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OO0 aBTOpE

Houg M. Buszmau (David M. Beazley) saBisercsa gaBaum npusep:keniiem Python,
IPUMKHYBIIUM K COOOIIIECTBY pPaspaboTUYMKOB 3TOro A3bIKa eife B 1996 roxy.
HawubosbIryo n3BECTHOCTD, MOMKAJIYH, OH ITOJYUUJI 3a CBOIO paboTy HaJ HOMY-
JAPHBIM mporpaMMHbIM makeToM SWIG, mo3BOSIAIONIMM KCIIOJIBL30BATH IIPO-
rpaMMbl 1 6ubanoTexku, Hanucauubie Ha C/C++, B IPYyTrUX A3BIKAaX IPOrPaMMU-
poBanus, Bkaouas Python, Perl, Ruby, Tcl u Java. O Takike ABJIsgeTCA aBTO-
POM MHOXKECTBA APYTUX MPOTPAaMMHBIX MHCTPYMEHTOB, BKJitouasa PLY, peasu-
sanuio nHCTPYyMeHTOB lex! u yacc? Ha sisbike Python. B reuenue cemu jiet [aBun
paboras B OTmesienuu Teopetudeckoin pusukrm Jloc-Anamoccroii Hamuonainb-
HOM J1abopaTopuu 1 BO3TJIABJSI PaboThl Mo nHTerpanuu Python ¢ Beicokompo-
M3BOJUTEJIbHBIM IIPOrPAMMHBIM 00ecIieueHreM MOIeIMPOBAHUS TPOIIECCOB AJIA
TmapaJLieIbHBIX BBIYUCAUTEIbHBIX cucTeM. Ilocse aToro oH 3apabaThiBaj CJIaBy
3jior0 mpodeccopa, 000Kad 03aTaUYMBATH CTYJEHTOB CJIOKHBIMU IIPOEKTaMU
B oO0sacTu nporpamMmMupoBanuda. OLHAKO 3aTeM OH IIOHAJI, YTO 9TO HE COBCEM €TI0
[leJio, U Temeph KuBeT B HuKaro u paboTaer KaK He3aBUCUMBII IIPOrPaMMICT,
KOHCYJIbTaHT, IIPenojaBareib mo 36Ky Python u nHorma Kak M:KasoBBId My-
3pIKaHT. CBABATHCA C HIM MOJKHO II0 aapecy http://www.dabeaz.com.

1 TemepaTop JleKCUUeCKMX aHAJIU3aTOPOB. — IIpun. nepea.

2 TemepaTop CHHTaKCHYECKUX AHAJTU3ATOPOB. — IIpum. nepes.



O Hay4yHOM pepaKTope

Hoa I'm¢r (Noah Gift) — coasrop kauru «Python For UNIX and Linux System
Administration» (usgarensctso O’Reilly).! OH Takxe IpUHUMAJ yUacTHe B pa-
6ore Hag KHuroi «Google App Engine In Action» (usgmaresmbcTBo Manning).
T'udr ABiaseTcss aBTOPOM, JEKTOPOM, KOHCYJIBTAHTOM U BEAYIIUM CIIEI[HAaJIH-
crom. Ilumrer crarbu aas Takux umspauuii, kak «IBM developerWorks», «Red
Hat Magazine», corpyaaudaet ¢ usgareabcrBamu O’Reilly u MacTech. [Tomarr-
HAA CTPAHUIIA €er0 KOHCAJITHUHIOBON KOMIIAHWM HAXONUTCA IO axpecy htip://
www.giftcs.com, a KpoMe TOTO, 3HAYUTEJIbHOE KOJMUECTBO €r0 CTATEH MOKHO
HaliTu mo aapecy http://noahgift.com. IlomuMo 9TOr0, BBl MOKETE CTATD MOCJIe-
noBaresiem Hoa Ha caiiTe MmukpooOsoruura Twitter.

Hoa mosnyuusa crenenb marucrtpa 1o cuemuaabHocTu «Teopus mHOOPMAIITOH-
HBIX U BEIUUCJUTENbHBIX cucTeM» B KanudopHuiickoM yHUBEPCUTETE, B TOPOIE
Jloc-Aupmxesnec, cTereds OakagaBpa AueTosiornu — B KaanudopHuiicKoM rocy-
ITapCTBEHHOM MOJUTEXHUUYECKOM yHUBepcurete, B ropome Cam Jlymc ObGucro.
HmMeetr cepTu@UKATHI CUCTEMHOT0 afMUHUCTPaTopa oT Komnauuu Apple u LPI.
Paboran B Takux Komnanuax, kaxk Caltech, Disney Feature Animation, Sony
Imageworks u Turner Studios. B HacTosiee BpeMms oH paboTaeT B KOMIaHUN
Weta Digital, 8 Hosoii Senauaun. B cBoGogHOEe BpeMs JIIOOUT I'yJISTh CO CBOEH
sxemoit Jlea u ceraom JImamom, UrpaTh Ha MIUAHWHO, OeraTh HA AJWHHbIE JUCTAH-
WU 1 PEryJIAPHO TPEHUPYETCs.

1 H.Tudr, Ix. Txouc «Python B cucremuom agmuaucrpuposanuu UNIX u Linux». —

ITep. ¢ agra. — CII6.: CumBou-Ilatoc, 2009.



bnaropapHocTu

Ira KHUTA He cMorvIa Obl YBUIETh CBET 0e3 oA Iep:KKKU MHOTUX Jiiofei. [Ipex e
Bcero, A xoTeJ 0l mobaarogaputh Hoa I'ud)Ta, KOTOPBIN BKJIIOUUJICA B IPOEKT
W OKasaJ CYIeCTBeHHYIO IIOMOIIb B IOATOTOBKE UeTBepTOro msganus. Kyprt
T'parauc (Kurt Grandis) mas MHOMKECTBO IOJIE3HBIX KOMMEHTapueB KO MHO-
ruM riaBaMm. MHe Takike XOTeJOCh ObI II00JIarofapuUTh OBIBIINX TeXHUUYECKUX
penaktopoB Tumoru Boponumka (Timothy Boronczyk), ITona dro6oiica (Paul
DuBois), Marca Bukmanua (Mats Wichmann), [[ssuga Amepa (David Ascher)
u Tuma Besna (Tim Bell) 3a ux 1eHHble KOMMEHTAPUY W COBETHI, IPUHECIIINE
ycrmex mpeasAyum usgauusam. I'sugo san Poceym (Guido van Rossum), Ixe-
pemu Xunros (Jeremy Hylton), @pex I peiik (Fred Drake), Pomsxep Macc (Roger
Masse) u Bappu Bapmas (Barry Warsaw) okasasiu BecbMa CYIIECTBEHHYIO II0-
MOIITH B IIOZITOTOBKE IIEPBOTO U3JaHNUA, II0KA TOCTUIU Y MEHA HECKOJIBKO HeJleIb
skaprum gerom 1999 roga. Haxonerr, 9sTa KHUTa eBa Jiu Obljia 6bI BOSMOYKHA 6e3
OT3BIBOB, KOTOPBIE A MOJIyYaJI OT YuTaTeseil. VIX CIUIIKOM MHOT'0, YTOOBI g MOT
MEePeUnCJUTh UX ITOMMEHHO, TeM He MeHee S IMPUJIOMKUJ BCe YCUJIUS, UTOOBI
yUecTh BCe MOCTYIUBIINE MPEIJIOKEHNs 110 YIYUIIIeHNI0 KHUTH. S TakiKe X0-
TeJ1 ObI O6JIarONapPUTh COTPYAHUKOB u3narenbcTB Addison-Wesley u Pearson
Education 3a ux HempekpaIlamIlyocsa IIoMoIns npoexkry. Mapk Tabep (Mark
Taber), Maiika Topcron (Michael Thurston), Cer Kepuu (Seth Kerney) u Jlaiiza
Twu6o (Lisa Thibault) cienanu Bce BO3MOMKHOE, YTOOBI 00ECIIEUNTh BBIXOJ] 9TO-
ro uaganusa. OrgensHoe cniacu6o Poouny dpeiiky (Robin Drake), HeBeposAaTHBIE
yCHUJINS KOTOPOTO 00eCcleunan MosABJIeHe TPeThero nsganusa. Hakowmer, s Xo-
TeJ ObI MOOJIaTONAPUTHL MO0 3aMeUaTeJIbHYI0 KeHy u apyra [layny Kamen 3a ee
O IEPIKKY, IIOTPACAIOIINI FOMOD U JIIOO0Bb.



Ham NMHTepeCHbI Ball OT3blBbl

Bb1, Oyayun uuTaTeIIMU 9TON KHUTH, ABJIAETECh Hanboaee BaKHBIMU KPUTHU-
Kamu. Baille MHeHMe IIeHHO IJIs HAac, 1 HAM XOTeJIOCh ObI 3HATh, UTO OBLIO Cle-
JIAHO TIPaBUJIBHO, YTO MOYKHO OBIJIO OBI CAeaTh JyUllle, KHUTH Ha KaKNe TeMbI
BBI XOTeJIU ObI YBUAETH 1 JIIOObIE APYTue BAIIN 0K eIaHNs.

Bb1 mosxeTe OTIIPABJIATH CBOUA COO6IlIeHI/IH II0 BJIERTpOHHOﬁ IIo4YTe UJIN HaIllucaTb
IIPpAMO MHE O TOM, YTO BaM H€ IIOHPaBUJIOCH B 9TOIf KHUTE U YTO MBI MOTJIU GBI
caeJisarsb, YTOOBI caeJsiaTb KHUT'Y ellle JIy4Ilie.

Yymume, 4mo £ He 8 COCMOAHUL NOMOYb 8AM 8 PEULCHUU MEeXHUYeCKUX Npos-
Jlem, uMernuux OmHOULeHUe K meMe 3moil KHU2U, U 4Mo U3-3a 60JbUL020 00BeMa
CO00UW,eHUTL, NOCMYNAIOWUX MHe N0 IeKMPOHHOU noyme, 4 He MO2Y OMEemums
Ha Kaxcdoe u3 Hux.

He 3a0yabTe BKJIIOUNTH B TEKCT CBOErO MUCbMa HAa3BaHWE 9TOM KHUTH U UM
aBTOpA, a TaKKe Ballle UM, HOMep TesedOHA MU aJpec SJIeKTPOHHON MOUTHI.
§1 BHMMAaTeIbHO 03HAKOMJIIOCH CO BCEMU BAIIIMMU KOMMEHTAPUAMU U TOJEII0CH
WMU C aBTOPOM U pefaKTopaMu, paboTaBITUMU HAl KHUTOM.

AJ1. mouTa: feedback@developers-library.info

Anpec: Mark Taber
Associate Publisher
Pearson Education
800 East 96th Street
Indianapolis, IN 46240 USA

Moppep)xka untatenen

IToceture Ham Be6G-caliT U 3apPETUCTPUPYITE CBOIO KOMUIO KHUTU IO aJpecy
informit.com/register, 4TOOBI MOJYUYUTh AOCTYII K IIOCJAEIHUM IOIMOJHEHUAM,
3arpysKaeMbIM apXUBaM C IPUMEPaAMU U CIUCKY 00HAPY KEeHHBIX OII€YaTOK.



BBepeHune

JTa KHUTA 3aJyMbIBaJIach KaK KPaTKUIl CIIPABOYHUK II0 A3BIKY IIPOTPaMMUPO-
Banus Python. HecMoTps HA TO UTO ONBITHBIN IIPOrpaMMHUCT GYIET B COCTOS-
HUM n3yunTth Python ¢ momornbio sToif KHUTHM, TeM He MeHee OHA He IpeJHa-
3HaUeHAa IJI KCIOJH30BAHUA B KaueCTBe YUeOHUKA II0 MPOrpaMMUPOBAHUIO.
OcHOBHas ee IeJib COCTOUT B TOM, YTOOBI MaKCUMaJbHO TOUHO UM KPATKO OIU-
caTb Aapo A3bika Python u maubosee BaskHble yacTu 6ubanorexku Python. 9ra
KHUTra IIPeJAIoJaraer, YTo YUTaTeJb YoKe 3HAKOM ¢ aA3bIKkoM Python min nmeer
OIIBIT MPOTPAMMUPOBAHUA HA TAKUX A3bIKaX, Kak C uiau Java. Kpome Toro, 06-
ree 3HAKOMCTBO € IPUHITUIIAMU CHUCTEMHOTO IIPOrpaMMUPOBaHus (HampuMmep,
C OCHOBHBIMU THOHSTUAMHU OIMEPAIIMOHHBIX CHCTEM W C Pas3paboOTKOIl CeTeBBIX
IPUJIOYKEHU) MOYKET OBITH ITOJIEBHBIM JJIA IIOHUMAaHUSA OIIMCAHUA HEKOTOPBIX
vacreil OMGINOTEKN.

Br1 MmoskeTe GecriiaTHO 3arpysuth Python Ha catite http://www.python.org. 3gech
BBI HaliJleTe BepCUU MPAKTUYECKU IJIS BCEX OMEPAI[MOHHBIX CUCTEM, BKJOUAs
UNIX, Windows u Macintosh. Kpome Toro, na Be6-caiitre Python Bul Halizere
CCBLIIKM Ha JOKYMEHTAIlNI0, MPaKTUUYeCKNe PYKOBOACTBA U PA3HOOGPAa3HEIe Ia-
KeTbI IPOrPaMMHOI0 00eceyeHn s CTOPOHHUX TPOU3BOIUTEIEH.

ITosBmenue mauuoro maganusa KHuru «Python. Ilogpo6HBIH cIpaBOYHUK» CO-
BIIAJIO C IPAKTUYECKU OJHOBPEMEHHBIM BBIXOZOM Bepcuii Python 2.6 u Py-
thon 3.0. B Bepcuu Python 3 6s1y1a HapyIieHa 00paTHASA COBMECTMOCTS C IIPES-
IIIEeCTBYIOIIIUMY BEPCUAMU sI3bIKa. KaK aBTOpP M IPOrPAMMUCT S CTOJIKHYJICH
¢ IUJIeMMOii: IpocTo nepeiiTu K Bepcuu Python 3.0 miu npopos:xaTh onuparh-
cs1 Ha Bepcuu Python 2.x, 60oee 3HaKOMBbIE GOJIBIINHCTBY IPOrPAMMUCTOB?

Heckoubko jieT ToMmy Hasam:, Oyayuu IIporpaMMucToM Ha as3bike C, s1 B3s cebe
3a IPaABUJIO BOCIPUHUMATH ONpPEeJeJeHHbIe KHUTY KaK OKOHUaTeJIbHOE PYKO-
BOJICTBO II0 WCIIOJIB30BAHUIO OCOOEHHOCTEH fA3BIKa IporpamMmupoBaHua. Ha-
IpUMep, €CJIN BbI UCIOJIb3yeTe KaKue-TO 0COOEHHOCTY, He OINCAHHbIE B KHUTE
Kepuurana u Putuu, cKkopee Bcero, oHU OyAyT HEIEPEHOCUMBI U UX CJIEAYET UC-
TIOJIE30BATH C OCTOPOYKHOCTHI0. ITOT IMOAXO, COCIY KU MHE HEILJIOXYIO CIYKOY
KaK IPOrpaMMUCTY, U UMEHHO er0 S PeIlluJ UCIO0Jb30BAaTh B JaHHOM U3AaHUU
«ITogpo6HOTO CIIpaBOYHUKA». B 4aCTHOCTH, 51 IPENIIOUE] OIIYCTUTH OCOGEHHO-
ctu Bepcruu Python 2, koropsle Obliiu yaanensl us sepcuu Python 3. Touno Tak
JKe s He OyAy oCcTaHAaBIMBATHCA Ha 0cobeHHOCTsX Bepcuu Python 3, Kotopnie
HapymIamoT o0paTHYI0 COBMECTHMOCTHL (BIIPOYEM, STH OCOOEHHOCTH f OIMCAJI
B OTJeJIbHOM ITpuiioskeHum). Ha Mot B3TUIAL, B pe3ybTaTe MOJyUYnuIach KHUTA,
KoTopas Oy[eT ImoJie3Ha IporpaMMucTaM Ha A3bike Python HezaBucumo oT mc-
IOJIL3YEeMOUN UMY BEPCUU.
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BeepeHne

Yerseproe usganue Kuuru «Python. ITogpo0HbIHi cIpaBOYHUK» TAKKe BKJIIOUA-
eT BasKHbIe JOIOJHEeHU A 110 CPaBHEHUIO C IEPBLIM U3JaHUEM, BBIIIIEAIITNM JeCATh
JeT Tomy Hasan.! PassuTue sspika Python B Teuenme mociefHUX JIeT B OCHOBHOM
IPOJOJI’KAJIOCh B HANPaBJIEHUN J00ABJICHMSI HOBBIX OCOOEHHOCTEH; 0COOEHHO
9TO OTHOCHUTCS K (DYHKIIMOHAJBLHOMY U MeTaIporpaMMUPOBaHNI0. B pesyibra-
Te IJIaBbl, MOCBAIIEHHBIE (PYHKIIMOHAJILHOMY U 00beKTHO-OPUEHTUPOBAHHOMY
IPOrpaMMUPOBAHNIO, OBLIN CYIIIECTBEHHO PACIIMPEHbl W Tellepb OXBATLIBAIOT
TaKue TeMbl, KaK reHepaTophbl, UTePaTOPhl, COIIPOrPaMMbI, JeKOPATOPLI U Me-
TakJacchbl. B IyiaBbl, MOCBAINEHHBIE CTaHAAPTHON Oubanoreke Python, 6Gbran
IobaBJIeHBI OIIMCAHUSA HanboJiee COBpeMeHHBIX MoayJieii. Kpome Toro, Bo Bceit
KHUre ObLIM OOHOBJIEHBI MCXOMHBIE TEKCTHI IPUMepoB. 1 mosarao, 4To 6OJIb-
IIXHCTBO IIPOrPAMMUCTOB C PALOCTHIO BCTPETAT JOIIOJHEHHOE OUCAHIE.

Haxkomner, cienyer oTMeTuTh, uTo Python BKJIOUaeT ThICAYM CTpPaHUI] JOKY-
menTanuu. ComepsKruMoe STOM KHUTU B 3HAUUTEJHLHOM CTEIeHW OCHOBAHO Ha
9TOM JOKYMEHTAIINH, OJHAKO 3/IeCh UMeeTCsS MHOMKECTBO BasKHbIX OT/INUnii. Bo-
TepBbIX, NH(POPMAIUA B 3TOM CIIPABOYHUKE IIPECTaBieHa B 60jiee KOMIAKTHOMR
(bopmMe U COmEPIKUT pa3INUHbIe IPUMEPHI U JOMOJHUTEJbHBIE ONUCAHUSA MHO-
rux TeM. Bo-BTOpBIX, onmucanue 6u0JInoTeKH A3bIiKa Python 6b110 3HAUNTEILHO
pacIIupeHo U BKJOYAET AOIMOJHUTEJLHBIN CIIPaBOYHBIN MaTepuas. B ocoben-
HOCTU 3TO OTHOCUTCS K OMUCAHWSIM HU3KOYPOBHEBBIX CHUCTEMHBIX W CETEBBIX
MoayJieit, aHeKTUBHOE UCII0JIh30BaHNE KOTOPBIX COIPSAKEHO C MPUMEHEeHueM
HEeCMeTHOTO KOJINYeCTBa IIapaMeTPOB, IePEeUNCIeHHBIX B PYKOBOACTBAX U CIIpa-
BOYHUKAX. [IOMUMO 3TOrO, C IEJbI0 JOCTUIKEHUS OOJIBIEe KPATKOCTU ObIIN
ONYINEHbl OMMCAHUA Psfa YCTAPEBININX U He PEKOMEHAYeMbIX K HCIT0JIb30Ba-
HUI0 OMOJIMOTEUHBIX MOAYJIEH.

ITpucrynas x pabore Hajx 9TOW KHUTOU, TVIAaBHON MOEU IeJIbI0 OBLIIO CO3TaHIe
CIIPaBOYHUKA, COAEp:KaInero nH(GpopManno IpaKTUUYeCKu 000 BCeX aclieKTax
UCIIoJIb30BaHuA A3bIiKa Python u ero orpomuoii kormekmuu monayaei. Hecmor-
P4 Ha TO YTO 3Ty KHUTY HeJIb3A Ha3BaTh MATKUM BBeJleHUEM B A3BIK IIPOTPaM-
mupoBaHusa Python, a Hajeloch, YTO OHa CMOJKeT IIOCHYKUTH IIOJIE3HBIM [JO-
TOJTHEHVEM K APYTUM KHUTaM B TeUeHVe HeCKOJIbKUX JieT. S ¢ 61arogapHOCTHIO
IpUMY JII00bIe Ballld KOMMEHTaPUH.

Is6u0 Busau (David Beazley)

Yukrazo, Unnumoiic
Hionw, 2009

. Busnu «fsbik nporpamvuposarus Python. CiipaBounuk». — Ilep. ¢ auria. — Kues:
HuaCodrt, 2000. — IIpum. nepes.
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BBogHoOe pyKoBOACTBO

Hauuas riaBa mpezicTaBisieT co60if KpaTKoe BBeJeHIe B SI3bIK MPOrPaMMUPO-
Bauusa Python. Iless ee cocTout B TOM, 4TOGBI IIPOAEMOHCTPUPOBATH HauboJiee
BasKHbIe 0COOEHHOCTU s3bIKa Python, He morpykasich mpu 9TOM B OIUCAHUE
neraseit. Cienysi MOCTaBJIEHHOMN I1eJIU, 9Ta TIaBa KPATKO OIMMCHIBAET OCHOBHBIE
MOHATUA A3BIKA, TAKWE KaK IepeMeHHbIe, BRIPAKeHUsI, KOHCTPYKIIUU yIIPaB-
JIEHWS TIOTOKOM BBITIOJIHEHU A, (DYHKIIMHU, T€HepaTophl, KJIACChI, a TaAKKe BBOJI-
BBIBOJ. OTAa TJIaBa He IMPeTeHyeT Ha IMOJHOTY OXBaTa PaCCMaTPUBAEMbBIX TEM.
OpHAKO OMBITHBIE IIPOrPAMMUCTHI 0€3 TPyAa CMOTYT HAa OCHOBE IIPEACTaBJIEH-
HBIX 3[IeCh CBEIIEHUM CO3aBaTh JOCTATOYHO CJIOKHBIE IporpamMMbl. HaunHazo-
1I[7€ TPOrPaMMHUCTHI MOT'YT OIIPOO0OBATH HEKOTOPKIE TPUMEPbI, UTOOBI IO YUUTH
mpeacTaBIeHre 00 0COOEHHOCTAX A3bIKA. KCu BBl TOIBKO HAaUMHAETe U3yYaTh
sas3eIlk Python u ucnosssyere Bepcuio Python 3, sty riasy snyuine 6yger usy-
yaTh, onupasach Ha Bepcuio Python 2.6. IIpakTuuyecKu Bce OCHOBHBIE IIOHSATUS
B PABHOM CTEIIeHU IIPUMEHHMBI K 00erM BepcusaMm, ogHako B Python 3 mossu-
JIOCh HECKOJbKO BayKHBIX M3MEHEHW! B CHHTAKCHCE, B OCHOBHOM CBS3aHHBIX
C BBOJZIOM U BBIBOJIOM, KOTODPbIE MOTYT OTPHUIIATEIbHO CKAa3aThCAd HA PabOTOCIIO-
COOHOCTHM MHOTHX IIPIMEPOB B 9TOM pasfeJe. 3a JOMOJHUTEIbHON nHGOpMAIH-
et obparaiiTech K mpuaokenuio «Python 3».

Bbi30oB MHTepnpeTaTopa

IIporpammel Ha a3bike Python BeimonmHsoTCAa nHTepapeTraTopoM. OOBIUYHO MH-
TepIpeTaTop BHIBLIBAETCS IPOCTBIM BBOAOM KoMaHIBI python. OmHAaKO cylme-
CTBYeT MHOKECTBO PA3JHUHBIX peasn3aluii MHTepIpeTaropa M pasHoobpas-
HBIX cpen paspaboTku (Hampumep, Jython, IronPython, IDLE, ActivePython,
Wing IDE, pydev u Tak majee), mosToOMy 3a MH(OPMAaIleil 0 MOPAIKe BEI30BA
caenyer obpalarbea K JoKyMeHTalnuu. Ilocse 3amycka nHTepIperaTopa B KO-
MaHIHO# 000JI0UKe IIOSABJISeTCA IPUTJIAIIeHre K BBOAY, B KOTOPOM MOJKHO BBO-
IUTH IIPOTPAMMBbI, UCIOJHSIEMbIe B IIPOCTOM ITUKJI€ UTeHHe-BbIIoJHeHre. Ha-
IpuMep, HIKe IIpecTaBieH ()parMeHT BBIBOA, I/le MHTEPIIPeTaTop oToopaska-
erT COOGH.[GHI/IG C YIOMHaHUEM 06 aBTOPCKHUX IIPaBaxX M BBIBOAUT IIPpUIVIAIIIEHNE
K BBOZAY >>>, TZie MM0JIb30BaTe b BBEJI 3HaKOMYI0 Komauay «IIpuser, Mup»:
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Python 2.6rc2 (r26rc2:66504, Sep 19 2008, 08:50:24)

[GCC 4.0.1 (Apple Inc. build 5465)] on darwin

Type “help”, “copyright”, “credits” or “license” for more information
>>> print “MpuseTt, Mup”

MpuseT, Mup

>>>

MpumevaHune
Ecav npu nonbiTke onpo6oBaTb NpefblayWuii npumep Obina nonyyeHa owwnbka
SyntaxError, 3T0 MOXeT CBUAETENbCTBOBATb O TOM, YTO Bbl NONb3yeTech Bepcueii Py-
thon 3. B 3ToM ciyyae Bbl Mo-NpeXxHeMy MOXeTe C/ie0BaTh 3a NpUMepamMm 3T rnassl,
HO MPY 3TOM [JOJIKHBI MOMHUTb, YTO MHCTPYKLKA print B Bepcuu Python 3 6bina npeo6-
pa3zoBaHa B QyHKUMIO. YTOOLI M36aBUTHCA OT OWMOKM, NPOCTO 3aKNIOYUTE BLIBOAMMbIE
3HaYyeHns B Kpyrnbie ckobku. Hanpumep:

>>> print(“NMpuseT, Mup”)
MpueeT, Mup
>>>

[lo6aBneHue Kpyribix cko6OK AonyckaeTcs u npu ucnons3osanun Python 2, npu ycno-
BUMW, YTO BbIBOAMTCA €ANHCTBEHHBIN 3neMeHT. OfHAKO TaKoW CUHTAKCUC PEAKO MOXHO
BCTPETUTH B CYILECTBYlOLEM NPOrpaMMHOM Kode Ha a3bike Python. B nocnepyiowmx
rnaBax 3TOT CUHTAKCUC MHOTAA GYAEeT MCNONb30BaTLCA B NPUMepaXx, OCHOBHAs Liefib KO-
TOPbIX HE CBA3@Ha C BbIBOLOM UH(OPMALIUK, HO KOTOPbIe, Kak NpeAnonaraeTcs, JOMKHbI
0AAMHaKoBO paboTaThb Npu UCNONb30BaHNUK Nto60# 13 Bepcuit Python 2 uaun Python 3.

NuTepakTuUBHBIN peskuM paboThl nHTEpIperaTopa Python sBaserca ogHoit us
Haubojee MOJE3HBIX 0COOeHHOCTEH. B MHTEpaKTUBHOI 000JI0YKE MOYKHO BBO-
JIUTH JIIOOBbIE ONYCTUMble MHCTPYKIIMH UJIN UX IIOCJIEOBATEJIbHOCTHA U TYT JKe
moJy4aTh pedyabTaThl. MHOTHME, BKJIOUYASA U aBTOPa, UCIOJIbB3YIOT MHTEePIIpeTa-
Top Python B mHTepaKTHBHOM peKUMe B KaUeCTBe HACTOJIBHOT'0 KAJbKYJIATOPA.
Hanpuwmep:

>>> 6000 + 4523.50 + 134.12
10657.620000000001

>>> _ + 8192.32
18849.940000000002

>>>

IIpu ucmosb3oBaHUM HHTEpHIpeTaTopa Python B mHTEepaKTHBHOM PEKHME MOXK-
HO HCIIOJIb30BATH CIIEIIUAIbHYIO IepeMEeHHYI0 _, KOTOpasd XPaHUT Pe3yabTaT II0-
ciaenued onepanuu. Ee MOXXHO MCIIOSIBL30BATh A1 XPAHEHUA IPOMEIKYTOUHBIX
pe3yJIbTaTOB IIPU BBINOJHEHUU IIOCJIENOBATEJIBHOCTU HHCTPYyKIuii. OgHaKO
Ba’KHO IIOMHUTH, UTO 3TA IepEeMeHHad OIIpefiesieHa TOJBKO IIPU paboTe MHTED-
peraTopa B UHTEPAKTHUBHOM PeKUMe.

Ecau BaM HE06X0AMMO HAIKUCATDH IPOTPaAMMy, KOTOpasa OyJeT MCII0Jh30BaThCA
He OUH Pas, IOMECTUTe UHCTPYKIINU B (Daiiy, KaK IOKa3aHO HUKe:

# helloworld.py
print “MpueeTt, Mup”
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Daiibl ¢ UICXOAHBIMU TEKCTaMu IporpaMMm Ha A3biKe Python aBasiorcsa o6bru-
HBIMU TEKCTOBBIMU (haiiiaMu 1 OOBIUHO UMEIOT pacinupenue .py. CuMBOJI # OT-
MeYaeT HayaJyio KOMMEHTAPU A, IPOCTUPAIOIIET0CH O KOHI[A CTPOKH.

YT0o6b! BBIIIOTHUTH IporpamMmy B daitse helloworld.py, HEOOXOQUMO TEpesaTh
uMsA daiisia THTEPIPETaToOPy, KaK IOKa3aHO HUKe:

% python helloworld.py
MpueeT, Mup
%

Yro6bI 3allyCTUTh HporpaMmMmy Ha ssbike Python B Windows, MOMHO qBaMIbI
IIEJKHYTH MBIIIBIO HA (haiije ¢ pacIInPEeHNEM .Y MU BBECTH UM IIPOIPAMMBI
B OKHe 3anyctutb... (Run command), KoTopoe BbIZBIBAa€TCA OJJHOMMEHHBIM ITyHKTOM
B MeH1o [yck (Start). B pesyibTaTe B OKHe KOHCOIU OyAET 3aMylieH NHTepIpeTa-
TOP, KOTOPBII BHITIOJTHUT YKa3aHHYI0 nmporpaMmmy. OqHAKO cJeyeT MOMHUTD,
YTO OKHO KOHCOJIX OYyJeT 3aKPBITO CPasdy sKe IOoCJe OKOHUYAHUA paboThI IPO-
TpaMMBI (3a4aCTYIO eIIe J0 TOr0, KaK BbI YCIIeeTe IPOYUTATh pe3yabrarsl). IIpu
OTJIaJIKe JIyUIlle BCEro 3allyCKaTh IIPOTPaMMBbI ¢ IOMOIIbI0 MHCTPYMEHTOB pas-
paborunka Ha sa3biKe Python, rakux kak IDLE.

B UNIX mo0:xHO 700aBUTH B IMEPBYIO CTPOKY IIPOrPAMMBI II0CJI€I0BATEIbHOCTD
#!, KaK IIOKa3aHo HUKe:

#! /usr/bin/env python
print “MpuseTt, Mup”

HuTtepnperaTop mociefoBaTeIbHO BBIMIOJIHACT UHCTPYKIIUHY, IOKA HE TOCTUTHET
KouIa daitna. [Ipu paboTe B HHTEPAKTUBHOM PEKUMe 3aBepPIIUTh ceanc pabo-
TBI C UHTEPIIPETATOPOM MOXKHO BBomoM cuMBoJja EOF (end of file — Kouerr (paitia)
WM BIOOPOM MyHKTa MeHIo Exit (BeriiTu) B cpege paspaborku Python. B UNIX
cumBoOJI EOF BBomuTcsa KomOuuanuein Kiaasumi Ctrl+D; B Windows — Ctrl+Z. IIpo-
rpaMMa MOJYKET COBEPIIUTH BBIXO/], BOSOYAUB UCKJIOUeHUe SystemExit.

>>> raise SystemExit

MepemeHHble N apudmMeTUHECKME BbipaXKeHUs

B auctunre 1.1 mpuBOAMTCS mporpaMma, KOTOpas WCIOJIbB3yeT IepeMeHHbIe
¥ BBIPAYKEHUS JJIf BEIUUCIEHUA CI0XKHBIX ITPOIIEHTOB.

Jlucmune 1.1. Hpocmoe B8bliUCJIeHUEe CJONHCHBbLX NPOUEHM 08

principal = 1000 # HavanbHas cymma BKnaja
rate = 0.05 # TpoueHT

numyears = 5 # KonnyecTtBo net

year = 1

while year <= numyears:
principal = principal * (1 + rate)
print year, principal # B Python 3: print(year, principal)
year += 1

B pesynbTaTe paboThl IporpaMMbI OyIeT IoJIyueHa caeayolnasa Ta0aua:
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11050.0

2 1102.5

3 1157.625

4 1215.50625
5 1276.2815625

Python — 5T0 A38BIK ¢ AUHAMUYECKOI TUIIN3AI[1Ell, TO €CTh B X0O/I€ BBIIIOJIHEHU S
IPOrpaMMBbI OTHA U Ta K€ IMePeMeHHasd MOKEeT XPAHUTh 3HAUEHUS Pa3IUYHBIX
TunoB. OnepaTop MprcBauBaHUA IIPOCTO CO3/AET CBASb MEMKIY MMEHEM Iiepe-
MEHHOU M 3HaueHUeM. XOTd KaskJoe 3HaueHUe mMeeT COOCTBEHHBIN TUIl AaH-
HBIX, HAIIPUMED IIeJI0e YKCJIO UJIM CTPOKA, CAaMU IIepeMeHHbIe He UMEIOT TUIa
¥ B IIPOIIECCe BBIMOJHEHUA IPOTrPAMMbI MOT'YT CChLIATHCA HA 3HAUECHUS JTIOOBIX
TunoB. dtum Python ortimuaercs or siseika C, HampuMep, B KOTOPOM KaKIast
nepeMeHHas UMeeT OIpe/leIeHHbBII THUII, Pa3MeP U MECTOIOJIOKEHNEe B IaMATH,
T7ie coXpaHsAeTcsa ee 3HaueHue. [[MHaAMUYECKYIo Ipupoxay sisbika Python mosxHO
HabsonaTs B aucTuHTe 1.1 HA IpuMepe mepeMeHHoM principal. isHauaabHO eit
IIpUCBaWBaETCs IeJourcIeHHoe 3HaueHre. OqHAKO MO3Hee B IPOrpaMMe BHI-
TOJIHSIETCA CJIeAYIOllee IPUCBaBaHMe:

principal = principal = (1 + rate)

9Ta MHCTPYKIUA BBIYUCJIAET BhIPAKEHNE U IIPUCBANBAET PE3YJIbTAT IePEMEH-
HOIT ¢ mmeHeM principal. HecMoTps Ha TO UTO mepBOHAYAJILHOE 3HAUEHNE IIepe-
MeHHOM principal 6nLy0 1esbIM urcsioMm 1000, HOBOe 3HaUeHUE ABJIAETCA UUCIIOM
¢ ILJIaBaloIel TOYKOU (3HAUEeHMe IIePEMEeHHOH rate ABJIAETCA YUCJIOM C IIJIaBalo-
el TOYKOMH, II09TOMY Pe3yJIbTaTOM IIPUBEIEHHOTO BBHIIIIE BHIDAKEHUS TaKIKe
OymeT 4ucJIo C mJaBalolieil Toukoii). To ecTh B cepeanie MpPOrpaMMbl «THII»
nepeMeHHOH principal fMHaAMUUYeCKN N3MeHSAETCs C IeJIOUNCIeHHOT0 Ha UMCJI0
¢ mIaBarolei Toukoii. OqHaKO, eciu OGbITh 60Jiee TOUHBIMU, CJIEAYyeT 3aMETUTh,
YTO M3MEHsAeTCs He TUI IMepeMeHHOH principal, a Tum 3HaueHHUs, HA KOTOpoOe
CChLIIaeTCs 9Ta IepeMeHHas.

Konerr cTpoku 3aBepinaer HHCTPYKIK0. OMHAKO NMEETCs BO3MOYKHOCTh pasMe-
CTUTH HECKOJILKO MHCTPYKIIUI B OJHOI CTPOKE, OTAEJUB UX TOYKOI C 3aIATOMH,
KaK MMOKa3aHo HUKe:

principal = 1000; rate = 0.05; numyears = 5;

WNucTpyKnua while BhIUMCIISAET YCJIIOBHOE BBIpasKeHUeE, CJEAYIOIee IMPAMO 3a
"Hell. Ecau pesynbTaT BbIpa)KeHUS OIleHUBAETCSA KaK MCTHHA, BBINOJHAETCS
TeJI0O MHCTPYKIUU While. YcJIOBHOe BhIpasKeHUE, a BMECTe C HUM U TeJO ITUK-
Jia, BEIYUCJIAETCA CHOBA M CHOBA, IOKAa He OyIeT IIOJIyUeHO JOKHOe 3HaUeHUe.
Teso MuKJIa BBIAEJIEHO OTCTYIIaMU, TO €CTh B JuCTUHTe 1.1 Ha Kamkmoil ure-
panuy BHIIOJIHAIOTCA TPW WHCTPYKIIVY, CJIEAYIOIIVE 3a MHCTPYKImen while.
fAspik Python He mpenbABIAeT KeCTKUX TPeOOBAHUII K BeJUYHHE OTCTYIIOB,
BAa’KHO JIUIIB, YTOOBI B IIPEZieIax OJJHOTO OJI0KA UCII0JIb30BAJINCH OTCTYIIBI OZHO-
TO U TOro ’Ke pasdmepa. OfHAKO Yalle BCEro OTCTYIIBI O)OPMJIAIOTCS YeTHIPbMSA
npobenamu (1 TaK U PEKOMEHYeTCs).

OpuH U3 HEeIOCTATKOB IIPOrPaMMBI, IIPEACTaBJICHHOU B tucTtuHre 1.1, 3aKroua-
eTcd B OTCYTCTBUU (DOPMATUPOBAHUSA MPU BHIBOZE JaHHBIX. UTOOBI NCIIPABUTH
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€ro, MOYKHO ObLJIO OBI MCIIOJIb30BATh BHIDABHWBAHUE 3HAUEHUI IepeMeHHON
principal mo mpaBoMy Kparo 1 OTPaHUYUTh TOUHOCTDh UX IIPECTABJIEHUA JBYMSA
3HaKaMU 1ocJje 3anaToil. [Joourbeca Takoro ¢opMaTHPOBAHUA MOYKHO HECKOJIB-
Kumu criocobamu. Hambosiee uacTo AJyid MOJOOHBIX IleJieil MCIOJIb3yeTCA oepa-
TOp hopMaTUPOBAHUA CTPOK (%), KAK ITOKa3aHO HUKeE:

print “%3d %0.2f” % (year, principal)
print(“%3d %0.2f" % (year, principal)) # Python 3

Teneps BHIBOA IpOrpaMMBbI OYIeT BHITJIAETh, KAK ITOKa3aH0 HUMKe:

1 1050.00
2 1102.50
3 1157.63
4 1215.51
5 1276.28

CTtpoku opmaTa comepsKaT OOBIYHBIN TEKCT U CIleIlaJIbHbIe CIIeIn()UKATODPBI
dopmara, Takue Kak "%d”, “%s” u “%f". [IpuBemeHHbIe cIeITU()UKATOPHI OIIpee-
JAI0T (hopMaT IpeAcTaBIeHUA JaHHBIX ONpefeeHHBbIX TUIIOB — IeJIbIX YUCeJI,
CTPOK U UMCeJI C IJIaBaIOIe TOUKOU cooTBeTcTBeHHO. CeriudukaTopsl hopMma-
Ta MOTYT TaKJKe COIePKaTh MOAUDPUKATOPHI, OIIPEAeIAIOIINe ITUPUHY IT0JIA BbI-
BOJla M TOYHOCTH NpeAcTaBJeHusA 3HaueHui. Hanpumep, cnenmudpurarop “%3d”
dopMaTupyerT IieJioe U1CJIO, C BBIpAaBHUBAHNEM II0 IPaBOMY Kpaio B IIOJe IIIH-
puHOit 3 cuMBoJIa, a cruertuduraTop “%0.2f" ¢hpopMaTUpyeT UHCJIIO ¢ IIaBaroIei
TOYKOU TaK, YTOOBI BLIBOAUJINCH TOJBKO ABa 3HAKA IocJe 3ansaToii. [loBegenue
cruenuduKaTopoB hopMarTa 4 CTPOK BO MHOI'OM UAEHTUYHO IIOBEIEHUIO CIIeIl-
upuxaropos dpopmara mida Gyurmuu printf() B aspike C u moaApPOOHO OIUCHIBA-
ercd B ritaBe 4 «OmepaTopsl U BHIPAXKEHUI».

BoJsiee coBpeMeHHBII TTOAXO0A K (h)OPMAaTUPOBAHHUIO CTPOK 3aKJIOUaeTCsa B (pop-
MaTUPOBAHUU KaXKIOU YaCTH CTPOKU MO OTAEJbHOCTHU, C MOMOIIbI0 PYHKIINH
format(). Hampumep:

print format(year,"3d"), format(principal, ”0.2f")
print(format(year,"3d”), format(principal,”0.2f")) # Python 3

Crenupuraropsl popmara 11 GyHKIuy format() IOX0MKHU Ha CIeu(pUKaTOPHI,
TPaAUIIMOHHO UCIIOJIb3yeMbIe B orlepaTope (hopMaTupoBanus cTpok (%). Hampu-
Mep, crienupurarop “3d” (popmaTuUpyeT 1esoe YMUCJI0, BBIpAaBHUBASA €TI0 II0 IIpa-
BOMY KpAalo B II0JIe MIIUPUHON 3 CUMBOJIA, a cneriudukrarop “0.2f" opmaTupyer
YUCJIO C IJIaBAOIIEd TOUKOUM, OrpaHUUYMBASA TOUHOCTH IIPEACTABJIEHUA IBYMS
3HAKaMU II0CJe 3amaToi. Kpome Toro, CTpoKM MMEIOT COOCTBEHHBIN MeTox for-
mat(), KOTOPBIA MOYKET MCIIOJIb30BAThCA AJA (hOPMATUPOBAHUA CPa3y HECKOJIb-
Kux 3HaueHu#. Hampumep:

print “{0:3d} {1:0.2f}". format(year,principal)
print(“{0:3d} {1:0.2f}".format(year,principal)) # Python 3

B mamHOM mpuMmepe umcso Imepen aBoeToumeM B cTpokax “{0:3d}" m “{1:0.2f}"
ommpenendeT MOPAIKOBBIA HOMEpP apryMmeHTa metoma format(), a yacTb mocJe
aBoeToumnsda — cuergudukaTop popmara.
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YcnoBHble onepaTopbl

J 7151 mpoCThIX ITPOBEPOK MOYKHO KCIIOJIL30BAaTh MHCTPYKIuu 1f m else. Hampu-
Mep:

if a < b:

print “KomnbioTep rosoput Ja”
else:

print “KomnbiTep rosoput Het”

Tesa nHCTPYKIMA if 1 else oTAeAAIOTCS oTCTynaMu. MHCTPYKIUA else aBisd-
ercsa Heo0sa3aTeJIbHOM.

YT006BI COo34aTh IIyCTOE TEJIO, HE BBIIIOJIHAIIECe HUKAKUX IerCcTBUM, MOYKHO UC-
II0JIb30BaTh MHCTPYKIIUIO PAaSS, KaK IIOKa3aHO HUMKe:

if a < b:

pass # He BbNOAHAET HMKaAKWX OECTBWIA
else:

print “KomnbioTep rosopuT Het”

Hmeercss BOBMOXKHOCTE (DOPMUPOBATE OyJIEBbI BHIPAMKEHUS C KMCIIOJIb30BAHIEM
KJIIOUEBBIX CJIOB Or, and 1 not:

if product == “urpa” and type == “npo nupatos” \
and not (age < 4 or age > 8):
print “94 Gepy ato!”

Mpumevanune
I'Ipw BbIMOJTHEHUWN CJTIOXHbIX MPOBEPOK CTPOKAa MPOrpaMMHOro Koga MOXeT OKa3aTbCA
[JOCTATO4YHO AJIMHHON. YT06bl NOBLICUTD yp,O60‘-IMTaEMOCTb, WHCTPYKLUIO MOXHO nepe-
HeCTU Ha cnefywyto CTPoKy, ,U,O6aBI/IB cumBon 06paTHOFO cnswa (\) B KOHLEe CTPOKMU,
Kak nokasaHo Bbille. B 3Tom ciiyyae o6blyHble NpaBuia ohOpMAEHUA OTCTYNOB K Cre-
Lyloleil CTPOKe He NPUMEHAIOTCA, NO3TOMY Bbl MOXeTe GpopMaTUPOBaTh CTPOKM, NPO-
fomKawlume NHCTPYKUKIO, KaK YrogHo.

B assike Python oTcyTeTByer cnenuanbHas MHCTPYKIIUA IPOBEPKYU 3HAUCHUIA,
Takas Kak switch uam case. YToObI BHIIIOJTHUTH IPOBEPKY HA COOTBETCTBUE HE-
CKOJIBKUM 3HAQUEHUAM, MOYKHO MCI0JIb30BaTh NHCTPYKIUIO €11f, Harrpumep:

if suffix == “.htm”:
content = “text/html”
elif suffix == “.jpg”:
content = “image/jpeg”
elif suffix == ".png”:
content = “image/png”
else:

raise RuntimeError(“Copepxumoe Heum3secTHOro Tuna’)

HOns ompenesneHWs UCTUHHOCTY WCIOJBL3YIOTCA 3HaUeHWs [rue u False Tuma
Boolean. Hanpumep:
if ‘spam’ in s:
has_spam = True
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else:
has_spam = False

Bce omepaTophl OTHOIIIEHTI, TaKKe KaK < U >, BO3BpaIaoT True uau False. Ome-
partop in, 3a/IefiCTBOBaHHBIH B IIPeALILYIIIEM IIPUMeEpPE, YACTO UCTIIOIb3yeTCd I
IIPOBEPKU BXOXKIEHUA HEKOTOPOTO 3HAUEHUA B IPYTOi 00'bEKT, TAKOU KaK CTPO-
Ka, CIIMCOK uiu ciaoBapb. OH TaKKe Bo3BpaIaeT 3HaueHue True mau False, 6ia-
roapa 4ueMy IPeAbLIYIIUI IPUMep MOYKHO YIIPOCTUTh, KaK ITOKa3aHo HUMKe:

has_spam = ‘spam’ in s

Onepauun BBoga-BbiBoga ¢ pannamm

Cuenyioias mporpaMMa OTKPbIBaeT haij U YUTaeT ero COAeP:KIMMOe IIOCTPOUHO:

f = open(“foo.txt") # BosBpawaeT 0ainoBuit 00beKT

line = f.readline() # BoidbiBaeTca meTon readline() daiina

while line:
print line, # 3asepuwatboumii cumBon ‘,’ NpeaoTBpawaeT NepesBof CTPOKM
# print(line,end="") # [na Python 3
line = f.readline()

f.close()

dyurnusa open() Bo3BpaIlaeT HOBbIH (PaiijIoBbIil 00HEKT. BBI3bIBas METOIBI 9TOI'O
00BbEKTa, MOXKHO BBITIOJIHATH pasindyHbIe omeparuu Han daismom. Meton read-
line() unTaeT ogHY CTPOKY U3 (paiiia, BKIIOYAS 3aBEPIIAOINI CMBOJI IIEPEBOAA
ctpoku. ITo mocTu:KeHUU KOHITA (paiiia BO3BpAIlaeTCs MyCcTasi CTPOKA.

B manHOM mpumepe mporpaMMa IPOCTO BBIMIOJHAET 00X0I BCeX CTPOK B (haiiie
foo.txt. Takoii mpuem, Korjga mporpaMMa B IIMKJIe BBIIOJHSIET 00X0J HEeKOTO-
poO¥ KOJLIEKIMU AaHHBIX (HAIpuMep, CTPOK B (paiije, uymces, CTPOKOBBIX 3HA-
yeHUI ¥ TaK Jajiee), 4aCTO Ha3bIBAIOT uTepanuaMu. [IoCKOIbKY ITOTPEOHOCTD
B UTEPAIUAX BOBHUKAET JAOCTATOYHO YACTO, [IJs dTUX Ieseiil B A3biKe Python
IpesycCMOTPEHA CIIeIaIbHAA HHCTPYKI[US f0r, KOTOPAas BLIIOJIHIET 00XO0[ dJie-
MEHTOB KoJuteKkuu. Hampumep, Ta ke mporpaMMa MOKeT ObITh 3amucana 60-
Jiee KpaTKo:

for line in open(“foo.txt”):
print line

Yro6bl 3amimcaTh BBHIBOJ IIPOTPaMMBbI B (haiij, B MHCTPYKIIMIO Print MOYKHO [O-
0aBUTH OIlepaTop >> IlepeHAIpaBjeHusa B (aily, KaK IIOKa3aHO B CJIEAYIOIEM
mpuMepe:

f = open(“out”,”w”) # OTkpbiBaeT ¢ann ang 3anucu
while year <= numyears:
principal = principal = (1 + rate)
print >>f,”%3d %0.2f" % (year,principal)
year += 1
f.close()

OmepaTop >> MOKHO HCIIOJB30BaTh TOJIbKO B Python 2. Ilpu paGoTe ¢ Bepcueit
Python 3 uHCcTpyKIiHIO print caegyeT uMeHUTh, KaK IMIOKa3aHO HUKe:

print(“%3d %0.2f” % (year,principal), file=f)
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Kpowme Toro, (aitsoBbie 00beKThI 001a1aI0T METOAOM write(), KOTOPBIA MOK-
HO MCIIOJIb30BaTh IJis 3amnucu He)OpPMATHPOBAHHBLIX TaHHBIX. Hampumep, nH-
CTPYKIIHIO Print B IpeABbIAYIIeM IPUMepPe MOYKHO ObLIO Obl 3aMEHUTH CJIEYIO-
el MHCTPYKITHeIi:

fowrite(“%3d %0.2f\n" % (year,principal))

XoTsa B 9TUX IIPUMepax BBIMOJIHSIIOTCA Ollepaluy Hag paiiaamMu, Te JKe IPpueMbl
MOJKHO MCIIOJIb30BaTh IIPU padboTe Co CTaHIAPTHBIMU IIOTOKAMM BBOAA U BBIBO-
na. Hampumep, Korga TpedyeTcss MIPOYUTATh BBOJ MOJb30BATEA B MHTEPAKTUB-
HOM pesKuMe, ero MOKHO HOJyuuTh us daiiaa sys.stdin. Korga mHeobxommumo
BBIBECTHU JAaHHBIE Ha SKPaH, MOKHO 3amucaTh uxX B Gaiia sys.stdout, KOTOpPBIi
WCIOJIb3yeTCA NHCTPYKIMeH print. Hanmpuwmep:

import sys
sys.stdout.write(“Beeaute cBoe uma ")
name = sys.stdin.readline()

IIpu ucnonbzoBauuu Python 2 sTorT mpumep MOXKHO COKPaATHUTH elre 0OoJIbIIIe,
KaK IOKa3aHo HIUKe:

name = raw_input(“BseauTe cBoe uma ")

B Python 3 pyurmus raw_input() crasa HassiBaThesa input(), HO OHA JEHCTBYET
TOYHO TaK JKe.

CTpokm

YT006BI co3paTh JuTepaJ CTPOKHU, ee HeO6XO,Z[I/IMO 3aKJIOUYUTh B anocTpPodHl,
B KaBBbIUKHU NUJIU B TpOfIHLI(—) KaBBbIUKH, KaK IIOKa3aHO HUXKe:

= “MlpuseT, Mup!”
= ‘Python - npenects’
¢ = “""KomnbiTep rosoput ‘Het' "

CTpOKOBBIIT IUTEPAJ HOJKEH 3aBePIIaThCA KaBBIUKAMU TOTO JKe THUIa, KaK WC-
TOJIb30BAJIUCh B HaUyaJje. B IPOTUBOIIOJIOKHOCTD JJUTEpaaM B armocTpodax u B
KaBBIYKaX, KOTOPHIE MOJKHBI PACIIOJIaraThCs B OJJHOM JIOTUYECKOH CTPOKE, JIU-
TepaJibl B TDOMHBIX KABBIYKAX MOT'YT BKJIIOUATH TEKCT ITPOM3BOJIBHOM JAJIMHBI —
IO 3aBepIaIONINX TPONHBIX KaBblUeK. JIuTepasbl B TPOMHBIX KaBBIUYKAX yA00-
HO MCIIOJIb30BaTh, KOTJA COLEePIKUMOe JIUTepaJia PAcIoIaraeTcs B HECKOJIbKUX
CTPOKAaX, KaK IOKa3aHOo HUKe:

print *’’Content-type: text/html

<h1> Hello World </h1>
Click <a href="http://www.python.org”>here</a>.

N

CTpoKkHu XpaHATCA KaK IIOCJEIOBATEJIHLHOCTA CUMBOJIOB, JOCTYII K KOTOPBIM
MOJKHO IIOJIYYUTH C IIOMOIIBIO IIeJIOUMCIEHHOTO NHEKCa, HaUnHadA ¢ HyJid. UTo-
OBbI U3BJIEYb U3 CTPOKYU €INHCTBEHHBIN CUMBOJI, MOKHO MCIIOJIb30BaTh OIIePaTop
WHIEKCUPOBAaHUA S[1], HATpuMep:



Crpokn

31

a = “MpuseT, Mup”
b=al4] #b="e

YT06bI U3BJIEUD IIOACTPOKY, MOYKHO MCIIOJIb30BaTh OIIepaTop ceueHus s[i:jl. On
M3BJIEUET U3 CTPOKH S BCE CUMBOJIBI C IOPATKOBBIMY HOMepPaMu k B fuarnasoHe i
<=k < j. Ecnu KaKo#-1u00 U3 NHAEKCOB OIIyIIleH, IIPEAII0IaraeTcs, YTo OH CO-
OTBETCTBYET HavaJIy MUJIV KOHILY CTPOKU COOTBETCTBEHHO:

¢
d

a[:6] # ¢ = “Mpuset”
al[8:] #d = “Mup”
al3:9] # e = "Ber, M’

KonkareHamus cTPOK BBITIOJHAETCSA C IIOMOIIIBIO OTIEPATOpPa CJIOKEHU (+):
g =a+ " 9710 nposepka”

HNurepnperarop Python HuKorga He nHTEPIIPETUPYET CTPOKY KaK YHCJIO, JaKe
€CJI OHA COJEPKUT TOJIBKO IIU(MPOBbIE CUMBOJIELI (KaK 9TO AeaeTcd B JPYTUX
s3BIKaX, Takux Kak Perl uiu PHP). Hanpumep, onepaTop + Bcerjja BHIIIOIHSIET
KOHKaTeHaIlNIO CTPOK:

X = “37"
y = “42”
z =X+ vy #z="3742" (KOHKATEHaUWs CTPOK)

YT00bI BLIHOJIHATL APU(PMETHUYECKYIO OLEPAIMI0 HAJ 3HAUCHUSIMU, XPAHIIIN-
MHCA B BUE CTPOK, HEOOXOAMMO CHavaJa IpeodpasoBaTh CTPOKHU B UMCJIOBLIE
3HAUEeHUA ¢ MOMOIIbIo pyHKIuu int() mam float(). Hampumep:

z = int(x) + int(y) # z = 79 (UENOYUCNEHHOE CIIOXEHNME)

HecTpokoBbie 3HaueHUs MOYKHO ITPeoOpas3oBaTh B CTPOKOBOE IIPEACTaBJIEHVE
¢ moMoIbio pyurIuu str(), repr() uau format(). Hampuwmep:

s = “3HayeHne nepemeHHon x: “ + str(x)
s = “3HadveHue nepemeHHoi x: “ + repr(x)
s = “3HaueHne nepemeHHon x: “ + format(x,"4d”)

HecmoTps Ha To uTO 00e pyHKIUU str() m repr() BOCIPOM3BOAAT CTPOKH, HA
caMOM JieJie BO3BpAIl[aeMble UMU PEe3yJbTaThl OOBIYHO HEMHOTO OTJIMYAIOTCS.
DyHKIUA Str() BOCIPOM3BOJUT PE3YJIbTAT, KOTOPHIN JaeT IpUMEHEHUEe WH-
CTPYKIIMU print, Torma Kak QYHKIUA repr() BOCIPOU3BOAUT CTPOKY B TOM BUJE,
B KAKOM OHAa OOBIYHO BBOAUTCS B TEKCTE IIPOTPAMMBI IJIA TOYHOTO IIPeACTaBIIe-
HUuA 3HAaUeHUus o0beKTa. Hampumep:

>>> x = 3.4
>>> str(x)
q g

>>> repr(x)
©3.3999999999999999’
>>>

OmubKa oKpyryieHnsd uncia 3.4 B IpebIAyIeM IIpHuMepe He SBJISeTCs OIInb-
Koit Python. 9To ciencTBre oco6eHHOCTEH IIpeCTaBICHU S YKUCeI C I1J1aBaoIein
TOYKOI JBOMHOM TOYHOCTH, KOTOPEIE HE MOT'YT OBITH TOYHO IIPEJICTABJIEHEI B fie-
cATHYHOM (hopMaTe M3-3a alllapaTHLIX OrPAHUUYEHNH KOMITbIOTEpa.
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s npeo6pa3oBaHUA 3HAUEHU B CTPOKY C BOBMOYKHOCTHIO (DOPMATUPOBAHUA
ucnoJsibdyercsa GyHkiusa format(). Hanpumep:

>>> format(x, ”0.5f")
3.40000
>>>

Cnuckn

Cnucku — 3TO IIOCJIEI0BATEJILHOCTH IIPOU3BOJLHBIX 00beKTOB. CIIMcKu cosma-
IOTCS IIOCPEACTBOM 3aKJIIOUCHUA DJIEMEHTOB CIIICKA B KBaJAPAaTHbIE CKOOKM, KaK
IIOKa3aHo HILKe:

names = [ “Dave”, “Mark”, “Ann”, “Phil” ]

9JIeMeHTHI CIIUCKA UHAEKCUPYIOTCSA IeJIBIMU YNCJIaMU, IIEPBBIH SJIEMEHT CIIUCKA
nMeeT UHIAEKC, PABHBIN HYJ0. {15 HOoCTyIa K OTAEJbHBIM 3JIEMEHTAM CIIUCKA
VICIIOJIL3YEeTCSA OIePaTOD MHIEKCUPOBAHUS:

a = names[2] # BepHeT TpeTuit anemeHT cnucka, “Ann”
names[0] = “Jeff” # 3anuweTt uma “Jeff” B nepsbii anemMeHT cnucka

IOnst mo6aBieHUA HOBBIX 3JIEMEHTOB B KOHEI[ CIUCKA MCIIOJIb3yeTCsS METOH ap-
pend():

names. append(“Paula”)
I BCTaBKU BJIEMEHTA B CEPEeIUHY CIUCKA UCIIOJIb3yeTCa MeTox insert():
names.insert(2, “Thomas™)

C momoIIThI0 OTIEpaTOpa cpe3a MOKHO U3BJIEKATh U UBMEHATH IleJIble (DParMeHThI
CIIUCKOB:

b = names[0:2] # BepreT [“Jeff”, “Mark”]
¢ = names[2:] # BepHeT [“Thomas”, “Ann”, “Phil”, “Paula”]
names[1] = “Jeff’ # Bo BTOpoi anemeHT 3anuuweT umg ‘Jeff

names[0:2] = ['Dave’, 'Mark’, Jeff'] # 3avmeHuT nepsbie ABa anemeHTa
# cnuckom cnpaea.

OmepaTop CJI0KeHU s (+) BLIIOJIHIeT KOHKATeHAI[UIO CIIUCKOB:
a=1[1,2,3] + [4,5] # CospacT cnucok [1,2,3,4,5]
IIycToii CTMCOK MOYKHO CO3aTh OAHUM U3 ABYX CIIOCOOOB:

names = [] # MycTON CNUcok
names = list() # [lycToit cnucok

CIucoK MOMKeT comepiKaTb 00'BEKTHI JII060TO THUIIA, BKJIIOUadA APpyrue CIIUCKU,
KaK IIOKa3aHO B CJIeAYIOIIeM IIpumMepe:

a = [1,"Dave”,3.14, [“Mark”, 7, 9, [100,101]], 10]

I[OCTyl'I K 9JIEME€HTaM BO BJIOMKEHHBIX CIIMCKaX OCYIIIEeCTBJIAETCA C IIPDUMEHEeHU-
€M JIOIIOJIHUTEJIbPHBIX OIIePaTOPOB MHIAECKCHUPOBAHNA, KaK IIOKa3aHO HUXe:
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a[1] # BepreT “Dave”
al31[2] # BepreT 9
a[3]1[3][1] # BepreT 101

IIporpamMmma B JucTuHre 1.2 NeMOHCTPUPYET AOIMOJHUTEJbHBIE OCOOEHHOCTH
crnuckoB. OHa YMTaeT COUCOK 4ucesa u3 daiiia, MMsA KOTOPOTO yKAa3bIBaeTcs
B BHUe apryMeHTa KOMAaHIHON CTPOKHW, ¥ BBIBOAUT MUHUMAJbHOE W MAaKCHU-
MaJIbHOE 3HAUEHU .

Jlucmune 1.2. JJonoanumeibHble 0CO0eHHOCMU CILUCKO8

import sys # 3arpyxaet moaynib Sys

if len(sys.argv) != 2 : # [lpoBepka KOAMYeCTBa apryMeHTOB KOMAHAHOW CTPOKW:
print “MoxanyicTa, ykaxute uma ¢arnna”
raise SystemExit(1)

f = open(sys.argv[1]) # Wms ¢aiina, nony4eHHOe W3 KOMaHAHOW CTPOKM

lines = f.readlines() # YuTaeT BCE CTPOKM W3 ¢aina B CNUCOK

f.close()

# MNpeobpa3oBaTb BCE 3HAYEHWS M3 CTPOK B Yucha C nnaBawwen To4Kou
fvalues = [float(line) for line in lines]

# BbIBECTWM MUHMMANbHOE U MaKCUMalbHOE 3HAYeHwus
print “MunumanbHoe 3HadeHue: “, min(fvalues)
print “MakcumanbHoe 3Hayenme: “, max(fvalues)

B m1epBoii cTpOKe 9TOI MPOTrPpaMMBI € IIOMOINBI0O MHCTPYKITUH import 3arpysxkaeT-
cs MOIYJIb SYS U3 CTaHAAapTHOM 6ubanoreku Python. 9ToT Moay/Is MCIOAbL3yeT-
CsA IS ITOJIYYEH U JOCTYIIA K apryMeHTaM KOMAH/IHON CTPOKM.

dyurmuu open() mepenaerca uMmsa Gaiiia, KOTopoe OBLIO IOJYUYeHO KaK apry-
MEHT KOMaHJIHOI CTPOKU U ITIOMEIIeHO B CIIMCOK SyS.argv. Meron readlines() um-
TaeT Bce CTPOKY U3 (paiijia ¥ BO3BPAIIlAET CIINCOK CTPOK.

Bripaskenwme [float(line) for line in lines] cosmaeT HOBBIN CIMCOK, BBIIIOJI-
HAS 00X0J BCeX CTPOK M IPUMeHAS PYyHKIMIo float() K KayKIoM M3 HUX. ITa
KOHCTPYKIIUS, YUPE3BLIUANHO YIOOHAS M CO3JaHUS CINCKOB, HA3LIBAETCA 26-
Hepamopom cnuckos. IlockoabKy cTpOKU 13 (hailia MOKHO TaKiKe YUTATh C 10~
MOIIIBIO ITUKJIA Tor, mporpaMMy MOYKHO COKPATUTh, 00beIUHUB uTeHue (aiiaa
u IpeoOpasoBanme 3HAUEHUH B OIHY NHCTPYKIINIO, KAK IIOKa3aHO HUKe:

fvalues = [float(line) for line in open(sys.argv[1])]

ITocsie TOoro Kak BXOOHBIE CTPOKU OYAYT IIPeoOpasoBaHbBI B CIIMCOK, COAep:Ka-
U YmcJia ¢ MJIaBaloIlell TOYKOM, C MOMOIIBI0 BCTPOEHHBIX (MYHKIUMHI min()
n max() OTBICKMBAIOTCA MIHUMAJIbHOE 1 MAKCHUMaJIbHOE 3HAUEHU .

KopTexwu

s co3maHus MPOCTEUIINX CTPYKTYP JAHHBIX MOYKHO HCIIOJIL30BaTh Kopme-
U, KOTOPBIE MO3BOJISIOT YIIaKOBBIBATH KOJLJIEKIIUY 3HAYEHUN B €IUHBINA 00b-
exT. Kopresx cosmaercs: 3aKJIOUEHWEM I'PYIINbl 3HAYEHUN B KPYIJIble CKOOKH,
HaIpuMep:

stock = ('GO0OG", 100, 490.10)
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address = (“www.python.org’, 80)
person = (first_name, last_name, phone)

HuTrepuperarop Python yacTo pacmosHaeT KOpTeKu, JasKe €CJIM OHU He 3aKJIF0-
YeHBI B KPYIJIble CKOOKU:

stock = *G0O0OG', 100, 490.10
address = ‘www.python.org’, 80
person = first_name, last_name, phone

I[JLH IIOJTHOTBI MOXXHO OTMETUTH, YTO MMEeTCA BOSMOMHOCTD OIIpEeNeJIATh KOP-
TeXHU, coAgepxraliaue 0 mnu 1 QJIEMEHT, OJId Yero MHCIIOJIb3yeTCdA CHeIlPIaJIBHI:Iﬁ
CHUHTaKCHC:

a=() # KopTex C HysneBbiM KOAMYECTBOM 3fIEMEHTOB (MYCTOW KOPTEX)
b = (item,) # KopTex ¢ omHum anemeHToM (0OpaTuTe BHMMAHWE HA 3anATyl B KOHUE)
c = 1tem, # KopTex ¢ oaHum anemeHToM (00paTuTe BHUMAHWE Ha 3anaTyl B KOHUE)

9JeMeHTHI KOPTeXKa MOT'YT M3BJIEKATHCA C IOMOIIBIO IIEJIOUNCIEHHBIX MHACK-
COB, KakK U B ciayudae co cnuckamu. OqHaKo 60jiee 4acTo UCIOAb3yeTCs IPUeM
pacraxKoBBIBAHUA KOPTEXKell BO MHOKECTBO II€PEMEHHBIX, KaK ITOKa3aHO HUMKe:

name, shares, price = stock
host, port = address
first_name, last_name, phone = person

Kopre:xu nmoamep:XxuBaoT IPAaKTUYECKH Te JKe OIePaIliu, UTO U CIUCKY (TaKue
KaK JOCTYII K BJIeMEeHTaM 110 MHJEKCY, U3BJIeUeHNEe Cpe3a U KOHKaTeHAaIU), TeEM
He MeHee COZEePKUMOe KOPTerKa II0Cje eT0 CO3JaHNA HEBO3MOYKHO UBMEHUTH (TO
€CTb HeJIb3s U3MEHUTh, VAAJUTh UJIHU JOOABUTH HOBBII HJIEMEHT B CYIIECTBYIO-
muilt Kopresx). Ilo aToll MpUYNHE KOPTEXK JIYUIlle paCCMAaTPUBATh KAK €IUHBINA
00'BEKT, COCTOAIMI M3 HECKOJBKUX YaCTell, a He KAK KOJIJIEKITUIO OTIAEJIbHBIX
00'bEKTOB, B KOTOPYI0 MOYKHO BCTABJIATH HOBBIE MJIU YAAJATH CYI€CTBYIOIIVE
9JIEMEHTEHIL.

BceseacerBure 60JIBIIIOr0 CXOACTBA KOPTEXKE U CIIMCKOB HEKOTOPbIE IIPOrpaMMU-
CTBbI CKJIOHHBI ITOJTHOCTHIO UTHOPHMPOBATH KOPTEXKHU U UCIIOJIB30BATh CIIMCKH, 110~
TOMY UTO OHH BBITJIANAT Gojiee THOKUMU. XOTA B 3HAYUTEJIBLHON CTEIIEHU 5TO
TaK U eCTh, TEM He MeHee, eCJIU B IPOorpaMMe CO3/JaeTCA MHOMKECTBO HeGOIbIITNX
CIIMCKOB (KOT[a KasKABIM COJAEP:KUT He 0oJiee AecsiTKa dJIEeMEeHTOB), TO OHU 3a-
HUMAIOT OOJIBIINI 00'beM IaMATH, II0 CPABHEHHUIO C KOPTEeXKaMu. ITO 00yCI0B-
JIEHO TeM, UTO OJIAd XPaHeHUA CIIMCKOB BbIJENIAETCA HEMHOI'O 60JII:I_He IIaMsdaTu,
yeM TPedyeTcsi, — C IeJIbI0 OITUMU3UPOBATh CKOPOCTh BHIMOJHEHU OIlepaIlnii,
peanusyoIUx H00aBIeHIe HOBBIX 3JIeMEHTOB. TaK KaK KOPTEXKU AOCTYITHBI
TOJILKO IJI UTE€HUA, AJIS UX XPAHEeHUS UCIIOJIb3yeTC MEHbIIEe IaMsATH, T. K. [0-
TOJTHUTEJIbHOE IIPOCTPAHCTBO He BBI/IEJISEeTCH.

KopTre:ku u CIMCKM YacTO MCIOJB3YIOTCA coBMecTHO. Hampuwmep, ciaenyroias
mporpaMma JeMOHCTPUPYET, KaK MOYKHO OPTaHM30BATh UTEHUE JaHHBIX U3 (aii-
Jia ¢ IIepeMeHHBIM KOJIUYECTBOM CTOJIOIIOB, I'/le 3BHAUEHUA OTHENAIOTCA APYT OT
IpyTra 3amsiThIMU:

# ®aiin copepxuT CTpokM Buaa “name, shares,price”
filename = “portfolio.csv”
portfolio = []
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for line in open(filename):
fields = line.split("“,”) # MNpeobpa3yeT CTPOKY B CNNCOK
name = fields[0] # W3BnekaeT v npeobpasyeT 0T/eNbHbe 3HaYeHus nonei
shares = int(fields[1])
price = float(fields[2])
stock = (name, shares,price) # CospaeT KopTex (name, shares, price)
portfolio.append(stock) # [lobaBngaeT B CNNCOK 3anuceit

CtpokoBbIii MeTon split() pasduUBaeT CTPOKY MO YKA3aHHOMY CUMBOJIY W CO3-
maer crnmcok 3HaueHui. CTpyKTypa maHHbIX portfolio, cosmaHHas 3TOM mpPO-
rpaMMoii, IMeeT B JBYXMEPHOIO MACCUBA CTPOK U cToI010B. Kaskmasa crpoka
IIpeCcTaBIeHa KOPTEXEM 1 MOXKeT ObITh N3BJI€UeHA, KAaK IIOKA3aHO HIMKe:

>>> portfolio[0]
(*GO0G", 100, 490.10)
>>> portfolio[1]
(“MSFT", 50, 54.23)
>>>

OTmenbHBIE 3HAUEHUSA MOI'YT U3BJICKATHCA CAEIYIOIINM CIIOCOO0M:

>>> portfolio[1][1]
50

>>> portfolio[1][2]
54.23

>>>

Huske mpuBoguTcsa mpocreiiminii cmoco6 peasn3oBaTh 00XOJ BCEX 3amucei
¥ PacIIaKoBATh 3HAYEHU II0JIeli B Ha0Oop mepeMeHHbIX:

total = 0.0
for name, shares, price in portfolio:
total += shares * price

MHo)XecTBa

MHosxcecmea WUCTIONb3YIOTCA IJIsI XPAHEHWS HEYIOPAMOUYEHHBIX KOJIICKI[UA
00BbeKToB. CO3]a10TCA MHOYKECTBA C ITOMOIIbI0 PyHKIMY Set(), KOTOPOil mepe-
IAI0TCA MOCIEL0BATEILHOCTY SJIEMEHTOB, KaK IIOKA3aHO HIKe:

s = set([3,5,9,10]) # Co34acT MHOXECTBO 4yucen
t = set(“Hello”) # €030aCT MHOXECTBO YHMKaNbHbIX CUMBONOB

B orsimume oT KopTeskeil, MHOYKECTBA SBJIAIOTCSA HEYIIOPSIOUEeHHBIMU KOJIJIEK-
MUAMHU 1 He IPeJyCMAaTPHUBAIOT BOSMOMKHOCTD JOCTYIIA K 9JIeMEeHTaM II0 UKCJIO-
BOMY HHEKCY. BoJjiee TOro, sjieMeHThl MHOKECTBA HUKOIIA He IOBTOPSAIOTCS.
Hampumep, eciiu mobanxe pacCMOTPeTh 3HAUEHUS, IMOJYUYEHHBIE B IPEIbIAY-
IeM mpuMepe, MOKHO 3aMeTUTh CJeyIoIee:

>>> t
set(['H, ‘e, 1", ‘0" ])

O6paruTe BHUMaHUIE, YTO B MHOKECTBE IIPUCYTCTBYET TOJIHKO OTUH CUMBOJ ‘1.
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MHOKecTBa IOAAEPIKUBAIOT CTaHAAPTHBLIE OIEPAIlMK HaJ KOJJIEKIUAMU,
BKJIIOYAsA 00beqUHEHNe, epeceyeHre, PasHOCTh U CUMMETPUUYHYI0 Pa3HOCTb.
Hanpuwmep:

t | s # ObbeanHerue t n s
t & s # Nepeceyerne t u s
=t - s # PasHOCTb (9NeMeHTH, NpuUCyTCTBYWME B t, HO OTCYTCTBYylWME B S)
t 7 s # CuMMeTpuyHas pasHOCTb (9NeMeHTb, NpUCYTCTBYyUMe B t uan B S
# HO He B [BYX MHOXecTBax cpasy)

o o T o®

C momoinbo MeTomoB add() m update() MOMKHO HOOABJISTH HOBBIE 3JIEMEHTHI
B MHOXKECTBO:

t.add("x") # J006aBUT €ANHCTBEHHLIN 9NeMeHT
s.update([10,37,42]) # JobaBuT HECKONbKO 3/1EMEHTOB B MHOXECTBO S

YaanuThb 9JIeMEeHT MHOMKECTBA MOXKHO C IIOMOIIIbIO MeToaa remove():

t.remove('H")

CnoBapu

Cnosapb — 39TO acCOIMATUBHBIN MacCUB, WM TAOJUIA Xellleil, comepsKariuit
00'beKTHI, NHIEKCUPOBAHHbIE KJIOUaMu. UTOOBI CO3/aTh CJIOBAPbH, ITOCJENI0BA-
TEJIbHOCTH BJIEMEHTOB HEOOXOMMMO 3aKJIUUTH B (urypHble cCKOOKU ({}), KaK
TIOKa3aHo HUKe:

stock = {
“name” : "G00G”
“shares” : 100,
“price” : 490.10
}

I[oc'ryn K 9JIeMeHTaM CJIOBaps OCyHnIeCTBJISAETCA C IIOMOIIIBIO oIlepaTropa MHAEK-
CHUPOBaHUA II0 KJIIOUY:

name = stock[“name”]
value = stock[“shares”] » stock[“price”]

MobaBiieHre WJIu M3MeHEeHNe O0'beKTOB B CJIOBApe BBIMOJIHSAETCSA CJeAYIOINUM
crrocobom:

stock[ “shares”] = 75
stock[ “date”] = “June 7, 2007”

Yailre BCero B KauecTBe KII0Uel MPUMEHAIOTCS CTPOKHY, TeM He MeHee, [JIA 9TUX
meJiel JOMyCKaeTCs MCII0Ib30BaTh OOJIBIMTMHCTBO APYTIUX 00'bEeKTOB A3bIKa Py-
thon, BKJrouasa unciaa u Kopresxu. OnpenereHHbIe 00bEKThI, BKIIOUAA CIUCKN
¥ CJIOBApHu, HE MOI'yT MCIIOJIB30OBATHCA B KaUueCTBE KJIIO‘{EI';I, IIOTOMY 4YTO HUX CO-
JEePXHUMOE MOMET N3MEHATHCA.

CioBapu 00ecIeunBaT yA0OHBIN CIIOCO0 OIpefe/IieHnsa 00 bEeKTOB, COAEePKAIIIINX
VMEHOBaHHBIE TI0JISI, KaK OBLJIO MOKa3aHO Bbimie. Kpome TOro, croBapu MOTYT
HCIIOJIB30BAThHCsA, KaK ROHTeﬁHepr, II03BOJIAIOIIIIE 6I>ICTpO BBIIIOJIHATH IIOUCK
B HEYIIOPANOUYEHHBIX JaHHBIX. B KauecTBe MpuMepa HUKE IPUBOAUTCS CJI0BAPbD,
colep KAl [eHbl Ha aKI[UN:
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prices = {
“G00G™ : 490.10,
“AAPL” 1 123.50,
“IBM” 1 91.50,
“MSFT” © 52.13

}
COB,Z[aTI: IIYCTOfI CJIOBapb MOKHO OOTHUM U3 ABYX c1Ioco00B:

prices = {} # MycToit cnosapb
prices = dict() # MycToit cnosapb

IIpoBepKy HAIMUMA BJIEMEHTA B CJIOBAPE MOKHO BHITIOJIHUTS C IIOMOIIBIO OmIepa-
TOpa 1n, KaK MOKAa3aHo B CJEeNYIOIeM IpuMepe:
if “SCOX" in prices:
p = prices[“SCOX"]
else:
p=20.0

MaHHYIO I0CIEJ0BATEIBHOCTD AeHCTBUI MOKHO BRIPA3UTh B 60JIee KOMIIAKTHOMR
¢dopwme:
p = prices.get(“SC0X",0.0)

Yro6Bl MOTYYUTHh CIUCOK KJIOUEll cJioBaps, CJIOBapb MOYKHO IIpeoOpasoBaTh
B CIIMICOK:

syms = list(prices) # syms = [“AAPL”, “MSFT”, “IBM”, “GO0G"]
HJia ynaseHus 2JIEMEHTOB CJIOBAPSA MCIIOJIb3YeTCA MHCTPYKIINA del:
del prices[“MSFT"]

CroBapu SBJIAIOTCSA, IMOMKAJIYH, Hanboaee ONTUMU3UPOBAHHBIM TUIIOM JaHHBIX
B sizbike Python. ITosTomy ecsiz B mporpamMmMe HeOOXOJMMO OPraHU30BaTh Xpa-
HeHne 1 00paboTKy JaHHBIX, IPAKTUUYECKH BCEraa Jyullle NCI0JIb30BATh CJIOBA-
pH, a He IBITAThCA CO3JaBaTh COOCTBEHHBIE CTPYKTYPhI JaHHBIX.

UTepauum n uuknbl

Ilyist opraHMsanuy MUKJIOB HAanboJIee 4acTo UCIOJIb3YeTCs NHCTPYKIU for, KO-
TOpas IIO3BOJISIET BBIMOJHUTE 00XO0 2JIEMEHTOB KoJLIeKIuu. VTepanuu — ogHa
13 caMbIX OoraTeix ocobennoctell a3bika Python. Ograko Hambosee 4acTo uc-
MOJIb3yeMOoi JOPMOIl UTepAIUil ABJIAETCS IPOCTON IUKJI IO dJIEMEHTAM II0CJIe-
JOBaTEJIbHOCTH, TAKON KaK CTPOKA, CIIMCOK MJIK KopTesK. [Ipumep peanusanuu
UTEepanuil IPUBOAUTCS HUKE:

for n in [1,2,3,4,5,6,7,8,9]:
print “2 B cTeneHn %d = %d” % (n, 2x%n)

B nanmoM nmpumepe Ha KaKA0M UTepanuy mepeMeHHasa n GyaeT ImocaeJoBaTeb-
HO MOJIyYaTh 3HAUeHUA u3 cuucka [1,2,3,4,..,9]. [IocKoIbKY HEOOXOAMMOCTE OpP-
TaHU30BATh IIUKJ 10 (PUKCUPOBAHHOMY AUAIIA30HY I€JOUYNCJIEHHBIX 3HAUEHUN
BO3HUKAET AOCTATOYHO YACTO, AJIA ITUX IleJIed MCIOJIb3yeTCs COKpAaIlleHHasd
¢dopma 3anucu:
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for n in range(1,10):
print “2 B cTenenn %d = %d” % (n, 2xxn)

dyurmus range(1,j [,stride]) cosmaeT 00bEKT, IPEACTABIIAIONINI JUAIIA30H 18-
JIBIX YHCEeJI CO 3HaUeHuAMU OT I 1o j-1. Ecsiu HauaibHOE 3HAUEeHME He YKa3aHo,
OHO GepeTcsi paBHBIM HYJIIO. B TpeTbeM He00A3aTeJIbHOM apryMeHTe St/ 1de MOK-
HO TepeAaTh Iar udaMeHeHusa sHaueHuii. Hampumep:

a = range(5) #a=20,1223,4

b = range(1,8) #b=1273,456,7
¢ = range(0,14,3) # ¢ = 0,3,6,9,12

d = range(8,1,-1) # d =8,7,6,5,4,3,2

BynabpTe BHUMAaTENbHBI IPU UCIIOJB30BaHUM QyHKIUHU range() B Python 2, tak
KaK B 9TOH BepPCUU WHTEPIIPETAaTOpa OHA CO3JlaeT IOJHBIA CIIMCOK 3HAUEHU.
151 oueHb OOJIBIIUX AMATIA30HOB ATO MOKET IPUBECTH K OITNOKE HEXBATKU I1a-
maru. ITosTomy npu pabore ¢ panHUME Bepcusamu Python mporpaMmucTs! uc-
TOJB3YIOT aJbTepHATUBHYIO QyHKIMIO Xrange(). Hampumep:

for 1 in xrange(100000000): # i = 0,1,2,...,99999999
NHCTPYKLUMM

Dyukius xrange() cosmaeT 00bEKT, KOTOPBIN BRIUNCIISET OUePeIHOe 3HAUCHUE
TOJIBKO B MOMEHT oOpallieHusa K HeMy. VIMeHHO 0STOMY AaHHBINA CIIOCO0 ABJIA-
ercs 0oJjiee IPeAIIOUYTUTEILHBIM IPU PAa0oTe ¢ OOJBIINMY JUAIA30HAMMU IIEJIBIX
uucesa. B Bepcuu Python 3 dpyukmusa xrange() 6p11a mepenmMenoBaHa B range(),
a IpeKHAA peanusanud QyHKIUNU range() Oblia yaaJjeHa.

Boamo:kHOCTM MHCTPYKIIMM fOr HEe OrpaHUYMBAIOTCA IIOCJIEOBATEIHHOCTAMU
IeJIBIX YKCeJI, OHA TaK’Ke MOJKeT MCIIOJIb30BAThCA IJIA peaIus3aluy UTeparui
uepe3 O0BEKTHI CAMBIX PA3HBIX THUIIOB, BKJIOUAs CTPOKHU, CIMUCKH, CJIOBApU
u (aitnel. Hampumep:

a = “MpuseT, Mup”
# BbiBECTW OTLENbHBIE CMMBOML B CTPOKE a
for ¢ in a:

print ¢

b = [“Dave”, "Mark”, ”Ann", "Phil”]
# BblBECTWM 3neMeHTh cnucka
for name in b:

print name

¢ = { "GOOG" : 490.10, "IBM’ : 91.50, "AAPL’ : 123.15 }
i#f BbiBECTW 3neMeHTbl CcnoBaps
for key in c:

print key, c[key]

# BblBeCTM BCE CTpOkM M3 dalina
f = open(“foo.txt")
for line in f:

print line

ITuka for ABMIAETCA OJHOU M3 CAMBIX MOIITHBIX 0cOOeHHOCTel si3bika Python, Tak
KaK I03BOJISIET BaM CO3[aBaTh COOCTBEHHBIE 00 HEKThI-UTePATOPDI U PYHKITUI-
TeHepaTophbl, KOTOPhIe BO3BpAIIlaiOT IOCJENOBAaTeIbHOCTU 3HaueHuii. Ilogpo6-
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Hee 00 UTepaTOpax 1 reHepaTopax PacCKa3bIBaeTCA B CJIENYIOIIe I1aBe, a Tak-
sKe B TviaBe 6 «DyHKIUYN 1 PYyHKIIMOHAJIbHOE IPOIPAMMUPOBAHUE.

DyHKUUK

Cospanne PyHKIINY IIPOU3BOLUTCS C IOMOIIbIO MHCTPYKIINH def, KaK mMoKas3aHo
B CJIEIYIOIIEM IIpUMepe:

def remainder(a, b)

qg=a//b # // - onepaTop AeneHnd ¢ yceyeHuem [Apo0OHON 4acTu.
r=a-qgsh
return r

YT0o0BI BRI3BATH (PYHKIINIO, JOCTATOUHO YKA3aTh €€ UM U CJSAYIOIUI 3a HUM
CIIMCOK apryMeHTOB, 3aKJIIOUEHHBIH B KPYTJIble CKOOKU, HammpuMep: result = re-
mainder(37, 15). Eciu morpebyercs BEPHYTDH U3 (DYHKIIUU HECKOJIbKO 3HAUCHUH,
MOJKHO MCIIOJIb30BAaTh KOPTEXK, KaK IOKAa3aHO HIKE:

def divide(a, b)
qg=a//b # Ecnv a n b - uenvie yucna, q OydeT UenbiM Yuciom
r=a- qgsb
return (q,r)

Korma @yHuKIuA BO3BpaIllaeT KOPTE!K C HECKOJIbKUMU 3HAUEHUSMH, €T0 Jer-
KO MOJKHO paclaKoBaTh B MHOKECTBO OT/JEJbHBIX IIEPEMEeHHBIX, KaK MOKa3aHo
HUKe:

quotient, remainder = divide(1456, 33)

IIpucBouTh aprymMeHTy QyHKIUY 3HAUEHUE II0 YMOJYaHUIO0 MOYKHO C IIOMOIIIBIO
orrepaTopa IIpUCBaUBAHUA:

def connect(hostname, port, timeout=300):
# Teno QyHKuMM

Ecau B onpefiesieHny QYHKIIUY A KaKUX-I1M00 IapaMeTPOB YKa3aHbl 3HaUe-
HUASA [0 YMOJIYAHUIO, IPU HOCIEAYIONINX BbI30BaX (BYHKI[MU STU ITapaMeTpPbl
MOKHO ONYCTUTH. EC/I TpU BBIBOBE KAaKOI-TO U3 9TUX IMapaMeTpPOB He YKas3aH,
OH ITOJIYYaeT 3HAUeHUe 0 yMoauaHuio. Hampumep:

connect(“www.python.org’, 80)

Tak:ke nMeeTcAa BOBMOYKHOCTH IliepefaBaTh (GYHKIIUY UMEHOBAHHBIE apryMeH-
TBI, KOTOPbIE IIPX 3TOM MOYKHO IIePEYNCIIATH B IPOM3BOJIbHOM nopAake. OqHaKO
B 9TOM CJIy4ae BBI JOJIKHBI 3HATh, KAKNe NMeHa apryMeHTOB YKa3aHbI B OIIpefie-
nennu pyarnuu. Hampumep:

connect(port=80, hostname="www.python.org”)

Korma BHyTpu QyHKIIMMN CO3Jai0TCS HOBBIE IIepeMeHHbIe, OHU UMEIOT JIOKAJIb-
HYI0 001acTh BuAuMMOCTH. To eCTh TaKue IepeMeHHBIe OIIPeeseHbl TOJIbKO
B IIpefesax Teja (PyHKIUM, U OHU YHUUYTOMKAIOTCA, Korga (OYHKIUA BO3Bpa-
iaeT yIpaBJjieHue BbI3BIBAIOIIE mporpaMmme. UTo6bl UMETh BOBMOYKHOCTD M3~
MEHATH I100aJIbHbIE IepEMEeHHbIe BHYTPU (DYHKIIUU, STY IepEMEHHBIE CIeyeT
OIpefesuTh B Tejle PYHKIIUU C IIOMOIIbI0O MHCTPYKIIUU global:
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count =0

def foo():
global count
count += 1 # ViameHseT 3HauveHue rnobanbHOi nepemeHHon count

FeHepaTOpbI

BwmecTo egmHCTBEHHOTO 3HaueHUs (PYHKIINS, ¢ IIOMOINbI0O MHCTPYKIHU yield,
MOJKET IeHePUPOBATH IeJIbIe TT0CIeJ0BAaTeILHOCTY pedyabraToB. Hanpumep:

def countdown(n)
print “06paTHbit oTcueT!”
while n > 0:
yield n  # leHepupyeT 3HauveHue (n)
n-=1

JIro6asg PYyHKIMA, KOTOpasd UCIOJIb3yeT MHCTPYKIINIO Yield, Ha3bIBaeTCs 2eHe-
pamopom. Ilpu BrI3OBe (DyHKIIUU-TeHEPATOPA CO3MAeTCsA 00HEKT, KOTOPHIHA I10-
3BOJISET IIOJYUYUTH IIOCJIEOBATEJIBHOCTh PE3yJbTaTOB BLIBOBOM MeToma next()
(mau __next__() B Python 3). Hanmpumep:

>>> ¢ = countdown(5)
>>> ¢.next()
06paTHbIl oTCYeT!

5

>>> ¢.next()

4

>>> ¢.next()

3

>>>

Meton next() sacraBiserT (PyHKIIUIO-TeHEPATOP BBIMOJHATHCS, IIOKA He OymeT
IOCTUTHYTa ciefyiomiasa mHCTpyKnusa yield. Ilocne aToro metoxm next() BO3-
BpallaeT 3HaueHUe, IlepelaHHOe MHCTPYKIUU yield, U BbIIOJHEeHNE (QPYHKIIUU
npuocraHaBiauBaetcs. Ilpu ciaenyromem BbI3oBe Merona next() GyHKIMA IpoO-
JOJIKUT BBITIOJIHEHVE, HAUMHAA C MHCTPYKIIUY, CIeAVIOIell HellocpeACTBEHHO
3a MHCTPYKIIHe yield. OTOT mpoIiecc mpoAoJIKaeTcs, oKa GyHKI[Us He BEPHET
yIpaBJjeHUe.

Kax nmpaBuso, metTon next() He BHI3BIBAETCS BPYUYHYIO, KaK 3TO OBIJIO MOKa3aHO
BhIlIe. BMecTo 3TOro QyHKIIUS-TeHepaTOpP OOBIYHO HCIOJIb3YeTCS B MHCTPYK-
IUu IUKJa for, HampuMmep:

>>> for 1 in countdown(5):
. print i,

06paTHbIl oTCYeT!

54321

>>>

T'enepaTopsl 06eCIIEUNBAIOT YUPE3BHIUANHO IIMPOKKE BO3ZMOKHOCTH IIPU KOHBE-
epHoii 00paboTKe UM IpU padoTe ¢ MOTOKAMHU HaHHBIX. Hampumep, ciienyio-
maa QyHKIUA-TeHepaTop UMUTUPYeT IoBeeHNe KOMaHabI tail -f, KoTopasda ua-
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CTO MCIOJb3yeTcA B onepanuonuoi cucreme UNIX nnsa moHUTOpUHTa (DAaiiioB
JKYPHAJIOB:

# cneauT 3a comepxumbiMm daiina (Ha maHep KomaHae tail -f)
import time
def tail(f):

f.seek(0,2) # llepexon B KoHey danna
while True:
line = f.readline() # MonbTaTbCs NPOYMUTaTb HOBYID CTPOKY TEKCTa
if not line: # ECnn Hu4ero He npoyuTaHo
time.sleep(0.1) # NpnoCTaHOBMTHCS Ha KOPOTKOE BpeMs
continue # ¥ NOBTOPUTb MOMBLITKY
yield line

Huike npuBoguTCS IpUMep reHepaTopa, KOTOPhIN OTHICKUBAET ONPEeeIeHHY 0
TIIOACTPOKY B IIOCJIEOBATEIHLHOCTY CTPOK:

def grep(lines, searchtext):
for line in lines:
if searchtext in line: yield line

Hwuke mpuBOgUTCSA MPUMeEpP, B KOTOPOM O00'beiMHEHBI 00a 3T reHepaTopa C Iie-
JIBIO PeaJin30BaTh IPOCTEHNITYI0 KOHBEepHYI0 00paboTKY:

# Peanusauua nocnepgosaTensHocTu komaHg “tail -f | grep python”
# Ha asbike Python
wwwlog = tail(open(“access-10g"))
pylines = grep(wwwlog, "python™)
for line in pylines:
print line,

OpHa U3 BasKHBIX 0COOEHHOCTEl TeHepaTOPOB COCTOUT B TOM, UTO OHU MOT'YT HC-
TI0JIb30BATHCA BMECTO APYTUX UTEPUPYEMBIX 00BEKTOB, TAKNX KaK CIUCKYU WJIN
daiiapl. B uacTHOCTH, KOTIa BRI MUIIIETE TAKYI0 HHCTPYKIINIO, Kak for item in s,
UM S MOYKET IIPEICTABJIATH CINCOK DJIEMEHTOB, CTPOKY B (haiiye, pe3yIbTar BbI-
30Ba QYHKIIUU-TeHEepaTopa UM JII000I IPpYyroil 00beKT, ITOAIePIKUBAIOIIUNA UTe-
panuu. Bo3MOKHOCTD MCIOJIb30BAHUSA CAMBIX PAa3HBIX 00'bEKTOB MO MMEHEM S
MOYKeT OKa3aThCd BeChbMa MOIHBIM HHCTPYMEHTOM CO3JaHUA PAaCIIUPAEMbIX
IIporpamMM.

ConporpamMmmbil

OOBIYHO (DYHKIIUM OIEPUPYIOT €JUHCTBEHHBIM HA0OPOM BXOAHBIX apryMeH-
ToB. OgHaKO (PYHKIUI0O MOKHO HAIMcaTh TaK, YTO OHa OyAeT [eliCTBOBATD,
Kak IIporpamMma, o6pabarThIBaromias IIOCJIeN0BATEIbHOCTh BXOAHBIX TaHHBIX.
Takwve QyHKIIUY HA3BIBAIOTCA CONPOZPAMMAMU, & CO3LAIOTCA OHU C IIOMOIIIHIO
MHCTPYKIuU yield, mcmoab3yemMoii B BeIpaskeHuu (yield), Kak IIOKasaHo B cJje-
IYIOIEeM IIpuMepe:

def print_matches(matchtext):
print “fMouck nomcTpokn”, matchtext
while True:
line = (yield) # MNony4yeHne TEKCTOBOW CTPOKK
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if matchtext in line:
print line

YTo6Bl BOCIIOJIL30BATLCS OMMCAHHON (GYyHKI[Mel, cHauyajia HeoOXOAMMO BBI-
3BaTh ee, 3aTeM JOOUTHCA MepeMellleHNs MOTOKA BBLITOJHEHUS [0 MePBOM MH-
cTpyknuu (yield), a moToM HayaTh Ilepemadvy AAaHHBIX C IIOMOIIBIO MeTOHa
send(). Hampumep:

>>> matcher = print_matches(“python”)

>>> matcher.next() # NepemeleHre 10 nepeoit MHCTPyKUMn (yield)
Monck nopgcTpokn python

>>> matcher.send(“Hello World”)

>>> matcher.send(“python is cool”)

python is cool

>>> matcher.send(“yow!”)

>>> matcher.close() # 3aBepuwerne paboTe ¢ 00bekToM matcher
>>>

BrimosHeHME comporpaMMbI IPUOCTaHABINBAETCA IO Te€X MOP, IIOKa eii He OyaeT
epejaHO HOBOe 3HaueHUe c momomibio Meroxa send(). Korma aTo mpousoiizer,
BeIpaskeHme (yield) BHYTpu comporpaMMbl BEPHET MOJYUYEeHHOe 3HAUYEHVE U ee
paboTa IPOAOIKUTCA CO ciaenyrolell mHCcTpyKuuu. Comporpamma OyaeT BBI-
TOJIHATHCS, ITIOKa He Oy/eT BCTPEUYEHO CcJeqyIolllee BhIpaskeHue (yield) — B aToi
TOUYKe BBINTOJIHEHVE (DYHKIIUY OyZeT IPUOCTAHOBJIEHO. JTOT IIpoIecc OyIeT mpo-
JOJIPKaThCA, TIOKA MO0 colrporpaMMa caMa He BepHET yIIpaBJieHue, JU00 IIoKa
He OyZeT BBI3BAaH MeTOx close(), Kak ObIJIO IOKa3aHO B IPEABIAYIEeM IpUMepe.

ComporpamMMbl yI00HO HCIOJB30BATH IPKU pPas3paboTKe MHOro3aJauHbIX IIPO-
rpamMM, paboTa KOTOPBIX YKJAJBIBAETCS B CXEMY «IIPOU3BOAUTEb-IIOTPEON-
TeJIb», KOI'/la OAHA YaCTh IIPOI'PaAMMBI IIPOM3BOAUT HEKOTOPBIE JaHHBIE, a [pyrasd
yacTh moTpebiisgeT ux. B 9Toi cxeme corporpaMMaM OTBOAUTCS POJIb «IIOTPedu-
TeJsg» JaHHBIX. HuiKe mpuBOAUTCA IPUMEDP IIPOrPAMMBI, B KOTOPOU COBMECTHO
JIEeMCTBYIOT I'eHepaTop 1 COIporpaMMma:

# MHOXeCTBO comporpamm noucka

matchers = [
print_matches(“python”),
print_matches(“guido™),
print_matches(“jython”)

1

# NoaroToBka BCEX NOANPOrpaMM K nocrnefyiuweMmy Boi3oBy MeToaa next()
for m in matchers: m.next()

# llepepaTb akTWMBHBIA ann xypHana BCEM COMporpammam
# 00paTuTe BHUMaHWe: [LNg HOpManbHOM paboTe HEeoOXo4MMOo
# 4TOOH Beb-cepBEp aKTMBHO 3anuchiBan [aHHHe B XypHas.
wwwlog = tail(open(“access-1og”))
for line in wwwlog:
for m in matchers:
m.send(line) # Mepenada [aHHbIX Kaxpoi M3 CONpOrpamm

HomonuuTenbHAA MHMOPMAIUA O COIPOrpaMMaXx IPUBOJUTCS B IIaBe 6.
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OObBbeKTbI 1 KNaccbl

Bce smaueHus, MCIob3yeMble IPOrpaMMaMu, ABIAIOTCSI o0beKTaMmu. O0beKT
COZIEP’KUT HEKOTOPhIE BHYTPEHHUE AaHHBIE U 00J1alaeT MeTOJaMu, ITO3BOJIIIO-
UMY BBITIOJHATH PA3JIMUHbIE OTlepaI[uy HaJl STUMU JaHHLIMHU. Bam yixe npu-
XOIUJIOCH WCITOJIE30BaTh O0'BEKTHI M METO/bI, KOr/la Bl paboTaju ¢ JaHHBIMU
BCTPOEHHBIX TUIIOB, TAKUMU KaK CTPOKU U ciucKu. Hampumep:

items = [37, 42] # Co3paHue cnucka 00bEKTOB
items.append(73) # Buzos meToma append()

dyurmusa dir() BEIBOOUT CIIUCOK BCEX METOAOB 00beKTa U ABJIAETCS YAOOHBIM
WHCTPYMEHTOM JJIS IPOBEJeHUSA SKCIePUMEHTOB B MHTEPAKTUBHOII 000J0UKe.
Hanpuwmep:

>>> items = [37, 42]
>>> dir(items)
[*__add__', ‘__class__', ‘__contains__', ‘__delattr__', ‘__delitem__’

“append’, ‘count’, ‘extend’, ‘index’, ‘insert’, ‘pop’,
‘remove’, ‘reverse’, ‘sort’]
>>>

IIpu uccremoBaHuYU 06 HEKTOB MOYKHO 3aMETUTh YK€ 3HAKOMbIE METO/Ibl, TAKIE
Kak append() u insert(). Kpome Toro, B climcKax MOYKHO TaKKe YBUJETh CIIeI[-
aJbHBIE METOIBI, MMEeHa KOTOPhIX BCeT/Ia HAUMHAIOTCA ¥ 3aKaHUNBAIOTCSI JBYMSI
CUMBOJIAMH IOAUEPKUBAHUA. OTHU METOALI Peaju3yIoT Pas3JnuHble OIlepaTOPhI
aspika. Hanpumep, meton __add__() peanusyer omepaTop +:

>>> items.__add__([73,101])
[37, 42, 73, 101]
>>>

Ins ompenesieHUA HOBBIX TUIIOB OOBEKTOB M B O00BEKTHO-OPMEHTHUPOBAHHOM
IIPOrpaMMUPOBAHMY UCIOIb3yeTCsa NHCTPYKIUA class. Hampumep, Huske Ipu-
BOJMTCSA OIIpefiesieHle IIPOCTOr0 KJaacca cTeKa, o01afaomiero Metogamu push(),
pop() m length():

class Stack(object):

def __init__(self): # WHnumannsaumsa creka
self.stack = [ ]

def push(self,object):
self.stack.append(object)

def pop(self)
return self.stack.pop()

def length(self)
return len(self.stack)

B mepBoii cTpOKe onpesesieHnsa KJaacca MHCTPYKIUA class Stack(object) o6bsiB-
JsAeT, 4To Stack — 9T0 00'bEKT. B KpYTIJIbIX CKOOKaX YKas3bIBaeTCs, HACIETHUKOM
KAaKoro KJacca fBJIAeTCSI 00bABJISEeMbIN KJAacc; B JaHHOM cJyuae KJjacc Stack
HacJIeIyeT CBOMCTBA W MeTOAbI KJacca object, KOTOPBIN sABJIsETCA POJOHAUAID-
HUKOM BCeX THUIIOB JaHHBIX B A3bIKe Python. BayTpu 00baBIeHNs Kacca ompe-
IeJIAI0TCSA METO/IbI, C IOMOIIbI0 nHCTPYKIuU def. IlepBoIil apryMeHT JIF000TO Me-
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TOZa BCEr/a CChLIaeTCsa HAa caM 00beKT. B COOTBETCTBUHU C COrTIAIIIEHUAMU STOMY
apryMeHTy o0bIUHO faeTcsa uMsA self. Bce MeTobl, BEITOJIHSIONINE OIIepAI[MY Ha Ll
aTpubyTaMu 00'beKTa, JOJKHBI IBHO CCHLIATHCS HA IepeMeHHYIo self. MeToxsl,
nMeHa KOTOPBIX HAUMHAIOTCSA 1 3aKaHUMBAIOTCS ABYMS CIMBOJIAMU IOAUEPKIU-
BaHUSA, SBJIAIOTCS CIIEIUAJbHBEIMEU MeTogaMu. Hampumep, merox __init_ () me-
HOJIb3YeTCs NJIS MHUIINAIN3AINYN 00'beKTa II0CJIe er0 CO3MAHMA.

Huxe IPUBOJUTCA IIPYMMEDP MCIIOJIb30BAHUA KJjacca:

s = Stack() # Co3paTb CcTek

s.push(“Dave™) # MoMecTuTb Ha CTeKk HekoTOopbe AaHHbe
s.push(42)

s.push([3,4,5])

X = s.pop() # nepemeHHas x nonyynT 3HaveHue [3,4,5]
y = s.pop() # nepemeHHas y Mony4uT 3HaveHue 42

del s # YHUYTOXMTb 00bEKT S

B sToM mpumepe ObLI CO3LAH COBEPIIIEHHO HOBBIN 00'BEKT, Peau3yoIIuil CTeK.
OpHako 1Mo cBOel Ipupo/ie CTeK OUeHb II0X0sK Ha BCTPOEHHBIN TUII cruucKa. I1o-
9TOMY MOXKHO OBLIO OBI yHAacJeJ0BaTh KJacc 1ist u Jo00aBUTh OAWH MOIOJIHU-
TeJIbHBIN MeTO/;:

class Stack(list):
# [lobaBuTb mMeTon push() wHTepdeiica cTeka
# 00paTuTe BHWUMAHME: CMUCKW yxe umenT meton pop().
def push(self,object):
self.append(object)

OOBIYHO BCE METO/bI, IPUCYTCTBYIOII[e B 00'bABJIEHUN KJIacca, MOTYT IIpUMe-
HATHCS TOJHKO K 9K3EeMILIAPAM JaHHOTO KJjacca (TO eCTh K CO3JaHHBIM 00h-
exkTam). OZHAKO CYII[ECTBYET BO3MOJKHOCTH ONPEAEIATh METONbI Pa3IUUYHBIX
BUJIOB, HAIIPUMED CTATUYECKUe, 3HAKOMbIe IporpaMMucTaM 1o s3bikam C++
u Java:

class EventHandler(object):
@staticmethod
def dispatcherThread():
while (1):
# OxupaHne 3anpoca

EventHandler.dispatcherThread() # Bbi3oB MeToga kKak 0ObYHON dYHKLUMM

B mammom cayuae @staticmethod o0bABIAET CAEAYIONINI 32 HUM METO] CTATHU-
YyecKUM. @staticmethod — aTO mpuMep MCIOIB30BAHUA JeKopamopa, moxpobHee
0 KOTOPBIX OyZeT paccKas3bIBaThCA B IIaBe 6.

NcknroyeHus

HpI/I BOBHUKHOBEHUU OIIUOKU B IIporpamme 13036y>ic,uae'rca VCKJIIOUEHUE 1 BbI-
BOOAUTCA TpaCCUPOBOUYHAA I/IH(pOpMaIII/Iﬂ, TaKasd, KaK IIOKa3aHO HUXXe:

Traceback (most recent call last):
File “foo.py”, line 12, in <module>
I0Error: [Errno 2] No such file or directory: ‘file.txt’
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(NepeBof:

TpaccupoBoyHas MHOopmMaumsa (camblii NOCNEAHMIA BH30B — CaMblil HUXHWIT)
Gann “foo.py”, cTpoka 12, B <MOAYNb>

I0Error: [Errno 2] HeT Takoro ¢aina wnu katanora: ‘file.txt’

)

TpaccupoBouHas MHOOPMAIUA TO3BOJISET OMPEAEIUTh TUI OIIMOKU U MECTO,
rae oHa BO3HUKJA. OOBIYHO OIMMOKM IIPUBOAAT K aBApUIHOMY 3aBEPIIEHUIO
nporpaMmmbl. OfHAKO MMeeTCs BO3SMOYKHOCTBH IepeXBaTUThb W 00paboTaTh uc-
KJIIOUEHNE — C TIOMOII[bIO MHCTPYKIIUH try 1 except, KaK MOKasaHO HUKe:

try:

f = open(“file.txt”,"r")
except IOError as e:

print e

Eciuu 6yzmer Bo3OykaeHO mckaoueHue 10Error, uugopMausa 0 IPUYNHAX II0-
SABJIEHUS OMINOKY OyaeT 3alncaHa B IEPEMeHHYIO € U yIpaBJieHue OyaeT mepe-
IaHO IEepPBOM MHCTPYKIIUU B O0J0Ke except. Ecau BOBHMKHET KaKoe-TO APyroe
UCKJIIOUeHre, OHO OyZeT IepegaHo o0beMJIIlneMy 0JI0KY Koja (eciiu TaKOBOI
umeetcs). Eciiu onepanusa BeIIOJIHEHA 6e3 OITNO0K, MHCTPYKITUY B OJI0Ke except
OyZyT IpOCTO UTHOPUPOBAThCA. Iloce 00pabOTKY MCKJIIOUEHUS BBHITIOJTHEHUE
IpOrpaMMbI IPOJOJIKUTCSA C IIEePBOM MHCTPYKIIUU, CIEAYIOIIel 3a IIOCIeJHeR
UHCTPYKIUel B 6J10Ke except. [IporpamMma He Bo3BpalliaeTcs B TO MECTO, I'7ie BO3-
HUKJIO UCKJIIOUeHNe.

BosbynuTh nckItoueHMe BPYUYHYIO MOKHO C IIOMOIIbI0 MHCTPYKIIMY raise. s
9TOr'0 MHCTPYKIIUYU raise MOKHO IlepefaTh ONWH M3 BCTPOEHHBIX KJIACCOB WC-
KJIIOUeHN, HAlIpuMep:

raise RuntimeError(“KomnbioTep rosoput HeT”)

Wnu cosmare M MCIOJIB30BaTh COOCTBEHHBIN KJIACC MCKJIIOUYEHNU, KaK OIUCAHO
B paszetie «OmpeeieHre HOBBIX UCKJIIOUeHUIT» B TyiaBe 5 «CTpyKTypa mporpam-
MBI 1 YIIDaBJIEHNE IIOTOKOM BBIIIOJTHEHMA».

VipagiieHre CUCTEMHBIMHI pPeCypcaMu, TAKUMH KaK OJOKMPOBKU, (DAalJIbI U ce-
TeBble COeIMHEHUS, YAaCTO SBJISETCS JOCTATOUHO CJIOKHBIM J€JIOM, OCOOEHHO
KOr/a IIPU 9TOM HeOOXOAMMO IIPeIyCMaTPUBAThL 00PA00TKY UCKJIIOUEHN. YIIPO-
CTUTH pellleHre TaKUX 3a7a4 IPOrpaMMUPOBAHUA MOYXKHO C IIOMOILbIO NHCTPY K-
Uy with, MpUMeHAsa ee K 00bEeKTaM OIllpelesieHHOro Tuia. HuKe IpUBOIUTCS
mpuMep IIPOrpaMMHOr0 KO/a, KOTOPBIHM HCIOJIb3yeT MbIOTEKC B KauecTBe 0JI0-
KUPOBKU:

import threading
message_lock = threading.lLock()

with message_lock:
messages. add(newmessage)

B sTOoM mmpuMepe mpu BBIIOJHEHUN UHCTPYKIIUU With aBTOMATUYECKH ITprodpe-
TaeTcss 00beKT 6JJOKUPOBKY message_lock. Korma moToK BBITIOJIHEHUS TOKUIAeT
KOHTEKCT 0JI0Ka with, 6JIOKMPOBKA aBTOMATHUUYECKHU 0CBOOO K AaeTcs. Biaarogaps
aTOMYy ofeclieunBaeTCs HaJeKHOe yIpaBJjieHre 0JOKUPOBKOM, HE3aBUCUMO OT
TOrO, YTO IPOMCXOAUT BHYTPHU 6soKa with. Hampumep, maske ecau IIPU BBIIOJ-
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HEHUU WHCTPYKIMI BHYTPU 0JI0KA BOSHUKHET HCKJIIOUEeHUEe, OJJOKMPOBKA BCe
paBHO OyZeT 0CBOOOKAEHA II0CJIEe BBIX0/Ia 38 €TI0 IIPEe/eJIbI.

OOBIYHO MHCTPYKIIMA With coBMeCTHMMA TOJBKO C O0BEKTAMM’, IIPEHCTaBJIIIO-
IIUMU Te UJIU UHBbIEe CUCTEMHBIE PECYPChl UJU CPEeNy BBIIOJIHEHUA, TaKWe KaK
daiiibl, coequHeHuA 1 0J0KUPOBKU. OMHAKO MMeeTCA BO3MOMKHOCTD Peajin30-
BaTh MOAAEP/KKY 9TON MHCTPYKIIMU B CBOUX KJaccaX. Ilogpo6GHee 06 aToM pac-
cKasbIBaeTcs B pasfese «I[IpoTOKoJ yIpaBieHuA KOHTEKCTOM» IJIaBhI 3 « TUIbL
JAHHBIX U 00BEKTHI».

Mopaynu

YacTo 110 Mepe pocTa IIPorpaMMbl BO3HUKAET KeJaHue pa3buTh ee HA HECKOJIb-
Ko (haiioB, YTOOBI YIPOCTUTH €e PaspaboTKy U JajbHelilllee COIIPOBOXKIEHIUE.
fAseix Python mosBossger nomerrnars onpeseneHna B (paliIbl U UCIOIb30BATH UX
KaK MOZYJIU, KOTOpPbIe MOI'YT HMIIOPTHPOBATHCA JPYTUMU IIPOTPaMMaMU U CIie-
HapuaMu. YTo6bI co34aTh MOAYJIb, HEOOXOAUMO IIOMECTUTH COOTBETCTBYIOIIINIE
UHCTPYKIIUU U OIIpefesieHus B Gaiiy ¢ TeM iKe NUMeHeM, KOTopoe OyeT IIpUCBoe-
Ho Mogynto. (O6paruTe BEUMaHUeE, YTO UM (aiisa JOIKHO UMETh PaCIIupeHue
.py.) Hanpuwmep:

# ¢ann @ div.py

def divide(a, b)
g =a/b # Ecnu a n b - uensle yucna, q OyAeT UENHIM YUCIOM
r=a- g
return (q, r)

Hcnonp3oBaTh MOAYIH B APYTUX IIPOTPAMMAaX MOXKHO C IIOMOIIbIO NHCTPYKITUN
import:

import div
a, b = div.divide(2305, 29)

WMuCcTpyKIUA import co3gzaeT HOBOe IPOCTPAHCTBO UMEH U BHYTPHU STOTO IIPO-
CTPAHCTBAa MMEH BBINIOJIHAET BCe MHCTPYKIIWMH, HaxonAamuecsa B daiiie ¢ pac-
mupeHueM .py. UTOOBI MOJYUYUTD AOCTYII K CONEPKUMOMY 3TOTO IPOCTPAHCTBA
WMEH II0CJIe MMIOPTUPOBAHUSA, HOCTATOYHO IIPOCTO WCIIOJIH30BATHL UM MOJIY-
JIA B KadecTBe npeduKca, KaK dTO CAEJAaHO B BbI3oBe PyHKImum div.divide()
B IIPEABIAYIIEM IIDUMEDE.

Ecau morpebyeTcsa mMMIIOPTHUPOBATh MOAYJIb IIOA APYTHUM MMEHEM, JOCTATOUHO
IT00aBUTHh B MHCTPYKIIUIO 1Mport HOMOJHUTENIbHBIN KBAJIUPUKATOD &S, KaK II0-
KasaHo HUKe:

import div as foo
a,b = foo.divide(2305,29)

YT06bl MMIOPTHUPOBATHL HEKOTOPHIE OMpPEeieHUs B TEKyllee MPOCTPAHCTBO
MMEeH, MOXXHO BOCIIOJIB30BAThCSA MHCTPYKIIHEH from:

from div import divide
a,b = divide(2305,29) # Mpeduxc div Oonble He HyxeH

Yro0BI 3arpy3UTH B TEKYIllee IIPOCTPAHCTBO UMEH BCE COZEPIKUMOE MOAYJIA,
MOKHO MCIIOJIb30BAaTh CJIEYIOIINI IIPUEM:
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from div import =

ITpu BbIZOBE (pyHKIHUU dir() ¢ UMeHeM MOIYJS OHA BRIBEHET COAEPIKUMOe YKa-
3aHHOTO MOAYJISA, UTO AEJIaeT 3Ty (PYHIIUIO YIOOHBIM MHCTPYMEHTOM JIJISI DKCIIe-
PUMEHTOB B MHTEPAKTUBHOUN 000JI0UKe:

>>> import string
>>> dir(string)
[*__builtins__', ‘__doc__', ‘__file__', ‘__name__', ‘_idmap’

‘_idmapL’, ‘_lower’, ‘_swapcase’, ‘_upper’, ‘atof’, ‘atof_error’

‘atoi’, ‘atoi_error’, ‘atol’, ‘atol_error’, ‘capitalize’

‘capwords’, ‘center’, ‘count’, ‘digits’, ‘expandtabs’, ‘find’
>>>

Nony4yeHune cnpaBku

IIpu pa6oTe ¢ naTepunperaropom Python y Bac Bcerma nmox pykoii 6ygeT HeCKOJIb-
KO MCTOYHUKOB CITPaBOUHOM nH(popMaluu. Bo-nepBrixX, Ipu paboTe B MHTEPaAK-
TUBHOM DPeKHMe C IOMOIIbI0 KOMaHAbI Nelp() MOMKHO HONYUYUTH NH(MOPMAIIUIO
0 J11060M BCTPOEHHOM MOZYJIE U O APYTUX acleKTax a3pika Python. MosxHo mpo-
cTo BBeCTU KOMaHy help() 1 HOJTYUYUTH OOIIYIO CIIPABOUHY IO MH(GOPMAI[UIO NN
Komaumay help(‘uma_mogynsa’), 4TOOBI IOJYUYUTb HHPOPMAIINIO O KOHKPETHOM MO-
nyne. Ecau komanze help() nmepenaTh UM onpeieleHHON (OYHKIINY, OHA MOYKET
BEePHYTH NHGOPMAIUIO 00 9TOH QYHKIIUU.

BouabmuaeTBo QyHKIINY B i3biKe Python cHaGeHEBI CTPOKAMU JOKYMEHTHUPO-
BaHUSA, OIMUCHIBAIOIIMMHY IIOPSAJ0K X HCIOJb30BAHUA. UTOOBI BHIBECTHU CTPO-
Ky JTOKYMEHTUPOBAHUSA, NOCTATOYHO MPOCTO BHIBECTU COAEPIKHMOE aTpudyTa
__doc__. Hampumep:

>>> print issubclass.__doc__
issubclass(C, B) -> bool

Return whether class C is a subclass (i.e., a derived class) of class B.

When using a tuple as the second argument issubclass(X, (A, B, ...)),

is a shortcut for issubclass(X, A) or issubclass(X, B) or ... (etc.).

(Nepesof

NposepsieT, sBndeTcs nu knacc C noaknaccom (TO eCThb HacneayeT) knacca B

Korpa BO BTOpPOM aprymeHTe nepegaetcs kopTex — issubclass(X, (A, B, ...)),

TakoN BbI3OB ABNAETCHA COKpaleHHbM BapuaHToM issubclass(X, A) or issubclass(X, B)
or ... (nT. 4.).

)

>>>

U mocienuee, HO TaKiKe BasKHOe 3aMedyaHUe — OOJIBIITMHCTBO MHCTALIAINN Py-
thon BKIIOUaeT Takske KOMaHIY pydoc, KOTOpas MOYKET HCIIOJb30BAThCSA AJISA
TMOJIyYeHUSA JOKyMeHTanuu o Mmoayaax Python. s aToro mocTaTouHo mpocTo
BBECTU KOMaHIy pydoc topic B CUCTEMHOM KOMAaHIHOM CTPOKE.



Jlekcnyeckme n CMHTaKcn4vyeckue
cornaweHus

B aT0ii rI1aBe paccMaTpUBAIOTCSA CUHTAKCUYECKYE U JIEeKCUUeCKYe COTIallleHnsd,
WCIIOJIb3yeMbIe B IIporpaMMax Ha s3bike Python. 3gech MbI MO3HAKOMUMCS CO
CTPYKTYPO# CTPOKHU, CIIOCO0aMU IPYIIINPOBKY UHCTPYKIIMI, 3ape3epBUPOBaH-
HBIMUY CJIOBaMUu, JIUTEPAJIaMU, olIlepaTropaMu, JJEeKCeMaMu 1 KOAVMPOBKaMU CUM-
BOJIOB B MCXOAHBIX TEKCTaX.

CTPYKTypa CTPOK U OTCTYnblI

Kakmasa nHCTPYKIMA B IporpaMMe 3aBepIlaeTcss CUMBOJIOM IIEPEBOIa CTPOKH.
A nvHHbIE MHCTPYKIUU AOIIYCKAETCS PacloJjiaraTh B HECKOJBKUX CTPOKAX, UC-
TIOJIB3YS CUMBOJI ITPOJOJIMKEHU A CTPOKH (\), KaK ITOKa3aHO HUKe:

a = math.cos(3 = (x - n)) + \
math.sin(3 = (y - n))

CHUMBOJI IIPOJOJIMKEHUS CTPOKY He HCI0JIb3YeTCd BHYTPU CTPOK B TPOMHBIX Ka-
BBIYKAaX, B OIpelieJIeHUAX CIIMCKOB, KOpTerkell uyu cjoBapeii. B obiiem ciyuae
J00asA yacThb IporpaMMbI, 3aKJIIOUeHHass B Kpyryble (...), KBaapaTHbIe [...],
¢durypHsie {...} CKOOKU MJIN B TPOMHBIE KABBIUKM, MOYKET 3aHIMATh HECKOJIBKO
CTPOK 0e3 mpUMeHEeHUs CMBOJIA ITPOAOJIMKEHIS CTPOKHY, IIOTOMY UTO B JaHHBIX
caydasix SBHO 0003HAUEHBI HAUAJIO U KOHeIl 0JI0OKAa Olpeae e Hns.

OTCTYyNbI MCHOJB3YIOTCA IJIA OTAEJeHUs PAa3JUYHBIX OJIOKOB IIPOrpPaMMHOTO
KOZla, TaKMX KaK TeJo (DYHKIIMU, YCJIOBHOTO OIlepaTopa, IMUKJA UJIU OIpelae-
JeHuA KJacca. BeqnumHa OTCTyHa AJIS MEePBOM MHCTPYKIIUU B OJIOKE MOKET
BBIOMpPATHCA IIPOM3BOJILHO, HO OTCTYIIBI BCEX OCTAJIbHBIX MWHCTPYKIIUI B OJI0Ke
IOJI?KHBI OBITH PABHBI OTCTYITY B IIEPBOY MHCTPYKInu. Hampumep:
if a:
nHCTpyKUmMal # lpaBunbHoe opopmneHne OTCTYnoB
MHCTPYKUNA2
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else:
NHCTPYKLUWS3
MHCTPYKUMA4 # HenpaBunbHoe opopmneHne oTcTynos (ownbka)

Ecau Teso GyHKIINY, IUKJA, YCIOBHOTO OllepaTopa WJIX OIpeaesieHus Kiacca
JIOCTATOYHO KOPOTKOE U COJEPIKUT eUHCTBEHHYI0 MHCTPYKITHIO, €r0 MOYKHO IT0-
MECTHUTH B TOU sKe caMoii CTPOKe, HallpuMep:

if a: wHCcTpyKUMal
else: MHCTpyKUMAZ

Idnsa obo3HAUEHUA IYCTOrO Teja UIU OJOKA MCIOJIb3yeTCA MHCTPYKIIMA DPass.
Hanpuwmep:
if a:
pass

else:
NHCTPYKUWK

Ona odhopMIeHUs OTCTYIIOB JONMYCKAETCA MCIOJIb30BaTh CUMBOJIBI TA0y AU,
OJHAKO TaKad IPAKTUKA He IpUBETCTByeTcA. [[J1d 3TUX 11eseii B coodiiecTse Py-
thon mpeamounTaroT (1 peKOMEHAYETCS) UCIIOIb30BaTh CUMBOJIBI Tpobesa. Korna
uHTeprnperaTop Python BcTpeuaeT cuMBOJIBI TaOYIAIINY, OH 3aMeIaeT UX CUM-
BOJIaMHU IIpobesia M0 GIMyKaNInell MO3UIMU B CTPOKE, C IOPSIIKOBLIM HOMEPOM,
KpaTHbIM 8 (Hampumep, KOrfa WHTEPIPETATOP BCTPEUaeT CUMBOJI TAOyIAIUU
B Mmo3umuu ¢ HomepoMm 11, OH 3ameIaeT ero CUMBOJIAMU Ipo0eJia [0 IMO3UIUU
¢ HomepoMm 16). Ecau unrepaperarop Python samyctuts ¢ Kiawodom -t, ol OyaeT
BBIBOJIUTH IIPEIYIIPEIKAAIOIITNE COODIIEHN, KOTa eMy OYIyT BCTPeUaThCs CTPO-
KU, T/[e OTCTYIIBI B OAHOM U TOM sKe 0JI0Ke Koxa ohopMJIeHbI HeOAUHAKOBOM CMe-
ChIO 3 CUMBOJIOB IIP0O0eJIOB U TabyaAnuu. Ec/iu ncmoib308aTh K04 -tt, BMeCTo
IpenyIpexkIaoIInX CoO0IIeHnil OyaeT Bo30y K IaThbCA NCKIIoUeHne TabError.

IMomyckaeTrcs pasMeIraTsb B OJHOI CTPOKe IPOrpaMMbI CPa3y HECKOJIbKO MHCTPYK-
Ui, TPU 3TOM OHU AOJIXKHBI OTEJATHCA APYT OT APyra TOYKOM ¢ 3amaATou (;).
Crpoku, cozepskaliue efUHCTBEHHY0 HHCTPYKIIUIO, TAKIKe MOT'YT 3aBepPIIaThCSA
TOYKOI C 3aIIATOI, XOTS 9TO U He SABJIAETCS 00513aTeIbHLIM TPeOOBaHIEM.

CuMBOJI # OTMeUaeT HayaJio KOMMeEHTapud, IPOoCTUPAIIIEerocda 40 KOHIa CTPO-
KH. OI[HaKO, €cJI CUMBOJI # BCTpeuaeTcsd BHYTPU CTPOKM B KaBBIUKAaX, OH He
BOCIIPUHMNMAETCA KaK Ha4aJjio KOMMEHTapusd.

Haxonelr, ”HTEPIPETaTOP UTHOPUPYET BCe IMyCThIe CTPOKU, €CJIU OH 3alyIINeH
He B MHTEPaKTUBHOM pesKkuMe. BBOA mycToi CTPOKY B MHTEPAKTHUBHOM PEKUMe
WHTEPIPeTUPYyeTCA KaK OKOHUAaHKe BBOJa MHOTOCTPOUHON MHCTPYKI[UH.

NpeHTdpukaTopbl
U 3ape3epBMpoOBaHHbIe C/I0Ba

Hoenmugpuramopsb., — 9TO UMEHA, UCIOJb3yeMble IJs UIeHTUPUKAIIUHN Tepe-
MEHHBIX, PYHKIINI, KJIaCCOB, MOAYJIEH U IPYTUX 00beKTOB. Y aeHTU(PUKATOPEI
MOTYT BKJIIOUATDH aJ(paBUTHO-IU(PPOBBIE CUMBOJBI ¥ CUMBOJI IIOJYEPKUBAHUS
(_), HO IpU 5TOM OHU He MOT'YyT HaUMHATHCS C I[U(PPOBOro cuMBoJja. B KauecTBe
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aJI(paBUTHBIX CHMBOJIOB B HACTOAIIEE BPEeMs HOIYCKAETCA UCIIOJIb30BATDH TOJIb-
Ko cuMBoJIbl A—Z u a—z u3 Habopa ISO-Latin. MneHTndUKaTOPEI YYBCTBUTEIE-
HBI K PErUCTPY CUMBOJIOB, mo9TOMY nMeHa FO0 u f00 cuMTaroTCsa pasJIuYHbIMU.
B ugenTuduraropax He HONYCKAETCS MCIIOJb30BATH CIEIHAJIbHBIE CHMBOJILI,
Takue Kak $, % u @. Kpome Toro, rakue cjioBa, Kak if, else u for aBasroTca sape-
3epPBUPOBAHHBIMIU M HE MOT'YT MCIIOJIb30BAaTHCA B KAUECTBE UAEHTU(PUKATOPOB.
B cirepyoiem cuucke mmepeuncaeHbl Bce 3ape3epBUPOBAHEbBIE CJIOBA:

and del from nonlocal try
as elif global not while
assert else if or with
break except import pass yield
class exec in print

continue finally is raise

def for lambda return

U nenTudurraropsl, HAUMHAIONNECA UV OKAHUMBAIOIINECA CIMBOJIOM IIO{Uep-
KWBAHUA, YaCTO UMEIOT 0co0bIil cMmbIicya. Hanpumep, ugeHTN(UKATOPHI, HAUN-
HAIOIIHUECs C OTHOT'0 CUMBOJIA TIOJUePKUBaHNs, TaKWe KaK _f00, He UMIIOPTUDY-
1oTcA MHCTPYKImen from module import ». MmeHTHM(GUKATOPHI, HAUMHAIOIIHUECH
¥ OKaHYMBAIOIIVECA IBYMs CUMBOJIAMU IOJUePKUBAHNUA, TAaKUe Kak __init__,
3ape3epBUPOBAHEI [IJIsI UMEH CIIeIaJbHBIX MeToA0B. meHTu(GuKaTOphl, HAUM-
HAIONVecsd ABYMSA CHMBOJIAMY IIOJUePKUBAHNA, TAKKe KaK __har, NCIOJIb3YIOT-
cd IJI peaju3alluy YaCTHHIX METOJOB U aTPpUOGyTOB KJIACCOB, O YeM IIOLPOOHO
pacckasbiBaeTcs B riase 7 «Kiacchl ¥ 00beKTHO-OPHUEHTHPOBAHHOE IIPOrpaM-
MupoBaHUe». B 001ieM cirydae cienyer ns3beraTb UCIOJIb30BaHUA OTUHAKOBBIX
UIeHTU(UKATOPOB.

Yucnosble nuTepansbl

B aseixe Python cyiecTByeT yeThbIpe BCTPOEHHBIX THUIIA YNCJIOBBIX JINTEPAJIOB:
e DByJeBnl 3HaUEeHUSA

o Ilesvle umcia

e Yrpcua c maaBaloIieil TOUKOMn

e FKomuiexkcHbIe yncaa

U nertTuduraropsl True u False HHTEPIPETUPYIOTCS KaK JJOTUUYECKIe 3HAUeHU s,
uMemIre yrncjaoBoe Beipakenue 1 u 0 coorBercrBenHo. Takue umcnia, Kax 1234,
WHTEPIPETUPYIOTCSA KAK AeCATUUYHBIE IeJIble Yucja. UToObI OIpPeAeIUuTh YUC-
JIO B BOCBMEPUYHOM, IIIeCTHAAIATePUYHON UIN IBOUYHOI (popMe, HEOOXOIUMO
s3agarhb npedukc 0, O0x uau Ob coorBeTcTBeHHO (Hampumep, 0644, 0x100fea8 mian
0b11101010).

ITenble unucna B a3bike Python moryTt comep:kxarh IpOM3BOIBHOE KOJIUYECTBO
udp, MO3TOMY, €CJIN ITOTPeOyeTCA 3aIncaTh 0OUeHb 0OIBIIIOE YKCJIIO, JOCTATOUHO
IIPOCTO yKa3aTh Bce IIU(PpPhI, COCTABJIAIOIINE eT0, HantpuMep: 12345678901234567890.
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OmHaKO NP WHCIEKTUPOBAHWM TAKWX 3HAUEHUI' W B CTApOM IIPOTPAMMHOM
KO/Ie MOYKHO 3aMETUTD, UYTO OOJIBIIINE YNCJIa OKAHUYUBAIOTCA CUMBOJIOM | (CHMBOJI
L B HUJKHEM PerucTpe) uiau L, Hampumep: 12345678901234567890L. Hanuuue aTo-
To cMMBOJIA L CBsI3aHO ¢ TeM, 4TO uHTepperarop Python mpeacrasisieT mesbie
yuycsa Kak Iejble 3HaUYeHU A ¢ (DUKCUPOBAHHOM TOUHOCTHIO, OTPAHNUEHHON ammna-
PaTHBIMU BO3MOYKHOCTAMU, WJIN KaK I[eJIble YKCJIa C IPOM3BOJIBHOU TOYHOCTHIO,
B 3aBUCUMOCTH OT BEJUYUHBLI 3HaueHWs. B paHuHux Bepcusx Python, uTo6Gbr
OIIpPeIeIUTh OOJIBIIIOE YKCJIO, HeOOXOAUMO OBIIO ABHO J00ABUTDH 3aBEPIIAIOITUHI
cumBoI L. B HacTodIee BpeMd mesaTh 3To He TpebyeTcd U faske HE PEKOMEHY-
ercd. IToaTomy, mpu HEOOGXOAUMOCTH OIIPEAEJUTh OOJIBIIIOE YNCJIOBOE 3HAUEHUE,
JIOCTAaTOYHO IIPOCTO 3amucaTh ero (6e3 cumBoJia L).

Taxue uncaa, kak 123.34 u 1.2334e+02, MHTEPIPETUPYIOTCA KaK YUCJA C I1JIaBa-
foreit Toukoii. Ilesple unciia n yucsa ¢ maaBalomiell TOUKOM, 3aBepIIaIiuecs
CUMBOJIOM ] mJju J, Takme Kak 12.34J, paccmaTpuBaioTcad KaK MHUMbBbIE YaCcTU
KOMILJIEKCHBIX umceJl. KOMIIJIeKCHBIE UHMCJIa, COCTOSINNE W3 AeMCTBUTEJIbHON
U MHUMOUM UYacTed, OmpeAeasioTCs KaK CyMMa OelCTBUTEJIHLHOTO M MHHMOTO
yucaa: 1.2 + 12.34J.

CTpoKoBble nuTeparnbl

CTpOKOBBIE JINTEPAJIBI UCIIOJIb3YIOTCS IJIS OIPeAeJIeHNA II0Ce[0BATEeIbHOCTEHR
CUMBOJIOB ¥ 0(DOPMJIISAIOTCS KaK TEKCT, 3aKJIIOUEHHBIH B artocTPodsl ('), KaBbIU-
Ku () uau Tpoiiubie KaBeiukuy (' wiau 7). HeT HUKaKoO# pasHUIbl, KAKME Ka-
BBIUKM KCIIOJIE30BaTh, IVIAaBHOE, UTOOBI COBIIaJaJl TUII KaBbIUEK B HauaJje U B
KOHIIe CTPOKOBOTO JuTepasia. OupeneseHNS CTPOKOBBIX JIUTEPAJIOB B allOCTPO-
dax u B KaBBIYKAX JOJ’KHBEI 3aHUMATh He 00Jiee OMHOU CTPOKHU, TOTHA KaK JIU-
TepaJsbl B TPDOMHBIX KaBBIUKAX MOTYT 3aHUMATh HECKOJIBKO CTPOK ¥ MOT'YT CO-
JIepsKaTh BCe CUMBOJIBI (hOpMAaTUPOBAHUA (TO €CTh CUMBOJIBI II€PEBOIa CTPOKMU,
Tabyaanuu, 1pobeinl u Tak gaJee). CoceqHre CTPOKOBBIE JIUTEPAJIbI (KOTOPHIEe
OTHEJNAITCA IPYT OT ApyTa IPoOesioM, CUMBOJIOM IIEPEBO/IA CTPOKHU UJIM CUMBO-
JIOM IPOJOJIXKEHUA CTPOKHU), TaKue Kak ‘hello” ‘world’, Ipu BBITIOJTHEHUH IIPO-
TpaMMbI 00BbeIUHSAIOTCS B OLHY CTPOKY, Hampumep: “helloworld”.

BHYTpPU CTPOKOBBIX JINTEPAJIOB CUMBOJ obOparHoro cjsimia (\) MCIIOJJb3yeTCs
I 9KPAHWUPOBAHUS CIEIUAJIbHBIX CHMBOJIOB, TAKMUX KaK IEPEBOJ CTPOKMH,
caM CHMBOJI 0O6paTHOIO CJdINa, KaBblUeK M HeleyaTaeMbIX CUMBOJIOB. Bece 1o-
IyCTUMBble SKPaHUPOBAHHBIE IIOCJEJOBATEILHOCTY CHMBOJIOB II€PEUUCJICHBI
B Tabis. 2.1. HeonosHaHHbIe 9KpaHUPOBAHHBIE [TOCJIELOBATEIFHOCTY OCTAIOTCA
B CTPOKEe B HEU3MEHHOM BH/Ie ¥ BKJIIOYAIOT BeJYIITUU CHMBOJI 00pATHOTO CJIAIIIA.

Tabauuya 2.1. CmandapmHble IKPAHUPOBAHHbLE NOCLe008AMelbHOCIU

CumBoa Onucanne

\ CHUMBOJI IPOJIOJIXKEHUS CTPOKHU
\\ CuMBOJI 0OPATHOTO CJIAIIIA

\ Amoctpod

Hanpuwmep, dyarnueit repr(). — IIpum. nepes.
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Tabauuya 2.1 (npodonscerue)

CumBox Onucanne

\” Kasbruxa

\a Curuana

\b 3aboit

\e OKPaHUPYIOIINUI CMBOJI

\0 ITycroit cumBoOI

\n IlepeBon cTporu;

\\% BeprukanpHad Tabyaanusa

\t TopusonranbHas Tabyaamus

\r Bosspar kapeTku

\f ITepeBon hopmara

\000 Bocsmepuunoe suauenue (ot \000 mo \377)
\UXXXX CumBoa FOuukoma (ot \u0000 mo \uffff)
A\UXXXXXXXX CumBou FOuukoza (ot \U00000000 mo \Uffffffff)
\N{umsi cumsona} CumBou IOHUKOIA ¢ yKa3aHHBIM UMeHeM

\xhh Ilectuanmarepuunoe saauernue (ot \x00 mo \xff)

IdKpaHupoBaHHbIe mocaegoBareabHOCTH \000 1 \X UCIIOJB3YIOTCA AJIA BCTABKU
B CTPOKOBBIE JINTEPaJbl CHMBOJIOB, KOTOPbIE CJIOKHO BBECTH C KJIaBUATYPHI (TO
€CTb YIIPaBJAIOIINE CUMBOJIBI, HelleyaTaeMble CUMBOJIBI, IICEBAOrparUecKue
CUMBOJIBI, CHMBOJIBI 3 HAIMOHAJIbHBIX aJi()aBUTOB U TaK fgaJjee). B aTux sxpa-
HUPOBAHHBIX IIOCJIEIOBATEILHOCTAX MOJMKHBI YKAa3bIBATHCA I[EJOUYNCJIEHHBIE
3HAYEHHUs, COOTBETCTBYIOII[IE KOJZaM CHMBOJIOB. Hampumep, eciiu moTpedyeTcs
OIlpeIeINThb CTPOKOBBII JIUTEPAJI CO CI0BOM «Jalapefio», ero MOKHO 3aIuCaTh,
kak “Jalape\xf1o0”, rme \xf1 — aT0 KoJ cuMBoOJIa 1.

B Bepcuu Python 2 cTpokoBbie JuTEpaTbl MOTYT COAEPKATH TOJIBKO 8-OUTHBIE
cuMBOJIbI. Cephe3HBIM OIPAHUUEHUEM TAKUX CTPOKOBBIX JIUTEPAJIOB ABJISETCSA
OTCYTCTBUE ITOJHOIIEHHON MOAAEeP:KKY HAI[MOHAJbHBIX CUMBOJIOB 1 FOHUKOzA.
Insa mpeogosieHUs1 9TOro orpannuenus B Python 2 mcmonbsyercss oTae bHBINR
CTPOKOBBIH TuI. YTOOBI 3aICaTh CTPOKOBBIH JINTEPAJI, COOEPKAIIUN CUMBOJIBI
IOnukona, HEOOXOAUMO KOOABUTH TpedUKC U Iepe]; OTKPHIBAIOIIEN KaBBIUKOI.
Hanpuwmep:

s = u”Jalape\u00f1o0”

B Python 3 sToT npedukc MOKHO He YKa3bIBaTh (B JeHCTBUTEJIHLHOCTH €T0 Ha-
JMYrie IPUBOAUT K CUHTAKCUUYECKOIl OIITNOKe), IIOCKOJBbKY BCe CTPOKU yiKe MH-
Tepuperupyiorcsa Kak crpoku FOnukoma. B Bepcuu Python 2 sro moBemenue
MOYKHO UMUTHPOBATD, €CJIA BbIZBATh MHTEPIIPETATOP C KJIouoM -U (B 9TOM CJIy-
Yae BCe CTPOKOBBIE JIUTEPAJIBL OyAYT HHTEPIPETUPOBATHCA KaK cTpoKu FOHUKO-
Ia, 1 1pedUKC U MOXKHO OIIYCTHUTD).
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HesaBucumo or mcmosib3dyemoii Bepcuu Python skpaHmpoBaHHBIE IOCJEA0Ba-
TeabHOCTH \U, \U 1 \N u3 Tabs. 2.1 MOryT MCIIOJIb30BATLCSA AJIA BCTABKU IIPO-
U3BOJILHBIX CHMBOJIOB B CTPOKOBBIE JinTepasibl IOHUKOona. Kaskmomy cumBoy
IOHUKOMAa TPUCBOEH CBOIT K0006bLlL NYHKM, KOTOPHIH OOBIUHO MOXKET OBITH 3a-
nucaH Kak U+XXXX, rme XXXX — mocIe1oBaTeIbHOCTD 13 UeThIPEeX UJIu 0oJjiee IIecT-
HagmarepuuHbrx 1udp. (O6paTure BHUMaHUe: Takas hopMa 3allUCU HEe UMeeT
OTHOIIIEHUA K CUHTaKCUCy sA3bIKa Python, HO yacTo mcmoab3yeTcs AJs omuca-
Hus cumBoJioB IOHuKona.) Hampumep, cHMBOJI ¢ mMeeT KOAOBbIi myHKT U+00F 1.
OKpaHUPOBAHHAA IIOCJEI0BATEJIbHOCTDb \U HCIOJBb3YyeTCsd MIJs BCTABKU CUM-
BoJioB IOHMKOa ¢ KOLOBRIMU NYHKTaMu B quanasone ot U+0000 mo U+FFFF (ma-
npumep, \u00f1). DKpaHUpPOBAaHHAA IIOCJELOBATEIHLHOCTE \U MCIIOJIb3YyeTCA I
BCTaBKU cuMB0JIoB FOHUKOMA ¢ KofoBbIMU IyHKTamu oT U+10000 u BeImIe (Ha-
npumep, \U00012345). OTHOCUTEIHHO 3KPAHUPOBAHHOU MOCIENOBATEILHOCTH \U
Ba’sKHO OTMETHUTD, YTO CUMBOJIbI FOHMKO/1a ¢ KOZOBBIMU ITyHKTaMu BhIte U+10000
00BIYHO MOT'YT OBITH IPEACTaBJIEHBI B BIIe Iapbl CUMBOJIOB, KOTOpasa HA3bIBaeT-
cd cyppozamnoil napoii. ITa TeMa KacaeTcsa BHYTPEHHET0 IIPeICTaBJIEHU S CTPOK
Onukoga 1 mogpo6HO paccMaTpuBaeTcs B ryiaBe 3 « THUIILI JAaHHBIX U 00BEKTHI».

Kpowme Toro, cumBosbl OHUKOIA MMeIOT onucaTe/bHbIe MeHa. Eciu umsa cum-
BOJIa M3BECTHO, MOJKHO MCIIOJIb30BaTh 9KPAaHUPOBAHHYIO IIOCJIEI0BATEIbHOCTD
\N{umg cumsona}. Hammpumep:

s = u”Jalape\N{LATIN SMALL LETTER N WITH TILDE}o”

VicuepmbIBAIOIUI CIIPABOYHUK IO KOJOBBLIM ITYHKTAM ¥ WMEHAM CHMBOJIOB
MOYKHO HaWiTu no axpecy http://www.unicode.org/charts.

JOTIOTHUTEIHFHO CTPOKOBBIE JIUTEPAJIBI MOTYT IPEABaAPATHCA IPe(HUKCOM I MJIKI
R, mampumep: r’'\d'. Takue cTPOKM HA3LIBAIOT «CBHIPBIMU», TAK KAK B HUX CHM-
BOJIBI OOPATHOTO CJIAIIIa HE MMEIOT CIIeI[UaJbHOTO 3HAUEHUS, TO €CTh B TAKUX
CTPOKAaX HUKAKWEe CUMBOJIbI HE MHTEPIPETUPYIOTCA 0COOBIM 06pa30M, BKJIOUAA
¥ CUMBOJIBI o0paTHOoro ciamia. OCHOBHOE Ha3HAUEHME «CHIPBIX» CTPOK COCTOUT
B TOM, UTOOBI 00eCIIeYnTh BO3MOKHOCTE OIpeesIeHIA CTPOKOBBLIX JUTEPAJIOB,
T/le CUMBOJIBI O0OPATHOTO CJI3IIIAa MOTYT UMETh KaKOMi-TO APYyTroii cMbIcja. B Kaue-
CTBE IIPUMEPOB MOKHO IPUBECTY PETYISAPHEIE BEIPAIKEHNUA, UCIIOJIb3yeMbIe MO-
IyJieM re, Wiy uMeHa (hailjioB B onepannoHHoi cuctreme Windows (Hampuwmep,
r'c:\newdata\tests’).

«ChIpBIE» CTPOKM HE MOTYT COCTOATH M3 €IWHCTBEHHOTO CHMMBOJA OOPATHOTO
ciaria, r'\’. BHYyTpH «CBIPBIX» CTPOK 9KPAHUPOBAHHBIE IIOCJIETOBATEIHLHOCTH
BuAa \UXXXX IO-IpesKHEMY MHTEPIPEeTUPYIOTCA Kak cuMBOJbl OHUKOgA mpu
YCJIOBUU, YTO MOCJIeJOBATEIbHOCTD, CIeAYyIOIlasd 38 CUMBOJIOM \, MOKeT UHTeP-
IpeTupoBaThcA KaK KONOBBIN MyHKT. Hanpumep, auTtepas ur’\u1234” ompene-
JIsieT «ChIpyIo» cTpoKy IOHuMKoOma ¢ egMHCTBEHHBIM cuMBoJioMm U+1234, Torma
Kak JiurepaJt ur’\\u1234" ompezeaseT CTPOKY M3 CEMHU CHMBOJIOB, TIe IIePBbIe
JIBa CUMBOJIA — 9TO CHMBOJIBEI OOPATHOTO CJISIIA, & OCTAJbHBIE IIATH — JUTEPAJI
“u1234". Kpome TOro, B OIpeaeeHnsIX «ChIpbIx» cTpPoK IOHuKoma B Bepcuu Py-
thon 2.2 npepukc r goyKeH caemoBaTh 3a Mpe()uKCOM U, KaK IIOKa3aHO B IIPU-
mepax. B Python 3.0 mpedukc u ykassiBaTh He TpedyeTcs.

CTpOKOBBIE JIMTEPAJIbI HE JOJIKHEI COAEPIKATh OIPeNesIeHNA CUMBOJIOB B BUEe
ocJieoBaTeJIbHOCTEl 0AfTOB, COOTBETCTBYIOIINX CHMBOJIAM B OIpPee/IeHHOMR



54

[naBa 2. Jlekcn4yeckme 1 CUHTaKCMYeckme cornalleHmns

KomupoBke, Takoil kKak UTF-8 unu UTF-16. Hanpumep, Ipu MONbITKE BEIBECTH
«CBIPYI0» cTPOKY B KogupoBke UTF-8, manpumep ‘Jalape\xc3\xblo’, 6ymeT BbIBe-
JleHa CTPOKa u3 feBATu cuMBoJioB U+004A, U+0061, U+006C, U+0061, U+0070, U+0065,
U+00C3, U+00B1, U+006F, uTOo, BEpOATHO, HE COBCEM COOTBETCTBYET OXKUIAHUAM.
Heso B ToM, uTo B KogupoBke UTF-8 nByx6aiiToBas mocaeqoBaTeIbHOCTE \XC3\
xb1 momskHa mpencTaBiATh, cuMBoJ U+00F1, a He aBa cumBosa U+00C3 u U+00B1.
YT00BI OIpeNeJIUTh JUTEPAJ B BUAE KOAUPOBAHHOM IIOC/JIeL0BaATEILHOCTH Oaii-
TOB, HE0OX0AUMO 100aBUTH IpeduKc “b’, HampuMmep: b"Jalape\xc3\xb1o". B aTtom
cJaydae co3[aeTcsA CTPOKOBBII JIUTEPAJI, COCTOAIINI 13 IT0CIEJ0BATEIHHOCTH OT-
IeJbHBIX 0aNTOB. OTY IMOCJIEIOBATEILHOCTh MOYKHO IIPe00pPa30BaTh B OOBIUHYIO
CTPOKY, JeKOAMPOBAB 3HAUCHNE JINTEePaJia C 0aiTOBBIMU JAHHLIMU C IIOMOII[BIO
metozma decode(). ITogpoGHee 06 9TOM pacCKasbIBAETCS B IIaBe 3 U B riase 4
«OrmepaTopsl U BbIPAXKEHUI».

Hamo6HoCcTs B 6AMTOBRIX JINTEpaaX BO3HHUKAET KpaliHe PeqKo, IIOSTOMY JaH-
HBIN CUHTaKCHUC OTCYTCTBYET B BepcuAx Huike Python 2.6, Ho u B aT0i1 Bepcuu
He [eJIaeTCsA PasJudYri MeXKAy 0alTOBLIMU JUTepaaMu 1 cTpokamu. OmHAKO
B Python 3 GaiiToBble simTepasbl 0TOGpPaKalOTCA B HOBBIM THUI JaHHBIX bytes,
KOTOPBIU 10 CBOEMY IIOBEIEHUIO OTIINYAETCA OT OOBIYHBIX CTPOK (CM. IIPUJIOMKE-
uue A, «Python 3»).

KoHTenHepbl

3HaueHuns, 3aKJI0UYeHHbIe B KBaApaTHbIe [...], KpyrJible (...) uiau purypusie {...}
CKOOKM, 0003HAUAIOT KOJIJIEKIIUU 00'beKTOB, IIPeJCTaBJIeHHbIe B BUIe CIIVCKAa,
KOpPTe’Ka UJIN CJIOBApPs COOTBETCTBEHHO, KaK IMIOKa3aHO B CJIEAYIOIeM IIpuMepe:

a=1[1, 3.4, ‘hello’ ] # Cnucok
b= (10, 20, 30 ) # KopTex
c=4{"a:3 ‘b 42} # Cnosapb

JluTepaJsibl CIMCKOB, KOPTEJKell 1 CJIoBapeil MOTYT PacIoJiaraTbCs B HECKOJIb-
KUX CTPOKAX IMIPOTPaMMBbI, 0e3 MCII0JIb30BAHUA CUMBOJIA TPOJOIKEHNSA CTPOKK
(\). Kpome Toro, momyckaercs OCTABJIATH 3aBEPIIAIONIYIO 3AIIATYIO IIOCJE II0-
caenHero sjgemenTa. Hampumep:

a=1[1,
3.4,
‘hello’,

OnepaTopsbl, pazaenutenu
n cneumanbHble CUMBOSbI

B saswsike Python umeroTes ciaenyoIue onepaTopsl:
+ - * ok / // % <« >> & |
< > <= >= == = <> 4=
_= *= /: //: %= *x k= &= |: “= >>= KL=
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Cuenyrorue JIEKCEMBI UTPAIOT POJIb PA3EeJUTeNell B BRIPDAKEHUAX, CIIMCKAX,
CJIOBApPAX U B PA3JIUYHBIX YaCTAX MHCTPYKITUN:

cHy o1y 0 =

Hanpuwmep, 3HaK paBeHCTBA (<) OTAEIAET UM U 3HAUEHUE B OTIEPAIMAX IIPUCBA-
WBaHU, a 3anATad (,) UCIIOJIb3yeTCA IJIA Pa3esieHNs apI'yMEeHTOB IIPU BBI30BaX
(YyHKIMIT, DIEMEHTOB B CIMCKAX M KOPTeKaxX U Tak paJee. Touka () HCIOIB3Y-
eTcdA B OIPeIeIeHUSX YMCeJI C IIaBaloleil TOUKoi, a MHororouue (...) — B pac-
IIIMPEHHBIX OMEPAIIUAX CO CPe3aMMU.

Haxomner, Ccjlenyoonire CMMBOJIBI TAKX e IMEIOT CllIequaJIbHOe HasHAaYeHUe:
. « £\ @

CuMBOJIBI $ U ? HE UMEIOT CIIeaJIbHOT'O Ha3HAUYEHUA U He MOI'YT IIPUCYTCTBO-
BaTh B IIPOI'PaMMHOM KOJe, 3a NCKRJIIOUEeHNEM CTPOKOBLIX JIXTEPaJIOB.

CTpOKN [ OKYMEHTUPOBaHUSA

Ecau mepBoit MHCTPYKIMEH B ONIpefieIeHUU MOAYJisd, Kiacca uiau GQyHKIIUYT IB-
JISeTCS CTPOKA, OHA CTAHOBUTCS CTPOKOM JOKYMEHTHPOBAHUS, ONUCHLIBAIOIIEH
COOTBETCTBYIOIIUI 00BEKT, KAK MOKAa3aHO B CJAEAYIOIEeM IpruMepe:

def fact(n):
“9T1a ¢yHKUMS HaxoauT dakTopuan yucna”
if (n <= 1): return 1
else: return n = fact(n - 1)

CTpOKM JOKYMEHTHPOBAHUA WHOT/A UCIIOJIb3YIOTCA WHCTPYMEHTAMU IIPOCMO-
Tpa IPOrPaAaMMHOr0 KOJa WM aBTOMATUYECKOrO CO3JaHUS JOKYMEHTAI[UU. ITU
CTPOKHU JOCTYIHBI B Bue aTpubyTa __doc__ 06beKTOB, HallpuMep:

>>> print fact._ _doc__

9Ta dyHKUMS HaxoaMT GakTopuan uucna
>>>

K crporam [OKyMeHTHPOBaHUA IPUMEHAIOTCA Te Ke caMble IpaBuia oopm-
JIEHUA OTCTYIIOB, UTO U JJIA NPYTUX WHCTPYKIUH B onpeaesennn. Kpome Toro,
CTPOKA JOKYMEHTUPOBAHUSA HE MOYKET ObITh BIUMCJIAEMOIT NI U3BJIEKATHCA U3
nepemenHoU. CTPOKa JOKYMEHTUPOBAHUSA BCETJa OIpeAesiaeTca KaK CTPOKO-
BBIHA JIUTEpAaJI.

JlekopaTopbl

OmnpenenenusaM QPyHKIIUINA, METOLOB UM KJIACCOB MOJYKET IIPEAIIIeCTBOBATD CIIe-
IUaJbHBINA CUMBOJI, U3BECTHBIN KaK 0exopamop, 1eJib KOTOPOTO COCTOUT B TOM,
9TOOBI UBMEHUTH IIOBEJIEHUE OIIPEeJIeHNU A, CIeAYIONero 3a HuM. [leKopaTopsl
HAYMHAIOTCA C CUMBOJIA @ ¥ JOJIXKHBI PACIOJIATAaThCA B OTAEJIBbHOIN CTPOKE, He-
TIOCPEACTBEHHO IIepe]] COOTBETCTBYIOMIEeH (YHKIIMEH, MEeTOLOM HJIU KJIACCOM.
Hanpuwmep:
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class Foo(object):
@staticmethod
def bar()
pass

IMomyckaeTcs yKa3bIBaTh HECKOJIBKO JEKOPATOPOB, HO KAMKIbIN U3 HUX JOJIKEH
HaXOAUTBLCS B OTAEJNbHOU cTpoKke. Hampuwmep:

@foo

@bar

def spam()
pass

HomonHuTenpbHy0 MHGOPMAIIMIO O AeKOpaTopax MOYKHO HalTu B riaBe 6
«DyHrRIUKU 1 QYHKIMOHAJIBHOE IIpOrpaMMUpOBaHue» U B riaBe ( «Kiaccsr
1 00'bEKTHO-OPUEHTUPOBAHHOE IIPOrPAMMUPOBAHYIE.

KOJJ,I/IpOBKa CMMBOJI0B B UCXOAOHDbIX TEeKCTaXx

Wcxomuble TEKCTHI IporpamMm Ha si3bike Python o0bIuHO 3amucbIBalOTCA B CTAH-
maptHoi 7-6mToBoii KommpoBKe ASCII. OmHaxko moab3oBaTeau, paboTaIOIINe
B cpele ¢ nogaep:xkkoii FOHMKOZa, MOTI'yT IIOCUMTATEL 9TO OrPaHMYEHNEe Heymo0-
HBIM, 0COOEHHO KOTI'Za BO3HUKAET HeoOXOIMMOCTDL B CO3AAHNN OOJIBIIIONO KOJIU-
YeCcTBA CTPOKOBBIX JINTEPAJIOB C HAIIMOHAIbHLIMY CIMBOJIAMU.

fAseix Python mosBossieT sanuceiBaTh IPOrpaMMHBIN KO B IPYTOi KOJUPOBKE,
IJis Uero B IIEPBOM MJIKM BO BTOPOIl CTPOKE MPOTrpaMMBbI HEOOXOAUMO HOOABUTH
CHenUaJIbHBIA KOMMEHTAPU, YKAa3bIBAIOIIIUN TUII KOTUPOBKU:

#!/usr/bin/env python
# -+- coding: UTF-8 -x-

s = “Jalapefio” # CTpoka B KaBb4kax 3anucaHa HenmocpeacTBeHHO B koaumposke UTF-8.

Ilpu HaMTUUMU CIIeIMAaJIbHOTO KOMMEHTapus coding: CTPOKOBBIE JIUTEPAJIbl MO-
I'YT BBOAUTHCS HEIOCPEACTBEHHO C KJIaBUATYPhI, C IIOMOIILI0 TEKCTOBOI'O PelaK-
TOpa, IMOJIePKUBAIOIIEro TpedyeMmyo KoaupoBKy. OLHAKO Apyrue sJIeMeHTbI
mporpaMmbl Ha si3biKe Python, BKJIOUaA HAeHTUPUKATOPLI U 3ape3epBUPOBAH-
HBIE CJIOBA, JOJKHBI COePKaTh TOJIbKO cuMBoJIbI ASCII.



Tunbl gaHHbIX U 00beKTblI

Bce mamubIe, MCIOIb3yeMble B IporpaMMax Ha sa3bike Python, omuparores na
noHATHE 06Bekma. B uncyio 06 beKTOB BXOAAT TaKue GyHIaMeHTaJbHbIe TUIIBI
MaHHBIX, KaK YHCJa, CTPOKU, CIUCKKU ¥ cjoBapu. OLHAKO MMeeTCs BO3MOXK-
HOCTb OIIPEEeNIATh CBOU COOCTBEHHBIE O0BEKTHI B BUE KJiaccoB. Kpome Toro,
OOJIBITUHCTBO OG'HEKTOB HEPA3PBHIBHO CBIA3aHBI CO CTPYKTYPOM MIPOrpaMMbI
¥ BHYTPEHHUMU 0CO0eHHOCTAMY (DYHKIITMOHUPOBAHUA MHTEpIpeTaTopa. B aToit
TJIaBe ONMCHIBAETCSI BHYTPEHHEE YCTPOMCTBO Mogean 00heKTOB s3bIKa Python
¥ IIPUBOAUTCS 0030p BCTPOEHHBIX TUIIOB JaHHBIX. [lajbHeliIiee omrcaHue ome-
paTopOB U BhIpaKeHUI mpuBogUTCA B TyiaBe 4 «OmepaTopsl 1 BeIpaskeHus». I1o-
PAIOK CO3aHMA IT0JIH30BATEIbCKUX 00'HEKTOB ONMChIBaeTcs B IiaBe 7 «Kiaccst
¥ 00'bEKTHO-OPUEHTUPOBAHHOE TPOrPAMMUPOBAHLE.

TepMuHonorus

JI:06011 51eMeHT JaHHbBIX, UCIOJIb3yeMblIii B mporpaMmme Ha sa3bike Python, ssis-
erca o0beKToM. KarKablii 00beKT MMeeT CBOIO UIAeHTUUYHOCTD, TUII (MJIX KJIace)
u 3HaueHue. Hanpumep, Korza B mporpaMMe BCTpedYaeTcsad MHCTPYKIUA a = 42,
MHTEPIIPETATOD CO3IAET LIEJIOUNCIEHHBIN 00 beKT co 3HaueHreM 42. Bbl MoskeTe
paccMaTpuBaTh udeHMuULHOCMb 00bEKTa KaK yKasaTeJlb Ha 00JIacTb NaMATH,
e HaXOAUTCA O0BEeKT, a UAEHTU(PUKATOP a — KaK UMs, CChlIaoIlleecs Ha 9Ty
00J1aCTh TAMSATH.

Tun, nnu kaacc o6beKTa OIIpeiesisieT ero BHyTpeHHee IpeAcTaBIeHe, a TaKKe
MEeTOABI U OIlepaliiui, KOTOpble UM Ioanep:KuBaioTcAd. O6beKT OmpeaeieHHOTO
THUIIA WHOTJA HA3BIBAIOT dK3eMNAAPOM dTOro Tuma. Ilocie codganusa o6bEeKTa
ero UAEHTUYHOCTL 1 THUII He MOI'YT ObITh M3MeHeHLI. Eciu 3HaueHme o0beKTa
MOJKET U3MEHATHCHA, TAKOM 00bEeKT HAa3hIBAIOT U3MeHAseMmblm. Eeiiu 3HaueHne He
MOYKeT ObITh U3MEHEHO, TAKOI 00'beKT HA3BIBAIOT Heusmernsemovim. O0bEKT, co-
JEPKaIUI CCHLIKY Ha IPYyrue 00'beKThl, HA3bIBAECTCA KOHMEUHepOM, UIU KO-
JeKyueltl.

BonbmuHCTBO 00BEKTOB 061aaI0T OIpeAeIeHHBIM KOJNYECTBOM aTpuOyTOB
U MeTOomoB. Ampubym — 9TO 3HaUeHWe, CBA3aHHOE ¢ 00beKTOM. Memod — 3To
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(GYHKIMS, BRITTOJIHAIONAS HEKOTOPYIO OMEePaI[iio HaJ 00beKTOM, KOTr/a BHI3hI-
BaeTcs, Kak Qyukinusa. O6palneHue K aTpudyTaM U METOAaM BBITIOJIHAETCS C I10-
MOIIBIO OllepaTopa TOUKH (.), KaK IOKa3aHo B CJIEeLYIOIeM IpuMepe:

a =3+ 14j # CospaeTcs KOMMNNEKCHOe YMCno
r =a.real # VaBnekaeTcsa AeNCTBUTENbHAS YacTb (aTpubyT)

b =1[1, 2, 3] # CospgaeTca cnucok
b.append(7) # C nomoubi meToma append B KOHEeL Crnucka
# n00aBNAETCA HOBbII ANEMEHT

NoeHTUYHOCTb 1 TUN obbekTa

N neHTUYHOCTS 00'bEKTA, B BUE II€JIOTO UKCJIA, MOKHO IMOJYUYUTH C TTOMOIILIO
BCcTpoeHHOU (PYHKHuM id(). OGBIYHO 3TO IEJ0€ UKCJIO COOTBETCTBYET aapecy
o6JacTu MaMATH, T/ie HAaXOAUTCA 00bEeKT, OHAKO 9TO SBJIAETCS JIUIIH 0COOEH-
HOCTBIO HEKOTOPBIX peasmsanuii Python, mosTomy He ciaemyeTr mejaTh HUKA-
KHUX IPEINOJIOMKEHUN 0 IPUPOoJe IIPOUCXOKIeHusa uiaeHTuuHocTu. Omepatop
is cpaBHUBaeT MOEHTUYHOCTHU JBYX O00BEKTOB. BerpoeHHasa GyHKIuS type()
BO3BpalraeT TUI o0beKkTa. Huike IpUBOAATCA IPUMEPHI PA3JIUUYHBIX CIIOCOO0B
CPaBHUBAHUS ABYX 00'EKTOB:

# CpaBHeHue [BYX 00bekTOB
def compare(a,b):
if a is b:
# a v b cchnanTcd Ha OAWH WM TOT Xe 00bekT
MHCTDYKUMN
if a == D:
# 00bekTb a U b UMenT 0fMHaKOBbIE 3HAYEHWS
MHCTDYKUMN
if type(a) is type(b)
# 00beKTb a W b MMENT OAMH W TOT Xe Tun
MHCTDYKUMN

Tum o6pexTa caMm 1o cede ABJIsIeTCA 00beKTOM, KOTOPBINT HAa3bIBAETCA KJIACCOM
00'beKTa. ATOT 00BEKT VHUKAJICH U BCErIa OOUH U TOT JKe JJIA BCeX DK3EeMILJIs-
poB mauHOro THNA. I10 9TOM IIPUYNHE TUIILI MOYKHO CPABHUBATD C IIOMOIIILIO OIIe-
paropa is. Bce 06 beKTHI TUIIOB UMEIOT MMEHA, KOTOPbIe MOYKHO HCIIOJIb30BATh
IpY IPOBEPKeE TUIA. BOJBIIMHCTBO 3TUX UMEH, TaKuWe Kak list, dict u file, aB-
JISIOTCS BCTPOeHHbIMU. Hampumep:

if type(s) is list:
s.append(item)

if type(d) is dict:
d.update(t)

ITockonbKy THUIIBI MOT'YT PACIIUPATHCA 3a CUET OIpeJeseHus KJaccoB, IIPO-
BEPKY THUIOB JIyYIlle BCEr0 BBIMOJHATL C IIOMOIIBIO BCTPOEHHOU (GOYHKIIUK
isinstance(object, type). Hampumep:

if isinstance(s,list):
s.append(item)
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if isinstance(d,dict):
d.update(t)

®dyurmusa isinstance() y4uTsIBaeT BOSMOYKHOCTD HACJIEIOBAHUSA, IIO9TOMY OHA
ABJIAETCS IPEANOUYTUTEJIbHBIM CIIOCOO0OM IIPOBEPKM THUIA JIIOO0ro 00BeKTa
B A3bIKe Python.

XoTsI MpoBepKa TUIOB OOBEKTOB SIBJIAETCS JIETKOJIOCTYITHOU oIlepalineil, TeM
He MeHee OHa He TaK IoJiedHa, KaK MOYKHO OBLIO ObI ITOAyMaTh. BO-IIEPBBIX,
WBJINIITHUE IIPOBEPKY BEeAYT K CHUKEHUIO IPOU3BOAUTEIHLHOCTUA IIPOTPAMMBIL.
Bo-BTOpHIX, B IpOrpaMMax He BCeT[ja OIPEeNeIATCA 00beKThI, KOTOPhIE UEeT-
KO YKJAJbIBAIOTCA B Mepapxuio HacjemoBaHud. Hampumep, 1eJb IIPOBEPKU
isinstance(s,list) B mpeabIAyIlleM IIPUMeEPe COCTOUT B TOM, UTOOBI yOE€IUTHCS,
YTO 00'BEKT «HAIIOMUHAET CIIMCOK», HO 9TOT IIPUEM He TOAUTCS JJIs TPOBEPKU
00'bEKTOB, KOTOPbIe UMEIOT TaKOIl Ke IPOrpaMMHBIN MHTepdeiic, YTO U CIu-
CKHU, HO HAIPAMYIO He HAcCJeqyIOT BCTPOeHHbIH Tun list. C gpyroii CTOPOHHI,
IIPOBEPKA TUIIOB O0'bEKTOB MOXKET IPUTOAUTHCA B CIydae, €CJIU B IpOrpaMMe
ompenenasoTca abcTpaKTHBIE 0a30Bble Kjaacchl. [lonpobHee 06 9TOM pacCKasbI-
BaeTcsd B IJ1aBe 7.

MopcueT ccbinok 1 coopka Mmycopa

JIJIH BCeX 00'EKTOB B IIporpamMmme BegeTcsd II0ACUET CCHIJIOK. CYeTYUK CCHIJIOK Ha
00'BEKT yBeJInuuBaeTCcA BCAKUN pa3, Korga CChblJIKa Ha 00'BEKT 3aIMChIBAeTCA
B HOBYIO IIEPEMEHHYIO UJIN Korga 00BEKT IIoMeniaeTcda B ROHTefIHep, TaKoOU KakK
CIINCOK, KOPTEeX UJIU CJIOBAPh, KAK IIOKa3aHO HUXKe:

a = 37 # CospaeTtcs 00bekT co 3HayeHunem 37

b=a #f YBENMYMBAET CYHETUYMK CCHNOK Ha 00bekT 37
c=1[]

c.append(b) # YBennymBaeT CHETHMK CCHNOK Ha 00bekT 37

B sroM mpumMepe co3gaeTrcs eqMHCTBEHHBIN 00bEKT, COep KAl 3HaueHue 37.
a, — 9TO BCEro JMIIb MMs, CChLIAoIeecs Ha Co3maHHbIi 00beKT. Korma mepe-
MEeHHas a IPHCBAMBAETCS IIEPEMEHHOI D, b CTAHOBUTCS eIlle OSHHM MNMEHEeM
TOT'O K€ CaMOr'o 00'beKTa, IIPU 9TOM CUETUNK CChLIOK HA 00'bEKT YBEeJINUNBACTCS
Ha 1. TouHO TaK »Ke, KOr[a IepeMeHHas b IOMeI[aeTCA B CIUCOK, CUETUUK CChI-
JIOK YBeJINUYNBaeTCsa HA efuHUIly. Ha IpoTAKeHNN BCEero MpuMepa CyIlecTByeT
TOJILKO OJJVH 00'BEKT, COflepiKaluil sHaueHne 37. Bece ocTaabHbIe OIEpaIiiu MPo-
CTO MPUBOAAT K CO3JJaHUIO HOBBIX CCBLJIOK Ha HETO.

CueTUunK CChLIIOK YMEHBIIIAeTCH, KOT/Ia BBIShIBAETCA NHCTPYKIUA del Win Korga
TIOTOK BBITIOJIHEHUA MOKKUAET 00/1aCTh BUAUMOCTH CCHIIKY (MJIU IIPU IIPUCBAU-
BaHUHU APYyroro 3HaueHus). Hanpumep:

del a #f YMeHbWAeT CYEeTYMK CCHNOK Ha 00bekT 37
b = 42 # YMeHbUWaeT CYEeTYUK CCHIOK Ha 00bekT 37
c[0] = 2.0 # YMeHbWwaeT CYETHYMK CCbHIOK HA 00bEKT 37

OmpenenuTh TEKyIllee KOJUYECTBO CChIJIOK HA 00bEKT MOMKHO C TIOMOIITBIO (DYHK-
muu sys.getrefcount(). Hampumep:

>>> a = 37
>>> import sys
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>>> sys.getrefcount(a)
7
>>>

Bo MHOruUX ciiy4yasx KOJUYECTBO CCHLIOK OKAa3bIBA€TCA HAMHOI'O OOJbIIE, YeM
MOYKHO OBLIO OBl IPEANOJONKUTE. [/ HeM3MeHAeMbIX TUIIOB JaHHBIX, TAKUX
KaK 4Ymucjaa ¥ CTPOKU, WHTEPIPETATOP BeChbMa aKTHBHO CTPEMUTCS UCIOJIH30-
BATh B PAa3HBIX YACTSAX MPOTPAMMBI OJUH U TOT Ke 00beKT, YTOObl YMEHBIIUTH
00'beM IIOTPebIIe MO HaMATH.

Korzpa cueTynk cCBIIIOK HA 00'bEKT JOCTUTAET HYJIA, OH YHUUTOXKAETCA COOPIIH-
KoM Mycopa. OMHAKO B HEKOTOPBIX CAYYasaX MOTYT BOBHUKATDH ITUKJIUUYECKIUE
3aBHCUMOCTY MEX Y KOJJIEKIUAMU 00 beKTOB, KOTOPhIe 0OJIbIIe He NCIIONb3Y-
forca. Hampumep:

a={}

b={}

a['b’]l =b # a COAepXuT CChiaky Ha b
b[‘a’] = a # b comepxuT cchaky Ha a
del a
del b

B sToM npumepe MHCTPYKIUA del YMeHBITAeT CUETUUKU CCHIIOK Ha O0BEKTHI
a M b M YHUYTOXKAET UMeHa, CChlJIaBIINecda Ha 00beKTH B naMATu. OqHaKO 110~
CKOJIBKY OO'BEKTHI COEPIKAT CCHLIKU APYT HAa JPyra, CUETUYNKYU CCHLIOK HE J10-
CTUTAIOT HYJA U 00BEKTHI IIPOJOJIIKAIOT CYIIECTBOBATE (UTO IPUBOAUT K yTEU-
Ke maMsaTu). YToObkl MCIPABUTH 3TY MPOOJIEeMY, UHTEPIIPETATOP IePUOJUUECKU
BBITIOJIHSAET IIPOBEPKY HAJMUUA IUKJINYECKUX 3aBUCUMOCTEI, OTHICKUBaET
TaKue HeJOCTYIIHbIe 00'bEKTHI U yAa deT nX. MexaHu3M IMOUCKAa IIUKJINUYECKUX
3aBHUCUMOCTEN 3aITyCKAeTCA IEPUOJUYECKU, KAK TOJHKO MHTEPIpeTaTop obHa-
PYsKHBAET, UTO B IIPOIIECCE BBITIOJHEHU ITPOrPaMMbI 00'beM 3aHUMAaeMOM maMsi-
TV HaunHaeT pacTu. TouHOe MoBeJeHNe MeXaHu3Ma MOKeT KOPPEKTHUPOBATHCH
¥ YIOPAaBJIATHCA C TOMOINbI0 (GYHKIIUN M3 MOAYAA gc (cMm. riaBy 13, «Cirysk6br
Python BpemeHU BHIIOSTHEHUA»).

CcbINKn n konumn

Korga B mporpaMme BHIIOJHAETCS IPUCBaUBaHME, TaKoe Kak a = b, co3maer-
cs HOBaf CCBHLIKA Ha b. [l Hem3MeHAeMbIX 00bEKTOB, TAKUX KaK YUCJa WU
CTPOKH, TaKOe IprcBamBanue (haKTUUECKHU CO3JaeT Komuio oobexTa b. OguaKo
JUIST UBMEHSEeMbIX 00'beKTOB, TAKUX KaK CIMCKU WU CJIOBAPH, IPUCBaAUBAHUE
BBITIOJIHSAETCS coBepIiienHo nHave. Hanpumep:

>>>a = [1,2,3,4]

>>> b = a # b - 3TO ccbiKka Ha a

>>> b is a

True

>>> b[2] = -100 # WN3MeHeHne anemeHTa cnucka b

>>> a # 06paTuTe BHUMAHWE, 4YTO CMUCOK a Takxe W3MEeHUNcs

[1, 2, -100, 4]
>>>
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B sToM mpumepe nmepeMeHHBIE a U b CChLIAIOTCA HA OOUH U TOT JKe O0BEeKT, I10-
9TOMY W3MEHEHUsd, ITPOU3BeeHHbIe B OMHOI ITepeMeHHOM, MOKHO Ha0J I0AaTh
B npyroii. YToObI n36erKaTh 9TOro, He0OXOAUMO BMECTO HOBOU CCBHIIKU CO3AATh
KOIIMIO CaAMOTO 00'beKTa.

K xoHTeliHepHBbIM 00bEKTaM, TAKUM KaK CIHUCKU UJIU CJI0BAPH, MOYKHO IIPUMe-
HUTH JBa BHJa KONUPOBAHUA: IOBEPXHOCTHOE KOIIMPOBAHUE U IVTYOOKOE KOIIU-
poBauue. Ilpu nogepxrnocmrom Konupoganuu co3naeTcsd HOBBIA 00'bEKT, HO OH
OyZeT 3aII0JTHEH CCHLIIKAMU Ha 5JIeMeHTHI, KOTOPhIE COJIePIKAINCh B OPUTUHATIE.
Hanpuwmep:

>>>a=1[1, 2, [3,4] 1]

>>> b = list(a) # CospaHne NOBEPXHOCTHOW KOMMM crnucka a.

>>> b is a

False

>>> b.append(100) # JlobaBneHve HOBOrO aneMeHTa B CMNUCOK D

>>> b

[1, 2, [3, 4], 100]

>>> a # 06paTuTe BHWUMAHWE, 4YTO CMNNCOK a He W3MEeHWNcs
[1, 2, [3, 4]]

>>> b[2] [0] = -100 # lamMeHeHne anemeHTa B cnucke b

>>> b

[1, 2, [-100, 4], 100]

>>> a #t 06paTuTe BHMMaHME, HTO M3MEHMICHA W CMNUCOK a
[1, 2, [-100, 471]

>>>

B narHOM ciryuae a 1 b IIpeACcTaBIIAIOT IBA HE3aBUCUMBbIX CIMCKA, HO 9JIEMEHTHI,
cojeparalecs B HUX, ABJISIOTCA o0uMu. [loaToMy nsMeHeHne OHOT'O U3 dJIe-
MEHTOB B CIIMCKE 4 IIPUBOAUT K U3MEHEHUIO 3JIeMEeHTa B CIIMCKe D.

IIpu enyborom Konuposaruu cosraeTcsa HOBBIM 00bEKT U PEKYPCUBHO CO3IAI0T-
CcA KOINU BCeX 00'BEKTOB, COAEPsKAIUXCs B opurnHasie. B sspike Python mer
BCTPOEHHOHN (PYHKIINU, BHIIOJHSIONIEHN IIy60Koe KonupoBaunue 00beKToB. O-
HAKO B CTAHIAPTHOM GMOJMOTEKe CYIecTByeT (DYHKIIUA copy.deepcopy(), mIpu-
Mep UCIIOJIb30BAHUS KOTOPOI MPUBOAUTCS HUMKE:

>>> import copy

>>> a =[1, 2, [3, 4]1]

>>> b = copy.deepcopy(a)

>>> b[2] [0] = -100

>>> b

[1, 2, [-100, 4]]

>>> a # 006paTuTe BHMUMAHWE, 4YTO CMNUCOK a He M3MEeHWNcs
[1, 2, [3, 4]7]

>>>

OO6beKkTbl NepBoOro kKnacca

Bce 06beKTHI B si3biKe Python MoryT GBITH OTHECEHBI K 00beKTaM IIePBOro KJac-
ca. 9TO 03HAYAET, UYTO BCe O0HEKTHI, MMEOII[1e UIeHTU(DUKATOD, NUMEIOT OANHA-
KOBBIiI cTaTyc. ITO TaKIKe 03HAUAET, UTO BCE O0BEKTHI, MMEIOIIIe UAeHTU(DUKA-
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TOpP, MOXKHO MHTEPIPETHPOBaTh, KaK AaHHble. Hampumep, HUKe IIPUBOIUTCS
TIPOCTOM CJIOBAPh, COAEPIKAIIUI 1BA SHAUEHUA:

items = {
‘number’ : 42
‘text’ : “Hello World”

}

«ITepBOKJIACCHYI0» TIPUPOAY O0BEKTOB MOYKHO HAGIIOMATh, €CJAM IOIMPOOOBATH
I00aBUTH B 3TOT CJIOBAPh HECKOJIbKO HEOOBIUHBIX dJieMeHTOB. Hampumep:

items[“func”] = abs # [lobasnseTcs OyHkuMs abs()
import math
items[“mod”] = math # JllobaBngeTca Moaynb

items[“error”] = ValueError # [lobaBnaercd Tun UCKOYEHNS
nums = [1,2,3,4]
items[“append”] = nums.append # [lobaBngeTcs MeTon APYroro obbekTa

B sTOM mpumMepe B CI0Baph ObLIN HOOABJIEHBI DYHKIMS, MOAYIb, UCKIIOUCHUE
¥ MeTO[ Ipyroro oobekTa. IIpu sKeIaHuy MOMKHO OOPATUTHCS K 9JIeMEHTaM CJIO-
Baps BMECTO OPUTHUHAJBHBIX 00bEKTOB, U TaKOU KoJ Oyzer paboraTh. Hampu-
Mep:

>>> items[“func”](-45) # BbizoBeT OyHKUMO abs(-45)

45

>>> items[“mod”].sqrt(4) # BbizoBeT ¢yHkumio math.sqrt(4)
2.0

>>> try:

x = int(“a lot”)
. except items[“error”] as e: # MgeHTuyHa uHCTPykuMn except ValueError as e
print(“Couldn’t convert”)

Couldn’t convert

>>> items[“append”](100) # BbizoBeT meTon nums.append(100)
>>> nums

[1, 2, 3, 4, 100]

>>>

ToT (axT, uTo Bce 00beKTHI B A3biKe Python aBiasAroTcs o0beKTaMH IEpPBO-
ro KJacca, 3auyacTyl HeIOOIleHMBAeTCs HAUMHAIOIIUMH IIPOrpaMMUCTAMMH,
TOr[ja KaK 9TO MO3BOJSET IHCaTh OUYeHb KOMITAKTHBIE WM THOKME IIporpam-
Mbl. Hampumep, IpeAIoOIOKAM, UTO MMEETCS TEKCTOBas CTPOKa, TaKasd Kak
“G00G,100,490.10", u BaM HEOOXOZUMO IIPEBPATUTH €€ B CIUCOK IIOJIEl, ITOIYTHO
BBITIOJTHUB HEO0OXOAMMbIe ITPeo0pa3oBaHuA TUNOB. Hu)Ke IPpUBOAUTCA IPaMOT-
HBIM CIIOCO0 peaju3aluy TAKOro IIPeoOpa3oBaHUA: CO3LAETCSA CIIUCOK THUIIOB
(KOTOpBIE TaKKe SABJISIOTCA 00beKTaMU IePBOr'0 KJAacca) W BBIMOJHSETCS He-
CKOJIBKO IIPOCTHIX OIlepaIlnii o 00paboTKe CIHcKa:

>>> line = “G00G, 100, 490.10"

>>> field_types = [str, int, float]

>>> raw_fields = line.split(‘,”)

>>> fields = [ty(val) for ty,val in zip(field_types, raw_fields)]
>>> fields

[*GO0G", 100, 490.10000000000002]

>>>
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BCTpoeHHble TUMbI NpeacTtaBJieHNdA OaHHbIX

B assike Python cyimiecTByeT 0K0J10 [ecATKA BCTPOEHHBIX TUIIOB JaHHBIX, KOTO-
PbIe UCIIOJIBL3YIOTCA AJIs IPEJICTaBIeHUA OOJIBINNHCTBA JAHHBIX B IIPOTPaMMax.
ITU TUIIBI CIPYNIINPOBAHBI B HECKOJIBKO OCHOBHBIX KaTeropuii, KaK MOKa3aHO
B Tabi. 3.1. B konouke «/Mma Tunas nepeyncaeHbl UMeHA U BhIPAKEHUA, KOTO-
pble MOYKHO UCIOJIB30BATH [JJIA IPOBEPKY IPUHALIEKHOCTY K TUITY C TIOMOIIBIO
TakuxX QYHKIUN, Kak isinstance(). HekoTopble TUIIBI JAHHBIX IPUCYTCTBYIOT
TOJILKO B Bepcuu Python 2, — oHUM 0TMeUeHBI COOTBETCTBYIOIIIUM 06pasom (B Py-
thon 8 aTu TUNBI He PEKOMEHAYIOTCA K MCI0JIb30BAHUIO WX ObLIY MOTJIOIEHbBI
IPYTUMU TUIIAMU).

Tabauya 3.1. BempoenHble munst npedcmasieHus O0AHHbLX

Karteropus Tumnos Wmsa tuna Onucanue
None type(None) ITycroit o6BexT None.
Yucna int Ilensle uncaa
long ITenble urcaa TPOU3BOJIBHON TOUHOCTH
float (ronsko B Python 2)
complex Yucaa c naaBaoleil TOUKoi
bool KommiekcHbIe ynciIa
Jlornueckue suauerus (True u False)
ITocnenoBarenbpHOCTH | Str CTpoOKY CUMBOJIOB
unicode Crporu cumBosoB FOHUKOzAA (TOIBKO
list B Python 2)
tuple Croucku
xrange Koprexu
JmanasoHsbl IeJIbIX YKUCes, CO3LaBaeMble
dbyuruueit xrange() (8 Bepcuu Python 3
Ha3bIBAETCA range)
OTobpaskeHusd dict CioBapu
MHokecTBa set VsmeHnsieMble MHOKECTBA
frozenset HensmeHnseMble MHOXKECTBA

Tun None

Tum None MCIOJB3YeTCs NJISA MPEACTABICHUSA MYCTHIX 00HEKTOB (00BEKTOB, He
uMeIux 3Havenuit). B sspike Python cyirmecTByeT poBHO OAMH HyCTOH 06B-
€KT, KOTOPBIH B IporpaMMax 3amuchkiBaeTcsa Kak None. 3TOT 00'beKT BO3BpAIIla-
ercs PYHKIUSIME, KOTOPbIe He UMEIOT IBHO BO3BpaliaeMoro sHadenusi. O6beKT
None 4acTo MCIOIB3yeTCs KAaK 3HAUEHMEe 10 YMOJUAHWIO I Heo0sa3aTeIbHbIX
apryMeHToOB, Oyiarogapsi ueMmy (DyHKIIVSI MOKET OIPeAe/NTh, ObLIU JIU Iepera-
HBI (DAKTUUECKUe SHAUEeHUs B TaKuX aprymentax. O0beKT None He mMeeT aTpu-
OyTOB U B JIOTMYECKOM KOHTEKCTe OlleHUBAeTCA KaK 3HaueHue False.
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Yucnosblie TUMbI

B saseike Python umcmosnb3yerTcss msiTh YMCJIOBBIX TUIOB: JIOTMUYECKUI, IleJble
quciia, OJIUHHBIE IIeJIble YNMCJa, YUCa C IIJIaBaoIlell TOYKON U KOMILJIEKCHbBIE
yucsa. 3a UCKJIIUYEHNEM JIOTHYEeCKUX 3HAUEHU A, BCEe OCTAJIbHbBIE UNCJIOBBIE 00b-
eKTHI IIPeJICTAaBJAIOT YHCJIa CO 3HAKOM. Bce uMcIoBbIe TUNIBI OTHOCATCSA K pas-
pALYy HEU3MEHIEeMbIX.

JlormyecKu#l TN IpeACTaBJIEH ABYMs 3HaueHuaAMM: True u False. mena True
u False oToOpaskaroTca B unucaoBble 3HaueHuA 1 u 0 coorBeTcTBeHHO. [emounc-
JIEHHBIH TUTI IIPEICTaBJAET AUAa30H uuces oT —2147483648 mo 2147483647 (wa
HEKOTOPBIX allapaTHbIX apXUTEKTypax STOT AUATA30H MOMKET OBbITH IIIUPE).
Tun AAVUHHBIX IeJbIX YHUCeJ CII0CO0eH MPEeCTABIATh YKUCIa HeOrpaHUUEHHOH
BeJIMUYUHBI (OrpaHUUYEHNEe HaKJIa[bIBA€TCS TOJHBKO 00'beMOM JOCTYITHOM IaMsi-
). [Jaske Ipu TOM, UTO CYIIIECTBYET ABa IEJOUYNCIEHHBIX TUIIA, TeM He MeHee
unTepuperarop Python crapaercs cKpbeITh MMeoInueca pasaunuusa (haxTude-
cku, B Python 3 atu nBa Tuna 6uliu 00beqUHEHBI B 0fuH). IloaTOoMy, eciix BaM
JI0BeleTCs YBUAETHh B IIPOrPAaMMHEOM KOJle YIIOMUHAHNE O TUIIE AJUHHBIX IEeJIBIX
yurces, B OOJBIIUHCTBE CJIyYaeB 9TO CBUAETEIbCTBYET JUIh 00 0COOEHHOCTIX
peasusaiuu, KOTOPbIe MOKHO UTHOPUPOBATD, — IIPOCTO UCIIOJIB3YITe IeJI0UNC-
JIEHHBIN THUII BO BCEX OIlE€PAIUAX HAJ [eJbIMU YrucIaMu. EINHCTBEHHOE UCKJIIO-
YeHMe COCTABJIAET CJIydYall IMPOBEPKYU IPUHAJIEKHOCTA 3HAUEHUS K IIeJIOUNC-
seaHomy Tuiy. B Python 2 Beipaskenue isinstance(x, int) Bepuer False, ecau x
ABJIAETCSA JJINHHBIM IEJIBIM YHCJIOM.

Yucsa c miaaBarolieil TOUYKoi B s3bike Python mpeacraBieHbl 0OBIYHBIMU YUC-
JlaMU C IIJIaBaloIllell TOUYKOH ABoiiHOI TouHOocTHu (64 Gura). Kak mpaBuo, aTo
npexacrasyenue coorBercTByeT crangapty IEEE 754, KoTopkhlil mo3BoJAeT 00e-
CIIeYynBaTh IIPeCTaBJIeHNEe IPUMEPHO 17 3HAUMMBIX Pa3pANOB, C 9KCIIOHEHTON
B quanasoHe oT —308 g0 308. 9To MOJTHOCTBIO COOTBETCTBYET TUNY double B I3bI-
ke C. fsuik Python me moamep:kuBaer 32-0UTHBIE YKCJIA C ILIABAIOIIEH TOUKOMR
oAMHAPHOI TouHOCTU. Ec/aM B mporpamMmMe moTpeGyeTcss UMeTh BO3SMOYKHOCTH
00Jiee TOUHO YIPABJIATH TOUHOCTHIO IPEACTABIEHUA UNCEJ U 00'bEMOM 3aHU-
MaeMOll UMM ITaMATH, MOMKHO BOCIIOJIb30BAThCA PacCIIUpeHmeM numpy (KoTopoe
JIOCTYIIHO II0 azxpecy: hittp://numpy.sourceforge.net).

KomMmiiekcHbIe Unca IpeicTaBIeHbI TapaMU YHCeI ¢ IJIaBaoIIei TOuKoi. [eit-
CTBUTEJIbHAA U MHUMAaA YaCTH KOMILJIEKCHOTO YHCJIa Z JOCTYIIHBI KaK aTPu0y ThI
z.real u z.imag. Metog z.conjugate() Bo3BpaIllaeT CONpPAKEeHHOe 3HAUEHNEe KOM-
IJIEKCHOT'O urcJja 7 (CONPAKeHHBIM 3HaUeHUEeM AJidA a+bj 6ymeT a-b7j).

YuciioBble TUIILI 001a1aI0T CBOMCTBAMY U METOLAMMU, IPEIHASHAYCHHBIMU IJIS
YIIPOLIeHUA apu(PMETUUECKUX OINEepaIluii HaJ CMEIIaHHBIMU TUIIAMU YUCEJI.
711 COBMECTUMOCTH C PAI[MOHAJBHBIMU YKUCJIAMHU (9TOT THUI OIIPEIeeH B MO-
nyne fractions) mesble ymcJia MMEIOT cBoMcTBa numerator m denominator. s
COBMECTUMOCTH C KOMIIJIEKCHBIMM UKCJIAMU IeJible YKcjIa 1 YHucJa C IIJIaBaio-
el TOUKOI MMEIOT CBOICTBA real m imag, a TaksKe meTon conjugate(). Hucio
C ILJIABAIOIIE TOUKOM MOXKeT ObITh IIPeoOpa30BaHO B IIAPY IEJIbIX YKCeJI, IIPe-
CTaBJIAIOIINX IP00b, C IIOMOIILIO MeToAa as_integer_ratio(). Merox is_integer()
IIPOBEPSAET, MOYKHO JU IIPEICTAaBUTH UMCJO C ILJIaBaoOIleidl TOUKON KakK Iiesioe
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suHauenue. Metoxasl hex() u fromhex() MOT'YT MCIIOJIb30BAThCA AJIA 00PAOOTKY UM-
ceJI ¢ TIJIaBaoIlell TOUKON B HUBKOYPOBHEBOM JBOMYHOM IIPECTABICHUU.

B 0u0aroTeUHBIX MOAYJISAX OIpPeAe/IeHbl HEKOTOPhIE MOIIOJHUTEJIbHBIE YKCJIO-
Bble Tumbl. Moayab decimal obecmeunBaeT HMOAAEPIKKY OOOOIIEHHOM MeCaTUY-
HOM apudpmeruru. Moaynas fractions ompegesseT THUII PAIlMOHAJBHBIX UKCEJI.
TToapoGHee T MOAYIN paccMaTpuBaioTcA B riiase 14 «MaTemarukas.

MocnepoBaTenbHOCTU

ITocaedosamebHocmu WCIOJIb3YIOTCA AJS IPEACTABJIEHUS YIIOPIIOYEHHBIX
MHOKECTB 00'bEKTOB, DJIEMEHTBI KOTOPBIX HMHIEKCUPYIOTCS I€JIBIMU IIOJIOMKU-
TeJbHBIMU uucjaMu. K 9TOll KaTeropum OTHOCSATCSA CTPOKHU, CIIMCKU W KOPTe-
sku. CTPOKHU — 5TO MOCJIEA0BATEILHOCTA CUMBOJIOB, a CIIUCKY U KOPTEXKU — DTO
IIOCJIEIOBATEIbHOCTH ITPOU3BOJIBLHBIX 00beKTOB. CTPOKY M KOPTEMKU OTHOCSTCS
K paspsny HeM3MeHIEeMBIX 00'beKTOB; CIIUCKH JIOMIYCKAIOT BO3MOYKHOCTD 100aB-
JICHNsI, yAAaJIeHUus U M3MEHEHHUs CBOUX 3JIEMEHTOB. Bce MOCIe0BATEILHOCTH
MO IEPKUBAIOT UTEPAIIHN.

Onepauuu, obwue ons Bcex TUNOB NnocsiefoBaTeNbHOCTEN

B rab6ia. 3.2 mepeuncieHbl oIepaTopbl 1 METObI, KOTOPbIE MOT'YT IIPUMEHATh-
¢4 K JIIOOBIM THIIAM IIOCJIeoBaTeIbHOCTEMH. [IoyuynTh JOCTYII K I-My 9JIEMEHTY
TIOCJIeIOBATEJIBFHOCTH S MOJKHO C IIOMOIIBIO OllepaTopa MHIeKCUpoBaHUA S[1].
Bri6paTs ¢parmMeHT mocJieoBaTeIFHOCTH MOJKHO C IIOMOIIBIO OIlepaTopa cpesa
s[1:j] miu ero pacmiupeHHOM Bepeuu s[1:j:5tride] (9Tu ormepaTopbl OMUCHIBAIOTCS
B ruiaBe 4). [InuHy 110001 TOCIeI0BaTeILHOCTH MOYKHO OIIPEIeJIUTh C IIOMOIIIBIO
BCcTpoeHHOHN GyHKIMU len(s). OTbicKkaTh MUHUMAJbHOE U MaKCUMaJbHOE 3HAa-
YEeHUS B IIOCJIEN0BATEIBHOCTA MOYKHO C IIOMOIIIbIO BCTPOEHHBIX (DYHKIIUH min(s)
u max(s). OnHaKO 9TH PYHKIIUU MOTYT AeliCTBOBATH TOJBKO C IIOCJIeOBATEIbHO-
CTSIMU, COIEPIKAIIMMU BJIEMEHTHI, JOIYCKAIOII[ie BO3MOKHOCTD YIIOPSAL0USHU A
(06BIYHO 9TO CTPOKU U yucia). PyHKIuUa sum(s) BO3BpAIlaeT CyMMY 3JIEMEHTOB
TI0CJIeJOBATEJIHHOCTH, HO OHA JEeMCTBYET TOJIBKO C YUCJIOBBIMY JAHHBIMU.

B Tab6s. 3.3 mepeuncieHbl ONOJHUTEILHEIE OIEPATOPEI, KOTOPLIE MOT'YT IIPH-
MEHATHCA K UBMEHSAEeMbIM II0CJIeJOBATEIbHOCTAM, TAKMM KaK CIUCKU.

Tabruya 3.2. Onepamopvl u GYHKYUU, 00wue ONs 8Cex MUNO6
nocaedosamenbHocmeil

Oneparop uiau pysxnua |Onucanue

s[i] Bosspaimaer i-if 3JIeMEeHT IOCJIeIOBATEIbHOCTH S

s[i:7] Bosspaimaer cpes

sli:j:stride] Pacmupennasa onepanus MoJydeHns cpesa

len(s) BoasBpaiiiaeT 4ucJio 971eMEHTOB B IIOCJIETOBATEIBLHOCTH S

min(s) BosspaiaeT MUHUMAaJIBFHOE 3HAUEHNE B IIOCJIEIOBATEIb-
HOCTH S

max(s) Bosspainaer MmakxcuMaJibHOE 3HaAUEHME B IIOCJIEI0BATE b~
HOCTH S
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Tabauuya 3.2 (npodonixcernue)

Omneparop niau pynknusa | Onucanue

sum(s [,1nitiall) BosBpaimaer cyMmmy 9J1€MEHTOB II0CJIeI0BATEIbHOCTH S

all(s) IIpoBepseT, O1leHUBAIOTCS JIU BCE BJIEMEHTHI IOCJIEI0BA-
TEJIBHOCTH S, KakK True

any(s) IIpoBepsieT, olleHUBAETCS JIX XOTSA ObI OAUH 3JIEMEHT I10-
CJIeIoBaTeJIbHOCTH S, KaK True

Tabauuya 3.3. Onepamopbt, npumeHsemovie K USMEHIEMbLM
nocaedosamerbHOCMAM

Omnepatop Onucanmne

sfi]l = v IIpucBavBaeT 3HAUEHUA DJIEMEHTY

sli:j] = ¢ ITpucBamBaeT mocJief0BaTEILHOCTE CPEBY
sli.j:stride] = t Pacmupennas onepanus IpucBauBaHUA cpe3y
del s[i] Vhanser sjaemMeHT

del s[i:7] Ynanser cpes

del s[i:j:stride] Pacmupennasa onepanus yjajieHus cpesa
Cnnckm

MeTombl, moamep:KUBaeMble CIINCKAaMU, II€PeUYncIeHbl B Ta0. 3.4. Berpoernnas
dyukmua list(s) npeobpasyer Jf000ii UTEPUPYEMbIIZ 00BEKT B CIIUCOK. Ecium
apryMeHT S yKe ABJIAETCA CIIMCKOM, 3Ta PYHKIIUA CO3AaeT HOBBIN CIIMCOK, WC-
MOJIB3YS Ollepalliio IOBEPXHOCTHOrO KomupoBanusa. Merox s.append(x) mobas-
JIeT B KOHeIl CIIMCKAa HOBBII ayieMeHT X. MeTox s.index(x) OTBICKMBaeT B CIIUCKEe
epBoe BXOJK/IEHUE dJIeMeHTa X. B ciiyuae OTCYTCTBUS MCKOMOTO 3JIeMEHTA BO3-
oysxmaercs uckJiouenue ValueError. TouHo Tak Ke MeTon S.remove(x) ymajiser
W3 CIUCKa IepPBOe BXOKJEHUE 3JIEMEHTa X WJIHM BO30YsKAaeT MCKJIOUeHue Val-
ueError, ecau UCKOMBIN 3JIEMEHT OTCYTCTBYeT B cuucke. Metop s.extend(t) pac-
IMIUPSIET CIKUCOK S, 100aBJIAsA B KOHEIL 3JIeMEeHTBI IIOCJIeJ0BATEJILHOCTH 1.

Metog s.sort() copTupyer aJIeMEHTHI CIICKA W MOXKET IPUHUMATH (hYHKIIUIO
BBIUMCJIEHUS KJIOUa U IPU3HAK COPTHUPOBKU B 00paTHOM HOpPAJKe — 00a aTu
apryMeHTa JOJIKEH IlepellaBaTbCAd KaK MMEHOBAaHHbIE apryMeHThl. DPyHKIUA
BBIUVCJIEHUS KJII0Ya IPUMEHAETCA K KaK/IOMY 9JIEMEHTY CIIMCKA Iepe]] BBIIIOJI-
HEeHUeM OIlepaIlliy CPaBHEHUA B IIPOIleCCe COPTUPOBKU. dTa QYHKIIUA JOJIKHA
MPUHUMATH eIWHCTBEHHBIN 3JIEMEHT U BO3BpAIllaTh 3HAUEHUE, KOTOpoe OyaeT
WCIIOJIL30BAThCA MPU cpaBHeHUU. DPYHKIIUIO BBIYUCIEHUA KJOYa YAOOHO WC-
OJIb30BaTh, KOryia TpedyeTca pean30BaTh 0COOble BUIBI COPTUPOBKHU, TaKUe
KaK COPTUPOBKA CITMCKA CTPOK 6€e3 yueTa perucrpa cuMBoJoB. MeTox s.reverse()
U3MeHseT NOPANOK CJIeJOBaHUA 9JIEMEHTOB B CIICKe Ha oOpaTHBIH. O6a MeToza,
sort() u reverse(), U3MEeHAIOT caM CIIMCOK U BO3BpaIamT None.



BCTpOQHHbIe TWMNbl NpeacTaBieHnNda OaHHbIX 67

Tabauya 3.4. MemodvL cnuckos

MeTop, Onucanue

list(s) IIpeo6pas3yeT 06 BEKT S B CIIUCOK.

s.append(x) Iob6aBiisieT HOBBII 9JIEMEHT X B KOHEI] CIINCKA S.
s.extend(t) Jo6aBiigeT HOBBII CHUCOK ¢ B KOHEI CIIUCKA S.
s.count(x) Omnpenenser KOJTUYIECTBO BXOMKAEHUH X B CIIMCOK S.
s.index(x [,start [,stop]l]) BosBpainaer HauMeHbIllee 3HaUeHNE UHeK ca 1, Tae

s[i] == x. Heobsa3amenvHble 3HAUeHUS start u stop
onpedensiom uHOeKCbl HALAAbHO020 U KOHEeLH020 dJe-
MeHmo8 Ouana3ona, 20e 8blNOJIHACMC S NOUCK.

s.insert(i,x) BceraBisieT x B 3JIeMEHT C MHJEKCOM 1.

s.pop([i]) BoaBpairiaer i-if aieMeHT U yAaJsieT ero U3 CIIucKa.
Ecsu nnzmexc 1 He ykasaH, BO3BPAIlaeTCA IOCIeTHUI
9JIEMEHT.

s.remove(x) OTBICKMBAET B CIIUCKE S 9JIEMEHT CO 3HAUEHUEM X U yaa-
JISIeT ero.

s.reverse() HsmeHseT MOPSAA0K CIeIOBAHUA 9JIEMEHTOB B CIIMICKE S

Ha 00paTHBIH.

w

.sort([key [, reverse]l) CopTupyer 2JeMeHThI CIUCKA S. key — 3T0 QYHKIIUA,
KOTOpas BbIUUCJIAET 3HAUEHNE KJII0Ya. reverse — mpu-
3HAK COPTUPOBKU B 00PATHOM MOPAIKE. APIyMEHTHI
key u reverse Bcerza JOJYKHBI IlepefilaBaThbCs KaK nMe-
HOBaHHBIE aPI'yMEHTBI.

CTtpoku

B asbike Python 2 umeercsa ABa THIIa CTPOKOBBIX 00HEKTOB. BaiiToBBIE CTPO-
KU — 3TO IIOCJIeJOBaTEeJILHOCTU 0AMTOB, colepsKaInux 8-6uTHble qaHHble. OHUI
MOTYT COJePsKaTh ABOMUHBIEC AaHHBIE 1 0aiThl co 3HaueHnreM NULL. Ctpoku
Onukoga — »T0 mocJ/IeHOBaTEIBLHOCTH IEKOLUPOBAHHBIX CHUMBOJIOB FOHUKO-
Ia, KOTOPbIe BHYTPU MpPeACTABJIEHBbI 16-0MTHBIMU LEJLIMU YKUCIAMHU. ITO II0-
3BOJIAET oIpeneauThb n0 65536 pasmauuabix cumBosoB. Cranmapr IOHuKoma
IpegycMaTPUBAET MOAAEPKKY OO0 1 MUJIJIMOHA OTAEJbHBIX CHMBOJIOB, TeM He
MeHee 5T JOTOJHUTEIbHBIE CHMBOJILI HEe TOIIePKUBAIOTCA B A3bIKe Python mo
yMmosryaruio. OHU KOQUPYIOTCA, KaK CIlelajbHbIe BYXCUMBOJIbHEBIE (4-0aiiTO-
BBIE) ITOCTIENOBATEILHOCTH, UMEHYEeMbIe CYppo2amuoil napoil; 00sI3aHHOCTD IO
UX HHTEPIpeTanuy BO3jJaraeTcsa Ha caMo IPUJIOXKeHre. B KauecTBe IOIOJIHU-
TeJIbHOI BO3MOXKHOCTH s3bIK Python mosBosser xpanuth cuMmBoJibl JOHUKODA
B Bujle 32-OMTHBIX IeJbIX unces. Korma sTa BO3MOMKHOCTH BKJIOUeHa, Python
TI03BOJISIET IPEACTAaBJATh MOJHBIN AuanasoH 3Hauenuit FOHUKoma ot U+000000
o U+110000. Bee pyuxiuu, paborarimnue co ctpokamu IOHMKomA, TOAaeP:KHUBa-
IOT 3Ty OCOOEHHOCTbD.

CTpOKHU IOJIepP:KUBAIOT METObI, IIepeuncieHHble B Ta0a. 3.5. Bee aTu MmeTobl
OIIEPUPYIOT SK3EMILIAPAMU CTPOK, OMHAKO HU OLUH U3 HUX B AefCTBUTEJIHHO-
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CTU He U3MEHSeT CAMU CTPOKU, HaXOAAI[ruecsd B maMATu. To ecTb TaKue MeTO-
IBI, Kak s.capitalize(), s.center() m s.expandtabs(), HuUKora HE MOIU(DUITUPYIOT
CTPOKY S U BCerjia BO3BPAIIAIOT HOBYIO CTPOKY. MeToabl IPOBEPKU CUMBOJIOB,
Takue Kak s.isalnum() m s.isupper(), Bo3BpaIaT True uau False, ecam Bce CUM-
BOJIBI B CTPOKE YAOBJETBOPAIOT KPUTEPHUIO IpoBepKu. Kpome Toro, st GpyHK-
MU BCErJa BO3BPAIIIAIOT 3HAUeHMe False IJIs CTPOK C HYJIEBOM AJIMHOM.

Metoasr s.find(), s.index(), s.rfind() u s.rindex() MCHOJMB3yIOTCA AJIA IIOMCKA
OACTPOKMU. Bce aTu MeTOAbI BO3BPAIIAIOT II€JOUNCICHHBIN MHIAEKC TOACTPO-
KU B CTpPOKe S. Kpome Toro, ecau moACTpoKa He OymeTr HaiimeHa, meton find()
BO3Bpalaer -1, Torga Kak merof index() Bo3Oy»kaaeT mcKJoueHue ValueError.
Meton s.replace() UCIIONB3YETCA AJIA 3aMEHBI IIOJCTPOKYU APYTOil IIOACTPOKOI.
BaikHO 0OTMETUTH, UTO BCEe 9TU METOABI PAOOTAIOT TOJIBKO C IIPOCTHIMHU IIOJCTPO-
Kamu. [[J1s ITorCcKa ¢ IOMOIIBIO PeTyIAPHBIX BbIPAKEHU I UCIIOIb3YIOTCA PYHK-
11 13 OMOJIHMOTEUHOTO MOLYJIA I€e.

Metompr s.split() u s.rsplit() pasduBarOT CTPOKY IO YKA3aHHOMY pPasieJinTe-
JII0, co3laBasi CIMCOK moJied. Merombl s.partition() m s.rpartition() oTbICKu-
BaOT IOACTPOKY-Pa3ae/IuTe b U Pa30MBAIOT UCXOAHYIO CTPOKY S Ha TPU YACTH:
TEKCT IO Pas3fesInTesdA, CTPOKA-Pa3aeJUTe b U TeKCT IOCJIe pas3aeiuTe .

Muorue CTpPOKOBBIE METOAbl MPUHUMAIOT HeoOs3aTe/JbHble apryMeHThI Start
u end, KOTOpbIe MOJIXKHBI ObITh 1EJIOUNCICHHBIMU 3HAUEHUAMU, OIIPeIe IAI0In-
MU HavaJbHBIN 1 KOHEUHBIN MHIEKCHI B CTPOKE S. B OOJIBIITMHCTBE CIyUaeB aTU
apryMeHThI MOT'YT IIPUHUMATDL OTPUIlATEeJbHbIE 3HAUEHUA, B dTOM CJIydae OT-
cUeT MHJEeKCOB HAUMHAETCA C KOHIA CTPOKU.

Meton s.translate() obecrieunBaeT yJIYUIIEHHYIO BO3MOXKXHOCTDH IOACTAHOBKIU
CHMBOJIOB, HAIIPUMeED, [IJIsI OBICTPOTO YAAJEHUA U3 CTPOKU BCEX YIIPABISIONIUX
CUMBOJIOB. B KauecTBe apryMeHTa OH IPUHUMAaET TaOJIUIy 3aMEeHBI, COlepsKa-
Y0 OTOOpaKeHne «OOUH-K-OJHOMY» CIMBOJIOB OPUTMHAJIBLHOM CTPOKU B CHIM-
BOJIBI peadyabrara. s 8-6UTHBIX CTPOK TAa0JIUIla 3aMeHbBI IIPEeACTaBIAET OO0
256-cuMBoOJIbHYI0 CTPOKY. s ctpok IOHUKOZA B KauecTBe TAGJUIIBI MOMKHO
HCII0JIb30BATh JIO0OYIO0 IIOCJIEJ0BATENLHOCTL S, IJIsI KOTOPOU BhIpaskeHme S[n]
BO3BpAalIllaeT ITeJOYUCJIEHHBINH KOJ CHMMBOJIA wMiu cuMBoJ IOHMKOZa, COOTBET-
cTByOIIU cuMBOy FOHMKO/A C IIeJIOUMCIEHHBIM KOIOM /.

Metogst s.encode() u s.decode() MCTIONIB3YIOTCA AJIA IPEOOPABOBAHMA CTPOKOBBIX
IaHHBIX 68 UJIU U3 YKa3aHHON KOJMPOBKU U IIPUHUMAIOT Ha3BaHUE KOTUPOBKU,
HanpuMmep: ‘ascii’, ‘utf-8 mam ‘utf-16’. Halme Bcero aTu MeTOAbI MCIIOJIb3YIOT-
cdA nas mpeobpasoBanHua cTpok IOHWKOLA B JaHHBIE ¢ KOAZUPOBKOM, ITOAXOMI -
et IJIs omeparuii BBoa-BbIBOIa U MOAPOOHEe onuCchIBalOTCA B r1aBe 9 «BBox
u BeIBOZ». He 3a0wiBaiiTe, uro B Python 3 meroxn encode() mocTymeH TOIBKO A
CTPOK, a MeToA decode() — TOJABKO IJIA TaHHBIX TUIA Dytes.

Metog s.format() ucmosabsyercs ajaa GopMaTupoBauHusa cTpok. OH IPUHUMAET
KOMOMHAIINIO MMO3UIIMOHHLIX M MMEHOBAHHBIX aprymMeHToB. CMBOJIBI IIOACTA-
HOBKU B CTPOKe S 0003HaUaIOTCs KaK {item} 1 3aMeIaloTCsI COOTBETCTBYIOIITUMU
aprymenTamu. CCBIJIKM HA IO3UIMOHHBIE apryMeHThI 00o3HaualmTcsa Kak {0},
{1} m 7. x. CchbLIKM HA UMEHOBaHHBIE apryMeHThI 0003HAUYAIOTCA KaK {name}, rue
name — umdA aprymenTa. Hanpumep:
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>>> a = “Bac 30ByT {0} u Bam {age} net”
>>> a.format(“Maiik”, age=40)

‘Bac 30ByT Malik n Bam 40 net’

>>>

CUMBOJIBI TIOJICTAHOBKY {item} B CTPOKaxX popMaTa MOTYT TaKiKe BKJIIOUATE IIPO-
CThIe MHAEKCHI 1 aTpuOyThI morcKa. CHMBOJI IIOACTAHOBKY {item[n]}, rme n — aTO
YKCJI0, 3aMellaeTcss N-M JJIEMEHTOM IIocJiefoBaTejibHoCcTH item. CHMBOJ mOA-
cTaHOBKU {item[key]}, THe key — aTO CTPOKA, 3aMeIaeTcs 3JIEMEHTOM CJIOBapA
item[“key”]. CHUMBOJI TIOACTAHOBKY {Iitem. attr} saMelliaeTcsa 3HaUeHUEM aTpuody-
Ta attr oo’beKTa iten. JlonmosHUTEIbHBIE IOAPOOHOCTY 0 MeToe format() mpuBo-
IATCA B pasmeiie «PopMaTupoBaHUe CTPOK» TJIaBEI 4.

Tabruya 3.5. Cmporosvie memoosL

MeToz Onucanue

s.capitalize() IIpeoGpasyeT mepBeIii CUMBOJI B BEPXHUII pe-
THUCTDP.

s.center(width [, pad]) ITenTpupyeT CTPOKY B II0JIe IIIUPUHOM Width.
ApryMeHT pad onpesiesigeT CUMBOJI, KOTOPBIM
0(hOPMISAIOTCS OTCTYIIEI CJIEBA U CIIPaBa.

s.count(sub [,start [,end]]) ITomcumnThIBAaET YMCJIO BXOKIEHUI 3aJaHHOMN
IIOJICTPOKU Sub.

s.decode([encoding [,errors]]) IekonupyeT CTPOKY U BO3BPAII[a€T CTPOKY
IOHUKOAA (TONMBKO JiA 6ANTOBBIX CTPOK).

s.encode([encoding [,errors]]) BoaBpaiaer KoqupoBaHHYIO BEPCUIO CTPOKU
(TonbKoO mJisa cTpok FOHMKOIA).

s.endswith(suffix [,start [,end]]) IIpoBepseT, OKAHYMBAETCS JIX CTPOKA HMOACTPO-
KO¥t suffix.

s.expandtabs([tabsize]) 3aMeIaeT CUMBOJIBI TA0YIAIUYA TPOOeIaMu.

s.find(sub [, start [,end]]) OTBICKMBAET ITIePBOE BXOKAEHNUE ITOACTPOKH SUb
WY Bo3BpamiaeT -1.

s.format(xargs, *xkwargs) dopmaTupyeT CTPOKY S.

s.index(sub [, start [,end]]) OTBICKMBAET IIePBOE BXOXKIEHNE IIOACTPOKH SUb
WJIN BO30Y KIaeT UCKJIIOUEHNe.

s.isalnum() IIpoBepser, ABIAIOTCA JIU BCE CUMBOJIBI B CTPO-
Ke ayi(haBUTHO-IIU(DPOBBIMY CIMBOJIAMU.

s.isalpha() IIpoBepseT, ABJIAIOTCA JIU BCe CUMBOJIBI B CTPO-
Ke aJI(aBUTHBIMY CUMBOJIAMH.

s.isdigit() IIpoBepser, ABIAIOTCA JIU BCE CUMBOJIBI B CTPO-
Ke u(POBBIMU CUMBOJIAMMU.

s.islower() ITpoBepseT, ABAAIOTCA JIU BCe CUMBOJIBI B CTPO-
Ke CHMBOJIaMU HUYKHET0 PETUCTPA.

s.isspace() IIpoBepser, ABIAIOTCA JIU BCE CUMBOJIBI B CTPO-
Ke MPo0eJIbHBIMU CUMBOJIAMU.
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Tabauuya 3.5 (npodoniicernue)

MeTon

Onucanne

s.istitle()

s.isupper()

s.join(t)

s.ljust(width [, fill])

s.lower()

s.1strip([chrs])

s.partition(sep)

[}

.replace(old, new [,maxreplace])

®

rfind(sub [,start [,end]])

%)

.rindex(sub [,start [,end]])

»

rjust(width [, fill])

%]

.rpartition(sep)

1%}

.rsplit([sep [,maxsplit]])

%]

.rstrip([chrs])

[}

.split([sep [,maxsplit]])

%}

.splitlines([keepends])

IIpoBepsieT, ABISAIOTCS JIU IEPBbIE CUMBOJIBI
BCEX CJIOB CUMBOJIAMU BEPXHET'0 PETUCTPA.

HpOBepﬁeT, ABJAIOTCA JI BC€ CUMBOJIBI B CTPO-
Ke CUMBOJIaMHY BEPXHETr'o perucrpa.

O0beauHSIET BCe CTPOKY, HAXOAAIIMECHA B II0-
CJIeJOBATEJILHOCTH [, MCIIOIL3YA S KaK CTPOKY-
pasgenuTeb.

BripaBHHUBaET CTPOKY S II0 JIEBOMY KParo B II0JIe
TIUPUHON Width.

IIpeoGpasyeT CUMBOJIBI CTPOKY B HUIKHUN
perucTp.

Vnanser HauaJabHbIe TPOGEIbHBIE CUMBOJIBI
WJIA CUMBOJIBI, IIePEUNCIeHHbIE B apI'yMeHTe
chrs.

Pas6uBaer cTPOKY IO TOACTPOKEe-pas3feInuTe 0
sep. BosBpamaer Koprex (head, sep,tail) nau

(s, “",""), eciu MOCTPOKA SEP OTCYTCTBYET
B CTPOKE S.

3ameIraeT MoACTPOKY 01d IOACTPOKOI new.
OTBICKMBAET IOCJIeIHee BXOKJeHIe TIOACTPOKMU.

OTBICKUBAET IOCJIEJHEE BXOKAEHE IIOJICTPOKY
UK BO30Y K IaeT NCKIIIOUeHUE.

BripaBHUBaeT CTPOKY S ITO IPaBOMY Kpaio
B II0JIe IIIUPUHOA WIdth.

PasbuBaer CTPOKY I10 MOCTPOKE-PA3IETIUTEIIO
S6p, HO NOUCK 8bLNOJHACMCA C KOHUA CIMPOKU.

PaszbuBaer cTpoKy, HAUMHAA C KOHIIA, IIO
TOJICTPOKe-pas3aesInTeN o sep. ApryMenT
maxsplit onpemessieT MaKCUMaJJIbHOE UKCJIO
pasouenuii. Ecoiu aprymeHT maxsplit He yKa-
3aH, UJeHTUYeH MeTony split().

Vnanser KoHeuHbIe TPOOEJIbHEIE CUMBOJIBI VTN
CHMBOJIBI, IIEPEUNCICHHBIE B apI'yMeHTe Chrs.

PasbuBaer CTPOKY II0 IIOACTPOKEe-pas3IeInuTe 0
sep. AprymeHT maxsplit ompenenser MaKcu-
MaJIbHOE YKCJIO Pa3OnueHn.

IIpeoGpasyeT CTPOKY B CIUCOK CTPOK. Eciin
apryMeHT keepnds uMeeT 3HaUeHUe 1, 3aBep-
IIaoIye CHMBOJIBI IEPEeBOAA CTPOKH OCTAIOTCS
HETPOHYTBHIMU.
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MeTop, Onucanne

s.startswith(prefix [,start [,end]]) |IIpoBepseT, HaUMHAETCA JIU CTPOKA IIOCTPO-
KoM prefix.

s.strip([chrs]) Vnanser HauaJIbHBIE U KOHEUHBIE IPOOEIbHBIE
CHUMBOJIBI UJI CUMBOJIBI, I€PEUYUCIeHHbBIEe
B apryMeHTe chrs.

s.swapcase() ITpuBOAUT CUMBOJIBI BEDXHETO PETUCTPA
K HUJKHEMY, ¥ Ha000pOT.

s.title() BosBpailjaer Bepcuio CTPOKU, B KOTOPOII mep-
BbI€ CUMBOJIBI BCEX CJIOB IPUBEEHBI K BEPXHE-
MY Perucrpy.

s.translate(table [,deletechars]) BrimonHsieT mpeoOdpasoBaHUe CTPOKU B COOT-
BeTCTBUU C Ta0IuIel 3aMeHsl table, yoaas-
em cuM60Jbl, Nepeiucientble 6 apeymenme

deletechars.

s.upper() IIpeo6pa3yeT CUMBOJIBI CTPOKY B BEPXHU A
perucrp.

s.zfill(width) JomoTHAET CTPOKY HYJIAMU CJIeBa 0 JOCTHKE-

HUA €0 JJUHBI width.

O6bekTbl Xrange()

Berpoennas @yukmusa xrange([1,]7 [,stride]) cosdmaeT o6beKT, MpeACTaBIIAIO-
U JUAIa30H IEeJILIX YKces k, Tae 1 <= k < j. IlepBbIil nHAEeKC I u mar stride
IO YMOJUYAHUIO ABJIAIOTCA HEO0SI3aTeJbHBIMUA M MMEIOT 3HaueHus 0 u 1 cooT-
BeTcTBeHHO. O0'BEKT Xrange BBIYKCJIAET CBOM 3HAUEHUS B MOMEHT OOpaIlleHUs
K HeMY, 4 XOTs OH BBITVIAIUT, KaK II0CJIeJ0BaTeILHOCTD, TeM He MeHee OH UMeeT
pAn orpannuenuii. Hampumep, OH He IOAePKUBAET HU OOUH U3 CTAHJAPTHBIX
orepaTopoB cpesa. O6yiacTh TpUMeHeHUA 00'beKTa XIrange orpaHUYeHa IIPOCTHI-
MU IIAKJIAMA.

Crnenyer ormMeTuThb, uTo B Python 3 @pyHkmua xrange() Oblja mmepemMeHOBaHA
B range(). OgHaKo oHa JefiCTBYeT TOUHO TAK K€, KaK OIMMCAHO BHIIIIE.

OTobGpaxkeHus

Oo0serxmuvL omoOpasiceHUil IPEACTABIIAIOT IPOU3BOJIbHEIE KOJLJIEKIIUY 00'HEKTOB,
KOTOpBIEe MOT'YT UHAEKCUPOBATHCA APYIUMU KOJJIEKIIUAMU IIPAKTUYECKU IIPO-
M3BOJILHBIX KJIIOUel. B oTiinume OT mmociefoBaTeIbHOCTEM, 0TOOPAKEeHUS SIBJIS-
I0TCA HEYIIOPAJOUYECHHBIMHY KOJIJIEKIIUAMM M MOT'YT MHIAEKCHUPOBATHCA YHUCJIaMU,
CTPOKaAMU U APyruMu oobekTamMu. OToOpaskeH!usa OTHOCATCA K PaspAay U3Me-
HAEMBIX KOJIJIEKINIA.

EIVHCTBEHHBIM BCTPOEHHBIM THUIIOM OTOOPAXKEHUH SBJAIOTCA CJIOBAPH, KOTO-
pble IPEeACTaBIIAIOT COO0M PA3HOBUHOCTE TAOJIMIL Xelllell, MM aCCOIMATABHEIX
MaCCHBOB. B KauecTBe KJIIoueil caIoBaps JOIMYCKAeTCS UCII0Ib30BaTh JO0LIe He-
n3MeHseMble 00beKThI (CTPOKH, YNCJIa, KOPTEeXKHU U TaK gajee). CIucKu, caoBa-
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DU ¥ KOPTEXXKHU, CoZeprKaIe n3MeHsIeMble 00'beKThI, He MOT'YT MCITOJIb30BAThC
B KauecTBe KJioueil (coBapu TpeOyIioT, YTOObI 3HAUEHUA KJIOUEH OCTaBaJIUCh
TIOCTOAHHBIMH).

st BLIOOPDKU 5JIEMEHTOB M3 O0BEKTA OTOOPAKEHUS WCIIOJB3YeTCs OIepaTop
UHIEKCUPOBAHUA MO KJIIOUY M[k], raoe k — 3HaueHue KJamua. Ecau TpebyembIi
KJIIOU OTCYTCTBYET B CJIOBape, BO30y K gaeTcs ucKaoueHue KeyError. @yHKIUA
len(m) BO3BpAIIlaeT KOJUUECTBO 9JIEMEHTOB, XPAHAIIUXCS B oTOOpaskeHuu. Me-
TOZBI 11 OTIEPATOPHI, IPIMEHNMBbIE K CJIOBAPAM, IIepeurcJeHbl B TabJ. 3.6.

Tabauya 3.6. MemoduvL u onepamopbt, noddeprcusaembvle CLO08APAMU

Oneparop niau merox | Onucanue

len(m) BoasBpailiiaet KoJIn4ecTBO 3JIEMEHTOB B CJI0OBape /.

mlk] Bosspailmaer ajieMeHT cJI0Baps /M ¢ KJIIOUOM K.

mlk]=x 3amnuckIBaeT B 3JIEMEHT /[ k] 3HAaUeHue X.

del m[k] Vaansier aaemenT mlk].

k inm Boaspartaer True, ecau KJIio4u kK IPUCYTCTBYET B CJIOBape /.
m.clear() VY@anser Bce 3JIEMEHTHI U3 CJI0BaPS /M.

m.copy() CospmaeT KOIUIO CJI0BapA /.

m.fromkeys(s [,value]) CosmaeT HOBBIH CJI0Baph C KJIIOUYAMU, IEPEUNCICHHBIMU B II0-
CJIeIOBaTEeJIbHOCTH S, & BCe 3HAUEHU S YCTaHABJINBAET PABHBI-
Mu value.

m.get(k [,v]) Boaspaimaet asremeHT m[ k], eciu TaKOBOU UMeeTCs, B IPOTHUB-
HOM cJIy4yae BO3BpAIIaeT V.

m.has_key(k) Bosspaimnaer True, ecyiz B cJioBape /M UMeeTCs KJIIU K, B IIPO-
TUBHOM CJiy4uae BosBpailiaet False. (BmecTo aToro meroza pe-
KOMEH/IyeTCs UCII0JIb30BaTh omeparop in. JJocTymneH TOJIbKO

B Python 2.)
m.items() Boaspaimaer mocsiegoBaTeabHOCTD map (key, value).
m.keys() Bosgspaimaer nocsiefoBaTe IbHOCTD KJIIOUEH.
m.pop(k [,default]) Bosspaimaer sasmeMeHT m[ k], eciu TAKOBOI IMeeTCs, U yoaJasaeT

ero u3 cJIoBaps; B IPOTUBHOM cJyuae Bo3BpaIlaet default,
€CcJI 3TOT apTyMeHT yKa3aH, NN BO30y:KaeT UCKIIOUeHe
KeyError.

m.popitem() VYaanser us cjaoBaps caydanuyro napy (key, value) u BO3Bpa-
IIaeT ee B B KOPTesKa.

m.setdefault(k [, v]) Boasparmaer asemeHT m[ k], ecaiu TaKOBOUM MMeeTcs, B IIPO-
THUBHOM CJIy4Yae BO3BpalllaeT 3HaUeHUe V ¥ CO3/IaeT HOBBIN
9JIEMEHT cJyoBap4d mk] = v.

m.update(b) Iob6aBisieT Bce 00bEKTHI U3 b B CJI0BaPh /.

m.values() Bossparmaer mocse10BaTeIbHOCTE BCEX 3HAUEHUI B CJIOBApE /.
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BobIIMHCTBO METOIOB, IIEPEUNCICHHBIX B Ta0JI. 3.6, UCIOIB3YIOTCS I N3BJIE-
YeHUA U MAHUNYJIUPOBAHUA COIEPKUMBIM cjoBapeii. Merox m.clear() ynaaser
Bce ayieMeHThI. MeTozx m.update(b) mobaBisdeT B TeKyIllee 0TOOpakeHue BCe Iapbl
(key,value), mpucyTcTByIOIINe B oTrobpaskenuu b. Merox m.get(k [,v]) usBieka-
eT 00'beKT U MO3BOJISET YKas3bIBaTh HE00A3aTe/IbHOe 3HAUEHUE 0 YMOJTUYAHUIO
Vv, KOTOpoe OyIeT BO3BpAIllaThbCS B CIydYae OTCYTCTBUSA B CJI0Bape YKa3aHHOI'O
karoua. Metox m. setdefault(k [,v]) HamomuHaeT MeTox m. get(), 3a UCKJIIOUEHUEM
TOT0, UTO OH He TOJIbKO BEepHET 3HaUeHUe V B CJIyYae OTCYTCTBUS 3aIIPOIIEHHO-
TO KJIIoua, HO U co3macT ajaeMeHT m(k] = v. Eciu sHaueHue v He yKasaHO, IO
yMOJUYaHNIO OyIeT NCIoab30BaTheA 3HaueHnue None. Merox m.pop() Bo3BpaIlaeT
9JIEMEHT 1 ONHOBPEMEHHO yaaasaeT ero us cjaoBapsa. MeToz m.popitem() uCIoaba3y-
eTcs IJid yOaJeHUA COAEPKUMOTO CJI0Baps B ITUKJIE.

Merog m.copy() BBITIOJIHSET MIOBEPXHOCTHOE KOIIUPOBaHME 9JIEMEHTOB 0TOOpasKe-
HUSA U IIOMeIlaeT uX B HoBoe oToOpaskenme. Mertox m. fromkeys(s [,value]) cosma-
eT HOBOe 0TOoOpaskeHue ¢ KIUaMU, COAePIKAIIIUMUCS B TIOCIeJ0BATEILHOCTH S.
TTonyuenHnoe oToGpaskeHue OyAeT UMETH TOT K€ TUII, UTO U OPUTUHAJ /. B Kaue-
CTBe 3HAUEHUI IJIA BCEX BJIIEMEHTOB Oy/JeT MCIOJIh30BaAHO 3HaueHue None, ecau
B HEO0s3aTEJILHOM apryMeHTe value He 3ajaHO aJibTepHATUBHOE 3HaueHue. Me-
Tox fromkeys() ompezeseH, KaK MeTO] KJacca, II09TOMY ero MOKHO BBI3bIBATH
OTHOCUTEJBHO UMEHU KJiacca, Hampumep: dict.fromkeys().

Meton m.items() BO3BpaImiaeT IIOCJIELOBATEILHOCTD, COAEPIKAIIYIO ITaphl (key,
value). MeTton m. keys() BO3BpaIllaeT IOCJIeI0BATEIbHOCTD BCEX KJIOUEH, a METO/T
m.values() — mocjenoBaTeJIbHOCTb BCeX 3HAUeHUH. EIMHCTBEHHON 0e30IIacHOM
omepariieli HaJ pesyJabTaTaMU 9TUX METOAOB ABJsioTcs urepamnuu. B Python 2
pes3yIbTaToM 3THUX METOJOB SIBJIAETCS CIUCOK, HO B Python 3 pesynbrarom siB-
JIIeTCSA WUTEePaTop, MO3BOJIAIOIINI BBHINOJHUTH 00XOJ] TEKYIIETO COMEPKUMOTO
orobpaskeHusi. Ecau mporpamMmma GyaeT MCIIONb30BATh PE3YJIbTAThI 9TUX METO-
0B KaK UTEpaTopbl, OHA OyIeT coBMecTuMa ¢ obernmu Bepcusamu Python. Eciu
moTpedyeTcsi COXPAHUTh Pe3yJbTaThl 9TUX METOJ0B KaK OOBbIUHBIE HaHHLIE,
UX CJIelyeT CKOIIMPOBATh M COXPAaHUTH B ciucke. Hampumep, items = list(m.
items()). Ecou mporpaMme JOCTaTOUYHO IIPOCTO MOJYUYUTE CIUCOK BCEX KJIIOUEld,
JIyUIlle UCII0Jb30BaTh MHCTPYKITUIO keys = list(m).

MHo)xecTBa

MHoxcecmaea — 9TO HEyHOPAJOUEHHBIC KOJJICKIINN YHUKAJLHBIX DJIE€MEHTOB.
B orimuune ot mocyiegoBaTeIbHOCTEH, MHOMKECTBA He MOAAePKUBAIOT OIepaumu
UHIEKCUPOBAHUA U IMOJyueHuA cpe3oB. OT cioBapeil uxX OTIndYaeT OTCYTCTBUE
KJIOUeli, CBA3aHHBIX C O0BEKTaAMH. OJIEeMEHThI, IOMeIljaeMble B MHOXKECTBO,
IOJI’KHBI ObITh Hem3aMeHsseMbIMU. CyIlecTByeT ABa THUIIa MHOYKECTB: set — uame-
HsAeMoe MHOYKeCTBO, U frozenset — HeumaMeHseMoe MHOKecTBo. O0a Tuma MHO-
?KeCTB CO3JaI0TCs C IIOMOIIbIO ITaPhl BCTPOEHHBIX (hYHKITIH:

s = set([1,5,10,15])
f = frozenset(['a’,37, hello’])

06e dyurmuu, set() u frozenset(), 3amOJHAIOT CO3TaBaeMoOe MHOYKECTBO, BBI-
TOJIHASA UTepalii 0 3HAYeHUAM, XpaHANiuMcsa B aprymenTe. O6a Tumna MHO-
*KeCTB HOAIeP:KUBAIOT METOALI, IIepeUncaeHHbIe B Ta0I. 3.7.
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Tabauuya 3.7. MemoOduvl u onepamopbt, noddepicusaemvle MHOHECMEAMU

MeTopn Onucanue
len(s) BosBpairaeT KoJMYeCTBO 3JIEMEHTOB B MHOYKECTBE S.
s.copy() Co3szaeT KON MHOXKECTBA S.

s.difference(t)

1)

.intersection(t)

w

Jisdisjoint(t)

1)

.issubset(t)

w

.issuperset(t)

w

.symmetric_difference(t)

w

.union(t)

PasHocTs MHOKecTB. Bo3Bpaiiiaer Bce ajieMEHTHI U3
MHOK€ECTBA S, OTCYTCTBYIOIIIHE B t.

ITepeceuenmne MmHOKecTB. Bo3Bpaijaer Bce 3JieMeHTHI,
IIPUCYTCTBYIOIINE B 000X MHOYKECTBAX S U 1.

Bosspaimaer True, ecJu MHOYKECTBA S U t He UMEIOT 06-
X 3JIEMEHTOB.

Bosspaimaer True, ecii MHOYKECTBO S ABJIAETCSA IIOJMHO-
KeCTBOM t.

BOSBpaIlIaeT True, ecyii MHOK€ECTBO S SIBJISETCS HAJAMHO-
"KEeCTBOM .

CuMMeTprYHAs PA3HOCTh MHOXKeCTB. BosBpariaer Bce
2JIEMEHTHI, KOTOPbIE IPUCYTCTBYIOT B MHOYKECTBE S UJIN
t, HO He B 000UX Cpaay.

O0BbenuHeHE MHOKeCTB. BosBpaniaer Bce 91eMeHTHI,
IIPUCYTCTBYIOIINE B MHOYKECTBE S UJIN t.

Meronsr s.difference(t), s.intersection(t), s.symmetric_difference(t) u s.union(t)
peanus3yioT CTaHAapTHBIE MaTeMaTUYeCKUe OlepaIiuy HajJ MHOMKecTBaMu. Bos-
BpalljaeMoe 3HaueHNe UMeeT TOT Ke THUII, YTO ¥ MHOKeCTBO S (set uau frozenset).
AprymeHT t MOKeT ObITH JI00BIM 00BeKTOM si3bIKa Python, mogaepskuBatonium
urepanuu. B UMCcI0 TAKUX O0BEKTOB BXOASAT MHOYKECTBA, CIHCKHU, KOPTEXKU
U CTPOKU. OTH OIePaIliy HaJl MHOYKECTBaAMU JOCTYIHBI TaKKe B BUIe MaTeMaTH-
YeCKUX OIIePaTOPOB, KOTOPLIE IIOAPOOHEe OIIMCHIBAIOTCSA B IyIaBe 4.

JIOTIOTHUTEIPHO M3MeHseMble MHOKeCTBa (TUN set) mOgaep:KUBaiOT METOXBI,
epeyucJieHHbIe B Ta0J. 3.8.

Tabruya 3.8. Memoduvt, noddepircusaemvle USMEHACMbLMU MHONCECMEAMU

MeTopn

Onucanue

s.add(item)

s.clear()

s.difference_update(t)

s.discard(item)

s.intersection_update(t)

s.pop()

Iob6aBiser aseMeHT item B S. Huuero ue mesaer, ecau
9TOT 9JIEMEHT y2Ke UMEeeTCS B MHOKECTBE.

VYnanser Bce sJieMEHTHI N3 MHOJKECTBA S.

Vnanaer Bce s1eMeHTHI U3 MHOYKECTBA S, KOTOPbIe IIPU-
CYTCTBYIOT B t.

Yaanser sJieMeHT 1tem u3 MHOKecTBa S. Huuero He ge-
JIaeT, eCJIM 9TOT 3JIEMEeHT OTCYTCTBYET B MHOYKECTBE.

Haxozxut nepecevyeHue s u ¢ ¥ OCTABJSAET PE3YJIbTAT B S.

Bosgepaijaer mpous3BOJILHBIN 3JIEMEHT MHOKECTBA
U yOAJISeT ero us s.
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MeToz,

Onucanue

s.remove(item)

s.symmetric_difference_

update(t)
s.update(t)

KeyError.

pesyJbTar B S.

urepanmuu.

VYnansaer sieMeHT item us s. Ecau aiemenm item orcyT-
CTBYeT B MHOJKECTBe, BO30YyIK/JaeTCs UCKIIIOUEeHIEe

Haxoaut cuMMeTPUYHYIO PASHOCTD S U M1 OCTaBJIAET

HoGaBJisieT BCe 9JIeMEHTHI { B MHOYKECTBO S. I MOXKET
OBITh APYTUM MHOKECTBOM, II0CJIEI0BATEILHOCTHIO
WX JTI00BIM APYTUM 00 HEKTOM, MOAAEP K MBAIOIITAM

Bce st onepanuy n3MeHAT CAMO MHOMKECTBO S. APryMeHT © MOYKeT ObITh JII0-
OBIM 00'BEKTOM, IIOIePIKUBAIOIIM UTEPAL[IN.

BcTpoeHHble TUNbI NpeacTaBneHus
CTPYKTYPHbIX 3/IeMEHTOB NporpamMmbl

DYHKIINY, KJIACCHl U MOAYJIU B A3bIKe Python aBisioTcs 00beKTaMu, KOTOPEI-
MU MOKHO MAaHUNYJNPOBATH, KAK OOBIUHBIMU JaHHLIMU. B Tabi. 3.9 mepeunc-
JIEHBI THUITBI, KOTOPBIE UCIIOJIb3YIOTCS AJIS MIPEACTABICHUSA PA3JIUUYHBIX dJI€MeH-
TOB CAMUX IIPOI'PaAMM.

Tabruuya 3.9. Bcmpoenunsie munst Python 0as npedcmagaenus cmpykmypHbLx
2JleMeHmo8 Npozpamm

Ra’reropnﬂ THUIIOB

HNmsa tuna

Onucanme

BriseiBaembie

Mopynau
Kaaccer

Tumsr

types.BuiltinFunctionType
type

object

types.FunctionType
types.MethodType
types.ModuleType

object

type

Berpoenubie QyHKITUY 1 METObI
Tun BCTPOEHHBIX TUIIOB U KJIACCOB
PopoHauambHUK BCeX THUIIOB U KJIACCOB
ITonb3oBaTenbcKue QYHKITUT
MeToabI KJIacCOB

Mogyan

PopoHauaabHUK BCeX THUIIOB U KJIACCOB

Tun BCTPOEHHBIX TUIIOB U KJIACCOB

ObpaTuTe BHUMaHUIeE, UTO B TabJ1. 3.9 object u type BCTPeUarOTCs ABAKIBI, IIOTO-
MY YTO TUIIBI 1 KJIACCHI, KaK U QYHKI[MHU, SIBJISIOTCS BEI3LIBAEMBIMU 00'HEKTaMU.

Bbi3biBaeMble TUMNDbI

BrIsbiBaeMble THUIIBI IPEACTABISIIOT 00 bEKTEI, IOALEePKUBAIOI[E BOSMOYKHOCTD
UX BbI30BA, KaK QyHKIUi. CyllecTByeT HeCKOJIbKO Pa3HOBUIHOCTEH 00'bEKTOB,
00J1afaIoNUX 3TUM CBOMCTBOM, BKJIIOYAs II0JH30BaTeIbCKIEe PYHKIIUM, BCTPO-
eHHble QYHKIINU, METOABI 9K3EeMILJIAPOB 1 KJIACCHI.
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Monb3oBaTenbckne GyHKLUN

ITonv3osamenvckue QYHKYUU ABIAIOTCA BHI3BIBAEMBIMYU 00bEKTaMU, KOTOPbHIE
CO3Jaf0TCsA HA YPOBHE MOAYJS C IOMOIbIO MHCTPYKIuu def mam ormeparopa
lambda. Hampumep:

def foo(x,y):
return x + vy

bar = lambda x,y: x + vy

ITonp3oBarenbckada QyHKIUA 1 001aKaeT CAeayOMIMY aTpuOyTaMu:

ATpuodyTt Onucanme

f.__doc__ CTpoKa JOKYMEeHTUPOBAHUA

f.__name__ Nwmsa pysrnun

f.__dict__ CuioBapsb, cofepsramuii aTpuoyThl QyHKIUN

f.__code__ CKOMITUINPOBAHHBI OAaNT-KOA QYHKITUA

f.__defaults__ Koprek ¢ aprymeHTamMu 1Mo yMOJTYaHUAIO

f.__globals__ CiioBaphb, OIpeneIAIInil ri100aabHOoe IIPOCTPAHCTBO HMEH

f.__closure__ Koprex, comeporalnuii JaHHbIe, CBA3AHHBIE C BJIOKEHHBIMU
00J1aCTAMY BULUMOCTH

B ycrapesiux Bepcuax Python 2 MmHorue us nepeuncieHHbIX aTpubyTOB UMeJIn
uMeHa, Takue Kak func_code, func_defaults u Tak majee. IlepeunciieHHbIe UMe-
Ha aTpubyTOB COBMECTUMEI ¢ Bepcusimu Python 2.6 u Python 3.

MeTopabl

Memo0dbt — 3T0 GYHKIIUYU, KOTOPBIE OIIPENeJeHbl BHYTPHU KJjacca. CyIecTByer
TPU OCHOBHBIX THUIIA METOMOB: METOABI 9K3eMILIAPa, METOABI KJacca U CTaTuue-
CKI€ METOZIBI:

class Foo(object):

def instance_method(self,arg):
MHCTPYKUMU

@classmethod

def class_method(cls,arg):
MHCTPYKUMN

@staticmethod

def static_method(arg):
MHCTPYKUMN

Memo0 sKx3emnasapa — 9To MeTO]i, KOTOPBIA OMEePUPYeT SK3E€MILIAPOM JAHHOTO
KJacca. CchblIKA Ha 9K3EeMILISAP IepesaeTcs MeToNy B IEPBOM apryMeHTe, KOTO-
DBIil B COOTBETCTBUU C COTVIAIIIEHUAMU HasdbiBaeTcA self. Memod kaacca onepu-
pyeT caMuM KJaccoM, Kak 00beKkToM. O0BEeKT KJjacca IepeiaeTcss MeToay KJiac-
ca B mmepBoM aprymenTte cls. Cmamuueckuil memod — 3To obbIuHast GyHKI[USI,
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KOTOpas [0 HEKOTOPBIM COO0parkeHusaM Obljia ImoMelrieHa B Kjaacc. OH He moay-
YaeT CCHIIKY HU Ha 9K3eMILIAP KJacca, HU Ha caM KJiacc.

MeToznp! sK3eMmIIApPa U METOABI KJAacCa IIPEJCTABICHBI CHEIUAJIBLHBIM THUIIOM
types.MethodType. OgHaKO, YTOOGBI IOHATH, KaK JENCTBYET 3TOT CIEIUaJbHbBIH
TUI, He0OXOAMMO Pa3obpaThCs C TEM, KaK NEMCTBYET MEXaHU3M IIOUCKA aTPu-
oyToB ob6bexTa (.). ITouck sob6oro arpubyra o6bexTa () Bcerga BBITIOJTHAETCS
KaK OTAeJbHAsd OlepaIus, He3aBUCHUMO OT olepaluu BbidoBa QyHKIuU. [Ipu
GaKTMUECKOM BBI30BE METO/Ia BBITIOJHAIOTCS 00e oneparnuu, HO B BUJIe OTAEb-
HBIX AevicTBuil. Clieqyoniuii IpuMep UIJIOCTPUPYET MOPAIOK BBEIZ0BA METOIa
f.instance_method(arg) sk3eMiiapa Kjaacca Foo u3 IpeabpIAyIIero JUCTUHTA:

f = Foo() # CospaeTt akaemnnap
meth = f.instance_method # OTbiCkuBaeT mMeTod M O0TMedaeT oTcyTcTeue ()
meth(37) # BbizoB meToma

B namHOoM nmpumepe meth — aTo césa3arnHbLi Memod. CBA3aHHBIN METOJ — 3TO BBI-
3BIBAE€MBIN 00'bEKT, KOTOPHIN 3aKJI0UAET B cebe QYHKIIUIO (METO/) M 9K3EMILIAD
KJiacca. IIpu BpI30Be CBABAHHOI'O MeTO/a 9K3EMILIAD KJiacca IepefaeTcsa MeTo-
Iy B iepBoM aprymenTe (self). To ecTs B aTOM mpumMepe meth MOKHO paccMaTpu-
BaTh, KaK MEXaHU3M BbI30Ba METO/Ia, TOTOBLIN K MCIIOJIH30BAHUIO, KOTOPHIHA Oy-
IeT 3aIlyIeH Ipu Jo0aBJIeHNY K HeMy oleparopa () BbI30Ba (DYHKIIHH.

Omeparliusi IOMCKa METOAa MOKET TAKIKe BBIIOJHATHCSA HEIIOCPEJACTBEHHO B ca-
MoM KJacce. Hanpumep:

umeth = Foo.instance_method # Mouck instance_method B knacce Foo
umeth(f,37) # Bbi30B C ©IBHOW nepepayen 3HayveHns aprymeHta self

B sTom nmpumepe umeth — aTo HecéasanHbLil memod. HecBA3aHHBIN MeTOL — 9TO
BBIBBIBAEMBII 00'6EKT, KOTOPHIH 3aKJII0YaET B cebe PYHKIINIO, HO IIPeAIIoaraer,
YTO CCHLJIKA Ha 9K3EeMILISAD COOTBETCTBYIOIIEro THUIIA OyAeT TepesaBaThCA B Iep-
BOM apryMeHTe BPyUYHYIO. B 1aHHOM IpuMepe B IEPBOM apryMeHTe IepefaeTcs
ax3eMmaap f Kiacca Foo. Ecau mombiTaThbes mepefarTs SK3eMILIAD HEBEPHOI'O
THuIa, 6yger Bo30y K AeHO ucKIoueHue TypeError. Hampumep:

>>> umeth(“hello”, 5)
Traceback (most recent call last):
File “<stdin>”, line 1, in <module>
TypeError: descriptor ‘instance_method’ requires a ‘Foo’ object but received a ‘str
(Nepesof:
TpaccupoBo4Haa mHoopmaumus (cambiii NOCNEAHNA BbIBOB — CaMblii HUKHWIA)
OGann “<stdin>”, cTpoka 1, B <MOAYNb>
TypeError: peckpuntop ‘instance_method’ ponxeH GbTb 06bekToM knacca ‘Foo’
nonydeH obbekT ‘str

)

>>>

7151 MOIb30BATEIbCKUX KJIACCOB CBA3aHHbIE U HECBA3aHHBIE METO/IbI IIPEeCTaB-
JIeHBbI o0beKTaMu Tuna types.MethodType, KOTOpbIe IBJISIOTCS BCErO JIUIITh TOH-
KOIf 00epTKOII BOKPYT OOBIYHOTO 00beKTa QYHKIUU. MeToabl MogAep:KuBaIOT
cJenyIomniue aTpubyThI:
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ATputyTr Onucanne

m.__doc__ CTpoKa JOKYMEHTUPOBAHUA

m.__name__ Nwmsa metona

m.__class__ Kinacc, B koTopoM onpefiesieH JaHHBIN METOS,

m.__func__ O0BeKT PYHKITNY, Peau3yIoleil JaHHbIN MeTO

m.__self _ CchlLIKa HA 9K3EMILISAP, ACCOIINNPOBAHHBIN C JAHHLIM METOLOM
(None — mJiss HECBSABAHHBIX METOOB)

Opua 13 BasKHBIX ocobernHocTel Python 38 cocTouT B ToM, UTO HeCBA3AHHEIE Me-
TOABI 00JIbITIe He 06epHYTHI 06 beKTOM types.MethodType. Eciiz obpaTrurhesd K Me-
Toxy Foo.instance_method, Kak MOKasaHO B MPEABIAYIIUX MPUMepax, OH OyaeT
WHTEPIPETUPOBATHCS, KaK OOBIUHBIN 00beKT (DYHKIIUH, PeaU3yIOIell MeToI.
Bosee Toro, B8 Python 3 Gosbiile He BBIMOJHSETCS IIPOBEPKA TUIA apryMeHTa
self.

BcTpoeHHble PYHKLN 1 MeToAbl

s npencraBiieHusa QYHKITUHI 1 METOLOB, peaan30BaHHbIX Ha aA3bIKax Cu C++,
UCIoJIb3yeTcst 00 beKT types.BuiltinFunctionType. {15t BCTPOEHHBIX METOMIOB 0~
CTYIIHBI CJIEAYIOIHNE aTPUOY ThHI:

ATputyTt Onucanne

b.__doc__ CTpoKa JOKYMEHTUPOBAHUA

b.__name__ Uwmsa pyuarnum/mMetona

b.__self__ CchlIKa Ha 9K3EMILIAP, ACCOIMUPOBAHHBIN C JaHHBIM METOJI0M
(151 CBSI3BaHHBIX METOOB)

IJ1a BCcTpoeHHBIX QYHKIMI, TaKUX KaK len(), apryMeHT __self__ ycraHaBJiuBa-
eTcdA B 3HaueHUe None, UTO ABJIAETCS MPU3HAKOM (QYHKIUM, KOTOpasd He CBA3aHA
C KaKUM-In00 KOHKPETHLIM 00HeKTOM. [[J11 BCTPOEHHBIX METOAOB, TAKUX KaK
X.append, rme x — 00bEKT CIIMCKa, B apryMeHTe __self _ mepemaeTcs CChIIKA Ha
00'BEKT X.

Knaccbi n 3K3eMnnapbl Kak Bbi3biBaeéMble 00beKTbI

Kiaccsl 1 9K3eMILIAPHI TaKKe MOI'YT IefiCTBOBATH, KAK BLI3bIBA€MbIe 00HEK-
Tel. OOBEKT KJIacCa CO3MAeTCs MHCTPYKIIMEHN ¢lass M MOXKEeT BBI3BIBATHCA KAK
(GYHKIUS IJI5 CO3MaHNUA HOBBIX SK3eMILIAPOB. B 3TOM ciiyuae apryMeHThI BBI3O-
Ba IepegaroTcAa MeToAy __init__() KJacca i MHUIIUAJIU3AIMA BHOBb CO3IAH-
HOT'0 9K3eMILIAPA. OK3EeMILIAD MOKET UMUTHPOBATD IIOBeAeHre PYHKINN, €CJINI
oIpeneseT cuenuaabHblil Metonq __call_ (). Eciau aToT MeTox ompemeseH I
SK3EeMILISIPA X, TO UHCTPYKI[U x(args) BLI3OBET MeTox x. __call__(args).
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Knaccebl, TUnbI n 3K3eMnnspbl

Korpma ompegmenserca Kjacc, ero 00bABJIEHNE OOBIYHO CO3LAaeT O0BEKT THIa
type. Hanpuwmep:

>>> class Foo(object):
pass

>>> type(Foo)
<type ‘type’'>

B caenyroreit Tabinite IpUBOAATCS aTPUOyTHI 00bEKTAa ¢ THIA Type, UCIIOJb3ye-
MBI€ Jallie BCero:

ATpuodyTt Onucanue

t.__doc__ CTpoka JOKYMEeHTUPOBaAHUS

t.__name__ Wma kamacca

t.__bases__ KopTexx ¢ 6a30BBIMU KJIaccaMu

t.__dict__ CioBapsb, cofiepsKaIiuii MeTOABI U aTPUOYTHI KJaacca

t.__module__ Nmsa Moxyns, B KOTOPOM OIpesieJieH KJIacc

t.__abstractmethods__ MHoxecTBO UMEH a0CTPAKTHBIX METOLOB (MOJKET ObITH
HeoIpe/esieH, eciu abCTPaKTHBIE METOAbI OTCYTCTBYIOT
B KJIacce)

Korzma cosgaercs sK3eMILIAD KJacca, TUIOM 00'beKTa CTAHOBUTCS KJIACC, OIlpe-
menstoniuii ero. Hampumep:

>>> f = Foo()
>>> type(f)
<class ‘__main__.Foo’>

B caenyroreit Tabniie IepeuncIeHbl ClellnaJ bHbIe aTPUOYTHI 9K3eMILIApa it

ATpuodyTt Onucanue
i.__class__ Kuace, koTopoMy NpUHAAJIEKUAT 9K3EMILIAD
1.__dict__ CioBapsb, cofep:Kalinii TaHHbIe 9K3eMILIAPa

ATpubyTt __dict__ OGBIUHO CIYXKUT AJIsI XPAHEHWS JAHHBIX, ACCOIHMHPOBAH-
HBIX C 9K3eMIasipoM. Korma BBIIOJHSAETCSA Olepalius IpPUCBaAWMBaHUS, TaKas
Kak I.attr = value, 3HaueHUe value coxpaHsercs B 9ToM caoBape. OqHaKo, eciin
B IIOJI30BATEJIBCKOM KJAcCe OIpejiesieH arpubyT __slots__, ncmosabayercda 60-
Jee a(p(peKTUBHOE IIPEICTABIEHYE 9K3EMILIAPA, U y HETO YoKe He OyzeT aTpudyTa
__dict__. ITogpobOuee 06 00beKTaX U OPraHU3aI NN 00'EKTHOI MOIEJIN B A3bIKE
Python pacckassiBaercs B riiase 7.
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Mopaynu

Tun modyab — 9TO KOHTENHED, XPaHANIINI 00'BEeKThI, 3arPy KeHHbIe UHCTPYKI[HU-
ert import. Hanpumep, Korza B mporpaMMe BCTpedaeTcsa MHCTPyKIuA import foo,
umMs f00 CBA3BIBAETCS C COOTBETCTBYIOIIIUM 00BeKTOM MOy IA. Moxyiu (popmu-
PYIOT CBOM IIPOCTPAHCTBA MMEH, KOTOpPhIe PeaIn3yIOTCA Ha OCHOBE CJOBapei,
IOCTYIHBIX B Buje arpubyra __dict__. Becaruit pas, Korga BBITIOJHAETCA 00pa-
IeHue K aTpudyTy MOAYJIA (C MCIIOJIL30BAHMEM OIlepaTopa TOUYKM), OHO TPaHC-
JUPyeTcsA B OIlepaIinio IoMcKa mo cjoBapio. Hampumep, obOpartiesnue m. X 9KBU-
BaJIEHTHO obparenuio 7. __dict__[“x”]. TouHo TakK ke mIpuCBanBaHUe aTPUOYyTy
MOJYJIsI, HAIIPUMED: M. X = Y, 9KBUBAJEHTHO IpucBauBaHuo m.__dict__["x"] = v.
Mopysiu uMeroT ciiegyolue aTpuoy ThI:

ATputyTt Onucanue

m.__dict__ CJioBapsb, comeprkaIuii arpubyThl MO YIS

m.__doc__ CTpoKa JOKYMEHTUPOBAHUA MO YJIA

m.__name__ Nwmsa mogynsa

m.__file__ Wwms daitna, oTKyga ObLI 3arpysKeH MOYJIb

m.__path__ ITonmoe ums nakera. OmpenesneH, TOJIbKO KOrLa 00b-
KT MOJYJIA CChLIAeTCs Ha MaKeT

BCTpOEHHbIe TUNbl gaHHbIX AN BHYTPEHHUX
MeXaHU3MOB UHTeprpeTaTopa

Psang 06beKTOB, UCIIOIB3YeMbIX BHYTPEHHEH peansanueii mHTepIpeTaTopa, I10-
CTYIIeH ITOJIh30BATE0. B MX UMCJI0 BXOAAT 00BEKTHI C TPACCUPOBOUHOI MHGOP-
Mamuei, 06'beKThI C IPOrPaMMHBLIM KOAOM, 00'bEKTHI KaAPOB CTeKa, 00beKThI
TeHepaTopoB, 00HLEKTHI cpes3oB u Ellipsis. Bece onu mepeuwnciensl B Tada. 3.10.
AT 00'BEKTHI JOCTATOYHO PEIKO HAIPSAMYIO UCIIOJb3YIOTCA B IIPpOorpaMMax, HO
OHU MOT'yT MMETh IPAKTUUYECKYIO [EHHOCTh AJIs Pa3paboTUNKOB UHCTPYMEHTOB
u (PPeiiMBOPKOB.

Tabruya 3.10. BcmpoenHble munbt OGHHbLX OLA BHYMPEHHUX MeXAHUIMOE

uHmepnpemamopa
Hma tuna Onucanmne
types.CodeType CKOMIIMIUPOBAaHHBIN OaHT-KO
types.FrameType Kanp crexka BbI30BOB

types.GeneratorType O0BeKT reHepaTopa
types.TracebackType TpaccupoBouHas nHGOPMAIUA AJIA UCKJIIOYEHU T

slice CospmaeTcd pacInpeHHO omeparmei moJIyYeHns cpesa

Ellipsis HcnonbsyeTcsa pacmIinpeHHON onepanuei IOJIyYeHuA cpesa
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O6GBbeKTbI C NPOrpaMMHbIM KOJ,0M

OO0BEKTHI ¢ TPOTPAMMHBIM KOZOM IIPEACTABISIOT CKOMIUJINPOBAHHBIH, UCITOJI-
HSIEMBIN IPOrPaMMHBINA KO, WX 0aiim-K00, 1 00BIYHO CO3IaI0TCsI BCTPOEHHOM
dyurmuei compile(). 9T 06BEKTHI MOXO0KM HA (PYHKIIUH, 34 HCKJIIOUEHUEM
TOTO, YTO OHU HE COJEPKAT KOHTEKCTA, CBA3aHHOTO C IPOCTPAHCTBOM WMMEH,
B KOTOPOM 9TOT IIPOrPAaMMHBIH KO/ OIIPe/ieJIeH, HO IIPU 9TOM OHU XPAaHAT UHGOP-
MaIuio 0 BHAYEHUAX II0 YMOJIUYAHUIO A apryMeHToB. OOBEKT ¢ ¢ mporpaMm-
HBIM KOJIOM MMeeT CJIeAYIOIre aTpudyThl, JOCTYIIHBIE TOJBKO I UTCHU:

ATpuéyTt Onucanne

€.co_name Nma pysrmun

c.co_argcount KonnruecTBO MOBUITMOHHBIX apTyMeHTOB (BKJIIOUASA 3HAUEHUSA IO

YMOJIYaHUIO)

KosnuecTBO JTOKaIbHBIX IEPEMEHHBIX, UCIIOIb3YEMBIX (DYHK-
e

(9}

.co_nlocals

o

.Co_varnames KOpTe?K C UMeHaMU JIOKaJIbHBIX IIePEeMEeHHbIX

Kopre:x c umeHamMu iepeMeHHBIX, HA KOTOPBIE CCHLIAIOTCS BJIO-
JKeHHbIE QYHKIUU

9}

.co_cellvars

o

Hns BnoskeHHBIX QyHKIIUN. KopTerx ¢ mMeHaMu CBOOOJHBIX
ImepeMeHHBIX, KOTOPbIE OIIPe/ieJIeHbl B 00'beMJIIOIINX (QYHKITUAX
¥ UCIIOJIb3YIOTCS BJIOKEHHBIMY (DYHKIIUAMMA

.co_freevars

c.co_code CTpoKOBOE IIpeacTaBIeHre OaiT-Koaa
c.co_consts Koprex mutepasnos, UCIOIb3yeMbIX 0aHT-KOOM
c.co_names Koprex nmeH, ucmosb3yeMbIx 6aiT-KOI0M

9}

.co_filename

o

.co_firstlineno

o

.co_lnotab

(9}

.co_stacksize

o

.co_flags

Nwms daitna, B KOTOPOM OBLI CKOMIMJINPOBAH IPOrpaMMHBII
KOJ,

Howmep nepBoii cTpoky QyHKIITUT

CTpoKa, mpeACcTaBIAOIIAsd 0OTOOPaKeHe CMeIleHnii B 6aiT-
KO/le B HOM€epa CTPOK

Heob6xonuMerit pasmep cTexa (BKJIOYAA MECTO IJIS JOKAIBHBIX
IepeMeHHBIX)

Ilesmoe yncio, mpeacTaBiAoIlee pasandHble GJaru HHTepIpe-
raropa. But 2 (0x04) ycranaBiauBaeTtcs, eciau QYyHKIIUA TPUHA-
MaeT IIepeMeHHOe YKCJIO TO3UITMOHHBIX apryMeHTOB (*ar(gs).

Bur 3 (0x08) ycranaBiauBaeTcs, eciiu PYHKIIUA IPUHAMAET
mepeMeHHOe YMCJI0 UMEeHOBAaHHBIX apryMeHTOoB (**kwds). OcTaib-
HbIe OUTHI He HCIO0Jb3YIOTCA U 3ape3ePBUPOBAHEI HA OyAyIIiee

O6GbeKTbl Kagpa cTeka

O0BEKTHI KaJgpa CTeKa HUCIIOJIB3YITCA AJIA IMpeacTaBJIeHUA OKPYMXEHNUA BbIIIOJI-
HEHUA U B OOJILITUHCTBE CJIiyuaeB CO3al0TCA o0'BeKTaMu C TpaCCPIpOBO‘-IHOﬁ uH-
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dopmanueii (onucbiBaroTea HuKe). O0BEKT  Kaapa CTeKa MMeeT CJenyIoIue
aTpubyThHI, JOCTYIIHBIE TOJIBKO AJIST YTEHU:

ATputyTr Onucanue

f.f_back ITpempinymmuii Kagp cTeka (Kagp cTeKa BhIZBIBAIOIIEN (hYHKITUI)
f.f_code TekyImuii BEIIOJIHAEMBII 00BEKT C IPOIPAMMHBIM KOJOM
f.f_locals CJioBapb, MCIOJIB3YEMBbIH JIJIA IOUCKA JOKAJIbHBIX IIePEMEHHBIX
f.f_globals CioBapb, UCIIOJIB3YEeMBIH IJI5 IONCKA TMI00aJIbHBIX IEPEMEHHBIX

f.f_builtins
f.f_lineno

f.f_lasti

CoroBapb, UCIOJIB3YEMBbI JJIS TONCKA BCTPOCHHBIX UMEH
Howmep cTpoxu

Texymiasa nacrpyknud. [IpeacraBisaer nHAEKC B CTPOKe OalT-Koxa
obbekTa f_code

Cuenyrormue aTpubyThl MOT'YT M3MEHATHCA (A TaKIKe UCIIOIb30BATHCA OTJIA (UM~
KaMu U JPYTUMU UHCTPYMEHTaMMU):

ATpuodyTt Onucanne

f.f_trace DyHKIUA, KOTOpPasa OyAeT BEIBBIBATHCSA B HaUaJie KayKI0H CTPO-
KU UCXOZHOTO KOZa

f.f_exc_type Tun nocJsiegHero uckJIUYeHus (Toabko B Python 2)

f.f_exc_value

f.f_exc_traceback

3HaueHUe IOCJIeIHero UCKIUeHnd (ToIbKo B Python 2)

OOBEKT C TPACCUPOBOUYHOM MHMOPMAI[HEH TTOCTIeIHEer0 UCKI0-
veHusd (Torbko B Python 2)

O6GbEKTbI C TPACCMPOBOYHOM MHOPMaLMeN

OGBEKTHI C TPACCUPOBOUHOM NH(MOPMAIME CO3LaI0TCSA B MOMEHT IIOSBICHU A UC-
KJIIOUEHUSA U COAePsKaT MHMPOPMAIUIO O COCTOAHUM cTeKa. Ilocie BXoza B 6JIOK
00pabOTKN MCKJIOUEHWS TPACCHPOBOUHYIO HH(MOPMAIINIO MOXKHO IOJYYHUTH
¢ momoIbio PyHKIun sys.exc_info(). O6bEKT ¢ TPaCCUPOBOYHOM nH(pOPMAIIE
HUMeeT CJenyrInue anI/I6yTI>I, OOCTYIIHBIE TOJIBKO OJIA UYTEHUA:

ATputyTr Onucanne

t.tb_next Ccrliika Ha 00'bEKT C TPACCUPOBOYHOM MH(pOpPMAaIMeil, IpeacTaB-
JISIOIUY CJIELYIONINI YPOBEHS (B HAIPABJIEHUU KaApa CTeKa, B KO-
TOPOM BO3HUKJIA MCKJIIOUNTEIbHASA CUTYAI[U)

t.th_frame CchliiKa Ha Kaap CTeKa, MPeACTaBJIAIONIEero TeKYIINil YPOBEHDb

t.tb_lineno Howmep cTpoku, B KOTOPOI BOBHUKJIA UCKJIIOUUTEIbHAA CUTYAII U

t.th_lasti Howmep nHCTpYKIINY (HA TEKYIIIEM YPOBHE), I'/ie BOSHUKJIA UCKJIIIO-

YHUTeJbHAAd CATyallud
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OGBbeKTbl reHepaTopoB

OO'BEKTHI IeHepaTOPOB CO3JAIOTCS IPHU BEI3OBe (BDYHKIMH-reHepaTopoB (IOI-
POOHOCTH IPUBOLATCA B MaBe 6 «PYHKINHN U (PYHKIIMOHAJIBHOE IPOrPAMMU-
poBanue»). @PYHKIUA-TEHEPATODP CO3LAETCsA, €CJIU B Hell MCIOJNb3yeTCs CIIeIH-
aJIbHOE KJIFoueBoe cJoBO yield. OG'eKT reHepaTopa BBICTYIIAET OJHOBPEMEHHO
B POJIX UTepaTopa 1 KoHTeliHepa ¢ nHGopMaIreii o caMmoil GyHKI[MU-TeHepaTope.
O0BeKT reaepaTopa o0JIaaeT CAeAYIOIUME aTPUOyTaMU 1 METOTaMI:

ATpuoyTt Onucanue

g.gi_code OO0BEKT C IPOTPAMMHBIM KOZOM (QYHKIIUU-
reHeparopa

g.gi_frame Kagp crexka hyHKIUU-reHepaTopa

g.gi_running

g.next()

g.send(value)

g.close()

g.throw(exc [,exc_value [,exc_tb 1])

ITest0e yncio, yKasbIBaroliee — BHIIOJIHAETCS
I QYHKIIMA-TEeHePaTOP B HACTOAIIUY MOMEHT

Brinosnnsaer pyHKIUO-TeHEepaTop, oKa He
OyzeT BCTpedueHa CIeAyomasa NHCTPYKINA
yield, 1 Bo3Bpaljaer noJayudeHHOe 3HAUeHIE
(8 Python 3 aToT MmeTox BBIBBIBAET METO
__next__())

ITepenaer 3HaueHue value reHepaTopy. OTO
3HaYeHWe BO3BPAIIAeTCA BhIPAKEHIEM

yield B @pyHKIUU-reHeparope. Ilocie sToro
GYHKIUA-TeHEPATOP IPOLOJIPKUAT BHITIOJIHE-
HUe, IIOKa He OyZeT BCTPeUeHa CJIeyIoIasa
nHCeTpyKuusa yield. Merox send() BosBpamia-
eT 3HaueHUe, IIOJTyIeHHOe OT 3TOM WHCTPYK-
nuu yield

3aKpbIBaeT reHepaTop, BO30y K aad NCKJII0-
yeHUe GeneratorExit B @yHKIUU-TeHEPaTOPE.
ITOT METOJ BHI3BIBAETCSI aBTOMATHUUYECKH,
Korza o0'beKT reHepaTopa YHUYTOXKAETCA
c6OPITUKOM Mycopa

Bos6y:xaer nckiaodenne B QyHKIIUU-
reHepaTope B TOUKe BbI30BA MHCTPYKIIUH
yield. exc — THI UCKJIIOUEHUS, eXC_value —
3HAUEHWeE UCKJIIUYEeHUA U eXC_th — Heoba3a-
TeJbLHBII 00BEKT C TPACCUPOBOUHOM NHGOP-
marnueii. Eciiu ucKJiioueHre mepexBaueHo

1 00paboTano, BepHET 3HAUEeHNe, epeJaHHoe
cJieAyIoNieil MHCTPYKIuu yield

O6GbeKTbl Cpe30B

OO0'BEKTHI CPE30B UCIIOJb3YIOTCA AJIA IIPEICTABICHU CPe30B, 3aJaHHbBIX C IIPU-
MeHeHHEeM PacIIuPeHHOTI0 CHHTaKCUca, HanpuMep: ali:j:stridel, ali:j, n:m] niu
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al..., 1.j]. OO beKTHI CPe30B TaK Ke CO3aI0TCs BCTPOeHHOM (hyHKIuei slice([1,]
J [,stride]). Oum 06Jamai0T CAEAYIOINIMMH aTPUOyTaMU, JOCTYIHBIMU TOJBKO
IJIsI UTeHU:

ATtputyTt Onucanne

s.start Huxuasa rpanuna cpesa. [Ipuaumaer sHaueHue None, eciu He 3aaHa.
s.stop Bepxuasa rpanuna cpesa. [Ipuaumaer sHaueHHe None, ecIu He 3aaHa.
s.step IlTar cpesa. [IpuHUMAaeT 3HaueHHe None, eClIx He 3aaH.

OO0BeKTHI CPe30B TaKiKe MMEIOT eIWHCTBEHHBIN MeTon S.indices(length). Om
IpUHUMAaET AJUHY U BO3BpaIllaeT KoOpTexX (start,stop,stride) ¢ mapamMmeTpaMu
cpesa IJid II0CJIeOBAaTeJILHOCTY ¢ YKasaHnHou anuHoi. Hanpumep:

s = slice(10,20) # 06bexT cpesa [10:20]
s.indices(100)  # BepHeT (10,20,1) -> [10:20]
s.indices(15) # BepreT (10,15,1) => [10:15]

O6bexkT Ellipsis

O6BexT Ellipsis mcmoib3yercsa Kak IpU3HAK Haauums MHOroTouus (ellipsis)
B omeparope uHAeKcupoBauus [ ]. CyIecTByeT efNHCTBEHHBIN 00bEKT JaHHOTO
TUIIA, JOCTYI K KOTOPOMY OCYII[€CTBJISIETCSA C IIOMOIIIHI0 BCTPOEHHOT'0 UMeHY F1-
lipsis. Ou He uMeeT aTpUOYTOB U B JIOTMYECKOM KOHTEKCTE OIeHMBAETCs, KaK
sHauenue True. O6weKT E11ipsis He MCIONB3yeTCcss HU B OJHOM M3 BCTPOEHHBIX
TunoB a3eika Python, Ho oH MokeT GBITE IIOJIE3€H AJIS TeX, KTO IOXKeJaeT pac-
mUPUTH GPYHKIINOHAIBHOCTD OIlepaTopa NHAEKCUPOBAHNUA [ | B CBOUX COOCTBEH-
HBIX 00beKTax. Huike meMoHCTpUpyeTCs, KaK co3maeTcsa 00beKT E111psis 1 Kak
OH IepefaeTcs OIepaTopy NHAEKCUPOBAHUA:

class Example(object):
def __getitem__(self,index):
print(index)

e = Example()
e[3, ..., 4] # BuiabiBaeT e.__getitem__((3, Ellipsis, 4))

NoBepeHMe 06bEKTOB U crieunanbHble MeToAabl

Boobitie 00beKTBI B s3bIKe Python kiaaccupuiiupyioTcs 0 MX IIOBEIEHUIO
U 0COOEHHOCTAM, KOTOPhIe OHU peasudyioT. Hanpumep, Bce mocjiefoBaTeIbHO-
CTU, TaKMe KaK CTPOKU, COIUCKU U KOPTEXKHU, 00beJUHEHBI B OTHY KaTeropUio
TIPOCTO IIOTOMY, UTO OHU HMOAIEeP;KUBAIOT OOITMIT HA0OP ommepamuii Hal IOCaeI0-
BaTeJbHOCTAMH, TAKUX KaK S[n], 1len(s) u Tak maJjee. Bce oCHOBHBIE oIlepanuu
WHTepPIIPpeTaTopa peajn30BaHbl B BUIe CIIEIINaJbHBIX METOAO0B 00beKTOB. MMe-
Ha CIeINaJIbHBIX METOIOB BCErIa HAUMHAIOTCSA U OKAHUYMBAIOTCS JBYMS CUMBO-
JaMu moguyepKuBaHuA (__). OTU MeTOAbl aBTOMATUYECKU BBIZBIBAIOTCSA WHTEP-
IIPEeTaTOPOM B IIPOIlecce BRIIOJIHEHNA IIporpaMMbel. Hampumep, onmepanus x + y
oTobpaskaeTcss B BbI30B MeTona x.__add__(y), a omepanusa AOCTyIa K 9JI€MEHTY
mo uHAeKCcy x[k] orobpaskaercsa B BBI3OB mMeToma x.__getitem__(k). IloBemeHnue
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KaoKJI0ro TUIA JaHHBIX MOJHOCTHIO 3aBUCUT OT HaboOpa CIIelua bHbBIX METOIOB,
KOTOpPBIE OH Peansyer.

TTonb3oBaTENIBCKIE KJIACCHI MOTYT OMPEEIATH HOBbIE 00'EKThI, IIOX0KIE CBO-
UM TIOBeJeHWeM Ha BCTPOEHHBIE THUIIBI, IIPOCTO Peajusdys COOTBETCTBYIOIee
TIOJJMHOKECTBO CIIE€IINaJIbHBIX METOJI0B, 0 KOTOPHIX PACCKAa3bIBAETCS B 3TOM pas-
nesne. Kpome Toro, 3a cuer nmepeonpenesieHuA HEKOTOPBIX CIEIUAJIbHBIX METO-
OB MOJKeT OBITH paciupeHa (uepes HacJieloBaHue) PyHKIIMOHATIbHOCTH BCTPO-
€HHBIX TUIIOB, TAKUX KaK CIUCKU U CJIOBapH.

B crnenyomux HECKOJBKUX pasfiesiaX OMKUCBIBAIOTCA CIIEI[UAJbHBIE METOXBI,
CBSABAHHBIE C PA3IMYHBIMU KATeTOPUIMU 0COOEHHOCTE! NHTepIperaTopa.

Co3paHue U YHUUYTOXEeHNe 06beKToB

Metozbl, mepeuncieHubie B Tab. 3.11, co3maioT, MHUITUAJUSUPYIOT U YHUUTO-
JKaIoT 9K3eMILIAPLI. MeTonm __new__() —8To MeTO[ KJiacca, KOTOPBII BHI3bIBAETCS
ILJIsI CO3MaHUs dK3eMILIApa. MeToxn __init__() MHHUIIMAIU3UPYET aTPUOYTHI 00-
eKTa U BBI3BIBAETCS CPasy sKe MocJje co3JaHmusa 9Toro oobeKTa. Meron __del__()
BBIBLIBAETCA IEPe] YHUUTOXKEeHeM 00'beKTa. BEIZ0B 9TOro MeToa IPOuCXOINT,
TOJIBKO KOIZla 00'beKT HuUrae 0OJIbIIe He MCIOJb3yeTcs. BasKHO 3aMETUTD, UTO
UHCTPYKIM del X BCero JIUIIb YMEHbIIIAeT CYETUNK CCHIJIOK HA 00bEKT 1 Heo0s-
3aTeJIbHO MOJKEeT IPUBOAUTH K BBI3OBY 2TOro mMerozxa. IlogpobHee aTU MeTOIbI
OITMCBHIBAIOTCA B IUIaBe 7.

Tabauya 3.11. Cneyuanvrvie memodvl CO30AHUA U YHULMONCEHUA 003EKMO08

Metop Onucauue

__new__(cls [,*args [,*+*kwargs]]) Meron kynacca. BeidpiBaeTcd AJis cO3TaHUA
HOBOT'0 9K3eMILIApa

__init__(self [,*xargs [,**kwargs]]) BrIsbIBaeTcs AJIA MHAIIUAJIU3AUY HOBOTO
9K3eMILIApa

__del__(self) BrIsbIBaeTcsa mepes YyHUUTOXKEHUEM HOBOT'O
9K3eMILIApPa

Metoabr __new__() m__init__() “CIIOJB3YIOTCA COBMECTHO JJIA CO3MaHUA U UHU-
IaJu3aluy HOBBIX 9K3eMILIAPOB. Korma Ajs co3maHms HOBOTO SK3eMILIApa
TIPOUBBOAUTCS BBIBOB A(4rgs), OH TPAHCIUPYETCS B CIAEAYIONTYIO TIOCIeI0BATE b
HOCTbH IeNCTBUI:

x = A.__new__(A, args)
is isinstance(x,A): x.__init__(args)

B mosib3oBaTebCKUX 00BEKTaX PEAKO MPUXOAUTCA OMPenesasaTh COOCTBEHHBIE
metonbl __new__() u __del__(). Meroxm __new__() OOBIYHO OIPENEJISIeTCS TOJIb-
KO B MeTaKJiaccax MJHU B IIOJIB30BATEJIBCKUX KJiacCaX, HaCJIeOyOIINUX OONH U3
Her3MeHAeMbIX TUIIOB JaHHBIX (IleJIble UMCJa, CTPOKHU, KOPTEeXKU U TaK Jajiee).
Meton __del__() ompenesasieTcda TOJIBKO B CUTyalluAX, KOT/Ia HE0OXOAMMO opra-
HM30BAaTh yIIpaBJIEHHME HEKOTOPBIMM KPUTHUYECKHN BaXHBIMHU pecypcaMu, Ha-
IpUMep 0CBOOOAUTH OJIOKUPOBKY UJIN 3aKPBITH COINHEHNE.
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CTpokoBoOe npepacTaBneHne o6beKkToB

B rab6i. 3.12 nmepeunciieHbl METOALI, UCIIOJIb3yeMbIe IJIs CO3LAHUA PA3IUUHBIX
CTPOKOBBIX IIPEACTaBJIEHUI 00bEKTOB.

Tabauya 3.12. Cneyuanvrovie memodst 05 co30anus npedcmasaernuil
00BeKmos

Metox Omnucanue

__format__(self, format_spec) CosgmaeT (hopMaTHPOBAHHOE CTPOKOBOE IIPEICTAB-
JeHue

__repr__(self) CosmaeT CTPOKOBOE IIpeIcTaBIeHNE 00heKTa

__str__(self) CoszmaeT mpocToe CTPOKOBOE IIPEICTABJIEHUE
o0'beKTa

Metombr __repr__ () m __str__() co3marmT TPOCTOE CTPOKOBOE IIpPEICTaBJIEHUE
obobekTa. Meronx __repr__() oOBIYHO BO3BpalllaeT CTPOKY C BbIparKeHueM, KO-
TOpPOEe MOJKET MCIOJb30BaThCs AJIA BOCCO3MaHUA OOBEKTa C IOMOIIbI0 (DYHK-
nuu eval(). OTOT METOJ OTBeUaeT TaKiKe 3a CO3JaHle BLIBOAUMBIX 3HAUEHUIH,
KOTOpbIe MOJKHO HAOJIOJATh IPY WHCHEKTUPOBAHUY 3HAUEHUI B MHTEPAKTUB-
HOII 000JI0UKe MHTEPIPEeTaTopa. OTOT METOJ BbI3bIBAETCSI BCTPOCHHON (PDYHKIIT-
et repr(). Huske mpuBOgUTCSA IpUMED COBMECTHOT'O KCIIOJIL30BAHUA (DYHKIITUN
repr() meval():

a =1[2,3,4,5] # CospaHue cnucka
s =repr(a) #s="'2, 8, 4, 5]
b = eval(s) # CTpoka npeobpasyeTcs 06paTHO B CMUCOK

Eciu mo KakuM-TO IpuYMHAM HEBO3MOIKHO CO3IAaTh CTPOKOBOE IIpeACTaBJIe-
HUe BBIPpAKEHNs, ITI03BOJIAIOIIET0 BOCCO3IaTh 00BEKT, IO COTJIAIIIEHISIM METO/T
__repr__() moJl:KeH BO3BpAIaTh CTPOKY BUAA <...coo0ueHue...>, KaK IOKa3aHo
HUKe:

f = open(“foo”)
a = repr(f) # a = “<open file ‘foo’, mode ‘r’ at dc030>"

Meton __str__() BbIBBIBAeTCS BCTPOEHHOI (DyHKIMeH str(), a TakKe QPYyHKI[UI-
MU, OTBEUYAIOIIUMU 3a BBEIBOA mHPopMamnuu. Ero oraumunme ot metoma __repr__()
3aKJII0YAeTCsI B TOM, UTO BO3BpalllaeMas UM CTPOKA JOJKHAa ObITh 0ojiee KpatT-
KO# 1 MHPOPMATUBHOU JJId II0Jb30BaTe A, B ciryyae OTCYyTCTBUA 3TOTO METOIa
OyzeT BbIBBIBATHCA MeToq __repr__().

Meton __format__() BeI3bIBaeTCsA O0BIUHOM (PyHKIIHEH format() Uau CTPOKOBBIM
metomom format(). AprymeHT format_spec — 3TO CTPOKAa, comepikaliias ompemne-
aenue ¢opmara. CTpoKa, OTHOCUTEJIbHO KOTOPOII BbI3bIBaeTcsa metTon format(),
IOJI2KHA UMETH TOT JKe BUJ, UTO U apryMeHT format_spec pyurmuu format(). Ha-
npuMep:

format(x, "spec”) # BuizoseT x.__format__(“spec”)
“x is {0:spec}”.format(x) # Bu3oseT x.__format__("“spec”)
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CunTaKCcuc cruenuduKaTopoB (popMaTa MOKET ObITh KAKOM YTOTHO U MOYKET 13-
MEHAThCA OT 00beKTa K 00beKTy. OMHAKO CYIIeCTBYeT CTaHIAaPTHBIN CHUHTAK-
cuc, KOTOPBIi onuckIBaeTcsA B TiaBe 4.

CpaBHeHuMe 1 yrnopsigo4yeHne oobeKkToB

B Ta6sa. 3.13 mepeunciaeHBI METOABI, KOTOPEIE MOT'YT MCIIOJb30BATHCA IJIS BEI-
TOJHEHUA MIPOCTENIINX IPOBEPOK 00beKTOB. Meron __bool__() MCHOJb3yeTcs
JJIsI BBIYUCJIEHU A IPU3HAKa UCTUHHOCTU U TOJIPKEH BO3BpaIiaTh [rue uau False.
ECJII/I 9TOT METOI He OIIPpe[eJI€H, OJId BBIUYNMCJIIEHUA IMIPpHU3HaKa MCTUHHOCTU MC-
noabdyerca meron __len_ (). Meroxg __hash__() ompemensiercsi B o0beKTax,
KOTOpPHBIE JOJIXKHBI IIPEeJOCTABJIATh BOSMOMHOCTE HCIIOJIB30BATh UX B KaUyeCTBe
KJrroueii cioBaps. OH J0JI2KeH BO3BpPAIlaTh OJHO U TO JKe I[eJI0e YNCJIO0 AJIA 005-
eKTOB, KOTOpbIe IIPU CPaBHEHUU IIPU3HAIOTCA SKBUBaJIEHTHBIMHU. BoJjiee Toro,
9TOT METO]] He JOJIXKEH OIPEeNe/IAThCA B U3MEHAEMbIX 00'beKTaX; JII00bIe N3Me-
HEeHUudA B O6’BeKTe 6y,uy'r IIPUBOOAUTH K UISMEHEHHUIO er'o Xellna, 4YTO IIPUBENET K He-
BO3MOXKHOCTH O0OHAPY KeHUA 00'beKTa B CJI0Bape.

Tabauuya 3.13. CneyuanvHble memodvl nPOBEPKU 008EKMO8 U BbIYUCLCHUS UX

xeweil
Metox Omnucanue
__bool__(self) Bosspainaer False uiu True Ipu BBIYUCJICHUN 3HAYEHU ST
00beKTa B IOTUYECKOM KOHTEKCTe
__hash__(self) Brorunciser 1eI0UYnCJIeHHYI0 Xell-CyMMy 00beKTa

O0BEeKTHI MOTYT peain30BaTh MOAAEPIKKY ONHOI'0 MM 6oJiee OIepaToOpoOB OT-
HOIIeHU# (<, >, <=, >=, ==, |=), KasKAbIil U3 9TUX METOJOB IPUHUMAET JBAa apry-
MEHTa U MOYKET BO3BpAIllaTh 00'BEKTHI JIFOOOT0 THUIIA, BKJIIOUAA JIOTUYECKUI TUIT
Boolean, cnucox miam aro6oii apyroit tun sasbika Python. Hanpumep, maker,
peau3yIUi YNCIeHHbIE METOABI, MOT ObI UCIIOJIb30BATb 3TU METO/bL JIJIA 110~
2JIEMEHTHOTO CPaBHEHUS JBYX MATPUIL X BO3BPAIIATh MATPUILY C Pe3yJIbTaATAMU.
Ecau cpaBHeHUe He MOKeT ObITh IIPOU3BEEeHO, ST METOABI MOT'YT BO30Y K IaTh
uckaouenre. CremuajabHble METOABI, PEaJU3YIOINe OllepaTopbl CpaBHEHUST,
mepeuucJeHbl B Tabs. 3.14.

Tabauya 3.14. Memodui, pearusyuiue nod0epicKy onepamopos CpasHeHUs

Mertox Pesyasrar

__1t__(self,other) self < other
__le__(self,other) self <= other
__gt__(self,other) self > other
__ge__(self,other) self >= other
__eq__(self,other) self == other
__ne__(self,other) self != other
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OO0 BeKT He 00A3aTeIbHO J0JIMKEeH Peain30BbIBATh BCe METO/bI IMOIAEPIKKY OIle-
paTopoB cpaBHEHUA, llepeurcaeHHble B Tabi. 3.14. OnHaKo ecJiu IIpeamIojaraeT-
cd, UTO 00'bEKT MOJKeT YUaCTBOBATb B CPABHEHUU OIIE€PATOPOM == WUJIU KUCIIOJIb-
30BaThCA B KAUueCTBe KJI0Ua CJI0Baps, OH JOJIKEeH peaansoBaTb meTon __eq__().
Ecau npeanosaraercs, 4To 00bEKT MOKET YUaCTBOBATH B OIEPAIAAX COPTHUPOB-
KU WJIU IepefaBaThbCA TaKUM (PYHKIIUAM, KaK min() u max(), OH TOJKEeH peasu-
30BBIBATh, II0 MEHbIIIe Mepe, meToxn __1t__ ().

lNMpoBepka TNa

B rabu. 3.15 mepeunciieHbl METOIBI, KOTOPhIE MOT'YT UCIIOJb30BATHCA AJIS Iepe-
oImpeneeHNA TOBEIEHUA OePAIluil MPOBEPKU TUIIA, BHITIOJIHAEMBIX (DYHKITUA-
mu isinstance() b issubclass(). B GoabIlIHCTBE CIyUYaeB 9T METOIbI OIpee-
JIAIOTCSA B abCTPaKTHBIX 6a30BBIX KJaccax W MHTepdeiicax, KaK OMUCHIBAETCS
B riase 7.

Tabauuya 3.15. Memodsl. nposepku muna

MeTop, Pesyaprar
__instancecheck__(cls,object) isinstance(object, cls)
__subclasscheck__(cIs, sub) issubclass(sub, cls)

LdocTyn K aTpubytam

B Tta6a. 3.16 mepeuncieHbI METOABI, KOTOPHIE UCIIOJIb3YIOTCA JJIA UYTeHU A/ N3Me-
HEeHUA U yaajeHus aTpubyToB 06bEKTOB OIIEePaTOPOM TOUKY () M MHCTPYKI[UEH
del cooTBeTCTBEHHO.

Tabruya 3.16. CneyuanvHble memodv. docmyna Kk ampuoymam

Metopn Onucaunme
__getattribute__(self,name) Boaspartaer atpubyT self. name.
__getattr__(self, name) Boaspartaer atpudyT self. name, KOTOPBII He

MOKeT ObITh HAaMIeH OOBLIYHBIM CIIOCOO0M,
WM BO30Oy KJaeT ucKJoueHue Attributekrror.

__setattr__(self, name, value) H3mensier sHaueHNe aTpuOyTa IIPU BBITIOJIHE-
HUU ontepanuu self.name = value. Ilepeomnpe-
neasgeT MeXaHU3M IPUCBAUBAHUSA, UCIIOJb-
3yeMBI 110 YMOJIYaHUIO.

__delattr__(self, name) Vnanser arpubyt self.name.

Meron __getattribute__() BBI3BIBAETCS BCAKHUI pas, KOrga IPOU3BOAUTCS 00-
paitenne K arpudyTy. Eciiz MmeTony ymaercsa 00HAPYKUTh TpeOyeMblil aTpulbyT,
OH BO3BpAIIlaeT ero 3HaUeHue. B IPOTUBHOM cJyuae BbI3bIBaeTCA MeTOHd __get-
attr__(). ITo ymonuanuto meton __getattr__() BosOy:KaaeT ucKIOUeHMe Attrib-
uteError. Ilpu mpucBavBaHUU 3HAUEHUS aTPUOYTY BCETA BHIBLIBAETCA METOM, _ _
setattr__(), a mpu ymaJieHuu aTpuOyTa BCceraa BbI3bIBaeTca MeTon __delattr__().
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OGepTbiBaHMEe aTPNOYTOB N AEeCKPUNTOPDI

BaXHBIM acmeKTOM yIpaBJIeHUSA aTpubyTaMu SBJISETCA BO3MOKHOCTH 00ep-
HYTH aTpuOyThI 00'bEKTA JOMOJHUTEIbHLIM YPOBHEM JIOTUKW, KOTOPAS BBIIIOJ-
HSETCs IIPU BBI3OBE OIlepallMil UTEHWUs, U3MEHEeHUS W YOAJEeHUs, ONMCAHHBIX
B IIPEBIAYINEM pasgese. OTOT BUL 00epPThIBAHUA 00eCIIeunBaeTCs 3a CUeT CO3-
IaHus o0'beKTa decKpunmopa, peaausyoIero oAuH uin 60jee METOI0B, Iiepe-
YNCJIeHHBIX B TabJ. 3.17. CieayeTr 3aMeTHUTh, UTO HECKPUIITOPHI HE ABJIAIOTCS
00s13aTeJILHBIMY 1 HEOOXOAMMOCTb B HUX HA IPAKTUKE BOSHUKAET JOCTATOYHO
penxo.

Tabauya 3.17. CneyuaavHovie memodvl 066eKmo6-0eCKPUNnmopos

Merox Onucanne

__get__(self,instance,cls) Bosepaijaer 3HaueHune aTpudyTa U BO30YIK-
naeT UCKJoueHue AttributeError

__set__(self,instance,value) 3amnuceIiBaeT B aTpubyT 3HAUEHUE value

__delete__(self,instance) Vnansaer aTrpudbyT

Metonmbr __get_ (), __set__ () m __delete__ () mecKpumnTopa mpeJHa3HAUEHBI IJIs
B3aMMOJEUCTBUSA C peasiu3aliueil Mo yMOJIYaHUIO0 MeTomoB __getattribute__ (),
__setattr__()m__delattr_ () BKJaccax u THnax. TaKkoe B3amMogeiicTBIe CTAHO-
BUTCS BO3MOKHBIM, €CJIU IIOMECTUTD 9K3EMILIAD JeCKPUIITOPA B TEJIO M0JIb30Ba-
TeJIbCKOTO KJacca. B 9ToM ciryuae Bce omepamuu ¢ aTpudyToM, OIpeaeieHHbIM
C IIOMOIIIBIO NECKPUIITOPa, HEABHO 6y,z[y'r BBI3BIBATHb COOTBETCTBYIOIIIIE€ ME€TO/bI
o0beKTa geckpunropa. OOBIYHO AECKPUITOPLI NCIOJIb3YIOTCA AJIA PeaIn3alin
HU3KOYPOBHEBOH (DYHKIIMOHAJIBHOCTA 00BEKTHO-OPUEHTUPOBAHHELIX MEXaHM3-
MOB, BKJIIOUAA IOAEPHKY CBA3AHHBIX U HECBA3AaHHBIX METOJ0B, METOOOB KJIac-
COB, CTaTUYECKUX METOJIOB 1 CBOMCTB. IIprMephI UCIIOIB30BaAHNUA TECKPUIITOPOB
IPUBOAATCA B IJiaBe 7.

MeTopabl nocnepoBaTeNibHOCTEN N OTOOPaXKeHUN

B Ta6u1. 3.18 mepeunciaeHbl METO/IbI, UCIIOJIb3yeMble 00beKTaMU, UMUTHPY IO~
MU ITOBeJieHNe OCJIe[0BATeIbHOCTEH 1 0TOOPaKeH WA,

Tabauya 3.18. MemodsL nociedosamenbHocmeil u 0moopaxiceHul

MeTop, Onucanue
__len__(self) Bosspaimaer gauny o6beKTa self
__getitem__(self, key) Bosspaiaer self[key]
__setitem__(self, key, value) Peanusyer npucBauBanue self[key] =value
__delitem__(self, key) VYnanser self[key]
__contains__(self, obj) Boaspazimaer True, ecyiu 0bj IPUCYTCTBYET

B Self; B IPDOTUBHOM cJjIydae Bo3Bpalmaer False
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IIpumepsr:
a=1[1,2,3,4,506]
len(a) #a. __len__()
x = a[2] # x = a.__getitem__(2)
af[1] = 7 # a.__setitem__(1,7)
del a[2] # a.__delitem__(2)
51in a # a.__contains__(5)

Metonx __len__() BbI3BIBAETCA BCTPOEHHOU (DYHKI[MEH len() U AOJIKEeH BO3Bpa-
I1aTh HEOTPUIlATEJbHOE 3HaUeHUe NIUHBI. KpoMe Toro, B ciaydae OTCYTCTBUS
MeToma __bool__() 9TOT MeTO[ TaKsKe MCIOJIL3yeTCs IPU OIpeaesieHnN 3Haue-
HUSA UCTUHHOCTHU O0'LEKTA.

I MaHUITYIUPOBAHUS OTAEJIbHBIMU 9JIEMEHTaMU MOYKET MCII0JIb30BAThCS Me-
Tox __getitem__(), KOTOPBIi JOJIYKEH BO3BPAIIATh 3JIEMEHT, COOTBETCTBYIOIITU L
YKasaHHOMY KJIOUy key. B KauecTBe KJI0Uua MOJYKET HMCIIOJIB30BATBhCS JIIOOOM
o0beKT asbpika Python, Ho miasa mociemoBaTeIbHOCTEN OOBIYHO HCIOJIbB3YIOTCS
mesable ynuciia. Meron __setitem__() peasmsyer onepamuio IPUCBAWMBAHUA 3HA-
yeHUA value amemeHTy. Meton __delitem__() BBIBBIBAaeTCA BCAKUU pas, Kormaa
BBI3bIBAETCA MHCTPYKI[UA del g oTaebHOro ajaemMernTa. Merox __contains__()
obecmeurBaeT peaaus3aluio onepaTopa in.

Kpome Toro, ¢ nmpumenenuem meromoB __getitem_ (), __setitem__() m __deli-
tem__() peaJu3yIOTCS OIEpaIluy IOJy4YeHNs CPe30B, Takue Kak x = s[1:7]. Ox-
HAKO B 9TOM CJIyuae B KauecTBe KJIOUa IepefaeTcs CIelMaJIbHbIA 00beKT cpe-
3a — slice. JIaHHBIN 00BLEKT MMeeT aTpuOyThI, OIMCLIBAOIINE IIapaMeTPhl 3a-
IIpollleHHOTO cpe3a. Hampumep:

a=1[1,2,3,4,506]

x = a[1:5] # x = a.__getitem__(slice(1,5,None))
al1:3] = [10,11,12] # a.__setitem__(slice(1,3,None), [10,11,12])
del a[1:4] # a.__delitem__(slice(1,4, None))

Omepanuu moJIyYeHus cpesa, peaJn3oBanHble B s3biKe Python, B geiicTBuTe1BH-
HOCTU 00JazaiT 6ojiee MIMPOKUMY BO3MOXKHOCTAMM, YEM IIOJIATAIOT MHOTUE
nporpaMmmucTel. Hanpumep, HUKe IPUBOAATCA IIOAAEPKUBaeMble Da3HOBU/I-
HOCTH OTI€paIlny IIOJIyUeHU CPe30B, KOTOPhIe MOT'YT OBITH ITOJIE3HEI ITPU padoTe
C MHOTOMEPHBIMY CTPYKTYPaMU JAHHBIX, TAKUMU KaK MaTPUILBI 1 MaCCUBBI:

a = m[0:100:10] # Cpes ¢ warom (war=10)

b =m[1:10, 3:20] # MHOromepHbii cpes

¢ = m[0:100:10, 50:75:5] # MHOrOMepHu# Cpes C warom

mf0:5, 5:10] =n # PacuupeHHas onepauns npucsauBaHug cpesy
del m[:10, 15:] # PacwupenHas onepauvsa ypaneHus cpesa

B o01iem cirydae AJiA KasK/I0ro n3MEePeHU A MOYKET IPUMEHATHCA CBOS OIePaI[ s
cpesa B Buje 1:j[:stride], rne 3HaueHue Stride (1ar) ABIAeTCA He00A3aTeILHBIM.
Kax u B ciryuae 0OBIYHBIX CPE30B, JOIYCKAETCS OIMYCKATh HAUYAJbHOE U KOHEU-
HOe 3HAUEHHUA [JIs KasKI0ro usMepeHus. Kpome Toro, B paciInpeHHBIX Ooepa-
IMUAX IIOJIYYEeHUA CPEe30B JOIIYCKAaeTCA UCIIOJIb30BaTh MHOIOTOYME (3an1/1cmBaeT-
cA Kak ...) JJIs JJ'000ro KOJIMUYeCcTBa HAauaIbHBIX M KOHEUHBIX U3MEPEeHUI:
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a =m[..., 10:20] # pacwupeHHas onepauus M3BNEYEHWS Cpe3a C MHOMOTOYMEM
m[10:20, ...] =n

IIpu mcoIb30BaHUM PACIITNPEHHBIX OIEPAINH ITOJYUYEHUS CPE30B peaIu3alis
YTeHUsdA, USMEeHeHUs M yJIaJIeHusd dJIeMEeHTOB BolJjiaraeTcsa Ha MeTonbl __get-
item_ (), _setitem_ () m __delitem_ () coorBercTBeHHO. OZHAKO BMECTO IIeJIO-
YUCJIEHHBIX 3HAUYEHUU STUM METOLaM IIepeaioTCs KOPTeKU, COmepKaIiue KOM-
OMHAIIMU TapaMeTPOB CPe30B 1 00beKToB E11ipsis. Hampumep, mHCTPYKIIUA

a =m[0:10, 0:100:5, ...]
BBIBOBET MeTox __getitem__():
a =m.__getitem__((slice(0,10,None), slice(0,100,5), Ellipsis))

CTpoKm, KOPTEeKU U CIUCKU B A3bIKe Python B HacTosIee Bpemsa obecreunBa-
IOT HEKOTOPYIO NMOAAEPIKKY PACIINPEHHOI0 CUHTAKCHUCA CPE30B, KOTOPHII Omu-
ceiBaercs B riase 4. Crenuasbublie pacinuperus Python, oco6eHHo cBa3aHHbBIE
C HAYYHBIMY BBIUUCJIEHUSIMU, MOTYT IIPEAJIAaraTh HOBbIe TUIIBI U 00'BEKTHI C pac-
TN PEHHON TOAIePIK KO oepauii Moy YeHs CPe3oB.

N1epauunn

Ecan 00beKT 0b] HMOgmep:KUBaeT UTEPAIHU, OH HOJIKEH Pealn30BaTh METO[
obj.__iter__(), BosBpalmamIuii 00beKT mreparopa. O6bekT mTeparopa iter,
B CBOIO Oouepefib, JOJIMKEH peain30BaTh eIUHCTBEHHBIN MeTon Iter.next() (uau
iter.__next__() B Python 3), BoaBpamaromniuii cieayouui 00beKT NN BO30YK-
IaloIMUil ucKJouenme Stoplteration B Kouie mrepamuii. O6a sTm Meroza mc-
HOJb3YIOTCA UHCTPYKIMEH for M APYTrUMU HHCTPYKI[USIMU, HeSABHO BBIIIOJIHIIO-
muMu urepanun. Hanpumep, MHCTPYKIUA for x in S BBIIOJHSAET CJIeIYIOIIre
IeNCTBUI:

_iter = s.__iter__()
while 1:
try:
x = _iter.next() # _iter.__next__() B Python 3
except Stoplteration:
break
# WHCTpyKuMKM, cocTaBndwumne Teno uukna for

MaTtemaTnyeckune onepaunun

B ta61. 3.19 nmepeunciieHEI cieriuaJIbHBIE METObI 00'EKTOB, KOTOPhIe UMUTHPY-
IOT TIoBeJieHMe unces. MaTemMaTnuecKue omepanuy BCeT[a BhITTOTHIIOTCS CJIeBa
HalpaBo, C YUeTOM IIPAaBUJI IIPEAIIIECTBOBAHN A, OIINChIBAEMBIX B I'VIaB€e 4; Korga
B IIpOrpaMMe BCTPEUAeTCs BhIPAsKeHNe, TAKOe KaK X + ), MHTePIPeTaTop IIbITa-
eTcsl BbI3BATh MeTox X.__add__(y). CremuaiabHble METO/bI, HMeHa KOTOPBLIX Ha-
YMHAIOTCS C CUMBOJIA I, PEAIU3YIOT MOAAePIKKY OllepaIluii, Ie onepat/ bl MeHs-
forcsa mectamu. OHU BBI3BIBAIOTCS, TOJIBKO €CJIU JIEBBIM ONepaH/ He PeajinusyeT
HOAAEP:KKY Tpebyemoii onepamun. Hampumep, eciix 00BbEKT X, UCIIOJIb3yeMbIi
B BBIpasKeHUU X + Y, He uMeeT mMeToAa __add__(), MHTepIpeTaTop IONbITAeTCA
BBI3BATH MeTOf V. _radd__(x).
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Tabauya 3.19. Memodv. mamemamuyecKux onepayuil

MeTop,

PesyabpTar

__add__(self,other)
__sub__(self,other)
__mul__(self,other)
__div__(self,other)
__truediv__(self,other)
__floordiv__(self,other)
__mod__(self,other)
__divmod__(self,other)
__pow__(self,other [,modulo])
__lshift__(self,other)
__rshift__(self,other)
__and__(self,other)
__or__(self,other)
__xor__(self,other)
__radd__(self,other)
__rsub__(self,other)
__rmul__(self,other)
__rdiv__(self,other)
__rtruediv__(self,other)
__rfloordiv__(self,other)
__rmod__(self,other)
__rdivmod__(self,other)
__rpow__(self,other)
__rlshift__(self,other)
__rrshift__(self,other)
__rand__(self,other)
__ror__(self,other)
__rxor__(self,other)
__iadd__(self,other)
__1sub__(self,other)
__imul__(self,other)
__idiv__(self,other)

__itruediv__(self,other)

self + other

self - other

self « other

self / other (roabko B Python 2)
self / other (Python 3)

self // other

self % other

divmod(self,other)

self == other, pow(self, other, modulo)
self << other

self >> other

self & other

self | other

self ~ other

other + self

other - self

other = self

other / self (toapko B Python 2)
other / self (Python 3)

other // self

other % self

divmod(other, self)

other == self

other << self

other >> self

other & self

other | self

other ~ self

self += other

self -= other

self x= other

self /= other (tronbko B Python 2)
self /= other (Python 3)
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MeTtopn PesyabpTar
__ifloordiv__(self,other) self //= other
__imod__(self,other) self %= other
__ipow__(self,other) self === other
__land__(self,other) self &= other
__ior__(self,other) self |= other
__ixor__(self,other) self "= other
_1ilshift_ (self,other) self <<= other
__irshift__(self,other) self >>= other
__neg__(self) -self
__pos__(self) +self
__abs__(self) abs(selr)
__invert__(self) “self
__int__(self) int(self)
__long__(self) long(self) (rombko B Python 2)
__float__(self) float(selr)
__complex__(self) complex(self)

Metonmbr __iadd__(), __isub__() u T. A. UCTIOJIB3YIOTCS AJIA TOAIEPKKU apudme-
TUYECKUX ONEPAINIl, COXPAHAOIIUX PE3yIbTAT B OHOM U3 OIEPAHJOB, TAKUX
Kak a+=b u a-=h (M3BECTHBIX TaK’Ke KaK KOMOUHUPOBAHHbLE ONEPAULU NPUCEAU-
sanus). Takoe pasnuume MeXKIY STUMHU OIEPAIIUAMU U CTAHAAPTHBIMU apud-
METUYEeCKUMU MeTOAaMu ObIJIO BBEEHO C IeJIbI0 PeaIn30BaTh BO3MOKHOCT I10-
MYTHOTO N3MEHEHUSA OJHOTO U3 ONEPAH/OB U T€M CAMBIM 00€CTIEUNTH JOTIOJTHU-
TeJIbHBIA IPUPOCT CKOPOCTH BBIMOJHEHUA ornepaiuii. Hanpumep, eciu 06beKT
B apryMeHTe Self He UCIIOJIb3yeTCs IPYTUMU 00beKTaMU, ero MOKHO OBIJIO ObI
M3MEHUTH HEIOCPEJACTBEHHO, N30eKaB HEOOXOAUMOCTY BBIJEJATH IaMATD JJIA
BHOBB CO3/IaBaeMoOro 00'beKTa C Pe3yJIbTaTOM.

CyI1ecTBYIOT TPU Pa3HOBUIHOCTHU OIIEPATOPOB Aesienust, __div__(), __truediv__()
u __floordiv__(), KOTOpbIe peaju3yIoT Olepanuy UCTUHHOTO Aesienusd (/) u gese-
HUSA ¢ yceueHueM apobHoit yactu (//). Hanmuume Tpex pasHOBUIHOCTEI CBA3aHO
C UBMEHEHUeM CeMaHTHUKU I[eJIOUNCJIEHHOTO JeJIeHs, TOSIBUBIIEHCS B BepCUU
Python 2.2, xoropasa B Python 3 6b11a yTBepikieHa ceMaHTHKOI omeparopa /,
moapasymeBaeMoii mo ymosruanuio. B Python 2 omeparop / o ymoauauuio 0To-
OpaskaercA Ha BbI3OB MeToma __div__(). IIJIs IeIbIX YKUCEJ 9TOT METOL yCeKaeT
pesyabrar 1o 1esioro. B Python 3 omeparop mesenus / oroOpaskaeTcs Ha BI30B
meTozma __truediv__() u maske I IeJIBIX YKCeJI BO3BPAIllaeT 3HAUEHNe C IIJIaBa-
forreit Toukoii. [lociienHee npuBeseHHOE TOBEeHE MOKET OBITH Pean30BaHO
B Python 2 uepes momosHUTEIbHYI0 OCOGEHHOCTH, 3a CUET BKJIIOUEHHUS B IIPO-
rpaMmy uHCTpykuuu from __future__ import division.

Metombr __int__(), __long__(), __float__() u __complex__() mpeobpasymT 06b-
eKT, BBIIIOJIHASA IPUBeieHe K OJHOMY M3 YeThIPeX BCTPOEHHBIX UMCJIOBBIX THU-
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OB. ATU METOIbI IBHO BBIBLIBAIOTCS IIPU BBLIMOJHEHUH ONEPAI[Uil IPUBEIeHU
THIa, TakuX Kak int() mau float(). OgHAKO 9TH MEeTOAbI He UCIIOJIb3YIOTCS B Ma-
TeMaTUUYeCKUX OIepaIuAX IJs HeABHOI'O IPUBeJeHUA TUIOB. Hampumep, BbI-
paskeHue 3 + x MOPOAUT UCKJIIOUeHMe TypeError, maske ecJiu IMoJb30BaTeJIbCKUHI
00'BEKT X OyZeT UMeTh peajusaruio Meroga __int__() ajs mpeoOpasoBaHU ero
B I[eJI0€ YHCJIO.

NHTepdenc Bbi3biBaeMbiX 00beKTOB

OO0BEKT MOKET MMHUTHUPOBATH IOBeleHUEe (DYHKIIUU, IIPEJOCTABJIASI METOHN _ _
call__(self [,xargs [, =xkwargs]]). Ecau o0O'beKT X IIpeIOCTABJIAET OTOT METOL,
K HEMY MOYKHO 00paTUThCA, KaK K pyHKIuu. To ecTh uHCTPYKIUA x(argl, arge,
...) BBI3OBET MeTox x.__call__(self, argl, arg2, ...). O6'beKTbI, UMUTHUPYIOIIHE
noBeJieHVe (DYHKIIUU, YJOOHO WMCIIOJIb30BATh AJSA CO3ZAHUSA (DYHKTODPOB HJIU
TIPOKCU-00BeKTOB. HuiKe MpUBOAUTCA IPOCTOM IpUMeEp:

class DistanceFrom(object):
def __init__(self,origin)
self.origin = origin
def __call__(self, x):
return abs(x - self.origin)

nums = [1, 37, 42, 101, 13, 9, -20]
nums. sort(key=DistanceFrom(10)) # OTcopTupyeT no ctenexu 6amsocTu K yucny 10

B sTom mpumepe cosmaeTcsa 9K3eMIIAp KJacca DistanceFrom, KOTOPBIM UMUTH-
pyeT moBefieHre MYHKIUU ¢ OMHUM apryMeHToM. OH MOKET MCIIOJb30BaThCSA
BMECTO OOBIYHON (hYHKIIMY — HAIPUMED, B BbI30Be PYHKIINH SOrt(), KaK B JaH-
HOM IIpUMepe.

MpoTokon ynpaBneHnsi KOHTEKCTOM

WMHCTpYKIIUA With TO3BOJIsIET OPraHU30BATh BBIMIOJHEHNE TIOCTIEN0BATETHHOCTHA
MHCTPYKIIUH 1OJ] YIIPABJIEHUEM APYToro 00'beKTa, U3BECTHOTO KaK MeHedxcep
KoHmexcma. B o01ieM Brjie 3Ta MHCTPYKITUA UMEET CJIeYIOIIUI CUHTaKCHUC:

with context [ as varl]:
UHCTDYKLMN

OsxumaeTrcs, YTo 00BEKT Context peansyeT MeTOIbI, IepeuncienHble B Tad. 3.20.
Meton __enter__() BbI3bIBAeTCs IIPU BBITIOJHEHUY MHCTPYKIMH with., 3HaueHwue,
BO3BpAalljaeMoe STHUM METOAOM, IIOMEIaeTCs B IIePeMeHHYIO, OIIpeAesIeHHYIO
C IIOMOIIBI0 Heo0A3aTeJbHOTO crelupuraropa as var. Metom __exit__() BBI-
3bIBAETCS, KAK TOJIBKO IIOTOK BBIIOJHEHNS MOKUAAET OJIOK MHCTPYKIIUIT, acco-
MU POBAHHBIN C MHCTPYKIMel with. B KauecTBe aprymMeHTOB MeTony __exit_ ()
mepesalTCsA TUIM MCKJIIOUEHUA, ero 3HaUeHre U 00beKT C TPACCUPOBOYHOMN MH-
dopmalueii, eciu B IIPOIlECCE BBITIOJHEHUA WHCTPYKIUUI B GJIOKe OBIJIO BO3-
Oy KJeHO UCKJIIoUueHre. B caydyae oTcyTCTBUA OMIUOOK BO BCEX TPEX apryMeHTaX
mepemaeTcs sHauenue None.
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Taobauuya 3.20. CneyuaavHble memodvl meHedHrepos8 KOHmeKcma

MeToz

Onucaune

__enter__(self)

__exit__(self, type, value, tb)

BrissiBaeTca mpu BXojie B HOBBIM KOHTEKCTHBIN
6;10K. BosBpariaemoe 3HaueHHE TIOMEIIAETCA

B IlepeMeHHYI0, YKa3aHHYIO B clleU(UKaTOpe as
MHCTPYKI UM with.

BrisbiBaeTcs, KOrjga MOTOK BBITIOJIHEHUS IOKU (A~
eT KOHTEeKCTHBIH 6Ji0K. Eciiu B mporiecce BBIION-
HEeHUs WHCTPYKI NN B 6JI0Ke OBLII0 BO30YIK/I€HO
HCKJIIOUeHUe, B apryMeHTax type, value u tb iepe-
IaIOTCSA TUII UCKJIIOUEHU A, ero 3HaUeHNe U 00'b-
eKT C TPacCUpPOBOYHOII nH(popManueii. B nepsyio
ouepenb UHCTPYKIUA with mpegHasHaueHa Ay
YIPOIIeHUA YIIPABJIEHUA CUCTEMHBIMU PECYP-
caMu, TAKMMU KaK OTKPBITEIE (hDaiijibl, CeTeBbIe
coequHeHUA U OJIOKUPOBKU. Biaromaps peanusa-
Uy 9TOro nHTepdeiica 06LEKT MOKeT 6€30IacHO
0CBOOOXKIATH PECYPCHI IIOCJIe BBIXO/A IIOTOKA
BBHITIOJIHEHU S 34 IIPEJeJIbl KOHTEKCTa, B KOTOPOM
3TOT 00'bEKT UCHOJIb3yeTCA. [[omoTHUTEeIbHOE
OIMCAaHUU IPUBOAUTCA B I1aBe 5 «CTpyKTypa
IPOrpaMMBbI U yIIPaBJIeHNE IOTOKOM BBITIOJIHE-
HUA».

dyHkumsa dir() " NHCcNeKTUpoBaHUe 0ObEKTOB

dyurmusa dir() 4acTo UCIOJIb3yeTCs A NHCIIeKTUPOBaHUA 00beKTOB. O0BeKT
MOJKET caM 'eHepUpPOBATh CIIMCOK MMeH, BO3BpaIlaeMblii pyHKIuei dir(), ecan
peanusyet meton __dir__(self). C mOMOIIIBIO 9TOTO METOAA MOYKHO CKPBITH BHY-
TPeHHNEe 0COOEHHOCTH 00'beKTa, 0 KOTOPLIX HEeyKeJIaTeJIbHO OBbIIO Obl COOOIATh
noJsib3oBareso. OgHAKO He 3a0bIBaiiTe, YTO MOJIb30BATENH MOYKET IIOJIYUYUTh
TIOJIHBII ITIepeYeHb ONPeIeIEHHBIX UMEH, IPUOErHYB K UCCJIeJOBAHUIO aTpPUOyTa
__dict__ 9K3eMOasApOB U KJIACCOB.



OnepaTopbl U BbipakeHus

B aT0ii TyIaBe OMUCHIBAIOTCSA BCTPOEHHBIE OIEPATOPbhI, BHIPAKEHUS U MOPSI0K
ux BbIuncjeHusd B a3bike Python. HecMoTpst Ha TO 4TO B 9TOIi IyIaBe ONMUCHIBA-
IOTCST BCTPOEHHBIE TUIILI, TEM He MeHee M0Jb30BaTeJIbCKIe 00beKThI JIErKO MO-
TyT IepeonpeiesaTh Jo0ble U3 9TUX OIePATOPOB [IJIA Peatus3alu COOCTBEHHO-
T'0 TIOBEIeHU .

Onepauuun Hag YMcnamm

Hwoxe mepeuncieHsl onepanny, KOTOPbIE MOT'YT IPUMEHATHCA KO BCEM YUCJIO-
BBIM TUIIAM:

Onepanusa | Onucanue

X+ y Ciosxenue

X -y Brruuraunue

X *y VYMHOKeHTe

xX/y Henenne

X /]y Iesenne ¢ yceueHUEM

X xx Bossenenue B cremneHs (xY)
X%y Henenue mo moxysto (x mod )
-X VHapHBIT MUHYC

+X YHapHBIH 1II0C

Omneparop AesieHuA ¢ ycedyeHUeM (//, TaKKe UBBECTHBIN, KaK onepamop 0ejeHus
C OKpYeJleHueM 6HU3) OTCeKaeT IPOOHYIO YacTh U JeMCTBYET KaK C I[eJIbIMU YKC-
JlaMH¥, TaK U C YMCJIaMU ¢ IJIaBaoiIei Toukoii. B Python 2 oneparop uctuaHOro
nmeseHus (/) TakKe yceKaeT Pe3yJbTaT JO IeJIOT0, €CJIU ONEPAHIbI SBJIAIOTCA
meabiMu yucaamu. To ecTh BbIpaskeHue 7/4 mact B pesyiabrare 1, a He 1.75. Ox-
Hako B Python 3 Takoe moBegeHmMe GbLI0 U3MEHEHO, U TEIIEPD OIIePaTop AeJeHUsd
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BO3BpAlllaeT Pe3yJbTaT C IjaBaoleil Toukoi. OmepaTop [eJIeHUs 10 MOIYJII0
BO3BpAIIlaeT OCTATOK OT JejeHud X // y. Hanmpumep, Beipaskenue 7 % 4 BepHeT 3.
I uynces ¢ mIaBaloleil TOYKOU oIepaTop AeJeHUsS II0 MOIYJII0O BO3BpaIlaeT
OCTaTOK C TJIaBaloIeil TOUKOI OT AeJIeHUs X // Y, TO eCTh Pe3yJIbTaT BhIpasKe-
HUAA X - (X // y) * y. [1J11 KOMIIJIEKCHBIX UKMCEJI OTIePATOPHI JeJIeHUS 10 MOL Y0
(%) u mesmenus ¢ yceueHueM (//) CAUTAIOTCS HELOIYCTUMbBIMU.

Huxe IIepedvurcCJIeHbI OIlepaTophl cCABUT'Aa 1 OUTOBBIE oIrepaTopsl, KOTOpPbIEe MOT'yT
IIPUMEHATHCA TOJIBKO K IIeJIbIM YMCJIaM:

Omnepaunus Onucanne

X Ly CaBur BJIeBO

X >>y CaBur BupaBo

X &y Burosasa onepamusa «M»

X |y Burosas oneparusa «JIN»

X"y BuroBas oneparus «uckawouatoriee MJIN»
"X Burosas oneparnusa «HE»

BuToBble omiepaTopsl MPeANoIaraiT, YTO [eJIble UHNCIa UMEIOT JOIIOJTHUTEIbHOe
JBOUUYHOE IIpeACTaBJIeHNe, a 3HAKOBBIM OUT pacIInupsieTcs BJIEBO M0 6€CKOHEU-
"octu. IIpu pabGore ¢ GMTOBBIMU HAHHBIMU, KOTOPBIE HOJIMKHBI OTOOPAKATHCSA
B almapaTHOe MpeACcTaBJIEHUEe ILEJbIX YKCeJ, CJeAyeT HPOABIATL HEKOTOPYIO
OCTOPOXKHOCTDL. OTO O0YCJIOBJIEHO TeM, YTO nHTepuperarop Python He ycekaer
OUTHI U AOIYCKAaeT BO3MOKHOCTD IIEPEIIOJIHeHUA, TO eCTh Pe3yIbTaT MOYKET OKa-
3aThCsA CKOJIb YTOLHO OOJIBIIION BeIMUNMHOM.

Kpome TOr0, KO BCEM UMCJIOBBIM TUIIAM JOMYCKAETCA MPUMEHATH CJIELYIOIIe
BCTPOEHHBIE PYHKIIUN:

DyHKIUA Onucanue
abs(x) AGcouroTHOE 3HAUEHE
divmod(x,y) Boaspaimaet xKopTex (x // vy, x % V)

pow(x,y [,modulo])

round(x, [n])

Bossparaer pesynbrar BeIpasKeHUd (x +* y) % modulo

Oxpyriser mo 6smskaiinero kparHoro 107" (TOJIBKO [JIS YHCEeJT

C IJIaBaIoIeil TOUKOH)

dyurmus abs() BosBpalaeT abCcoMOTHOE 3HaYeHre yncaa. Pyurmus divmod()
BO3BpAIIlaeT YaCTHOE U OCTATOK OT JeJeHUS W MOYKEeT IPUMEHSATHCA K JIIOOBIM
YucaaM, KpoMe KOMIIJIeKCHBIX. @YHKIIUA POwW() MOYKET HUCII0Jb30BATHCSA BMECTO
orepaTropa **, HO IIPX 3TOM OHAa JOIOJHUTEJIbHO IOJAeP/KUBAET BOSMOYKHOCTD
OIHOBPEMEHHOT'O BO3BEIEHUA B CTEIIEHD U AeJIEHUA 110 MOAYJIIO (YaCTO UCIOJIb3Y-
eTcs B KPUNTOrpauuecKux aaropurmax). @yHrius round() OKpyriasieT YUcIo
C ILJIaBaoIell TOUKOIi x o 6auskaiiiero, kparaoro 10 B crenenu Mmunyc n. Ecaun
apryMeHT N OOYIIeH, OH mpuHuMaeTcsa paBHbIiM 0. Eciawm umeao X oguHAKOBO
0JIM3KO K JBYM KPaTHBIM 3HAUEHUAM, B Python 2 okpyrienue 6ymeT BbIIIOTHEHO
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IO MHOXKUTEJIA, KOTOPBIN MaJjIbIlle OTCTOUT OT HYJs (Hampumep, 3HaueHue 0.5
OymeT oxkpyrJieHo n0 1.0, a sHauenue -0.5 — 10 -1.0). B Python 3, npu oguHaxkoBoit
0JIMB30CTH K IBYM KPATHBIM 3HAUEHUSAM, OKPYTJIeHIE OyAeT BBIIIOJIHEHO 10 6JIu-
JKaMIIero 4eTHOro KpaTHoro (Hanpumep, 3HaueHue 0.5 0yzer okpyrieHo go 0.0,
a sHauenue 1.5 — mo 2.0). 9Ta 0COOEHHOCTD IIPEICTaBJIAET CEPHE3HYIO IIPO0IeMy
mepeHoca MareMaTndyecKux mporpamm Ha Python 3.

Crenyioiue onepaTopbl CPaBHEHU S UMEIOT CTaHAAPTHYIO MaTeMaTUIeCKYIO UH-
TepIpeTaluio U BO3BPAIIlAalOT JIOTUUECKOe 3HaUeHMe [rue, eCJIU BhIPaKeHue Uc-
THUHHO, U False, ecan BeIpaKeHUE JIOKHO:

Onepamusa |Onucanue

x <y Memnbite uem

X >y Boabire uem

X ==y Pasno

x =y He paBHO

X >=y Bousbire nim paBHO
X <=y MeHnbplre niu paBHO

OnepaTopbl CPABHEHUA MOKHO 00beIMHATD B IleJIble II0CJIeL0BaTeIbHOCTY, Ha-
apumep: w < x < y < z. Takasa mocjae0BaTeIbHOCTD 9KBUBAJIEHTHA BHIPAYKEHUIO
w < x and x < y and y < z. Takue BeIpasKeHUsd, Kak X < y > 7, TaKiKe CUU-
TaITCA AOMYCTUMBIMU, HO OHU OyAyT cOMBATH C TOJIKY T€X, KTO OyZEeT YUTATh
TaKO¥ MIPOrpaMMHBIN KOJ (BA’KHO 3aMETUTh, UTO B 3TOM BBIPAKEHUY 3HAUEHUA
X U 7 HUKaK He cpaBHUBaTcA). Korza B omepanyuy cpaBHEHUA YYaCTBYIOT KOM-
IJIEKCHBIE YMCJIa, BOSHUKAET HEOIpeleJIeHHOCTh, II09TOMY B pesyJsbTare Oyer
BO30YIKAAThCS UCKJIIoUeHme Typekrror.

Onepanlxm Ha[a 4YucCjaaMu dABJIAKTCA OOIIYCTUMBIMM, TOJIBKO €CJIX OIlepaH-
AbI IIDUMHaAJIeXaT O0HOMY U TOMY Ke THILY. HpI/I BBIIIOJTHEHU U or{epauufx’l Hanm
BCTPOE€HHBIMU YMCJIOBBIMU THUIIAMH IIPOU3BOOUTCA IIPUHYAUTEJIbHOE IIPDUBEE-
HUe TUIIOB B COOTBETCTBHUMU CO CJIEAYIOIINMU IIPaBUJIAMU:

1. Ecau OIVH U3 OIlePaHI0B ABJAETCA KOMIIJIEKCHBIM YMCJIOM, ,apyr‘oﬁ o1repaHng
TaKXe HpeoﬁpasyeTCﬂ B KOMIIJIEKCHO€ YMCJIO.

2. Eciu oguH U3 OIEpPaHI0B SBJISIETCA YKCJIOM C ILIaBaoIed TOUKOUN, IPyroi
oIepaH] TaKiKe Ipeodpas3yeTcs B UKCJIO C IJIaBAIOIIel TOUKOIA.

3. B mpoTuBHOM caydae o0a umcja AOJYKHBI OBITH IIeJILIMI UNCJIaMU U TIPUBe-
IeHVe TUIIOB He BBIIIOJHACTC.

IToBenenre BhIpAXKEHUsI, B KOTOPOM HapPALY € YHUCJIAMHU YYaCTBYIOT I10JIH30BAa-
TeJIbCKUE 00bEKThI, 3aBUCUT OT Peaju3aluil 5TUX 00beKToB. B Iogo0HbBIX CIy-
yasgx, KaK IIPaBUJIO, HHTEPIPETATOP He ILITAETCS BBIIOJHATL HeABHOE IIPe0d-
pasoBaHIe TUIIOB.
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Onepau,vm Haa nodnenoBaTte/ibHOCTAMMU

Hwmxe nmepeunciensl onepaTopbl, KOTOPbIE MOT'YT IIPUMEHATHCA K PA3HBIM THU-
aM II0oCJIeoBaTeJILHOCTe!, BKJIIOUAA CTPOKY, CIIUCKU 1 KOPTEXKU’:

Omnepamus

Onucaune

S+ r

S *n, nx*s
vivl., vn = s
s[i]

sli7]

sli:j:stride]

X in s, x not in s
for x in s:

all(s)

any(s)

len(s)
min(s)
max(s)

sum(s [, initiall)

Korkarenanusa

CoszaeT n KoMl IOCIENOBATEIFHOCTH S, T/E /1 — IIEJIOE UMCJIO
PacmakoBrIBaHUE OCIEL0BATEIBHOCTH B IEPEMEHHBIE
ObparteHue K 9JIeMeHTY 110 UHIEKCY

ITonryuenue cpesa

PacimupenHas onepanus Mosy4eHus cpesa

IIpoBepKa Ha BXOXKJeHUE

Urepamun

BOSBpaHIaeT True, ecam Bce d3JIeMeHTHI II0CJIeJ0BATEJIBHOCTH S
OLIEHUBAIOTCA, KAK UICTUHHbBIE

Boasparaer True, eciu X0Ts ObI OLUH dJIEMEHT II0CJI€I0BA-
TEJIbHOCTH S OI[eHUBaeTCHA, KAK UCTUHHBIHN

JuHa mocaeq0BaTe IbHOCTHI
MuHUMaIBHBIN 3JIEMEHT B IIOCJIEAOBATEIBHOCTHY S
MaxkcumMaabHBIH 2JIEMEHT B IIOCJIEOBATEIbHOCTH S

CyMMa 3JIEMEHTOB II0CJ/JIef0BATEJIBHOCTHU C Heo0sa3aTeIbHBIM
Ha4YaJIbHBIM 3HaAYE€HUEM

Omeparop + 00'befUHSIET ABE II0CJIeI0BaATeIbHOCTH OJJHOT'0 U TOro Ke Tuna. Orme-
paTop s * N co3JaeT N Komuit mocaenoBaTesbHOoCTH. OOHAKO IIPU 9TOM BBIITOJIHS-
eTCs JINIIH MOBEPXHOCTHOE KOIMMPOBaHUe, KOr/la KOIMMUPYIOTCA TOJIbKO CChLIKU
HAa 3JIEeMEHTHI. B KauecTBe WILIIOCTPAIIUY PACCMOTPUM CJIEAVIOIUI IpUMeD:

[[3, 4, 5], [3, 4, 5], [3, 4, 5], [3, 4, 5]]

>>>a = [3,4,5]
>>> b = [a]

>>> ¢ = 4xb

>>> ¢

>>> a[0] = -7
>>> ¢

[[-7, 4, 51, [-7, 4, 5], [-7, 4, 5], [-7, 4, 5]]

>>>

O6paTuTte BHUMaHNe, KaK UBMEHEHUA KOCHYJINUCH CPa3y HECKOJIbKUX 3JIEMEHTOB
B CIIMCKe C. B JaHHOM cJIyyYae CCBHIJIKM M3 CIUCKA & ObLIN CKONMPOBAHBI B CIIU-
cok b. B mporecce KomupoBaHMA CIIMCKA D OBIJIN CO3/JaHBI UeTHIPE JOTIOJTHUTEIb-
HBIe CCBLIIKY Ha KaXKIbIN 13 ero sjeMeHToB. HakoHer, mpyu n3MeHEeHU N 3JIeMeH-
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Ta B CIMCKE a 9TO M3MEHEHWe KOCHYJIOCh BCEX OCTAJbHBIX «KONUIl» JTaHHOTO
asiemeHTa. Takoe moBeJieHME OllepaTopa YMHOYKEHU II0CJIeJOBAaTeIbHOCTEH 3a-
YACTyI0 CTAHOBUTCSH HEOXKHUJIAHHOCTHIO M HE COOTBETCTBYET HAMEDPEHUAM IIPO-
rpammucta. OauH 13 CIOCO00B JUKBUAUPOBATH 9TY IIPOOJIEMY COCTOUT B TOM,
4TOOBI BPYYHYIO CO3JATh KOIMUPYEMYIO IIOCIENOBATEIbHOCTD, IPOAYOJINPOBAB
comep;KuMoe crrcKa a. Hampumep:

[ 3, 4, 5]
¢ = [list(a) for j in range(4)] # OyHkuma 1ist() cospaeT Kkonuo cnucka

Kpome ToTO, 1151 KOMUPOBAHUA 00BEKTOB MOYKHO TaKJKe MCI0JIb30BaTh MOAYJIb
COpY U3 CTAHIAPTHOI OMOGJINOTEKHU.

Bce nocsienoBaTesibHOCTY MOTYT OBITH PACIIAKOBAHBI B IIOCJIEN0BATEIHLHOCTD IIe-
pevmeHHBIX. Hampumep:

items = [ 3, 4, 5]
X,y,z = items #x=3 vy=4 2z=5

letters = “abc”
X,y,z = letters #x="'a,y="'b,z="c

datetime = ((5, 19, 2008), (10, 30, “am”))
(month, day, year), (hour,minute,am_pm) = datetime

ITpu pacnakoBBIBAHWY IIOCJIENOBATEJILHOCTEI B IIepeMEeHHbBIe YHUCJIO STUX IIepe-
MEHHBIX JOJI’KHO B TOUHOCTU COOTBETCTBOBATH KOJWUECTBY JIE€MEHTOB B IIO-
caemoBaresbHOCTHA. Kpome TOro, CTPyKTypa ImEepeMEeHHBIX AOJIMKHA TOUYHO CO-
OTBETCTBOBATH OPraHU3AIINY IIOCJIEJ0BATEJIbLHOCTH. TaK, B MOCJeSHE CTPOKe
IpenbIAYINero IpuMepa mocjeloBaTeIbHOCTh PACIIAKOBLIBAETCS B IIIECTD IIepe-
MEHHBIX, OPraHM30BaHHBIX B BUJE ABYX KOPTEXKel 110 3 sjieMeHTa B KasKIOoM,
YTO COOTBETCTBYET CTPYKTYpe MocjiefoBaTeIbHOCTH cupaBa. Omnepamus pacma-
KOBBIBAHUSA B IIePEMEHHbBIE MOKET IPUMEHATHCA K JIOOBIM THUIIAM IIOCJIeI0Ba-
TEJIbHOCTEH, BKJIOUAA MOCJIeLOBATEJILHOCTH, CO3laBaeMble UTepaTopaMu U Te-
HepaTopaMu.

OmnepaTop MHIEKCUPOBAHUS S[N] BO3BpAIllaeT N-ii 06beKT B IOCJIEeIOBATEIbHO-
ctu, rae s[0] cooTBeTCTBYET IepBOMY 00beKTy. [[J151 n3BIeueHnA 9J1€MEeHTOB, Ha-
YrHAaA ¢ KOHIa ITOCJIeOBATEJIbHOCTH, JOIIYCKAETCA UCII0JIb30BaTh OTPUIlATEIIb-
Hble MHAeKchl. Hanmpumep, BripakeHue s[-1] BepHeT nocaenquHui saemenT. [Ipu
HOIBITKE 00PATUTHCA II0 UHAEKCY, BBIXOIAIIEMY 3a IIPeaebl II0CIeI0BaTeIbHO-
cTH, OyZeT Bo30y KAeHO UCKIoUeHue IndexError.

OmnepaTtop cpesa s[1.]] Mo3BOJIAET U3BJIEKATh (DPATMEHTHI IOCJIeJ0BATEeIbHOCTH,
COCTOAIIYE U3 3JIEMEHTOB, YbW MHEKCHI K YIOBJIETBOPAIOT YCJIOBUIO I <= Kk < .
O6a sHaueHus1, I U j, HJOJIKHBI ObITH II€JIBIMU WU IJIUHHBIMU I€JIBIMU UNCJIA-
mu. Eciiz onycTuTh HayaJ bHBIN U/UJIN KOHEUHBIM WHIEKC, BMECTO HUX OyAyT
WCIIOJIb30BAHBI 3HAUEHUA HAYAJILHOTO U KOHEUHOTO MHAEKCA OPUTUHAJIBLHOM I10-
CJIeI0BaTEeJILHOCTU COOTBETCTBEHHO. I[omycKaeTcs MCIIOJIB30BAaTh OTPUIIATEh-
Hble UHAEKCHI, B 9TOM CJIydae OHU OYAYT OTKJIaABIBATHCS OTHOCUTEJIHHO KOHIIA
mocJefoBaTesibHOCTHU. IIpy BBIXO/Ie MHIEKCOB 1 1/MJIK j 3a IPeJeJIbl II0CJIeIoBa-
TEJILHOCTH B KAUECTBe UX 3HAUCHUII OYIyT UCIIOJIb30BAHLI 3HAYEHU A HaUuaIbHOI'0
¥ KOHEYHOT'O MHJIEKCOB OPUTUHAJIBHOU ITOCJIEI0BATEIBHOCTHA COOTBETCTBEHHO.
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B omeparope cpesa MOMKHO [OMOJHUTEJIbHO YKas3bIBaTh 3HAUEHUE Iara,
sli:j:stride], 4TO BBIHYAUT OMIEPATOP HPOIYCKATh 3JEMEHTHI OPUTMHAJBLHOU
nocsenoBarenbHocT. OIHAKO TIOBEeJEeHME TAKOro omeparopa TpedyeT AOIOJ-
HUTEJbHBIX TosicHeHUu#. Eciu B omeparope yKasaHBbI BeJIMUMHA Itara stride,
HAYaJLHBIN WHAEKC I ¥ KOHEUHBIA UHAEKC j, TO OH BePHET MOAIIOCTIe0OBATEb-
HOCTB C 9JIeMeHTaMu S[1], s[i+stride], s[i+2xstride] u Tak maJjee, moKa He OymeT
IOCTUTHYT MHIEKC j (3HaUEeHMEe KOTOPOTro He BKJIIOUAETCA B JUATIa30H WHIEKCOB
oTbupaembIx aseMeHTOB). IIlar stride TaK:Ke MOKET OBITh OTPUIIATENILHBIM YHC-
joMm. Ecau onycTuTs HHAEKC I, BMECTO HEeTro 0y/leT UCI0JIb30BAH UHEKC IIEPBO-
T'0O 9JIeMEeHTa II0CJIeOBATEeILHOCTH, €CJIU ITar 3aJjaH MOJOKUTEJIbHBIM YUCJIOM,
U WHJEKC IOCJEeIHEero dJieMeHTa — €CJIU IIar 3aJJaH OTPUIlATeJbHBIM UMCJIOM.
Ecau onycTuTh MHAEKC j, BMECTO HEro GyIeT MCIIOJb30BaH MHIEKC IIOCJe He-
IO dJIeMEeHTa II0CJIeJOBATEILHOCTY, €CJU INar stride 3afaH MOJOXKUTEJIbHBIM
YUCJIOM, X WHJIEKC IIEPBOTO 3JIEMEHTA — €CJIU IIarT St/ride 3ajaH OTPUIATETbHBIM
uucyaoMm. Hanpumep:

a=1[0, 12 3,4, 5 6, 7,8, 9]

b =al::2] #b=1[0 24,6, 8]
¢ =al::-2] #c=19, 7,5 3 1]
d =a[0:5:2] #d=1[0,2]

e = a[5:0:-2] #e=1[5731]

f =al:5:1] # f=1[0,1223,4]

g =a[:5:-1] #tg=1[9,8,76]
h=a[5::1] #h=1[56,72809]

i =a[5::-1] #1=10[5,43210]

j =a[56:0:-1] # 3 =105,4,321]

OmepaTop X in s IpoBepseT MPUCYTCTBUE 00'HEKTA X B IIOCJIEI0BATEIBHOCTH S
¥ BO3BpalllaeT 3HaueHue True uian False. AHAJIOrHYHO ommepaTop X not in s mpo-
BEPSAET OTCYTCTBUE 00'BEKTA X B IIOCJIEIOBATEIBHOCTH S. [/ CTPOK OllepaTophl
in m not in mpmHHMMaloT noacTpoku. Hampumep, BeIpaskenue hello’ in ‘hello
world’ BepHeT 3HaueHue True. BaskHO 3aMeTHUTH, UTO OIepPaToOp 1n He MOANEPKIU-
BaeT ITabJIOHHBIE CUMBOJIBI UJIU PEryJspHBIe BhIpaskeHua. Eciu morpebyercs
3a/IeiCTBOBATh PEryJsipHBbIE BBIPAYKEHUHA, CJIEeAyeT KCIIOJb30BaTh OuOJIMOTEU-
HBIN MOIYJIb, HAIIPUMED €.

Omneparop for x in S BBINOJHAET UTEPAINHU II0 BCEM 3JIeMEHTAaM II0CJIEI0BATENb-
HOCTH U TIOAPOOHO omuchIBaeTcsa B ryiaBe 5 «CTPYKTypa IPOrpaMMbl U yIpaB-
JIeHVIe TIOTOKOM BBITIOJTHEHUsI». DYyHKIUA 1en(s) BO3BpaIaeT KOJMUECTBO dJie-
MEHTOB B IIOcJIiefoBaTesIbHOCTH. DYyHKIUY Min(s) u max(s) BO3BPAIlalOT MUHU-
MaJIbHOE U MaKCHMaJbHOe 3HAUEeHUS B IIOCJIELOBATEIbHOCTU COOTBETCTBEHHO;
eIHCTBEHHOe OTPaHNYeHe COCTOUT B TOM, UTO 9JI€MEHThI ITI0CJIe[0BATEIbHOCTH
JIOJIXKHBI IOAZEP KUBATh BO3MOXKHOCTD YIIOPAZLOUYEHU ¢ IIOMOIIIBIO ollepaTopa <
(HampuMep, HET CMBICJIA UCKATh MaKCUMAaJbHOE 3HAUEHMEe B CIIMCKe (PailJIOBBIX
00BbeKTOB). DYyHKIIMA SuM(S) BO3BPAIIlAeT CYMMY BCeX 9JI€MEHTOB B IIOCJIEOBa-
TEJHLHOCTH S, HO OOBIYHO MOJYKET MPUMEHATHCA TOJIbKO K IIOCJIeI0BATEILHOCTAM
YUCJIOBBIX 3HAUEHUI. [JOMOMHUTEIbHO 3Ta PYHKIIAA MOKET IPUHNUMATD HE00s-
3aTeJbHOE HauaJbHOE 3HaueHue. OOBIYHO THUI HTOT0 3HAUEHUS OIPEessAeT TUIL
pesyabTaTta. Hammpumep, BbI3oB sum(items, decimal.Decimal(0)) BepHET B pe3yJib-
Tate 00beKT Tuma Decimal (moxgpobHee o moxyJse decimal paccKasbIBaeTCs B IJia-
Be 14 «MaremaTtuka»).
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CTpORI/I 1 KOPTEXU ABJATCA HEN3MEHAECMBIMU 00'beKTaMU U He MOT'YyT U3Me-
HATBHCA II0CJIe UX CO3TaHUA. Caucku MOI'YyT USMEHATHCA C IIOMOIIIBIO CJIEAYIO-
X OIIepaTopoOB:

Omnepanus Onucanmne

sli] = x ITpucBanBaHUe 7IeMEHTY ¢ YKA3aHHBIM HHIEKCOM
slijl = r IIpucBauBaume cpesy

s[i:j:stride] = r Pacmupennas oneparusa mprucBauBaHUs CPE3y
del s[i] VYnasenue asieMeHTa

del s[i:7] VYnanenue cpesa

del s[i:j:stride] PacmmupenHas onepanusa ygajaeHus cpesa

Omneparop s[i] = x m3MeHsET 3HAUEHNE dJIEMEHTAa CIIUCKA C UHJEKCOM I, 3aIINCHI-
Bas B HETO O0'BEKT X U YBEJIUUMBASA CUETUNK CCHLIOK Ha 00beKT x. OTpuiiaresnb-
Hble UHAEKCHI OTKJAAbIBAIOTCS OTHOCUTEJIBHO KOHIIA CIIVCKA, a IIPU IIOMBITKE
IIPUCBOUTH 3HAUEHUE DJIEMEHTY C WHIEKCOM, BEIXOAAIIUM 3 IIPEeJeJIbl II0CJIeI0-
BaTEJIbHOCTH, OyZeT BO30YKIeHO UcKIoueHue IndexError. Omeparop npucBauBa-
HUA cpedy S[i:j] = r 3aMeHHUT Bce dJEeMEeHTHI ¢ UHAeKcaMu Kk, e 1 <= k < j, Ha
9JIEMEHTHI U3 IIOCJIEIOBATEJILHOCTH /. S3HAUEHUA WHJEKCOB MOJUUHAIOTCA TEM
JKe TIpaBUJIaM, YTO U B OIlepaTope IIOJIyUeHUsA cpe3a, U IIPU BBIXOJE 3a JOmY-
CTUMBIH JUATa30H IPUHUMAIOTCS PaBHBIMU UHAEKCAM Hauaja Ujau KOHIIA CITHU-
cka. IIpu He0OXOAUMOCTH Pa3Mep MOCJIeIOBATETbHOCTH S YBEJIUUNBAETCS U
YMEHBIIIaeTCs, B 3aBUCHMOCTH OT KOJMNUYECTBA 3JIEMEHTOB B IIOCJE0BATEIbHO-
ctu r. Hampumep:

a=1[1,2,3,4,5]

al1] = 6 #
al2:4] = [10,11] #
a[3:4] = [-1,-2,-3] #
al2:] = [0] #

OmepaTop mpuUCBaWBaHUsS CPE3y MOMKET NMPUHUMATH JOIOJHUTEJBLHBIN mapa-
metrp mara. OJHaKO 9TO HAKJIAABIBAET JOIOJHUTEIbHbIE OTDAHUYEHUS, B TOM
CMBICJIE, UTO IIOCJIEIOBATEIFHOCTD CIIPABa OT OIIEPAaTOpa IPUCBAUBAHUA TOJIXKHA
coJlep:KaTh KOJIUUYECTBO 3JIEMEHTOB, B TOUHOCTU COOTBETCTBYIOIIlEe KOJIMUECTBY
9JIeMeHTOB B cpesde. Hanmpuwmep:

=[1,6,3,4,5]
=[1,6,10,11,5]
[1,6,10,-1,-2,-3,5]
=[1,6,0]

O O o
1

a=1[1,2,3,4,5]
al1::2] = [10,11] #a=1[1,10,3,11,5]
a[1::2] = [30,40,50] # ValueError. B cpese cneea vMeeTCa BCEro ABa 9neMeHTa

Omneparop del s[i] yoaJuT U3 CHMCKA SJIEMEHT C MHIEKCOM I M YMEHBIIUT ero
cueTYmK cchlIoK. Omeparop del s[i:j] yIaJuT U3 CIUCKa BCe 3JIEMEHTHI, ITOaB-
mue B cped. [lommyckaeTcss yKasbIBaTh JOMOJHUTEIBHBIA MapaMeTp Iara, Ha-
npumep: del s[i:.j:stride].

ITocemoBaTeTbHOCTH MOT'YT CPaBHHBATHCA C IIOMOIIBIO OIIEPATOPOB <, >, <=,
>=, == 1 |=. B 9TOM cJiyuyae cpaBHUBAIOTCA IEPBBIE 9JIEMEHTHI ABYX IIOCJIEJ0BA-
TeabHOCTEeN. VIX oTiimume onpenesigeT pe3yabTaT oneparnuu. Eciiy OHU paBHBI,
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CPaBHUBAHUIO IIOABEPrarOTCA BTOPBIE 3JIEMEHTBI HOCJIe,Z[OBaTeJILHOCTefI. 3TOT
Ipoliecc IPOIOJIKAETCs, MMOKA He OyAyT HalJeHbl Pa3nUaionNiuecs 3JIeMeHThI
WJIY TIOKAa He OyAyT MCUEepPIIaHbI BCe BJIEMEHTHI JIF000H 13 TociefoBaTeJIbHOCTE .
Ecsin ogHOBpEMeHHO GBI JOCTUTHYT KOHEI] 00erX IIOCJIeOBAaTeIbHOCTEHN, OHI
Ipu3HaTCA paBHBIMU. Ecau @ ABISAETCS YacThIO ITOCIeN0BATEJILHOCTH b, TO Oy-
IeT IPU3HAHO, 4To a < b.

CTpOKM CpaBHUBAIOTCSA I10 IMOPAIKY CJIELOBAHUSA CUMBOJIOB B ajpasure. Kax-
JIOMY CHMBOJIY IpHCBAaWBAeTCA YHUKAJBHBIN UNCJIOBON HHIEKC, OIperesise-
MBI KOAmpPoBKOI cuMBoJIOB (Takoil Kak ASCII wiu IOunukoxn). Ogue cuMBoOJI
CUMTAeTCs MEHbIIle APYroro, eclu ero WHAeKc B aadasute menbire. Ciegyer
OTMETHUTDb, UTO MPEABIAYINNE IIPOCThIE OIEPATOPLI CPABHEHUS HE YUUTHLIBAIOT
IpaBuja yIopsIOYeHUs CUMBOJIOB, KOTOPbIE 3aBUCAT OT PETMOHAJBHBIX UJIN
SABBIKOBBIX HACTPOEK. To eCcTh 5TU OIepaTophl He JOJIMKHBI UCIIOJIb30BATHCA AJIsA
YHOPANOUEHUS CTPOK B COOTBETCTBUU CO CTAHJAPTHBIMHU COTJIAIIIEHUAMU, IIPU-
HATBIMU JIJIs1 PAa3HBIX SBLIKOB (3a JOIOJIHUTEJbHON WMHMOpMaImmein obparaii-
Tech K OIMMMCAHUAM MOAyJeir unicodedata u locale).

Eiie ogHo mpenynpeskaeHue, Ha ceil pas CBsI3aHHOE C TUIIAMU CTPOK. B A3bIKe
Python mmeercss nBa Tuma CTPOKOBBIX JAaHHBIX: 0AMTOBBIE CTPOKU U CTPOKU
Onukoga. BaiiToBele CTPOKM OTIMYAIOTCS OT CTPOK FOHMKOZA TeM, UTO KaK
IPaBUJIO, OHU YKE COLEPIKAT CMBOJIBI B OIIPEeIEHHON KOAUPOBKE, TOINA KaK
crpoku IOHMKODa comepskaT HEKOAMPOBAHHBLIE 3HAUYEHUS CUMBOJIOB. IIo 9TOM
IpuYrHe HUKOTIA He CJIeyeT CMeIInBaTh 0aiiTOBbIe CTPOKU U cTPOoKU FOHUKO-
1a B BRIPAKE€HUSAX WJU CPABHUBATH UX (HaIpuMep, UCIIOJIb30BaTh OIlepaTop +
15T KOHKaTeHauu 0afiTOBOM CTPOKY co cTpoKoi IOHMKOAA MJIK MCI0JIB30BaTh
orepaTop == JJis CPaBHUBAHUS TAKUX PA3HOPOAHBIX CTPOK). IIpu MOMBITKE BHI-
MHOJIHEHUS OIlepalluii HaJ PasHOTUIIHLIMU cTpoKkamu B Python 3 Bo36y:xgaercs
uckJrouenne TypeError, Ho B Python 2 B Takux ciiyuasx BBIMOJHAETCSA HeABHOE
npuBegeHne 0aTOBBIX CTPOK K Tuily cTpok IOHuMKoma. dta ocobeHHOCTH Py-
thon 2 Bo MHOrux ciaydasx CUMTAETCA OMIMOKON M YACTO SABJAETCS MCTOUHU-
KOM HeIlpeIBUIeHHBIX NCKJIIOUEHNN U He0O'bACHUMOr0 MOBEIEeH U ITPOrPaMMBI.
IToaTomy, uTOOBI M30aBUTEL Ce0s OT JUIITHEI TOJIOBHOM 00JIH, HUKOTIa He CMeIIl-
BaliTe PA3HOTUIIHBIE CTPOKH B OIEPAIL[MSAX HAaJ IOCJIeI0BATEIbHOCTIMMU.

dopmaTupoBaHue CTPOK

OmepaTop [gesieHusi 0 MOAYJII0 (s % () mcmoab3yeTcss AJsA (POPMATUPOBAHUSA
CTPOK, TZle S — CTPOKa (popmara, a d — KOJLJIEKITHA 00bEKTOB B BU/€ KOPTEKa NN
ortobpaskeHus (caoBapsi). IToBemeHme sTOro omeparopa HalloOMUHAET (QYHKIIUIO
sprintf() B ssbike C. CTpoka (hopmaTa MOKET CONEPIKATD DJIEMEHTHI IBYX TUIIOB:
OOBIYHBIE CUMBOJIBI (KOTOPBIE OCTAIOTCA B HEM3MEHHOM BHUIE) U CIIEII()UKATODPBI
dopmara, KaKIbIH 13 KOTOPHIX 3aMelaeTcsa (opMaTHPOBAHHBIM CTPOKOBBIM
peCcTaBJIeHeM 3JIEMEHTOB B KOPTeXKe WU B oTobOpaskeHunu. Eciu aprymeHT
d ABJSIETCA KOPTEKEeM, KOJIUUYECTBO creruduKraTopoB hopMara JOJIKHO B TOU-
HOCTU COOTBETCTBOBATh KOJMUYECTBY 00bEKTOB B KopTeike d. Ecau apryment d
SIBJISIETCST OTOOpaKeHeM, KaKIbIi crueruduKarop popmara T0JIKeH ObIThH ac-
COIMUPOBAH C JOIMMYCTUMBIM UMEHEM KJ0UYa B 0TOOPaKeHUH (C MCII0IH30BaAHU-
€M KPYIVIBIX CKOOOK, KaK OyIeT onmmcaHo uyTh HusKe). Kaskapiil crenuduraTop
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JOJIXKeH HAUMHATBCA C CUMBOJIA % M 3aKaHYMBATHCSA OJHUM U3 CUMBOJIOB (popMa-
TUPOBAHUA, IEPEUYUCIeHHBIX B TabJI. 4.1.

Tabauya 4.1. Cneuyuguramopul popmama

Cumsoua popmara

BrixoxHoii popmar

d,

u

%

i ITenoe nunu faUHHOE IIeJIOe JeCATUIHOE YUCIO.

ITesnoe niau gymHHOE IeJIoe YncyIo 6e3 3HaKA.

ITenoe nnu AIMHHOE 1I€JI0€ BOCBMEPUYHOE YKCJIO.
ITenoe nunu fIUHHOE IIeJIOe MIECTHAAIIATEPUIHOE YKCIIO.

ITesioe nau AJIMHHOE II€JI0€ IITeCTHAJIIATEPUUHOE UNCJIO (C CUM-
BOJIAMU B BEPXHEM PETHUCTPE).

YHucso ¢ maaBaroliei Toukoii B popmare [-]m. dddddd.
YucJio ¢ miaBaroIieil Toukoi B hopmare [-]m. ddddddetxx.
YucJio ¢ miaBaoIeil Toukoi B hopmare [-]m. ddddddEtxx.

G Ucnonbayer cuemudurarop %e wim %E, ecnu aKcnoHeHTa MeHble
-4 unn Gonble 3apaHHONW TOYHOCTW; B NPOTMBHOM Cly4ae WCNOMb-
3yeT cneunoukaTop %f.

Crpoka uiu 1060t 06beKT. {14 cCO3TaHUsA CTPOKOBOTO IIPE.-
cTaBJIeHUSA 00'bEKTOB UCIOJIb3YyeTcsa PYHKIUA str().

BocupousBoguT Ty e CTPOKY, 4T0 U PyHKIUA repr().
EauHCTBEeHHBIN CMBOJI.

Cumsou %.

Meskay CHUMBOJIOM % ¥ CUMBOJIOM (hopMaTa MOT'YT JOOABJIATHCS CJIEAYIOIIE MO-
IUPUKATOPHI B YKA3AHHOM IIOPSIKe:

1.

VMsa Kiodya B KPYIVIBIX CKOOKaX, C IIOMOIIBI0O KOTOPOT'O BBIOMpPAETCS dJie-
MeHT 13 00'beKTa 0ToOpaskeHusda. Kciiu TaKoi 5JIEeMEHT OTCYTCTBYET, BO30YIK-
naercd UCKJoueHue KeyError.

O,ZII/IH uiu 6ojiee CJIeoyIIINX CUMBOJIOB:

e 3HaK -, oIpeZesseT BLIDABHUBAHUE IO JIeBOMY Kpaio. Ilo ymosryaHuio
3HAUEHUA BBIPABHUBAIOTCA II0 IIPABOMY Kpato.

e 3Hak +, YKa3bIBaeT Ha HEOOXOAMMOCTh 0043aTEILHOT0 BKJIIOUEHMS 3HAKA
[IJIsl YUCJIOBBIX 3HAUEHUI (Haske AJI MOJOKUTEIbHBIX).

e 0, yKasbIBaeT Ha HEOOXOANMMOCTD 3AMIOJTHEHUA HYJIAMMU.

Yucjo, ompepensioliee MUHUMAJBHYIO IMUPUHY MoJsd. PopMaTupyemoe
3HaueHue OyIeT BBIBOAUTHCS B IOJie, IIUPHUHA KOTOPOTO HE MOKET OBITh
MeHbIIle YKa3aHHOUN, 1 JOIMOJHATHCA J00aBOUHBIMU CMBOJIAMU CJieBa (MIn
cIpaBa, ecjii yKasaH (ar -) 10 YKa3aHHOH! IITUPUHEI IT0JI.

To‘ma, oTaeJIdIinad SHaUYeH e NIXMPUHBI II0JIA OT 3SHaAYEeHUA TOUYHOCTH.

YHuco, orpeaesidmollnee MaKCUMaJIbHOE KOJIMYECTBO CHMMBOJIOB IIPU BBIBO-
e CTPOK; KOJIUYECTBO I_[I/I(I)p rnocJie JecATUYHONU TOUKU, IIPpU BBIBOJE UMCEeJI
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C IJIaBaIOUIed TOYKOW, MM MUHUMAJIbHOE KOJMNYeCTBO Iudp, IPU BHIBOJE
IeJIbIX YUCe.

Kpome Toro, B mopmduraropax BMECTO UNCJIOBBIX 3HAUEHUH IIWUPUHBI TOJISA
¥ TOYHOCTHU JOIYCKAETCSA MCII0Jb30BATh CUMBOJ 3Be3M0UKU (+). B aTOM ciryuae
3HAYEHUSA IIUPUHBI M TOYHOCTU OYAYyT OpaThbCs M3 DJIEMEHTOB KOPTesKa, IIpe-
IIIeCTBYIOIIUX (pOopMaTUPyeMOMY 3HAUEHUIO.

B ciiefyromnieM pparMeHTe IPUBOAUTCSI HECKOJIBKO IIPUMEPOB:

a = 42

b = 13.142783

¢ = “hello”

d = {"x":13, "y :1.54321, '‘z":'world }

e = 5628398123741234

r="ais %d” % a # r = "ais 42"

ro= "%10d %" % (a,b) #r =" 42 13.142783"
ro= "%t010d %E" % (a,b) # r = “+000000042 1.314278E+01"
r="“%x)-10d %(y)0.3¢g” % d # r = “13 1.54”
r="%0.4s %s” % (c, d['z'1) # r = “hell world”
r= "% «f" % (53,b) #r = "13.143"

r #r

= "e = %d” % e = "e = 5628398123741234”

IIpm ucnoIb30BAHUY CO CJIOBAPAMU OIIE€paTop (popMaTHPOBAHUA CTPOK % YACTO
WCIOJIB3YEeTCA IJIS UMUTAIUYA TAKOH 0COOEHHOCTH, KaK MOACTAHOBKA 3HAUYCHU I
TepeMeHHBIX B CTPOKM, KOTOPYIO HEPEIKO MOYKHO BCTPETUTD B A3BIKAX CI[€HA-
pueB (Takoil Kak MOACTAHOBKA 3HAUEeHU:A mepeMeHHoU $var B cTpory). Hampu-
Mep, ecJau UMeeTCsI HEKOTOPBII CI0Baph, 3HAUEHUA er0 9JIeMEeHTOB MOYKHO BCTa-
BUTBH B CTPOKY hopMarTa, KaK IOKa3aHO HUIKe:

stock = {
“name’ : ‘GOOG’,
‘shares’ : 100,
‘price’ : 490.10 }

r = “%(shares)d akuuit komnarnuu %(name)s no ueHe %(price)0.2f” % stock
# r = “100 akumit komnaHum GOOG no uexe 490.10”"

Crenyromuii pparMeHT JeMOHCTPUPYET, KAK MOKHO BCTABUTH B CTPOKY TEKY-
e 3HaUeHUA IIepeMeHHbIX. PyHKIIU vars() Bo3BpalllaeT cJaoBaphb, CoaepsKa-
Ui BCe TIEpEeMEHHBIE, ONpeieJIeHHbIe K MOMEHTY €€ BbI30OBa.

name = “3nsyn”
age = 41
r = “%(name)s, so3pacT %(age)s ron” % vars()

JdononHuTtesnbHble BO3MOXXHOCTU CI)OpMaTVIpOBaHI/ISI

CrpokoBbeiil MeTon S.format(xargs, #+xkwargs) obecliedmBaeT SOMOJHUTEIbHEBIE
BO3MOXKHOCTH (POPMATUPOBAHUA. ITOT METOJ IIPUHUMAET IIPON3BOJILHBIE KOJI-
JIEKIITUY TO3UIIMOHHBIX ¥ MMEHOBAHHBLIX apPI'yMEHTOB U MOACTABJIAET UX 3HA-
YeHHUs Ha MECTO CHMMBOJIOB IIOACTAHOBKH B CTPOKe S. CMMBOJIBI MOACTAHOBKU
B hopmare ‘{n}’, TOe N — YMUCJI0, 3aMEeI[al0TCA COOTBETCTBYOIITUMHU ITO3UIIUOHHBI-
Mu aprymeraTamMu metona format(). CuMBOJIBEI mOACTAHOBKY B popmarte ‘{name}’
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3aMeI[aloTCsA COOTBETCTBYIOIIUMY MMEHOBAHHBIMU apryMeHTaMu. UToObI BbI-
BECTH OJH CUMBOJI ‘{', CJIefyeT UCIOJIb30BaTh ‘{{', 1 '}}’ — UTOOBI BLIBECTU OLUH
cumBoJ ‘}'. Hanpumep:

{0} {1} {2}”. format('GOOG",100,490.10)

= “{name} {shares} {price}”.format(name="G00G",shares=100,price=490.10)
= “MpueeT, {0}, Baw BO3pacT {age} roa”.format(“dnsyn",age=47)

= “KombuHaumn {{ n }} uncnonbaywTca Ans BuBOAA OUrypHbHIX ckobok™. format()

S 5

Kaasiii cMMBOJI IIOCTAHOBKY MOJKET COIIPOBOMK IATHCS JOIOJHUTEJIbHBIM MH-
IexcoMm uau mmeHeMm atpubyra. Hampumep, B ctpoke ‘{name[n]}’, rme n — 1eyoe
YKCJIO, HA MECTO CMBOJIA IIOACTAHOBKU OyIeT BCTABJIEH /-M 9JIEMEHT II0CJIe0-
BaTeJBHOCTH Name, a B CTpoKe ‘{name[key]}’, rme key — HeUucJI0BasA CTPOKA, OyAeT
BCTaBJICH 9JIEMEHT cJioBaps namel ' key']. B cTpoke ‘{name.attr} Ha MeCcTO CHUM-
BOJIA IOACTAHOBKU OyZeT BCTAaBJIEHO 3HaUeHMe aTpudyTa name.attr. Hampuwmep:

stock = { ‘name’ : "GOOG’
‘shares’ : 100,
‘price’ : 490.10 }

r = “{0[name]} {O0[shares]} {O[price]}”.format(stock)
X =3+ 4]
“{0.real} {0.imag}”.format(x)

B sTux cuMBoOJIax MOACTAHOBKY AONYCKAETCA WMCIIOJIH30BATh TOJHKO AEHCTBU-
TeJbHBbIe UMeHa. [Ipon3BoIbHBIE BHIPAYKEHUA, BBI3BOBEI METOIOB U APYTHe OIe-
paium He IO AEPKUBAIOTCS.

I na 6osiee TOYHOTO yIIPaBJIEHUA Pe3yIbTaTaMU BMECTE C CUMBOJIAMU IIOJCTA-
HOBKY MOJKHO HCIIOJIE30BaTh cueltndukaTopsl opmara. [lyg 9Toro K KasKaIoMy
CHMBOJIY IOACTAHOBKY MOYKHO JOOABUTH He00A3aTeIbHBIHN crenuduraTop ¢pop-
Mara, uyepes aBoetoumne (i), Haupumep: ‘{place:format_spec} . IIpu TaKOM OAXO-
Jle MOKHO YKas3bIBaTh IIIUPUHY I0JIA, KOJIUUECTBO NeCATUYHBIX Pa3PAI0B U BbI-
paBHuUBaHVe. Huske npuBOAATCA HECKOJIBKO IIPIMEPOB:

r = “{name:8} {shares:8d} {price:8.2f}". format
(name="G00G", shares=100, price=490.10)

B o611em Buze cuerupurarop hopmara umeer Bup [[Fil11[align]][sign][0][width]
[.precision][typel, Toe Kakaas 4acTbh, 3aKJOUeHHas B [ |, ABJIAeTCA HeoOsa3a-
TeJbHOI. 3HAUeHNe Width ompeneaseT MUHUMAJbHYIO IMUPUHY MOJA, a B Kaue-
CTBe crenuuKaropa align MOXXHO UCIOJb30BAaTh CUMBOJI ‘<, > wuam ‘"', Oaa
BBIPAaBHUBAHUS II0 JIEBOMY Kpalo, II0 IPAaBOMY Kpaio UM 110 IeHTpy. Heobss3a-
TeJIbHOE 3HaueHue 1]l ompeesiseT CHMBOJI, KOTOPBIA OyAeT MCIOJb30BATHCS

[IJIA TOTIOJIHEHUA pesyjbTara 10 TpeGyeMoii mupuHb nosd. Hanpumep:

name = “Elwood”
r = "{0:<10}". format(name) # r = ‘Elwood '

r = “{0:>10}". format(name) # r = * Elwood
r = "{0:710}". format(name) # r = ' Elwood
r = "{0:=710}".format(name) # r = ‘==Elwood==

3Hauenue type oupenesseT TUI JaHHBIX. B Tabi. 4.2 mepedncaeHbl Bce IOAAep-
JKUBaeMble TUIIbI ()OPMATHUPYEMbIX JaHHBIX. KCIMU 3HAUEHNE type He YKa3aHo,
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110 YMOJIYaHUIO AJIS CTPOK UCIOJIb3yeTCA KOJ 'S’, AJd IeJibIX uuces — ‘d’ u ajaa
yuceJ ¢ IJaaBaome Toukon — ',

Tabruya 4.2. Jlonoanumenvhbvle K00bl munog 015 cneyupuiramopos gopmama

Cumsoa ¢hopmara BsixonHoii popmar

d, i ITenoe nnu fIUHHOE IIeJI0e JeCATUIHOE YUCIO.

b ITesnoe nau AIMHHOE I€JI0€ JBOMYHOE UMCJIIO.

0 Ilesoe nnu fAMHHOE 1IeJI0€ BOCBMEPUYHOE YNCJIO.

X ITenoe nnu fIMHHOE IIeJIOe MIECTHAAIIATEPUIHOE YUCJIIO.

X ITesnoe nau AIMHHOE II€JI0€ IITeCTHAJIIATEPUUHOE UMCJIO (C CUM-

BOJIAMU B BEDXHEM PETHUCTPE).

f, F YHucJo ¢ maaBarolieit TouKoii B popmare [-]m. dddddd.

e YucJio ¢ miiaBaroIeil Toukoi B hopmare [-]m. ddddddetxx.

E YucJio ¢ miIaBaroIeil Toukoi B hopmare [-]m. ddddddEtxx.

g, G Hcnonbayer cnenuuKaTop € ujau £, ecau 9KCIIOHEHTA MeHbIIIe

-4 nu GoJblile 3aJaHHON TOUHOCTH; B IPOTUBHOM CJIyYae UC-
noabayer cuerupuraTop f.

n To ke, UTO U g, TOJBKO CUMBOJI J€CATUYHON TOUYKHU O PEJeIIsA-
eTCsI B COOTBETCTBUH C PEr'MOHAIBHBIMY HACTPOMKAMU.

% YmuOoxkaeT uncio Ha 100 u oTo6paskaeT ero ¢ UCIO0JIb30BAHUEM
¢dopmara f, 3aBepIras CUMBOJIOM %.

s Crpora uiau Jiro00i Jpyroi 06beKT. {151 co3aHnsa CTPOKOBOTO
IpeAcTaBIeHUsI 00beKTa UCIIONb3yeTcss PyHKITUA str().

c OIMHOYHBIA CUMBOJI.

B kauecTBe 3HaueHUA Sign B crenuduKaTope popMara JOIIYCKAETC UCIOJIb30-
BaThb CUMBOJI '+, - mjau ‘° ‘. 3HaueHUe '+ yKa3bIBaeT, UTO IIepe] BCeMU UMCJIa-
MU JOJKeH N00aBIATHCA X 3HAK. 3HAUEHNWE - YKa3bIBAeT, UYTO 3HAK JOJIIKEH
00aBIATHCA TOJIBKO AJISA OTPUIATENbHBIX Ynces. Eciu yKkasaHo 3Hauenue
mepes MOJIOKUTEeIbHBIMU YHCIaMU A00aBJIgeTCA BeAyInuil npobes. 3HAUeHUe
precision ompenesseT KOJUUYECTBO IIU(P mocae 3alATON OJId AeCATUUYHBIX YU~
ceJsi. Ecau nepen sHaueHUEM Wwidth MIMPUHBI II0JIA YKa3aH BeAyIuil cumsoJ ‘0,
YKCJIOBbIE 3HAUEHUS OYIYT AOMOJHATHCS CJIeBa BeAYIIUMU HYJIAMHU A0 Tpedye-
MO¥ MM PUHBI HoJA. Huike npuBogsATCA HEKOTOPHIE TPUMEPHI (DOPMaTUPOBAHUA

Pa3INYHBIX YNCJIOBBIX 3HAUEHUI:

X = 42

r = "{0:10d}" . format(x) #r="42

r = "{0:10x}".format(x) #r="2a

r = "{0:10b} . format(x) # r="101010"

r = "{0:010b}" . format(x) # r = "0000101010"
y = 3.1415926

r="'{0:10.2f}" . format(y) #r="3.14
r="0:10.2e}’ . format(y) # r =" 3.14e+00’
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= "{0:+10.2f}" . format(y) #r =" +3.14’
= “{0:+010.2f}" . format(y) # r = "+000003.14’
= “{0:+10.2%} . format(y) #r =" +314.16%

=

IIpu HEeOOXOAMMOCTH 3HAUEHUA PABJIUYHBIX BJIEMEHTOB CIIEIU(PUKATOPOB GOp-
MaTa MOT'YT OIpeeJIAThCA B BUJle apI'yMeHTOB, liepefaBaeMbIx MeTony format().
HocTyn K HUM OCYIIECTBJISAETCA KaK U K APYTUM JIeMeHTaM CTPOKU dopmara.
Hanpuwmep:

y = 3.1415926
r “{0:{width}. {precision}f}’ . format(y,width=10,precision=3)
ro={0:{1}.{2}f}" . format(y, 10,3)

IIpu TakoM nojxofe MoCTaBIAeMble 3HAUEHUA MOTI'Y T OIIPeIeIATHCA TOJIbKO Ha
IIEPBOM YPOBHE BJIOYKEHHOCTU U JJOJKHBI COOTBETCTBOBATH dJIEMEHTAM CIIeIU-
(duraropon ¢popmara. Kpome Toro, y nozcraBigeMbIX 3HaUEHU He MOXKeT ObITH
COOCTBEHHBIX CIIeIudUKaTopoB opmara.

Crenyer 3aMeTUTD, YTO O0BEKTHI MOT'YT OIIPEAEISATh COOCTBEHHBIN HAOOD cIie-
nupuraTopoB popmara. 3a Kyaucamu MmeTon format() BHI3bIBAET CHEI[MATBHBIN
meton __format__(self, format_spec) mjida Kaskaoro (hopMaTUpyeMoro 3HaUeHU .
Biaromapsa sTomy nMeeTcss BOBMOYKHOCTh U3BMEHUTH ITOBeJileHure MeTona format()
U peasmn3oBaTh 00paboTKY crenuduKaTopoB B 00beKkTe. Hanmpumep, maThl, Bpe-
Ms ¥ 00BeKThI APYTUX TUIIOB MOTYT OIPEAeIsiTh CBOM COOCTBEHHBIE KObI hOp-
MaTUPOBAHUS.

B HeKoTOPBIX caydyasx MOKeT oTpe6oBaThCsa MIPOCTO OTGHOPMATUPOBATE CTPO-
KOBOe IIpecTaBJIieHre 00'beKTa, BOCIPOU3BOAUMOe PyHKImAME Str() u repr(),
B 00x07 (hYyHKIIMOHAJIBHOCTHY, Peau30BaHHOM B MeTome __format__(). s sToro
nepej cuenudurKaTopom popMara JOCTATOUHO 100aBUTH MOAU(PUKATOD ‘!S’ mMiIn
‘I'r’. Hampumep:

name = “I'supo”
r="{0'r:720}" . format(name) #r =" "‘"Tengo’

Onepaunun Hapg cnoBapaMu

Crosapu peasusyioT oToOpaskeHre MeX 1y nMeHaMu u o6bekrtamMmu. K HuM Mo-
T'yT IPUMEHATHCS CJIeAYIOIUe OllePaIii:

Onepamus Onucanue

x = d[k] O6paileHue K 9J1eMeHTY € KJII0UOM key

dlk] = x ITpucBamBaHUE 9JI€MEHTY C KJIIOUOM key

del d[k] VYnaneHue s1eMeHTA C KJIIOUOM key

k in d IIpoBepKa HAIUUMSA JI€MEHTA C KJIIOUOM key
len(d) KonnuecTBO 971EMEHTOB B CJI0Bape

B kauecTBe KJroueit JOIIyCKaeTCA MCIIOJIB30BaThb JI100bIe Hen3MeHseMble 00b-
€KThI, TaK1e KaK CTPOKU, YKCJIa 1 KOPTEMXH. KpOMe TOro, B KauecTBe KJIIoueit
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MOMHO HCIIOJIB30BaTh CIIMCKU 3Haqum?1, pa3neyieHHbIe 3allAThIMU, KaK IIOKa-
3aHO HUMKe:

d=1{}
,2,3] = “foo”
[1,0,3] = “bar”

B JaHHOM CJIy4yae B KaueCTBe KJIIoueit HCIIOJIB3YIOTCA KOPTEMU. YuursiBad ATy
OCOﬁeHHOCTB, IpeabpiayInue ornepanuu IIPpruCcBauBaHUA MOXXHO 3allCaTh TaK:

df(1,2,3)] = “foo
d[(1,0,3)] = “bar”

Onepau,vm Haa MHOXXeCcTBaMu

Tuner set u frozenset MOALEPKUBAIOT PSS OOIIMX OIEPAIIMii:

Onepamus Onucanme

s |t O0BbequHEeHNE MHOMKECTB S U T

s &t IlepeceueHre MHOKECTB S U T

s -t PasmocTh MHOMKECTB S U ©

s~ t CuMMeTpUYHAs PA3HOCTH MHOKECTB S U
len(s) KoanuecTBO 571eMEHTOB B MHOKECTBE
max(s) MaxkcumaabHOE 3HAUEHUE

min(s) MuHuMaIbHOE 3HAUCHHTE

Tun pesysibraTa onepanuii 00beINHEHNUA, IEPECEUEHU U PA3HOCTU OIIPEeIs-
eTcs TUIIOM JIeBOTo onepania. Hanpumep, ecyiv onepasi s UMeeT THII frozenset,
pesyJabTaT TaksKe OyzeT mMeTh TUI frozenset, Jaske ecyiv onepaHf ¢ ©MeeT TUI
set.

KomMmOGunHupoBaHHbIe onepaTopbl NPUCcBanBaHNS

B asbike Python nmoazep:xuBaioTes cieyolire KOMOMHNPOBAHHBIE OII€PATOPEI

IIPUCBAVBaHUA:

Onepanusa Onucanue
X =y X=xty
X -=y X=X-y
X *=y X=Xy
X /=y x=x/y
X /=y x=x/y
X *x= y X = X #% y
X %=y X=X%y
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(npodoncerue)

Onepamus Onucanmne
X &=y X=x8&y
X 1=y X=x1ly
X "=y X=x"vy
X >»=y X=Xx>y
X &=y X =x <KLy

9Ty omepaTophl MOKHO WCIIOJIB30BaTh Be3lie, IZle NONYCKAaeTCsA HUCIOIb30BaTh
O0OBIYHBIN OmlepaTop mpucBanBanusa. Hanpumep:

a=3

b =1[12]

¢ = “Hello %s %s”

a +=1 #a=4

b[1] += 10 #b=1[1 12]

¢ %= (“Monty”, “Python”) # c = “Hello Monty Python”

KoMOuHMpOBaHHEIE OIEPATOPhl IPUCBAMBAHNA He HAPYIIAIOT IIPUHIIUII HEU3-
MEHSAEeMOCTH U He IIPOU3BOAAT M3MEHEeHNe caMuX 00beKToB. To ecTh MHCTPYK-
IIAA X += ) CO3JACT COBEPIIIEHHO HOBBIM 00'BEKT X CO 3HaUeHueM x + y. [loab3oBa-
TeJIbCKUEe 00'bEKTHI MOT'YT II€PEOIPeeATh KOMOMHNPOBAHHBIE OIIEPATOPEI ITPH-
CBAaMBAaHUA C IIOMOIILIO CIEIAAaJbHBIX METOL0B, OIMCAHHLIX B Iiiase 3 «Tumsl
IaHHBIX 1 00'bEKTHI».

OnepaTop goctyna K atpubyTam (.)

Ona mocryna K arpubyTaM 00'beKTOB HCIIONIb3yeTCcA olepaTtop «Touka» (.). Ha-

IpumMep:
foo.x =3
print foo.y

a = foo.bar(3,4,5)

B omHOM BBIpasKeHHU MOKET KCIIOIB30BATHCA CPa3y HECKOJBKO OIIePaTOpOB
TOUKM, Hampumep: f00.y.a.b. OmepaTop TOUKU MOYKET TaKyKe MPUMEHATHCSA
K IIPOMEIKYTOUHBIM pe3yabTaTaM (BYHKIUN, HanpuMep: a = f00.bar(3,4,5).spam.

Tlosb30BaTenbcKue OOBEKTHI MOTYT II€PEOIPENEeSATh MJIN U3MEHATH IIOBefe-
"ue omneparopa (). IlogpobrocTy mpuBoxATca B riiaBe 3 u B riiase ( «Kaaccsr
¥ 00'bEKTHO-OPUEHTUPOBAHHOE ITPOrPAMMUPOBAHUE.

OnepaTop Bbi3oBa PyHKLUUMU ()

Omneparop f(args) ncmonbayeTcs AJd BbI3oBa PYHKIMN 1. Bce apryMeHTHI QyHK-
Ui IpeacTaBJIeHbBI BhIpaskeHusaMuU. Ileper BEBI30BOM (DYHKITUY cHAUAJIa BEIUKC-
JISIOTCSI BCe BhIPAsKeHUA apryMeHTOB, B HAIIPaBJEHUU cjeBa HalpaBo. FHorma
TaKOU IOPSAOK BBIUNCICHUNA HA3BIBAIOT ANNAUKAMUBHbLM.



DYHKUMM Npeobpa3oBaHms m

HMeeTcss BOSMOKHOCTD BBIUMCJIUTD PAJ apryMeHTOB (DyHKIUU 3apaHee, C II0-
Moo QyHKIUM partial() us moxyna functools. Hampumep:

def foo(x,y,z):
return x +y + z

from functools import partial
f = partial(foo,1,2) # 3anomnHaeT 3Ha4YeHUs ANS aprymMeHToB X Wy GyHkuun foo
f(3) # Buzos foo(1,2,3), BO3BPaTUT 4nucno 6

dyHKIUA partial() BBIUYUCIIAET HEKOTOPBLIE M3 apIyMEHTOB YKAa3aHHOU (hYHK-
MY U BO3BpAaIjaeT 060'EeKT, KOTOPBIH MO3HEEe MOKHO BBI3BATh, IIEPEJaB eMY
HeJOCTAIONIe apTyMeHThI. B IpeabIAyIieM nIpuMepe nepeMeHHasa f mpeacras-
JaAeT GYHKIUI, AJA KOTOPOH yiKe OBLJIN BBIUNCJIEHBI 3HAUEHUA JABYX IEPBBIX
apryMeHTOB. [1Jig BbI30Ba 3TOM (DYHKIIMU JOCTATOYHO IIPOCTO TIepeIaTh el Heo-
CTAIOIINH TocJiefHMI aprymMeHT. [Ipuem mmpeaBapuTeIbHOTO BBIUMCIEHUA 3HA-
YeHUI apryMeHTOB (DyHKIIUY TECHO CBABAH C KAPPUH20M (currying) — MexaHmu3-
MOM, C IIOMOIIIbI0 KOTOPOTro hYHKINA, IPUHUMAIOIasA HECKOJIBKO apr'yMeHTOB,
Takasa Kak f(X,y), packjJaabIBaeTcA B cepuio (PYHKIMWI, KaxKaasad M3 KOTOPBIX
IpUHUMAaeT eINHCTBEHHBII apryMeHT. Hanpumep, 3adukcupoBaB 3HAUEHUE ap-
TyMeHTAa X, IJisd QYHKIIUY T MOMKHO CO3aTh HOBYIO, YACTUUHO IIOATOTOBJIEHHYIO
GYHKIIUI0, KOTOPOI JOCTATOUYHO OyZeT mepefaTh 3HAUEHUeE Y, UTOOBI IOJIyUUTh
pe3yJbTar.

dDyHKUMM NpeobpasoBaHUs

Huorma 6n1BaeT HEOOXOAMMO BBIMOJHUTE IIPe00pas3oBaHme MeKAY BCTPOEHHBI-
Mu Tunamu. [Jig 9TOro JOCTaTOUYHO IIPOCTO OOPATUTHCSA K MMEHU TpebyemMoro
THUNA, KaK K QyHKIuu. Kpome TOro, CyIiecTByeT HECKOJIBKO BCTPOEHHBIX (DYyHK-
U, BLIMOJHAIOIIAX CIIellnaIbHbIe BUIBI IIpeobpasoBauuii. Bece aTu GyHKIIUNI
BO3BPAIIAIOT HOBBII 00'BEKT, IIPeICTaBIIAIOIINI IpeoOpa3soBaHHOE 3HAUEHIE.

DyHKIUA Onucanue

int(x [,basel) IIpeoGpasyeT 060BEKT X B IeJioe uncyao. Eciu x aBis-
eTCs CTPOKOM, apryMEHT base OIpeiesisieT OCHOBaHUe

CHCTEMBI CHUCJIEHU .

float(x) IIpeoGpasyeT 06BEKT X B UHCJIO C IIJIaBAIOIIE TOUKOI.

complex(real [,imag])
str(x)

repr(x)

format(x [,format_spec])

eval(str)

tuple(s)
list(s)

set(s)

IIpeoGpa3yeT 060BEKT X B KOMILJIEKCHOE YHCJIO.
IIpeoGpasyeT 06BEKT X 8 CMPOK080e npedcmasierue.
IIpeobpasyer 06BEKT X B CTPOKOBOE BEIPasKeHUe.
IIpeoGpasyeT 066EKT X B (DOPMATUPOBAHHYIO CTPOKY.

BoeruncisieT BeIpasKeHue B CTPOKE St/ 1 BO3BpAIIaeT
00BEKT.

IIpeoGpasyeT 00BEKT S B KOPTEXK.
IIpeoGpa3yeT 060BEKT S B CIIUCOK.

IIpeoGpasyeT 06BEKT S B MHOYKECTBO.
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(npodoncerue)

DyHKIUA Onucanue

dict(d) Cospnaet cioBapb. O6beKT d dosdicen ObLmb nociedosa-
meavHocmuio kopmediceil (key, value).

frozenset(s) IIpeoOpasyeT 06'BEKT S B MHOXKECTBO TUMA frozenset.

chr(x) IIpeobpasyer 1ejioe YuCJI0 X B CUMBOJIL.

unichr(x) IIpeoGpasyer 1esoe uncio x B cuMBoJ JOuuKoma
(rosnsko B Python 2).

ord(x) IIpeo6Gpa3yeT OMMHOUHBIM CHUMBOJI B 1[€JI0€ UHCJIO.

hex(x) IIpeoGpasyerT 1eji0e YKnCJIo X B CTPOKY C IIIeCTHALIIATe-
PUYHBIM IIPpEACTaABJIEHUEM.

bin(x) IIpeoOpasyer Iejioe YUCJIO X B CTPOKY € JBOUUHBIM
IpeJCTaBIEHUEM.

oct(x) IIpeoGpasyerT 1ej10e YKUCJIo X B CTPOKY C BOCbMePUy-
HBIM IIPEJICTABICHUEM.

O6parure BHUMauue, 4To QyHKIuU str() u repr() MOryT BO3BPAILATh Pa3jIny-
HbIe pe3yabTarbl. DYHKIUA repr() oObIYHO CO3/IaeT CTPOKY C BBIPArKeHueM, KO-
TOpOoe MOKHO IepenaTh GyHKIUU eval(), 4ToObI BOCCO3AATh 0OHEKT, TOTa KaK
dyuKIUa str() Bo3BpaiaeT 60ojiee KpaTKkoe UJIKN 0THPopMaTUPOBAHHOE CTPOKO-
BO€ IIPeJiCTaBJIeHNE 00'BEeKTa (M MCIOJIb3yeTCA MHCTPYKIMel print). dyuKmua
format(x, [format_spec]) Bo3BpalljaeT TaKoe Ke CTPOKOBOEe IIPECTAaBICHNE 00b-
eKTa, 4TO W omeparop (hopMaTUPOBAHUSA, HO IIPUMEHAETCA K €IUHCTBEHHOMY
00beKTy x. Ha Bxoze oHa mpuHUMaeT HeoOA3aTeJIbHBIN apryMeHT format_spec,
KOTODPBIN ABJIAETCA CTPOKOMU, comepskalneit crernuduraropsl popmara. PyHK-
musa ord() Bo3BpalllaeT MOPAAKOBBIM HoMep cuMBoJia. (s cumBosioB FOHUKO-
Jla 9TO 3HAUEHUE COBIIAJAET C IeJOUYNCJIEHHBIM 3HAUeHMEM KOJOBOT'O IYHKTA.
@yurmuu chr() 1 unichr() mpeo6pPasyIoT IeJI0e YKNCJIO B CHUMBOJL.

IIpeo6pasoBaTh CTPOKY B UMCJIO MOJKHO C IIOMOINBbIO (yHKIUE int(), float()
u complex(). PyHKIUA eval() TaKKe MOMKET IIpeodpas3oBaTh CTPOKY, CoaepsKa-
IIyI0 JOIIYCTUMOE BhIpasKeHue, B 00beKT. Hampumep:

a = int("34") #a =34

b = long(“Oxfe76214”, 16) # b = 266822164L (0xfe76214L)
b = float("“3.1415926") # b = 3.1415926

c = eval(“3, 5, 6") # ¢ =(3,56)

B dyuKIun, cosmaromue KouTeiiHeps! (11st(), tuple(), set() u apyrue), B Kaue-
CTBe apryMeHTa MOYKHO IepeJaBaTh Ji00ble 00beKTHI, MOJePsKUBAIOIIIE UTe-
paiuy, KoTopble OyAyT BBIIIOJHEHBI AJIA CO3JaHMs BCEX 3JI€MEHTOB CO3JaBae-
MOIi II0CJIe[OBATEIbHOCTH].

Jlornyeckune Bblpa>XeHund n 3Ha4eHNda NCTUHHOCTU

Jlornueckue BbIDAXXEeHUd (pOpMI/IpyIOTCﬂ C IIOMOIIIBIO KJIIOUEBBIX CJIOB and, or
unot. 9t OIIepaTophl OTJINYAIOTCA CJAEOYIOIINM IIOBEeIeHEeM:
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Omneparop Onucanue

X ory Ecuu x 10:%HO, BO3BpaliaeTcsa 3HAUEHUE ), B IPOTUBHOM CJIydae —
3HAYEHUE X.

x and y Ecuu x 103KHO, BO3BpAI[aeTCs 3HAUEHNE X, B IPOTUBHOM CJIyuae —

3HAYEHUE .

not x Ecawu x 10:KHO, Bo3BpamiaeTcsa 7, B IPOTUBHOM ciay4dae — 0.

Korza B IornyecKoM KOHTEKCTe OIIpeieIsieTCsA UCTUHHOCTD UJIU JIOPKHOCTD, 3HA-
yeHue Irue IIPUHUMAIOT .TIIO6I>Ie qyucJja, OTJINYHBbIE OT HYJIA, a TaAaKMe HEIIyCThIe
CTPOKHU, CIIMCKHU, KOPTEKU U cJaoBapu. 3HaueHUe False mpumHUMAIOT uumcyo 0,
None, a TaKsKe IIyCThIe CTPOKHU, CIUCKU, KOPTEKU U CJIOBapu. SHAUEHUE JIOTU-
YeCKOT'0 BhIPAYKEHUA BEIUUCJIAETCSA CJIeBa HAaIIPaBo, IPU STOM IIPaBbIil OlepaH
paccMaTpuBaeTCs, TOJBKO €CJIU ero 3HaueHUe MOJKeT IOBJIMATH Ha 3HAaUeHUe
Bcero BbeIpaskeHus. Hanpumep, B BRIpaskeHuHW a and b omepaHm b paccMaTpuBa-
eTcs, TOJBKO €CJIU OIIEPAH] a UMeeT UCTUHHOe 3HaueHue. IHorma TaKoi mops-
JIOK BBIUNCJIEHUI HA3BIBAIOT «COKPAULEHHOU CXeMOlL BbLUUCLEHUY.

PaBeHCTBO U UAEHTUYHOCTDb ob0bekTOoB

OmepaTop paBeHCTBA (x == V) IPOBEPseT PaBEHCTBO 3HAUEHUU x U y. B ciayuae
CIIMCKOB M KOPTEXKeU CPaBHUBAIOTCS BCE BJIEMEHTHI, ¥ 3HAUEHUe True BO3BpAaIlla-
eTcs, TOJBKO ecJU BCe 3HAUeHUA paBHBI. [Ipu cpaBHUBAHUU CJIOBapeil 3Haue-
HUe True BO3BpAIlaeTcs, TOJIbKO ECJIU CJIOBAPU X U Y UMEIOT OLMHAKOBBINA HAG0D
KJITOUel ¥ 00'beKTHI C OLHUM U TeM JKe KJII0OUOM MMEIOT OJMHAKOBbIe 3HAUYEHU .
JIBa MHOKeCTBa CUUTAIOTCA PABHBIMHY, €CJI OHU COLEPIKAaT OAWH U TOT JKe Ha-
60p 9JIeMEHTOB, KOTOPbIe CPABHUBAIOTCA MEXKY COOOH ¢ IIOMOIILIO ollepaTropa
paBeucTBa (==).

OmnepaTopbl UAEHTUYHOCTH (X 1S y u x is not y) IpOBEPSAIOT, CCHLIAIOTCS JI
CpaBHUBaeMbIe IepeMeHHbIe Ha OAUH U TOT Ke 00beKT. Boo0Iie HeT HUUero He-
00BIYHOTO0, KOTJIa X == Y, HO X 1S not V.

CpaBHUBaHNE 00HEKTOB HECOBMECTHMMBIX THUIIOB, TAKMX KaK (pailabl u yucia
C ILJIaBaIOIel TOUKOM, MOKEeT ObITh JOIMYCTUMO, HO Pe3yJIbTaT TAKOTO CPABHU-
BaHUA HEMIPeACKasyeM M MOXKeT BOOOIe He UMeTh HMKAKOro cMbIcaa. Kpome
TOTO, B 3aBUCUMOCTHU OT TUIIOB OIIEPaH/0B, TaKOe CPAaBHUBAHIE MOJKET IIpUBe-
CTH K UCKJIIOUEHUIO.

nOpﬂﬂ,OK BblYUdjieHuns

B rabu1. 4.3 npuBogUTCA MOPAAOK BRIUYNCIEHUS OllepaTopoB A3biKka Python (mpa-
BUJIA IIPEIIIIeCTBOBAHUA). Bee orepaTopsl, 3a MCKJIIOUEHNEM (**), BBIUNCJISAIOTCS
cJieBa HAIpPaBO U MEPEeYUCJIeHbl B TA0JUIle B MOPALKe YOBIBAHUA IIPUOPUTETA.
To ecTh omepaTopbl, HAXOAAIIMEC OJMKe K HauaJay TaOJUIIbI, BRIUUCIIIOTCS
paubIIle OIIepaTopoB, HaxXoaAIuxcAa HuKe. (OOpaTuTe BHUMaHMe, YTO OIIEPaTO-
p®I, 00beUHEHHBIE B OOUH MOAPA3AeN, TaKue Kak X * VY, X / Yy, X // yuax % v,
UMEIOT ONUHAKOBLIN IPUOPUTET.)



[maBa 4. Onepatopbl 1 BblpaXXeHns

Tabauuya 4.3. Ilopsdok vlyucienus onepamopos (no Yyovl6aHUI npUOpumema,)

Omnepatop Hassaumne

G..), ..., {0 Cospmanue KOpTeXKa, CIIUCKAa U CJI0OBapPs

s[i], sli:j] Omnepanuu JOCTYIIA K 9JIeMEeHTAM U Cpe3aM

s.attr Onepanuu gocTyma K aTpudyTam

f(...) Br130BBI QyHKITHIT

X, =X, X YHapHbIe olepaTophI

X xx BosBenenue B cTeneHsb (IpaBoaccoraTUBHAS Ollepa-

X* Y, X/ Y, X/ y, x%y

X+y, x-y

X<y, x>y

X &y
X"y
x|y

x <y XxX<=y,

X >y X>=Y,

X ==y xl=vy,

x 1s y, x is not y
X in's, x not in s
not x

x and y

X or y

lambda args: expr

Tus)

YMHOMKEHUE, IeJIeHUe, TeJIeHUE C YCeUeHUEM, elie-
HUE 110 MO YJIIO0

CroxxeHue, BEIUNTAHUE

Burtosslii ciBUT

Burosas oneparusa «1»

BuroBas onepamnus «uckamouaioriee UJIN»
BuroBas oneparus «AJIN»

CpaBHUBaHUE, IPOBEPKA HA UAEHTUUYHOCTD, IIPOBEP-
Ka Ha BXOXKJeHUe B COCTaB II0CIe[0BATEILHOCTH

Jlornueckoe oTpuiaHue
Jloruueckasa onepamusa «M»
Jlornueckas omepanusa «AJIN»

ABOHUMHAA QYHKIIUA

ITopsAg0K BBIUMCJIEHUS OIEPATOPOB, IIEPEUUCTEHHBIX B Ta0a. 4.3, HEe 3aBUCUT
OT THUIIOB apT'yMEHTOB X 1 Y. [109TOMY, XOTs IOJIb30BATEIHCKUN 00HEKT MOKET
TIePEOIPEIESIUTE OTAEJIbHbIE OIIEPATOPHI, TEM HEe MEeHee OH He B COCTOSIHUU U3~
MEHUTBD MTOPANLOK UX BBIUNUCJIEHUSA, IPUOPUTETHI U IIPABUJIA ACCOIIUATUBHOCTH.

YcnoBHble Bblpa>eHus

B mporpaMMupoBaHWU HIMPOKO PACIIPOCTPAHEH IIPUMEM MPUCBAWBAHUS TOTO
WJIV THOTO 3HAUEHU A, B 3aBUCUMOCTH OT HEKOTOPOTo ycaoBud. Hanmpumep:

if a <= Db:
minvalue = a
else:
minvalue = b
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9TOT MPOrpaMMHBIM KOA MOMKHO 3alucaTh KOPOYe, eCJU BOCIIOJIb30BAThCH
yc08HbLM 8bipaxcenuem. Hanpumep:

minvalue = a if a <=b else b

ITepBoii BerunCIsA€TCA YCIOBHAA YaCTh, HAXOAAIIAACHA B CepeiHe TAKMX BbIPa-
sxenuii. Eciu B pesyibrare mojyyaercsa sHaUeHUe True, BBIYUCIAETCA BhIpaKe-
HUe a, HaXOoAAIeecsd JeBee MHCTPYKIIuY 1f. B IpoTHBHOM ciryduae BEIUUCIIAETCSA
BBIpaKeHUe b, HaXo[dAllleecd IpaBee MHCTPYKIIUM else.

He cuenyer 3710ynoTpe6sATh YCIAOBHBIMU BBIPAMKEHUAMHU, IIOTOMY UTO UpPe3-
MepHOe X WCIOJIb30BAHUE MOXKET IPUBOLUTH K IyTaHUIEe (0COOEHHO B CIY-
yae BJIOYKEHUS WX APYT B APyTra UJIU IIPU BKJIIOYEHWU WX B APYTHUe CJIOKHBIE
BeIpaskeHusd). OgHAKO UX OYeHb YI00HO MCIIOJIb30BAaTh B reHepaTopax CIIMCKOB
¥ B BRIpAKEHUsIX-TeHepaTopax. Hanpumep:

values = [1, 100, 45, 23, 73, 37, 69 ]
clamped = [x if x < 50 else 50 for x in values]
print(clamped) # [1, 50, 45, 23, 50, 37, 50]



CTpyKTYypa nporpamMmmbl
M yrnpasJieHne NoTOKOM BbINOJIHEHUSA

B sT0if rmaBe moaApo6HO paccMaTPUBAIOTCA CTPYKTYpPA MPOrPAMMBI M CIIOCOOBI
yIOpaBJeHUS TTOTOKOM BBITIOJHEHUA. B UMCI0 paccMaTpUBaeMbIX TEM BXOMIAT:
YCJIOBHBIE OIIEPATOPbI, UTEPAL[NY, UCKJIIOUCHN U MeHeIKePhl KOHTEKCTA.

CprKTypa nporpamMmmubl n ee BbllNMNoJIHEHUE

IIporpammebl Ha s3biKe Python mpeacraBiaoT co6oi mocaen0BATEILHOCTHA UH-
cTpyKuii. Bece QyHKIIMOHAIbHBIE BO3MOMKHOCTH A3bIKA, BKIIOUAS TPUCBANBA-
HUe 3HAUEHUI IepeMeHHbBIM, OolpenesieHre PYHKIINHT U KJIaCCOB, MMIIOPTHUPOBA-
HUe MOAYJel, peaJn30BaHbl B BUle MHCTPYKIINT, 00/1aJaf0IIX PABHBIM II0JIO-
JKEHIEM CO BCEMHU OCTAJbHBIMUA UHCTPYKIUAMU. B [eliCTBUTEIHLHOCTH B I3bIKE
PythOIl HEeT «CIleIqnaJbHBbIX» I/IHCprKIlI/II';I 1 BCAKAadA MHCTPYKIUA MOKET GI)ITI)
IoMelIeHa B JJI000M MecTe B mporpamme. Hampuwmep, B cienyioineM ¢pparMenTe
OIIPEEIAIOTCA JBE PA3INUYHbIE BePCUM (PYHKITUN:

if debug:
def square(x):
if not isinstance(x, float):
raise TypeError(“Expected a float”)
return x = X
else:
def square(x):
return x * X

3arpyskasa MCXOLHLIE (DAlibl IPOrPaMMbl, HHTEPIPETATOP BCErAa IIOCJIEL0Ba-
TeJBbHO BBITIOJHSET BCe MHCTPYKIIUHU, IIOKA He BCTPETUT KOHeIl (paiisa. ITa MO-
JeJIb BBITIOJTHEHUSA B PABHOI CTEIIEHU OTHOCHUTCA KaK K IVIABHOMY (PamyIy IIpo-
TpaMMBbI, TaK U K OM0JIMOTEeUHBIM (haiiiaM MOy Ieii, 3arpy KaeMbIM C IIOMOII[bIO
WHCTPYKIUHU import.
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BbinonHeHue no yC<noBUio

Wucrpyrnuu if, else u elif mo3BOSIAIOT OPraHU30BATH BBINIOJIHEHNE IPOTPAMM-
HOTO KOJia B 3aBUCUMOCTHU OT YCJIOBUil. B 00111eM cayuae ycJIOBHAS UHCTPYKIIUA
uMeeT CJIeAVIOIIUN BU:

1t Bepaxenune:
UHCTPYKUMN
elif BuipaxeHne:
UHCTPYKUMN
elif BuipaxeHne:
WMHCTPYKUWN
else:
UHCTPYKUMN
Ecuu npu Hecob0ogeHUY yCIOBUA HUKAKUX AeHCTBUU He JOJIPKHO BBITIOJTHATE-
cs, MOYKHO OIIYCTUTH YacTu else u elif ycioBHOI nHCTPYKIUU. Eciu gelicTBusa
He JOJIXKHBI BBITIOJHATHCS MPU COOJIIOAEHUN OIPEeNeJeHHOTO YCJIOBUSA, MOYKHO
HMCIIOJIb30BAaTh UHCTPYKIIUIO PASS:

if BepaxeHune:

pass # Huyero He penaet
else:

UHCTPYKUMN

LUuknbl n nrepaunmn

ITukiasr B a3bike Python odopmisaroTesa ¢ momoibio HHCTPYKIuii for u while.
Hampumep:

while BbipaxeHnue:
UHCTPYKUMN

for i in s:
UHCTDYKLUMN

WNucTpyKnus while BBITIOJNHAET MHCTPYKIIUMU, HMOKAa YCJIOBHOE BBIpa'KeHUE He
BepHeT 3HaueHUe False. MHCTPYKIUA for BBINOJIHAET UTEPAIlU II0 BCEM dJie-
MEHTaM S, IOKa He MCUEePIIaloTCA AOCTYITHBIE djieMeHTHI. HCTpyKIma for Mo-
JKeT paboTaTh C JI00bIMU 00'beKTaMu, IOAAePKUBAIONINMY uTepanuu. K unciy
3TUX 00'bEKTOB OTHOCATCS BCTPOEHHBIE TUITHI IIOCTIE0BATEILHOCTEH, TAKNE KAK
CIIMCKY, KOPTEXKU U CTPOKHU, a TaK’Ke JII0Oble Ipyrue 00beKTHI, PeaInsyIoliue
IIPOTOKOJI UTePaTOPOB.

Cunraercs, 4TO OOBEKT S IMOAAEPIKUBAET UTEPAIIUU, €CJAU OH MOYKET HCIIOJb-
30BaThCA B CIEAYIONEM IPOIPAMMHOM KOJZie, KOTOPBIN ABJISAETCA OTPAKEHUEM
peajusanyuu UHCTPYKIUU for:

it = s.__dter_ () # Mony4nTb WTepaTop And obbekTa S
while 1:
try:
i = 1t.next() # MonyunTb cnenyoumin anemeHT (__next__ B Python 3)
except StopIteration: # HeT Gonbwe anemMeHTOB
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break
# BuinonHMTL onepaumn Hap 1

IlepemenHnas i B MHCTPYKIMU for 1 in s HasbIBaeTcsd nepemerHol yukraa. Ha
Kask 0l mTepaluy OHA IPUHUMAeT HOBOe 3HaueHue us o0bexTa s. O6J1acTh BU-
IUMOCTH IIepeMeHHOH ITKJIa He OrpaHnYnBaeTCsa HHCTPYKIueii for. Ecau mepex
WHCTPYKIHe# for ObLi1a 00'bABJIeHA IEPEMEeHHAA C TeM JKe UMEeHeM, ee IIPeabIay-
miee 3HaYeHne OymeT 3aTepTo. Bojee TOro, Mo OKOHYAHUY IUKJIA Ta IepeMeH-
HadA 6y,ue'r XPaHUTH IIOCJIeJHEE 3HAUEeHNE, IIOJITYyUeHHOE B ITUKJIE.

Ecnu asemeHTHI, M3BJIEKaeMble B IIPOIleCCE UTEPAIINU, ABJIAIOTCA IIOCJIEL0BA-
TeJIBHOCTAMY OJHOTO U TOTO JKe PasMepa, UX MOKHO PAaclaKoBaTh B HECKOJIBKO
epeMeHHBIX IIUKJIA, UCHOJIb3Ys IPUeM, TeMOHCTPUPYEMBII HUKe:

for x,y,z in s:
UHCTPYKLUMN

B sTom mpumepe 00BEKT S JOMKEH COAEPIKaTh MU BOCIIPOU3BOJUTH ITOCJIENO0-
BATEJbHOCTH, KaKIas U3 KOTOPBIX COAEPIKUT I10 TPH djieMeHTa. B KasK10i ure-
panuu nepeMeHHbIM X, Y U 7 OyIyT IPUCBAUBATHCSA 3HAUECHUS 9JIEMEHTOB COOT-
BETCTBYIOIIEl mocseqoBareabHocT. HecMoTps Ha TO YTOo HanbGojiee 4acTo 9TOT
IpUEM HUCIIOJb3YeTCsI, KOrJa O0beKT S ABJISETCA MI0C/Ie0BaTeIbHOCTHIO KOPTe-
JKelf, TeM He MeHee OH MOKeT MPUMEHSATHCA K dJieMeHTaM 00'beKTa S, SIBJISIO-
IIUMCS IOCJIeI0BATEIbHOCTAMHE JIFO0OOTO THUIA, BKJIOUAS CIIUCKU, Me€HepaTophbl
¥ CTPOKH.

IIpu BBHITIOSTHEHUY UTEPAIINil, IOMUMO CAMUX JaHHBIX, MHOT/A ObIBAeT yA00HO
WMeTh JOCTYII K MOPAAKOBOMY HOMEDPY UTEPAIlNH, KaK MOKa3aHO HUKe:

i=20

for x in s:
UHCTPYKLUMN
i+=1

I s aTux mesei B isbike Python MosxeT ncmoib3oBaThCsa BCTPOSHHAST (PYHKITUA
enumerate(), HarpuMep:

for i,x in enumerate(s):
NHCTPYKLUMMN

BrI3oB enumerate(s) cosmaeT urTepaTop, KOTOPBINA IIPOCTO BO3BPAIIAET OCJEI0-
BaTeJbHOCTB KopTeskeit (0, s[0]), (1, s[1]), (2, s[2]) u Tak manee.

Hpyras TunuuHad npobJieMa, CBA3aHHAA C OpraHM3aIyell IUKJOB, — mapaJj-
JeabHass o0paboTKa ABYyX mau 6oJiee mociefsoBareabHocTeir. Hampumep, UK,
B KK 0¥ nTepanuu KOToporo Tpedyercs 0JJHOBPEMEHHO U3BJIEKATh 9JIeMEHTHI
13 Pa3HbIX MMOCJE0BATEIbHOCTE!, MOYKET ObITh PeaM30BaH TaK:

# s unt - 8TO OBE NOCNEn0BATENBHOCTU

i=0

while i < len(s) and 1 < len(t):
x = s[i] # W3Bneyb anemMeHT M3 NOCNeA0BATENbHOCTU S
y = t[i] # W3BneYb 9neMeHT M3 nocnefoBaTeNbHoOCTW t
WHCTDYKLUMN

i+=1
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ATy peanamusanio MOYKHO YIIPOCTUTh, €CJIM BOCIIOJNb30BaTheA PyHKIIHEn zip().
Hampumep:

# s ut - 8TO OBE NocnenoBaTeNbHOCTU
for x,y in zip(s,t):
UHCTPYKUMN

DyurmUsa zip(s,t) 06 beIUHUT MOCIeLOBATEIbHOCTHU S U t B IIOCJIEIOBATEIbHOCTD
ropreskeit (s[0],t[0]), (s[1],£[1]), (s[2], t[2]) u TaK majee, OCTAHOBUBIIINCE II0O-
cJie McUepraHmsa dJIEMEHTOB B CAMOU KOPOTKOI 13 IIOCJIE[OBATEILHOCTEH, eCIN
UX IJUHBI He paBHBIL. Ceayer 0co60 OTMETUTD, UTO B Bepcuu Python 2 pyurmusa
zip() m3BJIEKaeT BCce 5JIeMEeHThI 13 IIOCJIeJOBATEeILHOCTeH S 1 t 1 CO3AaeT CIIMCOK
KopTexxel. [J1a reHepaToOpoOB M IIOCJIEJOBATEILHOCTE!, COePIKAIINX OT'POMHBIE
KOJIMUECTBA 9JIEMEHTOB, TaKOe IIOBeJeHre MOYKET 0Ka3aThbCs HelKelaTeJIbHbBIM.
ATy IPo0IeMy MOKHO PEIIUTD C IIOMOIIbI0 PYHKIIMY itertools.izip(), koTopas
IOCTHUTAET TOTO Ke d3()(eKrTa, YTo 1 PyHKIUA zip(), HO BMECTO TOT'O UTOOBI CO3-
JlaBaTh OTPOMHBIA CIIMCOK KOPTEXKEH, OHA BOCIIPOM3BOAUT II0 OSZHOMY KOMILJIEK-
Ty 00beIUHEHHBIX 3HAUEHHUN Ipu Kaskaom obparrenun. B Python 38 pyuxmusa
7zip() peanmsoBaHa TOYHO TaK Ke.

IIpepBaTh IMUKJ MOKHO C TIOMOII[bIO MHCTPYKIIH break. Hampumep, B caeayio-
meM (pparMeHTe BHITIOJHSAETCA UTEHUE CTPOK U3 TEKCTOBOTO (haiiyia, moKa He Oy-
JIeT BCTpeUeHa IyCTas CTPOKA:

for line in open(“foo.txt"):
stripped = line.strip()
if not stripped:
break # MycTas cTpoka, npepBaTb YTeHWe
# 00paboTaTb CcTpoKy Stripped

ITepeiiTu K ciaenyiolei ureparuu (IPOIYCTUB OCTABIIINECT UHCTPYKIIUHU B TeJie
IIUKJIA) MOYKHO C IIOMOIIBI0 MHCTPYKIUU Continue. OTa MHCTPYKIIUSA UCIOJIB3Y-
eTcs He YacTo, HO MHOT/Ja OHA MOYKeT ObITh II0JIe3Ha, — Korza oopMIIeHUe ellle
OHOTO YPOBHS BJIO}KEHHOCTH IPOTPAMMHOIO KOJa B YCJIOBHON WHCTPYKIIUN
MOTJIO OBI IPUBECTH K HEKeJIaTeJIbHOMY YCJIOMKHEHUI0 mporpaMMbl. Hampuwmep,
CcJIeAYIONINI ITNKJI IIPOIYCKAET BCe ITyCThIe CTPOKU B (paiiie:

for line in open(“foo.txt"):
stripped = line.strip()
if not stripped:
continue # MponyCcTnTb NyCTYi CTPOKY
# 00paboTaTb CcTpoky Stripped

NuCcTpyRnuu break m continue BO3MEHMCTBYIOT TOJIBKO HA CaMbIii BHYTPEHHUI
mukJ. Eciiu Heo6X0oqMMO OpraHM30BaTh BBIXO]] M3 TVIYOOKO BJIOYKEHHOU mepap-
XUU IUKJIOB, MOYKHO BOCIIOJIb30BAThCS UCKIOueHneM. B a3vike Python orcyT-
CTBYEeT MHCTPYKIIUS «Joto».

K vHCTPYKIMU IIMKJIa MOKHO TaKsKe IIPUCOEUHUTD NHCTPYKIIUIO e1se, KaK I10-
Kas3aHo B CJIeIyIOIlleM IpuMepe:

# for-else
for 1ine in open(“foo.txt"):
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stripped = line.strip()
if not stripped:
break
# 06paboTaTb cTPOKy Stripped

else:
raise RuntimeError(“0TcyTCcTBYET padmenntens naparpados”)

Biok else B MHCTPYKIIMU ITUKJIA BBIIIOJIHAETCS TOJIBKO B CIyUae HOPMAJHHOT'O
3aBepIIeHNus IIUKJIA, TO €CTh JIN00 KOra He ObLIO BHIIOJIHEHO HU ONHOU UTepa-
U, Tu60 mocje BHIIIOJHEHU S ITOCIeJHell nTepanuu. Kciiu BEITOJTHEHNE IUKJIA
IpepbIBaeTCsA IPEKIeBPEeMEeHHO ¢ IIOMOIIbI0 MHCTPYKIIUY break, 6JIOK else mpo-
IIyCKaeTcH.

OcHOBHOE Ha3HaUeHNe MHCTPYKIINU €1Se B MUKJIaX 3aKJIOUAETCA B TOM, YTOOBI
u36eKaTh YCTAHOBKY MJIM IIPOBEPKU KAKOro-1mbo (hiara UM yCJIOBUSI, KOTIA
paboTa IIUKJIa ITpepbhIiBaeTcs IpesxaeBpeMenHo. Hampumep, mpeabiayInuii Ipu-
Mep MOXKHO IIepenrcarhb 0e3 UCII0JIb30BaHuA 0JI0KA e1se, HO ¢ IpUMeHeHUeM J10-
TOJHUTEJILHOMN ITIepeMeHHOM:

found_separator = False
for 1ine in open(“foo.txt"):
stripped = line.strip()
if not stripped:
found_separator = True
break
# 00paboTaTb CcTpoKy stripped

if not found_separator:
raise RuntimeError(“0TcyTCTBYET pasdmenutenb naparpados )

NcknrouyeHus

HckawieHus cBUAETEIbCTBYIOT 00 OIIMOKAaX U IIPEPHIBAIOT HOPMAaJIbHBIN XO7
BBITNIOJTHEHUA TPOTrpaMMbl. VIcKIoueHNA BO3OYKIAIOTCA C IIOMOIIBI0 MHCTPYK-
muu raise. B obmiem caydae WHCTPYKIIUA raise mMeeT clenyIOIIUil BU: raise
Exception([value]), rme Exception — TUT UCKJIOUEHU, a value — HeoOs3aTeIbHOe
3HAYEHNeE C JOIIOJHUTEJIbHON nHpopMaIiueir 06 uckouennn. Hanpumep:

raise RuntimeError(“HeycTpaHumas oumbka™)

Ecau nHCTPYKIUS raise UCIOIb3yeTcs 0e3 AOMOJTHUTEIbHBIX TapaMeTpPOB, OHA
TIOBTOPHO BO30Y:K/JaeT mocjefHee NCKIoueHre (OQHAKO TaKoil mpueM paboTaet
TOJIBKO B IIpoIecce 00padOTKY BO3SHUKIIIEr'O UCKJIIOUEHI).

HGPEXBaTI/ITB VCKJIIOUEHE MOXHO C IIOMOIIIBIO I/IHCprKI_II/Iﬁ try m except, Kak
IIOKa3aHO HUXe:

try:
f = open(‘foo’)
except IOError as e:
NHCTPYKLUMMN
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Korma Bo3HMKAaeT HCKJIOUEHME, WHTEPIPeTaToOp IIPEeKPAIaeT BBIIIOJHEHUE
VHCTPYKIUI B OJIOKe try ¥ OTBICKMBAeT OJIOK except, COOTBETCTBYIOIIUN TUITY
BOSHUKIIIET0 MCKJOUYEHNs. B caydae ycmexa ympaBJiieHUe MepegaeTcs mepBoit
WHCTPYKINU B HalifeHHOM O0Ji0Ke except. Ilociie BBITIOJIHEHNA OJI0KA except BbI-
TOJIHEeHUE IIPOrpaMMBbI MIPOAOJIMKAETCSA C MePBOi MWHCTPYKI[UU, CIAeAYIOIel 3a
6s0K0M try-except. B mpoTUBHOM cayuae MCKJIOUEHHUE TepefaeTcsa 0JI0KY mpo-
TPaMMHOI'0 KOJ]a, BMEIAOIeMy WHCTPYKIUIO try. 9TOT MPOrPaAaMMHBINA KO
B CBOIO OUepeib TaKIKe MOJKeT ObITh 3aKJII0UeH B OJIOK try-except, mpeagycMaTpu-
BaIOIU 00PabOTKY UCKJOUeHUsA. ECau MCKI0UeHe JOCTUTHET CaMOr'0 BepX-
HEero ypoBHsA IIPOTpaMMblI M He OyAeT IlepeXxBaueHO, WHTEePIpPeTaTop IpPepBeT
BBITIOJTHEHUE IIPOTPAMMEBI ¢ coobmeHueM o6 omubke. [Ipu HeoOxoxmmocTu Bce
HellepexBaueHHbIe UCKJIIOUeHU MOKHO 00paboTaTh B MOJIb30BATEIBCKOM (DYHK-
muu sys.excepthook(), Kak onuckiBaeTcs B TiiaBe 13 «Ciny:x6s1 Python Bpemenn
BBITIOJTHEHUST».

Heo6sazarenbHbI MOAuGUKATOP a5 var B MHCTPYKIUY except ompeesaseT uMsa
TmepeMeHHOM, B KOTOPYIO Oy/eT 3amucaH TUI BO3ZHUKINEro ucKauyenus. O6pa-
OOTUYMKHU NCKJIIUYEHUH MOT'Yy T NCIIOJIF30BaTh 9TO 3HAUEHNE [IJIs IOy YeHuA 6oJiee
noapo6HO# nH(popManuu 06 ncKIoUeHnn. Hanpumep, IPOBEPKY THUIIa BO3HUK-
IIer0 MCKJIIOUYEHUS MOYKHO BBIIOJHUTH C IIOMOII[BI0O MHCTPYKIIMH isinstance().
CiiemyerT OTMETUTDH, UTO B HNpeAbIAyINuX Bepcusix Python mHCTpyKIMS except
3anuceiBaJjach Kak except Exclype, var, The TUAIN UCKJIOUEHUA U UMA IIepeMeH-
HOM OTAENANUCH 3anATOH (,). ITOT CHHTAKCUC MOXKHO (HO He PEKOMEHYeTCs)
WCII0JIL30BaTh B Bepcuu Python 2.6. B HOBBIX IporpamMMax CJIeAyeT HCIIOJIb30-
BaTh CMHTAKCHUC aS Vval, IIOTOMY UTO OH ABJIAETCA €JUHCTBEHHO JOMYCTUMBIM
B Python 3.

MomycraeTcs UCIOIb30BATh HECKOIBLKO OJIOKOB except [JIsi 06pa0OTKU Pa3HBIX
THUIIOB UCKJIIOUEHN, KaK IIOKA3aHO B CJIEAYIOIeM IIPUMepe:

try:

BHIMONHNTL HEKOTOPHE [EeACTBIS
except IOError as e:

# 06paboTka ouwnbkn BBOAA-BHBOAA

except TypeError as e:
# 06paboTka ownbku TUNa obbekTa

except NameError as e:
# 00paboTka ownbku 0bpalleHns K HecyuecTBYUEMY UMEeHM

HecKoIbKO THUIIOB UCKJIIOUEHUIT MOJKHO TaKsKe 00pabaThIBaTh C ITIOMOIIBIO e H-
CTBEHHOT'0 00paboTUMKa, HallpruMep:

try:
BHINOMHWUTL HEKOTOPHE AeACTBUS

except (IOError, TypeError, NameError) as e:
# 06paboTaTb ownbky BBOAA-BLBOAA, TUNa
# unn obpallerns K HeCyuWecTBYUeMy UMeH)
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VIrHOpupOBaTh UCKJIIOUEHUE MOKHO C TIOMOIIBI0O MHCTPYKIIMHU PassS, KaK IMOKa-
3aHO HIKe:

try:
BbIMONIHNTL HEKOTOPLIE D,GIZCTBVIR
except I0Error:
pass # Huyero He penaTb (conpeT v Tak).

IlepexBaTUTH BCe UCKIIOUEHNUA, KPOME T€X, UTO IIPUBOJAT K HEMEJIEHHOMY 3a-
BEPIMIEHHUI0 ITPOrpaMMBbl, MOYKHO, YKa3aB THUII UCKJIOUeHuA Exception, Kak mo-
KasaHo HUXKe:

try:
BHINONHATL HEKOTOPbIE AENCTBUSA
except Exception as e:
error_log.write('BosHukna ownbka: %s\n' % e)

Korma mepexBaThIBAaIOTCSA BCe TUMIBI MCKJIIOUEHUI, HEOOXOAUMO IT03a00TUTHCS
0 3aIIMCH B »KYPHAJ TOUHON MHMOpMAIuU 00 OIInOKe A MOCJeYIOINero aHa-
ausa. Hampumep, B npeasigyieM ()parMeHTe B Ky PHAJI 3alIAChIBA€TCSI MHQOP-
MAallus, UMeIOIas OTHOILIEHNEe K MCKJIIUeHnio. Eciu npenebpeus 3Toit nHGOP-
Maiueit, OyfeT oueHb CJIO0XKHO OTJIALUTh IIPOrpaMMy, B KOTOPOH BO3HHKAIOT
OITMOKY, MMOSBJIEHUS KOTOPBIX BbI HE OXKUAETE.

C moMoIIbio UHCTPYKITUY except, 6e3 yKasaHUA TUIIA UCKJIIOUEHUs, MOMKHO IIe-
PeXBaTHIBATb UCKJIIOUEHUA JIOOBIX TUIIOB:

try:
BHINONHWTL HEKOTOPbIE AENCTBUA
except:
error_log.write('Ouubka\n')

IIpaBuIbHOE MCHIOJB30BaHUE ATOH (POPMBI MHCTPYKIUU except sABIsAEeTCS Ha-
MHOTO 00Jiee CJIOYKHBIM JIeJIOM, YeM MOJKEeT ITOKa3aThCs, TI0ITOMY JIyUIlle n3be-
raThb TaKOro crnocoba 00paboTku ucKaouenuii. Hampumep, sToT hparmeHT OymeT
TaKJsKe MepexBaThIBATh TPEPBIBAHUS OT KJIaBUATYPBI U 3aIIPOCHI HA 3aBEPIIIEHNE
IporpaMMbl, KOTOPBIE eIBa I UMEeT CMbICJI IePeXBaThIBATh.

Kpome Toro, mHCTPYKIIUA try MOMKET COIIPOBOMKIATHCA OJOKOM £1Se, KOTOPBIi
IOJI2KHO CJIEOBATh 34 IIOCJETHUM OJOKOM except. OTOT OJIOK BBIIOJIHSIETCST,
€CJIM B TeJle HHCTPYKIIUY 11y He BOSHUKJIO UCKIoueHuii. Hanmpumep:

try:

f = open(‘foo’, ‘r’)
except I0Error as e:

error_log.write('HeBoamoxHo OTKPbTb Oainn foo: %s\n' % e)
else:

data = f.read()

f.close()

Wuacrpyknusa finally cayXKuT A peaausanuy 3aBePIIAOIINX NeHCTBUM, CO-
IYTCTBYIOIUX OII€paIUAM, BEIIIOJHAEMBIM B 6J10Ke try. Hampuwmep:
f = open('foo’, r")
try:
# BbINOMHMTL HEKOTOPbE AEUCTBUA
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finally:
f.close()

# Oain OyneT 3akpuT, HE3aBUCUMO OT TOro, 4TO NPOM30MaeT

Buok finally He ucnosbayercs Ay 00paboTku omubok. OH UCIIONIBL3yeTCs AJIA
peanusanuu JefcTBUIl, KOTOPHIE NOJKHBI BBITOJHATHCA BCEr/a, He3aBUCUMO
OT TOT'0, BOBHUKJIA OIINOKA niau HeT. Eciiu B 6JI0Ke try NCKJIIOUeHU He BOSHUK-
JI0, 610K finally OymeT BBHINOJIHEH CPasy Ke BcJel 3a HUM. Eciv BO3HUKJIO UC-
KJIOUeHue, yIpaBjeHne cHauaja OyeT mepeJaHo IepBoil MHCTPYKIUY B GJIOKe
finally, a 3aTeM 9TO MCKJIOUeHME OyIeT BO30Y K IEHO IIOBTOPHO, YTOOBI oOecIie-
YUTH BO3MOYKHOCTE €ro 00pabOTKY B APYTroM oOpaboTunKe.

BcTpoeHHble TUnbl UCKNIOYEeHNN

B Tabs. 5.1 mepeuncieHbl BCTPOEHHBIE TUIILI UCKJIIOUEHNH, KOTOPBIE oIIpezeie-

HBI B a3bIKe Python.

Tabruya 5.1. BcmpoeHHble MUNbL UCKIOYEeHUTL

Hckarouenue Onucanue
BaseException BaszoBrIil KIacc BceX UCKIIOUEHU N
GeneratorExit Bos6y:xgaeTca meronoMm .close() reHepaToOpoB
KeyboardInterrupt Bos0yxqaercsa HaKaTueM KJIaBUIIIEH TPEePhIBAHUS
(o6wruno Ctrl-C)
SystemExit 3aBeplIeHne IPOrpaMMbl
Exception BazoBebrii Kitacce 41 BceX UCKJIOUEHU, He CBA3aH-
HBIX C 3aBepIIeHNeM IIPOrpaMMbL
StopIteration Bos6y:xqaerca 1yida IpeKpaleHusa uTepauii
StandardError BaszoBrrIii kJIacc 4y BceX BCTPOEHHBIX UCKJII0Ue-
Hui (Toabko B Python 2). B Python 3 — 6a3oBsriit
KJIACC BCEX UCKJIIOUEHUH, HACIEYIOIUX KJIacC
Exception
ArithmeticError BazoBbIii Kilacc UCKJIIOYEHU, BO3OYIKIAEMBIX
apuMeTHIECKUMU OIePAIUAMU
FloatingPointError Omn6Ka oneparuy ¢ naaBaIei TouKoit
ZeroDivisionError Hlenenue niu fejieHUs 110 MOZYJIIO Ha HOJb
AssertionError Bos0y:x/qaerca MHCTPYKIUSAMUY asser t
AttributeError Bos0yxmaeTcsa npu oOpaleHny K HeCYIeCTBYIO-
memMy aTpudyTy
EnvironmentError OminbKa, 06ycIoBIeHHASA BHEITHUMY IPUYNHAMA
I0Error OmubKa BBoma-BBIBOJA IpU paboTe ¢ aiimamu
0SError O1mnbKa ormeparuoHHON CUCTEMEI
EOFError Boas0y:xmaeTcs mo JoCTUKeHN N KoHIa daiiia
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Tabauuya 5.1 (npodonscerue)

HUckarouenue Omnucanue
ImportError OmnbKa B MHCTPYKI[MU import
LookupError Omrn6Ka 00palne s 10 UHAEKCY WU KUY
IndexError OminbKa obpalneHns 10 HAEKCY 3a IpeeiaMu
[I0CJIeI0BATEIbHOCTH
KeyError OmnbKa o0paleHns K HeCyIeCTBYIOIIEMY KJIUY
cJioBaps
MemoryError HexBarka mamaru
NameError He ynasmocs oThIcKaTh JJOKaJIbHOE UJIH TJI00aILHOE
uMs
UnboundLocalError OmnbKa o0palleHus K JOKaJJIbHON IIepeMeHHOH,
KOTOPOI elrle He ObLJIO IPUCBOEHO 3HAUEHYIE
ReferenceError Omnbkra obpaiieHns K 00'beKTY, KOTOPBIH yiKe ObLI
YHUYTOKEH
RuntimeError YHUBepcasbHOE NCKJIIOUeHNE
NotImplementedError OOpaleHne K HepeaJin30BaHHOMY METOAY UJIN
GOyHKIIUNT
SyntaxError CuHTaKcuUYecKas OIrnoKa
IndentationError OmrubKa ohopMIEeHUS OTCTYTIOB
TabError HermocienoBaTenbHOE UCIIOJIB30BAHUE CUMBOJIA
TabysnAnuu (TeHepupyeTcs IIPU 3aIIyCKe HHTEePIIpe-
TaTopa ¢ KJII0YOM —tt)
SystemError Hedaransuas cucteMHas1 OMINOKa B MHTEPIIpeTa-
TOpe
TypeError ITonbITKA BHIOJHUTE OIIEPALIUIO HAJ apT'yMEeHTOM
HEJIOIyCTUMOTO THIIA
ValueError Henmonmyctumsbrii Tun
UnicodeError Omnb6ka npu pabore ¢ cumBonamu FOHUKOgA
UnicodeDecodeError Omrubka qekonupoBaHus cuMBoJIOB FOHUKOZA
UnicodeEncodeError Omubka KoxupoBaHUsa cuMBoJIOB FOHUKOZA

UnicodeTranslateError

Omub6Ka TpaHcaanuu cuMmBoJioB OHuKOa

Hckirouenusa opraimsoBaHbl B MEPApPXMI0, KaK IIOKasaHo B Tabu. 5.1. Bece uc-
KJIIOUEHU S, BXOASAIINE B Ty WJIN UHYIO TPYIITY, MOT'YT OBITH II€PeXBaueHbI TIPU
WCIIOJIb30BAHUYM UMEHU TPYIIILI B opeeeHun 6yioka except. Hampumep:

try:
UHCTPYKUMN

except LookupError: # flepexsatuT ucknodenne IndexError unn KeyError

UHCTPYKLMM
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niaimn

try:
WHCTPYKLUM

except Exception: # [llepexBaTuT niobble NPOrpamMMHbie MCKIOHEHNS
WHCTPYKLUN

Hagepxy nepapxuu NCKJIIOUEHNS CrPYIIUPOBAHBI B 3aBUCUMOCTH OT TOTO, CBSI-
3aHBI JI OHU C 3aBepiieHneM nporpamMmMbl. Hampumep, uckaoueHns SystemExit
u KeyboardInterrupt He BXOogAT B I'pyIIry Exception, IoToMy 4TO, KOTLa Iporpam-
MUCT IIpeaycMaTpuBaeT 00paboTKy BCeX IPOrpaMMHBIX UCKJIIOUEHUN, OH 00bIU-
HO He CTPEMUTCSA IIePEXBATUTH 3aBePIIIEHNE ITIPOTPaMMBIL.

OnpepeneHve HOBbIX UCKITIOYEHUN

Bce BCTpoeHHBIE MCKJIIOUEHUA OIIPEIeIAI0TCA KaK Kiacchl. YToOBI CO31aTh UC-
KJIIOUeHe HOBOT'O TUIIA, HYKHO 00'bABUTH HOBBI KJACC, HACJEAYIOIIUH KJlacc
Exception, Kak IMOKa3aHO HUXKe:

class NetworkError(Exception): pass

YT0oOBI BOCIOJIB30BATHCS HOBBIM UCKJIIOUEHUEM, €r0 JOCTATOYHO IIPOCTO IIepe-
aTh UHCTPYKIIUU raise, HAIIpuMep:

raise NetworkError(“HeBo3mMoxHO HaWTW KoMnbloTep B ceTu.”)

IIpu BO30Y:KICHUM MCKJIIOUEHUS C IOMOIIBI0O MHCTPYKIIUU raise AOmycKaercs
nepenaBaTh KOHCTPYKTOPY KJacca AOMOJTHUTEIbHbIE 3HAUCHNU . B OOJIbITNHCTEE
CJIy4aeB 9TO OOBIYHAS CTPOKA, COAEPsKAaIlasd TeKCT coolIeHns 06 omnbke. On-
HAKO IIOJIBb30BaTEJIbCKHE HNCKJIIOUEHUA MOI'YT IIpegyCcCMaTpuBaTh BOSMOXXHOCTH
IIpueMa OZHOT0 uju 6ojiee 3HAYEHNH, KaK II0OKa3aHo B CJEeAYIOIIEeM IIPIMepe:

class DeviceError(Exception):
def __init__(self,errno,msg):
self.args = (errno, msg)
self.errno = errno
self.errmsg = msg

# Bo30yauTb ucknyeHne (nepefae HECKONbKO apryMeHToB)
raise DeviceError(1, ‘Het oTBeTa’)

IIpu cosmauru cOOCTBEHHOTO KJIacCca NCKJIIOUEHN S, [IePEOIPeIeIAI0ero MeTo/
__init__(), Ba:KHO He 3a0BITH IIPUCBOUTH KOPTEIK, COAEPIKAIIUN apryMeHTEI Me-
Toma __init__(), arpulyTy self.args, Kax OBIJIO TOKA3aHO BBIIIE. JTOT aTPubyT
WCIIOJIb3YETCA IPY BBIBOJIE TPACCUPOBOUHOM nHpopMmanuu. Ecau octaBUTE 9TOT
aTpubyT IYCTHIM, II0JIL30BATEIN HE CMOI'YT YBUAETH NH(POPMAIINIO 00 UCKII0Ue-
HUU, KOT/[a BOSHUKHET OIII0OKA.

WckatoueHnss MOT'YT OBITH OPraHM30BaHBI B NePAPXUU C IIOMOIIIBI0 MEXaHU3Ma
HacaenoBanus. Hampumep, uckiiouenme NetworkError, oObsBJIEHHOE BBIIIIE,
MOTJIO ObI CAYKUTH 6a30BBIM KJIACCOM MJIA Oojiee CHeU(PUUHBIX UCKJIIOUEHNU.
Hampumep:

class HostnameError(NetworkError): pass
class TimeoutError(NetworkError): pass
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def errori()
raise HostnameError(“XocT He HaltgeH")

def error2()
raise TimeoutError(“lpesbweHo Bpems oxupaHus™)
try:
errort1()
except NetworkError as e:
if type(e) is HostnameError:
# BHNONHWTL AENCTBUS, XapakTepHble Ansg ownbku 3TOro Tuna

B namaoM ciyuae mHCTPYKIus except NetworkError mepexBaThIBaeT BCe UCKJIIO-
yeHHudA, Hacjexmyiomme kKjacc NetworkError. UToOBI ompemesuTh KOHKPETHBINR
TUT BO3HUKIIEHN OMINOKU, BBITTOJHAETCS IIPOBEPKA THUIA UCKJIIOUEHUA C ITOMO-
mpio GyHKmuu type(). [asa norydyeHna nHGOPMAIIUY O ITOCTIEJHEM BOSHUKIIIEM
VCKJIOUEHUU MOYKHO TaKJKe UCIOJIb30BaTh PYHKITHIO Sys.exc_info().

MeHep)kepbl KOHTEKCTa U MHCTPYKUMSA with

Hapnesxaliee yipaBiieHIe CHCTEMHBIMU PeCypcaMi, TAaKUMU KaK (paiiisl, 6J10-
KUPOBKHU M COENUHEHUS, YACTO ABJSIETCA AOCTATOUHO CJIOMKHOM 3amaueii, 0co-
0eHHO B COeIUHEHHU ¢ 00paboTKoU mcKJoueHuii. Hampumep, BO3HUKIIIEE HUC-
KJIIOUeHIEe MOXKET 3aCTaBUTH IMIPOrPAMMY IPONYCTUTh UHCTPYKIIUM, OTBEUAtO-
1I7e 3a 0CBOOOYKAeHEe KPUTUYECKUX PECYPCOB, TAKNX KaK GJIOKMPOBKU.

HMHCTPpYKIIUA With TO3BOJIsIET OPraHU30BATh BBIMIOJHEHNE TIOCTIEN0BATETLHOCTHA
MHCTPYKIUI BHYTPU KOHTEKCTA, YIPaBJIAEMOrO O0BEKTOM, KOTOPBIA UTpaeT
pOJIb MeHe}Kepa KOHTeKcTa. Hampumep:

with open(“debuglog”,”a”) as f:
f.write(“Otnanka\n")
UHCTPYKLMM
f.write(“Koneu\n")

import threading

lock = threading. Lock()

with lock:
# Hauyano kputuyeckoro 6noka
WHCTPYKLMM
# KoHel kpuTuyeckoro 6noka

B mmepBoM mpuMepe HHCTPYKIUSA With aBTOMaTUYeCKU 3aKPOET OTKPBITHIH (haii,
KOrza IOTOK YIIPaBJIEHUS IIOKMHET 0JIOK MHCTPYKIIUI, CIeAYIOIINi Huxe. Bo
BTOPOM IIPMMePE UHCTPYKIIUA With aBTOMaTHUYecKu 3aXBaTUT OJIOKUPOBKY, KOT'-
[Ia IOTOK YIIPABJIEHUS BOUJET B OJIOK MHCTPYKIIU, CJAeIYIOIUNA HUKE, 1 OCBO-
0OIUT ee IIPU BHIXOJIE.

NucTpyRnua with obj mosBossgeT 00BEKTY 0bj YHIPaBIATH ITPOUCXOIAITNM,
KOr/a IIOTOK YIIPABJEHUsS BXOAUT U IIOKULAET OJIOK MHCTPYKI[UH, CJIey IO
HuKe. Korma mHTEpIperaTop BCTpevaeT MHCTPYKIIUIO With 0bDj, OH BBISHIBAET
meTon obj.__enter__(), 4TOOBI UBBECTUTDH OO'BEKT O TOM, UTO OBIJI BHITIOJTHEH BXOJ
B HOBBINM KOHTEKCT. Kora ImoToK ynpaBieHUs MOKUJaeT KOHTEKCT, BHISBIBAETCS
MeTon obj.__exit__(type,value,traceback). Eciu mpu BHITOJHEHUN NWHCTPYKIUI
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B 0JIOKe He BOBHUKJIO HUKAKUX HCKJIIOUEHHUI, BO BCeX TPeX apryMeHTax MeTo-
oy __exit__() mepemaerca sHauerue None. B mpoTuBHOM ciaydae B HMX 3aIIUCHI-
BAIOTCA TUII MUCKJIOUEHNs, ero 3HAUeHNe W TPACCUPOBOUHAA MHMOpMamus o6
HNCKJIIOUEHNM, BBIHYAUBIIIEM IIOTOK YyIIPpaBJIEHUSA IIOKMHYTH KOHTEKCT. MeTO,Z[
__exit__() Bosspaimaer True mau False, 4TOOBI IIOKA3aTh, OBLIO 00PAbOTAHO HC-
KJIIOUeHNe MK HeT (ecIiu BO3BpalllaeTcsa 3HaueHue False, BOSHUKIIIee NCKII0Ue-
HUe IPOJOJIKUT CBOE JBUKEHIE BBEPX 3a IpeeiaMi KOHTEKCTA).

WucTpyKIus with obj MOKeT IPUHUMATH JOIOJHUTEIbHBIN CIIeITU(UKATOD as
var. B aTom cayuae 3HaueHMe, BO3BpaIaemMoe MetTooM obj.__enter__(), 3amucChI-
BaeTCs B IEPEeMEeHHYIO var. BaXKHO OTMeTUTh, YTO B IEPEMEHHYIO var He 00s3a-
TeJIbHO OyIeT 3aIllmcaHo 3HaYeHue 0bj.

WNHeTpyKnua with cmoco6Ha paGoTaTh TOJMBKO ¢ 00BEKTaMU, IMOLAEPKUBATO-
IUMHY TPOTOKOJI YIpPaBJIeHUA KOHTeKcToM (MeTonbl __enter_ () m __exit__()).
HOJILSOBaTeJII:CI{I/Ie KJIaCChI TaKJe MOI'yT olipeaejadaTh ST MeTOAbI, IITO6I>I pea-
JIN30BaTh COOCTBEHHBIN CIIOCO0 yIIpaBJeHUs KOHTeKCcTOM. Huike MPUBOIUTCS
IIPOCTOM IIPUMEP TAKOI'0 KJIACCA:

class ListTransaction(object):

def __init__(self,thelist):
self.thelist = thelist

def __enter__(self)
self.workingcopy = list(self.thelist)
return self.workingcopy

def __exit__(self,type,value,tb)
if type is None:

self.thelist[:] = self.workingcopy

return False

ITOT KJacc II03BOJIAET BBINOJHATH CEPUI0 MOAM(DPUKAIIVIT B CYIIeCTBYIOIIEM
cruucke. IIpu aToMm MoagudUKAINY BCTYIAT B CUJIY, TOJIBKO €CJIU B IIPOIIECCE UX
BBITIOJTHEHU A HE BOBHUKJIO UCKJIIOUEHUA. B IPOTUBHOM CJIydae CIIMCOK OCTAHET-
cdA B IepBOHAYAJILHOM cocToAHMHU. Hanmpumep:

items = [1,2,3]

with ListTransaction(items) as working:
working.append(4)
working.append(5)

print(items) # BoBegeT [1,2,3,4,5]

try:
with ListTransaction(items) as working:
working.append(6)
working.append(7)
raise RuntimeError(“HemMHOXKO cMmoweHHM4aem! ")
except RuntimeError:
pass
print(items) # BoeepmeT [1,2,3,4,5]

Mopgyas contextlib ympoiraeT peaausamnuio cOOCTBEHHBIX MEHEIKEPOB KOHTEK-
cTa 3a cueT 00epThIBAHUSA (PyHKIINI-reHepaTopos. Hampumep:

from contextlib import contextmanager
@contextmanager
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def ListTransaction(thelist):
workingcopy = list(thelist)
yield workingcopy
# W3MEHWTbL OpurMHanbHLI CNUCOK, TOMbKO €CAN HE BO3HUKNO 0owrboK
thelist[:] = workingcopy

B srom mpumepe 3HaueHUe, IepefaBaeMoe WHCTPYKIMHU yield, mcmoabayert-
cd, KaK Bo3Bpalmaemoe 3HaueHue metona __enter__(). ITocse BBI3OBa MeToma
__exit__() BeImosiHeHUE Oy/IeT MIPOJOJIXKEHO C MHCTPYKIIUY, CJIEAYIOIIeN 38 UH-
crpykiueit yield. Eciiu B KOHTEKCTe BOSHUKJIO MCKJIOUEHUE, OHO ITPOSBUTCS
KaK HUCKJIUYeHNe B QyHKIUU-reHeparope. IIpu HeoOXxommmocTu QYHKIIUA MO-
JKeT IIepexBaTUTh U 00paboTaTh UCKJIIOUEeHNe, HO B JAaHHOM CJydae OHO ITPOIO0JI-
JKUT CBO€ pacIIPOCTPaHeHUe 3a Ipeiesibl reHepaTopa u, BOBMOKHO, OyaeT obpa-
00TaHO IIe-To B APYTI'OM MeCTe.

OTnago4Hble NPOBEPKU
u nepemeHHas __debug_

NHCTpyKIUA assert IMO3BOJsET HO0ABIATHL B IPOrPAMMY OTJIAJOUYHBINA KOI.
B 06111eM ciyuae MHCTPYKIUA assert MMeeT CJIeAyOIUi BUA:

assert test [, msg]

TOe test — BeIpaskeHue, KOTOPOe MOJIKHO BO3BpAaIllaTh 3HaAUeHHUe 1rue uau False.
Ecau BeipaskeHue test BO3BPATUT 3HaUeHMe False, MHCTPYKIIUA assert BO30OyAUT
ucKJrouenue AssertionError ¢ mepegaHHBIM eMy coobIeHueM nsg. Hampumep:

def write data(file,data):
assert file, “write_data: daiin He onpegeneH!”

WHCTpyKIusa assert He JOJKHA COJEPIKaTh MPOrPaAaMMHBIN KOJ, 00ecieunBaio-
it 6e30160YHYI0 PAOOTy ITPOrPaAMMEBI, IIOTOMY UTO OH He OyAEeT BBIITOJTHATE-
CcsA MHTEPIPEeTaTopoM, PaboTaIMM B ONTUMU3UPOBAHHOM DeXUME (3TOT pe-
JKUM BKJIIOUAETCS IIPU 3allycKe MHTepIperaTopa ¢ KiatouoM -0). B uacTHOCTH,
OyzeT OIMOKOM MCIIOIb30BATh NHCTPYKIIUIO assert NJid IPOBEPKU BBOZA IIOJIb-
3oBaress. OOBIUHO MHCTPYKIIUY assert UCIOJMb3YIOTCA AJIS IPOBEPKU YCIOBUIA,
KOTOpBIE BCEr/a JOJIXKHBI ObITh NCTUHHBIMU; €CJIU TaKOe YCJIOBUE HapyIlaeTcs,
9TO MOYKHO PacCMaTPUBAaTh, KaK OMINOKY B IPOrpaMMe, a He KaK OIIUOKY IOJIb-
30BaTesIA.

Hampuwmep, ecau GyuKua write_data() B mpuMepe BbIllle Oblyia ObI IPegHAa3HA-
YeHa IJIA B3aMMOJENCTBUA ¢ KOHEUHBIM II0JIb30BaTeJEeM, MHCTPYKIIUIO assert
cJIeoBaJjIo ObI BaMEHUTH OOBIYHON YCJIOBHOU MHCTPYKIIVEH 1 u mpengycMoTpeTh
00paboTKY OITIOOK.

ITomumo mHCTPYKIUU assert B Python umeercs BcTpoeHHas nepemenHasd __de-
bug__, JOCTYIHAA TOJBKO IJIA UTEHUA, KOTOPAd IIOJIyJyaeT 3HAUeHUe True, Korjaa
MHTEepIPeTaTop paboTaeT He B ONTMMUBUPOBAHHOM DeKUMe (BKJIIYAETCA IPU
3amrycke nHTepnperaropa ¢ KiawodoM -0). [IporpaMMbl MOTYT IDOBEPATH 3HAUE-
HUe 9TOU IIepeMeHHOH, YTOOBI B CIyuae HeOOXOAUMOCTH BBIIOJIHATDH JOIIOJJHU-
TeJIbHYIO IPOBEPKY Ha Hajgudue omnbok. BHyTpeHHAA peasms3anus mepeMeH-
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HOMU __debug__ B MHTEepIpPeTaTOpPE ONITUMUBNPOBAHA TaK, UTO caMa MHCTPYKITUA
if B meficTBUTEIBHOCTHU He BKJIIOUAETCA B TEKCT IporpaMMbl. Eciiu mHTEpIIpeTa-
TOP IEHCTBYeT B OOBIYHOM PEKUMe, IPOTPAMMHBIN KO, COCTABJISAIONIUNA TeJI0
nHCTPYKIuu if __debug__, IPOCTO BKJIOUAETCS B TEKCT IpoOrpaMMEbI, 6e3 ca-
Mo nHCeTpyKIuu if. IIpu padoTe B ONITUMUUPOBAHHOM PEXKUME MHCTPYKITUS
if __debug__ u Bce cBs3aHHBIE ¢ HEWl MWHCTPYKIIMU IIOJIHOCTBHIO YAAJAIOTCA U3
IIporpaMMBbl.

Wcmonb30BaHMe WHCTPYKIMM assert u IepemMeHHOIN __debug__ obecmeuuBa-
eT BO3MOYKHOCTL 5((PEeKTUBHON paspaboTKU mporpaMM, pabOTaoIUX B ABYX
pesxumax. Hampumep, aasi paboThl B OTJIAJAOYHOM PEyKUME MOXKHO J00aBUTH
B CBOM IPOrpaMMHBIN KOJ IPOM3BOJIbHOE KOJUYECTBO IPOBEPOK, UTOOBI yOe-
IUTHCA B ero 0esornbounoit pabore. IIpu paboTe B ONTUMU3HPOBAHHOM PEIKU-
Me BCe 3TU IPOBEPKU OYyAYT yAAJIEHBI U yiKe He OyIyT OTPUILATEIBHO BJIUATH HA
IIPOU3BOAUTEJIEHOCTD.



DYHKUNN N PYHKLUNOHANbHOE
nporpaMmmMunpoBaHue

B GosbIIMHCTBE CBOEM ITPOTPaMMBbl Pa30UThI Ha GYHKIUMUA — [IJIS AOCTUKEHUSI
0O0JIBbIIEH MOAYIBHOCTH U YIIPOIIleHus o0caykuBaHusi. I3eik Python He TobKO
oOsreruaer o0'bsABICHNE (DYHKIIUI, HO U CHAOMKAET UX YAUBUTEJIbHBIM KOJHYE-
CTBOM [IOTIOJIHUTEJIbHBIX OCOOEHHOCTEH, YHACJIEJOBAHHBIX M3 (DYHKI[MOHAJb-
HBIX SI3BIKOB IIPOTPaMMUPOBaHUs. B 9Toil riiaBe onuchiBaioTcsa GyHKITUY, IIpa-
BUJIa BUAUMOCTH, 3aMbIKAHUS, JeKOPATOPbI, TeHePaTOPhI, COIIPOrPAMMBI U [PY-
rue 0CO0EHHOCTH, MpUcyIiue GyHKIINOHAIBHOMY IIporpaMMupoBanuio. Kpome
TOTO, 3[1eCh K€ OIMUCHIBAIOTCS I'eHePaTOPhl CIIUCKOB U BBHIPAKEHUA-TeHePaTOPHI,
KOTOPBIE ABJSAIOTCA MOIHBIMU WHCTPYMEHTaMU IPOIPAMMUPOBAaHUS B JeKJIa-
paTuBHOM CTUJIe U OOPAOOTKY TaHHBIX.

DyHKUMN
DyuKIUY 00BABJIAIOTCS C IIOMOIIBIO NHCTPYKIUU def:

def add(x,y):
return x + vy

Teno GyHKIMU — 9TO MpoOCTad IIOCJEJOBATEJIBHOCTh WHCTPYKIIWI, KOTOPHIE
BBITIOJIHAIOTCSA IPU BBI3OBe (DYHKIMU. BBIZ0B (DYHKIIMU OCYII[ECTBJSETCA KaK
obOpalleHre K UMeHU (DyHKI[UU, 3a KOTOPBIM CJIeyeT KOPTEK apryMeHTOB, Ha-
npumep: a = add(3,4). IlopAamok ciegoBaHUsa apryMeHTOB B BEISOBE JTOJIJKEH CO-
BIIQJATh C IOPALKOM CJIeJOBAaHUSA apryMeHTOB B onpefesieHun GpyHKIuu. Ecin
OymeT 0o0HApPYsKEHO HECOOTBETCTBUE, WHTEPIIPETATOP BO30OYAUT WCKJIIOUEHUE
TypeError.

AprymeHTHI QyHKIIUY MOTYT MMETH 3HAUEHU 110 yMosuauuoo. Hampuwmep:

def split(line,delimiter=","):
WHCTDYKUMN

Ecau B 06baBIeHNN GYHKIUYA IPUCYTCTBYET apryMeHT CO 3HAUEHUEM 110 YMOJI-
YaHWUI0, 3TOT apI'yMEHT U BCe CJIeLYIOIIVe 32 HUM CUUTAIOTCSA Heo0sa3aTeIbHbI-
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mu. Eciiu sHAUEHNS 110 YMOJIYAHUIO HA3HAUYEHBI He BCEM He00a3aTe/ILHBIM apry-
MeHTaM, BO30y K JaeTcsa NCKIuernne SyntaxError.

3HaueHUA apryMeHTOB II0 YMOJYAHUWIO BCET/la CBA3BIBAIOTCA C TEMU CAMBIMK
00BbeKTaMU, KOTOPBIE KCIOJH30BAJINCH B KaueCTBe 3HAUEHUU B O0BABJICHUU
dyurnuu. Hampumep:

a =10
def foo(x=a):
return x
a=>5 # N3MeHNTb 3HadveHue ‘a’
foo() # BepreT 10 (3HayeHue no ymon4yaHuio He WM3MEHUNOCH)

HpI/I 9TOM HCIIOJb30BaHNEe N3MEHsIeMBbIX 00BeKTOB B KauecTBe 3HAUEHUM IIO
VYMOJIYaHUIO MOJKET IIPUBOAUTE K HEOXKNAAHHBIM pe3yjJlbTaTaM:

def foo(x, items=[])
items.append(x)
return items

foo(1) # BepreT [1]
foo(2) # sepreT [1, 2]
foo(3) # seprer [1, 2, 3]

Ob6paTuTe BHMMAaHUE, YTO apryMEHT 0 YMOJYAHUIO 3allOMUHAET M3MEHEHUS
B pe3yJibTaTe NPeAbIAYIINX BbI30BOB. UTOOBI IPEIOTBPATUTH TAKOE MIOBEJIEHNIE,
B KauecTBe 3HAUEHU 10 YMOJUYAHUIO JIYUIlle UCIOJIb30BAaTh None u N0OABUTH
IIPOBEPKY, KaK ITIOKa3aHO HUKe:

def foo(x, items=None):
if items is None:
items = []
items.append(x)
return items

Ecau nepen mocieHUM apryMeHTOM B OIpeeeHuN PyHKIUU N06aBUTH CUM-
BOJI 3B€3/J0YKH (+), QYHKIMA CMOKET IPUHUMATDL IeEPEMEHHOE UNCJIO apI'yMeH-
TOB:

def fprintf(file, fmt, =args)
file.write(fmt % args)

# Bbi3oB ¢yHkumn fprintf
# AprymeHT args nonyyuT 3Hayenune (42,7hello world”, 3.45)
fprintf(out, "%d %s %f", 42, “hello world”, 3.45)

B manHOM ciiyuae Bce JOIOJHUTEJNBHBIE apTYMEHTHI OyIyT IIOMEIEHbI B IIepe-
MEHHYIO args B Bujie KopTeska. UToObI mepejaTh KOPTEXK args APyroi QyHKIINN,
Kak ecJu ObI 9TO GBI HAOOP apryMEHTOB, JOCTATOUYHO UCIOJH30BATH CHHTAKCHC
*args, KaK IIOKasaHo HUKe:

def printf(fmt, =args):
# Bbi3aBaTb Apyryn GyHKUMIO U nepefaTb el aprymMeHT args
fprintf(sys.stdout, fmt, =args)
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Kpome Toro, nmeercs BOSMOKHOCTD IlepeiaBaTh PYHKIUAM apryMeHTbI, SBHO
yKasbIBag MX UMeHa U 3HaueHUA. Takue apryMeHTHI Ha3bIBAIOTCA UMEHOBAH-
Hulmu apeymenmamu. Hanpumep:

def foo(w,x,y,z):
UHCTDYKLMN

# Bbi30B C MMEHOBAHHBIMK aprymMeHTamu
foo(x=3, y=22, w="hello’, z=[1,2])

IIpu BBHI3OBE ¢ MMEHOBAHHBIMHM APIyMEHTAMU IIOPALOK CIEJOBAHUA apryMeH-
TOB He MMeeT 3HaueHusa. OMHAKO IPU STOM JOJIKHBI OBITh IBHO YKAa3aHEI MMe-
Ha BCexX 00A3aTeIbHBIX apryMEeHTOB, €CJIM TOJLKO OHU He UMEIOT 3HAYCHUN 110
YMOJIYaHUIO. ECIM IpOnyCTUTh KaKoi-1160 13 0043aTeIbHBIX apI'yMEHTOB N
HCIOJIL30BAThL UMEHOBAHHBIN apryMeHT, He COBIIAJAIOIINIA HU C OAHUM U3 UMEeH
ImapaMeTpPoB B ONIpee/IeHnu (PYHKINU, OyaeT Bo30y K IeHO NCKIoUeHue TypeEr-
ror. Kpome Toro, Tak Kak B s3bike Python sro6asa pyHKIua MokeT OBITH BEI3BA-
HAa C HCIOJIbL30BAaHNEeM MMEHOBAHHLIX apI'yMEHTOB, TO PE30HHO IIPUAEPKUBATE-
¢ IpaBUa — 00bABIATL QPYHKIIMU C ONIMCATEIbHBIMIA UMEHAMY apr'y MEHTOB.

B ogHOM BBIZOBE (QDYHKI[UU JOMYCKAETCA OJHOBPEMEHHO MCII0Jh30BATh ITO3UIH-
OHHBIEe U MMEHOBAHHbIE apPI'yYMEHTHI, IIPU COOJIIOJeHUYN CJIEAYIOIIUX YCJIOBUIA:
TMEepPBBIMU JOJIKHBI OBITh YKa3aHBI MOBUI[MOHHBIE apryMeHTHI, HOJIKHBI OBITH
oIIpeesieHbl 3HAYEHUA IJIA BCeX 00s3aTeJIbHBIX apryMeHTOB U HU AJIA OJHOI'O
U3 apryMeHTOB He JOJI’KHO OBITH IepemaHo 6oJiee omHOro suauenusa. Hanpumep:

foo(‘hello’, 3, z=[1,2], y=22)
foo(3, 22, w="hello', z=[1,2]) # TypeError. Heckonbko 3Ha4eHwin ang w

Eciu nociieguuii apryMeHT B 00bABJIEHUYN (PYHKIINY HAUNHAETCSA C CIMBOJIOB * *,
BCE IOIOJHUTEIbHbIE HMEHOBAHHBIE apPI'yMEHThI (MMeHa KOTOPBIX OTCYTCTBYIOT
B 00'bsIBJIeHUN (DYHKI[MK) OYyAYT IIOMEIeHbI B CJIOBAPh U II€peJaHbl (PYHKI[UM.
ITo obecreunBaeT yA0OHYI0 BO3MOKHOCTEL IHCATh (PYHKITNIM, CIIOCOOHBIE IPI-
HUMATh 3HAUUTEJHLHOE KOJHUYECTBO IapaMeTPOB, OINMCAHNE KOTOPLIX B 00'bsB-
JieHUU QYHKIUMU BBITJIAEO0 ObI CIUIIKOM rPoMo3aK0. Hampumep:

def make_table(data, =xparms)
# Mony4ynTb napameTpb M3 aprymeHTa parms (cnosapb)
fgcolor = parms.pop(“fgcolor”, "black™)
bgcolor = parms.pop(“bgcolor”, "white™)
width = parms.pop(“width”, None)

# HeT Gonbwe napameTpoB
if parms:
raise TypeError(“Henoanepxusaembie napameTps %s” % list(parms))

make_table(items, fgcolor="black”, bgcolor="white”, border=1,
borderstyle="grooved”, cellpadding=10
width=400)

HomryckaeTrcss OIHOBPEMEHHO WCHOJb30BATH JOIIOJHUTEJIbHBIE MMEHOBAHHBIE
apryMeHThl W CIHCOK IIO3UITMOHHBIX apryMEHTOB IEPEMEHHOU AJWHBI, IPU
YCJIOBUH, UTO apI'yMEHT, HAUMHAIOIIUICA C CHMBOJIOB **, YKAa3aH ITOCJIeTHUM:
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# HDMHVIMaeT nepemMeHHoe Kon4ecTBO MO3UUMOHHLIX WKW MMEHOBAHHbLIX apryMeHTOB
def spam(xargs, =+kwargs):

# args — KOpPTeX CO 3HAYEHUAMM MOBULUMOHHBIX apryMEeHTOB

# kwargs - cnosapb C VMEHOBAHHbIMK aprymMeHTamu

CyioBaph C JOTNOJHUTEJNHHBIMUA MMEHOBAHHBIMU apryMEHTAMHU TaKiKe MOYKHO
nepenaThb IPyrou GyHKIIUY, UCIIOJIb3YA CUHTAKCUC **Kkwargs:

def callfunc(*args, *xkwargs):
func(*args, +kwargs)

Takoii cr1oco6 MCTOIb30BAHUS aPTYMEHTOB *args U **kwargs 4acTo IPUMEHSIeTCA
Ipu co3MaHUU 00ePTOK AJid Apyrux Gyuknuii. Hanpumep, Gyuarmus callfunc()
IPUHUMAET JII00ble KOMOMHAIIMY apT'yMEHTOB U IIPOCTO IIepefaeT ux GyHKIUU
func().

Nepepaya napameTpoB
M BO3BpallaeMble 3Ha4YeHUs

ITapameTps! GyHKIMY, KOTOPBIE IIEPEIAIOTCA €1 IIPU BHIZ0BE, ABJIAIOTCA 00BIU-
HBIMU MMEeHaMU, CCBLIIAIIMMUCA Ha BXOJHBIE 00bexTel. CeMaHTHKA mmepega-
4y IapaMeTpoB B a3bIKe Python He nuMeeT TOYHOTO COOTBETCTBUA KAKOMY-JIN00
omHOMY cIrocofy, TaKOMY KaK «Ilepefada II0 3HAUEHUIO» WJU «Ilepejgada IIo
CCBLIKE», KOTOPbIe MOT'YT ObITh BAM 3HAKOMBI I10 IPYTUM SA3bIKaM IIPOrpaMMU-
poBanusa. Hanpumep, ecau QyHKIINY IepeaeTCcsa HEM3MeHAeMOe 3HaUeHE, 9TO
BBITVIAZUT, KaK Iepefadya apryMeHTa o 3HaueHnio. OHAKO Ipu nepegade ms-
MeHAeMOro 00'beKTa (TaKoro KaK CIHCOK WJIM CJIOBaph), KOTOPBIA MOAMMPUIII-
pyerca pyHKIUel, 9TH M3MeHeHUA OyayT OTpaskarbca Ha MCXOLHOM OO0BEKTe.
Hanpuwmep:

a=1[1 2, 8, 4, 5]
def square(items):
for i,x in enumerate(items):
items[i] = x » x # V3meHsieTCA aneMeHT B CaMOM CMNUCKe

square(a) # WameHnT copepxumoe cnucka: [1, 4, 9, 16, 25]

Eciu pyHKIUsa nsmMeHseT 3HAUEHUA apryMeHTOB MJIM OKa3bIBaeT BIUSHUE HA
COCTOSTHVIE IPYTUX YaCTel IPOTrpaMMEbl, PO TaKue GYHKIIUYU T'OBOPAT, YTO OHU
UMeIOT n060ouHble I)Permbl. B 061ieM ciyyae moqo0HOT0 CTUJISA TPOTPaMMUPO-
BaHUA JIyyllle u30eraTh, IIOTOMY UYTO C POCTOM PasMePOB UJIU CJIOYKHOCTH IIPO-
rpaMMBbl Takue QYHKIUYU MOT'YT CTaTh UCTOYHUKOM TPYAHOYJIOBUMBIX OIINOOK
(13 MHCTPYKIIUY BHIZ0BA (DYHKIIUU CJIOMKHO OIIPEJIEIUTh, MMEET JIX OHA IT000Y-
Hbeie 3@ dexTsl). Takrue QYHKIIUM TPYAHO IPUCIOCOOUTH IJiA PabOTHI B COCTaBe
MHOTOIIOTOYHBIX IPOrPAMM, ITOTOMY YTO 1MOO0OUHBIE 9((HEKThI OOBIUHO IIPUXO0-
JUTCS 3aIUINATD OJIOKMPOBKAMIU.

WHcTpyKnusa return BosBpalllaeT 3HaueHune us QYHKIUU. Eciau sHaueHume He
YKasaHo WJIU OIMyIlleHa caMa WHCTPYKIIMS return, BRIBBIBAIOINEH IporpamMme
BO3BpaIraercsa 066eKT None. YToObI BEPHYTh HECKOJIBKO 3HAUEHUH, JOCTATOUHO
TIOMECTHUTD UX B KOPTEIK:
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def factor(a):
d=2
while (d <= (a / 2)):
if ((a / d) = d == a):
return ((a / d), d)
d=d+1
return (a, 1)

Ecun (QYyHKIIUA BO3BpAIllaeT HECKOJIBKO 3HAUYEHUH B BHujze KOopTeixxa, UX MOXXHO
IIPUCBOUTH CPa3y HECKOJIBKUM OTAEJIbHBIM II€PEMEHHBIM:

x, y = factor(1243) # Bo3sBpawaembie 3HaYeHWS 3anuCbLiBAlTCA B MEPEMEHHbEe X U Y.
UJIn

(x, y) = factor(1243) # AnbTepHaTuBHaa Bepcus. PedynbTaT TOT Xe Camblil.

Mpasuna sugnmocTun

IIpu kaxaoM BbI30Be (DYHKIIMHU CO3JaeTCs HOBOE JIOKAJbHOE IIPOCTPAHCTBO
WMeH. OTO IPOCTPAHCTBO MMEH IIPeICTaBJsIeT JOKaJbHOEe OKPY KeHUe, COmep-
JKalee mMeHa ImapaMeTpoB (PyHKI[MHU, a TaKyKe UMeHa IepeMeHHBIX, KOTOPhIM
OBLIM IPUCBOEHEI 3HAUCHUS B Tejie PyHKIuu. Korga BO3HIKaeT HeOOXOAUMOCTb
OTBICKATh UM, UHTEPIIPETATOP B IIEPBYIO OUepPenb IPOCMATPUBAET JIOKAJIbHOE
IpoCTpaHCTBO UMeH. Ecau ncKkoMoe MMs He ObLIIO HAaMIeHO, ITOMCK IIPOMOJIMKa-
eTcd B II06AJIBHOM IIPOCTPAHCTBE MMeH. [JI06aJIbHBIM IPOCTPAHCTBOM MMEH
I QYHKIIUI Bcerga ABJIAETCA IPOCTPAHCTBO MMEH MOAYJSA, B KOTOPOM 3Ta
GyHKIIUA Oblaa ompefesaeHa. Ecau mHTepmpeTaTop He HaleT MCKOMOE MM
B MI00aJIbHOM IPOCTPAHCTBE MMEH, MOMUCK OyAeT IMPOMOJI:KeH BO BCTPOEHHOM
mpocTpaHCcTBe uMeH. Ecaiu 1 5Ta MOMBITKA OKaKeTCsA HeyJauHoit, OyaeT Bo30y: K-
IeHOo uckJauenue Namekrror.

OnHa 13 HeOOBIUHBIX 0COOEHHOCTEN TPOCTPAHCTB UMEH 3aKJioyaeTcsa B pabore
¢ r106aIbHBIMY IEPEMEeHHBIMY BHY TP QYHKIMHU. PaccMoTpuM B KauecTBe IIPU-
Mepa cienyoImnui ()parMeHT:

a = 42
def foo():
a =13
foo()
# llepemeHHaa a Mno-npexHeMmy uWMeeT 3HayeHune 42

TTocie BbITIOTHEHUSA 9TOTO (hparMeHTa IepeMeHHas a Mo-IIPesKHeMy Oy [eT UMeTh
3HaueHUe 42, HeCMOTPS HA TO UTO BHYTPHU (PyHKIIMY f00 3HAUEHE IepeMeHHO a
usmeHsercda. Korma BHyTpy (OYHKIINY BBIIIOJIHAETCS Ollepallid IPUCBANBAHUS
3HAUEHUA MePEeMeHHOM, OHA BCera BBLIIIOJMHAETCS B JIOKAJIbHOM ITPOCTPAHCTBE
nMeH (PYHKIINH; B pe3yJIbTaTe epeMeHHasd a B Tejie PYHKI[UU CChIJIaeTcs Ha COo-
BEpIIIeHHO APYTroil 00'beKT, CoAepKainii 3HaueHune 13, a He Ha TOT, HA KOTOPBIH
cchLaeTcs BHeENIHAS nepeMeHnHas. O6ecmeynTs WHOE MTOBeJeHNe MOYKHO C II0-
MOIIbI0 MHCTPYKIUU global. OHa TIPOCTO OOBABIAET MPUHAIJIEKHOCT NUMEH
TJI00aJIBHOMY ITPOCTPAHCTBY NMEH; UCIIOJIb30BaTh €e He00X0JMMO, TOJIbKO KOTIa
moTpedyeTcs U3MEHUTD TJIO0AJNBHYIO TepeMeHHY0. Ke MOKHO ITIOMEeCTUTh Tie-
HUOYIb B TeJle PYHKIIUY U MCIIOJIb30BaTh HEOAHOKpaTHO. Hampumep:
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a = 42

b =37

def foo():
global a # nepemeHHas ‘a’ HaxoauMTCca B rnobanbHOM NPOCTPAHCTBE MMEH
a =13
b=0

foo()

# Tenepb a umeeT 3HayeHwe 13. b - no-npexHemy umeeT 3HayeHue 37.

B sspike Python moaaep:xuBaeTcsi BOBMOXKHOCTD OIIPEIEIATE BJIOYKEHHbIE PYyHK-
nuu. Hanmpumep:

def countdown(start):
n = start
def display(): # 06bsiBneHue BIOXEHHON dYHKUMM
print(‘T-minus %d’ % n)
while n > 0:
display()
n-=1

IlepemeHHBIE BO BIIOYKEHHBIX (QYHKIIUAX IPUBA3AHBI K JEKCULECKOU 001acmu
sudumocmu. To ecTh IOMCK MMEHU IIEPEMEHHON HAUMHAETCS B JOKAJIbHOM 00-
JIACTH BUAMMOCTH U 3aTeM IOCJIeLOBATEIbHO IIPOJ0JIMKAETCI BO BCeX 00bEMJII0-
X 00JaCTAX BUAUMOCTYA BHEITHUX (GYHKIUHA, B HAIPaBJIeHUU OT BHYTPEH-
HUX K BHeIIHUM. ECJIM 1 B 9TUX IPOCTPAHCTBAX MMEH MCKOMOe UMdA He OyaeT
HalIeHo, ITOMCK Oy/IeT IPOIOJIKEH B II00AILHOM, a 3aT€M BO BCTPOEHHOM IIPO-
CTpPAHCTBe MMeH, Kak U mpeskjae. HecMoTps Ha HOCTYITHOCTH ITPOMEIKYTOUHBIX
BMeIAIINX 00acTell BUAuMOCTH, Python 2 mo3BoJisieT BEIIOIHATE IPUCBAK-
BaHUE TOJILKO IIEPEeMEeHHBIM, HaXOAAIIUMCS B CAMOM BHYTPEHHEH (JIOKaJIbHbIe
mepeMeHHble) 1 B CAMOUW BHeIIHeH (IIPU MCIIOJb30BAHUU WHCTPYKIIMU global)
obsacTu BumzmMocTU. 1o 9TOM MpUYMHE BJIOKEHHBIe (QDYHKIIUN He MMEIOT BO3-
MOXKHOCTH MIPHUCBAWBATH 3HAUEHUS JIOKAJbHBIM II€PEMEHHBIM, OIlPeIeIeHHBIM
BO BHENTHUX PYHKIUAX. Hampumep, cAeayOIIUN IPOorpaMMHBIH KO He OyaeT
padorars:

def countdown(start):
n = start
def display():
print(*T-minus %d" % n)
def decrement()
n -= 1 # He O6yner pabotaTb B Python 2
while n > 0:
display()
decrement()

B Python 2 sty npo6sieMmy MOKHO PEITUTh, IOMECTHUB SHAUEHU S, KOTOPHIE IPe-
moJjiaraeTcs U3MeHATHb, B CIUCOK UJIU B cJaoBapb. B Python 3 Mo:kHO 00baBUTH
TepeMeHHYI0 N KakK nonlocal, Hampumep:

def countdown(start):
n = start
def display():
print(‘T-minus %d’ % n)
def decrement()
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nonlocal n # CBA3bBAET WMMS C BHelWHel nepemeHHoil n (Tonbko B Python 3)
n-=1
while n > 0:
display()
decrement()

O06BbABaeHMEe nonlocal He MOYKET HCIOJIb30BATHCA [JIs IPUBA3KU YKAa3aHHOTO
NMEHH K JIOKaJbHOU IepeMeHHOM!, OIIPeIeIEHHO BHY TPY OJHOM 13 BJIOMKEHHBIX
dyHKIUH (To ecTb B uHamudeckoil oonacmu gudumocmu). IlosTromy s tex,
KTO MMeeT OIIBIT PaboThI ¢ A3bIKOoM Perl, 3ameuy, uTo o6 bsaBIeHTE Nonlocal — aTo
He TO e caMoe, uTo o0baBaeHne local B a3wiKe Perl.

IIpu obparlienun K JIOKAJIbHOI IIepEeMEeHHOII 0 TOro, KaK el OyaeT IPHrCBOEHO
3HaueHUe, BO30yKIaeTcA nucKaouerHue UnboundLocalError. Ciengyioiuii mpumep
JeMOHCTPUPYeT OLUH 13 BOSMOXKHBIX CIleHapueB, KOI'la TAKOe UCKJII0UeHe MO-
YKeT BOBHUKHYTh:

i=20

def foo():
1=1+1 # MpveeneT K uckmodeHnno UnboundlLocalError
print(i)

B sroil pyHKIIMM IepeMeHHas i ompefesseTcd KakK JIOKAJbHas (IOTOMY YTO
BHYTPU (PYHKIIUU €l IprucBauBaeTCcAd HEKOTOpPOe 3HAUEeHWEe U OTCYTCTBYeT UH-
cTpykuua global). IIpu aToM MHCTPYKIIUA MpUCBaMBaHUSA 1 = 1 + 1 mbITaeT-
cs IPOUYMNTATH 3HAUECHNE IIePEeMeHHOM 1 elle M0 TOro, KaK el OymeT IIPUCBOEHO
3HaueHre. XOTsI B 9TOM IIPHMEpPe CYIIeCTBYeT IJIo0aJbHAs IMepeMeHHas 1, oHa
He UCIOJb3yeTCsA IJIS MoJydeHns 3HaueHuA. [lepemenubie B DYHKIIUSAX MOTYT
OBITH 00 JIOKAJBHBIMU, JU0O0 IJIO0AJIBHBIMY U HEe MOI'YT IPOU3BOJHLHO M3Me-
HATH 00JIaCTh BUAUMOCTU B cepenunue pyHKiuu. Hampumep, HeIb3s CUUTATD,
YTO IIepeMeHHad 1 B BRIpasKeHuu 1 + 1 B mpeawIayIneM parMeHTe obpalaeTcs
K TJI00aJIbHOM IIepeMeHHOMH 1; Ipu 9TOM IIepeMeHHas 1 B BBI3oBe print(i) moapa-
3yMeBaeT JIOKAJbHYIO IIEPEMeHHYIO 1, CO3JaHHYIO B IPEeAbIAYINEeH NHCTPYKITNH.

DYHKLNN KaK 06beKTbl U 3aMblKaHUS

dyukiuu B A3biKe Python — 00beKThI TepBOTO KJlacca. ITO 03HAYAET, UTO OHU
MOTYT IlepefaBaTbCs APYTrUM (DYHKIMSM B BHUAE apryMeEHTOB, COXPAHATBHCS
B CTPYKTYPax HaHHBIX U Bo3BpalnaThcsA GYHKIIUAMU B BUe pedyiabrara. Huske
MIPUBOAUTCS MPUMep QYHKI[MU, KOTOPasd HA BXOJe IMPUHUMAET APYryio QyHK-
IIAIO U BLIBLIBAET €e:

# foo.py
def callf(func):
return func()

A 370 IpuMep UCIIOIb30BaHUA DYHKI[UN, 00BABICHHO BHIIIIE:

>>> import foo
>>> def helloworld():
return ‘MpueeTt, Mup!

>>> foo.callf(helloworld) # MNepepnada ¢yHKUMM B BMAE apryMmeHTa
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‘MpueeT, Mup!
>>>

Korma QGyHKIUA MHTEpHpeTUPYETCA KAaK JaHHbIE, OHA HeABHO HeceT WHGOP-
MaImuio 00 OKPYKeHUU, B KOTOPOM Obljia 00bABIeHa QYHKI[UI, UYTO OKA3bIBAET
BJIMSAHUE Ha CBABbIBAHME CBOOOIHBIX IIEPEMEHHBIX B QyHKIIUM. B KauecTBe ipu-
Mepa paccMoTpuM MogudUIITPOBAHHY 0 Bepcuto Gaiiia f00.py, B KOTOPBIN ObLIN
Io0aBJIeHBI IEpEMeHHbIE:

# foo.py

X = 42

def callf(func):
return func()

Temneps uccaemyem caenyoIMUN IpuMep:

>>> import foo
>>> x = 37
>>> def helloworld()
return “MpuseT, Mup! x = %d” % x

>>> foo.callf(helloworld) # lNepepada QyHKUMM B BuAe aprymeHTta

‘MpuseT, Mup! x = 37’
>>>

ObpaTtuTe BHUMaHue, Kak GyHKIuA helloworld() B 9TOM IpPHUMeEpPe WCIIOJIb3YeT
3HAUeHUe IePeMeHHON X, KoTopas ObLia OoIpelesieHa B TOM JKe OKPY KeHUHU, UTO
u cama QyHKIuA helloworld(). OmHaKO XOTA IIepeMeHHas X onpeeseHa B (aiiie
f00.py 1 UMeHHO TaM (PaKTUUeCKHU BbI3bIBaeTca (GyHKIUA helloworld(), mpu uc-
nosHeHUY QyHKITIeir helloworld() MCIIOMb3yeTCs He 9TO 3HAUeHe IIePEeMEeHHOH X.

Korma nncTpykiiuu, cocraBiasionue GyHKIINO, YIaKOBBIBAIOTCSI BMECTE C OKPY-
JKeHNeM, B KOTOPOM OHU BBIIIOJHAIOTCA, TOJYUYUBIINICT 00beKT HA3bIBAIOT 3a-
mutkanuem. Takoe moBeieHVe IPEABIAYIIETO IPUMePA 00bACHAETCA HATUINEM
y Kaskaoi QyHKIIUY aTpudyTa __globals__, cchlaarolnerocs Ha Iyio0aaIbHOe IIPo-
CTPAHCTBO MMEH, B KOTOPOM (DYHKIIMSA Oblja oImpefesieHa. OTO MPOCTPAHCTBO
WMeH BCerJa COOTBETCTBYET MOAYJII0, B KOTOPOM Oblia 06bsaBIeHA (DYHKIUS.
s npempiayIero npuMepa arpudyT __globals__ COAEPIKUT CIeLYIOIIee:

>>> helloworld.__globals__

{"__builtins__": <module ‘__builtin__" (built-in)>
‘helloworld’: <function helloworld at 0x7bb30>
‘x': 37, ‘__name__': ‘__main__', ‘__doc__": None
‘foo’: <module ‘foo’ from ‘foo.py >}

>>>

Korzma GyHKIUA UCTIONB3yeTCA KaK BJIOXKEHHAs, B 3aMbIKaHIE BKJIIOUAETCS BCe
ee OKpY KeHme, HeoOxoauMoe 11 paboTsl BHyTpeHHe! GpyHKiuu. Hanpumep:

import foo
def bar()
x =13
def helloworld()
return “MpueeT, Mup! x = %d” % x
foo.callf(helloworld) # BepHeT 'MpuseT, Mup! x = 13
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3aMbBIKAHUA U BJIOKEHHBIe (DYHKIIMU O0COOEHHO yIOOHBI, Korma TpebyeTcs Ha-
mucaTh MPOTPAMMHBIN KO, Peau3yoMUil KOHIEIIIUIO OTIOMKEHHBIX BBIUKC-
senuii. PaccMoTpuM eiiie oquH IpuMep:

from urllib import urlopen
# from urllib.request import urlopen (Python 3)
def page(url)
def get():
return urlopen(url).read()
return get

dyurmusa page() B 9TOM IpUMepe He BBITIOJHSIET HUKAKUX BhIuucjeHuii. OHA
IPOCTO CO3/aeT U Bo3BpalmaeT pyHKIuio get(), KoTopas Ipu BbI30Be OyAET u3-
BJIEKATb COZleP:KUMOe BeO-cTpaHuibl. TO eCTh BBIUUCIEHUSA, KOTOPHIE ITPOU3-
BOgATCA B QyHKIIMU get(), B JEHCTBUTEIBHOCTU OTKJIAABIBAIOTCA IO MOMEHTA,
Korga (paxkTuuecKku OymeT BbizBana QyHKIuA get(). Hampumep:

>>> python = page(“http://www.python.org”)

>>> jython = page(“http://www.jython.org”)

>>> python

<function get at 0x95d5f0>

>>> jython

<function get at 0x9735f0>

>>> pydata = python() # W3BneyeT cTpanuuy http://www.python.org
>>> jydata = jython() # W3sneyeT cTpanuuy http://www.jython.org
>>>

IIBe mepeMenHsble, python um jython, o6 bABIEHHBIE B 3TOM IIpUMepe, B AeHCTBU-
TeJbHOCTH SABJIAIOTCA ABYMSA PA3JUUYHBIMH BepcuaMmMu ¢Gyuriuu Jget(). Xorsa
dyurmusg page(), KOTopas co3aajia 3T 3HAUEHUS, O0JIbIIEe He BBITIOJIHIETCS, TeM
He MeHee 00e Bepcruu (GYHKIUU get() HeABHO HECyT B cebe 3HAUEHUS BHEITHUX
IIepeMeHHBIX Ha MOMeHT co3naHua GyHKnuu get(). To ecTb IpU BBINIOJIHEHUN
dyuKua get() BeI3oBeT urlopen(url) co 3HAUEHUEM Url, KOTOpoe OBbIJIO ImepeaaHo
dyuknuu page(). BariaayB Ha aTpubyThl 00HEKTOB python 1 jython, MOXKHO yBU-
IIeTh, KaKue 3HaUeH A IepeMeHHbBIX ObLIHM BKJIIOUEHBI B 3aMbIKaHuA. Hampumep:

>>> python.__closure__

(<cell at 0x67f50: str object at 0x69230>,)
>>> python.__closure__[0].cell_contents
“http://www.python.org’

>>> jython.__closure__[0].cell_contents
“http://www.jython.org’

>>>

3aMbIKaHne MOXKeT ObITh BecbMa 3(p(PeKTUBHBIM CIIOCOOOM COXpaHeHUsA nH(OP-
MAaI[MU O COCTOSTHUY MKy BbidoBaMu hyHKIuu. Hampumep, paccMOTPUM cJie-
IYIOITUI IpUMep, B KOTOPOM PeaJin30BaH IPOCTOM CUETUNK:

def countdown(n):
def next():
nonlocal n
r=n
n-=1
return r
return next
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# lpumep mcnonb3oBaHUs

next = countdown(10)

while True:
v = next() # Mony4nTb cnepyiouee 3HayeHne
if not v: break

B sToM npumepe A5 XpaHEeHUA 3HAUEHUA BHYTPEHHETO CUeTUNKA N UCIIOJIb3Y-
eTcs 3aMbIKaHue. BiaoskeHHaa QYHKIIUA next() IpU KaKI0M BbI30BE YMEHbIIIA-
eT 3HAUEeHNeE CYETUYNKA 1 BO3BPAIIIAET ero IpeabIayInee 3HaueHne. IIporpamMmmu-
CTBI, HE3HAKOMBIE C 3aMBbIKAHUAMHU, CKOPEe BCET0 Peain30BaJIu Obl TAKOI CUeT-
YUK C IOMOIIBIO KJacca, HaIIpuMep:

class Countdown(object):
def __init__(self,n)
self.n =n
def next(self)
r =self.n
self.n -= 1
return r

# MNpumep ncnonb3oBaHMs

¢ = Countdown(10)

while True:
v = c.next() # MNonyynTb crnefywliee 3HaveHne
if not v: break

OmHAKO eCJIN YBEJINUNTH HauaJbHOE 3HaUeHe 00PaTHOTO CUeTUYNKA U IIPOM3Be-
CTU TPOCTEHINe N3MEePEeHNs MTPOU3BOJUTEIHHOCTH, MOKHO 00HAPYKUTH, UTO
BepCUs, OCHOBAHHAS HA 3aMbIKAHUAX, BLIITOJIHAETCS 3HAUNTEIBHO ObICTpee (Ha
MAaIllMHe aBTOPa IPUPOCT CKOPOCTH cocTaBuI moutu 50%).

ToT dakT, UTO 3aMBIKAHUS COXPAHAIOT B cebe OKPYIKeHUe BIOKEHHBIX (PYyHK-
Ui, gejgaeT UX yAOOHBIM HHCTPYMEHTOM, KOrma Tpedyercs OOepHYTH Cylle-
CTBYIOIIYIO (DYHKIIUIO C IEJIHI0 PACIIUPUTH ee Bo3Mo:KHOCcTU. 06 3TOM paccKa-
3BIBAETCS B CJEAYIOIIEM pasesie.

JlekopaTopbl

Jlexopamop — 9T0 GYHKIIUA, OCHOBHOE Ha3HAUEHIIE€ KOTOPOI COCTOUT B TOM, UTO-
OBl CIAYKUTH O0EPTKOI AJIA APYroll (DYHKIMMU WK KJacca. [JiaBHAs IeJib Ta-
KOTo 06epTHIBAHUA — UBMEHUTH UJIU PACIINPUTH BO3MOKHOCTHU 06€PTHIBAEMOT'0
00bexTa. CHHTAaKCUUECKU JEKOPATOPHI 0(POPMIIAIOTCA [00aBICHUEM CIIEI[HA D"
HOT'O CUMBOJIa @ K UMEHU, KaK IIOKa3aHO HUXKe:

@trace
def square(x):
return x*x

IIpenpiayinuit hparMeHT sSBJISAETCS COKPAIIEHHOI Bepcueil cieayoIiero gpar-
MeHTa:

def square(x):
return x*x
square = trace(square)
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B aTom mpumepe o0bABaAsAeTca GyHKIUA square(). OgHaKo cpa3dy ke BCJel 3a
00bABIEHNEM O0BEKT (PyHKIMU NepenaeTca QpyHKmuu trace(), a Bo3Bpalrae-
MBI €10 O0'BEKT 3aMeIlaeT OPUTUHAJIBHBIN 00BeKT square. Temepb paccMmoTpuM
peanusanuio GYHKINY trace, IYT00BI BEIACHUTD, UTO IIOJIE3HOTO OHA JIeJIaeT:

enable_tracing = True
if enable_tracing:
debug_log = open(“debug.log”,"w")

def trace(func):
if enable_tracing:
def callf(xargs, =xkwargs):
debug_log.write(“Bbizos %s: %s, %s\n" %
(func.__name__, args, kwargs))
r = func(xargs, »xkwargs)
debug_log.write(“%s BepHyna %s\n” % (func.__name, r))
return r
return callf
else:
return func

B srom parmenTe hyHKIUa trace() cosmaeT QPyHKIINIO-00ePTKY, KOTOpasa 3a-
IUCHIBaeT HEKOTOPYIO OTJIaM0uHyI0 mH(popMaIinio B (Gaig u 3aTeM BHISHIBAET
OPUTHHAJNBHBIN 00BeKT QyHKIUU. To ecTh, ecau Temeph BHIZBATH (DYHKIIUIO
square(), B ¢aiizme debug.log MOKHO OymeT yYBUAETh Pe3yabTaT BBI30BA MeTOIA
write() B pyHKIUK-00epTKe. PyHKIMA callf, KoTopasd Bo3BpalllaeTca PyHKIIU-
et trace(), — 8To 3aMbIKaHVe, KOTOPBIM 3aMeIllaeTcsa OpUrnHaIbHaA (QyHKIIUA.
Ho camoe nnTepecHoe B 3ToM ()parMeHTe 3aKJII0YAeTCA B TOM, YTO BOSMOYKHOCTD
TPACCUPOBKHU BKJIOYAETCS TOJBKO C IIOMOIIBIO TVI00aIbHOIT IIepeMeHHOoM enable_
tracing. Ecam oToi IIepeMeHHOM IPHUCBOUTE 3HaUeHue False, mekopaTop trace()
TIPOCTO BEPHET OPUTHMHAJIBHYIO PYHKITNIO, 03 KaKuX-11ub0 usmenenuii. To ecTs,
KOT/Ia TPACCUPOBKA OTKJIOUEHA, MCIOJIb30BaHNUE IeKOopaTopa He BJIEUYeT 3a CO-
00Ii CHUKEeHUA IIPOU3BOAUTEILHOCTH.

IIpu MCIONBb30BAHUM AEKOPATOPHI JOJKHBI IIOMEIAThCS B OTAEJIbHON CTPOKE,
HETIOCPEICTBEHHO mepes 00bABIeHreM (PYyHKIIMY UiIu Kiaacca. Kpome Toro, mo-
IIyCKaeTcsl yKasbIlBaTh 0oJiee OMHOrO AeKoparopa. Hampumep:

@foo

@bar

@spam

def grok(x):
pass

B arom CJIydae JeKOopaTOophbl IPUMEHAITCA B IIOPAOKE CJIeJOBAHUA. PeSyJIBTaT
IIoJIy4aeTcsd TOT e CaMLIfI, YTO U HUXKE:

def grok(x):
pass
grok = foo(bar(spam(grok)))

Kpowme Toro, 1eKopaTop MOKeT IPpUHUMATDL apryMenTsl. Hampumep:

@eventhandler(‘BUTTON")
def handle_button(msg):
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@eventhandler('RESET")
def handle_reset(msg):

IIpu HAIUYUHT aPI'yMEHTOB AeKOPATOPHI MMEIOT CJIEYIONIYI0 CEMaHTUKY:

def handle_button(msg):

temp = eventhandler('BUTTON") #f Bbi30B [ekopaTopa C aprymeHTamu
handle_button = temp(handle_button) # Bb30B ¢yHKUMM, BO3BpallaeMoin AeKOpaToOPOM

B aTom cryuae QyHKIIMA JeKopaTopa co crenuuKaTOpoOM @ IPOCTO IPUHUMAET
apryMeHTHI. 3aTeM OHA Bo3BpaliaeT GyHKI[NI0, KOTOPas BHIBBIBAETC C TEeKOPU-
pyemoii pyHKIIMe# B Bue aprymenTa. Hampumep:

# JlekopaTop o6paboTynka cobuTUSA
event_handlers = { }
def eventhandler(event):
def register_function(f):
event_handlers[event] = f
return f
return register_function

I[eRopaTopr MOTI'yT TaKXe IIDUMEHATHCA K OIIpeeJIeHUAM KJIaCCOB. HaanMep:

@foo
class Bar(object):
def __init__(self,x):
self.x = x
def spam(self)
WUHCTDYKLUN

DyuKIUA-TeKopaTop, OIpuUMeHseMasd K KJaccy, BCerJa JOJIKHA BO3BPAIlaTh
00beKT KJacca. IIporpaMMHOMY KOAY, JeHCTBYIOIEMY C OPUTHHAJIbHBIM KJIac-
COM, MOJKeT IIOTpeboBaThCs HANPAMYIO oOpalllaTbcsa K MeToAaM U aTpubyram
KJIacca, HarrpuMep: Bar.spam. 3To 6yeT HEBO3MOYKHO, eCJIU (DyHKIIUA-IEKOPaTOD
foo() GymeT Bo3BpaIaTh PyHKIINIO.

JexopaTopbl MOTYT OKa3bIBATh HEYKEJIATEJIbHOE BO3LECTBYE Ha TAKYE aCIIEKThI
byHKIUI, KaK PEKYPCUS, CTPOKU JOKYMEHTHUPOBAHUSA U aTPUOYTHI. OTU IPO-
0J1eMBbI OIIMCHIBAIOTCA HUKE B 9TOH IJIaBe.

FeHepaToOpbl U NHCTPYKLUUS yield

Ecau QyHKIIUA MCIOJB3YeT KJIYEBOE CJOBO yield, TeM caMbIM OOBABISAETCA
00'bEKT, KOTOPHIH Ha3bIBAETCA 2eHepamopom. I'eHepaTop — 3T0 QyHKIIUA, KOTO-
pas BOCIPOM3BOAUT IIOCJIEIOBATEIbHOCTh 3HAUEHUN M MOXKeT HCIIOJIb30BaThCSA
IpY BHIIOJTHeHUY urepanuii. Hampumep:

def countdown(n)
print(“06paTHbil 0TcHeT, HavuHaa ¢ %d” % n)
while n > 0:
yield n
n-=1
return
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Ecusn BeI3BaTh 9Ty QYHKIINIO, MOYKHO 3aMETUTh, YTO HU OAHA MWHCTPYKIIUA B €€
TeJie He OyeT BhIoIHeHA. Hanpumep:

>>> ¢ = countdown(10)
>>>

BMmecTo BBIIOJIHEHNS (PYHKIIUY KHTEPIIPETATOP CO3MAeT U BO3BPAIIlaeT 00'beKT-
rerepaTop. O6'bEKT-TeHepaTop, B CBOI OUYepelb, BBIMIOJIHIET (DYHKIINIO, KOTJa
BBI3BIBaeTCs ero Mmetoy next() (waum __next__(), B Python 3). Hampumep:

>>> c.next() # B Python 3 HyxHO BH3BaTb mMeTon C.__next__()
06paTHbIl 0TCcHeT, HavuHaa ¢ 10

10

>>> ¢.next()

9

IIpu BBIBOBE MeTOHa next() MHCTPYKIIUYU (PYHKIIMU-TeHEPATOPa BBIIIOJIHAIOTCA,
oKa He OyZeT BCTpeueHa MHCTPYKIUA yield. MHeTpykIusa yield Bo3Bpalaer
pes3yJbTaT, U BHIIOJHEeHNEe (QYHKIIUY TPUOCTAHABINBAETCS B 3TOM TOUKE, IIOKA
cuoBa He OyzeT BbisBaH meTon next(). Ilocie 9Toro BeImoJHeHne (PYHKIIUU BO3-
00HOBJIAETCH, HAUNHAA C UHCTPYKIINH, CJIEeAYIONIeH 3a HHCTPYKIueit yield.

Kak nmpaBuiio, B 0OBIUHON CUTyalluM He IPUXOAUTCA HEIIOCPEJCTBEHHO BBISHI-
BaTh MeTOA next() reHepaTopa, IIOTOMY UTO Yallle BCEI'0 TeHepaToPhl NCIOJIb3Y-
IOTCSA B MHCTPYKIUU for, B GYHKIUY SUM() ¥ HEKOTOPBIX APYTHUX OllepaIusax Hal
nocJiegoBaTeabHOCTAMYU. Hanpumep:

for n in countdown(10):
WHCTPYKLMM
a = sum(countdown(10))

DyHKIUA-TeHePaTOP CUTHAJIUIUPYET O 3aBEPIIIeHUN [I0CIeI0BATEeIbHOCTY 3HA~
YyeHUI U IpeKpallleHun uTepaiunii, Bo30ys:xaad uckaouenue StopIteration. Hisa
TeHepaTOPOB CUYNTAETCS HEAOMYCTUMBIM II0 3aBEPIIIEHNY UTePAIUil BO3BPAIaTh
3HaueHUe, OTJIMYHOE OT None.

C QyHKIUAMU-TeHEPpATOPAMU CBsA3aHA OJHA TPYAHOYJIOBUMAaA NpobaeMa, Korga
IOCJIe0BATEIHLHOCTD, CO3aBaeMasd TaKou (hYHKIMEH, U3BJIEKAETCA TOJIBKO Ua-
crruyHo. Hanpumep, paccMoTpuM ciaenyominii hparMeHT:

for n in countdown(10):
if n == 2: break
statements

B sTom mpumepe nuka for mpepsiBaeTCa MHCTPYKIIUEH break, u accouupoBaH-
HBII ¢ HEH reHepaTop HUKOIIA He JOCTUTHET KOHIIA MeHepHPYyeMOI II0CIe0Ba-
TeJbHOCTHU. (151 pelteHnA 3To# TPOo0IeMbl 00 bEKTHI-TeHEPATOPHI IPENOCTABIIA-
0T MeTon close(), KOTOPBIN MCIIOJIb3yeTCs, UYTOOBI U3BECTUTH OOLEKT O 3aBep-
meHuu urepanuii. Korga reaeparop 60JbIle He UCIIOJIb3yeTCA NN yaasdeTcs,
BbIBBIBaeTcA MeTox close(). OGBIYHO HET HEOOXOAUMOCTH BBIBBIBATH C10se(), TeM
He MeHee ero MOJKHO BBI3BATh BPYUHYIO, KaK IIOKa3aHo HIUKe:

>>> ¢ = countdown(10)

>>> c.next()

06paTHbil 0TcYeT, HauuHaa ¢ 10
10
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>>> ¢.next()

9

>>> ¢.close()

>>> ¢.next()

Traceback (most recent call last):
File “<stdin>”, line 1, in <module>

StopIteration

>>>

ITpu BEI13OBE MeTozma close() BHYTPU QYHKIIUU-TeHepaTopa, B MHCTPYKIuy yield,
BOBOY KIaeTca UcKJIoUeHue GeneratorExit. IIpu HEOOGXOQUMOCTH 3TO UCKJIIOUE-
HIUe MOYKHO IIEPEXBATUTH U BHITIOJHUTH 3aBEPIIAIONINe NeHCTBUA.

def countdown(n)
print(“06paTHbil oTCYeT, HayuHas ¢ %d” % n)
try:
while n > 0:
yield n
n=n-1
except GeneratorExit:
print(“focTurHyTo 3Hayerue %d” % n)

HecmoTpsa Ha mMeroniyiocs BO3MOXKHOCTBL IIePeXBATUTh UCKJIIOUeHUe Genera-
torExit, muia QyHKIUHA-TeHepaTOPOB CYUTAETCA HEJOIYCTUMBIM 00pabaThIiBaTh
VCKJIIOUEHUA U IIPOAOJIKATh BEIBOJ APYTUX 3HAUEHUU C ITIOMOIIBI0 MHCTPYKITUK
yield. Kpome Toro, Korma mporpamMma BBIINOJHSET UTEPAIUU II0 3HAUEHUAM,
BO3BpAalllaeMbIM I'eHEPaTOPOM, He CJIe[lyeT aCHHXPOHHO BBIBBIBATH MeTOs close()
3TOTO TeHepaTopa B [PYTOM IIOTOKE BBITTOJHEHU UJIU B 00Pa0OTUNKE CUTHAJIOB.

ConporpamMmmbl 1 BbipaXkeHus yield

BuyTpu QyHKIUI MHCTPYKIUA yield MOMKeT TaKiKe MCIIOJb30BaThCA KAaK BBI-
paskeHuUe, CTOSAIIEee CIIPpaBa OT oreparopa npucBanBaunmusa. Hampumep:

def receiver()
print(“roToB K npuemy 3Ha4eHuin")
while True:
n = (yield)
print(“MonyyerHo %s” % n)

DyHKIMS, UCIOJIb3YIOasd HHCTPYKIIUIO yield TAKUM CII0COO0M, HAa3hbIBAETCS
conpozpammoil ¥ BBITIOJHAETCS B OTBET Ha IIOMBITKY IepenaTh eil 3HaueHue.
CBouM IoBegeHneM TaKue (PyHKIINY OUeHb II0X0K U Ha reueparopsl. Hanpumep:

>>> r = receiver()

>>> r.next() # BunonHnTb A0 nepsol uHcTpykumm yield (r.__next__() B Python 3)
[0TOB K npuemy 3HadveHui

>>> r.send(1)

MonyyeHo 1

>>> r.send(2)

MonyyeHo 2

>>> r.send(“MpuseTt”)

MonyyeHo lMpuneeT

>>>



144

Mnaga 6. ®yHKUMM 1 DYHKLMOHANBHOE MPOrpaMMUpPOBaHMe

B sToM mpuMepe mepBhIil BbIZOB Next() Heo0X0oquM, YTOOBI BHIITOJHUTD UHCTPYK-
MU B TeJje COIIPOrpPaMMBbI, IIPeAIlecTBYIOINe IIePBOMY BBIpakeHUio yield.
B sT0i1 TOUKe BBITTOJIHEHUWE COMPOTPAMMBI IPUOCTAaHABJIMWBAeTCA, IIOKa €l He
OyzeT OTIpAaBJIEHO 3HAUEHWE C IIOMOINbI0 MeTroza send() obbeKTa-reHepaTopa
r. 3HaueHue, IepegaHHoe MeTony send(), Bo3BpaIllaeTcsa BeIpaskeHmeM (yield)
B TeJie corrporpamMmel. Ilocse nmonydyeHnsa sHaUeHUA COIporpaMMa IPOJOJIKAEeT
BBITIOJIHEHUE, TIOKAa He OyAeT BCTpeueHa ciaeyiolas MHCTPYKIuA yield.

IIporpaMMMCTEI YACTO AOMYCKAIOT OMINOKY, 3a0bIBas 0 HEOOXOAMMOCTI MHHUIII-
UPYIOIIeTo BbI30Ba MeToaa next() comporpamMmbl. I1o aTol npuyunie peKOMeHIy-
eTcss o0opaunBaTh COIPOTPAMMBI IEKOPATOPOM, KOTOPHIA aBTOMATUYECKU BBI-
TOJIHSIeT 9TOT ITIar.

def coroutine(func):
def start(xargs, =~kwargs)
g = func(=xargs, *+kwargs)
g.next()
return g
return start

IIpy Hasmumy 5TOro JeKopaTopa ero MOXKHO ObLIO ObI IPUMEHUTH K COIIPO-
rpaMmaM:

@coroutine
def receiver()
print(“roToB K npuemy 3Ha4eHwin")
while True:
n = (yield)
print(“MonyyeHo %s” % n)

# llpumep mcnonb3oBaHus
r = receiver()
r.send(“MpuseT, Mup!”) # BHMMaHWe: Ha4yanbHulii BH30B .next() He TpebyeTcs

ConporpamMmma 00BIYHO MOJKET BBITIOJHATHCA 40 06CKOHEYHOCTH, ITI0Ka OHA IBHO
He OyZeT OoCTaHOBJIEHA WMJIM MOKAa He 3aBEPIIUTCS caMa. 3aKPBHITh HOTOK BXOJ-
HBIX TaHHBIX MOYXHO BBIBOBOM MeToza close(), Hampumep:

>>> r.close()

>>> r.send(4)

Traceback (most recent call last):
File “<stdin>”, line 1, in <module>

StopIteration

Ecsn mocsie 3aBepIieHus cOmporpaMMbl IOIMBITATHLCS IIepenaTh el 3HaueHUsd,
WHTepIpeTaTop BO30yAuT mcKJIUeHume Stoplteration. BeizoB meroma close()
BO30y KAaeT ucKJIoUYeHue GeneratorExit BHyTpu comporpaMMbl, KaK ysKe ObLIO
OMMCaHO B pasjese o reueparopax. Hanpuwmep:
def receiver()
print(“roToB Kk npuemy 3Ha4yeHnin”)
try:
while True:
n = (yield)
print(“MonyyeHo %s” % n)
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except GeneratorExit:
print(“Npuem 3aBepueH”)

HckoueHnss BHYTPU COIIPOrpaMMbl MOMKHO TaKJKe BO30Y K IaTh C IIOMOIIBIO Me-
Toxa throw(exctype [, value [, tbl]), rme exctype — THUII UCKJIIOUEHUA, value — 3Ha-
YyeHUe UCKJIUYEeHUA 1 th 00'beKT ¢ TpacCuPOBOUHOM nHMopMalueii. Hampumep:

>>> r.throw(RuntimeError, "Bac Hapynu!”)
Traceback (most recent call last):
File “<stdin>”, line 1, in <module>
File “<stdin>”, line 4, in receiver
RuntimeError: Bac Hapynu

Hckirouenusa Bo30YKAAIOTCA TaK, KaK eCJIi Obl UX UCTOUHNKOM ObIJIa MHCTPYK-
nusa yield B comporpamme. ComporpaMma MOKET ITepeXBaThIBaTh U 00pabaThI-
BaTh TaKue MCKJOUeHus. HuKorga He cjeqyeT aCHHXPOHHO BBI3BIBATH METO[
throw(), ©3 APYroro IOTOKa BBIMIOJHEHUS WUJIU U3 00pabOTYMKAa CUTHAJA, TAK
Kak 9To Hebe30IIacHo.

ComporpamMmma MOXKeT OJJTHOBPEMEHHO IPUHNMATh X BO3BPAII[aTh 3HAUEHNUA, UC-
OJIB3YS OMHY U TY K€ UHCTPYKITUIO yield, JJId Uero [0CTaTOYHO J00AaBUTH B BBI-
pakeHue yield BosBpaiiaemoe 3HaueHue. CaeAyomumi IpuMep UIIIOCTPUPYET
9TOT IIPUEM:

def line_splitter(delimiter=None):
print(“Bce rotoBo K pasbueHu cTPokM™)
result = None
while True:
line = (yield result)
result = line.split(delimiter)

B manHOM ciiyuae comporpaMMma HCIOJb3YeTCA TOUHO TaK Ke, KaK U IpPeKIe.
OpHako Temepb MeTo send() Bo3Bpalaer pesyabrar. Hanpumep:

>>> s = line_splitter(”,”)

>>> s.next()

Bce roToBO K pas3bueHuio CTPOKK

>>> s.send(“A,B,C”)

[*A", 'B", ‘C" ]

>>> s.send(“100, 200, 300")

[*100", "200", '300"]

>>>
ITornmanme mopsAAKa omepanuii, BEINIOJHAEMBIX B 9TOM IIPUMeEpPe, UMeeT BarK-
Hoe 3HaueHue. [lepBoIil BHI3OB MeTOoma next() BBITIOJHAET COIIPOrpaMMy A0 Iep-
BOTO BbIpaskeHud (yield result), KOTOpoe BO3BpaIaeT o0beKT None — HauaJIbHOe
3HaueHue nmepeMenHoii result. Ilpu mocyexgyromiux BbI3oBax send() mpuHUMAae-
MoOe 3HaueHue IIOMeIllaeTcsA B ITIepeMeHHYI0 1ine u mpeobpasyeTcs B CIIMCOK, KO-
TOPBIN COXpPaHsSETCA B IepeMeHHOH result. 3HaueHMe, BO3BPAIllaeMoe MEeTOOM
send(), — 9TO 3HaUeHME, IePefaHHOe CIAeNYIONed NHCTPpyKIuu yield.

Ipyrumu cjioBaMu, 3HaueHUe, BO3BpalllaeMoe MeTogoM send(), IMOCTymaeT OT
BBIpaKeHus yield, a He OT MHCTPYKI[UU, OTBETCTBEHHOI 3a IIpueM 3HaUeHMUs,
TIOCBIJIAEMOT'0 COIIPOrpaMMe ¢ ITOMOIIbI0 MeTona send(). Ecau comporpamMmma Bo3-
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BpalaeT Kakue-1ubo 3HaUeHUd, He0OXOIMMO IIPeayCMOTPeTh B Heil o6paboT-
Ky UCKJIIOUEHUH, BO30YyKIaeMbIX C MOMOIIbIo MeTona throw(). Eciu Bo3OoyauTh
WCKJIIOUeHrEe BBIBOBOM MeTozAa throw(), To 3HaUeHUe, IepeJaHHoe BhIPAaKeHUIO
yield B comporpamme, OymeT BosBpaleno MmetogoM throw(). Eciu BeI 3a0ymere
COXPaHUTH 3TO 3HAUEHUE, OHO OyIeT 6e3BO3BPATHO YTPAUEeHO.

Wcnonb3oBaHMe reHepaToOpPOB M COMpPOrpamMm

Ha mepBbIit B3MJIsIA HE COBCEM OUEBUIHO, KAK MOJKHO OBIJIO OBbI MCIIOJIb30BATh
reHepaTophbl U COIMPOrPAMMGBI AJIsSI PEIIeHus MpakTudYecKuX 3agad. OqHaKo re-
HEepaTopbl U COMMPOTPaMMbl MOT'YT OBITH BecbMa 3(h(HEeKTUBHBIM MHCTPYMEHTOM
pelteHuA IPo6JieM B CUCTEMHOM IPOrPDAMMUPOBAHUU, B Pa3pabOTKe CETEBBIX
IPUJIOXKEHUN MM B peaju3allii paclpelesIeHHbIX BhluucaeHui. Hampuwmep,
(GyHKIUU-TEHEPaTOPHI MOT'YT MCIIOJH30BaThHCA AJIA OPraHU3aIUY KOHBEHEPHOU
00paboTKM AaHHBIX, MOJOOHOIM TOH, YTO IIIHMPOKO MCIOJL3yeTCs B KOMaHIHOM
o6osiouke UNIX. Ogus 13 IpUMEPOB TAKOI'0 MCIIOJIb30BAHUA I'eHEPATOPOB IIPH-
BoAUTCA B TyiaBe 1 «BBomHOE PyKOBOACTBO». HUKe IPUBOAUTCS eIrfe OMUH IPU-
Mep, B KOTOPOM 3a/[efiICTBOBAHO HECKOJIBbKO (hYHKI[UI-T€HEPAaTOPOB, BBITTOJIHSO-
IUX IOUCK, OTKPLITHE, UTeHre U 00paboTKY (haiijaoB:

import os
import fnmatch

def find_files(topdir, pattern)
for path, dirname, filelist in os.walk(topdir)
for name in filelist:
if fnmatch. fnmatch(name, pattern)
yield os.path.join(path, name)

import gzip, bz2
def opener(filenames):
for name in filenames:
if name.endswith("“.gz”): f = gzip.open(name)
elif name.endswith(“.bz2"): f = bz2.BZ2File(name)
else: f = open(name)
yield f

def cat(filelist):
for f in filelist:
for line in f:
yield line

def grep(pattern, lines):
for line in lines:
if pattern in line:
yield line

Huoke MpUBOAUTCS IPUMEP KCIOJIb30BAHUA dTUX (QDYHKIIUHA IJIsT OpraHu3aun
KOHBeliepHOoil 06paboTKu;:

wwwlogs = find(“www”, "access-log*")
files = opener(wwwlogs)

lines = cat(files)

pylines = grep(“python”, lines)
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for line in pylines:
sys.stdout.write(line)

IIporpamma, mpeacTaB/ieHHAs B 9TOM IpuMepe, 00padaThIBaeT BCe CTPOKU BO
Bcex (haiimax ¢ mMeHaMHU “access-10g+”, IIPUCYTCTBYIOIIUX BO BCEX ITOIKATAJIO-
rax, HaXOAAIIUXCA B KOPHEBOM KaTaJjore “www'. Il Kaskgoro gaiiyia “access-
10g” BBISICHAETCS, ABJIAETCS JIU OH CKATBIM, IIOCJIE YeT0 KaK bl 13 HUX OTKPbI-
BaeTCs C IIOMOIIIBIO COOTBETCTBYIOIEro MexaHn3Ma. Bece cTpoku 00befUHAIOTCS
BMecTe 1 00pabaThIBAlOTCA (PUIBTPOM, KOTOPBIM OTHLICKMBAET TeKCT “python”.
Bcea mporpamma ymnpasiisieTca MHCTPYKIuei for B KoHie. Kaskmas urepamus
9TOr0 IIUKJIA U3BJIEKAaeT HOBOe 3HAaUeHne 13 KOHBeliepa U BbIBOAUT ero. Kpome
TOTO, 9Ta peaju3aliud OTINUYaeTCd BecbMa HU3KHUM IOTpebJieHmeM IIaMsATH,
IIOTOMY UTO OHa HE CO3JaeT HU BPEMEHHBIX CIUCKOB, HU KaKUX-IN00 IPYyTUX
CTPYKTYP JAHHBIX OOJILIIIOTO pasMepa.

ComporpaMMbl MOTYT WCIIOJIB30BAThCSA B IIPOTpaMMax, 3aHMMAIOIIUXCSA 00-
paboTKOII TOTOKOB JaHHBIX. IIporpaMMbl, OpraHU30BaHHBIE TAKUM CIIOCOGOM,
HATIOMUHAIOT IIepeBepHYThIe KoOHBeliephl. BMecTo TOro, YTOOBI B IKJIEe fOr m3-
BJIEKATh 3HAUEHUA U3 IIOCJIeJ0BATEIbHOCTH (DYHKIIUI-TeHEPATOPOB, TAKKe IIPO-
TpaMMBbl TIepefjaloT 3HAYEHUs KOJIJIEKIIMM B3aMMOCBABAHHBIX COIPOIDAMM.
Hwuxe npuBoauTea mpuMep QyHKIIUH COIPOrpaMM, UMUTUPYIOIMNX QyHKIITUT-
TeHepaTophl, IPeJICTaBIeHHBIE BhIIIIE:

import os
import fnmatch

@coroutine
def find_files(target):
while True:
topdir, pattern = (yield)
for path, dirname, filelist in os.walk(topdir)
for name in filelist:
if fnmatch. fnmatch(name, pattern)
target.send(os.path.join(path, name))

import gzip, bz2

@coroutine

def opener(target):

while True:

name = (yield)
if name.endswith(*.gz"): f = gzip.open(name)
elif name.endswith("“.bz2”): f = bz2.BZ2File(name)
else: f = open(name)
target.send(f)

@coroutine
def cat(target):
while True:
f = (yield)
for line in f:
target.send(line)

@coroutine
def grep(pattern, target):
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while True:
line = (yield)
if pattern in line:
target.send(1line)

@coroutine
def printer()
while True:
line = (yield)
sys.stdout.write(line)

Husxe moxkasaHo, KaK MOXKHO CBSI3aTh BCE DTHU COIIPOrPaMMBbI, UTOOLI CO3JATh
KOHBelep /i 00paboTKY MOTOKA JaHHBIX:

finder = find_files(opener(cat(grep(“python”, printer()))))

# Tenepb nepepaTb 3Ha4eHue

finder.send((“www”, ”access-1og="))
finder.send((“otherwww”, "access-1log+"))

B sToMm mpumepe kakaasi comporpaMma nepeaeT JaHHbIe IPYT0i colTporpamMmme,
YKas3aHHOI B apryMeHTe target. B oTimune oT mpuMepa ¢ reHepaTopamMu, 31ech
BCEe yIOpaBJIEHUE OCYINECTBJSAETCA Iepefadeil JaHHBIX IIEPBOI COIIPOrpaMMe
find_files(). 9Ta comporpamma, B CBOIO OUepelb, IiepeaaeT faHHbIe Caeayoei
craguu. KpUTUUeCcKUM acieKTOM 5TOro IIpuMepa SBJsSeTcd TO, UTO KOoHBeiiep
MOJKET OCTaBaThCA aKTUBHBIM HEOIIPeAeJIeHHO JOJITO WJIM IOKa ABHO He OyAeT
BBI3BaH MeToJ close(). Biarogapsa sToMmy mporpaMMa MOKET IIPOJ0JI;KATh Imepe-
IaBaTh JaHHbBIE COIIPOrPaMMe TAK J0JII'0, CKOJILKO IOTPe0yeTcsi, HalIpruMep, BbI-
TIOJTHUTH NOAPAJ IBa BbI30oBa send(), KaK MOKa3aHOo B IIpUMepe.

ConporpaMMbI MOT'YT HCIOJB30BATHCA AJIA pPeajiu3alMU CBOEr0 poJa MHOIO-
sagauHocTu. Hampumep, MeHTPaIbHBIN AMCIETUYEP 3a4a4 WU ITUKJ COOBITHUM
MOTYT CO3IaBaTh U IIepelaBaTh JaHHbBIE OTPOMHBLIM KOJIJIEKITUAM U3 COTEeH U
Iake TBICAY COIPOrPAMM, BBIMOJHSIOIUX Pas3JMdYHbIe BUALI 00padoTku. Tor
daKT, UTO BXOAHBIE JaHHBIE «IIOCBHLIAIOTCA» COIPOrpaMMe, O3HAUAeT TaKKe,
YTO COINPOTrPAMMBI JIETKO MOT'YT BHEAPATHCA B IPOTPAMMBI, HCIIOJIb3YIOIINe
ouepenu COOOITEHUH U mepenavy HJaHHBIX AJA OpraHU3alluU B3aWUMOIeHCTBUI
MEXKY Pa3IUUYHBIMUA KOMIIOHEHTAMY IPOrpaMMbI. [[OTIOJTHUTEeIbHEIE CBETeHU A
110 5Toi1 TeMe MoKkHO HaiTH B ryiaBe 20 «IIoTOKM BHITIOJTHEHM».

FeHepaTOpbl CNINCKOB

Ha mpaxkTuke gocTaToOYHO 4acTO BO3HUKAET HEOOXOAMMOCTb IPUMEHUTH HEKO-
TOPYI0 (PYHKIIUIO KO BCEM 3JIEMEHTaM CIHMCKAa, YTOOBI CO3/aTh HOBBLIN CIIMCOK
¢ pesyabTaTramu. Hampumep:

nums = [1, 2, 3, 4, 5]

squares = []

for n in nums:
squares.append(n = n)

Tak Kak MOTPeOHOCTH B ITOA0OHO oepaIiny BOBHNKAET OUeHb YacTO, OHA ObljIa
peasin3oBaHa B BUE OIEpaTOpa, KOTOPBIA HA3BIBAETCA 2eHePAMOpPOM CNUCKOS.
Huxe mpuBoguTCSA IIPOCTOM IIPpHMEP TAKOT0 reHepaTopa:
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nums = [1, 2, 3, 4, 5]
squares = [n = n for n in nums]

B o6111em Buie reHepaTopsl CIIMCKOB UMEIOT CJAeIYIONNI CMHTAKCIC:
[expression for item? in iterablel if conditiont

for item2 in iterable? if condition2

for itemN in iterableN if conditionN ]

IATOT CUHTAKCHUC MOYKHO IIPUMEPHO BBIPABUTH CJEAYIOIINM HPOrPaMMHBIM KO-
oOM:
s =[]
for item1 in iterablel
it conditionl
for item2 in iterableZ:
if condition2:

for itemN in iterableN:
if conditionN: s.append(expression)

I[JIJI UJIJTIOCTPAIU HUXKe IIPUBOAUTCA HECKOJIBKO IIPDUMEPOB:

a=[-3,52-10,7,8]

b = “abc

¢ = [2xs for s in a] #c=1[-6,10,4,-20,14,16]

d=1[s for sina if s >= 0] #d=1[52,7,8]

e = [(x,y) for x in a #e=1[(5"a),(5'b),(5"'c),
for y in b # (2,7a"),(2,’b"),(2,¢c"),
if x>0 ] # (7,7a"),(7,'b"),(7,’¢c"),

# (8,7a"),(8,'b"),(8,’¢c")]

f=10(1,2), (3,4), (56)]

g = [math.sqrt(x=x+y=y) # f = [2.23606, 5.0, 7.81024]

for x,y in f]

HOC.TIe,I[OBaTeJILHOCTI/I, BKJIIOUaeMbl€ B I'€HEepaTOphI CIIMCKOB, HE 00s13aTeJILHO
OOJIXKHBI UMETh OOHY U TY e IJINHY, IIOTOMY YTO UTEePaIluu I10 UX 3JIEMEeHTaM
BBIIIOJIHAIOTCSA C IIOMOIIBIO BJIOYKEHHBIX ITUKJIOB T0r, Kak OBIJIO IOKAa3aHO BHIIIIE.
HOJIy‘-IaIOIIIHfICH CIIMCOK COZAEPMUT II0CJIiefoBaTeJIbHbIe SHAUECHU A BBIpaHCeHI/IfI.
I/IHCprKLII/Iﬂ if aBigercda HeOGﬂBaTeJIBHOfI; OOHAKO IIpU €e MCIIOJIb30OBaAHUU
BhipaxeHne BBIYUCJAETCA U ero pe3yjabTar /106aBJIHeTCH B CIIMCOK, TOJIBKO €CJI’
yCroBve UCTUHHO.

Ecnu resepaTtop CIuCKOB MCHOJIB3YeTCA AJIA KOHCTPYUPOBAHUSA CIIMCKA KOPTe-
JKell, 3HAUeHUA KOPTeXKa JOJI’KHBI 3aKJII0YaThbCA B Kpyrible cKoOku. Hampu-
Mep, TaKO# reHepaTop CIIMCKOB ABJIAETCA NOITyCTUMBIM: [(x,y) for x in a for vy
in b], a rako# — meT: [x,y for x in a for y in b].

Hakorerr, BasXHO OTMETHUTD, uTO B Python 2 mepemeHHbBIe IIUKJIOB, OIIPeeisae-
Mble BHYTPHU reHepaTopa CIIMCKOB, PA3MEIal0TCs B TEKYIIel 00J1acTi BULUMO-
CTH U OCTAIOTCS HOCTYIHBIMHU II0 3aBepIlIeHnN paboThI reHepaTopa ciucka. Ha-
npumep, IepeMeHHas IUKJIA X, UCII0JIb3yeMasd B reHepaTope CIIucKoB [x for x in
a], MOJIYyUYUT 3HAYEHNE, KOTOPOe 3aTpeT 3HaueHNne, XPaHUBIeecs B Hell paHee,
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¥ TI0 3aBepIeHny PaboThl reHepaTopa OHO OyJeT PABHO 3HAUEHUIO IIOCJIETHEr0
3JIeMeHTa MMOJIYUYeHHOr'o CiucKa. K cuacTbio, aTa mpobJsiema Obliia pelneHa B Py-
thon 3, rue mepemeHHas MKJIA OCTAETCA YACTHOM.

BbipaXkeHnsa-reHepaTopbl

Buipasicenue-zenepamop — 3T0 00bEKT, KOTOPBIA TPOUSBOJUT TE K€ CaMbIe BBI-
YHCJIEHUs, YTO ¥ TeHepaTop CIMCKOB, HO BO3BPAIIAeT CBOU PE3YJIbTATHI B IIPO-
mecce BBITIOJIHEHUS UTepanuii. BelpaskeHuUs-TeHepaToOphl UMEIOT TOT K€ CUH-
TaKCUC, UTO U '€HePaTOPbI CITUCKOB, 3a UCKJIIOUEeHNEM UCI0JIb30BAHUA KPYIIBIX
CcKOOOK BMeCTO KBaJpaTHbIX. Hampumep:

(expression for item? in iterablel if conditiont
for item? in iterable? if condition?

for itemN in iterableN if conditionN)

B oTiinume oT reHepaToOpPOB CIIMCKOB, BHIPAXKEHUA-TeHepaTOPLI He CO3a0T CITH-
CKHU ¥ He BBIUMCJSIOT HeMe/[JIEHHO BhIPAKeHUs B CKOOKax. BmecTo sToro cosna-
eTcsi 00'BEKT IreHepaTopa, KOTOPBIH OyAeT BOCIPOU3BOAUTD 3HAUEHUS B IIPOIEC-
ce urepanuii. Hampumep:

>>> a =[1, 2, 3, 4]

>>> b = (10*i for i in a)

>>> b

<generator object at 0x590a8>
>>> b.next()

10

>>> b.next()

20

T'eHepaTOpHI CIUCKOB U BEIPAYKEHUA-TeHEPATOPHLI IMEIOT BalKHOe, HO He 6pocaio-
meecsi B Iirasa oTanyue. I'eHepaTopsl CIUCKOB (DaKTUUYECKU CO3MAIOT CIIMCKU,
cofepsKalye pe3yabTaThbl BBIUMCIEHUM, TOTHAA KaK BBIPAKEHUA-T€HEPATOPHI
CO3aI0T 00'BEKTHI T'€HEePATOPOB, KOTOPEIE IIPOCTO MOT'YT BOCIIPOU3BOJUTDH AaH-
HbIe TI0 TPeOOBAHMIO. B HEKOTOPBIX CIyUasX dTO MOKET JaTh CYINECTBEHHBIH
MPUPOCT TPOUBBOUTEIHHOCTH U CHUBUTH 00'beM ImoTpebJisgeMoit mamMmaTu. Ha-
mpuMep:

# Ytenne danna
f = open(“data.txt”) # OTKpbTb daiin
lines = (t.strip() for t in f) # MpouynTaTb CTPOKM W
# ynanuTb npobent B Havane v B KOHUE
comments = (t for t in lines if t[0] == ‘#') # Bce KommeHTapuu
for ¢ in comments:
print(c)

Bripakenue-reHepaTop, KOTOpPOe B 9TOM IIpHUMepe U3BJIEKAEeT CTPOKU U yaaJisd-
eT TpobesIbHbIe CUMBOJIBI B HaUaJje W B KOHIIE KaKI0U CTPOKHU, B AeHCTBUTEb-
HOCTU He CUUTBIBAeT cofiep:kumoe (aiisa B mamMsaTh neankom. To Ke oTHOCHUT-
cA U K BBIPaKeHWUIO, KOTOPOe M3BJIeKaeT KoMMeHTapuu. PaKTuuecKoe YTeHne
CTPOK U3 (paiija HAUMHAETCHA, KOr[a IporpaMMa BXOAUT B IIUKJ for, ciemnyio-
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mui HuKe. B mporiecce aTux uTepanuii BHIIOJHAETCSA YTeHNE CTPOK U3 (haiiaa
u ux punabrpanud. B neicTBUTESIBLHOCTH, IPU TAKOM IOAXOJe (haila HuKorga
He OyZeT 3arpyskKeH B ITaMAThH LeJUKOM. To ecTh OH IIpencTaBiseT co00il BeCh-
Ma 9(p(HeKTUBHBIIN cIIOCO0 M3BIEUEHUST KOMMEHTAPHEB U3 UCXOAHBIX (DailjIoB HA
saspike Python orpomuBIX pasmepos.

B oTsimuume oT remepaTopoB CIUCKOB, BhIPpaKeHUA-TEHEePATOPHI He CO3MaI0T 00b-
eKTHI, IeHCTBYIONNE KaK II0CJIeJ0BaTeIbHOCTI. K HUM HeJIb3s MPUMEHUTH OIle-
panuio MHIeKCUPOBAHUSA UJIU JIIOOYIO IPYTYIO OlEepaIuio, OOBIUHYIO AJIA CIIU-
cKoB (Hampumep, append()). OqHAKO BhIpasKeHUe-TeHepaToOp MOXKHO ITpeobpaso-
BaTh B CIIUCOK C IIOMOIIHI0 BCTPOEHHON (pyHKIMY 11st():

clist = list(comments)

JdeknapaTtuBHoe NnporpaMmmMmnpoBaHne

T'enepaTopsl CINCKOB U BhIpakeHUA-TeHePaTOpbl HePa3phIBHO CBABAHBI C Ollepa-
IUAME, KOTOPbIe MOXKHO O0HAPYIKUTh B JeKJIAPATUBHBIX A3BIKAX IIPOTPAMMU-
poBaHusd. Ilo cyTu TH ABe 0COOEHHOCTH BBIBOLATCHA (HECTPOTO) M3 MaTeMaTH-
YecKoU Teopur MHOKecTB. Hanpuwmep, Beipaskenue [x+x for x in a if x > 0]
CXOIHO C 3aJaHneM MHOKecTBa { x° | x € a, x > 0 }.

BmecTo TOro 4To6hI MUCATH IPOrPAMMEI, KOTOPEIE BPYUYHYIO BBIIIOJIHAIOT 06X0
JAHHBIX, C IIOMOIIbIO 9TUX AEKJAPATUBHBLIX BO3MOKHOCTEN MOMKHO CTPYKTYPU-
poBaTh IPOrpamMMmy, IPEACTABUB €€ KaK CEPUI0 Olepalnuii, MaHUITYJIAPYOIIX
BCEMU JaHHBIME cpasy. Hampumep, IpeAnooKuM, dTo nuMeercsa Gpaia «port-
folio.txt», comepsxamuii nEGOPMALIAIO O IIEHHBIX OyMarax, MMEMOIUXCSA B HA-
JIMYNY, HAIIPAMED:

AA 100 32.20
IBM 50 91.10
CAT 150 83.44
MSFT 200 51.23
GE 95 40.37
MSFT 50 65.10
IBM 100 70.44

Husxe npuBoguTcsa nmporpaMMa, HallCaHHAA B JeKJIapaTuBHOM CTHJIE, KOTOpas
BbIUMCJIAET 06H_IyIO CTOMMOCTBh, CYMMUDYA IIPOM3BEAECHUA 3Ha‘{eHI/II7I BO BTOPOM
¥ B TPETHEM CTOJIOAaX:

lines = open(“portfolio.txt"”)
fields = (line.split() for line in lines)
print(sum(float(f[1]) » float(f[2]) for f in fields))

B aT0ii TporpamMme OTCYTCTBYET ITUKJI IIOCTPOYHOT'O UTEHUA COAEPIKUMOTO (haii-
Ja. BMecTo aTOr0 3/1€6CH IPOCTO 06BABIAETCSA MOCIEAOBATEIHLHOCTD OIIEPAIIN,
KOTOPBIE JOJI’KHBI OBITH BBHITIOJTHEHBI HAJl BceMU JaHHBIMU. [Ipu TakoM mogxone
MBI IIOJIyYaeM OYeHb KOMIIAKTHBIN IIPOrPaMMHBIN KO, KOTOPBIH, K TOMY JKe,
BBINIOJIHAETCA OBICTPee, YeM OoJiee TPASUITMOHHAA BEePCUA:

total = 0
for line in open(“portfolio.txt”):
fields = line.split()
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total += float(fields[1]) = float(fields[2])
print(total)

HeKsapaTUBHBIN CTUJIb IPOTPAMMUPOBAHUSA OTYACTH HATIOMUHAET OIEPAIlUH,
KOTOpbIE MOXXHO BBITIOJIHATH B KoMaHAHOU o6omouke UNIX. Hanpumep, npenbi-
OYIUHA TIPUMEDP, WCIOJB3YIONINNA BhIPAKEHUA-TEHEPATOPHI, MOYKHO 3aIINCATh
B BU/JIe OJHOCTPOYHOMN KOMAaHIbBI awk:

% awk ‘{ total += $2 = $3} END { print total }' portfolio.txt
44671.2
%

Kpome Toro0, feKJIapaTUBHBIN CTUIb M'eHePATOPOB CIIMCKOB 1 BhIPAKeHUi-reHe-
pPaToOpPOB MOJKHO MCIOJb30BATD JJIA MMUTAIAYN MTOBEJEHUS MHCTPYKIUU Select
B s13bIKe SQL, yacTo mpuMeHseMoil mpu pabore ¢ 6azamMu gaHHBIX. Hampuwmep,
PaccMOTPHUM CJIeAYIONI TPuMep, 00pabaThIBAONUI JaHHbBIE, II0JIyYaeMble U3
CIICKA CJIOBapeii:

fields = (line.split() for line in open(“portfolio.txt”))
portfolio = [ {‘name’ : f[0],
‘shares’ : int(f[1]),
‘price’ : float(f[2]) }
for f in fields]

# Heckonbko 3anpocos
msft = [s for s in portfolio if s[‘name’] == ‘MSFT’]
large_holdings = [s for s in portfolio

if s[‘shares’ J«s['price’ ] >= 10000]

Ha npakTuke rmpu paboTe ¢ MOAYJIAMU, PEATU3YIOIITUMU JOCTYII K 6a3e JaHHBIX
(rnaBa 17), yacTo GbIBaeT yI00HO 00BEINHATH T€HePaATOPhI CIIMCKOB 1 3aITPOCHI
K 0ase JaHHBIX B efuHOe 1eJoe. Hampumep:

sum(shares*cost for shares,cost in
cursor.execute(“select shares, cost from portfolio”)
if sharesxcost >= 10000)

Onepatop lambda

C IOMOIIbI0 MHCTPYKIINK 1ambda MOMKHO CO3IaBATh AHOHVUMHbIE (PDYHKI[UN, MMe-
forriue (QOPMY BBIPAKEHU:

lambda args : expression

args — 9TO CIUCOK apr'yMeHTOB, Pa3leJeHHBIX 3alsAThIMU, a eXPression — BeIpa-
JKeHue, UCII0JIb3yIoIllee 9T apryMenTsl. Hampumep:

a = lambda x,y : xty
r=a(2,3) # r noayynT 3HayeHwe 5

IIporpaMMHBIH KOA B MHCTPYKIIUU lambda KOJIKEH OBITH JOIMIYCTUMBIM BhIpasKe-
HueM. BHyTpu MHCTPYKIUU lambda HEJIb3A MCIOJIb30BATh HECKOJIBKO UHCTPYK-
IUH UM UCIIOJIb30BAaTh JPYyTrye UHCTPYKIINY, He ABJIAIOIINeCS BbIpaKeHUAMHU,
TaKkue Kak for mau while. lambda-BeIparkeHUs NOAUUHSAIOTCS TeM ke IIpaBUJjIaM
o0acTu BUAUMOCTH, UTO U PyHKITUU.



Pekypcust 153

OcHoBHOe HasHaueHHe lambda-BhIPAKE€HUH COCTOUT B TOM, UTOOBI 00ECIEUUTH
BO3MOXKHOCTD 00'bABJIEHNSA KOPOTKUX (PYHKIIMI 00paTHOro BeisoBa. Hampumep,
COPTHPOBKY CIINCKa MMeH 0e3 yueTa perucTpa CHMBOJIOB MOYKHO OBLIO ObI pea-
JIN30BaTh TAK:

names.sort(key=lambda n: n.lower())

Pekypcus

PexypcuBHbIe BEIBOBBI QYHKIINHN 0OPMIISIOTCA OUeHb IpocTo. Hanpumep:

def factorial(n):
if n <= 1: return 1
else: return n = factorial(n - 1)

OpHaKo cienyeT MOMHUTD, UTO CYII[ECTBYET OrPaHUUYEHNE HA IIYOUHY PEKyp-
cun. Texkylnee MaKcHMaJbHOE 3HAUEHWE KOJMUYECTBA PEKYPCUBHBIX BBHISOBOB
MOJKHO IIOJIYUYUTH C IIOMOINBIO QyHKITUU Sys.getrecursionlimit(), a mameHuTH —
C TIOMOIIIbI0 PYHKIHUM sys.setrecursionlimit(). ITo ymosmuaHuio sTOT mpemes pa-
BeH 1000. HecMOTps Ha CyII[eCTBYONIIYIO BOBMOMKHOCTh UBMEHUTH 3TO 3HAUEHNE,
TIyOMHA PEKYPCUU B IIPOrpaMMaXx IO-IPeKHEeMY OrpaHUUeHa Pa3MepoM cTeKa,
KOTOPBIHA yCTaHABJIMBAETCS OIEPAI[MOHHON cucTeMoii. Ilo focTu:KeHun MaKCHu-
MaJIbHOI TIyOUHBI PEKYPCUH BO30Y K qaeTcsa UCKIoueHme RuntimeError. aTED-
nperatop Python He mpemycmarpuBaeT ONTHUMU3AIUIO XBOCTOBOI PEKYypPCHUMH,
KOTOopasd 3a4acTyio NoAAep:KuBaeTca (PyHKIIMOHAIBLHBIMYU S3bIKAMU IIPOrpaM-
MUPOBaHUA, TAKUMHU KakK Scheme.

Kax u ciegoBaio ObI 0JKUIATH, PEKYPCUS He MOYKEeT UCII0JIb30BAThCS B (DYHKII-
AX-TeHepaTopax U B comporpamMmax. Hampumep, cienyroiiuii ()parMeHT BBIBO-
JUT BC€E 3JIEMEHTHI MHOI‘prOBHeBOﬁ KOJIJIEKIIUU CIIMCKOB:

def flatten(lists)
for s in lists:
if isinstance(s,list):
flatten(s)
else:
print(s)

items = [[1,2,3],[4,5,[5,61],[7,8,9]]
flatten(items) # BoiBegeT 123456789

Ho ecnm 3amenuTs oneparop print macTpyKmuen yield, ata pyHKIIUA IepecTa-
HeT paboTaThb. ITO 00YCJIOBJIEHO TEM, YTO PEeKYPCUBHBIN BbI30B flatten() mpocTo
IIPUBEZIET K CO3JAaHUIO €llle OZHOI'0 00'beKTa IeHepaTopa, 1o KOTOpoMYy (aKTu-
YecKU He OyZeT BBINIOJHEHO HU OfHOM ntepanumn. Huke npuBoguTCa IeHCTBYIO-
miada peKypcuBHAA Bepcud reHepaTopa:

def genflatten(lists):
for s in lists:
if isinstance(s,list):
for item in genflatten(s):
yield item
else:
yield item
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Hy:xHO BHMMAaTEJIHHO OTCJIEKUBATH MCIIOJH30BaHNE COBMECTHO PEKYPCUBHBIX
(GYHKIIUHA 1 geKopaTopoB. Eciii IpUMEHUTDH IeKOpPaTop K PEKYPCUBHON (BYHK-
1Y, BC€ BHYTPEHHUE PEKYDPCUBHBIE BBI3OBBI OyAyT 00paIraTecsa K JeKOPUPO-
BaHHOM Bepcuu. Hampumep:

@locked
def factorial(n)
if n <= 1. return 1
else: return n = factorial(n - 1) # Bw3oB obepHyTol Bepcun factorial

Ecau mekopaTop mMeeT KaKoe-InOO OTHOINIEHUWE K YIIPABJIEHUIO CUCTEMHBIMU
pecypcaMu, TAKMMU KaK MEXaHU3MbI CHHXPOHU3AIIUY NI OJIOKMPOBKH, OT Pe-
KYPCUH JIyUIlle BO3JEPIKATHCA.

CTpOKN [,OKYMEHTUPOBAHUSA

Ha npakTuke 4acTo MOKHO YBUAETH HA MECTE IE€PBON MHCTPYKIUU QYHKIUU
CTPOKY JNOKYMEHTUPOBAHUA, OMUCHIBAIOIIYIO ITOPANOK WCIIOJB30BAHUA DTOU
dysrnuu. Hanpumep:

def factorial(n):
“7BoymcngseT GakTopuan yucna n. Hanpumep:

>>> factorial(6)
120
>>>
if n <= 1: return 1
else: return nxfactorial(n-1)

CTpoKa JOKYMEHTMPOBAaHUS COXPaHAeTCA B arpubyTte __doc__ GYHKIIMH, KOTO-
PBIil YaCcTO MCIIOJB3YeTCsA UHTEIPUPOBAHHBIMY CpeJaMUu pa3paboTKU A Ipe-
JIOCTaBJIEHNA MHTEPAKTUBHON CIIPDABKU.

Opuaako obepThiBaHue QYHKIUI C IIOMOIIBIO JEKOPATOPOB MOXKET IIPEIIATCTBO-
BaTh paboTe CIIPaBOYHON CHUCTEMBI, CBA3aHHOI CO CTPOKAMMU JOKYMEHTHPOBA-
HudA. PaccMoTpuM B KauecTBe IpUMepa CJAENYIOIUHN (hparMeHT:

def wrap(func):
call(xargs, »xkwargs):
return func(xargs, »xkwargs)
return call
@wrap
def factorial(n)
“UUBpyncnaeT gakTopuan yucna n

TEIET)

Ecau Teneps 3anpocuTh CIPABOYHYI0 MHGOPMAIIUIO AJIA 3TOU BepcuU PyHKIIUU
factorial(), mHTepIpeTaTOP BEPHET JOBOJIBLHO CTPAHHOE IIOsICHEHNE:

>>> help(factorial)
Help on function call in module __main__:
(CnpaBka ans ¢GyHkumn call B momyne __main__:)
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call(xargs, =+kwargs)
(END)
>>>

YT06BI MCIIPABUTH 3Ty NPOOJIEMY, JeKOpaTOpP MYHKIIUI NOJMKEH CKOIUPOBATH
UM U CTPOKY AOKYMEHTHUPOBAHUS OPUTHMHAJIBHON (PYHKIIUNM B COOTBETCTBYIO-
e aTpudyTHI JeKOPUPOBaHHOI Bepcuu. Hanpumep:

def wrap(func):
call(xargs, »xkwargs):
return func(xargs, *xkwargs)
call. _doc__ = func.__doc__
call.__name__ = func.__name__
return call

J s pemteHUs 9TOM JOCTATOYHO TUIIMYHOMN IPo6JieMbl B Moxysae functools mme-
eTcsa QYHKIIUA wraps, KOTopas aBTOMaTUYeCK! KOUNUpyeT 3Tu aTpudyThl. He-
VAUBUTEJIBHO, UTO OHA TOYKE SIBJISETCS JeKOPaTOPOM:

from functools import wraps
def wrap(func):
@wraps(func)
call(*args, xxkwargs):
return func(xargs, »xkwargs)
return call

Heroparop @wraps(func), o0'bABIEHHBIN B Mogyse functools, konupyet aTpudy-
TeI PYHKIIHUHU TUNC B aTpubyTHI 00€PHYTOM Bepcuu GyHKI[UH.

ATpnOyTbI PyHKLMUN

DyHKIUU JOTYCKAIOT BOSMOKHOCTD IPUCOETUHEHUA K HUM JIOOBIX aTpUOYTOB.
Hampuwmep:

def foo():
UHCTPYKUMMN

foo.secure = 1
foo.private = 1

ATpubyThl QYHKIIUM COXPAHAIOTCA B CJIOBape, MJOCTYIIHOM B BUJe aTpuOyTa
__dict__ pyHKIIUN.

B ocHOBHOM aTpulOyThl PYHKI[UI UCHOJIb3YIOTCSA B Y3KOCHEINATU3UPOBAHHBIX
MPUIOMKEHUAX, TAKUX KaK MeHepaTophl IIapcepoB U MPUKJIaAHbIe (PeiMBODPKH,
KOTOPBIE YACTO MOJB3YIOTCA BO3MOKHOCTBHIO IPUCOEUHEHUSA JOTOJTHUTEIbHOM
uHpoOpMaINU K 00beKTaM (PYyHKITHI.

Kak u B cayuae co CTpOKaMM JOKYMEHTUPOBAHUSA, aTPUOYThI (GYHKIUHA Tpe-
OyrOT 0CcO00OT0 BHUMAHUS IIPU HCIOJIb30BaHWU AeKopaTopoB. Eciau HeKoTopas
byHKIUS 06epHYTa JeKOPATOPOM, IOMBITKY 00palleHus K ee aTpudyTam dak-
TUUYECKU OyAyT IepeaJpecoBBIBATHLCS K JEKOPUPOBAHHON BepPCHUH. ITO MOKET
OBITh KaK JKeJIaTeJIbHO, TAaK U HeyKeJIaTeJIbHO, B 3aBUCUMOCTHU OT IIOTPEeOHOCTeH
OpuioKeHus. UToObl CKOIMPOBAThH YK€ OIlpeaesieHHbIe aTpuOyThl (QYHKIIUN
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B aTpuOyThHI JeKOPUPOBAHHOM BEPCUU, MOYKHO MCIIOJIb30BATh IPUBEIEHHbIN a-
Jiee IO X0/ UJIV BOCIOJIb30BAThC AeKopaTopom functools.wraps(), KaK OBIJIO II0-
KasaHo B IPeJbIAYIIeM pasiee:

def wrap(func):
call(xargs, »xkwargs):
return func(xargs, »xkwargs)
call.__doc__ = func.__doc__
call.__name__ = func.__name__
call.__dict__.update(func.__dict__)
return call

DyHkumm eval(), exec() n compile()

dyurmus eval(str [,globals [,locals]]) BBITIOJHAET BhIpasKeHUE B CTPOKE St/
¥ BO3BpaIlliaeT pesyabrar. Hanpumep:

a = eval('3xmath.sin(3.5+x) + 7.2")

Amnanoruuno pyuxiuda exec(str [, globals [, locals]]) BBIIIOJHAET CTPOKY Str,
CoepsKalIy0 IPOU3BOJILHBIN IPOrpaMMHEBIH Kox Ha fA3biKe Python. 9tor mpo-
TPAMMHBIHN KO/ BLIIIOJHSETC TaK, KaK ecJii ObI OH (paKTHUUEeCKU HaXOAUJICT Ha
mecte exec(). Hampumep:

a=[3, 5, 10, 13]
exec(“for i in a: print(i)”)

Ciemyer OTMETUTD, uTO B Python 2 pyHkIus exec() ompeesieHa KaK HHCTPYK-
musi. To ecTs B ycTapeBIlieM IIPOTrPaMMHOM KOJe MOKHO YBUIETH OOpaIleHus
K MHCTPYKI[UU €XEC, B KOTOPOH OTCYTCTBYIOT KPYTJIble CKOOKM, HATIPUMED: EXEC
“for i in a: print i". Takoii cmoco0 Mo-TIpesKHEMY MOYKHO UCIIOJIb30BaTh B BEP-
cuu Python 2.6, HO oH cunTaerca HegomycTuMbIiM B Python 3. B HOBBIX mpo-
rpaMMax 3Ta MHCTPYKIIUA AOJIMKHA BbI3BIBATHCA KaK (QYHKIU exec().

0O06e 9Tu PYHKIMH BHIIOJHAIOT IIPOrPAMMHBINA KO B IPOCTPAHCTBE NMEH BbI3EI-
BaOIIEro IIPOrpaMMHOTI0 KoZa (KOTOPOe UCIOJIb3yeTCs AJIS Pa3PeIIeH s TI00bIX
VMeH, MOABJIAIONINXCA B CTPOKe uau B daiine). Kpome toro, pyukmunm eval()
u exec() MOTyT IPUHUMATD OAUH WJIU IBa Heo0A3aTeIbHBIX 00 beKTa 0TOOpasKe-
HUH, KOTOPBIE [JIsI BEIIIOJIHSIEMOr0 IIPOrPaMMHOT0 KoZa OyAyT UTPaTh POJIb IJIO-
0AJILHOT'O U JIOKAJIbHOI'O IIPOCTPAHCTB NMEH cOOTBeTcTBeHHO0. Hanpumep:

globals = {'x": 7,
‘y' 10,
‘birds’: [‘Parrot’, ‘Swallow’, ‘Albatross’]
1

locals = { }

# CnoBapw, 00bABNEHHLIE BHWE, MCMNONL3YNTCH, Kak rnobanbHoe U

# noKanbHOE NPOCTPAHCTBA WMMEH MpW BHIMOMHEHUW CREeAYOUEn UHCTPYKLMK
a =eval("3 = x + 4 = y", globals, locals)

exec(“for b in birds: print(b)”, globals, locals)

ECJII/I OITYyCTUTBH OJHO M3 3TUX IIPOCTPAHCTB NMEH, 6y;[yT HCIIOJIB30BATBCA TEKY-
mue mI06aJabHOe MM JIOKAJIbHOE IIPOCTPAHCTBO UMeH. Kpome Toro, ms-3a mpo-
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06J1eM, CBSI3aHHBIX C BOBMOJKHOCTBIO BJIOKEHUA 00JiacTell BUAMMOCTH, BBHI3OB
exec() BHYTPU HEKOTOPOH (DYHKIIUM MOJKET IIPUBOJUTH K MCKJIIUEHHUIO Syntax-
Error, ecim aTa QYHKIUA CONEP KUT BJIOKEeHHBIe olpefesieHNsA QyHKIUN nan
lambda-omepaTopsbl.

ITIpu nmepemauve cTpoku yHKIUM exec() miam eval() MHTepPIpPeTaTOp CHadaja
CKOMIIUJIUPYET €€ B 0afT-KoJ. ITO ZejlaeT BeCh IIPOIIECC JOCTATOYHO JOPOT'OCTO-
AIUM JI€JIOM, II0O9TOMY €CJIV IPOIrPAaMMHBIN KO/ IIPEAII0IaraeTca UCII0Ib30BaTh
HEOJHOKPATHO, ero JIy4Ille CHaYaja CKOMIIMJIMPOBATD, a 3aTe€M II0JIb30BATHCA
CKOMITMJINPOBAHHOI BepCUel.

Dyurmus compile(str,filename, kind) KOMIUJIUPYET CTPOKY B OAUT-KOM, T'e St/ —
9TO CTPOKA C IPOrPaMMHBIM KOJOM, MOAJIEKAIIUM KOMIIUJIANNMU, a filename —
daiiys, B KOTOPOM 5Ta CTPOKAa ompefesieHa (AJIA UCIOJTb30BAHUSA B COOOIEHUAX
C TPacCUPOBOUHOM mMHpoOpMAaImeir). ApryMeHT kind ompenesseT THUII KOMIIU-
JUPYEMOT0 IPOTPaMMHOTO KoZa: 'single’ — mJid eIMHCTBEHHOW WHCTPYKIIUH,
‘exec’ — mJS MHOYKECTBA MHCTPYKIME u ‘eval — mudA BeIpaskeHuit. OOBEKT
C IporpaMMHBIM KOJOM, BO3BpaIllaeMblil PyHKIIMe compile(), MOMKeT Imepeaa-
BaTbCcA QYHKIIUU eval() m uHCTpyKIuu exec(). Hampumep:

s = “for 1 in range(0,10): print(i)”
¢ = compile(s,’’, exec’) # CkoMnunupoBaTb B 00LEKT C MNPOrpaMMHbIM KO0M
exec(c) # BHNONHUTL

§2 = "3 x x + 4 xy”

c2 = compile(s2, , ‘eval’) # CkoMnunanpoBaTb B BhipaxeHue
result = eval(c2) # BbnonHuTb



Knaccbl 1 00beKTHO-OpeHTUpoOBaHHOE
nporpaMmmMunpoBaHue

Knacchl — 9TO MexXaHM3M CO3JaHUA HOBBIX THUIIOB 00HEKTOB. JTa IyIaBa IIOAPOO-
HO PacCKasbIBaeT O KJjaccaX, HO B Hell He CieyeT BUJETH BCEOXBATBHIBAIOIIEE
PYKOBOJACTBO II0 OO'BEKTHO-OPUEHTUPOBAHHOMY IPOIrDAMMUPOBAHUIO U IIPO-
eKTHUPOBAHUIO. 3JeCh IIPEAI0JaraeTcsa, UTO UYUTATE]Ib YK€ HUMeeT HEeKOTO-
PBIi OIBIT PABOTHI CO CTPYKTYPaMU JaHHBIX U BJIaJEeT IpUeMaMUu 00'beKTHO-
OPHMEHTUPOBAHHOrO MMPOTPAMMUPOBAHUSA B APYTMX SA3BIKAX MPOrpaMMUpPOBA-
Husd, Takux Kak C mam Java. ([JomosmHUTEIbHBIE CBEIEHUSA O TEPMUHOJIOTUN
U BHYTPEHHel peajaus3anuu 00beKTOB MPUBOAATCA B riaBe 3 «TUIbl JaHHBIX
U 00'BEKThI».)

UHcTpyKumsa class

Kanacc oupenensier Habop aTpubyTOB, ACCOIIMUPOBAHHBIX ¢ HUM, U HCIIOJIb3ye-
MBIX KOJIJIEKI[Uell 06'beKTOB, KOTOPbIe Ha3bIBAIOTCA dK3emnispami. OGbBIUHO
KJIACC — 9TO KOJIJIEeKIINA QYHKIIUH (M3BECTHBIX, KAK Memoobl), IepeMeHHbIX (13-
BECTHBIX, KaK NepeMeHHble KJACCA) U BIUYNCIAEMBIX aTPUOYTOB (M3BECTHHIX,
KakK ceoiicmaa).

Kinacc 00bABIAETCA ¢ TOMOIIBIO HHCTPYKIUM class. Teso Kiacca cocraBisger
TOCJIeN0BATEIFHOCTD MHCTPYKI[U, KOTOPBIE BBITTOJIHAIOTCA Ha 9TAlle OIpeIeie-
HuA KJacca. Hampumep:

class Account(object):

num_accounts = 0

def __init__(self,name,balance):
self.name = name
self.balance = balance
Account.num_accounts += 1

def __del__(self):
Account.num_accounts -= 1

def deposit(self,amt):
self.balance = self.balance + amt
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def withdraw(self,amt):

self.balance = self.balance - amt
def inquiry(self):

return self.balance

3HaueHNsA, co3TaBaeMble IIPU BBITOJHEHUH Tejia KJacca, IIOMeIIaloTcsa B 005b-
eKT KJIacCca, KOTOPLIN HUI'PaeT PoJib IIPOCTPAHCTBA MMEH, BO MHOI'OM IIOZOOHO
moxyao. Hampumep, HUKe IIOKA3aHO, KAK OCYIIIECTBJISIETCS JOCTYII K UJeHAM
KJacca Account:

Account.num_accounts
Account.__init__
Account.__del__
Account. deposit
Account.withdraw
Account.inquiry

BaxHO OTMETHUTB, UTO caMa II0 cebe MHCTPYKIIU C1ass He co3aeT HUKAKUX 9K-
3eMILIAPOB KJiacca (HampuMep, B IIPebIAYIeM IprMepe He CO3JaeTcs HUKA-
KUX 00'beKTOB THIa Accounts). BMecTo aTOro BBEITIOJIHAETCS ITOATOTOBKA aTpuly-
TOB, OOIIUX JJIS BCEX 9K3EMILISIPOB, KOTOPbIe OYAYT CO3MaHbI mo3AHee. B aTom
CMBICJIE OIIPeZie/IeHIe KIacca MOMKHO IIPEeACTABUTEL KaK IT1a0JIOH.

DyHKIMU, OIIpeesisieMble BHYTPH KJIacca, Has3bIBAIOTCS Memodamu dK3eMNis-
pos. MeToj sKk3eMILIsApa — 9T0 (QDYHKI[MS, OIIePUPYIOIas 9K3eMILJISIPOM KJiacca,
KOTOPBIU IIepeaeTcs el B IIepBOM apryMeHTe. B cOOTBETCTBUY C COTJIAIIIEHU -
MU 3TOMY apTyMeHTYy JaeTcda UM Self, XOTdA TOUHO TaK »Ke MOYKHO NCII0JIb30BaTh
Ja1060e apyroe nma. @yuxnun deposit(), withdraw() u inquiry(), onpenensembie
MpeABIAYIleM IPUMepe, — 9TO METOAbI AK3eMILIAPA.

IlepemennbIe KIacca, Takme Kak Num_accounts, — 5TO 3HAUYEHUA, KOTOPHIE CO-
BMECTHO HCIIOJIb3YIOTCA BCEMHU dK3EMILIIpaMu KJjacca (TO eCTh OHU He MOTYT CO-
IepiKaTh OTAebHbIe 3HAUCHUS JJIA KajrKI0ro U3 9K3eMILIsIPOB). B TaHHOM Cay-
yae IepeMeHHasa XPaHUT KOJUUECTBO CO3JJaHHBIX 9K3EeMILIAPOB KJacca Account.

3K3eMI'IJ'I’inbI KJlacCa

IK3eMILIAPEI KJIacca co34aloTes o0palleHrneM K 00beKTy KJacca, KaKk K (PYyHK-
nuu. B pesyibTaTe 9TOro co3maeTca HOBBIN SK3eMILIAP, KOTOPBHIN 3aTeM mepe-
maerca metony __init__() kjaacca. B uncio apryMeHTOB, IIepeiaBaeMbIX METOAY
__init__(), BXOmAT: BHOBb CO3JaHHBIN 9K3eMILIAD Self U AOmOJHUTEJbHBIE ap-
T'YMeHTBI, YKa3aHHbIe IPU BbI30Be 00'beKTa KJiacca. Hampumep:

# Co3aaTb HOBbHIA CHET
a = Account(“Isuapo”, 1000.00) # BuwsoseT Account.__init__(a,”I'supo”, 1000.00)
b = Account("“bunn”, 10.00)

BuyTpu meroma __init__() cosmaroTcsa aTpubyTHI 9K3EeMILIsSpa MyTeM IPUCBau-
BaHUA 3HAUEeHUll arpubyram oobekTa self. Hanmpumep, nHCTpyKIua self.name
= name cosmacT aTpuOyT name sK3eMILIApa. [locje TOro Kak BHOBb CO3JJaHHBIH
9K3eMILIAD OyZeT BO3BpAIlleH IOJIb30BATENIO0, K ero aTpubyram, Kak U K aTpu-
OyTaM KJjacca, MOYKHO OyZeT o6paTUThCA C IIOMOIIBIO oIlepaTopa TOYKH (.), KaK
TIOKa3aHO HUIKeE:
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a.deposit(100.00) # BesoseT Account.deposit(a, 100.00)
b.withdraw(50.00) # Bu3oseT Account.withdraw(b,50.00)
name = a.name # MonyunTb uMg Bnagenbla cyeTa

Omnepatop Touku (.) OTBeYaeT 3a JOCTyH K arpudyram. IIpu obpalieHuu K aTpu-
Oy Ty moJTyYeHHOe 3HAaUeHNe MOJKET IIOCTYIIAaTh U3 HeCKOJIbKUX MecT. Hampumep,
BBIPAsKEHUe a.nane B MPeAbIAYINEeM IIPUMepe BepHeT 3HaueHue aTpuOyTa name
akseMILIagpa a. Ho BeIpaskeHue a.deposit BepHeT 3HaueHme arpubyTa deposit
(meton) Kyacca Account. Ilpu obpaleHny K aTpudyTy IOUCK TpeGyeMoro mme-
HU CHAYaJia MPOUSBOJUTCA B SK3E€MILISAPE, U €CJAU OH He YBEHUYAETCS YCIIEXOM,
TIOMCK BBITIOJIHSAETCA B KJacce 9K3eMILIsApa. OTO JaeT KJaccaM BO3MOYKHOCTH
00ecreynTb COBMECTHOE MCII0JIb30BaHIE CBOUX aTPUOYTOB BCEMU €T0 9K3EeMILJIA-
paMu.

NMpaBuna sugnmocTun

Knaccel onpenensaiorT coGCTBEHHBIE TPOCTPAHCTBA MMEH, HO OHU He 00pasyioT
o0JlacT BUAUMOCTH [JIsI MMEH, UCIOJIb3yeMbIX BHYTPU MeTonoB. To ecTh mpu
peasusanuu KJIACCOB CCHIIKM HA aTPUOYTHI M METOZABI JOJI’KHBI OBITH IIOJIHO-
cThI0 KBasudunupoBanbl. Hanpumep, cchbliKu Ha aTpulyTHI B METOAAX BCET-
Jla TOJIKHBI IPOU3BOAUTHCA OTHOCUTENIbHO nMeHU self. Ilo arToit npuunne nias
IpUMepa BBIIIIE CJIeIyeT UCIIOJIb30BaTh CChIIKY self.balance, a He balance. To ke
OTHOCUTCSA U K BBI30BaAM METOJOB U3 IPYI'UX MeTOL0B, KaK IIOKa3aHO B CIEAYIO-
1IieM Ipumepe:

class Foo(object):
def bar(self):
print(“bar!”)
def spam(self):
bar(self) # Ounbka! OOpauweHue Kk “bar’ npuBeneT K uckiodeHnio NameError
self.bar() # MpaBunbHO
Foo.bar(self) # Toxe npaBuibHO

OrcyTceTBUEe COOCTBEHHOIT 00/1aCTH BUANMOCTH B METOAAX KJIACCOB — 3TO OHA U3
ocobeHHocTeit, oTnnuatomux Python ot C++ uau Java. 11 Tex, KOMY paHbIIIe
IPUXONUJIOCH PaboTaTh C ATUMU SA3BIKAMU IIPOTPAMMUPOBAHUA, OTMEUY, UTO
aprymenT self B s3pike Python — sTo To sKe camoe, uTo yKasaresab this. Heo6-
XOAUMOCTH SABHOT'O UCIIOJIb30BaHUA self o6yciioBieHa TeM, uTo a3biK Python ne
IPEIOCTABJISAET CPEICTB ABHOTO O0'hSBJIEHUS ITIEPEMEHHBIX, aHAJOTUUHBIX, HA-
mpumep, int x uau float y B a3biKe C. Bes 9Toro HEBO3MOYKHO OIIPEAEIUTH, UTO
o pa3yMeBaeT OIlepalus IPUCBAaMBAHUA B METOZE, — COXPaHEHUe 3HAUEHUA
B JIOKAJIFHOU IIEPEMEHHOU UJIU B aTpulyTe 9K3eMILIApa. SIBHOE MCII0JIb30BaHUe
uMeHHu self ycTpaHsieT 9Ty HEOJHO3HAUHOCTb — BCE 3HAUEHUS, COXPaHseMble
C TIOMOIIBIO Self, CTAaHOBATCSA YACTHIO SK3EMILIAPA, a BCE OCTAJbHBIE OllepaIuu
IPUCBAWBAHUS AEHCTBYIOT C JIOKAJIbHBIMU II€PEMEHHBIMHU.

HacnepoBaHune

HacnedosaHue — 9TO MeXaHH3M CO3JaHMNSA HOBBIX KJAaCCOB, NIPW3BAHHLIN Ha-
CTPOUTH MJIU M3MEHUTH MOBEJeHNe CYIIecTBYIOIero Kjaacca. OpurnHaabHBIN
KJIacC HA3BIBAIOT 0A308blM KJAACCOM WUIN cynepraaccom. HoBwIil Kiacc Ha3bI-
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BAIOT NPOU3BOOHBLM KLACCOM WU noOKaaccom. Korma HOBBIHM KJiacc cO3LaeTcsa
C UCIIOJIb30BAHMEM MeXaHu3Ma HacJieJOBaHUs, OH «HACJIeIyeT» aTpuoyThI 6a30-
BBIX KJaccoB. OMHAKO ITPOMBBOMHBIN KJIaCC MOKET IePeonpeeIUTh JI000i 13
9THUX aTPUOYTOB U OOABUTH HOBBIE aTPUOYTHI.

HacnenoBaHnue omnpenesnsieTcsa MepevnCcIeHEM B MHCTPYKIMU Cclass mMeH 0Oa-
30BBIX KJIACCOB uepe3 3amATble. B ciayuae OTCYyTCTBUS MOAXOAAIIEr0 0a30BO-
ro KJiacca oIpejesisieTcsl HacJieJoBaHUe KJjacca object, Kaxk ObILIO MOKAa3aHO
B IPeABIAYINUX IIPpUMepax. object — 9To KJacc, KOTOPLIN ABJIAETCA POLOHAYAIE-
HUKOM BceX 00'beKTOB B A3biKe Python u ipegocraBiser peaansaiuio Mo yMOJI-
YAHUIO HEKOTOPBIX OOIIMX METOLOB, TAKMX KaK __str__(), CO3IaloIuii CTPOKO-
BOe IIpecTaBieHne 00'beKTa IJIs1 BBIBOJA NHCTPYKI[MEH print.

HacnenoBaHre yacTo MCIONB3yeTCA AJA IIePeolpeeleHNsA MTOBeJeHUs Cylie-
CTBYIOIIIUX MeTOA0B. Hampumep, HUKe TPUBOAUTCS CIIEIINATU3NPOBaHHA BEP-
cud KJyacca Account, re mepeonpeneasercsa MeTo inquiry(), KOToOpbIil BpeMs OT
BpeMeHU OyJeT BO3BpalllaTh 3HaueHUe 0ajiaHca, IpeBbIIaniee GakTUIecKoe
3HaUeHue, — B Hamexjge, 4To HEBHUMAaTEJIbHBIA KJINEHT IIPEBBICUT CYMMY CUeTa
u OyZeT HOABEPTHYT 0OJIbIIOMY HITpady IPU IIOCJIENYIOIIEM ILJIaTeXKe II0 BO3-
HUKIIEeMY KPeaguTy:

import random
class EvilAccount(Account):
def inquiry(self):
if random.randint(0,4) == 1
return self.balance = 1.10 # BHumaHue: naTeHTyeMm naewn
else:
return self.balance

¢ = EvilAccount(“Ixopax”, 1000.00)
c.deposit(10.0) # BbizoB Account.deposit(c,10.0)
available = c.inquiry() # Bw3os EvilAccount.inquiry(c)

B sToM mTpuMepe 9K3eMILIAPHI Kiacca EvilAccount OyAyT UAEHTUYHBI 9K3€MILJIs-
pam KJjacca Account, 3a MCKJIIOUEHUEM IlepeolrpeieIeHHOTo MeToxa inquiry().

Tlogmep:kka MexaHU3Ma HacJeoBaHUA B s3bIKe Python peanusoBana 3a cuer
HE3HAYUTEJHLHOTO PACIHINPEHUA omneparopa TOYKY (). A MMEHHO, eCJIM TIOWCK
aTpubyTa B 9K3eMILIAPE UIU B KJacCe 9K3eMILIAPa He YBEHUAJICA YCIEXOM, OH
IpoJoIKaeTcss B 6a30BOM KJjiacce. TOT IIPOIece IPOLOJIKAETCs, ITIOKA He 0cTa-
HEeTCs He MPOCMOTPEHHBIX 6a30BBIX KJACCOB. JTO O0'BICHSET, IOUYEeMY BBLI30B
c.deposit() B mpeAnIAyIlieM MIpuMepe IPUBOAUT K BBIZOBY MeToxa deposit(), 00b-
SIBJIGHHOTO B KJiacce Account.

ITogkmace MoXKeT 100aBIATH K 9K3EMILIAPAM HOBbIE aTPUOYThI, OIPEeNeIsas cob-
CTBEHHYIO Bepcuio meTona __init__(). Hampumep, cienyromiaa Bepcud KJacca
EvilAccount mobaBJsieT HOBBII aTpubyT evilfactor:

class EvilAccount(Account):
def __init__(self,name,balance,evilfactor):
Account. init (self,name,balance) # Bh3oB MeToga WHWLMaANU3AUUN
# 6a3o0Boro knacca Account
self.evilfactor = evilfactor
def inquiry(self):
if random.randint(0,4) == 1:
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return self.balance * self.evilfactor
else:
return self.balance

Korma mpousBoaHbIil KJaacc ompeaesasierT cOOCTBeHHBIN MeTo s __init__(), MeTombl
__init__() 6a30BBIX KJIACCOB IIEPECTAIOT BLI3BIBATHCS aBTOMaTUYecKu. IloaTomy
TIPOMBBOAHBIN KJAacC JOJKEH CJAeIUTH 3a BRIMMOJHeHNEM NHUIINAIN3AuN 6a30-
BBIX KJIACCOB, BBI3BIBAA MX MeTOABI __init__(). B mpempigyIimem mpuMepe 9TOT
IpueM MOXKHO HAOJI0IaTh B CTPOKE, I'le BhI3bIBaeTcAa MeTonx Account.__init_ ().
Ecau 6a30BBIil KJIace He IMeeT cBoero meroga __init (), 9TOT mar MosxeT ObITh
nponyiieH. Eciu 3apaHee He U3BECTHO, OIIpeiesisieTcs JU B 6a30BOM KJacce Me-
Tox __init__(), myia HameKHOCTH MOYKHO BBIBBATh €ro 0e3 apryMeHTOB, IIOTOMY
YTO B KOHEUHOM HTOTe BCETrJa CYIIeCTBYeT peausallius II0 YMOJUaHUI0, KOTO-
pasi IpoCTO HUYETO He JejaeT.

WHorma B mpousBOJHOM KJiacce TPeOyeTCs Iepeope e IuTh METO/, HO IIPK 3TOM
JKeJIaTeIbHO BhIZBATH OPUTMHAIBHYIO PeaIn3aluio. B aToM ciayuae MOMKHO ABHO
BBI3BATh OPUTMHAIBHBIN MeTO/ 6a30BOr0 KJlacca, mepefiaB eMy SK3eMILIap self
B IIEPBOM apryMeHTe, KaK MOKa3aHo HUKe:

class MoreEvilAccount(EvilAccount):
def deposit(self,amount):
self.withdraw(5.00) # BuyecTb nnaTy 3a “ypnobcTeo”
EvilAccount.deposit(self,amount) # A Tenepb NOMNONHWTL CYeT

T'1aBHAA XUTPOCTH B 9TOM IIPUMepPe COCTOUT B TOM, UTO KJace EvilAccount B meii-
CTBUTEJILHOCTH He peasjusyeTr MeTon deposit(). BmecTo HEro BLI3BIBAETCS METO/
KJracca Account. I XOTst 3TOT mporpaMMHBIiT KOf paboTaeT, y TeX, KTo OyaeT uu-
TaTh €ro, MOT'YT BOSHUKHYTH BOIIPOCHI (HATIpUMep, 00si3aH Jiu OBLJI KJacc Evil-
Account peasmsoBaTh MeTon deposit()). Uro6sl n3besxaTh MOLOOHON My TaAHUIIEI,
MOXKHO HCIIOJIB30BaTh QPYHKIUIO super (), KaK MOKa3aHo HUMKe:

class MoreEvilAccount(EvilAccount):
def deposit(self,amount):
self.withdraw(5.00) # BbiyecTb nnaty 3a ynobcTeoO
super(MoreEvilAccount, self).deposit(amount)# A Tenepb MONOMAHWUTL CYeT

dyurius super(cls, instance) Bo3BpaliaeT CHeluaJIbHbIN 00bEKT, TO3BOJISIO-
MU BBIIOJHATH HOUCK aTpuOyTOB B 6a30BBLIX Kjaccax. IIpy MCIOIbL30BAHUN
9TOH QYHKIIMY NHTEPIIPEeTaTop OYAeT NCKATh aTPUOYThI, CJAEAYSI OOBIUHBLIM IIpa-
BUJIaM IIOMICKA B 0a30BBIX KJaccaX. ITO MO3BOJIAeT 130erKaTh JKEeCTKOU IIpu-
BASKU K MMEHU 0a30BOro KJjacca 1 0ojee CHO TOBOPUT O HAMEPEeHUAX (TO eCTh
BBI I'OTOBBI BBI3BATH IPEABLIAYIIYIO Pealnu3aliuio MeTo[a, He3aBUCUMO OT TOTO,
B KaKoM 0a30BOM KJiacce oHa Haxoaurcs). K coskasieHunio, CMHTaKCUC QYHKI[UNA
super() ocraBiser »KeJyarh gyuinero. B Python 38 mosHO mcmoabp3oBaTs yipo-
IIeHHYI0 MHCTPYKIMIO super().deposit(amount), 4TOOGBI BHIMOJHUTH HEOOXOMU-
Mble BBIUMCJIEHUS, ITIOKasaHubie B npumepe. Oguako B Python 2 Heobxogumo
WCIIOJIE30BaTh 00JI€€ MHOTOCJIOBHYIO BEPCUIO.

B aspixe Python mogmep:xuBaeTcss MHOKECTBEHHOE HaCJIeJOBaHne. ITO JOCTHU-
raeTcs 3a CUeT YKasaHUsA HECKOJbKUX 0a30BBIX KJIACCOB. PaccMOTpUM cJeayio-
Y0 KOJIJIEKIIUIO KJIACCOB:
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class DepositCharge(object):
fee = 5.00
def deposit_fee(self)
self.withdraw(self. fee)

class WithdrawCharge(object):
fee = 2.50
def withdraw_fee(self):
self.withdraw(self. fee)

# Knacc, uCnonb3ywiuii MexaHnaMm MHOXECTBEHHOIO HACNeaoBaHNs
class MostEvilAccount(EvilAccount, DepositCharge, WithdrawCharge):
def deposit(self,amt):
self.deposit_fee()
super(MostEvilAccount, self).deposit(amt)
def withdraw(self,amt):
self.withdraw_fee()
super(MostEvilAcount, self).withdraw(amt)

IIpu MCIOIb30BAHNY MHOMKECTBEHHOT0 HACIEJOBAHUS IOPALOK ITIOMCKA aTpuly-
TOB CTAHOBUTCS 00JIee CIOMKHBIM, IIOTOMY UTO IMOSBJISIETCS HECKOJIBKO BOZMOK-
HBIX myTell moucka. Cirefyolire NHCTPYKITUHU UJIIOCTPUPYIOT 3TY CIA0KHOCTD:

d = MostEvilAccount(“Dave”,500.00,1.10)
d.deposit_fee() # BuwsoBeT DepositCharge.deposit_fee(). fee == 5.00
d.withdraw_fee() # BuwsoseT WithdrawCharge.withdraw_fee(). fee == 5.00 ??

B srom mpumepe merombr deposit_fee() m withdraw_fee() mmeroT yHUKaJbHBIE
nMeHa 1 00HAPYsKUBAIOTCS B COOTBETCTBYIOIINX 6a30BbIX Kiiaccax. OmHaKO CO3-
IaeTcs OIIyIlleHne, YTo MeTox withdraw_fee() paboTaer ¢ omInOKOI, IOTOMY UTO
OH He KCIIOJIb3YyeT 3HaueHre aTpudyTa fee, MHUIIMAJIN3UPOBAHHOI'O B €Tr0 KJacce.
910 00yCJIOBJIEHO TE€M, UTO aTPUOYT fee — 9To mepeMeHHas KJacca, 00bsABIeHHAA
B IBYX PasJIMUHbIX 0a30BBIX KJlaccax. B paboTe UCIIOIb3yeTCs OJHO U3 3TUX 3HA-
uenwuii, Ho Kakoe? (Ilomckaska: aTo 3HaueHue arpubdyTa DepositCharge.fee.)

Yro6bl 06eCreunTh IMONCK aTPUOYTOB MPU MHOKECTBEHHOM HACJEeIOBAHUU,
Bce 6a30Bble KJIACChl BKJIIOYAIOTCSA B CIIHCOK, B IOPSAAKE OT «Dojee creruaim-
3MPOBAHHBIX» K «MEHee CIlIeIaJIM3POBaHHBIM». BaTeM, Korga mpoms3BOAUTCA
TIOMCK, MHTEPIPETATOp IPOCMATPUBAET HTOT CIMCOK, IOKa He HaMgeT ImepBoe
ompeziejieHIe aTpudyTa.

B npumepe Brwime kKjaacc EvilAccount ABJygeTcsa 0ojiee CIeIiMaJIN3UPOBAHHBIM,
yeM KJacc Account, IOTOMY UTO OH Hacjexyetr KJjacc Account. To ke oTHOCHUT-
¢ U K KJyaccy MostEvilAccount, DepositCharge cuuTaeTcs 6oJiee cneruaan3mupo-
BaHHBIM, yeM WithdrawCharge, MOTOMY YTO OH CTOUT IIEPBHIM B CIIMCKE 0A30BBIX
KJiaccoB. ITopsmoK moucKa B 0a30BBIX KJAacCaX MOYKHO YBHUETH, €CJIM BbIBECTU
cofep:kuMoe aTpubyTa __mro__ Kjacca. Hanpumep:

>>> MostEvilAccount.__mro_

(<class ‘'__main__.MostEvilAccount’>
<class ‘__main__.EvilAccount’>
<class ‘__main__.Account’ >

<class ‘__main__.DepositCharge’ >
<class ‘__main__.WithdrawCharge'>
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<type ‘object’>)
>>>

B GOJILIIMHCTBE CJIYyYaeB IPABUJIA COCTABJIEHUSA STOTO CIMUCKA «UHTYUTUBHO
MOHATHBI». TO eCcTh MPOM3BOAHBIN KJIACC BCET[a IIPOBEPseTCA PaHbIIe ero Oa-
30BBIX KJIACCOB, & €CJIM KJIacC MMeeT HECKOJIBKO POAUMTEJIel, OHU Bceraa OyayT
IPOBEPATHCSA B TOM HOPAIKE, B KAKOM ObLJIN IIePEUYNCIeHBI B 00'bSIBIEHUN KJIac-
ca. OJHAKO TOYHBIH MOPAA0K ITPOCMOTPa 0a30BBIX KJIACCOB B JeHCTBUTEIHLHOCTA
HAMHOTO CJIO}KHEe U €T0 HeJIb3s OIUCATH C ITIOMOIIBI0 KaAKOT0-IN00 «IIPOCTOT0»
aJITOPUTMA, TAKOTO KaK ITOMCK «CHU3Y-BBEPX» WJIU «CJeBa-HAIpaBo». [lyid yIo-
pAnoueHua ucHoabadyerca ajroputm C3-TuHeapusalnuu, ONUCAHHBIN B OKY-
menTe «A Monotonic Superclass Linearization for Dylan» (MouoToHEHAsS Ju-
Heapusalusa cylepkJacca aisa sseika Dylan) (asroper K. Bapper (K. Barrett)
u apyrue, O0bL1 mpeacTasieH Ha KoHbepernmuu OOPSLA’96). Oguna us maJjosa-
METHBIX 0COGEHHOCTEII 9TOTO aJTOPUTMA COCTOUT B TOM, UTO €r0 peajus3alius
B sA3bIKe Python mpemsaTcTByer cosmaHWUio ompenesieHHBIX MepapXuil KJIaccoB
¢ BO30y:KIeHneM UCKJIueHus TypeError. Hampumep:

class X(object): pass

class Y(X): pass

class Z(X,Y): pass # TypeError
# HeBO3MOXHO ONMpeaennTb HENPOTUBOPEYMBLIN NOPALOK
# paspeweHnd uMeH MeToA0B

B mamnoM ciryuae asropuTMm paspelieHus UMeH MeTOAOB IIPEIsITCTBYET CO3ka~
HUIO Z, IOTOMY YTO OH He MOXKET OIIPeJleJIUTh OCMBICIEHHBIH MOPANOK IIONCKA
B 0a30BBIX KJaccax. Hampumep, KJjacc X HaXOOUTCA B CIUCKE POJUTEIbCKUX
KJIACCOB mepe] KJaccoM Y, II09TOMY OH JOJI;KeH IIpocMaTpuBaThea nepBbiM. On-
HAKO KJiacc Y ABJsgeTcA OoJjiee CIEUAJTU3UPOBAHHBIM, IIOTOMY YTO HACJIeAyeT
rJyacc X. IlosaTomy ecsiu IepBBIM OyZeT IPOBEPATHCS KJAacC X, 3TO He ITO3BOJIUT
OTBICKATH CHEIUAJN3NPOBAHHBIE Peaan3anuy METON0B B KJjacce Y, YHACJIeI0-
BaHHBIX OT KJjacca X. Ha mpakTuke Takve CUTyaluu JOJXKHBI BOBHUKATH OUYE€Hb
DPEIKO, M eCcJU BOBHUKAIOT, 3TO OOBIYHO CBHUJETEJLCTBYET O 0OJiee CePhe3HBIX
oIubOKax, JOMYIIEeHHBIX IPU IPOEKTUPOBAHUY IIPOTPAMMBI.

Kak mpaBujio, B GOJBIIIMHCTBE IPOrpaMM JIy4YIlle cTapaTbcs us3beraTb MHO-
JKecTBeHHOro HacjemoBauua. OgHAKO MHOIIA MHOMKECTBEHHOE HacJeIoBaHIe
WUCIIOJIB3YEeTCA A O0bABJIEHUA TaK HAa3bIBAEMBIX KJaccos-npumeceii. Kmacc-
IpuMech, OOBIYHO OIIPEeIAIONINI Habop METONO0B, 00BABIAETCS, YTOOBI IOTOM
«IIOJMEIINBATh» €r0 B IPYTHe KJIACCHI, C I[eJILI0 PACIINPEHNA UX (PYHKIMOHAIb-
HBIX BO3MOJKHOCTEH (ITOUTH KaK MakKpoompenenernue). OOLIUHO IpeamoIaraer-
Cs, UTO CYIIECTBYIOT IPYrHe MEeTOAbl, M METOAbI B KJAacCCaX-IIPUMeCIX BCTPAU-
BAIOTCS IIOBEPX HUX. ITY BO3MOKHOCTH UJLJIIOCTPUPYIOT KJacchl DepositCharge
u WithdrawCharge, o0'bsIBJIEHHBIE B IIPEABIAYIIIEM IpuMepe. ITU KJacchl g00aB-
JITIOT HOBBIE METOHBI, TaKMe KakK deposit_fee(), B KJacchl, BKJIIOYAOIIE UX
B uKcJIO 0a30BbIX KiaccoB. OgHAKO BaM eBa JIX IIOTPe00BaJIOCE ObI, HAIIPUMED,
co3JaBaTh 9K3eMILIAPBI caMoro KJjacca DepositCharge. B meiicTBUTEIBHOCTHU 9K-
3eMILJISIP 9TOT0 KJacca egBa JU MOT Obl UMeTh IIPAKTHUYECKYIO MOJIb3y (OH 00-
JlaZiaeT BCero OOHUM METOJ0M, KOTOPBIH caM Mo cebe He MOKeT make paboTrarb
TPaBUJIBHO).
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U ere ogHoO mmocaeaHee 3aMevaHUe: €CJIU B 9TOM IpUMepe IMoTpedyeTrcs ucipa-
BUTH IIPOOJIEMY CO CCBLIKOII Ha aTpudyT fee, MmeToasl deposit_fee() m withdraw_
fee() MOYKHO UBMEHUTH TaK, UTOOBI OHU 00paIllajuch K aTpuOyTy HAIIPAMYIO,
UCIIOIB3Ys UM KJlacca BMEeCTO cChlIKU self (Hampumep, DepositChange.fee).

NMonumopodunsm, nnn guHammyeckoe cefizbiBaHne
U AUHamMumyeckas Tunusauusa

Hunamuyeckoe caasvieanue (MHOTA, B KOHTEKCTe HACJIeIOBaHNA, HA3bIBAETCS
NOAUMOPHU3M) — 9TO BOSMOYKHOCTD UCIIOJIb30BaAHUA SK3EMILIAPa 6e3 yueTa ero
dbaxTuueckoro tumna. JaHHAS BOZMOYKHOCTH II€JIMKOM O0ECIIEUMBAETCA MeXa-
HU3MOM IIOMCKAa aTpubOyTOB B JepeBe HACJIEJOBAHU, OMMCAHHBIM B IIPEABIY-
mem pasgese. Beakuil pas, Korjga MPou3BOAUTCS obOpaleHue K arpudyTy, Ta-
Koe Kak obj.attr, momck arpubyTra attr cHauaJja BBIIOJHAETCS B CAMOM 9K3€M-
ILIsipe, 3aTeM B OIIPeieIEHNY KJIacca 9K3eMILIsAPa, a 3aTeM B 0a30BBIX KJaccax.
ITouck nmpekparinaercsa, KaK TOJbKO OyZeT HalijieH NepBbIid aTpudyT ¢ Tpedye-
MBIM UMEHEM.

BaskHO 0cO0EHHOCTHIO IIPOIECCA CBASBIBAHUS ABJIAETCS €r0 He3aBUCUMOCTE OT
TOr0, KAKOMY TUIY IPUHAAJIEIKUT 00beKT 0bj. To ecTh pu oOpaleHny K aTpu-
OyTy obj.name aTOT MexaHU3M OyAeT paboTarh C JIOOBIM O00BEKTOM 00j, MMeI0o-
muM atpudyT name. Takoe moBeqeHNe NHOTIA HABBIBAIOT OUHAMULECKOU MUNU-
3ayuell (MU yTUHON TUNIN3AIUell UCXO/A U3 TIOCTOBUIIBI: «€CJIU ATO BHITJISAANT,
KPAKAEeT U XOIUT, KAK YTKA, 3HAYUT, 9TO YTKA»).

YacTo IporpaMMUCTLI IUIIYT IPOrpaMMbl Ha a3biKe Python, mcxogs us sToro
moBefeHusA. Hampumep, Korga HEOOXOAUMO CO3JaTh MOAUMDUIITMPOBAHHYIO BEP-
CHIO CYII[EeCTBYIOILEr0 KJAcCa, Ha €ro OCHOBE MOXKHO JIM0O CO3IaTh IIPOM3BO-
IHBIN KJacc Jinho OIpelesIuTh COBEPIIEHHO HOBBIA KJACC, KOTOPLIN BBITVIAIUT
U JefiCTBYeT KaK IPeXHUM, HO HUKAK ¢ HUM He cBsaA3aHHBIH. [lociietHM ToaX0/T
YacTO MCIIOJb3yeTCcsA AJIA OcaabyieHus CBA3ell MeKay KOMIIOHeHTaMU IIporpaM-
Mbl. Hampumep, MOJKHO HAICaTh IPOTPAMMHEBIN KOJ, KOTOPBIHA OyaeT paboTaTh
¢ 00beKTaMU JIIOOBIX TUIIOB, IIPU YCJIOBUM, UTO OHU 00JaMAIOT OIIPeAeIeHHBIM
HabopoM MeTonoB. B KauecTBe OHOr0O 13 HAM0O0JIee TUIINYHEIX IIPIMEPOB MOMKHO
IPUBECTU Pas3InYHbIe 00BEeKThI, HaoMHuHAaIHe (haljbl, KOTOPhIE OIIPeIes-
IOTCS B CTaHIAPTHOM 6uOaroTeKe. XOTA 3TU 00beKThI CBOMM IIOBEIeHIEeM HAIIO-
MHUHAIOT (ailyibl, TEM He MeHee OHU He HacJIeAyIOT BCTPOEHHBIN 00beKT daiiia.

CTtaTnyeckue Mmetoabl U MeToAbl KJ1acCoB

ITo ymonuauuio mpeamnoaaraeTcs, 4To Bce QyHKIUY, IPUCYTCTBYIOIIE B OIIpe-
IeJIeHUU KJiacca, OyayT OIepUpPoOBaTh 9K3EeMILIAPOM, KOTOPHII BCera IepemaeT-
cs B Bujie mepBoro aprymenTa self. OMHAKO CYII[eCTBYIOT elIIle JBa TUIla MEeTO/0B,
KOTOPBIE MOJKHO OTIPEIeIUTh.

Cmamuueckuil memod — 9T0 00bIUHAA (PYHKIIUA, KOTOPAs IPOCTO BKJIOYAET-
cA B IPOCTPAHCTBO NMEH, onpesessemMoe KiaaccoM. OHa He OllepupyeT KaKUMU-
b0 sK3eMIIApamMu. A onpeneeHNA CTATUYECKUX METOAOB UCIIOJIb3YeTCs
aexoparop @staticmethod, KaK MOKa3aHO HUMKe:
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class Foo(object):

@staticmethod

def add(x,y):
return x + vy

YT00BI BEIBBATH CTATUUECKUIT METO/I, JOCTATOUHO IIPOCTO JOOABUTH UM KJacca
nepeq HuM. I[Ipu 3TOM He TpebyeTcs mepefaBaTh eMy KaKy0-T100 JOTOJHUTEb-
"y napopMmaluo. Hampumep:

x = Foo.add(3,4) # x =7

OOBIYHO CTATUYECKUE METOAbI MCIIOJb3YVIOTCA Jis O0eclieueHMrs] PasIUnUHBIX
CII0CO00B CO3JaHNs HOBBIX SK3E€MILIAPOB. B 00'biABIEHNN KJIacCA MOJKET OBITH
TOJBKO OGWH MeTOx __init__(), OZHAKO MMeeTCs BO3MOMKHOCTH OOBABUTEL AJIb-
TepHATUBHBIE ()YHKINN CO3JAHNA SK3EeMILISIPOB, KaK IIOKA3aHO HIUKe:

class Date(object):
def __init__(self,year,month,day):
self.year = year
self.month = month
self.day = day
@staticmethod
def now():
t = time.localtime()
return Date(t.tm_year, t.tm_mon, t.tm_day)
@staticmethod
def tomorrow():
t = time.localtime(time.time()+86400)
return Date(t.tm_year, t.tm_mon, t.tm_day)

Heckonbko NprMepoB CO3MaHNsd 9K3EeMNNapoB

= Date(1967, 4, 9)

Date.now() # BbidoBeT cTaTuyeckuit meton now()

= Date.tomorrow() # Bb3oBeT cTaTuyeckuin meTon tomorrow()

O T O =

MemodbL Kaacca — 3TO METOABI, KOTOPBIE OIIEPUPYIOT CAMHUM KJIaCCOM KaK 00b-
exToM. OTIpenessIoTCs OHU ¢ IIOMOIIIBIO AeKopaTopa @classmethod. Meron kiac-
ca OTJIMYaeTCs OT MeTO/la SK3EMILISIPA TEM, UYTO B IIEPBOM apryMeHTe, KOTOPBIi
B COOTBETCTBUU C COTJIAINIEHUSIMU Ha3bIBaeTCA C1S, eMy Ilepenaetcd Kjacc. Ha-
IpuMep:

class Times(object):
factor = 1
@classmethod
def mul(cls,x):
return cls. factorsx

class TwoTimes(Times):
factor = 2

x = TwoTimes.mul(4) # BbidoBeT Times.mul(TwoTimes, 4) -> 8

O6paTuTe BHUMAaHNE, YTO B JaHHOM IpuMepe KJacc TwoTimes mepesaeTcss MeTo-
oy mul() KaK 00'bEKT. OTOT IPUMEP BO MHOI'OM MCKYCCTBEHHBIN, TEM He MeHee
CYILIECTBYIOT MIPaKTU4YECKNEe, 1 BeCbMa TOHKUE, IIDUMEHEHUA METO/JOB KJIaCCOB.
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Hampumep, IpeaoaoKuM, 4To 00bABIAETCA KJIACC, HacaeyIoInuii Kiacce Date,
MOKA3aHHBIN BBIIE, 1 HEMHOI'O MOAUMUIIMPYIOIUHA ero:

class EuroDate(Date):
# W3meHeHa cTpoka npeobpa3oBaHus, 4TOOb 00€CNeYUTb BO3MOXHOCTb
# npefAcTaBneHus gaT B eBpOMNeickoMm gopmaTte
def __str__(self):
return “%02d/%02d/%4d” % (self.day, self.month, self.year)

ITockosbKY 3TOT KJiacc Hacaexyet Kjacc Date, oH o6JiaziaeT BceMU ero 0CoOeHHO-
cramu. OnHAKO IOBeZeHre MeToZoB now() u tomorrow() 6yAeT HEMHOT'O IIOPTUTH 06~
mryio kaptuny. Hanpumep, ecaiu BbI3BaTh MeTox FuroDate.now(), BMecTo 060beKTa
EuroDate oH BepHeT 00beKT Date. ITO MOKHO UCIIPABUTH, M3MEHUB METOJ, KJlacca:

class Date(object):

@classmethod

def now(cls):
t = time.localtime()
# Co3paTb 00beKT COOTBETCTBYWUErO Tuna
return cls(t.tm_year, t.tm_month, t.tm_day)

class EuroDate(Date):

a = Date.now() # Bw3oseT Date.now(Date) u BepHeT Date
b = EuroDate.now() # BbisoseT Date.now(EuroDate) » BepHeT EuroDate

OpHa u3 0COOEHHOCTE! CTATUYEeCKUX METOLOB U METO/OB KJIacCa COCTOUT B TOM,
YTO STU METOJABI PACIIOJIAral0TCA B TOM K€ IIPOCTPAHCTBE UMEH, UTO ¥ METOMIbI
9K3eMILIsIpa. BeiregcTBre 9TOro OHM MOTYT BBIBBIBATHCS OTHOCUTEIBLHO S9K3EeM-
nasapa. Hampumep:

[}

= Date(1967,4,9)
= a.now() # BuisoseT Date.now(Date)

o

9TO MOJKEeT OBITh MCTOYHMKOM HEIOIOHMMAHWS, IIOTOMY UYTO BBIZOB a.now()
B IeHCTBUTEILHOCTYA HUKAK He BO3IeICTBYeT Ha 9K3eMILJISP a. TaKkoe moBeeHe
SABJISIETCS OJHOM 13 0CO0EHHOCTEeHM 00 beKTHOM cucTeMbl A3biKa Python, koTopsie
OTJIMYAIOT ero OT APYIUX 00beKTHO-OPUEHTUPOBAHHBIX SA3BIKOB IIPOIPAMMUPO-
BaHU, Takux Kak Smalltalk u Ruby. B aTux si3bikax MeTOABI KJacca OTAeIeHbI
OT METOOB 9K3eMILJIAPA.

CBoncTBa

OO0bIUHO IIPU O0pAallleHNN K aTPpUOyTy 9K3eMILISpa WK KJacca BO3BPAIaeTCs
3HaUeHUe, COXPaHeHHoe B 9ToM aTpubyTe pamee. Cgoiicmao — 9T0 ocobasd pas-
HOBUIHOCTh aTpuOyTa, KOTOPHIM BBIUMCJISIET CBOE 3HAUEHME IIPU ITONBITKE 00-
patenus K Hemy. Huske IPUBOAUTCS IIPOCTOI IPUMED:

class Circle(object):
def __init__(self, radius):
self.radius = radius
# HekoTopble QONONHMTENbHbE CBOWCTBA knacca Circles
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@property
def area(self):
return math.pixself.radius**2
@property
def perimeter(self):
return 2«math.pixself.radius

Baaromaps aTomy mosyuuBiIniicsa o0beKT Circle obpen cienyiomniue ocobeH-
HOCTH:

>>> ¢ = Circle(4.0)

>>> c.radius

4.0

>>> c.area

50.26548245743669

>>> c.perimeter

25.132741228718345

>>> c.area = 2

Traceback (most recent call last):
File “<stdin>”, line 1, in <module>
AttributeError: can’t set attribute

(NepeBsof:

TpaccupoBoYHas MHOOpMaLWs (CaMblii MOCNEAHWIA BbI3OB — CaMbli HUXHUIA)
Oann “<stdin>”, cTpoka 1, B <module>

AttributeError: HEBO3MOXHO YCTAHOBUTb 3HadeHue aTpubyTa

)

>>>

B sTom nmpuMmepe sK3eMILIAPEI KJaacca Circle 0061ama0T mepeMeHH O 9K3eMIIIsa-
pa c.radius, roe XpaHUTCS 3HAUEHUe, U aTpubyTaMu C.area u c.perimeter, suaue-
HUS KOTOPBIX BBIYMCJISAIOTCA MCXOMA U3 3HAUEHUS DTOI mepeMeHHOI. JleKopa-
TOp @property obecreunBaeT BO3MOKHOCTE OOpAIIeHUS K METOLY, CJIeAYIOIMEeMY
3a HUM, KaK K IIPOCTOMY aTpulOyTy, 6€3 KPYIJIbIX CKOOOK (), KOTOPBhIE OOBIUHO
I00aBIAIOTCSA, YTOOBI BBIZBATE MeTO. O0BEKT He NMeeT HUKAKUX OTINUYNTE b
HBIX IPU3HAKOB, KOTOPbIe TOBOPUJIX OBI O TOM, UTO 3HaUEeHUE aTpudyTa BEIUMC-
JIAeTCs, — KPpoMe BBIBOJA COOOIIeHusA 06 OIMNOKe, KOTOPOe IreHepUupyeTcs: Mpu
TOMBITKE TIePeoIpeie/INTh 3HaUeHne aTpubyTa (0 ueM CBUIETEeIbCTBYET UCKJIIIO-
yeHue AttributeError B mpuMepe BEIIIIE).

Takoii crroco® MCIOJMB30BAaHUA CBOMCTB MMEET IPSAMOE OTHOIIEHWE K peaJiu-
3anuu npurHyuna edurnoodpasnozo docmyna (Uniform Access Principle). CyTh
COCTOUT B TOM, UTO KOTZA OOBABJIAETCS KJACC, XOPOIIO ObI 06ECIIeUnTh MaK-
cuMaJIbHOe efNHOOOpasue AOCTyna K HeMy. Be3 mpuMeHeHUs CBONCTB ZOCTYI
K OOHMM aTpubyTaM BBITJIALe] Obl, KaK obOpalleHre K OOBIYHBIM aTpudyTam,
HampuMep c.radius, a K ApyruM — KakK K mMeTomaM, Hampumep c.area(). Heob6-
XOAUMOCTH 3allOMUHATh, KOT/Ia cJaeAyeT n06aBIATh KPYIJIble CKOOKHU (), a KOr-
Jla — HeT, JUIIIb BHOCUT JUIIHIOW nyTanuiy. CBoiicTBa MOMOraroT n30aBUTHCHA
OT 9TUX HEIPUATHOCTEIL.

IIporpammucTh! Ha A3biKe Python He Bcerga moHMMAaiOT, YTO CAMU METOIbI He-
ABHO MHTEPIIPETUPYIOTCA, KaK CBOicTBa. PaccMoTpuM ciieqyIomniuii Kjacc:

class Foo(object):
def __init__(self,name):
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self.name = name
def spam(self,x):
print(“%s, %s” % (self.name, x)

Korza monp3oBaTesb CO3MACT 9K3EMILIADP STOrO KJacca, Haupumep: f = Foo
(“I'supo”), u monpobyeT o6paTuThbCA K aTpudyTy f.Spam, OH MOJYUYUT He 00'bEKT
byHKIIIU spam, a TO, UYTO HA3BIBAETCS CE8A3AHHLLM MemodoM, TO eCTh O0BEKT,
TIPEeCTaBIAIONNN BHI3OB METO/Ia, KOTOPBIH Oy/eT BBITTOJIHEH IIPU A00aBJIeHUN
K HeMy omepaTtopa Bbi3oBa (). CBA3aHHBIN METO] HAIIOMHUHAET YACTUYHO TOJ-
TOTOBJIEHHYIO (DYHKIIWIO, IJIA KOTOPOM apryMeHT self yiKe mMeeT HEKOTOPOe
3HAUeHNe, HO KOTOPOH ellle HeOOXOAUMO IepeaTh JTOIOJHUTEIbHbIE apTyMeH-
THI IIPU BBI30BE C IIOMOIIILI0 ontepaTopa (). Cos3maHme 9TOro CBA3AHHOTO METO A
npousBoauTCcA QYHKIIMEH cBOMiCTBa, KOTOpPasd BbI3bIBaETCH 3a Kysucamu. Korga
C IIOMOIIIBIO JeKOopaTopoB @staticmethod u @classmethod co3maeTcss cTaTUUECKUi
MeTOJ] MU MeTOJ KJjacca, (haKTuduecKu BbIOMpaercsa aApyras GYHKIUSA CBOIi-
CTBa, KOTOpasi 00eCcIeuYnuT HEMHOTO MHOM cIoco0 o0palleHusa K 3TUM MEeTOIaM.
Hamnpumep, nekopatop @staticmethod mpocTo BosBparmaer (YHKIIUIO METOJA
B TOM K€ BU/Jle, B KAKOM IIOJIYYMJI ee, HUUero He n00aBJAA 1 He UBMEHAA.

CBolicTBa TaKsKe MOTYT II€PeXBaThIBaTh OIEPAIIAY 10 UBMEHEHUIO U yAaJIeHUI0
aTpubyTa. [lesaeTcsa 3TO MOCPEACTBOM IIPUCOEAUHEHUA K CBOMCTBY CIIEI[MAJb-
HBIX MEeTOJI0OB U3MeHeHUd u ynajtenusa. Hanpuwmep:

class Foo(object):
def __init__(self,name):
self.__name = name
@property
def name(self)
return self. _name
@name. setter
def name(self,value):
if not isinstance(value,str)
raise TypeError(“Uma ponxHo ObTb cTpokomn!™)
self.__name = value
@name.deleter
def name(self)
raise TypeError(“HeBo3mMoxHO ypanuTs aTpubyT name”)

f = Foo("lBuuo”)

n = f.name # Bbi3oBeT f.name() — BepHET QyHKUMO

f.name = “MoHTW” # BH30BET MeTOn u3meHeHus name(f, "MoHTH")

f.name = 45 # BbI30BET MeTon u3meHeHust name(f,45) -> TypeError
del f.name # Bb3oBeT meTon ypanewus name(f) -> TypeError

CHavaJia B 9TOM IIpUMepe ¢ IIOMOIIBI0 JeKopaTopa @property U accoiuupoBaH-
HOTO C HUM MeTo/a 00'bABJISEeTCS aTPUOyT name KaK CBOMCTBO, JOCTYIIHOE TOJIb-
Ko muis ureHus. Caenyromime HUKe HeKOpaTopwl @name.setter m @name.deleter
CBSI3BIBAIOT JOIOJHUTENbHBIE METOALI C ONEPAIUAMI U3MEHEHUA U yAAJeHUA
aTpudbyTa name. MiMeHa 3TUX METO0B JOJIKHBI B TOUHOCTHU COBIALATDH C IMEHEeM
OpPUTUHAJBHOIO cBoiicTBa. O0paTuTe BHUMAaHNE, UTO B 9TUX METOJaxX (hakTuue-
CKOe 3HaueHIe CBOMCTBA Nane coxpaHseTcs B arpubyre __name. Vims aToro arpu-
OyTa He JOJI’KHO CJIe0BaTh KAKUM-IU00 COTJIAIIIEHUAM, HO OHO JOJIXKHO OTJIH-
YaThCs OT UMEHU CBOMCTBA, YTOOBI N30€2KaTh HEOJHOSHAUHOCTH.
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B crapom mporpaMMHOM KO€e YacTO MOKHO BCTPETUTH OIIPeAeIeHUSA CBOWCTB,
BBITIOJTHEHHBIE C TOMOMThI0 DyHKITUY property(getf=None, setf=None, delf=None,
doc=None), KOTOPOIi ITepearoTCsI METO bl C YHUKAJIbHBIMU UMEHAMU, Pean3yio-
111ie HeoO0XoAMbIe onteparinu. Haopumep:

class Foo(object):
def getname(self):
return self.__name
def setname(self,value):
if not isinstance(value,str)
raise TypeError(“Wma ponxHo ObTL cTpokomn!™)
self.__name = value
def delname(self):
raise TypeError(“HeBo3amoxHo ypanuTb aTpubyT name’)
name = property(getname, setname, delname)

ITOT yCTapeBIINI MOAXO]] MO-TIPEIKHEMY TIOJJePyKMUBAETCA, HO MCIIOJH30BaHUIE
JIEKOPaTOPOB IMTO3BOJIAET IOJyUaTh 60jiee ya0OHBIE OIpeneeHus KiaccoB. Ha-
IpuMep, IPU UCIIOJIBE30BAaHUY AeKopaTopoB GyHKINU get, set u delete He OyayT
BUJHBI KAK METOMbI.

HeckpunTtopbl

IIpu UCTIONIB30BAHUY CBOMCTB AOCTYI K aTPUOyTaM YIPABJAETCSA Cepueil moIb-
30BaTeJabCKUX (GyHKIMIT get, set um delete. Takoii cmocob ympaBieHUs aTpuU-
OyTaMHu MOJKET ObITH 0000IIeH erfe 60JIbIlle, 3a CUET MCIOJb30BAHUSI 00BeKMa
Oeckpunmopa. lecKpUIITOp — 9TO OOBIYHEIN 00'BEKT, IIPEACTABIAOMINI 3HAYE-
HUe aTpubyTa. 3a cUeT peasd3al[uy OJHOTO MU OoJiee CIeIuaJIbHBIX METOA0B
__get__(), __set__() m __delete__() OH MOKeT ITOAMEHATH MEXaHNU3MBbI JOCTYIIa
K aTpubyTaMm U BJIUATDH Ha BHITIOJHEHUE dTUX onepanuii. Hampumep:

class TypedProperty(object):
def __init__(self,name, type,default=None):
self.name = “_” + name
self.type = type
self.default = default if default else type()
def __get__(self,instance,cls)
return getattr(instance, self.name,self.default)
def __set__(self,instance,value):
if not isinstance(value,self.type):
raise TypeError(“3navyeHne ponxHo ObiTb Tuna %s” % self.type)
setattr(instance, self.name, value)
def __delete__(self,instance):
raise AttributeError(“HeBosmoxHO yaanuTb aTpnbyT”)

class Foo(object):
name = TypedProperty(“name”, str)
num = TypedProperty(“num”,int, 42)

B srom npumepe Kitace TypedProperty onpezesiseT JeCKPUIITOD, BHITIOJTHAIOIITUN
IPOBEPKY THUIIA IPU IPUCBANMBAHUU 3HAUEHUS aTPUOYTY U BO30Y K IATOIIUIT TC-
KJIIOUeHUe IIPU MONBITKE yAAJIUTh aTpudyT. Hampumep:
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f = Foo()

a = f.name #f HeasHo BH30BeT Foo.name.__get__(f,Foo)
f.name = “T'esupo” # BusoseT Foo.name.__set__(f,"Guido™)
del f.name # BuwsoseT Foo.name.__delete__(f)

IKBeMIIJISIPhl JeCKPUIITOPOB MOTYT CO3JaBaThbCA TOJBKO HA YpPOBHE KJacca.
Henwssa cosmaBaTh 00HEKTHI JAECKPUITOPOB [JiA KaKIOTO SK3EMILIApa B OT-
IeJbHOCTU, BHYTPHU MeToxa __1init__() miau B ipyrux meromax. Kpome Toro, mmsa
aTpubyTa, UCIIOJIb3yeMOoe IJIsI COXPaHEeHUA JeCKPUIITOPA B Kjacce, nuMeeT 6ojee
BBICOKHUI NPUOPUTET THepef APYIMMU aTpubyTaMu Ha YPOBHE 9K3EeMILJISPOB.
VMeHHO 1MOSTOMY B IIPEABLIAYIIEM IpUMepe 00BEKTY JAeCKPUIITOPa IIepeaaeTcs
mapameTp name ¢ UMeHeM, ¥ UMEHHO [I09TOMY MOJyUYeHHOe UM U3MeHseTCA 3a
cueT n06aBJIEHUSA BeAYII[ero CUMBOJIA TOLUePKUBAaHUsS. YTOOBI JECKPUIITOP MOT
COXPaHATH 3HAUEHUE aTprudyTa B 9K3eMILIAPe, UM 9TOT'0 aTpudyTa JOJIKHO OT-
JINYATHCA OT UMEHU, UCIIOJIb3yeMOr0 CAMUM JEeCKPUIITOPOM.

MHKal'IcyﬂilLl,Vlﬂ AAHHbIX N YaCTHbIle anVIGyTbI

ITo ymosuaHMIO BCe aTpUOYTHI X METOBI KJIacca ABJISIOTCA O0IIeLOCTYIHBIMU.
ATo 03HAYAET, UTO BCE OHU JOCTYIIHBI 0€3 KaKUX-TN00 OrpaHNUYEeHU. ITO TaAKIKe
03HAYaeT, YTO Bce aTPUOYTHI U METOAbI 6a30BOr0 KJacca OyAyT yHacJieqoBaHbL
¥ JOCTYIHBI B MPOMBBOAHBIX KJaccax. B 00bEKTHO-OPMEHTUPOBAHHOM IIPO-
rpaMMUPOBAHUM 9TA OCOOEHHOCTDH YACTO ObIBAET HEYKEJIAaTeJIbHOM, IOTOMY UTO
TIO3BOJISAET JIETKO IMOJYYUTh NH(POPMAIIUIO O BHYTPEHHEM YCTPOMCTBEe 00HEKTa
W MOYKEeT IPUBECTU K KOH(MIUKTY UMEH MeKAy 00beKTaMU, CO3JaHHBIMU Ha
ocHOBe 6a30BOI0 ¥ MPOU3BOJHOI'O KJIACCOB.

Yr0o6b!I UCIPABUTH 9Ty IPOOJIEMY, BCe UMeHa B OIIpeJieJIeHUU KJiacca, HauuHa-
Iolyecs ¢ ABYX CHMBOJIOB IOAUepPKUBAHNUA, TaKUe KaK __F00, aBTOMATUYeCKH
U3MeHATCA U obpeTaroT Buj, _(Classname__Foo. Biaromapsa sTomy obecreunBa-
erca 9 PEeKTUBHBIN CII0CO0 CO3LAHUA UYACTHBIX aTPUOYyTOB U METOLOB KJacca,
IIOTOMY YTO YaCTHBIE UMEHA B IOPOXKIEHHOM KJjiacce He OyayT KOH(MINKTOBATH
C TAKUMU *Ke YJaCTHBIMU UMeHaMu B 6a30BoM KJjiacce. Hanmpumep:

class A(object):
def __init__(self):

self._ X =3 # bypeT u3merHeHo Ha self._A__X
def __spam(self): # byneT u3meHeHo Ha _A__spam()
pass
def bar(self)
self.__spam() # BoisoBeT TOnbKO MeTom A.__spam()
class B(A):

def __init__(self):

A. init_ (self)

self.__X =37 # byneTt usmeHeHo Ha self._B__X
def __spam(self): # bynet mnameHeHo Ha _B__spam()

pass

XoTa Takas cxeMa UMEHOBAHUS CO3JaeT MJLIIO3UI0 COKPHITUA JaHHBIX, Ha ca-
MOM [eJie He CYIIeCTBYeT MeXaHu3Ma, KOTOPbII AefiCTBUTEIHHO IPEIsITCTBOBAJ
ObI IIOMBITKAM OOPATUTLCA K «YaCTHBIM» aTpubyram KJacca. Tak, ecau mms
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KJIacca ¥ MM YaCTHOI'O aTpudyTa M3BECTHO 3apaHee, K HEMY MOXKHO 00paTUTh-
csd, UCII0JIb30BaB U3MeHeHHoe nMdA. Kiiacc MOMKeT ciesiaTh TaKue aTpudyThl Me-
Hee 3aMeTHBIMU, IIepeornpeneauB MmeTon __dir__(), KOTOPbIi G OPMUPYET CIINCOK
NMeH, BO3BpaliaeMblii PyHKI[UeH dir(), UCIOab3yeMOli 1 UCCIeOBAHNA 00"
eKTOB.

Ha mepBbIit B3rIA, TaKOoe U3MeHEeHNe UMEH BBITJIAIUT, KaK JOIOJHUTEIbHAS
orepalus, Ha BBIIOJHEHNE KOTOPOH TPATATCA BHIUUCIUTENbHBIE PECYPChI, HO
B peaJIbHOCTH OHA BBITIOJHSAETCSA ONUH pPas, Ha sTalle onpeaeaeHnsa Kiaacca. Oxa
He ITPOUB3BOAUTCSA B IIPOIeCCe BHITIOJHEHUA METOJ0B U He BJIeUeT 3a cOOOU CHU-
JKeHUe ITPOU3BOAUTEIbHOCTH IIPOrpaMMbl. Kpome TOro, cjieyeT OTMEeTUTD, UTO
moaMeHa MMEH He ITPOMCXOAUT B TaKMX (PYHKIIUAX, Kak getattr(), hasattr(),
setattr() mam delattr(), rme umeHa aTpubOyTOB IIepegaOTCsa B Bue CTPOK. I[Ipu
paboTe ¢ aTUMU QYHKIIUAMHI IJId JOCTYIIA K aTpudyTaM HeO0XOAMMO IBHO yKa-
3LIBATh N3MEHEeHHEbIe IMeHa aTpu0yTOB B BUIe _(Classname__name.

PexomMeHzyeTcs onpeesiATh YaCTHBIE aTPUOYTHI ¢ U3MEHAEeMbIMY 3HAUeHUAMU
4yepes cBoiicTBa. TeM caMbIM BBI IIOATOJKHETE II0JIH30BaTeNId K UCIIOJIHE30BAHUIO
UMEeHU CBOWCTBa, a He caMoro o0'beKTa JaHHBIX (UTO, BEPOATHO, sKeJIaTeJIbHO
JlJIA Bac, MHaJe BbI He cTaju ObI 000paynBaTh JaHHBIE B CBOUCTBO). IIpnmep Ta-
KOr'0 II0OAX0Ja IPUBOAUTCA B CJIeAYIOIeM pasjeie.

Cosmanme YacTHBIX METOHOB oOecIleurBaeT MAJIs CYIEpPKJacca BO3MOYKHOCTDH
IpeIOTBPATUTDL IlepeollpeseieHre W W3MEeHeHUe peaju3alluili 9THUX MeTO0B
B IIOPOJKAEHHBIX KJjaccax. Hampumep, meton A.bar(), B IpuMepe BbIllle, OyAeT
BBISBIBATH TOJBKO MeTOA A.__spam(), He3aBUCHUMO OT THIIa apryMeHTa self mium
OT HAJWYUA IPYTroro MeToza __spam() B IIPOU3BOAHOM KJacce.

Haxomerr, He ciegyeT myTaTh IpaBuJja UMEHOBAHUA YaCTHBIX aTPUOYTOB KJac-
ca ¢ IpaBUJIaMU MMEHOBAHUSA «YACTHBIX» OINpeAesieHUU B MoayJe. Tunuunas
oIrnOKa COCTOUT B IIOMBITKE OIPENEJUTh YACTHBIM aTpubyT KJacca ¢ eguH-
CTBEHHBIM CMMBOJIOM IIOAUYEPKUBAHUSA B HauaJje (Hampumep, _name). B mogymnax
9TO corviallleHre 00 MMEHOBAHHUU II03BOJISET MPEIATCTBOBATH SKCIIOPTHUPOBA-
HUIO UMEH C IIOMOIbI0 HHCTPYKIUU import . OmHAKO B KJlaccax 3TOT IIPHUEM
He IPUBOAUT K COKPBLITHUIO aTPUOYTOB U HEe MpeAoTBpaIiaeT KOHMJINKTLI UMeH,
KOTOpbIE MOT'YT BOSHUKHYTD, €CJIX B IIPOM3BOAHOM KJiacce OyAeT IpeaIpuHaTa
TIOIIBITKA OIIPENEeJUTL HOBBIM aTpUOyT UM METO/ C TEM JKe MMEHEeM.

YnpasneHue namaTbio 00ObLEKTOB

Korzma 00bABIsieTCA KJace, B pesyjibTaTe MOJyJaeTCs KJIAacC, KOTOPBIHA CAYIKUT
(habpuKoii MO IPOU3BOACTBY 9K3EMILIAPOB HOBBIX 9K3eMILIAPoB. Hampumep:

class Circle(object):
def __init__(self, radius):
self.radius = radius

# Co3naTb HECKONbkO 3k3emnnspos knacca Circle
¢ = Circle(4.0)
d = Circle(5.0)

Cosmanue sK3eMILJIsIpa BBIMOJHAETCSA B JBa 9TAlla, C MCIOJb30BAHUEM CIIEIIU-
aJbpHOTO MeToma __new__(), CO3IaIOIIero HOBBIHA SK3eMILIApP, U MeToma __init__(),
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uHUIaausupyoIero ero. Hanpumep, onepanusa ¢ = Circle(4.0) BeIDoJHAETCA
B JIBa dramna:

¢ = Circle.__new__(Circle, 4.0)
if isinstance(c,Circle):
Circle.__init__(c,4.0)

Meton __new__() KJlacca JOCTaTOYHO PEKO OMIpPeaesAeTcs B mporpaMMmax. Ecin
OH OIIpefiesIsIeTCs, TO OOBIUHO ero 00bABJEHUe cleayeT Iadjony __new__(cls,
*args, *+kwargs), Tme args m kwargs — 9TO Te JKe caMble apryMeHTHI, UTO Iepe-
matorcs meroxy __init__(). Merox __new__() Bcerma siBjIseTCs METOIOM KJiacca,
KOTOPBIH IPUHUMAET 00'beKT KJIacca B IIEPBOM apryMeHTe. XOTA MEeTO __New__
() co3maeT 9K3eMILJIAD, OH He BhI3bIBAET MeTo __init__() aBTOMaTUUYeCKH.

Eciz Bam moBemercsa yBuaeTh 00'bsBJIeHME MeToma __new__() B KJacce, 00bIU-
HO 9TO MOJKEeT O3HauaTh OJHO U3 ABYX. BO-TIEPBBIX, KJIACC MOKET HACJIEIOBATH
0a30BBIHA KJACC, 9K3eMILISIPbl KOTOPOr'0 OTHOCSATCS K Pas3psany Heu3MeHsIeMbIX
00'BEeKTOB. ITa CUTyaIlua XapaKTepHa IJId KJIacCOB, KOTOPhIE HACJIeAYIOT BCTPO-
eHHble Heu3MeHAeMble TUIIhI, TaKue KaK IleJible YKCJia, CTPOKA WJIU KOPTeXK,
IIOTOMY UTO MeTOJ __new__() ABJAETCA eIUHCTBEHHBIM METOJIOM, BHISBIBAEMBIM
mepes CO3TAaHVEM 9K3eMILISAPa, U eJUHCTBEHHBIM, T/le TaKOe 3HAUEHNEe MOYKEeT
OBITh M3MEHEHO (B 9TOM CMBICJIe MeTOH __1init__() BHI3BIBAETCS CJIHUIIIKOM IIO3.-
Ho). Hampumep:

class Upperstr(str):
def __new__(cls,value=""):
return str.__new__(cls, value.upper())

u = Upperstr(“hello”) # BepHeT 3Hauverue “HELLO”

Hpyroii cayyaii, Korga MOKeT MOTPedoBaThCA IIePEeoPe e UTh METO __New__
(), — upu 00'BABIEHUN MeTaKJaaccoB. ITogpo0Hee 0 HUX PaCcCKa3bIBAETCA B KOH-
11e 9TOM IJIaBHI.

ITocne cosmanusa sK3eMILIApa yIIPaBJIeHNUEe UM OCYIIECTBJIAETCA 3a CUeT IOJ-
cueTa CChLJIOK. Korfa cCueTuymK CChIJIOK YMEHBIIAeTCA A0 HYJId, SK3eMIIJIAD TYT
JKe YHUUTOo:KaeTcdA. Korma IpoOMCXOAUT YHUUTOMKEHNE 9K3eMILIApa, UHTep-
IpeTaTop cHauaJia OTbICKuMBaeT Meton __del () o0beKTa u BeI3LIBaeT ero. Ha
IpaKTUKe HeOOXOAUMOCTD B OpeAeeHny Mmetoga __del () BOSHHKAaeT PemKo.
EquHCcTBEeHHOE HCKJIUEeHNEe — KOT/la B Ipollecce YHUUTOMKEHUA 00'beKTa Heo0-
XOIMMO BBITIOJIHUTH HEKOTOPEIEe 3aBepItaloliue qeficTBU, HAIIPUMED 3aKPBITh
daiin, pasopBaTh ceTeBOoe COeIMHEHWEe WUJU OCBOOOAUTH APYrHUe CUCTEMHBIE
pecypcbl. OfHAKO Jaske B TAKUX CIAyUasX HeJIb3s IIOJHOCTHIO ITOJaraThCsa Ha
meron __del_ (), IOTOMY YUTO HET HUKAKUX TapaHTHUI, UTO STOT METOH OyaeT
BBI3BAH IIPU 3aBepIlleHUU paboThl MHTepIperaTopa. Jid aTux IeJeil Jydiie
ONpeNeJINTh METOM, TaKO! KakK close(), KOTOPBIN IporpaMmMa CMOKET ABHO HUC-
TOJIL30BaTh ITPU 3aBEPIIIeHUN.

Wuorma nnsa ymajeHUs CCBLIKU Ha O0BEKT B IIPOrpaMMaX HCIIOJIb3YeTCsS MH-
ctpyKruda del. Ecau B 9TOM ciiydyae CUETUHK CCHLJIOK yMEHBIIaeTcs A0 HYJI,
BbI3BIBaeTcsa meror __del__ (). OmHako B 00IIeM ciiyuae BbI3OB MHCTPYKIIUU del
He 00s3aTeJIbHO ITPUBOIUT K BBI30BY MeTona __del__().



174

Mnasa 7. Knaccbl 1 06beKTHO-0pUEHTMPOBAHHOE NMPOrpaMMUpPOoBaHme

C yHHUYTOXKeHneM 00'beKTOB CBs3aHa OJHA MaJio3aMeTHas IIpobjemMa, KoTopas
o0ycJIOBJIeHA TE€M, YTO He BCe CHUTYaIlUU, KOT[a OOJIJKEH BbIBBIBATHCA METOJ
__del__(), pacmo3HAIOTCA ITMKJIUYECKUM COOPIITMKOM Mycopa (UTO SABJIAETCS
BECKOI IIPUUYMHON He ompenesaTh MeTof __del__() 6e3 cepbe3HBIX Ha TO OCHO-
Bauwuii). [IporpaMMuUcCTbI, IPUIIEAIIINE U3 APYTUX A3BIKOB IPOrPAaMMUPOBAHNS,
B KOTOPBIX OTCYTCTBYET MeXaHU3M aBTOMATHYECKOro coopa Mmycopa (Hampumep,
C++), DOKHBI CTAapaThCs YKJIOHUTLCA OT CTHJIS IIPOrPAMMUPOBAHUSA C He-
OIIpaBIAHHBIM HCIIOJb30BaHueM mMerona __del__(). Curyamuu, Korga o0bsaBIie-
Hue MeToga __del__() MOMKeT HAPyUIUTDL paboTy cOOPIIIKa MyCcOpa, BOSHUKAIOT
penKo, TeM He MeHee CYIIeCTBYIOT OolpeeieHHbIe IIPOrpaMMHEbBIe cyuan, B KO-
TOPBIX 3TO MOJKET BBEIBHEIBATH OIITUOKM, 0COOEHHO KOTIa PeUYb 3aXOAUT 00 OTHOIIIEe-
HUSX POLUTEIL-IIOTOMOK M O rpadax. Hampumep, MpesmIoIoKuM, YTO UMe-
eTcsa 00'bEKT, peasiM30BaAHHBIN B COOTBETCTBUU C ITA0JIOHOM IIPOEKTHUPOBAHUS
«HAOJII0JaTEeIb>.

class Account(object):
def __init__(self,name, balance):
self.name = name
self.balance = balance
self.observers = set()
def __del__(self):
for ob in self.observers:
ob.close()
del self.observers
def register(self,observer)
self.observers.add(observer)
def unregister(self,observer)
self.observers. remove(observer)
def notify(self)
for ob in self.observers:
ob.update()
def withdraw(self,amt):
self.balance -= amt
self.notify()

class AccountObserver(object):

def __init__(self, theaccount):
self. theaccount = theaccount
theaccount. register(self)

def __del__(self):
self.theaccount.unregister(self)
del self.theaccount

def update(self)
print(“bananc: %0.2f" % self.theaccount.balance)

def close(self)
print(“HabnoaeHre 3a CHETOM OKOHYEeHO™)

# MNpumep cospaHns
a = Account(‘Jens’,1000.00)
a_ob = AccountObserver(a)
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B sTom pparmenTe 00'bsABIsIETCA KJaace Account, IIO3BOJIAIOIINI YCTaHABINBATD
MHOK€eCTBO 00beKTOB KJjacca AccountObserver misa HaGNIOJeHUS 3a 9K3eMILJI-
poMm Account, KOTOpbIE U3BEIAIOTCS O JIIOOBIX M3MeHeHuAX OaJsanca. Ilyis oTo-
ro KayKIbIi 9K3eMILIAP ACCOUNT COXPaHSAET CChLIKK HA MHOYKECTBO 00'BEKTOB-
Hal0JII0maTe e, a Kam IbIH 9K3eMIIap AccountObserver XpaHUT CCHIIKY Ha 00b-
eKT cueTa. KasKabIil M3 9TUX KJACCOB O0BABJIAET MeToh __del () B Hamexxzae
IIOJIYYUTH BOSMOMHOCTH BBIIIOJIHATH HEKOTOPBIE 3aKJJIOUUTEJbHBIE OIlepanun
(Takue KaK 3aKpbITHE CBA3U MeXKAYy 00beKTaM!’ U Tak fgaJiee). OnHaKO 9TO IIPO-
cTo He paboTaet. [{esio B ToM, UTO MeXK Iy 00'beKTaMu 00pa3yIoTCs [[UKJINYECKIe
CCBLIKH, BCJIEACTBME 9TOI'0 CUETUMK CCHIJIOK HIUKOIZA He JOCTUIraeT HYJIA U 3a-
KJIIOUNTEJIbHEIE OIePalMy He BHEINOJHSOTCA. Ho 1 5TO elre He Bce, COOPIIUK
Mycopa (MOLYJIb §C) He MOXKeT HaKe YIAJUTDh 39T 00beKThI, UTO IIPUBOJUT K II0-
CTOAHHON yTeUKe IaMATHU.

OpuH U3 croco00B UCIPABUTE Ty IIPO0JIEMY, IPUBEAEHHBIN B CJeLYIOIEeM IIPI-
Mepe, COCTOUT B TOM, YTOOBI C IIOMOIILI0 MOAYJIA weakref cosmars c1abyio CChLI-
Ky M3 OJHOI'0 KJacca Ha Ipyroi kjaacc. Corabas ccollka — 9TO TaKas CChLIKA Ha
00'bEKT, CO3aHNe KOTOPOU He IPUBOLUT K YBEJINUYEHHUIO CUETUNKA CChLIOK. IIpn
HCIIOJIb30BAHUN CJIA0BIX CCBHIJIOK HEOOXOAMMO [J00aBJIATH JOIOJHUTEIbHBINA
IPOrpaMMHBIN KO, KOTOPBIH OyAeT IIPOBEPATh HAJINUNe 00beKTa II0 CChIIKe.
Huxe npuBoguTesa npuMep M3MEHEHHOI'0 KJIacca HabIromaTe  s:

import weakref
class AccountObserver(object):
def __init__(self, theaccount):
self.accountref = weakref.ref(theaccount) # CospacT cnabyi CCbAKy
theaccount. register(self)
def __del__(self):
acc = self.accountref() #f BepHeT 00bekT cyeTa
if acc: # MpekpaTuTb HabnoaeHve, ecnu CywecTByeT
acc.unregister(self)
def update(self)
print(“bananc: %0.2f" % self.accountref().balance)
def close(self)
print(“HabnoaeHwe 3a CHETOM OKOHYEHO™)

# MNpumep cospaHng
a = Account(‘feis’,1000.00)
a_ob = AccountObserver(a)

B aTom mpumepe co3naercsa caabasd ceblika accountref. YToObI MONTYYUTH 00 BEKT
Account, Ha KOTODBIH OHA CChLIAETCH, K Hell cieayeT obOpaliarbes, KaK K QyHK-
uu. ITO BHI30B BepHeT 160 00beKT Account, imb6o None, ecsiu HAGJIIOTaeMbIit
00BeKT GoJibIlle He cyIecTByeT. Ilocjie BHECEHUA dTUX M3MEHEHUU IUKJITYe-
CKUe CCBhLIKU 00JIbIlle He co3maioTcA. Kciu Teneph 06beKT Account OyaeT yHU-
YTOKEH, UHTEPIIPETaTOP BEISOBET €r0 MeTox __del__, 1 Bce HAOJII0JaTe ! OJIy-
yat usBelienue. Kpome Toro, MCY4e3HyT IPeNsATCTBUA B paboTe MoxyJs gc. Bosee
noapobHas nHpopMmanuda o moayJie weakref mpuBoguTcea B riiaBe 13 «Cirysk6bL
Python BpemMeHU BBITTOJTHEHU .



176 Mnasa 7. Knaccbl 1 06beKTHO-0pUEHTMPOBAHHOE NMPOrpaMMMpoBaHme

MNpepcraBneHvie o6bEKTOB
N CBAI3blBaHMe aTpubyTOB

ATpubyThl 00bEKTOB BHYTPHU pPeaM30BaHbI C MCIIOJb30BAaHUEM CJIOBApPS, MI0-
CTYIIHOTO B BUie aTpubyTa __dict__. OTOT cI0Baph COAEPIKUT YHUKAJIbHBIE JaH-
HBIE VI KaKA0Tro sK3eMILIApa. Hanpumep:

>>> a = Account(‘TlBugo’, 1100.0)
>>> a.__dict__
{*balance’: 1100.0, ‘name’: ‘TBupo’}

Hosgsle arpubyThl MOT'YT OBITH J00ABJIEHBI K OK3EMILJIAPY B JIIOOOM MOMEHT, Ha-
npumep:

a.number = 123456 # [lobaBuT B cnosapb a.__dict__ aTpubyT ‘number

JIro6ble MOAMDUKAIINY B 9K3EeMILIsIpe BCErJa OTPasKaloTCA HA COAEPIKUMOM
JoKaJbHOTO arpubyra __dict__. TouHo Tak ke 0ObIe MOAUGMUKAIIUU, BBI-
TIOJTHEHHBIe HEIIOCPEICTBEHHO B caoBape __dict__, oTpa3aTcsa Ha COLEePKUMOM
aTpubyTOB.

OKBeMIIJIAPHI COAEPIKAT CChLIKM HAa CBOW KJIACCHI B CIIEI[MAJBLHOM arpubyre
__class__. Cam mo cebe KJjacc TaKKe ABJSETCA JIUIIb TOHKOH 00€pTKOM BO-
KPYT cJI0Bapsd, JOCTYIHOTrO B Buje arpubyra __dict__. CioBaps Kiacca — 9TO
MeCTO, TZle XPaHATCA CChLIKY Ha MeTonbl. Hampumep:

>>> a.__class_

<class ‘__main__.Account’>

>>> Account.__dict__.keys()

[*__dict__", ‘__module__", ‘“inquiry’, ‘deposit’, ‘withdraw’
__del__", ‘num_accounts’, ‘__weakref__', ' __doc__', ‘__init__']
>>>

Haxoselr, Kjacchl XpaHAT CCHIJIKY HA CBOW 0Aa30BbIE€ KJIACCHI B CIIEIMATHLHOM
aTpubyTe __bases__, KOTOPBIH ABJgeTCA KOpPTe:KeM 0as30BBIX KJACCOB. OJTa
CTPYKTypa COCTABJISET OCHOBY BCEX OIEpaIiil UTEHUS, 3alUCU U YIAAJEeHUS
aTpubOyTOB 00'HLEKTOB.

Beaxkuii pas, xorga ¢ moMoIbio HHCTPYKIIUY 0bj.name = value BBITIOJHSAETCS
3aIKUCh 3HAUEHUS B aTPUOYT, BHI3bIBAGTCS CHEI[UMAJLHBIN MeTox 0bj.__setattr _
(“name”, value). Korma atpubyT ynajsaeTcsa ¢ IIOMOIIbI0 MHCTPYKIIuU del obj.
name, BBIBBIBAETCS CIEIHMAJBHBIN MeToxm obj. _delattr__(“name”). Ilo ymosua-
HUIO 9T METOJbI U3MEHAIOT UJU YAAJAIT 3HAUEHUA U3 JIOKAJIBHOTO CJIOBaApsS
__dict__ sksemmisapa obj, ecau TpebyeMblil aTpuOyT HE ABJAETCS CBOMCTBOM
UJIN JECKPUIITOPOM. B IIPOTHUBHOM CJIydyae BBITIOJHSIOTCS OIEepaluy 3aluCH
WU yoaJeHnd, peaJn3oBaHHbIe B BuJe (hYHKIIUM, CBA3aHHBIX CO CBOICTBOM.

ITpu obpalieHun K aTpulOyTy sK3eMILIApa, TAKOMY KakK obj.name, BbI3bIBAeTCS
CIIeIIMAJbHBIN MeTox obj.__getattribute__(“name”). 3TOT MeTOH OCYIIIECTBJISET
IOMCK aTpulyTa, B IIPOIECCE KOTOPOI'O BLIACHSIETCS, HE SBJISETCS JIK aTPudyT
CBOMCTBOM, IIPOBEPAETCA COAEP;KUMOe JIOKAJIbHOro arpudyra __dict__, comep-
JKMMOe CJIOBaps KJiacca U IPU HEeOOXOAMMOCTU BBITIOJHsIETCSA IONCK B 6a30-
BBIX KJiaccax. EcjIu IOMCK He yBeHUYaJICA YCIIEXOM, ITPOM3BOAUTCS TOCJIeTHAT
TIONBITKA OTBICKATh aTPUOYT BBIBOBOM MeToja __getattr _() KJacca (ecau oH
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ompenesneH). Eciu 1 aTa IONBITKA OKaHUYMBaeTCA Heyaaueil, Bo30y K IaeTcs uc-
KJIrouenue AttributeError.

TTosp30BaTEeIbCKUE KJIACCH MOTYT Peain30BaTh COOCTBEHHEIE Bepcuy QyHKIIUHI
IOCTyIAa K aTpudyTam, ecjiu 9To Heooxoxumo. Hanpumep:

class Circle(object):
def __init__(self,radius)
self.radius = radius
def __getattr__(self,name):
if name == ‘area’:
return math.pixself.radius*»2
elif name == ‘perimeter’
return 2=math.pixself.radius
else:
return object.__getattr__(self,name)
def __setattr__(self,name,value):
if name in [‘area’, 'perimeter’ ]
raise TypeError(“%s is readonly” % name)
object.__setattr__(self, name,value)

Kiace, peanusymomnuii cOGCTBEHHBIE BEPCUN dTUX METOLOB, IJIs BBIIIOJHEHUS
OCHOBHO# pabOThI, BEPOATHO, JOJKEH OMUPATHLCA HA PeaM3aliio II0 yMOoada-
HUI0. ITO 00YCJIOBJIECHO TEM, UTO Pean3aIliud II0 YMOJIYaHUI0 YYUTHEIBAET Maccy
JOIIOJIHUTEJLHBIX 0COOEHHOCTEH KJIaCCOB, TAKMX KaK JeCKPUIITOPI 1 CBOMCTBA.

Boobitie ToBOpsA, B KJaccax JOCTATOUHO PEIKO BOSHUKAET HEOOXOJUMOCTH Iie-
peompeneasaTs omepanuu obpalleHus K arpudyram. ExmHcTBeHHasA 00JaCTh,
rIe Takasd IOTPeOGHOCTh BOBHUKAET JOCTATOYHO YaCTO, — 3TO pa3paboTKa yHU-
BepCaJIbHBIX 00ePTOK [IJIA CYIEeCTBYIOIINX 00beKTOB. Ilepeonpeenas MeTo bl
__getattr__(), __setattr__() m __delattr__(), obepTKa MOKeT IepexBaThIBATh
oOpalleHus K aTpudyTaM 1 IPO3PavHo epeapecoBbIBATH 9TH ONePaIluu B Y-
TOU 00'BEKT.

__Slots__

Cy1riecTByeT BOSMOMKHOCTh OTPAHUUYUTE KJIACC OIpPeeIeHHbIM Ha0OpOM MMEH
aTpubyTOB, ONPEEJNB CIelnaJbHyI0 IepeMenuyio __slots__. Hampumep:

class Account(object):
__slots__ = (‘name’, 'balance’)

Ecnu B Ky1acce onpenesieHa mepeMeHHas __s1ots__, 9K3eMILIAPEI TAKOT0 Kjacca
CMOT'yT UMEeTH aTPUOYTHI TOJBKO C YKa3aHHBIMU HMeHaMu. B MpoTuBHOM ciyuae
OymeT Bo30y K IaThCA UCKIIoUuernue AttributeError. 9To orpannueHre NCKII0YAET
BO3MOJKHOCTH H00ABJIEHUS HOBBIX aTPUOYTOB K CYIIECTBYIOIINM 9K3eMILIIPaM
U pelriaeTr Ipo0JeMy MpPHUCBAWBAHUSA 3HAUEHUI aTpuOyTaM, B UMeHaX KOTOPBIX
JOIyIIfeHa ommevaTKa.

B peficTrBuTenpHOCTH IlepeMeHHadA __slots__ 3agyMbIBajlach COBCEM He B Ka-
YecTBe Mephbl IIPeJOCTOPOKHOCTU. PaKTUUECKU BTO MHCTPYMEHT OITHUMU3a-
Uy 1o 00beMy 3aHMMAeMON MaMATH ¥ CKOPOCTY BBINOJHEHUA. JK3EMIIJIADPBI
KJIACCOB, TZle OIIpefiesieHa mepeMeHHasd __slots__, ysKe He HCIOJIb3YIOT CJIOBaph
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UL XpaHEeHUA MaHHBIX 9K3eMILIApa. BMecTo Hero mMcrmosbayercsa 0oJjiee KOM-
maKTHasA CTPYKTypa AaHHBIX, B OCHOBE KOTOPON JIeXKUT MaccuB. IIpuMeHeHUE
nmepeMeHHOU __slots__ B mporpamMmmax, CO3JAOIMX OTPOMHOE YHCJIO O0'HEKTOB,
MOJKET CYIIIeCTBEHHO YMEHBIIIUTL 00beM MOTPEeOIAEeMON MaMATHA U YBEJIUUUTH
CKOPOCTH BBITIOJTHEHU .

Crenyer 3aMeTUTh, UTO IlepeMeHHasA __s10ots__ Mo-oco60eHHOMY BO3AeliCTBYyeT Ha
HacJsienoBaHue. Eciiz B 6a30BOM KJiacce MCIIOJIbL3yeTcs mepeMeHHas __slots__,
TIPOMB3BOAHBINA KJacC TaKIKe JOJIKeH 00bABIATh IepeMeHHYyIo __slots__ co cru-
CKOM MMEH CBOMX aTpuOyTOB (IasKe eciu OH He N00aBJIAET HOBBIX aTPUOYTOB),
4TO0BI UMETH BO3MOKHOCTD KCIIOJIb30BATh IPEUMYIIECTBA, IPEeA0CTaBIAEMbIE
9TOl mepeMeHnHoi1. Ecyiz aToro He cueaTh, IPOU3BOAHEIN KJIace OyaeT paboTaTh
Me[JIeHHee U 3aHUMATh MaMATH Aaske 00JIbIlle, YeM B cJIyuae, KOrjga IIepeMeH-
Has __slots__ He UCIIOJIb3yeTCs HU B OMHOM M3 KJIacCOB!

Kpowme Toro, ncronb3oBaHMe MEPEeMEeHHON __S10tS__ MOMKeT HapyIIuUTh padoTo-
CIIOCOOHOCTH IIPOrPAMMHOI0 KOJa, KOTOPBIN OKUIAET, YTO SK3EMILIAPLI OYAYT
umeTh aTpubyT __dict__. XoTd Takad cuTyalus He XapaKTepHa AJIA IPUKJIal-
HOTO IIPOrPaMMHOI'0 KOJ/ia, TeM He MeHee BCIoMoraTejbHble OMOJINOTeKN U JPY-
TVie UHCTPYMEHTHI IO AePKKYU 00'beKTOB MOT'Y T MCIIOJIb30BaTh CJI0Baph __dict__
IS OTJIAKH, CepruaIn3anui 00beKTOB U BBITIOJHEHUS APYTUX OIepaIinii.

Hagxomer, Hannure 00bABIEHN IEPeMEHHO __Slots__ He TpeOyeT mepeompee-
JeHUs B KJlacce TAaKMX METONOB, Kak __getattribute__(), __getattr_ () m __set-
attr__(). Ilo ymMoI4aHMNIO 5TH METOALI YUYNUTHIBAIOT BO3MOYKHOCTD HAJIMYNA IIepe-
meHHoi __slots__. Kpome Toro, cieyer moguyepKHYTh, UYTO HET HUKAKOH HE00-
XOAUMOCTH H00ABJIATH UMEeHa METOJ0B 1 CBOMCTB B IIePeMeHHYI0 __slots__, Tak
KaK OHU XPaHATCA He Ha YPOBHE SK3eMILIAPOB, 4 HA YPOBHE KJlacca.

Meperpy3ka onepatopoB

ITonb3oBaTeIbCKIE 00'BEKTHI MOJKHO 3aCTABUTH PAb0TATh CO BCEMU BCTPOEHHBI-
MU oneparopamu A3bika Python, mo6aBusB B Kiracc peajimsanuu CIelaJIbHBIX
MEeTO/IOB, OIUCAHHLIX B riaBe 3. Hampumep, uTo0bI 700aBUTh B A3bIK Python
THOAAEPsKKY HOBOI'O THUIIA YKMCEJ, MOMKHO OBIJIO ObI 00bABUTH KJIACC CO CIEI[NA -
HBIMKA METOIAaMM, TAKUMH Kak __add__(), OIpeaessiOIUMU ITOPSIA0K PabOThI
CTaHJAPTHBIX MaTeMATUYECKUX OIIEPATOPOB C 9K3EeMILIIPaMU.

Cuienyromuii HUKe IPUMeED JEMOHCTPUPYET UCIOJIb30BaHUE 3TOTO IpreMa, 06b-
ABJIAA KJIACC, KOTOPBI Pean3yeT KOMILJIIEKCHBIE UMCJIa C IOJePIKKOI HEKOTO-
PBIX CTAHAAPTHBIX MaTeMaTUYeCKUX OIIEPATOPOB.

Mpumevanune

ﬂo;mepmxa KOMNNEKCHbIX YUCEN YIKE UMEETCA B A3bIKE Python, no3Tomy JAHHbIN KNacc
NPpUBOANTCA UCKJTOYUTENBHO B AEMOHCTPALMOHHBIX Lenax.

class Complex(object):
def __init__(self,real,imag=0):
self.real = float(real)
self.imag = float(imag)
def __repr__(self):
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return “Complex(%s,%s)” % (self.real, self.imag)
def __str__(self):
return “(%g+%gj)” % (self.real, self.imag)
# self + other
def __add__(self,other)
return Complex(self.real + other.real, self.imag + other.imag)
# self - other
def __sub__(self,other)
return Complex(self.real - other.real, self.imag - other.imag)

B sTom nmpumepe meron __repr__() Bo3BpalllaeT CTPOKY, KOTOpas MOKeT ObITh
WCIIOJIb30BaHAa JJIA IIOBTOPHOTO CO3JaHUs 00'hEeKTa C ITIOMOIIbI0 QYHKIIUY eval()
(a umenHo, “Complex(real,imag)”). 9TOMY COTJIAIIIEHUIO AOJIKHBI CJIEIOBAThH BCE
00BeKTHI IO Mepe BodMoskHOoCcTH. MeTox __str__(), HAIPOTUB, CO3LAeT CTPOKY,
npeIHasSHAUEHHYIO I/ (DOPMAaTHPOBAHHOTO BEIBOAA (MMEHHO 3Ty CTPOKY BBIBO-
IUT UHCTPYKIIUA print).

Ipyrue crermuaiabHble METOABI, TaKue Kak __add__() u __sub__(), peanusyior
MaTeMaTHUYecKue onepanuu. Peaansains 3TUX OIIePaTOPOB TECHO CBI3aHa C II0-
PAIKOM CJIeTOBAHUSA OIIEPAHAOB U C UX TUIaMU. B IpeasIayIlieM npuMepe, Tae
peanmusoBaHbl MeTOAbI __add__() um __sub__(), COOTBETCTBYIOIIIIE UM MaTeMaTU-
YyecKUe OIepaTopPbl MOTYT IIPUMEHATHCS, MOJIbKO eCJIT KOMILJIEKCHOE YKCJIO CTO-
uT cjeBa or omeparopa. OHU He OYAYT BBI3BIBATHCS, €CJIU KOMIIJIEKCHOE UMCJIO
HaXOAUTCS CIIpaBa, a CjieBa CTOUT OMEPaH, KOTOPBIN He SBJIAETCA 00HEeKTOM
tuna Complex. Hampumep:

>>> ¢ = Complex(2,3)
>>> ¢ + 4.0
Complex(6.0,3.0)
>>> 4.0 + ¢
Traceback (most recent call last):
File “<stdin>”, line 1, in <module>
TypeError: unsupported operand type(s) for +: “int’ and ‘Complex
(NepeBsof:
TpaccupoBoyHas MHGopmMaums (camblii NOCNEAHMIA BbHI3OB — CaMblil HUXHWI)
Gann “<stdin>”, ctpoka 1, B <module>
TypeError: HenoanepxwBaembie Tunel onepaHaos ana +: “int’ u ‘Complex’

)

>>>

OruacTu omepanus ¢ + 4.0 BBINOJHUJIACH cayuaiiHo. IIpocTo Bce BCTpOEHHBIE
YKCJIOBbIe TUMLI B A3biKe Python y:ke mmeror arpubyTsl .real u .imag, moato-
MY OHH MOTYT y4YaCTBOBATb B BBIUMCJIEHUAX. Kcau ObI 00BEKT He UMeJ 3TUX
aTpubyTOB, MOMBITKA BBITTOJHUTH OIEPAIlI0 OKOHUMJIACh ObI Heymaueii. Ecau
OBl TOTPEOOBAJIOCh 00ecreunTh B KJjacce Complex BO3MOYKHOCTH BBITIOJIHEHUSA
orepaluii ¢ 00beKTaMu, He UMEIIINME 3TUX aTPUOyTOB, MOXKHO OBLIO OBLI pea-
JIN30BATH JOTIOJHUTEIbHbBIE TPe00pa3oBaHUsA (KOTOPhIE MOT'YT 3aBUCETH OT TUIIA
00'beKTa, IPEeJCTaBIAIONIeTO APYT0ii OIlePaH).

ITonbITKaA BRIMOJMHUTE omepanuio 4.0 + ¢ IIPOBaJIMJIACh, TIOTOMY UTO BCTPOEH-
HBIH TUII YKCEJI C IIJIaBaoIell TOUKOM HUUYero He 3HaeT o Kjacce Complex. YTo6bL
UCIIPABUTH 3Ty IpPoOJieMy, MOKHO N00aBUTH B KJiacc Complex MeTOAbI AJs1 pabo-
THI C OIIepaHgaMu, CTOAIIUMY B 0OpaTHOM IOpPAIKe:
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class Complex(object):

def __radd__(self,other):

return Complex(other.real + self.real, other.imag + self.imag)
def __rsub__(self,other):

return Complex(other.real - self.real, other.imag - self.img)

OTHU METOABI UT'PAIOT POJIb 3aIacHOT0 BapuauTa. Korga onepanus 4.0 + ¢ morep-
OUT Heyaaudy, Ipekie ueM BO30yAUTh MCKJoUeHue TypeError, MHTepIpeTaTop
monpoOyeT BeI3BATh MeTox ¢.__radd__(4.0).

B 6oree crapeix Bepcusix Python ucmnosssoBasnch pasinuubie IOAX0IbI, OCHO-
BaHHBLIE HA I[IPUBEJEHMM THIIOB OlepaHzoB. Hampumep, B ycTapeBIilleM IIPO-
rpaMMHOM KoOIe Ha A3biKe Python MOXHO BCTpPeTHTH KJIACCHI, Pean3yIoIre
metog __coerce__(). OH OoJibllle He UCIOAB3yeTCs B Bepcusax Python 2.6 u Py-
thon 3. Kpome Toro, Bac He AOJI’KHBI BBOAUTHL B 3a0JIy KIeHHE TaKKe CIIeIl’-
aJgbpHBIE MeTOAbl, Kak __int_ (), _ float_ () mam __complex__ (). OTH MeTOILI
BBIBBIBAIOTCSA B ONEpaIlusaX SABHOTO IIpeo0pasoBaHUSA THUIMA, TAKUX Kak int(x)
niu float(x), HO OHM HHUKOIZA He BBISBLIBAIOTCSA AJIA HESIBHOI'O IIPe00pPa30BaAHMS
THUIIOB B apu()MEeTUUECKUX Ollepanusax. IosToMy IIpu CO3qaHNM KJIACCOB C OIe-
paropamMu, JOIYCKAIOINMU NCIIOJb30BAHNE OIEPAHI0B PA3JIUYHLIX THUIIOB, HEe-
00X0IMMO IIPeIyCMaTPUBATD IBHOE IPUBEICHNE TUIIOB B peaau3aluy KaxkJJoro
oreparopa.

Tunbi n npoeepkKa NpnHaaneXxXHoCTu K KJjaccy

Korzma cosmaercs sK3eMILISAP KJIacca, TUIIOM 3TOr0 SK3eMILISIPa CTAHOBUTCS CAM
KJiace. J[JIs1 MpOBepKU IPUHAAJIEIKHOCTH K KJIACCY MCIIOJIb3yeTCS BCTPOCHHANA
dyurmus isinstance(obj, cname). dta PyHKIUA BO3BpAIIlaeT 3HAUCHME True, eCau
00'bEKT 0b] MPUHAIJIEKUT KJIACCY Cname WU JI00MYy APYroMy KJaccy, IIPOous-
BOJIHOMY OT cname. Hampumep:

class A(object): pass
class B(A): pass
class C(object): pass

a = A() # 9k3emnnap knacca ‘A’
b = B() # 9ka3emnngap knacca ‘B
¢ = C() # 9ksemnnap knacca ‘C
type(a) BepreT knacc obbekTa: A

#
isinstance(a,A) # BepHeT True

isinstance(b,A) # BepHeT True, knacc B - npou3BopHbIi OT knacca A
isinstance(b,C) # BepHeT False, knacc C He sBNSETCS NPOM3BOAHBIM OT knacca A

Amnajormuso BcTpoeHHas QYHKIUA issubclass(A,B) BepHeT True, ecau KJacc A
SABJISIETCS TIOAKJIAaccoM KJyacca B. Hanpumep:

issubclass(B,A) # BepxeT True
issubclass(C,A) # BepHeT False

OpHa 13 IpobJeM, CBI3aHHBIX C IIPOBEPKOI TUTIOB 06'b€KTOB, COCTOUT B TOM, UTO
IIPOrPaMMUCTBI YACTO HE MCIIOJAb3YVIOT MEXAHN3M HACJIENOBAHNS, 4 IIPOCTO CO3-
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Ial0T 00'bEKTHI, UMUTUPYIOIINE IIOBEIEHNE NPYToro o0bekTa. B KauecTBe mpu-
Mepa pacCMOTPHUM JBa CJIENYIOIINX KJacca:

class Foo(object):
def spam(self,a,b):
pass

class FooProxy(object):
def __init__(self,f)
self.f = f
def spam(self,a,b):
return self.f.spam(a,b)

B sTom mpumepe KJjace FooProxy GyHKIIMOHAJBHO MIAEHTHYEH KJjaccy Foo. O
peaJsiu3yeT Te Ke caMble MeTOAbI, a er0 BHYTPEHHAA peaanusanunsd 1ake NCII0JIb-
3yer KJacc Foo. OgHaKO AJIA CUCTEeMbI THUIIOB KJIacChl FOOProxy m FOO ABIAIOTCS
COBEpIIIeHHO pa3HbIiMu. Hampumep:

f = Foo() # CospacT 06bekT knacca Foo
g = FooProxy(f) # CospacT 00bekT knacca FooProxy
isinstance(g, Foo) # BepHeT False

Ecau B mporpamme OyaeT mpeAycMOTpeHa SBHAsS IPOBepPKa Ha MPUHAIJIENK-
HOCTB K KJIaccy Foo ¢ momoInbio GyHKIIUU isinstance(), mporpaMma onpeaeaeH-
HO He OyzeT paborarsb ¢ 00beKTOM FOOProxy. OgHAaKO B IeliCTBUTEJILHOCTH COBCEM
He Bcerma TpedyeTcs coOJIIofeHre TaKOW cTeneHu cTporoctu. VHorma ObIBaeT
IOCTATOYHO yOeqUTHCs, UTO HEKOTOPBI O0BEKT MOJKET MCIIOJIbL30BAThCA BME-
cTo 00'beKTa F00, TAaK KaK OH peasin3yeT TOUHO TaKoil ke mHTepdeiic. CrenaTb
9TO BOBMOXKHO, CO3/]aB 00'bEKT, KOTODKI ITepeorpeesseT moBeaenne GyHKIUi
isinstance() m issubclass(), MO3BOJASA CTPYIINPOBATh OO BEKTHI BMECTe U IPO-
BepuUTh ux TUIbl. Hanpuwmep:

class IClass(object):
def __init__(self):
self.implementors = set()
def register(self,C):
self.implementors.add(C)
def __instancecheck__(self,x):
return self.__subclasscheck__(type(x))
def __subclasscheck__(self,sub)
return any(c in self.implementors for ¢ in sub.mro())

# Mpumep nMcnonb3oBaHnsa 006bekTa
IFoo = IClass()

IFoo0. register(Foo)

IFoo. register(FooProxy)

B sTom mpumepe cosmaerca o0beKT KJjacca 101ass, KOTOPBIA MPOCTO 00benu-
HSeT B MHOYKECTBO KOJIJIEKITMIO PasHbIX KJiaccoB. Meton register() mobaBis-
eT B MHOJKECTBO HOBBI KJjiacc. CmemumaabHBIN MeTon __instancecheck__() BBI-
3BIBAETCS IIPU BBIINOJHEHWHM JII000I omepammm isinstance(x, IClass). Cmeru-
aJbHBIA MeTon __subclasscheck__() BbI3bIBaeTCs NMPU BHITIOJHEHUU OIepPaIuu
issubclass(C,IClass).
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Temepb ¢ MOMOIIBIO 00BEKTa [FOO ¢ 3aperucTPUPOBAHHBIMY B HEM KJAacCaMU
MOJKHO BBITIOJIHATH IPOBEPKY TUIIOB, KAK MIOKA3aHO HUMKe:

f = Foo() # CospacT 06bekT knacca Foo

g = FooProxy(f) # Co3pacT 00bekT knacca FooProxy
isinstance(f, IFoo) # BepHeT True

isinstance(g, IFoo) # BepreT True

issubclass(FooProxy, IFoo) # BepHeT True

Crenyer oTMETHUTDH, UTO B 9TOM IIPUMepe He MPOU3BOAUTCSA CTPOras IIPOBEPKa
TumnoB. Onepanuu IPOBePKU SK3EMILIAPOB B 00beKTe [F00 meperpysKeHsl Tak,
YTO IPOBEPAIOT JUIINb IPUHALIECKHOCTh K I'PYIIIE KJIacCOB. 3lech He AelaeTcs
HUKAKUX YTBEPKIEHUH 0 (haKTUUEeCKOM IIPOTrPAMMHOM MHTepdeiice n He BBHI-
TOJIHAETCS HUKAKUX IPYTUX IIPOBEPOK. B IefiCTBUTEILHOCTH, B 9TOM 00'BEeKTe
MOJKHO 3aperucCTPUPOBATh JIIOObIe KJIACCHI II0 CBOEMY BBIOOPY, HE3aBUCKUMO OT
oTHOIIEeHU! MexXay HuMu. OOBIUHO IPYINIHPOBKA KJIACCOB OCHOBAHA HA HEKO-
TOPOM KPUTEPUU, HAIIPUMeP BCe KJIACChl PeaU3yIOT OOUH U TOT JKe IporpaMM-
HbIN nHTepdeiic. OqHAKO HeJIb3d C YBEPEHHOCTHIO /IeJIaTh IIOJO0HBIE BHIBOJBI
IIPU UCTOJIb30BAaHUU MEePerpyKeHHbIX MeTomoB __instancecheck__ () mym __sub-
classcheck__(). @axkTuueckasa MHTepIpPeTanua 3Toro (axra ocraercsa sa mpu-
JIOJKEHUEM.

B ssbike Python mmeercs: Gosiee opMaabHBI MeXaHU3M I'PYIIUPOBKU 00h-
€KTOB, ompezeeHUs MHTeP(eicoB 1 MPOBEPKU TUIIOB. Bce aTO MOKeT OBITH
JOCTUTHYTO 34 CUET OIpesiesieHuA abCTPAKTHBIX 0a30BBIX KJIACCOB, O KOTOPBIX
pacckasbIBaeTCA B CJIELYIOIEM paszeie.

AGCTpaKTHble 6a30Bble KNnaccbl

B npenpiayiiem pasaesie ObLia MPoAeMOHCTPUPOBaHA BO3ZMOKHOCTE IIEPETPY3KU
omepamuit isinstance() u issubclass(). Buiaromaps eit MOMXHO CO34aBaTh 00BEK-
ThI, TPYIOUPYIOINE TOX0XKe KJIACCHI U BBITIOJHAIOINE PA3JINYHbIE Ollepanun
10 MIPOBEPKe THUIIOB. AGcmpakmHbvle 0a308vle KJACCH. TTOCTPOEHBI HA OCHOBE
9TOM KOHIIEIIIUY 1 PeaIn3y0T MeXaHU3M OpPraHU3aIlu 00beKTOB B NEPAPX UM,
TI03BOJISIONIUH YTBEPIKAATh 0 HAJUUYNU TPeOyeMbIX METOAOB U JeJlaTh APyTue
BBIBO/JbI.

Ina onpenesneHusa abcTpaKTHOTO 6a30BOT0O KJiacca MCIIOJIb3yeTcsA MOAYJIb abc.
ITOT MOAYJIB OIIpesiesisieT MeTakaace (ABCMeta) m rpyniry mekopatopos (@abstract-
method u @abstractproperty), HCIOJIb30BaHME KOTOPBIX JeMOHCTPUPYETCA HUKeE:

from abc import ABCMeta, abstractmethod, abstractproperty
class Foo: # B Python 3 ucnonb3yercs cuHTaKcuC
__metaclass__ = ABCMeta # class Foo(metaclass=ABCMeta)
@abstractmethod
def spam(self,a,b):
pass
@abstractproperty
def name(self)
pass

B onpegenennu abeTpaKTHOTO KJacca AOMKHA OBITH 00'BSABIEHA CCHIIKA Ha Me-
Takjgacc ABCMeta, KaK IOKasaHO BEIIIe (OOpaTuTe TaKiKe BHUMAHNE HA PA3JId-
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yus B cuHTaKcuce Mexkay Python 2 u 3). 9To coBepiiienHo HE0OXOAUMO, IOTOMY
YTO peasmusanua abCTPAaKTHBIX KJIACCOB ONMpaeTcA Ha MeTaKJacchl (Togpodiee
0 MeTaKJiaccax PacCKasbIBaeTCs B CJAEAYIONIEM pasjesie). BHyTpu abcTpaKTHOTO
KJIacca onpejieIeHs MeTOA0B 1 CBOMICTB, KOTOPHIE JOJYKHEI OBITH PeaJIM30BaHbL
B IOJAKJAacCaX, BBINOJHAKTCA C IIOMOIIBIO IeKOPaTOPOB @abstractmethod m @ab-
stractproperty Kjaacca Foo.

AGCTPaKTHBIN KJIacC He MOKeT HCIIOJIb30BAThECA HEIOCPeACTBEeHHO IJIs CO3%a-
HIS 9K3eMILIAPOB. ECau MONBITATLCA CO34aTh 9K3eMILIAD IPeAbIAYIIero Kac-
ca Foo, OyzeT BO30Y K I€HO UCKII0UeHNe:

>>> f = Foo()
Traceback (most recent call last):
File “<stdin>”, line 1, in <module>
TypeError: Can’t instantiate abstract class Foo with abstract methods spam
(NepeBsof:
TpaccupoBoyHas MHGopmMaums (camblii NOCNEAHMIA BHI3OB — CaMblil HUXHWI)
Gann “<stdin>”, ctpoka 1, B <module>
TypeError: HeBO3MOXHO cO3aaTb ak3emnnap abcTpakTHOro knacca Foo ¢ abcTpakTHbIM
MEeTOAOM Sspam

)

>>>

IATo orpaHMYEHUE MEPEHOCUTCS M Ha IIPOM3BONHBIE KJiacckl. Hampumep, ecyin
IpeICcTaBUTh, UTO UMeEeTCA KJace Bar, HacJaeAyIOIuil Kjacc F0o, HO HEe MMelo-
Ui peajusaiuy OGHOTO WK GoJiee aOCTPAKTHBIX METOIOB, TO IIOMBITKA CO3-
IaTh SK3EeMILIAP KJacca Bar 3aBepHIUTCS Heyaadyel ¢ aHaJOTMYHOUN OIMUOKOIL.
Biaromapsa 8TO# JONOJHUTENHHONU IIPOBEPKE abCTPAKTHBIE KJIACCHI ABJIAIOT-
cA YIOOHBIM MHCTPYMEHTOM, KOTZa HeoOXOAUMO rapaHTUPOBATH pPeasu3aluio
CBOICTB U METOJOB B IOAKJIACCAX.

AGcTpaKTHBIN KJacce oIpejesseT, KaKue CBONCTBA U METOAbI MOJIXKHBI OBITh
peasim30BaHbl B MOAKJACCAX, HO OH HE MPEIbABIAET HUKAKUX TpPeOOBaHUIt
K apryMeHTaM WJIM BO3BpAalllaeMbIM 3HAUEHUAM. 10 eCTh abCTPaKTHBIN KJiacc
He MOJKeT ITOTpeboBaTh, YTOOLI METO/ B ITOAKJIACCe IIPUHUMAJI Te JKe caMble ap-
TYMEHTBI, UTO M abCTpaKTHBIA MeTon. To sKe OTHOCHUTCA W K CBOMcTBaM — ab-
CTPAKTHBIN KJacc TpebyeT OoIpeneuTh CBOMCTBO, HO He TpebyeT, UTOObI B TOJ-
KJiacce OblyIa peaJin30BaHa IMOAIEPIKKA TeX Ke CaMBIX OIePAIlNil Ha CBORCTBOM
(get, set u delete), uTo u B 6a30BOM KJiacce.

AGCTpaKTHBINA KJIACC HE MOJKET HCIIOJIb30BATLCS IJIS CO3TAHUA 9K3EMILISIPOB,
HO OH MOYKET OIIPEeIeJIATh CBOMCTBA M METOALI JJIA UCIOJb30BAHMUSA B IIOLKJIAC-
cax. Kpome Toro, 13 mogxjaacca IOIMyCKaeTCA BLI3BIBATh METOABI, KOTOPbIE ObIIN
00'bsIBJIEHBI a0CTPAKTHBIMU B 0a30BoM KJjacce. Hampumep, BbI30B Foo.spam(a,b)
B IIOJKJIACCE CUNTACTCS JOMYCTUMBIM.

AGcTpakTHBIE 0a30Bble KJIACCHI IIO3BOJISIIOT PErMCTPHUPOBATEL CYIIECTBYIOIIINE
KJIACChI KaK HacJeayIomue 9ToT 6a30BbIi Kiacce. [lesaeTcs: 9TO ¢ IMOMOIIBIO Me-
Toma register(), Kaxk IMoxKasaHoO HUMKE:

class Grok(object):
def spam(self,a,b):
print(“Grok.spam™)
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Foo.register(Grok) # 3aperucTpupyeT Grok, kak Hacnemymoumi
# abcTpakTHb1 6asoBbil knacc Foo

Korma mpomsBomuTes perucrpaiusa Kjacca B HEKOTOPOM abCTPaKTHOM 6a30-
BOM KJIacce, oIlepalliy IpoBepKu Tuia (Takme Kak isinstance() u issubclass())
C IpuUBJeUeHneM aOCTpaKTHOro 6a30BOTO KJjacca OyAyT BO3BpallaTh [rue IJs
9K3eMILJISIPOB 3aPEruCTPUPOBAHHBIX KJIAaCCOB. B X0oe perucrpamnuu KJjacca B ab-
CTPaKTHOM 0a30BOM KJiacce He IPOBepAETCA, AeUCTBUTEIBHO JIU PETUCTPUPYE-
MBI KJIacC peansyeT abCTpaKTHBIEe CBOMCTBA 1 MeToAbI. IIpolenypa perucrpa-
MY OKA3LIBAET BIUAHIE TOJBbKO HA OIlePaIliy IIPOBEPKHU TUIIA 1 He IIPOU3BOJUT
IOIOJIHUTEIbHBIX IPOBEPOK Ha HaJIUUYNe OIIINO0K B PerCTPUPYEMOM KJacce.

B oTsinume oT MHOTUX APYTrUX 00BbeKTHO-OPHUEHTHUPOBAHHBIX SA3LIKOB IIPOTpaM-
MUPOBAaHNs, BCTPOEHHBIE TUIILI B A3bIKe Python opranmsoBaHEBI B BUle J0CTa-
TOYHO ITPOocTON mepapxuu. Hampumep, ecjiu B3TJIAHYTh HA TaKWe BCTPOCHHBIE
TUIBI, KaK int uam float, MOXXHO 3aMETUTh, UTO OHU ABJAIOTCA IPAMBIMHA Ha-
cJIeIHUKaMHU KJjacca object, pogoHauaJbHUKA BCEX 00BEKTOB, a HE KaKOro-TO
TIPOMEKYTOUHOTI'0 6a30BOT0 KJacca, IIPeICTABJIAOIIEr0 YKUCaa. ITO YCIOKHAET
paspaboTKy IporpaMM, KOTOPBLIE IMPOBEPAIOT WM MAHHUIYJINPYIOT 00BEeKTaMMH,
onmupasch HA UX IIPUHAAJIEKHOCTh K HEKOTOPOI KaTeropuu, TaKoi KaK YucJa.

MexaHuU3M aGCTPAKTHBIX KJACCOB IIO3BOJIAET PEIIUTH 3Ty IPOOJIEMY 3a CUEeT
BKJIIOUEHHUS CYIIECTBYIOIINX OOBEKTOB B HEPApPXUU THIIOB, OIIPENeIAEeMBIX
moJb30oBaresieM. BoJiee TOro, HEKOTOPhIe OMOJIMOTEeYHbIe MOAYJIU OPTaHUIYIOT
BCTPOEHHBIE TUITHI II0 KATETOPUSAM, B COOTBETCTBUU C PA3JIUYHBIMU OCOOEHHO-
CTSIMU, KOTOPBIMU OHU 0bJiagaroT. Moxyiab collections comepskuT abCcTpaKkTHEBIE
06a30BBIe KJIACCHI, peaJu3yolre pa3JnuHble ONePaIluy HaJ IT0CJIeI0BaTeIbHO-
CTAMMY, MHOYKECTBAMU U cjaoBapaMu. Moayab numbers cofep:XuUT abCcTpaKTHBIE
06a30BBI€ KJIACCHI, KOTOPbIE MOT'YT HCIIOJIB30BAThC AJIA OPTaHUBAI MY NEePAPXUU
YKCJIOBBIX TUNOB. JlOTOJHUTENHLHbIE MOAPOOHOCTU IO 9TOM TeMe IPUBOAAT-
ca B rtaBe 14 «Marematuka» u B riaBe 15 «CTPYKTYpBI JAHHBIX, aJITOPUTMbBI
¥ YTUJIUTBI».

MeTaknacchbl

Korga nmporpamma Ha a3bike Python o6bsaBiseT Kiace, caMo opeiesieHue 9To-
To KJjiacca CTaHOBUTCS 00beKToM. Hampumep:

class Foo(object): pass
isinstance(Foo, object) # BepreT True

Ecsnn 3agymarbess HaZ 9TUM IPUMEPOM, MOYKHO HOHATHL, YTO UTO-TO JOJIXKHO
0B1710 co3maTh 00BeKT Foo. CogmanueM 06HEKTOB TAKOTO POZA YIPABJISET CIIe-
I[UAJIbHBIA 00bEKT, KOTOPBIN Ha3bIBAETCs Memak.iaccom. IIpoiie ropops, Mmera-
KJIacc — 3TO 00'EKT, KOTOPHII 3HAET, KaK CO34aBaTh KJIACCHI U YIIPABJIATH UMU.

B npegpigyiem npuMepe MeTaKJIaccoM, IO YIIPaBJIeHUEM KOTOPOTO CO3aeTCs
00'BEKT F00, ABJIAETCA KJace ¢ umeHeM type(). Eciiu momsITaTbCsi BHIBECTHU TUIL
00beKTa F00, MOYKHO YBUIETH, UTO OH UMEET THII type:

>>> type(Foo)
<type ‘type’>
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Korzma ¢ momomibio MHCTPYKIUU ClassS OIpeNesdaeTca HOBBIA KJACC, BBITIOJIHS-
eTcs OoIpeliesIeHHbIN HA00p AelicTBUil. Bo-TIepBBIX, TEJIO KJacca BHIIOJJIHAETCH
WHTEPIPETaTOPOM, KaK II0CJIeJ0BaTeIbHOCTh MHCTPYKIIUI, C MCIOJIb30BaHUEM
OT/IeJILHOT'O0 YACTHOTO cJa0Bapsi. VHCTPYKIIMU BHITIOJIHAIOTCS TOYHO TaK JKe, KaK
¥ B OOBITHOM IIPOTPAMMHOM KOJie, KPOME TOT'0, UTO AOMOJHUTEIHHO ITPOU3BOIAUT-
csA U3MEeHeHUe MMeH YaCTHBIX YJIEHOB KJiacca (HauMHAIoIIuXcs ¢ nmpedurca __).
B zakJsioueHme uMA KJjacca, CIIMCOK 0a30BBIX KJIACCOB U CJIOBAph IIE€PENAIOTCA
KOHCTPYKTODPY MeTaKJIacca, KOTOPBIN CO3/JaeT COOTBETCTBYIOIINI 00'bEKT KJlac-
ca. Cienyioniuii mpuMep AeMOHCTPUPYET, KaK 3TO IeJIaeTCsd:

class_name = “Foo” # VM knacca
class_parents = (object,) # basoBbe knaccel
class_body = “"” # Teno knacca
def __init__(self,x):

self.x = x

def blah(self)
print(“Hello World™)

class_dict = { }
# BbiMONHMTL TENo Knacca C MCNoNb3oBaHMeM NnokanbHOro cnosapsi class_dict
exec(class_body, globals(),class_dict)

# Cos3paTb 00bEKT knacca Foo
Foo = type(class_name,class_parents,class_dict)

3aKJIOUNTEJIbHBLIN 9Tal CO3JAHUSA KJACCa, KOIIA BBLI3BIBAETCS METaKJIACC
type(), MOKHO U3MEHUTDH. IIOBIUATH HA COOBITUS, MPOUCXOAAIINE Ha 3aKJII0-
YUTEJHLHOM dTalle OIpelesieHnsA Kiacca, MOXKHO HeCKOJIbKUMHU crocobamu. Ha-
IpuMep, B KJacce MOKHO SIBHO yKa3aTh ero MeTakJiacc Jinb0o yCTaHOBUB Ilepe-
MeHHYI0 KJjacca __metaclass__ (B Python 2), 1160 106aBuB nMeHOBaHHELIHN apry-
MeHT metaclass B KOpPTeXK ¢ UMeHaMu 6a30BbIX KJaccos (B Python 3).

class Foo: # B Python 3 ucnonb3yetcs CUHTAKCUC
__metaclass__ = type # class Foo(metaclass=type)

Ecnu meraksiacc SBHO He yKa3aH, MHCTPYKIUA ClasS IIPOBEPUT IIEPBHIH dJie-
MEHT B KOpTeike 6a30BBIX KJIACCOB (€CaIM TaKOBOU nMeeTcs). B aTom cayuae me-
TaKJaccoM OyeT THUII IIePBOTO 6a30BOro0 Kjacca. To ecTh MHCTPYKIUA

class Foo(object): pass

co37acT 00'eKT FOO TOTO JKe TUIA, KOTOPOMY IIPUHAIJIEKUT KJaacc object.

Ecuuz 6a30BbIe KJ1acchl He YKa3aHbl, THCTPYKIIUA C1ass IPOBEPUT HaJIUUHeE TJI0-
0aJIbHOI epeMeHHO# ¢ uMeHeM __metaclass__. Ecau Takas mepeMeHHasA IPU-
CYTCTBYET, OHA OYIeT UCII0JIb30BATHCA IIPHU CO3JaHNU KaaccoB. C TOMOIIBIO 9TOMH
IepeMEeHHOI MOYKHO YIIPABJIATEL CO3LAaHNEM KJIACCOB, KOI'LA UCIOIb3YyeTCs IIPO-
cras MHCTPYKIuA class. Hampumep:

__metaclass__ = type
class Foo:
pass
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Haxomner, eciiu nepemMenHas __metaclass__ He OymeT HalifeHa, HHTEPIPETATOD
OyzeT MCIIOJIb30BATh MeTaKJace mo ymoauauuno. B Python 2 takum merakiac-
COM IO YMOJIUaHUIO ABJsAeTcA types.ClassType, KOTOPBIM M3BECTEH, KAK KJACC
cmapozo cmuas. ITOT BUL KJiacca He peKOMEHIYeTCs K MCII0Jb30BaHUIO, HAUN-
Has ¢ Bepcuu Python 2.2, u cooTBeTCTBYeT OPUTrMHAJIBHON PEASN3aIuU KJIac-
coB B a3bIKe Python. 9ty Kaaccel mo-pesxHEMY TOAJEP:KUBAIOTCSA, HO OHU HE
OOJIXKHBI HCIIOJIB30BATBCA B HOBBIX IIpOrpaMMax W B STON KHUTe paccMmarpu-
BaTbcA He OyayT. B Python 3 meTakiaccoMm 1o yMoI4aHMIO sIBJISAETCS type.

B ocHOBHOM MeTaKJIACCHI HCIIOJIL3YIOTCA BO (DPEMBOPKAaX, Korga rpedyercs 60-
Jiee IIOJIHBIA KOHTPOJIb HAJT OIIPeIeIeHUSIMU II0JIb30BaTeIbCKIX 00beKTOB. Kor-
[la OIIpeesiAeTCsI HeCTaHJapTHBIN MeTaKJIacc, OH OOBIYHO HacJaeayeT KJaacc type
U mepeornpenenadeT TaKue MeToAbl, Kak __init__() uaum __new__(). Huxke mpuso-
IUTCA IpPUMep MeTaKJiacca, KOTOPbI TpebyeT, YTOObI BCce MEeTO bl CHA0KaIUCh
CTPOKAMU JOKYMEHTUPOBAHUS:

class DocMeta(type):
def __init__(self, name,bases,dict):

for key, value in dict.items()
# MponyCcTuTb cneunanbHele ¥ H4aCcTHbe MeTOo[pbl
if key.startswith(“__"): continue
# MponycTuTb ni0Obie HeBbi3biBAEMbE OOLEKTHI
if not hasattr(value,”__call__"): continue
# MpoBepuTb HanMuue CTPOKW [OKYMeHTUPOBAHMS
if not getattr(value,”__doc__"):

raise TypeError(“%s must have a docstring” % key)
type.__init__(self, name, bases,dict)

B aTom meTakJiacce peasusoBaH MeTon __init__(), KOTOPBI IPOBEPSET COAepP-
JKuMoe cyioBaps KJjacca. OH OTBICKMBAET B CJIOBape METOILI 1 IIPOBEPSET, UMe-
IOT JIX OHU CTPOKU JOKYMEHTHUPOBaHUsA. Kcau B KaKOM-I1u00 MeTozie CTPOKAa JI0-
KYMEHTHUPOBAHUSA OTCYTCTBYeT, BO30YsKIaeTcs UCKJIoUYeHue TypeError. B mpo-
TUBHOM CJIyuYae IJId MHUINAJIU3alUU KJIacca BbI3bIBAeTCA pealnusarus MeTomna
type.__init__().

YT06BI BOCIOJIB30BATHCA 9TUM METaKJacCoOM, KJIaceC HOJIKeH SIBHO BIOPATH ero.
OOBIYHO [JIA 9TOM IIeJI CHAYaJIa Opeae iaeTcsa 6a30BbIN KJIace, TAKO, KaK I10-
Ka3aHo HUMKe:

class Documented: # B Python 3 ucnonb3yeTcd CUHTAKCUC
__metaclass__ = DocMeta # class Documented(metaclass=DocMeta)

A zarem sTOT 6230BBII KJIACC HUCIOJIb3YEeTCd, KAK POJOHAYAJIBHUK BCeX 00bEeK-
TOB, KOTOPbIE JOJYKHBI BKJIIOUaTh B ce0a onucanue. Hampumep:

class Foo(Documented):
spam(self,a,b)
“MeTon Sspam genaeT koe-4T0”
pass

ATOT IPUMeP UJLIIOCTPUPYET OLHO U3 OCHOBHBIX IPUMEHEHU METaKJIaCCOB, CO-
CTOAINMI B IpOBEpPKe u cOope nHbOpMAaIuu 00 ompeaeeHusaX KiaccoB. Mera-
KJIacC HUUEro He U3MEHseT B CO3JaBaeMOM KJiacce, OH IIPOCTO BBIIIOJIHSAET He-
KOTOPBIE OMIOJHUTETbHBIE ITPOBEPKU.



MeTaknacchl 187

B Gosiee cI0KHBIX CIIyUyadax Iepes TeM, KaK CO3/aTh KJIacC, METAKJIACC MOKET
He TOJbKO IIPOBEPATH, HO U M3MEHATH COAEpP KUMOe ero omnperesieHud. Eciu
IpeJroJiaraeTcss BHOCUTH KaKue-JIn00 M3MeHeHUsd, HeOOXONUMO IepeoIpese-
JIUTHb MeTOx __new__(), KOTOPBIHA BHIIOJIHAETCA Iepe]] CO3LaHNeM KJacca. ITOT
mpueM 9acTo 00'beIMHAETCS C IPUEeMOM 00epTHIBAHMA aTPUOyTOB TeCKPUIITOPA-
MU UJIU CBOMCTBAMU, IIOTOMY UTO 3TO €MHCTBEHHBII CII0CO0 IMOJIYUYUTh NMEHA,
HWCIOJIb30BaHHBIE B KJjlacce. B kauecTBe IprMepa HUYKe IPUBOSUTCA MOOUDUIII-
poBaHHAaA Bepcus AecKpunropa TypedProperty, KOTOPBIi ObLI peajn30BaH B pas-
neje «JleCKpUIITOPHI»:

class TypedProperty(object):
def __init__(self,type,default=None):
self.name = None
self.type = type
if default: self.default = default
else: self.default = type()
def __get__(self,instance,cls)
return getattr(instance,self.name,self.default)
def __set__(self,instance,value):
if not isinstance(value,self.type):
raise TypeError(“3Ha4yeHne ponxHo ObiTb Tuna %s” % self.type)
setattr(instance, self.name,value)
def __delete__(self,instance):
raise AttributeError(“HeBoamoxHo ypanuTb aTpubyT”)

B gamHOM mpuMepe aTpuby Ty name IeCKPUIITOPA MPOCTO IPUCBAUBAETCS 3HAUE-
Hue None. 3amoHeHMEe 9TOT0 aTpubyTa OyAeT mopydyeHo metakaaccy. Hanpumep:

class TypedMeta(type):
def __new__(cls,name, bases,dict):
slots = [ ]
for key,value in dict.items()
if isinstance(value, TypedProperty):

value.name = “_" + key
slots.append(value.name)

dict['__slots__'] = slots

return type.__new__(cls,name, bases,dict)

# basoBhil knacc Ang 00LEKTOB, OMNpPeAensieMbx Mnonb3oBaTenem
class Typed: # B Python 3 ucnonbayeTca cuHTakcuc
__metaclass__ = TypedMeta # class Typed(metaclass=TypedMeta)

B sToM nmpumepe MeTaKJIacc IpocMaTPUBAaET CJI0OBapPh KJacca C IeJIbI0 OThICKATh
SK3eMILIAPEL KJjacca TypedProperty. B cayuae o0Hapy KeHMs TAKOrO SK3eMILJIs-
pa OH ycTaHABJIMBAET 3HaAUeHMUe aTpubyTa name 1 0OABJIAET €ro B CIIMCOK MMEH
slots. ITocse aToro B ciaoBaph Kiacca mobaBisgercsa aTpubyT __slotsS__ ¥ BBISHI-
BaeTcsa merof __new__() MerakJacca type, KOTOPBIA co3gaeT o0bEKT KJjacca.
Huke mpuBoauTCSA IpuMeEp UCIIOJIb30BaHUSI HOBOT'O MeTaKJiacca:

class Foo(Typed):
name = TypedProperty(str)
num = TypedProperty(int,42)

MeTakJracchl CIIOCOGHBI KOPEHHBbIM 06pa30M N3MEeHATHh IIOBeJeHNre U CeMaH-
TUKY IIOJIb3OBATEJIBCKUX KJIaCCOB. OILHB.KO He cJienyer SHOYHOTpeﬁJIﬂTB JTOI
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BOBMOXKHOCTBIO U MUBMEHATH IIOBEJIEHNE KJIACCOB TaK, YTOOBI OHO CYII[ECTBEHHO
OTJINYAJIOCH OT TIOBEJIEHNA, ONMMCAHHOT'0 B CTAHAaPTHON JOKyMeHTanuu. I[1oas-
30BaTesu OyAyT 00eCKypasKeHbl, eCJIN CO3/JaBaeMble MU KJIACCHI He OyAYyT IPU-
JEPKUBATHCS OOBIYHBIX ITPABUJI TPOTPAMMUPOBAHUSA AJIS KJIACCOB.

JlekopaTopbl Knaccos

B npegbiayiem npumepe OBIJIO ITIOKa3aHO, KaK C IIOMOIIIBI0 METaKJIaCCOB MOMKHO
YIPaBJIATH MPOIECCOM co3AaHmA KiaccoB. OmHaKO MHOTAA OBIBAET JOCTATOYHO
BBITIOJIHUTH HEKOTOPHIE IeHICTBUA yiKe IOoCJIe TOTOo, KaK KJacc OyeT opeaesieH,
HaIpuMep HOOABUTH KJIACC B PEeCTp UMW B 0a3y HAHHBIX. AJIbTepPHATHUBHBINA
HOAXOM K PeIeHMIO ITOAOOHBIX 3aau 3aKJII0UAeTCsA B MCIIOJIb30BAHUM IEeKOopa-
Topa KJiacca. [Jekopamop kJaacca — 3170 QYHKIUA, KOTOpasa MIPUHUMAET U BO3-
Bpariaer KJjacc. Hanpumep:

registry = { }

def register(cls)
registry[cls.__clsid__] = cls
return cls

B srom mpumepe GpyHKIUA register oTbIcCKMBaeT B Kjacce arpubyT __clsid__.
Ecuu aToT aTpubyT OmrpeaesieH, OH UCIOJIb3yeTCA IJIs f00aBIeHNA KJIacca B CJIO-
Bapb, KOTOPBII CIIYIKUT JId OTOOPAKEeHUA UIeHTU(MUKATOPOB KJIACCOB B 00'bEK-
TBI KJIACCOB. ATY PYHKIIUIO MOKHO MCIIOJIB30BAaTh KaK IeK0OPaTop, TIOMECTUB IO
HEIIOCPEeICTBEHHO IIepesi OIpesieieHreM KJyacca. Hampuwmep:

@register
class Foo(object):
__clsid__ = "“123-456"
def bar(self)
pass

31ech K CHHTAKCHUCY C HCIT0JIb30BaHUEM JeKOPaTOPa MbI IIPUOErIn, rJIaBHBIM 00-
pasom, paau ymoocrBa. Toro ke caMoro pesaysbTraTra MOMKHO JOOUTHCS APYTUM
crrocobom:

class Foo(object):
__clsid__ = “123-456"
def bar(self)
pass
register(Foo) # 3aperncTpupoBaTb KNacc

Mo:kHO 10 OECKOHEUHOCTH IIPHUAYMbBIBATh BCAKNE NbSBOJbCKUE YXUIIPEHUS,
KOTOpPBIE MOXKHO OBIJIO OBl peajns30BaTh B QyHKIMU-TeKopaTope KJjacca, OfHa-
KO JIy4Ille Bce-TaKu n3beraTh upe3MepPHbIX IPeBPallleHn, TAKUX KaK Co3JaHue
00epPTKM BOKPYT KJIACCa WK IePeoIIpeesieHNe ero COAePKIMOro.
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Kpynusie mporpamMmsel Ha A3biKe Python o6b14yHO opraHm3oBaHbI B Bujie HAGO-
pa mMoxyiel u maxkeroB. Kpome TOro, 60JIBIIOE UKCJIO MOZYJIEH TAKIKE BXOLUT
B cTaHgapTHYIO Oubauorexy Python. B aToit rase Gosiee moapoOHO paccKassl-
BaeTCsd 0 CUCTeMe MoayJieil u makeToB. IloMruMo 5TOr0 371€CH TPUBOAUTCA UHPOP-
Manus O TOM, KAaK YCTaHABJIMBATHL MOJYJIY CTOPOHHUX PaspabOTUYMKOB U KaK
co3gaBaThb I].'I;I/ICTpI/IﬁyTI/IBI)I C ICXOOHBIMMU TEKCTaMM.

Mopaynun n uHcTpykums import

JIr0601i hails ¢ ICXOTHBIMU TEKCTAMU Ha A3bIKe Python Moker ucmnosb3oBaThesa
KaK MOJyJb. B KauecTBe mpuMepa paccCMOTPUM cofiep:RuMoe Gaiima spam.py:

# spam.py

a = 37

def foo():
print(“oyHkuma foo(), a = %s” % a)

def bar():
print(“OyHkumsa bar(), Bu3nBaeTca dyHkums foo()”)
foo()

class Spam(object):
def grok(self):
print(“Meton Spam.grok™)

3arpysuTb (haiij ¢ STUM UCXOIHBIM IIPOrPAMMHBIM KOIOM, KAK MOAYJIb, MOMKHO
C IIOMOIIbI0 MHCTPYKIMU import spam. Korma mHCTPYKIIusA import BIepBbIe 3a-
TpysKaeT MOJYJIb, OHA BBITIOJHAET CJIEeAYIOIe TPU OePaI[uu:

1. CosmaeT HOBOe IIPOCTPAHCTBO MMEH, KOTOPOE OYAET CIAYIKUTH KOHTEeITHEPOM
[IJIs BCEX OO0'BEKTOB, OMpPEEeNAeMbIX B COOTBETCTBYIOIEM (aitie. ITO — TO
IPOCTPAHCTBO UMEH, KOTOpOe OyAeT HOCTYIIHO (GYHKIIUAM 1 MEeTogaM, 00b-
ABJIEHHBIM B MOZyJle, UCIIOJIb3YIOIIUM NHCTPYKIIUIO global.

2. BroImosiHsSeT MPOorpaMMHEBIN KOJA B MOAYJIe BHYTPU BHOBH CO3JaHHOTO IIPO-
CTPAHCTBA UMEH.
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3. CosgaeT B BBISBIBAIOINEH IpOrpaMMe MM, CChLIAIOIeecs Ha TPOCTPAHCTBO
VIMEH MOIYJIsi. OTO MMs COBIAZAET C UMEeHeM MOJIYJs U MCIIOJb3yeTcs, KaK
TIOKa3aHO HUMKe:

import spam # 3arpysuT v BHINOAHUT MOAyNb ' spam’

X = spam.a # 00paTuTCcs K nepemMeHHon mopyna ‘spam
spam. foo() # BbizoBeT OyHKUMO B MOAyne ‘spam

s = spam.Spam() # CospgacT akaemnnap knacca spam.Spam()

s.grok()

BaskHO IOAYEPKHYTh, YTO MHCTPYKIAA import BBIIOJIHUAT BCe MHCTPYKIMU B 3a-
rpyskeHHOM (haitsie. Eciu B monosrHeHne K 00bABIEHUIO IEPEeMEHHBIX, DYHKITUH
¥ KJIACCOB B MOJYJIE COEPIKATCS HEKOTOPbIe BEIUNC/IEHI 1 BEIBOJ, PE3YJIbTATOB,
TO Pe3yabTaThl OyAyT BHIBEIEHBI HA SKPAH B MOMEHT 3arpysku Moxy.sa. Kpome
9TOT0, 00BIYHOE HeJOMIOHMaHUe PaboThI C MOLYJIAMU CBA3aHO CO CII0CO00M 00pa-
IIeHus K KJaccaM, o0'bSIBJIEHHBIM B HeM. S3allOMHUTE, YTO ecJu B (haiiie spam.py
00'bsABJIEH KJIacc Spam, o0palraThbCs K 3TOMY KJIACCy CJeAyeT II0 MMeH! spam. Spanm.

YT06BI UMIIOPTUPOBATH CPA3Y HECKOJIBKO MOAYJIEH, X MMeHa MOMKHO IIePeUnC-
JIUTH B UHCTPYKIIUY import uepes 3anATyI0, HAIpUMep:

import socket, os, re

Wms, ucnonab3yemMoe AJis CCHLIKK Ha MOAYJb, MOMXHO U3MEHHUTL C IIOMOIIBLIO
kBanuduraropa as. Hampumep:

import spam as sp
import socket as net
sp. foo()

sp.bar()
net.gethostname()

Korzma Mmoayab sarpyskaercs moj IpyTUM UMeHeM, KaK B IPUMepe BBIIIe, HOBOe
UM MOYKHO WCIIOJIb30BATh TOJBKO B (haiiysie nam B KOHTEKCTEe, Tfle HaXOJUTCS
MHCTPYKIUA import. [Ipyrue MOAyJu MO-IIPEKHEMY MOT'YT 3arPysKaTh MOAYJIb
IOl €70 OPUTUHAJIbHBIM UMEHEeM.

Bo3MO0OXHOCTDE U3MEHEHUA UMEHU UMIIOPTUPYEMOTO MOAYJIS MOYKET OKa3aThCs
TIOJIE3HBIM WHCTPYMEHTOM, ITO3BOJIAIOIIUM ITMCATH PACHINPSIEMBIA TPOTPaMM-
HBIN Koa. Hampumep, fomycTUM, YTO UMEETCA ABA MOLYJIA, xmlreader.py 1 csv-
reader.py, KaIbIi 13 KOTOPBIX 00bABIgeT PyHKIIHIO read_data(filename), Ko-
Topas YUTaeT HEeKOTOphle JaHHbIe U3 (aiiia, HO paboraeT ¢ aitaaMu PasHbIX
dopmatoB. Mo:xHO HaIncaTh TaKOW IPOTrPaMMHBIN KO, KOTOPBIA OyAeT BbIOM-
paTb HeOOXOAMMBIM MOAYJIb UTEHUSA, KaK IIOKa3aHO HUKe:

if format == ‘xml’
import xmlreader as reader
elif format == ‘csv’:

import csvreader as reader
data = reader.read_data(filename)

Monaysnu B sisbike Python — aT0 «mepBokJiaccHbIe» 00beKThbI. TO €CTh OHU MO-
I'yT IPHUCBANBATHCSA IIEPEMEHHBLIM, IIOMEIIATECA B CTPYKTYPhI JAHHBIX, TAKHE
KaK CIIMCKHU, U IepeJaBaThbCcAd MEKAY YaCTAMU IIPOrpaMMbI B BUE dJIEMEHTA
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maHHBIX. Hampumep, mepeMeHHas reader B IPeABIAYIIEM IIPUMEPE — 3TO IPO-
CTO CCBLJIKA Ha COOTBETCTBYIOIIUII 00beKT MOAyA. C TOUKU 3pEHUA BHYTPEH-
Hell peau3anuu 00bEKT MOLYJIA — 3TO CJI0BAPhb, KOTOPHIN XPAHUT COAEPIKIMOE
MPOCTPAHCTBA MMEH MOAYJA. JTOT CJIOBAph MOCTYIIeH KakK arpubyT __dict__
MOIYJis, U BCAKUN pas, Korha MPOU3BOAUTCA obOpallleHre K 3HAUeHUI0 BHYTPU
MOJYJis, BBl (DaKTUUECKU paboTaeTe C 3TUM CJIOBapEM.

MHCTpYyRIUA import MOMKeT MOABIATHCA B JI0060M MecTe mporpaMmMbel. OgqHaKOo
IPOrPAMMHBIH KO JII000TO MOZYJISA 3arPYKaeTCA U BBIIIOJIHAETCS TOJHKO ONUH
pas, HeBaBUCUMO OT KOJIMUEeCTBA WHCTPYKIIUHA import, sarpyskammiux ero. Bee
ToCcJeAyIOINe MHCTPYKITUU 1mport OYAYT MIPOCTO CBA3BIBATH UMA MOAYJIS C 00+
€KTOM MOJYJIs, CO3JaHHBIM IIePBOI BCTPETHUBIIelica nHCTPpyKIueit import. Ciro-
Baph, COJEPIKAIIUU BCe MONYJIN, 3aTPysKEeHHbIE K TEKYIIEMy MOMEHTY, HOCTY-
IIeH B BU/Jie IePeMeHHOM sys.modules. ATOT cjoBapb 0TOOpakaeT UMeHa MOAYJIei
Ha 00beKTHI MoAyJiell. CoZep:KMMOe 3TOTO CJIOBAPS UCIIOIb3YeTC s, YTOOBI OIIpe-
JeJINTD, NOJIXKHA JIU MHCTPYKIIUA 1mport 3arpysKaTh CBEXKYIO KOIIUIO MOAYJIA.

MMmnopTtnpoBaHne oTaenbHbIX MMEH U3 Moaynen

st 3arpy3Ku OTHENBHBIX OIPeAeeHUN 13 MOAYJISA B TEKYyIlee MMPOCTPAHCTBO
MMeH UCII0JIb3yeTcsa HHCTPYKIus from. ITo cBoeil PyHKIIMOHATBLHOCTH NHCTPYK-
musa from uAeHTUYHA MHCTPYKIIUK 1mport, 3a MCKJIIOYEHHEM TOI'0, YTO BMECTO
CO3JJaHUA UMEHU, CChLIAOIIErocsa Ha BHOBb CO3JaHHOE IIPOCTPAHCTBO UMEH MO-
IyJisi, OHA IIOMEIIlaeT CChIIKY Ha OAUH UJu 00jiee 00bEeKTOB, 00'bABIEHHBIX B MO-
IyJie, B TEKYIIee IIPOCTPAHCTBO NMEH:

from spam import foo # WmnopTupyeT mooynb spam u nomewaeT uma ‘ foo’
# B TeKyllee npoCTPaHCTBO MMeH

foo() # BbizoBeT spam. foo()

spam. foo() # NameError: spam

WMHCTpyKIua from TaksKe MOKET IPUHUMATE CIIMCOK UMEH 00'beKTOB, PasieseH-
HBIX 3anaTbiMu. Hanpumep:

from spam import foo, bar

Eciu ciucok uMIIOpTUPYEeMbIX UMEH JOCTATOUHO AJUHHBINA, €70 MOYKHO 3aKJII0-
YUTH B KPYIUIble CKOOKU. Biarogaps sToMy WHCTPYKI[UIO import MOMKHO pasme-
CTUTH B HECKOJIBKUX CTPOKAX mporpamMmmsbl. Hampumep:

from spam import (foo,
bar
Spam)

Kpome Toro, B MHCTPYKIUHU from MOKHO MCIIOJH30BaTh KBAJIU(PUKATOD aS, UTO-
OBI IPUCBOUTH UMIIOPTUPYEMBIM 00BbEKTaM JpyTrue nuMeHa. Hampumep:

from spam import Spam as Sp
s = Sp()

ITomuMo 3TOTO, [JiA 3aTPY3KU BCEX OIPEEJIeHUNH, NMEIOIUXCA B MOJAYyJe, 3a
WICKJIIOUEHNEeM TeX, MMeHA KOTOPhIX HAUMHAIOTCA C CUMBOJIA IOJUEPKUBAHUA,
MOJKHO MCIIOJIb30BaTh IIA0JOHHBIN CMMBOJI 3Be30uKu (). Hanpumep:
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from spam import » # 3arpy3uT BCe OnpeaeneHWs B Tekyllee npocTpaHCTBO WUMEH

NucTtpyrmusa from module import » MOMKeT MCIOJIB30BATHCA TOJBKO IJIA 3aTPy3-
KU MOAyJeli BepXHero ypoBHsA. B YacTHOCTM, MHCTPYKIIUIO MMIOPTUPOBAHUS
B TAKOM BHUEe HEJIb3s MCIIOJb30BATh BHYTPU (PYHKIIUN — M3-3a OTPAHUYECHU,
HaKJaAbIBa€MbIX IIPaBUJIAMU BUAUMOCTH (HAIpUMep, Korga (GyHKIIUI KOMIIT-
Jqupyercsa B 0aliT-KOJ, BCe MMEHA, UCI0Jb3yeMble B (DYHKIIUU, HOJKHBI OBITH
KBaJU(GUIIMPOBAHBI IIOJTHOCTHIO).

Mopaysiy mO3BOJAIOT OPraHM30BaTh 00Jiee TOUHOE yIIpaBJieHre HaGOpOM WMEH,
UMIIOPTHUPYEMBIX MHCTPYKI[MEeH from module import »x, mocpemcTBOM O0'bsBJIE-
Hud criucka __all__. Hampuwmep:

# module: spam.py
_all__ = [ ‘bar’, ‘Spam’ ] # 9T umerHa OyayT MMNOPTUPOBATHLCH MHCTPYKUMEN
# from spam import =

IIpaBuia BUAMMOCTU [Jisl OIpPENEJIeHHUH, MMIOPTUPOBAHHBIX WHCTPYKIIHEH
from, He usmendAtoTca. Hampumep, pacCMOTPUM CIeyIOMInil hparMeHT:

from spam import foo
a =42
foo() # BoBepeT “OyHkuma foo(), a = 37”7

B namaom npumepe GpyHKIus foo(), 00bABIEHHAS B MOAYJIE Spam.py, odopalaer-
¢ K riiobabHO mepemMenHo# a. Korga cepliika Ha GyHKITUIO f00() momMelnaeTcsa
B Ipyroe IPOCTPAHCTBO UMeH, 9TO He IIPUBOAUT K U3MEHEHUIO IIPaBUJI BUAU-
MOCTH IIepeMeHHBIX BHYTpu (GyHKIUU. To ecTh rrodaJbHBIM IPOCTPAHCTBOM
UMeH s QYHKIIMU Becerga 0yIeT MOAyJib, B KOTOPOM OHAa Obliia 00'bSABJIECHA, a He
IIPOCTPAaHCTBO UMEH, B KOTOpoe 9Ta (GYHKIUA Oblia UMIIOPTUPOBaHAa M OTKYyIa
ObLia BeI3BaHA. To 2Ke caMoe OTHOCHUTCS U K Bbhi3oBaM (pyHKiuii. Hampumep,
B cJleyroiieM (hparMeHTe BbI3bIBaeTCA (PyHKIUA har(), KoTopasd B CBOIO 0Uepesb
BBIBBIBaET PyHKIIMIO spam.foo(), a He mmepeorpeaeeHHy 0 GyHKIU0 f00(), 005-
SABJIEHHYIO B CJeyIONIeM IIpuMepe:

from spam import bar

def foo():
print(“Apyras ¢yHkung foo”)
bar() # Korpa dyHkums bar() Bui3oseT ¢yHkuuo foo(), To OyneT Bhi3BaHa

# spam.foo(), a He ¢yHkung foo(), oObsBNEHHAS BbIle

M pyroil THOINYHBIA UCTOUHUK OINNOOK, CBA3AHHBLIX C MHCTPYKIIHei from, Kaca-
eTCs MOBEeJEeHUA IJI00aIbHBIX IIEPEeMEHHBIX. PaccMOTPUM B KauecTBe IIPUMepa
CJenyIoNui (hparMeHT:

from spam import a, foo # MMnopTupyeT rnobanbHyln NepemMeHHyn

a =42 #f W3MeHUT 3Ha4yeHne nepemeHHo
foo() # BuBepeT “OyHkuna foo(), a = 37"
print(a) # BoiBepeT “42”

31ech BaKHO MOHATH, UTO MHCTPYKI[MSA IPUCBAaNBAHUA 3HAUEHUA ITePEMEeHHOMR
B a3bIKe Python He ABIseTcA omepaiiueli coxpaHeHud sHaueHus. To ecTh WH-
CTPYKIIMA IPUCBAaMBAHUSA B IIPEABIAYIIEM IPUMEPE He COXPaHAET HOBOE 3HAUe-
HUe B IeDEMeHHOH a, 3aTupasd cTapoe 3HaueHne. BMecTo 9Toro co3gaeTcsa HOBBIA
00'bEKT, COZEPIKAIUN 3HAUEeHUEe 42, a B IEPEMEHHYIO 4 3alIUChIBAETCA CCBHLIKA
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Ha Hero. [TocJie aTOr0 IIepeMeHHasA a IOTEPAET CBA3H CO 3HAUEHUEM, UMIIOPTUPO-
BaHHBIM U3 MOJYJIA, X OYZET acCOMUPOBaHa C HEKOTOPBIM APYTUM O00'HEKTOM.
ITo sT0if mpuuMHe HEBO3ZMOIKHO C TIOMOIIIBIO MHCTPYKIIUY from UMUTHUPOBATH I10-
BeJleHe I100aJIbHBIX IIepeMEeHHBIX MM O0muX OJIOKOB, TAaKOe, KaK B A3BIKAX
nporpammupoBanus C unu Fortran. Ecsiu B mporpamme moTpe6yeTcss uMeTh U3-
MeHseMbIe TJI00abHble TapaMeTpPhl, UX MOKHO IIOMECTUTH B MOJYJIb 1 ABHO WC-
TOJIb30BATh UM MOAYJIA, UMIIOPTUPOBAHHOTO C IIOMOII[BI0 MHCTPYKIIUU import
(TO eCcTh IBHO MCIIOJIB30BATDb UM Span. a).

BbinonHeHne moayns
KaK CaMOCTOSITeNIbHON NPOrpamMmbl

Wurepnperarop Python mokeT BBIMTOIHATH (alabl ¢ MPOTPAMMHBIM KOJOM
IByMdA crocobamu. HCTPYKIUA import BRIMOJHAET ITPOrPaMMHBII Kof, 016JIm-
OTEUYHOI'0 MOJYJIsA B COOCTBEHHOM ITpocTpaHcTBe mMeH. OAHAKO ITPOrpaMMHBIH
KOJ MOJKET TaK’Ke BBINOJHATHCA KaK OTAeJbHAA IporpaMMa WU CIeHapui.
9TO IPOMCXONUT, KOTa UM (aiiia mepesaeTcsa HHTEPIPETATOPY KaK UM CIie-
HAPUA:

% python spam.py

Jsa KasKJ0r0 MOAYJIA OIpefiesiseTcsA ITepeMeHHasdA __name__, TZie XPaHUTCSI UM
moznysas. IIporpaMMbI MOTYT HIPOBEPATH 3HAUEHIE 9TOU IIepeMEeHHOI, YTOOBI
OIpeNenTh, B KAKOM PeKUMe OHU BBIIOJHAIOTCA. IIpy BBIMTOJTHEHUN MHTEP-
IpeTaTopoM MOJYJIb BEPXHEro ypoBHA IosydaeT uMmsA __main__. IIporpamma,
UM KOTOPO# OBLJIO mepefaHo MHTePIPEeTaTopy B BUAE apryMeHTa KOMAaHIHOM
CTPOKU, UJIMW BBEJeHHAs B MHTEPAKTHUBHOUN 000JI0YKe, BBHIMOJHSIETCA BHYTPU
IPOCTPaHCTBa UMEH MOAYJsS __main__. MHOrAmA ObIBaeT HEOOXOAMMO M3MEHUTH
TIOBeIeHIe MPOTPaMMBI, B 3aBUCUMOCTHU OT TOT'O, ObLJIA JIM OHA MMIOPTUPOBaHA
KaK MOIYJIb MJIY 3aIlyIlleHa B IIPOCTPAHCTBe UMeH __main__. Hampumep, Moayab
MOJKET COIEePKaTh KaKue-I1u00 TeCThl, KOTOPbIE JOJIMKHbI BBIIIOJHATHCS IIPU 3a-
IycKe MOAYJIA KaK OTHEeJbHOI IPOrpaMMbl 1 He JOJIMKHbBI BHIIOJIHATHCA, KOTIa
MOAYJIb UMIIOPTUPYETCA IPYTUM MOAyJjeM. Peasn3oBaTh 9TO MOKHO, KaK II0O-
KasaHo HUKe:

# MNpoBepuTb, ObN MM MOAYAb 3anylleH Kak nporpamMa

if __name__ == "'__main__’:
# [la
UHCTDYKLUMN
else:
# HeT, o0aitn Obin MMNOPTUPOBAH Kak MOAYNb
WHCTDYKLUMN

B daiisnel ¢ mporpaMMHBIM KOZOM, KOTOPBIE MOT'YT WMCIIOJIE30BAThCSA Kak Ou-
OJIMOTEKYM, YACTO BKJIIOUAETCSH JOIOJHUTEJBHBIN IIPOTPAMMHBIN KOJ, C IIPU-
MepaMu uiu recramu. Hanpumep, npu paspaboTke MOLYJIA MOYKHO IIOMECTUTH
IPOrPAMMHBIN KOJ[, IPOU3BOAAIININ TeCTUpPOBaHMe OUOJIMOTEKU, BHYTPh WUH-
CTPYKIMU if, KaK IIOKa3aHO BBIIIEe, U NPOCTO 3aIlyCKaTh MOAYJIb, KaK CaMO-
CTOSATENBbHYIO IPOrPAMMY, UYTOOBI BBIMIOJHUTE €T0. OTOT IPOrPaAaMMHBII KO He
OymeT BBIMOJHATHCS, KOT/a M0Jb30BaTe/Ib OyaeT UMIIOPTUPOBATh OMOJINOTEKY
KaK MOJYJIb.
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MyTb Nnoncka mopynen

YT00bI 3arpy3uTh MOAYJb, NHTEPIPETATOP MPOCMATPHUBAET KATAJIOIH, CIIICOK
KOTOPBIX HAXOAUTCS B IIEpeMeHHON sys.path. IlepBbIM 2JIeMEHTOM B CIUCKE SYS.
path 0oOBIYHO SIBJSAETCS IIyCcTasd CTPOKA ‘', KoTopas 0003HauYaeT TeKyIuii pado-
yuii KaraJyaor. OcTaJbHBIE 3JIEMEHTHI CIUCKA SyS.path MOTYT cofep:kaTh UMeHa
KaTaJIorTOB, apXMBHBIX (pailjioB B hopMare .zip u (pailjioB MaKeTOB C pacIiiupe-
"HueM .egg. [lopAmoK cieoBaHMA BJIIEMEHTOB B SYS. path omrpenesaeT MOpAOK II0-
ucka ¢daiiia nmpu sarpyske Moayisi. YTo6bl 100aBUTh 9JI€MEHT B IYyTh IIOKCKA,
IOCTATOYHO ITPOCTO JOOABUTDH €0 B 9TOT CIIMCOK.

HecMmoTtps Ha To UTO IyTh OGBIYHO BKJIIOUAET MMEHA KaTaJoroB, B IIYTh IIOUCKA
MOJKHO TaKKe IT00aBJIATH Zip-apXuBhI, comepaxalnue moayau Python. dra oco-
OEHHOCTh MOJKET KCIIOJIb30BAThCS /I YIAKOBKU KOJIJIEKIIUU MOAYJEl B enu-
HBIN (haiin. Hanpumep, IpeamososKuM, UTO BBl CO3MaJM ABAa MOXYJA, T00.py
u bar.py, ¥ HIOMeCTUJU UX B zip-(daiin ¢ umeHem mymodules.zip. AToT (aita MoK-
HO OyJeT 106aBUTH B IyTh Iorcka Python, Kak mokasaHo HUKe:

import sys
sys.path.append(“mymodules.zip”)
import foo, bar

Tak:xe foIycKaeTca YKa3bIBaTh KOHKPETHOE MECTOIOJIOKEHNE B CTPYKTYPe Ka-
TaJoroB, BHyTpu zip-daiina. Kpome Toro, zip-aiiabpl MOKHO YKa3bIBaTh BIIe-
peMe:KKy ¢ OOBIYHBLIMHU KOMIIOHEHTAMHU ITyTH B (paiiyioBoil cucreme. Hampumep:

sys.path.append(“/tmp/modules.zip/1ib/python”)

Kpowme .zip-gaiiioB, B myTh MOMCKA MOYKHO TaK’Ke H00ABJIATL (PAiijbl C pac-
mupeHueM .egg. Paliabl ¢ pacIIupeHneM .eJJ — 9TO IMaKeThl, CO3JaHHBIE C II0-
Motbio 6ubsmoreku setuptools. C aTuM pacmpocTpaHeHHBIM (hOpMaTOM Iia-
KEeTOB BbI BCTPETUTECH, KOTZa OyZeTe yCTaHABIMBATH CTOPOHHUME OMOJIMOTEKU
u pacmupenusa Python. ®@aiiab! ¢ paciuinpesuem .egg — 9TO, II0 CYTH, OOBIYHBIE
zip-daitibl, comeprKaliye NONOJHUTENbHBIE MeTaJaHHbIE (HAaIpUMep, HOMEpD
BepCUM, CIUCOK 3aBUCUMOCTEH U TakK mgaJjee). To ecTh maHHBIE, HAXOAIIHIECST
B (paiijie ¢ paciInpeHueM .egg, MOKHO U3BJIEKATh C IOMOIIIBIO CTAHAAPTHBIX MH-
CTPYMEHTOB, IpeIHasHaUeHHBIX JJIs PaboThI ¢ zip-haiiiaMu.

HecMmoTps Ha Haanure BO3MOMKHOCTA UMIIOPTUPOBATH Zip-(aiijibl, OHU MMET
HEKOTOpble OrPAHUUYEHNS, 0 KOTOPBIX CJIeAyeT 3HAThb. BO-IepPBBIX, U3 apXUBOB
MOYKHO UMIIOPTUPOBATH TOJBbKO (DaMJIbl C PACITUPEHUAMU . DY, .DYW, .pyC | .pyo.
Pazgensgemble OMOIMOTEKU U MOIYJIN PacIIUpPeHnii, HalucaHHbIe HA A3bIKe C,
He MOTYT 3arpysKaThbCsA M3 apXWBOB, XOTs HEKOTOPBLIE CHCTEMBI IMaKeTOB, Ta-
KHe Kak setuptools, mpemocTaBIA0T O0XOAHbIE IIYTH PEIIeHUA STON IPOBIeMbI
(o6bIuHO M3BJIEKAasA paciiupeHusd Ha aA3biKe C BO BpeMeHHBIM KaTaJoT U 3arpy-
skas moayJsiu us Hero). Kpome Toro, nareprnperarop Python ne 6yzmer cosmaBaTh
(aiiabl ¢ pacIIuPEHUsIMA .DYC U .PYO, ecau Ghaijbl .py ObIIN 3aTPyKEHBI U3 ap-
xuBa (IOSICHEHUS B cjefyiomnieM pasnese). [losTomy ouenb BaskHO yOequThCs,
uT0 9TU (haiiabl ObLIN CO3aHbI 3apaHee U YIIaKOBaHBI B ADXUB, UTOOBI HE UMETh
OTEPh B IPOMU3BOAUTEILHOCTH IIPU 3aTrPYy3Ke MOIYJIEH.
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3arpysKka 1 KoMnunsaumusa Moaynem

ITo cux 1mop B 9TOM IylaBe PacCMaTPUBAJKCHL MOAYJIH, KOTOPHIE MIPEACTABISIIOT
c060i1 (haiabl ¢ MPOrpaMMHBIM KOJOM MCKJIIOUUTEJNbHO Ha si3biKe Python. Of-
HAKO B IeMICTBUTEIBbHOCTY MOAYJIH, 3aTrpysKaeMble MHCTPYKIIHEH 1mport, MOTyT
OBITH OTHECEHBI K YeThIPEM OCHOBHBIM KATErOPUIM:

e TIIporpammHBIHi KoA Ha sa3biKe Python (daiins! ¢ pacimuperuem .py)

e Pacmupenus Ha a3bike C uiu C++, KOTOpbIe ObLIN CKOMITUJINPOBAHBI B BU/I€
pasmensemMbIx 0ubaroTex uau DLL

o Ilakersl, comepsralue KOJIJIEKIITUUA MOYIeit

e BcrpoerHbIe MOLYIN, HAIUCAHHBIE Ha A3bIKe C 1 CKOMIIOHOBaHHEIE C THTED-
mpetatopoMm Python

IIpu moucke Moayad (Hampumep, f00) MHTEPIIPETATOP IPOCMATPUBAET KasK bl
KaraJor, yIIOMAHYTBIN B CIKUCKe SyS.path, B moncKax caeaymooInux daiiios (me-
peurcIeHHBIX B TOM MOPSAAKEe, B KAKOM BeleTCS MOUCK):

1. Karamor foo, 00'bABJIEHHBIN KaK IIaKeT.

2. foo.pyd, foo.so, foomodule.so mam foomodule.d1l (cKoMOHMJIMpPOBaHHEIE pac-
IIUPEHNA).

3. f00.pyo (TOJIBKO eCIU IPU KOMITUJIAIINY ObIJI UCIIOIb30BaH K4 -0 uiau -00).
4. foo.pyc.

5. foo.py (8 Windows wmHTepmpeTaTop TaKKe IIpoBepAeT Hajuuue (aiijaoB
C PaCIIUPEHUEM . PyW).

ITakeTrsl 6yAyT ONKMCAHBI Uy Th HUKE; CKOMIMJINPOBAaHHBIE PDACIIIMPEHUS OIIHCA-
HbI B rtaBe 26 «Pacimupenue u BerpauBanue Python»s. Uro xacaerca (aiiios
C pacIIupeHueM .py, TO KOrZia MOAYJIb UMIIOPTUPYETCA BIIEPBbIe, OH KOMIIUJIN-
pyeTcs B 6afiT-KOJ U COXPaHAETCA Ha AUCKe B Gaiije ¢ pacimupenuem .pyc. I[lpu
BCEX MOCJIEAYIONIUX 00PaIIeHUAX K UMIIOPTUPOBAHUIO 9TOT0 MOAYJISA MHTEPIIpe-
TaTop OyAeT 3arpysKarb CKOMIUJINPOBAHHBIN 0afiT-KO/, €CJIN TOJIBKO C MOMEHTA
co3maumusa 0auT-Komaa B (paiii . py He BHOCUJINCH N3MEHEHUA (B 9TOM ciyuae (aiia
.pyc 6ymeT cosmaH 3aHOBO). DAkl . py0 CO3LAIOTCA, KOT/Ia MHTEPIIPETATOD 3aIy-
ckaercd ¢ KarodoMm -0. B aTom cayuae us 6aiiT-Koza ynaida0TCcAa HOMepa CTPOK,
MHCTPYKIUM assert u mpouasd omiazoyHad nHdopmanua. B pesynbrare haiibt
TOJIYYalOTCs MEHBIIE W BBIMOJHAITCA WHTEPIPETAaTOPOM HEMHOTrOo ObICTpee.
Ecsnu BmecTo Katoua -0 ucnosbzoBaTh KJtou -00, us (aiisa Takike OyayT yna-
JIEHBI CTPOKU JOKYMEHTUPOBAHUA. YAAJIeHUE CTPOK JOKYMEHTUPOBAHUSA IIPO-
WCXOAUT UMEHHO IIpU co3naHuu (aijioB ¢ paCIIuPEHUEM .py0, HO He BO BpeMsA
ux 3arpysku. Eciau nHTEepupeTaTopy He yAacTca O0OHAPY KUTh HU OJUH U3 3TUX
(daiinoB B KaTajIorax, IepevYnCcJIeHHbIX B CIIUCKE SyS.path, OH IPOBEPUT, HE COOT-
BETCTBYET JI 9TO UMs BCTPOEHHOMY MOJYJf0. Eciiz TAKOTO BCTPOEHHOTO MOZIY-
JIsl He CyIIecTByeT, OyaeT BO30YKIeHO UCKJIoueHue ImportError.

ABTOMaTHUYeCKas KOMIMJIAIMS IPOrPpaMMHOTO Koia B (hailyibl ¢ pacIiinpesHuns-
MU .pYC ¥ .pYO IPOUBBOAUTCSA TOJHKO IPU MCIOJIH30BAHUN MHCTPYKITUK 1mport.
IIpu samycke mporpaMm U3 KOMaHIHOUN CTPOKU 9T (haityibl He co3dpaiorcsa. Kpo-
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Me TOT0, 3TU (haiJIbl He CO3NAI0TCA, €CJIU KaTaJIoT, COIePKaIuil (haidjr . py MOIY-
JIf, He TOCTYIIeH AJIs 3alucy (HalpuMep, 13-3a HEXBAaTKU IIPAaB y MOJIb30BATEA
WJIV KOT/Ja MOAYJIb HAXOAUTCA B Zip-apXuBe). 3alIPETUTh CO3/JaHUe dTUX (DailoB
MOKHO TaKJKe, 3aIlyCTUB UHTEPIIPETATOP C KJIFOYOM -B.

Ecuu nmeroresa daiins: .pyc u .pyo, Gamiisl .py ¢ MCXOAHBIMY TEKCTAMU MOT'YT OT-
cyTcTBOBaTh. TO eCcThb, €CJIU BBI He JKeJlaeTe BKJIIOUATh B IAKET UCXOLHbIE TEKCTHI
Mo yJIeil, MOKHO IIPOCTO yIaKoBaTh Habop Gaitynos .pyc. OgHAKO caenyeT IoM-
HUTb, 4TO mHTepuperarop Python o6iamaeT MoIIHONE BO3MOMKHOCTHIO MHTPO-
CIIeKIINU U AusacceMOnpoBauusa. OUbITHBIE TTOJIbB30BATEI 0€3 0c000TO TPyIa
CMOTYT UCCJIeJOBATh BAaIlll MOAYJN U Y3HATH MacCy MOAPOOHOCTEH 0 HUX, JasKe
B CJIy4Yae OTCYTCTBUA UCXOAHBIX TEKCTOB. KpoMe Toro, He HYKHO 3a0bIBaTh, UTO
(aiiabl .pyc MOTYT 3aBUCETh OT BepcuM MHTepHperaropa. To ecTs (aiiua .pyc,
CO3aHHBII OfHOM Bepcueii maTepnperaropa Python, Moker okasaTbesa Hepa6o-
UM ¢ OYAYIIAMUA BEPCUIMH.

Korma uHCTPYKIMA import mbITaeTcsA OTHICKATH (DAiijbl, ITOMCK IPOUSBOAUTCS
C yYeTOM perucTpa CUMBOJIOB B UMeHaX (paiioB, JasKe B ONMEPAIIMOHHBIX CUCTE-
Max, rae (aiijoBble CUCTEMBI He Pa3JIMYalOT PETUCTP CHMBOJIOB, B TAKMX KaK
Windows u OS X (X0Ts TaKue CUCTEMBI COXPAHAIOT PErUCTP CUMBOJIOB). ITosTo-
My WHCTPYKIHA import foo cMoKeT MMIOPTUPOBATh TOJMBKO (aiia f0o.py u He
cmoskeTr —F00.PY. Boo6iiie sKesraTeIbHO M30eraTh UCI0JIb30BAHNA CUMBOJIOB Pas-
JUYHBIX PETUCTPOB B UMEHAX MOIYJIEH.

Bblrpy3|<a N NOBTOPHAs 3arpy3ka MOAyHEIZ

B saspixke Python oTcyTcTByeT nosHOIIEHHA S TOALEPIKKA BOSMOKHOCTH IIOBTOP-
HOM 3arpysKU WJIN BRITPY3KU MOJYJIell, MMIOPTUPOBAHHLIX paHee. [laxe eciu
YIQJIUTH MOJYJIb U3 CJI0BapsA sys.modules, B 00IIleM cJIydae 3TO He IPUBEJET K BhI-
Ipy3Ke MOAYJIA U3 MaMATH. ITO MOKET ObITH 00YCJI0BIEHO HAJIUYNEM CChLIIOK Ha
00'bEKT MOZYJIA B IPYTUX KOMIIOHEHTAX IIPOrPAMMBI, KOTOPBIE 3aTrPY3UJIN 3TOT
MOZYJIBb C TIOMOIIbIO0 MHCTPYKIMU import. Bosee Toro, eciu B mporpamMmme GbIIN
CO3JaHBI DK3EeMILIAPHI KJIACCOB, O0'BABIEHHBIX B MOLYJIE, 9TU 9K3E€MILJIAPEI CO-
JePIKAT CCHLIKU Ha COOTBETCTBYIOINE UM O0OBEKTHI KJIACCOB, KOTOPHIE B CBOIO
oyepeb XPaHAT CCHIIKYU HAa MOJYJb, B KOTOPOM OHU OBLIN 00'HSABJIEHBI.

Hasnnune cchlJIOK Ha MOAYJIb B PA3HBIX MeCTaX IMPOrPaMMBI JeJiaeT MpaKTude-
CKM HEBO3MOXKHON ITOBTOPHYIO 3arpys3Ky MOAYJIA ITOCJIe BHECEHUS M3MEHEHUH
B ero peasmsanuio. Hampumep, eciau yoaauTh MOAYJIb U3 CJOBapsA sys.modules
¥ BBIZBATh MHCTPYKIIHIO import, 4TOOBI OMATH 3arpy3UTh €ro, 9TO He OKaYKeT
BJIUAHUS HA CCHIIKY, KOTOPhIE OBLJIN CO3MaHbI B IIPOrpaMMe 0 3Toro. Bmecto
9TOr'0 BBI IIOJIYUUTE CCHIJIKY HA HOBBIA MOIYJb, CO3JaHHBIN caMOIi IIOCJIeqHel
WHCTPYKIIHe# import, 1 MHOYKECTBO CChLIOK Ha CTapPY0 BEPCUI0 MOAYJIA U3 APY-
rux MecT nporpaMmmbl. CKOpee BCero, OKaskeTcs HesKeJIaTeJ bHBIM 1 HaBepHSIKa
He6e30macHbIM UCII0JIb30BAHNE B PEaJbHBIX YCIOBUSAX PEATbHO (DYHKITMOHUDY-
IOIIEro Ko/a, B KOTOPOM HeT IIOJHOTO KOHTPOJISA Hal CPeoil BHIIIOJIHEHU .

Crapeie Bepcuu Python mpemocraBisanu Gpyurmuio reload(), IO3BOJISIOIYIO
BBITPYsKaTh Moayau. OnHako sTa QyHKIIMA HUKOTAA He Oblja 0e30IIacHOM B UC-
0JIb30BAaHMUM (II0 BCEM BBIIIEYIIOMAHYTHIM IPUYXHAM), ¥ €€ HACTOSATEJIbHO pe-
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KOMEH IOBAJIX UCII0JIbL30BATh NCKJIIOUNTEIBHO AJIA oTiagku. B Bepcuu Python 3
TaKas BO3MOXKHOCTH ObljIa MOJHOCTBIO JUKBUAWPOBaHA. IloaToMy JIydIlle HU-
Korjia He mmojlaraTbcs Ha Hee.

Haxkoserr, ciefiyeT OTMETUTD, UTO paciiupenus nis Python, Hanucanubie Ha
sasbike C/C++, He MOryT ObITh 6€30IACHO BBITPYKEHbI U IIOBTOPHO 3arpy KeHbI
HUKakKuM crnocobom. Takas BOSMOKHOCTh HUKOT/A He MOJIepP:KUBaiach U He
TOAAEPIKMUBAETCS, K TOMY K€ 9TOMY MOJKeT IPelsaTCTBOBATb caMa OllepaIiioH-
Haa cucrteMa. IlosToMy Ballla egfWHCTBEHHAs BO3SMOYKHOCTH — 9TO IIOJIHOCTHIO
mepes3amycTUTh IIpoliecc nHTepuperaTopa Python.

MakeTbl

ITakeThI TO3BOJIAIOT CIPYHIIMPOBATD KOJIJIEKIIUIO MOYJIeli o OOIITUM NMeHeM
maxKeTra. OTOT IIPUEM II03BOJISET PEIIUTh MP0o0JeMy KOHMINKTOB UMEH MEXKAY
UMeHaMU MOAYJell, UCIIOJIb3yeMbIX B PA3JIMUYHBIX IPUJIOKeHuAX. [lakeT co3-
JlaeTcsAd KaK KaTaJor ¢ TEM JKe MMeHeM, B KOTOPOM co3zxaeTca (paily ¢ mMeHeM
__init__.py. 3aTeM B 3TOM KaTaJore MOKHO COXPAHUTD NCXOMHbIE (halIbl, CKOM-
IUJINPOBAaHHBIE PACIHIUPEHUA U MoAmakKeTbl. Hampumep, makeT MOKeT MMETh

TaKyIO CTPYKTYDY:

Graphics/
__init__.py
Primitive/

__init__.py
lines.py
fill.py
text. py
Graph2d/
__init__.py
plot2d. py
Graph3d/
__init__.py
plot3d. py
Formats/
__init__.py
gif.py
png. py
tiff. py
jpeg.py

3arpyska MoOAyJieil u3 maKeTa MOKeT ObITh BBIIOJHEHA C IIOMOIIbI0O MHCTPYK-
MUY import HECKOJIBbKUMU CIIOCO0aMMU:

e import Graphics.Primitive.fill

3arpysur Moxayab Graphics.Primitive.fill. OOBEKTHI, comepiKaIue-
cs B 9TOM MOJAyJie, IOoJydyaT mMMeHa, TakKue Kak Graphics.Primitive.fill.
floodfill(img,x,y,color).
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e from Graphics.Primitive import fill

3arpysutr moayab fill, HO cHejaeT BO3MOKHBIM O0paIllaThbCA K HEMY
0e3 WMCIIOJb30BaHMsS IIpe)uKca C HMEHeM IIaKeTa; Hampumep, fill.
floodfill(img,x,y,color).

e from Graphics.Primitive.fill import floodfill

3arpysut MoAayJb fill, HO cmejiaeT BO3SMOMKHBLIM O0OpaIaThCA K (PYHKIIUI
floodfill HemocpeacTBeHHO; HAaITpumMep, floodfill(img,x,y,color).

Beakwuii pas xorga Kakasg-aIumb0 YacTh ITaKeTa MUMIOPTUPYETCS BIEPBHIE, BHI-
TMOJIHAETCS IIPOTPaMMHEBIN Kox B (aiiye __init__.py. 9ToT pailyi MOXKeT OBITH
OYCTBIM, HO MOJKET TaKiKe COJep:KaTh HPOTPAMMHEBIN KO, BBIMOJIHAIOIITUI
VHUIIUAJIU3AIUIo TaKeTa. BeIToJHeHbI OyayT Bece paliabl __init__.py, KoTOpbIe
BCTPETATCA UHCTPYKIUU import B Ipoliecce ee BLIMOJHEHUA. TO eCTh UHCTPYK-
muda import Graphics.Primitive.fill, mokasaHHad BBINIe, CHauaJjia BBIIIOJHUT
daiim __init__.py B Karajore Graphics, a saTem ¢aiia __init__.py B xaraJore
Primitive.

Cy1ecTByeT omgHa mpobJieMa, XxapaKTepHasa [Jis ITIaKeTOB, CBA3aHHAS C BBIIIOJI-
HEeHUeM TaKOU MHCTPYKITUU:

from Graphics.Primitive import =

Korma mporpaMMuUCT HCIIOJIB3YeT MOAOOHYIO MHCTPYKIIHIO, OH OOBIYHO XOYEeT
HMIIOPTHPOBATH BCe MOAYJIU, aCCOIMUPOBAHHBIE C IIAKETOM, B TeKyIllee IIPO-
crpaHcTBO nMeH. OHaKO M3-3a TOTO, UTO COIJIAIIIEHUA II0 MMEHOBAHUIO (DaiiIoB
MOT'YT U3MEHSATHCA OT CUCTEMBI K cucTeMe (0COOEHHO 9TO OTHOCUTCA K PETUCTPY
cuMBo0JIoB), Python He B cocTofHUY TOUHO oLpenennTh, KaKNe MOLYIU JOJIK-
HBI 3arpy:KaTbcA. Kak pesyabTaT, 5Ta WHCTPYKIIUA IPOCTO MMIIOPTUDPYET BCe
uMeHa, KOTOpbIe OompeJesieHsl B (patise __init__.py, HaxomAmeMcss B KaTaJjore
Primitive. 9To moBeeHMe MOYKHO U3MEHUTD, OIIPEee/JIUB COUCOK __all__, comep-
SKaIUil MMeHa BCeX MOAYJIeH B MakeTe. ITOT CIIMCOK JOJKEH ObITh 00'bABJIEH
B (paiiye __init__.py makera, HAIpUMeD:

# Graphics/Primitive/__init__.py
_all__ = [“lines”, "text”, "fill"]

Tenepsb, Korja UHTEPIPETATOP BCTPETUT MHCTPYKI[UIO from Graphics.Primitive
import *, OH 3arPy3UT BCe IepedyucJIeHHble MOAYJIN, KaK U CJIeJ0BAJIO OXKUIATh.

Eme ongaa manosamerHas mpobJieMa, CBI3aHHAsS C MaKeTaMHU, KAacaeTCs MOIY-
Jiefl, KOTOphIe MOJIKHBI MMIIOPTHUPOBATh APYTHe MOAYJIU U3 TOTO Ke IaKerTa.
Hampumep, gomyctum, uTo Mmonysab Graphics.Primitive.fill mossxkeH mMmopTu-
poBaTh MoAyJsb Graphics.Primitive.lines. IIJ1ss ®TOTO0 MOYKHO IIPOCTO yKasaThb
TOJHOCTBIO KBaJM(PUIITUPOBAHHOE MMA MOYJIs (Hanpumep, from Graphics.Primi-
tives import 1ines) Mju BBITIOJHUTH UMIIOPTUPOBAHME OTHOCUTEIHLHO TEKYIIIETO
maKeTa, HaIpuMep:

# fill. py
from . import lines

B sTom mpumepe cuMBOJI . B MHCTPYKIIUYU from . import lines cchliaercs Ha TOT
JKe KaTaJoT, Ije HaXOAUTCSA BBI3BIBAIOIUHN MOAYJIb. TO ecTh JaHHAA WHCTPYK-
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musa 6yaeT ucKaTh MOAYJb 1ines B TOM JKe KaTaJiore, rae Haxogutcs daia fill.
py. [Ipy mMnopTUpOBaHUU MOAYJIEH U3 IaKeTa CJIeAyeT ObITh 0COOEHHO BHUMA-
TeJbHBIMU U He UCIIOJIb30BaTh MHCTPYKI[MIO Buaa import module. B cTapbix Bep-
cusax Python 6b110 He oueBMAHO, CCHLIAETCS JIM MHCTPYKIAA import module Ha
MOJYJIb B CTAHJapTHOM OMOIMOTEKe UJIN HAa MOJYJIb B IakeTe. B cTapbix Bepcu-
ax Python takas nHCTPYKIMS CHavyaJia IMbITAJacCh 3arPy3UTh MOAYJb M3 TOT'O
JKe KaraJjora makeTa, Ile HaXOAUTCA UMIOPTUPYIONUHA MOJYJb, U TOJBKO IO~
TOM, B cJIydae HeyJauu, fejajiach MOMbITKA 3aIPYy3UTh MOYJIb U3 CTAaHIAPTHOMU
oubsauoreku. Oquaxo B Python 3, uHeTpyKIiua import mpezamogaraer, 4To yKa-
3aH abCOJIIOTHBIN IIYTh, U OYAET IBITATHCS 3arPy3UTh MOAYJIb U3 CTAHIAPTHOMR
oubsmoTeku. VMcmoab3oBaHMe MHCTPYKIIUY MMIIOPTUPOBAHUS TI0 OTHOCUTEIB-
HOMY IIyTHu 00Jiee YeTKO TOBOPUT O BAIlINX HAMEPEHUX.

B03M0KXHOCTH UMIIOPTUPOBAHUSA 10 OTHOCUTEJBHOMY IIYTH MOYKHO TaKiKe WC-
TOJIB30BATh AJIA 3arPy3KU MOAYJEH, HAaXONAIIUXCA B APYTUX KaTajiorax TOTO
'Ke makera. Hanpuwmep, ecsi B mozgyJie Graphics.Graph2D.plot2d moTpebyercs um-
HOPTHPOBATh MOAYJIAbL Graphics.Primitives.lines, MHCTPYKIMA UMIIOpTa OymeT
UMETH CJeIYIONTNI BUI:

# plot2d.py
from ..Primitives import lines

B sTom mpuMepe CHMBOJIBI .. IIePEMEIIAIOT TOUKY Hadajia IIONCKA HAa YPOBEHb
BBIIIIE B JlepeBe KaTaJloroB, a mMA Primitives mepemelraeT ee BHU3, B APYToHd Ka-
TaJIOT IIaKeTa.

VMIIOPT IO OTHOCUTENBHOMY IIYTH MOKET BBINOJHATHCA TOJHKO IIPU HCIOJIb-
30BaHVY MHCTPYKIIUU MMIOPTHUPOBaHUSA Bumga from module import symbol. To
eCcTb TaKue UHCTPYKIIUM, KaK import ..Primitives.lines mawm import .lines, Oy-
IyT paccMaTpuUBaThCA KaK CHHTaKcuuecKas omubka. Kpome Toro, ums symbol
JIOJI?KHO OBITH AOIMYCTUMBIM uAeHTU(GUKaTopoM. I[TosaToMy Takas MHCTPYKIIUA,
Kak from .. import Primitives.lines, Tak:Ke cumraercs omrmndoouHoii. Haxkownerr,
UMIIOPTUPOBAHUE II0 OTHOCUTEJIIbHOMY IIYTH MOXKET BBIIOJHATHCA TOJBKO IJIA
MOZYyJIeH B ITIaKeTe; He JOIMIYCKAeTCs UCIIOJIb30BATh TY BO3SMOKHOCTD JJISI CChLII-
KU Ha MOJyJIHW, KOTOPhI€ MPOCTO HAXOAATCA B APYyroM KaraJjore (haiijioBOU CU-
CTEMBI.

HMmopTupoBanue Mo OJHOMY TOJBKO UMEHU MMaKeTa He IPUBOAUT K MMIIOPTHU-
POBaHMIO BCEX MOIYJIEH, COAEPIKaIuxca B 9ToM nakere. Hanpuwmep, cienyio-
Ui pparMeHT He OymeT paboTaTh:

import Graphics
Graphics.Primitive.fill.floodfill(img, x,y,color) # Ounbka

OpHAaKO, TaK KaK WHCTPYKIUA import Graphics BeImoHUT daita __init__.py
B KaraJiore Graphics, B HEro MOYKHO JO0aBUTh MHCTPYKIIMU UMIIOPTUPOBAHUA
110 OTHOCUTEJLHOMY IIYTU, KOTOPble aBTOMAaTHUYeCKU 3arpy3AT Bce MOAYIN, KaK
TIOKa3aHO HUKe:

# Graphics/__init__.py
from . import Primitive, Graph2d, Graph3d

# Graphics/Primitive/__init__.py
from . import lines, fill, text,
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Teneps uHCTPYKIUA import Graphics 6ymeT UMOOPTUPOBATH BCe MOAYJIU U 00e-
CIIEUUT UX JOCTYIHOCTH II0 IMOJHOCTBHIO KBaJN(MUIMPOBAHHLIM nMeHaMm. Eire
pas IogUepKHY, UTO MHCTPYKIUA UMIOPTUPOBAHUA ITaKeTa 110 OTHOCUTEJIHbHO-
My IIyTH OOJIXKHA UCIIOJIH30BAaThCA UMEHHO TaK, KaK IIOKasaHo BoIre. Eciu uc-
II0JIb30BAaTh IPOCTYIO0 NHCTPYKIINIO, TAKYIO KaK import module, OHa IOIBITaeTCA
3arpysuTh MOAYJIb U3 CTAHAAPTHOI OMOJIUOTEKH.

Hakonerr, Korjga MHTEPIIPETATOP UMIIOPTUPYET MTAaKeT, OH OO0BABJISAET CIIEI[H-
aJIbHYIO TIepeMeHHY0 __path__, CoAepsKalyio CIMCOK KaTaJlor0B, B KOTOPBIX
BBIIIOJIHSAETCS IMOMCK MoAyJiell makera (__path__ mpemcraBiiseT cOOO aHaJor
cmucka sys.path mgas maxera). [lepemenHass __path__ JoCTymHA [IJis IPOTpaMM-
HOT'O Koza B (paiiyiax __init__.py m MBHAUYAJIBHO CONEPIKUT €TUHCTBEHHBIN dJe-
MEHT ¢ UMeHeM KaTraJjiora makera. [Ipu Heo6X0AMMOCTH ITaKeT MOKeT 100aBIATh
B CIIMCOK __path__ JomoJHUTeJbHbIe KaTaJIOTH, YTOObI UBMEHUTDH IYTh MOUCKA
Moy ieil. ITO MOKeT IOTPeboBaTLCA B CAyUae CJIOKHOI opraHmMsaluu aepesa
KaTaJIOToB makKeTa B (hailJioBOU cHCTeMe, KOTopas He COBIAJAeT C mepapxXuein
makera.

PacnpocTpaHeHne nporpamm n 6nnmorek
Ha si3blke Python

YT06bI TOATOTOBUTH JUCTPUOYTUB IPOTPAMMGBI [IJIs1 IEPEAYH ee [PYTOMY JIUILY,
HeoO0XOAMMO BOCIIOJIb30BaThbCsa MoayJem distutils. I[as Hauaa HEoOXOIHMMO
TOATOTOBUTH CTPYKTYPY KaTaJoroB, co3naTh B HeM (haiis README, cKomupoBaTh
Tyga JOKYMEHTAIINIoO 1 (Dailjbl ¢ MCXOAHBIMU TeKcTaMu. OOBIUHO 3TOT KaTaJor
OyZeT comep:kaTh cMech OMOJIMOTEUHBIX MOAYJIeH, MaKeToOB W clieHapueB. Mo-
IyJU ¥ TaKeThl OTHOCATCS K MCXOAHBLIM (paiijlaM, KOTOPBIE 3arpysKaloTCA WH-
crpykiuamu import. CiieHapuu — 9T0 Gaiabl ¢ IPOrPaAMMHBIM KOAOM, KOTODPbIE
OyIyT 3aIIyCKaThCA UHTEPIPETATOPOM, KAK CAMOCTOATEIbHBIE IPOrPaMMEI (Ha-
npumep, Kak KomauHga python wumsg_cueHapus). Huske mpuBoguTcsa mpuMep Kara-
Jiora, ColepKallero MporpaMMHBIH Ko Ha A3blKe Python:

spam/
README. txt
Documentation. txt
libspam. py # OAnMHOYHBIA BUONMOTEUYHBIN MOAY/b
spampkg/ # NakeT BCNOMOraTeNlbHbIX MOAyNen
__init__.py
foo.py
bar. py
runspam. py # CueHapwii, KOTOpHI 3anyckaeTcs Kak: python runspam.py

IIporpaMMHBIII KOJ OOJKEH OBITH OPraHM30BaH TaK, UTOOBI OH HOPMAJIBHO
paboTaJ mpu 3amycke mHTeprnperaropa Python B karasore BepxHero ypoBHs.
Hampumep, ecau 3amryCTUTh HHTEPIIPETATOP B KaTaJjore spam, OH IOJKeH ObITH
B COCTOAHUU MMIIOPTHUPOBATH MOIYJIM, KOMIOHEHTHI IIaKeTa 1 3alyCKaTh CIie-
Hapuy 0e3 U3MEHEeHUsI KaKuX-Inbo HacTpoek Python, Takux Kak myTh IIOMCKA
MOZyJIe.
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ITocie Toro Kak KaraJior GyZeT IIOATOTOBJIEH, HYKHO €O3HaTh (aitya setup.py
B cCaMOM BEPXHEM KaraJiore (B IPeAbIIYIIEM IPUMepPE — 3TO KaTaJIorT Spam) u Io-
MECTUTD B HETO CJEAYIONUHA IPOrPaMMHBIN KO

# setup.py
from distutils.core import setup

setup(name = “spam”,
version = “1.07,
py_modules = [‘libspam’],
packages = [‘spampkg’ ],
scripts = [‘runspam.py’],

)

AprymenT py_modules B pyHKIIUH setup() — 3TO CIIMCOK BceX (PaiijioB ONMHOYHBIX
Mo yJiet, packages — CIIMCOK BCEX KaTaJIOI'OB IAKeTOB M SCripts — cmucok daii-
JIOB clieHapueB. JI1000if 13 9TUX apryMeHTOB MOJYKET OBITH OIIYIIEeH, €CJIUW BaIll
IIPOrpPaMMHBIA IPOAYKT He BKJIIOYAET COOTBETCTBYIOIE €My KOMIIOHEHTHI (Ha-
IpuMep, He UMeeT clieHapueB). APryMeHT name — 9TO MMA HaKeTa, a version —
HOMED BEPCHUU B BUJI€ CTPOKU.

DyuKIUsa setup() MOMKET IPUHUMATH PAJ APYTUX apryMeHTOB, COAEPIKAIIUX
IOMOJIHUTEILHBIE MeTaJaHHbIe 0 makeTe. B Tabu. 8.1 mepeunciaeHbl Hanbojiee
YaCcTO UCHOJIb3yeMble apryMeHTHI. Bece apryMeHTh IPUHUMAIOT CTPDOKOBEIE 3HA-
YeHUdA, 32 UCKJIoUueHmeM classifiers, KOTOPBIN SIBISETCSA CIMCKOM CTPOK, Ha-
upumep: [‘Development Status 4 - Beta', ‘Programming Language Python']
(IOJTHBIN CIIMCOK apr'yMeHTOB MOKHO HAWTH 110 afpecy http://pypi.python.org).

Tabauuya 8.1. Apzymenmul pyrryuu setup()

AprymenTt Onucanue

name Nwma naxera (00sa3aTeIbHBIN)
version Howmep Bepcuu (06s13aTeIbHbIIN)
author WNwmsa aBTopa

author_email
maintainer

maintainer_email

url

description
long_description
download_url

classifiers

Apec 9JIeKTPOHHOM ITOYTHI aBTOPA
Wwms auiia, OCyIecTBIISAIONIEr0 COIPOBOK IeHe

A;Ipec BJIeKTpoHHOﬁ IIOYTHI JINITA, OCYIIECTBJIAIOIIETO
COIIPOBOKAEeHNE

Apec momarrHei CTpaHUIBI IPOEKTa MMaKeTa
Kparkoe onucanue makera

IlosHOe onTMcaHmMe maKeTa

Anpec, OTKy/1a MOYKHO 3arpy3UTh IaKeT

CIucoK CTPOK KJaaccudruKaTopos

daiisna setup.py BOOJHE JOCTATOYHO IJIA CO3NAHUA JUCTPUOYTHUBA C UCXOTHBIMU
TeKCTaMU IIPOrPaMMHOT0 obeciieueHnA. UTOOBI CO3IaTh JUCTPUOYTUB, BBEIUTE
CJIeAYIONIYI0 KOMaHAy B KOMaHIHON 000JI0UKe:
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% python setup.py sdist

%
B pesynbrare B Karajore spam/dist OymeT cosmaH apXUBHBIN (aiiji, TaKOH KakK
spam-1.0.tar.gz uaum spam-1.0.zip. 9To u ecTh (Qaila AUCTPUOYTUBA, KOTOPBII
MOJKHO IIepeiaTh APYTOMY JIUITY AJIA YCTAHOBKHM Balllero MporpaMMHOT0 obectie-

yeHUA. UTOOBI YCTAHOBUTH IIPOTPAMMY M3 AUCTPUOYTHBA, IIOJIH30BATEJb TOJI-
JKeH IIPOCTO PACIlaKOBaTh apXUB U BBHIIOJIHUTH CJIEAYIOIIUe TeHCTBUS:

% unzip spam-1.0.zip

% cd spam-1.0

% python setup.py install

%
B pesyabraTe mporpaMMuoe obecmeuenmue OyAeT YCTAHOBJIEHO HA JIOKAJIbHOM
KOMIIbIOTEpEe U TOTOBO K MCIOJb30BaHMio. Moayiu 1 makeThl OOBIUHO yCTaHAaB-
JIMBAIOTCSA B KaTaJIOr ¢ MMeHeM 'site-packages” B ombamorere Python. Yro6sr
OIIPEeJINTh TOUHOE MECTOIOJOKEeHNe 9TOr0 KaTaJjora, MOKHO IIPOBEPUTH 3HA-
uenue mepemenHoit sys.path. B UNIX-11om00HBIX OIEPAITMOHHBIX CHCTEMAX CIle-
Hapuy OOBIYHO YCTAHABJIMBAIOTCSA B KATAJIOr YCTAHOBKU MHTepIperaTopa Py-

thon, a B Windows — B KaraJjior “Scripts” (o6bruHo 3T0 Karajor “C:\Python26\
Scripts”).

B onepamnuonnoii cucreme UNIX, ecau mepBasi CTpOKa CIleHApUA HAUMHAETCS
C IIOCJIeOBATEJIbHOCTH CUMBOJIOB #! U COAEPKUT TEKCT “python’, macTep ycra-
HOBKHU 3aMUIIET B 3Ty CTPOKY AefICTBUTEIbHBIN IYTh K HHTepIpeTaTopy Python
Ha JIOKAJIbHOM KoMubioTepe. To ecTh, ecii BO BpeMsa PaspabOTKU B CIleHAPUU
OBLJI »KeCTKO 3aJlaH IyTh K mHTeprnperaropy Python, Taxoit kax /usr/local/
bin/python, mocJie yCTaHOBKM Ha APYToM KoMIIbioTepe, rae Python ycramosien
B IPYTOU KATaJor, 9TOT CI[EHAPUHA COXPAHUT CBOIO PA6GOTOCIIOCOOHOCTD.

daitn setup.py peasudyeT MHOKECTBO APYTUX KOMaH], KacalwIIUXCsa COo3aa-
HUS JUCTPUOYTUBOB. ECau BBITIOJHUTE KOMaHAy ‘python setup.py bdist’, 6ymer
CO3JaH MBOUYHBLINA OUCTPUOYTHUB, TIe Bce (PAMabl .py OYAYT CKOMOUJINPOBAHEI
B (hafiabl ¢ pacIIupeHueM .pyC U IOMEIeHbI B JePeBO KaTaJoroB, UMUTHUPYIO-
mee CTPYKTYPYy KaTaJoroB Ha JIOKAJbHOM KoMubioTepe. Takoii cmocob cosna-
HUS JUCTPUOYTUBOB MOJKET II0TPe00BAThCS, TOJLKO €CJIU B IPUJIOKEHUN NMe-
IOTCSI KOMIIOHEHTBI, 3aBUCAIIME OT TUIIA ILJ1aT(OPMbI (HaIpUMep, eCJIN UMEeTCs
pacmiupenue Ha sa3biKe C, KOTOpoe J0JIXKHO PACIPOCTPAHATHCSI B CKOMIINJIUPO-
BamHOM Buje). Eciit 8 Windows samycTuTh KOMaHAy ‘python setup.py bdist_
wininst’, OyzmeTr co3maH MCHOJMHAEMBIN aiia ¢ pacimpernueM .exe. Keiu 3arem
9ToT (paiia 3amyctuTh B Windows, OTKpoeTcs Auajior MacTepa YCTAHOBKU, I'Ie
I0JIb30BATEJIIO Oy/eT IPeAIoKeH0 YKas3aTh KaTaJor, Ky/aa CJeyeT BBIIOJHUTD
ycTaHOBKY. Kpome Bcero mpouero, Impu yCTaHOBKE AUCTPUOYTHBOB 9TOr'0 THUIIA
B peectp Windows m06aBIsAOTCS [OMOJHUTEJIbHbIE 3aIlMCH, BIIOCJEICTBUU
YIIpoIIaolye BO3MOKHOCTD YaJIeH!A ITaKeTa.

Mopyns distutils mpeamosiaraer, 9To Ha KOMIBIOTEPe IOJIb30BATEJIA VIKE yCTa~
HOBJIeH uHTepnperaTop Python (sarpy»keuusiii otgensuo). Besycaosuo, cyie-
CTByeT BO3MOYKHOCTH CO3/JaTh BBINIOJIHAEMBIH (haiia, KOTOPHII BMecTe C BallluM
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IPOrpaMMHBIM ITPOAYKTOM OyAeT BKJIIOUATL B ce0s BCce HEOOXOAUMBIE KOMIIO-
HeHTHI Python, ogHaxo paccMOoTpeHUe 3TOH TeMbI BHIXOAUT AAJIEKO 38 PAMKU
NaHHON KHUTHU (JOIOJHUTEIbHYI0 MHMOPMAIMIO MOYKHO HANTU B ONUCAHUAX
K CTOPOHHUM MOAYJISAM, TAKUM KakK py2exe uuau py2app). Eciu mog pacupocTpa-
HeHHne MOAIAaJal0T TOJbKO OMOJIMOTEKM WU IPOCThIE CIIeHAPUU, BaM CKOpee
BCEro He MoTpedyeTcs YIaKOBLIBATD B JUCTPUOYTHUB C IPOIPAMMHBIM KOJOM MH-
Tepruperarop Python u nomosnuTebHbIE KOMIOHEHTEI.

B 3akarouenue ciegyeT OTMETHUTh, UTO MOAYJIb distutils obagaeT HaMHOTO 60-
Jiee MU POKUMU BO3SMOKHOCTSIMH, UeM OBIJIO OIIMCAHO 37lechb. B riraBe 26 omuchI-
BaeTcs, KaK MOYKHO MCIIOJIb30BaTh MOAYAb distutils AJs c60pKU pacIiinpeHunii,
HanucaHHbIX Ha A3bIKe C u C++.

HecmoTps Ha OTCYTCTBUE HEOOXOAUMBIX HWHCTPYMEHTOB B COCTaBe CTAHIAPTHOMN
ycraHoBKY Python, mmMeeTcs: BOBMOKHOCTh PACIIPOCTPAHATH CBOE IIPOIPAMMHOE
obecmeuenue B Buje (paiyoB ¢ paciuimpenueM .egg. Paiiasl aToro popmara cos-
AIOTCA € TIOMOIIBIO TIOMYJIAPHOTO paciiupenusa setuptools (http://pypi.python.
org/pypi/setuptools). UTobbl obeceyuTh MOAJAEPIKKY setuptools, mocTaToOuHO
IIPOCTO M3MEHUTH IIEPBYIO YacThb (paiiia setup.py, Kak IIOKa3aHO HUIKe:

# setup.py
try:

from setuptools import setup
except ImportError:

from distutils.core import setup

setup(name = “spam”

YcTaHOBKa CTOPOHHUX Gubnunotek

Hawubosee moJHBIM pecypcoMm, Tie MOKHO HalTH CTOPOHHME OMOJIMOTeKH U pac-
mupenuda auasa Python, asaserca kamanoz nakemoe Python (Python Package
Index — PyPI), mocrynuslii mo axpecy http://pypi.python.org. YcraHOBKA CTO-
POHHUX MOIYJeH OOBIYHO BBIIIOJHAETCS JOCTATOUHO IIPOCTO, HO MOJKET IIpeBpa-
TUTBHCSA B CJ0KHYIO 3a[]a4y IIPU YCTAHOBKE KPYIIHBIX MaKETOB, 3aBUCAIIUX OT
IPYTUX CTOPOHHUX MOAYJel. BoJbIITMHCTBO OCHOBHBIX PACIIUPEHUN CHaOMKa-
IOTCS IPOrpaMMaMM YCTAHOBKU AJISI BRIOPAHHOM mIaT(OPMbI, KOTOPhIE ITOMO-
TYT BBITIOJHUTH YCTAHOBKY, IIPOBES Bac uepes moCaeJ0BaTeIbHOCTD JUAaJIOT0B.
YT06BI YCTAHOBUTDH JPYTH€ MOAYJIU, OOBIYHO OBIBAET JOCTATOUHO PACIIaKOBaTh
apX®B, OTBICKATH (haiiy setup.py u BBeCTH KoMaHAy python setup.py install.

ITo ymMoTuaHUIO CTOPOHHUE MOAYJIN YCTAHABJIMWBAIOTCA B KaraJior site-packag-
es, B crangapTHoii 6ubsmorexke Python. [Ias samucu B 9TOT KaTajor 0OBIYHO
TpeOyIOTCS IPUBUJIETUN CYIIEPIIOJb30BaTe A NI afMUHUCTPAaTOpa. Eciu BbI
He o0JiaziaeTe STUMU IPUBUJIETUAME, MOKHO BBECTH KOMAaHIy python setup.py
install --user, 4TOGBI YCTAHOBUTH MOZAYJIb B OMOJIMOTEUHBIH KAaTAaJIOT I10JIb30Ba-
Tesisg. B aToM ciiyuae maker OygeT yCTAHOBJIEH B JOMAIITHUN KATAJOT II0JIb30Ba-
Teas, HanpuMmep: /Users/beazley/.local/lib/python2.6/site-packages” B UNIX.

Eciu moTpebyeTcst ycTaHOBUTH IIPOrpaMMHOe obeciieueHie B COBEPIIIEHHO MHOe
MeCTO, MOKHO BOCIIOJIb30BaThCA ImapamMeTpoM --prefix ciuenapusa setup.py. Ha-
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npuMep, Komaupma python setup.py install --prefix=/home/beazley/pypackages
YCTAaHOBUT MOAYJb B KarTaJjor /home/beazley/pypackages. Korma ycramoBka BBI-
THOJIHsSIeTCA B HECTAHAAPTHBIN KaTaJor, HaBepHAKA MOMKET HOTpPedoBaThCsd W3-
MEHHUTH 3HaUeHle mapaMeTpa HaCTPOMKM SyS.path, YTOOBI MHTEPIIPETATOP CMOT
OTBICKATh BHOBb YCTAHOBJIEHHBIE MO YJIU.

Ciienyer IIOMHUTH, UTO MHOTue paciiupenus Python mamucansl Ha sasbike C
unu C++. Ecoiu BBI 3arpy3ui JUCTPUOYTUB C MCXOTHBIMU T€KCTaMM, TO YTOOBI
BBIIIOJIHUTH YCTAHOBKY TaKOI'O PacCIlIMpPEHNd, B Bameﬁ CucreMe OOoJIXKEeH GBITB
ycranosiieH KomnuiaAaTop C++. B UNIX, Linux u OS X sT0 TpeGoBaHme 00BIYHO
He BbI3bIBaeT pobaem. B Windows ajis 9Toro TpaauiinoHHO TPeOyeTcsl YCTaHOo-
BuTh Bepcuio Microsoft Visual Studio. Ecau Ber moassyerecs Windows, Bepo-
ATHO, OyJeT JIydIile, eCJIU Bl HOMPOOyeTe OTHICKATD YiKe CKOMIIMJINPOBAHHY IO
BEPCHUIO paCIIuPeHus.

Ecau y Bac 6bLJIO YyCTaHOBJIEHO paciIupeHue setuptools, AJs YCTAHOBKU IaKe-
TOB MOJKHO MCIIOJIb30BATh ClieHapuil easy_install. YToObl yCTAHOBUTH KaKOIi-
TO KOHKPETHBIII IaKeT, JOCTATOYHO BBECTH KOMAaHAY easy_install ums_nakeTa.
Ecau setuptools mMeeT KOPpPeKTHBbIE HACTPONKU, CIleHApUU 3arpy3uT Tpedye-
MBI TakeT 3 Karajora PyPI, BmecTe co BceMUu 3aBUCUMOCTSAMU, ¥ YCTAHOBUT
ero. Koreuno, Bpemsa yCTaHOBKY IIPU 9TOM MOYKET UBMEHATHCA.

Eciu y Bac mosiBUTCA KejaHUe IOMECTUTh CBOM paspaboTKu B KartaJior PyPI,
IIPOCTO BBeAMTE KOMaHAY python setup.py register. OHa BRIrpY3UT MeTaJaHHBIE
0 TIocJiefHEN BepCHUM Balllero IPOrpaMMHOIO IPOAYKTa B KaraJjor (oboparure
BHUMAaHUeE, UTO IIepe]] STUM BBl JOJI’KHBI 3aPETrUCTPUPOBATHCS HA CAUTE U II0-
JYUYUTh UM MOJIL30BATEJIA U TIaPOJIb).



BBopg v BbiBOL,

B sT0li r1aBe paccMaTpuBaiOTCs OCHOBBI BBOJA-BBIBOLA JAHHBIX Ha A3bIKe Py-
thon, BKJIOuas mapaMeTpbl KOMaHIHOUW CTPOKU, II€PEeMEHHbIE OKPYsKEeHWUST,
daitnsl, nogmep:xKy FOHUKODA 11 cepraainusanuio 00bEeKTOB ¢ IIOMOIIBIO MOIYJIS
pickle.

UTeHne napameTpoB KOMAHAHOMN CTPOKMU

IIpu 3amycKe nmporpaMMbI Ha s3biKe Python mapaMeTpsl KOMaH/IHOM CTPOKHU CO-
XPaHATCA B CIUCKe SyS.argyv. IIepBbIil 3JIEMEHT 3TOT0 CIUCKA — UM IIPOorpaM-
Mbl. OcTaJbHbBIE 9JIEMEHTHI — 3TO IapaMeTPhI, YKa3aHHbIe B KOMaH/HOU CTPOKEe
nocse uMeHu rporpaMmbl. Huske IpuBOAUTCA IPUMeED IIPOTOTHUIIA IPOIPAMMBI,
KOTOpad BPYUYHYIO 00pabarsiBaeT IIPOCThIe TapaMeTPhl KOMaHIHON CTPOKU:

import sys

if len(sys.argv) != 3:
sys.stderr.write(“Usage: python %s inputfile outputfile\n” % sys.argv[0])
raise SystemExit(1)

inputfile = sys.argv[1]

outputfile = sys.argv[?]

AmeMeHT Sys.argv[0] B 8TOM mporpaMMe COAEPIKUT MM CIIeHAPU s, BHITIOJIHAEMO-
o B JaHHBII MOMEHT. 3aIrch CO00IeHnsa 00 oInOKe B Sys.stderr u Bo30Oy K ae-
HU€e UCKJII0UeHMs SystemExit ¢ HEHyJIeBBIM KOJOM 3aBepIllleHusd, KaK ITOKa3aHO
B IIpuMepe, — 9TO CTAHJAPTHLIN IpreM BBIBOAA COOOIIeHui 06 OMuOKax B UH-
CTPYyMeHTaX KOMaHIHOM CTPOKH.

B mpocTeIxX cayuasax mapaMeTpbl KOMaHIHON CTPOKM MOXKHO o6pabaThiBaTh
BPYYHYIO, OMHAKO CJIOKHYI0 00pabOTKY IIapaMeTPOB KOMAHIHOMN CTPOKY JIYUIIe
MIPOUBBOAUTE C ITOMOIIBIO MOAYJIs optparse. Hampumep:

import optparse
p = optparse.OptionParser()

# NapameTp WMEeT AO0NONHUTENbHbIN apryMmeHT
p.add_option(“-0",action="store”, dest="outfile”)
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.add_option(“--output”,action="store”, dest="outfile”)

o

# MapameTp ycTaHaBAMBaeT NOrM4eckuin dnar
.add_option(“-d”,action="store_true”, dest="debug”)
.add_option(“--debug”,action="store_true”, dest="debug"”)

- T

# YCTaHOBUTHL 3HA4YeHUa no YMONHaHUID A9 OTAENbHBIX NapamMeTpoB
.set_defaults(debug=False)

e

# AHanua KomaHLHOW CTPOKK
opts, args = p.parse_args()

# VlsBnevyenne sHa4eHuil napameTpoB
outfile = opts.outfile
debugmode = opts.debug

B sTom npumepe 661710 106aBIIEHO ABa THIIA TapaMeTpoB. IlepBbIii mapamerp -0,
uau --output, TpuHUMAaET 00sI3aTebHBIN apryMeHT. JTa 0COOeHHOCTH OIpee-
JseTcsa apryMeHToM action='store’ B BbI3oBe MeToma p.add_option(). Bropoii ma-
pametrp -d, uau --debug, IPOCTO YCTAHABIMBAET Jiorn4yecKuii uiar. ITo ompe-
IesseTcs apryMeHToM action='store_true’ B BBI30OBe p.add_option(). AprymeHT
dest B BeI30Be p.add_option() ompemesasier umsa aTpudyTa, B KOTOPOM OyaeT xpa-
HUTbLCA 3HAUEHUe ITapaMeTpa 1nocJie aHanusa. Meton p.set_defaults() ycranas-
JIMBaeT 3HAUEHUA II0 YMOJUAHUIO IJIA OAHOTO MU 0ojee mapaMeTpoB. MmMeHa
apryMeHTOB B BBI30BE 9TOT'O METOMa AOJKHBI COBIAJATh C MMEHAMU aTpudy-
TOB, B KOTOPBIX OYAYT COXPaHATHCSA 3HAUEHUSA mapaMeTpoB. Eciiu sHaueHMe 1o
YMOJIUYaHUIO He OIIPeIeJIeH0, aTpruOyThl OyAYT IMOJyUYaTh 3HaueHue None.

IIpepsigyias mporpaMMa IPaBUJIBHO PACIIO3HAET BCe CJIEAYIOI[Me IapaMeTphI
KOMAaHTHOM CTPOKM:

% python prog.py -o outfile -d infilel ... infileN

% python prog.py --output=outfile --debug infilel ... infileN
% python prog.py -h

% python prog.py --help

Amnains BBITIOJHAETCS C IIOMOIIILIO MeToha p.parse_args(). 9TOT MeTOo BO3Bpa-
IaeT KOpTe:K U3 ABYX dJeMeHToB (0pts, args), rae sjieMeHT 0pts — aTO 00'beKT,
coJlepsKaIIuil 3HaUEeHUS ITapaMeTpPoOB, a args — 5TO CIMCOK 3JIEMEHTOB KOMAaHI-
HOM CTPOKHU, KOTOPHIe He ObLIU OMO3HAHBI KaK JOIYCTHUMbIE ITapaMeTphl. 3Ha-
YeHHUs IIapaMeTPOB M3BJIEKAIOTCS U3 aTpudyTOB 0pts.dest, rme dest — 9TO UM
apryMeHTa, yKasaHHOTO npu Ao6aBJeHUN mapameTpa meromoM p.add_option().
Hanpumep, aprymeHT mapamerpa -0 MJIH --output coxpaHsieTca B aTpudyTe
opts.outfile, Torma Kak args — 9TO CIIMCOK OCTAJIbHBIX apI'yMeHTOB, TAKOH KaK
[*infilel’, ..., ‘infileN’]. Mogmyap optparse aBTOMaTU4YeCKU J00aBJsET mapa-
MeTp —h, uiu --help, B KOTOPOM IIepeUunCJIeHbI BCe JOIYCTUMBIE IIapaMeTPHhI, KO-
TOpPBIE JOJKHBI BBOAUTHCA MOJb30BaTesieM. Kpome Toro, mepegada HeIOIIYCTU-
MBIX TIapaMeTPOB IIPUBOAUT K BEIBOAY COOOIIEHUSA 00 OIITnoKe.

ITOT IpUMEp AEMOHCTPUPYET IPOCTEHUINUN CIydall WCIOJIb30BAHUA MOZIYJIA
optparse. IlogpoOHEe 0 HEKOTOPHIX TOMOJHUTEJIbHBIX IIapaMeTPax PacCKas3bIBa-
ercda B rvtaBe 19 «CirysK0bI OIIepamuoOHHON CUCTEMBI».
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MepemMeHHble OKpYXXeHuUs

HocTyn K IIepeMeHHBIM OKPY’KEHUS OCYIIECTBJISAETCA C IOMOIIBIO CJIOBaps
os.environ. Hampumep:

import os

path = os.environ[ “PATH"]

user = os.environ[ “USER"]

editor = os.environ[“EDITOR"]
T4,

YT06bI UBMEHUTH ITIEPEMEHHYIO0 OKDPY/KEeHUs, JOCTATOUYHO IPUCBOUTH 3HAUECHUE
3JIEMEHTY cJioBapd 0s.environ. Hampumep:

0s.environ[“F00”] = “BAR”

Wsmenenus B cjoBape 0S.eNviron oKasbIBAIOT BO3AeHCTBHME KaK HA camMy IIpo-
rpaMmy, TaK ¥ Ha BCe IOAIIPOIECChI, CO3MaHHbIe nHTepImperaTopom Python.

dannbl U 06beKTbI hannos

Berpoennasa gyurmus open(name [,mode [,bufsize]]) oTKpbIBaeT (haiiya 1 co3gaer
00BeKT (paiiia, KaK IOKA3aHO HIMKeE:

f = open(“foo™) # OTkpoeT “foo” ana yTeHus
f = open(“foo”, r’) # OTkpoeT “fo0” ana 4yrTeHua (kaxk v Bblue)
f = open(“foo”, ’w’) # OTkpoeT “fo0” ana 3anucu

daita MoKeT OBITH OTKPHIT B PeKUMe ‘I’ — IJIs UTeHUs, B PesKUMe ‘W' — IJId 3a-
INUCH U B PeKuMe ‘a’ — IJIA J00aBJIeHU B KOHEI[. OTH PEeXXUMbI IIPEII0IaraiT
BBITIOJIHEHME OIlepallnii ¢ TEKCTOBLIMHY (pailjlaMU M MOTYT HEeSABHO IIPOU3BOIUTDH
mpeoOpasoBanue cCUMBOJIA ITepeBosa cTpoxku \n'. Hanpumep, B Windows mpu
3aIMCHU CUMBOJIA '\N' B JeHCTBUTEJHLHOCTHU BHIBOAUTCSA IOCJIELOBATEIbHOCTD U3
IBYX cuMBOJIOB ‘\r\n’ (a Op® UTEHUU MOCJEIOBATEJBLHOCTEL '\r\n' Ipeodpasy-
ercsa 00paTHO B OAUHOUYHBIN cuMBOJI ‘\n'). IIpu pabore ¢ IBOMUYHBIMYU SAHHBIMI
K CMMBOJIY PeXHMa OTKPBITUs (aiiia ciaeayer qo0aBIsATh CUMBOJ ‘D', HAIPU-
Mep: ‘rb’ mianm ‘wb’'. TOT CHUMBOJI OTKJIIOUAET IIpeodpasoBaHUe CHUMBOJIA IEpeBoa
CTPOKHU U 00513aTEJIHHO JOJI’KEH YKa3bIBAThCA JIs 06eclieueH s ITePeHOCUMOCTI
IIPOrpaMMHOI'0 Koja, 00pabaThIBAIONIET0 ABOUYHBIE JaHHBIE (IPOrPaAMMUCTHI,
paboraromiue B UNIX, uyacTo momyckaroT OIMINOKY, OIyCKas CUMBOJ ‘b, m3-3a
OTCYTCTBUSA Pa3INUUl MEKAY TeKCTOBBIMU W ABOWUYHBIMU (aitmamm). Kpome
TOTO, M3-32 UMEIOIUXCA PA3JIUUYNHI B PEKUMaX YaCTO MOIKHO YBUIETH TaKOe
oIrpeesieHre TEeKCTOBOTO PesKuMa, Kak ‘rt', ‘wt’ maum ‘at’, uro 6ojee YeTKO BbI-
paskaeT HaMepeHUusa IPOrpaMMUCTA.

®aiin MosKeT OBITh OTKPBIT B PEsKIMe O0OHOBJIEHHS, 3 CUET NCIIOJIb30BAHMS CM-
BoJia (+), Hampumep: ‘r+ wmiam ‘w+'. Korma gaiia OTKPBIT B peKUMe IJId 0OHOBJIE-
HUA, IOITYCKAEeTCA BBIIIOJTHATH o6e orepanuu, YTeHud 1 3alnucu, IIpu yCJIOBUU,
YTO BCe OIlepaliuy BbIBOAA OYAYT BBITAJIKWBATL CBOM JaHHBLIE B (paiia g0 TOTrO,
KaK OyJeT BBITIOJIHEHA olepaIusa BBOJA.

Ecuu daiin oTkpriBaeTca B pexxume ‘w+', B MOMEHT OTKPBITUSA €ro AJIMHA yce-
KaeTcsa no Hynd. Ecau daiin orkpeiBaercsa B pexxume ‘U mam ‘rU’, BKIOUYaeTCA
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MO e KKa YHUBEPCAIBLHOI'O CMBOJIA IIEPEBOJA CTPOKU [IJIS PEKNMA UTEHUS.
9Ta 0cO0EHHOCTD YIPOoIaeT 00paboTKY Pa3JIMYHBIX CHMBOJIOB IIEPEBOA CTPOKI
(rakux Kak ‘\n’, ‘\r’ m ‘\r\n’), ICIOJIb3yeMbIX Ha Pa3HLIX IJIaTdopMax, Ipeod-
pasyd uX B CTAHJAPTHBIN CUMBOJI ‘\N' B CTPOKAaX, BO3BPAIIlaeMbIX Pa3INYHBIMI
QYHKIUSIME BBOJA-BEIBOZA. ITO MOXKET OBITH IIOJIE3HO, HAIIPUMED, IIPK paspa-
6oTke crienapues a1 cucreMbl UNIX, KoTOphIE HOIKEBI 00pabaThIBATh TEKCTO-
BbIe (haiiyibl, co3gaHHbIe Mporpammamu B Windows.

Heo6s3aTenbHBIN apryMeHT bufsize yipaBiasdeT Oydepusaiueii paiiaa, roe sHa-
yerue 0 o3HauaeT oTcyTcTBUE Oydepusanuu, sHaueHre 1 — mocTpounyio 6yde-
pu3aIuio u OTpUllaTeibHOE 3HAUeHUe — Oy(epusaInio B COOTBETCTBUH C Iapa-
MeTPaMM CHUCTEMBI II0 YMOJIUYAHUIO. JIF000e Apyroe IOJOMKUTEeIbHOEe YKCJIO MH-
TepIpeTupyeTcs KaK IpUMepHbIi pasmep Oydepa B OaiiTax.

B Bepcuu Python 3 B pyuKIiuio open() 6610 706aBIEHO YeThIPE JOIOJHUTEb-
HBIX apryMeHTa — OHa BbI3bIBAaeTCsA Kak open(name [,mode [,bufsize [, encoding
[, errors [, newline [, closefd]]]1]]). AprymMeHT encoding onpenesierT uMs
KOIWPOBKU CUMBOJIOB, HamrpuMep: ‘utf-8' miuum ‘ascii’. Aprymesr errors oupene-
JIAET MOJIUTUKY 00pab0oTKY OMINOOK, CBABAHHBIX C KOAMPOBKON CUMBOJIOB ([0~
HoJHUTeJbHAA nHpopManua o FOHUKoLe TPUBOAUTCS B CIAEAYIONINX Pasaesax
9TOI TJIaBBI). ADPIYMeHT newline ompenesseT MOPSAAOK padoThI B PeKUMe MO~
IEePKKU YHUBEPCAJHLHOTO CMBOJIA IIEPEBOLA CTPOKY U MOYKET IPUHUMATH 3HA-
yenus None, ', ‘\n', ‘\r’ uam ‘\r\n'. Eciu umeer suauexue None, JJF0ObI€ CHUMBOJIbI
OKOHYAHU CTPOKH, Takue Kak ‘\n’, ‘\r’ uam ‘\r\n’, mpeobpasytorca B ‘\n'. Eciu
uMeeT 3HaUeHHe '’ (Iycrad CTPOKA), JI00ble CUMBOJIBI OKOHUYaHUA CTPOKU pac-
TO03HAIOTCSA, KaK CUMBOJIBI TIEPEBOJla CTPOKU, HO B MCXOJHOM TEKCT€e OCTAIOTCS
B IepBOHAYaJbHOM Bujae. Ecau apryMmeHT newline mMmeer Jiroboe ApPyroe AOMY-
CTUMOE 3HaueHue, OHO OyAeT MCII0Jb30BaThCA i IPeo0pasoBaHUsA CHMBOJIOB
OKOHUAHUS CTPOKU. APryMeHT closefd ompenessieT, TOJIJKeH JIU B AeHCTBUTEb-
HOCTH 3aKpPBIBAThCA JeCKPUITOD (haiisa npu BeI3oBe MeToza close(). Ilo ymos-
YaHUIO UMeeT 3HaueHue True. B Tabi. 9.1 mepeuncieHEl MeTOAEI, IO AePKIBAaE-
MbIe obbeKTaMu file.

Tabauuya 9.1. MemoOdvL (aiinos

MeTopn Onucanue
f.read([n]) Yuraet us (aiinaa 10 n 6aiiToOB.
f.readline([n]) YuraeT ogHy CTPOKY, HO He OoJiee n 6aiiToB. Eciu apry-

MEHT N OIYIIIeH, UNTAeT CTPOKY IeJIKOM.

f.readlines([size]) YuraeT Bce CTPOKHU U BO3BpAIaeT criucok. C IIoMOIIbIo
He00s3aTeJILHOTO apTryMeHTa S176 MOKHO OTIPeNesiuTh
MaKCHMAaJbHOE KOJIMYECTBO CUMBOJIOB JJIS UTEHMU.

f.write(s) 3amnuchIBaeT CTPOKY S.

f.writelines(lines) 3amnuchIBaeT BCe CTPOKU U3 MOCJIe0BATEIBHOCTH [1nes.
f.close() 3akprIiBaeT Gaiii.

f.tell() BosspailmaeT TekyIyo Do3uuio B haiie.

f.seek(offset [, whence]) IlepemeriaeT TeKyIIyI0 MO3UIINIO B HOBOE MECTO.
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Metox Onucanue

f.isatty() Bosspaimaer 1, ecaiu f mpeacraBiisgeT UHTEPaKTUBHBINA
TepMUHAJ.

f.flush() BritankuBaet 6ydeps! BHIBOJA.

f.truncate([size]) Vcexkaer pasmep daiiia 10 size 6aiTOB.

f.fileno() Bosspailmaer 1eyiourcIeHHbIN JecKpuTop gaia.

f.next() Bosspartaer cienyomniyo CTPOKY NI Bo30yKgaeT
uckaouenue StopIlteration. B Python 3 sToT meTon naswr-
Baercsa f.__next__().

Merton read() Bo3BpalmaeT coaep:KumMoe (aiia meJIUKOM, B BUJIe OTHOI CTPO-
KU, ecJd He OBLIO yKasaHO 3HAUeHUe Heo0s3aTeJbHOr0 apryMeHTa, OIpeme-
JISAI0IEee MaKCUMaJbHOEe KOJMYEeCTBO cUMBOJIOB. MeTon readline() BoaBparma-
eT CJeAyIONIYI0 CTPOKY U3 (aiisa, BKIOUYAA 3aBepIIAOIIUil CUMBOJ IIepeBoa
CTPOKM; MeTon readlines() BosBpalljaeT Bce CTPOKU u3 (haiijia B BUJE CIHCKA
ctpok. MeTox readline() mpuHUMaeT HeOOSA3aTEJIbHBIA apIyMEHT, OIPeaeIaio-
U MaKCUMaJbHYIO IJINHY CTPOKH, N. Ecjiz cTpoka AJIuHHEe, UeM 3HaUeHUe /1,
BO3BpAIIAIOTCA IePBLIe /) CUMBOJIOB. OCTaBIINECs CUMBOJILI HE YHUUTOMKAIOTCS
u OyAyT BO3BPAILEHBI CIAEAYIONINME onepamuamMu urenusd. Merox readlines()
IPUHUMAET apTyMeHT S17¢, ONPeAeAIoNINi NTPUMEPHOE YUCJI0 CUMBOJIOB, KOTO-
pBie JOJIXKHBI OBITH MpounTaHbl. PaKTUUECKOE UMCJIO IPOUYNTAHHBIX CHIMBOJIOB
MOJKET OKa3aThcsA OOJIbIIIe 9TOT0 3HAUEHU A, B 3aBUCUMOCTH OT TOT'0, KAKOU 00b-
eM JaHHBIX ObLI Oy(epr3oBaH.

0O6a meTona, readline() u readlines(), y4UTHIBAIOT OCOOEHHOCTH OII€PAITMOHHOM
CUCTEMBI U KOPPEKTHO 00pabaThIBAIOT PA3JIMUYHbIEe IPEICTABIEHNA OKOHUYAHUA
cTpoku (Hampumep, ‘\n’ u ‘\r\n’). Eciu ¢aiig 6617 OTKPHIT B PeKUME MO IEePIK-
KU YHUBEPCAJIBLHOT'O CUMBOJIA IIepeBoga cTpoKy (‘U’ miu ‘rU’), CHMBOJIBI OKOHYA~
HUS CTPOKU IpeobpasyoTesa B ‘\n'.

MeTonpr read() u readline() cooOIIaroT O JOCTMIKEHUM KOHIA (paiija, BO3Bpa-
mas IIyCcTYI0 CTPOKY. B ciemyrorieM hparMeHTe IIOKa3aHO, KaK HCII0JIb30BATh
9Ty 0COOEHHOCTD, UTOOBI OIIPEIEeIUTEL JOCTUKeHe KOHIla (paiiia:

while True:
line = f.readline()
if not line: # KoHeu oanna
break

daiinbl 06ecIeUunBaAIOT YJ0OHYI0 BOBSMOKHOCTD UTEHUA BCEX CTPOK B IIUKJIE fOr.
Hanpuwmep:

for line in f: # WTepauun no Bcem cTpokam B ¢anne
# BbINONHMTbL HEKOTOPbE AENCTBMS CO CTPOKOW

Cnenyer 3HaTh, uTo B Python 2 pasnuunbie omepaiuu 4TeHUs BCEr[a BO3Bpa-
miaoT 8-0UTHBIE CTPOKY, HE3aBUCUMO OT BEIOPAHHOTO PEXKUMA JA0CTyIa K (daii-
Jay (TeKcToBbIl nau geonuHbii). B Python 3 sTu omepanuu BosBpalmaoT CTPO-
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ku FOHuKOa, ecaiu aity ObLI OTKPBIT B TEKCTOBOM PEXKUME, U CTPOKU 0aHiTOB —
ecyiu aiis GBI OTKPBIT B JBOMYHOM PEKUME.

Meton write() sammchbIBaeT B (paiiji CTPOKY, a MeToxh writelines() — cmmcor
cTpok. MeToanw! write() m writelines() He mOOABJIAIOT CUMBOJIBI IIEPEBOIA CTPO-
KU, II03TOMY BBIBOAMMBIE€ CTPOKHM OOJIYKHBI BKJIIOUYATh BCE HGOGXO/II/IMI:IE CHUMBO-
JIBI (hopMaTUPOBAHUA. ITU METOABI MOT'YT 3alIMCHIBATH B (DAL TPOCTHIE CTPOKU
0aiiTOB, HO TOJIBKO €CJIU (Paiij ObIJI OTKPBIT B JBOMYHOM PEXKUIME.

Kamaeiii o0beKT (paiiia BHYTPU XpaHUT (hailjIOBBIA yKasaTellb, TO €CTh CMe-
IeHre oT Hauaja (aiiia B 6aiiTax, OTKyJa HAYHETCS CJEAYIOIas Omeparus
yTeHnA uam 3anucu. Metozn tell() BodBpaIaeT TeKyllee 3HaUeHNE YKa3aTe s
B BU/Jie AJIMHHOTO IeJioro uuceyaa. Meton seek() MCIONb3yeTCs M1 OpraHu3aIun
IIPOM3BOJBHOTO AOCTYyIla K PA3JUUYHBIM YacTAM (aiija, IpUHUMAs 3HAUEHUE
offset cmeltieHus u paar whence, OMpeneasaioIuii, OTHOCUTEIbHO KAKOU ITO3U-
muu B daiisae OyAeT OTKJIaAbIBAThCA YKa3aHHOE cMellienne. Eciu whence mmeer
suauenue 0 (II0 YMOJIUYAHUIO), METOX seek() OTIIOMKUT cMellleHue of fset oT Haua-
Ja (aiina; ecau whence uMeeT 3HaUueHue 1, cMelneHre OyAeT OTJIOMKEHO OTHOCHU-
TeJIbHO TEeKYIIel mo3uiiuu B (aiisie; a ecau whence nMmeer 3HaUeHUE 2, CMeIlleH1e
OyzeT OTJIOMKeHO OT KoHIa (aiima. Meton seek() BosBpalllaeT HOBOe 3HAUEHUE
daiisoBoro ykasareas B Buie 1ejoro umciaa. Ciaenyer oTMeTUTh, UTO (haiio-
BRI yKasaTeJb CBA3aH ¢ 00'beKTOM (Paiisia, KOTOPBIHA Bo3BpaIiaercsa QyHKIen
open(), a He ¢ camuM (aitiom. OguH 1 TOT Ke Paila MOKHO OTKDPBITh HECKOJIBKO
pas B OQHOM U TOM 2Ke IIporpamMme (MJIX B pa3HbIX IIporpamMmax). IIpu aTom Kax-
IBIA 9K3EMILIAD OTKPBITOrO (haiisa OymeT uMeTb COOCTBEHHBIN, He3aBUCUMBbIH
OT OPYTUuX, (alJOBBIN YKA3aTEb.

Meton fileno() Bo3BpaIlllaeT mejoe YMCJIO, IPEACTABIIAIONIEEe JeCKPUITOP haii-
Jia, KOTOPBLIM MHOIA MOXKET MCIIOJIb30BATHCSI B HU3KOYPOBHEBBLIX OIE€PAL[AAX
BBOJIa-BBIBO/IA, JOCTYIIHBIX B HEKOTOPBIX OMOJIMOTEUHBIX MOAYIsiX. Hampumep,
Monysb fontl mcmosb3yeT (haiijoBble HECKPUIITOPHI AJISA BBLIMOJHEHUS HUBKO-
YPOBHEBBIX Ollepalinii ynpasjaenus paiiiaamu B cuctemax UNIX.

Kpowme Toro, 00'6eKThI (paiijioB UMEIT aTPUOyThI, JOCTYIHbIE TOJIbKO IJIA UTe-
HUS, IepeuncjaeHHbIe B Tab. 9.2.

Tabauya 9.2. Ampubymul 066eKmos Qaiinos

ATtputyTr Onucanue

f.closed Jlornueckoe 3HaueHUE, COOTBETCTBYIOIIee COCTOIHMIO (haitia: False —
Gaiyg OTKPHIT, True — 3aKPHIT.

f.mode PesxuM BBOa-BLIBOJA.

f.name Wwms daiiia, ecyiu OH CO3/aH C MOMOIIbI0 QyHKIuM open(). B mporus-
HOM cJIydae 9To OyZeT CTPOKa ¢ MMeHeM CylilecTByomero daiiaa.

f.softspace Jloruueckoe 3HaueHUe, COOOIIAOIIEE, HOJIPKHA JIM MHCTPYKIIUA print
BBIBOJUTH IPO0EJ IIepe]] OuepeJHbIM 3HaueHneM. Kiaaccsl, uMuTu-
pytoriue Qaitabl, JOJIKHBI IPEAOCTABIATEL aTPUOYT C 9TUM MMEHEeM,
MOCTYIHBIN VI 3alIUCU, NHUIINAJIU3UDPYEMBIN HYyJIeM (TOJIbKO

B Python 2).
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ATputyTt Onucanue

f.newlines Korza ¢aiia oTKpbIBaeTCA B PeKUMe MOAAEPKKU YHUBEPCAJIBHOTO
CHMBOJIA TIEPEBOLA CTPOKH, 9TOT aTPUOyT OyAET COmepPs;KaTh IIPeI-
CTaBJIEHVEe CUMBOJIA OKOHUYAHUA CTPOKY, PAKTUUECKH MCIIOJIH3yEMOI'0
B (haitsie. 3HaueHMEM aTpuOyTa MOXKET OBITH None, KOTOPOe TOBOPUT

0 TOM, YTO HUKAKUX CIMBOJIOB 3aBEPIIEHNU CTPOKU He OBLJIO BCTpeYe-
HO; CTPOKA, comepskarad ‘\n', ‘\r’ uau ‘\r\n’', 1Jau KOPTesK CO BCeMU
BCTPEUYEHHBIMU CUMBOJIAMUY 3aBEPIIEHUS CTPOKHU.

f.encoding Crpoka c Ha3BaHMEM KOQUPOBKU (aiiyia, eciu onpegesieHa (Hanpu-
mep, ‘latin-1" mawm ‘utf-8'). Ecau kogupoBKa He UCII0JIb3YyeTCsd, 3TOT
aTpubyT numeeT 3HaUeHUe None.

CTaHaapTHbIN BBOJA, BbIBOJ,
M BbIBOJ, COOOLLLEeHN 06 olLnbKax

WHTepnperaTop MpemoCTaBseT TPU CTAHIAPTHBIX 00beKTa (ailjioB, U3BECT-
HBIX, KAK cmaHdapmHtbLil 6600, cmandapmHbuLil 661600 N cMaAHOAPMHBLI 8bL800
coobuyeHull 00 owubKax, KOTOpble 00bABIEHBI B MOJYJe SyS M AOCTYIIHBI KaK
sys.stdin, sys.stdout m sys.stderr cooTBeTCTBEeHHO. Stdin — 9TO 00BEKT (haiiia,
COOTBETCTBYIOIHUI ITOTOKY BXOAHBIX CUMBOJIOB, II€PeJaBaeMbIX UHTEPIIPETATO-
py. stdout — aT0 00BEKT (haiisa, KOTOPBIM IPUHUMAET JaHHBIE OT MHCTPYKIIUNI
print. stderr — aTo 00'BEKT (haiiza, KOTOPHII IPUHUMAET COOOIIeHUA 00 OITuo-
Kax. [IpakTuuecku Bcerma o0beKT Stdin oToOpaskaeTcsa Ha KJIaBUATYPY, a 005-
eKThI stdout u stderr BOCIPOU3BOAAT TEKCT Ha SKPaHe.

MeTonpi, onucaHHBIE B IIPEABIAYIEM pasfiesie, MOT'YT IPUMEHATHCA MOJIb30Ba~
TeJIeM JJIS BBIITOJHEHUS IPOCTHIX OIlepanuii BBoga-BbiBoga. Hampumep, ciaeny-
oI hparMeHT BHIBOAUT JaHHBIE HA CTAHIAPTHBIN BHIBOJ U UUTAET CTPOKY CO
CTaHJapTHOTO BBOJA:

import sys
sys.stdout.write(“Beeaure Bawe wma: )
name = sys.stdin.readline()

IOTIOTHUTEILHO CYIIEeCTBYEeT BCTPOCHHAS PYHKIUA raw_input(prompt), KoTopas
YUTAeT CTPOKY TeKcTa m3 (Gaiiaa sys.stdin m MoKeT BBIBOAUTDH IPUTJIATIIEHNE
K BBOZY:

name = raw_input(“BBeanTe Bawe umg : )

CTpoKu, Bo3BpaIliaemMmble GyHKIIUEH raw_input(), He BKJIIOYAIOT 3aBePIIAaOITUil
CHMBOJI IIepeBOJia CTPOKM. OTUM OHA OTJIMUYAETCS OT IPOCTHIX OIepaIluii uTe-
HuA u3 (paiiaa sys.stdin, KOTOpbIe BKJIOYAIOT IEPEBOJ CTPOKHU B BO3BPAII[aeMbIit
Tekcer. B Python 8 pyuxiua raw_input() ObLra mepenmenoBana B input().

BBox cumBoJia mpepbiBaHUA PabOTHI IPOrPAMMBI C KJIaBUATYPHI (OOBIYHO T'eHe-
pupyercsa KomOuHaiueir KaaBuill Ctrl+C) mpuBoAUT K BO3OYKIEHUIO MCKJIIOUE-
Huda KeyboardInterrupt, KOTOpoe MOKHO IIEPEXBATUTDL C TIOMOIIHI0 00PadOTUNKA
VCKJIIOUEHMI.
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B ciyuae Heo6xoquMoOCTH 3HAUEHUS IIEPEeMEHHBIX Sys.stdout, sys.stdin u sys.
stderr MoryT 3ameniaThbCA APYTUMU 00BbeKTaMU (PAiijioB, B 3TOM CJydae WH-
CTPYKIIUA Print u pyHKIIMHU BBOJa OYIYT UCIIOJIb30BATh HOBbIEe 3HAUEHUA. Kcin
mo3aHee MoTpedyeTcss BOCCTAHOBUTH OPUTMHAJIbHOE 3HAUEHVEe TIEPEMEHHO SYS.
stdout, ero mpegBapUTEJIBHO CJIeAyeT COXPaHUTh. Kpome TOro, opurnHaJbHbBIE
3HAQUeHUsd IIepeMeHHBbIX Sys.stdout, sys.stdin u sys.stderr, KOTOpble IpuCBanuBa-
I0TCA IIPU 3allyCKe MHTepIIpeTaTopa, JOCTYIHEI B IepeMeHHBIX Sys. _stdout__,
sys.__stdin__m sys.__stderr__ cooTBeTCTBEHHO.

ObpaTuTe BHUMAaHUE, UTO B HEKOTOPBIX CJAYUaAsIX MHTETPUPOBAHHBIE CPEbI Pas-
paboTKU MOTYT IMOAMEHATh 3HAUEHUA IIePeMeHHbBIX Sys.stdin, sys.stdout u sys.
stderr. Hampumep, Korma uareprnperarop Python samyckaercs mon ynpasieHu-
em IDLE, B nmepeMenHyI0 sys.stdin sammchIlBaeTcs CChIIKA Ha 00bEKT, KOTOPBIHA
CBOUM IIOBeJeHUEeM HaroMuHaeT Gaiiy, HO B JeHCTBUTEIbHOCTU SABJIAETCI 005~
eKTOM, CO3JaHHBIM Cpeloi padpaboTKu. B aToM cayuyae HEKOTOPbIe HUBKOYPOB-
HeBbIe MeTO/IbI, TaK1e Kak read() u seek(), MOTYyT oKa3aThbCA HeJOCTYTHBIMU.

UHcTpyKLumMS print

Inst BeIBOJA B (haiii, HA KOTOPBIN yKasbIBaeT mepeMeHHas sys.stdout, B Py-
thon 2 ncnonb3yercs crienuaabHasg UHCTPYKITUA print. MHCTPYRIUS print mpu-
HUMAaeT CIIUCOK 00'beKTOB, Pa3/eIeHHBIX 3aMATHIMU, HATIPUMED:

print “3wavenna: “, x, vy, z

st KaskIoro 00'beKTa BhIdbiBaeTcA QYHKIUA Str(), KoTopas reHepupyeT CTPO-
KOBOE IIpe/ICTaBJIEHNEe 3TOr0 00'beKTa. 3aTeM 9TU CTPOKU O0BEeJUHAIOTCSA B 3a-
KJIIOUUTEJIbHYIO CTPOKY, I'/le OHU Pas3AessaioTcss CUMBOJIOM Ipobesa. ITonyuen-
Hasg CTPOKA 3aBepIllaeTcs CUMBOJIOM II€PeBOJa CTPOKU, €CAU B MHCTPYKI[UU
print OTCYyTCTBYET 3aBepIIAOas 3alATasd. B IPOTUBHOM CJIyYae CJIeAyIomast
WHCTPYKIUA print mo6aBUT BeAyIIUi IPo0eJ Iepen BbIBOJAOM APYTIUX O0BEK-
TOB. BBIBOJIOM 5TOTO IIpobesia yipasjseT arpudyT sof tspace daiiia, B KOTOPBIH
TIPOU3BOAUTCS BBIBO/I.

print “3nadennsa: “, X, y, z, w

# BbiBECTW TOT Xe TEKCT C MNoMOWbl0 ABYX MHCTPyKUWiA print

print “3navennd: “, x, y, # 3asBepwanuuii CUMBON NepeBofa CTPOKM He BHBOAWTCS
print z, w # Nepepn 3HadeHnem z OyneT BuiBeaeH npoben

Iy BeIBOZA (hOPMATHUPOBAHHBIX CTPOK MCIIOJIb3YeTCsI oreparop hopMaTupoBa-
Husa (%) uiau meton .format(), Kak ObLIO omucaHo B riiase 4 «OmepaTopbl U BBI-
paxenusi». Hanpumep:

print “3nadenna: %d %7.5F %s” % (x,y,z) # ®opMaTMpPOBaHHbLIA BBOA-BHBOM
print “3Havennsd: {0:d} {1:7.5f} {2}”.format(x,y,z)

daiin, Kyga IPOU3BOIUTCA BBIBOA MHCTPYKI[UEH print, MOMKHO 3aMEHUTD, J10-
0aBUB cHeIUAJNbLHBIN MoauGUKATOD >>file, co caeayIolneil 3a HUM 3aIATOH, TIe
file — 9T0 06BEKT (haiiia, OTKPBITHIN B peskuMe Oy 3anucu. Hampumep:

f = open(“output”, "w”)
print >>f, “npuset, Mup”

f.close()
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DyHKuma print()

OpHuM M3 caMbIX CYI[eCTBeHHBIX mameHeHuii B Python 3 siBasiercs mpeobpa-
30BaHMe MHCTPYKIUU print B pyHKuo. B Python 2.6 uucTpykmus print mo-
JKeT BBI3BIBATHCH, KaK (PYHKI[UA, eCJIu Jo0OaBUTh MHCTPYKIMUIO from __future__
import print_function B KamKIbIi MOAYJb, KOTOPBIHA ee UCIOIb3yeT. PYHKITU
print() melicTByeT MPaKTUUYECKM TaK ’Ke, KAaK M MHCTPYKIIUA pPrint, omucaHHas
B IIpeIbIAYIeM paszeie.

YT06BI BEIBECTH HECKOJIBKO 3HAUEHMH, JOCTATOYHO IIPOCTO IIEPEYUCTUTH UX Ue-
pes 3alATYIO B CIUCKe apI'yMeHTOB print(), HampuMep:

print(“3navenua: “, x, y, z)

ITogaBuTh NIV USMEHUTH CUMBOJI OKOHYAHUSA CTPOKYU MOYKHO C IIOMOII[BIO IMe-
HOBAHHOTO apryMeHTa end=ending. Hampumep:

print(“3navenna: “, x, y, z, end="") # NogaBuT BbBOA KOHLA CTPOKK

HepeHanpaBHTL BBIBOJ B (1)3_171.7'[ MOJKHO C IIOMOIIIBIO MMEHOBAHHOI'O apryMeHTa
file=outfile. Hampumep:

print(“3navennsa: “, x, vy, z, file=f) # lpousseneT BbBOA B 00bEKT daina f

VI3MeHUTH CUMBOJI-Pa3feIUTeNlb MEXKIY dJIEMEHTAMU MOJKHO C IIOMOIIIBIO MMe-
HOBaHHOTO apryMeHTa sep=sepchr. Hanpumep:

print(“3Havennd: “, x, y, z, sep=',") # BbBeAeT 3anaTyl Mexay 3Ha4eHusMu

NHTepnonsaunsa nepemMeHHbIX Mpu BbiBOAe TEKCTA

Tunuunasa npobaeMa, BOSHUKAIOAA IPU BBIBOJIE, CBsI3aHa C BBOJOM OOJIBIITUX
dparMeHTOB TEKCTa, COAEPI;KAIINX ITepeMeHHbIe. Bo MHOTMX SIBBIKaX CIleHAPU-
eB, Takux Kak Perl u PHP, numeeTcsi BO3MOXHOCTh BCTABJISITH NMEHA IEPEMEH-
HBIX B CTPOKH, UCIIOJIL3Ys orreparop ($) moacTaHOBK Y 3HAUCHUH IIePeMEeHHEBIX (TO
ects $name, $address u Tax gasuee). B aspike Python oTcyTeTByeT mpsimoit sKBU-
BAJIEHT 3TOI BOBMOXKHOCTHU, HO €€ MOKHO MMUTUPOBATh, UCIIOJIb3Ys OIePaINio
dopMaTUPOBAHUA CTPOK B COEMUHEHUU CO CTPOKAMHU B TPONHBIX KaBBIUKAX.
Hanpumep, Mo:xHO 0b1JI0 OBI CO3AATh MIAGJIOH MHUCHhMAa, B KOTOPOM IIPHUCYTCTBY-
0T IIepeMeHHbIe dJIeMeHThI namne, item m amount, KaK IOKa3aHO HUXKe:

# 06paTuTe BHUMAHWE: 3aBepliabumii crMBOs 00paTHOro cnawa, cpasdy 3a

# NoAaBNAeT BHBOL NEPBOV MyCTOM CTPOKK

form = “""\

YBaxaembli  %(name)s

Noxanyicta, BepHuTe 00paTHO %(item)s unu sannatute $%(amount)0.2f.
NckpeHHe Baw

Joe Python User
print form % { ‘name’: ‘MucTep byw’
“item’: ‘OneHpep’
“amount’: 50.00
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B pesysnbraTe OymeT MoJyueH CaeayIONuil BEIBO:
YBaxaembli Mnctep byw
Moxanyicta, BepHuTe 0b6paTHO GneHgep unn 3annatute $50.00.

NckpeHHe Baw
Joe Python User

Meton format() aBiseTcsa 6ojiee COBPEeMEHHOUN aJIbTEPHATUBON, MO3BOJIASA ClHe-
JIaTh IPEeAbIAYIIUHA IPOrPaMMHBIN KoJ 6oJiee HarIaAHbIM. Hanpumep:

form = “""\

YBaxaembli  {name},

NoxanyicTa, BepHuTe obpaTHO {item} wnu 3annaTwute {amount:0.2f}
NckpeHHe Baw

Joe Python User

print form.format(name="MucTep byw', item='6neHaep’, amount=50.0)

B HEKOTOPBIX CIAYyUYAIX MOYKHO TaKKe MCIIOJIb30BaTh MeTOn Template() s Mozmy-
Jd string, Kak IOKa3aHo HUMKe:

import string

form = string. Template(“""\

YBaxaemuit  $name,

NoxanyicTa, BepHuTe obpaTHo $item mnu 3annaTute $amount.
NckpeHHe Baw

Joe Python User
)
print form.substitute({'name’: ‘Muctep byw’
“item’: ‘Gnenpep’
“amount’: “%0.2f" % 50.0})

B mammom cayuae crenuajbHbIe IepeMeHHble, HAUMHAIOIIUecsa ¢ cuMBoJa $,
B CTPOKe ABJAIOTCA CUMBOJAMU HoAcTaHOBKU. Metox form.substitute() mpu-
HUMAeT CJIOBAPh IIOACTABIAEMbIX 3HAUCHUI W BO3BpAII[aeT HOBYIO CTPOKy. He-
CMOTPsSI HA IPOCTOTY IPEIBIAYIIEro IIPUMepPa, 9TOT IIOAX0[ He BCErga ABJIAeT-
Cs JOCTATOUYHO MOIIHBIM PEIIeHMEeM IIPU CO3AaHUMU TeKcTa. BeO-ppeiiMBopKH,
KaK ¥ MHoOTrue Apyrue GpeliMBOPKY pas3spaboTKU HPUI0MKEHUH, 0OBIYHO IIPEI0-
CTaBJIAIOT CBOM COOCTBEHHBIE MEeXaHU3MBI I1a0JIOHOB, KOTOPbIE IOALEP KUBa-
IOT BCTPOEHHBIE OIEPAaTOPhl YIIPABJIEHUS MOTOKOM BBIMOJHEHU A, IOACTAHOBKU
IepeMeHHbBIX, BKJIIOUeHA (DaiijioB U APyTrue pacliupeHHble 0COOCHHOCTIH.

BbiBOA, C NTOMOLLBbIO reHepaTopoB

HenocpencrBenHnast paboTa ¢ ¢aiiiaMu — 9T0 caMasi 3HaKOMas IPOrpaMMUCTAM
MOZieJib BBOJa-BbIBoZa. OMHAKO AJIs BBIBOJA IIOCJIENOBATEILHOCTU (DPAarMeHTOB
MTaHHBIX TaKiKe MOTYT MCIOJb30BaThCs (PDYHKIMU-TeHepaTopsl. [[1sa aToro mo-
CTaTOYHO MPOCTO 3aJefICTBOBATh MHCTPYKIIUIO yield BMecTo MeToma write() uam
nHCTpYyKIuu print. Hampumep:
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def countdown(n)
while n > 0:
yield “OdvepenHoe 3HaueHue %d\n” % n
n-=1
yield “KoHeu!\n”

CosgaHne IOTOKOB BBIXOAHBIX JAaHHBIX TAKHM CIIOCOO0OM OOecleumBaeT 3HAUMU-
TeJbHYI I'MOKOCTh, IIOTOMY YTO CO3/aHKe BBIXOJHOr'0O IIOTOKA OTAEJIEHO OT IIPO-
rpaMMHOI'0O KO/Ia, KOTOPbIH (haKTHUUYECKU HAIIPaBJseT IIOTOK ajapecary. Hampu-
Mep, [TPU JKeJaHUK BBIBOJ MOXKHO HAIIPABUTH B (DAl f, KaK IIOKa3aHO HUKeE:

count = countdown(5)
f.writelines(count)

TouHo Tak Ke MOKHO HanmpaBUTh JaHHBIE B COKET S, HaIIpuMepP:

for chunk in count:
s.sendall(chunk)

Wnu npocro 3anucars faHHBIE B CTPOKY:

out = “".join(count)

BouJiee ci0KHBIE TPUJIOKEHNS MOT'YT UCIIOIb30BATh TAKOH IIOAXO0/], Peajn30BaB
CBOII COOCTBEHHBIN MexaHU3M Oydepusamuu BBOJga-BbIBoga. Hampumep, rene-
paTop Mor 6bI TPOU3BOUTE HEOOJIBIINE (hPATMEHTHI TEKCTA, a APyTrasd QYHKIUA
Morvia 6bI cOOMpaTh 3TU (PparMeHThI B 00JIbIiue O0y(ephl, IOBLIIIASI T€M CaMbIM
3¢ GEeKTUBHOCTH OllepaInii BBOJa-BbIBOA:

chunks = []
buffered_size = 0
for chunk in count:
chunks. append(chunk)
buffered_size += len(chunk)
if buffered size >= MAXBUFFERSIZE:
outf.write("”.join(chunks))
chunks.clear()
buffered_size = 0
outf.write("”.join(chunks)

st mporpaMM, HAIPaBJIAOIIUX BBIBOJ B (DallJibl UJIN B CETEBBIE COeIUHEHNS,
TIOAXO] Ha OCHOBE T€HEePATOPOB MOYKET TaKJKe CITIOCOOCTBOBATE CYIIIECTBEHHOMY
CHUIKEHUIO TpeGoBaHUN K 00beMY ITaMATH, IOTOMY YTO BECh BBHIXOAHOM ITOTOK
3aYacTyI0 MOKET reHeprupPOBaThCA 1 00padbaThHIBATHCSA HEOOJIBIITNME (hparMeHTa-
MU, B IPOTHUBOIIOJIOMKHOCTb METOAY, KOTa CHaUaJIa JaHHbIe COOMPAIOTCA B OJHY
OOJIBIIIYIO CTPOKY MJU CIIMCOK CTPOK. TaKo# crmoco0 BBIBOAA MAaHHBLIX HMHOTIA
MOYKHO BCTPETUTh B IporpamMmax Ha sA3biKe Python, BsammomeiicTByOIIIUX
co mLII030BbIM MHTEep(deiicom BeO-cay:xb (Web Services Gateway Interface —
WSGI), KOTOpBIH UCIIOJb3yeTCA AJIA o0MeHa nHGOpMAaIuel MeX Iy IporpaMm-
HBIMU KOMIIOHEHTaMU B HEKOTOPBIX Be6-(DpeiiMBOpPKax.

OO6paboTtka cTtpok KOHuKopa

Tunuumoil mpobemMoii, CBA3aHHON C BBOJOM-BBIBOAOM, SBJsIeTCI 00paboTKa
WHTEPHAIIMOHANBHLIX CHMBOJIOB, IIPeACTAaBJEHHBIX cuMBojaamu IOHUKoOxA.
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Eciu numeeTca HeKoTopas CTPOKA S, COCTOAIIAS U3 0ANTOB, KOTOPBIE SIBJISIOT-
cAd KOAWPOBAHHBIM ITpeAcTaBiieHneM cuMBoJioB IOHUKOmA, AJA ee mmpeobpaso-
BaAHUSA B COOTBETCTBYIOIYI0 CTPOKY IOHMKOZA MOKHO HCIOJIB30BATH METO[
s.decode([encoding [,errors]]). IIpeobpasoBath cTpory FOHMKOLA U B KOTUPOBAH-
HYIO CTPOKY 0aMTOB MOKHO C IIOMOIIBIO CTPOKOBOTO MeToxma u.encode([encoding
[, errors]]). Oba st MeToma, BBIMOJHAMIINE IPeodOpasoBaHUe, IPUHIMAIOT
crenuaJbHOe UM KOJUPOBKH, OIIPEAeIAI0NIell IOPSAA0K 0TOOpaKeHs CHUMBO-
J0B IOHUKOIA B ITOCJIE€I0BATEIbHOCTY 8-OMTHBIX CUMBOJIOB U HA000POT. Apry-
MEHT €1C0d1ng OIpefieisieTcs KaK CTPOKA U MOYKeT ObITh UMEHeM O HO 13 60Jiee
yeM COTHHU Pas3jInUYHbIX Ha3BaHUI KOquPOBOK. Huske npuBoasaTca Hanboee ua-
CTO BCTpeuaeMble 3HAUCHM:

3HaueHHne Onucanme

‘ascii’ 7-6utHaa koxmposka ASCII

‘latin-1" mawm '1s0-8859-1 ISO 8859-1 Latin-1

‘cp1252 Koguposka Windows 1252
‘utf-8 8-0uTHAaA KOAMPOBKA C CUMBOJIAMU IIEPEMEHHON AJIMHBI
‘utf-16’ 16-6uTHAaS KOQUPOBKA C CHMBOJIAMU ITI€PEMEeHHOH I~

HBI (MOJKET OBITH C IPAMBIM U ¢ OOPATHBIM IIOPATKOM
caemoBaHMUs 0aliTOB)

‘utf-16-le’ UTF-16, xogupoBKa ¢ o6paTHbIM nopaznkom (little en-
dian) cregoBanus 6aliTOB

‘utf-16-be’ UTF-16, kogupoBka ¢ npsambiM nopsaakom (big endian)
cJieJoBaHUs 6alTOB

‘unicode-escape’ dopmar uTepasoB cTpok FOHUKoma u”’string”

‘raw-unicode-escape’ dopMmar JIUTEPaOB «ChHIPHIX» CTPOK IOHUKOmA
ur’string”

KomupoBKy mmo ymosruaHuiio, KOTOpas ycTaHaBJIUBAeTCA MOAYJEM Site, MOMKHO
TOJIVUUTE C TIIOMOIIBI0 (pyuKIuu sys.getdefaultencoding(). Bo MmHOrUX cayuasx
I0 YMOJUAHUIO MCIIOJIb3YeTCsI KOTUPOBKA ‘ascii’, KoTopas HamIpAMYI0 oToOpa-
2kaeT cuMBoabl ASCII ¢ Kogamu B muamnasoue [0x00,0x7f] B cumBoaisl FOHUKOIA
B nuamasone [U+0000, U+007F]. OgHako KogupoBKa ‘utf-8' Takike MCIIOJIb3yeTCs
IOCTaTOYHO uacTo. TexHuUecKue Mogpo6HOCTH, Kacaloluecs HanboJjee pacipo-
CTPaHEHHBIX KOOUPOBOK, IIPUBOAATCA B CJAEAYIONIEM paseJe.

Korma mcnonnsyercss meron s.decode(), Bcerma IIpeairojiaraercsa, 4TO S — 9TO
cTpoka 6aiitoB. B Python 2 s uHTepmperupyercsd, Kak cTaHgapTHas CTPOKa,
HOo B Python 3 crpoka s mon:xHA OBITH OOBEKTOM CIEI[MAJBHOTO THIIA hytes.
AmnajornyHO pe3ysbTaToOM BBIZOBa MeTona t.encode() Bcerma ABJIAETCS IIOCTE-
IOBaTeJbHOCTEL 0aiiToB. Ecaiu Bac BoJIHyeT ImpobJieMa IIepeHOCuMOCTH, 3aMeuy,
uro B Python 2 3T MeTomsl MOryT cTaTh MCTOYHMKOM IIyTaHMUIEI. Hampumep,
crpoku B Python 2 o6inamaroT o6oumu merogamu, decode() u encode(), Torma Kak
B Python 3 cTpoku umeroT ToJbKO MeTox encode(), a TUII Dytes — TOJIbKO METOL
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decode(). YToOBI YIIPOCTUTH MOCIEAYIOININI IepeHOC IPOrpaMMHOr0 Koma s
Python 2, ucmosisayiite Mmeron encode() ToabKo co crpokamu FOHMKOLA, a METO[
decode() — TOIBKO CO CTPOKaMu OaHiTOB.

Eciz npu nmpeo6pa3oBaHUM CTPOKOBBIX 3HAUEHUH BCTPETHUTCS CHUMBOJ, KOTO-
pPBIil He MOKeT ObITHL IIpPeo0pasoBaH B TpeOyeMyio KOAUPOBKY, OyIeT BO30YIK-
IeHo McKJouYeHue UnicodeError. Hampumep, ecau monbiTaThesA IMpeobpa3oBaTh
B KOJUPOBKY ‘ascii’ cTpPOKRy, comep:kaimyio cuMBojbl IOHMKOMA, Takme Kak
U+1F28, BOBHUKHET OIINOKa KOAUPOBAHUSA, TAK KaK 3HAUEHMEe STOr'0 CHMMBOJIA
OKa’KeTCs CIAUIITKOM OOJIBIIIUM JJIA IIpeAcTaBieHus B Habope cuMmBoJioB ASCII.
AprymenT errors meromos encode() u decode() ompemesseT MOPAIOK 00pabOTKU
OIIMOOK, BOSHUKAIOIIUX IIPU ITPeodpas3oBaHu. ITO M0JIXKHA OBITH CTPOKA C OJI-
HUM U3 CJEAYIONINX 3HAUEHUH:

3HaueHune Onuncanne

‘strict’ B cyuae nosiBieHus OInOKY KOAUPOBAHUSA U TEKOJUPO-
BaHUA BO30yKIaeTcs uckaodenue Unicodekrror.

‘ignore’ HenonmycruMbie CHMBOJIBI HTHOPHUPYIOTCA.

‘replace’ 3aMelaeT HeJOMYCTUMbI€ CUMBOJIBEI CHMBOJIOM 3aMEHbI
(U+FFFD — B cTporax FOuuKoOza, ‘?' — B cTAaHZAPTHBIX
CTPOKAax).

‘backslashreplace’ 3aMeIraeT HeJOMyCTUMBbIE CUMBOJIBI COOTBETCTBYIOIIIUMU

UM 5KPaHVUPOBAHHBIMU IIOCJEIOBATEILHOCTAMU, IIPUHA-
TeIMU B s13bIKe Python. Hanpumep, cumBout U+1234 6y zner
3aMeIleH IMocaeq0BaTeJIbHOCTBIO \U1234".

‘xmlcharrefreplace’ 3aMeIraeT HeZJOMyCTUMBbIE CUMBOJIBI CCBLIIKaMu B hopma-
Te XML. Hanpumep, cumBou U+1234 GyzeT 3aMeIleH mo-
cJenoBaTeJIbHOCTBIO &#4660; .

ITo ymosruauUIO MConb3yeTcA 3HaUeHue ‘strict’.

ITonutura o6paboTku omuoOOK ‘xmlcharrefreplace’ dyacTo ABIsgeTCA yIOOHBIM
cIoco00M BCTpaWBaHUA MHTEePHAIIMOHAJIbHBIX cUMBOJIOB B TeKcT ASCII Beb6-
crpauuill. Haopumep, eciu BeiBecTu cTpoKy IOHUKOZA ‘Jalape\u00flo’, saxomu-
poBas ee B KogqupoBKy ASCII ¢ moauTukoi o6paboTKu omuboK ‘xmlcharrefre-
place’, 6pOy3ephl IPAKTUYIECKH BCETIa KOPPEKTHO 0TOOPABAT TEKCT CTPOKYU KaK
“Jalapeco”, a He KAaK HEMHOTI'0 UCKAXKEHHYIO aJIbTePHATUBY.

Yro6bI 130aBUTH ce0sI OT JUIIIHEH T'OJIOBHOI 001, HUKOT[A He cMeIlluBaiTe
B BBIPAKEHUAX KOJUPOBAHHBIE CTPOKY OANTOB U JeKOAUPOBAHHbBIE CTPOKH (Ha-
npumep, B onepanuu + Koukarenanuu). B Python 8 aTo BooOIIIe HEBO3MOXKHO,
HO B Python 2 Ttakwme omeparuu OyAyT BBIMOJHATHCSA 60€3 BbIBOAA KAKUX-TN00
coo0IeHuit 00 oIrMbKax, aBTOMATUYEeCKH ITPpeodpas3ysi CTPOKU 6aTOB B CTPOKU
IOHuKoga, ncmob3ysd 3HaAUEeHe KOAUPOBKHY 110 yMoJdaHUi0. TaKkoe moBeseHTe
YacTO MPUBOAUT K HEOKUJAHHBIM PE3yJIbTaTAM UJIU HETIOHSITHBIM COOOIIEHUSIM
00 omubkax. [losToMy B IporpamMMax BCET/A CJIeAYeT CTPOr0 OTAEIATh KOJUPO-
BaHHBbIE U HEKOAUPOBAHHbBIE CUMBOJILHEIE JaHHBIE.
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Beopa-BbiBoa, FOHUKOoAa

IIpu pabore co crpokamu FOHMKOa HET HUKAKOM BO3MOYKHOCTH HATIPAMYIO 3a-
mucaTh JaHHBIE B (haiija. To 00yCJIOBJIEHO TEM, YTO BO BHYTPEHHEM IIPE/ICTABJIE-
HuYU cuMBOJIbI FOHUKOA ABIAIOTCA MHOTO0AWTOBBIMY II€JIBIMU YUCJIAMU U IIPU
HEeIIOCPEICTBeHHOM 3aIllCU TaKWX YMCeJ B IOTOK BBIBOJA BOBHUKAIOT IIPOOJIe-
MbI, CBA3aHHBIEC C MMOPSAIKOM cJjemoBaHuA 0aiiToB. Hampumep, BaM IPUIIIOCH
OBI PEINUTh, 3aIIUCHIBATE Ju cuMBoJ FOHUKOmA U+HHLL B dhopmare ¢ «0GpaTHBIM
HOPSAIKOM CJIeOBAHUS 0aTOB», KaK LL HH, miu B hopmare ¢ «IPAMBIM HOPSAI-
KOM cJjieoBaumus 6aiToB», Kak HH LL. Kpome Toro, npyrue mHCTPYMEHTBI, BbI-
noJyiHAOIIMe 00paboTKy Tekcra IOHUKORA, MOIMKHBI 3HATH, KaKasd KOJUPOBKA
OblJIa MCTIOJIb30BaHa IIPU 3aIIUCH.

W3-3a 9T0i1 mpobsiemsl mpeobpasoBanue cTpok FOHMKOIA BO BHEIITHEe IIPeLCcTaB-
JICHNE BCEerJa BBIMOJIHSETCA B COOTBETCTBUU C ONPENESeHHBIMU IIPAaBUJIAMU
KOJIWPOBAHUS, KOTOPhIE UETKO OMPENEAT, KaK IPeodpasoBbIBATh CHMBOJIBI
IOnuKkoa B mocienoBaTebHOCTY 0aiiToB. I10 9T0M MpUYMHE, YTOOBI 00ECTIEUNTDH
HOAJEPIKKY BBOZA-BhIBOZA IOHMKOA, MOHATHUS KOAUPOBAHUA U JEKOAUPOBA-
HUsI, ONMCAHHLIE B IPEABIAYIIEM pasgeie, ObLIN PACIIPOCTPAHEHEBI HA (hailIbl.
BeTpoerHBI MOLYJIB COJECS COAEPIKUT HAOOD (PYHKITNIT, TO3BOISIOMINX BBIIIOJI-
HATH MpeobpasoBaHue 0ATOBLIX JAaHHBIX B cTpoKu IOHMKOIA U 00paTHO, B CO-
OTBETCTBUU C PA3JIUYHBIMU CXeMaMU KOAUPOBAHMS.

CaMbIil IPAMOJIMHENHEIN, HOMXK Ay, crrocod oopaborku (aitmos FOuukoga 3a-
KJII0YaeTCcA B UCIIOJIb3OBaHUU (PyHKIIMU codecs.open(filename [, mode [, encod-
ing [, errorsll]), Kak MOKa3aHO HUKe:

f = codecs.open(’ foo.txt’, ' r’, 'utf-8", strict’) # Ytenue
g = codecs.open( bar.txt’,'w", utf-8") # 3anucb

3mech co3mamTca 060BeKThI (haiiioB, U3 OJHOTO IIPOU3BOJUTCSA UTEHUE CTPOKU
IOnukona, B Apyroii — 3amnuck. ApryMeHT encoding ompeaessieT ciocod Komu-
pOBaHMUSA CHUMBOJIOB, KOTOPBIA OyZEeT MCIIOJb30BATHCA IIPU UTEHUU U 3AIUCU
NaHHBIX. APDI'YMEHT €//0r'S OIpeieIeT MOIUTUKY 00pabOTKY OIIMOOK U MOJKET
OPUHUMATh OAHO M3 3HAUeHUH: ‘strict’, ‘ignore’, ‘replace’, ‘backslashreplace’
ninm ‘xmlcharrefreplace’, Kak ObLIO OIMMCAHO B IPENbIAYIIEM pasaeie.

Eciu B mporpamme y:ke umeeTca o0BeKT @aiiia, ToO (QYHKIMIO Ccodecs.
EncodedFile(file, inputenc [, outputenc [, errors]]) MOKHO HCIIOJH30BAaTh
B KauecTBe 00ePTKU BOKPYT 3TOT0 00'beKTa, BBITIOJHAOIIElH KogupoBanue. Ha-
npuMep:

f = open(“foo.txt”,”rb”)

fenc = codecs. EncodedFile(f, utf-8")

B nanHOM mpuMepe MHTepPIpeTaus JaHHBIX, YUTAeMbIX u3 (aiina, OyJeT BbI-
TOJTHATHCS B COOTBETCTBUU C KOJUPOBKOI, YKa3aHHOU B apryMeHTe inputenc,
a IIPU 3aIUCU — B COOTBETCTBUU C KOZUPOBKOM B aprymenre outputenc. Ecau
apryMeHT outputenc omyIeH, Io YMOJYAHUIO OyIeT UCII0Jb30BaThCA 3HAUEHE
apryMeHTa 1nputenc. ApryMeHT e/rors MMeeT TO Ke HasdHaueHue, KaK ObIJI0 OIu-
cauo BbIIre. IIpu ncnosb3oBaHny 00epTKU EncodedFile BOKPYT CYIIECTBYIOIIEIO
o0beKTa (aiina paiiyi goKeH ObITh OTKPHIT B ABOMYHOM PeKuMe. B IpOTHBHOM
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ciiyyae mpeoOpasoBaHUe CHMBOJIOB IIEPEeBOa CTPOKY MOYKET IIPEIsTCTBOBATH
KOJIUPOBAHUIO.

IIpu pabore ¢ paitnamu FOHUKOZA MOMHUTE, YTO MHPOPMAIIUST 00 NCIIOJIb3yeMOit
KOAVPOBKE MOYKET BKJIIOUaThcA B caM (haitys. Hampumep, mapcepbl pasMeTKN
XML MoryT ompeneauTh KOAUPOBKY AOKYMEHTAa, IPOCMATpPUBasA IIepBbIe He-
CKOJIbKO 0aiiToB cTpokm; ‘<?xml ...>'. Eciiu mepBble ueTbIpe 6aiiTa B 9TOI CTPO-
Ke —3C 3F 78 6D (‘<?xm’), MOKHO IIPEIIOJOKUTH, YTO UCIIOJIb3yeTCsI KOTUPOBKA
UTF-8. Ecaiu nepBbie ueTbipe 6atiTa — 00 3C 00 3F mm 3C 00 3F 00, MOYKHO IIpes-
TOJIO}KUTH, UTO HCIoab3yercsa KogupoBka UTF-16 ¢ mpAMBIM IIOPSAIKOM CJIEIO0-
Banusa 6aiiToB niau UTF-16 ¢ 00paTHBIM HOPAIKOM CJAeLOBaHMS 0afiTOB COOTBET-
cTBeHHO. KpoMe TOro, KOAMPOBKA JOKYMEHTA MOKET YKa3bIBaThCS B 3aTOJIOBKAX
MIME wunu B Buie APYrux aTpudyTOB 9JI€MEeHTOB JOKyMeHTa. Hanpumep:

<?xml ... encoding="IS0-8859-1" ... ?>

Amnajornuno ¢paiasl JOHUKOZA TaK:Ke MOTYT BKJIIOUATH CHelllaibHbIe MapKe-
poI mopsaaka caegoBauus 6aitos (Byte-Order Markers — BOM), ykassiBaoIue
Ha CBOMCTBa KOAVWPOBKU CUMBOJIOB. [JIf 5TUX Iiesiell 3ape3epBUPOBAH CHMBOJI
IOnukona U+FEFF. OOBIUHO MapKep 3aIHChIBAeTCAd KaK MepPBBIN CUMBOJ B (aii-
Je. ITporpaMMbI, IPOYUTAB ATOT CUMBOJI, MOT'YT IIO CJIEAYIOIIUM 38 HUM OaiiTaM
OIIPEeIeJINTh UCIIOJIb3YEeMYIO0 KOAUPOBKY (Hampumep, \xff\xfe' — masa UTF-16-
LE uanu ‘\xfe\xff' — gna UTF-16-BE). Ilocse onpeaenesnnsa KOGTUPOBKY CUMBOJI
BOM oT6paceiBaeTcsi 1 obpabaTheIiBaeTcsi ocTajbHas dacTh (aiina. K coxkase-
HUIO, BCE 3TU MOIOJHUTEJIbHbIE MAHUNYIA U ¢ Mapkepamu BOM He BBITION-
HAKTCA BHYTPEeHHell peasmsarueii. Harre Bcero BaM IIPUJIETCA CAMUM II03a-
60TUTHCA 00 ATOM, €CJIU IIPUJIOKEHNE JOJIKHO TrapaHTUPOBATH TAKYIO BOBMOXK-
HOCTb.

Korma xogupoBKa onpeeisgeTcs IoA00HBIM CIIOCO00M, II0 IIEPBLIM 0afiTaM B 10-
KYMEHTe, MOXHO HCIIOJb30BAaTh CJeAYIONNI HIUMKe IPOrPaMMHBIN KO/, IIpeBpa-
A0 BXOMHOM (haill B MOTOK KOAMPOBAHHBIX JaHHBIX:

f = open(“somefile”, "rb”)

# OnpeaennTb KOAMPOBKY AaHHbIX

# 00epHyTb 00bekT daitna, ykasas Tpebyemyl KOAMPOBKY.

# [lanee npeanonaraetcs, 4TOo cumBon BOM (ecnu TakoBoi MMeeTcs)
# yxe Obn OTOPOWEH NPeabayWMU MHCTPYKUMAMM

fenc = codecs. EncodedFile(f,encoding)

data = fenc.read()

Koanposku gaHHbIX FOHUKOAa

B Ta6i. 9.3 nmepeunciieHbl KOSUPOBKHU B MOAYJe c0decs, MCIIOIb3yeMble Hanbo-
Jiee 4acTo.

Tabauuya 9.3. Koduposku, peanu3osarntsie 8 mooy.e codecs

Komuposka Onucanue

‘ascii’ Komuposka ASCII
‘latin-1" mmm ‘is0-8859-1" | Kommposka Latin-1 mmau ISO 8859-1
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Tabauuya 9.3 (npodonsxerue)

‘cp437’ Komuposka CP437

‘cpl1252’ Koguposka CP1252

‘utf-8’ 8-0uTHAas KOAMPOBKA C CUMBOJIAMU IEPEMEHHOMN IJIMHBI
‘utf-16’ 16-6uTHAA KOAUPOBKA C CHMBOJIAMY II€PEMEHHO AJIUHBI
‘utf-16-le’ Kogpuposrka UTF-16, HO c sBHO yKa3aHHBIM 00pPaTHBIM

nopsakom (little endian) ciegoBanus 6atiToB

‘utf-16-be’ Konuposka UTF-16, HO ¢ ABHO YKa3aHHBIM IIPAMBIM IIO-
pankom (big endian) ciaemoBauus 6aiiToB

‘unicode-escape’ dopmar suTepasoB cTpok IOHUKOmA U”’string”
‘raw-unicode-escape’ dopMmar JIuTEePaoB «ChHIPLIX» cTPOK IOHMKOmA
ur’string”

B crenyromux pasmesiax IpUBOLATC 0oJiee IIOAPOOHbIe OIMMCAHMNA KaKI0N 13
KOJIMPOBOK.

Koguposka ‘ascii’

B KomupoBKe ‘ascii’ 3HaueHMA CHMBOJIOB OrpaHuUeHbl nuamnaszonamu [0x00,0x7f ]
u [U+0000, U+007F]. JItoObIe CHMBOJIBI, CO 3HAUEHUAMHU 34 IpeJeiaMU 9TUX JUa-
TIa30HOB, CUUTAIOTCSA HEJONTYCTUMBIMU.

Koguposka ‘iso-8859-1, ‘latin-1'

CuMBOJIBI MOTYT UMETH JI0Oble 8-OMTHBIe 3HAUeHUA B AmamasoHax [0x00,0xff]
u [U+0000, U+00FF]. CuMmBoOJIBI cO 3HaUueHUAMU B auamnaszoHe [0x00,0x7f] cooTBeT-
ctByioT cuMmBosiaM ASCII. CuMBoJBEI co 3HAUeHUAMU B AuatasoHe [0x80,0xff]
COOTBETCTBYIOT CUMBOJIaM B KogupoBke ISO-8859-1, niu pacimuperaomy Ha60-
py cumBoJioB ASCII. Jlro6ble CHMBOJIBI CO 3HAUEHUAMHU 34 IpefeaMy UaIas30-
Ha [0x00,0xff] BLIBBIBAIOT OABJIEHUE OIIINOKH.

Koguposka ‘cp437’

ITa KOOUPOBKA IMOX02KA Ha KOAUPOBKY '150-8859-1" U MCIOJIb3yeTCA MHTEPIIpe-
TaropoMm Python mo ymonuanwurio, Korga mporpamma samnyckaercsa B Windows
KaK KOHCOJIbHOE IIpUJIoyKeHme. HeKoTopble CUMBOJIBI, CO 3HAYUEHUAMU B AUA-
mazoHe [x80,0xff], MHTEePHIPEeTUPYIOTCA KaK cHelluaJbHbIe CUMBOJIBI, MCIIOJIb-
3yeMble IpU OTOOPaKeHUW MeHI0, OKOH M PaAMOK B yCTapeBIIUX IIporpaMMax,
HanucauHbIX s DOS.

Koguposka ‘cp1252’

IdTa KOAMPOBKA OYEHDL MOXO0KA Ha KOTHUPOBKY ‘150-8859-1 M MCIIOJIL3YETCS
B Windows. OgHako sTa KOAZUPOBKA OIpeAe ideT CHUMBOJILI B Auamasone [0x80-
0x9f ], KOTOpPBIE He OIIPeieJIEHbI B KOAUPOBKeE '150-8859-1" 1 ©MeIOT IpyTrue KOao-
Bble TYHKTHI B JOHUKOIE.
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Koguposka ‘utf-8’

UTF-8 — 970 KOATUPOBKA, B KOTOPOIX CUMBOJIBI MOT'YT UMETh IEPEeMEeHHYI0 IJIUHY,
YTO ITO3BOJISAET IIPEACTAaBIATEh Bce cuMBoJIbl FOHUKOma. CumBosbl ASCII B sToit
KOJUPOBKeE IPEeCTaB/JIeHbl e INHCTBEHHBIM 0aiiTOM, CO 3BHAUEHNEM B AUAala3oHe
0-127. Bce ocTajbHbIE CHMBOJIBI IIPEACTABJIEHBI IOCJIeI0BATeIbHOCTIMU Oaii-
TOB AJINHOI OT 2 1m0 3 6aiiToB. IIOpALOK KOAUPOBAHUS dTUX 6ANTOB IIPUBOUTCS

HUXKe:

Cumsoa FOuurxona Baiit 0 Baiur 1 Bair 2
U+0000 - U+007F Onnnnnnn

U+007F - U+O7FF 110nnnnn 10nnnnnn

U+0800 - U+FFFF 1110nnnn 10nnnnnn 10nnnnnn

ITepBoIii 6aiiT B 2-60aHATOBBIX MOCJIELOBATEIBHOCTAX BCErla HAUMHAETCS C ITOCJIe-
IoBaTesbHOCTH OuTOB 110. B 3-0aiiTOBBIX ITOCJIEIOBATEIHLHOCTSX IIEePBBIN OaMT
HaUYMHAaeTCA ¢ mocjaenoBaresibHocTy 6utoB 1110. Bee mocaenyromme 6aiiTer gas-
HBIX B MHOI00AMTOBBIX IIOCJIEAOBATEIBHOCTAX HAUMHAIOTCS C IIOCJIELOBATEJIb-
"HocTu 6uToB 10.

Boo06ime rosops, koguposka UTF-8 mosBoJsisieT MCIOab30BaTh MHOT00AHTOBBIE
TIOCJIeIOBATEJIBLHOCTH IJIWHON 10 6 6aiiToB. lyig KogupoBaHUA IIap CUMBOJIOB
IOuukona B Python mncmoabsyrorcsa 4-6aiitoBsie mocaemoBatenabrHocTu UTF-8,
KOTOpPBIE HA3bIBAIOTCA cyppozamubimu napamu. O6a cuMBOJIa B TAKUX Iapax
UMeT 3HaueHus B auamasoHe [U+D800, U+DFFF] u mpu oO0'beAMHEHUU COCTaB-
asaior 20-6uTHBIN Ko cuMBoJia. CypporaTrHoe KOOUPOBaHME BHITIOJIHIETCA CJe-
IyIouM oopasom: 4-6aiiToBas mocaemoBaTeJbHOCTE 11110nnn 10nnnnnn 10nmmmm
10mmmmm xogupyercsa kak mapa U+D800 + N, U+DCO0 + M, rme N — aTo crapirue 10 Ou-
TOB, a M — muagmue 10 6uToB 20-6MTOBOr0 CUMBOJIA, IPEACTABJIEHHOIO B BUIE
4-6ariToBoil mocyaegoarenbaocT UTF-8. IIaTu- u mecTnbaiToBLIE IIOCIEL0BA-
TeabHocTu UTF-8 (B mepBoM GaiiTe 0603HAUYAIOTCA IIOCIENOBATEILHOCTAMU OM-
ToB 111110 1 1111110 COOTBETCTBEHHO) UCIIOJIb3YIOTCA AJIA KOTUPOBAHUA CUMBO-
JIOB ¢ 32-OMTHBIMU 3HAYEHUAMU. OTH 3HAUCHUA He HMOLIeP;KUBAIOTCA B A3BIKE
Python u B HacTosiiiee Bpems, €CJIM OHU MOSABJISAIOTCS B IIOTOKE JAHHBIX, BEI-
3BIBAIOT UCKJJII0OUeHMe Unicodekrror.

Konuposka UTF-8 nMeeT MHOKECTBO IIOJIEBHBIX CBOMCTB, IIO3BOJISIIOIINX WIC-
OJIb30BATh Ty KOAUPOBKY B YCTAPEBIINX MPUJIOKEHUSIX. Bo-IepBBIX, CTAH-
maptubie cuMBOJIbI ASCII mpeacTaBIeHbI B Hell CBOMMU COOCTBEHHBIMU KOaMIU.
Jto o3HauaeT, uTo cTpoku cuMBoJIoB ASCII B kKoguposxe UTF-8 Huuem He oTIn-
yaTcd OT TpaaunoHHbIX cTPoK ASCII. Bo-BTropbix, KogupoBka UTF-8 me uc-
moJab3yeT 0aiiThl co 3HaueHmeM NULL B MHOro0aliTOBBLIX IIOCJIENOBATEIHLHOCTIX.
Biaromapsa sToMy cyllecTBYyIOI[e MPOrpaMMbl, OIMUPAIONECsS Ha MCIOJIb30-
BaHUe O0ubauoTexku A3biKka C, U MporpaMMbl, B KOTOPBIX MCIOJb3YIOTCA 8-0uT-
HbI€ CTPOKHU, OKaHUMBawInuecsa cuMBoJiom NULL, cMoryT pabdoTaTs CO CTPOKaMU
UTF-8. Hakowuen, koguposxa UTF-8 coxpaHsieT BO3MOMXHOCTD JIEKCUKOrpadu-
YeCKOT0 YIIOpsaAounBaHusa cTPoK. To ecTh, eciu numeroTcsa cTpoku IOHMKODa a
ub, rme a < b, To mocJie mpeobpasoBaHUs CTPOK B KogupoBky UTF-8 ycioBue
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a < b TaksKe OyJeT BBIIOJHATHCA. [109TOMY aJIrOPUTMBI COPTUPOBKY U YIIOPALO-
YeHUd, HAIlNCAHHBIE /A 8-GUTHBIX CTPOK, TaKiKe OyAyT paboTarsk coO CTPOKaAMU
B Kopuposke UTF-8.

Koguposku ‘utf-16’, ‘utf-16-be’ n 'utf-16-le’

UTF-16 — asTo 16-6uTHaA KOOZUPOBKA, B KOTOPOU cuMBOoJIbI JOHMKOIA IepeMeH-
HOM AJWHBI 3aNMNCHIBAIOTCA 16-OMTHLIMI 3HAUCHUAMM. ECIu MOPSIOK CJeI0-
BaHNs 0AMTOB He YKas3aH, IIPeAIIoaraeTca KOAUPOBAHNE C IIPAMBIM IIOPATKOM
caepoBauusa 60aritTos (big endian). Kpome Toro, mjid SBHOrO yKasaHUs IOPAIKA
caemoBauusa 6aiiToB B moToke mauHbIXx UTF-16 MoskeT MCIoab30BaThCS MapKep
U+FEFF. B KogupoBKe ¢ IPSIMBIM IIOPSAIKOM CJiefloBaHUsA 0aiiToB 3Hauenue U+FEFF
npexacraBiseT cuMBoa IOHMKOZa HepasphIBHOTO IIpobesia HYJIeBOU IIWPUHEI,
TorJa KaK 3HaueHNe C IIepecTaBJieHHbIMHU OatiTamu, U+FFFE, aBisgeTcsa Hemomy-
cruMmbIM cuMBojioM FOuukozma. Biarogapss aTomy ImocjenoBaTeJbHOCTH 0AaliTOB
FE FF mam FF FE MOTyT MCIIOJIB30BAThCA IJIA OLPefesieHUA MOpALKa CJaenoBa-
HUs 0afiTOB B MOTOKe HaHHBIX. [Ipu urenun nauubix Ouukona Python ynanser
MapKepbl opsAAKa cliefoBaHUs 0aliTOB U3 OKOHUYATeIbHOU cTpoku IOHuKomA.

Koguposka ‘utf-16-be’ siBHO ompefesnser KogupoBKy UTF-16 ¢ mpsiMbIM IOPs -
KoM caenoBanusd 6aiiTos (big endian).

KomuposBka ‘utf-16-le’ aBHO ompeneasier KogupoBky UTF-16 ¢ oOpaTHBIM II0-
pazxkoMm ciaenoBauusa 6atiTos (little endian).

Koguposka UTF-16 umeeT paciiupeHns, 00ecreunBaoIe BOSMOKHOCTD O
IepPKKU CUMBOJIOB CO 3HAYEHUAMHU 00JibIlte 16 OMTOB, OMHAKO B HACTOSIIlEe Bpe-
MsI HU OJTHO U3 dTUX PACIIUPEHUN He IMOoAAep:KNBAeTCA.

Koguposku ‘unicode-escape’ n ‘raw-unicode-escape’

9T KOAUPOBKU HCIOJIL3YIOTCA IJid mpeobpasoBanusa cTpok IOumKozma B dop-
MAaT, KOTOPBIM MCIIOJIb3yeTcsl B fA3biKe Python ajs mpencraBieHus JUTEpaioB
ctpok IOHMKOMa 1 TuTEepaioB «ChIPLIX» CTPOoK IOHuKoma. Hampumep:

u’\u14a8\u0345\u2a34’
t = s.encode('unicode-escape’) # t = “\ul4a8\u0345\u2a34’

CeouncTBa cumsonoB FOHuKopa

B nmomosiHEeHMe K omepanusaM BBOAA-BBIBOZA B IIpOrpaMMax, Tie MCIIOJIb3YeTCA
IOuukon, MoxkeT moTpebOBaTHCA ITPOBEPUTH PA3JIMUHBIE CBOWCTBA CHUMBOJIOB
IOnukona, Takue Kak perucTp CUMBOJA, IPUHAJIEKHOCTh K IudpaM U Ipo-
0ebHBIM cuMBoJIaM. [locTyn K 6a3e JaHHBIX CBOMCTB cuMBOJIOB FOHUKOIA 00e-
cmeumBaeT MOAyJb unicodedata. BooOite roBOpsi, CBOMCTBA CHMMBOJIOB MOXKHO
HOJYYUTH BBIBOBOM (PyHKIMU unicodedata.category(c). Hampumep, BBI3OB uni-
codedata.category(u”A”) BepHeT pe3ysbTaT 'Lu’, KOTOPBIA I'OBOPUT, UTO CHMBOJI
ABJIAETCS 3aTJIaBHOI OYKBOM.

Emie ogua mpobiiema 3akJjaUyaeTcss B TOM, UYTO OAHA U Ta Ke cTpoka IOHuKoza
MOXKET MMeTh HEeCKOJIbKO IpejacraBiaeHuii. Hampumep, cumBos U+00F1 (1) mo-
JKeT ObITh IIPEeJCTaBJeH eqUHCTBeHHBIM cuMBoIoM U+00F1 MJIM MHOTOCHMBOJIB-
HOM nocaenoBaTeabHOCTBIO U+006e U+0303 (n, 7). Ecaiu exmrOOO6pasme o6paboTKu
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crpok IOHUKOZA MMeeT BasKHOe 3HAUEHUE, eUHCTBO IIPEACTABIEHUA CUMBOJIOB
MOXKHO 00eCIIeUnTh C IMMOMOIIbI0 (hyHKIIUU unicodedata.normalize(). Hanpumep,
BBI3OB Unicodedata.normalize('NFC’, s) rapaHTUpPYET, YTO BCe CUMBOJbBI B CTPOKE
s OyAyT CKOMIOHOBAHBI U HU OAWH U3 HUX He OyIeT IpeAcTaBJIeH IIOCJefoBa-
TEJIbHOCTHIO KOMOMHUPYEMBIX CUMBOJIOB.

IToxgpoGHee o 6ase maHHBIX cuMBOJIOB JOHUKOMa 11 0 MOz yJ e unicodedata paccka-
3bpIBaeTrcs B riaBe 16 «CTpoku u 06paboTKa TeKcTar.

CoxpaHeHue oO0bekTOB U Moaynb pickle

Ouenb yacTo ObIBaeT HEOOXOAUMO COXPAHHUTH COAep:KuMoe o0beKTa B (haiiie
¥ BOCCTAHOBUTH €ro u3 daitsa. UToObI pEIIUTH 9Ty IPOOJIEMY, MOKHO HAIIMCATh
napy (pyHKIOU, KOTOpble OyAyT IIPOCTO YUTATh U3 (hailjia ¥ 3alIKCHIBATH TaH-
HbIe B (Daiiy B crieriuajbHOM popMare. AJTbTepHATHBHOE PeIlleHre 3aKII0UaeTCsa
B UCIOJBL30BAaHUU MOAyJaet pickle u shelve.

Mopyiab pickle mpeoGpasyer 0o0bEKT B IIOCJIE€IOBATEIBHOCTh 0ATOB, KOTOPAS
MOJKeT OBITh 3alucaHa B (aiiy, a moToM npounTana us daina. Marepdeiic Mo-
nyaspickle mpocT, o cocTouT n3 pyurIituit dump() u load(). Hampumep, caenyio-
Uil hparMeHT JeMOHCTPUPYET BO3SMOMKHOCTD 3aIncu 00'beKTa B (haii:

import pickle

obj = SomeObject()

f = open(filename, 'wb’)

pickle.dump(obj, f) # CoxpaHuT 0bbekT B f
f.close()

Crenyiomiuii pparMeHT BOCCTAHABINBAET O0BEKT:

import pickle

f = open(filename, ' rb")

obj = pickle.load(f) # BoccTaHoBAT 00bekT
f.close()

ITociiemoBaTeIbHOCTE O0OBEKTOB MOKHO COXPAHUTH Cepreli BbI30BOB (DYHKITUK
dump(), oguH 3a APyruM. BocCTaHOBUTH 3TH 00'BEKTHI MOYKHO aHAJIOTHMYHOMH ce-
pueii BbI30BOB (byHKITUHM 10ad().

Mogyib shelve moxX02k HA MOAYJIb pickle, HO cOXpaHseT 00bEeKTHI B 0a3e TaHHBIX,
CBOEH’ CTPYKTYPOU HAIIOMHUHAIOIIE! CJIOBAPh:

import shelve
obj = SomeObject()
db = shelve.open(“filename”) # OTKpbTb XpaHunuue

db[“key’ ] = obj # CoXxpaHWTb 00beKT B XpaHunuiie
obj = db['key’] # M3Bneyb o6bekT
db.close() # 3aKkpbTb XpaHunuie

XoTs 00BEKT, Co3JaBaeMbIil MOAYJIeM Shelve, BRITVIAAUT KaK CJI0Baph, TEM He Me-
Hee OH UMeeT HeKOTOpPbIe OrpaHnUYeHus. Bo-TIepBbIX, KJIIOUN MOTYT OBITH TOJTBKO
cTpoKaMu. Bo-BTOPBIX, 3HAUEHU S, COXPaHAEMble B XPAHUJIUIIE, JOJIKHBI OBITH
COBMECTUMBI C TPeOOBAHUAMU MOAYJA pickle. OTUM TpeGOBAHUAM OTBEUYAET
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6OJBIIUHCTBO 00beKTOB Python, ogHako HeKOTOpbIe 0OBEKTHI CIEI[HMAJJIHLHOIO
HA3HAUYEHUsd, TaKue KaK (aijabl U ceTeBble COeIUHEHNU, XpaHAIMe nHDopMa-
IIAI0 O BHYTPEHHEM COCTOSTHUM, He MOTYT OBITh COXPAHEHBI M BOCCTAHOBJIEHBI
TaKUM CIIOCOO0M.

dopmar HAaHHBIX, KOTOPBHIA UCIOJb3yeTCs MoAyJeM pickle, XxapaKTepeH IJIsa
aspika Python. OgaHako sToT (hopMaT HECKOJBKO pPa3 M3MEHSAJICA C BBIXOIOM
HOBBIX Bepcuii Python. Bei6op mpoTokoaal MokeT GBITH OCYIIECTBJIEH C IIOMO-
II[BI0 AOIIOJHUTEJBHOTO apryMeHnTa protocol ¢pyukmuu dump(obj, file, protocol)
B MogayJe pickle. ITo yMoauaHMIO MCHIOIB3yeTCs ITPOTOKOJI 0. OTO caMbIil CTaphIit
¢dopMar mpencTaBIeHUA JAaHHBIX MOAYJEM pickle, KOTOPBIM MOKET BOCIPUHU-
MaThCA IPaKTUUYeCKU BceMu Bepcuamu Python. Oguaxo sToT hopmaT HecoBMe-
CTUM CO MHOTMMU COBPEMEHHBLIMM OCOOEHHOCTSIMU KJaccoB B sisbiKe Python,
TaKUMHU KaK CJOTHI. B mporokosax 1 u 2 umcnoab3yerca 6GoJiee a(hheKTUBHOE
IpeAcTaBJIeHVe JBOMUYHBIX JaHHBIX. UTOOBI MCIOJIb30BATh 9T aJbTepPHATUBHEIE
TIPOTOKOJIBI, HEOOXOAUMO BEIIOJHUTE TaKWe OIepanuu, Kak:

import pickle
obj = SomeObject()
f = open(filename, 'wb")

pickle.dump(obi, f,2) # Wcnonb3oBaTb NpoTOKON 2

pickle.dump(obj, f, pickle. HIGHEST_PROTOCOL) # llcnonb30BaTb CaMblii COBPEMEHHbI
# npoTokon

f.close()

IIpu BoccTaHOBIEHN T 00 BEKTOB C IIOMOIIBIO QYHKIIMK 10ad() YKa3bIBaTh IIPOTO-
KoJI He TpebyeTcd, TaK KaK HOMEDP IIPOTOKO0JIA 3aIIUChIBAETCA HEIIOCPEACTBEHHO
B (paii.

AHaIormuHO MOAYJL shelve MOYKET cO3[aBaTh XPaHUJIUINA JJIA COXPAHEHUS
00bexkToB Python ¢ mcmosb3oBaHueM aJIbTEPHATUBHOTO IIPOTOKOJIA MOZYJIA
pickle, Hampumep:

import shelve
db = shelve.open(filename, protocol=2)

IIpu pabore ¢ mosb30BaTEIBCKUMU O00BEKTaAMU OOBIYHO He TpebyeTcsA BBIIIOJI-
HATH JOMOJHUTEJIbHbBIE OIlepPaIluN C IIPUBJIeUeHeM MOAyJaA pickle miu shelve.
OpHaxo 00'bEKTHI MOT'YT OIIPEAe AT JOIOJHUTEJIbHBIe MeTOnbl __getstate_ ()
u __setstate_ () nadA OKa3aHWA IMOMOIIU IIPOIIECCY COXPAHEHUSA WM BOCCTAHOB-
neausa. Meron __getstate__(), eciiz OH ompejieieH, BBISBLIBAETCA IJIA CO3MaHUA
3HAUEHUHA, SABJIAIOIIErOCsA MpeACTaBJIEHUEM COCTOAHUSA 00BbeKTa. 3HaueHwue,
BO3BpalaemMoe MeTogoM __getstate_ (), MOKeT OBITH CTPOKOI, KOPTEKEeM, CIIH-
CKOM WMJIU cJjioBapeM. Meton __setstate_ () mpMHMMaeT 5TO 3HAUYeHWE B IIPO-
mecce uTeHus1 00'beKTa U3 (hpaiya U JOJIKEH BOCCTAHABJIMBATEL €r0 COCTOSHUE,
UCXOMAs W3 STOro 3HaueHUA. Huike IPpUBOAUTCA IIPUMEDP, AEeMOHCTPUPYIOITUI
peasusaiuu 9TUX METOHOB B 00'beKTe, KOTOPLII CO3aeT ceTeBoe IIOAKIII0UeHNe.
HecmoTrpa Ha To uTO (hbaKTHUUEeCKOe MOAKJIIOUEeHNE HeJIb3sA COXPAaHUTH B (haiiie,

Wmeercsa B Buny BeI6G0p HOMepa Bepcuu popmara. — Ilpum. nepes.



CoxpaHeHue 06bekToB 1 Moaynb pickle 225

B 00'bEKTEe UMEeeTCs JOCTATOUHBIN 00beM NHPOopPMAaIlul, YTOObI BOBOOHOBUTD 3TO
TOAKJIIOYEHME IIOCJIe TOTO, KaK 00beKT OyJeT BocCTaHOBJIeH u3 daiiia:

import socket
class Client(object):
def __init__(self,addr)
self.server_addr = addr
self.sock = socket.socket(socket.AF_INET, socket.SOCK_STREAM)
self.sock.connect(addr)
def __getstate__(self):
return self.server_addr
def __setstate__(self,value):
self.server_addr = value
self.sock = socket.socket(socket.AF_INET, socket.SOCK_STREAM)
self.sock.connect(self.server_addr)

IlocKoabKy MOAYJL Dickle HMCIONB3yeT (PopMaT, XapaKTEePHBIA TOJBKO IJIsd
a3pika Python, sTy BO3MOXXHOCTD HeJIb3sA MCIOJIb30BATh AJIs 00MeHa JaHHBIMHA
MEXOYy INIPUJIOKEeHUAMN, HAIIMCAHHBIMHU Ha APYTUX A3BIKaX IIPpOorpaMMHpoBa-
ausi. Kpome Toro, ns-za mpobjem 0e30IMacHOCTH IIPOrpPaMMbl He JOJIMKHBI 00pa-
6aTBIBaTI: COXPaHEHHBIEe NaHHbIE, IIOJIYYEHHbIE 13 HEIIPOBEPEHHBIX NCTOYHUKOB
(OIIBITHBIN 3JIOYMBIIIJIEHHUK CMOKET MOAAEeaTh (Pailjl ¢ JaHHBIMHU TaK, YTOOBI
00€eCIeunTsb BBIIOJIHEHNE JII0ObIX CUCTEMHBIX KOMAH/ B IIPOLIECCE €r0 UTEHUs).

Mogaynu pickle u shelve UMeOT MHOMKECTBO MapaMeTPOB HACTPOUKMU U CIOCO-
00B KCII0JIb30BaHUs. BoJee moapobHbIe CBeIeH!A O HUX IIPUBOAATCS B ryiaBe 13
«Cnysx6561 Python BpeMeHY BBITIOTHEHUT».
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Cpepa BbINOSIHEHUSA

B sroii ritaBe onuckiBaeTCA OKPYIKeHUE, B KOTOPOM BBIIOJIHSIIOTCA ITPOTPAMMBbI
Ha a3piKe Python. Ilenbio riaBhI ABIAETCSA ONMUCAHNE IIOBEJEHNS HHTEPIPETa-
TOpa BO BPeMs BBITIOJIHEHN A, BKJIOUAA 3alIyCK, HACTPOIKY U 3aBepIleHe IPO-
TpaMMBbl.

MapameTpbl MHTepNpeTaTopa U OKPYXKeHne

Cy1riecTByeT MHOKECTBO IapaMeTpPOB, YIIPABJIAOINUX OBEJeHNEeM UHTepIIpe-
TaTopa BO BPeMA BBHINIOJHEHUA U OKPYKeHueM. [lapaMeTpsI TepefarTcs NHTeP-
IIPETaTOpPy C MOMOIIbI0 KOMaH/JHOU CTPOKU, KaK IIOKa3aHO HUJKeE:

python [options] [-c cmd | filename | - ] [args]

B Ta6s. 10.1 nmpuBoauTCcs mepeueHb HamboJiee UAaCTO MCHOJL3YEeMbBIX IIapaMe-
TPOB KOMAHIHOM CTPOKMU:

Tabauya 10.1. [Tapamemps. KOMaAHOHOU CMPOKU,
npuHUMAeMble UHMePnpemamopom

Ilapamerp |Omnucanue

-3 BrIr0unThH BEIBOJ IIPEAYIIPEsKIeHUN 00 NCII0Ib30BAHUU 0COOEHHOCTEI,
KOTOpBIe ObLIN yaaJIeHbI UK n3MeHeHsI B Python 3.

-B He cospaBats ¢aiiabl ¢ paCIIuPeHUAMY .PYC U . pYO UHCTPYKITUEH
import.

-E WruopupoBaTh iepeMeHHbIe OKPYIKEeHU.

-h BriBecTu CIUCOK BCEX AOCTYIHBIX IIapaMeTPOB KOMAH/JHOU CTPOKU.

-i ITepeiiTu B MHTEPAKTUBHBIN PEKUM II0 3aBEPIIEHUY BHIIIOTHEHU S IIPO-
rpaMMBI.

-m module 3anycTuTb OMOIMOTEUHBIN MOAYJIB N0du]e, KAK CAMOCTOATEIbHYIO IIPO-
rpamMmy.

-0 BKIIOUNTE PesKUM O TUMU3AIAN.
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IIapamerp |Omnucanue

-00 BKIIOUNTE PEKUM ONITUMUBAIINY U JOIOJHUTEIBHO YAAJUTH CTPOKU
IOKYMEHTHPOBAHUA IPU co3aumu aiiia .pyo.

-Q arg OmnpeznenuTsh NOBeIEHNE ollepaTopa AejeHus B Bepcuu Python 2. Apry-
MEHT arg MOKeT OBITh OLHUM U3 cjaeayomux: -0old (To ymMordyaHUIo),
-Qnew, -Qwarn mam -Qwarnall.

-s IIpexoTBpaTUTh BOBMOYKHOCTD 00ABJIEHUA II0Jb30BATEJIEM HOBBIX Ka-
TaJIOTOB B IIEPEMEHHYIO Sys.path.

-S He mmnoprupoBaThs MOy b Site BO BpeMA HHUIIUATU3AI .

-t BrisecTu IIpegynpexjeHue B cjiydae HeIlloCJIeJOBATEJIbHOTI'O UCIIOJIb30-
BaHUA CUMBOJIOB TaﬁyJIHI.II/II/I.

-tt Bos30yauTs uckiiouerue TabError B caydae HEIIOCJeJ0BATeJILHOTO HC-
T0JIb30BAHUS CUMBOJIOB Ta0YIAI AN,

-u OrrirounTh Oydepusaruio IJsa MoTOKOB stdout u stderr.

-U W uTepnpeTupoBaTh BCe CTPOKOBEIE JIUTEPAJIBI KaK cTpoku FOHUKOoga
(ronbko B Python 2).

-v BKIIOUNTE pesXUM BBIBOZA OTJIAL0YHON MHMOPMAIUY AJIsI UHCTPYKIUA
import.

-V BriBecTu HOMep Bepcuu U BBIATH.

-X IIponycTuTh IEPBYIO CTPOKY B UCXOHOI IIPOrpaMMe.

-c cmd BBIIOSIHUTE CTPOKY ¢Md, KAK NHCTPYKIIUIO.

ITapameTp -1 mepeBOAUT NHTEPIIPETATOP B MHTEPAKTUBHBINA PEKUM Ccpasy IIo 3a-
BepIIeHNN BBITIOJHEHUS IPOTrPaMMEbI, UTO ObIBae€T OUeHb YA00OHO IIPU OTJIAaJKe.
ITapameTp -m 3amyckaeT OMOJIMOTEYHBIA MOAYIb KaK CIEHAPUI, KOTOPLIN BEI-
OJIHAETCS Mo nMeHeM monyJs __main__. Ilapamerpsr -0 u -00 BKJIHOUYAIOT pe-
JKUM OIITUMU3AINY CKOMIIMJINPOBAHHBIX (DAiI0B ¢ OaHT-KOLOM; OIUCHIBAIOTCS
B rtaBe 8 «Moaysiu, makeTsl U UCTPUOYTUBLI». IlapaMerp -S mpomycKaeT Ha
sTare MHUINAJIU3AIUYA UMIOPTUPOBaHUE MOAYJISA Site, KOTOPBII OIMMCHIBAETCS
B paszeie «@PaiIbl ¢ HACTPONKaMI MeCTOIIOIOMKeH s 010amoTeK». IlapamMeTpsl
-t, -tt ¥ -V IO3BOJIAIOT IIOJIyYaTh AOIOJIHUTEJbHBIEC IIPpEeAYIIPEXKIeHUuA U OTJIa-
IOouHyI0 mHPopmamnuio. IlapameTp -Xx 3acTaBJ/IsIeT MHTEPIPETATOP IIPOIYCTUTH
IEePBYIO CTPOKY IIPOrpaMMbl M MOXKET WCIIOJIb30BATLCS B CJlydae, Korma 3Ta
CTPOKA He ABJISETCSA JONYCTUMON NHCTPYKITHel asbika Python (Hampumep, Kor-
Jla epBas CTPOKa B CIleHAPUU 3anycKaeT narepuperarop Python).

WM nporpaMMbl yKasbIBAETCA IIOCJIE BCeX IapaMeTpPoB MHTepuperaTropa. Ecin
UMs He YKa3aHO WJIM BMECTO mMeHu (haiija UCIoab3yeTcsa cuMBoJI meduca (-),
WHTepIIpeTaTop 0yAeT YUTaTh TEKCT IPOrpaMMbI CO CTAHAAPTHOTO BBoAA. Ecin
YCTPOMCTBOM CTaHIApPTHOTO BBOJA ABJIAETCA MHTEPAKTUBHBINA T€pMHUHAJ, Oy-
IYT BBIBEJEHBI HauaJbHAd MHPOpPMAIUA W HNpPHUIVIAIleHle K BBOAY. B mpoTus-
HOM CJIyuae MHTEPIPETaTOP OTKPOeT YKasaHHbIN (hailsl u OyAeT BLITIOJTHATE MH-
CTPYKIIMU B HEM, IIOKa He JOCTUTHET KOoHIa (aiiia. [lapamerp -¢ cmd MoKeT
WCIIOJIb30BATHCS IJIA BBIMOJHEHUA KOPOTKUX IIPOrpaMM B (popMe mapamerpa
KOMaHJIHOU CTPOKH, HampuMep: python -¢ “print(‘hello world’)".



228

[naBa 10. Cpefia BbINONIHEHMS

ITapameTpbl KOMaHAHON CTPOKY, HAXOAAIIMECA IIOCJIe UMEHU IIPOTPAMMBbI UJIU
nocie geduca (-), mepefarTCcA IPorpaMMe B IIEPEMEHHOM SyS.argyv, KaK OIUCHI-
BaeTcA B paszeiie «UTeHNe mapaMeTpPOB KOMaHHOU CTPOKM» B riiaBe 9 «Bsox
¥ BBIBOJI».

Kpome TOro, mHTEPIIPETATOP YNTAET 3HAUCHUS [T€PEMEHHBIX OKPYIKEeHU, KOTO-
pble niepeunciaens! B Tabs. 10.2:

Tabauuya 10.2. IlepemerHble OKPYHCEHUSA, UCTLOAbIYEMbLe UM ePNPemamopom

IlepemeHHA s OKPYIKEHU ST

Onucauune

PYTHONPATH CHOMCcOK KaTajoros, pasieIeHHBIX JBOETOUNEM,
00pasyIoIINil IyTh ITOMCKA MOIYJIeH.

PYTHONSTARTUP ®Daiiy, BEINOJIHAEMBIN IPU 3alIyCKe NHTEPIPeTaTopa
B UHTEPAKTUBHOM DeKUMe.

PYTHONHOME Karausor ycranosgku Python.

PYTHONINSPECT HNwmeer sHaueHMe IapaMeTpa -i.

PYTHONUNBUFFERED HNwmeer sHaueHue mapamerpa —U.

PYTHONIOENCODING KoxupoBka o yMos4aHUIO ¥ ITOJIUTUKA 00Pa0OTKY OIIN-

0ok mpu paboTe ¢ morokamu stdin, stdout u stderr. 3uaue-
HUe 3TOU IIepeMeHHOM — CTpoKa Buma ‘encodingl:errors]”,
"Hanpumep: “utf-8" mam “utf-8:ignore”.

PYTHONDONTWRITEBYTECODE HNwmeer 3HaueHMe TapameTpa -B.

PYTHONOPTIMIZE HNmeet 3nauenue nmapamerpa -0.

PYTHONNOUSERSITE HmeeT 3HAUeHUE TapaMeTpa -S.

PYTHONVERBOSE HNwmeer 3HaueHME TapaMeTpa -V.

PYTHONUSERBASE KopHeBoit KaTajor moJb30BaTeIbCKOM OMOIMOTEK T
MMaKeTOoB.

PYTHONCASEOK Ecau onpenenena, nHTepIpeTaTop 6yAeT UMIIOPTUPOBATH

MOy 6es ydeTa perucrtpa CMMBOJIOB B UX UMEHaX.

ITepemennas PYTHONPATH opeziesisieT Iy Th IOMCKA MOYJIel, f0OaBIAE€MbI B HA-
YaJio crmcKa sys.path, KoTopslii onuckiBaeTcs B riiaBe 9. Ilepemennas PYTHON-
STARTUP ompemesnisgeT nyTh K (hailly, KOTOPBIi OyAeT BLIIOJHATHCS IPU 3aIyCKe
MHTepPIIpeTaTopa B MHTePaKTUBHOM peskume. Ilepemennasa PYTHONHOME mcmosis-
3yercsi, 4TOOBI 3a4aTh KaTajor ycranoBku Python, Ho oHa peKo ObIBaeT HYXK-
Ha, TaK KaK MHTePIPEeTaTop 3HAET, e HaXOAATCA ero OubJIMOTeKN U KaTaJjor
site-packages, Kyma OOBIYHO yCTAHABJIMBAIOTCA pacIinpeHusd. Ecau yKasaH
eIWHCTBEHHBIN KaTaJjor, Hampumep /usr/local, mHTepuperaTop OyAeT MCKaTh
Bce (Gaiiysbl B 9TOM KaraJiore. Ecim yKasaHO ABa KaraJiora, Hampumep: /usr/
local:/usr/local/sparc-solaris-2.6, mHTEpIpeTaTop OyIAeT MCKAaTh ILIaT(OpMO-
HeszaBUCUMBIe (hpaiijbl B IIePBOM KaTaJjore, a ILIaT(opMo-3aBUCUMBIE — BO BTO-
powm. Ilepemennas PYTHONHOME He okasbIBaeT HUKAKOTO BIUSAHUSA, €CJIU BBIIIOJ-
HseMbIil Qaitn naTepnperaropa Python orcyrersyer B yKasaHHOM KaTaJore.

ITepemennas okpysxkenua PYTHONIOENCODING MoKeT IpefCcTaBIATh MHTEPEC I
noab3oBaresieir Python 3, moTromMy 4To ¢ ee IOMOIIBIO MOYKHO OIIPEAENUTh KO-



MIHTepaKT1BHbIE CeaHChl 229

IUPOBKY U MOJUTUKY 00pabOTKM OITUOOK ITpK padoTe CO CTaHIaAPTHLIMU IIOTO-
KaMu BBOJA-BBIBOJA. B HEKOTOPBIX CJIyYasdX 9TO MOYKET OKAas3aTbCA BAKHBIM,
TIOTOMY YTO Ipu paboTe B MHTEPAKTUBHOM peskuMe Python 3 HanmpsaMyo BEIBO-
out tekcT B IOHUKOmE. OTO MOYKET, B CBOIO Ouepelb, BEIShIBATH HEOKUJaHHbBIE
WCKJIIOUEeHNs IIPU IIPOCTOM HCCIAeI0BAHUY JaHHBIX. Hampumep:

>>> a = ‘Jalape\xf1o’
>>> a
Traceback (most recent call last):
File “<stdin>”, line 1, in <module>
File “/tmp/lib/python3.0/i0.py”, line 1486, in write
b = encoder.encode(s)
File “/tmp/lib/python3.0/encodings/ascii.py”, line 22, in encode
return codecs.ascii_encode(input, self.errors)[0]
UnicodeEncodeError: ‘ascii’ codec can’t encode character ‘\xf1' in position 7:
ordinal not in range(128)
(NepeBsof:
TpaccupoBoyHas MHGopmMauus (camblii NOCNEAHMIA BbHI3OB — CaMblil HUXHWI)
Gann “<stdin>”, ctpoka 1, B <module>
Oainn “/tmp/lib/python3.0/encodings/ascii.py”, cTpoka 22, B encode
return codecs.ascii_encode(input, self.errors)[0]
UnicodeEncodeError: HesoamoxHo npeobpasosaTb cumson ‘\xf1', B nosuumm 7,
B KOAMPOBKY ‘ascii’: nopsaakosoe 3HadveHwe 3a npegenamn range(128)

)

>>>

YT00BI UCIIPABUTDH 3TY IIPOOJIEMY, MOKHO IIPUCBOUTH II€PEMEHHO OKPYIKEeHU I
PYTHONIOENCODING 3HaueHMe, TaKoe KakK '‘ascii:backslashreplace’ mam ‘utf-8'. Pe-
3yJabTaT OyAeT CJaeayIONIM:

>>> a = ‘Jalape\xfl1o’
>>> a

“Jalape\xf1o’

>>>

B Windows 3HaueHMs HEKOTOPBIX IEPEMEHHBIX OKPYKEeHU s, TAKUX Kak PYTHON-
PATH, MOTIOMHAIOTCA 3HAUEHUAMU U3 3aIlIMCEN B PEECTpe, HAXONAIIUXCA B BETKe
HKEY_LOCAL_MACHINE/Software/Python.

NHTepaKTBHbIe ceaHChbl

Ecan nmsa mporpaMMbl He yKa3aHO U CTaHAAPTHBINA BBOJ MHTEPIIPETATOPA CBS-
3aH ¢ MHTEPAKTUBHBIM TepMuHAaJoM, Python samyckaercsa B MHTepaKTHUBHOM
pexxuMe. B sToM perkrMe BBIBOAUTCS HauaJIbHOE COOOINEHME U IPUTJIAIIeHUe
K BBOAYy. KpoMe TOT0, MHTEPIIPETATOP BBIMOJIHAECT CIleHAPUI, IIYTh K KOTOPOMY
yKasaH B IIepeMeHHOI oKkpy:xkeHus PYTHONSTARTUP (ecsiz 9Ta mepeMeHHas ycTa-
HOBJIEHA). OTOT CIIeHAPUH BBIIIOJIHAETCS, KAK €CJIU ObI OH OBILJI YaCTHIO BBOAMMOM
IporpaMMBsI (TO eCTh OH He 3aTrPysKaeTcs ¢ IIOMOIIbI0 HMHCTPYKIuY import). OgHo
13 Ha3HAUeHU 3TOro CIeHapud MOMKeET 3aKJII0YaTbCA B TOM, tITO6I)I IIpouyuTaThb
T0JIB30BaTEJIbCKUH (DAl ¢ HacTPOMKaMu, TaKoi Kak .pythonrc.

ITocsie BBOZA CTPOKY ITOJIL30BATEIEM MHTEPIIPETATODP MOJYKET BBHIBECTH CJIEAYIO-
I1ee MpUrJalleHre K BBOAY OJHOI'0 U3 ABYX BUIOB. IIpurialinenue >>> MOABJI-
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eTCs mepesi BBOJIOM HOBOI MHCTPYKIIUM; IPUTJIAIIIEHNIE ... TIOKA3bIBAET, YTO IIPO-
OJIZKAeTCs BBOJ NpPeNbIAyINell mHCTPYyKIuu. Hampumep:

>>> for i in range(0,4):
print i,

0123

>>>

IIpu :xesaHuu MeeTCsA BOBMOXKHOCTD NSMEHUTD BHEITHUI BU IPUTJIATIIEHUH,
ILJIsI 4eTro JOCTATOYHO U3MEHUTh 3HAUEeHU A IIePEeMeHHBIX SYS.ps1 U sys.ps2.

B HekoTophixX cucTeMax uwHTeprperarop Python mMokeT GBITH CKOMIIOHOBAH
¢ 6ubnuorexoit GNU readline. 9ra 6ubimorexka peaausyeT BOSMOYKHOCTH CO-
XpaHeHUA MCTOPUU KOMAaH][, aBTO3aBEPIIEHNE U APYTHUe JOTOJHEHUA K WHTe-
pakTusHOMY pexxkumy Python.

ITo ymosruaHMIO BHIBOJ OT KOMAaHJ, BHITIOJTHAEMBIX B MHTEPAKTUBHOM DEKUMe,
BOCIIPOMBBOJUTCSA C TOMOIIbI0 QyHKIIUYU repr(). OmHAKO B IepeMeHHOoM sys.dis-
playhook MOKHO yKa3aTh APYyryio (OyHKIUIO, OTBETCTBEHHYIO 3a BBIBOJ, PE3YJIb-
TaToB. Hrike mpuBoAuTCA IPUMeD YCeUeHU JINHHBIX Pe3yJIbTaTOB:

>>> def my_display(x):
r = repr(x)
if len(r) > 40: print(r[:40]+"..."+r[-1])
- else: print(r)
>>> sys.displayhook = my_display
>>> 3+4
7
>>> range(100000)
[0, 1, 2, 8, 4, 5, 6, 7, 8, 9, 10, 11, 1...]
>>>

Haxoger, moJsiesHo 3HaTh, 4YTO IIPU padoTe B UHTEPAKTUBHOM PerKUMe Pe3yabTaT
OoCJIeAHEell omepalluy COXPaHseTCs B CIIeIMaJbHON mepeMeHHoi (_). dra mepe-
MeHHasd MOXKET UCII0JIb30BAThCA AJI IOJIYUeHUA IPOMEKYTOUHBIX PE3YIbTaTOB
B IIOCJIEJOBATEIbHOCTAX omnepanuii. Hampumep:

>>> 7 + 3
10
>>> _ + 2
12

>>>

YceraHoBKa 3HAUEHUA MEPEMEHHON _ MPOUCXOAUT B QPyHKIMMU displayhook(), mo-
KasaHHOU BbIe. [[oaTOMY eciiu BbI Ilepeomnpeaessere QyHKIiuio displayhook(),
Bamia QYHKIUA JOJKHA yCTaHABJIMBAThH 3HAUEHNE IEPeMeHHOM _, ecJii, KOHeU-
HO, BBI JKeJIaeTe COXPAHUTD 9Ty (PYHKI[MOHATHLHOCTb.

3anyck npunoXeHUun Ha sa3bike Python

B GOJIBIIMHCTBE CJIyUYaeB JKeJIaTeIbHO, YTOOBI MIPOrpaMMbl 3aIyCKAIN UHTEP-
IIpeTaTop aBTOMaTHUUYEeCKH, a He TpeOoBaJoch 3aTyCcKaTh ero Bpyunyio. B UNIX
9TOTO MOKHO JOOUTHCS, €CJIM IPUCBOUTE (Paiily ¢ mporpaMMoil paspelieHne Ha
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BBITIOJIHEHUE U YKAa3aTh B IEPBOU CTPOKE IIPOrPAMMBI TYTh K MHTEPIIPETATODY,
HaIpuMep:

#! /usr/bin/env python
# Python code from this point on...
print “MpuseTt, Mup!”

B Windows nBoiiHOii 111e190K Ha (haiije ¢ paciiuperHueM .py, .pyw, .wWpy, .pyc Uau
.py0 aBTOMATHUYECKU OyZeT 3amycKaTh mHTepuperaTop. OGBIUHO IPOrpaMMbl
3aIlyCKAIOTCSA B OKHE KOHCOJIM, €CJIM OHU He MMEIOT paciiupeHue .pyw (B 9TOM
cjiyyae MPOrpaMMbl 3alyCKAIOTCA KaK MPUJIOKEHUS ¢ rpaduyecKuM WHTep-
(deticom). UTo6BI IIEpeaTh NHTEPIPETATOPY AOMOJHUTENbHBIE TIapaAMETPhI KO-
MaHIHOI CTPOKM!, MOKHO 3alyCKaTh ImporpamMmy us daiiaa .bat. Hampumep,
caemyoomuii aitsa .bat mpocTo 3amycKaeT ciieHapuii Ha A3biKe Python u mepe-
JaeT WHTEPIPeTaTopy mapaMeTphl, MoJydyeHHbIe (aiiaom .hat M3 KOMaHIHONK
CTPOKU:

foo.bat

3anyckaeT cueHapuit foo.py 1 nepefaeT MHTepnpeTaTopy

NoAyYeHHble napameTpbl KOMaHAHOM CTPOKM
¢:\python26\python.exe c¢:\pythonscripts\foo.py %=

dannbl c HacTponkamm
MeCTOMNOoJsIoXKeHus onbnuortek

OOBIYHO B COCTAB yCTAaHOBKU Python MoXkeT BXOAUTH MHOXKECTBO CTOPOHHUX
Moy ieit u makeToB. UToObI HACTPOUTD AOCTYII K STUM IIaKeTaM, HHTEPIPeTaTop
cHavaJia UMIIOPTUPYET MOAYJb site. Pob Momysis site saxarouaeTcss B TOM, UTO-
OBI OTHICKATH (haiibl TAKeTOB U J0GABUTH JOIMOJHUTENbHBIE KAaTAJOTU B IIYTh
moucKa moxyJieir sys.path. Kpome Toro, Mmomysis site ycraHaBInBaeT KOLUPOBKY
10 YMOJIYaHUIO, KOTOpAas UCI0JIb3yeTcsd IJIA IpeodpasoBanus cTpok IOHUKOoMA.

Mopysns site cHauasia cosmaeT CIMCOK MMEH KaTaJIOroB, KOHCTPYUPYsS ero us
3HAUEHUI IePeMeHHBIX Sys.prefix u sys.exec_prefix, Kak MOKasaHO HUKe:

[ sys.prefix, # Tonbko ong Windows
sys.exec_prefix, # Tonbko ana Windows
sys.prefix + ‘1ib/pythonvers/site-packages’,
sys.prefix + ‘1lib/site-python’
sys.exec_prefix + ‘1ib/pythonvers/site-packages’,
sys.exec_prefix + ‘lib/site-python’ ]

oo THUTEIBHO, €CJIU Pa3PEIIEH0, B 3TOT CIIMCOK MOT'YT H00aBIATHCA KaTaJIoru
TIaKeToB, OIIPeZiesisieMble TI0JIb30BaTeIeM (OIIMCHIBAIOTCS B CJIEYIOIIIEM Pa3IeIe).

Ina xaskmoro sjaeMeHTa B CIHCKe IIPOBePAETCH HAJINYVe YKa3aHHOTO KaTallo-
ra. Ecsim kaTajor cyIiecTByer, OH J00aBJIAeTCA B IEPEMEHHYIO Sys.path. 3aTem
IPOBEPAETCA HAJINUYNE KaKuX-I100 (haiyioB ¢ HACTPOUKaMU IIyTHU moucka (paii-
JIOB ¢ paciiupenueM .pth). Paiasl ¢ HacCTPOMKAMU YT IOUCKA MOT'YT COJIEep-
JKaTh CIIMCKU IIyTel K KaTajoram, zip-daiaam uau K ¢aitaam ¢ pacuimpeHuemM
.€0g, OTHOCUTEJBHO KaTaJora, rie Haxoqurcd Gai ¢ HacCTpOHKaMU, KOTOPhIe
OJI’KHBI OBITH oOaBJeHE! B sys.path. Hampumep:
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# ¢ann ‘foo.pth’ ¢ HacTpoiikamm naketa foo
foo
bar

Kam et karajor B (paiijie ¢ HaCTPOMKAMU IIyTU MOUCKA MOJIXKEH HaXOMUThCS
B OTHEJIFHOI cTpoKe. KoMMeHTapuu u IIycThle CTPOKU MTHOPUpYyioTca. Korga
MOJYJIb Site sarpyskaer (aiiji, OH IPOBEPSET CYIIleCTBOBAHME KaKIOT0 KaTaJIo-
ra. Eciz kataJior cyIecTByeT, OH f00aBJidgeTcsa B IlepeMeHHYIo sys.path. Iloro-
pAIOIIHecs JIeMeHTHI 06aBJIAI0OTCA TOJBKO OJUH pas.

ITocie Toro Kak Bce KaTajioru OyAyT o6aBJIeHBI B SyS.path, IpeAIpuHUMAETCA
TIOIBITKA UMIIOPTUPOBATH MOAYJIb sitecustomize. Ilesnsb aTOro MOAYISA COCTOUT
B TOM, UTOOBI BBITIOJIHUTH JOIOJHUTEJbHbIE HACTPOUKMU HyTell moucka. Kcim
TIOIBITKA MMIIOPTHPOBATh MOAYJIb Sitecustomize 3aKOHUUTCA HCKJIIOUYEHUEM
ImportError, aTa ommuOKa IPOCTO HUTrHOpHpPyeTcsA. VIMIOPTUPOBAHUE MOAYJS
sitecustomize mpomusBoZUTCA IEepes HO0ABJIEHUEM IOJb30BATEIbCKUX KaTAJO-
ToB B Sys.path. ITosTomy monbITKa TOMECTUTH 5TOT (paity B KaTaJor II0JIb30Ba-
TeJIs He JacT »KeJaeMoro sadpexra.

Kpowme Toro, momysns site oTBeuaeT 3a HACTPOUKY KOAUPOBKU IO YMOJIYAHUIO,
WCIIOJIE3YEeMOM TIpu mpeobpasoBauuu cTpok IOHUMKoma. VsHauaabHO BHIOMpA-
eTcd KOAUPOBKa ‘ascii’. OgHako ee MOKHO M3MEHUTD, IIOMECTUB B (paiia site-
customize.py mporpaMMHBIN KO, BBI3bIBAIOIINH (hyHKITMIO SyS.setdefaultencod-
ing() ¢ mpyroii KOAMPOBKOIL, TaKoM KakK 'utf-8’. [Ipu skeJaHUM MOKHO N3MEHUTH
VICXOIHBIN TEKCT MOAYJIA Site TaK, YTOOBI OH aBTOMATUUECKHU YCTaHABINBAJ KO-
IVPOBKY, OIUPASACH HA CUCTEMHBIE HACTPONKHU.

MecTonosno)eHue nosfib3oBaTeNbCKUX NMNaKeToB

Kak mmpaBuj0o, CTOpOHHME MOAYJIN YCTAHABIUBAIOTCSA TaK, YTOOBI OHU OBLIIM 0-
CTYIIHBI BCeM moJib3oBaTejaaM. OZHAKO II0JIB30BATENI MOTYT CO3JAaBAaTh CBOU
CcOOCTBEHHBIE KATAJIOW OJIs pasMeIleHus MOAYyJIell U IIaKkeToB. B cucremax
UNIX u Macintosh sTu KaTasoru o0bIYHO HAXOAATCA B KaTaJjore /.local u Ha-
3bIBAlOTCA IIPUMEpPHO Tak: ~/.local/lib/python2.6/site-packages. B Windows
MECTOIIOJIOKEHE 9TOr0 KaTaJjora oIpeesisieTcs II0 COAEPKIMOMY ITlepeMeHHOM
OKpy:xeHus YAPPDATA%, KoTopas OOBIUYHO MMeeT IIPUMEPHO TaKoe 3HaueHue: C:\
Documents and Settings\David Beazley\Application Data. BmyTpwu sToro xaraJo-
ra MOKHO HaWTu mogkaraJjor “Python\Python26\site-packages”.

Ecuu mosnb3oBaTes b co3maeT coGCTBEHHBIE MOAYJIN U ITAKEThI, KOTOPBIE OH XOTEJT
OBl KCIIOJIB30BaTh KaK OMOJJIMOTEKN, STH MOLYJIN MOXKHO IIOMECTUTEL B KaTaJOr
¢ 6ubsmoTexoi mosb3oBareasa. CTOPOHHNE MOAYJIN TaKiKe MOMKHO YCTAHOBUTD
B 9TOT KaTaJIor, YKasaB IapaMeTp --USer IIPU 3alycKe cieHapusd setup.py. Ha-
npumep: python setup.py install --user.

BknioyeHne OyayLimMx ocobeHHOCTEeN

Hosrwie ocobenHOCTHY A3BIKA, KOTOPHIE OKA3BIBAIOT BINAHNIE HA COBMECTUMOCTD
¢ 6ostee crappiMu BepcussMu Python, B mepBhIX BEIIYCKaX, I/ie OHU IPEACTaBJIe-
HBI, 00BIYHO OTKJIIOUEHBI. BKJIIOUNUTH 3TU 0COOEHHOCTU MOYKHO C IIOMOIIIBIO MH-
crpyknuu from __future__ import. Hampumep:
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# BKNOYUTb HOBYI CEMaHTUKY OnepaTopa [eneHus

from __future__

import division

B ciiyuae ncosib30BaHUA 3Ta MHCTPYKIIUA T0JIKHA OBITh IEPBOM MHCTPYKI[UEH
B MoayJe uiau B mporpamme. Kpome Toro, 06/acTh BUZUMOCTH OCOOEHHOCTEIH,
MMIIOPDTUPOBAHHBIX U3 __future__, OrpaHUYUBAETCS TOJHKO 00JIaCTHIO BULUMO-
CTH MOJYJIsI, B KOTOPOM ObLjIa MCIIOJIb30BaHa 3Ta MHCTPYKIiusA. [loaToMmy nmMIop-
TUPOBAHHBIE 0COOEHHOCTHY He OyAYT OKAs3bIBATH BIAUSHUSA HA IOBEJEHUE MOIY-
Jieit us 6ubanoreku Python nau Ha ycrapeBIuii mporpaMMHBIHA KOJ, KOTOPBIH
onmpaeTcs Ha IperkHee IOBeeHe NHTepIIpeTaTopa.

B Ta6. 10.3 nepeunciaeHbl 0COGEHHOCTH, KOTOPHIE CYIIIECTBYIOT HA HACTOAIITUM

MOMEHT:

Tabruya 10.3. Hmena ocobenrnocmeil 6 modyne __future

HNmsa ocobenHOCTH

Onucanune

nested_scopes

generators

division

absolute_import

with_statement

print_function

Ilogmepsxka BIOKEHHBIX 00s1acTell BUAUMOCTH B DYHKITUAX.
Brepsbie mosasusack B Python 2.1 u ucnosnssyercs mo ymosrda-
HUI0, HaunHAasd ¢ Bepcuu Python 2.2.

Tlognep:xka remeparopos. Buepssie mossBuiacs B Python 2.2
¥ UCIOJIb3yETCS IO YMOJYAHNIO, HaunHas ¢ Bepcun Python 2.3.

VsmeHeHHasA ceMaHTUKA OIlepaTopa JAeJeHusi, KOTa IPU Jeje-
HUMU IeJIBIX YHCEJI Bo3Bpalraercs JpodHoe uucio. Hampuwmep,
BeIpasxeHue 1/4 BepHet 0.25 BmMecTo 0. BriepBble moasuiach

B Python 2.2 u ocTaBasach OTKJ/IIOUEHHOI BILJIOTH 10 Bepcuu 2.6.
WcmosbayeTcs 1Mo yMOJIYaHUI0, HaunHasA ¢ Bepcuu Python 3.0.

VsMeHeHHOE TOBeIeHNe OIlepaIii NMIIOPTUPOBAHUS OTHOCH-
TeJILHO MaKeTOB. B HacTodAIee BpeMsd, KOTja MOLYJIb ITaKeTa
WCIOJb3yeT MHCTPYKIIUIO UMIIOPTa, TAaKYI0 Kak import string,
MIOMCK CHAYaJIa BBITIOJHAETCS B TEKYIIEeM KaraJjore nakera, a 3a-
TeM B KaTajorax, IepeuncJIeHHbIX B IepeMeHHOo sys.path. Ogn-
HAKO 3TO JIeJIaeT HEBO3MOYKHBIM HCIIOJIF30BaHNE OUOIMOTEUHBIX
MOAYyJIel, MMeHa KOTOPBIX COBIIAJAIOT C UMEeHaMU MOZAYJIeil B ma-
Kere. Eciiu BKIIOUUTH 9Ty 0COGEHHOCTH, MHCTPYKIUA import
module OyeT BBIMOJHATh UMIIOPTUPOBAHUE 110 a0COJTIOTHOMY
nyTtu. To ecTb TaKass MHCTPYKIIUA, KaK import string, Bcerma
OyzeT 3arpysKaTh MOAYJb String M3 cTaHIapTHOU 6MOJTUOTEKHU.
Bnepssie nosiBuiiack B Python 2.5 u ocraBaiacsk 0TKIIIOUEHHOMN
BILJIOTH 710 Bepcuu 2.6. Vcnoss3yeTcs Mo yMoOTYaHUI0, HAUNHAA
¢ Bepcuu Python 3.0.

ITogmep:kKa MeHeIKepPOB KOHTEKCTa U MHCTPYKIuU with. Bmep-
BbIe mosABuaach B Python 2.5 u ucmosbayercs mo ymoadaHuio,
HauwmHas ¢ Bepcuu Python 2.6.

BmecTo nHCTPYKIIUY print mcmoab3yeT PyHKIUO print(). Boep-
BbIe mosABuaach B Python 2.6 u ucmnosbayercs 1mo yMmoadaHuIo,
HauwmHas ¢ Bepcuu Python 3.0.

CJIelIyeT OTMETHUTHb, YTO MMEHAa ocobeHHOCTeH HUKOI'Zla HEe YAaJIAJIMCh U3 MOAYJISA
__future__. BJIaI‘OILapﬂ 9TOMY, OaiKe eCJIN Ta UJIX NHAA 0CO0EHHOCTH BKJIIOUEHA



234 Mnaga 10. Cpena BbINOMHEHUS

10 YMOJIUaHUIO B 60Jiee TO3THUX Bepcuax Python, aTo He moBieuer 3a co6oii Ha-
pylieHre paboTOCIIOCOGHOCTU CYII[ECTBYIOIIEr0 IPOrPaMMHOTO KOfa, UCIIOJIb-
3YIOIero UMeHa 3TUX 0COOEHHOCTe.

3aBepLueHue nporpamMmmbl

IIporpamma 3aBepimaeTcs, Koria B ¢aiije He OCTAeTCA HEBBIIOJHEHHBEIX WH-
CTPYKIIUI, KOorma Bo30y:KaaeTcsa UCKJoueHne SystemExit (0ObIYHO (BYyHKITUEI
sys.exit()) mam Korjga WHTepIpeTaTop NpuHuUMaeT curHajJ SIGTERM mum SIGHUP
(8 UNIX). Ha BpIXOAE MHTEPIPETATOP YMEHBIIIAET CUETUNKU CCHIJIOK BO BCEX
00beKTaxX BO BCEX CYIIECTBYIOIINX IMPOCTPAHCTBAX MMEH (M YHUUTOKAET 9TU
IpoCTpaHCTBA UMeH). EC/ii CUeTUNK CCHIJIOK 00'beKTa HOCTUraeT HYJs, 00beKT
YHUUTOMKAETCA U IIPU 9TOM BbIZbIBaeTcA ero meTos __del ().

BakHO oTMeTHTBH, UTO B HEKOTOPBIX CIyYasxX B IIPOIlECCe 3aBepIIeHUs IIPO-
rpaMMbl MeTon __del__() MOXKeT He BBIBBIBATHCA. JTO MOIKET IIPOMCXOIUTH
13-3a HAJUYNA MUKJINUECKUX CCHIJIOK MEXKIYy 00hbeKTaMu (B 9TOM cJiydyae 00b-
€KTBI IIPOJJOJI}KAIOT CYII[eCTBOBATh B IAMATH, HO OHU OYAYT HEAOCTYIIHBI IIOCJIE
YHUYTOXKEHU IPOCTPAHCTBA NUMEH). XOTA COOPIUK Mycopa B MHTEPIIPETATODPE
croco0eH oIpeesIsaTh HEUCIIOIb3yeMble IIUKJINUECKNe CChIIKY B ITPOIlecce BhI-
TOJTHEHU A, OH OOBIYHO He BBIBBLIBAETCSA IIPU 3aBEPIICHUY IIPOTPAMMEI.

ITocKobKY HET HUKAKUX MapaHTHil, uTo MmeTox __del__() OyaeT BbI3BAH IIPU 3a-
BepIIIeHUH IIPOTPaMMBbI, JIyUIlle BCero MIPeIyCMOTPETh SBHOE OCBOOOIKIeHe He-
KOTOPBIX PECYPCOB, TAKUX KaK OTKPBITHIE (DAiijibl U ceTeBble coefuHeHuA. [[asa
9TOTO B II0JIB30BATEJILCKME O0BEKTHI MOMKHO J00OABUTEL CHEIMATN3UPOBAHHBIE
MeTo/bl (Hampumep, close()). Jlpyrasi BOSMOKHOCTH 3aKJIIOUAETCS B TOM, UTOOBI
HanucaTh PYHKIIWIO 3aBEPIIeHUA U 3aPeTUCTPUPOBATH €€ C MOMOIITHI0 MOIYJIS
atexit, Kak MoKasaHO HUKe:

import atexit
connection = open_connection(“deaddot.com™)

def cleanup():
print “3aBepueHwue...”
close_connection(connection)

atexit.register(cleanup)
ITomo6GHBIM CIIOCOOOM MOYKHO TaKJKe BbI3BATH COOPIIUK Mycopa:

import atexit, gc
atexit.register(gc.collect)

U mocnenHee 3ameuanme, Kacaloleecsl 3aBePIICHU IPOrPaMMbI: METOABI _
del__() HEKOTOPBIX 00'BEKTOB MOT'YT IBITATHCA OOPATUTHCA K INI00AJBLHBIM JaH-
HBIM UJIA METOLAM, O0'bSABJIEHHLIM B APYIUX MOAYIsAX. IIOCKOJIBKY K 5TOMY MO-
MeHTY TpeOyeMble 00bEKTHI Y3Ke MOTI'YT ObITh YHUUTOMEHbI, B MeToge __del__()
MOKeT BOSHUKATh UCKJIFoUeHue NameError, KOTopoe MPUBOAUT K ITOSIBJIEHUIO CO-
o0IeHns 00 OIMnOKe, KaK MOKa3aHo HIUMKe:

Exception exceptions.NameError: ‘¢’ in <method Bar.__del__
of Bar instance at c0310> ignored



3aBeplLLeHne NporpamMmbi 235

(NepeBof:
ficknioyeHne exceptions.NameError: umva ‘¢’ B8 <method Bar.__del__ ak3emnnsapa Bar no
anpecy ¢0310> npourHoprMpoBaHo

)

Ecau npoucxogut Takas ommOKa, 9TO 03HaUaeT, uTo pabora metoma __del__()
Oblyia TpepBaHa IperkIeBPeMeHHO. OTO TaKsKe MOYKeT 03HauyaTbh, UTO He ObLIa
BBITIOJIHEHA KaKasda-TO BasKHas omepanusa (HaupuMep, He ObLJIO 3aKPBITO COeLN-
HeHue ¢ cepBepoMm). Eciiu momo6HbIe OIMUOKY IPUHITNINATIBHBI, BEPOATHO, JIyU-
II1e IPeyCMOTPETh ABHOE BBIIIOJIHEHUE OMlepaIUii 110 3aBEPIIEHNI0, a He IoJa-
raThbCs Ha TO, UTO MHTEPIPETATOP YHUUTOMKUT 00BEKTHI HAUKMCTO IIPU BBHIXO/E
u3 nporpaMmbl. VckJrouenue NameError MOMKHO TaKsKe YCTPAHUTh, OIIPee B
apTyMEeHTHI II0 YMOJUYaHUIO B 00bABIeHUN MeToma __del__():

import foo
class Bar(object):
def __del__(self, foo=fo0):
foo.bar() # BbiabiBaeTca MeTod B moayne foo

B mHekoTOpBIX cayuasx GbIBaeT HEOOXOIMMO 3aBepIlaTh paboTy MporpaMMbl 6e3
BBITIOJTHEHU ST KAKUX-TN00 3aKJIOUNTENbHBIX qeiicTBuii. JJoOOUTHCI 5TOTO MOMK-
HO BBIBOBOM (DYHKITHU 0S._exit(status). 9Ta GyHKIIUS IIPeACcTaBIsgeT cO00I MH-
Tepdelic K HUBKOYPOBHEBOMY CHCTEMHOMY BBI3OBY €x1t(), OTBETCTBEHHOMY 3a
YHUUTOKeHUe mpoitecca narepuperaropa Python. IIpu BeizoBe aToit hyHKIIMU
IporpaMMa 3aBepIllaeTcs HeMeIJIeHHO, 0e3 BBIITOJHeHU S JOTIOJHUTEeIbHBIX Teii-
CTBUH.



11

TecTupoBaHue, oTnagka,
npocpunupoBaHue n onTuMmmnsaunsa

B orimume oT mporpamMm, HanmMCaHHBIX HA TaKUX sA3bIKaX, Kak C mau Java,
mporpaMMbl Ha s3biKe Python me oO6pabaThiBaroTca KOMIUIATOPOM, KOTODBIH
CO3/IaeT BBIMOJIHAEMYIO IPOTPaMMy. B aTuX sS3bIKaxX IPOrpaMMUPOBAHUA KOM-
MUJIATOP SABJSETCS IePBOM JMHNEH 000POHBI OT MPOrPAMMHBIX OIITHO0K — OH
OTBICKMBAET TaKue OIMNOKHU, KaK BBIZOB (MYHKI[UI ¢ HEJOIYCTUMBIM KOJIHUe-
CTBOM apryMeHTOB UJIU IIPpHICBaBaHNUe HEJOIIYCTUMbIX 3HAUEHUN IIepeMeHHbIM
(TO ecTh BBITIOJIHSET IPOBEPKY TUIoB). B sis3bike Python Takme mpoBepKu BHI-
TIOJIHAIOTCA TOJBKO IIOCJE 3aIycKa IporpaMMbl. I109TOMY HEBOSMOXKHO CKa-
3aTh, COIEPIKUT MporpaMmMa OIMMOKY MM HEeT, IOKa OHa He Oy[eT 3amylieHa
u nporectupoBana. Ho u aTo ele He Bce, — e€CJIM He OIPOOOBATH IMIPOrPaMMY
BCEMU BO3MOJKHBIMU CITIOCOGAMU, KOT/Ia ITOTOK YIIPaBJIEHUS MPOMIeT Bce BO3-
MOJMXHBIE€ BETBU IIPOI'paMMBbI, BCerga oCcraeTcsda BepOATHOCTb, YTO B IIporpamMmme
CKDPBITA KaKaa-HUOyAb omInbKa, KOTopas JKAeT CBoero uaca (K c4acTbio, TaKue
OIUOKY OOBIYHO OOHAPYIKMBAIOTCSA YIKe uepes3 HECKOJIBKO JHEH nocJje mepena-
YU IPOTPAMMBI II0JIb30BATEIIIO).

B sT0i1 r1aBe paccMaTpUBaIOTCA IPUEMBL U OMOINOTeYHbIe MOLYJIN, UCIIOIb3ye-
MBbI€ JJIS TeCTUPOBAHNS, OTIANKY 1 HPOPUINPOBAHNASA IPOrPAMMHOI0 KOAA Ha
sasbpike Python, crioco6HbBIe TOMOUS B pellleHnH T0J00HEIX IIpobieM. B KoHIie ria-
BBI 00CY3K/JAI0TCA HEKOTOPBIE CTPATErMH II0 OIITUMU3AIMA IIPOrPaMMHEOI0 KOZA.

CTPOKM AOKYMEHTUPOBaHUA U Mmoayib doctest

Ecau mepBas cTpoka YHKIIMHU, KJacca WUJIW MOAYJIS SIBJISETCS CTPOKOM, 9Ta
CTPOKA HAa3bIBAETCS CMPOKOU O00KYMeHmuposaHus. BKJOUeHUE CTPOK JOKY-
MEHTHUPOBAHUS CUNUTAETCS XOPOIIHUM TOHOM, IOTOMY YTO 9TH CTPOKHU KCIIOJIb-
3yIOTCA B KaueCTBe MCTOUYHHKOB MH(MOPMAIIUU PA3IUUYHBIMU MHCTPYMEHTAMU
paspaborku. Hanpumep, CTPOKM TOKYMEHTHUPOBAHUS MOYKHO IIPOCMATPUBATH
C MOMOIIbI0 KOMaHABI help(), a TaKsKe cpeacTBaMU MHTEIPDUPOBAHHON Cpebl
paspaborku Ha sa3bike Python. IIporpaMMuCTBI 0OBIYHO IIPOCMATPHUBAIOT CO-
IEePIKUMOEe CTPOK JOKYMEHTHPOBAHUS IPU IPOBEICHUN SKCIEPHMMEHTOB B MH-
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TEPAKTUBHOU 000JI0UKE, TI0O3TOMY B 3TU CTPOKU IIPUHATO BKJIIUYATH KOPOTKUE
IpUMepbI CEAHCOB PabOTHI C UHTEPAKTUBHOM 000J10uKoli. Hampumep:

# splitter.py
def split(line, types=None, delimiter=None):
“""Pa3bnBaeT TEKCTOBYID CTPOKY M Npu HEOOXOAMMOCTM
BLINONHAET npeobpa3oBaHne TUMNOB
Hanpumep:

>>> split('GO0G 100 490.50")
[*GO0OG", 100", “490.50"]

>>> split('GO0G 100 490.50", [str, int, float])
[*GO0G", 100, 490.5]

>>>

Mo ymonuaHuio pasbueHue NPoOM3BOAMTCHA NO MPOOENbHLM CUMBONAM
HO MMEETCA BO3MOXHOCTb YKasaTb APYroi CUMBON-Pa3AEnUTENb, B BUAE
MMEHOBAHHOTO apryMmeHTa:

>>> split(*G00G, 100,490.50" ,delimiter=",")
[*GOOG", “100", '490.50"]
>>>
fields = line.split(delimiter)
if types:
fields = [ ty(val) for ty,val in zip(types, fields) ]
return fields

Tunuunas npobJieMa, CBA3aHHAA C JOKYMEHTAIMEH, COCTOUT B TOM, YTOOBI 00e-
CIIEUHUTH €€ COOTBETCTBUE aKTyaJbHOU peanusanuu GpyHkiuu. Hanpumep, mpo-
TPAMMUCT MOXKET U3MEHUTDH (PYHKITUIO U 3a0bITh OOHOBUTH JOKYMEHTAIIHIO.

ITomorIth B perteHnu 9TOoii IpobIeMbl MOXKeT OKa3aTh MoAyJab doctest. Moxyab
doctest codupaeTr CTPOKM JOKYMEHTHPOBAHUS, IIPOCMATPUBAET X HA HAJUULE
IPUMEPOB MHTEPAKTUBHBIX CEAHCOB U BBITIOJIHAET 9THU IIPUMEDPHI, KaK ITOCJIE0-
BaTeJbHOCTh T€CTOB. UTOOBI BOCIOJIb30BATHCI MOLYJIeM doctest, 00bIYHO TPeby-
eTcs co3aTh OTAEJNbHBIN MOJYJb, KOTODPHIN OyAeT BBHINOJHATH TECTUPOBAHUE.
Hampumep, eciu IpeAonoKuTh, UYTO peaausanus QYyHKIIUT U3 IPeIbIAYIIEero
mpuMepa HaXoguTcs B (aiise splitter.py, MOKHO ObLJIO GBI co3maTh (aiia test-
splitter.py cO CaeAYIOMINM COAEPIKAMBIM:

# testsplitter.py
import splitter
import doctest

nfail, ntests = doctest.testmod(splitter)

B sTom hparmenTe BrI30B doctest.testmod(module) 3amycKaeT IIpoIece TeCTUPO-
BaHUA YKa3aHHOTO MOAYJA module ¥ BO3BPAIIIAeT KOJMUECTBO OIINOOK U 00IIee
KOJIMUECTBO BBITIOJITHEHHBIX TE€CTOB. KCJIM BCe TeCThI IPOIIJIN YCIIEeITHO, HUUero
He BBIBOAUTCS. B MPOTUBHOM cjyuae Ha dKpaHe IMOSBUTCA OTUET 00 OIMuoKax,
B KOTOPOM OYAYT ITOKA3aHbI PA3IUUNA MEKAY OKUTAEMbIMU U (DaKTUUECKUMU
pesyabraramu. Eciu morpebyeTcs MOJIyYUTh 60Jiee IMOAPOOHBINA OTUET O TeCTHU-
poBaHUU, MOKHO BBIZBATh (PYHKITUIO B Buje testmod(module, verbose=True).
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B mpoTHBOMOJIO}KHOCTh CO3TAHUIO OTAEJNHHOTO (haiiia, BBHIIOJHEHWE TECTOB
MOYKHO Pea30BaTh HEIIOCPEACTBEHHO B OMOJIMOTEUHBIX MOJYJIAX, IJIA YETO [0~
CTaTOYHO BKJIIOYUTH B KOHEIT (paiija MOAYJIA CJIeAYIOINUN IPOIPAMMHBIN KO/

if __name__ == "'__main__
# TecTupoBaHue camoro cebgd
import doctest
doctest.testmod()

ITocse sTOTO TeCTUPOBaHUE, OCHOBAHHOE Ha COAEPKUMOM CTPOK JOKYMEHTHUPO-
BaHUA, OyleT BHIIOJHATHCA, €CJAU 3aIIyCTUTh MOJYJIb KaK CAMOCTOATEJIbHYIO
nporpaMmy. B mpoTuBHOM ciiyuae, Ipu UMIIOPTUPOBaHUY (haiiia, TeCTH OyAyT
UTHOPUPOBATHCS.

IIpu TecTupoBaHMM QYHKIUI MOAYIb doctest OKUIaeT BBIBOJ, B TOUHOCTH CO-
BIIAJAOIUH C TeM, YTO OyJeT MOJIyYeH B MHTEPAKTUBHOM 000sI0uKe. B pesyin-
TaTe TaKO# BUJ TECTUPOBAHUS OUEHb UYBCTBUTEJEH K JUIITHNAM U OTCYTCTBY-
IOIIUM IIPOOEJBHBIM CUMBOJIAM W K TOUHOCTU IIpeJACTaBJeHus uuces. B kaue-
CTBe IpUMepPa PACCMOTPUM CJIELYIONTYIO PYHKITUIO:

def half(x):
“""BosBpauaeT NoNOBMHY X. Hanpumep:

>>> half(6.8)
3.4
>>>

return x/2

Ecau nmpoBecTr TeCTHPOBAHNE 3TOM (PYHKIIUYU C IIOMOII[BI0 MOAYJIsi doctest, Oy-
JIeT TIOJIyUeH CJIeAYIONIU 0TUeT 06 OImuoKax:

hkkhkhkhkkhkdkhkhkkhkhrkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkrkhkhkhkhkrkhhkhkkkhkhkhkhkkhkdkhkhkkhkhkhkhkkhkhkxhkkkkxkhkkkxx
File “half.py”, line 4, in __main__.half
Failed example:
half(6.8)
Expected:
3.4
Got:
3.3999999999999999
(Nepesof:
IR RS E SRS ESEE R RS R EREESEREESEREERESEESEREEREEEEREEEERREEEEEREEEEEREEEEEES]
Gaitn “half.py”, cTpoka 4, B __main__.half
OunboUHbI npuMep:
half(6.8)
0xupanoch:
3.4
Mony4yeHo:
3.3999999999999999

ko k ok ok ok k Ak k ok kA Kk Kk k kA khk ok kA Kk hkk kA k kA Kk k kA KKk kA KAk kA Kk hk kA khhk Ak hkk kK k kA K KKk k k%

)
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Y00l MUCIPABUTH 9Ty MMPOOJIEMY, HEOOXOANMO 10O IIPUBECTU CTPOKY ITOKY-
MEHTHPOBAHUS B TOYHOE COOTBETCTBHE C MOJYYaEeMBIMU Pe3yJabTaTaMu, JIU00
MPUBECTH B JOKYMeHTAIluU 0oJiee YAAUHBIN IpUMED.

Mogaysas doctest upe3BBIUAMHO MPOCT B KUCIOJIb30BAHUU, IIOITOMY HE MOIKET
OBITh HUKAKUX OMPAaBJAHNI, UTOOBI HEe UCIIOJIb30BATH €I'0 B CBOMX IIPOrpaMMax.
OpHako umeiTe B BULY, UYTO MOAYJb dOCtest — He TOT MHCTPYMEHT, KOTOPBIi
MOJKHO MCIIOJIB30BATh [JIA MTOJHOTO TECTUPOBAaHUA IMporpaMmsel. IIpnmenenue
9TOT0 MOAYJIA IJIA IIOJHOTO TECTHUPOBAHUS MOYKET IPUBECTU K UPE3MEPHOMY
Pa3AyBaHUIO U YCJIOKHEHUIO CTPOK JOKYMEHTHPOBAHUS, UTO CHIIKAET II0JIe3-
HOCTH JOKYMEHTAau! (II0JIb30BaTesb HaBepHAKA OyIeT HeJOBOJIEH, €CJIU OH 00-
paTUTCs 3a CIIpaBOYHOM MH(BOPMAIHell, a B OTBET eMy OyAeT IIPeACTaBJIeH CITH-
cok u3 50 TprMepoB, 0XBATHIBAIOIINX BCE XUTPOCTU UCIIOIb30BaAHUI PYHKI[UN).
it TAaKOT'O TeCTUPOBAHUSA MIPEAIIOUTHUTEIbHEee NCII0Ib30BaTh MOAYJIb Unittest.

Haxomner, Mogysib doctest mMeeT OIPOMHOE KOJIUYECTBO IIapaMeTPOB HACTPOH-
KH Pa3JIMYHBIX AacCIIEKTOB, OIIPENeJAININX, KaK BBIIIOJHATH TECTHUPOBaHNE
U KaK 0ToOpakaTh pe3yabTaThbl. IIOCKOJIBKY B OOJIBIINHCTBE TUIIMYHBIX CIyYa-
€B HCII0JIb30BAHUSA MOLYJ/IS 9TU MapaMeTpPhl He TPeOyIoT n3MeHeHus, OHU 3/IeCh
He paccMaTpuBaiTCs. JlOTOTHUTENbHYI0 NHGOPMAIUIO 0 9TOM TemMe MOYKHO
HaWTU no axpecy: http://docs.python.org/library/doctest.html.

MoaynbHoe TecTUpoBaHue U MoAysb unittest

I 60oJiee TOJTHOIIEHHOTO TECTUPOBAHUA IPOrPaMM MOKHO MCIIOJIb30BaTh MO-
Iyab unittest. Ilpm MOAYJIBLHOM TeCTUPOBAHHU Pa3pabOTUMK IIUIIET HaOop
000CO0JIEHHBIX TECTOB AJIA KAXKI0r0 KOMIIOHEHTA IIPOrpaMMEl (HAallpuMep, IJIs
OTAENbHBIX (PYHKIIMHA, METOIOB, KJACCOB M MOXAYJel). 3aTeM 9TH TeCThbI WC-
IIOJIB3YIOTCA [JIA IIPOBEPKU KOPPEKTHOCTU NOBENEHUSA OCHOBHBIX KOMIIOHEH-
TOB, COCTABJAIIINX KPYITHBbIe MporpamMMbl. Ilo Mepe pocTa mporpaMmel B pas-
Mepax MOAYJIbHBIE TECTHI IJIs PA3JIUYHBIX KOMIIOHEHTOB MOT'YT O0BeIUHATHCA
B KPYIIHBIE CTPYKTYPHI 1 CPEACTBA TECTUPOBAHUSA. OTO MOYKET CYIIECTBEHHO
VIIPOCTUTH 33aUy IIPOBEPKU KOPPEKTHOCTU IIOBEIEHUS, a TAKKe OIpeieJIeHU I
¥ UCIIPABJIEHUA IIPO0JIEM 10 Mepe UX MOABJIeHNUsA. VcIoab30BaHme 9TOr0 MOIYJISA
UJLTIOCTPUPYET CIEAYIONIUHA ()parMeHT IPOrPaMMHOTO KOa, B3ATHIN U3 ITPEIbI-
OyIIero pasaeia:

# splitter.py
def split(line, types=None, delimiter=None):
“""Pa3bnBaeT TEKCTOBYI CTPOKY M Npu HEOOXOAMMOCTM
BLINONHAET npeobpa3oBaHne TUMNoB

fields = line.split(delimiter)
if types:

fields = [ ty(val) for ty,val in zip(types, fields) ]
return fields

Ecin morpebyercss Hammcarh MOAYJIbHBIE TECTHI IJIs ITPOBEPKU Pa3JIUUHBIX
aCIeKTOB IIpuUMeHeHUusa PYHKIuU split(), MOKHO CO3IaTh OTAEJbHBLIN MOAYJIb
testsplitter.py, Hanpumep:
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# testsplitter.py
import splitter
import unittest

# MofynbHble TecTbl
class TestSplitFunction(unittest.TestCase):
def setUp(self)
# BHNOMHWTH HACTPOiKy TecToB (ecnn HeoOXOAMMO)
pass
def tearDown(self):
# BbinonHWTL 3aBepuwakwne aeicTsns (ecnn HeobXoauMo)
pass
def testsimplestring(self)
r = splitter.split(‘GOOG 100 490.50")
self.assertEqual(r,[‘GO0G", 100", 490.50" 1)
def testtypeconvert(self)
r = splitter.split('GO0G 100 490.50",[str, int, float])
self.assertEqual(r,[‘GO0G", 100, 490.5])
def testdelimiter(self):
r = splitter.split(‘GO0G, 100,490.50" ,delimiter=",")
self.assertEqual(r,[‘GO0G", 100", 490.50" 1)

# 3anycTuTb TecTupoBaHue
if __name__ == "'__main__
unittest.main()

YT06bI 3aMIyCTUTH TECTUPOBAHNUE, JOCTATOYHO ITPOCTO 3alyCTUTh MHTEPIIpeTa-
Top Python, mepenas emy (aiin testsplitter.py. Hampumep:

% python testsplitter.py

Run 3 tests in 0.014s

0K

B cBoeii paboTe moayab unittest ommpaercsa Ha 00'bABICHNE KJIaCcCa, IIPOU3BOI-
HOT'O OT KJiacca unittest.TestCase. OTmebHBIE TECTHI OMPEAEIAITCI KaK MEeTO-
Ibl, UMeHa KOTOPBhIX HAUMHAIOTCA CO cJjoBa 'test’, Hanmpumep ‘testsimplestring’,
‘testtypeconvert’ um Tak gaJsee. (BaKHO OTMETUTDH, UTO UMeHA METOLOB MOTYT
BBIOMpATHCA IIPOM3BOJIBHO, TJIABHOE, UTOOBI OHM HAUMHAJIUCH CO CJIOBa ‘test’.)
BHyTpu Kaskmoro TecTa BHIIIOJHAIOTCA IIPOBEPKYU PA3JIUYHBIX YCIOBUM.

IKseMILIAp  KJacca unittest.TestCase mMeeT cJeAyIOIIUEe METOIbI, KOTODPhIE
MOI'YT MCIIOJIB30BATHCA IJIA TeCTUPOBAHUSA U YIIPABJIEHUS IIPOLECCOM TeCTUPO-
BaHUA:

t.setUp()

BrisbiBaeTcs 1151 BHIIOJTHEHUST HACTPOEK, IIepe]l BEI30BOM JIFOOBIX METO/I0B Te-
CTUPOBAHUA.

t.tearDown()

BriseiBaercsa JJId BBIIIOJIHEHUA 3aKJ/JIIOUHNTEJBbHBIX I[eﬁCTBHfI II0CJI€ BBIIIOJIHE-
HUA BCEeX TECTOB.
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t.assert_(expr [, msgl)
t.failUnless(expr [, msg])

Coob1r1aeT 00 OIMIMOKe TeCTUPOBAHUS, €CJIU BhIPAKEeHUe ex)r OIleHNBAaeTCs KaK
False. msg — aTO CTPOKA COOOITeHN S, 00 bACHAIOINIAA MPUUYNHBI OIITUOKY (€CJIu 3a-
IaHa).

t.assertEqual(x, y [,msg])
t.failUnlessEqual(x, y [, msg])

Coobi1maer 06 onrndKe TeCTUPOBAHUA, €CJIU X U ) He PaBHBI. SJ — 3TO CTPOKA CO-
00I1IeH A, 00'bSACHAIONIAA IPUUNHEI OMTUOKY (ecJiv 3a1aHa).

t.assertNotEqual(x, y [, msgl)
t.failIfEqual(x, y, [, msgl)

Coo0rrjaer 06 oIIOKe TeCTUPOBAHUS, €CJIU X U ) PABHBIL. /1SJ — dTO CTPOKA CO-
00111eHN A, 00'BSACHAIONIAA IPUUNHEI OIIINOKY (ecJiu 3a1aHa).

t.assertAlmostEqual(x, y [, places [, msgll)
t.failUnlessAlmostEqual(x, y, [, places [, msgl])

Coo01iaeT 00 OIIMOKe TeCTUPOBAHUSA, €CJIU YKUCJIA X U Y He COBIIAJAIOT C TOUHO-
CTBIO I0 BHAKA places mocJe AeCATUYHON TOUKHU. IIpoBepKa BhITIOJHSIETCS 38 CUET
BBIUMCJIEHUS PA3HOCTH MEMKAY X U ) U OKPYIJIEHUS Pe3yJbTaTa o0 YKa3aHHOI'o
yycsa 3HAKOB places Imocjie JeCATUYHON ToOuKu. Ecau pe3yabTaT paBeH HYJIO,
YHCJIA X ¥ Y MOMKHO CUMTATH OUTHA PABHBIMH. 1S — 9TO CTPOKA COOOIIEHsT, 00b-
SACHAOIaA NIPUYNHEI OIOKY (ecyiu 3a1aHa).

t.assertNotAlmostEqual(x, y, [, places [, msgl]l)
t.failIfAlmostEqual(x, y [, places [, msg]ll)

Cooob1aer 00 oIubKe TeCTUPOBAHNS, €CJIM YKCJIA X U ) COBIIAJAIOT C TOYHOCTHIO
Io 3HaKa places mocJje qeCATUUYHON TOUKHU. MSg — ATO CTPOKa COOOIIeHUsI, 00b-
SACHAOIAA IPUYNHEI OITOKY (ec/iu 3a1amHa).

t.assertRaises(exc, callable, ...)

t.failUnlessRaises(exc, callable, ...)

Coob6iiaer 06 oIInOKe TeCTUPOBAHUS, €CJAM BbIBBIBA€MbIII 00BEKT callable He
BO30y:KAaeT uUCKJIUeHUe exc. OcTajbHBbIe apryMeHTHI METOJOB IIepemaloTCs
BBIBBIBAEMOMY 00'BEKTY callable, KaK apryMeHTHI. [ TecTupoBaHua Habopa
UCKJIIOUEHUI B apTyMEHTe eXC IIepelaeTcsa KOPTEeXK C 9TUMU UCKJIIOUeHUTMU.

t.faillf(expr [, msg]l)

Coobr1raer 06 OImunbKe TeCTUPOBAHMUSA, €CJIU BhIPAXKEHNE 6X)/ OIIEHUBAETCSI KaK
True. msg — 9TO CTPOKA COOOIIEHUA, O0bACHAIOIIAA IPUYNHBI OMINOKY (€C/IH 3a-
nama).

t.fail([msg])

Coobi1maer 00 oIrndKe TeCTUPOBAHUA. NSJ — TO CTPOKA COOOIIEHU I, 00bACHAIO-
1as IPUYUHBI OIINOKY (eciu 3a1aHAa).

t.failureException

B sTom aTpubyTe cCOXpaHseTcs IMOCJeHee NCKJII0YeHre, TePeXBAUeHHOe B Te-
cte. MokeT MCII0Ib30BaThCH, KOTIa HEOOXOAMMO He TOJIBKO IIPOBEPUTD, UTO KUC-
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KJIOUeHUe BO30YIKIaeTCsa, HO UTO IPU 3TOM OHO COITPOBOIKIAETCS TPeGyeMbIM
3HaUYeHWeM, — HAIpUMep, Kormaa Heo0XOJUMO IPOBEPUTH COOOIIEeHre, reHepu-
pyeMoe UCKJIIOUeHNeM.

Cienyer OTMETUTD, YTO MOAYJIb UNittest mMeeT OrpOMHOE KOJIMYECTBO JOIIOJIHI-
TeJBHBIX IIAPAMETPOB HACTPONKM, UCIOJb3YEMBbIX IJIA T'PYIIUPOBKU TECTOB,
co3nanusa HabOPOB TECTOB U YIIPABJIEHUA OKPYIKEeHNEeM, B KOTOPOM BBITIOJTHSIOT-
cdA TecThbl. ATU 0COOEHHOCTHY He UMEeIOT IIPSIMOr'0 OTHOIIIEHHUA K IIPOIIeCCy Co3aa-
HUS TeCTOB (KJacchbl 00BIYHO MTUIITY TCS He3aBUCUMO OT TOT'0, KaK B I€ICTBUTEJb-
HOCTY BBINIOJIHAIOTCS TecThl). B mokymeHTanmuu, o agpecy http://docs.python.
org/library/unittest.html, MOYXHO HAWUTH [OUOJHUTEJLHYI0 WH(HOPMAIIUIO
0 TOM, KaK OPraHU30BaTh TECTHI AJIsI KPYITHBIX IIPOTPaMM.

OTtnapuuk Python n moaynb pdb

B cocras Python BxoguT mpocToit oTIafu4nK KOMaH/IHOM CTPOKH, KOTOPBIi pea-
JU30BaH B Buae MmoayJs pdb. Momyns pdb momgmep:KuBaeT BO3MOYKHOCTD IIOCTA-
BapUIHOM OTJIaAKU, UCCIEIOBAHNA KaAPOB CTEKa, YCTAHOBKU TOUEK OCTAHOBA,
BBIIIOJTHEHU A MCXOJHOI'O IIPOTrPaMMHOI'O KOJa B IIOIIIaroBOM peXHrMe 1 BbIUNC-
JIEHUA BhIPasKeHU!.

Cy1iecTByeT HECKOJIBKO (DYHKIIUH NI BEI30BA OTJIAJUUKA U3 IPOTPAMMEBL MJIN
U3 UHTepPaKTUBHON 00oouku Python.

run(statement [, globals [, locals]])

Brimonnsier cTpory statement mop ympaBiieHHWeM oTiaaguuka. llpuriammeHue
K BBOAY OTJIaAUNKA IOABJIAETCA HEIOCPEeACTBEHHO Ilepe] BbIIOJTHEHEM KaKOoT'0-
JI6O0 IporpaMMHOr0 Koza. BBog KoMaHABI ‘continue’ MHUIMUPYET BHITIOJTHEHE
9TOr0 Kojga. ApryMeHTHI globals m 1ocals OMpeneasioT Iio0aJbHOE U JOKAJIb-
HOe TPOCTPAHCTBO UMEH COOTBETCTBEHHO, B KOTOPOM OyZEeT BHITOJIHATHCA IIPO-
TPAMMHBIN KOJ.

runeval(expression [, globals [, locals]])

Broruncisier BeIpasKeHHe B CTPOKE expression IOoJ yIpaBJIeHHeM OTIaguuKa.
IIpuriaiienre K BBOAY OTJIAAUMKA IIOSBJSAETCA HEIOCPENCTBEHHO IIepel BhI-
MIOJIHEHHEM KaKOro-In0o IporpaMMHOI0 KOZa, IO3TOMY YTOOLI BEIUKCIATh 3HA-
YeHNe BhIPAXKeHNsI, He00XOAMMO BBECTH KOMAaHIy ‘continue’, KoTopas 3alyCTUT
dyurmuo run(). B cayuae ycrexa Bo3BpaljaeTcsa 3HAUCHNE BbIPAYKeHM .

runcall(function [, argument, ...])

BrisoBeT yHKIIMIO function mox yupaBleHUEM OTJagdyuKa. ApryMeHT function
OJI’KeH OBITH BHI3BIBAEMBIM 00beKTOM. J[omoTHUTEeIFHBIE apTyMEHTHI Iepeia-
forcsa Gyurmuu function. Ilpurmamenue K BBOAY OTJIATUNKA TOABJISIETCA HEIIO-
CPeICTBEHHO IIepe]] BBITTOJTHEHUEM KaKOoT0-1160 mporpaMMHOro Koja. ITo 3aBep-
IIIeHUU BO3BpalllaeTcsd 3HaUeHue PYyHKIUU function.

set_trace()

3amycKaer oTJIafuMK B TOUKE BbI30Ba 3TOUM (PyHKIuM. MOXKeT UCII0JIH30BaThCA
JLJI51 CO3TaHUSA TOUEK OCTAHOBA B MHTEPECYIOIIUX MeCcTax IIporpaMMbl.
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post_mortem(traceback)

3amycKaeT mocTaBapUUHYIO OTJIAJKY C UCIOJb30BaHMeM 00 beKTa traceback, co-
JIlepsKaIero TpaccupoBounyo nHpopmamuoo. O0beKT traceback 0OBIYHO MOMKHO
TOJIYUYUTD C MOMOIIIBIO TAKOM (QYHKIIUU, KakK SyS.exc_info().

pm()

IlepexoguT B peXMM IIOCTaBapUUHON OTJAJKU C HCIIOJIH30BaHVEM OOBEKTa
traceback, creHepruPOBAHHOI'O IIOCJIEJHUM UCKJIIOUEeHUEM.

W3 Bcex QyHKIMII, BBI3BIBAIOIINX OTJaA4YWK, CAMOM IPOCTOM B MCIIOJIb30Ba-
HUHU, TOKAJYH, ABasgeTca ¢pyHKua set_trace(). Korma mpu paboTe co CI0MK-
HBIM IIPUJIOMKEHUEM BBIABJIAETCS KaKad-Tn0o mpobdaemMa, MOMKHO IIPOCTO BCTA-
BUTB BBI3OB set_trace() B MporpaMMHBIN KO 1 3allyCTUTh Npujaokenue. Korma
UHTEPIPETAaTOP BCTPETUT STOT BLHIBOB, BBLIMOJHEHHE IIPOrPaMMbI OyAeT Ipu-
OCTAHOBJIEHO U yIIpaBJieHUe OyIeT IlepelaHo OTJIaAYnKY, C IIOMOIILI0 KOTOPO-
TO MOYKHO OyJeT mccjieJoBaTh OKPYKeHUe, B KOTOPOM IIPOTeKaeT BBITIOJTHEHe
IporpaMMbl. BEITIOSTHEeHIIe IPOTrPaMMBbI OyAeT MPOAOJIKEHO Cpasy ke MOCJe BbI-
Xoma 13 OTJIadunKa.

KomaHabl oTnaguvka

ITocusie 3amycKa oTiafunKa BRIBOAUTCA IIPUrIALIeHre K BBoAY (Pdb), Kak mIoKa-
3aHO HUIKE:

>>> import pdb

>>> import buggymodule

>>> pdb. run(*buggymodule.start()’)
> <string>(0)?()

(Pdb)

(Pdb) — aTO mpurIaIlieHre K BBOAY OTJIAAUNKA, B KOTOPOM PACIO3HAIOTCS CJie-
nyiomiue koMmauabl. O6paTuTe BHUMAaHNE, UYTO HEKOTOPhbIe KOMaHILI IMEIOT IBe
dopMbI — KpaTKyIo U1 qInHHY0. {15 0603HaueHusA 00enx ¢hopM B OITUCAHUU KO-
MaH]] UCII0JIb30BaHBI KPYyIiIble CKOOKU. Hampumep, h(elp) odHauaeT, 4TO MOMKHO
BBECTU KOMaHIy h njau help.

[!]statement

BrimosiasieT MHCTPYKIIUIO Statement (OLHOCTPOYHYIO) B KOHTEKCTE TeKYIIero Ka-
npa creka. CHMBOJI BOCKJIUIIATEIbHOTO 3HAKA MOYKHO OIIYCTUTD, HO €TI0 MCIIOJIb-
30BaHUE 00s3aTeJbHO, €CJIV IIEPBOE CJIOBO MHCTPYKIIUU Statement coBIIazaeT
C KOMaHJ0H oTIaguuKa. UTo0b! OnpesesuTh IVI00aIbHYI0 IePeMEeHHYI0, MOYKHO
IpegBapUTh MHCTPYKIIWIO IPUCBANBAHUA KOMAHIOM «globaly B TOI JKe CTPOKe:

(Pdb) global list_options; 1list_options = ['-1"]
(Pdb)
a(rgs)
BBIBOAUT CIIMCOK apTryMeHTOB TeKYIIel (hyHKIUU.
alias [name [command]]

CospmaeT IceBIOHUM Name AJisa KoMauabsl command. IlogcTpoxku, Takue Kak ‘%1’, %2’
U TaK JaJjiee, B CTPOKe command 3aMeIllaloTcA 3HaUeHNAMU IIapaMeTpPOB, KOTOPbIE
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YKas3bIBAIOTCA IIPU BBOZE IIceBAoHUMA. IlomcTpoka ‘%+' COOTBETCTBYET BCEMY
cnucky mapamerpoB. Eciu 3HaueHue command He 3aJJaHO, BBIBOAUTCS TEKYII[Ee
oIpezesieHVe IICeBIOHNMA. IIceBHOHUMEI JOITyCKaeTCA BKJIALBIBATE JPYT B IPY-
I'a 1 OHU MOTI'YyT COAepsKaThb BCe, UTO AOIITyCKaeTCA BBOAUTH B IIPUIVIAIIEHU Pdb.
Hanpuwmep:

# BbBOAMT NepeMeHHbie 9K3emnnspos (Nopsaok ucnonb3osaHus: “pi classInst™)
alias pi for k in %1._ _dict_ _.keys(): print “%1.7, k,"=", %1 _dict_ _[k]
# BbBOAWT nepemeHHble Ans ok3emnngapa self

alias ps pi self

b(reak) [loc [, condition]]

YcTaHaBINBAaET TOUKY OCTAHOBA B MECTOIIONIOXKEHNUY [0C. S3HAUEHUEM 10C MOYKET
OBITH JI0O0 UM (haiiia 1 HOMep CTPOKH, 6o nmA GyHKIMY B Mmoayae. CHHTaK-
CHC mapamMeTpa UMeeT CJIeAYIONTNH BUI:

3HaueHue Onucanne

n Howmep cTpoxu B TeKyiieMm daiiie
filename:n Howmep cTpoxu B xipyrom ¢aiine
function ma QyHKIUY B TEKYIIIEM MOAYJIE
module.function Nmsa pyHKIUY B IPYTOM MOJYJIe

Ecnu napametp Ioc He 3amaH, BEIBOAUTCS CIIMCOK BCEX TOUEK OCTaHOBA, yCTa-
HOBJIEHHBIX Ha TEKYIIIUI MOMEHT. CONditi0n — 3TO BhIpAYKEeHUE, KOTOPOE TOJIXKHO
OIlEHUBATHCA KaK UCTUHA, YTOOBI ITPOM30IIIEe] OCTAHOB B TaHHOI Touke. Kaskmoi
TOUKEe OCTAHOBA IIPUCBAaMBAETCA CBOII HOMED, KOTOPHIN BHIBOJUTCA II0 3aBepIIIe-
HUU 3TON KOMaHABI. ITU HOMEpa MOKHO HCIIOJIE30BAaTh B HEKOTOPBIX NPYTHUX
KOMaH/JaX OTJIafUNKa, OIIMChIBAEMbIX HUMKE.

cl(ear) [bpnumber [bpnumber ...]1]

C6pachIBaeT TOUKHM OCTAHOBA C YKa3aHHBIMU HOMepamu bpnumber. Eciu HOMepa
He YKa3bIBalOTCSA, KOMaHJa COPOCUT BCe TOUYKHU OCTAHOBA.

commands [bpnumber]

OmpenesnseT IOCIEI0BATEJILHOCTh KOMAH OTJASUYNKA IJII aBTOMATHYECKOI'O
BBIIIOJIHEHU S 110 JOCTUKEHUY TOYKHU ocTamoBa bpnumber. Eciin HE00XoauMo yKa-
3aTb HECKOJIBKO KOMaH[, UX MOJXHO BBECTU B HECKOJIBKUX CTPOKAaX U HCIIOJIb-
30BaTh CJIOBO €nd, KaK IPU3HAK KOHIA IOCJeoBaTeJIbHOCTH. Ecii BKIIOUUTH
B IIOCJIeOBaTeJIbHOCTE KOMaHIy continue, mocjie BCTPeUYW TOUYKU OCTAHOBA BBI-
TOJIHeHIe IIPOrpPaMMbI OyZeT IPOMOJIXKEeHO aBToMaTuuecKku. Eciu mapaMeTp
bpnumber He 3amaH, KOMaHIa commands IPUMeEHSETCA K IOCJIeJHell yCTaHOBJICH-
HOM TOYKE OCTaHOBA.

condition bpnumber [condition]

Hobagisier ycaoBue condition K TOUKe ocTaHoBa bpnumber. Ilapamerp condition —
9TO BBIPaKeHNe, 3HaueHNe KOTOPOI'o JOJIXKHO OIleHUBAThCA KaK UCTUHHOE, UTO-
OBI IIPOM3OIIIE]I OCTAHOB B JaHHOU TouKe. OTCyTCTBUE TapaMeTpa condition mpu-
BOJIUT K cOPOCY BCeX YCJIOBUI, YCTAHOBJIEHHBIX DaHee.
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c(ont(inue))

B0300HOBISET BLITIOIHEHIIE IIporpaMMmel, IIOKa He 6yne'1‘ BCTpeUeHa CcjeagyrIas
TOYKa oCTaHoOBa.

disable [bpnumber [bpnumber ...1]

HeakTuBUpyeT yKa3aHHBIE TOYKU OCTaHOBAa. B oTyimune OT KOMaHABI clear, mo-
cJie KoMaHAbI disable nmMeeTcsa BOBMOXXKHOCTh BHOBb AKTUBUPOBATH 3TU TOUKU
OCTaHOBA.

d(own)

ITepemeriaer Tekymuii Kagp cCTeKa HA OLWH YPOBEHDb BHI3 B CTEKE TPACCUPOBKU.
enable [bpnumber [bpnumber ...]1]

AKTUBUpYeT yKa3aHHbBIE TOUKU OCTAHOBA.

h(elp) [command]

BLIBOAUT CIIMCOK AOCTYIIHBIX KOMaH. Eciiu ykazana koMaHga conmand, BO3Bpa-
I[aeT CIPAaBOYHYI0 MH(POPMAIIUIO II0 3TON KOMaHJE.

ignore bpnumber [count]
JeakTuBUpPyeT TOUKY OCTAHOBA HA COUNt TPOXOIOB.
j(ump) lineno

BrIimmonHAeT mepexon K cienymoinein ctpoke. MosKeT MCHoIb30BaThCA TOJIBKO
JIJIA TIEPeXO0ia MeXK 1y MHCTPYKIUAMU B OTHOM KaJpe cTeka. Kpome Toro, He 110-
3BOJIAET BBITIOJTHUTH IIePexol] BHYTPh HEKOTOPBHIX MHCTPYKI[UI, HATIPUMED B ce-
PenVHY ITUKJIA.

1(ist) [first [, last]]

BeIBOAUT JUCTUHT MCXOAHOTO IMPOTPpaMMHOrO Koza. IIpu mcmosb3oBanuu 6e3
apryMeHTOB 9Ta KOMaHIa BeIBeZeT 11 CTPOK, OKPYIKAIOIUX TEKYIYIO CTPOKY
(5 cTpok 10 u 5 cTpok mocJie). IIpy MCIIOIBL30BAHNY C €AUHCTBEHHLIM apryMeH-
TOM OHa BhIBezieT 11 CTPOK, HaUuMHAS C YKa3aHHOU cTpoku. [Ipu CIIOIb30BaHUN
C IBYyMs apryMeHTaMU — BBIBEJIET CTPOKM U3 YKAa3aHHOIro AuanasoHa. Ecau 3Ha-
yeHHMe IapamMeTpa 1ast MeHbIlle 3HAUeHWs IapaMeTrpa first, oHo OyaeT MHTep-
MIPETUPOBATHCA, KAK CUETUNK CTPOK.

n(ext)

BhITIOTHAET MHCTPYKIIUK [0 CJAEAYIOINE CTPOKU B TeKyleil GpyHKIuu. Ecau
B TEKYIEl CTPOKEe MPUCYTCTBYIOT BBIZOBBLI APYIUX (DYHKIIMI, OHU HE YUUTHI-
BAIOTCH.

p expression

Beruuciser sHaueHmE BBIPDAKEHUA expression B TEeKYIeM KOHTEKCTe U BIBOOUT
ero.

pp expression

To ke, uTo 1 KOMaHAA P, HO Pe3yJIbTAT ()OPMATUPYETCA C UCIIOJTb30BAHUEM MO-
ayad pprint.
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q(uit)

Brixopn ns oTiiagumka.

r(eturn)

BrimosHsAeT MHCTPYKIIUY O MOMEHTA BBIXOAA U3 TeKYIell QyHKIIUU.
run [args]

Ilepesamyckaer mporpaMmy ¢ apryMeHTaMy KOMAaHIHON CTPOKH args , KOTOPhIe
3aIMCHEIBAIOTCA B IIEPEMEHHYIO SyS.argv. Bece TOuKM ocTaHoBa 1 [pyTrye HACTPOM-
KM OTJIaJUuNKa COXPAHSIOTCA.

s(tep)

BrimosasET OAHY CTPOKY MCXOLHOTO IIPOTPAMMHOTO KOJIa ¥ OCTaHABJIUBAET BhI-
TOJHEHVIe BHYTPU BBI3BIBAEMBIX (DYHKITUN.

tbreak [Ioc [, condition]]

VYcramnaBiInBaeT BpEMEHHYIO TOUKY OCTAHOBA, KOTOPAaA yAaJIAeTCs IIOCJIe IIePBO-
ro cpabaTbIBaHU.

u(p)

Tlepemelnaer TeKyIiuii Kaap CTeKa Ha OAUH YPOBEHb BBEPX B CTEKE TPACCUPOB-
KH.

unalias name
VYoansaer yKkasaHHBIN IICEBIOHUM.
until

IIpomonxkaeT BBITIOJTHEHWE MPOT'PAMMBI, IOKA MOTOK BBITIOJHEHUA HE IMMOKWHET
TEeKYIIUHI KaJp CTeKa MU MoKa He OyIeT JOCTUTHYTa CTPOKA C HOMEPOM, 60JIb-
e ueM y Tekyineii. Hanpumep, ecau ocTaHOB IIPOM3OIIIEJ B IIOCJIEIHEI CTPOKe
Teja IIUKJIA, KOMaHAa Until IPOAOJIMKUT BBITIOJHEHNE BCeX MHCTPYKIIUI, CO-
CTaBJIAIOIIUX [TUKJ, IIOKA OH He 3aBEPIIUTCA.

w(here)

BrIiBezeT TpacCupoBKY cTeKa.

OTnapka U3 KOMaHAHOW CTPOKU

AJIBTepHaTI/IBHLIfl MEeTOon OTVIAAKHM 3aKJII0UaeTCda B TOM, YTOOBI BLIBBATDH oTJan-
YUK U3 KOMaHAHOU cTpoku. Hanpumep:

% python -m pdb someprogram.py

B namHOM ciryuyae oTsiafumK OyZeT 3amyIeH aBTOMATUUYECKU HEIIOCPEe/ICTBEH-
HO TIepeJ 3allyCKOM IIPOTPAMMBI, YTO IO3BOJIUT YCTAHOBUTH TOUKU OCTAHOBA
¥ BHECTHU KaKue-I1n60 n3MeHeHUs B HaCTPOiKu. YTo6bl 3aIyCTUTE TPOTPaMMYy,
JOCTAaTOYHO IIPOCTO BBeCTH KOMaHZy continue. Hampuwmep, ecau morpebyerca
oTyaguTh GyHKIUIo split() B mporpamMme, Ie OHA HCIOJb3YETCA, 3TO MOYKHO
cllesaTh, KaK IMOKa3aHo HUMKe:

% python -m pdb someprogram.py
> /Users/beazley/Code/someprogram. py(1)<module>()
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-> import splitter

(Pdb) b splitter.split

Breakpoint 1 at /Users/beazley/Code/splitter.py:1
(Pdb) ¢

> /Users/beazley/Code/splitter.py(18)split()

-> fields = line.split(delimiter)

(Pdb)

HacTtpowka otnaguuvka

Eciu B TekyIieM KaraJiore Uin B AOMAIIIHEM KaTaJiore moJib30BaTes s IIPUCYT-
cTByer daiia .pdbrc, ero cogepKuMoe OyIeT IPOUNTAHO U BHITIOJIHEHO, KaK eCJIN
OBl CTPOKM M3 ATOTro (haiijaa BBOAUINUCH B MPUIJIAIIEHUN K BBOAY OTJIALUMKA.
ITO MOKeT OBITH UCII0JB30BAHO /IS TOT'0, UTOOBI 3a4aTh KOMaH/ bl OTIaAUNKA,
KOTOPBIE JKeJaTeJbHO BBIIOJHATEH KasKIbIi pas, KOraa 3alyCKaeTcsa OTIaunK
(uTOOBI KaKIBIM pa3 He BBOAUTH 9TU KOMAaHIbl BPYUHYIO).

NMpodunmnpoBaHme nporpamMmmsbl

Hnsa coopa mpodunampyromieii nHGOPMAIUY KCIOJbB3YIOTCA Mogyau profile
u cProfile. O6a MomyJisd OeHCTBYIOT COBEPIIIEHHO OJWHAKOBO, PA3HUIA JIHUIIb
B TOM, YTO MOAYJb cProfile peasm3oBaH Kak paciimpeHnue Ha sa3bike C, OH pa-
0oTaeT 3HAUUTEJbHO ObICTpee u 0ojiee coBpeMeHHbIH. O6a MOAYJISA MOTYT HC-
TOJIb30BAThCS KaK JJid cbopa obieir mHpopManmuu (II03BOJIAIONIEN BBISCHUTD,
KaKue (DYHKIIUU BBIBBIBAJINCH), TAK W AJIA cOOpa CTAaTUCTUYECKUX MAAHHBIX
0 mpousBoguTEeNbHOCTH. CaMBbIfl TPOCTOH cIIoco06 MPOPUINPOBAHUA TPOTPaAM-
MBI 3aKJI0UYAeTCsA B TOM, YTOOBI 3aIIyCTUTH €€ M3 KOMaHHOW CTPOKH, KaK II0-
Kas3aHo HUKe:

% python -m cProfile someprogram.py
Kak BapuaHT, MOKHO HCIIOJIb30BATh (DYHKITNIO 3 MOAYJIS profile:
run(command [, filename])

OHa BBIIIOJIHAET CONEPIKUMOE CTPOKU COMnand ¢ TOMOIITBI0 MHCTPYKITUU EXEC TTOM
yIpaBJeHreM NpoGUINPOBIINKA. APryMeHT filename — 9To uMA aiijaa s co-
XpaHeHUA IePBUYHBIX JaHHBIX IPOGUINpPOBaHUA. ECiiu 3TOT aprymMeHT OTCYT-
CTBYyeT, OTYeT BBIBOAUTCSA B IOTOK CTAHAAPTHOI'O BBEIBOJA.

Pesynbrarom paboThl MPOPUINPOBIIUKA ABJIAETCS OTUYET, TAKON KaK IIPUBE-
IeHHBIN HUXKe:

126 function calls (6 primitive calls) in 5.130 CPU seconds
Ordered by: standard name
ncalls tottime percall cumtime percall filename:lineno(function)
1 0.030 0.030 5.070 5.070 <string>:1(?)
121/1 5.020 0.041 5.020 5.020 book.py:11(process)
1 0.020 0.020 5.040 5.040 book.py:5(?)
0.000 0.000 0.000 0.000 exceptions.py:101(__init__)
0.060 0.060 5.130 5.130 profile:0(execfile( book.py’'))
0.000 0.000 profile:0(profiler)

O =N
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CToJIbIbI B OTYETE, CreHepUpPOBAaHHOM (PYHKIIHei run(), MHTEPIPEeTUPYIOTCSI
cJIeAyIONUM 00pas3oMm:

3HaueHue Onucanue

primitive calls KosnuecTBO HEPEKYPCUBHBIX BHI30BOB (DYHKI[UIL
ncalls O6111€€ YKCIIO BHIBOBOB (BKJIIOUAA PEKYPCUBHBIE)
tottime Bpewms, moTpauenHOE Ha BBITIOJHEHNE 9TUX QYHKITUH

(He BKJIIOUAA BJIOKEHHBIE BEI3OBBI (DYHKITHI)

percall tottime / ncalls
cumtime O6111e€e BpeMs, HOTPaUueHHOE HA BBHITIOJIHEHNE QYHKITUN
percall cumtime / primitive calls

filename:1ineno(function) |MecToHaXOMKAEHVE U NMA KaKIOH QYHKIIUNI

Korma B mepBom cTo1011e BEIBOAUTCS [Ba umca (Hampumep, “121/1”), Bropoe us
HUX — 3TO YHCJIO IPOCTHIX BhIZOBOB (primitive calls), a mepBoe — hakTuuecKoe
YKCJIO BEI3OBOB.

B 60sbIITUHCTBE CIyYaeB AJiA IPUMEeHeHUs 9TOT0 MOAYJiA ObIBaeT BIIOJIHE JOCTa-
TOYHO MTPOCTOI'0 3HAKOMCTBA C OTUETOM, CTeHEePUPOBAHHBIM MTPOMUIHNPOBIIHI-
KOM, HaIIpuMep, KOTra TpedyeTcsa BCero JUIb OIPEeJeIUTh, KaK PacpenesseT-
Cs1 BpeMs BBITIOJHEHU A IporpaMmbl. OLHAKO ecJiu ToTpe6yeTcs COXPaHUTh JaH-
HBIE U 3aTeM IPOaHAJIU3UPOBATH UX, MOYKHO BOCITOJIb30BaThCA MOIyJIeM pstats.
Bouee moapobHyio nHGOPMAIINIO O TOM, KaK COXPAHATH U aHAJIU3UPOBATH AaH-
Hble TPO(GUINPOBITUKA, MOKHO HAWTM HA crpaHulle htip://docs.python.org/
library/profile.html.

Hactpowka n ontummnsaums

B aToM paszesie paccMaTpUBaOTCA HEKOTOPBIE OCHOBHBIE ITPABUJIA, COOII0IeHIe
KOTOPBIX IMO3BOJIAT CO3JaBaTh MPOTPaMMbl, paboTaroliue ObICTpee U MOTPes-
JIAIOIMEe MeHbIlle maMsaTu. [IpremMbl, ONKUChIBaeMble 371eCh, HU B KOEM CJiyuyae
He ABJSIOTCS NCUEPIBIBAIOIMMU, HO OHU IIO3BOJIAT IPOrPAMMUCTAM IIOJIYUUTH
HEKOTOPYIO OIIEHKY CBOEro IIPOrPpaMMHOr0 KOJa.

I/I3mepeHv|e nponseogunTesibHOCTU

Ecnu Bam moTpebyeTcsa y3HATH, KaK JOJITO BHIIOJHAETCA IPOrpaMMa Ha s3bIKe
Python, camsbrit mpocToii cItoco6 OIpeneInuTh 9TO COCTOUT B TOM, YTOOBI 3amy-
CTUTH €e T[] yIIPaBJIeHNeM KaKOU-HUOY/Ib YTUJINTHI, HATTOMUHAIOIIEH KOMaH-
oy time B UNIX. Ecau morpebyeTcs ompenenuThb IPOAOIKUTEIbHOCTh PAOOThI
0JI0Ka MHCTPYKI[UH, MOYKHO BCTaBUTDH BBI30BHI (hyHKIIUU time.clock(), KoTopas
BO3BpAIIlaeT TeKyIlee IIPOIeCCOPHOe BpeMd, uiau time.time(), BO3BpaIaroniyo
TekyIee cucreMHoe Bpemsa. Hanmpumep:

start_cpu = time.clock()
start_real= time.time()
WUHCTDYKLIN
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UHCTPYKLUMN

end_cpu = time.clock()

end_real = time.time()

print(“feicTButensHoe Bpems B cek. %f" % (end_real - start_real))
print(“MpoueccopHoe Bpems B cek. %f” % (end_cpu - start_cpu))

WwmeiiTe B BULY, UTO 9TOT IPUEM MMEET CMBICJ IIPUMEHATD, TOJBKO ecyiu (hpar-
MEHT IIPOTPaMMHOI'0 KOJia, Ha KOTOPOM IIPOM3BOAATCA U3MEDPEHUS, BBITOIHS-
eTCs TOCTATOYHO IIPONOJIKUTENIbHOEe BpeMdA. [[J1d u3MepeHus: IPOU3BOAUTEID-
HOCTH OTJEJbHBIX MHCTPYKIIMI MOKHO MCIOJIb30BaTh QYHKIINIO timeit(code [,
setup]) m3 moxyisa timeit. Hampumep:

>>> from timeit import timeit

>>> timeit(‘math.sqrt(2.0)’,’import math’)
0.20388007164001465

>>> timeit(‘sqrt(2.0)’,’ from math import sqrt’)
0.14494490623474121

B sTom mpmmepe mepBRIM aprymMeHTOM (QyHKIuM timeit() mepemaercsa mpo-
TPaMMHBIA KOJI, IPOJOIKUTEIBHOCTH PA60OTHI KOTOPOTO TpebyeTcs N3MepPUTh.
Bropoii aprymMeHT — 9TO MHCTPYKI[USA, KOTOpasd OyJeT BLIIOJIHEHA OJUH Pas AJs
HACTPOUKU OKpPy:KeHUA. PyHKIua timeit() BBIIOTHAET YKa3aHHYIO MHCTPYK-
IO ONWH MUJLJINOH Pa3 U BBIBOAUT BpeMsd, IOTpeOoBaBIIeecs HA ee BBINIOJIHe-
Hue. KonrdecTBo NOBTOPEHUI MOXKHO U3MEHATH C IIOMOIIILI0 MEHOBAHHOTO ap-
rymMeHTa number=count gyuarIuu timeit().

Kpowme Toro, B MmogyJie timeit mmeercsa QyHKIuA repeat(), KoTopas TaK:Ke MOMKET
WCIIOJIb3OBATHCA AJIS U3MEPEHUA IIPOUSBOAUTENHLHOCTH. JTa PYHKIIUA AEHCTBY-
eT TOUHO TaK Ke, Kak QyHKHua timeit(), 3a UCKJIIOUEHUEM TOTO, YTO OHA BBI-
TOJIHAET TPY CEPUY N3MEPEHUH 1 BO3BPAIIAeT CIIUCOK pesyJsbraToB. Hanpumep:

>>> from timeit import repeat

>>> repeat(‘math.sqrt(2.0)’,’import math’)
[0.20306601524353027, 0.19715800285339355, 0.20907392501831055]
>>>

IIpu nsmMepeHUU IPOUBBOAUTEIHHOCTYA OOBIUHO IPUHATO OIPENEATh NPUpocm
cKopocmu, KOTOPBIA BBIYUCISAETCA, KaK YaCTHOE OT JIeJIEeHUs IePBOHAYAJIHHOTO
BpeMeHU BBLITIOJTHEHUS Ha HOBOe BpPeMs BbITIOJIHeHUuA. Hampumep, B IpeabIay-
II1eM 9KCIEePUMEHTE, T/ie IPUBOAATCA Pe3yJIbTaThbl U3MEPEHUS ITPOU3BOIUTE -
HOCTH WHCTPYKImit sqrt(2.0) m math.sqrt(2.0), IPUPOCT CKOPOCTU COCTABUJI
0,20388/0,14494 mam nmpumeprao 1,41 pasa. MHorma 9TO UMCIO BBIPAKAIOT
B IIPOIIEHTAX, I'OBOPS, UTO IPUPOCT CKOPOCTH COCTAaBUJI IpuMepuo 41 %.

N3mepeHne o6bema noTpedbnsieMon namaTn

B mogyme sys umeercsa QyHKIuS getsizeof(), KOTOPYIO MOKHO KMCIIOJIb30BATh
IJIs1 ompefesieHusA o0beMa mamMATu (B 0aiiTax), MOTPEOJIAEMOr0 OTHEJIbLHBIMI
o0bekTamu. Hanpumep:

>>> import sys
>>> sys.getsizeof(1)
14
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>>> sys.getsizeof(“Hello World”)

52

>>> sys.getsizeof([1,2,3,4])

52

>>> sum(sys.getsizeof(x) for x in [1,2,3,4])
56

Ina KOHTeHEePHBIX O0'BEKTOB, TAKUX KaK CIUCKU, KOPTEKU U CJIOBApH, BO3-
BpalljaeTcs pasMep NaMsaTU, 3aHUMaeMOll caMUM KOHTEHHepoM, a He cyMMap-
HBIN 00'beM ITaMATH, 3aHUMAaeMOIi BCeMU dJIeMeHTaMu KouTelinepa. Hampumep,
B IIPEJBIAYINEM IIpuMepe AJs cuucka [1,2,3,4] coobijaercsa 06beM nIaMsATH, KO-
TOPBIN B [EHCTBUTEJIBHOCTH MEHBIIE, YeM TpeOyeTcs AJisd XPaHEeHUS UYeThIPeX
IeJIbIX YKces (Ha Kaskaoe uucio Tpedyerca 14 GaiiT maMaTu). ITO 00bACHIET-
CcA TeM, UYTO CONEPIKMMOe CINCKA He YYacTBYeT B mojcueTax. s onpeneneHnsa
00111eT0 Pa3Mepa MOYKHO HCIIOJIb30BaTh GYHKIINIO SUM(), KaK IT0KasaHo 371ech JKe.

ITomuuTe, uTo QyuKIusa getsizeof() MoKeT HaTh JIUIIL 00IIee IpeAcTaBIeHIe
00 UCII0/Ib30BAHUY IAMSATH PA3JINYHBEIMU 00 beKTaMu. B neficTBUTeILHOCTHY MH-
TEpPIpPeTaTop CTPEeMUTCA MHOTOKPATHO MCIIOJIL30BATh ONHU U Te K€ 00BeKTHI,
onMpasich Ha MEXAaHU3M IIOCUETA CChIJIOK, M03TOMY (haKTUUECKUH 00'beM maMs-
TH, 3aHUMAaeMbIil 00'bEKTOM, MOKET OKa3aThCAd HaMHOT'O MEHbIIIe, YeM MOXKHO
OB1JIO OBI TIpeACTaBUTh. KpoMe Toro, Tak Kak paciimpenus Python, Hanucan-
Hble Ha A3bIKe C, MOT'YT pacupeiesiaTh IaMAaTh 3a IpefeiaMu HHTepPIpeTaTopa,
MOJKET OKas3aThbCs CJOYKHBIM TOUHO OIIPEIeJUTDH 00U 00beM HCIIOIb3yeMOi
namaTu. [losToMy IpyruM IpUeMOM omnpeesieHnsa (haKTUUeCcKoro oobeMa 3aH’-
MaeMoi aMATHU ABJIAETCA UCCIeIOBaHMe ITapaMeTPOB BBITIOJIHAIOIIEr0CA IIPOo-
Iecca ¢ IIoMOIIbI0 0003peBaTe A CUCTEMHBIX IIPOIECCOB UJIN AUCIIeTUepa 3a1ad.

OTKPOBEHHO I'OBOPS, JIYUIIHI CIIOCO0 MOJIYUYUTH IIPeAcTaBIeHre 00 00'beMe 3a-
HUMAaeMOU IaMATHU COCTOUT B TOM, YTOOBI CECTH U IIPOAHATIU3UPOBATH IIPOTPaM-
my. Ecsii m3BecTHO, 4TO IporpamMMa BBIIeJISAET IaMATh JJIA PA3JINYHBIX CTPYK-
TYyp AaHHBIX, a TaAKIKe U3BECTHO, UTO 9TO 3a CTPYKTYPHI 1 KaKue JaHHbIe OyAyT
XPaHUTHCA B HUX (I[eJIble YMCJIa, YKCJa C IJIaBaIOIIed TOUYKOM, CTPOKU U TaK
Iajiee), MOXXHO BOCIIOJIb30BAThCS (PYHKI[MEH getsizeof(), 4TOOBI MOIYUYUTDH HC-
XOIHBIE JaHHBIE AJI BEIUUCIEHUS MaKCUMaJJbHOTO 00'beMa MaMATH, He00X0A -
MOIi AJig paboThI IPOrPaAMMBbI, WJIX, IO KpaiiHell Mepe, IMOJYyUYUTh JOCTATOYHO
nHGOPMAIUY JIJIA BBIIIOJTHEHUS OPUEHTUPOBOYHOO! OIEHKU.

An3zaccem6nmpoBaHue

s nusaccemOaupoBaHUs (GYHKIIUNA, METOAOB U KJAaccoB Ha s3biKe Python
B HUBKOYPOBHEBbIe MHCTPYKIIUU HMHTEePIIPeTaTopa MOYKHO MCIOJIb30BAaTh MO-
Iyab dis. B aTom mozmyse nmeerca QPyHKIUA dis(), KoTopas MOKET HCIIOJIb30-
BaThCs, KaK IIOKa3aHO HUMKE:

>>> from dis import dis
>>> dis(split)

2 0 LOAD_FAST 0 (line)
3 LOAD_ATTR 0 (split)
6 LOAD_FAST 1 (delimiter)
9 CALL_FUNCTION 1
12 STORE_FAST 2 (fields)
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3 15 LOAD_GLOBAL 1 (types)
18 JUMP_IF_FALSE 58 (to 79)
21 POP_TOP
4 22 BUILD_LIST 0
25 DUP_TOP
26 STORE_FAST 3 (_[1D)
29 LOAD_GLOBAL 2 (zip)
32 LOAD_GLOBAL 1 (types)
35 LOAD_FAST 2 (fields)
38 CALL_FUNCTION 2
41 GET_ITER
>> 42 FOR_ITER 25 (to 70)
45 UNPACK_SEQUENCE 2
48 STORE_FAST 4 (ty)
51 STORE_FAST 5 (val)
54 LOAD_FAST 3 (_[1])
57 LOAD_FAST 4 (ty)
60 LOAD_FAST 5 (val)
63 CALL_FUNCTION 1
66 LIST_APPEND
67 JUMP_ABSOLUTE 42
>> 70 DELETE_FAST 3 (_[1D)
73 STORE_FAST 2 (fields)
76 JUMP_FORWARD 1 (to 80)
>> 79 POP_TOP
5 >> 80 LOAD_FAST 2 (fields)

83 RETURN_VALUE
>>>

OmnbITHBIE TPOIPAMMMUCTEI MOT'Y T UCIIOJIB30BAaTh 9TY NH(GOPMAIIUIO ABYMS CIIOCO-
6amu. Bo-mepBbIX, Ar3acceMOINPOBAHHBIN JIUCTUHT TOUHO IIOKA3bIBAeT, KaKue
omepaluy BRITOJHAIOTCA TP padoTe GyHKIIUYU. [Ipy BHUMATEILHOM N3YUYeHN N
MOJKHO JIa’Ke OIPeIeIUThL BO3BMOYKHEIE CIIOCOOBI OIITUMUIAIINY TPOU3BOAUTEIb-
HOCTH. BO-BTODPBIX, IJid TeX, KTO IIUIIET MHOTOIOTOYHbIE IPOrpaMMbI, OymeT
OJIE3HO O3HAKOMUTBCA C TAKMM JUCTUHIOM, TAK KaK B HEM IIPEeICTABJICHBI
OTZeJIbHbIe NHCTPYKIIUY MHTEPIIPETaTopa, Kakgas U3 KOTOPBIX BBIMIOJIHAETCS
aToMmapHo. To ecTh 9Ta MHPOPMAIIA MOKET OBITH IT0JIe3HA IIPU UCCJIeIOBAHUU
CJIOYKHBIX TIP00JIeM, CBI3aHHBIX C COCTOSHIEM «TOHKH 32 PeCypcaMm».

CTpaTervwl onTMMmnsaumnmn

B caenyromux pasgeaax B 00IIUX YepTax OMMCHLIBAIOTCS HEKOTOPHIE CTPATEernu
OIITUMU3AINN, KOTOPbIe, II0 OMBITY aBTOpPA, XOPOIIO 3apeKOMeHI0BaJu cebs
mpu pa3dpaboTKe mporpamMm Ha s3bike Python.

N3yuuTe cBOIO Nporpammy

IIpesx e ueM IPUCTYIATD K ONITUMU3AIUY Yero ObI TO HU ObIJI0, HEOOXOAMMO I10-
HATH, KaKOW BKJAJA B OOIUIA IIPUPOCT CKOPOCTHU AACT ONTUMUI3AIUSA TOU WU
uHOH uacTu nmporpammbl. Hampumep, ecau B 10 pas moBBICUTE CKOPOCTH PA0OTHI
dbyHKIUU, BpeMs paboThl KOTOpoi coctaBiger 10 % ot obirero BpemMesu pabo-
THI TPOTPAMMBI, OOIIMI MTPUPOCT CKOPOCTH cocTaBUT mpumepro 9-10%. B 3a-
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BHUCHUMOCTH OT yCI/IJIHﬁ, KOTOPbIE IIPUAETCA IIPUJIOKUTH, MOMKET OKa3aThbCdA, UTO
TaKad OIITUMU3AINA HE CTOUT 3aTPAuYE€HHBIX CUJI.

Ha nepBom sTane Bcerza »kejaTeIbHO BBITIOJHUTH TPO(GUINPOBaHTE TPOTPaMM-
HOTO KOJ]a, KOTOPBIH IPEACTOUT ONTUMUBUPOBATh. OCHOBHOE BHUMAaHUE CIeyeT
yIaeauTb QYHKIIUAM U METOLaM, Ha BBIIIOJHEHNE KOTOPBIX TPATUTCA 6OJbIasd
YacTh BpeMeHU, a He COMHUTEJbHBIM OIlepaIaM, KOTOPbIe BBI3bIBAIOTCA JINIIH
BpeMs OT BpeMeHMU.

N3yunte anropmutmbl

IMaske HEOIITUMAJIHLHO peasn30oBauubIl aaroputM O(n log n) BIUTPaeT COPEBHO-
BaHME Yy BLICOKOONTUMU3upoBanHoro aaropurma O(n?). Her cmbIcia craparbesa
ONTUMU3UPOBATh He9I(h(HEKTUBHBIE aJTOPUTMBI — JIYUIlle IOMPOOOBATh HANTH
0oJiee yIauHbBINA aJITOPUTM.

MCI'IOHI:ByI?ITe BCTPOEHHbIe TUNbl AaHHbIX

BcerpoenHbIe TUTIBI JaHHBIX, TAKKE KaK KOPTEKU, CIIUCKU U CJIOBapHU, IeJIUKOM
peanusoBaHbI Ha A3bIKe C 1 ABIAIOTCA HanboIee BLICOKOOIITUMU3UPOBAHHBIMU
CTPYKTypaMu JaHHBIX B A3biKe Python. CiemyeT akTHBHO MCIIOJIB30BATh 9THU
TUOBI IJIS XPaHEHUS U MAaHUITYJIUPOBAHUSA JAHHBIMU B IPOrpaMMe U CTapaTh-
cs n3beraThb CO3JaBaTh COOCTBEHHBIE CTPYKTYPhI, UMUTHUPYIOII[UE UX II0OBeIeHIe
(HampuMep, JBOUYHBIE IePeBbs, CBA3aHHbBIE CIIUCKY U TaK JaJjiee).

IIpu sTom He cienayer 3abbIBATh O TUIIAX B CTaHAAPTHOIN OubamnoTerke. Heko-
TOpble OMOJIMOTEYHBbIe MOAYJIU OOBABJSAIOT HOBbIE THUIBI JaHHBIX, KOTOPHIE
B OIIpeJieJIEHHBIX CJAydadX BBIUTPHIBAIOT IO IPOM3BOAUTEJIBHOCTH Y BCTPOEH-
HBIX TUNOB. Hampumep, Tum collection.deque 1mo cBoedl (PYHKIIMOHAJIBLHOCTU
HAIIOMHUHAET CIIMCKU, HO OH 00/IaiaeT OoJiee ONTUMUBUPOBAHHON peatusaiuein
olepaliy BCTABKM HOBBLIX 3JIEMEHTOB B 00a KOHIIa. B oTiimuMe OT Hero, CIIiCoOK
obecmeurBaeT BBICOKYI0 3G (EKTUBHOCTb TOJbKO IIPU M00ABJICHUU JI€MEHTOB
B KoHerl. Korza HOBBIN 5JIeMEeHT BCTaBJIsIeTCA B HAUaJIO CIIMCKA, BCe OCTAaJIbHbIEe
9JIEMEeHTBI CIBUTAIOTCS, UYTOOBI OCBOOOAUTEL MecTo. Bpems, 3aTpaumBaeMoe Ha
CIBUT 9JIEMEHTOB, TeM 0O0Jibllle, YeM GOJIbIlle CIUCOK. TOJBKO UTOOBI JaTh BAM
IIOYyBCTBOBATh PAa3HUILY, HUXKe IPUBOAUTCA BpeMs, 3aTPadyeHHOE Ha BBINIOJIHE-
HUe ollepalluy BCTaBKHU OJHOTO0 MMJIJIMOHA 5JEeMEHTOB B HaUaJIO CIIMCKA U B Ha-
yaJo o0'beKTa THIIa deque:

>>> from timeit import timeit
>>> timeit('s.appendleft(37)’,

‘import collections; s = collections.deque()’
e number=1000000)
0.24434304237365723
>>> timeit(‘s.insert(0,37)', ‘s = []', number=1000000)
612.95199513435364

He po6aBnante nuwHWe ypoBHU abcTpakuumn

Bceakuii pas, Korma mob6aBiidgeTcsa HOBBIN YPOBEeHb aOCTPAKIIUU UJIU JOIOJJHU-
TeJIbHBIE y00CcTBa K QYHKIUY UJIHU K 00BEKTY, 9TO 3aMeAJIAeT CKOPOCTb PA6OTHI
uporpammbl. CaenyeT cTPEMUTHCA COXPAHUTH OaIaHC MeXK Y YI0OCTBOM U IIPO-
usBoguTeNbHOCTHI0. Hanpumep, mesbio no6aBjIeHNA HOBOI'O YPOBHA abCTpak-
MUY 3a4YacTYIO ABJIAETCA YIIPOII[eHe IIPOollecca IPOrpaMMUPOBAHUSA, YTO TOXKE
BaJKHO.
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B xauecTBe mpocTOro mpuMepa pacCMOTPHUM IIPOrPaMMy, KOTOPAas KUCIIOJb3yeT
GyHKIUO dict() A1 co3gaHmA CJIOBAPENA CO CTPOKOBBIMU KJIIOUaAMU:

s = dict(name="GO0G', shares=100, price=490.10)
# s = {'name’: GOOG", ‘shares’:100, ‘price’:490.10 }

ATOT IpUeM MOXKET HCII0Jb30BAThCS IPOrPAMMUCTOM, UYTOOBI YMEHBIIIUTD 00b-
€M BBOJIa C KJIAaBUATYPHI (B ATOM CJIyuae He IIPUAETCS BBOJUTH KABLIUKU BOKPYT
uMeH KJurioueit). OMHAKO 3TOT aJbTepPHATUBHBIN CIIOCO0 CO3MAaHUA CI0BapA OKa-
3bIBAaeTCs 0ojiee MeJIEHHBIM, IIOTOMY UYTO B HEM IPHUCYTCTBYET HOIIOJIHUTEJIhb-
HBIN BBI3OB (DYHKI[HH.

>>> timeit(“s = {‘name’:’GO0G’, shares’:100, price’:490.10}")
0.38917303085327148

>>> timeit(“s = dict(name='GO0G’,shares=100, price=490.10)")
0.94420003890991211

Ecuu B ipo1iecce cBoeii paGoThI Ballia IIporpaMMa co3faeT MUJIJINOHBI CJI0Bapeii,
TO BBI JOJI’KHBI 3HATh, UTO IIEPBBII BADUAHT BBIIIOJIHAETCS ObICTPee. 3a PeIKUM
UCKJIOUeHNeM, J100asg 0C00eHHOCTD, KOTOPAs PACIINPAET NN N3MeHAEeT IPUH-
AT JeACTBUA CyIlecTBYOMUX 00beKToB Python, 6yaer 6osiee memien oM.

MoMHUTe, YTO KJlaccbl U 3K3eMnnsapbl
OCHOBaHbIHaanMeHeHMMCﬂOBapeﬁ

OK3EeMILJIAPBI U KJIACCHI, OIIpeeseMble II0Jb30BaTe/ieM, OCHOBAHbBI Ha IIPUMe-
HeHuU cyaoBapeii. I1o aToii mpuuMHe omepaIuny IIONCKa, N3MEeHeHU NN yaaje-
HUSA JAaHHBIX B 9K3EMILIAPE IIPAKTUUYECKH BCErJa BBINIOJHSIOTCS MeIJIeHHee,
yeM HeIIOCPeICTBeHHbIE OIlepaliuyd CO cJjoBapsaMu. HEciu Heo6XOOUMO BCEro
JIUIIIH CO3JaTh CTPYKTYPY A/ XPaHeHUsI JaHHBIX, IPUMeHeHNe CJI0BAPd MOYKET
oKasaTbcs 6osee 9()PeKTUBHBIM, UeM CO3JaHue KJjacca.

TonbKO 4YTOOBI MPOAEMOHCTPUPOBATH PA3HUILY, HUKE MPUBOAUTCA IIPUMEDP
IIPOCTOTrO KJacca, UCIOJb3YEeMOT0 IJIA XpaHeHUuA nH(GOPMAIMN O TOBapax Ha
cKJaze:

class Stock(object):
def __init__(self,name,shares,price):
self.name = name
self.shares = shares
self.price = price

Eciu cpaBHUTH IPOU3BOAUTEIBHOCTD 3TOr0 KJACCA C MPOU3BOJUTEIHHOCTHIO
cJIoBaps, MOYKHO IIOJIYyYUTh BeCbMa MHTePecHbIe pe3yabTarhl. [/ Hauaia cpas-
HUM IPOU3BOAUTEIHHOCTH OIEPAIINY CO3LaHMA OK3EMIIIAPOB:

>>> from timeit import timeit

>>> timeit(“s = Stock(‘G00G’,100,490.10)”,”from stock import Stock”)
1.3166780471801758

>>> timeit(“s = {‘name’ : ‘GO0G’, ‘shares’ : 100, ‘price’ : 490.10 }")
0.37812089920043945

>>>

PasHuma B cKopocTy co31aHNA HOBBIX 00'bEKTOB COCTaBUJIA IIPUMEPHO 3,5 pasa.
Jajee pacCMOTPUM CKOPOCTH BBITIOJTHEHUA IPOCTHIX BHIUUCJIEHUI:
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>>> timeit(“s.shares*s.price”,

“from stock import Stock; s = Stock(‘'GO0G’, 100,490.10)")
0.29100513458251953

>>> timeit(“s[‘shares’ J*s[‘price’]”,

“s = {‘name’ : ‘GO0G’', ‘shares’ : 100, ‘price’ : 490.10 }")
0.23622798919677734

>>>

3mech pasHHUIla B CKOPOCTHU cocTaBuja npumepHo 1,2 pasa. CyTh 37ech B TOM,
YTO XOTSI BBl MOYKeTe 00'bABJATH HOBbIe 00BEKTHI, UCIOJIb3YS KJACChI, 3TO He
SABJISETCS eIUHCTBEHHBIM CIIOCOO0M paboThI ¢ JaHHBIMHU. KOpTe:Ku u ciioBapu
HepPeaKO ABJSIOTCSA JOCTATOYHO yAAUHBIM BbIOopoM. VX MCIIO/IB30BaAHNE ITO3BO-
JIUT TIOBBICUTH IPOU3BOAUTEIHHOCTD IPOrPAMMBI U YMEHBIIIUTH 00beM IOTPes-
JIsIeMOIi TaMSATHU.

Ucnonb3ynte aTpnbyT __slots__

Ecau mporpamma cosmaeT 00JIBIIIOE KOJHUUECTBO 9K3EMILISAPOB I0Jb30BATEb-
CKUX KJIACCOB, UMEeT CMbICJ ITOAYMAaTh 00 MCIOJIb30BaHuu aTpubyTa __Slots__
B omrpefiesieHuu Kjaacca. Hampumep:

class Stock(object):
__slots__ = [‘name’, 'shares’, 'price’]
def __init__(self,name,shares,price):
self.name = name
self.shares = shares
self.price = price

Wuorma arpubyT __slots__ paccMaTpuBaeTcs KaK CpPeACcTBO obecmeueHus 0es-
OIIACHOCTH, IIOTOMY YTO OH OIPAHMYMBAET MHOYKECTBO JOCTYIIHBIX MMEH aTpPH-
0yToB. OTHAKO B JeHCTBUTEILHOCTA 3TO, CKOpPEee, CPEACTBO OINTUMU3AIUH IPO-
M3BOAUTEJIbHOCTH. Kjacchl, B KOTOPLIX O0BSBJAETCS aTpudyT __slots__, He
WCIIOJIB3YIOT CJIOBAPh [JIA XPaHEHWs MaHHBIX 9K3eMILIsapa (IJId aTHUX Iesei
ucmosb3yercs: 6osee sapdeKTUBHASA BHYTPEHHSAS CTPYKTYypa AaHHBIX). [loaTo-
MY SK3eMILIAPhI TAKUX KJIACCOB HE TOJBKO HCIOJL3YIOT MEHbIIEe TaMATH, HO
u obsamaioT 6osiee a(PPEKTUBHBIM CIIOCOOOM AOCTYIIa K JaHHBIM. B HEKOTOPBIX
caydasix mpoctoe mobaBiieHue arpubyTa __slots__, 6e3 BHeCEHUS KaKUX-Tu00
IPYTUX N3MEHEeHU, MOXKeT 00eCIIeUnTh 3aMEeTHBIN IIPUPOCT CKOPOCTH.

OpHaKo II0 IIOBOAY HCIOJIB30BAHUA arpuOyTa __slots__ cieayer caeiaaTh OTHO
npenyupe:kaenue. [lo6aBaeHre ero B onpezeieHre Kjaacca MOKeT BbI3BaTh He-
00'bsICHUMbBIE HApPyIlIeHUuA B paboTe APyroro mporpaMMHOro Koma. Hampumep,
XOPOIIIO U3BECTHO, UTO SK3EMILIAPHI XPAHAT CBOU JAHHBIE B CJIOBAPSAX, JOCTYII-
HBIX B Bujfie arpubyTa __dict__. Korma B 06bABIeHME KJacca f0OaBIAETCA aTPU-
OyT __slots__, arpubyT __dict__ cTaHOBUTCS HEeLOCTYIIEH, UTO BLI3LIBAET HAPY-
IIIeH’s B pabdoTe IPOrpaMMHOT0 KO/Ia, UCIIOJIb3YIOIIero ero.

N36erante ncnonb3oBaHus onepartopa (.)

Bceakuii pas mpu HOIBITKe oOpalleHusa K aTpudyTy o0beKTa ¢ IIOMOIILIO OIe-
paropa (.) BBINIOJIHAETCA IIOMCK Tpebyemoro mmenu arpudyra. Hampumep, mpu
o0pallleHnu K x.name cHadaJjia BBIIIOJHSETCS MOWCK IIepeMeHHOUN ¢ mMeHeM X’
B TEKYII[EM OKDPY’KEHUH, a 3aTeM B O0BEKTe X IIPOM3BONUTCA IOUCK MMEHU
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“name”. B cayuae mosib30BaTeIbCKUX O0HEKTOB MOUCK MMEHU aTpudyTa MOKeT
BBITNIOJIHATHCSA B CJIOBApe HK3EMILIAPA, B CJI0Bape KJacca U B CJI0BapPAX 0a30BBIX
KJIACCOB.

Jns BEIYUCJIEHUH, TECHO CBSIBAHHBIX C MCIOJIH30BAHMEM METOJ0B MM (DYyHK-
IUH B IPYTUX MOAYJIAX, IPAKTUUYECKU BCeraa JIydllle YCTPAHUTD dTAll IIOUCKa
aTpuOyTOB, IIPEIBAPUTEIbHO IIOMECTUB TPEOYyEeMYIO OIEpAaIUI0 B JIOKAJILHYIO
nepeMenHyio. Hampumep, ecau nCIoab3yeTCA Ollepalius BEIUNCIeHU S KBa paT-
HOTO KOPHS, OHA OyJIeT BBINOJHATHCA ObICTPee, €CJIM MMIOPTUPOBaHUE OyAeT
BBITIOJTHEHO KaK ‘from math import sqrt’, a 3aTem OyzaeT BBISBIBATHCA (PYHKITUSA
‘sqrt(x)’, uem B ciaydae, Korga QyHKIIUA BbI3bIBaeTcAa Kak ‘math.sqrt(x)’. B mep-
BO¥ 4aCTH 9TOT0 paszesa ObLIO IIOKa3aHO, YTO TAKOM ITOAX0] 00eCIIeYnBaeT IPu-
POCT CKopocTH ITpuMepHO B 1.4 pasa.

OueBHUIHO, UTO HET HEOOXOAMMOCTHU MBITATHCA MOJHOCTHIO N30aBUTHCA OT OIe-
paropa (.), Tak KaK 9TO MOKET CYIIeCTBEHHO YCJIOKHUTD UTeHNE IIPOTPAMMHOTO
Koza. O,Z[H&RO OJId YYaCTKOB IIPOTrpaMMBbI, I'I€ IIPOU3BOANTEIIBHOCTb IMEET OCO-
0eHHO Baj)XKHOEe 3HAUEHNeE, 9TOT IIPUEM MOXKET OKa3aThCs IT0Je3HBIM.

Wcnonb3ynTe ncknoyeHus
DNsi 0OpaboOTKN HETUMNNYHbBIX Clly4YaeB

Yro06bI 130€sKaTh OITNO0K, BBl MOYKETE ITI0CTAPaThCa JOOABUTDH B IPOrPaMMYy 10-
MOJIHUTEIbHbIe TpoBepKu. Hampumep:

def parse_header(line):
fields = line.split(":.”)
if len(fields) !'= 2:
raise RuntimeError(“Ownbka B 3aronoske”)
header, value = fields
return header.lower(), value.strip()

OpHako cyiiecTByer 6oJiee IPOCTOI cItoco0 00paboOTKM OIIMOOK, KOTOPBIM CO-
CTOUT B TOM, YTOOBI MIO3BOJIUTH IIPOTPaMMe CaMOii IeHepUPOBATh UCKJIIOUEHU A
u obpabareiBaTh nx. Hampumep:

def parse_header(line):
fields = line.split(™:")
try:
header, value = fields
return header.lower(), value.strip()
except ValueError:
raise RuntimeError(“Ouvbka B 3aronoske”)

Ecsz mpoBepuTsh MPOM3BOAUTEIBHOCTD 00X BEPCUil Ha KOPPEKTHO ChOPMUPO-
BaHHBIX 3aT'0JIOBKaX, BTOpasd Bepcusi OyAeT BHIMOJIHATHCA IpuMepHo Ha 10 mpo-
eHTOoB ObIicTpee. BJoK try B cayuae, Korjga mporpaMMHBIN KO/ He BO30yKIaeT
UCKJIOUEHIe, BhITOJTHAETCA ObICTPEee, UeM UHCTPYKITUA if.

He ucnonb3ynre nckniovyeHus
Ansi 06paboTKU TUNUYHBIX CNy4YaeB

He ciengyer mcmosib30BaTh UCKJIIOUEHUSA AJIS 00PaOOTKY TUNUUYHBIX CJIYUYaeB.
Hanpumep, momycTum, 4TO MMEETCs IIPOrpamMma, KOTopas MHTEHCHUBHO pPabo-
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TaeT CO CJIOBAPEM, HO B OOJIBIIIMHCTBE CAYUYaeB UCKOMBIE KJIIOUU OTCYTCTBYIOT
B caoBape. Temeps paccMOTPUM /ABa IOAXO0/a K OPTaHU3AINKU PA0OTHI CO CJIOBA-
pem:

# Momxon 1 : BuimonHeHwe noucka m 06paboTka WUCKINYEeHUs
try:

value = items[key]
except KeyError:

value = None

# Moaxon 2: MpoBepka Hanuyua kn4a U BHINONHEHWE Noucka
if key in items:

value = items[key]
else:

value = None

IIpocToe m3MepeHme TPOUBBOAUTEILHOCTH TIOKA3LIBAET, UTO B CJIyUae odpalie-
HUSA K HECYII[eCTBYIOIIEMY KJIIOUY BTOPOI ITOIXOJ BBIIIOJIHAETCS ObIcTpee 6osee
yem B 17 pas! Kpome Toro, Bropoil moaxo/ BBIIOJIHSETCA IIOUTH B ABa pasa Obl-
cTpee, UeM TOT 2Ke aJITOPUTM, HO C UCIOJIh30BaHMeM MeToza items.get(key), a 06-
YCJIOBJIEHO 9TO TEM, UTO OIIEPATOP 1N BHITIOJIHAETCS OBICTPEe, UeM BHI3OB METO/A.

MpumeHsnTe Nprembl
¢YHKLUMOHaNbHOro NPOrpaMMMpPOBaHNS U UTepauumn

TeHepaTopbl CIUCKOB, BHIPAKEeHUA-TE€HEPATOPHI, PYHKIIUU-T€HEPATOPbI, COIIPO-
TpaMMBbI ¥ 3aMBIKaHUA OKa3bIBAIOTCA HAMHOT0 3 eKTUBHEE, UeM yMaeT 60JIb-
IITHHCTBO mporpaMMucToB. O6paboTKa AAHHBIX C IIPUMEHEHHEeM I'eHepaTOpOB
CINCKOB ¥ BbIPAXKEHU-TeHEePATOPOB BBIMOJIHIETCA CYII[eCTBEHHO OBICTPEe, YeM
IPOTPaMMHBIN KOJ, BBITIOJHAIOIIUHA UTePAIlUY II0 JAHHBIM BPYUYHYIO U ITPOU3-
BOMSIIUI Te 2Ke caMble BEIUKCIeHusa. KpoMe TOro, sTu omepaiiuy BIMOJIHAIOTCS
HaMHOTr0 ObICTpee, YeM IIPOTPaMMHBIN KO, UCIIOJb3YIOINil TaKkue (PYyHKIIUH,
kak map() u filter(). I'eHepaTops! MO3BOJIAIOT HE TOJHKO MOBLICUTH IIPOMU3BOIY-
TeJBHOCTD, HO 1 60Jiee 53(P(PeKTUBHO MCII0JIHL30BATh IIAMSATh.

MCI'IOﬂb3yI7ITe AeKopaTopbl U MeTaKJlaCCbl

IleKopaToOphl ¥ MeTaKJIAaCChl 00ECIIeYNBAIOT BOBMOMKHOCTD U3MEHATH II0OBEIeHIe
byHRIUHE 1 KaaccoB. IIpu 9ToM, TaK KaK OHU BBITIOJHSIOTCS BO BpeMs 00'bsIB-
JleHUsT PYHKIIUU UM KJacca, OHU MOTYT JaTh HEMAaJbIil IPUPOCT IPOU3BOAU-
TeJIbHOCTH, OCOOEHHO €CJIM B IIPOrpaMMe MMEEeTCsS MHOMKECTBO 0COOEHHOCTEH,
KOTOpBIE MOT'YT BKJIOUATbCA M BBIKJIOYATHCSA. B riraBe 6 «DyHKINU U QYyHK-
IIMOHAJBHOE TPOrpaMMUPOBaHNe» IPUBOAUTCA IPUMED UCIIOJIb30BAHUA AEKO-
paTtopa AJs HOAKJIOUEeHUA K (QYHKIUAM BO3MOMKHOCTU KYPHAJUPOBAHUS CO-
OBITHIT, KOTOPBII He OKA3bIBAET OTPHUIATEJIHLHOTO BAUSHUASA HA IIPOU3BOAUTEIb-
HOCTb, KOT/Ia JKYPHAJUPOBaHNE OTKJIIOUEHO.
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CraHpapTHag 6ubnuoTteka Python

Berpoennbie QyHKITAT

Cny:x6561 Python BpeMeH” BBITIOTHEHU S
Maremaruxa

CTpYKTYPBI JAHHBIX, AJITOPUTMBI U Y TUJIUTEI
Pabora ¢ TeKcTOM U CTpOKaMU

HocTyn K 6a3aM JaHHBIX

Pabora ¢ gaiiiaMu 1 KaTajoramu

Cy2K0bI OIepaInOHHON CUCTEMBI

IToToxku 1 UX corjiacoBaHue

PabGoTa c ceTbio 1 COKeThI

PaspaboTka nHTepHeT-IPUIOKEeHU I
Beb6-tiporpamMmMmupoBaHue

O6paboTKa 1 KOAUpPOBaHNUe JaHHBIX B VIHTepHeTe

Pasiauunbie OubImoTeYHbIE MOIYIN
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BcTpoeHHble PyHKLN

B aT0i1 Ty1aBe OMUCHLIBAIOTCS BCTPOEHHBIE GYHKIUYA U UCKJIIOUEHUA sS3bIKa Py-
thon. BousbIimas uacTs aTOro Marepuaja MeHee (PopMaibHO OblIa PACCMOTpPEHA
B OPEABIAYIIUX IJIaBaX. JTa IJIaBa IPOCTO OOBEJUHSAET BCE IPUBOIAUBIILE-
cA paHee CBeIeHUA B OJUH pasfiesl U JOIMOJHAET UX OMUCAHUEM 00jiee TOHKUX
ocobeHHOCTEeH HEKOTOpPhIX PyHKIuii. Kpome Toro, Python 2 BKitouaer B cebs
MHOJKECTBO BCTPOEHHBIX (DYHKI[MIT, KOTOPbIe OBbLIN 00'bSBJIEHBI YCTAPEBITUMU
¥ ucKJIroueHbl u3 Python 3. 3gech s QyHKIINMY He ONKUCBEIBAIOTCS; BMECTO DTOI'O
OCHOBHOE BHUMAaHUIe Oy/IeT yaesieHo 0ojiee COBPEMEHHBIM BO3MOYKHOCTSIM.

BcTpoeHHble pyHKLUN U TUNDbI

HexkoTopble TUNBI JaHHBIX, GYHKIIUA U IIepeMeHHbIe BCeraa JOCTYIIHbI UHTeP-
IPeTaTopy U MOTYT MCIIOJb30BaThCA BHYTPH J1060r0 MOAY/IA. YTOOBI ITOIYUUTH
MOCTYI K 9TUM (PYHKIMAM, He Tpebyercsa MMIOPTUPOBATH AOIOJHUTEIbHBIE
MOJYJIH, TEM He MEeHee BCe OHU COJlepsKaTcsa BHYTpU Moayad __builtin__, B Py-
thon 2, u BHyTpUM Moxyss builtins, B Python 3. BuyTpu Apyrux moaysei, KoTo-
pble MOT'YT UMIIOPTUPOBATHCA IPOrPAMMOM, IPUCYTCTBYET IepeMeHHad __buil-
tins__, KoTopas TaKJKe CChlIaeTCA Ha 9TOT MOAYJIb.

abs(x)
BosspaimaeT abcoaoTHOE 3HAUCHNE X.
all(s)

Bosspairaet True, ecaiu Bce 3HaUEHUS B UTEPUPYEMOM 00BEKTe S OIeHNBAIOTCS
Kak Irue.

any(s)

Bosspairaer True, ecsiz X0Ts ObI OJHO 3HAUCHNE B UTEPUPYEMOM 00HLEKTE S Olle-
HHUBaeTCd Kak True.

ascii(x)

CospaeT mmeuaTHOE IIpeJCTaBIeHNe O0BEKTa X, TOUHO TaK ’Ke, Kak U QYyHKIUA
repr(), HO B pe3yJibTaTe UCIOJAb3yI0TCA TOJIbKO cuMBOJIbI ASCII. CuMBoOIIBI, OT-
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cyrcrByiomue B Habope ASCII, mpeo6pa3yioTca B COOTBETCTBYIOIIME KPAHU-
POBAHHBIE IIOCJIEIOBATEIBHOCTH. ITa (PYHKI[MSI MOXKET WCIIOJIb30BATHCS MIJISA
IPOCMOTPA COAEPKUMOro cTpoK IOHMKOAA B TepMUHAJNAX UJIA B KOMAHIHBIX
o0ooukax, He nogaepsxkusaiomux FOunkoxa. Toasko B Python 3.

basestring

AGCTPaKTHBIN TUII JaHHBIX, KOTOPBIN ABJISIETCA CYyIePKJIaCCOM IS BCEX CTPOKO-
BbIX TUMOB B Python 2 (str u unicode). McmoabayeTcs TOJBKO IPU TECTUPOBAHUU
Ha IPUHAAJIEKHOCTD K CTPOKOBRIM TuniaM. Hampumep, isinstance(s,basestring)
BEPHET True, eciu O0BEKT S ABJAETCA CTPOKOUM TOT0 WJM MHOTO TuHa. TOoJIbKO
B Python 2.

bin(x)
BosspaimaeT cTpoKy ¢ IBOMUYHBIM IPEICTABICHUEM I€JIOT0 YHMCJTIA X.
bool([x])

Turm, ncnosib3yeMbIil 1A IIPeACTaBJIEHUA JIOTUUECKUX 3HAYeHUH True m False.
Ecau ucnosnbs3yercsa g npeo6pasoBaHusA X, BO3BpAIIlAeT rue, ecau 3HAUEHUe
00'BEKT X OIlEHMBAETCA KaK UCTUHA, IIPU UCI0Jb30BAHNY OOBIYHON CeMaHTUKN
OIlpeleJIeHUsI UCTUHHOCTHU (TO €CTh HEHYJIEBOE UMCJIO, HEITYCTOM CIIMCOK U TaK
najee). B mporuBHOM cioyuae Bo3Bpaimaet False. Kpome Toro, eciu GpyHKIIUA
bool() BBI3BIBaeTCA 0e3 apryMeHTOB, OHA II0 YMOJIYaHHWIO Bo3Bpalmaer False.
Kiace bool siBisieTcsa MPOMB3BOAHBIM OT KJacca int, mMoaTomMy JIOTHUYECKUe 3Ha-
yeHUdA True U False MOMKHO MCHOJIb30BaTh B MaTeMaTUYeCKUX Ollepaluax, KakK
1eJsble uncyaa 1 u 0.

bytearray([x])

Twun, ncmosb3yeMblil IJid IPeACTaBIeHNA N3MeHAeMbIX MacCuBOB 6aiiToB. Kor-
Ia CO3AaeTCs HOBBIM MACCHB, apT'yMEHT X MOYKEeT ObITh UTEPUPYEeMOIl TTOCIeI0-
BaTeJbHOCTBIO ITEJIBIX Urces B guanasoHe ot 0 1o 255, cTpOKO# 8-OUTHBIX CHUM-
BOJIOB, JIUTEPAJIOM TuIla bytes MM IeJLIM YKCJIOM, OIPENeSIOIIUM pasMep
MaccuBa 0aliToB (B 9TOM CJIydae BCe 9J€MEHTHI MacCHUBA MHUIIMAJIUSUPYIOTCS
sHauenueM 0). O6beKT Tuma bytearray BBITIAAUT, KAK MacCCHUB ITeJbIX UYHCEJ.
IIpu ob6pareHuu K 9J€MEHTy MaccuBa, HAIIpUMep, ali], BO3BpalllaeTcs Iiejioe
YMCJIO, IPeICcTaBIA0INee 3HaUeHne 0aiiTa ¢ MHAeKcoM 1. B omepamnusax mpucBau-
BaHNA, TAKUX KaK a[1] = v, 3HAUEHNe V TaKKe SOJMKHO OBIThH I[eJIBIM 8-0OUTHEIM
sHauenuem. Kpome Toro, Tum bytearray mogaep:xuBaeT BCe OepaIiuni, KOToOpbie
MOI'yT IIPUMEHATHCA K CTPOKaM (TaKue, KaK U3BJeUeHue cpesa, find(), split(),
replace() u Tak maJjee). B cayuae mpuMeHEHUA STUX CTPOKOBBIX OIlepaliuii Bce
CTPOKOBBIE JIUTEPAJIBI JOJKHBI IIPeABapAThCA MOAUMPDUKATOPOM D, UTOOBI II0-
KasaTh, UTO ONepalluy BBIMOJHAIOTCA Ha CTpoKamu OatiTtoB. Hampumep, ecau
TpebyeTcsa pasdUTh MaccuB 0AafTOB Ha MOJA, pasaeeHHbIe 3aIATOI, 3TO CJe-
IyeT mesaaTh Tak: a.split(b’,’), a He a.split(‘,”). PesymbraToM Takux omepamuii
Bcerza OyaeT HOBBIM 00'BEKT THUIA bytearray, a He cTpoka. YTo6bl mpeobpas3oBaTh
00'BEKT bytearray B CTPOKY, CJiefyeT HCIOJb30BaTh MeTof a.decode(encoding).
IIpu ucmonb3oBaHUM KOOUPOBKHU ‘latin-1" B aprymenTe encoding o6beKT THUIA
bytearray OymeT mpeoOpas3oBaH B CTPOKY 8-OMTHBIX CUMBOJIOB 0€3 KaKUX JIM0O
npeobpas3oBaHUil 3SHAUEHU CUMBOJIOB.
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bytearray(s ,encoding)

AnbTepHaTUBHBIN CIIOCOO CO3MAaHMs SK3eMILIApa TUIa bytearray ua3 CTPOKH
CHMBOJIOB S, T/le apI'yMeHT e/1c0ding onpenesser, KaKyio KOJUPOBKY CHMBOJIOB
WCITOJIL30BATh.

bytes([xI)

Twun, ucnosb3yeMblil AJIA IIPEACTABJIEHNSA HEM3MEHAEeMBIX MacCHUBOB 0AMTOB.
BPython 2 aBasiercs ncegorumMoM pyHKIUU str(), KoTopas co3aeT CTaHAaPT-
HYIO CTPOKY 8-OMTHBIX cMMBOJIOB. B Python 38 Tum bytes ABigeTCA MOJTHOCTHIO
CaMOCTOATEJIbHBIM THUIIOM, KOTODBHIN fABJIAETCSA Heu3MeHsaeMO! Bepcuell Tuna
bytearray, OIIMCAHHOTO BBHIIIIe. B 9TOM ciiyuae apryMeHT X MWHTEPIPETUPYeTCs
TOYHO TaK jKe U MOYKeT MCI0JIb30BaThCA TEM Ke criocoboM. BaskHoe 3ameuaHme,
Kacallieecs IePeHOCHMOCTH IIPOrpPaMM: Jaske IIpu ToM, uTo B Python 2 onpene-
JIeH TUII bytes, ero moBeJieHue OTJINnYaeTcsA OT moBeaeHusA Tuma bytes B Python 3.
Hampumep, a — 9T0 9K3eMNIsAp, CO3TaHHBIN BBIB0OBOM (hyHKIUU bytes(), Torma
obOparenue a[i] B Python 2 Beprer cTpory cuMB0JIOB, a B Python 3 — mesoe unc-
JIo.

bytes(s, encoding)

AIbTepHATUBHBIA CII0CO6 CO3MaHMUA SK3EMILIAPA TUIA bytes U3 CTPOKM CUMBO-
JIOB S, T/le apT'yMeHT €/1¢001Ng OIpeaesier, KaKyio KOATUPOBKY CUMBOJIOB UCIIOJIb-
3oBaTh. ToasKko B Python 3.

chr(x)

IIpeobpasyer 1eJioe YKCJIO X B CTPOKY U3 OAHOro cuMBoJia. B Python 2 aprymenT
X DOJIKeH UMeTh 3HaueHune B nuamnasone 0 <= x <= 255, a B Python 3 aprymenr
X ITOJI’KEH OBITh IIPECTAaBJICH AONYCTUMBIM KOZOBBIM MyHKTOM IOHUKOMa. Ecin
3HAUYEHUEe X BBIXOAUT 3a JAONYCTUMBIN AUAIa30H, BO30Yy KIaeTcs HCKJIIOUEHe
ValueError.

classmethod(func)

Idra QyHKIUA codgaeT ud GyHKIUU func metof Kiacca. OOBIUHO UCIIOIb3YETCA
TOJIBKO BHYTPU OIIPeJeJIeHUN KJIacCOB, Tlle OHA HeABHO BBI3BIBAETCA NEKOPATO-
pom @classmethod. B oTyimume oT OOBIYHEBIX METOOB, METOLBI KJIacCa IMOJYUaIOT
B IIEPBOM apryMeHTe CCBhLIKY Ha KJacc, a He Ha sK3eMuiap. Hanpuwmep, ecau
umeeTca 00beKT f, KOTOPBIHA ABJIAETCA 9K3EMILJIAPOM KJjacca Foo, IPU BBI3OBE
MeToza KJacca OTHOCUTEJIbHO 00beKTa f B IepBOM apryMeHTe eMy OyaeT Iepe-
IaHa CChLIKA Ha KJacc F00, a He Ha 9K3eMILIap f.

cmp(x, )
CpaBHI/IBaET X W1 y 1 BO3BpalllaeT OTpUIlaTeJIbHOE YNCJIO, €CJIN X < Y, IIOJIOMKHM-
TeJbHOE, ecau X > Yy, uau 0, ecan x == y. CpaBHUBAThCA MOT'YT JIIOOLIE ABA 00-

€KTa, OTHAKO Pe3yJIbTaT MOXKeT He UMeTh HUKAaKOI'0 CMBICJIA, ecIu 00a 00beKTa
He peajm3yI0T OCMBICJIEHHOTO MEeTO/a CpaBHEHUA (HAIIPUMED, IPY CPaBHEHUN
yucjia 1 00beKTa (haitia). B HEKOTOPBIX caydyasx TaKasd IONBITKA CPABHUBAHUS
MOJKET IIPUBECTU K UCKJIIOUEHUIO.

compile(string, filename, kind [, flags [, dont_inherit]])

Komnunupyer cTpoKy String B 00beKT IIPOrpaMMHOTO KO/a IJIs II0CIe Iy I0IIero
UCIIOIb30BaHUsA ¢ GyHKIUeH exec() uau eval(). AprymMeHT String — 9TO CTPOKa
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¢ JOIYCTHUMBIM IIPOrPAMMHBIM KOZOM Ha a3bike Python. Ecau sToT mporpamm-
HBIH KOJI 3aHUMaeT HECKOJbKO TEKCTOBBIX CTPOK, OHU JOJIXKHBI 3aBepIIaThCA
ONVHOYHBIM CHMBOJIOM IlepeBoza cTpoku (‘\n'), a He ImIaT(GOPMO3aBUCUMBIM
BapuanToMm (Hampumep, \r\n' B Windows). AprymenT filename — 9TO CTpPOKa
¢ umeHeM (aiiysa, B KOTOPOM ObLiIa ompefesieHa CTPOKa string. AprymeHT kind
MOJKeT UMeTh 3HaueHMe '‘exeCc’ — B cJIydyae MOCJeIOBATEIbHOCTH MHCTPYKIU,
‘eval’ — nJaA OMUHOYHOTO BBIPAXKEHUS MM Single’ — B caydyae eIUHCTBEHHOI
UHCTPYKIIUU. APryMeHT flags ompenesiseT, KaKue TOMOJHUTEJNbHbIE 0COOeH-
HOCTH (BKJIIOUEHHBIE B MOAYJb __future__) HOJKHBI OBITh aKTUBUPOBAHBI. ITU
0COOEHHOCTH IIePEeUUCIAIOTCA B BUJe (JiaroB, o0bABJIEHHBIX B Momxysae __fu-
ture__, ¢ momoInbi0 moouToBoM omepanuu WJIVI. Hanpumep, ecau Tpebyercs
AKTUBUPOBATH HOBYIO CEMAHTUKY OIEPAIlUM [OEJIEHWUs, CJIeLyeT YCTAaHOBUTH
B aprymenre flags sHauenue __future__.division.compiler_flag. Ecoiz aprymenT
flags omyllleH, OH IIPUHUMAaET 3HAUeHUe MO0 yMoJiYaHuio 0, a IporpaMMHBIN
KOJ KOMITUJINPYETCA C YUIETOM BCeX OCOOEHHOCTEMH, NeliCTBYIOIIUX B TEKYIIei
Bepcuu Python. Eciu pyHKIMUM nepemaercsa apryMeHnT 1ags, To 0COOEHHOCTH,
IepeYrcJeHHbIe B HEM, HO0ABJIAIOTCS K CIIMCKY AeHCTBYIOIINX OCOOEHHOCTE.
Ecawu aprymenT dont_inherit ycTaHOBJIEH, aKTUBUPYIOTCA TOJIHKO OCOOEHHOCTH,
mepeyncJeHHble B apryMeHnTe 11ags, — 0COOEHHOCTH, AEHCTBYIOI[NE B TEKYIIei
BepCcuM, UTHOPUPYIOTCA.

complex([real [, imagl])

Twurm, ncrmosb3yeMblii AJIA IPeICTaBICHNA KOMIIJIEKCHBIX UKCEJ, COCTOANIINX U3
IefiCTBUTEJIHLHON 1 MHUMOM YacTell; apryMeHThI real U 1mag MOTYT UMeTh 3Ha-
YeHUSA JIOOBIX UMCJIOBBIX TUMHOB. EC/IM apryMeHT imag OIMyIeH, MHUMAasA YacThb
YucJia IPUHUMAETCSA paBHOM HyI10. Eciu B aprymMeHTe real mepeaercs CTPOKa,
OHa aHAJUBUPYETCA U MTPeodpasyeTcs B KOMILIEKCHOe Yncjo. B aTom ciyuae ap-
TYMEHT 1Mmag He OOJI:KeH IepenaBaTheda. Eciiu HU OfUH apryMeHT He 3a/IaH, BO3-
BpamtaeTcsa yucJo 07.

delattr(object, attr)

Vnanser arpubyT attr o6beKTa object. AprymenT attr — 9T0 cTpoKa. @yHKIIUA
JIeficTByeT TOUHO TaK Ke, KaK U MHCTPYKIusa del object.attr.

dict([m]) mam dict(keyl = valuel, key2 = value2, ...)

Twun, ucrosb3yeMblii AJIA IIPeacTaBIeHus caoBapeii. [Ipu BeI3oBe 6e3 apryMeH-
TOB BO3BpAIIlaeT IIyCTOi coBapb. Ecau B aprymenTe m nepefaercs 06'eKT 0TO-
OpaskeHUA (TAKOM KaK CJI0Baph), BO3BPAIIIAETCs HOBBIM CJIOBAPh C TEMU JKe KJII0-
yaM¥ U 3HAUEHUAMU, UTO U B 00beKTe n. Hanpumep, ecjau m — 9TO CJIOBaph, TO
BBIBOB dict(m) IPOCTO CO3ACT €T0 MOBEPXHOCTHYIO Konuio. Eciiu aprymeHnT mn He
ABJIAETCS 0TOOpaKeHUeM, OH JOJIMKeH MOAAep:KUBaTh UTepaliui, B Xoae KOTO-
PBIX OyZeT BOCIIPOU3BOIUTHCS IMOCIe0OBAaTeIbHOCTD Hap (key, value). OTU mapbl
OyAyT WCIIOJIB30BATHCS [IJIs 3alOJHEeHUs cJjoBapsa. @yHKIus dict() moker
TaKyKe MPUHUMATL UMEHOBAaHHbBIe apryMeHThl. Hampumep, BbI3oB dict(foo=3,
bar=7) cosmact cyioBapb { ‘foo’ : 3, ‘bar’ : 7 }.

dir([object])

BosspaiaetT 0TCOPTUPOBAHHBIN CIIMCOK MMeH aTpubyToB. Ecim aprymeHTt ob-
ject ABisgeTcAa MOAyaeM, GYHKI[Ms BEPHET CIIMCOK MMEH, 00'bABJIEHHBIX B 9TOM
moxyse. Ecau aprymeHT object siBisieTcsi 00'b€KTOM THUIIA UJIU Kjacca, QyHK-
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U BEPHET CIIMCOK MMeH aTpu0yToB. iMeHa 06bIYHO U3BIEKAIOTCA U3 aTpubyTa
__dict__ obbeKTa, ecau OH OIpefiesieH, HO MOT'YT MCIOJIb30BaThCA U APYTUe WC-
TouHuKu. IIpu BeI3OBe 6€3 apryMeHTa BO3BPAIIAeTCs CIIMCOK MMEH B TEKYIIei
JIOKaJIbHOH Tabauie cuMBoJIOB. CiieflyeT OTMETUTh, UTO IJIaBHOE Ha3HAUYEHUEe
9TOM QYHKIIMU 3aKJIOUAETCS B TOM, YTOOBI CIYKUTH UCTOYHUKOM HHGOPMAI[UN
(HampuMeD, AJIA UCIOJIb30BaHUA B MHTEPAKTUBHOM peskume). OHa He MOKeT HC-
MMOJIb30BATHCS KaK OMUIMAIBHBIN UCTOYHUK MHMOPMAIUKM O IporpamMme, I0-
CKOJIBKY BO3BpAaIllaeMble €10 CBeJeHUs MOT'YT ObITh HemoJHbIMU. Kpome TOTO,
OJIb30BATEJIbCKIE KJIACCHI MOTYT OOBSBJATH CHEI[UAJbHBIN MeTox __dir__(),
CIIOCOOHBII BAUSTD HA PE3YJIbTAT 9TON PYHKI[HAH.

divmod(a, b)

BosspailaeT uacTHOE U OCTATOK OT JeJIeHUSA JINHHBIX IIeJIbIX YNCeJ B BUIe KOP-
Texka. [{Jd mesbix ymces Bo3Bpamiaercsa 3Havenue (a // b, a % b). [Lyia aucen
¢ maBawIei Toukoir — (math.floor(a / b), a % b). OTa PYHKIUA HE TOJIKHA
BBI3bIBATHCA AJIA KOMIIJIEKCHBIX YMCeJI.

enumerate(iter[, initial_value)

Idns 3aaHHOTO MTEPUPYEMOro O0beKTa iter BO3BpAIlaeTcsA HOBBIN UTEPATOD
(Tuma enumerate), KOTOPBIM BOCIPOU3BOAUT IIOCJIE€I0BATEIbHOCTDh KOPTEMKEH, CO-
IepsKaluX MOPsAAKOBLIN HOMED NTepalluy 1 3HaUeHne, IOJYUYeHHOe OT 00'beKTa
iter. Hampumep, ecjiu JOIIYCTUTD, UTO 1t6/r BOCIIPOU3BOAUT IIOCJIEOBATEILHOCTD
3HAUYeHuu a, b, ¢, To uTeparop enumerate(iter) GymeT BOCIIPOU3BOAUTD IIOCIIEL0-
BaTeJbHOCTB KopTexkeii (0,a), (1,0), (2,0).

eval(expr [, globals [, locals]])

Brruuciisger sHaUeHNe BhIPDAYKEHUs expr. APryMeHT expr — 3TO CTPOKA UJIU 00h-
€KT IIPOrpaMMHOTI'0 KOJla, CO3MaHHbIN (yHKIIMeN compile(). ApryMmeHTsI globals
u Jocals — TO 00'BEKTHI OTOOPAsKEeHU, OIIpeIesAoIre IITI00aJIbHOe U JIOKAIhb-
HOe IIPOCTPAHCTBAa UMEH COOTBETCTBeHHO. Eciu 5TU apryMeHTHI OITYIIeHbI, BbI-
paskeHUe BBIUMCJSAETCS B IPOCTPAHCTBE MMEH BBI3BIBAIOIIETO IIPOTPaMMHOTO
Kozma. B OosbIIMHCTBE ciyduyaeB B apryMeHTax globals m locals IepemaroTcs
CJI0BapH, HO B CJIOKHBIX IIPUJIOMKEHUAX JJIA 9TUX I[eJIel MOT'YT MCIIOJIE30BAThCA
coOCTBEHHBIE 00'BEKThI OTOOPAYKEeHUIA.

exec(code [, global [, locals]])

BrinosaseT nHCTPYKIUU A3bIKa Python. AprymeHT code — aTo cTpoka, daitn
uiIu 00'beKT IPOrpaMMHOI0 KOZa, CO3AaHHbIi GhyHKIUeH compile(). Aprymen-
TBI globals u locals onpenesdoT II00aJIbHOE U JJOKAJIBHOE IIPOCTPAHCTBA UMEH
COOTBETCTBEHHO. EcC/i 5TU apryMeHTHI OIYIIeHbI, BHIMOJHEHNE ITPOUCXOMUT
B IIPOCTPAHCTBE MMEH BBIBLIBAIOINET0 IPOrPaMMHOr0 Koja. KEciu He 3a1al oquH
u3 apryMeHToB global niu local, moBeJeHUE 9TON (PYHKIIMYU HECKOJIbKO OTINYa-
eTcsa B pasHbix Bepcusax Python. B Python 2 exec B meficTBuTensHOCTH peasu-
30BaHAa KaK CllellMaJibHAaA MHCTPYKIIUA, Torna Kak B Python 3 ona peasnsoBana
Kak (QyHKIUA cTaHZAapTHOU 6ubsimoreku. Takoe pasjiuyne B peajus3aluu I0-
poskmaeT TOHKUI mobounblil apdexT: B Python 2 mporpamMMHBIi KOI, BBIIIOJ-
HSEMBIN MHCTPYKIIUEH exec, MOYKeT U3MEeHATH JIOKAaJIbHbIe IIepeMeHHbIe B IIPO-
CTPAHCTBe UMEH BhIZBIBAIOIIEro TporpaMMuoro Koza. B Python 3 rak:xe umeer-
Cs BO3MOYKHOCTH UBMEHSATDH II€PeMEHHbIe, HO 9T U3MEHEeHU s He Oy YT UMeTh (-
(dekTa 3a mpezeslaMu caMOro BbI30Ba exec (). ITO 00YCIOBJIEHO TEM, UTO B CIIyUae
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OTCYTCTBUSA apryMeHTa 10cals IJId MOJyYeHUA JIOKAaJIbHOTO IIPOCTPAHCTBA UMEH
B Python 3 ucmosnbayercsa pyurnusa locals(). Kak caegyer us onucauust PyHK-
muu locals(), BOBBpaIlaeMbIii €10 CJI0Baph 00ecreYnBaeT BO3MOYKHOCTD UTEHUA
MTaHHBIX, HO 3aIIMCAHHBIE B HETO JaHHLIE HE COXPAHSAIOTCA.

filter(function, iterable)

B Python 2 sTa ¢pyHKIMS cO30aeT CINCOK 00'EEKTOB, I'eHePHUPYEMbIX UTEPUPYe-
MBIM O0'BEKTOM Iterable, MJist KOTOPBIX (GDYHKIIMS function BO3BpAIlAeT 3HAYE-
Hue True. B Python 3 BodBpaijaerca urepaTop, KOTOPHIN BOCIIPOU3BOJUT 3TOT
*Ke pesyisbraT. Ecoiz B aprymenTe function nepegaerca sHaueHue None, TO Kai-
IBITT BJIEMEeHT B Iterable mpoBepAeTCcA Ha PaBEHCTBO 3HAUEHUIO False U Te U3
HUX, AJIA KOTOPBIX YCJOBUE HE BBIMIOJHAETCA, YAAJAIOTCSA. ApPryMeHT iterable
MOXKET OBITH JIIOOBIM 00'BEKTOM, IOAAEePKUBAIOIIINM UTepanuu. Kak mpasuJio,
GuIbTPAIUI0 MOXKHO BBIIIOJIHUTH IOpas3no ObICTpee ¢ IIOMOIILI0 BBIPASKEHUI-
reHepaTopoB UJIY IeHepaToOpPoOB CIIUCKOB (ryiasa 6).

float([x])

Twurm, ucrmonb3yeMbli I IPEeNCTABIEHUS YNCEJ ¢ IJaaBalomieil Toukoi. Ecau
apryMeHT X ABJSETCS YUCJIOM, OHO IIpeobpasyeTcsa B UHMCJIO C IJIaBaOIel TOU-
Koii. Eciiu aprymMeHT X ABJIAETCA CTPOKOM, OHA ITpeobpasyeTcsA B YUCJO C ILja-
BaroIrei Toukoii. IIpu BeI3oBe 6e3 apryMeHTa Bo3Bparaercsa uuco 0.0.

format(value [, format_spec])

IIpeo6pasyer snauenme value B (popMaTUPOBAHHYIO CTPOKY, B COOTBETCTBUU
co crnenmuduraropamMu GopMmara B CTPOKe format_spec. 9Ta (PYHKI[USA BbISBIBA-
et meton value.__format__(), KOTOPBIN MOMKET MHTEPIPETUPOBATEL CIeIupuKa-
TOpPHI hopMaTa IO CBOEMY YCMOTPeHUIO. [[J151 MPOCTHIX TUIIOB JAHHBIX B UMCJIO
crenudpuKaTopoB GopmMara OOBIYHO BXOIAT CHMBOJILI BBIpaBHUBaHUSA ‘<, ‘>’
u '7'; ymncsia (ompeaessaIoniue IMUPUHY M0JII); 1 CUMBOJIBI KOJ0B ‘d’, ‘f’ u ‘s’ ;s
IeJIbIX YUCeJI, JJIS YKNCeJ C IJIaBalolleil TOUKON U JJis CTPOK COOTBETCTBEHHO.
Hanpuwmep, cnenudurarop dopmara ‘d’ mpegHasHaueH AJIA PopMaTUPOBaAHUSA
IeJbIX Yuces, cuenudukarop ‘8d’° BBRIPOBHAET IleJioe YMCJIO II0 IPaBOMY Kparo
B II0JIe IIMMPUHON 8 CUMBOJIOB, a cruenuduKarop ‘<8d’ BBEIPOBHSET IIeJIOe UHCJIO
IO JIEBOMY Kpa B moJie mupuHoii 8 cumpoJioB. IlogpobHee o GyHKIUM for-
mat() u o cmemupukaTopax popmara pacckasbiBaeTcs B rviaBe 3 «TUIIBI JaHHBIX
U 00beKThI» U B IviaBe 4 «OmepaTophl U BbIPAYKEHUA».

frozenset([items])

Tur, ©CHIONB3yEeMBbIil 1JId IPEACTAaBICHNA HEU3MEHAEMbIX 00'beKTOB MHOYKECTB,
3aTIOJTHEHHBIX 3HAUEHUSIMU, B3ATBIMHU U3 apryMeHTa 1tems, KOTOPBIH MOJIKEH
OBITH UTEPUPYEMBIM 00'HEKTOM. SHAUEHU TAKIKE JOJIKHBI ObITH HEM3MEHAEeMbI-
mu. ITpu BEI30Be 6€3 apryMeHTa BO3BPAIIAeTCs IIYCTOe MHOKECTBO.

getattr(object, name [,default])

Bosspaiiaer sHauenue arpudyTa name o0beKTa object. AprymMeHT name DOJIKEH
OBITH CTPOKOM, comep:kalieii uMsa arpudbyrta. Heobsaz3aTesbHBIN apryMeHT de-
fault ompenesseT 3HAUeHUe, BO3BpalllaeMOe B CJydae OTCYTCTBUS aTpulOyTa.
Ecau sToT aprymMeHT He 3aaH, BO30yKAaeTcA UCKIoueHne AttributeError. Bos-
BpalllaeT TOT JKe PesyJIbTaT, UTO U BeIPasKeHue object. nane.
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globals()

BosBpamiaer ciioBaph TEKYyIero MOAYJIA, KOTOPHIH IIPEJCTaBIIAET INI00aJIbHOE
mpocTpaHCcTBO MMeH. IIpu BhI3oBe M3 (ZYHKIIMU MJIM METOAA BO3BpAIIlaeT TJIO-
0aIbHOE IPOCTPAHCTBO MMEH JJII MOAYJA, B KOTOPOM OBbLIa OIpeJesieHa 3Ta
(QYHKIIUA UJIU METOI.

hasattr(object, name)

Bosspataer True, apryMeHT name ABJseTCs UMeHeM arpubyra o0beKTa object.
B nporuBHOM ciyuae Bo3Bpaljaercd 3HaueHue False. APryMeHT name DOJI3KeH
OBITH CTPOKOIA.

hash(object)

Bosspalraer 1eouncjieHHOe 3HAUEH e Xellla AJIs 00'beKTa object (ec/iu 3To BO3-
MOXKHO). SHAUEHUSA XeIllell B MepPBYI0 OUepeb MCIOJb3YIOTCSA B Pean3alusax
cJI0Bapeii, MHOKECTB U IPYyTUX 00beKTOB oToOpaskeHmii. [[Ba 00'beKTa, KOTOpPHIe
IPU3HAIOTCA PABHBIMH, MMEIOT ONMHAKOBBIE 3HAUEHHUA Xelreil. VaMeHseMmble
00'BEKTHI He IOANePKUBAIOT BOSMOYKHOCTD BBIUNCJIEHU XeIlla, OMHAKO I0JIb30-
BaTeJIbCKME 00BbEKThI MOT'YT OIIPenesATh MeToq __hash__(), 4ToObI 00eCneunThb
MO IEPKKY dTOM OIlepariu.

help([object])

OOparraercs K CIIPaBOYHOM CCTEMEe BO BpeMs MHTEPAKTHUBHBLIX CeaHCcoB. Apry-
MEHT 0bject MOKeT OBITh CTPOKOII C UMEeHeM MOIYJIfA, KJacca, PYHKI[UH, MEeTO-
I1a, C KJIIOUeBBIM CJIOBOM MM Ha3BaHUEM pasjea B JoKyMeHTanuu. Eciau mepe-
naercs 00'beKT KaKoro-a1ubo Jpyroro TUIa, 6yaeT BOCIPOU3Be[eHa CIIPABOUHA A
uHoOpMaIuA A 9TOro oobeKkTa. IIpu BeI3oBe 0e3 apryMeHTa OyaeT 3aiyImeH
WHCTPYMEHT IIPEIOCTaBJIeHNA NHTEPAKTUBHON CIIPABKY C JOIOJHUTEIbHON MH-
dopmaruei.

hex(x)
BepHeT CTPOKY ¢ IIecTHAAIIATEPUYHBIM IIPECTABICHUEM I€JIOT0 YHMCJIA X.
id(object)

BoasBpalaeT yHUKaJIbHBIN II€JIOYNCIEHHBIA uAeHTH(GUKAaTOp 00beKTa object.
ITOoMYy 3HAUEHUIO HE CJIAYeT IPUAaBaTh KaKOU- 1160 0COOBIN CMBICT (CUMTATD,
HaIIPUMeED, UTO 9TO aZpec 00'beKTa B ITaMATH).

input([prompt])

B Python 2 sra pyHKIMA BEIBOAUT IIPUIJIAIICHNE K BBOAY prompt, YATAeT BBe-
MEeHHYIO CTPOKY U 00pabaThiBaeT ee ¢ MOMOIIb0 GyHKIMU eval() (To ecTb 9TO
TO JKe caMoe, UTO M BbI3OB eval(raw_input(prompt))). B Python 38 mpurnammenue

K BBOAY prompt BBIBOAUTCSA B IMTOTOK CTAHJapPTHOTO BHIBO/IA, a BBEJIEHHAS CTPOKA
BO3BpalraeTcs 6e3 KaKkou-1160o JOMOJIHUTEeIbHON 00paboTKH.

int(x [, basel)

Tum, ucnoJb3yeMblil IJIA MPEACTABISHNUS IIebIX uncel. Ecau apryMeHT x sB-
JIAeTCS YKCJIOM, OHO OyAeT mpeo6pasoBaHO B IIeJI0€ YKCJIO, YCeueHueM Ipo0-
Hoit yactu o 0. Ecau sTo cTpoKa, oHa OymeT mpeobpasoBaHa B IIeJTOUNCICHHOE
sHaueHne. HeobGsi3aTeIbHBIN apryMeHT base ompefesiseT OCHOBAHUE CUCTEMbI
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CUMCJIEHUS U UCHOJIb3yeTCsd IIPU ITpeodpasdoBaHny CTPOKHU B uuciio. B Python 2
JUIMHHBIE IeJIbIe YKCJa CO3JAI0TCH, TOJBKO KOTJa 3HAaUEeHUe X He YMeIaeTcsa
B 32-OMTHBIN TUH int.

isinstance(object, classobj)

Boaepamiaer True, ecau o6bEKT object ABIAAETCS 9K3EMILIAPOM KJacca clas-
sobj, nyiu mMOAKJIacca KJjacca ¢c1assobj, nianu abCTpaKTHOro 0a30BOTO KJacca ¢1as-
sobj. ApryMeHT c1assobj MOMKeT TaKsKe OBITh KOPTEeKeM BO3SMOKHBIX TUIIOB WU
KJaccoB. Hampumep, BbI3oB isinstance(s, (list,tuple)) BepHeT True, ecam 00b-
KT S ABJIAETCA KOPTEXKEM UJIU CIIICKOM.

issubclass(class?, class2)

Boaspartraer True, ecyiu KJjacc class’ ABJIgeTcA IIOAKJIaccoM KJiacca (To ecTh Ha-
cyaenyer) ¢1ass? WU ecau KJacc ¢1ass’ 3aperucTpupoBaH B aOCTPaKTHOM 6a30-
BOM KJacce c1ass2. ApryMeHT c1ass2 MOYKeT TaKsKe ObITh KOPTEXKEeM BO3SMOKHBIX
KJIACCOB, B ATOM cJiy4yae Oy/JeT IPOBepPeH KaKAbIil Kilace B Kopresxe. OOparure
BHUMAaHUeE, YTO BbIBOB issubclass(A, A) BepHer True.

iter(object [,sentinell])

Bosspaimaer urepaTop, BOCIPOM3BOAAINMI 3JeMeHThI o0beKTa object. Ecim
apryMeHT Sentinel omyileH, o0'beKT 0bject MOJIMKeH peajin30BaTh JIL0O MEeTO.
__iter__(), KOTOpBI# co3maeT mTEpaTop, Jubo metonx __getitem__ (), KOTOPBIH
IPUHUMAET IIeJIOUNCJIeHHbIe apI'YMeHTHI CO 3HaueHuAMY, HaunHad ¢ 0. [Ipu Ha-
JIUYUU apryMeHTa sentinel apryMeHT object MHTepupeTupyeTcsa nHaue. B aTom
caydae 00BeKT object MOJI:KeH OBITH BHI3BIBAEMBIM O0BEKTOM, He IIPUHUMAIO-
UM apryMeHTOB. Bo3BpaIaemMbIii M UTepaTop OyAeT BHISBIBATHCA DTOH PYHK-
el B I[UKJIE 0 TeX IIOP, IOKAa OH He BePHET 3HaUeHNe, PaBHOE 3HAUEHUIO apry-
MeHTa sentinel, mocJje uero urTepanuu Oy IyT OCcTaHOBJIEeHbI. Eciin 06 BeKT object
He Mo IepP:KUBaeT uTeparuu, 0yaeT Bo30y K AeHO UCKIoueHue TypeError.

len(s)

BosBparmaer KOJIU4YeCTBO 3JIEMEHTOB, COIEPIKAIIUXCA B S. APIYMeHT S JOJIKeH
OBITH CIIMCKOM, KOPTEXKeM, CTPOKOI, MHOKeCTBOM myu ciaoBapeMm. Ecsau apry-
MEHT S SBJISETCA UTePUPYEMBIM 00'b€KTOM JPYTOro THUIIa, HallpUMep I'eHepaTo-
poM, Bo30y:KqaeTcs UCKJIoueHue TypekError.

list([items])

Tumn, mcmosb3yeMblii AJiA IIPENCTABJIEHUS CIUCKOB. APryMeHT items MOKeT
OBITH JIIOOBIM UTEPUPYEMBIM O00'BEKTOM, 3HAUEHUS KOTOPOro OYAYyT HMCIOJIb30-
BaThCA AJIA 3alI0JHEHUA criucKka. Eciiu aprymeHT items yike ABIIAETCSA CIIUCKOM,
coagaercs ero Komnus. IIpyu BbI30Be 0e3 apryMeHTa BO3BPAILAeTCA IIYCTOM CIIH-
COK.

locals()

B03Bpam;ae'r CJIOBapsb, COOTBeTCTByIOI_U;I/Iﬁ JIOKAJIbHOMY IIDOCTPaAHCTBY UMEH BbI-
SI)IBaIOIIIefI (QYyHKIIUU. AToT CJIOBaAph OOJIXKEH HCIIOJIB30BAThCA TOJIBKO OJIA II0-
JIy4eHUud 3HAUEHU — N3MEHEeHUdA, BhIIIOJIHEHHBIE B 9TOM CJIOBape, He COXpaHdd-
IOTCA B JIOKAJIBHOM IIPDOCTPAHCTBE UMEH.
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long([x [, basell)

Twumn, uCrmoJb3yeMblil AJs1 IPeACTaBIeHUA JINHHBIX I1eJbiX uncesa B Python 2.
Ecau apryMeHT X ABJISIETCA YMCJIOM, OHO OyIeT IIpeoOpasoBaHO B IeJI0€e UICJIO
yceueHreMm Apo6Hoi uyactu mo 0. Eciu aTo cTpoka, oHa Oyzer mpeoOpasoBaHa
B JUIMHHOE IieJioe uncJio. IIpu BeI30Be 6e3 apryMeHTOB BO3BPAIIlAeTCs 3HAUEHe
OL. [To1s1 obecrieueH T IIEPEHOCUMOCTH CJIeyeT n3beraTb HeIIoCPeaCTBEHHOT'O HC-
noab3oBaHuA (GyHKIUU long(). Pyurmusa int(x) 6ymeT cosgaBaTh IJIUHHBIE I1e-
JIbIe YrcJia B cJydae HeoO0XoammMocTu. YTo0bl yOeAUThCS, YTO apTyMEHT X SBJIS-
eTCs IeJIbIM YKCJIOM, IIPOBEPKY TUIIA CJIeAYET IIPOBOAUTE CJIEAYIOIIM 00pasom:
isinstance(x, numbers.Integral).

map(function, items, ...)

B Python 2 npumensier QyHKIUIO function K KamKAOMY SJIE€MEHTY II0CJIeI0Ba-
TeJILHOCTU itens W BO3BpAIlllaeT CIUCOK pe3ynabraToB. B Python 3 cosmaercsa
UTEepaTop, KOTOPHI BOCIPOM3BOAUT Te K€ pe3yabTarhbl. Ecam GyHKIImuU map()
nepefaeTcd HECKOJBKO IIOCJIeIOBATEJIBHOCTEl, ATO IIPEJIoJaraeT, 4YTo KOJIU-
YeCTBO apryMeHTOB, IPUHUMAaeMbIX (YHKIMEN function, cOBIAmaeT ¢ KOJIU-
YEeCTBOM IIOCJIEOBATEJIBLHOCTEH, KOTa KaKAbIi apryMeHT GepeTcs uU3 APyTroit
TocJeoBaTeJIbHOCTH. B ciiyuae HECKOJIBKUX MTOCJIeI0BATEIbHOCTEI TOBeIeHe
map() B Python 2 u Python 3 ornmuaercsi. B Python 2 pesyabrar 6ygeT umersb
Ty Ke AJUHY, 4TO U caMas AJUHHAA IIOCJIe0BATeIbHOCTh, a B CJIydYae UcUep-
naHus 60Jiee KOPOTKUX IIOCJTIEA0BATEIHFHOCTEN BMECTO HEIOCTAIOIINX SHAUEHU A
oyzmeT ucmoab3oBaThbes None. B Python 3 pesyibrar OygeT uMeTh Ty Ke JJIUHY,
UTO W caMasi KOPOTKas IIOCJef0BaTeIbHOCTh. BMmecTo pyHKIUM map() mpaKTu-
YeCKU BCer[a JIyUIlle UCIOJIb30BaTh BhIPAKeHUA-TeHEePATOPhI UV MeHepaTophl
CIICKOB (KOTOpPBIe 001a1ai0T 00Jiee BBICOKOI MPOU3BOAUTEIbHOCTHIO). Hampu-
Mep, BBI3OB map(function, S) OOBIYHO MOKHO 3aMEHUTH F'eHEPATOPOM CIIMCKOB
[function(x) for x in s].

max(s [, args, ...1)

Ecau nepenaeTrcsa efMHCTBEHHBIN apI'yMEHT S, BOBBPAIIIAET 3JE€MEHT II0CJIe0Ba-
TEJBHOCTU S ¢ MAKCHUMAJLHBIM 3HaUueHUEM. APryMeHT S MOJKeT ObITh JIFOOBIM
uTepupyeMbIM 00beKTOM. ECiiu IepefaeTcsa HeCKOJIbBKO apryMeHTOB, QyHKITIA
BO3BpalaeT HauOOJBIINI U3 apTyMEHTOB.

min(s [, args, ...1)

Ecsn nepenaercsa eTMHCTBEHHBIN apryMeHT S, BO3BPAIIIAeT 3JIEMEHT II0CJIe[0Ba-
TEJHHOCTH S C MUHUMAJBHBIM 3HaUEHUEM. ADPIyMeHT S MOKET OBITh JIFOOBIM
uTepupyeMbIM 00beKTOM. Eciiu mepefjaeTca HECKOJIBKO apTyMEeHTOB, (QYHKITUA
BO3BpAIIaeT HAVMMEHbIIINI U3 apryMeHTOB.

next(s [, default])

Bosspaitmaer caenyromiuii aieMeHT nuTeparopa s. Ilociie Toro Kax Bce 3J1eMEHTHI
ureparopa OyoyT mcuepraHbl, BO3OYKAaeT UCKI0UeHMe Stoplteration, ecim He
yKasaHO 3HaUeHUe II0 YMOJIYaHUIO B apryMeHTe default. B mpoTuBHOM ciyuae
BO3BpallaeTcd 3HaueHWe 0 yMmosgauwio. [lia obecrieueHUs IEePEHOCUMOCTU
BMECTO HEIIOCPeICTBEHHOI'0 BBI30Ba MeToza s.next() ureparopa s Bcerga ciaenyer
HCII0JIB30BaTh 3Ty (yHKIM0. B Python 3 coorBercTByIOMMil MeTOS UTEPATOPOB
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Ob11 mepenMeHoBaH B S.__next__(). Eciu B mporpaMMHOM KO/e MCIOJb30BATh
TOJNBKO (PYHKIIUIO Nnext(), BaM He IPUAETCA 6€CIIOKOUTHCI 00 3TUX Pa3IUUNAX.

object()

BasoBblil Ki1ace Bcex 00beKTOB B A3blKe Python. Ero MmosxHo mcmoib30BaTs A1
CcO3aHuA 9K3eMILJISIPOB, HO Pe3yJIbTaT He MpPeACTaBJIsgeT 0coO0ro MHTepeca.

oct(x)
BepHeT CTPOKRY C BOCBMEPUYHBIM IIpEeACTaBJIEHNEM I€JIOI'0 YucCJja X.
open(filename [, mode [, bufsize]l])

B Python 2 orkpriBaer daiin filename u BO3BpalljaeT HOBEIM 00'beKT daiia (riia-
Ba 9 «BBOA 1 BEIBOZ»). APTYMEHT mode — 3TO CTPOKA, OMMCHIBAIOIIAA PEKUM OT-
KpbITuA (Qaiiaa: 'r' — IJsg YTeHWs, ‘W — OJIA 3alUCh W ‘a’ — OJIA J00ABJICHUS
B KoHeIl. Bropoi# cuMBOJI CTPOKY, ‘T’ My ‘D', MCIONIB3yeTCA NI OUPeAeIeHI I
TEKCTOBOTO (II0 YMOJYAHUIO) WJIU JBOMYHOTO peskmma. Hampumep, eciu yka-
3aHa CTPOKAa pekuma ‘I’ maum 'rt’, gaita OymeT OTKPBIT B TEKCTOBOM PeKHMe,
a ecJiM yKasaHa CTpPoKa 'rb’, ¢aiig 6ymeT OTKPHIT B ABOUYHOM peKuMe. B cTpoKy
peskuMa MOKeT ObITH JoOaBJeH HeoOA3aTeJbHBINI CUMBOJ '+, UTOOBI YKA3aTh,
uTO (paiya JOJIMKEeH OBITh JOCTYIIEH AJIsI OOHOBJIEHUS (TO €CTh MOMYCKAIOTCS OIIe-
panumu ureHus u 3anucu). IIpu BeIOOpe pesxuMa ‘w+ pasmep CYIIeCTBYIOIIEero
daiina Oymer yceueHn mo HyJss. IIpu Bei6ope pexxuma ‘r+ uam ‘at+’ daia oymer
OTKDBIT KaK AJId UTeHUsd, TaK U IJd 3all1CU, HO IIPU 9TOM IIepBOHAUYAJILHOE CO-
IepskuMoe (paiiya ocTaHeTcsA HeTPOHYTHIM. IIpu BeIOOpe pekuma ‘U wmam ‘rU’
daiiyg OyzeT OTKPHIT B PesKUMe HMOAAEPKKY YHUBEPCAJHLHOTO CMBOJIA TIEPEeBO-
a cTpoKu. B aTOM peskmuMe Bce BO3MOXKHBIE BAPDUAHTHI CUMBOJIOB 3aBEPIIIEHUA
crpoku (‘\n’, ‘\r’, ‘\r\n’) OyayT mpeoOpa3oBLIBATLCA B CTAHIAPTHLIA CHMBOJI
‘\n'. Ecyiz apryMeHT mode omyIieH, IpearoaraeTca pesKum 'rt’'. AprymeHT buf-
Size ompenesiseT MOBeleHUe MexaHu3Ma Oydepusanuu, rae sHaueHue (0 o3HayUa-
eT oTcyTcTBHE Oydepusanuu, 1 — mocTpouHyIo Oydepusaiuio, a Jo0boe Ipyroe
3HAUEHe UHTePIPEeTUPyeTca KaK MpuOIu3uTeIbHbII padMep Oydepa B 6aiiTax.
OrpuiiaressbHOE YMWCJIO YKA3BIBAET, UTO JOJYKHBI HMCIOJHL30BATHCA CUCTEMHEIE
mapaMeTphl HacTpouKu Oydepusanuu (10 yMOIIAHUIO).

open(filename [, mode [, bufsize [, encoding [, errors [, newline [, closefd]1111])

B Python 3 orkpwiBaeT daiin filename u Bo3BpalllaeT HOBBIA 00BEKT (haiisa.
TlepBble TpU apryMeHTa MMEIOT TO JKe 3HaueHue, 4YTo U B Bepcuu Python 2, onu-
CaHHOM BbIIlle. APDI'yMeHT e1coding — 3To Ha3BaHUe KOJAUPOBKU CUMBOJIOB, TAKOE
Kak ‘utf-8'. ApryMeHT errors oupeaesseT IMOJUTUKY 00paboTKU OIINO0K KOAu-
poBaHM!SA CHMMBOJIOB M MOJKET MMETh OJHO M3 CJEAYIOIINX 3HaueHWiu: 'strict’,
‘ignore’, ‘replace’, ‘backslashreplace’ miau ‘xmlcharrefreplace’. AprymeHT newline
oIpefiesisieT TOBEJEHNE PeyKMMa MOAJeDP:KKU YHUBEPCAaJbHOTO CUMBOJIA Iiepe-
BOJIa CTPOKM U MOJKeT UMeTh 3Hauenme None, ', ‘\n’, ‘\r’ mam ‘\r\n'. Aprymesr
closefd — aTo JjoTMUECKU (hJiaT, KOTOPBIHA OIIPENEsIAeT, JOJIKEH JU (DaKTUIECKU
3aKPBIBATHCA AeCKPUIITOp (aiisa mpu BeizoBe MeToza close(). B oriuunme ot Bep-
cuu B Python 2, pyuxius open() B Python 38 mosxer BosBpaIars 00beKTHI, 00-
JlafaoIe PasJIuIHbIMU BO3MOMKHOCTSAMU, B 3aBUCUMOCTH OT BBIOPAHHOTO pe-
JKMMa BBoJa-BbIBoia. Hanmpuwmep, ecsiu (haiij OTKPHIBAETCS B JBOUYHOM PerKUMe,
BO3BpAaIllaeTcsa 00BEKT, KOTOPBIA BBHITIOJHSAET Olepalliyd BBOAA-BBHIBOJLA, TaKUe
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Kak read() u write(), He HaJ CTPOKaMM, a HaJ MaccuBamMu 0aiiToB. PaiiloBbIe
oIepaly BBOJA-BBIBO/A — TO OfHA U3 00JIaCTell, Ijie UMEIOTCA CYIIeCTBEHHbBIE
pasnuuns mexay Python 2 u 3. fomosHuTe IbHBIE ITOAPOOHOCTH ITPUBOAATCS
B mpuio:kenuu A, «Python 3».

ord(c)

BoasBpamiaer meaounciieHHBIN KOA cuMBoJia C. JJig OOBIUHBIX CHMBOJIOB BO3-
Bpamraetrcsa 3HaueHue B nquanasdoHe [0,255]. Insa cumBonoB IOHUMKOma 0OBIYHO
BO3Bpalaercsa sHaueHue B quamnasone [0,65535]. B Python 3 aprymenT ¢ mosker
OBITH cypporaTHoit mapoit JOHuKoga, B 9TOM ciiydae oHa OyaeT mpeoOpasoBaHa
B KOJIOBBI MYHKT COOTBETCTBYIoIIero cumBosa IOHmKoa.

pow(x, y [, ZI)

Bosspamiaer pesysbTaT BEIpasKeHUA X +* Y. Ecau apryMeHT 7 omrpeziesieH, BO3-
BpalfaeTcsa pe3yJbTaT BhIPasKeHUusa (x *+ y) % z. Ecium 3agaHBI Bce TPU apry-
MeHTa, BCe OHU JOJIXKHBI OBITH IIEJILIMU UMCJIaMU, a apI'yMEHT Y B 9TOM CJIyuae
JIOJI’K€eH OBITH HEOTPUIATeJILHBIM UMCJIOM.

print(value, ... [, sep=separator, end=ending, file=outfile])

dyurius B Python 3, ncnonbsyemasi 11 BRIBOJA IIOCJI€JOBATEIbHOCTH 3HAYE-
Huii. MoskeT IpUHUMATH JIF000e YKUCJIO0 3HAUEHU, TP 9TOM BCE OHU OYAYT BHI-
BOJIUTHCA B OJHOU CTPOKE. IMEHOBaHHBIN apryMeHT Sep II03BOJIAET O PENEIUTh
CBO¥ CUMBOJI-Pa3IeIUTEID (TI0 YMOJIUaHUIO UCIIOJIb3yeTcA mpobe). VimeHoBaH-
HBIM apryMeHT e/1d TO3BOJISAET OIPEJEeJUTh CBOM CHMBOJI 3aBEPIIEHUA CTPOKU
(o ymoJsryaHUIO ucnoab3yerca ‘\n'). IMeHOBaHHBINM apryMeHT 71l¢ ITO3BOJIAET
epeHanpaBUTh BBIBOJ B 00BEKT (paiiia. Ota GYHKIUA MOMKET UCII0JIh30BaAThCA
B Python 2, ecsiz 106aBUTh B IPOrpaMMHBIN KOI HHCTPYKIMIO from __future__
import print_function.

property([fget [,fset [,fdel [,doc]l]1])

Cosgaer aTpubyT-CBOICTBO KJiacca. APryMeHT fget — 9To GYHKI[MA, BO3BpAaIlla-
[oIfasa 3HaUeHWe aTpubyTa, fset — ycTaHaBJIWBaeT HOBOe 3HaueHue arpubyra,
a fdel — ynansger aTpubyT. APryMeHT d0C COIEPKUT CTPOKY AOKYMEHTHUPOBAa-
HUA. Bce apryMeHTHI MOT'yT IlepelaBaThCa KaK MMEHOBAHHBIE apI'yMeHTHI, Ha-
npumMmep property(fget=getX, doc="some text”).

range([start,] stop [, stepl)

B Python 2 cospaeT crmcoK, 3amoJIHEHHBIN eJIbIMI YNCJIAMU B AUAIIA30HE OT
start mo stop. ApryMeHT Step MO3BOJISIET OIIPEAEINTh IIAar 1 110 YMOJIYaHIIO NMe-
et sHaueHwue 1. Eciu aprymenr start omyiieH (korga QyHKIuA range() BbI3bIBA-
eTcsd C OMHUM apryMeHTOM), II0 YMOJYaHUI0 OH IpuHuMaeTcsa paBubiM 0. IIpu
OTPUIIATEIHLHOM 3HAUEHUY apryMeHTa Step cO34aeTcs CIIMCOK C YUCJIaMU B II0-
panke yopiBanusa.! B Python 8 pyaxmusa range() cosgaer creruaabHLIN 00HLeKT
range, KOTOPBI BBIUMCJISET 3HAUEHUA IO TPEOOBAHUIO (KaK 9TO JesaeT PyHK-
mus xrange() B mpenplayiux Bepcusax Python).

1 BaToM ciIyuae 3HAUEHHe apryMeHTa Start ZOJIKHO 6BITH 6OJIbIIIE 3HAUEHU A apryMeH-

Ta stop. — IIpum. nepes.
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raw_input([prompt])

dyukius B Python 2, koTopasa unraeT gaHHbIe U3 IIOTOKA CTAHAAPTHOI'O BBO-
na (sys.stdin) u BosBpaIaeT ux B Buje cTpoku. Ecau aprymMmenr prompt ykasa,
oH OyJeT BBIBEJEH B IMOTOK CTAaHAAPTHOTO BBIBOAA (Sys.stdout) mepen uTeHMEM
BBOJA. 3aBepIaloue CUMBOJIBI I€PEeBOJA CTPOKU YAAJAIOTCS, a ecJu OymeT
mpouynTaH Ipu3HaK KoHIa (aiisa EOF, Bo3by:xmaerTca uckarouenue EOFError.
Ecuu sarpy:xen monysb readline, aTa GyHKIIUA GyIeT UCIOJIb30BATD €TI0, YTOOBI
00eceunTh JOIOJHUTEJIbHBIE BO3MOKHOCTY PENaKTHUPOBAHUSA CTPOKU BBOAA
W aBTOMATUYECKOTro 3aBepiieHus. [[s opranusanuu uyrenus eeoga B Python 3
BMECTO 9TOH (PYHKIIUHU CJIeAYeT UCIOJIb30BaTh PYHKITMIO input().

repr(object)

BosspaiiiaeT cTpOKOBOe IIpe/icTaBIeHue 00beKTa object. B 60IBITUHCTBE cayya-
€B BO3BpallaeMas CTPOKAa COAEPIKUT BbIPaKeHIe, C IIOMOIIILI0 KOTOPOI'0 MOMKHO
BOCIIPOM3BECTH O0'BbEKT, eCJIu Iepenarh ee pyHKmunu eval(). Caeayer MIOMHUTS,
urto B Python 3 pesyinbTaTom 9T0i QyHKIINN MOXKeT ObITh cTpoka FOHUKOIA, KO-
TOpasi He MOKeT ObITh 0TOOpa’keHa B TePMUHAJE UJIUM B OKHe KOMaHIHOI 060-
JIOUKU (BBI3BIBAs UCKJIIOUeHME). YTOOBI CO31aTh CTPOKOBOE IIPEICTaBIeHUE 00h-
exTa object B kogupoBke ASCII, MOKHO BOCIIOJIB30BAThCA (hyHKITMEH ascii().

reversed(s)

Cospmaer ureparop [Jjsi 00X0/1a II0CJIeL0BATEILHOCTH S B 00PATHOM IIOPALKE. dTa
GYHKIUSI MOKeT paboTaTh TOJBKO C IIOCJIEI0BATEILHOCTAMY, PeaIr3y OIIIIMI
metonsl __len__() u __getitem__(). Kpome TOro, mHIEKCHI 2JIEMEHTOB S TOJIMKHBI
HaunHaThCA ¢ 0. PDYHKIIUA HEe MOKET IPUMEHATHCS K I'eHepaTopaM U UTepaTo-
pam.

round(x [, nl)

OKpyTIJIdgeT YKCJIO X ¢ IIJaBaloIeil TOUuKoi q0 6uskaiiniero kpatuoro «10 B cTe-
eHu MUHYC N». Ec/iu apryMeHT /1 OmyIiieH, UCII0Jb3yeTCs 3HaUeHne IT0 yMOoJIua-
auio 0. Ecau uncio x okaspIBaeTcsa OQUHAKOBO OJU3KUM K JABYM BO3MOKHBIM
pesyabsraTram, B Python 2 okpyriieHue 6ymeT BBEIIIOJIHEHO A0 YKUCJIA, JAJIbIIE OT-
crosirero ot 0 (Hampumep, urcio 0.5 6ymeT okpyrieHo go 1.0, a uucio -0.5 — 1o
-1.0). BPython 3 okpyriienue 6ymeT BHIIIOJIHEHO 0 YKCJIa, CTOAIero oam:xe K 0,
ecu nIpenbIAyIaa nudpa yeTHasd, U I0 YUcia, Jablie oTcrodaliero ot 0, B mpo-
TUBHOM cJiydae (Hampumep, uucyo 0.5 0yzer okpyrieHo o 0.0, yucio 1.5 6ymer
OKPYTJIEHO 10 2).

set([items])

CoszmaeT MHOKECTBO, 3aIIOJITHEHHOE 3JIeMEeHTaMU UTEePUPYyeMoro oomeKTa items.
AprymeHT items KoJKeH ObITh Hem3MeHsAeMbIM. ECiiu apryMeHT 1tems COmepIKUuT
Ipyrue MHOXKeCTBa, 9TU MHOKeCTBa JOJI’KHBI UMeTh TuIl frozenset. IIpu BeI3oBe
6e3 apryMeHTa BO3BpAIIaeTCA IyCTOe MHOMKECTBO.

setattr(object, name, value)

Cospmaer B 00'beKTe 0bject aTpubyT name W 3alUCLIBAeT B HEro sHaueHue value.
AprymeHT name noJIKeH OBITh CTPOKOMH. BHITTOIHAET Ty 3Ke olepaliuio, YTO U UH-
CTpyKIuA object.name = value.
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slice([start,] stop [, stepl)

Boasepaiaer o6beKT cpesa, IpefcTaBJIeHHBIN YKa3aHHBIMU IIeJbIMU YUCJIaMU.
Kpome Toro, o65eKThl Cpe3oB CO3MAIOTCA C UCIIOJIbB30BAHUEM PaCIIMPEHHOTO
CUHTaKcuca cpesoB al[i:j:k]. JlomomHUTENbHbIE TOAPOOHOCTH O cpe3axXx IPUBO-
IATCs B pasmesie «MeToabl mocefoBaTeIbHOCTe 1 0TOOpaKeHni» B riase 3.

sorted(iterable [, key=keyfunc [, reverse=reverseflagl])

Co3gaeT OTCOPTUPOBAHHBIN CIHCOK W3 3JIEMEHTOB HTEPUPYEMOro OOGBEeKTa
iterable. B mMeHOBAaHHOM apryMeHTe key IepemaeTca (DYHKI[USA, IPUHUMATO-
miasa egJUHCTBEHHBIH apryMeHT, KOTOPasd WCIOJb3YeTCA JJIA Ipeo0pasoBaHUA
3HAUEHUIl, IPeKIe YeM OHU OyAyT mepefaHbl (DYHKIMY CpaBHUBaHUA. B ume-
HOBAHHOM apryMeHTe reverse mepefaeTcs JOTUUECKUH (iar, ompenessaioniuii,
IOJI’K€H JIU CIUNCOK COPTHUPOBATHCA B OOpaTHOM MOpAgKe. APryMeHTBI key
U reverse OOJIKHBI IlepelaBaThbCA KaK MMEeHOBAaHHBIE apr'yMeHTHI, HallpuMep
sorted(a,key=get_name).

staticmethod(func)

Cospaer craTruuecKuii MeTo Kjaacca. dta GyHKIUSA HEIBHO BBISHIBAETCS JIEKO-
paropom @staticmethod.

str([object])

Tum, ucrIoab3yeMblil AJs mpeacTaBieHns cTpok. B Python 2 crpoku cocrosar
u3 8-OMTHBIX CHMBOJIOB, TorAa Kak B Python 3 cTpoKu cocToAT M3 CHMBOJIOB
IOnukoga. Eciu QyHKIIMN mepefaeTcs apryMeHT object, co3maeTcsa CTPOKOBOe
mpecTaBJieHNe 3TOr0 00'EKTA, /IS Uero BhI3bIBaeTcs ero Meron __str__(). 9To
Ta CTPOKA, KOTOPas BBIBOAUTCA MHCTPYKImelr print. IIpu BeIsoBe 0e3 apryMeH-
Ta BO3BpAII[aeTCs IIyCcTasd CTPOKA.

sum(items [,initiall)

Briumciger cyMMy IIOCJIEIOBATEJIBHOCTY BJIEMEHTOB WTEPUPYEMOrO OGBEKTa
items. B aprymenTe initial MOMKET IlepelaBaThCA HauaJIbHOE 3HAUEeHNEe, KOTOPOe
o ymosryaHuio paBHO 0. 9Ta QyHKIUA paboTaeT TOJIBKO C UNCIaMHU.

super(type [, object])

BosBpamiaer 066€KT, IIPeACTaBIAIONINI CylIepKJIacchkl Tumna type. Harre Bcero
BO3BpAIIaeMbIll 00'bEKT MCIOJIb3YeTCA AJIs BHI30Ba METOZOB 0a30BOTr0 KJiacca.
Hanpuwmep:

class B(A):
def foo(self):
super(B,self).foo()

Eciu B aprymenre object mepemaercs OO0BEKT, OJsI HEro BBLI30B (WYHKI[UK
isinstance(object, type) moiy:keH BoaBpamiath Irue. Ecam B aprymeHnTe object
mepemaeTcs TUII, OH JOJIKeH OBITh ITOAKJIacCOM KJiacca type. JlomoaHuTeIbHbIe
TOAPOOHOCTY IPUBOAATCS B IviaBe ( «Kiacchl 1 060 beKTHO-OPUEHTHUPOBAHHOE
nporpammupoBanue». B Python 3 momyckaercs mcmosib3oBaTh QYHKIIAIO SU-
per() 6e3 apryMeHTOB, IIPU BbI30BE 13 METONOB. B aTOM ciayuae B aprymenTe type
IO YMOJIUYAHUIO IepeaaeTcs KJAcC, B KOTOPOM OBLI OIpeaesieH MEeTOX, a B ap-
TyMeHTe object mepemaeTrcs IIePBbIA apryMeHT MeTOo[a. XOTd CHHTAKCHUC CTaJI
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6oJiee 0OYEBUIHBIM, TEM He MeHee PYHKIIUA yTpaTuaa 00paTHY0 COBMECTUMOCTD
¢ Python 2, moatomy, ecsiu mpo6ieMa mepeHOCHMOCTH IIPOIPAMMHOT0 KOZa Me-
eT 60JIBIIIOE BHAUYEHNE, TAKON CUHTAKCHUC JIYUIlle HE UCII0JIb30BaTh.

tuple([items])

Twur, UCHIONB3YEeMBbIil /i MPEeACTAaBICHUA KOPTeKeil. APryMeHT itens HoJKeH
OBITH UTEPUPYEMBIM 06'HEKTOM, KOTOPBIN OyeT MCIIOJIb30BATHCS IJIsI 3aII0JIHE-
Hua KopTeka. OMHAKO ecIu 1tens yiKe ABIAETCS KOPTerkeM, QYHKIIUA IPOCTO
BO3BpaIaet ero 6e3 Kakux-1ubo namenenuii. IIpu BbI30Be 6e3 apryMeHTa BO3-
BpAaIllaeTcA ITyCTOA KOPTEXK.

type(object)

BasoBriii Kitace 11 Bcex TUIIOB B si3bIKe Python. Korga BeIskIBaeTCs Kak QyHK-
us, BO3BpalaeT Tun oobeKTa object. BosBpaliiaemMblii TUII — 9TO KJacc 00~
ekTa. [[Jd 0OOBIYHBIX TUIOB, TAKUX KaK IIEJIbIE YICJIa, YKCJIa C IIJIaBAIOIIeH TOY-
KOM U CIIMCKOB, BO3BPAIIA€MbIH THUII OYAEeT CChLIATLC Ha OJUH 13 BCTPOEHHBIX
KJIACCOB, TAKMX Kak int, float, list u Tak masee. [[sd mMosb30BaTEILCKUX 00-
€KTOB TUIIOM SIBJISETCS COOTBETCTBYIOIUI KJacc. i 00bEeKTOB, CBA3BAHHBIX
¢ BHyTpeHuel peanusanueir Python, o0b1um0 Bo3BpalaeTcs CChLIKA Ha ONUH U3
KJIACCOB, 00'bABJIEHHBIX B MOZYyJIe types.

type(name, bases, dict)

Cosgaer HOBBIN 00BEKT T)pe (KaK mpu 00bABJIEHNN HOBOT'O KJiacca). B aprymen-
Te name repenaeTcsa UM THUIIA, B ApryMeHTe hases — KOpTex 0a30BbIX KJIACCOB,
a B apryMenTe dict — CJIOBapb, COAEPIKAIIUIA OIpelesIeHIs, COOTBETCTBYIOIIIe
Tesy Kiacca. Hare Bcero sta GyHKI[US UCIOJIb3yeTCs IPU paboTe ¢ MeTaKJac-
camu. ITompobuHee 006 aTOM paccKasbIBaeTcs B IJIaBe 7.

unichr(x)

IIpeoGpasyer meJioe UK IJINHHOE IeJIOe YUCIO X, Iae 0 <= x <= 65535, B CHUMBOJI
IOnukoma. @yuKIus onpeseneHa Toiabko B Python 2. B Python 3 Mmoo mpo-
CTO UCHOJIb30BATh PYHKITHIO Chr(X).

unicode(string [,encoding [,errors]])

dyurmusa omnpegeaeHa ToabKko B Python 2. IIpeoGpasyeT OOBIYHYIO CTPOKY
B cTpoky IOHUKOmAa. ApryMeHT €ncoding ompenesseT KOAUPOBKY CTPOKU. Eciu
9TOT aPI'yYMEeHT OIYIIEeH, IT0 YMOJYaHUIO UCIIOIb3yeTCA KOAUPOBKA, BO3BpaIlae-
Masa GyHKIUen sys.getdefaultencoding(). ApryMeHT err0ors onpeneaseT mIOJIUTH-
Ky 06paboTKHU OITMOOK KOAUPOBAHUSA CHUMBOJIOB I MOYKET UMETH OJHO U3 CJIeY-
IomuX 3HaUeHuWu: '‘strict’, ‘ignore’, ‘replace’, ‘backslashreplace’ mam ‘xmlchar-
refreplace’. [JomonHuUTEIbHAA NHPOPMAIIUA IPUBOJUTCA B I1aBe 9 u B riraBe 3.
Hepocrynua B Python 3.

vars([object])

Boasspaimaer Tabauiry cuMBOJIOB 00beKTa 0bject (0OBIYHO XPAHUTCSA B aTpudyTe
__dict__). ITpu BBI30Be Oe3 apryMeHTa BO3BpAaIlaeTCs CJI0BAPhb, COOTBETCTBYIO-
Ui JJOKAJIBHOMY IIPOCTpaHcTBY uMeH. CIoBapb, BO3BpaIlaeMbIil 9TO (PYHK-
mueii, JOJKEeH paccMaTPUBATHCA KaK JOCTYIIHBINA TOJIbKO AJSA uTeHus. Mame-
HEHUs B 9TOM CJIOBape He COXPAHAIOTCA B JOKAJHHOM IIPOCTPAHCTBE UMEH UJIU
B TabJINIIEe CMBOJIOB 00'LEKTA.
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xrange([start,] stop [, stepl)

Tumn, UCIoJb3yeMblil AJIsI IPeACTABJIEeHUS AUATA30HOB IEJBIX YUCes] OT Start
[0 Stop, IpUUeM 3HaUeHMe Stop He BXOAUT B 9TOT AUaNas3oH. B HeoOA3aTeIbHOM
apryMeHTe Step mepefaeTrcs miar. 3HaueHus (PaKTHUYECKU HUTAE He COXPaHs-
IOTCSI, a BEIUKCJIAIOTCA 10 TPeOOBAHMIO, IIPU IIOMBLITKE oOpalrenus. B Python 2
dbysKRIUA xrange() ABIAETCA IPEAIOUTUTEIbHBIM CIIOCOOOM OIIPEieIeHUA AUa-
TIa30HOB IeJIOYNCAEHHBIX 3HAUEHUH [IJIS UCIOJb30BaHUA B uKJaax. B Python 3
dyuKIUa xrange() OblIa mepenMeHoBaHAa B range(), a @yHKIuA xrange() Oblaa
JIMKBUAMPOBaHA. SHAUEHUS apryMeHTOB start, Stop U Step orpaHUYEHBbI MHO-
JKeCTBOM 3HAUEHMI IeJIbIX UHCes, JOIYCTUMBIX IJIA almapaTHOil miaTdGopMbl
(06n1uHO 32 GuTa).

zip([s7 [, s2 [,..11D)

B Python 2 BosBpaiaer cnmucoxk KopTeskeii, rjae n-it KOpresx nmeet Bup (s7(n],
s2[n], ...). [linHa BOo3BpaIllaeMoro CIIMCKa paBHA IJIWHE CaMOl KOPOTKOM IIO-
CJIeIOBATEJILHOCTH, IIOJIYYEHHOI B BUJle aprymeHTa. IIpu BrI30Be 06e3 apryMen-
TOB BO3BpAaIlaercsa nycroii cumucok. B Python 3 pyukmus geficTByeT moxoKum
o0pas3oM, HO B KaueCcTBe pe3yJibTaTa BO3BPAIIaeTCA UTEPATOP, KOTOPBIA BOCIIPO-
M3BOJUT IOCIEJ0BATEILHOCTD KopTeskeii. B Python 2 ncnonss3oBanue GyHKIun
7ip() ¢ AJUHHBIMHU BXOJHBIMHU IIOCJIEOBATETHHOCTSIMU MOKET IPUBOIAUTH K IO~
TpebJIeHNIO0 3HAUUTEJbHBIX 00beMOB HaMATH. UTO0BI M30esKaTh 9TOr0, BMECTO
Hee MOYKHO MCIIOJIb30BaTh (hyHKIIUIO 1tertools.izip().

BCTpoeHHble NCKNrYyeHund

BcerpoeHHbBIE UCKIIIOUEHUA 00BABIAIOTCA B MOAYJIE exceptions, KOTOPHIHA Bcerga
3arpysKkaercs Iepe 3allyCKOM JII000ii ImporpaMMbl. VCK/IOUeHUA 00'bABICHbBI
KaK KJIaCChI.

Bba3zoBble KJ1lacCbl UCKTIOYEHUN

Crenyrorue UCKJIIOUYEHNS UTPAIOT POJIb 0a30BBIX KJIACCOB AJIA BCEX OCTAJbHBIX
VICKJIIOUEeHUI:

BaseException

BasoBbIil Kacce 14 BcexX UCKIoUueHu. Bece BCTpOeHHBIE UCKJIIOUEHUA ABJIAIOT-
csA IIPOM3BOAHBIMY ATOTO KJlacca.

Exception

BasoBrIil Kiace A BceX MPOrpaMMHBIX UCKJIIOUEHUH, BKJIIOYAs BCe BCTPOEH-
HbIE UCKJIIOUeHUA, KpoMe SystemExit, GeneratorExit m KeyboardInterrupt. IToms-
30BaTeJIbCKUEe UCKJIIUEHNA JOJIXKHBI HAacJIefoBaTh KJacc Exception.

ArithmeticError

BasoBbIil Kiace i UCKJIIYEHU, BO30YKAaeMbIX apuMeTHUEeCKIMHU OIepa-
nuaMu, Bratouasa OverflowError, ZeroDivisionError m FloatingPointError.

LookupError

BazoBbIil KjIace NCKIIOUYEHNH, BOSHUKAIOIINX IIPK 00palleHny K HeJOIIyCTHUMO-
MYy UHJEKCY UJIU KJIUy, BKaodada IndexError u KeyError.
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EnvironmentError

BasoBrIil Kiace a1 ominOOK, BOBHUKAIOIIUX 34 IIpeJejiaMHu WHTepIIpeTaTopa
Python, Brarouass I0Error m OSError.

IIpenpiayiive NCKJIIOUEHUA HUKOTIA He BO3OysKAa0oTca ABHO. OJHAKO OHU MO-
T'yT UCIIOJIE30BAThCA AJIA 06pabOTKU OIpeieIeHHBIX KilaccoB omubok. Hampu-
Mep, caenyronuii hparmMeHT 6yaeT o0pabaThIBaTh JII0ObIE OITUOKY apudMeTuue-
CKUX OIlepalinii:

try:

# HekoTopas onepauus

except ArithmeticError as e:
# 06paboTka apudMeTnHecKon owmbKy

SK3eMnspbl NCKJTIIOYEHUN

Korma BosOy:kgaeTcsa Kakoe-11u00 UCKJIIOUEHNEe, CO3MAeTCs SK3eMILIAP KJacca
WCKJIIOUEHNsI. ITOT 9K3eMILIAP COXPaHAETCA B HeobOsa3aTelIbHON IepeMeHHO,
YKasaHHOU B MHCTPYKINK except. Hampumep:

except IOError as e:
# 00paboTaTb OwNbKY
# ‘e’ - aT0 akaemnnap knacca IOError

OK3EeMILJIAPHI 6 UCKJIIOUEHU N NMEIOT P CTAHJaPTHBIX aTPUOYTOB, KOTOPhIE MO-
T'yT UCIIOJIb30BATHCA AJIA OIPEJeJIEHHBIX IIeJIel.

e.args

Kopre:k aprymMeHTOB, MOJYUYEHHBIX KOHCTPYKTOPOM IIPW BO3OY:KIEHUU WC-
KJIIOUeHUsA. B GOJIBIIMHCTBE CJIYYaeB 3TOT KOPTEK COAEPIKUT eINHCTBEHHBIH
3JIEMEHT — CTPOKY C TEKCTOM CO00IIeHuA 06 omrubKe. {15 uCKIIOUeHUIT Kitacca
EnvironmentError sHaueHHEM 9TOro aTpubyTa MOKeT ObITh KOPTEXK U3 2 WU U3 3
3JIEMEHTOB, COMEPIKAIINI 1[eJI0YNCIEHHBIN KO/ OIMUOKMU, CTPOKY C TEKCTOM CO-
o0IieHns 00 oImoKe 1, BO3MOKHO, nMsA (aitaa. Comep:KUMoe 3TOT0 KOpTerKa
MOKHO HMCIIOJIb30BATh JJI MOBTOPHOT'O BO3OYIKAEHUS WUCKJIOUEHUS B JPYTOM
KOHTEKCTe; HaIlpuMep, B APYTOM IIpoilecce mHTepuperaropa Python.

e.message

CTpoKa ¢ TeKCTOM COOOIIeHU s, KOTOPOE BHIBOJUTCS IIPU 0TOOpakeHnu uHGOP-

Manuu o6 uckaoueHnu (ToabKo B Python 2).
e.__cause_

IIpenbiayiiee UCKJIIOUEHME B ABHOU I[EIIOYKe NCKJIIOUeHu (TobKo B Python 3).
IToxpoGHee 06 5TOM paccKasbIBaeTCA B IIPUJIOIKEHNHN A.

e.__context__

IIpenbipyiiiee MCKJIOUeHNE B HEABHOU IIeIOYKe HCKJIIOUeHHUil (TOJbKO B Py-
thon 3). IToaxpoGHee 06 5TOM pacCKasbIBAETCA B IPUJIOKEHUN A.

e.__traceback__

OO0BEKT ¢ TPacCUPOBOUHOM MHGOPMAIINE, ACCOITMUPOBAHHBIN C UCKJIIOUEHNEM
(ronbko B Python 3). ITonpoGHee 06 5TOM pacCKas3bIBAETCSA B IPUJIOKEHNN A.
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MpenonpepeneHHbie KNAacCbl UCKNIOYEHU

Huixe mpuBOAUTCA CIMCOK TUIIOB MCKJIIOUEHUI, BO30YKIAE€MbBIX IpOrpaMMa-
Mu:

AssertionError
He BBImOJIHEHO yCI0BUE B MHCTPYKIIUM assert.
AttributeError

OmubKa Ipy HOIBITKE 00PAINeHNI K aTpuOyTy WM IPHU IONBITKE IIPUCBOUTH
eMy 3HaueHue.

EOFError

Koumer daiina. Bosoyskmaercsa BCTpOeHHBIMY PYyHKITIAMY input() u raw_input().
CrnenyeTr OTMETUTD, YTO OOJBIITMHCTBO APYTUX Ollepalliii BBOAA-BbIBOIA, TAKUX
Kak meTonbl read() u readline() o6 beKTOB (haiiyioB, MO JOCTUKEHUU KOHITA (haii-
Jia He BO30Yy KAAIOT NCKJIIOUEHEe, a BO3BPAIIlAalOT MYCTYIO CTPOKY.

FloatingPointError

OmnbKa BBITIOJTHEHUSA OoIepaluy Haja YKWCJIaMU ¢ IJjaBaromieii Toukoit. Cieny-
€T OTMETHUTh, YTO 00pabOTKA MCKJIIUYEHN, BOSHUKAIOIINX B ONEPAUAX HAJ
YKUCJAMU C ILJIaBAOIEeH TOUYKOM, SBJISETCA HOCTATOYHO CJIOMKHON ITPO0JIeMOIt,
TaK KaK 9TO eJUHCTBEHHOE NCKJIIUeHNE, KOTOPOe BO30Y K IaeTCs, TOIbKO eCJIn
unTeprnperarop Python 6b11 HACTPoeH M CKOMIIMJIMPOBAH C €ro MOAIEPIKKOII.
Yaite momo6HbIe OIIMOKY He MIPUBOJAT K MCKJIIOUEHUIO, a BOCIIPOU3BOJAT pe-
3yJabTaT, Takoi Kak float(‘nan’) mam float('inf’). ABasgercsa mpPoM3BOAHBIM OT
KJiacca ArithmeticError.

GeneratorExit

Bos0yskmaerca BHyTpu QYHKIIMI-TEeHEPATOPOB KAK CUTHAJ O 3aBEPIIIEHUU pa-
00TBI. ITO IIPOMCXOAUT IIPHU IIPEKICBPEMEHHOM YHUUTOMXKEHUN reHeparopa (1o
TOT0, KaK OyAyT MCUepIaHbI BCe 3HAUEHU I I'eHepaTopa) UJIu IIPU BEI30BE METO A
close() renepatopa. Eciiz reHmepaTop IPOUTHOPUPYET STO UCKJIIOUEHNE, CaM I'e-
Heparop OyJeT YHUUYTOXKEH, a NCKJII0UEHNE IIPOCTO IPOUTHOPHPOBAHO.

IOError

Omubka orepaliny BBOJa-BbIBOAA. B pesysibrare olInOKY co3maeTcsa SK3eMILIAP
I0Error ¢ arpubyTamu errno, strerror m filename, Toe errno — IeJIOUNCJIEHHBIHA
KOJ OomIuOKM, Strerror — CTPoOKa ¢ TeKCTOM COO00IeHusT 00 omrnOke u filename —
um4A (paiina. ABasercsa IPoU3BOAHBEIM OT KJiacca EnvironmentError.

ImportError

Bos0yskmaeTcsi, Korjga MHCTPYKIIUA import He MOKET OTBICKATh MOAYJb HUJIU
KOT/J]Ja MHCTPYKIIUA from He MOKeT OThICKATh YKa3aHHOe UM B MOJYJIe.

IndentationError

Ommbka opopmiieHUA OTCTYNHOB. SIBaseTCA MPOUSBOJHBIM OT KJracca SyntaxEr-
ror.

IndexError

Brixon nHAeKca 3a Ipeiesibl MOCJIeI0BATEIbHOCTH. SIBIAeTCA IPOU3BOAHBIM OT
KJiacca LookupError.
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KeyError

Tpebyemblii KJIIOU He HalifieH B 00beKTe oToOpaskeHud. SIBisgerca mpomsBOJ-
HBIM OT KJiacca LookupError.

KeyboardInterrupt

Bos0y:xmaeTcs, Korga MOJIb30BaTeN b HAKUMAET KJIABUIIY IPEPHIBAHUSA IPO-
rpamMMbI (00b1YHO 9T0 KoMOuHaIuA Ctrl+C).

MemoryError

OmnbKa HeXBaTKU MaMATH, JOIYCKAOIas BOBMOKHOCTh BOCCTAHOBJIEHUA.
NameError

Tpebyemoe nMs He HAAEHO B JJOKAJbHOM UJIH TJI00aJIbHOM IIPOCTPAHCTBE UMEH.
NotImplementedError

HepeannzoBanuasa oco0eHHOCThb. MosKeT BO30YKAATHCSA 0a30BBIMU KJIACCAMU,
KOraa IMPOMCXOAUT oOpallieHre K MEeTOLY, KOTOPBIH MOJIXKeH ObITh pPeaim30BaH
B IIPOU3BOIHBIX KJIaccaX. SIBiIgeTCsa IPOU3BOAHBIM OT KJacca RuntimeError.

0SError

OmubKa oIeparMoHHON cucTeMbl. B OCHOBHOM BO30y:KIaeTcsd (PYHKIIUIMU
B MOAyJie 0S. B pe3ynbrare omnbKY cO3JLaeTCsA TAKOU Ke 9K3eMILIAD, KaK U B
cayudae ¢ uckJaouerueM 10Error. IBaseTcs mpousBOAHBIM OT KJjacca Environmen-
tError.

OverflowError

Bos0y:xmaeTcs, Korma B pe3yJbTaTe BBITIOJHEHUSA HEKOTOPOI omepaliuu IMoJay-
YaeTCs CIUIIKOM OOJIBIIIOE I[eJI0€ YKCJIO. ITO MCKJIOUEeHNEe O0OBIYHO BOSHIKAET
pu mepegade GOJBIINX [EeJOUYNCICHHBIX 3HAUCHUH 00'beKTaM, Pealn3aliud KO-
TOPBLIX ONMpAaeTcsd Ha alllapaTHOe IIpeJcTaBJIeHNe IeJIbIX YnceJ (PUKCUPOBaAH-
HOTO pasMepa. Hanmpumep, aTa omnbKa MOKET BOSHUKHYTH B 00bEKTaX range
WJIU Xrange, eCJid mepefaTh UM HadaJbHOE UJIM KOHEUHOe 3HaUeHue, He YMeIla-
meecs B 32-0uTHOe IIpeAcTaBaeHre. SIBasgeTCA IPOU3BOAHELIM OT KJacca Arith-
meticError.

ReferenceError

BosHukaer mpu IonbeITKe 00palleHns K 00'beKTy 110 cJIa00i CChLIKE, IIOCJIe TOI'0
KakK caM 00'beKT y:Ke ObLJI YHUUTOKeH. [[OMoJTHUTEeIbH Y0 NHDOPMAIIHUIO MOYKHO
HaAWTH B JOKYMEHTAIIUU K MOAYJI0 weakref.

RuntimeError
OmubKa, He IMOANAJAOIAA HU IO OAHY IPYTYI0 KaTeropuio.
StopIteration

Bos0y:xmaercs, 4TOOBI U3BECTUTH 00 OKOHUAHUY UTEPAI[Uil. ITO 0OBIYHO IPOUC-
XOAUT B MeTojie next() 06beKTa MIu BHYTPpU PYyHKIIMU-TeHepaTopa.

SyntaxError

CuHTakcuuecKas ommnoKa. JK3eMILISIPhI 9TOr'0 UCKJIIOUEHU UMEIOT aTPuOyThI
filename, lineno, of fset u text, KOTOpbIe MOT'YT UCIIOJIb30BATHCA AJIA IOy YeHU A
JTOMOJTHUTEILHOM NH(MOPMAIIIH.
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SystemError

BuyTpenHasa omubka nHTEpIpeTaTopa. SHaUeHNEM 3TOT0 UCKIIOUeHU A ABJIAET-
€S CTPOKA C TEKCTOM, OIIMCHIBAOIINIM IIPOGJIEMY.

SystemExit

Bos0y:kmaerca pyHKIHei sys.exit(). 3HaueHneM 3TOTr0 UCKJIIOUEHUA ABJIAETCSA
1eJioe YMCJIO — KOJ 3aBepiienus. [ HeMeaJIeHHOTO 3aBepIleHns TPOrPaMMbL
MOJKHO MCIIOJIB30BATh PYHKIIUIO 0S. _exit().

TabError

HemnocsegoBaTesibHOE HCIOJB30BaHUE CHUMBOJIOB Ta0yiaanuu. Bosbykmaercs,
Korga nutepuperarop Python samyien ¢ Kitouom -tt. fBIsgeTcsa MPOU3BOIHBIM
ot KJacca SyntaxError.

TypeError

Bos0y:xkmaercs, Korga omeparop uian GyHKIUA IPUMEHAeTCs K 00eKTy HeCoB-
MEeCTHUMOTO THIIA.

UnboundLocalError

ITonmbiTKa OOpallleHuAa K HEeCBA3aHHOHN JIOKAJBbHOII IepeMeHHOIi. JTa OIInbKa
BO3HUKAET IIPU IIONBITKE 00paTUThCA K IIEPEeMEeHHOI N0 TOTo, KaK oHa Oyaer
ompeneseHa B QyHKIuN. SIBiAeTcsa Ipou3BOAHBIM OT KJjacca NameError.

UnicodeError

Omubka KOOUPOBAHUSA WM AeKOAMpPoBaHUS cuMBojsia IOHuKoma. fIBisercs
IIPOU3BOAHBIM OT KJiacca Valuekrror.

UnicodeEncodeError

Omwubka xogquposaunusd cumBoJia FOuukozna. fBisgeTcsa IpOU3BOSHBIM OT KJacca
UnicodeError.

UnicodeDecodeError

Omwubka mexkomupoBauus cuMBoJia IOHuKomga. fIBigeTcsa ITPOUSBOAHBIM OT
KJiacca Unicodekrror.

UnicodeTranslateError

OmubKa mpu MOMbITKe MpeobpasoBanud cuMmBosa IOuukozna. Basercs mpous-
BOJIHBIM OT KJacca UnicodeError.

ValueError

Bos0y:xmaeTcs, KOTJa apryMeHT QYHKI[UY UJIU OllepaIli UMeeT COBMEeCTUMBbIt
THUI, HO HEJOIIYCTUMOE 3HAUEHUE.

WindowsError

Bos0y:xmaeTca B cayuae OIMMOKK IIPU OOpAaIlleHNM K CHCTEMHBIM BbI30BaM
B Windows. fABisercsa npousBogubIM OT KJjacca 0SError.

ZeroDivisionError

Henenue Ha HOJb. SIBIgeTCA IPOM3BOAHBLIM OT KJacca ArithmeticError.
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BcTpoeHHble NpeaynpexaeHus

B cocras cranmapTHOit 6ubauoTeku Python Bxoqut Moxysis warnings, KOTOPBIGA
O00OBIYHO WCIIOJIb3yeTCs, YTOOBI COOOIIUTDL IIPOrPaAaMMUCTAM 00 MCIIOJIbL30BAHUN
HepeKOMeHIYeMbIX BO3MO:KHOCTel. IIpenynpesxjeHnss Bo30OyKAAI0TCSI BKJIO-
YeHMeM IPOrPaMMHOI0 KOfla, KaK IOKa3aHo HIKe:

import warnings
warnings.warn(“®nar MONDO Gonbwe He nopaepxusaeTcs”, DeprecationWarning)

HecmoTpa Ha ToO uTO mpenynpekAeHUd BO30yKIalOTCA CpeacTBaMU OHOJINO-
TEUHOT'0 MOAYJISA, TEM He MeHee UMeHa Pa3JIMYHbIX IPeAyIpesKIeHUNA ABIIIOT-
cs BCTPOeHHBIME. IlpeaynpeskaeHns A0 ONpeaeIeHHO CTelleH HAaIlOMUHAIOT
uCKJIIoUeHus. MepapXxmsa BCTPOEHHBIX MPEAYIPEKAEHNN HacJaeayeT Kiacc Ex-
ception.

Warning

BazoBwIil Kace 18 BceX MpenyIpeskeHni. IBaseTcss TpOu3BOLHBIM OT KJIac-
ca Exception.

UserWarning

YHuBepcasbHOE TpPENyIpe:KIeHNe, OIpeAeasieMoe moJb3oBareaeM. SIBadeTcsa
IIPOU3BOAHBIM OT KJjacca Warning.

DeprecationWarning

HpenynpemneHI/Ie Ha cnyqaﬁ HCIIOJIB30OBaHUA HEPEKOMEHAYEeMbIX BO3MOMHO-
creit. ABnsaerca IIPOU3BOAHBIM OT KJiacca Warning.

SyntaxWarning

Hpenynpemnem/le Ha cnyqaﬁ HCIIOJIb3OBaHUA HEPEKOMEHAYEeMOI'O CMHTaKCucCa.
fABnsaerca IPOU3BOAHBIM OT KJjiacca Warning.

RuntimeWarning

IIpenynpeskneHme Ha crydail MCIOJIB30BAaHUA OCOOEHHOCTEH, KOTOPHIE MOT'YT
IIpUBECTHU K HpO6J‘IeMaM BO BpeMsdA BBIIIOJITHEHUA. Asnserca IIPOU3BOAHBIM OT
KJjacca Warning.

FutureWarning

IIpenynpeskaeHue o TOM, YTO IIOBeJleHUE MCIIOJB3yeMOH BO3MOYKHOCTU H3Me-
HUTCA B OyayieM. SIBaseTcsa Mpou3BOJHBIM OT KJacca Warning.

IIpenynpeskeHUA OTIINYAIOTCA OT UCKJIIOUEHUH TeM, YTO BO30Y KIeHe IIpey-
IpPEeKAEHUA C IIOMOILI0 PYHKIIMY wWarn() MOYKEeT IIPUBOAUTE, & MOKET He IIPU-
BOAUTH K OCTAHOBKe IIporpaMmbl. Hampumep, npegyupeskieHre MOXKeET IIPOCTO
BBI3BIBATh BBIBOJ KaKOM-TN00 MHMDOPMAIIMYU WJIN IPUBOJUTH K MCKJIIOUEHUIO.
dakTHUECKOE TTOBEIEHUE IPENYIPEKIEHNN MOYKET ObITh HACTPOEHO CPEICTBA-
MU MOJYJIA Warnings MJIM ¢ IIOMOIIILIO KJifoua -W mHTepuperaropa. Eciau B mpo-
TpaMMe HCHOJb3yeTCcA KaKOoU-TM00 MpOrpaMMHBINA KOJ, TeHePUPYIOIUH ITpe-
yIOpexJeHue, II0cje MOABJIEHNA KOTOPOro OBLIO OBI JKeJjlaTeJIbHO IIPOJOJIXKUTH
paboTy, IpenynpekaeHre, Tpeo6pasoBaHHOe B MCKJIIOUEHE, MOXKHO IlepexBa-
TUTH C IOMOIIBI0 UHCTPYKIIUH try u except. Hampumep:
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try:
import mdb

except DeprecationWarning:
pass

CieyeT OTMETHUTH, UTO TAKOM CIOCO0 MCIOJB3YEeTCs NOCTATOUHO PEAKO. XOTA
OH II03BOJISET IePeXBATHIBATH IIPELYIPEIKICHUA, IPeoOpa3oBaHHbIe B UCKJIIIO-
UeHUs, TeM He MeHee OH He IOAAaBJISIeT BBIBOJ COOOIIEHWHN (IJiA yIIpaBICHUS
BBIBOJIOM IIPEeAYIIPEeKIeHNI He00X0AMMO UCIIOJIb30BaTh MOAYIb warnings). Kpo-
Me TOTO, UTHOPHPOBaHME MPEAYIPeKAeHNN — 9TO OTIIMUHBIHN CII0OCO0 HAIMCATH
mporpaMmmy, KoTopas 6yaeT paboTaTh ¢ OIIMOKaMU IIOCJIe BIX0/a HOBBIX BePCUit
Python.

Mogpaynb future_builtins

Mogayas future_builtins, mocTymubIi TosbKO B Python 2, comep:xut peaiu-
3al[My BCTPOEHHBIX (DYHKIIUI, ITOBeleHNe KOTOPBIX M3MeHuJIoch B Python 3.
B mopyiie onpemeieHbl caeayomue Py HKIAN:

ascii(object)

BocnpousBogut TOT jKe pesdyabTaT, 4To M GyHKIUA repr(). Onucanme IpuBoO-
IuTCA B pasgese «BecTpoeHHbIe QYHKITMM» B OTOH TJIaBe.

filter(function, iterable)
Cosmaet utrepatop BMecTo crucka. To ke, uTo u pyHKIIUS itertools.ifilter().
hex(object)

CosmaeT CTPOKY C INIECTHAAIIATEPUUYHBLIM ITPeACTaBJIeHUEM IIeJIOT0 UHCJia, HO
ILJIS TIOJTYYEHU A MeJIOUNCJIEHHOr0 3HAUEHU T BMeCcTO MeToAa __hex__ () UCIIONb3Y-
eT cIenuaJbHbIN MeTon __index_ ().

map(function, iterable, ...)
CospmaeT urepaTop BmMecTo ciicka. To ke, uTo u pyHKIuA itertools.imap().
oct(object)

CosmaeT CTPOKY C BOCBbMEPUYHBIM IIPECTaBICHUEM II€JIOT0 YKCJIa, HO AJIA MOy
YeHUSA IeJIOUYNCJIeHHOr0 3HAaUeHU I BMECTO MeToa __0ct__() MCIIOJIb3yeT CIIeIu-
aJabHBIA MeToxA __index__().

zip(iterable, iterable, ... )
CospmaeT utepaTop BMecTO ciirucKa. To ke, yTo u QyHKIUA itertools.izip().

He 3ab6nIBaiiTe, YTO CIUCOK (DYHKIIUII B 9TOM MOZYJIE He ABJISETCS NCUePIIbIBAO-
MMM CIINCKOM M3MeHeHu# B MmoayJie builtins. Hampumep, B Python 3 pyurmusa
raw_input() OblyIa mepeuMeHoBaHa B input(), a pyHKIUa xrange() — B range().
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B 2T0i1 ry1aBe OMUCHIBAIOTCA MOLYJIM, CBA3AHHBIE C OCOOEHHOCTAMY PA0OTHI MH-
Tepuperaropa Python. 3gecs paccmarpuBaioTes Takue TeMbI, Kak CO0PKa My-
copa, OCHOBHI YIIPABJIEHUA 00beKTaMu (KOIMPOBaHNe, CePUAIN3alliusa U TaK Ia-
Jee), ciabble CCHLIIKY U OKPYKeHUe HHTepIpeTaTopa.

Mopynb atexit

Monynb atexit ucmoab3yeTcsa O perucTpanuu GyHKIIUH, KOTOPbIE JOJIMKHBI
BBIBBIBATHCA MHTEPIPETATOPOM IIepes 3aBepiienueM padoTel. OH IpeaocTaBIIs-
eT eJUHCTBEHHYIO (DYHKIIUIO:

register(func [,args [,kwargs]])

Hob6aBisger GYHKIUIO fUNC B COIUCOK (YHKI[UH, KOTOPBIE NOJKHBI BHISHIBATH-
cA MHTEPIPEeTATOPOM IIepe/]] 3aBepIIeHreM PaboThI. a/gs — KOPTeXK apryMeHTOB,
KOTOpbIe OyAyT mepefaHbl QYHKIIUU func. kwargs — cJIOBapb UMEHOBAHHBIX ap-
rymMeHTOB. @YHKIUA OymeT BbI3BaHA KaK func(xargs,*~kwargs). @yHKIIUYU OYAyT
BBIBBIBATHCA B MOPAIKE, 00pPAaTHOM IOPAAKY perucrpanuu (QpyHKI[Us, 3aperu-
CTPpUpPOBaHHAA MOCJIeAHell, OyaeT BbI3BaHa IepBoii). Ecau B mpolecce BBIIIOJ-
HeHUsA QYHKINYU BOBHUKHET UCKJIIOUEHNE, COOOIIeHre Oy/IeT BIBEJEHO B IIOTOK
CTaHJapPTHOTO BBIBOZA, HO CAMO UCKJIIOUEeHUEe OyIeT IPOUTHOPUPOBAHO.

Mopaynb copy

Mopayuss copy mpenocTaBiigeT GYHKIUU CO3JAHNA TOBEPXHOCTHBIX U TVIYOOKUX
KONUI COCTaBHBIX O0'BEKTOB, BKJIOUASA CIIMCKU, KOPTEXKU, CJIOBAPU U HK3EM-
IJIAPHI IT0JIE30BATEIbCKUX 00 BEKTOB.

copy(x)

CosmaeT MOBEPXHOCTHYIO KOIUIO 00bEKTa X 3a CUeT CO3JaHUs HOBOTO COCTaB-
HOTO 00'beKTa U KOIMPOBAHUS 9JIEMEHTOB 00'bEKTa X 10 CChLIKe. [Jig 00'BeKTOB
BCTPOEHHBIX THUIIOB 9Ty (byHRI_LI/IIO HCIIOJIB30BAThb HE IIPHUHATO. BMeCTO 9TOTO
00BIYHO BEI3BIBAIOTCA (GyHKIMM 1ist(x), dict(x), set(x) um Tak maJjee, KOTOpbLIEe
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CO3/aI0T TTOBEPXHOCTHBIE KOIUY apryMeHTa X (CJeyeT OTMETUTh, UTO IPSIMbIe
obpalleHnsi K UMeHaM TUIIOB, MOAO0HO MPUBEIEHHBIM, KPOME BCEr'0 IIPOYETo,
BBITIOJIHAIOTCA 3HAUYUTEIBbHO ObICcTpee, YeM QYHKIIUA copy()).

deepcopy(x [, visit])

Cosgaer ri1y0OK Y0 KOIUIO O0BEKTA X 38 CUET CO3JaHUA HOBOTO COCTaBHOTO 00~
€KTa U PeKYPCUBHOT'O KOIIMPOBAaHUA BceX aTpubyToB o0beKTa X. Heobazaresns-
HBIN apTYMEHT VISit — 9TO CJIOBaph, KOTOPBIHM UCIIOJIb3YETCA AJIA 3aIIOMUHAHUA
TIOCeIIeHHBIX 00'beKTOB, UTOOBI M30e/KaTh 3alMKJINBAHUS IIPU KOMUPOBAHUU
PEKYPCUBHBIX CTPYKTYD HAHHBIX. JTOT apI'yMeHT OOBIUHO YKa3bIBAETCS, TOJb-
Ko ecytu deepcopy() BBIBBIBAETCA PEKYPCUBHO, KaK OIIMCAHO HUYKE B ATOU IVIaBe.

XoTs 00BIUHO 9TO He TPedyeTcs, TeM He MeHee KJIACC MOXKeT Peain30BaTh co0-
CTBEHHBIE BEePCUU METOJ0B KOIIMPOBAHUA, B BUJIe METOAOB __copy__(self) m __
deepcopy__(self, visit) — mJis IIOBEPXHOCTHOI'O U ITyOOKOr0 KOIIMPOBAHUS COOT-
BeTcTBEeHHO. MeTon __deepcopy__() ZOJKEH IPUHUMATH CJIOBAPh Visit, KOTOPHIH
CIYKUT JJIsl 3alIOMUHAHUA 00bEKTOB, BCTPETUBIIINXCA B IIPOIEcCe KOIIUPOBa-
Husd. Bee, uro meTon __deepcopy__() DOJIXKEH CAeJIaTh CO CJIOBapeM Vvisit, — 9TO
mepenaTh ero ApPyruM BbI3oBaM (PyHKIITUU deepcopy(), IPUCYTCTBYIOIIUM B pea-
Jau3anuu Metona (ecau TaKOBbIe MMEIOTCH).

Ecinu xaacc peanusyetr meronsl __getstate__() m __setstate__(), KOTOpbIe ucC-
MOJIL3YIOTCA MOAyJieM pickle, HJIs co3maHMWA KOOHIT MOLYJIEM COpy OYAYyT mcC-
II0JIB30BATHCSA 9TU METOLbI.

MpumeyaHunsa

e ITOT MOAYJIBb MOYKET MCIIOJIB30BATHCA AJIA PAbOThI C IPOCTBIMU TUIIAMMU, Ta-
KUMU KaK IeJible YncjIa U CTPOKU, OJHAKO B ATOM HET HUKAKOH Heo0Xomu-
MOCTH.

e @OYHKIUN KONUPOBAHUA HE MOI'YT NPHUMEHATHCA K MOLYJIAM, O0BEKTaM
KJIaCCOB, PYHKIIUSAM, METOLAM, K 00BEKTaM ¢ TPACCUPOBOYHON NHMOPMAIH-
eii, KagpaMm cTeka, (paitamM, COKeTaM U K IPYTUM mofno0ubIM Tumam. Korga
00'BEKT He MOXKeT ObITh CKOIIMPOBAH, BO30Y K IAeTCA NCKJIIOUEHEe CODY.error.

Mopaynb gc¢

Mopnyss gc mpegocraBiseT nHTep(delic yupaBieHua cOOPIIUKOM Mycopa, CIIO-
COOHBIM O0HAPYIKUBATH IIUKJINYECKUE CChIIKY B 00BEKTaX, TAKUX KaK CIUCKU,
KOPTEeXKH, CJIOBAPH, U B 9K3EMILIAPaX APYyrux KjaaccoB. IIpm cosdmanHum o0beK-
TOB Pa3JIMYHBIX KOHTEAHEPHBIX TUIIOB OHU 3aHOCATCS BO BHYTPEHHUH CIIMCOK
uHTepIperaTopa. Bcakuii pas, Korma KOHTeHHEPHBIN 00beKT YHUUTOMKAaeTcsd,
OH yZaJjifgeTcd U3 9TOro crrcka. Korga KosrmyecTBO onepanmii co3gaHusa HOBBIX
00'bEKTOB IIPEBBICUT KOJIUYECTBO yAAJIEeHNH 00 bEKTOB Ha HEKOTOPOE II0POTOBOe
3HaUeHUe, OIIPesiesIgeMoe II0JIE30BaTeIEM, 3alyCKaeTcsa cOopIuK mycopa. Coop-
UK Mycopa IPOCMATPUBAET 9TOT CIMCOK U BHIABJIAET KOJJIEKIIUY 00HEKTOB,
KOTOPBIE 0OJIBIIIE HE UCIIOJB3YIOTCA, HO €Ille He ObLIY YIAJIeHbI U3-3a HAJTUUNA
IUKJINYECKUX CCHLIOK. Kpome TOoro, COOPIUK Mycopa UCIIOJIb3YeT TPEXYPOBHE-
BYIO cXeMy COOPKM MycOopa Pa3HBIX IOKOJIEHUH, KOT[a 00'beKTHI, IIEPEKUBIIINE
TEePBBIN 9TAIl COOPKU Mycopa, IOMEIIAI0TCA B CIIUCKY 00'bEKTOB, KOTOPHIE IIPO-
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BepAIOTCS perke. Baarogaps sTomy obecrieunBaeTcs 0oJiee BICOK A ITPOU3BOIN-
TeJIbHOCTS JJIs IIPOTPAMM C OOJBIITUM KOJUUECTBOM J0JTOKUBYIIINX 00'HEKTOB.

collect([generation])

3amyckaeTr mOJHYI0 cO0pKY Mycopa. ITa GYHKI[USA IPOBepPsAeT BCe MOKOJEeHU
¥ BO3BpAIaeT KOJNUYECTBO OOHADPYKEeHHBIX HEJOCTYIHBIX 00beKTOB. B Heo0s-
3aTeJbHOM apryMeHTe generation ImepemaeTcs Iiejioe YucJo B guamasome 0-2,
KOTOPOeE OIIpefiesisieT HoMep ITOKOJIeHU A, B KOTOPOM Oy/IeT BHITOJIHATHCSA COOPKa
Mycopa.

disable()

OTKJI0UaeT MexaHu3M cO0pPKU Mycopa.

enable()

BrarouaeT MexaHU3M COOPKY Mycopa.

garbage

ITepemennas, comepskalnasi HOCTYIHBIA TOJBKO IJIsI UTEHWUS CINCOK JK3eM-
ILISAPOB II0Jb30BATEJILCKUX KJIACCOB, KOTOPbIE OOJIBIIE HE HCIOJIb3YIOTCS, HO
KOTOpPhIE He MOI'YT OBITH YJAJIEHBbI, IIOTOMY UYTO OHM CBSA3AaHBI ITUKJINUYECKUMU
cepLIKaMu U uMeroT meTon __del__(). Takue 00beKTHI He MOI'YT OBITH yAaJIeHbI
COOPIMIMKOM MyCopa, TaK KakK, YTOObI Pa3opBaTh IUKJINUYECKYIO CBA3b, NHTEP-
IpeTaTop AOJKEeH CHAYaJIa IPOU3BOJIbHO YAAIUTE OAUH 13 00beKTOB. IIpu aToM
He CYIIECTBYeT HAaIeXHOT'0 CII0c00a OIpenenTh, HOJIKeH Ju Mmeron __del ()
OoCTaIerocsa 00bLEKTa, BOBJICUEHHOI'0 B IMKJINUYECKYIO CCBLIKY, BBIIOJIHUTH
KaKue-TO Ba)KHbIe Ollepaluy HaJ 00beKTOM, KOTOPBIH TOJBKO UTO OBLI yIaJIeH.

get_count()

Boasspaiaer koprexx (count0, countl, count2) ¢ TEKYIIIUM KOJUYECTBOM O0H-
€KTOB B Ka’KJJOM ITIOKOJIEHUH.

get_debug()
Boaepaimaer TeKkyiiue coCTOAHUA (PIaroB OTIa KU,
get_objects()

BOSBpaH_IaET CIIMCOK BCeX Oﬁ"beKTOB, HaXOAAIIUXCA 10 KOHTPOJIEM c6opmmca
Mmycopa. 3a UCKJIIoUeHneM BO3BpauniaeMoro Crimucka.

get_referrers(obj1, obj2, ...)

BoasBpaijaer crnmcok Bcex 00HEKTOB, KOTOPbIE HEMOCPEACTBEHHO CCHLIAIOTCS
Ha 00BeKTHI 00]7, 0bj2 1 Tak maJjee. BosBpaliaeMblii CIIMCOK MOKET COIePKaTh
00'bEKTHI, KOTOPHIE ellle He ObLIY YTUJIN3UPOBAaHbBI COOPIIITKOM MYCOpa, a TaKsKe
00'bEKTHI, HAXOAIINEC B CTAIUN CO3JaHU .

get_referents(obj1, obj2, ...)

BosBpaiaer cuucok 00bEKTOB, HA KOTOPBIE CCHLIAIOTCSA O0BEKTHI 00j7, 0bj2
u Tak gayee. Hampumep, ecau 0bj7 sIiBJsieTCs KOHTEHEPOM, JJisI Hero OyaeT Bo3-
BpAIIleH CIUCOK 00'bEKTOB, COAEPIKAIIUXCA B HEM.

get_threshold()

BosBpalaeT KOpTerK ¢ TeKYIIIUMHU ITOPOTOBBIMY 3HAUEHUAMHU 3aIIyCKa COOPITH-
Ka Mycopa.
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isenabled()
Boaepartmaer True, eciz MexaHu3M COOPKY MycOpa BKJIIOUEH.
set_debug(flags)

VeramapiuBaeT OTJIaJOUYHbBIE Paary cOOPIIXKA MyCOpa, KOTOPhIe MOTI'YT UCIIOJIE-
30BaThCA AJIA OTJIAIKU IIOBeIeHUs cOOpIIuKa Mycopa. B aprymenre flags mepe-
IaeTcs IeJjioe YKCJO0, COCTaBJIEHHOE C IIOMOIIbI0 OuTOoBOM omepamuu WUJIU us
KoHcTaHT DEBUG_STATS, DEBUG_COLLECTABLE, DEBUG_UNCOLLECTABLE, DEBUG_INSTANCES,
DEBUG_OBJECTS, DEBUG_SAVEALL m DEBUG_LEAK. ®mar DEBUG_LEAK ABiseTcs, IoKa-
Jy#, HauboJee MOJIe3HBIM, IOTOMY YTO OH BBIHYJKIAET MEXaHU3M COOpITHKA
Mycopa BBIBOAUTH MH(POPMAIINAIO, KOTOPAs MOXKeT IIPUTOJUTHCA IIPU OTIaLKe
IIporpaMm C YyTeuKaMU IIaMATH.

set_threshold(threshold0 [, threshold1[, threshold2]])

VYcraHaBimBaeT 4acTOTy 3amycKa coopruka mycopa. O0beKThI paciupeesaioT-
Cs IO TPEM IIOKOJIEHUAM, TZie TToKoJieHue () COILepIKUT caMble MOJIOJbIE O0HEKTHI,
a moKoJieHue 2 — camble crapble. OOBbEKTHI, IEPEIKUBIIINE ITAII COOPKU Mycopa,
mepeMeIraiTcsa B claenyroliee, OoJjiee crapiiee IIOKoJeHUe. [JOCTUTHYB IOKO-
JeHuA 2, o0beKT ocTaeTcsA B HeM. B aprymenTte threshold) mepemaeTcs 4HCJIO,
PasHOCTDb MEJKAY KOJIMUECTBOM OIlepPaI[Uii CO3JaHU s HOBBIX 00'EKTOB U KOJIMUe-
CTBOM OIlepaIuii yoajeHusa 00eKTOB, IO JOCTUKEHUN KOTOPOTO 3alyCKaeTCsa
cbopka mycopa cpenu o0bekToB mokosienusa 0. B aprymenre threshold? mepena-
€TCs YUCJI0, OTPEeesIsaioIee KOJTNUECTBO 3aIIYCKOB IIPOIEeYyPhI COOPKU Mycopa
cpenu 00beKTOB moKoyeHuA 0, 10 JOCTUIKEHUU KOTOPOro 3alycKaeTcs cOopKa
Mycopa cpenu 00beKTOB oKoeHus 1. B aprymenTe threshold? mepenaercs duc-
JIO, OIpefeJiAIlee KOJIMUECTBO 3allyCKOB MPOIEAYPhI COOPKKU Mycopa cpenu
00'BEKTOB IIOKOJIEHUA 1, TT0 JOCTMKEHNU KOTOPOT'0 3aIllycKaeTcsa cOopka Mycopa
cpeny 00'bEKTOB MOKoJeHus 2. [0 yMOJIYaHUIO UCIOIB3YIOTCS IIOPOTOBbIe 3HA-
yenus (700,10,10). Eciu B aprymenTe threshold() mepemarh suauenue 0, cOopka
Mycopa 0yzeT OTKJIIOUeHa.

NMpumeyaHusa

e OO0BEKTHI, CBA3aHHbIE IIUKJINUYECKUMHU CCHLIIKAMN U MMEOINe MEeTO.H _
del__(), He yTUAUBUPYIOTCSA COOPIITUKOM MycOopa U IOMEIAIOTCI B CIIUCOK
gc.garbage (00'bEKTHI, KOTOPbIE HEe MOI'YT OBITH yAAJIeHbI). OTU O00BEKTHI He
YOQIAIOTCSA U3-3a CJIIOMKHOCTEH, CBABAHHBIX ¢ HEOOXOAUMOCTHIO BHITIOJIHEHU A
3aKJIOUNTENbHBIX OIlepaIiil 5TUMHI 00'heKTaAMMU.

o Dyukinuu get_referrers() u get_referents() IpuUMeHSAIOTCA TOJBKO K 00bEK-
TaM, IMOAAep:KuBapIuM cO0pKy Mycopa. Kpome Toro, atu (GyHKIIUU TIpPen-
Ha3HaUYeHbI TOJIbKO AJIs oTiIagKku. OHU He JOJKHBI UCIIOJIh30BATHCA B KAKNX-
00 APYTUX IIEIIX.

Mopaynb inspect

Mopyis inspect ucmoab3yerces aist c6opa nHGOPMAIIUY O CYIIIECTBYIOINIUX 005-
eKTaXx, TaKOU KaK MMeHa U 3HaUeHUA aTpuOyTOB, CTPOKU JOKYMEHTHPOBaHUI,
MCXOMHBIN IPOrPaMMHBIN KO/, KaJPhI CTEKOB 1 TaK JaJiee.
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cleandoc(doc)

IIpuBOAUT B IIOPAJOK CTPOKY JOKYMEHTUPOBAHUSA 00C, 3aMeIas BCe CUMBOJIbI
TabynAnuy IpobeaMu U yAaJsas OTCTYIIbI, KOTOPbIe MOTJIM OBIThH JOOABJIEHBI,
YTOOBI BLIDOBHATH CTPOKY JOKYMEHTUPOBAHUA B COOTBETCTBUU C APYTUMU WH-
CTPYKIUAMU B (PYHKIIUU UJIX B METOLE.

currentframe()

Boasspaimaer 00beKT KaJpa CTeKa, COOTBETCTBYIOIIUI KaApPy CTeKAa BBIZLIBAIO-
et QyHKI[UU.
formatargspec(args [, varags [, varkw [, defaults]]])

Boasspaimaer or)opMaTHPOBAHHYIO CTPOKY, IPEACTABJIAIONIIYIO SHAUCHU S, BO3-
Bparlaembie pyHKIIMEn getargspec().

formatargvalues(args [, varargs [, varkw [, locals]]])

Boasepaiaer oropMaTHPOBAHHYIO CTPOKY, IPEACTABJIAIONIYIO 3SHAUCHU S, BO3-
BpamtaeMble QyHKIIHeH getargvalues().

getargspec(func)

s 3amanHoil QyHKIIUY fUNC BO3BpaIllaeT UMEHOBAHHBIN KOPTEeXK ArgSpec(args,
varargs, varkw, defaults), Tae args — 8TO CIIUCOK MMEH apryMeHTOB (DYHKIIUU
func, varargs — nUMs apryMeHTa, HAUMHAIOIIErOCA ¢ CUMBOJIA * (€CJIM UMEeTCs),
varkw — mMs apryMeHTa, HAaUMHAOIIEeT0OCA ¢ CUMBOJIOB *+ (€CJIM UMEeTCs), U de-
faults — KOPTe:K 3HAYEHUH 0 YMOJIYaHHUIO IJIA apr'yMeHTOB uyu None, ecoia ap-
TYMEHTHI CO 3HAUEHUAMU 10 YMOJUYAHUIO OTCYTCTBYIOT. Eciiu B pyHKI MU func
UMEIOTCA apryMeHTHI CO 3HAUEHUAMM II0 YMOJYaHUIO, KOPTeX defaults mpen-
CTaBJIsAET 3HAUEHU IIOCJIeIHUX N apT'yMEHTOB B CIIUCKe args, Ie n — pe3yJbTaT
BbI3OBa QyHKIUU len(defaults).

getargvalues(frame)

BoasBpamaer sHaueHus apryMeHTOB, IepPeNaHHBIX (PYHKIIUU C KaJpPOM CTeKa
frame. BosBpartmaet Kopre:xk ArgInfo(args, varargs, varkw, locals), Trme args —
CIUCOK MMEH apryMeHTOB, vVarargs — UMs apryMeHTa, HaUMHAIOIIEer0Cs ¢ CUM-
BoJIa * (€CJIM MMeeTCA), Varkw — UMs apryMeHTa, HaUNHAIOIIEeroCsI C CUMBOJIOB **
(ecsiz umeeTcs), 1 1ocals — JJIOKAJBHBIN CJIOBaph KaJpa CTeKa.

getclasstree(classes [, uniquel)

ITonyuasa cicok classes cBsABaHHBIX KJIACCOB, 9Ta PYHKIIMA BOCCO3AET epap-
XWIO UX HacjaemoBaHusA. Mepapxus mpeacTaBiaeHa KaK KOJJIEKI[NA BIOKEHHBIX
CIIICKOB, T/le KasKJIBbIN 5JIeMEeHT CIMCKA SBJIAETCS CIIMCKOM KJIACCOB, HAaCJe-
OIYIOIIUX KJIACC, HEIOCPEACTBEHHO IIPEIIIeCTBYIOIINI 5TOMY CIHCKY. Kaix-
IBIM BJIEMEHT BJIOYKEHHOI'O CIIMCKA SBJIAETCA KOpTekeM U3 2 dJieMeHTOB (C1s,
bases), rae c1s — 00'bEKT KJiacca, a bases — KopTe:k 6a30BbIX KJjaccoB. Eciu B ap-
TYMeHTe unigque mepegaeTcs 3HaUeHUe True, KasKAbIN KJaacc OyaeT BKJIIOUATHCA
B BO3BpAaIllaeMbIii CIMCOK TOJBKO OOWH pas3. B mMpoTHBHOM ciayuae, Korga Mc-
II0JIb3yeTCA MHOKEeCTBEeHHOe HacJeJoBaHUe, KJIACC MOXKET IOABJIATHCA B CIIU-
CKe HECKOJIBKO Pas.

getcomments(object)

BosBepalraer CTPOKY, COIEPIKAIIYI0 KOMMEHTAPUH, HEIIOCPEICTBEHHO IIPeIIIie-
CTBYyIOIIIE OO0'BABJIEHUI0O 00bEKTa 0bject B MCXOMLHOM IIPOTPAMMHOM KOJe Ha
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aspike Python. Eciu 00beKT ABIAETCA MOAYJEM, BO3BPAIIAIOTCA KOMMEHTa-
puu, pacrnoJioyKeHHble B HadaJje MoAyJd. B ciaydae oTCyTCTBUA KOMMEHTapueB
BO3Bpalaercsa None.

getdoc(object)

Bosspailmaer cTpoKy AOKYyMeHTHpPOBaHUs o00beKTa object. Ilepen aTuM cTpoKa
IOKYMEeHTHUPOBaHUA obpabaTsiBaeTca GyHKIHeH cleandoc().

getfile(object)

Bosspamiaer umsa daiisa, B KOTOPOM HAXOAUTCS OIpeneseHne o0beKTa object.
Mosxer BepHYTS TypeError, ecau aTa nH(GOPMAIIUA He UMEET CMBICJIA UJIN HEIO-
cTymHa (HalIpuMep, JJid BCTPOEHHBIX QYHKIIMIT).

getframeinfo(frame [, context])

Boasspamaer mmeHOBaHHBIN KOpTeXK Traceback(filename, 1ineno, function, code_
context, index), comep:kaliuii cBeeHus 00 00beKTe frame ¢ uH(popMaI e o Ka-
Ipe creka. Ilosna filename u 1ineno onpenensioT MeCTOIIOJIOXKEHYe B CXOLHOM
IporpaMMHOM Koje. APryMeHT context ompeaesigeT KOJUUYEeCTBO CTPOK KOH-
TeKCTa, KOTOpbIe OYAYyT M3BJIEKAThCSA U3 UCXOLHOT0 ITPOrpaMMHOro Kozxa. Ilose
code_context B BO3BpaIllaeMOM KOPTeyKe COLEPIKUT CIIUCOK CTPOK, COCTABJIAIO-
mux KoHTeKCT. [loje 1ndex — umcIoBOM MHAEKC CTPOKU B 9TOM CIIMCKE, COOTBET-
CTBYIOIIEA KaJpy CTEKA.

getinnerframes(traceback [, context])

BosBpailmaer comucox s3amuceil B Kaape CTeKa IJs Kajapa ob0bexTa traceback
C TPacCHUPOBOYHOU MH(pOPMAIMEH 1 AJII BCeX BJIOKEHHBIX KaapoB. Kakaas sa-
OUCh ABJIAETCA KopTe:keM ua 6 sjmemeHToB (frame, filename, 1ineno, funcname,
code_context, index). Ilona filename, 1ineno, context, code_context U index mme-
IOT TOT K€ CMBICJI, UTO U B KOPTe:Ke, Bo3BpalmaeMoM PyHKIuei getframeinfo().

getmembers(object [, predicate])

Bosspaiaer Bce atpubyThl 00beKkTa object. OOBIYHO aTPUOYTHI BHIOMPAIOTCS
C IIOMOIIbIO aTpuldyTa __dict__ o0beKTa, HO 9Ta PYHKIIUSA MOYKET BO3BPAIlaTh
aTpubyThI, XPaHAIIMECA B APYTUX MecTaX (HallpuMep, CTPOKY JOKYMEHTHUPOBAa-
HUsa — u3 arpubyra __doc__, uMs 00'beKTa — 13 aTpubyTa __name__ W TaK gajiee).
ATpubyThI BO3BpalllaloTcA B BUe criucKa map (name, value). B Heo6sa3aTeIbHOM
apryMeHTe predicate MOKHO IepenaTh ()yHKIIUIO, KOTOpad IMIPUHUMAaeET aTpu-
O0yT 00'beKTa B KauecTBe apryMeHTa U BosBpaimaeT True uau False. B aTom cay-
yae B CIOMCOK OYAYyT BKJIOUEHBI TOJBKO T€ aTPUOYTHI, AJIA KOTOPBIX (PYHKIIUA
predicate BepHetT True. B KauecTBe (hyHKIIUU predicate MOMKHO UCIIOJIB30BATD Ta-
Kue QyHKIIUU, Kak isfunction() m isclass().

getmodule(object)

BosBparmaer Moayiab, B KOTOPOM ObLI 00'BABJIEH 00BEKT 0bject (ecaim 3TO BO3-
MOJKHO).

getmoduleinfo(path)

Bosspaiaer nudopmamnuio o Tom, Kak Python uaTepuperupyer nyTs K daii-
ay path. Ecam path e aBaserca moxyiaem Python, Bosspaiaercs None. B mpo-
TUBHOM CJIydae BO3BpalllaeTcs UMEHOBAaHHLIN KopTesk ModuleInfo(name, suffix,
mode, module_type), TOe name — 9TO UMA MOAYJA, SUFfix — pacHInpeHue UMeHU
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daiima, mode — pesKUM OTKPBITUA (hailjia MOAYJIA U module_type — IeJIOUUCIIeH-
HBIN KOJ, OIPeAeNAIuil Tul Moxyiad. Kogbl TUIIOB MOAyJell OIpeneseHbl
B MOJyJie 1mp Kak:

Tun mopgyna Onucanue

imp.PY_SOURCE daiia ¢ ICXOAHBIM ITPOTPAMMHEBIM KOZOM Ha A3biKe Python

imp.PY_COMPILED CKOMIIMJIMPOBAaHHBIN (Paiii ¢ 6aiT-KOLOM

imp.C_EXTENSION HMuHaMuuecKu 3arpysKaeMoe paclinpeHne, HallucaHHOe Ha
si3eike C

imp.PKG_DIRECTORY Karajor makera

imp.C_BUILTIN BcerpoeHHBIN MOAYITH
imp.PY_FROZEN DuKCcUPOBaHHBIN MOLYJIb
getmodulename(path)

BosBeparmaer umMsa MOAYJIsA, 3afaHHOr0 IyTeM path. Ecau aprymenrt path He BBI-
TIAIUAT KaK Moayib Python, BosBpartaercs None.

getmro(cls)

BosBpalmaeT KOpTeX KJacCOB, KOTOPBIN ABJIAETCA MPEACTABICHUEM IOPAI-
Ka IOMCKA MEeTOIOB B KJacce ¢1S. J[[omoJHuTeIbHbIe TTOAPOOHOCTH IPUBOASATCS
BriaBe 7 «Kiaccol 1 00'beKTHO-0OPHUEHTHPOBAHHOE IIPOrPAMMUPOBAHUE».

getouterframes(frame [, context])

BosBpailmaer concok 3amuceil u3 TEKYIero Kaapa CTeKa 1M BCeX 00beMJIIOINX
KaJapoB. ITOT CIIHMCOK SBJIAETCA IIPeACTABJIEHNEM II0CJIeJ0BATEILHOCTH BBI30-
BOB (DYHKIIUH, T/le IEePBBIN 3J€MEHT COAEP:KUT MH(MOPMAIIUIO O Kajape cTeKa.
Kamxnmasa sanuch aBiseTca KoprexkeM us 6 siemenToB (frame, filename, lineno,
funcname, code_context, 1index), MOJIsI KOTOPOT'O UMEIOT TOT K€ CMBICJI, UYTO U B
KOpTerke, Bo3BpaIiaeMoM PyHKIueir getinnerframes(). AprymMeuT context mMmeeT
TO JKe HagdHaueHue, 4To u B pyHKIuu getframeinfo().

getsourcefile(object)

Bosspaiaer umsa aiisa ¢ ICXOAHBIM IIPOrPAMMHBIM KOZOM Ha A3biKe Python,
rIe HaXOAUTCH OIpeesieHre 00beKTa object.

getsourcelines(object)

Bosspaitmaer koprex (sourcelines, firstline), COOTBETCTBYIOIIUM OIIpexaeie-
HUI 06beKTa object. Ilose sourcelines — CIUCOK CTPOK C MCXOAHBIM IIPOrpaMM-
HBIM KOJIOM, a IIoJie firstline — HoMep IepPBO¥ CTPOKU C MCXOAHBIM IPOTPaMM-
HBIM KozoM. Ecaiu ucXOZHBIN KO HEBOZMOYKHO MOJYUYUTD, BO30OYIKIaeT UCKJIIIO-
yenue I0Error.

getsource(object)

BosspailaeT nCXOAHBIN IPOrPAMMHBIN KO 00beKTa 0bject B BUe €IUHCTBEH-
HOHI CTPOKU. EcaM MCXOMHBIN KO HEBO3ZMOIKHO IIOJYUYNTh, BO30YIKIAET NCKJIIIO-
yenue [0Error.
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isabstract(object)

Bossparaet True, ecau 06beKT object sAiBsieTCs abCTPaKTHBIM 0a30BBIM KJiac-
coM.

isbuiltin(object)

Bosspairaer True, ecau 00beKT 0bject SBIAETCS BCTPOEHHON (QyHKITHIEH.
isclass(object)

Bosspairaet True, ecan 00beKT 0bject ABAAETCA KJIACCOM.

iscode(object)

Bosspartaer True, eciu 06beKT 0bject iBseTCS 00'BEKTOM C IIPOrPAMMHBIM KO-
JTIOM.

isdatadescriptor(object)

Bosspaimaer True, ecam 00beKT 0bject IBJIAETCS TeCKPUITOPOM JaHHBIX. Tako-
BBIMU CUMTAIOTCS 00'BEKTHI, OIIpeaeasioniue oba meroga: __get__ () m __set__().

isframe(object)

Boasspaimaer True, eciiz 00BbEKT 0bject sIBJsIeTCSI KagpoM CTeKa.
isfunction(object)

Bosspartaer True, ecau 00beKT object aBiseTca QyHKITHIEH.
isgenerator(object)

Bosspamiaer True, ecau 00bEKT 0bject ABJIAETCA TeHePaTOPOM.
isgeneratorfunction(object)

Bosspamiaer True, eciim 06beKT object ABasieTcsa GyHKIuei-reaeparopom. Or-
auuune otT pyHKIuu isgenerator() cOCTOUT B TOM, YTO JaHHAA (PYyHKIIUA ITPOBE-
psieT, BJISIeTCS T 00BbEeKT (QYyHKITHEl, KOTopas TP BLI30BE CO3/IaeT reHepaTop.
He MosKxeT UCTIOJIE30BATHCA JJIS IPOBEPKU, ABJIAETCSA JIU TeHePaTop aKTUBHBIM.

ismethod(object)
Boaspartmaer True, ecsi 00BbEKT 0bject ABIAAETCS METOIOM.
ismethoddescriptor(object)

Boaepaitmaer True, ecaiu 00bEKT 0bject ABIAETCA AecKpUNTOpoM MeTona. Taxo-
BBIMU CUNTAIOTCS O0BEKTEI, He ABJISIONINECS MEeTOAAMU KJIacca W OIpPeIesIsaio-
miue meton, __get__ (), HO He omrpenesiaioIme MeTon __set_ ().

ismodule(object)
Boaspamaer True, ecsi 00bEKT 0bject IBIASETCA MOLYJIEM.
isroutine(object)

Boasspataer True, ecsin 006eKT 0bject ABIAETCA MOJIH30BATEIBCKOM UJIN BCTPO-
€HHOM (DYHKIIVEeN NI METOIOM.

istraceback(object)

Boasspaimaer True, ecau 00beKT 0bject ABIAETCS 00BEKTOM C TPACCHPOBOUHOMN
uH(pOpMAaIUEen.
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stack([context])

BoasBepaiiaer cnucok sammuceill, COOTBETCTBYIOIIUX TEKYIIEeMY KaApy CcTeKa.
Kaxxgasa sanuchk aBasgeTcsa KopTexkeM us 6 sjgemenTos (frame, filename, 1ineno,
funcname, code_context, 1index), comep:Kamiux Ty ke mH(pOpPMAIIUI0, KOoTopasa
BO3BpaIaerca GyHKmueit getinnerframes(). ApryMeHT context onpeneser Ko-
JIUYECTBO CTPOK KOHTEKCTa, KOTOPhIE JOJI*KHBI BO3BPAIIATLCA IJId KaKI0N 3a-
IuCcU Kajapa.

trace([context])

BosspalaeT cuucok 3amnucei 1Jis KaJpoB CTeKa MeK /1y TeKYIIUM KaJpOM 1 Ka-
JIPOM, B KOTOPOM BO3HUKJIO UCKJIIOUeHMe. [lepBas 3alliuCh COOTBETCTBYET TEKY-
el PyHKIUM, a MocjaegHsAs — KaJapy, B KOTOPOM BOSHUMKJIO UCKJIIOUeHUe. Ap-
TYMEHT context ompenessieT KOJMUUYEeCTBO CTPOK KOHTEKCTA, KOTOPHIE TOJIKHBI
BO3BpPAIATHCA AJIA KaKIOH 3amucy Kaapa.

Mopaynb marshal

Mogysas marshal HMCHONB3yeTCA AJS Cepruausanuid 00bEeKTOB B «HEIOKYMeH-
THPOBAHHBIE» (DOPMATHI IPEACTABICHNISI JAHHBIX, NCIOJb3yeMble B A3bIKe Py-
thon. Moayab marshal moxosx Ha MomyJiu pickle u shelve, HO 06JiagaeT MEHbBIIIN-
MU BO3MOKHOCTSAMHU U MOJKET HCII0JIb30BATHCA TOJIbKO IPU PaboTe C IPOCTHIMU
o0bexTamu. OH BOOOIIE He JOJIMKEH HCIOJIb30BAThCA IJIA Peasiu3aliid coxXpa-
HeHUs 00'beKTOB (JJIs1 9TOTO JIyUIlle UCIOJIb30BaTh MOAYJIb pickle). OgHako mpu
padoTe ¢ IPOCTBIMI BCTPOSHHLIMY TUIIAME MOZLYJIL Marshal o0ecneunBaeT OUeHb
OBICTPBIN CIIOCO0 COXPAHEHUSA U 3aTrPy3KYU JaHHBIX.

dump(value, file [, version])

CoxpanseT 00beKT value B 00beKTe file oTKpeITOro (paiina. Eciau oobexT value
OTHOCHUTCS K HEIIOAJePKMBAeMbIM THUIIAM, BO30Y KAaeTcsa UCKIoueHne Valuekr-
ror. AprymMeHT version — IeJioe YHCJI0, OIPEAeIAIoNIee NCIOIb3yeMblil hopMaT
naHHBIX. Kon (hopmaTa mo ymoa4aHUIO OIIpeiesisieTCsA IIepeMeHHo narshal.ver-
sion u B HacTosAllee BpeMa uMeeT 3HaueHue 2. Bepcus 0 — aTo yerapeBiuii op-
MAarT, UCII0JIb30BaBIIniicsa Oosiee panHUMH Bepcusimu Python.

dumps(value [,version])

BosspaimaeT cTpoKy, 3anucaHuyo @yarmuei dump(). Ecin 00beKT value OTHO-
CUTCSA K HENOAAEePsKUBAaeMbIM THUIIAM, BO30Y:KIAeTCs MCKJIUYeHue ValueError.
HasuaueHnue aprymenTa version OMUCAHO BBIIIIE.

load(file)

YuraeT u BO3BpAIIlaeT caeAyoliiee 3HaUeHNEe U3 00beKTa file OTKPBITOrO (aii-
aa. Eciu GpyHKIUN He yoaJioch OIPOUYUTATh AOINYCTUMOE 3HaueHue, OyaeT BO3-
OyskaeHo uckJouenme EOFError, ValueError mam TypeError. ddopMar ZaHHBIX
B (paiijse ompeessieTca aBTOMATUYECKU.

loads(string)

YuraeT u BO3BpallaeT cjaeayrliee sHauyeHre U3 CTPOKU string.
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MpumeyaHusa

e JlaHHBIE COXPAHAIOTCA B IIIaT(OPMOHE3aBUCUMOM (hopmare.

o Tlogmep:xkuBaroTCA TOABKO None, IleJIble YKcIa, JJINHHbIE [[eJIble YKUCIa, YKC-
Jia ¢ IJIaBaroleil TOuKOoll, KOMIIJIEKCHbIE UKCJia, CTPOKHU, cTpoku FOHuKo1a,
KOPTEsKM, CIMCKM, CJOBAPU W O0BEKTHI C IPOrPaMMHBIM KomoMm. CHMCKH,
KOPTEKU U CJIOBAPU MOT'YT COAEPIKATh TOJBKO 00'BbEKTEI IOAIePIKNBA€MbBIX
THUIOB. OK3EMILIAPHI KJIACCOB M PEKYPCUBHBIE CCBLIKN B CIMCKAaX, KOpPTe-
JKaXxX U CJIOBAPSX He IOAAePKUBAIOTC.

e Ilesble umcyia MOTYT OBITH IPE0OPA3OBAHEI B [JIMHHBIE 1IeJIbIe, €CJIU BCTPOEH-
HBIN TUN int He o6JiafaeT JOCTATOYHOM TOYHOCTBIO IJIA UX MIPEJCTaABICHUS,
HAIPUMeD eCJIU CePpUaJIn30BaHHOE IeJI0e YMCJI0 COAep:KuT 64 6ura, a ureHne
BBIIIOJIHSAETCS Ha IIaTdopMe, IMOgIep:KuBaoIeil 32-0UTHBIE IieJIble YNCIa.

e Mogyab marshal He obeciieunBaeT 3aIUTY OT OMINOOUHBIX MJIN 3JI0HAMEPEeH-
HBIX JAaHHBIX U He JOJYKEH MCIOJIb30BAaThCA MJIA UTEHUS JAaHHBIX, Oy UYeH-
HBIX 113 HEIIPOBEPEHHBIX NCTOUYHUKOB.

e Mogayub marshal uMeeT 3HAUUTEJIHHO 60Jiee BHICOKYIO IPOU3BOAUTEIBHOCTD,
yeM MOAYJb pickle, M mMeeT MeHee IIINPOKYE BOSMOKHOCTU.

Mopaynb pickle

Mogyas pickle ncmosbayercs A npeobpasdoBanus o0beKkToB Python B mocie-
JIOBaTeJIbHOCTH 0aiiTOB, MPUTOAHYIO AJIA COXpaHeHU:d B (pailie, B 6a3e JTaHHBIX
WU JJIS TIepeJiauy 1o CeTH. OTOT IIPOIecC Ha3bIBAIOT IO-PA3HOMY: CepuaLuia-
yuell nau mapuwaniurezom. Ilogyuaromiascs mocaeqoBaTeJIbHOCTh 6aHTOB MO-
JKeT OBITh CHOBa IIpeobpas3oBaHa B cepuio 00beKToB Python B mporecce Boccra-
HOBJIEHUA.

Husxe nmepeunciedsl PyHKIUN, KOTOPbIe MOI'YT MCIOJIb30BAThLCA [JIA IIpeodpa-
30BaHNA 00'bEKTOB B IIOCJIEOBATEILHOCTH 0ANTOB.

dump(object, file [, protocol 1)

BriBoguT cepuain3oBaHHOE IpeAcTaBjieHre o0beKTa object B 00beKT (haitia
file. AprymeHT protocol onpefesser (hopMaT BHIBOAUMBIX HJaHHBIX. IIPOTOKOJ
0 (o ymMoJIYaHMIO) — 9TO TEKCTOBBII (popMaT, 0OpaTHO COBMECTUMBLI ¢ Gojee
paaaumu Bepcusimu Python. IIporokos 1 — 3T0 ABOMYHBIN (opMaT, KOTOPBIH
TaKyKe COBMECTUM C OOJIBIIMHCTBOM Mpeabiayinux Bepcuit Python. IIporokos
2 — 3TO caMbIii HOBBIM (hopMarT, KOTOPBIA obeciieunBaeT Hamnbojee s(PdpexTuB-
HBII CIOCO0 COXPAHEHU KJIACCOB M 9K3eMILIAPOB. IIPOTOKOI 3 MCIIOIbL3YeTCs
B Python 3 u mecoBmecTuM ¢ IpeabIAyIINMU BEPCUAMU NHTEpIperaTopa. Ecin
B apryMeHTe protocol mepemaeTcs OTpUIlaTeJIbHOe 3HaUeHNe, BLIOMPAeTCs Hau-
06oJiee COBpeMEeHHBI IpoToKoJI. CaMas MociefHAS BePCUs IIPOTOKOJIa XPAHUT-
cdA B mepeMeHHO# pickle HIGHEST_PROTOCOL. Eciu 00'beKT He mOAAEPIKUBAET BO3-
MOJKHOCTE Cepuansalinu, Bo30yKaaeTcsa UcKIoueHne pickle.PicklingError.

dumps(object [, protocoll)

To ke, uro u GyHKIHA dump(), HO BO3BPAII[aeT CTPOKY, COAEPIKAIIYIO Cepuan-
30BaHHBIE JaHHELIE,
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Crenyomuii npumMep JeMOHCTPUPYET, KaK MOKHO ObIJIO Obl MCIIOJIb30BATh dTH
GYHKIUU I cCOXpaHeHusa 00'beKTOB B (haiie:
f = open(‘myfile’, ‘wb’)
pickle.dump(x, f)
pickle.dump(y, f)
COXpaHUTb elle 00bekTH ...
f.close()

Cuenyromre (GYHKIIUU MOI'YT HCIOJb30BATHCA [IJIS BOCCTAHOBJIEHUS CEPUAJIH-
30BaHHBIX 00'bEKTOB.

load(file)

3arpy:kaeT ceprajJn3oBaHHOE IpeAcTaBIeHre 00beKTa u3 00beKTa 1le (aiiaa
¥ BO3BpAIIaeT roToBbIN 00beKT. IIpoTOKON yKa3bIBaTh He TpedyeTcd, TaK KaK
OH oIIpejesigeTcsa aproMarndyecku. Ecau ¢aiym conep:KUT NOBPeKAeHHbIEe TaH-
HbIe, KOTOPhIe HEe MOTYT OBITH AEeKOAMPOBAHBI, QYHKI[MA BO30OYKIaeT UCKJIIIO-
uenwue pickle.UnpicklingError. ITo moctuskenuu KoHIia aitia Bo30y K 1aeTCs 1Uc-
riarouenue EOFError.

loads(string)

To sxe, uto u GyHKIUA 10ad(), HO cepuaJIn30BaHHOE IIPeJiCTaBJIeHNEe O0HEKTA U3
CTPOKH.

Cuenyroruii mpuMep AeMOHCTPUPYeT, KaK MOYKHO OBLIO ObI MCII0JH30BaTh 3TU
(byHKIIUU 11 BOCCTaHOBJIEHUS 00'HEKTOB:

f = open(‘myfile’, ‘rb")

x = pickle.load(f)

y = pickle.load(f)

... 3arpyanTb ewe 00bLEeKTH ...
f.close()

IIpu BBITIOJIHEHUM 3arPYy3KU He TpedyeTcs YKa3bIBAaTh IMIPOTOKOJ MJIN KAaKYIO-
HUOYAL IPYryo MHMPOPMAIIHIO O THUIE 3arpysKaeMoro oobexTa. Ira nmHpopma-
IIUA COXPpaHAeTCA BMeCTe C CepruaJIn30BaHHBIMU NAHHBIMU.

Ecau peub uzeT o coxpaHeHHH 0ojiee UeM OJHOTO O0OBEKTa, MOKHO IIPOCTO
BBIIIOJIHUTDL CepUI0 BbI30BOB (pyHKmumuy dump() m load(), Kak OBLIO MOKa3aHO
B IpeAbIAyINuX mpuMepax. IIpy BHINOJHEHUN CEPUM BBEISOBOB (DYHKIIHI I0-
CTATOYHO IIPOCTO IrapaHTUPOBATD, YTO IIOCJIEA0BATEILHOCTD BbI3OBOB (DYHKI[UK
load() cOOTBETCTBYET MOCJIEIOBATEIBHOCTH BBI3OBOB dUMp(), MCIIOJH30BaBIIIMX-
¢ IJIA 3amucy 00beKTOB B (paii.

Korzma mesmo 1oxXoguT 40 CIOKHBIX CTPYKTYP JAHHBIX C ITUKJINUYECKUMU UJIN Pa3-
IeJIAeMBbIMU CCBLIKaMU, UCIOJb30BaHue GyHKIIUE dump() 1 1load() MOKeT OKa-
3aTbCA IIPOOJIEMATUYHBIM, IIOTOMY UYTO OHU HE IIOAJEePKHBAIOT BO3MOYKHOCTDH
coxpaHeHusa nHGopManuu 006 00beKTax, KOTOPbIe yiKe OBbIIN COXPAaHEHBI WU
BOCCTaHOBJIEHBI. OTCYTCTBUE TAKO BO3MOYKHOCTH MOYKET IIPUBECTHU K Upe3Mep-
HOMY YBEJUUEHUIO Pa3MepoB (PaijioB 1 BBHI3LIBATEL OMIMOKM IPU BOCCTAHOBJIE-
HUY B3AaMMOOTHOIIIECHUH MEKAY 3arPyKeHHLIMU 00beKTaMu. AJIbTePHATUBHBINA
MOAXOJ 3aKJIIOUAETCs B MCIOJIb30BaHNN 00bEKTOB KJiaccoB Pickler m Unpickler.
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Pickler(file [, protocol 1)

CospmaeT 00 bEKT, KOTOPBIN 3alUCHIBAeT NaHHbIE B 00BEKT 71le (aiiia, UCIOIb-
3ys YKa3aHHBIN IPOTOKOJ protoco] cepuaamsaliu. IK3eMILIAP p KJaacca Pick-
ler mumeeT MeTOx p.dump(x), KOTOPBIA 3aINCHIBAET O0HEKT X B 00BEKT F1le haiiua.
IIpu coxpaHeHuHN 00'BHEKTA X 3aIIOMUHAETCSA ero UAeHTUYHOoCTh.! Eciu Bmocien-
CTBUU IIOBTOPHO Oy[eT BHIIIOJHEHA IIOMBITKA COXPAHUTH O0HEKT X C IIOMOII[BIO
meToza p.dump(), BMECTO HOBOII Komuu B (paiiy OyaeT 3anucaHa CChLIKAa Ha 00b-
eKT, COXpaHeHHbI paHee. MeTox p.clear_memo() ounIaeT BHYTPEHHU CJI0Baph,
VCIIOJIB3YEeMBbI IJI5I COXPaHeHUsA MHPOPMAINM O paHee 3alIMCAaHHBIX 00beKTax.
9Ty BOBMOKHOCTH MOKHO ObIJIO ObI UCIIOJIB30BATD, UTOOBI 3aMIMCATH CBEIKYIO KO-
IO COXPAHEHHOI'0 paHee 00'beKTa (HaIpuMep, ecjau U3MEHNJIOCH ero 3HAUYeHIe
C MOMEHTA II0cJaeIHero Bbei3oBa Gyurmuu dump()).

Unpickler(file)

CospmaeT 00bEKT, KOTOPBIH YUTAET JaHHbBIE U3 00beKTa f1le aitia. IKIeMILIIP
u rJygacca Unpickler mmeeT meTon v.10ad(), KOTOPBIN 3arpyKaeT NaHHbIe U3 (aii-
Jia 1 Bo3BpalllaeT HOBBIA 00beKT. O0beKT Unpickler sammoMuHaeT 00'eKThI, KOTO-
phle OH BO3BpAIIaJ, IOTOMY UTO UCXOAHBIN (hailjl MOMKET COAEPIKATh CChLIKM Ha
00'BEKTHI, COXpaHeHHbIe 00beKkTOM Pickler. B aTom ciayuae meroxn u.1oad() Bo3-
BpaII[aeT CChIIKY Ha paHee 3arPysKeHHbBINA 00beKT.

Mogyab pickle moskeT paboTaTh ¢ GOJBITMHCTBOM Pa3HOBUIHOCTENM OOBLIUHBIX
o0bekToB Python, BKirouas:

e None
e UYrucsa u cTpoKU

e Koprexu, CIINCKY U CJIOBAPHU, COAEPIKAIIe 00beKThI TOJIbKO TeX TUIIOB, KO-
TOPBIE IO NEePXKUBAIOTCA MOAyJIeM pickle

e OK3eMIJIAPHI OJH30BATEIbCKIX KJIACCOB, 00'bABIEHHBIX B MOAYJIe Ha BEPX-
HEeM ypPOBHE

Korma coxpaHSOTCS 9K3eMILIAPHLI II0Jb30BATENBCKUX KJIACCOB, HaHHBIE 00
SK3eMILIIpe — eAUHCTBeHHAs mH(pOpMAaInsid, KoTopasa coxpausercsa. Coorser-
CTBYIOILlEE OIpeeJieHne KJIacca He COXPAHAETCS, BMECTO 9TOr'0 COXPaHEHHEIE
IaHHBIE IIPOCTO COAEPIKAT UMs COOTBETCTBYIOIIEro KJlacca U MM MOIYJIs, IIe
3TOT KJiace 00'bABJIeH. Korma mporcxXoaQuT BOCCTAHOBJIEHNE TAKOTO SK3eMILIsIpa,
aBTOMATUUYECKHU BBIMOJHAETCA UMIOPTUPOBAHNE MOAYJIS, B KOTOPOM HAXOMIMUT-
cs 00'bsBIICHUE KJIacca, — AJIs MOJYUYEeHUA JOCTYIIA K OIPeesIeHI0 Kiacca Ipu
BOCCO3JaHNM dK3eMILIspa. Ciaeayer TakikKe OTMETUTD, UTO IIPX BOCCTAHOBICHUN
SK3eMILIIpa MeTon __init__() Kjacca He BbI3hIBaeTcsA. BoccosgaHue u BocCTa-
HOBJIEHIE JAaHHBIX B 9K3eMILISIPEe IIPOU3BOJUTCS IPYTUMU CIIOCO0AMMU.

OnHO 13 OrpaHUYEHUH, HAKJIaJbIBAEMbIX HA 9K3EeMILJISAPHI KJIACCOB, 3aKJII0UAET-
¢S B TOM, YTO COOTBETCTBYIOI[HE OIPeeIeHN s KJIaCCOB TOIMKHBI HAXOAUTHCS Ha
BEepPXHEM YPOBHE MOJYJIA (TO eCTh 3TO He MOTYT OBITH BJIOJKEHHBIE KJjacchl). Kpo-
Me TOT'0, €CJIN OIIpeJesieHe Kilacca 9K3eMILIApa IePBOHAYATIBHO OBIJIO BBIIIOJ-
HEHO B MOJyJIe __Main__, OHO JOJIYKHO OBITH 3aTPYsKEHO BPYYHYIO, O IOMBITKU
BOCCTAHOBJIEHUS COXPAHEHHOTO 00beKTa (II0OCKOJBKY MHTEPIIPEeTaTOp He 3HAEeT,

YHucJsoBoit upeHTU@UKATOD. — [IpUum. nepes.
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KaK aBTOMATUUYECKHU 3arPY3UTh OIpeieieHne TpedyeMoro Kiaacca 06paTHo B MO-
IyJab __main__ B mpoliecce BOCCTAHOBJIEHU).

OO6ObIyHO He TpebyeTcs AejaTh UTO-TO OCOOEHHOEe C II0Jb30BATEJIHLCKUMU KJiac-
caMu, 4YTOOBI 00ECIIeUNTh UX COBMECTHMOCTEL ¢ MoayJeM pickle. OmHAKO Kiacc
MOJKET MPEeIOCTaBJATL COOCTBEHHBIE BEPCUM METOIO0B COXPAHEHUS M BOCCTa-
HOBJIEHUA WH(POPMAIIUM O CBOEM COCTOSHHM, Peajin30BaB CIel[uaibHbIe Me-
Tombl __getstate__() m __setstate__(). Meronm __getstate__() moJiskeH BO3Bpa-
maTh 00'bEKT, IIPUTOAHBIN JJIs COXpPaHeHUs (TAKOM KaK CTPOKAa MU KOPTeXK),
IPeACTABJIAIONINNA COCTOAHNE OPUTUHAJIBHOTO 00beKTa. Meron __setstate__()
IOJIXKEH IMPUHUMATL COXPAHEHHBIA 00BEKT M Ha ero OCHOBE BOCCTAHABJIMBATH
OPUTHHAJILHBINA 00beKT. Ecii 9T MeTOoAbI He OIpeeseHbl, 10 YMOJIYaHUIO CO-
xpaHseTrcd arpubyT __dict__ sksemmiasapa. CieqyeT OTMETUTD, YTO €CJIU OTU Me-
TOZBI OTIPe/ieJIeHbl, OHU TaKJKe OyAYT UCIIOJIb30BaThCA MOAYJIEM COpY IJIs oepa-
M IIOBEPXHOCTHOI'O 1 IIyOOKOI'0 KOIIMPOBAHMS.

MpuumeyaHusa

e B Python 2 umeercsa moxyab cPickle, comepakalnuii peaausanuo QyHKIANT
monyis pickle Ha siseike C. OH oGnamaeT ropasmo 6ojiee BHICOKOM IPOMU3BO-
JIUTEJIBbHOCTHIO 10 CPABHEHUIO C MOAYJIeM pickle, HO OTpaHUUYMBAET BO3ZMOIK-
HOCTB CO3JaHNs IIPOM3BOAHBIX KJjaccoB oT Pickler m Unpickler. B Python 3
TaKyKe MMeeTCs MOAYJb, COMePKAaInil peasudanuio Ha A3biKe C, HO OH He
HCIIOJIb3YETCs HEIOCPEICTBEHHO (MOAYJIb pickle MCIIOIB3yeT ero aBToMaTu-
YecKHu).

e dopMaT JaHHBIX, UCIOJb3YEeMbIH MOAYyJIeM pickle, XapaKTepeH IJs A3bIKa
Python u He moyxeH paccMaTpuUBATHCA KaK COBMECTHUMBIA C KAKMMU-JIUO0
BHEIITHUMU CTaHAapTaMu, TAaKUMU Kak X ML.

e Besge, rme TOJIbKO BO3MOYKHO, BMECTO MOAYJs marshal JOJMKEH MCIIOJIb30-
BaTbhCA MOAYJb pickle, IOTOMY 4TO MOAYJIB pickle siBasieTcs: 6oJiee ruOKMM,
WCIIOJIb3YyeMbIl UM (hopMaT KOAUPOBAHUA JAHHBIX ONMMUCAH B JOKYMEHTAIIUN
¥ B HEM BBIIIOJIHAETCA IIPDOBEPKAa HA HAJTNYNE OIJ_II/I6OR.

e MU3-3a mpobseM, CBA3aHHBIX C 0€30IIaCHOCTHIO, IPOTrPAMMEI He JOJKHBI BOC-
CTAHABJIMBATH JaHHLIE U3 (haJIOB, IIOJYUYEHHBIX U3 HEIIPOBEPEHHBIX MCTOY-
HUKOB.

e Vcmonb3oBaHue MOAYJIA pickle ¢ TumaMu, oO'bABJIEHHBIMU B MOLYJISAX pac-
U PeHnii, ABJIAETC HaMHOTO 00oJiee CJIOKHOI 3amaueii, ueM OBLJIO OIIMCAHO
3mechb. PaspaboTuMKy pacIiInpeHuil 00A3aTebHO HOJIKHBI 03HAKOMUTBLCS
C IMOAPOOHLIM OIIMCAHMEM HH3KOYPOBHEBOI'O IPOTOKOJIA B 9JIEKTPOHHON I0-
KYMEeHTaIluH’, YTOOBI 00eCIIeUYNTH BO3MOKHOCTh COXPAaHEeHUsI 00'bEKTOB C I10-
MOIIbI0 MOy pickle. B wacTHOCTH, C 0COOEHHOCTAMY peain3alluu CIeIu-
aJBbHBIX MeTOoJoB __reduce__() m __reduce_ex__(), KOTOpPbIe UCIOJb3YIOTCA
Moz yJIeM pickle AJisI co3gaHusA IIOCIeN0BaTeJIbHOCTY 0afiTOB.

Mopaynb sys

MO,Z[yJII: SYS COAEPKUT IIepeMeHHbIe U q)yHKIlI/II/I, nMewlIlnue OTHOIIIeHe K UH-
TeprnpeTraTopy 4 ero OKpyeHUnIo.
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NepemeHHble

B Mmoxyiie 00bsaBI€HBI IIEPEUNCICHHBIE ajiee IIepeMeHHEbIe.
api_version

ITemounciennoe npexncrasiaenue Bepcuu C API marepnperaropa Python. Hec-
OJIb3yeTCsA IIPU paboTe ¢ MOAYISIMU PACIIIUPEHUHA.

argv

Croucok mapaMeTpoB KOMaHAHON CTPOKHU, IEPejlaBaeMbIX IIporpaMMe. JJIeMeHT
argv[0] XpaHUT UM TPOT'PAMMEI.

builtin_module_names

Kopre:x ¢ umenamMu MonyJiei, BCTPOEHHBIX B MCIOJHSIEMBIN (paiia nHTepIpeTa-
Topa Python.

byteorder

ITopsmok ciaemoBaHuA 6aTOB, MCIIOJIB3YEMbIN alllapaTHON maaTdopmoii: ‘1it-
tle’ — oOpaTHBIN MOPAIOK CJIeqOBaHUS OANTOB, 'big — mpAMOIi.

copyright

CTpoKa ¢ TEKCTOM, COIepiKaIlM yIIOMUHAHNE 00 aBTOPCKUX IIPaBax.
__displayhook__

OpuruHaJsbHOe 3HaUueHue QyHKIUM displayhook().
dont_write_bytecode

Jlornueckuit diar, KOTOPBII OompenesseT, JOoJKeH au uHTepuperarop Python
coszmaBaTh (aiybl ¢ 6afT-KOAOM (C PACIIMPEHUEM .DYC UJIH .DY0) IPU UMIIOPTHU-
poBaHuu Moxysneii. HauanbHoe 3HaUeHME True, eCJIU HHTEPIPeTaTop He ObLI BBI-
3BaH ¢ KJa0490oM -B. [IporpamMmma MoKeT U3MEeHATH 3HAUECHUE 9TOU IIePeMeHHOH 110
CBOEMY YCMOTPEHUIO.

dllhandle

ITenouncaennsrii uaenTudurarop aad Python DLL (ucnosnssyercsa B Windows).
__excepthook__

OpurunaJbHoe 3HaueHue GyHKIuy excepthook().

exec_prefix

KaraJor, kyma ObLIy yCTaHOBJIEHBI IIaT(opMo3aBucuMblie ¢aiiasl Python.
executable

Crpoxka, comep:ralias UM BBITIOJHAEMOTO aiijia MHTepIpeTaTopa.

flags

O0BEKT, IPEACTABIAIONINI PA3JNUHbIe TapaMeTPbl KOMaHAHON CTPOKH, KO-
TOpbIe OBLIN MepefaHbl IPU 3alyCcKe camMoMy uHTeprnperaropy Python. Husxe
IPUBOAUTCA CIUCOK aTpuOyTOB 00beKTa flags BMECTE C COOTBETCTBYIOIMMU
mapaMeTpaMu KOMaHIHON CTPOKHU, BKJIIOYANOIIUME (Jaru. ITU aTpuOyThI 0-
CTYIHBI TOJBKO JJISI UT€HUS.
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ATpudyTt

ATpudyr ITapameTp KOMaHIHON CTPOKHK
flags.debug -d
flags.py3k_warning -3
flags.division_warning -Q
flags.division_new -Qnew
flags.inspect -1
flags.interactive -1
flags.optimize -0 nym -00
flags.dont_write_bytecode -B
flags.no_site -S
flags.ignore_environment -E
flags.tabcheck -tmaum -tt
flags.verbose Y
flags.unicode -U
float_info

O0BEeKT, KOTOPHIN XPAHUT UH(POPMAIINIO 0 BHYTPEHHEM IIPEICTABIEHUN YNCEJT
¢ IJIaBaloIleil ToOuKoi. S3HaueHus aTpubyTOB 3TOro 06'beKTa B3SATHI U3 3aTr0JI0-
BouHOrO (patisa float.h sa3eika C.

Onucanue

float_info.epsilon

float_info.dig

float_info.mant_dig

float_info.max

float_info.max_exp

float_info.max_10_exp

float_info.min

float_info.min_exp

PasrocTs Mex a1y 1.0 u GiImKaWIIInM YUCJIOM C TLIa-
BaroIen Toukoii 6osnie 1.0.

KosnuecTBo AeCATUYHBIX 3HAKOB, KOTOPBIE MOT'YT OBITH
[peJicTaBJIeHbI 0e3 U3MEHEeHU ! TI0CJIe OKPYTICHU .

KonmuecTBo u(p MaHTHUCCH B CUCTEME CIUCIEHU 110
OCHOBAaHUIO, YKa3aHHOMY B aTpubyTe float_info.radix.

MakcuMaJIbHO BO3MOKHOE UHCJIO C IIJIaBaIOIIeil Tou-
KOH.

MaxkcumasibHaA BEIUUYNHA SKCIIOHEHTHI B CUCTEME
CUMCJIEHUS TI0 OCHOBAHMIO, YKA3aHHOMY B aTpudyTe
float_info.radix.

MakcuMaabHasA BeJINUYNHA 9KCIOHEHTHI B CCTEME
cumCcJIeHud Mo ocHoBaHMO 10.

MuHHMAJIbHO BO3MOYKHOE IIOJIOKUTEIbHOE UKCIIO
C IJIaBAIOIIEN TOUKOA.

MunuMmabHaA BeJIMUYNHA 9KCIIOHEHTHI B CICTEMe
CUMCJIEHUS II0 OCHOBAHMIO, YKA3aHHOMY B aTpudyTe
float_info.radix.
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ATputyTt Onucanue

float_info.min_10_exp MunumaibHaA BeJINUYNHA 9KCIIOHEHTHI B CICTEMe
CUMCJIeHUs 10 ocHoBaHMO 10.

float_info.radix OcHOBaHUE CHCTEMbI CUMCICHUA AJIA I0Ka3aTesIsd CTe-
IIeHU.
float_info.rounds AusroputMm oKpyriieHusd (-1 — He onpezeseHo, 0 — B CTO-

POHY HYJIsA, 1 — 10 OIMIKaNIIero sHaUueHus, 2 — B CTO-
POHY IIOJIOKUTEJIBHON 6ECKOHEUHOCTHU, 3 — B CTOPOHY
OTPHUIIATEJILHOM 6ECKOHEUHOCTN).

hexversion

ITenoe umcio, B IIeCTHAAIIATEPUYHOM IIPEICTABIEHNN KOTOPOr'0 3aKOIMPOBaHA
nH(pOpMAaIUI 0 HOMepe BEPCUH, COAEpKaIlleMCA B IeEpeMeHHO sys.version_info.
3HaueHMe STOH IIePEeMEHHOI BCerja rapaHTHUPOBAHHO YBEJMUYMBAETCA C BBIXO-
JIOM HOBOM BepCHUU MHTEPIpeTaTopa.

last_type, last_value, last_traceback

3HaueHNs 9TUX MePEeMEeHHbIX YCTaAHABJINBAIOTCSA, KOTa MOSABJIsAeTCS Heo6pabo-
TaHHOE NCKJIOUEeHIe U MHTEePIIPETaTOP BRIBOAUT cO00IIeH e 00 ommnoKe. B mepe-
MEHHOU last_type COXpaHseTCsA THUII IIOCJEJHEro MCKJIOUEHN, B IIepPeMEeHHONR
last_value — 9K3eMIJISAP MOCJETHETO UCKJIIOUEHNA, a B IepeMeHHoM 1ast_trace-
back — 00BEKT ¢ TpaccupoBouHOIl MHPopMarueii. O0parure BHUMaHUE, UTO
B MHOTOIIOTOYHBIX IPUJI0KEHUAX He TapaHTUPYETCA JOCTOBEPHOCTDH MH(pOpMa-
Y B OTUX MEPEMEHHBIX, I03TOMY BMECTO HUX PEKOMEHIYEeTCS MOJb30BAThCSA
GyHKIUEHR sys.exc_info().

maxint
MaxcuMaabHO BO3MOKHOE 3HAUEHNe IeJIoro uncia (Toasko B Python 2).
maxsize

MaxkcumasbHO BOBMOYKHOE I1eJI0€ YHCJIO, ITOAAePKUBaeMoe TUIIOM Size_t A3bI-
ka C B cucteme. ITO 3HAUEHUE OIIpeJiesIgeT MaKCUMAaJIbHO BO3MOKHYIO AJIUHY
CTPOK, CIIUCKOB, CJIOBAPEU U APYTUX BCTPOEHHBIX TUIIOB.

maxunicode

ITenoe uuciio, ompepessioiiee HAaUOOJIBINNI KOZOBBIM NyHKT FOHMKOKA, KOTO-
pBIil MosKeT ObITH mpencTaBjieH. Ilo ymonuanuio uMmeeT sHaueHue 65535 mias
16-6utnoii koguposku UCS-2. Ecau npu c6opke nHTeprnperarop Python 6s11
HACTPOEH Ha ucnojb3oBanme KonupoBKku UCS-4, 910 yncsio 6yzxer 00JbIiie.

modules
CioBapb, KOTOPBIN 0TOOpaKaeT MMeHA MOAYJIel B 00'beKThHI MO YJIEI .
path

CHUCOK CTPOK, ONPENeIAONUX IyTh MoucKa MoayJieil. IlepBoIil sjeMeHT criu-
CKa BCer[a COIepP:KUT MYTh K KaTaJory, B KOTOPOM HAXOAWJICA CIleHAPHil, uc-
TOJB30BAaHHBIN JJIA 3allyCcKa MHTepuperaropa (eciu mocryreH). I[logpobuocTn
IpUBOAATCS B riiaBe 8 «TepaTopsl 1 reHepPaTophI».



296

MnaBa 13. Cnyx6bl Python BpeMeHW BbINoHeHUs

platform

Crpoka, ugeHTu@uUIMpYyonada niaaropmy, Hampumep ‘1inux-1386'.

prefix

KaraJor, Kyma ObLIM yCTaHOBJIEHEI IIaT(opMoHe3aBucumeble ¢aiiis Python.
psi, ps2

CTpoKu, cozepsKallie TEKCT OCHOBHOTO U J[OIOJHUTEJIHHOTO IPUTJIAIIEHUI
K BBOJYy MHTepIIperaTopa. MIsHauabHO IepeMeHHas ps1 uMeeT 3HaUeHMe ' >>> °,
a ps?2 — 3HaueHwue ‘... '. [Ipu HasHAUEHWU 9TUM IIEPEMEHHBIM IPYTUX 3SHAUEHUN
[IJI TIOJIYUYeHUs TeKCTa IPUTJIalleHusa Oy Iy T UCIO0JIb30BaThCA METOAbI Str() Ha-

3HAUEHHBIX 00'bEKTOB.
py3kwarning

B Python 2 saroT duiar ycranaBiauBaeTcs B 3HaUeHHue 1rue, KOrga MHTEPIPETaTop
3aIyCKAaeTCs C KJIIOUOM -3.

stdin, stdout, stderr

O0BeKTHI (haiiioB, COOTBETCTBYIOIME IIOTOKAM CTaHIAaPTHOTO BBOAA, CTAHAAPT-
HOTO BBIBOJIA U CTAHAAPTHOTO BBIBOAA cOOOIeHUU 00 omubkax. Ilepemennas
stdin mcmoawbsyerca (pyHKImaAMET raw_input() m input(). Ilepememmasa stdout
WCIIOJIB3YEeTCS MHCTPYKITHeH print AJst BbIBOA 3HAUEHUIT apryMeHTOB U (PyHK-
nuamu raw_input() m input() — mJisa BBIBOAA IPHUIJIAIIIEHUS K BBOAYy. Ilepemen-
Hasg stderr UCIOJIb3yeTCa NHTEPIIPETATOPOM IJIS BbIBOAA IPUTJIAIIEHNA K BBOLY
U cOo00ITIeHnT 00 omuoKax. OTUM IIePeMeHHBIM MOT'YT ObITH Ha3HAUEHbI JII0ObIe
00'BEKTHI, HMOAAEPIKUBAIOIINE MEeTON write(), IPUHUMAIONINN eIUHCTBEHHBIN
CTPOKOBBIH apryMeHT.

__stdin__, __stdout__,

stderr__

Ilepemennsle, comepskalime 3uauenus stdin, stdout u stderr, moJTyueHHbBIE B MO-
MEHT 3aIlyCKa MHTepIpeTaTopa.

tracebacklimit

MakcumasibHOE KOJUYECTBO YPOBHEH TPacCUPOBOYHON HMHMOpPMAIIUH, KOTO-
pas BbIBOAUTCS IPU IIOABICHUY HEOOPAOOTAHHOI'O MCKJIOUEHNA. SHAUEHUE II0
ymosruanuio 1000. 3Hauenue 0 momaBiiAeT BBEIBOJ TPACCHPOBOUYHOMN mH(MpOPMAa-
WU, IIPU STOM BBIBOJATCS TOJBKO TUI UCKJIIOUEHUA U NH(OOPMAIIUA 13 HEro.

version
CTpoKa ¢ HoMepOM BEpPCHUMH.
version_info

Nudopmaliusa o Bepcuu B Buie KopTexa (major, minor, micro, releaselevel, seri-
al). Bce 3BHaueHUA ABIAIOTCA I1eJIOUNUCIEeHHBIMY, 38 UCKJIIOUeHUEM releaselevel,
KOTOpoe ABJIseTCA CTPOKOIT ‘alpha’, ‘beta’, ‘candidate’ mum ‘final.

warnoptions

CnucoKk apryMeHTOB IIapaMeTpa KOMAaHIHOM CTPOKH -W, IMOJYUYEeHHOT'O MHTEpP-
IPEeTaToOPOM.
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winver

Howmep Bepcuu, KOTOPBIH 00BIYHO (hopMUPYETCA M3 KJIIOYEN peecTpa B CUCTEME
Windows.

DyHKUNN
Hwuxe nmpuBogsaTca GyHKIIUM, JOCTYITHBIE B MOAYJIE SYS:
_clear_type_cache()

OuuiraeT BHYTPEHHUI KOIII THUNIOB. UTOOBI ONTUMU3UPOBATH IIOUCK Haubosee
YACTO MCIIOJb3YEeMbIX METO0B, BHYTPH MHTEPIIPETATOPA MMEeTCsT HeOOJIBbIIOoM
komr Ha 1024 3anucu. OTOT KIIIl TO3BOJIAET YCKOPUTDH IIOBTOPHBIE TIOMBITKY I10-
HUCKa, 0COOEHHO B IPOrPAMMHOM KOJie, TIe UCIOJB3YIOTCA KJIACCHI ¢ TUIyOOKOH
uepapxueil HacjegoBauusa. OOBIYHO STOT KIIII OUHUIIAThL He TpebyeTcs, HO 9Ta
DYHKIIHS MOKET IPUTOAUTHCS IIPU PEIIeHnY HEKOTOPBIX ITPOo0JIeM 0CBOOOK Ie-
HUS TaMATH, CBI3aHHBIX C ITOCYETOM CChLIOK. Hampumep, Korga MeTo | B KaIIe
VIEePIKMUBAeT CCHLIKY Ha 00BEKT, KOTOPBIH TpedyeTcsa YAaInuTh.

_current_frames()

BosspaimaeT cioBapb, 0ToOpasKamIMuil MAeHTH(GUKATOPEI IOTOKOB BBITIOJIHE-
HUS HA caMble BepPXHIME KaJpbl CTeKa, AJIA IIOTOKOB, KOTOPbIE OBIIN aKTHUBHBI
B MOMEHT BbI30Ba (PYHKIIMK. dTa MHAOPMALNSA MOMKET IPUTOJUTLCI IPU Pas-
paboTKe MHCTPYMEHTOB OTJIAJKK MHOTOIOTOYHBIX MPUJIOMKEHUN (TO eCTh IJIsA
MOVCKA IIPUYNH B3aMMOOJOKNPOBOK). VIMeliTe B BUAY, UTO 3HAUEHUS, BO3BPA-
maemMble QYHKI[HEH, IPEACTABIAIOT CO00I BCEro JINIIb « MI'HOBEHHBIN CHUMOK »
WHTEpIIPeTaTopa B MOMEHT BbI3oBa PyHKIuu. K ToMy Bpemenu, Korma QyHKITUA
BEPHET Pe3yJIbTAThl, IIOTOKU MOTYT VK€ BBIOJIHATLCSA B JPYTOM MECTE.

displayhook([value])

IdTa (QPYHKIUSA BBI3BIBAETCS AJIS BBEIBOJA PE3YJIbTATOB BHIPAYKEHUI, KOTga MH-
TepIIpeTaTop BBIMOJHAETCA B MHTEPAKTUBHOM pe:xuMe. Ilo ymMosdaHUIO OHA
BBIBOOUT 3HAUEHUE repr(value) B IOTOK CTAHAAPTHOTO BBIBOJIA U COXPAHSET ero
B IepeMeHHOH __builtin__._. iMeeTcsda BOSMOKHOCTH IEPEOIIPENEIATH 3BHAUEHUE
displayhook, 4TOGBI TP HEOOXOAUMOCTH 00ECIIeYnTh NHOE TOBeIeHe.

excepthook(type,value,traceback)

dra QPYHKIUA BbI3BIBAETCA NHPU IIOSBJIEHUU HEOOPabOTaHHOTO UCKJIIOUEHUS.
B aprymenre type eii mepejaercsa KJacc HUCKJIOUEHUS, B apryMeHTe value —
3HaueHle, MepeJaHHOe MHCTPYKIIMM raise, a B apryMeHTe traceback — o00b-
eKT C TpacCcUpPOBOUHON mH(popmariueii. I[lo yMoauaHMIO OHA BBHIBOAUT B IIOTOK
CTAHZAPTHOI'O BEIBOZA COOOIIeHN 00 oInbKax nH(GOPMAINI0 00 UCKIIOUEHIN
U TpaccupoBouHYI0 nH(GopManuio. OTHAKO nMeeTCsa BO3MOMKHOCTD IIepeonpee-
JIUTH 3Ty (PYHKIIUIO 1 Peajn30BaTh aJbTePHATUBHBIN CIIOCO0 peaKIiuy Ha Heo0-
paboTaHHBIE UCKJIIOUEHUSA (UTO MOXKET OKA3aThCs MOJE3HBIM B CIIEINATU3UPO-
BaHHBIX IPUJIOKEHUAX, TAKUX KaK oTyiaguuku uiu cuenapuu CGI).

exc_clear()

Ouwnimaer BCoO WHMOPMAINIO, CBA3AHHYIO C MOCJIEJHUM HCKJIIOUeHneM. IIpu
9TOM OUMUINAETCS TOJbKO MH(MOPMAIUs, MMeIolasa OTHOIIIeHNEe K BhI3hIBAIOIIIe-
MY IIOTOKY BBLITIOJTHEHU.
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exc_info()

Boaepatmaer koprex (type, value, traceback) c mHPopMaIimeit 06 UCKJIIOUEHNH,
obpabaTeIBaeMOM B TEKYIIUI MOMeHT. B aprymenre type mepenaeTcs TUI WC-
KJIIOUEHUA, B apryMeHTe value — mapaMeTphl MHCTPYKIIUY raise, a B apryMeHTe
traceback — 00'BEKT ¢ TPACCUPOBOYHOI nHMpOPMAIUEil O TOI TOUKE B CTEKE BbI-
30BOB, I'/le BOSHUKJIO UcKIoueHre. Eciu B TeKyIuii MOMEHT BpeMeH! HUKaKoe
HUCKJIOUeHNe He o6pabaTbiBaeTcs, Bo3BpaIiaet None.

exit([n])

3agBepiraeT paboTy MHTEPIIPETATOPa, BO30yKAasa NCKI0UeHnd SystenExit. B ap-
TyMeHTe N IepefaeTcs Lejoe YHUCJIO — KOoJ, 3aBepinenns. 3uadenue () paccMmarpu-
BaeTcA KaK IPU3HAK HOPMAJILHOTO 3aBEPIIEHUA (0 YMOJIYAHUIO); HEHYJIeBbIe
3HAUEHUA NHTEPIPETUPYIOTCA KaK IPU3HAK OIMNOKY. Eciu B apryMeHTe n mepe-
[IaTh 3HaUEHUe, He SABJIAIOIeecs I[eJIbLIM UMCJIOM, OHO OyAeT BBIBEJEHO B IIOTOK
sys.stderr, a 3aBepiiienre paboThI OyIeT IIPou3BeeHo ¢ Komom 1.

getcheckinterval()

BosBepalraer BeInYnHy WHTEPBAJIA IPOBEPKYU, KOTOPKIH OMIPeiesIdeT, KaK YacTo
WHTEepIpeTaTop OyAeT MPOBEpPATh HAJIUUYNE CUTHAJIOB, HEOOXOAMMOCTH Iiepe-
KJIFOUEHUS TOTOKOB BBITIOJHEHUSA U APYTUX IIEPUOANUECKUX COOBITHI.

getdefaultencoding()

BosspaliaeT KOJWPOBKY, HCIOJL3YyeMYIO II0 YMOJUYAHWIO [IJs IIpeodpasoBa-
uuii crpoxk IOunKozma. Bosspaliaemoe 3HaueHMe ABISETCA CTPOKOM, TaKOM KaK
‘asciil’ mam ‘utf-8'. YcraHOBKA KOAUPOBKU IO YMOJIYAHUIO IPOU3BOAUTCA MO-
ayaeM site.

getdlopenflags()

Bosspatmaer ¢iaru, Kotopslie nepefgaoTea GyHKIIUT dlopen(), HallMCaAaHHON Ha
asbike C, Bo Bpems 3arpysku moayJieii pacinupennit B UNIX. JlomoaHuTeIbHBIE
TOAPOOHOCTY CMOTPUTE B JOKYMEHTAIINHY K MOAYJIIO dl.

getfilesystemencoding()

BosspaiaeT KOZUpPOBKY CHUMBOJIOB, MCIIOJB3YEMYIO ONEPAI[MOHHON CHCTEMOM
s oTobpaskenns cuMBoJioB FOHMKOMa B nMeHax (aitios. B Windows Bos-
Bpamaer ‘mbcs’, a B Macintosh OS X — ‘utf-8’. B UNIX KozupoBKa 3aBUCUT OT
PEermoHaJIbHBIX HACTPOEK, U (PYHKIMs OyAeT BO3BpAIaTh 3HAUEHNE IapaMeTpa
HacTtpoiiku CODESET. MoskeT BodBpaIaTh None, eCJIi B CUCTEME UCIOJIb3yeTCs KO-
IUPOBKA II0 YMOJIYAHUIO.

_getframe([depth])

Bossparaer 06beKT Kapa cTeKa BHI30BOB. Ecau apryMeHT depth OmyIeH uiau
PaBeH HYJIO, BO3BpAIlaeTCs caMblil BepXHUI Kaap. B MpoTuBHOM caydyae BO3-
BpalaeTcs KaJp, PacloJIoKeHHbIN HUKe TeKYyIIero Kajipa cTeka Ha YKasaHHOe
yucyo ypoBHeii. Hanpumep, BbI3oB _getframe(1) BepHeT KaJap cTeKa BBIBBIBAIO-
et pyukmuu. [Ipu mepegaue B apryMeHTe depth HeLOTYCTUMOTO 3HAUEHU S BO3-
Oysxmaer ucKJouenne ValueError.,

getprofile()

BosspaiaeT QyHKIIIIO TPOo(PUINPOBAHN A, YCTAHOBIEHHYO BEI30OBOM DYHKITUH
setprofile().
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getrecursionlimit()

Boasspaiaer orpannuenue Ha KOJIUUYECTBO PEKYPCUBHBIX BEIB0OBOB YHKITUMA.
getrefcount(object)

BosBpamiaer 3HaueHNe CUETUNKA CCHIJIOK Ha O0BEKT object.

getsizeof(object [, default])

Bossparaer pasmep o6beKTa object B 6aliTax. BerunciieHNA BBITOTHAIOTCA C IO~
MOIIIBIO CIIeIIMaJIbHOTO MeToAa __sizeof () ykasaHHoro oobekra. Ecau aToT Me-
TOZ He OIIpeJieJieH, BO30y KAaeTcs NCKIII0oUeHue TypeError, ecau He OBLIO YKa3aHO
3HAUEeHVe 10 YMOJIYaHUIO B apryMeHnTe default. IlockoJIbKY Ha peasnsanuio Me-
TOomOB __sizeof__() B o0beKTaX He HAKJAAbIBAETCA HUKAKUX OTPAHUYEHUN, TO
HEeT HUKAKOU rapaHT!H, YTO BO3BpaIllaeMoe 3HaUeHre QYHKIUY OyIeT TOYHO CO-
OTBETCTBOBATh 00beMy 3aHMMaeMoi naMAaTu. OJHAKO JJIA BCTPOEHHBIX TUIIOB,
TaKUX KaK CIIMCKY UJIU CTPOKY, GYHKITUA BO3BPAIIaeT KOPPEKTHOe 3HAUEHME.

gettrace()
BosspaimaeT pyHKIINIO TPACCUPOBKY, YCTAHOBJIEHHYIO PYHKIIHUEH settrace().
getwindowsversion()

Boaspamaer xoprex (major,minor,build,platform, text), OMUCHIBAIOIINII BEPCUIO
ucnosb3yemoii cucrembl Windows. Ilosie major conepsKUT OCHOBHOM HOMED BED-
cuu. Hanpumep, 3HaUueHne 4 COOTBETCTBYET OmepanuonHoit cucreme Windows
NT 4.0, a saauenue 5 — Windows 2000 u Windows XP. IloJsie minor comep:xut
MIagmui Homep Bepcuu. Hampumep, 3Hauenme () COOTBETCTBYeT OIepaIlMOH-
ot cucreme Windows 2000, a smauenue 1 — Windows XP. ITose build comep-
KuT HOMep cbopku. Ilose platform — 1mejoe uncio ¢ MHMPOpMAaImeii o ImaaTdopme
¥ MOJKET IPUHUMATD OAHO 13 TunnuuHbIX 3Hauenuii: 0 (Win32s B Windows 3.1),
1 (Windows 95, 98 unu Me), 2 (Windows NT, 2000, XP) uiau 3 (Windows CE).
Ilone text comep:XUT CTPOKY € IOIOJHUTEJIBbHON WH(pOpMaIueill, TaKO# Kak
“Service Pack 3".

setcheckinterval(n)

VeramaBianBaeT KOJIMYECTBO MHCTPYKIIUI BUPTyaabHON Mamuubl Python, xo-
TOpPbIE€ OOJIKEH BBIIIOJIHUTH MHTEPIPETATOP, IIPpEeX e YeM OH IIPOBEPUT HACTY-
IJIEHHE IIEPUOLUUYECKOr0 COOBITHSA, TAKOIO0 KAaK CHUIHAJ WM HEeOOXOAMMOCTH
IEePEeKJIIUYEeHN I KOHTEKCTa IOTOKA BEIMOJIHEeH . I10 yMoIuaHMIO yeTaHaBINBA-
ercsa sgauenue 10.

setdefaultencoding(enc)

YcranaBiuBaeT KOAUPOBKY IO YMOJUYAHUIO. B apryMeHTe enc DOJI:KHA IIepena-
BaTbCA CTPOKA, TaKad KakK ‘ascii’ muwm ‘utf-8'. Ora GyHKIMA OnpeaesieHa TONb-
KO0 B MoayJie site. MoskeT BBI3BIBATBHCSA 13 IIOJb30BATEILCKUX MOMYyJIeit sitecus-
tomize.

setdlopenflags(flags)

YcranaBauBaer Jiaru, KOTOPbIe B faJbHEHIIEM OYAYT epefaBaThesa GYHKIINT
dlopen(), HanucaHHO# Ha A3bIKe C, KOTOpas UCIOJb3yeTCH AJs 3arpy3KH MOIY-

! TIpu crapriem HOMepe Bepcuu 5. — [Ipum. nepes.
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seit paciuperuii B UNIX. 9tu ¢aru okaspiBaiOT BIUAHME Ha cocob paspe-
IIeHUA UMeH B OMOJIMOTEeKax M B IPYTUX MONYJIAX paciiupenuii. B aprymenre
flags mepenaerca GMUTHaA MacKa, COCTaBJIeHHAA U3 3HaUeHUH (paaros, 00benu-
HEHHBIX C IIOMOIIIbI0 OMTOBOM omeparuu MJIW, KoTopble omrpeeeHbl B MOLYJIe
dl, mampumep sys.setdlopenflags(dl.RTLD_NOW | d1.RTLD_GLOBAL).

setprofile(pfunc)

VeramapiaupaeT QYHKIIHNIO TPODUINPOBAHUSA, KOTOPAS MOKET UCII0JIh30BaAThCA
peasusaiiueil TpopUIUPOBIIUKA UCXOTHBIX TEKCTOB.

setrecursionlimit(n)

VcramaBiuBaeT orpaHMUYEHNE HA KOJHUUECTBO PEKYDPCHUBHBIX BBI30BOB (DYHK-
nuii. ITo ymonuauuio ycranasiauBaercsa suauenre 1000. O6paruTe BHUMaHUE,
YTO OIEpAI[MOHHAA CUCTEMa MOKeT HaKJaJblBaTh CBOM OTDAHUWUYEHUS HaA pas-
Mep CTeKa, IM09TOMY YCTAHOBKA CJAUIIKOM GOJIBIIIOrO 3HAUEHUS MOYKET BBISBI-
BaTh aBapuUiiHOe 3aBeplileHre Ipolecca nHTepnperaropa Python ¢ coobmenunem
«Segmentation Fault» (ommubra cermenTanum) niau «Access Violation» (aapy-
IIIeHUe IPaB JOCTYIA).

settrace(tfunc)

VYcranaBiuBaeT QYHKIIUIO TPACCUPOBKYM, KOTOPAs MOXKET UCIIOJIb30BATHCA pea-
Jusamueii onagyuka. JlonosHuTrenbHas nabopmanusa o6 ornaguuke Python
npuBoauTcA B riiase 11.

Mopaynb traceback

Mopgyus traceback ucmoabayeTrcs AJiA cOOpa 1 BBIBOJA TPACCUPOBOUHOM MHGOP-
MaIU O IIporpamMme I1ocJjie roABJI€HNA UCKJIIOUEHU A. q)yHKI_H/II/I B 9TOM MOAayJie
OIIEPUPYIOT 00bEKTAMU C TPACCHPOBOUHOM mHMpOpMAaIneil, TaKUMHU KaK B Tpe-
THEM dJIeMEHTE BO3BPAIIlaeMoro 3HaueHusa GyHKIun sys.exc_info(). B ocaoBHOM
3TOT MOJYJIb MOYKET UCIOJIH30BATHCA /I Peaju3auy HeCTaHJapTHOTO CIIOCO-
0a BBIBO/IA COOOIIeHUIT 00 OITuOKax, HarpuMep Koraa mporpaMMbl Ha s3biKe Py-
thon BBITTOTHAIOTCA TTTY6G0OKO B HEJ[PAX CETEBOT0 cepBepa 1 He00X0 MO OpraHu-
30BaTh BBIBOJ] TPACCUPOBOUYHON mH(popMaIiuu B haiij KypHaa.

print_tb(traceback [, 1imit [, filel])

BriBogurt B (paiin file mo 1imit 3amuceii us o6beKTa traceback ¢ TpacCUPOBOYHOM
nHpopmarueii. Eciu aprymeHnT 1imit OIyIIieH, BEIBOAATCA BCE MMEIOIIIHECS 3a-
nucu. Eciiu aprymeHT 71le onmyIlieH, BBIBOJ OTIPaBJIgeTcs B Sys.stderr.

print_exception(type, value, traceback [, limit [, file]])

BriBogut B daitn file nHGOpMAINIO 00 UCKJIIUYEHUN U TPACCUPOBOUHYIO MH-
dopmanuro. B aprymenTe type mepefaeTrca TUII HMCKJIOYEHUSA, a B apryMeHTe
value — 3HaUeHUE UCKJIOUeHUsA. APTyMeHTHI [imit u file UMeIOT TOT »Ke CMBICJI,
uTo 1 B QyHKIUHU print_tb().

print_exc([limit [, filell)

To ke, uTo m print_exception(), HO MpuMeHAETCA K MHPOPMAIM, BO3BpaIIae-
Mo (pyHKIIMEeN sys.exc_info().
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format_exc([1imit [, file]l)

BoaBpaiaer cTpory, comep:Kaliyio Ty ke MHGOPMAIIUI, KOTOPYIO BBIBOAUT
GyHKIUA print_exc().

print_last([limit [, filel])

To ke, uTo u print_exception(sys.last_type, sys.last_value, sys.last_trace-
back, 1imit, file).

print_stack([frame [, 1imit [, filelll)

BreIBomuT TpaccupoBOUHYI0 MHGOPMAIIUIO IJIS TOUKM, OTKY/a ObLJI cleJIaH BEI3OB
dyuxnuu. B Heobs3aTeIbHOM apryMeHTe ramne nepeaaeTcsa HadaJIbHbBINA KaJap cTe-
Ka. ApryMeHTsI 1imit u file UMEIOT TOT K€ CMBICJI, YTO 1 B (PyHKIMU print_tb().

extract_tb(traceback [, 1imit])

WsBiiekaer Ty jKe TPAaCCHPOBOUHYIO MHMPOPMAINIO, UTO U PYHKIMA print_tbh().
BosspaimaeT criucok Koptexeit Bunga (filename, 1ine, funcname, text), comep-
JKammux mHGOPMAINIo, KOTOpPas O0BIYHO BBEIBOAUTCS B COOOIEHUAX 00 OIu6-
Kax. B aprymenre 1imit mepegaeTcs KOJIUUYECTBO BO3BPAIIlaeMbIX 3aIIUCEH.

extract_stack([frame [, 1imit]])

H3BiekaeT Ty iKe TPacCUPOBOUHYIO MH(POPMAIIUIO, UTO W (PYHKIHUA print_
stack(), HO UBBJIEKAET ee U3 Kaapa creka frame. Ecau aprymenr frame omyiieH,
WCTIOJIb3yeTCs Kaap CTeKa BhI3bIBatoIell (OyHKIIUU. B aprymenTe 1imit mepena-
eTcs KOJIMUECTBO BO3BPAIIlaeMbIX 3aIINCEH.

format_list(list)

dopmaTupyeT TPACCUPOBOUHYIO MH(OPMAIIUIO IIepel BbIBOAOM. B aprymenre
1ist mepemaeTcsa CIMCOK KOPTeXKeil, Bo3BpamiaeMblii (pyHKIMen extract_tb()
uau extract_stack().

format_exception_only(type, value)
dopmaTupyeT nHGOPMAIINIO 00 NCKJIIOUEHUH IIepe]] BELIBOIOM.
format_exception(type, value, traceback [, 1imit])

dopmaTUpyeT TPACCUPOBOUYHYIO MH(POPMAIINIO U MHDOPMAIINIO 00 UCKJIIOUeHU N
mepe BBIBOIOM.

format_tb(traceback [, 1imit])

To »xe, uro u format list(extract tb(traceback, 1imit)).
format_stack([frame [, 1imit]])

To »xe, uro u format list(extract _stack(frame, 1imit)).
tb_lineno(traceback)

Bosspaimaer HoMep CTPOKM, YCTAHOBJIEHHON B 00bEKTE C TPACCUPOBOUHOI MH-
dopmarue.

Mopaynb types

B moayie types oObABIAATCA MMeHA BCTPOEHHBIX THUIIOB, KOTOPbIE COOTBET-
CTBYIOT DYHKIIUAM, MOAYJIAM, TeHepaTopaM, KaJapaM CTeKa U APYTUM dJIeMeH-
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TaM nmporpamMm. IMeHa, 00'bABJIEHHBIE B 9TOM MOJYJI€, YaCTO KUCIOJb3YIOTCSA
mpu obpallleHuy K BCTPOEHHOUM (PyHKIMU isinstance() u B Apyrux omeparuax

Hag TUIIaMU.

IlepemenHas Omnucanue

BuiltinFunctionType Tun BcTpOeHHBIX (DYHKITUN

CodeType Tun 065eKTOB ¢ TPOTPAMMHBIM KOZOM

FrameType Twumn kazgpa cTeKa BBIIIOTHAEMBIX 00BEKTOB
FunctionType Tun nonb3oBaTenbCKUX MYHKIIUHA 1 lanbda-BeIpasKeHU I
GeneratorType Tumn 06 bEKTOB I'eHePaATOPOB U UTEPATOPOB
GetSetDescriptorType Tun 06 eKTOB IeCKPUIITOPOB METOOB getset
LambdaType AnwsrepHaTuBHOe uMs Tuiia FunctionType
MemberDescriptorType Tun 06'beKTOB IECKPUIITOPOB aTPUOYTOB
MethodType Twun MeTos0B OJIB30BATEIBCKUX KJIACCOB
ModuleType Tun moxmyeit

TracebackType Tun 06'beKTOB ¢ TPACCHPOBOUYHOM MH(OPMAIMEH

BoJBIIMHCTBO THUIIOB O0'BEKTOB, IIE€PEUMCJIEHHBIX BBIIIE, MOTYT UIPATh POJIb
KOHCTPYKTOPOB [JIsI CO3JaHusA 00'beKTOB 9TUX TUIIOB. B onucaHum HUMXKe Ipes-
CTaBJIEHBI IIApaMeTPhl, KOTOPbIe IIePefaloTCA MIPU CO3MaHUN (PYHKI[UA, MOIY-
Jel, 00BbeKTOB ¢ IPOrPaMMHBIM KOJOM 1 MeTonoB. IlogpobOHee 06 aTpubyTax
CO3JJaHHBIX 00'BEKTOB U 00 apryMeHTaX, KOTOPhIe AOJKHBI lepejaBaThca PyHK-
UM, OIUCHIBAEMBIM HUKE, PAaCCKas3bIBaeTcs B IiaBe 3.

FunctionType(code, globals [, name [, defarags [, closurell])
CosgaeT HOBBIN 00BEKT PYHKITUH.

CodeType(argcount, nlocals, stacksize, flags, codestring, constants, names,
varnames, filename, name, firstlineno, lnotab [, freevars [, cellvars 1])

CosmaeT HOBBIM O0'BEKT C IIPOrPAMMHBIM KOIOM.
MethodType(function, instance, class)

Co3saeT HOBBIN CBA3AHHBIN METOL 00'bEKTAa.
ModuleType(name [, doc])

CospmaeT HOBBIM O0'BEKT MOYJIS.

NMpumeyaHusa

e Mogyus types He JOJYKEH UCII0JIb30BAThHCA IJIA CCHLIKY Ha BCTPOEHHBIE TUIIHI
00'bEKTOB, TaKHe KaK IeJble Yncja, COUCKY uiu cjaoBapu. B Python 2 mo-
IyJab types 00'bsABISET U APYTUe UMeHa TUIIOB, TaKue KaK IntType u DictType.
OfHAKO 5TU MMEHa ABJAIOTCA BCErO JIUIIH IICEBJOHUMAaMM MMEH BCTPOEH-
HBIX THIOB int u dict. B HOBBIX IporpamMMax cJiefyeT MCIIOJIH30BaTh UMeHa
BCTPOEHHBIX TUIIOB, IToTOMY uTO B Python 3 Moxyab types Temepb COAEP:KUT
TOJIBKO IIepeYMCJIEHHbIe BBIIIIe NMEeHa TUIIOB.
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Mopaynb warnings

Mogysib warnings comepsKuT QyHKIIUN, UCIIOJIb3yeMbIe A5 (UIBTPAIUNA U BHI-
BOJla TIPEAYIIPeKAeHn. B oTiinume OT MCKJIOUEHUN, IPEAYIPEXRICHUA CIY-
JKaT OJIA TOT'0, YTOOBI OIIOBEIAaTh IT0JIH30BaTeJIA O IIOTEeHITAJbHBIX IpobieMax,
HO 6e3 BO30YKIEHUS UCKJIIOUEHUIN W IMPepPbIBAHUSA BBIMOJHEHUSA IIPOTPAMMBIL.
Yarre Bcero MOAyJIb Warnings mpuMeHsieTcsi, YTo0bI HHGOPMHUPOBATH MI0JIH30BA-
TeJiell 00 MCIOJb30BAHUN HEPEKOMEHIYyeMbBIX OCOOEHHOCTEH A3bIKA, KOTOPEIE
MOTYT He TIoAep:KuBaThbed Oyayimumu Bepcusamu Python. Hampuwmep:

>>> import regex

__main__:1: DeprecationWarning: the regex module is deprecated; use the re
(NepeBof: uCnNoNb30BaTb MOAYyNb regex He PeKOMeHAYeTCs, Nonb3yiTechb MoAynem re)
module

>>>

ITomo6HO MCKJIIOUEHUSAM, MPEAYIPEKIeHN OPraHn30BaHbl B NEPAPXUIO KJiac-
COB, KOTOpAsi OIMCHIBAET OCHOBHBIE KaTeropuu npeaynpesxaennii. Husxe mepe-
YMCJIEHBI KaTerOPUH, MOAAeP/KUBAEMbIe B HACTOSIIIIAIT MOMEHT:

O0BbeKT npexynpeKIeHnst Omnucanue

Warning BasoBerIil KIacc Bcex TUIIOB IPeAyIIPesKIeHuH
UserWarning ITpenynpeskgenue, onpezeisgemMoe I0JIb30BaTEIEM
DeprecationWarning IIpenynpesxieHre 06 UCIIOJIH30BAHUY HEPEKOMEH[ye-

MOM 0COOEHHOCTHI

SyntaxWarning TloTennuanpHasi mpobaeMa ¢ CHHTAKCHUCOM
RuntimeWarning ITorennuanbpHas IpobaeMa BpeMeHY BBITTOJTHEHUA
FutureWarning IIpenynpesx/ieHre 0 TOM, YTO CEMAHTHKA OIIPe/IeJIeH-

HOM 0COOEHHOCTH M3MEeHUTCA B OyAyIIell Bepcun

Bce aTu; Kjacchel JoCcTyIIHBEI B MoyJe __builtin__, Tak Ke KaK W MOJYJb €XCep-
tions. Kpome Toro, Bce OHU ABJIAIOTCA 9K3eMILIAPaMu KJacca Exception. 9To mo-
3BOJISET JIETKO IPeo0pa30BhIBATEH NPEAYIIPEKICHNA B UCKIIOUSHII.

IIpenyupesxaenus Bo30yKaat0TCA ¢ TOMOIIb0 GyHKIuu warn(). Hanpumep:

warnings.warn(“He pekoMeHAyeTCa WUCnoNb3oBaTb 0COOEHHOCTL X. ™)
warnings.warn(“paboTocnocobHOCTb 0COOEHHOCTN Y MOXeT ObTb HapyweHa. ",
RuntimeWarning)

IIpu HEOO6XOAUMOCTY IPELYIIPEsK JEHNA MOKHO (DUIBTPOBATh. PUIBTPAIIMA MO-
JKeT MCIIOJIb30BaThCA JIJIA M3MEHEHUA IOPALKa BEIBOAA MPENYIPEKAEHNH, 10~
JlaBJIEHVA BBIBOJA IIPENYIIPEIKAEHUN NI IIPeoOpasoBaHUA IIPeNyIIPesKAeHUN
B UCKJIoueHudA. [[1a nobasieHnsa QUIbTPA AJId OIPENeJIEHHOTO TUIIA IPeyIIpe-
JKIOeHUud ucnosbadyercsa pyuarmnuda filterwarnings(). Hampumep:

warnings. filterwarnings(action="ignore",
message=".xregex. ",
category=DeprecationWarning)

import regex # lpenynpexaeHve He nossBuTCS
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OrpaHnYeHHYIO (GUIBTPALIUIO0 MOMKHO TAKIKe BBIMIOJHATDH C IIOMOIIBIO ITapaMe-
Tpa -W KOMaHIHOU CTPOKU nHTepupeTaropa. Hanpumep:

% python -Wignore:the\ regex:DeprecationWarning

B mogyie warnings o0bsIBJI€HEI CaeayOIIe (QhYHKITN:
warn(message[, category[, stacklevelll])

Bosoy:xmaer mpenynpe:kaenue. B apryMmeHTe message mepenaeTcsa CTPOKA C TeK-
CTOM IpeNyIpeskIeHud, B apryMeHTe category mepenaeTcsa KJjacc IIpeayipe-
sKAeHus (Takoil Kak DeprecationWarning), a B aprymenrTe stacklevel miepenaeTcs
IeJI0e 4uCcJjo, OIpeaesaioliee Kaap CTeKa, B KOTOPOM JOJIXKHO BO30YIKIATHCS
npenynpesxkaenue. Ilo ymonuaHUIO B apryMeHTe category nepefaeTcs KJiacc
UserWarning, a B aprymenTe stacklevel — uucJo 1.

warn_explicit(message, category, filename, lineno[, module[, registry]])

HusxkoypoBHeBasa Bepcus (pyHKIuU warn(). ApryMeHTBI message W category
MMEIOT TOT JKe CMBICJI, uTo U B pyHKIIMU warn(). B aprymenrax filename, 1ineno
u module ABHO OIPeesigeTCA MEeCTOIIONOKEeHNe IpeayIpekaennsa. B aprymenre
registry mepenaeTcs 00bEKT, IPEICTaBIAIOINNI Bce aKTUBHbBIE GUILTPHI. Ecau
apryMeHT registry OyIleH, BbIBOJ IIPeAYIIPEKIeHI A He II04aBJIAeTC .

showwarning(message, category, filename, lineno[, file])

Brereogut nipegynpeskaenue message B auin rile. Ecam aprymenT file omyIeH,
mpenynpeskeHre BEIBOAUTCA B IIOTOK Sys.stderr.

formatwarning(message, category, filename, lineno)

CospmaeTr (hopMaTUPOBAHHYIO CTPOKY, KOTOPas BBIBOAUTCS IIPU BO30OYKICHUU
IpenyupesKaeHud.

filterwarnings(action[, messagel, category[, module[, lineno[, append]111]1)
IobaBJiisgeT HOBBIM BJIEMEHT B CIIMCOK (DUIBTPOB. B aprymenTe action mepemaet-

cs CTPOKa ‘error’, ‘ignore’, ‘always’, ‘default’, ‘once’ mau ‘module’. Huske mpuBo-
IUTCS OIMMCaHMe KaKIOTO U3 3TUX 3HAUSHUH:

JleiicTBue Onucanmne

‘error’ IIpeoGpasyeT mpeaynpeskaeHue B UCKJIIOUeHNE

‘ignore’ ITogaBasieT BBIBOM IPEAYIIPEKICHUA

‘always’ Bcerpa BEIBOAUTD TEKCT IIPEAYIPEKIEHUT

‘default’ IIpenynpesk/ieHre BEIBOJUTCA OLHOKPATHO JJIA KaXKJOTO U3 MECTO-

MIOJIO}KEHUL, T/Ie OHO BCTPEYAeTCs

‘module’ IIpenymnpeskaeHre BBIBOAUTCS OTHOKPATHO AJIA KaKIOTO U3 MOAY-
JIeit, Te OHO BCTpeyaeTcs

‘once’ IIpenynpesxaeHre BLIBOAUTCA OAHOKPATHO, HE3ABUCUMO OT TOT'O,
T7le OHO BOBHUKJIO

B aprymeHnTe message nepegaeTcs CTpoKa ¢ PeryJIAPHBIM BhIpasKeHeM, KOTOPOe
OyZeT COIOoCTaBIATHCA C TEKCTOM cooOIIeHus. B aprymenTe category mepemaeT-
cs KJacc IpeAyIpexkIeHns, Takoi Kak DeprecationError. B aprymenTe module
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mepefaeTcsA CTPOKA C PEryJIsPHBIM BbIPaKeHUEM, KOTOPOe GyeT COIIOCTaBIATE-
cda c UMeHeM Moy id. B aprymenTe 1ineno nepegaerca Homep crpoku uian 0, rae
HYJIeBOe 3HaUeHIe COOTBETCTBYET BCEM CTPOKaM. APryMeHT append onpeieisier,
MOJIsKeH JU (PUJILTP A00aBJIATHCA B KOHEI[ CIIMCKA BceX (UIBTPOB (TO €CTh OH
OyzeT MpPoBepAThCA mocaeqHuM). I1o yMOIYaHUIO HOBBIE (DUIBTPHI JOOABJIAIOT-
cdA B HavuaJio crucka puabTpoB. Eciin Kakoii-mu6o 13 apryMeHTOB ONYIIEH, eMY
IO YMOJYaHUIO IIPUCBAaMBaeTCA 3HAUEHNME, COOTBETCTBYIOIIEE BCEM IIPEAyIIpe-
SKAEHUAM.

resetwarnings()

CopacbiBaeT Bce (UJIBTPHI IpenyupeskaeHuii. [Ipu 9ToM YHUYTOKAIOTCSI BCe
GuIBTPHI, CO3AaHHBIE PaHee BbI30BOM (pyHKNuHM filterwarnings(), a Taxk:xe 3a-
IaHHBIE B mapameTrpe -W.

MpuumeyaHusa
o CIMCOK aKTUBHBIX (hUJIBTPOB HAXOAUTCA B IepeMeHHO# warnings.filters.

e Korzma npeaynpeskaeHne npeodpasyercsa B UCKJIUEHNE, KaTeropus mpeay-
TPeXKIEeHUA CTAHOBUTCSA TUIIOM HCKJIIOUeHuA. Hampumep, npu nmpeodbpaso-
BaHUU IIpenynpexkaenus DeprecationWarning B omubKy OyzmeT BO30YKIEHO
uckJgwoueHue DeprecationWarning.

e Ompenenurs GUIBTPHI B KOMAHIHON CTPOKE MOKHO C IIOMOIIBIO ITIapaMe-
Tpa -W. B 06111eM Bue 9TOT mapaMeTp HMeeT CJeAyIOMui (hpopmar:

-Waction:message:category:module:lineno

TZe KaXKIbIM apryMeHT MMeeT TOT JKe CMBICJI, UTO U B PyHKIuH filterwarn-
ing(). OxHaKo B JTaHHOM CJyYae MOJa message u module onpenesaioTcs He KaK
peryJdapHbIe BEIDAKEHUS, a KaK IIOACTPOKU M3 HadaJja TeKcTa IIpenylipe-
KAeHUA M UMEHU MOJyJid, IpefHa3HaueHHbIe AJId (DUJIbTPaIlun.

Mopynb weakref

Mopyis weakref obecrieunBaeT MOAAEPIKKY CIA0BIX CCHIJIOK. B 0O0BIUYHOM ciryuae
COXpaHeHWe CChLIKKU Ha O0HEKT IPUBOJAUT K YBEJIUUYEHUIO CUETUMKA CCHLIOK,
YTO IPEHATCTBYET YHUUTOMKEHHUIO 00bEKTa, IIOKA 3HAUeHMe CUeTUMKA He J0-
crurHet HyJas. Ciabasi cChLIKA MIO3BOJIAET oOpaIaTbcad K 00beKTy, He YBeJu-
YuBasi €ro CYETUNK CCHLJIOK. TO MOYKET IPUTOAUTHCS B HEKOTOPBIX CIyYasdX,
Korja TpebyeTcsl OpraHn30BaTh yIIpaBeHne 00 beKTaMu HeOOBIUHBIMHU CII0C00a-
mu. Hanpumep, B 00'b€KTHO-OPUEHTUPOBAHHBIX IIPOrpaMMax, ecjau Tpedyercs
pean30BaTh OTHOIIEHUS MEK Y 00beKTaM’, KaK B I1a0JI0HE TPOEKTUPOBAHUA
«Habmaomarenb» (Observer), 4To0bl n36€KaTh MUKJINUYECKUX CCBHLIOK, MOMKHO
HCITOJIL30BATh cJaabble cChLIKU. IIprMep TaKkoi peaansaliuy IPUBOJUTCS B pas-
neJie «YpaBJjeHue IaMAThIo 00'beKTOB» IJIaBbI 7.

Cospmaerca ciabasi CChLIKA ¢ MOMOINbI0 pyHKIuu weakref.ref(), Kax moxasaHo
HUKe:

>>> class A: pass
>>> a = A()
>>> ar = weakref.ref(a) # CospacT cnabyw ccbinky Ha a
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>>> print ar
<weakref at 0x135a24; to ‘instance’ at 0x12celc>

Tlocsie moryueHusi caaboil CCBIIKYU JOCTYII K OPUTMHAJIBHOMY O0BEKTY MOMKHO
OymeT ImOoJIyYUTh IIPOCTHIM OOpallieHreM K cJaaboil cChliiKe, KaK K PyHKIIuU 6e3
aprymeHToB. Ecii 00BEKT Bce elrle cyiiecTByeT, GyHKIIUSA BepHeT ero. B mpo-
TUBHOM CJIy4yae OHA BepHeT None, KaK IPU3HAK TOr'0, UTO OPUTMHAJIBHBII 00bEKT
0oJIbIlIe He cyIlecTByeT. Hampumep:

>>> print ar() # BbiBEAET OpUTrMHANbHbLIA 06bEKT

<__main__.A instance at 12ce0Oc>

>>> del a # YnanuT opuruMHanbHbiii 06bekT

>>> print ar() # 006bekT a 6bin yganeH, noaToMy Tenepb Bo3BpawaeTcs None
None

>>>

B mogyie weakref o0'bsBJIEHEI CJIeAYIOIINE (DY HKITHAN:
ref(object[, callback])

Cospmaer ciaabyio CCBLIKY Ha O0BeKT object. B HeoOs3aTesbHOM apryMeHTe
callback nepenmaercsa (PyHKIUA, KOTOpasa OJIPKHA BBI3BIBATHCSA Ilepen yraje-
HUeM 00'beKTa object. ITa GYHKIUA HOJKHA IPUHUMATH €IUHCTBEHHBIN apry-
MEHT, B KOTOPOM eii OyZeT nepefaBarhea caabas cchlika Ha o0beKT. Ha oqun
U TOT 2Ke 00'beKT MOJKeT yKas3bIBaTh CPady HECKOJBKO CJIAa0bIX CCHIIOK. B aToM
cayudae PyHKIUU callback OyAYT BBI3LIBATHCA B IOPSAKE, 00PATHOM MOPSAAKY
co3JaHmUsA cJabbIX CCHIJIOK — OT OoJiee CBeKUX K OoJiee cTapbiM. JlocTym K 06b-
KTy 0bject MOKHO MOJIYUYUTh, OOPATUBIIINCH K CJIa00M CChLIKE KaK K QYHKIUU
6e3 aprymeHnToB. Eciii OpUTMHAJIBHBINA 00BEKT ObLI yIaJieH, (PYHKIIUA BEPHET
None. @yHKIUA ref() B JeficTBUTEeIBLHOCTHU IPUHALJIEKUT K TUIY Referencelype,
KOTOPBIA MOJKET HCIIOJIL30BAThCA B ONEPAIUAX ITPOBEPKU THUIOB U CO3MaHUI
TIPOUB3BOAHBIX KJIACCOB.

proxy(object[, callback])

CosmaeT IPOKCU-00BEKT CO CIa00i CCRIIKOM Ha 3aJaHHBIA 00beKT object. Bos-
BpalllaeMblii 00BEKT B JAEHCTBUTENBHOCTU SABJSETCS 00EpPTKON BOKPYT OpH-
I'MHAJIBHOI'0 00'beKTa, 00ecIeunBaloIei JOCTYII K ero aTrpudyTaM U MeTOIaM.
IToxa OymeT cylecTBOBATh OPUTMHAJIBHBIN 00BEKT, IPOKCU-00BeKT OyaeT NUMU-
TUPOBATH ero mopeaeHre. OHAKO MOCJie YHUUYTOMKEHU S OPUTUHAJIBHOT'0 00bEeK-
Ta Jio0as MOUBITKA 00palleHns K MPOKCU-00beKTy OyZeT BO30yKAaTh UCKJIIO-
uyenue weakref.ReferencekError, YTo0OBI ITIOKa3aTh, YTO OPUTUHAJIBHEIN 00BEKT OBLIT
ynajieH. B aprymenTe callback mepegaercsa PyHKIIUA 00paTHOTO BEIZ0BA, MMEIO-
mias To JKe HasHaueHwue, uTo u B GyHKIuu ref(). [Ipokcu-o65eKT MOYKET UMETh
Tun aubo ProxyType, aubo CallableProxyType, B 3aBUCUMOCTH OT TOTO, ABJISETCA
JIX OPUTUHAJIBHBIN 00'beKT BHI3HIBAEMBIM 00 HEKTOM.

getweakrefcount(object)

BoasBpaimaer KoauuecTBO €JIa0bIX CChLIOK U 00 bEKTOB-00€PTOK, YKa3bIBAIOIITUX
Ha 00'BEKT object.

getweakrefs(object)

BosspalmaeT CorcoK Beex CJIa0bIX CCHIIOK 1 00 beKTOB-00€PTOK, YKA3BIBAIOIIIUX
Ha 00BEKT object.



Mogynb weakref 307

WeakKeyDictionary([dict])

Cospmaer coBapb, B KOTOPOM KJIOUM IIPEACTAaBJIEHBI cJIabbIMu cchbliKamMu. Kor-
Ia KOJIMYECTBO OOBIUYHBIX CCBLIOK Ha 00BEKT KJII0Ua CTAHOBUTCS PABHBLIM HYJIIO,
COOTBETCTBYIOIITUI 3J€MEHT CJIOBapPs aBTOMATHUYECKHU yaajisercs. B HeoOssa-
TEJILHOM apryMeHTe Jdict IepegaeTcs CJI0Bapb, 9JeMeHTHI KOTOPOTO A00aBJIs-
I0TCSI B BO3BpallaeMblii 00beKT Tuma WeakKeyDictionary. ITocKoabKy ciiabble
CCBLIIKU MOT'YT CO3[IaBaThCA TOJIBKO IJIA 00'beKTOB O peieIeHHbIX TUIIOB, CYIIe-
CTByeT 60JII)H_I06 YuCcJaIo OI‘paHI/IquI/IfI Ha JOIIyCTUMBIE€ TUIIBL OG'LeRTOB RJIIO‘IefI.
B uacTHOCTU, BCTPOEHHBIE CTPOKU HE MOT'YT MCIOJh30BAaThCSA B KAUeCTBE KJIIO-
yeit co caadbIMu ceblIKaMu. OQHAKO 9K3eMIIIAPI IT0Jb30BaTEJIbCKUX KJIACCOB,
00'bABIAONINX MeTox __hash__(), MOT'yT UrpaTb POJib KJIIOUel. OK3eMILISAPbI
KJjacca WeakKeyDictionary mMerOT JBa HOTOJNHUTEJNbLHBIX MeToaa, iterkeyrefs()
u keyrefs(), KOTopble BO3BPAIIIAOT cJIa0ble CCHIIKY Ha KJIIOUU.

WeakValueDictionary([dict])

CospmaeTr cjaoBapb, B KOTOPOM 3HAUEHUA IIPEICTABJIECHBI CJIA0BIMHU CCBHIIKAMMU.
Korma KoauuecTBO OOBIUHBIX CCBLJIOK Ha OOBEKT 3HAUEHUA CTAHOBUTCA pPaB-
HBIM HYJIO, COOTBETCTBYIOIIIUM 9JIEMEHT CJIOBApPsS aBTOMATHUUYECKU yAAJIsIeTCs.
B meobsa3aTerbHOM apryMeHTe dict mepemaeTcs CJIOBaph, 5JI€MEHThI KOTOPOTrO
I00aBJIAIOTCA B BO3BpalllaeMblil 00beKT Tuma WeakValueDictionary. K3eMILIs-
pbI K1acca WeakValueDictionary mMerOT Ba JOIIOJIHUTEJIbHBIX MeTOAA, itervalu-
erefs() u valuerefs(), KoTopble BO3BPAIIIAIOT CJIa0ble CChIIKY HA 3HAUEHUA.

ProxyTypes

Ato Koprex (ProxyType, CallableProxyType), KOTOPBIHI MOKET HCIOJIb30BATHCS
JLJIsI TPOBEPKY Ha IMIPUHAIJIEIKHOCTb 00beKTa K OJJHOMY 13 TUIIOB MPOKCU-00bEeK-
TOB, CO3laBaeMbIX PYHKIIHEH proxy (), Hampumep isinstance(object, ProxyTypes).

Mpumep

OpHO M3 IpUMeHeHUT cJabbIX CCBLIOK — CO3MaHUe KAIIel HeJaBHO BBIUMCJIEH-
HBIX pe3yabTaToB. Hampumep, Korga GyHKIUYA TPeOyeTCcs: JOCTATOYHO ITPOI0JI-
JKUTEJbHOEe BpeMs IJIA BBIUKCJIEHUS pes3ysbTara, MMeeT CMbICT K3IIUPOBaTh
9TU Pe3yJbTAThI U MIOBTOPHO HCIOJIH30BATh UX, MOKA OHU WCIIOJB3YIOTCSA Te-
HuOYyab B npuiokenun. Hanpumep:

_resultcache = { }
def foocache(x):
if resultcache.has_key(x):

r = _resultcache[x]() # Monyderue cnaboil CCbIKM W ee pasbiMeHoBaHue
if r is not None: return r
r = foo(x)
_resultcache[x] = weakref.ref(r)
return r
MpumeyaHusa

e B03MO0XHOCTb CO3JaHUA CJA0OBIX CCHIIOK ITOLIEPIKUBAETCSA TOJIBKO HK3€M-
IaspaMy KJaccoB, PYHKIMAMU, METOLaMH, MHOMKeCTBAMU, (DUKCUPOBAH-
HBIMU MHOKECTBaMU, o0beKTaMu (PaiijioB, reHepaTopaMu, O0bEKTaMU TH-
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OB ¥ HEKOTOPBIMU OOBEKTAMU THUIIOB, O0bABJIEHHBIMU B OMOJIHMOTEUHBIX
MOAYJIAX (HAampuMep, COKeTaMU, MACCUBAMU U INA0JOHAMU PeryJIsapHBIX
BbIpaskeHui). Berpoenuble QYHKIIUU U GOJBIITNHCTBO BCTPOEHHBIX THUIIOB,
TaKUX KaK CIUCKHU, CJIOBAPH, CTPOKHU U YHCJA, He II03BOJIAIOT CO34aBaTh CJIa-
Oble CCLIIKM HA HUX.

Ecsu B mporpamme mmorpebyeTcs BBIIIOJNHATL UTEPAIIUH II0 dJIeMEHTaM 00'b-
eKkToB WeakKeyDictionary mau WeakValueDictionary, cienyert cresaTh BCe BO3-
MOJKHOE, UTOOBI 00eCIeUnTh HEM3MEeHHOCTh Pa3MepPOB CJI0Baps, TaK KaK 9TO
MOJKEeT IPUBOAUTE K CTPAHHBIM ITOOOUYHBIM 3(pdeKTamM, HampuMep K MUCTHU-
YEeCKOMY MCUE3HOBEHUIO BJIEMEHTOB CJIOBApPA 0€3 BCAKUX BUAUMbBIX ITPUUMH.

Eciu B mpoiiecce BBIIOJIHEHNS (PYHKIIMU 0OPATHOTO BBIZ0OBA, 3aPErUCTPUPO-
BaHHOM ¢ MOMOIIbI0 pyHKIUY ref() mau proxy(), 0yaeT Bo30y K IEHO NCKJIIIO-
yeHUe, OHO Oy[eT BHIBEIEHO B IIOTOK CTAHIAPTHOT'O BBIBOAA COOOIIMeHUiT 00
oImunbKax U IPOUTHOPHUPOBAHO.

Ciia0ble CCHIJIKYU SBJISIOTCS XEIIUPYEeMbIMHU, €CJU OPUTHHAJIbHBIA 00BEKT
TaKsKe ABJseTcs XemupyeMmbiM. KpoMme Toro, ciiabas cculika GyaeT mpomoJI-
JKaTh XPAaHUTh CBOE 3HAUEHUE Xellla Jake Mocje yAaJleHus OPUTHHAIBHOTO
00'beKTa, IIPHU YCJIOBUH, YTO OHO OYIEeT BHIUUCJIEHO, TIOKA 00BEKT CYIIeCTBYeT.

Crnabble CCHIIKM MOTYT IPOBEPATHCS Ha PaBEHCTBO, HO JJIA HUX He CyIIe-
CTBYeT IOHATUI «0OJIbIIe» UJIU «MeHbIle». Eciiu opuruHajabHbIe 00HEKTHI
IPOJOJIKAIOT CYIIECTBOBATDH, CCHIIKH OYAYT OIMpeneasaThCs KaK paBHEIE,
€CJIM OPUTHHAJbHBIE O0BEKTHI UMEIOT OJHO U TO K€ 3HaueHUe UJU CCHIIKU
YKa3bIBAIOT HA OAUH U TOT K€ 00'beKT.
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MaTtemaTuka

B 5T0i1 ri1aBe onMCHIBAIOTCSA MOIYJIN, IPEeIHASHAUCHHEIE IJIs1 BBIIOJHEHU Pas-
JIMYHBIX BUZOB MaTeMaTHUUECKUX onepaIiuii. [{omoJHUTeTbHO 3/eCh ONUChIBAET-
¢ MoAyJIb decimal, obecrmeunBaOIIUi 0000IIEHHY IO MOAAEPIKKY IPOOHBIX ITeCs-
TUYHBIX YKCEJI C IIJIaBaIOIeil TOUKOM.

Mopaynb decimal

Tun mamabix float B s3pike Python mpepcraBieH B Buae umces C IjIaBaro-
el TOYKOH ABOUMHON TouHOCTH (Kak ompexaesieno cranmaprom IEEE 754).
OpHa u3 ocobeHHOCTel 3TOro hopMara COCTOUT B TOM, UTO IIPU €r0 MCIIOJIH30-
BaHUMU HEBO3MOKHO TOYHO ITPEJCTABUTH AECATUYHBIE NPOOHBIE 3HAUEHUA, Ta-
kue Kak 0.1, Tak Kak B aTOM (hopMaTe caMbIM OJU3KUM 3HAUEHUEM SBJISETCS
0.10000000000000001. 9Ta MOrpeUIHOCTh CBOMCTBEHHA BCEM BBIUNCJICHUSAM,
Tle YYACTBYIOT UMCJIa C IJIABAIOIIell TOUYKOM, U WHOT/Ia OHA MOJKET IIPUBOAUTH
K HEeOXKUJTAHHBIM pesyabTaTaM (Hampumep, Buipakenue 3 * 0.1 == 0.3 BosBpa-
mraeT sHaueHue False).

Mopgyias decimal mpegocrasisier peanusamnuio craugapra IBM General Decimal
Arithmetic Standard, xoropsliii obecieurnBaeT BO3MOKHOCTH TOYHOTO IIPEJ-
CcTaBJIeHUsI OPOOHBIX MEeCATUUYHBIX 3HaueHHi. Kpome Toro, oH obecrieumBaeT
TOJIHBIA KOHTPOJIb HAJl MATEMATUYECKON TOUHOCTHIO, KOJIUYECTBOM 3HAUMMBIX
nudp 1 croco60M OKPYIJIeHUA. OTU BOSMOYKHOCTY MOT'YyT IIPUTOJUTHCA IPU OP-
raHusaIuyu B3aWMMOJEHCTBUI C BHEIIHMMU CHCTEMaMM, B KOTODPBIX CBOMCTBA
IPOOHBIX HECATUUYHBIX UHCEJ OIpeNeJsioTcs TOuHO. Hampumep, ¢ IIOMOIIBIO
3TOTO MOAYJIA MOKHO CO3[]JaBaTh IPOrpaMMbI Ha A3biKe Python, KoTopsie gox-
HBI B3AUMOIeICTBOBATD C OM3HEC-TIPUIOKEHUAMHU.

B mogyse decimal o6baBasAETCA IBA OCHOBHBIX THIIA JAHHBIX: TUII Decimal, mpen-
CTaBJIAIONIUNA APOOHLIEC AECATUUHBIE UNCaa, U TUI Context, mpeacTaBIAIOINi
pasanuHbIe IapaMeTpPhl, KacaloIecsa BEIUNCICHNH, TaKue KAK TOYUHOCTD 1 00-
paboTka omnboK OKpyriIeHus. Huke IPUBOLUTCSI HECKOJIBKO IPOCTHIX IIPUMe-
POB, UJIIOCTPUPYIOIINX OCHOBHBIE ITPUEMBI PA0OTHI C MOAYJIEM:
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import decimal

x = decimal.Decimal(‘3.4") # Co3naTb HECKONbKO [APOOHHX AECATUYHBIX 4ucen

y = decimal.Decimal('4.5")

# BbINONHWTL HEKOTOPHLIE BHYWUCNEHUS, MCMONb3ys KOHTEKCT Mo yMONYaHuio

a=xx*y # a = decimal.Decimal('15.30")

b=x/vy # b = decimal.Decimal('0.7555555555555555555555555556" )

# VI3MEHUTb TOYHOCTb W NOBTOPUTH BLIYUCNEHNS
decimal.getcontext().prec = 3

C =Xy # ¢ = decimal.Decimal('15.3")
d=x/vy # d = decimal.Decimal('0.756")

# W3MEHUTb TOYHOCTb TOMbKO ANd OAHOT0 6n0Ka MHCTPYKLMN
with decimal.localcontext(decimal.Context(prec=10)):
e =X *xy # e = decimal.Decimal('15.30")
f=x/y # f = decimal.Decimal(‘0.7555555556")

O6bekTbl Decimal

Yucaa tuma Decimal mpeacTaBIeHBI CAEIYIOIIUM KJIACCOM:
Decimal([value [, context]])

B aprymenTe value nepefaercsa 3HaUEHUE UMCJA, KOTOPOE MOYKET OBITH IEJIBIM
YHCJIOM, CTPOKOH, CoflepiKallleil 3HaueHue JPOOHOT0 IeCATUYHOTO YNCJIa, TAKOe
Kak ‘4.5, unu KoprexeMm (sign, digits, exponent). Ecau 3HaueHUe IpencTaB-
JIEHO KopTeskeM, 3HaueHre () B mmojie sign 03HAYAeT IOJIOYKUTEeJIbHOe Yncjao, 1 —
oTpuIlaTeJbHOE; B IOJe (1gits mepefaeTcsa KOpTeX nudp B BUe LeJbIX YUCe]
U B TOJIE exponent mepefaeTcs IeJIOUrCIeHHas sKcIoHeHTa. [ 0o603HaueHus
TIOJIOYKUTEJNFHOU WJIM OTPUIATETbHON 6€CKOHEUYHOCTU MOTYT HCIIOJIH30BaThC
crernuaJbHbIe CTPOKOBBIE 3HaueHud ‘Infinity’, ‘-Infinity’, a maa obo3HaueHUST
«ue yncya» (Not a Number, NaN) — crpoxku ‘NaN' u ‘sNaN’. 3uauenue ‘sNaN' —
9TO PA3HOBUAHOCTH 3HAUEHUA «He UHCJIas, KOTOpasd BhISbIBaeT UCKJIIOUeHNe ITPU
TONBITKE MCIIOJIb30BATh €r0 B BhIUuMcIeHUAX. OOBIUHBIN 00BbeKT TUIa float He
MOJKeT UCIIOJIb30BaThCA B KaUueCTBe HAYAJIbHOI'0 3HAUEHN A, IIOTOMY YTO 9TO 3HA-
YyeHHe MOYKEeT ObITh HETOUHBIM (UTO HIeT Bpaspes3 ¢ HasHaueHHeM o0pallleHus
K Tuny decimal). B aprymenTe context nepemaerca o0beKT Kaacca Context, KOTo-
DB OyzeT onucaH HUuKe. APryMeHT context onpenesser, YTo JOJIKHO IIPOU30ii-
TH, €CJIM HauaJIbHOe 3HaUeHUe He SBJISeTCA JOIYCTUMbBIM YKUCJIOM, — OyZeT BO3-
OysKJAeHO NCKJIOUeHNe NI Bo3BpaIeHo suaueHre NaN.

Cuienyrolue mpuMephl JEMOHCTPUDYIOT, KaK CO3JaBaTh Pa3JIMUHbIE JPOOHBIE
JleCATUYHbIE YUCJIa:

= decimal.Decimal(42) # CospacTt Decimal(“42”)

= decimal.Decimal(“37.45") # CospgacTt Decimal(“37.45")
decimal.Decimal((1,(2,3,4,5),-2)) # CospacTt Decimal(*“-23.45")
= decimal.Decimal(“Infinity")

= decimal.Decimal(“NaN")

O QO O T o
I

O0beKkThl Decimal OTHOCATCA K paspsany HeM3MeHAeMbIX U 00JIaZal0oT BCEeMU
OOBIUHBIMU CBOMCTBAMU UKCEJ BCTPOEHHBIX TUIOB int u float. OHU MOTyT Tak-
JKe MCIIOJIL30BATHCS B KAaUeCTBe KJIIOUell CJI0Baps, IOMeIaThbCsa B MHOJKECTBA,
COPTUPOBATHLCSA U TaK Aajee. B GOJBIIMHCTBE CIyyaeB MaHUNIYJINPOBaHTE 00B-
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eKkTaMu Tuia Decimal Ipou3BOAUTCA C IIOMOINBIO CTAaHLAPTHBIX MaTeMaTuue-
CcKuX omepaTopoB a3bika Python. ITomumo sToro HusKe mpeacTaBIeHbBI METOMABI,
KOTOpbIE MOTYT KCIIOJb30BAThCA OJIA BBIIOJHEHUS HEKOTOPBIX CTAHAAPTHBIX
MaTeMaTUYeCKUX olepaluii. Bce MeTonbl IPUHUMAIOT HE00A3aTeILHBIN apry-
MEHT context, ynpaBJIAOIINN TOYHOCTHIO, OKPYIVIEHUEM U APYTUMU aCIIEKTaMK
BBIUMCJIeHUH. Kciiy 5TOT apryMeHT OnyIIieH, UCIOJIb3yeTCA TEKYIITUHA KOHTEKCT.

MeTopn Onucauue

x.exp([context]) HarypanbHasda cTenedb e «+ d

x.fma(y, z [, context]) X * y + 7 0e3 OKPYIVICHUS Pe3yJabTaTa X+y
x.In([context]) Harypaabsublit Jorapudm (I10 OCHOBaAHUIO €) UUCIA X
x.10g10([context]) JecATUYHBIN JJorapudM YHUCIa X

x.sqrt([context]) Kopeus kBagpaTHBIN U3 YKCIA X

06bekTbl Context

praBJIeHI/Ie pPas3/InNdYHbBIMU acCIleKTaMUn J.IpO6HbIX JeCATUYHBIX UYNrCeJl, TaAaKUMNI
KaK HeoOXOAUMOCTh OKPYIVIEHUSA U TOUHOCTD, ITPOU3BOJUTCS C IIOMOIIBIO 00-
ekTa Tuia Context:

Context(prec=None, rounding=None, traps=None, flags=None, Emin=None, Emax=
None, capitals=1)

CosmaeT HOBBIN KOHTEKCT AJIS PAa0OThI C APOOHBIMH AECATHYHLIMU YKCJIAMMU.
ITapamMeTpbl KOHTEKCTA JOJKHBI OTIPENEIAThHCA B BUje MMEHOBAHHBIX apI'yMeH-
TOB C YKa3aHHBIMU UMeHaMU. B aprymeHnTe prec mepefaeTcs 11eJI0e YUCJII0, OIIpe-
JeJIAI0Iee KOJMUYECTBO Iudp IOCae AeCATUYHON TOYKU, apryMeHT rounding
oIpesiesiieT NOPANOK OKPYIJVIEHUSA, a B apryMeHTe (raps IepejaeTcs CIIMCOK
CUTHAJIOB, KOTOPBIE BO30Y KAAIOT UCKJIIOUEHU B PA3JIUYHBIX 00CTOATEIBCTBAX
(HampuMep, IPU TOIBITKE BBHIMOJHUTH JeJieHue Ha HOJb). B aprymente flags
mepefaeTcs CIUCOK CUTHAJIOB, CBUAETEJNHCTBYIOIINX O HAYAJIBHOM COCTOSHUU
KOHTeKCTa (Hampumep, nepenosHenue). O0bIYHO apryMeHT ]ags He YKa3bIBaeT-
cda. B aprymenTtax £min u Emax mepefaioTcs MeJible YUCJIa, OIpeAeIAI0oIne MUHN-
MaJIbHOE ¥ MaKCUMaJbHOE 3HAYEHU A SKCIIOHEHTHI COOTBETCTBEHHO. B aprymesn-
Te capitals mepemaeTcs JOTMUYEeCKUH (jar, yKasbIBaIOI[Ui, KaKOW CUMBOJI, ‘E’
niIu ‘e, JOJYKEH MCHOJb30BaThCs NJIsI 0003HAaUEHUs 9KCIOHEHTHI. I1o ymoaua-
"o uMmeet 3Hauenue 1 (‘E’).

OO0BIUHO HOBBIE 00BEKTHI KJacca Context He co3qar0TCsa HemoCpeACTBeHHO. [[sa
9TOr0 UCHOJB3YyI0TcA GyHKIUA getcontext() mam localcontext(), BosBpaliao-
mias TeKyIInii 006eKT Context. 3aTeM 5TOT 00BLEKT N3MEHsIeTCS B COOTBETCTBUU
¢ TpeboBaHUAMU. IIpMephI UCTIOIBL30BAHUSA STUX (PYHKITNIT IPUBOAATC HUMKE
B 9TOM 2Ke paszgesie. OgHAKO, YTOOLI JyYIlle IIOHATh 9TU IPUMEPhI, HE0OXOIUMO
noapoOHee OIMMCATh 9TH ITapaMeTPhl KOHTEKCTA.

TTopADOK OKPYTJIEHUS OIpeaesIsieTCss apryMeHTOM rounding, KOTOPBIA MOKeT
MMEThH OHO M3 CJAEeAYIOIINX 3HAUCHNMA:
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Koucranra

Onucanne

ROUND_CEILING

ROUND_DOWN

ROUND_FLOOR

ROUND_HALF_DOWN

ROUND_HALF_EVEN

ROUND_HALF_UP

ROUND_UP

ROUND_05UP

OKpyTIJIeHHe B CTOPOHY IIOJIOYKUTEIbHON OecKoHeuHOCTH. Ha-
npumep, yucyo 2.52 6yaeT okpyrieHo 1o 2.6, a unciso —2.58 —
o —2.5.

OkpyriieHue B CTOpPOHY HYyJsa. Hanpumep, uucio 2.58 6yzer
OKpyIJIeHo 1o 2.5, a unciyo —2.58 — mo -2.5.

OKpyriieHre B CTOPOHY OTPUIATEIbHOM OecKoHeuHnocTr. Ha-
mpumep, uucyo 2.52 6yaeT oKpyriieHo 10 2.5, a uucJo —2.58 —
1o —2.6.

OKpyIJieHre B CTOPOHY OT HYJIsI, €CJIU OKPYTJIsieMasi 4acTh 00JIb-
I11e IMOJIOBUHBI ITOCJIEJHET'0 SHAUNMOI'O pa3pdana, B IPOTUBHOM
ciryuyae OKpyrJieHue OyIeT BhIIIOJHEHO B CTOPOHY HyJisA. Ha-
npumep, yucyo 2.58 0yzeT okpyrieHo g0 2.6, uuciio 2.55 6ymer
OKpyTIJIeHo 10 2.5, a uncio —2.58 — mo —2.6.

To ke, uto  ROUND_HALF_DOWN, TOJTBKO ecJIiu OKPyTJIsieMas 4acTh
paBHA TOYHO ITOJIOBUHE IIOCJIEJHET0 3HAUNMOTO0 paspsaia, pe-
3yJIBTAT OKPYTJISETCs BHU3, €CJIHU MIPeAbIAyIasa Mudpa dyeTHasd,
¥ BBEPX — ecJIM mpeabiayInas nudpa neuernas. Hampumep,
yucyo 2.65 Oyzer okpyriieHo g0 2.6, uncio 2.55 Takike Oyger
OKpyTJIeHo 10 2.6.

To ke, uro  ROUND_HALF_DOWN, TOJIBKO ecsii OKpyTJsieMast
YacTh PaBHA TOYHO IIOJIOBUHE IIOCJIeLHEr0 3HAUYNMOTI'0 paspaia,
pesyJIbTaT OKPYIJVIAETCA B CTOPOHY OT HyJsA. Hampumep, yucio
2.55 6ymeT okpyrieHo o 2.6, a unciso —2.55 go —2.6.

OKpyriieHHe B CTOPOHY OT HYyJiA. Hanpumep, uucio 2.52 6yger
OKpyTIyIeHo 10 2.6, a unciao —2.52 — no —2.6.

OKpyIJ/ieHre B CTOPOHY OT HYJISA, €CJIU MOCAeIHUA 3HAUN MBI
paspaz comepRuT nuppy 0 nian 5, B IPOTUBHOM CJIydae OKPYT-
JIeHI€e BBIIIOJIHACTCA B CTOPOHY Hyasa. Hampumep, uucio 2.54
OymeT oKpyrJieHo a0 2.6, uncio 2.64 Takike OyaeT OKPYIJIEHO
o 2.6.

B aprymenTax traps u flags KOHCTPYKTOPY Context() mepemaroTCs COUCKU CUT-
HaJgoB. CUTrHAJ TPEJCTABJIAET TUI apu(PMeTUUYECKOTO HCKJIOUEHUS, KOTOPOe
MOJKEeT BOBHUKHYTH B IpoIllecce BeruncaeHnuii. Eciiu aprymenTs! 1isted u traps
OIIYII[eHBI, BCE CUT'HAJIBI IPOCTO UTHOPUPYIOTCA. B IPOTUBHOM cirydyae BO30YK-
IaeTcd UCKJIOUeHre. Bo3MOKHBIE CUTHAJIBI TIePeUNCIeHbI HUKeE:

Curnan Omnucanue

Clamped IKCIOHEHTA OblIa OTKOPPEKTUPOBAHA B COOTBETCTBUU C JOIY-
CTUMBIM AMATIa30HOM.

DivisionByZero Ienenue HebGecKoHeUHOTO yncsia Ha 0.

Inexact TlorperiHocTh OKPYTIIEHUA.

InvalidOperation

BrinonneHa HezfomrycTuMas orepanus.
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Curnaux Onucanne

Overflow ITocse OKpyTIJIeHUA 9KCIIOHEHTA IpeBhICUJIa 3HAUEHUE Fnax.
Tax:xke remepupyeT cursajbl Inexact u Rounded.

Rounded OKpyTJIeHVe BBITTOJHEHO. MOXKeT OABUTHCH, €CJIU IIPU OKPY-
TJIEHUU TOYHOCTh IIPEACTABJIEHU UNMCJIa He TTocTpazasia (Ha-
npumep, npu okpyrimeHun «1.00» mo «1.0»).

Subnormal Ilepen okpyriieHrEM 9KCIIOHEHTA ObIJIa MEHbIITe 3HAUSHUS £Min.

Underflow IToTepsa sHauamux paspAnoB uucaa. Pesysprar onepannm
6w okpyriieH go 0. Takike remepupyer curuaisl Inexact
u Subnormal.

ITUM CUT'HAJIaM COOTBETCTBYIOT NCKJIIOUEHN A, KOTOPhIe MOT'YT MCIIOJIb30BATHCA
[IJIs IPOBEPKU Ha HaJimume omubok. Hampumep:

try:

x = a/b
except decimal.DivisionByZero:
print “Jlenenne Ha Honb”

Kak u uckiroueHus, CUrHaJIbl OPTaHU30BAHBI B HEPAPXUIO:

ArithmeticError (BCTpoeHHOE MCKIYEHME)
DecimalException
Clamped
DivisionByZero
Inexact
Overflow
Underflow
InvalidOperation
Rounded
Overflow
Underflow
Subnormal
Underflow

Curnanbt Overflow u Under flow IpUCYTCTBYIOT B 3TOM MEPAPXUU B HECKOJIBKUX
MecTax, IIOTOMY UTO BTU CUI'HAJbI MOT'YT BBISBIBATH IIOABJIEHUE PDOLUTEIBCKO-
ro curHaJia (Hanpumep, cursaj Underflow BiedeT 3a co60ii MOABIEHNE CUTHATIA
Subnormal). Kpome Toro, curuaJt decimal.DivisionByZero ABisdgeTcsa MPOU3BOIHBIM
OT BCTPOEHHOTI'0 UCKJIoueHus DivisionByZero.

Bo muOrmx ciayuasax apudmeTnuecKre CUTHAJBI IIOIIPOCTY UTHOpUpyloTca. Ha-
IpuMep, B IIpoliecce BHIYUCJIEHUI MOKeT BO3HUKATH IIOTPEITHOCTH OKpYyIJie-
HUA, HO He IPUBOJUTH K BO3OY KIEHUIO UCKJIOUeHUA. VIMeHa CUTHAJIOB MOYKHO
WCIIOJIB30BATh JIJIA IPOBEPKU (hJIaTOB, YKA3BIBAIOIIINX HA COCTOSHVE BBIUNICJIE-

Huii. Hampumep:

ctxt = decimal.getcontext() # Mony4uTb TeKyWwnin KOHTEKCT
Xx=a+hbh
if ctxt.flags[Rounded]:

print “PeaynbTaT Obin OKpyraeH!”
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ITocsie yecraHoBKU (piaru COXpaHSIOT CBOE COCTOSIHUE, IMOKAa He OyIeT BLI3BAH
meton clear_flags(). Bimaromapsa sToMy MOYKHO BBIIIOJTHUTD IIEJYIO CEPUIO BbI-
YUCJIEHUU 1 TPOBEPUTD OITUOKY TOJIHKO B KOHIIE.

3HaueHUs IapaMeTPOB CYINECTBYIOIIero o0beKTa ¢ Tuma Context MOMKHO ITOJIY-
YUTH C IIOMOIIBIO CJAEAYIOMNX aTPHUOYTOB U METO/OB:

c.capitals

®aar moxker umeTh 3Hauenue 1 niam 0 u ompenesseT, KaKOi CUMBOJI, £ uiu e,
OyIeT MCIOJIb30BaThC I 0003HAUEHUA SKCIIOHEHTHI.

c.Emax

Ilesoe uncio, onpenenanInee MaKCUMaJIbHOE 3BHAUEHNE DKCIIOHEHTHI.

c.Emin

ITenoe uncyo, onpenenAIllee MUHIMAaJIbHOE 3HAUEHE SKCIIOHEHTHI.

c.prec

ITenoe umncyo, onpenesAoIlee KOJIUUECTBO 3HAKOB IIOCJIEe TeCATUYHON TOUKU.
c.flags

CroBapb, comepsKalllnil TeKyIue 3HaueHusd (hJIaroB, COOTBETCTBYIOIIUX CUTHA-
aam. Hampumep, obpairenue K ajaemMeHTy c.flags[Rounded] BepHeT TeKyiliee 3HA-
yeHue (ara, COOTBETCTBYIOIIEro curuaJjry Rounded.

c.rounding
HeticTByolee mpaBuiio okpyrieHusda. Hanpumep ROUND_HALF_EVEN.
c.traps

CnoBapsb, cogepsKaIinii 3uaueHu True/False, COOTBETCTBYIOIIME CUTHAJIAM, KOTO-
phle IoJIXKHBI BEISBLIBATE UCKJIIOUeHUA. Hamrpumep, samemenT c.traps[DivisionByZero]
00BIYHO MMeeT 3HaUeHme 1rue, Torma Kak c.traps[Rounded] — False.

c.clear_flags()

Co6paceiBaeT Bce (haru (ouuimaeT caoBapsb c.flags).
c.copy()

BosspamiaeTr xonuio KOHTEKCTA C.
c.create_decimal(value)

CosmaeTr HOBBII 00BEKT Decimal, ICIOIb3Y S KOHTEKCT C. TO MOYKET IPUTOAUTLCS,
Korja moTpedyeTcs co3aBaTh YMCJia, TOYHOCTh IIPEICTaBICHUA U IPABUJIa OKPY-
TJIEHUA OJIA KOTOPBIX HOJIMKHBI OTIMYATBCA OT YCTAHOBJIEHHBIX II0 YMOJIYaHUIO.

chHKLI,I/II/I N KOHCTAHTbI

B moayiie decimal o6bABIEHBI caeayoomiue GYHKITUN 1 KOHCTAHTHI.
getcontext()

BoasBpairaer TeKyIui KOHTEKCT JPOOHBIX JeCATUUYHBIX Ynces. KaKIbIil IOTOK
BBIIIOJIHEHUST MeeT CBOM COOCTBEHHBIM KOHTEKCT, II03TOMY HaHHAsd (QYHKIIUI
BO3BpAIIlaeT KOHTEKCT [JIs1 BHISHIBAIOIIEr0 IIOTOKA BBITTOJIHEHU .
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localcontext([c])

CospmaeTr MeHemKepa KOHTEKCTa, KOTOPBIN yCTaHABINBAEeT KOHTEKCT C APOOHBIX
IEeCATUYHBIX YMCeJ] B KauecTBe TEKYIIero AJA WHCTPYKIIUHA, HaXOOAIINXCS
B Tejie MHCTPYKIuy with. Ilpu BeI3oBe 0€3 apryMeHTa co34aeT KOIINIO TeKYIIero
KOHTeKcTa. Huike mMpuBOAUTCA IPUMED MCHOJB30BAHUSA 9TON (hYHKIIUU, C II0-
MOIITBI0 KOTOPOHM BPEMEHHO YCTaHABJIUBAETCA TOUYHOCTHD 0 IIATH 3HAKOB IOCJE
IeCATUYHON TOUKHU AJIA IIOCJIE0BATEIbHOCTH UHCTPYKITUM:

with localcontext() as c:

c.prec = 5
WMHCTPYKUWN
setcontext(c)

YcranaBinBaeT KOHTEKCT C I[pOﬁHI)IX AECATHUYHBIX UMCeJI B KadeCTBe TEKYIIEro
JJId BbISBIBAIOIIIET'O IIOTOKA BBIIIOJTHEHM A.

BasicContext

TIpemonpeneneHHbBIN KOHTEKCT C TOUHOCTBIO 10 JE€BSATU 3HAKOB IIOCJE JeCATUY-
HOU Touku. Mcmosabdyer mpaBuyio okpyrienus ROUND_HALF_UP; mapametp Emin
umeet 3HaueHure -999999999; napametp Emax umeet 3nauerue 999999999; pas-
pellieHbI Bce cUTHAJbI, KpoMe Inexact, Rounded u Subnormal.

DefaultContext

KonTeKcT 110 yMOIYaHUIO, KOTOPBIN HUCIOJIB3YeTCs IIPU CO3JaHUU HOBOI'O KOH-
TeKcTa (TO eCTh 3HAUEHUS ITapaMeTPOB ATOT0 KOHTEKCTAa HCIIOJbL3YIOTCA KaK
3HAUEHUA MO0 YMOJUAHWIO JJIsI ITapaMeTPOB HOBOTO KoHTeKcTa). Ompenesnser
TOYHOCTH 10 28 3HAKOB II0CJIe JeCATUUYHON TOUKU; OKpyraerHue ROUND_HALF_EVEN;
BKJIoUaeT (uiaru Overflow, InvalidOperation u DivisionByZero.

ExtendedContext

IIpenonpeneneHHBIN KOHTEKCT C TOUHOCTBIO 10 J€BATY 3HAKOB IIOCJIE JeCATUY-
HOM TouKu. Vcmonb3yer nmpaBuio okpyriaeraus ROUND_HALF_EVEN; mapameTp Emin
umeet 3HaueHue -999999999; mapamerp Emax umeer suauerHure 999999999; Bce
CHUTHAJBbI 3amperensl. Hukorga He Bo30Oy KAaeT UCKJIIOUEHNA, HO B Pe3yJIbTaTe
omepanuii MOKeT Bo3BpaIarsca 3Hauerre NaN wiam Infinity.

Inf

To ke, uro m Decimal(“Infinity”).
negInf

To ke, uto u Decimal(“-Infinity”).
NaN

To »xe, uro 1 Decimal(“NaN").

Mpumepsbl

Huxe IIPUBOAUTCA HECKOJIBKO IIPMMEPOB, UJIJIIOCTPUPYIOINX OCHOBBI paGOTbI
C I[pOGHI)IMI/I JeCATUYHBIMU YHCJIaMMU:

>>> a = Decimal(“42.5")
>>> b = Decimal(“37.1")
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>>> a+ b

Decimal(“79.6")

>>>a /b

Decimal(*“1.145552560646900269541778976")

>>> divmod(a,b)

(Decimal(“1"), Decimal(“5.4"))

>>> max(a, b)

Decimal(“42.5")

>>> ¢ = [Decimal(“4.5"), Decimal(“3”), Decimal(“1.23e3")]
>>> sum(c)

Decimal(“1237.5")

>>> [10+x for x in c]

[Decimal(“45.0"), Decimal(“30”), Decimal(*“1.230e4”)]
>>> float(a)

42.5

>>> str(a)

‘42,5

Iasee IpUBOAUTCA IPUMED N3MEHEHU S MapaMeTPOB KOHTEKCTa:

>>> getcontext().prec = 4

>>> a = Decimal(“3.4562384105")

>>> a

Decimal(“3.4562384105")

>>> b = Decimal("“5.6273833")

>>> getcontext().flags[Rounded]

0

>>> a+ b

9.084

>>> getcontext().flags[Rounded]

1

>>> a / Decimal(“0”)

Traceback (most recent call last):
File “<stdin>”, line 1, in ?

decimal.DivisionByZero: x / 0

>>> getcontext().traps[DivisionByZero] = False

>>> a / Decimal(“0")

Decimal(“Infinity”)

NMpumevyaHusa

e OO0BwexThI Decimal m Context o6aamatoT OOJIBIINM KOJIUYECTBOM METOIOB, CBSI-
3aHHBIX C HUBKOYPOBHEBBIMU OCOOEHHOCTSAMU, KOTOPhIE UMEIOT OTHOIIIEHUE
K IIPeICTABICHNIO 1 BBHIIIOJIHEHNIO OIleparuil HajJ JPOOHBIMU AeCATHUHBIMU
yncaamu. OHM He OBLIN ONMUCAHBI 3[€Ch, IOTOMY UTO 3HAKOMCTBO C HUMU
He SBJIAETCS HEOOXOAMMBIM YCJIOBHMEM WCIIOJIb30BAHUSA TAHHOTO MOIYJISA
B IPOCTHIX cayuasax. OgHaKo BBl CMOKeTe HalTH MOoApO0HOe MX OMMCaHIe
B DJIEKTPOHHOM NOKYMEHTAIuu, 1o angpecy: hitp://docs.python.org/library/
decimal.html.

o Kourekct ,HpOﬁHI:IX OJECATUYHBIX YMCeJI ABJIAETCA YHUKAJIBHBIM OJId KaX-
JOI'0 IIOTOKAa BBEIIIOJIHEHU A. VsMmeHeHNS B KOHTEKCTE 6y/:[y'1‘ OKa3bIBaThb BJINA-
HNe TOJIBKO B IaHHOM IIOTOKE€, HO HE B IPYI'UuX.
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e Yro6bl CUTHAJIU3UPOBATH O IIOABJICHUU 3HAUCHUS, He ABJIAIOIIErOCS YKC-
JIOM, MOJXHO HCIIOJIB30BaTh CIeluaabaoe uyrcio Decimal(“sNaN”). 9To dmciio
HUKOT[Ia He TeHepupyeTcs BCTPOEHHBIMU (QyHKIuAMU. OTZHAKO eCJIi OHO
TOSABUTCS B BBIUNCJIEHUSIX, OyJeT BBIBEIEHO cooOIeHne o6 ommubke. Ero
MOJKHO KCIIOJIB30BaTh, UYTOOLI M3BECTUTh IOJb30BATEJA 00 OIIMOKAaX, KOI-
Ia OIIMOOYHBIE BRIUMCICHUS HOJIKHBI OBITh IIPEPBAHLI U OIINOKYN HEe MOT'YT
OBITh IPOUTHOPUPOBaHbl. Hampumep, QyHKIINUA, Ille BOSHUKJIA OIIIOKA, MO-
KeT Bo3BpaIarh sNaN B KauecTBe pe3yabTaTa.

o J3uauenme (0 MoOKeT OBITH IOJIO}KUTEJIbHBIM WUJIU OTPUIATEJIBHBIM (TO €CTh
Decimal(0) u Decimal(“-0")). OmHAKO IPW CPABHUBAHUU 9TU 3HAUEHUS II0-
TIPEKHEMY CUUTAIOTCSA PABHBIMHU.

e ITOT MOAYJb, BEPOSITHO, MaJIO MOAXOAUT IJIA IPOTPAMMUPOBAHUA BHICOKO-
TIPOUBBOAUTENbHBIX HAYYHBIX BBIUMCJICHUI 1M3-3a OOJBIIIOrO0 o0bema ome-
paiuii, BEITIOJHIEMBIX B ITpoIlecce BuIUMCIeHUi. Kpome TOro, B mogo0HBIX
IPUJIOKEHUAX APOOHBIE AeCATUYHBLIE YMCJA WMEIOT CAUIIKOM MAaJjo IIpe-
UMYIIECTB Iepe/ YNCJIaMU C IJIaBaIoell TOUKOI B ABOMUYHOM (hopMare.

e TlompoGHoe oGcyskaeHMre (POPMATOB IPENCTABJIEHUA UMWCEJ C IIJIaBalolei
TOYKON 1 aHAJU3 OMIMOOK BHIXOAHUT HAJEKO 3a PAMKHU HAHHOM KHUTI'M. 3a
JOTIOJHUATEIbHBIMU IOAPOOHOCTAMY 3aNHTEPECOBAHHBIM UNTATEJISAM CIIEIY-
eT 00paTUTHCA K KHUTe 10 YHUCJIeHHOMY aHaausy. Kpome TOro, HeJUIITHUM
OyzmeT osHaKOMUTBCS co crarbeil «What Every Computer Scientist Should
Know About Floating-Point Arithmetic» («HYTo mosikeH 3HATH KasKIBIH
CIIeI[MAIUCT B OOJACTH BBIUMCIUTENbHBIX MAIIWH 00 apudMeTHKe ¢ ILjia-
Baroriei Toukoii») [Iaeuaa lonpbepra (David Goldberg), ony6aunkoBaHHOMK
B :kypHaje «Computing Surveys», usgarenncTBo Association for Comput-
ing Machinery, mapt 1991 rozma (sTy cTarbio Jerko oThbicKaTh B IHTepHeTe,
IIOMCKAB I10 3aT0JIOBKY).!

e Crnenmupuranusa «IBM General Decimal Arithmetic Specification» cozmep-
JKUT Maccy JOIIOJHUTEJIbHON NH(GOPMAIIUY U TaKKe JIeTKO MOKeT ObITh Hal-
JeHa B I/IHTepHeTe C IIOMOIIBIO IIOMCKOBBIX CHUCTEM.

Mopynb fractions

Mopgyns fractions comep:xut onmpepesieHme KJjacca Fraction, KOTOPBIA ABJIAET-
CA IIpeacTaBJIEHUMEM PAIlMOHAJIBHBIX UKCeJI. COBIL&TL IK3EMILJIAD KJjacca MOXKHO
C IIOMOIIIBI0 KOHCTPYKTOPA, TPEMA PA3HBIMU CIIOCO0aMu:

Fraction([numerator [,denominator]])

CospmaeT HOBOe paIlMOHAJbHOE Ymcjao. dueaurensb (numerator) u sHaMeHATENb
(denominator) ABJAIOTCA IEJIBIMH UYMCJIAMHU U 110 YMOJUYAHUIO IPUHUMAIOTCA
paBeEBIMU 0 1 1 COOTBETCTBEHHO.

! Tlepesoma aToii cTarhbu Ha pycCKuii A3bik B VIHTepHeTE HET, HO MOMKHO TIOPEKOMEeH-

[I0OBaTh OTJIMYHEIE CTAThU: http://www.vbstreets.ru/VB/Articles/66541.aspx u http://
www.ibm.com/developerworks/ru/library/j-jtp0114/. — IIpum. nepes.
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Fraction(fraction)

Ecnu B aprymeHnTe fraction nepegaercsa skseMuyiap numbers.Rational, coszaerca
HOBOE paIlMOHAJIbHOE YUCJO C TeM »Ke 3HaUYeHUeM, 4To U fraction.

Fraction(s)

Ecau B aprymenre s mepefaeTcsa CTpoKa, cojepsraliaa podsb, Takyio Kak “3/7”
uiu “-4/7", codgaerca Apodb ¢ TEMHU Ke 3HAUEHUAMU YNCJINTE IS U 3HAMeHaTe-
Jas. Ecau B apryMmenTe S mepemaercsi CTPOKA ¢ m300paskeHrueM IPOOHOTO Iecs-
TUYHOTO YHucja, Hampumep ‘1.25”, cosmaercs A1podb, COOTBETCTBYIOIIAA STOMY
3HaueHuIo (To ecThb Fraction(5,4)).

Huike mepeunciieHbI METOABI KJIACCA, KOTOPHIE MOT'YT UCIOJIb30BATHCA AJIS CO3-
MaHUA 9K3EeMILISPOB KJacca Fraction u3 00'b€KTOB APYTUX TUIIOB:

Fraction.from_float(f)

Cospmaer n1po0b, IpencTaBISION[YIO0 TOUHOE 3HAUEHE YNCJIA [ C I1JIaBaoIleil ToU-
KOIi.

Fraction.from_decimal(d)
Cospmaer npob6b, IIPeACTABJIAIOIIYIO TOUHOE 3HaueHue yuca d Tuna Decimal.
Huxe mpuBogUTCSA HECKOJIBKO IIPUMEPOB HCIIOJIb30BAHUA 9TUX (DYHKITMIH:

>>> f = fractions.Fraction(3,4)

>>> f

Fraction(3, 4)

>>> g = fractions.Fraction(“1.75")

>>> g

Fraction(7, 4)

>>> h = fractions.Fraction.from_float(3.1415926)
Fraction(3537118815677477, 1125899906842624)

>>>

IAKseMILIAp  KJjacca Fraction momgmep:kuBaeT Bce OOBIYHBIE MaTeMaTHUe-
CKHUe omepanui. S3HAUEHUs YUCAUTES U 3HaMeHAaTeJsd XPaHATCSI B aTpubyrax
f.numerator u f.denominator coorBercTBeHHO. KpOoMe TOr0, OIIpeesIeHbl CIenyo-
11e MeTOABI:

f.1imit_denominator([max_denominator])

Bosspamiaer npobsb, 6imskaiimyo K . B aprymenTe max_denominator nepenaeTcs
HauOOJIBINTNI BO3MOKHBIA YNCAUTE . [0 yMOTUaHUIO NCTIOIB3yeTCA 3HaAUEHe
1000000.

Huke mpUBOAUTCS HECKOJIBKO TPUMEPOB MCITOJIb30BAHUA 9K3E€MILIAPOB KJacca
Fraction (3ajzeiicTBOBaHBI 3HAUEHUS, CO3JaHHBIE B IPEbIAYIIIEM IIPUMEDE):

>>> f + g

Fraction(5, 2)

>>> f % g

Fraction(21, 16)

>>> h.limit_denominator(10)
Fraction(22, 7)

>>>
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Kpowme Toro, B MmogyJie fractions ompeneseHa efuHCTBeHHAA PYHKI[UA:
gcd(a, b)

Broruncisger HanboabIINI 00U e IUTeNIb IIeJIbIX Yrces a 1 b. Peayabrar nume-
€T TOT 2Ke 3HaK, UTO U YUCJIO b, €CJIM OHO He PABHO HYJII0; X 3HAK YMCJIA @ — B IIPO-
TUBHOM CJIy4Yae.

Mopaynb math

B monyne math ompemeseHsl cieqyoiire cTaHapTHbIE MaTeMaTuYecKue (hyHK-
uu. T QPYHKIIUU OMEPUPYIOT LEJBIMU YHUCJIaMU U YUCJaMU C IIJIaBaloIei
TOYKO, HO OHU He OyAyT paboTaTh ¢ KOMILJIEKCHBIMU YUCJIaMu (IJIs BBITIOJIHE-
HUNI HO/I[OGHBIX onepaunﬁ HaJ KOMIIJIEKCHBIMM YHCJIaMM MOMHO MCIIOJIB30BaTh
OTHIeNbHBIN MOAyab cmath). Bce GyHKIUU BO3BpAIaiOT YUCJIO C IIJIaBAIOIIEN
TOuKO#. Bece Tpuronomerprueckme QyHKIIUY OIIePUPYIOT YIVIOBBIMY BEJINUNHA~
MU, BEIDaXE€HHBIMU B PagaHaX.

DyHKIUA Onucanue

acos(x) BosBpaiaeT apKKOCUHYC YHUCIA X.

acosh(x) BosspairaeT rumep60oJInYecKUi apKKOCUHYC YKCIA X.

asin(x) BoasBpaiiiaeT apkCcuHYC YuCIa X.

asinh(x) Bosspaiaer runep60InyecKUi apKCUHYC YUCTIA X.

atan(x) BosBpaiiaeT apkTaHIreHC Yuca X.

atan2(y, x) Bosspalaer apkTairesc Beipaskenusa (y / x).

atanh(x) BosBpairiaeT rumep060onuecKi apKTaHIeHC YUCIa X.

ceil(x) BosBpaiaet oKpyrieHHOe O HauOOJIBIIETo I[eJI0T0 3HAUEeHe

copysign(x,y)

qucJa x.

Bosspaimaer x ¢ TeM yKe 3HaAKOM, 4TO 1 .

cos(x) BosBpaimaer kocunyc ymuciaa x.

cosh(x) BosBpaiiiaeT runep60JInYecKUi KOCUHYC YHCIA X.
degrees(x) IIpeobpasyeT Yncyo x pafuaHOB B IPayChI.
radians(x) IIpeobpasyer yucio x zpadycos 8 paduaHbwl.

exp(x) Bosspamaer e ** x.

fabs(x) BosspairiaeT abCoOJIOTHOE 3HAUCHUE X.

factorial(x)

Boasspaiijaer pakTopua x.

floor(x) Bossparaer okpyrieHHOe 0 HANMeHbIIIeTro [IeJIOT0 3HaYeHNe
qucJIa X.

fmod(x,y) Boaspaimaet x % y, Kak BeruucageT GyHriug fmod() B a3bike C.

frexp(x) BosBpaimaeT oso:xuTesbHOE 3HAUEHNEe MAHTHCCHI U DKCIIOHEHTY

qyucJa X B BUJe Koprexa.
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(npodonscerue)

dynrnusa Onucanue

fsum(s) BosBpaijaer cymMMy 3HaUeHU ¢ IJIaBAIOIIEI TOUYKOU B UTEpUDYye-
MO¥ TIOCJIeloBaTeIbHOCTH S. JlonmoTHuTe IbHBIE TOAPOOHOCTY IIPH-
BoJsATCA B paszgene «IIpumeuanus» HUKe.

hypot(x,y) BosBpaiiaer 9BKJIUI0BO PACCTOAHUE, Sqrt(x = X + y * y).

isinf(x) Boaspaimaer True, eciu x ©MeeT 3HaUeHUE OECKOHEUHOCTH.

isnan(x) Bosspaimaer True, eciiu x umeet 3Hauernue NaN.

ldexp(x, 1) BosBpaimaer x * (2 == 1).

log(x [, basel) BoaspariraeT Jorapudm umcsa x o OCHOBaHUIO base. KEciu apry-
MEHT base OIyIlleH, BEIUNCISIETCA HATYyPAJIBHBIN JJorapudM.

10g10(x) BosBpaiaeT gecATHYHBIN JJoTapudM YHUCIA X.

log1p(x) BoaBpairiaeT HaTypaabHBIH JJorapu@M BbIPAIKEHUT X+1.

modf(x) BosBpaiiiaeT ApoOHYIO 1 IEJTYI0 YaCTU YMCJIA X B BIUJE KOPTeXKa.
O6a 3HAUEHUSA NMEIOT TOT K€ 3HAK, UTO U YUCJIO X.

pow(x,y) Bosspaimaer x *x V.

sin(x) BoaBpairiaeT cuuyc umcia x.

sinh(x) BosspaiaeT runep60JInYeCKUA CUHYC YHUCIIA X.

sqrt(x) BosBpaiaer kBagpaTHBIN KOPEHb YHUCJIA X.

tan(x) BoasBpairiaeT TaHTeHC UnCaIa X.

tanh(x) Bosspaiaer runep60onyecKuil TAHTEHC YHCA X.

trunc(x) Vcerkaer gpo0HYIO YaCTh YMCJIA X.

B mopysie math ompemesieHbI caeAy0ONIe KOHCTAHTHL:

Koucranra Onucanue

pi

e

MaremaTtuyecKas KOHCTaHTA — YHUCJO T.

MaremaTnueckas KOHCTaHTa — YHUCJIO €.

NMpumeyaHusa

3HaueHus C MJIaBaloiell ToUuKoi +inf, -inf um nan MOryT cosmaBaTbCsi BBI3O-
BoM (yuKIuu float() co CTPOKOBBIM apryMeHTOM, Hanpumep: float(“inf"),
float(“-inf") mam float(“nan™).

Dyurmusa math.fsum() obecmeunBaeT 60Jiee BHICOKYIO TOYHOCTh, Y€M BCTPO-
eHHasd PYHKIUA sum(), IOTOMY UTO B HeH MCIIOJIb3yeTCA APYTOU aJTrOPUTM,
B KOTOPOM MPEAIIPUHIMAETCSA MOIBITKA N36€KaTh OIINO0K, 00YCIOBJI€HHBIX
a((pekTOM B3aMMHOTO YHUUTOKEHHA. Bo3pMeM B KaduecTBe IPUMEpA II0-
cjaemoBaTeJbHOCTL S = [1, 1e100, -1e100]. Ecim momeITaThCs BBIUHCJINUTDH
CYMMY €e 2JIEMEHTOB BBIBOBOM (DYHKIIMH SUM(S), B pesyJbTaTe OyAeT IIOJy-
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yeno 3uauenue 0.0 (moromy uTo 3HaueHue 1 OyaeT MOTePsSHO IIPU CIOKEHU N
¢ 6osbiium uncsom 1€100). OgHaxko BbIZ0OB math.sum(s) BEpHET IpaBUIbHBIHN
pesyabrar 1.0. Anropurm, UCIOAb3yeMblil B pyHKIIU math.fsum(), ommchI-
BaeTcsa B crarhbe «Adaptive Precision Floating-Point Arithmetic and Fast
Robust Geometric Predicates» (AmanTuBHass TOYHOCTH B apudMeTure
C IIJIaBAIOIIEel TOUKOM 1 OBICTPhIE YCTOMYMBELIE TeOMETPUUECKIE IPEeIUKATEI)
I:xoumatana Puuapga Illesuyka (Jonathan Richard Shewchuk) B Texuuue-
CKOM OTYeTe KoJuiemKa mHbopMaTuku yHuBepcurera Kapueru-MesroHa
(Carnegie Mellon University. School of Computer Science Technical Report)
CMU-CS-96-140, 1996.

Mopaynb numbers

B MOZYyJIe numbers onpenesieHO HECKOJIBKO aﬁCTpaRTHI)IX 0a30BbBIX KJIaCcCoOB, KO-
TOPBIE€ MOI'YT MCIIOJIB30BaTbCA OJIA CO3JaHUA YNCeJ Pa3JINYHBIX TUIIOB. YucJo-
BbI€ KJIaCChl OpraHrM30BaHbI B M€PapPXUI0, Ha KaxKJ0M YPOBHE KOTOpOfI IrocJjieno-
BaTeJIbHO I[06aBJIHIOTCﬂ OOIIOJTHUTEJIbHBIE BOSMOXXHOCTH.

Number
Kinacc, maxogaruiicsa Ha BepIInHE NePapxXny UYUCIOBBIX KJIaCCOB.
Complex

Kinacc, mpeacTaBasonNinii KOMILJIEKCHBIE UKCJIa. UMCJIa 9TOTO BUAA COCTOAT U3
IefiCTBUTEIbHON M MHUMOI YacTeil u uMeloT aTpubyThl real u imag. fABiasgercs
IIPOU3BOAHBIM OT KJiacca Number.

Real

Kiace, mpencraBidmoiuil BellleCTBeHHBIE YKCJIa. SIBJIsAeTCS IPOU3BOLHLIM OT
KJIacca Complex.

Rational

Kiacce, npencraBasioniuii paruoHajabHble 1pobu. Hicaa 9Toro BUa COCTOAT U3
YUCJINTENS U 3HAMeHAaTeJId U UMeIoT aTpuOyThl numerator u denominator. SIBasa-
eTcs IIPOM3BOAHBIM OT KJiacca Real.

Integral

Kinacc, mpeacraBasioninii meable yncaa. IBasgeTcs IPOU3BOAHBIM OT KJiacca Ra-
tional.

Kiaccer B aTOM MozyJie He mpeqHAasHAUEHBbI JJIs CO3JaHUS SK3EeMILIAPOB. Mx
OCHOBHAJ IIeJIb — 00€CIeUUTh BO3MOKHOCTD IIPOBEPKY TUIIOB PA3JIUYHBIX 3HA-
yeHnii. Hampumep:

if isinstance(x, numbers.Number) # 00bexkT X aBnaeTcd 4ucnom nwbOro Tuna
WUHCTPYKLMM

if isinstance(x, numbers.Integral) # 00bEKT X ABAAETCHA UENbIM HWUCIOM
UHCTPYKUMN

Eciu xaxkaa-mu60 13 3TUX IIPOBEPOK THUIIA BEPHET True, 9TO 03HAYAET, YTO 00b-
eKT X COBMECTUM CO BCEMU MaTeMaTUUYeCKUMU OepaIuaMU, KOTOPbIe MOT'Y T BbI-
TOJHATHCA HAJ YUCJIaMU JAHHOT'O TUIIA, U MOYKET OBITh IIPeo0pa3oBaH B OAUH U3
BCTPOEHHBIX TUIOB, TAKOI Kak complex(), float() mam int().
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Kpowme Toro, aberpaKkTHbIe 6a30Bble KJIacChl MOT'YT HUCIIOJIL30BATHCSA B KaUueCTBe
6a30BBIX [JId MMOJb30BATEIBLCKUX KJIaccoB uuces. Takoe HaciemoBaHue obecre-
YUT He TOJHKO BOBMOKHOCTD IIPOBEPKU TUIIOB, HO U TAPAHTUPYET Pean3aIinio
BCeX 00sA3aTeJIbHBIX MeToZ0B. Hanmpumep:

>>> class Foo(numbers.Real): pass

>>> f = Foo()
Traceback (most recent call last):
File “<stdin>”, line 1, in <module>
TypeError: Can't instantiate abstract class Foo with abstract methods
(Nepesof:
TpaccupoBoYHaa nHoopmauus (cambiii NOCNEAHNA BbIBOB — CaMblii HUKHWI)
OGainn “<stdin>”, cTpoka 1, B <mMOAyNb>
TypeError: HeBO3MOXHO co3aaTb 3k3emnnap abcTpakTHOro knacca Foo ¢ abecTpakTHbIMM

MeToAaMu
)
_.abs__, __add__, __div__, __eq__, __float__, __floordiv__, __le__, __1t__,
__mod__, __mul__, __neg__, __pos__, __pow__, __radd__, __rdiv__, __rfloordiv__,
__rmod__, __rmul__, __rpow__, __rtruediv__, __truediv__, __trunc__
>>>

NMpumevyaHusa

o TlogpoOmHee 06 abcTpaKTHBIX 0A30BBIX KJIacCaX paccKasbiBaeTcs B IiaBe 7
«Knaccel m 060 beKTHO-OPUEHTUPOBAHHOE IPOTPAMMUPOBAHUEY.

e DBosee moxpobHy0 nH(pOpManuio 06 NepapXUu TUIIOB B 9TOM MOAYyJe U UX
Ha3HAUEHUN MOJKHO HAMTH B mpeioKeHuu mo passutuio Python (Python
Enhancement Proposal, PEP) PEP 3141 (http://www.python.org/dev/peps/
pep-3141).

Mopaynb random

Mopgysrs random mpemocTaBigeT pasjinuHble QYHKIIVY, TeHEPUPYIOIIYE IICEBO0-
cyJaiiHbIe UMCIIa, a TaKKe QYHKIINY, TeHePUPYIOIIre IICEBIOCIyYaiHbIe YNC-
Jia B COOTBETCTBUY C PA3JINYHBIMYU 3aKOHAMU paclpezesieHud. Bosbiras yactb
GYHKIUHA B 9TOM MOZYJIe OIUPAETCA Ha UCIOJIb30BaHUe PyHKIIIY random(), KO-
TOpadA ¢ MMOMOIIbIO reHepaTopa «Buxps MepceHHa» TeHEpPUPYeET IICEBIOCTYyUati-
HbIe YHCJIa, PABHOMEPHO pacupesieiIeHHbIe 1o auanasony [0.0, 1.0).

NMHnumnannsauma

Cuenyrorue QYHKIIAN UCIIOJIb3YIOTCA AJIS YIPABJIEHUA COCTOIHUEM I'eHEPATO-
pa caydJyaiHBIX YUCeJ:

seed([x])

Nuaunuanusupyer remepaTtop caydalHbIX uyucesi. Ilpu Bhi3oBe 6e3 apryMeH-
Ta UJIU CO 3HaueHMeM None B apryMeHTe x TeHepaTop MHUIMAJJIN3UPYeTCs 3Ha-
YyeHUeM CHCTEMHOTr'0 BpeMeHU. B IPOTUBHOM cjiydyae, eCJIid X ABJIAETCA I1eJIbIM
WU AJINHHBIM IIeJBIM YKCJIOM, UCIIOJIb3yeTCA 3HaUeHne X. Ecau apryMeHT x He
SBJISETCS IEJIBIM YKCJIOM, OH JOJI’KEH OBITH XeIINPyeMbIM 00BEKTOM, & B Kade-
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CTBe MHUIIUAJIU3UPYIOIIEro 3HaUeHUs Oy IeT NCI0JIb30BAThCS PE3YJILTAT BHI30BA
GyHKIIIHT hash(x).

getstate()

Bosspaliraer 00'beKT, OPENCTABIAIIIANA TEKyIllee COCTOSHNE TreHepaTopa.
ITosamee aTOT 0OBEKT MOMKHO IepenaTh GyHKINK setstate(), 4TOOBI BOCCTAHO-
BUTH COCTOsSHNE I'eHepaTopa.

setstate(state)

BoccranaBiauBaer cocTossHUE reHepaTopa CAOyUYaiiHbIX YKCe U3 00beKTa, moJy-
YeHHOTO B pe3dyJjbTaTe BbI3oBa (pyHKIMU getstate().

jumpahead(n)

BricTpo naMeHseT cCoCTOAHME TeHepaTopa, Kak ecyiu 06l QyHKIus random() ObLIa
BBI3BaHA /) Pas moAPAA. APTryMeHT N HOJIKEH OBITH IIeJIbIM HEeOTPUIlATeIbHBIM
YKCJIOM.

CnyuJamHble uenbie Yyucna

Cuenyrorue GYHKIIUNA UCTIOJb3YIOTCA IJIA MOJYUEHUSA CIAYUANHBIX I[eJIbIX UH-
cell.

getrandbits(k)

Cospmaer IJINHHOE IIeJI0e YNCJI0, COCTOAINEee U3 K CIyYaHBIX OUTOB.
randint(a, b)

Bosspaimaer cayuaiiHoe mejoe Y1CJIo X B AUATa30He a <= X <= h.
randrange(start,stop [,stepl)

Bosspataer cayuaiiHoe Iiejioe 4MCJIO B quamnasoue (start,stop,step). He BKJIO-
yas 3HaueHwue stop.

Cnyqa|7|Hb|e nocnenoBatesibHOCTU

Craenyromue (PyHKIIUN HUCIOJIb3YIOTCA AJIA PAHIOMU3AIMN II0CIEI0BATEIbHO-
CTel.

choice(seq)
BoasBpamiaer cayuaiHBIHN 9JIeMEeHT U3 HEIIyCTOH IIOCJIe0BaTeJILHOCTH SEq.
sample(s, len)

Bosspaiiaer mociie[oBaTeIbHOCTh IJIUHON 1N, CONEPIKAIYIO0 BJIEMEHTHI II0-
CJIeIOBATEJIbHOCTH S, BHIOPAHHbIE CIYUallHBIM 00pa3oM. OJI€MEHThI B IOy YN B-
11e#ics oCcJIe[OBATEIBbHOCTH PACIIOIATAIOTCS B TOM MTOPAIKE, B KAKOM OHU ObLIN
OTOOPAaHBI.

shuffle(x [, random])
CayuaiiHbIM 00pas3oM IIepeMeIlInBaeT 3JIeMeHTEI B CIIICKe X. B HeoOa3aTeIbHOM
aprymMenTe random mepemaeTcs (PYHKIMA TeHepaTopa CAYYaNHBIX YHCeJ. JdTa

(GYHKIIUSA He OOJKHA IPUHUMATH apryMeHTOB W MOJIKHA BO3BPAIATh UHCJIO
C IIJIaBaloIlei Toukoi B suamnasone [0.0, 1.0).
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Pacnpep,eneHml cnyqa|7|Hb|x BelleCcTBeHHbIX Yynucen

Crenyiormiue GyHKIIUYU TeHEPUPYIOT CIyUaiHbIe BellleCTBeHHbIe uncaa. Mmena
mapaMeTpoB M HAa3BAHUA 3aKOHOB paCIIpeesIeHMs COOTBETCTBYIOT CTAHIAPT-
HBIM Ha3BAHUAM, UCIIOJb3YEMbIM B TEOPUH BEPOATHOCTEH 1 B MaTeMaTHUYeCKOMI
CTAaTUCTUKe. 3a HOTOJHUTEJbHBIMU TOAPOOHOCTAMU BaM CJIeAyeT 00paTUThCSA
K COOTBETCTBYIOIIIEIl IUTeparype.

random()

Boaspaiaer cayuaiinoe umceso B guamnasone [0.0, 1.0).

uniform(a, b)

PaBHOMepHOe pactipeziesienue. Bo3Bparaer uncia B guanasoHe [a, b).
betavariate(alpha, beta)

Bera-pacnpenenenue. BosBpamiaer uucaa B guamasone ot 0 go 1. alpha > -1
u beta > -1.

cunifvariate(mean, arc)

Kpyrosoe paBHOMepHOe paciipezesieHre. B aprymeHnTe mean nepegaeTcsa CpeIHUN
yToJ, a B apryMeHTe a/Cc — IIUPUHA AUana30oHa PacIIpeleIeHUsI OTHOCUTEIBHO
cpearero yria. O0a sTu 3HAYEHUA JOJIKHBI YKA3hIBATHCA B PaAuaHax, B JUala-
3oue oT 0 10 pi. BosBparaer sHaueHus B fuamnasone (nmean - arc/2, mean + arc/?2).

expovariate(lambd)

IKCIOHEHIINAJIbLHOE paciipeneeHre. B aprymenTe Iambd mepegaercsa sHaUYeHHE,
nonyuyeHHOe feieHueM 1.0 Ha 'KeslaeMoe cpefjHee 3HaueHMe. Bo3Bpataer 3Haue-
HuA B fuanasoHe [0, +Infinity).

gammavariate(alpha, beta)
Tamma-pacupenenenune. alpha > -1, beta > 0.
gauss(mu, sigma)

T'ayccoBo pacmpezeseHne’ co CpeJHNM 3HAUEHUEM /MU U CTAHJAPTHBIM OTKJIOHE-
HUeM Sigma. BEITIOJIHSIeTCa HeMHOTro ObIcTpee, ueM (pyHKIuA normalvariate().

lognormvariate(mu, sigma)

Jlorapudmmueckm HopMaJIbHOE pacIpesieleHe, TO eCTh HOPMAaJIbHOE pacIipese-
JIeHne JIOTapu(hMOB UucCeJI, CO CPeJHUM 3HAUYeHNeM /MU 1 CTAHIAPTHBIM OTKJIOHE-
HUEM Sigma.

normalvariate(mu, sigma)

HopmasnpHOE pacupeneseHre co CpeJHUM 3HAUEHUEM MU U CTAHJAPTHBIM OTKJIO-
HEHUeM Sigma.

paretovariate(alpha)

Pacmipenenenne Ilapeto ¢ mapameTpom opMeI alpha.

1 YacTo Ha3kIBAIOT HOPpMAaJIbBHBIM pacmnpenejeHueM. — HpuM nepes.
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triangular([low [, high [, modelll)

TpeyronpHoe pacupenesieHre Ha oTpeske [low, high) ¢ MOmaJbHBIM 3HAUYEHU-
eM mode. Ilo ymosruanmio apryMeHT low umeeT 3uHauenue 0, high — suauenue 1.0,
a mode — 3HaUeHUe ocepesuHe MeXay low i high.

vonmisesvariate(mu, kappa)

Pacnpezgenenne (o Museca,! rae nu — cpefHNRA yroJl B pagraHax Mexay 0 m 2 *
pi, a kappa — HeoTpuIaTENIbLHBIN K03(h(hurneHT KoHIIeHTpanuu. Ecau aprymMmeHT
kappa nmMeeT HyJIeBOe 3HaUeHHe, pacipeneneHre o Museca BHIPOMKIAECTCS IO
PaBHOMEPHOTO pacupeaesieHus yria B guamnasone oT 0 1o 2 * pi.

weibullvariate(alpha, beta)

Pacnpenenenune Beiibysnia ¢ mapameTpoM MacmitabupoBaHUA alpha u mapame-
TpoM (pOpMEI beta.

MpuumeyaHusa

o DYHKIIUU B 3TOM MOJYJIe He IIPeJHA3HAUeHbI IJI51 Pa00THI B MHOT'OIIOTOUHBIX
IPUJIOKEeHUAX. B ciryuae HE0OOXOIMMOCTY IeHEPUPOBATH CAyUYaHbIe YHUCJIa
B PA3JIMUYHBIX MOTOKAX BBIMOJIHEHUS CJIeAYyeT MCI0Jb30BaTh MEeXaHM3M 0JI10-
KHPOBOK, YTOOBI IPELOTBPATUTL OLHOBPEMEHHBIN JOCTYII.

e Tlepuog reHeparopa caydaiiHbIX YuCeJ (IJIMHA II0CJIeI0BATEILHOCTH YNCEe,
Ipeske YeM OHa HauHeT IIOBTOPATHCA) COCTaBJIAET 2xx19937-1,

e CuyuaiiHble 4YuCJia, TeHEPUPYEMble 3TUM MOAYJIEM, MOYKHO IIPEJCKa3aTh,
¥ TIOTOMY OHU He JOJI’KHBI UCIIOJIE30BATHCS B KPUNITOIPADUUECKUX aJITOPUT-
Max.

e lmeeTcsa BO3MOKHOCTD CO3IaBATh HOBLIE TeHEPATOPHI CAYUANHBIX UMCEJI 3a
CUeT CO3JaHUsA NPOM3BOAHBIX KJAacCOB OT random.Random m peajsimsanum Me-
TomoB random(), seed(), getstate(), setstate() m jumpahead(). Bce ocrambHbBIE
(YHKIIUU B 9TOM MOZYJIE B AeHCTBUTEJIHHOCTU ONMPAIOTCA HA MCIOJb30Ba-
HUe MeTo0B KJacca Random. To ecTb K HUM MOKHO 00paIrarbCcsa KaKk K MeTo-
IaM BK3eMILIApa HOBOT'O reHepaTopa CJOydYaiiHbIX YHCel.

e Mogyss npenocTaBIIgeT ABa aJbTePHATUBHBIX KJlacca T€HepaTOpPOB Caydaii-
HBIX ynces — WichmannHill u SystemRandom. YT0oOBI MCIIOIB30BATh UX, HOCTA-
TOYHO CO3AaTh HK3EMILJIAP COOTBETCTBYIOIIEr0 KJjlacca 1 BbI3BIBATH OIUCAH-
HbIe BhINIe GYHKIINY, KaK MeToabl. Kitacc WichmannHill peasusyet reHepaTop
Vuumana-Xusma (Wichmann-Hill), koTopslii IpuMeHAICA B pAHHAX BEPCH-
ax Python. Kiace SystemRandom remepupyer ciaydaiiHble YHCJIA, UCIIOJIb3YsI
CUCTEMHBIN T'eHepaTop CAYUYAUHBIX YUCeJI 0S.urandom().

1 HNuaue HaspIBaeMoOe KPYT'OBBIM HOPDMAaJIBHBIM pPacCeBaHUEM. — Hpumpe@
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CTPYKTYpbl JaHHbIX, anropuUTMbil
W ynpoLieHne NporpaMmMHOro Kkoga

Mopysiu, 0 KOTOPBIX PACCKa3bIBAETCA B 9TOH IVIaBe, MCIOJB3YIOTCA AJ pele-
HUS TUMIWYHBIX 3a/lad OIPOrPAMMUPOBAHUA U MMEIOT OTHOIIIEHUE K OIpefeie-
HUIO CTPYKTYD HAHHBIX, PeaJn3aluy aJTOPUTMOB U IIO3BOJIAIOT YIPOCTUTH
IPOrPAMMHBIH KOJ 38 CUET UCIIOJIb30BAHUA UTEePAIUii, QYHKIMOHAJIHLHOTO IIPO-
rpaMMUPOBAaHUA, MEHEJKEPOB KOHTEKCTA U KJIACCOB. OTU MOJYJIU CJIEYeT pac-
cMaTpuUBaTh, KaK PACIIMPEHN BCTPOEHHBIX TUINOB U GYHKIMI A3biKa Python.
Bo MHoOrux ciyuadx BHYTPeHHAS peausdanus 00JialaeT Upe3BbIUAHO BBHICO-
KO# a(p(PeKTUBHOCTHIO U JIYUIIle OAXOAUT AJIS PEIIeHNs PA3JIUUHBIX TPO0JIeM,
YeM BCTPOEHHBIE TUIIBI U QYHKITUH.

Mopaynb abc

MOI[yJIB abc O6’BﬂBJIHeT MeTaKJIaCcC 1 Imapy AeKopaTopoB, C IIOMOIIIBIO KOTOPBIX
OIIPEeIeIAI0TCS HOBbIe A0CTPaKTHEIE 0a30BbIe KJIACCHL.

ABCMeta

Merakiace, SBJISIOMUICA IIpeAcTaBJIeHreM abCTPaKTHOro 6a30BOro KJjac-
ca. YToObI omnpeneanuTb abCTPAKTHBIA 0a30BBINA KJacC, HEOOXOAUMO O0bSIBUTH
KJIacc, UCMOJIb3yommuit Mmetakaacc ABCMeta. Hampumep:

import abc
class Stackable: # B Python 3 ucnonb3yetcs CuHTaKcuc
__metaclass__ = abc.ABCMeta # class Stackable(metaclass=abc.ABCMETA)

Kiaccel, cosgaHHBIe TAKKM CIIOCOOOM, MMEIOT CJIEAYIOI[HEe BAXKHbIE OTJINYNSI OT
OOBIUHBIX KJIACCOB:

e Bo-mepBbIX, €cau B aOCTPAKTHOM KJiacce O0bABJIAIOTCS METOAbI UJIU CBOM-
CTBa C HUCHOJIB30BaHUEM JeKOopaToOpoB @abstractmethod m @abstractproperty,
ONMUCHIBAEMBIX HHUKE, TO 9K3EeMILIAPhI IPOU3BOAHLIX KJIACCOB HE MOT'YT OBITH
CO3JJaHbBI, €CJIN 9TU KJIACCHI HE UMEIOT HeaOCTPAaKTHBIX peaInsalluii 9TUX Me-
TOJIOB U CBOICTB.
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e Bo-BTOpBIX, abCTpaKTHBIE KJIacChl 00JIafal0T MEeTOAOM KJjacca register(sub-
class), KOTOPBIN MOJKET MCIIOJIb30BAThCA AJIS PETUCTPAIINY AOMOJHUTEIBHBIX
TUIIOB KaK JIOTMUYEeCKUX OAKJIaccoB. [y iro00ro mogKIacca, 3aperucTpupo-
BaHHOTO C TIOMOIITBIO ATOT'0 METO/a, BBI3OB isinstance(x, AbstractClass) Oymer
BO3BpAIIaTh [rue, eCJH X ABJISETCSA 9K3EeMILIAPOM 3TOTO IMOAKJIacca.

e Haxonell, aGCcTpaKTHbIEe KJAcChl MOT'YT OOBbABJATH CIEIIUAJbHBIN METOL
KJacca __subclasshook__(cls, subclass). ATOT MeTOA MOJKEH BO3BpalllaTh
True, ecam THUI KJlacca subclass MOMKET CUATAThCA IIOAKJIACcCOM KJacca cls,
False — ecam KJiacc subclass He ABJISAETCA IIOAKJIACCOM C1S, MU BO30YKIATH
uckaroueHue NotImplemented, ecau HEBO3MOYKHO CHeJaTh HUKAKUX IIPEIIO-
JIO}KEHUU 0 MPUHAAJIEIKHOCTHU KJacca subclass K mepapxumu.

abstractmethod(method)

IekopaTop, KOTOPbII 00bABIAET MeTox nethod abecTpakTHbIM. Korga aToT fexo-
paTop MCIOJIB3yeTCA B abCTPaKTHOM 0a30BOM KJacce, KJIACChl, HETTOCPEICTBEH-
HO 00'bABJIEHHBIE KAK IPOMU3BOAHBIE 9TOr0 0a30BOT0 KJAcCa, MOI'YT HCIIOJb30-
BaTbCA [JIA CO3MAHUS 9K3E€MIIISIPOB, TOJIbKO €CJIM OHU BKJIOUAIOT HeabCTpaKT-
HOe oIpejesieHne MeToja method. ATOT AeKOpaToOp He OKas3hbIBaeT BIAMAHUS Ha
TIOJIKJIACCHI, 3aPETUCTPUPOBAHHBIE C IIOMOIIBIO MeTo/a register() abcTpakKTHOTO
6a30BOT0 KJjacca.

abstractproperty(fget [, fset [, fdel [, docll])

Cospmaer abCcTpaKTHOE CBOMCTBO. ATOT AEKOPATOP IIPUHUMAET Te Ke apr'y MeHTHI,
uTo 1 00bIuHaA GyHKIUa property(). Korma aToT qekopaTop UCIOIb3yeTcs B ab-
CTpPaKTHOM 6a30BOM KJiacce, KJIacChl, HEIIOCPEACTBEHHO 00'bABIEHHBIE KaK IPO-
M3BOLHEIE 9TOT0 6a30BOTO KJIaCCa, MOT'YT UCIIOJIb30BATHCS AJId CO3LAaHUA dK3eM-
IISIPOB, TOJBKO €CIU OHU BKJIIOUAIOT HeaOCTPAKTHOE OIIpeiesIeHIe CBOICTRA.

B cuenpyromem (parvMeHTe IPUBOAUTCA IPUMED OOBABIEHUSA IIPOCTOrO ab-
CTPaKTHOIO KJacca:

from abc import ABCMeta, abstractmethod, abstractproperty
class Stackable: # B Python 3 ucnonb3yercs cuHTaKcuc
__metaclass__ = ABCMeta # class Stackable(metaclass=ABCMeta)
@abstractmethod
def push(self,item):
pass
@abstractmethod
def pop(self)
pass
@abstractproperty
def size(self)
pass

Hwxe mpuBoguTesa mpumep KJiacca, IPOU3BOJHOTO OT KJracca Stackable:

class Stack(Stackable):
def __init__(self):
self.items = []
def push(self,item):
self.items.append(item)
def pop(self):
return self.items.pop()
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Huxe mokasano coobirenue 06 orrndKe, KOTOPOe BLIBOAUTCS IIPU MOIBITKE CO3-
JIaTh 9K3EeMILISAP Kjaacca Stack:

>>> s = Stack()
Traceback (most recent call last):
File “<stdin>”, line 1, in <module>

TypeError: Can't instantiate abstract class Stack with abstract methods size
(Nepesof:
TpaccupoBo4Haa mHoopmaumus (camblii NOCAEAHNA BbIBOB — CaMblii HUKHWI)

OGainn “<stdin>”, cTpoka 1, B <MOAyNb>
TypeError: HeBo3MOXHO €03[aTb 9K3eMnasp abcTpakTHOrO knacca Stack ¢ abcTpakTHbIM
METOL0M Size

)

>>>

YT00BI UCIIPABUTDH 9TY OIINOKY, HEOOX0AUMO H00ABUTH OIpeeieHne CBOHCTBA
size() B kaace Stack. CmeaaThb 3TO MOYKHO, J100 U3MEHUB 00'bSABJIEHNE CAMOI'O
KJiacca Stack, 1u60 00'bsABUB MPOU3BOMHBIN KJlacc 1 10OaBUB B HET'O HEOOXOAM-
MbIe 00'bABJIEHUSA CBOMCTB 1 METOIOB:

class CompleteStack(Stack):
@property
def size(self):
return len(self.items)

Hwuoke mpuBOgUTCS IPUMED UCIIOIb30BAHUA 3aKOHUEHHOTO 00'bEKTa CTeKA:

>>> s = CompleteStack()
>>> s.push(“foo”)

>>> s.size

1

>>>

Cm. TaKkKe
TnaBa 7 «Knaccbl  06bEKTHO-OPUEHTUPOBAHHOE NPOrPaMMUPOBAHUEY, ONUCAHUE MO-
ayns numbers B rnase 14 (ctp. 321) n onucanue mopyns collections Huxe, B 3TOM rnase
(cTp. 332).

Mopaynb array

B mogyite array o0'bsBIIsIETCS HOBBIN THUI 00'BEKTOB — array, KOTOPBIN JeficTByeT
IPaKTUYECKHU TaK e, KaK CIIMCOK, HO BCE €ro 9JIeMEeHTELI MOI'yT IIPUHAJIEKATh
TOJILKO OJHOMY KaKOMY-HUOYAb TUMIy. THUI 5JIeMEHTOB MACCHUBA OIPEIeIsieTCsa
B MOMEHT CO3JaHUSA C IIOMOII[LIO OJHOI'0 13 KOJ0B, IEPEeUNCIeHHBIX B Taba. 15.1.

Ta6ruya 15.1. Kodvt munos

Kopx Tuna Omnucanne Tun B a3sike C MunumaabpHBINA pa3mep
(B OaiiTax)

¢’ 8-0UTHBIN CUMBOJI char 1

‘b’ 8-6uTHOE 118106 signed char 1
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Kox tuna Onucanne Tun B s3sike C MuHuNMaJBHBIN pa3mep
(B baiiTax)
‘B’ 8-0uTHOe nesoe 6e3 unsigned char 1
3HaKa
u’ CumBoa IOuuKoza PY_UNICODE 2 unm 4
‘h 16-6uTHOE 1IEJI0€ short 2
‘H 16-6uTHOe 11€510€ 6Ee3 unsigned short 2
3HaKa
1 ITenoe int 4nnu 8
BN ITesoe 6es 3HaKa unsigned int 4 unu 8
o O nuHHOE IIes0€e long 4 nnu 8
s IumaHOe 11e0e 0e3 unsigned long 4nnu 8
3HaKa
f YHuco ¢ maaBaromein float 4
TOYKOU ONMHAPHOU TOU-
HOCTH
d’ Yuco ¢ maaBaromein double 8
TOYKOU ABOMHON TOY-
HOCTH

DopmaT npeACTaBIEHUA IEJbIX U AJUHHBIX [IEJBIX YUCEJ OIIPEAessAeTCA ama-
paTHOU apXUTEKTYpPoil (3TO MOTYyT OBITH 32- uiau 64-0uTHbIe 3HavueHusa). Korga
THUI 3JIEMEHTOB MacCHUBa onpezessercsa Kogom ‘| wuau ‘1', B s3pike Python 2 oru
BOBBpAIIAIOTCS, KaK JJIUHHBIE IleJible YnCJIa.

B monyiie onpenenaeTcsa caenyOMINi TUIT JTaHHBIX:

array(typecode [, initializer])

CosmaeT MaccuB 2JIEMEHTOB THUIIA typecode. B HeoOA3aTeILHOM apryMeHTe 1/11-
tializer mepemaeTcsa CTPOKA UJM CIUCOK 3HAUEHU, MCIOJIb3YEeMbIX AJIA WMHU-
uaJn3aluy 3HaueHnil sjieMeHToB MaccuBa. O0OBEeKT a THIA array MMeeT cJe-
IyIOIyie aTPUOYTHI 1 METOIbI:

ATpuldyT NN MeTOox,

Onucanme

a.typecode

a.itemsize
a.append(x)
a.buffer_info()

a.byteswap()

HHUU MaccCusa.

MmaccusBa.

CumBoJI € KOJOM TuiIia, KOTOprﬁ HCIIOJIB30BAJICA IIPpU COo3aa~

Pasmep asemenTa maccuBa (B 6afiTax).
IloGaBisAeT B KOHEI, MAcCHBa HOBBII 9JIEMEHT CO 3HAUEHUEM X.

Boaspartaer KopTexx (address, length), comepsKaIinuii agpec
u pa3mep Oydepa B IaMATH, BEIIEJIEHHOTO AJIs XPaHEHUS

MeHsieT IOPSAIOK cJeJoBaHUsA 6AATOB BO BCEX dJIEMEHTAX
MaccuBa ¢ IPAMOTO Ha 00paTHBIN, nau HaobopoT. ITogaep:xu-
BAETCA TOJBKO JJId [eJOYNCIEHHBIX 3HAUCHU.
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(npodoncenue)

ATpubyT MM METOx

Onucanne

a.count(x)

a.extend(b)

a.fromfile(f, n)

a.fromlist(list)

a.fromstring(s)

a.index(x)

a.insert(i, x)

a.pop([1])

a.remove(x)

a.reverse()

a.tofile(f)

a.tolist()

a.tostring()

a.tounicode()

BosspailmaeT KoJauuecTBO BXOMKIEHUN X B MaCCUBE a.

Io6aBiseT 06beKT b B KoHeIl maccuBa a. O0beKT b mojcem
OblMb MACCUBOM ULU OPY2UM Umepupyemvly 006eKmom, mun
2JleMeHM08 KOmopozo cosnadaem ¢ munom 3J1eMeHmos mMac-
cusa a.

Yuraet n a1eMeHTOB (B JBOMYHOM (popmare) n3 oobeKTa daii-
ja f 1 1o0aBJseT UX B KOHEI[ MacCuBa. APryMeHT © TOJIJKeH
OBITH 00BeKTOM (haiina. Eciiu KoauduecTBO 971€MEeHTOB, KOTO-
poe yzaaiock mpouuTaTrh u3 daiia, OKasKeTcs MeHbIIe, YeM /1,
BO30y K qaeT uckKJouenue EOFError.

Io6aBiisgeT ayleMEeHTHI U3 CIIUCKA 115t B KOHeI MaccuBa a. Ap-
ryMeHT 115t MOKeT ObITh UTePUPYEMBIM 00'HEKTOM.

HobaBJisieT a71eMeHTHI U3 CTPOKHU S B KOHEI[ MacCuBa, Ie S UH-
TepIpeTupyeTca KaK CTPOKA IBOMYHBIX 3HAUEHU, KaK eCJIn
ObI UTeHMe BBIIIOJHAJI0ChL MeTomoM fromfile().

BosBpaiaer nHeKC IIepBOro BXOMKAEHNU S 3HAUEHUA X B Mac-
cuBe a. B caayuae oTCcyTCTBUSA 3HAUEHUA X BO3OYIKJaeT UCKJIIIO-
yeHwme Valuekrror.

BcraBiseT HOBBII 5JIEMEHT CO 3HAUEHUEM X IepPe]] 3JIEMEHTOM
C UHIEKCOM 1.

Vaianser us MaccuBa 9JIeMEHT C MHAEKCOM 1 ¥ BO3BpAIlaeT
ero. Eciiz aprymeHT 1 OIyINeH, yAAaadeT HOCHeIHUN 9JIeMEeHT.

VYnanser mepBoe BXOXKAEHUE X U3 MaccuBa. B ciryuae oTcyT-
CTBUSA 3HAUEHUA X BO30OYyKAaeT ucKJIouenue ValueError.

HepeCTaBJ'IHeT 3JIEMEHTBI MacCuBa B 06paTHOM IIOpAgKe.

3anuckiBaeT Bce 3JIeMEeHTHI MaccuBa B (aiiu 7. [lanHbIe cO-
XPpaHAITCA B IBOUYHOM (popmare.

IIpeobpasyeT MaccuB B OOBIUHBII CIIHICOK.

IIpeobpasyeT MacCcuB B CTPOKY JBOMYHBIX JaHHBIX, KAK €CJIU
ObI 3aIIMCh BBIMOJIHAIACHL MeTogoM tofile().

IIpeoGpasyeT maccuB B cTpoky FOuuKoma. Bo3by:xmaer uc-
KJoueHwue ValuekError, ecan aJileMeHTBI MacCuBa UMeIOT THUII,
OTJIMYHBIN OT ‘U’.

HpI/I IIOIIBITKE BCTABUTh B MaCCHUB 9JIEMEHTBI, THUII KOTOPLIX HE COBIIagaeT C TU-
IIOM, MCIIOJIB30OBABIINMCHA IIPU CO3JaHUM MaccuBa, BO36y3‘RILaeTCH HNCKJIIOUEeHUEe

TypeError.

Mogaysib array MOKeT IPUTOAUTHCS, KOTIa IMOTpebyeTcss peasn30BaTh CIIUCKU
MaHHBIX ¢ 9(D(EKTUBHBIM PACXOAOBAHNEM IaMATH U U3BECTHO, UTO BCE dJI€MEH-
THI CIIUCKA IPUHAJIEeKAT OfHOMY Tuiy. Hampumep, 4To6bI COXPAHUTH CIIMCOK
u3 10 MUJIIMOHOB ILIEJIBIX Umces, moTpedyercsa npumepuo 160 MbaiiT mamsaru,
Torga Kak MaccuB 13 10 MUJIJIMOHOB IIeJIbIX uncen 3aiimer Bcero 40 Mo6aiit. He-
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CMOTPA HA TAKYIO SKOHOMMUIO ITIaMATH, HU OJHA 13 OCHOBHBIX onepaunf/i Hamg Mac-
CBaMU H€ BBIIIOJIHAETCA 61)10Tpee, 4yeM aHaJIOTUYHBbIE Oollepaliuyv Hal CIIUCKa-
mu, 6oJtee TOI'0O, OHK MOT'yT OKa3aThbCA JaXe MeJJIEHHee.

IIpu BBITIOJSTHEHUY BBIYUCJIEHUN C YIYACTHUEM MACCUBOB CJEAYEeT OBITh OCTOPOXK-
HBIMU C OIIEPAIIUAMU, KOTOPHIE CO3MAIOT CIIMCKU. Hanpumep, KOorja reHepaTopbl
CIUCKOB IPUMEHSAIOTCS K MacCUBaM, OHU IIPe00pPasyioT UX B CIIUCKU IEJIUKOM,
YHUYTOXKAA BCE IPEUMYIIIECTBA B 9KOHOMUU ITaMATH. B TOZOOHBIX CUTyauAaX
CO3JaBaTh HOBbI€ MACCHUBEI JIyuIllle C IIOMOIIIBIO BLIpa?KeHHﬁ-FeHepaTOpOB. Ha-
mpuMep:

a = array.array(“i”, [1,2,3,4,5])
b = array.array(a.typecode, (2+x for x in a)) # Co34acT HOBbHI MaccuB M3 a

ITocKOBKY BBIMTPHIII OT UCIIOJIb30BAHUS MaCCUBOB 3aKJIIOUAETCA B 9KOHOMUU
maMsATH, BOSMOKHO, OKasKeTcs 00Jiee OCMBICJIEHHBIM BBITIOJHUTH Ollepariuu He-
IIOCPEACTBEHHO B MCXOAHOM MaccuBe. @yHKIUA enumerate() obecmeunBaer ag-
(GeKTUBHBIH CIIOCO0 peans3aliuy TaKUX ONeparuil, HaIpuMep:

a = array.array(“i”, [1,2,3,4,5])
for i, x in enumerate(a):
a[i] = 2*x

B ciyuae 6oabIIMX MacCHBOB OIlepaliiyl BHYTPU MaCCHUBa BHIMOJHSIOTCA IIPU-
MepHO Ha 15 IpoIeHTOoB GbICTpee, YeM aHaJOTUYHBIN TPOrpaMMHBINH KO, KOTO-
PBIii co3MaeT HOBBIM MACCHUB C IIOMOIIbIO BRIPAKeHUA-TeHepaTopa.

MpuumeyaHusa

MaccuBsl, co3ZilaBaeMble C IIOMOIIbIO 9TOTO MOAYJIsA, He TOJJePKUBAIOT MAaTPUU-
Hble MJI BEKTOPHBIe omepalmu. Hanpumep, omeparop qobaBieHUs He HobaB-
JISeT COOTBETCTBYIOII[ME 9JIEMEHTHI MaCCUBOB — OH IIPOCTO JOOABUT OJUH Mac-
cuB B KoHer] fpyroro. Co3naBaTh MacCUBBEI, ITO3BOJIAONINE 9KOHOMUTE TAMATH
¥ 00ecreunBaiolye BbICOKYIO 9(P()EeKTUBHOCTD OlepaIuii, MOKHO C IIOMOIIIO
pacIimpeHus numpy, JOCTYIHOTO 1o anapecy http://numpy.sourceforge.net/. O6-
paTuTe BHUMAaHUe, YTO ATO PACIIUPEHe NMeeT COBEPIIIeHHO NHOM MPUKJIaTHOM
uHTepdeiic.

Ons mobaBiieHUsS COAEPIKMMOr0O OJHOTO MAcCHMBA B KOHEIl APYTOr'0 MOKHO WC-
oJIb30BaTh omeparop +=. Co3maBaTh AyOJIUKATHI COAEPKUMOT0 MOMKHO C IIOMO-
IIBIO OIIEPaTopa *=.

Cm. TaKKe
Onucanue mopyns struct (cTp. 366).

Mopaynb bisect

Mopayss bisect obecnmeunBaeT BOSMOKHOCTD TIOJI€PIKAHNS CIIUCKOB B OTCOPTH-
POBaHHOM COCTOSTHUU. B cBOell paboTe OH OMMpPAaeTCs B OCHOBHOM HA MCIIOJIb30-
BaHUe aJrOPUTMA JBOMYHOTO IIOUCKA.
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bisect(list, item [, low [, high]])

BosBpamaer mHAeKc B cuucke [ist, KyJga cJeiyeT BCTaBUTH 3HAUYeHUe item,
YTOOBI COXPAHUTDH 9TOT CIUCOK B OTCOPTHUPOBAHHOM IIOPAAKE. APryMeHTHI 10w
u high ompenensiioT WHAEKCHI HauaJia U KOHIla 00J1acTU ITOMCKa B cuucke. Ecau
3HAUeHUe itens y:Ke MIPUCYTCTBYET B CIIUCKe, BO3BPAIIlaeMblii MHIEKC Bceraa Oy-
JleT IIpaBee CyILIeCTBYIOIIEro 9JIeMeHTAa CIIUCKA.

bisect_left(list, item [, low [, highll)

Bosspamaer uHaeke B cunmcke 1ist, KyJa cjeayeT BCTaBUTL 3HAUeHWe item,
YTOOBI COXPAHUTH 9TOT CIIMCOK B OTCOPTHUPOBAHHOM IOPAAKEe. APryMeHThI 10w
u high ompenensioT MHAEKCHI HayaJia U KOHIla 00JIacTU IMOUCKA B ciiucKe. Eciu
3HAUEeHUe 1tems y:Ke IPUCYTCTBYET B CIIMCKe, BO3BpAIllaeMblii MHAEKC Bceraa 0y-
JIeT JieBee CYIIeCTBYIOIIEro 3jIeMeHTa CIIUCKA.

bisect_right(list, item [, Iow [, highll)
To ke, uTo u pyHKIIUI bisect().
insort(list, item [, low [, highll)

BceraBasier asmemeHT item B cOUCOK 11St ¢ yUETOM MOPAJKA COPTUPOBKU. Kcim
3HAUEHUe I1tem yiKe MPUCYTCTBYET B CIMICKEe, HOBBIU DJIEMEHT BCTABJISAETCS IIpa-
Bee ero.

insort_left(list, item [, low [, highl])

BceraBaser siemMeHT item B CIIMCOK 11St ¢ yU4eTOM MOPSAAKA COPTUPOBKU. Ecaum
3HaueHUe 1ten y:Ke IPUCYTCTBYeET B CIIUCKe, HOBBIN 9JIeMEHT BCTaBJIAETCS JeBee
ero.

insort_right(list, item [, low [, highl])

To »xe, uTo u insort().

Mogpaynb collections

Monyns collections comep:XUT ONTUMU3NPOBAHHBIE PeaM3auN HECKOJIBKUX
KOHTEHHEPHBIX TUIOB, aOCTPaKTHBIE 0a30BbIE€ KJIACCHI JJIA PA3JIHMUYHBIX THUIIOB
KOHTENHEPOB 1 BCIIOMOraTe IbHbIe QDYHKIIUU AJIA CO3TAHUA UMEHOBAHHBIX KO-
Tesxeil. Bce 9T0 onmuceIBaeTCA B CIEAYIONUX pasiesiax.

Tunbl paHHbIX deque u defaultdict

Mopgyab collections o6 bABIAET ABa HOBBIX THIA KOHTeIiHepoB: deque u default-
dict.

deque([iterable [, maxlen]])

Twun gaHHBIX, IPEACTaBIAIONNI JBYCTOPOHHIOI ouepeahb (HadBaHue TuIia deque
IPOUBHOCUTCA «JeK»). B aprymenre iterable mepemaercsa UTePUPYEMBI 00'HEKT,
WCIIOJIB3YEMBIH [IJIs1 3aII0JHeHU S ouepenu deque. /[8ycmoporHsas 0yepedsb TI03BO-
JIsieT 100aBJIATh U YOAJIATH 9JIeMEHTHI U3 JII000ro KOHIa ouepenu. Peanusanus
ouepeeil ONTUMU3NPOBAHA TAK, UTO TU ONEPAIUY UMEIOT IPUMEPHO OANHAKO-
BYIO IPOU3BOAUTENBHOCTD (0(1)). OTUM ouepeau BBITOJHO OTJINYAIOTCSA OT CIIH-
CKOB, T'/le BBITIOJTHEHE OepaIiuii B HauaJie CIIUCKa MOKeT IOTPe6oBaTh BBIIIOJI-
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HUTH CABUT BCEX 9JIEMEHTOB, PACIIOJIOKEHHBIX IIpaBee 3JIEMEHTAa, HaJl KOTOPbIM
BBITIOJIHAETCS onepanusa. Eciu mepegaercs Heob6sa3aTeIbHBIN apryMeHT maxlen,
BO3BpAIIlaeMblii 00beKT deque IpeBpalaeTcsa B KOJIbIEBON 6ydep yKazaHHOrO
pasmepa. To ecTb npu J00aBJIEHUM HOBOI'O 3JIEMEHTA B OUepelb, B KOTOPOH yiKe
He 0CTAJIOCh CBOOOJHOI'O MECTa, IIPOU3BOAUTCS YAAJNCHNEe 9JIeMEHTAa C IIPOTUBO-
IIOJIOXKHOI'O KOHILA, YTOOBI 0OCBOOOIUTEL MECTO.

IK3eMILIAp d TUIla deque MMeeT CJIeIYIOIe METOIbI:

d.append(x)

IMob6aBiisseT 06'LEKT X C IPABOI CTOPOHBI OUEPEaH d.

d.appendleft(x)

IMob6aBiisseT 06'LEKT X C JIEBOI CTOPOHBI OUepea d.

d.clear()

Vananser Bce 3J1eMeHTHI U3 OUepe d.

d.extend(iterable)

Pacmupsier ouepens d, 100aBIISIA C IIPABOI CTOPOHBI BCE 2JIEMEHTBI U3 UTEPUPYE-
Moro o0beKTa iterable.

d.extendleft(iterable)

Pacmupsaer ouepens d, 1o6aBIAA C JI€BOU CTOPOHEI BCE AJIEMEHTHI U3 UTEPUPYe-
Moro obobeKTa iterable. I3-3a Toro, 4To NJ0OaBIIEHNE IPOUSBOAUTCS IIOCJIEI0BA-
TeJILHO, 110 OJHOMY 3JIEMEHTY, 9JIeMEeHThI UTEPUPYEeMOro o0beKTa iterable 6yayT
I00aBJIEHBI B 0Uepe b 0 B 00paTHOM IOPAJKE.

d.pop()

VYnanser m Bo3BpalllaeT 3JeMeHT ¢ IPaBOM CTOPOHBI ouepenu d. Ecim ouepennb
mycTa, Bo30y: K IaeT ucKIoueHue IndexError.

d.popleft()

VYnanser u Bo3BpalllaeT 3JIEMEHT C JIEBOU CTOPOHBI ouepenu d. Ecau ouepens my-
cTa, Bo30y K IaeT UCKJI0UeHue IndexError.

d.remove(item)

Vnanser mepBoe BXOKIeHNe sjieMeHTa 1ten. BosdyxmaeT uckouerue Valuekr-
ror, ecJiv yKasaHHOe 3HaueHue He OyeT HalIeHo.

d.rotate(n)

HpoxpquBaeT BCe 3JIEMEHTEI Ha /1 HOBI/IIII/Iﬁ BIIpaBoO. Ecau B apryMeHnTe n mepe-
AaeTCd oOTpuilaTeJbHOE 3HAUEHNE, IIDOKPYYMBaHNE BEIIIOJIHAETCA BJIEBO.

JByCTOpDOHHUE OUepean YacTO HE3ACHYKEHHO 3a0bIBAIOTCA MHOTMMU IIPOTDAM-
muctamu. OJHAKO 9TOT TUIM JAHHBIX IpeAJaraeT MHOKECTBO IMPEUMYIIEeCTB.
Bo-1iepBbIX, OUepeau ATOr0 THUIA OTINYAIOTCA BechbMa 3G ()eKTuBHON peatnsa-
e, 1aske Ha yPOBHE UCIIOJIb30BAHUSA BHYTPEHHUX CTPYKTYP JaHHBIX, obecre-
YMBAIOINX ONTUMAaJbHOE MCIIOJIb30BaHME Kalla mporeccopa. [lobaBierne HO-
BBIX 9JIEMEHTOB B KOHEIl BBIIIOJIHAETCA HEMHOI'IM MeJJIeHHee, YeM BO BCTPOEH-
HBIX CIIICKAaX, 3aTO ﬂ06aBJIEHI/Ie B HAYaJIO BBIIIOJTHAETCA CYLIECTBEHHO 6I>ICTpee.
Kpowme Toro, oneparuu 106aBJIeHIA HOBBIX 3JIEMEHTOB B [[BYyCTOPOHHIIE OYepean
peasin30BaHbI C YUY€TOM BO3MOMHOCTU MUX HCIIOJIB30BaAaHUA B MHOT'OIIOTOYHBIX



334

Mnasa 15. CTpyKTypbl AaHHbIX, aNrOpUTMbl 1 YIPOLLEHME MPOrPaMMHOrO KOAa

IPUJIOKEHUAX, UTO JEeJIaeT 3TOT TUIl JAHHBIX IIPUBJIEKATEJIbHBIM IJIS PeaJu-
3a1uu ouepeneii. [IBycTOpOHHUE OUepeau IMOAAEP:KUBAIOT TAKMKE BOBMOMKHOCTD
cepuaJmnsanuy cpeicTBaMu MOAYJIA pickle.

defaultdict([default_factory], ...)

Tun ngaHHBIX, KOTOPBIA IMPAKTUUYECKU B TOUHOCTU IOBTOPSET (PYHKITMOHAJDL-
HbIe BO3MOXKHOCTU CJIOBapeii, 3a MCKJIOUEHIEM cmocoba o0paboTKu obpailie-
HUI K HeCYIIecTBYIOIUM KiouaM. Korga mpoucxonuT oOpalneHue K Hecylie-
CTBYIOILIEMY KJIIOUY, BBI3BIBAETCA (PyHKIUA, KOTOpAA IepelaeTcs B apryMeH-
Te default_factory. Ota GYHKIUA DOJKHA BEPHYTH 3HAUEHUE II0 YMOJUYaHUIO,
KOTOpOe 3aTeM COoXpaHsgeTcsA KaK 3HaueHme yKasaHHoro kiioua. OcrajbHbIE
aprymeHnTsl GyHKIUU defaultdict() B TOUHOCTH Te JKe caMble, UYTO IEPEeNAOTCA
BCTPOeHHOI (GyHKIuu dict(). IxseMmaapsl Tuna defaultdict obmamaroT TemMu
JK€e BOBMOJKHOCTSIMU, UTO U BCTPOEHHBIE caoBapu. AtpubyT default_factory co-
nepskuT QPyHKIIUI0, KOTopasa nepexaeTcsa GyHKIIUU B IIEPBOM apryMeHTe, 1 MO-
JKeT UBMEHSThCA B CJIyuae HeOOXOIUMOCTHU.

O0BekTsI Tuma defaultdict ymo6HO MCIOIB30BATh B KaueCTBEe CJIOBAPS AJIA CJie-
JKeHud 3a faHHbIMU. Hanmpumep, IpeamoIoKIM, UTO He00XOAMMO OTCJIEKUBATD
TO3UINIO KayKOT0 CJIOBA B CTPOKe S. Huike moKasaHo, HACKOJIBKO IPOCTO 3TO
MOKHO Peajin30BaTh ¢ IIOMOIIbI0 00'beKTa defaultdict:

>>> from collections import defaultdict

>>> s = "yeah but no but yeah but no but yeah”

>>> words = s.split()

>>> wordlocations = defaultdict(list)

>>> for n, w in enumerate(words):
wordlocations[w].append(n)

>>> wordlocations
defaultdict(<type ‘list’>, {‘yeah’:[0, 4, 8], 'but’: [1, 3, 5, 7], 'no’: [2, 6]})
>>>

B sTom nmpumepe omepariua odpallieHuA K dJIEMEeHTY cjoBapdA wordlocations[w]
OyZeT «TepIeTh Heygauy», KOrja CJI0BO BCTpeuaercs BriepBbie. OQHAKO BMECTO
ucKJouenusa KeyError 6yaeT BeIsBaHA (PYHKIUA 11St, mepeqaHHasA B apryMeHTe
default_factory, KoTopas co3LacT HOBOe 3HaueHUe. BcTpoeHHbBIE CTTI0BapU MMEIOT
meton setdefault(), KOTOPBIM ITO3BOJISAET JOOUTHCA TOTO e a(p(deKTa, HO ero uc-
TI0JIb3OBAHUE JIeJIaeT IPOrpaMMHBIN KOJ MeHee HaTrJIAJHBIM, 1 K TOMY K€ OH pa-
6oraeT MenaenHee. Hanmpumep, MHCTPYKIINIO, JOOABJIAIONIYIO HOBBIN 2JI€MEHT
B IIPEABIAYINEM IIpUMepe, MOYKHO ObLJI0 ObI 3aMEHUTh MHCTPYKITmel wordloca-
tions.setdefault(w,[]).append(n). Ho oHa He TaK OUYeBUAHA U BBITIOJHAETCSA TOUTU
B IBa pasa MeJJIeHHee, UeM IIPUMeD ¢ UCIO0JIb30BaHueM o0beKTa defaultdict.

MMeHOBaHHbIe KOPTEeXU

Kopmejiu 4acTo UCIOJNB3YIOTCA IJIS IPEACTAaBJIEHUA MPOCTHIX CTPYKTYD AaH-
HbIX. Hampumep, KOPTEKU MOMKHO UCIOJIb30BATh AJIA IIPEACTABICHUS CETEBhIX
anmpecoB: addr = (hostname, port). TUIUYHBIN HEJTOCTATOK KOPTEKEl COCTOUT
B TOM, UTO K OTJ€JIbHBIM 3JIEMEHTaM IMPUXOJUTCS 00paIaThCsa ¢ IOMOIIBIO YKC-
JIOBBIX MHJIEKCOB, Hanpumep: addr[0] uau addr[1]. 9To yCcIOKHAET UTEHUE IIPO-
TPaAaMMHOT0O KOJA W €ro COIIPOBOMKAeHNEe, IIOTOMY UTO IIPUXOJUTCS 3alIOMUHATD
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3HAUYeHUe BCeX MHIEKCOB (B cayuae GOIbIITNX KOPTEXKel 9Ta CUTyalusa yXy/IaIa-
eTcd elre 60JIbIIe).

Mogayab collections comep:kut ¢pyuKIiuo namedtuple(), KoTopas UCIOJIL3yeTCs
[UJLS CO3AaHUS MIOAKJIACCOB KOPTEKeil, KOTOPhIe MMO3BOJISIOT 00paIaTbcs K CBO-
UM 9JIeMeHTaM, KaK K aTpubyTam.

namedtuple(typename, fieldnames [, verbose])

Cospgaer moakJiace tumna tuple c umeHnem typename. B aprymenTe fieldnames mepe-
IaeTcs COIMCOK MMEH aTpuOyTOB B BUE CTPOK. MIMeHa B 9TOM CHUCKE IOJIMKHBI
OBITH JOIYCTUMBIME UaeHTH(QUKaTopamu Python. Ouu He HOJIXKHBI HAUMHATHCSA
C CUMBOJIa IIOOUEPKUBAHNA, & IIOPAJOK UX CJEJOBAHUA OIpeAessaeT IIOPALOK
cJelOBaHUS DJIEMEHTOB KOpTerka, HampuMmep [ hostname’,’port’]. Kpome Toro,
B apryMeHTe ieldnames ponycKaeTcs ImepegaBaTh CTPOKY, TAKYIO Kak ‘hostname
port’ miym ‘hostname, port’. BosBpalmaemMbIM 3HAaUeHUEM (PYHKIIUU SABJISAETCS
KJIacc, UMs KOTOPOI'o IepeaeTcs B apryMeHTe typename. OTOT KJIacC MOMKHO UC-
TI0JIb30BATH JIA CO3JaHUA 9K3EMILIAPOB MMEHOBAHHBIX KopTe:keli. Eciu B ap-
TYMeHTe verbose mepenaeTcd 3HaueHUe [rue, QYHKIIUA BBIBOAUT OIIpefesieHue
KJacca B IIOTOK CTaHZAPTHOT'O BBIBOZA.

Huxe mpuBoguTCA IIpuMep MCIIOJIb30BAHUA 9TON (hYHKIIU:

>>> from collections import namedtuple

>>> NetworkAddress = namedtuple(‘NetworkAddress’,[‘hostname’, 'port’])
>>> a = NetworkAddress(‘www.python.org’,80)
>>> a.hostname

“www. python.org’

>>> a.port

80

>>> host, port = a

>>> len(a)

2

>>> type(a)

<class ‘__main__.NetworkAddress’ >

>>> isinstance(a, tuple)

True

>>>

B sTroMm mpumepe cosmaerca MMeHOBAHHBIM KopTe:k NetworkAddress, KOTOPBIH
HUYEeM He OTJINYAeTCA OT OOBIYHOTO KOPTEXKa, 32 MCKJIIOUEHNEM IO IePKKYU BO3-
MOJKHOCTY 06paIaThCs K ero dJIeMeHTaM KaK K aTpudyTaM, Hanpumep: a.hostname
unu a.port. BHyTpeHHAA peasm3arusa 9TOro KJacca He HCIIOJIb3yeT CJI0Baph dK-
3eMILIApA U He YBEJIUYUBAET MOTPebIeHre TaMATH II0 CPABHEHUIO C OOBIUHBIMU
Kopre:xamu. [loaaep:KuBar0TCA Bce OOBIUHBIE OIIEPAIINY HAJL KOPTEKAaMU.

M MmeHOBaHHBIE KOPTEXKY YIOOHO MCIIOJIB30BATH JJIA OIIPeiesIeHN A 00 beKTOB, KO-
TOpbIE B AEHCTBUTEIHHOCTU ABJIAIOTCS OOBIUHBIMU CTPYKTypPaMu JaHHbIX. Ha-
IpuMep, BMECTO KJIacca, TAKOr0 KaK IOKa3aHO HUXKe:

class Stock(object):
def __init__(self, name,shares,price):
self.name = name
self.shares = shares
self.price = price
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Mo:xHO0 GBLIIO ObI OITPEIEeIUTh UMEHOBAHHBIN KOPTEMK:

import collections
Stock = collections.namedtuple(‘Stock’, name shares price’)

O6e Bepcuu OeMCTBYIOT IPaKTUUYECKU OQUHAKOBO. Hampumep, o6e Bepcuu obe-
CIeUUBAIOT JOCTYI K IIOJISIM C UMEeHaMM S.name, s.shares u Tak majee. OmHAKO
MMEHOBaHHBIE KOPTEeXKU 9(PPeKTUBHEe PACXOAYIOT MaMAThb U MOAAEPIKUBAIOT
pasauuHbIe ollepaliuy HaJ KOpPTe:KaMM, TaKue KaK pacllaKOBbIBaHUE DJIEMeH-
TOB (HAIIpuMep, eCJIU UMeeTCs CIIMCOK MMEHOBAHHBIX KOPTEXKel, 3T KOPTeKU
MOKHO OyZeT pacliakoBbIBaTh B IuKJe for, Hampumep: for name, shares, price
in stockList). HemocTaTkoM MMEHOBaHHBIX KOPTeKell ABasAeTCA 00oJiee HU3KA T
CKOPOCTBH OIIepalliy IIOJYyUYeHNA 3HAaUeH 1 aTprOyTOB B CPABHEHUHU C KJIaCCAMMU.
Hanpuwmep, o6paiienue K aTpudy Ty S.Shares BBIIIOJIHAETCS 60Jiee UueM B IBa pasa
MeJJIeHHee, eCJIU S ABJIsSeTCA 9K3eMILIAPOM NMEHOBAaHHOTO KOPTerKa.

MeHOBaHHBIE KOPTEKU IIUPOKO MCIIOJB3YIOTCA B CTAHAAPTHOII OUOJIMOTEKE
saseika Python, rme mx npumeHeHme 00yCJIOBJIEHO, OTYACTU, UCTOPUUECKUMU
OIpUYUHAMU — BO MHOTUX OMOJIMOTEUHBIX MOAYJIAX KOPTEKU M3HAYAJIBLHO WC-
TIOJIb30BAJIUCH B PA3JIMUYHBIX DYHKIIUAX NJId Bo3Bpara nHpopmalum o painax,
Kaapax CTeKa U APYyroil HUBKOypoBHeBo# mHGpopmanuu. IIporpaMMHBIA KOT,
VICTIOJIB3YIOIIUN 9TU KOPTEXKM, He BCErJa BBITVIALEJ JOCTATOUHO dJIETaHTHBIM.
ITosToMy OBIJI BHEITIOJIHEH IIEPEeXO0f K MCIOJb30BAHUIO MMEHOBAHHBIX KOPTEKe,
YTO MO3BOJIUJIO CAEJIaTh IPOrPAaMMHBIN KOJ 060Jiee TIOHATHBIM, 0€3 HapyIlleHusa
obpaTHO# coBMecTuMocTH. Eile ogHa mpobJjieMa MMEHOBAHHBIX KOpPTeKell 3a-
KJIFOYaeTcA B TOM, YTO IIOCJIE TOTO, KaK Bhl HAUHETE MCIIOJIH30BaTh NMEHOBAH-
HBIII KOPTEXK, KOJUYECTBO €ro IOJIeH MOJIKHO OCTaBaThbCs HEM3MEeHHBIM (TO
€CTb, ecJii OOABUTH B KOPTE)K HOBOE TI0JIe, IPEKHUN IPOrPaMMHBIN KOJ, WC-
HOJIb3YIOIIUH ero, OKayKeTcsa HepadoToCIOCOOHbIM). Pa3HOBUIHOCTY NMEHOBAH-
HBIX KOPTeXKeil MCIIOJb3YIOTCA B OMOJIMOTEeKe s M00OaBJIEHUS HOBBIX IIOJIEH
K JaHHBIM, BO3BpaIlllaeéMbIM HEKOTOpPbIMU (QyHKIuAMU. Hampumep, o0BEKT
MOJKeT U3HAYaJbHO IOIeP’KUBATh IPEKHUE NHTep(delic KopTe:Kell, a Io3gHee
K HeMY MOT'YT ObITh JO0aBJIEHBI JOIOJHUTEJbHbIC 3HAUEHU A, TOCTYIIHbIE B BUIE
MMEHOBAaHHBIX aTpUOyTOB.

AGcCTpaKTHble 6a3oBble KNaccChl

B mopyite collections ompeziesieHO HECKOJIbKO abCTPAKTHBIX 6a30BBIX KJIACCOB.
HasnaueHnue nx COCTOUT B TOM, UYTOOBI OIIMCATDH IIPOrPAMMHBIN HHTEP(EIC HEKO-
TOPBLIX TUIIOB KOHTENHEPOB, TAKNX KAK CINCKIM, MHOYKECTBA U cjaoBapu. MoKHO
BBIZIEJINTh [BAa OCHOBHBIX CJIy4Yas HCIOJb30BAHUSA dTUX KJIACCOB. Bo-IepBHIX,
OHU MOI'YT HCIIOJIB30BAThCA, KaK 0a30BbIe KJIACCHI IJIA I0JIb30BATEIBCKIX 00h-
€KTOB, MMUTHUPYIOIINX (PYHKIIMOHAJIBLHOCTh BCTPOEHHBIX KOHTEMHEPHBIX TH-
1moB. Bo-BTOPBIX, OHU MOTYT UCIIOJIB30BATHCA AJIsI IPOBEepKU TUIoB. Hampuwmep,
ecJii TpedyeTcs yOeAUTHCS, UTO 00BEKT S CIIOCOOEH eificTBOBAThL KAaK IOCJIeI0-
BaTeJIbHOCTH, MOXKHO BBI3BaTh PyHKIUIO isinstance(s, collections.Sequence).

Container

BasoBbIil Kiacc Bcex KoHTelHepoB. OmpenenseT eIMHCTBEHHBIN a0CTPaKTHBIN
metof, __contains__(), peanusyoomniuii onepaTop in.
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Hashable

BasoBblii KJace Bcex 00beKTOB, KOTOPhIE MOI'Yy T MCIIOJIb30BATHCS B KAUECTBE KJII0-
yeil xerr-tadau,. OnpeneiseT eIUHCTBEHHBIN aOCTPaKTHBIN MeTom __hash__().

Iterable

BasoBbIil Kacc 00LEKTOB, IOAAEP:KUBAIOINX IIPOTOKOJ nTepanuii. Oupeness-
eT eJMHCTBEHHBINA a0CTPAaKTHEIN MeTon __iter_ ().

Tterator

Baszoseiil Kiacc mrepupyeMbIX 00beKTOB. OmpemesseT abCTPAKTHBIN METOL
next(), a Tak/Ke HacJemyeTr KJacc Iterable u mpenocTaBJisgeT peajau3aluio IIo
yMoJUaHUIO MeTona __iter__(), KOTOPBINA IPOCTO HUYETO HE JTeJIaeT.

Sized

BasoBbIil Ki1ace KOHTEHEPOB, KOTOPbIE ITI03BOJIAIOT OIIpeae nuTh pasmep. Ompe-
nmessier abcTpaKTHBIN MeTon __len__().

Callable

BasoBuIil Kjaacc 00BEKTOB, IMOAIEPIKUBAIOINX BO3MOMKHOCTH BbI30BA, KaK
dyurmuu. Onpenenser abcTpakTHBIN MeTon __call__().

Sequence

BasoBrIil Kj1acc 00EKTOB, KOTOPBIE BBITVIAAAT KaK IocJiefoBaTeabHOCTH. Ha-
ciaenyeT KJjacckl Container, Iterable u Sized, a Tak:ke ompeae iseT aOCTpPaKTHBIE
meronawsl __getitem_ () m __len__(). Kpome Toro, mpemocraBiaseT pean3amuio
II0 yMOJIUaHMIO MeTomoB __contains__(), __iter__(), __reversed__(), index()
u count(), KOTOphIe Peain30BaHblI UCKJIIUNTEIHLHO IIOCPEICTBOM METOIOB __get-
item__()m__len_ ().

MutableSequence

BasoBeIil KJlacc M3MeHAEMBIX mocJenoBaTesbHOCTe. Haciemyer Kiace Se-
quence u mobaBidgeT abcTpaKTHBIe MeToAbI __setitem__() m __delitem__(). Kpome
TOT0, IPEeAOCTAaBJIAET PeaJnus3aio o yMOJYaHII0 MeToA0B append(), reverse(),
extend(), pop(), remove() m __iadd__().

Set

BasoBbIil Kj1acc 00bEKTOB, KOTOPhIE AEMCTBYIOT KaK MHOMKecTBa. Haciaemyert
KJacceI Container, Iterable m Sized monpepesnser abcTpakTHEIe MeTOABI __len__ (),
__iter__()m__contains__(). Kpome Toro, rmpemocTaBjseT peaanusarnuio o yMOJI-

YaHWIO Olepanuii Haj MHOMKecTtBamu __le_ (), __1t__(), __eq__(), __ne__(),
gt (O,__ge__(O),__and__(), __or__(), __xor__(), __sub__() misdisjoint().
MutableSet

BaszoBriii KiIace nsmenseMbIx MHOMKecTB. Hacaenyer Kiace Set u gobaBiisieT ab-
cTpaKTHBIe MeToAbI add() 1 discard(). Kpome Toro, mpemocraBiiseT pealn3amuio
I0 yMOJTUaHUIO0 MeTonoB clear(), pop(), remove(), __ior__(), __iand__(), __ixor__
()u __isub__().

Mapping

BaszoBblii Kaace 00bEKTOB, MOAIePIKUBAIOINX BO3MOMKXHOCTE OTOOPAKeHNsI (CJI0-
Bapu). Hacaenyer kaaccel Sized, Tterable u Container u ompezesnsieT abCTpaKT-
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HbIe MeTOnbI __getitem__(), __len__() m __iter__(). IIpemocTaBiiseTr peaausanuio
0 yMOJIYaHUI0 MeTonoB __contains__(), keys(), items(), values(), get(), __eq__()
u__ne_ ().

MutableMapping

BaszoBrIil Kiacc uaMeHsaeMbIX 00BEKTOB oToOpaskeHuii. Hacimenyer kiacc Map-
ping u mobaBiisgeT aOcTpaKTHBIe MeTOAbI __setitem__() m __delitem__(). Kpome
TOTO, TPEJOCTABJIAET Peajus3alliuio M0 YMOJYAaHUIO MeTomoB pop(), popitem(),
clear(), update() u setdefault().

MappingView

BasoBblil Kjacc mpepacraBiieHmii orobpasxeHuii. IIpeacraBieHue oTobparke-
HUS — 9T0 00'bEKT, KOTOPBIH II03BOJISAET 00pAIaThCA K dJIeMeHTaM 00'beKTa 0TO-
OpaskeHUs KaK K MHOKecTBaM. Hampumep, mpecTaBIeHreM KI0uei aBaseTcs
00BEKT, HATTOMUHA O MHOYKECTBO, KOTOPHIH COMEPIKUT KIIOUM, MMEIOII1ecs
B oTobOpaskenuu. IlogpoOHee 06 9TOM paccKasbiBaeTcs B mpuyoskenuu A «Py-
thon 3».

KeysView

BasoBeIil Kjaace mpeacTaBieHHsa KJodeill oToOpakeHus. HaciemyeT KJacchl
MappingView m Set.

ItemsView

BaszoBblil Kiace mpeacTaBIeHNUs 2JIEMEHTOB oToOpaskenud. HaciieqyeT Kjacchl
MappingView u Set.

ValuesView

BasoBrwiil kKjaace mpexacraBienusi map (key, Item) ortoOpaskeHusi. Hacimemyer
KJiacchI MappingView u Set.

CooTBeTCTBYIOII[HE BCTPOEHHBIE TUIIBI A3bIKa Python yike sapeructpupoBanbl
B 9TUX 0a30BBIX KJjaccax. Kpome TOro, ncnob3ys aTu 6a30BbIe KJIACChI, MOYKHO
rcaTh IPOrpaMMBbI, KOTOPBIE BBITIOJIHAIOT 60JIee TOUHYIO IPOBEPKY TuiioB. Ha-
mpuMep:

# NoNy4YnTb NOCNEAHNI BNEMEHT NOCNef0BaTENbHOCTH
if isinstance(x, collections.Sequence):
last = x[-1]

# BbMONHWTL uTepauun no 00LEKTY, TOMbKO €CAKW U3BECTEH ero pasmep
if isinstance(x, collections.Iterable) and isinstance(x, collections.Sized):
for item in x:
WMHCTPYKLUMN

#f l06aBUTb HOBLII 9NEMEHT B MHOXECTBO
if isinstance(x, collections.MutableSet):
x.add(item)

Cm. TaKkKe
nasa 7 «Knaccbl M 06bEKTHO-0PMEHTUPOBAHHOE NPOrPaMMUPOBAHMEY.
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Mopaynb contextlib

Mopgyns contextlib mpegocTaBiasieT 1eKOPATOPHI U BCIIOMOTATEIbHbIE (DYHKITUN
LI CO3LaHUA MeHeIKePOB KOHTEKCTa, UCIOJIb3yeMbIX COBMECTHO C UHCTPYK-
e with.

contextmanager(func)

IlexopaTop, KOTOPBIH co3MaeT MeHeIKep KOHTeKcTa u3 PyHKIMU-TeHepaTopa
func. JleKopaTopbI UCIIOAb3YIOTCH, KaK IIOKAa3aHO HIKE:

@contextmanager
def foo(args):
statements
try:
yield value
except Exception as e:
error handling (if any)
WHCTPYKLMM

Korma nunrepunperaTop BecTpedaeT nHCTPYKIIHio with foo(args) as value, OH BBI-
3bpIBaeT QPYHKIIMIO-TEHEPATOp ¢ YKAasaHHBIMU apryMeHTaMH, KOTOPas BBIIIOJI-
HAETCSA 0 IIePBO BCTPEUEHHOI MHCTPYKI UM yield. 3HaueHre, BO3BPAIeHHOE
MHCTPYKIIUel yield, momeraercsa B mepeMeHHy0 value. Ilocsie aToro HaumHAa-
eTCs BHITIOJTHEHUE TeJjia MHCTPYKIuu with. ITo 3aBepiieHun BBHITIOTHEHUS Teja
UHCTPYKIIUU with Bo30OHOBIIsIeTCA paboTa pyHKInu-reHeparopa. Eciiu BHyTpu
TeJia UHCTPYKIUY With BOBHUKHET KaKoe-I1u00 UCKJIIoUeHne, OHO OyeT mepena-
HO QYHKIMHU-TeHePaTopy, e MoKeT ObITh 06paborano. Ecsiu omubka He MOKeT
OBITHL OOpaboTaHa (PyHKIIHeIi-TeHepaTopoM, OHa JOJIJKHAa IIOBTOPHO BO3OYAUTH
uckJaoueHre. [IpuMep MCIIOIB30BAHUSA JAeKOpaTopa MOKHO HAWTU B pasfelie
«Mene:xepsl KOHTEKCTA U MHCTPYKIuA with» B rase 5.

nested(mgri, mgr2, ..., mgrN)

DyuKIUSA, KOTOpas BHISHIBAET HECKOJBKO MEHEIKepPOB KOHTeKcTa mgri, mgrl
U Tak gaJjee, B BUJe eIUHCTBEHHON omepaliuy. Bo3Bpalaer KOpTeK, comepsxa-
U pasjiMuHble BO3BpAlllaeMble 3HAUEHUA WMHCTPYKIUN with. MHCTpyRIua
with nested(m?,m2) as (x,y): WHCTPyKuMyu — BTO TO K€ caMoe, UTO U MHCTPYKIUA
with m7 as x: with m2 as y: uHcTpykumu. Cemyer 3aMeTUTh, YTO €CJIU BO BJIOJKEH-
HOM MEHeJyKepe KOHTeKCTa OyaeT IepexBadeHo n o0pabdoTaHO KaKoe-JImrbo mc-
KJIIOUeHe, BHEIITHIe MeHe[)Kephl He IoJIyYaT 00 5TOM HUKaKoi nH(popMaIinu.

closing(object)

Cosmaer MeHemKep KOHTEKCTa, KOTOPBIA aBTOMATHUUYECKM BBI3OBET METOX Ob-
ject.close() MO OKOHYAHUY BBIMOJHEHUS TeJla WHCTPYKIUU with., 3HaueHUEM,
BO3BpAalllaeMbIM UHCTPYKIIHEH with, ABIdgeTca caM 00BEKT object.

Mopynb functools

Mopgyus functools comeps:KuT QyHKIIUY U IeKOPaTOPbl, KOTOPBIE YOOHO MCIIOIb-
30BaTh JJIA CO3aHUA BRICOKOYPOBHEBBIX (DYHKIIMI U TeKOPATOPOB B (DYHKIIMO-
HAJBHOM IIPOTPaMMUPOBAHUM.
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partial(function [, =*args [, *xkwargs]])

Cosgaer o0beKT THIA partial, HATOMUHAOIUN (QYHKI[MIO, KOTOPHIA ITPU BBI-
30Be ofparlaerca K QYHKIIUU function 1 mepemaeT eil MO3UIIMOHHLIE apryMeH-
TBI 4rgS, IMEHOBAHHBIE apI'yMeHThI kwargs, a TaKsKe JII0Oble JOMOJHUTEIbHEBIe
MO3UIIMOHHLIE I UMEHOBAHHbBIE apIyMeHThI, IIepeJaHHble 00beKTY IPU ero BbI-
30Be. [[OIOIHUTENIbHbBIE IO3UIMOHHBIE apIyMeHThI 00aBJIAIOTCSA B KOHEIT args,
a IOTIOJIHUTEJIbHbIe UMEeHOBAHHbIE apryMeHThI J00aBIAIOTCSA B CJIOBaph kwargs,
3aTUpasi paHee OIpeJesleHHbIe 3HAUCHUS C TEeMHU Ke KJIIUaMU (€CIi TaKOBbIe
umerorcs). O6pruHo GyHKIUA partial() ucnoabayercs, Korga TpedyeTcs MHOTO-
KPAaTHO BBI3BATDL OLHY U Ty Ke (PYHKI[MI0, 0O0JIbIIIAd YaCTh API'yMEHTOB KOTOPOI
ocTarTcA HemsMeHHbIMU. Hanpumep:

from functools import partial

mybutton = partial(Button, root, fg="black”,bg="white”, font="times”, size="12")
b1 = mybutton(text="0k") # BbizoseT Button() ¢ aprymexTamn text="0k”

b2 = mybutton(text="Cancel”) # u ocTanbHbiMM, KOTOPLE ObAM NepeaaHs GYHKLWM

b3 = mybutton(text="Restart”)# partial() Bblwe

IK3eMIIaAp p 00beKTa, co3ganHoro GyHKIIMer partial(), mMeeT cJeayIOIue
aTpubyThHI:

ATpuodyTt Onucanne
p.func DyHKIUA, KOTOPasd BBI3IBAETCSA IIPU BbIZ0OBE 00'LEKTA .
p.args Koprex, comep:ramuii nepBble MO3UIIMOHHBIE aPI'YMEHTHI, KOTOPHIE

nepegaioresa GyHKIuY p.func mpu Bbidose. [OMOJTHUTEIbHBIE TIO3UIIT-
OHHBIE apPI'yYMEHTHI [00aBIAIOTCA B KOHEI[ 9TOTO 3HAUEHU .

p.keywords CyioBaps, coepsKaluii NMeHOBaHHBIE apT'yMeHThI, KOTOPEIE Iiepe/a-
oTca QyHKRIUA p. func mpu BeI3oBe. JlonmonHUTEeIbHBIE UMEHOBAHHEIE
apryMeHTHI 06aBIAIOTCA B 3TOT CJIOBaPh.

Byznbre BHHMAaTEIbHBI IIPU UCIIOJb30BAHUHN O0HLEKTOB THIA partial B KauecTBe
3aMeHBbI OOBIYHBIM (YyHKIMAM. PesyibraT, BO3BpalllaeMblii 00BEKTOM, OyIeT
OTJIMYATBCS OT TOT'O, UTO BO3BpAaIiaeTcs o0bIuHOl QyHKIMei. Hampumep, ecau
yurmuio partial() ©CMOMB30BaTh BHYTPU ONPeAeIeHUs KJacca, IMOJayUeHHBIH
00'beKT OymeT BecTu cebsi, KAaK CTATUYECKUI METO/I, a He KaK MEeTO] 9K3eMILIApAa.

reduce(function, items [, initiall)

IIpumensier yHKIUIO function K sJIeMEHTAM B UTePUPYyeMOM OOBLEeKTe Items
¥ BO3BpAIIIAEeT eAUHCTBeHHOE 3HaueHme. DyHKIuA function fOMKHA IPUHUMATD
IBa apryMeHTa, U IIPU IIePBOM BBLI3OBE el IlepeflaloTCs [IBa IEPBBIX dJIeMeHTa
u3 o0'beKTa items. 3aTeM oHa OyAeT II0JIyYaTh 9TOT Pe3yJIbTaT U BCe MOCJIeAYIOo-
IIve 3JIEMEHTHI [10 OYepeIu, IOKa He Oy T NCUepIIaHbI BCe BJIEMEHTHI B 00beKTe
items. B HeoOsI3aTeILHOM apryMeHTe initial mepegaeTcs HauaJbHOE 3HAUEHNE,
KOTOpoe OyZeT MCI0Jb30BaThCA IIPU IEPBOM BbI30Be DYHKIIUU function, a Tak-
JKe B cJyuae IycToro o6beKTa items. ta QYHKIUA ABISAETCS ITOJHBIM aHAJO-
roMm (pyHKIMU reduce(), koropas B Python 2 6s11a BeTpoeHHOI hyHKIMe. s
COXPaHEHUS COBMECTUMOCTH C OYIYIIMMU BEPCUAMYU UHTEPIPETATOPA MCIIOJIb-
3y#Te QyHKIMIO U3 MOA YA functools.
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update_wrapper(wrapper, wrapped [, assigned [, updated]])

ATy BCIIOMOTATEJbHYI0 QYHKIINIO YA0OHO HUCIOJIb30BATh IIPU CO3MaHUU AeKopa-
TopoB. OHA KOTUPyeT aTpudyThI QYHKIIUU Wrapped B QyHKITUIO-00ePTKY Wrapper,
IeJjias ee MMOXOXKeH Ha OPUTUHAJBbHYIO (pyHKIIUI0. B aprymeHnTe assigned mepe-
IaeTcs KOPTEeXK C MMeHaMU aTPpu0yTOB AJIA KOIIMPOBAHUSA, KOTOPHIH 110 yMOJIUa-
HUIO mMeeT 3HaueHwme (‘__name__’',' _module__',’__doc__'"). B aprymenTe updated
mepesaeTcsa KOPTeXK ¢ UMeHaMHu aTpuOyToB PYHKIIUY, ABJISIONIUXCA CJIOBaAPS-
MU, 3HAUEHUS U3 KOTOPBIX JOJIKHBI OBITH [00aBJIeHBI B QyHKIIUI0-06epTKY. 1o

YMOJIUaHUIO ABJAETCA KopTeskem (‘__dict__')).
wraps(function [, assigned [, updated ]])

IexopaTop, KOTOPHII BEIMIOJHSAET TY K€ 3ahady, 4TO U JeKopaTop update_wrap-
per(). AprymeHnTsl assigned u updated mMeroT Takoe ke HasHaueHme. OOBIYHO
9TOT AEKOPAaTOP MCIIOJIb3YEeTCs IPU CO3TaHNM APYTruX AeKopaTopoB. Hampumep:

from functools import wraps
def debug(func):
@wraps(func)
def wrapped(=*args, »xkwargs):
print(“BuduiBaetca %s” % func.__name__)
r = func(xargs, »xkwargs)
print(“BuinonHeH Bbid3oB %s” % func.__name__)
return wrapped

@debug
def add(x,y):
return x+y

CM. TaKXKe
[naBa 6 « PYHKLMM 1 PYHKLMUOHANBHOE MPOrPaMMUPOBAHUEY.

Mopynb heapq

Monynb heapq peasinayeT ouepeny ¢ IPUOPUTETAMU, UCIIOJIb3YsI aJTOPUTMBI pa-
0OTHI ¢ «KyuaMu». Kydua — 3To IPOCTOM CIUCOK YIIOPAJOUEHHBIX 3JIEMEHTOB, IJII
KOTOPOTO BBITIOJIHAIOTCS YCJOBUS, CBOMCTBeHHBIe Kyue. B wactHocTu, heap[n]
<= heap[2+n+1] m heap[n] <= heap[2+n+2] mJys Bcex n, HauuHasg c N = 0. DJIeMeHT
heap[0] Bcerma comep:KUT HAMMEHBIITNI DJI€MEHT.

heapify(x)

IIpeoGpasyeT CIIUCOK X B KyUy.

heappop(heap)

VYnansger m Bo3BpaIiaeT HAUMEHBIIUHN 3JIEMEeHT W3 Ky4Yu heap ¢ COOJIIoAeHreM
YCJIOBUI, MperbsaBIsIEeMBIX K KyuaMm. BosOy:xmaeT umckKJoueHue IndexError,
ecJu Kyua heap He COIEepP»KUT 5JIeMEeHTOB.

heappush(heap, item)

IMobGaBiisgeT syeMeHT iten B Ky4y € COOJIIOJEHMEM YCJOBUU, NMPEIbABIAEMBIX
K Ky4aM.
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heappushpop(heap, item)

Ilo6aBseT ajeMeHT item B Kydy U OJHOBPEeMEeHHO yAaJjdeT HaMeHBIIUIl sie-
MEeHT Ky4:. 9To 6ojee 3()()eKTHBHEIN CIIOCO0, YeM II0C/Ie[0BATeIbHOCTEL BBI30-
BOB heappush() m heappop().

heapreplace(heap, item)

Vnanser u Bo3BpalllaeT HAaMMEHBIINUI 9JeMeHT U3 Kyduu heap. OmHOBPEeMEHHO
Io0aBJIseT HOBBIN ayieMenT Item. Oneparus BIIIOJHAETCS ¢ COOII0AeHeM yCJIO-
BUH, IPeAbABIIEMbIX K KyuaM. 9To 0ojee 3 (HEeKTUBHLIN CII0C00, YeM II0Cje-
JI0OBaTeJIbHOCTh BBIZ0BOB heappop() m heappush(). Kpome Toro, Bosepaiiaemoe
3HAUEHNe M3BJIEKAeTCs U3 KYUH [0 TOro, KaK OyaeT n060aBJIeH HOBBIH 3JIEMEHT.
ITosToMy BO3BpalllaemMoe 3HAUEHME MOMKET OKAasaTbCs 0OJIbIIle 3HAUEHUS itenm.
Bos0y:xmaet uckiiouenue IndexError, ecau Kyda heap He COOEPIKUT 3JIEMEHTOB.

merge(s?, s2, ...)

Cosgaer urepaTop, 00beANHSIONINI OTCOPTUPOBAHHBIE UTEPUPYEMBIE 00 HEKTHI
s1, s2 u TaK Jajiee B OOHY OTCOPTHUPOBAHHYIO IOCIEJ0BATEIBHOCTD. OTa (PYyHK-
IS He BBIIOJHAET 00X0/] 00 beKTOB, IIOJYUeHHBIX B BUJIE apDI'yMEHTOB, & BO3BPa-
IIaeT UTEPATOP, KOTOPHIH BBIMIOJIHAET IIOCIEJOBATEIbHYIO 00Pa00TKY JaHHBIX.

nlargest(n, iterable [, key])

CosaeT CIIMCOK, COMeP KAl N HANOGOIBIINX SJIEMEHTOB B UTEPUPYEMOM 06'b-
eKTe Iitens. IlepBBIM B BO3BPAII[AEMOM CIIICKe OYyIEeT CTOATH HauOOJIbIINNA dJ1e-
MeHT. B Heo6sa3aTelbHOM apryMeHTe key IepemaeTcsa (OYHKIUA, IPUHUMATO-
11as eIUHCTBEHHBIN apryMeHT W BBIUUCJIAIONIAS KJII0U JIA KaXKOr0 9JIeMeHTa
B 00beKTe iterable, KOTOPBINM OyaeT NCIOJIb30BATHLCS B OIEePAL[MY CPABHUBAHUI.

nsmallest(n, iterable [, keyl)

Co3aeT CIIMCOK, COMEPIKAIINI 1 HAUMEHBIITUX 3JIEMEHTOB B UTEPUPYEMOM 00h-
eKTe items. IlepBbIM B BOBBpAII[aeMOM CIHCKe OYJeT CTOATHh HaMMEHbBIIIN dJ1e-
MeHT. B Heo0sA3aTeIbHOM apryMeHTe key IepefiaeTcsa QyHKIUA, IPUHUMAOIaa
€IMHCTBEHHBIN apI'yMeHT U BBIUUCIAIONIAA KIII0Y.

MpumeyaHue
TeopeTnyeckoe 060CHOBaHMe W NpPUMEPbl peanusauuu oyepeaein C NpUopUTETaMK
MOXHO HalTN BO MHOTUX KHUTaXx, NOCBALWEHHbIX aITOPUTMaM.

Mogpayns itertools

Mopnyns itertools cogepskuT GyHKIIUU, codnaromire 3((eKTUBHEIE UTEPATOPHI,
KOTOpBIE TIO3BOJIAIOT BBITIOJHATH UTEPAIIUY O JaHHBIM PA3JIUYHBIMU CIIOC00a-
Mu. Bece QyHKIIMYT B 9TOM MOAYJIe BOSBPAIIAIOT UTEPATOPHI, KOTOPBIE MOYKHO WC-
I0JIb30BATh B MHCTPYKIUU fOr U B APYTruX QYHKIUAX, I'le IPUMEHAIOTCA UTe-
paTopsl, HAITpUMep B QYHKIIUAX-TeHEPATOPaX U B BEIPAKEHUAX-TeHepaTopax.

chain(itert, iter2, ..., iterN)

Ha ocnoBe rpynns!r ureparopoB (iterd,... , iterN) co3maeT HOBBIN HMTEpaTop,
00'beINHAIONINI BCe UTePATOPLI BoeAnHO. Bo3dBpalaeMblii ©TepaTop BOCIPOU3-
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BOIUT 3JIEMEHTBI 13 00'beKTa iter! 10 UX UcUepuaHus. 3aTeM BOCIPOU3BOAATCS
9JIeMEeHTBI U3 00'beKTa iter2. OTOT MPOoIecC IPOI0JIAKAETCS, IIOKA He OyAyT uc-
yepHnaHbl BCe 3JIeMeHTHI B 1terh.

chain.from_iterable(iterables)

AbTepHATUBHBIA KOHCTPYKTOP CO3JAHUSA IEIIOYKU UTEPUPYEMBIX 00'HEKTOB,
Tie B apryMenTe iterables mepemnaeTcs UTEPUPYEMBIH 00bEKT, BO3BPAIIAOIII
TOCJIe0BATEIFHOCTh UTEPUPYEMBIX 00'bEKTOB. JTa OIepaIus BO3BpaIiaeT TOT
JKe pes3yJbTaT, KOTOPBIH JaeT ciaeAyoniuil parMeHT reaeparopas:

for it in iterables:
for x in 1it:
yield x

combinations(iterable, r)

Cospmaer ureparop, KOTOPLIi BO3BpaIllaeT BCe BO3MOXKHEIE II0CJIeI0BATEIbHOCTH
W3 I BJIEMEHTOB, B3ATHIX U3 UTEPUPYEMOTO 00'beKTa iterable. IIeMEHTHI B BO3-
BpamlaeMbIX IIOCJIeA0BATEJIbHOCTAX PAacIojaraiTcsa B TOM Ke IOpAAKe, B Ka-
KOM OHU BCTPEYaloTCs B UCXOAHOM o0beKxTe iterable. Hampumep, eciu B apry-
MeHTe iterable mepemaThb coucok [1,2,3,4], To BbIBOB combinations([1,2,3,4], 2)
BOCIIPOU3BEET IIocjiefoBaTesbHOCTh [1,2], [1,3], [1,4], [2,3], [3,4].

count([n])

CosmaeT nuTepaTop, KOTOPBIA BOCIPOU3BOAUT YIIOPSATOUCHHYIO 1 HEIIPEPBIBHYIO
TIOCJIeIOBATEJbHOCTD IEJbIX UMCeJ, HauuHasdg ¢ . Kcam apryMeHT N OIIyIIeH,
B KauecTBe IIepPBOro 3sHaueHus BosBpalaerca uyucio 0. (OOparure BHUMaHUE,
YTO BTOT UTEPATOP HE MOAAEPKUBAET AJIUHHBIE IeJble yncyaa. 1Io mocTuixkenun
3HAUEHUA SYyS.maxint CUeTUMK IEePENoJIHUTCA M UTepPaTop NPOAOJKUT BOCIIPO-
M3BOAUTH 3HAUEHU I, HAUMHA ¢ -Sys.maxint - 1.)

cycle(iterable)

CospmaeT uTepaTop, KOTOPBIHA B IMKJIe MHOTOKPATHO BBHITIOJHSIET 00XO0 dJIeMeH-
TOB B 00beKTe Iterable. 3a KyJaucaMu CO3LAeT KOIMIO DJIEMEHTOB B O0'BEKTe
iterable. OTa KON 3aTeM MCIIOJb3YeTCs JIsi MHOTOKPATHOTO 00X0Ia 3JIeMeH-
TOB B I[UKJIE.

dropwhile(predicate, iterable)

Cosgaer urepaTrop, KOTOPBIM OTKJIOHSET 3JEMEHTHI U3 00beKTa iterable, moka
dbyuKIUa predicate(item) BosBpairaerT 3HaueHue Irue. Kaxk TOIbKO QYHKIIUSI
predicate BepHeT False, uTepaTop BOCIIPOU3BEAET 3TOT 3JIEMEHT U BCE IIOCTIEAYIO-
miye 3JIeMeHTHI B UTEpUPyeMoM o0beKTe iterable.

groupby(iterable [, keyl)

CospmaeT urepaTop, KOTOPBIH IPYIIUPYET OANHAKOBBIE 9JIEMEHTHI U3 UTEPUPY-
emoro obbeKTa iterable, ciemyrolnue APYT 3a Apyrom. IIporecc rpynnupoBKu
OCHOBAH Ha IIOMCKe OAWHAKOBBLIX 3JIeMeHTOB. Hampumep, ecjau UTepuUpPyeMbIit
00'BeKT Iterable BO3BpAIllaeT OLUH U TOT K€ dJIEMEHT HEeCKOJIbKO pas IIOLPSAI,
9TOT dJIEMEHT obpasyeT rpymmny. Eciau QYyHKIUA IPUMEHSIeTCsI K OTCOPTUPO-
BAaHHOMY CIIMCKY, OHa 0o0pasyeT TPYIIbl I0 YMCIAY YHUKAJBHBIX 9J€MEHTOB
B cnucke. B HeobGsa3aTeIbHOM apryMeHTe key MOJKeT IepegaBaThcA (QpyHKIIUA,
KoTopas OyZeT IPUMEeHATHCA K KasKIOMY dJIEMEHTY; B 9TOM CJIy4yae B CpDaBHUBA-
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HUY COCETHUX dJIEMEHTOB YUAaCTBYIOT BO3BpalllaeMble 3HAUEHUA dTOU PYHKIIUH,
a He 3HAUEHUA caMUX dJeMeHTOB. VTepaTop, BO3BpaIlaeMbiii (DyHKIIMEl, BOC-
IIPOMBBOAUT KOPTEXKU (key, group), TIe dJIEMEHT key — 9TO 3HAUEHUE KJIoua JJId
TPYIIIIEI, & BJIEMEHT §/0Up — 9TO UTEPaTOP, KOTOPHIN BO3BPAIIaeT BCE 9JIEMEHTHI,
TOTABIIINE B TPYIIITY.

ifilter(predicate, iterable)

CospmaeTr utepaTop, KOTOPHI BOCIPOU3BOAUT TOJHKO T€ BJIEMEHTHI M3 00beKTa
Iterable, nyist KOTOPBIX PYHKIMA predicate(item) BosdBpainaet True. Eciiu B apry-
MeHTe predicate mepegaThb None, Bce 2JIeMEeHTHI B 00'beKTe iterable OYayT OIleHU-
BaThCA KaK True u OyAyT BO3BPAIATHCSI UTEPATOPOM.

ifilterfalse(predicate, iterable)

Cospmaer uTepaTop, KOTOPBII BOCIPOU3BOAUT TOJHKO T€ 3JIEMEHTHI U3 00beKTa
iterable, nad KOTOPBIX QDYHKIUA predicate(item) Bo3dBpailaer False. Ecou B ap-
TyMeHTe predicate mepenaTthb None, Bce 9JIeMeHTHI B 00'beKTe iterable 6GyayT ole-
HUBATHCA KaK False 1 OyAyT BO3BPAIAThCSI UTEPATOPOM.

imap(function, itert1, iter2, ..., iterN)

CosmaeT uTepaTop, KOTOPBIH BOCIIPOU3BOIUT dJE€MeHThI function(il,i2, ... iN),
rae i1, i2,..., iN — 9TO BJIeMEeHTHI, IIOJyUYeHHbIe U3 UTepaTopoB iterl, iter2, ...,
iterN coorBercTBeHHO. Ecnu B aprymente function mepematb None, YHKIIUSA
imap() BepHeT KopTe:ku Buma (i1, 12, ..., iN). Arepanuu nmpekpaliaoTcs, KOr-
1a ONYH U3 YKa3aHHbBIX UTePaTOPOB IIpeKpaliaeT BOCIPOU3BOAUTH 3HAUEHU .

islice(iterable, [start,] stop [, stepl)

CospmaeT urepaTop, BOCIIPOU3BOIAIINI 9JIeMEHTHI, KOTOPbIe BepHYJIa ObI omrepa-
U U3BJIeUeHUs cpesda iterable[start.stop:step]. IlepBbie start aJIeMeHTOB IIPO-
IYCKAIOTCA U UTePaIiy MPeKPaIlaioTca 0 JOCTUKEHN Y TO3UINY, YKa3aHHONI
B aprymenre stop. B Heo0a3aTeIbHOM apryMeHTe Step mepeaeTcs Iar BEIOOPKU
9JIeMeHTOB. B oTiimume oT cpe3oB, B apryMeHTax start, stop m step He NOITyCKa-
eTCs MCII0JIb30BaTh OTPUIlATEIbHBIE 3HAUeHNA. Keau apryMeHT start OImyIieH,
utepanum HaunmHaoTcd ¢ 0. Eciiu apryMeHT Step OIyIleH, 0 YMOJIYaHUIO WC-
moab3yercd mar 1.

izip(iter1, iter2, ... iterN)
Cospmaer uTepaTop, KOTOPBIN BOCIPOU3BOAUT KopTesxku (17, 12, ..., iN), rme 3Ha-
yeHud i1, 12, ..., 1N U3BJIE€KAIOTCA U3 UTePaToposB iterl, iter?, ..., iterN cooTBeT-

cTBeHHO. MTepanuu oCTaHaBJIMBAIOTCS, KOILA KaKOM-IM00 M3 MCXOJHBIX UTE-
PaTopOB IIpeKpaIaeT BO3BpaIlaTh 3HaUeHuA. VTepaTop, Bo3BpamiaeMblil 9TOM
(YHKIIUEH, BOCIIPOU3BOAUT Te K€ 3SHAUEHUS, UTO ¥ BCTPOeHHadA QYHKIUA zip().

izip_longest(itert, iter2, ..., iterN [,fillvalue=None])

To ke, uTo u pyHKIUA 17ip(), 3@ UCKIIOUEHUEM TOT'O, UTO BO3BPAIIAEMbBIA UTE-
paTop IpomoJi:KaeT UTepallii, MOKa He OYAYyT MCUepIaHbl Bce 3HAUEHU, BOC-
IIpOM3BOAMMBIE UTepaTopaMu iterl, iter? u Tak majee. B KauecTBe HemocTaro-
X 3HAYEHUH JJIsI UTEPaATOPOB, KOTOPhIE OKA3aJIMCh NCUEPIIaHbl PaHbIIIE BCEX,
HuCIoJIb3yeTcs None, ecsii He ObLJIO YKa3aHO MHOe 3HAUeHNe B UMEHOBAHHOM ap-
rymenTe fillvalue.
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permutations(iterable [, r])

CospmaeT uTepaTop, KOTOPBIN BO3BPAIlaeT BCe BO3MOJKHBIE IIEPECTAHOBKU U3 I
9JIEMEHTOB, B3ATHIX U3 UTEPUPYyeMOro oobeKTa iterable. Eciu aprymeHT r omy-
IIeH, IIePEeCTAHOBKY OYAYT COAEPIKATh TO YK€ KOJUUYECTBO DJIEMEHTOB, UTO U B
HCXOJHOM 00'beKTe Iterable.

product(iteri, iter2, ... iterN, [repeat=1])

Cosgaer utTepaTop, KOTOPHIH BOCIIPOU3BOAUT KOPTEIKM, IIPEICTABJIAIONINE Je-
KapToBO IIPOM3BeNeHNe 2JIEMEeHTOB u3 Iterl, iter?2 u tak gaJyee. HeoOs3aTennb-
HBIJI UMEeHOBaHHBIN apryMeHT repeat olpesessgeT KOJINYECTBO IOBTOPEHU BOC-
IIPOM3BEIEHHON II0CJIeI0BATEIFHOCTH.

repeat(object [, times])

Cosaer uTepaTop, KOTOPBLII MHOIOKPATHO BOCIIPOM3BOAUT O0BEKT 0bject. B He-
00s3aTeJIbHOM apryMeHTe tifnes ImepemaeTcss KOJUUEeCTBO IMoBTopeHmil. Eciau
S9TOT apr'yMEeHT He 3aJaH, KOJIUUYECTBO ITIOBTOPEHU Oy1eT 6€CKOHEUHBIM.

starmap(func, iterable)

CosmaeT uTepaTop, KOTOPLIN BOCIIPOU3BOAUT 3HAUEHUA func(xitem), Tae 3HaUe-
HUe Iten u3BJIeKaeTCsA U3 UTepupyeMoro oobexra iterable. MoskeT qeiicTBOBATD,
TOJIBKO eCJIU O0BeKT iterable BO3BpAaIllaeT 9JIeMEeHTHI, IPUTOJHbIE IJIs MCIIOJIb-
30BaHUA B BbI30Be QYHKIIUU TAKUM CIIOCOOOM.

takewhile(predicate, iterable)

CosmaeT uTepaTop, KOTOPBIN BOCIPOU3BOAUT 9JI€MEHTHI U3 UTEPUPYEMOTO 00~
eKTa iterable, moka QyHKIIUA predicate(item) BosBpaiiaet True. Mrepaiuu mpe-
KpallfaloTcd, KaK TOJbKO PYHKIUA predicate BepHeT False.

tee(iterable [, n])

CosmaeT n He3aBUCUMBIX UTEPATOPOB 13 UTepupyeMoro obnsexkra iterable. Cos-
MaHHBbIe UTePaTOPhI BO3BPAIIAIOTCA B BUAE KOPTEXKa U3 N 3jaeMeHTOB. I1o ymoJ-
YaHWIO apTyMEeHT /1 uMeeT 3HaueHue 2. Ita GYHKIUA MOKET IPUHUMATD JII00bIe
urepupyembie 00beKThI. IIpu 3TOM, KOTZIJa OPUTHUHAJIBHBIN UTEPATOP KJIOHUDY-
eTcs, B KaIlle COXPaHAETCSA ero Komusd, KOTopas MUCIOJb3yeTCcAa BO BCeX rajiee
co3aBaeMbIX UTepaTopax. ByabTe 0OueHb BHUMATEJIbHBI U HEe UCIIOJIb3yITEe OpU-
TUMHAJLHBIN UTepaTop iterable mocjie BbI3oBa pyukuu tee(). B mpoTuBHOM CIy-
Uyae MeXaHU3M KAIIUPOBaHUA OyIeT paboTaTh HEKOPPEKTHO.

Mpumepsbl

Crenyiormue IpuMephbl JeMOHCTPUPYIOT, KaK JeMCTBYIOT HEKOTOPhIle (QDYHKITUN
u3 Moaysad itertools:

from itertools import =
# BuinonHnTh 00x0p4 nocnegosaTensHocTu ducen 0,1,...,10,9,8,...,1
# B OECKOHEYHOM LMKIe
for 1 in cycle(chain(range(10), range(10,0,-1)))
print i

# C03[aTb CNMCOK YHUKANbHLIX 971EMEHTOB B 00bekTe a
a=1[1,4,54,912234,51]
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a.sort()

b = [k for k,g in groupby(a)]

#b=101,2,3,4,509]

# BbiNONHWMTL 006X0M BCEX BO3MOXHHIX Map 3HAYeHWn U3 0ObEKTOB X W Y

x = [1,2,3,4,5]
y = [10,11,12]

for r in product(x,y):

print(r)

# BuBepeT (1,10),(1,11),(1,12),

(5,10),(5,11),(5,12)

Mopaynb operator

Mopgynb operator comepskuT (QPyHKIIUU, oOecreumBaroIire JOCTYII K BCTPOEH-
HBIM OIlepaTopaM U CIIeIMaJbHBIM MEeTOJaM WHTEepIIPeTaTopa, KOTOphle OI-
ceiBaroTCA B riaBe 3 «Tumbl JaHHBIX 1 00eKTEI». Hampumep, BEIZ0B (DYHKILIN
add(3, 4) —oro anaJor onepanuu 3 + 4. [lyia omepanuii, *MeIOIMNX BePCUU, KO-
TOpPbIE U3MEHAIOT CAMHU OIlePAHIbI, MOMKHO MCIIOJIb30BATh TaKKe (PYHKIUYA KaK
iadd(x,y), KoTopas sIBJIAeTCS aHAJOTOM Oollepaluu X += y. B ciaenyroiiem cuucke
epeuynceHbl PyHKIUY, cofepKalnuecsa B MOAyJ e operator, ¥ X aHaJIOTH cpe-

o1 OIIepaToposB:

DyHKIUA Onucanue

add(a, b) BoasBpaiiiaeT pe3yabTaT BEIPAXKEHUI 4 + b IJIs Ymce

sub(a, b) Bossparaer pesynbraT BeIpakeHUd a - b

mul(a, b) BosBpaimaer pes3yabTaT BeIpasKeHUsd a * b JJId YHUCe

div(a, b) BosspairaeT pesybTar BeIpaykeHus a / b (cTapas Bepcus)

floordiv(a, b)
truediv(a, b)
mod(a, b)
neg(a)

pos(a)

abs(a)

inv(a), invert(a)
1shift(a, b)
rshift(a, b)
and_(a, b)
or_(a, b)

xor(a, b)

not_(a)
1t(a, b)
le(a, b)

BoaBpaiaer pesysabTar BeIpaskeHus a // b

BoaBpaiaer pesysabTar BeIpaskeHusa a / b (HoBas Bepcus)
Bosspaiaer pesysibraT BeipaskeHus a % b

Boaspaimaer -a

Boaspaiaer +a

Bosspaaer abcon0THOE 3HAUEHUE A

Bosspaliaer uHBEpTUPOBAHHOE 3HAUEHUE 4

BosBpaijaer pesyabTaT BEIpasKeHUA a << b

BosBparaer pesysbTaT BEIpAKeHUA a >> b

Bosspataer pesysubraT Beipaskenus a & b (6utosoe 1)
Boaspaiaer pesyabTar Beipaskeunus a | b (6urosoe JIN)

Bosspamaer pesysbrat BeipaskeHus a ~ b (6uroBoe ICKJIIO-
YAIOIIEE NJIN)

BosBpaijaer pesyabTaT BhIpasKeHus Not a
BosBpaiiaer pesyabTaT IpoBepKu a < b

Boasspaiaer pesysbTar IpoBepKu a <= b
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eq(a, b) Bossparaer pe3yabTaT IPOBepPKU a4 == b

ne(a, b) BosBpaiaeT pe3ysbTar IpoBepKU a = b

gt(a, b) Bosspariaer pesyabraT IPOBEpPKU a > b

ge(a, b) BoaBpaiiiaeT pe3ysbTaT IpOBEpPKU a >= b

truth(a) Bosspaimaer True, eciiz 3HaueHUe @ ABJISAETCSI UCTUHHBIM,

u False — B IPOTHUBHOM CJIyUyae

concat(a, b) BosBpariaer pe3ynbTar BRIpasKeHUA @ + b IJI IOCJIefoBaTe b
HOCTeH
repeat(a, b) BosBpaiaer pesyabTar BeIpasKeHUA a * b IJIs IOCJIEJOBATE b

HOCTH a U IIeJIOT0 UYucja b
contains(a, b) BosBpaiiiaeT pe3ysbTaT BEIPAsKeHUsI a in b

count0f(a, b

=

BosBpaiaeT KOJIM4eCTBO BXOXKIEHUH b B a

index0f(a, b) BosBpairiaeT nHIeKC IIePBOT0 BXOMKIEHUA b B 4
getitem(a, b) Boaspaimaer a[b]

setitem(a, b, ¢) BrinonuasaetT onepamuio alb] = ¢

delitem(a, b) Brinmosnasier onepanuio del alb]

getslice(a, b, ¢) Boasparraet cpes a[b:c]

setslice(a, b, ¢, v) |Bbimomasier onmeparmuio alb:c] = v

delslice(a, b, ©) Brimosasier oneparuio del al[b:c]
is_(a, b) BosBpaiaer pesyabrar BeIpaskeHud a 1S b
is_not(a, b) BoaBpaiaer pesyabTaT BeIpaskeHus a is not b

Ha mepBbIit B3MIAL KaKeTCs HEIOHATHBIM, KOMY MOMKET IPUUTU B TOJIOBY HC-
T0Jb30BaTh 3TU (PYHKIIUU, €CJIU Ollepaluy, KOTOpble OHU BBIIIOJIHSAIOT, IIPOIIe
3aIIPOrpaMMUPOBaTh, IPUMEHAA OOBIYHBIN CHHTAKCHUC OIEPaTOPOB. TeM He Me-
Hee 9TU QYHKIIUU MOTYT IPUTOAUTHCA Be3le, IMie UCIOJIb3YIOTCA PYHKIUU 00-
paTHOTO BBI3OBA, UJM TaM, I'/le B IPOTUBHOM CJIydyae MIPUIIJIOCH ObI CO3aBaTh
AHOHUMHBIe (DYHKIIUU C IIOMOIIILI0 MHCTPYKIMY lambda. Hampuwmep, B3riigauuTe
Ha Pe3yJIbTaThl TECTUPOBAHUSA ITPOUSBOAUTEILHOCTY IPOrPAMMHOI0 KOAa, MC-
moJib3ytoniero QyHKIIio functools.reduce():

>>> from timeit import timeit

>>> timeit(“reduce(operator.add,a)”,”import operator; a = range(100)”)
12.055853843688965

>>> timeit(“reduce(lambda x,y: x+y,a)”,”import operator; a = range(100)")
25.012306928634644

>>>

O6paruTe BHUMaHUE, YTO (DParMeHT, I'le B KauecTBe (PYHKIIUU 0OGPATHOTO BBI30-
Ba UCIOJIb3yeTcAa QYHKIIU operator.add, BEIMOJHAETCS OoJiee YeM B [Ba pa3a ObI-
cTpee IO CPAaBHEHUIO C BePCUe, Tlle NCI0Ib3yeTCs BhIpaskeHue lambda x,y: x+y.
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Kpowme Toro, Mmogyab operator ompeessier caeayoiiue QyHKIMNT, KOTOPLIE CIY-
JKaT 00epTKAMU BOKPYT Ollepalinii JocTyna K aTpudyTam u sJIeMeHTaM, a TaKKe
BOKDYT BbI30OBOB METO/IOB.

attrgetter(name [, name2 [, ... [, nameN]]])

CospmaeT BBI3BIBAEMBINl 00BEKT f, IPU BBIBOBE KOTOPOTro f(0bj) BO3BpaIlaeTcs
sHaueHue obj.name. Ecau QyHKIIMU epenaeTcs 60jee 0OLHOTO apryMeHTa, BLI30B
f(obj) BO3BpAaIllaeT KOPTEK ¢ pedyabTaTaMu. Hampumep, ecau 06 beKT 1 OBLI CO3-
IaH BbI3oBOM attrgetter(‘name’,’shares’), To BbI30B f(0bj) BepHET KOpTeX (0bj.
name, obj.shares). APrymMeHTSHI name MOTYT BKJIOUYATh OIIEPATOP TOUKHU AOCTYIIa
K arpubyram. Hampumep, ecau B apryMeHTe name mepemaThb CTPOKY “address.
hostname”, To BBI3OB (0hj) BepHET 3HAaUeHUe 0bj.address.hostname.

itemgetter(item [, item2 [, ... [, itemN]]])

CospmaeT BBI3BIBAEMBINl 00BEKT f, IPU BBIBOBE KOTOPOTro f(0bj) BO3BpAaIlaeTcs
suauenue obj[item]. Ecau ¢yHKIIUU mepemaercsa 6oJiee OJHOTO apryMeHTa, TO
BBIBOB (00j) BepHeT KopTexK (objlitem], objlitem2], ..., objlitemN]).

methodcaller(name [, =*args [, =**kwargs]])

CospmaeTr BBI3BIBAEMBINl OOBEKT f, IIPU BBIBOBE KOTOPOTrO f(0bj) BO3BpaIaeTcs
obj.name(xargs, =+xkwargs).

AT QPYHKIIUU MOTYT MPUTOAUTHCA IJIs ONTHMU3AIUU ITPOU3BOIUTEIHHOCTU
omepaIuii, CBA3aHHLIX C oOpalleHreM K (DYHKIIMAM OoOpPaTHOTO BBI30Ba, OCO-
0EHHO B TAKMX PACIPOCTPAHEHHLIX OIepal[isiX, KaK COPTUPOBKA JaHHBLIX. Ha-
IpumMep, 4YTO0bI OTCOPTUPOBATH CHMCOK KOPTEXKeil CTPOK II0 BTOPOMY CTOJIOILY,
MOJKHO OBIJIO GBI MCIIOJIB30BAaTh BBIBOB sorted(rows, key=lambda r: r[2]) mianm
sorted(rows, key=itemgetter(2)). Bropasa Bepcusa meiicTByeT HaAMHOI'O ObICTpee,
TIOTOMY YTO B Hell He BBITIOJIHAIOTCA JUIITHNE ONepaIluu, CBA3aHHBIE C UHCTPYK-
et lambda.
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PaGoTa ¢ TeKCTOM U CTpOKamMu

B oro0ii rmaBe onucwiBaroTess monyau Python, HambGosiee yacTo MCIIOJIbL3yeMbIe
VIS paboOTHI CO CTPOKAMU U C TEKCTOM. B IleHTpe BHUMAaHUA 9TOU IJIaBbl OYAYT
HauboJee TUMINYHbBIE CTPOKOBBIE Ollepallii, TaKkue Kak 00paboTKa TeKCTa, COII0-
cTaBJIeHUeE C I1abJIOHaMU PETyIsIPHBIX BhIPAKeHUN U (hopMaTHUpPOBAaHME TEKCTA.

Mopaynb codecs

Mogyib codecs mCmoab3yeTcs AJIA PAbOThI ¢ PA3JIUYHBIMY KOAUPOBKAMMU CUM-
BOJIOB, IIPUMEHAEMBLIMHU IIPU BBOJe-BbIBOJEe TeKkcTa IOHuMKoma. Moayis mo3Bo-
JISeT OIpPeeiATh HOBble KOAUPOBKM CHMBOJIOB U 00eClIeurBaeT BO3MOMKHOCTD
00paboTKY CUMBOJIBHBIX JAHHBIX C IPUMEHEHUEM IIIHPOKOro CIIEKTpa CyIIe-
CTBYIOIIIUX KOAUPOBOK, Takux Kak UTF-8, UTF-16 u apyrux. IIpu paspaboTke
MPUJIOKEHUIT HaMHOTO 00Jiee TUIMIMYHO IIPOCTO MCIIOJIH30BaTh CYIIECTBYIOIINE
KOAUPOBKU, MO9TOMY UMEHHO 3Ty TeMy MBI U OyaeM oOCy:KIaThb 3aech. Ecum
BaM morpebyercs co3IaBaTh HOBbIE KOJUPOBKM, 34 JOIIOJIHUTEILHBEIMU HOAPO0-
HOCTAMU oOparlnaiTech K 3JIeKTPOHHON JOKYMeHTAI[ V.

HunskoypoBHeBbIN nHTepdenc moayns codecs

Kasxmoii KogrpoBKe CUMBOJIOB IIPUCBOEHO OIIPe/ieIEHHOe UM, TaKoe Kak ‘Ut f-8’
uiu ‘bigh'. Ciaexyioias QyHKIINA BHIIIOIHSIET ITIOUCK KOJUPOBKH.

lookup(encoding)

OTbICKMBaeT KOJUPOBKY B peecTpe. B aprymenTe encoding mepemaercs CTpPoKa,
Takad Kak ‘Utf-8'. Eciu nckomas KoOOMPOBKA B peecTpe OTCYTCTBYET, BO3OYIK-
naeTcA WCKJoueHme LookupError. B mpoTuBHOM ciiyuae BO3BpalllaeTcsAd 9K3eM-
naAap ¢ Kjaacca CodecInfo.

IK3eMILIAP ¢ Kiaacca CodecInfo obamaeT cae yOIMMU METOIaAMMU:
c.encode(s [, errors])

DyHKIUI KOTUPOBAHUA, KOTOpasa KOgUpyeT CTPoKy s FOHMKoIa 1 Bo3BpaIaer
KopTesx (bytes, length_consumed). DIeMeHT bytes — 9TO CTPOKA 8-OUTHBIX CUM-
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BOJIOB, UJIM MacCHUB 0aliToB, coaep:Kalllasd KOAUPOBAHHBIE NaHHBLIE. JJIEMEHT
length_consumed — 9TO YMCJIO, OTPasKaIolee KOJNUECTBO CUMBOJIOB B CTPOKE S,
KOTOpbIe OBLIM KOAUPOBaHBI. HeobGA3aTeNbHBIN apryMeHT €//0rS OIpenesseT
TOJIUTUKY 00pabOTKM OITMOOK KOAUPOBAHMIS U II0 YMOJUAHNIO IMeeT 3HAUeHUe
‘strict’.

c.decode(bytes [, errors])

DYyHKIIUA KOOUPOBAHUS, KOTOPas NJeKOOUPYET CTPOKY OaliTOB bytes u BO3Bpa-
miaet Koprex (s, length_consumed). daeMeHT S — aT0 cTpoka FOHukozga, a Iength_
consumed — KOJIMYECTBO OANTOB B aprymMeHTe hytes, KOTOpble ObLIN AeKOAUPOBa-
Hbl. Heo0a3aTeIbHBIN apryMeHT €/ /70r'S OIpeaessaeT MOJUTUKY 00paboTKH OITr-
00K KOAMPOBAHUSA U II0 YMOJUYaHUIO NMeeT 3HaueHue 'strict’.

c.streamreader(bytestream [, errors])

BosBpamaer sk3emmisap KJjacca StreamReader, KOTOPBIA MCIOJIB3YETCA MAJIA
YTeHUA NEeKONMPOBAHHBIX NAHHBIX. B aprymeHTe bytestream nepenaerca 00b-
eKT, IoAAePKUBaIONIUYA nHTepdeiic PaitoB, OTKPHITHIA B JTBOUYHOM DPEKUME.
Heo6a3aTenbHBIN apryMeHT €/10rS OIpeJesiaeT MOJUTUKY 06paboTKU OIuOoOK
KOQWPOBAHUA U 10 YMOJYAHUIO MUMeeT 3HaUeHue 'strict’. OK3eMILIAp r KJac-
ca StreamReader moAmepKUBaET CJIENYIOIIEe HU3KOYPOBHEBBIE OIIEPAIlU BBOJA-
BBIBOJIA:

Metopn Onucanmne

r.read([size [, chars [, firstline]]]) |BoaBpaimaet mocJjenHue chars CAMBOJIOB
IeKOAUPOBAHHOTO TEeKCTa. APTYMEHT 5ize
oIpemessieT MAKCHMAaJIbHOE YKUCJIO 6aiTOB,
KOTOpBIE MOT'YT OBITH TPOYUTAHBI U3 TOTOKA
6aiTOB, U MCIOJIb3YETCA NI YIPABICHUA
BHYTPEHHUM MeXaHU3MOM Oy(depusamun.

B aprymeHTe firstline mepemaetcs duar. Eciau
OH YCTaHOBJIEH, (QPYHKIIA BO3BPAIIIAET IIep-
BYIO CTPOKY TEKCTA, aske ecJiu gaJjiee B (haii-
Jie BOBHUKJIU OIIUOKY TeKOIUPOBAHMIA.

r.readline([size [, keepends]]) BoaBpaiiiaet ofHY CTPOKY JeKOAMPOBAHHOTO
Texcra. Diar keepends onupenessaeT, oK HBI
JIA COXPaHATHCA CHUMBOJIBI 3aBEPIIIEHU CTPO-
KU (110 yMOJTYAHUIO UMeeT 3HAUeHUe [1Ue).

r.readlines([size [, keepends]]) YuraeT Bce CTPOKHU B CIIUCOK.

r.reset() Ounrtaer BEyTpeHHNE O6ydepsl u mHGOpPMA-
I[MIO O COCTOSIHUM O0'BLEKTAa.

c.streamwriter(bytestream [, errors])

Bosspamiaer sxksemmiap kiaacca StreamWriter, KOTOPBIN HCIIONB3YETCA IJIA 3a-
mucu KOAMPOBAHHBIX AAaHHBIX. B aprymenTte bytestream mepemaeTcs O0BEKT,
ToAIeP;KUBAOINMUN MHTEp(Erc (aigoB, OTKPBITHI B ABOMYHOM peEXKHUME.
Heo6s3aTebHBIN apryMeHT e/10rS onpeaessieT MOJUTUKY 00paboTKY OIINO0K
KONUPOBAHUA U [0 YMOJYAHUIO NMeeT 3HaUeHue 'strict’. OK3eMILIAp w KJac-
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ca StreamWriter mogaep:KuBaeT cienyoIe HU3KOYPOBHEBbIE Ollepalluy BBOJIA-

BBIBOZA:
Metox Onucanue
w.write(s) BbeIBOAUT KOOUPOBaHHOE IIPECTABIEHNUE CTPOKH S.
w.writelines(lines) BbIBOAUT CIIMCOK CTPOK 1ines B (hai.
w.reset() OuuriaeT BHyTpeHHUE 0y(epsl 1 MHPOPMAIIUIO O COCTOA-
HUU 00'bEKTA.

c.incrementalencoder([errors])

Boasepataer sksemnaap KJiaacca IncrementalEncoder, KOTOPBIA MOYKET KCIIOJIb-
30BaThCA IJI KOAZUPOBAHUA CTPOK B HECKOJBKO dTamoB. Heo0a3aTeIbHBIN ap-
TYMEHT €//0rs 0 YMOJTUaHUIO UMeeT 3HaueHne 'strict’. OK3eMILIAp e KJacca
IncrementalEncoder obyiamaeT caeqyOMMMYI METOLAMI:

MeTopn Onucanue

e.encode(s [,finall) BosspailmaeT KogupoBaHHOE IIPeICTaBJIeHIE CTPOKH S

B BHUJIe CTPOKU 0aiiTOB. APryMeHT final HOJIKeH yCcTaHaB-
JIUBaThCS B 3HAUEHMeE [rue B IOCJIeJHEM BbI30BE METO[a
encode().

e.reset() Ouuitaer BHyTpeHHUE 0y(Depsl 1 MHOOPMAIUIO O COCTOS-
HUU 00'bEKTA.

c.incrementaldecoder([errors])

Boasspamiaer skzemmisap kiaacca IncrementalDecoder, KOTOPBIT MOYKET MCIOJIB30-
BaThCA IJI5 JeKOAUPOBAHUA CTPOK 0AITOB B HECKOJILKO TarnoB. HeoOsa3aTennb-
HBII apryMeHT e//0rS 10 YMOJYaHUI0 uMeeT 3HaueHue ‘strict’. Oxsemmuap d
KJacca IncrementalDecoder obJiazaeT caeayOIIUMU METOLAM:

Metop, Onucanne

d.decode(bytes [,finall) BosBpaiaeT 1eKOgUPOBAHHYIO CTPOKY, IIPECTABIAIONIYIO
II0CJIe0BaTeIbHOCTD KOAUPOBAHHBIX OAMTOB by tes.
AprymeHT final ZOJIKeH yCTaHABINBATHCA B 3BHAUEHUE
True B mocJeqHeM BbI3oBe MeToza decode().

d.reset() Ouuniiaer BHyTpeHHUE O6y(depsl 1 MHOOPMAIUIO O COCTOA-
HUU 00'bEKTAa.

®dDyHKUNM BBOAA-BbIBOJA

Mopaysis codecs mpeaoCcTaBIsAeT KOJLJIEKIINIO BRICOKOYPOBHEBBIX (DYHKIIUI, IT0-
3BOJISIONINX YIIPOCTUTh PEaJN3aIliIo OIepaIiiii BBOAA-BbIBOAA KOJUPOBAHHOTO
TeKcTa. B 60JIBIIIMHCTBE CAyUYaeB IPOrPAMMUCTHI IPEAIIOUUTAIOT UCIIOIH30BATh
3Tu QYHKIIMY BMECTO HU3KOYPOBHEBOTO MHTepdeiica MOA YA cOdecsS, OITMCAHHO-
TO B IEPBOM paseJie.
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open(filename, mode[, encoding[, errors[, bufferingll]l)

OrkpoIBaeT daity filename B pesxuMe mode 1 o0ecreuynBaeT IIpo3pavHoe KOJUPO-
BaHUE/IEeKOAUPOBaHME TaHHBIX B COOTBETCTBUU C KOAUPOBKOIL, YKa3aHHON B ap-
TyMeHTe encoding. B aprymenTe errors mepenaeTcs OJHO U3 3HaUeHUH: ‘Sstrict’,
‘ignore’, ‘replace’, ‘backslashreplace’ mam ‘xmlcharrefreplace’. Ilo ymomuanmio
UCIIOJIb3yeTcs 3HaUeHue ‘strict’. ApryMmeHT buffering uMmeer TO JKe HagHaUYeHUe,
YTO U OOJHOMMEHHBIN apryMeHT BCcTpoeHHON (yHKIuu open(). HesaBucumo ot
pexxuMa, YKasaHHOTO B apryMeHTe mode, aijl BCerna OTKPHIBAETCA B JBOUY-
HoM pesxume. B Python 3 BmecTo yukIuu codecs.open() MOKHO UCIOJIH30BATh
BCTPOEHHYIO (hyHKITIIO open().

EncodedFile(file, inputenc[, outputenc [, errors]])

Kiace, mpeacraBiAomiuii co60ii 00epTKY BOKPYI' CYIIECTBYIOIIEr0 O0BEKTa
daiima file, BRIMOJHAIINYIO KomupoBaHue. Ilepen 3amuchio B (haita JaHHBIE
cHavaJia MHTEPIPETUPYIOTCA B COOTBETCTBUU C KOTZUPOBKOU inputenc, a 3aTem
3aIMCchIBAlOTCA B (haiijl ¢ MCIOJIb30BAHUEM KOAUPOBKM outputenc. Ilekomupo-
BaHUe JAaHHBIX, IPOYUTAHHBIX 13 (haiijia, BEIIOJHIETCA B COOTBETCTBUM C KO-
IUPOBKOM 1nputenc. Ecau aprymeHT outputenc omyIineH, OH II0 YMOJYAHHUIO II0-
JIydaeT sHaUeHue inputenc. APryMeHT e/rors ©MeeT TO yKe Ha3HaueHue, UTO U B
dbyHKIUY 0pen(), U II0 YMOJYAaHUIO IMeeT 3HadeHue ‘strict’.

iterencode(iterable, encoding [, errors])

DYHKIUA-TEHEPATOp, KOTOpasd MOCIeNOBATEeILHO KOAUPYET BCe CTPOKMU B 005~
eKTe iterable B COOTBETCTBUU C KOAWUPOBKOU encoding. ApPryMeHT errors 1o
YMOJIUaHUIO MMeeT 3HaueHue 'strict’.

iterdecode(iterable, encoding [, errors])

DyHKIUA-TeHePaToP, KOTopas II0CJIeq0BaTeIbHO JeKOAUPYeT BCe CTPOKU Oaii-
TOB B 00beKTe iterable B COOTBETCTBUU C KOAUPOBKOU encoding. ApryMeHT er-
rors 1Mo yMOJTYaHUIO UMeeT 3HaueHue ‘strict’.

NMone3Hble KOHCTAHTbI

Mopgyis codecs ompenesnsaeT cienyiolire KOHCTaAHThI MapKepoB MOPSAAKAa CJIeI0-
BaHUA 0aliTOB, KOTOPhIE MOTI'YT HCIIOJH30BAThCSA KAaK BCIIOMOTaTeJbHOE CPe[-
CTBO B MHTepIperanuu GaiaoB, KOraa KOJUPOBKA JaHHBIX 3apaHee He U3BeCT-
Ha. MHOTIA 9TH MapKephl 3aIIUCHIBAIOTCA B HauaJo (daiiia, 4To6bl 0603HAUUTH
KOAUPOBKY CMBOJIOB, I MOI'YyT CII0JIb30BATHC IJIA BHIOOPA COOTBETCTBYIOIIIEI
KOIUPOBKU.

Koncranra Onucanne

BOM Tlopsimok ciemoBaHUs OANITOB ONIPENEISIeTCs allapaTHON
apxuTeKTypoii (BOM_BE mam BOM_LE)

BOM_BE Mapxkep npsimoro (big-endian) nmopsifka ciegoBanus 6aiiToB
("\xfe\xff")

BOM_LE Mapxep o6paruoro (little-endian) mopsizka ciegoBanusa

oairos (‘\xff\xfe")

BOM_UTF8 Mapxkep xkopuposru UTF-8 (‘\xef\xbb\xbf")
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Koucranra

Onucauune

BOM_UTF16_BE

BOM_UTF16_LE

BOM_UTF32_BE

BOM_UTF32_LE

Mapxep npsmoro (big-endian) mopsigka ciemgoBanus 6aiToOB
B 16-6uroBoii kogqupoBke UTF-16 (‘\xfe\xff')

Mapxkep o6paruoro (little-endian) mopsaaka ciaegoBaums
6aiiToB B 16-6uToBoit kogqupoBke UTF-16 (‘\xfe\xff")

Mapxep npsamoro (big-endian) mopsigka ciegoBanus 6aiTOB
B 32-6uroBoii KogupoBke UTF-32 (‘\x00\x00\xfe\xff")

Mapxkep o6parnoro (little-endian) mopsigka ciegoBanus Gaii-
TOB B 32-6uTtoBoit kogupoBKe UTF-32 (‘\xff\xfe\x00\x00")

CraHpa PTHbl€ KOOANPOBKA

Hwuxe mpuBoguTCAa CIMCOK HEKOTOPHIX M3 HamnboJiee YacTO UCIIOJIb3yeMbIX KO-
IVPOBOK CUMBOJIOB. VIMeHAa KOAMPOBOK IPUBOAATCA B TOM BUJE, B KAKOM OHU
mepemaTcsa PYHKIUAM, TAaKUM Kak open() uam 1lookup(). IIomHBI# CITUCOK MOMK-
HO HaUTHU B BJIEKTPOHHOI JOKYMEHTAIMU C OIUCAHUEM MoAayasd codecs (http://
docs.python.org/library/codecs).

HassaHue KogupoOBKH

Onucanmne

ascii
cp437
cpl1252
latin-1, 1s0-8859-1

7-6urHasa koxupoka ASCII
Pacmiupennsbiit Habop cumBoaoB ASCII uz MS-DOS
Pacmimpennsrit Ha6op cumBosoB ASCII us Windows

Ha6op ASCII, nomosiHeHHBIN cuMBoJIaMu 13 Habopa Latin

utf-16 UTF-16
utf-16-be UTF-16 c npaAMBIM IOPAAKOM CJI€JOBAHUSA 0ATOB
utf-16-le UTF-16 c 06paTHBEIM IOPSAAKOM CJIEJOBAHUS OANITOB
utf-32 UTF-32
utf-32-be UTF-32 ¢c npAMBIM IOPALKOM CJIeLOBaHUA 6aiTOB
utf-32-1e UTF-32 c 06paTHBIM IOPSAAKOM CJIeJOBaHUS OaHiTOB
utf-8 UTF-8

MpumeyaHusa

e JloIOJTHUTENBLHBIE CBEIEHUA 00 UCIOJIb30BaHUU MOAYJIA COJeCS IPUBOAATCS
B UiaBe 9 «BBOJ 1 BBIBO.

e Hudopmamnuio o ToOM, KaK CO3/JaBaTh HOBbIE KOZUPOBKY CHMBOJIOB, MOXKHO
HaWTH B 9JIEKTPOHHOMA JOKYMEHTAI[UH.

e Ocoboe BHUMaHUe TpebdyeTcs yAeJaAThL BXOTHBIM apryMeHTaM OIlepalliii en-
code() u decode(). Bcem omepamusam encode() JOJKHBI IepefaBaTbCA CTPOKU
IOnukona, a Bcem omepanuam decode() — crpoxku 6aiitos. B Python 2 aro
TpeboBaHMe cobJII0maeTca He TaK CTPOoro, Ho B Python 3 pasmuuus mexay
THUIIAMU CTPOK UMEIOT CyIllecTBeHHOoe 3HaueHue. Hanpumep, B Python 2 nme-
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I0TCSI KOJUPOBKHU, KOTOPbIE 0TOOPAKAalOT CTPOKU 0AMTOB B CTPOKU 0aiiTOB
(manpumep, KogupoBKa «bz2»). Oum HegocTymHbI B Python 38 u moromy me
JOJI?KHBI UCIIOJIB30BATHC, €CJIU Bbl YUUTHIBAETE 3a/[a4y COBMECTUMOCTH.

Mopynb re

Mopyib re mcmosab3yeTcs JJisl BBIIIOJHEHUS OIepaI[uil COIIOCTABJIEHU C I1ab-
JIOHAMU PETyJIAPHBIX BBIPAKEHUN U 3aMeHbI ()parMeHTOB cTPOK. Moayib mos-
JIep:KUBaeT omnepanuu Kak co crpokamMu FOHUKoOIa, TaK 1 CO CTPOKaMu 6aiToB.
IITa610HBI PEryJISAPHBIX BRIPAYKEHU ONIPEIeIAI0TCA KaK CTPOKH, COCTOAIIIE 13
CMeCH TEeKCTA U IIOCJIeJOBATEJILHOCTEH CIIeIMalbHLIX CMMBOJIOB. B mabmoHax
YACTO HUCHOJIb3YIOTCA CIEI[MAJbHbIE CHMBOJIBI M CHMBOJI OOPATHOI'O CJIINA, II0-
9TOMY OHU OOBIYHO 0)OPMIIAIOTCS, KAK «ChIPbIe» CTPOKH, TaKMHe KaK I’ (?7P<int>\
d+)\.(\d+)'. B ocrasieiica uacTu 3TOro pas/esa Bce ITa0JIOHBI PEryJIAPHBIX BbI-
paskeHu Oy T 3aIIMChIBATHCS C UCIIOJIb30BAHUEM CUHTAKCHCA «ChIPBIX» CTPOK.

CUHTaKCUC LmabrioHoB

Hwuke MpUBOAUTCS CIUCOK IIOCJIEA0BATEIHLHOCTEH CIIeIMaTbHBIX CHMBOJIOB, KO-
TOPBIE UCIIOJIb3YIOTCA B MIA0JIOHAX PETYIAPHBIX BHIPAYKEHU:

CumBo(b1)

Onucaunue

text

<

+7?

??

{m}

{m, n}

CooTBeTCTBYET CTPOKE text.

CooTBeTCTBYeT JI000MY CUMBOJY, KDOME CMBOJIA IIEPEBO/IA
CTPOKH.

CooTBeTCTBYeT IO3UITUY Hauasia CTPOKU.
CoOTBeTCTBYEeT HO3UIIUY KOHIIA CTPOKH.

Houb niiu 60Jiee MOBTOPEHUH IIPEAIIIECTBYIOIEro BhIPAKeHUS;
COOTBETCTBYET MaKCUMaJIbHO BOZMOKHOMY UKCJIY IIOBTOPEHU .

OnHO nau 60Jee IOBTOPEHUI IPE/IIIeCTBYIOIEr0 BEIPAYKEeHU ;
COOTBETCTBYET MaKCHMaJIbHO BO3MOYKHOMY UHUCJIY IOBTOPEHUIA.

Hounrw nnu ogHO moBTOPEeHNE IPEAIIECTBYIONIETO BEIPAKEHU .

Houxab nunu 6oee HOBTOpeHI/Iﬁ IIpeanIeCTBYIOIIEro BbIPpaXKeHnud;
COOTBETCTBYET MUHHUMAJIbHO BOSMOXXHOMY YUCJTY HOBTOpeHHﬁ.

Opuo uan 60Jiee MOBTOPEHUH IIPEIIEeCTBYIOIIEr0 BEIPAYKECHIT;
COOTBETCTBYET MUHUMAJIBLHO BO3MOKHOMY YKMCJIY IIOBTOPEHMIA.

Houab nunu OZTHO IIOBTOPEHUE IIPEAIIECTBYIOIIEr0 BEIPAMXKEeHU A,
COOTBETCTBYET MUHHUMAaJIbHO BOSMOXHOMY UHUCJIY HOBTOpeHHfI.

CoOTBETCTBYET TOUHO /) HOBTOPEHUSAM IPEAIIECTBYIOIETO BhI-
paskeHUsd.

CoOTBETCTBYET OT /1 10 /1 IOBTOPEHU IIPEAIIeCTBYIOIIEro BbIpa-
sxeHus. Eciu apryMeHT /1 OnyIeH, OH IPUHUMAETCS PABHBIM

0. Ecsiz aprymeHT n ony1iieH, OH IPDUHUMAETCS PABHBIM Oec-
KOHEUYHOCTH.
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CumBo(b1)

Onucaunune

{m, n}?

L..]

(?ailmsux)

(?P<name>...)

(?P=name...)

(°#...)

(?=..)

(?1..0)

(7<=...)

OT m DO N IOBTOPEHUH IPEAIIIeCTBYIOIEr0 BEIPAKEHU; COOT-
BETCTBYET MUHUMAJIbHO BO3MOXKHOMY UMCJIY IIOBTOPEHUMA.

CoOTBeTCTBYET JII000MY CUMBOJIY, IPUCYTCTBYIOIEMY B MHO-
JKecTBe, TaKOM Kak r'[abcdef] mam r'[a-zA-z]'. CenuajbHbIe
CHUMBOJIBI, TAKNE KaK *, yTPAYMBAIOT CBOE CIIeIIaJIbHOE 3HAUe-
HUe BHYTPU MHOKECTBA.

CooTBeTCTBYeT JII000MY CHMBOJIY, He IIPUCYTCTBYIOIIEMY
B MHO’KeCTBe, TAaKOM Kak r'["0-9]".

CooTrBercTByeT b0 A, 1160 B, e A u B ABIAIOTCA PEryJIapHbI-
MU BBIDAKEHUAMU.

ITogcTpoKa, COOTBETCTBYIONIAS PErYASIPHOMY BBIPAKEHUIO

B KPYIVIBIX CKOOKaX, MHTEPIPETUPYETCS KaK IPyIIIa U coxpa-
asercs. ComepKnMoe IPYIIIbl MOXKET ObITH IIOJYYEHO € IIOMO-
mbio Metoza group() oobekToB Kaacca MatchObject, koTopsre

BO3BpAIIIAIOTCSA Olepalieil MONCKa COBIAEeHUMA.

TRt

CumBoasl “a”, “1”, “L", “n”, “s”, “u” 1 “Xx” UHTEePIPETUPYIOTC
Kak (iaru, coorBeTcTByIoIue haaram re. A, re.I, re.L, re.M,
re.S, re.U, re.X, KoTopble IepenaTcA MeTony re.compile().
®jar “a” gocryieH ToabKo B Python 3.

CoOTBETCTBYET PEryasipHOMY BBIPAYKEHUIO B KPYTJIBIX CKOO-
KaXx, HO COBIIABINAs IIOACTPOKA He COXPAHAETCH.

ITomcTpoka, COOTBETCTBYIOIAA PETYIAPHOMY BhIPAKEHUIO
B KPYIVIBIX CKOOKAaX, NHTEPIPETHUPYETCA KaK UMeHOBaHHA A
rpyumna ¢ umeseM name. UMs rpynnbl JOJIKHO OBITH JOIYCTH-
MbIM ugeHTUUKaTopoM Python.

CoOTBETCTBYET TOMY TEKCTY, KOTOPBII paHee yiKe COBIIAJI
C IMEHOBAaHHOM I'PYIIO name.

KommenTapuii. Comep:Kumoe B KPYIVIBIX CKOOKAaX UTHOPUPY-
ercs.

CoOTBETCTBYET IPEJIIECTBYIOIEMY BIPAXKEHUIO, TOJIHKO
ecJIu BeJie]] 3a HUM OOHAPYIKMBAETCs COBITaJeHNE C I1a0JI0-
HOM B KPYTJIBIX CKOOKax. Hampumep, Beipaskernue r'Hello
(?=World)’ coBmajmeT c MOACTPOKOIT ‘Hello ‘, TOMBKO ecau 3a Hell
OyZIer ciefoBaTh HOACTPOKa ‘World'.

CoOTBETCTBYET IPEIIECTBYIOIEMY BHIPAYKEHUIO, TOJHKO €CJIN
BCJIEJ 38 HUM OTCYTCTBYET COBIIaJeHNE C II1a0JI0HOM B KPYTJIBIX
ckoOkax. Hampumep, BeipaskeHnue r'Hello (?!World)’ coBmazer
C IIOJCTPOKOM ‘Hello ‘ , TOMBKO ecJiu 3a Hell He OyIeT caeno-
BaTh MoACTPoOKa ‘World'.

CoOTBeTCTBYET CIAEAYIOINEMY BhIPAKEHUIO, TOJIBKO €CJIU Iepes
HUM 00HAPYKUBAETCS COBIAEHNE C Ia0JIOHOM B KPYTJIBIX
ckoOkax. Hampumep, Beipaskenue r' (?<=abc)def’ coBmazmer

¢ TIOJICTPOKOM ‘def’, TOIBKO ecyiu eif OyIeT IpenecTBOBaTh
HOACTPOKA ‘abc’.
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(npodoncerue)
CumBoJ(b1) Onucanne
(<1 CoOoTBeTCTBYET CJIeLYIOIEMY BEIPAKEHIIO, TOJBKO CJIH [Iepes

(?(id|name)ypat|npat)

HUM OTCYTCTBYET COBIAJEHUE C II1a0JIOHOM B KPYIJIBIX CKOO-
kKax. Hampuwmep, Beipaskenue r' (?<!abc)def’ coBmamer ¢ moz-
CTPOKO# ‘def’, TOJIBLKO ecau eif He OyZeT mpeAIecTBOBATD IO-
CTpoOKa ‘abc’.

IIpoBepser, cyIecTByeT JU I'PYIIIA PETYIAPHOIO BEIPAIKEHUA
C YKCJIOBBIM HJeHTU(GUKATOPOM 1d My ¢ muMeHeM nane. Ecan
Takad IpyIia CyIiecTByeT, OIIPefessaeTCsa COOTBETCTBIE Pery-
JISIPHOMY BBIpasKeHUIo ypat. B mpoTuBHOM ciiyuae onpezesseT-
CSA COOTBETCTBUE HEO0A3ATEJIBHOMY PETYIAPHOMY BBIPAKEHUIO
npat. Hanpumep, Beipaskernue r' (Hello)?(?(1) World|Howdy) coB-
mazet co crpokoit ‘Hello World’ usu co ctpoxoii ‘Howdy'.

CranmapTHbIE Y9KPaHUPOBAHHLIE IIOCJIEI0BATEJILHOCTH, TaKKe Kak ‘\n' m ‘\t’,
TOYHO TaK K€ MHTEPIPETUPYIOTCA U B PEryIsSPHBIX BHIPAKEHUAX (HAIpUMeED,
BBIpasKEHUIO ' \N+ GyZeT COOTBETCTBOBATH OMMH MU 60Jiee CMMBOJIOB IIEpeBOia
ctpoku). Kpome Toro, iurepaJsibl CHMBOJIOB, KOTOPbIe B PETYISPHBIX BbBIpaske-
HUAX UMEIOT CllellnaibHOe 3HAUeHe, MOKHO YKa3bIBAaTh, IIPEIBAPASI UX CUMBO-
Jiom obparHoro cJisina. Hanpumep, BEIpaskKeHUIO ' \*' COOTBETCTBYET CHIMBOJI *.
JTOTIOTHUTENIBHO PAJN S9KPAHUPOBAHHBIX IIOCJIEI0BATEIHLHOCTEl, HaUMHAOI[UX-
Cs1 CHMBOJIOM O0PATHOI'O CJIAINA, COOTBETCTBYIOT CIIEI[UAIbHBIM CUMBOJIAM:

CumBo(b1) Onucanne

\uucno CooTBeTcTByeT )parMeHTy TeKCTa, COBIABIIEMY C I'PYIIIOMR
C YKasaHHBIM HOMepoMm. I'pynnsr Hymepyiores ot 1 mo 99, ciaesa
HaIpaso.

\A CoOTBETCTBYET TOJILKO HAYATY CTPOKU.

\b CoOTBeTCTBYET IIYCTO! CTPOKE B IIO3UIINY HAUAJIA I KOHIIA
cJsioBa. Iloj ca060m mogpasyMeBaeTcs MOCJIe0BATEIHbHOCTD
asndaBuUTHO-I[UGPOBBIX CHMBOJIOB, 3aBepIIaoiasacsa Ipodeinb-
HBIM WJIN JIIOOBIM JPYTUM He aJihaBUTHO-IIU(PPOBLIM CIMBOJIOM.

\B CoOTBETCTBYET IIYCTOM CTPOKE HE B MIO3UI[MU HAYAJIA WU KOH-
1ma cJjosa.

\d CooTtseTcTByeT Jn1000# fecaruunoit mudpe. To e, 4TO U BBI-
paxxenue r'[0-9]".

\D CooTrBercTByeT J11000My HerudppoBomMy cuMBoJy. To 2Ke, 4TO
u BbIpaskenwue r'["0-9]".

\s CooTBeTcTByeT JT060My IpobesbHOMY cuMBoIy. To ke, UTo
u BeIpaskenue r' [\L\n\r\f\v]'.

\S CooTBeTrcTByeT J000My HermpobenabHOMY cuMBOJy. To sKe, uTo
u BeIpaskerue r'[“\t\n\r\f\v]'.

\w CoorsercTByer J000My a1haBUTHO-IU(DPOBOMY CHMBOJIY.
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CumBo(b1) Onucanne

\W CooTBeTCTBYyeT JI000MY CUMBOJIY, HE OTHOCAIIEMYCS K MHOMKe-
CTBY \W.

\Z CoOTBETCTBYET TOJIBKO KOHILY CTPOKH.

\\ CooTBeTCTBYeT cCaMOMY CEIMBOJIY OOPaTHOI'O CJIAIIIA.

Crernuaabable cUMBOJIEI \d, \D, \S, \S, \w 1 \W “HTepIpeTupPyTCI nHaUe IIPU CO-
nocrasyeHnu co crpokamu IOHMKoma. B tanHOM ciiydae OHE COBIALAIOT CO BCe-
mu cuMmBojaamMu FOHMKOZA, COOTBETCTBYIOI[MMM OINMCAHHBIM cBoicTBam. Ha-
npumep, \d coBIazaer co Bcemu cumBosiamu FOHMKOIa, KOTOPEIe KJIaCCU(PUITy-
pyIOTCA Kak MUPPLI, 6yAb TO eBpOIelicKre, apadCKue NI NHAUNACKNE (P,
KaikJble N3 KOTOPLIX 3aHUMAIOT Pa3JInyYHble JUalasoHbl cuMBoJI0B IOHMKOmA.

DyHKLUN

Hwxe nepeuniciiensl QyHKIIUYT, KOTOPBIE UCIIOJIb3YIOTCS IJIsI BBIIIOJIHEHUA OIle-
paIuii COoCTaBJIEHUS C MIa0JIOHOM U 3aMEHbI:

compile(str [, flags])

Komnunupyer cTpoKy ¢ I1abJI0HOM PeryJaspHOrO BBIPAYKEHUS U CO3LAaeT 00b-
KT PeryJisapHOTo BbIPaKeHusA. OTOT 00bEKT MOJKET IepeaBaThCs B apryMeHTe
pattern BceM (DYHKIIMAM, OIMCHIBAEMBIM HUKe. [laHHBIN 00HEKT TaKIKe IPeo-
CTaBJIAET PAJ METOI0B, KOTOPhIE OMMUCHIBAIOTCA UYTh HUKe. B aprymenTe f1ags
mepemaercs OMTHAS MacKa CJIeAYIOIINX (paros, 00'beJMHEHHBIX OMTOBOM OIle-

pamueit UJIN:

daar Onucanme

A wmmm ASCTT CormocraBjieHE BBIIIOJIHAETCS TOJIBKO € 8-0UTHBIMHU CUMBOJIA-
mu ASCII (tossko B Python 3).

T nm IGNORECASE CormocraBiieHE BBITIOJIHAETCA 0€3 yUueTa perucTpa CUMBOJIOB.

L mam LOCALE IIpu comocTaB/ieHUH CO CIEIIUAIBLHBIMU cUMBoOJIaMu \W, \W, \D
u \B MCIOJIB3YIOTCS PEeruoHaJIbHbIE HACTPOUKH.

M ot MULTILINE OGecmeunBaeT COBIIaieHNe CUMBOJIOB ~ U $ ¢ HAUaJIOM U KOH-
IIOM Ka’K Ol CTPOKU B TEKCTe, IOMIMO HayaJja U KOHIIa CAMOTO
Texcra. (OOBIYHO CUMBOJIBI ~ U $ COBIAZAIOT TOJBKO C HAYAJIOM
¥ KOHIIOM BCEro TeKCTa.)

S mam DOTALL O6GeceunBaeT COBIAJeHIe CUMBOJIA TOUKH (.) CO BCEMU CHM-
BOJIAMH, BKJIIOUASI CHUMBOJI IIePEBO/ia CTPOKH.

U manm UNICODE IIpu conmocraByienuu ¢ cumBoaamu \w, \W, \b u \B ucmosssyercsa
uHopMaIusa u3 6a3bl JAHHBIX 0 CBOMCTBaX cuMBOJIOB. (Toib-
ko B Python 2. B Python 3 IOruKO/ cnosbs3yeTcs oo yMmoarda-
HUIO.)

X mau VERBOSE Uraopupyer HesKpaHUPOBaHHBIE TPOGEIHLHBIE CHMBOJIBI
U KOMMEHTapUH B CTPOKe I11a0JI0HA.
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escape(string)

BosBparaeT cTpoKy, B KOTOPOil Bce He aadaBUTHO-IIM(POBbIE CUMBOJIBI dKPa-
HUPOBaHBI CHUMBOJIOM 0OGPATHOTO CJISIIA.

findall(pattern, string [,flags])

BosspaimaeT comcok BcexX HeNepPeKpPHIBAIOIIUXCSA COBIAMNEHUII C IMa0JIOHOM
pattern B CTPOKe String, BKJIOUAS MyCThIe COBIaAeHuA. Ecau maboH mmeeTr
Tpynnbl, BO3BpalllaeT CINCOK ()parMeHTOB TEKCTa, COBIABIIUX C I'PYIIIaMMU.
Ecuu B 1mma6ioue mprucyTCTBYeT 0ojiee OLHOM IPYIIIbI, KaK bl 2JIEMEHT B CITU-
cKe OyIeT IIpeJCcTaBJeH KOPTEKEeM, COAEPs;KAaIllUM TEeKCT M3 KaiKIOW I'PYIIIIHI.
AprymeHT flags mmMeeT TO JKe Ha3HaueHue, YTo U B pyHKITUU compile().

finditer(pattern, string, [, flags])

To ke, uTo u pynknua findall(), HO BMeCTO CIHCKA BO3BpAIIlaeT UTEPATOP.
JaHHBIN UTEPATOP BOCIIPOM3BOAUT 3JIeMeHThI Tuiia MatchObject.

match(pattern, string [, flagsl)

IIpoBepseTr Hammume cOBIAZEHUA C IITa0JOHOM pattern B HadaJje CTPOKU String.
B caiyuae ycmexa BosBparaer o6beKkT Tuna MatchObject, B mpoTuBHOM ciryuae
BO3Bpataercsa None. AprymeHT flags nUMeeT TO JKe Ha3HaueHWe, UTO U B (PYyHK-
muu compile().

search(pattern, string [, flags])

OTBICKUBAET B CTPOKE String mepBoe COBHIAajeHue ¢ ImabyioHoM pattern. Apry-
MeHT flags MMeeT TO Ke HasHaueHHUe, UTO U B QPyHKIumM compile(). B cayuae
ycmexa Bo3BpallfaeT o0beKT Tuma MatchObject; ecou coBmameHuU# He HaAlIeHO,
BO3Bpalraercd None.

split(pattern, string [, maxsplit = 0])

PasbuBaer cTpoky string mo coBmajaeHuAM c I1abjgoHoM pattern. Bosepaiiaer
CIIMCOK CTPOK, BKJIIOUAS TEKCT, COBIABIIUH C IPyNIaMU, IPUCYTCTBYOITUMU
B mabsone. B aprymenTe maxsplit mepegaeTcsa MaKCUMaJbHOE KOJTUYECTBO BHI-
MOJIHAEMBIX pasbuenuii. 1o yMOJIYaHUIO BBIMOJIHAIOTCSA BCe BO3SMOYKHBIE pas-
oueHuA.

sub(pattern, repl, string [, count = 0])

3amelraeT TEeKCTOM repl camble IIepBble HENepPeKPbIBAIOIINECS COBIIAIeHUS
¢ mabJI0HOM pattern B CTPOKe String. ApryMeHT repl MOMKeT ObITh CTPOKOM MJIN
dyuknueii. Ecau B aToM apryMeHTe mepenaeTcsa QYHKINA, IPH BbBI30BE el Oy-
IeT mepemaBaThcsa 00beKT Tuma MatchObject, u oHa HOJIKHAa BO3BpAIllaTh CTPO-
Ky 3aMmeHBI. KEciu B aprymeHTe repl mepefaeTcsi CTPOKA, B HEHW JAONYCKAETCSA
WCIIOJIL30BAaTh O0OpPaTHbIE CCHIJIKK HA I'PYINHI B m1abJyoHe, Takue Kak ‘\6'. [iasa
CCBLIIKY Ha MMEHOBAHHBIE I'PYIIIIBI MOYKHO HCIIOJIB30BATh MOCJIEIOBATEIBHOCTD
‘\g<name>'. ApryMeHT count ompeessieT MaKCUMaJIbHOE KOJIUYECTBO MOACTAHO-
BOK. [Io ymosuaHmMio 3aMeNnIaloTCs Bee HaliileHHbIe COBIaAeHUuA. OTU QYHKIIUNT
He IPUHUMAIOT apTyMeHT flags, Kak QyHKIuA compile(), TeM He MeHee aHAJIO-
IUYHOro s(p(peKTa MOIKHO HOOUTHCHA, BOCIIOJbB30BABIINCE HOTAmuen (?ilmsux),
OMMCAHHOU BBIIIE B 3TOM pasjelie.
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subn(pattern, repl, string [, count = 0])

To ke, uTo u sub(), HO BO3BpPAII[aeT KOPTEK, COAEPIKAIIUI HOBYIO CTPOKY U KO-
JINYECTBO BBLIIIOJHEHHBIX IIOJCTAHOBOK.

OGbLEKTbI perynspHbIX BbipaXkeHnM

O0BEeKT CKOMIMJIMPOBAHHOTO PEryJIAPHOTO BhIPAYKEHUs /, KOTOPBIHA co3maeTcs
dyuKIrei compile(), odaamaeT CaeqyOIUMYI aTPUOyTaMI 1 METOLAMMH:

r.flags

3HaueHune apryMmenTa 1ags, ¢ KOTOPbIM ObIJI CKOMITMJIMPOBAH 00BEKT Perysap-
HOTO BbIpaKeHus, niau 0, eciu HU OgUH 13 (PIaros He OBLI YKas3aH.

r.groupindex

CioBapb, 0TOGPAKAIOIUI CUMBOJINYECKIE NMeHa I'PYIII, OIpPeneIdeMbIX KakK
r’(?P<id>)’, B HOpALKOBBIe HOMepa I'PyIIIl.

r.pattern

Crpoxka 11abJ/ioHa, U3 KOTOPOH GBI CKOMIUJINPOBAH O0BEKT PEryJISAPHOTO BHI-
pasKeHuUs.

r.findall(string [, pos [, endpos]])

Jror mMeTon uaeHTuueH Gyuruuu findall(). B aprymeHTax pos u endpos mepe-
JMal0TCA HavyaJIbHAA 1 KOHeUHAasd IMO3UILUA IIOUCKA.

r.finditer(string [, pos [, endpos]l])

AroT Mmeron uxenTuueH Gyukmuu finditer(). B aprymenrax pos u endpos mepe-
JNaloTCcA Havya/IbHAA M KOHEYHAdA IMO3UIIUY ITIOMCKA.

r.match(string [, pos] [, endpos])

IIpoBepseT Hamuuue cOBIIaJeHUA C ITa0JIOHOM pattern B CTPoOKe Sstring. B ap-
TYMEHTaX p0S M endpos nepefaoTcd HauaJlbHaA U KOHEeUHAsd IMMO3UIIUU IIONCKA.
B cayuae ycmexa BoaBparlaer o0beKT Tuma MatchObject, B MPOTUBHOM CJIydae
BO3BpaIlaercda None.

r.search(string [, pos] [, endpos])

OTpICKHBaAET B CTPOKe String mepBoe coBIIaJeHue ¢ mabsonom pattern. B apry-
MEHTax pos WU endpos nepefaroTCsa HavaJIbHAsA U KOHeUYHAas IIO3UIMYU IIOMCKA.
B ciyuae ycmexa BosBpamiaeT o0beKT Tna MatchObject; ecam coBmajeHuit He
HalizeHo, Bo3Bpatiaetcs None.

r.split(string [, maxsplit = 0])

ATOT MeTOn UAeHTUYeH QyHKIuu split().
r.sub(repl, string [, count = 0])

ATOT MeTon uAeHTUYeH GYHKIUY Sub().
r.subn(repl, string [, count = 0])

IToT MeTo uAeHTHYeH QYHKIIHU subn().
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O6bekTbl MatchObject

OK3eMIIAPbI KJIacca MatchObject BosBparmaoTea GyHkIuamu search() mmatch()
U cogep:xar nHGOPMAIUIO O IPYIIIAX, 4 TAKKEe O MO3UIUAX HAlJeHHbIX COBIIA-
IeHui. JK3eMILIAP M KJaacca MatchObject oGyiamaeT CaemymOIIMMU MeTOXAMIK
u aTpudyTamu:

m.expand(template)

BoasBpaimaer cTpory, MOJyUeHHYIO 3aMeHOI COBIIABIINX (DPAarMEeHTOB SKPAHU’-
POBaHHBIMHU IIOCJIEIOBATEIBHOCTAMU B CTPOKe template. OOpaTHBIE CCHIIKU, Ta-
Kue Kak “\1” u “\2", ¥ “”MeHOBaHHbBIE CCRIJIKM, TaKMe KaK “\g<n>" m “\g<name>",
3aMeIaloTCA COAEPIKUMBIM COOTBETCTBYIOIMUX rpymni. O6patute BHUMaHUE,
YTO STU II0CJIEI0BATEJIbHOCTU HOJYKHBI OBITH O(DOPMJIEHBI KaK «ChIPBIE» CTPO-
KU WU C JOIOJHUTEIbHBIM CHMBOJIOM 00paTHOIO CJISIA, HAITpuMep: '\ uin
“\17.

m.group([groupl, group2, ...]1)

Boasepataer oguy niu 6oJiee IOATPYIIN B COBNAAeHUN. APryMeHTBI OIIpee -
0T HOMepa I'PYyIN UJIW WX UMeHa. KEciu uMsa rpynnsl He 3aJaHO, BO3BpallaeT-
cs coBIaieHue meankoM. Eciu ykasaHa TOJBKO OOHA T'PYIIIa, BO3BPAIaeTCs
CTPOKA, colep:Kaliias TeKCT, COBIIaBIINI ¢ TPYNNOii. B mMpoTuBHOM cJirydyae BO3-
BpalaeTcsa KOPTeXK, COAePKaIlluil COBIAIeHN s CO BCeMU YKa3aHHBIMHU I'PyIITIa-
mu. Eciiu Gb1710 3aIIPOIIIEHO COMEePIKUMOE I'PYIIIIEI C HEAONYCTUMbBIM UMEeHEeM UJIN
HOMEepOM, BO30y KIaeT ucKJIouernue IndexError.

m.groups([default])

BosBpaimaeT KopTesK, cofepKaIuii COBMaeHns CO BCEMU I'PyIIaMu B I1abJro-
He. B aprymente default yKasbiBaeTcs 3HAUE€HUE, BO3BpalllaeMoe AJs IPYIII, He
y4acTBOBABIIUX B COBIAAeHNH (II0 YMOJTUYAHUIO UMeeT 3HaueHue None).

m.groupdict([default])

BosspairaeT caoBapb, CofepIKaIliii COBIIAACHNSA C MMEHOBAHHBIMU I'PYIIIIaMIH.
B aprymenTe default yrkaswiBaeTcs 3HAUeHMe, BO3BpalllaemMoe IJis T'PYII, He
YYacTBOBABIIIUX B COIIOCTABJIEHNH (II0 YMOJTUAaHUIO nMeeT 3HaueHue None).

m.start([groupl)
m.end([group])

ITu aBa MeTO/ia BO3BPAIIAIOT WHIEKCHI HayaJjia M KOHIA COBIIA/IEHUA C IPYIIION
B cTpoKe. Ecyii apryMeHT group onyIreH, BO3BPAIaIOTCA ITOBUIINY BCETO COBIIA-
nennd. Ecim rpynmna cyimecTByeT, HO He y4acTBOBaJa B COIIOCTABJIEHUU, BO3-
Bpamtaerca None.

m.span([groupl)

Bosspaimaer KopTesk M3 ABYX 3JaeMeHTOB (m.start(group), m.end(group)). Ecan
COBHIAJIEHUI € TPYINON group He OBLIO OOHAPY!KEHO, BO3BPAII[aeTCA KOPTEXK
(None, None). Ecoiz aprymeHT group OmyIieH, BO3BpAIlalOTCsa MO3UITNY HaUyaJsa
¥ KOHIIA BCETO COBIAIEHUA.

m.pos

3HaueHue apryMeHTa pos, epegannoe metony search() uaum match().
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m.endpos
3HaueHUe apryMeHTa endpos, nepeganaoe Mmetony search() mium match().
m.lastindex

YucioBoI MHAEKC IOCJIeAHEell COBIIaBIIel rpynnsl. Eciiu HU oHA IpyIIa He Co-
BIIaJIa UJIU B I1a6JIOHE HET HU OHOI IPYIIIBI, BO3BpAaIiaeTcs None uau B 11abJio-
He HeT HU OAHOU I'PYNIIIHL.

m.lastgroup

Wwmsa mocnmenmeit coBmasiieil rpynnbl. Kcr Hu ofHA Tpyna He COBIIAjia WJIN
B 11a0JI0HE HET HU OJJHOU I'PYIIIbI, Bo3BpaIaercs None.

m.re

OOBEKT pPeryJsapHOro BbIPasKeHUsd, YbUM MeTomoMm match() mum search() OBLI
Cco3IaH JaHHBIA 9K3EeMILIAP KJyacca MatchObject.

m.string

Crpoka, nepenamnuas meroxy match() mam search().

Mpumep

Cuenyromuii IpuMep AeMOHCTPUPYET CIIOCOOBI UCIIOJB30BAHUSA MOAYJISA I'e I
MIOVCKA, U3BJICUCHUS U 3aMeHbI (DPAarMeHTOB TEKCTA B CTPOKE.

import re
text = “Guido will be out of the office from 12/15/2012 - 1/3/2013.”

# WabnoH perynapHoOro BhpaxeHus Ana noucka aat
datepat = re.compile(‘ (\d+)/(\d+)/(\d+)")

# HaiTn u BbHBECTM BCe [aThl
for m in datepat.finditer(text):
print(m.group())

# OTbickaTb BCE [aThl W BHBECTM MX B APYroM opmaTte
monthnames = [None,'Jan’, Feb’, Mar’, Apr’, 'May’, Jun’,
“Jul’, "Aug’,'Sep’, Oct’, 'Nov', Dec’]
for m in datepat.finditer(text):
print (“%s %s, %s” % (monthnames[int(m.group(1)], m.group(2), m.group(3)))

# 3aMeHMTb BCE [JAThl WX 3HA4YeHUAMY B €BPOMenckoM GopmaTe (AeHb/Mecau/ron)
def fix_date(m):

return “%s/%s/%s” % (m.group(2),m.group(1),m.group(3))
newtext = datepat.sub(fix_date, text)

# AnbTepHATWBHLIA CNOCOO 3ameHsl
newtext = datepat.sub(r'\2/\1/\3", text)
NMpumeyvaHus

o Tlompo6Hoe omrcaHWe TEOPUHU U Peau3alluu MOAAePKKU PETYIAPHBIX BBI-
PakeHn MOKHO HANTU B yUeOHUKAX II0 YCTPONCTBY KOMIUJIATOPOB. Kpome
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TOr0, IOJIE3HO OyAeT 03HAKOMUTLCA ¢ KHuroi «Mastering Regular Expres-
sions» Mxxeddpu @puniaa (Jeffrey Friedl) (O’Reilly & Associates, 1997).1

e OCHOBHBIE CJIO’KHOCTU, BO3HUKAIOIIKE IpU PaboTe ¢ MOAYJIEM e, — 3TO CO3-
MaHVe PeryJApPHBIX BbIpaskeHuil. B ux pazpaboTKe BaM MOKeT IPUTOUTHCA
Takoit nHCTPyMeHT, Kak Kodos (http://kodos.sourceforget.net).

Mopaynb string

Mogyib String coOmep:KUT MHOMKECTBO KOHCTAHT M (PYHKI[UIA, KOTOPLIE MOT'YT
IPUTOAUTHLC AJIA 00paboTKY CTPOK. B HeM TaKike 00bABJIAIOTCS KJIACCHI, IIPE/I-
Ha3HaAUYeHHbIE JJId peajn3allii HOBBIX MeXaHN3MOB (pOpMaTUPOBAHUSA CTPOK.

KoHcTaHTbI

Crepnyromue KOHCTAHTHI OIIPEAEIAI0T PA3JINYHBIE MHOKECTBA CUMBOJIOB, KOTO-
pble MOT'yT IIPUTOLUTHCSA B PA3JINUHBIX OIEPAI[UIX Hal CTPOKAMIU.

Koncranra

Onucauue

ascii_letters
ascii_lowercase
ascii_uppercase
digits
hexdigits
letters

lowercase

octdigits
punctuation

printable

uppercase

whitespace

Crpoka, comepsKkalasa Bce CTPOUYHBIE U 3aryiaBHbIe cuMBOJIBI ASCIT
Crpoxka ‘abcdefghijklmnopgrstuvwxyz’

Crpoxa ‘ABCDEFGHIJKLMNOPQRSTUVWXYZ'

Crpoxka ‘0123456789’

Crpoxra ‘0123456789abcdefABCDEF’

Konkarenanua cTpok lowercase u uppercase

CTpORa, comepKalilad BCe CTPOUHBIE CUMBOJIBI, COOTBETCTBYOII[€E
TeKYIIUM peruoHaJIbHbIM HaCTpOﬁKaM CHUCTEMBI

Crpoka ‘01234567°
CTpoka ¢ cuMBoJIaMu IIyHKTyaruu ud Hadopa ASCII

CTpoka mmevyaTaeMbIX CHMBOJIOB — KOMOWHAIINA 3HAUEHUH letters,
digits, punctuation mwhitespace

Crpoka, comeprraliias Bce 3arJiaBHbIe CUMBOJIBI, COOTBETCTBYIO-
e TeKyIuM PeruoHaJIbHBIM HACTPOMKAM CUCTEMBbI

Crpoka, cozepsraiias Bce IpobesbHbIe CHMBOJIBL. B UX 4ncio
O0OBIYHO BXOJAT: IP0O0OeJ, Ta0yaanus, IIepeBo] CTPOKH, BOSBPAT
KapeTKu, IIepeBo/ (popMaTa U BepTUKaJIbHAS Ta0yIaIusa

IIpumeuaTesibHO, UTO COAEPIKMMOE HEKOTOPBHIX M3 3TUX KOHCTAHT (HaIpuMep,
letters m uppercase) 3aBUCUT OT PETUOHAJIbHBIX HACTPOEK CHUCTEMBI.

1

®punn [I. «PeryasapHble BhIpakeHud. 3-e usgauue». — Ilep. ¢c auri. — CII6.: CumBo-

Ilnroc, 2008. — IIpum. nepes.
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O06bekTbl TUNAa Formatter

CTpokoBeIit MeTox str.format() mMo3BOJIAET peasu30BaTh AOIOJHUTEIbHOE (POp-
MaTHpPOBaHME CTPOK. Kak Obl10 moxkasauo B riiaBe 3 «TuIbl JaHHBIX U 00BEK-
ThI» U B TyiaBe 4 «OmepaTopsl 1 BEIPAYKEHUA», STOT METOJ CIIOCO0eH o0paIars-
cs K 9JIEMEHTaM II0CJIeI0BaTebHOCTEH UJIn CJIoBapeil, K arpubyTamMm 00beKTOB
¥ BBIIOJIHATH APYyrue MmomobHbIe onepanuu. B moaysie string ompemesieH KJjacc
Formatter, KOTOPBII MOKET MCIIOJH30BATHCA [JJIA Peaaus3aliii HeCTaHJapTHBIX
ormepanuii (opMaTUPOBAHUA. ITOT KJIACC COAEPIKUT aTPUOYTEHI 1 METOIbI, pea-
JIN3YIOolre omepanuu (PopMaTupPOBAHUA CTPOK, U ITO3BOJIAET UBMEHSATD UX.

Formatter()

CosgaeT HOBBIH 9K3eMILIAP KJjacca Formatter. Oksemmaap f Kjacca Formatter
oA lePyKUBAET CJIeYIOIYe Ollepauu.

f.format(format_string, =args, *+xkwargs)

Dopmarupyer CTpPory format_string. Ilo ymMom4aHWIO BBEIBOJUT Ty K€ CTPO-
Ky, uTo m Merox format_string.format(xargs, =xkwargs). Hampumep, BBI30B
f.format(“{name} is {0:d} years old”, 39,name="Dave”’) BepHeT cTpoKy “Dave is 39
years old”.

f.vformat(format_string, args, kwargs)

Meton, KOTOPBIM (paKTUUECKMW BBITIOJHSAET padory mertoma f.format(). B ap-
TYMEHTe args mepeaeTcs KOPTe:K MO3UITMOHHBIX apryMeHTOB, a B apryMeHTe
kwargs — cJIoBapb UMEHOBAHHBIX apI'yMEeHTOB. EcIu apryMeHTHI yiKe COXPaHEeHbI
B KOPTEJKe U B CJI0Bape, MOYKHO HCIO0JIb30BATh 3TOT METO/, TaK KaK OH 00JagaeT
6oJiee BBICOKOM CKOPOCTHIO PabOThI.

f.parse(format_string)

CospmaeT urepaTop [Jid IapCUHTa COAEePKUMOT0 CTPoKu opmara format_string.
HrepaTop mpocMaTpuBaeT CTPOKY opMaTa ¥ BOCIIPOM3BOAUT KOPTEXKU BUIA
(1iteral_text, field_name, format_spec, conversion). Ilome literal_text comep-
JKUT IPOMBBOJBLHBIN TEKCT, MPEANIIeCTBYIONINI cuenupuKkaTopy opmara, s3a-
KJIIOUEHHOMY B (purypHble CKOOKY { ... }. MoKeT comep»KaTh IMyCTYIO CTPOKY,
ecau mepes cueiuruKaToOpoM OTCYTCTBYeT Kakoii-iubo Tekct. [Tone field_name
COJIEP’KUT CTPOKY C MMEHeM I10JI B cnerupurarope popmara. Hampumep, aia
cuenupuraropa ‘{0:d}’ mmenem moJia oymer ‘0’. Ilosie format_spec comep:KuUT
crenuduraTop popMaTa, CIAEAYIOIINI 3a JBOETOUNEM, HAIIPUMEDP B IIPEAbIAY-
IieM IIpuMepe 9TO Iojie OyzeT comep:karh ‘d'. MoxkeT OBITH IIYCTOM CTPOKOIA,
eciiu crientuuKaTop He ykasaH. [lose conversion cogep:xkut cuenuduraTop npe-
oOpasoBaHusa (eciau IPUCYTCTBYeT). B mpeanIiayineM HpuMepe 9TO IIoJie OyaeT
comep:kaTh None, HO, eciu ObI UCIOJIb30BaJICA crenudurkarop ‘{0!s:d}’, moje con-
version comepekaJsio 661 ‘s’. [lJisd mocsieqHero (pparMeHTa CTpOKU (hopMara Bce Tpu
moJia field_name, format_spec m conversion OymyT comep:xath None.

f.get_field(fieldname, args, kwargs)

W3Biexaer u3 apryMeHTOB args 1 kwargs sHaueHue, acCOIIMNPOBaHHOe C YKa3aH-
HBIM UMeHeM IoJis Fieldname. B aprymenTe fieldname mepemaeTcs CTPOKa, TaKas
Kak ‘0" mam “name”, KOTOpas BO3BpaIllaeTCsa METOAOM parse(), IpeAcTaBIeHHBIM
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BBIIIE, B oJie Field_name. BosBparaer kopTe:x (value, key), rae value — 3Hade-
Hue oA fieldname, a key — KJIIOU, MCIIOJb30BABIIIUICS JIA IIOUCKA 3HAUEHU
B apryMeHTax args uau kwargs. Ecau key — mesoe 41cjio, OHO MHTEPIPETUPYETCI
KaK MHIEeKC B KOpTexKe args. Keym cTpoka, oHa MHTEPIPEeTUPYyeTcs KaK KJII0U
cyoBapsa kwargs. AprymeHT fieldname MOKeT BKJIIOUATDH AOTOJHUTENbLHBIE OIe-
panuuy IocTymna K dJIeMEeHTAaM II0CJIeJ0BATEeJLHOCTEH UAM K aTpudyTram, TaKue
kKak ‘0O.name’ mau '‘O[name]’. B aToM ciiydyae MeTO/ BBIIIOJHUT oOpallieHre K Tpe-
OyeMoMY 9JIeMEeHTY U BEPHET COOTBETCTBYoIee 3HaueHre. OMHAKO 3HaAUEHUE ke
B BO3BpalllaeMoM KOPTe’Ke IIpU 3ToM OyaeT nuMeTh 3HaueHue ‘0.

f.get_value(key, args, kwargs)

W3BieKaeT 00'bEKT U3 apryMeHTa args WU kwargs, B 3aBUCUMOCTH OT THUIIA 3HA-
uenus key. Ecau key — 1esioe 4mcJio, 00beKT U3BJIEKAETCSA M3 apryMeHTa args.
Ecau cTpoka — u3 aprymenTa kwargs.

f.check_unused_args(used_args, args, kwargs)

IIpoBepseT aprymeHTHI, He UCIOJb30BaHHLIE B BhI3oBe format(). B aprymenTe
used_args mepemaeTcsa MHOKECTBO BCEX WCIIOJB30BAHHBIX KJIOUEH (CMOTpUTe
orucaume get_field()), KoTopble OBIIM HANIEHBI B CTPOKe (hOPMATHPOBAHMUI.
B aprymenrax args m kwargs nepefarmTca MO3UIMOHHBIE M UMEHOBaHHBIE apry-
MEHTHI, noJiydeHHble QyHKIMen format(). Ilo ymosryaHmio Bo30y K 1aeT UCKIIIO-
yeHue TypeError, ecau 6yayT o0HAPYKeHBbI HEMCIIOJIb30BAHHBIE aPT'yMEHTHI.

f.format_value(value, format_spec)

<D0pMaTnpyeT €JNHCTBEHHOE 3HauyeHue value B COOTBETCTBUU C VYKa3aHHBIM
cuenuduraropom Gopmara format_spec. Ilo yMOJMUaHUIO TPOCTO BBHI3LIBAET
BCcTpoeHHYIO hyHKIUIO format(value, format_spec).

f.convert_field(value, conversion)

IIpeoGpasyeT 3HaueHue value, MOJYUEHHOE B pe3yJbTaTe BbIZOBa MeToma get_
field(), B COOTBETCTBUU C YKA3aHHBLIM KOIOM IIpeobpasoBauus conversion. Eciau
B apryMeHTe conversion mepemaetca None, BO3BpaIllaeT OPpUTUHAJIbHOE 3HAUEHUE
value. Ecau ykasaH KoJ mpeo0OpasoBaHusa 'S’ UM ‘I, 3HaUeHUe value mpeodpa-
3yeTcsd B CTPOKY BbI30BOM (DYHKIIUM Str() myu repr() COOTBETCTBEHHO.

Ecau norpebyeTcs peanrnsoBaTh HECTAHLAPTHOE (DOPMATHPOBAHNIE CTPOK, MOXK-
HO cOo37aTh 00'BEKT KJiacca Formatter # IpoCTO MCIIOJB30BATH METOLBI IO YMOJI-
YaHUIO JJIS peausanuy co0CTBeHHOro Tuia popMaTupoBaumusi. MOKHO TaKKe
OIIpeieJINTh HOBBIM KJacc, MPOM3BOAHBIN OT KJacca Formatter, u mepeompee-
JINTH METO/bI, OIIMCAHHEIE BBIIIIE,

IomomHUTEIbHBIE TIOAPOOHOCTY O CHHTAKCHCe CIeIn(prKaTopoB (popmara u o (hop-
MaTHPOBAHUY CTPOK IPUBOJATCA B I1aBax 3 u 4.

Ctpoku Tnna Template

B mogyiie string o6'bsiBIsIETCA HOBBIM CTPOKOBBIN TUII Template, KOTOPBIHM yIIPO-
I1aeT HEKOTOPBIE OIlePaIlNU OICTaHOBK Y. IIprMep NCIIOIb30BAHMA 3TUX CTPOK
IPUBOAUTCA B rtaBe 9.
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Huske mokasaHo, KaK cO37aTh HOBBIM 00'bEKT CTPOKHU I1a6JI0OHA:
Template(s)

31ech s — 9TO CTPOKA, a Template — uMsA KJjacca.

O0BexT t KyIacca Template mogIep:KUBAET CJIEAYIOIINE METO/BL:
t.substitute(m [, *xkwargs])

ATOT METOJ MPUHUMAET 00BEKT OTOOpasKeHuA n (HaIIpuMep, CJI0Baph) UJIU CIIU-
COK MMEHOBAHHBLIX APIryMEHTOB U BBINOJIHSIET IOACTAHOBKY 3HAUEHUIN MMEHO-
BaHHBIX apPI'yMEHTOB B CTPOKY t. B mpoIrecce mogcTaHOBKY IMaphl CUMBOJIOB ‘$$’
3aMeIaTca eUHCTBEHHBIM CUMBOJIOM ‘$', a hparmenTs! ‘$key' mam ‘${key} —
sHaueHuaAMH n['key'] uam kwargs[‘key'], eciu MeTomy ObLIV mHepegaHbl UMEHO-
BaHHBIE apryMeHThI. Kiioun key B CTPOKE JOJIMKHBI ObITh JOMYCTUMBIMU UAEH-
Tudpuraropamu Python. Eciiz B OKOHUATEIBHOII CTPOKE OCTAJNCH HEOIIO3HAH-
HbIe KJoun ‘$key’, BO3Oy K aaeTcsa ucKIouenne KeyError.,

t.safe_substitute(m [, *xkwargs])

To sxe, uTo 1 substitute(), 3a MUCKJIIOUEHUEM TOT'0, UTO HTOT METOJ He BO30y K aa-
eT UCKJIIoUeHne 1 He coobiaeTr 06 omnoxkax. Heomosuauubie Kioun $key ocra-
IOTCA B CTPOKE B IIEPBOHAYAJIBHOM BHUIE.

t.template
Cozep:KUT OPUTHHAJIBHYIO CTPOKY, IIepeJaHHyI0 IIPK BbI3oBe Template().

HNsmenurs moBemeHme KJacca lemplate MOKHO, CO3JaB IIPOM3BOINHBIN KJiacc
U IIepeonpeneinB aTpuodyTel delimiter m idpattern. Hampumep, HuKe IPUBOIUAT-
cda (pparMeHT, B KOTOPOM CHMBOJI 9KPaHUPOBAHUA $ 3aMeHeH Ha @, a B UMEeHaX
KJIIOUell TT03BOJISIET MCI0JIb30BATh TOJIBKO aji(haBUTHBIE CUMBOJIBI:

class MyTemplate(string.Template):
delimiter = '@’ # 9KpaHMpyoW1in CuMBON
idpattern = ‘[A-Z]=" # WabnoH naeHTNOUKaTOPOB

BcnomorarenbHble hpyHKLUN

B mogyne string mmeerca Takike mapa (GpYHKIIUN /s BBITIOJHEHUS OIepamuit
Hag CTPOKaMU, KOTOPBIE HE ABJIAITCA CTPDOKOBBIMU METOOAMMU.

capwords(s)

IIepeBoauT B BEPXHUI PETUCTP IIepBbie OYKBBI KasKI0T0 CJIOBA B CTPOKE S, 3aMe-
I1aeT IIOBTOPAOIUECA TPOOEJIbHBIE CHUMBOJIBI €JUHCTBEHHBIM IIPOGEJIOM U ya-
JIAeT HavaJIbHbIE 1 KOHEUHBIE IIPOOEJIBI.

maketrans(from, to)

Cospaer Tabauily mpeoOpasoBaHUsA, KOTOpasd OTOOparKaeT KaKIbId CHUMBOJI
B CTPOKe 10N B CUMBOJI, HAXOAAIIUICA B TOU »Ke ITO3UINU, B CTPOKe 0. CTPOKU
fromu to KOJIPKHBI UMETH OMUHAKOBYIO AAUHY. ITa QYHKI[UA UCIOIb3yeTCs AJIS
CO3JJaHUSA apryMeHTOB, MPUTOAHBIX AJIsI UCIIOJb30BAHUSA CTPOKOBBIM METOAOM
translate().
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Mopaynb struct

Mopayuss struct ucmoabayercs O mIpeodpasoBaHus AaHHBIX Ha a3bike Python
B CTPYKTYPBI JBOMYHBIX JAaHHBIX (IpeAcTaB/IeHHbIe KaK CTPOKU 0aliTOB) U Ha-
o6opor. Takme CTPYKTYpPHI AAaHHBIX YACTO MCIOJB3YIOTCS [JiS OPraHU3aI[UU
B3aMMOZENCTBU ¢ PyHKIIMAMU, HAINCAHHBIMU Ha A3bIKe C, mpu paboTe ¢ ABO-
WYHBIMHY (haiizaMu, CeTeBbBIMU TPOTOKOJIAMU UK JJIs OOMeHA ABOMYHBIMU JaH-
HBIMHU Uepes IocJeJ0BaTeTbHbIe TIOPTHI.

q)yHKLI,VIVI ynaKoBbiBaHUA U pacriakoBbiBaHUSA

Huxe nmepeunciensl QyHKIIMM YPOBHS MOILYJISI, MCIOJIb3yeMble JJIA YIIAKOBLI-
BaHNS 1 PACIAKOBBIBAHUSA JAaHHLIX B CTPOKax OaiiToB. Eciiz B mporpamme He-
00X0AMO MHOI'OKPATHO BBIMOJIHATH 9TH ONEPALIUH, IJI5I OTUX LeJIeH MOMKHO 1C-
OJIL30BAThL O0'BEKT KJjacca Struct, OMMCHIBAEMBIN B CAEAYIOIIEM pPasielie.

pack(fmt, v1, v2, ...)

VYmakoBbIBaeT 3HaUeHUd V7, V2 U Tak Jajiee, B CTPOKY 0aiiTOB, B COOTBETCTBUU CO
CTPOKO# (hopmara fmt.

pack_into(fmt, buffer, offset, vi, v2 ...)

VYmakoBbIBaeT sHaueHud V1, v2 U TakK jAajee, B 00beKT Oydepa, JOCTYIHBINA AJIA
3amucH, HauWHAasA C MO3UIUU 0ffset. DTOT METOJ, MOYKET IeHiCTBOBATH TOJIBKO
c 00'beKTaMu, moAAep;KuBatonuMu naHTepdeiic 0ydepor. B kauecTBe mpuMepoB
TaKuX 00'beKTOB MOYKHO Ha3BaTh array.array u bytearray.

unpack(fmt, string)

PacmaxoBbIBaeT coep:KIMoe CTPOKY 0afiTOB String B COOTBETCTBUU CO CTPOKOM
dopmara fmt. BosBpalmaer KopTe:k pacCIaKOBAaHHBIX 3HAUeHUN. [[JIMHA CTPOKK
string mOJXKHA TOYHO COOTBETCTBOBATHL pasdmepy (hopMara, KOTOPBIN OIpPemesIs-
ercsa pyHKIuen calcsize().

unpack_from(fmt, buffer, offset)

PacnakosbiBaeT comeps;kuMoe 00beKTa buffer B COOTBETCTBUU CO CTPOKOM (hop-
maTa fmt, HaunHadA ¢ no3uiuu offset. BosBpalliaeT KOpTeX pacliaKOBaHHBIX
3HAUYEHUI.

calcsize(fmt)

Brruucaser pasmep B 6ailiTax CTPYKTYPhI, COOTBETCTBYIOIIEH CTPoKe dopMaTa
fmt.

OO6beKkTbl TUNa Struct

Mopgynp struct o0baABaAAeT KJyacc Struct, KOTOPBIM IpegocTaBisIeT aJibTepHa-
TUBHBIA MHTepQeEHc IJid olepanuii yIIakKoOBEIBAHUSA U PACIaKOBBIBAHUA. OTOT
KJacc obecreunBaeT 00Jiee BLICOKYI0 9(h(PeKTUBHOCTD, TaK KaK CTPOKa (popmaTta
MHTEPIPETUPYETCA BCEro OJUH Pas.

Struct(fmt)

Cosmaer sK3eMILIAP KJacca Struct, mpeacTaBIAIOIINNA JaHHbIe, YIAKOBAHHEIE
B COOTBETCTBUU C YKA3aHHBIM KOZOM (popMaTa. IK3eMILIAP S KJjacca Struct ob-
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JaaeT CAeIYIONIUMY MEeTOAaMU U IEUCTBYET TaK JKe, KaK U PyHKITNU, OITMCAH-

HbBIE B IIPEABIAYIIIEM pasiesie:

MeToz

Onucaume

s.pack(v1, v2, ...)

s.pack_into(buffer, offset, v1,

s.unpack(bytes)

s.unpack_from(buffer, offset)

s.format

s.size

V2,

VYmaxkoBbIBaeT 3HAUEHUA B CTPOKY 6AHTOB
VmnaxkoBbIBaeT 3HAUEHUA B 00beKT Oydepa
PacnakoBbiBaeT 3HaUEHUA U3 CTPOKU 0ANTOB
PacnakoBsiBaeT 3HaueHust u3 06'exTa 6ydepa
Hcnonb3yemslit (hopmar

Paswmep popmara B 6aiiTax

Koabl popmaToB

Ctpoxu (hOpMaTOB, UCIIOJIb3yeMbIe B MOAYJIe Struct, ABJISIOTCS MOCTIEI0BATEb-
HOCTAMU CMBOJIOB, KOTOPBIE UMEIOT CJIeYIOIIe 3HAUCHUA:

®dopmar |Twun B aseike C Tun B a3sike Python
X mycToii 6alT He umeer 3Hauenusa
‘¢’ char Crpoka muuuoi 1

‘b’ signed char Ilenoe

‘B’ unsigned char ITenoe

A _Bool (C99) Jloruueckoe 3HaUeHUE
‘h’ short Ilenoe

‘H unsigned short Ilemoe

1 int ITemoe

‘T unsigned int ITenoe

‘T long Ilenoe

v unsigned long ITenoe

q’ long long JlimHHOE Iesoe

el unsigned long long JlnmHHOE Iesoe

f float C nyaBaroIeil TOYKOM
d’ double C n1aBamIneit TOuKoit
‘s’ char[] Crpoka

‘p’ char[] CTpoKa ¢ AJuHO B IepBoM baiiTe
‘P void = ITenoe

Kasxkgomy cuMBoJy hopMaTa MOYKET IPEJIIIECTBOBATE I€JI0€ YUCJIO0, OIIPeIeIs-
foIree KOJIMUEeCTBO MOBTOPeHnil (Hanpumep, ‘41’ — aTo To ke, uTo m ‘1iii’). Haa
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dopmara ‘s’ umcJio 06003HAUYAET MAKCUMAJbHYIO AJUHY CTPOKH, TO €CTh (hopMart
‘10s’ obosHauaeT cTpoKy aauHo 10 10 6aiiToB. @opmar ‘0s’ 0603HAUAET CTPOKY
HyJeBOU nuuHbl. PopMaTr ‘D’ UCIOJB3YeTCs AJS IPeACTaBJIeHNs CTPOK, IJINHA
KOTOPBIX OIIpefiesisieTcs 3HAUeHeM B II€PBOM OaiiTe, 3a KOTOPBIM CJeyeT cama
CTPOKa. ATOT (DOPMAT MOKET IIPUTOAUTHCS 1A OPraHU3aIUN B3aUMOAEHCTBU I
¢ IpOrpaMMHBIM KOZIOM, HallTUCAHHBIM Ha A3bIKe Pascal, uTo uHOT/]a OBIBAET He-
obxonumo B cucteme Macintosh. O6paTure BHUMaHMe, YTO AJIUHA TAKUX CTPOK
He MOKeT IPeBBINIaTh 255 CUMBOJIOB.

Korpa nisa pacmakoBbIBaHUSA JBOMYHBIX JaHHBIX UCIIOJAb3yeTca hopMat ‘1’ uam
‘', Bo3BpalljaeTcsa JINHHOe Itejoe uuciio. Kpome toro, ¢opmar ‘P° MOKeT BO3-
BpamiaTh 1eJjioe UJan JJINHHOE 11eJIoe YNCJIO, B 3aBUCUMOCTHU OT pasMepa MalllnH-
HOT'O CJIOBA.

IlepBoIil cCUMBOJ B CTPOKe (hopMaTa MOKET TaKIKe OIPeNesATh MOPALOK CIe0-
BaHUA GaﬁTOB U1 BEIPAaBHUBAaHUE B YIIAKOBAHHBIX JaHHBIX, KAK IIOKAa3aHO HUMe:

®dopmar |Ilopamok ciemoBaHus 6ATOB Paszmep u BEBIpaBHUBaHHE
@ OnpepenseTcsa annapaTHoi apxuTek- | Onpenesnsercsa anmnapaTHON apxu-
TYypO# TeKTYPOit

= Omnpenensiercs anmapaTHoi apxurek- | CrangapTHbIE

TypoOit
< OOpaTHBIN TOPATOK CrargapTHBIe
> IIpamoii mopamok CrasnapTHBIE
e CeTeBoil TOPAAOK (IIPSAMOTT) CrangapTHBIE

ITopsamok ciemoBaHuUs 0AMTOB, OIIpPeAesAeMBbINl alIlapaTHOU apXUTEKTYPOii,
MOJKeT GBITH IPAMBIM MJIM OOpaTHLEIM. PasmMepsl ¥ BEIpABHUBAHUE, OIpejeiae-
Mble amapaTHOH apXUTEKTYpPOil, COOTBETCTBYIOT 3HAUEHUSM, UCIIOJIb3yeMbIM
KoMnuasTopoMm sizbika C, 1 3aBUCAT OT peasmsanuu. I1og cTaHIapTHLIM BEIPaB-
HUBaHUEM IOAPa3yMeBaeTCs OTCYTCTBUE HEOOXOMUMOCTU BbIPDABHUBAHUSA AJISA
sgioboro tTuna. ITox cTraHZApPTHHIM Pa3MepPOM IIOAPAa3yMeBaeTcsd, YTO 3HAUEHUE
Tuma short umeeT pasmep 2 6aiiTa, 3HaueHUe TUIA int — 4 OaiiTa, 3HaUeHNe TUIIA
long — 4 GatiTa, sHaueHue Tuna float — 32 6ura u 3HaueHwme Tuma double — 64
oura. [ua gopmara ‘P’ MOKeT MCHOJIB30BATHCSA TOJHKO IMOPSAAOK CJIEJOBAHUS
6aiiToB, OIIPeesIAeMbIil allIapaTHON apXUTEKTYPO.

MpumeyaHunsa

Hnorpa 6piBaeT HEOOXOAMMO BBHIPABHUBATH KOHEI CTPYKTYPHI B COOTBETCTBUU
¢ TpeOOBaHUAMY, IPEABABIAEMBIMU OITPEIeIEHHBIM TUTIOM. [[J151 9TOTr0 B KOHeI]
cTpoku (popmara ciaenyer fo6aBUTH KO popMaTa TpedyeMOoro THUIIa ¢ YUCJIOM II0-
BTOpPeHU, paBHLIM HYJI0. Hampumep, ¢opmar ‘11h01' yKasbIBaeT, YTO CTPYK-
Typa JOoJI’KHA 3aKaHUWBaTLCA HA rpaHuile 4-6aiiToBoro cjoBa (IIpeamosaraer-
cd, 4TO 3HAUEHMA TUIIA 10Ng BBIDABHUBAIOTCA II0 'paHUIIAM 4-0aTOBBIX CJIOB).
B namaom ciryuae mocJjie 3HaUeHUA TUIIA Short, oIIpeessseMoro Koaom ‘h', OyayT
IobaBJIeHBI Ba MYCTHIX OaiiTa. ITOT IPUEM JIeliCTBYeT, TOJbKO KOTJa YKasbl-
BaeTCs, UTO pasMep U BHIDABHUBAHUE OMPENEIAIOTCA allllapaTHON apXUTEeKTY-
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poii, — IIpu CTaHIAPTHOM IIOXO/e IIPaBUJja OIpee/ieHIA pa3dMepa U BbIPaBHU-
BaHUA HE IENCTBYIOT.

®opmars! ‘q° 1 ‘Q° MOTYT UCIIOJIB30BATHCS TOJIHKO B PEKUME «OIIPEIeIAeTC all-
mapaTHOUW apXUTEKTYPOii», eCJu KOMIUIAATOD A3biKa C, UCIIOIb30BAHHBIN AJIA
c6opku nHTEepHperaropa Python, mognep:xuBaer Tun long long.

Cm. TaKKe
Onucanune mopyna array (ctp. 328) n mopyns ctypes (cTp. 759).

Mopaynb unicodedata

Mogynas unicodedata obecmeunBaeT JOCTYI K 6ase JaHHBIX cuMBoJIoB IOHUKOA,
KoTopas coAep:KuT nuGopMaInio o CBOMCTBaX Bcex cuMB0JIoB FOHUKOzA.

bidirectional(unichr)

BosBpamaeT npusHaK HapaBJIeHUS MUChbMA AJIsI CUMBOJIA UNichr B BUJE CTPO-
KU WU IIYCTYIO CTPOKY, €CJIU TaKoe 3HaueHue He omIpeneseH0. BosBpalaemas
CTPOKA MOJKET UMETh OZHO M3 CJIEYIONINX 3HAUEHUH:

3HaueHue Onucanue
L HanpagssieHne nmucsMa cjaeBa HaIrpaBo
LRE Ciry»xe0HBII CHMBOJI, OIIPEAEIAIONINI HallpaBJIeHe INChMAa CJIeBa

HaIpaBO BHYTPHU TEKCTA, KOTOPBII 3aIINChIBAETCA CIIPABa HAJIEBO

LRO Cuysxe0HBI CUMBOJI, OIIPeIeIAIONINI HallpaBJIeHe IIUChMAa CIeBa
HAIpPaBo, HE3ABUCUMO OT HAIIPABJIEHUS IUChMa B TEKCTE

R Hanpasisienue nucbMa cupaBa HaJIeBO
AL Apabcruii cuMBOJI, HallpaBJIeHIe IUChMa CIIPaBa HaleBo
RLE Cury:xe0HBI CHMBOJI, OIIPEee 0NN HallpaBJIeHre [T1MChMa CIIpaBa

HAJIEBO BHYTPU TE€KCTa, KOTOPHIN 3aIIKCHIBAETCS CJIeBA HAIIPABO

RLO Ciry:xe0HBII CHMBOJI, OIIPEEJIAIONINI HallpaBJIeHNe TUChMa CIIpaBa
HaJIeBO, He3aBUCUMO OT HalIpaBJIEHU IUChbMa B TEKCTE

PDF Cury:xe0HBII CHUMBOJI, OTMEHAET IIPeAbIYIlee HAalTpaBJIeHNe IIChMa
EN EBpomeiickoe uncio

ES Pagpenuress eBponeficKux umce

ET Komer eBponeiickoro uucia

AN ApabGckoe umcao

CS YHuBepcaJbHBINA Pa3aeuTe]b YNCEJT

NSM 3HaK, He 3aHUMAIOIUH JOIOJHUTEIbHOTO IPOCTPAHCTBA

BN HeiiTpanbHas rpanuiia

B Paspenuress ab3aren
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(npodonscerue)

3HaueHue | Onucanmne

S Pasznenurens cermeHTOB

WS IIpoGenbHBII CUMBOJI

ON ITpoune HeliTpaIbHBIE CUMBOJIBI
category(unichr)

BosBpaiiaeT CTPOKY, ONUCHIBAIOIIYIO OCHOBHYIO KaTeropuio, K KOTOPOUA OTHO-
cuTca cUMBOJI Unichr. BosBpaliaemasd CTpOKa MOYKET UMETh OJHO U3 CJIENYIO-
WX 3HAYEHUIA:

3HaueHUe Onucanne

Lu ByxkBa, 3arnmaBuasa

L1 BykBa, cTpounas

Lt BykBa, ¢ KOTOpOil HAUMHAETCs CJI0BO, KOT/[a TOJHKO IIepBasi OyKBa
CJIOBa 3aINCHIBAETCSA KaK 3arjiaBHas

Mn 3HaK, He 3aHUMAIOIUI JOTIOJHUTEIbHOTO IPOCTPAHCTBA

Mc 3HaK, 3aHUMAIOIIUH JOIOJIHUTEJIbHOE IIPOCTPAHCTBO

Me O6BeMITIOIINI 3HAK

Nd YHucyo, necarunuHasa nudpa

N1 Yucio, 6yKBa

No Yucuo, mpoyre CUMBOJIBI

7s Paspenuresis, 1pobeIbHBIN CHUMBOJI

71 Pagnenuresns cTpok

p Pasgenurenn ab3anen

Cc YupaBigomIuil CHMBOJI

Cf Heorobpaskaemblit ciMBOJI, IPU3HAK (DOPMATUPOBAHUSA

Cs IIpouwne, cypporarHas mapa

Co IIpoune, mpegHa3HAYEH [JIS 3aKPBITOI'O UCIOJIb30BAHUSA

Cn IIpoune, CMUMBOJI HE ITPUCBOEH

Lm ByxkBa, mogudurarop

Lo Byksa, mpoune

Pc 3HaK MyHKTYyaIluu, COeQUHSIONIUI CI0BA

Pd 3HaK nyHKTyauuu, neduc

Ps 3HaK NyHKTyalluu, OTKPHIBAIOIIasd CKoOKa

Pe 3HaK MyHKTyaluu, 3aKPhIBAOIasd CKOOKa

Pi 3HaK IYHKTYyal[uu, OTKPLIBAOIE KaBBIUKU
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3HaueHune Onucanue

PT 3HaK MYHKTyalluu, 3aKPHIBAOIEe KABBIUKY
Po 3HaK IyHKTyalluu, Ipoune

Sm CuMBOJI, MaTeMaTUUECKU

Sc CuMBOJI, 3HAK IEHEKHOUN e UHUIIBI

Sk CumBoJI, MOAU(DUKATOD

So CumBou, mpoune

combining(unichr)

Bosspaimaer 1ejoe 4mcJO, OMUCHIBAIOIIEE KJIAcC O0beIUHEHUSA AJIsI CUMBOJA
unichr uau 0, ecau KJjacc o0beIUHEHUs He onpeeseH. Bosspalaercs omgHo us
cJIeAyIONINX 3HAUCHN:

3HaueHue Onucanue

0 IIpoGen, pasaenuTenb, IPUSHAK IEPEYIIOPATOUEHUS, JOIOJTHUATEIb-
HBII 3HAK THOETCKOT0 asidaBuTa

1 KoMmOuHanroHHBIN 3HAK; ONUCHIBAET UJIU BIINCHIBAETCA BHYTPh
OCHOBHOT'O CMBOJIA

7 3uaxk HiokTa (Nukta, maguiickuii aadaBur)

8 3HakK TpaHCKpunIuu qid aadasuta Xuparana/Karakana

9 Bupama

10-199 Kiaccs! GuKcUpOBaHHBIX TTO3UITU

200 IIpucoenuusaeTcsa CHU3Y caeBa

202 ITpucoenunaserca cHU3y

204 IIpucoenuHsAeTca CHU3y cupaBa

208 ITpucoenuusercsa caeBa

210 ITpucoenuusaerca cupasa

212 IIpucoenunsieTcsa cCBepXy ciieBa

214 ITpucoenuusieTca cBepxy

216 IIpucoenuusaeTcs cBepxy cupaBa

218 CHusy cueBa

220 CHusy

222 CHusy crnpasa

224 Cnesa

226 Cupasa

228 CBepxy cJieBa

230 CBepxy
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(npodonscerue)

3HaueHHe Onucanne

232 CBepxy cupaBa

233 I BoIiHOM CHU3Y

234 IBOiiHOM cBEpPXY

240 CHusy (IoJCTPOYHBII 3HAK)

decimal(unichr [, default])

BosBpamiaer pecaTuuyHOe Iesioe 3HaueHMe IUMpPoBoro cumBoja unichr. Eecam
unichr He ABJIAETCA NeCATUYHON IM(POH, BO3BpaIllaeTcA 3HAUeHUE apryMeHTa
default mau Bo30OysKAaeTcsa UCKJIoueHue ValueError, ecjiu 3TOT apryMeHT OIYIIleH.

decomposition(unichr)

BosBpalaer CTpoKy, COAEPIKAIIYIO PA3JIOKeHNe CUMBOJIA UNIChI MU MYCTYIO
CTPOKY, €CJI pasJioKeHue He ompenesieHo. OOBIYHO CHMBOJEI, COJEpIKAIIle
3HAKW aKIeHTa, MOTYT ObITH PA3JIO}KEHBI B MHOTOCUMBOJILHBIE TIOCJIEI0BATEb-
"Hoctu. Hampumep, Bu13oB decomposition(u”\u00fc") (cumMBOJ “b") BEPHET CTPOKY
“0075 0308”, COOTBETCTBYIOIIYIO OyKBe U 1 3HAKY akueHTa (£). CTpoka, Bo3Bpa-
maeMasi 9Toi QyHKI[UeH, MOMKeT TaK)Ke BKJIIOUATh CJIeAYIOI[Ie CTPOKI:

3HauyeHue Onucanne

<font> Bapuant mipudra (Hanpumep, TOTUUYECKUIT)

<noBreak> HepaspruiBHBIN 1po6es uiau geduc

<initial> dopma HayaIbHOTO IpeAcTaBIeHuA (Apabeckuii andaBuT)

<medial> dopma IPoOMeKyTOYHOrOo pezcTaBiaeHus (Apabckuii amdasBurT)

<final> dopma OKOHUATEJIHLHOTO IIpeacTaBaeHus (ApabeKkuii aadaBur)

<isolated> dopma M30IUPOBAHHOTO IIpeAcTaBIeHUs (ApabcKuii aadaBur)

<circle> Dopma CUMBOJIOB, 3aKJIIOYEHHBIX B KPYIKOK

<super> Hancrpounas popma

<sub> IToncrpounasa dgopma

<vertical> dopma BepTUKATIBLHOTO IIPEACTaBICHUA

<wide> HTupoxrwuii (Miu A3eHKaKy) CHUMBOJI COBMECTUMOCTH (SIOHCKUIT anda-
BUT)

<narrow> V3kuit (unu XxaHKaKy) CHMBOJI COBMECTHUMOCTH (STIOHCKU M asi)aBUT)

<small> DopmMa yMEHBIITEHHOT'0 IIPECTABICHU (I COBMECTHMOCTH C KU~
TaWCKUMU CHUMBOJIAMMU)

<square> ITpudt xBagpaTHOH POPMEI A1 KUTANCKOT0, AIIOHCKOI'O 1 KOpeli-
CKOTr'0 A3BIKOB

<fraction> IIpocreiimas gpo6n

<compat>

Hpoqne CHUMBOJIBI COBMECTUMOCTHU
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digit(unichr [, default])

Bosspamiaer 1esoe sHaueHnue nudposoro cuMBosna unichr. Ecau unichr He aBaa-
eTca nudpoii, BO3BpaIlaeTca 3HaUeHNe apryMeHTa default uiau Bo3OyKIaeTcsa
uckJrouernme ValueError, ecjii 3TOT apryMeHT OnyIneH. JTa QYHKIIUA OTINYaeT-
ca oT pyErnuu decimal() TeM, 4TO MOXKeT IPUHUMATH CUMBOJbI, KOTOPBIE MO-
T'yT IPeACTABIATH NUMPHI, HO He ABJIAIOTCA NeCATUYHBIMYU ITudpaMu.

east_asian_width(unichr)

BosBpaimaer cTpoKy, 0003HAYATOIYIO [IIUPUHY CAMBOJIA UNIChI AJIsT BOCTOYHO-
a3MaTCKUX A3BIKOB.

lookup(name)

OTBICKMBAET CUMBOJI 10 ero nMeHu. Hampumep, Bb13oB 1ookup(‘COPYRIGHT SIGN')
BepHeT cooTBeTcTByIomuii cumBoa IOHukona. HawubGosiee pacnpocTpaHeHHBIE
MMeHa CUMBOJIOB MOKHO HAWTH II0 agpecy hitp://www.unicode.org/charts.

mirrored(unichr)

Bosspaimaer 1, eciu cUMBOJ unichr ABJASETCA 3ePKAJbHO OTPayKaeMbIM ITPU
IBYHAIIpaBJEHHOM IIHCbMe, B IIPOTUBHOM cJydae Bo3Bpaimnaet 0. 3epKajIbHO OT-
paskaeMbIM Ha3bIBAETCS TOT CUMBOJI, Uell BHEIITHUUA BUJ HOJKEH M3MEHSAThCS
Ipu 0TOOpaKeHUU TeKCTa B o0paTHOM mopsaake. Hampumep, cuMBoJI ‘(' ABJIAET-
Cs 3epKaJIbHO OTPakaeMbIM, IIOTOMY UTO IIPU BBIBOJIE TEKCTA CIIPaBa HaJIeBO €TI0
cJenyeT OTPa3uUTh B CUMBOJ ') .

name(unichr [, default])

Boasepamiaer ums cumBosa FOuukozna unichr. Bos6y:kgaet uckaouenue ValueEr-
ror, ecJiu UMsA He OIpejeseH0, UM BO3BpaIllaeT 3HaueHUe apryMeHTa default,
ecsix OH He ObLa omyiieH. Hanpumep, Bei3oB name(u’ \xfc') Bepaer ‘LATIN SMALL
LETTER U WITH DIAERESIS'.

normalize(form, unistr)

Hopmamnusyer crpory IOHMKOmA Unistr B COOTBETCTBUM C HOPMAJIBLHOI (DOPMOIL
form. B aprymenTe form MOYKHO mepenaTh cTpoky ‘NFC’, ‘NFKC’, ‘NFD' mum ‘NFKD'.
Hopmanusaiusa cTpoku B OIpeie IeHHOM CTeIIeHN CBsA3aHa C KOMIIO3UIIUEN U fie-
KOMITO3UIIMEH oIpeieieHHBIX cUMBOJIOB. Hampumep, ctpoka IOHMKOmA co ciio-
BOM «Tesumii» MoKeT ObITh IpeAcTaBJIeHa KaK u' resum\u00e9’ mam Kak u’' resume\
u0301’. B mepBOM ciayuae aKIEHTUPOBAHHBIN CHMMBOJI ii TPEACTABJICH OTHUM
CHUMBOJIOM, & BO BTOPOM OH IIPEJCTaBJieH OYKBOIl e, 3a KOTOPOI CJeAyeT Ipu-
coequHAEMbIl 3HAK aKieHTa (I'). IIpu ucmonb3oBanuy (hopMbl HOPMAJTIU3AI[AN
‘NFC’ cTpoka unistr 6ymeT mpeoOpasoBaHa TaK, UTO OyAET COAEPIKATb TOJBKO
CKOMIIOHOBAHHBIE CUMBOJIBI (TAK, CUMBOJI i OyIeT IIpeicTaB/IeH e JUHCTBEHHbIM
cumBojioM). IIpu mcnonb3oBauum (opMbl HopMaaudamuu ‘NFD' cTpoka unistr
Oyzmer mpeoOpasoBaHa Tak, UTO OyIeT cofep:KaTh KOMOMHAIMOHHBIE 3HAKY (HA-
mpumMep, CUMBOJI i1 OymeT mpeacTaBjieH OyKBOI e, 3a KOTOPOI CJIeAyeT 3HAK aK-
nenTa). IIpu ucnosrbzoBaruu popm ‘NFKC' m ‘NFKD' HOpMaIu3aIius BHITIOJIHAETCS
TaK JKe, KaK 1 npu ucnoab3oBanuu ¢gopm ‘NFC' u ‘NFD’, 3a UCKJIIOUEHUEM TOrO,
YTO B 9TOM CJIyUae JOTOJHUTEJHHO BHITIOJHIETCA Ipeodpa3oBaHe HEKOTOPBIX
CHMBOJIOB, KOTOPBIE€ MOT'YT OBITh IIPEACTABJIEHBI 0OJIBIIIE YeM OJHUM CUMBOJIOM
IOnukona. Hanpumep, puMmcKuM riudpaM COOTBETCTBYIOT COOCTBEHHBIE CUMBO-
abl JOHUKORA, HO OHU TaKJKe MOT'YT OBITH ITPEICTABJIEHBI CHMBOJIAMY JIATUHCKO-
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ro aixdasura I, V, M u Tak najnee. IIpu ncnons3oBanum opm ‘NFKC' u ‘NFKD’ cme-
IUaJbHbIE CHUMBOJBI PUMCKUX UMD O6yAyT IpeodpasoBaHbl B UX SKBUBAJIEHTHI
C UCIIOJIb30BaAHUEM CIMBOJIOB JIJATUHCKOTO ajndaBuTa.

numeric(unichr [, default])
Boasspaiaer uncioBoe 3sHaueHme cuMBojia JOHUMKOAA B BUIe YMCJa C IJIaBaio-
mieit Toukoii. Eciiu umc/ioBoe 3HaUeHIe He OIIpelesieH0, BO3BpalllaeT 3HAUeHUe

aprymenTa default mau Bo30y:K1aeT uckarouenue ValueError. Hampumep, cuMBOJI
U+2155 (cumBOJI, m300pasKaroIuii 1pobsb “1/5") mMmeeT uncaoBoe 3HaueHue 0. 2.

unidata_version
Crpoxka, cozep:kaiiiasg HOMep Bepcuu 0as3bl JaHHBIX cuMBoJioB IOHUKO#A (Ha-
npumep, ‘5.1.0").

MpumevaHune

[lononHutensHole ceepeHns o 6ase paHHbIX cUMBONOB HIHMKOAA MOXHO HAWTU Mo
aapecy: http.//www.unicode.org.
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Ldoctyn K 6a3zam gaHHbIX

B sT0i1 T1aBe OmMCHIBAIOTCS IIPOTPAaMMHBIE MHTEeP(eHiCchbl, KOTOPbIe HUCIIOJIb3Y-
I0TCsI mMporpaMMaMu Ha sisbiKe Python ¢ penamuonHbIiMu 6asaMu TaHHBIX U C
0asaMu MaHHBIX, IMOJOOHBIX XeIll-TabjauiaMm. B oTiinume OT APYyrux rias, Iae
OITMCBHIBAIOTCA MOIYJIU M3 CTAHJAPTHOU OMOJIMOTEKM, B 9TOH IyiaBe OyIOyT 3a-
TPOHYTHI CTOPOHHME pacinupenus. Hampumep, eciiu BaM oTpedyeTcs: OpraHu-
30BaTh JOCTyH K 0ase gaHubiXx MySQL uau Oracle, mia Hauajia BaM IPULETCSA
3arpysuTh MOAYJIb CTOPOHHEr0 paciiupenusa. Ho aToT MoayJib, B CBOIO OUepe/b,
OymeT cjeI0BaTh OCHOBHBIM COIVIAIIIEHUSIM, KOTOPBIE OIIMCHIBAIOTCS 3€Ch.

MpuknagHon nHtepdenc goctyna
K pensiuMoOHHbIM 0a3am JaHHbIX

I obecrieueHUsa JOCTyNIA K PEJIAIMOHHBIM 0a3aM JaHHBIX COOOIIECTBOM pas-
pa6orunkoB Python ObL1 BeIpaGoTaH CTaHAAPT, M3BECTHBINA Kak «Python Da-
tabase API Specification V2.0», unu PEP 249 ((popmabHOe onuncaHue MOMKHO
HaWTU 10 azapecy hitp://www.python.org/dev/peps/pep-249/). Monynu nia no-
cTyIla K OIpe/esieHHbIM 0asaM AaHHBIX (TakuM Kak MySQL, Oracle u gpyrue)
CJIELYIOT 9TOMY CTAHIAPTY, HO MOT'YT ZO0ABIATH JOIOJHUTEIHHBIE BOSMOKHO-
ctu. B aTOM paszesie paccMaTpuBaIOTCA CaMble OCHOBHBIE 3JIEMEHTHI HHTepdeii-
ca, HeoOXoAMbIe OOJIBIIINHCTBY ITPUJIOKEH U,

Ha BepxmHeM ypoBHe NPUKJIATHOTO HHTep@eiica mocTyma K 0asaM mTaHHBIX
oIpezessgeTca MHOKEeCTBO (DyHKIIUI U KJIACCOB, 00ECIIeUNBAOIINX COeUHEeHNE
¢ cepBepoM 0as JaHHBIX, BEITIOJHEHNE 3apocoB SQL u mosyueHme pe3yabTaToB.
s sTux Iesiell UCIOJB3YIOTCA ABa OCHOBHBIX KJjiacca: Connection, KOTOPBIT
yIIpaBJseT coefuHeHreM ¢ 6a30i JaHHBIX, 1 CUrsor, UCIIOJb3yeMBbIH 1JIA BBIIIOJI-
HEHU 3aIIPOCOB.

CoepvHeHUA

Kamaeiii momysns mocTymna K 0asaM MaHHBIX IIPEIOCTABJISET (PYHKIIUIO CON-
nect(parameters), MO3BOJIAIONIYI0 YCTAHOBUTL COeAUHEHUE ¢ 0as30ii JAHHBIX.
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TouHOe KOJIMYEeCTBO apr'yMeHTOB 3aBUCUT OT 6a3bl JAHHBIX, OJHAKO B UX UHCJIO
OOBIYHO BXOIAT: UMA UCTOUHUKA JaHHBIX, UM M0Jb30BATEJIA, IaP0JIb, UM XO0-
cTa 1 ©MA 0as3bl JaHHBIX. Kak mpaBujo, Bce 3TU 3HAUECHUS IIepealoTCsa B BUIe
MMEeHOBAaHHBIX apryMeHTOB dsn, user, password, host u database cooTBeTCTBEHHO.
IToaTomy BBIBOB connect() MOKET BBITJISAAETh, KaK MOKa3aHo HUMKe:

connect(dsn="hostname: DBNAME”, user="michael”, password="peekaboo”)

B cayuae ycmexa yHKIIUSA Bo3BpaIaeT o0beKT Kiaacca Connection. DK3eMILIsap
¢ KJyracca Connection o6JazaeT caeyoInMI METOaMU:

c.close()
3aKpbIBaeT COeUHEHE C CEPBEPOM.
c.commit()

ITonTBep:xgaeT Bce He3aBepIlleHHBbIE TPaH3aKIUK B 0ase HaHHbIX. Eciu 6asa
JTaHHBIX IOAeP:KUBaeT MeXaH3M TPaH3aKI[1ii, JI00ble M3MeHeHUs B 6a3e maH-
HBIX BCTYIIAT B CHJIY TOJIBKO IIOCJIE BBI30BA 9TOro Mmerona. Eciau 6a3a faHHBIX He
HOAJEPIKMBAET TPAH3AKI[UY, 9TOT METOJ HUUEro He JeJIaeT.

c.rollback()

OTkaTbIBaeT Bce U3MeHEeHU: B 6ase JaHHBIX JO MOMEHTA, KOTJa ObLIN 3amylie-
HBI KaKne-1n60 He3aBepIeHHbIe TPAH3aKIuu. VIHOTIa 9TOT MEeTO/] MCIIOIb3yeT-
cd mpu padoTe ¢ 6a3aMu JaHHBIX, He MOAAEP/KUBAIOIUMY TPAH3aKIIUU, YTOOBI
OTMEHUTH J00ble UBMEHEHN, TPOU3BeJeHHbIe B HUX. Hampumep, ecau B Ipo-
1mecce M3MeHEHUs JAaHHBIX B 6a3e BOSHUKJIO MCKJIOUEHE, MOYKHO BOCIIOJIB30-
BaTbCsA OTUM METOJOM, YTOOBI OTMEHUTH N3MEHEeHU s, IIPOU3BeeHHbIe 0 MTOsIB-
JICHUS UCKJIIOUEeHU .

c.cursor()

CosmaeT HOBBIA KYpPCOP, 9K3eMILIAP KJacca Cursor, HCHOJL3YIONINI COoequHe-
Hue. Kypcop — 9T0 00beKT, KOTOPBII NCIOJIb3yeTCs AJIA BHIIOJIHEHU 3aIIPOCOB
SQL u monyueHns pesyabTaToB. O0 5TOM pacCKas3bIBAETCS B CIAEAYIOIEM pas-
neJie.

Kypcopbl

YT00BI BBIMOJIHUTh KaKKUe-I100 onepanuu B 6ase JaHHBIX, CHAYaJIa HEOOXOmu-
MO CO3JaTh O0'bEKT COeIMHEHN C, 4 3aTeM BbI30BOM MeTO/a C.cursor() cos3gaThb
00beKT KJiacca Cursor. OK3eMILIAP cur KJiacca Cursor o0JamaeT MHOMKECTBOM
CTAHZAPTHBIX METOLOB 1 aTPUOYTOB, KOTOPhIE NCIIOJb3YIOTCA AJIA BHIIIOJTHEHN
3aI1pPOCOB:

cur.callproc(procname [, parameters])

BriswiBaeT xpaHUMYIO IPOLEAYPY C MMeHeM procname. B aprymenTe parameters
mepefaeTcs MOCJIeIoBaTeILHOCTh 3HAUEHU, KOTOPhIe OYAYT IepelaHbl XPaHU-
MOM IIPOIIEIyPe B BUE €€ apryMeHTOB. Pe3ysibraToM 9TO QYHKIINU ABJIAETCS
IOCJIEOBATEIHFHOCTD C TEM K€ KOJMUYECTBOM 3JIEMEHTOB, YTO U B IIOCJIEIOBA-
TEJILHOCTU parameters. Ta IOCJIe[0BaTEeIbHOCTh ABJIAETCA KOIIMEH II0CJIeloBa-
TeJILHOCTHU parameters, The 3HaUeHUs JIOObIX BBIXOJHBIX apryMEHTOB 3aMella-
I0TCS 3HAUEHUAMU, IIOJTYUEHHBIMU B PE3yJIbTaTe BHIIOJHEHUS XPAHUMON IIPO-
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enypsl. Kpome Toro, ecsiu mpoiieiypa BHIBOAUT HEKOTOPBIHM HAO0OP NaHHBIX, ET0
MOXKHO IOJIYYUTH C IIOMOIITBI0 MeTonOB fetch+(), onmuchIBaeMbIX HUKE.

cur.close()

3akphIBaeT Kypcop, IPefoTBpallas BO3MOYKHOCTH BBIIOJHEHUA KaKUX-JIN00
JaJbHEeNIINX ollepamuil ¢ ero moMOIIbI0.

cur.execute(query [, parameters])

Brimosasier sampoc uii KoMaHAy query B 6ase JaHHBIX. B aprymenTe query me-
penaeTrcs CTPOKa, cofepsKaiiasa KoMauay (00bruHO Ha A3bIKe SQL), a B aprymen-
Te parameters — auOO MOCJIENOBATEIHLHOCTD, JIN00 OTOOPAKeHNe CO 3SHAUSHUAMU
TepeMeHHBIX, UCIO0JIb3yEeMbIX B CTPOKE 3ampoca query (00 3TOM pacCKas3bIBaeTCsa
B CJIENYIOIIEM paszeJe).

cur.executemany(query [, parametersequencel])

MHorokpaTHO BRIIOJIHAET 3aIPOC MU KOMaHAY query. B aprymenTe query mepe-
IaeTcs CTPOKA 3aIpoca, a B apryMeHTe parametersquence — mocJjiefoBaTeIbHOCTb
TPYII mapaMeTpoB. KaKabIil 971eMeHT 3TOH IT0CIe[0BaTEeIbHOCTY JOJIKEH OBITh
00'EKTOM IIOCJIeIOBATEJIFHOCTHU MU OTOOPaKeHUA, KOTOPBINT MOYKHO OBLJIO GBI
mepenaTb MeTony execute(), OMMCAHHOMY BBIIIIE.

cur.fetchone()

Boaspataer cienyomiyio 3anuchk u3 Habopa JaHHBIX, OJYUYEHHOT'O BHI3SOBOM
meroma execute() mam executemany(). Kax mpaBumao, pes3yabTaTOM SBJISETCS
CIMCOK UJIM KOPTeXX 3HAUEHUI pPasJINYHBIX CTOJIONOB B Habope mauubix. [Tocie
U3BJIEUEHU IIOCJeIHEeN 3anucu 13 Habopa BodBpalmaercs None. B cayuae oTeyT-
CcTBUsA Habopa JaHHBIX UJIU B CJIyUae, KOT/A IIPeIbIAyIasd ollepalius He BepHyIa
HUYEro, Bo30y KIaeTcsa UCKIIIOUeHNe.

cur.fetchmany([size])

Bosspailaer mocjenoBaTe IbHOCTD 3aIIMCeH 13 ITOJYYEeHHOTr0 Habopa JaHHbBIX (TO
eCTh CIIMCOK KopTeskeit). B aprymenTe size yKasblBaeTCsa KOJIMUYECTBO 3allucCeit,
KOTOpHBIe TpebyeTcss BepHYTh. [Ipu BbI30Be 6e3 apryMeHTa B KauecTBe 3HAUEHU A
IO YMOJUYAHNIO MUCIIOJL3YETCS 3HAUeHNre aTpuldyTa cur.arraysize. @akTruuyecKoe
YHCJIO BO3BpAIllaeMbIX 3alliceil MOXMKeT OKAasaTbCs MEHBIIe 3aIPOIIeHHOrO.
Ecau panee 6b111 BRIOPAHBI BCE 3aIIMCH, BO3BPAII[AETCS IIYCTasA IIOCIeL0BATEb-
HOCTb.

cur.fetchall()

Boasepaiaer mocjienoBaTeIbHOCTh BCeX 3amuceil (TO eCTh CIIMCOK KOpTeKei),
OCTaBIIIMXCS B MTOJYUYEHHOM HaOOpe JaHHBIX.

cur.nextset()

IIpomycKaeT Bce OCTaBINMECA 3alCH B TEKYINeM HA0Ope JaHHBIX U IEePeXOJUT
K cienyroliemy Habopy (ecau umeercs). Ecau ciaexnyromiero Habopa JaHHBIX He
CYII[eCTBYeT, Bo3Bpalmaer None; B IPOTUBHOM CJIydae BO3BPAIlaeT rue, a mocJje-
nyorue omeparuu fetch=() OyayT Bo3BpalllaTh JaHHbBIE U3 HOBOT'O Habopa.

cur.setinputsize(sizes)

Coob1aer Kypcopy nHGOPMAIKIO O IapaMeTpax, KOTopble OyAyT IepeqaBaThbCs
B TIOCJIEAYIOIIMX BBIBOBAX METOHOB executex(). B aprymente sizes mepemaercs
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TOCJIEN0BATEIHFHOCTh OO'BEKTOB THUIIOB (OIMMCHIBAETCA UYTh HUIKE) UJIU IEJTBIX
Yurces, KOTOPbIe 0003HAYAIOT MAKCUMAJIbHYI0 OXKUJAEMYIO AJUHY CTPOKU JJIA
KaxJJoro mapamerpa. dTa nHQOPMAIA UCI0JIb3yeTcd 00beKTOM Kypcopa A
BbIeJIeHUA 6ydepoB B TaMATH, KOTOPBIE OYAYT MCIOJIb30BAThCS IIPU CO3JaHUN
3aIIPOCOB ¥ KOMAaH]], IIOChLJIaeMbIX 0a3e JaHHBIX. JTO IIO3BOJISAET IOBBICUTE CKO-
POCTB BBIIOJTHEHUA ITOCIEAYIOMUX onepanuii executes().

cur.setoutputsize(size [, column])

VeranapiuBaeT pasmep Oydepa AJd OIpeneieHHOr0 CTOJIOA B BO3Bpalljae-
MOM HaOope JaHHBIX. B aprymenTe column rnepesaeTcsa e IOUNCIeHHBIN NHIEKC
[OJIA B 3aIlUCH, a4 B apI'yMeHTe Si76 — KOJNUUecTBO 6aiToB. OOBIYHO STOT METOL
HUCITOJIB3YEeTCs, UTOOBI YCTAHOBUTDL ONPAHUYEHUS AJIA CTOJIOIOB, KOTOPHIE MO-
TYT COAepPKaTh 00JbllIe 00beMbl MHGOPMAI[NN, TAKNX KAK CTPOKU, 00'HEKTHI
BLOB u 06bexTer LONG, mepen TeM, KaK BbI3BIBATH METOALI executex(). Ecum
apryMeHT column OIyIeH, OrpaHUYeHNe S176 YCTaHABINBAETCA [IJIs BCeX CTOJIO-
I[OB B BO3BpAIllaeMOM HAbope JaHHBIX.

Kypcopsl o61amaoT pagomM aTpudyToB ¢ nH(GOPMAIlei 0 TeKyIeM Habope JaH-
HBIX U 0 CAMOM Kypcope.

cur.arraysize

Iemoe ume0, KOTOPOE MCIOJIB3yeTcs MeTonoM fetchmany() Kak 3HaUeHUE IO
YMOJIYAHNIO. OTO 3HAYEHME MOYKET OTJIMYATHCSI B PA3HBIX MOAYJIAX TOCTYIA
K 6a3aM JAaHHBIX 1 M3HAYUAJIBHO MOJMKET YyCTaHaABJINBATHCA PAaBHBIM «OIITHMAaJIb-
HOMY», C TOUKU 3PEHUA MOAYJIA, SHAUEHUIO.

cur.description

ITociemoBaTeIbHOCTE KOPTEsKEH ¢ mH(popMAaIieil 0 KakI0M CTOJIOIe B TEKYIIeM
Habope nmaHHBIX. KasKabIll KOpTe:K mMeeT Bunm (name, type_code, display_size,
internal_size, precision, scale, null_ok). IlepBoe 1moJie Bcerma COAEP:KUT UMS
cToJIba. S3HAUEHHE B IIOJIe type_C0de MOKeT UCII0JIb30BATLCS B OIIEPAIUIX CPaB-
HUBAHUSA C TUIIAMU 00'BEKTOB, 0 KOTOPBIX PACCKasbIBaeTcsa B pasdmese «THUIbL
00'bEKTOB». [[pyrue moJid B KOPTEKe MOTYT MMETh 3HAUeHue None, eCau OHU He
MMEIOT CMBICJIA JJIsI CTOJIOIA.

cur.rowcount

KoauuecTso 3amnuceil B Habope JaHHBIX, IOJYUYEHHOM B Pe3yJIbTaTe IOCJIeIHEero
BBIBOBa OJTHOT'O M3 METOJ0B executex(). 3HaueHme -1 odHAYaeT, 4YTo Jinbo Habop
IaHHBIX B Pe3yJbTaTe OTCYTCTBYET, JIM0O0 KOJIMUYECTBO 3aIuceli He MOKeT ObITh
oIrpeieIeHo.

XoTsi 5TO W He OroBapuBaeTcs CIelU(UKAIell, TeM He MeHee peans3allus
KJiaccoB Cursor B GOJIBITUHCTBE MOAYJIEH NOCTYA K 0a3aM JaHHBIX o0ecreunBa-
IOT IO AEP:KKY IPOTOKoJIa nTeparuii. To ecTs, 4TOOBI 000HTH BCe 3aII1ICH B Ha-
6ope JaHHBIX, MOJYUYEHHOM B Pe3yJbTaTe MOCJEJHEro0 BbI30Ba OJHOTO U3 METO-
OB executex(), MOKHO MCIIOJIB30BaTh MHCTPYKIIUIO, TAKYIO Kak for row in cur:.

Huixe mpuBoguTCA IPOCTON IIPUMED, TEMOHCTPUPYIONINI, KaK HEKOTOPhIE U3
9THUX OIEepaIuil MOTYT MCIOJb30BaThCs IPHU paboTe ¢ MoayJieM sqlited mocTymna
K 0ase JaHHBIX, KOTOPBLIH BXOAUT B COCTAB CTAHJAPTHOI OMOJIMOTEKH:
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import sglited
conn = sqlite3.connect(“dbfile”)
cur = conn.cursor()

# Mpumep npocToro 3anpoca
cur.execute(“select name, shares, price from portfolio where account=12345")

# 06xon pesynbTaToB B LMKIE
while True:

row = cur.fetchone()

if not row: break

# 00paboTaTb 3anuch

name, shares, price = row

# AnbTepHaTVBHbIN noaxon (C Wcnonb3oBaHeM uTepauuit)
cur.execute(“select name, shares, price from portfolio where account=12345")
for name, shares, price in cur

# 00paboTaTb 3anuchb

dopmMmmpoBaHue 3anpocos

KpuTruecku BasKHBIM 9TAIIOM IIPU UCIIOJIb30BAHUY MIPUKJIALHOTO nHTEpdeiica
IocTyma K 0asaM JaHHBIX ABJsAeTcA (popMupoBaHUE CTPOKHU 3ampoca SQL, Ko-
Topasd mepefaeTca MeTomam executex() 06beKTOB KypcopoB. OTuacTu mpobema
3aKJ0YAEeTCs B HEOOXOJUMOCTY BCTABUTH B CTPOKY 3aIIpoca mapaMeTphbl, KOTO-
pble BBOZATCA ITOJIb30oBaTeseM. Hampumep, MOXKHO OBbIIO ObI HamucaTbh TaKoi
IPOrPaMMHBIA KOZ:

symbol = “AIG”
account = 12345

cur.execute(“select shares from portfolio where name="%s’ and account=%d” %
(symbol, account))

ATOT IIpUeM «JIeliCTByeT», TeM He MeHee HUKOTa He cJiefyeT BPyUHYo (opMu-
poBaTh 3aIIPOCHI C IIOMOIILI0 CTPOKOBBIX OIlepaliuii, KaK 5TO CAeJIaHO B JaH-
HOM IpuMepe. B MpoTHBHOM cJiiydyae MOSBJIAETCS YSI3BUMOCTH K aTakaM THUIA
«uHBEKIUI SQL», KOTOPOiT MOKEeT BOCIOJIbL30BAThCSA 3JI0YMBIIIJICHHUK, UYTOOBI
BBIIIOJIHUTEH IIPOU3BOJIbHEIE HHCTPYKIMK Ha cepBepe 0a3 maHHBbIX. Hampumep,
B IIPeABIAYINEM IIPUMepe 3J0YMBIIIJIEHHNK MOT Obl IIepeaTh B IrapaMeTpe Sym-
bol smauenme "EVIL LAUGH’; drop table portfolio;--" KoTopoe, 0ueBUIHO, IIPUBO-
IUT COBCEM He K TeM pe3yJIbTaTaM, KOTOPbIe BbI MOTJIN ObI OJKUIATh.

Bce mogynu mocryma K 6asaM SaHHBIX IPELOCTABJISIOT COOCTBEHHbBIE MEXaHMI3-
MBI OACTAHOBKY 3HaueHui. Hampumep, BMeCTO TOro, 4To0bl (h)OPMUPOBATE 34a-
IpoC IEJUKOM, KaK OBbIJIO IMIOKa3aHO BRIIIE, TO YK€ CaMOe MOKHO OBIIO OBI cle-
JIaTh MHA4Ye:

symbol = “AIG”
account = 12345

cur.execute(“select shares from portfolio where name=? and account=?"
(symbol, account))
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31ech CUMBOJIBI IIOACTAHOBKY ‘?' 0JIATOMOJIYYHO 3aMEIAal0TCA SHAUCHUIMU U3
KopTexka (symbol, account).

K coskasienuio, He CYII[eCTBYeT €IMHOTO COTJIAIIIEHUA O TpaBuiax ohOpMIEHUA
CHMBOJIOB TIOICTAHOBKY MEXKY PA3JIUUYHLIMU MOAYJISAMHU JOCTYIIA K OasaMm maH-
HBIX. [Ipu 9TOM B KaKJI0M MOAYJIe MOJKET ObITh 3aaHa IepeMeHHasd paramstyle,
KoTopas onpejeser (hopMaT IapaMeTpPOB B 3aIIpOCax, 3aMeIaeMbIX (haKTHrue-
CKUMHU 3HaUueHuAMU. HuiKe mepeurcieHbl BO3MOKHBIE 3HAUCHUSA STOU IIepeMeH-
HOI:

®opmar mapamerpa | Onucanue

‘gmark’ ITapameTpsl 0603HAUAIOTCS 3HAKOM BOIIPOCA, e KaK bl
CUMBOJI ? B 3aIIpOCe 3aMeIllaeTcA OUepPeHBIM 9JIEMEHTOM II0-
ciaenoBarensHocTu. Hampumep: cur.execute(™... where name=?
and account=?", (symbol, account)). 3HaueHUs TapaMeTPOB
mepefaloTCa B BUIe KOPTeXKa.

‘numeric’ ITapameTpsl 0003HAYAIOTCS YUCIAMH, TJe IIapaMeTp /1 3aMe-
miaeTcs 3HaUeHUEM ¢ mHAeKkcoM . Hampumep: cur.execute(”...
where name=:0 and account=:1",(symbol, account)).

‘named’ M meHoBaHHBIE TapaMETPEL, TZie IapaMeTp :Name 3aMeIaeTcs

MMEeHOBAHHBIM 3HaUeHUeM. B aTom cIy4dae sHaUeHUdA Imapame-
TPOB JOJIXKHBI ITIepeaaBaThbCd B BUe 0T06pa}KeHI/IH. HaanMep:

cur.execute(”... where name=:symbol and account=:account”,
{"symbol’:symbol, ‘account’: account}).

‘format’ ITapameTpsr o603HaUaOTCA B cTHIe PyHKIUM printf, B Buge
cruenuuKaTopoB popmara, TaKuX Kak %s, %d u rak gasee. Ha-
npumep: cur.execute(”... where name=%s and account=%d”, (sym-
bol, account)).

‘pyformat’ Pacmupennsiit Habop KoxoB hopmara B cTue a3bika Python,
Takux Kak %(name)s. Hamomuuaet popmart ‘named’. S3HaUEHUA
mapaMeTpOB JOJIXKHBI IepelaBaThCA B BUe OTOOpasKeHusd, a He
B BUJe KOpPTeXKa.

Tunbl 00bLEKTOB

IIpu paGote ¢ 6asaMu JaHHBIX BCTPOEHHBLIE THUIIBI, TAKHE KaK IeJible UKMCJIa
¥ CTPOKHM, OOBIYHO OTOOPAKAIOTCS B SKBUBAJIEHTHBIE THUIIBI, UCIIOJIb3yeMble 0a-
3011 jauHbIX. OQHAKO BCe YCIOMKHACTCA, KOTLa IPUXOAUTCA PAb0TATh C TAKIMI
JaHHBIMH, KaK JAThl, JBOMYHLIC JaHHbIE, X IPYTMMHU CIEINAJIbHBIMI THIIAMMH.
YT00BI yIIPOCTUTH OTOOPAKEHNE JaHHBIX 9TUX THUIIOB, MOLYJIN JOCTYIIA K 0asamM
MAaHHBIX PEaJu3yIT HA0Op (PYHKIUIA-KOHCTPYKTOPOB, IIO3BOJAIIIAX CO3Ma-
BaThb 00'bEKTHI PA3JIUUYHBIX TUIIOB.

Date(year, month, day)
CosmaeTr 00bEKT, TPEICTABIAIOIINI JaTYy.
Time(hour, minute, second)

CospmaeTr 00bEKT, ITPeICTABIIAIOIINI BpeM.
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Timestamp(year, month, day, hour, minute, second)
CospmaeT 00'bEKT, IPEICTABJIAIOIINI OTMETKY BPEMEHMU.
DateFromTicks(ticks)

CospmaeT 00bEKT, IPEACTABIAIOININI AaTy, U3 3HAUEHUA CUCTEMHOTO BPEMEHMH.
B aprymenre ticks mepegaeTcs KOJMYECTBO CEKYHJ, BO3BPAIlaeMOe TaKIIMI
dyHKIIUAMY, KakK time.time().

TimeFromTicks(ticks)
CosmaeT 00BEKT, IIPEACTABJISIONINI BpeMsA, N3 3HAUCHU S CCTEeMHOTO BpeMeH!.
TimestampFromTicks(ticks)

CospmaeTr 00'bEKT, IPEACTABJIAIOIINNA OTMETKY BPEMEHU, U3 3HAYEHU A CCTEMHO-
'O BpeMEeHM.

Binary(s)
Cosmaer 00'bEKT, IIPEICTABJIAIONINI JBONYHEIEC JaHHEIE, 13 CTPOKU 6ANTOB S.

B momonHeHMe K 9TUM KOHCTPYKTOPAM B MOJYJISAX MOTYT O0bABIATHCS CIEAYIO-
e TUIIbI Oﬁ’BeKTOB. BTI/I TUIIbI OG’BGKTOB IIpegHasHavYeHbl OJId IIPDOBEPKU TUIIA,
YKas3aHHOTO B II0JIe Type_code aTpudyTa cur.description, KOTOPBIi COOEPIKUT UH-
¢ opMAaIHIO O COAEPIKNMOM TEKYIIero Habopa JaHHBIX.

Tun o6bexTa Onucanue

STRING CuMBOJIbHBIE UJIU TEKCTOBBIE TaHHbBIE
BINARY IBonuHble faHHbIe, TaKue Kak BLOB
NUMBER YucaoBble faHHBIE

DATETIME Iara u Bpema

ROWID UnenTudurarop sanucu

O6paboTka owmnbok

Mopgynu mocryma K 6asaM JaHHBIX OOBABJAIOT HUCKJIIOUEHUE Error BepXHEro
YPOBHSI, KOTOPOE CIYKUT 6a30BBIM KJIACCOM JJISI BCEX OCTAJNbHBIX UCKJIIOUEHUH.
Huoxe IIPUBOAUTCA II€PEUYEHb 0oJiee CIIeIIMaJIN3NPOBAHHBIX I/ICRJIIOquI/IfI, nme-
IOII[MX OTHOIEHWE K OITNOKAaM, BOSHUKAIOIUM Ipu padboTe ¢ 6a3aMu JaHHBIX:

Hckarouenune Onucanme

InterfaceError OmubKY, cBA3aHHBIE C HEIIPABUJIbHBIM MCIIOJIH30BAHUEM UH-
Tepdeiica Kk 6aze JTaHHBIX, HO HE C caMOIi 0a30# TaHHBIX.

DatabaseError OwnbKY, MMeIIre OTHOIIIeHE K caMOi 6a3e JaHHBIX.

DataError Omubxu, cBa3aHHBIe ¢ 00paboTKoi JanERIX. Hanpumep, He-
IOMyCTUMOE TTpeoGpasoBaHme TUIIOB, JeJieHNe Ha HOJIb U TaK
nanee.

OperationalError OmubKu, cBA3aHHLIE ¢ paboToii camoii 6a3kl faHERIX. Hanpu-

Mep, II0TePpA COeJUHEHU A.
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(npodonscerue)

Hckarouenune Onucanmne

IntegrityError OmubKu, CBsI3aHHBIE C HAPYIIIEHWEM I[eJI0CTHOCTY 6asbl JaH-
HBIX.

InternalError BuyTpenusas omubka 6assl JanHbiX. Hanpumep, obpaiieHue
K yCcTapeBIlIeMy KypCopy.

ProgrammingError Omu6ku B 3ampocax SQL.

NotSupportedError OmubKu oOpalleHusi K MeToJaM IIPOrpaMMHOr0 nHTepdeiica,
KOTOpbIE He IO/ ePKUBAIOTCA 023011 JaHHBIX.

Mogyau MOTyT TaKsKe 00BABIATD UCKIIOUEeHME Warning, KOTOpoe UCI0Ib3yeTCs
MOIYJAMHU JOCTyIa K 6asaM AaHHBIX, YTOOBI MPEAYIPEIUTH O TAKUX IPOOJIe-
MaX, KaK yceueHue JaHHBIX IIPU 3aliCH B 623y JaHHBIX.

MHOronoTo4YHoOCTb

IIpu paspaboTKe MHOTOIIOTOUHBIX MPUJIOKEHUN CJIeLyeT IIOMHUTH, YTO MOIY-
JIW IOCTyIA K 6a3aM JaHHBIX MOTYT IOJIePKUBATDb, & MOT'YT He MOAAePKUBATH
BO3MOKHOCTH Pab0OTHI B MHOT'OIIOTOUHOM peskume. KasKablii MOAYJIb 00bABIAET
cJIeyIOIMe IepeMeHHbIe, TO3BOJISIONME MOJYUNUTD JOIOJTHUTENbHY0 NHGOP-
MaIiuo 00 5TOM.

threadsafety

ueJIOG YHCJIO, OIIMCBhIBaAIOIIlee CTENIEHb IOAAEPH KU MOAYyJIeM paﬁOTLI B MHOI'OIIO-
TOYHOM PEeXHHNMeE. Huxe IIepeurncJIeHbl BOSMOXHBIEC SHAUCHU A

0 PabGoTa B MHOTOIIOTOUHOM PeKUMe He Mo JepsKuBaeTcsa. PasiuuHble MOTO-
KH He MOT'YT COBMECTHO HCIIOJIb30BATh KaKKe-TN00 3JIeMEeHTBI MOLYJIS.

1 Mogysnb nonmep:KuBaeT paboTy B MHOTOIIOTOYHOM PeKUMe, HO CoeuHe-
HUS He MOT'YT COBMECTHO MCITOJIb30BaThCA B PA3HBIX IOTOKAX.

2  Mopynb u coeJUHEHUS MOAAEPKUBAIOT pab0Ty B MHOTOIIOTOYHOM PesKuMe,
HO KyPCOPBI He MOT'YT COBMECTHO UCIIOJIb30BATHCA B PA3HBIX IIOTOKAX.

3  Mopaynb, coefMHEHUA U KYPCOPHI IOAAEP;KUBAIOT PA0OTY B MHOTOIIOTOY-
HOM PeKuMe.

OTo6Gpa)keHue pe3ynbLTAaToOB B C/IOBapun

YacTo BOSHMKAET HEOOXOAUMOCTH OTOOPA3UTH pPes3yJbTaThl, IOJYUYEHHbIE U3
0ashl JAHHBIX B BUJE KOPTEKel UM CIIUCKOB, B CJIOBaph C UMEHOBAHHBIMH I10-
aamvu. Hanpuwmep, eciu Ha6op JaHHBIX, TOYUYEHHBIH B Pe3yIbTaTe 3aIIpOca, CO-
IEePIKUT OOJIBIIIOE YKCJIO CTOJIOMOB, C HUM OBIJIO OBI IIPOIlle Pab0TaTh, NCIOJIb3Y I
omnucaTeJbHbIe MMEHA I0Jiefl BMECTO KeCTKO 3aJaHHBIX UMCJIOBBIX WHIEKCOB
B KOpTeXKe.

Pemuts 8Ty mpo6sieMy MOKHO MHOKECTBOM CIIOCO0OB, HO OJMH U3 CAMBIX dJIe-
TaHTHBIX 3aKJII0UAETCS B UCIIOJIb30BaHUYU (PyHKIIUA-TeHepaTopoB. Hampumep:
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def generate_dicts(cur)

import itertools
fieldnames = [d[0].lower() for d in cur.description ]
while True:

rows = cur. fetchmany()

if not row: return

for row in rows:

yield dict(itertools.izip(fieldnames, row))

# llpumep mcnonb3oBaHus
cur.execute(“select name, shares, price from portfolio”)
for r in generate_dicts(cur)

print r[*name’ ], r[*shares’],r['price’]

HwmeiiTe B BuAYy, 4TO CII0CO0 MMEHOBAHUA CTOJIOIOB B PAa3HBIX 6a3aX TaHHBIX MO-
JKeT OTJINYATHCSA, 0COOEHHO 9TO KacaeTCs UYBCTBUTEIbHOCTHU K PErUCTPY CUMBO-
JioB. ITosTomy BaM mpupeTcs ObITh JOCTATOYHO BHUMATEJIBHBIMHU ITPU HOMBITKE
IPUMEHUTH 3TOT IIPHEM B IIPOrPAMMHOM KOZe, KOTOPBII JOJIXKeH 00eclieunBaTh
BO3MOXXHOCTB PAOOTEI ¢ PA3JIMYHBIMIY MOAYJISIMU JOCTYIIA K 0a3aM JaHHBIX.

PaclumpeHune nHtepderica goctyna k 6asam gaHHbIX

B zakjroueHue cienyeT OTMETUTDb, UTO K KOHKPETHBIM MOAYJIAM 0a3 JaHHBIX
MOJKeT OBITH J00aBJIEHO MHOKECTBO PACIIUPEHUI U JOTIOJHUTEIbHBIX BOSMOMK-
HOCTeM, HAaITPpUMep NOAIePKKa By X(ha3HOT0 TOATBEPIKAEHUS TPAH3AKIIUI NI
paciupeHHasa o0paboTKa OIMOOK. [[OMOJHUTEIbHYI0 MHGOPMAIUIO O PEKO-
MEHJyeMbIX mHTepdeiicax MogOoOHbIX YAYUIIIeHN MOMKHO HAWTH B JOKYMEHTEe
PEP-249. Kpome TOro, CTOpoHHME MOAYJIX MOTYT CYIIIECTBEHHO YIIPOCTUTH pa-
00Ty ¢ mHTep@eicaM JOCTyNA K PeJIAINONHBIM 0a3aM JaHHBIX.

Mopaynb sqlite3

Mopynb sglite3 peanusayer mHTep(eiic Kk 6ubamoTrexke 0asbl maHHBIX SQLite
(http://www.sqlite.org). SQLite — aTo bmbauorTeka Ha a3bike C, KOTOPasa peayu-
3yeT PYHKIIMOHAJTLHOCTD PEJIAIMOHHON 0a3bl JaHHBIX, Pa3MeI[aeMOi B eIMHOM
(daiiyie mau B obsactu mamaTu. HecMOTpsA Ha CBOIO MPOCTOTY, 9Ta OUOJIMOTEKA
MOXKET OKa3aThbCsd BeCbMa IIPUBJIEKATEJIbHOU II0 PA3JIMYHBIM OmpuumHaMm. Bo-
IepPBBIX, OHA He TPeOyeT BbIJeJeHU A CIIeIINaJbHOr0 cepBepa 0a3 JaHHBIX U He
TpebyeT CJIOMKHOI HACTPOMKM — €e MOXKHO HAaUMHATH KCIIOJb30BaTh, IIPOCTO
YCTaHOBUB coequHEeHNe ¢ (haiisoM 6asbl JTaHHBIX (€CJIU 9TOT (Pailyl OTCYTCTBYET,
OyzmeT cosmaH HOBBIN). Kpome Bcero mpouero, sta 6a3a JaHHBIX IOAJePKUBAET
TPaH3AKI[UN, UTO IOBBIIIIAET ee HaJe:KHOCTh ([JasKe B CIAydae CUCTEMHBIX cO0€B),
a TaK’Ke UMeeT MeXaHU3M OJIOKMPOBOK, UTO IIO3BOJISIET OMHOBPEMEHHO PaboTaTh
C OTHUM U TeM ke (ailjiom 6a3bl JaHHBIX 13 HECKOJIbKUX IIPOIECCOB.

IIporpaMmMHuBIil mHTEep(eiic K OubIMoTeKe CIeAyeT COTVIAIIeHNAM, ONMNCAHHBIM
B IIPEABIAYINEM paselie, IOCBAINeHHOM HHTep(deiicy focTyna K 0asaM JaHHBIX,
IO9TOMY 3[IeCh MBI He OyIeM IIOBTOPSTH OINMCAHNE MHOTUX 0coOO0eHHOoCcTel. Bme-
CTO 9TOr0 B JaHHOM pasjeje MbI COCPENOTOUNMCS Ha TeXHUUYECKUX IIOAPOOHO-
CTSIX WCIOJb30BAHUA MOAYJSA, a TaAKyKe HAa 0COOEHHOCTAX, XapaKTePHBIX MIJId
MonayJia sqlited.
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DYHKLUN YPOBHS MoAayns

B mogyite sqlite3 ompenesieHb! caenyiomniue QyHKITUN:
connect(database [, timeout [, isolation_level [, detect_types]]])

Cospaer coeguHenme ¢ 6a3oii fanabix SQLite. B aprymenTe database mepenaercs
CTPOKA, onpezedornas uMsA (daitia 6as3bl fTaHHBIX. B HEM TaK:Ke MOKHO Iiepe-
IaTh CTPOKY “:memory:”; B aTOM cjayuae 6asa HaHHBIX OyAeT co3maHa B MIaMATH
(uMeiiTe B BULY, uTO 6a3a JaHHBIX STOTO THUIA CYIIECTBYET, TOJIHKO IIOKA BBI-
MoJIHsIeTCA IMporpaMma Ha sisbike Python, u ncuesaer cpasy mocJje saBepIieHus
mporpaMMbI). APryMeHT timeout ompenesigeT WHTEePBaJl BPeMEHU OXKUTaHUI
0CBOOOKIeH!ST BHYTPEHHeH OJIOKMPOBKY HA JOCTYII IJIS UTeHUA-3aIIUCH, TIOKA
apyrue CoeJMHEeHUA BBINIOJHAIOT M3MEHEHUA JaHHBIX B 6a3e. ITo YMOJIYaHUIO
IpeneJbHOE BpeMs OMKUAAHUA COCTAaBIAET 5 ceKyHa. Korma ncmoab3yooTes Ta-
Kue omnepaTopbl SQL, xax INSERT miu UPDATE, aBTOMATUUYECKH 3aIyCKAETCs HO-
Bas TpaH3aKIusdA, ecJu OHa He Oblja 3amyllleHa paHee. B aprymenTe isolation_
level mepenaeTcsi CTPOKa ¢ HeOOA3aTeNbHBIM JOIOJHUTEIbHBIM MOIU(PUKATO-
poM mHCTpyKITuu SQL BEGIN, KoTOpas MCIIOJIb3YeTC MJA 3alTyCKa TPaH3aKI[NH.
BosmoskHbIe 3HaUeHUA: ' (0 ymoauaHuio), “DEFERRED”, “EXCLUSIVE” mau “IMME-
DIATE". 9T MoAM(DUKATODPEI UMEIOT OTHOIIIEHNE K Pean3alini MexaHnusma 6J1o0-
KUPOBOK B 0ase JaHHBIX U UMEIOT CJIEYIOIIUI CMBICJI:

YpoBeHDb H30JIAINHT Onucanue

“" (mycTasi CTPOKa) WcnosnbayeTcs: 3HaUeHne 110 yMoJadaHuio — DEFFERED.

“DEFFERED” BrimonHAETCA 3aIyCK HOBOI TPaH3aKIIUM, HO OJIOKMPOBKA
yCTaHaBJIUBAETCA TOJHLKO B MOMEHT BBITTOJTHEHU S ITePBOM
onepanuu.

“EXCLUSIVE” 3amyckaeT HOBYIO TPaH3aKIIUIO M TADAHTUPYET, UTO HU-

KaKoe [Ipyroe coefuHeHNe ¢ 0a30l JaHHBIX HE CMOMKET
BBIMIOJIHSTE OIlePaIlNy UTeHUs UJIU 3alUCH, ITIOKA He OyaeT
[IOATBEPsK/ICHA 3TA TPAH3AKI[US.

“IMMEDIATE” 3amycKaeT HOBYIO TPAH3AKIIUIO M TADAHTUPYET, YTO HUKA-
KOe JpyTroe coeuHeHUe ¢ 6230 JaHHBIX HE CMOYKET BBIIIOJ-
HATH N3MEHEHU, II0KA He OyZeT MOATBEPIKJeHa 9Ta TPAH-
3akiusa. OLHAKO IPU 5TOM OCTaJIbHBIE COEJUHEHUA CMOTYT
BBITIOJIHATH ONlePaIluy YTeHuA 13 0as3hbl JaHHBIX.

AprymeHT detect_types m03BOJISIET OPraHN30BaTh HOMOJHUTEIbHOE OIIpeIeIeH1e
THUIIOB JaHHBIX (32 CUET JOIIOJHUTEIHHOTO CHHTAKCUYECKOr'0 aHAIN3a 3aIIPOCOB
SQL) B Bo3BpaIaeMbIx Habopax AaHHBIX. Ilo ymMoauaHUio mMeeT 3HaueHue 0
(momosTHUTEIBHOE OIpeJiesieHre He IMPOM3BOAUTCA). MoKeT ycTaHaBIUBATHCA
KaK OuTHAs MacKa, cocraBieHHasa u3 (paros PARSE_DECLTYPES m PARSE_COLNAMES
¢ momoIIbio 6uToBoii oneparuu UJIN. Ecau ycranosieHn diar PARSE_DECLTYPES,
3amIpocChl IIPOBEPAIOTCA Ha HaJUUYWe B HUX MMEH TUIOB, TAKMUX Kak ‘integer”
uau “number(8)”, 4TOOBI OIIPENeJIUTDh TUIILI CTOJIOIIOB B BO3BpalraeMoM Habope
maHHbIX. Eciu ycranoBiieH ¢uar PARSE_COLNAMES, mosiBasieTcs BO3MOYKHOCTDH
BCTPaMBATh B 3aIIPOCHI CIIeIIMaJIbHbIe CTPOKY Buaa “‘colname [typename]” (BKJIIO-
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uad KaBBIYKHU), TJIe colname — UMA CTOJIOIA, a typename — UMA TUTA, 3aPETUCTPU-
pOBaHHOTrO c IoMomibio (pyHKIMM register_converter(), onucbklBaeMoOl HUKe.
ITpu mepenaue mexanusmy SQLite aTu cTpoKku IpocTo IpPeodpasyoTcs B CTPOKK
colname, a MOTIOJHUTEJIbHBIN crenu(pUKaTOp THUIIA NCIOJb3yeTCA IPU IIpeodpa-
30BaHUU 3HAUEHUH, ITOJYUEHHBIX B pedyJbTaTe 3anpoca. Hanpumep, Taxkoii 3a-
mpoc, Kak ‘select price as “price [decimal]” from portfolio’, 6ymeT uaTEpIIPE-
TUPOBATHCA KakK ‘select price as price from portfolio’, a pesyabTaTsl OyaAyT
mpeo6pasoBaHbI B COOTBETCTBUY ¢ TpaBujom «decimaly.

register_converter(typename, func)

Perucrpupyer HOBoe UMsA TUNA AJId OCJEAYIONIETO UCIIOJIb30BAHUA B KaUeCTBe
3HAUEHUA apryMeHTa detect_types @yurmuu connect(). B aprymenre typename
mepesaeTcsa CTPOKAa, colepskallias MMs THUIA B TOM BHJe, B KAKOM OHO OyaeT
HWCIIOJIL30BATHCA B 3aIIpOCaXx, a B apryMeHTe func — QYHKIIUA, IPUHIMAIOIaa
eIMHCTBEHHYIO CTPOKY 0AaliTOB ¥ BO3BPAILAOIIaA THUII JAHHBIX B si3bIKe Python.
Taxk, ecau BLINOJIHUTE BBI3OB sqlited.register_converter(‘decimal’, decimal.Dec-
imal), MOABUTCA BOSMOYKHOCTD 3aIIpallliBaTh 3HAUEHU A, KOTOPbIe OYAyT Mpeod-
pasoBaHBI B 00BeKTHI Decimal, Hampumep: ‘select price as “price [decimal]”
from stocks’.

register_adapter(type, func)

Peructpupyer QyHKIMIO IpeodpasoBanus TUIA type B i3bike Python, KoTopas
OyZeT MCIIOJIb30BAThCs MPU IIONBITKE COXPAHUTH 3HAUEHUE dTOr0 THIa B 0ase
IaHHBIX. B aprymenre func nmepegaercsa GyHKIIUA, IPUHUMAIONAA SK3EMILIAD
THUNA type W Bo3Bpalaiollad 3HaueHue Tuna int, float, CTpoKy 6aiiTOB B KOAU-
poBke UTF-8, crporky IOuukona uau 6ydep. Hampumep, eciu morpebyerca co-
XpaHUTh B 6as3e JaHHBIX 00BEeKT THlla Decimal, 9ToO MOKHO peajn30BaTh BHI3O-
BoM sqlite3.register_adapter(decimal.Decimal,float).

complete_statement(s)

Bosspataer True, ecau CTPOKA S COAEPKUT OAHY HJIX Gojiee MOJHBIX HHCTPYK-
it Ha a3bIKe SQL, pasmesieHHBIX TOUKOM ¢ 3aIATOMH. ATO MOKET IPUTOAUTHCS
Ipu pa3paboTKe MHTEePAKTUBHLIX IIPOrPaAMM, KOTOPbBIE IIOJYUYaIOT 3allPOCHI OT
OJIL30BATEJIA.

enable_callback_tracebacks(flag)

OmpenensgeT HEOOXOAMMOCTb 00PA0OTKY HCKJIIOUEHHUI, BOBHUKIINX B IOJIb30-
BaTeJIbCKUX (PYHKIIMAX 00pPATHOI'O BHI30BA, TAKUX KaK (DYHKIINU, 3aPETUCTPU-
poBaHHBIE ¢ ITIOMOIIBI0 QPYHKIIUH register_converter() m register_adapter(). Ilo
YMOJUYAHUIO MCKJIIOUEHIsS UTHOPUPYIOTCA. Ecam B apryMmeHTe flag mepenaThb
3HaueHue True, COOOIIEHUs C TPACCUPOBOUHOI MHMOPMAIHeii OYAyT BEIBOAUTE-
CdA B IOTOK SyS.stderr.

0O06bekTbl Knnacca Connection

O0bekT ¢ Kaacca Connection BosBpaiaerca PpyHKImeir connect() 1 mMogmepsKu-
BaeT CTaHAapTHBIE Ollepalluy, ONNCAHHbIE B paszieje, IIOCBAIIeHHOM OIIMCAaHUIO
uHTep(deiica focTyna K 6asaM JaHHBIX. B JOIIOIHeHNE K HUM IPEeNOCTaBIISIOTCS
cJielyIomiye MeToAbl, XapaKTepHbIe AJd MOAYJIA sqlited.
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c.create_function(name, num_params, func)

Peructpupyer Mmosib30BaTeIbCKYI0 DYHKIIUIO IS UCIOJb30BAHUS B 3aIlIpocax
SQL. B aprymenTe name mepenaeTcsa CTPOKa ¢ UMeHeM (PYHKIINN, B apTyMeHTe
num_params — 1eJioe YUCJIO, ONpeeidolee KOJNUECTBO TapaMeTpOB, U B apry-
MeHTe func — (pyHKIua Ha a3bike Python, comepsxaasa peanusamnuio. Huxe
TIPUBOAUTCS IPOCTOU IIPUMED:

def toupper(s):
return s.upper()
c.create_function(“toupper”, 1, toupper)

# MNpumep 1CNonb30BaHMS B 3anpoce
c.execute(“select toupper(name), foo,bar from sometable”)

IMasxe mpu ToM, uTo QYHKI[UA 3aIUChIBaeTcA Ha sa3bike Python, ee aprymenra-
MU MOT'YT GBITH TOJIBKO 3HAUEHUA TUIIOB int, float, str, unicode, buffer mau None.

c.create_aggregate(name, num_params, aggregate_class)

PerucTpupyer moIb30BaTEIbCKYIO arperaTHyo GYHKIIUIO AJIA UCIIOJIb30BaHUA
B 3ampocax SQL. B aprymenTe name mepenaeTcsa CTPOKa ¢ mMeHeM (GYHKIIUH,
a B apryMeHTe Num_params — I[eJI0e YUCJIO, OIIPeNesaioliee KOJIUIECTBO BXOJ-
HBIX IIapaMeTpoB. B aprymenre aggregate_class ykasbIBaeTcd KJacc, peajiu-
3YIOIIUI arperaTHyIo oneparnuio. ITOT KJIACC JOJIKeH IOANePKIBATh MHUIIVIA-
Jusanuio 6e3 mapaMeTpoB U peasn30BaTh MeTOX step(params), IPUHUMAOITUNT
TO K€ UKCJIO TapaMeTPOB, KOTOPOE YKa3aHO B apryMeHTe Num_params, i METOT,
finalize(), Bo3BpallaONINil OKOHYATEJbHBIN pe3yabTaT. Huike IpUBOAUTCS
TIPOCTOH IIpUMeED:

class Averager(object):

def __init__(self):
self.total = 0.0
self.count = 0

def step(self,value):
self. total += value
self.count += 1

def finalize(self):
return self.total / self.count

c.create_aggregate(“myavg”, 1, Averager)

# Mpumep 1Cnonb3oBaHMa B 3anpoce
c.execute(“select myavg(num) from sometable”)

ArperarHasi omnepaius BbIIOJIHIETCS KAK II0CJIeI0BATELHOCTL BHI3OBOB METO-
na step() ¢ BXOOHBIMU 3HAUEHUSMU U IOCJEAYIOIIUM BbI30BOM MeToxa final-
ize() mJis moJTyYeHU s OKOHUYATEJILHOTO 3HAUSHM .

c.create_collation(name, func)

Perucrpupyer MoJb30BaTEIbCKYI0 (DYHKIIMIO CPAaBHUBAHUSA [AJS HCIIOJH30Ba-
HuA B 3anpocax SQL. B aprymenTe name repefaeTcs CTPOKa ¢ uMeHeM GyHKI[UNA
CpPaBHUBAHUA, a B apryMeHTe (unc — QyHKIUs, IPUHUMAOIasa [Ba apryMeHTa
¥ BO3BpalamIiiasa sHauersue -1, 0 uau 1, B 3aBUCUMOCTU OT TOTO, SBJAETCS JIA
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EepBbII apryMeHT MEHBIIINM, PaBHBIM MJIX 00JbIIIIM BTOpOro. Ilosb3oBaTeinb-
cKasa QYHKIIUA MOYKET UCIIOJIb30BaThCA B BRIPAKEHUAX Ha A3bIKe SQL, Takux
Kak “select = from table order by colname collate name”.

c.execute(sql [, params])

ObGecneunBaeT yIIPOIEHHBIN CIIOCO0 cos3maHmA 00beKTa Kypcopa C IIOMOIIBIO
MeToja C.cursor() ¢ ImocJaeayIONINM BBI3OBOM MeToa execute() kypcopa. B apry-
MeHTe sl mepegaeTcs 3anpoc SQL, a B aprymMeHTe params — mapaMeTphI 3a1rpoca.

c.executemany(sql [, params])

ObecmreunBaeT yIIPOIEHHBIN CIIOCO0 co3maHus 00beKTa Kypcopa ¢ IIOMOIIBIO
MeToZa C.cursor() ¢ IIocJeRyIOIIMM BBIBOBOM MeToza executemany() Kypcopa.
B aprymenre sql mepegaercs: sampoc SQL, a B aprymenTe parans — mapaMeTpbl
3ampoca.

c.executescript(sql)

ObGecreunBaeT yIPOIIEHHBIN CI0CO0 CO3MaHUs 00bEKTa Kypcopa C IOMOIIbIO
MeToza C.cursor() ¢ MOCJeqYIOIUM BBI3OBOM MeToha executescript() xypcopa.
B aprymenTe sql nepenaercs 3anpoc SQL.

c.interrupt()

IIpepriBaeT BBHINOJHEHNE 3aIlIPOCOB, BHEIMOJIHSIOM[MXCS B JAHHOM COENUHEHWMN.
ITOT MeTOJ IIpeAHa3HaueH JJIS BEI30BA U3 [PYTOr0 IOTOKA BHITTOJIHEHMS.

c.iterdump()

Bosspaimaer ureparop, KOTOPBIA BBEIBOAUT BCE COLEPKUMOE 0as3bl JaHHBIX
B BHU/Jle cepuu nHCTPYKI Ui SQL, KOTOphIe B CBOIO OUepPeab MOI'Y T UCIIOJIb30BATE-
cs IJIs1 BOCCO3MaHMUs 0ashbl JAHHBIX. DTOT METOJ MOYKET IIPUTOLUTHCA AJIA DKC-
HOPTUPOBaHUS 0a3bl JAHHBIX B JPYroe MECTO MJIU IIPU HEOOXOAMMOCTH COXPa-
HUTH B (pailyie 6a3y HAHHBIX, PACIOJOMKEHHYIO B MAMATH, IJIA IIOCJIEIYIOIIEro
BOCCTAHOBJIEHUS.

c.set_authorizer(auth_callback)

PerucrpupyeT QyHKITINIO aBTOPU3AI[UH, KOTOPAas BEI3BIBAETCS IIPU KaKI0H I10-
IBITKE 00PATUTHCS K CTOJIONY HJAHHBLIX B 6ase. PYHKIMA SOJMYKHA IPUHIMATD
nATh aPryMEeHTOB, B Buje: auth_callback(code, argl, arg2, dbname, innername).
3HaueHure, BO3BpaIaemMoe 9Toii (GyHKI[Meil, MOKeT ObITb OJHUM U3 CJIeIYIO-
mux: SQLITE_OK — ecsiu mocTyn pasperieH, SALITE_DENY — ecsim monbsITKa JOCTY-
ma JoJI’KHa 3aBepHiaThbea omubkoit, u SQLITE_IGNORE — ecaiu BMecTO (paKkTUUe-
CKOT'0 3HAUeHNs CTOJ0Ia JOJKHO Bo3BpalnaTrhea 3Hauenue Null. B mepBom ap-
TyMeHTe code PYHKIUU OyaeT mepefaBaThCA IeJOUNCeHHBINA KO OmepaIum.
B aprymenTax arg? m arg?2 — mapaMeTphsl Ollepaliuu, 3SHAUEHUA KOTOPBIX 3aBU-
cAT OT Kofa oneparnuu. B aprymenre dbname mepemaeTcs CTPOKa ¢ UMeHeM 0as3bl
ITaHHBIX (0OBIUYHO “Main”), B apryMeuTe innernane — UMs BHYTPEHHEeTo IIpeicTaB-
JIeHUA WUJUN TPUTTEPA, OCYIIIECTBIAIOIIETO IIONBITKY AOCTYyIIa, ujiu None, ecam
OTCYTCTBYeT aKTHBHOE IIPeACTAaBJIeHNEe MJIU TPUrrep. B cienyroineit Tad miie
TPUBOAUTCS CIIMCOK 3HAUEHU M KOOB ONepaIn il 1 MHTePIIpeTaIusa mapaMeTpoB
arglmarg2:
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Kox onepamuu

argl

arg2

SQLITE_CREATE_INDEX
SQLITE_CREATE_TABLE

SQLITE_CREATE_TEMP_INDEX
SQLITE_CREATE_TEMP_TABLE
SQLITE_CREATE_TEMP_TRIGGER
SQLITE_CREATE_TEMP_VIEW

SQLITE_CREATE_TRIGGER
SQLITE_CREATE_VIEW
SQLITE_DELETE
SQLITE_DROP_INDEX
SQLITE_DROP_TABLE

SQLITE_DROP_TEMP_INDEX
SQLITE_DROP_TEMP_TABLE
SQLITE_DROP_TEMP_TRIGGER

SQLITE_DROP_TEMP_VIEW
SQLITE_DROP_TRIGGER
SQLITE_DROP_VIEW
SQLITE_INSERT
SQLITE_PRAGMA
SQLITE_READ
SQLITE_SELECT
SQLITE_TRANSACTION
SQLITE_UPDATE
SQLITE_ATTACH
SQLITE_DETACH
SQLITE_ALTER_TABLE
SQLITE_REINDEX
SQLITE_ANALYZE
SQLITE_CREATE_VTABLE
SQLITE_DROP_VTABLE
SQLITE_FUNCTION

Nwmsa uagexca

Vmsa Tabinigbl

Vmsa nHgekca

Wms Tabaniibr

Wwmsa rpurrepa

Wwma npencrasiieHusA
Wwmsa tpurrepa

Wwmsa npencraBiieHusa
VImsa Tabinigbl

Vmsa nHgeKca

Wms Tabaniibl

Nwmsa nagexca

Vmsa Tabinigbl

WNwmsa tpurrepa

Wma npencraBieHns
Wwma tpurrepa

Wwms npencraBieHus
Nmsa Tabauiibt

Wmsa nupeKTuBbI
Vmsa Tabnigbl

None

None

Wms TabauIbl

Nwma daiina

WNwms 6as3sl JaHHBIX
Wms 6assl JaHHBIX
Wmsa nungexca

Vms Tabaniibl

Wmsa rabaniibr

Wms TabauIbl

Nwma pysrIIUN

Wms TabauIbr
None

Wmsa Tabiniibl
None

Wms TabauIbl
None

Wmsa rabiniibl
None

None

Wmsa Tabiniibl
None

Wms TabauIbl
None

Wmsa Tabiniibl
None

Vmsa Tabinigbl
None

None

None

Wwma cronbia
None

None

Wwmsa cronbua
None

None

Wms TabauIbl
None

None

Nwmsa monynsa
Nwmsa momyiisa

None
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c.set_progress_handler(handler, n)

Perucrpupyet pyHKIIMI0 06paTHOTO BEI3OBA, KOTOPASI AOJIKHA BEISBIBATHCA IIPU
BBITIOJTHEHUU Ka K01 N-W MHCTPYKIIMYU BUPTyaabHOU MarmuHbl SQLite. B apry-
MeHTe handler iepegaeTca PyHKIINA, He UMeIOIasd apryMeHTOB.

Hwuke mpuBOgATCA JOTOJMHUTENIbHBIE aTPUOYTHI 00'bEeKTOB COeTUHEHUIA.
c.row_factory

DYHKIN, KOTOPasd BHI3BIBAETCS AJIA CO3MaHUA 00BEKTa, MPECTABJAIONIETO
COZIepsKMMOe 3allMCH B BO3BpallaeMoM Habope JaHHBIX. OTa QYHKIIUA JOJIKHA
MIPUHUMATH ABA apryMeHTa: 00'beKT Kypcopa, MCIOJb3YEeMbIH AJIA MOy YeHn s
pPe3yJIbTATOB, M KOPTEXK C UCXOMHOM 3aINCHIO.

c.text_factory

DYHKIUA, KOTOPas BHI3LIBAETCA AJIA CO3LAaHUA OOBEKTAa, IPECTABJIAIONIETO
TEeKCTOBbIe 3HAUEHUA B 0ase maHHBIX. PYHKIUS HOMKHA IPUHUMATH €IUH-
CTBEHHBIN apryMeHT — cTPOKY OaiiToB B Kogupoke UTF-8. Bosepaiaemoe 3Ha-
YeHue JOJKHO OBITh CTPOKOM Kakoro-n1ubo tumna. Ilo ymosyaunmnio Bo3BpalaeT-
cs crpoka FOHUKOzA.

c.total_changes

ITesoe yuciio samuceii, KOTOpbIe OBLIM M3MEHEHBI C MOMEHTA OTKPBITUA COeNu-
HeHUusA ¢ 0a30ii JTaHHBIX.

TlocsenHsast 0COOEHHOCTH O0'BEKTOB COeIUHEHUM 3aKJJII0UYaeTCsA B TOM, UTO OHU
MOT'YT MCIIOJIb30BATbCA COBMECTHO C MEeHeAIKepoM KOHTeKCTa, obecreunBas aB-
TOMaTHUYECKYI0 00paboTKY TpaHsakiuii. Hanpumep:

conn = sglite.connect(“somedb™)
with conn:
conn.execute(“insert into sometable values (?,?)”, (“foo”,"bar”)))

B manHOM mpuMepe ITOCJIe BHITIOJIHEHUS BCeX MHCTPYKIIUM B OJI0Ke with, ecau
He BO3HUKJIO HUKAKUX ONINO0K, aBTOMATUUYECKH Oy/JeT BbI3BaH MeTox commit().
Ecuu 6yzer Bo30y K IeHO KaKoe-In00 UCKJII0UeHNe, OyIeT BLIIOJHEHA OIepPaI s
rollback(), a uckIOUeHUEe OyIeT BO30Y K AEHO IIOBTOPHO.

Kypcopbl n 0OCHOBHble onepauumn

IIpesxme uem mpUCTYNATh K BHIMOJHEHUIO Olepallnii B 6ase JaHHLIX sqlite3, He-
00X0MMO CO31aTh 00'bEKT Kypcopa, C IIOMOIIbI0 MeToaa cursor() o0beKTa co-
enuHeHwus. ITocse aToro Mok HO OyIeT NCI0JIb30BATh METOILI Kypcopa execute(),
executemany() m executescript() masa BeImOJMHEeHUA MHCTPYKIui SQL. O6iiee
OMMcaHNe STUX METOAOB IPUBOAUTCS B pasaeine «IIpukiamgHoii mETepdeiic mo-
CTyIIa K PEJIAINMOHHLIM 0a3aM JaHHLIX». BMeCTO TOro 4To0bI IOBTOPSATD 9Ty MH-
dopMAaIHIO 3IeCh, MBI PACCMOTPUM IIPUMEPBI TUIINYHBIX CIIYYaeB UX UCI0JIb30-
BaHUA BMECTe ¢ IPUMepaMU IPOrpaMMHOro Koza. Ilesb aToro pasmesia cocTOuT
B TOM, UTOOBI IIOKa3aTh, KaK JefCTBYIOT 00'beKThI KYPCOPOB, U IIPOJIEMOHCTPU-
poBaTh HEKOTOphIe HamboJiee TUTNYHBIE 3aIIPochl SQL — 114 Tex, KoMy Heo6xo0-
IUMO OBICTPO BCIIOMHUTH MX CUHTAKCHC.
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Co3paHue HOBbIX Tabnul, B 6a3e gaHHbIX

B cjJeayrlimneM IIpuMepe nmoKkasaHO, KaK OTKPbIBAThb 6a3y JaHHBIX 1 KaK co3ga-
BaThb HOBbIE Ta6JII/ILlBI:

import sglited

conn = sqlited.connect(“mydb”)

cur = conn.cursor()

cur.execute(“create table stocks (symbol text, shares integer, price real)”)
conn.commit()

Ilpu ompepesieHNMM HOBBIX TaOJUIl HEOOXOAMMO MCIIOJb30BATL 3JIEMEHTAPHbBIE
Tumsl fauHbIX SQLite: text, integer, real u blob. Tum blob mpeacTaBasgeT CTPOKU
0aiiToB, TOrma Kak TUIll text mpeacrasiser crpoku FOuukoga B koguposke UTF-8.

JlobaBneHne HOBbIX 3Ha4YeHU B Tabnuubl

Cienyromuii IpuMep AeMOHCTPUPYET, KaK BHIIOJHAETCA N0OaBJIEHWE HOBBIX
3amnuceil B TabJIUILY:

import sglited

conn = sqlitel.connect(“mydb”)

cur = conn.cursor()

cur.execute(“insert into stocks values (?,?,?)", ("IBM’,50,91.10))
cur.execute(“insert into stocks values (?,7,?)", ('AAPL’,100,123.45))
conn.commit()

HpI/I ﬂO68.BJI€HI/II/I HOBBIX BHAUEHU N BcCerga xeJjiaTeJIbHO MCII0JIb30BATh CUMBOJIBI
IIOJICTAHOBKU ?, KAK IIOKa3aHO B IIpumMepe. Kammﬂﬁ CHMBOJI ? 3aMeIllaeTcs 3Ha-
YeHueM u3 Koprexa, ROTOpBIfI ImepegaeTcd B KaueCTBe IrapaMeTpa.

IOnst tobaByieHus B TaOJUIY HEJBIX IIOCJIEIOBATEIbHOCTEN NaHHBIX MOKHO WC-
OJIL30BAThL METOJ Kypcopa executemany(), Kak MOKa3aHO HUMKE:

stocks = [ ('GO0G’,75,380.13)
("AA",60,14.20)
(“AIG’,125, 0.99) ]
cur.executemany(“insert into stocks values (?,?7,?)”,stocks)
N3meHeHMne cyuiecTeyrownx 3anucen

Huke mpuBopuTCcsa mpuMep, KaK MOYKHO UBMEHATDH 3HAYEHMA CTOJIOIOB B CyIIle-
CTBYIOIITUX 3aTIUCAX:

cur.execute(“update stocks set shares=? where symbol=?", (50, IBM'))

Kak u npu no6aBieHUN HOBBIX CTPOK, 3/IeCh TAKIKe JKeJaTeJbHO UCII0Ib30BaTh
B MHCTPYKRIUAX SQL CMMBOJIBI IOACTAHOBKHY ? U IIepelaBaTh (haKTUUYECKEe 3HA-
YyeHUs B BUJE KOpTerKa.

YpaneHue 3anuncen

Cuepyromuii mIpuMep JEMOHCTPUPYET, KaK yAaIATD 3aIINCHU:

cur.execute(“delete from stocks where symbol=?", (*SCOX",))
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BHHOHHeHMeﬂpOCTHX3anpOCOB

Cuienyroruii IpruMep AeMOHCTPUPYET, KaK MOYKHO BBIIOJHSATH IIPOCTHIE 3a1IPO-
ChI 1 IIOJIYYATh PE3YIbTATHI:

# BbbpaTb BCE faHHbe 13 Tabnnbl
for row in cur.execute(“select = from stocks”)
UHCTDYKLMN

# BbbpaTbh TONbKO HEKOTOPbIE CTONOLUM
for shares, price in cur.execute(“select shares,price from stocks”)
UHCTPYKLUMN

# BbbpaTb 3anucy, COOTBETCTBYWUME YCI0BUO
for row in cur.execute(“select = from stocks where symbol=?", ('IBM",))
UHCTPYKLUM

# BubpaTb 3anucu, COOTBETCTBYWUME YCNOBMO, W OTCOPTUPOBATH MX
for row in cur.execute(“select » from stocks order by shares”):
WHCTDYKLUN

# BbiOpaTh 3anucy, COOTBETCTBYOWWE YCNOBMIO

# v oTcopTupoBaTb KX B 06paTHOM nopsake

for row in cur.execute(“select + from stocks order by shares desc”)
MHCTPYKLUM

# BbNONHWTL coefnHeHne Tabnauu no obuemy ctonbuy (symbol)
for row in cur.execute("””select s.symbol, s.shares, p.price
from stocks as s, prices as p using(symbol)””"):
UHCTPYKUMN

Mopynu poctyna Kk 6a3am gaHHbIX Tuna DBM

B cocraB cranmapTHOi 6uban