeHUE 5, y BhIpaxkeHus round (-4 .6)
(npobHasi uyacth 0.4) 3HaueHWe -5, Yy BBIPAKEHHS
round (4.4) (apobHasi yacTb 0. 4) 3HaUYeHUE 4, Y BbIpaxe-
HUsT round (-4.4) (mpobHasi yacTb 0. 6) 3HaYeHUE -4, y
BbIpaXkeHusi round (4.5) (mpobHast yacts 0.5) 3HaYeHUe
4, ay BeIpaxkeHus round (-4 .5) (apo6Has yacts 0. 5) - co-
OTBETCTBEHHO, —4. [[/11 cpaBHEHUS: pe3yJbTaT BbIPA’KeHUS
round (1.23456,3) -uyucio1.235

C HEKOTOPBIMU U3 3TUX (DYHKIIUIT MBI elile Oy1eM UMETD JI€JI0 U TO3HAKOMHUMCS C
HUMHM TOOJIHIKE TIPU PEIIeHUH 33124 B CJIeLYIOIUX IJ1aBaX KHUTH.




|

Bosbioe kosimuecTBo MaTeMaTH4eCKUX (YHKIMI CTAHOBUTCS AOCTYIHBIM MO-
cJie TIOIK/II0YeH s MOy st math. Moy ii 06cy Xk aatoTcs 1ajiee, HO cpa3y oTMe-
THM, UYTO HUYETO CJIOXKHOTO B TOJKJIIOYEHUN MOJLYJISI HET: 171 9TOTO B IPOTPaM-
My JI0CTATOYHO 100aBUTh MHCTPYKIMIO import math. [Tocse atoro, Hanpu-
Mep, MOXXeM B MTPOrPAaMMHOM KOJIe MCIIOJIb30BaTh TPUTOHOMEeTpUYeckue QyHK-
UM, TaKKe, Kak sin () (cuHyc), cos () (kocuHyc), tan () (TaHreHC) U MHOTHE
apyrue. [IpaBaa, 15 ykazaHHOro criocoba MMIOPTHPOBAHUS MOJLY Jisl, IPH BBI30-
Be (DYHKIIUI U3 3TOT0 MOy JIsI TPUAETCS Tepe/l iMeHeM (PyHKIIMU YKa3bIBaTh Ha-
3BaHMe MOAYJs (pa3aesauTeslb UMEHN MOAYJISI U UMeHU (QYHKIIUU - TOYKA): Ha-
npuMep, math.sin (), math.cos () umu math. tan (). Takxe B 3TOM MoAy-

Jie onpe/iesieHbl uppallMoHasbHble nocTosiHHbIe: T ~ 3.14159265 (nHcTpyKius

math.pi)ue =~ 2.7182818 (uHcTpyKkuusi math.e).

HemHoro mo3sxe B KHUTe MbI pacCMOTpHUM IIPHUMEDPBI, B KOTOPbIX ITPOrpaMMHbBbIE
KO/AbI, HAITMCaHHbIEC Ha s13bIKE PythOIl, HCIIOJb3YIOTCA OJIsA pPELIE€HUsS BbIYUCJIU-
TeJIbHbIX 3aJa4.

NMoaknioyeHne moayneun

Hy, nonumaeme, s 3a xegpupom nowen, a mym
maxue npux.movenus!

u3 x/p "Tocmoa u3 6ydywezo”

O6BIYHO TIOZ MOOYIeM TIOAPA3yMEBAETCsT HEKOTOPBIN (aits ¢ MporpaMMoi HUu
6JI0KOM TIpOrpaMMHOro kona. Ilpu HamucaHuu OOJBIIMX TPOrpaMM He BCer-
Ja yano6HO BeCh MPOrPpaMMHBIM KOZ XpaHUTh B ogqHOM (aiise. [loaTomy ero pas-
OUBAIOT Ha OT/JEJIbHBIE YaCTH MJIM Ha MOAYJiM. Bo3MoXeH U Ipyroii BapuaHr:
[IPU HAMUCAHUU COOCTBEHHOM MPOrPaMMbI MbI XOTHUM HCIIOJIb30BaTh YacTh MPO-
IPaMMHOTO KO/Ia, KOTOPBIi ObLI CO371aH paHee (M HAXOAUTCS B KAKOM-TO OIIpe-
niesieHHOM MoayJie). YToObl UCIoJIb30BaTh TAKOM KO/, HEOOXOAUMO UMNOPMU-
posams COOTBETCTBYIOUUI MOAYJIb. []J1s1 UMIIOP TUPOBaHUsI MOy JIel MCIIOIb3Y-
eTcsl MHCTPYKIUS import, ocjie KOTOpoi yKa3blBaeTcsl Ha3BaHUe MOJAKJII0Yae-
Moro (MMIOPTUPYEMOro) Moy ist. Mbl OyieM UMIIOPTUPOBATh BCTPOEHHbIE MO-
aysu Python - To ecTb Te MOy JTH, KOTOPBIE SIBJISIIOTCSI COCTABHO# 4aCThIO CPE/Ib
pa3paboTku Ha sizbike Python. Hanpumep, eciii Mbl XOTHM MMIIOPTUPOBATh Ma-
TeMaTH4eCcKHil Moayb math (MOAY/b COAEPKUT pa3iMuHbie MaTeMaThyeckue
(pyHKIIMYU U yTUIIUTBHI ), TO UCIIOJIb3YEM HHCTPYKIMIO import math. Ecium um-



Fnaea 1. MepBbie nporpammel Ha Python

HOPTUPYEMBIX MO/IYJIEN HECKOJIBKO, TO TOCJI€ MHCTPYKIUY import UMeHA UM-
MOPTUPYEMBIX MOy JIEH IIEPEUUCTSIOTCS Yepe3 3aISATYO.

[Tocue Toro, kKak MOy JIb MOAKJIIOYEH, ONIMUCAHHBIE B HEM (DYHKIIMH, TIepeMEeHHbIe
U IpyTHe ToJie3Hble KOHCTPYKIIMKM MOXHO MCIOJIb30BaTh B IPOrPAMMHOM KOJIE.
Ho nipu 3TOM Kaxx/1plit pa3 HeO6XOMMO SIBHO YKa3bIBATb UMST MOJLY Jisl, B KOTOPOM
omucaHa rnepeMeHHast WM pyHkuus. Vcrnonb3yeTcss Tak Ha3bIBaeMBbI moueu-
HbLll CUHMAKCUC: CHAYAJIA YKA3bIBAEM UMST MOMLYJIsl, U, Yepe3 TOYKY, UMsI TePEMEH-
HOU UM Ha3BaHUe (yHKIMH (CO BCEMHM IMOJAraloIiuMuUcs apryMentamu). Ha-
MPUMED, €CJIH MBI XOTHUM HCIIOJIb30BaTh [IepeMeHHY 0, KOTOpas OIHCaHa B MO—
IyJie, TO COOTBETCTBYIOIIAsT MHCTPYKIMs OYA€T BBITJISAETh KAK MOLY b . [1e—
pemennas. [IpuuéM npeaBapuTebHO KOMaHIOM import MOLYJIb HEOHXOAUMO
HMIOPTUPOBATh MOAYJb. Bojiee KOHKpeTHO, B MO/yJjie math ecTh mepeMeHHast

pico 3HayeHueM noctosHHoM T ~ 3.14159265. Ecu MbI XOTUM yBU/ETh 3Ha-
yeHue 3TON NepeMEeHHOM, TO CHayaj a KOMaHAOKH import math MmoakIYaeM
MOIyJib math, a 3aTeM KOMaHJ0M print (math.pi) oTobpa)kaeM 3HaYeHHE
nepeMeHHOU pi M3 MOAYJIsi math.

BMecTto Toro 4To6h MCIOJIB30BaTh UMST MOAYJISI IpU OOpallleH!uH K ero "comep-
)KUMOMY ", MOXKEM /17151 MOy JIsI CO3aTh "TIcCeBAOHUM". MOy Tb IOJKJII0UYaeM KO-
MaH/I0¥ B (popMaTe import MOAYJb as UMs. [[pyruMu cJI0BaMH, B UHCTPYKIIMH
MOAKJIIOYEHHUS MOLYJISI TIOCJIe UMEHU MOJTYJISl Yepe3 KJII0YEBOe CJIOBO as MOXKHO
yKa3aTh MAEHTH(PHUKATOP, KOTOPBIH 6y A€T UCIIOIb30BATHCS BMECTO UMEHHN MOJLY-
Jis1. To ecTh MO JIb BCE PaBHO MOKJIIOYAETCs], HO KOT1a MbI OOpaliaeMcsi K rmepe-
MEHHBIM U (PYHKI[USIM 3TOTO MOJYJIsl, TO yKa3bIBA€M HE UM MOAYJIs, @ UI€HTH-
¢ukaTop (TOT, KOTOPBII MOCJIE KJIIOUEBOTO CJIOBA as ). Hampumep, ecyiv Mbl mofi-
KJIIOYaeM MOy Jib KOMaHAOM import Momysb as 1Ms, TO 0OpalaThCs K me-—
PEeMeHHO U3 MOy Jis HYXKHO B ¢popMaTe M4 . nepemeHHad. Ec/iM BCMOMHUTH
0 MOfyJie math ¥ MOAKIIOYUTD €0 KOMaHA0M import math as m, To pacre-
yaTaTb 3HaUeHHe IePEMEHHOM pi MOXeM KOMaHI0U print (m.pi).

(O Ha3sametky

Ecmm Mbl nogkmiounnmn Moaysb € "NncesgoHMMOM”, To 06palaTbCs K COAEPXUMOMY MO-
Ayna NpuaeTcs Yepes "NCesaoHNM”™ - NONbITKa CMNOMb30BaTh UMS MOAY NS NPUBEAET K
owwnbke.

OueBuaHbIM 06pa3oM GpocaeTcst B ria3a HeymoOCTBO, CBsI3aHHOE C HEO6XOIu-
MOCTBIO TP OOpallleHUH K TepeMeHHbIM M (DYHKIUSIM MOJYJisl B SIBHOM BHUJIE
yKa3bIBaTh UMsI MOy JIst (M ero "nceBaoHuM”). Ho 31ech ke KpoeTcsi U rJiaB-
HOE MPEeUMYIIEeCTBO: HEMTOCPEICTBEHHO B IPOTPAMMHOM KOJIE MBI MOXKEM OIIpe-
JeUTh nepeMeHHYI0 (QYHKIMIO UM YTO-TO €lile) C TAKUM )K€ UMEHEM, KaK U B
MOJIKJIIOYAEMOM MOyJie. B aToM ciiyyae Hajiyue UM OTCYTCTBUE MMEHU MO-



IyJisi IpU OOpallleHny K MepeMeHHO# (MU (PYHKIIMU) MO3BOJISIET OJTHO3HAYHO
UIeHTU(PUIIMPOBATH, O KAKOH TPOrPaMMHON KOHCTPYKIIMIH U/IET PEYb.

BMmecTe ¢ TeM, MOXKHO IOIKJIIOYATH HE BECh MOAIYJIb, @ TOJIbKO HEKOTOPBIE €r0 YTH-
JUTHI (IepeMeHHbIe WH GyHKIUY). CKaXkeM, eCii U3 MOLYJisl HAC UHTEPECYET
TOJIBKO OJIHA IIepeMeHHa s, TO MOXKeM BOCIOJIb30BaThCsl KOMaHAO0M f rom Mo-—
oynb import nepemenHas. [locse 3Toro nepeMeHHy0 MOXHO UCIIOJIb30BATh
6€3 CChLIKH Ha UMsT MOAyJisL. Tak, YTOOBI UCMIOIB30BATH B TPOrPAMMHOM KOJI€ Tie-
peMeHHY10 pi 6e3 ykazaHus epe]] ee UMEeHeM Ha3BaHUS MOAYJisi math, HCIIOJIb-
3yeM MHCTpYyKUuIo uMropta from math import pi.

Ecau MBI XOTUM NOJKJIIOYUTH BCE YTUJIUTHI M3 HEKOTOPOTO MOLYJisi, IOJI€3HON
6yaeT MHCTPYKIMs from MomyJsie import * (TO eCTb OCJIe UHCTPYKIIMU UM-
MOPT yKa3bIBaeM 3Be3/J0UKY ).

TepHapHbI onepaTop

Huuezo ocobennozo. Obbiknosennas xonmpa-
6anoa.
u3 x/¢ "bpunnuanmosasn pyxa”

YacTo BO3HUKAET HEOOXOAUMOCTbD BBIMOJIHSTh B IPOrPAMMHOM KOJI€ Pa3JIUYHbIe
KOMaH/[bl B 3aBUCUMOCTH OT TOTO, BBIIIOJIHSIETCS] MJIM HET HEKOTOPOE YCJIOBHE.
Boob1iie Takasi 3a1aua penaeTcsi ¢ IOMOILBIO YC.I08HOZ0 ONEPamopa, ¢ KOTOPbIM
MBI [IO3HAKOMUMCS B cJleiylolielt ri1aBe. BMecTe ¢ TeM, ecTsb "ynpolieHHas" ¢op-
Ma YCJIOBHOTO OIIepaTopa, KOTOPYIo, O aHaJIoruH ¢ si3pikamu C++ u Java, MOX-
HO OBLTIO ObI Ha3BaTh MEPHAPHLIM Onepamopom (XOTsl, KOHEYHO, pacCMaTpHUBae-
Masi lajiee KOHCTPYKIIMSI Pe3KO KOHTPACTHPYET C OOBIYHBIMHU NPEICTABIEHUSIMU
06 omnepatope).

) Hasametky

O6bI4HO OnepaTopbl GbIBAOT yHapPHbIE U 6UMHapPHLIE. Y YHAPHOT O OnepaTopa OavH one-
paHg, y 6MHapHOro oneparopa Asa onepaHaa. TepHapHbIi OnepaTtop - onepaTop, y Ko-
TOpOro Tpu onepaHaa. OaMH U3 onepaHaos - 3TO NpoeepsieMoe ycnosewe. Eule asa one-
paHaa - 3HaYeHus, 04HO U3 KOTOPbLIX BO3BPALLAETCH B KA4YeCTee pesybTara, B 3aBUCH-
MOCTH OT NPOBEPSEMOr0 YCNOBUS.

TepHapHbIi OnIEPaTOp BO3BpalllaeT 3HaueHue. [[puyeM aTo 3HaYEHUE 3aABHCUT OT
UCTUHHOCTHU MJIM JIOXHOCTH HEKOTOporo ycyoBust. I1labsion TepHapHOro onepa-
TOpa TaKoM (PKUPHBIM IIPU(TOM BbIJETEHBI OCHOBHBIE MHCTPYKIIMU B BBIpaKe-
HUU [IJIs1 TEDHAPHOTO OTIEPATOpa):

3HaveHne 1 if ycioBme else 3HaueHue 2
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TepHapHBIil omepaTop - AOCTATOYHO CJIOXHAsI KOHCTpykuus. CHayama ykasbl-
BaeTcsl BblpaxkeHHe (3HaudeHme 1), KOTOpOe OINpe/iesisieT 3HaueHue TepHapHO-
rO OMepaTopa MPH UCTUHHOCTH yCJIoBMA. MeXy 3TUM BbIPAaXXEHUEM U YCJIO-
BHEM YKa3bIBaeTcCs KioueBoe cJ1oBo i f. [locie ycroBms ykasslBaeTcs KJoue-
BOE CJIOBO else, a 3aTeM BBIpa)KeHUE (3HaueHue 2), ONpeesIsiolee pe3yib-
TaT TEPHAPHOTO OIIEPAaTOPa, €CJIU yCJI0BMe He BbIMoIHeHo. He6o b110i1 mpumep
HCIIOJIb30BaHMS TEPHAPHOIO ONepaTopa NpuBeeH B juctuHre 1.8.

Mucrwir 1.8. Tepuapuuiid oneparop

# CumTHIBaeTCs NEpBOEe UYUCIO

a=float (input ("BBenmuTe nepsoe umcygo: "))
# CumMTEIBAETCHA BTOPOE UMUCIIO
b=float (input ("BBemuTe BTOpPOE uMcio: "))
# llepBoe 3HaueHMe

value_1="IllepBoe umcjio ©Gojblle BTOPOro."
# Bropoe 3HaueHue

value_2="BTopoe uMCJIO HE MeHblle nepsoro."
# BHIBLIBAETCS TEpPHAPHHM OllepaTop
res=value 1 if a>b else value 2

# OrobpaxaeTcsa pe3yJbTarT

print (res)

Pe3ysibTaT BBIMOJHEHUS 3TOr0 MPOrPAMMHOIO KOZa MOXET OBITh TakuM (PKHp-
HBbIM NP TOM BbIZIEJIEH BBO/I [T0JIb30BATEJIS ):

~ PeaynbTar BiNONHEHUS NPporpaMmbi (u3 nuctuira 1.8)

BBenuTe nepBoe umcio: 12
BBeguTe BTOpoe umcio: 30
BTOpoe umnCJIO He MEeHblle NePBOTO.

Nnu takum:

- Pesynbrar BbinonHeHus nporpamMml (u3 nuctuira 1.8) .
BBenure neppoe umciyo: 30

BBEIUTE BTOPOE UMCJO: 12
[lepBOE uUMCIIO BOJbllIE BTOPOTO.

B nanHOM ciiyyae cUTyalus J0CTaTOYHO rmpoctasi. CHayasia moJyib30BaTeieM BBO-
JIATCS [IBa YKMCJIa, KOTOPbIE 3aMMUCHIBAIOTCS B TepeMeHHble a U b. [/[J1s cunuThIBa-
HHS1 BBOJMMOTO NIOJIb30BAaTEJIEM 3HAYEHH S MbI UCIIOJIb3yeM (YHKIIMIO input ().
Ho mockosnbky 3Ta yHKIMS B KauecTBe pe3yJbTaTa BO3BpalllaeT BBEIEHHOE



N0JIb30BaTeIEM 3HaUEHHE B TEKCTOBOM (hopMarTe, /17151 HaIeXKHOCTH IIpeobpasy-
€M CYHTAHHOe 3HaueHHe K (opMaTy YMcJIa ¢ MIaBawileidl TOYKOH, AJIs Yero Ie-
penaeM pe3yJbTaT BbI30Ba (PYHKIMU input () apryMeHTOM (pyHKIMH float ().

3HaueHHe MEPEMEHHOI res BBIYMCJSIETCS HAa OCHOBE TEPHAPHOTO OIEpaTo-
pa. B TeprapHOM onepaTtope npoBepsieTcs ycaoBue a<b. Ecau ycioBue uCTuH-
HO, TO IEPEMEHHON res NpUCBauUBaeTCs TEKCTOBOE 3HAYeHUE U3 IepeMeHHOM
value_1. Ecsin ycioBue 10HO, TO IepEMEHHOH res NPUCBAUBAETCsl 3HAUEHHe
niepeMeHHOit value 2. 3HaueHUe NlepeMeHHOH res 0TOOPaXKaeTcsl B OKHE BBI-
BOJIa C MOMOIIbIO QYHKIIMK print ().

Pe3iome

Tonwko s mebs npowy — 2080pu CnOKoiiHO, 6e3 opa-
Mo pPCcK020 HANCUMA.
u3 K/ "Beaymnviii denv unicenepa bapxacoea”

[TonBeneM xpaTKue UTOrM 3TOU IJIaBBL

1.

[Tporpamma, HamucanHasi Ha Python - ato mociiegoBatesbHOCTD KO-
MaHZA. [l7151 BBINOJHEHWS] 3TUX KOMAaH/[ MHCIOJIb3yeTCs CIeluaJibHast
pOrpaMMa-UHTEPIIPETATOP.

B nporpamme MOryT UCIOJIb30BaThCs epemeHHbie. B Python mepemen-
Hasl CChLIAETCS HA 3HAYEHUE, & HE COJIEPXKUT €ro, KaK BO MHOTUX JIPYTHX
SI3bIKaX MPOrPAMMHUDOBAHHUSI.

B Python cymiecTByeT HECKOIbKO TUMOB TaHHBIX. YHUCTIOBbIE 3HAYEHUS
peau3yioTcs JaHHBIMU THUMA int (1esbie yucaa), float (aeicTBUTeE N b-
Hble YKcJIa) ¥ comp lex (KOMILIeKCHbIe yuca). [[1st 0603HaueHUst MHU-
MOI1 YaCTH KOMITJIEKCHOTO YHCJIa UCIOJIb3YIOT OYKBY j (6OJIBIIYIO WK
MaJleHbKy10). bunapHbie, BocbMepUYHbIE U IIECTHAALIATEPUYHBIE JIUTE-
paJibl BBOASITCSI COOTBETCTBEHHO ¢ npedukcamu 0b, 0o u 0x (BTOpas
GyKBa 1oCJIe HYJIsi MOXKET GbITh GOJIBLION WM MAJIEHBKOM ).

TexcTy cooTBeTCTBYeT TUN str. TeKCTOBbIE IUTEPAJIBI 3aKII0YAIOTCS B
JBOIHBbIE (WM OJUHADHbIE) KaBbIYKU.

C nomoirpio THUNA bool peasu3yIOTCs Jorudeckue 3HaveHus. JlaH-
HbIE 3TOTO TUIA MOTYT IMPUHUMATh 3HaYeHUs True (MCTUHA) U False
(;moxs). Jloruyeckue 3HAYEHUS SIBJISIIOTCS MOABUIOM LI€JOYHUCJIEHHO-
'O THUIIA JAHHBIX, U TO3TOMY MOTYT MCIIOJIb30BAThCS B apU(METUYECKHUX
BBIYHMCJIEHUSIX.



naea 1. MepBble nporpamMmbl Ha Python

6. Tun HGPEMGHHOﬁ SIBHO yKa3bIBaTb HE€ HYXXHO - OH OIIPEAEISAETCA Ha
OCHOBE€ 3HA4Y€HU S, Ha KOTOPOE CCbLJIa€TCA IepeMeHHas.

7. [lns BBOJA JAHHBIX C KOHCOJIM MCHOJIB3YIOT GYyHKIUIO input (), a A
BBIBOJIA - QYHKIUIO print ().

8. * /lns BBOZA B IPOrpaMMHBIN KO/ KOMMEHTapPHUSI UCIIOJIb3YIOT CUMBOJ #.
Bce, 4yTo HaxoaUTCS cpaBa OT 3TOrO CUMBOJIA, UHTEPIIPETATOPOM UTHO-
pupyercs.

9. OcHoBHble onepatopbl Python MOXHO pa3mesuTh Ha YeThIPe IPYIIIbL
apudmeTHyeckue, TOOUTOBbIE, IOTHYECKUE U ONIEPATOPBI CPABHEHU S

10. Apudmernyeckue orepaTopsr: + (CJI0XKeHHE), - (BBIUUTAHUE), * (YMHO-
XeHue), / (nenenue), // (1ieJoyucaeHHoe feyeHue), $ (OCTaTOK OT lie-
JIOUUCJIEHHOTI'O JIeJIeHUs), * * (BO3BeJJ€eHUE B CTENEHD).

11. ITo6uToBBIE OMIEPATOPBL: ~ (ITOOUTOBOE OTpHIIAHKE), & (MOOUTOBOE M),
| (moburosoe UJ/IN), ~ (mobutoBoe HCKAKYAIOLIEE UJIH ), << (mmo-
OUTOBBII CABUT BJIEBO), >> (MMOOUTOBBIN CABUT BIPABO).

12. Jloruueckue onepatopsl: or (oruueckoe MJ/IH), and (soruueckoe H),
not (JIoruYeckoe OTPUIIAHHE).

13. Onepartopsl cpaBHeHus:: >(6osble), <(MmeHblie), <=(He 6oJblie),
>=(He MeHbliIe), ==(paBHO), ! =(He paBHO). TakXxe k onepaTopaM cpas-
HeHHUsI 0OBIYHO OTHOCSIT ONEpPAaTOp MPOBEPKU UIEHTHYHOCTH OOBEKTOB
is ¥ omepaTop MPOBEPKH HEUAEHTHYHOCTH OOBEKTOB is not.

14. OmnepaTtop NpuUcBauBaHUs UMEET COKpallleHHbIe (POPMBL: HAITPUMEP, KO-
MaHIy BUJA x=x+y MOXHO 3alUCaTh B BUJIe X+=Yy. TaKOro TUIA COKpa-
II€HHbIE€ BbIPAXXE€HHA MOXHO HUCII0JIb30BaThb AJIS BCEX apI/I(bMeTI/I‘{eCKI/IX
Y MOOMTOBBIX OMEPATOPOB.

15. OyHkuus eval () MO3BOJISET BHIYUCIUTD BBIPAXKEHHE, KOTOPOE B BU/IE
TEKCTa epeJaHO apryMEeHTOM (DyHKIUHL.

16. [lns moax/MIOYEHUS MOy JIEH UCTIOJIb3YeTCS] MHCTPYKIUS import, mo-
CcJie KOTOPOH yKa3bIBaeTCsI UMs MOJKI0YaeMoro Moy st [lpu ucnoss-
30BaHUM NIEPEMEHHBIX ((PYHKIUI) U3 MTOAKTIOUEHHOTO MOYJISI UMSI MO-
nyJist (4epe3 TOUYKY) yKa3bIBA€TCS Mepe UMeHeM nepeMeHHoH (QyHK-
1IHH).

17. TepHapHbIil onepaTop MMeET TPU OINEPaH[a W BO3BpalllaeT 3HAUYEHUE

B 3aBUCHMOCTH OT MCTHHHOCTHU WJIM JIO)KHOCTH HEKOTOPOTO YCJIOBHUS
(oIuH U3 orepaH/I0B TEPHAPHOTO OMEPATOPA).



[NnaBa 2

YnpasnsaoLme UHCTPYKLUUN
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Hy, eciu mvL xouewn epawamocs, mozoa, Koney-
HO, 8PAALICS.
u3 /¢ "Hponus cyon6vt unu c 1eekum napom”

B at0if raBe peub moiizet 00 yIpaBJSIONMX UHCTPYKIUAX. K ympaBisionum
HMHCTPYKIUSIM B JAHHOM CJIy4ae MbI OTHOCHUM YC08HbLU onepamop (CO BCEMU €r0
BO3MOXKHBIMU MOAUGbUKAIMSIMH), & TaKXKe onepamopbvt yukaa (B sizbike Python
ux n8a). [1o 60/1b1IOMY CUETY, IMEHHO YTIPaBJISIONIe HHCTPYKIIUH J€Ia0T IPO-
rpamMMmy IeACTBUTEbHO MPOTPAMMOH - TO €CTh IIEJIOCTHOM KOHCTPYKIUEH, a He
GaHa JIbHBIM HAOOPOM TIOCJIEIOBATEIBHO BHIMOJIHSIEMBbIX KoMaH 1. Ho 060 BceM 1o
nopsiAKy. B mepByio ouepenp paccMOTPUM YCJIOBHBIH OIlepaTop, MpUYeM HAYHEM
C CaMbIX MTPOCTBIX €r0 BEPCHUIA.

YcnoBHbIV onepartop

- Byob s eaweii seenoil, s 6ot moxce yexana.

- Ecnu 6ot 6v1 6vinu Moeii nenoil, 1 6vt nosecun-
cst.

u3 x/¢p "Hean Bacunveeuu mennaem npogec-
curo”

YcnoBHBII onepaTop (MM, Kak €ro elle MHOIA Ha3bIBAIOT, YCJIOBHASI HHCTPYK-
1[Us]) MO3BOJISIET B 3aBUCUMOCTH OT UICTUHHOCTH WJIU JIOXKHOCTHU OIPEeJIeIEHHOTO
YCJIOBHSI BBITMOJIHSTD pa3jinyHble OJOKH porpaMMHoro koga. O6masi cxema, B
COOTBETCTBUU C KOTOPOI QYHKI[MOHUPYET YCJIOBHBIN OMEPATOP, BBITJISIAUT TaK:

» IIpoBepsieTcst HEKOTOPOE YCJIOBHE: OOBIYHO 3TO BbIpaXKEHUE, 3HAYEHHE
KOTOPOTO MOXKET MHTEPIPETUPOBATHCS KaK UCTUHHOE (3HaueHue True)
WJIY JIO)KHOe (3HaueHue False).

* Eciu BbIpa)keHUe-yCJOBHE UHTEPIIPETUPYETCS] KaK UCTUHHOE, BBINOJI-
HsIETCS BbIIeJIEHHAsI CIIelHaJIbHBIM 00pa30M IOCJeI0BATENBHOCTD KO-
MaH/I.

* Ecmm ycnoBue uHTEpripeTUpyeTCsl KaK JIOXKHOE, BBIMOJHSETCS Apyras
(HO TOXe BbI/IEJIEHHAsI CIIEIMAJIbHBIM 00pa3oM) IOCJIeJ0BATENIbHOCTD
KOMaH/I.

» TIlocne Toro, Kak oiHa WJIK Ipyras MocJeJ0BaTeTbHOCTbh KOMAaH/ yCJIOB-
HOTO OIEepaTopa BBINOJIHEHA, YTIPABJIEHHUE NIEPEIAeTCs TOM KOMaH/E, KO-
TOpasi HAXOJUTCS MOCJIe KOMaH/Ibl BEI30Ba yCJIOBHOTO OIIEPaTOpA.



DakTHYeCKH, peub UET O TOM, YTO UMeETCsI IBa HAbopa KOMaH/I, a pelleHne O
TOM, KaKOi 13 HaGOPOB KOMaH/]| BbIIIOJIHSITh, IPUHUMAETCSI 110 Pe3yJIbTaTaM Ipo-
BEPKHU BbIpaXkeHHs-yca0BUst. Takum 06pa3oM, B IporpaMMe Co31aercsi "TOYKa
BETBJIEHUS .

B si3bike Python ycJioBHBIN omepaTop peajiM3yeTcsi B BUIAE MPOrPaMM-
HOro 6JI0Ka CO CJIeyIONUM MIa6JI0HOM (KUPHBIM HIPHU(TOM BbIEJIEHBI
KJIIOYEBbIE 3JIEMEHTHI ):

if ycuosue:
KOMaHAOE 1

else:
KOMaHOE 2

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

[Tocste kyOUeBOro cyioBa i f yKa3bIBA€TCS yCJIOBME - BhIpaXKEHHE JIOTHYECKO-
ro tuna (KM J0MyCcKalollee MHTEPIPETAIMIO B TepMUHAX True U False). [lo-
cJie y cJ1oBMs CTaBUTCS IBOETOYHeE (TO ecTh : ). Jlasee cieayer 6JI0K KOMaH/I, KO-
TOpBIE BBINIOJIHSIOTCS, €CJIU yCJIOBME UCTUHHO (B IIA6I0He 3TO koMaHas 1).
BJiok KOMaH/[ BbIEJISIETCSI C TOMOIIIBIO 0mcmynos (3TO CTaHAAPTHbIM CrIoco0 BbI-
neJieHusi 6JI0KOB KOMaH/ B si3bike Python). B mpuHIuie, KOJIM4ecTBO OTCTYIIOB
MOJXeT GBITh IPOM3BOJIBHBIM - IJIABHOE, YTOOBI 711 KaXkK A0 KOMaH/bI 6JI0Ka fie-
JIAJI0Ch OJTHO ¥ TO e KOJIHYecTBO OTCTyHOoB. Ho 061IenpUHATHIM SBISeTCS npa-
eui0 deaamv 4 omcmyna (4 npobesa).

[Tocsie okoHuyaHMs 6J10Ka KOMAaH/ (BBITIOJIHSIEMBIX NP UCTUHHOM yCJIOBMIM)
cJleyeT KJII0YeBOe CJIOBO else (U ABoeToume : ). KiroueBoe ci0BO else M0JIX-
HO OBITh Ha TOM K€ YPOBHE (TaKTe )K€ KOJIMYECTBO OTCTYTIOB UJIU IIPOOEJIOB), YTO
H KJII0YeBOe ¢JIoBO i f. [/lasee - ele ofuH 6710k KoMaH[ (B mab10He 0603HaYEHBI
KaK KkoMaHnObl _2), KOTOPbIE BHINOJIHSIOTCS, €CJIU Y CJIOBHME JIOXKHO.

() Hasamerky

B Python HECKO/bKO KOMaHA MOryT HaX0AUTLCS B OQHON CTPOKe. B 3TOM cryyae KoMaH-
Dbl Pa3nensiTca TOYKON C 3anaTon. Takxe KOMaHbl MOXHO pa3MeLlaTb B 0AHON TPo-
Ke C KNIo4eBbIMU crioBamun if n else. Ho 3T0 He TOT CTUAb, KOTOPOrO HYXHO NPUaEp-
XVBaTbLCH.

CxeMa BBITIOJIHEHUST YCJIOBHOT'O ONlEPaTOpa MJLIIOCTPUPYeTCs Ha puc. 2.1.
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Puc. 2.1. Cxema BbINOJIHEHUN YCJIOBHOr O oneparopa

[IpriMep UCIOIb30BaHMS YCIOBHOTO ONepaTopa MPHUBEJIEH B iucTuHre 2.1.

o

# Ionb30BaTeJ b BBOIOMT 3HaueHUe
res=eval (input ("BBegure uTo-HMOyOb: "))
# lJcrnonp3yeM YCJIOBHEIM ONEPATOP IOJIA NPOBEPKU
# Tuna BBEOEHHOTO [OJIb30OBATEJIEM 3HAUEHUSd
if type(res)==int:

# Ecim ueJsioe 4mucIio

print ("Bel BBesu uejioe umcio!")
else:

# Ecim urTo-TO Opyroe

print ("3To TOuHO He ueJioe uumcyo!")
# IocJyie BHIIOJIHEHMS YCJIOBHOT'O OllepaTopa
print ("Pabora 3aBepumeHa!")

[Tpu 3amycke MporpaMMbl Ha BBITIOJTHEHUE CHAYAJIA TIOSIBJISIETCS 3aMTPOC JJ1s1 BBO-
71a TI0JIb30BaTeJIEM HEKOTOPOTro 3HaueHusl. BBe1eHHOe 10J1b30BaTeIEM 3HAUEHHE
CUMTBIBAETCS U 3AITIOMUHAETCs. 3aTeM MPOBEPSIETCS TUI BBEJIEHHOTO MOJIb30Ba-
TeJIeM 3HAYEHUsL: eCIM TOYHee, TPOBePsIeTCsl, He 11eJIOYNCTIEHHOE JIU 3HAYEeHUE
BBeJI 110J1b30BaTesb? [1J1s1 3TOro ucnoJb3yeTcs yCJI0BHBIN onepaTop. Ecou moss-
30BaTeJib BBEJI 1I€JI0€ YHCJIO, BBIBOJAUTCS COOTBETCTBYIOIIEe coobuienue. Eciu
TO, YTO BBEJI MOJIb30BATEIb, HE SBJISIETCS LIEJIBIM YHUCJIOM, TOXE MOSIBJISETCS CO-



ob1iieHue, HO yxe Apyroe. HakoHelr, mocJie 3aBepiieHus BBIOJHEHU S YCIOBHOTO
ornepaTtopa MosiBJsieTcst coobIeHre 06 OKOHYaHHK PabOTHI TPOrPAMMBL.

Q) Hasametky

HanomHum, 4To Npu pa6oTe co cpenon IDLE BBOA NOMb30BaTENEM 3HAYEHNS OCYLLECT-
BNSieTCS 4epe3 OKHO MHTepnpetaTopa. Mpu paboTte co cpepon PyScripter ans BBOAA
3Ha4eHus oTobpaxaeTcs cneumansHOe OKHO C NosieM BBOAA.

[IoHATHO, YTO pe3yJIbTAT BBIMOJHEHUS] MPOrPAMMHOTO KOJA 3aBUCHUT OT BBOJA
noJib3oBatesiss. Hampumep, eciiu moJib30BaTe b BBOMUT 11€JI0€ YUCJIIO, Pe3YJIBTAT
MOXeT ObITh TAKUM, KaK MOKa3aHO Hike (PKUPHBIM IIPU(TOM BbII€JIEHO BBOIH-
MoOe N0JIb30BaTejIeM 3HaUeHHe):

[Pesynbrart BbiN0NHEHUS NPOrpammsl (13 nuctuura 2.1)

BeeOuTe 4YTO-HMOYIOb: 12

Bel BBEJIM LeJI0e YMCJIO!

Pabora 3aBepueHa!

Ecau nosp3oBaTenb BBOJUT HE LIE€JI0€ YUCJIO UJIK BOBCE HE YUCJIO, PE3YyJIbTaT 6y-

JeT HECKOJIBKO MHBIM (XKUPHBIN MWPUDT - TO, YTO BBOJAUT MOJIH30BATEJD):

PesynbTat BLINONHEHUS NPOrPaMMbl (3 nucTwra 2.1) .

Beenoure uTo-HMOymb: 12.0
3TO TOUYHO He LeJioe YMuCJIO!
Pabora 3aBepleHa!

Pa3nuiia B TOM, 4TO B IIEPBOM CJIyYae IM0JIb30BaTEN b (HO HAIlIEMY XOTEHUIO) BBO-
JUT 3HaYeHue 12, U 3To 1eJ10e yucio. Bo BTopoM ciryyae BBoguTCs 4ncyo 12 . 0,
1 3TO y2Ke YHCJIO IeHCTBUTEBHOE - HAJTMYHe IeCSITUHYHON TOYKH IPEBPAIAET 1ie-
JIOYMCJIEHHBIH IUTEPAJ B JIUTEPAJI 1J1s1 YUCJIa C TIJIaBarolled ToOuKou (Tut float).

YTto KacaeTcsl HEMOCPeACTBEHHO MPOrPaMMHOTIO Koja (CM. JIUCTUHT 2.1), TO He-
KOTOPbIE KOMaH/IbI JIy4llle TPOKOMMEHTHPOBATD. Tak, MbI y>ke 3HAKOMBI.C (PYHK-
nueir input (). OHa Bo3BpalaeT TEKCTOBOE IPEACTABJIEHUE Te€X JAaHHBIX, KO-
TOpble BBOAUT MO0JIb30BaTe b. TO ecTh Aake ecu M0Jb30BaTeb BBOAUT YHUCIIO,
OHO BCe PaBHO OyJeT CYMTAHO B TEKCTOBOM (hopMaTe (3TO Ha3bIBAETCS TEKCTO-
BOE Ipe/icTaBjieHue yucia). [[ukauTHOCTh cUTyauuu B TOM, YTO Y HAC HET ra-
PaHTHH B TOM, YTO TOJIb30BATEb BBEJI YMUCJIO. B MpuHIIKMIIE 3TOM MOXET GBITH
KaKOoi-yrogHo Tekct. [loaToMy MBI IpMEHsIeM XUTPOCTD: pe3yJIbTaT (PyHKINH
input () (a 3TO, HATIOMHUM, BBeJIEHHOE TI0JIb30BaTeIeM TEKCTOBOE 3HAYEHHE)
nepeaaeM apryMeHToM ¢yukinuu eval (). DyHkius eval () mbiTaeTcs "BbI-
YHCIUTD" BbIpa’keHHe, "CIpsiTaHHOe" B TeKcTe. Ec/iu TaM cIpsiTaHO 1[eJI0e YHuC-
JI0, pe3yJibTaToM OyzeT 3To uucyo. Eciu aeicTBUTEIBHOE YUCIIO - PE3YJIBTATOM
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6y et oHO (IefCTBUTEIbHOE YKCI0). Eciin mpocTo KaKoi-TO TEKCT, TO OH TeK-
CTOM U OCTAHETCH.

Q) Hasametky

MNpu BBOAE TEKCTA €ero HyxHo 6yaeT 3aKMouiTb B ABOWHbIE KaBbldkW. ECM 3TOro He
caenaTb, BO3HUKHET oLInbKa, NpuiemM BO3HUKHET OHa Ha aTane BbinoNHeHnst OyHKLUN
eval (). To eCTb Ha 3anNpPOC BBECTU 3HAYEHWE CREAYET pearnpoBaTh akKypaTHO: Uau
BBOAUM YMCIIO, UM TEKCT - HO TEKCT 0643aTeNbHO B KaBblukax!

PesysisraT 3anomuHaeTcs B iepeMeHHOU res. /lajblie B UTpy BCTYHAET yCJIOB-
Hb1il onepatop. DyHKuuMel type () BBIYUCISIEM THUIl BBEJEHHOTO IOJIb30BaTe-
JleM 3HayeHus. B yacTHOCTH, B yCJIOBHOM OIlepaTope NpOBepPsieTCsl BblpaxKeHue
type (res)==int, KOTOpoe UMeeT 3HaueHue True ecy TUIl 3HaYeHHUs], Ha KO-
TOpOE CChLTIAeTCs IepeMeHHAsI re s, paBeH int (TO eCTh ecJiu 3TO LEJIOe YHUCJIO).

Ecou nosb3oBaTesib 1€CTBUTEIBHO BBEJI 11€JI0€ YUCJIO, BBIIOJIHSIETCS] KOMaH/1a
print ("Ber BBenm ueyoe umcio!"). B npotusHOM ciydae (ecsu He BbI-
MOJIHEHO YCJIOBUE type (res)==int) BBINOJHSETCS KOMaHAa print ("3To
TOuHO He uejoe umcyo!").HaaroM 60k ycI0BHOrO onepaTopa 3aKaHyu-
BaeTcsl. Komanja print ("Pabora 3aBepuwena!") BHIIOJHSETCS YXe MOCTe
3aBeplIeHus YCJIOBHOIO oiepaTopa.

Taxxe xo4yeTcsi 0OPaTUTh BHUMaHHE Ha OJJHO HEMAJIOBa)KHOE 0OCTOSITEICTBO:
ecJIY N0JIb30BaTe b BBe/leT ¢ HOPMaIbHOM TOYKY 3PEHUs] He YUCJIO, HO BbIpaXxe-
HUe, KOTOpOe BO3BpalllaeT 11eJIOUUCIeHHBIN pe3yJ ibTaT (Halpumep, 1+2* *3-4),
adexT OyaeT Takoii, Kak eciu Obl 0JIH30BATEb BBEJI 11EJI0€ YUCJIO:

PesynbTat BuiNONHEHUs NPOrpaMmbl (M3 nuctunra 2.1)

BBenuTre UTO-HMOYOb: 1+2*%*3-4
Bl BBEJM LieJjioe YMCJIO!
Pabora 3aBepleHa!

OnucaHHBI BblllE YCJIOBHBIM OMEpaTop OOBIYHO HAa3bIBAIOT 1f-
orepaTopoM uiu if-else-onepatopoM. BMmecTe ¢ TeM, aToT onepatop
MOJKET UCIIOJIb30BATHCS U B HECKOJIbKO MHOM BH €. Tak, TOMycKaeTcs uc-
MOJIb30BaHUE YnpoueHHol ¢opmu onepatopa 6e3 else-6.0ka. Ilabmon
UCI0JIb30BaHUsI YCJIOBHOIO OMEPATOPa B 3TOM CJIyYae TaKOi (KUPHBIM
Ipr(TOM BbI/I€JIEHBI KJTIOUEBbIE 3JIEMEHTDI ):

if ycumoBme:
KOMaHIE!

Kak u B NpeaAbIAYLIEM CJIyda€, CHa4aJia IIPOBEPAETCA yCcioioBye, KOTOPOE yKa3da-
HO TocJjie KJrodeBoro cjosa if. Ecam ycuioBre UCTHHHO, BBITNIOJIHAETCA 610K
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xomaHz. Ilocsie aToro ynpaieHue nepejaercss KOMaHze, pa3MellleHHOH 1ocJje
ycJIOBHOTO oniepaTopa. Eciiu ycoiosme n10%xHO, TO paboTa ycJI0BHOTO oniepaTopa
Ha 3TOM 3aKaHYMBAETCS U BHINOJIHSETCS CIeyIolasi KOMaH/a MOocJje YCIOBHOTO
onepaTtopa. Kak BBIIOJIHSIETCST YCIOBHBINM ONepaTop B yIpolLIeHHOH (opMe, ui-
JIIOCTPUPYET CXeMa Ha puc. 2.2.

Ycnosme 8
if-6noke

Komanab: if-6noka

Puc. 2.2. Cxema BbINOJIHEHNS YCJIOBHONO ONEpPaTopa B YNPOLLEHHOM
BapuaHTe 6e3 else-6n0ka

He6o.1b1110# iprMep UCTIOIb30BaHUSI YTIPOILIEHHO BEPCHUH YCIOBHOTO OTlepaTo-
pa npuBeJieH B JIUCTUHTe 2.2.

JiucTunr 2.2. YnpouienHas Gpopma yCNOBHOTO onepatopa

# I[onmb30BaTeslb BBOOUT 3HauUeHUe
res=eval (input ("BBenure uTo-HMOyIOb: "))
# Tun 3HaueHUs 3alNOMMHAEM B [Ie€pPEeMeHHOM
resType=type (res)
# Vicrnosb3yeM YCJIOBHEHE OINEpaTOpH (yhnpoueHHas dopma)
# Ina nNpoBepkM THUNA BBEOEHHOTO I[OJIb30BATEJIEM 3HAUYEHUS
if resType==int:

# Ecym uejyoe 4mucio

print ("3To uemnoe uwmcio!")
if resType==float:

# Ecau ImercTBMUTEJIBHOE YMCJIIO

print ("3To mercrBUTENIBHOE uMCJO!"M)
if resType!=int and resType!=float:

# Ecau He umcio
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print ("HaBepHoe, 3TO TekcT!")
# Ilocyie BHIIOJIHEHMS YCJIOBHEIX OIlEpaTOpPOB
print ("PaboTa 3aBepumeHa!") ’

Curtyanus oueHb MOX0Xa Ha MPeIbIYIINYI0, HO eCTh HEKOTOPBIe OTInuMsL. [71aB-
HOE€ COCTOHUT B TOM, UTO Tellepb OTCJAEKUBAIOTCS ABa TUMA JaHHbIX: int H float.
[TpoBepka BBIMIOJIHSETCS C MIOMOIIBbIO TPEX YCJOBHBIX OMEPATOPOB - KaXIBIA B
YIPOIIEHHOU (opMe, cenyioT ofuH 3a ApyruM. B mepBoM ycJsI0BHOM omeparo-
pe TIpoBepsieTcs ycyoBue resType==int (MpeaBapUTEIbHO IIEPEMEHHON re—
sType MPUCBOEHO 3HAYEHHE type (res) ). ITO YCJIOBHE UCTHHHO, €CJIU MEPe-
MeHHasl res CChLIAeTCs Ha LieJIoUMCIeHHoe 3HaueHue. Eciiu 3To aeiicTBUTENbHO
TaK, BBITIOJIHSIETCS KOMaHAa print ("3To uesnoe uwmcno!"). Ecau ycioBue
JIOXKHO, HIYEro He BBITIOJIHSETCS (MMEeTCs B BU/LY, UTO HUYErO He BBITTOJTHSIETCS
MEPBBIM YCJIOBHBIM OIEPAaTOPOM).

Bo BTOpOM yC/10BHOM OmnepaTope npoBepsieTcs ycaoBue resType==float. Ha
CIy4yall ICTUHHOCTU TaKOro yCJIOBUS NpeAyCMOTpeHa KOMaH/Ja print ("3To
mericTBuTesnbHOe umcao!"). Eciu ycaoBue JI0XKHO - Ha JaHHOM 3Tane HU-
Yyero He IIPOUCXOUT.

B TperpeM yciOBHOM omepaTope MpoBepsieTCsl ycaoBue resType!=int a
nd resType!=float. YcjioBUe COCTOUT B TOM, UTO THUI 3HAUEHUs, HA KOTO-
poe ccblIaeTcsl IepeMeHHasl res, He COBNAJaeT C TUIIOM int W, OAHOBPEMEH-
HO, He COBMAJaeT ¢ TUTIOM floa t. DaKTUYECKH, 3TO YCJIOBUE BHITIOTHSIETCS, €CITH
He BBITOJIHEHO HU OJJHO U3 ABYX YCJIOBUi, KOTOPbIe UCIOJIb30BAJIUCh B MPEbI-
IyIIUX YCJIOBHBIX onepaTopax. Tak BOT, B 3TOM CJIyyae BBINOJIHSIETCS KOMaH/a
print ("HaBepHoe, 3TO TekcT!").

TakuM 06pa3oM, UMeeTCs TPH yCJIOBHBIX OTIEPATOPA, B KAX/IOM U3 KOTOPBIX PO-
BEPSIETCS] HEKOTOPOE YCJIOBHE. YCTIOBUSI TaKHe, YTO BBITIOJIHATHCS MOXET OJHO
U TOJIBKO OJHO U3 HUX. [IpM UCTUHHOCTU TOTO WJIM UHOTO YCJIOBHSI BHIBOJIUTCS
COOTBETCTBYIOIee coobiieHue. Huxe npuBeseH mpuMep TOro, Kak MOXET BbI-
TJISIIETh Pe3yJIbTAT BBIIOJHEHUS TPOTPaMMBbI, €CJIU TI0JIh30BAaTEIb BBOAMT 1I€JI0€e
YKCJI0 (KUPHBIM IIPUGTOM, KaK BCEr/ia, BbIJIEIEH BBOJ MIOIb30BATES ):

~ PesynbTar BuiNONHEHNS NPOrPaMMbi (U3 NUCTHHTa 2.2)

BeenouTe uTO-HMOyIOb: 12
3TO uejyioe umucyo!
Pabora 3aBepumeHa!

Ecsii BBeCTH JeiCTBUTENBHOE YKCIIO, PE3YJIbTAT OYAET BBIIJISIET CJIEAYIOUIAM
obpa3oM:



 PesynbTar BbINONHEHNS NPOTPAMMBl (s MMCTMHra 2.2)
BeeanTe 4TO-HMOymb: 12.0

9TO OEeMCTBUTEJIbHOE UdMCJIIO!
Pabora 3aBepueHa!

HaxoHnel, eciu BBECTH TEKCT, IIOJTyYUM TaKOM pe3yJIbTaT:

_ PesynbTar BbINONHEHUS NPOTPaMMBl (M3 ucTMHra 2.2)
Beeoure uTOo-HMOynb: "Msywaem Python"

HaBepHOe, 3TO TekcT!
Pabora 3apepueHa!

Eme pa3 oGpaijaeM BHUMaHMe, YTO TEKCT HY’KHO BBOAWTH B KaBblukax. U eire
pa3 HAaIlOMHMHAEM, YTO CBSI3aHO 3TO C TeM, KaK Mbl 06pabaThiBaeM BBEIEHHOE
M0JIb30BaTEJIEM 3HAUEHHE - MBI JAHHOE 3HAUEHUE MEePelaeM apryMeHTOM (PyHK-
v eval ().

YT0 MOXKHO CKa3aTh O PACCMOTPEHHOM BbIlIIe ITPOrPaMMHOM Koze? Bo-mepBhiX,
OH pa6ouuii (TO eCTb BBIMOJHSIETCsI). BO-BTOPBIX, OH BBIMOIHSETCS PABHJIb-
HO: €CJIM MBI BBOJUM I[eJIO€ YHCJIO, €CJTH MbI BBOJAUM J€UCTBUTEJIbHOE YHCJIO, U
€CJIM MBI BBOJITUM HEYTO JIPYroe (TEKCT) - B KAXK/IOM U3 3TUX CJIy4YaeM MOSIBJISIET-
cs1 "mepcoHasbHOe", MpeIHa3HAYeHHOe MMEHHO JIJIsl 3TOTO CJIyYasi COOOLIEHHE.

OnHako ectb 01HO "HO". COCTOUT OHO B TOM, UTO C OJTHOM CTOPOHBI, U MBI 3TO OT-
MeYaJiH, BBIMOJHATBCS MOXET TOJBKO OIHO M3 TPEX NMPOBEPSIEMBIX B YCJIOBHBIX
orepaTopax yCJOBUH, a C JPYroi CTOPOHBI, ake ecyd KaKOe-TO YCJIOBUE BhI-
MIOJTHEHO, OCTABIIIMECS YCJIOBHS BCe paBHO OyAyT MPOBEPSIThCs. Bosiee KOHKpeT-
HO, TIPE/ICTaBMM, YTO B IEPBOM K€ YCJIOBHOM OINEPATOPE YCJIOBUE OKA3aJIOCh HC-
THUHHBIM.

JlaHHO€ 06CTOSITENLCTBO O3HAYAET, UTO JBA APYTUX YCJIOBUS OJHO3HAYHO JIOXK-
HbI€, HO OHU BCE PABHO OY/IyT IPOBEPEHBI. A 3TO - JIUIIHUE BbIYUCIEeHUS. U X0Ts1
Ha BPEMEHU BBITIOJIHEHHS CTOJIb MAJIOrO 110 00bEMY MPOrPaMMHOTO KOJla TaKasi
U30bITOYHOCTD PAKTHYECKH HE CKaXKeTCs, HEKOTOPasi HeYIOBJIETBOPEHHOCTD OT
CUTYallUHU Bce Xe ocTaercsl. B 1aHHOM ciiyyae pa3yMHee UCIIOJIb30BATh HECKOJIb-
KO BJIOKEHHBIX YCJIOBHBIX omepatopoB. M Ha atot cayyait B Python umeercs
creliMaJibHas BEpCUsI yCJIOBHOTO OllepaTopa. '
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Onna oyeHb mnoJsie3”Hast MoAudUKaIUs YCJIOBHOIO OMEpPAaTopa MO3BOJIS-
€T TI0CJIe/IOBATEIbHO MPOBEPSATh HECKOJIBKO ycaoBuil. Eciu cMoTpeTs B
KOpEHB, TO 3TO Ha CaMOM JieJie CHCTEMA BJIOKEHHBIX YCJIOBHBIX ONEPATO-
.poB. Vicniosib3yeTcs ciieytonuii ma6ioH (KUPHBIM IPUGTOM BbI/IETE€HbI
KJIIOYeBbIe 3JIEMEHTHI ):

if ycuoBme 1:
xoMaHOe 1
elif yciosue 2:
KOMaHIbl_2
elif ycrnoeue 3:
KOMaHOel 3
elif ycioeue N:
KOMaHOH N
else:
KOMa HIE

©000000000000000000000000000000000000000000000000000
$00000000000000000000000000000000000000000000000000

B 1aHHOM cJIyyae HayaJIo TPaAMLIMOHHOE: TI0CJIe KJIIOYeBOro CJI0Ba i f yKka3biBa-
eTCsl yCJIOBHe JIs TpoBepKH (0603HaveHo ycuosrme 1). Ecan ycioBue nuctus-
HO, BBINOJIHSIOTCS KOMaHABI if-6s0ka (0603HaueHbl Kak xomaxme 1). Eciu
BBIPa)XEHHE yCJoBue 1 JIOXKHO, IPOBEPSIETCS YCIOBHE, YKAa3aHHOE T10CJIe KJII0-
yeBOro cJioBa elif (B mabJoHe ycoBue 0603HAYEHO KaK ycJuioBye 2, MOCe
YCJIOBHSI CTAaBUTCSI IBOETOYHE : ).

Ecmu 31O, BTOpOE, YCJIOBHE, HCTUHHO, BBIIOJIHSIOTCSI KOMaH/bl JJIsI JaHHOTO
elif-610ka (KOMaHIBI 3TOro 6;10ka 0603HAYEHBI KaK KOMaHOE 2), U HA 3TOM
paboTa yCJIOBHOTO onepaTopa 3aBepuiaeTcst. ECJiv xxe u BBIpaxkeHue ycsosue 2
JIOXHO, IPOBEPSIETCS yCJIOBUE B CllefyioleM e 11 £-6710Ke, U B CJTy4ae ero UCTHH-
HOCTH - KOMaH/IbI 3TOro 6J10Ka.

Ecuiu ipu epe6ope e 1 i £-6J10KOB HY OZTHOTO UCTUHHOTO YCJIOBUS He OOHapyXe-
HO, BBITTOJIHSIIOTCSI KOMaH/IbI e 1 se-06J10Ka, KOTOPbIii pa3MelaeTcs B abJioHe ca-
MbIM niocsieanuM. Ha puc. 2.3 npeacraBiieHa cxeMa BBITIOJTHEHUS YCJIOBHOTO OTle-
paTtopa c IpOBEPKOI HECKOJIbKUX YCJIOBUIA.

B nuctunre 2.3 mpuBeseH mporpaMMHBIN KO, B KOTOPOM UJe€sl MPEbIIYIIero
npUMepa peaJiu30BaHa Yepe3 OINH YCJIOBHBIM OMepaTop C MPOBEPKOW HECKOJIb-
KHUX YCJIOBUU.
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Komangei elif-6a0ra

Komanget else-6noka

Puc. 2.3. Cxema BbINOJSIHEHUS YCJNIOBHOrO OnepaTopa C NPoOBEepPKOii HECKOJIbKUX YCNOBUIA

Jluctunr 2.3. YcnosHbii oneparop ¢ NPOBePKOH HECKO/LKMX YCNOBHIA

# Mosb30BaTeslb BBOOUT 3HAUEHMUE

res=eval (input ("BBenure uTo-HUOyIOb: "))

# Tun 3HaueHUsa 3aloMMHaEeM B IEePEeMeHHOM
resType=type (res)

# Vcnonb3yeM yCJOBHHE ONEepaTOopH (ynpouweHHasa dopwma)
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# IOy npoBepkM TMIlA BBEOEHHOTO I[OJIb30BaTEJIEM 3HAYeHUS
if resType==int:

# Ecau uejyioe umcio

print ("3To uenoe uwmciyo!")
elif resType==float:

# Eciy IelCTBUTENbHOE YMCJIIO

print ("3To memcrBMTENbBHOE uMCIO!")
else:

# Ecamu He umcJio

print ("HaBepHoe, 3TO TekcT!")
# IlocJyie BHIIOJIHEHMSA YCJIOBHEHX OIIEPaTOPOB
print ("Pabora zaBepumeHa!")

PesysisraT BBITIOJHEHUS] 3TOTO MPOrPAMMHOIO KOZIa TOYHO TaKOW JKe, KaK U B
npeabIAyIeM IpUMepe, TIO3TOMY OCTaHABJIMBAThCS Ha 3ToM He OyzeM. OnHa-
KO aJITOPUTM 3[IeECb HEMHOTO MHOM. Tak, MepBbIM [IeJIOM IPOBEPSIETCS] YCIOBUE
resType==int. Ec/iu yc/i0OBHE MCTHHHO, BHIBOAUTCSI COOTBETCTBYIOIIEE CO0O-
1eHre U paboTa yCJIOBHOTO ornepaTopa 3aBepuIaeTcsi. ITO O3HAYaeT, YTO Cpa3y
OyZeT BBITIOJIHEHA KOMaHa print ("Pabora 3abepuwena!") B KOHIIE IPO-
rpaMMBbl, a Bce "BHYTpeHHHE" yCJI0BUS (TOYHEE, OHO TaM 0CTaJIOCh OJHO) MTPOBe-
PSATBhCS He Gy IyT.

YcnoBue resType==float OyAeT MPOBEPSITHCS TOJBKO B TOM CJIyYae, eCJIU JIOXK-
HO ycJioBHE resType==int. A 4To KacaeTcs el se-6J10Ka, TO OH BBINOJHSIETCS
Y BOBCE JIMILb B TOM CJIy4ae, €CJIM HEe BBIITOJTHEHBI MTEPBBIE 1BA Y CJIOBUSIL

Onepartop uukna while

Kasanv 6pan, Acmpaxanwv 6pan, Peeens 6pan...
LInaxa ne 6pan.

u3 x/¢ "Hean Bacunvesuy mensem npogpec-
curo”

OnepaTops! IMKJA NMO3BOJISIIOT MHOTOKPATHO BBINOJIHSTDH IPeONpeie/IeHHbIH
Habop uiu rpymnmy komana. B sizeike Python ects gBa onepartopa iukia. CHaya-
Jla MBI TO3HAKOMUMCSI C OIIEPaTOPOM LIUKJA, B KOTOPOM MCHOJIb3yeTcs while-
uHCTpyK1ust. [I0aTOMy 06BIYHO TaKOit OMEpPATOp IMKJIa HAa3bIBAIOT ONEPAMOPOM
yuxaa while, WM while-0nepaTopoM.
[IIa6J0H y 3TOro OmepaTopa LUKJa MO-ClapTaHCKU TPUBHAJIbHBIN (KUP-
HBIM HIPU(TOM BbIZIEJIEHBI KJIIOUEBBIE 3JIEMEHTHI):

while ycuoBme:
KOMaHIOE!

$000000000000000000000000000000000000000000000000000000000000000000000000000000000000000



[Tpunnun paboTel OIlepaTopa IUKJIa OYeHb MPOCTOM: TIEPBBIM JIEJIOM, KaK 10X0-
JUT O4epeab A0 BBIMOJIHEHUS 3TOrO OllepaTopa, IPOBEPSETCA yCJiOoBME, KOTO-
POe yKa3aHo IocJje KJII4YeBOro cjioBa while. Eciu ycioBme HCTUHHO, BBITIOJ-
HSIIOTCSI KOMaHIEL B Tejle oniepaTopa uukJa. [Tocje BHIMOSHEHUS KOMaHI CHO-
Ba MpoBepsieTcsl ycyosue. Ec ycioBme UCTUHHO, BBIMOJHSIOTCS KOMaHIH,
a 3aTeM IIPOBEPSAETCS yCJIOBMe, U TaK JaJjee - 10 TeX I0p, IT0Ka IIpU IIPOBepKe
YCJIOBMS HE OKaXXETCs], YTO OHO JIoxkHO. Ha 3TOM BhITIOJTHEHUE OTlepaTopa 1UK-
Jia 3aKaHYMBAETCS U BBINIOJHAETCS KOMaH/1a, CJIeAyIolas 1nocje yCJI0BHOIO OIle-
patopa. CxeMaTHY€eCKH MPOIIECC BBITTOJTHEHUSI OTIEpaTOPa IIUKJIa TPOUJIIIOCTPH-
POBaH AuarpamMMoii Ha puc. 2.4.

Nowb

Ycnosue nocne
while-uHcrpykium

Komangbt
. while-6noka

Puc. 2.4. Cxema BbINOJIHEHUN onepaTopa uvkna
Y onepaTtopa IUKJIa UIMEETCS ¥ "paclIupeHHas” BepCHs C KJIIOYEBBIM CJIO-
BOM el se. [11a6Ji0H /151 omiepaTopa I[MKJIa B 3TOM CJIy4Yae TaKOB (KUPHBIM
HIPUQTOM BBI/IEJIEHBI KITIOUEBHIE 3JIEMEHTBHI ):

while ycusoBue:
KoMaHZOe! 1
else:
KOMaHOE 2

Kpome while-6s10Ka B 3TOM CJiyyae ecTh ellle U else-6JI0K: ocJIe KII04eBOro
cjioBa else (4 [BOETOYHSI) YKa3bIBA€TCsI 6JI0K KOMaH/I, KOTOPbIE BBIMOHSIIOTCS
TOJIBKO B TOM CJIyyae, ecJIi YCJIOBHeE 110Cjie MHCTPYKLUHU while sIBJIsIeTCs JI0X-
HBIM. B yacTHOCTH, B CAaMOM HayaJie BBIIIOJTHEHUSI OIIepaTopa IUKJIa IPOBepsieT-
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csl ycJioBMe MocJie MHCTPYKUUU while. Eciiu yciioBme JI0KHO, BBIIOJIHSIIOTCS
KOMaH/Ibl B e 1 se-6J10Ke 1 Ha 3TOM paboTa orepaTopa IMKJia 3aBepuiaercsi. Eciu
yCJI0BMe UCTUHHO, BBIIIOJHAITCSA KOMaHAbl wh i 1 e-6soka. [Tocuie sToro 1poBe-
psieTcs ycnosue. Eciin ycnosme JI0KHO, BHINOJIHSIETCS e 1 se-6JI0K ¥ 3aBeplia-
ercst paboTa onepaTopa nukia. Eciu ycnosue HCTHHHO, BHIIOJHSIIOTCS KOMaH-
bl while-6J10Ka M CHOBa MPOBEpSIETCS yCJIOBMeE, U Tak faJjiee. CxemMa BbITIOJ-
HEHUs TaKOU "pacIIMPEeHHON" BEPCUU OlepaTopa I[UKJa UILIIOCTPUPYETCS Tua-
rpaMMOoii Ha puc. 2.5.

Ycnosue nocne
while-uncrpykumn

{
Komamapi L__"ﬂ’LJ Komango:

while-6noka else-6noka

Puc. 2.5. Cxema BbINOIHEHNS onepaTopa uvkna c else-6a1okom

Ecsin BHMMaTe/IbHO MMPOAHAJIU3UPOBATh 3TY CXEMY, TO HECJIOXHO COOOPA3UTH,
4TO KOMaHAbl else-6JI0Ka BBINOJHSIOTCS OAMH U TOJBKO OJMH pa3, MpHYeM
Ha 3aBepLIalLIell CTaJuU BBIOJHEHHS onepaTtopa nukia. Takoro xe addex-
Ta MOXHO JI0OGUTHCSI, €CJIU 3TH KOMaH/Ibl PA3MECTUTh BHE OIEPATOPA IIMKJIA Cpa-
3y mocJie Hero. [IoaToMy B e1se-6J10ke 6b1JI0 6B MAJIO TIOJIb3BI, €CJIH ObI He 1B
Ka0YesbLx cnoéa (1Be UHCTPYKIUN): break U continue. UHcTpykius break
3aBepliaeT paboTy ornepartopa Iukia 6e3 BeINOIHEHUs else-6710ka. VIHCTpYyK-
1Us continue 3aBepIIaeT BHIIOJHEHHE TEKYIIETO IIUKJIA U TIO3BOJISIET EPENTH
cpa3y K IpoBepKe YCJIOBHs B while-6JI0Ke.

[layiee MBI TPOMJITIIOCTPUPYEM HCIIOJIb30BAHHUE OMlepaTopa KA while Ha He-
CKOJIBKUX HECJIOXKHBIX TpuMepax. HauHeM ¢ mpuMepa, B KOTOPOM BBIYUCJISIETCST
CyMMa HaTypaJibHbIX yuces. COOTBeTCTBYIOIUI TPOrpaMMHBIN KOZ IIPUBE/IEH B
Juctuxre 2.4.



. agmmur2.4.)cmuaaamanuubmumnuompmpumms -

print ("CyMMa HaTypaJbHEIX upucen")
n=100 # KoJmMuecTBO cJiaTraeMux
# dopMMpyeM TEeKCT OJiId OTOOpaxeHMus pes3yJsibTaTra
text="14+2+...+"+str (n)+" ="
# JTepauroHHas epeMeHHas NOJid ollepaTopa LMKJIa
i=1
# IlepeMeHHas OJIg 3alUCU CYMME
s=0
# OnepaTop UMKJA OJIS BHUMCJIEHUS CYMME
while i<=n:
# IobaBiifgeM cJjlaraeMoe K CyMMe
s=s+i
# VsMeHAeM UTEepPaUMOHHYI IIepEeMEeHHYI
i=i+l
# OrobpaxaeM pe3yJibTarT
print (text,s)

PesyanaT BBIINIOJIHEHU S 3TOr'0 IIPOrpaMMHOr0 KOJla NpeACTaBJIEH HUXE:

PesynbTar BuINONHEHUS NporpaMmbl (U3 nucTukra 2.4) o

CyMMa HaTypaJibHEIX 4YMcCeJ
A1+2+...+4100 = 5050

OCHOBY MPOrpaMMHOTO KO/Ia COCTaBJISIET OriepaTop IUKJIA, IIPY BBIMTOJTHEHUH KO-
TOPOTO OCYIIECTBJISIIOTCS OCHOBHBIE BbIyUcaeHus. [lepes BbITOTHEHEM OMepa-
TOpa IIMKJIa KOMaHA0M print ("CyMMa HATYpPAaJIbHEX uYmMcesi") BBIBOJUTCS
COOOIIEHHE O TOM, YTO MBI COOMPAEMCS BHIYHUC/ISATD CYMMY HaTypPaJIbHBIX YHCEJL.
[lasiee 06bSIBIISIETCS] HECKOJIBKO TIEPEMEHHBIX.

Ilepemennasi n (co3HaueHueM 1 00) onpeesnsieT KOJUYECTBO CIaraeMbIX BCYMME.
B naHHOM ci1yyae Mbl Oy 1eM BHIYKCJISTH CyMMY 1 00 HaTypaJIbHBIX YHUCEJT: TO €CTh
cymmy oT 1 10 100. Tak)xe HaM TOHAJOOUTCSI TEKCTOBOE 3HAYEHHE, KOTOPOE MbI
BbIBEJIEM B KOHCOJIH TIPU 0TOOpakeHUH pe3yJibTaTa BbruucjaeHuit. C aToii 1esbio
MepeMeHHON text MpucBauWBaeTcsl 3HaueHwe "1+2+...+"+str(n)+" =",
IJto TekcToBoe 3HaueHue. [lonyyaercsi oHO oObearHeHUeM (KOHKaTeHaInei)
TpeX TEeKCTOBbIX ()parMeHToB: "1+2+...+",str(n) u" =".

[lnst 06beAMHEHNS UCTIOJIb30BAH ONEPATOP CJI0XKeHHsL. Bormpockl MOryT BO3HUK-
HYTb CO BTOpPBIM "parMeHTOM", KOTOPBIN B JAaHHOM CJIyYae MpeCTaBjIeH UH-
CTpyKLUel str (n). Pe3ybTaToM 3TOro BeIpa>keHUsI SIBJISIETCS TEKCTOBOE Tpe-
CTaBJIeHHe YHCJIOBOTO 3HaYeHHUs], Ha KOTOpOe cCchlIaeTcsi nepeMeHnHasi n. /1 ne-
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peBO/Ia YUCJIOBOTO 3HAUYEHUS B TEKCTOBOE MBI UCIIOJIb30BATIH QYHKIHIO Str (),

KOTOopas IJid HOZIO6HI>IX neJieit u MMpeaAHa3HaY€HA.

Tak>ke MBI OrIpesiesisieM UTEPAMOHHYIO (UCIOJIb3YETCsI B OrlepaTope IIMKJIA 1JIsT
"MHEKCAIMU" [[UKJIOB) MEPEMEHHYIO 1 C HAYAJIbHBIM 3HAYeHUEM 1. ITO MepPBoe
cJlaraemMoe, KOTOpoe MbI 106aBuM K cymMe. Pe3ysibrat (3HaueHune cyMMbI) Gy 1eM
3amuCchIBaTh B [IEPEMEHHYIO S, y KOTOPOI HayajbHOe 3HaueHue HyJeBoe. [locie
3TOro BBINOJIHSIETCS orlepaTop 1ukJa. HaunnaeTcst oH ¢ MHCTpyKIuHU while, no-
cJie KOTOPOM YKa3aHo yCJIOBHE 1<=n. ITO 03HAYAET, YTO OrepaTop OYyAET BHIIOJI-
HSTBCS 10 T€X TOP, TIOKa 3HaYeHUe IepeMEHHON 1 (MTepallMOHHAasI IEpeMeHHas],
OHa K€ OTpe/ieJisieT caraeMoe, prbaBisieMoe K CyMMe) He TpeBbILIaeT 3Hae-
HUe NepeMeHHOi n (TocefiHee ciaraeMoe B cyMMe). B Tese onepaTopa 1iukjia
BBITIOJIHSIETCS 1Be KOMaHbl. KomaHoit s=s+1i no06aBiisieM ouepesiHOe carae-
MOe K CyMMe, a 3aTeM KOMaHA0i i=i+1 Ha eJUHMIIy YBEJHUYHUBAEM 3HAUYEHUE
UTepallMOHHON nepeMeHHON. [locjie BBIMOTHEHUS onepaTopa UKJAa KOMaHI0Mi
print (text, s) oToOpa)kaeM B KOHCOJIbHOM OKHE Pe3YJIbTaT BHIYNUCIEHHIA.

0 Hasametky

BMecTo kOMaHabl s=s+i MOXHO OblI0 MCNONBL30BaTb 3KBMBANEHTHYIO en KOmMaHay
s+=1i, @ BMECTO KOMaHAbl i=1i+1 - COOTBETCTBEHHO, KOMaHAy i+=1.

Crenuduka omepaTopa IMKJAa TaKOBa, YTO B KOMaHAaX LMK JIOJDKHA OBITh
3aJI0’KeHa NMPUHIUITHAJIbHAS BO3MOXHOCTD [JIJIsl U3MEHEHUS (B pe3yJIbTaTe BBI-
NOJIHEHHUSI 3TUX KOMaH/I) IIPOBEPSIEMOrO 33 KaXK/bIi IMKJI ycaoBusi. VlHaye Mo-
JKeM TOJIyYUTh OeCKOHEYHBIH 1{UKJI. XOTs, C IPYroif CTOPOHBI, Aaxe PopMabHO
GeCKOHEUHbIH IIMKJI ellle He 03HAYaeT, YTO KO/ COCTaBJIeH HENpaBUJIbHO. B ju-
CTUHTE 2.5 MpPHUBE/IEH IPUMEP MPOrPaMMHOIO Kojia ¢ GECKOHEYHbIM, Ha MEePBBIA
B3IJIs1]], ONIepaTOpOM IuKJa (KOTOPBI, KOHEYHO XK€, Ha CAaMOM JieJie GeCKOHeY-

HBIM He SIBJISIETCST).

Jluctunr 2.5. Oneparop uhxna ¢ break-uHcTpykuueit

print ("CyMMa HaTypaJbHEIX umcen")
n=100 # KonmuecTBO CJlaraeMHX
# dopMmpyeM TEeKCT nOJig OTOOpaxeHus pesyibTaTa
text="1+2+...+"+str(n)+" ="
# UTepauroHHas NepeMeHHasa OJid OolepaTopa LUMKIa
i=1
# [lepeMeHHas IJs 3alUCU CYMMEH
s=0
# OnepaTop UMKJA OJS BHUMCIIEHUS CYMME
while True:
# IobaBisgeM cJllaraeMoe K CyMMme
s+=1



# V3MeHAEeM MTEepalLMOHHYW NEepEMEHHY
i+=1
if i>n:
break
# OrobpaxaeM pes3ynbTaT
print (text,s)

Pe3yJibTaT BBIMOJHEHUST 3TOTO MPOrPAMMHOTO KO/1a abCOIIOTHO TaKOM e, Kak
U B mpebiaylieM npumepe. To ecTb B JaHHOM CJIy4ae Mbl HMEEM JIEJIO C MPaK-
THYECKU TOM XKe 3a/ayell, U pelllaeM ee TeMH ke MeTogaMu. [IpocTo MbI HEMHO-
rO MHaYe OpPraHU30BaJIM OMEpPaToOp IMKJA. A UIMEHHO, MOCJIE KII0YEBOTO CJI0BA
while B KauecTBe yCJIOBUS yKa3aHO 3HaYeHue True. ITo KOHCcTaHTa. Kakue 6b1
KOMaH[bl B TeJIe OepaTopa LMKJIA HU BBINOJIHSIIUCE, YCIOBUE HE U3MEHUTCSL
[ToaToMy YTOGBI BBIITH U3 OTIEPATOPA LIUKJIA B HY>KHBIII MOMEHT (3aBEPLIUTH Pa-
60Ty orepartopa IMKJa) B TeJie OIlepaTopa Mbl Pa3MECTUJIH YCJIOBHBII OIIepaTop,
B KOTOPOM TIIPOBepsieTcsl ycjaoBue i>n. Ecu ycjioBUe UCTUHHO, BBIMOJHSIETCS
UHCTPYKIMS break. Beino.THeHNe 3TON MHCTPYKIMY IPUBOAMT K 3aBEPLIEHUIO
ornepaTopa IUKJIa, YTO HaM, COGCTBEHHO, U HYKHO.

[ Haszametky

B nepsomM nNpumepe ¢ onepaTopoM LvKa yCoBUE i<=n SBASNOCHL YCAOBUEM NPOAOS-
xeHus paboTbl onepaTtopa. Bo BTOPOM npuMepe ycnosve i>n B yCNOBHOM onepaTope
ABNSIETCH YCNOBMEM 3aBepLUEHNs onepaTtopa uukna. HecnoxHo saMetuTs, 4To ecnvuc-
TUHHO YCNOBUE i<=n, TO NIOXHO YCNOBME i>n, N HA06OPOT.

Caepyronuii IpuMep, KOTOPbII MBI PACCMOTPUM - 3a/laya O BBIYMCJIEHUU I1JIO-
maau GUrypol, OrpaHU4eHHON ABYMsI KDUBBIMU. 3/1€Ch, B 3TOM IIPHMepe, MBI HC-
M0JIb3yEeM BJIOXKEHHBIE OIIepaTOPBI 1IUKJIA (TO eCTh OJMH ONepaTop LIMKJIA BBI3BI-
BaeTCs B TeJle JPyroro ornepaTopa LH1KJa).

Yo KacaeTcsl HemocpeACTBEHHO pelllaeMoii 3aa4yu, TO HaM HPeCTOUT BBIYUC-
JIUTb MIOWA b (DUTY PBl, KOTOPast OrpaHMYeHa ABYyMsI KDUBBIMH, yPaBHEHHUS KOTO-
poix ¥(x) = x u y(x) = x2 [paduku 3THX KPUBBIX IPe/ICTABIEHHI Ha pUC. 2.6.

ITo npsiMasi TuHUS ¥ napabosa. Kpussle nepecexalorcsi B IByX TOYKaX: B TOYKe
x =0,y =0uBTtouke X = 1,¥ = 1(Touku onpesesOTCs KaK pelIeHne ypas-

HEHUS X = xz). [TosyyaeTcst Takoi cBoeoOpa3Hblii "JIENecToK ", Iomaab KOTo-
POT0 HaM U MPEACTOUT BHIYUCJIUTb.

3 Hasametky
3agada UMeeT TO4YHOe peleHWe. A WMEHHO, nnowadb S YKasaHHOW ¢uryps
i .

1
S= f(x - x¥dx = it 0.166667 . OOHaKO Mbl UCNONBb3YEM HECKOJILKO UHOM
0
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14
1,2 - TNOWaAb GUrypbl, OrpaHUHEHHON KPUBLIMK
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Puc. 2.6. Boiuucnenmne o6nactu ¢purypol, orpaHU4eHHONW OBYMS KPUBbIMU

noaxod. Metoa, KOTOPLIA ONUCLIBAETCS Aafiee U NPUMEHSIETCS HaMU NS BbIYUCNEHUS
nnowaan Gurypbl, MMeeT OTHOLLEHNE K TEOPUN BEPOSITHOCTEN U MaTEMATUHECKOW CTa-
TUcTUKE (06bINHO Takol NoAxXoA Ha3biBaloT MeTogamMu MoHTe-Kapno).

[Ipu BbIYUCIEHHH TLTOMIAAH DUTYDBI MBI OyIEM HCXOAUTH M3 CJIEAYIOUIUX CO00-
paxxeHuil. Bo-nepBbix, 3aMeyaeM, 4To 06J1aCTh, OrpaHUYEHHASI KPUBBIMH, TIOJTHO-
CTBIO MONIa1aeT B € JUHUYHBIN KBaApaT C JIeBOU HIDKHEN BEPIIMHON B TOYKE Haya-
Jia KOOpUHAT U MPaBOil BEpXHe BepUIMHON B TOUYKE C eIMHUYHBIMU KOOPIUHA-
tamu. Ecsii Mbl cityyaiiHbiM 06pa3oM BbibepeM TOYKY BHYTPH 3TOTO KBaipaTa, To
OHa C HEKOTOPOW BEPOSITHOCTBIO MOMaaaeT B 00J1aCTh, YTO OrpaHUYEHA KPUBBIMU
(To ecTh MOMaeT BHYTPh JernecTka"). Teopusi BEPOSITHOCTeH yTBEPXKAAET, YTO
3Ta caMasi BePOSITHOCTb PaBHA OTHOIIEHUIO TJIONIa el "erecTka” U KBaapaTa. Y
KBaJpaTa C eAMHUYHOM CTOPOHO MJIoIaAb paBHa eAuHuLe. [loaToMy miomanb
"nerecTka" (KOTOPYIO HaM HEOGXOIMMO BBIYUCIUTD) PaBHSIETCSI BEPOSTHOCTH, C
KOTOPOH c/IydaiiHbIM 00pa3oM BhIOpaHHAs TOYKA MOMaJaeT BHYTPh "JIernecTka”.
3to0 GyzmeT "BO-BTOPHIX .

B TpeTbux, eciu B3siTh OUEHb MHOTO CJIYYalHBIX TOYEK, PABHOMEPHO pacIpejie-
JIEHHBIX IO KBaJpaTy, U BBIYMCIUTH OTHOLIEHHEe KOJUYecTBa ToyeK BHYTPH "Jje-
necTka" K 0011eMy KOJIMYECTBY TOYEK, B H/I€aJIe MOJIYYUM OLIEHKY, GJIM3KYIO K Be-
POSITHOCTH MOMa/IaHHUsI CTyYaiiHO BEIOPAHHOM TOYKU BHYTPb "JierecTka”.

MbI BCIo 3Ty mpolieypy HEMHOTO MOAM(DHUIIUPYEM U TIOCTYTIUM CJIEAYIOUIUM 00-
pa3oM. BMecTo Toro uT0o661 reHepupoBaTh CIyYaiiHble TOYKH, TOKPOEM BeCh KBa-
IpaT PaBHOOTCTOSIIIMMHU y3JIOBBIMU TOUYKaMU. [locumTaeMm, CKOJIbKO MX IOMAJIO
BHYTpb "JlenecTka" (TO ecTb 061aCTH, OTPAHUYEHHOM KPMBBIMH), M TIOZIEJTUM Ha



obliee KOJIMYeCTBO ToYeK. ITO U OyeT pe3yssrat. [IporpaMMHBIii KO/, B KOTO-
POM peaJin30BaH TaKOU MOAX0/, MPeCTaBJIeH B IUCTUHTE 2.6.

Jluctunr 2.6. Boiumcnenmne nnowaay Gpurypbl u oneparopbl Uukna

# KonmuecTBO paBHEX MHTEPBAJIOB, Ha KOTOPHE OEJIATCH
# CTOPOHH EIMHMUYHOT'O KBaIpaTa
n=500
# "leHa meneHusa" - pacCTOSHME MexIy COCEIOHUMM TOUKaAMM
dz=1/n;
# KonmmuecTBO TOuUeK, KOTOpPHE IONANaldT BHYTpb objacTu
pts=0
# HauajbHOe 3HAueHMe MHIEeKCa, OIpelesygnUero CTOoJIOell TOUekK
i=0
# BHewHMi1 onepaTop LUMuKJa. [lepebupaeM CTOJOLE TOYEK
while i<=n: ‘
# x-koopIMHaTa TOUKMU
x=dz*i
# HauanbHOE 3HaAuyeHME BTOPOI'O MHIEKCAa IJig TOouek cTojdua
j=0
# BHYTpeHHUIN oIepaTopa LMKIa. [lepebupaeM TOUKM
# B omHOM cTonfue
while j<=n:
# y-koopOMHaTa TOUKMU
y=dz*j
# YcroBHEIM oOnepaTop: NpOBepseM, [omnajla Ju Touka
# BuyTpb OBJacTu
if y<=x and y>=x**2:
# Ewe onHa ToOUka BHYTpM OBJIacTuU

pts=pts+1
# 3HaueHMEe BTOPOI'O MHIEKCa yBEJIMUMBAEM Ha E€IMHULY
j=j+1
# 3HaueHMe MNepBOTO MHIEKCA yBeJIMUMBaAEM Ha E€IOUHULY

i=i+l
# BrluucigeMm miowans QUITYpH
s=pts/ (n+1) **2
# OrobpaxaeM pe3ynbTarT
print ("Inowane ¢urype:",s)
Pesyibrat, KOTODBII IPUBE/IEH HUXKE, JOCTATOYHO GJIM30K K TOYHOMY PEIIEHHIO!

PesynuTar BuiNosiHEeHUA NporpaMmbl (U3 nuctuxra 2.6)
[mowane ¢urype: 0.16694355799379285
qTO6bI IIOHATHb JIOI‘I/IKy BbI‘II/ICJI(?HI/II‘/’I, HUMeEET CMBICJI MBICJIEHHO Hpe]ICTaBI/ITb, KaK

MbI pa361BaeM KaXkKayio U3 CTOPOH KBaJpaTa Ha OIpe/eJieHHOe KOJIUYEeCTBO UH-
TepBaJsIoB. KosmuecTBO 3TUX MHTEPBAJIOB 3aMUCHIBAETCS B IepEMEHHYIO n (3Ha-



[naea 2. Ynpasnsiowme UHCTPYKUUU

yenue 500). [paHuUIIbI MHTEPBAJIOB OyIeM Ha3bIBaTh Y3108biMu moukamu. Yepes
K2KIYI0 Y3JI0BYIO TOYKY Ha CTOPOHAX KBaJpaTa IPOBOAKUM TrOPH3OHTAJIbHBIE U
BepTUKaJbHblE TUHUU. TOUKM MepeceyeHuil 3TUX JUHUH - 3T0 UMEHHO Te TOY-
KU, KOTOpbIe HaM HYXHbI. KaX Iyl Takyio TOUYKY MOXHO "UJeHTHU(MUIINPOBATD"
C TIOMOMIBIO IBYX MH/IEKCOB. IlepBbIit MHEKC ONpeiesisieT Y3JI0BYI0 TOUKY I10 ro-
PHU30HTAJIK, a BTOPOU - Y3JIOBYIO TOYKY MO BepTukau. Ha mepeceyenuu JuHMIA,
IPOXO/SIIHNX Yepe3 3TU y3JIOBble TOYKH, HAXOAUTCS "HAeHTUDULIUpYyeMast TOY-
Ka BHyTpH KBajapaTa. Eciu mbl 3ahukcupyeM mepBbiii MHIEKC, U Oyaem Gpath
pasHble 3HAUEHHSI [JIsi BTOPOTO MH/EKCA, TO BCE COOTBETCTBYIOLIME TOYKU OY-
IyT HAXOJUThCSI Ha OJ{HOM BepTUKaJbHOM MpsiMoit. [Ipo Takue Touku Oyaem ro-
BOPHTb, YTO OHU HAXOSITCS B OHOM cTOJ1611e. Ecoin 3ahukcrpoBaTh BTOPOit HH-
JieKkc 1 6paTh pa3Hble 3HAYEHHU I IEPBOTO HHIEKCA, TO BCE COOTBETCTBYIOIIUE TOY-
K¥ OyyT HAXOJUThHCS HA OJTHOM FOPU30HTaJIbHOM NPsIMOIL. [Ipo Takue ToYku Mo-
JKEM TOBOPHUTD, UTO OHU (POPMUPYIOT DS/l TOUEK. B KaXXI0M psiiy U B KaXI0M
crosibiie pa3MenieH0 POBHO n+1 To4eK (eC/IM YYMTHIBATh M T€ TOYKH, YTO HAXO-
JATCSI HA KOOPAUHATHBIX OCSIX).

PaccTrosiHue (110 TOpU30HTAJM WJIM 110 BEPTUKATIHN) MEXIY ABYMs COCEIHUMHU
Y3JI0BBIMH TOYKAMH PaBHSIETCS, OYEBU/IHO, €JUHUIIE, IEJIEHHON HA KOJIMYECTBO
MHTEPBAJIOB, Ha KOTOPbIE pa301BaIach KaXKiast U3 CTOPOH KBajipaTa: Takasi "lieHa
JeJjieHuss” 3aluchbiBaeTcsl B repeMeHHyo dz (3HayeHuwe 1/n). B mepemennyio
pts (HayaibHOe 3HaveHue 0) GyneM 3amUChIBATh KOJUYECTBO TOYEK, KOTOPbIE
MoTaJIk BHYTPh "JierecTka”.

HauasipHoe 3HaueHHe UHEKCA 1, OTpe/IeSIONIErO CTOIOel TOY€EK, TOJIKHO ObITh
HYJIEBBIM (HYJIEBOW UHEKC COOTBETCTBYET TOYKE HA KOOPAWHATHOM ocH). Yepe3
THIepBbIit HHIEKC, HATOMHUM, "HyMepyloTcs” cToso1s! Touek. Koraa 3amyckaercst
BHENIHHUIA OTlepaTop IMKJIa, B HeM TpoBepsieTcsl ycaoBue i<=n. [IosToMy UK
BBITIOJIHSIETCS IO T€X TOP, [TOKA 3HAYEHUE MHIEKCHON epeMEHHON 1 He MpeBbl-
CUT 3HaUYeHNe IepeMeHHOH n.

B Tesie onepaTopa 1iukJ1a KOMaH10i x=dz * 1 BEIYUCJISIETCS KOOPAUHATA X (BAOJIb
TOPHM30HTAJIBHOM OCH - abcyucca) 1Jisi TOYeK, HaXOMISIIMXCS B TaHHOM CTOJIOIE
(cTosibel1, HAMOMHUM, ONIPE/IENISIETCS] 3HaUeHHeM UHeKca 1). Takxke MOCKOJIbKY
JlaJiee Mbl TJIAHUPYeM TiepeGupaTh TOYKH B CTOIOIE, KOMAaH/I0M =0 ycTaHaBJIH-
BaeM HayaJIbHOE HYJIEBOE 3HaUEHHE JIJIsI BTOPOTO UHEKCA, (OMpeNesIoNIero mo-
JIO)KeHUEe BHYTPEeHHUX Touek). [Tocyie 3Toro BINOTHSIETCS] BTOPOA, BHY TPEHHUI
orepaTop 1ukKJa. B HeM mpoBepsieTcs ycoBUeE j<=n - TO €CTh BTOPOU UHEKC j
Oynet yBemuuuBaThcsi (06 3TOM MbI Y3HAEM IMO3)Ke) 10 TEX MOP, MOKa OH He TIpe-
BBICUT FPAHUYHOE 3HAUYEHHUE N.

B Tesie BHyTpeHHeErO ornepaTopa IMKJIa KOMaHA0N y=dz*j BBIYUCIISIETCS KOOP-
JIMHATA y [IJ15 TOYKH B CTOJ1611e (KOOpAUHATA BIOJIb BEPTHKAIbHOM OCH - OpOuUHa-
ma). C MOMOIIIbIO YCJIOBHOTO OTepaTOpPa MPOBEPSIEM, MTONAAET JIU TOYKA BHYTPh



"lemecTka", ¥ €M TakK, TO KOMaHJIOM pts=pts+1 Ha eJUHUIY YBEIMYMBAEM
3HauY€eHNe IepeMeHHON pt s (B KOTOPYIO, HAIOMHUM, 3aITUCBIBAETCS KOJUYECTBO
TOYEK, MONAAIIIUX BHYTPD "JlernecTka").

(3 Ha3sametky

B ycnosHom onepaTtope npoBepseTcs ycnosue y<=x and y>=x**2, 3T0 U €CTb yCNo-
BME nonanaHna To4kM C koopanHaTtamu X (nepemeHHas x) n'Y (nepemeHHas y) BHyTPb
06nacTy, OrpaHM4EHHON KpMBLIMM Y = X1y = X°. Y106kl TOUKa Nnonaaana B 3Ty 06-
nacTb, Heo6xoaumo 4To6bl OJAHOBPEMEHHO BbINONHSANNCL ABa ycnosus. Bo-nepsbix,
TOUKA BOMKHA HAXOAUTLCS HUXE NPSIMON Y = X, a3TO MMeeT MecTo, ecim Y < X (He-
CTPOroe HepPaBeHCTBO - €CNN Mbl AoNnyckaeM, 4Tobbl TouKa MOrna okasaTbCsl HE TOJb-
KO HUXE NPSIMOW, HO M HENOCPEACTBEHHO HA NPSIMOW). BO-BTOpPbIX, TOUKA AOMKHA HAXO-
AnTbCA Bbiwe napabonbl Y = X ° (unu Ha camoli napa6one - Takoi BapuaHT Mbl TOXeE A,0-
nyckaem). CooTBETCTBYIOLLEE YCIOBUE BbIMAAUT KaK y = x2. CnepoBatensHo, 4ONX-
HO BbINONHATLCHA COOTHOLLEHNE x2 < y < X.Ecn nepesecT 3T0 Ha s3biK Python, To
nonyyMMm y<=x and y>=x**2.KcTaTu, BMECTO UHCTPYKUMN y<=x and y>=x**2 BNon-
He 3aKOHHO MOXHO 6bII0 UCNONBL30BATL BbIPAXEHUE x * *2<=y<=x. Takoro Tuna Bbipa-
XeHus B Python nonyctumsi.

[lepen 3aBeplieHNEM BHYTPEHHETO OllepaTopa LIMKJa KOMaHAOK j=7j+1 BTOpOH
WHJIEKC YBEJIMYMBAETCS HA €TUHUILY. ITO MOCJI€HSISI KOMaH/[a BHY TPEHHETO Ome-
paTopa ukJa. BHyTpeHHul onepaTop LUKJIa SIBJIsIeTCS [TpeAnocae Hel "koMaH-
JIOI" BHEILIHETo ollepaTopa LMKJA. A MOCJeJHsIsI KOMaH/a BHEIIHero onepaTopa
LUKJIA - 3TO UHCTPYKUHUS 1=1+1, KOTOpPO! HA €MHULlY YBeJIUYUBAETCS 3HaUe-
HUe epBOro UHeKca.

[Tocsie BBINTOSIHEHMS BHEUIHETO ONEpaTopa LUKJIA, IEpeMeHHas pts COAEPKUT
3HaueHHe KOJMYeCTBa TOYEK, KOTOpbIe MOMajaloT BHYTpb "iemectka”. Obiiee
KOJIMYECTBO TOYEK, KaK HECJIOXKHO J0raJaThCsl, paBHseTcs (n+1) **2 (B Kax-

pom u3 N + 1 cron6uos mo 7 + 1 rouex - Bcero (n 4 1)? touek). IloaTomy eciu
MBI TIOIEJTM OTHO 3HaY€eHHe Ha JPYroe, MOJIYYuM IUIomaasb “nernectka”. Coot-
BETCTBYIOII[ee 3HAUEHHUE BBIYUCISIETCS KOMAHI0M s=pts/ (n+1) **2. Hakoxer,
KOMaHAOW print ("Iljomans ourype:", s) 0T06pa>1<aeM pesyJibrar.

Kpome onepatopa 1nukia while, B si3bike Python ecTb elite o/iiH ornepaTop 1UK-
J1a, KOTOPBIH, OTTaJIKUBASICh OT KJIIOYEBOTO CJI0BA, BXOASILIETO B BbIpaXkeHUe JJIst
3TOro OIepaTopa, Ha3bIBaIOT OIEPATOPOM LMKJIA for.

OnepaTtop uukna for

ITo cpaBHEHHIO C OMEPATOPOM IIMKJIA while, onepaTop HUKJIA £Oor MOXHO ObLIO
6bl Ha3BaTh OoJiee "creruanu3upoBaHHbIM". C OJIHOI CTOPOHDI, ONIEPATOP OYEHD
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rubkuii v 3pdexTuBHbIi. C APYTOi CTOPOHBI, €r0 YCIEITHOE KCITOIh30BaHHE MO-
XKET BbI3BATh HEKOTOPBIE TPYTHOCTH UIE0JOTUYECKOTO, TAK CKa3aTh, XapaKTepa.
[Tportite roBopsi, mpu paboTe ¢ onepaTopoM for (B 3aBUCHMOCTH OT PEXHUMA €ro
UCIIOJTb30BAHMS) BO3HUKAET MHOIO BCSIKMX HIOAHCOB. [103TOMY MBI MOKa 4TO
PacCMOTPHM CaMble IPOCThIE ¥ HauboJiee MOHSTHbIE CXEMbI IPUMEHEHUSI OTIepa-
TOpa UK for, a yXKe M0 X0y KHUTH 6y 1eM PACIIMPSTh U COBEPIIEHCTBOBATH
HalIV 3HAHUS ¥ HABBIKY B ITAHHOM BOITPOCE.

[ITa610H MCHOTB30BaHKS 3TOrO ONEpPATOPa TaKoi (PKUPHBIM LIPUGTOM BbI-
JieJIeHbl KJII0UeBble 3JIEMEHThI):

for sremeHT in nocsenoBaTeJIBHOCTE:
KOMaHIH

ITocne xmoueBOro ciaoBa for yKa3bplBAeTCS HEKUN syeMeHT (€CIM MPOIIE,
TO Ha3BaHUE TEPEMEHHOI), KOTOPBIM MOCJEeI0BATEbHO MPUHUMAET 3HAUeE-
HHUSl U3 nocyienoBaTesibHOCTM (YMOPSIIOYEHHBbIH HAbOp 3HayeHUi). Mex-
NIy 3JIEMEHTOM U MOCJENOBATEJIbHOCTLIO - KJIIOYEBOE CJIOBO in. 3aBeplia-
€TCsl IaHHasl CUHTaKCU4ecKasi KOHCTPYKIMSI ABOETOYHEM :. 3aTeM UAET OJIOK
KOMaHJ oreparopa 1ukJa. B oneparope nukiaa koMaHOe BBIEISIOTCS OTCTY-
MaMHU - TPAJUIIUOHHO, YETBIPBMSI.

0 Ha3zametky

Hepepnko (HO He Bceraa) B ka4yecTse NocnenosaTeNbHOCTU B OnepaTope uvkna for uc-
nonb3ytoTcs crmckn. Co cnmckammn Mol ewe He 3HakoMbl. OCHOBHbIE CBE4EHUSI O CMNn-
ckax (paBHO Kak 1 06 WHBIX TUNax AaHHbIX, COAEPXALUMX KONNEKLUUN 3HAYEHUA 1 NO4-
nagalowmx nog onpeaeneHne nocienoBaTelsHOCTHM) NPEACTaBNEHbl B Cleayoumx
rnasax. 34€ecb HaC CMUCKN MHTEPECYIOT TOMLKO B KOHTEKCTE UCMOb30BaHUS UX B One-
paTtope unkna for. BaxHo 3HaTb, 4TO CMMCOK - 3TO HAGOP YNOPSAA04EHHBIX 3NIEMEHTOB
(odopmMneHHbIX COOTBETCTBYIOWMM 06pa3om). MprUyeM 3nemMeHTbl MOryT ObiTb Pa3HOroO
TUna. YTobbl CO34aTb CNNCOK, AOCTATO4HO B KBaApaTHbIX CKoBKax Yepes 3anaTyio nepe-
4NCANTb 3NIEMEHTbI cnucka. Hanpumep, KoHCTpykuma (1, 2, 3, 4, 5] npeacTasnsaer co-
6011 CNNCOK M3 NATW HAaTypasbHbIX Ynucen.

B kayecTBe nocrnenosaTeIsHOCTY MOXHO MCNOMb30BaTh TEKCTOBLIE 3HA4YEHUs. B 3TOM
cny4yae nepebupaioTcs 6ykBbl B TEKCTE. :

BrinosiHsieTcs1 omepaTop ILMKJA CHAELYIOIMM 06pa3oM: syiemeHT (IepeMEH-
Hasl, yKa3aHHasl Mmepe/ KJIIOYEeBbIM CJIOBOM in) MPUHUMAET MEPBOE 3HAUEHHE B
nocJienoBaTeJIbHOCTH, YKa3aHHOU MOCJIe KJII0YeBOro cjioBa in. ITocse atoro
BBITOJTHSIIOTCS] KOMAH OB ONIEPaTOpa IUKJIA. 3aTEM 3J1eMEeHT IIPUHUMAET BTOPOE
3HaYEHHE U3 [OCJIeNOBATEJIbHOCTY, U CHOBA BBINOJHIIOTCS KOMAaHIE OTle-
patopa nukia. M tak nasee, moka He 6yaer 3aBeleH nepebop Bcex 3HAUEHUH B
HOCHeHOBaTQHbHOCTM.



3 Hasametky

B 6noke komaHa, oneparopa uvKia MOXHO WUCNOSb30BaTh MHCTPYKUMM break U con-
tinue. OddexT Takom xe, Kak U Npu UCNONb30BaAHUN 3TUX MHCTPYKLUMIA B onepaTtope
uMKna while: BbINOSIHEHUE UHCTPYKUUN break NpUBOANT K 3aBEPLUEHUIO onepaTopa
LMKNa, a BbINOIHEHNE UHCTPYKUUN continue NPUBOANT K 3aBEPLLEHWNIO TEKYLLLErO LIMK-
na v nepexopny K Cneayowemy.

B omnepaTtope 1uk/a f or MOXeT UCIOJIb30BaThCs e 1 se-6JI0K.

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

[IIa6s10H onepatopa KA for ¢ else-6J0KOM BBHITJISIAUT CAEAYIOUIUM
06pa3oM (KUPHBIM LIPUGTOM BbIJIEIEHBI KJIIOUEBBIE 9IEMEHTBI): -

for smemeHT in cnmcokx:
KOMaHZOH 1
else:
KOMaHOE 2

®eecccscccscscsccccsssse
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Komanzp! B else-6s10Ke BHINMOJIHSIOTCS, (haKTUYeCKH, MO 3aBEPLIEHUU OIepa-
TOpa IMKJA, KaK Mbl €ro MoHUMaJsu Ol 6e3 else-6s10Ka. Bech "BbIMrphim” OT
else-6J0Ka B TOM, YTO /i paboTa orepaTopa IUKJIa 3aBepIIaeTcst BCJIeICTBHE
BBITIOJIHEHUSI HHCTPYKILMK break, ToO KOMaH/bI B 6JIOKe e 1se He BBINOJIHSIOTCSI.

Pa6otry onepaTopa 1ukjia for MPOUJIIIOCTPUPYEM Ha HECJOXHBIX MMPHUMEpaX.
B nepBylo ouepear paccMOTpUM NpUMep, B KOTOPOM BBIUMCJISIETCSI CyMMa Ha-
TypaJibHBIX uMces. Brlllle MBI Takoi MpUMep pacCMaTpUBAJIM, HO UCIOJb30Ba-
JIK TaM OIepaTop IMKJIa while. 3xech MpuberHeM K ycayraM orepatopa IuKia
for. Eue ogHO Ba)XHOE HOBIIECTBO - UCIIOJb30BaHHUE (byHKLmH range (), C IIo-
MOIIBIO KOTOPOM MbI OY/IEM CO3/1aBaTh BUPMYALbHYIO TIOCIE0BATETBHOCTD Ha-
TypaJbHBIX ynces. YToObI CO31aTh TAKON 0OBEKT, KaK BUPTYyaJbHasl I0CJIe/]0Ba-
TeJIbHOCTh YHUCeJI, apryMeHTaMu (PyHKIUU range () MepeaaloTcs NePBOe YHUC-
JIO BUPTYyaJIbHOM MOCJIeJ0BATEILHOCTU U MOCJIEHEE YUCJIO TIOCIe0BaTENbHO-
CTU TJIIOC oauH. HampuMep, eciiu Hac UHTepecyeT MOCJIeJOBaTEJIbHOCTh YUCET
OT 1 0 5 BKJIIOYUTEJIBHO, TO JJISI CO3/JAHUSI TaKOMH IOCJIe10BAaTEIbHOCTH MOXEM
BOCIIOJIb30BaThCsI MHCTPYKIMEH range (1, 6) . Takum 06pa3oM, moc/ieJHee Yyuc-
JIO B TIOCJIEJIOBATEIBHOCTU HAa €IUHUILy MEHbIIE BTOPOTO apryMeHTa QyHKIUU
range ().

(0 Ha3sametky

Ecm dyHKUMM range () NepenaTh TOMBKO OAWH apryMeHT, To cpopmMnpoBaHHas nocne-
noBaTenbHOCTL ByaeT HaunHaTbes ¢ Hyns. Ecim dyHkummn range () nepenats Tpu ap-
ryMeHTa, TO TPeTU apryMeHT 6yneTt onpeaensitb war apudmMeTnieckom nporpeccuu:
nepsbIi apryMeHT onpeaenseT HavyanbHOe YMCNOBOE 3HAaYeHue B nocnenosaTenbHO-
CTu, a kaxaoe cnenyiowlee nonyyvaetcs npubasneHneM wara Nnporpeccum (TpeTui ap-
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ryMEHT) - HO He 60MbLUe, YeM 3HaYeHne BTOPOro aprymeHTa. MoxHo Takxe ckasatb, 4TO
ecnn TpeTWUiA aprymeHT He ykasaH, TO N0 YMOJIHaHUIO 3TO 3HaYeHWe paBHO eanHuLe, a
€C/N He yKasaH NepBbIil aprymMeHT, TO ero 3HadeHne No yMONYaHuIo Hy neBoe.

Elle o1HO 3aMeyaHue KacaeTcs TEPMUHA supmyanviviii. [loueMy MbI TOBODUM
0 YKCJIOBOH MOCJIEI0BATETBHOCTH, C(POPMUPOBAaHHOM (PyHKIMEN range (), KaK
0 BUpTyaJbHOI? Bce nesio B ToM, yTO Ha caMoM zese GyHKIMel BO3BpallaeT-
Cs1 HEKOTOPBII 06BEKT, KOTOPBIit JOMyCKaeT ¢ coO60M Takoe 06paliieHre, KaK ecJiu
6bI 3TO ObLIa TOCJIE0BATENBHOCTD YKCeN (BIIOCJIEACTBUUA MbI GoJiee Moapob-
HO MO3HAKOMHMCSI C TOJOOGHBIMU 06BEKTAMU - Korjaa OyneM B paMKax KOHIIEN-
1iun OOII 06cyxaTh HTEPATOPBI, (PYHKIIUK-TEHEPATOPHI U UTEPAIIMOHHbIE 06~
exTbl). Ho ecsiu mMbl mpucBouM pe3ysbraT GyHKIMU range () HEKOTOPOU Ie-
PEMEHHOH U 3aTeM 3aXOTHM IIPOBEPUTH 3HAUYEHHUE ITOM NepeMEHHOI, Iocyen0-
BaTEJbHOCTU MbI HE YBUAUM - OyzeT dhopMajibHOoe 0603HAYeHHE pe3yJbTaTa C
CCBLJIKOW Ha Ha3BaHUe PyHKIUN range ().

YT1o6bl HATJISAHO YBUETD, YTO XKe "CIPSATAHO" BHYTPH, MOXKHO BOCIIOJIb30BaTh-
cs1 GyHKuuen popMHUpoBaHUS CIMCKOB list (). ApryMeHTOM 3TOH QyHKIMH
nepezaeTcs pe3yJbTaT BhI30Ba (yHKUUHM range (). Hampumep, pesysisratom
BbIpakeHust 1ist (range (1, 6)) sBiseTcs cnucok [1,2,3,4,5]. OxgHako
obpaiifaeM BHHMaHUE YUTATEJS], UTO [JISI UCIOJb30BaHUS (YHKIMHU range ()
B orepaTtope IuKja for HUKAKUX JOMOJHUTEJbHBIX J€HCTBHUH M0 "BU3yasn3a-
 IIMU" BUPTYaJIbHOM MOCJIE€JOBATETbHOCTY IIPEITPUHUMATD HE HYXKHO.

B nuctunre 2.7 npeacTaBiieH MPOrpaMMHBIM KOJ, B KOTOPOM CyMMa HaTypaJib-
HBIX YMCeJl BBIUUCJISIeTCS] C IOMOLIBIO onlepaTopa LMkJja for.

JiucTunr 2.7. BulMucAeHMe CyMMBI Yucen

print ("CyMMa HaTypaJibHEIX umcen")
n=100 # KoJlMuecTBO CJlaTaeMHX
# dopMMpyeM TEeKCT IOJid OTOOpaxeHus pes3ylbTaTa
text="1+2+...+"+str(n)+" ="
# IepeMeHHasa OJIS 3alUCU CYMME
s=0
# OnepaTop UMKJA OJIS BEUMCIIEHUS CYMMEI
for i in range(l,n+1):
# JobGarJyiseM cJlaraeMoe K CyMMe
s=s+i
# OrobpaxaeM pe3ynbTaT
print (text,s)

[Ipu BbINOJTHEHUHU AaHHOTO IPOIPAMMHOIO KOZIa MBI IIOJIy4YaeM CJIeAYIOIUA pe-
3yJIbTaT:



~ PesynbTaT BLINONHEHWS NPOTPAMMBI (M3 NMCTHHTA 2.7)

CyMMa HaTypaJlbHEX uMcell
1+2+...4100 = 5050

[To cpaBHEHUIO C IPUMEPOM U3 JIMCTHHTA 2.4 U3MEHEHUS] MUHUMAJIbHBIE U Ka-
caloTCsl OHY, B OCHOBHOM, orepaTopa uukJia. Tak, HOCKOJbKY B OlepaTope LUK-
na for mepeMeHHasi i mpoGeraeT 3HaYe€HUsI U3 MOCJEJOBATEIbHOCTH YHCET OT
1 110 n (TOCJIEI0BATEIBHOCTD CO3/1A€TCsI BbIPaXkeHUeM range (1, n+1) ), TO OT-
naJjia HeoOGXOAUMOCTb TIPUCBANBATh MEPEMEHHON 1 HayaIbHOe 3HaueHue. Tarxke
B OIepaTope LIUKJA HET HYX/bl B KOMAaH/E YBeJUYEHUS Ha eJUHHUIY 3HAYEHUS
WTEPALMOHHOM MepeMeHHOM i: mepe6op 3Ha4YeHHi BBIMOJIHSAETCS aBTOMaTHYe-
cku. [Toatomy 6e3 BCSIKUX JOMOJTHUTEIbHBIX KOMaH] llepeMeHHast 1 mpoberaet
3HAYEHHUS OT 1 JI0 n BKIIOYUTEJBHO.

(1 Hasametky

CyMMy MOXHO BBLIYUCAUTL C MOMOLLbID BCTPOEHHON PyHKUMM sum (). APryMeHTOM
GyHKUMN NepesaeTcs CNUCOK 3JIEMEHTOB, CyMMa KOTOPbIX BbluncnseTcs. Tak, CyMMy
HaTypasibHbIX YACeNn OT 1 40 n (eC/m 3HaYeHne 3TON NepeMEHHON 3a4aH0) MOXEM Bbl-
YUCNNTb KOMAHAOM sum (range (1, n+1) ). 34€Cb apryMeHToM GyHKUUM sum () nepe-
[aeTcsa BUpTyansHas nocnenoBaTenbHoCTb range (1, n+1) - Tak TOXE MOXHO AenaTb.

Crenyoummii mpuMep WJLTIOCTPUPYET, KaK B ONepaTope LUKJIa for B KaYecTBE
TI0CJIe/I0BATEIbHOCTH /1J1s1 lepebopa 3HaYeHuit MCIoJIb3yeTcs TeKcT. Ecaiu 6oee
KOHKDETHO, TO MbI GEPEM B KaUeCTBE OCHOBBI TEKCT, M 3aTEM C MTOMOII[bIO OIepa-
TOpa IMKJIa for pacrneyaTbiBaeM TEKCT 10 OYKBaM ¢ HEOOJIBIIMMHU TEKCTOBBIMU
BcTaBkamu. Terepb 06paTHMCS K IPOrPaMMHOMY KOZIy B TUCTUHTE 2.8.

Jinctunr 2.8. TekcT B oneparope umkna

# TekcT mOyia omepaTopa LMKIA
txt="Python"
# [epeMeHHasa OJia HyMepauuyu OYKB
i=1
# OnepaTop LMKJA
for s in txt:
# dopMMpyeM BCIOMOT'@TEJIbHEIM TEKCT
t=str(i)+"-s 6ykea:"
# BeiBOOMM coofuWeHue
print(t,s)
# U3MeHssieM HOMep OYKBEI
i=i+1
# KoMaHDa mnocJjie 3aBeplleHMs olleparopa LMKJIa
print ("PaboTa nporpamMmel 3aBeplueHa!")
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B nepeMenHyo txt 3amucbiBaeTcsi 6a30Bblii TEKCT, KOTOPbI MbI TJIAHUPYEM
"mepebupath” 0 6yKBaM B onepaTope IMKJA. Takxke Mbl OObSIBJISIEM C HAYaJlb-
HBIM €IMHUYHbIM 3HaYEHHEM MEePEMEHHYI0 i. MbI pH BbIBOjIe OYKB M3 TEKCTa
txt cobupaemcsi yKa3blBaTh HOMEP KaXJ0W OYKBBI, M JJIsI 9TOrO HaM IOHA/I0-
6usach oTaesbHasi nepeMenHas. Ho OTaesbHO MOAYEPKHEM: XOTsI B ONEpaTOpe
IIMKJIa 3Ta TMePeMEHHasl ¥ MCIOJb3YeTCs, epebop 3JEMEHTOB MOCJIEI0BATE b-
HOCTH (6YKB B TEKCTE) BBIMIOJIHSIETCS C TIOMOLIBIO PYTOi MepeMEHHOI - MBI €€
Ha3Basu s. IHCTpyKIMS s in txt B omepaTope LUKJIA MOCJEe KJIIOYEBOTO CJIO-
Ba for O3HAYaeT, YTO MepPeMeHHasi s OyAeT MoCje0BaTETbHO IPUHUMATD OYK-
BeHHbIe 3HAUEHHSI HA OCHOBe TeKCTa nepeMeHHOH txt. [ToaToMy o mepeMeHHOIA
S MBI MOXKeM IyMaThb Kak 006 ouepenHoi OykBe B TekcTe txt. [IpuueM nepebu-
patotcst 6YKBbI CTPOrO B TOM IOCJIEJ0BATEIbHOCTH, KAK OHU HAXO/STCST B TEKCTE.

B onepatope 1uksia koMaHAOM t=str (i) +"-a Oykpa:" Mbl opMUDYEM U
3aMMCBIBAEM B MEPEMEHHYIO t BCIIOMOTaTEeIbHBIN TEKCT, KOTOPBIA MOJydaeT-
cs1 0ObeIMHEHNUEM TEKCTOBOTO MPe/ICTaBJIEHHS TIOPSIIKOBOrO HOMepa i GYKBBI B
TeKCTe U TeKCTa "-s Oyksa:". [/ nepeBosa YUCJIOBOTO 3HAUEHHUS B TEKCTO-
BOE HCII0JIb30BaHA QYHKIUS Str ().

B pesynbraTe BeIMOTHEHUsI KOMaHAbl print (t, s) B CTpPOKe BBIBOJA BCIIOMOTa-
TeJIbHBIN TEKCT ¢ HOMepoM OYKBbI 1 caMa 6ykBa. [Tocie 3Toro koMaHmOM 1=1+1
Ha eJIMHUILY YBEeJUYMBAETCST HOMED JJISI CIIeAyIoleil OYKBbL.

ITocne 3aBepieHus onepatopa IIMKJa KOMaHA0l print ("Pabora mnporpam
MBI 3aBepueHa!") BBIBOAMTCS (puHaIbHOE coobuienue. Husxe nmpuBeseH pe-
3yJIbTAT BBINOJIHEHUS IPOTPAaMMBL

Peaynbrar BbINONHEHMS NPOrPaMMBl (3 nuCTHHra 2.8)

l1-s Bykepa: P
2-a OykBa: y
3-a BbykBa: t
4-g3 BykBa: h
5-a BbykBa: O

6-s OykKBa: n
PaboTa nporpaMmel 3aBepleHa!

Crenyoumii IpuMep WJIJIIOCTPUPYET HCIOJIb30BaHHE MHCTPYKUMH break U
6J0Ka else B omepaTope IMkaa for. B mporpamMme mpoBepsieTCst TUII 3JI€MeH-
TOB CIIUCKA. MBI MIIIEM TEKCTOBBIE 3JIEMEHTHL. J[JIsI 3TOrO B IPOrpaMMe HCIOJIb-
3yeTcsi onepatop IMKJa. B onepaTope 1ukJia nocje10BaTeIbHO MepedrparoTcst
3JIEMEHTBI CIIMCKA, U UX TUM MPOBEPSIETCS HA MPEIMET TOTO, TEKCT 3TO UJIU HET.
Ecsu B criicke HET TEKCTOBBIX 3JIEMEHTOB, TPOTrPAMMO#t BBIBOIUTCSI COOOIIEHHE
COOTBETCTBYIOLIEro cofiepxkanust. Ho eci mpu nepebope 3/1eMEHTOB TEKCT, BCE
JKe, BCTPEYaeTCsl, TO BBINIOJIHEHHE OllepaTopa IIMKJIa 3aKaHYMUBAETCS U IPOrpaMm-




Ma coOOLIAeT MMOJIb30BATEIIO, YTO B CIIMCKE CPEeAU 3JIEMEHTOB €CTh TEKCT. IIpo-
TPaMMHBIM KO/, B KOTOPOM peaJIi30BaHa JaHHAsT Ues, [TPe/CTaBIEH B JUCTHUH-
Te 2.9.

Jiuctunr 2.9. Oneparop umkna c else-6nokom

# HaumHaeM NpPOBEpKy CIIMCKA
print ("[lpoBepseM comepxmmoe cnmucka:")
# Cnucok nnsa npoBepku. TekcTa HEe COLOEPXUT.
# I[py nNpoBepke aJbTEPHATMBHOTO CIMCKa CJenyeT
# nmoMeTuTb KaK KOMMEHTAapHUM CJenyollyld CTPOKY
myList=[1,3+27j,True,4.0]
ANbTEpHaTMBHBEIM CIMCOK C TEKCTOM.
[I[py NpPOBEpKE 3TOTO CNMCKa CJEenyeT
OTMEHUTH KOMMEHTapui nJis
cJlenyoey CTPOKM (M ynanurb Ipobed)
myList=[1,3+2]j,"Python",4.0]
# OToOpaxaeM COOEpPXMMOEe CIMCKa
print ("Cnucok:",myList)
# Oneparop uMKJA OJis8 NPOBEPKM TUIlA IJIEMEHTOB CIMCKA
for s in myList:
# IlpoBepseM 3JIEMEHT Ha "TEKCTOBOCTH"
if type(s)==str:
# EcCIM 3JIEMEHT TEKCTOBHIM
print ("B cnucke ecTb TEKCTOBHE D3JIeMEHTH!")
# 3aBepumaeTcs BHIIOJHEHME OllepaTopa LMKJIAa
break
# Byok else omneparopa LMKJIA.
# BHIIOJIHAETCS TOJIBKO E€CJIM HEe BHIIOJIHAJIACH
# mHCcTpykuus break
else:
# Orobpaxaercsa coobueHre 06 OTCYTCTBUM B
# cnucke TEKCTOBLIX 3JIEMEHTOB
print ("B cnmucke HeT TEKCTOBHX 3JIeMeHTOB!")
# CoofumeHre O 3aBEpUIEHUM NPOBEPKU
print ("ll[poBepka 3akoHuYeHa.")

= # o o

B mporpamme komangoit myList=[1,3+2j, True, 4.0] OOBSBASETCS CIIH-
COK myList, KOTOpBIi MBI U Oy/ZieM HPOBEPSITh HA HAaJIUYHe B HEM TEKCTOBBIX
3J7IeMEHTOB (B JaHHOM CJlyyae, OUeBUIHO, TAKMX HE UMEETCsl, HO HUKTO He 3a-
TpeliaeT HaM U3MEHHUTh CIUCOK). UTOOBI GBIJIO BUHO, KAKOW MMEHHO CITMCOK
npoBepsieTcs, KOMaHIoi print ("Cnmcok:",myList) BBIBOAUM COAEPXKU-
MOE CITUCKa B KOHCOJIbHOE OKHO. [T0ocJie 3TOro 3amycKaeTcsi Ha BBITIOJHEHUE OTle-
patop uuka. [lepemenHast s mpoberaet Habop 3HAYEHHI 3JIEMEHTOB U3 CIIUCKA
myList. [I75 kaXkA0ro 3HaueHUs IepeMeHHOl s B YCJIOBHO ONepaTope BbIMOJI-

@D 1
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HSIETCsI TPOBEPKa BEIPAXKEHUS type (s) ==st r. BeipaxkeHne HICTUHHO, eCJTH TUIT
3HaYeHus,, Ha KOTOpOe CChLIaeTCsl lepeMeHHas s, paBeH str (To ecTh ecJiy Ie-
peMeHHasi CChLJIaeTCsl Ha TEKCTOBOe 3HaueHue). B aToM ciyyae koMaHI0H prin
t ("B CHOMCKe eCTb TeKCTOBHE 3JeMeHTH!") BBIBOAUTCS COOOIEHNE
O HAJIMYMU B CITUCKE TEKCTOBBIX 3JIEMEHTOB, a 3aTeM MHCTPYKIUel break 3a-
BepiaeTcsi paboTa omnepatopa nukaa. Eciu BeipaxkeHue type (s)==str JOX-
HO, TO HUYETO 3TOr0 He IPOUCXOIUT U HAYMHAET IPOBEPSITHCS CAeAYIOUIMI aJ1e-
MEHT CITUCKa.

Ecuiu ipu mepe6ope 3/1eMEHTOB CIIMCKA HU O/IMH U3 HUX HE OKa3aJICsl TEKCTOBBIM,
OCHOBHAsI YacTb OllepaTopa UKJIa 3aKaHYMBaeTCs "HUYEM"': HUYETO He TPOUCXO-
aut. Ho aTo elile He OKOHYaHHUE OTEpaTOPA IIUKJIA. Y HETOo eCcTh else-0JI0K, KO-
TOPBI "BCTyIaeT B UTPY" €CJIM B TeJie OllepaTopa LIMKJa He BBINOJIHSIACh UH-
cTpykuusi break. B else-6710ke BbIMOJHSIETCS BCETO OJIHA KOMaHaa print ("
B cnucke HeT TeKCTOBHx ajemeHTOB!").Takum ob6pa3oMm, ecau break-
HWHCTPYKIIMS He BHITIOJIHSIACH (4 3TO O3HAYAET, UTO B CIIUMCKE HET TEKCTOBBIX 3JIe-
MEHTOB), TO TOSIBUTCSI coobiienue u3 else-6s0ka. Ecam uHCTpyKIms break
BBITIOJIHSIACK, COOOLIeHNEe U3 else-6J0Ka He MOSIBUTCS. 3aTO B 3TOM CJIyyae
HOSIBUTCSI COOOILIEHKME U3 YCJIOBHOTO onepatopa (BBHINOJIHACTCS mepel break-
UHCTPYKIUEN).

Pe3ysTaT BBINOJIHEHUS IPOTrPaMMBI JIsI CJIy4asi, KOr/ja B IIPOBEPSIEMOM CIIHCKe
HeT TeKCTOBBIX 371IEMEHTOB, TIOKa3aH HUXe:

PeaynbTar BbINOAHEHNS MPOTPaMMBbl (M3 IMCTMHMa 2.9)

[I[poBepsAeM COOEepXMMOe CIIMCKa:
Cnucox: [1, (3+23j), True, 4.0]

B cnucke HeT TEeKCTOBHX 3JIEMEHTOB!
[IpoBepka 3akKOHYEHa.

Ec/iM B CITUCKe TEKCTOBBIE 3JIEMEHTHI €CTh, PE3YJIbTAT BBINOJTHEHUS IPOrPAMMBI
MOJXKET OBbITD CJIE LY IOIIUM:

PesynbTar BLiNOAHeHMs NporpaMmbl (U3 ncTunra 2.9)

[IpoBepseM COOEPXMMOE CHMCKa:
Cnmcok: [1, (3+23j), 'Python', 4.0]
B cnmMcke eCTb TEeKCTOBEE 3JIEMEHTHI!
[I[poBepka 3akOHUEHa. '

0 Hasametky

[ns yno6cTBa B UCXO4HOM NPOrpaMMHOM KOAE ECTb ABE KOMaHAbl 06bsABNEHNA cnucka
myList, HO TONbKO OAHa BLINOJSIHEHA B BUAE KOMMEHTapusi. B nepBom cny4ae cnncok
HE COAEPXMNT TEKCTOBLIX 3/1EMEHTOB, BO BTOPOM - COAEPXMUT. MNpn He06X0AMMOCTH OOHY
KOMaHAY MOXHO BblAE/MTb KOMMEHTAPUEM, B OPYrO KOMMEHTUPOBAHWE OTMEHUTD.



Taxxke obOpaiijaeM BHUMaH1e U HATIOMUHAEM YMTATEJIO, YTO TeKCT B Python Mox-
HO BbIJIEJIATh KaK ABOMHBIMHU, TAaK U OMHAPHBIMU KaBbIukaMu. [Ipu BbIBOZIE CO-
JIEP>)KUMOTO CITUCKA C TEKCTOBBIM 3JIEMEHTOM TEKCT OTOOpakaeTcsi B OJUHAPHBIX
KaBBIYKaX, XOTSI B POrPAMMHOM KOJI€ JIJIsl 3TOi 11T MbI UCITOJIb30BAJIH BOK-
Hble KaBbIYKH.

B cienyromeM npuMepe Mbl PeIIMM 3a7a4y O TIOUCKE COBIAJAMINIUX 3JEMEHTOB
B IBYX ciuckax. [Ipu pemeHuU MbI BOCIOJIb3yeMCsI IBYMsI OllepaTOpaMHU IUK-
Ja for, IpUYeM B OJTHOM OMEPATOPE IIUKJIa OYIET BHI3BIBATHCS APYTOM - TO €CTh
peub UET O BJIOKEHHBIX OllepaTopax IUKJja. PaccMOTpUM MpOrpaMMHBIN KO B
Jctunre 2.10.

~ Nuctwnr 2.10. Cosnapenne anemenToB B cnuckax.

print("Hchx COBIagamlMx 3JIEMEHTOB.")
# IlepBEII CHOMCOK
A=[2,False,9.1,2-13j,"hello",5, "Python"]
# BTOpOI COMCOK
B=[5,3,"HELLO",7,12.5,"Python", True, False]
# OTobpaxaeM comepxmMmoe 1-To Cnmcka
print ("1-1 cnmucok:",A)
# OrobpaxaeM comepxumoe 2-TO CIMCKa
print ("2-1 cnucok:",B)
print ("CornazmawoT:")
# VHIOekC Oja HyMepaluuyu 3JIEMEHTOB 1-TO CHmMcKa
i=0
# BHeWHMN onepaTop LUMKJA.
# IepebupaeM 3JIEMEHTH 1-T'0 cCnmMcka
for a in A:
# HOBEIM MHIEKC 3JIEMEHTa M3 1-T0 cnmcka
i=i+l ‘
# VHOoekc OJyig HyMepaluuy 3JIEMEHTOB 2-TO CIMCKa
j=0
# BHYTpEHHMM ONepaTop LUMKJIA.
# llepebupaeM 3JIEMEHTH 2-TO CIMCKA
for b in B:
# HoBeM MHIOEKC 3JleMeHTa M3 1-Tro cmomcka
j=3+1
# YcinoBHEM oneparop. lIpoBepsaem
# paBEHCTBO 3JIEMEHTOB
if a==b:
# Ecy 3JIeMEHTH COBNAaNaioT
txt=str(i)+"-u sgemeHT M3 1l-ro cnucka um "
txt=txt+str(j)+"-i1 snemeHT U3 2-1r0 crnmcka"
print (txt)
# 3aBepleHME NPOTPAMMEL
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print ("llouck 3axoHueH.")

B nporpaMme 0ObsIBSIIOTCS 1B CITUCKA, A ¥ B, MX 3JIEMEHTBI YKa3bIBAIOTCS SIBHO.
CoaepxuMoe CIUCKOB 0TOOpaXkaeTcsi B KOHCOJIbHOM OKHe. KpoMe criuckoB, Mbl
UCIOJIb3yeM JiBe epeMeHHble. [lepeMeHHasi 1 npegHa3HAYeHa JJIs1 3alIOMUHA-
HUSI MH/IEKCOB 3JIEMEHTOB U3 MEPBOTO CIIUCKA, a IEPEMEHHAS J CJIYXKHUT TOU XKe
1[eJTH, HO TOJIBKO IO OTHOILIEHHIO KO BTOpoMY criucky. [lepemeHHas i cpe3y mo-
JIy4aeT HayaJIbHOe HyJIeBOe 3HaueHHe. ITO MPOUCXOJUT KaK pa3 Mepesl HayaIoM
BBITIOJTHEHHUST BHELIIHETO ONEepaTopa LUKJA, B KOTOPOM MepeMeHHasi a mpobera-
€T 3HaueHusI U3 Crucka A. To ecTb BO BHEIIHEM I[HKJIe IePeOUPAIOTCS 3JIEMEHTBI
HIepBOTO CIUCKA.

B onepatope 1uk1a KOMaHI0¥ 1=1+1 3aa€Tcs 3HaUEHUE TOPSIAKOBOrO HOMEPa
7S 37IeMEeHTa TIEPBOTO CIHCKa, KOTOPBIH MPENoJIaraeTcsi CpaBHUBATH C 3JIEMEH-
TaMH BTOPOTO CITUCKA. Takxe mepeMeHHas j MOJy4yaeT HyJieBoe 3HavYeHue (3Ta
nepeMeHHas1 ONpejieJisieT MOPSIIKOBBI HOMEp 3JIEMEHTA BO BTOPOM criucke). [1e-
pe6op 37IEMEHTOB BTOPOTO CIIMCKA OCYLIECTBJISIETCSI BO BHYTPEHHEM OIlepaTope
1IMKJa. B 3TOM BHYTpeHHeM omepaTope IUKJIa IepeMeHHasl b MocJie0BaTeTbHO
NPUHUMAET 3HAYEHUS U3 CITUCKA B.

Bo BHyTpenHeM onepaTtope 1MKJIa KOMaHI0H j=7+1 Ha eIUHHUILY YBeJIUUUBaeT-
csl 3HaYeHHe TIePEMEHHON j, TaK YTOObI TIEPBOMY 3JIEMEHTY B CIIMCKE COOTBET-
CTBOBAJI MEPBBI MOPsAKOBLIN HOMED. Ilocse aToro B ycj10BHOM omnepaTope mpo-
BepsieTCs yCa0BUe a==b. BrlnosHeHue 3TOro ycjaoBUsi 0O3HA4YaeT, TO 3J1€eMEHTHI
CIIMCKOB COBIAA0T. B 3TOM ciiyyae AByMsi KOMaHJaMU txt=str (1) +"-i1 a1
eMeHT M3 1-10 cnmcka M " U txt=txt+str(j)+"-11 snemMeHT U3 2-
ro cnucka" ¢GopMUDPYETCs TEKCT st OTOOpakeHusl, a KOMAaHIOM print (txt)
3TOT TEKCT OTOOpaXkaeTcsi B KOHCOJIbHOM OKHe (OKHE BBIBO/IA).

Takum 06pa3oM, ecyiu 3JIEMEHTHI CIIMCKOB COBIA/IAIOT, MOSIBJISIETCST COOOIIEHHE
0 TOM, Kakue (IO MOPSIAKOBOMY HOMEDY) 3JIEMEHTHI B IIEPBOM U BTOPOM CIIU-
CKax COBMaaioT. Pe3yibTaT BBIMOJHEHHS 3TON MPOrPAMMbI BBITJISIAUT CJIEAYI0-

UM 06pa3oM:

 PesynbTar BLINOAHEHNS NPOTPaMMB! (M3 ucTuHra 2.10)

[louck coBnamamiMx 3JIEMEHTOB.

1-1 cnmcok: [2, False, 9.1, (2-1j), 'hello', 5, 'Python']
2-1 cnucok: [5, 3, 'HELLO', 7, 12.5, 'Python', True, False]
CoBnamamnT:

2-71 3JIeMeHT M3 1-T0o cnmucka M 8-y 3JIeMeHT M3 2-T'0 CIMCKa
6-11 3JIeMeHT M3 1-T0o cnmcka U 1-1 3JeMeHT M3 2-I'0 CIUCKa
7-11 3J71eMeHT u3 1-Tro0 comMcka ¥ 6-¥M 3JIeMEeHT M3 2-T0 CIMUCKAa
[louck 3aKOHUYEH.



£ Ha3zametky

Bbllwe B MPOrpaMMHOM KOOE TEKCT (nepemeHHasi txt) 41 0TO6paxeHns B KOHCOJb-
HOM OKHe Npu1 COBNaAeHUN 31EMEHTOB CNNCKOB GOPMUPOBANCA B HECKOLKO 3Tanos no
O4YeHb NPOCTON NPUYNHE: 0AHA KOMaHAa Buirnsaena 66l 4O0CTaTOYHO FPOMO3KO.

M3 npvBeaeHHOro npumepa BUAHO, HTO NP CPaBHEHWUN TEKCTOBLIX NePEMEHHbIX UMeeT
3Ha4YeHne He ToNbKO BYKBEHHbIN COCTaB TeKCTa, HO u perncTp byks (6onbwme nnmn ma-
neHbkue).Takxe CTOMT 3aMeTUTb, HTO B Hallel NnporpaMMe He npegycMoTpeHa obpa-
60TKa cny4as, koraa CoBnageHuin B Cnnckax HeT. Hu4ero cTpawHoro B 3ToM cny4ae He
Npon3onaeT, HO pe3ynbTaTt 6yAeT BbirNaAeTh HE O4EHb ACTETUHHO.

XoTs1 yCIOBHBIE OTNIEPATOPBI ¥ OMEPATOPHI IMKJIA MPEACTABJISIOT CO60M A0CTa-
TOYHO MOII[HOE CPECTBO U MO3BOJISIIOT PELIaTh MHOTME HETPHBUAJIbHBIE 3a/1a-
uy, B Python cymiecTByer elle ogHa CHHTaKCH4eCKasi KOHCTPYKIUsI, KOTOpasi B
M3BECTHOM CMBbICJIE MOXET ObITh OTHECEHA K YIPABJISIOUMM UHCTPYKIHSIM - BO
BCSIKOM CJIy4ae, OMH 13 BO3MOXKHBIX BADHAHTOB €€ MCII0JIb30BaHHSI CBOAUTCS K
OpraHM3allMi TOYeK BeTBJIEHHs B mporpamMe. Peub et 06 o6paboTke uckiio-
UUMENLHBIX CUMYAUU.

O0GpaboTKa UCKTIOYNTESIbHBIX CUTYaUUn

- He x00u myda, mam mebs #oym nenpusmno-
cmu.

- Ho xax #ce myoda ne xo0umv? Onu xce xcoym!
usm/p "Kmo cxasan "may"”

Kaxkoit 6b1 BUTHEBATO-U30IPEHHDII IPOrPAaMMHbII KO/ HH cO3/aBaJics, "0060ii-
TU" BCce "OMAacHble MeCTa" U MpeyCMOTPETh BCe BO3MOXKHBIE BAPHAHTHI Pa3BU-
THSI CUTYalluy Jajieko He Bceraa yaaetcs.. OcobeHHo 3Ta mpobJieMa aKTyaJsibHa,
KOr/ia B IpOrpaMMe 4acThb JaHHBIX CUUTHIBaeTCs U3 daiiyia Ui BBOAUTCS B IIPO-
rpaMMy MOJIb30BaTEJIEM YKe B MPOIIECCE BHIMIOJHEHHS TPOrPaMMBbL. B aTtux ciry-
Yasix BeJIMKa BEPOSITHOCTb MOJIy4YeHHUsI IPOrpaMMON HEKOPPEKTHBIX JaHHBIX. B
TaKUX CJIy4Yasix MPU BBIMIOJHEHUH MPOrPaMMbl MOTYT BO3HMKaTh omubOku. Ca-
MOEe TJIaBHOE ¥ HanboJiee HEMPUSITHOE CJIeICTBYE BOSHUKHOBEHUS OLIMOKH - 3TO
npesx/eBpeMeHHoe "aBapuiiHoe” 3aBepineHue mporpamMel. B Python cyuectsy-
€T MeXaHHU3M, KOTOPBIH MM03BOJISIET TPOTPaMME BBITIOJHSATHCS JaKe MOCJIe TOTO,
KaK BO3HMKJIA omnbOKa. Bece aT0 Ha3biBaeTCst OOIUM U eMKHM TEPMHHOM: 06pa-
60MKA UCKIIOUUMEDHBIX CUMYAUUIL.

O1mubKY, MJIK UCKJIIOYUTENbHBIE CUTYaINK, ObIBAIOT pa3Hbie. OOBIYHO BBIIEJIS-
10T TPH THUIIA OIIUOOK:

* OwmubKH, CBsI3aHHbIE C HENMPABUJIbHBIM CHHTAKCHCOM KOMaH[. [Ipyrumu
CJIOBaMH, 3TO OIIMOKH, CBsI3aHHbIE C HEMPaBUJIbHO HaGPaHHBIM KOAOM. Ta-
KM€ OIIMOKY BBISIBJISIIOTCS TIPOCTO ¥ 63 0COObIX YCUJIMIA: TPU MOMBITKE 3a-
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ITyCKa Ha BBINIOJIHEHHUE IIPDOIr'PaMMBbI C HETIPpABUJIbHBIMU KOMaHZlaMH, CKOp€EE
BCero, 6y11e'r BbIBEJEHO COO6I.L[€HI/IE 0 MecTe OIIMOKHU U IIpUYHUHE €€ BO3SHUK-
HOBEHU .

* OmubKH, CBsI3aHHbIE C "HEMPABUJIbHBIM" aJTOPUTMOM BBIMTOJHEHHUS MPO-
rpamMmbl. To ecTb OIUOKH, KOTOPbIE CBSI3aHbI C TEM, YTO MPOrpaMMa Kak Ta-
KOBasi COCTaBJIeHa HEMTPaBUJIBHO (XOTsI ¢ HOPMaJIbHOM TOYKHU 3pEHUSI BCe KO-
MaH/Ibl KOPPEKTHbIE). ITO OUeHb "'KOBapHbIE" OUIMOKH, TOCKOJIBKY OOBIYHO
HHKaKHUX MPeAYIPEXIAI0INX COOOIIEH I He MOSIBIsieTCs1, TporpaMma pabo-
TaeT, a pe3yJbTaT - HepaBUJIbHBII. Bo3aMoXkHOe pelreHre Npo6eMbl: TeCTH-
pOBaHMe NPorpaMMbl Ha MOJEJIBHBIX IIPUMEpPax WM 3a7ayax, A1 KOTOPBbIX
M3BeCTeH IPaBUJIbHBIN pe3yJIbTarT.

* OumubKHU BpeMeHU BBIMIOJHEHHUs, BO3HUKAIOIIME B TPOIECCE BBIMOJHEHUSI
MPOTPaMMBbI M CBSI3aHHbIE C HEKOPPEKTHOCTBIO NEPENAHHBIX B IPOrPAMMY
JIAaHHBIX, HEJJOCTYIHOCTHIO PECYPCOB H TIP.

[ToHSATHO, YTO [AaJieKO He JJIs1 KaX/J0i OUIMOKHA MOXKHO BBIMOJTHUTH 06pabOTKY
TaK, YTOOBI MIPOrpaMMa MpOo0JIKaja BEIMOMHATHCSA. OHAKO B HEKOTODPBIX CJIY-
yasx Takas 00paboTKa MOXeT ObITD BbimoHeHa. COOCTBEHHO O TAKUX MOTEHIH-
aJIbHO "OTJIaBJIMBaeMbIX" OLIMOKAX, UX MepexBaTe 1 06paboTKe peub Oy IeT UATH
naJee.

O6ast uzesi, 3aJ0XKeHHast B OCHOBY MeToJa 06pa00TKM MCKJIOYMTETbHBIX CH-
Tyallui, Takas: MPOrPaMMHBIN KOZ, B KOTOPOM TeOpeTHYECKH MOXKeT BO3HUK-
HYTb OLIMOKA, BbIJIEJISIETCS CIEIMAaTbHBIM 00pa3oM - 00pa3Ho roBopsi, "6Geper-
Cs1 Ha KOHTPOJIb". EC/IM Ipy BBHIMOJTHEHUH 3TOr0 IMPOrPaMMHOIO KoJa OIIHOKa
He BO3HUKAET, TO HUYEro 0COOEHHOTO He MPOUCXOAUT. Ec/i npu BHIMOJHEHUH
"KOHTPOJIMPYEMOT0” KO/Ia BO3HUKAET OIIUOKA, TO BHIMOJHEHHE KO/a OCTaHABJIHN-
BaeTCsl U aBTOMaTHYECKH CO3/1A€TCST UCKIIOUEHUE - OOBEKT, COlEPXKAIIUIT omuca-
Hue Bo3HUKIIEN omuOKHU. C MpaKkTUYECKOM TOUKU 3PEHUS] MBI MOXKEM IyMaTh 00
UCKJTIIOYEHUH KaK O HEKOTOPOM COOOIIEHHH, KOTOPO€e TeHepUPYeTCsT HHTepIIpe-
TaTOPOM B CUJIY BO3HUKIIE!N OUIMOKHU NPH BBIMIOJHEHUH KOJIa UJIH U3-3a HEKOTO-
PBIX IPYTHX 06CTOSITENBCTB, 6JIM3KUX MO CBOEH MPUPO/IE K OLIMOKE BBITIOJTHEHUST
Koza. X0Ts olKbKa 1 KCKJIIOUYEHHE - 3TO He OJTHO U TO XK€ (UCKJIIOYEHHUE SIBJISET-
Cs1 CJIeJICTBHEM OIIMOKH ), MBI, €CJIH 3TO He Oy €T MPUBOIUTD K HEJI0Pa3yMEHHUSIM,
00BIYHO OY/IEM OTOX/IECTBJISTH 3TU MOHSITUSL

Jlnst 06paboTKKM UCKJIIOYMTENbHBIX CUTyalui B si3bike Python wucmosb3yercsi
KOHCTpYKIUs try-except. CyliecTByOT pa3Hble BapUallMM HUCIIOJb30BaHUSI
3TOi KOHCTPYKIMU. MBI HAUHeM ¢ HauboJiee IPOCTHIX CUTYAIHA.

MoxeMm MMOCTYIHUTD CJIEAYIOLIUM o6p330M: I0ocJIe KJII0UEBOI'O CJIOBa try U IBO-
€TOYHA pa3MellaeTCs 610K IMpOrpaMMHOIo Ko/a, KOTOprﬁ Mbl IOAO03pEBAEM
Ha npeaMeT BO3MOXXHOI'0O BOBHUKHOBEHU A OMOKH. ITOT KOJQ 6y11€M Ha3bIBaThb



OCHOBHbIM U KOHmMpoupyemovim. 110 3aBepiieHUH 3TOro 6JIOKA yKa3bIBAETCS
KJIIOYEeBOE CJIOBO except (C IBOETOYUEM ), TOCJIE€ KOTOPOTO UJET €lile OJMH OJI0K
MPOrpaMMHOr0 Kojia. ITOT KOj 6y/1eM Ha3bIBaTh 8CROMOZAMENbHbIM UIIH KOOOM
obpabomku uckmouerus. To ecTs abJI0H TaKoit (KUPHBIM MIPUGTOM BbIIEIEHBI
KJIIOUEBBIE 3JIEMEHTHI):

Nelelsle oo 0laisiels STleTe Te)e [0 o s 0le s STTSTRTeTeTSTaTeTeToTa e oo o aToToToTa o SToTa s oToTe 0 o 0 o 0 /s sja[sToTeTeTalo sTeln /e o s 0/e sTeTo\o v e sTeTa]s}e
: try:

# ocHOBHOM KOI
except:

# BCnoMoraTesbHEM KOI

eeecccccccoe
eecccccsccccce

0 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Ecii mpu BBITIOSTHEHMH OCHOBHOTO KOjfia B 6JI0Ke t ry omibKa He BO3HUKJIA, TO
BCIIOMOTaTeIbHBIN MPOrPaMMHBIi KOJI B 6JI0KE except BBINOJIHSITHCS He Oy /IeT.
Ecsu npu BBINOJTHEHUM OCHOBHOTO KO/Ia B 6JIOKE t r'y BO3HHKJIA OIIUOKA, TO BbI-
NIoJIHEHHE KoJla t ry-6Ji0Ka TpeKpaIiaeTcsi, ¥ BBIMOJIHSETCS BCIIOMOTraTeIbHBIN
ko[ B 6y10ke except. [Tocsie aToro ynpasJjieHue nepefaeTcs Caeayoleil KOMaH-
Jie 1ocJie KOHCTPYKIUHU try—-except.

[TpuMep UCTIOIH30BAHUS KOHCTPYKIIMU try—except B OMUCAHHOM Bbillie pop-
Marte npuBe/ieH BucTuHre 2.11. B 3ToM puMepe peub U€T O pellleHuH JIMHEH-
HOTO YpaBHEHUs BH/a . ITO ypaBHEHNE UMeET OUEBUTHOE PELIEHUE , HO 3TO MPH
YCJIOBUH, YTO TIAPAMETP OTJINYeH OT HyJisl. [IocKOoIbKY mapaMeTpbl U BBOJSITCS
TI0JIb30BaTeJIEM, TO, KAK TOBOPUTCSI, BOBMOXKHBI BaDUAHTBL

print ("PemaemM ypaBHeHue ax = b")
# Hauaso try-6iioka (OCHOBHOM KOI)
try:
# OnpernesisieM NEpPBHM NapaMeTp. Bo3MoOxHa oumbka
# npu npeobpasoOBaHMM TEKCTa B UYMCIIO
a=float (input ("BBeguTre a: "))
# OnpemenseM BTOpPOM NapaMeTp. Bo3aMoxHa omwmbKa
# npu npeoBpaz0BaHMM TEKCTa B UUCJIIO
b=float (input ("BBeauTe b: "))
# PewmeHme ypaBHeHUs. Bo3MOxHa ommbKa
# npuM OeseHMM Ha HOJIb
x=b/a
# OrobpaxaeTcsa 3HauUeHMEe NJid KOPHS YypaBHEHMA.
# KomaHIa BEHIIOJIHAETCS, €CJM IO 3TOTO He BO3HMKIM

# oumbxu

print ("PemeHue ypaBHeHUsa: x =", Xx)
# Hauasno except-6jioka (BCIOMOT'ATEJIbHEIM KOI)
except:

# KoMaHIa BHIIOJIHAETCS TOJIBKO €CJIM paHee
# Npy BHNOJHEHMM OCHOBHOTO KOHa BO3HMKJIA oumbka
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print ("Bel BBeJIM HEKOPPEKTHHIE IaHHEE!")
# KoMaHIa BEINIOJNIHAETCHA MNocjie Giioka try-except
print ("Cnacubo, paboTa nporpaMmel 3aBepleHa.")

PesyssraT BBINOTHEHMS 3TOTO MPOrPAMMHOTO KOZIa 3aBUCUT OT TOTO, KaKOe 3Ha-
YyeHHe BBOAMT I0JIb30BATE/Ib - B TOM YUCJIE NIPU HEKOPPEKTHO BBEJIEHHOM 3Ha-
YeHUH MOYKET BOSHMKHYTb OIIMOKA, M TAKHE CUTyal[ii 00pabaThIBAIOTCS B MTPO-
rpaMMHOM Kojle. bojiee KOHKpPETHO, B HavaJjie BBIITOJIHEHUS] TPOrPAaMMBbI MOJIb-
30BaTeNIIO Tpe/JIaraeTcsi BBECTH 3HAUYEHMS ISl IEPEMEHHBIX a U b (KOMaHIbI
a=float (input ("BeeauTe a: "))HUb=float (input ("Beeoute b: "))).
B manHOM ciiyyae BBeJEHHBIE MI0JIb30BATEEM 3HAYEHUSI IPEOOPA3YIOTCS K YHC-
JIoBOMY dopmMary.

0 Hasametky

Ana npeobpas3oBaHus TEKCTOBOro NPEACTaBNEHUS YMCNAa K YACNIOBOMY 3HA4YeHuio (B
dopmarte c nnasaowen To4kon) ncnonb3osaHa GyHKUMS float ().

[TousiTHO, UTO ecu MOJIb30BaTe b BBeAET HEMIPaBUIbHOE 3HaUeHue (TO ecTh He
YKCJI0), TO BO3HUKHET olnbKa. [I03TOMy COOTBETCTBYIOLIME KOMaH/IbI pa3Me-
1ieHbI B 6J10Ke try. B aToM xe 6J10Ke ecTh KOMaHIa X=b/a, KOTOPOX Ha OCHOBE
3HAYeHMI IEPEMEHHBIX & U b MpUCBaUBaeTCs 3HaYeHUe epeMeHHOoU x. /[0 aToi
KOMaH/bl "ouepenn” TOU/IET, TOJIbKO ecid OYyIYT YCHEeUIHO BBIMIOJTHEHbBI PeIbl-
Ayluye 1o MpUCBauBaHUIO 3HAUYEHUI MepeMeHHbIM a U b. Ho paxe korzaa Bce
MPOILLJIO I'JIAIKO Ha MPebIAYIUX 3TANaX, HAC BIIOJHE MOXET XX/ATh HOBBII CIOp-
NPU3: eCJIU NIEPEMEHHON a MPHCBOEHO HyJIEBOe 3HaYeHUue (HUKTO He 3ampenia-
€T I0JIb30BATEJIIO TaK MOCTYMUTD), TO IIPHU BHITIOJHEHHNH KOMaH/bl x=b/a BO3-
HHUKHET OIIMbKa JejieHus Ha HOJb. [I0aTOMy TaHHast KOMaH/Ia TaK)Ke MoMelleHa
B 610k try. B 3TOM 6J10Ke ecTb ellle 01Ha KOMaH/Ia - peub 00 MHCTPYKIMU prin
t ("PeweHnne ypaBHeHMA: X =", X), KOTOpOH 0T06pa>1<aeTc51 3Ha4YeHue 1J19
KODHSI YpaBHEHUSI.

[Tomumo 6J10Ka try, B IPOrpaMMHOM KoJfie uMeeTcsi 6710k except. B aTom 6:10-
Ke BCero oHa KoMaHJa print ("Bul BBeJiM HEKOPPEKTHHE IOaHHBEE!").
B0k except "BcTymaer B Urpy” TOJIBKO €Cjiv B 6JIOKE try BO3ZHHMKJIA OIIHO-
Ka. /[pyruMu cJioBaMH, KOMaH/bl B GJIOKE try BBIMTOJHSIIOTCS'OHA 32 APYTOM, 1
M0Ka He BO3HUKAeT OUIMOKa, BCe IPOUCXO/IUT TaK, Kak ecJii ObI OHU OBLIM CaMBbI-
MU OOBIYHBIMM KOMaHaMH, 6e3 BCAKOro 6J10Ka t ry. Eciiu ommbKa Tak ¥ He BO3-
HMKJIA, TI0 3aBePLIEHUH BBIOJHEHUs 6JI0Ka try KOMaH/bl B OJIOKE except He
BBITIOJTHSTIOTCS, @ CPa3y HAYMHAIOT BBIMOJIHSATHCS KOMAH/IBI IOCJIE€ KOHCTPYKI[UU
try-except. B maHHOM ciy4yae 3TO KOMaHAa print ("Cnacmubo, paboTa
nporpaMMuel 3abBepueHa."). Eciu Ha KakoMm-To 3Ttame B 6JIOKe try MOSIBU-
Jlach olIMOKa, BHIMOJTHEHHE KOMaH [ 6JI0Ka try MpeKpaliaercs, 1 HAUWHAIOT BbI-



MOJTHSITHCST KOMaH/IbI (B HallleM PMMepe OHa OJHa) B GJIOKe except. 3aTeM BbI-
HOJIHSIIOTCS KOMaH/bI [MOCJIe KOHCTPYKIUU try-except (TO €CTh MOCIeAHSIS
KOMaH/[a B IPOrPaMMHOM KO/I€ BBITIOJIHSIETCS B JIIOOOM CJIydYae - He3aBUCHMO OT
TOro, 6n1y1a omnbKa B t ry-6JI10Ke, UK HET).

Huxxe nokasaHo, Kak MOKET BBITJISIIETh Pe3yJIbTAaT BBHIIOJHEHUS TPOrPaMMBbI B
CJIy4ae, eCJld BCE JaHHBIE TOJIb30BaTEJIEM BBOJASITCS KOPPEKTHO (371€Ch U JlaJiee
BBO/I [T0JTb30BATEJISI BbIZIEJIEH )KUPHBIM IIPUGPTOM):

- PesyneTar BhinonHeHus nporpamMmbl (43 aucTunra 2.11)

PemaeM ypaBHeHMe ax = b

BBenoure a: 5

Beenure b: 8

PeweHre ypaBHeHMs: X = 1.6

Cnacubo, paboTa nporpaMMe 3aBepleHa.

Ecimn BMecTO 4MCI0BOrO 3HAYEHUST BBECTH HEUTO JPYTO€, MOXKEM IOJIY4YUTD CO-
BCEM MHOU pe3yJIbTaT:

PeaynbTat BbiNONHEHNS NPOrpaMMbl (M3 nctwwra2.11)

PemaeM ypaBHeHMe ax = b

BeenuTre a: text

Bel BBEJIM HEKOPPEKTHEIE IOaHHHE !
Cnacubo, paboTa NporpaMMEl 3aBeplleHa.

HpaKTI/I‘{eCKI/I TaKou XKe pE3yJabTaT NMoJjyd4aeM, €Cjan A1 nepeMeHHoﬁ a yKa3aTb
HYyJIeBO€ 3HaY€HHE:

Peaynbrar BbiNONHEHNs Nporpammbl (u3 anctuira 2.11) -

PemaeM ypaBHeHME ax = b

Beegure a: 0

Beeoure b: 3

Bl BBEJIM HEKOPPEKTHHE IOaHHHE !
Cnacubo, paboTa NpOorpamMMmu 3aBepleHa.

B npuHiune, cxeMa 06pabOTKH UCKTIOYUTEIbHBIX CUTYAI[HiA, OTTUCAHHAS BHIIIIE,
BO MHOTOM IpocTa 1 yao6Ha. Ho u oHa He jiuiieHa He1ocTaTKoB. B nmepByio ove-
pens cpa3y 6pocaeTcs B r71a3a, YTO pas3Hble OUIMOKU 06pabaThIBAIOTCST OJMHAKO-
BO. To ecTh, Kakast ObI HM BO3HUKJIA OLIMOKA, PEaKIUs TPOrPaMMBI Oy I€T OJ[HA U
Ta Xe€.

Bouee TOr0, CUTyallusI MOXET OBITh enre 6oJee HEOHHOSHaQHOﬁ. ﬂOHyCTI/IM, MbI

CJIy4YaiiHO (MM He OY€eHb) OLIMOIUCh B HATIMCAHUYU Ha3BaHUSs, HATIPHUMeED, (PyHK-
uu float () B koMaHAe a=float (input ("Beemure a: ").lIpu3anycke Ha
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BBIMIOJIHEHHE TIPOrPAMMHOI0 KO/Ia MOJYYUM TaKyIO MOCJIeI0BATENbHOCTh CO00-
HIEHU:

PemaeM ypaBHEHME ax = b
Bel' BBEJIM HEKOPPEKTHEIE IaHHHE !
Cnacmubo, paboTa nNporpaMMmel 3abBeplleHa.

[louemy Tak nmpoucxoaut? [loroMy YTO B MCHOJIb30BAaHHON HaMH CXeMe Iepe-
XBaTBIBAIOTCSI BCE OUIMOKHU M MOTOMY YTO MPOrpaMMHBIif koa Python BbimosiHs-
€TCs1 MHTEPIPETATOPOM MOCTPOYHO (6€e3 MpeaBapuTeIbHON KoMmuusuu). Kor-
[a Yepeja MOXOIUT 10 BBIMOJHEHHUS KOMaH[AbI C HEM3BeCTHOU (yHKuuei (He-
NpaBUJIbHOE Ha3BaHWe (DYHKIMH), eCTECTBEHHO BO3HHMKaeT oummbka (KJacca
NameError), u 3Ta omnbKa rnepexBaThiBaercs B 6s10ke except. [loaTomy MbI
[ake He CMOXKEM 3Ha4yeHUe J1JIsI IEPEMEeHHOH a BBECTH.

C npyroii CTOpPOHBI, €CJIM pedb U/ET HEe O HEMPAaBUJIBHOM Ha3BaHUM (PyHKIUU
(Hanpumep, float () ), a O HEKOPPEKTHOM CHHTAKCHCe KOMaHMbI (IOMYCTHUM,
[IBOIHbIE KaBBIYKK B TEKCTE He YKa3aHbl), TO 3TO YK€ HEMPaBUJIbHBIN CUHTAK-
CHC KOMaH/Ibl, 0 YeM IMOSIBUTCSI COOOIIEHHE cpa3y MOocCJje 3amycKa MPOrpaMMbIL.
O6BIYHO TakKe OUIMOKY aBTOMATHYECKH BBIJIEJISIIOTCS B OKHE PeIaKTopa KOJ0B
etite mpu Habope. XOTsi, KOHEYHO, MHOTO€ 3aBHCHT OT BO3MOXKHOCTE peIaKTopa.

Bosiee yroHueHHast 06pabOTKa MCKJIIOYUTEIbHBIX CUTYAlMi MOJpa3yMeBaeT u
6oJiee MHAMBUAYAJIbHBIN, TAK CKa3aTh, MOAX0A. Peub uaet o ToM, yTo6BI 06pa-
60TKa omn60K 6a3upoBaiach Ha TUIIE UJIK XapakTepe omnbku. Pazymeercs, 3To
B03MO>XHO. [Ipuuem onucanHas Bbille cxeMa 06PabOTKH MCKJIIOYUTENBHBIX CH-
Tyaluii mpeTepreBaeT MUHUMAJIbHbIe U3MeHeHus. Eciiu 6ojiee KOHKPETHO, TO
CUTyallus BBITJISIAUT TaK: B KOHCTPYKIMHU try-except mocJe 6J0Ka try yKa-
3bIBA€TCSI HECKOJIBKO eXcept-0JI0KOB, TPUYEM JJIst KaXKI0T0 6JI0Ka SIBHO YKa3bl-
BAaeTCs TUII OLIMOKH, KOTOPBIA o6pabaThiBaeTcs B 3ToM 6Jioke. KirroueBoe c10Bo,
ompeeJIsiioliiee THIT OIIMOKH, yKa3bIBAETCSI MOCJIE KJII0UYEBOr0 CJIOBA except Co-
OTBETCTBYIOIIEr0 OJI0Ka.

1 Ha3ametky

Boob6uwie aena o6¢ToaT Tak. Mpy BO3HUKHOBEHMU OUNGKM FreHepupyeTCcs UCKITIoUeHNE 1
co3naeTtcs 06bEKT, onMcbiBaOLWMiA OWMOKY. MO3TOMY TN OWKBKK - 3TO HA CaMOM aene
knacc, Ha OCHOBE KOTOPOro CO3aaeTcsi 00beKT UCKIoHeHUs (6onee To4Hoe Ha3BaHue,
npunsitoe B Python - ak3emnnsap ucknodenns). Apyrumm cnosamu, "tunonorus” owm-
60k 6a3mpyeTcs Ha nepapxum knaccos. Kaxapiit Knacc COOTBETCTBYET KAKOW-TO OWNG-
ke. PaboTta c knaccamm 1 o6bekTamu (ak3emnnsipamu knacca) o6cyxaaeTcs HeMHOro
noaxe. [la u 0CO6eHHOCTN NCNONIb30BaHUS KNaccoB 1 06bEKTOB 3AeCb HAaC Masno NHTe-
pecyioT. Bo BCcsikoM cny4ae, He 6ynet 60nbwot npo6nemoit, ecnn Mbl CTaHEM UHTEp-
npeTMpOoBaTL Ha3BaHWE KNlacca OLWMOKM NPOCTO Kak HEKOTOPOE KIIoYEeBOE CJI0BO, onpe-
pensiouwee Tvn, K KoOTOpoOMy OTHOCUTCS oLmnbKa.



B sTOM ciyyae maGsioH MPOrpaMMHOrO KOZa, coaepkauuii 06paboTKy
131105 (010)5 Pa3HOro TUIA, UMEET TaKOW BUJ ()KHprIM HIpI/I(bTOM BBI/I€JIEHBI
KJII0YEBbIE E)JIeMeHTI)I)I
try:
# OCHOBHOM KOI
except Twun_owmOkm_1:
# BcCIoMoTaTeJIbHEIM KOI
except Tun_ owmbkyu_2:
# BCHoMoTraTeJIbHBI KOI

except Tun_ownOky N:
# BCroMoTraTeJIbHENI KOI

ITOT KO/ BBIMOJHSETCS CIEAYIONMM 00pa3oM. BhIMOMHSIOTCS KOMaHIbI try-
6s10ka. Ecsin Bo3HMK 12 o1IMOKa, TO BHITIOJTHEHHE KOMaH/I t ry-0JI0Ka mpeKparia-
€TCsl U HAYMHAETCSI TI0CJIe[0BATEbHbBIIM TPOCMOTP except-6JOKOB Ha TpeMeT
COBMaJeHHUsI THITA OMIMOKH, KOTOpasi BO3HUKJIA, M TUIA OLIMOKH, YKAa3aHHOTO T10-
cJie KJIIYeBOro cJioBa B except-6s0ke. Kak To/bKO cOBMaieHne HaiIeHO, BbI-
TIOJTHSIIOTCST KOMaH/Ibl COOTBETCTBYIOIIETO eXcept-0JI0Ka, TOCJ/Ie Yero yupasJie-
HUe TepexXouT K KOMaH/Ie [T0cJie KOHCTPYKIUU try-except.

CoBrajieHue TUIIOB IIPU MOUCKeE HY)KHOTO except-6J10Ka 17151 00paboTKU OIIH6-
KU He 00513aTeJIbHO JI0JKHO ObITh "OyKBabHBIM". [l€J10 BOT B YeM.

MbI yke 3HaeM, YTO TUI OIIMOKH - 3TO HA CAMOM JIeJie KJIacC, KOTOPBIN OMHUCHI-
BaeT 3Ty omubky. Ho y kaccoB MOryT ObITh MOJAKJIACCH! (TPOM3BOIHBIE KJAcC-
Cbl). ITO MPUMEPHO TaK, Kak ecju Obl y ThUHa ObLaM MoATUINBL Mu, apyrum
CJIOBaMHM, /ISl HEKOTOPBIX KaTeropuii OmMOOK CyliecTByeT GoJiee AeTasbHasi
KJaccuuKanus Mo CPaBHEHHIO C OCTaJbHbIMH olubkamu. Hampumep, kiacc
ZeroDivisionError, COOTBETCTBYIOIIHMA omKbOKe JejieHUusl Ha HOJb, SIBJISA-
eTcsl MOJAKJIACCOM Kjacca ArithmeticError (apudmernyeckast omubdka). A
eule y kjmacca ArithmeticError ecTh nmoAkjaccel FloatingPointError
(ombka MpH omepanusix ¢ MaaBamllei Toukoil) u OverflowError (omubka
nepernoJiHeHus1). Tak BOT, mpu 06paboTKe UCKJIIOYUTEIbHBIX CUTYaIlUM TepexBa-
TBIBAIOTCSI HE TOJIbKO OIIMOKY OMpejieJieHHOro (YKa3aHHOro B except-6JI0Kke)
KJ1acca, HO U OUIMOKH TOKIACCOB 3TOro Kyiacca. Hanpumep, eciiv Mbl B except-
6JI0Ke yKaxkeM KJjacc omMOKH ZeroDivisionError, To OGyAyT MepexBaThi-
BaThCs OUIMOKU Tuna ZeroDivisionError (zesneHue Ha Hosb). Ho eciu B
except-6J0Ke yKasaTh Kjacc ArithmeticError, To B 3ToM 6yioke 6ymyT
nepexBaThIBaTbCsl U 00pabaThiBaThCs OMMOKM TuMa ZeroDivisionError,
FloatingPointError u OverflowError



naea 2. Ynpasnsiowme MHCTPYKLUMK

Ecnu npu mepebope except-6710K0B coBnajeHue (M0 TUIY OIHUOKH) He Hail-
JIEHO, BBINIOJIHEHHE KOJA MpeKpalaeTcsi ¥ MOosiBsieTcsi coobiienue 06 omub-
ke. [IpaBga, MOryT MCIIOJIB30BAThCS BJIOXKEHHBIE KOHCTPYKIIMU try-except.
B aToM ciyyae Heo6paGoTaHHasi OIIMOKA MOXET MEPeXBaThIBAThCS BHELIHUM
except-6J10KkoM (HO Takasi BO3MOXKHOCTH J0JIXKHA OBITh MTPEyCMOTPEHA B TIPO-
rpamme).

Ecsiv npu BeImoJiHEHUH try-6J10Ka oIMOOK He 6bLII0, KOIbl B except-010Kax
HE BBINOJIHSIOTCS.

B sucrunre 2.12 mpuBemeH NMpUMeEp HUCIOJb30BAHHMS HECKOJBKHX except-
6JIOKOB C SIBHBIM yKa3aHueM Tumna omu6ku. MakTHyecKd, TaM PELIaeTcs Ta e
3aJaya, YTO ¥ B MPEABIAYIIEM CJIydyae, HO TOJIBKO TEMephb UCIOJIb30BaH HECKOJIb-
KO MHOMH croco6 06pabGoTKH NCKIIOYUTEIbHBIX CUTY Il

 Tiuctaur 2.12. 06paGoTka OWMGOK PasHBX THIOE

print ("PewmaeM ypaBHeHMe ax = b")
# Hauayno try-6Jioka (OCHOBHOM KOX)

# OnpepmenseM NEepPBHM NapaMeTp. Bo3MoxHa owmbka
# npu npeoBpa30BaHMM TEKCTa B UYMCIIO
a=float (input ("BBenure a: "))
# OnpenerngeM BTOpPOM NapaMeTp. Bo3MoOxHa ommbka
# npum npeofpa30BaHMM TEKCTa B YMCIIO
b=float (input ("BBenure b: "))
# PemeHue ypaBHeHMs. BozaMoxHa oumbka
# npu meyleHMM Ha HOJb
x=b/a
# OrobpaxaeTcs 3HauUeHMEe OJiS KOPHS YypPaBHEHUS.
# KoMaHDa BHIIOJIHAETCS, €CJIM OO STOI'O HE BO3HUKIIM
# ommbrm
print ("PemweHue ypaBHeHMs: x =", X)
# Hauano except-6sioka (BCNOMOTATEJIBHEI KOI)
except ValueError:
# KomaHIa BHIIOJIHAETCS €CJIM NOJIb30BaTeJb
# BBEJ HEKOPPEeKTHOEe 3HaueHMe
print ("HyxHo OwIJIO BBecTM umcio!")
except ZeroDivisionError:
# KomaHIa BHINIOJHAETCS INPY [ONEITKE
# DesyleHMsa Ha HOJb
print ("BHmMaHMe! Ha HOJNb OenuThb HeJb3a!")
# KoMaHIa BHIIOJIHAETCs IocJye Ojioka try-except
print ("Cnacubo, pabora NporpaMMmbl 3aBepumeHa.")

[To GosbLIOMY CYeTy, U3MEHHJIACh, TI0 CPABHEHHIO C MPEABIAYIIHM IIPUMEPOM,
6OJIbKO Ta 4acTb KOJa, 4TO CBsI3aHa ¢ except-6jokamu. Bosiee TouyHo, Takux



6s10k0B Temneps ABa. [locsie mepBoro KJI04YEBOro CJIoBa except yKa3aHO Ha3Ba-
Hie ValueError. K kiaccy ValueError OTHOCSTCS OMIMOKH, BO3HUKAIOI[HE
[IPU PaCcCOriacOBaHUM TUTOB (HanpuMmep, GYHKIMK HYKeH apryMeHT YHUCJI0BOTO
THUIa, a epegaeTcs TekcT). Bo BTopom except-6J0ke 06pabaThIBAIOTCs OLIMG-
KM KJlacca ZeroDivisionError. KartoMy kiaccy oTHOCSTCS OIMOKY, BO3HU-
Kaloli[ye PY MOMbITKE BBITIOJHHUTD JIeJIEHHE Ha HOJIb.

Kak BuauM, a1 Kaxaoro except-6j0Ka mpejajaraercsi CBOM NMPOrpaMMHBII
Ko (B 060MX Cilyyasix BBIBOAMTCSI cOOOIIeHre ¢ MHGOpMAIMeil 0 TOM, 4TO JKe
npowusoiwio). [Ipu BeinosHeHuu Koaa B 6JI0Ke try ecu Mpou3oLLIa OMUOKa,
THII 9TOM OIIMOKH CHaYaJsIa COTMOCTABIISIETCS C KJIACCOM OIUOKHN ValueError B
nepBoM except-6Ji0ke. Eciii coBnaieHue ecTb, TO BBIMTOJIHSETCS KO/ 3TOr0 6J10-
ka. Ecsiu coBmazseHus HeT, MpoBepsieTCsl COBIMAjieHNe THUIA OLIMOKU C KJIACCOM
omnbku ZeroDivisionError Bo BropoM except-6Joke. Eciu ects coma-
JIeHUe - BBITMOJIHSIETCSI KO TaHHOTO except-6Joka. Eciu e u 31ech coBmae-
HMS HET, BBIIIOJIHEHHE IIPOrPaMMbl 3aBEpLIAETCS U MOSBJISETCS aBTOMaTHYECKU
CreHepUpPOBaHHOE UHTEPIIPETATOPOM coob1IeHre 06 ouInoKe.

B cnyyae, korzia Bce 1aHHbIE BBe/IeHbI KODPEKTHO, PE3YJILTAT BBHITIOJHEHUS TIPO-
rpaMMmbl Oy/IET TAaKUM e, Kak 1 paHee. Hioke moka3aHo, kak 6y et BbITJISIETh
pe3yJIbTaT BBIIIOJIHEHUS IIPOI'PAMMBI, €CJIU TP BBOJE /7151 IEPEMEHHOM b yKa3a-
HO HEKOPPEKTHOe 3HayeHue (>KUPHBIM MIPUGTOM BbI/IeJIEH BBOJ II0JIb30BATE IS ):

Pesynbrar BbhINOAHEHUS nporpaunﬁ (w3 nuctunra 2.12)

PemaeMm ypaBHeHMe ax = b

BeeouTe a: 3

BBenouTe b: number

HyXxHO OBIJIO BBECTMU YMUCJIO!

Cnacubo, paboTa NporpaMMel 3aBeplleHa.

Peaxiusi mporpaMmbl Ha MOTBITKY J€JIEHUsT HA HOJIb OyIeT TaKOo¥:

PesynbTar BbinosiHeHUs NporpaMmbl (M3 nucTunra 2.12)

PemaeMm ypaBHeHMe ax = b

Beegure a: 0

Beegure b: 5

BHuMaHMe! Ha HOJB OenUTb Hesb3a!

Cnacmubo, paboTa NporpaMMel 3aBeEplIEHa.

Crout Takxe 06paTUTh BHMMaHHe Ha cJefayiollee OOCTOSITEIbCTBO: OOpa-
6aThIBAIOTCS B JaHHOM CJjiydya€ TOJIbKO omMbKU KjaaccoB ValueError u
ZeroDivisionError. Eciu 6sl TeopeTuuyecku BO3HHUKJIA OLIMOKA KAKOTO-TO

HWHOrO THII4, TO OHa ObI IepexBadyeHa HE ObLia.
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Yo KkacaeTcsi KJIaCCOB UCKJIIOYEHHIT, TO KPOME IEPEYHCIEHHBIX BbIllle, HAaOO0JIb-
IIMI UHTEPEC C MPAKTUYECKOM TOUKYU 3PEHHST MOTYT IIPEJICTABISATD TAKUE:

. kunmquHeIndexErrorﬁBoaﬂnxaenKoraaHHaeKc(HaHpHMep,ﬂﬂﬂ
3JIeMEHTa CITHCKa) yKa3aH HeNpaBUJIbHO (BbIXOI[I/IT 3a rpaHUIBI J0ITY-
CTHMOTO /IMana3oHa). Crucku 06cy>1</:1a10Tc5{ B OJIHOH U3 cJIeyIOLUX
rJas.

* Hckimouenne KeyError: BO3HUKAET NP HEBEPHO YKA3aHHOM KJIIOYE
cioBapsi. CiioBapu 06CyKIa0TCS B OJTHOM M3 CJIEAYIONIMX TJIaB.

*  Hckmoyenne NameError: BO3HUKAET, €CJIM HE yIA€TCS] HAUTH JIOKAJTb-
Hoe WK I106ajibHOe uMsi (TIeEPEMEHHYI0) C HEKOTOPBIM Ha3BaHUEM.

e HckmoyeHne SyntaxError: CBSI3aHO C HaJMYMEM CHHTAKCHYECKUX
OIINOOK.

e Hckimouenne TypeError: CBI3aHO C HECOBMECTUMOCTBIO TUIIOB, KOT/IA
a1t 06paboTku (Hampumep, B GyHKIUN) TpeOyeTcsi 3HaYeHHe Orpe/e-
JIEHHOTO THIIa, a IepeIaeTCsi 3HaUeHUe IPyroro TUMa. ,

HexoTtopsie U3 3TUX UCKJII0OYEHHUIT MBI Oy/IEM HCTIOIb30BaTh (SIBHO UJIM HESIBHO)
B npuMepax. boJiee mogpo6HO KJIAaCChl MCKJIIOUEHUH U METOBI PAOOTHI C HUMHU
6yayT 0OCYKAAThCs TOCJIE TOTO, KAK MbI TO3HAKOMHMCS C KJIaCCaMU U OOBEK-
TamMu. B paccMOTpeHHOM Bblliie TPUMEPE MbI CO3/1aBaJIH [IJIsl PA3HbIX TUIIOB OIIK-
60K pasHbie except-6/10ku. VIHOT1a IPUXOAUTCST HECKOJIBKO HHY IO 3a1a4y: s
HECKOJIbKUX THUIIOB OIIMOOK CO3/1aBaTh OfIUH except-6J0K. B atoM ciyyae mo-
CJIe KJIIOYEBOTO CJI0OBa except B KPYIJIbIX CKOOKax yepe3 3alsTyIo Mepeuncis-
I0TCSI T€ TUIIBI OLIMOOK, /IJI1 KOTOPBIX BBIMOJIHSIETCSE 06paboTKa B JTaHHOM OJIOKe.

B uHCTpyKIMU try-except HOMUMO GJIOKOB try U except MOTyT Tak-
e MCTI0JIb30BaThCs 6JI0KU else u finally. O6muuii mabaoH HHCTPYKIMH B
3TOM CJiyyae TaKod (PKUPHBIM WIPUGTOM BbIEIE€HBI KTIOUEBbIE 3TIEMEHTBI):

try:
# ocHoOBHOM KOX
except Tun ommbky 1:
# BCIIOMOTATEJIbHEI KOI
except Tun_ommbxm_2:
# BCIoOMOTIaTeJIbHHM KOI
except Tun_owmOky N:
# BCIOMOTATEeJIbHEIM KOI
else:
# kom IJia cJjyyad, €CJM OWMOKM He OBLJIO
finally:
# KOIm, KOTOPHIM BHIIOJIHAETCS BCerna

©0000000000000000000000000000000000000000000000000
$000000000000000000000000000000000000000000000000

‘............................'...........................................................
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[IporpaMMHBIi 6JI0K C KJIIOYEBHIM CJIOBOM else pa3MeliaeTcs MOcJe MOC/Ie/-
Hero except-6JI0Ka ¥ COJAEP)KUT MPOrPAMMHBIN KOJ, KOTOPBIA BBIMIOJIHSIET-
Cs1 TOJIBKO B TOM CJIy4ae, €CJIM IPU BBIOJHEHHH OCHOBHOTO KOZa B t ry-6JI0Ke
o1KnbOOK He OBLIO.

[IporpaMMHBIA KOjI, pa3MellieHHbIi B 6JI10Ke finally, BBIMOJHSETCS B JIOOGOM
cJly4ae, HE3aBUCUMO OT TOT'O, BO3HMKJIA OIIMOKA TPHU BBIMOJHEHHH KOJAa try-
6JI0Ka, UJIU HET.

Q) HasameTky

OWmnbKM MOXHO He TONBLKO NepexBaTbiBaTb, HO U FrEHEPUPOBAaTbL UCKYCCTBEHHO. [lenaeT-
CS1 3TO C NOMOLLBIO MHCTPYKUWA raise WM assert. Kak 3To genaercs u 3a4em, Mol 06-
CyavM B NocnegHen rnaee - Nocne Toro, Kak N03HaKoOMUMCS C Knaccamu 1 obbekTamu.
Tamxe 6yanet onucaHo, Kak MOXHO CO34aBaTh NOJb30BaTENbCKUE KNACChl UCKIIOYEHUIA.

Pe3iome

Hy, cxaxcu wmo-nubyow! Tot xce y nac camwlii co-
o6pasume.ioiblil.
u3 /¢ "Hponus cyov6ot unu c nezkum napom”

1. YcioBHBIIf OniepaTop MO3BOJISIET BHIMOJHATDH Pas3JjnyHble OJIOKH KOJa B 3aBH-
CHUMOCTH OT UICTUHHOCTH WUJIU JIOXKHOCTH HEKOTOPOT'O yCJIOBHSL.

2. B ycioBHOM omepartope mocJjie KJI0YeBOro cjoBa if yka3bIBaeTcs yCJIOBUE,
KOTOpOe MpOBePsieTCs IPU BBIMOJHEHUHU oniepaTopa. Eciiu ycioBue ucTuH-
HO, BBITIOJIHSIETCST OJIOK KOMaH/ 1mocJie ycaoBusi. Eciiu ycioBue JI0XKHO, BbI-
HOJIHSIETCS OJIOK KOMaH/I [OCJIe KJII0YEeBOro CJIoBa el se.

3. B ycioBHOM omepaTope else-0JI0K He siBJsieTcsl 0bsi3aTeIbHbIM. Takxke B
YCJIOBHOM OIIEPATOPE MOTYT MCIIOJIb30BAaThCs €1 i f-6JI0KH, YTO TO3BOJISET
IIPOBEPSTDH B YCJIOBHOM OIEepPaTOpe IOCJIe0BATEIbHO HECKOIBKO YCJIOBHIA U
BBITIOJTHSITD [IJIS1 KQ)KZIOTO U3 HUX OT/IEJIbHBIA GJIOK KOMaHI.

4. Onepartop nuKJa while M03BOJIsiET MHOTOKPATHO BBITIOJIHSTH MPEACIIPe/ie-
JIEHHBII HabOp KOMaH/I,

5. Ilocne kroyeBoro cioBa while B onepaTope IIMKJIA YKA3bIBAETCS YCJIOBHUE.
OmnepaTtop BBINOJIHSETCS, TIOKA YCJIOBUE UCTUHHO. YCIOBHE POBEPSIETCS B
HavaJjie BBIIIOJHEHMS OIIepaTopa, U 3aTeM KaK[blil pa3 IOCJe BBIIOJIHEHUS
IPYNIbl KOMaH/I ONlEPATOpa UKJIA.

6. Omnepatop 1ukiaa for yao6eH B TOM CJIyyae, eCJu HEOOXOIUMO TPOU3Be-
cTu mepebop 3IEMEHTOB HEKOTOPO#i mocJjenoBaTeabHOCTH. [locie kitove-
BOT'O CJIOBa fOr yKa3bIBaeTCs ePEMEHHAs /ISl BBHIMOJIHEHUS Tepebopa 3Jie-
MEHTOB MOCJIeI0BATEIbHOCTH, KOTOPasi, B CBOIO OYepe b, YKa3bIBAETCS nocni
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KJIFOYEBOI'O CJIOBA in. HepeMeHHaﬂ IoCJjIe10BaTE/IbHO IDUHUMAET 3HAYEHUA
9JIEMEHTOB IIOCJIEA0OBATEJIbHOCTH, U JJId KaXJ0I0 TaKOro 3Ha4€HHs BbIIOJI-
HsteTcsi OJIOK KOMaH/J ornepaTtopa IHUKJIa.

7.- B xauecTBe nocC/ieZI0BaTENbHOCTH, KOTOpPasi YKa3bIBa€TCSI B ONEPATOpe I[HK-
Ja for MOXHO, KPOME IIpOYEro, YKa3blBaTh TEKCT, CIIMCKU WU BUPTYyaJib-
HYI0 YHCJIOBYIO TOCJIEJOBAaTENbHOCTh, CO3/IaHHYIO C MOMOINBI0 (DYHKIHUU
range ().

8. MHctpykunu break u continue HCNONB3YIOTCSI B ONEpaTopax LMKJa
while U for COOTBETCTBEHHO [JId NpPEKpallEeHUs BBIIIOJHEHUSA OllepaTopa
LMKJIa UJIH U1 TIPEeKpalleHUs BBIIIOJIHEHUA TEKYILEro LUKJIa.

9. B omeparopax mukia (while u for) MOXeT MCIOJIb30BaThCs else-6JI0K,
KOTOPBIU BHITMOJIHSIETCS 110 3aBEPLIEHUH PabOThHI OllepaTopa v PU YCJIOBHH,
4TO 3aBeplIeHre pabOThl ONlepaTopa UKJIA He CBSI3aHO C BBITIOJTHEHUEM HH-
CTpyKLuHU break.

10. MexaHu3m 06pabOTKK MCKIIOUYUTEIbHBIX CUTyaI(uil 6a3upyeTcsl Ha UCIIOJIb-
30BaHUM MHCTPYKIUHU try-except. Eciu npu BbINOJHEHUH IPOTPAMMHO-
IO KO/Ia, TOMEYEHHOT0 KJII0YEBBIM CJIOBOM try, BOBHHKAET OIIMOKA, OHA MO-
XeT ObITh epexBayeHa v 06paboTaHa B OTHOM 13 6JIOKOB, OTMEUEHHBIX UH-
cTpykuueit except. [IJst Kaxa0ro except-6J10Ka MOCJIe KJI0YeBOro CJI0Ba
except MOXHO yKa3aTh TUI OIIMOKH (MCKJIIOUEHHMs ), KOTopast 06pabaThiBa-
eTCsi 3TUM GJIOKOM.
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DyHKUUNK




Fnasa 3. ®yHkummn

3ameuamenvuas udes! Ymo xc ona mue camomy
8 207108Y He npuwLia?

u3 K/ "Hponusa cyov6ut unu c neexum na-
pom”

IJTta ryaBa nocesiileHa co3ganuio GbyHkuui nosb3osartessi B Python. C Heko-
TOpbIMU (DYHKIMSIMHA MBI YK€ CTAJKUBAJIMCh PaHee, HO 3TO ObLIM BCTPOEHHBIE
dyHkiuu. 31ech Mbl y3HaeM, Kak co3aaBaTh cobcTBeHHbIe HYHKIMU. TakKe Mbl
OCBOMM OCHOBHBIE IIPUEMBI 110 MCIIOJIb30BAHUIO (QYHKIMIA B MPOrPAMMHBIX KO-
nax.

Korza MbI roBOpUM 0 (hyHKIIUH, TO UMEEM B BUy ()parMeHT IPOrPaMMHOTO KOJIa,
KOTODBIf UMEET Ha3BaHUE, U KOTOPBIN MO 3TOMY Ha3BaHHUIO MBI MOXKEM BBI3BAThb
B JI000M (WM TIpaKTHYeCKH JIoO0M) MecTe TporpaMmbl. DYHKIIUHU - OYEHb T10-
JIe3HBIN U 3(pHEKTUBHBIN UHCTPYMEHT MPOrPAMMUPOBAHUS, TOCKOJIBKY ITO3BO-
JISIET 3HAYUTEJNbHO COKPATUTh 0O'bEM NMPOrPAMMHOTO KOJIa, CIeJIaTh €0 MOHSIT-
Hee u addekTrBHee. Kopoue rosopsi, 6e3 pyHkiuii mucath 3¢hbeKk TUBHBIE TPO-
rpaMMBbI IpaKTUYeCKH HepeasibHo. [I0aToMy ¢ hyHKI[USAMY HY)KHO OBITH Ha "ThI",
0cOGEHHO ecJii peyb UET O MporpaMmMupoBanuu B Python.

Cosnanue ¢pyHkUUN

- Mot ne 6yoem nonazamvcs na cayuai. Mot
NOUOEM NPOCTVIM T02UECKUM XOOOM.

- Iotidem emecme.

u3 x/p "Hponus cyov6ut unu c reexum na-
pom”

[Tepen TeM, kKak GYHKIIUIO UCTIOIH30BATh, €€ HEOOXOAMMO OmKMcaTh. UTo moapas-
ymeBaet onucanue pyHkuun? Kak MUHUMYM, 3TO TOT MPOrPaMMHBII KOJI, KOTO-
PBIii CJIeIyeT BBIMTOJIHSATD MPHU BbI30Be QYHKIIUH, U, pa3yMeeTcsl, Ha3BaHue GyHK-
1un. Takoke GYHKIMY IPY BBITIOJHEHNH MOTYT TIOHa106UTHCSI HEKOTOPbIE Tapa-
MEeTpbI, KOTOpbIE MepeaaoTcsi GYHKIUU TPH BbI30BEe U 6e3 KOTOPHIX BBIMOJIHE-
Hue (PYHKIUU HEBO3MOXKHO. DTH MapaMeTpbl Mbl Oy/IeM Ha3bIBATh Ap2YMeHma-
MU QYHKYUU.



1 Ha3sametky

Hepenoko pa3gensiioT noHaTue napamerpa GyHkuMn n aprymenTa eyHkummn. O napame-
Tpax 06bI4HO roBOPAT Npy onmMcaHnm GyHKUMK. O6 apryMmeHTax uaeT peyb, Koraa yxe
onncaHHas GYHKUUS Bbi3bIBAETCSH B NMPOrpamMMHOM koge. Mbl, 4ToObl HE YCNOXHATb
cebe xu3Hb BO BCEX 3TMX cnyyasix 6yAemM ncnonb3oBaTe TEPMUH apPryMeHT.

Urak, s onucanus dyHkimu B Python Heob6xoxumo:
* yKkasaTh (3a4aTh) UMs GYHKIUY;
*  OmUCaTh aPryMEHTHI (PYHKIUY;
*  omucaTh MPOTPaMMHBIN KO (PyHKITUH.

Onucanue GyHKIIMY HAUMHAETCS € KI04eBoro cJioBa de £. [TocJie Hero yka3biBa-
I0T Ha3BaHue GYHKIMHU (3TO JOJDKEH OBITh YHUKAJIBHbIM HIEHTU(DUKATOP, XKeJla-
TEJIbHO CO CMBICJIOBOI HAarpy3KOM, COCTOSIIIUM U3 TATHHCKUX OYKB, MOXXHO TaK-
ke Mp ¥ CUMBOJIA NIOAYEPKUBAHUS - HO € IuPbl UM (DYHKIIMU HAYUHATHCS
He MOJXET). 3aTeM NepPeYUCIsIIoTCs] apryMeHThl (pyHKuuu. {151 apryMeHTOB Ipo-
CTO YKa3bIBAIOTCS Ha3BaHUs. THUI apryMeHTOB He yKa3bIBAETCS. APryMEHTHI ITe-
PEUYHCJISIOTCS TIoc/ie UMeHH HYHKIMK B KPYTJIbIX CKOOKax. Eciiu aprymMeHTOB He-
CKOJIBKO, OHU Pa3lesioTcs 3ansaThiMU. [laxce ecsi apryMeHToB Y GYHKIIUHM HET
(Takoe Toxe GbIBaeT), KPyrJible CKOOKHU BCE PABHO yKa3bIBAIOTCSI. 3aKaHUYMNBAET-
Cs1 BCSI 9Ta KOHCTPYKIMS ABOETOUYMEM, U Jajiee C HOBOM CTPOKH cjeayeT 6JI0K
KOMaHJI, KOTOpble COOCTBEHHO M OINpeNeSiOT MPOrpaMMHBIA Kox (YHKIIUU.
Becs ma6.101 06bsiByieHUst GYHKIIMU BBITJISIAUT CJIELYOIUM 06pa3oM (KUPHBIM
mpru¢TOM BbI/IEIEHBI KJTIOUEBBIE 3JIEMEHTHI ):

def MMH_@yHKuMM(apPyMeHTH) :
KOMaHIOE
To ecTb Bce AO0CTATOYHO IMPOCTO U MPO3PAYHO.

Q) HasameTky

Ana dyHKUMM He ykasbiBaeTcs TUn pesynbrata (XoTsa OyHKuuUs, pasymMeeTcsi, MOXeT
BO3BpaLWaTh pesysbraT). 3TO MOXET CTaTb CIOPNPU30OM OIS T€X, KTO U3yyan U 3HaKOM
C Apyrumun si3blkamu NporpaMMmnpoBaHus. Ho 3To clopnpua TONLKO Ha NepBbIv B3rnsag,
Ecnm BCNOMHUTB, 4TO B A3blke Python ans nepemMeHHbIx TUN He yka3sbliBaeTcs v onpeae-
nseTcsa No 3HaYeHMID, Ha KOTOPOE CCbINaeTcs NnepemMeHHas, TO BCe BbIrMSauUT BNONHE
NOrUYHLIM: N OTCYTCTBUE naeHTudnkaTopa Tvna ana pesynbrara GyHKUUKU, U aprymeH-
Tbl, AN KOTOPbIX TUMN TOXE HE YKa3blBaeTCS.

DyHKIKUS MOXET BO3BpalllaTh pe3yJbTaT, a MOXKET He BO3BpallaTh Pe3yJbTaT
(B mocJieiHeM cilyyae UMeJIO ObI CMBICJ TOBOPHUTDH O npoyuedype - HO B Python
BCe Ha3bIBAETCSI OJHUM CJIOBOM Qpynkyus). Eciu dyHKuMs He Bo3BpaliaeT pe-
3yJIbTaT, TO €e MOXKHO PacCMaTPUBATh KaK HEKOTOPYIO MOCJIeA0BATEIbHOCTD KO-
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MaH/I, KOTOPBIE BHIMIOJIHSIIOTCSI B TOM MECTE U B TO BPEMSI, UTO U BBI30B DYHKI[UH.
Ecau dyHK11s BO3BpaniaeT pe3yJbraT (2 3TO MOXKET ObITh 3HaYeHHE TpaKTHYe-
CKH JIF060r0 THMA), TO UHCTPYKIMIO BbI30Ba (DYHKIIMKM MOXKHO KCIIOJIb30BATh B
BBIPQ)KEHUSIX TaK, KaK ec Obl 3T0 O6bliIa HEKOTOpasi iepeMenHas. B tesie GyHk-
1IMH YTOOBI ONIPEIETUTH TO 3HAYEHHE, KOTOPOE SIBJISIETCS pe3YJIBTATOM HYHKIUHY,
0OBIYHO UCIOJIB3YIOT UHCTPYKIHMIO return. BhInosHeHNe 3TON MHCTPYKLIUH,
BO-TIEPBBIX, IPUBOJNT K 3aBEPUIEHUIO BHITIOJHEHHUS IIPOrPAMMHOIO0 Ko/a (pyHK-
I[MH, 2 BO-BTOPBIX TO 3HAUYEHME, KOTOPOEe YKa3aHO M0CJIe MHCTPYKIUU return,
Bo3Bpainaercs GyHKIUeH B KaueCTBe pe3yJIbTaTa.

0 Ha3sametky

Bbi3biBaeTCs GYHKLMSA NPOCTO - yKa3biBaeTCs UMS PYHKLIMU U apryMEHTbl, KOTOpble el
nepepatotcs. Hy n, pasymeeTcs, Bbi3biBaTb OYHKUNIO MOXHO TOJSILKO NOCHE TOro, Kak
dyHKUMa 06bSBNEHA, HO HUKAK HE PaHbLLe.

Jlasiee MBI PacCMOTPHUM IIPOCTOM NPUMED, B KOTOPOM OOBSIBJISIETCS HECKOJIb-
Ko mpocThix ¢yHkuuid. [Tocie 06bsiBIeHUst 3TH DYHKIMK BbI3bIBAIOTCS B TIPO-
IPAMMHOM KOJIe [IJIsl BBIIOJTHEHUSI HECJIOKHBIX AeicTBUi. COOTBETCTBYIOIUNA
MPOrPaMMHBIH KOJI Ipe/ICTaBJIeH B iucTuHre 3.1.

Juctunr 3.1, O6usBnenme by
# oyHkUMa 6e3 apryMEeHTOB
def your name() :
# Orobpaxaercsa coobueHue
print ("Oobpeii mneHb!")
# 3anoMmMHaeTCs BBEIOEHHHIM [I0JIb30BATEJIEM TEKCT
name=input ("Kak Bac 3o0oByT? ")
# PesynbrarT QyHKUMM
return name
# OYHKUMA C OOHMM apTyMEHTOM
def say_hello(txt):
# Orobpaxaercsa coobueHue
print ("3opaecTBYyMNTE, ", tXt+"!")
# BrIZBIBaeM QYHKLUMIO UM pPe3yJIbTAT 3alMCEHBAEM B IIE€PEMEHHYIO
my_name=your_ name ()
# BrismiBaeM QYHKLUMIO C apTyMEHTOM
say hello (my_name)

B pesysibraTe BBIMOJHEHUS 3TOrO MPOrPaMMHOIO KOJA MOJIyYaeM CJIeAYIOUIHi
pe3yJbTaTt ()KI/IprIM IHpI/I(lZ)TOM BbII€JIEHO BBEJEHHOE I10JIb30BaTEJ/JIEM 3HaAaye-
HHUE):



Pe3ynbTat BbinonHeHws nporpamml (us aucrwira3.1)
HoOpE OEeHb !

Kak Bac 30ByT? -Anexceru Bacunnes
3npaBCcTByMTEe, Anekcey Bacuinbesn!

Kox nmoctaToyHo mpoCTOIf, HO MBI €70 BCE JK€ TPOKOMMEHTHPYeM. B mporpamme
obbsiBasieTcs ABe GyHKuMU. DyHKIMs your name () HeMeeTapryMeHToB. [Ipu
BBINOJIHEHUH 3TOW (QYHKIMU CHAYaJla KOMaHJOU print ("Jo6peit meub!")
otoOpaxkaeTcsi MPUBETCTBUE. 3aTEM IM0JIb30BATEIO MPE/IaraeTcsi BBECTH CBOE
uMsi. BBe1eHHOE IM0J1b30BaTEIEM TEKCTOBOE 3HAYEHHE 3aITOMHUHAETCS B IEPEMEH-
HOU name. Bcs KoMaHa BRITJISAAUT Kak name=input ("Kak Bac zoByT? ").

[Tocsie aTOro ¢ MOMONIBIO UHCTPYKLMU return name 3HaYeHHe IepeMeHHOM
name BO3BpallaeTcsl B KayecTBe pe3yJsbsrata GyHKUUH your name (). Takum
o6pa3oM, y 9Toit (hyHKIIMH HET apTyMEHTOB, HO 3aTO OHA BO3BpAIIaeT Pe3yJIbTarT.
U ee pe3ysbrat - 3TO TO, YTO BBOAMT I10JIb30BATEND (IPEATIOJIATAETCS, YTO UMSI
M0JIb30BATEJIST ).

Eme oxHa dynkims say hello() HyXHa 1l OTOOPa’KeHHs NPUBETCTBUSI.
Y dyHkimu oauH apryMeHT (0603HayeH Kak txt). TekcT coobiieHust, KOTOpoe
otobpaskaercsi mpu Bbi3oBe GyHKIMH, HOPMUDPYETCSI C yYETOM 3HAYEHHUSI apry-
MeHTa txt, mepeganHoro GyHkuuu. Pe3ynsraT ¢pyHKIMS He Bo3BpauiaeT. B Tese
¢byHKIIMY BCero ofiHa KoMaH/Ja print ("3zpascTByiiTe, ", txt+"! "), KOTO-
PO B KOHCOJIbHOE OKHO BBIBOIUTCS COOOIIEHHUE.

3 Ha3ametky

Mpy BLIMUCAEGHUN BbIPAXEHUS tXt+" ! " Mbl HEABHO NPeANonaraem, YTo apryMeHT txt
CCbINAeTCA Ha TEKCTOBOE 3Ha4eHne. ECv Takon yBepeHHOCTU HeT, TO flyule nepecTpa-
XOBaTbCA U BOCMOML30BATLCA BbIPAXEHNEM str (txt)+"!", B KOTOPOM BbINONHAETCS
SIBHOE MPVBELEHNE apryMeHTa txt K TEKCTOBOMY TUMy.

OnucantHble GYHKIMUA KHCIOJb3yeM cieayiommMm obpasom. CHavaja KOMaH-
JI0M my name=your_ name () BbI3blBaeM (YHKLUHMIO your name () H pe-
3yJbTaT BbI30Ba 3allMChIBaEM B [IEDEMEHHYIO my name. 3aTeM KOMaHAOU say
hello (my name) BbI3biBaeM (pyHkuMIO say hello (), nmepeaaB el apryMeH-
TOM IlepeMeHHYI0 my name. PesysbraT 3THX JeicTBUI TakoB, Kak IOKa3aHO
BBILIIE.



FnaBa 3. ®yHkuumn

DyHKUMU N9 MaTeMaTU4YeCckux BbIYNCIEHNA

3mo eenuxas nobeda dedyxmusrozo memooa.
u3 x/¢p "Tocmva u3 6yoyuezo”

Ouenb yno6HO co3naBaTh GYHKIMHU /710 BHITIOJTHEHUST MaTEMaTHYECKUX pacye-
TOB. OCOGEHHO eCTeCTBEHHBIM TAKOW IOXOJ MPEICTABIISIETCS TIPH peaTu3aliu
B Iporpamme MateMatuueckux ¢yHkuui. [IpuynHa B TOM, YTO KOHIIEMIUS Ma-
TEMaTUYeCKOi HYHKIUH TOCTATOYHO 6JIM3KA KOHIENMH HYHKIUU B IPOrpaM-
MHpOBaHUHM. MHoOrue HanboJiee MOMyJIsIPHbIE M YACTO HCIOJIb3yeMble MaTeMa-
TUYeckure HYHKIMK IpeICTaBIeHbl B MaTeMaTuieckoM MoayJie math. Ho yacto
MPUXOAMTCS OMUCHIBATh MaTeMaTHyecke GyHKIUN caMocTosiTesbHO. Kak wi-
JIIOCTPAIIMIO PACCMOTPUM NPOTPAaMMHBIIA KO B IMCTHHTE 3.2, B KOTOPOM peaJiu-

30BaHa MaTeMaTHU4YeCKasd (l:)yHKL[I/ISI JJI5 BbI4

[ Hasametky

HUCJIEHUS 9KCTIOHEHTHI exp (x).

Mpy BBIMYCNEHMSX Mbl UCNOMB3YEM CreAYIOLLEE BbipaXeHne (OCHOBaHHoe Ha page Teit-

nopa Ans COOTBETCTBYIOWEN yHKunn):

x? x x"
exp(x)—1+x+—+3l+ + T+

BocknuuaTtenbHblii 3Hak 03Ha4aeT BbluncneHne paktopuana: no onpeaeneHunio n'oaHa-
YaeT npousBeaeHne HaTypanbHeix ducen orlpgon, toecten! =1:2-3 . ..- (n—1) ' n

Jiuctunr 3.2. MatemaTnyeckve GyHKUMM

# OYHKUMA OJI9 BBIUMCJIEHUA SKCIIOHEHTEI

def my exp(x,n):
s=0 # HauanbHOE 3HAUEeHMEe CYMMEHl

pana

g=1 # HauasnbHOe 3HaueHMe noOOaBKU
# Oneparop uUuKJIa OJI9 BHUYMCJIEHMSA pAda

for k in range (n+l):

s+=q # JIoBbaBKa K CyMMe

g*=x/ (k+1) # HomBas moGaBka
# PesynbTarT QyHKUUM
return s

# IpoBepseM pe3yJbTAT BH30Ba QYHKLMUM

x=1 # ApPTYyMeHT IOy 3KCIOHEHTH
# Onepatop uUMKJA OJIA MHOT'OKPATHOTO

# BRHIBOBA GyHKLUMM BBEUMCIIEHUS DBKCIOHEHTEH

-for n in range(1l1l):
# OrobpaxaeM pes3yJbTaT BE30Ba
# QYHKUMM BKCIOHEHTH
print ("n =",n,"->",my_ exp(xX,n)

)



OyHKIUS 17151 BBIYUCTIEHUS] SKCTIOHEHThI Ha3bIBAaeTCsl my exp () My Hee JBa
aprymeHTa: yepe3 x 0603Ha4yeH HEMOCPEACTBEHHO apryMeHT [IJIsi BHIYHUCJIEHHS
3KCIIOHEHTBI, @ BTOPOU apryMEHT n ONpe/eJisieT KOJUYECTBO CIaraeMbIX B CyM-
Me /17151 9KCTIOHEHTBL

0 Ha3sametky

X
TouHOe BbipaxeHue ans aKCroHeHTs! © e Z k! - 3T0 6eckoHeuHbIl paa. Mpu
BbIMUCNEHNM 3HANEHNS) ,u,nﬂ AKCMOHEHTHI Ha MPAKTUKE MCMONL3YETCs NPUBAMKEHHOE

BblpaxeHve exp = z k! , B KOTOPOM GECKOHEUHbIV PR 3aMEHEH Ha KOHEUHYIO
cymmy. Yem Gonblue cnaraeMblx B CYMME, TeM TO4HEE BbiPaxeHWe 419 3KCMOHEHTLI. B
paccMaTpuBaemMom npMmepe apryMmeHTamu GyHKUMK, KOTOPYIO Mbl ONMCLIBAEM 4NS Bbl-
YNCEeHWs1 3KCMOHEHTbI, ABNSIOTCS NapameTpsl X M.

B Tese dyHKIMM MBI KCTIOJIB3YEM HECKOJIBKO IIEPEMEHHBIX. B mepeMeHHY 10 s MbI
6y eM 3aMMCHIBATh CyMMY Psifia [1J1s1 9KcroHeHThl. HauasibHOe 3HaYeHue 3Toii e-
peMeHHOU paBHO Hy.JI0. Ellle o1Ha nepeMeHHas1 g C HAYaJIbHbIM €IUHUYHBIM 3Ha-
YeHHEeM HYJXKHa HaM JIJIsI TOro, YTOObI 3aMKMCHIBATh B 3Ty NIEPEMEHHYIO 3HaYeHHe
n06aBKH, KOTOpasi Ha KaXkI0i HOBOM UTepaluu MpubaBJIsieTcsl K CyMMe psifia.

CyMMa psia BBIYUCJISIETCS C TIOMOUIBIO OrepaTopa Huka. IHaeKkcHast mepeMeH-
Has k mpoberaeT3HaueHus1 oT 0 10 n BKJIIOYUTEIbHO (BBIPaXKEHUEM range (n+1)
BO3BpAllAeTCsI BUPTYaJbHAS MTOCJIEA0BATEBHOCTD B TUaNa3oHe OT 0 710 n BKJIIO-
4YHTeJbHO). B omepatope 1nuKIa BCEro ABe KOMAaHABL KOMaHIOW s+=g CyMMa
psiia S yBeJIMUMBAETCS HAa 3HaUYeHHe T00aBKY g, a KOMaHAOM gq*=x/ (k+1) BbI-
YUCJISIETCS 3HaUeHUe J00aBKHU K Py IS CJIeLYIONIEro KA.

(0 Ha3sametky
n xk
My BLIHUCTIEHUM CYMMBI exp(x) = ZF Ha - UTepaumn f,o6aBKa K Cymme psina pas-
x . k=0 k1
HAeTCA -7, a AN CReAyioLuei uTepaunm ata fobaska A0NKHA BbiTb ———. 0603Ha MM
Coa xert Q1 __ X e

A = v Qie+1 = (k + 1)I- HecnoxHo 3amMetuth, 4t0 g, ~ k + 1. MO3TOMY 4TOGb! BbI-
“4Mc/MTE A0GaBKY A1 CIEAYIOLLEro LMK MO 3HA4YEHUIO A0GABKN Ha TEKYLIEM Lukne
(nepemeHHas q) HyXHO TeKyLLee 3Ha4eHNe AO0BABKN YMHOXMTb Ha BENMUMHY 3.

[Tocse 3aBepuieHusi pabGOThI omepaTopa LUKJIA CyMMa psia AJIsi 9KCIIOHEHTHI
BBIYMCJIEHA, U TIEPEMEHHAs S CChLIAeTCs Ha 3TO 3HavyeHue. [loaToMy KoMaH0M
return s 3HauYeHHE EPEMEHHON S BO3BPALIAETCS KaK Pe3yJIbTaT QyHKIIUU.

B nporpamme MbI TpoBepsieM pe3yJIbTaT BbI30Ba (YHKIIMU BBIYUCIIEHUS IKCIIO-
HEHTBHI [IJIsI apTYMeHTa x=1 HO NPH Pa3JIMYHBIX 3HAUEHUSX BTOPOTO apryMeHTa
dynkium. /{151 nepebopa 3HaueHuii (B Auamnasone ot 0 10 10) BTOPOro apryMeH-
Ta GyHKIUN my exp () 3alyckaeM ONepaTop LUKJA. B kaxaoM IuKJe BBIIOJI-



Fnasa 3. ®yHkuum

HseTcs KOMaHAa print ("n =", n, "->",my_exp (x,n) ). Kak creacrsue B
OKHe BbIBO/Ia 0TOOpa)kaeTcsl TI0CJIEZI0BATEIbHOCTh 3HAYE€HUI BTOPOI'0 apryMeHTa
Y 3HavYeHUsT (PyHKIIUHU, BBIYUCJIEHHOE [0 COOTBETCTBYIOIIEMY KOJIMYECTBY CJIa-
raeMbIX B CyMMe psifia. Pe3y/IbTaT BBINOJHEHUS] TPOTPAMMBbI UMEET CJIe Ty IOIUit
BUL!

|
\2
NN

1

2 .0

3 5e)

4 -> 2.6666666666666665
5 -> 2.708333333333333
6 -> 2.7166666666666663
7 -> 2.7180555555555554
8 -> 2.7182539682539684
9
1

-> 2.71827876984127
0 -> 2.7182815255731922

n
n
n
n
n
n =
n
n
n
n

Kak u ciemoBano oxuaath, ¢ yBeJIUYEHHEM KOJMYECTBA CJIAraeMbIX TOY-
HOCTb BBIYMCJIEHMI BO3pacTaeT (HAallOMHHUM, 'TOYHOe" 3HayeHHe paBHSETCS
e = exp (1) ~ 2.718281828459045).

(1 Hasametky

[nsa BbIYMCNEHUS SKCNOHEHTLI B MOAYNE math eCTb PyHKUMS exp () .

3Ha4yeHus ApPrymMmeHToB no ymoJsiyaHumio

Jyuwe 6o1 5 ynan emecmo mebs.
u3 K/ "Bpuanuanwmosasn pyxa”

Jlnst aprymeHToB yHKLIUI HepPeaKO 3a7al0T 3HaYeHUs 10 yMOoJI4aHu1o. To ecTb
111 apryMeHTOB (GYHKIMHU JOIyCKaeTCst yKa3aTbh 3HaUeHUe, KOTopoe Oyzer uc-
T10JIb30BaHO, ECJIM apPryMEHT GYHKIMH SIBHO He yKa3aH. MOXHO U MHayYe: eciu
1pH BbI30Be GYHKIMHU apIyMeHT He yKa3aH, TO BMECTO Hero UCIoJIb3yeTcsl 3Ha-
YeHHe 110 YMOJIYaHHUIO.

Yro6bl 321aTh 3HaU€HHE apryMeHTa 110 YMOJIYaHHIO, B ONMUCAHUU GYHKIMH MO-
cJie MMEHHU 3TOro apryMeHTa yepe3 3HaK PaBEHCTBa yKa3bIBaeTCsl 3HayeHUeE I0
ymomyaHuo. Y ¢GyHKIUY, KaKk MBI 3HaeM, BO3MOXKHO HaJIMyue HECKOJIbKUX ap-
IyMeHTOB. YacTb 3THX apryMeHTOB MOKeT MMeTb 3HaueHHsI 110 YMOJIYaHHUIo, a
ocTaJIbHble - HeT. BaXHO NOMHUTB, YTO B ONMCAaHUU (PYHKLMHU TIpH Iepeyuuce-



|

HUY apryMEHTOB CHayaJia YKa3bIBAIOTCS apryMeHThbl 6e3 3HaUeHHii 10 yMoJIya-
HUIO, & ADTYMEHTHI CO 3HAYEHUSIMU 110 YMOJIYAHUIO PAa3MENIAIOTCS B KOHIIE.

(2 HasameTky

[JaHHbin cnocob nepenaqn GyHKUMM apryMeHToB (cHadana 6e3 3Ha4eHuin No ymonya-
HUWIO, @ 3aTEeM CO 3HAYEHUAMU MO YMOJHAHWIO) - BbIHYXAEHHas Mepa. B NpoTWBHOM chy-
yae Npu BbI30BE GYHKLUMWN, ECMIM CMNCOK NepeaaHHbIX apryMeHTOB HenosHbIN, npobne-
MaTn4HO 6bIno Gbl ONpeaenvTb, KakMe UMEHHO apryMeHTY nepeaaHbl GyHKUMK.

[TprMeps! HYyHKIUI CO 3HAUEHUSIMU aPTYMEHTOB 10 YMOJIYAHHUIO IPUBE/IEHBI B
[IPOrPaMMHOM Ko/ie JiuctuHre 3.3.

JlucTunr 3.3. 3HaYeHUS apryMEHTOB N0 yMONMaHUIO

# 1-s dyHKUMSA C OOHMM aAPTYMEHTOM.

# ¥ apryMeHTa ecTb 3HaueHMe [0 yMOJIYaHUIO

def print text (txt="3HaueHMe apryMmeHTa IO YMOJUAHML."):
print (txt)

# 2-3 QoyHKUMA C OBYyMs apryMeHTaMu.

# Y BTOpPOTO apryMeHTa eCTb 3HaueHUe [0 YMOJIYaHUIO

def show_args(a,b="BTopol apryMeHT He ykKas3aH."):
print(a,b)

# 3-a oyHKUMA C OBYMsS apryMeHTaMu.

# Y apryMeHTOB e€CTb 3HAUEHMS [0 YyMOJIUaHMIO

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

# IpoBepsaeMm pabory l-i1 dyHKUMM.

# OYyHKUMM NepenaH OOVH apTyMeHT

print text ("ApryMeHT ykKas3aH fABHO.")

# OYHKUMM aApTyMEHTH He NepenanTCs

print_text () '

# IpoBepseM paboTy 2-# QYHKLUMUM.

# OyHKUMM NepenaHel OBa apryMeHTa

show_args ("llepset aprymeHT.", "BTOpOoy apryMmeHT.")

# OyHKUMM NepenaH OOVH apryMeHT

show_args ("llepBet apryMeHT.")

# IpoBepsaeMm paboTy 3-1 QyHKUUM.

# OYHKUMM apTyMeHTH He MepenanTCs

my func ()

# OYHKUMM nepemaH OOMH apryMEHT

my func ("OouH 13 aprymeHTOB.")

# OyHKUMM NepemaH OOMH apTyMeHT.

# llepenaHHHM apTyMEeHT UIEHTUPUUMPOBAH SBHO

my_func (y="OmuH u3 aprymMeHTOB.")



Fnaea 3. Qynkuumn

B pe3yJibTaTe BBIIIOJIHEHUS IPOTPAMMHOI'0 KO/la ITOJIy4YaeM C.HEJIYIOIIII/Iﬁ pe3yJib-
TaT:

‘PeaynbTar BHINONHEHMS NPOrPaMMbi (M3 MCTHHFa 3.3)

ApTyMEHT yKasaH SBHO.
3HadyeHye apryMeHTa IO yMOJIYaHMIO.

[IepBHIM apT'yMeHT. BTOpPOM apryMeHT.

[lepBEM apr'yMeHT. BTOpOM apr'yMeHT He yKa3aH.
1-71 apr'yMeHT X. 2-} apryMeHT Y.

OOVMH "3 apryMEHTOB. 2-11 apI'yMeHT V.

1-7 apryMeHT x. OOMH M3 apryMEHTOB.

Ms1 o6bsiBiasieM Tpu yHkimu. Bee Tpu ¢dyHKIMK A€HCTBYIOT O OJHOI cXe-
Me: 3HaueHUsl apTyMEHTOB BBIBOASITCSL Ha 3KpaH. Mbl oJpasyMeBaeM, 4TO BCe
Tpu GYyHKLUY OEPUPYIOT C TEKCTOBBIMU apryMeHTaMu. HekoTopsle U3 aTux ap-
TYMEHTOB UMEIOT 3HaueHUsI 0 yMolI4yaHuo. Tak, y GyHKuMU print text ()
OJVH apryMeHT, 1 y 3TOr0 apryMeHTa eCTb 3HaueHHe 110 yMOJIYyaHU10. Mbl BbI3bI-
BaeM 3Ty (yHK1MIO 6e3 apryMeHTa (B 3TOM CJIydyae UCIIOJIb3y€eTCsI 3HAaUEHUE ap-
TyMeHTa [0 yMOJYaHHIO), a TAKXKe BbI3bIBaeM 3Ty (GYHKIUIO C OHUM apryMeH-
TOM (B 3TOM CJIyyae UCI0JIb3yeTCsl TepeJJaHHOe apryMEHTOM 3HauyeHue).

Y ¢ynkuuu show _args () ABa apryMeHTa, U y BTOPOTO apryMeHTa ecTb 3Ha-
yeHue 0 ymoadauuio. [loaTomMy ecsu BeI3BaTh GYHKLHUIO C OTHUM aPryMEHTOM,
TO J1JIs1 BTOPOTO apryMeHTa MCI0JIb3yeTcsl 3HaueHue o ymondannio. Ecou nepe-
JIAI0TCSI IBA apTyMEHTa, TO JIJisk 000MX apryMEHTOB HMCIOJIb3YIOTCS T€ 3HAYEHUS,
YTO IlepelaHbl

Y dyskuun my func (), Kak ¥ B IIpeJbIAYyIIEeM CIydae, Ba apryMeHTa, HO Te-
nepb y 000MX apryMeHTOB eCTh 3HAUEHHS 10 YMOJTYaHHIo. EC/Iu MbI BBI30OBEM 3Ty
byHKIMIO ¢ AByMsi apryMeHTaMH, TO HHTPUTH He OyZeT - Te 3HaYeHHUs], YTO Iie-
pelaHbl apryMeHTamu, OyIyT UCIIOJIb30BAHBI MTPH BBIMOJHEHUU KOAa (hYHKIIMH.
Ecsiu @yHKIIMYU TP BBI30OBE NepeiaH OIMH apPIYMEHT, TO BOSHUKAET BOIPOC: Ka-
KOI1 3TO apr'yMEHT - MIEePBBI UK BTOpoi? Benb 3HaueHue 10 yMOTYAHUIO €CTh U
y TIEPBOTO, U Y BTOPOro aprymeHnTa. [loaToMy TeopeTuyecku nepegaHHoe QyHK-
1[1¥ 3HAUYEH1E MOXeT ObITh KaK MePBbIM, TAK U BTOPBIM apPryMEHTOM.

ITo ymosryanuio cuuraercs, yTo GyHKIUU NIEpPeaeTcs EPBbIA apryMeHT, a s
BTOPOT'O UCIOJIb3YETCS 3HAUEeHUE 10 yMoJyaHuio. Ho y Hac ecth ele ogHa BO3-
MOJHOCTb: MBI MOKEM SIBHO yKa3aTh, 71715 KAKOT'0 apryMeHTa SIBHO YKa3aHO 3Ha-

_ueHue. B aToM ciyyae rpu Bei30Be HYHKIUH YKa3bIBA€TCS He TOJBKO 3HAUYEHHE
apryMeHTa, HO U ero ums (TO, KOTOPO€e YKa3bIBAJIOCh MPH OMMCAHUN DYHKLHUHU).
Wcnonb3ayetcs popMaT uMs_apryMeHTa=3HadeHUe.



[IpumepoM MOXKeT ObITh KOMaHIa my func (y="OmuH 13 aprymMeHTOB.").
B aToM ciryyae 115t nepBOro apryMeHTa UCIOJIb3yeTCsl 3HaYEHHE 110 YMOJIYaHHUIO,
a nepeganHoe ¢GyHKIIUU 3HAYEHHUE - 3TO 3HAUEHHE BTOPOT'O apryMeHTa.

TakuM 06pa3oM, nepeiaya apryMeHTOB NPH BbI30Be (hYyHKIIMU BO3MOJXKHA:

6e3 yka3aHHsi UMEHHU apryMEHTOB, TIPY 3TOM 3HAY€HHs apryMEHTOB Iie-
PEAI0TCS CTPOTO B TOM MOCJIEI0BATENIbHOCTH, KAK 3TU aPI'yMEHTHI OBLIH
omnucanbl B GyHKIUU (TaKoi crmocob mepeaayn apryMeHTOB Ha3bIBAIOT
NO3UYUOHHBIM);

C SIBHBIM YKa3aHUEM UMEHU apryMEHTOB, ITPU 3TOM MOPSI/IOK Tlepeyuuncie-
HUSI apTYMEHTOB He UMeeT 3HaueHusl (TaKoi crocob Ha3bIBaeTCs Tepe-
Javeil apryMeHTOB 10 K04y WJIA N0 UMEHU, 2 CAMU apI'yMEHTBI HHOT' 1A
HA3BIBAIOT LLMEHOBAHHBIMUL).

Ecnu npu BbI30Be G YHKIIMU YaCTh APIYMEHTOB NEPEAAETCS TI0 KJII0YY, 2 YaCTh -
MO3UIIMOHHBIM CIIOCOOOM, TO B KOMaH/ie BhI30Ba CHaYaJIa YKa3bIBAIOTCS MO3UIIU-
OHHbIe apryMEHTB], a 3aTeM Te, YTO IepefaloTcs no kiauy. CTouTt Takxe oco-
60 06paTUTh BHUMaHHeE, YTO CIIOCOO OMMCAHKS aPryMEeHTOB (MIpU OIpejieJIeHU!
(yHKLMH) He 3aBUCUT TOTO, KaK MpeJIoJiaraercsl nepeaaBaTb apryMeHTHl IpU
BbI30Be (QYHKIUU (110 KJIIOYY WU TTO3ULIUOHHO).

Q) HasameTky

Ecmm y apryMeHToB HEKOTOPOIN PyHKLUM €CTb 3HAYEHUA NO YMONYaHUIO, TO 3Ta QYHK-
LMA MOXET BbI3biBAaTbCA C Pa3HbIM KONIMYECTBOM aprymMeHToB (Nnoapo6HOCTH 3aBUCAT OT
cneundukn onucaHua dyHkummn). B a3bike Python MoxHO 06bsaBnaTe GyHKuuM C nepe-
MEHHbLIM KONIM4eCTBOM apryMeHToB. AToT Bonpoc 6osiee aeTanbLHO Mbl 06Cy AMM NO3Xe.
34ech xe coenaem obuiee BBoaHOE 3aMeyaHue.

[IpeanoJsoxuM, HaM HYXKHO onKcaTh QYHKIHIO TaKylo, YTOOBI €€ MOXKHO OBIJIO
BBI3BIBAThH C PA3HBIM KOJIMYECTBOM apryMEHTOB. 3/1€Ch BaXKHO, YTO KOJIMYECTBO
apryMeHTOB He OrpPaHMYEHO - MbI HaNlepe He 3HaeM, CKOJIbKO B MPUHIHIE OY-
JleT TiepeIaBaThCsl apryMeHToB GYHKIMHU. B 3TOM ciry4yae MbI orucbiBaeM (yHK-
LIUIO C OTHUM apryMeHTOM, HO TIepeJl STUM apryMeHTOM CTaBHM 3Be3/I04Ky *. Ta-
KOU apryMeHT OTOXKJECTBJISIETCSI CO CIIUCKOM, 3JIEMEHTHI KOTOPOro OPMUDPYIOT-
CsI peaJIbHBIMU apryMeHTaMy, YTO IepeJaHbl GyHKIUYU NIPU BbI30Be. [ pyrumu
CJIOBaMHU, Halll "3Be3/IHBIN " apryMeHT B TeJsie QyHKINKU 06pabaThiBaeTCS KaK CITH-
cok. Ho mpu BbI30Be (yHKIMK apryMeHThl NepefaoTcs], Kak 06pruyHo. Hampu-
Mep, (hyHKIMST MOXKET OBITH OMUCAHA TaK:

def get sum(*nums) :

s=0
for a in nums:

s+=a

return s
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JanHasi GyHKIUS B KauecTBe pe3yJibraTa Oy/IeT BO3BpallaTh CyMMY YHCE, Iie-
pefaHHbIX aprymeHTamMu GyHkuuu. CkakeM, 3HaYEHHEM BBIDaXXEHUS get
sum(1,3,5,2) Gyaer unucio 11, a 3HayeHHe BbIpaXKeHUs get sum (-2,4) -
gucsio 2. Criucku obcyxaaiores B caenyionieil riase. OyHKIUY ¢ TepeMeHHBIM
YUCJIOM apTyYMEHTOB OMMCBIBAIOTCS B MOCJIE/IHEl TIaBe.

DYyHKUNA KaK apryMmeHT

4 6cs makas 6ne3annas, maxkas npomuopeu-
8as 6CA...
u3 /¢ "Ilox poscxue sopoma”

Yro6bl MOHSTH CJIEAYIONHI MPUEM, BaXXHO YTOUHUTH HEKOTOPblE OCOOEHHO-
CTH, Kacaromiuecs o6bsiByenusi pyukuuii B Python. A umenHo, npu o6bsiBie-
HUM QYHKIMKU HA CaMOM Jiesie co3aeTcst 00bekT Tuna function. Ccblika Ha
3TOT OOBEKT 3AMUCHIBAETCS B IEPEMEHHYIO, KOTOpasi yKa3aHa B OMUCAHUU (DYyHK-
1[UH 110cjie UHCTPYKuuu def. [Ipyrumu ciaoBamu, uMs GyHkimu (6€3 Kpyribx
cK0OOK) MOXKHO MCII0JIb30BaTh KaK MepeMeHHyio (KoTopas cchliiaetcst Ha GhyHK-
uuo). Borpoc ToIbKO B TOM, UTO C 3TOM NEPEMEHHON MOXHO c/ejlaTh. BapuaH-
TOB 371€Ch JOBOJIbHO MHOT'0, HO HAC UHTEPECYET B IEPBYIO OYEPEh BO3MOXKHOCTD
IPUCBOUTH UMsI GYHKIMH IPYTOi IepeEMEHHOH, a 3aTeM BBI3BATb 3Ty QYHKIHUIO
yepe3 IaHHYIO0 IEPEMEHHYIO TaK, KaK ecJiv 651 3T0 66110 MMst byHKIMU. [Ipu npu-
CBaMBaHUU NEPEMEHHOI B KaYeCTBE 3HAUEHUSI UMEHU (DYHKIIMH 3TA IepEMEHHAsT
CTaHOBHUTCS CCHLIKOM Ha HyHKIHIO (HapaBHe ¢ uMeHeM dyHKImu ). Hebourbioi
TIpUMep, UJLTIOCTPUPYIOLIHIA 3TY BO3MOXKHOCTD, IPEICTABIIEH B IUCTUHTE 3.4.

- Nwcrunr 3.4. Coninka wa dyniamo
# VcxomHasa GyHKUMSA
def my func(txt):

print ("®yuxuma my_ func:", txt)
# IlepeMeHHOMV NpUCBaMBaeTCsa MMsA QYHKUUM
new_func=my_func
# Br3plBaeM QYyHKUMIO Yepes [NepeMEeHHYI
new_func ("Be30B uepes new_func.")

PesyanaT BBITIOJTHEHU S 3TOI'0 IIPOIrpaMMHOI0 KOJa TaKOM:

rpamMMu (w3 nuCTAHra 3.4)

dynkuma my func: Be30B uepes new_func.

Wnes 3spmech peanmsoBaHa odyeHb npocTasi. CHayala Mbl ONUChbIBaeM (QyHK-
mo my func() (y &yHKUMM OZUH apryMeHT), a 3aTeM KOMaH[OH
new_func=my func nepeMeHHO# new_ func B KayeCTBe 3HaYEHUsI IIPUCBAU-



BaeTcst uMs ¢yHkuuu my func. B pesysbrate u uaentudukarop (MM GyHK-
uuu) my func, ¥ nepeMeHHasi new_func CChIIAIOTCS Ha OJMH M TOT e 00b-
€KT - 00BeKT (yHKIUU. ITO 03HAUYAET OYKBAJBHO CJIEAYIONIEE: O MePEMEHHOMN
new_func Mbl MOXeM IyMaTb Kak 06 uMeHU pyHKIMY, pudeM QYHKLUH TOU
ke caMoi, yTo u ¢yHkuusi my func (). I[loaToMy koza BbINOJIHSIETCS] KOMaHIa
new_func ("Be30B uyepes new_func."), 3TO BCe PaBHO, KaK €CJIH ObI MbI
BbI3Ba/IU yHKIUIO my func () ¢ TeM ke TOYHO apryMEeHTOM.

OnucanHoe cBOICTBO (hyHKIMIT (BO3SMOXXHOCTD NIPHCBAauBaTh UMsI GYHKIMH Ie-
pPEMEHHOI1) MMeeT PsiZl [10JIe3HbIX IPUMEHEHUH, B TOM YucCJIe Ilepei HaMU OTKPbI-
BaeTCsl BO3MOXKHOCTD NlepeiaBaTh MMs1 QyHKIMHY apryMeHTOM Apyroi pyHKIUM.
Cka’xeM OTKPOBEHHO, BO3MO>KHOCTb HETPUBUAJIbHAS M IO3BOJISIET JIETKO (U rae-
TO Ja’ke KpaCHUBO) pelllaTh CJIOXHBIe 3afauu. Kiaccuueckoii uimocrpanyeit Mo-
TyT OBITH HEKOTOPBIE MaTEMAaTHYECKHUE 33/1a4H, B KOTOPbIX (YHKIMOHAJIbHAS 3a-
BUCHMOCTb UI'DAeT POJib BHEIIHETo (HaKTopa: HalpuMmep, [IPU BbIYUCIEHUHU UHTe-
rpasios, pemenyy AudbepeHIHaTbHBIX WK aIrebpauyecKyuX ypaBHEHHL.

[lajiee MBI pacCMOTPUM HECKOJIBKO HJLJIIOCTPALIMI K TOMY, KakK oiHa GyHKLUS T1e-
penaeTcst apryMeHToM apyroit ¢yskiuu. HauneMm ¢ npoctoro npumepa, B KOTo-
poM onuchiBaeTcsi (hyHKUHUsS AJIs1 peleHusi anreOpaudeckux ypaBHEHHUIT MeTo-
JIOM TIOCJIe/{OBATEIbHBIX MPUOJIMKEHHUIL.

Q) Hasametky

Peub naet o peweHnn ypasHenus emaa X = f(x) oTHocUTensHO nepemMenHoii X, npu
ycnosum, yto ¢yHkuma f(x) wssecTHa (3apaHa). CyTb mMeToAa nocnenosaTenbHbIX
NPUGAMXKEHNIA COCTOWT B TOM, YTO 3a[i@HO HauyaibHOE MPUGAUXEHUE X LNA KOPHS
YyPaBHEHWS!, Ha OCHOBaHWM KOTOPOrO BLIYMCANETCA NepBoe NpubanxeHe Ana KOpHA
x1 = f(xo). Ha ocHoBaHWM NEPBOro NPUGIMXEHNS X BLIYUCSIOT BTOPOE NpUGnXe-

Hue x; = f(x41), v Tak panee. O6wWas pekyppeHTHas hopmyna Ans BHIYCAEHUS Xy 4q
NPUBAUXEHNS HA OCHOBE MPUBANXEHUs Xy, umeeT BUA Xpiq = f (Xy). VMeHHo aty
Cxemy Mbl COBMpaemcs peannaosaTh B Nporpamme.

MoHATHO, 4TO Aanexko He N6Goe ypaBHEHWE MOXHO pewnTb NoAo6GHLIM MeTodoM. Cy-
LLLECTBYIOT ONpeAeneHHbIe KpuTepum NPUMEHMMOCTU MeToAa NoCNeaoBaTeNbHbIX NpuU-

6smxennii. B yactHocTy, dyHkums f(x) momkHa 6bITb Takoi, 4To6bl Ha BCei obnactu

noucka KOPHA BLINONHANOCL COOTHOWweHue |f'(x)| < 1, To ecTb MOoAY /b NPOU3BOAHOM
GYHKUMN 00NXEH BbITb MEHbLUE eANHNLLbI.

3aiaya COCTOUT B TOM, YTOOBI He IIPOCTO PEUIUTH KAKOE-TO KOHKPETHOE ypaBHe-
HUe, a HanucaTh GYHKIUIO, KOTOpasi ObI MO3BOJISIJIA PEIATh YKAa3aHHBIM METO-
JIOM pa3JIMyHble ypaBHEHHUS (Pa3yMeeTCsl, IIPU YCIOBHH, YTO METOJ BOOOIIIE 1JIst
HUX TpUMeHNM ). IIporpaMMHBII KO/ C pellleHueM 3TOi 3a/ayM MpejCTaBJeH B
JctuHre 3.5.
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JNnctunr 3.5. Metoa nocneposarenbHbix NpuGamkenmii

# OnmucaHme QyHKUMM LIS peleHUs ypaBHEHUs
def solve eqn(f,x0,n):
# HauanbHOe NpuUOIMXEHMEe IOJg KOPHS
x=x0
# OnepaTop UUKJA OJIA BHUMCJIIEHUSA
# npubayxeHM 0Jis pelleHns
for k in range(l,n+1):
x=f (x) # UrepaumonHasa o¢opmyJa
# PesynbTaT QYyHKUUM
return x
# dyHkuMa, omnpegmendpowas l-e ypaBHeHUe
def eqn 1 (x):
# BHauveHMe QYHKLUU
return (x**2+5)/6
# oyHkUMA, omnpemnesspumas 2-e ypaBHeHUe
def egn_2(x):
# 3HaueHMe OQYHKUUU
return (6*x-5)**0.5
# PemaeMm l-e ypaBHEHMe
x=solve_eqgn(egn_1,0,10)
# OTobpaxaeM pesyJsbTarT
print ("l-e ypaBHeHue: x =", x)
# PewaeMm 2-e ypaBHEHUeE
x=solve_eqn(egn_2,4,10)
# OrobpaxaeM pesymbTar
print ("2-e ypaBHeHMe: x =", x)

B mporpamme MbI onucbiBaeM QyHKIMIO solve eqn () ¢ TpeMsi apryMeHTaMH.
Hamu npeanosiosxeHust OTHOCUTEJIbHO apr'yMEHTOB TaKue:

* IEepBBIH apryMeHT f SIBJISIETCSI CCHLIKON Ha QYHKLHUIO, ONPeeIsIIONIyI0
peliaeMoe ypaBHeHue (uMeeTcst B BULy GYHKUUS f(x) B ypaBHEHHH
x = f(x))

* BTOPOI1 apryMeHT x0 onpe/eJisieT HayaIbHOe MPUOGJIMKEHHE 1JIs KOPHSI
ypaBHEHUs;

* TpeTui apryMeHT n QYHKIHH - KOJMYECTBO UTEPAIIU, IO KOTOPHIM BbI-
YHCJISIETCS] KOPEHb.

B Tene dyHkuuu solve eqn () koMaH0¥ x=x0 NepeMEeHHOH x B KauecTBe Ha-
4aJIbHOTO MPUCBANBAETCS HYJIEBOe MPUOJIMKEHHe /1Jis KOpHs ypaBHeHust. [Tocte
3TOrO 3aIyCKAaeTCsl ONepaTop UKJA, B KOTOPOM OCYIIECTBJISIETCS n UTEpalui
‘LII/IKJIOB). 3a Ka’K/Iblif IIMKJI BBIMIOJIHSIETCS KOMaHa X=f (xX), B KOTOPOW MBI HC-

I L B I RO S . e S B v B “z:’



MOJIb3yEeM BBI30B (DyHKIIUH, TepETAHHON Yepe3 UAeHTU(PUKATOp £ apryMeHToM
dynkun solve eqn (). Kaxzaoe BbiosHeHne KOMaHAbl x=f (x) NPUBOAUT K
BBIYKCJIEHUIO HOBOTO (CJIeAYIOIIEro) NpUOJIMKEH S 1JIsi KOpHsI ypaBHeHust. 1o
3aBepIIEeHNH OllepaTopa IMKJIa TepeMeHHasi X KOMaHION return x Bo3Bpalla-
€TCsI KakK pe3yJibTaT (byHKLmH solve eqn().

Takxe MbI onipesiesisieM Be (PYHKIMU OT OJHOTO apryMeHTa, KOTOpbIe 33/1al0T
YPaBHEHUS [IJISI PEILIEHUSI.

(2 Ha3sameTky

Mbl pewaeM kBagpaTHOe ypaBHeHue x2 —6x+5 =0, KOTOpOEe WMeeT fOBa Kop-

H: x = 1 1 x = 5. nA npuMeHeHns MeToaa nocneaosarenbHbIX npubnuxeHunii 3To
ypaBHEHWE HyXHO nepenucaTtb. MNpuyem Ana nucka pasHbiX KOPHEN HYXHO MUCNOMb-
30BaTb pa3Hble npeacTaeneHns. CeBa3aHO 3TO C HEOGXOANMbBIM YCIOBUEM CXOA4MMO-
2
x“+5
cTn MeToga. Tak, Ana noucka KopHsa x = 1 ypaBHeHvWe npeacTaBuM B BUAE x = e
2
P x4 +5 =
B aToMm cny4ae ypaBHeHue 3agaetcsa dyHKunen x = . NMpon3sogHas oT 3TOM PYHK-

x
umn f'(x) =3 B TO4Ke MpearnonaraeMoro KOpHs x = 1 no mMoAynio MeHblle eauHu-
2
x4 +5

ubl. PyHKkUMA X = B NPOrpaMMHOM koJe peannsyetcs pyHkumen eqn_1 (). Uma
37Ol dyHKUMM Byaem ykasbiBaTb NepBbIM apryMeHToOM ¢dyHKuun solve eqn(). Ha-
YyanbHoe NpubanxeHne B 3TOM Cnyyae A0XKHO nonaaath B uHTepBan —3 < x < 3. Bro-

pOi1 KOPEHb ypaBHEHWA X = 5 He nonaaaeT B 3TOT UHTEpPBas, NO3TOMY AN Ero BblYUC-
neHns Heo6xo0AMMO N3MeHnTb cnoco6 3anucu ypaeHeHus. Tenepb NpeacTaBuM ypas-

HeHue B BuAe x = V6x — 5. laHHoe ypaBHeHue 3aaaetcs dyHkumein f(x) = Véx — 5.

Mpon3sogHas OT 3TON YHKUUK f’(")=\/6——}'_§ M MOAYMO MeHble eauHULbI

npu X >3 = 266667  3agucumocts f(x) = V6x — 5 & nporpamme peammaosana ye-

pe3 dyHKumIo eqn_2 (). IMA aTol PpyHKUMN NepesasyM NepBbIM apryMeHToM dyHK-
umm solve eqn (). BTOpbIM aprymMeHTOM HYXHO yka3aTb Y44CNOBOE 3HauveHune, 60b-
wee 7/3.

XOTA B AAHHOM ciiyyae peyb pakTuyeckn naet 06 04HOM ypaBHEHWUM, 3aNNCaHHOM B
pasHoOM BuAae, Mbl, 4TOGLI He NyTaTbes, 6yaemM roBOpUThL O ABYX YPABHEHUSAX.

QyHxuus eqn_1 (), onpesesiouias epBoe ypaBHeHHe, COAEPKUT BCEro OLHY
KOMaHAy return (x**2+5) /6, KOTOPOl Ha OCHOBE 3HAYEHUS] apryMeHTa X
BBIYUCJISIETCS] PE3YJIbTAT (byHKugm. B nanHOM ciyyae ompeznensieTcst GyHKIH-

OHaJIbHas 3aBUCUMOCTS f(x) = ¢ U PelaeTcs, COOTBETCTBEHHO, yPaBHEHUE
2
+5
6
Eume omHa ¢dbyHKIus, KoTOpasi HasblBaeTcsi eqn 2 () TakXKe IpeJHA3HAYEHA
IS OTIpe/ieIeHUsl ypaBHEHHUsI [isl peleHusi. 3HayeHue (GYHKIIMU BO3BpalIaeT-
Cs KOMaHION return (6*x-5)**0.5, rae x - 370 aprymeHT ¢pyHkunu. Ta-

(peyb UIeT O KOpHE x = 1 ).

X =
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KM 00pa3oM, paccMaTpuBaeM (hyHKIUIO ypaBHeHus f(x) = V6x — 5 , ypaBHEHHe
x =v6x—5 (u uieM pelieHue x =5 ).

Jlnsi ‘pelieHusl TepBOrO ypaBHEHHsI MbI HCIOJb3YeM KOMaHAy x=solve
eqn(eqn_1,0,10). [lepeMeHHOl x B KauecTBe 3HaUEHUsI IPUCBAUBAETCS pe-
3yJIbTaT BbI30Ba GYHKLIMM solve eqn (), IepBbIM apryMeHTOM KOTOPOH nepe-
AaHo uMs eqn_ 1 ¢yHKIMH, onpesieIsoNIell pelllaeMoe ypaBHeHHe, BTOPOH ap-
T'YMEHT - HayaJibHOe (B IaHHOM CJIy4ae HyJieBoe) 3HaueHue JJ1s1 KOPHs ypaBHe-
HUS, 2 TPETUH apryMeHT (3HaueHHe 1 0) onpezessieT KOJTMYECTBO UTEPAIIHIA, TTO
KOTOPBIM BBIYUCJISIETCS IPUOJIMKEHME /1J1sI KOPHSI ypaBHEHUs (B IPUHIIKIIE, YEM
60JIblIIe UTEpAIIUH - TEM BbIllIE TOYHOCTD PEILIEHHUS ).

Komanmoit print ("1l-e ypaBHeHue: x =", X) HalJI€HHOE pPellIeHUE [JIsI
KODHSI ypaBHEHMS 0TOOPa’KaeTcsi B KOHCOJIBHOM OKHE.

[To Toi1 xe cxeme ULIETCS pellleHUE AJI BTOPOTO YpaBHEHUS, TOJBKO TENEPD
nepBbIM apryMeHToM GYHKIMU solve eqn () nepeaaercss uaeHTudukatop
eqn_ 2, a HayaJbHOE 3HaYeHHUe JJIs1 KOPHA (BTOPOM apryMeHT) paBHO 4. Pe3yib-
TaT BBINOJTHEHUS IIPOT'PAMMBI TTIOKA3aH HIXKE:

PesynLTar BLINONHEHNS NPOrPaMMBl (M3 MCTHHra 3.5)

l-e ypaBHeHMe: x = 0.9999925289581152
2-e ypaBHeHue: X 4,992839487820055

Kak Hec0xHO 3aMETUTD, Hali/leHHble HAaMU HpI’I6JII/DKEHHI)Ie pemweHuss A0CTa-
TOYHO OJIM3KY K TOYHBIM 3HAYEHHUSIM.

[anee paccmoTpuM 3axauy o pemeHud auddepeHnnaIbHOrO YpaBHEHUS Tep-
Boro nopsigka y'(x) = f(x,y(x)) c HayaJbHBIM ycooBUeM Y (Xo) = Yo (3ada-
ua Koww). 31ech yepes X 0603HaueHa He3aBUCHUMAs epeMeHHas, ¥(X) - He-

u3BeCTHast (PYHKIMS OT HE3ABUCUMOM TlepeMeHHol, ¥ (x) = d_y - IPOU3BOAHAS
ot dyHkuun y(x) no apryMeHty X, a f(x,y) - u3BecTHas (3agaHHasi) QyHK-
s IBYX apryMeHToB (pyHkuuio f(x,y) OymeMm HasblBaTh QyHKyuel ypasne-
nust). HaM Heo6x01uMo HaiiTH Takyio GyHKIHo y(x), 4ToObl uddepeHnaib-
Hoe ypaBHeHue y'(x) = f(x,y(x)) npeBpaTHJIOCh B TOXIECTBO, U, KPOME 3TOTO,
B TOYKe X = xo GyHKuus y(x) NpuUHUMaja 3HayeHue Yo (YUCJIOBBIE MapamMe-
TPBI Xy ¥ Yo CUUTAEM 3aIaHHBIMHU).

Jl71s1 pelieHust ypaBHEHHsI B YUCJIOBOM BHUJIE MCIOJIb3yeTcsi HanboJiee mpocTast
cxema Jitnepa.



(2 HasameTky

Ecnm BkpaTLe, TO CyTb CxeMbl Jiinepa cocTouT B creaylowemM. MHtepsan aHaveHni ap-

rymeHTa ot Xg (TO4Ka, B KOTOPOW 3a4aHO Ha4yanbHoe ycnosue) Ao X (To4ka, B KOTOpOi
HY>HO BbIYUC/IUTb 3Ha4YeHne GyHKUUN y(x)) pas6usaeTtcs Ha N (gocTaTo4HO HonbLioe

4MCI0) OAVHAKOBbIX OTPE3KOB AMIMHOM A 4 — X~ X
n

3Hadenns dyrkumm Y(X) nocnenoBaTenbHO BLIMMCASIOTCA B Y3M0BbIX TOuYKaX
Xk = Xo + Ax - k,rnewnpexc k = 0,1,2, ..., n, NPU4EM O LOrOBOPEHHOCTU Xy = X.
B y3noBou Touke X 3HauyeHne dyHKuun y(xo) = Yo onpeaenseTcs u3 HavyanbHoro
ycnosus. [Ina BCeX OCTanbHbLIX Y3/10BbiX TOYEK X} BbIMUCNEHNE 3HA4eHWa YHKLMN
Yk = Y(Xr) oOCylWecTBNSeTCA Ha OCHOBE PEKYPPEHTHOrO  COOTHOLIEHUS
Vi = V-1 + BX - f(Xp—1, Yie-1)

Takum 06pa3om, ecnu Mbl 3HaeM 3HaveHne pyHkumm Y g B To4ke X g (@ Mbl €r0 3Haem n3

HAYabHOr O YCIOBMS), TO MOXEM BLIYUCINTL 3Ha4eHNe dyHKLvn Y1 B Touke X1 no ¢op-
myney; = yq + Ax - (X0, ¥o)-

3Has Y1, Bbluucnsem Y, =Y, +Ax - f(xy,¥1), wn Tak panee oo
Yn = Yn-1+ 8% f(Xn_1,Yn-1)-AYn = ¥(xy) - 310 M €CTb Y(X).

s peanu3anuu Metoa Jiiyiepa 1Mo BbIYUCJIEHUIO pelleHus nuddepeHnas-
HOTO ypaBHEHHMsI B TOYKE OIKCBHIBAeM CIelHajbHyI0 (YHKUUIO (Ha3bIBaeTcCs
solve deqn () ). Y 370l GyHKIMHU YeTbIpe apryMeHTa:

Ha3BaHue GyHKUMH, onpejesiomell nuddepeHIMaIbHOE yPaBHEHHE
(aprymeHT c Ha3BaHUEM f);

y3JI0Basi TOUKa, B KOTOPOH 3a/1aeTcsi HayaJIbHOE yCJIOBUE (apryMeHT C Ha-
3BaHueM x0);

3HaYeHHe UCKOMOU (PyHKIIMU B TOYKE HAYAJIbHOTO YCJIOBUS (APTyMEHT C
Ha3BaHHEM yO0);

3HaYeHHE TOYKH, /I KOTOPO HEOOXOAUMO BHIUMCIUTD 3HaUeHMe GyHK-
I[UY - pemieHus 1 depeHuaJIbHOr0 ypaBHeHHS (APTYMEHT C Ha3BaHU-
€M X).

B kauectBe pesyJisTata (pyHKIMs OyaeT BO3BpalllaTh 3HAUE€HHE pelieHus qud-
(epeHIMaIbHOTO YpaBHEHUS (1J1s1 3alaHHON TOYKH). COOTBETCTBYIOIUIMIA TPO-
IPaMMHBII1 KO TPUBe/IeH B IUCTUHTE 3.6.
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- Jinctunr 3.6. Pewenue auddepenunansHoro ypasHeHus -

# JIMIOopT MaTeMaTMUeCKOTO MOOYJIA
import math
# OyHKUMSA Oya peweHus OubbepeHUMaNEHOTO ypaBHEeHUs
def solve deqn(f,x0,y0,x):
# KonmuecTBO OTPE3KOB, Ha KOTOPHE IEJMUTCS MHTEPBaJ
# noucka pelleHVs ypaBHEHUS
n=1000
# PaccrosHMe MexIy COCEIHMMM Y3JIOBEIMM TOUYKaAMU
dx=(x-x0) /n
# HauasnbHasa TouKa
x=x0
# HauvanpHOe 3Hau€HMe QyHKLUUM
y=y0
# OnepaTop UMKJIA OJIS BHUMCJIEHUS pEUlIeHUS
for k in range(l,n+1):
# 3HaueHMe OQYHKUMM B Y3JIOBOM TOUYKE
y=y+dx*f (x,y)
# Crnenymomwas ys3JioBag TOYKa
x=x+dx
# Pesynbrar GyHKUMM
return y
# OynHkuusa, onpenenaomas guddepeHUMaNbHOE ypaBHEHME
def diff egn(x,y):
# PesynbTaT QYyHKUUM
return 2*x-y
# OYHKLUMA TOUHOTO pelleHus ypaBHEHUS
def y(x):
# PesynbTarT QyHKUUM
return 2* (x-1)+5*math.exp (-x)
# llar npupamweHus IO apTyMEeHTY
h=0.5
# BruMClIeHMEe pe3yJbTaTa IJId HEeCKOJbKUX
# sHaueHMM apryMeHTa
for k in range (0, 6):
# 3HaueHMe apryMmeHTa
x=k*h
print ("Umucrnopoe pemeHue:")
# Yuciosoe peleHue
print ("x =",x,"-> y(x) =",solve_deqgn(diff eqn,0,3,x))
print ("TouHoe pemeHue:")
# TouHoe peleHue
print ("x =",x,"-> y(x) =",y(X))

IIpu BBINMOJHEHUHU TPOrPAMMHOTO KO/ MOJIyYaeM TaKOi pe3yJIbTaT:



 PeaynsTar BbinonHeHws Nporpamme (3 nuctra 3.6)
UMciioBoe peleHue:

x = 0.0 -> y(x) = 3.0

TOouHOe peleHue:

x = 0.0 -> y(x) = 3.0

UncJoBOe peleHue:

x = 0.5 -> y(x) = 2.0322741142003067

TOouHOEe peleHue :

x = 0.5 -> y(x) = 2.032653298563167

UucisioBoe peleHue:
x =1.0 -> y(x) = 1.8384771238548225

TouHOE peumeHue:

x =1.0 -> y(x) = 1.8393972058572117
UucyioBOoe pelleHue:

X = 1.5 -> y(x) = 2.1143951442170557
TOoUHOE peleHue:

x = 1.5 -> y(x) = 2.115650800742149

UncisioBoe pelleHue :
X = 2.0 > y(x) = 2.6753226122334164

TOUHOe peleHMre:
x =2.0 > y(x) = 2.6766764161830636

UuciioBoe peleHue:
X = 2.5 => y(x) = 3.4091422819998414

TouyHOe pelleHue:
X = 2.5 -> y(x) = 3.410424993119494

XOTHHPOFpaMMHOFOKOH&HOBOHBHOhﬂKWOJHKmeMMaHaCaMOMIWHCHPOCTaR
HpoaﬂaﬂuanpyeM OCHOBHBIE €€ MeCTa ¥ HanboJiee BaKHbIE MOMEHTHL.

OTHOCHTEJNBHO HOBas JIJIsi HAC MHCTPYKILUS import math HyXXHa U UMIIOpP-
Ta MaTEMaTHYECKOTo MOJY.JIs ma th, a OH, B CBOIO OUepe/Ib, TOHAaI0OUTCS HaM IS
TOro, YyToOBbl TIPH MPOBEPKE HAWJIEHHOTO YMUCJIOBOTO pelleHHsi (CPaBHEHUU €ro
C TOYHBIM, aHAJIUTUYECKUM PEIlIeHHEM ), MOXKHO OBLJIO MCHOJIb30BaTh (MYHKIIHIO
JUUIsI BBIYMCJIEHUS 3HAUEHUST 9KCITOHEHTHI exp () .

B tene dynkiun solve deqn (), ucrnoabsyeMoit s peuieHust auddepen-
I[MaJIbHOTO YpaBHEHHUs], KOMaH0i n=1000 3agaeTcs KOJIU4YeCTBO OTPE3KOB, Ha
KOTOpble pa3bUBaeTCsi UHTEPBAJI MOMCKA pelleHus (MMEeeTCsl B BHIY UHTEPBAJ
3HayeHW apryMenTta GyHKUUHU-pelieHusT auddepeHIHaIbHOr0 ypaBHEHUS OT
x0 1o x). Torma paccTosiHue MeXIy COCEHUMHU Y3JIOBBIMH TOYKaMu OyneT co-
CTaBJIATh BeJUYUHY dx= (x-x0) /n (AJMHa UHTepBaJia, JejieHHasl Ha KOoJuye-
CTBO OTPE3KOB, HA KOTOpPbIE pa3buBaeTcsi HHTePBaJ). B mepeMeHHYIO x KOMaH-
n0it x=x0 3anuchIBaeTCs 3HaYeHHe TOUKH, B KOTOPOU 3ajaeTcsi HayaabHOe YCJIO-
BHE, a KOMaH/I0i y=y0 lepeMeHHO! y IPUCBAaUBAeTCsI 3HaYeHe HCKOMOH (yHK-
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I[MM B TOYKE HAYAJIBHOTO YCJIOBUsL. TakuM 06pa3oM, IepeMeHHbIE X U y TI0JTy4Ya-
10T CBOU HavajibHble 3HaYeHUs. [lociie aTOro 3amyckaeTcst UTepallMOHHBINA IIPO-
1[ECC, OCHOBY KOTOPOT'O COCTaBJISIET OnepaTop 1uKaa. OnepaTop UKJIA pacCcyu-
TaH Ha BBIMIOJIHEHUE N UTepallUii, IpUYEM 3a KOKAYIO UTEPAIUIO BBITIOIHSETCS
nBe koMmaHabl. CHavajsa KOMaHAON y=y+dx*f (x,y) BBIYHMCJSIETCS 3HAYEHHE
(pyHKLIUU-DELIeHN ST YPaBHEHUS B CIIEAYIONIEH (110 CPAaBHEHUIO C TEKYIEH) y3J10-
BOH TOUYKe. 3aTeM KOMaHION X=x+dx BBIYUCJISETCS caMma y3J10Bas Touka. [locie
BBINTOJIHEHM S OllepaTopa UKJIa 3HaueHue lepeMeHHO! y BO3BpallaeTcs B kaye-
CTBe pe3yJ/ibTaTa QyHKIUHN solve deqgn ().

Tak>ke B mporpaMMe Mbl onpeziesisieM pyHKIMIO, KOTOpasi 3aJaeT peniaeMoe aud-
¢depennuaibHoe ypaBHeHue. Peub uzer o dyHkuuu diff eqn (), y KOTOpOii
[IBa apryMeHTa (x U y), a B KAYeCTBe pe3yJIbTaT (PyHKIIMel BO3BPAIAETCSI BbIPa-
JKEHUe 2*x—y.

2 Hasametky

Mcxops n3 onpeaenenns dyHkuun diff_eqn () HECNOXHO CAEnaTb BLIBOA, YTO peyb
uaet o dyHkumm ypasHenuns f(x,y) = 2x —y. CneposatentHo, pewaetca audode-
peHuuanbHoe ypasHeHue y'(x) = 2x — y(x). Y 3TOro ypasHeHus ecTb aHanmTuue-
ckoe (TouHoe) pewenune y(x) = 2-(x — 1).+ C, - exp (—x), rae noctosuHas Cj
onpepenseTca U3 Ha4anbHOro ycnosusa. Hanpumep, ecnn HavanbHoe ycnosue 3anu-
coiBaetcs kak Y(0) = 3 (a B nporpamMme npu npoBepke pesysnktata Mbl UCMOMbL3Y-
€M VMEHHO TaKoe HayasbHOe YCNnoBue), TO pelwenne 3agaym Koww 6yaer umeTs Bug,
y(x)=2-(x—1)+5-exp (—x).

YTo6BI CPaBHUTD PE3YJIBTAT, HOJIYYEHHBIH 110 cXeMe Jitiepa, C TOYHBIM PelIeH -
eM y(x) = 2-(x—1) + 5 - exp(—x) ypaBHEHHUs], B IPOrPAMMHOM KOJle MbI OOBSIBJISI-
eM QYHKIHIO v () C OJHUM apryMeHTOM X, KOTOpasi COOTBETCTBYeT aHAIUTUYe-
CKOMY pelreHuIo 3afauu Komm 171 ypaBHeHus y'(x) = 2x — y(x) ¢ Haya bHBIM
ycaoBueM y (0) = 3.

3 Hasametky

B Tene dyHKUMM y () ANA BbIYUCNEHUA 3HAYEHWUS SKCMOHEHTLI Bbi3bIBAETCH YHKLMA
exp () M3 MOAYNSA math, KOTOPLIA Mbl B CAMOM Havane NPorpaMmbl NOAKMIOHUAN C MO-
MOLLbIO MHCTPYKUMW import. ApryMeHTOM ¢yHKUMM exp () NepenaeTcs nokasartesb
3KCNOHEHTHI. Mpn BbI3oBE GYHKUMK exp () SIBHO yKa3biBAETCS MOAY/b math, NO3TOMY
MaTemMaTM4eCcKOMy BhipaxeHnio exp (—x) (Mnm To xe camoe, 4To € ~* ) B nporpamm-
HOM KOAE COOTBETCTBYET MHCTPYKUMSA math . exp (-x) .

[TpoBepka co3gaHHBIX QYHKIUI BBIOJHSIETCS TaK: 7151 HECKOJIbKUX 3HAYEHUN
aprymenTa X (GyHKIUMH-PEIIeHNs] yPaBHEHUS Mbl HAXOJIHM YHCJIOBOE PeLIeHHe
U CpaBHMBaeM ero ¢ TOYHbIM peleHueM. [{yist 3TOro 3amyckaeM orepaTop LHK-
JIa, B KOTOPOM MHJIEKCHAsI IepeMeHHast k npoberaet 3Hayenus ot 0 1o 5. [Tepe-



MeHHas x IpuHuMaeT 3HaueHus k*h (h=0. 5 - mar npupauieHus s apryMeHTa
x), IpUGJIIDKEHHOe (YUCJIOBOE) pellleHHe BBIYUC/ISIETCS] HHCTPYKLUMEH solve
degn(diff eqgn, 0, 3, x), a g NOJy4YeHUs] TOYHOTO PELIEHUS HUCIIOJIb3yeM

BBIpaXKEHHUE y (X) .

Pekypcusa

Huxoz0a ne oymai, wmo mol unas, uem mozia
6v1 Goump unave, uem 6YOyuu UHOL 8 mex CLyua-
Ax, K020a unaue neb3s e Ovimy.

JI. Kappoan "Anuca 6 cmpane wydec"”

[Ipu onucanuu GyHKUMHA UHOrAA YAOOHO MCIOJIB30BaTh pekypcuto. Pexypcusi
HO/Ipa3yMEBAET, YTO B IPOrPAMMHOM KoJie (GyHKI[MU MCIOJIB3yeTCsI BHI30B 3TOM
Ke camoii hyHKIK (HO 0OBIYHO C APYTMM apryMeHToM). Jlydiie Bcero ckasaH-
HOe MPOUJLIIIOCTPUPOBATh Ha puMepe. B suctutre 3.7 npuBeeH MporpaMMHBIN
KO QYHKIMH, KOTOPOU 110 NMOPSIAKOBOMY HOMEPY BBIYMCJISIETCS YUCJIO U3 I10-
crenoBatenbHocT Dubonayuu. I[Ipu onmucanuu QyHKIUU KCIIOJIB30BaHA pe-
KypCHsl.

(0 Hasametky

Yucna PmnboHayum - NnocnenoBaTeNbHOCTL YNUCEN, B KOTOPOW NEPBOE U BTOPOE YMCNO
paBHbl eaMH1LE, a Kaxaoe Ccreaylouiee onpeaenseTcs kak cyMma AByX NpeablayLumx.
Takum o6pa3om, peys naetoumcnax 1, 1, 2, 3, 5, 8, 13, 21 n Tak aganee.

Nuctuur 3.7. Yucna GuGowawsm ‘ L

# OyHKUMS IOJIS BHUMCJIEHUM uuces OdmuOoHauum.
# Mpn ommcaHuM OGYHKLMM MUCIOJb30BaHa PEeKypcus
def Fib(n):
# [lepBOEe M BTOpPOE UMCIIO
# B nocyenoBaTeJIBHOCTM PaBHE 1
if n==1 or n==2:
return 1
# Uucrya B NOCJEOOBATEJbHOCTHU
# paBHO CyMMe IBYX INpeIHIyLUX
else:
return Fib(n-1)+Fib (n-2)
# IpoBepseM paborTy GyHKUMU
print ("Umucna o¢uboHauum:")
# BriumcnsgeMm 15 nepBreix uucesy dmuboHauum
for i in range(1l,16):
# Umcrya nmeuaTanTcss B OOHOM CTPOKe uepes npoben
print (Fib(i),end=" ")
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B pesysibTaTe BBINOJIHEHHS] IPOrPaMMBbI B psii yepe3 mpobes oTobpaxaercs 15
4uceJI U3 nocJeoBaTebHOCTH DuboHaYYM:

Pesynbrar BLINONHEHNS NPOrPaMMbi (U3 nucTUHra 3.7)

Uycya omboHauuu:
112 358 13 21 34 55 89 144 233 377 610

@OyHKuMs 17151 BryuceHus ynces MuboHayyu B HAIlIEM UCIIOJHEHUN Ha3bIBa-
ercst Fib () Uy Hee onuH apryMeHT (0603Ha4Y€eH Kak n) - 3TO MOPSIAKOBbIH HO-
Mep YHcJia B MOCJIeI0BAaTENbHOCTH. [10 3TOMy HOMepY HEOOXOAUMO BBIYUCTUTD
yucJo. [Iporecc BeIyucIeHN Mbl peaju3yeM C IOMOIIBIO YCJIOBHOTO OIEpaTo-
pa, B KOTOPOM NIpOBepsieM 3HayeHue aprymeHTa GyHKuu. TouHee, mpoBepsieTcs
ycaoBue n==1 or n==2. YcJ0BUE€ UCTUHHO, €CJIU apTYMEHT N PaBeH 1 UJIHU 2,
TO eCTb eCJIM Peyb UZeT O IEPBOM UJIM BTOPOM YUCJe B IOCJe 0BaTebHOCTH. B
aToM ciydae yncyio Mubonayuu pasro 1. [ToaTOMY ecsu ycioBr€e HCTHHHO, BBI-
MOJIHSIeTCST MHCTPYKIMS return 1. To ecTb eciiu pyHKUMHU Fib () 3HaYeHHE
apryMeHTa paBHO 1 WM 2, (pyHKIMel BO3BpalllaeTcsl 3HaYeHue 1.

[Toxka Bce mpocTo. CUTyalus yCJI0XKHSIETCS, €CIIH YCIOBUE N==1 Or n==2 JIOX-
Ho. JIoXXKHO ycJI0BHE, €CiM MHAEKC Y yucja (ero MopsiIKOBbI HOMED B IIOCJIE-
JI0BaTeJbHOCTH) 60JIbliIe YeM 2 (3K30THYECKIE BADHAHTHI C OTPHUIIATEIbHBIMU U
HelleJIbIMM MHEKCAMHU MBI He paccMaTpuBaeM). U 31echb Mbl BCIOMUHAEM IIpa-
BUJIO BBIYMCJIEHUS YMCeJ B nocyenoBatebHOCTH DubOHAYYM: KaXKI0€ YHCIIO
(KpoMe MEePBBIX IBYX) - 3TO CYMMa JIByX MPEIBIYIHUX.

[anee, eciu uncao OuboHaYYM € NOPSIAKOBBIM HOMEPOM N BO3BPAIIAETCS B Pe-
3yJibTaTe BbI30Ba (PyHKLUMM KOMaHI0# Fib (n), TO ABa NpeJbIAYUIMX YMCJIA -
aT0 Fib (n-1) u Fib (n-2). IloaToMy B Teje ¢pyHKIMU (C apryMEHTOM n) B
YCJIOBHOM OIIEPaTOpe B €1 se-6JI0Ke BHINOJNHSETCS KOMaHaa return Fib (n-
1) +Fib (n-2) . CobcTBEHHO, HA 3TOM BCe. Y HAC €CTh MPOrPpaMMHBIH KO QYHK-
I[UH, U 3TOT IPOrPaMMHBIN KO paboyuil.

0 Ha3ametky

Y1o6bl NOHATL, NOYEMY Xe pexypcus "paboTaeTt”, pasbepemcs, 4TO NPOUCXOAUT, eCin
Mbl Bbi3blBaeM hyHKUMIO Fib () . Hanpumep, ecnu Mbl Bbi3biBaeM GyHKLMIO C apryMeH-
TOM 1 nnn 2 (BblpaxeHue Fib (1) uam Fib (2) COOTBETCTBEHHO), TO B Tene GyHKuun
"B Urpy" BCTynaeT TOT 610K B yCIOBHOM OnepaTope, KOTOpbIi COOTBETCTBYET UCTUH-
HOMY yCnoBuio. A BOT 4TOObI BbIYMCNIUTL BblpaxeHue Fib (3) B else-610Ke yCNOBHOro
onepaTopa BbINOMHAETCS NOMNbITKA BbIYUCIUTL BbipaXeHne Fib (2) +Fib (1) . Npu aTOM
CHOBA BbI3blBaeTCA GYHKUMA Fib (), HO TOMBKO C aprymMeHTamm 2 n 1. YTo npoucxo-
AVT B 3TOM CJly4ae, Mbl yxe 3HaeMm. llocne Toro, kak BblMUCEHbl 3HAY€HUS Fib (1) u
Fib(2), MOXET ObiTb BbIHUCIEHO 3HA4Y€HWe Fib (3). [na BbIMUCNEHUS 3HAYEHUS Bbl-
paxeHus Fib (4) BbMUCNSETCH CyMMa Fib (3) +Fib (2), B KOTOPOW HYXHO npeasapu-
TENbHO BbIMUCANUTL Fib (3) M Fib (2). Kak BbIMMCAAIOTCA 3TN 3HAYEHWUS, Mbl paccma-
TpuBanu Boille. MNocne nx BblYNCNEHUS, BLIMUCNNETCA 3HaYeHne Fib (4), U Tak aanee.



......

Jlnst npoBepku pa6oThl GYHKIUU Fib () MBI C €€ IIOMOIIbIO BBIYUCTISIEM U BbI-
BOJIMM B OJIHY CTPOKY 15 1epBbIX uuces 13 nocjenoBateabHocTH OuboHavyu.

0 Hasametky

Mo ymon4aHuio nocne BbiIBOAA B KOHCONbHOE OKHO PYHKUMEN print () 3HA4YEHUIA CBOUX
apryMeHTOoB BbINOJIHAETCA Nepexon K HOBOW CTpoke. Mo3ToOMy ecnv Bbi3biBaTb NOAPSAA,
HECKOSIbKO pa3 GyHKUMIO print (), Kaxaoe HoBoe coobLleHue (BbIBOAUMBIN TEKCT) 6y-
[eT NOSBAATLCA B OTAENbHOM CTPOKe. TEXHUYECKU NPUYMHA B TOM, YTO aBTOMATUYECKU
B KOHLLE BbIBOAUMOr 0 B KOHCOJIb (OKHO BbIBOAA) TEKCTA A06aBNSETCSA MHCTPYKLUMS nepe-
X04a K HOBOW CTPOKeE. YTOObl UBMEHUTB 3TOT PEXUM PaboTbl GyHKUMM print () MOX-
HO B ABHOM BMA,€ YKa3aTb TEKCTOBOE 3Ha4YeHue A8 apryMmeHTa end. 3Ha4eHne o6bl4HO
yKasblBaeTCcs No KoYy, Yepes3 3HaK paBeHCTBa NOCNe Ha3sBaHusa .aprymeHTa end. [aH-
HOe 3Ha4YeHne onpeaenseT CUMBON (TEKCT), KOTOPbIA A06aBNRETCA (BMECTO UHCTPYK-
UMM nepexoaa K HOBOW CTPOKE) B KOHLE BLIBOAUMOrO TekcTa. Hanpumep, B komaHae
print (Fib(i),end=" ") “cnosb3oBaHa MHCTPYKUMA end=" ", NO3TOMY Nnocne Bbi-
Boaa cTpoku nobasnseTca npoben. Mepexosn kK HOBOM CTPOKE HE OCYLLECTBNSETCS.

XoTsi pekypcusi U esiaeT OOBIYHO NPOrPaMMHbBIE KOJIbI KOMIIAKTHBIMHU U MHTY-
WTHUBHO NOHSTHBIMHU, METOJI PEKYPCUBHOTO OIpeesieHnsl (PyHKIINH HeJIb3s Ha-
3BaTh 3KOHOMHBIM B IJIAHE MCIIOJIb30BAHUSI CUCTEMHBIX pecypcoB. BmecTe ¢ TeMm,
HEPEIKO PEKYPCHUS SIBJISIETCS € AIMHCTBEHHO BO3MOXKHBIM Ha IIPAKTHKE CIOCOO0M
peau3anyy NporpaMMHOrO0 K0Ja QyHKINHL

PaccmoTtpuM ette onus npuMep pekypcun. Ha aToT pas nepenuiineM npumep u3
JgucTtuHra 3.5, B KOTOpOM, HallOMHUM, IIpeJicTaBJieHa IporpaMma [1Jisi pellieHust
aJyrebpanyeckux ypaBHEHHUIT METOIOM 110CJIeI0BATENbHbIX IPHOIOKeH A Tob-
KO Ha 3TOT pa3 QYHKUHIO, C IIOMOLIbIO KOTOPOU peaJsiudyeTcsi UTePallMOHHBIH
TPOLIeCC YTOYHEHUSI PellleHHsI ypaBHEHUs], peasn3yeM 4yepe3 pekypcuio. Obpa-
THUMCSI K IPOTPaMMHOMY KOZy B JiUCTUHTe 3.8.

~ JucTvnr 3.8. PexypcHs AnS METOAA NOCTIER0BATENbHbIX NPHE

# OnmcaHue OQyHKUMUM NJIg pelleHUs ypaBHEHUS.
# Vicrosb3yeM peKypCUIO
def solve(f,x0,n):
# HauanbHOe NpUOIMXEHUE
if n==0:
return x0
# PexypCMBHOE COOTHOIEHMue
else:
return solve(f, £f(x0),n-1)
# OyHKUMA, ompelnesydpmas ypaBHEHMe
def egn (x):
# 3HaueHMe OGYHKUUM
return (x**2+5)/6
# PeumaeMm ypaBHeHUe
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x=solve(eqn,0,10)
# OrobpaxaeM pesynbTar
print ("PemeHue ypaBHeHusaA: x =", Xx)

MBI HEMHOTO U3MEHUJTH ITPOrPAMMHBIH KOJI; YaCThIO IIEPENUCAIIH, YACThIO YIIPO-
ctuiu. OyHKkuMsA solve () NMpeaHa3HavYeHa JJIs PpelleHUs y PaBHEHUS, OTpejie-
JIIEMOTO TIEPBBIM apryMeHTOM (CChLIKA Ha (PYHKI[MIO ypaBHEHHST £) ¢ HayaJIb-
HBIM NTPUGJIVKEHHEM, OIIPE/IeIsIEMbIM BTOPBIM apryMeHToM (0603HaueH Kak x0)
0 KOJIMYECTBY MTepallHii, OIpe/iesisieMOMY TPETbUM apryMeHToM (0603HaYeH
Kak n).

OcHoBY pOrpaMMHOrO Kozia (PyHKIMH COCTAaBJISIET YCIOBHBIN ONEPATOP, B KO-
TOpOM IIpoBepsieTcs ycaoBue n==0. UTo 03HayYaeT UICTUHHOCTb 3TOTO yCJIOBUSI?
VICTUHHOCTD 3TOTO yCJIOBUSI O3HAYAET, YTO MBI BBIYKCJISIEM HYJIEBOE MPUOJIHU-
XeHue IJisi KOpHsS ypaBHeHusi. Ho HyJsieBoe npubJinxeHue onpeaessieTcss BTO-
pbeIM aprymeHToOM x0 ¢pyHKIMH solve (). [loaToMy HET HUYEro y IMBUTEIBHOTO
B TOM, YTO IIPY UCTUHHOM YCJIOBHM n==0 KOMaHAOK return x0 3HaueHue x0
BO3BpaniaeTcs Kak pe3yssrat GyHkiuu solve (). Ho eciu yciaoBue n==0 J10X-
HO, B KaueCTBe pe3yJibTaTa BO3BpalllaeTcs BhIpaxkeHue solve (£, £ (x0) ,n-1),
B KOTOPOM PeKYPCHBHO BbI3bIBaeTCst GyHKIUs solve ().

(2 Hasametky

YTO6bl NOHATHL NPOUCXOXAEHWE BblpaxeHus solve (£, £ (x0),n-1), HYXHO Y4ecTb
cneayouwee. [lonyCcTum, HaM HYXHO BbIYUCIUTL N-I0 UTEPaLMIO AJIA KOPHA ypaBHe-
HUS x = f(x) C HaYanbHLIM Npubnnxernem X = X Ecim dyHkuma solve () no3eo-
n\eT pewaTb NoAo6Hble 3a4a4m, £ () Ha NPerpaMMHOM YPOBHE SIBNIIETCA peannsauui
GYyHKUMM ypaBHEHUS, NnapameTp x0 onpeaensieT HadanbHoe NPubMXeHne ana Kop-
Hf, @ n - HOMEP uTepauun, To GopmManbHO pesdynbTaT NoNY4YaeM C NOMOLLLIO KOMaHAbI
solve (f,x0,n).C Apyroi CTOPOHbI, BbIYUCTIEHWNE M-I UTEPALMU Ha OCHOBE HYJIEBOIO
NPUGAVXEHUS - 3TO TO XE CaMOe, YTO Bbluncnexue (n — 1)-ro npnbamxeHus Ha ocHoBe
nepeoro npubnmkenuns X1. Ho x; = f(xg). MoaTomy peaynsTaT Ha NpOrpaMMHOM YpPOB-
He MoXeT GblTb NPEACTABNEH TakXe BblpaXeHneM solve (£, £ (x0),n-1). 34€Cb Mbl
y4nn, 4TO NepBoe NpUbAnXeHue A KOPHS YPaBHEHUS MOXHO BbIYUCANTBL Kak £ (x0) .

PesysibtaT paboThl co3qaHHOM HaMu (YHKIMU solve () IpOBepsieM JJis pe-

x2+5 "
IIeHNs ypaBHeHns: x =—;— . C 3TOH LeJIbio B IPOrpamMme onucaHa GyHKUus

eqn (). B utore nosyyaeM Takoii pe3yJibrat:

PemeHye ypaBHeHusa: x = 0.9999925289581152

Buaum, uTo onpenesnenHas yepe3 peKypcuio GyHKIMS JIs pellleHUs] Y PaBHEHUST
BBINIOJTHSIETCSI KOPPEKTHO. JKeatoliye MOryT CaMOCTOSITENIbHO YOEAUTHCS B TOM,



YTO C TIOMOIIIBIO 3TOU (PYHKIIUM MOXXHO HAUTH BTOPON KOpeHb ypaBHeHUs. [
3TOTO JINIIb HYXHO NMPEJCTABUTH B MHOM BHUJIE CAMO yPaBHEHUE - KAK MBI 3TO Jle-
JIaJIY paHee.

JiamoOpa-PpyHKkUunm

3Haewn, 00HA U3 CAMBIX CEPLEIHBIX NOMEPD 8
6um6e - 3mo nomeps 20,108bl.
JI. Ksppoan "Anuca 6 cmpane wydec”

Ms1 yke 3HaeM, 4YTO UMsI PYHKIIMHA MOXKHO MPUCBOUTH B KAUECTBE 3HAUEHMUSI T1e-
PEMEHHOM, MOCJIE YETO YePE3 3Ty MIEPEMEHHYIO IOy CTUMO CChLIAThCS Ha (PyHK-
uuto. Ho B si3bike Python ects u ipyras "KpaitHOCTB": MBI MOXKEM CO31aTh (PYHK-
I[MI0, HO UM €if He IPUCBauBaTh BoBce. Takue GYHKIUU HA3BIBAIOTCS AHOHUM-
HOMU QYHKYUAMU WU 1IMO 0a-pyHKyuamu. 3aueM mogo0HbIe QYHKIIMUA HYXK-
HBI - 3TO BOIIPOC OT/AEJbHBINA. MOXHO IPUBECTH KAK MUHUMYM HECKOJIBKO TIPH-
MepOB, KOrJa HCIO0Jb30BaHUeE JIsIMOIa-GyHKIMNA MpeACTaBsieTcsl ONpaBaaH-
HBIM:

* nepenaya JssM6aa-PYHKIMK apryMEHTOM Jpyroit GyHKuuY;
* Bo3BpalleHHe HyHKIHUEN B KayeCcTBe pe3yJibraTa Apyroi pyHKIuy;
*  OIHOKpAaTHOE UCIIOJIb30BaHUe QYHKLUU.

[Ipu onucanuu M6 1a-GyHKIUH HCIOIB3YIOT KJII0YeBOE CJIOBO 1lambda, mocJie
KOTOPOT0 YKa3bIBaIOTCSI apryMeHTHI QYHKIINY, a Yepe3 IBOETOUHE - ee pe3yJbTaT.
To ectb mabJioH onucanus JasMbaa-GyHKIUN TaKoM (CKUPHBIM IIPUDTOM BbIjIe-
JIeHBI KJII0YEBbIE 3JIEMEHTHI ):

lambda apryMeHTE: pe3yaLTaT

Y 3TOif KOHCTPYKIIMHU €CTh Pe3yJIbTaT: CChLIKa Ha 00beKT JsaMOaa-pyHkiuu. [To-
3TOMY B IpuHIUIEe lambda-KOHCTPYKLUHUIO MOXXHO IIPUCBOUTH B KaueCTBe 3Ha-
YeHUs IEPEMEHHOM, TeM CaMbIM OIIpPeEeJIUB, B 001EM-TO, OOBIUYHYIO DYHKIIHIO.
He6oub1ioit puMep, WIIIOCTPUPYIOUIUNA HEKOTOPbIE aCHeKThl 0ObSIBJIEHUS U
UCII0JIb30BaHuUs JIsiMb1a-byHKIMH, TpUBe/ieH B iuctutre 3.9.

 Nucrunr 3.9. Nambaa-dyHkunm
# OyHKUMSA OJS OTOOpaXeHMs 3HaueHMUS
# npyroi QyHKUMUM
def find _value (f,x):

print ("x =",x,"-> f(x) =",f(x))

# IlepeMeHHO} NpUCBamMBaeTCH
# cceuika Ha JaM6Ia-oyHKLMIO
my_ func=lambda x: 1/ (1+x**2)
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# IpoBepseM pe3yJbTar

find_value (my_func,2.0)

# ApryMeHTOM QYHKUMM [epenaHa

# nambpoa-obyHKUMSA

find_value (lambda x: x* (1-x),0.5)

# Vcnonb30BaHMe JaMOOa-oyHKUUM

# B BHpaxeHuu

z=1+ (lambda x,y: x*y-x**2) (2,3)**2
# IpoBepseM 3HauUeHME MEePEMEHHHX
print ("z =", 2z)

B nporpaMMHOM Koze 0ObsIBJISIETCST (DYHKIHMS find value () ¢ AByMs apry-
MeHTaMu. JTO caMasi oOblyHast yHKiwsl. Mbl cobrpaeMcsi ee UCIOJIb30BATD
KaK BCIIOMOTATEJIbHYIO IJIsT HJLIIOCTPAIUH K UCII0JIb30BAHUIO JIIMO1a-byHKITHIA.
IlepBoiii aprymeHT pyHkimu £, Kak IpearoJaraercs, sIBJAsieTCS] CCHIIKOM Ha
dyHKIHUIO, a X - MpeANoJIaraeMblii apryMeHT AJis1 3Tol pyukuuu. B tene pyHk-
uuu find value () KOMaHIoM print ("x =",x,"-> f(x) =", f(x)) oTO-
Gpaxaercsi cooblIeHNe, B KOTOPOM, KPOME ITPOYEro, HCIO0Ib30BaHa UHCTPYKIUS
f (x) BbI30Ba GyHKIUH, HA KOTOPYIO CChLIAeTCs lepeMeHHas! £, C apryMeHTOM X.

[layee npuBeIeHO HECKOJIBKO MPUMEPOB ONMHUCAHUS M MCHOJIb30BaHUS JIMOIa-
dynkuuil. Tak, B koMaHze my func=lambda x: 1/ (1+x**2) ecTb onuca-
Hue JIMO1a-YHKINH, 2 CCBLJIKA Ha 3Ty (DYHKIIMIO IPHCBAUBAETCS IEPEMEHHOM
my func. CobcTBEeHHO YHKIHUS ONUCHIBAETCS HHCTPYKIMel lambda x: 1/
(1+x**2), B KOTOPOH HOCJIE KJIIOYEBOTO CJI0BAa 1ambda yka3aHo (opmaabHOe
Ha3BaHMeE X IJIs1apTyMeHTa (byHKupm, aBbIpaxkeHHue 1/ (1+x**2) 03HAYAET, YTO
Ipu apryMenTe GyHKIIMU X ee pe3yJIbTaToM Oy eT 3HaueHHe 1/ (1+x**2),

0 Ha3samertky"

Takum 06pa3oM, 34eck pedb naeT o dyHkumm f(x) =

1+ x?

Yro6b! MPOBEPUTH "PabOTOCIIOCOOHOCTD" CO3MaHHON HaMK (DYHKI[UH, UCIIOJIb-
3yeM koMaHay find value (my func,2.0). B 3T0if KOMaH/e IepBbIM apry-
MeHTOM (pyHk1uMM find_value () nepeaaeTcs uMs nepeMeHHoi my func, Ko-
TOpasi COAEPXKUT CChLIKY Ha JsaMOaa-pyHkiuoo. Bropoit aprymeHTt 2.0 ¢yHK-
uuu find value () - 3TO 3HauYeHHe apryMeHTa /i1 QyHKIHMH, Ha KOTOPYIO CChI-
Jlaetcsi mepeMerHasi my func. B pesyJbraTe B KOHCOJIBHOE OKHO BBIBOJUTCSI CO-
ob1eHue co 3HaueHneMmy func (2. 0) . Pe3ysbraTtoMm siBsieTcsi 3HaueHue 0 . 2

(J1erK0 MPOBEPUTH, uTO f(2) = TT=£=02 ).

Elle omyH BapuaHT, KOTOPbIi MBI pACCMAaTPHUBAEM - Tiepefiaya JsiMO1a-pyHKIUN
B KayecTBe apryMeHTa ¢yHkuuu. CoOTBETCTBYyIOLIAs KOMAaH/A BBITJISIUT Kak
find value (lambda x: x*(1-x),0.5). 31ecb NepBbIM apryMeHTOM



¢dynkuuu find value () nepenaercs He IlepeMEHHAsl CO CChLIKOW Ha JssMb/a-
GbyHKIHMIO, KaK B NpeAbIAyIIeM cIydae, a cama Jambaa-pynxius. Ilepsslit ap-
TYMEHT BBITJISIAUT TakK: lambda x: x* (1-x).To ectb apryMeHTy PpyHKINHU
X B COOTBETCTBUE CTABUTCS BbIpaXkeHUE x* (1-x) (3TO O3HAYAET, UTO MbI UMe-
eM JeJ1o ¢ pyHKuuei f (x) = x - (1 — x)). Bropoit apryment ¢ynkuuu find_val-
ue () - yMcJoBOe 3HaueHHe 0.5. JTO 3HAUEHHE WUIPAET POJIb apryMeHTa [JIsi
dyHKLMY, [lepelaHHO epBbIM apryMeHToM QyHkIiuH find value (). U xora
IEPBBIM apryMeHTOM IlepellaHa He IepeMeHHasl, a aHOHUMHast QyHKLUSI, CyTb
[leJia He MEHSIETCS. BBIYHC/ISAETCSI 3HaYeHue f(0.5) = 0.5 - (1 — 0.5) = 0.25 , TO €cTb
BBIYMCJIEHHOE 3HayeHue paBHO 0. 25.

TpeTtuiinpuMep UCI0JIb30BaHUSIIAMO 1a-DYHKIMH - KCTIOIb30BaHKHE TAKOM QY HK-
LMY B BeIpakeHUU. IIpuMepoM cayXuT komanzaa z=1+ (lambda x,y: x*y-
x**2) (2,3) **2, B pe3yJibTaTe BBIIIOJHEHUS] KOTOPOH MepeMeHHasl z II0JIY-
yaeT 3HaueHUe 5. 3HaueHUe BbIpaXKeHUs 1+ (lambda x,y: X*y—-x**2)
(2, 3) **2 BBIYUCJISIETCS TaK: K eJUHHUIIE TPUOABJISIETCS] 3HAUEHHUE BhIPAXKEHUS
(lambda x,y: =x*y-x**2) (2,3)**2, JlaHHOe BhIpaXK€HHUE - 3TO KBaJApaT
3HaveHUs BbIpakeHUs (lambda x,y: x*y-x**2) (2, 3).A 3To BbIpakeHHe,
B CBOIO OY€pE]ib, ECTh HM YTO MHOE, KaK Pe3yJIbTaT AeUCTBHS JIsaMbaa-byHKIIUN
(lambda x,y: x*y-x**2) HaapryMeHThl (2, 3).

WHcTpykuueit lambda x,y: x*y-x**2 omnpexessieTcs: JsmMbaa-GyHKIus
JIBYX apTYMEHTOB (X ¥ V), 2 Pe3yJIbTATOM SIBJISIETCSI 3HAUEHUE X * y—X * * 2, BBIUUC-
JIsieMO€e Ha OCHOBE 3Ha4eHMI apryMeHTOB QyHKIUU. T0 eCThb 371eCh IMEEM JIETIO C
dyHkumei f(x,y) = xy — x2 Eciy BbIYUCIATH 3HAYE€HUE TOM QYHKLUUHM s
apryMeHTOB X = 2, y = 3 oJIyuyuM f(2,3)=2-3—-22=6—-4 =2 . Crenona-
TeJIbHO, 3HaY€HUEM BbIpaXeHUsd (lambda x,y: x*y-x**2) (2, 3) sABjisger-
cs 2,3HaYeHueM BeIpaxkeHusd (lambda x,y: X*y-x**2) (2, 3) **2 4BJAET-
c4 4, a 3HayeHue BeIpakeHud 1+ (lambda x,y: x*y-x**2) (2, 3) **2, Ta-
K1M 06pa3om, 5.

B PE3yJibTaTe BbIIIOJITHEHUA IIPOr'PAMMBI II0JIy4Ya€EM TaKHUE COO6III€HI’IH B OKHE BbI-
BOJa:

x =2.0 > f(x) = 0.2
x = 0.5 -> f(x)
z =5

Il
(@]
N
wm

Eme oana nporpamma, KoTopasi WJIJIIOCTPUPYET BO3MOXKHbIE BADHAHTHI B IIPH-
MeHeHUU JsMOAa-pyHKuMiA, mpeacrasieHa B Juctunre 3.10. B sTom ciyuae
M6 1a-DyHKIKST UCTIOIB3YIOTCST ISl TOTO, YTOOBI C034aTh (YHKIUIO, KOTOpast
BO3BpalllaeT B KAYECTBE Pe3yJIbTaTa APYTrYI0 (PYHKIHIO.
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[ Hasametky

Mb! NPUBLIKNK, U 4NN HAC KAXETCA BNOJIHE ECTECTBEHHbIM, YTO Pe3ynbTaT Bbi3oBa PyHK-
LM - 3TO HEKOTOPOE 3HAYEHNE (HanNpuMep, YUCNOo, UK TEKCT). 34ECb PEYb UAET O TOM,
4TO Pe3ynbTaToM GyHKUMM ABASETCA QYHKUMs. HTOOb! NOHATH, KaK Takoe BO3MOXHO
(kaKk dYHKUMA MOXeT BO3BPaLLAaTh B KA4EeCTBE pe3ysibTaTta pyHKLUMIO), CTOUT BCIOMHUTD,
410 dDYHKUMA B Python - 310 06bekT Tuna function (06 o6bekTax Mbl 6yaemM roBOpUThL B
cneaylowmx rnasax, 34ecb Mel BAaBaTbCs B NOAPOGHOCTN OTHOCUTENBHO TAKOrO NOHS-
TUs, Kak 06beKT, 0co60 He Byaem). [l nsiHaC BaXHO TO, 4TO onnucaHue GyHKLUM - 3TO He-
KOTOpbLIE AAaHHbIE, HA KOTOPbIE MOXHO BbINOJIHATL CCbIIKY U 3anucaTb 3Ty CChIJIKY B Ne-
PEMEHHYI0, KOTOpasi UrpaeT poJib UMeHU byHKUMK. MO3TOMY ecnm Mbl FOBOPUM, 4TO pe-
3ynbTaToM OYHKUUM aBRseTcs GyHKUMS, TO 03HaYaeT 3To, Kak NpaBusio, cneayioLlee:

. B Tene pyHKUUM onucbLIBaeTCs (co3aaeTcs) HekoTopas GyHKUNS;

*  CCblfIKa Ha CO3AaHHYI0 GYHKLIMIO BO3BPALLAETCA Kak pe3ynbTar.

CTouT OTMETUTD KOHIIENTYaJIbHO BaXXHBIN MOMeHT. Korza Mel Bbi3biBaeM ¢yHK-
muio (HampuMep, KOMaHAOM BHJIa GyHKUMS (ApTyMEHTH) ), TO caMa HH-
CTPYKUHUS BbI30Ba QPYHKIUM TOXe sBJseTcss GyHKuueld. To ecTh BbIpakeHue
GyHKUMSA (ApTIyMEHTH) MOXKHO MHTEPIPETUPOBATH KaK MM GyHKIUH (eCciu
TOYHee, TO CChLIKY Ha (PYHKIMIO). ITO CChLIKA MIMEHHO HA Ty (DYHKIIHIO, KOTO-
pasi Bo3BpalaeTcs Kak pe3yJibTat Bei3biBaeMol ¢yHkiun. [loatomy eciu mocie
UHCTPYKUUHN QyHKUMSA (ApTYyMEHTH) B KPYTJIbIX CKOOKaX yKa3aTb apryMeH-
THI, TO MMOJYYUM BbI30B (PYHKI[MU-pE3ybTaTa. [|pyruMu cI0BaMH, pU BbI3OBE
dyHKIMH-pe3ybTaTa IMeeM 1eJ10 C BEIpa’keHHeM BU/Ia Gy HKLVS (apTyMEeHTE)
(aprymenTer) . MOXHO IOCTYNIUTh UHAYe: TPUCBOUTH HEKOTOPOI iepeMeHHOM
3HauyeHUe BbIpaXkeHusl QpyHKUMs (aprymeHTer) . [locjie BEINOJHEHUS] KOMaHAbL
nepeMeHHaa=QyHKUMUSA (APTYMEHTE) C [I€PEMEHHOV MOXHO 06paLuaTbc51
Kak Cc UMeHeM (PYHKIUH.

- NucTunr 3.10. GyHKuus Kak pesynsTar GyHkumM

# OyHKUMSA B KayecTBe pesyJjbTara
# Bo3BpamaeT QYHKLMIO
def my pow (n):
return lambda x: x**n
# IlpoBepseM pes3ynbTaT
for n in range(l,4): # BHeWHMN LMKJI
for x in range(l,11): # BHYTpPEHHMI LUMKJ
# BeIBOOMM pe3yJIbTAT BE30BA OGYHKLMUU
print (my pow(n) (x),end=" ")
print () # I[epexomouMMm K HOBOM CTpPOKE

B nmporpammHoM kozie onucbiBaeTcs GyHKIMA My pow (), y KOTOPO¥ OfMH apry-
MeHT n. Pe3yssraToM (pyHKIIMM BO3BpAIl[A€TCSI UHCTPYKIUSA lambda x: x**n.
It0 n1aMbaa-OyHKIMS, Y KOTOPOM OMH apryMeHT X, a Pe3yJIbTaT - 3HaueHue ap-
TYMEHTa X B CTEIIEHU n.



(O Hasamertky
DyHKUMA my _pow () NP BbI30BE C OAHUM apryMeHToM (0603Haumm kak L) Bo3epatla-
€T B KayecTse pesysnbTara dyHkumio f(x) = x™ . Takum 06pa3oM, MHCTPYKLMIO my _
pow (n) MOXHO paccMaTpuvBaTh Kak MMA GYHKUMW, KOTOPOM nepesaeTcs OavH apry-
MEHT. YTOGbI BLINMCNTH 3HaueHne Xt MCNoNb3yeM MHCTPYKLUMIO my_pow (n) (x) .

[1si mpoBepku paboThl CO3AaHHOM HaMM (DYHKIMM MBI 3aIyCKaeM BJIOXKEH-
HBIE OTEPATOPHI 1IUKJIA, B KOTOPBIX MlepebrpaeM 3HaUeHHs mepeMeHHoM n (OT 1
1o 3) u nepemeHHO x (oT 1 10 10). s kakmo¥ U3 nap 3HaYeHU KOMaHI0N
print (my_pow (n) (x),end=" ") BbIBOAATCA (B OAHY CTPOKY - Garogapsi
HMHCTPYKLUY end=" ") 3Ha4€HUs BBIDAXKEHUSI my pow (n) (x).

Pe3ysbraT BBIMOJHEHUS IPOTPAMMHOTIO KOJIa TPE/ICTaBJIEH HUXKE:

Pe3ynbTar BLINONHEHNS NPOrpaMMbl (U3 nMCTHHra 3.10)

12345678910
1 4 9 16 25 36 49 64 81 100
1 8 27 64 125 216 343 512 729 1000

[ Hasametky
Y10o6bl 0TOGPaxaTb 3Ha4YEHUs B OAHON CTPOKE, GYHKUUM pr int () nepenaeTcs UMeHo-
BaHHbI apryMeHT end=" ". [1ns nepexoaa K HOBOM CTPOKE UCnonb3yeM print () 6e3
aprymMeHTOB.

[MepBas cTpoka 3Ha4yeHui - 3TO HaTypasnbHbIe Yucna ot 1 Ao 10 B NnepBoi cteneHun. Bro-
pOW pag, - TE€ Xe 4ncna, Ho BO BTOPOM CTENEHWU. TpeTu paa, - TPETbS CTENEHb.

Q] HasameTky

Mpwn onucanum namb6aa-byHKUUA apryMeHTaMm MOXHO 3a4aBaTb 3HAYEHMS MO yMOJ-
YaHuio. 3HaYeHVe NO YMOJIHaHUIO YKa3blBaeTCs NOCNe UMEHU apryMeHTa Yyepes 3HaK
paBeHcTBa. Hanpumep, HCTpykuuen lambda x=1: 1/x onpeaenserca namb6aa-

1
bYHKUMSA ond 3aBUCUMOCTH fx) = x CO 3HayeHueMm aprymeHta no yMondaHuio 1.
Ecnm aty namb6aa-dyHKUMIO NPUCBOUTL NEPEMEHHON (HANPUMEPD, BbINOSIHUTL KOMaHAy
f=lambda x=1: 1/x), TO 3aTeM Npu Bbi30BE PYHKLNN MOXEM apryMeHT ykasbiBaTb
(Hanpwumep, £ (2)) nnn He ykasbiBaTh (Hanpumep, £ () ). B nocneaHem cnyyae ncnonb-
3yeTcs 3HaYeHne apryMeHTa no yMonyaHuio (B AaHHOM ciy4ae 1).
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JlokanbHble n rmoOarsibHble NepPeMeHHble

A molL He nymaii c6010 MUYHYIO WePCMb C 20CY-
dapcmeennoi.
u3 x/¢p "Kaexascxan naennuya”

Mbl yKe OmMcajiM IOCTaTOYHO MHOTO (DYHKIMH, U MPaKTUYECKU KaXIbIi pa3
UCIIOJIb30BAJIU B Tesie QYHKIMIT Te Wi uHble nepeMeHHbie. OcoOBIX Heqopas-
YMeHUll y Hac He BO3H MKaJyo. OIHAKO 371eCh €CTh OJJHA JOCTATOYHO CEpbe3Has
npobJieMa, CBsI3aHHasI C TeM, T/Ie MCIOJIb3yeMble HaMK TIePEMEHHbIE TOCTYITHBI,
are - HeT. [lepeMeHHbIe, KOTOPbIE OCTYIHBI TOJBKO B TeJie QYHKI[UHU, Ha3bIBa-
I0TCS 10KAbHbIMU. [lepeMeHHbIe, KOTOPbIE OCTYIHBI BHE (DYHKIIMY, HAa3bIBAIOT-
Cs1 2106 NbHBIMU.

(2 Hasametky

B Takux a3bikax nporpammunposaHmns, kak C++ v Java, rae nepemeHHblie 06baBnsioTCcs ©
yKkasaHuem Tuna, npobnem c pa3aeneHnem nepeMeHHbIX Ha IokanbHbie U rnobanbHble
He BO3HUKaeT. ATy knaccudukaumio nerko NpoBECTM Ha OCHOBE TOr o, rAe, B Kakom Me-
CTe NporpamMmHOro koga, nepemeHHas obwvssneHa. B a3bike Python cutyaums 6onee
cnoxHas. [leno B TOM, 4TO NOCKONbKY NepemMeHHble B Python 3apaHee (a0 nepsoro uc-
Nnonb30BaHUs) He O6GBLABNSAIOTCS, TO ONPEAENUTb, Kakas NepeMeHHas nokanbHas, a Ka-
Kas - rnobanbHas, 6biBaeT HE TaK yX 1 NPOCTO.

PaccMOTpHM HEKOTOpbIE HECJIOXXHbBIE TIPHUMEPDI, MILTIOCTPUPYIOIIHE 0COOEHHO-
CTH HCTIOJIb30BaHUSI JIOKAJbHBIX U TJI00AJbHBIX TIEPEMEHHBIX. Tak, ecjiu B TeJie
(byHKIMY TIepeMeHHOIT prCBanBaeTCsl 3HaUeHue, 110 YMOJIYaHHIO TaKasi Tepe-
MeHHasl SIBJISIeTCs JIOKaIbHOU. [IpryeM mpaBuJIO AEHCTBYET, Iake eCJu paHee
(mo omucanusi GyHKMK) ObLIa 06BsIBIEHA TJI00AIbHAS IEPEMEHHAST C TAKUM )K€
umeHeM. Kak pa3 Takoit cyyail peasin3oBaH B IPOrPAaMMHOM KOJI€ B JIMCTHH-
re 3.11.

~ Nucrunr 3.11. Jlokanshas 1 rnobanbhas nepemenHbie

# T'nobanbHasa NnepeMeHHas
x=100
# OnmcaHme QyHKUUMK
def test_vars():
# JlokasbHasa [epeMeHHas
x="JI0KaJibHasaA NnepeMeHHasa"
# [poBepseM 3HaueHME [IepEeMeHHOM
# B Teyile byHKUUM
print ("B Tene o¢oyHkuum x =", x)
# BrITOJIHAEM OGYHKLMIO
test_vars()
# [IpoBepsieM 3HaueHME [epEeMEeHHOM’
‘ BHe TeJya QyHKUUU



print ("BHe ¢yHxuMm x =", x)

Ha uro 3mech crout o6paTuTh BHHMaHHe: CHayaja MbI CO3/a€M TIJIO-
6aJbHYI0 TepeMEHHYI0 X CO 3HayeHueM 100. 3ateM oObsBisieTcsi QYHK-
nusg test vars(), B Tele KOTOpOW NEPDEMEHHOM X IIpUCBaWBaeT-
Cd TEKCTOBOE 3HaueHue "JjokaJibHas nepemenHas". KoManuaoi
print ("B Tese ¢yHKUMM X =", X) IpOBepsieM 3HaueHUe epeMeHHOH X.
ITOo BeCh Ko PyHKIUU.

Bue Tena GyHK1uM BRIOIHSAETCS KOMaHAa test _vars () , KOTOPOH BbI3bIBa-
eTcsl OMKCaHHas Beillle GYHKIHUS, a 3aTeEM KOMAaHAOU print ("BHe oyHKUMM
x =", X) NpOBepsieM 3HaUEeHHE NIEPEMEHHOI x. Pe3yJbTaT BBIMTOJTHEHUS TPO-
rPaMMHOT0O KOJIa TPUBEIEH HUXKE:

~ PesynkTar BHINONHEHWS NPOTPaMMbl (M3 nucTuira 3.11)
B Tesyie QyHKUMM X = JIOKAJIbHas [epeMeHHas
BHe o¢oyHkumm x = 100

Eciiu no nmyHKTaM, TO CUTYalus TaKkas: Mbl IepeMEHHOU IPUCBarBaeM 3HaYeHUE,
BbI3bIBaeM (PyHKIIMIO, B KOTOPOU IEPEMEHHOM C TAKHM e UMeHeM I1pHCBauBaeT-
cs1 3HaueHue (3HaYeHUe BBIBOAUTCS B KOHCOJIbHOE OKHO ), U TIOCJIe BBI30BA (DY HK-
IIUM CHOBA NpPOBepsieM 3HauyeHue nepeMeHHOM. Kak BHIHO 1O pe3ysbTaTy BbI-
HOJIHEHUSI IPOTPaMMBI, TIPY ITPOBEPKE 3HAYEHU I IEPEMEHHOM X B TeJie QyHKIUH
Y 3Ha4YeHUsI IEPEMEHHON X BHe TeJla QYHKIMHY 110JIy4yaeM Pa3InyHble 3HaUeHHUsI.
Uro 3To0 03Hayaet? O3HAYaeT 3TO TO, YTO B Tesie GYHKLUUHU U BHE Tesia PyHKUNH
MBI IMeeM JIeJI0 C pa3HBIMU IIepEMEHHBIMH, XOTS1 Y HUX U COBIA/IAlolI1e UMEHa.

Eci MBI Temepb HEMHOTO M3MEHUM MPOrPaMMHbBIA KOA (PyHKuMH test
vars (), yOpaB U3 Hero KOMaH/1y NPUCBauBaHMs 3HAYEHUs] IEPEMEHHOI x (HO
OCTaBUB KOMaH/y OTOOpa)keHHsi 3HaYEeHHs 3TOil MepeMEHHOit), CUTyalus He-
MHOTr0 u3MeHuTCs. HoBbIif mporpaMMHBIi KOZ IpUBeieH B muctunre 3.12.

~ Nucrunr 3.12. TnoGansHbie nej
# OnucaHue oGyHKUUMK
def test_vars():
# [lpoBepseM 3HaueHME [EePEMEHHOM
# B Tesle byHKUMM. BHAUEHME [€PEeMEHHOM
# x B Teye QyHKUMM He NpMCBamMBaeTCH
print ("B Tene ¢yHxumm x =", x)
# T'nobanbHas nepeMeHHas
x="rpjobanbHasa nepeMeHHas"
# BumoJHSEeM GYHKLMIO
test vars()
# [lpoBepsieM 3HauyeHME MEpPEMEHHOM
# BHe Tesla oyHKUMMpPrint ("BHe ¢yHKUMM X =", X)



nasa 3. DyHkuum

PQSYJIbTaT BBIIIOJIHEHHU S 3TOI'O MPOrpaMMHOI'0 KOAa TaKOW:

PesynbTar BLINONHEHUS NPOrpaMMmbi (M3 nucTuHra 3.12)

B rene ¢yHkUMM x = rjobasibHas NepeMeHHas
BHe ¢yHkumMmM x = rjaobasibHasd lepeMeHHas

3n1ech MBI B Tesie GyHKIMU BBIBOJUM Ha 9KPaH 3HAYEHUE IEPEMEHHOM X, HO TIPU
3TOM HUCIIOJIb3YETCS TO 3HAUEHHE, YTO OBLIIO MPUCBOEHO IIEPEMEHHOM X 10 BBI30-
Ba PyHKIUU.

(1 Hasametky

O6paTute BHUMaHUE, YTO 3Ha4YEHUE NEePEMEHHON x NPUCBaANBAETCH NOCNEe ONMCaHWUS
byHKUMM test_vars () HO A0 ee BbI30Ba.

TakuM 06pa30oM, ecJiu B TeJsie GyHKIUU eCTb IEPEMEHHAS, U 3TOM MEPEMEHHOM B
TeJie GYHKUUY IPUCBAUBAETCS 3HAUEHHUE, TaKasl llepeMeHHast Gy/IeT JIOKaIbHOI.
Ecnu B Tene dyHKkumu ecth mepeMeHHasl, HO 3HayeHHUe B Tesie GYHKIIUU el He
NpUCcBauBaeTcs, TO OyeT UCTI0JIb30BaHA IJI00aJIbHAS TIEpeMeHHast (epeMeHHasl,
3HaYeHUE KOTOPOH NMPUCBOEHO BHE Tesia GYHKIUY - HO JI0 €€ BHI30BA).

B Takyio cxeMy MHTepIpeTalnud YPOBHS AOCTYIa MEPEMEHHBIX MHOrAa HYX-
HO BHOCUTH U3MeHeHUsl. BoJiee KOHKPETHO, CYIIECTBYET BO3MOXHOCTb B SIBHOM
BHUJI€ BbIEUTH (YKa3aThb) rjob6asbHble IepeMeHHbIE B TeJie hyHKIMU. 15 3T0-
IO UCIIOJIb3YIOT KJIOYeBoe CJI0BO global. ITocie 3TOro KJIK0YeBoro cIoBa yKa-
3bIBAIOTCS (Yepe3 3aMsTyIO, ECJIM UX HECKOJIBKO) TIepeMEHHbIE, KOTOPbIE CIey-
€T UHTEPIIPETHPOBATh Kak riobasibHbie. B mictunre 3.13 npuBeneH He6GOIbIION

pUMep.

Nucrunr 3.13. Mcnonb3osanme MHCTPYKUMM global

# T'mobanbHasa nepeMeHHas

x=100

# OnmucaHue QYHKLUUMU

def test _vars():
# O6mBABNAEeM TJOOaJIbHEE IePEeMEHHHE
global x,y
# IIpoBepsieM 3HauUeHME [EePEMEHHOM X
print ("B Tejye oyHkuUMM X =", X)
# 3HaueHMe rJOBAJILHOM MNEPEMEHHOM Y
y=200
# [poBepsieM 3HaAUYEHME IE€PEMEHHON y
print ("B Tesne QyHkuMM Yy =",V)
# 3HaueHMe rOBGANBHOM NEepPEeMEHHOM X
x=300



# BhImoJIHAEM GYHKLMIO

test vars()

# [lpoBepseM 3HauyeHME MEePEMEHHOM X
# BHe Tena GYyHKUUM

print ("BHe oyHkUMM X =", X)

# [poBepsieM 3HaueHMEe [IE€PEMEHHOM Y
# BHe Teya QYHKUUMU

print ("BHe ¢yHKUMM Yy =",y)

B aTom mporpaMMHOM KoJe HCHOJIb3yeTcsl MHCTPYKuusl global x,y. JToH
HUHCTPYKIIMeH MepeMeHHble X U y O0BbSIBASIIOTCS Kak riaobasibHble. Komanpoit
print ("B Tese oyHkumm x =", x) B Tejie QYHKIHUH IIPOBEPSIETCS 3HAYe-
HUe NepeMeHHOM X, a 0 3TOro, 10 00bsiBIeHUsT DYHKIMY, IEPEMEHHOM X MpH-
cBoeHo 3HayeHue 100. iMeHHO 3T0 3HaueHue 6y 1eT 0TOOPaKaThCsl IPH BBITIOJI-
HEHUHU YKa3aHHOU BbIllle KOMaH/IbL.

CBoe mepBoe 3HaueHHE TNEPEMEHHAasl y MOoJy4aeT B Tejie PyHKIUM (KOMaH-
na y=200). 3aTeM MbI TpOBepsieM 3HAaueHHe 3TON MepeMeHHON (KoMaHIa
print ("B rene oyHkumm y =", y) ). HakoHen, komanmoi x=300 npucsa-
MBaeTCsl HOBOE 3HAYeHHe NepeEMEHHON x (KOTOpasi, HAIOMHUM, SIBJISIETCS TJIO-
6aJsbHOIT). Ha aTOM onucaHue (pyHKIIUN 3aKaHYMBAETCSL.

Jlsist npoBepku paboThl PYHKIIUHU U POJIH II00IbHBIX IEPEMEHHBIX BHI3bIBAETCSI
dyHKLMA test_vars (), anocJe 3TOro NpoBepsiIOTCs 3HaUeHUs] IePEMEHHBIX X
U y. Pe3ysbraT BhINOJIHEHUS TPOTPaMMBbI TaKOW:

PesynbTat BLINONHEHUS NPOrPamMmBl (M3 nnémura 3.13)

B Tene ¢yHxkumm x = 100
B rene oyHkumm y = 200
Bue o¢yHkumm x = 300
BHe oQyHKUMM Y 200

OO6111it BBIBOZ MOXHO ChOPMYJIMPOBATD TaK: €CJIU NlepeMeHHasi rJ106abHasi, TO

HM3MEHEHME ee 3HaYEHHS TAKKE HOCUT 'TJI00aIbHbIH XapakKTep.

BnoxeHHble pyHKUUN

Hmenno max evipaxcaemcs ee nompebnocms 6
MUPOBOTL 2aPMOHUU.
u3 x/¢ "Tloxpoecxue sopoma”

B Python ¢yHkuuu MoxHo onuchiBaTh BHyTpH (pyHKIwmit. Takue byHkuu 6y-
JIeM Ha3bIBaTh BIOMCEHHbIMU QYHKUusmu (MU eHYmMpeHHumu Qyukuusmu). B
3TOM cuTyanuu 66110 GbI MAJIO UHTEPECHOTO, €CJIU ObI HE 0/IHA 0COOEHHOCTB: BJIO-



Mnaea 3. QyHkumm

JXeHHast GYyHKIMST UMEET JOCTYII K TepEMEHHBIM BHeIlIHel QyHKIUM (TOU QYHK-
I[UH, B KOTOPO! ONKCaHa BIOXKeHHAsT QyHKIIMS).

[TpuyuHBI, TO KOTOPHIM B MPOrPAMMHOM KOJI€ UCIIOJIb3YIOT BJIOXKEHHBIE (DYHK-
1[UY, MOTYT ObITh pa3HbIMU. HampuMep, yepe3 BJIOXKEHHYI0 QYHKIMIO YI06HO
peasu30BaTh BCIOMOTaTesIbHbIE BBIYMCJIEHUS. [[pyroil BapuaHT - BJIOXKEHHYIO
dbyHKIMI0 MOXXHO BO3BpalllaTh B KauecTBe pe3yJibrata. HeGouibiioit npumep uc-
M0JIb30BaHMS BJIOXEHHbIX (PYHKIHiT TprBeieH B uctuHre 3.14. Tam MbI onuchI-
BaeM (YHKIHMIO [JIsI BBIYMCJIEHUS] CYMMBI KBaJIpaTOB HAaTypaJibHbIX ynces. [Ipu
3TOM B TeJie PyHKIIMY OMTUCAHBI IBE BJIOKEeHHbIE (DYHKITHUH.

Jiuctuar 3.14. Ucnonb3oBatune BAOXEHHbIX GYHKUMA

# BHemHas QyHKUMA
def sqg_sum():
# BiioxeHHas QYHKUMA IOJI9 CUMUMTHIBAHUA
# KoJMuecTBa CcJiaraeMblX
def get n():
# CuMTEIBAEM UMCJIOBOE 3HaudeHue
n=int (input ("CnaraeMeux B cymme: "))
# Pesynbrar ¢yHKUMM get n () - LeJ0e YUCIIO
return n
# BiioxeHHas QYyHKUMSA IOJI9 BHUMCIIEHUS
# CyMMBEl KBAOPaTOB HATYypaJIbHEIX UMCeJl.
# PesynbTaToM sBJsgeTcs GyHKLUMSA
def find sqg_sum() :
# HauajbHOE 3HAUEHME CYMMH
s=0
# OmnepaTop UMKJIA OJIS BHUMCIIEHUS CYMME
for i in range(l,n+1):
S+=1i**2 # HoBOe cjlaraeMoe B CyMMe
# Pesynbrar ¢yHrumm find_sq: sum()

return s
# OmnpenejyiseM KOJIMUECTBO CJIaTaeMHIX B CyMMe
n=get_n{()
# PesynbTaT OyHKUMM sqg_sum() - BJIOXeHHada QYHKUMA

return find sq sum
# BrumcisseM CyMMy KBaIpaTOB UYMCeJI
z=sqg_sum() ()
# OrobpaxaeM pes3yJbTaT
print ("CymMmMa kBazgpaToB paBHa:", z)

B tene BHemHel ¢yHKuMY, KOTOpasl Ha3bIBAa€TCA Sq_sum (), U KOTOpas Mpej-
Ha3HayeHa HETIOCPEICTBEHHO /sl BBIYMCJIEHUST CyMMBbI KBA/IPATOB HATYPaIbHbIX
4uCel, ONIMCHIBAIOTCS BJIOXKeHHbIe GYHKIMU get n () U find sq sum().



|

ITpu BeIMONHEeHUM QYHKUUU get n () M0Jb30BaTeNO IpejJjaraeTcsi BBECTU
1[eJI0e YMCJIO, KOTOpOe OmpeesisieT KOJUYeCTBO claraeMblx B cymMme. Beenen-
HOe T0JIb30BaTeJleM 3HauYeHUe BO3BpallaeTcsl B KauecTBe pe3yJbTata QYHKIUU
get n().B Tene pynkunm get n () KoMaHZOM n=int (input ("Cnaraems
X B cymMe: ")) OTOOpakaeTcsi cCooblIeHHE C TPOCbOOiT BBECTH YHCJIO U CUU-
TBIBAETCS 3TO YMCJIO. YUMCII0 3aNTUCBIBAETCS B IEPEMEHHYIO N, KOTOpPasi KOMaHI0M
return n BO3BpAllAeTCs B KAYECTBE Pe3yJbTaTa QyHKIUU.

) Hasametky

[Ana npeobpa3oBaHna TEKCTOBOIrO 3HA4YEHUA, BO3BpaLaeMoro ¢oyHkumen input (), K
uenovncneHHomy popmarty Mbl ICNONb3YeM QYHKLMIO int ().

BioxenHass dyHKUMs 1711 BBIYUCJIEHUS] CYMMbI KBAJ[PaTOB HATypPaJbHBIX YH-
cenfind_sqg sum() comepxuT caeaymoume koManaol. Komanzoit s=0 npucsa-
UBAeTCs HyJIeBOe HayaJIbHOe 3HaueHUe IeEPEMEHHOM s, B KOTOPYIO 3alIUCHIBAETCS
CyMMa KBa/J[paTOB YuceJL. [[JIs1 BBIYUCTIEHHUSI CYMMBI 3aI1yCKA€eTCsl OTepaTop IIUK-
na. B oneparope nukJa nepemeHHasi i mpoberaet 3HaueHue OT 1 0 n, U 32 Kax-
ABIi LIUKJI BBIMOJIHSETCS KOMaHAA s+=1**2, KOTOpPOH! K TeKylleMy 3HaUeHUIO
CYMMbI s pubaBJIsieTCsl KBaJpaT OYepeaHoro ciaraemoro i**2. ITo 3aBepuie-
HUHU OIlepaTopa I[MKJa 3HaueHue epeMeHHOU s Bo3BpalllaeTcsl B KauecTBe pe-
3yJibTaTa (PyHKIIHML.

31ech ecTb OJUH WHTEPECHBIII MOMEHT: B OIlepaTope LUKJIA (B MHCTPYKLHU
range (1, n+1)) KCHOJb3yeTcs NepeMeHHas n, KOTOPOl B TeJsle BJIOKEHHOH
¢dyHkumu find_sq_sum() 3HaYeHHe He MPUCBAUBAETCS. JHAYEHHE MepeMeH-
HOH n oIpefeJsisieTcsl B TeJie BHelIHel (PyHKIUHM sg_sum (): TaM eCTb KOMaH-
Aa n=get n (), KOTOPO# C IOMOIIbIO BbI30Ba BJIOKEHHON (PyHKLUHU get n ()
orpeieJisieTCsl KOJIMYECTBO CJlaraeMbIX U 3alMCbIBaeTCs B nepeMmeHHylo n. Ilo-
CJie 3TOro KoMaH/0i return find sq_sum pe3yibraToM QYHKIUHU sq_sum ()
Bo3Bpalaercs pyHkuus find sq sum ().

Takum 06pa3oM, Koraa Mbl BbI3bIBaeM QYHKIMIO sq_sum (), B TeJle 3TOi QyHK-
LIMY BbI3bIBaeTCst GYHKIMS get n () U, KaK CJeICTBUE MOSIBJISETCS COOOLIEHE
¢ mpocb60if BBECTH YHMCJIOBOE 3HAUYEHHE. JTO 3HAYEHHUE MCIOJIb3YETCSl BO BJIO-
xeHHoU GyHKUuHU find _sg_sum (), KOTOpasi BO3BPalIaeTCsI B KAUYeCTBE Pe3yJib-
taTa. TakuM o6pa3oM, BIpa’keHHe sq_sum () MOXeM MHTEePIIPETHPOBATh Kak
nepeMeHHYI0, KOTOpasi cChliaeTcsl Ha QYHKIHMIO (TO eCTh KaK UMs QYHKIIHH ).
Eciit MbI XOTUM BBI3BATh 3Ty (PYHKIIUIO, HEOOXOIUMO T0OABUTD €1I[€ OTHY Napy
cko60k. Bosee kKOHKpeTHO, BbIpakeHHe sq_sum () () (axkTuyecku mpejcras-
JsieT coboit BeI30B (pyHKIMH find sq sum () (C MpexBapUTEIbHBIM BbI30BOM
¢ynkuuu get n () ). IlosToMy nocse BbInoHeHUs KOMaHABl z=sq_sum () ()
B IIEPEMEHHYIO z 3alKCBIBAETCSI CyMMa KBaJpaTOB HATypaJbHbIX yuces. [lomy-



naea 3. PyHkuumn

YeHHOe 3HaUY€eHHEe 0TOOPA’KAaEM C OMOIIIbIO KOMaHIbI print ("CyMMa kBaznpa
TOB paBHa:", z).Huxke mokasaH pe3yssraT BBIOJHEHUS IPOrpaMMbl (KHUP-
HBIM IIPU(TOM BBIZIEJIEHO BBEJIEHHOE MOJIb30BATEIEM 3HAYEHHE ):

SYALTAT BLINONIHEHUS NIPOrPaMMbi (43 nucTHra 3.14)

CnaraeMelx B cymme: 10
CyMMa KBagpaToB paBHa: 385

Kak BuanM, pe3yisTat noJIyyusics KOPPEKTHBIN.

DyHKuMa Kak pe3ynbtaTt GyHKLUU

Hesasucumvie ymvt nuxozoa ne 6osauce 6a-
HanvHocmeil.
u3 x/¢ "Iloxposckue 6opoma”

Bpiiite, mpu paccMoTpeHuH JIMO1a-DyHKIHIL, MBI yKe TTO3HAKOMHUJIUCH C CUTYa-
Huel, korga GyHKIMS B KaUecTBe pe3yJibTaTa Bo3BpamaeT pynkumo. Ha mpak-
THUKE TaKHe 33Jla4¥ BO3HMKAIOT JOCTATOYHO yacTo. OTKPOBEHHO rOBOPSI, BO3-
MOXHBI U IPYTHE, 1axke 6osiee 3k30TUYeCKUe BapuaHThl. Ho 3K30THKY MbI OCTa-
BUM "Ha ITOTOM", @ 3[IECH €llle Pa3 BEPHEMCSI K TeMe CO3/1aHusl QYHKIUHN, KOTOPBIE
BO3BpalIAIOT CBOUM pe3yJsratoM pyuknuu. Ha aToT pa3 paccMoTpum BoOmpoc
60J1e€ OCHOBATEJIBHO.

BasxHbIII MOMEHT, KOTODPBII MBI y2Ke TOAYEPKUBAJIN U KOTOPBIH CIefyeT UMeTh B
BHU/Y - 3TO TO, YTO (DYHKIIMsI KaK TaKOBasi MPeCTaBJIsieT COO60M HEKOTOPBIA 00b-
ekT. To ecTb KOrZ1a B IpOrpaMMHOM KO/le BCTpeYaeTcs onucaHue GyHKIUY, I
aToM pyHKIMU co3naeTcss 00beKT. CchliKa Ha 0ObEKT 3aMUCHIBAETCS B TEPEMEH-
HYIO - Ha3BaHue QYHKIUU. B 3TOM OTHOIIEHUHU BaXKHO IOHUMATb, YTO TIEPEMEH-
Hasl, CChLIAIOMIASICS HA YUCJIO, KOHIENTYaJlbHO MaJjI0 YeM OTJIMYAETCs OT Iepe-
MEHHOI, cchlalolieiics Ha hyHkuuio (06bekT byHkimu). Eciu Mbl B 110601t Mo-
MEHT MOKE€M U3MEHUTH 3HaUEHHE "YMCIOBOI" MEPEMEHHOM, TO TOYHO TAK XK€ MBI
MO>KEM U3MEHUTH 3HAYEHUE JIJISI TEPEMEHHON - UMEHH (DYHKIIMH.

JlocTaTOYHO 3TOit IepeMEHHOI TPUCBOUTH HOBOE 3HAUEHHE - CChLJIKY Ha OOBEKT
apyrou ¢byskiuu. Bosee Toro, mockosbky B Python tum pi1si nepeMeHHbIX He
yKa3bIBa€TCs U lepeMeHHbIE MOTY T CCBIJIAThCS Ha JIF0Oble 3HAU€HHUsI, TO TEOPETH-
YeCKH HUKTO He 3alpeliaeT IPUCBOUTh NEPEMEHHOM, KOTOpas PaHee CChLIANACh
Ha (yHKUMIO, CCBLIKY Ha JaHHbIE APYroro Tuma (HalupyuMep, Ha YKCJIOBOe 3Ha-
yeHue Win TekcT). BoaMoxkHa 1 obpaTHasi CUTyalust: lepeMeHHasi, KoTopasi pa-
Hee Ha (PYHKIIMIO He CChIJIAJIACh, TOCJIE TIPUCBAUBAHUS 3HAUEHUST MOXET "CTaTh
dyHKIHeR". ITO HE BOIPOC BO3MOXKHOCTH, @ CKOPEE BOIIPOC 11€J1eCO00Pa3HOCTH.



Hanpumep, eciu Mbl XOTUM, 4TOOBI (DYHKIIMS B KaUeCTBe pe3yJibTaTa BO3Bpalila-
Jia QYHKIHIO, TO TEOPETHYECKH BO3MOXKHBI TAKHE BapUaHThI (Haubojiee 04eBU/I-

HbIE):

* Bocnosnb3oBatbest siMOma-pyHKIMENR U BO3BpAllaTh CCHLIKY Ha 3Ty
¢ynkuuio. C TakuM NOJAX00M MBI BCTPeYaJuCh paHee.

*  Omnucars B Teste QyHKIUH BJIOKEHHYIO QYHKIMIO 1 BEDHYTH CCHLIKY Ha
3Ty QYHKIMIO KaK pe3yJIbTaT BHeIIHel QyHKIHH.

* B xauectBe pesyssrata ¢yHKIMM MOXXHO BO3BpalllaTh MMs JpYrou
dyHk1MM (He BJIOXKEeHHOIT ). Takoii MoAX01 TOXeE BO3MOXKEH.

B nucrunre 3.15 npuBesieH npuMep GbyHKINH, KOTOPasi B KaUeCTBE Pe3yJIbTaTa, B
3aBHUCHMOCTH OT IIepe/JaHHOrO el JIOTUYeCKOro apryMeHTa, BO3BPAIAET CCBLIKY
Ha (YHKUMIO [JIs1 BBIYHMCJIEHHS (DaKTOpHasia UM JBOMHOTO (paKTOpUaJia YUCa.

) Hasametky

HanomHum, 4TO pakTopranom ymcna Ha3biBAaETCA NPOM3BEAEHNE BCEX HATypasbHbIX
ynucen, He NpeBbIAWNX 3TO Yncno: nl=n+(n—1)-..- 2+ 1. [isoitHoN dakTOopm-
an yucna - Takxe NPov3BeeHVe HaTypasbHbIX YACEN, HO TOMBKO "Yepe3 0AHO YUCNo™:
nl=n-(n-2):(n-—4)..(nocneaHnit MHOXWTENL PaBeH 2 AN YETHOro ynucnan u 1
ON18 HEYEeTHOro yucnan).

~ Jiuctuur 3.15. Boiuucnenue dakropuana
# OyHKLUMA OJI9 BHUMUCIEHMUS QaKTopuala
# ¥ OBOMHOTO dakTOopMaia
def factor (mode=True) :
# BiioxeHHasa GYHKUMA OJIA BBIYUCIICHUA
# daxTopmana umcia
def sf(n):
s=1 # HauaJbHOe 3HAUeHMEe NPOM3BEOEeHMd
i=n # HauaJbHOe 3HaueHMe MHIEeKCa
while i>1: # YcinoBue
s*=i # YMHOXeHMEe Ha MHIOEKC
i-=1 # YMeHblleHMe MHOEeKca Ha 1
return s # Pe3yJbTaT BJIOXEHHOM GYyHKUMM
# BiioxeHHas GYHKUMSA OJIS BHUMCIIEHUSA
# mBoyHOTO dakTOopMasa uMcia
def df(n):
s=1 # HauanbHOe 3HAUYEHMEe MNPOM3BEIEHMUS
i=n # HauaJbHOe 3HaueHMe MHIEKCa
while i>1: # YcrnoBue
s*=1 # YMHOXeHME Ha MHIEKC
i-=2 # YMeHblleHVMe MHIOEeKca Ha 2



Fnasa 3. ®yHKuum

return s # Pe3yJbTaT BJIOXEHHOM GYHKLUMUM
# Ecau aprymMeHT mode paBeH- True
if mode:
return sf # Cceuka Ha OYHKUMO IJIA
# Boumciienua ¢akTopmasa
# Eciu aprymMeHT mode paBeH False
else:
return df # Cceuika Ha OYHKUMIO IJIA
# BHIUMCJIEHMSA IOBOMHOTO dakTopmasa
# . BuspiBaeM byHkumio factor () OJig BHUMCJIEHMSA (QaKTopmala

print ("5! =", factor() (5))

print ("5! =", factor (True) (5))

# BusmBaeM ¢yHkumio factor () IOJIS BHUMCJIIEHUS
# nBoMHOTO OdakTOopMasa

print ("5!! =", factor (False) (5))

PGSyJII)TaT BBITIOJTHEHU A MPOTrPaMMHOI'0 KOJa TaKOI:

Pesynutar BhinonHe4Hus nporpammsl (13 nuctunra 3.15)

5! =120
5! =120
5!1 =15

Oyukuus factor () omucaHa ¢ OJHUM apryMeHTOM mode, y KOTOPOTO €CTb
3HayeHue 1Mo yMoJyaHuio True. TakuMm 06pa3oM, (PyHKIUST MOXKET BbI3BIBATHCS
6€e3 apryMeHTOB WJIM C OJTHUM JIOTUYECKMM apryMeHToM. Eciin aprymeHT paBeH
True, (pyHKUMEN B KayecTBe pe3yJsbTaTa Bo3BpalaeTcs: (pyHKuus, peHa3Ha-
YyeHHast JIs1 BeIYucienus ¢akTopuaa yucia. Eciu dyHkims factor () BbI3bI-
BaeTCsl C JIOTHYECKUM apryMeHToM False, pe3ysbTaToM GyaeT pyHKuus, npes-
Ha3HaYeHHAas JIJIs1 BBIYMCJIEHUS IBOMHOrO haKTOpHasa Yuca.

B tene ¢pynkuuu factor () omucaHbl ABe BJIOXEHHbIE QYHKIUU: (PyHKIIUEH
sf () BerumcisieTcs pakropual, a GyHkImel df () BIYUCISIETCS ABOWHOM dak-
TopuaJl. B 3aBUCHMOCTH OT 3HaueHUsI apryMeHTa mode B YCJIOBHOM OIlepaTope
B KauecTBe pe3yJibTaTa GyHKIUU factor () Bo3BpallaeTcs cchblaka sf uiam df.

0 Ha3zametky

B Python cywiecTeyioT 60nee npocTbie cnoco6bl BLIMNCIEHUS NPON3BEAEHUA HATYpasib-
HbIX 4YMCen, YeM co3aaHue ANA ITON uenu onepaTtopa unkna. TemM He MeHee, Mbl K HUM
NpUHLUNManbHO He Nnpuberaem.

[Ipu npoBepke OYHKIMOHAJBHOCTU CO3JaHHOU (YHKIMU factor () HaM Ha
noMoub TNPUXOAAT KoMmaHAbl factor () (5), factor (True) (5) (B 060-



UX CJly4yasiXx peuyb UJeT O BBIYMCJIEHWM 3HaueHus 5! =5-4-3-2:-1=120) u
factor (False) (5) (BbluucjeHue 3HaueHUs 5! =531 = 15).

O Ha3sametky

O6paTute BHMMaHue, YTO peayfbraTamMu BblpaxXeHuih factor (), factor (True) W
factor (False) SIBASIOTCA CCbIKM HA PyHKUMK. [O3TOMY AaHHbIE BbipaXeHus cne-
nyeT paccMaTpuBaTh Kak "Ha3BaHWs" GYHKUuiA. YToOGbl Bbi3BaTh 3TU GYHKUUK, NO-

cne "Ha3BaHWn" B KPYribix CKOBGKax ykasbiBaeTCst apryMeHT pyHKUuMM (B AAHHOM Chy-
yae 4ymcno 5). OTcloaa NnonyyYaemM COOTBETCTBEHHO factor () (5), factor (True) (5)
nfactor (False) (5).

Eie ogHO 3aMevanne OTHOCUTEIBHO PACCMOTPEHHOM MporpaMMel. Jlerko 3ame-
THTbh, YTO TIPOTPAMMHBIE KOJbI BJIOXEHHbIX GYHKIMKA sf () u df () mpakTude-
CKM UJIEHTUYHBI U OTJIMYAIOTCS JIUIIb 3HAaUeHUEM JleKpEMEHTa HHEKCa B OIepa-
TOpe 1MKJIa (BeJUYNHA, HA KOTOPYIO YMEHBIIAETCS IEPEMEHHAS 1 - IPU BBIYUC-
JIeHMH 0ObIYHOTO hakTOpHaia 3TO 1, a PU BHIYUCIEHUH ABOMHOrO (haKTOPH-
aJla MHIEKC yMEHbUIAETCS Ha 2). YUUTHIBAsi 3TO 0OCTOSITENBCTBO, PACCMOTPEH-
HBIN paHee MPOrPaMMHBII KO MOXHO OBLJIO 6bI OPraHU30BaTh HECKOJIBKO MHAYE.
ITpumep npuseses B suctunre 3.16.

Nuctvnr 3.16. Gaktopuan u aBoiHO# daktopwan

# OYHKUMA IOJI9 BBIUMCJIEHMA dakTopuala
# u mBoMHOTO dakToOpMalna
def factor (mode=True) :
# BioxeHHasa OGYHKUMA OJI9 BHEUMCIIEHUSA
# oOrlUHOTO/IOBOMHOTO dakTOpMalla umucia
def f(n,d):
s=1 # HauaJlbHOe 3HAaueHMe MNPOU3BEOEeHUA
i=n # HauajnbHOe 3HaUeHMe MHIEeKcCa
while i>1: # YcnoBue
s*=1 # YMHOXeHMe Ha MHIEKC
i-=d # YMeHblleHMe MHIOEeKCa
return s # Pe3yJbTaT BJIOXEHHOM GYHKUMUMU
# 3HaueHMe OEeKpeMeHTa OJid MHOEeKCa
d=1 if mode else 2
# PesynbTaT QYHKUMUM
return lambda n: f(n,d) # JamMboa-oyHKUMSA
# BuspiBaeM byHkuUMI0O factor () IOJigs BHUMCIIEHMA daKTopuala
print ("5! =", factor () (5))
print ("5! =", factor (True) (5))
# BrseiBaeM ooyHKkuUMO factor () OoJjid BHIUMCJIEHUSA
# mBoOMVHOTO dakTOpMaTa
print ("5!! =", factor (False) (5))



FnaBa 3. ®PyHkuumn

PesybTaT BHIOJIHEHNUS 3TOTO TPOrPAaMMHOTO KO/]a TOYHO TaKOH ke, Kak U IpU
BBIMTOJIHEHUH TPOrpaMMbl U3 juctuHra 3.15. UTo kacaeTcsi caMoro mporpamm-
HOTO KO/Ia, TO Ternepb B pyHKkuuu factor () omucaHa BCETO OJHA BJIOXKEHHAS
¢yHKUUS, KOTOpasi Ha3biBaeTcs £ (), My Hee Ba apryMeHTa; YUCJIO n, JJIs1 KOTO-
POTrO BBIYKMCJISIETCS] OOBIYHBINA MJIM JIBOMHOM (haKTOpHUAJI, a TAKXKe HIiar JUCKPET-
HOCTH d 17151 yMEHBIIeHUsI UH/IeKCHOU NTlepeMeHHOH B ollepaTope LUKJIa.

DakTHYeCKH, 3HaUeHKe apryMeHTa d onpe/esisieT, Kakoi aktopuas (06bIYHBIN
WJIM JIBOMHOM) Gy €T BBIYUCIISATHCS: AJ1s1 0ObIYHOTO (haKTOpHasa 3HaUYEeHHe ap-
ryMeHTa d paBHO 1, a JIJIsl BEIYKMCJIEHHS JBOMHOrO (pakTopuaja 3Ha4eHHe 3TO-
ro apryMeHTa J0JDKHO GbITh paBHO 2. B Tesne ¢yHkuuu factor () KoMaHIOH
d=1 if mode else 2 (aHaJIOT mepHApPHOZO ONEpPamopa) nepeMeHHom d npu-
CBauBaeTCs 3HaueHHue 1 WU 2 B 3aBUCUMOCTH OT 3HAYEHUSI JIOTUYECKOIO apry-
MeHTa mode ¢yHkuuu factor (). ITocse aToro B kauecTBe pe3yabTaT QYHKIU-
eif factor () BO3BpalllaeTcsi CChLIKA Ha JsIMO1a-GyHKIIMIO, KOTOpast 3aaeTcst
BbIpaxeHueM lambda n: f(n,d).

ImaBHas ugest B TOM, 4TO BJIOXEHHOW (YHKIIMM NPH BBI30BE f () MepenalTcs
[IBa apryMeHTa, B TO BpeMsl KaKk B KauecTBe pe3yjbrata QyHkuus factor ()
JOJDKHA BO3BpallaTh QYHKIMIO, Yy KOTOPON OAMH apryMeHT. Iloatomy Bo3Bpa-
aTh CChIIKY Ha ¢GyHKIMIO £ () B KayecTBe pe3yJbrata GyHKIUU factor () -
MBICJIb TUI0Xast. MBI TOCTYTIaeM HHAYe: CO3/1aeM AHOHUMHYIO (DYHKIIHUIO C OTHUM
apryMeHTOM, KOTOpasi oJpa3yMeBaeT BbI30B QYHKUMHU f () C 3TUM e IepBbIM
apryMeHTOM, a BTOPOI apryMeHT ¢yHKIUU £ () - paHee ONpeaeieHHOe YUCJIO-
BOe 3HayeHue d.

Haxkowery, erte oquH criocob pelieHus Bce TOM e 3aauu POUJLTIOCTPUPOBAH B
suctunre 3.17.

r 3.17. Eilie 0AMH CNOCOB BLINHCANTS (pakTopuan

# OYHKUMSA I0J9 BBEIUMCJIEHMSA GakTopuaja umucia
def factorial (n):
if n==1:
return 1
else: # Pexypcus
return n*factorial (n-1)
# OyHKUMS OJIS BEUYMCIIEHMS IBOMHOTO GakTopmala
def dfactorial (n):
if n==1 or n==2:
return n
else: # Pekypcus
return n*dfactorial (n-2)
# OYHKUMA IO/ BBIUMCJIEHMS -bakTopMmasa
# u nBoyHOTO dakTOopMalna




def factor (mode=True) :
# PesynbTaT — CCHUIKA Ha BHEWHOLD (QYyHKLMIO
return factorial if mode else dfactorial
# Bu3wiBaeM o¢yHkumio factor () nys BHUMcIIeHMAa dakTopmasa
print ("5! =", factor () (5))
print ("5! =", factor (True) (5))
# BrosweiBaeM ¢yHkumio factor () OJa BHUMUCIIEHUS
# nBomHOTO OdakTOopMasa
print ("5!! =", factor (False) (5))

B nporpammuoM koze onucans! 18e (BHelmHue) GyHKuu: factorial () mis
BbIYUCJIeHUs pakTopuana ynucaa u dfactorial () AJs1 BBIYUCIEHUS IBOMHOTO
(akropuasa yncia. [Ipu onucanny atux (PyHKIUMIA UCIOJIB30BANIACh PEKYPCHSL.
[Ipu aTOoM mporpaMMHbIi Ko GYyHKIUN factor () HUCKJIYUTESBHO MPOCTOMN
U COCTOMT BCEr0 U3 POAHOI KOMaHAbIL, KOTOPOii B kKayecTBe pe3yJibTaT QyHKIUH
BO3Bpall[aeTcs BbIpakeHue factorial if mode else dfactorial. Jto
BbIPa’KEHHE OCHOBaHO Ha MepPHAPHOM ONepamope 1 ero 3HadyeHue paBHO facto-
rial, ecqiu apryMeHT mode NpUHUMaeT 3HayeHue True. B npoTuBHOM ciiyyae
pe3yJbTaT BblpaxeHHs: paBeH dfactorial. I B ToM, U B ApyroM ciy4yae pedyb
UJIeT O BO3BpAllleHUH CChUIKU Ha BHEUIHIOK (IO OTHOLIEHHIO K GyHKuuu fac-
tor () ) dyHkuuio. Pe3yssrar BeIIOJHEHHS IIPOIPAMMHOIO KOJIA TAaKOM XKe, KaK
U B NIPeIBIAYIINX CIyYyasX.

OuepenHol MPUMED, KOTOPBIN MBI PACCMOTPUM 3/IECH - 3TO QYHKIHS, KOTOPOK
apryMeHTOM nepeznaetcsi GyHKLUsI, U KOTOpPasi B KAYeCTBe pe3yJIbTaT BO3Bpalla-
et ¢pyHkiuio. Eciu 60J1ee KOHKPETHO, TO peYb MOUIET O BHIYUCIEHHH TPOU3BO-
JTHOM.

0 Hasametxy

Mpou3sogHon Ansa d>y;|<u,w| f(x) HasbiBaeTcs HekoTopas yHkuua (0603Haqa-

etca kak f (x) v dx)» KOTOpas paBHa npefesny OTHOWEHMS Pa3HOCTW 3Hauye-
HUM DYHKUMM f(X) K NPUPALLEHMIO aprymeHTa Ax npu cTpemneHun nocnegHero K

f(x +Ax) — f(x)

nymo: f'(x) = Airgo—x. [lna Hac Xe BaxHO crenylollee: CylwecTsy-
€T NpaBuNo (NPaBUNO BbIYUCNIEHNSA MPOU3BOAHON), HA OCHOBE KOTOPOro OA4HOM PyHK-
UMM MOXHO B COOTBETCTBME NOCTaBUTL APYrylo PyHKUMIO (KOTOpas Ha3biBaeTCcs npo-

u3soaHoit). Hanpumep, ecm f(x) = x2, 1o f'(x) = 2x, a ecm f(x) = , TO

1+x
’
xX)=————
£ 1 +x)?,
Boobwe npouenypa BblMUCNEHUS MPOW3BOAHON - Onepauus aHanuTuyeckas. Ho Ha
npakTuke 4acTo npuberalT K BbIYUCAEHNIO NPOM3BOAHOM B NPUBANXEHHOM BUAE, ANs
yero BbiGMpaeTca Manoe, Ho KOHeYHoe, NpupalleHue aprymeHTta AX, n B Touke X npo-

fx +Ax) — f(x)

! ~
nssogHas f’'(x) sbiumcnseTcs kak oTHowekue f (%) = Ax . NmenHo
TakvM NoAX0A0M Mbl BOCMOJIb3YEMCS ANA BbIYUCNEHNS NPOM3BOAHOW B NPOrPaMMHOM
Kogze. .



Inasa 3. PyHkuum

B ymucrunre 3.18 npuBeaeH npumep nporpaMMel, B KOTOPO¥ onucaHa ¢hyHKIuS,
TI03BOJISIIONIAS BBIYUCJISTH (B PUOJIMOKEHHOM BH/IE) TPOU3BOAHYIO.

Hcxonnas (muddepennnpyeMast) GyHKIUS epeaeTcsi apryMeHTOM, a IIPOU3-
BOZIHASI (PYHKIIMS BO3BPAILAETCS KAK Pe3yJIbTarT.

~ Nuctunr 3.18. Buluncnenne NpoussoaHon
# OYHKUMA OJIS BEUMCJIEHMS NPOM3BOLHOM
def D(f):
# BiioxeHHasa QyHKUMSA. BeUMCIIAET
# npubaMxeHHOEe 3HauYeHMe IPOM3BOLHOM
def df (x,dx=0.001):
# Pe3sysbTaT BJIOXEHHOM QYHKUMU
return (f (x+dx)-f(x))/dx
# PesynbTaT OYHKUMM - NPOM3BOOHASA
return df
# lepras ¢yHkumsa nias oudbdbepeHUUPOBAHMUS
def f1(x):
return x**2
# Bropas ¢yHkumsa nna ouddbepeHUMPOBAHUSA
def f2(x):
return 1/ (1+x)
OyHKUMA OJ1 OoTOOpa)XeHMUsa MNPOM3BOIOHOM B
HECKOJIbKMX TOUYKaX. APTYMEHTH TaKue:
F - npousBomHasa (nNpmbimxeHHas)
Nmax - KOJMYECTBO TOUYEK (MMHYC OIMH)
Xmax - npaBas I'paHula [0 apryMEeHTY
dx - npupaleHue apryMeHTa
f - npomsBOnHas (aHaANIMTUUECKU)
def show (F,Nmax, Xmax,dx, f) :
# TOukM, B KOTOPHIX BHUMCJISETCH NPOU3BOIHASA
for i in range (Nmax+1) :
x=1i*Xmax/Nmax # 3BHaueHMe apryMeHTa
# [pubIMXeHHOEe M TOYHOE 3HAaUeHMEe [POU3BOIHOM
print (F(x),F(x,dx),f(x),sep=" -> ")
# [pomszBOOmHaAs OJIS NEepPBOM QYHKUMUM
F1=D(f1)
# [pom3BOOHAA OJIA BTOPOM GYyHKUMM
F2=D(£f2)
# 3HaueHMsa B pasHHIX TOUKax
# NpoOM3BONHOM INJIA NEPBOM QYHKLUUMU
print ("llpom3BogHas (x**2)'=2x:")
show(F1,5,1,0.01, lambda x: 2*x)

FH H= = H W = I



# 3HaueHMs B pPA3HHX TOYKax

# NPOM3BOOHOM OJIS BTOPOM GyHKLUUMU

print ("MIpomszeomHasa (1/(1+x))'=-1/(1+x)**2:")
show (F2,5,1,0.01,lambda x: -1/ (1+x)**2)

PesysibraT nostyyaeM Takoit:

PesynbTar BbINONHEHMs NporpaMmel (w3 nuctwwra3.18)

[lpom3BOonHasa (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

MpouzeomHasa (1/(1+x)) '=-1/(1+x)**2:
-0.9990009990008542 -> -0.990099009900991 -> -1.0
-0.6938662225923764 -> -0.688705234159781 ->
-0.6944444444444444

-0.5098399102682061 -> -0.5065856129686019 ->
-0.5102040816326532

-0.3903810118676132 -> -0.38819875776396895 ->

-0.39062499999999994
-0.3084706027516315 -> -0.30693677102516803 ->

-0.30864197530864196
-0.2498750624687629 -> -0.24875621890546595 -> -0.25

Y ¢pynskumu D () , npeIHa3HAYEHHOM /1JIs1 BHIYMCJIEHHU S ITPOU3BOIHOM, OUH apry-
MEHT, KOTOPbIit 0003HaYeH Kak f ¥ KOTOPBIN OTOXIECTBIIsIET Ha3BaHue qudde-
peHuupyemoii ¢yHkiuu. B Tese dyHkuu D () onucaHa BIOXKEHHAS (PYHKIMS
df () ¢ aByms aprymeHTaMu. [IepBblit apryMeHT x 0003HAYaEeT TOT apPTYMEHT, TY
TOYKY, B KOTOPOIi BbIYMCJISIETCS TPOM3BOIHAsL. BTOpOit aprymeHT dx o603HavyaeT
MpUpalleHue Mo apryMeHTY, Ha OCHOBAaHMM KOTOPOT'O BbIYUCJISIETCSI BhIPAXKEHUE
[LUTs1 IPOM3BOHOM. Y apryMeHTa dx MMeeTcsl 3HaUeHHe 10 yMoJyaHuwo. B Tese
BJIOXKeHHOU GyHKIMM df () Bo3Bpaiiaercs (Kak pe3ysabTaT QYHKIHMH) 3HaYe-
Hue BbIpaxkeHHs: (f (x+dx) -f (x)) /dx (OTHOIIEHHe pa3HOCTH 3HaYeHHU Jud-
(bepenupyemoii pyHkMK K mpupaieHuio aprymenTa). Oyukius D (), B CBOIO
ouepe/b, BO3BpalIaeT B KAYeCTBe pe3yJibTaTa CChIJIKY df Ha BIOXKEHHYIO QYHK-
nuto df ().

Takxxe B MporpaMMe OMUCHIBAIOTCS Be DYHKIUY [IJIST BHIYUCJIEHUS HA UX OCHO-
Be Mpou3BOAHBIX. Peub uner o pyukuuu £1 () (COOTBETCTByET BaBI/ICI/IMOCTI/I

f(x) =x* )npynkuuu £2 () (COOTBETCTBYET 3aBUCUMOCTH f(*) =77~ ). [Ipous-
BO/IHBIE IJI51 3TUX (PYHKI[UIA BBIYUCJISIIOTCS KOMaHgaMu F1=D (£f1) u F2=D (£2)



Fnaea 3. ®yHkumn

COOTBEeTCTBeHHO. [locJie BBIMOTHEHUST 3TUX KOMaH/ NlepeMeHHasi F1 cchliaeTcs
Ha GQYHKIHUIO, COOTBETCTBYIOUIYIO MTPOU3BOIHOM it pyHKimu £1 () . AHaJIOruy-
HO, TlepeMeHHasi F2 SBJISIeTCS CCBIJIKOM Ha MPOU3BOAHYIO 11 QYHKIUMH £2 ().
[Ipuuem pyHkusaM F1 () u F2 () npu BbI30BE MOKHO TlepeiaBaTh OMH UJIH 1Ba
apryMeHTa. [lepBbIii apryMeHT onpezeisieT TOYKY, B KOTOPOi BEIUUCISIETCS IIPO-
M3BO/HAsI, 2 BTOPOIl apryMeHT, eCJIM OH 3a/aH, 3a/laeT NpupallleHue 1o apryMeH-
Ty AJ151 BBIYUCJIEHUS] TPOU3BOJHOM.

Jl1si BBIYMCJIEHUSI U OTOOpa’keHUsI 3HAYEHWU MPOU3BOAHBIX (PYHKIUN B He-
CKOJIbKUX TOYKaX UCHoJb3yeTcsl GyHKIMSA show () . DyHKIMS omucaHa co cJe-
OYIOIUMU apryMEHTaMU:

* yepe3 F o603HaueHa (PYHKIUS /151 BbIYMCJIEHUS] IPOU3BOIHOM B YHCJIO-
BOM BH i€ (Ha 3TOI TO3UIIMK TP BbI30Be PYHKIIMK YKa3bIBAIOTCS Ha3Ba-
Hus F1 v F2 QyHKImii F1 () U F2 () );

* nepeMeHHass Nmax 0003HayaeT KOJMYECTBO MHTEPBAJIOB, HA KOTOpPbIE
pa3buBaeTcs [Uana3oH K3MEeHEHHs apTyMEHTAa IPU BbIYMCJIEHUH TTPOH3-
BOJHOU (3TO YUCJIO HA eIUHUILY MEHbLIE KOJIUYECTBA TOYEK, B KOTOPBIX
BBIYMCJISIETCS IPOM3BO/IHAS);

* TepeMeHHas Xmax 0603HAYyaeT MpaByIo rPaHMILy JUana3o0Ha U3MEHEHUS
apryMeHra (JieBasi TpaHHIla PaBHA HYJIIO );

* yepe3 dx 0603HAYEHO MPUpAlleHE APTYMEHTa;

* uepe3 f 0603HaYeHO MMsl (YHKIMH, KOTOpAsi ONpefeisieT aHaJIuThuye-
CKOe 3HaYeHHe [1JIs1 IPOM3BOHOM.

[Tpu BbI30Be DYHKIMK Show () MOCJEIHUM apryMeHTOM TepeaalTcs JasaMOaa-
yHkumm: lambda x: 2*x (COOTBETCTBYeT 3aBUCUMOCTH f'(x) =2x )

U lambda x: -1/(1+x)**2 (f'(x)= _(1—+x)—2)' [Ipy BBHIMOJHEHMH KO/IA
¢byHKuMU show () 0TO6paXkaeTcst TPH 3HAUEHUST:

* 3HayeHMe NMPOM3BOJHOM, BBIUKCJIEHHOE Ha OCHOBE HCIOJIb3yeMOro MO
YMOJIYaHUIO IIpUpaleHust aprymenTa (QyHkuuu F1 () v F2 () BbI3bIBa-
IOTCSI C OTHUM apryMEHTOM );

*  3HayeHHe POU3BOJHOMW, BHIYMCIEHHOE Ha OCHOBE SIBHO YKa3aHHOIO 3Ha-
YeHUs [J1s1 pupalieHus apryMedTa (QyHkiuu F1 () u F2 () BbI3bIBa-
IOTCSI C ABYMSI apTyMeHTaMMu);

* 3HayeHHe MPOU3BOIHOM, BBIYMCJIEHHOE HA OCHOBE aHAJMTUYECKOTO BBI-
PaXKeHHUSsL.



Kak BuauM, B OCHOBHOM pe3yJIbTaThl BBIYUCJIEHUST TPOU3BOHBIX YHUCJIOBBIMU
MeTO/IJaMH HeIJIOX0 KOPPEeJUPYIOT C TOYHBIMU (BBIYMCJIEHHBIMU HA OCHOBE aHa-
JINTUYECKUX BBIPaXKE€HUI) 3HAUEHUSIMU.

Pe3iome

Macmepa ne myopcmsyiom.
u3 x/¢ "Iloxpoecxue 6opoma”

1. Ilpu onucanuu pyHKUMM UCTIOIB3yeM uaeHTUdUKaTOp de £, mocie KOTopo-
T0 YKa3bIBaeTCs UM QYHKIIMH, CITUCOK apryMeHTOB (B KPYTJIbIX CKOOKaX) H,
MOCJIe IBOETOYUSI, IPOTPAMMHBIM KO QyHKIUML.

2. UHctpykuus return B Tesie GYHKIUU TPUBOIUT K 3aBEPILIEHUIO BBITIOJIHE-
HUSI IPOrPAMMHOTO0 Kozia GyHKI[UH, a 3HaYeHUe, YKa3aHHOe 1TOCJie HMHCTPYK-
IIMU return, BO3BpalllaeTCs B KAUeCTBe pe3yJibTaTa (PyHKIIUH.

3. Ilpu omucanuu pyHKIMK co3aaercsi 00bekT Thna function. Msa ¢pyHkuuu
SIBJISIETCSI CCBHLIKOM Ha 06beKT (pyHKiuu. Ccblika Ha 00beKT QYHKIMHU MO-
JKeT MPUCBanuBaThCs MepeMeHHOM. B aToM ciiyuyae nepeMenHast 6y €T CChL-
KOU Ha QYHKIUIO, U 3Ta IepeMeHHa st MOXKeT UCI0JIb30BAThCS KaK UMSI DYHK-
1107078

NMs pyHKNMM MOXKET 1epeaaBaThCs apryMEHTOM APYTOM (DYHKIUHL

5. (DyHKIUs MOXKET BO3BPAlLIAaTh B KaUeCcTBe pe3yJbTaT (pyHK1uUI. B aToM ciry-
yae BO3BpAIAETCs CChLIKA Ha (DYHKIMIO-Pe3yJIbTar.

6. Y aprymMeHTOB MOTYT ObITh 3HAUYEHUS 110 YMOTYAHHUIO. 3HAYEHHE apI'YMEHTOB
M0 YMOJIYaHUIO YKA3bIBAIOTCS Yepe3 3HaK PAaBEHCTBA MOCJIE UMEHU apryMeH-
TOB. APIyMEHTBI CO 3HAYEHUSIMH 110 YMOJIYAHUIO YKA3bIBAIOTCS B CITUCKE ap-
TYMEHTOB (DYHKIIMH TOCJIE THUMIL

7. Ilpu onmucanuu GyHKIUY B Tesie GyHKIUU MOXHO UCIIOIb30BATH BBI30B OIU-
cbiBaeMoit GyHKIUN (0OBIYHO C APYTUMH apryMmeHTaMu). Takasi cutyanus
Ha3bIBAETCSI PEKYPCUEH.

8. JIaMb6aa-dyHKIMs MM aHOHUMHAs GYHKIMS - 3TO GyHKIUs 6e3 umeHu. Ta-
Kue (YHKIIMU MOTYT UCIOJIb30BAThCS, HAPUMED, /I Nepeaydl apryMeH-
TOM B IpyTHUe (DYHKIIMU UJIU BO3BPAIIATHCS B KAUECTBE pe3yJIbTaTa QyHKIUH.
OnuceiBaeTcs JasM61a-GYHKIUS C TOMOIIBIO KJOYEBOTO cjoBa lambda,
10CJIe KOTOPOTO YKAa3bIBAETCSI CIIMCOK apTyMEHTOB U, Yepe3 JBOETOYHUE, BBI-
pa’xeHue, KOTOPOE SIBJISIETCST pe3YJIbTATOM JIIMO1a-(DyHKITU L.

9. Eciu mepeMeHHOI1 MpucBauBaeTcsl 3Ha4eHUe B TeJie QYHKIUY, TO TaKas Ie-
peMeHHas sIBJIsieTcs JJoKaJabHOU. OHa JOCTYNHA TOJBKO B Tese (QyHKLHUU.
Econ nepemennas B Tesie GyHKIMM BXOAUT B BBIPAXKEHUS, HO 3HAUEHHE el



FnaBa 3. QyHkuun

He MMPUCBAMBAETCS, TO TaKasi IepeMeHHas MHTEPIPETUPYETCs KaK rio6aib-
Hast. YTo6bI IBHO 0OBSIBUTD EPEMEHHYIO B Tesle PYHKIMU KakK rI00aTbHYIO,
HCIOJIb3YIOT KJII0YEBOE CJI0BO global.

10. B Tesie pyHKIMH MOTYT ONMUCHIBATHCS Apyrue QyHKIMHU. Takue PyHKIUU Ha-
3BIBAIOTCSI BJIOXKEHHBIMH. Biio>kxeHHBIE QYHKIIMHM UMEIOT AOCTYIH K TIePEMEH-
HBIM B TeJie BellHEN QyHKIINML






‘naBa 4

PaboTa Co cnuckamm u
KopTexamu



Bam mpyono yzodums. Ho s 6ce-maxu nonpo-
6yro.
u3 x/¢p "Cayxcebnviit poman”

B sro0it riaBe MbI MOGJIMIKE TIO3HAKOMHUMCS CO CRUCKAMU U Kopmexcamu. XOTsi
€CJIM YECTHO, TO TJIaBa B OCHOBHOM ITOCBsiIleHa ciiuckaM. C KopTeXkaMu y Hac co-
CTOUTCSI IOCTATOYHO TOBEPXHOCTHOE, "1IanoyHoe" 3HakoMcTBo. [IpnunHa B TOM,
YTO KOPTEXH, HAa CAMOM [IeJIe, OYeHb "OJIM3KU" K CIHMCKaM, IIPUYEM CITUCKU BO
MHOTMX OTHOIIEHUSIX SIBJISIIOTCS 60Jiee "THOKHUM" THUIIOM JAaHHBIX, IO CPABHEHUIO
¢ KopTexxamMu. MoXxHO Jaxke yTBepXKJaTh (C HEKOTOPOU HATSIXKKOH ), UTO KOpPTe-
XU - 9TO Takue ocoOble crucku. [103TOMy MbI CHayaJia MO3HAKOMHUMCSI CO CITH-
CKaMH, OIpeJleIMMCSI C OCHOBHBIMU METOJJaMU UX HCIOJIb30BaHUS, a yKe 3aTeM
KPaTKO OCTAaHOBUMCS Ha KOPTEXaX.

3HaAKOMCTBO CO cnuckamm

Ozaacume 6ecv cnucox, noxcanyiicmal
u3 x/¢p "Onepayus bl u dpyzue npuxaroue-
nua lHlypuxa”

XOTsl CIUCKHU MBI l'IOZ[pO6HO HE o6cy>Kanm, HO HaM yXXe€ MIPpUXoauJja0oChb C HUMHU
crajkuBathcs. Ho taMm, B MpEAbIAYLIUX TJlaBaX, Mbl B J€TaJIU 0co60 He BaBa-
JIUCh. Tenepb [IpUILJIO BPEMS IOCBATUTDL CIIUCKaM 60JIbllIE BHUMAHMSL. U, namo
CKa3aTb, OHHU TOI'O CTOAT.

Cnucox - 3T0 yopsiI0YeHHbI HabOP 37IeMEHTOB. B HEKOTOPOM CMBICJIE CITUCKH
B Python urparot poJib, aHaIOrHYHYIO0 POJI MACCHBOB B MHBIX SI3bIKAX POrPaM-
mupoBaHus. Ho 3To Tosibko "B HekoTOpoM cMbicie”. Ha camoMm zesie criucok B
Python - ato uckmounrenbHo rubkasi, apbekTUBHAS U Te-TO JaXe YHUKAJb-
Hasi TyKa. J[OCTaTOYHO CKa3aTh, YTO 3JIEMEHTAMH CITUCKA MOTYT ObITh 0ObEK-
TBI (IaHHBIE) Pa3HOro THmna. bosee TOro, ajleMEHTaMu CHHCKA, B CBOIO OYEPE/Ib,
MOryT 6bITh CIIMCKH. TO €CTh C IOMOIIBIO CHUCKOB MBI MOXEM CO3/1aBaTh BJIO-
XKEHHYIO CTPYKTYPY IpaKkTUYeCcKu JiF000i (B pa3yMHbIX Tpeesax, pa3yMeeTcst)
CJIOXKHOCTH. '

(2 HasameTky
Ecmm Mol roBoOpu“M O CNUCKe Kak TakoM, TO pedb nageTt o tune list. Ho Y cnucka ectb

anemeHTbl. M kaxablih N3 Takux 3IEMEHTOB MOXET OTHOCUTLCS K KaKOMy-TO onpepge-
NEHHOMY TuMy.
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Kak 3T0 651710 ¢ YUCIOBBIMU M TEKCTOBBIMU 3HAYEHHSIMH, CChLJIKA HA CITUCOK 3a-
MUChIBAETCS B IepeMeHHy0. Takyro mepeMeHHY0 Mbl 06bIYHO U Oy/IeM Ha3bIBATh
CIIMCKOM - €CJIX 3TO He OyaeT MpPUBOAUTH K HelopadyMmeHusiM. Boobiie xe Te-
peMeHHasi ccoLiaemcs Ha ciucok. CaM CIIMCOK CO3aeTcsl, B 0OIIEM-TO, TPOCTO.
JlocTaTOYHO MepeYUCIUTh 3JIEMEHTHI CITUCKA Yepe3 3alsITYIO, a BCIO 3Ty IocJIe-
JI0BaTEJIbHOCTh 3JIEMEHTOB 3aKJIOYUTh B KBaJpaTHble CkoOku. Hampumep, Ko-
MaHAo0¥ nums=[1, 2, 3] co3AaeTcs CIUCOK U3 TPEX 3JIEMEHTOB, KOTOPBIE SIBJISI-
I0TCs 1lesibiMU uucaaMu (1, 2 u 3). Takke MOKeM BOCIIOJIb30BaThCS AJIS1 CO3-
JIaHus crucka QyHkuuei 1ist (). B atom ciyyae aprymeHTamMu QyHKIHM Tie-
pematorcsi 3JeMeHThl crucka. OcoOGeHHO yaI0OHO BOCIOJIB30BATHCS (DYHKIIU-
et 1ist () nJst co3aaHusl COIMCKOB Ha OCHOBE TEKCTOBBIX 3HAUEHUU: €CJIM ap-
rymMeHTOM QYHKIMU 1ist () mepeaaTh TEKCT, TO B pPe3yJibTaTe IMOJYUYUM CITH-
COK, 3JIEMEHTBI KOTOPOTo - OYKBbI, hopMupyionire TekcT. Tak, Ipu BbIMOJIHE-
HUU KOMaHIbl symbs=1list ("Python") co3aaercsi CIucOK u3 OYKB P, vy,
t, h, o u n. Ciucok MoxeT ObITh U 6oJiee "U3bICKAHHBIM": CKaXKeM, KOMaH/I0M
data=["text",100, [5,10]] co3xaeTcs CIUCOK data U3 TpeX 3JIEMEHTOB,
IIpUYEM IepBbIi 3JIEMEHT CIIMCKA - 3TO TEKCT "text", BTOPOii 3JIeMEeHT CIIUCKa -
1iesioe yucso 100, a TpeTUi 3JIEMEHT - CITUCOK U3 IBYX 3JIEMEHTOB [5,10].

1 Ha3sametxy

Co3paBaTb CAMCKM MOXHO C MOMOLLbLIO CreunasbHbiX reHepaTopoB CNUCKOB. B kBa-
ApaTHbIX cKOBKax yka3biBaeTCs BblpaXeHue, 3aBUCALLEE OT UHAEKCHOW NepeMeHHOM,
KoTOpas npoberaeT onpeaeneHHble 3Ha4eHns. [lnana3oH 3MEeHEeHUs MHA,EKCHOW nepe-
MEHHOW TakXe yKa3blBaeTcs B KBaapaTHbIX ckobkax. Hanpumep, koMaHaomn pows_of
two=[2**1 for i in range(1l1l)] co3paeTcs CNNCOK N3 AECATN INIEMEHTOB, Npea-
cTaBnsioWwmx cobo cTeneHn aBoku. ECnv nocne co3paHuns cnvcka BbiNONHUTL KOMaH-
Ay print (pows of two), NOAy4YMM Takon pedynbtaT: [1, 2, 4, 8, 16, 32, 64
, 128, 256, 512, 1024].B paHHOM cny4ae npy GOpPMMPOBAHUN CNNCKA INIEMEHTbI
cnucka onpeaensioTCs BbipaXeHNEM 2* * i, 1 Npn 3TOM NepeMeHHas i npoberaeT 3Ha-
YeHusi B gmana3oHe oT 0 A0 10 BKJIIOYATENBHO (MHCTPYKUumMa for i in range(11)).
Kaxnomy nHOoexkcy i COOTBETCTBYET 3/IEMEHT B CMUCKE, @ 3HAYEHNE 3NIEMEHTa paBHO
2%,

Kpome anana3oHa naMeHeHns MHOEKCHOM NepeMEHHOM MOXEM yKa3aTb yCnosue, Ko-
TOpOE AO0MXKHO BbINONHATBLCS AN BKIOYEHUS 3NIEMEHTA B CNUCOK. Kak nnnocTpaumio
paccMOTpuM KOMaHay nums_list=[7*i+1 for i in range(20) if i%4==3], KO-
TOpOW co3paeTcs cnucok [22, 50, 78, 106, 134] (4T06bl yBUAETH 3TOT CNUCOK,
pas3yMHO BOCNO/b30BaTbLCA KOMaHAOM print (nums_1list) ). Moay4eHHbIA CNMCOK co-
CTOMT U3 YUCEN, KOTOPLIE NPU AENEHUM Ha 7 AAI0T B OCTATKE 1, a Npu AeneHun Ha 4 ue-
N0 4acTW OT AieNeHNs Ha 7 Aal0T B OCTATKe 3 (TO €CTb €C/M BbIMUCANTDL LENYI0 YacTb OT
OeneHvs Yyicna Ha 7 U NoAENUTb ee Ha 4, To B ocTaTke byaet 3). Kak nonyyaercs cnu-
cok? MHaekc i npoberaeT 3HaveHns 3 guanas3oHa oT 0 4,0 19 BKJIOYUTENBHO, U €CIm
09 TEKYLUEro 3Ha4YeHusl nHaeKca i BbINONHAETCS ycnoBume i%4==3 (0OCTaToK OT Aene-
HUA MHAEKCa i Ha 4 paseH 3), TO N0 popMyne 7*1i+1 BbIMUCASETCS O4YepenHOon ane-
MEHT Crnmcka. '



ObpaliieHre K 3JIEMEHTY CIUCKA BBIMIOJHSIETCS IO UHIEKCY dJIeMEHTa. DJIeMeH-
ThI UHIEKCUPYIOTCSI, HAUUHAS C HYJISI (TO €CTh CaMbIi TEPBBIM 3JIEMEHT UMEET
HyJIeBOi uHzaeKc). VIHaekc yka3biBaeTcsi B KBaIPaTHBIX CKOOKax IMocJie UMEH!
nepeMeHHOM, KOTOPasi CChIJIAeTCS Ha CIUCOK. EcJiu BOCIOJIb30BaThCS MPUBEIEH-
HBIMH BBIllIe IPUMEpPaMH, TO, CKaXKeM, MHCTPYKIUs nums [0] SIBJISIETCS CChLI-
KOI Ha TepBbIif 9JIEMEHT CIKcKa nums (TO ecTh 3HayeHue 1). [yist obpatieHus
K TpeTbeMy (110 MOPSI/IKY) 3/IeMEHTY ciucka symbs (6yKBa t) HCIOJIb3YeM HH-
CTPYKLMIO symbs [2].

IIpu obpaieHuy K 37eMeHTY CIMCKAa MOXHO yKa3blBaTh OTPMIATENbHbIN MH-
JIEKC - B 3TOM CJIy4yae 3JIeMEHTBI "OTCUMTBHIBAIOTCA HAuyMHAs C KOHIIA CIHUCKA.
Tak, caMblii mocJie IHUIT 3J1eMeHT Gy 1eT UMeTb MH/EKC — 1, TIpeNocIeHuUI 3J1e-
MEHT Oy €T UIMEThb MH/IEKC —2, U TaK JaJiee.

[ Hasametky

OnpeaenmTb KOMYECTBO 3N1IEMEHTOB B cnucke no3sonseT pyHkums len () . Cnucok ne-
penaeTcs apryMeHToM ¢yHKUUW: HanpuMmep, pe3ynbTaTOM BbipaXeHust len (symbs)
ABNSETCA 3HAYEHUE 6 - KONMYECTBO I/IEMEHTOB B CNUCKE symbs. AHANOrMYHO, pe3ysib-
TaTOM BblpaxeHust len (data) 6yneT 3Ha4eHue 3, NOCKOJIbKY B cnNucke data BCero 3
anemeHTa: (06paTuTe BHUMaHUE: XOT NOCNE4HUA 3SIEMEHT B CNUCKEe data caM ABNS-
€TCH CMUCKOM, "y4nTbiBaETCS" OH UMEHHOKaK OAUH 3IEMEHT).

Mockonbky nHaekcauma 3NeMeHTOB CNMCKa HaYNHAETCA C HYN S, TO NOCNeAHUA SNEMEHT
cnucka UMeeT MHAEKC, Ha eAUHULY MEHBLLWIA, YeM AnnHa cnucka.

CucoK MOXXHO M3MEHSITh [T03JieMeHTHO. J[pyrumMu ciioBamu, 06painasich K aJjie-
MEHTY CIHCKa, MBI MOXXEM HE TOJIbKO "TIPOYUTATh" 3HAUEHHUE 3JIEMEHTA, HO U U3-
MeHUTb ero. Hampumep, rmocJie BeINOJIHEHUSI KOMaH/bl nums [1]=-10 3HayeHue
BTOpOTO (110 MOPSIIKY) 3JIEMEHTA CIMCKA nums CTAHET PaBHBIM —10, a caM CITH-
coK, (KOTOPpBI# 110 3TOr0 6HLT (1,2, 3]) craner [1,-10, 3].

[Tpu pabote co crMCKaMU MbI MOXeM 00OpaIaThCst Cpa3y K HECKOJIbKHM 3JIeMEH-
TaM. B 3TOM ciryyae roBopsT o nosydyenuu cpeda. DakTuyecku, peyb UIET O TOM,
4TO MbI GEPEM CIHUCOK, M "M3BJieKaeM" M3 HEr0 HEKOTOPYIO YacCTbh: BCE 3JIEMEH-
ThI, MH/IEKChI KOTOPBIX MOMAAA0T B yKa3aHHBINA Auana3oH. /s 6oJbinei KOH-
KPeTHKHU NPeJICTaBUM, UTO Y HaC eCTh HEKOTOPbIH crnivcok. Eciiu Mbl XOTUM U3-
BJIEYD U3 3TOr'O CIIHICKA TPYIITY 3JIEMEHTOB (TIOJCITUCOK) C UHAEKCAMU OT 1-TO 0
j-ro BKJIIOUUTEJIBHO, TO COOTBETCTBYIOIIAsI MHCTPYKLIUsL Oy €T BBIIJISAETh KaK
crmucok[1i:j+1]1. To ecTb B TOM MeCTe, T/le MbI PaHbIIle YKa3bIBAJIU UH/EKC, TE-
Tepb yKa3blBaeTCs, pa3eJIeHHbIE IBOETOYMEM, ABA UH/EKCA, KOTOPbIE U OIlpe/e-
JISIIOT 3JIeMeHTHI cpe3a. Hanpumep, 3HaueHneM BbIpakeHus symbs [1: 4] sABs-
€TCs CIIMCOK U3 3JIEMEHTOB symbs [1], symbs[2] 4 symbs [3], TO eCTb ciiu-
COK U3 6yKBy, t 1 h.



. Inasa 4. PaGoTa co cnUCKaMm n KopTexamu

(2 Hasametky

O6paTnTe BHAMaHWE: ECNM. U3BNEKAIOTCS 3NEMEHTbI C MHAEKCaMM OT i A0 j BKAKYW-
TenbHO, TO B KBaAPAaTHbIX CKOBKax nepes ABOETOHYMEM YKa3blBae€TCA MHAEKC i Nepso-
ro W3BNEKAEMOro 3/IEMEHTA, a Mocse ABOETO4MS YKa3biBaeTCcs MHAEKC j+1 - TO eCTb
3TOT MHAOEKC Ha eanHuuy 60.l1bUJe, YyeM nHOeKC nocnegHero N3 n3BneKkaemMblx 31eMeH-
T0B. ELLLe 0AHO YTOYHEHME KAacaeTCsi CMbICANA, KOTOPbIM Mbl HaeNseM COBO "n3BneKa-
eTcs": BaXHO NOHMMATb, YTO NCXOAHbIA CMMCOK He MeHAeTCs. KakuM oH 6bis1, Takum u
OCTaHeTCs nocnie Npoueaypbl NoNy4eHUs cpeaa.

[Ipouenypa mosyyeHusi cpesa MpocTa, yA0OHA M YacTO MO3BOJISIET CO3/aBATh
addexTuBHBIE TPOrpaMMHBIe KObl. CylecTByeT HECKOJIBKO IPaBUJI, KOTOPEIE
OKa)KyTCSI BIIOJIHE TTOJIE3HBIMU J1J1s1 3 (EKTUBHOTO BBITIOJTHEHHU S IPOLIEAY PBI TTO-
Jydenus cpe3a. [yt yno6CTBa BOCIIPUSITHSI Mbl BbIIEJIUM OCHOBHBIE ()OPMATBI, B
KOTODPBIX MOXET BBIMOJHSTHCS cpe3. CHayaia pacCMOTPUM KOMAH/IY IOy YeHHUsI
cpesa BUJa cnmcok [1i:3j], TO ecThb KOrzia mocje MMeHH CIUCKa B KBaJApaTHBIX
ckobKax (yepe3 ABOETOYHE) YKA3bIBAETCS /[BA MHAEKCA, TIpyeM 0062 3TH UH/EK-
ca Heompuyamenvhvie. B 3TOM cilydyae UMeeT CMBICJI IOMHHUTD, YTO:

* PesysbTaToM MHCTPYKUMHM COuMCOK[1:]] SIBJSIETCSI CIUCOK, COCTOS-
U U3 3JIEMEHTOB C MHEKCAMHU, KOTOPbIE GOJIbILIE I PABHBI i U MEHB-
we j. Hanpumep, ecitui m=(1,5,10,15,20,25], TO pe3yJIbTaTOM BBI-
paxeHuss m[2:5] sBisiercs cnucok [10,15,20] (a7eMeHTHI cO 2-TO
T0 4-¥ BKJIIOUUTEJIBLHO).

e Ecsu uHpekcel i wiM j MpeBBINIAIOT JJUHY CHUCKA (KOJIMYECTBO 3Jie-
MEHTOB B CIIMCKE MOJXHO ONPEAEJUTh C MOMOILIBI0 UHCTPYKIUU BUA
len (cnmMcok) ), TO COOTBETCTBYIOUIMI WHAEKC (WIM WHAEKCHI) He-
SIBHO 3aMeHsIeTCs Ha 3HayeHWe len (cnmcok) (TO €CThb CJMIIKOM
6osiblIe WHIEKCY aBTOMaThuyecku "ypesaiorcs”'). Tak, s crmcka
m=[1,5,10,15,20,25] pe3yJbTaToM BbIpakeHusi m[2:100] Oyzer
3HaueHue [10,15,20,25], MIOCKOJBbKY MPU BBIYHCJIEHUSIX BTOPOU UH-
nexc 100 aBTOMaTUYeCKH 3aMEHSIETCS HA 3HaYeHUe 6 (3HaueHHe BhIpa-
J)KeHUs len (m) PaBHO 6).

* .Eciu He yka3aTb nepBBIi UHAEKC i, OH MO YMOJYAHHUIO CYUTAETCS HY-
JIEBBIM: HAIIpUMEpP, KOMaHJa chnmMcok|[:j] 9KBHUBaJEHTHA KOMaHIe
cnucok [0:73]. [las civicka m KOMaHAOM m [ : 4] BO3BpaLIA€TCs CITHCOK
13 3JIEMEHTOB C UHAEKCaMu OT O 10 3 BKJIIOYUTEILHO (I10Jy4aeM CITUCOK
[1,5,10,15],Kak aasikoMaHaAbim[0:4]).

* Eciu He yka3aTb BTOpPOW HUHIEKC j, TO OH MO YMOJYaHUIO paBeH AJH-
He CIIMCKa: HallpUMep, KOMaH/Ja COMCOK [1:] 3KBHMBaJIeHTHa KOMaHJe
cnucok [1i:len (cnmcok) ). [ls coucka m pe3yJIbTaTOM BbIpaXXeHUsI



m[3:] 6yaer cnucok [15,20,25] (Tako# xe pe3yJibTaT MoJy4aeM Kak
3HauyeHUe UHCTPYKUUU m[3:6]).

*  Ecuu nepBslit uHAEKC 60JIbIIIE BTOPOTO MHIEKCA UJIM PaBeH eMy, cpe3 Oy-
neT mycThiM (ToJiyyaeM cucok 6e3 ajeMenToB). Hanpumep, B kauecTse
pe3yJibTaTa BbIpaXkeHHeM m[4:3] Bo3BpallaeTcsl IMyCTON CIHUCOK (TO
ecThb []).

£ Ha3sametky

TakvM 06pa3oM, KONUIO criucka MOXEM NOYYUTb C MOMOLLLIO MHCTPYKLUMUMW crimcok [ : ] .

B xomanzne ¢opmarta cnmcox[i:j] OAMH W3 MHIAEKCOB WM JAaxke oba MO-
ryT GbITh OTpULIATENbHBIMU. EcC/M TMepBbIi U/MjiM BTOPOM HMHAEKCHI OTpPHUIA-
TeJIbHBIE, TO YTOObI TIOHSTh, KaK 06pabaThIBA€TCs TaKash MHCTPYKIHUS CJIEIy-
€T 3aMEHUTb OTPHUIATEJbHBbI MHIOEeKC Ha len (cnmMcok)+uHuekc (HO TPHU
3TOM MHAeKC -0 o3HavyaeT uHAekc 0). CkaxeM, eCJIUd Mbl IMeeM JeJI0 CO CITH-
ckoMm=[1,5,10,15,20,25], To koMaHJa m[1:-2] 3KBMBaJIeCHTHA KOMaH-
gem([1l:4], MOCKOJBbKY 3HaUeHUE —2 IJIs1 UHJEKCA j 3KBHUBAJIEHTHO 3HAUYEHUIO
4 (mvHA cMCKa 6 TIoc GopMasibHOE 3HaUeHHe UHIEKCa — 2, UYTO B pe3yJibTaTe
naet 4). [lanee, 1o Toi xe cxeMe JIETKO MOXEM T0Ka3aTh, YTO KOMaHAA m[-5: —
2] 3KBUBaJIEHTHA KOMaHAZem[1:4].

[ Hasametky

OTpuyuaTenbHbIN MHOEKC, TakuM 06pa3oM, MOXEM MHTEPNPETUPOBATL Kak NOPSAAKOBbIN
HOMEP 3NEMEHTA B CNUCKE, ECNN CYNTaTb 3NEMEHTLI C KOHUA. NpaBAaa, Takas NHTep-
npeTauus oTpuuaTenbHbIX MHAEKCOB HE BCEeraa yaayHa Ans NOHUMaHWS TEXHWKWU Bbl-
YUCNEHWNA.

Kpome Toro, ecnm ykasaH "CAMLLKOM OTpULATENbHBIA™ UHAEKC (TO €CTb OTPULATENbHbIN
VMHAO,EKC, KOTOPLIN NO MOAYSIO NPEBLILLAET ANNHY CNNCKA), AN5 TaKOro MHAEKCA UCNOSb-
3yeTcs HyneBoe 3Ha4YeHue.

IIpu nosyyeHuu cpesa MOXHO yKa3bIBaTh He /B3, a TpU UHAeKca. B atom ciy-
yae TpPeTHi MHIeKC (KOTOPBIiA, KCTaTH, MOXET ObITh OTPHUIATENbHBIM) OIpe/e-
JISIeT TIpUpallleHue /s MHEKCa 3JIEMEeHTa, BKJII04aeMoro B cpe3. Peub uzer 06
MHCTPYKIMU BUAA cnmcok [1:J:k]. B pe3ysabraTe nosydyaeM cpes - CIMCOK U3
3JIEMEHTOB C MHJEKCaMH i, 1+k, i+2*k, 1+3*k u Tak AaJjiee (HO MOCJIEHUMN UH-
nexc He Gosblire, yeM j ). Hanpumep, asisicnuckam=[1,5,10,15,20,25] pe-
3yJIBTaTOM BBIpaXXeHUsI m[1:5:2] ABJSAETCA CIIUCOK-CPe3 U3 3JIEMEHTOB C UH-
nexkcamu 1 u 3 (To ecTbCIIUCOK [5,15]).

Ecan xoMaHa nosryyeHusi cpesa UCIOJIb30BaHa B (popMaTe ¢ TpEMST MHIEKCAMU
(TO ecTb ecjii MbI IIBITAEMCSI TIOJIYYUTh Cpe3 KOMaHAO0M BUJa cimcok [1:j:k])
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U TPETHii UHZEKC (MHAEKC k) MOJIOKUTEJbHBIHM, TO CIPAaBEAJIUBbBIMU OCTAIOTCS
IpUBEJIEHHbIE BbILIE MMPABUJIA UHTEPHPETALMU OTCYTCTBYIOUIUX HHIEKCOB, OT-
PUIATETBHBIX UHEKCOB M HUHJEKCOB, MPEBOCXOASIIMX 3HAYEHHE UHIEKCA IO-
cienHero ajeMeHTa. Ho BOT eciiu TpeTHil MHAEKC k OTPUIIATENIbHBIM, TO TIOHSITB,
10 KaKUM MpaBUIaM TOJTyyaeTcs Cpe3, MOeT GbITh He Tak YK mpocTo. [JlaBHoe
MPaBUJIO, KOTOPOE CJIeyeT 3alOMHUTD: €CJIM B MHCTPYKLUU TIOJYYEeHUsT Cpe3a
TPETHI UHEKC OTPULIATEIBHBIMN, TO 3JIEMEHTHI U3 CIIUCKA BHIOUPAIOTCS B CPE3 B
0OpaTHOM MOPSIZIKE, TO €CTh CIIPaBa HaJieBO. [Ipu 3TOM MepBblIif HHAEKC 1 AOJIKEH
OBbITh TAaKUM, YTOOBI 3JIEMEHT, KOTOPBIN COOTBETCTBYET 3TOMY UHAEKCY, HAXOIUJI-
Cs1 CTIpaBa OT 3JIEMEHTA, KOTOPbIi COOTBETCTBYET UHAeKCY j. Ecaiu aTo ycioBue
He BBITIOJTHEHO, TO B Pe3yJIbTaTe I0JIy4YaeM MyCTOM CITUCOK.

B cnyyae ecoiu mpu oTpuiiaTeJIbHOM TPeThbeM HHEKCe (MMeeTCs B BUIY UHEKC
k) He yka3aH MepBblif UHAEKC i, TO B 3TOU "MO3ULUU" UCNOJIb3YeTCSI UHAEKC 10-
CJIETHETO 3JIEMEHTA B criucke. Ecuiu ke He yka3aH BTOPOI MHEKC j, TO epebop
3JIEMEHTOB BBINOJIHSIETCS 10 Ha4aJIbHOrO 3J1eMeHTa BKJIIOUUTEJIBHO.

3 Hasametky

YT0 KacaeTcs TPETLEro MHAEKca k (B KOMaHAe BuAa cnmucoxk [i:j: k] ), TO €ro 3HaueHve
He MOXeT GbiTb HyNeBbIM, a €C/IM 3TOT MHA,EKC He yKa3aH (KoMaH4aBuaa crmcok [1:5:]
WM cnncoxk [i:3]), TO MO YMOHAHUIO UCMONL3YETCH €ANHUYHOE 3HaYeHue.

Curtyalius C BBIITOJTHEHHEM Cpe3a KOMaHIOM BU/Ja cnmcok [1:3:k] ¢ oTpuna-
TeJIbHBIM TPETbUM MHAEKCOM k MOJKET M0Ka3aThCsl HEMHOTrO 3anmyTaHHOH. [1oa-
TOMY 1151 6OJIbIIIEH HATJISIAHOCTH IIPUBEIEM HECKOJIBKO IPOCTHIX MPUMEPOB BbI-
MOJIHEHUSI cpe3a B ¢opMaTe KOMaH/bl ¢ TpeMs uHaekcamu. Cpe3 6yaeM mosy-
9YaTh Ha OCHOBe cnuckam=[1,5,10,15,20,25]. Pe3yasrarsl psina KOMaH/ C
MOSICHEHUSIMM TIPUBEZieHbl B Tabsmune 4.1.

Ta6nuua 4.1. BeinonHeHue cpesa

KomaHaa Pesynbrar NosicHeHune

BoibupatoTcst 3J1eMeHTHI ¢ 5-TO
mo 1-ii MHAEKC C IIaroM [Ba,
IIpUYeM 3JIEMEHT C UHIEKCOM 1

m[5:1:-2] [25,15] B CIIUCOK-pe3yJIbTaT He BKJIIO-
yaeTcsi. B wurore mnoJsyyaercs
CIIUCOK U3 3JIEMEHTOB C UH[EK-
caMu 54 3




Komanpa Pesynbtar MosicHeHue

XoTss mnepBBI MHAEKC Qop-
MaJIbHO 60JIbllle BTOPOrO, BTO-
POl HWHIEKC OTpHUIATEJbHbBIN
(3HayeHue —1) ¥ COOTBETCTBYET
MOCJIEMHEMY 3JIEMEHTY B CIU-
cke m. [lepBbIit nHAEKC (3HAYe-
HUE 5) TaKXe COOTBETCTBYET
MOCJIETHEMY 3JIEMEHTY B CIIH-
cke m. [ToaTomy pe3ysbraT cpe-
3a - IIyCTOU CIIUCOK

mf5:-1:-1] []

WNHpekc -5 cooTBeTCTBYET BTO-
pOMy cJieBa 3JIEMEHTY B CIIH-
cke m. Ianexc -1 cOOTBETCTBY-
eT nocjefiHeMy (1lecToMy cJe-
m([-5:-1:-1] (] Ba) 3JileMeHTY B cmucke m. [lo-
CKOJIbBKY TpeTHi HHAeKc (Liar
NpUpalIeHUs]) OTPHLIATEbHBIH,
B pe3yJIbTaTe BBIIOJHEHUS Cpe-
3a 1oJry4yaeM IyCTOM CIUCOK

Cpes moJsiyyaeTcsi BLIGOpOM U3
CIIHCKA m 3JIEMEHTOB C IMOCJIE-
Hero (MHIEKC —1) 0 TpeTbero
cyaeBa (MHAEKC -4) C eIVHUY-
HbIM IIArOM YMEHbIIEHUS WH-
nekca. O6paTture BHUMaHHUE,
YTO 3JIEMEHT C UHJIEKCOM ~5 B
CIIMCOK-Cpe3 He BKJIIOYAEeTCsI

mi[ =1 zr=hg=1] [25,20,15,10]

He ykasaH mepBbIii U BTOpPOi
UHJIEKC, & TPETHil MHJEKC pa-
BeH —-1. B aToM ciryyae nepebop
3JIEMEHTOB BBINOJHSETCS OT I10-
m[::-1] (25,20,15,10,5,1] caeqHero sjeMeHTa 10 MEPBO-
ro (BKJIIOYHUTEJBHO!) C eIUHUY-
HBIM IIAaroM (TO eCTh 3JIEMEH-
ThI CIMCKA BKJIIOYAIOTCS B CPE3
B 06paTHOM TMOPSIZIKE)
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Komanpa Pesynbrar NosicHeHue

[TepBBIit MHAEKC HE yKasaH, a
BTOpOU uHAEKC —10 BBIXOAUT
3a Auana3oH 3HaUYeHUN HHAEK-
COB 3JIEMEHTOB cIucka m. B pe-
3yJIbTaTe BBIOOPKA 3JIEMEHTOB
IS Cpe3a BBITIOJIHSIETCS (C eu-
HUYHBIM IIATOM YMEeHBIICHHUS
HH/JeKca), HAaUUHAs C TIoCcJIeJHe-
IO 2JIeMEHTa ¥ 3aKaHYUBas Ilep-
BBbIM 3JIEMEHTOM CIIMCKa M

m[:-10:-1] [25,20,15,10,5,1]

[TepBbIii 1 BTOPOI1 MHAEKCHI BBI-
XOIST 3a AMANa3oH peaJbHBIX
3HAUYEHUI MHIEKCOB 3JIEMEHTOB
coucka m. B atom ciyvae mpu
m[10:-10:-1] [25,20,15,10,5,1] BbIYKCJEHUH CDe3a BHIOMPAIOT-
Csl BCe 3JIEMEHTHI cnucka m (B
00paTHOM MOPSIJIKE, OT TOCJIEe]I-
HEro [0 MepBOro BKJIIOYMTEb-
HO)

3HayeHHe IMEpPBOTO HHIEKCa
CJMIIKOM GoJibioe (B CITUCKe
m BCETro 6 3jieMeHTOB). B aToMm
cinydae 3pdekT Takoil xe, Kak
ecau 6bl ObLT yKasaH HHAEKC
MOCJIeJTHETO 3JIEMEHTA CIIHUCKA
m. Bropoil uHAekc HyJeBOH.
ITockoJsibKy TpeTHii HHIEKC OT-
pullaTesbHBI (3HAaueHue -1),
m[10:0:-1] (25,20,15,10,5] TO TPHU TIOJyYEHUH CPe3a BbI-
GUpAIOTCSI 3IEMEHTBI HAUUHAS C
NIOCJIE/THETO C €JIMHUYHBIM Ia-
rOM yMeHbIlIeHUs uHaekca. MH-
JIeKChI BBIOMPAEMBIX 3JIEMEHTOB
JOJDKHBI  ObITH OOJIbIIE HYJISL
Kax crnexncrBue, mnepBblif 3ite-
MEHT CHHCKa m (3JIEMEHT C Hy-
JIEBBIM MHJIEKCOM) B CP€E3 HE I10-
najzaer




[ Hasametky

Bebiwe Mbl BUAENN, HACKONBEKO Pa3HOOOpPa3HbIMM MOTYT GbITb MHAEKCHI NPU NOSTy4EHUU
cpe3a. Ho BaxHO NOHMMATb, HTO BO BCEX 3TMUX CAyyasx peyb wna o6 nHrepnperaumm
Pa3nYHbIX YUCOBbLIX 3HAYE€HWUIA NPWU UCNOJIb30BaHUN X B KA4ECTBE MHAEKCOB. YTOo Ka-
caeTcs CNUCKOB, TO HANOMHWUM: MHAEKCaLUs 31eMEHTOB CNMCKa HaYMHaeTCs C Hyns, a
MHAEKC NoCneaHero 3nemMeHTa B CNUCKe Ha eOuHULY MeHbLUEe AANHbI cnMcKa (Konuye-
CTBa 3/IEMEHTOB B CNUCKE).

IIaJIee MbI PaCCMOTPHU HEKOTOPBIE ITPOCTBIE Ollepalluy, KOTOPbI€ BbINTOJIHAIOTCSA
CO CIIMCKaMHM.

OcHOBHbIe onepauumn co cnucKkamm

- Mens suepa myxa ykycuna.

- /la, 5 3amemuna.

- Unu s ¢ yenu copsancs.

- Bom amo yxce 6auxce k ucmue.
u3 x/¢p "Cayocebnotii poman”

[IoHSITHO, YTO CIIUCKH B MPOrpaMMe CO3/IAI0TCS HE MPOCTO Tak, a [JIsl Yero-To.
Tax /17151 4ero ke CO3/71aI0TCsI CIIUCKU U KaK OHH UCTIOJIb3YI0TCsI? YTOOBI OTBETUTH
Ha 3TOT BOIPOC, UMEET CMBICJ PACCMOTPETDb T€ OTepalliH, KOTOPbIe MOTYT BBbI-
MOJIHATBCST cO cruckamu. [1oka yTo MbI 3HaeM He OUeHb MHOT0: KaK CO3/1aTh CITU-
COK, KaK 00PaTUThCSI K 3JIEMEHTY CIIUCKA U KaK MOJIy4YuTh cpe3. [locse o omne-
paluIo, OYEBUTHO, MOXKHO PACCMATPUBATH KaK PACIIMPEHHBIN BAPUAHT MPOLIEY-
pbI o6palieHust K 3JeMeHTy crniucka. Ho BMecTe ¢ TeM, COBEPIIEHHO eCTECTBEH-
HBIM 00pa30M BO3HHMKAET psifi BOpocoB. HampuMep, kak 106aBUTh UM YAAJIUTh
aneMeHT u3 criucka? Kak konupoBaTs ciucku? KoHeyHO, BOPOCOB MOXET ObITh
HaMHOro 00JIbllle, HO /1JIsT HavyaJia pa3bepeMcsi XOTs1 ObI C STUMH.

[ns nobGaBieHusi sjeMEHTa B KOHEIl CIIUCKA WCIOJb3YIOT METOJ ap-
pend (). MeTon BbI3bIBaeTcs U3 cnucka (PopMaT KOMaHAbl TAKOW: CIIMCOK .
append (aprymeHT) ). APTYMEHTOM METOAY TepeaaeTcsl 3HaueHue (MepeMeH-
Hast), 100aBJIsIEMOe B CTUCOK. J[OMyCTHUM, 4TO y HAac ecTh cmucok s=[10, 20, 30].
Yrobsl 106aBUTh B KOHEI[ 3TOrO CIMCKA HOBbIM ajeMeHT (MycKail [Jisi onpe-
JIeJIEHHOCTH 3TO Gyner yucyao 100), ucmoab3yeM KOMaHay s.append (100).
Ecsn nociie atoro npoBepuTh 3HayeHHe CIIUCKa s (BOCIOJIb30BaBIIUCh KOMaH-
ol print (s) ), noiyuum cnucok [10,20,30,100].

0 Ha3sametky

MeToa BO MHOrOM NOX0X Ha DYHKUMIO, TONBLKO GyHKLMS cyllecTByeT cama no cebe, a
MeTof "NpMBA3aH" K HEKOTOPOMY OOBEKTY U Bbi3biIBa€TCH U3 3TOro 06bekTa. B AaHHOM
cny4ae B posiv 06bekTa BbICTynaeT cnMcok. Ecnvmbl rosopum o metoae append (), TOY
KaxAoro cnMcka eCTb CBOW METO/, C TakuM Ha3saHneM. Npu BbI30BE METOAA HYXHO yKa-
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3aTb HE TOJIbKO UMS Bbi3bIBAEMOI0 METOAa, HO U CMUCOK, A N5 KOTOPOrO Bbi3biIBAETCA Me-
ToA,. MNPy 3TOM UCNONB3YETCA "TOYEYHBIN" CUHTAKCUC: NOCE UMEHN CNUCKa Yepes Tou-
KY yKa3blBaeTCsl UMs Bbi3blBAEMOrro MeToA,a. Bbi3biBaeMbIli METOA UMEET A0CTYN K CMu-
CKY, U3 KOTOpPOro Bbi3biBaeTcs. [M0aToMy, Hanpumep, MeToh, append () MOXET U3ame-
HUTb TOT CMNCOK, U3 KOTOPOro Obin Bbi3BaH (4,06aBUTL B CMINCOK 3NIEMEHT).

[ToxoxuM 06pa3oM eicTByeT U MeTo extend (), HO 3TOT METOJ TMpeaHA3HA-
yeH /11t 106aBJIeHUsI B KOHEI[ CITUCKA TPYIIIbI 371eMeHTOB. /lo6aBJisiemMasi rpymmna
3JIEMEHTOB, B CBOIO OY€PE/Ib, OOBIYHO TaKXe peasu3yeTcs B BUjie crucka. [[py-
T'MMHU CJIOBaMH, C TIOMOIIbI0 MeTO/Ia extend () B KOHEI[ CIIHCKA MOXET OBITH J10-
GaBJIeH APYroy CIUCOK, pu4eM 106aBJISETCS OH HE KaK OT/EJIbHBII 3JIEMEHT, a
MI03JIEMEHTHO: KaXkK/Iblif 3JIEMEHT 00ABJISIEMOrO CIIUCKA CTAHOBUTCSI 3JIEMEHTOM
HCXOJHOTO CIHUCKA (TOTr0, U3 KOTOPOro BhI3bIBAETCS MeTo extend () ). B aTom
cirydae 6y1eM TOBOPUTH O PAcutu peHuu CIIUCKa.

3 Ha3ameTky

Ecmm Mbl B cnucok A no6aBnsiemM CNUCOK B C NOMOLLbIO MeToAa append () (KOMaHAaa
A.append (B) ), TO B cn1ucok A 6yaet no6asneH HOBbIA 3/1IEMEHT - CNMUCOK B (BECb CNn-
COK B BXOAUT B CMUCOK A KaK 0AuH 3n1eMeHT). Ecnm Mbl B cnucok A o6asnsem cnucok B
C NOMOLWbIO MeToAa extend () (koMaHaa A.extend (B) ), TO B cnUcok A 6yayT nob6as-
NeHbl 31IeMEHTbI Cnucka B.

Kak uimocTpanuio paccMOTPUM HeOOJIbINON MPOrpaMMHBINR KO/, TTPe/ICTaBIeH-
HBIH B iucTuHre 4.1.

# BasOBHM CIMUCOK
s=[10,20,30]
# IobamBjigdeM B CIIMCOK HOBHIM

BJIEMEHT - CIOMCOK
.append([1,2])

[IpoBepsAeM pes3ynbTaT
print (s)

# PacumpseM CIOMCOK 3a CueT
# mpyroro cnmcka

s.extend ([3,4])

# I[poBepseM pe3ynbTaT
print (s)

H*+= 0 #*

PGSyJII)TaT BBINIOJIHEHU A 3TOI'O IMPOrpaMMHOI'0 KOJa IIPUBEAEH HUXE:!

- Pesynbrar BbiNONHeHNs NporpamMmbl (3 nuctuira 4.1)

(1o, 20, 30, [(1, 2]]
(1o, 20, 30, [1, 21, 3, 4]



B nanHOM ciyyae co3gaem crniucok s=[10,20,30] u3 Tpex ajemeHToB. Kor-
Ja BHINOJIHATCSA KOMaHfAa s.append ([1,2]) B COMCOK s A00aBJsieTCs HO-
BBII 3JIEMEHT, U 3TOT 3JIEMEHT - CUCOK [1,2]. Pe3ysbratoM siBisieTcsl CIu-
cok [10,20,30,[1,2]].Toectb ecau Mbl 106aBJIsSIEM CIIUCOK B APYTOii CIIU-
COK, TO J00aBJISIEMBI CIHCOK CTAHOBUTCSI HOBBIM 3JIEMEHTOM B TOM CITHCKE,
B KOTOpbIil OH nobaBisieTcs. Korzga ke Mbl pacuivpsieM CIIMCOK S KOMaH/IOM
s.extend ([3,4]),Tocoucok [3, 4] mob6aBJsieTCs B CIIMCOK S HE KaK OT/IeJb-
HBIH 3JIEMEHT, B BUJIE OTAEJIbHBIX 3JIEMEHTOB. B pe3yJibTare (C y4eTOM BHECEHHBIX
paHee B CIIMCOK s U3MEHeHU) nosyvaeM crnucok [10,20,30,[1,2]1,3,4].

IIpu ucnons3oBannu pyukiuit append () wim extend () 3JeMEHT WU 3JIe-
MEHTBI A00ABJISIOTCS B KOHEI[ CIIMcKa. MeToJ insert () MO3BOJIsIET BCTABUTh
3JIEMEHT B CIIMCOK B TOU MO3UIINH, KOTOPYIO MbI YKa3biBaeM caMu. [lepBbIM apry-
MEHTOM METOJy TlepeIaeTcst MHAEKC 106aBJIsieMOro B CIUCOK ayieMeHTa. DakTu-
4eCKH, 9TOT TOT MHIEKC, KOTOPbIH 6y 1eT UMeTh 106aBJIEHHBIN B CIIMCOK 3JIEMEHT.
DJIeMEHTBI, KOTOPBIE YKe ObLIH B CITUCKE, CABUTAIOTCS Ha OAHY MO3HUIIMIO BIIpa-
BO. TO eCTb TOT 3JIEMEHT, KOTOPBIi B CIIMCKe HAXOAMJICS Ha MMO3ULIUH, B KOTOPYIO
J00aBJISIETCST HOBBIN 9JIEMEHT, HE TEPSIETCS], a CABUraeTCsl BIpaBo. BTopbiM ap-
TYMEHTOM METOAY insert () mepemaercsi COOCTBEHHO 100aBJISIEMBIN B CIIUCOK
ayieMeHT. Elie pa3 oTMeTHM, YTO C MTOMOIIBIO METO/IA insert () B CIIUCOK MOX-
HO 106aBUTH TOJIBKO O/IMH 3JieMeHT. Eciin HaM HY)XHO 106aBUTh HECKOJIBKO 3JI€e-
MEHTOB B CIHUCOK (TI0 MPUHIIUIY, KaK 3TO [eJlaeTcsl METOIOM extend (), Koraa
nobaBJisieMble 3JIEMEHTBI CAMU OPraHU30BaHbI B BUJIE CITUCKA ), MOJKEM BOCIIOJIb-
30BaThCsI UHCTPYKIMe TPUCBaBaHUS 3HaUeHUs cpe3y. B yacTHOCTH, eCi MBI
MMEEM J1€JI0 CO CIIMCKOM U HaM HYKHO B [IO3ULUI0, KOTOPasi COOTBETCTBYET i-My
UH/EKCY, BCTABUTb HEKOTOPOe 3HaueHme (MMEETCS B BUY BCTAaBKa 3JIEMEHTA,
a He MPUCBaNBaHUeE 3JIEMEHTY CIMCKAa HOBOT'O 3HAYEHUS ), TO COOTBETCTBYIOLIAS
KOMaHza 6y11eT BBITJISIIETD KaK CIMCOK [ 1 : 1] =3HaueHme. [[pyrUMHU CJI0BaMHy,
cJIeBa OT OIlepaTopa MPUCBaUBaHMS pa3MellaeTcsl MHCTPYKIIHUS Cpe3a, B KOTOPOil
yepe3 ABOETOYME YKA3BIBAETCA OJUH U TOT K€ UHJEKC - 3TOT UH/EKC U OIpeje-
JISIeT TIO3ULIMIO B CIHUCKe, B KOTOPYIO BBITIOJIHSIETCSI BCTaBKa 3HaueHusa. Ecaun
’Ke MbI BOCIIOJIb3yeMCsl KOMaHIOM BUa crmucok [1:i+1]=3Hauenune, 10 Oy-
JIET BBITIOJIHEHA He BCTaBKa HOBOI'O 3JIEMEHTA B CIIMCOK, & UBMEHEHUE 3HaYeHue
3JIeMeHTa Criucka C UHJAEKCOM 1i.

) Ha3sametky

Ecnm 6bl Mbl 3aX0Te/M NOAYYMTL CPE3 HEKOTOPOro crnmucka C MOMOLLbLIO KOMaHAb BUAa
cnucox [1i:1i], TO NOAY4MnM 6bl MYCTON CNMCOK, NOCKOSLKY B AAaHHOM Clydae Nepsbii n
BTOPOW MHAOEKCHI cCoBrnaaaloT. KomaHaa nosnyyeHns cpesa Buaa cnmcok [i:i+1] - 310
Ha cCamMOM fgefie CrMCcOoK M3 OOHOro 3NeMeHTa C MHAEKCOM i. Takum o6pasom, ecnm Mbl
NpMCBavBaEM 3Ha4YeHWe BbIPAXEHWNIO crimcok [i:1], TO Kak 6bl noay4aeTcs, 4To Npu-
CBauBaeM 3HauyeHue 31eMEHTY, KOTOPOro HeT. B peaynbTarte Takoin 3NEeMEHT B crnncke
nosienseTcA. ECM Mbl NpYCBanBaeM 3HaYeHVe BbipaXeHWto crnmcok [(i:i+1], TO 3Ha-
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YyeHne NpucBanBaeTCAa 3/IEMEHTY cnucka C MHOEKCOM 1. Bonee TOro, Kak Mbl ysugum
aanee, eCnm NPUCBOUTbL HEKOTOPOE 3HaueHne Cpedy cnmcok[i:i+k], TO 3TO Npuse-
0eT K TOMy, 4TO B cnucke 6yayT yaaneHbl 3EMEHTbI C MHAEKCAMM OT i A0 i+k-1 BKJIO-
4YATENIbHO N BMECTO HUX ,CLOGaBneHbI 3NemMeHTbl U3 cnucka, KOTOprVI npuceanBaeTCca B
KayecTBe 3HaueHus.

HexkoTopbie mpuMepbl BCTABKH HOBBIX 3JIEMEHTOB B CIIMCOK MTPE/ICTABJIEHBI B JIH-
cruHre 4.2.

# VICXOHOHBEIM CIMCOK

s=[10,20,30]

# B cnucok nob6aBJygeTCH BJIEMEHT

# (uMciio -5 BTOpPHIM CJIEBA BJIEMEHTOM B CIIMCKE)
s.insert (1,-5)

# IpoBepseM pe3yJbTaT

print (s)

# B cnucok nobaBJjigeTCs 3JIEMEHT - CIIMCOK

# (BTOpON cyeBa sJeMeHT - cnmcok [1,2])
s.insert (1, [1,2])

# [poBepsieM pes3yJbLTAT

print (s)

# B cnmucok noBaBidgeTcsd OBa BJIEMEHTAa

# (peanmms30BaHH B BuIE CIOMCKA M3 OBYX BJIEMEHTOB)

s[2:2]1=[3,4]

# IpoBepseM pe3yJbTaT

print (s)

# DJeMeHTy CHOMCKa NPpMCBaAMBAETCs 3HAueHue

# (cnmcok [100,200] - 3HaueHMe TpPETLErO CJIEBAa CJIEBA)

s[2:3]=[100,200]
# [poBepseM pe3ynbTaT
print (s)

PesysibraT BBINTOJIHEHUS 3TOM IPOTrPaMMBbI TaKOM:

~ PesynuTar BbiNOAHeHM NporpamMMul (u3 amcTwira4.2)

(10, -5, 20, 30]

(o, f[1, 2], -5, 20, 30]

(1o, (1, 2], 3, 4, -5, 20, 30]

(o, (1, 231, 100, 200, 4, -5, 20, 30]

B kayecTBe MCXOHOTO MBI UCITOJIb3yeM CITUCOK s=[10, 20, 30]. YTobbI B 3TOT
CIHMCOK Ha TO3UIUIO C UHAEKCOM 1 (BTOpasi MO3MIUS CJIeBA) A0OABUTH HOBBIN
3JIeMeHT (YHMCJIO —5) UCMOIb3yeM KOMAaHAy s . insert (1, -5), B KOTOPOil Me-
TOX insert () BBI3BIBAETCS M3 CIIMCKA S, & apfyMEHTaMU METOAY MepelaroTCs
uHIeKC 1 (MecTo B CNUCKE S [IJIsi BCTABKU 3JIEMEHTA) M 100aBJIsieMOe B CITMCOK



3HayeHMe -5 (3JIeMeHT, KOTOPBI Jo6aBsieTcss B CUCOK s). ITocse aToro Ko-
MaHoi print (s) oToOpakaeM cOlepKMMOe CIHCKa s. B maHHOM ciydae mo-
JydaeM pesyasrat [10,-5,20,30]. Yro mbl Bugum? B crmcok s, KOTOpPBIi
U3HaYyaJbHO COCTOsJ U3 Tpex yucea [10,20,30] Ha MO3ULUIO C UHAEKCOM 1
(BTOpOI1 3JIeMEHT cJIeBa) H00aBJIEH YUCIOBOI 3JIEMEHT —5, & 3JIEMEHTDI CITUCKA
20 u 30 CABUHYJIMCDH HA OJIHY MO3UIIMIO BIIpaBo. /lajiee BBIMOJHSIETCS KOMaHaa
s.insert (1, [1,2]). B pé3ynbraTe Ha MO3UIINIO C MHAEKCOM 1 IMOMEIIAETCS
HOBBII 3JIEMEHT - CIIUCOK [1, 2]. DTOT CIHCOK, KaK 3JIEMEHT CIIUCKA S, pa3Me-
HIaeTCsl Ha BTOPOM MO3ULIMU cjieBa (MHAEKC 1), a OCTaJbHbIE TPU 3JIEMEHTA CIIU-
CKa s cMellaloTcs BIpaBo. BeeicTBre 3TOM onlepaliny CIUCOK S CTAHOBUTCS Ta-
kum: [10,[1,2],-5,20,30].

Ha caienyonieM mare Mol 106aBJIsieM B 3TOT CIIMCOK /[Ba 3JieMeHTa. /[JIst 3TOro uc- .
noJib3yeM KOMaHAy s [2:2]=[3,4]. B 1anHOM ciy4yae BCTaBKa BBIOTHSIETCS
Ha MO3UIIMIO C UH/IEKCOM 2 (TPETHIl 3JIEMEHT cJieBa B ciucke s ). Ho Teneps B crin-
COK s 100aBJISIETCSI HE CIIMCOK-3JIEMEHT, a IBa 3JIEMEHTA - T€ JIEMEHTbI, KOTOPbIE
dopmupytot criucok [3, 4]. [loatomy monyyaem cnucok (10, [1,2]1,3,4,-
5,20,30]. Hakonen, mocjie BBIIOJHEHUS KOMaHAbl s[2:3]=[100,200]
TPETHIl 3JIEMEHT CIUCKA S (3JIEMEHT C MHAEKCOM 2) MEHSIET CBOe 3HauyeHHE C
3 Ha [100,200]. B urore nomyvaercs cnucoxk [10, [1,2],100,200,4, -
5,20,30].

(3 Ha3sametky

MeToab! append (), extend () W insert () U3MEHSIOT CIUCOK, U3 KOTOPOro Bbi3biBa-
I0TCSl U pe3ynbTaT He BO3BPaLLaloT.

Ans 06beanHeHNs CNMCKOB MOXHO UCMNOJIb30BaTb U ONepaTop cnoxeHus. Hanpumep,
pe3ynbTaTtom BbipaxeHusa [1,2,3]1+[4, 5] asnaeTrcacnucok [1,2,3,4,5].

[7s1 ynaneHus: 3jileMEHTa U3 CIIUCKA UCMOJB3YIOT MeTO pop (). ApryMeHTOM
MeTOJy NepeaeTcsl UHAEKC 3JIEMEHTA, KOTOPBIN HYXKHO YAaJuTh. [[pyrumu cJio-
BaMH, MeTOJ pop () MO3BOJISIET YAAJIUTD 3JIEMEHT CIHMCKA C YKA3aHHBIM MH/IEK-
coM. MeToz pop () He TOJIBKO U3MEHSIET CITUCOK, U3 KOTOPOTO BBhI3bIBAETCS (B
CIIUCKE yIaJIsIeTCs 3JIEMEHT), HO ellle ¥ BO3BpalllaeT pe3yJIbTaT - 3HaYeHue y/a-
JISIeMOro 3JieMeHTa. Eciii HYXXHO yAaJuTh 3JIEMEHT CIUCKA C ONpejeJIEHHbIM
3HAYEHHEM, TO UCTIOJIb3YIOT METOM remove (). APryMeHTOM MeTO/y MepeaeT-
Cs1 3HAUEHUe 3JIEMEHTA, KOTOPBIH HYXKHO YAaJUTh U3 crucka. Ecaiu B coiicke He-
CKOJIBKO 3JIEMEHTOB UMEIOT TAKOE 3HAYEHHUE, YIAISETCS MIePBBIN CIEBA AJIEMEHT.
Meton remove () U3MEHSIET CIIMCOK, M3 KOTOPOTO BBI3BIBAETCS U HE BO3BpaLla-
€T pe3yJIbTar.

Eme O/IUH IIpUMEM, PICHO.Hb3y€MbIﬁ Ui yaaJIEeHUs 3JIEMEHTA UJIN 3JIEMEHTOB U3
CITUCKA COCTOUT B TOM, YTO Cpe3y CIIMCKa B Ka4Y€CTBE€ 3HAYEHUS ITPUCBANBAETCA
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mycToii crircok. HampuMep, ecyii Mbl XOTUM B HEKOTOPOM CIIMCKE YAAJIUTD BCE
3JIEMEHTHI C UHAEKCaMU OT 1 0 j BKJIIOYUTEJIBHO, TO COOTBETCTBYIOIIAsI KOMaH-
Jla MorJia OBl BBITJIAAETb Kak cnmcok [i:3+1]=[].

(1 Ha3ametky

HanoMHuM, 4TO ecm NPUCBOUTL Cpeay HENYCTOl CMMCOK, JIEMEHTbI U3 Cpe3a B MCXO-
[AHOM cnvcke ByayT yaaneHsl. BMECTO HUX BCTABASIOTCA 3/1EMEHTbI U3 TOro CANcKa, Ko-
TOPbIV NPUCBANBAETCA B KAYECTBE 3HAYEHNS CPE3Yy.

¥Ynanuth 2JIeMeHT U3 CIIMCKA MOXKHO C TIOMOIIbI0O MHCTPYKIUH del - TOH e UH-
CTPYKLIMH, KOTOPOH yAasIoTCs U3 MaMsTH IlepeMeHHble. ToJIbKO ecu AJs yaa-
JIeHUsI TIePEMEHHON ee UMsI HY>KHO yYKa3aTh I0CJIe MHCTPYKIMU del, TO A yaa-
JIEHUs 3JIEMEHTa U3 CIIMCKA I0CJe UHCTPYKUUU del yKa3bIBaeTCsl CChLJIKA Ha
aTOT 3J1eMeHT (B popMaTe crimcok [nunexc] ). Hampumep, eciii Mbl XOTHM y1a-
JIUTH B CIIUCKE S 3JIEMEHT C UHAEKCOM 1, KOMaHJa [JIs yAaJIeHUs 3TOr0 dJIEMEH-
Ta BBITJIAAUT Kak del s [i]. Hebosblioit mpuMep ¢ yaaaeHueM v 3aMeHOMH 3J1e-
MEHTOB B CIIUCKE IIPUBEJIEH B JIMCTUHTE 4.3,

. YaneHue aneMeHTOB U3 CucKka ~ e

# CosmaeM MCXOOHEIM CHOUCOK
s=[i*(10-1i) for i in range(ll)]

# [poBepsaeM pesysbTaT

print (s)

# YnanaeMm 3JIeMEHT C MHOEKCOM 5

# n oToOpaxaeM 3HaUueHME BJIEMEHTA
print ("Ymansem snemeHT",s.pop(5))
# IpoBepseM comepxuMmoe CHMUCKA
print (s)

# YnmamnaeMm 3JleMeHT cO 3HaueHuem 21
s.remove (21)

# [poBepseM COOEpPXMUMOE CIMUCKA
print(s)

# Ymasiaem M3 COucKa 3JIEMEHT

# c mHOexcoMm 3

del s[3]

# IIpoBepseM coOepxXuMmoe CHMCKa
print (s)

# YmanaeM HECKOJIbKO 3JIEMEHTOB B CIIMCKeE
s[2:5]=1[]

# IlpoBepseM coOepxXuMoe CHIMCKa
print (s)

# B cnucke ymajgeTcsda IOBa 3JIEMEHTa
# u mobaByiseTcs NATb SJIEMEHTOB

"5[1:3]=[—1,—2,—3,—4,—5]




# [lpoBepseM CcoOOepxXuMoe CIMCKa
print(s)

PesysisraT BEIOJTHEHHMSI IPOTPAMMHOTO KO/Ia TAKOWM:

(o, 9, 16, 21, 24, 25, 24, 21, 16, 9, 0]
Yoanaem saeMeHT 25

(o, 9, 16, 21, 24, 24, 21, 16, 9, 0]

[0, 9, 16, 24, 24, 21, 16, 9, 0]

[o, 9, 16, 24, 21, 16, 9, 0]

[0, 9, 16, 9, 0]

(o, -1, -2, -3, -4, -5, 9, 0]

CravanakoMaHaon s=[1i* (10-i) for i in range (11) ] MBICO3/Ia€M CITUCOK
U3 YKMCJIOBbIX 3HAYEHUIT (MH/IEKCHAS TepeMeHHasi 1 mpoberaeT 3HaueHus1 oT 0 110
10, a COOTBETCTBYIOIIMI 3JIEMEHT CIHMCKA ONpe/esieTCs] BbIpakeHueM i* (10-
i) ). B pe3yabrarte nosyyaem cnucok [0,9,16,21,24,25,24,21,16,9,0].

KoMaHmoii print ("Yoansem sjemeHT", s.pop (5) ), BO-IEPBBIX, yIaJIsIeT-
Cs1 3JIEMEHT C MHJIEKCOM 5, U, BO-BTOPBIX, 3HAUEHHE ITOTO 3JIEMEHTA OTOOPAXKAET-
Cs1 B KOHCOJIbBHOM OKHe. 3/IECb MBI BOCIIOJIb30BaJIUCh TEM, UTO NP BBIMOJTHEHUU
UHCTPYKLHUHU S . pop (5) M3 CIIHUCKA s yAAJSIETCS dJIEMEHT C UHAEKCOM 5, a 3Ha-
YyeHHe 3TOW MHCTPYKIIMH - 3TO 3HaUeHHUe y/1aIsieMoro 3jieMeHTa (B IaHHOM CJIy-
yae peyb UzeT 00 3JIeMeHTe CO 3HaYeHueM 2 5). Pe3y ibTaTOM BBITIOJIHEHHS TIPH-
Be/IEHHOU BbILIIE KOMAH/IBI SIBJISIETCS COOOIEHHE YasigeM 3JieMeHT 25, acaM
CIIMCOK S MpH 3TOM Oy aeT TakuMm: [0, 9,16,21,24,24,21,16,9,0] (TO €CTh
B HeM JIeMCTBUTEJIBHO y/aJleH 3JIEMEHT CO 3HaueHueM 25).

C nomoibio KOMaHIbl s.remove (21) yzaajisieM 3jJieMeHT CO 3HayeHueMm 21.
ITocjie atoro crucok s cra”et TakuM: [0, 9,16,24,24,21,16,9,0]. Baxuo
3/1ECh TO, YTO JI0 YAAJIEHUS 3JIEMEHTA MX B CIIMCKE S OBLIIO 1Ba: y ABYX 3JIEMEHTOB
6bL10 3HaueHue 2 1. [Ipu y1aieHiu 3/1eMeHTa, YAAJIsieTCsl TOT, KOTOPBIiA B CIIUCKe
NEPBBIN. A BTOPOI1 3JIEMEHT CO 3HaYeHUEM 21 B CITUCKE S OCTAETCSI.

KomaHnpoii del s[3] u3cmucka s yaajsieM 3JeMeHT ¢ uaaekcoM 3. [Toce ato-
ro CIUcoK s paeed [0,9,16,24,21,16,9,0). Buaum, 4To ciucok moTepsii
OJIVH 3JIEMEHT CO 3HaYeHHeM 24 (TOT, KOTOPBIif HAXO/IUJICS Ha TIO3ULIUU C MHIEK-
coM 3).

YrTo6bl yAAIUTh 3JIEMEHTBI C UHAEKCAMHU OT 2-TO 0 4-TO BKJIOYUTEJBHO, HC-
MOJIb3yeM KOMaHIy s [2:5]=[]. 31ech cpe3y NpUCBAaUBAETCS B KaYeCcTBe 3Ha-
yeHus mycToit ciucok. Crucok s npespauiaercsaB [0, 9,16, 9,0].
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Komanma s[1:3]=[-1,-2,-3,-4,-5] WLIOCTPUDPYET OMEPAIUI0 BCTABKU
(c 3aMeHOI) B CIIMCOK HECKOJIBKUX 3JIEMEHTOB. YIAJSIOTCS 3JIEMEHTHI CIIUCKA
S C MHJEKCaMU 1 ¥ 2, a BMECTO HUX BCTABJISIETCA IPyNNa 3JIEMEHTOB U3 CIIMCKA
[05=25,=21,=8), =4% =5/,197:01] -

151 mpoBepKU TOrO, BXOJUT 3JIEMEHT B CIIMCOK WJIM HET, UCMOJb3YIOT ONIEPATOP
in. Pe3yssraToM BeIpakeHus opMaTa 3HaUEHME 1n CHMCOK SIBJSIETCS JIOTU-
YyecKkoe 3HauyeHue True WU False B 3aBUCUMOCTH OT TOI'O, BXOJIUT 3HAUEHME
B CciMCOK, UM HeT. HanpuMmep, pe3ysibTaToM BbIpaxkeust 2 in [1,2, 3] sB-
JIsieTcsi 3HaueHue True, IOCKOJIbKY B CIIUCKe [1, 2, 3] npeACTaBJIEHO 3HAUYEHHUE
2, a pe3yJibTaToM BblpaxkeHuss 0 in [1, 2, 3] aBjiseTcsd 3HayeHue False, 1o-
CKOJIbKY B ciucke [1, 2, 3] 3HaueHus O HET.

C momo1b1o ornepaTopa in MOXHO MOJYYUTh OTBET HA BOIPOC, BXOAWUT WUJIU HET
3HaueHue B cNUCOK. Ecyiu Hy)XKHO y3HaTh, I/le UMEHHO B criucKe (Ha KaKoil Mo3u-
[[MH) HAXOJUTCSI 3HAUEHUE B CIIHCKE, UCMIOIb3YIOT MeTO index (). MeTton BhI-
3bIBAE€TCsI U3 CIIMCKa, apTYMEHTOM METOAY Nepenaercs 3HaueHue, KOTOpPOoe Mpo-
BepsieTCs Ha IIpe/IMeT BXOXK/IeHUsI B CIUCOK. Pe3yJIbTaTOM sIBJIsIETCSI MHIEKC dJIe-
MEHTa C COOTBETCTBYIOIIUM 3HaueHUeM. Ecyiu mpoBepsieMoe 3HaueHue cpasy y
HECKOJIbKHX 3JIEMEHTOB, BO3BpalllaeTCs UHAEKC IIePBOro 3JIEMEHTa C HayaJia CIIu-
cka. Hanmpumep, 3HaueHuem BoipaxkeHus [1,2,3,2,1] .1index (2) sBaseTcs
1, MOCKOJIbKY B CcIiucke [1, 2 ', 3,2,1] nepBbIi 3JIEMEHT CO 3HAYEHUEM 2 HAXO-
JUTCA Ha MO3ULIUU C UHIEKCOM 1.

() HasameTky

O6palwaem BHUMAHWE YnTaTenNst U Ha TO, KaK BbilLE BbI3bIBANCA METOA index (). A
WMEHHO, MbI Bbl3blBan 3TOT METO/ HENOCPEACTBEHHO 13 cnucka, 6e3 npeasapuTenb-
HOrO NpUcBamMBaHUsA CNMCKa B Ka4eCTBE 3HAaYeHUs nepeMeHHOW. Takoin noaxon aony-
CTUM, OHAKO He Bcerga onpasaaH. B yacTHOCTW, MeToa index () HE U3MeHsieT cnu-
COK, U3 KOTOPOro Bbl3biBaeTcs. [103TOMY B IAHHON KOHKPETHOW CUTYyaumn Hal noaxon,
npuemMnem.

MeTony index () BTOpbIM apryMeHTOM MOXKHO Tlepe/laTh 3HAuYeHHe MHJEKCa,
C KOTOpOrO B CIMCKe HauyMHaeTcs mouck. Hampumep, 3HaueHUEM BbIpaXKEHUS
[1,2,3,4,3,2,1].index (2, 3) saBasgercsa 5. [Touck ajreMeHTa co 3HaYEHHU-
€M 2 HayuHaeTcsd B crnucke [1,2,3,4,3,2,1], HaUuHas C 3JIeMEHTA C UHJEK-
coM 3. [ToaToMy nepBasi ABOKKA B CIKCKe B 06J1aCTh MOMCKA HE MMONAaJa€eT U B pe-
3yJIbTaTe BO3BpalllaeTCsd UHAEKC 5 TOrO 3JIEMEHTa, 3HaYeHUe KOTOPOro paBHO 2,
HO KOTOPBIif HAXOAUTCS CIIpaBa OT 3JIEMEHTA C UHAEKCOM 3 (caM 3JIEMEHT C UH-
J€KCOM 3 TaK’Ke MOMajaeT B JUana3oH Moucka). Meroay index () Takxe 10-
MyCTUMO NepeiaTh TPETUIl apryMeHT, KOTOPbIX olpe/iesisieT KOHeYHYIO TPaHuUIly
[vana3oHa moucka ajeMeHnTa. CielyeT y4ecTb, YTO €CJIH IJIEMEHT C YKA3aHHBIM
3HaYEHUEM He Hali/leH, BOSHUKAEeT OIUOKa.



MeTon count () MO3BOJISIET BBIYUCIUTb KOJHUYECTBO 3JEMEHTOB B IHCKE C
onpejeJieHHbIM 3HaueHueM. MeTo/ BbI3bIBA€TCSsl U3 CIIUCKA, 2 AapTYMEHTOM Me-
TOMY TiepelaeTcsl 3HaYEHUE 3JIEMEHTOB [IJIs TOUCKa. Hampumep, 3HaUYeHne BbI-
paxenuss [1,2,3,2,1,3,2].count(2) paBHO 3, IOCKOJBKY B CIIHCKE
[1,2,3,2,1,3,2] ecTb 3 3JIeMeHTa CO 3HAaYEHUEM 2.

Metone reverse () u PyHKIHSA reversed () NO3BOJSIOT U3BMEHUTH MOPSIIOK
CJIeTOBaHMSI 3JIEMEHTOB CIIMCKa Ha MPOTUBOMOJIOXKHBINA. Pa3miuue Mexay MeTo-
IOM 1 PYHKIIHEN B TOM, UTO:

MeTol reverse () (6e3 apryMeHTOB) BbI3bIBAE€TCS U3 CITUCKA, HE BO3-
BpallaeT Pe3yJbTaT U U3MEHSIET CITUCOK (M3 KOTOPOTO BBI3BIBAETCS);

npy BbI30Be (YHKIMM reversed () CIHCOK MEPENAETCS €l apryMeH-
TOM, TIPHYEM CaM CITUCOK He MEHsIETCS], a Pe3yJIbTaToM (pyHKIIMK BO3Bpa-
I[AETCST HOBBIM CIHMCOK C OOPaTHBIM TOPSIIKOM CJIEOBaHHS 3JIEMEHTOB
(110 CpaBHEHUIO CO CIIUCKOM, MEPEJaHHBIM aPryMEHTOM (QYHKIINH ).

AHanornmynasi cUTyauusi MMeeT MeCTO MAJs1 MeToJa sort () U (QYHKUUU
sorted (). Merox u ¢yHKIMS NpefHa3HAYEHB! JJIsI COPTUPOBKH 3JIEMEHTOB

CITMCKa.

MeToq sort () BBI3bIBAETCS U3 CITUCKA, KOTOPBIA COOCTBEHHO M COPTH-
pyeTcs - B MOPsiIKe BO3paCTaHKs, €CJIH METO/] BbI3BaH 6€3 apryMeHTOB,
U B MOpsifike yObIBaHMUs, €CJIM METO/ BbI3BaH CO 3HAUYEHHEM apryMeHTa
reverse=True (apryMeHT 0ObIYHO TEPEIAETCS 110 KJII0UY);

¢yHkunu sorted () nepegaeTcst UCXOJHBIN CIIUCOK, & Pe3yJIbTATOM SIB-
JISIETCSI OTCOPTUPOBAHHBIM COUCOK (COPTHPOBKA B MOPSIIKE BO3pacTa-
HUS,  [JIs] COPTUPOBKH B MOpsifike yObIBaHKS (DYHKIIUH TIEPENAIOT elle
OJIVIH apT'yMeHT reverse=True).

CyliecTBYIOT U ApyTryUe OYeHb MoJie3HbIe QYHKIIUU ¥ METO/IbI, KOTOPBIE IIUPOKO
UCIOJIB3YIOTCs TIpU paboTe co cruckamu (M He TOJbKO). 3HAKOMUTHCSI C HUMHU

GyaeM 1o Mepe HeO6XOIMMOCTH.

(O Ha3sametky

EcTb psag MaTemMaTudeckux gyHKUNn, npeaHa3HavyeHHbIx Ans paboTel Co cnnuckamu. Ha-
npumep, GyHKUMM min () Mmax () NpeaHa3HavYeHbl COOTBETCTBEHHO AN5 onpeaeneHus
MWHUMaNbHOIrO N MaKCUMaNbLHOrO 3HAYEHUS N3 CNNCKA 3HAY€HWU (CNUCOK nepepaeTcs
aprymeHTom ¢hyHkuumn). Hanpumep, 3HadyeHne BoipaxeHns min ([(3,4,-1,7,0]) pas-
HO -1 (HanMeHbluee N3 3Ha4YEeHW, NpeacTaBneHHbIx B cnucke [3,4,-1,7,0]), a 3Ha-
YeHne BblpaxXeHus max ([3,4,-1,7,0]) paBHO 7 (HaubonbLuee 3 3HAYEHWUIA, Npea-
CTaBfieHHbIX B cnucke [3,4,-1,7,0]). ®yHKUMsA sum () Ucnonbayetcs ans Bbl4ucne-
HUSI CYMMbI 3HAY€HWIl CNMCKa, NepeaaHHOro apryMmeHToM GyHKUUK: 3Ha4YeHue Bbipa-
XeHns sum([3,4,-1,7,0]) paBHaeTcs 13 (Cymma uicen B cnucke (3,4,-1,7,0]).
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KonuposaHue n npucesavBaHve CNUCKOB

Hy, a smo dosecok x kowmapy.
u3 x/¢p "Cmapuxu-pasboiinuxu”

EcTb ozHa, Ha nepBbIi B3IJISA IPOCTas], 3a1a4a, KOTOpasi UMeeT cepbe3HbIe "TI0-
caencTBus”. JTa 3aj1ava - co3qaHue Konuu cnucka. GopMaJsibHO 3/1€Ch BCe MPO-
CTO: Ha OCHOBE YK€ CYI[ECTBYIOLIETO CITMCKA CO3/1aeTCsl TOYHO Takoi xke. [louemy
e 3Ta 3a1a4ya uMeeT nociaeacTBusi? IloToMy yTO "MexaHU3MBI", KOTODPBIE 3a/el-
CTBOBaHbI UJIY MPOSIBJISIIOTCS MTPH PELIEHUH 3TOU 3a71ayy, AAI0T KJII0Y K ITOHUMa-
HHIO MHOTHX BaXXHBIX MOMEHTOB, CBSI3aHHBIX C IIpOrpaMmupoBaHuem B Python.
YT0o6bI HE OBITH TOJIOCJOBHBIMH, CPa3y 0OpaTUMCSI K TPUMEDY.

IIpeamnosoxum, 4TO y HaC eCThb CIIUCOK - HallpuMep, Takoit: a= (10,20, 30]. Ilo-
CJIe 3TOTO BBIMIOJIHSIEM KOMaHy b=a. B cooTBeTCTBUU C Hell TepeMeHHOM b B Ka-
YyeCcTBe 3HaUeHUs IPUCBaUBaeTCs 3HaueHe epeMeHHOU a, KOTopasi, B CBOIO Oue-
pellb, CChLIAETCST Ha CITUCOK. JIOTMYHO OXKUAATh, YTO MEPEMEHHAs b ToXxe OyaeT
CCBLTIATBCST HA CIIUCOK - TAKOH Xe, KaK U CIHMCOK, Ha KOTOPBIN CChlIaeTCs Nepe-
MeHHast a. B TOM, 4TO ciucKu OIUHAKOBbIE, YOEIUTHCS JIeTKO. [IJIs1 3TOro MOXKeM
BOCIIOJIb30BaThCSI, HATPUMED, KOMaHAaMu print (a) u print (b). Pe3yibra-
TBI Oy Iy T OMMHAKOBHIMU (OTOOpaXKaeTCst OJMH M TOT Xe crucok [10,20,3017).
Ho curyanus He Takasi nmpocTasi, Kak MOXKeT II0Ka3aThCs Ha NepBblit B3rasia. [o-
MyCTUM, KOMaHI0HU b [1]=0 Mbl U3MEHWJIHN 3HaUeHue BTOPOro (C MHAEeKCOM 1)
3JileMeHTa ciucka b. Ecyiu MBI ocJie 3TOro KOMaHAod print (a) MpoBepUM 3Ha-
YyeHHUe CIIKCKA a, TO MOJIy4YuM pedyJsrat (10, 0, 30]. Jpyrumu cioBaMu, u3Mme-
HEHUSI MBI BHOCHJIU B CIIMCOK b, 2 ”3MEHUJIU [TPU 3TOM CITUCOK & (CIUCOK b ToXe
M3MEHUJICS - JKeJIAIolIhe MOTYT B 3TOM JieTKO yoeauthbcesi). O6bsiCHEHHE TaKOe:
MIPU BBINOJTHEHUU KOMaH/Ibl b=a MepeMeHHasl b oJiyyaeT CChIIKY He IIPOCTO Ha
TaKOH e CIMCOK, Kak IIlepeMeHHasl a, a Ha Mom e Camblii CNUCOK, UTO U Tepe-
MeHHas a. TakuM 06pa3oM, mocJie BBIOJHEHUST KOMaH/Ibl b=a U mepeMeHHas a,
Y IIepeMeHHas1 b CChLIAI0TCS Ha OJUH U TOT XKe crucok. IloaToMy korja Mbl KO-
MaH0i b [ 1] =0 u3MeHsIeM 2JIEMEHT B CITUCKe, Ha KOTOPBIii CChIJIAeTCsl IepeMeH-
Has b, MBI TeM CaMbIM U3MEHSIEM TOT Xe CaMbIil CIIUCOK, Ha KOTOPBI CChLIAeT-
Cs1 ¥ IepeMeHHas a.

EctecTBeHHbIM 00pa3oM BO3HHMKAET BOIPOC: UTO JI€JIATh, €CJIU HAM HY>KHO CO3-
JIaTh KOMHUIO CIIMCKA (TO €CTh €CJIM HaM HYXKHO, YTOOBI JiBe TlepeMEHHbIE CChIJIa-
JIUCh Ha pa3Hble CIIMCKU C OAMHAKOBbIMU 3HaUeHUSIMU)? ECTb HECKOJIBKO Bapu-
aHTOB pelleHus MpobJieMbl. Bo-mepBhIX, MOJKEM BOCIIOJIb30BATHCS Olepalueit
noJiydyeHus cpe3a. Hanpumep, 3HaueHWeM BbIPAXKEHHUS a [ : ] SIBJISIETCS CITUCOK,
TaKoH ke, Kak TOT, Ha KOTOPbI cchliaeTcs nepeMeHHas a. [loatomy ecsu nepe-
MEHHOH b 3HaueHHe MMpHCBanuBaETCsI KOMaHIou b=a[:], TO IepeMeHHbIE b U a
OyayT cchlIaThCs Ha (GUBMYECKH Pa3HbIE CIIUCKY, HO 3HAYEHHUs B 3THX CIIUCKAX
6ynyT onuHakoBbie. Kak ciieicTBUe MocJie BbIMOJIHEHUsI KOMaHAbl b [1]=0 cru-



cok b uamenurcs (6yaer [10,0,30] ), a CIUCOK a OCTAHETCS TPEXHUM (3Haye-
Hue [10,20,30]).

Takxxe 1151 cCO3AaHUS KOIUHU CITUCKA UCTIOJIb3YIOT METO COpPY (), KOTOPHIN BbI-
3BIBAETCSI U3 CIMCKA, [JIs1 KOTOpOro co3aaetcs konus. Hanpumep, B pesysbra-
Te BBINOJIHEHUA KOMaH/bl b=a . copy () C03aeTcsa KOMUs TOTO CIIMCKA, HA KO-
TOPBIH CChLIAETCS TepeMEHHAs &, U CChLIIKA Ha 3TOT HOBBIH CIIMCOK 3aMUChIBAET-
Csl B IEPEMEHHYI0 b. 371ech CUTyalusl Takasi X&e, KaK 1 IPU UCII0JIb30BaHUU Cpe-
3a 1J1s1 co37aHus Konuu. B ictunre 4.4 mpuBeseH mpuMep IpOrpaMMbl, B KOTO-
PO pa3HbBIMU CIIOCOGAMU CO3AAI0TCS KOIMU CITUCKOB.

Jinctuir 4.4. Co3paHue KOnum cnucka

# BasoOBHIM CIMCOK

a=[10,20,30]

# [poBepseM COIEpPXMMOE CIMUCKa

print ("Cnomucok a:",a)

# [pucBamMBaHME [EpPEMEHHEIX

b=a

# CospaHuMe KONMM CIOMCKA C I[IOMOWbBI Cpesa
c=al:]

# CosmaHMe KONMMM CHOMCKa C NOMOWBK MeToma Copy ()
d=a.copy ()

# IpoBepsieM CcOOEpPXMMOE CIIMCKOB

print ("Cnucox b:",Db)

print ("Cnucok c:",c)

print ("Cnucok d:",d)

print ("MeHseMm 3HaueHue sJyeMmeHTa al[l]=0.")
# VIsMeHAeM 3JIeMeHT B 06a30BOM CIIUMCKE
alll=0

# IpoBepsAeM comepxXyMoe CIMUCKOB

print ("Cnucok a:",a)

print ("Cnucok b:",b)

print ("Cnucok c:",c)

print ("Comcok d:",d)

PesysbTat BHIIOJIHEHMS 3TOTO MTPOrPAMMHOTO KOJIa TAaKOM:

Pe3ynkTar BLINONHEHMS NPOTPaMMBbl (M3 MCTUHIa 4.4)

Cnucok a: [10, 20, 30]
Cnucok b: [10, 20, 30]
Cnmucok c: [10, 20, 30]
Cnucok d: [10, 20, 30]

MeHsaeM 3HaueHMe 3JjieMeHTa a[l]=0.
Cnucox a: [10, 0, 30]
Cnmucoxk b: [10, 0, 30]
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Cnmucok c: [10, 20, 30]

Cnucok d: [10, 20, 30]

Ha nepBbrii B3IJI5] MOXKET MOKA3aThCsI, YTO BOMPOC C CO3AHMEM KOIUU CITUCKA
nposicuuicst. Ho 3To To/ibKo Ha mepBbIit B3rJis1. UTOObI MOKa3aTh, YTO HE BCE TaK
IPOCTO, PACCMOTPHUM elile OAUH HeOo IbIoN mpuMep. ITyckait cniucok x=[10, 2
0,(100,200],30, [300,4001]].BaxHo 3a€ech TO, 4TO Cpeiu 3JIEMEHTOB CIIH-
CKa X eCTb 3JIEMEHTBI-CITUCKHU (3TO crmicoK [100, 200 ], KOTOPBIH SIBJISIETCS 3JI€-
MEHTOM x (2], u crnucok [300,400], KOTOPBIN SABJISETCS 3JIEMEHTOM X [4]).
MbI KOMaHAaMU y=X [ : ] ¥ z=x.copy () CO3AaUM IBe KOIMH CITUCKA X, U3ME-
HUM KOMaHAaMHU x [2] [1]=0 u x [4]=0 3J1eMeHTbI 3TOr0 CIIUCKA U 3aTeM IIPO-
BEPUM, KaK 3T U3MEHEHU I IIOBJIUSJIN HA KOIIUU YV U Z CIIUCKA X.

() HasameTky

ONeMeHT x [2] - 3TO TPETWIA C HaYana aNeMeHT cnmucka x. JIerko 3aMeTuTb, YTO AaHHbIN
3/IEMEHT CaM ABNSIETCA CNUCKOM: 3TO CNNCOK [100, 200], COCTOALWMIA U3 ABYX 3N1EMEH-
TOB. 1N HAC BaXHO TO, YTO x [2] - 3TO CNUCOK. [M03TOMY BbipaxeHue x [2] [1] aBns-
€TCS CCbINKOW Ha 3IEMEHT C UHAEKCOM 1 B Cnucke x [2]. JIerko NoHATb, 4TO peyb naet
0 BTOPOM 351ieMeHTe B cnucke [100,200], TO eCTb 3NEMEHTE CO 3Ha4eHnem 200. MNos-
TOMY KOMaHAOM x [2] [1]=0 Bcnucke [100,200] (KOTOPbIA CaM SiIBASIETCH 31EMEHTOM
cnucka x), 3HayeHne 200 MeHsieTCs Ha 3HadveHne 0.

BbipaxeHue x [4] ABNAETCA CCbINKON Ha 3neMeHT [300,400] cnucka x. [laHHbl ane-
MEHT TakXe siBnseTcs cnuckoM. KomaHaon x [4] =0 eMy B Ka4ecTBe 3Ha4YeHUs BMECTO
CCbIJIKM Ha CNNCOK NPUCBanMBaETCa YUCNO

CoOTBETCTBYOIHIT TPOTrPAMMHBbI KOJI TIPEICTABJIEH B IMCTHHTE 4.5.

# JVCXOOHEI CINMCOK
x=[(10,20,[100,200],30,[300,400]1]

# Komma cnmucka

y=x[:]

# Komma cnmcka

z=x.Ccopy ()

# I[poBepseM COOEPXMMOE CIIMCKOB

print ("Cnmucok X:",X)

print ("Cnomucok y:",y)

print ("Cnucok z:", z)

print ("MeHseMm sneMeHTH: x[2][1]=0 m x[4]=0.")
# lV3MeHseM 3HaueHMe DBJIEMEHTA BO BHYTPEHHEM CIMCKE
x[2][1]=0

# V3MeHsIeM BJIEMEHT BO BHEUHEM CIIMCKe

x[4]1=0

# [poBepseM COOEPXMMOE CIIMCKOB

print ("Cnucok x:",x)




print ("Comucor y:",¥)
print ("Cnucok z:",z)

HpPI BBITIOJIHEHUM 3TOr0 MpOrpaMMHOro KoJa oJry4aeM TaKou pes3yJbTaT.

~ Pesynerar BbINONHEHMS NPOrPaMMbl (M3 IMCTHHTA 4.5)
Comcox x: [10, 20, [100, 200], 30, [300, 4001]]
Crnmucok y: [10, 20, (100, 20031, 30, [300, 4001]]
Comcox z: [10, 20, [100, 200], 30, [300, 400]]
Mensem snemeHTH: X[2][1]1=0 m x[4]=0.

Comcox x: [10, 20, [100, 0], 30, O]

Crnmcok y: [10, 20, (oo, 031, 30, (300, 40011
Comcoxk z: [10, 20, (100, 01, 30, (300, 400]1

HanoMHUM, 4TO HAC HHTEPECYET, HACKOJIbKO U3MEHEHHUsI B UICXOJTHOM CITUCKE X
BJIVSIIOT HA KOTUH y ¥ z. I10 JIOT¥Ke, U3BMEHEHNsI B CTIUCKE X HE NOJ/DKHDI BIUATD
Ha CIMCKH y 4 z. YTo e MbI BUIMM? Bo-nepBbIX, C CAMMM CIIUCKOM X TIPOUCXO-
AT TO, YTO M OXKUJAAJIOCH: MMOCJIe MPHUCBANBAHNSA 3HaYeHU# 3JIeMEHTaM CIMCKa,
CITHCOK MeHSIeTCsl. BO-BTOpBIX, H3MEHeHHe dJIeMeHTa X [4] JeCTBUTEJIBHO HE
cKa3bIBaeTCs HA CIIUCKAX Y U z. 37eCh HeT HUUETro HeOXKUAAHHOTO. Ho ects crop-
Npu3, CBSI3aHHbIH C KOMaHJION x [2] [1]=0 (1 3TO, B-TPETbUX). Jlesio B TOM, 4TO
XOTSI U3MEHEHMST BHOCSTCS B CIIMCOK X, OHM MMEIOT MECTO U B CIIUCKAX y U Z. [To-
. HSTHO, YTO CUTYyalusi TpebyeT pa3bsiICHEHU.

PaBYMHO 6oJiee 1eTaJbHO OCTAHOBUTBCS Ha TOM, KakK CcO3/1aeTcs KOIus CIMCKa, B
KOTOPOM €CTb 3JIEMEHT-CIIUCOK. Yr06bI JIETUE ObLIIO MTOHSTH POMCXOAALIEE, BbI-
J1eJIMM KJIIoYeBble MOMEHTDBI U TE€PMUHDL

e  1MeeTCs CIMCOK, KOTOPBIN KONMUPYETCs - 3TO UCXOOHDBLI, WIH Konupye-
Mblll CNUCOK;

* B KOIMPYEMOM CIIUCKE €CTb JJIEMEHT, KOTOprﬁ CaM SBJISIETCSI CIIUCKOM -
3TO 3AEMEHM -CNUCOK;;

¢ CIIHCOK, CO3A3.HHI>I§I B pe3yJbTaTe KOIMMPOBAaHUSA UCXOAHOIO, Konupye-
MOTrO CIIMCKA - 3TO CNUCOK-KONUA.

B npuHIMMe, MPOLECC MPOCTOM: /s KaX/I0r0 U3 JIEMEHTOB CO3/AETCS KOIMAL.
ECJIH 5J1EMEHT - YHCJIO, TO B CIIHCKe-KOTUH COOTBETCTBYIOUINMA 3JIEMEHT UMEET
TaKoe e Yhc/JI0Boe 3HaueHue. EcJii B MICXO/THOM CITHCKe JIEMEHT - 3TO CIHUCOK,
TO CHTYAIHsl HECKOJIBKO MHas. Takoli a71leMEeHT Ha CAMOM /IEJI€ CCbliaemc Ha CTiv-
COK. DJIeMeHT-CIIUCOK B CITUCKe-KOomuK Oy/IeT HMETh TaKOe e 3HaYEeHNe, KaK U
5J1eMEHT-CIIMCOK B MCXOIHOM, KomipyemoM crucke. Ho, rpy6o roBopsi, 370 3Ha-
yeHHe - aJipec CIIUCKA, Ha KOTOPbIX CChITIAETCA 3IEMEHT. W1 ipyrUMH CJIOBaMHU,
B CIMCKe-KOIMHU JIEMEHT-CIIMCOK TEXHUYECKH IMOJIyyaeT B Ka4eCTBE 3HAUCHUA
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TOYHO TaKyIO K€ CCBLIKY, KaK ¥ aHAJIOTUYHBIH 3JIEMEHT B UCXOJHOM crucke. [To-
3TOMY U TOJIyYaeTcsi, YTO 00a 31eMeHTa (B MCXOTHOM CITHCKE U CITUCKe-KOIHH)
CCHLIAIOTCS (PU3NYECKU HA OIMH U TOT XK€ CITHCOK.

Konuuy, koTopble co31a10TCsl ¢ IOMOLIbIO ONlepaliiy MOJyyeHUsl cpe3a WU Me-
TOAa copy (), OOBIYHO HA3BIBAIOT NOBEPXHOCMHbIMU Konuamu. Eciv HaM Hyx-
HO, YTOOBI IPU CO3/JTaHUU KOIIMHU CITUCKA CO3/1aBaJIMCh KOIUU Jake /ISl BHY TPEH-
HUX CIIUCKOB (TO eCTb CIHCKOB, SIBJISIIOIIMXCSI 3JIeMEHTAMH CIIMCKOB), UMeEeT
CMBICJI BOCHOJIb30BaThCs (DyHKIMEH co3aHusl "TJIyOOKOU", NN NOAHOU KONUY
deepcopy (). ApryMeHToM QYHKLHUU NepeaaeTcsl CIUCOK, AJIs KOTOPOIo CO3-
naetcsi konusi. DYHKI¥S CTAHOBUTCS OCTYITHOM MOCJIE MOAKTIOYEHUS] MO JIst
copy. Eciiu uHCTpyKLUS TOAKIIOYEHUST MOLYJIS UMeeT BUJ import copy, TO
¢bynkuus BoizpiBaercs B dopmare copy .deepcopy (). [Ipumep ucnoJib3osa-
HUSA beHKL[I/II/I deepcopy () NPUBEJEH B JIMCTUHIE 4.6.

JiucTunr 4.6. Coapakue NONHOM KONMM cMcka

# VMnopTupyeM MOIYJIb COpY

import copy

# JVICXOHOHBEIM CHIMCOK C 3JIeMeHTaMu-CIucCKaMu
A=[[10,20],[[30,40],([50,60]11

# IoynHas KONMA CIMUCKA
B=copy.deepcopy (A)

# [poBepseM COOEPXMMOE CIMUCKOB

print ("Cnucok A:",A)

print ("Cnmucok B:",B)

print ("BunosHsaiorca koMaHael A[0][1]=0 » A[1]([1][1]=0.")
# U3MeHseM 3JIeMEHTH CIMCKa

A[0][1]1=0

A[1]([(1]1(11=0

# IlpoBepseM coOOepXMMOe CIMCKOB

print ("Cnmucok A:",A)

print ("Cnucoxk B:",B)

B pe3ysibTate npu BHIMOJHEHUH KOJA TOJIyYaeM CJIeIyIolIee:

PesynbTar BbinoNHeHNs NporpaMmsl (13 nucTunra 4.6)

Cnucok A: [[10, 20], [[(30, 40], [50, 601]]
Cnucok B: [[10, 20], [[30, 40], (50, 60]1]]
BrinosiHAwTca koMaHOel A[0] [1]1=0 u A[1]([1][1]=0.
Crnucok A: [[10, 0], [[30, 40], [50, 0]]]
Cnucox B: [[10, 20], [[30, 40], [50, 60111

WcxoaHbli CITMCOK co3/1aeTcs KOMaH/10i1
A=[[10,20],[[30,40],[50,6011]1. B atrom cnucke nBa asieMeHTa. [lep-



BbIt ayieMeHT [10,20] (ccblika A (0] ) sIBJsIeTCSI CIUCKOM U3 ABYX YMCJIOBBIX
ajieMeHTOB. Bropoii anement [ [30,40], [50, 60]] (cchmkaA[1l]) - 3TO TOXE
CIIMCOK U3 IBYX 3JIEMEHTOB, HO 3T 3JIEMEHTDI, B CBOIO OYepe/ib, TAKXKE SIBJISIIOT-
cs ciuckamu (cebiika A[1] [0] Ha cimcok [30,40] u ccbiika A[1] [0] Ha
cnucok [50, 60]). TakuMm o6pa3oM, IMeeM JIeJI0 C UePapXUell BIOXKEHHBIX IPYT
B Apyra cnuckoB. KoMaHol B=copy.deepcopy (A) CO3[a€M MOJHYIO KOITHIO
crcka A. TakuMm 06pa3oM, iepeMeHHbIe A U B CChLIAIOTCS HAa (PH3UYECKU Pa3HbIE
CIIMCKH, HO C OJIMHAKOBBIMHU 3jieMeHTaMHU. I109TOMy pu 0TOGPaKEHHH C TIOMO-
b0 GYHKIUU print () COAEPKUMOro CIIMCKOB A U B MOJIyyaeM OJJUHAKOBBIE
pe3yJIbTaThL

Ha cnenyromem stamne komanaamu A [0 ]' [1]=0mA([1][1][1]=0 uaMeHsIOT-
CsI 3HaYeHUsI 3JIEMEHTOB BO BHYTPEHHUX cruckax. [locsie aToro cHoBa npoBepsi-
€M ColeP>KUMOe CITUCKOB A U B. JIerko 3aMeTUTb, YTO CIIUCOK A U3MEHUJICS, a
CIIMCOK B - HeT.

EcTb onHa uHTepecHasi 0cOOGEHHOCTD OMepaTopa MPUCBaMBaHUsl, KOTOpPasi MMe-
€T OTHOIIEHHUE K CIMCKaM M 0 KOTOPOU XeJlaTesJIbHO 3HaTh. Kacaercst ona MHO-
JKeCTBEHHOT0 IIpUCBauBaHus, KOra B JIEBOM YaCTH OT OllepaTopa NpUCBauBaHU S
yKa3bIBaeTcs (Yepe3 3aMsTyi0) HECKOJIBKO MepeEMEHHBIX, a cipaBa (Toxe yepe3
3aMlsTyI0) - IpUCBaUBaeMble NTepeMEeHHbIM 3HaueHus. Hanmpumep, B pe3ysisrate
BBITIOJTHEHHST KOMaH/IbI X, Y, z=1, 2, 3 IepeMeHHOM x OyAeT PUCBOEHO 3HaYe-
HHeE 1, IepeMeHHOH y OyeT IPUCBOEHO 3HAYEHHE 2, a TIEPEMEHHO z Gy IeT mpu-
cBOoeHO 3HaueHue 3. Boob1ie KoIMyecTBO NIepEMEHHBIX CJIeBa OT OTEPAaTOPa MPH-
CBauBaHUS JOJDKHO COBMAJATh C KOJUYECTBOM 3HAUYEeHUH clipaBa OT OnepaTtopa
npucBauBaHus (4ToObI 6BLIO OJHO3HAYHOE COOTBeTCTBHE). HO MOXeT ObITh U
6oJiee XUTpasi CUTYallusl, KOr/ia ClipaBa 3HaueHui 60JIbllie, YeM MePEMEHHBIX CJIe-
Ba. Toraa ecsiu nepes 0JHOM U3 TepeMEHHbIX yKa3aTh 3Be3104KY *, TO Bce "JIMIL-
Hue" 3HaueHus OyIyT 3aMUCaHbl B 3Ty IEPEMEHHYIO B BH/le cnrcka. Hanpumep,
IIPY BBINTOJIHEHUY KOMaHIbI X, *y, z=1, 2, 3, 4, 5 IepeMeHHas x IIOJIy4YUT 3Ha-
yeHHe 1, MepeMeHHasi z MOJIyYUT 3HAUYeHHue 5, a iepeMeHHast y OyIeT CChLIKON
Ha CIIUCOK [2, 3,4].

Eute onHO 3aMeuaHue MMeeT OTHOLIEHWe K MHOTOKPaTHOMY NpUCBauBaHUIO (B
BBIPQ)KEHUHU HECKOJIBKO OTepaTOpOB NpucBauBaHus1). Hampumep, B pe3dyJisrate
BBITIOJTHEHU ST KOMAH/IbI x=y=1 IIepEMEHHBIE X U y TOJy4YaT 3HayeHue 1. [Ipuyem
€CJIH BIIOCJIEICTBUY U3MEHUTD 3HAUYEHUE O/THOW U3 IEPEMEHHBIX (HAIIpUMEP, BbI-
MOJIHUTh KOMaHy x=2), TO 3HaUeHUe APYyroi NepeMeHHO (B JaHHOM ciyyae y)
He uaMenutcs. Ho aro ecsiu peub He uzet o cnuckax. CkaxkeM, BBITIOTHSIETCS KO-
MaHzaa x=y=[1, 2]. Ilocje ee BBINOTHEHNS IEDEMEHHBIE X U Y CCHLIAIOTCS HE
MPOCTO HAa OJIMHAKOBBIE CITMCKH, & HA OJJUH U TOT e CIUCOK [1,2]. Ecau Mol
MPUCBOUM MTEPEMEHHOM X IPYTOM CIUCOK (MJIM 3HaYE€HHEe UHOTO THIIA ), IEPEMEH-
Hasl y He u3MeHuTcs. Tak, eciu mocje KOMaH[bl x=y=[1, 2] BBIIOJHSETCS KO-
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MaHza x=[3, 4], To mepeMeHHast x OYET CChLIATHCSI HA CITUCOK [ 3, 4], a mepe-
MeHHasl y OyIeT CChLIAThCSI Ha UCXOIHBIN cITUCOK [1, 2]. Ho ecsiu Mbl u3BMEeHUM
TOJIBKO 3JIEMEHT B MICXO/HOM CITHCKE, TO U3MEHUTCS 3HaUeHHe 00enx MepeMeH-
HbIX. /lomycTuMm, ocjie KOMaHAbl x=y=[1, 2] BBINOJHsETCS KOMaHAa x [0]=0.
[TocJie aTOro NepeMeHHast X CChlIAeTCsI Ha CIIUCOK [0, 2] (KaK U JOJKHO OBITH),
HO ¥ TlePEMeHHas1 y CChLIAETCs Ha 3TOT cUcok! YTOObI MOHSATS, TOYEMY TaK MPO-
HCXO/HT, HEO6XOIMMO OTISITh JKe yuecTb, yTo B Python mepemeHHbIe CChIIAIOTCS
Ha 3HayeHusl. [105TOMy BaXKHO IIPOBOAUTD YETKYIO TPaHUILYy MEXAY U3MEHEHUEM
CCBLJIKY Y1 U3MEHEHHEM 3HaYeHHUsI, Ha KOTOPOe CChIJIKa BIITOJIHEHA.

Cnucku n GyHKLUUN

9mo npocmeriuas yenv paccyrcoerui.
u3 x/¢p "Ilpuxarouenusn llepaoxa Xoamca u
doxmopa Bamcona"

YuutbiBast ocobyio poJib CIIHCKOB B si3bike Python, fasnee paccMoTpum HekoTo-
pble MOMEHTHI (B OCHOBHOM IIPUKJIATHOTO XapaKTepa), CBSI3aHHbIE C UCI0JIb30-
BaHMEM CIHUCKOB. B aToM paszesie oCTaHOBUMCSI Ha TOM, KaK KOHIIENLUs CIIHU-
CKOB COOTHOCHTCS ¢ KOHLenuuei GyHkumit. [[pyrumu cioBamy, B cpepy Halie-
TO UHTepeca Ha JaHHOM 3Talle [1011a/JaloT BOIPOCHl COBMECTHOT'O UCII0JIb30BaHUS
(QYHKIUI ¥ CITHCKOB.

Cpasy xe B rja3a 6pocaroTcsi iBe OUEBHIHBIX CUTYAIMU: ITO Mepe/iaya CIICKa
aprymeHToM yHKIIMY ¥ BO3BpallleHne (pyHKIMEeN CIIICKa B KAYeCTBE Pe3yJIbTa-
ta. C popmanbHO# TOYKH 3peHHs 3/1eCh HET HUYETO CI0XKHOTO. TaK, eciu CIUCcoK
nepe/aaercsi apryMeHToM (GyHKIMH, TO pU 06paboTKe TaKOro apryMeHTa Ipo-
CTO HEOOXOMMO YY€ECTh, YTO UMEEM JI€JI0 UMEHHO CO CUCKOM. Eciu dyHKims
BO3BpAlllaeT B KAYECTBE Pe3yJIbTaTa CIHCOK, TO B TeJie GYHKIIUU CITUCOK OJIKEH
6bITh C(hOPMHUPOBaH, a 3aTEM C TIOMOIIbI0 MHCTPYKIMKA return "BblAaH" B Ka-
yecTBe 3HaYeHMs1 QYHKIMH (BO3BpAIIAETCs HA CAMOM JIeJIe CChLJIKA Ha CITUCOK).

Kak umocTpanuio paccMOTpUM MPOrPaMMHBIHN KO/, B KOTOPOM OIpe/ie/ieHbl U
3aTeM HCIIOJIb3yeTcs HECKOJIbKO GyHKIuI. B yactHoCcTH, onuceiBaeTcst QyHK-
uus rand_vector () AJs CO3AaHus CIMCKA yKa3aHHOM AJIMHBI (ONpeJesseTcst
apryMeHTOM (pyHKIIMH) CO CIyYaWHBIMU 1[€JIOYMCIEHHBIMU 3JIEMEHTaMH, (PyHK-
1usi show () 1Jist OTOOpaXKeHHUsT COAEPIKUMOTO CITUCKA, a TaKKe PYHKIUs scal
prod () s BbIYUCJIEHUS CKaJIsIPHOrO IIPOU3BEAEHUS BEKTOPOB.

O Ha3ameTtky

Ecnm ecTb ABa Bektopa d = (ay,dy, ...,ap) N b = (b1, by, ..., by), TO ckaNAPHLIM NPOU3-
BEAEHWEM 3TVNX BEKTOPOB Ha3blBAETCAYNCNOd + b = a by + azb, + -+ + ayb,,.



[TporpaMMHBIiT KO, B KOTOPOM peaJIn30BaHbI TePeYrCIeHHbIE Bhillle DYHKIIMH,
a TaKXe MPOUJIJIIOCTPUPOBAHBI MX BO3MOXXHOCTH, TPUBE/IEH B JIUCTUHTE 4.7,

 Nuctunr 4.7. Oynkumm n cmckn
# TookJjoyaeM MOOYJib OJIA
# TeHepUPOBAHMSA CJIYYaMHHX YUCEJI
import random
# OyHKUMA OJA OoTOOpaxXeHMs CONEPXMMOT'O CIMCKA.
# ApryMmeHT OQYyHKUMM - OTOOPaxXaeMuli CIMCOK
def show(a):
# InmHa cnmucka
n=len (a)
# HauasnwbHas o¢pasa
print (n, "D-BekTop: <",sep="",end="")
# OnepaTop LUUMKJa OJI9 OTOOpPaxeHUs DIJIEMEHTOB
for i in range(n-1):
# OrobpaxaeTcsa SJIEMEHT CIMUCKa
print (a(i],end="[")
# OTobOpaxaeTcs NOCJEIHMM BJIEMEHT CIMCKa
print (a[n-1],">.",sep="")
# OyHKUMA IJI9 CO3IOAaHMS CIMCKA CO CJIyYalHEIMU
# LeJIOUMCJIEHHEMM BSJIEMEHTaMM. APTYyMeHT QyHKUUM -
# KONMMUECTBO BJIEMEHTOB B CIMUCKE
def rand_vector(n):
# CosmaeM MNyCTOM CIIMCOK
r=[]
# OnepaTop UMKJA OJI9 OOOABJIEHMS HOBHX
# BJIeMEHTOB B KOHEll CIMCKa
for i in range(n):
# IoGaBigeM B KOHELl, CIMCKa HOBHIM
# sJIeMeHT - CJyuyamHoe LeJIoe UMCJIIO
# B mmanasoHe or 0 mo 6
r.append (random. randint (0, 6))
# 3HaueHMe OGYHKUMM — CIOMCOK
return r
# OYHKUMA 0JI9 BHUMUCJIIEHUS CKAJIIPHOTO INPOM3BENEeHUS
# OByX BEKTOPOB. APryMeHTH O(YHKLUMM - CIOMUCKM, Ha OCHOBE
# KOTOpPHX pPeanmus3yinTCs BEKTOPH
def scal prod(a,b):
# InHa NepBOT'O CIMCKa
Na=len (a)
# InMHa BTOPOTO CIMCKAa
Nb=1len (b)
# HauMeHbllee M3 OBYX 3HAUEHUA
N=min'(Na, Nb)
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# HauanbHOe 3HaueHMe CYyMMH (uepes
# onpenesnseTcsa CKaJIIpHOE MNPOU3BEIEHME)
s=0
# OnepaTop UMKJIA OJIS BEYMUCJIIEHMS CYMME
for i in range(N):
# IlobaBiAeM K CyMMe HOBOE cJjlaraemoe
s+=a([i]*b[1i]
# PesynbTaT QYyHKUMM
return s
# VHuuManmms3aums IeHepaTopa CJIyYaMlHBIX YMCEeJ
random. seed (2014)
# IepBH CJIy4YayHE BEKTOP
a=rand_vector (3)
# BTOpPOM CIy4YalHEII BEKTOP
b=rand vector (5)
# OrobpaxaeM NEPBEI BEKTOP
show (a)
# OrobpaxaeM BTOPOM BEKTOP
show (b)
# BHIUMCIIAEM CKaJISpHOE IIPOM3BEIeHMe
p=scal_prod(a,b)
# OrobpaxaeM pe3ysbTaT InJIA CKaJIAPHOTO I[IPOM3BEOEHMA
print ("CkanspHoe npom3BeneHue:",p)

PesyJibTaT BBITOIHEHHUS IPOIPAMMHOIO KOZIa TAKOM:

. Pesynbrar BbinonHeHns nporpamMmbl (u3 nucruira4.7)
3D-BekTOp: <2[4]3>.

5D-BekTop: <1[2]1]3]3>.
CkanispHOoe npouspeneHue: 13

[TockoJIbKy MbI B IIPOrPaMMHOM KOJ€ COOMpaeMCsi TeHEPUPOBATh CJIy4aiiHble
ycJIa, KOMaHI0M import random MOAKJ/IIOYaEM MOIYJIb random, MpeJHa3Ha-
YEeHHBII UMEHHO [JIsI TAKUX LIeJIEH,

1 Hasametky

B paHHOM cnyyae Ham noHagobuTcsa Bcero Ase GyHKUUM U3 MoAyns random, XOTS Ha
caMOM Aene TaM O4eHb MHOMO APYrMx NONE3HbIX PYHKLUWA.

[Ipu oTobpakeHHH COAEPKHMMOTO CIHMCKA SIBHO YKa3bIBAETCSI KOJUYECTBO dJIe-
MEHTOB B CITUCKE, & CAMH 3JIEMEHTHI Pa3MEIIAI0TCsI B YTJIOBBIX CKOOKaX C BEPTH-
KaJIbHOM YePTOM, UTpalollleit posib pa3aesnuTteis. Bce aTo peanusyercs B GyHKIMU
show (), MpeIHa3HAYEHHOI 7151 0TOOpaKEeHUsI COEPIKUMOrO criucka (mepenaH-
HOTO apryMeHTOM (YHKIIMH - apryMeHT 0003HaYeH Kak a). B tesie dyHKImu Ko-



MaHJIOM n=1en (a) BbIYUCJSETCS JJIMHA CITUCKA (KOJIUYECTBO 3JIEMEHTOB B CITH-
cke). [Tocne sTorokomaHao print (n, "D-BekTop: <",sep="",end="")

orobpaxaercst TekcT. [IepBble 1Ba apryMeHTa QYHKIUU print () - 3TO KOJIMYe-
CTBO 3JIEMEHTOB B CITUCKE n M TeKCT "D-BekTop: <". OyHKuuu print ()
110 KJIIOYY TIepelaloTCs apryMeHThl sep="" 1 end="" (06a 3HaYeHHs - IyCThIE

TEKCTOBbBIE CTpOKI/I).

Takue apryMeHTBb 03HAYAIOT OYKBaJIBHO CJEYIOIIee: pa3aeauTess (apryMeHT
sep) MeX1y 0ToOpa’kaeMbIMHU 3JIEMEHTAMU HET (TOYHee, Pa3/eIuTe b - Iy CTOM
TEKCT), a B KOHIIe (apryMeHT end) Mepexojl K HOBOM CTPOKe He BBHITIOJIHSETCS
(BMecTO HCHOJIb3yeMO MO0 yMOJTYaHHUIO MHCTPYKIMH Nepexoja K HOBOH CTPO-
Ke - IycTou TeKCT). /{7151 0ToOparkeHUs 3JIEMEHTOB CIIUCKA & B ONEPATOPE LIUKJIA
UH/IEKCHAsI TeEPEMEHHast i mpoberaeT 3HayeHust oT 0 10 n—2 (HAIIOMHUM, YTO UH-
CTPYKLIMEN BUIa range (m) BO3BpAllaeTCsl BUPTYalIbHAS IIOCJIEI0BATENBHOCTD
1eJIBIX YKces1 OT O 710 m—1 BKJIIOYMTEJIBHO) - TO €CTh IIEPeOUPAIOTCs BCE 3JIEMEH-
TBI CITUCKA, KPOME HOCJIe THETO.

KomaHmoit print (a[i],end="|") orobpa)kaeTcsi OYePeHON ITEMEHT CITU-
CKa, a cpa3y IocJje 3TOro 3JeMeHTa - BepTUKaJjbHas yepTa. [lepexoq k HOBOA
CTPOKe He ocyluecTBisiercs. [lo 3aBeplieHnH BBIMOJHEHUS ONEPATOpa IUKJA
KOMaHA0i print (a[n-1],">.", sep="") oroOpa)kaercsl MMOCJEIHUI dJe-
MEHT U 3aKpbIBalolasi yrjiosas ckobka. Paznenuresb MeXX 1y STUMH TEKCTOBbI-
MU (parMeHTaMH CJIYXKHT ITyCTO# TeKCT (61aroqapsi nepejaHHOMY IO KJIIOUY ap-
TYMEHTY sep="").

DyHKIUS [ CO3[aHUs CITUCKA CO CIYYaHbIMU 1[E€JI0YUCIEHHBIMU 3JIEMEHTa-
MM Ha3biBaeTcsi rand_vector (). Y Hee ofuH apryMeHT (0603HayeH Kak n) -
IPeANOJIaraeTcs, YTO 3TO LEeJIOE YUCJIO, KOTOPOe OIpe/iesisieT pa3Mep CIucka. B
TeJie GYHKIMA KOMaHI0M r=[] cO3/aeTcs MyCTOU CIIUCOK.

[Tocsie atoro 3amyckaercsl omepaTop LMKJa, U 3a KaKAbl IUKJ KOMaHAOH
r.append (random.randint (0, 6) ) B cicOK (B KOHell CIUCKa) 106aBJisi-
€TCs1 HOBBII 3JIEMEHT - CJIy4daifHOe 1[eJI0e YU CJIO B Auana3oHe ot 0 10 6. [Jyis reHe-
PUPOBAHUS CIyYaWHBIX YUCEJ MBI HCIIOJIb30BAIH (PyHKIMIO randint () U3 MO-
ayJist random. AprymMeHTamMu QYHKLUY [TEPeAAIOTCSI TPAaHUIIBI IUANa30Ha, B KO-
TOPOM I'€HEPHUPYIOTCA 1IeJIble YHCJIa.

Pesynsrar dyHkunu randint (), Kak HECJIOXKHO JOTaJaThCs - 1[eJI0e YUCJIO.

0 Ha3sametky

Kak oTMe4anochb Bbilwe, B MOAYNE random MHOMO APYrMx GYHKLUWA, NCNONb3YEeMbIX, KPO-
Me NpouYero, AN reHepMpPOBaHWA CyYaiHbIX Yucen. Hanpumenp:

. dyHKUMen random () reHepupyeTcs cny4yanHoe AencTBUTenbHOE YMCno B guana-
30He OT 0 (BKNIOYMTENBHO) A0 1 (He BKOYas); ’
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+  ¢yHKuMa uniform() npeaHasHaveHa 41a reHepupPOBaHWSA PAaBHOMEPHO pacnpe-
AeNeHHbIX AefCTBUTENbHbIX YUCEeN B ONPeAeNeHHOM Avana3oHe - rpaHuLbl Anana-
30Ha NepeaalnTca apryMeHTamm GpyHKUMn;

+  odyHKuMAbetavariate () BO3BPALAET CNyYyaliHOE YCNO, NOAYMHAIOLLIEECS 3aKO-
Hy 6eTa-pacnpeaeneHus;

. dyHKUUs expovariate () BO3BpaLaeT CnyvyaHoe YNCno, NOA4YMHAIOLWEECs 3aK0-
HY 3KCNOHEHLManLHOro pacnpeaeneHns;

. dYHKUMA gammavariate () BO3BpawaeT CAy4yarnHoe Y1Ccno, NoAYMHAIOWEeECs 3a-
KOHY ramMma-pacnpeneneHus;

+ . dyHKUWS gauss () BO3BpALAET Cly4aiHOe YUCNO, NOAYMHAIOLLEECH 3aKOHY pac-
npenenexus raycca;

o dYHKUMSA lognormvariate () BO3BpaWaeT CnyyYaHOE YUCNO, NOAYMHSIIOLEECS
3aKOHY NOrHopManbHOro pacnpegeneHus;

s dyHKUMsA normalvariate () BO3BpALLAET CNyyYakiHOE YNCNO, NOAYNHSIOWEeecs 3a-
KOHY HOPMasibHOr0 pacnpeaeneHus (GakTUYeckn TO Xe, 4TO U pacnpenenexHue la-
ycca);

+  odyHKuMaAparetovariate () BO3BpaLLaET CAyvakiHOE YNCNO, NOAYNHSAIOLW eecs 3a-
KOHY pacnpegaeneHus MNapeTo;

8 dyHKUMA weibullvariate () BO3BpawaeT CayvyanHOe YMCNO, NOAYNHSIIOWEECs
3aKkoHy pacnpeaenexus Beinbynna.

AprymeHTammn aTuM GYHKUMAM NnepeaalnTcs napaMeTpbl COOTBETCTBYIOWNX pacnpeae-
NEHWA (eCim TakoBble UMEIDTCS).

Jlist no6aBJieHUsT HOBOTO 3JIEMEHTA B CIMCOK MCIIOJIb30BaH MeTo/ append (),
KOTOPBIH BbI3bIBaeTCs U3 crucka. [locse Toro, kak cnucok r chopMUpOBaH, KO-
‘MaHJOH return r OH BO3BpallaeTcs Kak pe3yJbTaT PyHKUUHU rand vec-
tor ().

C nomourpo ¢yHkuy scal prod () BBIYUCISETCS CKaJSIPHOE ITPOU3BeIEHNe
IBYX BEKTOPOB, KOTOPbIE MBI OTO)KJECTBJISIEM CO CIIMCKaMU. ApryMeHThl QyHK-
LUU - cIUCKU. Pe3ysnbTrar GyHKLIMY - 3TO cCyMMa MOMAapHBIX TPOM3BeIeHUI JJIe-
MEHTOB CIIUCKOB. 3/1€Cb MBI CTAJIKMBAEMCSI C OJTHOY IIOTEHI[UAJIbHOM TPO6IEMOIA:
B CIIUCKAX MOXET OBITh pa3HOe KOJIMYECTBO 3JIEMEHTOB.

B TakoM ciryuae HesiBHO Gy eM T0JIaraTh, YTO HEJOCTAIOIINE 3JIEMEHTHI HYJIEBbIE.
A OCKOJIbKY MTPOU3BeIEHHE HYJISI HA JTI060€ YHCJIO PABHO HYJIIO M COOTBETCTBY-
folllee cjiaraeMoe B OOIIYI0 CYMMY BKJIa/la He BHOCUT, TO BMECTO TOTO, YTOOBI B
60Jiee "KOPOTKOM" CIIHMCKE JOTMHMCHIBATDH HYJIEBBIE 3JIEMEHTHI, MbI TPOCTO MOXKEM
WUTHOPUPOBATH JIMIIHKE 3JIEMEHTHI B 6oJiee "6IMHHOM" cricke. VIMEHHO Takoit
MIOJXO/] UCIIOJIb30BaH MY ONpesiesIeHNH pe3yJsbTaTa QyHKUMM scal prod().
B Teste dyHkiuu koMaHngaMu Na=1en (a) u Nb=1en (b) ompezessieTcs AJIUHA
(KOJIMYECTBO 3JIEMEHTOB) NEPBOTO U BTOPOTO CIIUCKOB, NlepelaHHbIX apryMeH-




TamMy QyHKIMH. 3aTeM KOMaHI0i N=min (Na,Nb) B mepeMeHHyIO N 3aIiChl-
BaeTCss MUHMMaJIbHOE U3 ABYX 3HaueHuil Na u Nb. Takxxe koman0#i s=0 3aaa-
€TCs1 HyJIEBOEe HayaJIbHOe 3HAYeHUe /ISl IePEMEHHOI, B KOTOPYIO OyIeT 3auchl-
BaThCsl CyMMa - pe3yJisTaT CKaJISIPHOTO Npou3Be/ieHus. B onepaTtope nukia uH-
JIeKCHas TiepeMeHHast i mpoberaer 3HaueHusi OT 0 0 N-1 ¥ CJIY>KUT UHAEKCOM
N5t Tepe6Gopa 3JIEMEHTOB B TIEPBOM M BTOPOM CIMCKaX. 3a KaX Iyl UTEPaIHio
KOMaHION s+=a[1i] *b[1i] 3HaueHUe MEPEMEHHON S YBEJIUUYUBAETCS HA BeJIU-
YUHY NPOU3BEIeHUS] COOTBETCTBYIOUIUX 3JIEMEHTOB (3JIEMEHTOB C OJMHAKOBBI-
MU UHJIEKCAMH) CIIMCKOB a U b, Ilo 3aBepiieHnu onepatopa IMKJIa KOMaH/IOM
return s 3HaYeHUE IEPEMEHHON S BO3BPAUIAETCS KaK PE3yJIbTaT (OYHKIIMH.

IToMuMo onucaHHBIX QYHKIMIA, B IPOrPAMMHOM KOJIE €CTh CJIEAYIOUIHUE KOMaH-
JBL:

* HHcTpykuueit random. seed (2014) BBINOJHSETCS UHUIMAIU3ALUS TE€He-
paTtopa ciydaiiHeix uuces. Boobure, 3ta komMaHza Heobsi3aTesbHast. Mox-
HO OBLTIO ee He UCIOJIb30BaTh BOBCe. EcJiu Bce jxe MbI BbI3biBaeM (yHKIIUIO
seed () C HEKOTOPBIM YMCJIOBBIM apryMEHTOM, TO F'€HEPATOPOM -TIPU KaXK-
JIOM 3aIlyCKe MPOrpaMMbl Oy IeT FeHEPUPOBATHCS OJJHA U Ta XK€ MOCJIe10Ba-
TeJIbHOCTD CJIyYalHBIX YUCeJL

3 Ha3ameTky

MukaHTHOCTb CUTYauuM B TOM, 4YTO N06O reHepaTop CiyyanHbIX YCEN HAa CaMOM Aene
"BblAaeT” COBCEM He Cny4vaiHble yncna. MNo3TomMy npasunbHee roBopuTb O NCEBAOCNY-
YaliHbIX YMcnax. BHelHe o4eHb NOX0oXe, YTO YMCna CnyyaiHble - HO 3TO He Tak. [nsa no-
Ny4eHns NocnenoBaTENbHOCTUM TaKUX YUCEN UCNONL3YEeTCA onpeaeneHHas dopmyna
nnmn anropuTt™. N 4Tobbl BCE 3TO "3anyCTuUTh", HYXHO Kakoe-TOo "3aTpaBo4HOE" unu Ha-
YyanbHOe 3HaYeHue, KOTopoe 6epeTca 3a OCHOBY NPU BbIYUCIEHUN NOCNEA0BATENbHO-
CTU1 NCeBAOCYyYaiHbIX Yucen. Takoe KpaiHe BaXHOE AN reHepaTopa CyyaiHbix Yncen
3HayeHue 06bI4HO 3a4aeTCs NPY MHMLManM3auum reHepaTopa ciydariHbix yicen - pak-
TU4ECKM, B 3TOM MHULMAIN3aums reHepaTopa Yucen n coctout. Ecam Mel B sBHOM Buae
VHULMaNN3MpyeM reHepaTtop, Bbi3BaB PYHKUMIO seed () C ONpeAeneHHbLIM aprymeH-
TOM, TO 3TOT apryMeHT UCNONb3yeTcs AN "ctapTa” BblMMCAMTENBHOMO Npouecca. Moa-
TOMY Kax/Ablii pa3 nocneaoBaTeNnbHOCTL NCEBAOCNYHalHbIX Yucen 6yaer oaHa n Ta xe.
Ecnm ABHO nHMUManu3aums reHepaTopa Ciy4aiiHbiX YACEN He BbiNONTHAeTCs, TO "3aTpa-
BOYHOE" 3Ha4YeHne onpenenseTca Ha OCHOBE CUCTEMHOIO BPEMEHU, NO3TOMY KaX bl
pa3 npy 3anycke NporpamMMmbl NONYYaEM HOBYIO NOCNEA0BATENBHOCTL NCEBAOCNyHal-
HbIX Yncen.

* Komangamu a=rand_vector (3) u b=rand vector (5) co3zaloTrcsa aBa
CJIy4yalHBIX CIIMCKA C KOJMYEeCTBOM 3JIEMEHTOB 3 U 5 COOTBETCTBEHHO.

* Komangamu show (a) u show (b) comepXuMoe CIUCKOB OTOOpPaXKaeTcsi B
KOHCOJIU.

* Komanpoit p=scal prod(a,b) BblYHCISIETCS CKaJsIpPHOE IPOU3Be/IeHHe, a
KOMaH[Ooi print ("CxansapHoe npousseneHue:",p) 0TOOpPaKaeM pe-
3yJIbTAT BbIYMCJIEHUS CKaJISIPHOTO IIPOU3BEEHUSL.
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Bno)xeHHble CNUckKu

Mens ne nposedewn. IIpue Mot coluuxoe 3 suxcy
Ha namo @ymoe ezayto.

u3 x/¢p "IIpux mouenusn llepaoxa Xoamca u
doxmopa Bamcona”

XOoTs1 pa3/IMYHBIX BADUAHTOB CIIMCKOB OYEHb MHOTO, HA OJJHOM THIIE CITUCKOB
OCTaHOBUMCSI IOIPOOHEE. ITO 80N EHHbIE CNUCKU: CTIUCKH, dJIEMEHTAMH KOTO-
PBIX, B CBOIO OYepe/ib, TOXe siBJIsifoTCs ciucku. Hac 6yneT MHTepecoBaTh mpu-
KJIaTHO¥M acCIeKT B UCIOJIb30BAHUU TAKOTO POja "KOHCTPYKUUU". [103TOMY MBI
60Jiee MOPOOHO OCTAHOBUMCSI HA TOM, KaK CO3/1aBaTh BJIOXKEHHBIE CITUCKH, U KaK
UX 3aTEM UCII0JIb30BATh HA MpaKTHKe. [[OHSTHO, YTO 3TH 3a/1a4U MOKHO PelIaTh
pa3IMyHbIMU criocobamMu. PaccMOTpuM HeOOJIbIION TpPUMED, B KOTOPOM OITH-
CaHbl HECKOJIbKO (PYHKIIMIA, TPeHA3HAYEHHBIX 17151 pAaOOTHI C MATPULIAMHU: €CTh
byHKUUS 17151 CO3aHUST MATPUIBI C 3JIEMEHTAMH - CJIyYaiHBIMHU YUCJIAMH, €CTb
GyHKUMS 11 CO3/IaHUST €IMHUYHON MaTpUIB, ONMUCAaHA (DYHKIUS [JIs1 BBIYKC-
JIEHUS IPOU3BE/IEHNS KBAJPATHBIX MAaTPUI], 2 TaKXKe uMeeTcst QYHKLUS [JIs 110~
CTPOYHOTO 0TOOPa’KEHHSI MATPHIIbI B OKHE BBIBO/A (KOHCOJIN).

(0 HasameTky

HenuwHum GyaeT ocBeXuTb HEKOTOPbIE MOMEHTbLI, CBSI3aHHbIE C MaTpuuamn. MaTtpu-
uen HasbiBaeTcs Habop uncen, ynopsaoYeHHbIX N0 CTPOKaM U cTtonbuam - To ecTb B
Buae Tabnuubl. KBaapaTHOM Ha3biBAaETCA MaTpuLa, B KOTOPO 04MHAKOBOE KOIMYECTBO
CTpOK 1 cToN6L0B. MaTpuua, TakuM 06pa3oM, ONMCLIBAETCA HAGOPOM 3/1EMEHTOB: €CN
npo Matpuuy A roBopsT, 4TO OHa COCTOUT W3 3NEMEHTOB aij (nHaekcbl L = 12,..,ny
Jj=1.2,..,m), 70 370 03HAYaET, YTO HA NEPECEYEHWUM i-i CTPOKM U j-ro cTonbua Haxo-
avtes sucno @;j . EaMHniHas Matpuua - 9To Takas KBaapaTHas Matpuua, y KOTOpou
Ha rnaBHOM AvaroHann eanHuYyHble 31eMeHThbI, a BCe NpoYne 3/1IeMeHTbl PaBHbl HYJIIO: TO

ectb@;; = lecomi = jna;; =0 ecom i # j.

Ecnv umeeTcs ABe kBagpaTHbie MaTpuubl A ¢ anementamn @i n B c anementamm bl-j
(vHpekewl i, j = 1,2, ...,n), T0 NPoM3BEeHNEeM STUX MATPUL, Ha3bIBAETCH MaTPULA

C = AB c anementamn C;j = E Qixbyj = @i byj + a;zbsj + -+ ainbyj. Cre-
k=1

LYET OTMETUTD, 4YTO YMHOXaTb MOXHO HE TONbKO KBaApaTHLIE MaTpuLbl. HO B NloGOM

CNy4ae KOMMYECTBO CTONGLIOB NEPBO MaTpULbl AOXHO COBNaAaTh C KONMYECTBOM

CTPOK BTOPOM MaTpuLbl.

CooTBeTCTBYIOIIMI TPOrPaMMHBIM KO IIPeJCTaBJ/IeH B IucTUHTe 4.8.

Jiuctunr 4.8. Ucnonb3oBaHMe BAOXEHHbIX CNUCKOB

# lomkioyaeM MOLYJIb ILOJIA I'€HEPMPOBAHMSA CJIYYaMHEIX YMCeJ
from random import *
# OYHKUMA IJIA CO3IaHMA MAaTPMLBL CO CJIyYalHbHIMM 3JI€MeHTaMu



def rand matrix(n,m):
# Co3maeMm MaTpully C 3JIEMEHTAMM - CJIYYaMHEIMM UMCJIAMU
A=[[randint (0,9) for j in range(m)] for i in range(n)]
# PesynbTaT QyHKUUM
return A

# OYHKUMA OJIA CO3OaHMA eOMHUYHOM MaTPMLE

def unit matrix(n):
# EmouHMuYHas MaTpuua

A=[[int (i==j) for i in range(n)] for j in range(n)]
# PesynbTaT QYyHKLUMU
return A

# OYHKUMA OJI9 BHUMCIIEHMA NPOU3BENEHMA KBAAPATHHX MaTpull
def mult matrix(A,B):
# PasMep MaTpULE

n=len (A)
# MaTpuua-pesyJbTaT C HauvaJIbHEMM HYJIEBHIMM 3HAUEHUSAMU
C=[[0 for i in range(n)] for j in range(n)]

# IepBB MHOEKC
for i in range(n):
# Bropol mHIOekc
for j in range(n):
# BHYTpPEHHMI MHIEKC, IO KOTOpoMy GepeTcs cyMmMma
for k in range(n):
# IobarnsgeM cJlaraeMoe B CyMMYy
Clil[J)+=A[1i] [kK]1*B[k][]]
# PesynbTaT QYHKLUUMU
return C
# OyHKUMA OJ9 OoTOoOpaxeHMs MaTPULE
def show matrix(A):
# Iepebop CTPOK MaTPULIE
for a in A:
# [lepebop BJIEMEHTOB B CTPOKE MAaTPMLE
for b in a:
# OTobOpaxaeM BJEMEHT MaTpPULE
print (b,end=" ")
# [lepexon HOBOM CTpPOKe (Ipy BEHBOOE B KOHCOJIb)
print ()
# VHMUManM3auMsa TeHepaTopa CJIyUaMHEX UMCel
seed (2014)
# MaTpula CO CJIy4YaMHEIMM UMUCIIAMU
A=rand matrix(3,5);
# MaTpuua B BMIOE CHOMCKa
print ("Cnmcok:",A)
# Marpuia kKak OHa e€CTb
print ("3Ta xe maTpmua:")
show_matrix(A)
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# EOouHMuHas MaTpuua

E=unit matrix(4)

# OrToBpaxaeM MaTpULy

print ("EouHuuHaa MaTpuua:")
show _matrix (E)

# lepBas MaTpula
Al=rand_matrix(3,3)

# Bropas MaTpula
A2=rand_matrix (3, 3)

# IpousBeneHVe MaTpPMULL
A3=mult matrix(Al,A2)

# OTobpaxaeM MEepPBYID MaTPULY
print ("llepras MmaTpuua:")

show _matrix(Al)

# OrobpaxaeM BTOPYI MaTpuLy
print ("BTopas matpuua:")
show_matrix (A2)

# OrobpaxaeM NpPOM3BENEHME MaTpHUlL]
print ("llpou3BeneHre MmaTpui:")
show_matrix (A3)

B mporpamMHOM Koze kOMaHAOM from random import * mMOAKJIIOYaEM
MOIyJb random [JIsI T€HEPUPOBAHUS CJIyYaWHBIX yuces (TIpUYEM TPHU TaKOM
HOKJIIOYEHUH MOAYJISI IJIs1 BbI30BA (DYHKUUI M3 3TOrO MOIYJIST UMSI MOJIYJIS
sIBHO yKa3bIBaTh He HykHO). Ham monamobutcst u3 MoayJ/isi random GyHKIUs
rendint (), ¢ MOMOIIBIO KOTOPOit Oy/leM reHepUPOBATh 3JIEMEHTbI MATPHIIBI B
Tesie GyHKIMU rand_matrix (). OyHKIUS onKcaHa ¢ ABYMsI apryMeHTaMH n
U m, KOTOPbIE OMpPEESIIOT COOTBETCTBEHHO KOJMYECTBO CTPOK U CTOJIOLOB B Ma-
TpHlle, BO3BpalllaeMoii B KauecTBe pe3yJIbTaTa.

Marpuna co3aercs KoMaHaoi A=[ [randint (0, 9) for j in range(m)]

for i in range (n)].B naHHOM ciy4yae MbI UCIIOJIb30BAJIM BJIOXKEHHBIE 2¢-
Hepamopwt cnuckog. UIuctpykuueit [randint (0,9) for j in range (m)]
(opMupyeTCST CITMCOK U3 m 3JIEMEHTOB, IPUYEM KaXK[bIA 3JIEMEHT - PE3YJIBTaT
BbI30Ba GyHKIMU randint (0, 9), TO eCcTb 1eJI0e CyYaiHOE YUCJIO B IUATA30-
He 0T 0 0 9 BKJIIOYUTEJILHO.

Cama xxe uHCTPYKIWMA [randint (0, 9) for j in range (m) ] yKa3aHaKak
Takasi, 4To GOpMUpYeT 3JIeMEHT CIKCKA 51 BHELUIHEro reHepaTopa CUCKOB. B
3TOM BHEIIIHEM Te€HEPATOPEe CIMCKOB MH/IEKCHAs TlepeMeHHasi mpoberaer 1eJio-
YKCJIeHHbIE 3HaUeHUs 0T 0 10 n—-1. [ToaToMy B pe3yJibTaTe NOJy4aeM CIIUCOK U3
n 3JIEMEHTOB, IPUYEM KaXk/IbIl 3J1eMEHT 3TOTO CIIUCKA CaM SIBJISIETCS] CIUCKOM U3
m 3JIEMEHTOB (@ 3TH 3JIEMEHTBI - CIyYalHbIe YHUCJIA).



OyHKIYA U151 CO3aHUST e AMHUYHON MAaTPUI[BI Ha3bIBaeTCs unit matrix () u
y Hee OfiuH apryMeHT (0603HaY€eH Kak n) - pa3aMep (paHr) MaTpHUIlbl (KOJIUIECTBO
CTPOK M OHO )K€ KOJIMYECTBO CTOJIOIOB, IIOCKOJIbKY MaTpHI[A MO ONpe/IeIeHUI0
kBazapaTHasi). ExanyHas Matpuna A B Tesie GyHKIUU BBIUMCIISETCS KOMaH/[0M
A=[[int (i==j) for i in range(n)] for j in range(n)].

Komanza ouenb moxoxa Ha Ty, 4To Obliaa B Tesle GyHKIMM rand matrix (),
HO ecTb HeGoJblIMe OTJHYMs. Bo-mepBbiX, 06e MHAEKCHBIX IIEPEMEHHBIX (BO
BHEIIHEM M BHYTPEHHEM IeHepaTope CIIMCKOB) MPOGEraoT OAUHAKOBbIE JUara-
30HBI 3HaueHUH (B KBaJAPaTHOH MaTpulie KOJIMYECTBO CTPOK PaBHSIETCS KOJIU-
yecTBY cTOJIONOB). Bo-BTOPBIX, 1p1t hOPMUPOBAHKMHU 3JIEMEHTOB BO BHY TDEHHEM
reHepaTope CIMCKOB BMecTO QYHKIMM randint () HCIOJb30BaHAa MHCTPYK-
nus int (i==j). 3[ech JIOTUKA TaKas: 3HaYeHHe BHIPAXKEHUS] 1==7 PaBHSETCS
True, €CJIM UHAEKCHI 1 U j OJUHAKOBbIE, U False, €C/IM 3TU UHJEKCHI Pa3HbIE.
Jlornueckoe 3HaueHue pu Mpeobpa3oBaHUM C MOMOLIbIO QYHKIUM int () K 11e-
JIOYHCJIEHHOMY BU/Y aeT 1 TaM, rie 6b110 True, u 0 TaMm, rae 6p110 False. B
pesyJibTaTe TMoJIy4aeM CIUCOK, COCTOSIIIUIA U3 n CIIUCKOB, KaX/Iblif U3 KOTOPBIX, B
CBOIO OYepesib, COCTOUT U3 n HyJIel WK e TUHULL

B kax0M BHyTpEHHEM CIHCKe TOJIBKO OJHA eMHMIA (OCTAaJIbHbBIE 3JIEMEHTHI
HyJIEBBIE), IPUYEM €IMHHIIA BO BHYTPEHHEM CITMCKE HAXOAWTCSl HAa TOH MO3U-
I[UH, KOTOpasi COBNA/IAET C MO3UIMEN BHYTPEHHETO CITUCKA BO BHELTHEM CIIHCKE.
Ha si3pike MaTpuIl 3TO 03HAYAET, YTO €JUHUIIBI HAXOASITCS TOJIBKO Ha TJIABHOM
JVarOHAJIH - TO ECTh MBI CO3/1aJIM €JUHUYHYIO MATPUILY. JTa MaTPHUIIA U SIBJISIET-
csl pe3yJIbTaTOM PyHKIUHK unit matrix ().

OyHkius mult matrix () npeaHa3HayeHa /ISl BHIYMCJIEHUS IIPOM3BEEHHS
KBaJIpaTHBIX MAaTpull. Ee apryMeHTsl A U B, KaK MBI NPEAIOJIAraeM, siBJISIOTCS
MMEHHO TEMHM MaTpPHUI[aMH, KOTOpPBIE HYXXHO MEPEMHOXWTb. Pe3ysbrat ¢yHK-
IINM - MaTPHUIIA, KOTOPAsl TIOJIy4aeTCs B pe3yJbTaTe YMHOXKEHUS] MAaTPHLL, TIepe-
JaHHBIX aPryMEHTaMH (QYHKIIUH.

B Tesne pynkuuu komanaon n=1en (A) ornpenessieTcs pa3Mep MaTpPHILbI - TEPBO-
ro apryMenra GyHKuuM mult matrix (). CTpororoBops, B IepeMEHHYIO n 3a-
MHUCBIBAETCSI KOJTMYECTBO 3JIEMEHTOB B CITHCKe A, JJIeMEHTAaMHU CITHCKA A, B CBOIO
ouepe/Ib, TAKXKE SIBJISIOTCS CHIUCKH (BHYTpeHHUe criucku). KosinyecTBo asiemen-
TOB B CITHCKE A - 3TO KOJIMYECTBO CTPOK B COOTBETCTBY0LIel MaTpulle. Konnye-
CTBO 3JIEMEHTOB BO BHYTPEHHHUX CITMCKAX - KOJUYECTBO CTOJIOIOB MaTPHUIIbL. MbI
TIpe/inoJIaraeM, 4To MaTpHIla A KBaJpaTHasl, ¥ KOJMYECTBO CTOJIOLOB y Hee TaKoe
Xe, KaK KOJIMYECTBO CTPOK. BoJiee TOro, Mpl Tak’ke UCXOAUM M3 TOTO, YTO BTO-
poii apryMeHT GyHKIMM mult matrix () - MaTpula B, - TakXe KBaZipaTHasl U
TOTO XKe pa3Mepa, 4To ¥ MaTpuua A. Ho mpoBepka Bcex 3THX Ba’KHBIX MOMEHTOB B
MPOrPaMMHOM KOJIe He peayiuayetcs. JKenaouue MOryT MOJyMaTh, KaK e MOX-
HO ObLIO GBI PEATU30BATb.
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(2 Hasamerky

YRo6HbIN MexaHn3M 06paboTkn BCEBO3MOXHbIX "HENPUSATHOCTEN" (OWMBOK, BO3HMKA-
IOWMX NPU BbINOSIHEHNN NPOrpPamMMbl) CBSI3aH C UCNOJIb30BAHNEM KOHCTPYKLUMUN try-—
except. OTOT NOAXOA Mbl yxe 06Cyxaanv B 04HOM N3 NpeabiayLwmx rnas.

B rene pynkmun mult matrix () koMaHaoit C=[ [0 for i in range (n)
] for j in range (n) ] co3aaeM BJI0OXKEHHBIH CTUCOK C C HYJIEBBIMU 3JIEMEH-
TaMu. JTOT CIIUCOK 3a/1aeT CTPYKTYPY MaTpuUllbl-pe3yibTaTa GyHkiuu. Bee aue-
MEHTBHI 3TOI MaTpPHIIbI IIEpe]] Ha4aJI0M BbIYUCJIEHUI HYyJIEBbIE.

[anee B Tesie GyHKIMM 3allyCKaeTcsl TPU BJIOXKEHHBIX OllepaTopa I[UKJa: B Iep-
BBIX /IBYX OllepaTopax nepebuparoTcst MHIEKChI 31EMEHTOB MaTPHIIbI C, a 110 UH-
JIeKCY TPeTbero orepaTopa LUKJIA BEIYUCIsIeTCS] cyMMa. [Ipu 3TOM BBINOIHSET-
csl Bcero ogHa KoMaHza C[i] [j]1+=A[1] [k]*B[k] [j], kOoTOpo¥ cymMMa JJist
3HayeHus sneMeHTa C (1] [J] yBeJMyMBaeTCs Ha BEJIMYUHY [IPOU3BEAEHUSA JJIe-
MeHTOB A[i] [k] mB[k] [j] marpun A u B. Ilocsie 3aBepiiieHUs] BBIYUCIEHMI
MaTpula C BO3BpallaeTcs Kak pe3yIbTaT QyHKLUNH.

[l71st oTrobpaskeHust MaTpull B 60Jiee IpHEMJIEMOM C MAaTEMaTHYECKON TOYKH 3pe-
HUs BUJe onpesieisieM QyHKIUIO show matrix (), apryMeHTOM KOTOpPOH nepe-
JlaeTcsi MaTPHIIA JJIsT OTOOPaKEHHsI.

Q] HasameTky

Ecnn nonbiTatbes 0T06p33MTb BJIOXEHHBIN CMMCOK C NOMOLWbIO GYHKUUN print (), TO
31EMEHTbI CNNCKA Mbl, KOHEYHO Xe, yBuanm. Ho 0T06pa>|(a‘rbcn OHMN 6y,u.yT He B Buae 1a-
6nu1ubl, Kak NPUHATO 0T06pa)KaTb MaTpuubl, a Kak B/IOXXEHHbI€ CNUCKWN.

B Tesie pyHkumu show matrix () 3amycKaroTCs BJIOXKEHHBIE ONEPATOPHI LIUK-
Jia. Bo BHelllHeM 1UKJIe lepeMeHHast a npoberaet HaboOp 3HaYEHHIA U3 CIIMCKA A.
Jpyrumu cioBamu, nepeMeHHas a MocJje[0BaTeTbHO IPUHUMAET 3HAYEHUS 3JIe-
MeHTOB 3 criicka A. [IoaToMy a MokeM UHTepIIpeTUPOBATh KaK 3JIEMEHT CITH-
cka A. [IockosipKy CICOK A caM COCTOUT U3 CIIMCKOB, TO & - 3TO CIIUCOK. TaM Ha-
XOZSITCSI 3JIEMEHTBI, COOTBETCTBYIOIINE ONpeeJIeHHOMY psiiy B MaTpuile A. Bo
BTOPOM, BHYTPEHHEM OMEPaTOpe 1UKJIA IepeMeHHast b mpoberaet 3HaYeHus 3J1e-
MEHTOB U3 crucKa a. TakuM 06pa3oM, ecJiu a - 3TO Psi/l 3JIEMEHTOB B MATPHIIE A,
TO b - 3TO O/ITUH U3 3J1eMEHTOB 3TOTO psifia. Komanpoii print (b, end=" ") aue-
MEHT psifia 0TOOpa’kaeTcsi B OKHe BbIBOJIA, [IEPEXO/l K HOBOM CTPOKE He OCYIIECT-
BJISIETCSI, @ BMECTO 3TOr0 06aBJisieTcst mpobest. Takum 06pa3oM, 3J1eMEHTHI psifia
0TOOpaXkalTCsl B OMHY CTPOKY 4epe3 mpobest. [locie Toro, kak 3JeMeHThI Ompe-
JIeJIEHHOTO Psi/la MATPHIIbI TepebpaHbl, U paboTa BHY TPEHHETO OIEPaTOpa IIUKJIa
3aBepllieHa, BBIMOJIHSIETCS KOMaHAa print (). B pe3ysbraTe BBIMONHSETCS Te-
pexo K HOBOU CTPOKe /i BbiBO/Ia MH(MopMaluu. Bo BHeLIHEM orepaTope UK-



Jla TlepeMeHHas a IPUHUMAEeT HOBOE 3HaUeHHe, U BCe HAUMHAETCSI CHOBA: 3JIEMEH-
TBI pPsifia 0TOOPaXKAIOTCsI B OHY CTPOKY 4Yepe3 MpobeJr, M Tak AaJiee.

IIoMuMo ommcaHHBIX (byHKIII/Iﬁ €CTb HECKOJIbBKO KOMadH/[l, KOTOPbIE€ ITO3BOJISAIOT
IIPOUJIJIIOCTPUPOBATH, KdK 3TU CaMbI€ q)yHKIII/II/I MOXXHO UCIIOJIb30BATh.

Muunuanusauuio reHepatopa CAOy4YalHBIX 4MCeJ BBIOJHSIEM KOMaHOM
seed (2014). Eme pa3 HamoMHUM, YTO TaKyl0 WHUI[UATU3AIUIO MOXHO GBLIO
ObI ¥ HE BBITIOJIHSAT.

Martpuna co ciayyailHBIMH YHCJIaMHM CO3ZaeTCsl KOMaHAOW A=rand ma-
trix (3,5). B maHHOM ciy4ae peyb UIET O MATPHIIE U3 3 CTPOK U 5 CTOJIOIOB.
Jl1s1 cpaBHEHUs KOMaHIOM print ("Cnmcok:", A) 0TOOpa)kaeM COAEPKUMOe
CITHCKa A CTaHJAPTHBIM CIIOCOOOM, a 3aTeM KOMaHI0i show_matrix (A).

Enunnynas MaTpuua pasra 4 cosjgaercs KoMaHAoi E=unit matrix (4). Ma-
TpULly OTOOpa’kaeM KOMaH/0M show matrix (E).

Kpome 3TOro, KOMaHZaMH Al=rand matrix (3, 3) U
A2=rand matrix(3,3) co3aaeM [Be CJyd4aiiHble KBaJpaTHble MaTpPHUIIbI
panra 3. IIpou3BeneHue 3THUX MaTpHIl BBIYUCJISIEM C TOMOLIBI0 MHCTPYKIIHH
A3=mult matrix(Al,A2). Ilocae sToro kxoMaHAaMH show matrix (Al),
show_matrix (A2) u show _matrix (A3) oToOGpakaeM JBe HCXOJHbIE MATPH-
1bl, @ TAKXKEe MaTPUIIY-IIPOU3BEJEHHUE.

Huxe moka3aHo, 4TO MOXeT OBITh BbBIBEZIEHO IIPU BBINIOJIHEHUHU ITPOTrPaAMMHOI'0O
Konga:

- PesynbTaT BbINOAHEHWS NPOTPAMMI (W3 nucTHra 4.8)

Cnucok: [[5, 9, 6, 3, 5], [31 6; 61 71 O]I [9r 61 51 21 9]]
dTa xe MaTpuua:

596 35

36670

96 529

EoMHMyHaa MaTpuua:

1000

o O O
(ol o]
= O O

=
S NN O O

epBas MaTpuLa:

w 3
[@ RN

123
Bropasa maTpuia:
346
6 6 5
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12 4

[IpouspeneHre MaTpull:
40 54 80

33 36 38

18 22 28

JKenampliue MOryT caMOCTOSITEJIbHO IPOBEPUTH ITPABUJIBHOCTb BBIYHCJIEHUS
MTPOU3BEIEHUST MATPHIL

OnHO M3 KOHKYPEHTHBIX MIPEUMYIIeCTB s3bika Python coctout kak pa3 B ToM,
YTO OJIHA U Ta Xe 3a/[aya MOXKET PELIaThCs PAa3HBIMHU CIIOCOOaMH, TIPUYEM HEPEI-
KO 3TH CIIOCOOBI OTJIMYAIOTCS pa3uTesibHO. [[09TOMy 0YeBUIHO, UTO MPE/JIOXKEH-
HBIU BbILIIE MTOIXOJI HE SIBJISIETCS] € [MHCTBEHHO BO3MOXHBIM. C HEKOTOPBIMHU JIPY-
TUMH KOHIIETIMSIMU COCTaBJIEHUS IPOrPAMMHBIX KOJIOB MBI €lile TIO3HAKOMHMCSI
M0 Mepe U3yYeHUsI MaTepyaJjia KHUTH.

[ Hasametky

Mpu co3paHMn CNUCKOB (B TOM YMCIE N BNIOXEHHbIX), HEPEAKO UCMNOJIL3yeTCcs onepa-
TOp NOBTOPEHUS * (3B€3A404Ka). Ecnv 3TOT 61MHapHBIA onepaTop (KOTOpbI hopmManbHO
COoBNagaeT C OnepaTopoM YMHOXEHUS) NPUMEHSAETCS K CNUCKY (0AuH onepaHg, - cnu-
COK, APYrov onepaHp, - uenoe 4Yncno), To pesynbtatoM 6yaeTt HOBbI CAIMCOK, KOTOPbIA
nony4yaeTcs NOBTOPEHWEM 3/IEMEHTOB M3 UCXOAHOrO cnucka. Konnyectso nosTope-
HWiA onpeaenseTcs LenoYncneHHsIM onepaHaoM. Hanpumep, B pesynbTtarte BbinoJHe-
HUSE KOMaHabl A=[0] *5 (MM KOMaHAabl A=5* [0] ) nepemeHHasn A Gyaer ccbinaTbCcs Ha
CNUCOK M3 NATu Hynen (0,0,0,0,0]. Ecam B=[1,2] *3, TO HA cCaMOM Jene peayb-
TaToM GyAeT cnncok, NoNy4alWUACs TPOEKPaTHLIM NOBTOPEHVEM Napbl 3/1IEMEHTOB
1w 2 TO ecTbcnmcok (1,2,1,2,1,2]. Nan, ckaxem, nocne BbINOSHEHNS KOMaHAbI
C=[[1]*2]*3 nepemeHHas C Oyaert ccbinatbcs Ha cnmucok [[1,1],([1,1],(1,1]].
Mo4emy Tak? MOTOMY 4YTO PE3Y/LTATOM BbipAXeHMA [1] *2 ABASETCA CNMCoK (1,1], @
pe3ynbTaToM BblpaxeHwus [1,1]*3 aenserca cnmcok [(1,1],(1,11,(1,1]] (Tpoe-
KpaTHOE NOBTOPEHNE anemeHTa [1,1]).

CTtouT 3aMeTuTb, 4TO onepaTtop NOBTOPEHUNA * MOXET NPUMEHATLCA HE TOJIbKO K Cnn-
CKaM, HO, HanpumMmep, U K TEKCTY.

3HaAKOMCTBO C KOpTexamm

- Umo 3a 630op. Kax Bam smo 6 201108y 636peo?
- /la ne 836peno 6bt, Ho paxmbl, Kax 2080pumcs,
ynpsamas eewp.

u3 x/¢p "Yapodeu”

Kopmexc nipefcTtaBiisier co60i yropsiiOYeHHBI HAO0P HEKOTOPBIX 3JIEMEHTOB.
B aToM cMbIciie OH MaJjio 4eM OTJIMYaeTcsl OT CUCKa. To eCcTh M CIIMCOK, U KOP-
TEX - 9TO YIOPsII0YEHHbIN HabOP 371eMeHTOB. B ueM e pasnuune? Pasinume - B
criocobe MJIi MeXaHU3Me Peasiu3alliy, a TAK)KE B TOM, KaKKe OnepaIiiu J0MyCTH-
MBI CO CITUCKAaMH M KOpTeXXaMHu. MOXHO TaKXe CKa3aTh, YTO B OCHOBE CIHCKOB



Y KOPTEeXell OIHA U Ta )K€ CTPYKTypa - YIOPsSII0YEHHBIN HAOOp 3/IEMEHTOB. JTa
CTPYKTYpa MOXKET PEaM30BaThCs YePe3 CIUCKH, 2 MOXKET PeasM30BaThCs Yepe3
KOPTEXH.

Ecnut oT aGcTpakTHBIX MOHATHI TIepeiTH K 6oJiee MPaKTUYECKMM BOIIPOCAM, TO
CJIeIyET OTMETUTD, YTO MPUHIUITHATBHOE OTJIMYHE KOPTEXKEH OT CTUCKOB COCTO-
UT B TOM, YTO KOPTEXKH HEJIb3sI U3BMEHSITh. 10 eCTh IOCJIe TOTO, KaK KOPTEX CO3-
JIaH, BHECTH B HET'O U3BMEHEHUS YKE He Oy YUTCSL.

£ Hasametky

Ha nepsbiit B3rnag ata 0CO6E€HHOCTb KOopTeXell 04eHb CUJIbHO OrpaHnyYnBaeT ob6nacTb
MX NPUMEHNMOCTU. HO 3TO TONLKO Ha NepBbIi B3rnsa. Ha camom gene paHHas oco6eH-
HOCTb CKOpEe "TEXHNYECKOro" xapakTepau ee BO MHOMMX Clly4asix yaaercs obontu. Ha-
npuMep, ecam NepeMeHHas CCbINAEeTCs Ha KOPTEX U HAM HYXXHO BHECTU B KOPTEX U3-
MEHEHUS, TO MOXHO CO3AaTb HOBbI KOPTEX M CChISIKY Ha 3TOT KOPTEX NPUCBOUTL Ne-
PEMEHHON.

C Touku 3peHuss "tunoJioruu’ si3bika Python koprex oTHocuTcs K Ty
tuple. [ToaToMy HET HUYETO Y AUBUTEIBHOTO, YTO CO3JATh KOPTEXK MOXHO C MO-
Motibio ¢pyHknuu tuple (). Ecau aprymenTa y dyHkIiuu Het, To OyAeT CO3aH
myctoii koprex. Eciu aprymentom ¢dyHkumu tuple () HepenaTth, HAIPUMED,
CIIMCOK UJIM TEKCTOBYIO CTPOKY, HOJYYUM KOPTEX, COCTOSIIIUN COOTBETCTBEHHO
U3 3JIEMEHTOB CMKCKA MK OYKB TEKCTOBOM CTPOKH. Takxke MOXXeM cO31aTh KOp-
TEX, ECJIM B KPYTJIBIX CKOOKAX MEPEYUCTUTh Yepe3 3ansTyIO 31eMEHTHI, HOpMH-
PYIOIIIHE KOPTEX.

3 Hasametky

MycTble kpyrnbie ckoOkM 03HAYalOT NYCTOW KOpTEeX. ECim B kOpTeXe OAuvH 3N1EMEHT,
M Mbl CO343aEM TaKOW KOPTEX C NOMOLLBIO KPYrbix CKOGOK, TO NOCNE 3TOr0 3NEMEH-
Ta cneayet nocTasnTb 3ansaTylo. ECnv 3anaTyio He NOCTaBUTb, TO NOJTYHYUM HE KOPTEXK,
a NPOCTO TOT 3NIEMEHT, KOTOPLI B KPYrnbix ckobkax. HanpumMep, koMaHaoi a= () CO3-
[aeTcs NyCTON KOPTEX, U CCbifika Ha Hero 3anucbiBaeTcs B NnepeMeHHylo a. Komangom
a=(10,20) co3paeTcs KOPTeX u3 AByX 371eMEHTOB (10 n 20). A KOMaHAoM a=(100)
KOPTEX He CO3[aeTcsi: NepeMeHHan a CCbiNaeTca Ha uenoYncneHHoe 3HavyeHue 100.
Y106bl CO3aaTh KOPTEX, COCTOSALLMIA BCEMO U3 OAHOro 3nemMeHTa 100, UCNOJIb3yEeM KO-
maHay a= (100, ).

Ewe oavH BaxHbIA MOMEHT: €C/M He UCNONb30BaTb KPyrnble ckobky, a NPOCTO nepe-
YACNUTb Yepe3 3anNATYI0 HECKOSbKO 3N1EMEHTOB (M NPUCBOUTL 3TY KOHCTPYKLUMIO Nepe-
MEHHOM ), NOlYYNM KOPTEX.

O6pameHMe K 3JIEMEHTAM KOPTeXKa BBINNOJIHAETCA TaK Xe€, KaK U K 3JIEMEHTaM
CITHMCKA - C TOMOIIbIO MHAEKcA. THaekc YKa3bIBA€TCS B KBaAPATHBIX CKOOKax I0-
CJie UMEHHU KOpTeXa. Wupekcanus 31eMeHTOB KOPTEXXa HAYUHAETCA C HYJIA. Tak
XXe KaK U IJId CIIUCKa, JJId KOPpTeXa MOXXHO IOJIYYUTb Cpea.
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3 Hasametky

Ewe pas HanoMHWUM, 4TO NOyYeHNe AOCTYNA K 3IEMEHTY KOpTexa uim nosy4yeHne cpe-
324,719 KOpTeXa 03HAYaeT, YTO Mbl MOXEM "NPOYUTAaTL” COOTBETCTBYIOLLME 3HAYEHUS, HO
N3MEHNTb X HE MOXEM.

HeKOTopre HECJIOXKHBIE ITPUMEPDBI CO3JaHUSA U UCIIOJIb30BAHUA KOpTE)KefI Inpu-
BeJIeHbI B JINCTUHTE 4.9.

Jiuctnur 4.9. 3HaKOMCTBO C KOpPTEXaMU

# CosmaeM myCTOM KOPTex

a=tuple ()

# [poBepseM COOEPXMMOE KOopTexa
print (a)

# Co3maeM KOpPTexX Ha OCHOBE CIMCKA
b=tuple([10,20,30])

# TMpoBepsaeM COINEpPXMMOE KOpTexa
print (b)

# Co3maeM KOpTexX Ha OCHOBE TeKCTa
c=tuple ("Python")

# IIpoBepsieM CONEPXMMOE KOpTexa
print (c)

# ObBemmMHeHME KOpPTEXen

a=b+ (40, [1,2,3],60)

# IpoBepsieM pe3ysbTaT OOBEOMHEHMS KOPTEXEeNn
print (a)

# IonyueHue cpesa

print(a[2:5])

[Ipu BBIOJTHEHUH 3TOTO MPOTPAMMHOIO KOJIA MOJIYyYaeM CJIEAYIOIUI Pe3yIbTaT:

Pe3aynbTat BbiNONHEHNS NporpaMmbl (U3 nucTuira 4.9)

)

10 20, 30)
' ly" ltl, lhl, lol, 'nl)

10, 20, 30, 40, [1, 2, 3], 60)

(30, 40, [1, 2, 3])

Hanpumep, koMaH10l a=tuple () co3/1aeTcsl MyCTOM KOPTEX, U CChLIIKA HA HETO
3aMUChIBaeTCs B epeMeHHy0 a. Komanzaoi b=tuple ([10,20,30]) co3gaeM
KOPTEX U3 TPeX YHMCJIOBBIX 3JIeMeHTOB. [IpuMepoM co3maHus kopTexka Ha OCHOBe
TEKCTOBOI'O 3HaYeHHUsI MOXKET ObITh KOMaHAa c=tuple ("Python").

(
(
(
(

Komanma a=b+(40,([1,2,3]1,60) WLIOCTpUPYET Cpa3y HECKOJBKO "MO-
MEHTOB", CBSI3aHHBIX C HCIIOJIb30BaHHWEM KopTexeil. Bo-mepBbix, 3mech 00b-
eVHSIOTCS ABa Koprexa. OAWH onpenessieTcsl NMepeMEHHON b, a BTOPOIi



(40, [1,2,3],60) 3amaH sBHO. Ji1a oObeAUHEHHUS KOpTeXel HCIOoJb30-
BaH orepaTop cJoXxXeHus. Bo-BTopbix, B Koprexe (40, ([1,2,3],60) oauH
U3 3JIEMEHTOB - CIUCOK [1, 2, 3]. B-TpeThux, cchljika Ha pe3yJbTaT ONepalnuu
b+ (40, [1,2,3], 60) 3anuceiBaeTcs B IEPEMEHHYIO a, KOTOpPAas 10 3TOr'0 CChI-
JIaJIaCh Ha IYCTOH KOPTEX. 371eCh HY>KHO YUECTh, YTO B PE3YJIbTaTe BBIYMCIEHUS
BbIpakeHus b+ (40, [1,2,3],60) co3maeTcss HOBbI1 KOPTEX, KOTOPBINA MOJIY-
yaeTcs MOCJIeI0BaTeIbHBIM 00be JTUHEHEM KopTexeit b u (40, [1,2,3],60).
VIMeHHO Ha 3TOT HOBBIN KOPTEX OyJET CChLIATHCS MEpEMEHHast a. B mocsieqnem
HECJIOXKHO y6eIUThCsI, HATPUMED, 110 PE3YJIBTATy MMOJIydYeHUsI Cpe3a IJIst KOPTexKa,
Ha KOTOPBIH CChLIAETCS MEPEMeHHasl a. A UMEHHO, YTOOBI MOJIYYUTh CPE3. MBI HC- .
M0JIb3yeM UHCTPYKIHUIO & [2 : 5] - TO eCTh IEUCTBYEM TOYHO TaK XK€, KaK U B CJIy-
yae M0JIyYEeHUsI Cpe3a IJIA CIIUCKA.

1 Hasametky

O6paTuTe BHUMaHne: CPe30M KopTexXa sSIB/INeTCS KOpTeX.

MertonoB y koprexeit Bcero nBa. C moMorsio Metoia index () MO 3HAYEHUIO
3JIeMEHTa B KOPTeXe MOXKHO y3HaTh MH/EKC 3Toro ajnemeHTa. Eciin anmemeHTOB
C TaKUM 3HaYeHHEeM B KOPTeXe HEeCKOJIbKO, BO3BpAlaeTcsl HHAEKC IIeEPBOLO JJIe-
MeHTa. C oMouibio MeTojia count () BBIMOJHSIETCS MOJCYeT KOJTMYeCTBa dJie-
MEHTOB B KOpTeXke C OIlpeJeJieHHbBIM 3HaueHneM (3HaueHue IepeJaeTcs apry-
MEHTOM METOLY ).

Y3HaTb 06liiee KOJIMYECTBO 3JIEMEHTOB B KOPTEXKE MOXKHO C TIOMOIIbI0 DYHKIMH
len (). AprymeHTOM pyHKIMU IEpeaeTCss KOPTeX (MM IepeMeHHast, KOTopasi
cchlyiaeTcs Ha KopTex). OnepaTtop in MO3BOJISIET OMPEAETUTD, BXOJIUT 3JIEMEHT
B KOPTEX, WJIH HET.

Pes3iome

Ouenv ybedumenvno. MvL nodymaem, x xKomy
3MO NpUMeHUMD.
u3 /¢ 31 urons"

1. Cmucok - 3T0 yropsiIoueHHbI Habop 31eMeHTOB. /115 CO3IaHusT CIIMCKA 3J1e-
MEHTbI 3aKJIIOYAIOTCs B KBaJpaTHble CKOOKU. Takke MOXXHO MCIOJIb30BaTh

dyHkuuo list ().
2. DJIEMEHTHI CIIMCKA MOTYT ObITh Pa3HOTO THIIA.

3. OnpenenuTth KOJUYECTBO 3JIEMEHTOB B CIIUCKE MOXKHO C TOMOIIBIO (DYHKI[UH
len().
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4. ,ZIJISI IIOJIy4Y€HUS AOCTyMa K 3JIEMEHTY CIIMCKa II0CJIe UMEHU CIIHUCKa B KBa-
APAaTHBIX CKOOKax YKa3bIBalOT MHAEKC 3JIEMEHTA. I/IHILEKCaIII/IH 9JIEMEHTOB
Ha4YUHAETCA C HYJIA. I[JIH HWH/IEKCAllUH 3JIEMEHTOB C KOHIIAa CITMCKA HUCIIOJIb3Y-
I0T OTpULAaTE/IbHbIE UHAEKCHI.

5. [lnst mosyyeHust cpe3a (IOCTyMa K HECKOJbKUM 3JIEMEHTaM) B KBaJPaTHbBIX
cKoOKax IMocjie UMEHU MacCHBa YKa3bIBAETCS, Yepe3 JBOETOYHUE, 1BA UH/EK-
ca, KOTOPBbIE OIpe/leJISIIOT I0CJIeJ0BaTEIbHOCTD 3JIEMEHTOB Cpe3a.

6. 3HaveHUs 3JIEMEHTOB B CIIHCKE MO>KHO MEHSTH. DJIEMEHTHI U3 CIIUCKA MOXHO
yaaJasaTh (HanmpuMep, MeToJaMu pop () ¥ remove () ), 106aBJISITh B CIMCOK
(HampuMep, ¢ OMOIIBIO METOAOB append () U insert () ), a Takxke 3aMe-
HSITb OJIHY I'PYTILY 3JIEMEHTOB Ha IPYTYIO (CKaXkeM, Yepe3 ONepaluio MPUCBa-
WBaHuUs 3HaYeHUs cpe3y). CIMCKU MOXHO 06beuHSATh (MeTo extend () ).

7. Ilpu KOnMMpOBaHUM CIIMCKOB MPUCBaMBaHUE OOBIYHO He UCHOJIb3yeTcsi (To-
CKOJIbKY ITPH 3TOM KOTHSI CITUCKA HE CO3/IaeTCsl, IPOCTO JIBE IlepeMeHHbIe Oy-
IyT CCBLIAThCS Ha OAUH chucoK). [ToBepXHOCTHOE KOMHMpOBaHUE CIUCKOB
OCYLLECTBJISIETCS Yepe3 M0JyUYeHre Cpe3a WU C IIOMOIIBIO MeToa copy ().
[Tpu co3panuu NOBEPXHOCTHOM KOMUY AJisi BHYTPEHHUX CIIMCKOB KOMUH He
cospatorcsi. KonmupoBaHue CIIMCKOB MOXKHO BBITIOJIHATD C IOMOIIBIO QYHK-
1uu deepcopy () (M3 MoayJist copy). B mociegHeM ciryuae co3aaercs mMoJI-
Hasi KOMMs crucKa (TO eCThb CO3/aI0TCs KOMUM Aake [Jisl BHYTPEHHUX CITH-
CKOB).

8. Koprex, kak 1 CIMCOK, Ipe/ICTaBJIsIeT COO0M yOPsiI0UeHHbI HabOP 3J1eMeH-
TOB. Bo MHOTOM KOpPTEXXH MOX0XH HA CITUCKH, HO KOPTEXKHU HEJIb351 UBMEHSITb.

9. [lns co3maHus KOpTeXa MCHOJIb3YIOT (YHKUHUIO tuple () WIM B KPYIJIBIX
CKOOKax yKa3bIBAaIOT Yepe3 3aMsATYI0 3JIEMEHTHI KOPTEXa.

10. JocTyn K a/ieMeHTaM KOPTeXka MOoJIy4aroT 1Mo uHaekcy. Haekcanus ajaeMeH-
TOB KOPTEXXa HAuMHAETCsI ¢ HyJisl. VIHIeKC yKa3biBaeTCsl B KBaPaTHBIX CKOO-
Kax rocJie UMeHHU koprexa. Cpes 17151 kopTexka OIyyaloT Tak XKe, KakK U Cpe3
JUTST CITUCKA.

11. OmnpenenauTh KOJMYECTBO 3JIEMEHTOB B KOPTEXE MOXHO C IOMOIIBIO
¢yukuuu len (). VHaekc ajeMeHTa B KOPTeXe OIpeAessieTCs METOJOM
index (), a KOJMYECTBO 3JIEMEHTOB C 33laHHBIM 3HaYEHHUEM MOXKHO OIpejie-
JIUTDb C TIOMOII[BIO MeTO/Ia count ().






[naBsa 5

MHo)ecTBa, cnosapu u
TEKCT



Mooem 20e-nubyob 8vicoko 6 20pax, Ho He 6 Ha-
wem paiione, 6vL Umo-Hubydv obHapyxcume ons
sawell HayKu.

u3 k/¢p "Kasxascxan nnennuya”

B aroit riiaBe MbI poioJKaeM OOCYXKIATh Te€ THUITBI JaHHBIX, KOTOPBIE MOXHO
ObLIO ObI HA3BATh MHONECMBEHHbIMU, TIOCKOJIbKY UX KOHIIENIHs 6JIM3Ka K Teo-
pHH yIIOPSIIOYEHHDBIX U HEYIIOPsII0YEHHBIX MHOXKECTB. B pebiay1iieit riase co-
CTOSIJIOCH Hallle 3HAKOMCTBO CO CITUCKaMH U KopTexamu. [[03ToMy HeKoTopoe
NpeCTaBJIeHUE O TOM, KAKMM e 06pa3oM 60JIbIIIHe MaCCHBbI JaHHBIX MOTYT pe-
aJIN30BaThCs B MPOrpaMMHOM Kojie B Python, untartesb yxxe umeer. U XoTs KOH-
LENIKs CIIUCKOB IT03BOJISIET MTPOCTO ¥ 3¢ (HEKTUBHO peliaTh IIMPOKHIA KJIacc 3a-
11ay, B HEKOTOPBIX CJIyYasiX MOJIE3HBIMU MOTYT OKa3aThCsl U JPYTUe MPOTrPaMM-
Hble KOHCTPYKI[MH - TAKKeE, HAPUMEP, KaK MHOXecTBa u cioBapu. O HuX 6yaer
HTH Pedb B 9TOH riase. Takxe Mbl 6oJiee OAPOOHO 0OCY/ MM TEKCT.

MHoXecTBa

Kax, u 30ecv nauunaemcs mo xe camoe?
u3 x/p "Hponus cyovbvt unu c reexum napom’

Mmnoscecmeo - 3T0 HEYNOPSIIOUEHHBI HAOOD YHUKAJBHBIX 9JIEMEHTOB. B maH-
HOM CJIydYae HeynopsooueHHbili O3HAYAET, YTO MOPSIAOK CJeA0BaHHs (BKJIIOYE-
HUs1) 3JIEMEHTOB BO MHOXKECTBE 3HAYEHUS He UMeeT. UTo KacaeTcsi YHUKANbHO-
cmu, TO BO MHOXKECTBE HE MOXKET ObITh /[Ba OJIMHAKOBBIX 3jIeMeHTa (OAMHAKOBbIE
3JIEMEHTBI PACCMATPUBAIOTCS KaK OUH 3j1eMeHT). DaKTUYeCKH, eCJiu y HacC eCThb
HEKOTOPBI 3JIEMEHT, TO 110 OTHOIIEHHUIO K TOMY WJIM HHOMY MHOXECTBY MbI MO-
JKEM JIMIID CKa3aTh, BXOAUT 3JIEMEHT BO MHOXKECTBO UJIM HET. [OBOPUTH O MO3U-
LMY 3JIEMEHTA BHYTPH MHOKECTBA HET CMBICJIA.

) Hasametky

Ycnosue yHUKanbHOCTU 3/1EMEHTOB BO MHOXECTBE UMEET NOCNEeACTBUA: 3IEMEHTaMN
MHOXeCTBa MOryT ObITb 3HA4YEHNSA TaK Ha3bIBAEMbIX HEU3MEHSIEMbIX TUIMOB - Hanpumep,
yucna unm cTpoku. NMOHATHO, YTO NPU 3TOM 3/IEMEHTbI OAHOO MHOXECTBA MOMYT OTHO-
CUTbCA K Pa3HbIM TuNam AaHHbIX (B npeaenax nonycTuMbliX TMNOB).




FnaBa 5. MuoxecTBa, CNoBapm n TEKCT

[ns co3gaHusi MHOXKeCTBA UCHOJIb3YIOT (PYHKLHUIO set (), apryMEHTOM KOTO-
po¥i lepeJaeTcsi CIIUCOK CO 3HAYEHUSIMU, KOTOPBIE BKJIIOYAIOTCSI BO MHOXKECTBO.
Takxe MOXHO cOPMHUPOBATH MHOXECTBO C TIOMOIIBIO NMapbl (PUTYPHBIX CKO-
60K, BHYTPH KOTODPBIX Yepe3 3alsTyI0 MEPEYUCIISIIOTCS 3JIEMEHTHI MHOXECTBA.
OnHako BapuaHT ¢ pyHKIMel set () Bce e siBJsieTcs 60Jiee peanouTUTENb-
HbIM, TIOCKOJIBKY C TIOMOIIbIO (PUTYPHBIX CKOOOK 3aatoTcs (TIPaBia, B HECKOJIb-
KO MHOM (popMaTe) He TOJIbKO MHOXKECTBA, HO U C.106apu (CIOBAPH ONUCHIBAIOT-
Csl HEMHOTO TIO3Ke€).

) Ha3ametky

B npofonxeHne K BbilueCKa3aHHOMY MOXHO A,06aBUTb, 4TO NYCTblie GUrypHbie CKOGKN
WHTEPNPETUPYIOTCS He Kak NyCTOM CANCOK, a He Kak NyCToe MHOXEeCTBO. YTo6bl co3aath
NyCTOE MHOXECTBO, UCMONb3YEM UHCTPYKUMIO set () .

Heb6o.1b11108 puMep co3/1aHusT MHOXKECTB MIPUBE/IEH B IUCTUHTE 3.1,

© NucTuur 5.1. Co3naHue MHOXECTE

# VICXOHOHBIM CIMCOK
A=[1,30,"text",True,30,100,False]

# OrobpaxaeM COOEPXMMOE CIIMCKa

print ("Comcok A:",A)

# Ha OCHOBEe CIMCKa CO3OaeTCH MHOXEeCTBO
B=set (A)

# OrobpaxaeM COIOEPXMMOE MHOXECTBa
print ("MHOXecTBO B:",B)

# CozmaeM eme OIHO MHOXECTBO
C={1,30,"text",True,30,100,False}

# OrobpaxaeM COLOEPXMMOE MHOXeCTBa
print ("MuoxectBo C:",C)

# [poBepseM pPaBEHCTBO MHOXECTB

print ("PaBeHcTBO MHOXecTB:",B==C)

# BxoxIOeHue 3JjileMeHTa 1 B MHOxecTBO C
print ("3nemeHT 1 B MHOXecTBe C:",1 in C)

B pe3ysisraTte BBIIOJHEHUS TPOrPAMMHOTO KO/Ia TIOJIy4YaeM CJIeAYIOIIEE:

Cnucok A: [1, 30, 'text', True, 30, 100, False]
MHoxecTBO B: {False, 1, 'text', 100, 30}
MuoxectBo C: {False, True, 'text', 100, 30}
PaBeHcTBO MHOXecTB: True

JnemeHT 1 B MHOXecTBe C: True



B nanHoM ciaydvae cHayaja kKoMaHzaou A=[1,30,"text",True, 30,100,
False] MBI CO3/Ia€M CITUCOK A C HECKOJIBKUMU 3JIEMEHTAMH Pa3HOro Tura. /[ist
yno6cTBa CIMCOK O0TOOpaXkaeTcsi B OKHe BbiBOAa (KOMaHAa print ("Crnmcox
A:",A)). 3aTeM Ha OCHOBE 3TOTO CITMCKAa KOMaHI0M B=set (A) co31aeTcsi MHO-
JKecTBO (HUCIOJIb3yeM QYHKIUIO set (), apryMEHTOM KOTOpPOIi mepeaaeM CIu-
cok A.). ComepkuMoe MHOXKECTBA B - a 9TO 3JIeMEHThI MHOXECTBA, - 0OTOOpaXxa-
eTcsl B OKHe BbIBOJIa KOMaHAOM print ("MuoxecTtso B:",B). YTOo MBI BU-
aum? Bo-miepBbix, B ClMCKe A ObLTH COBMAIAOIINE YUCTIOBbIE 9IEMEHTHI CO 3HA-
yenneM 30. Bo MHOXecTBe B 2/IEMEHT C TaKUM 3HaYEHHEM OCTAJICS BCETO OJMH.
Bo-BTOpPBIX, BO MHOXECTBE B, 10 CPABHEHMIO CO CIIMCKOM A, Ky /1a-TO MPoHaJI 3Jje-
MEHT co 3HaueHneM True. OObsiCHeHNE TPAKTUYECKHU TAKOe JKe, KaK U B TIPe/Ibl-
IYILIEM CIIyYae.

Jleso B ToM, uto B Python soruyeckue 3HayeHus: SBJSIOTCS MMOJMHOXECTBOM
MHOJKECTBA 11eJIbIX YMCeJl, I03TOMY True UHTepIpeTUpyeTcs Kak 1. JieMeHT 1
B CIIUCKe A ToXe ecTb. [loaTOMy U3 ABYX 3/1eMeHTOB True U 1 "BBIXKUBAET TOJIb-
KO OJIMH U3 HUX - B JJaHHOM CJIy4ae 3TO 3JieMeHT 1. B-TpeTbux, B MHOXECTBE B,
0 CPaBHEHHIO CO CITUCKOM A, MOPSIIOK 3JIeMEeHTOB noMeHstiicsi. Ho nanHoe 06-
CTOSITEJILCTBO BOOOIIE HE 0JIKHO CMYIIATh, TOCKOJIBKY JIs1 MHOXKECTBA MOpsi-
JIOK CJIEJIOBAaHUS 3JIEMEHTOB 3HAYEHUSI He UMeeT. TouHee, TAKOTO MOHSTHUS, KaK
MECTO 3JIeMeHTa B MHOX€ECTBE, BooO1ile HeT. FIMeeT 3HaueHHe TOJIBKO TO, BXOAUT
3JIEMEHT B MHOXKECTBO, UJIU HeT.

Komanpont C={1, 30, "text", True,30,100,False} co3maeM elle OJHO
MHO>XecTBO. [1o 1zee, Habop 371EMEHTOB, KOTOPBIE YKa3aHbI YEPE3 3AMSTYIO B (hU-
T'YPHBIX CKOOKaX TaKo# ke, KaKk ¥ Habop 3JIEMEHTOB B CIMCKE A, HA OCHOBE KO-
TOPOrO paHee CO3aBaJIOCh MHOXeCTBO B. JIOTUYHO OXUJATh, YTO MHOXKECTBa B
U C 6yayT coBnazaTh (IIOCKOJIbKY CO3/1aBaJIMCh HA OCHOBE OJIMHAKOBBIX HAGOPOB
anemeHnToB). Ho ecom ¢ moMoieio KoMaHabl print ("Muoxectso C:",C)
0TOOpa3UTh COMEPKUMOE MHOXKECTBA C M CPABHUTH C COMEPIKUMBIM MHOXECTBA
B, MOTYT BO3HUKHYTbh COMHEHMsI B CIIPaBeJINBOCTH yTBEPXKIEHUS O PAaBEHCTBE
MHOJKECTB.

Q) HasameTky

[lBa MHOXECTBa NoiaraloT PaBHLIMU APYr APYrY, €C/IM OHWU COCTOSAT U3 OAMHAKOBLIX 31e-
MEHTOB. B 4aCTHOCTW, €CNv M3BECTHO, YTO ABA MHOXECTBA PaBHbl, TO 3TO O3HAYaET, YTO
KaxAabll 3NEMEHT U3 NEPBOr0 MHOXECTBA CTb BO BTOPOM MHOXECTBE, a KaxAblil ane-
MEHT 13 BTOPOr0 MHOXECTBA TakXe NPeACTaBfieH 1 B NEPBOM MHOXECTBE.

Bosiee kOHKpPeTHO: BO MHOXECTBe B eCTh 3JIEMEHT 1, HO HET 3jieMeHTa True, a
BO MHOXkecTBe C eCcTh 3JIeMeHT True, HO HeT aJjieMeHTa 1. OIHaKO ecJikd BCIIOM-
HMTb, YTO JIOTUYECKOE 3HaueHHe T rue Ha CAMOM JleJie 3KBHUBAJIEHTHO 1€JI0YHC-
JIEHHOMY 3HauYeHHIO 1, TO mpobJieMa B MPUHIIMITE CHUMAeTCs. Bee-xke MbI mpo-



naga 5. MHOXecTBa, CNOBapu 1 TEKCT

BEPsAEM PaBEHCTBO MHOXKECTB B U C, /I Y€ro UCIOJIb3yeM KOMaHAy print ("P
aBEHCTBO MHOXeCTB:",B==C). /[ cpaBHEHUs MHOXECTB Ha MpeJMET pa-
BEHCTBA MBI HCITOJIb30BAJIH ONEPATOP ==. Pe3yIbTaTOM HHCTPYKLIMU B==C SIBJISI-
eTcsl 3HayeHue True, YTO ObIBAET TOJIBKO B TEX CJIyyasiX, KOT/la CpPaBHHUBAaeMbIe
C TTOMOII[BIO OIlepaTOpa == MHOXECTBA COIEPXKAT OJUHAKOBbIE HAOOPHI 3JIEMEH-
TOB. Ellle MBI IpoBepsieM OT/IEJIbHO HAJIMYKE 3JieMeHTa 1 BO MHOXecTBe C (Ha-
MOMHHUM, YTO ()OPMAJIBHO TaM YHCJIOBOTO 3JIEMEHTA 1 HET, HO eCTh JIOTUYECKOE
3HaueHue True).

[ mpoBepku BXOXIEHUSI 3JleMEHTa B MHOXKECTBO HCIMOJIb3YIOT OINepaTop
in. Pe3ysibraToM KOMaHIbl BHJA 3JieMEHT in MHOXecTBO OyaeT True,
€CJIH 3JIeMeHT BXOJAUT B MHOXeCTBO, U False, €CJIM TaKOI'0 3JIEMEHTa B
MHOXecTBe HeT. B koMaHzae print ("3semeHT 1 B MHOXecTBe C:",1
in C) HaMW UCIOJIb30BaHA MHCTPYKUMS 1 in C, pe3yJIkTaTOM KOTOPOMl sIB-
Jsietcst True. HecsioxHO forajatecsi, 4To MpH MpOBepKe HaINYus 1 B MHOXe-
cTBe C KaK eIMHUYHBII YMCJIOBOH 37IeMEHT UHTEePIIPEeTUPYeTCs JIOTUYecKoe 3Ha-
yeHue True.

Cpeny MeTo10B U (yHKIIHIA, UCTIOJIb3YEMBIX MTPHU PabOTe C MHOXECTBAMH, MHO-
rve HaM yxe 3HaKOMBL. Tak, KOJIMYECTBO 37IEMEHTOB B MHOXKECTBE ONPENeISIOT
¢ moMo1uIbio GyHKIUHU len () (MHOXECTBO NepefiaeTcst apryMeHTOM QYHKLIHH).
Jl7ist co31aHust KOTMM MHOXKECTBA UCTIOJIb3YIOT METOA copy () (MeTon 6e3 apry-
MEHTOB BBI3bIBAETCSI U3 KOMMPYEMOI'O MHOXKECTBA).

2 Ha3ameTky

MHOXECTBO MOXET BKJ/IIOHATb TOSILKO 3/IEMEHTbI HeM3MeHsIeMbIX TUMoB. MoaTomy, Ha-
npvMep, CNNCOK 3/IEMEHTOM MHOXeCTBa GblTb HE MOXET. He MOXET GbiTb 31EMEHTOM
MHOXeCTBa Apyroe MHOXecTBO. Kak cneacTtevne npobneMa co3gaHus NOBEPXHOCTHbIX
MW NOJHBIX KOMMWIA, C KOTOPOW Mbl CTOSIKHYIMCb MPY OBCYXAEHUU CMUCKOB, AJ1 MHO-
XECTB HeakTyasbHa.

BMecTe ¢ Tem, eC/iv NonbITaTbCA CO3AaTb KOMWIO MHOXECTBA C MOMOLLLIO onepaTopa
npucBamBaHns - TO €CTb, NPOCTO NPUCBOMB OAHON NEPEMEHHON 3HAa4EHNe Apyron ne-
PEMEHHO (KOTOpas CCbiIaeTCsA Ha MHOXECTBO), TO NOJNY4MM ABE NepeEMEHHbIE, KOTO-
pblé CCbIAOTCA Ha OAHO W TO XE MHOXECTBO.

MpoBeEPUTL, CCLINAIOTCS NN NEePEMEHHbIE HAa OAVH U TOT XE 06BLEKT (B TOM Y1CNE TaKuM
06beKTOM MOXET ObITb MHOXECTBO) MOXHO C NOMOLLbIO onepaTopa is.

[lnsi nobaBjieHWs] 3JleMEHTa B MHOXECTBO M3 MHOXECTBA BBI3bIBAIOT METO.
add (), apryMeHTOM KOTOPOMY MepeaaloT no0aBiisieMblii aemeHT. O6paTHast
MPOIIeypa, - TO €CTh yAaJIEHHE 3JIEMEHTA U3 MHOXECTBA, - BBITIOJHSETCS C TMO-
MOIIIbI0 METO/IOB remove () uiau discard (). MeToabl BbI3bIBAIOTCSI U3 MHO-
JKeCTBA, 2 apTYMEHTOM TepeIaeTCs 3JIEMEHT, KOTOPBIH CJIeyeT YAAIUTb U3 MHO-
JKecTBa. [71aBHOE pasJyinyrie MeXX 1y METOIaMU B TOM, KaK OHU "pearupyoT” Ha CHU-



Tyallulo, KOrja yJaJisi€Moro 3JiEeME€HTa BO MHOXECTBE HET: IIDU HUCII0OJIb30OBaAaHUHN
MeToZa remove () BO3HUKAET omn61<a, aMertoa discard () OLIMOKH HE BbI3bI-
Ba€T - B 3TOM CJiIy4da€ IMPOCTO HHUYETO HE ITPOUCXOAHT.

) Ha3ametky

JANa NONHOM OYNCTKM MHOXECTBA (yAaneHus BCeX 3/IEMEHTOB M3 MHOXECTBa) MOXHO
MCNoNbL30BaTb METOA clean ().

Ectb psax onepanuii (B OCHOBHOM MaTeMaTHYeCKOro XapakTepa), KOTOpPbIe MO-
T'YT BBINOJHATBCSI C MHOXECTBaMU U [IJISI KOTOPBIX MPEyCMOTPEHBI CIIEINAJIb-
HbIE METOJIbI ¥,/ UJIU OTIEPATOPBL

3 Hasametky

3aeck HenUWHUM 6yAeT OCBEXUTL B NAMATU HEKOTOPbIE MOHATUS U3 TEOPUN MHOXECTB.
WTak, 4ONYCTMM, 4TO MMEETCA ABa MHOXECTBA, KoTopble 0603HayuM kak A 1 B . O6b-
eanHeHnem asyx MHoxecTs A n B HasbiBaeTcsa Takoe MHoxecTeo A U B, koTopoe co-
nlepxuT B cebe BCe 3N1emMeHTbl MHOXecTBa A 1 Bce anemeHTbl MHoxecTsa B. Hanpu-
mep, ecrm A = {1,2,3,4}uB = {3,4,5,6}, To A U B = {1,2,3,4,5,6}. PeaynbTar nony4aet-
cs 06beAMHEHNEM B OJIHO MHOXECTBO 3/1eMeHTOB 3 MHoxecTs A n B. Mpu 3ToM "06-
Lme" aNEMEHTBI (TO eCTb Te, 4TO eCTb U B MHOXecTBe A, n B MHOXecTee B - a B naHHoM
cny4aeaTo umcna 3 v 4) BKA4al TCA TONLKO OAUH pa3 (To ecThb He aybnupyioTcs). MNpu-
4YMHA B TOM, 4TO NO ONPeAEeNEHNI0O MHOXECTBO COCTOUT U3 YHUKASbHbIX 351IEMEHTOB. [lBa
OAVHAKOBbIX 3/IEMEHTA B MHOXECTBO BXOAUTb HE MOTYT.

MNepeceueHnem mHoxecTs Aun B HaasbiBaeTcs Takoe MHoxecTBoA N B, koTopoe cocTo-
T N3 3N1EMEHTOB, BXOASLUMX OAHOBPEMEHHO KaK B MHOXECTBO A, Tak u B MHOXecTso B
. Hanpumep, ecrm 4 = {1,2,3,4}n B = {3,4,5,6}, T0 A N B = {3,4}. Nockonbky no onpe-
[eNeHMI0, NepeceyeHne MHOXECTB COCTOMT U3 O6LLMX 3/1EMEHTOB 3TUX MHOXECTSB, a B

[aHHOM crnyyae o6WwyMm anemeHTamm ana mHoxects Aun B saensiortcs uicna 3 n 4, To
WMEHHO 3TV 31eMeH Tl HGOPMMUPYIOT MHOXECTBO-Pe3y bTar.

Pa3Huuei MHoxecTs A n B HasbiBaeTca MHoxectso 4 \ B, koTopoe cocTouT n3 ane-
MEHTOB MHOXeCTBa A, KOTOPbIE NPV 3TOM He ABASIOTCS 3NeMeHTaMn MHoxecTea B .
Hanpumep, ecrm A = {1,2,3,4}nB = {3,4,5,6}, 70 A \ B = {1,2). 3necb peaynsrat dop-
MUpyeTcs Tak: 6epemM aneMeHThl U3 MHoXecTea A, 3a NCKNIoYEHNEM Tex, YTO BXOAAT
TaKxe 1 B MHOXecTBO B (310 uncna 3 1 4). Mo3ToMy B UTOre Nosly4aeM MHOXECTBO, KO-
TOpoe cocTouT n3 yncen 1 m 2.

CUMMeTpM4EecKoi pasHuuein MHoxecTs A u B Ha3sbiBaeTcs Takoe MHoxecTso A A B,
KOTOPOE COCTOUT U3 3NEMEHTOB MHOXECTBa A , He BXOASLWMX B MHOXECTBO B, 1 13 ane-
MEHTOB MHOXeCTBa B, He BxoAswmx B MHoxecTeo A. [lpyrumu cnosamu, no onpege-
NEHVI0 CUMMeTpUYeckan pa3HoCcTb MHOXecTB A u B - aTo o6beanHeHne MHOXEeCTB
A U B, 3a ucknioyeHnem ux o6Lmx 3neMeHTOB (nepeceveHne MHoxectB A N B
) TO ecTb uMeeT mecto cooTHoweHne A A B = (AU B)\(A n B). Hanpumep, ecnu
A=1{1,234}vB =(3,4,5,6}, 70 AAB ={1,2,5,6}. Noctynaem Tak: 6epem BCce ane-
MEHTbI M3 MHOXeCTB A 1 B, 3a UCK/IIOYEHMEM TEX U3 HUX, YTO OAHOBPEMEHHO BXOAST
KaK B MHOXecTBO A, Tak n B MHOXecTBO B (uicna ot 1 a0 6 BkaountensHo). Obwme
3NeMeHTbI ANA ABYX MHOXECTB - Yucna 3 n 4. MoaToMy pe3ynbTaTt - MHOXECTBO YUCEN
1,2,5u6. :
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Jl7is1 BoIYKCIEHUsT 00beIMHEHUS], IEPECEeYEHHs U PA3HOCTH (B TOM YKCJIE U CUM-
MeTpuyeckoit) MHOXecTB B Python mpeaycmorpena nesast rpymnma creruasib-
HBIX METOZOB (U onepaTopoB). PaccMoTpum ux. [lanee yepe3 A u B 0603HaYeHBI
HEKOTOPbIE MHOKECTBA.

JI1s1 BBIYMCJIEHUST 00pe0unenus MHOXECTB MOTYT MCIIOJIb30BAThCA ONEPATOp |
(omepaTop 06bEAMHEHHUS] MHOXECTB - €CJIM OIEPaH/Ibl SIBJSIOTCS MHOKECTBA-
MH) WK MeTOJ union (), KOTOPBIX BbI3bIBAETCS M3 MIEPBOTO MHOXKECTBA, a ap-
TYMEHTOM €My TepefaeTcss BTOpoe MHOXecTBO. COOTBETCTBYIOILHE KOMAaH[IbI
MMeIoT BUI A |B uiu A.union (B) (MOXHO TakXe BOCHOJIb30BaThCsI KOMaHI0M
B.union (A) - pe3yJbrat 6yaer Takum xke). CaMu MHOXKECTBA A ¥ B [P 3TOM
He U3MEHSIIOTCS], a Pe3yJIbTaTOM SIBJISIETCS HOBOE MHOXECTBO, COCTOsILIee U3 dJie-
MEHTOB MHOXeCTB A u B. Ecsiu HaM He Hy’>XHO B pe3yJibTaTe 00beIMHEHUs] MHO-
’KeCTB CO3/1aBaTh HOBOEe MHOKECTBO, @ Mbl XOTUM BMECTO 3TOr0 "pacUIMpPUTh", Ha-
NPUMED, MHOXKECTBO A 3a CUET 3JIEMEHTOB MHOXKECTBA B, M0JIe3HbIM 6yIeT Me-
Tox update (). B pe3ysbTaTe BhIOJIHEHUST KOMaHABI A . update (B) co3gaer-
cs1 0ObeTUHEHE MHOXECTB A U B, a pe3yJIbTaT 3aMUChIBAETCS B TIEPEMEHHYIO A.
Takoro xe apdexta MoKeM TOOUTHCS, CKaXKeM, C TOMOIIbIO KOMaHI A=A | B UM
A| =B (cokpaieHHas (popma onepatopa 06beauHeH!sI MHOXeCTB | ). [Ipumepsr
BBITIOJIHEHHU S OTIepaliu 00beIMHEHSI MHOXKECTB TPUBEIEHbI B JIUCTUHTE 5.2,

~ NincTunr 5.2. O6veauHeHue MHOXECTB

# [lepBOe MHOXECTBO (MHOXECTBO A)
A={1,2,3,4}

# OrobpaxaeM COIEPXMMOE MHOXEeCTBa
print ("MHOXecTBO A:",A)

# BTopoe MHOXeCTBO (MHOXeCTBO B)
B={3,4,5,6}

# OTobpaxaeM COOEPXMMOE MHOXECTBA
print ("MHOXecTBO B:",B)

# ObbenMHeHMe MHOXeCTB (MHOxecTBO C)
C=A|B

# OrobpaxaeM pesyibTaT

print ("MuoxectBo C=A|B:",C)

# ObbemmHeHME MHOXECTB

print ("MHOxecTBO A.union(B):",A.union(B))
print ("MHoxecTBOo B.union(A):",B.union(3))
# J3MeHseM MHOXeCTBO A

A.update (B)

# IlpoBepseM pes3yJbTaT
print ("MHOXecTBO A:",A)
# V3MeHAeM MHOXeCTBO B
B=B|{-1,-2,-3}

# IpoBepsieM pes3ynbTaT



print ("MHOXecTBO B:",B)
# UsmeHseM MHOXxecTBO C
C|={7I8I 9}

# [poBepseM pe3ysbTaT
print ("MHOXecTtBO C:",C)

Pe3aysbTaT BBINOIHEHNS JAHHOTO IIPOrPAMMHOTO KO/A CJIE/Y FOLIMIA:

~ PesynsTar BLINONHEHYS NPOTPaMMB! (M3 IMCTMHr 5.2)

MuoxecTBOo A: {1, 2, 3, 4}

MHoxecTBO B: {3, 4, 5, 6}

MHoxecTBO C=A|B: {1, 2, 3, 4, 5, 6}
MuHoxecTBOo A.union(B): {1, 2, 3, 4, 5, 6}
MHoOxecTBO B.union(A): {1, 2, 3, 4, 5, 6}
Muoxectso A: {1, 2, 3, 4, 5, 6}
MuoxectsBo B: (3, 4, 5, 6, -2, -3, -1}
MHoxecTBO C: {1, 2, 3, 4, 5, 6, 7, 8, 9}

[ly1s1 BBIUMCJIEHUSI nepeceueHusi ABYX MHOXECTB MOXKHO HCIIOJIb30BaTh Me-
TOA intersection () uau omnepaTop & (omepaTtop mnepeceyeHusi MHOXECTB -
€CJIM ONepaHIbl SIBJISIOTCS MHOXeCTBamH): ¢opMaT KOMaH] BBITJISAUT Kak
A.intersection (B) uau A&B. Kak u B ciyyae 00beJUHEHUSI MHOXECTB,
CaMM MHOXECTBA A U B He U3MEHSIIOTCS, a OPSAOK yKa3aHUsI MHOXKECTB 3Haue-
HUS He uMeeT (KOMaHbl A.intersection (B),B.intersection (A), A&B
Y B&A C TOYKHU 3PEHUSI KOHEYHOTO pe3yJibTaTa 9KBUBAJIEHTHBI).

Ecov MbI XOTHM, 4TOOBI IIPY BBIYMCJIEHUH [IEPECEYEHHUS] MHOXKECTB BMECTO CO3-
JaHUsI HOBOT'O MHOXKECTBA Pe3yJIbTaT 3alMChIBAJICS B OAHO M3 MCXOAHBIX MHO-
XeCTB, MCIOJb3YIOT MeTOA intersection update (). Hanpumep, B pe3y.ib-
TaTe BHIINOJTHEHUS KOMaH/bI A . intersection update (B) BbIYMCISETCS I€e-
pecedyeHre MHOXKECTB A U B M CChLJIKA Ha MOJIyYeHHOE MHOXKECTBO 3aMHUChIBAET-
cs B mepeMeHHYI0 A. Takoro e pesyJbTaTa 106MBaeMCsi TOCPeICTBOM KOMaH/I
A=A&B uu A&=B (cokpallleHHasi popMa orepaTopa fnepeceyeHusi MHOXKECTB &).
B nmuctunre 5.3 npezctaBJieHbl IPHMePBI BBIYHCIEHHS lepeceyeHns] MHOXKECTB.

Jiuctunr 5.3. MNepeceyenne MHOXECTB

# I[lepBOe MHOXECTBO (MHOXECTBO A)
A={1,2,3,4}

# OToOpaxaeM COIEPXMMOE MHOXECTBa
print ("MHoxecTBO A:",A)

# BTOpoe MHOXECTBO (MHOXECTBO B)
B={3,4,5,6}

# OTobpaxaeM COOEPXMMOE MHOXECTBAa
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print ("MuoxecTBO B:",B)

# IlepeceueHme MHOXeCTB (MHOXecTBO C)

C=A&B

# OrobpaxaeM pesyJsbTaT

print ("MuoxecTBo C=Ag&B:",C)

# IlepeceueHme MHOXECTB

print ("MHOXecTBO A.intersection(B) :",A.intersection(B))
print ("MHOoxecTBO B.intersection(A):",B.intersection (A))
# VI3sMeHgeM MHOXeCTBO A

A.intersection_update (B)

# IpoBepseM pes3ynbTaT

print ("MHOXecTBO A:",A)

# lU3MeHseM MHOXeCTBO B

B=B&{4,6,8,10}

# [poBepsieM pe3yibTar

print ("MHOXecTBO B:",B)

# Us3MmeHseM MHOxecTBO C

c&={1,2,3}

# I[poBepseM pe3yJIbTAT

print ("MuoxecTBO C:",C)

B pe3yJibTaTe BBINIOJHEHHA MPEACTABJIEHHOIO IMPOTrPaMMHOI0 KO/d IOJIy4Yd€M
cjaeanyriiee:

- PesynbTar BbinONKHeHUs NporpamMmbl (M3 nucTunra 5.3)

MHoxecTBO A: {1, 2, 3, 4}

Muoxectso B: {3, 4, 5, 6}

MHoxecTBO C=A&B: (3, 4}

MHoxecTBO A.intersection(B): {3, 4}
MHoxecTBO B.intersection (A): {3, 4}
MHoxecTBO A: {3, 4}

MHoxecTBO B: {4, 6}

MuHoxecTtBOo C: {3}

Pasnocmv MHOXECTB BBIYUCJIAETCS METOAOM difference () MU C IOMOIIBIO
oneparopa — (omepatop "MUHYC" JJIsl OIEPAaTOPOB-MHOXECTB UHTEPIIPETUPYET-
Cs KaK OMepaTop BBIYUCJIEHUS] Pa3HOCTU MHOXeCTB). B pe3ysibraTe BbIYHUCIIE-
HUs BbIpaxkeHUH BUja A.difference (B) u A-B BO3BpalllaeTcs HOBOE MHO-
JKECTBO, KOTOPOE COCTOUT U3 T€X 3JIEMEHTOB MHOXXECTBa A, KOTOpbIE HE SIBJIA-
IOTCS 3JIEMEHTaMU MHOXKeCTBa B (O4eBUJHO, UTO B JAaHHOM CJIy4ae UMeeT 3Ha-
JyeHue TOPSIIOK yKasaHus MHOXecCTB). [lyiss TOro 4ytoObl pe3yJsbTaT BBIYHCJIE-
HMS Pa3HOCTU MHOJKECTB 3allMChIBAJICA B IIEPEMEHHYIO A, UCIIOJIb3yeM KOMaH-
abl A.difference_update (B) (37€Chb U3 MHOXECTBa A BbI3bIBAETCS METO[
difference update () ¢ apryMeHTOM - MHOXECTBOM B), A=A-B uiu A-=B



(cokpaieHHas ¢popMa onepaTopa BHIYHCIEHHS PAa3HOCTH MHOXeCTB). IIpumMephbl
BBIYHMCJIEHUS] pAa3HOCTH MHOXKECTB MPE/ICTABJIEHBI B JIMCTUHTE 3.4,

- Jiuctvnr 5.4. PasHOCTb MHOXECTB

# [lepBOe MHOXECTBO (MHOXECTBO A)
A={1I 21314}

# OrobpaxaeM COOEPXMMOE MHOXECTBa
print ("MHOXecTBO A:",A)

# BTOopoe MHOXECTBO (MHOXECTBO B)
B={3,4,5,6}

# OrobpaxaeM COIEpPXMMOEe MHOXecTBa
print ("MHoxecTBO B:",B)

# PasHoCTb MHOXeCTB (MHOXxecTBO C)
C=A-B

# OrobpaxaeM pes3yJabTaT

print ("MHoxecTBO C=A-B:",C)

# PasHOCTHL MHOXECTB

print ("MuHoxecTBo A.difference(B):",A.difference(B))
print ("MuoxectBOo B.difference(A):",B.difference (A))
# J3MeHAeM MHOXeCTBO A
A.difference_update (B)

# lpoBepseM pes3yJbTaT

print ("MHOXecTBO A:",A)

# J3MeHAeM MHOXeCTBO B
B=B-{4,6,8,10}

# IpoBepseM pes3yJbTaT

print ("MuOxecTBO B:",B)

# VsmeHseM MHOxecTBO C

c-={1,3,5}

# [poBepseM pes3yibTaT

print ("MuoxectBo C:",C)

PESYJIbTaT BBIIIOJTHEHU A IMTPOrPaMMHOI'0 KO/ia 6yz[eT TaKHUM:

Pe3ynbTaT BLINONHEHUS NPOrPaMMbl (M3 nuCTMHIa 5.4)

MHoxecTBO A: {1, 2, 3, 4}
Muoxectso B: {3, 4, 5, 6}
MHoxecTBO C=A-B: {1, 2}

MHoxecTBO A.difference(B): {1, 2}
MHOoxecTBO B.difference(d): {5, 6}
MHoxecTBO A: {1, 2}

MuoxecTBo B: {3, 5}

MHoxecTtBo C: {2}
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YT06B! BBIYUCIHUTD CUMMEMPUUECKYIO DASHOCHM® MHOXECTB, HCIIOJIb3yeM Me-
ToA symmetric difference (). BbI3biBaeTcss MeTOZA U3 IEPBOTO MHOXe-
CTBa, BTOPOE MHOXECTBO IIEpElaeTCs apryMeHTOM, a De3yJbTaTOM SIBJISIET-
Cs1 HOBOE MHOXeCTBO. MHOXeCTBO, NoJIyyarolleecss Kak 3HaueHHUe BbIPa’KeHHsI
A.symmetric difference (B) COCTOMT U3 3JIEMEHTOB MHOXECTB A U B, HO
TOJIBKO TeX, KOTOpble PHHA/JIeXKaT JHUIIb OJHOMY U3 MHOXeCTB. Takoii xe pe-
3yJIbTaT NOJIyYaeM C MOMOIIbI0 HHCTPYKIIMK A”B. 3/1eCh MBI UCIIOJIb3y€eM Ollepa-
TOp *~ (ec/iM onepaHaMy SIBJISIOTCS MHOXECTBA, TO ONEPAaTOP BBIYUCIAET CHUM-
METPHYECKYIO Pa3HOCTD).

Ecnu Bocnosib30BaThCA KOMaHA0M A=A"B uu A"=B (cokpaluleHHas (opma BbI-
YHCJIEHUs] CHMMETPUYECKOi Pa3HOCTH), TO OyJeT BbIYMCIEHA CUMMETPHYecKast
Pa3HOCTb MHOXECTB A U B, a pe3yJIbTaT 3alicaH B IEPEMEHHYIO A. ITOH XKe 1ie/I1
cIyXut Merox symmetric_difference_update ().

[IprMepbl BHIYUCJIEHUS] CAMMETPUYECKON Pa3HOCTH TIPUBE/IEHBI B JIUCTHHTE 5.5.

# [lepBOE MHOXECTBO (MHOXECTBO A)
A={1,2,3,4}

# OTobpaxaeM COIEpPXMMOEe MHOXeCTBa
print ("MuoxecTBO A:",A) '
# BTopoe MHOXECTBO (MHOXECTBO B)
B={(3,4,5,6}

# OrobpaxaeM COIEPXMMOE MHOXECTBa
print ("MHoxecTBO B:",B)

# CuMMmerpuueckas pas3sHOCTb MHOXeCTB (MHOxecTBO C)
C=A"B

# OrobpaxaeM pes3yJsbTaT

print ("MuHoxectBo C=A"B:",C)

# Pa3HOCTb MHOXECTB

print ("MHoxecTBO A.symmetric_difference (B) :",A.symmetric_
difference (B))
print ("MHoxecTBO B.symmetric_difference(A):",B.symmetric_

difference (A))

# J3MeHAeM MHOXEeCTBO A
A.symmetric_difference_update (B)
# IpoBepsAeM pe3yJbTarT

print ("MHoOxecTBO A:",A)

# Vi3MeHaeM MHOXeCTBO B
B=B"{4,6,8,10}

# IlpoBepseM pes3yJbTaT

print ("MHOXecTBO B:",B)

# UsMmeHseM MHOXeCTBO C



c*={1,3,5}
# IpoBepseM pe3yJbTaT
print ("MHOXecTtBO C:",C)

[Tocsie BBITIOJIHEHMST 3TOTO IIpOrpaMMHOrI'O KO/Zia 1oJiy4aem TaKou pe3yJbrarT.

~ PeaynbTat BbINOAHEHNUS NPOTPaMMBI (3 IMCTUHFa 5.5)

Muoxecrteo A: {1, 2, 3, 4}

Muoxecrso B: {3, 4, 5, 6}

Muoxecrtso C=A"B: {1, 2, 5, 6}

MHoxecTBO A.symmetric difference(B): (1, 2, 5, 6}
MHoxecTBOo B.symmetric_difference(dA): {1, 2, 5, 6}
Muoxecteo A: {1, 2, 5, 6}

MuoxectBo B: {3, 5, 8, 10}

MHoxecTtBo C: {2, 3, 6}

(1 Hasametky

Oneparopbl |, & U ~, KOTOPLIE BbiLLE YNOMWHAIMCb COOTBETCTBEHHO MPU BbIYNCIIEHUN
06beaVHeHs1, NepeceyeHns 1 CUMMETPUYECKON PasHNLbI MHOXECTB, HaM YXe 3HaKo-
Mbl (BO BCSIKOM CJly4ae, BU3yasbHO) - 10 3TOro OHW 6binv NpeabsBieHsl MUpY B Kade-
cTBe No6MTOBLIX ONepaTopoB. Dak TUYECKM MHOrOe 3aBUCUT OT onepaHao0B. Hanpumep,
onepartopsl |, & U~ AONYCTUMO MCMNO/b30BATh 415 BbiMNOHEHWS SIOrMHYECKMNX OnepaLmii:
0nepaTopoM | BbIYMCASIETCA JIOMMYECKOE MM (aHanor onepaTopa or), ONepaTopoM &
BbIYMCNIAETCA IOrM4ecKoe 1 (aHanor onepaTopa and), @ ONepaTopoM ~ BbIYNCAAETCA
NIOrM4YecKoe MCKloHaloLwee um (aHanor onepaTopa xor). Bce ato npoucxoaur, ecam
onepaHaamMu 418 oNepaTopos |, & U ~ yKkasaTb SIOrMYeckne 3Ha4eHms True WM False.
OnpaBgaHve TakoMy 4,eMOKPaTU3My oYeBnaHOE. JToruyeckme 3HaueHms ABNAITCA NoA-
MHOXECTBOM LefbiX Yncen. bonee KOHKPETHO, NOrMyeckoe 3HadeHne True MHTEPNpPe-
TUPYETCSA Kak 1, @ IOrM4ecKoe 3HaveHne False MHTEpNpeTupyeTcs Kak 0. [l ns aTmx ue-
NbIX Y1CeN BbLINOMHAIOTCA NOGUTOBLIE Onepauuy, pPeaybTaToOM KOTOPLIX MOXET ObiThb
ONATH Xe YACNO 1 MM 0, KOTOPbIE MHTEPNPETUPYIOTCH Kak JIOrMYeckue 3HadeHns True
M False COOTBETCTBEHHO.

Ecnn "cMoTpeThb B KOPEHb", TO onepaumm ¢ MHOXECTBaMu, JIorMieckue onepauum v no-
6uToBbIE OnNepauMu Ha CaMOM fene OOHOTUNHbIE. AHANOrMID NPOUANIOCTPUPYEM Ha
npumMmepe Norm4yeckmx onepaunii. Batom cnyyae nog True cneayeT NOHUMATb NPUHAA-
NeXHOCTb 3/1eMEHTa MHOXECTBY, a Nog False - OTCYTCTBUME 3NEMEHTA B MHOXECTBE.
Hanpumep, BbipaxeHve Buaa A|B C NOrM4eckumun onepaHaamMv A u B COOTBETCTBYET
JIOrM4ecKoMy unu: pesynbtatomM byaert True, ecnv xoTa 6bl 0AMH M3 ONepaHA 0B paBeH
True. N8 MHOXECTB A 1 B BblpaXeHue A | B - 3To 06beanHeHne MHOXECTB. Pe3ynbTa-
TOM Onepaummn A | B ABNSIETCSH MHOXECTBO, COCTOSLLLEE U3 HEKOTOPbLIX 3N1EMEHTOB. BO3b-
MEM Tenepb NPOU3BOJbHbIA 3neMeHT. OH MOXEeT NpuHaafiexaTb MHOXECTBY A | B (aHa-
Nor 3HayYeHue True AN pe3ynsTaTta JIOrMYECKOro BbIpaXeHus), a MOXET He NpuHaane-
XaTb MHOXECTBY A | B (aHanor 3HayeHune False ons pedynbrarta JIormieckoro Bbipaxe-
HUA). DNEMEHT NpUHaANeXaT MHOXECTBY A | B, €CIM OH NpUHAANEXuUT XoTa 6bl 0AHO-
MY M3 MHOXECTB A (aHafnor 3Ha4yeHus True 419 ONepaHaa A B JIOTMYECKOM BbipaXXeHuu)
Wnm B (@aHanor 3Ha4eHus True ANS ONepaHAaa B B IOrMYECKOM BbipaxeHumn).
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[.nsi NOrM4ecKoro 1 3Ha4yeHne BbipaXxeHus A&B C IOrM4YecK1MM onepaHAaMn A v B paBHO
True, TONbKO ecnv 06a onepaHaa A v B paBHbl True. [11S MHOXECTB A U B pe3y/ibTaToM
BbIPaXeHWsl A¢B (MepeceyeHne MHOXECTB) ABNSETCA MHOXECTBO, COCTOsLEee U3 ane-
MEHTOB, NPMHAAMIEXALUMX OAHOBPEMEHHO A U B (aHanor 3HayeHunin True ANA OnepaH-
[,0B B fIOMM4ECKOM BbIpaXeHum).

HakoHeu, noruyeckue ncknoyatrowee nnm ons norm4ecknx onepaHaos A n B (Bbipaxe-
HVWe A"B) AaeT 3Ha4YeHne True €CV OAVH W TONBbKO OAVH U3 OnepaHAoB paBeH True.
CvmMmmeTpuyeckas pasHuua A”B A1 MHOXECTB A U B AaeT B pe3ynbTaTe MHOXEeCTBO, CO-
cTosiwee 3 3NeMeHTOoB, NpuHaanexawmx oAHOMY N TOIbKO OAHOMY N3 MHOXECTB A U B.

[ToMHUMO NepeYnCIIEHHBIX OMEPAINil C MHOXECTBAMH, YACTO IIPUXOIUTCST UMETh
JIeJIO C ONepalsiIMU OTHOINIEHUsI (BbIMOJIHSIEMBIMU B KOHTEKCTE PabOThI C MHO-
xectBaMu). Kak cpaBHMBaTh MHOXECTBa Ha TpPeMET PaBEHCTBA U KakK MpoOBe-
PSITh, BXOJIMT JIU 3JIEMEHT B COCTaB MHOXKECTBA, MBI yKe 3HaeM. B nepBoM cllyyae
T0JIE3HBIM OYZIET OTIEPATOP ==, 2 BO BTOPOM - OllepaTop in.

[ Hasametky

[Oea mHoxecTsa A n B cuntalotca pasHbiMu (0603Ha4aeTcs kak A = B), ecnu kaxabii
3EMEHT MHOXeCTBa A BXOAMT B MHOXECTBO B, a kax bl 3neMeHT MHOXecTBa B Bxo-

OWT B MHOXecTBo A.

MHoxecTBo A sBnseTcs NOAMHOXECTBOM MHOxecTsa B (o6osHauaetcs kak A € B
unm A € B ecnm mHoXecTBa A u B MoryT coBnaaaTth), eciv Kaxabii 3/1eMeHT MHOXe-

ctea AaBnseTcs anemeHTom MHoxecTea B.

B kayecTBe omepaTOpOB OTHOIIEHUS UCHOJB3YIOTCS CTaHAAPTHBIE OMEPATOPHI
CPaBHEHHUs], a JIJIT HEKOTOPBIX €CTh €ellle JOMOJHUTENbHbIE MeTObl. OCHOBHBIE
orepaTopbl U COOTBETCTBYIOIIME UM ONEpaIMK OnmucaHbl B TabJmie 5.1. Yepe3
A ¥ B 0603HaYeHbI HEKOTOPbIE MHOXECTBA, Hal KOTOPbIMHU BBITIOJIHSIIOTCS OTle-
paiumu.

Tabnuua 5.1. OcHoBHbie Onepauny OTHOWEHUS 19 MHOXECTB

Oneparop u/unu meton Onucaxue

PesybraToM BhlpaxceHus1 A<B sBisieTcs True,
€CJIM BCE 3JIEMEHTBI MHOXKECTBa A BXOJST B MHO-
XKeCTBO B (MHOXECTBO A SIBJISIETCS] TIOAMHOXe-
CTBOM MHOXeCTBa B), mpuyeM 062 MHOXeCTBa
He paBHBL. B IpoTHBHOM Cilyyae 3HayeHue BbIpa-
J)KEHMd paBHO False




Onep_aTop n/vMnu metoa

Onucanue

<=HWJHU issubset ()

PesynbTaTom BeIpakeHusi A<=B (MU BbIpaxe-
HUA A.issubset (B)) sBiasieTcs True, eciu
BCE 2JIEMEHTbl MHOJXKECTBa A BXOJST B MHOXe-
CTBO B (MHOXECTBO A SBJSETCS IMOIMHOXeE-
CTBOM MHOJK€CTBa B), IpUYeM J0MyCKaeTCs pa-
BEHCTBO MHO>KeCTB. B IpOTUBHOM cilyyae 3Haue-
HHe€ BbIpa’keHHusI paBHO False

PesysisraToM BblpaxceHust A>B sBisieTcst True,
€CJIM BCe 3JIEMEHTBI MHOXKECTBA B BXOAAT B MHO-
JKeCTBO A (MHOXECTBO B sIBJIIETCS MOJMHOXeE-
CTBOM MHOXeCTBa A), mpuyeM 062 MHOXECTBA
He paBHBL. B NpoTUBHOM ciTyyae 3HaueHue BbIpa-
JKeHus paBHO False

>= WM issuperset ()

PesynbraToOM BbIpakeHuss A>=B (UJU BbIpa-
XeHHus1 A.issuperset (B)) sBisercs True,
€CJIH BCe 3JIEMEHThI MHOXKECTBA B BXOAAT B MHO-
J)KecTBO A (MHOXECTBO B SIBJISIETCS MOJMHOXe-
CTBOM MHO>eCTBa A), IPpUYEM JOMYCKAETCS pa-
BEHCTBO MHOXeCTB. B mpoTuBHOM ciiyyae 3Haye-
HUe BbIpakeHus paBHO False

Pesybratom BeipaxceHus A==B gBJjisieTcs True,
€CJIY BCe 3JIEMEHTHI MHOXECTBA A BXOJSIT B MHO-
JKeCTBO B, a BCe 3JIeMEHTBHl MHOXeCTBa B BXO-
JT BO MHOXECTBO A (paBeHCTBO MHOXeCTB). B
MIPOTUBHOM CJIyyae 3HaueHue BbIPAXKEHUs PaBHO
False

isdisjoint ()

PesynbraToM BhIpakeHusi A.isdisjoint (B)
sIBJITeTCsl 3HayeHue True, ecJU IepeceyeHue
MHOECTB A U B SBJIsI€TCS Iy CTHIM MHOKE€CTBOM
(TO ecTb €cJii y MHOXECTB A ¥ B HET 06IIUX 3J1e-
MeHTOB). B MpoTUBHOM ciyyae 3HaueHUe BbIpa-
J)KeHHUs paBHO False

in

PesysbraToM BblpaxkeHus a in A sBJseTcs
3HauyeHHe True, €CJIM 3JIEMEHT a BXOJUT B MHO-
’kecTBO A. B IpoTHBHOM cily4yae 3HaueHue BbIpa-
J)KeHus paBHO False
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) Hasametky

MycTbiM Ha3bIBAETCA MHOXECTBO, KOTOPOE HE COAEPXMUT HA OAHOrO 3AEMEHTa (OBbIu-
HO 0603HauaeTcs kak @).

Crenxyer 3aMeTUTDb, YTO MHOXKECTBA MOTYT MCIOJIb30BAThCS B ONEPATOPax LHUK-
Jla 17151 nepebopa 3HaYeHUit MepeMeHHOM LUKJIA, KaK 3TO ObIJIO U CO CIIUCKAMHU.
EnvuHcTBeHHOE, 0 YeM clielyeT MOMHUTD - YTO B OTJIMYHUE OT CIIUCKA, B MHOe-
CTBe TOPSIZIOK 3/1IeMeHTOB He ¢ukcupoBaH. Kakoe MMeHHO 3HaueHMe MepeMeH-
Hasl qUKJIa 6y eT IPUHUMATD Ha TOM MJIM MHOM MTepalluy, CKa3aTh KpaiiHe mpo-
6J1eMaTU4HO.

0 Ha3zametky

[na co3aaHns MHOXECTB MOXHO UCMONb30BaTb reHeparopbl MHOXECTB. MpuHUMN ToT
Xe, YTO 1 B reHepaTopax CNMCKOB, TOJLKO A1 MHOXECTB reHepaTop 3aK/o4aeTcs He B
NPAMOYrofibHbIE, a B GUrypHLIE CKOGKN.

Kak wutocTpaluio K UCMOJb30BAHUI0 MHOXECTB PACCMOTDUM pellleHHe TPOo-
IPaMMHBIMH METOJaMH CJIeAYIONIed 3afauyn: HeOOXOAMMO OIMpeAeTUTh, KaKue
yycya B quamna3oHe 3HayeHuit ot 1 1o 100 yaoBIeTBOPSIIOT CIEAYIONUM YCJIIO-
BUSIM:

*  YuCJIa U JeJIEHUH Ha 5 aI0T B OCTaTKe 2 uiu 4;
*  YuCJIA TIPY JeJIEHUH Ha 7 JAIOT B OCTaTKe 3;
*  [IpU JleJIeHUU 4yuceJs Ha 3 B OCTaTKe MOJIy4aeTcsi YUCJI0, OTJIUYHOe OT 1.

ITO HecJIoXKHAs 3a/1a4Ya U PELIaThCs OHA MOXET Pa3IMyHbIMU criocobamu. Camast
NpoCTasi ¥ OYEBUIHASA UJIes], KOTOPast IPUXO/IMT B FOJIOBY - MOCJIEI0BATEBHO Te-
pebpaTh Bce HaTypaJsbHbie ynciaa oT 1 10 100 u AJ1s KaXA0ro YKcjia MPpOBEPUTD
BBITIOJIHEHUE TIEPEYUCIEHHBIX BbIlle yca0BUi. Ho Hac, MOHSATHO, UHTEPECYET HeE
CTOJIBKO KOHEYHBIN pe3yJIbTaT, CKOJIbKO METOJIMYecKasi CTOpoHa Bompoca. [103-
TOMY /ISl pelleHus 3Toi 3asayu B Python mMbr 6yneM "oTTajKuBaThes' OT T€O-
PUU MHOXECTB M BO3MOXHOCTeI si3bika Python.

J Hasametky

YT06bl NOHATL aNrOPUTM PELLEeHMS 3a4a4n, He06X04MMO NPUHATL B pacyeT cneayowme
obcToATenLcTBa.

MHOXecTBO HaTypanbHbIx Yncen ot 1 a0 100 0603Ha4mMM kak E. MHOXeCcTBO uncen, Ko-
TOpble Npy AeneHnn Ha 5 aaloT B octatke 2 0603Ha4ummM kak A;. MHOXecTBO uncen, Ko-
Topble Npu AeneHun Ha 5 aalnT B octatke 4, 0603Ha4mM kak A,. Yvcna, koTopbie npu

neneHnn Ha 7 aaloT B ocTaTke 3, 0603HauMM kak MHoXecTso B. MHoxecTBo uncen, ko-
Topble Npy AeneHun Ha 3 AaloT B ocTaTke 1, 0603Ha4MM kak C. Bo BCex nepeuncrieHHbIX



cnyvasx pedb ngeT o yucnax, He npesbiwaowmx 100. MO3TOMy BCE 3T MHOXECTBa fiB-
NAKTCA NOAMHOXEeCTBaMn MHOXeCcTBa E

MHOXeCTBO 4YMcen, KOTopble NpU AeneHun Ha 5 naloT B ocTatke 2 nnn 4, 0603Ha4MM Kak
A. OueBngHo, 4To0 A = A; U A;. MHOXECTBO YMCen, KOTOpbIe Npu AeNeHnmn Ha 5 faioT B
octaTtke 2 wm 4, a Npu geneHun Ha 7 QaloT B ocTaTke 3, onNpeaenseTcs BbipaXeHnem
A N B, NOCKONbKY Takne Yncna A0MKHb OAHOBPEMEHHO NPUHaAnexaTb Kak MHOXECTBY
A (ocTtaTok 2 vm 4 npu geneHnu Ha 5), Tak n MHoXecTBy B (ocTtatok 3 npu geneHum Ha
7). Ecom Mbl HaknagbiBaeM ycnosue, 4Tobbl Takve YMcna eLle v npu geneHnn Ha 3 He aa-
Ba/M BOCTaTKe 1, TO 3TO 03HAYAET, 4TO YNCA HE AONIXHbI NPUHAANExXaTb MHoxecTey C
(ocTatok 1 npu genexHum Ha 3). MoaTomMy U3 MHoxecTea A N B cneayeT "Bbl4eCcTb” MHO-
xecTBo C. Takne 06pa3om, MHOXeCTBO D = (A N B) \ C COAEPXWT HyXHbIe Yucna - To
€CTb 4Y1CNa, yA0BNEeTBOPSIOLWMNE BCEM NEPEUNCIEHHBIM YCIIOBUSIM.

CooTBeTCTBYIOLIMI IPOTPAMMHBIH KOJI TPUBE/IEH B JIUCTHUHTE 5.6.

# BepxHAs TpaHula
n=100
# MHOXeCTBO HATypaJIbHHIX YMUCEJI
E={s for s in range(l,n+1l)}

# MHOXecCTBO
# Ha 5 pawoT
Al={s for s
# MHOXeCTBO
# Ha 5 naoT
A2={s for s
# MHOXecTBO
# Ha 5 mawor
A=Al |A2

# MHOXecTBO
# Ha 7 mpapoT

yycesi, KOTOPHE IIpU
B ocTaTke 2

in E if s%5==2}
yyceJi, KOTOpLE Ipu
B ocTaTke 4

in E if s%5==4}
yyceJi, KOTOphe Ipu
B ocraTke 2 mau 4

yyceJsyl, KOTOpPHE Ipu
B ocTaTke 3

B={s for s in E if s%7==3}

# MHOXeCTBO
# Ha 3 naoT

4yceJi, KOTOphe Ipu
B ocraTke 1

C={s for s in E if s%3==1}

# MHOXeCTBO
# Ha 5 mawoT

# paorT B ocraTke 3,

# B ocraTke
D= (A&B) -C

yyceJl, KOTOpHEe Ipu
B ocTraTke 2 wuiau 4,

1

# OTobpaxaeM pes3yJibTaT
print ("[lpMBeneHHHe HMxe umucjya ot 1 mo",n)

neJIeHnun

OeJIeHun

OeJIeHnun

neJIeHun

OeJieHnun

OeJeHun
npy neJjieHum Ha 7/

a nopyM OeJIeHMM Ha 3 He IJaoT

print ("1) npm peseHum Ha 5 paoT B ocraTke 2 mim 4;")
print ("2) npm meyeHum Ha 7 paloT B ocraTtke 3;")

print ("3) npmu meseHum Ha 3 He maloT B ocTaTke 1:")
print (D)
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B nanHOM cityyae mostyyaeM CJIeAyIOIIHiA Pe3yJIbTaT:

~ PeaynbTar BuiNONHeHMs NporpamMmbi (M3 nMcTuHra 5.6)

[lpyBeneHHEle Huxe umcijga or 1 mo 100

1) npm meseHuMm Ha 5 mamoT B ocTaTke 2 umm 4;
2) npu pgeyieHMM Ha 7 HDaonT B ocTaTkKe 3;

3) npmu nejleHMM Ha 3 He IDawT B ocrarke 1:
{24, 17, 59, 87}

B mepeMeHHy10 n 3aNMUCHIBAETCS -3HAYEHUE [T BEPXHEN I'DaHUIIBI YHUCIIOBOTO
auanas3oHa. MHOXEeCTBO HATyPaJIbHBIX YUCEJ CO 3HAYEHUSIMU B TUATNIA30HE OT 1
no n ¢popmupyercss Komauao E={s for s in range(l,n+l)}. 3mech
MbI HCIIOJIb30BaJIM T€HEPATOP MHOXECTBA: B (DUI'yPHBIX CKOOKAaX MHCTPYKIIUS
s for s in range(l,n+1) O3HAyaeT, YTO 3JTEMEHT MHOXECTBA OIPEIeIs-
€eTcsl IEPEMEHHOI s, KOTOpasi MpoberaeT 3HaYeHUsT HaTy paJIbHOTO Psifia OT 1 710 n.

MHoxecTtBo Al co3gaeM KoMaHaoi Al={s for s in E if s%5==2}. Te-
nephb B reHepaTope MHOXKECTBA MEPEMEHHAs! s TlepeOupaeT 3HaYEeHHST JIEMEHTOB
M3 MHOXECTBA E. DJIeMEeHT 3aHOCUTCSI B MHOXKECTBO Al MPH YCJOBUHU S%5==2 ,
TO €CTb €CJI OCTATOK OT JIeJIEHUsI s Ha 5 paBHsieTCs 2. AHaJIOTMYHO KOMaH/aMU
A2={s for s in E if s%5==4},B={s for s in E if s%7==3}u
C={s for s in E if s%3==1} co3faioTcsi mnpo4yre MHOXeCTBa. MHOXXeCTBO
4yyceJsI, KOTOphIe IIPU AeJIEHUHU Ha 5 JAl0T B OCTaTKe 2 WU 4, BBIYUCIISEM Iy TEM
00beMHEHUSI MHOXKECTB Al U A2 - ¢ IIOMOIIbIO KOMaHAbl A=Al | A2. HakoHel,
KOMaH/I0¥ D= (A&B) —C HaXOJWM HY KHBII pe3yJIbTar.

KoMy-T0, BO3MOXHO, 60Jjiee ylayHbIM MOKAKETCS WHOU MOAXO, B KOTOPOM
MHOJK€ECTBO-pe3yJIbTaT (POPMUPYETCS CPa3y C MOMOIIBIO FeHEPATOPa MHOXKECTB.
JlaHHBI cTIOCO6 peleHust 3a/1a4u PeICTaBJIeH B JIMCTUHTE 5.7.

 Nuctvnr 5.7. leHepupoBaHMe MHOXECTBA

# BepxHsaA T'paHuLa

n=100

# MHOXeCTBO uMCeJl, KOTOPEE IpM OeJIeHUM

# Ha 5 mawoT B ocTaTke 2 myim 4, npu OeJeHuMm Ha 7/

# nmawoT B ocrarke 3, a Npu OeJIEHMM Ha 3 HE IAKT

# B ocrarke 1

D={s for s in range(l,n+1l) if (s%5==2 or s%5==4) and s%7==3
and s%3!=1}

# OrobpaxaeM pe3yJbTaT

print ("I[IpuMBeneHHLe HMXe umcja oT 1 mo",n)

print ("1l) npm meseHmm Ha 5 mJawonT B ocraTke 2 muam 4;")
print("2) npm meseHum Ha 7 maloT B ocraTke 3;")

print ("3) npu meseHMM Ha 3 He HaloT B ocTaTke 1l:")



print (D)

PesysibTaT BRINO/IHEHUS 9TOr0 MPOrPaMMHOTO KOJIa TAKOM K€, KaK U B IIPebILY-
IIEeM CIIyYae:

 PeaymaTaT sLOnHeHMS NPOTpaMMSI (3 AHCTHHI
[lpyBeneHHEle Huxe umcia or 1 mo 100

1) npm neneHmm Ha 5 paloT B ocraTke 2 mim 4;
2) npu meyeHuM Ha 7 HDalonT B OocCTaTke 3;

3) npu mejleHMM Ha 3 He HaloT B ocTaTke l:
{24, 17, 59, 87}

3nech MblI pe3ysbTaT chOPMUPOBAIU PaKTHUECKU OJHOM KOMaH/IoW D={s fo
r s in range(l,n+l) if (s%5==2 or s%5==4) and s%7==3 an
d s%3!=1}, B KOTOPOU B reHepaToOpe MHOXKECTB IePeMEHHas S MPoOeraeT 3Ha-
YeHHs1 HaTypajbHOrO psiia oT 1 10 n. Ho cooTBeTcTByIOlIEE YHCIO BKJIIOYAET-
Cs B C03/1aBaeMO€ MHOXKECTBO TOJIBKO €CJIM BBINIOJIHEHO CJIOXKHOE yCJIOBUE (S%
5==2 or s%5==4) and s%7==3 and s%3!=1. B atom ycJyioBuu c nomo-
IIbIO JIOTHYECKUX OMEPATOPOB or (Jo2uueckoe uau) u and (1oeuueckue u) oob-
e/IMHEeHbI HECKOJIbKO JIOTUYECKUX BbIpaXkeHUI: OJHOBPEMEHHO J0JI’KHBI BBITIOJI-
HATBCAYCJOBUSA (s%5==2 or s%5==4),s%7==3uUs%3!=1, IpU4YeM yCJIOBUE
$%5==2 or s%5==4 COCTOMT B TOM, YTO BBIMOJIHSIETCS XOTsI O6BI OJTHO U3 YCJIO-
BUH s$5==2 WU s%5==

C apyroit CTOPOHBI, MOXKHO BOCIIOJIb30BAThCS U GoJIee "KJIACCHYECKUM " TIOAXO0-
noM. [IpuMep npuBesieH B IMUCTUHTE 5.8.

# BepxHAs TI'paHuLa
n=100
# IlycTOe MHOXECTBO
D=set ()
# dopMuMpyeTCs MHOXECTBO UMCEJI, KOTOPHE INpM IeJIEHUM
# Ha 5 paoT B ocraTke 2 mau 4, Npu OeJgeHuM Ha 7
# maoT B ocraTke 3, a Ipu IeJIeHMM Ha 3 He nawnT
# B ocrarke 1
for s in range(l,n+1l):
if s%5==2 or s%5==4:
if s%7==3:
if s%3!=1:
D.add (s)
# OTobpaxaeM pesyJsibTaT
print ("[lpuBeneHHHE HMXEe umcijia oT 1 mo",n)
print ("1) npm neyenmum Ha S5 paloT B ocraTtke 2 mim 4;")
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print ("2) npu meseHmm Ha 7 maloT B ocrarke 3;")
print ("3) npm meneHum Ha 3 He JawT B ocTaTke 1:")
print (D)

PesyJibrat nosy4ymum Takou:

oYIATET BumOMeAR TPOrpaNMB (13 HCTHNTa 5.6)

[lpyBeneHHEle Huxe umucija or 1 pmo 100

1) npm meneHum Ha 5 pawT B ocTaTke 2 uiam 4;
2) npm mesneHuM Ha 7 IJaoT B OCTaTke 3;

3) npm mejeHuM Ha 3 He HaloT B ocTaTke 1:
{24, 17, 59, 87}

[Tpu TakoM mojaxojie Mbl CHayajia Co37laeM KOMaH/Ioi D=set () MyCTOe MHOXe-
CTBO, a 3aTEM C NOMOUIBIO OllepaTopa LUKJA U IPYIIIbl BJIOXEHHBIX YCIOBHBIX
OIepaTopoB 106aBJisieM B CIIMCOK HOBbIE 9JIEMEHTBI - Pa3yMEETCsI, eCJIN 3TH 3JIe-
MEHTBI YZIOBJIETBOPSIIOT BCeM KPUTEPHUSM (YCJIOBHS B YCJOBHBIX ONEPATOpax).
J1151 moGaBJIeHUs 2JIEMEHTA B MHOKECTBO 3a/1eCTBOBaH MeTox add () .

(0 Ha3sametky

MomuMo TMNa set (MHOXeECTBO), B A3blke Python ecTb TMn frozenset (HeM3meHsie-
MO€ MHOXECTBO). [MaBHOE OTAMYNE HEU3MEHAEMOro MHOXECTBO OT OObI4HOrO MHO-
XeCcTBa COCTOUT B TOM, YTO HEM3MEHAEMOE MHOXECTBO, KaK HECJIOXHO A0orafaaThbCs,
Henb3a U3aMeHnTb. Co3naTh HEU3MEHSEMOE MHOXECTBO MOXHO C MOMOLbIO PYHKLNU
frozenset (), apryMEHTOM KOTOPOI NepeanaloT, Hanpumep, CNNCOK WKW TEKCTOBYIO
CTPOKY. MHOrne metoapl, N(PUMEHAEMbIE K 0ObIYHLIM MHOXECTBAM, MOIYT NPUMEHATLCA
K HEM3MEHSIEMbIM MHOXECTBAM - peyb, 6€3yCII0BHO, MAET O METOAAX, HE UBMEHSIOLLUX
CTPYKTYPY UCXOOQHOrO MHOXECTBA.

[lajiee MBI paCCMOTPHM ellle O/IUH MOJIe3HbII THUII JaHHBIX - & UMEHHO, PeYb IOM-
JIET O CJIOBAPSIX.

CnoBapwu

Booxce, kaxoti munaxc! Bpaso, 6paso! Crywati-
me, 51 He Y3naro eac 8 epume! Kmo Bot makoii?
u3 x/¢p "Hean Bacunvesuu mensem npogpec-
curo”

B HekoTOpOM CMBICIIE C108apYU MOXKHO PACCMAaTPUBATh KAaK HEUTO CPETHEE MEXK-
Iy CIIMCKOM U MHOXecTBoM. CJioBaphb MpeCTaBIsieT cO60ii HEYNOPSIAOYEHHBIN
Habop 3jeMeHTOB. OIHAKO B OTJIMYKME OT MHOXKECTBA, KaXX /bl 3JIEMEHT CJIOBa-
ps "uaeHTU(PUIMPOBaH" CIEHaJIbHBIM 06Pa30M. A UMEHHO, KaXKIOMY 3JIEeMEH-
TY CJIOBapsi COMOCTABJISIETCS KA, KOTOPBIi OTHO3HAYHO HAEHTUDUIIUPYET 3JTe-
MeHT B ciioBape. CUTyal¥si HEMHOT'O [T0X02Ka Ha UH/EKCAIIUIO 3JIEMEHTOB B CITH-



cke. Ho B ciucke MHAEKCHI - 11eJIOYUC/IEHHbIE PAHXXUPOBaHHbIe 3HaYeHus. Kimo-
YHM XK€ B CJIOBape He 0053aTeJIbHO JOJIKHBI OBITh YMCJIAMH: TIOMMMO YHCEJ, 3TO
MOT'YT OBITh, HATIPHMeD, CTPOKH, CITMCKH MJIU KOPTexXxH. To ecTh ¢ HeKOTOpOif Ha-
TSDKKOM MOXHO IyMaTh O CJI0BapsIX KaK O CIIUCKAX, HO C HEYMCJIOBBIMU (B 0611eM
CJIy4yae) UHIEKCaMM.

[us co3manust ‘ciaoBaps MCNONAB3YIOT GyHKIMIO dict (). AprymMeHTOM
(yHKIMM MOryT mepenaBaThCs, pas3/ieIEHHbIE 3aMSTHIMH, BBIPAXKEHHUS BUA
KJIoU=3HaueHye. Takke MOXHO Nepe/laTh CIHUCOK, 3JIEMEHTAMH KOTOPOTO SIB-
JISIIOTCSI CIIUCKHU (MJIM KOPTEXKH) TI0 IBA 3JIEMEHTOB B KaXKZIOM: KJIIOY M COOTBET-
CTBYIOIIleE MY 3HAUYEHHUE.

1 HasameTky

Ecrm ¢yHKumMM dict () npu Bbi30BE He nNepefaTtbh aprymeHThl, GyaeT co3aaH nycToun
cnosapb. ECivm npu Bbi30BE apryMeHToM dyHKUMM dict () nepenaeTcs yxe CylwecTsy-
IOWMIA CIOBapb, TO B pesynbtaTte 6yaeT co3aaHa Konus Takoro criosapa (npasaa, no-
BEPXHOCTHAs - TO €CTb [1/151 TAKMNX BJIOXEHHLIX 3IEMEHTOB CNOBaps, Kak CNVCKW 1 C/ioBa-
PV, BLINOMHAETCSA KONMMPOBAHNE CChINOK, HO HE KOMUPOBAaHNE 3/IEMEHTOB).

MoxHo co3aaTh cJ10Baphb, yka3aB B PUI'yPHBIX CKOOKax yepe3 3alsiThie BbIpaKe-
HUS BUJIA KJIOY : 3HaueHMe (KJIIOY U COOTBETCTBYIOLIEE eMY 3HAUEHHE YKA3bI-
BaIOTCS Yepe3 IBOETOUHE).

O6palieHue K 3JIEMEHTY CJIOBapsI BHIMOJIHSETCS (GOPMaJIbHO TaK JKe, KakK U oOpa-

II€HHUE K 3JIEMEHTY CIIHCKa: C ITIOMOIIbIO KBaJIpaTHbIX CKO6OK I1oCJjie UMEHHU CJIO-

Bapsi, HO TOJIBKO B CJIy4Yae CJI0Baps B KBaJPATHBIX CKOOKaX YKa3bIBAETCS HE UH-

JeKc, a K104, /[pyruMu cJ10BaMHU, €CJIM Mbl UM€EeM JIEJIO CO CJIOBAPEM, TO Y3HATD,

KaKOBO 3HaUeHUe 3jieMeHTa C YKa3aHHBIM KJII0YOM MOXKeM UHCTPYKLUel BUaa

cnoBapsb [kiou]. [IpyyeM Takyr MHCTPYKLUIO KUCIIOJb3YIOT HE TOJBKO JISI

TOrO, YTOOBI MpoYUuTaTh 3HAYEHUE 3JIEMEHTA, HO U YyTOOBI U3MEHUTD ITO 3HaYe-

Hue. HeGoJibiivie mprMepsl CO31aHuUST CJIOBapell IPUBEIEHDI B IUCTUHTE 5.9.
Jiuctunr 5.9. Cospanue cnoeapeit .

# Cnucoxk mis dopMMPOBaAHMS CJIOBaApS

A=[["Iywkmu A.C.","KanmuraHckasa pouka"], ["UexoB A.Il.", "BumHeBH

can"], ["Toncron J.H. ", "BoyHa m Mup"]]

# Coz3maeMm cJoBapb Ha OCHOBe CIMCKa

writers=dict (A)

# OrobpaxaeM COIEpPXMMOE CJOBaps

print ("CnoBapb:")

print (writers)

# O6paumeHue K 3JIEMEHTY CJIOBapfA MO KJOWY

print ("UexoB Hamnmcan nbecy:",writers["UexoB A.Il."])

# lV3MeHseM 3HaueHMe D3JIEMEHTa CJIOBaps
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writers(["UexoB A.Il."]="KamTaHka"
# IpoBepseM COIEepXMMOe CJIOBaps
print ("CrnoBapb NnoOCJIe M3MEHEHMus 3JjieMeHTa:")
print (writers)
# IobGaBysgeM B CJIOBApb HOBHIA BJIEMEHT
writers["OocroeBckut ¢.M."]="IIlpecrynjeume 1 HakazaHue"
# I[poBepseM COOEPXMMOE CJIOBaps
print ("CnoBape nocise nobaBiyeHMsa 3JjieMeHTa:")
print (writers)
print ()
# [lepebop 3JIEMEHTOB CJIOBAPS MO KJLOUY
print ("ABTOpPE M MX Npom3BeleHus.")
for s in writers.keys():
print ("ABTOpP:", S)
print ("llpousBeneHue:",writers(s])
print ()
# CozmaeM HOBEIM CJIOBapb
lights=dict (kpacHuM="1OBMxeHMe 3anpemeHo",xeyNTei="8BCeEM
BHMMaHue", 3esyieHu="IBMXeHre paspeumeHo")
# IIpoBepseM COOEpPXMMOE CJIOBaps
print ("HoBemt cyoBapb:")
print (lights)
# 3HaueHMe KJOYA
color="3eneHem"
# OfpalleHre K 3JIEMEHTY CJIOBApS MO KJIOUY
print ("Ecimu ropmutr",color, "ceer, To",lights[color]+"!")
print ()
# CoszpmaeM elme OOMH CJIOBaphb
girls={(90,60,90) :"CseTa", (85,65,89) :"lOna", (92,58,91) : "Huua"}
# IIpoBepseM COOEPXMMOe CJIOBaps
print ("Eme ommH cjoBapb:")
print (girls)
# 3HaueHMe KJioOUa
params= (90, 60, 90)
# ObpameHye K B3JIEMEHTY CJIOBAPS IO KJIOUY
print(girls[params]+":",params)

[Ipu BBINOJIHEHUY TPOrPAaMMHOTO KOZIa OJIy4yaeM Takol pe3yJIbTart:

~ Peaynbrar BLINONHEHUS Nporpammbi (M3 iucuira 5.9)

CnoBapsb :
{'UexoB A.IN.': 'BumuesBmi can', 'lywxkmH A.C.': 'KanmuTaHckKasd
nouka', 'Toxncrom JI.H.': 'BomHa m Mup'}

UYexoB Hamnmcall Nbecy: BMIIHEBHIM can
CjyioBapb MOCJIe M3MEHEeHMS D3JIEMEHTa:



{'dexor A.II.': 'Kawranka', 'lywxkuH A.C.': 'KanuraHckas Iouka',
'ToncTom JI.H.' 'BoyiHa u Mmup'}
CrnoBapbk mnocine noBaBJIEHMA 3JIEMEHTAa:

{'Uexor A.Il.': 'Kamranka', 'JocroeBckuy ®.M.': 'llpecTynieHue
n HakasaHume', 'llymxkmH A.C.': 'KanuraHckasa mouka', 'ToJsicTom
JI.H.': 'BoyHa u Mup'}

AB'I‘OpI::I n UX INIPpOM3BEOEHUA.
ABTOpP: UYexoB A.Il.
[IponsBeneHme: KamTaHKa

ABTOp: JocrToeBckuy &.M.
[lponsBeneHue: I[IpecTyljieHMe M HakKas3aHue

ABTop: IlymkmH A.C.
[I[pom3BemeHme: KanmMTaHCKasa IOodka

ABTOp: Toscrom JI.H.
[lpou3BeneHue: BonHa u Mup

HoBrM CJIOBaph:

{'z3enenut': 'OBuxeHMe paspemeHo', 'xenTew': 'BceM BHMMaHue',
'KpacHHM': 'OBMXEHMe 3anpeueHo'}

ECM TOpUT 3eJIeHEM CBEeT, TO OBMXEHMEe paspeleHo!

Eme oIOuH CJIoOBaphb:

{(%92, 58, 91): 'Huua', (85, 65, 89): 'lma', (90, 60, 90):
'Ceera'}

Ceera: (90, 60, 90)

B atom mporpaMMHOM KOZ€ HJLTIOCTPUPYETCS HECKOJBKO CIOCOO0B CO3AaHUS
CJIOBapel, a TakXXe JeMOHCTPHPYIOTCS HEKOTOPbIE HECJIOXKHBIE TIPUEMBI Pabo-
THI co caoBapsiMu. CHavasia KOMaHAo0i A= [ ["[lymkme A.C.","KanmMTaHCK
asa pmouka"], ["UexoB A.II.", "BumHerwmt can"], ["Tosxcrom JI.H."
,"BottHa m Mump"]] cosgaercst cmucok A. CECOK A COCTOUT U3 TPEX 3JIEMEH-
TOB. KaXx/IpIit 371eMEHT caM SIBJISIETCS CIIMCKOM. B Ka)kIoM BHYTDEHHEM CIIHCKE
o Ba 3jieMeHTa. [IepBbIii 3JIeMEHT UTPaeT POJib KJII0Ya TP CO3JaHUU CJIOBapS],
a BTOpOW 3JIEMEHT - HETIOCPEACTBEHHO 3JIEMEHT cJIoBaps. B 1aHHOM ciiyyae Bce
3HAYEHUSI TEKCTOBBIE, MO3TOMY U KJIIOUU CJIOBAPS, U HETIOCPEICTBEHHO 3JIEMEH-
ThI CJIOBapsi OY YT TEKCTOM.

[ co3naHusI CI0Baps CHUCOK A nepefaeM aprymeHToM pyHKnuu dict () (ko-
MaHZa writers=dict (A)). UToObl OLEHUTHh COAEPKHMMOE CJIOBaps writ-
ers mepelJaeM HMs CJOBapsi apryMeHToM GyHKIuMM print () (kKomaHaa
print (writers)).
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0 Ha3sametky

Kak HecnoxHo saamMeTuTb 13 COAEPXUMOro B OKHe BbiBOAA, CNOBapb oTobpaxaeTcs B
Takom dopmarte: B GUrypHbix ckobkax yepes 3anaTylo 0To6paxatoTca napbl 3Ha4EHUI
KJ/I04a 1 COOTBETCTBYIOLLEro emy ds1ieMeHTa cnoeaps. Koy n 3HaveHvne anemeHTa pas-
AensioTca ABoeTouveM. Mopsaok oTobpaxeHus Takux nap B GUrypHbix ckobkax npona-
BOJIbHbIN. ECM BAYMaTLCS, TO CTAHOBATCA O4EBUAHLIMW NPUYMHBI Takoro "nnbepanna-
Ma": 3HaYeHVe anemMeHTa CnoBaps 0AHO3HAYHO ONpeaenseTcs No KoYy U He 3aBUCUT
oT "MecTa” (Mnn No3nunn) aneMeHTa B cnoeape. bonee Toro, Takoe NoHATME, Kak NO3u-
LU1S 3fIeMeHTa B CrIoBape He UMEeeT CMbIcna.

Kak orMeuasocs paHee, obpaliieHre K 3J1eMEHTY CJIOBAPSI BHIIIOJIHSIETCS MO KJIIO-
uy. Hanpumep, uHCTpyKIus writers["Uexos A.II."] mpeacrasisieT coboit
obpalieHre K 3JIEMEHTY CJIOBapsi writers ¢ KaOuoM "Uexos A.II." (axe-
MEHT CO 3HaueHHeM "BuwHeBEl1 can").

Komanpmoit writers["Uexos A.Il."]="KawTaHkxa" Mbl H3MEHSEM 3Haue-
HUe 3JIEMEHTa CJIOBapsl C KJIIo4oM "Uexor A.I1.". Eciu nocie atoro npose-
PMTb COAEPKMMOE CJIOBapsi writers (4TO, COBCTBEHHO, U EJIAETCS ), TO MOXKHO
3aMEeTUTb UBMEHEHU S B COAEPKUMOM CJIOBAPSL.

Ecou B koMaHIe mpucBauBaHUS 3HAYEHUS 3JIEMEHTY CJIOBapsl YKa3aTh KJIIOY, KO-
TOPBIii B CJIOBape He MPEeCTaBJIEH, TO B CJI0Bapb OyAeT 106aBJIE€H 3JIEMEHT C CO-
OTBETCTBYIOLTUM KJ04oM. Hampumep, B pe3yJibTaTe BHIIIOJTHEHUS] KOMAaHIbl Wr
iters(["HOoctoeBckuy &.M."]="IIpecTynjiesmue u Hakas3aHMue" B CJO-
Bapb writers gobaBisieTcs JieMeHT "llpecTynjeHne M HakasaHue" ¢
KJIIOYOM "JJocToeBCckum ®.M.".

Jlsist mepeGopa 3JIEMEHTOB CJIOBapsi MO KJIIOYY MOXKET MCIIOJb30BaThCS OIepa-
TOp 1uKJa. [loCTyn K KJII0YaM CJI0Baps NOJy4aloT ¢ IOMOLIbIO MeTo/a keys () .
Kak pe3ysisTaT MeTo/l BO3BpallaeT UTEPUPYEMBIi (TO €CTh JOIMYCKAIOIUI MPO-
necc "mepebopa” coaepKUMOro) oObEKT C KJOYaMu cJoBapsi (TOTO CJIOBa-
psi, U3 KOTOPOTO BhI3bIBaeTcs MeTon). Ha pesyssrar BbI30Ba MeTona keys ()
MOXKHO CMOTpETh Kak Ha "KOHTeiHep", B KOTOPOM "COAepXKaTcs” KJIIOYU CJIO-
Baps. B omepaTope 1uKJia 3TOT KOHTEIHED YKa3bIBAETCSl TaK e, KaK ecJau Obl
3TO GBLJIO MHOXECTBO, COCTOsIIIlee U3 KIoueil cioBapst. CkajkeM, eCJii Mbl IMe-
€M [IeJIO C ONEePaTOPOM LIMKJA, B KOTOPOM HauyaJbHasi UHCTPYKLUS UMeeT BUJ
for s in writers.keys (), TO 3TO O3Ha4yaeT, YTO NMepeMeHHast s Oyner
MocCJIeIoBaTeIbHO IPUHKUMATDh 3HAa4YeHUsl KJIIouel U3 cloBapsl writers (Ipas-
JIa HEM3BECTHO, B KaKOil MIMEHHO OYEPETHOCTH OyAyT mepebupaThes Kiaoun). B
TeJle OIlepaTopa LUKJIa KOMaH/oi print ("ABTop: ", s) 0TOOpa)xKaeTcs 3HaYe-
HHe KJI04Ya, a KOMaHAoM print ("[lpousBeneumne: ", writers[s]) OTo6pa—
JKaeTcs 3HaueHue 3JieMeHTa C COOTBETCTBYIOUIUM KJilo4oM. /(151 co3naHus mmy-
CTOI CTPOKU B OKHE BbIBOJA UCIOJIb3yeM KOMaHAY print ().



HoBslit cioBapb co3maeTcss KOMaHA0M 1ights=dict (kpacCHBI="gBUXEHU
e 3anpemeHo",xeJTEN="BCceM BHMMaHUue", 3eJieHEI="OBUXEHNE pa
speweHo" ). ApryMmeHTaMu QYHKIUU dict () MEpeaarloTCsl BbIpaXXeHUs BUIA
kyou=3HaueHue. Y KI04YY, ¥ 3HAaYeHUS], KaK U B [TPeIbIAYIIEM CIydae, TEKCTO-
BBIE.

£ HasameTky

O6paTnTe BHUMaHWE, YTO TEKCTOBbLIE 3HAYEHWNA KloYei B A3HHOM KOHKPETHOM cny4ae
ykasbiBaloTcsi 6€3 KaBblYek.

ConepxuMoe cjioBapsi MpoBepsieTcss KOMaHaoi print (1ights). Komangoit
color="3eneHem" B I[IEPEMEHHYI0O CcOlor 3alMCHIBAETCS 3HaYEHHE KJII0Ya,
ITOCJIE YETO 9Ta [epeMEHHas MCIIO0JIb3yeTCsl B KOMaH/e print ("Ecoiu ropwur
",color,"cBer, To",lights[color]+"!") masa 0T06pa>KeH1/151 3Haye-
HU KJII04Ya M 3HaY€HHUsI COOTBETCTBYIOIIETO KJIIOUY 3JIEMEHTA cJIoBaps 1ights.

Hakonen, komangoit girls={ (90, 60,90) :"Ceera", (85,65,89) : "lOna
", (92,58,91) : "HuHa"} co3gaeTcs ele OJUH CJIOBapb. 31eCh IBE ocobeH-
HOCTH: BO-TIEPBBIX, 3JIEMEHTHI CJIOBAPSI BMECTe C KJro4aMU (pa3/esisiioTCs ABO-
€TOYHeM) YKa3bIBalOTCSI B PUrypHBIX CKOOKax. Bo-BTOPBIX, KJIl0YaMH CJIOBapsi
B IaHHOM CJIy4yae CJIYXaT KOPTeXH. B 9TOM HeT HUYero HeOOBIYHOTO: KOPTEXK
BIIOJTHE JIETUTUMEH B KayeCcTBe KJoya cjoBaps. Kak uiamoctpaliys Kk cka3aHHO-
MYy - KOMaHJa print (girls[params]+":", params) rie KJaO4YOM IJ Jie-
MEHTAa CJIOBapsl girls yKka3aHa eEpeMeHHas params, KOTOPO MpeaBapUTeIb-
HO KOMaH/IoM params= (90,60, 90) NPHUCBOEH KOPTEX.

) HasameTtky

Ecmm npu o6palueHnn K 3neMeHTY CnoBaps ykasaTb HeENpPaBUJIbHBIA KoY (KN4, KOTO-
pOro B cfioBape HeT), BO3HUKHET owmnbka. ECTb MeTopn get (), KOTOPbLIA NO3BONSIET NO
KNIO4y NONYyYNTb 3HAYEeHWE 3neMeHTa crioBaps. [pyn 3TOM ecnu ykasaH HecyLecTByIo-
WMiA KNIoY (aprymMeHT metoaa), owmnbkun He 6yaeTt (MeToaoM Bo3BpallaeTcsa “nycroe”
3Ha4yeHue None). MeToay get () MOXHO nepeaartb BTOPOW apryMeHT - AaHHOe 3Haye-
Hue 6yaeT BO3BpaLLaTLCA METOL0M NPU HEBEPHOM KJTIOYE.

IToMuMO moJIyYeHHsT AOCTYIA K 3JIEMEHTY CJIOBapsl M0 KJIIOYY, CyIIECTBYIOT U
Jpyre WHTEPECHBIE OMNepPalid, KOTOPblE MOXXHO BBINOJIHSATH CO CJIOBAPSIMH.
Tak, MBI y>ke 3HaeM, YTO C IOMOLIBIO METO/IA key's () MOJYYaroT AOCTYI K KJIIO-
yaM cjoBaps. J[ocTynm K 3HAYEHHSIM CJIOBaps MOJYYaloT C MOMOIIbI0 MeTona

values ().

3 Hasamerxy

O6a MeToAa BO3BpaWAOT B Ka4YecTBe peaynbtata 06bekThl. Ana Metoaa keys ()

®
.
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310 06bekT knacca dict keys. Meton values() BoO3Bpawaetr 06bekT knacca
dict_values. B 3Tux o6bekTax "cnpsTaHbl" COOTBETCTBEHHO K/IOYM 1 3Ha4YeHus ane-
MeHTOB cnosaps. Mbl camm 06bexThl 06CyXAaTh He NnaHMpyeM. [N Hac NuLb BaXHO,
4TO 3TN 06BLEKThI A,0NYCKAKT UTepaumn. To eCTb COAEPXUMOE 0OBLEKTOB (KNOYN U 3HA-
YeHUs 3/IEMEHTOB) MOXHO nocneaoBaTensHO "nepebupaTb”, XOTA AenaeTcs U He Tak
"NPSAMOSIMHENHO", KaK MOXHO 6biIo 6bl NnogymaTth. MoaToMy 06 o6bekTax, Bo3Bpallae-
MbIX MeTOAaMn dict_keys U values () C HEKOTOPOW HATAXKON MOXHO AyMaTb KaK O
HEKOTOPOW BUPTYaNibHOW NOCNEA0BATENbHOCTU 3HAYEHWNA. DTy BUPTYanbHyIO NOCNeno-
BaTeNbHOCTb MOXHO Npeobpa3oBaTb k 60see NPOCTOMY U NOHATHOMY dopmaTy: Cnu-
CKY, KOPTEXY UM MHOXECTBY - B 3aBUCUMOCTM OT KOHKPETHbIX NOTPeBHOCTEN 1 cneum-
ukun pewiaemoin 3agaqn. [1na atoro pesynstar Metoaa dict_keys wm values () ne-
penaeTca aprymMeHToM mMetoay list () (co3panue cnucka), tuple () (co3paHue Kop-
Texa) um set () (Co3paHMe MHOXECTBA).

EcTb Takxe MeTon items (), KOTOpbI BO3BpallaeT o6bekT knacca dict _items, co-
AepXawunin KOpTeXM C NapaMu 3HAYEeHU ONS KJoYen U 3nemMeHToB. NpuBeaeHHbIe
BbiLLIE 3aMe4YaHNs OTHOCATCA U K MeToAy items ().

Ynanuth a/ieMeHT U3 CJI0Bapsi MOXKHO € TIOMOIIIbIO METO/a pop () . ApryMeHTOM
METO/Y TepefaeTcsl K4 yAaaseMoro sjeMeHTa. MeTox Bo3BpallaeT 3Haye-
HUeE - 3TO 3HaUeHUe TOTO 3JIEMEHTA, KOTOPbIN yaJisieTcst U3 cjaoBaps. Ecau Hyx-
HO y/aJIUTh 9JIEMEHT CJIOBapst "o TUXOMY", 6€3 BO3BpallleHUsl pe3yJIbTaTa, - KC-
MOJIb3YIOT MHCTPYKIUIO del, MOCJe KOTOPOil yKa3blBalOT CCHLJIKY Ha yAaJisie-
MBIl U3 CJIOBapsi 3JileMeHT (MMsI CJIOBapsi U B KBaJPaTHBIX CKOOKax 1ocJie uMe-
HH - KJIf0Y 3jieMeHTa ). [I0THOCThI0 OYUCTUTD CJI0BAPh MOXKHO C TIOMOIIBIO METO-
Haclear ().

Kak m1o6aBiisieTcsi 3JIEMEHT B CJIOBaph, MbI YK€ BUJIEJIN B PACCMOTPEHHOM BBILIIE
MPUMeEpE: 3JIEMEHTY C HOBBIM KJIIOYOM ITPOCTO MPHUCBauBaeTcs 3HauyeHue. Eciu
HY’KHO 106aBUTb CPa3y HECKOJIBKO 3JIEMEHTOB, TO y106Hee BOCHIOIb30BAThCSI Me-
ToioM update (). MeTox He BO3BpalllaeT Pe3yIbTaT U BHI3BIBAETCS U3 TOTO CJIO-
Baps, B KOTOPBIA HY>XHO [00aBUTh HOBbIE 3JIEMEHTBL. APIryMEHTOM METOLY MO-
XeT MepeIaBaThCsi CI0BAPh, 3JIEMEHTHI KOTOPOTO 00aBJISIIOTCS B UCXOIHBIIA CJIO-
Baphb (13 KOTOPOTO BbI3BaH MeTON). Takxe apryMeHTOM MeToja update () MoO-
XeT ObITh CITUCOK, Yepe3 KOTOPbIN peasu3yercst "mobaBJisieMblit” CJIOBaph WM
HabOp pa3/ieIeHHbIX 3aMsThIMU BbIpaXKeHHUI BUA kiou=3HaudeHue. Hekoro-
pble IPUMEPBI UCIIOIb30BaHMS TIEPEYNCIEHHBIX BBIIIE METOIOB /JIsi paOOTBI CO

CJIOBapsIMU ITpe/ICTaBJIeHsI B iuctuHre 5.10.

Jiuctunr 5.10. PaGoTa co cnoBapsimMu

# CosmaeMm cioBapb

symbs=dict ([ ["a", "nepBat"], ["b", "BTOPONK"]])
# CozmaeMm eme OOVH CJIOBapb
more_ symbs=dict ([["c","TpeTumit"], ["d", "ueTBepTHIt"]])

# IoGamysseM BTOPOM CJIOBAPb B IIEPBHIM
symbs.update (more_symbs)



# ComepxmMmoe cJOBaps

print ("Crnoeapb:", symbs)

# InuuHa croBaps

print ("KommuecTBO KJnouey B ciyoBape:", len (symbs))

# JocTyn kK 3JIEMEHTY IO KJOUWYy (KJIOY B CJIOBAPE €CTh)

print ("3nemMeHT C kJouoM 'c':",symbs.get ("c","HeT Takoro
kyoual!") )

# [poBepseM HalMume KJOUa B CJIOBape

print ("Hanuume sjieMeHTa C KjodoMm 'c':","c" in symbs)

# YmanaeMm sJIEMEHT M3 CJIOBapsd

del symbs(["c"]

# Comepxmumoe cioBaps

print ("CnoBaps:", symbs) \

# LocTyn K BJIEMEHTY MO KJIOWYy (KJIoYa B CJIOBaApe HerT)
print ("3memMeHT Cc kJyouoM 'c':",symbs.get ("c","HeT TakKoro

kjoua!"))
# [lpoBepseM HaJaMuMe KJOUa B CJIOBape
print ("Hanmume sjeMeHTa C kJjwouoM 'c':","c" in symbs)

# Cnmcok KJiouey cJoBaps

print ("Kimoum croBapa:",list (symbs.keys()))

# Cnmcok 3HaueHM! BJIEMEHTOB CJIOBaps

print ("3HadyeHnsa sJeMeHTOB cJjioBapA:",list (symbs.values()))
# Comepxmumoe cioBaps

print ("Conepxmumoe ciyoBapsa:",list (symbs.items()))

# YnparneHue sieMeHTa M3 CJOBaps

print ("Ymansercsa sjeMeHT cO 3HaudueHumeM:", symbs.pop ("b"))
# Comepxmumoe cJoBaps

print ("Cnorapb:", symbs)

# Oumcrka cjoBaps

symbs.clear ()

# Comepxmumoe cJoBaps

print ("Crnorapb:", symbs)

PesyanaT BBITIOJIHEHM ST 3TOr0 MMPOrpaMMHOro Ko/zia TaKOM:

 PesynbTat BHINOAHEHMS T tbi (3 nucTvura 5.10)

Cnoeapb: {'d': 'uerBepTemt', 'c': 'Tperun', 'b': 'mBTOpomM', 'a':
'nepBut' }

KommuecTBO KJoyer B ciyioBape: 4

dJjileMeHT C kJouoM 'c': Tperun

Hanuume sjieMeHTa C KJouoM 'c': True

CnoBapb: {'d': 'uerBepTemt', 'b': 'BTOpOoM', 'a': 'nepBuu'}
JJIEMEHT C KJIoYOM 'c': HeT TakoIr'o KJjua!

Hanuume »JieMeHTa C KJouoM 'c': False

Kmoun cmooraps: ['d', 'b', 'a'l

BHaueHMA SJIEMEHTOB cJioBapsA: ['uerBepTeit', 'BroOpon', 'nepsrui']

.
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Comepxumoe cioBapsa: [('d', 'uereepTemi'), ('b', 'BToOpon'),
('a', 'mepBmm')]

YnanseTcsa 3JIeMEHT CO 3HadeHMeM: BTOPOM

CnoBapb: {'d': 'uerBeptemt', 'a': 'nepBem'}

CnoBapb: {}

B nanHOM ciyyae Mbl co3maeM aBa cioBaps symbs=dict ([ ["a", "nepBu
"1, ["b","BTOpo1"]]) M more symbs=dict ([["c","TpeTuit"], ["d
", "uyerBepTH" ] ] ), IOCJE YETO KOMAaH/OH symbs.update (more symbs)
paciupsieM cJI0Bapb symbs 3a cueT cjoBaps more symbs. [Ipu stom cioBapp
symbs MEHSIETC, a CJIOBapb more symbs OCTAETCS TaKUM, KaK U MPEXIeE.

[uuny cioBapsi (KOJMYECTBO KJIOUed B CJIOBape) OIpefiesisieM C TOMOIIbIO
dyukimu len (). ObpalieHue K 3JJlEMEHTY CJIOBapPs BBIMOJIHSETCS C TOMOUIBIO
MeToda get (). I/IHCprKL[I/IH symbs.get ("c","HeT Takoro kJjmpoual!")
BO3BpalllaeT B KaueCTBe pe3yJbraTa 3HaYeHUe 3JIEMEHTa CJI0Baps symbs € KJIO-
YoM "c" ecJid TaKOH KJIIOU €CTh, U 3HaUEeHUE "HeT Takoro kJjoua!'", eciau
KJIo4a "c" B cJioBape symbs HeT. /[Jisl mpoBepKu BXOXKAEHUS KJo4a "c" B CJIo-
Bapb Symbs UCIIOJIb30BaHa UHCTPYKLUS "c" in symbs:3HauyeHHe 3TOro BbIpa-
JKEHMs paBHO True ecJjIu KJIto4 "c" eCThb B CJI0oBape symbs, U paBHseTCsa False
B IIDOTHUBHOM CJIy4ae.

YTo6bl yIATUTD 3JIEMEHT C KJIIOYOM "C" U3 CJI0Bapsi Symbs MCIOJIb3yeM KOMaH-
ay del symbs["c"]. Ilpu ynaneHuu sneMeHTa CJa0Bapsi KOMaHJ0U symbs.
pop ("b") He TOJIbKO yAaJseTCs dJIEMEHT C KJII0YOM "b", HO ellle ¥ BO3Bpalla-
eTcsl 3HaueHue yaajaseMoro ajeMeHTa. HakoHel, koMaHA0N symbs.clear ()
BBITMOJIHAETC MTOJIHASI OYHUCTKA CJI0BAPS: U3 HErO yAAJISIOTCSA BCE 2JIEMEHTHIL.

() Hasamertky

Jlna co3gaHvsa Konuu CnoBaps UCNOJL3YIOT METOA copy () U OYHKUMIO deepcopy () U3
Moay”ns copy. MeTofoM copy () CO3AaeTcsi NOBEPXHOCTHAsA Konus cnoeapsi. PyHKUU-
el deepcopy () co3gaeTcs nonHas konus cnoeaps. To eCTb B 4aHHOM cniy4ae Habnio-
AaeTcsa aHanorusa co Cnuckamu.

Tak e, Kak JIsl CIIMICKOB, AJI51 CJIOBapel CylIecTBYIOT reHepaTopsl. Eciu cpas-
HUBATb 2eHePAmMOp Coséapeli C TEHEPATOPOM CITUCKOB, TO €CTh HEKOTOPbIE OTJIU-
yus (B PUHIINIIE, UX /IBA):

* B oTsimume or reHepaTtopa CrucKa, KOTOPBIM 3aKJIIOYAETCS] B MPSIMOY-
roJIbHble CKOOKH, FeHEPaTOp CJI0BaPsl 3aKJI0YAETCs B GUrypHbIE CKOOKH.

* [lpu co3gaHuu cja0Bapsi C IOMOIIbIO FreHepaTopa 3a KaX/Iyl0 UTepaluio
(UMKJI) NIpUXOAUTCS "T€HEPUPOBATh [Ba MapaMeTpa: KJIOY U 3JIEMEHT.
Koy u asileMeHT pa3zesnsitoTcst 1poetoureM. HanpuMep, eciu y Hac ecTb
JIBa CIUMCKa clr=["kpacHem", "xenrem", "3eneHem" ] U txt=["cC



TouMm", "xmem", "oBmwkemca" ], TO KOMaHAOM A={clr[i] :txt[1i]
for i in range(len(clr))} co3gaercs cjaoBapb, B KOTOPOM dJIe-
MEHTBI IePBOT0 CIIUCKA Clr UTPaloT POJib KJIOYeH, a COOTBETCTBYIOIIHE
UM 3JIEMEHTBI BTOPOTO CITMCKA t Xt - COOCTBEHHO 3JIEMEHTOB CJIOBapsI A.

[lasiee pacCMOTPUM HEKOTOPbIe 0COOEHHOCTH PeaTu3aliMy TEKCTOBBIX 3HAUEHHI
B Python.

TekcTOoBbI€ CTPOKU

Ecau mvt donycmum 6ecnopadox 6 dokymenma-
UL, NOMOMKIU HAM 3MOZ0 He NPOCTSAM.
u3 x/¢ "Tocmovsa u3 6yoywezo”

B Hammx mporpaMMHBIX KOZaX MbI IOCTOSIHHO MUCIIOJIb3yeM TEKCTOBbIE 3Haye-
HMS, XOTS I[P 9TOM 0COGO CEPbe3HOTO0 BHHMaHMs TaKOMY THILY JaHHBIX, KaK
TEKCT, He yaessiin. Hactano BpeMs yCTpaHUTD 9Ty HECIIPaBe/JIMBOCTb.

O TexcTe (MM TEKCTOBBIX CTPOKAX) MOXKHO F'OBOPUTb U MUCATh OYEHb MHOTO -
6J1aro 06BEKT MCC/IeJOBaHuUS JAeT K 3TOMY Bce OCHOBaHUs1. UTOObI HE OTBJIEKATh-
Cs1 HA BTOPOCTEIEHHBIE BOTIPOCHI, MBI BbI1€JIMM OCHOBHbBIE TEMBI, KOTOPBIE IIPe/-
CTaBJISAIOT IIEpBOOYEpeIHON nHTepec. Ha HUX M CKOHIIEHTPUPYEMCSL.

Hac 6yayT uHTEpecoBaTh:
*  CO3/JaHHE TEKCTOBBIX CTPOK;
*  OCHOBHBIE OTEPAIIMH CO CTPOKAMU;
*  JCIOJb30BaHUE B CTPOKAX CIEIMAIbHBIX CUMBOJIOB;
e (dopMaTHpPOBaHUE TEKCTOBBIX CTPOK.

Ho naxeB PaMKaXx 3TUX TEM MblL 6y11eM OrpaHUYUBATHCSA TOJIBKO HauboJIee MHTE-
PECHBIMH M ITOKa3aTeJIbHBIMHU CIy4YasIMH.

TexcTOBBIE CTPOKH MBI YK€ CO3/1aBaJIi: TEKCTOBOE 3HaYeHHUE 3aKJII0YaI0Ch HaMU
B J[BOiTHbIE KaBBIYKU. Ha caMoM fiesie 3TO He e JMHCTBEHHBIN CIIOco6 co31aTh TEK-
cTOBbIH JuTepaJ. C TAKUM Xe yCIIeXOM MOXHO 3aKJ/II04aTh TEKCT B OJJMHAPHBIE
KaBbIUKU. B KaKue KaBbIYKHY 3aKJII0YATh TEKCT (OAMHAPHBIE VI ABOWHBIE) - pa3-
Hulpl HeT. U Tak, ¥ Tak - pe3yJIbTaT OJIUH U TOT e. To eCTh eCJI Mbl UMEEM JIEJI0
¢ OOBIYHOM TEKCTOBOM CTPOKOM, He cojepxalleil KaKuX-TO CIElHaJIbHbIX CUM-
BOJIOB, TO BHIGOP THIIA KaBbIYEK - BOIPOC CYry00 3CTETHYECKUX NPeANOYTEeHNIH
nporpammucta. OZHAKO ecIM Mbl NPe/NoJiaraeM UCIoJIb30BaTh B TEKCTE O1U-
HapHbIe WJIM JIBOMHBIE KABBIYKH, TO OOBIYHO UCIIOJIb3YIOT CJIEY IOLIUI IPHEM:

* eCJIM B TEKCTE €CTb JBOMHBIE KaBBIUYKH, TO BeCb TEKCT 3aKJ/IIOYAETCs B
OJIMHapHbI€ KaBbIYKH,
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® €CJIM B TEKCTE€ €CTb OAWHapHbl€ KaBbIYKH, TO BECb TEKCT 3aKJIIOYA€TCA B
JIBOMHBIE KABBIYKH.

Ity npaBuia ynobHble, HO He obOsi3aTesbHble. Hampumep, Mbl MOXEM B TeK-
CTe, BBIJIEJIEHHOM JBYMsI KaBBIYKAMHU, UCIIOJIb30BATh JBOMHbBIE KABBIYKHU - HO B
3TOM CJIyyae JBOIHBIM KaBBIYKAM B TEKCTE [OJDKHA MPEIIECTBOBATh KOCAS Yep-
ta (cjemr \). JTO XKe 3aMeyaHUEe OTHOCUTCS U K CJIy4alo, KOrja B TEKCTe, BbI-
JIeJIEHHOM O/IMHAPHBIMU KaBBIYKaMH, HY>KHO HCII0JIb30BaTh anoctpod (oauHap-
HYIO KaBBbIUKY).

[ Hasametky

ECnv B TEKCTOBOM 3HAYEHUU HYXHO NOMECTUTbL CUMBOJ \ HE KaK YaCTb HEKOTOPOM cne-
LMaNbLHOW MHCTPYKUUK, @ B KayecTBe BykBbl (TO €CTb €CNU Mbl XOTUM, 4TOObI B TEKCTE
oTo6paxanca CMMBOA \), TO HA CAMOM [efle HY>XHO UCNOJNb30BaTb ABE KOCble YepThl,
TO ecTb \\. Apyrumun cnosamum, kombuHauma \\ B TekcTe oTobpaxaeTca kak oanHap-
Has kocas yepTa.

Byner nosie3Hoit kocasi 4epta U B TOM CJIydyae, €CJIM MBI 3aXOTHM CO3JaTh TeK-
CTOBBIH JiuTepaJ (TEKCTOBOE 3HAYeHUe), 3aHUMAIOIINI HECKOJIBKO CTPOK KOZA.
CumBOJI \ B KOHIlE CTPOKHU KOJIa BHYTPU TEKCTOBOTO JIUTepaJja O3HavyaeT Iepe-
HOC CTPOKM.

(O Hasametky

CumBon nepeHoca \ AosxeH 6biTb NOCNEAHUM B CTPOKE KOMaHAbI - TO €CTb BHYTPU TeK-
CTOBOro fMTepasna B CTPOKE C CUMBOJIOM \ CNpaBa OT HEr0 HUKaKMUX APYrMx CUMBOJIOB
(6ykB) BbITb HE A,OMKHO. TakKe BaXHO NOHUMATb, 4TO B JAHHOM CJly4ae peyb AEeT O pas-
MeLLEHUN TEKCTOBOO IMTepana B HECKOJbKNX CTPOKaXx B OKHE peaakTopa koaos. Mpu
oTo6paxeHnn Takoro TEKCTOBOrO iMTepasna nepexon K HOBOW CTPOKE B MECTE pa3me-
weHna cumBona \ He ocyliecTBnseTca. IHCTpykuuen nepexoaa K HOBOW CTPOKE fiB-
nsetcs \n. [ipyrumm cnosamu, ecnm Heo6xoamMMo, 4Tobbl Nnpu oTo6paxeHun TekcTa B
onpeneneHHoOM MecTe 3TOr0 TEKCTA BbIMOJIHANICS NEPEXO/ K HOBO CTPOKE, B 3TOM Me-
CTe BCTaBNsieM MHCTPYKLUMIO \n.

MoxHo nocTynuTs elile 60siee paguKaIbHO: 3aKJIIOYUTh TEKCTOBbIM JUTEPAT B
TPOITHbIE ABOMHBIE KABBIYKH (TO TECTh B HAyajie TEKCTA TPU pa3a JABOWHBIE Ka-
BBIYKH, U TPU Pa3a JBOMHbIE KABBIYKH - B KOHIIE TEKCTA) UJIM TPOUHBIE OJMHAD-
HbI€ KaBBIYKH (TPU OJUHAPHBIE KABBIYKHU B HAYyaJjle TEKCTA, U TPU OJUHADHBIE Ka-
BBIYKH B KOHIlE TeKcTa). [IpeuMyIecTBO Takoro moaxoja COCTOUT B TOM, UTO
BHYTPH COOTBETCTBYIOIETO TEKCTOBOIO 3HAYEHHMST MOXKHO CBOOOHO HCIIOJIb30-
BaTh OJMHAPHbIE U JIBOMHbIE KaBbIUKH, A TAKIKE BHIMOJIHSITh pa30MBKY JIUTEpAJIA
Ha HeCKOJIbKO cTPOK. [IpuyeM mpu otobpakeHun JuTepasa pa3buBKa Ha CTPOKU
OCTaeTcsl TAKOM, KaKo oHa Oblyla B OKHe pefakTopa KoaoB. Hebosibline npume-
PbI 00bsIBJIEHUS] TEKCTOBBIX 3HAYEHUI1 TIPUBE/IEHBI B JIMCTUHTE 5.11.



Jimcmnr 5.11. Cospanme tekcta

txt="3HaHue s3wKa 'Python' - 3anor ycnexa."

print (txt)

txt='3HaHme ss3wkKa "Python" - 3ajnor ycnexa.'

print (txt)

txt="3HaHMe sas3wmka \"Python\" - szamnor ycnexa."

print (txt)

txt="'3HaHue sas3mka \'Python\' - szamnor ycnexa.'

print (txt)

txt="3Haume ss3mka 'Python'\

- 3ajor ycnexa."
print (txt)

txt="3HaHMe s3wKa 'Python'\n - 3anor ycnexa."
print (txt)

txt="""3HaHMe sA3HKAa

"Python"
- s3ajior ycnexa."""

print (txt)

PesysbTat BBIMOJTHEHUS 3TOTO MPOrPAMMHOTO KO/ CJIE€ Ty FOIIHI:

Pe3ynkTaT BLINONHEHUS NPOTPaMMBl (M3 NucTMHra 5.11)

3HaHMe fA3blka 'Python' - szamnor ycnexa.
3HaHMe fA3blka "Python" - szanor ycnexa.
3HaHue sa3wplka "Python" - zasnor ycnexa.
3HaHme sA3wlka 'Python' - 3anor ycnexa.
3HaHMe fA3blka 'Python' - 3anor ycnexa.

3HaHue saA3blka 'Python'
- 3aJor ycnexa.
3HaHue A3BKa
"Python"
- 3ajior ychnexa.
XoyeTcst BEpUTh, YTO 0COOBIX KOMMEHTAPHEB U KOJ, U PE3YJIBTAT €T0 BBIMOJIHE-
HHSI, He TPEOYIOT.

[TockosbKy TEKCTOBasi CTPOKA IMPEACTABJsET COOOW YMOPsAOYEHHBI Habop
CHUMBOJIOB, TO HET HUYEr0 YAUBUTEIBHOTO B TOM, YTO K CTPOKaM MIPUMEHUMBI Ta-

© KM€ omepaliy, Kak obpaiieHue K 3J1leMeHTy CTPOKH (OYKBe) 110 HHAEKCY U MOJIy-
yeHue cpe3a. Kak u B ciyyae Apyrux yrnopsiioueHHbIX MHOXKECTBEHHBIX THUIIOB
JIAaHHBIX, TAKUX KaK KOPTEXHU M CIIUCKH, HHEKCAIHs 371leMeHTOB (OYKB) B CTPO-
Ke HAUMHAETCS C HYJISL

Y3HaTh KOJHYECTBO GYKB (CMMBOJIOB) B CTPOKE MOXHO C HOMOLIbIO (DYHKIUU
len (). Konkarenanust (06beaHeHHE) CTPOK BBIMOJIHSIETCSI, KAK MBI yoKe 3Ha-
€M, C TOMOIIbIO ONIEPATOPA CI0XKEHUS +.
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0 Ha3zametky

Momumo npoueaypbl 06bEANHEHNS CTPOK 06bIYHBIM “"CNOXEHNEM™ (TO ECTb C MOMOLLLIO
onepartopa +), B Python cywecTtsyeT Tak Ha3blBaeMas HesiBHasi KOHKaTeHauus CTpok. B
3TOM CJly4ae CTPOKVM NPOCTO yKasbiBalOTCH PRAOM OfHa € Apyrown, 6e3 Bcskoro onepa-
Topa Mexay HumMu. Hanpumep, Tak: txt="Mu musyuaem " "Python".To €CTb Mbl pas-
MecTum psaoM (Yepes npoben) aosa nutepana: "Mu musyuaem " U "Python". B pe-
3y/fbTaTe NepeMeHHas txt nonyyaeT 3Ha4yeHne "Mur m3yuaem Python"

HpI/IMepr O6paI.L[eHI/IH K CUMBOJIaM TEKCTOBOM CTPOKH 4Yepe3 UHAEKC, ITOJIyUYEHU
Cpe€3a, a TAKXKE€ KOHKaTEHAIIUN CTPOK IIPUBEJEHDI B IUCTUHIE 5.12.

# HesBHas KOHKATeHaUUs CTPOK

txt="Mu mzyuyaem " "Python"

print (txt)

print ("Bcero", len (txt), "6yks")

# Mcrnonb30BaH CUMBOJI Tabynaumm \t

print ("MHOoekc\tBykea")

# OTobpaxamnTcd MHIOEKCH UM OYKBH

for i in range(len(txt)):
# I[puBeleHue (C noMoumbio GyHKUMM Str())
# LIeJIOUMCJIEHHOT'O TMUNa K TEKCTOBOMY,
# oOpameHre K OYyKBe IO MHOEKCY
print (str(i)+": \t"+txt[i])

print (txt[11:])

# C noMmouwbio cpesa CTpoka OToOpaxaeTcs

# B oOpaTHOM mnopsanke

print (txt[::-1])

# TekcrToBas CTpPOKa

word="Java"

# sBHas KOHKaTeHaUus CTPOK M IpPMCBaMBaHue

# nepeMeHHOM txt HOBOI'O 3HAUYEHUSA

txt=txt[:3]+"He"+txt[2:11]+word

print (txt)

Hixke IIpUBEZIEH PE3YJIbTAT BBINIOJIHEHUS 3TOI'O IIPOTrPaMMHOI'0 KOJa:

Mer m3yudaem Python
Bcero 17 BykB
NHOoekC BykBa
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16:

Python

nohtyP Meauysmu M
Mel He um3yuaeMm Java

B npuBeeHHOM MPOrpaMMHOM KOJI€, XOTsI OH TPOCT U OYeBUEH, CTOUT 0Opa-
TUTh BHUMaHHe Ha HEKOTOPbIe MOMEHTHI. Tak, MCXOIHAsT TEKCTOBAs CTPOKA txt
CO3/1aeTCsl HESIBHOW KOHKATEHAI[Mel TEKCTOBBIX JIMTEPAJIOB (IBa TEKCTOBBIX JIH-
TepaJsia mozpsiA 6e3 ormepatopa MexIay HuMH). /[t onpeaesieHns KOJIHYECTBA
OGYKB B TEKCTOBOI1 CTPOKe txt HCIOJIb3yeM MHCTPYKIHIO len (txt). B Tekcro-
BBIX JIUTEpPAJaX HECKOJIbKO Pa3 MCIIOJb3yeTCsl CIENUaIbHBIA CUMBOJ \t - 9TO
CHMBOJI Taby ISAIHUH.

() HasameTky

CneumnanbHble CUMBONBI, TakMe Kak \n (nepesBos CTpokn) um \t (Tabynsaums), He oTo-
6paxarloTcs, a UMEIOT HEKUiA "TaliHbli cMbicn”. XoTs dopmanbHO CUMBOJIOB AiBa (B UH-
CTPYKUMM \n 3TO \ U n), pacCMaTpMBalOTCA Takne crneuuanbHble CUMBOJIbI KaK OOVH.
BcTaBnaioTca oHW NPSAMO B TEKCTOBYIO CTPOKY.

B onepaTtope 1ykia obpaiieHue Kk 6yKBe B TEKCTOBOM CTPOKE txt BBINOJHSIET-
cs B dopMmare txt [1] (rze i - uHAEKCHas nepeMeHHast). IIpu aToM rpu BeIYHKC-
JIEHUM TEKCTOBOTO BBIpaXKEHUS str (1) +": \t"+txt[i], npeacrasisiolie-
ro co60ii KOHKaTeHAIMIO TPeX TEKCTOBBIX ()PAarMeHTOB, JIsl TIEPEBO/A 1IETI0YHC-
JIEHHOTO 3HaYeHUs] UH/eKCHOU IlepeMEeHHOH 1 B TEKCTOBBIN opMaT UCIOIb30-
BaHa QYHKIMA Str ().

Tak>ke MPOrpaMMHBIM KO/l COAEPXKUT MPUMEPHI BBINIOJHEHUS Cpe3a [JIs TeK-
cTOBOM CTpOKHU. Tak, MHCTPyKIMeHN txt [11:] BO3BpallaeTCs 4acTh TEKCTOBOM
CTPOKH txt, HaunHasi ¢ 12-il 6yKBbI (3TOI1 6yKBe COOTBETCTBYET UHAEKC 11, TaK
KaK MHAeKCalUs HAUMHAETCS C HyJIs1) U 10 KOHLA TeKCTa. Boipaxcenue txt [ :: -
1] - 9TO TEKCTOBasi CTPOKaA txt, 3aMucaHHast B 0OpaTHOM MOPsiike (MIOCKOJIbKY
HIar MpUpaLleHus 0 MHAEKCY IS TIOJyYeHUs Cpe3a YKa3aH OTPUIIATETbHBIH ).
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B xomaHze txt=txt[:3]+"He"+txt[2:11]+word NpU BbHIYUCJIEHUH TIpa-
BOU YaCTH BBINOJIHSIETCS] KOHKaTeHallKsI TAKUX TEKCTOBBIX CTPOK:

* cpe3 txt[:3] (B TekcTe txt OYKBBI OT HayaJja M [0 UHIEKCA 2 BKJIO-
YUTEJIBHO);

* TeKCT "He";
e cpe3txt[2:11] (GyKBbI B TEKCTe txt OT UHAEKCA 2 110 uHaeKkca 10);
* TEeKCTOBOe 3HaueHue nepeMeHHON word (3HaueHue "Java").

[TonmyyeHHBIN TEKCT B KayecTBe HOBOTO 3HaUeHUe IPUCBAaUBAETCSI IEPEMEHHOM
txt.

0 Ha3zametky

TexcT (TN AaHHbIX str) OTHOCUTCH K HEU3MEHSIEMbIM TUNAaM AaHHbIX, NO3TOMY U3mMe-
HUTb TEKCTOBOE 3Ha4YeHNEe Henb3s. TO €CTb Mbl HE MOXEM B TEKCTOBOM 3HAY€HUN B3SATb
M N3MEHUTb, HaNpMMep, Kakyl-To 6ykBy. HoO Mbl MOXeM Ha OcHOBe TekcTa chOopPMNPO-
BaTb HOBOE TEKCTOBOE 3HA4YEHME, a MOTOM NEPEMEHHOM, KOTOPAs CCbIIAETCHA HA UCXO-
OHbItA TEKCT, MPUCBOUTL HOBOE 3HavYeHne. bnarogaps Tomy, 4to B Python nepemeHHble
CCbINAOTCA Ha 3HAYEHUs (a He coaepxarT Ux), Takoi NpueM BO3MOXEH N 4aCTO UCNOSb-
3yeTcsa Ha npakTuke. MpyyeM BHELWLHe co3aaeTcs Uio3us, kak OyaTo peanbHo MeHs-
eTCs 3Ha4YeHe nepeMeHHon. Ha caMom aene cebinka (Coaepxalascs B nepeMeHHOM n
CBA3bIBAOLLAs 3TY NEPEMEHHYIO C AaHHbIMUW) NepebpacbiBaeTCA C O4HOMO 3Ha4YeHUs Ha
apyroe. IMEeHHO Takum NpMeMoM Mbl BOCMOIb30BaUCh BhiLLE.

Yo kacaercs MeTo0B (M GYHKIMIT) 1151 pabOTHI C TEKCTOM, TO UX OYEHb MHO-
rO ¥ [Uana3oH UX Ha3HAYeHHs Ype3BbIYaiiHO MUpOoK. Hampumep, ecTh HECKOJIb-
KO METO/IOB, MpPEeHA3HAYEHHBIX [IJISI YIPABJIEHUS PETUCTPOM CUMBOJIOB B TEK-
CTOBOH CTpOKE:

* MeTOoA upper () HO3BOJISIET MOJYYUTh CTPOKY, B KOTOPOU Bce GYKBBI
nporucHsle (60Jble OYKBBI UM BEPXHUI PETUCTP);

* MeTox lower () MO3BOJISIET MOJIYYUTh CTPOKY, B KOTOPOil BCce OGYKBBI
CTpOYHbIe (MasieHbKUe OYKBbI MJIM HUXXHHIA PETUCTP);

* MeToA capitalize () MO3BOJISIET MOJLYYUTD CTPOKY, B KOTOPOIi IepBast
OyKBa MpONUCHas;

* Merox title () MO3BOJISIET MOJIYYUTh CTPOKY, B KOTOPOU nepBasi 6yKBa
KaXkZI0ro CJIOBa - IIPONUCHAS,

* MeTox swapcase () M03BOJISIeT OJIyYUTh CTPOKY, B KOTOPOIi BCE CTPOY-
Hble OYKBbI 3aMEHEHBI Ha IPOIUCHBIE, a IPONUCHBIE - HA CTPOYHBIE.

Y BcexX 3THMX METOAOB apryMeHTOB HeT. MeToJbl BBI3BIBAIOTCS M3 TEKCTOBOTO
ob6bekTa (M TEKCTOBOI TlepeMeHHOI ). VIcX0aHY0 TEKCTOBYIO CTPOKY OHU He Me-



HSIIOT, @ HA OCHOBE 3TO CTPOKM (DOPMHUPYIOT HOBYI0, KOTOPasi M BO3BPALIAETCS B
KayecTBe pe3yJibTaTa MeToja. IIpuMepsl MCII0Ib30BaHMA METOIOB IIPUBEIEHDI B
suctudre 5.13.

NucTunr 5.13. Peructp cumMBonos

txt="Mbl M3yuaem sg3blk PYTHON"
print (txt.upper())

print (txt.lower())

print (txt.capitalize())
print (txt.title())

print (txt.swapcase())

print (txt)

P €3yJIbTaT BBINIOJIHEHUA JAHHOI'O IPOrpaMMHOr'0 KOJa TaKOM:

* PesynbTar BbiNONHeHHS NPOTPaMMbi (43 AMCTHHra 5.13)

MH U3YUAEM A3HK PYTHON
MH M3yuyaeM s3HK python
Mel m3yuaeMm f3bK python
Mo M3yuaeMm f3wik Python
MH M3YUYAEM SI3HK python
MEl M3ydaeM fA3uK PYTHON
Ba’xuslii KJ1acc 33124 CBSI3aH C HOMCKOM CUMBOJIOB MJIM TEKCTOBBIX (DparMEeHTOB

B cTpoke. Hanpumep:

MeTtoas! find () U index () UCHOJB3YIOTCSA AJIs1 MOMCKA TOACTPOKU B
ctpoke. Kaxxablit ©3 METOIOB BHI3bIBAETCS 3 00bEKTA CTPOKH ([IEPEMEH-
HOM, CChLJIAIOUIENCS HA CTPOKY), a apTYMEHTOM IepeJaeTcsl MOICTPOKA,
MTOUCK KOTOPOH BBIMOJIHSIETCS B CTPOKe. Pe3yIbTaToM SIBJIsIeTCS] MHAEKC
MO3UIINH, HAYNHAS C KOTOPOH MOACTPOKa BXOAUT B cTpoky. Eciu cTpoka
COJZIEPKUT MOJACTPOKY B HECKOJIbKUX MECTaX, BO3BpalilaeTcsi MHAEKC Iep-
BOro BxOXJAeHus. Eciu B cTpoke HeT MOACTPOKH, TO MeTOA find () BO3-
Bpall[aeT 3Ha4yeHue -1, a MeToA index () reHepupyer ommbKy (KJacc
ValueError). MerogaM MOXHO TakXXe IepelaTh BTOPOM W TPETHUM
YHCJIOBbIE ApT'YMEHTHL B 3TOM cilyyae OUCK NOACTPOKHU OCYIIEeCTBIISIeT-
Cs1 B IMana3oHe UH/EKCOB, ONpe/iesIsiEMbIX 9STUMH apryMeHTaMu. AHao-
TMYHBIM 00Pa30M HCIOJIb3YIOTCS U MeTOABI rfind () u rindex (). Ba-
30BO€ OTJINYMe OT MeTOAO0B find () U index () B TOM, UTO TeIephb BbI-
TIOJIHSIETCSI TIOMCK TOCJIeTHETO BXOXAEHUSI IOACTPOKHU B CTPOKY.

C nomoibio MeTofa count () MOXHO MOJCYUTATh, CKOJBKO pa3 Moj-
CTpOKa (apryMeHT MeTO/a) BXOAUT B CTPOKY (OOBEKT, U3 KOTOPOTO BbI-
3bIBaeTcsl MeTox). IloMck MOXeT BBINOJIHSATHCS He 1O BCEH CTPOKe, a
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TOJIBKO IO ()parMeHTy CTPOKHU - BTOPOM U TPETHUI YHCJIOBBIE aPIyMEHThI
MeTo/a (eC/I1 OHU €CThb) ONpeZe/IsA0T JUana3oH MOUCKa.

* Merogsl startswith () mendswith () NO3BOJISIOT IPOBEPUTH COOT-
BETCTBEHHO, HAUMHAETCS JIM U 3aKAaHYMBAETCSI JIU CTPOKA (OOBEKT, U3 KO-
TOPOT'O BBI3BIBAETCSI METO/T) TIOJICTPOKOM (apryMEHT METO/A).

* Meron replace () HUCHOJIb3YETCS [AJisl BHITOJTHEHHMSI 3aMEHBbI TEKCTO-
BbIX ()parMEHTOB B TEKCTOBOM CTpOKe. MeTo BbI3bIBAETCS U3 TEKCTO-
BOI IlepeMEHHOM, a apryMeHTaMU eMY TePealoTCs IBE TEKCTOBbIE MO~
cTpoku. MeTosOM B KauyecTBe pe3yJbTaTa BO3BpAlIaeTCs TEKCTOBasl
CTpPOKa, KOTOpasi MOJIy4YaeTcsl 3aMeHOM B UCXOAHOM TekcTe (06BEKT, U3
KOTOPOTO BBI3bIBAETCSI METOM) MOJACTPOKH - TIEPBOTO apryMeHTa MeTO-
13, Ha TIOZICTPOKY - BTOPOI apryMeHT MeToza. KosmuecTBo 3aMeH MOX-
HO OTPAaHUYUTD, IEPEAB METONY TPETHI YMCJIOBOI apryMeHT (MakcCu-
MaJIbHOE KOJIMYECTBO 3aMEH ).

He6osbiine mpuMepbl UCMOJb30BaHUsT HEKOTOPBIX M3 TEPEYHMCJIEHHBIX BbIIIE
METO/IOB ITPUBEIEHBI B IUCTUHTE 5.14.

~ Tucrunr 5.14. Mouck n samena CumBonos

txt=""".B. T'ete. "daycT" (OTPHBOK) :
BecconepxaTeJlbHYID peub

Bcerpma sierko B cJyioBa obJieusb.

M3 TOJEIX CJIOB, SPSACb M CIOpH,

Bo3BOOAT 30aHUS TEOPUM.

CioBaMu Bepa JMilb XMBA.

Kak MOxHO oTpuuaTbe cjoBa?"""

word="cmnoB"

print (txt,end='\n\n")

print ("lloncTpoka BCTpeuaeTca", txt.count (word), "paza")
print ("llepBas no3muma:", txt.index (word))

print ("Cnenywomas nos3uumsa:", txt.find (word, 69))

print ("locnenHasa no3mumsa:", txt.rindex (word))

print ("B Hauane mHmumane:",txt.startswith ("1.B."))
print ("B koHUe 3Hak Bomnpoca:",txt.endswith("?"),end='\n\n')
print (txt.replace(" ","_ "))

BrinosiHeHue IIPpOrpaMMHOI0 KOZla IPUBOJUT K TAKOMY PE3YJIbTATY:

N.B. Tere. "d®aycT" (OTPHBOK) :
BecconepxaTeJbHYIO peudb

Bcerma Jjierko B cJjioBa obJjeusb.
V3 TOJBIX CJIOB, SApPSACh M CIOpH,



Bo3BOOAT 3OaHMSA TEOPMM.
CrnoBaMu Bepa JiMlb XMBA.
Kaxk MOXHO OTpuuaTb CJOBa?

[looncTpoka BCcTpedaeTcsa 3 pas3a
[leppas no3muumusa: 68

Cnegnywomas nosuumsa: 91
[locnenussa no3uumsa: 179

B Hauajsie mHMuMasiel: True

B kOHUe 3Hak Bomnpoca: True

N.B. Tere. "d0aycrt"_(OTPHBOK) :
BecconepxaTenbHyn peub
Bcerma_Jsierko_B_CJIOBa_oOOJeub.
M3_roJeix_CJIOB, _SPACH_M_CIOpPH,
BO3BONAT_3HOaHMUA_TeEOpUl.
CrmoBamMy_Bepa_JiMllb_XMBaA.
Kak_MOXHO_oTpuuaTb_CJoBa?

(] Hasametky

B HEKOTOpbIX KOMaHAAX C BbI30BOM YHKUMM print () Cpeay aprymMeHTOB €CTb WH-
CTPyKUMM end="\n\n". B 3TOM c/y4ae npu BbLIBOAE TEKCTA B KOHCOSIb B KOHLLE ABaX bl
BbINOSHAETCH NEPEXOL K HOBOI CTPOKE. M03TOMY NOC/IE BLINOHEHUS TaKoW KOMaHAbl B
OKHE BblBOAA NOSBAAETCS NyCcTas CTPOKa

EcTb rpymnmna MeTo0B, KOTOPBIE TIO3BOJISIOT BHIIIOJIHUTH ITPOBEPKY COAEPKUMO-
r'O TEKCTOBOI1 mepeMeHHOM. CKaXxeM, HaC MOXET UHTEPECOBATH BONPOC, B KAKOM
perucTpe HaxoasITcst GYKBBI B TEKCTE, UJIM €CTh JiK B TeKcTe nudpbl. Ha MHorHe
TaKye HeTPUBHUAJIbHbIE BOMIPOCHI PEAJIBHO MOJIYYUTh MCUEPIIBIBAIOIINE OTBETHI C
MOMOIIIBIO TPYMITBI CIIEIUAJIbHBIX METO/I0B. Ha3BaHue KaXa0ro MeToila HayuHa-
eTcst co cJioBa is. Kax b1l 13 MeTo10B Bbi3biBaeTcst (6€3 apryMeHTOB) U3 TEKCTO-
BOM CTPOKH Y BO3BpallaeT 3HAUeHHE True eCJIU MpOBepsieMoe yCJIoBUeE (CBOM-
CTBO TEKCTa) UCTUHHO, U False - ecJiu OHO JIo’)kHO. Hanpumep:

METOAOM isdigit () B KayecTBe 3HaUY€HUS BO3BpallaeTcs True, eciau
TEKCT COCTOUT TOJIBKO U3 LU(DP;

MeToll isalpha () BO3BpallaeT 3HayeHWe True, €CJAM TEKCT COCTOMT
TOJIBKO U3 OYKB;

MeToA isalnum () Bo3BpallaeT 3HaueHHe True, eCJIU TEKCT He COAep-
XKUT HUYero, Kpome OyKB U udp;

MeTo[ islower () BO3BpaulaeT 3HaueHUe True, €CJIU TEKCT COCTOUT
TOJIbKO U3 CTPOYHBIX (MaJIeHbKUX) OYKB;
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* MeTo isupper () BO3BpallaeT 3HayeHHe True, €CIU TEKCT COCTOUT
TOJIBKO U3 TIPOMUCHBIX (60JIbIINX) OYKB; ’

* Meroq istitle () Bo3Bpalaer 3HaueHHe True, €CIU KaXK/0€e CJIOBO B
TEKCTe HAYMHAETCsI C 60JIbIION OYKBBL

[IpyMephI HCTIOJIB30BaHKSI ITUX METOJOB COOPAHBI B JIMCTUHTE 5.15.

fuctunr 5.15. MpoBepka TEKCTOBLIX 3HAYEHMA

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 ABl2".istitle())

Pe3yJIbTaT BBITIOJTHEHH A 3TOr0 MpOrpaMMHOIO KOJa TaKOI:

PesynbTar BbINONHEHUs NPOTPaMMBbl (3 nucTuHra 5.15)

True False
True False
True False
True False
True False
True False

Ectbu ApYyrue 1moJie3ubi€ METO/Abl, YaCTO HE3AMEHUMBIE 1PN pa60Te C TEKCTOBBI-
MM 3HaueHUsIMH. OHU KpPaTKO IEPEYUCJIEHBI HUXE:

* Metoapl strip (), lstrip() U rstrip () UCHOJB3YIOTCA [Js yAa-
JIeHUsI ONpe/leJIeHHbIX CUMBOJIOB U3 TEKCTOBOU CTPOKH - COOTBETCTBEH-
HO B HayaJle ¥ KOHIIE CTPOKH, TOJIbKO B Ha4aJie CTPOKH U TOJIBKO B KOHIIE
CTPOKH. YaajisieMble CUMBOJIBI (B BU/IE TEKCTOBOM CTPOKHU) ME€pPEAAIOTCS
apryMeHToM MeTofy. Eciiu apryMeHT He yka3aTh, IO YMOJTYaHUIO Y JIs-
I0TCs1 TIPOGEJTbL

» [lns pa3nmesieHusi CTPOKU Ha TMOACTPOKU UCIOJIB3YIOT METOA split ()
(wmm rsplit()). Paspmemurteny (B BuAe TeKcTa), KOTOPBIA CIIy-
KUT MHIMKATOPOM pa30MBKU Ha CTPOKH, MEpeIaeTcsi apryMEHTOM Me-
tony. Pe3yssraToM MeTo/ BO3BpallaeT CIHMCOK W3 IMOACTPOK, Ha KO-
TOpble pa3bMBaeTCsl HMCXOAHAsi CTPOka. MeTomoM split () mMOHUCK
MOJACTPOKU-PA3AECIUTE/SI BBINOJHAETCS CJjeBa HAlpaBo, a METOIOM
rsplit () - cmpaBa HaseBo. Eciiu pa36uBKa Ha MOACTPOKU BBITOJIHSI-
eTCs 110 CUMBOJLY [lepexo/ia K HOBOU CTpoke \n, MOXKHO MCHOJIb30BaTh
MeTox splitlines (). Meron partition () BBHINOJHSET MOXOXYIO



npouenypy. B crpoke, u3 koTopoii BeI3bIBaeTCSI METO/], HAXOJUTCSI TIep-
BOe BXO’K/IeHHe IIOJICTPOKH, NlepeJaHHO! aprymeHToM Metony. To ecTb
apryMeHT MeTofa - 3TO MOACTPOKa-pa3zesuTesb. M McxonHasi cTpoka
Kak 6bI pa30MBaAETCsl HAa TPU YACTH: TO, YTO 0 MOACTPOKHU-PA3ETUTES,
HOJICTPOKA-pa3euTellb U TO, YTO MOCJIe MOACTPOKHU-pasenuTes. Bes
3TH Tpu (dparMeHTa BO3BpAIAIOTCS B BUE KopTexa. B ciyyae eciu
HO/ICTPOKU-Pa3/IeJIUTe/IsI B UCXOAHON CTPOKe HeT, KOPTeX (pe3yJsbTar
MeTozia) Gy et cofepKaTh MePBHIM 3JIEMEHTOM MCXOAHYIO CTPOKY, & 1Ba
NPYTUX 3JIEMEHTA - IMYyCTON TEKCT. AHAJIOTMYHO UCIOJIb3YeTCS METO[
rpartition (), HO TOJIBKO HOHMCK NOJCTPOKHU-PA3JETUTES] BBIIOIHS-
€TCs1 C KOHLIA UCXOHOM CTPOKHU.

* Merox join () MO3BOJISIET CO3/IaBaTh TEKCTOBbIE CTPOKH MyTeEM 00be-
IVHEHUs TEKCTOBBIX MO/ICTPOK, Peau30BaHHbIX B Bu/e crnucka. Ciucok
C 06’be TUHSIEMBIMHU TEKCTOBBIMHU (PparMeHTaMu MepeaeTcsi apryMeHTOM
Metony. Mexay ¢bparMeHTaMu MOXXHO J0GABJISITh TECTOBBIA pasjiesiv-
TeJIb - 3TO TOT TEKCT, U3 KOTOPOI'O BBI3bIBAETCS METOA join ().

[IpuMepsI KCIOIb30BaHUST HEKOTOPBIX METO/IOB [IPUBEEHHI B JIUCTUHTE 5.16.

Jiuctunr 5.16. Hekotopbie onepauuu co CTpoKamMu

txt="_* ABC_* abc * "
print (txt.lstrip("_* "))
print (txt.rstrip("_*_"))
print (txt.strip("_* "))
print (txt.split("*"))
print (txt.rsplit("*"))

(

(

print (txt.partition("*"))

print (txt.rpartition("*"))

print ("abc \n ABC \n ***" _splitlines())
print("_* ".join(["AAA","BBB","CCC"]))
Hwuoxe npuBesieH pe3yJibTaT BBIMIOJTHEHUS 3TOTO KOJA:

PeaynLTar BLINONHEHWUS MPOTPAMMBI (U3 AMCTMHFA 5.16)

ABC * abc *

_* ABC_* abc

ABC_* abc

[l |, '_ABC_', '_abc_', l_l]

l, '_ABC_', l_abc_l, l_l]

_'y 'x', ' _ABC_* abc_* ')
* ABC_* abc_', '*', '_")

[ '
( ]
( ]
['abc l’ ' ABC |' ] ***v]
AAA * BBB * CCC
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(0 Ha3sameTky

MHorpa npuxoautcs MMeTb Aesno ¢ Koaamnm cUMBOSoB. DPyHKUMS chr () NO3BONSET No
KOAY CUMBOMA BOCCTAHOBUTL CaM CMMBON: apryMeHToOM yHKUMM nepeaaeTcs Koa, a
pe3ynsTatoM siBnsieTca cumeon. O6paTtHas npoueaypa (onpeneneHve koga afis CUM-
B0J1A) BbINOJSHAETCA C NOMOLLbIO DYHKUUKN ord () : apryMeHToM dyHKUuMM nepenaeTcs
CUMBON, a pe3ynstTaToM YHKLUN ABASETCH KOA, 3TOr0 CUMBONa.

Eite omuH BaXkHBII BOIIPOC, KOTOPBIiA HEJIb3si 000 TH BHUMAHUEM - 3TO popMa-
THUPOBaHUE TEKCTOBBIX CTPOK. Peub 1aeT o SIBHOM ornpe/esieHuu crocoba u ¢hop-
MBI 0TOOpaskeHus TEKCTOBbIX 3HaueHuil. B Python arta 3agaua Moxer pematbcest
no-pa3noMy. Hanmpumep, Metoabl center (), 1just () mrjust () NO3BOJSAIOT
MPOU3BOIUTh BbIDaBHUBAHUE TEKCTOBOU CTPOKHU (COOTBETCTBEHHO - IO LIEHTPY,
TI0 JIEBOMY Kpalo U 10 TpaBOMY Kpalo) BHYTPH 0JIsI 3alaHHOM mupuHbL. [Iupu-
Ha I10JI51 [lepelaeTcsl apryMeHTOM MeToAy. IIpyMephl UCTI0JIb30BaHUS 3TUX METO-
JIOB IIpPUBEI€HBI B JIMCTUHTE 5.17. '

~ Nvctunr 5.17. BuipaBHusanme TexcTa
txt="ABCDEFGH"

print ("*"+txt.center (20)+"*")
print ("*"+txt.rjust (20)+"*")

print ("*"+txt.ljust (20)+"*")
Pe3yJIbTaT BBITIOJTHEHHU A 3TOr0 IMMPpOrpaMMHOI0O KOZa TaKOMM:

~ PeaynkTar BLINONHEHNs NPOrpaMMBl (3 AncTHHra 5.17)

2 ABCDEFGH i
* ABCDEFGH*
*ABCDEFGH *

B nanHOM cityyae TeKCT BbIpaBHHBAETCSI BHYTPH I0JISI LIMPUHOM 20 CUMBOJIOB,
a 111 y106CTBa B HayaJle ¥ KOHIIe TEKCTOBBIX 3HaYEeHUIT J06aBI€HbI CHMBOJIBI *.

HocraToyHo uHTEpecHbI MeToA format (). MeToz BbI3bIBAeTCSI U3 TEKCTOBOMH
CTPOKH, y HETO €CTh APT'YMEHTHI U B KAUECTBE PE3YJIBTaTa METO/ BO3BPAILIAET TEK-
cToBoe 3HaueHue. Ecyin abcTparupoBaThCs OT AeTasieit, TO obliasi cxema Takast:
GepeM HEKOTOPYIO TEKCTOBYIO CTPOKY, BBITIOJIHSIEM C HEll ONpejie/ieHHbIe MaHHU-
MyJISIIIMY, U B Pe3yJIbTaTe MOJIy4aeM HOBYIO CTPOKY. 3a "MaHUMYJIALUKU KaK pa3
u "oTBevaeT” Meton format ().

MaHury IsIuuu BBINOJIHSIOTCS HaJl TEM TEKCTOM, U3 KOTOPOT'O BBI3BIBAETCS Me-
TOJ. A XapaKkTep MaHUITYJISIIUHI Ope/IesIsieTCsT apryMeHTaMu MeTtoja format ().
TekcToBast cTPOKa, U3 KOTOPOY BBI3bIBAaeTcsl MeTox format (), MOXeT coep-
XAaTh CIelaIbHble CUMBOJIbI (DPOPMaTHUPOBAHUS - TO ECTh BCTPOEHHbIE B TEKCT
HHCTPYKIIUH, KOTOPbIE MMEIOT 0CO6BIN "cMbICT" 1151 MeToia format () u obpa-



6aTtbiBatoTcst M. [103TOMY O6BIYHO TEKCTOBYIO CTPOKY, U3 KOTOPOU BHI3bIBAETCSI
Meron format (), Ha3bIBAIOT CMPokoll opmama. Mel 6yieM TpUIEPKUBATHCS
MMEHHO TaKO# TEPMUHOJIOT UL

NucTpykiuu opMaTHUpOBaHUS B CTPOKe popMaTa 3aKJII0YAI0TCS B GUTYyPHBIE
ckoOku. B HauboJiee MPOCTOM BapuaHTe CTpPOka (hOpMaTHPOBAHHUsI MPEICTAB-
JisieT coO0¥ TEKCTOBBII 11a0JIOH, B ONPe/ieJIEHHbIE MECTa KOTOPOr'O BCTABJISIIOT-
CsI TEKCTOBbIE MapaMeTpbl. MecTa /IJIs BCTABKU TEKCTOBBIX MApaMETPOB OMpe/e-
JISIIOTCSI MHCTPYKIMSAMU (OPMAaTHUPOBAHUS, a CAMU HapaMeprI - 3TO aPTryMEHTBI
Mmeroaa format ().

[letourcieHHble 3HaU€HHsI B GUTYPHBIX CKOOKAaX COOTBETCTBYIOT HHIEKCAM ap-
ryMeHTOB MeTofia format (). MHaekcalus apryMeHTOB MeTO/la HAUUHAETCS C
HyJs1 (IEPBOMY apryMeHTy COOTBETCTBYET MHAeKC Hosb). Hampumep, pe3y.ib-
TaTOM BbIpaXkeHus "OouH - sTo {0}, a mBa - 3TOo {1l}.".format ("
one","two") 4BJAETCSA TEKCT "OOouMH - 3TO one, a OBa — 3TO two."
. Uuctpykiust {0} B cTpoke hopMaTa 03HAYAET, YTO B 3TOM MECTE JOJIKEH OBITH
BCTaBJIEH TEPBBIN apryMeHT Meroga format () (Tekct "one"). UHCcTpykums
{1} ompeneJisieT MECTO BCTaBKH BTOPOro apryMeHTa Metoza format () (TeKCT
"two").

Wnctpykuuu dopMata MoryT ObiTh GOsiee 3aMbICJIOBATHIMH, YeM YHUCJIO B du-
T'YPHBIX CKOOKax, U coiepxkaThb 60Jiblie HH(POPMAaIIUHU, YeM IIPOCTO UHIEKC apry-
MEHT [IJI1 BCTaBKM B TEKCTOBBIA 11a6J10H. Yepe3 ABOETOYME MOCTIe MHIEKCA ap-
TYMEHTa MOXHO yKa3aTh MUHUMAJIbHYIO IIMPUHY MN0Js (11eJIoe YUCJIO), KOTO-
pasi BbIIEJISIETCS IJIs1 3TOTO apryMeHTa, a Takxe Crocob BhIpABHUBAHUSI TEKCTA
B 3TOM Toie. Criocob BbIpaBHUBAHUSI ONpe/ieJIsieTCsl CliellMaJbHbIMU CUMBOJIA-
MHU: < O3HayaeT BbIpaBHUBAHMUE 110 JIEBOMY Kpalo, > 03HayaeT BbIpaBHUBAHUE 110
MpaBOMY Kpalo, a ~ 03HayaeT BbIpaBHHUBaHHE MO IeHTpYy. Hampumep, HHCTPYK-
uua {0:>20} 03HayaeT, YTO B COOTBETCTBYIOIIEM MECTe HY>KHO BCTaBUThH Iiep-
BbIH (110 MOPSIAKY) apryMeHT MeToZla format (), MOA 3TOT apIryMEeHT HY>KHO BbI-
JIeJIUTH NI0JIe IMMPUHON He MeHbllle 20 CUMBOJIOB, 2 BCTaBJISIEMbIH TEKCT T0OJKEH
BBIPaBHUBATHCS 110 IIPaBOMY Kpalo.

) Ha3sametky

YucnoBoi NnapamMeTp Nocrne ABOETOUYNA ONPEAENSET MUHUMASBHYIO LUMPUHY BblAense-
Moro nons. Ecnv BCTaBnseMblil TEKCT 3aHMMaeT 60siblue MecTa, TO AaHHbI napameTp
UrHopupyeTcs. ‘

Mo ymMOn4aHuIoO UCNONb3yeTCs BbipaBHUBAHWE TEKCTA MO SIEBOMY KPato.

He6o1b1110¥ mpuMep MCIOJIb30BaHUs MeTola format () NPUBEJEH B JIMCTUH-
re 5.18.
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~ Nucrunr 5.18. Crpoka dpopmata

txt="{0}xme {0} - Bymer {1}"

print (txt.format ("oBa", "ueTepe") )

print (txt.format ("rpu", "oeesare"))

print ("Tekct '{0}': {0:<20}.".format ("abcdef"))
(
(

print ("Tekct '{0}': {0:720}.".format ("abcdef"))
print ("Texcr '{0}': {0:>20}.".format ("abcdef"))

PeayanaT BBITIOJTHEHHU S 3TOI'O IPOIrPaMMHOI'0O KOJAa TaKOI:

T BnonHeWMR NpOTpaMMS (W3 MCTHNTa 5.18)
OBaxOel OBa - OyneTr deTepe

TPMXIOH Tpy — OyIeT IOeBATbH

Texcr 'abcdef': abcdef .

Texct 'abcdef': abcdef "
Tekct 'abcdef': abcdef.

CyliecTBYIOT U [IpyTUe TPUEMBI BBIMOJIHEHUS (POPMATHPOBAHUS, B TOM YHCJIE
U ¢ MOMOIIIbio MeToa format (). B ciyyae HEO6XOMUMOCTH YUTATED MOXKET
00paTUTHCS K CIIEIMAIBHOM CIIPaBOYHOM JIUTEPATYPE UJIU BCTPOEHHOM CIIpaBKe
cpensl pa3pabotku Python.

Pes3iome

Bom 6edv, na 6cex s3bikax 2080puulv, a no-
DYccKu He nOHUMaewLd.
u3 /¢ "lloxpoecxue 6opoma”

1. MHOXeCTBO - 3TO HEYNMOPsIIOYEHHBIA HAOOp YHUKAJIbHBIX 371eMeHTOB. Co3-
JaeTcsi MHOXECTBO € IIOMOLIbI0 PYHKIMU set () (apryMeHTOM Nepeaaercsl
CIIUCOK C 3J7IeMEeHTaMU MHOXECTBA) UJIU IIyTeM NepeyrCcIeHUs 3JIeMEHTOB B
(urypHsix cKoOKax.

2. Jlns mpoBepKHU TOTO, BXOAUT JIU 3JIEMEHT B MHOXKECTBO, UCITOJIB3YIOT OIepa-.
TOp in.

3. KosmuecTBO 371eMEHTOB B MHOXKECTBE ONPENENISAIOT C MOMOIIbI0 (DYHKIUU
len ().

4. [lnisi co3manust KOMM MHOXKECTBA UCMOJIb3yETCSI METO COpY () .

Ilns moGaBJieHUs 3JIeMEHTa B MHOXECTBO HCIOJb3YIOT MeTon add (), AIA
yaajeHus - Metosl remove (). s 106aBJIeHUsI B MHOKECTBO 3JIEMEHTOB
JApyroro MHOXXeCTBa MCIIOJIb3YIOT METO update ().



6. O6T>el_II/IHEHI/Ie MHO>XECTB - MHOXXE€CTBO, 3JIEMEHTbI KOTOPOI'O COCTOAT U3 3Jie-

MEHTOB 00'beIMHSIEMbIX MHOXECTB. /[J1s1 00be IMHEHUSI MHOXKECTB UCTIOJIb3Y-
I0OT MeToJ union () WY onepaTop |.

7. Hepeceqe}me MHOXECTB - MHOXECTBO, 3JIEMEHTbI KOTOPOI'O COCTOAT U3 3JI€-

MEHTOB, O0LIMX /1T 060X MHOXeCTB. /1151 BbIYMCJIEHUS TIepeceYeHs] MHO-
JKECTB UCIIOJIb3YIOT METOA intersection () WX ONEpaTop &.

8. Pa3HocTh MHOXECTB - MHOXECTBO, 3JIEMEHTBI KOTOPOI'O COCTOAT U3 3JIEMEH-

TOB II€PBOr0 MHOXKECTBA, 3a BBIYETOM TEX 3JIEMEHTOB, KOTOPbIE BXOASAT BO
BTOpPOE MHOXKECTBO. [[JIs1 BBIYUCJIEHUS] PA3HOCTU MHOXKECTB UCIOJIb3YIOT Me-
togqdifference () uau onepatop -.

9. CI/IMMeTpI/I‘{ECKaH Pa3HOCTb MHOXXECTB - MHOXECTBO, 3JIEMEHTBI KOTOPOI'O CO-

10.

11.

12.

13.

14.

15.

16.

CTOSAIT U3 3JIEMEHTOB IIEPBOr'0 ¥ BTOPOI'O MHOKECTB, 3a BBIYETOM TEX 3JIEMEH-
TOB, KOTOpPbIE BXOAST B 062 MHOXECTBA OJHOBPeMEHHO. [[Jisi BbIYKMCJIEHUS]
CMMMETPHYECKOH Pa3HOCTH MHOXECTB HCIOJb3YIOT METOA symmetric
difference () uau oneparop ".

Jl1si cpaBHEHUsT MHOXKECTB MCIOJIb3YIOT OMEepaTopbl == (PaBEHCTBO MHO-
XecTB), < (IEPBOE MHOXECTBO €CThH MOAMHOXECTBO BTOPOIO MHOXECTBA),
<= (mepBoe MHOXECTBO SIBJSIETCS MMOJMHOXECTBOM BTOPOIO MHOXECTBA
WJIM MHOXECTBA PaBHBI), > (BTOPOE MHOXECTBO €CTh IIOJIMHOKECTBO ME€PBO-
r'O MHOXECTBA), >= (BTOPOE MHOXECTBO SIBJISIETCSI IIOIMHOKECTBOM IIEPBOTO
MHOX€ECTBA MJIM MHOXKECTBA PABHBI ).

TeHepaTop MHOXeECTBA MOJ00EH eHEpPAaTOPy CITUCKA, HO BCSI KOHCTPYKI[HSI
3aKJIoyaeTcs B purypHbie CKOOKH.

CioBaph MpeCTaBJsieT COO0M HEyNMOpsiIOYeHHbIH HAabop 371eMeHTOB. [[o-
CTYH K 3JIEMEHTaM CJIOBAPSI BBIIOJIHSIETCS 110 KJIIOYY.

Jls1s1 co3iaHust CI0Bapsl UCMOJIb3YIOT (PYHKIUIO dict (), apryMeHTOM KOTO-
PO¥i IepeslaloT CIHCOK C dJieMeHTaMU-ciuckaMu. Kaxkaplit Takoii BHY TpeH-
HUH CIUCOK COCTOUT U3 ABYX 3JIeMEHTOB: 3HaUeHUsI KJII0Ya ¥ 3HaYeHHUsI 3Jle-
MeHTa. MOXXHO Tak>ke CO3/1aTh CJIOBAaPh, 3aKJIIOYMB B (hUrypHbie CKOOKH, pa3-
JieJIeHHble JBOETOYMEM, KIIOYHM U 3HaUeHHsI COOTBETCTBYIOLINX 3JIEMEHTOB.

ﬂOCTyH K 3JIEMEHTaM CJIOBaps BBITIOJIHAETCA 110 KJIKOYY: IIOCJIE UMEHU CJIOBA-
Ps B KBaJPpATHBIX cKoOKax YKa3bIBA€TCA KJIIOY 3JIEMEHTA.

Merozn keys () I03BOJISET IOJIY4YUTD JOCTYII K KJII0OYaM caoBaps. [l nocty-
na K 3HaUeHUSIM CJIOBapsI UCNOJIb3YIOT MeTOA values (). MeTton items ()
BO3BpalllaeT KOPTEXHU C KJII0YaMU U 3HAYEHUSIMU 3JIEMEHTOB CJIOBapsl.

Jlns y nasieHust aJieMeHTa U3 CJI0Bapsi IPUMEHSIIOT MeTo pop () . [lyist no6as-
JIEHUS] HECKOJIbKUX 3JIEMEHTOB UCNOJIb3YIOT MeTo update (). HoBblii ase-
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MEHT B CJIOBapb MOXHO lIO6aBI/ITI), NPpHUCBOUB 3HAYEHUE BJIeMeHTy C HOBBIM
KJIIOYOM: II0CJIE UMEHU CJIOBAPS B KBaJAPATHBIX CKOOKax YKa3bIBA€TCA KJIKOY
]106aBJISIeM01"O JJIEMEHTa, U, II0CJI€ 3HaKa PaBEHCTBA, 3HAYE€HHE 3JIEMEHTA.

17. IloBepxHOCTHas KOMUS CJIOBAps CO3/IA€TCS C MOMOIIBIO MeTo/a copy (), a
MIOJIHYI0 KOIHIO MOXKHO CO3/IaTh C IIOMOIIBbIO (PyHKIMK deepcopy () U3 MO-

AyJIsi copy.

18. TenepaTtop cyioBapsi 3aKJO4aeTcss B (UTypHble CKOOKH, ¥ OJHOBPEMEHHO
HY>KHO CO3JaBaTh IBa lTapaMeTpa: KoY U COOTBETCTBYIOIIUI €My 2JIEMEHT
CJIOBapsl.

19. TekcToBasi CTpOKa - yIOPsIAOYEHHbIM HAG0p CMMBOJIOB. TeKCTOBBIE JIUTEPA-
JIbI 3aKJIIOYAIOTCS B OJUHADHBIE WJIU IBOUHBIE KABBIYKHL.

20. [ns nobasrenusi anoctpoda, ABOMHBIX KaBbIueK, 0OPATHOM KOCOU YepThI
niepeji 9STUMK CUMBOJIAMH YKa3bIBaeTcst oOpaTHasi kocasi yepta \. O6paTtHasi
KOcasl YepTa UCHOJb3yeTCs U B psifie ClieliMabHbIX CUMBOJIOB, TAKHX KaK Ta-
Gyisiiust \ t MJIM MHCTPYKIMSI Iepexo/ia K HOBO CTpoKe \n.

21. K asemenTam (CMMBOJIaM) CTPOKH MOXHO 06paiaThes Mo MHAEKCY (MHIEK-
canust GYKB B CTPOKE HAUWHAETCS C HYJIS): TTOCJIE TEKCTOBOM NEPEMEHHOM B
KBaJPaTHBIX CKOOKaX YKa3bIBaeTCsl UHAEKC OYKBBI B CTPOKE. Takxke J0Iy-
CKaeTCs BBITIOJHEHHE CPE30B [JIsSI TEKCTOBOU CTPOKIL

22. VI3MeHUTD TEKCTOBOE 3HAU€HUE HeJb3st (HO MOXHO TEKCTOBOU IepeMeHHON
MIPUCBOUTH HOBOE 3HAYEHUE).

23. [Ins koHkaTeHauuu (0OBEIUHEHUST) TEKCTOBBIX CTPOK HCIOJB3YIOT OIle-
paTop +. SIBHOe npuBeieHUE K TECTOBOMY THIY BBIIIOJIHSIETCS C IOMOMIBIO
$yHKIUU str ().

24. KonnyectBo OYKB B CTPOKE MOXKHO OIPEAESUTh C MOMOINBI0 (DYHKIUH
len().

25. CyuiecTByeT 3HaUMTEIbHOE KOJMYECTBO METO/IOB, KOTOPBIE MO3BOJISIIOT BbI-
TOJIHSITh CaMble pPa3HOOOpa3Hble Orepali C TEKCTOBbIMU 3HAYEHHUSIMH,
BKJIIOYasi (HO He OrPaHUYMBAsICh) CJEAyIollee: Mpeobpa3oBaHe PErucTpa
CHUMBOJIOB, ITOMCK CUMBOJIOB UM MOJCTPOK, 3aM€HA TEKCTOBbIX (hparMeHTOB,
pa3buBKa CTPOK Ha MOJCTPOKH, MPOBEPKA COJEPKUMOTO TEKCTOBOI CTPOKH,
¢dhopMaTHpOBaHUE TEKCTOBOM CTPOKH /IS BBIBO/IA B KOHCOJIb, U MHOTOE JIPY-

roe.







[naBa 6

OcHOBbl OOBEKTHO-
OpPUEHTUPOBAHHOIO
nporpaMmmMmnpoBaHus



Hcmopus, nedenauas kposs. I100 mackoii 08y
cxpuiancs ae!
u3 /¢ "Iloxpoecxue 6opoma”

B 3T0i1 r/1aBe MbI MO3HAKOMUMCSI C OCHOBaM# 00bEKTHO-OPUEHTHPOBAHHOT'O TIPO-
rpammupoBanus (cokpauieHHO OOII), a Tounee, ¢ TeM, kak npuHIiunsl OOII pe-
anusyioTcs B sizbike Python. B ocaoBe Bceit konneniuu OOII, 6e3 mpeyseu-
YeHUsl, HAXOISTCS TaKUe MOHSITHUs, KaK k1acc U obsexm (B oTHoweHuu Python
3TO K1acc U sksemniap kracca). I10aToMy Mbl HAYHEM CO 3HAKOMCTBA UMEHHO C
3THMH TMOHSITUSMM WM UX aHAJoraMu (XOTsi, 6e3yCJI0BHO, TOJBKO UMH [IEJIO HE
OTPaHUYUTCH).

Knaccbl, 00beKTbl U 3K3eMNAspbl KN1acCoB

Ha mo aed, ymo6 ckonvume.
u3 /¢ "Iloxpoecxue sopoma”

[Tpex e, yeM Mob.IMXKe TO3HAKOMUTHCS C KJIacCaMH i 00bEKTaMH, UMEET CMBICJT
NOJYEPKHYTh HECKOJIBKO MPUHIMIUAAIBHBIX MOMEHTOB, KOTOPbIE B HEKOTOPOM
CMBICJIE TIOJITOTOBST YUTATEJISI K TOMY MOJXOY, KOTOPBIA OYIeT UCIOJIb30BaH B
3TOM rJaBe JJist 00bsicHeHUs] (hyHIaMeHTaIbHBIX NOHATHI 1 mpuHiunoB OOTI.
Jluist Hac BaXKHO BOT YTO: peub Oy/IeT UATH He MPOCTO O KJaccax M 00beKTax, a o
TOM, KaK KOHIIEMIIUsI KJIaCCOB 1 00BEKTOB peasusyercs B sizbike Python. [Toue-
My 3TO BaxkHO? BaxkHo moromy, uto caMma 1o ce6e rema OOII u, 60s1e€ KOHKPET-
HO, KJIACCOB ¥ 06EKTOB, 0OBIYHO JOCTATOYHO CJIOXKHA /175l TOHMMaHHUSI 1aJKe 1715t
TeX, KTO MIMEeT OIbIT IPOrpaMMHUPOBaHUsI. A B ciiydae ¢ si3bikoM Python mpo6te-
MBI, CKOpP€ee BCEr0, BOBHUKHYT HE TOJBKO Y HOBUYKOB, HO M Y YMTATEJIEH, 3HAKO-
Mbix ¢ Metogamu OOII Ha mpuMepe Takux SA3bIKOB, Kak C++, Java wiu C#.

2 Hasametky

MOHATHO, YTO BbILLE U3NIOXEHO TOMBKO NpeanonoxeHve. Hapeemcs, 4ToO ANA yaTaTens
BCe, 4TO ByaeT o6CcyxaaTbca Aanee, OKaxeTCs NOHATHLIM UK AaxXe 04EBUAHbIM. Tem
He MeHee, CTaTUCTVKa U NpakTuka npenoaasaHvs ropopat 06 o6paTHoM. Mel Toxe 6y-
[eM ncxoavTb U3 cyposbix peanuii OOM. Mpu 3TOM NPUNOXUM BCE YCUNNS, 4TOObI N3-
y4yeHue a3oB (U He Tonbko a3os) 00NN 6o Hanbonee yaobHbIM U HAaUMEHEE TPYOOEM-
KUM.
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Bce neso B ToM, uTo MexaHu3MsI U npuHiuns! peanusaipu OOII B Python 3na-
YUTEJbHO OTJIMYAIOTCS OT TeX, YTO McHosb3oBaHbl B C++, Java u C#. [Ipunnu-
MHAJbHbIE PA3JIMYMSI CYIIECTBYIOT 1a)Ke Ha y pOBHe TepMUHOJIoru. Iloatomy me-
pell HaMH CTOUT JIBOMHAs 3a/ja4a: C OHOM CTOPOHBI, HEOOXOAMMO B JIOCTYITHOM
dopme uzsoxuts npunnunel OOII a5t TeX, KTO ¢ HUMU He 3HAKOM, a C ApYyToi
CTOPOHBI, BAXKHO BEPHYTh "Ha IMyThb UCTUHHBINA" TeX, KTo u3ydaa OOII B koHTek-
CTe IPYTUX SI3bIKOB IPOI' PAMMUPOBAHMUSI.

1 Hasametky

Ana Tex, KTO 3HaKOM C APYruMu O6BHEKTHO-OPUEHTMPOBAHHBLIMU A3blkamun: B Python
Knacc cam sBnseTcs 06beKTOM. TO MHTpUryowee 06CTOATENLCTBO UMEET BECbMA Aa-
neko uaywwme nocneacteus. bonee Toro, kak Mbl yxe 3HaeM, nepemeHHble B Python He
0o6baBnAOTCA, @ BBOAATCA B NPOrpamMmy nyTemM NnpucBavBaHvsa 3HavyeHus. ITo xe npa-
BWJIO OCTaeTCs cnpasennunebiM Npu paboTe ¢ knaccamu n o6bektamun. OTClIoaa nonyya-
eTcs, YTO npoueaypa 06bABNEHUs NonNen, CTaHaapTHas AN MHOTMUX A3bIKOB NpOorpam-
MupoBaHus, B Python npocTo TepsieT cMbIcn. AHANOrnyHO, MHOrne NpuBblYHbIE (MO
f3blkam nNporpammMmpoBanuns C++, Java n C#) B OO MOMEHTbI OKaXyTCs Yy>XAbIMU NS
a3blka Python. Kopoye roBops, B 9k30Tuke HegocTtarka He byaer.

Inaguasi uness OOII cocTouT B TOM, 4TOOBI OOBETUHUTD B OIHO 1I€JIO€ TaHHbIE
(TO ecTh TO, YTO XPAHUTCS B TIEPEMEHHBIX) U (DYHKIUH, [IPeJHA3HAYEHHBIE JJIST
06paboTKU 3THX JaHHBIX. Peamsyercst ata uaes B kiaacce. [lo 6osbuioMy cue-
TY KJIACC - 9TO HeKasi KOHCTPYKIKsI, KOTOPasl CBSI3bIBAET MJIU OOBEUHSIET OIpe-
JieJIEHHOE KOJIMYECTBO TePEMEHHBIX U OIPe/IeIEHHOe KOnuecTBo GyHkuuit. Ha
OCHOBE KJIacca CO3/1aI0TCs 00 sekmbt. Booblie, mpo kiacc y106HO 1yMaTh Kak Mpo
HEKOTOPBIH 111a6JI0H, HA OCHOBE KOTOPOTo 3aTeM "o 06pa3y U moagobuio” co3aa-
10TCcs1 06beKThL. HO BaXKHO MOHMMATB, UTO 3/IECh PeYb UJET HE O CO3/aHUU KJIO-
HOB. To ecTb Ky1acc U 0OBEKT, CO3/ITaHHBIN HA OCHOBE 3TOTO KJIACCA - COBEPIIEHHO
pasHble Bellld (UM CyIIHOCTH ). MBI BOCcTiOJIb3yeMcs aHaJiorueil. J[omyctum, HaM
HY>KHO c/ieJiaTh (co6paTh) aBTOMOGHIIb. 3aBOJ Y HAC €CTh, ¥ MBI MOXEM TPOM3-
BecTH JI00y10 1eTasib. Ho aToro Maso. HaM Hy keH HEKUH [JIaH WK YePTEX, KO-
TOPBIii ObI JaBaJI HAM YETKOE U OJIHO3HAYHOE TIPEICTABJIEHHE, KAKUE IETAJIU B aB-
TOMOOMIJIE KaK U Kya Kpensitcs. [IOHsATHO, 4YTO Ha CAMOM JIeJIe TaM OY€Hb MHOTO
yepTexKeH 1151 pa3HbIX 6I0KOB U MexaH3MOB. Ho B JaHHOM cTyyae 3TO He Bax-
HO. MbI MOXEM yMaTh, YTO YePTeXK OMH. BOT 3TOT YepTexk, Ha OCHOBE KOTOPO-
ro cobupaeTcsi aBTOMOGUIIb - 3TO aHAJIOT Kjacca. A aBTOMOOUJIb, KOTOPBIA CO-
GupaeTcsi B COOTBETCTBUU C YEPTEXKOM - aHAJIOT 0ObEKTA, CO3[aHHOTO Ha OCHO-
Be KJIacca.

Kakyto posb urpaet yeprex? B HeM "nponucaHo”, kKakue JeTaju eCTb Y aBTOMO-
OWJIST ¥ YTO 3TO aBTOMOOHJIb "yMEET JeJIaTh": CKOJIbKO JBEPEH, CKOJIBbKO (ap u
KaK OHU PaCIIOJIOXKEHBI, Pa3Mep KOJIeC, HaJMyue WIH OTCYTCTBUE KOHAUIIMOHE-
pa, paAONIPUEMHUKA, MAPKOBOYHOTO YCTPOMCTBA, U MHOTOe Apyroe. Bce aBro-



MOGUIIH, COGPaHHBIE [I0 ITOMY YepPTeXY, Gy/yT OMHOTUIIHBIMH B CMBICJIE Habopa
OnuUii U QyHKIIMOHAJIBHBIX BO3MOXKHOCTel. Eci MbI BO3bMeM pYroil yeprex
U cobepeM aBTOMOOHIIb 0 3TOMY YEPTEXKY, TO, OUEBH/IHO, YTO NOJYYUM aBTOMO-
OUJIb C HECKOJIBKO MHBIMU XapaKTEPUCTUKAaMU (BCe 3aBUCUT OT YEPTEXa - UTO B
HeM 3aJI0KEeHO, TO U [OJIyYUM).

To ectb cuTyanus ciemymomast
* EcTb yepTexx aBTOMOOHIIS.. ITO aHAJIOT KJIacca.

* Ha ocHoBe yeprexa MOXHO coOMpaTh aBTOMOOUJIM. ABTOMOOUJIb, CO-
OpaHHBIA Ha OCHOBE 4YepTeXka - aHaJor 0ObeKTa, KOTOPBIA CO3JaH Ha
OCHOBe KJIacca.

Ho 370 ee He Bce. YepTesx Beb JODKEH ObITh "3amucaH” Ha KAKOM-TO "HOCHUTe-
se". Ceifuac, KOHEYHO, "HOCUTEJISIMU" SIBJISIIOTCSI KOMITBIOTEPBI, HO HaM y00Hee
JyMaTb, YTO YEPTEX BHIMOJHEH Ha JicTe 6yMaru. JIucT 6yMaru ¢ 4epTeskoM - 3TO
TOXe OOBEKT, - HO IPYroi, He TaKOM, Kak aBToMOOMJIb. To ecTh Ha caMoM Jee,
€CTb Takoif 00beKT, Kak uepTex. Ha ocHOBe 3TOro 06eKTa MOXKHO CO3/1aTh APY-
roil 06bEKT - aBTOMOOHJIb. 31€Ch "CIIPATaHO" BaXKHOE 0OCTOSITENIBCTBO, CIIEIH-
(dbuyHOEe MIMEHHO /17151 si3bika Python: B 3TOM si3bIke 0GBEKTOM SIBJISIETCS HE TOJIb-
KO TO, YTO MbI CO3/Ia€M Ha OCHOBE KJIacca, HO U CaM KJIacC SIBJISETCS OObEKTOM.

TouHO Tak e, Kak 6YMasKHBIH JIUCT C YEPTEXKOM SIBJISIETCS OO BEKTOM, OTIUYHBIM
OT aBTOMOOUJIsI, 0OBEKT, KOTOPHIM SIBJISIETCSI KJIACC, OTJIMYAETCST OT 0ObEKTa, KO-
TOPBIH co3maeTcst Ha OCHOBe KJiacca. M 37ech Mbl IOAXOAUM K OY€Hb BaXKHOMY
MecTy: K mepmuronozuu. ToT 06BEKT, KOTOPBII CO3/1aeTCsT HA OCHOBE KJIACCa, MbI
Oy1eM Ha3bIBaTb IK3eMNApom Kaacca. TOT 06BEKT, uepe3 KOTOPbI peaTn3yeTcsi
KJ1acc, 6y/1eM Ha3bIBaTh 00BEKMOM KAACCA.

) Ha3zametky

Ana ¢panaTtoB C++, Java n C# Takoii TEPMUHONOMMYECKUIA NOAXOA MOXET NoKasaTb-
CSl MPOU3BOJIOM (AEeN0 B TOM, YTO B 3TUX A3blkax 06bEKTOM kjlacca 06bIMHO Ha3biBaIOT
TOT 06BEKT, 4TO CO3AaeTCs Ha OCHOBE kacca). Ho Mbl Tak nocTynaemM no Heo6xoanMmMo-
CTW U Cnefyem TOi Tpaauumm UMeHOBaHUSA KNaccoB 1 06bEKTOB, KoTopas "uctopuye-
cku" cnoxunacb cpeau pa3paboTumkoB si3bika Python n nporpammmncTos, ucnosnb3yio-
WX 3TOT A3bIK.

Urak, nanee mMbl 6yeM HUMeHOBAaTH OOBEKTHI, KOTOPbIE CO3JAIOTCSI HA OCHOBE
KJIacca 9K3eMNAAPAMU KIACCA WU TIPOCTO ak3emnaspamu. Takxe B HEKOTOPBIX
CJlyyasix UCIOJIb3YIOT TEPMUH 00sekm-ak3emnasp. To, uto kiaacc B Python Ha ca-
MOM [IeJie SIBJISIETCSI OOBEKTOM - 0OCTOSITENBCTBO BaXKHOE, HO HA JAHHOM 3Tarie
MbI Ha 3TOM 3alUKJINBaThCs He OyeM. XOTsl BIIOCJIEICTBUHM U BCTIOMHUM O TaKOM
ero ocoberHocTu. Ceifuac CKOHIIEHTPUPYEMCs Ha IBYX BOIIPOCaX:
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* Kak co3gaTs (ommcaTp) Kjacc?
* Kaxk Ha ocHOBe KJiacca co37aTh 3K3eMILISp Kjacca?

OTBeTHI Ha 3TU BOIMPOCHI OJTHOBPEMEHHO TPOCTbIE W CJIOXHBIE. [IpocThie OHH,
€CJI CMOTPETH Ha BCE 3TO C POPMaJIbHON TOUKH 3PEHUS. A CIOXKHBIMH OHU CTa-
HOBSITCSI, KaK TOJIbKO MbI HAUWHAeM "KomaTh Briayob".

HWtak, ma6JIoH onucaHus KJacca UMeeT cJeylomui BUL (KUPHBIM mpudTom
BbI/IeJIEHBI KJII0UeBble HHCTPYKIUH):

class uma_kjacca:
# Tesio kJjacca

HaunHaeTcsi Bce ¢ KJIIOYEBOTO CJIOBA class, MOCJIe KOTOPOr'O YKa3bIBAETCS UMsL
Kaacca v IBOETOYMe. 3aTeM ONMHUCHIBAETCS TeJIO KJacca (HAIOMUHAEM, YTO MPU
OMUCAHUU UHCTPYKIIUHU B TeJie KIacca HeoOXO0JMMO JIeJIaTh OTCTYIIBI - PEKOMEH-
JIyeTCs UCTI0JIb30BaTh YeThIpe mpobesia). UTo xxe muiyT B TeJsie kiaacca? B Tese
KJIacca, KaK MpaBUJIo, OMKMCHIBAIOT Memoobl. MeTo[ - 3TO Ta e (PYHKIUS, TOJIb-
KO BBI3BIBATHCS OHA Oy/IeT U3 IK3eMILIsIpa Kacca. MbI ¢ METOJaMU YXKe UMeJU
Zes10 HeoJHOKpaTHO. Ho TOJIbKO paHblile Mbl UCIIOJIb30BAJIU TOTOBBIE METO/IBL, &
Tellepb HaM IIPEJICTOUT BCE 3TO OPraHU30BaTh CBOUMU PyKaMH.

[Ipex e, 4eM pacCMOTPETh KOHKPETHBIIA TIPHUMeEDP, OTMETUM OJIHO BaXkHOE 06CTO-
siteibcTBO. DOpPMaJIbHO METO/ B TeJIE KJIaCCa OMUCHIBAETCS Kak 00bIyHast QyHK-
usi. Ho MeTob1, Kak MBI y2ke 3HaeM, JI0JIXKHBI BbI3bIBATHCS U3 9K3EMILISIpa KJIac-
ca. [Ipu onucaHuu MeToa FK3EMILJISIP KJIacca, U3 KOTOPOTo OYIEeT BHI3bIBATHCS
METO/I, I0JIXKEH ObITh SIBHO YKa3aH KakK MepBblit apryMeHT MeTtozia. [Ipu Bbi3oBe
METO/Ia 3TOT aPryMEHT METO/Ly SIBHO He nepenaercs. [[puurHa B TOM, UTO 3K3€M-
IUISIP KJIAcca, U3 KOTOPOTO BBI3BIBAETCSI METO/I, YKA3bIBAETCS SIBHO (TIEpe] UMe-
HeM MeTojia yepe3 Touky). [loyyaeTcst Takoe cBoeo6pa3Hoe MpaBUJIo, KOTOPOE
YCJIOBHO MOXKHO Ha3BaTh "MUHYC OJIMH aPI'yMEHT " : IIPU BBI30BE METO/Ja U3 9K3€EM-
IUIsIpa KJIacca y HETO Ha OJIMH apTyMEHT MEHBIIIE, YeM 3TO OBbLJIO MPU OMUCAHUH
MeTo/a (3TO ecJIi HET aPIYMEHTOB CO 3HAYEHUEM 110 YMOJTYAHHUIO).

(2 Hasametky

Apyrumn cnosamum, Npy onncaHnM MeToAa B Tene Kiacca y Hero AosmkeH 6biTb, Mo kpaii-
Heli Mepe, 0AUH apryMeHT. [epBblii apryMeHT B CNMCke apryMeHToB meToaa 0603Hava-
€T TOT 3K3eMNAsp Kfiacca, M3 KOTOPOro Bbi3bIBAETCH (MW ecnn To4Hee, 6yaeT Bbi3bl-
BaTbCs) MeToa. Koraa MeTop, Bbi3biBAE€TCA, TO CaMblii NEPBLIA U3 apryMEHTOB €My He
nepepaeTcs (TO4Hee, B KPYribix CkoBKax nocne uMeHn MeToaa He yKkasbiBaeTcs) - B Ka-
4YecTBE NEPBOro aprymMeHTa asToMaTU4eCKn UCNOoJb3yeTCs CChifka Ha 3K3eMnasap Kiac-
ca, U3 KOTOPOro Bbi3BaH MeToa,

Hy un, pasymeeTcs, U3 Toro, 4To y METOAa €CTb apryMeHT, eLe He CreayerT, 4To 3ToT ap-
rymeHT 06a3aTensHo AomkeH 6biTb 3a4eACTBOBaH B NPOrpaMMHOM KOAe MeToaa.



Cyl1ecTByeT coryanieHde Ha3blBaTh NPU OMHCAHUM METO/A TEPBBI €ro apry-
MeHT self. Mbl Toxe GyneM MPUAEPKUBATHCS ITOTO COTJIALIEHHS - TO €CTh B
TeX MecTax MPOrpaMMHOTO KO/Ia, T/Ie Y MeTo/ia OO'BbSIBJIEH apryMeHT C Ha3BaHHUEM
self, 3TOT apryMeHT Oy/eT 03HaYaTh CCHIIKY Ha IK3EMILISIP KJ1acca, U3 KOTOpO-
'O BBI3BIBAETCSI METO/I.

ITocse Toro, kak KJacc co3/aH, BO3HUKAET CJAeLyIOIIHMIA BOIPOC: Kak Ha OCHO-
Be KJlacca cOo3[aTh IK3eMIUISIp kiacca? /lesaeTcs 3TO OYeHb MPOCTO C IIOMO-
IbI0 KOMaH/bl BUJa NepeMeHHasa=kyacc (). /pyruMu ciosamy, nocjie uMeHH
KJlacca yKa3blBaeM KpYyTJible CKOOKHU (TOKa YTO MyCThie) U BCIO 3Ty KOHCTPYK-
IIUIO IPUCBaMBAaEeM B KaueCcTBe 3HaYEHUSI HEKOTOPOI nepemenHo. Kak pe3yib-
taT 6y/eT CO3/[aH 9K3eMILISIP Kjlacca, a CChJIKAa Ha 3TOT 3K3eMILJISIP 3alcaHa B
epeMeHHy.

(1 Ha3sameTky

KomaHaa cosaaHus ak3emnaspa knacca MoxeT 6biTb 60see 3ambicnosaToii. Ho aTy cu-
Tyaumio Mbl 06CyAMM NOCAE TOrO, KaK NO3HAaKOMUMCS C KOHCTPYKTOPaMM.

MeToz, onKcaHHBIN B KJacce KaK METOM 9K3eMILISAD KJjacca (a Mbl IOKa APYTUX
BapHaHTOB He 3HAeM), BbI3bIBAETCSI M3 3K3eMILIsIpa KJjacca C MOMOIIbI0 "Touey-
HOT'O CHHTAaKcHca": I0cJje 3K3eMILIsIpa KJacca Yepe3 TOYKY YKa3bIBAeTCsl UMSI
BbI3bIBAEMOT0O MeToa. IIpr 3TOM METOY B KPYTJIbIX CKOOKAX MepeqaroTCs HyX-
Hble apryMeHThl. Eciiu apryMeHTBI MeTONy MepeiaBaTh He HY>KHO, MMyCThIe KPY-
rJible CKOOKU MOCJIe IMEHM METO/Ia Bce paBHO yKa3biBaeM. He6oibIoii mpumep
CO3/IaHMS KJIacca U IK3EMILISIpa Kjacca (C MocaeyoluiM BbI30BOM U3 9K3eM-
IJIsIpa KJIacca MeTo/1a) IpUBe/IeH B IMCTUHTE 6.1.

Nuctuur 6.1. Knacc v aksemnnspsl knacca

# Cosmaem kJjlacc c Has3BaHueMm MyClass
class MyClass:
# Meron skK3eMIuIgpa KJjacca.
# EOVMHCTBEHHEN apTyMeHT Meroma self - cceuka
# Ha sk3eMmyIgp KJjlacca, M3 KOTOPOI'O BHEI3EHBAETCSH
# Meron
def say hello(self):
# MeTonoM orobGpaxaercs coobuweHue. ApPTYMEHT
# Meroma (cceuika self) ABHO He MCIIOJIb3yeTCH
print ("Bac npuBeTCTByeT 3K3eMniap kJjacca!'")
# CozpmaeM 3K3eMIUIAP KJlacca
obj=MyClass ()
# BrI3HIB@EeM MeToI 3K3eMIUIgpa KJjlacca.
# Ilpy BEI3OBE ApPI'yMEHTH METOOY He [NepemanTcs
obj.say hello()



Fnaga 6. OcHOBbI 06 BEKTHO-OPNEHTUPOBAHHOIO NPOrPaAMMUP OBAHNS

B pe3yIbTaTe BBINIOJIHEHUA MAaHHOI'O MPOrpaMMHOIO KOJa B OKHE BBIBO/IA IMOSIB-
JISAIOTCA TaKOe COO6L[IeHI/IeI

- PeaynbTar BbinonHeHus nporpammbl (U3 nuctuira 6.1)

Bac NpMBETCTBYyeT 3K3eMIIAp kJjacca!

B nannoMm ciryyae MbI co3ziaeM Kjacc ¢ Ha3BaHueM MyClass. B Tese ksacca onu-
CaH BCero OJIMH MeTO/I, KOTOPBIA Ha3bIBAETCS say hello (), ny3TOro MeToja,
KaK HeCJIO)KHO 3aMEeTHUTb, OIMH apryMeHT, KOTOPbIi Ha3biBaeTcs sel f. B teise
MeTOoJa UMEETCs OQHA KOMaHJa print ("Bac NOpMBEeTCTBYeT 3K3eMIJSp
kJlacca!"), B pe3yJbTaTe BBITOJHEHUSI KOTOPOM, KaK Mbl He 6e3 OCHOBaHMIA
O0)KHUaeM, B OKHE BbIBOJIa ITOSIBUTCS TEKCTOBOE COOOILEHHUE.

(O HasameTtky

XoTts MeTon, say_hello () OObSABNAEH C apryMEHTOM self, 3TOT aprymeHT B Tene me-
TOAA Ha CaMOM fene He UCnosb3yeTcs. 3AeCb HET HAYEro "He3akoOHHOro". XopoLuero,
npasaa, Toxe mano. KomMmeHtapum - ganee.

IK3eMILIsP Kjacca co3aeTcs KOMaHaoN obj=MyClass (). B nanHom ciyuae
JK3EMILISIp KJlacca CO3JaEeTCs HEMOCPEACTBEHHO IIPU BBINIOJIHEHUU UHCTPYKLIUU
MyClass (), a CChLJIKa Ha 3TOT 3K3EMILISIP 3alIUCHIBAETCS B IIEPEMEHHYIO Ob7.
Ho Mmb1, eciut 310 He 6yaeT BbI3bIBaTh HeO0pa3yMeHUH, 3/1eCh U qajee OyaeM Ha-
3bIBaTh 9K3EMILJISIPOM KJlacca IIEPEMEHHYI0, KOTOpasi Ha CAaMOM JIeJIe BCEro JIMIIb
CCBLJIAETCS Ha dK3EMILISIP KJacca.

Meton say_hello () u3 3k3eMIuIspa Kjacca (TlepeMeHHasi obj) BbI3bIBAETCS
KOMaHziol obj .say _hello (). B npuHuumne, Takoro poaa KOMaHAbl, KOTAa Me-
TOJ] BBI3bIBAETCS U3 3K3eMILIsIpa KJIacca, Mbl yKe HCIOJIb30Bai BO MHOXKECTBE.
O6paniaer Ha cebsi BHUMaHHe 1Ba 0OCTOSITEIBCTBA.

Bo-nepBbix, x0Ts1 MeTox say hello () onuchiBaJCs B Kjacce C OZHUM apry-
MEHTOM, BBI3bIBAETCSI OH 6€3 mepesayu apryMeHToB. To ecTh MoJIyyaeM NpaBu-
JI0 "MUHYC OJUH apryMeHT” B AeicTBUU. BO-BTOpBIX, pe3yJibTaT BBHINOJHEHUS
Meroza say hello (), B CHJIy TOro, KaK OH OIpe/ieJIeH, He 3aBUCUT OT 9K3eM-
IJisipa Kjacca, U3 KOTOpOro BbI3biBaeTcst MeTo/l. Eciii 661 MBI Ha OCHOBE KJiac-
ca MyClass c03aaJiy elle OQUH 3K3EeMILISIp KJacca U BbI3BAJIU U3 HETO METOA
say_hello (), pe3yabraT Obl1 ObI TOYHO TaKUM e, KaK B PaCCMOTPEHHOM
BbILIIE TIPUMeEDE.

XO0Ts1 HUYero HenpaBUJIbHOI'O UJIM HEKOPPEKTHOT'O B 3TOM HET, TaKOH ITOJXO0 Ipa-
HUYUT ¢ 1ypHBIM ToHOM. [Touemy? Kak MUHHMYM IIOTOMY, UTO eCJiM HaC yCTpau-
BAE€T CUTYal¥sl, KOT/Ia BCE 9K3EMILISIPBI KJIacca "BeyT" cebst OAUHAKOBO, TO BO3-
HHUKAIOT COMHEHUSI B Heo6xoauMocTH ucnosib3oBaiust OOII auist pernenusi coot-




BeTCTBYIoLLel 3angauu. [Ipolie roBopsi, 37iech UMeeT MeCTO He COBCEM a/leKBaTHOe
HCII0JIb30BaHUe 0ObEKTHO-OPUEHTHPOBAaHHOrO noaxoaa. [loatomy o6sryHO Me-
TOJbl, KOTOPbIE OIMCHIBAIOTCS KaK METOABI 9K3EMILIsIpa KJIacca, B TOM MJIM MHOM
BU/I€ UCTIOJIb3YIOT CCBLIKY Ha 9K3eMILISIP KJIacca, U3 KOTOPOI'O BBI3bIBAETCSI Me-
TOZ (IIepBbIi apIYMEHT ¢ pEKOMEHIOBaHHBIM Ha3BaHUeEM self).

[Ipexne, yeM MPUCTYHNUTHh K PACCMOTPEHHIO NIPUMeEPA, B KOTOPOM HaM yIacTcsi
1306eXxaTh OMUCAHHOM BbILIE JOCA[HONU HEMPUSITHOCTH, PACLINPUM MO3HAHMUSI OT-
HOCHUTEJIBHO COZIeP>KUMOTI0 9K3eMILISIPOB KJlacca. HoBocTh oueHb mpocTast: y k-
3eMILISIPOB KJIacCa MOTYT OBITh HE TOJIBKO METO/BI, HO U IlePEMEHHBIE, KOTOPBIE
MbI Oy/IeM Ha3bIBATh NOIAMU FKIEMNAAPA KAACCA. A BCe BMECTE, - TIOJISI U METO-
JIbI 9K3EMILTISIPA KJ1acca, - Oy/eM Ha3blBaTh ampubymamu sk3emnispa kracca. To
€CTb aTPUOYTBI - ITO MOJIST U METO/BL.

[ Ha3sameTky

CuTyauus c TepMUHONOrNEl He O4eHb 04HO3HAYHas. TePMUH r10J1e ckopee OTHOCUTCS K
Takum a3blkaMm, kak C++, Java nnm C#. B cnpaBo4HbIX pecypcax no s3biky Python 10, 4to
Mbl 6yaemM HasbiBaTb NoneM, 06bIYHO HA3bIBAIOT HECKOJNILKO UHAYE: arpnbyTbi-[aHHbIe,
nepemeHHble 3K3eMnaspa Kiacca, pexe - CBOVMCTBO, a UHOTAA MPOCTO UCNONbL3YIOT
TEPMUH arpnbyT. TeM He MeHee, TEPMUH 110J1e A0CTAaTOYHO KOMMAKTHbIN U ya06HbIA. UM
1 6yaemM nonb30BaThbCA.

DakTHyecky 1oJie 3K3eMILIsIpa KJjacca - 3T0O HEKOTOpasl epeMeHHast, KOTopast
"npunucaHa” (WM "TpUKpeIieHa") K 3TOMY 3K3eMIUIspy kJjacca. [Ipobiema
37leCb BOT B YeM: IlepeMeHHbIe, KaK MbI 3HaeM, I0SIBJISIIOTCS TOT' 13, KOT Ja UM IIpU-
cBauBaeTcs 3HayeHue. Ecii MbI TOBOpHM O TepeMeHHOM B KOHTEKCTE 3K3eMILTISI-
pa KJIacca, To eCTECTBEHHBIM 00pa30M BO3HUKAET BOIIPOC: I'/e, B KAKOM MECTE, T1e-
peMeHHOH (T10JI10) MOXXHO IIPUCBOUTD 3HaueHHe? JIOrMyHO NpeAnoI0XKUTh, 4TO
MDY BBIMIOJTHEHMH METO/Ia IK3EMILISIPa KJIacca.

Heb6o.1p1110# ipuMep, B KOTOPOM Peain3yeTcst TAKOW MOAXO0I, IPEICTaBJIEH B JIU-
cTuHre 6.2.

# CoszmaeMm kJacc
class MyClass:
# MeTonm mOJys NpMCBaMBaHMUSA 3HAUYEHUS
# noJso 3Kk3eMgpa Kjacca
def set(self,n):
print ("BHuMaHue! llpucBamBaeTcs 3HaueHue!")
# Moo NprcBamMBaeTCs 3HaueHMue
self.number=n
# MeTono OJid CUMTHIBAHMA 3HAUEHUSA
# mona sk3eMmisApa Kijacca
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def get (self):

# OrobpaxaeM 3HaYyeHUE [OJIA

print ("3HaueHue nonsa:",self.number)
# CozmaeM sk3eMnisgp kJjacca
obj=MyClass ()
# BoIBHIBAETCHA METOI 3K3eMIJigpa Kjacca u
# noso 3K3eMnisapa kJjlacca NpUCBanBaeTCs
# 3HaueHue
obj.set (100)
# Bu3mBaeTca MEeTON 3K3eMijigpa Kjacca u
# oTobpaxaeTcsa 3HaUeHMEe II0JIA BK3eMIsapa
# xmacca
obj.get ()
[Ipu BBIMOSTHEHUU 3TOrO NMPOTPAMMHOIO KOZAA B OKHE BBIBOJA IMOSIBJISIETCS Ba
COO6L[I€HI/ISI, KaK ITOKa3aHO HUXeE:

Pesynbrar BuinosiHeHUs NporpamMmbi (M3 nuctuira 6.2)

BumMmaume ! I[IpucBamBaeTcs 3HaueHue!
3HaueHme nonas: 100

IIpoaHasiu3upyeM MporpaMMHBIi koA, MBI, Kak U B IpeJblyllieM IPUMepE, CO3-
JlaeM KJacc ¢ Ha3BaHueM MyClass. Ho Teneps B 3TOM KJjlacce OmucaHsl Ba Me-
TO/ia 9K3eMILJIApPaA KJlacca: METOA set () NpeaHa3HayeH AJs1 IpUCBauBaHUA 3Ha-
YeHMUsI 1T0JII0 9K3eMILIsipa kiacca. [losie Ha3piBaeTcst number, ¥ 0 ero CyuiecTBo-
BaHUU MBI Y3HaeM HCKJIIOYUTEJbHO U3 MMPOrPaMMHOIO KOJa MEeToJa set (): B
TOM MeCTe, T7ie KOMaHI0i self . number=n NOJIO number 3K3eMILIsIpa KJIacca,
Ha KOTOPBIN CChljlaeTcsl NepeMeHHas sel f, IpucBauBaeTcsl 3HaueHUe NlepeMeH-
HOil n. Ul nepemennas self (nepBblii apryMeHT), ¥ nepeMeHHast n (BTOpOii ap-
I'YMEHT) 0ObSIBJIEHBI KAK apryMEHTBI METOZIA Set ().

[lepemenHast self mpencrasisieT cOO0M CChLIKY Ha 9K3EMILISIP KJacca, U3 KO-
TOPOTO BBI3bIBAETCSI METO/, a [IePEMEHHAsA n - 3TO HEMOCPEACTBEHHO TOT apry-
MEHT, KOTOpBII MepeJaeTcss METOAY MpHU BbI3oBe. BriocsieacTBuu, Korga KoMaH-
[0 obj=MyClass () OyaeT co3aaH 3K3eMILISIp obj Kjaacca MyClass M 3aTeM
KOMaH/I0i obj.set (100) U3 3TOro 3K3eMILIsipa BbI3BaH METOJ set () C ap-
rymeHToM 100, 1aHHOe 3HayeHHe Oy/eT MPUCBOEHO IMOJII0 number 3K3eMILIs-
pa obj.

2 Hasametky

Mepen TemM, kak METOAOM set () MO0 number NPUCBAMBAETCH 3HA4YEHWE, KOMaHO 0N
print ("BHumaHue! IIpucBamBaercs 3HaueHue!") B TeNne mMetoaa BbIBOAUTCA CO-
obuweHue. Tak 4TO NPOLLEeCC NPUCBaMBAHUA 3HAYEHWUA NOJIID HE3AMEYEHHLIM HE MPOXO0-
AuT.



MeTton sk3emmisipa KJacca get () NpeAHa3HAYeH [JIs1 CYUTHIBAHUS 3HA-
4YeHHUsl MoJis number 3K3eMILIspa KJacca (TOYHee, IJIsi OTOOpaXKeHUs 3Ha-
YyeHUsI 3TOr0 MOJISI B OKHE BbIBoJAa). B Tese MeTona Bcero ofHa KOMaH[a
print ("3nauenme nons:",self.number), KOTOPOH U peLIaeTCs MOCTaB-
JieHHas nepeJ MeToaoM 3afayda. Ceblka self . number Ha moJie number 3K-
3eMILJISIpa KJiacca BHITIOJHSETCS Yepe3 NepeMeHHYI0 self - e ITMHCTBEHHBIH ap-
TYMEHT MeTo/la 3K3eMILIsIpa Kjacca. [Ipu BbI3oBe U3 3K3eMILIsipa Kjacca MeTo-
Ny get () apryMeHTHI He nepejamTcs. Tak, B pe3yjbraTe BBINOJHEHUS KOMaH-
Ibl obj .get () B OKHe BhIBOZIAa OTOOpakaeTcsi 3HaYeHHe M0JIs number 3K3eM-
misipa obj. BaxkHo To, uTo KOMaHAa obj . get () BBIIOJHSETCS IOCJIE KOMaH/IbI
obj.set (100), MOCKOJIbKY IIpEX /e, YeEM 3HaYEHHUE M10JIA ITOJIYYUTh, 3TO 3HaUe-
HYE I10JII0 HYKHO IIPUCBOUTA.

0 Hasametky

Ha camom aene cutyauus ewe Gonee "XecTkas": npu NepBOM BbI30BE METOAA set ()
13 3K3emnnspa knacca noio number HE NPOCTO NPUCBaNBAETCA 3HAYEHNE - ITO None
co3pgaetcs. To ecTb A0 Tex Nop, NoOKa He BbINONIHEHA KOMaHA,a NPUCBaNBaHUS 3Ha4YEHNS
nosnto number 3k3emnaspa obj (a B 4aHHOM Cny4ae Takoe NpucBavBaHNe BbINOJHAET-
CAMETOAOM set ()) Yy 3k3emnnspa obj nona number kak 6bl He cywecTeyet. CoBcem.

3HayeHue MMOJII0 IK3EMILISIPA KJIACCa MOXHO MPUCBOUTH Y€pPe3 MPsiMoe obpalile-
HUe K 3ToMy noJo. PaccMoTpyM He60JIbIIOM IPUMED B JIUCTUHTE 6.3,

JiucTunr 6.3. SHauenne nons aK3eMnAApa kKnacca

# CozsmaeM kJjlacc 6e3 MeTOOOB
class MyClass:
pass
# CozsmaeM sk3eMmisgp kJjacca
obj=MyClass ()
# IpuceBamBaeTcsa 3HayeHMe IOJIO number
# skszeMmmiapa obj
obj.number=100
# OTobpaxaeTcsa 3HaueHMe I0J4 number
# oskz3eMmmisapa obj
print ("3HaueHue nonsa:",obj.number)

PesyssraT BBINOJIHEHUS IPOrPAMMHOTO KOJIA TAKOW:

PeaynkTar BLINONHEHNS NPOrPaMMBi (M3 iucTHra6.3)

3HaueHue nonsa: 100

B naHHOM ciyyae MbI CO3/1a€M KJIacC, B KOTOPOM BOOOIIE HUYETO HET - HUKaKHe
MeTOo/bI B Tejie MyClass KJlacca He ONMUCHIBAIOTCS. TaM eCTh TOJIBKO HHCTPYK-
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1M pass. C NOMOIIBIO 3TOI MHCTPYKLUU MBI Bb/lesIsieM TeJlo KJacca. [Ipobuie-
Ma B TOM, YTO €CJIM TaM He HalmucaTh BOOOIIe HUYETO, TO TaKOi CUHTAKCUC OyIeT
coaepxathb omu6Ky. [I03TOMY 1aKe ecJ KJacC HUYEro He COEPIKUT, YTO-TO Tam
BCE PaBHO I0JDKHO ObITh. B Takux ciiyyasix ucmnosib3yeM ¢hopMasbHYIO HUYETO He
3HAYAIIYI0 MHCTPYKLHIO Pass.

IK3eMILISIP KJacca, KaK ¥ BO BCEX MPEAbIAYIIUX CIyYasX, CO3[aeM KOMaH/OM
obj=MyClass (). 3aTeM KOMaH/IOi ob]j . number=100 3K3eMIISAp obJj MoJy-
yaeT 1oJie number, ¥ 3TOMY NOJII0 TpyucBauBaeTcs 3HayeHue 100. [Tocae aToro

© 3HAYEHHE T0JIs number 3K3eMILISIpa 0bj CUUTHIBAETCS U OTOOPAXKAETCS B OKHE
BBIBOJIa KOMAaH/I0i print ("3Hauenue nonsa:", obj.number).

) Ha3sametky

He HyxHO 6biTb LLlepnokom XonmMcom, 4tobbl NoHaTL: B Python pa3Hbie 3k3eMnnspbl
0HOro 1 TOrO Xe Kflacca MOoryT UMeTb pa3Hblii Habop nonei. Takoe NONOXEHUE OeN AB-
NAEeTCA COBEPLEHHO HeMbICNUMbIM B C++, Java, C#: B 3TUX A3blkax NpOrpaMMmnpoBa-
HWS NONHBLIA HABOP XapakTEPUCTUK 3K3EMMNISIPOB Knacca (BblpaXascb Halleld TepMu-
HOMOrnein) onpeaenseTca pas U HaBceraa TeMm, YTO ONUCaHO B Kniacce, Ha OCHOBE KO-
TOPbIX CO3[a0TCA 3K3eMNASPbI. [T03TOMY BaXHO NOHMMATb, YTO KNACChl U 3K3EMNAAPLI
knacca B Python - 3To 4aneko He To Xe camMoe, 4TO Knacchl U 06bekThl B C++, Java n C#.

CuTryaiusi, KOria 3HaueHusI MOJISIM 9K3eMILISIPOB KJlacca MPUCBAUBAIOTCS (SIBHO
WJIA TIOCPE/ICTBOM CIIEIMAJbHBIX METO/0B) yXKe MOCJE CO3[aHHUsSI IK3EMILIs-
pa KJiacca He oyeHb ya06Ha. OcoOeHHO OHa HeY00Ha, €CJIU TPUXOUTCS UMETh
[IeJI0 CO 3HAYUTEJbHBIM KOJMYECTBOM 3K3eMILIsIpoB. CylIecTByeT MeXaHU3M,
KOTOPBIM MO3BOJISIET YaCTHYHO (MM JaXke MOJHOCTbIO) CHSITh 3Ty MpobJieMy.
Peub uzet 06 UCMOIb30BAaHUN KOHCIMPYKMOPA.

KOHCTPYKTOpP 1 AEeCTPYKTOP 3K3eMnaapa
Kjiacca

Kax z060pum naw dopozoii wed, 6 nawem dene
2]1a8HOEe — IMOM CaMblli PeaNU3M.
u3 k/¢p "Bpunnuanmosas pyxa”

IIpu cosmaHuu Kjacca MOXHO ONMCATh CHELUaTbHbIA METO/, KOTOPBIA Ha3biBa-
eTCsl KOHCMPYKMOPOM dK3emnaapa kiacca (MHOTJa TaKXe Ha3bIBAIOT MEmoOoM
UHUUUAIU3AUUY). ITOT METOJl aBTOMATUYECKH BbI3BIBAETCS TPU CO3JaHUM IK-
3eMILIsApa Kjaacca. PenenT co3faHus KOHCTPYKTOPa O4YeHb IPOCTOM: Heo6XOIu-
MO CO3/aTh METO/ C Ha3BaHWeM _ init () (4Ba CUMBOJIA NOJYEPKUBAHUS B
Hayajle M /iBa CUMBOJIA MIOY€PKUBaHUSA B KOHIE). APTyMEHTOB Yy KOHCTPYKTO-
pa MOXeT GBITh CKOJIBKO YTOJTHO - HO He MeHblIle OTHOTO (CChIJIKA Ha 9K3eMILTISP,
TP CO3J]aHMU KOTOPOT'O BbI3bIBAETCSA KOHCTPYKTOP).



[ Hasametky

B Python ecTb rpynna cneuuvanbHbiXx METOLOB, KOTOPLIE MO3BONAIDT COCTaBNATL rMOKMe
1 3 ek TUBHbIE NPOrPaMMHbIE KOAbl. Ha3BaHWE TakMX METOA,0B HAYNHAETCA C ABOMHO-
ro N0AYEepPKMBAHNS U 3aKaHYMBAETCS ABOMHLIM NOAYEPKMBAHNEM. CO MHOMMMU U3 3TUX
METOA0B M UX HA3HAYEHNEM HaM MPEeLACTOMT NO3HAKOMUTLCS. B AaHHOM cnyyae Mbl 06-
CYX[aEeM KOHCTPYKTOP __init_ ().

B ymictuHre 6.4 mnpuBeieH MpUMep CO3JaHUS KJIAcCa, KOTOPBIA COAEPXKUT KOH-
CTPYKTOP.

Jiuctunr 6.4. KoHctpykrop ak3eMnnspa knacca

# CosmaeMm kJjacc
class MyClass:
# KOHCTpPYKTOP
def  init (self):
# [IpucBamBaeTcd 3HAUEHME IIOJID
self.number=0
# OrobpaxaeTrcsa coobueHre
print ("Co3maH sk3eMmnjap kJjacca!")
# CosmaeTca 3K3eMIJIAP KJjacca
obj=MyClass ()
# [poBepseM 3HaueHMEe MOJSA BK3EMIUISpa Kjlacca
print ("3HaueHue noJss:",ob]j.number)

HpI/I BBIIIOJIHEHHUH ITPOI'PAMMHOI0O KO/Ja II0JIy4YaeM TaKou pe3yJbrart:

Peayzmat BbINOJIHEHUS NporpaMmbi (U3 nuctuira 6.4)

Co3nmaH 3k3eMIyIAp KJjacca!
3Hauenuue noma: 0O

B kmacce MyClass onucaH KOHCTPYKTOp _ init () ¢ oXHMM apryMeHTOM
self (B ciyyae KOHCTDYKTOpa 3TO CChLJIKA Ha CO3aBaeMblil 3K3eMILIsIp KJIac-
ca). B tene koHCcTpyKTOpa KOMaHA0M self.number=0 Moo number 3K3eM-
IJIsIpa KJjacca prcBauBaeTcsl HyJieBoe 3HaUeHue, a 3aTeM KOMaHAoi print ("
Co3maH 3K3eMIiAp kjacca!') B OKHe BbIBOJA OTOOPaXKaeTCsi COOOIIEHHE.

ITH iBa IEACTBUS 3alIPOrPAMMHUPOBAHbBI B KOHCTPYKTOPE, KOTOPBIH, HATIOMHUM,
aBTOMATUYECKU BbI3bIBAETCS MDY CO3aHUU 9K3eMILIsIpa Kyacca. [loaroMy kax-
IBIA pa3, KOT1a CO31aeTCs IK3EMILISIP, 3TOMY 3K3eMILISAPY aBTOMaTHYECKH Oy 1eT
N06aBJIAThCS MOJIEe number C HyJIEBHIM 3HAUEHUEM, ¥ TIOCJIE 3TOTO, OTISITh )K€ aB-
TOMaTHUYecKH, 6yIeT TOSBJIATHCS COOOIeHEe B OKHe BbiBoAa. [loaTOMY T1pH €O3-
JTAHUY 3K3eMILISIpa obj KOMaHI0M obj=MyClass () y 3TOro 3k3eMILIsipa Mo-
SIBJISIETCS TI0JIe number, U 3TOMY IOJII0 NpucBauBaeTcs 3HaueHue 0. Takxxe B
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OKHE BBIBOJIa NTOSIBUTCA cooblIeHre Cosnan sk3eMmnuap kmaacca!. C nmomo-
1[I0 KOMaH/bl print ("3HaueHue nojns:",obj.number) Mbl IPOBEPSEM,
CIIpaBe/IJIMBBI JIU BCE T€ YTBEPKAEHUS OTHOCUTEJIBHO MOJII number 3K3eMILI-
pa obj, KOTOpbIe ObLIU c/ieJIaHbl Bhilile. Pe3y ibTaT BHITIOJTHEHHMS 3TOU KOMaH/ bl
He JJaeT MOBOJIOB JJIsI COMHEHUIH.

Y KOHCTPYKTOpa MOXET GBITh HECKOJIKO aPI'YMEHTOB (BO BCSIKOM CJIy4ae, 60.1b-
1Ie OIHOr0). B 3TOM cilyyae mpu co3aHUHU HK3EMILISPA KJIACCa KOHCTPYKTOPY
HY>KHO TlepefiaTh HeoOXoquMble apryMeHThl. Kak aTo jies1aetcsi, mpoMJLIIOCTpu-
POBaHO B TUCTUHTE 6.5.

JincTunr 6.5. ApryMeHTbi KOHCTpYKTOpa

# Cosmaem kJjacc
class MyClass:
# MeTon Iyisa NpUCBaMBaHUA 3HAUEHUS IIOJIO
def set(self,n):
# oo number npucBamMBaeTCs 3HAUEHME
self.num=n
# Meron nuss OToépaerMH 3HAYEHUA IMO0JIA
def get (self):
# OrobpaxaeTcs 3HaueHMe nojsga number
print ("3HaueHue nosasa:",self.num)
# KOHCTPYKTOpP C OBYyMs apr'yMEHTaMu.
# Y BTOpPOI'O apryMeHTa €CTb 3HaueHue
# no yMOJIUAHUIO
def _ init (self,n=0):
# BrisbiBaeTcs MeTon set () IOyis [NpUCBauMBaHUSA
# BHaueHus nojsw number
self.set (n)
# Orobpaxaercsa coobueHue
print ("Co3maH »3k3eMIIAp Kjacca.")
# Bri3elBaeTcs Meron get () Imns orobpaxeHus
# 3HaueHus noJyia number
self.get ()
# Cozmaercs sk3eMIyap KJjacca
a=MyClass ()
# CosmaeTcs eme OOMH 3K3eMINJAp KJjacca
b=MyClass (100)

3aech MbI co3aeM Kjacc MyClass, B TeJle KOTOPOTO OIMHCaHbl METOJbl 9K3eM-
mspa kjaacca set () u get (). [lepBbiil MeTO IpeiHa3HAYEH /JIs1 IPUCBAaUBa-
HUs 3Ha4€HUs I0JII0 number 3K3eMILIspa KJIacca, a BTOPOH METOA Hy KeH JIs
oToOpakeHUsI 3HAUEHUsI ITOTO MOJIs.. Y KOHCTPYKTOpa Teneph [Ba apryMeHTa.
IlepBoiii, Kak Bcerna, sIBJASETCS CCbLIKOM Ha 9K3eMILISp KJacca, a BTOPOH ap-
I'YMEHT 10 Halllefl 3ayMKe, OIpefie/isieT 3HadeHUe MoJs number 9K3eMILIspa



kJjacca. [IpuyeM aTOT BTOpO¥ apryMeHT MMeeT HyJieBoe 3HaueHue 110 yMoJIya-
HUIO. TO €CTh €CJIM DU CO3/IaHUHU IK3EMILISIPA aPIYMEHT YKa3aTh, TO 3TO OyzeT
3HaYeHHe T0JIsk number, a eCJIM 3HaYeHHe He YKa3aTh, TO y MoJist number GyaeT
HyJIEBOE 3HAYEHHe.

BosHukaer Bompoc: a Kak mepeiaTh apryMeHT KOHCTPYKTOpy? OueHb Ipo-
CTO: B KOMaH/le CO3[aHUs IK3EMILISIpA KJacca Mocje MMEHU Kjacca B Kpy-
[JIBIX CKOOKaX (KOTOpbIE M0 3TOr0 y Hac Bceraa ObLIM MyCThIMH) MEPeaaroT- .
Csl apryMeHThl KOHCTPYKTOpy. [Ipyrumu cjioBamu, IIabGJIOH KOMaHIbI CO3-
JaHUs 3K3eMIUIspa KJjacca C Iepejavyeid apryMEHTOB KOHCTPYKTOPY TaKoOif:
nepemeHHaa=kJjacc (aprymedTe). UTO KacaeTcs JAHHOTO KOHKDPETHOTO
CJIy4as, TO MOCKOJIbKY BTODOW apryMeHT MMeeT 3HaueHHe 0 YMOJIYAaHUIO, MBI
MOJK€EM KakK MepeiaBaTh apTyMEHT KOHCTPYKTOPY, TaK U He MePeaBaTh.

ITpumepoM mepBo#t cuTyanuu siBjiasieTcs koManaa b=MyClass (100) (9k3eM-
msip b co3naercs co 3HayeHreM 100 [Jis1 T0JIst number ), a BTOPO - KOMaH/a
a=MyClass () (3K3eMILISIp a co3aeTcsi co 3HaueHueM 0 JJIs MoJisi number).

PeByJIbTaT BBIITOJTHEHU A IIPDUBEJEHHOTO BBIIIE KOZId TaKOM:

Pesynbrar BLINOAHEHUS NPOrpaMmbl (U3 nncn;ura 6.5)

Co3maH 3K3eMNJsap KJjacca.
3HauyeHue nong: 0

Co3maH 3K3eMIUIgp KJjacca.
3naueHue nonas: 100

Bce COO6I.[IEHI/IH OTO6pa>KaIOTCSI IIPpHU BBINIOJTHEHUHW MPOTPaMMHOI0 KOJa KOH-
CTPYKTOPOB, [IOCKOJIbKY IIPOIr'PpaMMa, KPOME CO3ZIaHUA KJIaCCa U IBY X 9K3EMILJIA-
POB KJiaCCa, HUKaKUX UHbIX KOMaH/IHbIX 6JIOKOB He COIOEPXKHT.

Meron c HasBanueM _ del () (ABa CMMBOJIA NMOJYEPKMBaHUSI B Hayasle W
[Ba - B KOHIIE) aBTOMaTUYEeCKH BBI3BIBAETCS NPU y/ajleHUN 3K3eMILIsipa KJac-
ca U3 MaMsATU. ITOT METO/] IIPUHSITO HA3bIBATh decmpykmopom. Y JNeCTPyKTopa
OJIVH U TOJIBKO OIMH apryMeHT (CCBLJIKa Ha 3K3eMILISIp Kiacca self).

Heb6oJb1110¥1 pUMeEp € MCHOIb30BAHUEM JECTPYKTOPA NPUBE/IEH B IUCTUHTE 6.6.

Jinctuur 6.6. lecTtpykrop ak3emnnsipa knacca

# Kjlacc C KOHCTPYKTOPOM M HOECTPYKTOPOM
class MyClass:
# KoHCcTpykTOp
def init (self):
print ("Bcem npuset!")
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# IecTpykTOp
def del (self):
print ("Bcem noka!")

print ("llpoBepseMm pabory necrpykropa.")
# CoszmaeMm sk3eMIIAp KJjacca
obj=MyClass ()
print ("Jx3eMmoysSp kjacca co3maH. Ymansem ero.")
# YmanseMm sk3eMnisap KJjacca
del obj
print ("BeNOJIHEHME NPOT'PaMMH 3aBepuleHo.")

MsI co3naeM KJacc, B KOTOPOM ONMUCAHbI KOHCTPYKTOP U AecTPyKTOp. U B Tese
KOHCTPYKTOPA, U B TeJIe JECTPYKTOPA BBIMOJIHSIETCS 110 OAHON KoMaHze. U npu
BbI30B€ KOHCTPYKTOPA, U TPU BbI30BE JECTPYKTOpA B OKHE BbIBOJA OTOOpaXKa-
IOTCSI COOOIIEHUS - TOJIBKO Pa3HbI€ [JIs1 KOHCTPYKTOpPa U ecTpyKTopa. [Ipu co3-
JIAHUK 9K3EMILISIPA Kjlacca TMOSIBUTCS COoOlleHne Bcem mnpusert!, a IpH y/aa-
JIEHUU 3K3eMILIsipa KJlacca M3 MaMsITH MOsIBJsieTcs: coobleHre Bcem noka!l.
Yro06bl yAaIuTh IK3EMILISAP Kjacca (KOTOPBIA 0 3TOro 6bLT CO3/1aH KOMaHIOM
obj=MyClass () ) ucnoJb3yeM UHCTPYKLIMIO del obj. Bo3aMoxHBI1 pe3yb-
TaT BBINIOJIHEHUST TPOTPAMMHOTO KOJIa TIPE/ICTABIEH HIXE:

Pe3aynbrat BhINOAHEHNA NPOrpaMmbl (U3 nucTuira 6.6)

[IpoBepsseM paboTy OecTpyKTopa.

BceMm npueer!

Jk3eMIUIgp KJjlacca CO3OaH. YmaJjlsem ero.
Bcem noka!

BrINOJIHEHME NPOTpPaMMEl 3aBEepUIEHO.

XoTs1 Bcs aTa cxeMa C UCII0JIb30BAaHUEM JIeCTPYKTOPA BBIIJISIAUT JOBOJIBHO dJie-
TaHTHO, y Hee eCThb CyLeCTBeHHBI! HeJJOCTaTOK, IPUYeM KacaeTcsl OH He TOJIbKO
PacCMOTPEHHOTO IPUMePa, HO IECTPYKTOPOB BooO1ILe. /[€10 B TOM, YTO OYHUCTKA
namsité B Python BbimosiHsieTcst aBTOMaTHYECKH. YIaIs0TCsl 0OBEKThI, HA KOTO-
pble B IporpaMme Het cChLIOK. Ho cka3aTsh, Korja KOHKPETHO OHU OyayT yzaaJe-
HbI IPAKTHYECKH HEBO3MOXHO. [103TOMY ec/ii HeKOTOPBIN 0OBEKT T0IKEH OBITH
yaaJieH, TO OH PaHO WJIU TO3/1HO OyzeT yaaseH. Ho koraa MMEHHO - BOTIPOC CJIOX-
HBIIL.

B KOHTEKCTe UCMOJIb30BaHUS AECTPYKTOPOB JJIsI 3K3EMILJISIPOB KJIACCA 3TO O3HA-
YaeT, YTO MbI MOXEM YTBEDXK/IATh, YTO JAECTPYKTOpP OyAeT BbI3BaH (TOraa, KOT-
12 9K3EeMILISIP PeaJIbHO yAAJISIeTCS U3 aMsITH ), HO He COBCEM TOYHO MOJXKEM CKa-
3aTh, KOT/la UMEHHO 3TO pou3oiiaet. [loaTomy nectpykropsl B Python ucrnoss-
3YIOTCSI HE OYEHB YACTO.



Mone oo0bvekTa knacca

- Kpynnoe deno?

- laséno maxozo ne 6vLio!

u3 x/¢p "Ilpuxmouenusn llepaoxa Xoamca u
doxmopa Bamcona”

Ceityac caMoe BpeMsi BCIIOMHHUTb, YTO KJIACC CaM IO cebe SIBISIeTCST 0OBEKTOM.
TouHO Tak Xe, Kak peaJibHbIM 00bEKTOM SIBJISIETCS JIUCT GyMaru, Ha KOTOPOM BBbI-
TIOJTHEH YepTex aBTOMOOuUIIs. /[0 aTOro Mbl, 06pa3HO BbIpaXkasiCh, UMEJH JI€JI0
¢ mocTpoiikoii "aBromMobueit”. Ceituac 6oJiee MPUCTAIbHO MTOCMOTPHM Ha TOT
"yepTex”, ¢ KOTOPOTO BCe HAYaJI0Ch.

A MBI HayHeM ¢ Ba’)KHOTO MOMEHTa: IPOTrPaMMHBIH KOJ KJacca gunoansaemcs. J1o
3TOTO MBI B TeJle KJIacca pPa3Mellajy TOJIbKO OObSIBIEHUSI METO/IOB, U HUKAKHX
APYTUX UHTEPECHBIX KOMAH/ TaM He ObLIO, XOTsI TEOPETUYECKH OHU TaM BO3MOX-
HBI (IpYro# BOIIPOC, HY>KHBI 11 OHU TaM ). CaMoe ITPOCTOe, YTO MPUXOJUT Ha YM -
pa3MecTUTh B TeJle Kjacca KOMaHJy NpUCBaWBaHUs 3HaueHUs NepeMeHHOU. B
3TOM CJIydae IOJIy4HMM I0JIe, HO He 9K3eMILIsApa KJIacca, a HeOCPeACTBEHHO Ca-
MOro KJacca (1JIu no.Jie 00sexma Knacca).

0 Ha3zametky

O none o6bekTa knacca MOXHO AymaTb Kak O NEPEMEHHOM, KOTOpas "M3BECTHA" TOJb-
KO B Tene knacca. 3a npeaenamu knacca A0CTyn K Tako NepEMEHHOM OCyLLeCTBISET-
Cs Yepe3 ABHOE yka3aHue KNacca, B KOTOPOM OHa 06bsiBneHa. icnonb3ayeTcs To4eUHbIi
CUHTAKCUC BUOA KJ1aCC.nepeMeHHas.

Ecnu BepHYTBbCSI K aHAJIOTHH C YEPTEXKOM Ha JiCTe GyMary, To moJie o6bekTa
KJIacca - 3TO Takasi JIMIyYyKa C HallOMUHaHUeM WJIM KaKoi-To MH(popMalyei, Ha-
lIeTJIeHHast Ha JCT 6ymaru. Bce, KTO MOJIb3YIOTCST Y€PTEXKOM, BUAST U ITY JIH-
nyuky. Ho Ha mpoliecc co3zaHusi aBTOMOOUIIEN IO YEPTEXY OHA He BIIUSIET. ITO
IIPOCTO TakKo "moBecouek” K BaXKHOMY JAOKYMEHTY, KaKasi-TO JONOJHUTEeJIbHAS
uHopMaIusl.

C Touku 3PpEHUA ITPUKJIAAHOI'O [TPOIrPaMMUPOBAHUA 1JId HaC Ha JAHHBII MOMEHT
Ba’)XHbI 1Ba 06CTOSATEIbCTBA:

* B Tese kmacca MOXHO MPUCBOUTD 3HAaUEHHE TIEPEMEHHOI (IT0JIe Kacca).

*  OOGpamarbcsi K TAKOW MEPEMEHHOM CJIEyeT TaK: YKa3bIBA€TCS MMsI KJIac-
Ca, 4, 4yepe3 TOUKY, UMs lepeMEHHOM.

0 Ha3sametky

Hepeako B cnpaBoOYHOM nMTEpaType MOXHO BCTPETUTb YTBEPXAEHUE, YTO NONSA Knac-
ca urpatoT poJib CTaTU4ECKUX NepeMeHHbIX (kak B adblkax C++, Java, C#). [1na Tex, KTo
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He 3HaKOM C 3TVM TEPMUHOM: CTaTM4ecKas NepeMeHHas um ctaTuHeckoe none - aTo
none, obuiee Ana BCEX 3K3EMMNIAPOB Kiacca. B HEKOTOPOM CMLIC/IE MOXHO KOHEYHO,
OTHOCUTLCA K NONAM KAacca Kak K CTaTM4eCKMM nepemMeHHbIM. Ho Ha camom aene aTo
He COBCEM TaK - TO €CTb, NOJIHOM aHanorum HeT. C 04HON CTOPOHBI, Mbl NPU OnNpeaeneH-
HbIX 06CTOATENLCTBAX (KOTOPLIE 0OCYXAAOTCA Aasiee) U TONLKO 4,15 CYATLIBAHWS 3Ha-
4yeHVs MoxeM o6pallaTtbCs K MOJ0 Kfacca Yepes ak3emMnasap knacca. B atom cnyyae
BMECTO UMEHMN KNacca yKasbiBaeTcsa MMA 3K3emnspa knacca (Ho U 34ecb He Tak Bce
npocTOo). YTO KacaeTCs NpPUCBanBaHUS 3HAYEHUS NOJIO KNAcca, TO Yepes3 3K3emMnisp
Knacca caenatb 370 KpaiHe npo6neMaTnyHo. YTo6bl NPOSACHUTL CUTYaUMIO Mbl Aanee
pPacCMOTPVM HECKOJILKO MPUMEPOB.

B suctunre 6.7 npeacraBiieH TPOrpaMMHBIM KO, KOTOPBIN B HEKOTOPOM CTere-
HU TMO3BOJIST MOHSATH PA3HUILy MEXIy MoJieM 06beKTa Kjaacca U MoJieM 9K3eM-
nJIsIpa KJacca.

JNuctunr 6.7. Mone oOvexra knacca

# Cosmaem kJjacc
class MyClass:
# Tose kiacca
name="Knacc MyClass"
# MeTon ImJs NpMCBaMBaHUA 3HAUEHUS
# moso sk3eMIIApa Kjacca
def set(self,n):
self.nickname=n
# MeTonm nnsa oToOpaxeHMs 3HAUYEHUS
# noJsa sk3eMmiApa kJjacca
def get (self):
print ("3naueHue nonsa:",self.nickname)
# KoHCTpyKTOP
def _ _init__ (self,n):
# Iomo s3K3eMIigpa kJjacca
# npuceamBaeTcCsa 3HaAUYEHME
self.set(n)
# Orobpaxaercsa coobueHne
print ("CosmaH »3k3eMIUIAp KJjacca.")
# OToOpaxaeTcs BHaUeHME IMOJIs 3K3EeMIIsapa
self.get ()
# Co3maeTcs NepBEI 3K3EMIUIIP KJjlacca
green=MyClass ("3eJyeHbn")
# ObOpameHMe K NOJKO KJlacCa uepes B3K3EeMIUISp KJjacca
print ("lIpuMHanjJexHOCTh: ", green.name)
# Cos3maeTcs BTOpPOM 3K3eMIJIIpP KJjlacca
red=MyClass ("KpacHem")
# OOpaumeHye K IOJIO KJlacca depes3 3K3EMIJIIp Kjacca
print ("[IpuHanjnexHocTb: ", red.name)
# Tlomo kJjlacca NpucCBauBaeTCs 3HaAueHue



MyClass.name="3gecp Morjla ObTbL Bama peksama!"

# ObpameHre K MOJIO KJjlacCa UYEpes3 3K3eMIUIdap KJjacca
print ("Cnpammeaer Kpacheii:", red.name)

# OOpaweHye K IOJIO KJlacca uepes3 BK3EeMIJIAp Kjacca
print ("Cnpammpaer 3eJieHml:",green.name)

[Tpu BHINOJTHEHUU JAHHOTO MPOrPAMMHOTO KO/IA TIOJIy4YaeM CJIeYIOUIUi pe3yJib-
TaT:

PeaynbTar BbINONHEHUS NporpaMmbl (3 nuctunra 6.7)

Co3maH 3Kk3eMIJsap Kjacca.

3HaYeHMe INOoJa: 3eJIeHHM

[IpuHannexHocTs: Knacc MyClass

Co3maH 3K3eMIJIgp KJjacca.

BHaueHue nojsa: KpacHHM

[IpmHanynexHocTh: Kiacc MyClass

CnpaumBaeT KpacHe: 3pech MoIJia OHTh Bama pexkjama!
CnpaumBaeT 3ejieHBMi: 3Oechb MoTJla ObITh Bama pexjama!

[Ipoananu3upyeM OCOGEHHOCTH TPOrPaMMHOrO Koiaa. B Tese kiacca My-
Class, KpoMe OObBSIBJIEHHS [IBYX METOJOB U KOHCTPYKTOpA, €CTb KOMaH-
na name="Knacc MyClass", KOTOpPOi (paKTUUYECKH CO3JAETCS TMOJIE name
KJacca MyClass, U 3TOMY IIOJIIO [IPUCBanBaeTCA TEKCTOBOE 3HaYeHue "Kynacc
MyClass". MeTton set () mpeaHa3HaveH AJisl MIPUCBAaUBAHUS 3HAYEHUS TOJIIO
3K3eMIIsipa Kjaacca nickname. C moMoipio MeTosa get () 3HayeHHe MOJIS
nickname 3K3eMILIsIpa Kjacca 0TOOpaXkaeTcsi B OKHe BbIBoJa. Takxke B KJjacce
onrcaH KOHCTpykTop. IIpu BbIMOJIHEHUH KOJa KOHCTPYKTOpA MOJII0 nickname
JK3eMILIsipa KJacca MPUCBAaUBaETCs 3HAYeHUE apryMeHTa, INepeJaHHOro KOH-
CTPYKTOpY, 0OTOOpaskaeTcsi cOOOIIEHE O CO3JaHUU IK3EMILISIPA KJlacca U 3Have-
HUe noJisg nickname. Ha aToM kox ks1acca MyClass B IpuHIluIie ucyepnaH. [la-
Jiee B IIporpaMMme UAYT KOMaH/bl, B KOTOPBIX CO3JAI0TCS 9K3EMILJISAPHI KJjacca U
BBIINOJIHAIOTCA pa3/IMYHble MAHUITYJIALUU C [10JIeM name kJjacca MyClass.

[TepBoiii sx3emmisap (mepeMeHHasi green) Kjacca MyClass co3gaercss Ko-
MaHION green=MyClass ("3emneuwni"). /i 3Toro sk3eMmjspa IoJje
nickname, OYeBUAHO, TMOJy4yaeT 3HaueHue "3ejyeneni". [Ipu BbI30BE KOH-
CTPYKTOpa B OKHE BBIBOJA OTOOPA)KalOTCs COOOIIEHHSI C TEKCTOM "Cos3maH
3K3eMIIgp Kjacca." U "3HaueHue nojysa: 3ejeHun".

Cpasy 1mocjie  co3faHUs  3JK3eMILIsipa green  CIeAyeT  KOMaHZAA
print ("[lpMHamexHOCTh: ", green.name). B Heil obpauenue (UH-
CTPYKUHS green . name) K MOJII0 name 00beKTa KJlacca MyClass BBINOJHSET-
cs1 yepe3 3K3eMILIsIp Kjacca. B pesysibraTe mosiBisieTcsi cOOOIIeHHE ¢ TEKCTOM
"MpuHaniexHocThk: Kijacc MyClass". Takum oOpa3oM, 3HaUeHHEM WH-
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CTPYKLIMU green.name sBJs€TCA TEKCT "Knacc MyClass" - TO'€CTh 3TO 3Ha-
yeHHe 1oJisi name kKJjacca MyClass. Ecyin 651 MbI BMECTO HHCTPYKIIMM green .
name HMCMOJIb30Bajd MyClass.name, MOJYYHJIU ObI TOYHO TAKOHM XKe Pe3yJib-
TaT. B maHHOI KOHKpETHOM CUTyalluM UHCTPYKLUU green . name U MyClass.
name 9KBUBAJIEHTBI C TOYKU 3PEHUST Pe3yJibTaTa (HO 3TO He 03HAYAET, YTO TaK Oy-
JIeT BCET1a).

(1 Ha3sameTky

MPUYUHBI TakoW "3KBMBANEHTHOCTU" HE TaK OYEBUOHbLI, KAK MOXET NOKa3aTbCA Ha nep-
Bblii B3rnsg. Bce 310 Mbl 06CyavM nosxe.

Bropoii sk3emmisip (nepemenHas red) kjacca MyClass co3faeTcsi KOMaHAOM
red=MyClass ("KpacHei"). [lojse nickname sk3emmispa red mHojydyaer
3HaueHue "Kpacueii". [Ipu BbI30BE KOHCTPYKTOPA B OKHE BBIBO/Ia OTOOpaXKaeTCsl
TeKCT "Co3maH 3K3eMIIsIp kJjacca." U "3HaueHue noJs: KpacHwem".
[Ipu o6paiieHny K MoJi0 name KJaacca MyClass uyepe3 9K3eMILIsIp Kjacca B KO-
MaHZeprint ("IIlpmHaniexHocTs : ", red.name) pe3yabTaTOM UHCTPYKIIUU
red.name 6y/:[eT TEKCTOBOE 3HaYeHue I0JId name Kjacca MyClass, 0 UeM CBU-
eTeJbCTBYET coob1enne MpuHaniaexHocTs : Kiacc MyClass B OKHE BbI-
BOJa.

Kaxk u B mpeibIy11ieM cirydae, obpaliieH1e K OJII0 KJIacca Yepe3 9K3eMILISIP KJiac-
ca JaeT TaKoM e pe3yJIbTaT, Kak 3TO ObIJIO ObI IIPU UCTI0JIb30BAHUN UHCTPYKIIUU
MyClass.name. Enle oquH BBIBOA COCTOUT B TOM, YTO KaKOi ObI 9K3EMILISIP
KJlacca MbI HU MCIIOJIb30BaJIH, €CJIU MbI 0OpaliiaeMcsi yepe3 3K3eMILISIp K TIOJI0
KJIacca, MoJIy4aeM OJIMH U TOT XK€ Pe3yJIbTaT - 3HAaYeHHe I0JIs KJacca.

(2 Hasametky

Yurartenb, 3HaKOMbI € sidbikamm C++, Java nnn C# Takylo CUTYauUmio HainaeT O4eHb no-
XOXel Ha CUTyaumio C UCMOJIb30BaHWEM CTATUYECKUX NONENA.

Y106l MPOBEPUTH HAWIM MNOJO3PEHHUs, KOMaHAOM MyClass.name="
S3mece Morjsa OwTe Bama pexsiama!" IpucBanuBaeM HOBOE 3Ha-
YeHHe TMOJII0 name kjgacca MyClass. 3aTeM BBINOJIHSIOTCS KOMaHbBI
print ("CnpaumBaeT Kpachwii:",red.name) U print ("CnpawmuBaer
3eseHwiti: ", green.name), B KOTOPBIX OOpalileHHE K MOJIO0 KJIacCa BBITIOJIHS-
€TCs1 Uepe3 9K3eMILIIPbI KJlacca.

B pesysnsraTe BBINOSTHEHHMSI 3TUX KOMAaHJ B OKHE BBIBOAA IOSIBJISIOT-
C COOTBETCTBEHHO TaKue COoOOlEeHHus: CrpammMBaer KpacHu:
3necp MorJjia OwplThb Bama pexsnama! 4 CnopawmBaeT 3eJIeHBIN:
3mecy MorJyia OHTb Bawa pekjama!. BbIBoa mpocToil: 06e HHCTPYKIUU



green.name M red.name Ha CaMOM [leJie BO3BPAIIAIOT 3HAUYEHHE T0JISI name
KJacca MyClass. MoXeT MOKa3aThCsi, YTO TOJIE KJIacca - 3TO BCEro JIUIIb obliiee
HoJIe s BCeX 9K3eMILISIPOB Kiacca. Ho Torga Bo3HuKaeT BOmpoC: a uto Gyer,
€CJIM MBI TIOTIBITAEMCST I3MEHUTB TI0JIE KJIACcCa, IPHCBOUB eMy 3HaUeHHUe He Yepe3
CCBLIKY Ha 0OBEKT KJjacca (HanpuMep, MyClass . name), a 4Yepe3 CChLIKY Ha JK-
3eMILISIp KJlacca (HanmpuMep, green . name win red. name)? Ilo 1oruke Mox-
HO OXKU/IaTh, YTO U3MEHEHUS "IOYYBCTBYIOT" BCe 9K3eMILIsIphI kiaacca. Ho ato He
Tak. PaccMOTpUM nporpaMMHbIN KO/ B IUCTUHTE 6.8.

- Jluctunr 6.8. Mone obvexra knacca u none sxsemMnAspa knacca

# CozsmaeMm kinacc
class MyClass:
# Ilose name kJjacca
name="Knacc MyClass"
# MeTon nJs NpMCBaVBaHUSA 3HAUEHUS
# nmomo nickname sk3eMmmniApa Kjacca
def set(self,n):
self.nickname=n
# MeTon nna oToOpaxeHUs BHAUEHUS
# nomnsa nickname sk3eMmnigpa Kjacca
def get (self):
print ("3HaueHme noss:",self.nickname)
# KoHCTpyKTOpP
def init (self,n):
# [pucBamBaeTCcsa 3HAUYEHME IIOJIO
# nickname sk3emmnnapa Kjacca
self.set (n)
# Orobpaxaercs cooblueHre
print ("Co3maH sk3eMmnysap kKJjacca.")
# OrobpaxaeTcs 3HaueHMe [OJIg
# nickname sk3emmnnspa Kjacca
self.get ()
# [lepBHM 3K3eMINAP (NepeMeHHas green)
green=MyClass ("3esneHsn")
# I[poBepseM 3HaueHMe [IOJIA name
# uepes sk3eMmuAp green
print ("[IpMHanJexHoOCTh: ", green.name)
# Bropoit sk3eMmisap (nepeMmeHHas red)
red=MyClass("KpaCHuﬁ")
# I[IpoBepseM 3HaUeHME [I0JIA name
# uepes skz3eMmiap red
print.("llpuHanmexHocTb:", red.name)
# li3MeHseM 3HaueHMe II0JIA name
# uepes sk3eMmyAp green
green.name="3neck Obl1 3eyiIeHEIN"
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# [lpoBepsieM 3HaueHMe II0OJIA name

# uepes sk3eMmnAp red

print ("CnpammBaetr Kpachemi:",red.name)

# IpoBepseM 3HaUeHME I[OJIT name

# uepes sk3eMmIApP green

print ("CnpammBaeTr 3eJsieHwli:",green.name)
# Vi3MeHseM 3HauyeHMEe I[OJIS name

# uepes obwekT kyacca MyClass
MyClass.name="3gech Morjia OeTb Bama pekyamal!"
# IlpoBepseM 3HAUeHME I[IOJIS name

# uepes skz3emmuap red

print ("CnpammBaeTr Kpachemi:", red.name)

# IMpoBepseM 3HauUeHME IOJIT name

# uepes sK3eMmIApP green

print ("CnpammeaeT 3ejyeHeli:",green.name)
# YmanseMm mnoJjie name 3Kk3eMIIsgpa green
del green.name

# IlpoBepseM 3HauYeHME IMOJII nhame

# uepes sk3eMmIAp green

print ("Cnpaumpaer 3esieHwBli:",green.name)

Pe3yJIbTaT BBITIOJTHEHHU S 3TOI'0 IIPOTrPaMMHOI'0 KO/la ITIPUBEJEH HUXE!

ILTAT BLINONHEHWS NPOTPAMMB! (3 MMCTMHra 6.8)

Co3maH 3K3eMIJIAp KJjacca.

3HaueHMe MNOoJsA: 3eJIEHHEN

[IpuuannexHocTb: Kimacc MyClass

Co3maH 3K3eMIJIAp KJjacca.

3HaueHMe noJisi: KpacHuM

[IpuuanynexHocTb: Kimacc MyClass

CnpaumBaeT KpacHemi: Kmacc MyClass

.CnipaumBaeT 3eJieHHM: 3mecb ObI 3eJIeHbIN

CnpaumBaeT KpacHemi: 3pnech MorJia ObITh Bama peksama!
CnpammBaeT 3eJieHEM: 30ech OblI 3eJIeHHM

CnpaumBaeT 3ejieHBi: 3Oech MoIJyia ObITh Bama pekjama!

Yro kacaercs kiacca MyClass, TO OH aKTUYECKU TaKOH XK€, KaK U B IIPEbILY-
1eM npuMepe. VIBMEHUJIUCH JIUIIb T€ KOMaHbl, "MAHUITYJISAIUU ", KOTOPbIE MBI
BBITIOJIHSIEM C TIOJIEM KJIACCA name MOCJIe CO3/IaHUS 9K3EMIUISIPOB green U red.
O6Cy 1M COOTBETCTBYIOILYIO YaCTh IPOrPAMMHOTO KOJIa.

IToka MBI mOcJie cO3JaHUsI 3K3EeMIUISIPOB red M green IpOBepsieM 3Haye-
HUe M0JIs1 name KJacca MyClass ¢ MOMOLIbI0O UHCTPYKLUHN BUja red.name U
green.name, BCe MPOMCXOJMUT COBEPIIEHHO 0XKUIAEMO: B 000UX CJIyYasix Mo-
JiyyaeM 3HaYeHHe MoJisi name KJacca MyClass. ATy CUTyaluio Mbl 06CyXaa-



JIM BbIIE, B TPEIbIAYLIEM TIPUMeEpe. A /ajiee BBIMOJIHSIETCS KOMaHIA green.
name="3gecr Oby1 3esieHwnt", KOTOPOM MBI Kak-Obl MBITAEMCSI HU3MEHUTD
3Ha4eHHe MoJisk name KJjacca MyClass, HO 00Opalasich K MoJio He Yyepe3 00beKT
KJacca MyClass, a 4epe3 3K3eMILISIp green.

Panee MbI ¢ TOMOIIBI0O UHCTPYKIMH green . name CYUTHIBAIN 3HAYEHUE TTOJIS
name, MO3TOMY UMeEM HEKOTOPbIE OCHOBAHUS PACCUYUTHIBATD HA ycrex. OaHaKo
[P BBINIOJIHEHUM KOMaH/Abl print ("CnpammeaeT Kpachwei:", red.name)
noJjiyyaeM B OKHE BBIBOJA COO6II.[€HI/I€ CnpawmBaeT KpacHum : Knacc
MyClass. To ecTb 3HaUeHue MOJs name, NOJYyYEHHOE IO CChLIKE Yepe3 9K3eM-
IsIp red He U3MEHUJIOCh. XOTsI MpHY BBITIOJIHEHUM KOMaH/bl print ("Crnpauw
nBaeT 3eJeHwl:",green.name) B OKHE BBIBOJA IIOJIyYaeM BIIOJIHE OXU-
JaeMoe coo0leHre CipaumMBaeT 3ejieHuli: 3nech 6wl 3esenuii [oBo-
POT COGBITUI IOCTATOYHO HEOXKUIAHHDII: ITOKA MbI Y€PE3 UHCTPYKIMIO green .
name 3HayeHUe MMOJIO name He MPUCBaUBaJIM, 3HAYEHUS] BbIPAXKEHUN green .
name M red.name COBHNaJaJH, HO IOCJI€ IPUCBAUBAHUS 3HAYEHUA IIOJIIO 3TU
WHCTPYKIUH BO3BpAIalOT pasHble 3HaueHus1. OObsiCHEHHE TaKoe.

[Ipu BbINOJIHEHHWH KOMaHABI green.name="3geck Obl 3eJyieHHt" Ha ca-
MOM JieJie 3HaueHue Moo name Kjacca MyClass He mpucBauBaeTcs. Bme-
CTO 3TOr'0 CO3/IAETCS MOJIE€ C Ha3BaHUEM name y 9K3EMILIsIpa green, U 9TOMY
TOJIIO IPUCBauBaeTCs 3HaueHue "3necek Obil 3esiexsnt". U nocsie aToro kax-
Iblit pa3, Koraa Mel 6y/IeM KMCIOJIb30BaTh HHCTPYKIHUIO green.name, OHa Oy-
JleT 03HayaTb He I10Jie name KjaccaMyClass, a [10JIe name 9K3eMILIsgpa green.
Apyrumu cjioBaMu 1moJjie name 3K3eMILIsIpa green 'MepeKpbIBaeT” MoJie name
kjaacca MyClass. Ho 370 ToJbKO 47151 3k3eMILIsipa green. Y sk3eMiuispa red
110JI1 name HET, I03TOMY MHCTPYKLHSA red.name NPU CYUTHIBAHUU 3HAYEHUS
O3HayYaer 1oJie name Kjacca MyClass.

[ HazameTky

Ha camom gene npuHUMn Takoii. ECnn Nnpu cunTbiBaHUW 3HAYEHUSI NONA Yepes CCbIKY
Ha 3K3eMnnsap Knacca okasbiBaeTCs, HTO TaKoe NoJsie y 3Kk3emMnnsapa KknaccaecTb, TO 3Ha-
YeHune 3TOro Nons 1 Bo3BpalwiaeTcs. Ecnmy aksemnnapa kiacca nons C TakuM Ha3BaHuU-
€M HeT, TO Ha4nHaeTCcs NOUCK OAHOUMEHHOr 0 NONA Cpean Nonei knacca.

[Ipu BbINOJIHEHUMU KOMaHAbl MyClass.name="3necy MorJjia OwTbL Bama
pekJsiaMa ! " HU3MeHSIeTCsS 3HaueHHe MOoJisl name kjacca MyClass. [loatomy
KOr/Zla B KOMaH/le print ("CnpaunBaeT KpacHwm:", red.name) HUCIOJIb-
3yeTcs cChbliKa red. name, TO pe3yJIbTaTOM 3TOM MHCTPYKLUK Oy1€T HOBOE 3Ha-
YyeHue MoJjs name KJjacca MyClass. A 3HaueHUe UHCTPYKIMU green.name B
KOMaH/Ze print ("CnpaumBaeT 3eJieHbl:",green.name) - 3TO 3HaYEHUE
"3mech Obl1 3esieHb" MOJISI name 9K3eMILIsIpa green.
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Ha cnenyiouiem atane koMaH10il del green.name y 3K3eMILIsIpa green yaa-
Jsiercst noJie name. [locje aToro y 3k3eMIuisipa green MoJisd name YXe HeET, U
3HayeHHEeM MHCTPYKLUUU green.name B KOMaH/e print ("CrnpaumsBaeT 3e
JIeHwlM: ", green.name) sBJSAETCS 3HaUEHUE I10J151 name KJjacca MyClass.

JloGaBneHue n ynaneHue nonen n MeTonoBs

Jaono, ece. Hado umo-mo deramew. /lasaii-xa,
Moxcem Gvimp, camu usobpeme.
u3 k/¢ "Yapoodeu”

[Tocsie HaIUX CMEJIBIX AKCIIEPUMEHTOB C TOJISIMU 0OBEKTA KJIACCa U IK3EMILIISI-
POB KJIacca YUTaTeJb, CKOPEE BCETO, yIKe I0TaIaJICs, YTO MOJISI MOXHO 100aBJIATh
U yIaJISiTh, IPUYEM 3TO CIIPABEJIMBO KaK /JIsk 00BEKTA KJ1acca, Tak U JJisk 9K3eM-
IJISIPOB KJIacca. 3/1eCh, B 3TOM pa3/eJie, Mbl 00CY TUM ¥ TIPOAHAJIU3UPYEM JIBE I10-
UM

* ITons IK3eMILJIsAPa KjlacCa MOXHO lIO63.BJIHTb U Y1aJIATD IOCJI€ CO3IaHUA
9K3€EMILJIAPa KJjacca.

* Tlons o6bekTa KJjacca MOXKHO A00aBJSITh U yAAJSTH MOCJE CO3[aHUST
06BeKTa KJacca.

C npuKJIagHOM TOYKM 3PEHUS CUTYalMsi B OOIEM U 1I€JIOM HECJIOXKHASE: IJIs 10~
6aBJieHH I [10JIsI IK3EeMILJIsIpa KJIacca 3TOMY TOJII0 IPUCBaUBaeTCsi 3HaueHue (pas-
yMeeTcsl, Yepe3 CChIJIKY Ha 3K3eMIISIp Kiacca). [IpiumepHo To ke camoe mpouc-
XOIUT NpHU A00aBJIEHUM TOJISI OOBEKTY KJacca: TAKOMY IOJIIO TPUCBAMBAETCS
3HaYEeHHeE, U ITOTO OCTATOYHO, YTOOBI Yy 00bEKTA KJIacca MOSIBUIOCh HOBOE TTOJIE.
Yrtob6b! yAaIUTh T0JIE Y 00bEKTa KJIacca, MocJie ornepaTopa del yKa3blBaeM CChLI-
Ky Ha 110Jie 00beKTa Kjacca (B "ToueuyHoM "hopMarte: KJacc v, Yepe3 TOUKY, UMsi
10Jis1). AHAJIOTHYHBIM 06PA30M YIAJISETCS M T10JIE€ HK3EMILISIPA KJIAcca, TOJIbKO
Temnepsb rocJie oneparopa del yKa3bIBAETCS CChLJIKA Ha IMOJIE IK3EMILISIpA KIacca
- (3K3eMILISIp KJIacca, TOYKU U UMS TIOJIST ).

He6ob110¥i mpuMep MaHUIYIUPOBaHUS C TOJSIMU 00BEKTa Kjacca U MOJISIMU
3K3EMILJIIPOB KJIacca MPUBeEH B JIUCTUHTE 6.9.

Jluctunr 6.9. floGasnenne u yaanexue nonei

# CosmaeMm kiacc
class MyClass:

pass
# Coszpmaem sk3eMnnap A
A=MyClass ()
# Cozmaem skz3eMmysap B
B=MyClass ()



# DOkszeMmnnapy A nobaBjsgeM
# nome first
A.first="3k3emnyuap A"
# Jxzemnnapy B mobGaBiseMm
# nosne second
B.second="3kz3eMmnmusap B"
# Kmaccy MyClass noGaBiseMm
# nomne total
MyClass.total="Kmacc MyClass"
# IpoBepseM mocTyn K noJjgsaMm total u
# first uepes CCHJKY Ha 3K3eMIJap A
print (A.total,"->",A.first)
# INpoBepseM mocTyn k nojo second
# uepes CCLUIKYy Ha 3K3eMIisgp A
try:
# Ecyim noye second ecTb
print (A.second)
# EcaM TakoT'O MOJIS HET
except AttributeError:
print ("Takoro noja y sk3eMmrjysapa A Her!")
# llpoBepsieM nmocTyn K nojaaMm total u
# second uepe3 CCHJIKY Ha 3K3eMrasap B
print (B.total,"->",B.second)
# IpoBepseMm mocTyn K nojo first
# uepes ccrIIKy Ha 3K3eMIisp B
try:
# Eciu none first ectsb
print (B.first)
# EcamM Takor'o IOJIA HET
except AttributeError:
print ("Takoro nojssa y 3k3eMmmuispa B Her!")
# Ymanaem noje total knacca MyClass
del MyClass.total
# IpoBepseM nmocTyn K nojo total
# uepes ccCrUIKYy Ha 3K3eMmiysgp A
try:
# Ecau noje ecThb
print (A.total)
# Ecsau noms -HeT
except AttributeError:
print ("Takoro noJssa HeT!")
# IpoBepsiem mocTyn K noJjo total
# uepes cceUIKy Ha 3K3eMmsgp B
try:
# Ecim mojse ectThb
print (B.total)
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# Ecmm nomya Her
except AttributeError:
print ("Takoro nossa HeT!")
# Ynansem nose first sksemniapa A
del A.first
# IpoBepsaeM mocTyn K mnojio first
# uepes CCHIJIKY Ha 3K3eMmjsap A
try:
# Ecau nojie ecrthb
print (A.first)
# Ecnu nons HerT
except AttributeError:
print ("Takoro nojs y 3k3eMmmjsapa A Her!")

PesysisraT BBINTOJIHEHUS IPOIPAMMHOIO KOZIa TAKOM:

o 1bTaT BLINONHEHNS! NPOrpaMMBbl (M3 IMCTHHIa 6.9)
Kmacc MyClass -> Jk3eMmmnusap A

Takoro noJjia y 3k3eMmnusapa A Her!

Kmacc MyClass -> 3kx3emniusap B

Takoro nojga y 3K3emmjspa B Her!

Takoro noJjsa Her!

Takoro noJjiga Her!

TakoIr'o mnoJsiga y 23k3eMmniusapa A Her!

o

B atom mpuMepe co3maercst Kiaacc MyClass, He cOepKallii, COOCTBEHHO, HU-
yero. Ha ocHOBe 3Toro kJjacca co3/[aloTCs 1Ba 3K3eMILJIsIpa C Ha3BaHUSIMU A U B.
3aTteM KoMaHAaM 1 A.first="3kzemnnap A",B.second="3k3emnysap B"
U MyClass.total="Kmnacc MyClass" mobaBisioTcs (C MpUCBauBaHUEM
3HayeHUi) noJis first AJis aK3eMILIsipa A, moJie second 75 9K3eMILIsIpa B u
nmosie total ass kjaacca MyClass. B komaHge print (A.total,"->",A.
first) ecTb CCHLIKHU Ha MOJIe fir st aK3eMILIsApa Kjacca v moJie total oObeKTa
KJIacca, puyeM 00€e CChLIKY BBIMTOJHSIIOTCS Yepe3 SK3EMILISAP A.

ITo pe3yJabTaTy BBITIOJIHEHU ST KOMaH/IbI (coobireHvie Knacc
MyClass -> 3x3eMmmyap A BOKHE BbIBOJA) BUIUM, YTO IIPOOJIEM C TOCTYIIOM
K MOJIsIM He BO3HUKaeT. B mpuHImIe, HeuyTo mogo6HOe Mbl HAGJIIOAIH B TIPE/I-
BIAYIIUX TIPUMEPAX, HO 3/1ECh eCTh 0Ha 0coOeHH60CTh. CBsI3aHa OHA C TEM, YTO
moJie total MOSIBUJIOCH ¥ Kjacca MyClass yoKe IMOCJIe TOTO, KaK ObLIN co37a-
HBI 9K3eMILIsps A 1 B. Ho, TeM He MeHee, TOCTYT K 06aBJIEHHOMY MOJI0 total
yepe3 3K3eMILISIPhI KJIacca MMeeTCs1. A BOT 106aBJIeHHE MOJIsI OHOMY 3K3EMILIS-
Py KJacca AJIsl IpYToro 3K3eMILIsipa "oCTaeTcss He3aMeYeHHbIM" (YTO, B IPUHIU-
Te, BIIOJIHE JIOTUYHO).



'

[Ipu mombITKE BBIMOJHUTH KOMAaHAy print (A.second) BO3HHKaeT OMIHOKa
Kjacca AttributeError: moys second y 9K3eMILIspa A HET. ITY CUTYAIUIO
MbI 06pabaTbIBaeM C MOMOIIIbIO 6JI0Ka try-except. Pe3yspTaToM siBJIsieTcs co-
obuieHne TakoTo MOJIA y 3K3eMmiyapa A HeT!, KOTOpoe 0ToOpa)kaercs
KOMaHIOM print ("Takoro mnoja y 3k3eMmiigpa A HeT!") B except-
6J10Ke.

AHasiornyHo 06CTOST Jesia ¢ 9K3eMIUISIPOM B: IOCTYyM K MO0 total KJacca
MyClass ¥ Mmoo second 3K3eMIUIsipa Yepe3 MepPeMeHHYI0 B mojyyaem 6e3
npobJieM, a K TOJTIo fir st 3K3eMIIsipa I0CTyMa HeT, MOCKOJIbKY 3TO moJie 106aB-
JISLIOCH B 9K3EMILIISP A, M 9K3EMILISP B K JAHHOMY TOJII0 HUKAKOTO OTHOIIEHHS
He UMeeT.

Ha cienyromem atane koMaHaoit del MyClass.total ymajisieM mnoJie total
obObekTa Kjacca MyClass, 1ocjie 4ero KOMaHaoi print (A.total) (B try-
6JI0Ke) MBITAEMCST IPOYMTAThH 3HAYEHKE 3TOro noJist. Cyzsi o TOMy, YTO B 3TOM
cJIy4yae BO3HUKaeT olnbKa Kjacca AttributeError (HeBepHBI aTpubyT) U
B except-0JI0Ke BBIOJHIETCS KOMaHAa print ("Takoro mnons HeT!"),
moJie total AelCTBUTENIBHO yaaaeHo U3 obbekTa Kiaacca MyClass. Her gocry-
a K yaJIeHHOMY MoJI0 total U yepe3 nepeMeHHy1o B.

Hakownen, komanaoi del A.first ygassem noJe first sk3emmusipa A. Kak
CJIeICTBHE, IPU MOMbBITKE BBIMOJHUTH KOMaHAy print (A.first) B try-6JoKke
BO3HHUKaeT omnbka. [I0aToMy B except-0JI0Ke BBITIOIHSIETCS KOMaHAa print (
"Takoro mnoJjsa y skz3eMmisgpa A HeT!").

[ Hasametky

Y1o06bl nerye GbINI0 NOHATL, YTO W Kak NPOUCXOAUT NPW Ao6GaBNEHUU N yaaneHnn none
obbexTa knacca v 3k3eMnIApOB Kiacca, CleayeT y4ecTsb, YTO NOAS U UX 3HaYeHUs ans
KaXaoro ak3emnnspa knacca u obbekTa knacca xpaHiTca B crioBape. Mose ssnseTcs
K/IIOYOM, @ 3Ha4eHne Nons - 31eMeHTOM cnosaps. Mpu obpalleHnn K Noo 3K3eMnns-
pa NoMCK CHayana BbINOMHAETCS NO CI0BapIO 3K3eMNAspa Knacca,  eCivm TaMHeT Co-
OTBETCTBYIOLLEr0 K/o4a (HAaNOMHUM, YTO 3TO Ha CaMOM A.eNe Ha3BaHWe NoNs), TO NOUCK
nepemeLLaeTcsa K CNoBaplo C Ha3BaHNSAMU W 3HaYeHusIMU nonel obbekTa knacca. [o-
6aBnas UnKn yoanss nonsi, Mbl BHOCUM U3MEHEHWUs B COOTBETCTBYIOLWMIA cnoBapb. Moa-
TOMY 3K3EMNASPbI, CO3AaHHbLIE 4,0 BHECEHUSA U3MEHEHUI B 0OBEKT KNnacca, "3HaioT" 06
3TUX UBMEHEHUSIX.
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MeToabl n GpyHKUUN

@opmy 6ydeme cozdasamv N0 MOUM MUUHBLM
xonmponem. Dopme cezo0usn npudaemcs 60.1v-
woe codepxcanue.

u3 x/¢ "Yapodeu"”

B sTOM pasaesie Mbl 06Cy1uM MeToAbl. TeMa 3Ta HeTpUBHAJIbHAS, HO MBI TIOCTa-
paeMcsi BbIIEJTUTh OCHOBHbBIE, TaK CKa3aTh, KOHIENTYaJIbHbIe MOMEHTBI, KOTOPbIE
TI03BOJIAT YUTATEJIO 6oJiee-MeHee CBOOOTHO OPHEHTUPOBATHCS B TOM GOraTcTBe
TIPUEMOB U TIOIXO/IOB, KOTOPBIE UMEIOTCS B €T0 PACTIOPSIKEHUH TIPU MTPOrPaMMHU-
poBanuu Ha Python. Haunem ¢ He6obIIOr0 mpuMepa, IpeACTaBJEHHOTO B JIH-
crunre 6.10.

Jiuctunr 6.10. Metop aksemnnspa u GpyHKuMS Knacca

# Cosmaem kJjacc
class MyClass:
# Meron sk3eMniugpa
def say(self):
# OTobpaxaercsa coobueHre
print ("Bcem npuset!")
# CosmaeMm sk3eMmIyaAp Kjacca
obj=MyClass ()
# BLI3BIBAEM METOI 3K3EMILIApA.
# ApIyMEHTOB HeT
obj.say ()
# BreI3bIBaeM OQyHKLUMIO KJjacca.
# ApryMeHT - 3K3eMIJIsgp KJjacca
MyClass.say (obj)
# Bri3eiBaeM GyHKLMIO KJjliacca.
# ApryMeHT - TEeKCT
MyClass.say ("Kakoy-TOo TekcT")

PesysbraT BEINOIHEHUS IPOIPAaMMHOTIO KO/Ia [TPUBeJEH HUXeE:

~ PesynbTat BuinoniHeHs NporpamMmbi (43 nucTuira 6.10)

BceMm npusert!
Bcem npuser!
Bcem npusert!

Mpi1 co3naeM kjacc MyClass, B KOTOPOM OITUChIBAEM METOJI IK3eMILJIsipa Kjacca
say (). B rese MeTona Bcero oHa KoMaHaa print ("Bcem npuser!"), KOTO-
pO¥i, OUEBHIHO, B OKHE BbIBOJA 0TOOpaxkaeTcst coobiieHre. XoTs y MeToa eCTh
apryMenT self, 3TOT apryMEHT IBHO HE UCIIOJIb3YETCSI.



B nanHOM KJiacce HET HMYEero HeoObIYHOTO. TeM He MeHee, MbI BCe XK€ MPOBEIEM
HeOOJIBIION SKCIIepUMEHT. [[JIst 3TOro KoMaHI0i obj=MyClass () CO31aeM 9K-
3eMIJISP obj. 3aTeM U3 3K3eMILJISIPA BBI3bIBAEM METOZI say () (MMeeTcs B BULY
KOMaHza obj . say () ). Pe3ysbrar BroJsiHe o)xuaeM: 0ToOpaXkaeTcst coob1eHne
Bcem npusert !.3aTeM MOCJIEI0BATETBHO BBIMTOJHSIOTCS KOMaH/Ibl MyClass .
say (obj) uMyClass.say ("Kakori—-To TexcT"). Pe3ysbrar TouHO Takoin
JKe, KaK TPH BBITOJHEHUH KOMaH/Ibl obj . say () . [Tonpobyem pazobparbcsi, mo-
yeMy JKe TPOUCXOUT UMEHHO TaK.

Haynem ¢ komanasl MyClass.say (ob7j). B U3BeCTHOM CMbICJIE OHA SIBJISIET-
Csl BOIJIOIIIEHHEM KOMaH/Ibl obj .say (). /lejso B TOM, UTO KOrjila Mbl OIIMCHIBa-
eM B kJj1acce MyClass MeTO/, 9K3eMILIsSApa say (), Ha CaMOM JieJIe Mbl OITKChIBa-
eM @pymkyuro say (). ITo, B 06111eM-TO, caMast 06bI4HasT (PYHKIIUSI, TPOCTO OIH-
CbhIBaeTcs B TeJle Kjacca. Panee MbI Takue pyHKyuy Ha3bIBaIU MEMOOAMU U BbI-
3bIBAJIM Yepe3 9K3eMILISIP Kjaacca. 31ech Mbl BhI3bIBaeM (YHKIIHIO, yKa3aB BMe-
CTO 3K3eMILJIsIpa KJlacca caM KJacc. Tak Toke MOXKHO J1eJ1aTh.

Q) HasameTky

YTo6bl He 3anyTaTbes, OyaemM HasbiBaTh say () PyHKUMER, €Cnv peyb UAET O KoMaHae
MyClass.say (obj), W METOOOM, €Cnn peyb NAeT 0 KoMaHae obj .say ().

C dopMasbHOIT TOYKHM 3pEHHs TJIaBHAasi 0COOEHHOCTh GYHKIUU say () B TOM,
4TO TMpU OOpalleHNH K Hel MbI YKa3bIBaeM elle U UMs kjacca MyClass. Bbi-
30B (PYHKIMH say () Yepe3 UMs KJIacca - 3TO KaK eCJIi 6bl MBI BbI3BAJIU CAMYIO
00bIyHY10 (DYHKIIHIO: KOMaHI0M MyClass.say (obj) BbI3biBaeTcsl (DyHKIUS
say (), omucaHHas B TeJe Kjacca MyClass, a apryMeHTOM 3TON (PyHKIIUU Iie-
peaaeTcs CChlIKa Ha 3K3eMILIP KJacca ob]j.

Koraa MBI rOBOPUM O BBI30BE Memoda say (), TO MOApa3yMeBaeM, YTO BBI30OB
OCYIIECTBJISIETCS Yepe3 CChLIKY Ha 3K3eMILISIP Kjacca. Kak MbI yxe 3HaeM, 3K-
3eMILISIP KJIacca HEeSIBHO TiepeiaeTcsl MePBBIM (U B JAHHOM CJIyYae e[MHCTBEH-
HBbIM) apryMeHTOM B say (). [loatomy komMaHaa obj .say () 3KBHUBaJeHTa BbI-
30BY (pyHKIUU say () u3 kjacca MyClass c apryMeHToM obj. CienoBaTtesisb-
HO, HET HMYETO yAUBUTEJIBHOIO B TOM, YTO BbINOJIHEHHE KOMaHA MyClass.
say (obj) v obj.say () NPUBOAUT K OAUHAKOBBIM pe3yJibTaTaM. UTo Kacaer-
¢ KomaHabel MyClass.say ("Kako—-To TekcT"), TO B UBBECTHOM CMBICJIE
3TO "XYJMTaHCTBO", XOTSI U BIOJIHE 3aKOHHOE.

Mzl Bei3piBaeM GQYHKLUIO say () U3 kjacca MyClass ¢ apryMeHTOM, KOTOPBIi
SIBJISIETCSI TEKCTOBBIM 3HaU€HUEM, XOTsI 10 JIOTUKE aPI'YMEHTOM J0JIKHA OBI OBITH
CCBhLJIKA Ha 3Kk3eMILIsAp kjaacca. Ho mockosbky B Tene GyHKIMU say () CChLI-
Ka Ha 9K3eMILJISIp KJIacca sIBHO He UCTOJIb3yeTcsl (TO eCTb apryMeHT y (pyHKIUU
HMeeTCs, HO B TeJie QYHKIMU He UCHIOJIb3Y€eTCs] ), TO He UMeeT 0COO0r0 3HaAUEeHU s,
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4YTO JKe MbI IlepejlaeM apryMeHTOM (QYHKIUH - [JIABHOE, YTOGBI apryMeHT MPOCTO
OBLIL.

Boobuue, cuTyarus He Takasi mpocTasi, Kak MOXET NTOKa3aThCA Ha ePBbIii B3TJIsL.
YT0G6BI €6 HEMHOTO NIPOSICHUTD, IMEET CMBICJ HATIOMHUTS, YTO QyHKIUA B Py-
thon - 310 HekOTOPBI 06BEKT (B 06IIEM CMBICTIE STOTO TEPMHUHA), @ €CJIH TOYHee,
TO 00beKT THHa function. IloaToMy Ha BYHKIMIO, OMKUCAHHYIO B KJIACCE, MOX-
HO CMOTPETb MIMEHHO KaK Ha TaKOi 0OBEKT - 10 aHAJIOTUH K TOMY, KaK MbI OIIMCBHI-
BaJIY B TeJle KJIacca lIepeMeHHbIe, KOTOPbIe UTPaJIH POJIb IOJIell 0ObeKTa KJacca.

Vms dyHKIMH, ONMCAHHOM B TeJie KJIacca, CPOAHU UMEHH OObIYHOM mepeMeH-
HOW, OMMCAHHOM B TeJie Kiacca. Kak u B ciryyae moJist 00beKTa KJ1acca, mpu CChLI-
Ke Ha G YHKIIHMIO, OMUCAHHYIO B TeJIe KJIacca, MMsI KJlacca Yepe3 TOYKY YKa3bIBaeT-
cs epel iMeHeM (PYHKIMHU. B KOHTeKCTe cKa3aHHOTO MHCTPYKLUS MyClass.
say SIBJISIETCS CCHLIKOM Ha 0ObekT Tuma function.

3 HasameTtky

XKenatowme MOryT NPOBECTU TaKOW 3KCMEPUMEHT: B NPOrpaMMHbIA KOA, ONUCAHHbLIA
Bblwe, n,06aBUTbL KOMaHAY print (type (MyClass.say) ). B pe3ynbrate B OKHe BbIBO-
Aanoseutcs coobueHne <class 'function'>. Pe3ynsraTom BbINONHEHNS KOMaHAbI
print (type (obj.say) ) 6yner coobueHne <class 'method'>.

MbI MOXeM paccMaTpuBaTh UMst GYHKIIMU KaK HEKOTOPBIN aTpubyT KJacca, K
KOTOPOMY OOBIYHO 0OPALIAIOTCS C YKa3aHUEM KPYTJIbIX CKOOOK (1 apTyMEHTOB B
HUXx). B yacTHOCTH, ecsiu dyHKL M4, OMUCAHHAS B TeJIEe KJlacca, BBI3bIBAETCS Ye-
pe3 CChLIKY Ha kJiacc (TO eCTh B (popMaTe kjiacc . pyHKUMSA (apTyMEHTH) ),
TO (paKTUYECKH NOAPA3yMEBAETCS] BBI3OB (QyHKLMM C COOTBETCTBYIOIUMHU
apryMeHTaMN.

[To 60sbIIOMY CUeTY, 371ECh peub UAeT 06 06BIYHOM (PYHKIIMHU, HO TOJIBKO "TIPUBSI-
3aHHOU" K KJlaccy. B TakoM KOHTEKCTe MBI MOXKEM OMMCATh B TeJIe KJlacca Mpak-
TUYECKH JIF0OYIO (DYHKIIUIO U BBI3BIBATH €€ KaK OObIYHYIO (PYHKIIUIO, HO TOJIBKO
UCTIOJIb3Y Sl B HA3BAaHUH SIBHYIO CCBUIKY Ha Kjiacc. C yroii CTOPOHBI HOHSTHO, YTO
06BIYHO He JJ1s1 3TOro (YHKIMK OMUCHIBAIOTCS B KJacce. 1o kpaiiHeit Mepe, pa-
Hee MbI BBI3BIBATM (DY HKIIUH, OIMCAHHBIE B TEJIE KJIACCA, YePE3 CChIIKY HA 9K3eM-
IUISIp KJIacCa U Ha3bIBaJM Takue GyHKIMU Memodamu. 30ech, Pa3yMeeTCsl, HET
IPOTHBOPEYHSI.

DyHKIUY, OTTUCAHHBIE B TEJIE KJIACCA, MOXKHO BBI3BIBATh HE TOJIBKO Yepe3 KJIacc,
HO ¥ Yepe3 3K3eMILISIP Ki1acca. B M3BeCTHOM CMBICJIE TPU 3TOM MBI MOXKEM T'OBO-
PUTb O BBI30BE TOH e caMoi GYHKLUY, YTO U IIPU BbI30Be Yyepe3 UMsI Kj1acca, HO
yepes IK3eMIISIP KJIacca obpaiieHue K GyHKIIMYA OCYLIECTBIISIETCS He TaK "TIpsi-
MOJIMHEMHO".



Yro xe mpoucxoauT (B 06IUX YepTax), KOraa Mbl BbI3biBaeM (YHKIIMIO Yepe3
3K3eMILISIp KJacca (TO ecTh BbI3bIBaeM MeTon)? JpyrumMu cjioBamu, Kak QyHK-
I[UsI CTAHOBHUTCSI METOZOM? A MPOUCXOAUT MIPHUMEPHO CJIEAYIOLIEE.

Cpenu Ha3BaHMil (QYHKIMIA, ONMUCAHHBIX B TEJE KJACCA, BBIMOJHSIET-
Cs1 IOUCK UMEHU METO/a, KOTOPBII BBI3BIBAETCS U3 3K3EMILISIPA KJIacca.
[Ipeanonaraem, 4To pyHKIMS C COOTBETCTBYIOIMM Ha3BaHUEM HalileHa
(ecu HeT, TO BO3HUKAET OIIUOKA).

Co3snaetcst 06bekT MeTona (06BEKT Kiacca method). ITOT 0OBEKT COOT-
BETCTBYET (DYHKIINHU, BHI3BIBAEMOIA C aPI'YMEHTAMH, KOTOPBIE MEPEAIOT-
Cs1 METOJLY TIPU BBI30BE, HO [IOTOJHUTEIHHO TIEPBHIM apTYMEHTOM 100aB-
JISIETCSI CCBLJIKA HA 9K3EMILISIP KJIACCa, U3 KOTOPOTO BBI3BIBAETCSI METOI.

) Ha3sametky

ﬂpom.e roeops, KOMaHaa Buaa 3kK3eMIuisap . uMsa (apr‘yMeHTl:I) 3KkBuBaneHTHa komaHae
KJIacC . Ms (3K3eMIJIsap, apT'yMeHTH) .

B nanpHeiem 1iis Hac HanboJIee BasKHBIMU 6yZIYT AB€ MMO3ULIUU:

HpI/I BbI30BE METO/la IIEPBBIM aPryMEHTOM HESIBHO II€pela€TCA CCbLJIKaA
Ha 3K3EMILJIAP KJacca.

Wmst GyHKuMK/MeTOIa SIBJIsIETCs] aTPUOYTOM, KOTOPOMY MOJXKHO TIPH-
CBOUTbH 3HAYEHHUE.

YT0 KacaeTcsi epBOro MyHKTa, TO OH HaM ObLT U3BECTEH U 10 3Toro. [1o moBoay
BTOPOTrO MyHKTa MOTPeOYIOTCSI HEKOTOPbIe MosicHeHust. [IpeacTaBUTh UX JIydlie
BCEro Ha KOHKPETHOM TPHMEPE, YTO MbI U c/iesiaeM. Hanprmep, coBceM Heobsi3a-
TEJIBHO OMUCHIBATh METO/] 3K3EMILISIPa KJIacca UM (GYHKIUIO KJIacca HeoCpe -
CTBEHHO B TeJie KJacca. Mbl MOXKEM OMHUCATH COOTBETCTBYIOIIYIO QYHKIHIO OT-
JIEJIBHO OT ONKCAHUS KJIacCa, a 3aTEM "3apETHCTPUPOBATH” €€ KaK METOJI IK3eM-
IJIsipa WM Kak QyHKIuo kiaacca. C moMourbio HHCTPYKIMHM del MeTo]] 9K3eM-
IJIsIpa KJlacca uin (pyHKIHUIO K1acca MOXHO yaaauTh. YTOObI MOHATD, KaK BbI-
TIOJIHSIIOTCSI TAaKUe Oepalii, PACCMOTPHUM JIMCTUHT 6.11.

- Nnctwur 6.11. loGaenenwe U yAaneHue MeTon0B

# CosmaeMm kiacc
class MyClass:
pass
# Co3maeM sK3eMIJIAPH KJjlacca:
A=MyClass ()
B=MyClass ()
C=MyClass ()
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# CoszmaeMm nepBy GYHKLMIO

def hello():

print ("MeTon sk3emmysapa - 'hello'")
# CoszmaeM BTOPYH GYyHKLUMIO
def hi{():

print ("Eme ommH MeTtom - 'hi'")

# OnpemessgeM MeTon 3K3eMIIgpa
A.say=hello
# OnpemesnseM MeTOon 3K3eMIigpa
.say=hi
BeI3EIBAEM MeTOI 3K3eMIlisgpa
.say ()
BEIBHIBAEM METOL 3K3eMIlisgpa
ry:

B.say ()
# Ecniu Takoro Meroma HerT
except AttributeError:

print ("Takoro Mmerona HeT")
# BrI3LiBaeM MeTOI 3K3eMIjidgpa
C.say()
# BrisbiBaeM GYHKLUMIO KJjlacca
try:

ol Sl - Q)

MyClass.say ()
# Ecam TakoM QYHKLUMM HEeT
except AttributeError:

print ("Takoy ¢yukumm HeT")
# YmamseM MeTon 3K3eMmiapa
del A.say
# Boi3bBaeM MeTOI 3K3eMILIgapa
try:

A.say ()
# Eciu Takoro Merona HeT
except AttributeError:

print ("Takoro metoma HeT")
# Bri3nlBaeM MeTOI 3K3eMIuigpa
C.say ()

PesysibTaT BBINOJIHEHHS 3TOTO IPOIPAMMHOIO KO/Ja TaKOM:

Meton sk3emniusapa - 'hello’
Takoro MeTona HeT

Eme ommH MeTonm - 'hi'
TakoM QYyHKLUMM HET

Takoro MeToma HeT

Eme ommH MeTon - 'hi'



Mzl co3naeM KJacc ¢ TpaAULMOHHBIM Ha3BaHueM MyClass. B kzacce B gan-
HOM KOHKDETHOM CJlyyae HUuero He onucaHo (HU noJiel, Hu MeTozoB). [lasee Ha
OCHOBe 3TOT0 KJIacca CO3/aeTcsl TPU 3K3eMILIsipa: A, B u C. Takoke MBI OIMChIBa-
eM 1Be GyHKIMU hello () U hi (), y KOTOPBIX HET apryMEHTOB U KOTOpbIE He
BO3BpalllalOT pe3yJbTart.

[Ipu BBIMONHEHUM KaX/J0# U3 3TUX (YHKLMIA B 06JIaCTH BHIBOAA OTOOPaXKaeT-
cs coobienne (U1t Kaxaoi ¢yHkuuu coe). /1o 9T0ro MOMEHTa He TIPOUCXO-
AUT HUYero HeoObyHOro. OTKpPOBEHHAs "9K30THKA" HAYMHAETCS C KOMAaHbI
A.say=hello, KOTOpO# aTpUOYTy say 3K3eMILIsipa A PUCBAUBAETCS B Kaue-
CTBe 3HaUeHUs uAeHTUPUKATOp hel1lo - UM OJHOU U3 CO3JaHHBIX HAMU DYHK-
1uil. Yo Bce 3TO 03HAYAET U YTO IIPU 3TOM IIPOUCXOAUT?

[l 0TBETA HA 3TH BOIIPOCHI CJIELYET BCIIOMHUTD, YTO GYHKIUS pEaTU3yeTCs ue-
pes3 crieruaIbHbIi 06beKT, a UMs1 QYHKIIMH - 3TO CCBIIKA Ha JTaHHBIH 06beKT. ITo-
3TOMY B JaHHOM CJIyyae UJeHTUDUKATOD hello sIBISIETCS CCBLIKON Ha OGBEKT,
Yyepe3 KOTOPBIi1 peanusyercs pyHkius hello ().

C nmpyroii CTOpPOHBI, eciii aTpHOYTy say IK3EMILIsIpa A NPHUCBAMBAETCSI CCBLI-
Ka Ha 00bEKT, peau3y ol (PyHKIMIO, TO yKa3aHHBIN aTpUOy T 6y IeT CCHLIATh-
Cs1 Ha 3TOT 00BEKT. 3HAYUT, aTPUOYT Say MOXKHO PacCMaTPUBATh KakK (PYHKIIMIO,
npyyeM 3TO Ta xKe QyHKIus, 4To U pyHKuMs hello (). IloaTomy, korzaa Beimnos-
HSIETCSIKOMaHAa A .say (), Ha cCaMOM JieJie BhI3bIBaeTCs PyHKIMs hello ().

HeuTo noxosxee npoucxXoAuT NpH BBINOJIHEHUH KOMaHAbI C . say=hi, ¢ Tonpas-
KOI JIUIIB Ha TO, YTO peyb UAeT 006 ak3eMiuisipe C (a He A) u GyHKIuK hi () (a
He hello () ). B pe3ysbrarte py BbINOJHEHUU KOMaH/BI C. say () BbI3bIBAaeTCsI
dyHKuMs hi (). A BOT IIpU BBIMIOJIHEHUU KOMaH/IbI B. say () BO3HMKAeT OIub-
ka (Tuna AttributeError), Tak Kak aTpubyTa say y ak3eMinisapa B HeT. Tou-
HO TaK e, KaK HeT TaKkoro aTpubyTa u y ooObekra kjaacca MyClass. [loaTomy ko-
MaHzaMyClass.say () TOXe IIPUBOIUT K OLITHOKE.

Yro6bl yaaauTh aTpubyT say y 9K3eMILIsIpa A, UCMOJb3yeM KOMaHIy del A.
say. [locse aToro komanzaa A. say () GyaeT NpUBOIUTH K OLIMOKE, a KOMaHAa
C.say () - HET, MOCKOJIbKY Y 3K3eMILIsipa C aTpuOyT say He yIasiiics.

1 HasameTky

YTBEPXAaTh, 4TO Mbl, NPUcBavBas aTpubyTam 3K3eMMNIApOB Knacca B KayecTBe 3Ha-
YeHWIA CCbIKN Ha GYHKUMK, CO34aBanm TEM CaMbiM METOAbl 3K3eMnnapoB, 6yaeT He
COBCEM KOPPEKTHO. ECTb HECKOMbKO BaXHbIX 0OCTOATENLCTB, KOTOPbIE CYU{eCTBEH-
HO OXJlaXAaloT HawW Nbin. Bo-nepBbix, GYHKUUKN, CCbISIKWU Ha KOTOPbIE Mbl MPUCBanBam
aTpubyTam, He UMEIOT [ OCTYNa K 3K3eMnnapam knacca. [lpyrvMm cnosamm, Mol He CMO-
XEM N3MEHNTbL NPOrPaMMHBI KOA GYHKUMM hello () TaK, 4TOObI NP BbINOAHEHWUN KO-
MaHApl A.say () 6bin 6bl NPAMON AOCTYN K 3k3emMnnapy A. Kak 6bl HU XOTeNocb HaM pac-
cMaTpuBaTh say () Kak METOA 3Kk3emMnnspa Knacca, AaHHbI MeToa GakTUYeCKM K 9K-
3eMnaspy knacca AoCTyna He UMeeT. ATO CEPbESHbIA MUHYC.
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Nanee, ecim Gbl Mbl B3/ HECKO/IbKO 3K3eMNNSPOB U aTpubyTy say KaXaoro u3 atumx
3K3eMNASPOB NPUCBOMN CCbUIKY HAa DYHKUMIO hello (), TO BCE 3TU IKIEMNAspbl Ye-
pe3 atpubyT say ccbinanmce Obl HA 0OHY M Ty Xxe dyHkumio. Monyyaetcs “"obwasn”
dYHKUMA ANA BCEX 3K3eMnnsapoB. B TOM, 4TO 3TO AeNCTBUTENbHO PYHKUUSA, a HE Me-
TopA, nerko y6eanTbea - AOCTAaTOYHO NOC/e KOMaHabl A. say=hello A06aBUTbL KOMaHAY
print (type (A.say) ). B okHe BbiIBOga nosBuTcs coobuieHne <class 'function'>.
HanomMHum, 4TO KOrga npoBepseTca TUN MeToAa 3K3emnispa, B aHasornyHon cuTya-
unm nosenseTca coobleHne <class 'method'>. Kopoye roBops, TeM, 4TO Mbl Aena-
NV BblLLE, Ny4yLwie Bce Xe 0cob0 He yBnekaTbCs.

Bosee a¢hexTUBHBIM MOXKET ObITH TPUCBAaUBAHKE CCHIIKH Ha (DYHKIIUIO B Kaye-
CTBe 3HaueHus aTpuOyTy Kjacca (pa3dymeeTcsi, 0OpaTHasi IpoLEaypa - yAaJleHue
aTpubyTa co CChIIKOM Ha HYHKIIMIO, - TOXe Aomyckaercs). HeGobiioit mpumep
Ipe/CTaBJeH B JUCTUHTe 6.12.

Nuctuir 6.12. floGanenue v ynanenme gynkumn knacca

# Cosmaem kijacc
class MyClass:

def  init_ (self,n):

self.name=n

# CospaeM SK3eMIIAPH KJacca
A=MyClass ("A")
B=MyClass ("B")
# CoszmaeM QyHKUMIO C apryMEHTOM
def hello(self):

print ("3to sk3emnuap",self.name,"- hello")
# CoszmaeM QyHKUMIO C apr'yMEHTOM
def hi(self):

print (self.name+": hi")
# OnpenpesnsgeM ¢yHKUMIO KJjlacca
MyClass.say=hello
BEI3EIBAEM METOI 3K3EMIIAPa
.say ()
Bei3elBAeEM MeTOJ 3K3eMIljisapa
.say ()
Bei3uiBaeM QyHKLUMIO KJjlacca
MyClass.say (A)
MyClass.say (B)
# MeHseM CCHUIKY Ha OGYHKLMIO
MyClass.say=hi
BEIBEHIBAEM METOH 3K3eMIigpa
.say ()
BEI3EHIBAEM METOJH 3K3eMIljisgpa
.say ()
Bri3eiBaeM QyHKLMIO KJjlacca
MyClass.say (A)

#*+= 0 = P

= 0 = M oW



:

MyClass.say (B)
# Ymamngaem QyHKUMIO KJjacca
del MyClass.say
# Br3HIBAEM METOH 3K3eMIUIIpa
try:
A.say ()
# Ecay MeToma HeT
except AttributeError:
print ("Takoro meroma HeT")
# BrI3HIBAEM METOI 3K3eMIJsapa
try:
B.say()
# Eciu MeToma HeT
except AttributeError:
print ("Takoro merona HeT")
# Bu3mBaeM OQyHKLUMI Kjlacca
try:
MyClass.say (A)
# Ecay dyHKUMM HeT
except AttributeError:
print ("Takom ¢yHkuUMM HeT")

PeBy.IIbTaT BBIINIOJIHEHU S 3TOI'0 IMTPOTrPaMMHOI'0 KOJa Ipe/ICTaBJIEH HUXKE:

 PeaynbTar BbINONHEHHUS NPOTPAMMBI (W3 IWCTHHFA 6.12)

3To sk3eMmyiAp A - hello
39Tto 3k3eMmMmyAp B - hello
310 sk3emmysaAp A - hello
310 sk3emmyiAp B - hello
A: hi
B: hi
A: hi
B: hi

Takoro MeToma HeT
Takoro MeTona HeT
Taxko¥ QYHKUMM HET

B ksacce MyClass omucan KOHCTpPykTop. IIpu co3manuu sk3emiisipa Kjac-
ca KOHCTPYKTOpY IlepeiaeTcsi apTyMeHT, KOTOPBIi onpeziesisieT 3HaueHue T0JIs1
name 3K3eMILIsIpa KJaacca. Mbl co3aeM Ba 3k3eMIlsipa: A (co 3HayeHueM "A"
IUIs IOJIst name) ¥ B (co 3HaYeHueM "B" 1 MoJst name). Takxke omuchbIBaeM
nBe dyHkuud hello () u hi (). [Ipuuem y kaxaoit u3 GyHKIHi 06BIBIEHO IO
OJTHOMY apryMeHTy (apryMeHT Ha3bIBaeTcs self), mpuyeM HESIBHO Mpe/noiara-
€TCSl, YTO 3TO CChLJIKA Ha 3K3EMILISIP KJlacca MyClass, HOCKOJIBKY B TeJle QyHK-
{1 UMEIOTCS CCBLJIKU self . name Ha MoJjie name 3K3eMIlaspa self.



Fnasa 6. OcHOBbI 06BLEKTHO-OPUEHTUPOBAHHOTO NPOrPaAMMUPOBAHMNS

BwMmecte ¢ TeMm, 06e aTu GyHKIMU ONMCaHBI BHE Tesa Kjaacca MyClass, Tak 4To
rOBOPUTb 0 QYHKIUH KJIacca MJIM MeTo/e 3K3eMILIsipa MoKa PaHo - PaHO, NoKa
He BBIMOJIHEHA KOoMaHAa MyClass.say=hello. B atoM ciyuyae atpubyty
say kJacca MyClass MpUCBauBaeTCsl B KauecTBe 3HaYeHHsI CChLIKA Ha QyHK-
iuio hello (). Ilocye 3Toro Moxem BbI3bIBaTh METOA say () /JI 3K3EMILJISIPOB
KJacca KoMaHAaMu A.say () u B.say (). IIpu sTom ¢axTHyecku BbI3bIBaET-
cs1 pyHkumsi hello (), apryMeHTOM KOTOPOY IepeJaeTcsl CChLIKA Ha 9K3eMILJISIP
KJIacca, 3 KOTOPOTr'O BbI3bIBAETCSI METO say ().

AHajnioruyHble pe3yJsbTaThl MOJy4YyaeM IpPU BBIMOJHEHUMM KoMaHq MyClass.
say (A) uMyClass.say (B). B HUX HermocpeCTBEHHO BbI3bIBAETCS (PYHKIUS
say () kjaaccaMyClass ¢ OIHUM apryMEHTOM.

MbI MOXeM M3MEHUTh 3HaueHue aTpubyTa say Kjacca MyClass, BHINIOJIHUB,
HampuMmep, KoMaHay MyClass.say=hi. [locjie BBIMOJIHEHUST 3TO KOMaH-
IIbI TIPH BbI30Be (QYHKIIMH KJIacca UM METO/Ia 9K3eMILIsIpa say () peajibHO Oy-
JIET BBIMOJIHSATHCS KO yHKIMHU hi (). B mocieaHeM Jierko ybeIuThes ¢ MOMO-
IIbI0 KOMaHA A.say (), B.say (), MyClass.say(A) u MyClass.say (B).
Haxkowner, MpI MOXXeM yaaauTh GyHKIMIO say () kjaacca MyClass KOMaHIOU
del MyClass.say. [locje aT0 BbINOJIHEHNE TEPEYNCTIEHHBIX BBIIIE KOMAH/ C
BBI3OBOM (byHKLu/m/ MeToJa say () MPUBOIUT K ouiuobkKe.

B03MOXHBI U ApyTHE BADUAHTHI "AEMCTBUI" ¢ PYyHKIMSIMHU KJIacca U METOJAAaMHU
9K3eMILISIPOB KJiacca. HekoTopbie He6oJIbIE TPUMEDDI TIPUBEIEHDI B IUCTHUH-
re 6.13.

# Coszmaem kJjacc
class MyClass:
# KOHCTPYKTOpP 3K3eMIuigpa KJjacca
def init_ (self,n):
self.name=n

# Meron sk3eMmmugpa KJjacca
def say(self):
print ("Kmacc MyClass:", self.name)

# CosmaeM sK3eMIJISApPH Kjacca
A=MyClass ("A")
B=MyClass ("B")
# BEIBLIBAEM METOL 3K3EeMIJsapa
A.say ()
B.say ()
# Cceulky Ha MeTOH 3anMChHBAaeEM B [IE€PEMEHHYI0
F=A.say
# BuzsbiBaeM O(yHKLMIO
F ()



# ATpuOyTy 3K3eMIIspa IPpMUCBaMBaAETCS TEKCT
A.say="Illone sk3emmiaspa A"
# IpoBepsieM 3HAUEHME I0JiA
print (A.say)
# TlelTaeMcs BH3BATb METOI 3K3eMIISIpa
try:
A.say ()
# EcaM Takoro MeToma HeT
except TypeError:
print ("HeBepHas komaHzma")
# BrI3EIBAEeM METOI B3K3eMIJigpa
B.say ()
# BrspiBaeM GbyHKLMIO
F()

B xacce MyClass onucaH KOHCTPYKTOP 9K3eMILISIpa Kjacca, B KOTOPOM II0JII0
name 3K3eMILIsIpa MpUCBaUBaeTCs 3HaueHHe. Tak)ke B KJacce OMUCAH METOJ
say (), 0To6paXaroIuil TEKCT U 3HaYEeHHe TI0JIsi name K3EMILISIPa, U3 KOTOPO-
ro BhI3bIBaeTcs MeToA, [Ipu co3manuu aK3eMIJISIpsl A U B NOJIyYaloT AJIS1 CBOUX
MoJieil name COOTBETCTBEHHO 3HaueHUs "A" U "B". Y KaXXJ0ro U3 9K3eMILIsI-
POB A M B €CTh METOZI say (), B YeM HECJIOKHO YOEeIUTHCS C TIOMOINBI0 KOMaH/ I
A.say () uB.say ().

[anbiuie Mbl O6yzeM paccyxaaTth Tak. MIHCTpyKuus A . say mpeacTaBIsieT coboit
CCBLIKY Ha OOBEKT MeToza say () 3K3eMILIsipa A kjaacca MyClass. HukTo e
3ampeniaeT HaM MPUCBOUTD CCBIJIKY Ha 3TOT OOBEKT B HEKOTOPYIO MEPEMEHHYIO.
VMeHHO Tak MbI ¥ IOCTyTIaeM, KOT/]a MCTIOJIb3yeM KOMaHAy F=A. say. B pe3yb-
TaTe ee BBITIOJIHEHUS B IEPEMEHHYIO F 3aMucaHa CChLIKa Ha 0OBEKT - TOT CaMBblii,
Ha KOTODBIN CCHITIAETCSI MHCTPYKIMS A . say. [IockosbKy peub uzet 06 06bek-
T€ METO/la, TO BBI3BATH 3TOT METO/ MOXXEM I/IHCprKL[I/Ieﬁ A.say() mm F (). B
000MX CJIyyasix BHI3bIBAETCS OJMH M TOT XK€ METOJ, TI03TOMY MBI IIOJIyYaeM OUH
H.TOT K€ pe3yJibTaT.

Ha cienyomem mare koMaHzioi A.say="Ilone sk3emnispa A" aTpubyTy
say 9K3eMILIsipa A MPUCBAMBAETCSI TEKCTOBOE 3HauyeHue. XOTsI paHee aTpUOyT
say 3K3eMILIsSipa A CChLIAJICSI HA METOJ 3K3eMILISIPA, Telepb 3T0 (HaKTUYECKU
MoJIe, KOTOPOE CChIJIAeTCs Ha TEKCT. [03TOMY BBI3BATH METOJ] 3K3EMILISIPa KO-
MaH/ION A . say () 6osblie He MOJay4uTCs. ECu MbI BOCIIOIb3yeMCsi KOMaHI0M
A.say (), BO3HHKHET omIMOKa HeCOrJacoBaHusi TUIOB TypeError. KoppekT-
HBIM SIBJISIETCSI OOpallleHue A . say K TEKCTOBOMY IOJI0 3K3eMILJISIpa.

0 Hasametky

Takum 06pa3oM, y 3k3emnspa A NosSBNSETCA Nose say, M AaHHOE nose "nepekpbiBaeT”
MeToa say () 3k3emnnsapa. NoHATHO, 4To 3To obLiee Nnpasuno.
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[Tpu 3TOM y 3K3eMILIsipa B MeTO say () "ocraeTcs” u 6e3 MpobJieM MOXET ObITh
BbI3BaH KOMaH/Iol B. say (). Ho caMoe uHTepecHOe, YTO UHCTPYKIMEN F () MbI
HO-TIPeXXHEMY MOXKEM BBI3BaTh METOJ say () ak3eMiuisipa A. O6bsiCHEHME TTPO-
CTOe: lepeMeHHast F cchbliaeTcsi Ha 00beKT MeTozia say () 3Kk3eMiuisipa A. PaHee
Ha 3TOT 0OBEKT COZlepXKaIach CChlIKA U B aTpubyTe A. say. U xoTs moce npu-
CBaMBaHUsI TEKCTOBOTO 3HAYEHUSI aTPUOYTY say UHCTPYKIUSA A . say () AJIs BbI-
30Ba METO/Ia UCII0JIb30BaHA OBITh HE MOXKET, IEPEMEHHAs1 F /17151 3TOi 1€ BIIOJI-
He NofioiieT. B uTore nocJie BEINOJIHEHU S BCEro IPOrpaMMHOIO KO/1a TOJTy4aeM
TaKoW pe3yJIbTarT:

~ PesyneTar BLINONHEHMS NPOTPaMMb (M3 IMCTUHTA 6.13)

Knacc MyClass: A
Kmacc MyClass: B
Knacc MyClass: A
[Tosle sk3eMniusapa A
HeBepHasa koMaHIa
Kmacc MyClass: B
Knacc MyClass: A

XOTs onmUCcaHHbIe BbIlllE BO3MOXXHOCTHU MO MAHUITYJIMPOBAHMIO MOJISIMU U METO-
JlaMU TOCTATOYHO YHUKAJIbHBI (TaKue "TPIOKU" MOXHO /IeJIaTh [1ajIeKO He B KaXK-
JIOM sI3bIKe IPOrpaMMHUPOBaHMUSI ), KapTHUHA Oblyia ObI HETIOJIHOM 6€3 OTHOTO OYeHb
Ba)KHOTO MeXaHU3Ma, 6e3 KOTOPOTro BOOOIIIe He 6bIJI0 ObI CMBIC/IA PACCMATPUBATH
OOIL Peusb o nacredosanuu. HacienoBaHue, paBHO KaK U HEKOTOPbIE JpPYTHe
MOMEHTHI (HampuMep, MepeorpeiesieHe ONepaTOPOB) pacCMaTPUBAETCS B CJie-
QyIOIIEeH TJIaBe.

KonupoBaHue 3K3eMMpoB U KOHCTPYKTOP
co3aaHnsa Kkonuun

Xomume obmanymv maza? boxce, kaxas dem-
ckas nenocpedcmeennocmo. S xce euxcy Bac

HACKBO3b.
u3 k/p 31 uronn"

KoHCTpYKTOpBI MBI y2Ke 06Cyk Aai. MbI 3HaeM, YTO KOHCTPYKTODPY 9K3€eMILIsIpa
KJIacca MOTYT MePeaBaThCs apIYMEHTBL JTO C OAHOM cTopoHbL C ApyToii CTO-
POHBI ECTb B UI3BECTHOM CMBICJIE "KJIaCCUYECKasl" 3a/1a4a, KOTOPAsi COCTOUT B TOM,
YTO Ha OCHOBE OJTHOTO 3K3eMILJISIpa KjIacca Hy KHO CO31aTh TOYHO Takoii xe. [py-
60 roBOpsl, aKTyaJIbHOM SIBJISIETCS 3ajlaya CO3/IaHUsT KOMMK 3K3eMILIsIpa KJiacca.
[Tpo6GJsieMa B TOM, YTO OOBIYHBIM MIPUCBAMBAHUEM 3HAYEHUSI IEPEMEHHBIM, KOTO-
pble CChLIAIOTCSI Ha 9K3EMILISIPbI KJIaCCOB, 3/1eCh He 060 THCh. Benb mpu npuca-
WBaHWUU 3HAYEHUsI IEPEMEHHBIM ITPOCTO "TepeOpachIBalOTCA " CChLIKH. Tak, eciiu



HEKOTOpasi IepeMeHHasl X CChLIAeTCsT Ha K3EMILJISIP KJIACCa, TO II0CJIe BBITOJIHE-
HMsI KOMaH/bl y=x NepeMeHHasi y Oy/JeT cChblIaThCsI HA TOT CaMBIA 9K3EMILISD,
4TO U NepeMeHHas x. M aTo He To, uTo HaM Hy>xHO. Ham HyXHO, 06pa3HO BbIpa-
XKasiCh, YTOOBI IEPEMEHHAS Y CCHLIAJIACH HA 9K3EMILISAP C TOYHO TAKUMH XKe Xa-
PaKTEPUCTHKAMH, KaK y 9K3EMILJISIPA, HA KOTOPBIN CChIJIAETCS IIepEMEHHAST X.

1 Hasametky

To eCTb HaM Kak Gbl Hy>XXEH TOYHO TaKO Xe 3K3eMM AP, HO APYroi.

B npuHnvne a5 co3ganusi KOMUH IK3eMILISIpa MOKHO BOCIIOJIb30BAThCS (PYHK-
nusiMu copy () uau deepcopy () U3 MoAynasi copy. lIpu ucmosb30BaHUM
dyHKIMU copy () CO3[aeTCst noBepXHOCMHAs KONnuUs 3K3EMILISIpa, B TO BPeMs
Kak QyHKIUs deepcopy () MO3BOJISIET CO34aBaTh n0.IHble Konuu. Pa3Huna mex-
[y TIOBEPXHOCTHOH U NIOJIHOU KONUSIMU IIPOSIBJISIETCS, KOTZIa CpeiU TT0JIeit 3K3eM-
IIJISIPOB UMEIOTCS TIepEMEHHBIE, CChLJIAIOIMECS] HA JaHHBIE U3MEHACMbIX TMUNOE
(puMepoM MoryT 6bITh criucku). HeGoJiblast HILTIOCTPALHST K UCIIO0Ib30BAaHHIO
aTux GyHKIMI NpruBeieHa B IUCTUHTe 6.14.

v

# MMnopT ¢yHkuUMI copy () M deepcopy ()
# u3 Momyna copy
from copy import copy, deepcopy
# Kmnacc
class MyClass:
# KoHcTpykTOp
def _ init_ (self,name, nums):
# 3HauUeHMe MoJid name
self.name=name
# 3HadveHMe NOJIA Nnums
self.nums=nums
# Meron myia orTobBpaxeHus
# 3HaueHMI MOJIEM BK3eMIIsapa
def show(self):
# IoJsie name
print ("name ->",self.name)
# IoJsie nums
print ("nums ->",self.nums)
# CosmaHme sk3eMmniidgpa KJjacca
x=MyClass ("Python", [1,2,3])
print ("9x3emnuap x:")
# OrobOpaxeHMe IMOJIe 3K3eMIgpa X
X .show ()
# I[loBepxXHOCTHAA KOMNMA 3K3eMIuigpa X
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y=copy (x)

# losHas KoONMA 3K3eMmiIsgpa X
z=deepcopy (%)

print ("3kx3emnuap y:")

# OrobpaxeHue MoJiel 3K3eMIigpa Yy
y.show ()

print ("3k3emnuap z:")

# OrobOpaxeHMe MNOJEM DK3EMIIApPa Z
z.show ()

print ("[lonsa sk3eMmgpa X u3MeHsawoTca!")
# lV3MeHeHMe 3HAUEHMUs I[OJIS name

# sks3eMmispa x

x.name="Java"

# Vi3MeHeHVe 3HaueHMs BJIeMeHTa B CIMCKe
# nums - noje sk3eMmIyApa X
x.nums [0]=0

print ("Oxsz3emnmnap x:")

# OrobpaxeHMe MOJIEM DK3EMIIApa X
X .show ()

print ("3k3emMmap y:")

# OToOpaxeHMe IOJielt DK3eMIIApa y
Yy .show ()

print ("3k3emmap z:")

# OrobpaxeHue IOJIEM BK3EMIIApa Z
z.show ()

B pe3yJjbraTe BbIIIOJIHEHU A ITPOrPaAaMMHOI'0O KO/ia IOJIyYaeM TaKoe:

SR R

OK3eMIUIAp X:

name -> Python
nums -> [1, 2, 3]
IK3eMNap y:

name -> Python
nums -> [1, 2, 3]
OK3eMIAap z:

name -> Python
nums -> [1, 2, 3]
[lona 3k3eMmIIApa X M3MeHATCcA!
OK3eMIUIAp X:

name -> Java
nums -> [0, 2, 3]
OK3eMIJIAp Y:

name -> Python
nums -> [0, 2, 3]
JK3eMIJIAp Z:




name -> Python
nums -> [1, 2, 3]

Wmnopt dbyHKUU copy () 1 deepcopy () U3 MOIYJi COPY BBITIOJHSETCS UH-
cTpyKuMeil from copy import copy, deepcopy. Kiacc, Hax ak3eMis-
paMu KOTOpPOro OyAyT TPOBOAUTHCS SKCIIEPUMEHTHI MO "KJOHWPOBAHUIO", Ha-
3bIBaeTcsl MyClass. B KOHCTpyKTOpe 3k3eMILIsIpa KJjacca ONpeessiioTCsl OIS
name 4 nums. [IpucBauBaemMble MOJISIM 3HAYEHUS TepeaalOTCs apryMeHTaMu
KOHCTPYKTOPY. MBI IpeAinosiaraeM, 4YTo MoJie name SIBJSIETCSI TEKCTOBBIM, a MOJIe
nums MpPeCTaBISAET COOOM YUCIOBOM CMUCOK (XOTS 3TO, KOHEYHO, YCJIOBHOCTH ).

B kJ1acce omucan MeTo 1 3K3eMITIsIpa show () , KOTOPBIM BBIMTOJIHSIETCS OTOOpasxe-
HUe oJIeit name U nums 3K3eMILIsipa kiacca. HaaToM onucanue kiacca 3akaHyu-
BaeTcs. /lajiee mepexoauM K IPOIey Pe CO3aHusI KOMUI 3K3eMILISIpoB. J{J1s1 3TOoM
1IeJIM HaM HY>K€H UCXOJIHBIN 9K3eMILISIP KJIacca, KOTOPbIM OyeT KOMUPOBaThCSL.
IK3eMILISIp Kjacca co3faeM KOMaHIoit x=MyClass ("Python", [1,2,3]).
B pesysibrate co3maercst ak3eMILISIp X KJjacca MyClass. Y CO3[JaHHOTO 9K3eM-
IIsIpa KJlIacca 3HaYeHUEM II0JI name eCThb TeKCT "Python", a 3HayeHHUe 10JIA
nums - coucok (1,2, 3]. [IpoBepuTh 3HaueHuUe NOJIEH 3K3EMILISIPA X MOXHO C
MOMOIIbIO KOMaH/bI X . show ().

Konumu akseMirisipa x co3al0TCsI Tak: KOMaHAOM y=copy (X) CO37aeTcsi TIOBEPX-
HOCTHasi KONuUs (3K3eMILISIP y) 3K3eMILIsIpa X, @ KOMaHA0i z=deepcopy (x)
co3faeTcs MoJiHasl Konus (3K3eMILISIp z) sk3eMILIsipa x. Ha aTom arane 3Haue-
HUSI TT0JIeR y 9K3eMIISIPOB Y U z TaKue XKe, KaK y 9K3eMILIsIpa X: MO TBepXKAeHH-
€M CJIY>KUT pe3yJIbTaT BbIOJHEHUS KOMaH y.show () U z.show ().

Ha crenyromem stane koMaHfaMu X . name="Java" ¥ x .nums [0] =0 u3MeHs-
eTcs 3HaYeHHe M0JIst name 3K3eMILIsIpa X U NepBbli (C HyJIeBBIM UHAEKCOM) dJIe-
MEHT B CIIHCKe nums, SIBJSIIOLIEMCS TI0JIeM 3TOr0 Xe 3k3eMIisipa. Komangamu
x.show (), y.show () 4 z.show () poBepsieM, U3MEHUJIUCH JIU (1 ECJIH a, TO
KaK) [10JIs1 9K3eMILISIPOB X, ¥ U z. C 3k3eMILIsIpOM x Bce npocTo. Ero mosist uame-
HUJIMCh CTPOTO B COOTBETCTBUU C TEMH KOMaHIaMH, KOTOPbIE ObLIH BBITIOJTHEHBI
MIpY NIpUCBaMBaHUM 3HaAYEHUH.

[Mosst ax3eMrIsipa z (TOJIHASI KOMUST) HE U3MEHUIIUCH. UTO KacaeTcst 3K3eMILIs-
pa y, TO y Hero He U3MEHUJIOCh NI0JIe name, HO U3MEHUJIOCH 10JIe-CIIUCOK Nnums
(TIepBBIii 3JIEMEHT CTasl HYJIEBBIM, KaK M y 3k3eMIuIsipa x). OObsiCHEHHE B TOM,
YTO NPU CO3/[]aHUU MMOBEPXHOCTHOM KOMUU 711 U3MEHSIEMBIX THIIOB, TAKMX KakK
CIMCKH, BBITNIOJIHSIETCS] KOMMPOBaHUe CChLJIOK, HO He 3HaueHui. [loaTomy peasib-
HO 3K3eMILJISIPHI X U Y (TIOBEPXHOCTHAs KOMMS X) CCBIJIAIOTCS Yepe3 CBOM MOJIsSt
nums Ha OJIUH U TOT K€ CITUCOK, TOT/[a KaK Y 9K3eMILIsIpa z (MOJIHAS KOMUS X )
moJie nums "MepcoHaIbHOE".
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XOTs1 OnMCaHHbIA BbIlE MOAXOJ JETUTHMEH, HO BCe XK€ He Bcerga npuemieM (B
cuiy pasHbIX npuuuH). CylecTBYIOT ¥ WHble BapUaHThHL B wacTHOCTH, MBI MO-
K€M TMOCMOTPEeTh Ha CUTyauuio 6oJiee MHUPOKO U nepedopMyIMpOBaTh 3a4auy
0 CO3[IaHMM KONUU 3K3EMILISApa KaK 3a/[auy O CO3/laHUH 9K3eMILIsSIpa KJacca Ha
OCHOBE YK€ CYILECTBYIOILETo 3k3eMILIsipa. Ecou npu aToM Tpe6oBaTh, 4TOOBI
CO3/IaHHBIM 9K3EMILISIP UMeJl TaKue JKe 3HAYEHUs T0Jied UCXOAHOrO K3EMILIS-
pa, To peub Oy AeT UATH O CO3JaHUU KOIUHU.

C nmpakTHU4ecKoi TOYKY 3PEHUST TAKOM MMOAX0/] 03HAYAET, YTO B KJ1acce He06X0-
AMMO OIMCaTb KOHCTPYKTOP 3K3eMILISIpa, apTyMEHTOM KOTOPOMY T€peaaercs
CChIJIKa Ha APYTOM 3K3eMILISIp 3Toro kjacca. [To Tpaauimy 03HAYEeHHBIA KOH-
CTPYKTOD Ha3bIBAETCSI KOHCMPYKMOPOM CO30aHUS KONuu (XOTSI IIPU STOM MOXKET
C0O3/1aBaThCSI COBCEM HE KOIIUS ).

3 Hasametky

MNpo6nema B TOM, 4TO B Python HeT neperpy3ku MeTofoB. MO3TOMY Mbl HE MOXEM, KakK
B C++ nnm Java, co3aatb HECKOJIbKO KOHCTPYKTOPOB pPasHbix TUNOB. B Python y ak3em-
nnsipa Knacca KOHCTPYKTOP A0/MKeH 6biTb 0AWH. 3TO BHOCUT HEKOTOPYIO MHTPUrY B NPO-
Llecc co3aHmna KOHCTPYKTOpa Konuu.

Ha npakTiike oueHb y106HO, €CJIM 9K3eMILISIPBI KJIacca MOTYT CO3/aBaThCs pas-
HbIMU criocobamu. B miepByio ouepenpb vMMeeTcsl B BUAY BO3MOXKHOCTD Iepe/a-
BaTbh KOHCTPYKTOPY TPH CO3aHUK 3K3eMILIsipa KJiacca pas3JinyHble Habophbl ap-
T'YMEHTOB. JTO )K€ 3aMeYaHue, KCTATH, OTHOCUTCS M K OOBIYHBIM METOZIAM: XOPO-
1110, KOTZIa METO/I MOXKET BBI3BIBAThCSI C PAa3HBIMU apryMeHTaMu. B Takux si3pikax
nporpaMmupoBanus, kak C++, Java u C# npobJieMa CHUMaeTCsi C TOMOIIbIO Me-
XaHM3Ma nepezpy3Ku Memooos u Qymxyull.

B s3pike Python kak TakoBoro MexaHuama neperpysku MetoioB HeT. Ho, oTkpo-
BEHHO TOBOPSI, YUUThIBasi HCKJIIOYUTENBHYIO0 "THOKOCTD" si3bika Python, oco6oit
HeoOXOIMMOCTH B Ieperpy3ke He Habmonaercst. CylecTBYIOT Jpyrie BO3MOX-
HocTu. OnHa U3 HUX - co3ZaHue PYHKIMI U METOAOB C NlePeMeHHBIM KoJIuye-
CTBOM apryMeHTOB. DTOT [IOJX0/] ONUCHIBAETCS B NOCJIeHEN IIaBe.

31ech MbI PACCMOTPUM MIPUMED KJIacca ¢ KOHCTPYKTOPOM, KOTOPOMY MOHO Tie-
pedaBaTh Pa3JIMYHOE KOJIUYECTBO aPTyMEHTOB, BKJIIOYasi U CJIy4aii, KOrja apry-
MEHTOM TEPEIAETCS CChLIIKA HA YKe CYHIECTBYIOUIMIA 9K3eMILISIP KJIacca.

Mexanu3M meperpy3kud HaMm yaacrtcsi "o6oiTu" GJsarofapsi Ha3HAYEHUIO apry-
MEHTaM 3HAYeHUiA 10 YMOJIYAHUIO U BOCIIOJIb30BaBUIUCH IIPOBEPKOM THUIIA TEPe-
JIaHHOTO KOHCTPYKTOPY aprymeHTa. COOTBETCTBYOIIHIA TPOrPAMMHBIN KOJI TIPH-
BeJieH B JiucTuHre 6.15.



# Kmacc
class ComplNum:
# KOHCTPYyKTOp CO3IaHMs 3K3eMIJigpa Kjacca
def _ init__ (self,x=0,y=0):
# Eciy apryMeHT X - B3K3eMIJAp
# xnacca ComplNum
if type (x)==ComplNum:
# BuaueHue nosa Re
self.Re=x.Re
# SBuaueHue nosa Im
self.Im=x.Im
# EcyM apryMEeHT X - HE 3K3eMIISp
# xjacca ComplNum
else:
# 3”HaueHMe noJsia Re
self.Re=x
# 3BuHaueHue noJsa Im
self.Im=y
# MeTon myia oTOOpaXeHMUs BHAUEHU
# nosey sk3eMmyApa Kiacca
def show(self):
print ("Re =", self.Re)
print ("Im =",self.Im)
# Cos3maercs 3K3eMIISAP KJacca
a=ComplNum(1l,2) )
# Cozsmaercsa komnusa 3K3eMIIApa KJjacca
b=ComplNum (a)
print ("9x3emnnsap a:")
# 3HaueHMd IMOJIEM MCXOOHOT'O 3K3eMIIApa
a.show ()
print ("3k3emnuap b:")
# 3HaueHMs MNOJIEM 3K3EeMILIApa-KOoNuu
b.show ()
print ("lloss sk3eMmnysgpa a maMmeHaoTca!")
# V3MeHAeM 3HAUeHMA IoJiIel MCXOIHOTO
# sk3eMmuapa
a.Re=10
a.Im=20
print ("3kx3emnuap a:")
# 3HaueHMsd MOJIel MCXOIOHOT'O 3K3eMIdpa
a.show ()
print ("3x3emnnap b:")
# 3HaueHMs MOJIEM BK3EMILIAPa-KOMUU
b.show ()
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PesyJibrat BbITIOJIHEHMST TPOTPAMMHOTO KO/Ia TAaKOU:

OKk3eMnyuAap a:

Re =1
Im = 2
Sk3eMmsAp b:
Re =1
Im = 2

[lona sk3eMmifApa a U3MeHAnTcA!
Jk3eMnuap a:

Re = 10

Im = 20
Sx3eMmmusap b:
Re =1

Im = 2

B npeacraByieHHOM prMepe MbI co3/iaeM Kjacc Compl Num co ¢J1abbiM HaMEKOM
Ha peau3aliio KOMIJIEKCHBIX YKMCEJI TOCPEICTBOM 3K3eMILISIPOB 3TOr0 KJacca.
Bo BcsikoM ciryuae, y 9K3eMILISIPOB KJIacca eCTh /IBa MMOJIsk: Re v Im (Kak ObI 1€ei-
CTBUTEJIbHAS 1 MHUMAsl YACTH KOMIJIEKCHOTO YucJa). [Ipu co3nanuu sK3eMIis-
pa KJacca apryMeHTaMH KOHCTPYKTODY MOXKHO Iepe/laTh 3HAYEHU S IS TOJIeH
Re U Tm, 2 MOXHO NEPEJaTh CCIKY Ha-3K3eMILJISIP KJIacca, HA OCHOBE KOTOPOTO
Gy ZIeT cO31aBaThCS KOMUSIL.

(0 Hasametky

KOHCTPYKTOP OonucaH € Tpems aprymeHTamu. MNepebii apryMeHT self ABNSETCA CCbif-
KOI Ha 3K3emMnaap knacca (ToT ak3eMnnsp, 4To co3paetcs). Ewe asa aprymeHTa 060-
3Hau4eHbl Kak x U y. Y Kaxaoro U3 3Tux apryMeHTOB €CTb HYJIEBbIE 3HAYEHUS NO YMON-
YyaHuio. NoaTomy popManbHO KOHCTPYKTOP MOXHO Bbi3biBaTh 6€3 apryMeHTOoB, C OAHUM
aprymMeHToM Unm ¢ ABYMS aprymMeHTamn. ECivm KOHCTPYKTOP Bbi3biBaeTcA 6€3 aprymeH-
TOB, TO 3TO BCE pPaBHO, Kak ecnv Gbl OH BbI3bIBANCH C ABYMSI HYJIEBbIMU apryMeHTaMu.
Ecnm KOHCTPYKTOPY NepeaaH TONMbKO OAUH apryMEHT, TO BTOPOI CHATAETCS HYNEBbLIM.

B Tesie KOHCTPYKTOpa B YCJIOBHOM OIlEPAaTOpE NPOBEPSIETCS] THII IEPBOTO apry-
MeHTa. TouHee, MPOBePsIETCsI YCIOBHE type (x) ==ComplNum, KOTOPOe COCTO-
UT B TOM, UTO THUII JAHHBIX, HA KOTODPBIE CCHLIAETCSI API'YMEHT X, SIBJISIETCSI IK3EM-
IsipoM KJiacca ComplNum. Ecii 3T0 Tak, To apryMeHT x o6pabaThiBaeTcst Kak
9K3eMILIAP KJj1acca Comp 1Num.

Komangamu self.Re=x.Re U self.Im=x.Im 3HaueHUs 1oJiei Re U Im 3K-
3eMILJIsIpa X IPUCBaUBaeTCsl COOTBETCTBEHHO IMOJISIM Re ¥ Im 3k3eMILisipa self
(3K3eMILISIp, KOTOPBIH CO3/1aeTcsl IPH BBI30BE KOHCTPYKTOPA).



Ecau ycnoBue type (x) ==ComplNum JI0O)KHO, TO Mbl HESIBHO ITPEAINOJAraeM,
YTO X M Yy - YHMCJIOBbIE apryMeHThL B aToM ciyyae koMaHgaMu self.Re=x u
self.Im=y 3HauyeHUs apryMEHTOB IIPUCBAUBAIOTCA MOJSIM Re U Im co3JaBae-
MOT'0 3K3eMILIspa KJjacca.

() Hasametky

TakuM 06pa3om, ecim nepebIM (HO He 06A3aTeNbHO ANHCTBEHHLIM apPryMEHTOM) KOH-
CTPYKTOPY NepefaHa Cchifika Ha 3K3eMnnsp knacca ComplNum, TO BTOPOA aprymeHT
KOHCTPYKTOPA B BbIYUCIIEHUAX HE NCMONL3YETCA - BHE 3aBUCUMOCTU OT TOro, NepeaaH
OH SIBHO W/N HET.

Takxe B kjacce ComplNum OMKUCAaH METO/ 3K3eMIIsipa show (), KOTOPBIXA OTO-
OpaskaeT B 06JIaCTH BbIBOJA 3HAYEHHs MT0JIEM SK3eMILIsipa. MBI 3TOT MeTOJ Uc-
M0JIb3Y€eM [1JIs1 TIPOBEPKH "COAEPKUMOr0” 3K3eMILISIPOB KJjacca Comp 1Num.

Bue xoma ksacca ComplNum KOMaHI0M a=ComplNum(1l,2) co3gaeTcs 3K-
3eMIISIp & kJjacca ComplNum. Komus atoro sk3emiuisipa co3gaeTcsi KOMaH-
noit b=ComplNum(a). 31eCh apryMeHTOM KOHCTPYKTOPY 3K3eMILJIsSIpa KJjacca
ComplNum MepefjaHa CCblJIKa Ha paHee CO3[aHHBIA 3Kk3eMIIsAp a. Hemocpexn-
CTBEHHOI IIPOBEPKOY YOEXKIAEMCSI, YTO IK3EMILISP b AHCTBUTEBHO ABISETCS
KOMHeil 3K3eMIlIsIpa a: 1ocJjle CO3aHusl 3K3eMILIsIpa b y Hero Takue xe 3Haye-
HUS TOJIei, Kak U y 3K3eMILIsIpa a, a [ocJjie U3MeHeHUs 3HaYeHUi MoJieil aK3eM-
nJsipa a 3HaueHus noJielt ak3eMIsipa b He MEHSIIOTCSI.

CToUT OTMETHUTDH, YTO Aa’Ke IMpU OMHCAHMU B KJACCE KOHCTPYKTOpa CO3[a-
HUST KOMUU HEOOXOTUMO TIOMHUTb 06 OCOOEHHOCTSIX KOMMPOBAHUS JaHHBIX U3-
MEHSIEMBIX THUIIOB - TaKHX, KaK CIUCKU. Tak, IporpaMMHBIN KOJ, pacCCMOTpeH-
HBIM HaMU TTPY WJIJTIOCTPALIMK IIPUHIIMIIOB UCIIOJIb30BaHUs QYHKIMIA copy () U
deepcopy () U3 MOmyJisi copy, MOr 6bl ObITh peajii30BaH HECKOJbKO HHa-
ye, IpUOETHU MBI K TOMOIIKM KOHCTPYKTOpa CO3/[aHusi Konmuu. PaccMoTpuMm Jiu-
cTHHT 6.16, B KOTOPOM MOKa3aHO, KAk MOXKET ObITh OMUCAH KOHCTPYKTOP, IIO3BO-
JISIIOIUI CO3/IaBaTh KOMUH 3K3EMILISIpa KJIacca C MOJISIMU-CIIICKaMHU.

Nincunr 6.16. KOHCTPYKTOp CO3AaHNS KOMMM M NONSI-CIINCKA

# Knacc
class MyClass:
# KoHCTpykTOpP
def init (self,arg,nums=None) :
# EciM apryMeHT arg - CCHUJIKA Ha
# sks3eMmniap kjacca MyClass
if type(arg)==MyClass:
# 3HaueHMe MoJid name
self.name=arg.name/(:]
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# 3HaueHMe MOJIA numMs
self.nums=arg.nums|:]
# Ecay apryMeHT arg - He CCHJIKA Ha
# skz3eMmnnap kjacca MyClass
else:
# 3HaueHMe IOJIA name
self.name=arg
# 3HaueHMe MoJia nums
self.nums=nums
# MeTonm nna orobpaxeHus
# 3HaueHMy NoJjiey 3K3eMIIIspa
def show(self):
# Ione name
print ("name ->",self.name)
# Dome nums
print ("nums ->",self.nums)
# Coszmanme sk3eMigpa Kjacca
x=MyClass ("Python", [1,2,3])
print ("3x3emnisap x:")
# OrobpaxeHMe IOJIEM BK3EMIUIApa X
x.show ()
# Kommsa sk3emnisgpa X
y=MyClass (x)
# OrobpaxeHMe NnoJiey 3K3eMIigpa Yy
y.show ()
print ("llonsa sk3eMIuigpa X uaMeHsawoTca!")
# lV3MeHeHMe 3HauyeHMs I[OJIs name
# sks3eMmmiApa X
X.name="Java"
# VI3MeHeHME 3HAUEHMs BJIEMEHTA B CIMCKE
# nums - nose »K3eMIApa X
x.nums [0]=0
print ("3k3emnuap x:")
# OTobpaxeHMe roJel 3K3eMrigpa X
X .show ()
print ("3k3emnnap y:")
# OToOpaxeHMe IOJIEM B3K3eMIsapa Y
y.show ()

Huxe npuBesieH pe3yJIbTaT BBINOJHEHUS 3TOTO TPOrPAMMHOIO KOJIa:

- Pesynbrar BuinonHenms n

3KéeMHan X:

name -> Python
nums -> [1, 2, 3]
name -> Python



|

nums

-> [1, 2, 3]

lNona sk3eMnnApa X M3MeHATCA!
OK3eMnuap X:

name
nums

-> Java
-> [Or 2/ 3]

OK3eMIJIAp y:
name -> Python

nums

-> [11 21 3]

3nech MBI IPU OMUCAHUM KOHCTPYKTOPA 3K3eMILIsApa KJjacca MyClass mpeny-
CMOTPEJIM BO3MOXKHOCTbD ITepeJaTh KOHCTPYKTOPY ABa apryMeHTa (TEKCT U CIH-
COK), WJIK OJTUH aPTyYMEHT, KOTOPBIH SIBJISIETCS CCHLJIKOM Ha YK€ CYLIECTBYIOIIHUMA
3K3eMILTSp Kjacca MyClass (1715 CO31aHUSI KOTIUH ).

) Ha3sametky

[Ona aprymeHTa nums B ONUCaHWW KOHCTPYKTOPA YKa3aHO 3HavyeHue no yMONYaHWio
None, YTO COOTBETCTBYET NYCTOW CChiNke. B n3BeCTHOM CMbIC/IE 3TO Takon popmManb-
HblA NPUMEM, NOCKOMbKY COBCEM HE yKa3aTb 3Ha4YeHUe N0 YMOAYAHUIO Mbl HE MOIU;
ecnm Ans aprymeHTa nums He yka3aTb 3HaYeHUe No yMOMYaHWIO, TO NPy BbI30BE KOH-
CTPyKTOpa co3AaHus Konuw npuwunock 6bl nepeaasaTh U BTOPOW, HAYEr0 HE 3HaYaLLWiA
aprymeHT. A3To He o4eHb yao6HO.

Boobuwe, 4To6bl OL,EHUTL Pa3HMLLY B NOAX0AAX, XENAoLWmMe MOryT CPaBHUTL NPOrpamMM-
Hbl€ KOAbl B IMCTUHrax 6.14-6.16.

B KOHCTPYKTOpE UCI0JIb30BaH TaKOM e MPUEM, YTO U B MPEABIAYIIEM MPUMe-
pe: TIPOBEPSIETCsI, COBMAAET JI THUII apTyMEHTa arg ¢ KJaccoM MyClass. Cro-
€06 06pabOTKH apryMEeHTOB KOHCTPYKTOPA 3aBUCHT OT UCTUHHOCTH UJIH JIOXKHO-
CTH 3TOTO ycJI0BUsL. [[pHHIIUNUATbHOE OTIMYKE, 10 CPABHEHUIO C TIPEIbIIY UM
NPUMEDPOM, COCTOUT B TOM, UTO TIPU MPUCBAaWBAaHUM 3HAYEHHIA TIOJISIM BBITIOJIHSI-
€TCs1 KOTMPOBaHKEe 3HAUEHUSI C UCTI0JIb30BAHUEM cpe3a (MHCTPYKIMS [ : ] mocJie
MMEHU NlepeMeHHOH, CChlIalIeiicsl Ha TeKCT UM CIUCOK). B 3TOM ciyyae He-
SIBHO TIPEATNOJIATa€eTCsl, YTO THI aPIyMEHTOB MO3BOJISIET BBIMOJHSTH MOJOOHYIO
onepauuio.

(O Ha3zametky

HanomHMM, 4TO C NOMOLLLIO NONYYEHUS CPE3 CO34aeTCs NOBEPXHOCTHAA KONUs cnu-
cka. Y uMtaTens MoryT BO3HUKHY Tb BONPOChI OTHOCUTESIbHO TEX NPUMEPOB, 4TO paccma-
TpyBanucb B nucTuHre 6.14 n nuctuHre 6.16. Monpobyem ux npeayrapate. Ans aTo-
ro AeTtanbHee pacCMOTPUM, YTO NPOUCXOAMT NPU CO3A4aHUM KOMUKU 3k3emnnspa (nu-
CTUHr 6.14). Tam c nomoLbio GyHKLUMN copy () CO3aaBanacb NOBEPXHOCTHAs KOMus
y 9K3emnnspa x knacca MyClass. Y 9Toro ak3emnnspa x 6b1n10 none-cnucok nums.
Mpw co3paHum HOBOro 3k3eMnnspa y y Hero Toxe byaet nose nums. 3HayeHue aTo-
ro nons Takoe Xe, KaK 3Ha4yeHue Mo nums UCXOAHOro 3k3emnnspa x. Ho Ha camom
hene 3HayeHve Nons UCXOAHOro 3K3eMnspa x - 3TO CCbifka Ha CNUCOK (B A@HHOM Chy-
yae [1, 2, 3]). NoaTomMy B HOBOM 3Kk3eMnnape y nose nums OyaeT cecbinaTbea Ha TOT Xe
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CcaMblii CMUCOK, HAa KOTOPLIN CCbINAeTCca None nums 3k3emMnnapa x. Ecnm Mol yepes ak-
3emMnasap x U ero noJie nums MEHSIEM 3NEMEHT B COOTBETCTBYIOLLEM CNUCKE, TO U3MEHE-
HWS "3aMeTUT" 1 3k3emMNNap y (MOCKOJIbKY ero NoJse CChifIaeTCsA Ha TOT Xe CaMblii Cnu-
coK). Ho ecnu Mbl NpMCBOUM Apyroe 3HaYeHue NOoAI0 nums 3K3emMnaspa x, TO 3Ha4YeHne
nons nums 3K3emMnasapa y OCTaHeTca HenameHHbiM! O6paTuTe BHUMaHne - peyb naeT o
NpMCBaMBaHUM 3HAYEHUS MOS0 nums, a HE OTAENbHOMY 3NIEMEHTY CNNCKA nums: Xena-
IOLLME MOTYT B MPOrPaMMHOM KO U3 IMCTUHra 6.14 koMaHAy x . nums [ 0] =0 3aMEHUTb
Ha KOMaHAy x . nums=0 U NPOBEPUTL Pe3ynbTaT BbINONHEHWUs koaa. NMoyemMy Tak npoumc-
x0auT? MNOTOMY 4TO NPY NPUCBAMBaAHUN 3HA4YEHUSA NOMIO nums 3K3EeMNAsApa x CCbinka B
3TOM none NpocTo nepebpacbiBaeTcs Ha HOBbIE AaHHbIE. [TpM 3TOM NONe nums 3K3EM-
nnsipa y NpoA0IXaeT CCbiNaTtbCs Ha CNNCOK.

B nuctuHre 6.16 B KOHCTPYKTOPE 3K3eMnisipa knacca npu co3aaHum Konuuv nonen name
M nums UCNONb30BaHa npoueaypa nosy4yeHns cpesa. BaTomcnyyae cospaloTcs nosepx-
HOCTHbIE KONUNNOJE name U nums UCXOAHOM 0 3K3EMNAAPA, U CCbIIKU HA3TUKONUM 3anu-
CbIBaIOTCSA B NOAS name W nums 3K3emMnaspa-konuu. B oTHOWeHnn nons numspeybnger
0 NOBEPXHOCTHOM KONUKU cnncka. Ho NOCKONbKY B A@aHHOM Cnyyae none-cnucoK nums He
COAEpPXUT B Ka4eCTBe 3/1IEMEHTOB APYrMx CNNCKOB, NpobnemM He BO3HWKaeT. OHWM MOrn
6l ObITb, €CnK 6bl B UCXOAHOM 3K3EMMASAPE X CAMCOK nums COAEPXas BHyTPEHHUE CNn-
cku. Hanpumep, ecnn B aucTtuHre 6.16 komaHay x=MyClass ("Python", [1,2, 3]) 3a-
MEHUTb Ha KOMaHAy x=MyClass ("Python", [[1,2],3]),aKoMaHAy x.nums [0]=0 -
Ha KoMaHay x.nums [0] [0]=0, TO UBMEHEHMA B NONE nums IKIEMNAAPA X OTPA3ATCA U
Ha none nums 9K3emMnnapa vy.

Pe3iome

1. B s3pike Python moaaepsuBaercst napagiurmMa 06beKTHO-OPUEHTHPOBAHHOTO
nporpammupoBanust (OOII). [IporpamMMHbIe KO/bI, HALIICAHHBIE HA SI3BIKE
Python, MoryT comepxatp ¥ OrIepupoBaTh KJIaCCAMH U 3K3EMILISIPAMH KJIac-
COB.

2. B obueM cMbicJie KJacc - 3TO HEKOTOPBIN LIA0JIOH, IO KOTOPOMY CO3/IaI0T-
cs1 06bexThl. OOBEKT, B CBOIO 0Yepeb, 00bEVHSIET B OIHO I€JI0€ JaHHbIE U
byHKIMKM (MM METO/BI) [JIsi 0OpPaGOTKU 3TUX TaHHBIX.

3. O61beKTbI, cO371aBaeMble Ha OCHOBE KJIacca, Ha3bIBAIOT K3EMILISIPAMH KJIacca.
Cawm kiacc B Python takxke siBiisieTcst 06 bEKTOM.

4. TlepemenHble, 0ObsIBJIEHHbIE B KJIacce, Ha3bIBAIOTCS MOJIsIMU KJacca. [lepe-
MEHHbIE, CBSI3aHHbBIE C AK3EMILISIPAMU KJIacca, Ha3bIBalOTCSI MOJISIMU 9K3€EM-
IJidgpa KJacca. (DyHKHI/II/I, OIIMCaHHbIE B KJlaCCe, Ha3bIBAIOT d)YHKL[I/IHMI/I
kyacca. DyHKIMH, CBSI3aHHBIE C 9K3EMITJISIPAMHU KJIACcCa, Ha3bIBAIOTCSI METO-
namu ak3eMinsipa kaacca. [Tosst u Metoabt (yHKIMM) Ha3BIBAIOTCS ATPUOY-
TaMu (KJIacca UJIY 3K3EeMILJISIPA KJIACcCa COOTBETCTBEHHO ).

5. Onucanue Kjacca HAYMHAETCS C KJIFOYEBOTO CJIOBA class, MOCJe KOTOPO-
TO YKa3bIBaeTCs UMs kJlacca. MeTobl 3K3eMILJIsIpa KJIacca OMUCHIBAIOTCS B
TeJsie Kjacca Kak o6pryHble (pyHKuu. [Ipr 3TOM MepBbIif apryMeHT MeToJa



(pexoMeHIyeMOe Ha3BaHUe se1f) 0 YMOJTYaHUIO SIBJISIETCS CCHIJIKOM Ha 3K-
3eMILJISIP, U3 KOTOPOTO BbI3bIBaeTCs MeTo/. [Ipu BbI30BE MeTOJa U3 3K3EM-
IJIsIpa KJ1acca MocJjie UMeHH 3K3eMILIsIpa Yepe3 TOUKY YKa3bIBAeTCs UM Me-
TO/Ia, @ B KPYTJIbIX CKOOKax - apryMeHThl. CChlIIKaA Ha AK3EMILISIP KJIacca, U3
KOTOPOTI'O BbLI3bIBAETCA METO, IIEPEAAETCA aBTOMATUYECKH, TAK UTO IIPU BbI-
30B€ METOJA y HEro Ha OAUH apPryMEHT MEHbIIE, YEM 3TO.6bIJIO IIpu onuca-
HUU METOJIA B TeJIe KJacca.

6. /1151 co3maHus 3K3eMILISIpa KJlacca NepeMeHHON 9K3eMILIsIpa MpHCBauBaeT-
Cs1 BbIpaXkeHue, COCTOsIIIee U3 UMEHH KJlacca U KPYTJIbIX CKOOOK. B Kpyriibix
CKOOKax MOTYT MepeaBaThCsi apryMEHTbl KOHCTPYKTODPY 3K3eMILISIpa KJac-
ca.

7. KoHCTpyKTOp 3K3eMILIsipa KJjacca - 3TO MeTO, KOTOPBI aBTOMATHYECKH BbI-
3BIBAETCS IIPU CO3/JTaHUM 3K3eMILIsIpa Kiaacca. KoHCTpyKTOp nMeeT Ha3BaHUE
__init__ (). Takxe cymectByeT rectpyktop _ del (), HO OH Ha Ipax-
THKE UCIO0JIb3yeTCs PEIKO.

8. ATpubyThl 06BEKTA KJIacca M 3K3EMILIsIpa KJiacca yke MocJe UX CO3AaHus
MOXKHO MeHSITh (I06aBJISATh M YAAIATh). [l ynaieHus aTpuOyTOB MOXHO
UCH0JIb30BaTh onepatop del. [Job6aBiieHue aTpuGyTOB BBIMOJIHSIETCS Ty TEM
MPUCBAVBAHUS UM 3HAYEHUS.

9. Eciau y kacca 1 y ak3eMIIsIpa KJIacca ecTb MOJIS C OIUHAKOBBIMUA HAa3BaHUSI-
MU, TT0JIe 9K3eMILISIpa KJacca "nepekpbiBaeT” moJie Kiaacca. ObpaiieHue K Ta-
KOMY TIOJIIO TT0 MMeHH (Yepe3 CChUIKY Ha 9K3eMILISIp Kacca) OyaeT 03HayaTh
obpallleHre K MOJII0 9K3eMILISIpa KJacca.

10. IIpu obpamenuu K GHYHKIMH, OMMCAHHON B TeJie KJjacca, Yepe3 CChLIKY Ha
9K3EMILJISIP KJIacca, CO31aeTcst OOBEKT METO/Ia IK3EMILISIPA KJIacca, KOTOPBIi
U BBI3bIBaeTCsl. BRI30B TaHHOTO METO/1a 9KBUBAJIEHTEH BbI30BY COOTBETCTBY-
fo1elt QYHKIMY KJIacca C TAKUMHU Xe apryMEHTaMH, UTO ¥ Y METO/Ia, HO elile
¢ 1o6aByIeHHEM JIOTIOJIHUTEIBHOTO TIEPBOTO APryMEHTa - CChLIKH Ha 3K3eM-
ISP KJIACCa, U3 KOTOPOTO BhI3BIBAETCSI METOI,

11. VIMsa dbyHKUMY, ONUCAHHON B KJacce, SIBJSETCsI aTPUOYTOM 3TOTO KJIacca.
Kak BcsikoMy aTtpubyTy, 3TOMy MOXKET OBITh MPHCBOEHO HOBOE 3HAUeHHe
(uMs GYHKIMH ), OH MOXKET OBITD y/IeJIEH UJIU B KJIACC MOXKET OBITH 106aBJIEH
HOBBIN aTpUOYT, CCHITIAIONIMIACS Ha QYHKIHUIO.

12. Ccolika Ha (byHKIII/IIO KJIaCCa UJIM METOJ 3K3EMILJISAPA KJldCCa MOXET OBITh
3alliCaHa B IEPEMEHHYI0, KOTOpas 3aTEM HUCIOJIb3yETCs AJIA Bbl30Ba (1)yHK-
U Uik MeToJa.

13. [ns co3panusi KOMUU 3K3eMIUIsIpa KJjacca CO3Jal0T KOHCTPYKTOpP CO37a-
HUS KOITUU WJIK MCIOJIb3YIOT (PYHKIMK copy () u deepcopy () U3 MOLYJIA
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Jyuwuii cnoco6 o6psichums — 3mo camomy coe-
namo.
JI. Kappoan "Anuca 6 cmpane uydec”

[asiee peub MOUJET O HEKOTOPBIX JOCTATOYHO HETPHUBUAJIBHBIX MEXaHU3MAX, SIB-
Jgsromuxcst HeorbeMiieMolt yacteio OOII. B nepByio ouepenb 310, KOHEYHO XK€,
HacsiemoBanue. Kpome HacsieqoBaHusi, Mbl 00CY TUM HCIIOJIb30BaHHE CIIEI[HAJIb-
HBIX METO/IOB U aTPUOYTOB Mpu paboTe ¢ KJIaccaMu, TO3HAKOMUMCSI C BO3MOX-
HOCTSIMU TI0 TIEPEOTIPE/IETIEHUIO ONIEPATOPOB, 2 TAKKE 3ATPOHEM PSIZ IPYTUX TEM.

Hacneposanue

Jepuxal Ilapckue wmomxu! Odesaiics, uapem
6yoewn!
u3 k/¢p "Hean Bacunvesuy mensem npogec-

Curo

Ecnu B 061ux yeprax, TO Uzesi HACAe008aHUs COCTOUT B TOM, YTO HOBBIiA KJIacC
CO3/1aeTCs He HA 'TIyCTOM MecCTe", a Ha OCHOBE y>Ke CYIIeCTBYIOIIETO KJjacca.
[TpeanosIoXxuM, YTO OMH KJIACC CO3AETCsI HA OCHOBE Apyroro kiacca. ToT kJacc,
4TO co3faercs, OyneM Ha3bIBaTh NPou3B00HbIM KaaccoM. TOT Kiacc, Ha OCHOBE
KOTOPOT'O CO3/Ia€TCs1 TPOU3BOIHBII KJIacc, OyZieM Ha3biBaTh GA30BBIM KIACCOM.
Takum 06pa3oM, 1o OIpeieJIeHUIO IIPOM3BOIHBIN KJIACC CO3/Ia€TCsI Ha OCHOBE Oa-
30BOr'0 KJacca.

B pesysisraTe Hacsie1oBaHus BCe MoJist ¥ GYHKIIUKM U3 6a30BOT0 KJlacca HesIBHBIM
obpa3oM "HacseayoTcs” B mpon3BoaHOM Kiacce. C hpopMaJibHOM TOUKK 3peHUsT
4TOOBI CO3/1aTh IIPOM3BOIHBIN KJIACC HA OCHOBE 6a30BOTO MPH OMUCAHUU MTPOU3-
BO/IHOTO KJIacca IoCJie MMEHHU KJIacca B KPYTJIbIX CKOOKaxX yKa3biBaeTcst uMsi 6a-

30BOr'0O KJjiacca.

JIpyrumu cJI0BaMU MPY OMHCAHUH ITPOM3BOTHOTO KJIACCA UCTIOIb3yeM TaKO 1a-
6J10H (KUPHBIM HIPUGTOM BbI/IEJIEHBI KJIIOYEBbIE 3JIEMEHTHI Ia0JI0HA):

class npoms3BOIOHEN KJacc (6a30Beli_KJlacc) :
# Teyo knacca
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[Ipumep Hacsie0BaHUS MPOMJIIOCTPUPOBAH HPOrPAMMHBIM KOZOM B JIMCTHUH-
re7.1.

# Bas3oBHM KJacc
class BaseClass:
# Iose 6as30BOTrO KJlacca
name_base="Kmnacc BaseClass"
# MeTon sk3eMmmuispa 6a30BOTO KJjacca
def say_base(self):
print ("MeTon say_base()")
# I[POM3BOOHEI KJIACC
class NewClass (BaseClass) :
# Iloyle NpOM3BOOHOTO KJjlacca
name_new="Knacc NewClass"
# MeTon sk3eMmygpa NPOM3BOOHOTO Kjacca
def say new(self):
print ("Meton say new()")
# Dk3eMmiap 6a30BOTO KJjacca
obj_ base=BaseClass ()
# Dk3eMmAap NPOM3BOOHOTO KJjacca
obj_ new=NewClass ()
print ("Knmacc BaseClass u sk3eMmnnap obj base:")
# I[ose 6asz30BOIO KJjacca
print (BaseClass.name_base)
# MeTon sk3eMmmisgpa 6as30BOTO KJjlacca
obj_base.say base()
print ("\nKnacc NewClass u 3k3eMmyap obj new:")
# Ilosle NMpoM3BOOHOTO KJacca
print (NewClass.name_base)
# MeTon sk3eMnuspa NPOM3BOIOHOTO KJlacca
obj_new.say_base ()
# YHacmemoBaHHOe u3 6az30BOTO KJacca
# noJyie mpoM3BOOHOTO KJjacca
print (NewClass.name_new)
# YHacrnenmoBaHHHM K3 6a30BOTO KJacca
# MeTon sk3eMmmysgpa MNPOM3BOOHOT'O KJacca
obj new.say new()

B mporpammHOM Koze 6a3oBblif kjacc Ha3biBaeTcsl BaseClass. JTo ca-
MBIl 00BIYHBIA kyacc. OGCTOSATENIBCTBO, YTO JAHHBIN KJIACC MOCTYXHJ 6a30-
BBIM JIJIs1 CO3IaHMsI HOBOT'O KJIacca, HUKaK He OTPakeHOo B KJlacce BaseClass.
B knacce BaseClass omucaHO 1nojie name base € TEKCTOBbIM 3HaU€HHUEM
"Kyacc BaseClass" U MeTO[ 3K3eMILIsIpa C Ha3BaHUeM say base (). Y Me-



TOJIa OTUH aPT'YMEHT 1 METOJIOM B OKHE BbIBO/Ia 0TOOpaxkaeTcsi MpocToe coobiie-
HHUE.

Yro Kacaercst IpOM3BOJAHOIO KJjacca, TO OH Ha3biBaeTcsl NewClass. IIpu cos-
JaHUM 3TOTO KJIacca B KPYTJIBIX CKOOKAxX MocjIe MIMEeHH CO3/1aBaeMOro IPOU3BO-
JTHOTO KJIacca yKa3bIBaeTcs MMs1 6a30Boro kjacca BaseClass. Henocpeacrses-
HO B TeJle Kjacca NewClass ONUCAHBI M10JIE name _new C TEKCTOBbIM 3HAY€HU-

. €M "Knacc NewClass" ¥ mpefHa3HayeHHBIN [JIs1 BBIBOJA COOOILIEHUSI METO/
9K3eMILIsIpa Kjacca say new () ¢ ogHuM aprymentoM. Ho, mockosbky kiace
NewClass co3aeTcs Ha OCHOBe KJlacca BaseClass, TO "B HaCJIeICTBO" OT 3TO-
ro KJIacca OH IIOJIy4aeT IoJjie name _base U MeTo] say_base (). Takum o6pa-
30M, y kyacca NewClass fiBa nosigd (name_new U name_base) ¥ [Ba MeTo/a
(say_new () usay_base()).

Sx3eMIIIp 6a30BOro KJjIacca Co3flaeTcst KOMaH/Ioi obj base=BaseClass ().
IK3eMILISIp IPOU3BOHOIO KJIacca Co3laeM KOMaH/I0i obj new=NewClass ().
Yepes kiacc BaseClass NoayyaeM AOCTYI K OO name base. Yepe3 ak3eM-
IJISIp obj base 6a30Boro Kjacca BbI3bIBA€M METOX say base (). Y kjacca
NewClass, KaK OTMEYAJIOCh, €CTh IIOJII name_base M name_new, Y 9K3eMILIs-
pa obj new - METOAbI say base () U say new (), KOTOpBIE, coOCTBEHHO, U
BBI3BIBAIOTCS. Pe3yJsibTaT BBHINOJIHEHUS OIMMCAHHOTO MPOrPaMMHOIO KOZA Ipea-
CTaBJIEH HUXE:

~ PesynkTat BbINONHEHMS NPOrpaMMBbl (W3 nucTuHra 7.1)

Knacc BaseClass u 3K3eMmmnap obj base:
Knacc BaseClass
MeTon say_base ()

Knacc NewClass ¥ 3K3eMnjsap obj new:
Knacc BaseClass

MeTon say_ base ()

Knacc NewClass

MeTon say_new ()

Ba’kHO MOHUMAaTBh, YTO IPH CO3laHUM IPOU3BOHOTO KJIacca Ha OCHOBe 6a30BOT0
KJIacca TI0C/IeIHAN UCIIOJIb3YETCs He [JIsl TOTO, YTOOBI IPOCTO CO3/1aTh HA OCHO-
Be ero aTpuOyTOB TakKue e aTpUOYTH B IPOM3BOJHOM KJIACCa: B IPOM3BOTHOM
KJIacce UCIOJIb3YIOTCS Te JKe caMble aTpubyThl, 4To U B 6a30BoM KJacce. [loaro-
My €CJI yXKe TI0CJIe CO3/JaHUs IPOU3BOTHOTO KJlacca M3MEHUTD "COMEPKHUMOe”
6a30BOr0 KJIacCa, 3TH U3MEHEHHUSI OTPA3sITCS U Ha IPOU3BOJIHOM KJIacce.

[Tpumep Takoii cuTyaluu MpOUJIJIIOCTPUPOBAH B JIUCTUHTE 7.2.
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# BasoBHIM KJAcCC
class BaseClass:

# Ilonme 6a30BOIrO KJacca

name="Ilose name"

# MeTon sk3emMmmisgspa 6a30BOTO KJjlacca

def say(self):

print ("Meron say()")

# [IpOM3BOOHEIN KJIACC
class NewClass (BaseClass):

pass
# Jk3eMnuap NpPOoM3BOOHOTO Kjacca
obj=NewClass ()
# [oJle NpPOM3BOOHOTO KJlacca
print (NewClass.name)
# MeTonm sk3eMmJjsgpa [POM3BOIHOTO KJlacca
obj.say()
# CosmaeM QyHKLMUDO
def hello(self):

print ("HosBewi MeTon hello()")

# V3MeHsAeM CCHUIKY Ha GyHKLMIO
# B Da30BOM KJjlacce
BaseClass.say=hello
# M3MeHseM 3HaueHMe I[0Jig
# B Oa30BOM KJlacce
BaseClass.name="HoBoe 3HaudeHue nomus name"
# [poBepseM 3HauYeHMe IMOJIS B [IPOM3BOIHOM KjlaccCe
print (NewClass.name)
# BuI3LIBAEM MEeTOO M3 3K3eMIidpa
# mpomMs3BOOHOTO KJjacca
obj.say()

PesyanaT BBITIOJTHEHH A 3TOI'O ITPOTrPpaMMHOI'0 KOJla IMTPUBEJEH HUXKE:

~ PesynbTar BbiNONHEHUS NPOrpaMMmbl (M3 NUCTUHFa 7.2)

[Iosie name

MeTon say()

HoBoe 3HaueHue IO0JIA name
HoBemr MeTon hello ()

B 06asoBoM kiacce BaseClass ONHMCaHO IMOJie name CO 3HAYEHUEM
"Mlome name" W MeTOA say (), OoToOpaxkamouMii B OKHe BBIBOJA TEKCT
"Meron say ()". IIlpousBoaHbIil kjaacc NewClass, KOTOPBIM cO3AaeTcsl Ha
ocHoBe 6a30BOro kjacca BaseClass, HUKaKOro JOMOJHUTENBHOTO KOJa He CO-
6ep>xm. M&l co3naeM ak3eMIIsIp obj Mpou3BOLHOrO ki1acca NewClas s. Koman-
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Jamu print (NewClass.name) U obj.say () IIpoBepsieM, UTO I0JIe name U
MeTO say () YCHEIIHO HacJefoBaHbl U3 6a30BOro Kjacca. 3aTeM OIpeeisieT-
cs dyHkimsa hello () ¥ KoMaH/Ioi BaseClass.say=hello CCBIIKA Ha 3Ty
¢dyHKIMIO 3anuchiBaeTcs B aTpubyT say 6a3oBoro kiacca BaseClass. Takxe
KOMaHIOi BaseClass.name="HoBoe 3HaueHMe moJsg name" U3MEHs-
€M 3HayeHue MoJisi name B 6a30BoM KJiacce. [Tocsie aToro npoBepsieM 3Hau€eHUE
[10JI4 name B IIPOU3BOJAHOM KJjlacce C IIOMOIIbI0O KOMaH/bl print (NewClass.
name), a Tak)e BbI3bIBA€M METO[ say () U3 3K3eMILIsApa IPOU3BOJAHOIO KJac-
ca ¢ MOMOLIbIO KOMaH/HI 0b]j . say (). Kak BUaMM 110 pe3ybTaTy BBINOTHEHUS
3THUX KOMaH/I, B IPOM3BOTHOM KJIACCE HCII0JIb30BaHbI HOBbIE 3HAUEHUST ATPUOY-
TOB 6a30BOTO KJIacca.

[Ipu Hac/leI0BaHUU CYIIECTBYET BO3MOXKHOCTb Nepeonpedensmsy moJs 1 MeTo-
JIbl, HACJIeJOBaHHBIE B IPOM3BOTHOM KJiacce u3 6a3oBoro. Ob1ast uaest COCTOUT
B TOM, YTO M0JIe UJIK METOJI, KOTOPbIE HACJIEAYIOTCS U3 6a30BOTO KJIacca, B IIPOU3-
BOJIHOM KJIacce €O3Jai0Tcsl 3aHOBO. Kak aTo seslaeTcst Ha MpaKTHKe, UIIIOCTPU-
pyeT IMporpaMMHbBII KO/ U3 JIMCTUHTA 7.3.

Nuctuur 7.3. Mepeonpeenetne noneit ¥ MeTofos

# BaszoBHI KJacc
class BaseClass:

# Iose Haz0BOTO KJlacca

name="[lojle name 6a30BOTO kJjacca"

# MeTon sk3emmiapa 6a30BOTO KJjlacca

def say(self):

print ("MeTon say () 6az3oporo kjacca")

# [pOM3BOMHLI KJACC
class NewClass (BaseClass) :

# IloJle MPOM3BOOHOTO KJlacca

name="Ilojle name MNpPOM3BOOHOI'O kKjacca"

# MeTon sk3eMmyIsipa NPOM3BOIHOIO KJlacca

def say(self):

print ("MeTroxn say () npoms3BomnHOTO kJjacca')

# Dks3eMmiAp 6a30BOTO Kjacca
obj base=BaseClass ()
# DOkx3eMmyiIAp NpPoM3BOOHOTO KJjacca
obj new=NewClass ()
# ATpubyTeH sK3eMIIIgApa 06a30BOTO KJjacca
print (obj base.name)
obj_base.say ()
# ATpuOyTH 3K3eMIJigpa MNPOM3BOOHOTO KJjacca
print (obj new.name)
obj new.say()
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[Tpu BHINIOJIHEHUH IAHHOTO TPOTPAMMHOTI'0 KO/IA MOJTyYaeM CJIeTYIONIHIA Pe3y b
TaT:

[Iosle name 6a30BOTO KJjacca

MeTon say () 6as3oBoro kKijacca
[Iosle name NpPOM3BOOHOI'O KJlacca
MeTon say () NpoM3BOOHOI'O KJjlacca

B aTom mpuMepe MbI cHayasa co3gaiu 6a30Bblii Kjaacc BaseClass ¢ moJjieM
name ¥ METOAOM say (), a 3aTeM Ha OCHOBE 3TOr0 Kjacca CO3Jaju IPOU3BO-
IHbIN Kj1acc NewClass. U X0oTs pu HacJieIoOBaHUU T10JIE name ¥ MeTO say ()
CTaHOBATCS AOCTYNHBIMM U B IIPOM3BOJHOM KJIacCe, Mbl BCE PaBHO B KJjacce
NewClass ONuchiBaeM IOJie name U MeToJ say (), HO yxe Apyrue (10 cpaBHe-
HMIO ¢ 6a30BbIM KJaccoM). B peaysbrate ak3eMiisip obj base 6a30Boro kJac-
ca CChIJIaeTCsi Ha MoJjie ¥ MeTOJ U3 6a30BOro KJlacca, a IK3eMILIsip obj new mpo-
M3BOJHOIO KJIacca CChLIAeTCs Ha M0JIE ¥ METOJ, IPOU3BOAHOI0 KJIacca.

OO6bIuHO Ha TpaKTHKe MpUOeraioT K mepeornpenesennio Metonos. [IpuueM cu-
Tyalust MOXeT GBITh 1aJIeKO He TaKOM MPOCTOMH, Kak ObLIo Moka3aHo Bbile. Erre
OJIMH TPUMED TIepeONpeIeIEHHsI METOIOB TPH HACJIEZIOBAHUN TIPUBEJIEH B JIM-
cTuHre 7.4.

Juctuur 7.4. Tep
# BasoBHIT KJACC
class BaseClass:
def init_(self,num):
self.id=num
def get (self):
print ("ID:",self.id)
# Meron sk3eMmmsgpa 6a30BOTIO KJjlacca
def show(self):
print ("losne sk3emmiApa 6a30BOoro kjgacca")
self.get ()
# [IpOM3BONHHIM KJIACC
class NewClass (BaseClass):
def init (self,num,txt):
super (). init__ (num)
self.name=txt
def get (self):
super () .get ()
print ("Name:", self.name)
# SxszeMmnnap 6a30BOIO KJjacca
obj_base=BaseClass (1)




print ("BuseBaem MeTonm show () m3 sk3emmiiapa obj_base:")
# BhIBOB MeToma sk3eMmyisgpa 6a30BOIO KJjacca

obj_ base.show ()

# Okx3eMmiIAp NpoM3BOOHOTO KJjacca
obj_new=NewClass (10, "necarka")

print ("BeiseiBaem MeTon show () m3 sk3emmigspa obj_new:")
# BHI3OB MeTOIa 3K3eMmJjsgpa NPOM3BOIOHOIO KJjlacca

obj new.show ()

[Ipex e, yeM OCMOTPETH, KAKOB Xe Gy/IeT pe3yJbTaT BbIIOJIHEHUsI 3TOTO Mpo-
IPaMMHOTO K0J1a, KPaTKO MTPOAHATU3UPYEM €TO.

BasoBelii kj1acc BaseClass COAEPXKUT KOHCTPYKTOP, B KOTOPOM MOJIO id 3K-
3eMILISIpa KJlacca IpUCBauBaeTcCs 3HaueHue (TiepeiaeTcst apryMEHTOM KOHCTPYK-
Topy). MeTox ak3eMiisipa get () oTo6pa)kaeT B OKHE BbIBO/A 3HAYEHUE TIOJISI
id ak3eMIisipa, M3 KOTOPOrO BbI3bIBaeTcsl MeTo[. Elle B kjacce BaseClass
ONucaH MeTOJ 3K3eMILIsipa show (), B KOTOPOM KOMaHJOW print ("Mose
sk3eMmyispa 6a30BOrO kjacca") B OKHE BBbIBOJA OTOOPaXkaeTcst coolie-
HUeE, a 3aTeM KOMaH/I0i self.get () BBI3bIBAETCS METO/ 9K3EeMILISApa get ()
(KOTOPBIi1, HAIOMHUM, 0TOOpaXkaeT 3HaYeHHUe MoJIs 1d IK3eMILIsIpa Kjacca).

[IpousBoaHblii KJacc NewClass co3[daeTcs Ha OCHOBe 0a3oBOro KJjacca
BaseClass. B 1aHHOM kJlacce MHOTO HOBBIX /1711 Hac (4, BO3MOXHO, HEMIOHST-
HBIX) MHCTpYKIUil. B nepByio ouepeab aTo KOHCTpykTOp. MBI npeamnosaraem,
4TO y 9K3EMILISIPa POU3BOHOrO KJiacca OyeT iBa IOJISL: T1oJie 1d U MoJie name.
Heo6xoa1uMo, 4TOObI 3TUM TIOJISIM B KOHCTPYKTOpE NPUCBAMBaJMCh 3HAUEHUS,
U, COOTBETCTBEHHO, 3HAUEHU S ITUX T10JIel JO/DKHBI [lepelaBaThCs apryMeHTaMu
KOHCTDPYKTODY.

Hamia uzest cocTout B TOM, 4TOObI B KOHCTPYKTOPE 9K3EMILISIPA TPOU3BOHOTO
KJIacCa BbI3BAaTh KOHCTPYKTOP 3K3eMILIsipa 6a3oBoro kJjacca. [Ipobiema ycyry-
6J1sieTCs1 0OCTOSITEIBCTBOM, YTO BCE KOHCTPYKTODBI BO BCEX KJIaCCaX Ha3bIBAIOT-
cs1 0AMHAKOBO. UTOOBI BbI3BATh "MPABHJIbHBIA" KOHCTPYKTOP, HAM MOHAA00UT-
cs1 yHkuus super (). OyHKIMS BO3BpaLIaeT B KayeCcTBe pe3yJbraTa CIely-
aJIbHBII IPOKCU-0OBEKT, KOTOPBIi [ieJIETUPYeT BbI30B MeToAa 6a30BOMY KJIACCy.
C npakTUyeckol TOYKM 3peHus Ha 3Ty QYHKLHIO MOKHO CMOTPETh KaK Ha 3aMe-
CTHUTEJIb 3K3eMILIsIpa 6a30BOr0 KJ1acca, U3 KOTOPOTo MOJIyYaeTcs BbI3BATh UCXO-
AHYI0 (ompesiesieHHYI0 B 6a30BOM KJIacCe) BEPCUIO METO/IA - B TOM YHCJIE 3TO Ka-
caeTcs U KOHCTPYKTOpa.

Q Hasametky

Kak 6bl TaM Hu 6b1510, @ BbiI3BaTb KOHCTPYKTOP 6a30BOro kfiacca MOXHO WHCTPYyKUMein
Buaasuper () .__init__ (apryments) . B kpyrnbix ckobkax Ans KOHCTPYKTOPA yKasbl-
BalOTCA apryMeHTH, NpU4eM 6e3 CCbiIKK Ha 3K3eMnJisp Kacca, M3 KOTOPOro Bbi3biBa-
€TCA KOHCTPYKTOP.
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Komannoit super (). init__ (num) B Teje KOHCTPYKTOpPA 3K3EMILISApA
IPOM3BOIHOrO KJIacCa BbI3bIBAETCS KOHCTPYKTOP 3K3eMILIsipa 6a30BOro KJac-
ca. B pesysbraTe mojie id HoyyuT cBOe 3HaueHue. 3aTeM KOMaHAOM self.
name=txt 3HaYeHHE IMPHUCBAMBAETCA IOJI0 name 3K3eMILIsipa MPOU3BOAHOTO
KJacca (mepeMeHHble self, num ¥ txt 0603HAYAIOT APTYMEHTBI KOHCTPYKTOpPa
3K3eMILIsIpa IPOU3BOJHOIO KJacca).

B npousBogHOM KJacce nepeoripesesisieTcss MeTo get (). B tene meToma ko-
MaHION super () .get () BbI3bIBaeTCS Bepcusi MeToAa U3 6a30BOrO KJiacca.
[Tpu BBIMTOJIHEHUH 3TOTO METO/[a, HATOMHUM, B OKHE BBIBOJIa OTOOPAXKAETCS 3Ha-
YyeHue MoJis id aK3eMILIsIpa Kjaacca, U3 KOTOPOTO BbI3bIBAETCS METOM. 3aTeM KO-
MaH/Ioi print ("Name:", self.name) oTo6paxkaeTcs 3HaUeHHE MOJISI name
IIPOU3BOJHOrO KJIacca.

[ Hasametky

Ecnm umeeTcs HEKOTOPLIN MeTo 1, KOTOPLIV ONpeaeneH B 6a30BOM Kfiacce 1 nepeonpe-
nenserca B NPON3BOAHOM Knacce, 1 Ham Heo6XxoaMMO B Tene 3K3emnaspa NpPou3so-
AHOro Knacca Bbi3BaTh 3Ty UCXOAHYI0, 6a30BYI0 Bepcuio Merona (@ Takoe BO3MOXHO),
NCNOJIb3yEM MHCTPYKUWUIO BUAA super () .MeTon (apT'yMEHTH) .

EcTb ansTepHaTuBa K UICNONb30BaHMO PpyHKLMKN super () . Hanpumep, ecny Ham B Npo-
M3BOAHOM KNacCe HYXHO Bbi3BaTb BEPCUI0 MeToaa 3k3emnnsipa u3 6a3oBoro knacca,
MOXEM BbINOSIHUTL IBHYIO CCbIKY Ha 6a30BbIii kKnacc, BOCMNOb30BaBLUMCL KOMaHA0M
BNnAa 6a30BH_kKJlacc.MeTon (self, aprymMeHTH) - 3TO BMECTO KOMaHAbl super () .
MeToxn (apryMenTH) . Hanpumep, komaHaa super () .get () Morna 6bl BbIrnsaeTb Kak
BaseClass.get (self).

BaxxHblif MOMEHT, Ha KOTOPOM CJieLyeT OCTAaHOBUTBCSI, CBSI3aH C METOJOM
show (), KOTOpBIi omKcaH B 6a30BOM KJIacce, a B MPOM3BOJHOM He Iepeorpe-
aensiercs. [loaToMy IpousBoAHBIN KJIacc HacaeayeT BEPCUIO MeToJa show () U3
6asoBoro kyacca. Ho B Metozie show () (B 6a30BOM KJIacce) BBI3BIBAETCSI METO[,
get (), KOTOPBIi, B CBOIO OYepefib, lepeolnpeesieTCs: B IPOU3BOJHOM KJacce.
[Ipu BbI30BE MeTOAa show () M3 3K3eMILISIpa MPOU3BOJHOrO KJacca OyaeT BbI-
3bIBaThCs METOZ get () . Bormpoc B ToM, kakoit IMEHHO 3TO OyzieT MeToz get () -
13 6a30BOr0 KJ1acca UM U3 MPOM3BOAHOro? OTBET Ha 3TOT BONIPOC MbI TTOJIYYUM
M3 pe3yJibTaTa BhIIOJHEHHUS IPOrPaMMHOTO KoJa.

Sx3eMIIsIp 6a30BOr0 KJIacca CO3aeTcsi KOMaHAo obj base=BaseClass (1).
3aTeM BbI3bIBaEM METOJ show () U3 3K3eMILIsipa obj base 6a30BOro kjacca
(xomaHza obj base.show()).

OK3eMILISID  TPOM3BOJHOrO  KJjacta  CO3[aeTcsli  KOMaHAOH  obj
new=NewClass (10, "necsrka"). KoMaHaoii obj new.show () BbI3bIBa-
eTcsl MeTO show () U3 3K3eMILIsIpa obj new NMPOM3BOLHOIO KJjacca. Pesyib-
TaT BBITIOJIHEHHUSI BCETO MPOIPAMMHOTI0 KO/Ia TAKOIA:



" PeayneTar BuinonHeHws Nporpammui (u3 uctuira 7.4)

BeiseiBaeM MeTon show () m3 sk3emniyapa obj base:
[lonne sk3eMmmuIApa 6a30BOIO KJjacca

ID: 1

BeiseiBaeM MeTon show () u3 sk3eMmigpa obj_new:
[lone sk3emMmmispa 6a30BOTO KJjacca

ID: 10

Name: mecATka

Oco06bIit HHTEPEC TPEACTABJISIOT MOCJE/{HIE TPH CTPOKU B OKHE BBIBOZA: 9TO pe-
3yJIbTaT BBINOJHEHUST KOMaH/bl obj new.show (). Hecn0XHO0 NOHSATH, YTO Ta-
KOI pe3yJIbTaT MOXeT ObITh MMOJIYYEH, €CJIU B TeJie HACJIeJ0OBAHHOTO 13 6a30BO-
ro Kjacca Metola show () BBI3bIBAETCS Iepeornpe/leJieHHbI B MPOU3BOJHOM
Kjacce MeTox get (). [IpuueM aTo obiee MpaBUIIO: €CJIH B HACIEYEMOM METO-
Jle eCTh KOMaH/1a BbI30Ba [IPyroro MeTojia U 3TOT APyTOi METO/] MepeoIipeieis-
€TCsl B IPOM3BOTHOM KJIacce, TO Oy/IeT BbI3BaHa 3Ta HOBasi (MepeorpeesieHHast)
Bepcusi METO/a.

(2 Hasametky

B s3bike C++ Takoe CBONCTBO Ha3bIBAETCA BUPTYa/IbHOCTbIO. Bbipaxascb TepMUHONO-
ruei asbika C++, B Python Bce MmeToabl ABASIOTCA BUPTYasibHbIMMY.

Jlo aToro 1mpu co3aaHuM MPOU3BOTHOTO KJiacca 6a30BbIil Kjacc ObLT Bceraa O/1H.
Ha camom zesie B Python mpou3BogHbI# KJTacC MOXKHO CO3/1aBaTh HA OCHOBE Cpa-
3y HECKOJIbKUX 6a30BbIX KJIACCOB. DTO HA3bIBAETC S MHONECTNEEHHbIM HACAE008a-
Huem. IIpy MHOXXeCTBEHHOM HaCJIeJIOBAHUH Y TPOU3BOIHOTO KJjacca He OuH 6a-
30BbIif KJIacc, @ HECKOJIbKO 6a30BbIX KJaccoB. [Ipou3BOIHbINM KJacc HacjaeayeT
BCe aTpUOYThI KaXKJOT0 U3 CBOMX 6a30BbIX KjaccoB. He6oiblII0i mpuMep ¢ MHO-
XKeCTBEHHBIM HaCJIe/I0OBAHUEM TIPeICTABJIEH B IUCTUHTE 7.5.

1 Hasametky

B aToM npumepe Mbl kak 6bl YCIOBHO “onucbiBaeM” HEKOTOPYIO KOPOGKY wm Awmk. Y
3TOro AWKKa ecTb reoOMeTpUYeCKNe pa3mMepsl (LUIMPUHA, BbICOTa, rybuHa), macca (wnm
BEC - XOTS, EC/IM YECTHO, 3TO AAaneKo He OAHO 1 TO Xe), a e e uBeT. Ha ocHoBe nuHen-
HbIX pa3MepoB Bbl4NCAsSeTCs 06bEM (NPoM3BEAEHNE LMPUHDI, BbICOTbI U FybuHbl). Bce
eanHUUbl namepeHnnii 6eapasmepHbie.

B knacce BoxSize npeaycMoTpeHa BO3MOXHOCTb 3annCbiBaTb SIMHENHbIE pa3Mepbl U
BbluMCNaTb 06beM. Knacc BoxParams npegycMmatTpueBaeT BOSMOXHOCTb 3anOMUHAHNA
TakuMx napameTpoB, Kak BeC 1 uBeT. Ha 0CHoBe KnaccoB BoxSize W BoxParams NyTeM
HacnenosaHWA co3naeTcs Knacc Box.
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# IllepBeM GA3OBHIM KJACC

class BoxSize:

# KOHCTpyKTOpP
def _ init (self,width,height,depth):
# IpucBaMBaHMe 3BHAUYEHUN [1OJIAM DKI3EMILISAPA
self.width=width
self.height=height
self.depth=depth

# Meronm nona

BHIUMCJIEHMA oO6BeMa

def volume (self):
# PesynbTaT - NpoM3BEIOEHME IOJIEM 3K3eMIljisapa
return self.width*self.height*self.depth

# MeTonm mins

oToOpaxeHMs 3HAUEeHMM [OoJIeM 3K3eMmnjfgpa

# u pesynpTaTa BH30Ba MeToma volume ()
def show(self):
# Iosns sk3eMmispa kijacca
print ("Pa3Mmeph M oBBeM sAmmKa:")
print ("llmpuHa:", self.width)
print ("BecoTa:",self.height)
print ("T'nybmuHa:", self.depth)
# PesynbTaT BH30Ba MeToma volume ()
print ("O6weMm:",self.volume())
# Bropoy 6as30BBIM KJacc

class BoxParams:

# KOHCTpPYKTOpP

def init_ (self,weight,color):
# [pucBamBaHME 3HAUYEHUN I10JIAM BK3EMIUISpa
self.weight=weight
self.color=color

# Meton ninsa

oToOpaxeHMsa 3HaAUEeHMM IOoJIey 3K3eMmjfapa

def show(self):
# OrobpaxeHue 3HAYEHMN MOJIeN
print ("JononHUTEesNbHEE IapaMeTphl Awmmka: ")
print ("Bec (macca):",self.weight)
print ("UBer:",self.color)
# [poM3BOOHLIA KJACC
class Box (BoxSize,BoxParams) :
# KoHCTpyKTOpP
def  init_ (self,width,height,depth,weight, color):

# BrI3OB

KOHCTPYKTOpa [epBOTO 6a30BOTO KJlacca

BoxSize.  init__ (self,weight,height,depth)

# BrI3OB

KOHCTPYKTOpa BTOPOTO 6a30BOTO KJlacca

BoxParams. init_ (self,weight, color)

# BHIZOB

MeTona show () sks3eMmnygpa kKJjacca



self.show()
# IlepeonpenenieHne MeToma show ()
def show(self):
# Bri3oB MeTona show () M3 nepBoro 6as30BOTO KJjacca
BoxSize.show (self)
# Br3oB MeTona show() M3 BTOporo 6a30BOTO KJjlacca
BoxParams.show (self)
# Co3maeM 3K3eMNJsAp NPOM3BOOHOTO KJjlacca
obj=Box (10,20, 30,5, "3enenem")

B 6a30BoM kJiacce BoxSize OMHMCaH KOHCTPYKTOP, B KOTOPOM MHOJISIM width,
height u depth 3k3eMILIsIpa KJlacca IPUCBaUBAIOTCS 3HAYEHUs (TEM CaMbIM
IIPU CO3/IaHUM IK3EMILISIPA KJIacca 3TOMY 3K3EMILISIPY A00aBJISIIOTCS COOTBET-
CTBYIOLIME T10JIS).

2 Ha3zamerky

O6paTnTe BHUMaHUeE, 4TO apryMeHTbl KOHCTPYKTopa width, height, depth u nons ak-
3emMnnspa knacca Ha3blBaloTCs 0AMHAKOBO. ECnv B Tene KOHCTPYKTOpa Mbl NPOCTO Nn-
wem HasBaHne width, height unun depth, To MEIOTCA B BUAY apryMeHTbl KOHCTPYK-
Topa. [1na ccbinku Ha Nons aKk3emnaspa Kiacca cnosb3yemM MHCTPYKUun sel f.width,
self.height U self.depth C ABHbIM yKa3aHWeM aprymeHTa KOHCTpyKTopa self,
OTOXAECTBASEMOIO CO CChINKOM Ha 9K3eMnnap knacca.

[na Tex, kTo 3Hakom ¢ C++, Java unm C# nogyepkHeMm: B Python HeT cokpatiueHHol $pop-
Mbl 06paLLeHVs K NonsAM ak3emMnnspa Kiacca.

Takxe B kjacce BoxSize onucbiBaeTcs MeToa volume (), pefAHa3HaYeHHbIH
7151 BBIYKCJIEHUsI 0ObeMa: pe3y IbTATOM METO/Ia SIBJISIETCSI Tpou3BeieHue self .
width*self.height*self.depth 3HaueHU! BceX TPeX MOJIEH IK3EMILISIPA.

Metox show () COAEPXKHUT KOMaH/bI IO 0TOOPA’KEHUIO B OKHE BbIBO/IA 3HAUEHUI
TI0JIelt AK3eMILISIpa U pe3yJIbTaTa BbI30Ba MeToa volume ().

B 6a30BoM kiacce BoxParams B KOHCTPYKTOPE 3aJAIOTCSl 3HAYEHUST [IBYX IMO-
Jieil, a MeTo show () B 3TOM KJIacCe OITUCaH TaK, YTO IIPH €70 BBI30BE 0TOOpaka-
IOTCSI 3HAaYEHUSI 3TUX MOJIEH.

IIpousBoaHbIil KIacc Box co3/laeTcsi Ha OCHOBe 6a30BbIX KJIACCOB BoxSize u
BoxParams: Ha3BaHHsI 3THX KJIACCOB yKa3bIBAIOTCS B KPYIJIbIX CKOOKaX MocJie
HMeHH IPOM3BOAHOIO KJjacca. B Mpou3BoAHOM KJjiacce ONUChIBaeTCs KOHCTPYK-
TOP, Y KOTOPOI'O JOCTATOYHO MHOT'O apT'yMEHTOB.

B Tejie KOHCTpYKTOpa MOC/I€I0BATEIBHO BHI3BIBAIOTCS KOHCTPYKTOPHI 6a30BBIX
KJIacCOB: KOMaH/0H BoxSize. init (self,weight, height, depth)
BBI3bIBAETCSI KOHCTPYKTOP 3K3eMILIsipa Kjacca BoxSize, a KOMaHAONH Box-—
Params. init (self,weight,color) BbI3bIBA€TCS KOHCTPYKTOD 3K-
3eMILIsIpa kjacca BoxParams. I B TOM U B IpyroM ciiydae KOHCTPYKTOP BbI-
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3bIBAE€TCs KaK (byH-KHI/ISI KJIaCCa C IBHbIM YKa3aHHMEM UMEHHU KJjiacCa U nepe/:[aqel‘/’l
TNEPBBIM apPryMEHTOM KOHCTPYKTOPY CCbLJIKHU self Ha IK3EMILJIAP KJjlaccCa.

Taxxke B KOHCTpYKTOpe BbI3bIBaeTCst MeTOA show () . Ho 31ech MbI TeopeTnuecku
JOJIXKHBI ObLTU ObI CTOJIKHYTBCS € MPOGJIEMOI: B KaXKI0OM 13 GA30BBIX KJIACCOB
BoxSize u BoxParams eCTh METO/] C Ha3BaHUEM show (), ¥ KaXXJbIil U3 3TUX
METO/IOB HacJie[yeTcsl B MPOM3BOAHOM KJjacce Box. B nmpuniune, B Takoi cutya-
[[UH 10 YMOJTYaHUIO ITPY 00pallleHnd K METOLY show () BBI3BIBAJIACH OBI BEPCUS
MeTOjIa U3 KJiacca BoxSi ze, MMOCKOJIbKY B CIKMCKE GA30BBIX KJIACCOB 3TOT KJIACC
yKa3aH IepBbIM.

(O Ha 3zametky

B 3k3emnnape Npou3BOAHOro knacca npu obpaiwieHnn K nonio uim MeToay, ecim aTo
nosne WM MeToA He ONncaHbl B TENE NPOM3BOAHOr0 Knacca, NoMck HauHaeTcs B 6a3o-
BbIX KNnaccax, NprMyem CTPOro B COOTBETCTBUM C TEM NOPSAKOM, B KOTOPOM KNacchl yKa-
3aHbl B CNUCKE HacnenoBaHnsa (B KPYribix ckobkax nocne MMeHn Npou3BoaHOro kaac-
ca).

Ho MBI nziem Apyrum myTeM - IyTeM Iepeoripe/iesieHusi MeToaa show () B Ipo-
U3BOAHOM KJacce Box. B Tesle Metozma B kjlacce Box KOMaHJaMu BoxSize.
show () 1 BoxParams.show () Mmocjaex0BaTe/JbHO BbI3bIBAIOTCSA BEPCUU 3TOr0O
MeTO/la COOTBETCTBEHHO M3 KJjacca BoxSize U BoxParams. 3/1eCh JEUCTBYET
TOT K€ IIPUHLIUII, YTO U IIPU Iepeolpele/IeHUU KOHCTPYKTOpa KJjacca Box: Me-
TO/IBI BBI3BIBAIOTCS KaK (YHKIIMU KJIacca Yepe3 CChLIKY Ha OOBEKT KJacca U Ime-
peaayveil apryMeHTOM CCBLJIKHU Ha 9K3eMILJISIP KJlacca.

ITomuMoO onucaHus KJIACCOB, B IPOTPaMMHOM KOJIe €CTh BCEro OfHa KOMaH[a
obj=Box (10,20,30,5, "seneHwnt" ), KOTOPOU CO3JAETCSI IKIEMILISP MPO-
M3BOJHOrO KJjIacca Box. IIpX 9TOM BbI3bIBA€TCSI KOHCTPYKTOP, & B KOHCTPYKTOpE
BBI3BIBAETCSI METOZ Show (), KOTOPbIM OTOOPaXAI0TCsI 3HAYEHHsI BCEX TOJIEHt IK-
3eMILIsipa obj. Tak UTo pe3yJbTaT NojyyaeM CJieLyOHni:

PesynbTar BbINONHEHUS NporpamMmsi (U3 nuctunra 7.5)

Pa3Mepel ¥ OOBEM SAIMKAE :

llvpuHa: 5

BricoTa: 20

T'nybuHa: 30

O6beM: 3000

JONMoJIHUTE NIbHEIE TTapaMeTpPH AlMKA :
Bec (macca): 5

IIBeT: 3eJIeHHM

KpOMe MHOXXECTBEHHOI'O HacJieJOBAHU S MOXET HUCII0JIb30BAThCs MHOZOK parmHoe
Hacaedosauue. HpI/I MHOTI'OKPaTHOM HacCJieJOBaHUU HpOPIBBOZIHbeI KJIaCC ABJISAET-



cs1 6a30BBIM [IJIs1 APYTOro Kjacca. Ecu yyecTh, YTO OMHOBPEMEHHO AOMYCTUMO
UCIIOJIb30BaTh U MHOXKECTBEHHOE HACJIe[JOBAHUE, CTAHOBUTCSI OYEBHHBIM, UTO
CTPYKTypa "POJACTBEHHBIX OTHOLIEHUN" MEXIy KJIaCCAaMU MOXET OBITh OYEHb
CJIOKHOIL.

(1 HasameTky

YacTo Bce CBOAUTCH K ONpeaeneHuio Toro, kak Npy MHOMOKPaTHOM W O4HOBPEMEH-
HO MHOXECTBEHHOM HacfneAoBaHNM NPOU3BOAHBLIM KJ1aCCOM HACneaylTCs U3 pasHbiX
knaccoB aTpubyTbl (MeToabl/dYyHKUMM) C 0AMHAKOBLIMU Ha3BaHUAMU. Peyb naeT BOT O
4YeM: NpeacTaBnM, YTO N3 3K3emMnaspa NPoOM3BOAHOrO KJlacca Bbi3biBAETCHA METOA, Unn
13 NPOM3BOAHOIO Knacca Bbi3blBaeTCH GYHKLUUSA, a B CTPYKTYpe HacnenoBaHus Knac-
COB €CTb MeToAbl/DYHKLMN C TakKMM Xe umeHeM. Bonpoc B TOM, kakasa Bepcust (U3 ka-
KOro kfiacca) metoaa wm ¢yHkuum 6yaeT BbidbiBaTbca? B obLWiemM ynpoLweHHOM Buae
OTBEeT Ha 3TOT BONPOC CBOAMTCA K TOMY, Y4TO nocniegoBaTtesnbHO nepebupaeTtcs uenoy-
Ka Hacnen0BaHWA KNaccoB A0 NepPBOro "cosnaaeHus”. bazosble knaccekl nepebupatotcs
B TOM NOPSIAKE, Kak OHW yKa3aHbl NPy CO3AaHUM NPou3BOAHOro knacca. MNpuyem 6a3o-
Bbl€ KNacchl "npocmaTpmBaloTcs” BMECTE CO CBOUMM 6a30BbIMKU knaccamu. XOTs U TyT
He Tak BCE NPOCTO. HENPUATHOCTN BO3HMKAIOT B Cily4ae, ECNM OAUH U TOT XE KNacc oKa-
3bIBAETCA "pas3HbiMU NyTAMU”, MPSMO UM ONOCpeAoBaHHO, HECKOJIbKO pa3 cpeau Ha-
cneayeMbix knaccos. Hanpumep, knacc A asnsieTca 6a3oBbiM 415 KNacCoB B U C, a Ha
MX OCHOBE co3aaeTcs knacc D. B pesynbraTe nonyyaeTcs, 4To knacc D Hacneayer knacc
A "pBaxnabl”: Yepea Knacc B v Yepe3 knacc C. A MoryT 6biTb M 6onee TparnyHblie "XuTpo-

Puc. 7.1. Cxema HacnepnoBaHus knaccos. HacnenoBaHue nao6paxaercs HanpasJsieHHON
cTpesnkoii (0T 6a30BOro knacca Kk NPoM3sogHOMY knaccy). Lindpamu o603HaueH nopaaok
Hacnepno0BaHUA KNAaCCOB B C/ly4ae MHOXECTBEHHOro HacnegoBaHusa. Knaccel ¢ onucaHHoi

¢$yHkumei hi() BbigeneHbl TEMHbIM LIBETOM
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cnneteHus”. B nogo6HbIX cnyyasx B Python npuMeHsieTcsa cneunanbHbiii anropuTMm, Ko-
TOPbIM OMpeaenseTcs uenoyka Hacnen0BaHNs KaacCcos, NPUYEM B 3TOW Liernoyke Kax-
AOpllA KNacc BCTpeYaeTCs TONbLKO € ANHOXABI.

-MsI o 3TOMy NOBOZLY pacCMOTPUM HEGOJIBIIOI TPUMED, ITPEICTABIEHHBIH B JIU-
ctuHre 7.6. B mpuBejeHHOM TaM IIPOrPaMMHOM KO/I€ OIICaHbI HECKOJIBKO KJac-
COB, NIPUYEM OJIHU U3 HUX HacjenyioT apyrue. Obimas cxema HacJjeJOBaHHs
KJIaCCOB IIpe/iCTaB/IeHa Ha puc. 7.1.

Tpu 6a3oBbix Ki1acca (Alpha, Bravo u Charlie) cogepxaT onucaHue QyHK-
UM hi (), aocTajabHble KJacChl HACAEAYIOT (Pa3IMYHbIMU MY TSIMU) 3TU KJIACChL
ITporpaMMHBIit KO TaKOM:

# OnmcelBaeM KJlaCCh
class Alpha:
def hi():
print ("Kmacc Alpha")
class Bravo:
def hi () :
print ("Kmacc Bravo")
class Charlie:
def hi():
print ("Kmacc Charlie")
class Delta (Alpha):
pass
class Echo(Delta) :
pass
class Foxtrot (Bravo,Alpha):
pass
class Golf (Foxtrot):
pass
class Hotel (Echo,Charlie,Golf):
pass
# BrI3bIBaeM GYHKUMM KJIACCOB
Echo.hi ()
Golf.hi ()
Hotel.hi ()

PesysibraT BINOIHEHUS IPOIPAMMHOTIO0 KO/a CJIeLYIOLIHIA:

Kmacc Alpha
Kinacc Bravo
Kmacc Charlie



[TocJie onucaHus KJIaCCOB B IIPOrPaMMHOM KOJI€ TTOCJIEI0BATEIbHO BHIMOJIHSIIOT-
cst KoMaHabl Echo.hi (), Golf.hi () u Hotel.hi (). Pa36epem, uto mpowuc-
XO/JUT NPH BbINOJTHEHUU KaXKI0M U3 3TUX KOMaH[.

[Tpu BBIMOSTHEHUHU KOMaHABI Echo. hi () BBINOJIHSIETCS MOUCK (byHKI_II/II/I hi ()
B TeJie Ky1acca Echo. HenocpenctBenHo B 3ToM Kiacce yHkius He omcana. Ho
KJacc Echo co3aercsi HaocHOBe kylacca Del ta. B aToM ki1acce gyHKLUS ¢ MMe-
HeM hi () TakXe He OMKCaHa, TO3TOMY MOUCK (DYHKIIMY BBIMOJIHSIETCS B KJIacce
Alpha - 6a30BOM KJacce 1Jis Kjaacca Delta. B pesysbrare Bbi3biBaeTcs (pyHK-
1Ms1 U3 KJIacca Alpha ¥ B OKHE BbIBO/Ia TIOSIBJISIETCS coobIeHue Knace Alpha.
3nechb cutyalus MpocTas, MOCKOJIbKY MPOCTasl LenoYyKa HacaenoBaHust Kiacc
Echo Hacsexnyer kyacc Delta, a kiace Delta Hacjenyet kjaacc Alpha. [Touck
¢dyHKIMYM hi () OCylIECTBISIETCS B COOTBETCTBUU C 3TOM LIETTOYKOMN HACJIe[0Ba-
HUSL.

IIpu BbImosHEeHUU KOoMaHAbI Golf .hi () mouck pyHkuuu hi () cHayasa Mmpo-
ucxoauT B Tesie kiacca Golf. Ho tam takas ¢yHkumsi He onuceiBanace. [1o-
CKOJIBKY KJIacC Golf co3aaBaJicsl Ha OCHOBe KJjacca Foxtrot, MoucK GyHKIIMN
hi () BBIMOJIHSETCS B 3TOM KJiacce. B Tese aToro kyiacca pyHkuus hi () Takxe
He omucana. [louck mpogoskaercst B 6a30BbIX KJaccax Jis Kjacca Foxtrot:
3TO KJIacchl Bravo U Alpha (B TOM NOpsifKe, Kak OHU yKa3aHbl IPU HacJIe10Ba-
HuM). Tak Kak B KJacce Bravo ecTb onucaHue ¢GyHKIUM hi (), OHa U BbI3bIBA-
€TCs1, B pe3yJIbTaTe Yero B OKHE BbIBOJIA MOSIBJISIETCSI COOOIIeHre Knacc Bravo.
Ecsu 651 B ky1acce Bravo (pyHKIMHU hi () He 0Ka3aIoch, MOMCK ObI TPOTOJIKUII-
¢4 B kJj1acce Alpha.

Bonee cinoxHast curtyauusi ¢ koMaHaoi Hotel.hi (). Ilo joruke anst mouc-
Ka GYHKIUU hi () KJIAcChl JOJDKHBI ObLIM OBl TIPOBEPSTHCS B TAKOM MOCJIEN0-
BaTEJIbHOCTU: CHayasla Hotel, Echo, Delta, Alpha, 3ateM Charlie, a naJjee
Golf, Foxtrot,Bravo u Alpha - moka He 6y/eT Haii/ieH MePBBIi KJIacC B 3TOM
TI0CJIe/IOBATEIBHOCTH, B KOTOPOM onucaHa ¢yHkuus hi () . B aToit nenouke nep-
BBIH KJIACC, B KOTOPOM omucaHa pyHKuus hi (), - kaacc Alpha. [loatomy ecu
ObI BCe TaK 1 OBLIO, MOSIBUIIOCH ObI coobuienne Knacc Alpha. Ho Ha camom
JieJie TIOSIBJIsIETCst coobiieHne Knacc Charlie. [Touemy tak?

Ha caMoM fiesie OJIHBIN U MCYEPIBIBAIOIIMIT OTBET CBOAUJICS ObI K OMUCAHHIO
aJITOPUTMAa, KCIO0Jb3yeMoro B Python npu ¢hopMupoBaHUM 1IETIOYKU HACJEL0-
BaHUSI, KOTJ]a OTHU U Te Xe KJIACChI MHOTOKPATHO HACJIEAYIOTCS B TPOM3BOJIHOM
kjaacce. Ham takue "rexHuyeckue” oapOoOGHOCTY Bpsi JId IOHAL0OSITCS, TO3TO-
MY MBI OrpaHMYHMMCS 00LIel Heel ¢ anesisuueii Kk HaueMy npumepy. MTak, B
(opmasibHOM NOCTIEIOBATETBHOCTH HACIEAYEMBIX KJIACCOB KJIacc Alpha BcTpe-
4aeTcs [BaX bl A HYXXHO, YTOOBI OH TaM BCTPeYaJICs Bcero oAuH pa3. [Ipuyem
Ba’KHa MO3UIIHsI, HA KOTOPO#t 3TOT KJIacc OyIeT HAXOAUThCS B 1IETIOUKE HACTIEIO-
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BaHUs (MIOCKOJIBKY OHA OTpefieJisieT, B KaKoii N0CJie[0BaTeIbHOCTH IIPOCMAaTpU-
BaIOTCSI KJIACCHI MTPU MOMCKe GYyHKIMH hi () ).

Ba30BbIil MPUHLUII COCTOMT B TOM, YTOObI M36eraTh CUTyalWi, KOr/Ja cHayaja
npocMaTpuBaeTcsi 6a30BbIA KJIACC, a 3aT€M MPOM3BO/HBIN OT Hero. B maHHOM
KOHKDETHOM CJIydyae TeOpeTUYeCKU MMEETCs [Ba BapuaHTa LIENIOYKU HaCJIe[o-
BaHUA JJIA Kjgacca Hotel: Echo, Delta, Alpha, Charlie, Golf, Foxtrot,
Bravo wiu Echo, Delta, Charlie, Golf, Foxtrot, Bravo, Alpha. B nep-
BOM cJlyyae kJjiacc Alpha npocMaTpuBaeTcs nepej KjaaccoM Foxtrot, 45 KO-
TOpOro Kjacc Alpha siBisieTcst 6a30BBIM.

Kak MbI ynoMuHaJIu BBILIE, 3TO MJIOXO0 BapuaHT. Bo BTOpoM ciry4ae Takoii rpo-
6sembl HeT. [ToaToMy IlemoYka Hacjie0BaHUsI KJIACCOB IS Kaacca Hotel Ha
CaMOM JieJie BBITJISIAUT Tak: Echo, Delta, Charlie, Golf, Foxtrot, Bravo,
Alpha. /IBurasce 1o 3To¥ LeMOYKY I1PU NoUucKe koaa GpyHKuuu hi () (peus, Ha-
MMOMHUM, UJIET O BBITTOJTHEHWU KOMaH/bl Hotel. hi ()) "ocTaHaBjiuBaeMcs" Ha
kj1acce Charlie, B KOTOPOM 3Ta QYHKIMS OMHCAHA.

O Ha3sametky

Y1obbl yBUOETHL "LEnoYKy HacnenoBaHua™ ons NpPoM3BOLHOrO Kiacca, pa3ymMHO BOC-
nonb3oBaTbCA NOSIGM — mro__ 3TOro kfnacca. B 4acTHOCTW, ecnim B pacCMOTPEHHOM
Bbille Npumepe f06aBUTbKOMaHAYprint (Hotel. mro_ ), yBUAUM, B KaKoi nocne-
[0BaTENbHOCTM HACNEAYIOTCA KNacchl Bknacce Hotel.

Boo6Lie, HECNOXHO NpuayMaTh Takylo CXEMY HACNenoBaHWUs KNaccos, KOTopas ABNs-
eTCA HenponyCTUMOW B TOM CMbICAIE, 4TO HE MO3BONSET YCTAHOBUTL MocnenosaTesb-
HOCTb UAW LLEMOYKY Hacea0BaHns Knaccos. Hanpumep, knacc C HacneayeT Knacchl A U
B, KNnacc D HacneayeT Knacchl B v A, a Kiacc E Hacneayer knacchl C v D. B Takoii cuTya-
UMM BO3HMKaEeT owmnbka Tuna TypeError, CBA3aHHAasA C HEBO3MOXHOCTLIO YCTaHOBUTL
LLenoYKy HacneaoBaHus.

B cieyromem pasjiesie peub MOWAET O HEKOTOPBIX CNEUUATLHbIX MEMOOaxX U no-
JLSX, KOTOPBIE TI03BOJISIIOT CYLIECTBEHHO PACIIMPUTh BO3MOXXHOCTH KJIACCOB M 9K-
3eMILISIPOB KJyaccoB B Python.

CneuyunanbHble MeToAbl U NONs

Kusvem 6pamv demornos!
u3 x/¢p "Hean Bacunveeuyu mensem npoghpec-
curo”

B Python ects rpynmna MeTo0B, Ha3BaHKUs KOTOPBIX HAUMHAIOTCS U 3aKaHYNBA-
0TCs1 IBOMHBIM TO{4epKuBaHueM. Takue MeTo/ bl IpeiHa3HaYeHbI JIs1 PabOThI C
KJIaCCaMM U 9K3EMILISIPAMU KJIACCOB, U IO3BOJISIIOT BBIIOJIHSTh HEKOTOPBIE BECh-
Ma crienuuyHble onepanuu. [[03TOMy TakHe METO/bI OOBIYHO HAa3bIBAIOT CREUL -
anvHbIMU.



O Ha sameTky

Mo kpariHein Mepe, C ABYMS CreumnanbHEIMU METOAAMU Mbl YXE 3HAaKOMbI: 3TO KOHCTPYK-
Top__init__ () naecTpyktop del ().

Taxoxe ecTb rpymnmna noJei, KOTOpble B HA3BaHUHU B HAayaJjle U KOHIIE COAEPXKAT 10
/IBa CUMBOJIA MOJYEPKUBAHUSA. ITU MOJISL JOCTYIIHBI [JIsT KAXKAOTO KJacca /Wi
3K3eMILISIpa 110 YMOJIYaHUIO.

3 Hasametky

Ha nepBbiii B3rnsa MoXeT nokasaTbCs CTPaHHbIM, YTO Y K1aCCOB, KOTOPLIE CO3A4al0TCs
nonb3oBaTeneM, eCTb aTpubyThbl, KOTOPLIE NOb30OBATENEM HE OnucaHbl. Ho 3aeck cne-
AyeT y4ecTb, 4TO HaumHas ¢ Bepcum Python 3 Bce knacchl (B TOM 4ynucne u co3aaHHbie
nonb30BaTeneM), B KOHEYHOM CUeTe, ABNSAIOTCA HAacneaHMKamu knacca object. Apy-
rMMK CNnoBamu, CyLLECTBYET nepapxus Knaccos, N B BEPLUNHE 3TOM nepapxum HaxoauT-
ca Knacc object.

B Tabsmie 7.1 nepeyrcieHbl HEKOTOPBIE CIIEIUAIBHBIE TOJIsl, KOTOPbIE MOTYT
OBITH MOJIE3HBI IIPU paboTe C KJIaCCaMu.

Tabnuua 7.1. CneumanbHbie nons

None HasHayenue
__bases BosBpaiaercsi cnrcok 6a30BbIX KJIaCCOB
__dict__ BosBpariaercsi cioBaps ¢ aTpubyTamMu KJiacca
__doc__ BosBpamiaercsi TekcT MOKYMEHTHpPOBAHUS KJjacca

(TekcT, onuchIBamUiA Kjaacc). TeKCT TOKyMeHTUPO-
BaHUSI MO’KHO HETIOCPe/ICTBEHHO YKa3aTh B TeJle Kjac-
ca MepBoi CTPOKOU UJIM PUCBOUTD MOJIIO 3HAaUEHUE

__module_ BosBpaiaercst Moxynb kJacca
__mro___ .| Bo3Bpamiaercs 1emnoyka Hacje10BaHUS KJIacca
__name_ BoaBpamaercst uMs kacca
qualname Bosspamaercs mosHoe uMs kiaacca (B ToueuHoM ¢dop-
Mate, 0TOOpakarolleM CTPYKTYPY BJIOXKEHHBIX KJIac-
COB)
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[ HasameTky

Y 3K3eMNNAPOoB Knacca ecTb cneunansHoe nosie _ class__, KOTOPOE NO3BONSET onpe-
AennTb KNacc, Ha OCHOBE KOTOPOro co3aasancs ak3emnnsap. NockonbKy Knacc cam sie-
naetca 06bEKTOM, TO Y Knacca Takoe none toxe ecTb. Mone  class__ ana obvekta
Knacca gaet (Npv BbIBOAE 3HaYeHUs PyHKUMEN print () ) 3Ha4eHMe <class 'type'>,
4YTO O3HA4YaeT NpUHaANEXHOCTb 06beKTa Knacca kK Tuny type.

Takxe ecTb o4eHb noneaHas PpyHKUus dir (), KOTOpas NO3BOJAET NOAYYUTb CMIUCOK
aTpmbyTOoB (Nosiei 1 MeToA0B) ak3emnspa knacca. MNpu BbizoBe PYHKLUM 3KIEMNNAD
Knacca nepeaaeTcs apryMmeHToM GpyHKumn.

Heb6oub1i10ii mpuMep UCIOJIb30BaHUSA NEPEYUCIEHHBIX MOJIel MPUBEEH B JIU-
ctunre 7.7.

# Kuacc
class Alpha:
"Knacc Alpha m BHyTpeHHMM kJjiacc Bravo"
def hello():
pass
# BHYTpEHHMI KJIACC
class Bravo:

pass

# NpomsBomHent OT Alpha KJjacc
class Charlie(Alpha):

pass
# MpomsBonHemwt oT Charlie kjacc
class Delta(Charlie):

pass
# CospmaeM sk3eMmiIAp KJjacca
obj=Alpha ()
# Donme _ class__ 3k3eMmApa Kjacca
print ("llome _ class__ ")
print ("3x3emmiap obj:",obj. class_ )
# Nome _ class__ knacca
print ("Knacc Alpha:",Alpha. class_ )
print ("Knacc Alpha.Bravo:",Alpha.Bravo. class_ )
print ("Knacc Charlie:",Charlie. class_ )
# Mouns bases_ u _ mro

print("Y;HonH __bases u __mro_ ")

print ("Knacc Delta, nose _ bases_ :",Delta. bases )
print ("Knacc Delta, nose _ mro_:",Delta._  mro_ )
print ("Knacc Alpha, nosie _ bases_ :",Alpha._bases )
print ("Knmacc Alpha, none _ mro_ :",Alpha._ mro_ )

# Iome _ doc



print ("\nllone _ doc_ ")

print ("Onucaume kjacca Alpha:",Alpha. doc_ )
Delta.__doc__="Knacc Delta Hacnemyetr kjnacc Charlie"

print ("OnmcaHme kJjacca Delta:",Delta._doc_ )

# Iome _ module_

print ("\nllone _ module_ ")

print ("Momyse kjacca Alpha:",Alpha. module_ )

# TNome _ dict

print ("\nllome _ dict__ ")

print ("ATpubyTH kjacca Alpha:",Alpha. dict ) .
print ("ATpubyTH kyiacca Alpha.Bravo:",Alpha.Bravo._ dict )
print ("ATpubyTu kjacca Delta:",Delta._ dict )

# Moma _name_ u _ qualname

print ("\nllona _ name__ -u _ qualname__ ")

print ("Kmacc Alpha, nose _ name__ :",Alpha. name_ )

print ("Knacc Alpha, none _ qualname_ :",Alpha._ qualname_ )
print ("Kmacc Alpha.Bravo, nojie _ name__ :",Alpha.Bravo._
name__ )

print ("Kmacc Alpha.Bravo, nojsie _ qualname__ :",Alpha.Bravo.
qualname__ )

print ("Knacc Delta, nosne _ name_ :",Delta._ name_ )

print ("Knacc Delta, mnose _ qualname__ :",Delta._qualname_ )

PeByJIbTaT BBITIOJTHEHH A 3TOT0O IPOTPaMMHOI'0 KOJa IIPUBEJEH HUXE:

llonme _ class_

Sk3emniiAp obj: <class '__main__ .Alpha'>
Knacc Alpha: <class 'type'>

Knmacc Alpha.Bravo: <class 'type'>

Knacc Charlie: <class 'type'>

llonma bases  wm _ mro

Knacc Delta, noJe bases_ : (<class ' _main__.Charlie'>,)
Knacc Delta, mnose ::mro__: (<class ' _main__ .Delta'>, <class
' main__ .Charlie'>, <class ' main__.Alpha'>, <class
'object'>)

Kmnacc Alpha, none _ bases_ : (<class 'object'>,)

Knacc Alpha, nome _ mro : (<class ' _main__.Alpha'>, <class
'object'>)

llone _ doc_
Onmucanme kjacca Alpha: Kmacc Alpha m BHYTpPeHHUM kKjacc Bravo
OnmmcaHme kJjlacca Delta: Kimacc Delta HacnenyeT kJjacc Charlie
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llose _ module
Momyne knacca Alpha: _ main

Mosme _ dict

ArpubyTel kyiacca Alpha: {'_dict ': <attribute ' dict ' of
'Alpha' objects>, 'Bravo': <class '__main__.Alpha.BraVo'>,

' __weakref ': <attribute ' weakref ' of 'Alpha' objects>,
'hello': <function Alpha.hello at 0x023201E0>, ' module ':
' main__', ' doc__ ': 'Kmacc Alpha u BHyTpeHHMM kjacc Bravo'}
ArpuByTel kyiacca Alpha.Bravo: {'_weakref ': <attribute '
weakref_ ' of 'Bravo' objects>, ' dict ': <attribute '
dict__ ' of 'Bravo' objects>, ' doc_': None, ' module ':

' main_ '}

ArpubyTe kyacca Delta: {'_ _doc_ ': 'Kmacc Delta Hacienyet
knacc Charlie', ' module ': ' main_ '}

lloma _name__ u _ qualname

Knmacc Alpha, nmoje _ name_ : Alpha
Knacc Alpha, nosme _ qualname_  : Alpha
Knacc Alpha.Bravo, moje _ name__ : Bravo
Knacc Alpha.Bravo, nojne _ qualname_ : Alpha.Bravo
Knacc Delta, nose _ name_: Delta
Knacc Delta, noye _ qualname_ : Delta
Y HasameTky

HekoTopble nona (@ UMEeHHO, __bases_ W mro__ ) B Ka4eCcTBe 3Ha4eHWIn BO3Bpa-
LAl T KOpTeXu (HAbop 3NEMEHTOB B KPYr/ibix Cko6Kkax). ECiv KOpTeX coCTONT N3 0AHO-
ro anemMeHTa, No NpaBunam cuHTakcuca Python nocne aToro aneMeHTa cTouT 3ansTas,
XOTS CNeayloLero 31eMeHTa B KOPTEXe HeT.

Jlanee Mbl pacCMOTDHM crellMa/ibHble MeTo/bl. HauHeM B kauecTBe MILTIOCTpa-
My ¢ MeToga _ call (), KOTODBIH NpefHa3HayeH [JIsl BHINOJHEHUS J0CTa-
TOYHO 6JIarOPOHOM MUCCHM: €CJIH B KJIACCE OMHCAH 3TOT METOJ, TO IK3eMILISIP
KJIacca MOXHO BBI3bIBaTh KaK (QyHKIHIO.

He6oub1110¥ TpuMep, ULTIOCTPUPYIOLIHIA, KaK onpe/eseTcs MeToq  call
(), mpeacTaBJieH B JIMCTUHTE 7.8.

~ JucTiwr 7.8. Onpepenenne metopa _call_()

# Kmacc
class Box:
# KOHCTpyKTOP
def  init (self,width,height,depth):
# Ionsa sk3eMnyapa kijacca



self.width=width
self.height=height
self.depth=depth
# Onpenernenye meroma _ call ()
def _ call_ (self):
# BrluMCIISeTCs NPOM3BEIEeHMEe IMOoJIel 3K3eMNysapa
volume=self.width*self.height*self.depth
# OTobpaxaeTcsda pPe3yJIbTAT BHUMCJIIEHUM
print ("O6weMm paBeH",volume)
# CosmaeM 3k3eMmIgp KJjacca
obj=Box (10,20, 30)
# BrI3EHIBAEM BK3EMILIAP KJlacCa KakK QYHKLMO
obj ()

PesyJibrat BbIIOJIHEHUS IPOIPAMMHOTIO KOJa TaKO:

PesynbTaT BLINONHEHHS NPOrPaMMbl (U3 NMCTUHA
O6bveM paBeH 6000

B aToM npruMepe MbI 3KCIIIyaTUPyeM UIEI0 C KJIaCCOM, KOTOPBIH OMUCHIBAET He-
KOTOPBIN "SKK" 11 "KOpoOKY" (B TeOMETPUYECKOM CMBbICJIE 3TOTO MOHSITHS ).
Knacc naspiBaercst Box. B kiracce onucaH KOHCTPYKTOp, TP BBIIOJHEHHH KO-
TOpOro NoJisiM width, height u depth mpucBauBaOTCs 3HaueHUs (apryMeH-
ThI KOHCTPYKTOPA).

Jl7ist BBIYMCJIEHUST 06'bEMA, BMECTO TOTO, YTOOBI OMKMCHIBATH METO/] IK3EMILISIpa
KJacca, onpenensieM Metox  call (). Ilockosbky MeToz 6yneT BHI3BIBATHCS
(HesIBHO) 4yepe3 3K3eMILISIP KJIAcca, apryMEHTOM METO/Ia YKa3aHa CChIIKa self
Ha 3K3eMILISIp kjacca. B Tese knacca komanaoit volume=self.width*self.
height*self.depth BberuMcsIeTCS MPOU3BEIEHE MOJIEN IK3EMILIsIpa Klacca
(TO ecTh 06bEM "KOPOOKU") M 3aMKCHIBAETCS B JIOKAJIbHYIO MEPEMEHHYIO vol—
ume, TOCJIe YeTO 3HAUYEHUE ITOM epeMEHHOI oTo6paXcaeTcsi B OkHe BbiBoia. Ha
9TOM OIMCaHUe KJlacca Box 3aKaHYUBAETCS.

BHe nporpaMMHOro Koja KJacca Box co31aeTcsi 9K3eMILIsIp obj aToro KJjacca, a
3aTeM cJeayeT KOMaHaa obj () - TO ecTh MbI O6palaeMcsi K 3K3eMILISIpY KJacca
Tak, Kak ecsiv ObI 370 6b11a yHK1MsL. [ToCKOJIbKY B TeJie K1acca Box onpeaesieH
meron call (), TO aBTOMaTHUYeCKH BBI3BIBAETCS 3TOT MeTOA. B pesyssrare
B OKHE BbIBO/IA IOSIBJISIETCSI COOoOIIeHre ¢ MHDopManueit 06 o6beme "KopoOKu".

3 Hasametky

Bobipaxasch 6onee "TexHONnornyHbIM™ S3bIkOM, KOMaHaa obj () obpabaTbiBaeTcs kak
KOMaHAaa Box ._cal 1 (obj).
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Mo HO ompexeuTb MeTO[  call () Tak, 4TOOBI 9K3EMILJISIP KJIacca He IPo-
CTO "BBI3bIBAJICS ", @ "BBI3bIBAJICS" ¢ apryMeHTaMu. HecJi0XHO poragatbcs, YTO
JJIs1 3TOTO JOCTaTOYHO ONUCAThb MeTOJ, __call () C AOMOJHUTENbHBIMU (KPO-
Me CCBIJIKY Ha 3K3eMILJISIp KJjlacca) apryMeHTaMu. [IpuMep Takoi cuTyauuu npu-
BeJleH B JIUCTUHTE 7.9.

~ Juctwnr 7.9. Meton _call_() ¢ aprymentamm

# Krnacc
class Box:
# KoHCTpyKTOp
def  init_ (self,width,height,depth):
print ("Ob6weMm paBeH",self (width,height,depth))
# Onpenenenme meroma _ call ()
def call (self,width,height,depth):
# Ioss sk3eMmisgpa KJjacca
self.width=width
self.height=height
self.depth=depth
# BRIUMCIIAETCS MNPOM3BEOEHME I[OJIeM 3K3eMIisapa
volume=self.width*self.height*self.depth
# Bos3BpallaeMelil pe3yJbTaT
return volume
# CosmaeM 3K3eMIsgp KJjacca
obj=Box (10,20, 30)
# BhIBHIBAEM BK3EMIUIAP Kak (QYHKLMIO
print ("HoBoe 3HaueHme",obj(l,2,3))
PCSyJIbTaT BBIITOJTHEHU A MTPOTrPAaMMHOI'0 KOJZa TaKOM:

HUS NPOTPAMMBI (M3 MMCTWHIA 7.9)

O6bveM paBeH 6000
HoBoe 3HaueHue 6

B nannoM ciyyae Mbl Tak onpepeJsiieM MeTon  call (), 4TO IIpH BBI3OBE
aK3eMIIsipa kJjacca (B dopmate obpaiienusi K GyHKIMM) HEOOXOAMMO Tepe-
JaTh TPU apryMeHTa, KOTOPBIe OMNpeessiT 3HaYeHUs TOoJIel 3K3eMILIsipa KJjac-
ca. boJiee Toro, Tenepb elile U BO3BPALIAETCS PE3YJIBTAT - 3TO 06beM (TIPOU3Be-
JleHue ToJiel sK3eMIuIsipa kiaacca). CylecTBeHHO U3MEHUJICS M TPOrPaMMHbIH
KOJI KOHCTPYKTOpa. BoJiee KOHKPETHO, B TeJle KOHCTPYKTOPA BBITIOIHSIETCS BCETO
OHa KOMaH/Ja print ("OBwem paBeH",self (width,height,depth)),
B KOTOpO# ecTb UHCTPYKLUUS self (width,height,depth) BbI30Ba 3K3eM-
mispa kjacca self c aprymedramu width, height u depth.

TakuMm ob6pa3oM, HesSBHBIN BBI30B MeToga _ call () HCIOJb3yeTcs yxe
B KOHCTPYKTOpDE - TO €CTb IIDM CO3/JaHMM 3K3eMILIspa Kiacca. IIockosbKy



IIpM BbI30BE 3K3EMILJIsIpa KJiacca BO3BpallaeTCsl Pe3yJibTaT, TO y BbIpaXKe€HUs
self (width,height, depth) ecTb 4uCJIOBOE 3HAYEHHUE - IPOU3BEIEHUE I10-
JIel 9K3eMILIsApa KJaacca. ITo 3HaueHue 6y1eT 0To6pakaThCsi B OKHE BBIBOJAA ITIPU
CO3/aHUH IK3eMILIsApa KJacca.

Yro KacaeTcsl HeMoCpeACTBEHHO NIPOrPaMMHOIO Kojla MeTofa  call (), To
OH OIMCAaH C YeThIPbMsI apryMEHTaMU: apryMeHT sel f NpeacTaB/seT CChIIKY Ha
3K3eMILISIp KJjacca, a apryMeHTol width, height u depth 3azalT 3HayeHUs
moJsielt ak3emiuisipa. B Tesme Mertona koMaHgamMu self.width=width, self.
height=height u self.depth=depth nossM npucBamBalTCs 3HAYEHUS,
3aTeM KOMaHAoN volume=self.width*self.height*self.depth BbI-
YucJIsieTcs Tpou3BejieHNe MoJieif, ¥, HakoHell, UHCTPYKIMel return volume
3TO 3HaYeHHe BO3BpalllaeTcs Kak pe3yJjasrarMeToga  call ().

[ToaToMy Korga KoMaH0i obj=Box (10,20 ,30) co3gaeTcst 3K3eMILJISIP KJac-
€a, TO IIPHU BBI30BEe KOHCTPYKTOpa MoJIsAM width, height u depth ak3eMiuisapa
IpucBanBalTCA 3HayeHus 10, 20 1 30 COOTBETCTBEHHO, BIUUCJISETCA IIPOU3BE-
JIeH1e 3TUX MoJiel U oTobpaXkaeTcs coobirenue. IIpyu BhIMOTHEHUY KOMaH/Ibl P
int ("HoBoe 3HaueHme",o0bj (1,2, 3)) yKa3aHHBIE [10JI4 10JIy4YalOT 3Haye-
HUs 1, 2 ¥ 3, BBIYMCJISIETCST HOBOE 3HaUeHue /17151 00beMa "KOpoOKU" 1 3TO 3HaUe-
HHe 0TOOpakaeTcsi B OKHE BBIBOJIA.

ITomumo MeToma  call (), CymIeCTBYIOT U JAPyTHe IOJIE3HBbIE CIelUab-
Hble METO/Ibl, KOTOpBIE YCJIOBHO, B 3aBUCUMOCTHU OT UX, TaK CKa3aTh, HA3HAYEeHUS,
MOXHO pa36uTh Ha rpynmnbl Tak, ecTh JOCTATOYHO MHOTO METOJIOB, IPeIHA3HA-
YEHHBIX /111 IPeoOpa30BaHUsI 9K3EMILJISIPOB Kjlacca K 6a30BBIM THUIIAM - TaKUM,
HaNpHUMep, KaK LieJIble YKCJIa WK TeKCT. B Tabuiie 7.2 npeacTaBieHbl HEKOTO-
pble U3 TaKuX MeTOZO0B. IIpu onucaHuy Bce OHU UMEIOT OJIH aPTyMEHT - CCBLIKY
Ha 3K3eMILISIp Kiaacca (3To, GaKTUYeCKH, TOT IK3EMILISIP, KOTOPBIN HYXKHO TIpe-
obpa3oBaTh K 6a30BOMY THITY ). SIBHO 3T METObI O6BIYHO He BbI3biBaloTCs. [Ipu
KaKuX 00CTOSITEJIbCTBAX OHU "BCTYMAIOT B UTPY", OMUCAHO B TabJIHIIE.

Tabnuua 7.2. CneynanbHbie METOALI NPUBEAEHUS K TUNY

MeTton Onucanue

__bool__ () Meton nsis npuUBeNeHUS] IK3EMILISIpPA K JIOTUYECKOMY
tuny (TUn bool). BbI3biBaeTcst NpM UCNOJIb30BaHUU
¢dyHKIMKM bool () MM B MHBIX CJIyYasiX, KOTJa BBIIIOJIHSI-
€TCs aBTOMaTHUYECKOe NPHUBEJIEHHE K JIOTUYECKOMY THITY
(HampuMep, KOT/la 3K3eMILISIp YKa3aH B TOM MecCTe, T/e
JIOJDKHO OBITh JIOTUYECKOe 3HauyeHHe - CKaXKeM, B YCJIOB-
HOM OIlepaTope)
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_complex_ () | Meroa mjsi NpUBEAEHUS K KOMILJIEKCHOMY THIY (THII
complex). Merox BbI3bIBAETCS MNpPU HUCIOJIb30BAHUU
dyukuu complex ()

_float__ () MeTon AJis IpUBEEHUs K YUCI0BOMY TUMy float (¢op-
MaT YucJa C TJIaBaiollei TOukoi). MeToa BBI3BIBAETCS
MIpY UCIOJIb30BaHUU QYHKIMU float ()

_int_ 0O Merton Ayt mpuBeieHUst K 1€JIOYUCIEHHOMY THIY (THII
int). MeToa BbI3bIBAETCS MPH UCIIOJIb30BAaHUU DYHKITUN
int ()

_str_ () Meton aJist IpUBeeHNUs IK3EMILISIPA K TEKCTOBOMY (op-

MaTy (TUIl JAaHHBIX str). MeToa BBI3BIBAETCS NPU HC-
MOJIb30BaHUU (PYHKIUU Str () WJH B TEX CIyYasx, KOT-
J1a BBITNIOJIHSIETCS] aBTOMATHYECKOE MTPUBEIEHNE K TEKCTO-
BoMYy dopMaTy

Heb6oJib110i pUMep € KMCIOJIb30BAHMEM 3THX METO/IOB MPUBEIEH B JIMCTHH-
re 7.10. B aTom nprMepe MbI OIUCchIBaeM KJjacc MyClass. IK3eMILISAP, KOTOPBIH
CO3/1a€TCsI Ha OCHOBE 3TOTO KJIacca, 6y 1eT UMETh I10JIe-CIIMCOK C YMCJIOBBIMH dJI€-
MeHTaMu. /lajiee Mbl yCTaHABJIMBaeM TaKue 'TIpaBUJIA” IPUBEI€HUS 3K3eMILISIpa
K Pa3HbIM TUIAM:

® Ecnu IK3EMILJIAD NMPUBOAUTCA K HEJOYHUCJIEHHOMY THUITY, TO B Ka4Y€CTBE
3Ha4Y€HUs BO3Bpallla€TCA LI€JI0€ YUCJIO - KOJUYECTBO 3JIEMEHTOB B IIOJIE-
CIIMCKE.

L HpI/I IIpUBEJEHNU IK3EMILJISIpPA K TUITY float B KayecTBe 3HAYEHHUSI BO3Bpa-
IaeTcs cpeHee apmbMeanecxoe 3Ha4Y€HHeE 3JIEMEHTOB B I10JIe-CIIMCKE.

e Eciu 3x3eMniisip NpuBOAUTCS. K TUILYy complex, TO B KayecTBe 3Haue-
HUs1 BO3BpallaeTcsi KOMILIEKCHOE YHCJIO, KOTOPOe CO3AaeTCsl 10 TaKOMY
aJITOPUTMY: AeHCTBUTEJIbHAS YaCTh KOMILJIEKCHOIO YHCJIA - 3TO 3JIeMEHT
U3 CIIUCKa C MaKCUMaJIbHBIM 3HaYeHHeM, a MHUMasl YaCTb KOMILJIEKCHOTO
Y1CJIa - 3TO JIEMEHT U3 CIMCKa C MUHMMAaJIbHBIM 3HaYeHHUEM.

* K sormyeckomy tumy bool 3k3eMIisip OyaeT IPUBOIUTHCS TaK: €CJIH B
MoJIe-CIIUCKEe HEYETHOE KOJIMYECTBO 3JIEMEHTOB, IPH MTPUBEJIEHUU IK3EM-
nJsipa K TUIy bool Bo3BpalllaeTcsl 3HaueHre True, a ecid KOJIUYeCTBO
3JIEMEHTOB B CIMCKe YETHOE, BO3BpAlllaeTCs 3HayeHue False.

« HaxoHel, npu NpuBeJEHUH 9K3EMILISPA K TEKCTOBOMY TUILy GyIeT BO3-
BpALIAThCS TEKCT, B KOTOPOM, KPOME TIPOYEro, COAEPKATCA 3HaUEHUsI dJIe-
MEHTOB U3 MOJISI-CIIMCKA. '



Tenepb NpUCTyNIM K paCCMOTPEHHIO POrPAMMHOTO KOJIa.

# Kiacc
class MyClass:
# KoHCTpyKTOp
def  init- (self,nums):
# Co3pmaeM moJjie — NYyCTOM CIMCOK
self.nums=1ist ()
# OnepaTop uukya nusa nepetopa
# B2JIEMEHTOB B apryMeHTe nums
# (2TO CHOMCOK MJIM MHOXECTBO)
for n in nums:
# Jo6aryigeM HOBEIM 3JIEMEHT B CIIMCOK
self.nums.append(n)
# MeTon nJyia NpuUBEeIEeHMs K TuUMNy str
def _ str_(self):
# HauaJlbHOe 3HAuYeHMEe TEeKCTOBOM CTPOKMU
txt="3HaueHue noja-cnmucka:\n| "
# IlepebupaeM 3JIEMEHTH B CIMCKE nums- I[OJIe
# sk3eMmnispa kjacca
for n in self.nums:
# JomoJsiHSeM CTPOKY HOBBIM TEKCTOM
txt+=str(n)+" | "
# PesynbTaT MeToma
return txt
# Meron nJja npuBemeHMs K TuUOy int
def  int (self):
# PesyibTaT MeTOoIa (KOJMUECTBO 3JIEMEHTOB
# B chomMcke nums - MoJie 3K3eMIisgpa KJjacca)
return len(self.nums) \
# MeTon mna npuBemeHmsa K Tumny float
def  float (self):
# CpenHee 3HaueHMEe DBJIEMEHTOB B
# cnmcke nums - [OJIe 3K3eMIsapa
avr=sum(self.nums)/int (self)
# PesynbTaT MeTona
return avr
# Meron myia npmMBemeHMs K TuUny bool
def  bool (self):
# ECIM HeUeTHOEe KOJIMUECTBO 3JIEMEHTOB
if int (self)%2==1:
# PesynbTaT MeTOOma
return True
# ECJIM KOJMUECTBO BJIEMEHTOB UYETHOE
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else:
# PesyabTaT MeToOIa
return False
# MeTon mis nNpMBeOeHMUsS K TuUIly complex
def  complex (self):
# MuHMMAJIbHOE M3 UMCEJlI B CIIMCKe
mn=min (self.nums)
# MakcuMaJibHOE M3 uMuCeJl B CIIMCKe
mx=max (self.nums)
# KOMILJIEKCHOE 4MCJIO
z=complex (mx,mn)
# PesynbTaT MeTOIa
return z
# Co3maeM sk3eMmysap kJjacca
obj=MyClass({2.8,4.1,7.5,2.5,3.2})
# BEIBOOMM Ha [eYaThb 3K3eMILIAp
# (npeoBpaszoBaHMe K TuUny str)
print (obj)
# I[puBeneHMe K TuUIY int
print ("3nemMeHTOB B cnucke:", int (obj))
# IpuBemeHme K Tuny bool
if obj:
print ("HedyeTHoe KOJIMYECTBO 3JIEMEHTOB")
# IpuBenmeume k Tuny float
print ("CpenHee 3Hauenme:",float (obj))
# [Ilpeofbpas3oBaHMe kK TuUMy complex
print ("MuHMMyM M Makcumym:", complex (obj))

B pe3yJibTaTe BBIIIOJTHEHUA 3TOrO KO/ia I0JyYyaeM TaKoe:

NTAT BLINONHEHYUS NPOTPaMMBbI (3 nucTukra 7.10)

3HadyeHue MOJIS—CIMCKaA :

| 4.1 | 2.8 | 2.5 | 3.2 | 7.5 |
DJIEMEHTOB B CIMCKe: 5

HeueTHOE KOJIMYECTBO BJIEMEHTOB
Cpennee 3HaueHue: 4.02

MuHMMyM ¥ Makcumym: (7.5+2.57)

¥ xiyacca MyClass ecTb KOHCTPYKTOpP. Y KOHCTPYKTOpa eCTb apryMeHT nums.
ITOT apryMeHT 0603HaYaeT HEKOTOPBIA HAGOD 3JIEMEHTOB /ISt POPMHUPOBaHMSI
noJisi-ciucka. Mbl OyieM UCXOAUTh U3 TOTO, YTO 3TO CIIUCOK WJIM MHOXXECTBO.
Ho nipu co3panuu sk3eMIIsipa KJIacca 3J1eMEHTBI OPraHU3YIOTCS B BUIE CITMCKA.
s aToro B Tejie KOHCTPYKTOpa KOMaHA0M self.nums=1ist () y 3K3eMILIs-
pa self co3gaeM noJie nums, KOTOpPOe BHaYaJIe SIBJISIETCS TyCTHIM CIUCKOM. 3a-
TEM 3aIyCKaeTCsl OTePAaTOP IMKJIa, B KOTOPOM MlepeMeHHasi n riepebupaeT 3Haye-
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HMS U3 CIHUCKa WJIM MHOXECTBA nums, [IEPEeJaHHOr0 apryMEHTOM KOHCTPYKTO-
py. 3a KaXIbIi ITUKJ KOMaHI0M self . nums.append (n) B MOJIE-CITUCOK NUMS
aK3eMILIsApa self J06aBJIsieTCs ¢ MOMOIIbIO MeTo/[a append () HOBBIM 3JIEMEHT
(nepeMeHHas n).

Merox  str () ausinpeoOpa3soBaHMsI K THITY St r TaKXKe COAEPXKHT OIePaTop
nukJja. B Tene MeTona cHavasia KOMaHAOM txt="3HaueHne mnoJja-cnmcka:\
n| " ompezessieTcsl HayaJbHOE TEKCTOBOe 3HAUeHHUe /I lIepeMeHHOH txt, a
3aTeM B OIEPATOpE IHKJIA, B KOTOPOM IIEPEMEHHAs n MepeOupaeT 3HAUeHHUST U3
MOJIA-CIIMCKa nums 3K3eMILIspa self, KOMaHJO# txt+=str(n)+" | " mo-
6aBJISIETCSI TEKCT CO 3HAYEHHEM JJIEMEHTA M pa3euTesieM (B BU/IE BEPTHKAJIb-
HOH ueprthl). Ilo 3aBeplueHuu omepaTopa IUKJa MepeMeHHasi txt KOMaHAON
return txt Bo3BpallaeTcs Kak pe3yJbTaT METO/a.

Jlyisi BO3MOXKHOCTH BBITIOJIHATh NMpeoOpa3oBaHHe 3K3EMILISIpA K THIY int B
kjacce MyClass onmucbiBaeTcst MeToq, _int (). B Tese meToza Bcero opHa
KoOMaHza return len (self.nums), KOTOPOH KaK pe3yJbTaT METO/A BO3Bpa-
H1aeTcsi KOJIMYeCTBO 3JIEMEHTOB B CIIMCKe nums U3 3K3eMILisipa sel f. 3aech ajs
BBIUMCJIEHHS] KOJIMYECTBA 3JIEMEHTOB MbI UCI0JIb30BAJIH BCTPOEHHYIO (DYHKIUIO
len().

Meton  float () npeaHasHaueH /Jis IpMBe/leHUs K TuIy float. B Tese me-
TOZA /151 3HaYEHUH 3JIEMEHTOB IOJISI-CIMCKA nums 3K3eMILIsIpa self BbIYHUC-
JISIeTCS cpe/iHee apudMeTHYeCKoe: CyMMY 3JIeMEHTOB BBIYHUCJISIEM C TIOMOIIbIO
BCTPOEHHOU (PYyHKIMU sum (), ¥ TOJyYEeHHOEe 3HaUYEHHUE IeIMM Ha KOJIMYEeCTBO
3JieMeHTOB B criicke. [IpuueMm a1s onpeiesieHUs KOJIMYECTBA 3JIEMEHTOB MBI MC-
[I0JIb3yeM MHCTPYKILHUIO int (self) aABHOro npuBejeHus 3K3eMIlIspa self K
1[eJIOYNCJIEHHOMY THIy (HAallOMHMM, YTO 3Ta OMepalus repeonpesiesieHa HaMH
TakK, YTO €€ Pe3yJIbTaTOM SIBJIAETCS KOJHUYECTBO 3JIEMEHTOB B I0OJIE-CIIUCKE IK-
3emiisipa). PesayssraT 3anucheiBaeTcsi B nepeMeHHYI0 avr, KOTOpasi ¥ Bo3Bpalla-
€TCs KaK pe3yJsraT METO/A.

B tene meToza __bool (), KOTOPBII OIUCHIBAETCS, 4TOOBI IIPUBOJIUTDH 3K3EM-
IJISIp K TUILy boo1l, 3allyCKaeTCsl yCAOBHBIN OlepaTop, B KOTOPOM NPOBEPSIETCsI
yciaoBue int (self) $2==1: OCTAaTOK OT J€JIEHUA Ha 2 KOJMYECTBA DJIEMEHTOB
B TI0JIe-CIIMCKe 3K3eMILIsipa self no/kHOo paBHSTheS 1. Takoe ciydaercs, ecau
KOJIMYeCTBO 37IeMeHTOB HecueTHoe. Kak u paHee, 115 olipe/ie/leHUsI KOJIUYeCcTBa
3JIEMEHTOB MbI MCIIOJIb3Y€EM SIBHOE IIDUBEIEHNE 9K3eMILIsIpa self K TUIly int ¢
nomolipio GyHkimK int (). HesumHuM 6yner moq4epkHyTh, YTO 3TO BO3MOXK-
HO, TOCKOJIBKY B TeJie KJlacca OIMMCaH MeToA _ int ().

Tax BOT, ec/iM KOJMYECTBO 3JIEMEHTOB HEUeTHOE, B YCJIOBHOM OllepaTope WH-
CTpyKLMel return True AJsMeToga _bool () BO3BpallaeTCsl 3HaYeHUE
True. B npotuBHOM ciy4yae Bo3BpalllaeTCs 3HaueHue False.
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Meton nist mpeobpa3oBanHust K TUIY complex Ha3bIBAETCS __complex ().
B Tene MeToma koMan10i mn=min (self.nums) onpeesseTCss MUHIMAJIbHOE
3HayeHue U3 Habopa 3JIEMEHTOB B TOJIe-CIIUCKE nums JK3eMIuisipa sel f, a Ko-
MaH/I0OM mx=max (self.nums) ompejeysieTcs MaKCUMaJJbHOE 3HAUYEHHE U3 Ha-
60pa 3JIeMEHTOB B I0JIe-CIIMCKEe nums 3K3eMILIsipa sel f. 3aTeM MbI CO37aeM
KOMILJIEKCHOE YUCJIO KOMaHJI0H z=complex (mx, mn). ITO KOMILJIEKCHOE YHC-
JIO BO3BPAIIlAa€TCs KaK Pe3yJibTaT MeToJa  complex ().

3 Hasametky
Mol onncbiBaeM MeToq, _complex_ (), 4TOBblI MOXHO 6blfI0 NCNONBL30BaTb d)yHKLWIIO
complex (), NepenaBas el apryMeHTOM CCbiSIKY Ha 3k3emnnsp knacca. Mpu onucaxdum
MetoAa _ complex__ () Mbl Bbi3blBaeM YHKUMIO complex (), HO 3[€Cb npo6nemol

SRR ~n

HET, MOCKOJIbKY Mbl 3Ty OYHKLMIO Bbi3bIBaEM "B CTaHAAPTHOM", "LUTATHOW" CUTyaumm, C
ABYMS aprymeHTamm Tvna float.

IK3eMILISIP KJIacca co3JaeTcs KOMaH/I0H1 obj=MyCla
ss({2.8,4.1,7.5,2.5,3.2}). ApryMeHTOM KOHCTPYKTOPY IepeJaeTcs
MHOJECTBO M3 YHCJIOBBIX 3HAYEHHUIi, XOTsI 3TO MOr ObI ObITh M criucOoK. Kak 6bl
TaM HH ObLJIO, 3K3EMILIISIP ObJj CO3/1aH, y 3TOr0 IK3EMILISIpa €CThb MOJIE-CITCOK
nums,  elle 3TOT IK3EMILISIP MOXKHO IIPUBOIUTH K 6a30BbIM THIIaM. FIMEHHO 3TH
BO3MOXKHOCTH IpoBepsieM. /1151 Hauajia mpITaeMcsl "HarevyaTaTsb” 9K3eMILISIP, AJIs
Yero MCIoJib3yeM KOMaHAy print (obj).

Xotsi ¢opMasbHO MBI 37ech QYHKIHMIO Str() C apryMeHTOM-3K3eMILISIPOM
He BBI3BIBAEM, 10 KOHTEKCTY KOMaHAbl print (obj) 3amyckaeTTcs aBTO-
MaTHYECKOe TNpHBeJeHNe K TUILy str. [I03ToMy mpu BBIIOJHEHUH KOMaHIbI
print (obj) B OKHe BbIBOAA (HhaKTHUECKH OTOOPAXKAETCS TEKCTOBOE 3HAUYEHHE,
KOTOpOe BO3BpalllaeTcsl B KayecTBe pedysbraTa METOJOM _ str () c apry-
MEHTOM - 9K3EMILISIPOM Obj.

AHajnormyHasi cUTyalusi C aBTOMAaTHYECKHM IPUBEJEHHEM, TOJBKO TeNephb K
THIy bool, UMEET MECTO THPH BBIOJHEHUU YCJIOBHOTO ONEPATOPa, B KOTOPOM
yCJIOBHEM YKa3aH 3K3eMIUIsIp obj. Bo Bcex OCTaJbHBIX CIy4asix MpUBEJEHHE
BBITIOJIHSIETCST SIBHBIM 06Pa30M C BHI30BOM COOTBETCTBYIOIIEH (DYyHKIIMU U TEpe-
Jayeil CChLJIKU Ha 9K3EMILISIP KJIacCa apryMeHTOM (yHKIIMH.

B paccmoTrpeHHOM Bblllie IpUMepe [JIsl ONpe/ie/IEHUs] KOJIMYECTBa 3JIEMEHTOB B
CIIMCKe-TI0JIe€ 3K3eMILIsIpa Kjlacca Mbl ONpeNesIsii MeTo[l __int__ (), B KOTO-
POM BbI3bIBaJIach QyHKIHUA len (), KOTOPOH, B CBOIO 04€Pe/Ib, ONPE/IEIANIOCH KO-
JINYECTBO 3JIEMEHTOB B I0JIe-CIUCKe IK3eMILIApa Kaacca. MoXHO 6bLI0 MOHTH
MHBIM Iy TeM: ONMCaTh B Tesle KJacca MeTofl _ len_ (). JTOT METO/ BbI3bIBa-
€TCsl, €CJIM BbI3bIBAETCS QYHKIMA len () € apryMEHTOM - 3K3eMILISIPOM COOTBET-
CTBYIOIIIErO KJIacca.



JIpyrumu cjoBaMy, ecJiy OMCcaTh B KJacce MeTo __ len (), TO MOXHO 6y-
IeT BbI3bIBaTh QYHKIUIO len () AJs1 9K3eMILIsipa 3Torokjaacca. B mctunre 7.11
npuBe/JieH IpuMep onucaHus Metoga _ len (). Kpome aroro mMerosa, Takxe
OIMCaHbl METObI (U3 TeX, UTO NTOKa HaM He3HakoMbl)  index () (BbI3bIBa-
€TCs1 [IPHU UCNIOIb30BaHUH QyHKIMI bin (), oct () nhex())u__ round ()
(BBI3BIBAETCSI IPU MCHOJIb30BaHUH QyHKIMU round () ).

# Kmacc
class MyClass:
# KOoHCTpPYyKTOP
def  init (self,txt):
# [pucBaMBaHME 3HAUEHMS MOJIO
# sk3eMmuIgpa kJjacca
self.name=txt
# MeTon OJyiA NpMBeOeHUS K TEKCTOBOMY THUIIY
def  str (self):
# PesynbTaT MeTOma - 3HAYeHMue
# noJyida name 3K3eMIIApa KJlacca
return self.name
# MeTon nOJia BHUMCJIEHUS " OJIMHE"
# skzemmniapa kjacca ¢yHkumen len ()
def len (self):
# PesynbTaT MeTOda — KOJMYECTBO
# CuUMBOJIOB B IIOJIe name 3K3eMIuisipa kJjacca
return len(self.name)
# MeTon, KOTOPHIM BH3HBAETCH IIPU MCIIOJIb30BaHUU
# oyHkumMM bin(), oct() m hex()
def  index_ (self):
# KommuecTBO NpoOeJIOB MJINC eIMHMLA
p=self.name.count (" ")+1
# PesynbTaT MeTOoma
return p
def _ round_ (self):
# IpucBavBaHMe 3HAYEHMs [OJIO name
self.name="Cbpoc 3HaueHusa"
# PesynbTaT - CCHJIKA Ha 3K3eMIUIAP KJacca
return self
# HauajlbHOE TEeKCTOBOE 3HaudeHue
txt="Pa3, IOBa, TpMu, UYETHpPe, IMNATb.
# YTOUHSEeM TeKCTOBOE 3HaueHMe
txt+="\nBemey 3aMfuMK NOTYJATb."
# Cos3maeMm sk3eMysgp kJjacca
obj=MyClass (txt)
# DOkszeMmnuap "neuartaeTcAa" B OKHE BHBOIA
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print (obj)

# BrUMCIISEM KOJIMYECTBO CMMBOJIOB B I[IOJIe name
print ("KonmnuecTtBo OykB (cumMmBOJiOoB) :",len (obj))
# KonmuecTBO CJIOB (npo6eJioB) B [OJIe name
print ("KommuecTtBo cyioB:",obj._ index ())

# IBOMUHEIM KOX

print ("B mBomuHOM kome:",bin (obj))

# BOCBMEPMUHEIM KOI

print ("B BOCbBMepMuYHOM Kome:",oct (obj))

# llecTHAOUATEPUYHHI KOL

print ("B mecTHaguaTepmdHoM kogme:",hex (obj))
# BrmoJsiHAeM "OKpyTuleHMe" sK3eMmisgpa Kjacca
print (round (obj))

# BelBOOMM "Ha nevaTh" B3K3eMIJIAp KJjlacca
print (obj)

Pe3sysbraT BBINOFHEHNS IPOrPaMMBI TaKOM:

Pa3, OBa, TpM, 4YeTHpe, OAThb.
BeoueJsi 3amumk INOTYJIATH .
KonmnuecTBo 6yKB (CUMBOJIOB) : 52
KonmuecTBO CJIOB: 8

B mBomuHoM kome: 0bl1000

B BoceMepuuHoM koge: 0010

B mecTHaguaTepmuHoM konme: 0x8
Cbpoc 3HadeHMdA

CBbpoc 3HaueHus g

Krnacc Ha3piBaeTcst MyClass U B 3TOM KJlacce eCTb KOHCTPYKTOP. KoHCTpyKTO-
py nepefaeTcsi TEKCTOBBIN apryMeHT, CChlJIKa Ha KOTOPBIHM NpHCBauBaeTCs B Ka-
yecTBe 3HaYEHHUsI ITOJII0 name 9K3eMILIsipa kiacca. Takxke paau yn1o6cTBa B KJ1ac-
ce omucaH Metofi __str__ (), 6iarogaps yeMy QyHKIMU print () MOXHO me-
peziaBaTh apryMeHTOM 3K3eMIUIsip kKjacca. [Ipu aToMm GyzneT oTob6paxaTtbes 3Ha-
YyeHHe, Ha KOTOPOE CChLJIAETC I0JI€ name 3K3eMILIsIpa Kjacca.

Merton  len () A BbIYMCJEHMS "AJMHBI' 3K3eMILIsIpa Kjacca (ecau kK-
3eMILISIp TlepeJlaeTcsl apryMeHTOM QYHKIUM len () ) COAepPXKUT BCEro OHY UH-
CTPYKILHIO return len(self.name): pe3yjbTaTOM METOJa BO3BpallaeTCs
JInHA (KOJIMYeCTBO CHMBOJIOB) TEKCTOBOTO MMOJIsI name ak3eMinisipa self. Ilo-
3TOMY KaX/Iblii pa3, Korja Mbl Oy/ieM BbI3bIBaTh GYHKIMIO len () U epefaBaTh
€l apryMeHTOM CCBLJIKY Ha 3K3eMILISp KJacca, pe3yIbTaToM OyIeT KOJIUYeCTBO
CHMBOJIOB B IT10JI€ name 3TOr0 3K3eMILISIpa.
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Metox _ index_ (), KOTODBI/ BBI3bIBA€TCS NMPH MCHOJIb30BAHUHM (PYHKLHUN
bin(),oct () n hex (), conepxuT KOMaHay p=self.name.count (" ")+1,
KOTODOii B MEPEMEHHYIO P 3aMKMCBHIBAETCS KOJIMYECTBO MPOOEJIOB B MOJIE name
ak3eMIuIsipa self, mioc eqununa. KommyecTBo mpo6esioB mOACYUTHIBAETCS C
MOMOIIBIO BCTPOEHHOTO MeTozia count () . 3HaYeHUe epeMeEHHOM p BO3Bpalla-
€TCA KaK pe3yJbraT METO/A.

1) - Ha3ameTky

Ecm ncxoamTb U3 TOro, YTO MEXAY CNOBaMun B TEKCTE Haxoautca npoben, To Konvye-
CcTBO NPOGENoB Ha EANHMLY MEHbLUE, YEM KOSIMYECTBO CJIOB B TEKCTE. B 3TOM cMbicnie
pesynbTaT, BO3BPaLLAEMbIi METOAOM __init () MOXHO MHTEpPNpeTMpoBaTh (C onpe-
DENEeHHOM [onel yCNOBHOCTHN, KOHEYHO) KaK KOIMYECTBO CJI0B B TEKCTOBOM MOJIE name
aKk3emMnnapa.

B rene Mmetoga  round () koMaHAOH self.name="COpoc 3HaueHusa"
TOJII0 name MPUCBAUBAETCS 3HAUEHHE, U 3aTEM KOMaH/I0N return self cChLI-
Ka Ha 9K3eMILISIp self, U3 KOTOPOTO BbI3bIBAETCS METO/I, BO3BPAILIAETCS B Kaye-
CTBe pe3yJibTaTa METO/IA.

1 Hasametky

Kak oTmevanocb paHee, MeToq,__ round__ () 3aaencTeyeTcs, koraa gyHkums round ()
BbI3bIBAETCA C 9K3EMMAAPOM Kfacca (B AaHHOM cnyyae MyClass). Hanpumep, ecnm
CCbIfIKY Ha 3k3emMnnsap 0603HaYUTb obj, TO NPU BLINOSHEHUM KOMaHAbl round (obj) Ha
CaMoM fiefie BbINONIHAETCA KOMaHaa obj . round (). [1pn BbINOAHEHWU 3TOW KO-
MaHbl (B Cualy TOro, Kak Mbl onucasm mMeTof, _ self () ) Nono name NpucBanBaeT-
CSl 3HaYeHue "Cbpoc 3HaueHua", a pe3ynbTaToM BblpaxeHus round (obj) ABNAeTCH
CChblJIKa Ha 3K3emMnnap obj.

s mpoBepku (PYHKIIMOHAJBHOCTU ONMMCAHHBIX METOJIOB B MEPEMEHHYIO txt
3aluCcbIBaeTCA TEKCTOBOE 3HAYEHHUE, a 3aTEM Ha OCHOBE 3TOr0 TEKCTOBOI'O 3Ha-
YyeHUsT KOMaHJ0il obj=MyClass (txt) co3maeM 3k3eMILIsIp obj Kjacca My-
Class. /lanee cienyet cepusi KOMaH[, B KOTOPBIX UCIIOJIb3Y€TCs CChLJIKA HA 3TOT
3k3eMIIsIp. Tak, CHayasa BBINOJHSETCS KOMaHAa print (obj). B atom ciayyae
"B UTPy" BCTymaeT MeTox __ str ().

B pesysiraTe oTo6paXkaeTcsi 3HaueHHe MoJisi name 3K3eMIuIsipa obj. Komuye-
CTBO CMMBOJIOB B T10JI€ name OTOOPa)kaeTcst P BBITIOJHEHUH KOMaH/bl prin
t ("KommuecTBo 6ykeE (cuMmBoJjioB) :", len (obj) ). B aroit komaHze uc-
MoJIb30BaHa UHCTPYKLUA len (obj), KOTOpasi BBIYMCJISETCS IIyTEM BbI30Ba Me-
tToga _ len () u33k3emmuaspa obj. Kosmuectso pobesioB 0ToOpakaeM Ko-
MaHﬂo_ﬁ print ("KosmuuecTBo cJjoB:",obj._ index__ ()). Mbl 31ech
sIBHO BbI3bIBa€M METOA __index_ ().
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[Ipu BBIYKCIEHUN MHCTPYKLMIA bin (obj), oct (obj) u hex (ob3j) TOXe BbI-
3bIBaeTCS 3TOT METOJI, HO YUCJIOBOM pe3yJibTaT (a 3T0, C MaTeMaTU4eCKON TOYKU
3peHUsI, KaXK/IbIit pa3 OMH 1 TOT K€ Pe3yJIbTaT) OTOOpakaeTcsi COOTBETCTBEHHO
B IBOMYHON, BOCbMEPUYHOH U LIeCTHAAIATEPUYHOM CUCTEMaX CYMCIIEHUSL.

HakoHelr, py BbIIOJTHEHUH KOMaHIbl print (round (obj)) MOJI0O name 3K-
3eMILISIpa obJj mpucBauBaeTcs 3HayeHHe "Copoc 3Hauenms". [lockoabky pe-
3yJbraToM round (obj) SIBJISIETCS CChLIKA HA 9K3EMILISIP obj, a Takxe 6Jiaro-
Japsi OMHUCaHHOMY B Kjacce MyClass Metony  str (), IPH BBIIIOJIHEHHH
KOMaH/bl print (round (obj) ) mosiBisieTcs coobliieHre C6poc 3HAUESHUA.
YT06BI YI0CTOBEPUTHCSI, UTO IKIEMILISIP Ob M3MEHHUJICS], BBITOJHSIEM KOMaHIy
print (obj).

Ipynma metoqoB _ setitem (), getitem () m_ delitem () aB-
TOMaTUYECKHU BbI3bIBAIOTCS COOTBETCTBEHHO IPY NPUCBAaWBAHUU 3HAYEHHUS K-
3EMILISPY Y€Pe3 MHEKC, CYNThIBAHUM 3HAYEHHUsI SK3EMILIsIpA Yepe3 MHIAEKC U
y/AaJIeHUY 3HaYeHH sl SK3eMILIsIpa Yepe3 UH/EKC.

] HasameTky

3Tn Xe MeToabl UCNoNb3yTCa ANnA 06paGoTkM onepaunini NPUCBanBaHUS 3Ha4YeHUs
CHMTLIBAHNS 3HAYEHMWS W YAANEHNS 3HAYEHWS NO KIOYY.

B muctunre 7.12 npuBeneH npuMep MCIIOJNb30BAaHUSI 3TUX METOJO0B. TaM MBI
OTIHChIBaeM KJjiacc MyClass JJIsI CO3[JaHUS 3K3EMILISIPOB, Y KOTOPBIX ECTh I10JIE
nums, MpeJACTaBJsiioniee co60M YKMCAOBOM CIMCOK. KosmuecTBO 3/ileMEHTOB B
CITUCKE OmpeesisieTcs MoJieM Kjacca Nmax.

OnuceiBast MeTOAbB __ setitem (), getitem () m__ delitem (),
MbI XOTHM J100uThCsI 3dexTa, YTOOBI MOKHO OBLIO 0OpAINIATHCS K 3JIEMEHTAM
HOJIsi nums 3K3eMILIsipa ([Jisi IPUCBAaUBAHKS 3HAYEHUS], CYUTHIBAHUS 3HAYEHHUSI
U yIaJieHusl 3HaueHus1), YKa3biBasi MH/IEKC HEMOCPEACTBEHHO [JIsi 9K3eMILIsipa
kJacca. [Ipuyem npu ykas3plBaHHUM UHAEKCA, ECITH 3TOT MHIEKC BBIXOIUT 32 J0ITY-
CTHUMbIE TIPe/IEJIb, BBHITIOIHSIETCS UKJIMYeCKast IePecTaHOBKa.

[TporpaMMHBII KO BBITJISIIUT TaK:

Jinctunr 7.12. Onepauum ¢ ax3emnisipamy Yepes UHAEKC

# Krnacc
class MyClass:
# Iosie kJjacca
Nmax=5
# KOHCTPYKTOP
def  init (self):
# KoymuecTBO 3JIEMEHTOB



n=MyClass.Nmax
# CnMcokK C HYJIEBEMM 3JIEMEHTaMu
self.nums=[0 for i in range(n)]
# MeTon npuBeneHus K TEKCTOBOMY THUIY
def  str (self):
# TekcrToBas NepeMeHHas
txt="|"
# dopMMpyeM TeKCT
for s in self.nums:
# IoBaBisgeM K TEKCTY dparMmeHT
txt+=" "+str(s)+" |"
# PesynbTaT MeToOIa
return txt
# MeTon nJia NpUCBamMBaHMA BHAUEHUS [0 MHOEKCY
def __setitem__(self,i,v):
# OcTaTok OT IeJjieHud
k=i % len(self.nums)
# IpucBauBaHME 3HAUEHUS
self.nums[k]=v
# MeTon OJI9 CUMTHIBAHMSA 3HAUYEHMA [0 MHIOEKCY
def getitem (self,i):
# OcrTaTok OT OeJyieHus
k=i % len(self.nums)
# 3HaueHMe 3JIeMeHTa
return self.nums[k]
# MeTon mid yIOajleHMsa 3HAUYeHMA [0 MHIOEKCY
def delitem_ (self,i):
# OcraTok OT meJyeHud
k=i % len(self.nums)
# HoBOe 3HaueHMEe BJIEMEHTa
. self.nums[k]="*"
# Cosmaercsa 3K3eMIIAp KJjacca
obj=MyClass ()
# ComepxmuMmoe cnmcka
print (obj)
# HoBble 3HAUEHMSA DBJIEMEHTOB CIIMCKAa
obj[0]=100
obj[2]=-3
obj[24]=123
# ComepxmMmoe cnmcka
print (obj)
# CumMTHIBAHME 3HAUEHUM BJIEMEHTOB CIMCKAa
print ("JseMeHT C MHIOEKCOM 4:",0bjl[4])
print ("3meMeHT c mHOeKcoM 7:",obj[7])
# YDoajieHMe 3JIEMEHTOB CIMCKa
del obj[0]
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del obj[9]
# ComepxmMoe chOmucka
print (obj)

HPI/I BBITIOJTHEHHUU 3TOI'0 KO/Za MOJIy4Yad€M TaKou pe3yJbTrarT:

- Pesynbrar BuinoAHeHMs NporpaMmbi (U3 McTUHra 7.12)
[ 01 01 0101 0|

| 100 | O | =3 | O | 123 |

JJIeMeHT C MHOekcoMm 4: 123

DJIEMEHT C MHOeKcoM 7: -3
[ * ] 0| =3 0| * |

B ksacce MyClass nomo Nmax PHUCBAaUBAETCS 3HAYEHUE 5. ITO 03HAYAET, YTO
T10JIe-CITIUCOK K3eMILIsIpa KJjacca OyeT cofepxath 5 aeMeHToB. [Ipu co3nanmu
9K3€EMILJISIPA BCE 3JIEMEHTHI 3TOTO CIIUCKA MOJIyYaloT HyJIeBble 3HaueHus. B yacr-
HOCTH, B TeJIe KOHCTPYKTOPA CO3/IA€TCSI CIIMCOK U 3aMOJIHSIETCS HYISIMU (BCE 3TO
JleJlaeTcsl ¢ IOMOLIBIO TeHepaTopa CUcKoB). Mertox  str () omnmcaH Tak,
4TOOBI TPH Nepeaye PYHKIUKN print () CChJIKU HAa 9K3EMILISIP KJIacca B OKHE
BBIBOJIa 0TOOPAXKAJIOCh COIEP)KUMOE CITUCKA nums - MO.IsI 9K3EMILISIpa KJ1acca.

Bce, uyro ommcano B Teme Meroga _ setitem () - 3TO Ha ca-
MOM JieJie TO, YTO IIPOMCXOAMT IpH I[IONBITKE BBINOJHUTh KOMaHAY BHIA
sk3eMrap [MHOekc] =3HaueHue. Bce Tpum mapamerpa (cChlIKa Ha
SK3eMIyap KJIacca, MHOSKC U IPUCBAaNBAaeMOE 3HAueHMe ) OIUCAaHbI KaK ap-
TYMEHTBHI MeTOla __setitem (), - COOTBETCTBEHHO self, i u v. B Tese Me-
ToJa KOMaHIoi k=1 % len (self.nums) BBIYHUCJSIETCS OCTATOK OT JeJIEHUS
HMHJeKca 1 Ha 3HayeHHe len (self.nums) (KOJMYECTBO 3JIEMEHTOB B CIIHCKE
nums). 3aTeM KOMaHAo! self.nums [k]=Vv 3JIEMEHTY B 3TOM CIIUCKE C UH/EK-
COM k NMpHCBaUBaETCs 3HAYEHUE V.

HeuTo noxoxee NpoucxoauT NpH BBIIOJIHEHUH IIPOrPAMMHOIO KOJIa METOJA
getitem_ ().B naHHOM ciry4yae peub MIET O BBIYMCJIEHMH 3HAYEHUs BbIpaXe-
HUS BUJa 5K3eMiiap [uHnekc]. Pa3uuiia B cpaBHEHHH € ITPebIIYIINM CIyyYa-
€M B TOM, YTO paHee 3TOMY BbIPaKEHHUIO IIPUCBANBaJIOCh 3HAYEHHE, a TENEPD A/
3TOrO BBIPQ)KEHUSI 3HaYeHHe BbIYMCJsieTcsl (CYMThIBaHUe 3HayeHus1). Orciona y
MeTofa  getitem () JABa apryMeHTa: CChLIKA HA 3K3eMIJIAP KJlacca self u
3HaueHuUe UHeKca i. B Tesle MeTo/1a BBINIOIHSIOTCS BCETO /BE KOMaH/IbL: KOMaH-
noit k=i % len(self.nums) BBIYUCJISETCS UHAEKC kK C YUETOM IIMKJIUYECKOM
MepPecTaHOBKU M KOMaH/IOM return self.nums [k] Bo3Bpaliaercs pe3yJibTaT
MEeTO/Za - 3Ha4YeHHe dJIEMEHTa C MHAEKCOM k M3 CIIMCKa nums 3K3eMILIspa self.

Meton delitem_ () aBTOMaTHY€CKH BbI3bIBAETCS IIPU NOMbBITKE yAaJIEHHUS
3HaueHMs] KOMAHIOM BUA dk3eMrap [uumekc]. Y Merozaa (MIpU ONMHUCAHUH)



[IBA apPTyMEHTA: CChLJIKA HA 3K3EMIJIAP KJacca v Munexc (yIaJsieMoro 3JieMeH-
ta). B Tesie MeTona TpaIMIIMOHHO KOMaHAOM k=1 % len (self.nums) "yTouY-
HSIeTCS" MHIEKC, a 3aTeM BBITIOJIHSIETCSI TPUCBauBaHue self.nums [k]="*",
Takum o6pa3oM, eciiu OyeT peINPUHSITA TONBITKA YIAJUTD 3JIEMEHT, TO Ha Ca-
MOM JIeJie 3TOMY 3JIEMEHTY B KaueCTBe 3HaYeHUs Oy €T IPUCBOEH TEKCT " * ",

(1 Hasametky

Koraa Mbl roBopum 06 yaaneHnv 3NemMeHToB, TO pakTUHeckn pedb MAEeT O KoMaHae
Buaa del osk3emmusp [unnexc]. Ecnm mbl Gyaem ynanate 3n1€MEHTLI, HanpsiMyto 06-
paLasch K NOMI0-CMNCKY 3k3eMIspa, yaaneHue 6yaeT BbiNONHATLCS Tak, Kak U A0MX-
HO 6b1n0 6b! BbITb. 3TO XE 3aMeyaHne OTHOCUTCA K NPUCBAVMBAHUIO 3HAYEHWI Yepes UH-
AeKC (KOMaHaa Sk3eMnusp [MHOEKC ] =3HaueHre) U CYUTLIBAHWNIO 3HAYEHUS Yepes UH-
Aekc (koMaHpaa sx3emnuap [MHnexc]). Kpome TOro, B npuHuumne coscem Heobsida-
TenbHO, 4To6bl y ak3eMnnspa 6b110 none-cnucok. B npuHuune, obpalieHve k ak3em-
NNsSpy 4epes MHA,EKC MOXHO peasnm3oBaTh COBEPLUEHHO NHAYE, HE MPUBJIEKas BCTPOEH-
Hble B 3K3EMMNNIAP CNUCKK.

[Tocne co3manus koMaHaol obj=MyClass () 3k3eMIIsipa obj Kjacca My-
Class, BCe 3JIeMeHThI (MX BCETO 5) CHMCKA nums 3K3eMILIsIpa OyAyT HyJIeBbI-
Mu. 3HAYEHHs 3JIEMEHTOB CIIMCKA nums OTOOPAXKAIOTCS TPU BBIMOJHEHUH KO-
MaHIbl print (obj). 3aTeM HECKOJIbKMMU KOMaH/aMU BBIIIOJTHSIETCS TPUCBA-
MBaHKe 3HAYEHHI 3JIleMEHTaM CIIMCKa nums, IpUYeM oOpallleHue K 3JeMeHTaM
BBITIOJIHSIETCS Yepe3 YKa3aHue HHAeKCa IJIs 9K3eMILISIpa Kiacca. Tak, KoMaHaI0Mi
ob3j [0]=100 anemenTy nums [0] (Mmoje-COMCOK nums 3K3eMILIsIpa obj) Npu-
cBauBaeTcs 3HaueHue 100, KOMaH0i obj [ 2] =—- 3 mpucBauBaeTcs 3HaUeHHe -3
3JIeMEHTY nums [ 2], ¥, HAKOHell, KOMaHJ0M obj [24]=123 ajieMeHTy nums [4]
IIPUCBAuBaETCs 3HayeHue 12 3.

(0 HasameTtky

Y10 KacaeTcs koMaHabl obj [24]=123: OCTATOK OT AeneHns 24 Ha 5 ecTb 4. MoaTomy
peyb naeTt o NnpuceanBaHNMM 3Ha4eHNA 3IEMEHTY MaccuBa nums C MHOEKCOM 4.

[Tocne BHeceHUs M3MEHEHUI MPOBEPSIEM COAEPKMMOE CIUCKa nums KOMaH-
noi print (obj). MOXHO CUUTHIBATH 3HAYEHUS U TI03JEMEHTHO, 0OpaIasich
"MepPCOHAJbHO" K TOMY UJIM HHOMY 3JIEMEHTY - KaK 3TO [eJIaeTCsl B UHCTPYKLUSIX
obj[4]uob]j[7] (anemenThl nums [4] unums [ 2] cooTBeTCTBEHHO). IIpu no-
MIBITKE yAAJIEHUs 9JIEMEHTOB CIIMCKa KOMaHAaMu del obj [0] ndel obj [9]
asieMeHThI nums [ 0] ¥ nums [ 4] moiy4awoT 3Hayenue " *". Pesyssrat mposepsi-
€M KOMaH/I0i print (obj).

(O Ha3ametky

MHCTpykuMm obj [7] M obj [9] o3HayaloT obpalieHue K 3nemMeHTam nums (2] w
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nums [4] COOTBETCTBEHHO: OCTATOK OT AefieHns 7 Ha 5 paBeH 2, a OCTaToK OT AeneHus
9 Ha 5 paBeH 4.

Biaromapsi onucanuio crnenuasbHBIX METOJOB __ getattr (), _ getat-
tribute (), _ setattr_ () m _ delattr__ () MOXHO CYyIIECTBEHHO
Pa3HoO06Pa3uTh Omepaluy oOpalieHus K aTpubyTaM sK3eMILIsipa Kiaacca. Meton
__setattr__ () BbI3bIBaeTCsl IPU NPUCBAaHBaHUY 3HAYEHUS aTPHOYTY 3K3eM-
misipa kiacca. Metox  delattr () BbI3bIBAeTCsl DU yAaJeHHU aTpHOyTa
ak3eMIuIsipa kjacca. [Ipy obpaienuu (aJisi CYUTBIBAHUS 3HAYEHHsT) K Hecylle-
CTByIOlleMY aTPHUOYTY BbI3bIBaeTCSI MeTOR _ getattr (). Hakowew, mpu 06-
paleHun K 11060My aTpuOyTy BBI3bIBA€TCSI METOA _ getattribute ().

Meron  getattr () BbI3bIBaeTCA NPU oOpallleHUd K HeCylIeCTBYIOUIEMY
aTpubyTY 9K3eMILIsIpa KJIacca, ec/Iu B KJlacce He ONMCaH MeTO _ getattrib-
ute_ (). Ecim mMeton _ getattribute () B KJacce OmMcaH, TO BbI3blBa-
€TCs1 OH, IPUYeM MPHU 0OpalleHUH K JI0O0MY aTPHOYTY - KaK CyHIECTBYIOLIEMY,
TaK U HecyllecTByolleMy. Meroq  getattr (), Jake ec/lM OH OIMCaH B
KJIacce, IIpA 3TOM UTHOPUPYETCSIL.

C meromom _ getattribute () cBd3aHa ompejeJieHHas npobJiemMa: ecsu
B TeJle 3TOT0 METO/A BBINMOJIHsIETCS obpalileHre K aTpubyTy 9K3eMILIsIpa KJjac-
ca C UCIOJIb30BAHUEM TOYEYHOT'O CHHTaKcUca (TO ecTh B opMaTe 5K3eMILIAp .
aTpubyT), TO MOJyYaeTcs OECKOHEYHbIH IIMKJINYECKUI BBI30B MeToqa  ge-
tattribute ().

JlelicTBUTEJIBHO, €CJIN BbI3bIBAETCSI METOJ __getattribute (), a npH BHI-
MOJIHEHUHM 3TOr0 METOJA BBIMOJIHSETCS] oOpallleHne K aTpuOyTy 3K3eMILIspa
KJiacca, To MeTo Oy/eT Bbi3BaH cHOBA. To ecTh B Mmpoiiecct BHIMOJIHEHUST METO
(aktruecky Boi3piBaeT caM cebsi. Ho Ha aToM mpoiiecc He 3akaHunBaeTCsl. Boi-
3BaHHBIM METOJ] CHOBA BBI3BbIBAET 3TOT XK€ METO/, U TaK JO OECKOHEYHOCTH.

Ha nepBblii B3rJIs11 CUTY I Ka)keTcst Ge3HaIEXKHOM, HO 3TO, pa3yMeeTCsl, He TakK.
[TpocTo obpaiieHne K aTpUbyTaM 3K3EMILISIpa KJIacca CJieLyeT BbIIIOJIHSITh, IBHO
BBI3bIBAsI METOA __ getattribute () kak (yHKIUIO U3 KJacca object ¢
SIBHBIM yYKa3aHMEM CCBLJIKU Ha 3K3eMIUISIp Kjacca U ero arpubyT. [TockosbKy
peub uzeT 06 obpalieHUu K aTpUOyTy B Telle MeTofa _ getattribute (),
TO CChLIKA Ha 3K3eMILISIp KJacca OyzeT Ha3biBaThest self. Eciu peub uger o6
obpallleHUd K aTpuby Ty 3TOr0 3K3EMILISIpa, TO 0OpalleHHE K 3TOMy aTpubyTy
6y11eT BBIIJIAIETh KaK object. getattribute (self, arpubyr).

Heuro noxoxxee mpouCX0OAUT, KOrja B TeJle MeToJa  setattr () (KOTOpbIH
"oTBeyaeT" 3a MpUCBaNBaHUe 3HAYEHUN aTPUOYTaM 9K3EMILISIPOB) BBITIOTHAETCS
TIpHCBavBaHue 3HaYeHHsi aTpUOyTy C MCIOJIb30BAHHEM TOYEYHOTO CHHTAKCHCA.
[Ipo6yieMa Takast: IpY BBITIOJIHEHUM METOla __setattr () ecJiM mpUCBauBa-



€TCs 3Ha4YEHHE anI/I6yTy, ABTOMAaTH4YE€CKH BbI3bIBAETCA METOA ___ S etatt r (),
B TeJie KOTOPOI'O BbI3bIBAETCS METOA _ setattr (), ¥ Tak gaJjee.

Yrto6bI 3TOr0 HE MPOMCXOAUJIO, IPU TIPHCBAUBAHUK 3HAYEHUS AaTPHOYTY 9K3€EM-
nJisipa Kjlacca B TeJle MeToJa __setattr () ciexyer "mo6upaTtbes” 1O HYX-
HOro atpubyTa yepes crieiMajbHoe noje  dict , 3HayeHHeM KOTODOro siB-
JISI€TCsI CJIOBapbh M3 Ha3BaHMif aTpPUOYTOB 3K3eMILIspa M WX 3HaueHuit. Eciun
peyb UzieT O NPUCBaUBAaHUM 3HAYeHUs aTpUOYTY, TO B TeJle MeTofla __setat-

tr__ () COOTBETCTByMLIasi KOMaH[a MOXET BBITJIALETh Kak self. dict
[aTpubyT] =3HaueHue (31€eCh yepe3 self 0603HaAUEHA CChLIKA HA IK3EMILISAP
KJjacca).

@opMasbHO B IaHHOM CJIydYae MbI B cloBape  dict  u3MeHsieM 3HaueHue
3JIeMeHTa ¢ KJodoM aTpmbyT. Ho mockosnbky Habop aTpubGyTOB M 3HAYEHHM
aTpubyTOB 3K3EMILISIPA PeATM3yeTCs] MMEHHO Yepe3 3TOT CJIOBaph, TO HYXKHBbIiA
a¢dekT OyaeT ZOCTUTHYT - aTPUOYT IK3EMILISIpA MEHSIET 3HAYEHHE.

He caenyer ynanathb nosis ¢ momMounbio onepatopa del B tesle MeTofa __ delat-
tr__ (). B atom ciyyae Metox _ delattr () Gynmer BbI3bIBaTh caM cebs.
Ecnu HyxHO ynanuTh moJsie B Tejie Metoga _ delattr (), Jydile caeaaTbh
3TO, y/AaJuB céoTBeTCTBylomHﬁ 3JIEMEHT U3 cJoBapsi __dict_ .

Heb6oburoit mpuMep ¢ onmucaHueM MeTO0B _ getattr (), setattr
() m_delattr () npuseeH B jucTunre 7.13. B atom npumepe coszaaercs
KJacc MyClass. B kacce onucaH KOHCTPYKTOP - TaKOM, YTO IIPH CO3/JaHUM 9K-
3eMILIApa KJacca MoJIo name 9K3eMIUIspa NpHcBauBaeTcsl 3HayeHue. Taxxke B

KJIacce OMMCAH MeToA __ str (), 6rarogapsi 4eMy IpH Ilepefiaye 3K3eMILJIs-
paapryMeHTOM MeTOly print () oTo6pa)xkaeTcsi 3HaueHue MoJIsi name 3TOrO K-
3eMILJIsIpa.

MBI TakXXe XOTUM Z[O6I/ITI)C51 TaKou p€akuuu Ha JIeUCTBUS C anI/I6yTaMI/I IK3EM-
IJIsApa KJjacca:

® 3HaueHHe IT0JISI name MOXHO U3MEHSITh.

» Ilpu mombITKe co3AaTh (MyTEM MPUCBAaWBAHUSI 3HAUEHUs]) HOBOE ITOJIE,
HOSBJISAETCS CoObIeHHe Onepaunusa He paspellieHa!, U HOBOE MOJe
HE CO3/1aeTCsl.

e Ecmu IIpHU CYUTBIBAHUHN 3HAYEHU S I10JIA BBINIOJTHSAETCSA 06pau1eHHe K HE-
CYHECTBYIOUIEMY IIOJIIO, IIOABJIAETCA COO6IHEHI/IC Takoro noJjiga HeT!.

o Ilpu mombITKE yAaJUTHh TOJIEe SK3EMILISpa TOSIBJSIETCS COOOIIEHMe
YnansaTe [IOJIS 3alpeumeHo!.
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Co6CTBeHHO, /715 pellleHus 3TUX 3a/1a4 MbI ¥ ONUCHIBAEM B KJ1acce MyClass Me-
TOABl __getattr (), setattr () m - delattr_ (). Kak umeHHO
OHY ONMCaHBbI, TOKa3aHO HUXKE:

# Knacc
class MyClass:
# KOHCTpPyKTOP
def init_ (self,name):
# Moo skK3eMIsgpa
# npucBamBaeTCs 3HaYeHMUE
self.name=name
# MeTon nya npuBeleHMS 3K3eMIUIApa
# K TEKCTOBOMY 3HAUEHMUI
def _ str_ (self):
# PesynbTaT MeToIa
return self.name
# MeTon nna oBbpaboTKM CUTyalmM, KoTIa
# aTpubyTy NpMCBaMBaeTCs BHadeHue
def _ setattr_ (self,attr,val):
# Eciy 3HaueHMe NPUCBAMBAETCSH
# noJso name
if attr=="name":
self. dict__ [attr]l=val
# Ecim 3HauyeHMe MNPUCBAMBAETCS He
# nomo name
else:
print ("Onepaumusa He pa3z3pemweHa!")
# MeTonm mna o6paboOTKM CMUMTyaumu, KoTrna
# cumTHIBaeTCcs 3HaueHue aTpubyTa
def _ getattr (self,attr):
# PesynbTaT MeTOna
return "Takoro noJss Het!"
# MeTon mnsa oBpabOTKM CUTyauuu, KoOTIa
# aTpubyT ymansercs
def  delattr_ (self,attr):
# OTobpaxaeTrcs coobueHre
print ("YmansaTe noss 3anpeweHo!")
# CozmaeTcs sk3eMNJap KJjacca
obj=MyClass ("VcxonHoe 3HadeHue")
# [IpoBepseM 3HaueHMe MOJIA name
print (obj)
# HoBOe 3HaueHMe IMOJIA name
obj.name="HoBoe 3HaueHue"
# [poBepseM 3HaueHMe IOJIA name



print (obj)

# [pucBamBaeM 3HaueHMe MOJIO number
obj .number=100

# I[poBepseM 3HaueHMe MOJIA number
print (obj.number)

# Ymansem nojie name

del obj.name

# IIpoBepseM 3HaUeHME I[IOJIA name
print (obj)

PCSyJIbTaT BBITIOJTHEHH A ITPOIr'PaMMHOTO KOJa TaKOI:

- PesynwTar BuinonHeHus nporpaMmsl (3 auctwura 7.13)

JicxooHOe 3Ha4deHue
HoBoe 3HaueHMue
Onepaumsa He paspeueHa!
Takoro nojssa Her!
YoanaTp [noJia 3amnpeueHo!
HoBoe 3HaueHue

Paccmotpum IIporpaMMHBbIE KO/ bl METO/0B __getattr__ (),
__setattr () m _ delattr (). Camplii mpocToifi KOA y MeTOJOB
__getattr ()H__delattr__ ():BTejneMeroga _getattr_ () pe3yJb-
TaT BO3BpalIAeTCs KOMaH0M return "Takoro mnoJssa HeT!",a B TeJie METO-
na _ delattr () BBINOJHSAETCS €IMHCTBEHHAs KOMaHAa print ("Yamamar
b nosus sanpewmeno!").CMeToqoM _ setattr () BCe HEMHOIO CJIOXHeEE:
B YCJIOBHOM OIlepaTOpe MMPOBEPSIETCS YCJIOBUE attr=="name", KOTOPOE UCTHH-
HO, €CJIM 3aIIpallIMBa€eMbIii aTpUOYT (apryMeHT MeToja attr) - 3TO MOJIe name.
B sTtom ciyyae BbmosHseTcss koManaa self. dict_ [attr]=val. 31ech
B cqoBape _ dict g sk3eMILIsApa self 9JIEMEHTY C KJIOYOM attr mpHu-
cBauMBaeTCs 3HauyeHHe val (apryMeHT Metoga  setattr_ ()). Ecim ycio-
BHE attr=="name" JIOXHO (TO €CTb aTPUOYT at t r He SIBJISETCS MOJIEM name),
BBIIIOJIHSETCS KOMaHJa print ("Onepaumns He paspeweHa!").

[Tocne omucanms kygacca MyClass KOMaHAOW obj=MyClass ("VicxomHoe
3HaueHre") CO3JaeTCs IK3EeMILISAP obj, II0JIe name KOTOPOro IoJyyaeT 3Ha-
yeHue "Micxonuoe 3HaueHwme". [IpoBepuTh 3HAUEHUE MOJISI name 3K3EMILIIS-
pa obJj MOXHO ¢ IOMOUIBI0O KOMaHbl print (obj).

KoManmoit obj.name="HoBoe 3HaueHue" MOJIO name IPUCBAUBAETCS HO-
BO€ 3HaueHue, ITa onepallis MpoXoaAuT ycremHo. Ho npu MoneiTke BBINOJIHUTD
KOMaHZy obj .number=100 noJie number y 5K3eMILIsIpa ob]j He co31aeTcs, H,
pasyMeeTcs, 3Ha4eHHe eMy He IPUCBANBAETCsI (BMECTO 3TOTO MOSIBJISIETCSI CO06-
HieHue Onepauus He paspewena!). [Ipu nomeiTke "mpoynuTaTh” 3HAYEHUE
HECYIIEeCTBYIOIETO M0JIsI number B KOMaH/e print (obj.number) MOsBI,
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eTcsi coobleHne Takoro nojyia Het !. Ecjiu NonbITaThest yAQMUTD OJIE name
y 3K3eMILIsipa obj KOMaHo0it del obj.name, oJjie name He YAAJSETCS, U MO-
SIBJISIETCSI COODIIEHHE Y DaJIATh NOJIA 3anpemeHo ! .

Ewte oaut cioco6 o6paboTKy onepaliuii IpUCBaUBaHUS 3HAYEHHS TIOJISIM, CYH-
ThIBasi 3HAUEHUsI TI0JIEN M yaJIeHUs TI0JIel, IPeICTaBJIeH B CJIeAYIONIEM ITpHMe-

pe. Kak u B mpespiiyniem ciyyae, Mbl ONMCbIBa€M METOIBl ___setattr () u

_ delattr__ (), a BMeCTO MeTofa __getattr_ () ONUCBIBAEM METON

getattribute__ ().

] HasameTky

HanomHum, 4To MeTon, __getattr__ () Bbi3biBAETCHA NpU obpalueHum ana CUNTLIBaHWA
3HaHUA K HecyulecTBylowemMy Nosio, B TO BpeMA Kak MeToa, _getattribute_ () Bbl-
3bIBAETCA NPU CUUTBIBAHUM 3HA4YEHUS NI0OOro Nons - Kak CyLLeCTBYIOLEro, TaK U He Cy-
uiecTeytouiero.

Wrak, B knacce MyClass ONUCHIBAIOTCS METOABI  setattr (), getat-

tribute () m__ delattr__ ().

ITpu BRIOJIHEHMU MeTOA _ setattr  ():
*  MOSBJSIETCS COOOILIEHHE O HayaJle BBIOJTHEHUS METO/;

¢ IOABJAETCA COO6III€HI/IG O TOM, KaKOMY IIOJII0 KaKO€ 3HaY€HHUE IIpHUcCBa-
HUBAETCH,

*  BBIIOJIHSETCS IIPUCBaUBaHUE MOJII0 3HAYECHUS],;
*  MOSIBJIsIETCSI COObIIEHHE O 3aBEPUIEHUH BHITIOJHEHHUS METOIA.
[Tpu BeINOJIHEHUU METOIA ___getattribute ():
*  MOSBJSAETCS COOOIIEHUE O HayaJle BBIIOIHEHHUS METO/A,;
*  IOSABJSETCS COOOIIEHME O TOM, 3HaYeHHEe KAKOro I0JIsI CYUTHIBAETCS,
*  BBIINOJIHAETCS IIONBITKA IPOYUTATH 3HAUYEHHUE 11014,

¢ €CJIM II0JIEe CYLIECTBYET, [IOABJSETCA COO6IIIeHI/Ie O 3aBeplLIEHHUU METO/Jla
1 BO3Bpallla€TCsl 3HAYECHHE I10J14;

¢ €CJIM IIOJI He CYLIEeCTBYET, I[I0SABJISAETCA coo61ue1me O 3aBEepIIEHUHN Me-
TOZla U BO3Bpallla€TCA TEKCTOBOE 3HaYEHUE C HH(t)OpMaHHEﬁ O TOM, 4YTO
I10JIA HE CYIIECTBYET.

Ilpu BbImosIHEHUMU MeToga  delattr  ():
*  MOSBJISIETCS COOOLIEHHE O HayaJle BBITIOJTHEHUsI METO/1a;

* IIOSBJISIETCA COO6L[I€‘HI’I€‘ O TOM, KaKO€ I10JI€ YAAJIAETCH;



¢  BBIIIOJIHSAETCS IIOINBbITKA YAAJUTD I10JIE,

¢ €CJIM II0JIE CyHIECTBOBAJIO U €r0 YAaJIEHHUE ITPOXOAUT YCIIEIIHO, ITIOABJISA-
€TCsA COO6IIIEHI/Ie O 3aBE€PLIEHUH BBIIIOJIHEHHUA METO/14;

¢ €CJI1M MOJIA HE CyUIECTBOBAJIO, IIOSABJIAETCA COO6IIIEHI/Ie O HEBO3MOXHO-
CTH Y1aJIUTh I10JI€, a 3aTEM COO6H.[6HI/Ie 0 3aBE€pUIEHUH METOJa.

Becp nporpamMMHBIil KOA ITpeACTaBJ/IeH B IUCTUHTE 7.14 U BBITJISIAUT TaK:

~ JucTunr 7.14. CuMTHIBaHME BHAYSHNS NONS

# Kiacc
class MyClass:
# MeTon BHIBHIBAETCSH, €CJIM IOJI0
# npucBamBaeTCs 3HaYeHME
def  setattr (self,attr,val):
print ("BunoJsiHaeTca meTon _ setattr () :")
txt="*\tlosw "+str(attr)
txt+=" npmumceampBaeTcsa 3HadeHue "+str(val)
print (txt)
# [pucBamMBaHMe 3HAUEHMS [10JIOK
self. dict_[attr]l=val
print ("MeTon _ setattr () BurosiHeH.")
# MeTon BHI3HIBAETCSH, €CJIU
# CumMTEHIBAETCS 3HAUYeHMue I0Jig
def _ getattribute_ (self,attr):
print ("BunosHaeTca meTon _ getattribute () :")
txt="*\tCunTeiBaeTCca 3HaueHMe noJyid "+str(attr)
print (txt)
# PesyabTaT MeToOIa
try:
# 3HaueHMe IOJIA — €CJIM MoJie CYUEeCTBYEeT
res=object._ getattribute_ (self,attr)
except AttributeError:
# EcJM NoJIA He CyllecTByeT
res="Y sk3eMmuigpa nojus "+str(attr)+" HeT!"
print ("Metron _ getattribute_ () 3aBepwmaer patory.")
# PesynbTaT MeToOIa
return res
# MeTono BHI3HIBAETCH, €CJMU
# noJsie ynmanaeTcsd
def __delattr__(self,attr):
print ("Bunosnnderca meton _ delattr_ ():")
txt="*\tYmangercsa nojie "+str (attr)
print (txt)
try:
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# YmameHue noyia - e€ClM [OJIE CYUWECTBYeT
del self. dict_ [attr]
except KeyError:
# Eciy TakoI'O IOJIA He CYyWEeCTBYyeT
print ("Hene3sa ynanurb noje "+str(attr))
print ("MeTon _ delattr_ () BunoJiHeH.")
# Cozsmaercs »k3eMIysap KJjacca
obj=MyClass ()
# IoJsio name OpuCBamMBaeTCs 3HadeHUe
obj.name="Python"
# IpoBepseTcsa 3Ha4YeHMe I[OJIT name
print ("3HaueHue noJsis name:",obj.name)
# Ymansaercs mnojie name
del obj.name
# I[poBepseTcs 3HaAYeHME I[OJII nhame
print (obj.name)
# [IOBTOPHO yHanseTcs IOJie name
del obj.name

PesyanaT BBITIOJIHEHU S [IPDOT'PAMMHOI'0 KO/Jia IPpeACTaBJIEH HUXE!

BeimosiHgeTca Mmeron _ setattr () :

* Jloyo name npucBamBaeTcs 3HadeHue Python
BunosiHAaeTca MeTon _ getattribute () :

* CunurTeHBaeTca 3HadeHue nojya _ dict
MeTon _ getattribute () 3aBepmaeT paboTy.
Meron _ setattr () BHIIOJIHEH.

BrmosiHAaeTca MeTon _ getattribute_ ():

* CuMTHIBAETCSH 3HA4YEHuEe II0JIA name

MeTon _ getattribute__ () 3aBepumaeTr pabGoTy.
3HadeHue nojsa name: Python

BemmosiHaeTca meron _ delattr ():

* VYmanseTcs noJsie name

BuriosiHAeTCA MeTon _ getattribute_ () :

* CuuTeHBaeTCA 3HadeHue nojya _ dict
Meron _ getattribute_ () 3aBepuwaeT pabGoTy.
Meron _ delattr () BuIIOJIHEH.

BurosnHseTca MeTon _ getattribute_ () :

* CuMTHIBAETCS 3HAUEHMe I[0JI name

MeTon _ getattribute () 3aBepuwaer patoTy.
Y sk3eMmigpa [oJg name HerT! '
BemosiHaeTca meron _ delattr_ ():

* YpanseTrcsa IOJie name

BurionmHaeTca MmeTon _ getattribute  ():

* CuuTelBAeTCA 3HaueHue nosid _ dict



MeTon _ getattribute_ () 3aBepuwaeT paboTy.
Hemnb34a ymajguTe I[OJI€ name
Meton _ delattr_ () BHIOJIHEH.

YTo6BI MOHATD, IOYEMY HOSIBJSIIOTCSI UMEHHO TaKie COOOIeHUs], BO BHUMaHHe
HY’KHO IPUHSTH CJIeAYIONI1Ee 0OCTOSTEIbCTBA.

¢ Ilocnme cosmanusi sk3eMILIsIpa Kjacca KOMaHAONH obj=MyClass () y
3TOro 3K3eMILJIsIpa HeT noJjel (TeX, YTO co3JaHbl Nosb3oBaTesneM). [Ipu
BBINIOJIHEHUU KOMaH/Ibl obj .name="Python" y 3k3eMILisipa obj 1o-
SIBJISIETCS TI0JIe name cO 3HaueHueM "Python". Ilpu 3ToM BbI3bIBaET-
csiMeTol _setattr (), B TeJe KOTOPOTO BBINOJIHSETCS obpalleHue
K CrenajbHOMy Toio __dict_ . O6pamenue k momo __dict B
CBOIO OYepe/b IIPUBOJMT K BBI3OBY MeToJa __ getattribute ().

» Ilpu MPOBEPKE 3HauyeHUe oJIst name KOMaH/101
print ("3HaueHue nojss name:",obj.name) BbI3BIBAETCI METO/
__getattribute ().

* Ilpu ynasenuun nosst name KoMaHz0i del obj.name BbI3bIBAETCS Me-
tog __delattr (). Ilockosbky B mpouecce yaaeHHs: OJIs BBIIOJI-
HsleTcst oOpallleHue K CIlellMaIbHOMY Iomo _ dict  , To aBTOMaTHYe-
CKHU BBI3BIBA€TCS MU METOZ __ getattribute ().

» Ilocuse ynasenus moJist name 3Ha4€HHe 3TOTO I10JIs1 IPOBEPSIETCSI KOMaH-
A0l print (obj.name). Kak creacTBue BbI3BIBaeTCS METOJ  ge-—
tattribute__ ().

e IlonpiTKa MOBTOPHOTrO yJajieHUs MMOJisI name KOMaHIoi del obj.
name IPUBOAMT K BbI30BY MeToAa _ delattr (), a IpU BbINOJIHE-
HHHM 9TOTO METO/IA - K BbI30OBY METOAa _ getattribute_ ().

[laie€ Mbl IO3HAKOMHUMCSI C OJTHUM OY€Hb MHTEPECHBIM MEXaHU3MOM, KOTOPBIN
JOCTYyTIEH TIpH paboTe ¢ KJaccaMH U dK3eMILisipamMu kjaccoB B Python. Peub
TIOUZIET O Nnepezpy3ke ONEpamopos.

Meperpy3ka oneparopos

Ilepesazpysxa 3asepuena. Cuacmaugozo nymu!
u3 x/¢p Tocmvsa u3 6yoywezo”

B Python cymecTByer BO3MOKHOCTb ONPENENISTD It IK3EMILISIPOB [I0JIb30Ba-
TeJIbCKUX KJIacCOB TaKue olepaluy, Kak CJ0oXKeHHe, YMHOXeHHe, BEIYUTaHUE,
neJjieHue, U psa Apyrux. IHBIMU cj10BaMH, Mbl UMeeM BO3MOXKHOCTb TakK OIH-
CaTh KJIaCC, YTO IK3EMILISIPBI ITOTO KJIACCa MOXKHO 6y IET CKJIaAbIBATh, BHIUUTATD,
YMHOXaTb, I€JIUTh U TaK jajiee - Kak, HarpuMep, oObIyHble yncsa. YTo nosyya-

o
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€TCSI B Pe3YJIbTATE - 3TO BOIIPOC APYTOM, ¥ OTBET Ha HET'O BCEILIEJIO 3ABUCHUT OT HAC
Y Hauel paHTa3uu.

Yro6bI Ta UM UHASI Onlepalsi (HAalpuMep, CI0KEHKE) CTaja I0CTYIHA J1Jisl BbI-
MOJIHEHUS C IK3EMILISIPAaMU KJIacca, JOCTATOYHO B KJIaCCe OMMCATh OIpe/eJIeH-
HBIH CIIeNUAJIbHBIA METO (KaXKIOMY OIlEPaTOPY COOTBETCTBYET METO/I, KOTOPBIH
aBTOMAaTHYECKU BbI3bIBAETCS IPU 00PabOTKe BBIPAXKEHHSI C 3TUM OIEPATOPOM).
Ecuu Takoit MeTo B KJ1acce OMUCAaH, TO ONEPALMSI, COOTBETCTBYIOIIAS JAHHOMY
MeTo[y, OyZIeT OCTYIHA /ISt 3K3EMILISIPOB KJIacca.

Hanpumep, onepatopy cyioxeHust + coorBercTByeT Metofi _add_ (). Eciu B
KJlacce onucaH MeroJ, add (), TO IIpH BBIYMCJIEHHH BbIPaXKE€HHs, B KOTO-
POM K 9K3eMILIsIpy KJacca 4YTO-TO MpubaBJsieTcst, OyeT BbI3BaH (aBTOMaTHYe-
cku) Meton __add ().

He6oub110it IpuMep ¢ KJIaccoM, B KOTOPOM omnHcaH Metof  add_ (), mpea-
CTaBJleH B JIUCTHHTe 7.15.

Juctunr 7.15. Neperpyska onepatopa CNOXeHUs

# Knacc c ommcanmem Meroma _ add ()
class Adder:
# KoHCTpyKTOp
def  init (self,number):
# Momo 3k3eMIgpa NpUCBaMBaEeTCH
# 3HaueHue
self.number=number
# MeTon nOJid NpMUBENEHMST K TEKCTOBOMY
# Tuny
def  str (self):
# dopMupyeTCs TEKCT
txt="3HaueHue noJssgs number = "
txt+=str(self.number)
# PesynbTaT MeToma
return txt
# OnmcaHme Merona OJid ONEepauMrM CJIOXEHUS
def  add_(self,x):
# BHIUMCIISETCSH UMCJIOBOE 3HaueHue
number=self.number+x
# CozpaeTcsa »Kk3eMIUIAp KJjacca
tmp=Adder (number)
# PesylbTaT MeTOHOa - CCHJIKA Ha
# sk3eMmuAp Kjacca
return tmp
# Cosmaercsa »K3eMIJsAp KJjacca
a=Adder (10)
q‘ K sk3eMnnapy kJjacca nobaBisgeTcs YUCIIO



b=a+5

# IpoBepseMm nojsie number l-ro 3k3eMnisapa
print (a)

# [poBepseM mnoJsie number 2-T'o 3K3eMIlsgpa
print (b)

PESyJIbTaT BBITIOJIHEHU A [TPOTPAMMHOTI'0O KOJa TaKOI:

PeaynbTar BLINONHEHMs NPOrpaMMel (3 nucTuura 7.15)

3HaueHue noyiga number = 10
3HaueHme noJsiga number = 15

B knacce Adder ecTh KOHCTPYKTOP, TP BBIIIOJHEHUH KOTOPOTO MOJIIO number
aK3eMILIsIpa NpHCBauBaeTcsl 3HaueHuWe. MeToq  str () oOmHcaH Tak, 4TO
IpH Tepejiaye 3K3eMILIsIpa Kjacca apryMeHTOM MeTOy print () oTtoOpakaer-
Cs1 3HAUYEHUE TI0JIs1 number 3K3eMILISpa.

WuTepec npeactaBiser Metod,  add (), OMMCaHHBIA € ABYMs apryMeHTaMH:
apryMeHT self TpaaMIMOHHO 0O03HAYAET CCHLIKY Ha 9K3EMILISP KJIacca, U3 Ko-
TOPOTO BBI3BIBAETCSI METOJ, & APTYMEHT x 0003HAYaeT YMCJI0BOE (KaK MbI IIpeJ-
rojiaraeM) 3HaueHue, KOTOPOe MPUOaBIISIETCS K IK3EMILISIPY KJIacca.

B Tene metrona koMaHAoON number=self.number+x BBIYUCISIETCS CYM-
Ma noJjig number 3k3eMILIsipa self U aprymMeHTa x. Pe3ysbraT 3amuchbiBaeT-
Cs B JIOKQJIbHYIO IepeMeHHyI0 number. /[aHHOe 3HAaYeHHEe NepelaeTcs apry-
MEHTOM KOHCTPYKTOpY IpU CO3JaHUU HOBOrO 3K3eMILIsIpa KJjacca KOMaHou
tmp=Adder (number). ITOT 3K3eMILJISIP KJacca BO3BPALAETCS KaK pPe3yJbTaT
MeTO/Ia KOMaH/JI0i return tmp.

Takum 06p330M, Ipnu HPI/I63BJICHI/II/I K 3K3eMILJIAPY KJjlacCa YUCJIOBOI'O 3HAYEHUA
CO3/1aeTCSI HOBBIU IK3EMILJIAD KJjlacca, I1oJie number KOTOPOI'O paBHAETCA CyMMeE
3HAYeHHU# MoJIsl number UCXOIHOTO IK3EMILJIAPA U HPI/I63BJIHGMOFO K 9TOMY 3K-
3EMILJIADY YHCJIa.

Bue Tena kiacca xomanzaol a=Adder (10) co3maeTcsd aK3eMILISAp a Kjacca
Adder co 3HaueHueM 10 gJg nosas number. Biarogapsi Tomy, 4To B KJacce
Adder onucaH Metof, _add (), CTAaHOBUTCS BO3MOXHOH KOMaHza b=a+5, B
KOTOPOM BBIUUCJISIETCS "CyMMa" 3K3eMILIsIpa a U YucJja 5, a pe3yJibrar, - CChLI-
Ka Ha HOBBIM 9K3eMILJISIP KJlacca, - 3allUChIBaeTCs B epeMeHHy10 b. Iloce aTo-
TO MepeMeHHbIe a U b CChLIAIOTCS Ha 3K3eMILIsAphl kaacca Adder. [IpoBepurts,
YTO Peyb UJET O Pa3HbIX IK3EMILIAPAX, JIETKO: JOCTATOYHO BBIIIOJHUTH KOMaH b
print (a) uprint (b).
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) Ha3sametky

Ecnm Mbl BMECTO TOro, 4To6bl K 3K3EMNNAPY knacca npubaensaTb YUCNO, NONbITAEMCS
K yicny npnbaBuTb 3k3emnnap (Hanpumep, NonNpo6yeM BbINOMHUTL KOMaHAy b=5+a),
nossutcs coobuwenne o6 ownbke. [leno B Tom, 4to metof, __add__ () "o6pabaTbiBa-
eT" Tonbko NnpubaBneHve K 3K3eMnaspy Yicna, Ho He Hao60poT. HYTo6bI MOXHO 6bino
K 4ucny npubaensiTe 3k3emnnsp, cnedyeT B knacce Adder OonucaTh euwe U MeTon
__radd__ (). [porpamMmmHbIit koA, 3TOro MeToAa Mor 6bl GbiTe TaKMM:

def _ radd__ (self,x):
return self+x

B paHHOM cnydae Mbl B Tene metoda _ radd_ () HEABHO Bbi3bIBAETCH METOA,
__add__ (), NOCKOJbKY UMEHHO 3TOT MeTOA Gy AeT 3aAeMCTBOBaH NPU BbIMUCIIEHNM Bbi-
paxeHus self+x, B KOTOPOM K 3K3eMNAspPY Knacca npubasnseTcs 4Yncho.

B aaHHOM cnyyae Mbl onpeaensieM onepauvmn CNoXeHns 3k3emMnispa ¢ Y4CIoM 1 Yucna
C 9K3eMNAPOM Tak, 4TO peadynbTaThl UAEHTUYHLI. HO HE06X0AMMOCTM B 3TOM He 6bINO -
Mbl MO Gbl ONPEAEMTb 3TN OnepaLmm No-pasHoMmy.

OrmnepaTopoB, KOTOpble MOXKHO MEpPerpyXkathb, JOCTATOYHO MHOro. MIX 06bIYHO
pa3bUBAIOT HA TPY IPYIIBL MaTeMaTHYeCKHE ONEPATOPHI, ABOUYHbIE OIEPATO-
PBI U onepaTophl cpaBHeHUs. /lanee B Tabsuie 7.3 mepeyycIeHbl IIeperpyxae-
Mble MaTeMaTH4YecKHe OrepaTopsl. [Ipu 3TOM MbI UCIIOJIB3yeM Takie 0603HaYe-
HUSL: 4epe3 obj 0603HaYeH 3K3eMILISIP KJacca, B KOTOPOM IepPerpykKaeTcst Me-
TOJI, a APYTOii oniepaHy (eC/IM TaKOit UMeeTCsT) 0603HAUYEH Yepe3 X.

Tabnuua 7.3. MNeperpyxaembie MaTemaTUyeCcKue oneparopbl

MeTtop Oneparop Mpumep OnucaHxue
_wmdd h B85 ¢ CngxceHHe 9K3eMILIsipa Kjacca
- obj ¢ onepaHaOM x
radd () l x+0bj CroxeHue onepaHaa X € 3K-
- gy 3eMILJISIPOM KJjiacca obj
Croxenue ax3eMILIsipa kiacca
iadd () L obj+=x obj c onepaHIOM X U npncsau-
- - VMBaHUE 3HAYEHUsI [IePEeMEHHOU
3K3eMILIsIpa obj
sub () | B BbI'-II/ITaHI/I.e U3 3IK3EMILIsIpa
— KJIacca obj omepaHzaa x
. Bbruutanue us onepasaa x 3k-
rsub () = x-0obj p ) 5
- = 3eMILIspa KJjacca obj




Merton Onepartop Mpumep Onucanue

Beluuranue u3 3k3emrisipa
KJacca obj omnepaHza x U NMpHU-
__isub_ () == obj-=x CcBauBaHWe pe3yJbTaTa Iepe-
MEHHOH 3K3eMILIsIpa KJjacca
obj

Boiuucnenne  mpousBeneHUst
mul () * obj*x 3K3eMILJIsIpa kjacca obj U ome-
paHia x

Brruncienne  npousBeneHus
__rmul__ () * x*obj ormepaHJa X U 39K3EMILISpa
KJlacca obj

YMHOXeHue 3K3eMILIsipa KJac-
ca obj Ha onepaHA x U IIPUCBa-
VMBaHHNe pe3yJbTaTa IepeMeH-
HOI1 9K3EMILISIpa Kj1acca obj

_imul_ () *= obj*=x

[leneHue sKk3eMILIsIpa KJjacca

truediv () / obj/x i
- - obJj Ha omnepaH[ x

[lenenue onepaHaa x Ha 9K3EM-

rtruediv__ () |/ x/0obj .
— — IJISIp KJacca obj

lenenue sk3eMisipa KkJjacca
obj Ha omepaHJ x U IpUCBau-
BaHMe pe3yJ/ibTaTa IepeMeHHON
9K3eMILIsIpa KJjacca obj

__dtruediv_ () | /= obj/=x

[lenouncieHHoe JejeHHe 3K-
_ floordiv__ () /1 obj//x 3eMILIApa Kjacca obj Ha ome-
paHz x '

LlesiouncsieHHOe fejieHue ore-
__rfloordiv__ () | // x//obj paH[a x Ha 9K3eMILIAD Kjacca
obj

MenouncnenHoe neneHue 3K-
3eMILIspa KJjacca obj Ha ole-
__ifloordiv__ () | //= obj//=x paH x W TpUCBaUBaHUE pe-
3yJIbTaTa MEPEMEHHOU 3K3EM-
IJIsipa KJiacca obj
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Oneparop

Mpumep

Onucanue

obj%x

OcTaToOK OT JeJjIeHUsI 39K3eM-
IJIsIpa KJlacca obj Ha omepaH/
X

X%obj

OcTtaTok OT JeJsieHusI OI€paH-
Ja X Ha 9K3EMILJIAPD KJyacCa obj

__imod__ ()

o°
Il

obj%=x

OcTaTok OT JesieHUs 3K3eM-
IJgpa KJjIacca obj Ha olepaHz
X W IpUCBauBaHue pe3yJibTa-
Ta MEepeMEeHHON 3K3eMILIsIpa
KJlacca obj

pow__ ()

* %

obj**x

BosBenenue ax3eMILisipa KJac-
ca obj B CTeleHb onepaHaa x

__rpow__ ()

* %

X**0obj

BosBenenue onepanza x B cTe-
IIeHb 9K3eMILIsIpa KJacca obj

__ipow__ ()

obj**=x

BosBenenue sxsemmnsipa Kiac-
ca obj B CTeIleHb OllepaHja x U
[IpUCBAauBaHMUE pe3yJbTaTa Iie-
PEMEHHON 3K3eMILIsIpa KJjac-
ca obj

-obj

[Ipumenenue yHapHoro (oauH
onepaHj) omneparopa "MHHYC"
K 9K3EMILJISIPY KJjacca obj

+obj

ITpumenenue ynapHoro (oguH
orepaHzl) orneparopa "Miwc" K
3K3eMILISIPY KJacca obj

Mooy JIb

abs (obj)

Bbryucsienue MoayJisi 9K3eM-
IJIsIpa KJjacca obj

B Tabsuiie 7.4 mepeducyeHbl neperpyxaemMbie moOMTOBbIE onepaTopsl. Kak u B
NpebIAYIIEM CIydyae yepe3 obj 0603HaueH IK3EMILISIP KJacca, B KOTOPOM Iepe-
TPy’KaeTcsi OepaTop, a Yyepes x - APYrod onepaH/.




Tabnuua 7.4. Neperpyxaembie NOGMTOBbLIE ONEPaTOPbI

Metoa

Onepartop

Mpumep

Onucanue

__invert ()

~

~obj

[To6buToBast MHBEPCHUSI IK3EM-
IJIspa KJacca obj

__and__ ()

obj&x

[To6uTOBOE U 71 IKIEMILIS-
pa KJacca obj u onepaHja x

__rand ()

x&obj

[To6uToBOE U 7151 ONIEpaHIA X
Y 9K3eMILIsIpa KJlacca obj

__diand_ ()

obj&=x

ITo6uTOBOE U IJIS SK3EMILIS-
pa kJjacca obj U onepaHia x
C IIpMCBaMBaHUEM Dpe3YyJbTa-
Ta NEpPeMEHHOU 3K3eMILIsIpa
KJlacca obj

obj | x

[To6uTOBOE WM IS 3K3EM-
IUIsipa KJiacca ob3j ¥ omepaH-
Ja x

x| obj

ITo6uToOBOE URU NJIsST OTIEpaH-
la X U 3K3eMILIsApa KJjacca
obj

obj | =x

[To6butoBOE wAu AT IK3EM-
IJIsIpa KJlacca obj M onepas-
Jla X C IIpUCBaMBaHUEM pe-
3yJIbTaTa llepeMeHHON 9K3eM-
IJsipa kJjiacca obj

obj"x

[TobutoBoe  uckmouarwee
wau Uil 9K3eMILIspa KJacca
obj u onepaHja x

x"obj

Ilo6utoBOE  ucKIOUGKOWEE
uny IS OTIEPAHAA X U 9K3EM-
IJIsipa KJiacca obj

objr=x

[TobutoBoe  uckmouarouee
unu 171 9K3eMILIspa Kjacca
obj nonepanja x c IpucBau-
BaHHUEM pe3yJibTaTa lepeMeH-
HOM 3K3eMILIsIpa KJacca obj
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Metoa

Oneparop

Mpumep

Onucanue

__1shift_ ()

<<

obj<<x

CaBur BJIEBO JISL 9K3EMILIIS-
pa kJjacca obj Ha OMepaHi X

__rlshift
()

<<

x<<obj

CaBur BJIEBO JIJI ONEpaHaa x
Ha 9K3eMILISIP KJIacca obj

__ilshift
0

<<=

obj<<=x

CaBur BJIEBO IJIS 3K3EMILIS-
pa KJjacca obj Ha olepaHf x
C IIpUCBauMBaHUEM pe3yJIbTa-
Ta IEepeMeHHOU 3K3eMILIsIpa
KJlacca obj

__rshift ()

>>

obj>>x

CaBur BHOpaBO [IJs 3K3eM-
IUIApa KJjacca obj Ha ole-
paHz x

__rrshift
()

>>

x>>0bj

CnBur BrpaBo /151 OnepaHa
X Ha 9K3eMILIAp KJlacca obj

__irshift

()

>>=

obj>>=x

CnoBur BHpaBo A 39K3EM-
IJIgpa Kjacca obj Ha ome-
paH[ x ¢ IpUCBaUBaHUEM pe-
3yJIbTaTa IeEpEMEHHOM 9K3eM-
Isipa KJjacca obj

Tabauia 7.5 COAEPXKUT CBEEHUS O Ieperpy>kaeMbiX OINMEPATOpPax CpPaBHEHHUS
(obj - aK3eMILIAp KJjacca, a x - APYrou orepaH). -

Tabnmua 7.5. Neperpyxaembie onepaTopbi CPaBHEHUS

Mertop

Oneparop

Mpumep

Onucanne

obj==x

PaBeHCTBO 3K3eMILIS-
pa Kjacca obj u ome-
paHja x

obj!=x

HepaBencTtBo 3x3eM-
IJIgpa KJjacca obj H
olepaHja x

obj<x

JKk3eMIJIAp  KJjacca
obj MeHbllle OIepaH-
aa x

..................................................................................




gt O > obj>x IK3eMILIIp  KJjacca
ob3j 6osble omepaH-
na x

_le_ () <= obj<=x IK3eMIISIp  KJiacca
obj He 6oJbliIe oOre-
paHza x

_ge_ () >= obj>=x OK3eMIIAp  KJacca
OobJj He MeHblIe oIle-
paHza x

__contains__ () |in x in obj OmnepaHa x BXOJWT
B 3K3eMILISp KJjacca
obj

OnepaTopoB, MOAXOSIINX JJIs1 eperpys3KHy, JOCTATOYHO MHOTrO. 31eCh BaXKHO
MOHSTH MPOCTYIO IITYKY: MBIl B TIPUHIIMIIE MOXEM MEPETPYXKATh OMEPATOPhI KaK
yromHo (B ompe/ieieHHBIX Mpe/esaX, KOHeYHO). BakHO TOJIbKO TO, KaKoOi 3TO
ornepaTop: OUHAPHBIN (TOT, KOTOPOMY HY>KHO [[Ba OMepaH/a) WJd YHapHBIA (Y
orepatopa ofivH onepat). [IpiMep, B KOTOPOM BBIMOJIHSIETCS EPErpy3Ka HEKO-
TOPBIX U3 IEPEYHCJIEHHBIX BBIIIE ONEPATOPOB, IPUBE/EH B JTUCTUHTE 7.16.

2 Hasametky

[anee onuceblBaeTcs Knacc 4NA peanusauuvn Takoro mMaTemMaTuieckoro o6bekTa, Kak
BekTOp. Ecm abcTparvpoBaTbCA OT FEOMETPUHYECKON MHTeprpeTauumM BeKTopa, TO
C HEKOTOPOI HATAXKON MOXHO YyTBEPXAaTb, YTO BEKTOP - 3TO Habop M3 Tpex nmapa-
METPOB, KOTOPbIE HA3bLIBAIOTCA KOoOpAuHaTamu sBektopa. C BEKTOPaMM MOTYT BbINOA-
HATBCS HEKOTOPBIE Onepauum. Tak, ecnm umeeTcs asa BeKTODa a= (a1: a,az)v

b = (bp bz, b3) TO MOXHO Bbl‘-IVICﬂVITbCVMMyBeKTODOBC = a + b Moonpepene-
HWIO 3TOBEKTOP C = (Cl, C3, C3) C KOOPAYHATAMM, PABHLIMM CYMME KOOPAMHAT CKJia-
[blBaeMblx BEKTOPOB: Cx = Ay + bk (vHpoekc k = 1,2,3). AHaNornyHoO BblMNCNAETCA
pasHocTb BekTopos: C = d — b, npuyeM koopauHaTeiBekTopal = (cq, €3, Cc3)pPaB-
Hbl Cxp = Ay — by (vHpexck = 1,2,3).

CranspHbIM npou3seaeHnem BekTopos d = (ay, dp, az) b = (b, bz, bz) Hasbi-
gaetcs uucno d * b = a;by + a, b, + azbs, 10 ects cymma nponsseaeHmii CooT-
BETCTBYIOLUMX KOOPAMHAT BEKTOPOB. P11 YMHOXEHMM BEKTOPA Ha 4MCIIO0 BCE €ro Koopan-
HaThl YMHOXaIOTCS Ha 810 wncno: ecnnd = (a4, dz, A3). 10Ad = (ay, Aa,, 1as)
. AHaOr MHHO BEKTOP AE/MTCS HAa YMCIIO: HYXHO NOAE/MTE KaXAYI0 KOOPAVHATY BEKTOPa
d a, a, as
Ha 3TO YMCNO - NO ONMPEAENEHNIO = FICENe 7) CywiectByeT Takas xapaKkTepucTu-
Ka, KaKk Moayb BekTopa. Moaynib BEKTOPa - 3TO YMCNO, PAaBHOE KOPHIO KBaapaTHOMY 13
CKanspHOro NPOV3BeAeHNs BEKTOpa Ha camoro cebs. s sektopad = (a4, d,, d3)

moayme|d| = Vd-d = a?+ aZ + a3
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nucmnr 7.16. Neperpy3ka oneparopoB

# OyHKLUMA OJIS BHUMCJIEHMS KBAaOPATHOI'O KOPHSHA
from math import sqgrt
# Kiacc mns peanmsaumm BeKTopa
class Vector:
# KOHCTpyKTOP
def init (self,x=0,y=0,2z=0):
# IloyaM NpPMCBaAMBAKTCHA 3HAYEHUS
self.x=x
self.y=y
self.z=z
# MeTon mns nNpMBeOneHUS K TEKCTOBOMYy THUIY
def _ str_ (self):
# TexcToBOEe 3HauyeHUe
txt="<"+str (self.x)+"|"
txt+=str(self.y)+"|"
txt+=str(self.z)+">"
# PesynbTaT MeToOIa
return txt
# ClioxeHue BEKTOPOB
def add__ (self,obj):
Co3maeTcsa BK3eMIUIAp Kjacca
Vector ()
3HadYeHMA MOoJIeM 3K3eMIigpa
.x=self.x+obj.x
.y=self.y+obj.y
.z=self.z+obj.z
PesyneTaT MeTOma
return t
# CroxeHre BEKTOPOB C NpUCBaMBaHUEM
def _ iadd_(self,obj):
# V3MeHsAeM B3K3eMIJAp
self=self+obj
# PesynbTaT MeTOIa
return self

#+ ot oot of o3

# YMHOXeHMe BeKTOpa Ha BEKTOp WM
# BekTOpa Ha YUCJIIO
def mul_ (self,p):
# IlpoBepseM Tun apryMmeHTa
if type(p)==Vector:
# Ipou3BeneHye BEKTOPOB




res=self.x*p.xtself.y*p.y+self.z*p.z
# PesynbTaT MeTOmIa
return res
# [pou3BemeHMe BEKTOpPa Ha UYMCJIIO
else:
self.x*=p
self.y*=p
self.z*=p
# PesysbTaT MeTOma
return self
# YMHOXeHMe umMcjla Ha BEKTOp
def  rmul_(self,p):
# PesyJsbTaT MeTOma
return self*p
# MuHyC nepel BEKTOPOM
def _ neg_ (self):
# PesynbTaT MeTOIa
return Vector (-self.x,-self.y,-self.z)
# Pas3sHOCTb BEKTOPOB
def  sub_ (self,obj):
# PesynbTaT MeTOOa
return -obj+self
# Pa3HOCTb BEKTOPOB C IPMCBaMBaAHMEM
def  isub_ (self,obj):
# VsMeHAeM OBOBEeKT
self=-obj+self
# PesysbTaT MeToOma
return self
# Monysb BeKTOpa
def  abs_ (self):
# PesyjbTaT MeTOIa
return sqrt(self*self)
# JleneHre BeKTOpa Ha YMCJIIO
def  truediv__ (self,p):
# PesynbTaT MeTOma
return self* (1/p)
# PaBEHCTBO BEKTOPOB
def eq (self,obj):
# Eciy paBHEl 3HAYEHMUS I[OJIEMN
if self.x==obj.x and self.y==obj.y and self.z==obj.z:
return True
# Eciy 3HaueHMuA I[IOJIeM pas3HHE
else:
return False
# HepaBEHCTBO BEKTOPOB
def ne (self,obj):
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# PesynbTaT MeToIa
return not self==0bj
# OmuH BekTOp "MeHbUE" OPYTOTO
def 1t (self,obj):
# Eciu MoOyJib NEPBOTO BEKTOpa MeHble
# MomyJsis BTOPOTO BEKTOpa
if abs(self)<abs(obj):
return True
# Ecam 3TO He Tak
else:
return False
# OzmuH BekToOp "OoJybumwe" IOpPyToro
def _ gt (self,obj):
# Eciu MoOyJib NIEPBOTO BEKTOpa OoJiblie
# MomyJs BTOPOTO BEKTOpa
if abs(self)>abs(obj):
return True
# Eciam 3TO He Tak
else:
return False
# OmuH BekTOp "He OGousbwe" IOpyroro
def _ le (self,obj):
# Ecym MomyJib NIEPBOT'O BEKTOpa He OoJblie
# MoIyJis BTOPOT'O BEKTOpa
if abs(self)<=abs(obj):
return True
# Ecam 3TO He Tak
else:
return False
# OmmH BekKTOp "He MeHble" IpPyroro
def ge_ (self,obj):
# Ecamy MoOOyJsib NEPBOTO BEKTOPA HE MeEHble
# Momysss BTOPOT'O BEKTOpa
if abs(self)>=abs(obj):
return True
# EcaM 3TO He Tak
else:
return False
# IobuToBas MHBEpPCHUs OJIT BEKTOpa
def invert_ (self):
# IpucBamMBaoTCS 3HAYEHMA [OJIAM
self.x=10-self.x
self.y=10-self.y
self.z=10-self.z
# PesynbTaT MeTOna
return self



»

# CoBur BJIEBO (3K3eMIUISApP KJjacca - IIE€PBEI OllepaHn)
def  1lshift (self,n):
# BHIIOJHAIOTCA UMKIMYECKME [EPECTaHOBKM NOJIeit
for i in range(n):
self.x,self.y,self.z=self.y,self.z,self.x
# PesynbTaT MeToma
return self
# CoBur BJIEBO (BK3eMIJISP KJjlacCa - BTOPOM ONepaHn)
def _ rlshift (self,n):
# PesynbTaT MeTOna
return self>>n
# CoBur BOpaBO (BK3EMIUIAP KJjlacCa - I[IEPBHM OII€paHIl)
def  rshift_ (self,n):
# BRIIOJIHAETCSA LUMKJIMYECKas [epeCTaHOBKAa [OJen
for i in range(n):
self.x,self.y,self.z=self.z,self.x,self.y
# PesynbTaT MeTOoma
return self
# CoBur BmpaBO (3K3eMIJISp Kjlacca — BTOPOM OlepaHn)
def  rrshift (self,n):
# PesynbTaT MeTona
return self<<n
# BeKTOpH
print ("BekTope: ")
a=Vector(1l,2,-1)
b=Vector (1, -1, 3)
" c=~Vector(9,8,11)

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

# BrUMCJIEHME MOIYJIA
print ("Monyne BekTOpa.")

print("|a| =",abs(a))
print (" |b| =", abs (b))
print("|c| =",abs(c))

# CpaBHeHME BEKTOPOB
print ("CpaBHeHMe BeKTOpPOB.")
print ("a==b ->",a==b)
print ("a!=b ->",a!=b)
print ("a==c ->",a==cC)
print ("a<b ->", a<b)
print ("a>b ->",a>b)
print ("a<=c ->",a<=c)
print ("a>=c ->",a>=c)

# Onepauuy C BeKTOpamm
print ("Cymma BekTOpPOB:")



Fnaea 7. Mpoponxaem 3nakomcteo ¢ 00N

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

c+=a

print ("c+=a ->",c)

print ("Pa3HocTb BeKTOpPOB:")
print ("a-b =", a-b)

c~=a
print ("c-=a ->",c)

print("YMHoxeﬂme BEKTOpPOB:")

print("a =",a*Db)

print("YMHoxeﬂme M IOeJleHMe BeKTopa Ha ducjo:")
print ("a*3 =",a*3)

print ("a ",a)

print ("2*b =", 2*Db)

print ("b =",Db)

print ("-b =", -b)
print ("b =",b)
print("a/3 =",a/3)
print("a =", a)

print ("Uukandyeckue NepecTaHOBKM:")
v=Vector (1,2, 3)
print ("v =", v)

print ("v<<l =",v<<1)
print ("v>>1 =",v>>1)
print ("2>>v =", 2>>v)
print ("2<<v =", 2<<v)

PesyibTaT BBIMOJHEHUS IIPOTPAMMHOIO KO/ TAKOWM:

BeKTOpE!:

a =<1|2|-1>

b =<1]-1|3>

c =<1|2|-1>

MomyJsib BEeKTOpa.

lal] = 2.449489742783178
[b| 3.3166247903554
lcl = 2.449489742783178
CpaBHeHME BEKTOPOB.

a==b -> False
.al=b -> True

a==c -> True

a<b -> True

a>b -> False

a<=c -> True

a>=c -> True

CyMMa BEKTOPOB:



a+b = <2|1|2>

ct=a -> <214|-2>
Pa3sHOCTE BEKTOPOB:
a-b = <0|3|-4>

c-=a -> <1|2|-1>
YMHOXEHME BEeKTOPOB:
a*b = -4

YMHOXEeHMEe M OeJIeHMe BEeKTOpa Ha YMCJIIO:
a*3 = <3/16|-3>

a = <3/6|-3>

2*b = <2|-2|6>

b =<2|-2|6>

-b = <-212]-6>

b = <2|-2|6>

a/3 =<1.012.0(-1.0>
a =<1.0/2.01-1.0>
IMKIMYECKME NepeCTaHOBKM:
v =<1]2]|3>

v<<l = <2]|3|1>

v>>1 = <1|2|3>

2>>v = <3|1|2>

2<<y = <112]3>

[TockosibKy MBI cCOOMpPaeMCsi IIPU BBIYMCJIEHMHM MOJYJIsi BEKTOPA MCII0JIb30BaTh
dyHKLHMIO sqrt () AJs1 HAX0XAEeHUs KBaApaTHOIO KOPHsI, HauMHaeM [IpOrpaMM-
HBIM KOJ MHCTPyKUMel from math import sqgrt uMiopra 3Toi QyHKIMH
usMoayaamath.

OcHoBy nporpaMMHOI0 KO/Jja COCTaBJIsieT OIMCaHue KJacca Vector, yepe3 Ko-
TOPBI PeaM3yI0TCsl BEKTOPBL ¥ KJacca eCcTb KOHCTPYKTOD. Eciiu nipu co3nanuun
9K3eMILIsIpa KJlacca KOHCTPYKTOPY NepefialoTCsl TPU apryMeHTa, TO 3To OyayT
KOOpJAUHATBI BEKTOPa, KOTOPbI peaju3yeTcs: B BuZe aKk3eMILasipa kiaacca. Eciu
IPU CO3JaHMU IK3EMILIsIPA apIyMEHTbhI He IepelaloTCsl, TO 3TO COOTBETCTBYET
HyJIEBBIM KOODJAMHATaM BEKTOpa.

B kiacce onyicaH cnenuaibHblii MeTO,  str_ (), Tak YTO 9K3eMILISIPHI KJIac-
ca MOXHO Ilepe/IaBaTh apr'yMeHTOM (PyHKIMU print ().

s peanusanuy onepalnuy CIOXKEHHS BEKTOPOB (TO €CTb CyMMMPOBaHHUS 9K-
3eMILTISIPOB KJIACCa) OMMCHIBAIOTCA METOAbl _ add () (CJI0XKeHHe SK3eMILIs-
poB) M iadd__ () (c/0xeHMe 5K3eMILISAPOB C IPUCBAUBAHUEM).

) Ha3zametky

MeTton __add__ () Bbi3blBaeTcs B Cny4ae, Koraa nepsbiM ONepaHAoOM SBISeTCS 9K-
3emMnnsp knacca. B npuHumne, ans cnyyas, Koraa 9Kk3eMnisp kiacca siBiseTcs BTO-
PbiM ONepaHaoM, HYXHO 6bino Gbl onMcaTb MeTod, _ radd_ (). HO MOCKOMbKY B AQH-
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HOM KOHKPETHOM cJlyyae o6a onepanaa 6yayT ak3emnaspamu knacca (Mbl paccMaTpu-
BaeM TOJIbKO TaKWe cilyyamn), TO onncbiBaTb METOA _ radd__ () HEO6X0AUMOCTU HeT.

B Ttene meroma __add__ () cospgaeTcs aK3eMILIAp t Kjacca Vector, a 3a-
TeM 3HAYeHUs [0JIe 3TOro 3K3eMILIsIpa BBIYUCIISIOTCS KaK CymMMma IOJiei
3K3eMILISIPOB-ollepaHa0B. [1ocie 3TOro sk3eMILISIp t BO3BpalllaeTcsl Kak pe3yJib-
TaTMeToga  add ().

B Tene meroma  iadd () BbINOJIHsETCA KoMaHaa self=self+obj, Ko-
TOPOH K 3K3eMILISIpy self (MmepBbiii onepaH) MPUOABISETCS FK3EMILISP Ob ]
(BTOpOI1 orepaHI) U pe3yJIbTaT 3allMChIBAETCS B IEPEMEHHYI0 self. JTa nepe-
MeHHasi BO3BpalllaeTcs Kak pe3yJibTaT MeTo/a.

(1 Hasametky

Mpw BblYNCNEHUN BbipaXeHus self=self+obj B NpPaBOM 4aCTW BblHUCNSETCA CymMMa
ABYX 9K3eMnnsapoB self un obj. MNpK BbIMUCNEHUM CYMMbI 3K3EMNASPOB BbI3bIBAETCH
mMeTon _ add_ (). Takmum 06pa3om, Npu oNnMcaHuM O4HOM0 crneunansHOro MeTona Mol
MCNOJIb3YEM HENBHbIM BbI3OB APYrOro ONMCAHHOr O B Kflacce cneumanbHoro Metoaa.

Meron  mul () mpeaHasHayeH /IS BBIIIOJHEHMS YMHO)XKEHMsI BEKTOpa Ha
BEKTOP U BEKTOpa Ha YucJso. B nepBoM ciyyae peub uneT 06 yMHOXEHHUU ABYX
9K3eMILISIPOB, & BO BTOPOM CJIy4Yae peyb UJeT O BbIYMCJIEHUU IIPOU3BEIEHUS K-
3eMILIsipa Ha YUCJIO.

B 3aBucuMocTu OT TOro, K KAKOMY THITY OTHOCUTCSI BTOPOH ONepaH[l, pe3yJib-
taT OyZer pa3HbIM. Bropoit onepana 0603HayeH B CITUCKE apryMEHTOB MeToJa
__mul () xak p. B Tesie Mertona B yCI0BHOM onepaTope IPOBEPSIETCS yCJIO-
BUe type (p) ==Vector, KOTOpoe UCTUHHO, €CJIY IEPEMEHHAS P CChLJIIAETCA Ha
3K3eMILISIp Kjacca Vector. B aToM ciiy4yae BIYUCISIETCS] 3HAaUEHUE BBIPAXKEHUS
self.x*p.x+self.y*p.y+self.z*p.z (CyMMa NpOU3BEJEHUN COOTBET-
CTBYIOUIUX T10JIEN 9K3eMILIISIPOB self U p), BEIYMCIeHHOe 3HaueHue 3al1ChiBa-
€TCs B IIEPEMEHHYIO res, U JTa [IepeMeHHasi BO3BpallaeTcsl KaK pe3yJbTaT Me-
TOJA.

Ecnmu ycioBue type (p) ==Vector JIOXXKHO, MbI IPEATOJIAraeM, YTO apryMEHT
p - 3T0 yucya0. Ha 1aHHOe YKicio yMHOXAIOTCS BCe MOJIS 9K3eMILIsipa self, mo-
CJIe Yero CChLJIKA Ha 9K3eMILISAP self BO3BpalaeTcs Kak pe3yJibTaT METOAA.

(0 Ha3sametky

Takvm 06pa3oM, Npu YMHOXEHUWN SK3EeMNAAPa Ha 3K3EeMNANAP, UCXOAHbIE 9K3eMNNApbl
He MEHSAIOTCS, a pe3ynbTaT NPOM3BeAeHNS - YACNO. Ecan ke ak3emMnnap yMHOXaeTcs Ha
4YNCNO, TO N3MEHAETCHA UCXOAHbINA 3k3eMnsap.



Taxske B kJlacce Vector onucaH MeTod, _ rmul (). ITOT METOA BbI3bIBa-
€TCs, eC/IM BTOPOM olepaH/ IPU YMHOXXEHHUH SBJISIeTCS 9K3eMILISIPOM KJlacca
Vector, a NepBbli OlepaH/l TAKUM 3K3eMILISPOM He sIBJIsieTcsl (Mbl HCXOAUM
U3 TOrO, YTO 3TO YKCJI0). Takum 06pa3oM, METO/ "BBIXOJMUT Ha CIEHY" MPH IO-
IbITKE YMHOXEHUs 4YUCIa (aPryMeHT p MeTo/la) Ha 3K3eMILIsAp KJacca Vector
(aprymeHT self MeTtozaa). B Tese MeTrona BBINOJHSETCST BCErO OAHA UHCTPYK-
1us return self*p, KOTOPOH B KayecTBe pe3yJbTaTa BO3BpallaeTcs IPOU3-
BeJleHue 9K3eMILIsipa self Ha yucjI0Boe 3HaueHue p. DakTHYeCKH, MBI orlepa-
LMI0 YMHOXXEHMSI YMCJIa Ha 3K3EMILISP KJlacca onpeeisieM KaK YMHOXXEHHE 9K-
3eMILIsIpa Ha YUCJIO.

Meton  neg_ () BBI3BIBAaeTCS B CJIydae, KOT/a Nepes 3K3eMILJISIPOM yKa3bIBa-
eTcsi 3HaK munyc. [IpuyeM B JTaHHOM CJIy4yae peyb HIET O MUHYCEe Kak 00 YHapHOI
ornepanuuy. [[aHHBI METO MBI OIIMCBIBAEM TaK, YTO 3K3EMILJISIP KJIACCa MEHSITh-
cs1 He Gy/IeT, a pe3yJIbTaTOM BO3BpAI[AeTCs] BHOBb CO3/IaHHBIN 9K3EMILIISIP, IT0JISI
KOTOPOTO HOJIYYaI0TCS U3 MOJIeH UCXOTHOTO SK3EMILISIpa YMHOXKEHHEM Ha - 1.

PasHocTb BEKTOPOB BBIYMCIISIETCSI METOAOM _ sub (). PesysibraTom merona
SIBJISIETCSI 3HaYeHUe BbIpaXkKeHUsI —obj+self, B KOTOPOM yHapHBIA MUHYC IIpU-
MEHSETCS K 9K3eMILISIPY ObJ U K [TOJIyYeHHOMY B pe3yJibTaTe 3TO! Ollepaliy K-
3eMILISIpy puOaBIisieTcst IKk3eMILIsIp sel f. HeuTo noxoxee mporucxXoauT B Tesie

MeTofa  isub (), HO TOJBKO Telephb pe3yJ/bTaT NPUCBAUBAETCSA NEPEMEH-
HOH self.
Monyb BekTOpa BBIYUCISETCS METOAOM __ abs () Kak 3HaueHHe BbIpaxe-

HUS sqrt (self*self) (KOpeHb KBaJPAaTHBIN U3 MPOU3BEAEHUS K3EMILISIPA
self Ha cebst xe).

JleseHue BeKTOpa Ha YUCJIO peaju3yeTcs yepe3 MeTox  truediv_ - (). 31ech
MbI UCXOJITUM U3 TOT'0, UTO [ieJIEHUE 9K3eMILIsipa self Ha YUCJIO p - 3TO TO XKe ca-
MOe, UTO YMHOXeHHe 3K3eMIlIsipa self Ha yucio 1/p. [loatoMmy pesyssrat me-
TO/1a BBIYUCJISIETCS BbIpaXkeHUeM self* (1/p).

IIpn cpaBHEHMH 3K3EMILISPOB Ha IpeIMET DAaBEHCTBA BBI3BIBAETCS METOL
eq__ ().Mertox onuca Tak, 4To 3HaueHHe True BO3BPALIAETCS, €CJIU COBIA/a-
IOT 3HA4YeHUs TI0JIeil CpaBHUBAaEMbIX 3K3eMILIsIpoB. CpaBHEHUE 3K3eMILISIPOB HA
npeaMeT HepaBEHCTBA peasu3yeTcsl IOCPeACTBOM MeToga — ne (). Pesyub-
TaT MeToja (BblpaxkeHue not self==obj,raeself u obj - apryMeHTHl METO-
[1a) TIoJIy4YaeTcs IOTUYECKUM OTpUIlaHUEM pe3yJbTaTa CpaBHEHUS 3K3EMILISIPOB
Ha [peIMeT PaBEHCTBa.

[Ipu cpaBHEHUH 3K3EMIUISIPOB C NOMOIIBIO ONEPATOPOB OOJIbllle, MEHBIIE, He
6osibllle U He MeHblIe (COOTBETCTBEHHO MeToabl gt (), 1t (),
le () m_ge_ ())HacamoM /ieJie CDaBHUBAIOTCSI MOYJIM 9K3EMILISIPOB.
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B kJacce Vector ONMUCHIBAIOTCSI M HEKOTOPBIE METO/IBI 1J1si TOOUTOBBIX OIEpa-
TopoB. Tak, "mo6uToBasi MHBEPCHSs" 1Jis IK3EMILISIPA KJIACCa BBITIOJIHSIETCS METO-
AoM _ invert  (): "MHBEPTUDYEMBIH" SK3EMILISAP U3MEHSETCS TaK, YTO HO-
Bble 3HAUEHUs N10JIel NOJIy4yaloTCsl BBIYMTAHUEM U3 yucJya 10 TeKylux 3Haue-

HUII 1oJ1el 9K3eMILISIpa.

Kpome storo, onuceiBatorcst Merogel _ lshift (),  rlshift (),
rshif t ()u__ rrshift (). Mb=r npejroJiaraeM, 4YTo OAWH U3 apryMeH-
TOB B KQ)X/IOM U3 3THX METOJIOB - 3K3EMILISIP Kjlacca Vector, a APyrou ome-
paHz - 370 1esioe uuco. [Ipu BbI30Be MeTOOB (@ 3TO MPOUCXOAUT IPU UCTIOJIb-
30BaHMHU OIEPATOPOB << U >>) BBINOJIHSETCS LUKJINYeCKas llepecTaHOBKa 3Ha-
yeHul noJieit ak3eMILJIsipa Kjacca.

KosmmuecTBo nocsie1oBaTebHBIX I€PECTAHOBOK OINPE/ESeTCsS 3HAYEHNEM YHUC-
JoBoro onepanja. Hanpassienue (BeBO WJIM BIIPaBO) IlepeCTAaHOBKU OIpeie-
JIsieTCs1 OIEPaTOPOM M MOPSIIKOM apryMeHTOB. IlepecTaHOBKU BJIEBO IPOUCXO-
JAT IJIs1 KOMaH[ BUJA 3K3eMIIap<<dylMCJIO U 4YMCIJIO>>BDK3EeMIUIsap, a Iie-
pecTaHOBKa BIIPaBO BBIMOJIHAETCS AJII KOMaH[ BHUAA 3K3EMIJIAP>>UMCIIO U
uycyio>>sk3emmnap. Hanpumep, B Teie Metofa  1shift () 3amyckaer-
CsI OTIEPATOP IIMKJIA, B KOTOPOM YHCJIO UTEPALINIA OIIPe/IesISIeTCS YUCIOBBIM apry-
MEHTOM, a 32 KaXk/bI I[UKJI BBINOJIHSIETCS KOMaH/a MHOXECTBEHHOTO ITPUCBaU-
BaHud self.x,self.y,self.z=self.y,self.z,self.x.

B pe3yJpTaTe I0JIE X II0JYYA€T 3HAYEHHUE 1014 Y, ITOJIE Y II0JYyYa€T 3HAYEHUE
I0JIA Z, a I10JIE Z MOJIyYa€eT 3HAUYEHUE T10JIA X.

) Hasamerky

YT06bl NOHATL, KAK BbIYNCNAETCS BbipaXeHne
self.x,self.y,self.z=self.y,self.z,self.x,Ccneayery4yecTb, YTO CHa4yana
BbIYUCNSAIOTCA 3HAYEHUSA B NPABOM 4acTn, a NOTOM KaxA0e N3 HUX NpucBavBaeTCcs Co-
OTBETCTBYIOLEN NEPEMEHHOW B NEBOW YaCTW.

Bre Tena kjlacca rpymnma KOMaH/| IO3BOJISIET NPOBEPUTH (PYHKIMOHAJIBHOCTD
OMMCAHHBIX B KJacce Vector clielUaJbHbIX METOOB.

Pe3iome

Ipusemaennasn mot cybcmanyus.
u3 /¢ "Tocmvs u3 6yoywezo”

1. HacJsenoBaHue 103BOJISIET CO3aBaTh HOBBIE KJIACCHI HA OCHOBE yXKe CyIlle-
CTByIOIUX KjaaccoB. HOBbII co3aBaeMblii KJlacC Ha3bIBA€TCS MPOU3BO-
IHBIM, a TOT KJIaCC, Ha OCHOBE KOTOPOT'O CO3/1aeTCsl IPOU3BOIHBIN KJIacc, Ha-



3biBaeTcs 6a30BbIM. Ilouis u METOIbI 6a30BoOro KJjacca HaCJIEAYIOTCA B IIPO-
HN3BOJHOM KJiacce.

2. Ilpu co3gaHuM NPOM3BOJHOTrO KJjacca 6a30BbIA KJIACC YKA3bIBAETCS B KPY-
TJIbIX CKO6K3X I10CJie UMEHH ITPOU3BOJHOr0 KJjiacca. ba3oBbIx KaccoB Mo-
XKeT ObITh HECKOJIBKO. B 3TOM Ciyyae ux uMeHa B KPyTJIbIX CKOOKax pasje-
JISIOTCST 3ansAThIMU. [IpOU3BOHBII KJTacC MOXET B CBOIO 04epes O6bITh 6a30-
BBIM JIJIS1 IPYTOTO KJjacca.

3. Meroapl, yHacIe[0BaHHbIE B IIPOM3BOHOM KJacce U3 6a30BOro, MOXHO Ie-
peornpeensiTh (OMUCHIBATH 3aHOBO B IIPOU3BOTHOM KJIacCe).

4. CyulecTByeT Ipymniia CHENUAJbHBIX II0JIed U METOOB, KOTOPBIE NTO3BOJISIIOT
HOJIy4aTh BaXKHYI0 MH(pOPMALUIO O KJacce. Takxe ¢ IOMOIIBIO CIIENHAJb-
HBIX METOJJOB MOKHO IIePErpy3UTh OIIepaTOpHI (TaKue, KaK OIlepaTop CJI0Xe-
HHUsI, BBIYUMTAHKS], yMHOXKEHHsI, TOOUTOBOM MHBEPCUH UJIH OIIEPATOPBI CPaB-
HEHUST) 1/l UCTI0JIb30BaHMSI X IIPU paboTe C IK3EMILISIPAMH KJIacca.
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Bcé epems Oymamv 00HY u my e MoiCAb Helb-
35! Imo ouenv 8pedno! Om 3moz0 MOKCHO CO-
ckyuumvcs u 3aboiemo.
u3 M/ 38 nonyeaes”

MsI1 y>ke paccMOTpesIM MHOTHE BOIIPOCHI, KaCalolMECS] OCHOBHBIX CHUHTaKCHYe-
CKHMX KOHCTPYKIH#i si3bika Python, y3Ha u pasHuily Mexx 1y ciuckaMu, KopTexa-
MU MHOXKECTBAMH U CJIOBAPSIMH, IO3HAKOMUJIUCH C yTIPABJISIONIUMHU HHCTPYKIIH-
sIMU (TaKUMH, KaK YCJIOBHBIN OMEPATOP MJIM ONEPATOP LIMKJIA), BBISICHUJIU, KaK
OTUCBHIBAIOTCS (PYHKIUH, KJIACCHI, & TAKXKE KaK CO3[AI0TCS IK3EMILJISIPBI KJIACCOB.
O6cyxaamuch U MHbIE TEMbI U BOIIPOCHL. BMecTe ¢ TeM, ¢ Hallleit CTOPOHBI OBLTIO
ObI HAMBHBIM I10JIaTATh, YTO MOJyYEHHBIE CBEIEHUS SIBJISIIOTCS] HCUEPIIBIBAIOIIH-
M. [ToHSITHO, YTO MHOTOE OCTasI0Ch "3a 6opToM”. Ternepb HaCTyNUJIO BpeMsl 3a-
TJISIHYTh 32 3TOT caMbiil "60pT". Ecsiu 60jiee KOHKPETHO, TO MBI B 3TO I'JIaBe pac-
CMOTPHUM HEKOTOPbIE BOIIPOCHI, KOTOPBIE KACAIOTCSI B OCHOBHOM paboThI ¢ HyHK-
IUSIMU M KjlaccaMu (3K3eMILIsipaMH KJjacca). Takxxe pacCMOTpUM HeGOJIbIINE
IPUMEPHI - TIOKa3aTeJIbHbIE C TOYKU 3PEHUS] METOAUKH IIPOrPAMMHUPOBAHUS Ha
si3pike Python.

DyHKUUN C NepeMEHHbIM KOJIN4ECTBOM
apryMmeHToB

Bedv amo xce nacmosuas maiina! Tor nomom
Hukozoa cebe e npocmuuis!
u3 x/¢p "Tocmosa u3 6yoywezo”

B Python cyuecTByeT BO3MOXHOCTb ONUCHIBATh (CO34aBaTh) (DYHKIUH, KOTO-
PBbIM MOXET [IepPe/IaBaThCs], OT BbI30Ba K BbI30BY, Pa3/IMYHOE (IIPOM3BOJIBHOE) KO-
JIMYECTBO apryMeHToB. [10 60/IbIIOMY CUeTy pedb UAET O TOM, YTO NP BbI30BE
(yHKIMKM MBI MOXKEM YKa3bIBATh TO HJIM HHOE KOJIMYECTBO aPryMEHTOB, B 3aBU-
CHMOCTH OT NOTPeOHOCTEMH.
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C nomo6HOI cuTyaluei Mbl y)kKe CTaJKHBAJIMCh, KOTa UMEJIH 1eJI0 C QyHKIIH-
SIMH, aPTYMEHTHI KOTOPbIX UMEIOT 3HAYEHUS [0 yMoJI4aHui. Hanpumep, ecu
y pyHKUMM ONUCAHO HSATH APIYMEHTOB, H Y KaX/IOrO eCTh 3HaYeHHe 110 YMOJI-
YaHMIO, TO IIPYU BbI30Be QDYHKLHUU €l MOKHO HeE IlepelaBaTh apryMEHTHI BOBCE
WJIM YKa3aTh OT OJHOTO JI0 MATH apryMeHTOB. Ho B JaHHOM MOJXO0Jie €CTh Cy-
I[ECTBEHHBII HEZIOCTATOK: IPH OMIMCAHUU BCE APT'YMEHTHI HEOOXOIMMO TIEPEUHC-
JIUTD SIBHO. DTO KAK MUHUMYM HaKJIaIbIBaeT OrpPaHUYEHHE HA MAKCMAJIbHOE KO-
JIMYECTBO 3JIEMEHTOB, KOTOPbIE MOXHO MepeaTh QYHKIUH.

Kpowme Toro, yacTo Ba’xHOe 3HaUeHIE UMEIOT HE TOJIbKO CAMH ITepeJaHHbIe (PyHK-
UM APTYMEHTBI, HO M UX KOJIUYeCTBO. TO eCTh KOJTMYECTBO apryMeHTOB (PyHK-
LMY MOXET UTPaTh POJIb HESIBHOTO MapaMeTpa UM apryMeHTa, UCIO0Jb3yeMO-
ro [IpY BHITIOJIHEHUU (PYHKIIMH MJIM BBIYMCJIEHUH ee pe3yJbTaTa. B aToM ciyyae
MOIXO/, OCHOBAHHBIM HA MCIIOJIb30BAaHUU 3HAYEHWH IO YMOJIYAHUIO IJIS apry-
MEHTOB (QYHKIINH, JaJIEKO HE CaMbIil ONTUMAaJIbHBIM.

Ectb npyroit BapuaHT - nepesaBaTh apryMeHThI (pyHKIIMU B Buje criucka. Ho
3TO TOXeE He Bcerzia y100HO, HOCKOJIbKY B 3TOM CJIyyae apryMeHT Ha CAMOM JIeJie
OI¥H 1 06pabaThIBATh €r0 HYXKHO KakK criucok. OpraHu30BaTh TaKyo 06paboTKy
JIOCTAaTOYHO IIPOCTO, HO OCHOBHBIE TPY/AHOCTH BO3HUKAIOT IIPH IEpeaye apry-
MEHTOB BO BpeMsi BbI30Ba (DYHKIIMH, TOCKOJIbKY 3TH apryMeHTHI [IPeBapUTEb-
HO MIPUZIETCST OPraHM30BaTh B BU/E CIKCKA. XOTsl, KOHEYHO, U 3Ta 3a/1a4a He sIB-
JsieTcst o HOM. [IprMep Takoro noaxoza MpoUJIIIOCTPUPOBaH B ucTuHre 8.1.

g&&%zV Adﬂﬂﬁﬂﬁﬂ‘ﬁm¥ﬁ9K -

# OYyHKUMSA C AapPT'yMEHTOM — CIIMCKOM
def show _me (args=[]):
# HauanbHOe 3HaueHMe MHIEeKca
i=0
print ("ApryMeHT (bl) QyHKUMM:")
for s in args:
# HoBOe 3HaueHMe MHIEKCa

i+=1
# OrToBpaxaeTcs BJIEMEHT CIMCKA
print(str(i)+"-u 'aprymeHt':",s)

print ("BunojHeHMe QyHKUMM 3aBepleHo.")
# [pyMeph BH3OBa OGYHKLMUM
show_me ()
show _me ([100])
# Cnmcok — apryMeHT (yHKUMM
nums={10,55,2+337,0.123]
show_me (nums)
show_me (["Python","Java"])



PeByJII)TaT BBIIIOJIHEHU A IIPOrPaMMHOI'0 KOJa TaKOM:

ApryMeHT (bl) GyHKUMM: i
BeinosiHeHue ¢yHKUUM 3aBepIEHO.
ApryMeHT (bI) GYHKLMM:

1-n 'aprymeHT': 100
BrimosiHEHME (QYHKLMM 3aBEplUEeHO.
ApryMeHT (bI) GYHKUUM:

1-1 'aprymeHt': 10
'aprymeHT': 55

-n 'aprymeHT': (2+3])
'aprymeHT': 0.123
BeimoJsiHeHMe (QyHKUMM 3aBEPUEHO.
ApryMeHT (bl) GyHKUMM:

1-11 'aprymeHT': Python

2-n 'apryMmeHT': Java
BrIrmoJIHEHME (QYHKLMM 3aBEpPIUEHO.

=

Sw N

AN

B nannoM ciyyae Mbl onucbiBaeM PyHKIUIO show me (), y KOTOPOi OAUH apry-
MEHT, [IPUYEM Y 3TOTO apryMeHTa eCThb 3HaYeHHUE M0 YMOJYAHUIO - TyCTON CIU-
cok. CaM apryMeHT, Kak MBI IIpeJITIoJIaraeM, TakxXe sIBJIsIeTCsI CIIUCKOM. Bo Bcs-
KOM c.Ty4ae, o6pabaThiBaeM MbI €r0 HMEHHO KaK CIIMCOK. B yacTHOCTH, B Tese
(pyHKIIMU 3aITyCcKaeTCs OMEPATOP LIMKJIA M B 3TOM OIlepaTOpe LIUKJIA IepeMEeHHAa st
s npoberaeT 3HaUeHUsI U3 CIIUCKa args (apryMeHT ¢pyHkuuu). VHaekcHas me-
peMeHHas 1 3a KaXk/[bIi IIUKJI yBeJNYUBAET CBOE 3HAYEHUE HA eJUHHILY, HyMepY s
TEM CaMbIM 3JIEMEHTBI CIIMCKa args. Onepanuu ¢ 3TUMH 3JIEMEHTAMH BBIIOJIHSI-
IOTCSI TIPOCThIE: OHU OTOOPAXKAIOTCST B OKHE BbIBO/A. [Ip1 9TOM KaoK/Iblii 9J1eMEHT
MBI Ha3bIBAaEM "apPIryMEHTOM" - KaK HaIllOMUHAHHE, YTO CIIUCOK args, yKa3aHHBIN
aprymMeHToM ¢yHKIMHM show_me (), "UMUTUDYeT" HabOp apryMeHTOB (pyHKLUH,
Y KOJINYECTBO 3TUX apPI'yMEHTOB He (hMKCUPOBAHO.

3ateM UayT IpUMepHI BbI30Ba HYHKIMU show me () : 6e3 apryMeHTOB (3TO BO3-
MOXXHO, TIOCKOJIbKY IIPU ONMMCAaHUU QYHKIMU JJIs ee apryMeHTa-CIIUCKa 33JaHO
3HAYEHHE T10 YMOJYAHUIO ), C ApTyMEHTOM-CIIUCKOM U3 OHOTO 3JIEMEHTA, U3 Ye-
ThIPEX 3JIEMEHTOB U U3 JIBYX 3JIEMEHTOB. B KaXK/IOM M3 3THX CJIyyaeM MapaMeTphl,
KOTOpbIE NepeqaroTcss B GYHKIMIO, JOJKHBI ObITh OPraHU30BaHbI B BH/E CIIHU-
cKa (CIUCOK CO3/1aeTCs MPeABAPUTEBHO U CChLJIKA HA HETO IIPUCBAUBAETCS IIe-
PEMEHHOI MJIH CITUCOK HETIOCPEICTBEHHO MepelaeTCsi apryMeHTOM QYHKIUH ).

0 Hasametky

DopManbHO Y GYHKLMM show me () OAUH aprymMeHT (M Mbl UCXOAUM M3 TOrO, 4TO 3TOT
apryMeHT - cnucok). NMoaTomMy npu Bbi30BE DYHKLMN €/ HYXHO nepeaatb OAvH apry-
MeHT. YTo6bl MOXHO 6biN0O BbI3bIBaTL DYHKUMIO 6€3 Nepefaym aprymeHTa, Mbl 3agaem
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3Ha4YeHue aprymMeHTa no yMmoa4aHuio (NycTon CNnUcok).

Mpn BbI30BE PYHKUMN show_me (), €CAM eli He NepeaaeTcs aprymeHT, B Tene GyHKuum
B OnepaTope uuknia nepebupaloTcs 3NeMeHTbl NycToro cnucka. Ho nockoneky B nycTom
CnmcKe 3NeMeHTOB HeT, TO U nepebupaTb 0co6o Heuvero. Kak cneacTteune, HU 0aHa U3 Ko-
MaH/A, B Tesie onepaTopa LyKa He BbINOSHAETCS.

B npuHIune, HET HUYETO IJIOXOTO B TOM, YTOOBI HCIIOJIb30BATh O3HAYEHHBIi
BBIILIE TTOXO0J (C Mepegaveil GyHKIIMU aPr'yMEHTOM CIIHCKA ), HO UMEIOTCS U IpY-
rvue BO3MOXHOCTU. Kak mimocTpanuio pacCMOTPUM IIPOTPaMMHBINA KOJ| B JIH-
crunre 8.2. Ilo cpaBHEHMIO C NPEABIAYIIUM IPUMEPOM 3[€Chb BHECEHBI MHHH-
MaJIbHble N3MeHeHUs (KOTOpble, TeM He MeHee, UMEIOT CyllleCTBEeHHbIe MoCIel1-
CTBUS).

# OYHKLUMA C NPOM3BOJILHEIM KOJIMUECTBOM apPTyMEHTOB.
# EOMHCTBEHHHM GOPMAaJIbHHIM apryMeHT ofpabaThBaeTcs
# KakK CIMCOK
def show_me (*args) :
# HauanbHOEe 3HaueHMe MHIEKCa
i=0
print ("ApryMmeHT (bl) GyHKUMM: ")
for s in args:
# HoBOe 3HaueHMe MHIOEKCa
i+=1
# OTobpaxaeTcs 3JIEMEHT CIMCKa
print (str(i)+"-m aprymeHT:",Ss)
print ("BenoJHeHMe OQYyHKUMM 3aBepueHo.")
# IpuMepH BEI3OBA QYHKLUU
show_me ()
show_me (100)
# ApryMeHT OoyHKUMM GOPMMPYETCs Ha OCHOBE CIMCKa
nums=[10,55,2+33,0.123]
show_me (*nums)
show_me ("Python", "Java")

Pe3yisTat BBINOJIHEHHUS IPOIPAMMHOTO KO/Ia OY/IET BBIIJISAETD CJIEAYIOIUM 06-
pasom:

ApryMeHT (bI) GYyHKUMM:
BrirmosiHeHre QyHKLUMM 3aBEPUIEHO.
ApryMeHT (bI) GYyHKUMM:
~1-1 apryment: 100

BrimosiHeHMe QyHKUUM 3aBEPUEHO.



ApryMeHT (bI) GYHKLMM:

-1 apryMeHT: 10

-1 apryMeHT: 55

-1 apryMeHT: (2+33)

- aprymeHT: 0.123
BeinoJsiHeHMe QyHKUMM 3aBEPUIEHO.
ApryMeHT (bl) QyHKUMM:

1-%1 aprymeHT: Python

2-1 aprymeHT: Java
BrinoJsiHeHMe (QyHKLMM 3aBEPUEHO.

Sw N

Bce, uTo MBI ceanu - 3TO Mpu onvcaHuu (GyHKIUU show me () IHepex apry-
MEHTOM args NOocTaBUJIU 3Be3f0uky *. [Ipu aToMm B Tese pyHKUUU NepeMeH-
Hasl args obpabaTbiBaeTcsl KaKk CHHMCOK (@ ecyii TOYHee, KaK KOpmex - HO B
IaHHOM CJIy4yae pasHHLA HeOI[yTHMa). A BOT NpU BbI30Be DYHKLHUU apryMeH-
THI €l MOTYT MepenaBaThCsl B JIIOOOM KOJIMYecTBe (BKJIIOYAsT "IK30THUYECKUiL"
cJIyyaif, KOrJla apryMeHTOB HeT BOBce). B Buae cmucka aprymeHTbl 0dopM-
JIATb He HyxXHo. Bosiee Toro, ecim y Hac umeercs cnucok (Kak, HallpUMep,
nums=[10,55,2+3j,0.123]), To €ro MOXXHO TepelaTb apryMeHTOM (PyHK-
uuM show_me (), yKasaB niepe/] MIMEHeM CIIMCKa 3Be3/I04Ky * (Kak, Hallpumep, B
KoMaH/e show_me (*nums) ). dpdekT GyaeT Takoii, kKak ecu Obl apryMeHTaMH
(pyHKIMU TIEpeIaBaIUCh 3JIEMEHTHI CITUCKA.

Takum 06pa3oM, 4To6bI OnHCcaTh HYHKIHUIO C IPOU3BOTIbHBIM KOJUYECTBOM apry-
MeHTOB, (GOpPMaJIbHO ¥ (DYHKIMU YKA3bIBAETCS OJUH apryMEHT, MePe KOTOPhIM
noJoKHA ObITh 3Be3mouka *. [Ipu 3ToM B Tesie GyHKIMM apryMeHT 06pabaTbiBa-
€TCs1 KaK CIUCOK. [Ipy BbI30Be (DYHKIIUHM apryMeHTbI NepealoTCst OOBIYHBIM 00-
pa3oM, 6e3 hopmupoBatus criucka. Ecyiv mpu Bbi3oBe QyHKIMY el iepeaaTh ap-
TYMEHTOM CITMCOK U Mlepejl 3THM CITIUCKOM YKa3aTb 3Be3[0UKY *, TO GYyHKIHs 6y-
JIeT BbI3BaHA C apr'yMEHTaMH, KOTODBIE SIBJISIIOTCS 3JIEMEHTAMU JIAaHHOTO CITUCKA.

(O Hasametky

MNMocnepHee 3amMeyvaHne OTHOCUTCH HE TOJBKO K (PYHKUMSM C MPOU3BONbHBIM KO-
4YECTBOM apryMeHTOB, HO KO BCeM YHKUMAM. Hanpumep, 3KBUMBANEHTOM KOMaHAbl
pow (*[10,2]) sBnAeTca komaHaa pow (10, 2) . HanomMHuMm, 4TO DyHKLMEN pow () Bbl-

2
NONIHAETCA BO3BEAEHNE B CTENEHb, NO3TOMY peaynbraT 06emx KOMaHpg, - 3TO 10 , TO
ecTbuucno 100.

Cutyanusi MoXXeT GbITh He TaKOil OYEBHIHOM, KaK B PACCMOTPEHHOM IpUMe-
pe. BapraHTOB 10CTaTOYHO MHOTO, ¥ MBI OCTAHOBUMCSI Ha HauboJiee 3HAYUMBbIX.
CkasxeM, HEPE/IKO CJIy4aeTcsi, YTO HeOOXOAUMO onucath QyHKIHMIO, B KOTOPOH
KaKO0e-TO KOJIMYECTBO apT'YMEHTOB I0JIKHO ObITH Iepe/IaHo IPH BbI30Be B 00513a-
TeJIbHOM mopsifike. Eciu Tak, To QyHKIIMSI OMUCHIBAETCS C IBHBIM OMTUCAHUEM He-
06XOIUMBIX apryMeHTOB (KaX/(blii U3 HUX B MOCJIE[0BATEIbHOCTH apryMeHToa
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0603HaYaeTCs OTAEIbHOI TEPEMEHHOIT ), @ BCE OCTaJIbHbIE APTyMEHTHI (KOJIHYe-
CTBO KOTOPBIX He (GPUKCHPOBAHO) 0603HAYAIOTCST OJJHUM aPrYMEHTOM CO 3BE3/104-
koii. [Ipumep Takoil cuTyaiyy npuBeeH B JIUCTUHTE 8.3,

~ Jucunr 8.3. OBsizatenshbie M HEOBA3aTENbHBIE APryMEHTHI

# OyHKUMA C OBYMs, KaK MMHUMYM, apryMeHTaMmu
def show_me (first, second, *other) :
# IlepBEII apryMEHT
print ("lepBu aprymeHT:",first)
# BTOpOM apryMeHT
print ("Bropoy apryMmeHT:", second)
# KonmuecTBO HeEOOSA3ATEJNbHEIX apIyMEHTOB
n=len (other)
print ("Ewe ocranocep",n,"aprymeHra:")
# Koprex m3 HeoOsA3aTeJIbHEX apTyMEHTOB
print (other)
# BuI3OB QyHKLUM
show_me (10,20, 30,40,50)

B pesyJibTaTe BBINOJIHEHHS JaHHOrO MPOrPaMMHOrO KOJa B OKHE BBIBOJA TOSIB-
JISIIOTCSL TaKUe COOOILIEHUS:

YNLTAT BLINOAHEHWS NPOTPaMMbl (M3 nucTHra8.3)

[epeur aprymeHT: 10
Bropoynt aprymeHT: 20

Eme ocranoch 3 apryMeHTa:
(30, 40, 50)

B nannom ciyyae y yHkiuu show _me () nepsble ABa apryMeHTafirst u sec-
ond onucaHbl 6€3 3B€3[J0YKH, TO3TOMY 3TO CaMble OOBIYHBbIE apryMeHTbL. OHU
006s13aTeJIbHO IOJKHBI OBITh YKa3aHbl TapH BbI30Be QyHKIUU. TpeTuii apryMeHT
(yHKLIMH, KOTOPBIN Ha3bIBaeTcsl other, ykasaH co 3Be310ukoi. [loatoMy mpu
BbI30Be (PYHKLIMM show me () NepBbIH NepelaHHBbIN eif apIryMEHT - 3TO apry-
MEHT first, BTOpO# HepeJaHHbIA (YHKIUU apryMEHT - 3TO apryMeHT second,
a BCe IIpoyue apryMeHTbl QYHKIHH - 3TO KOpTeX other. B Tene dyHkuum ap-
TyMeHT other obpabaTbiBaeTcsi Kak KOPTeX (MJIM KaK CIHCOK - B JAHHOM CJIy-
Yyae 3TO He MPUHIMIHUAJIbHO). Tak, KoMaH/0i n=1len (other) BBIYHUCISETCS U
B [IePEMEHHYIO N 3alHMCHIBAETCS KOJIMYECTBO 3JIEMEHTOB B KOpTeXe other. JTO,
(akTHUecky, KOJTHMYECTBO TEX HEOOSI3ATENBHBIX API'YMEHTOB, KOTOPBIE ITEpeIaHbl
¢dyHkIuM show me () mpu Bbi3oBe. YTOOBI IPOIEMOHCTPUPOBATD, YTO Other -
5TO MMEHHO KOPTeX, B TeJie DYHKIMH BHITOJIHSETCS KOMAHAa print (other).

BrisbiBaeTcst @yHkuMsl show _me () C MATHIO apryMeHTaMu: llepBble /Ba - apry-
MeHTHI first U second, a TpH nocJiegHUe GOPMUPYIOT KOPTEX other.



Ho ato eme ne Bce. UuraTesb, HaBEPHOE, IOMHUT, YTO apryMeHThI (QyHKIUU
MOXHO TlepeJlaBaTh He TOJIBKO MPOCThIM MEePeYHCIeHUEM Yepe3 3anaTyo (Kak
MbI 00bIYHO U esiaeM). Elite 111 apryMeHTOB MOXKHO SIBHO YKa3bIBaTh K10Y UJIH
ums apryMeHTa B ¢popMaTte aprymeHT=3HaueHue. [lepBblil ciocob nepenayu
apryMeHTOB (DYHKIIMU HA3bIBAETCS NO3ULUOHHBIM, & BTOPOI - N0 KU0UY WU NO
UMEHU.

[Ipu BBI3OBe cHayasa yKa3bIBAIOTCS MO3UIMOHHBIE apryMeHTHI (TepealoTcs B
CTPOTOM COOTBETCTBUH IOPSIZIKY, B KOTOPOM apryMeHTBI ONUCAHBI B QYHKIMK), 2
yoKe 3aTeM Te, YTO NePealoTCs 10 K04y (MOTYT ObITh B IPOM3BOJIBHOM IIOPSI-
Ke, OCKOJIbKY Ha3BaHHe KaXk[0ro apryMeHTa yka3aHo sisio). B Python cyue-
CTBYeT BO3MOXKHOCTH C03/1aBaTh QYHKIIMU C TPOU3BOJIBHBIM KOJIMYECTBOM apry-
MEHTOB, IIPUYEM 3TH apryMEHTbI MOXKHO IlepeaBaTh He TOJIBKO MO3ULIMOHHBIM
croco6oM, HO U C SIBHBIM yKa3aHueM KJjtova. [Ij1s1 0603HaueHUsI TIOCTeTHUX UC-
MOJIb3YIOT (POPMAJIBHBINA aPryMEHT, IIEpPel KOTOPBIM YKa3bIBAIOT ABOMHYIO 3BE3-
IOYKY **.

Ecsiu 60siee TOYHO, TO TaKOi apryMeHT MPEACTABJSET COO0I CJI0BAPb, KIIOYH KO-
TOPOrO - 3TO Ha3BaHMUA apPryMEHTOB, a 3HaYEHUs CJIOBAaps - 3TO 3HaYE€HUS apry-
MeHTOB GyHKIuU. Hanpumep, B ciexyoniem npuMepe onucana GyHKIuUs show
me () c apryMeHTamu first, second, *other u **byname. [lepBbie aBa apry-
MeHTa first U second QYHKIMH JOJDKHBI OBITH TIEpeIaHbl 06sI3aTEIBHO (MO3H-
IIMOHHBIM CIIOCOOOM WJIU Yepe3 KJII0Y), apryMeHT other mpeacTaBisieT co60i
KODPTEX CO CIIUCKOM TeX apryMeHTOB (3a HCKJIIoUeHueM first u second), KOTO-
pblie nepefaHbl QYHKINUY TO3UIIUOHHBIM CIIOCOO0M, 2 apryMeHT byname sIBJIsIET-
CsI CJIOBApeM C KJII0YaMH U 3HaUeHUSIMU apryMeHTOB (KpoMe first u second),
KOTOpBbIE nepeiaHbl GYHKIUHU Yepe3 KJIIoY.

Onucanne pyHkuMu show me () ¥ IPUMeEpPHI ee BbI30Ba NIPe/ICTaBJIeHbI B JIH-
ctuHre 8.4.

© Nucrwir8.4.
# OYHKLUMA C NPOU3BOJILHEM KOJIMUECTBOM apIr'yMEHTOB
def show_me (first, second, *other, **byname) :

# OrobpaxanTCcd 3HAaueHMsd apryMEHTOB

print ("first ->",first)

‘print ("second ->",second)

print ("other ->",other)

print ("byname ->",byname)
# IpuMepH BHS30Ba OQYHKUMM
print ("1-m cnoco6 BH30Ba QyHKLUMM.")
show_me (10,20, 30,40,50,60,70)
print ("2-1 cnoco® BH3OBa QyHKUMM.")
show_me(10,20,50,60,70,third=30,fourth=40)

ikl )



InaBa 8. HeMHoro o pasHom

print ("3-1 cnoco6 Br3OBa QyHKUMM.")

show_me (10,20, third=30, fourth=40)

print ("4-71 cnoco6 BH30OBa QyHKUMM.")

show_me (second=20, first=10)

print ("5-11 cnoco6 BrH3OBa GyHKUMM.")

show_me (first=10, second=20, third=30, fourth=40)

PesyJibrat BbINOJIHEHUSI TPOIPAMMHOIO KOZIa TaKOM:

rpamMel (3 AucTura 8.4)
1-1 cnoco6 BH30Ba QyHKUUM.
first -> 10
second -> 20
other -> (30, 40, 50, 60, 70)
byname -> {}
2-11 cnoco6 BH30Ba (QYyHKLMM.
first —> 10
second -> 20
other -> (50, 60, 70)
byname -> {'third': 30, 'fourth': 40}
3-11 cnocof BH3OBa QYHKUUM.

first -> 10
second -> 20
other -> ()

byname -> {'third': 30, 'fourth': 40}
4-11 cnoco6® BHI3OBA QYHKLMM.

first -> 10

second -> 20

other -> ()

byname -> {}

5-11 cnoco® BH30OBa QYHKLMM.

first -> 10
second -> 20
other -> ()

byname -> {'third': 30, 'fourth': 40}

Ecnu dyHK1us BI3bIBaeTCs € Iepejadeli BceX apryMeHTOB [TO3UIIMOHHBIMY CIIO-
coboM (kak B koMaHJe show me (10,20,30,40,50,60,70)), To nepBoe u
BTOpOE 3HaYeHUs - ITO 3HAaYEHUA apryMeHTOB fir st U second, a Bce OCTaJIbHbIE
apryMeHTbl GOPMUDPYIOT KOPTeX, SIBJISIOIIUICS 3HaUeHUeM apryMeHTa other.
ApryMeHT byname B 3TOM CJIy4ae sIBJIsIeTCs IyCThIM CJIOBapeM.

B komanze show _me (10,20,50,60,70, third=30, fourth=40) Kpo-
Me TO3UIIMOHHBIX apIr'yMEHTOB, eCTh apr'yMeHTHI, IepeJaHHble 10 K4y (Ipu-
yeM peub He UeT 00 apryMeHTax first u second). [lepBbie 1Ba 3HaYeHUS - ap-



T'yMeHTH first U second, Bce OCTa/IbHble [TO3ULIMOHHbIE API'YMEHTHI - 2JIEMEH-
ThI KOpTeXa other, a cjoBapp byname (opMmupyeTcsi Ha OCHOBE apryMeH-
TOB, Nepe/laHHbIX N0 Kaody. bosee KOHKpeTHO, 3HaYeHUsT apryMeHTOB first u
second-31010u 20,KopTexX other COCTOUT U3 Tpex aJieMeHToB (50, 60, 70),
a cJoBapb byname COAEPKUT 3JEMEHTbI cO 3HaueHusMu 30 u 40 C KJO-
yaMu third u fourth coorBercTBeHHO. Iloxo)kast cuTyanusi ¢ KOMaHAOU
show _me (10,20, third=30, fourth=40), TOJIbKO KOpPTEX other B 3TOM
cJIy4ae MmyCTOM.

(0 Hasamerky

O6paTtnTe BHWUMaHWE, 4YTO apryMeHTbl third M fourth B onucaHuu yHKLUM
show_me () OTCyTCTBYIOT. [lpyrMn cnosamu, nNpu Bbi30BE PYHKLMN Mbl yKasbliBaem
KJIl04M, KOTOPbIX KaK 6bl U HET. TeM He MeHee, Tak MOXHO AenaTb - A3blk Python npeao-
CTaBnsieT BO3MOXHOCTW N0 06paboTke TakMx CUTyaumii.

B komanze show me (second=20,first=10) mnepBble 006s3aTesbHBIE ap-
TYMeHTBl yKa3aHbl 10 KJIO4y, a IpyruX apryMeHToOB HeT. [loatoMy u koprex
other, ucj0Bapp byname B 3TOM CJIy4ae IIyCThIE.

Hakonen, B koMaHJe show me (first=10, second=20,third=30, four
th=40) Bce apryMeHThI yKa3aHbl 0 Kjouy. Kak cyencTBue, apryMeHT other
SABJISETCS IIYCThIM KOPTEXEM.

2 Hasametky

Ecnv npu BbI30BE GYHKLMM apryMEHTOM eil nepeaaTb CioBapb, nepes KOTopbIM yka-
3aTb ABE 3BE3404KW * *, TO 3TOT cnosBapb GyAeT aBToMaTvyiecku npeobpasoBaH B Cnn-
COK WMEHOBAaHHbIX apryMEHTOB: KJ/Il0YN CNOBaps CAyXaT Ha3BaHWSMW aprymeHToB, a
3Ha4YeHVs CIOBAPS - 3HAYEHUSMU aprYMEHTOB QYHKLUMMN.

AOekopaTopbl PYHKLNNA U KNTACCOB

Monodoii uenosex, a 6vt HenpasuIvHo odembL.
u3 x/¢p "Tocmvs u3 6yoywezo”

Yro6BbI MIOHSITH CYyTh U HAa3HAYEHUE OeKOpamopos QyHKyuil, cieaeM HEKOTOpbIe
Mpe/BapUTeJbHbIE 3aMeyaHus. Tak, pe3yapraToM QYHKIUKU MOXKET ObITh (QyHK-
U

3 Ha3sametky

Mpumep pyHKUMK, KOTOPas B kayecTBe pedynbrata Bo3BpawaeT GyHKUMIO, NnpuseaeH
B rniase 3 B pasfene, NOCBALWEHHOM ONUCaHUIo 1SMbaa-yHKUMI, a TakxXe B pa3aene,
cneunansHO NOCBSALWEHHOM 3TON TeMe.
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AprymeHToM GyHKIMH TakXke MOXeT ObITh hyHKIHUsL. [[09TOMY HUKTO ¥ HUYTO
He 3ampelniaeT onucatb HaM QYHKIHIO, KOTOpast apryMEHTOM NpUHUMaeT QyHK-
IIMIO U Pe3yJIbTaTOM BO3BpalaeT pyHKImo. /{151 601blIeil KOHKPETUKH 0003Ha-
yuM yepe3 f () HeKOTOpYIo QYHKIHIO, a F () - 3T0 OyAeT QYHKIHS, KOTOpas ap-
TYMEHTOM MPUHUMAaeT QYHKIUIO U pe3yJIbTaToM Bo3BpaiaeT pyHkiuo. DyHk-
1K F () BKavyeCcTBe apryMeHTa MOXeT ObITb niepenaHa pyHkiwms £ () (aprymeH-
TOM yKa3biBaercsi uMsi pyHkIun ). Takum o6pa3oM, BeipakeHue F (f) mpeacras-
JisieT co60¥ (hYHKIIHUIO.

PesyJisraT 3TOr0 BeIpaXK€HUsI MOXHO [TPHCBOUTDH B KAUECTBE 3HAYEHUSI [IEPEMEH-
HOH, 1 3Ta 1epeMeHHast Oy/eT CChlIaThCs HA 00BEKT (pyHKIMK. [[pyruMu cJio-
BaMH, TaKyI0 IEPEMEHHYI0 MOXHO Oy/eT paccMaTpuBaTh Kak (pyHkuu0. Maso
TOTO, 3TOI IepPEMEHHOIT MOXET GBITh £ - MBI MOXKEM BOCIIOJIb30BAThCST KOMAH/0i
£=F (£). B 3T0i1 kOMaHe HeT omunbku. Ee BoIMONHEHHE TIPUBE/IET K TIEPEOTIPE-
nesieHuio GyHKnuM £ ().

O Ha3sametky

KomaHpa f=F (f) BbINONHAETCH Tak. BHayane nepemMeHHasn £ cCbinaeTcst Ha HEKOTOPbLIN
06beKT, KOTOpbI onpeaenseT GyHkumio £ () . Npu BbINONHEHWUM KOMaHAb! £=F (f) CHa-
yana paccunTbiBaeTCs pe3ynbrar BbipaxeHus F (£) . [pyn 3TOM ncnonbayercs Tekyuias
ccbiika Ha 06beKT dyHKUMK £ () . Pe3ynbTaToM BhipaXeHus F (£) SBASeTCs HOBbI 06b-
€KT, onpeaensawmii HekoTopylo dyHkumio. Cebiika Ha 3Ty GyHKUMIO 3anucbiBaeTcs B
nepemeHHyto f. BHewHuin adekT oT 3aTUX AENCTBUIA CBOOUTCA K TOMY, YTO MEHs\eTCH
dyHKums £ ().

TakuMm 06pa3oM, ¢ MOMOIIIBIO (PYHKIUU F () MBI MOXEM BBITIOJIHUTH MpeoOpa-
3oBaHue pyHkuuu f (). [[Jg 3TOro IOCTAaTOYHO BOCIMOJIb30BATHCS KOMAaHIOU
f=F (f). Takoro xe 3cddekTa MOXXHO TOOUTHCS, €CJIU TIEPE] ONUCAHUEM (DYHK-
uuu f () MOCTaBUTb MHCTPYKIMIO @F (3HaK @ ¥ uMsi GYyHKIMH F (), HA OCHO-
B€ KOTOPOI1 BbIMOJIHsieTCsT Tpeobpa3oBanue). To ecTh peub uaeT 06 UHCTPYKIHUU
BH/a

QF
def f (apryMeHTH) :
# Teno dyHkUMM
O6 uHCcTpyKIMK QF roBOPST, YTO 3TO dexopamop Pyukyuu. [Ipumep 1cnosb3o-
BaHUsI JeKopaTopa GYyHKIHIA IPUBE/IEH B IUCTUHTE 8.5.

O Ha 3ame'rxy‘

Janee mMbl paccmaTpmsaem "MaTemMaTudeckmii” npumep. B 4acTHOCTHU, Mbl paccmaTpum-
BaeMm Bbipaxenue sugaexp (—f(x)?), rae f(x)ectb HekoTopas dyHkums. ECrm 6bl Ham

NPeACTOAN0 YaCTO MCNOMb30BaTh TAKOr0 PoAa BbipaxeHns (4515 pasHbix dyHKumi f (x)
), TO pa3ymMHo 6b1510 66l UICNONBL30BaTh AEKOPATOP GYHKUMA. A UMEHHO, Mbl ONMUCBLIBAEM



. dyrkumo F(f) Takyro, uto F(f)(x) = exp (—f (x)?). dyrnkumo F (f) poctatodHo onm-
caTb 0fIMH pa3. 3aTeM MCNoJb3ys ee Kak AEeKopaTop, MoXeM onpeaensite GyHKLUM A

BbIYNCNEHUA BbIpAXEHUA BUAa

exp (—f(x)?), npn aTom onpeaenss hak TMHECKU TONILKO

KOA AN BbluncneHuns seipaxenus f(x).

# ViMnopT MaTeMaTumueckmx OGyHKLUMM
from math import exp,sin,cos,tan
# OYyHKUMSA IOJIS MCIOJB30BaHMSA B OEeKOpaTope

def F(f):
# Jlambpna-dbyHKUMSA
res=lambda x:
return res

(aHOHMMHasa QYyHKUMS)
exp (-f(x)**2)

# OyHKUMA IOJIS UCIOJIb30BAaHUA B oeKopaTtope

def Q(f):
# BHyTpeHHsaa GyHKUMSA
def g(x):
return tan (f(x))
return g
# OYHKUMSA C OEeKopaTOpOM
@F # IexopaTop
def f(x):
return sin(x)
# OyHKUMA C IeKopaTopoM
@F # Iexopartop
def g(x):
return cos(x)

# OyHKUMA C IOByMs OeKOpaTopaMmm

@Q # Bropoy ImekopaTop
@F # IlepBHNT DEeKOPaTOP
def h(x):

return x
# IlepeMeHHas
n=>5

# 3HaueHMsa OGYHKUMIM B pPa3HHX TOUYKax

print ("®yuxkumsa f£():")
for i in range(n+l):
z=i/n

print (£(z),"->",exp(-sin(z)**2))

print ("®ysxuma gi():")
for i in range(n+l):
z=i/n

print(g(z),"->",exp(-cos(z)**2))

print ("®yHxkuma h():")
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for i in range(n+l):
z=1i/n
print (h(z),"->",tan(exp(-z**2)))

I1pu BEIMOTHEHM Y TPOTPAMMHOTI'0 KO/Ia MTOJIy4aeM TaKOl pe3yJIbTarT:

dyukuma f():

1.0 -> 1.0

0.961299270288799 -> 0.961299270288799
0.8592918618974276 -> 0.8592918618974276
0.7270055824268487 -> 0.7270055824268487
0.5977397854322518 -> 0.5977397854322518
0.49259230319603176 -> 0.49259230319603176
dyHkuma g() :

0.36787944117144233 -> 0.36787944117144233
0.38268981631591364 -> 0.38268981631591364
0.4281193125221935 -> 0.4281193125221935
0.5060201050223136 -> 0.5060201050223136
0.6154508201347391 -> 0.6154508201347391
0.7468233644427067 -> 0.7468233644427067
dyukuma h() :

.5574077246549023 —-> 1.5574077246549023

.4307602577401106 -> 1.4307602577401106
.143266474503948 -> 1.143266474503948
.8383239288289558 -> 0.8383239288289558
.582285681136045 -> 0.582285681136045
.38542559176909813 -> 0.38542559176909813

O OO K

B camoMm Hauase mporpaMMHOTrO KO/la Mbl UMIIOPTHPYeM U3 MOy s mat h pyHK-
IIUU eXxp () AJA BBIYUCIEHUS IKCIIOHEHTHI, sin () AJIsg BBIYMCJIEHUSI CUHYCA,
cos () [JIs BBIUUCJIEHUS] KOCUHYCA U tan () IS BBIUMCJIEHUs TaHreHca. Jasee
onuceiBaercs PyHKUUS F (), y KOTOPOH, Kak IPEATOJIaraeTcs, apryMeHT £ - uMsi
apyroit GyHkuuu. B Tese pyHKUMM IlepeMeHHON res NPHUCBAaWBAETCS B Kaye-
CTBe 3HAYEHMS CChLIKA HA aHOHUMHYIO GyHKIMIO (JsM6aa-DYHKIMIO), OGBEKT
KOTOpO¥ cO3aeTcsa MHCTPpyKLKed lambda x: exp (-f (x) **2) . [lepemennas
res (ccbliika Ha 00beKT YHKI[MH) BO3BPAIIAeTCsl KaK pe3yibTaT GyHKIMU F () .

OyHKIUs Q () Takke BO3BpAlIaeT B KAYeCTBE Pe3yJIbTAT (PYHKIMIO (TO3TOMY
MOXeT U OyIeT UCTOJIb30BaHa B fekopatope). B Tese ¢pyHkuuu onuceiBaeTcs
BHYTPEHHSI (PYHKIUS g (), KOTOpas B KaueCTBe pe3yJibTaTa BO3BPAIAET BbIPa-
JKeHUe tan (f (x) ), rae x - apryMeHT QYHKIMM g (), a £ - apryMeHT QyHKIUU
Q (). Ims pyukuuu q (cchblika Ha 00beKT (PYHKIMHK g () ) BO3BpAIAeTCs Kak pe-
3yJIbTaT QYHKIUU Q () .



(Qd Ha 3ameTky

Takum 06pa3om, peaynstatom Beipaxerns @ () sensercs dyHkums, koTopas ans apry-
MeHTa X BoaspauaeT 3HauveHne @ (f) (x) = tg(f(x)) (taHrenc ot aHaueHus f(x)).

®opmasbHO pyHKIWMS f () OmUcaHa Tak, YTO Jis apryMEHTa X BO3BpAIAeTCs
3HaueHHUe sin (x). Ho mockosbky mepen onucaHueM GyHKIMM €CTh JEKOPATOP
@F, TO 3TO BCE PaBHO, KaK ecJjiv OBl IocJIe onpeaeseHust yHKIMK £ () BBIMOJHS-
Jack KoMaHzaa £=F (f). B pe3yJjbraTte (byHKL[I/IH f () ompexgessercsa Kak Takad,
YTO 3HaY€HHEe BbIpaXXeHHUs £ (x) €CTb exp (-sin (x) **2).

[Toxoxkasi cutyanus ¢ pynkuueii g (). [lockosabky nepex dyHkIuel ectsb ae-
kopaTop Q@F, a B Tesle DYHKIMU pe3yJbTaT BO3BpalllaeTCs KOMaHIOU re-—
turn cos(x) (4epe3 x 0603HAUY€H apryMeHT (GYHKIMHU g () ), TO Ha CaMOM
JieJie pe3yJIbTaTOM BBIYMUCJIEHUS UHCTPYKLUUHU g (X) SBJISIETCS 3Ha4YeHHE exp (-
COS (X)**2).

Yro kacaercst GyHKIUH h (), TO IEPe]I ee OMUCAHUEM eCTb JIBa JECKPUIITOpaA: @Q
U @F. DTO 3KBUBAJIEHTHO BBINOJHEHUIO KOMaHAbl h=Q (F (h) ) mocJje onpeneJe-
HUs GyHKUMM h (). B uTore 3Hauenue BolpaxceHus h (x) 3KBUBaJIEHTHO 3Haye-
HUIO BBIDAXEHHUA tan (exp (-x**2) ).

[asiee B mporpaMMHOM KOJIe [IJI1 HECKOJIbKUX 3HaUYEeHU apryMeHTa x (B AUama-
30He OT 0 10 1) BBIYUCJSIIOTCS 3HaueHus f (x), g (x) u h(x). 11 cpaBHeHUs
B sIBHOM BHJI€ BBIYUCJISIOTCS TaKXXe U COOTBETCTBYIOIME MAaTEMATHUYECKHE BbI-
pakeHusl.

AHaJIOTMYHO TOMY, KaK J€KOPATOPbI MCIOJIb3YIOTCS AJs1 (PYHKIUNA, MOTYT HC-
MOJIb30BAThCS U JIEKOPATOPBI JIJIsI KJIACCOB.

3 Ha3sametky

MNpaBaa, Ha NpakTyKe K 3TOMy NpuGeralT He 4acTo, HO Takas BO3MOXHOCTb UMEETCS U
O Hen fnyywe 3HaTb.

Jlnst co3panust JekopaTopa Kjiacca Heo6X0AUMO UMeTh QYHKIIMIO, apTYMEHTOM
KOTOpO mepefiaeTcsl KJacC U pe3yJIbTaTOM Bo3BpalllaeTcsi kjacc. Ha nepsbrit
B3IJIs1]] BCE 3TO MOKeT M0Ka3aThCsl CTpaHHBIM. HO TyT Hy>kKHO BCIIOMHUTB, YTO B
Python kiacc cam siisietcst 06bEKTOM, @ UMsT KJIacca SIBJISIETCSI CCHLIIKOM Ha 3TOT
06bekT. TakuM 06pa3oM, YIIOMSIHYTOM (DyHKIIMU B KaUeCTBe UMEHU JOJDKHO Iie-
peflaBaThCsl UMSI KJIAacca, a B TeJle PyHKIMU MMsI IPYToro Kjacca J0JIKHO BO3Bpa-
IaThCsI KaK pe3yJisTaT. BapuaHToB 3/echb MOXET OBITh MHOTO, MBI PACCMOTPUM
JOCTaTOYHO IPOCTOM CaIydail.
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Wrak, npeamnoyoxuM, uto GyHKIUs F () [Js apryMeHTa - oObeKTa KJjacca A,
BO3BpalllaeT 3HaueHue - 06beKT kitacca F (A) . Ecsiu ky1ace A onucas ¢ [ekoparo-
poMm @F, TO 3TO BCE PaBHO, KaK €CJIi ObI TOCJIe OMMCAHKS KJIacca A BBITOJIHSIIACH
komaHJa A=F (A) . [Ipumep npusezeH B suctuHre 8.6.

 Jluctvnr 8.6. [lexkopartop Knaccos

# OYHKUMS C apryMEHTOM - KJIAaCCOM U
# pesynbTaToM - OOBEKTOM Kjlacca
def F(A):
# BHYTPEHHMM KJlacc
class Alpha(A):
# MeTon sk3eMIIspa BHYTPEHHETIO KJjlacca
def hi(self):
print ("Kmacc Alpha!")
# PesynbTaT OyHKUMM — OOBEKT KJjlacca
return Alpha
# OYyHKUMA C apr'yMEHTOM - KJIACCOM U
# pesynbTaToM - OOBEKTOM KJjacca
def Q(A):
# BHYTpEHHMI KJIAaCcC
class Bravo(A) :
# MeTonm »k3eMIyspa BHYTPEHHEIO KJjlacca
def hi(self):
print ("Knacc Bravo!")
# PesynbTarT QyHKUMM — OOBEKT KJjlacca
return Bravo
# Knacc ¢ mexopaTopoMm
@QF # IexopaTop kJacca
class First:
# Meron sk3eMmnispa Kjacca
def hello(self):
print ("Kmnacc First!")
# Kilacc c mexkopaTopoM
@F # IekopaTop KJjacca
class Second:
# MeTon sk3eMmiIsgpa Kiacca
def hello(self):
print ("Kmacc Second!")
# Kiacc c OByMs IeKopaTopamu
@Q # Bropolt mekopaTop kjacca
@F # IlepBEII ODekopaTOp KJjacca
class Third:
# Meron sk3eMIgpa Kjacca
def hello(self):
print ("Kmacc Third!")



# OyHKUMA IJI8 BHBOBA METOINOB 3K3eMIjsapa
def show_obj (obj):

# Kiacc sk3eMmmispa

print ("Kmnacc sksemmisapa:",obj. class_ )
# BHIBOB METONOB 3K3eMILIApa

obj.hi ()

obj.hello()

# dyHKUMA 09 OTOOpaXeHMa XapaKTePMCTMK Kjacca
def show_class(A):

#

VM kJlacca

print ("Mma knacca:",A._ name_ )

#

BaszsoOBHM KJlaccC

print ("Basoeemt kyacc:",A. bases_ )

#

llennouka HacJieOOBaHuUA

print ("lenouka HacjenoraHus:",A. mro )
# Co3maHye B3K3EMIUISPOB KJIACCOB
one=First ()
two=Second ()
three=Third ()
# MeTOOE BK3EMIUJIAPOB

print

("Oxsz3eMnyape kJaccos.")

for obj in [one, two, three]:
show_obj (obj)

# XapaKTepuCTMKM KJIACCOB

print ("Knaccer.")

for A

in [First, Second, Third]:

show_class (A)

BrimosiHeHue IIPpOrpaMMHOI'0 KOa MPUBOAUT K TAKUM DEIYJIbTATaM:

PeaynkTaT BLINONHEHWS NPOTPaMMB! (3 AMCTWHra 8.6)

OK3eMNJsaps KJIacCOB.

Kinacc
Kiacc
Knacc
Knacc
Knacc
Kiacc
Krnacc
Knacc
Kiacc

sk3eMmyigpa: <class ' main_ .F.<locals>.Alpha'>
Alpha!

First!

sk3eMmyigpa: <class ' main__ .F.<locals>.Alpha'>
Alpha!

Second!

3k3eMmyigpa: <class ' main__ .Q.<locals>.Bravo'>
Bravo!

Third!

Kraccel.

MMma kiyacca: Alpha

BaszoBmM kjacc: (<class ' main__ .First'>,)

lenouka HacjenoeaHusA: (<class ' _main__ .F.<locals>.Alpha'>,

<class ' main_ .First'>, <class 'object'>)
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MMa krnacca: Alpha

Basoeet kjacc: (<class '__main__.Second'>,)

llenouka HacjyenoBaHusa: (<class '_ _main__ .F.<locals>.Alpha'>,
<class ' _main__.Second'>, <class 'object'>)

Mma kmacca: Bravo

BaszoBui kJjacc: (<class '__main__.F.<locals>.Alpha'>,)

llenouka HacJyenosaHua: (<class '__main__ .Q.<locals>.Bravo'>,
<class ' _main__ .F.<locals>.Alpha'>, <class '_ _main__ .Third'>,

<class 'ggject'>)

B sTom npumepe MbI onuckiBaeM /iBe GYHKIMH, KOTOPBIE HCIOJIB3YIOTCS B 1EKO-
paTopax kjacca. Takxke ¢ UCIOJIb30BaHHEM 1eKOPAaTOPOB CO3AAI0TCS TPH KJIacca.
Ects u npyroit BcnoMoraresbHbIN ko, PaccMOTpuM Bce 3T0O oaTamHo.

OyHkiuK F () apryMeHTOM, KaK MbI MperosaraeM, nepeaaercs kaacc (060-
3HayveH Kak A). B Tesie @yHKuMYU onucaH BHyTPEHHUHN KJlacc, KOTOPBIi Ha3bIBa-
ercsi Alpha. Kiacc Alpha co3gaeTcst Ha OCHOBe Kjlacca A MyTeM HacJeloBa-
Hus. Knacc Alpha, TakuM 06pa3oM, HacjIeAyeT aTpUOYTHI KJlacca A, U IIPU 9TOM
B TeJie Kjacca Alpha omucad Metof hi (). [lelicTBHe MeTOoAa CBOJUTCS K OTO-
Opa’keHHIO B OKHE BBIBO/Ia TEKCTOBOTO 3HaueHMsl. CChlIKa Ha BHY TPEHHMI KJIacC
BO3BpAlIAeTCs B KAUECTBe pe3yJibTaTa QYHKIUU F ().

AHajioruyHbiM 06pa3oM onucaHa GyHKIW Q (), TOJIBKO ee BHYTPEHHHIA KJ1acc
Ha3bIBaeTcsl Bravo. OH ToXe co3aeTcs HacJleZIOBaHUEM TOTO KJacca, YTo Mepe-
JaH apryMeHToM GyHKIUH Q (). Y BHyTPeHHero KJiacca Bravo Takxe, Kak U y
Kjacca Alpha u3 pyHKUuUU F (), ©MeeTcs METOA hi (). ITOT METO/ TaKXe OTO-
6paxcaeT coobleHue - TOJIbKO Apyroe. Pe3yisraTom GyHKIMS Q () BO3BpAIaET
CChIJIKY Ha kjacc Bravo. [loatomy dyHkums Q (), kak U PyHKIus F (), MOXeT
WCIIOJIb30BATHCS B IEKOPATOPE KJIacca.

Knacc First ommcan ¢ jexopatopoM @F. B Teje kaacca omucaH MeTon
hello (). Ilpu co3ganuu kaacca First NPOUCXOAUT CJIeYIOIIEE;

* Chavaza co3maercss 0OBEKT Kjacca First B COOTBETCTBUM C TeM, Kak
HEMOCPEeICTBEHHO OMUCAH KO/ KJIacCca, a CChIJIKA Ha 0OBEKT KJIacca 3amu-
CbIBaeTcs B mepeMeHHyI0 First. Ha aToM aTamne kJyacc cofepxuT JULIb
MeTo/1 9K3eMILIsipa hello () (TJIIOC crielMajbHble OJIST 1 METO/IBI ).

* Jlasee BbI3BIBaETCA (YHKUUS F (), aprTyMEHTOM KOTOPOM MNepeaaeTcs
cchlyIKa First Ha 0ObEKT COOTBETCTBYIONIErO Kaacca. [Ipu BbimosHEHUN
Kozla GyHKIIMU Ha OCHOBe Kjacca First cosmaercst BHyTpeHHUH (J10-
KaJIbHBII) KJacc Alpha. Y 3Toro kjacca, IOMUMO MeTO/a 3K3eMILIsIpa
hi (), nosBJIsIETCA ellle U MeTOoJ 3K3eMILIsipa hello ().

*  Cchlika Ha OOBEKT BHYTPEHHETO KJIACCa, CO3[IAHHOTO MPU BbI30BE (DYHK-
uuu F (), MpUCBauBaeTCsI B KaUeCTBe 3HaYeHUs nepeMeHHoN First. B
pe3yJibTaTe MepeMeHHas CChLIIAETCST Ha 0OBEKT KJIacca, y KOTOPOro eCTh



METOZBI 3K3eMIIsApa hi () (MeTon u3 kyiacca Alpha QyHkuuu F () ) u
hello () (omucaH HeMmocpeACTBEHHO B KJjacce First).

B aToit cxeMe ecTb HECKOJIbKO BaXKHBIX /1JIs1 TOHUMaHUsI MOMEHTOB. Bo-niepBbIX,
XOTS1 KJIacC Mbl Ha3bIBaeM First, Ha cCaMOM fieJie lepeMeHHas C TAKMM Ha3BaHU-
eM Oy/IeT CChLIIAThCS HA KJIacC, KOTOPBIN CO3/1aBaJicsi IPU BbI30oBe PYHKIMH F () .
A 3710 noKanpHBIN KiIacc Alpha. IloaToMy eciii BOCIIOIb30BATHCSI HHCTPYKIIH-
e First. name ,TO BKauyecTBe3HaYeHUs NOJYyYHM UMs Kjacca Alpha. A
BOT 6a30BbIM JIJIs 3TOTO KJacca sIBJISIETCsI KJacc ¢ iMeHeM First. U ato uMeH-
HO TOT KJIACC, KOTOPbIi OBLJI CO3/1aH B CAMOM HayaJle, ¥ CChLIKA Ha KOTOPBIH Tep-
BOHAYaJIbHO 3aMIMCHIBAJIACH B llepeMeHHYI0 First. Bo-BTOpbIX, eciiu co3aaTh 3K-
3eMILISIP [JIS1 KJlacca, Ha KOTOPBIHM CChIJIAeTCs mepeMeHHast First (Hanpumep,
KOMaH/I0M one=First ()), TO 3TOT 3K3eMILISIP, HA CaMoM JieJie, OyIeT IK3eM-
IJISIPOM YTIOMSIHYTOTO BBIIIE JIOKAJIbHOrO KJacca Alpha (kjacca, CO3JaHHOTO
npu Bbi3oBe (pyHKIMU F () ). B aToM Jierko y6eauTbesi, 06paTUBUIUCH K IOJIIO
__class___ ak3eMIuispa.

Kinacc Second Takxe omucaH ¢ jekopaTopoM @F. CUTyalusi CXOHa C MpeIbl-
oyue:

Cosmaetcsi 06beKT KJsacca Second Tak, Kak OMUCAH KOJ 3TOr0 KJacca.
Kinacc conepxxur Meton ax3emiisipa hello ().

BeispiBaercst pyHkims F () . ApryMeHTOM QYHKI[UY TIepeiaeTCs CChLIKA
Ha 00BeKT KJiacca Second. [Ipu 3TOM HacsieroBaHueM Kjacca Second
co3/aeTcsl BHYTPEHHHMH KJacc Alpha (HO 3TO He TOT KJacc, KOTOPBIi
CO3/IaBAJICSI IPU CO3/IAaHUH KJlacca First).

Ccplka Ha 00bEKT CO3/[aHHOTO BHYTPEHHET0 KJIacca MPUCBaUBAETCs T1e-
peMeHHOH Second.

TakuM ob6pa3oM, nepeMeHHast Second CCbLIAeTCs] HA OOBEKT KJacca, KOTOPBIi
ObLJI CO3/1aH HacJIeJoBaHHEM "HCXOAHOr0" KJacca Second. Ecyin 3anpocuTh uMst
KJIacca Second yepe3 CIeLUaIbHOE I0Jle _name_, TO OHO GyJeT Alpha.

(O Hasametky

XoTs 3HayeHns nons _ name__ ANS KNACCOB First M Second coBnapaloT (peyb 06
nMeHn Alpha), Ha camoM aene First n Second - 3TO pasHble knaccel. MpocTo 3Ha-
4yeHnem NonNa _ name,  SBNSETCH "NokanbHoe" uMs knacca. B aaHHOM cny4ae knac-
Cbl CO34al0TCA NPU BbidoBe dyHKUMM F () . Kaxablii pa3 co3paeTcsa HOBbI Knacc, ¢ "no-
KaNbHbIM" UMeHeM Alpha. HO NOCKONbKY peyb NAET O NIOKaJIbHLIX MPOCTPAHCTBAX UMEH
Npw Bbi30BE GYHKUMM, KOHDIMKTA MO NPUYUHE COBNAAEHUS Ha3BaHUIA He BO3HMKAET (TO
€CTb KNacChl C 0AVHAKOBbLIMM SIOKaJIbHbIMW HAa3BaHUAIMU NONAAAI0T B pa3Hble NPoCcTpaH-
CTBa UMEH).
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OO6BeKT Kylacca, Ha KOTOPBIM CChLIAETCSI TIepeMeHHasi Second, UMEET METOJIbI
3K3eMILIsIpa hi () U3 JIOKaJbHOrO KJjacca Alpha u hello (), onucaHHBIN He-
IIOCPEACTBEHHO B TeJle KJacca Second.

Bouiee ciioxnast curyanusi ¢ kjaccoM Third. ITOT KJIacC OMKMCAH C ABYyMs IeKOo-
paTopamu: @F u QQ. IIporcxoaut crenyrouee:

¢  Cosgaercst 06beKT KJjacca Third.

» Ccolika Ha 00BeKT KJacca Third nepenaercst B yHkiwmio F (). B pe-
3yJIbTaTe CO3[a€eTCsI HOBBI 0OBEKT KJIacca: Kiacc Third HaciexyeTcs B
JIOKaJIbHOM KJjlacce Alpha.

* Ccplika Ha yKa3aHHbIT 00beKT mepenaercs B pyHkumo Q (). B Tesne
3TOI (YHKIMU HacJle[OBaHUEM TIepeJaHHOTO apryMEHTOM KJacca CO3-
JlaeTcst HOBBI KJIacc C JIOKaJIbHBIM Ha3BaHHeM Bravo.

*  CchliKa Ha HOBBII OOBEKT KJIacca 3alUChIBAETCS B IepeMeHHy0 Third.

Taxkum 06pa3oM, JOKaJIbHOE UMsI KJIacca, Ha KOTOPBIHA CChLIAETCS TepeMeHHast
Third, ecTb Bravo. Y 3K3eMILIsIpa 3TOT0 KJIacca ecTh IBa MeTo/ia: MeTo hi ()
M3 KJjacca Bravo, CO3JaHHOIO IIpU BbI30OBE (;byHKI_lI/II/I Q (), u Metox hello (),
OIMCAHHBIN B cCaMOM KJjacce Third.

1 HasameTky

B onncaHHO1 Bbile cxeme cHavana co3paetcs 06bekT knacca ¢ MeToAOM hi () W3 o-
KanbHOro kjacca Alpha, a 3atemM 3TOT MeToA dakTUHeCKU nNepeonpepenseTcs wuam
nepekpbLiBaeTCA MeToAoM hi () M3 NOKanbHOro knacca Bravo. TeM He MeHee, 4e-
pe3 3k3emMnnsp three n NepemeHHyl0 Third MOXHO "aobpaTtbcs” M 40 BEpCUn Me-
Topa hi () u3 knacca Alpha. [lns 3TOro AOCTATOYHO BOCMONb30BATLCH KOMaHAOM
super (Third, three) .hi (), KOTOPOI C NOMOLWLIO GYHKUMN super () U3 3K3eMnnsa-
pa three BbI3biBaeTCA METOA hi (), ONUCaHHBIN B kKnacce, sensowemcs 6a3osbiM 455
KJlacca, Ha KOTOPbIi CCblnaeTcs nepeMeHHas Third.

OyHkius show obj () NpeAHasHayeHa /s BbI30Ba METOJOB 3K3EMILISIPOB
KJ1accoB (TeX, Ha KOTOPbIE CChLIAIOTCS epeMeHHble First, Second U Third).
Jlst oTobpaXkeHHsT XapaKTEPUCTUK CaMUX KJaccoB (Ha3BaHME KJacca, 6a30Bblii
KJIacC U LieTlouKa HacJle[JoBaHuUs) TpeJHa3HaYeHa PyHKLUS show class ().



,

A oKyMeHTupoBaHue n aHHOTauum B
dyHKUMNAX

B eawem 6o3pacme yme nopa nayuumocs
8pamo Kax ciedyem.
u3 x/¢p "Tocmvs u3 6yoyuwezo”

Ectb HekoTOpble 1OJIE3HblE CBOMCTBA (PYHKIMH, KOTOPOE MOXHO HMCIOJIb30-
BaTh Ha MPAKTHKE /17151 HOBBILIEHHS YUTAOEIBHOCTH TPOrPpaMMHOTro Kozia. B nep-
BYIO OU€pEb CJENYET cka3aTbh 00 0c060it posiu mepBoii (mocJjie Ha3BaHUs (PYHK-
I[MU) TEKCTOBOM CTPOKU B OMUCAHUU (PYHKIUHU. ITA CTPOKA CIY>KUT JJS TOKY-
MEHTUPOBAHUS - CO3/IaHUsI 0COO0r0 KOMMEHTAapHsi, TOCTYN K KOTOPOMY MOX-
HO MOJIyYUTh NPOrPAaMMHBIMU MeTozAaMu. BoJiee KOHKpeTHO, y Kax a0l pyHK-
I[UM eCTh clleliMaJbHoe rojie  doc  (/Ba MOAYepKUBaHUs B HayaJle, 1Ba MO/I-
YepKHUBaHUS B KOHIIE). Ecyin mocsie MeHu pyHKIMM yepe3 TOYKY yKa3aTh [oJie
__doc__, To 3HayeHueM Gy/IeT TEKCTOBAsI CTPOKA, yKa3aHHAsl B CAMOM HauaJle B
teJie pyukiyu. He6ob1oi npimep npuse/eH B suctunre 8.7.

 Nuctunr 8.7.

# OyHKUUA

def hi():
"JOrTa QyHKUMS NPOCTO BEHIBOOUT coobueHue."
print ("JokyMeHTMpPOBaHue ¢QyHkumm.")

# Br3mBaeM O(QYHKLMDO

hi ()

# Omnmucaume oGyHKUMM

print (hi. doc_ )

Pe3syJibrat BbITIOJIHEHMS TPOTrPAMMHOTO KO/[a TaKOM:

JOoKyMEHTMPOBaHME QYyHKLUM.
3Ta QYyHKUMS NPOCTO BEHIBOOUT COOOUEHME.

[Tomumo aTOro, mpu onucaHuy QYHKLMUA MOXKHO CO3/aBaTh "aHHOTAUUU" IJISI
apryMeHToB (pyHKIMHU. Peub HJET O CrelraibHbIX KOMMEHTapUsIX, KOTODBIE J10-
6aBJISIIOTCSI B OMUCAHUU apryMeHTOB GyHKIUH. Takke MOXXHO 0603HAYUTh pe-
3yJibTaT (TUI pe3yJibTaTa), KOTOPBIH 0XKUAAETCS TOJIYYUTD B PE3YJIbTATe BbINOJI-
HeHUs QYHKIHU. \

AHHOTAaIIUU [J1S1 apTYMEHTOB IIOMEIAETCS TIOCJIE 3TUX CAMBIX aPT'yMEHTOB, B Ka-
YecTBe Pa3neUTeNs UCTIOJIb3YeTCs IBOETOYHE. AHHOTAIIMEN MOXeET ObITh JII060e
KOPPEKTHOE C TOYKH 3 peHust cuHTakcuca Python Beipaxenue. Eciin y aprymen-
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TOB €CTh 3HAYEHHs M0 YMOJTYAHHIO, TO OHU YKA3bIBAIOTCS Yepe3 3HAK PaBEHCTBA
MOCJIe aHHOTAIIUU K apTyMEHTY.

AHHOTanus 1y pe3yJisTaTa (QYHKIUU YKa3bIBAETCS Yepe3 CTPENKy —> TMOo-
CcJie KPYTJIBIX CKOOOK C OMUCaHUEM apryMeHTOB (QyHKIIUH, HO Mepesl IBOETOYH-
€M, KOTOPbIM 3aBepIIAETCsI CTPOKA OMUCAHUS 3aro/ioBka GbyHkuuu. O6umii ma-
6JI0H (DYHKIIMU C aHHOTAIUSIMU [IJIST apTYMEHTOB U pe3yJIbTaTa Takoi (»KUPHBIM
IpuQ TOM BBIZIETIEHBI KJTIOUEBBIE 3JIEMEHTBI ):

def mMsa_ QyHkUMM (APTYMEHT: aHHOTauMs=3HaudeHue,
ApTYMEHT: aHHOTaUMA=3Ha4YeHMe,...)-DaHHOTalUA:
# xon byHKUMM

17151 oIy YeH st JOCTYTa K aHHOTAIIMSIM, HCIIOJIb30BAHHBIM B QYHKI[MH, U3 06b-
ekTa QYHKI[MHU BBI3BIBAETCS CIIELUANbHOE I0JIe  annotations . 3HaueHHe
3TOTO CBOMCTBA - CJIOBAPb, KJII0YaMH KOTOPOTO SIBJISIIOTCST HA3BaHUS apryMEHTOB,
a 3HaYeHHs - aHHOTAIlUU K apryMeHTaM. AHHOTaIUs K Pe3yIbTaTy (PyHKIUHU CO-
OTBETCTBYET KJIOuy return. [IpuMep co3maHust ¥ MCIOJb30BaHUS (DYHKIIMH C
AHHOTAIIMSIMU TIPUBEJIEH B JIMCTUHTE 8.8,

wHr 8.8. OYHKUMSA C aHHOTALMAMN
# OYyHKUMS C aHHOTAUMUAMU
# OoJa apryMeHTOB M pesyJibTaTa
def show(a:"nepewer aprymeHT",b:int=0)->None:
print ("a =", a)
print ("b =",b)
# Bu3bHIBaeM QYyHKLMUIO
show (10)
show (10, 20)
# McnoJsib30BaHHHE AHHOTALMMU:
print (show. annotations_ )
# AHHOTALUMAY OJId apryMeHTa a
annt=show._ _annotations__ ["a"]
print ("AprymeHT a:",annt)
# AHHOTaUMA OJI9 pe3yJjbTara
res=show._ annotations__ ["return"]
print ("Bo3BpamaeMmei pesynbratr:",res)

[Tpu BBIMOIHEHUM TIPOTPAMMHOTO KO/Ia MOJIy4aeM CJIeAYIOLIee:




{'b': <class 'int'>, 'a': 'nepswwm aprymeHTt', 'return': None}
ApryMeHT a: MNEepBHM apTyMeHT

BoseBpamaeMult pe3ysabTaT: None

BaxxHO moHUMaTh, YTO HAJIMYKE aHHOTALIUN HE BJIMSIET aJITOPUTM BBIOJHEHUS
Kofia (PyHKIMH, PABHO KaK HAJIMYUE aHHOTAIMH JJIs1 pe3yJibTaTta QyHKIHUH pe-
aJIbHO He OrpaHUYMBaeT CBOOOY MPOrpaMMHKCTA B MJIAHE THIA BO3BPAIAEMOro
(yHKumMen 3HaveHus. JpyruMu cjoBaMH, aHHOTAIUU. - 9TO TaKas "IeKOpaTHB-
Has" cocTaBJsioliasl B onucaHuu GyHk1uu. TeM He MeHee, HEKOTOPYIO ITMKAHT-
HOCTH B ompejiesieHue (pyHKIIMKM OHM MOTYT NMpuBHeCTH. B sucrutre 8.9 mpuse-
JIeH elile 0uH HeOOJIbILION TpUMep (DYHKIIUH, B KOTOPOIi B KaYeCTBE aHHOTAIIUN
IUIST apryMeHTa U pe3yJibTaTa GYHKIMH yKa3aHbl KOMaHIbl 0TOOPaXKEeHUS TEKCTA
B OKHE BBIBO/JIA.

_ Jinctunr 8.9. AHHOTALMM KK KOMaHABI
def demo (arg:print ("3mecb ecTb aprymeHT."))->print ("PesynbTaTa
He OyneT.") :

print ("Bac npuBercTByeT demo!")
print (arg)
print ("BeseiBaeM ¢yHkKumio demo () : ")
demo ("Kon &yHKUMM BHIIOJIHEH.")

PeayanaT BBITIOJTHEHUA ITPOIrPaMMHOTI'0O KOJa TaKOM:

~ PesynbTar BINONHEHMS NPOrPaMMbi (3 nucTHHra 8.9)

30ech eCTb apr'yMeEHT.
PesynbTaTa He OynmerT.
BrizreiBaeM ¢yHKLUMO demo () :
Bac npuBeTcTByeT demo!
Koo &yHKUMM BHIIIOJIHEH.

YT0OBI MOHSATH CMBICJI IPOMCXOASIIETO, HY>KHO YY€CTb, YTO AHHOTAIIUHU HE IPOCTO
"HIPUHUMAIOTCS K CBEJIEHHUIO" - OHY BBINOIHSIOTCS. BBINOMHAIOTCA Tpy co3aaHuu
06bekTa GYyHKIUHN. A 00beKT GYHKIIMU CO3[A€TCS TIPU BBITIOJHEHUH KO/IA C OTIH-
canueM GyHKIMH (He My TaTh C BBIMTOJHEHUEM KO/1a ITPY BbI3oBe QyHKLMH). /[ py-
TMMU CJIOBaMH, aHHOTAIUK GY/IyT BBIMOJHEHBI B TOM MECTE U B TO BPEMs, KOT/a
uHTepHpeTaTop "nobepercs” 10 MPOrpaMMHOrO Koja ¢ onucanueM ¢pyHkiuu. B
paccMaTpuBaeMOM IIpUMepe KOMaHAbl print ("3meck ecTe apryMeHT.")
uprint ("PesysnbTaTa He OyneT."), KOTOpPbIE Mbl UCIIOJIb30BAJIU KaK aH-
HOTAIMH JIJIs1 apTyMEHTa U pe3yJibTata GYHKIMH, OYAyT BHIIOJHEHBI P "TIPO-
CMOTpe" HHTEPIPETATOPOM KOJIa C ONTUCaHUeM (PYHKINH. ITO IPOUCXOIUT TOJb-
KO pas.

[Ipu BbI30BE (PYHKIIMU 3TH KOMAH[IbI y)K€ BBIMOJHAThCS He OyayT. [loaTomy
TEeKCT "3meck ecTb apryMeHT." U "PesynbTaTa He OyneT." OTO-
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6paxkaeTcs elile 10 TOro, Kak Oblyia Bhi3dBaHa GyHKIUS demo (). A mocJie BbI30-
Ba (hyHK1IMHU demo () 3TH COOBIIEHHUS YXKe HE TOSIBIISIOTCSI, 3ATO OTOOPAXKAETCST
TeKCT "Bac npueercTByeT demo!" U "Konm GyHKUMM BHIOJIHEH." Kak
CJIEICTBUE BBITIOJIHEHUS KOMaH/ B Tesle GyHKIMU demo () .

) Hasametky

MopaA0K BEINONHEHNS aHHOTALMIA MOXET OT/IMHATLCA OT TOrO NOPSAKA, B KOTOPOM OHU
yKasaHbl B OnucaHnm dyHKLmn.

UcknioveHunsa Kak 3Kk3eMnnaapbl Kf1acCoB

Ompuyamenonwlii pesyavmam - 3mo moxce pe-
3ynvmam.
u3 /¢ "Tocmvs u3 6yoywezo”

C 06paboTKOit HCKTIOYNUTEIBHBIX CUTYAI[Hi1 M bl HEMHOTO 3HaKOMBI. [Ipuiesn ve-
pe/l paCUIMPHUTh HAIK TO3HAHUS B 3TOM 06J1aCTH. A UMEHHO, 60JIee TPUCTAIbHOE
BHUMAaHHUE MbI Y/IEJIMM TOMY 00CTOSITEIBCTBY, YTO THITBI MCKJIIOUEHUIN OMUCHIBA-
I0TCSI KJIACCAMHU, 3 CAMU MCKJIIOUEHUS SIBJISIIOTCS 9K3eMILIsipamMu kiaaccoB. Kpo-
Me TOTO, HaM MPeJCTOUT TO3HAKOMHUTBCSI C HEKOTOPBIMU TMOJIE3HBIMU MEXaHU3-
MaMH - TAKUMH, HATIpUMep, Kak reHepHUpOBaHKe UCKTIOYNTETbHBIX CUTYalui U
CO3/IaHUE TI0JIb30BATEIBCKUX KJIACCOB UCKJIIOUEHU.

Xotsi koe-uyTo 06 06paboTKe OMHUOOK (UCKIIOYUTETBHBIX CUTYAIUiT) MbI yXKe
3HaeM, 3/1eCh HEJIMIIHUM Oy 1eT HAIIOMHUTb OCHOBHbIE MOMEHTBI. M TakK, KOHTpO-
JIMpYeMBIii KoZ moMelaeTcsi B 6710k try. Kos, KoTopsiil mpegHasHayeH 1711 06-
paboTku omnOKy, pa3melaercs: B 6J10ke except. BJI0KOB, TOMEYEHHBIX KJIIO-
4YeBbIM CJIOBOM eXcept, MOXET ObITh HECKO0JIbKO. Kaj1blit 6JI0k COOTBETCTBYET
omnbke onpezaeseHHOro Tuna. Tum (UK, TouHee, KJaacc) omnbKHU, KoTopasi 00-
pabaThIBaeTCsl B COOTBETCTBYIOIIEM excep t-0JI0Ke, YKa3bIBAETCsI MOCJIE KIII0Ye-
BOTO CJIOBa except.

Jl1st onucaHus pa3IMYHbIX OUIMOOK MPEyCMOTPEHBI CIIENUaIbHbIE KJIACChI, KO-
TOpBIE HAa3bIBAIOT KJIACCAMHU BCTPOEHHBIX UCKJIIOYEHUIN. IDTHU KJIAcChl 00pa3yoT
Mepapxuio, OCHOBaHHYIO Ha HacseqoBaHuu. OOlast nepapxuveckasi CTpyKTypa
KJIaCCOB BCTPOEHHBIX MCJIIOUEHMI MpeICTaBIeHa Ha puc. 8.1.

1 Hasametky

Kak Buaum, knaccos A0CTaToO4HO MHOrO. B BeplunHe nepapxmm HaxoamTcs Knacc Bas-—
eException. ¥ 9TOro knacca BCero 4eTbipe Npoun3BOAHbIX knacca (GeneratorEx-
it, KeyboardInterrupt, SystemExit W Exception), NpU4eM TONbKO Yy Kjacca
Exception €CTb NPON3BOAHbIE KNnacchl. [10aToMy He ByaeT npeyBennyeHnem ckasaTb,
4yTO noaasnsouwee 60NbLWNHCTBO KNACCOB BCTPOEHHbIX OWNBOK - NOTOMKU (NpsiMble
WM ONoCcpeaoBaHHbIe) Knacca Exception.
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Puc. 8.1. Uepapxus k1acCOB BCTPOEHHbIX UCKJTIOHEHUIA
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Kornpa npu BBIMOTHEHUH MPOrPAMMHOTO KOJa BO3HMKAET OIIMOKA, aBTOMATH-
YeCcKH OIpe/IeJisieTCsl KIacc, KOTOPOMY 3Ta OIIMOKa COOTBETCTBYET, H /IJIsl 3TOTO
KJ1acca co3zaercsi ak3eMIsip. O6pa3Ho BbIpaXkasiCh, CO3JaHHBII TAKUM 06pa3oM
9K3EMILJISIP COAEPXKHUT OCHOBHYIO MH(OPMaIHio 0 Bo3HuKIel omnbke. K atomy
3K3EMILISIPY MOXHO MOJIYYUTH JOCTYT M UCTOJIb30BATh €70 B SBHOM BH/JIE B ITPO-
recce 06pabOTKH UCKIIOYEHM S,

M5l yke 3HaeM U3 TIPebIAYIINX [JIaB, KAK EPEXBATHIBATh UCKIIOUEHHUST PAa3HBIX
THUMOB. 3/1€Ch MbI PACCMOTPHM €lile HECKOJIbKO BOIIPOCOB, CBSI3aHHBIX ¢ 00paboT-
KOIf MCKJIIOUMTEJIbHBIX CUTYalMid. [IpakTHYeCKH BCe OHH, TaK WJIM WHAYe, MOJI-
pasymeBatoT ucnoJib3oBanue napaaurmsl OOII u o6paliieHue K KjaaccaM BCTPO-
eHHbIX omKOoK. B yacTHOCTH, HAac 6yIeT MHTEPECOBAT:

¢ KakK BbIIIOJIHATh B OHOM except—6JIOKe o6pa60TI<y JUISI UICKJTIOYEHU I
HECKOJIbKHX THIIOB,

*  KaK [OJIyYUTb JOCTYII K IK3EMILISPY KJIACCA, OMMUCHIBAIOIIEMY UCKJIIOYE-
HuUe (IOCTYH K 3K3EMILISIPY UCKJIIOUEHHS] );

¢ KaK reHepHUpoBaTb UCKJIIOYEHUS,;
¢ KakK CO03/1aBaThb I10JIb30BATEJ/IbCKHE KJIaCChI HCKJIIOUEHHI.

JonycTuM, HEOOXOAMMO pean30BaTh 0OpPaOGOTKY WCKJIIOYMTETIBHBIX CHUTYa-
I[Mif TakK, 4TOObI HECKOJIbKUX Pa3HbIX THIIOB OIIMOOK 06pabaThiBaJUCh OJMHA-
K0BO. UTO HY>XHO y4ecTb B 3TOM cityyae? EcTb 1Ba MOMeHTa. Bo-miepBbIx, eciiu B
except-6JI0Ke yKa3aH ONpeaesIeHHbIH KJIAacC UCKJIOUYEHHS, TO TIEPEXBATHIBATD-
cs1 6yIyT UCKJIIOYEHHUST HE TOJIBKO JaHHOTO KJIACCa, HO ¥ MCKJIIOYEHHs], OTHOCSI-
1[1eCsT K IPOM3BOHBIM KJIACCAM.

Hampumep, B except-6JI0Ke 1151 MCKJIIOYEHHH KJacca Exception OyayT me-
PEXBaTBhIBATHCS MIPAKTUYECKU BCE UCKJIIOYEHUS], TIOCKOJIbKY Kjacc Exception
siBysieTcs 6a30BbIM (TI0 1IETIOYKE HACJIe0BaHUs) IJIST BCEX KJIACCOB, KpOMeE
GeneratorExit, KeyboardInterrupt, SystemExit u BaseException
(cM. puc. 8.1). Bo-BTopbix, B except-6J10ke MOXHO yKa3aTh HE TOJbKO OIMH
KJIACC MCKJIIOYEHHUS], & 1IEJIbI KOPTEX, 3JIEeMEHTaMU KOTOPOTO SIBJISIIOTCS Ha3Ba-
HUST KJIACCOB MCKJIIOUEHHt. B TakoM except-6ji0ke 6YayT MepexBaThIBATHCS
BCE MCKJIIOYEHHS U3 KopTexxa. Hanpumep, npeanosioxkumM, YyTo AJIs epexBaTta u
06pabOTKH MCKII0YEHHUSI UCITOJIb3YETCS CJIeAYIONHit abIoH:

try:
# KOHTpPONMPYEMEU1 KOI

except (ArithmeticError,TypeError,ValueError):
# xom nnsa oBpaboTku

except Warning:
# xon mna oBpaboTku



Yro 3TO 03HayaeT? IDTO 03HAYAET, YTO MPU BOZHUKHOBEHMM OIIUOKH B try-
6/10ke oHa OyzeT mepexBayeHa U oOpaboTaHa B MepBOM except-6JIOKe, eciiu
THUII OIIMOKU OTHOCUTCS K KJIaccy ArithmeticError (BKOYas IPOU3BOIHbBIE
KJjacchl FloatingPointError, OverflowError U ZeroDivisionError),
TypeError wiu ValueError. Ecim tun ommbku uHOH, "B Urpy” BCTymaer
BTOpPOM except-60k. B aToM 6s10ke 06pabaThiBatoTCst OIMOKH, KOTOPbIE OTHO-
CATCS K KJIacCy Warning ¥ BCEM ero MPOU3BOIHBIM KJIacCaM.

Mp! yxe 3HaeM, 4YTO €CJIM €CThb KJIAcC, TO HA €r0 OCHOBE, CKOpee BCEro, MOXHO
€031aTh 3K3eMILIsp Kjacca. [1o oTHomeHHO K omubKaM Mbl TOBOPUM O KJIACCe,
KOTOPBIM COOTBETCTBYET TOM WJIM MHOM UCKJIIOUMTENbHOM cutyanuu. Ho rae xe
9K3eMILJISIPBI TAKUX KJIACCOB?

B npuHnune, HUKTO He 3ampelniaeT HaM CO3/IaTh 3K3EMILISP KJacca OOBIYHBIM
croco60M, KaK MbI JI0 3TOTO CO3/IaBaJii 3K3EMILISIPbI IPOYKMX KJIACCOB - Yepe3
UMl KJIacCa, YKa3aB B KPYIJIbIX CKOOKax (eCiM HY)KHO) apryMeHTHI IJIsi KOH-
CTPYKTOpPA ¥ TPUCBOUB Pe3yJIBTaT TaKOW MHCTPYKIMH HEKOTOPOU MepeMEHHOM
(cchlyika Ha 3K3eMIISIp Kjacca). XoTsi 00bIYHO (HO He BCeraa) MCHOJIb3YIOT Te
3K3eMILISIPhl, YTO aBTOMATHUYECKU CO3AAI0TCSI NMPH BO3HUKHOBEHUHU UCKJIIOUU-
TeJIbHOU cuTyanuu. To ecTb TaKOM 3K3EMILJISIP BCET 1A CYIECTBYET, ECJIU YK BO3-
HHKJIA ombKa. [[pyroe [es10, KaKk MbI 3TOT IK3EMILISIP MCIOIb3yeT (MU He UC-
MOJIb3YEM).

B ciyyae ecii B except-6J10Ke MbI BCe K€ PEIIJIU SIBHO HCII0JIb30BaTh K3€M-
ISP UCKJII0YEH U, abI0H KOMaHHOro Kojia OyeT TakuM (XKUPHBIM pHd-
TOM BBbIJeJIEHBI KJII0U€eBbIe 3JIEMEHTHI KOJa ):

try:
'# KOHTPOJMPYEMENT KOOI

except KJjlacC_MUCKIIOUEHMSA as 3K3eMIJIAap:
# xom mna o6paboTku

Ecomm kopoTKo, TO mocie Ha3BaHMS KJIacca UCKJIIOYEHHS Yepe3 KJII0YeBOe CII0BO
as ykasbiBaeTcs (popMaJibHOE Ha3BaHHUE [JIsI SK3EMILISIpA KJIACCa UCKJIIOYEHHS],
KOTOPBIN Oy/1eT aBTOMAaTHYECKU CO3/(aH MTPU BOSHUKHOBEHUH OMIMOKH. VIMEHHO
yepesl 3TO UMsI B 6J10Ke 00pabOTKU MCKIIIOUEHHS CJIEYET 00PALIaThCS K IK3EM-
IUISPY KJlacca MCKJIIOYEHHs. B KayecTBe MILIIOCTPALUU K MCIIOJIb30BAHMIO 9K-
3eMILJISIpa KJIACCa MCKIIOUEHHUST PACCMOTPUM HeOOJIbIION TPUMeEp, ITPe/ICTaB/IEH-
Hbli B siuctunre 8.10.

SucTunr 8.10. SK3eMINSD KNACCA HOKTIOYEHNS

# VimMnopT oyHKUMIM M3 MOOyJisa random
from random import seed, randint
print ("llepexBaT MCKJIIOUEHMUNM.")

# Cnucok M3 IOBYxX DJIEMEHTOB
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nums=[1,2]
# CioBO M3 wecTu OYKB
txt="Python" )
# leJsoumMcryieHHasa epeMeHHas
a=10
# Cnmcok M3 Tpex BJIEMEHTOB
names=[nums, a, txt]
# UHuumanmsaums TeHepaTopa CJIYyYalHBIX 4YMCeJl
seed (123)
# OnepaTop uUuMKJIa
for i in range(10):
# KOHTpONMMpYEMEI! KOI
try:

# CrnyuarHoe uLeJioe uMcJio B IomamnasoHe or 0 mo 2
n=randint (0, 2)
print ("CreHepupoBaHoO umcJio:",n)
# KonmMuecTBO B3JIEMEHTOB B CIMCKE MJIM TEKCTE.
# [pu nonelTKke BEH3BATh QYHKUMO len () Ijis LEJOTO
# umcrya Bo3HUKaeT oumbka (HEKOPPEKTHEM TMIl IaHHHIX)
print ("KommuecTBO 3yeMeHTOB:", len (names([nl))
# HeBepHEN MHIEKC MJIM LEeJIEHME Ha HOJb
names [n+1]//=n
# ObpaboTka owmbKyM, CBA3@HHOM C
# HEeKOPPEKTHEM TMUIIOM IaHHEIX
except TypeError as err:
# DOk3eMnuap MCKIIOUEeHMA IepenaH
# aprymMeHTOM B QyHKUMDO print ()
print ("Ommbka:", err)
# O6Bpaborka ommbOOK, CBS3aHHHIX C HEKOPPEKTHHIM MHIEKCOM
# MM [ONBITKOM OEJIEHMS Ha HOJb
except (LookupError,ArithmeticError) as err:
print ("[Ipobnema C BeIUMCIIEHUAMM: ")
# OnpepensaeM KJjacC OWMOKM [0 3K3EMIJIAPY KJacca
print ("Kmacc oumbkm -",err. class_ )
# Crpoka u3 45 cuMBOJIOB ¢opMMPyeTCs C IOMOIBLI
# omepaTopa MNOBTOPEHMUS
print ("-"*45)
print ("Pabora 3aBepumeHa.")

Pe3yisTaT BBINOJIHEHHS TIPOTPAMMHOTO KO/Ia MOXET OBITh TaKUM (2 MOXET GBITh
Y HECKOJIbKO UHBIM, [TOCKOJIbKY MHOTO€ 3aBUCHUT OT MCIT0JIb30BAaHHOTO FreHepaTo-
pa cIy4alHBIX YUCeN):

1Sl IPOrpaMMBl (M3 NMCTHHra 8.10)

[lepexBaT MCKJIIOUEHUN .
CrenepupoBaHo umcyo: 0



KonmuecTBO 3JIEMEHTOB: 2

[IpobyieMa C BBHUMCJIIEHUAMM:

Knacc ommbkm - <class 'ZeroDivisionError'>

CreHepupoBaHO umcio: 1

Ommbka: object of type 'int' has no len()

CreHepupoBaHo umciyo: 0

KommuecTBO 3J1€eMEHTOB: 2

[IpoBsieMa C BBIYMCJIIEHMAMM :

Knacc oumbxm - <class 'ZeroDivisionError'>

CreHepupoBaHO umucjo: 1

Oumbka: object of type 'int' has no len()

CreHepMpOBaﬂé uncyo: 1

Oumbka: object of type 'int' has no len()

CreHepupoBaHo umcio: 0

KonmnuecTBO 3JIEMEHTOB: 2

[IpoBjsieMa C BBUMCJIIEHUAMM :

Knacc oumbkm - <class 'ZeroDivisionError'>

CreHepupoBaHo umciyio: 0

KonnuecTBO B3JIEMEHTOB: 2

[lpobsieMa C BBIUMUCJIIEHUSAMM:

Knacc oumbkm - <class 'ZeroDivisionError'>

CreHepupoBaHO umcjo: 1

Oumbra: object of type 'int' has no len()

CreHepMpOBaHO YUCJO: 2

KonmmuecTBO 3JIEMEHTOB: 6

[IpobyieMa C BBHYMCIIEHMAMM :

Knacc oumbkm - <class 'IndexError'>

CreHepupoOBaHO YUCJIO: 2

KonnuecTBO 3JIEMEHTOB: 6

[IpobyieMa C BBHIUMCJIIEHUAMM :

Knacc oumbxm - <class 'IndexError'>

PaboTra 3aBeplieHa.

B 3ToM mpumMepe MbI UCIIOJIb3yeM TeHEPATOp CJIYy4YalHBbIX YHCeJI, T03TOMY Ipe-
XJe Bcero komaHaod from random import seed, randint umnop-
TUpyeM U3 MoAyJia random (QyHKIMH seed() ¥ randint (). OyHkuus
randint () mpefHa3HayeHa /JIsl TeHEPUPOBAHUS LieJIbIX CIy4YalHbIX (MICEeBAOC-
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JgydaiHbix) yrces. DyHKIMS seed () UCHOJIb3yeTCs AJIS MHULMAIN3AIUY TeHe-
paTopa CIy4ailHbIX YHCEL.

(O Hasamertky

XOTA C reHepaTopOM Cy4aiHbIX YXCEN Mbl YXE UMENN AeNno, HeNMMWHUM ByaeT Koe-4To
HaNoOMHUTb.

Kak 6b! Mbl HY NbITANCb CreHepUpPOoBaTh Cly4aliHOe YNC0, Ha CaMOM A,efne3TOo HeNoab-
‘eMHan 3agada. MakcumymMm, 4ero Mel MOXeM A06MTLCS - CO3AaTb UANKD3NID TOrO, YTO
yncno cny4yariHoe. MNoaTomy reHepmpyemsble “cnyyaiHblie” Yucna npasunibHee 6bino Gbl
HasbiBaTb "NceBaocnyqanHbiMm™. Tak, COGCTBEHHO, UX U Ha3biBalOT. TexHMYEeCKkn Npo-
LEeCC reHepMpoBaH1a NCEBAOCAYYaNHbIX YACEN COCTOUT B TOM, 4TO NO HEKOTOPOA Hop-
MyJie UM anropuTMy BbIYUCASIOTCA Yucna. [ns Ha4ana BblYMCneHuii Heo6xoaMMo, No
KpaHen Mepe, 0AHO HavanbHoe, "3aTpaBovHOE™ Yymcno. Korga aTo Yncno 3agaHo, 3a-
nyckaeTcs NPOLLECC BblMUCNEHUI. 32 BCE 3TO OTBEYAET rpynna yTUAMT, KOTOPYIO Mbl
Ha3blBAEM FEeHepPaToOpPOM CllyyaiHbIX Yncesn. [lecTBua, CBA3aHHbIe C OnpeneneHnemM
"HayanbHOr0" COCTOSIHUA reHepaTopa CiyYalHbIX YUCEN, Ha3bIBAIOTCHA MHMUManu3a-
LuMen reHepaTopa ciy4alHbix Yncen. [na BbiNONHEHUS MHUUMann3aumm cneayeT yka-
3aTb YNCNO M NepeaaTb €ro apryMeHToM dyHkUMK seed () . MOCKOMBKY, KaK Mbl yXe 3Ha-
€M, Bbl4UCNEHNE CNyYaliHbIX (NCEBAOCYYaliHbIX) YACEN - MPOLLECC CTPOro AETEPMUHM-
pPOBaHHbLIN, a "HayanbHas TOYKa" B 3TOM Mpouecce onpenenseTcs Ucnosib3yemboiM ana
MHUUMaNM3aumMm YUCNOM, TO UCMOJb3Ys B Ka4ecTBe "MHUumManM3aTopa” O4HO U TO Xe
yncno, 6yaem nonyyatb OAHY M Ty Xe nocnenoBaTesnbHOCTb Yncen. Ecom nHnumanmsa-
LMSA reHepaTopa Cly4aliHbiX YCeN B ABHOM BU,E HE BbINONIHEHA, OBbIYHO BLINONHAETCS
HeABHas MHULMAIM3aumsa C UCNONb30BAHNEM CUCTEMHOMO BPEMEHMW.

Komanzmoit nums=[1,2] co3aaercsl CIHCOK U3 ABYX 3JIEMEHTOB, KOMaHIOH
txt="Python" co3zaeM TEKCT, a YUCJI0BAS [IepEeMEHHas OlpeeasIeTCsa KOMaH-
noit a=10. HakoHel, koMaHz0i names=[nums, a, txt] co3aeTcs CIIMCOK U3
Tpex 3JIeMEeHTOB, OJJUH U3 KOTOPBIX - CIIUCOK, IPYroH - 1ieJIoe YUCJIO, a TPeTUH -
TeKcT. [lepBblit ¥ TPeTHit 2J1eMEHTHI MOTYT OBITh YKa3aHbl apryMeHTOM yHKI[HH
len (), KOTOpasi, Kak U3BECTHO, B KaUueCTBe pe3yJibTaTa BO3BpalllaeT KOJIMYeCTBO
3JIEMEHTOB /IJIg CIIMCKA U KOJIMYECTBO OYKB JJIsI TEKCTA.

MHunuanuzanuss reHepaTopa CJIyYalHbIX YHCEJ BBIMOJHIETCS KOMAaHAON
seed (123). B nanHoMm ciyyae apryMeHT QyHKIUHU seed () urpaeT opMaJib-
HYIO POJIb - MOXKHO YKa3aTbh U APYTOe YHCJIO.

3areM 3amyckaeTcs onepaTtop uukia (10 urepanuit). 3a KaXkIblil MK BBIOJI-
HSIETCS TPYIIAa KOMaH[, KOTOPbIE pa3MellieHbl B 6JI0Ke try. A HIMEHHO, BBIMOJ-
HSIIOTCSI TAKHE KOMaH/Ibl: KOMaH/I0# n=randint (0, 2) reHepupyercs cydaii-
HOE LIeJI0e YUCJIO B [uamna3oHe oT 0 10 2 BKJIIYHUTEIBHO, U 3TO YHUCJIO 3allUChl-
BaeTcs B IlepeMeHHYI0 n. /[ajsiee B MHCTPYKUKHU len (names [n] ) BBINOJHSETCS
MONBITKA BBIYMCJIUTH KOJIUYECTBO IJIEMEHTOB B 3JIEMEHTE CIIMCKA names C UH-
JIEKCOM n.

Ecsu 3HaueHue nepeMeHHOit n paBHO 0 HJIK 2, TO TIPO6JIEM C BBIIOJIHEHHEM HH-
CTPYKLIUHU He BO3HUKAET, IOCKOJIbKY 3JIeMEeHT C MHAeKCOM 0 - 3TO CIIUCOK, a dJIe-




MEHT C MH/IeKCOM 2 - TekcT. Ho ecJiu 3HaueHMe epeMeHHOI n paBHsieTcs 1, TO
BO3HHKaeT ommMbOKa Kjacca TypeError, TaK Kak 9JIEMEHT C MHIEKCOM 1 - 1eJioe
yucsio. [Jist mepexBaTa JaHHOM OIIUOKU €CTh CIelUaIbHbIN except-0JI0K, B KO-
TOPOM 3K3EMILISIP OIUOKHM KjIacca TypeError o603HayeH Kak err (MHCTPYK-
1usd TypeError as err B except-6J0Ke).

B atoM except-6Ji0Ke BBINOJIHSETCS KOMaHAa print ("Oumbka:",err).
3mech  3K3eMIIAp OWMOKM err MepefaH  apryMeHToM  (yHKIUH
print (), 4YTO MPUBOAUT K aBTOMAaTHUYECKOMY I[IPUBEJEHUIO 3SK3EMILI-
pa err K TeKCTOBOMY ¢opMaTy (3K3eMIUISpPbl KJIACCOB HCKJIOYEHUI IMOa-
JePXKHUBAIOT TAKyl0 ONepanui). IJK3eMIUISIp err OydeT 3aMellleH TEKCTOM
"object of type 'int' has no len()" (4TO O3HAYaeT 0bvEKM MuUna
int" ne umeem (pynxuuu) len()).

Bce 310 nmnpoucxoauT, HAMOMHUM, €CJIM  BBINOJHEHHE HWHCTPYKLMHU
len (names[n]) mpuBoAMT K omubke. Ho ecsau BbIMOJSHEHME UHCTPYKIUM K
ournOKe He MPUBOIUT, TO OMIMOKA TOYHO BO3HUKHET IPU BBIIIOJTHEHUH KOMaH-
Abl names [n+1]//=n. 3xech cieana NOMbITKA U3MEHUTh 3HAYEHUE 3JIEMEHTA
names [n+1], BbIYUCJIUB Pe3yJIbTaT LIEJOYUCIEHHOIO AEJIeHUA TeKYyLIero 3Ha-
YeHHsI ITOr0 dJIEMEHTA Ha 3HaYeHue mepeMeHHou n. Heo6X01MOo yuecTs, 4To YK
€CJIU [1eJI0 JOILJIO IO BhINOJIHEHUS KOMaHAbl names [n+1], TO 3HaY€HHUE n paB-
HO O uuu 2 (1pu 3HaYeHuH 1 omubKa BO3HUKAET Ha MpeabiayieM mare). [Ipu
3HaueHuHU O MHAEKC n+1 gaeT 3HayeHHe 1. JJeMeHT C TaKUM UHAEKCOM B CITH-
cke names uMeercs. Ho 6es1a B TOM, YTO 3HaUeHHE ITOrO 3JIEMEHTA MbI [TbITAEM-
Cs1 MIO/IEJIUTh Ha HOJIb. TaKoi caMOHAeSIHHBIN MPOCTYIOK MPUBOIUT K OIIHOKE
KJjacca ZeroDivisionError.

Ecyn 3HaueHue mepeMeHHOM n PaBHO 2, TO JI€JIEHUsT Ha HOJIb HET, HO MHIEKC n+1
paBeH 3, U 3JIEMEHTA C TAKUM MHIEKCOM B CIMCKe names HeT. B pe3ysbTare Bo3-
HuKaeT omubKa kaacca IndexError. [/ nepexBata u TOM, U APYroil OmMOKH
npejiHa3HayeH except-6JI0K C KOPTEXKEM U3 KJIACCOB UCKJIIOYEHUH LookupEr -
ror MArithmeticError. Sk3eMmsp Kjacca ommOKy 0603HaUEH KaK err.

3 Hasametky

Knacc ucknioyenns ZeroDivisionError SBAS€TCH NPON3BOAHLIM KNACCOM OT Kfac-
ca ArithmeticError. Knacc nckniovyeHns IndexError SBSETCS NOAKIACCOM Knac-
ca LookupError. MNo3ToMy B except-6/10ke C KOPTEXEM U3 KNACCOB UCKIIOYEHWIA
LookupError W ArithmeticError nepexBaTbiBalOTCA WCKIIOYEHUA Knaccos
ZeroDivisionError N IndexError.

B 6:10Kxe nipy 06paboTke OLIMOKY BBINOJIHSIETCS OOpallleHHe K oo class
IK3eMILIsIpa OIIII/I6KI/I err. 3HaUeHHEeM 3TOrO I0JIs SIBJISIETCS] Ha3BaHHE KJiacca, K
KOTOPOMY OTHOCHTCSI 9K3€MILISIP er T.
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1 Ha3sametky
B nporpaMMHOM KOZ€e eCTb KOMaHAa print ("-"*45) . B naHHOM cnyyae otobpaxaerT-
€S CTpOKa, KoTopas nony4yaeTcs NOBTOPEHNEM cumeona "-" 45 pas.

Kak ormeuasioch paHee, HCKJIIOUEHHST MOXKHO HE TOJIbKO IEPEXBATHIBATh U 06pa-
6aThIBaTh, HO U T€EHEPUPOBATh. 3aYeM reHepPUPOBATh UCKJIIOYEHHS - BOIIPOC OT-
nenbHbIA. HampuMep, METO reHepUPOBaHUS UCKIIOYEHHA MOXKHO PacCMaTpH-
BaTh KaK HEKUM CIIOCO6 UMHUTAIIMH YCIOBHOTO OMEPATOPA MJIH BBITIOJIHEHUE aHA-
Jiora 6e3ycJIOBHOTO repexo/ia B porpaMMHoM kojie. Ho kak 651 TaM Hu 6bLITO, re-
HepHPOBaHMe MCKJIOYEeHUI KaK MeXaHW3M MpOrpaMMHUPOBAHUs CYyLIECTBYET, U
MBI C HUM KPaTKO MO3HAKOMHUMCSI.

C TeXHUYECKOIi TOYKHU 3PEHUS 11 TeHEPUPOBAHUS UCKJII0OYeHHUS (OLIMOKHU) 10-
CTaTOYHO IOCJIe MHCTPYKIUHU raise ykasaTb 3K3eMILISP KJacca UCKJIIOUYEHHUS.
IK3eMILJISIP KJjlacca UCKJIIOYEHHS] MOKHO WJIM CO3ATh, UM BOCIOJIb30BATHCS
"rOTOBBIM" - HAIIDUMED TEM, YTO CO3/IA€TCSI aBTOMATUYECKH, KOra OmubKa pe-
aJIbHO BO3HHMKAET, ¥ 3aTeM epeaaercsi B 6710k 06paboTku uckoueHust. [Ipumep
B ucTuHre 8.11 umocTpupyet o6e 3TH CUTYalMK.

- Jiucrunr 8.11. FenepupoBaHUe UCKIIOHEHHS

# CosmaeM 3K3eMIIAp MCKIIOUEHMUS
err _one=ZeroDivisionError ("Ommbka OesieHMA Ha HOJb!")
print ("Centuac \"Bo3HuMkHeT\" ommbka.")
print ("llepBas:")
# OnmcaHme s3K3eMIIgpa MCKJIIOYEHMSA
print (err_one)
# KOHTpONMMpPYEMEIM KOI
try:
# T'eHepupoBaHMe OWMOKM
raise err_one
# OBbpaboTka oOWMOKM
except ZeroDivisionError as err_ two:
print ("Bropas:")
# Onmcanve OWMOKM
print (err_ two)
# KOHTpPOJNMPYEMHII KOZ
try:
# IIOBTOpPHOE T€HEepMpPOBaHME OWMOKU
raise err_ two
# ObpaboTka owMOKU
except ZeroDivisionError as err_three:
print ("Tperpa:")
# OnmcaHme oOwWMOKM
print (err_three)



# KOHTpONMpYyEeMEI KOI

try:
# IonelTKa IOEeJIEHMs Ha HOJIb
a=1/0

# Obpaborka owMOKMU

except ZeroDivisionError as err four:
print ("UeTBepTasa:") )
# OnucaHme owWMOKMU
print (err_four)

print(“Bonbme HUMKaAKuxX oummbok.")

IIpu BBIMOSTHEHNY TPOrPAaMMHOTO KOZIA NIOJIyyaeM TaKOH pe3yJIbTaT:

 PeaynkTaT BLINONHEHWS NPOTPAMMBI (W3 NMCTHHI 8. 11

Centuac "BO3HMKHeT" oumbka.
[lepBasa:

Oumbka OeJieHMs Ha HOJIb !
Bropasa:

Oumbka OeJIeHMsT Ha HOJIb !
TpeTbAa:

Oumbka OeJIeHUS Ha HOJIb !
UeTBepTad:

division by zero

BoJiplle HMKaAKMX OWUOOK.

B srom mporpamMmmHOM KOZe KOMaH/I0H err one=ZeroDivisionError
("Owmbka neseHMsa Ha HOJb!") MBI CO3[a€M 3K3EMILISIP err_one HUC-
KJII0YeHUsI kjacca ZeroDivisionError. Tekct, KOTOpBIN nepenaeTcss apry-
MEHTOM KOHCTPYKTODPY NpPH CO3/aHUU 3K3EMILISIPA, CIY>KUT OMMCAHHEM OLINO-
Kd. VIMEHHO 3TOT TeKCT GyIeT pe3y IbTaTOM MPHBEIEHHS IK3EMILISIpA UCKIII0Ye-
HHSI K TeKCTOBOMY ()OpMaTy: HallpuMep, eCJI1 NlepeiaTh 9K3eMILIsIp err _one B
KayecTBe apryMeHTa MeToly print (), B pe3yJbTaTe B OKHE BBIBOJA MOSIBUTCS
TEKCT "Ommbka IejieHMs Ha HoJb!".

3areM B try-0JI0Ke BBITIOJHSETCS KOMaHAa raise err_one, B pe3yJbTaTe
4ero reHepupyeTcsi OIubOKa, peaJi30BaHHAsT Yepe3 IK3EMILISIP err_one KJjac-
caZeroDivisionError.

O Ha zameTky

OGpaTMTe BHUMaHUE, 4TO CO3aaHMne Ik3eMnnapa UCKNo4YeHUs He
03Ha4aeT BO3HMKHOBEHUS OLWNOKK. [nA reHepMpoBaHMs OLWNGKK
MCNOJIb3yeM NHCTPYKLMIO raise.
Jlist 06paboTKU creHepupOBaHHOM OIIMOKH TpeHa3HaYeH except-0JI0K, U 9K-
3eMILIsip o6pabaThiBaeMoi omnbK 0603HaYeH BHeMKakerr _two.Bcamom6.1o-
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Ke BBINOJIHSIETCSI KOMaHJa print (err_two), KOTOPOI B OKHe BBIBOZA 0TOOpa-
JKaeTcs onucaHue oMok, B 1aHHOM citydae cjieicTBHE BBITIOJIHEHHS 3TOU KO-
MaH/Ibl - TOSIBJIEHHE B OKHE BbIBOJA COOOIIEHHS OumbKa OEeJeHUs Ha HOJIb !.
ITO TO XK€ camoe COObIeHIEe, KOTOPOE MOSIBJISIIOCH TIPU BBIOJHEHUN KOMaH-
Abl print (err one). Hudero yauBuTeIbHOro 37eCh HeT, IOCKOJIbKY Ilepe-
MEHHasi err two ccbllaeTcs GaKTU4YeCKH Ha TOT JKe 9K3EeMILISIP, Ha KOTOPBIN
CchbUTalach nepeMeHHasi err one. IIpu nepexsaTe creHepUpPOBaHHOTO KOMaH-
JOi raise err one HCKJIOYEHHUs 3K3EMILISAD HUCKJIIOYEHUs NEPelaeTcs B
except-0JI0K, U B 3TOM OJIOKE CChLIKA HA IK3EMILISIP OUIMOKY BBIMIOJIHSIETCS Ye-
pe3 mepeMeHHYI0 err_two.

B except-6s10ke 06pabOTKH OIINOKK UMEETCSI CBOU try-6JI0K, B KOTOPOM KO-
MaH/0if raise err two BBINOJHSETCS IIOBTOPHOE FeHEPUPOBAHYE OLIMOKHU.
HoBast 06pa6oTka BbINOJIHSIETCS] B except-6JI0Ke, U B 3TOM 6JIOKE CChLIKa Ha
9K3eMILTISIp OLIMOKU BBITIOJIHSIETCS Yepe3 NepeMeHHYyIo err three. U cHoBa
peyb UIET O TOM XK€ CAMOM 3K3EMILIsIPe, YTO ¥ B MpeAbIAylux caydasx. CBu-
JIeTeJIbCTBOM TOMY - pe3yJIbTaT BBINOJHEHUs KOMaH[bl print (err three)
(pesysibraT Tako# e, Kak DU BBINOJHEHMM KOMaHJ print (err one) u
print (err two)).

3aTeM MpH MOMBITKE BHIMOJHUTD KOMaHIy a=1/0 CHOBA reHepupyeTcsi OUInOKa,
CBsI3aHHAas C JieJIeHne Ha HoJib (Kj1ace ZeroDivisionError). Ho Ha aror pa3s
3K3EMILISIP UCKJIIOUEHUST CO3/IaeTCSl aBTOMATHYECKU U 3TO y2KEe COBCEM MHOM K-
3eMILIAD, KOTOPBIM K IEpEMEHHBIM eXrr_one, err two M err three He UMe-
€T HUKAKOro oTHoueHus. [[0aToMy npu BBINOJIHEHWU KOMaH/bl print (err
four) B except-6y0Ke (mepeMeHHasi err four - CChLJIKA HA 9K3EMILISIP MC-
KJII0YEeHUsI) ToJTy4YaeM, 10 CPaBHEHUIO C TPEAbIAYITUMHU CIy4YasiMU, COBCEM MHOMN
pe3yJbTaT (TEKCT, OMUCHIBAIOIIUANA UCKJIIOYEHUE).

Jlsisi reHepUPOBaHUsT UCKJIIOYEHUI He 06s13aTesIbHO MpuberaTh K MOMOIIM UH-
CTPYKIMU raise. MOXHO BOCIOJIb30BaThCSI HECKOJBKO UHBIM IOAXOAOM, B
OCHOBE KOTOPOTO MCITOJIb30BaHUE MHCTPYKIIMK assert. Eciu mocie MHCTPYK-
IIUM assert yKa3aTh BbIpaXKeHHUE C IOTUYECKUM 3HaYeHneM False, Oyner cre-
HEpUPOBAaHO UCKJIOYEHHE KJjacca AssertionError. HeboJbiioil mpumep, B
KOTOPOM HCKJIIOYEHNE TeHEPUPYETCSI C IOMOIIbIO HHCTPYKIIUU asser t, IpUBe-
JleH B JMCcTuHrE 8.12.

# OYHKUMS C JIOTMUECKMM apryMEeHTOM
def show(arg):

# KOHTpONMPYEMEI1 KOI

try:

# Eciu apryMeHT arg paBeH False -
# reHepupyeTCs MUCKIIOUEHMNe



assert arg
# Eciau owmbka He CIreHepupoBaHa
print ("llTaTHEI pexuMm.")
# OBbpaboTka MCKIIOYEHUS
except AssertionError as err:
print ("Mckiouenne:",err.  class__ )
# BruisbiBaeM GyHKLMIO
show (True)
show (False)

Pe3ysbraT BEIIOJIHEHUS 3TOTO IPOrPAMMHOI0O KOJIa TaKOM:

© PesynbTar BLINONHEHNS NPOTPaMMB (43 NMCTUHFa 8.12)

llTaTHEI PEXMUM.
UckioyeHre: <class 'AssertionError'>

B nanHoM ciryyae Mbl onvicbiBaeM GyHKIMIO show (), y KOTOPOi, Kak Ipearno-
JIaraeTcs, OAMH JIOTUYeCKUI apryMeHT. JTOT apryMeHT B TeJie (DYHKIMH yKa3bl-
BaeTCs 1ocJie MHCTPYKUuu assert. [loaTomy npu 3HayeHuu aprymenra False
reHepUPYeTCst UCKIIoYeHHne K1acca AssertionError. [Ipu 06paboTke HCKIIIO-
yeHUs B except-6y10ke 0TOOpaXkaeTcsl 3HaYeHUe oIl class  9K3eMILIs-
Pa UCKJIIOUeHUs (3HAUEHHeE T0JIS - 3TO KJIACC UCKIIoUeHus1). Ecm ke apryMeHT
¢GyHKIMY paBeH True, UCKJIIOUEHNE He TeHEPUPYETCS, a BBIIIOIHSIETCSI KOMaH/a
print ("llTaTHET pexwuM.") MOCJIE assert-wHCTPYKUUH. Boi3biBast GyHK-
110 show () ¢ pa3HbIMH apryMeHTaMy, MI0JIy4aeM Pa3Hble Pe3yJIbTaThl (TOUHEE,
B OKHE BBIBO/Ia OTOOPaXKaeTcsi pas3Hblil TEKCT).

Cd Hasametky

Mpy reHepupoBaHUM UCKIOHEHUA C NOMOLLLIO MHCTPYKUMN assert MOXHO A06aBuTb
onucaHue (TEKCT) AN 3Kk3emnispa ucknoveHns. [na 3Toro nocne nornyeckoro 3Have-
HWUSA B asser t-UHCTPYKLUM YePE3 3anaTyI0 yKa3biBAETCHA TEKCT - TOT TEKCT, KOTOPbIA By-
net otobpaxaTbca Npu NONbITKe "HanevyaraTb" aKk3eMnnap ucknoveHus. Hanpumep, B
peaynbTaTe BbiNONHEHUA NMHCTPYKUMN assert False "HeoxumaHHas ommbka" Oy-
AeT co3aaH 9Kk3eMnnNap knacca AssertionError. [pu npuseaeHnn ak3emnnspa K Tek-
cTosomy hopmarty GyaeT BO3BpalLaThCs TEKCTOBAA CTPOKA "HeoxmnnaHHaa ommoxa".

Eie oauH Bompoc, KOTOPBIN MBI 3/IECh PACCMOTPHM, CBSI3aH C CO3/IaHUEM KJIac-
COB T0JIb30BaTEJNbCKUX HCKJIIOUeHHUit. OOLIKil pelenT B JaHHOM CJIy4ae MPOCT:
HEeoOXOMMMO CO3/IaTh HOBBIM KJIACC MyTeM HacJe0BaHUs KJlacca U3 HepapXuu
KJIACCOB BCTPOEHHBIX UCKJI0YeHMit. OOBIYHO B KauecTBe 6a30BOr0 KJacca peKo-
MEH/IYIOT UCNIOJIb30BaTh KJ1acc Exception.

IIporecc co3maHust KJIaccoB MOJIb30BATENIbCKUX HMCKJIOUYEHUN pacCMOTPUM Ha
npuMepe, peacTaBaeHHOM B juctuHre 8.13. B aToM npuMepe MbI pelaeM KBa-
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APaTHbIE YpPaBHEHU . ITouck PENIEHUA B YUCJIOBOM BHU/E MMOAPA3YyMEBAET TEHEDU-
pOBaHHUE HCKJIFOYEHUH M10JIb30BaTETbCKUX TUIIOB.

() Hasametky

HanoMHuM, 4TO KBaApaTHOE ypaBHEHNE UMEET BUA, ax? + bx + ¢ = 0. B 3asucumo-
CTWOT 3HaYeHnii napaMeTpos @, b n C BO3MOXHBI CneayoLme BapuaHTbl. DopManbHo Y
~b+Vh?—dac , _—b-+Vb?-aac
KB3APATHOrO YPaBHEHUS ABA PELIEHUS: X1 =——————— 1 X2 = 2a , HO
3TO B TOM cnydae, ecim napametp @ # O v Boipaxenne D = b2 — 4qgc (Ha3biBaeT-
Csi ANCKPUMMNHAHTOM KBaApaTHOro ypaBHEHWs) HEOTpULATENIbHO, TO eCTb ecim D = 0
. Npuyem ecrm p,vucxprMH?)HT HyneBow (To ectb D = 0), To 06a KOPHSA YypaBHEHWUS CO-

BnagaloT: X1 = Xz = — 2a Ecrm gnckpuMuHaHT OTpuuatesbHblii (MMeeT MecTo
D < 0), TO Ha MHOXECTBE AEUCTBUTENbHBIX YACEN KBAAPATHOE YPABHEHUE PELLEHWUI HE
“MmeeT. 3aT0 UMEET A1Ba PELLEHNS HA MHOXECTBE KOMMIEKCHBIX YNCEN: x; = :?'H_ i
—b—iv=D . 2a
n*1 = ———-—, roe 4epea L 0603Ha4eHa MHUMan eauHULa (Takas, 4To no onpene-
nenvio i2 = —1). Bce 310 MeeT mecTo, eciv napaMeTp ( He paBeH Hynio. Ecim xe

a = 0, To daKkTUYeckn peyb UAET HEe O KBAAPATHOM, @ O IMHEMHOM ypaBHEHUW BUaa
c
bx + ¢ = 0.Y 3T0ro ypaBHeH!s OAHO peLleHne X = — 7, HO 3TO MPK YCIOBUN, 4TO

b # 0.Ecrmb = 0, To BCe 3aBUCUT OT TOro, paseH nn Hyno napameTpC. Mpuc = 0
peweHneM ypaBHeHwna bx + ¢ = 0 Gyaet no6oe uucno. Mpu ¢ %= 0 y ypaBHEHUs
bx + ¢ = 0 peleHunii HeT.

MOHATHO, 4TO NPY HaNMCaHN NPOrPaMMHOro KOAA A1 PELLEeHUs KBaApaTHbIX ypaBHe-
HWIA C y4ETOM BCEX NEPEYNCIEHHDIX Bbillle HPakTOPOB MOXHO UCNOb30BaTb CTPYKTYPY
13 BJIOXEHHbIX YCNOBHbIX ONepaTopoB. Ho Mbl noiaemM apyrum nytem. B npuseaeHHOM
nporpaMMHOM KOAE ONUCLIBAETCA [Ba Kflacca MoJib30BaTeIbCKUX UCKlo4eHnin. OaHo
WCKIOYEHNE FeHepupyeTcs B Cnyyae, eCnv ypaBHEHWE He SiBAseTCs kBagpaTHbIM, a
Opyroe - eCnv y ypaBHEeHUsi KOMNAEKCHbIE PELLEeHNS (KOPHW).

 Jincrunr 8.13. Monb30BaTenbCKUe KNACcCh HCKIOHEHMI

# VMrnopT MaTeMaTuueckoy oGyHKUMU
from math import sqrt
# Kilacc noJIb30BATEJIBCKOM OWMOKM
class LinearEquationWarning (Warning) :
# KOHCTPYKTOP
def _ init__ (self,b,c):
# KOHTPOJIMPYEMEIZ KON
try: ’
# IpucBamBaHMe 3HAUEHUs I[IOJIO DK3EMIIIpA.
# BozaMoxHa owmbOka OeJIeHMs Ha HOJb
self.x=-c/b
# Eciy BO3HMKJIA owmOKa IOeJIeHMS Ha HOJIb
except ZeroDivisionError:
# Ecau napaMmeTp HYJIEBOM



if c==0:
# PemeHye - JHOE UMUCIIO
self.x="mw0boe umcyo"
# Ecnm napaMerp He paBeH HYIJIo
else:
# PemeHmin HeT
self.x="pemeHur HeT"
# MeTon O51A NPMBEIEHMS SK3EMIIApPa MCKIIOUEHMUS
# K TexkCcTOBOMYy GopMmatTy
def  str (self):
# dopMMpyeTCs TEKCTOBOE 3HaueHue
# mona pesynbTaTa Meroma
txt="PemweHne ypaBHeHus: "
txt+=str(self.x)
# PesynbTaT MeTona
return txt
# KjlacC Mojb30BATENIbCKOTO MCKJIIOUYEHMS
class ComplexRootsError (Exception):
# KOHCTpPYKTOp
def init (self,a,b,D):
# 3HaueHMe IOJd B3K3eMIdpa
self.xl=complex (-b/2/a,sqrt (-D)/2/a)
# 3BHaueHMe NOJIA BK3eMIdapa
self.x2=complex (-b/2/a,-sqrt (-D)/2/a)
# Meron Iy NPMBEOEHUS SK3EMIIAPa MCKIIOUEHMUS
# K TekcTOBOMYy GopMmaty
def  str_ (self):
# dopMMpOBAHME TEKCTOBOM CTPOKM OJIA
# pesynbTaTra MeTona
txt="x1 ="+str(self.x1)+"\n"
txt+="x2 ="+str (self.x2)
# PesyjbTaT MeToma
return txt
# OyHKUMA OIS OTOOpPaXeHMs NapaMeTpPOB ypaBHEHUS
def show_params(a,b,c):
# TekcT c dopMaTMpoBaHMEM
print ("lapamerpr: a={0}, b={1}, c={2}:".format(a,b,c))
# OYHKUMA IS pelleHMs KBAaOPaTHOTO ypaBHEHMS
def find_roots(a,b,c):
# OTobOpaxeHMe NnapaMeTpPOB pelaeMoTO YypaBHEHMUA
show_params (a, b, c)
# KOHTpONMpYyeMslll KOI
try:
# Ecam nmapaMeTp HyJIeBOM
if a==0:
# T'eHepupyeTCs MUCKIOUEHUE
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# NOJIb30BATENILCKOTO TUIIA
raise LinearEquationWarning (b, c)
# IVCKPVMMMHAHT ypaBHEHUS
D=b*b-4*a*c
# EcCiy IOMCKPMMMHAHT MEHblle HYJA
if D<O:
# T'eHepupyeTCsa MCKIIOUEHUE
# NoJIb30BATENILCKOTO TUIIA
raise ComplexRootsError(a,b,D)
# [lepBHM KOpPEHb (peleHue) ypaBHEHUS
x1l=(-b+sqrt (D)) /27a
# BTOpOJ) KOpPEeHb (pelieHue) ypaBHEHUs
x2=(-b-sqrt (D)) /2/a
# OrobpaxaeTcsa KOpPeHb ypaBHEHMUS
print ("x1 =", x1)
# OrobpaxaeTcsa KOPEeHb ypaBHEHUS
print ("x2 =", x2)
# IepexBaTHBaAETCS MCKJIIOUEHME I10JIb30OBATEJILCKOT'O THUIA
except LinearEquationWarning as err:
print ("3To nuHerHOe ypaBHeHue!")
# OrobpaxaeTcsa mHpopMaumsa 0O DKIEMIIIAPE MUCKIIOUYEHUS
print (err)
# I[lepexBaTHBAETCS MCKIIOUEHME I10JIb30BATEJILCKOTO THUIA
except ComplexRootsError as err:
print ("BHuMaHMe! PemeHMs KOMIJIEKCHEe!")
# OTobpaxaeTcsa MHPopMaLMSa OO BKIEMIJIAPE MUCKIIOUEHUS
print (err)
# PemaeM KBaIpaTHHE YypPaBHEHUS
print ("PemweHue ypaBHEHUS a*x**2+b*x+c=0.")
# IIBa OEMCTBUTENIBHHX KOPHSA
find roots(2,-3,1)
# CoBnamammye KOPHM
find_roots(1,2,1)
# IIBa KOMIIJIEKCHEIX KOPHS
find_roots (2,1, 3)
# JlvHerHOe ypaBHEHME C OOHM pelleHVEM
find _roots (0,-6,5)
# PemweHuyr Her
find _roots(0,0,1)
# PemeHue - Jjo6oe UMUCIIO
find_roots (0,0, 0)

PeayanaT BBITIOJTHEHU A JAaHHOI'O ITPOrPAaMMHOI'0O KO/ia ITpeACTaBJIEH HUXKE:



. Pesynerar sbinonwenws nporpaMm (ws nuctiwra 8.13)
PemeHye ypaBHeHMSa a*x**2+b*x+c=0.
[lapamMeTpr: a=2, b=-3, c=1:

x1l = 1.0
x2 = 0.5
NapameTpu: a=1, b=2, c=1:
xl = -1.0
x2 = -1.0

NapameTpu: a=2, b=1, c=3:
BHMMaHMe ! PelleHMss KOMIIJIEKCHEIE !
x1 =(-0.25+1.19895788082817987)
x2 =(-0.25-1.19895788082817987)
NapameTprr: a=0, b=-6, c=5:

3TO JIMHEMHOEe ypaBHeHue!

Pemenne yparHeHmsa: 0.8333333333333334
NapameTprr: a=0, b=0, c=1:

3TO JMHENHOe ypaBHeHue !

PelleHe ypaBHEHMS: PeUleHUM HeT
NapameTpr: a=0, b=0, c=0:

3TO JIMHEMHOe ypaBHeHue!

PemeHre ypaBHeHuA: Ji0OOEe UMCIIO

[TockosibKy MBI cOOMpaeMcsi B MPOIIECCE BHIYUCIEHUM U3BJIEKATh KBaJAPATHBIN
KOpeHb, KOMaH/IoN from math import sqrt U3 MOAYJs math UMIOPTUPY-
eM (pyHKUMIO U3BJIeYEeHH S KBaIPATHOIO KOPHS sqrt ().

Knacc ¢ HasBanueMm LinearEquationWarning co3aaeTcs myTeM HacJea0Ba-
HUS KJIacca UCKJIIoYeHuss Warning. B Tese kjacca onucaH KOHCTPYKTOP, U Cpe-
I apryMEHTOB 3TOr'0 KOHCTPYKTOPA, KPOME CChLIKU self Ha 3K3eMILISp KJac-
ca, ecTb ellle napaMeTpsl b u c. Ha3BaHus 3TUX apryMeHTOB COBIAAAIOT C Ha3Ba-
HUSIMU [IapaMETPOB PelIaeMOro ypaBHEHUS.

[ Ha3ameTky

MapameTp a B A@HHOM CNyyae He HyXeH, NOCKOJIbKy owmnbka knacca LinearEqua-
tionWarning 6ynet reHepupoBaTbCS B Ciyyae, eCnv napameTp a paBeH Hyo. To ecTb
€C/M YX AeN0 A0WN0 A0 Co3AaHMa aK3emnasapa UCKNYEeHUa LinearEquationWarn-
ing, TO 3TO aBTOMaTUYECKN O3HAYAET, YTO NapamMeTp a B ypaBHEHUN HYNEBOWN.

B rene xoHCTpyKTOpa KOMaHAON self.x=-c/b NOMO x 3K3eMILIsIpa KJacca
IIPUCBAWBAETCS 3HAYEHHUE, PABHOE, OYEBU/IHO, KOPHIO YPaBHEHUs (JIMHEHOTO B
naHHOM ciydae). Ho npu aToM Bo3MOXkHa omubOKa JesieHHs] Ha HOJIb - €CJIH Ia-
paMeTp b HyJieBoi. B aTOM ciryyae Ha clieHy BHIXOAUT 06PabOTYUK UCKJIIOYEHUST
KJacca ZeroDivisionError ¥ ¢ HOMOIIBIO YCJIOBHOTO ONEPATOPA, B 3aBUCH-
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MOCTH OT 3HaYeHHUs IapaMeTpa c, II0JI0 X IK3eMILIsIpa KJacca IIPUCBANBAETCA
3HayeHue "moboe umcio" WU "pemeHun HeT".

Takxe B kj1acce LinearEquationWarning onucad MeTox _ str_ (), 4TO
MO3BOJISIET BBIMOJIHATH aBTOMATUYECKOE NMPHUBEIEHHE IK3EMILISIPOB KJlacca K
TeKcToBOMYy ¢dopmarty. B Tenie meTona ¢opMupyercs TekcToBas CTPOKa, COAEp-
Xamas, KpoMe IpoYero, 3HauyeHue MoJis X 9K3eMILIsApa KJaacca. ITOT TEKCT BO3-
Bpall[a€TCs KaK pe3yJibraT MeTOa.

E1re oquH ky1acc nosib30BaTeIbCKOro HCKII0YEHUs Ha3blBaeTcst ComplexRoot -
sError u co3jaeTcsl OH HacjenoBaHNeM KJjacca Exception. Koncrpykropy,
OINMCaHHOMY B TeJle KJIacca, IepeIaloTcsl HapaMeTphl YpaBHEHUS a U b, a Takke
OUCKPUMUHAHT ypaBHeHUs D. HesiBHO npeamnoJiaraercs, YTo JUCKPUMUHAHT OT-
pHUlLIaTeIbHBIA (IIOTOMY YTO TOJIBKO B 3TOM CJIy4yae reHepupyeTcsi OlnbKa Kiac-
ca ComplexRootsError). B Tese KOHCTpYKTOpa HOJSIM X1 U X2 3K3EMILIS-
pa KJlacca NMpUCBaMBAIOTCS 3HAYEHUS. JTO KOMILJIEKCHBIE yKcaa. KoMmniekcHbie
YHCJIa CO37AI0TCS C MOMOIIBIO BCTPOEHHOU GyHKIMKU complex () (HATIOMHUM,
YTO ee apryMEeHTHI - 3TO AeHCTBUTEIbHAS U MHUMAas YaCTH KOMILJIEKCHOTO YMC-
ja). [Ipu BeIYMCIIEHUSIX MCHOJIB30BaHBI (POPMYJIBI 151 KOMILJIEKCHBIX KOPHEM
KBa/JpaTHOI'O ypaBHEHUs (CM. BCTABKY BBILIE).

[Ipy mpuBeseHUN 3K3eMIJISIpa Kjacca K TeKCTOBOMY ¢dopMaTy (IpOrpaMMHBIHA
KOJ MeTofla __str__ ()) B TEKCTOBYIO CTPOKY, BO3BpalllaeMyI0 Kak pe3yJIbTar,
BKJIIOYAIOTCS 3HAYEHUS MOJIeN x1 U x2 3K3eMIIsApa KJjacca.

Tak>xe B MpOrpaMMHOM KOJl€, KPOME OIHCAHUS KJIACCOB MOJIb30BATENIBCKUX HUC-
KJIIOYEeHUH, MMeeTcsl PyHKIUS show params (), NpeJHa3HauYeHHas JJIsi OTO-
Opa)keHusi 3HAUEHUI TapaMeTPOB /IJIsl PELIAEMOr0 KBaIPATHOrO Y PaBHEHUSI.

Q) Ha samerky

B tene ¢oyHkuumn show_params () BbINONHAETCA KOMaHAa print ("MapaMeTpu: a={
0}, b={1}, c={2}:".format(a,b,c)). 3aecb Mbl npuéernm Kk GoOpMUPOBaHUIO
TEKCTOBOW CTPOKU AN19 0TOBpaxeHns B OKHe BbiBO4A NOCPEACTBOM Bbi30Ba PyHKUUM
format () n3 cTtpoku dopmarta. B tekcre "llapamerpr: a={0}, b={1}, c={2}:",
13 KOTOPOro Bbi3blBaeTcs GYHKUMA format (), MHCTPYKUMM {0}, {1} n {2} onpeaens-
10T MECTO BCTaBKWN 3HA4YE€HUN COOTBETCTBEHHO NEPBOro, BTOPOro U TPETbEro apryMeH-
TOB PyHKUMU format ().

Oynkiuus show params () BbI3bIBaeTCs B TeJie APYrod GyHKIMH, KOTOpast
HasbiBaeTcs find roots () M mpeqHasHayeHa AJs pelleHUsl ypaBHeHHs. Kpo-
Me 3Toro, B Tesie pyHKuuu find roots () B yCJIOBHOM OIEPATOPE MPOBEPSIET-
cs1 ycyoBue a==0, ¥ €CJIM OHO UCTHUHHO, KOMaH/I0l raise LinearEquation
Warning (b, c) reHepupyercs UCKJIOUYEHHE [10JIb30BATEIbCKOr0O Kjaacca Lin-
earEquationWarning.



[ Hasametky

KomaHpooi LinearEquationWarning(b,c) co3gaetca 3k3eMnasp knacca Lin-
earEquationWarning, HO CCbifika Ha 3TOT 3K3EMNNAP ABHO HW B KaKylo NePEMEHHYI0
He 3anucbiBaeTCs. ITO Tak Ha3biBa€MbliA aHOHUMHbI 3K3eMIIsap Knacca.

Eciu omubka He reHepupoBasach (ycjaoBue a==0 JIO)KHO), TO KOMaHION
D=b*b-4*a*c BbIUUCJAETCSI AUCKPUMUHAHT ypaBHeHUs. B ciydae ecsiu OH OT-
punatesnbHbIi (ycloBue D<O B ellle OZHOM YCJOBHOM OllepaTope), KOMaHIOW
raise ComplexRootsError(a,b,D) reHepupyercsi omubKa MoJib30Ba-
TeJIbCKOro Kjiacca ComplexRootsError.

(d Ha3zamertky

KomaHpon ComplexRootsError (a, b, D) cO3AaeTca aHOHUMHbIA 3K3eMNAsp knacca
ComplexRootsError.

Ecnu ycioBue D<0 He BBINOJHSETCS, KOMaHJaMU x1= (-b+sqrt (D)) /2/au
x2=(-b-sqrt (D)) /2/a BBYHCISIOTCS KOPHU ypaBHeHUs (IIpU 3TOM, €CJIU
JUCKPUMUHAHT HYJIEBOH, TO 3HAYEHUS] KOPHEN OJTUHAKOBBI), 2 3aTEM KOMaHIaMU
print ("x1 =",x1) uprint("x2 =",x2) BbIYUCJIEHHbIE 3HAYEHUS OTO-
OpakaloTcs B OKHe BbIBOJA.

[Ipn mepexBaTe U 06pabOTKE HCKJIOYEHHS I10JIb30BATEIbCKOTO THMA Lin-
earEquationWarning KOMaHZoN print ("9T0 JMHENHOe ypaBHeHue!
") BBIBOAMUTCS TEKCTOBOE MpeayNpexeHue, a 3aTeM KOMaHIoHM print (err)
0TOOpaXkaeTcsl U OMMCAHUE IK3EMIUISIPA UCKJIIOYEHHS] err. AHAJIOIMYHO MPO-
HCXOIUT 00paboTKa MCKJIIOUEHHS T0JIb30BATEIBCKOTO KJacca ComplexRoot-
sError.

(0 HasameTky

B npuHumne, mMoxHO 6bino 6bl nepexeaTbiBaTb U 06pabaTbiBaTh UCKIIOYEHUS Kiac-
CcOB LinearEquationWarning un ComplexRootsError B OOHOM except-6noke. MNpun
3TOM "cneuunduyeckue” ans Kaxaoro U3 UCNoJib30BaHHbIX HAMU except-6N10KOB Tek-
CTOBblE COOBLLEHNS MOXHO 6bINo 6bl "cNpATaTh” B KOHCTPYKTOPLI 9K3EMMNISPOB COOT-
BETCTBYIOLMNX KNACCOB.

To, 4TO Knacchl LinearEquationWarning U ComplexRootsError CO34aBannChb Ha-
cnefioBaHMEM pasfiMyHbix 6a30BbIX KNACCOB (Warning U Exception COOTBETCTBEH-
HO) B KOHTEKCTE UX UCMOJIb30BaHUS HE SIBNSIETCSA NpUHUUNManbHbiM. Ho pasnuuve Bce
-Xe ecTb. Hanpumep, B except-610ke Ans nepexsata UCKIOYEHUI Knacca Exception
6yanyT nepexsaTbiBaTbCA UM OWMOKN KnaccoB LinearEquationWarning U Complex-
RootsError, aBexcept-610ke 4na nepexsara UCKNIOYEHUIA Knacca Warning - owmnb-
KW TOMbKO Knacca LinearEquationWarning.
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JL1st NILTOCTPAlliK TOTO, KaK paboTaeT BCsI 3Ta CXEMA, B TPOrPAMMHOM KOJI€ IPHU-
Be/leHO HeCKOJIbKO IIPUMepOB BbI30Ba QyHKIUU find roots () ¢ pa3HbIMH Ha-
6opaMu ITapaMeTpoB /sl PELLIAEMOT0 YPaBHEHUSI.

UtepaTopbl n pyHKUNU-reHepaTopbl

Knresamv 6ydem max, umo xiuenwm nozabydem
060 6cem Ha céeme.
uz k/¢ "bBpunrmanmosas pyka”

B Python ectb ocobasi kaTeropusi 06beKTOB, KOTOPbIE Ha3bIBAIOT UMeEPAMopa-
Mmu. VITepaTopbl CO3AI0TCS HA OCHOBE UMepayuonbix 06sexmos. K urepauoH-
HBIM 00BEKTaM OTHOCSITCSI CITMCKH, KOPTeXH U TekcT. Ho Hac uHTepecyet co3aa-
HUE [0J1b30BATEICKUX UTEPALIMOHHBIX 00bEKTOB. Takue 0O bEKTHI CO3AI0TCST Ha
OCHOBE KJIaccoB. 1

Knaccsl, Ha 0OCHOBE KOTOPBIX CO3/IAI0TCSI HTEPAIHOHHBIE OOBEKTHI, OY/1EM Ha3bI-
BaTh UMEPAUUOHHIMU KAACCAMU WU K1accamu-umepamopamu (XOTs TocieTHee
Ha3BaHWe, BO3MOXKHO, M He 04eHb KOppeKkTHoe). TakuM 06pa3oM, Bce HauMHaeTCst
c Ky1acca-urepartopa. Ecim nogoiitu kK Bompocy ¢popMaJibHO, TO KJIACC-UTEPATOP -
3TO KJIACC, B KOTOPOM MOJIEPXKUBAIOTCS (TO €CTb, OMpe/leJIeHbl) CIENHATbHbIE
MeToabl iter () u__next_ ().

Ho uT0GBI MOHSITH, 3a4€M BCE 3TO HYXKHO U KaK MCIOJIb3YeTCs, Jy4llle "HayaThb
usnanexa”. 1 B mepByio ouepesib paCCMOTPUM POTrPaMMHBII KO/, TPeICTaBJIeH-
HBIH B iucTuHre 8.14.

P

s=iter([1,2,
print (next (s
print (next (s
print (next (s
try:

print (next (s))
except Exception as err:

print (err. class_ )

31)
))
))
))

PCSyJIhTaT BBITIOJTHEHHU A ITPOI'PaAaMMHOTI'0 KOJa TaKOW:

sl NPOTPaMMBl (M3 IMCTUHra 8.14)

A WDN -

class 'Stoplteration'>



Ml BBINOJTHSIEM TPOCTBIE OTIEPAIINH, B KOTOPBIX UCNOJIb3yeM GYHKIUU iter ()
U next (). A UMEHHO, IeEpEMEHHON S NPUCBANBAETCSI Pe3yJIbTaT BbIPAKEHUS
iter([1,2,3]),BKOTOPOM apryMeHTOM QYHKIMU iter () Mmeperaercs CIu-
cok [1, 2, 3].Cpa3y 3aMeTuM, YTO pe3yJIbTaTOM BbIpaXkeHusi iter ([1,2,3])
SIBJISIETCS Ume pamop - 3TOT OOBEKT MOXKHO mepeiaBaTh GyHKuu next (). [Ipu-
4yeM KaXXIbIi pa3 MpH BbI30Be GYHKUUU next () (C apryMeHTOM-UTEPATOPOM)
[0JIy4yaeM HOBOE 3HaUY€HUE - IIPaB/a, 0 OIPeAeJIeHHOIO MOMEHTA.

CBHIeTEIbCTBOM TOMY CJIY>KUT pe3yJbTaT I0cjeJ0BaTeIbHOI0 BBITOJHEHUS KO-
MaHAblprint (next (s)):IpHU IEPBBLIX TPEX BHI30BaX BO3BPAILAIOTCSI COOTBET-
CTBEHHO YHUCJIOBbIe 3HauyeHus 1, 2 u 3. Hecs10xHO 10rafiaThCsi, UTO 3TO 3JIEMEHTHI
crucka [1, 2, 3], KOTOPBIi epeiaBajics apryMeHToM QYHKIMH iter (). A BOT
IIpU BBIOJTHEHUU KOMAHABI print (next (s)) B YeTBepTHIN pa3, TeHepUpyeT-
cs1 omrnOKa kjacca StopIteration. 3To B MPUHIIKIE TOXE TMOHSITHO - B CIHU-
cke [1,2, 3] 3aKOHYHJIUCDH 3J1eMeHThL. UTO U3 3TOrO cieayet? A cieayet Oyk-
BaJIBHO BOT YTO: UTEPATOP - ITO TAKOM OOBEKT, KOTOPBIN MOXKHO NepeaBaTh ap-
ryMeHTOM (PYHKIIMU next () U NOJIy4aTh B pe3yJbTaTe HEKOTOPOe 3HaueHue (Ha
caMoM JieJie He 06si3aTesIbHO YyncIoBoe). [Ipomoskaercs 3To He 10 6ECKOHEYHO-
ctu. B Kakoii-To MOMEHT 1pu BbI30Be (PYHKIUU next () C UTEpPaTOPOM B Kaue-
CTBe apryMeHTa reHepupyeTcsl UCKJIIoUeHHe kjacca Stoplteration. Bo3Hu-
KaeT BOIPOC: 2 KAKOBa BO BCEM 3TOM poJib (pyHkumu iter () ? OTBET MPOCTOIL:
C OMOIIbI0 QYHKIMK iter () Ha OCHOBE MTEPAIMOHHOTO OOBEKTA CO3MAETCST
utepatop. B paccMorpeHHOM mpumepe y Hac Obl1 crucok [1,2, 3]. Cnucok -
3TO UTEPALMOHHbII 06BEKT, HO elile He uTepatop. Mrepatop Ha OCHOBE CITUCKa
HY>KHO €03/1aTh. UTOOBI CO3/1aTh UTEPATOP HA OCHOBE CITUCKA, CIIMCOK Iepe/iaeT-
CsI apryMeHTOM (PyHKIMH iter ().

0 Ha3zametky

Mbl AOCTAaTOYHO 4AaCTO MCMOMbL30BaIM U UCNOMb3YEM WHCTPYKUWUM C KJIIOHEBLIM CJO-
BOM for BUAa for smeMenTt in uro-To. O6pabaTbLiBAOTCA OHX HA CaMOM Aene Tak.
CHavana co3gaercsa utepaTop iter (uro-ro). 3aTeM 3TOT MTepaTop NOcneaoBaTe b-
HO MpWU Kaxaon utepaumn nepepaetca GyHkUMM next (). NTepaumm npoponxatoTtcs
[0 Tex Nop, Noka Npu Bbi3oBe GYHKUMM next () He Gy4eT CreHepupoBaHO UCKIDYEHWE
StopIteration.

Ho ¢yHkiuu next () u iter () - 3TO, TaK CKa3aTbh, BHEILIHSI YacTh aicbepra.
PaccMOTpHM mporpaMMHBIiA KOJI, TPeICTaBJIeHHbII B ucTuHre 8.15.

Nuctur 8.15. Metoasi _next_() u _iter_()

s=[1,2,3]. iter ()

print(s. next_ ())

print(s. next ())
()

print(s. next
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print(s. next ())
except Except_ion as_err:

print (err._class_ )
PesynbTaT BBIMOHEHUST TPOTPAMMHOIO KOZIA 6yaeT TaKHUM Xe, KaK B IIpeabIay-
L[eM CIIyYae:

~ PesynsTat BHINOMHeHMS NPOTPaMMbl (3 ucThHra 8.15)

1
2
3
<class 'StopIteration'>

Cutyanus oueHb HallOMUHAEeT PaCCMOTPEHHBIH paHee npumep. ToJbko Tenepb
BMeCTO QYHKIMH iter () C apryMeHTOM-CIMCKOM U3 CIHCKA BBI3BIBAETCS Me-
Toh ___iter (), a BMecTO QyHKIUHU next () ¢ apryMeHTOM-UTEPaTOPOM U3
uTepaTopa BbI3biBaeTcs MeTof _ next (). Hecioxno moramatbes, YTO BbI-
30B QyHKIUH iter () Unext () IPUBOAUT K BbI30BY COOTBETCTBEHHO METO/IOB
_iter_ () m_next (). [lajee jjoruka takas: Ham HY>XXHO 6bLJI0 OBI OMH-
CcaThbKJIacC C METOAOM  iter ().

IK3eMILISIPbI TAKOTO KJacca - UTepalluoHHble 06beKThL. [IpH BbI30BE U3 UTepa-
IIMOHHOTO OObEKTa MeToAa __ iter () B KauecTBe pe3yJbrarta J0JDKEH BO3-
BpAllaThCsl UTEPATOD - OOBEKT, Y KOTOPOrO eCTb MeTOA _ next (). Takoit
00BEKT TOXe Hy’KHO CO3/1aBaTh Ha OCHOBE KaKOT0-TO KJiacca (TOUHee TaKoro, B
KOTODOM ONUCAH MeTo __ next () ).

EcrecTBenHbIM 06pa3oM Ha yM IPHXOUT PellIeHHe: OIUCATh OIUH KJIACC C METO-.
AamMu ___iter () u_ next_ (), mpuyeM MeTon __ iter () ompeaesuTh
TakK, YTOOBI B Ka4eCTBe Pe3yJ/IbTaT OH BO3Bpallall CCBLIKY Ha 9K3eMILISIP, U3 KO-
TOPOrO BbI3bIBaeTCs. B uTOre Kjacc Hy»KeH BCEro OJUH, a 9K3eMILIsP, KOTOPbIA

CO3/JaeTCs1 HA OCHOBE 3TOTO KJacca, IoAepxKuBaeT oba MeToga _ iter () u
__next__ (). To ectp momyyaem kak 6bI MTEPALIMOHHBII OOBEKT M UTEPATOP "B
O/THOM JIMLE".

Yto6s! 3apaboTaTh TAaKOM ABOMHOW NpH3, HAM HYXeH Bcero oauH Kjacc. O6
3TOM KakK pa3 W IJla peyb B Hayaje pasjesia, KorjJa Mbl TOBOPDUJIM O KJIACCaX-
uteparopax. /lajee 1jisi IPOCTOTBI, ¥ €CJIU 3TO He Gy eT IPUBOIUTD K HEZOpa3y-
MEHUSIM, 9K3EMILISIPbI KJIACCOB-UTEPATOPOB 6y /1EM Ha3bIBATh UTEPATOPAMH.

HTak, cxeMa HalIuX JeHCTBUIA TaKas:
» CospmaeM kJacc c MeToflaMu __iter () m__next_ ().

e Meron iter () omuchiBaeM TaKMM 06pPa3oM, YTOOBI pe3yIbTaTOM
OH BO3Bpallaj CCHUIKY Ha 9K3EMILISIP, U3 KOTOPOTO BBI3BIBAETCH.



* "llpaBunbHBII" MeTOL _ next () JOJDKeH GBITb TAKMM: KAKOe-TO KO-
JIMYECTBO BBI30BOB METOJ BO3BpalllaeT 3Ha4YeHMs, a 3aTeM reHepupyeT
HUCKJIIOUEHUE KJjlacca StopIteration.

B nucrunre 8.16 npuBeseH NpuUMep CO3/IaHUS UTEPATOPA, KOTOPBIH IIO3BOJISIET
BBIYMCJISITH YHCJIA U3 TTOCJIef0BaTeIbHOCTH DuboHaYyH.

[J Hasametky

HanoMHumMm, 4TO B nocnenosaTensHocTM PruboHaq4m nepeble ABa YNCNa paBHbl 1, a kax-
[l0€e cneayioLLee YCno paBHO CyMMe AByx npeabiaywmx: 1, 1, 2, 3, 5, 8, 13, 21, 34, 55,
nTak aanee.

Nuctunr 8.16. Wrep

# Kmacc - ureparop
class Fibs:
# KoHCTpyKTOp
def _ init__ (self,n):
# HauanbHEIE 3HAYEHMS NOJIA [OJIEM
# count (HOMEp reHepupyeMoIro umcia),
# a (reHepupyeMoe uMCJIIO)
# u b (crnenywoiuee umcio)
self.start ()
# 3HaueHMe NoJg n (KOJIMUECTBO T'€HEPUPYEMHX
# uncen)
self.n=n
# MeTon nns nepeBona B "HauaJlbHOE COCTOSHME"
# noJsie;m count, a m b
def start(self):
self.count=1 # HoMep reHepMpyeMOTO uuCIa
self.a=1 # T'eHepupyeMoOe YMCJIIO
self.b=1 # Crnemympiuee umMcio
# MeTon, KOTOPHI BO3BpallaeT MTEPATOP
def _ iter (self):
# PesyJbTaT MeTOIa - CChUJIKA
# Ha BK3eMIUIApP KJlacca
return self
# MeTono OJia BBIUMCJIEHMS umMcja dnboHauum
def _ next (self):
# EcCyM NpeBHIEH JIMMUT T'€HEPUPYEMHIX UYMCell
if self.count>self.n:
# Hom;a count, a u b nosyyamwT HauyaJibHHE
# eIVHMUHEIE 3HAUEHUS
self.start ()
# TeHepupyeTcsa MCKIIOUEHME
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# kyacca Stoplteration
raise StopIteration
# Eciy JMMUT T'eHepupOBaHMA
# umces He NpeBHIEH
res=self.a # Bo3BpaumaeMoe MeTOIOM 3HaueHUE
# HOoBOe uUMCJIO B IOCJIENOBATEJLHOCTM OMOOHAUUM
self.a,self.b=self.b,self.a+self.b
# HoBOe 3HaueHMe NOJIA count
self.count+=1
# PesyneTaT MeToOIa
return res
# Coz3nmaeTcsa »k3eMmysap Kjacca
obj=Fibs (10)
# Dks3eMmIgp KJjlacca MUCIOJb3YyeTCs B ONepaTope LMKJIA
for s in obj:
print (s,end=" ")

print ()

# VI3MeHseM 3HaueHus IMOJIEM BK3eMNisapa Kijacca
obj.a=3 # UeTBepTOE UMCJIO B IOCJENOBATEJIBHOCTU
obj.b=5 # IlaToe uUMCJIO B NOCJIENOBATENILHOCTU

obj.count=4 # HoMmep umucia B NOCJIEOOBATEJbHOCTU
# HoBED1 ONEepaTop LUMKJIA C 3K3EeMILJIApOM KJlacca
for s in obj:

print (s,end=" ")
print ()
# KonmuecTBO T'€HEPUPYEMHIX UYMCEel
obj.n=15
# Emwe oOIOMH OnepaTop LUMKJA C 3K3eMIJIIpOM KJlacca
for s in obj:

print (s,end=" ")

PeEiy.TIbTaT BBITIOJTHEHH A 3TOT'O IIPOrPaMMHOI0O KOJZa TaKOW:

S

1123581321 3455
358 13 21 34 55
1123581321 34 55 89 144 233 377 610

K.HB.CC, KOTOprfI MbI CO3Ja€M B IIPpOrPaMMHOM KOJ€E U KOTOprﬁ IpeJHa3Ha4€H
AJ1d CO34aHUA UTEPATOPOB, HA3bIBAETCA Fibs. ¥ 9K3EMILIAPA KJjacca €CTb Ta-
KHE I10J14:

* YucsioBoe moJie n onpenessieT KOJHMYECTBO YHCEN B IOCJEJOBATETbHOCTH
®uboHauyyu, KOTOpPbIe O6YIYT reHEPUPOBATHCSI UTEPATOPOM (OH XKe IK3eM-
ILJISIP KJIacca).



¢  YucioBoe mojie count ompejessieT HOMEpP TOTO 3JieMeHTa MOocJeo-
BaTeJbHOCTH, KOTOPBIA OyeT TeHEepUPOBATHCS MPH BbI30BE (DYHKIIMU
next (). O4eBUHO, YTO reHepUPOBaHUE YUCEJ MOXET OCYIIECTBISATD-
Csl, eCJIM 3HaYeHUe MoJIsI count He MpeBbILIAeT 3HaueHue noJisi n. B mpo-
THUBHOM cJiydyae Oy/ieT TeHepUPOBaThCS UCKJIIOYeHHe KJacca StopIlt—
eration.

o TJlons a u b "moMHAT" ABa YKcIa U3 nociaegoBaTeabHocty OuboHaAYYM:
B IT0JIE a 3aMMUChIBAETCS 3HAUEHHE YKCJIa, KOTOPOe Oy /IET CreHEPUPOBaHO
Ipu BBI30Be (PYHKIMM next (), a B [0JIe b 3aHChIBAETCS CJeAyIOIIee
YHCJIO B MOCJIE0BATEJIbHOCTH.

Meton start () 3K3eMILIsIpa KJlacca HY’>KeH [IJIsT YCTAaHOBKU HAYaJIbHBIX 3HA-
YyeHU MoJIeH a, b ¥ count. B Tejie MeToa BCe 3TH MMOJIS MOJMYYAIOT € JUHUYHbBIE
3HAYEHUSI.

B KOHCTPYKTOPE BbI3bIBAETCS METOA start (), a TaKXKe IMIPHUCBauBaeTCs 3Haye-
HHE M0JII0 n. 3HaYEHHUE JJIsI 3TOTO MMOJIS INepefaeTcda apryMeHTOM KOHCTPYKTODY.

Meron iter () AOJ/DKEH, KaK yXe OTMedasioch, BO3BPAllaTh CCbLIKY Ha
utepatop. Takxe MbI yCJIOBHJIMCh, YTO MTepaTOpoM OyJeT 3K3eMIUIp KJjacca
Fibs. IlosToMy B Tene MmeToga _iter () ¢ apryMeHTOM self Bcero oaHa
MHCTPYKIUS return self, KOTOpPOW B KayecTBe pe3yJsbTaTa MeTO/la BO3Bpa-
I[eTCsI CChIJIKA Ha 9K3eMILISAP KJacca Fibs, M3 KOTOPOro BbI3bIBA€TCA METO (M
3TOT 3K3eMILJISIP, COOTBETCTBEHHO, NlepeiaeTcsl apryMeHToM QyHKuuu iter () ).

Hawubosiee uHTEpeCHBII KO, NOXKaJIYH, y MeToga _ next (). lIMeHHO B 3TOM
METO/ie ONpeJEssieTCs, KAKOe YUCJIO OyleT reHepUupOBaThCsl UTEPATOPOM (IK-
3eMIJIIPOM KJIacca) Ha KaxI0i urepauuu. B Tese MeTona B mepByl0 ouepesb
B YCJIOBHOM oIlepaTope MpoBepsieTcsi ycaoBue self.count>self.n (uepes
self obo3HayeHa CChIJIKA Ha 3K3EMILISP KJlacca - apTyMeHT MeTofla __ next
() ). UcTHHHOCTD JaHHOTO YCJIOBHSI O3HAYAET, UTO YKCJIa 60JIblie reHepUPOBATD-
cs He TOJXKHBL B aToM ciiy4yae koManzioil self.start () mouasm a, b ¥ count
3K3eMILIsIpa self NMPUCBaMBAIOTCS €IMHUYHBIE 3HAUeHUS (KaK B HayaJle uTepa-
IIMOHHOT'O TIpollecca), a 3aTeM KOMaH/0i raise Stoplteration reHepupy-
€TCS UCKJII0UeHHUe KJlacca Stoplteration.

0 Hasametky

O6paTnTe BHUMaHWe, 4TO UCKIIDYEHNE FEHEPUPYETCS, HO HE NepexBaTbiBAETCH U HE 06-
pabatbiBaeTcs. OHO 6yneTt 06paboTaHO onepaTopoM for U UMEHHO AN 3TOro onepa-
TopanpeaHa3HavyeHo. MosBneHne NCKAIYEHUS CAYXUT NPU3HAKOM TOr0, 4TO UTepauu-
OHHbIV NpoL,ecC He06x0AMMO 3aBEPLUUTD.

MOCKOJIBKY UCKMIOYEHNE HE NepexBaTbiBaeTCs, TO try-610K Mbl HE UCnonb3yem. Tak-
Xe Mocne KoYEBOro CMoBa raise Mbl yKa3anm TOMBKO MMSA KNacca UCK/IOYEHNS (a He
VHCTPYKLMIO CO34aHUA 3K3EMNNApa, Nyckan Aaxe aHOHUMHOr0). Tak MOXHO Aenatb.
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B 9TOM cnyyae co3paetcs aHOHUMHbBIN 3K3EMNAAP UCKIOYEHUS COOTBETCTBYIOLLEro
Knacca.

Ecnu YyCJIOBHE B YCJIOBHOM OIl€paTOpPE HE BBINIOJIHEHO, METO JOJXKEH BEPDHYTH B
Ka4Y€CTBE pe3yJbTaTa OYEPEAHOE YHUCJIO U3 MTOCJTIEN0BATEJIBHOCTH Dubonauuu. B
9TOM CJIydyae UCKJIIDYEHHE HE TeHEPUDYETCH, 3aTO BBIIIOJIHAECTCA IIOCJ/I€10BATEIb-
HOCTb TaKUX KOMaH/I:

* KomaHzoii res=self.a BJIOKaJbHYIO [IepEMEHHYIO res 3allUCHIBAET-
Cs1 3HaUeHue MoJsi a. VIMeHHO 3To yucyo OyeT BO3BPAIAThCS KaK pe-
3yJIbTaT METO/A.

e Komanpoii self.a,self.b=self.b,self.a+self.b BBIUHCISI-
€TCsl HOBOE YMCJIO B mocJefioBaTeibHocT DuboHAYYH, U OJTHOBPEMEH-
HO IIPUCBAUBAIOTCS HOBbIE 3HAUEHUS TIOJISIM a U b. 371eCh UCTIOJIb3YETCS
MHONHCECTMBEHHOE NPUCBAUBAHUE. CHAYAJIA TIO CTAPbIM 3HAYEHUSIM MMOJIei
a U b BBIYMCJISAIOTCS BHIPAXKEHHUSI B TPABOil YaCTH, a 3aTEM 3TH BbIpake-
HUSI TPUCBANBAIOTCS COOTBETCTBEHHO TOJIIO & U b.

* KomaHpoii self.count+=1 3HaueHue Mo count yBeJIUYUBAETCS HA
enuHULly (TIOCKOJIbKY T€HEPUPYETCSI HOBOE YHCJIO).

* HakoHel, kKOMaH/I0il return res 3HaYeHHUE IEPEMEHHON res BO3Bpa-
HI2€TCS KaK pe3yJIbTaT METOIA.

Ha arom onucanue kiacca Fibs 3aBepiiaercs. /lanee uaAyT KOMaH/bl, KOTOPbIE
WJLIIOCTPUPYIOT HMCIOJIb30BaHHE 3K3EMIJISIPOB 3TOrO Kjacca B KauyecTBe WTe-
patopoB. Tak, koMaHa0lH obj=Fibs (10) co3gaeTcsi 3K3eMILISIP obj KJacca
Fibs. AprymenT 10, nepeJJaHHbIN KOHCTPYKTOPY, O3HAYaeT, YTO IKIEMILISIP obj
MI03BOJIUT FeHepHPOBaTh 1 0 MEPBBIX YKCEJ B Ocjea0BaTebHOCTH DubOHAYYH.
YTo6BI MPOBEPUTDH ITO, 3aMYCKAETCS ONMEPATOP LHUKJIA, B KOTOPOM NepeMeHHast
s mepebupaeT 3HaUeHHs U3 IK3EMILISAPA” obj. 3a KaXAblil LUKJI BBINOJHSET-
‘caKOMaHAa print (s,end=" "), BCJeACTBHE Yero yucja (3HaYeHHe IiepeMeH-
HOU S) BBIBOJSITCSI Uepe3 Mpobes B OHOM CTpOKe. B pe3yJibrate moJjiyyaeM 1o-
crenoBarensHOCTh DOuboHavyun u3 10 yuces. Ecu mocJie 3Toro 3amycTuTh elile
pas3 orepaTop LUKJIA, TOJIyYUM TaKOH XKe pe3yabsTat. To ecTh 3k3eMIIsip obj siB-
JIsleTCs1 "MHOrOpa3oBbIM” UTEPATOPOM - B TOM CMBICJIE, YTO €r0 MOXKHO UCIIOJIb-
30BaTh MHOTI'O pas. ‘

) Hasametky
3Aechb KpOeTCs BaXHblil "MAEONOrNHEeCcKUn™ MOMEHT. [1eNlo B TOM, 4TO Kax bl pa3 npu
Bbi30BE METOAA  next__ () MeHseTcs "BHyTPEHHEee COCTosHME" ak3eMnnapa, U3 Ko-
TOPOro BbI3bIBAETCA METOA: U3MEHSIOTCA 3HAaYeHUa Nonen ak3emnnapa. TeopeTuiecku
nocne Toro, kak Npu o4epeaHOM BbI30BE MeToda _ next () ByaeT creHepuposaHo
MCKJI0YEHME Knacca Stoplteration U UTEPALMOHHBIA NPOLLECC 3aBEPLUMTCS, 3HAYe-



HUA nonen ak3emnnsapa 6y4yT COBCEM HE TakKMMW, KakK B Ha4ane UTepaunoHHoro npo-
uecca. MoaToMy 4To6bl 3Kk3eMnIAp MOXHO ObII0 NCcnonbL3oBaTh CHOBA, HEO6X04MMO
BEPHYTb €ro "BHyTPEHHWE HACTPOVKU" B "HayanbHOE COCTOSHWE". MMEHHO C 3TON Le-
NblO B TENE METOAA _ next__ () Nepej reHepupoBaHNEM UCKIIIOHEHUS BbI3bIBAICA Me-

Ton start (). Ecnm 3TOrO HE caenatb, TO NONYYMM “04HOPA30BbLIA" UTEpaTop: Takon
3K3EeMNIAP MOXHO OyAeT Ncnonb3oBaTh B ONEpaTope Uukia eauMHoxabl. [Mpy nonbiTke
MCnoJb30BaTh €ro B CNeAYIOWUiA pa3 HUKakux ntepauuin He 6yaer - ncknioyeHmne sto-
pIteration CreHepupyeTcs Npyv NepPBOM Xe Bbi30BE MeToAa _ next ().

MoxHO 6bI10 NOCTYNUTL U NO-APYroMy: NOMECTUTL KOMaHAY Bbi30Ba MeToAa start ()
He B Tene MeToga _ next__ (), aBTenemMeroga __iter (). XXenawowwue MOryT no-
AymaTb, 4TO 6bl UISBMEHUIOCH B 3TOM Cnyyae?

Yrob6bl mogpobHEe PAaCKPHITh MEXaHU3M T€HEPUPOBAHUSI YKMCEN C TOMOMIBIO K-
3eMILIsIpa obj, AaJjiee TPOBOAUM HebOoJIbIIOI dKciepumeHT. KoMaHnaamu ob .
a=3, obj.b=5 U obj.count=4 u3MeHsieM 3HaYeHUs TOJIEH IK3EMILISIpa obj.
B nannoM ciryyae noJie a paBHO YyeTBepPTOMY (110 NMOPSIAKY) YKUCJIY B MOCJIE0Ba-
tesibHOocTU (DUGOHAYYH, CJIEAYIOIIee YUCJIIO B TIOCJIEI0BATEIBHOCTH - 3TO 3HAYe-
HUe T0JIS b, ¥ 3HaYeHue M0JIs1 count COOTBETCTBYET NOPSAKOBOMY HOMEDPY YHC-
JIa, 3aMCaHHOrO B 1oJie a. Ecyiu Tenepsb 3amyCTUTD ONEPATOP LIUKJIA, TO TeHepH-
pOBaHue YUCEJ HAYHETCA C YUCJa C IOPSIIKOBBIM HOMEPOM 4 B IIOCJIEA0BATE Ib-
HocTu. [locienHee creHepupoBaHHOE YHUCIIO - fecsaToe (B COOTBETCTBUHU CO 3Ha-
YyeHueM I0JIs n 9K3eMILIsIpa obJj, a OHO paBHO 10).

3 Hasametky

Mocne 3aBepLueHUs onepaTopa LMKfa nons a, b n count CHoBa 6yAyT UMeTb eAnUHNY-
Hble 3Ha4YeHus.

Ecsu uamMeHuTh 3HaU€HUe MOJISI n 9K3eMILIsipa obj, HapuMep, KOMaH/0i obj .
n=15, TO MpH OYEPETHOM 3aIyCKe OlepaTopa LUK/ OyZIeT reHepUpOBaThCS He
10, ayxe 15 yuceJ U3 M0CJIE0BATEIbHOCTH DuboHauun.

B nsBecTHOM cMbICIIE QYHKYUA-2€HEpAMOP MOXET PACCMAaTPUBATLCS KakK "yIIpo-
meHHas" u "obJierdyeHHas" hopMa 1J1s1 CO3/[aHUsI UTEPATOPA I UTEPALIUOHHOTO
o6bekTa (ToXe "B ogHOM Jiuie"). Kak u utepatop, pe3yJibTat Bbi30Ba (pyHKIUH-
reHepaTopa IpU KaXK/I0M oYepeTHOM 0OpalleHuy K HEMY 1aeT HOBOE 3HaYeHUe
U3 onpe/eJieHHOro Habopa 3HauyeHuit. /1151 mpocToThI Oy/eM Ha3bIBaTh pe3y.JIb-
TaT BbI30Ba (GyHKUMU-TeHepaTopa 00sekmom zenepamopa. OObEKT reHepaTopa
UCHOJIb3YeTcsl 110 TOM ke CXeMe, YTO M UTepaTop.

[Ipu co3manuu QyHKIUU-TEHEpATOpa HE HYXKHO SIBHO OIKUCHIBATH METOBI
_next () m__iter () (onu cosnaiorcss aBromaruyecku). Her Heob-
XOIMMOCTH SIBHO cO3/aBaTh OOBEKT reHeparopa (pesyJsbrar ¢yHkuuu). Bcee,
4TO HYXHO C/IeaTh - "chopMHUpOBaTh" MOC/IEA0BAaTEIbHOCTh 3HAaYEHUH, KOTO-
pble OyAyT BO3BpalaThcsl 0OBEKTOM reHepaTopa. [y1aBHOe dopmaibHOE OT/IU-
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yre GyHKIMU-TEHEPATOPa OT OOBIYHOM (PYHKIIUU COCTOUT B TOM, UTO PE3YJIbTAT
(pyHKIMU-TeHepaTopa (GOPMUPYETCS C TIOMOIIBIO KJIIOYEBOTo cjioBa yield (a
He BO3BpalllaeTcsl MHCTPYKIIMeH return, Kak y oObIYHBIX (pyHKIMiT). [Iprumep
¢dbyHKIIMU-TeHepaTOPa, TpeJHA3HAYEHHO! [JIsI TeHEPUPOBAHUSI YHCETT U3 MOCJIe-
noBatesbHocT DuboHaYYH, puBesieH B iuctutre 8.17.

# OyHKUMA-TeHepaTop IOJa uuces duboHauum
def fibs_gen(n):
# IlepBOE UMCJIO NMOCJIEOOBATEJIbHOCTU
a=1

# BTopoe uMCJIO NOCJEOOBATEJIbHOCTU
b=1
# OnepaTop UMKJIA OJI9 BHUYUCJIEHUS
# umcen dmbBoHauum
for i in range(n):
# 3HaueHMe mOysa pes3yJybTaTa
# dyHKUMM (OJI9 IAHHOM UTepauuu)
res=a
# BrUMCJIEHME HOBOT'O 3HAUEHUS B
# nocyenoBaTEeNBHOCTU M IIPUCBAMBAHME
# 3HaueHUV NEepeMeHHHM a U b
a,b=b,a+b
# PesyrnbTaT QyHKUMM-TEeHepaTopa
yield res
print ("loneiTka Ne1")
# OnepaTop umkiya nns BuBoma 10 umcen
# u3 nocinenoBaTeJbHOCTM dmMOGOHAUUM
for s in fibs _gen(10):
print(s,end=" ")
print ("\nlloneTka N2")
# Ewe oIMH omepaTop LUMKJA OJid BEIBOIA
# 10 umcen u3 nocienoBaTeJIbHOCTM ¢dmMOOHaAUUM
for s in fibs_gen(10):
print (s,end=" ")
print ("\nlloneTka N3")
# Ccruika Ha OOBEKT reHepaTopa 3alucaHa
# B NnepeMeHHYD
f=fibs_gen (15)
# OnepaTop umkJa OJjs BeBoma 15 umcen
# u3 pnocienoBaTeNIbHOCTY dMBOHAUUM.
# Ccruika Ha OOBEKT I'eHepaTopa BHIIIOJIHEHAa
# uepes nepeMeHHY
for s in f£:
print (s,end=" ")



print ("\nlJonarka N4")
# Eme ommh onepaTop LMKJA OJIS BHBOIA
# 15 umcen m3 nocyenoBaTeNbHOCTM dMOOHAUUM.
# Cceuika Ha OOBEKT I'eHepaTopa BHIIOJHEHAa
# uepes nepeMeHHYI
for s in f:
print (s,end=" ")
print ("3aBepumeHue paboTe.")

PesyanaT BBITIOJTHEHHU S ITPOrPaMMHOI0O KOZa TaKOM:

Peaynetart BoinonHenns nporpammbl (13 nuctuira 8.17)
[NonerTka Nl :
1123581321 345
[loneiTka N2
11235813 21 34 55
[NoneiTka N3
112358 13 21 34 55 89 144 233 377 610
[loneiTka N4
3aBepueHue pabOTH .

B aToM mpumepe, Kak OTMeYaJOCh BBILIE, MBI CO371aeM (YHKIUIO-TEHEPATOD
nuist yuces Oubonayun. OyHkuus HasbiBaeTcs fibs_gen () Uy Hee OJIMH apry-
MeHT (0603HaYeH KaK n) - KOJUYECTBO reHepupyeMbix pyHKuuei ynces. B tese
(yHKIMM TepeMeHHBIM a U b IIPUCBANBAIOTCS eIMHUYHbIE 3HAYeHUs. JTO Hep-
BBI€E /IBa YMCJIA TIOCJIEI0BATEIbHOCTHU. 3aTEM 3aITyCKAETCSI OTEPATOP IIUKJIA, B KO-
TOpOM IepeMeHHasi i mpoberaet 3HaueHue oT 0 10 n-1. KoHKpeTHbIe rpaHuUIIbI
[Mana3oHa U3MEHEHUsI TIepEMEHHON 1 He BaXKHBI, IOCKOJIBKY B TeJjle IUKJIA 3Ta
nepeMeHHast SIBHO He HCIO0JIb3yeTcsl. [JIaBHOe, YTO IIUKJI COCTOUT U3 N UTEPALIUH.
3a KaXXIy1o UTepaluio KOMaH/I0i res=a B [lePEMEHHYIO res 3allUChIBAEeTCs Te-
Kylilee 3HaYeHHe IIePeMEeHHOM a. ITo 3HaYeHue Oy/1eT "BO3BpalleHo” (Ha JaHHOM
UTepalun) Kak pe3yasraT GyHKIUU. 3aTeM KOMaHI0H a, b=b, a+b ¢ ucrnoib3o-
BaHHEM MHOXXECTBEHHOT'O IIPMCBAKMBAaHUS BBIYUCJISIETCS] HOBOE YUCJIO B HOCJIE-
noBatesbHocTH DPUOOHAYYH, U TIEPEMEHHBIE a U b T0JIyYatoT HOBbIe 3HAUEHHUSI.

(O Ha3sametky

BbipaxeHue a, b=b, a+b BblMUCNSETCA TaK. [Ns TEKyLUMX 3HAYEHUIA NEPEMEHHBIX a U b
BbIYUCNAIOTCS 3HAYEHNS BbipaXeHuin b (0603HaYnM Kak 3uaueHue 1) M a+b (0603Ha-
YUM KaK 3HaueHue 2) B NPaBOM 4acTu OT oneparTopa NpuceamBaHnsa. 3aTem nepemeH-
HOW a NPUCBaNBaeTCs BbIYMCNEHHOE Ha Npeabiayliem 3Tane sHaueHne 1, a nepemMeH-
HOW b NnpucBanBaeTCs BbIMMCNEHHOE Ha NPeablAYLIEM 3Tane 3Hauenre 2.

Mocne aToro komMaHAo yield res dopmupyeTcs pe3dynbrar (4519 AaHHON UTepauun).
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1) HasameTtky

Y10 kacaeTcs peadynbrara pyHKUMM-reHepaTopa, TO pa3yMHee Ha BCE 3TO CMOTPETb Kak
Ha nocnenoBaTeNbHOCTb 3HAYEHWIA, KOTOPbIE BO3BPALLAIOTCSA B NPOLLECCE BbINOJIHEHUS
nporpamMMHoOro koga pyHkumm. KomaHaa ¢ nHCcTpykumei yield gaet, nnam gobasnser
HOBbI 3NEMEHT B 3Ty NOCNeAoBaTenbHOCTb. Hepeako Ana GopMnpoBaHUSa Takom no-
cnenoBaTenbHOCTU pe3ynbTaToB NpuberaoT k NOMOoLWM onepaTtopa uukna. OgHako 3To
He o6a3aTensHO. HanprumMep, MoXeM onpeaenvTb Takylo GyHKLMIO-reHepaTop:

def colors():
yield "Kpachsit"
yield "XenTwn"
yield "3esneHun"
Torpaa npw BLINOAHEHUW OnNepaTopa uMkna
for clr in colors():
print (clr)
noJly4YMm cneayowmin pesynerart:
KpacHum
XKenTein
3eJleHblt
Jluist ipoBepKH paboThl (GYHKIMK 3aITyCKAEM OMEPATOP LIUKJIA, B KOTOPOM I€epe-
MeHHasl s mpoOeraeT 3HaYeHusI U3 0ObEKTa reHepaTopa, KOTOPbIi BHIYMCIISIETCSI
UHCTpyKLHeii fibs gen (10) (BbI3biBaeM QyHKLUIO fibs _gen () ¢ apryMeHTOM
10). B tese onepaTopa 1MKJIa BBIMOJHSETCS KOMaHAA print (s, end=" ").
Kak csiencTBue, B OKHE BBIBOZIA B CTPOUKY Yepe3 pobest BBIBOAUTCS 10 uuces us
nocJsienoBateibHocTd DuboHaYYM.

Yo npoucxoauT npu Bbi3oBe pyHKLUU-TeHepaTopa fibs gen () ? IIpu BBI3O-
Be (yHKIMU-TeHepaTopa co3xaercsi 00beKT reHepaTopa. luisi 06beKkTa reHepa-
TOpa MOXHO BBI3BaThb QYHKIMHU iter () u next () (YTO HESIBHO U MPOUCXO-
IUT TPU KUCHOJIb30BaHUM (PYyHKIIMH-TeHEpAaTopa B onepartope Iukia). OxHako
3[1eCh €CTh Ba)KHOE 0OCTOSITEIBCTBO: CO3/IaHHBIN B pe3yJIbTaTe Bbi30Ba (OYHKIIUHU-
reHepatopa OOBEKT reHepatopa "OxHOpa3oBbIi". Ero MOXHO HCIIO/B30BATh B
orepaTope UKJIA TOJIbKO OJUH Pas. '

Ha mepBbIit B3rJisi 3T0 MOXET TMOKa3aThCsi CTpaHHbIM. OCOOEHHO €CJIH YUYECTh,
YTO MOBTOPHO BBINOJHEHHBII ONEPATOP IIUKJIA B HALIIEM TPUMEDE 1aeT TOYHO Ta-
KOI1 XKe pe3yJIbTaT, KaK U TepBblii onepaTop 1ukIa. Ho Bce cTaHOBUTCS Ha CBOU
MEeCTa, ECJIU YYECTh, YTO KAXK/BIN pa3 IpU BbI30Be QyHKUUU-TeHepaTopa (Aaxe
ecJIM C TEMH e apryMeHTaMHU) CO3/1aeTCsi HOBbI 00beKT. OH M MCIIOJIb3yeTCs.
Yr10o6bl yOEIUThCSI B CIIPABEIJIMBOCTH AAHHOTO YTBEPXK/AEHHUS, BBIIIOJHUM PO-
CTYIO IIPOBEEPKY.



Chavana komanzoi f=fibs gen(15) B mepeMeHHYyIO f 3aIMCBHIBAETCS CCHLI-
Ka Ha OOBEKT reHepaTopa, CO3JaHHBIN BBI30BOM (pyHKuMH-TeHepaTopa fibs
gen (15). 3aTeM B omepaTope LIMKJA yKa3biBaeM nepeMennyio f. CHavasma Bce
IPOUCXO/IUT BIIOJIHE OXKUIA€MO: B OKHE BbIBOJIa OTOOpaXkaeTcsi 15 yucest U3 1o-
crenoBatesnbHocT DuboHayun. Ho eciii Mbl ONBITaEMCS BBIMOJIHUTH TOYHO
TaKOU e omepaTop C TOU ke caMOU NepeMeHHOU f, HY OJHO YHUCJIO BHIBEJIEHO
He Oy JeT.

[IpuyuHa B TOM, YTO epeMeHHasi £ CChIIAETCS Ha TOT XKe CaMblif 0OBEKT, YTO UC-
M0JIb30BAJICS B TIepBOM (M3 ABYX MOCJIEHUX) OrlepaTope 1uKJa. V1 3ToT 06beKT
CBOIO 3a/ja4y BBIMOJHUJL. BoJblie OT Hero noJib3sl HeT.

) Ha3sametky

Knaccbl-urepatopbl U GyHKLUN-reHepPaTopbl MOXHO UCMOJIb30BaTb HE TOJLKO A1 CO3-
naHns 06bLEKTOB, CryXalmx "KOHTeliHepamMu™ nepebupaeMbix 3Ha4eHUn B onepaTopax
umkna. Ha ocHoBe UTepaTopoB MOXHO CO34aBaTb, HAaNnpUMep, cnucku. [ns aToro Ao-
CTaTO4HO UTepaTop nepeaatb apryMeHToM ¢yHkumm list (). Ckaxem, pe3ynbTaTtomMm
WHCTPYKUMM list (fibs_gen(15)) 6yAeT cNMCOK U3 15 4ncen u3 nocnenoBarTenibHo-
cTv dnboHavum (byHKUms fibs_gen () onucaHa B niMcTuHre 8.17). K aHanornyHomy pe-
3ynbTaTy NPUBEAET BbINONHEHNE UHCTPYKUMM 1ist (Fibs (15)) (knacc Fibs onucaH B
nuctuire 8.16).

Kpome TOro, UMeloTCs HEKOTOpbIiE BCTPOEHHbIE DYHKLIMK, KOTOPbIE MO3BOJNIAIOT NPO-
CTO 1 BLICTPO co3aaeaTh 06bLEKTHI UTEPaLMOHHOro Tuna. B kayecTee npumepa MoXx-
HO NpuBecTM PyHKLMIO map (). ECnv nepBbiM apryMeHToM $yHKuum map () nepeaatb
MMS1 HEKOTOPOW YHKLMKU, @ BTOPbIM apryMEHTOM - CNUCOK 3Ha4YeHuii (komaHaa $op-
MaTa map (PyHKUMSA, COMUCOK)), TO B pe3ynbTate noslyymMm oObLeKT UTepaunoHHO-
ro Tuna. Kaxpaoe 3HavyeHue, Bo3Bpalijaemoe npu obpalieHun Kk 3ToMy o6bekTy € no-
MOLLbIO PYHKLMM next (), NONy4aeTCA BbI3OBOM dyHKLMM, YKA3aHHOW NEPBbIM apry-
MEHTOM B map (), C apryMEeHTOM, KOTOPbIA ABNSIETCA 3/IEMEHTOM crucka, nepeaaH-
HOro BTOPbIM aprymeHToM ¢yHKUuMM map (). ECam ucnonb3osatb MHCTPYKUMIO BUAA
list (map (pyHKUMSA, cnmucok)), B pe3ynbrate Noay4nuM CNUCOK, NEMEHTbLI KOTOPOro
Noy4aloTCA BbI3OBOM dyHKLMM C apryMEHTOM, KOTOpPbI npoberaeT 3Ha4eHUs 31eMeH-
TOB cnucka. Hanpumep, pesynbTaTtoM BblpaxeHuns list (map (lambda n: 2**n, [1,
2,3])) 6ymetcnuncok (2,4,8].

Mo cxomHOMy npuHUMNY aeicTeyeT yHkuma filter (). Pe3ynbraTtoM BbipaXKeHus
BuAa list (filter (pyHkUMs, CMOMUCOK)) SABASETCA CNUCOK, KOTOPLIA NonyYaeTcs n3
cnmcka, NepenaHHoro aprymeHTomM yHkumm filter () - HO TONBbKO TE€X 3/IEMEHTOB,
AN KOTOPbIX BbI30B dyHk LMY (NEPBbIA apryMeHT dyHKUMM filter () ) BO3BpALLAET 3Ha-
yeHue True. To eCTb PakTUYECKU B AAHHOM Clly4ae MOXHO BbINOAHATL "dunsTpaumio”
cnuckoB. Ms dyskuLMy, UrpaloLERn Posib KPUTEPUS BKIIOYEHUS 3NEMEHTA B CNUCOK-
pesynbTar, yka3biBaeTCcs NnepebiM apryMeHToM dyHkumm filter () . Hanpumep, pesynb-
TaToM BblpaxeHus list (filter (lambda x: bool (x%2),(1,5,6,2,7,8])) 6yner
CNNCoK [1,5, 7] (TONbKO HEYETHbIE 3NIEMEHTbI).

®DyHKUMA zip () NO3BONSET N3 HECKOJIbKNX CMNCKOB CO3AaTbh CNUCOK KOPTEeXewn, rae
KaxablA KOPTEX NOJSTy4aeTCs BKIIOYEHNEM COOTBETCTBYIOWMX SNEMEHTOB U3 UCXOAHbIX
cnuckos. Hanpumep, ecrm x=(1,2,3],y=(4,5,6]1 nz=[(7,8,9], TO pe3ynbTaToM Bbl-
paxeHus list (zip(x,y,z)) 6ymercnucok ((1,4,7),(2,5,8),(3,6,9) 1.



Inaea 8. HemHoro o pa3iom

Cnepyet Takxe UMeThb B BUAY, YTO CO34aBaeMble B peadynbTaTe Bbi30Ba GyHKUMWA map (),
filter () W zip() 0O6BLEKTHI UTEPALMOHHOrO TUNA ABASIOTCA "O0AHOPA30BLIMU" B TOM
KOHTEKCTE, Kak 3TO ONUCbIBAsOCh Bblwe. Tak, eCnv BbINOMHUTL KOMaHAy obj=map (la
mbda n: 2**n,[1,2,3]),a3areM UHCTPYKUMIO 1ist (obJj), TO BNOAHE OXMAAEMO
nony4uMm B peaynbraTte cnucok [2, 4, 8]. Ho ecnu Ha cneaylowemM atane ucnonb3oBaTtb
06bekT obj B onepaTtope uukna, utepauuii He Byaet! XoTa ecnu nepes onepaTopom
LMKNa MHCTPYKLUMIO 1ist (obj) He BbIMONHATL, TO ONepaTop uvkna BeinosHseTcs. MNpu-
4YMHa B TOM, 4TO OGBEKT obj MOXET MCNOML30BaTLCA TONBKO OAWH pa3. Mbl € Takoit cu-
Tyaumem yxe CTankmesanuchb.

Pe3iome

On nauunaem Ho8Yi Xcushv, oaiime emy 603-
MONCHOCT 6COMHUMD 6Ce AYYULEe.
u3 x/¢ "Iloxpoecxue sopoma”

1. B Python MoxHO co3naBaTh (hyHKIIUY C TEpeMEHHBIM (He(HUKCHUPOBAaHHBIM)
KOJINYECTBOM apryMeHToM. Becb Habop Takux apryMeHTOB o6pabaTbiBaeTcst
KaK CIMCOK (KOPTeX), a MpH ONMUCAHUU DYHKIMKU 0603HAYAETCS KaK OJHH
apryMeHT, HO CO 3B€3/I0YKOM * Tepeji Ha3BaHHEM apryMeHTa.

2. ApryMmeHT, IOMEYEHHBIN JBOMHOW 3BE3I0YKON * *, 06O3HAYAET CJIOBAPH C
MMEHOBaHHBIMU apryMeHTamMHu (TepeAaHHbIMHU (PYHKIIUH 110 KJIOYY).

3. /lexopaTOpbI HO3BOJISIIOT M3MEHSTH IOBEIEHKE U CBOMCTBA DYHKIIMIA U KJIac-
coB. [lexopaTop 1151 GYHKIMI cO3/1aeTCs Ha OCHOBE (DYHKI[UHU, KOTOPOH ap-
T'YMEHTOM TiepefiaeTcst QYHKIMS U KOTOpasi BO3BPAILIAET B KAUECTBE PE3YJIb-
tata ¢yHkuuo. /[ekopaTop KJacca co3ZaeTcsi HA OCHOBe (DYHKIUH, apry-
MEHTOM KOTOPOH SIBJISIETCS KJIACC, U pe3yJIbTaTOM TOXe siBJisieTcs Kiacc. [le-
KopaTop (CUMBOJI @ ¥ UMS1 PYHKIUY 17151 CO3/IaHUST IeKOpaTOpa) yKa3biBaeT-
cs nepe uMeHeM GYHKUMH WK Kaacca. B pesysbrate dyHKkIus qexopaTo-
pa NpUMeHSIETCS K "IeKOpUpyeMoit” (QyHKIMK WU Kaaccy. Pe3yibraT npu-
MeHEHHUsI IeKopaTopa K GYHKIUHU U KJIACCY 3aIIUChIBAETCS B IEPEMEHHY IO,
KOTOpasi CJIy>KUT Ha3BaHUEM COOTBETCTBEHHO (DYHKLIUHU UJIU KJIacca.

4. TlepBas TekcTOBasi CTPOKa B ONMMCAHUU QYHKIMH CIIYXKHUT B KAYECTBE TEKCTA
CIIPaBKH 1O (QYHKIMU ¥ BO3BPAILAeTCs KaK 3HaYeHue Moast _ doc_ 00b-
eKTa QyHKIUU.

5. [lis1 apryMeHTOB U pe3yJibTaTa GyHKIUU MOXHO CO3/1aBaTh aHHOTAIIMK: CIIe-
I[MaJIbHbIE TEKCTOBBIE "MOSICHEHUS" . AHHOTaLUs AJIs1 apLYMEHTOB yKa3bIBa-
eTcs yepe3 IBOETOYHeE [I0CJIe UMEHU apT'yMEeHTOB B OIMCAaHUU (PYHKIMU. AH-
HOTallUA JJIs pe3yJibTaTa yKa3blBaeTcs 10cJie 3aKPbIBAIOLIMX KPYIJIBIX CKO-
60K (B KOTOPBIX ONKCHIBAIOTCS apryMEHTHI (DYHKIUH) 4epe3 UHCTPYKIHIO
->. Hasinune aHHOTaIMi He HAKJIA/{bIBAeT OrPAHMYEHUI Ha TUII apTyMEHTOB
WJIU pe3yJibTaTa QYHKIHH.



6.

10.

11.

12.

13.

KJ1acchl BCTPOEHHBIX HCKJIIOYeHHUii 06pa3yioT MepapXuio, B BepIINHE KOTO-
poit HaxoaUTCs Kjacc BaseException. /Ipyroit BaxKHBIN KJjacc - Kjacc
Exception. BOJbIIMHCTBO KJIACCOB UCKJIIOYEHHIA SIBJISIIOTCS TPOU3BOIHbI-
MM KJIaCCaMM OT KJlacca Exception.

B except—6JIOI<e MEPEXBATBIBAIOTCA HE TOJIBKO T€ UCKJIOYEHUA, KOTODBIE
YKa3aHbl ABHO, HO €111€ 1 UCKJIIDYEHHUA TIPONU3BOAHBIX KJIACCOB.

[Ipu 06paboTKe HCKJIOYEHUSI B except-0JOKE MOXET HCIOJIb30BaThCS
CCBLJIKA Ha 9K3EMILISIP UCKJIIOUEHHUSL.

VckoueHre MOXeT ObITh CreHEPUPOBAHO BPYYHYIO C TIOMOIIBIO MHCTPYK-
Uil raise u assert.

[Tosb3oBaTeNIbCKME KITACCHI UCKTIOYEHUI CO3/IAI0TCS HACIEJOBAHUEM KJIAC-
COB BCTPOEHHBIX UCKJIIOUeHHUi (06BIYHO GAa30BBIM SIBJISIETCS KJacC Excep-
tion).

I/ITepaTopr CO3Jal0TCA Ha OCHOBE KJIACCOB, COAEPXalllUX OMMHUCaHHE METO-

noB __iter () m__next_  ().Mertox __iter () BO3BpallaerT B Ka-
YecTBe pe3yJIbTaTa CCBHUIKY Ha 3K3eMILISIp, U3 KOTOPOro ObLT BbI3BaH. [Ipu
BbI30BE METOAa _ next () KaXk/[blil pa3 BO3BpalllaeTCsl HEKOTOPOe 3Ha-

YyeHHUe, TI0KA [TPH OYEPETHOM BbI30BE He Oy €T CreHEpHPOBAHO MCKJIIOYEHHE
KJjacca StopIteration.

UtepaTop MOXHO UCIIOJIB30BaTh B ONEpaTope IUKJA (KaK KOHTEHHED IJIs
nepebopa 3HAYEHHI B IMKJIE), WK, HATIpUMep, M1 HOPMHPOBAHUS CIIH-
CKOB.

OyHK1MS-TeHepaTOp BO3BpallaeT 0ObeKT, KOTOPBIN MOXKET UCIIOIb30BAThCS
Kak utepaTop. B Tese yHkuun-reneparopa pesy.isTaT GOpMUpPYyeTCs C 10-
MOIIIbIO HUHCTPYKLIMH yield.



3aknryeHune

O yemM Mbl HE NOroBOPUNMU




Hopozy ocunum udyuyuii. Bam neobxooum meop-
YecKuli HenoKou.
u3 x/¢ "lloxpoecxue sopoma”

OG6BIYHO O SI3bIKaX IPOrPAMMHPOBAHUS TOBOPST U MUILYT CYXHM TEXHUYECKUM
si3pikoM. B mpuHIune ato npaBusibHO. Ho BoT 4To Kacaercs sizpika Python, To
"JvpuYecKye” AMUTETHI IPUXOASIT CaMH, HEIIPOU3BOJIbHO, TaK cKa3aTb. 1x MHO-
ro. Ho ecsii noneITaThcs 0XapakTepu30BaTh sI3bIK OJHUM CJIOBOM, TO, HOXAJIyH,
"MHOTOJIMKUiT" 6y/IeT yIaYHbIM BaPUAHTOM.

) Ha3ametky

C Opyroii CTOPOHbI, "TMBKNIA™ - TOXE 3BYYUT HENJIOXO.

Kak 6b1 TaM HU ObLIIO, @ U3yuyeHHe s3bika Python - mpouecc TBopueckuit u, Kak
MPaBUJIO, TOJTUH. A3bl, OCHOBBI SI3bIKa MOXXHO OCBOUTH JAOCTATOYHO Jierko. Ho
BOT 4TO KacaeTcsi "TOHKOCTEi", TO 3TO Mpoliecc HeOBICTPBIiA - MpaB/a, BO MHO-
IOM UHTEDPECHBII U HEOXUaHHBINA. B kakoii-To MOMEHT MOXKET NIOKAa3aThCsl, YTO
Bce Touku Haj "i" yxke paccraBieHbl. Ho He TyT TO 6b110! O6s13aTE/IBHO HAUAET- -
Cs1 MHTEPECHDII TPUMED, MOHSATh KOTOPBIX Cpa3y MOXeT ObITh CJI0XHO. VIHoraa

MPpUXOAUTCSA MEPEOCMBICIUTD BCE, YTO 0 3TOr0 y3HaJL

MBpi, pu u3yuyeHuu si3bika Python, mbitauch cocpeIoTOYMTHCS Ha TJIABHOM, OT-
JeJIUTh, 06Pa3HO BbIpaXkasiCh, 3epHa OT TIeBeJL. [Ipu 3TOM HEKOTOpPbIE MOMEHTBI
6bLI1 OCTaBJIeHbI "3a 6opoToM”. PasdymeeTcst, 3To He oueHb xopouro. Ho Mbr cebst
OTIpaBZbIBaeM TEM, YTO 33/1a4a-TO CTOUT CJIOXKHASL: IOHSTh U OCBOUTb IPUHLIUITBI
JOCTAaTOYHO HETPUBUAJIBHOIO U HE OYEeHb "CTAHJAPTHOIO" sI3bIKa IPOrPAMMUPO-
Banusl. TyT, Kak rOBOpPUTCS, Bce cpe/cTBa xopoiu. Hackoabko xopouru Haum
CpeCTBa, MokaxkeT BpeMsi. Ho BOT 4TO Hy>KHO 4eTKO MMOHUMATB - TaK 3TO TO, YTO
YUYHTBCS SI3bIKY TPOrpaMMHUpOBaHust (0cob6eHHO TakoMy, kak Python) cienyer
MOCTOSIHHO, ¥ JIy4llle Ha TPaKTHYeCKUX mpuMepax. YTo6s! He OBITH FOJIOCIOBHBI-

MU, TPOUJLTIOCTPUPYEM CKAa3aHHOE - Ha TIPUMEPE, ECTECTBEHHO.




3akntouenmne

MpbI 3HaeM, 4TO y apryMeHTOB (PYHKIIUA MOTYT OBITh 3HAYEHHUS 110 YMOJTYAHHIO.
BoJiee Toro, Mbl 3T0i 0CO6EHHOCTHIO (DYHKIIUI He pa3 moJib30Baauch. Paccmo-
TpUM QYHKIHUIO CO CJIEAYIOIIUM ITPOTPAMMHBIM KOJIOM:

def f(A=[0]):
A[0]+=1
return A[O]

3nech y byHkuuu £ () 0O0bsIBIEH OMUH apryMEHT A, Y KOTOPOTO €CTh 3HAUeHHe
10 YMOJIYaHUIO - 3TO CIUCOK [ 0], COCTOSIIMIA BCETO U3 OJTHOTO 3JIeMeHTa (4UCJIIO0
0). B o61eM ciryyae npeamnosiaraeTcs, YTo apryMeHT A ¢pyHkImu £ () - crnucok. B
Teste GyHKIMN KOMaHou A [ 0] +=1 Ha eAUHUILY YBEJIMUYUBAETCS 3HAUEHHE ITEP-
BOTO 3JIEMEHTA B CITUCKE, IEPEJAHHOM apryMeHTOM (byHKLIUHU. ITO HOBOE 3HAYe-
HUE 3JIEMEHTA BO3BPAIIAETCS KaK Pe3yJIbTaT (PYyHKIUML

Uero MOKHO OXKUAATH OT TaKOM pyHKIMKU? MOXXHO 0XXKMIATh, YTO CITHCOK, IEepe-
JIaHHBIA apryMeHTOM (pyHKIUH, OyaeT u3MeHeH. ITO JAedcTBUTEIbHO Tak. Ha-
TIPUMED, ECJIU CIIUCOK B=[10, 20, 30 ], TO pe3yJIbTaTOM BbIpaxeHus £ (B) 6yz1eT
4KCJI0 11, a CHUCOK B MOCJie BBIMOJIHEHUS] KOMaH bl OyaeT paBe [11,20, 30]
(TouHee, mepeMeHHas B OyI€T CCHIIIATHCS HA TAKOM CIMCOK ). Tak)ke MOXXHO 0XKH-
JaTh, YTO €CJIU MBI BbI30BEM (QYHKIMIO £ () 6€3 apryMeHTOB, TO Pe3yJbTaToM Oy-
aet yucyo 1. Ito Tak. Ho Tosipko nepseiit pa3. Eciiu Mbl enite pa3 BEIYMCINUM BBI-
paxxenue f (), B pe3yJibraTe IOJyYUM 3HaUE€HUE 2, 3aTeM - 3HAUEHUE 3, U TaK
nanee. Kenmaromue MOTyT MPOZieJIaTh IKCIIEPUMEHT: MOCJIE OMUCAHUS DYHKIUU
f () BBIMOJIHUTD ONepaTop LUKJIa

for s in range(10):
print(f(),end=" ")

B pesyJibrate B 06/1aCTH BHIBO/IA TIOSIBUTCST CTPOKA U3 JIECSTU HATYPAJIbHbBIX YH-
cen

123456782910

Takum 06pa3oM, Oy ayuu BeI3BaHHasI 6€3 apryMeHToB, QyHKIHUS £ () KaXablii pa3
BO3Bpall[aeT HOBOE 3HAYEHHE - HA eJUHMILY OOJIblie TpeabIayInero. B yem mpu-
yrHa? A IpUYKMHA B 3HAYEHUU No ymoryaruro NJis aprymenta dyukuuu. Ecou 60-
Jiee KOHKPETHO, TO TPOUCXOAUT caenyioiee. [Ipu co3manuu o6bexTa 1751 QyHK--
uuu f () B MaMSITH BBIAEJISIETCS MECTO T0J CHUCOK [0]. ITo Kak Obl 3HaUeHUE
aprymMeHTa 1o ymosryauuio. "Kak 6b1" - OTOMy YTO Ha CaMOM JieJie 3HaYeHUEM T10
YMOJIYAHUIO SIBJISIETCS CCBLIIKA HA CITUCOK. JTa CChLIKA OCTAETCSI HEM3MEHHOM OT
3amycka K 3amycky ¢ynkiuu. Ho caM criicok MeHsieTcs Kak/blii pa3, KOrja Bbl-
sbiBaeTcsl pyHkuus. OTCI0/1a U TAKOM HEMHOTO HEOXKUAAHHBIN pe3yJIbTaT (XOTs
BITOJIHE JIOTMYHBIM, €CJIM BO BCEM Pa300paThCsi).



Caenyromasi utocTpaiusi 6yaeT ckopee 0 TOM, KaK MPU COCTaBJEHHUU MPO-
rpaMMHBIX KOJZOB Ha sizbike Python BHocuTh B mpomecc "TBopuyeckoe Hayao".
Utak, nonyctum, uMeeTcst onucanue AByX kiaccoB. Knacc A:

class A:
def show(self):
print ("3To kmacc A!")

B aToM kJ1acce Bcero oauu MeTol show () , KOTOPBIM 0TOOpaskaeTcsi COObIeHHE.
UTo KacaeTcs KJacca B, TO OH IPaKTUYECKH TAKOU JKe, KaK ¥ Kjacca A:

class B:
def show(self):
print ("3To kmacc B!"M)

Vms kyacca - 3T0 Ha CaMOM JieJie TIepeMeHHasi, KOTopasl CChlIaeTcsi Ha 0ObEKT
ksacca. Ha o6beKT kyiacca MOXeT CChLIAThCs OOJIblle, YeM OJIHA MepPeMEHHasL.
Hanpumep, 3akoHHOI siBaisteTcst KOMaHJa MyClass=A. B pedysbrate nepemen-
Hasi MyClass GyJeT CChLIaThCsl Ha TOT Xe OOBEKT Kjacca, YTO U NepeMeHHast
A. [Ipyrumiu cjoBaMy, iepeMeHHasi MyClass sIBJsieTCSl "CUHOHUMOM" Ha3BaHUS
kjaacca A. Tereps myTeM HacieJOBaHUS CO3aeM KJlacc Stranger:

class Stranger (MyClass) :
def show(self):
MyClass.show (self)
print ("Knacc Stranger!")

3nech nBe ocobeHHOCTH. Bo-mepBbIX, B KauecTBe MMeHH 0a30BOr0 KJjacca MbI
yKa3aju rnepeMeHHyIo MyClass, a He A. Bo-BTOpPBIX, IpU NIEpeOpeieIeHNH Me-
ToZAa show () BKJacce Stranger BbI3bIBAE€TCSI BEPCUSI 9TOr0 METO/1A U3 6a30B0-
ro KJiacca, IpU4eM B CChLJIKe Ha 3TOT METO/ sIBHO YKa3aHO uMs kiaccaMyClass.

[lanee koMaHmOM obj=Stranger () co3gaeM 3K3eMILIAp obj KJjacca
Stranger. Ecau nocjie 3Toro BBIMOJHUTh KOMaHAy obj .show (), pe3ysbra-
TOM Oy IyT TaKue COOOIIEHHS:

310 kjacc A!

Kmnacc Stranger!

A 3aTeM MBI BBINIOJIHSIEM KOMaHAYy MyClas s=B, KOTOpOfI CCbLJIKa B MIEPEMEH-
HOWM MyClass c o6beKTa Kjacca A nepebpacbiBaeTcsi Ha 00bekT Kjacca B. Io-
cJie TIPO/IeJIaHHBIX MAaHUIYJISIUIA Pe3yJIbTaTOM KOMaH/bl obj .show () 6yayT
coo0b11eHN s

3To kjacc B!

Knacc Stranger!

)Kenaloume MOTYyT IIOAYyMaTh, IOYEMY TaK IIPOUCXOIUT. BOBMO)KHO, B IIporecce
IIOMCKOB OTBETA Ha 3TOT BOIIPOC YUTATEJIb HaﬁﬂeT A1 ce0s YTO-TO HOBOE U MH-
TEPECHOE. BelIb TIOMCK OTBETOB Ha BOIIPOCHI - JIy‘IIHI/Iﬁ My Tb AJ1d CAaMOpPa3BUTHUA.



na 3anucen



BacunseB A. H.

Python Ha npumepax

MpakTMuecknin Kypc No MporpaMMmpoBaHmio

B 3Toi KHMre peub BGyaeT MATM O TOM, Kak NucaTb NPOrpamMmbl Ha. A3bike
nporpaMmupoBaHus, KoTopbi# HasbiBaetcs Python- (npaBUNbHO YUTaeTCA Kak
MauToH, HO OOLIYHO Ha3BaHWE A3bIKa YMTAKOT KaK MUTOH, YTO TOXe BMOSMHe
npuemnemo). Takum obpa3om, pewatb Gyaem aABe -3aayM, oAHa u3 ‘KOTOpbIX
nNpuopuTETHas, a BTOPas, XOTA M BCNOMOraTeribHas, Ho AOCTaTOYHO BaxHas. Hawa'
OCHOBHas 3afla4ya, KOHEYHO Xe, N3yYeHne CUHTaKCUCa A3blka nporpaMMMpOBaum
Python. MapannensHo Mbi Gydem ocBauBaTh nporpaMMMpoaaHue KaK TakoBoe,
ABHO WM HEABHO NPUHUMasA BO BHUMAHUE, 4TO coomercraymuwe anl"OpMTMbl
npeanonaraercs peanmosblsarb Ha ﬂst(e Python

BONbWWHCTBO aBTOpOB KHUT B cBoux prgax ppchanuBémT TeOPeTuq‘écKue
OCHOBbI fi3blKa W yAENAT OCHOBHOE BHUMaHWe 6a3oBomy cm-vraxcucy ﬂ:’.bma, He
paccmaTpuBas Npu 3TOM NPaKTUYECKYI0 CTOPOHY ero npuMeHeHusl, JTa e KHUra
CTapaeTcs. BOCMNOMHUTbL HEAOCTaTOK - npak'muecxoro Marepuana, - cop.ep)l(ur
MHOXECTBO NPMMEPOB C KOMMEHTaPUAMM, KOTOPbIE Bbl CMOXeTe UCAONbL30BaThL B
KayecTBe OCHOBbI CBOMX NPOrPaMMHbIX pemeunu U3yvyeHus Python

MaTepuan KHWIM M3NaraeTcsi nocrnefoBaTentbHO W conposo»maerca G6onbwum
KONMUYEeCTBOM HarnsigHbIX NPUMEpOB; pasnonnanoablx npaKTu4ecknx 3apay v
OeTanbHbiM pa36opoM nx pemeuuu. , ~
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