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YTO NUTOHUCTBI FOBOPAT O KHUre «Yuctoiii Python.
TOHKOCTM NporpaMMMpoBaHus ans npocpu»

«Mmne ama xnuza 6e3ymmo npasumcsi. Ona noxoxca Ha penemumopa, Ko-
MOPbLLL PA3BACHAEN... HY, MUNA, BCAKUEe MPIOKU UL uouomol. A usyuaro
Python na pabome u nepewen na nezo ¢ 0060J104KU KOMAHOHOU CMPOKU
Powershell, c komopoii st nosnaxomuicst mam jxce, — Macca Ho80z0 u (pam-
macmuueckozo mamepuaia. Beskuil pas, kozda s nonadaio 6 mynux
¢ Python (06bruno ¢ wabnonmnvim kodom Flask) unu xozda wyecmeyio, umo
MOU UCXOOHBIL K00 MOz Obl 8bizasidemsb Kak-mo 6oJiee no-numoHo8CKU,
S HANPABLSIO BONPOCHL 8 HAULY BHYMPEHHION OUCKYCCUOHHYIO 2pYNnYy
Python.

A uacmo 80cxXUWAIOCH HEKOMOPLIMU OMEEMAMU, KOMOPbLe 0aiom MHe
Kosezu. FIx om3viebl necmpsim mepmunami muna <6KI0UeHUs 6 C08A -
pus, <IaMO0bL> U <zenepamopols. S 6cezda eneuamaen u daxce nopajicen
mem, HACKOLKO dice Python mougpwlil, kozoa vl eladeeme smumu npu-
EMAMU U MONCEME UX NPABULLHO PEANU30EAMD.

Bawa xnuea cmana umenno moii, Komopas HyvscHa, umoovL npespa-
mumucs u3 sanymasuiezocst ckpunmepa Powershell ¢ mozo, kmo suaem,
Kax U K020a NPUMEHATb MU NUMOHOBCKUE <UMYUKU>, O KOMOPHIX 6Ce
2080psim.

Kax uenosexy, y komopozo nem yuenoui cmenenu ¢ oonacmu Computer
Science, mne npusmmno umemn yueonoe nocodue, 00bACHIIOWCE BEUU,
Komopbie opyaue, 603MONCHO, Y3HAU, NOAYUAS AKAJeMUUECKOe 00PaA30-
sanue. /s mens ozpomuoe yoosonvcmeue vumamo smy knuzy. M kpome
mozo, 1 maxysce NOONUCAH HA INEKMPOHHYIO PACCHLIKY, UMO U NOMOZILO
MHe 8ullimu Ha 3MO U30aHUe .

— Jlanuasap Meiiep (Daniel Meyer),
cTapiivii aIMUHICTPATOP JOKaIbHBIX cucteM B Tesla Inc.



«Bnepevie 0 saweil knuze s ycaviulan om Kolezu, KOmopbvlii Xomei 3a-
nYmamo Mens. nPUMePOM 8auLezo Kooa ¢ nocmpoeruem ciosapsi. A owvii
NOYMU Ha CMO NPOUEHMOB YBePeH, NoUeMy CI08aPb 6 UMO0ze NOAYUUICS
u 6oJiee NPOCMOil, U MeHvlLez0 pasmepa, Ho, OOIHCEH NPUSHANDCSL, YMO
maxozo pe3yaomama st He 0HCUOAL. ;)

On noxasan mue KHuzy no 6u0eoces3u — U s Kaxk Obl npocmompen ee,
K020a OH NPOIUCTIBIBATL MHe CIMpanuubl. 5 cpasy e 3azopeics ysnamo
bonvue.

Yorce k noayonio s Kynui co6cmeennvlil IKIeMNIAP KHUZU U NPOOOJIIHCUT
yumamo 0 mom, kax ¢ Python cosdaiomcs crosapu. Cnycmst HecKoIbKo
uacos, Kozoa s 6cmpemut 0py2020 KoJLiezy 3a 4auKoi Koge, mo ucnois-
308471 NOX0NMCULL MPIOK Ydice C HUM. ;)

3amem Koneza NOOHSL 60NPOC NO MO JHce camoll meme, u 61az00apsi
MOoMY, Kax vl 6ce 00bACHULU 8 KHUZe, 51 MO2 He MePpsSmbCst 8 002a0Kax,
a eepro omeemumn, Kakum 6ydem pesyavmam. Imo 3nauum, umo 6ol
nPexpacto 00pACHULU MAMEPUAL. ;)

B Python s ne nosuuox, u Hekomopule U3 KOHYenyull 8 OmoesbHvlX 21a-
8aX 0151 MEHS MOJNHCE He HOBL, HO, NPUSHAIOCH, WUMAsL KHUZY, 51 6CE 8PEMSL
Y3Ha10 umo-nubyob HOBOE U3 KAHCOOU 2]1a8bl, NOIMOMY PECNeKm 3a Ha-
nucanue ouens NPUIUYHOU KHUZU U 34 PaHmacmuueckyro pabomy no
00BSCHEHUI0 NPUHUUNOB, JeAHcaujux 6 ocHoge écex monkocmetl! C 6onv-
wum Hemepnenuem xHoy 00HOBIEeHUL U, O€3YCI08HO, NOZHAKOMIIO CEOUX
Opy3eil u Koalez ¢ 8aulell KHuzoi».

— Or Macoexn (Og Maciel),
paspaborunk Ha Python B Red Hat



«C genuxum yoosoarvcmaeuem uumai knuzy /[sna. On packpoisaem saxc-
Hole acnekmol Python na sicnvix npumepax (6 00HOM U3 HUX UCNOIL3YSL
Kowex -01u3Hen08, umoool 00bACHUMb ONEPAMOPLL is U ==).

Peuv ne npocmo o npumepax ucxodnozo koda. B usdanuu ececmo-
pomne obcyacdaromes coomeememeyioujue demanu pearusavuu. Io-
HACMOAWCMY BAXHCHO MO, YMO 3MA KHUZA PEAIbHO NO360AEm 6aM N~
camo npozpammuoviil K00 na Python nyuwe!

Brazooapsi smoui knuze s 600XHOBUNCS HOBETUUMU NPAKMUYECKUMU NPU-
emamu npozpammuposanus na Python: nanpumep, cman ucnoawvsoeamo
cobCcmeenible UCKIIOUeHUs. U abCmpakmivle Kiaccol (K020a uckal ux,
nawen u 610z /[ona). O0Hu moivKo smu HOGble 3HANHUS ONPABOLIEAIOM
Yeny Knuzu».

— Bo6 Beabaepooc (Bob Belderbos),
utkerep Oracle u coyupenurenn PyBites



[lpeaucnosue

[Tporiwio mouTH ECATD JIET C TEX 110D, KaK 5 BIIePBbIe TO3HAKOMUJIACH C SI3BIKOM
nporpammuposanus Python. Korga MHOTO JieT Hasaj st BiepBbie TonpoboBasia
3aHSATHCS UM, TO, TPU3HAIOCH, Hauajia ¢ HeoX0Tou. /[0 Toro s mporpaMmMupoBasia
Ha JIPYTOM sI3bIKE, U COBCEM HEOKHMIAHHO Ha paboTe MEHsI OMPENeJUIN B TY
KOMaH;Iy, T7ie Bce Ucmosib3oBasu Python. 9To crano HayasoM Moero coOCTBeH-
HOTO TIyTerecTBus mo Mupy Python.

Korma Menst BriepBbie MO3HAKOMIIIH ¢ si3bikoM Python, To ckazanu, 4to Bce
GyJIeT JIETKO U 5T OCBOIO €r0 04eHb OpicTpo. Kora ske st cripocuia KoJLier o pe-
cypcax 1o usydennio Python, Mue ganu Bcero ofiiy-eIMHCTBEHHYIO CCBIIKY
Ha ohUIHATBHYIO JOKyMeHTaIno. YTeHre ee moHavaay cOMBAIO C TOJKY,
1 YIILJIO IOCTATOYHO MHOTO BPEMEHHU, TIPEK/IE YEM 5T HAYUHMJIaCh YBEPEHHO B HEll
OPUEHTHPOBATLCSI, HE TOBOPSI yKe 0 TOM, 4T00bI pazbuparbest. Hepenko mue
MPUXOINJIOCH NCKATh pelieHns Ha BeO-caiite StackOverflow.

[Ipust U3 gpyroro g3bika IPOrpaMMUPOBaHUs, S He ITPOCTO HY K/Jalach B Ka-
KOM-HUOY/Ib MCTOUHKKE, TOCBAIIEHHOM 00YYEHHIO TIPOrPaMMUPOBAHUIO WK
JAIOTIEM TIOSICHEHUST 110 TIOBOJTY KJIacCOB U 0OBEKTOB. §1 McKama KOHKpEeTHbIE
pecypchl, KOTOpble Hayuusiu Obl MeHsT (YHKIIMOHATBHBIM CPEICTBAM SI3bIKa
Python, 00bsicHIIIM pa3HUITY MEK/Ty HUM U IPYTHMHE SI3bIKAMU U TO, KaK HaIica-
HIEe UCXOIHOTO Kofta Ha Python ortmmaaercst ot Harmicanust ero Ha IPyroM sI3bIKe.

s1 moTparmia HemaJIo Jiet, YTOObI IIOJIHOCThIO OCO3HATH IIEHHOCTD 3TOTO S3bIKA.
Yuras kaury /[oHa, 5 10cazoBaia, 9To y MeHs He ObLIO ee TOT/Ia, KOTa MHOTO
JIeT Ha3a/l[ s TOJBKO Havasia nu3y4datsh Python.

Hampumep, omauM 13 MHOTUX YHUKATBHBIX (DYHKIIMOHATHHBIX CPE/ICTB SI3BIKA
Python, kotopoe moravamy MeHst yMBIIO OOJIbIIE BCETO, ObLJIA KOHCTPYKITHST
BKJIIOUEHUS B cricok. Kak /[9H oTMeuaeT B cBoell KHITe, 0OBIYHOI peakIueit
Tex, KTO TOJIBKO meperiest Ha Python ¢ gpyroro si3bika, craHoBsiTCsI cioBa < Tak
BOT KaK OHM HCIIOJB3YIOT IUKJIBI for!». [loMHIO O/IUH 13 NIEPBbIX KOMMEH-
TapueB ¢ 0030pOM MCXOMHOTO KO/, KOTOPBIH 51 MOJIy4nIa, KOr/a HadlmHaa
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nporpammupoBath Ha Python: «ITouemy Obl 371€Ch He TPUMEHUTH BKJIIOUEHIE
B CIIUCOK?» [[9H 4eTKO pa3bsCHSIET HTO MOHATHE B TJIaBe 6, HAUMHAS € TIOKa3a
OPTaHU3aINH TTUKJIA B YUCTO TUTOHOBCKOM CTUJIE U TTIOCTETIEHHO /IOCTPanBast
€T0 /IO UTEPATOPOB W TEHEPATOPOB.

B paszmene 2.5 [[su paccMaTpuBaeT pasindHble cII0co0bl (pOPMATUPOBAHK
cTPOKOBBIX 3HaueHuit B Python. MopmarupoBaHie CTPOKOBBIX 3HAYEHUN —
3TO OJ/IHA M3 TeX Belleil, KoTopble OpocatoT Bei3oB /[3eHy si3bika Python, ria-
CSAIIEMY, YTO JIOJKEH CYTIECTBOBATD OJIMH U JKeJIATeIbHO TOJIBKO OJIMH OYEeBU/I-
HBII c110co06 ciesiath 9T0. [[9H 1MoKa3bIBaeT pasHbie CIIOCOOBI, B TOM YKCJIe MOE
JI00MMO€E HOBOE JIOTIOJIHEHHE K SI3BIKY, F-CTPOKH, a TaKKe OOBSICHSET ILIFOCHI
Y MUHYCBI KaK/I0T0 METO/IA.

TnaBa «ITumonosckue memoovl nogvlueHUst NPOU3BOOUMETHOCTNU> TTPE/ICTAB-
Jisiet coOOH ellle O/IMH BEJIMKOJIEIHbI pecypc. OHa 0XBAaTHIBAET aCIIEKThI, Jie-
JKallie 3a [pejeJiaMi si3biKa porpaMmMupoBaiust Python, a Takske copepskuT
COBETBI O TOM, KaK OTJIA)KUBATH CBOK IIPOTPAMMBbI, KaK YIPaBJsiTh OUbIOTE-
KaMH, OT KOTOPBIX OHU 3aBKCST, U JIa€T BaM BO3MOKHOCTb 3arJIsIHYTh BHYTPb
6aiitkoma Python.

Jlnst MeHst GOJIbIIIast YeCTh U yOBOJIBCTBHE MPEACTaBUTh KHUTY « Jucmoiil
Python. Tonxocmu npozpammuposanus ons npoghus moero apyra J{pua Beiinepa.

YuactBys B pasBuTun si3bika Python B kauectBe paspaborunka sizipa CPython,
s 00IAI0Ch CO MHOTUME YjieHaMm coobiectBa. Ha cBoem myTu st BCTpeTuia
MHOTO HACTaBHUKOB, TOMOIITHUKOB ¥ 3aBeJIa MHOTO HOBBIX JIpy3eil. OHu HAIo-
MUHAIOT MHE O TOM, 4T0 Python — 210 He TOJIBKO UCXOAHBIN KOJI, HO TIPEXK/IE
BCEro — cO00IIECTBO.

Yr1o6bl OCBOUTH IPOrpaMMupoBatnue Ha Python, HyKHO He TOJIBKO TIOHUMATD
TEOpPEeTUYECKUE aCTIeKThl sA3biKa. [IJIs1 JOCTUIKEHUsT 9TOM 1eJIi IPUAETCST 10~
HATH U MPUHATH 00IIKEe TIPaBKIa M CaMble JIydIiie IPaKTUIecKue MPUeMbl,
UCTIOJIb3yEMbIE COOOIIECTBOM.

Kuwura Z[SHa ITIOMOJKET BaM B 9TOM ITyTEIIECTBUU. A y6e>1<z[eHa, 4To, IIpo4YunTaB
€€, Bbl IIOYYBCTBYETE cebs yYBEPEHHEE B HAIITMCAHWUU ITPOI'PaMM Ha PythOIl.

— Mapuarra Bumskaiis (Mariatta Wijaya),
paspaboruuk sapa Python (mariatta.ca)
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KoMMeHTapun nepesogymka

Bech marepuasn Hacrosieil kKHuru nmporectuposat B cpege Windows 10. Ilpu
TECTUPOBAHMU UCXOIHOTO Ko/a 3a 0cHOBY B3aT Python Bepcun 3.6.4 (Bpemst
repeBojia — anpesib 2018 roza).

XoTs1 B HACTOSAIIEH KHUTe YCTAaHOBKA M IPUMEHEHKe CTOPOHHUX GUOINOTEK
MIPaKTUYECKU HE PACCMAaTPUBAETCS, TEM He MeHee B KOMMEHTapUH TTePeBO/UN-
Ka BKJIfoYeHa nHpopMaiust o 6a30BoM HAOOpe HHCTPYMEHTOB, HEOOXOIMMBIX
IS astbHelineil paboTel. ITa nHGOPMAIUS HE K YeMy He 00sI3bIBaEeT, HO
CJIY’KUT MPEKPACHOM OTIIPABHOI TOYKON JIJISI BCEX, KTO UHTEPECYETCS TIPO-
rpammupoBarrem Ha Python.

ba3oBbIn Habop 6ubnmoTek ans paspaboTumnka

B 06brunbix yeaoBusix 6ubsmorekn Python MoskHO cKayaTh U yCTAHOBUTH U3
karajora 6ubanorex Python PyPi (https://pypi.python.org/) ¢ momoinpio me-
HeKepa makeToB pip. OxHako ciaexyet yuecTs, uto B OC Windows airs pa-
60THI HEKOTOPBIX OMbIOTEK, B yactHocTH SciPy, Scikit-learn u Scikit-image,
Tpebyercst, 4Tobbl B cucrteMe Oblia yeraHoBeHa 6ubanoreka Numpy+MKL.
bubmmoreka Numpy+MKL npussizana k 6ubsmnoreke Intel® Math Kernel
Library u BKJto4aeT B CBOI cocTaB HeOOXOUMbBIE AUHAMUYECKe OUOIU-
oreku (DLL) B katasore numpy.core. bubanoreky Numpy+MKL crenyer
ckauaTh 13 xpanusnina whl-gaiinos na se6-crpanuie Kpucroda lonbka us
naboparopun aunamuku duryopectieniinn KamudopHuiickoro yausepcurera
B 1. psaiin (http://www.Ifd.uci.edu/~gohlke/pythonlibs/) u ycranosuth mpu
MTOMOIIIM MeHe/Kepa MaKeToB pip Kak whl (COOTBeTCTBYIONIAsT MPOIeaypa
YCTaHOBKHM 11akeToB B (popmate whl onmcana nuke). Hanpumep, s 64-pas-
psamHOl onepanronHoil cuctembl Windows u cpeast Python 3.6 komania
Oyzer Takoi:

pip install numpy-1.14.2+mkl-cp36-cp36m-win_amd64.whl

Takoii peskM yCTaHOBKH Tak:Ke KacaeTcs 6ubanorek scipy, scikit-image
u scikit-learn. CTOUT TaK:Ke OTMETUTb, YTO T OCOOEHHOCTU YCTAaHOBKHY He
ornocarcsa k OC Linux u Mac. /lajiee nmpuBoasTcs cBeieHnst 00 0CHOBOITOJIA-
ranmx 6nbaInoTeKax.
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O

NumPy — ocHoBorosaraoiias 6ubarorexa, HeOOXOAUMAast VISl HAYYHBIX
BbrurcaeHnii Ha Python.

SciPy — 6ubimoTeka, UCIoab3yeMasi B MaTeMaTHUKe, eCTECTBEHHbIX HAYKaxX
U UHKeHepHOM Jiesie. Tpebyer Hasmdwst numpy+mk1.

Matplotlib — 6u6oTexa st paboThi ¢ AByMepHBIME rpacdhuKaMu.

Pandas — uHCTpYMEHT /17151 aHAN3A CTPYKTYPHBIX TAHHBIX 1 BDEMEHHDBIX
psizioB. TpebyeT HamU9Mst numpy U HEKOTOPBIX Apyrux. /st ureHus daition
Excel tpebyet ycranosku 6ubsmorexu x1rd.

Scikit-learn — wHTErpaTOp KJIACCHYECKUX AJITOPUTMOB MAIIMHHOTO 00-
yuenust. TpebyeT Hammawst numpy+mk1.

Scikit-image — KoJLIEKIUS alrOPUTMOB /it 00pabOTKK M300pasKeHUIA.
Tpebyer Hamuust numpy+mk1.

Jupyter — nnTepakTHBHAS OHJIATHOBAS BBIYUCIUTEIbHAS CPEJIA.

PyQt5 — 6ub/roTeka MHCTPYMEHTOB JIJIsI IPOrPaMMUPOBaHus Tpaduye-
ckoro uHrepdeiica moub3osareis, Tpedyercs A1 padOThl UHCTPYMEHTA/Ib-
HOI Cpe/ibl TPOTrPaMMUPOBaHUS Spyder.

Spyder — unHCcTpYMEHTANIBHAS cpe/ia TiporpaMmmupoBanst Ha Python.

OT n3patenbCcTBa

Bamnu 3amevanus, npejijio;KeHus, BOIIPOCHI OTIIPABJISIITE 110 ajpecy comp@
piter.com (n3marenbcTBO «I[IUTEp», KOMIIBIOTEPHAS PEAKITHS ).

Mb1 GyieM pajibl y3HaTh Ballie MHEHe!

Ha BeO-caiite u3maTesbcTBa WWW.piter.com Bbl HaliieTe moapo6HyIo wH(Op-
MaIMIo O HAIUX KHUTAX.



BBegeHue

1.1. Yto Takoe nanoma Python

Maunoma Python (Python Trick) — KopoTkuiA bparMeHT NCXOAHOrO Koaa Ha
Python, ncnonb3yemblii kKak MHCTPYMEHT 0by4yeHusi. Manoma Python obyua-
€T OTAENbHOMY CBOWCTBY si3bika Python nmyTem npocToi unnoctpauuy nnéo
CNYXXUT B KauecTBe MOTMBUPYIOLLErO NpUMepa, KOTOPbIM AAeT BO3MOXHOCTb
KOMHYTb FNy6Xe U pa3BuTb MHTYMTUBHOE MOHMMaHMe.

Kuura «Hucrerit Python. Toukoctu mporpamMupoBanust 17t ipodus» Ha-
Yaslach Kak cepust CKPUHIIOTOB ¢ (hparMeHTaMU KO/Ia, KOTOPBIMU S JIEJTUIICS
B TBUTTEpE B Teyenue ogHoi Hepenn. K MoeMy yIuBIeHUIO, OHU MTOJTYYUIN
OTKJIMKH, & TIOTOM ellle HeCKOJIBKO JHe TIOAPSI UX TTPOI0JIKAIN PACIIPOCTPa-
HATb U PETBUTUTD.

PaspaboTurku Bee valile U yartie CTaju 06paiaThest KO MHE ¢ BOIIPOCOM, KaK
«ITOJIY9UTD BCIO ceputo». Ha camoM fiesie y MeHsI Ha odepe/in ObIJIO elile JIHIIb
HECKOJIBKO TaKUX WIMOM, KOTOPbIE OXBATBIBAJIN IEJIBII PSIJI TEM, CBSI3aHHBIX
¢ Python. 1 3a aumu He 6110 HUKaKoro miana. OHU OBLIK TIPOCTO 3a0aBHBIM
aKcIiepuMeHToM B TBUTTEpE.

Ho n3 aTux 3a1mpocoB $ MOHSJI TO, YTO MOM KpaTKHUe M YeTKHe IIPUMEPBI KoIa
CTOUT pacCMaTpPUBaTh U KaK MHCTPYMEHT JIJisi 0OyueHust. B KOHIle KOHIIOB
s 3aHAJICS CO3JaHueM ellle psaia uanoM Python u Hauas uMU JeIuThes B ce-
pUM TTOYTOBBIX PACCHLIOK. B TeueHMe HECKOMbKUX JHEN Ha MOIO PACCBHIIKY
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moAIIMCa/JINCh HECKOJIbBKO COTEH paBpa6OT‘-II/IKOB Ha PythOIl, " g ObLI IIPpOCTO
B BOCTOpPIE OT 9TOTO.

B crenyromniye 1uu v HeIe n KO MHE HECKOHYAEMbBIM TIOTOKOM CTaau 00-
pamiatbest pazpaborurku Ha Python. Ouu Giarogapusiu 3a To, 4TO 51 IOBEJ
A0 HUX TY YaCTb A3bIKad, KOTOPasA OCTaBaJaChb /IJIsI HUX KaMHEM IIPETKHOBE-
uust. OTlyIenre OT 9TUX OT3BIBOB OBLIO MOTPSICAIOIINUM. SI-TO cYUTAI, 4TO
9TH uAnoMbl Python sIBISTICH TIPOCTBIMU CHUMKAMK 9KPaHa ¢ TIPUMepPaMU
KO/Ia, HO OKa3aJI0Ch, UTO JIJISI MHOTUX JIIOJIell OHU CTAJu HEOIEHUMOI 1o-
MOIIBIO.

VmenHO TOT/I 1 pENTUIT YIBOUTD CTAaBKY HA MOEM KCIIEPUMEHTE C UIMOMAMU
Python u goBeut ero 1o cepunt 13 nopsiaka 30 31eKTpoHHbBIX coobteHunit. Kax-
JI0e M3 HUX MPEJICTABJISI0 COOO0M 3ar0JI0BOK M CHUMOK 9KPaHa C IPUMEPOM,
1 BCKOPE 1 0CO3HAI ITpe/iesibl Toro hopmara. IIprmepHo B Ty ske opy Ha MOi
HJIEKTPOHHOIT AUK MPHIILIO TUCHMO OT He3pstyero pazpaborunka Ha Python,
Pa304apoBaHHOTO TE€M, YTO ATH UAMOMBI MOCTABJISIIMCH KaK U300paKeHMUs,
KOTOpPBIE OH HE MOT IIPOYUTATDH C IOMOII[BIO 3KPAHHOTO JIUKTOPA.

Crasa 0ueBUIHON HEOOXOAUMOCTD YAEIUTH ITOMY TIPOEKTY GOJIbIIIE BPEMEHH,
4TOOBI CIEIaTh €ro TIPUBJIEKaTebHee U JOCTYIIHEE /Jist Ooiee MIMPOKON ayau-
topun. Tak uTo st 3aces1 32 BOCCO3JaHNE BCEll CePUU 9JIEKTPOHHBIX COOOIIEHMIA
¢ uaromamu Python B TekcToBOM (hopmaTe U ¢ HajseKaIlel MOACBETKOM
cuntakcrca Ha ociope HTML-pasmerku. [Tepensnanue moeii kuuru o Python
ObLI0 BCTpeueHo 0106puTenbHo. [1o oTKIUKAM s TIOHSI, 9TO Pa3paboTINKN
00paI0BaJIICh TOMY, YTO HAKOHEIT CMOTJIM KOTIUTIACTUTH TIPUMEPHI KOJIA 1 OKC-
HEPUMEHTUPOBATH C HUMU.

ITo Mepe Toro Kak Bce 6oJiblie pa3paboTYMKOB MOAMUCHIBAIOCH HA DJIEKTPOH-
HYIO PACCBLIKY 9TON cepuy, 51 Hayasl 3aMedyaTb 3aKOHOMEPHOCTH B OTKJIMKAX
U BOTIPOCAX, KOTOPbIe s moJsydas. HekoTopbie HAMOMBI XOPOIIO paboTann
HMMEHHO B KQueCTBe MOTHUBAIIMOHHBIX TpuMepoB. OHAKO 4TO KacaeTcs boree
CJTOJKHBIX M3 HUX, TO HE XBAaTAJIO PACCKA3YMKA, KOTOPBIN HATIPABJISITT ObI YnTA-
TeJiell MJIU TIO/ICKA3bIBAJT M JIOTIOJTHUTEBHbIE PECYPCBI, T/Ie MOKHO OBLITO ObI
paciupuTh cBoe IOHUMaHUe.

CkaskeM Tak: 3TOT acHeKT OBLJI ellle OHOM OOJIBIION 06JACTHIO JJIsT YTy dle-
nus. OcHoBHad 3a1a4a Moero BeO-caiita dbader.org cocTouT B TOM, YTOOBI 110~
MoraTb paspaboTunkam Ha Python cranoBuThes enie 6oJiee moTpsicalonMu, —
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U OYEBUJIHO, YTO HTOT ACIEKT MPEAOCTABIIAI BO3MOKHOCTD PUOIU3UTHCS
K 9TOMH I[EJIN.

51 penm B3sTh U3 CBOETO MOYTOBOTO Kypca caMble JIYUIINe 1 caMble IeHHbIE
TPIOKW ¥ UJMOMBI M Ha UX OCHOBE NMPUCTYITMJI K HAIMCAHUIO KHUTYU HOBOTO
tuma o Python:

O KHWUTH, KOTOpast 00ydYaeT CaMbIM KPYTBIM aCIIeKTaM sI3bIKa € TOMOIIBIO KO-
POTKMX U JIETKUX JIJIs1 yCBOCHUS IPUMEPOB;

QO KHHUTHU, B KOTOPOI XpaHATCA noTpscamonue (GyHKINOHATIbHbIE CPE/ICTBA
a3pika Python (kmacc!) 1 KoTopas moauep;KuBaeT MOTUBAIIIO HAa BLICOKOM
YPOBHE;

O KHUTH, KOTOpas GepeT Bac 3a PyKYy, BEJIET 110 TPABIJIBHOMY IIyTH U TIOMOTAeT
yriyOuTh cBOE IOHMMaHuMe st3bika Python.

[ins MeHs1 3Ta KHUra — pe3ynbTaT MOVX JIIOBUMBbIX 3aHATUIA U BOJbLLOKN KC-
nepvMeHT. Hageroch, YTOo Bbl MOSy4nTE YAOBO/ILCTBUE OT €€ NPOYTEHUS U NO
XOA4y y3HaeTe eLle 4YTo-To 0 Python!

— [3H belinep

1.2. YeM 3Ta KHura byaet nonesHa

[Testb 9TOI KHUTH B TOM, 4TOOBI CIeJIaTh Bac JIydIum — GoJiee 9 (heKTUBHBIM,
60Jiee OCBEIOMJIEHHBIM, O0Jiee TIPAKTHYHBIM — Pa3pabOTIMKOM Ha sI3bIKe
Python. Bbl, BeposiTHO, 3aj1aeTech BOIIPOCOM: d KAk umeHue 3moil KHuzu no-
MOJCEm MHe 8¢e20 3M020 OOCMUZHYMb?

«Qucmoui Pythons — ato He nomiaroBoe yyeOHoe mocobue 1o Python. U ato
He Kypc si3bika Python Hasasmbroro ypoBHs. Eciii Bbl HAX0[MTECh HA HAYAJIb-
HBIX CTIMSIX U3YYEHUS TOTO SI3bIKA, TO B O[MHOUKY 9Ta KHUTA HE TPEBPATUT
Bac B mpodeccronanibHoro pazpaborurka Ha Python. Ee utenue, 6e3ycioBHo,
OKaykKeT Ha Bac 6JIar0TBOPHOE BJIMSIHKE, HO IIPU TOM BaM 00S13aTE/IbHO HYKHO
nopaboTaTh ¢ APYIrUME Pecypcamu, KOTopble chOPMUPYIOT BAIId OCHOBOIIO-
Jlaratolie HaBbIKK IporpaMmupoBanst Ha Python.



1.3. Kak untaTb 3Ty KHUrY 23

Bbl u3Bseuere 13 aT0M KHUTH MaKCUMAaJbHYIO 110JIb3Y, €CJIU B TON WU NHON
crereHy Biajeere si3bikoM Python u xotuTe nepeiiTu Ha CiIeAyomuil ypoBeHb.
Ona 1pexkpacHo ITOMOXKeT, eCIU Bbl yKe HEKOTOPOe BpeMsl IIporpaMMupyeTe
Ha Python u rotoBs! moiitu masbime, 9TOOBI TPUAATH CBOUM TIO3HAHUSIM 3a-
KOHYEHHDII BU/I U C/IEJIaTh CBOI IPOrPAMMHBII KO/ 60Jiee MUTOHOBCKIM.

Yrenne xkuauru «Yucmouii Python. Tonkocmu npoepammuposanus ons npogus
TaKKe OKaKeT OeCIEHHYIO TTOMOIIb, €CJIN Y BAC YK€ UMEETCsI OMBIT PabOThI
C IPYTUMHU SI3bIKAMU IIPOrPAMMUPOBAHUST U BbI HA/IEETECh TOCKOPee pa3oOpaTh-
s B TOHKOCTSIX si3bika Python. Ber o6HapyskuTe Maccy IpaKTHYECKIX COBETOB
u 11abJIOHOB TIPOEKTUPOBAHNSI, KOTOPbIE cieaoT Bac 6osee a(hheKTHBHBIM
U KBaTM(UIIMPOBaHHBIM ITporpaMmucToM Ha Python.

1.3. Kak unTtaTb 3Ty KHUTY

OnrumasbHbIif criocob uteHust KHUTH « Jucmoiit Python. Tonkocmu npozpammu-
posanust O1ist npoghuy — pacCMaTPUBaTh €€ Kak KOTMJIKY TIOTPSICAIOIINX (DyHK-
IMOHAJIBHBIX CPeACTB s3bika Python. Kaxkmas npusoauMast B KHUTE MIOMa
Python — camomocTarouHa, u TOSTOMY HUYETO CTPAIIHOTO, €CJIH BBI OyIeTe
o0paIaThCst K TeEM U3 HUX, KOTOPBIE BBI3BIBAIOT ¥ BAC HAUOOJIBIINI HHTEPEC.
Ha camowm jiesie IMEHHO 9TO 51 BaM U PEKOMEH/TYIO JIeJIaTh.

Pasymeetcst, BBl TakKe MOKeTe MMPOYUTATh BCIO KHUTY «Hucmwiil Python.
Torkocmu npoepammuposanust 01st npogu» OT Havama 10 KoHi@a. M korza Bbl
Joiiiere 10 3aKJIIOUUTETBHON CTPAHUIIBI, BBI HE IIPOITYCTUTE HU OJTHON UIMOMBI
u 1mrabjoHa 1 Gy/iere 3HaTh, YTO O3HAKOMUJIKICH CO BCEM.

HexoTopble U3 9TUX UINOM JIETKO IIOHATh CPasy, ¥ Bbl He HCIBITAETe HUKAKIX
3aTPyAHEHMII IPU UX BHEPEHUH B IIOBCEIHEBHYIO PadOTY, IIPOCTO IIPOYNTAB
riaBy. UToObI pazobpaThes B APYTUX UANOMAX, MOKET OTPEOOBATHCSA HEMHOTO
6OoJIbIIIE BPEMEHU.

Ecyi BbI MCTIBITBIBAaETE 3aTPYAHEHMS B TOM, YTOObI Ta MM WHAS UAXOMA 3a-
paboTajia B BalluX MporpamMMax, To, Kak MpPaBuIo, IOMOTAeT BO3MOKHOCTb
I09KCIIEPUMEHTUPOBATD € KasK/[bIM IIPUMEPOM KOJIa B CEaHCe MHTEPIIPeTaTopa
Python.
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Eciin 1 9T0 He paccTaBUT Bee HAa CBOM MECTA, TO, MOKAIYHCTa, He CTECHSITECh
o0paiarbest Ko MHe, 9TOOBI sI CMOT BBIPYYUTH Bac ¥ JaTh GoJiee moapoOHoe
oObsicHeHre. B KOHEYHOM cUeTe 9TO MPUHECET MOJIb3Y HE TOJIBKO BaM, HO
U BCEM MUTOHKCTAM, KOTOPbIE YMTAIOT 9Ty KHHUTY.

1.4. ToHkocTn Python: undpoBon koMnnekT
MHCTPYMEHTOB B KadecTse HoHyca

ITa KHUTA COTIPOBOK/IAETCS KOJUIEKIMEN GOHYCHBIX PECYPCOB, KOTOPbIE sI Ha-
3biBato «Tonkocmu Python: uugposoii komniexm uncmpymenmoss'.

Cpezit BCEro mpoyero aToT KOMILIEKT HHCTPYMEHTOB BKouaeT 12 Bueo-
ypokos HD-kauecTBa 00111eil TIPOAOIKUTENLHOCTBIO H0JIee ABYX YacoB. ITH
BUJIEONIOCOOUS TECHO CBSI3AHBI C OT/IEIbHBIMU TJIaBaMK KHUTH U TIOMOTYT BaM
ObICTPEE YCBOUTD M 3aKPENUTh 3HAHWS, aKIIEHTUPOBAB BHUMaHUE Ha KJIIOYEBBIX
MOMEHTaX.

BxuttoueHHbIe B 3TOT KOMILUTIEKT HHCTPYMeHTOB pecypcbt ctosat 100 §, Ho pu
TIOKYTIKE TOI KHUTH BBI TIOJTy4aeTe ux Oe3 BCSIKOMN JOTIOJHUTENbHOM OTLIAThL.

JlocTym k Koy mudpoBOTO KOMILIEKTA HMHCTPYMEHTOB MOKHO TTOJYIUTh
OHJIAlTH Ha MoeM BeO-caliTe 110 azpecy dbader.org/python-tricks-toolkit.

U Cm. https://dbader.org/python-tricks-toolkit
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2.1. Mpukpon cBon 3** MHCTPYKUMNSAMM assert

WNuorna no-HacrogniemMy noJsiesHoe (hyHKIIMOHAIbHOE CPEICTBO SI3bIKA MTPU-
BJIEKAaeT MeHbIlle BHUMAHUS, YeM OHO TOTO 3aciy:kuBaeT. [lo HeKOTOPBIM
PUYKMHAM 9TO UMEHHO TO, YTO IIPOU3OIILIO CO BCTPOeHHoH B Python uxcTpyk-
el assert.

B aToi1 ri1aBe g CO6I/IpaIOCb J1aTh BaM IIpe/iCTaBJIeHIE 00 UCIOJIb30BAHUHT
assert B Python. Bel Hayunrech ee IPUMEHSITH [IJIsT aBTOMATHYECKOTO 06-
HapyKeHus omuboK B mporpaMmax Python. 9Ta MHCTPYKIMS c/ieiaeT Batm
IIPOrPaMMBbl HaJle)KHee U IIPollle B OTJIa/Ke.

B saTom mecTe BbI, BEPOATHO, 3aMHTEPECYETECH!: «YTO0 TaKoe assert 1 B UeM ee
HpeHeCTb?» ITo3BombTe J1aTb BaM HECKOJIBKO OTBETOB.

ITo cBoeii cytu uncrpykiusa Python assert npencrasiser co6oii cpeacTBo
OTJIaJIKK, KOTOPOE MPoBepsieT ycioBue. Ecin ycnoBue yTBepKIeHus assert
UCMUNHO, TO HUYETO He MIPOMCXOMT U Ballla IPOTPaMMa IIPOI0JIKAET BbIIOJI-
HATBCS Kak 00b14HO. Ho eciiu jke BbIuKc/IeHre YCJAOBUS JaeT Pe3YJIBTaT J0NCHO,
TO BBI3BIBAETCA NCKJIIOUEHNE AssertionError ¢ HEOOS3aTEbHBIM COOOIEHNEM
00 onmoKe.
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NHcTpykuus assert B Python — npumep

Bort mpocToii mpumep, 4To0bI aTh BaM TTOHSATH, T/I€ YTBEPKICHIS assert
MOTYT TIPUTOUTHCS. S MOMBITAJICS TIPEOCTABUTH BaM HEKOTOPOE TOx00ue
peasbHOI 3a/1a4k, ¢ KOTOPOH Bbl MOJKeTe CTOJIKHYTbCS Ha IIPAKTUKE B OHON
13 CBOMX IIPOTpPaMM.

[IpenmomosxM, BbI CO3/1aeTe MHTEPHET-Mara3uH ¢ momorisio Python. Ber pabo-
Taete Ha/l [0OABIEHIEM B cHCTEMY (DYHKIIMOHAIBHOCTH CKUIOYHOTO KYTIOHA,
U B UTOTE BBI TUIIETE CJeAyontyto ¢hyHKIno apply discount:

def apply_discount(product, discount):
price = int(product['ueHa’'] * (1.0 — discount))
assert @ <= price <= product['ueHa']
return price

Bbl 3aMeTiin, 4To 371€Ch €CTh MHCTPYKIMS assert? Ona Gy/ieT rapaHTHPOBATh,
YTO, HE3aBUCUMO OT OOCTOSTEIbCTB, BBIYMCIIEMbIE 9TOU (DYHKIIMEN CHUKEH-
HBIE TIeHbI He MOTYT ObITh HIKe 0 $ 1 OHU He MOTYT OBITD BBIIIE TIEPBOHAYAIb-
HOM TIeHBI TOBapa.

JaBaiite yOemmmcst, 9To 9Ta HYHKIUS IeiCTBUTENBHO paboTaeT KaK 3a/1y-
MaHO, €CJIM BBI3BATh €e, IPUMEHUB JOMYCTUMYIO CKU/IKY. B aTOM npumepe
TOBapbI B HallleM MarazuHe OyAyT IpeJCTaBJIeHbl B BU/E IIPOCTHIX CJIOBa-
peil. I ckopee Bcero, B peajibHOM MPUJIOKEHUU Bbl IPUMEHUTE APYTYIO
CTPYKTYPY HaHHBIX, HO 9Ta Oe3yIpevyHa /ISt IEMOHCTPAIINY YTBEPKIAEHUI
assert. /laBaiiTe co3ainM IpUMep ToBapa — Mapy CUMIIATUYHBIX Tydesb
o 1ere 149,00 $:

>>> shoes = {'uma': 'MogHble Tydnu', 'ueHa': 14900}

KcraTu, 3amerwiin, Kak st u3beskas mpodsieM ¢ OKPYTIeHHEM JI€HEKHOU 1EHBI,
HCIIOJIb30BAB 11€JI0€ YKCJIO JIJIs TIPE/ICTaBIeHUsI IIeHbI B IleHTax? B 1iesiom He-
mioxoe perenue... Ho s oreaekces. Utak, ecam kK aTuM TyhJIssM MbI TPUMEHUM
25 %-HyI0 CKUJIKY, TO OKUIaeMO TTPHUIeM K OTIryckHO mere 111,75 $:

>>> apply_discount(shoes, ©.25)
11175
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Ornmano, pyHkms cpaborana 6e3ynpedto. Teneps gaBaiite monpodOyeMm mpu-
MEHUTH HECKOJIBKO HEZIOMYCTUMBIX cKuI0K. Harpumep, 200 %-Hy10 «CKUAKY >,
KOTOpas BBIHY/IUT HAC OTAATH JIEHbTH TTOKYIIATEJIO:

>>> apply_discount(shoes, 2.0)
Traceback (most recent call last):
File "<input>", line 1, in <module>
apply_discount(prod, 2.0)
File "<input>", line 4, in apply_discount
assert @ <= price <= product['price']
AssertionError

Kax BbI BUINTE, KOT/Ia MBI TTBITAEMCST TIPUMEHUTD 3Ty HEJIOTTYCTUMYIO CKUTKY,
Hallla TporpaMMa OCTAHABJIMBAETCS ¢ UCKIIOUeHneM AssertionError. 3TO
npoucxoauT moromy, yto 200 %-Has cKuiKa HapyInJia yCJI0BUeE YTBEPKICHIS
assert, KOTOpoe MbI TOMeCTUJIN B (pyHKINIO apply discount.

BoI Takike MosKeTe BuzieTh oTdeT 06 00paTHON TPACCUPOBKE ATOTO UCKITIOUEH ST
1 TO, KaK OH yKa3blBaeT Ha TOUHYIO CTPOKY MCXO/ITHOTO KO/IA, CO/IEPKAIILYIO Bbl-
3BaBIiiee c60it yrBepskAeHre. Eciin BO BpeMs IPOBEPKHM MHTEPHET-Mara3nHa
BbI (UJIH JIPYTON pa3paboOTYNK B Ballieil KOMaH/Ie) KOraa-Huby/Ib CTOJKHETECH
C O/THOM M3 TaKUX ONIMOOK, BBI JIETKO y3HAETE, YTO MPOUIOIILIO, TPOCTO M0-
CMOTpEB Ha 0TYeT 06 0OPATHOI TPACCHPOBKE UCKITIOYEHHSI.

ITO 3HAYMTENBHO YCKOPUT OTJIAJIKY U B IaTbHENTIIEM C/leTaeT Ballly Mpo-
rpaMMbl yI00Hee B TIOAJIEPIKKE. A B 9TOM, APYKUIIE, KaK Pas U 3aKJII0YACTCST
cuiia assert!

[NoyeMy NpoCTO HE NPUMEHUTb 0BbIYHOE UCKOYEHME?

Tenepsb Bbl, BEPOSITHO, 032/IJaUNTECD, TOYEMY B IIPEABIIYIIEM ITPUMEPE 1 IIPOCTO
He IPUMEHWJ NHCTPYKIUIO 1f 1 UCKIIIOUEHNE.

JleJio B TOM, 4TO MHCTPYKIUSA assert mpeiHasHayeHa JJist TOro, YT00bI c000-
aTh PaspaboTUMKAM O HeYCMmPanuMbix OnbKax B iporpamme. THCTpyKIus
assert me npeaHasHaYeHa 1JIs TOTo, YTOObI CUTHAIM3MPOBATh 00 0KMIAEMbIX
OIMOOYHBIX YCIOBUSX, TAKUX Kak omunOka «Daiin He Haiizen», rue mojb3o-
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BaTeJb MOKET MPEAIPUHSATH KOPPEKTUPYIOIIKE ACHCTBUST WU TPOCTO MOPO-
GoBarb elile pas.

VHCTpyKITMY TpU3BaHbl ObITh enympennumu camonposepkamu (internal self-
checks) Barreit mporpammpr. OHu paboTaOT MyTEM 00BSIBJICHUST HEKUX YCJIIO-
BUI, BOBHUKHOBEHIE KOTOPBIX B BaIlleM MCXOIHOM KOJI€ He803M0xcHo. Eciu
OJIHO M3 TaKUX YCJOBHUI He COXPAHSETCsI, TO 3TO O3HAYAET, YTO B IIPOrPaMMe
€ecTb OInoOKa.

Ecsm Bama iporpamma 6e3ieekTHa, To 9TH YCJIOBUS HUKOT/IA He BOSHUKHYT.
Ho ecsint ske oHM BO3HUKATOT, TO TTPOTPaMMa 3aBEPITUTCS aBAPUHHO € UCKJIIIO-
yeHneM AssertionError, TOBOPSIINM, KAKOE UMEHHO «HEBO3MOKHOES yCJIIO-
Bre ObLIO BBI3BAHO. ITO HAMHOTIO YIIPOILIAET OTCJAEKUBAHNE W MCIIPABJICHIE
ommbGOK B BaIlKX IPOrpaMMax. A MHE HPaBHUTCS BCE, UTO JIeJIaeT )KU3HD JIerye.
Hanetocs, Bam ToXKe.

A moka umeliTe B BUY, YTO MHCTPYKIIUS assert — 3TO CPENCTBO OTJAIKH,
a He MeXaHU3M 00paboTKY OMIMOOK BpeMeH! UCTIOTHEH ST TporpaMMet. 1lesn
HCIT0JIb30BAHUSI MHCTPYKIMK assert COCTOUT B TOM, YTOObI TIO3BOJINTH Pas3pa-
60TYMKaM KaK MOKHO CKOpee HalTH BEPOSITHYIO TIePBONPUYKHY OOk, Ecim
B Ballieil mporpamme omOKK HeT, TO UCK/IIoYeHne AssertionError HUKOIIA
He TOJIKHO BO3SHUKHYTh.

JlaBaiiTe B3rJIstHEM TOOJIMIKE HA JAPYTHE BEIIU, KOTOPbIE MbI MOKEM JI€JIaTh
C MHCTPYKIIMeH assert, a 3aTeM ¢ IIOKa)Ky /IBe PacIIPOCTPaHEHHbIE JIOBYIIKH,
KOTOpPbIEe BCTPEYAIOTCS BO BPEMs €€ HCII0Ib30BaHNs B PEAJIbHBIX ClIeHAPUSIX.

CUHTaKCUC MHCTpYKUuKn Python assert

[Tpesxzie ueM Bbl HauHeTe IPUMEHATH KaKkoe-TO (YHKIMOHATIbHOE CPEICTBO
SI3BIKA, BCET/IA HETIOXO MOIPOOHEe MO3HAKOMUTHCS C TEM, KaK OHO TIPaKTHYe-
cku peaymmsyercst B Python. TToaromy maBaiite Gersio B3riisiHeM Ha CHHTaKCUC
MHCTPYKIIUU assert B COOTBETCTBUU ¢ JJoKyMeHTarmeii Python':

MHCTpyKUMA_assert ::= "assert" BbipaxeHuel ["," BblpaxeHue2]

' Cwm. nokymenraiuio Python «Mucrpykius assert»: https://docs.python.org/3/reference/
simple_stmts.html%?23the-assert-statement
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B manHOM ciiydae BblpaxeHnel — 9TO YCJIOBHE, KOTOPOE MbI IIPOBEPsIEM, a He-
00s13aTe/IbHOE BhlpaxeHne2 — 9To coodIneHe 00 ommbKe, KOTOPOe BHIBOAMTCS
Ha BKPaH, ecJii yTBepsKIeHIe gaeT c60it. Bo BpeMs MCIOTHEHMS TPOTPAMMBbI
uurepnperaTop Python npeo6pasoBbiBaeT KaskIy10 HHCTPYKIUIO assert Mpu-
MEPHO B CJIEYIONLYI0 HUKE MOCAe[0BATETbHOCTD MHCTPYKIIUIA:

if _ _debug_ :
if not BblpaxeHuel:
raise AssertionError(BbipaxeHue)

B atom (parmente Kosa eCTh iBe HHTEPECHbIE JeTaH.

[Tepes TeM Kak JaHHOE YCIOBYE MHCTPYKIINU assert Gy/eT mpoBepeHo, mpo-
BOJIUTCSI JIOTIOJTHUTEIbHAS TIPOBEPKaA TI00aIbHOI TlepeMeHHON __debug__. D10
BCTPOEHHBIN OyJieB (hraskoK, KOTOPbI MPU HOPMAJIbHBIX 0OCTOSITENBCTBAX
nMeeT 3HaueHue True, — 1 3HaYeHue False, ecyiu 3alpalinBaeTcs ONTUMU3A-
11ist. MbI TOroBOpUM 06 3TOM TIOZIPOOHEE Uy Th TIO3KE B Pasjiesie, MOCBSIIEHHOM
«pacIpoCTPAaHEHHBIM JIOBYIIIKAM .

Kpome Tor0, BbI MOJKETE TIPUMEHUTD BbipaxeHue2, 4TOObI IepeiaTh HeoOsI3aTe Ib-
Hoe coobuienne 06 ommobKe, KOTOpoe OyAeT moKaszaHo B ordyere 00 0OpaTHOI
TPACCHPOBKE BMECTE C MCKJII0UYeHEM AssertionError. ITO MOXKeT erie GOJIbIIe
YIPOCTUTH OTJIaZIKy. Harpumep, st BCTpedast MCXOAHbIN KOl TAKOTO TIaHa:

>>> if cond == 'x':
do_x()
... elif cond == 'y':
ce do_y()
... else:
assert False, (
'3TO HMKOrAa He [OMXHO MPOU3OWTU, U TeM He MeHee 3TO
'BpemMeHaMu npoucxoguT. Cei4ac Mbl MbITaeMcs BbIACHUTbL'
'NpUYMHy. ECNM Bbl CTONIKHETECb C 3TUM Ha MNpakTUKe, TO
'MpocuM CBA3aTbCA MO 3NeKTPoHHOW no4yTte c dbader. Cnacubo!')

PasBe aTo He y:xacHo? Koneuno, 1a. Ho aToT nmpuem orpeziesieHHO IOTTYCTUM
U TI0JIe3€H, eCJIU B OJIHOM U3 CBOMX TIPUJIOKEHU I Bbl CTAJTKUBAETECH C TLJIaBa-
fomeit ommoOKoii Teiizenbar!.

U Cm. Buxkuneauio: https://en.wikipedia.org/wiki/Heisenbug u https://ru.wikipedia.org/wiki/leii3eH6ar
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PacnpocTpaHeHHble SIOBYLLKN, CBA3aHHbIE C UCMOJIb30BaHNEM
NMHCTPYKLMKM assert B Python

[Ipeskne ueM BbI TOMIeTE JAablie, €CTh /IBa BaXKHBIX MTPEIOCTEPEKEHUS, HA
KOTOpBIE 51 X04y 06paTuTh Baiiie BHUMaHie. OHM KacaroTcsl UCIOJIb30BAHUS
MHCTPYKIMii assert B Python.

[TepBoe M3 HUX CBSI3aHO C BHECEHUEM B IIPUJIOKEHUST OMUOOK U PUCKOB, CBSI-
3aHHBIX C HapylleHneM 0e30MacHOCTH, a BTOPOE KACAETCsT CHHTaKCUYeCKOit
PUYYIBI, KOTOPast 0bJieryaeT Halucanue 6ecnoie3Holx WHCTPYKITUIT assert.

3BYYUT JOBOJIBHO YKaCHO (M IIOTEHIMATLHO TAKOBBIM U SIBJISIETCA ), IOOTOMY
BaM, BEPOSATHO, CJIEIyeT Kak MUHUMYM ITPOCMOTPETh 9TH JlBa IPejoCcTepeske-
HUS XOTS ObI OErJIo.

Mpepoctepexenne NQ 1: He UCNONb3YUTE MHCTPYKLUMK assert
A5t NPOBEPKM AAHHbIX

Camoe 60JIbIIoE TIPEIOCTEPEKEHNE TI0 TIOBOLY MCIOJIb30BAHUST YTBEPIKIACHUI
B Python coctout B ToM, 94TO yTBEpKIAEHUS MOTYT OBITH TITOOATHHO OTKIIIO-
YyeHbl! MepeKIIouaTe/IsIMI KOMaHIHOM CTPOKK -0 1 -00, a TaK:Ke epeMeHHON
OKpyskenus PYTHONOPTIMIZE B CPython.

ITO TpeBparaet o6y HHCTPYKIINIO assert B HYJIEBYIO OTEPAIHIO: YTBEP:K-
JIeHVsT assert TPOCTO KOMITUIUPYIOTCS U BBIYUCISTHCS He OYIyT, 9TO O3HAYa-
€T, YTO H¥ OJIHO U3 YCJIOBHBIX BBIPAKEHUN He OY/IeT BBITOJHEHO?,

ITO TpeiHaMePEHHOEe TPOEKTHOE PellleHne, KOTOPOEe UCIOJIb3YETCS CXOKIM
00pa3oM BO MHOTHX JIPYTUX sI3bIKaX IporpaMMupoBatust. B kauecTse mo6o4-
Horo agdekTa OHO IPUBOINUT K TOMY, UTO CTAHOBUTCS YPE3BBIUAHO OMACHO
UCIIOJIb30BAaTh MHCTPYKIIMHU assert B BU/E OBICTPOTO 1 JIETKOTO Criocoba mpo-
BEPKHU BXO/IHBIX JAHHBIX.

! Cwm. noxymenranuio Python «Koncrantsr (__debug_ )»: https://docs.python.org/3/library/
constants.html|%?23__debug___

2 Hyunesas onepanus (null-operation) — aTo onepainus, KoTopas He BO3BpallaeT JaHHble
U OCTaBJIIET COCTOSIHME MporpaMmbl 6e3 namenennii. Cum. https://en.wikipedia.org/wiki/Null_
function — Ilpumeu. nep.
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[TosicHio: ecan B Balieil mporpaMMe yTBep:K/IeHUs assert UCIO0Jb3YIOTCS 1JIs
IIPOBEPKH TOTO, COAEPIKUT JIN apTyMEHT (PYHKIIMHU «HelIPaBUJIbHOEe» UJIN He-
OKUIAHHOE 3HAYEHNE, TO HTO PEIEHNE MOKET OBICTPO 0OEPHYTHCSI TPOTHB BAC
U IPUBECTH K ONMTMOKAM WJIU JIBIPAM C TOYKHU 3PEHUST O€30MaCHOCTH.

[aBafiTe B3rJissHEM Ha IIPOCTOI IpUMep, KOTOPBII JIeMOHCTPUPYET 3Ty IIPO-
6semy. U cHoBa 1ipe/icTaBbTe, YTO BB co3/1aeTe npusokenue Python ¢ unrep-
HeT-MarasuHoM. I7ie-To cpein IporpaMMHOrO KoJla Balllero IpUI0KeHHs eCTh
dbyHKIMA, KOTOpas ynajaseT ToBap 110 3a1pocCy 10Jb30BaTeIs.

[TockoJbKY BBI TOJIBKO YTO y3HAIU 00 assert, BAM He TEPIUTCS TIPUMEHHUTD
UX B cBOeM Kojie (s1 ObI TOYHO Tak MOCTynu!), U BbI THIIETE CIEAYIONYIO
peannsanuio:

def delete_product(prod_id, user):
assert user.is_admin(), '3pecb fonxeH 6bITb agMuHUCTpaTop'
assert store.has_product(prod_id), 'HeusBecTHblii ToBap'
store. get_product(prod_id).delete()

[Tpurasaurecs mobamske K pynkinu delete_product. MTak, 4to e mponsoii-
JIET, €CJIN MHCTPYKITMH assert OyayT OTKIIOYeHbI?

B aTtom mpumepe TpexcTpodHOil (GYHKIMHU €CTh ABE CepPhe3HbIe TPOOIEMBI,
Y OHW BBI3BaHbI HETIPABUJIbHBIM MCITOJIb30BAaHUEM WHCTPYKIINIA assert:

1. IlpoBepKa MOJTHOMOYHMII a/IMUHUCTPATOPA UHCTPYKIMSAMH assert HeceT
B ce0e onacHOCTh. Eciii yTBep K /IeHrsI assert OTKIIOYEeHbl B MHTEPITPETa-
tope Python, To poBepka mosHOMOYMIT TPEBPAIAETCS B HYJIEBYTO OTI€pa-
o, V1 moatomy menepv 1060t noib308amesiv Mojcem yoaisims mosapol.
[TpoBepka mMoOJTHOMOYMIT BOOOIIE He BBHITTOTHIETCS. B pe3ysibrare moBbI-
IIAETCST BEPOSITHOCTD TOTO, YTO MOKET BO3HUKHYTH TIPOOJIEMa, CBsI3aHHAsT
¢ obecrieueHreM 0e30MIaCHOCTH, U OTKPOETCS [IBEPD JIJIST aTaK, CIOCOOHBIX
Pa3pyIINTDb WX CEPLE3HO TOBPEAUTD JAHHBIE B HAIIIEM UHTEPHET-MarasuHe.
Ouenb mI0X0.

2. IIpoBepka has_product() nmpomyckaercsl, KOrja assert oTkiaoyeHa. ITo
03HavaeT, 4YTo MeTo/| get_product() Tenepb MOKHO BbI3bIBATH C HE/O-
MyCTUMbBIMU WIEHTH(HUKATOPAME TOBAPOB, YTO MOKET MPUBECTHU K OoJjiee
Cepbe3HBIM OIMUOKaM, — B 3aBUCUMOCTHU OT TOTO, KaK HAIMCAHA HAIIA TPO-
rpamma. B Xxymniem ciayyae oHa MOKET cTaTh HayaJaoM 3aiycka DoS-atax.
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Hanpumep, eciim npusioxkenne Mara3nia aBapuitHo 3aBepilaeTcs 1pu 110-
IIBITKE CTOPOHHETO JINIIA YIAJUTh HeM3BECTHBII TOBAp, TO, CKOpee BCEro, 3TO
MTPOU3O0IILIIO TIOTOMY, YTO B3JIOMIIIUK CMOT 3aBAJIUTh €TI0 HEOMYCTUMBIMHI
3ampocami Ha yIajeHne u Bbi3Bath cOoil B paboTe cepBepa.

Kakum o6pasom MOkHO nsbexarh atux mpodaem? OTBET TakoB: Hukozoa He
WCTIOTb30BaTh YTBEPKIEHNS assert /i BRITTOTHEHUS BAJIUIAINN TaHHBIX.
BMmecTo 9TOr0 MOKHO BBITIOJHSTH MPOBEPKY OOBIYHBIMEI WHCTPYKITHSAME i
U TIPH HEOOXOIMMOCTH BBI3bIBATH UCKJTIOYEHMS BAJTU/IAIINN JAHHBIX, KaK 110-
Ka3aHo HIDKe:

def delete_product(product_id, user):
if not user.is_admin():
raise AuthError('Ana ypaneHua Heob6xoauMbl npaBa agMuHa ')
if not store.has_product(product_id):
raise ValueError('WaeHTudukaTop HeusBecTHOro ToBapa')
store.get_product(product_id).delete()

ITOT OGHOBJIEHHBIN ITPUMEP TaKKe 00JI/IaeT TeM MPEUMYIIECTBOM, YTO BMe-
CTO TOTO, YTOOBI BLI3BIBATH HEOTIPEIeJIEHHbBIE NCKIIOUeHNsT AssertionError,
OH Telepb BhI3BIBAET CEMAaHTUYECKU IIPABUJIbHBIC MCKIIOYEHUSI, & UMEH-
HO ValueError uin AuthError (KOTOPbBIE Mbl JOJISKHbI OBLIM ONPENENNUThb
camn).

MNpepnoctepexeHne N2 2: MHCTpYKUMKM assert,
KOTOpble HMKOrAa He fatoT cbost

VINBUTEILHO JIETKO CITyYaiiHO HAIKCATh MHCTPYKIIMIO assert, KOTopast Bcer/a
IIPY BBIYMCJEHIU BO3BPAIAET UCTUHY. MHe caMOMY B ITPOIILJIOM JI0BEJIOCH T10-
HECTH OILYTUMBIIT yiep6. Bkpariie mpobiieMa B CIIeLyOIIEM.

Korza B uHCcTpyKIIMIO assert B KayecTBe IIEPBOrO apryMeHTa IepeaeTcs
KOPTEK, assert Bcerjia Bo3BpaniaeT True U 110 3TOW IIPUYMHE BbIIOJHICTCS
YCIIETITHO.

Hanpumep, aTo yTBepsKaeHe HIKOTa He OyaeT gaBaTh cOOi:

assert(l == 2, '3To yTBepxAeHue [OMXHO Bbi3BaTb c6HoOit')
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Ira cuTyanus cBsizaHa ¢ TeM, 4To B Python HermycTble KOopTeskn Beerjia siBJisi-
I0TCSI UCTUHHBIMU. EcJin BBI IlepejiaeTe KOPTeK B UHCTPYKITUIO assert, TO 3TO
IPUBOAUT K TOMY, YTO YCJIOBHE assert Bcerga Oy1eT HCTUHHBIM, 4TO, B CBOIO
odepe/lb, MPUBOJUT K TOMY, YTO BBINIEYIIOMSAHYTas WHCTPYKIUA assert cTa-
HeT 6ecnoie3noll, MOTOMY 4TO OHa HUKOT/IAa He CMOKET JlaTh COOI M BbI3BATh
HUCKJIIOUEHHE.

[To prumHe TaKOro, B OOIIEM-TO, HE MHTYHUTHBHOTO TIOBE/IEHUST OTHOCUTETHHO
JIETKO CJIy4ailHO HAIKCaTh IJIOXME MHOTOCTPOUYHbIEe MHCTPYKIUK assert. Ha-
[IpUMep, B OJJHOM U3 MOUX KOMILJIEKTOB TECTOB $1 € JIETKUM CEP/IIIeM Hallucasl
TPYIITy NpeTHAMEPEeHHO HapYIIEHHBIX TECTOBBIX CJy4YaeB, KOTOPbIe BHYIIAIN
JIO’KHOE 9yBCTBO Ge3onacHocTr. [IpectaBbre, 4TO B OZIHOM M3 BAIIUX MOJLYJIb-
HBIX TECTOB MMeeTCsI [IPUBEIeHHOE HUKE YTBEPKICHUE:

assert (
counter == 10,
'3T0 [OMXHO 6bINO COCYUTATbL BCE dneMeHTbl'

Ha nepBblit B3rJisii 9TOT TECTOBBII C/IyYail BHITISAUT aOCOMIOTHO IIPUEMIIe-
MbIM. O/IHAKO OH HUKOT/IAa HE BBIJIOBUT HETPABUJIBHBIN PE3yJIbTaT: 9TO yT-
BepiK/IeHne assert Bcerzia Oy/eT 1aBaTh NCTUHY, HE3ABUCUMO OT COCTOSTHSI
nepeMeHHOI counter. 11 B yem ke TyT 1es10? A B TOM, YTO OHO IIOJITBEP:K/IAeT
HUCTUHHOCTH 00bEKTa-KOpPTEXKA.

Kax st yske ckasai, 61aroapsi 5ToMy J0BOJILHO JIETKO BBICTPENUTD cebe B HOTY
(Mos Bce emfe mobanuBaet). Xopoliass KOHTPMepa, ¢ MOMOIIbI0 KOTOPOi
MOKHO U36€KaTh HEMPUATHOCTEH OT 3TOM CMHTAKCHMYECKON TIPUUY/Ibl, — HC-
nosb3oBath uHTep (linter), MHCTPYMeHT cTaTnvecKoro aHaim3a koaa'. Kpome
Toro, 6oJsiee cBeskue Bepeun Python 3 171t TakKMX COMHUTENbHBIX HHCTPYKITAN
assert IOKa3bIBAIOT CUHTAKCUYECKOE TIPelyIpeKIeHHE.

Mesky mpodnM, UMEHHO MTO3TOMY BaM TaK’Ke BCEr/la CJe/lyeT BbITOJHATh
OBICTPBIIT TECT «Ha JBIM» IIPH IIOMOIIIN CBOMX MOJYJIbHBIX TECTOBBIX CJIyYaes.
[Ipex/e yeM TepexouTh K HAMCAHUIO CJIEAYIONIEero, yOeauTech, YTO OHI
JECTBUTEIHHO He cpabaThIBAIOT.

U 1 manmcas cTaThio O TOM, Kak B CBOMX TecTax Python MoskHO n36€KaTh MOAAETbHBIX YTBEPIK-
nennii. Ee moskno naiitu TyT: dbader.org/blog/catching-bogus-python-asserts
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NHCTpyKunmn assert — pesiome

Hecmotps Ha JaHHbIE BBIIIIE TTPEIOCTEPEKEH NS, 5T TTOJIATA0, YTO UHCTPYKITUN
assert SIBJISIOTCS MOIIHBIM MHCTPYMEHTOM OTJIQ/IKU, KOTOPBIN 3a4acTylo He-
JIOCTATOYHO UCTIOJIb3yeTCst pazpaboTurkamu Python.

[ToxrMaHMe TOro, Kak paboTal0T MHCTPYKIIUK assert U KOr/ja UX IPUMEHSITh,
MOMOJKET TucaTh mporpaMmMbl Python, KoTopbie OyeT Jierde compoBOKIATD
1 OTJIQKUBATD.

ITO BEJMKOJIEMHbII HABBIK, KOTOPBIH CTOMT OCBOUTD, YTOOBI TPOKAYATH 3HA-
uust Python 1o 6osiee kauecTBEHHOTO YPOBEHS U CTaTh BCECTOPOHHUM TIH-
TOHUCTOM. MHE 3TO MO3BOJINJIO COKOHOMUTH GECKOHEUHbIE YaChl, KOTOPbIe
MIPUXOIUIOCH TPATUTD Ha OTJIAJKY.

Krnto4yeBble BbIBOAbI

Q Wucrpykuus Python assert — 910 cpesicTBO OT/IaIKM, KOTOPOE TIPOBEPSIET
yCJIOBUE, BBICTYTIAIONIEE B KaUecTBe BHYTPEHHEN caMOIIPOBEPKH Ballei
[IPOTPaMMBbI.

Q UucTpykimu assert H0JKHBI IPUMEHSATHCS TOJIBKO JIJIsl TOTO, YTOOBI TI0-
MoraTh pazpaboTurkaM uaeHTuGUIupoBars omuok. OHU He SABJISIOTCS
MeXaHU3MOM 00pabOTKY OMIMOOK TIEPUO/Ia UCITOTHEHUST TPOTPAMMBI.

O UHcrpykuuu assert MOryT ObITh TJI06AIBHO OTKJIIOUYEHBI B HACTPOMKAX
WHTEpIIpeTaTopa.

2.2. becneyHoe pa3MelleHne 3ansaTomn

Bot BaM moJie3HbIiT COBET, KOT/Ia BbI 00ABJISIETE U Y/IAJISIETE 9JIEMEHThI 3 KOH-
CTaHTBI CIIMCKA, CJI0Baps MM MHOKecTBa B Python: 3aBepiaiite Bce cTpoku
3alIsITOM.

He IMoHAJJIH, O YEM I3TO a? Torma BoT BaMm IIPUMEPYHK. HpeanonomuM, 4To
B BallleM UCXOHOM KOJI€ €CTh BOT TAaKOU CIIMCOK UMEH:

>>> names = ['dauc’', 'bo6', 'AunbepT']
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Bestkuii pas, Kor/ia Bbl BHOCUTE U3MEHEHHSI B ATOT CIIUCOK, Oy/IeT TPY/IHO CKa-
3aTh, YTO UMEHHO OBLIIO U3MEHEHO, K TPUMEPY, B CUTYAIIUHU, KOT/Ia BbI Oy/iere
CMOTpPETb Ha pe3yJibTaT KoMaH bl Git diff. BosbiiHCeTBO cucteM yripasJieHus
UCXOAHBIM KOJOM CTPOYHO-OPUEHTUPOBAHBI U C TPYAOM CIIPABJIAIOTCS C BBI-
JieJleHieM MHOTOYNC/IeHHBIX U3MEeHEHU1, BHOCUMbIX B O/IHON-e/IMHCTBEHHON
CTPOKE.

BoicTpbiM periieHreM Oy/IeT MPUHSATHE CTHIIST O(OPMJIEHUST KOJIA, ITPU KOTOPOM
BBl Pa3BOpavMBaeTe KOHCTAHTBI CITUCKA, CJI0BAPA UM MHOKECTBA HA HECKOJIb-
KUX CTPOKaX, KaK MOKa3aHO HUXKE:

>>> names = [
'dnuc’,
'606 ",
'Ann6epT'

Buiarofiapst 5ToMy TIOJIYYHTCST OIMH 9JIEMEHT Ha CTPOKY, U BO BPEMST ITPOCMOTPA
pe3ysIbTaToB KOMaH bl diff B CBOEH cHcTeMe yIpaBIeHHs HCXOAHBIM KOIOM
CTaHeT TIPEeIEJIbHO SICHO, KaKOi U3 HUX ObLI 00aBJIeH, YaleH I U3MEHEH.,
s1 oGHapy KL, 9TO HTO HEOOJIBIIOE M3MEHEHUE IIOMOTIJIO MHE N30€eKaTh TIIyIIbIX
or6ok. OHO TaksKe PACIIMPUIIO BO3MOKHOCTI MOMX KOJIJIET TPOCMATPUBATD
U3MEHEHUsI B ICXOHOM KOJIE.

Hy:xHo ckasaTb, 4TO /iBa cjrydyasl pelakTUPOBaHUS 110-TIPEKHEMY MOTYT BbI-
3bIBAaTh HEKOTOPOE HeZlopadymerine. Besikuii pas, Koraa Bbl 100aBJIsieTe HOBbII
3JIEeMEHT B KOHEI[ CITMCKA WJIN yIaJsieTe TIOCTIeTHUI JIeMeHT, BaM IIPUIETCS
BPYUYHYIO OGHOBJISITH PasMellieHue 3aTSITO JIJIs TOJIyYeH s €INHOO0OPa3HOTO
dhopmaTupoBanmsi.

JIOIlyCTUM, 4TO B 9TOT CIIMCOK BbI XOTUTE J00aBUTH ele oxHo uMs (/ocetin).
Ecimm Bb1 fo6aBuTe oicetin, 0, 4T0ObI U30€KATh Ay PAIIKON OIIMOKM, BAM HY K-
HO UCTIPaBUTh padMellleHre 3asATol mocye cTpoku Juibepm:

>>> names = [

ce 'Snuc’,

'Bo6 ",

'AnnbepTt' # <- MponyuyeHHaa 3anamas!
" IKeiH "
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IToce Toro Kak BBI IIPOUMHCHEKTUPYETE COAECPIKUMOE ITOI'0 CIIUCKaA, 6y,Z[bTe
T'OTOBbI YANBUTbHCA:

>>> names
["2nnc', 'Bob', 'AunbepTxeinH']

Kak supure, Python o6beaunui crpokosblie jurepainbt Juibepm wn Jlicetin
B Junbepm/lnceiin. Takoe moBeseHne, KOTOPOE HA3bIBAETCS «KOHKATEHAI[H-
€eli CTPOKOBBIX JIMTEPAJIOBY, SIBJISIETCSI TIPEHAMEPEHHBIM 1 3aJJ0KYMEHTH-
poBaHubIM. 1 oHO Takske mpepocTaBisieT (haHTACTUUECKYIO BO3MOKHOCTH
BBICTPEJIUTDH ce6e B HOT'Y, BHOCA B Balllkd ITIPOTpaMMbl TPYAHOOT/IaBJIUBA€MbIE
ONINOKH:

MpUMEHEHNe MHOMOUMC/IEHHBLIX CMEXHbIX CTPOKOBbLIX MMM GANTOBbLIX NUTE-
panos (pa3aeneHHbIX NPo6enoM), B HEKOTOPLIX Cy4Yasx C UCMO/b30BaHWUEM
pa3HbIX COMTacoBaHHbIX NpaBuiaMu 0chOPMIIEHNS KaBblYeK, AOMYCTUMO, U UX
3HaYeHNe MAEHTUYHO MX KOHKaTeHauuu?,

BwmecTe c Tem B HEKOTOPDLIX CaydadX KOHKaTeHaIlUA CTPOKOBBIX JIMTEPAJIOB AB-
JIAETCA ITOJIE3HBIM (bYHKIlI/IOHaJIBHbIM CPEACTBOM A3bIKa. HaHpHMep, €€ MOJKHO
HCIIOJIb30BaTh AJId COKpall€HNA KOJIMYECTBa O6paTHI)IX caeniei (KOCI)IX),
H606XO[[I/IMI)IX JJIA p3.36I/IeHI/IH JJIMHHBIX CTPOKOBBIX KOHCTAHT Ha HECKOJIBKO
CTPOK KO/ia:

my_str = ('3To cynepAnvMHHas CTPOKOBasA KOHCTaHTa,
'pa3BepHyTaA Ha HeECKONbKO CTpok. '
'V obpaTuTe BHUMaHUE — He TpebyeTca HUKAKMUX O6paTHbIX Kocbix!')

C npyroii CTOPOHBI, MbI TOJIBKO YTO YBUJIEJIN, KAK 9TO e caMoe (DyHKIIMOHAJIb-
HOE CPEJICTBO SI3bIKA MOKET OBICTPO TIPEBPATUTHCS B TOMeXY. VITak, KaKuM Ke
06pa3oM 3Ty CUTYAIIIO0 MOKHO UCTIPABUTH?

JloGaBJieHre MPOITYIEeHHO 3arsToii mocje Juibepm He gaet 0ObeIUHUTD JBa
CTPOKOBBIX JINTEPAJIA B OJIUH:

' Cwm. pokymenTanmio Python «KomkaTeHnamust cTpoKOBBIX JIUTEpasoBs: https://docs.python.
org/3/reference/lexical_analysis.html#string-literal-concatenation
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>>> names = [
'dnuc’,
'Bob"',
'Ann6epT',
IVELE

Ho Ternepb MbI cOBepIIUIN TOJHBIN KPYT U BEPHYJIUCH K U3HAYATBLHON TTIPO-
61eme. MHe MPUIILIIOCH U3MEHUTD JIBE CTPOKH KO/, YTOObI JOGABHUTH B CIIUCOK
HOBOE UMSI. ITO CHOBA 3aTPYAHSIET TPOCMOTP KOMaH0M Git diff Toro, uto
ObLII0 M3MeHeHO... [[o6aBut i KTO-T0 HOBOE UMsi? VI3MEHUJI JIn KTO-TO UMSI
Junbepra?

K cuacrpio, currakcuc si3bika Python pomyckaer rebosbiiyto cBoboy ma-
HEBpA, TEM CAMbBIM TTO3BOJISISI PENIUTD MTPOBJIeMY pasMeleHrsl 3alsIToil pa3
u HaBcerga. [Ipexme Bcero, BaM MpocTo HYKHO TTPUBBIKHYTb TPUMEHSTh
¢TI 0(hOPMIIEHNST KOZIa, KOTOPBIi ee m3beraet. /laBaiite st TOKaxXy, Kak 9To
JeJIaeTCs.

B Python 3amsitast MoskeT pazmeraThbest mocse Kaxk/[0ro 3JieMeHTa B KOHCTAHTe
CTTMICKA, CJIOBAPST UJTK MHOKECTBA, BKIIIOYAS MTOCJIEIHUI 2JIeMeHT. B cuiy aToro
BaM [IPOCTO HY;KHO He 3a0bIBaTh BCET/Ia 3aKAaHYMBATH CTPOKH 3AIISATOM, ¥ TAKIM
06pa3oM Bbl U30EKUTE KOHTJTMPOBAHUS C PA3MENEHUEM 3alISIThIX, KOTOPOe
TpebOBaIOCh ObI B IPOTHBHOM CJIydae.

Bot kak OyzieT BhITJISAAETh OKOHYATEIBHBII TIPUMED:

>>> names = [
'dnuc’,
'Bo6"',
'Ann6epT',

Bbl 3aMeTniIn 3aATyIO TIOCJE CTPOKOBOTO JinTepaa Juibepm? ITOT TPIOK
clesaet 00aBIeHNe WU YiajdeHne HOBbIX 9JIEMEHTOB MPOIie W U30aBUT OT
HeoOXOAMMOCTH OOHOBJISATH pasdMmerienne 3anstoit. OH yHubUIMpyeT Baim
CTPOKH, OUNCTHUT Pe3yJbTaThl KOMaH/Ibl diff B cucTeMe yIipaBiIeHus NCXOIHBIM
KOJIOM, a PEIEH3eHThI BAIIIEro KOJIa CTaHyT cyacTinBee. VIHOTIa BOJIEOCTBO
KpoeTcs B MeJiovyax, He IIpaB/ia Jin?
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KntoyeBble BbIBOAbI

a lIpomymannoe ¢popmaTrpoBaHue 1 pa3MelieHre 3arsaTol MOKeT YIIPOCTUTh
06CTyKIBaHIE BAIX KOHCTAHT CITUCKA, CJIOBAPSI NN MHOKECTBA.

0 KonkareHaius cTpOKOBBIX JUTEPAIOB KaK (QYHKIIMOHAIBHOE CPEICTBO
Python moseT pabGoTaTh Kak Ha Bac, Tak ¥ IPOTUB, BHOCS B KOJ[ TPYAHOOT-
JIaBJIMBaeMble OIINOKN.

2.3. MeHepkepbl KOHTEKCTa U MHCTPYKUns with

Hexoropble pa3paboTuuku cyrtaroT HHCTPYKImio Python with manomonsit-
HBIM (PYHKIIMOHAJLHBIM CPEJICTBOM s13bIKa. Ho KOT/1a BbI 3arjisiHeTe 3a KYJIHUCHI,
TO YBU/IUTE, YTO HUKAKUX TaHIIEB ¢ GyOHAMM TaM HET U OHA JE€HCTBUTENbHO
SIBJISIETCS BEChMA T10JIE3HBIM (DYHKI[MOHATIBHBIM CPEJICTBOM, KOTOPOE COJieii-
CTBYeT HallMcaHuo GoJiee YUCTOTo U GoJiee Ya000UnTaeMOro mporpaMMHOTO
kozma Python.

Wrak, B yem ke mpesiecTb MHCTPYKITMU with? OHA MOMOraeT yrnpocTuTh He-
KOTOpbIE PACTIPOCTPAHEHHBIE TTAOJIOHBI YIIPABIEHMs Pecypcamit, abCcTparu-
PYsICh OT UX (DYHKITMOHATBHOCTH M TIO3BOJISISI BBIAESATD UX M UCIIOJIH30BATh
TIOBTOPHO.

OzuH U3 XOpouux crnocoboB yBuAeTh 3(HEKTUBHOE TPUMEHEHUE TAHHOTO
(OYHKIIMOHATIBHOTO CPECTBA sI3bIKA — MOCMOTPETh HA IIPUMEPBI B CTAHapT-
Hoii 6ubmoreke Python. Berpoennast hyHKIms open () IpeaocTaBsieT Ipe-
BOCXO/IHbII BAPUAHT €€ IPUMEHEHSI:

with open('hello.txt', 'w') as f:
f.write('npuset, mup!")

CymectByeT 0061ast peKOMEHAAIMST OTKPBIBATH (PalJIbl, MCIIOAb3YST WH-
CTPYKIMIO with. ITO cBA3aHO € TeM, YTO OHA TapaHTUPYET aBTOMaTUYeCKOe
3aKpBITHE IECKPUTITOPOB OTKPBITHIX (hailIoB MOCe TOTO, KaK BBITTOJHEHUE
MIPOrPaMMbI IOKKU/IAeT KOHTEKCT MHCTPYKIMK with. Ha BHyTpeHHeM ypoBHe
BBILIEYITOMSIHYTBII IIPUMeP KOJla CBOAUTCS IPUMEPHO K caeytoleMy ¢par-
MEHTY KoJia:
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f = open('hello.txt"', 'w')
try:

f.write('npuset, mup!")
finally:

f.close()

Bbl cpasy MosKkeTe cKazaTb, 4TO OH JOBOJBHO MHOrocjaoBeH. QOOpaTuTe BHU-
MaHue: MHCTPYKIuA try..finally nMmeeT BaskHOe 3HaUeHUe. [[pocTo HanmcaTh
YTO-TO THIIA HTOTO OBLIO GBI HEJOCTATOYHO:

f = open('hello.txt', 'w')
f.write('npuset, mup!")
f.close()

Ecam Bo Bpems Bbi3oBa f.write() cayduTcs UCKIIOYeHUe, TO TaKasl peasu-
3aiust He Oy/IeT rapaHTUPOBaTh, YTO (hailn OyAeT 3aKPhIT, U TIOITOMY Hallla
MporpaMMa MOKET JIOTYCTUTDh yTeuKy geckpunTopa daitra. Bot mouemy n-
CTPyKIug with nMeeT cToTh BaskHOE 3HaueHue. OHa mpeBpalaeT Hajijieskaniee
MOJTyYeHNe U BBICBOOOJKIEHIE PECYPCOB B ITYCTSIKOBYIO PabOTY.

Ente oHuM XopotmuM npuMepoM, T7ie MHCTPYKIUSA with achhekTUBHO nCosb-
3yercst B craHzapTHoi 6ubsmoreke Python, siBisiercst kimace threading. Lock:

some_lock = threading.Lock()

# BpedHo:
some_lock.acquire()
try:
# Cldename 4ymo-mo. . .
finally:
some_lock.release()
# Jlyywe:

with some_lock:
# Coenamb ymo-mo. . .

B o6oux ciryyasix ¥CHoIb3oBaHue HHCTPYKIMK with mo3BosisieT abeTparupo-
BaThCst OT OOJIbIIEN YacTh JIOTMKU 00paboTKH pecypca. BMmecTo HeoOXoammo-
CTH BCSIKUI pa3 nucaTh IBHYIO MHCTPYKIMIO try..finally, uHcTpykius with
BBITIOJTHSIET ATy PaboTy 3a Hac.

MucTpyKIius with MOXKeT cesaTh IPOrpaMMHBINA KOJI, KOTOPbII paboTaer
C CHCTEMHBIMU pecypcami, bosee yrobountaembiM. OHa TakKe MTOMOTAET 13-
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6exath OMMOOK UJIH YTEUEK, JieJIash IPAaKTHYECKH HEBO3MOKHBIMU CUTYAIlNH,
Korza 110 pa3HbIM IIpUYMHaAM 33.6I)IB3.IOT BBITIOJTHUTb OYUCTKY WJIN BI)ICBO60>K'
JIEHUE PECYPCOB TOCJIE TOTO, KaK OHU CTAJIU GOJIbIIE HEHYKHBIMU.

Moaaepkka MHCTPYKUMM With B cCOBCTBEHHBIX 06beKTax

Hy:xHo ckazath, uTo B hyHKIMM open () uiau Kiacce threading.Lock HeT
HUYEro 0coOEHHOrO MJIM YyIECHOTO, PABHO KaK U B TOM, YTO OHU MOTYT IIpH-
MEeHSThCS BMecTe ¢ MHCTpyKIHel with. Ty ke camyio (pyHKIIMOHAJIBHOCTD
MOJKHO 00€CTIeduTh B COOCTBEHHBIX KJIACCAX U (DYHKIIUSIX ITyTEM Peai3aliim
TaK Ha3bIBAEMBIX Meneddcepos Konmexcma (context managers)'.

Yro Takoe MeHeKep KOHTEKCTa? JTO MPOCTON «ITPOTOKOT» (MU HHTEPQETIC),
KOTOPBIN Ball 00bEKT JOJKEH COOMOAATD JIJIsT TOTO, YTOOBI MO/IEPKIBATH
MHCTPYKIMIO with. B cymiHocTH, eciii BbI XOTHTE, 4TOOBI OOBEKT (DYHKITHOH-
POBaJI Kak MeHe/IZKep KOHTEKCTa, OT Bac TPeOyeTcsl TOJIbKO OAHO — A100aBUTh
B Hero MeTozibl __enter_ 1 __exit_ . Python Gyzer BbIsbiBaTh 911 1Ba MeTOQ
B COOTBETCTBYIOIIMX CJYYasaX B IIMKJIE YIIPABJIEHIS PECYPCOM.

[laBaiiTe TOCMOTPUM, KaK 3TO BBITJISAAUT Ha TPaKTUKe. BOT mpumep mpocToit
peanu3anu KOHTEKCTHOTO MeHeKepa open():

class ManagedFile:
def __init__ (self, name):
self.name = name

def __enter__(self):
self.file = open(self.name, 'w')
return self.file

def __exit_ (self, exc_type, exc_val, exc_tb):
if self.file:
self.file.close()

Hamr kace ManagedFile mogunHsieTCd MPOTOKOIY MeHe/IKepa KOHTeKCTa 1 Te-
1epb MOJ/IeP:KMBaeT MHCTPYKIMIO with TOYHO Tak ke, Kak 1 IIepBOHAYAIbHbIN
npumep ¢ pyHKIHen open():

U Cm. nokymenTaimio Python «Memnemkepsl KoHTekcTa MHCTPYKIK with»: https://docs.python.
org/3/reference/datamodel.html#with-statement-context-managers
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>>> with ManagedFile('hello.txt') as f:
f.write('npuset, mup!')
f.write('a Tenepb, nokal!')

Python BbIsbiBaeT __enter_ , Korja IOTOK MCIOJHEHUS 6X00UM B KOHTEKCT
MHCTPYKIIMK with M HacTymaeT MOMEHT moJiydeHus pecypca. Korga motok
UCIIOJTHEHWS CHOBA MOKUaeT KoHTeKeT, Python BbisbiBaer __exit__, 4T0OBI
BBICBOOOIMTD 3TOT PECYPC.

Hamnmcanune MmeHemkepa KOHTEKCTa Ha OCHOBE KJjiacca He SIBJISIETCS €IMHCTBEH-
HBIM CII0CO00OM TIOIeP:KKK MHCTPYKIMK with B Python. CiryskeGHbIN MOy b
contextlib! cranzapTHoil OuGAHOTEKN 0OECIeYnBaeT elle HeCKOJIbKO ab-
CTPaKI[Hii, HAACTPOECHHBIX TOBEPX HA30BOT0 IPOTOKOJIA MEHE[KEPA KOHTEKCTA.
OH MOJKeT cJierka 06JIerYiTh Ballly KU3Hb, €CJIM Bl BAPUAHTHI TPUMEHEHST
COBIIQIAIOT C TEM, YTO IIpeJiaraeTcsa Moayaem contextlib.

Hampumep, BbI MOKeTe TPUMEHUTD JIeKOpPaTop contextlib.contextmanager,
4TOOBI OTIPEIETUTD [T PECypca pabpuunyo yHKyuIo Ha OCHOBE TeHEPaTOPa,
KOTOpast 3aTeM Oy/IeT aBTOMATHYECK Y TIO/IEPKIBATH MHCTPYKIINIO with, Bot
KaK BBITJIAINT IIPUMEP HAIIeTO KOHTEKCTHOTO MeHe/Kepa ManagedFile, mepe-
MACAHHBIN B COOTBETCTBUU C TUM ITPUEMOM:

from contextlib import contextmanager

@contextmanager
def managed_file(name):
try:
f = open(name, 'w')
yield f
finally:
f.close()

>>> with managed_file('hello.txt') as f:
f.write('npuset, mup!')
f.write('a Tenepb, noka!')

B nannowm cayuae managed_file() gBJisieTcsi TeHEPaTOPOM, KOTOPBIN cHava a
nosrygaet pecypc. ITocsie 3T0ro oH BpeMeHHO MTPUOCTAHABIMBAET COOCTBEHHOE

' Cwm. mokymenTarmio Python «contextlibs: https://docs.python.org/3/library/contextlib.html
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UCIIOJIHEHUE U TIepe/IaeT Pecypc MHCTPYKIMEN yield, 9TOObBI €ro NCIIOIb30Ba
MCTOYHUK BbI30BA. KoT/ia MCTOUHMK BBI30BA MMOKUAET KOHTEKCT with, reHe-
paTop MPOOJIKAET BBITIOJIHIATHCS [I0 TEX TIOP, TIOKa He MPOU3OILYT JH00bIe
OCTaBIIMECS AT OYUCTKH, MOCJIE Yero pecypce OyaeT BbICBOOOKIEH U BO3-
BpallleH CUCTEME.

PeaJII/ISaHI/II/I Ha OCHOBE KJjlaCCa M Ha OCHOBE reiepaTtopa 110 CBOe CYTH 9KBU-
BaJIEHTHBI. BBl MOKeTe IIPpEAIIOYECTDb TOT UJIN WHO BapuaHT B 3aBUCHUMOCTH
OT TOTO, KaKoO IMOIX0/I Bbl CYUTAETE 6osee y,Z[O60‘H/ITaeMI)IM.

O060pOTHOIT CTOPOHOI peaiM3aliil Ha OCHOBE @contextmanager MOXKET SIB-
JIAITBCS TO, UTO TaKasi peaynsaiiust TpedyeT HEKOTOPOTro BHUKAHUS B TIPO/IBU-
HyTbI€ TIOHATHUS g3bika Python, Takue kak jmekopatopsl u renepatopsl. Ecim
YyBCTBYETE, 4TO BaM HEOOXOIMMO B HUX Pa3o0paThest, TO HE CTECHSANUTECH TO-
MEHSITh MAapIIPYT ¥ MEPENUTH K COOTBETCTBYIOIINM IJIaBaM KHUTH.

[ToBTOpIO €lite pa3: MPaBUIBHBIN BHIOOP PEATN3AINN 3€Ch CBOIUTCS K TOMY,
€ KaKOH M3 HUX BbI M Ballla KOMaH/[a 9yBCTByeTe ceOst KOM(OPTHO U KaKyIO U3
HUX BbI cunTaere HarboJiee ya10009nTacMoii.

HanncaHue kpacmebix API C MeHea)XepaMn KOHTEKCTa

Memekepbl KOHTEKCTa 06JIAAI0T TOCTATOYHO TMOKOCTHIO, 1 €CJIU K TIPH-
MEHEHUIO0 UHCTPYKIMHU with OoM0ITH TBOPUECKH, TO JJIs CBOUX MOJAYJIEH
U KJIACCOB BBI CMOJKETE OTPEeNsTh yoonbie APT.

Hanpumep, 4To, eciim «pecypcoM», KOTOPbIM MbI XOTEJIU Obl YIIPABJISATH, SIB-
JISIOTCSl YPOBHU OTCTYIIA TEKCTA B HEKOEH IIPOrpaMMe — reHepaTope 0T4eTOB?
Yro, ecsint ObI 11 HTOTO MBI CMOTJI HAMTUCATH UCXOHBINA KOJI, KOTOPBIil BbI-
[JISIIAT BOT TaK:

with Indenter() as indent:
indent.print('npuset!")
with indent:
indent.print('3popoBo’)
with indent:
indent.print('6oHxyp")
indent.print('si")
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OH unTaercst MOYTU KakK MPeJMETHO-OpUeHTUPOBaHHbIN 43bik (DSL) mirs
paccTaHoBKu oTcTyIoB. Kpome Toro, o6parure BHUMaHue, KaK 9TOT KOJI He-
CKOJIBKO Pa3 BXOJUT B TOT K€ CaMbIil MEHE/[Kep KOHTEKCTA U MOKUIAET, 4UTOOBI
M3MEHWUTDh YPOBHU OTCTYyTIA. BhITIosTHEHNE 9TOTO (hparMeHTa Kojia JI0KHO TIPU-
BECTU K YKa3aHHOMY HUKe Pe3yJbTaTy M paciiedaTke B KOHCOJIM aKKypPaTHO
oThOpMaTUPOBAHHOTO TEKCTA!

npuseT!
340poBO
B6OHXYp

El

Wrak, kakiM 00pa3oM BbI peaan30Basii Obl MEHEKeP KOHTEKCTa, KOTOPBII
MOJIEPKIBAI OBI 3TY (DYHKITMOHATEHOCTD?

Mesk Ly mpodnm, it BaC 3TO MOKET ObITh IIPEKPACHBIM YIIPaKHEHIEM, YT00bI
MOHSATH, KAK UMEHHO paboTaoT MeHeKepbl KoHTeKkcTa. [ToaToMy miepes Tem,
KaK BBl 00paTUTECh K MOEI peau3aliii, IPUBEIEHHO HIKe, BO3bMUTE T1ay3y
1 1IoNpo0YyiiTe peajn30BaTh 3TO CAaMOCTOSITEIbHO B KQUeCTBE 3a/[aHusl.

Eciyit BBI TOTOBBI B3IJIAHYTb Ha MOIO p€ajin3allnio, TO HUKE IMTOKa3aHO, KaK
MOJKHO BOIIJIOTUTD 9Ty (byHKHI/IOHaJIbHOCTb, HCIIOJIb30BaB MEHE/IJKED KOHTEK-
CTa Ha OCHOBE KJIacca:

class Indenter:
def _init (self):
self.level = ©

def __enter__ (self):
self.level += 1
return self

def __exit_ (self, exc_type, exc_val, exc_tb):
self.level -= 1

def print(self, text):
print(' ' * self.level + text)

Heroxo, mpaBaa? Hazeroch, 4to ceifyac Bbl 4yBCTBYeTe ce0s1 yBepeHHee pu
MCIOJIb30BAHUN MeHeKepoB KoHTekeTa Python u nnHeTpykunu with B co6-
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CTBEHHBIX [POrpaMMax. ITO IIPEBOCXO/[HOE (DYHKIIMOHAIBLHOE CPE/ICTBO SI3bIKa,
MO3BOJISIIONIEE PENaTh 3a/[a4r 10 YIIPABIEHUIO PecypcaMu B Topasao boJee
MTUTOHOBCKOM 1 YIOGHOM B COTTPOBOK/IEHUH CTHUIIE.

EcJmi BBI HitieTe Apyroe yrnpaxHeHue, 4T00bI OHATH TEMY TIyOsKe, TO HOIPO-
OyiiTe peasm30BaTh MEHEIKEP KOHTEKCTa, M3MEPSIIONIMN BPEMsI UCTIOJTHEHUST
6J10Ka MTPOTPAMMHOTO KOJIa C UCTIOJIb3oBanneM GyHKInu time.time. Obs3a-
TeJIbHO HAIIMIIUTE €r0 B JIBYX BapyuaHTaX: Ha OCHOBE /IeKOpaTopa U Ha OCHOBe
KJ1acca, YT0ObI YCBOUTH PA3HUILY MEK/Y HUMH.

KntoueBble BbIBOAbI

O Uucrpykiwst with yrporaet 06paboTKy HCKJIIOUEHUH My TeM HHKATICYJIsI-
MU CTAaHJAPTHBIX CJy4YaeB MPUMEHEHUS UHCTPYKIU try/finally B Tak
Ha3bIBa€MbIe MeHe/[JKePhl KOHTEKCTA.

0 Yamie Bcero MeHeyKep KOHTEKCTA UCIIOJIb3YeTCs st yIpaBieHus 6es-
OIACHBIM TI0JIy4eHUEM U BHICBOOOKIEHIEM CHCTEMHBIX PecypcoB. Pecypcbl
BBIJIEJISTIOTCST TTPY TIOMOTII WHCTPYKIINU With ¥ BBICBOOOKIAIOTCST aBTOMA-
TUYECKH, KOT/[a TIOTOK MUCIIOJTHEHUS TTOKU/IaeT KOHTEKCT with.

O AddexTBHOE MPUMEHEHNE MHCTPYKITNK with oMoraeT n3bekath yTeuKn
PecypcoB 1 06JIETYAET €€ BOCTIPUSITHE.

2.4. [Nog4yepknBaHus, naHaepbl U apyroe

Y cUMBOJIOB OZIMHAPHOTO U JBOMHOTO mopuepkuBanus B Python ects oco-
Oblii CMBICJT B UMEHAX MEPEMEHHBIX U METO0B. OTYaCTH ITOT CMBICJI CYIIle-
CTBYET MCKJIIOYUTEIBHO 110 IOTOBOPEHHOCTH U TIpeIHA3HAUEH B KayeCTBe
MOJICKa3KK MTPOTPAMMUCTY — M YaCTHYHO OH 06eCIieqrnBaeTcst MHTEePIpeTa-
topom Python.

Ecam Bam nHTEpecHO, KAKOB CMBICJI CUMBOJIOB OJIMHAPHOTO U IBOMHOTO TO/I-
YepKUBAHWS B UMEHAX ITEPEMEHHBIX U METOJIOB, TO 37IECh 5T TIPUJIOXKY BCE yCH-
Jiust, 9TOOBI OTBETUTH HA BaIll BOIPOC. B aTOM paszesie Mbl 00CYIUM CJIe/1yi0-
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1I1e HUDKe TTabJI0HbI TIO[YEPKUBAHUS U COTJIACOBAHHBIE TIPABUJIA UMEHOBAHUS
1 TO, KaK OHU BJIMSIOT Ha MOBeJIEHKe Balux nporpamm Python:

O OpuHapHBIN HaYaJIbHBIH CUMBOJ MMOTYEPKUBAHUST _var.

OrHAPHBIN 3aMBIKAIONTUN CUMBOJI TIOTYPKUBAHUST: var_.

[IBOiiHOI Haya/IbHbBIN CUMBOJI TOJYEPKUBAHUSL __var.

JIBoTiHOI HaYaIbHbBIN U 3aMBIKAIOIINI CUMBOJI TIOAUYEPKUBAHMS: __var__

OrHAPHBIN CMMBOJ IMOYePKUBAHUS: _.

1. OﬂMHaprlﬁ HayasibHbI CUMBOJT noayvyepKMBaHnA. _var

B Tom, uTO KacaeTcs UMeH 1lepeMeHHbBIX U METOIOB, TPEMUKC, COCTOAIINHN 13
OJINHAPHOTO CUMBOJIA TIOIYEPKUBAHNS, UMEET CBOU CMBICI TOJBKO TIO JIOTO-
BOPEHHOCTH U IPEACTABJISET COOO0M OCKA3KY IIPOrPAMMUCTY — OH O3HAYAET
TO, YTO OH JIOJIZKEH 03HAYaTh M0 0011eMy coryacuio coobtectBa Python, Ho Ha
MOBeJICHUE BAIUX ITPOTPAMM OH HE BJIUSIET.

[Tpeduxc, cocTosammuii 3 cUMBOJIA TTOYEPKUBAHNS, ITO/Ipa3yMeBaeTcs Kak
nodckaska, KOTopasi [0JKHA COOOTUTD IPYTOMY ITPOTPAMMHUCTY, UTO HEpe-
MEHHasl NJIU METOJI, HAUMHAIOIIUECS C OJIMHAPHOTO CUMBOJIA TTIOTYePKUBAHMS,
npeaHasHav4aloTCAa AJid BHYTPEHHEr O IOJIb30BaHUd. Jrta JOTOBOPEHHOCTD
onpeneneHa B PEP 8, pykoBojicTse o ctuiio oopmiieHust Harboiee MmpoKo
IPUMEHSIEMOTO NCX0AHOoro Koma Python!.

OpmHako 9Ta I0TOBOPEHHOCTH He 0becednBaeTcst mHTeprpeTatopoM Python.
B Python otcytcTByet cTporoe pasrpaHndeHre MEKIY «ITPUBATHBIMU» 1 <ITY-
OJMYHBIMIY TIepeMEHHBIMHU, Kak B Java. /lobaBiieHie 0JMHAPHOTO CUMBOJIA
MOYEPKUBAHIS TIEPe/l UMEHEM MepeMeHHON GOJIbIIe MOXO0sKe Ha pasMelieHe
KPOIIEYHOT0 MOJCTPOYHOTO IIPE/yTIPesk/IaIoIIero 3Haka, KOTOPbIi TOBOPUT:
«llocnywaii, sma nepemennas mouno ne npednasnauena Obimsv Yacmolo Om-
Kpbimozo unmepgheiica a3mozo kaacca. Ocmasgv-ka ee 8 NOKoes.

! Cwm. PEPS: «PyKkoBOACTBO TIO cTHITI0 0POPMIIEHNUST NCXOAHOTO Koma Pythons: https://www.
python.org/dev/peps/pep-0008/
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Baristaute Ha HpI/IBEI[GHHbII;,I HUKE IIpUMEDP:

class Test:
def _init (self):
self.foo = 11
self. bar = 23

YTO CIy4nTCst, €C/IM CO3/aTh 9K3EMILIAP 9TOTO KJIacca U MoIpoboBaTh IOJIy-
YUTH ZOCTYI K aTpubyTaM foo U _bar, OIpe/e eHHbIM B €r0 KOHCTPYKTO-
pe__init_ ?

[aBaiiTe y3naem:

>>> t = Test() >>> t.foo
11

>>> t. _bar

23

Kak BUIUTE, OZ[HHaprIfI HaYaTbHBIA CUMBOJT IIOYEPKHBaHUA B _bar ne nome-
1aJI HaM «3aJI€3Tb» B KJIACC U IIOJIYUUTD JIOCTYII K 3HAYE€HNTO ATOU HepeMeHHOﬁ.

Bce nmoromy, uto B Python npedukce, cocrosimii 13 oAMHAPHOTO TOAYEPKHU-
BaHUsI, TIPEACTABJISIET COOOIT MPOCTO COTJIACOBAHHYIO JIOTOBOPEHHOCTH — 10
KpaiiHell Mepe B TOM, 4TO KacaeTcsl MMeH IepeMeHHbIX U MeTO/I0B. BmecTe
¢ TeM HavaJIbHbIEe CUMBOJIBI ITOIYEPKUBAHNS BIAUSAIOT HA TO, KAK UMeHA MMIIOP-
TUpyIioTcd u3 Mojyei. [Ipeanonmoxum, 4To y Bac ecTb MOJYJib my_module U B
HEM eCTb CJIeyioluii (hparMeHT Koja:

# my_module.py:

def external_func():
return 23

def _internal func():
return 42

Tak BOT, eCJiu Il UMIIOPTaA BCEX UMEH M3 MOJYJISA Bbl OyeTe HCI0JIb30BaTh
nodcmanosounwvui umnopm (wildcard import) (*), ro Python ne 6ydem nmmop-
TUPOBATh MMEHA ¢ HauaIbHBIM CUMBOJIOM HOAYEePKUBAHNUS (€C/IM TOJbKO B MO~
JLyJie He OlpejiesieH CIIUCOK __all__, KOTOpbIii OTMEHseT TaKoe noBezeHue!):

U Cwm. gokymenTarmio Python «mmopTupoBanme ¢ mojcTaHOBOUHBIM 3HAKOM * U3 MakeTar:
https://docs.python.org/3/tutorial/modules.html#importing-from-a-package
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>>> from my_module import *

>>> external_func()

23

>>> _internal_func() NameError: "name '_internal_func' is not defined"

K ci1oBy ckazatp, o/IcTaHOBOYHOTO UMIIOPTA CJIEYeT U30eraTh, IOCKOIbKY OH
BHOCHT HESICHOCTb B TO, KAKH€ MMeHA MPUCYTCTBYIOT B IPOCTPAHCTBE UMEH .
Pajiu sicnocTu sydiiie mpuiepRuBaThest 00braHoro nMiopra. CoracoBaHHbie
IpaBUJIa UIMEHOBAHUSI ¢ OJMHAPHBIM [I0J[YePKUBAHNEM, B OTJIMYKE OT I10/ICTa-
HOBOYHOTO UMIIOPTA, OOBIYHBII UMITOPT HE 3aTPArNBaET:

>>> import my_module

>>> my_module.external_func()
23

>>> my_module._internal_func()
42

[Tornmaro, aTOT MOMEHT MOKET TTOKa3aThCd HEMHOKKO 3amyTaHHbIM. Ecom
BBI ITpu/epkuBaetTech pekoMermanuiit PEP 8 B ToM, 4To mo/icTaHOBOYHOTO
UMIIOpTa CJIeyeT u3beraTh, TO BCE, YTO JAEHCTBUTEIHHO HEOOXOIMMO 3aII0OM-
HUTb, COCTOUT B CJIE/IYIOIIEM:

OauHapHble CMMBOSbI MOAYEPKMBAHUS ABASIOTCA B Python cornacoBaHHbIM
MPaBW/IOM MMEHOBaHWsI, KOTOPOE FOBOPUT O TOM, YTO TO UM UHOE UMS Mpea-
Ha3Ha4yaeTCsl ANs BHYTPEHHEro WMCMOJb30BaHMs. DTO JOroBOPHOE MpPaBUio
06blYHO MHTeprpeTaTopoM Python He obecneuvBaeTcs M nNpeaHasHauyeHo
AN1S NPOrpaMMICTa TOSIbKO B KAUYECTBE NOACKA3KM.

2. OAMHapHbIV 3aMblKaOLWNN CUMBOS
NoAYepKMBaHUS: var_

WNuorna camoe mogxo/isiiee nMs IepeMEeHHOM yrKe 3aHATO KITIOUEBbIM CJIOBOM
s3bika Python. Tlo aToil npuunne Takue nmena, Kak class win def, B Python
HEJTh3s1 UCII0JIb30BATh B KAUeCTBE MMEH TiepeMeHHbIX. B aToM cirydae MOKHO
B KOHEI| UMeHM J00aBUTh CUMBOJI OJMHAPHOIO MOYE€PKUBAHNUS, YTOObI 13-
6exaTh KOH(MJINKTA U3-3a COBIIAJICHNS NMEH:

! Cwm. PEP 8 «Mmnopruposanues: http://pep8.org/#imports
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>>> def make_object(name, class):
SyntaxError: "invalid syntax"

>>> def make_object(name, class_):
pass

B 061mux yeprax, 3aMbIKafONIMii OMHAPHBII CUMBOJI [TOJuepKUBaHus (I10CT-
(h¥KC) UCTIOTB3YETCST TTO TOTOBOPEHHOCTH, YTOOBI N30€KaTh KOH(PIIMKTOB 13-
3a COBIIAJIEHMsI UMEH ¢ KJIo4eBbIMU cjioBaMu Python. 9rta moroBopeHHOCTD
omnpezesnena n oobsiciera B PEP 8.

3. [1BOMHOM Ha4asbHbIM CUMBOJ NOAYEPKMBAHMSA: _ var

[ITa610HbBl UMEHOBAHKS, KOTOPbIE Mbl PACCMOTPEJIM K 9TOMY MOMEHTY, 110~
JIY4aroT CBOW CMBICJI TOJIBKO M3 COTJIACOBAHHOM IOTOBOPEeHHOCTH. B ciryuae
aTpubyTOB (MepeMeHHBIX U MeTO/I0B) Kiacca Python, kotopbie HaunHaroTCst
C IBOMHBIX CUMBOJIOB TIO/{Y€PKUBAHNS, BCE HEMHOTO TO-/[PYTOMY.

[Tpedukc, cocrogmmuit n3 ABOMHOTO CUMBOJIA TTOUYEPKUBAHNS, 3aCTABJISIET
unrTeprperarop Python nepenuceiBaTh uMst aTpubyTa 711 TOTO, YTOOBI B IOJI-
KJj1accax u30exkarh KOH(MINKTOB U3-3a COBIIAIEHUsI UMEH.

Takoe nepenuchiBaHNe TaKKe Ha3bIBAETCS UCKaxdcenuem umenu (name
mangling) — uHTeprperaTop npeodbpasyer UMsI IIePEMEeHHOI TaKUM 00pa3oM,
YTO CTAHOBUTCS CJIOKHEE CO3aTh KOH(MIMKTHI, KOT/IA TT03Ke Kiacc Oymaer
pacipeH.

1 3Hat0, 3ByUYHT JJOBOJIBHO abCTPaKTHO. BOT movyemy st mo06past aToT HeGOIb-
IIOM TIPUMEP KOJIa, KOTOPBIN MbI CMOKEM HMCIIOJIb30BATh [/ OKCIIEPUMEHTH-
POBaHUS:

class Test:
def __init_ (self):
self.foo = 11
self. bar = 23
self. baz = 23

JlaBaiiTe B3ryistHeM Ha aTprOyThl 0OBEKTA, MCIIOJb30BaB BCTPOECHHYIO (DYHK-
o dir():
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>>> t = Test()

>>> dir(t)

["_Test__baz', '__class__', '__delattr__', '__dict_ ‘',
' _dir_ "', ' _doc_ ', ' _eq_', ' _format__', ' _ge ',
' __getattribute ', '_gt ', ' _hash__ ', ' init_ ',
' le ', '_ 1t ', '_module_ ', '_ne_ ', ' _new_ "',
' _reduce__ ', ' reduce_ex__', '_repr_"',
' __setattr__ ', '__sizeof ', '__str_ ',
' __subclasshook__', ' _weakref__', '_bar', 'foo']

PCSyJIbTaT ITIOKa3bIBA€T CIIMCOK C anI/I6yTaMI/I 00beKTA. ﬂaBaﬁTe BO3bMEM
ITOT CITMCOK M OTBIIIEM HAIllW IIEPBOHAYa/JIbHbIE UME€HA ITEPEMEHHBIX foo, _bar,
n__baz. O6ema10, BbI O6Hapy>KI/ITe HECKOJIbKO MHTEPECHDbIX M3MEHEHNT].

[Ipesx e Bcero, B crucke arpubyTOB IlepeMenHast self . foo MOsBIISETCs Hens-
MEHEeHHOI Kak foo.

Haiee, self._bar Bexer cebst TakuM ke 00pa3oM — OHa OOHAPYIKUBAETCS
B KJIacce Kak _bar. Kax yyke ObLIIO OTMEUYEHO, B IAHHOM CJlydae HauyasbHBII
CHUMBOJI TIOJJYePKUBAHNST — 3TO MIPOCTO IOTOBOPEHHOCTB, MO/ICKAa3Ka Mpo-
TPaMMHUCTY.

Opnnako ¢ arpubytoM self._baz Bce BBIIISLAUT HEMHOTO TIo-apyromy. Korza
BBI TIOIBITAETECH OTBICKATH B CIMCKE aTpuOyT __baz, BB YBUAUTE, UTO MEPeE-
MEHHOIi ¢ TAKMM MMEHEeM TaM HeT.

Tax 4TO ke MPOM30IIJIO ¢ __baz?

Ecsit BbI TIPUTJISIINTECH, TO YBUINTE, YTO B TOM 00BEKTE MMEETCST aTPUOYT
c UMeHeM _Test__baz. ITO U eCTb UCKaX}CEeHUe UMeHU, KOTOPOe IIPUMEHSIeT
unTeprperatop Python. 3to menaercs, 4T0ObI 3aMUTUTD TEPEMEHHYIO OT
nepeonpe/iesIeHus B IoJKJIaccax.

[laBaiiTe co3aum ele OJIMH KJacc, KOTOPbIN paciuiupseT Kiaacce Test u 11bl-
TAEeTCs TIEPEOITPEIENIUTD €r0 CYIIECTBYIONIE aTPUOYThI, 100aBJIEHHbIE B KOH-
CTpYKTOpE:

class ExtendedTest(Test):
def __init_  (self):
super().__init_ ()
self.foo = 'nmepeonpepeneHo’
self. bar = 'nepeonpepeneHo'
self.__baz = 'nepeonpeneneHo’
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Wrak, kKakiumu, 110 BallieMy MHEHUIO, Oy1yT 3HadeHust foo, _bar u __baz B 9K-
3eMILIgpax kiacca ExtendedTest? /laBaiiTe mOCMOTPUM:

>>> t2 = ExtendedTest()

>>> t2.foo

'nepeonpedesneHo’

>>> t2. _bar

'nepeonpedesneHo’

>>> t2._ baz

AttributeError:

"'ExtendedTest' object has no attribute '__baz

[TocTotiTe, TOYeMy TIpU TIOTTBITKE TIPOBEPUTH 3HAUEHWE t2. baz MbI TOTy4aeM
uckiIvYeHue AttributeError? MckaxkeHne UMEHN HAHOCUT OYePeHON yaap!
OxkasbIBaeTcst, 9TO 9TOT 0OBEKT BOOOIIE He MMeeT aTprbyTa __baz:

>>> dir(t2)
['_ExtendedTest__baz', ' _Test baz', '_class_ ',
' __delattr__ ', ' dict__ ', '_dir__ "', ' doc_'

—_— )
__format__"', '_ge ', ' __getattribute_ ',

_eq_",

‘gt ', '_hash_ ', '_init_ "', '_le_ "', '_1t_ "',
' _module__ ', ' _ne_ "', ' _new__', '__reduce_ ‘',

' _reduce_ex__ "', '_repr__', ' __setattr_',

' _sizeof__', ' __str__', '__subclasshook_ ',

__weakref__", '_bar', 'foo', 'get_vars']

Kaxk Bujure, uMsi __baz 1ipeBpaTiioch B _ExtendedTest__baz, 4To0bI IIpesoT-
BpaTUTh caydaiinoe uamenenue. Ho nepBonavanbHoe ums _Test__baz mo-
MpeKHEMY Ha MeCTe:

>>> t2._ExtendedTest_ baz

'nepeonpedeneHo’
>>> t2._Test_ baz
42

Nckaxkenue MMeHU ¢ IBOMHBIM CUMBOJIOM II0J{4€PKUBAHUS /LIS [IPOTPaMMU-
CTa COBEPUICHHO OYEBH/IHO. B3rysinuTe Ha cieyolnii npuMep, KOTOPbIii 3TO
IIOATBEPIKIACT:

class ManglingTest:
def _init (self):
self.__mangled = 'Mpuset’
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def get_mangled(self):
return self._ mangled
>>> ManglingTest().get_mangled()
"MpuBem’
>>> ManglingTest().__mangled
AttributeError:
"'ManglingTest' object has no attribute

_mangled""

Pacnipocrpangercs i nckakenue Ha uMeHa Metoios? Koneuno! Mckaskenne
VIMeH 3aTParuBaeT 6ce UMeHa, KOTOPbIe B KOHTEKCTE KIacca HAUMHAIOTCS C JIBYX
CUMBOJIOB ITOAYEPKUBAHNS (MU «TaHIAEPOB» ):

class MangledMethod:
def __method(self):
return 42

def call_it(self):
return self.__method()

>>> MangledMethod().__method()

AttributeError:

"'MangledMethod' object has no attribute '__method'"
>>> MangledMethod().call_it()

42

Bor erte ogu, moskamyii, BRI3bIBAIONTNN YAUBIEHUE, TIPUMED UCKAKEHUS UMEH
B JIEICTBUU:

_MangledGlobal__mangled = 23

class MangledGlobal:
def test(self):
return __mangled

>>> MangledGlobal().test()
23

B sTom npumepe s HasHaum _MangledGlobal__mangled ryiobajibHOM Iie-
peMeHHOi1. 3aTeM K 3TOi epeMeHHOI 51 00paTUJICs B KOHTEKCTE Kjacca
MangledGlobal. I13-3a MCKa)kKeHUsT IMEH 5T CMOT COCJIATHCST HA TJI00ATBHYTO
repeMeHHyI0 _MangledGlobal__mangled 11pocTo Kak Ha __mangled BHyTpu
meroza test() Kiacca.
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Wurepuperatop Python aBromatuuecku pacmupua umst __mangled 10
_MangledGlobal__mangled, mIOTOMY YTO OHO HAYMHAETCH C JBYX CUMBOJIOB
MTOYePKUBAHUS. ITO TTOKA3BIBAET, YTO UCKAKEHNE NMEH TOUHO He CBI3aHO
¢ arpubyramu kiacca. OHO OTHOCHUTCS K JIFOOOMY UMEHH, HauMHAKOIEMY CST
C IBYX CUMBOJIOB IIO{YE€PKUBAHU, KOTOPOE UCIIOJIb3YETCA B KOHTEKCTE
KJacca.

Yb-dp! Muorosaro, Haz0 TEpeBapuTh.

Byy ¢ BaMu yecTeH: sl HalKcal 9TU MPUMEPBI U 00bSICHEHUSI He cpa3y W3
rosioBbl. UTOOBI 3TO cjiesiaTh, MHE TOTPEOOBATOCH BPEMsI HAa MCCJIEI0OBAHIE
u pemakrupoBanue. 51 ucrnonbayto Python MHoro Jiet, oHako mpaBusia u BOT
Takue 0coObIe CJyYan, Kak ATOT, He KPYTATCS Y MEHST B MO3TY TIOCTOSTHHO.

[l mporpaMmucTa MHOT/Ia CAaMbIM BaKHBIM HaBBIKOM SIBJISIETCS YMeHUe
«pacto3HaBath MabIoHbI» (06pa3bl, MATTEPHBI) U OHUMATh, T/I€ UX HYKHO
uckarp. Ecii B 3TOM MecTe Bbl 4yBCTBYeTe ce0si HECKOJIBKO TTO/IaBIE€HHBIMU,
He BOJHYHTeCh. OTIOXHUTE U TTO3KCIIEPUMEHTUPYUTE C HECKOJbKUMHU TPHU-
MepaMHU U3 3TOro paseJia.

[IycTh 9TH IPUHIIUATIBI BITUTAIOTCS KAK CJIEIYET, ITOOBI BHI HAKOHEI] 0CO3HAN
00IILYT0 M/IE10 NCKAKEHUSI UMEH U HEKOTOPbIE pyTrie GOpMbI TOBeIeH ST, KO-
TOpbIe g BaM NoKa3aJl. Ecyii offHak/1bl BbI CTOJIKHETECh C HUMU «B MOJISIX», TO
X0Tst Obl OyjieTe 3HAaTh, YTO UIMEHHO UCKATh B JOKYMEHTAIHH.

IKCKYpC: YTO Takoe AaHAepbI?

Ecii BBl cablasy pasroBop ONBITHBIX NUTOHUCTOB 0 Python wiu npu-
CYTCTBOBAJIU MPH 0OCYKAECHUH Ha KOH(PEPEHIUSX, TO, BO3MOKHO, CIIBITIAIN
tepMuH dandep (dunder). Bam mHTEpecHO, uTO Ke 3TO Takoe? JlajaHo, BOT
OTBeT.

B coobrectse Python aBoiiHbie cHMBOJIBI TOYEPKUBAHKS YACTO HA3BIBAIOT
«pangepamuy» (dunders — ato cokpamienue ot auri. double underscores). ITpu-
YIHA B TOM, YTO B ICXOIHOM Kojie Python sBoiiHbIE CHMBOJIBI TOYEPKUBAHISE
BCTPEYAIOTCS JOBOJIBHO 4acTO, U, YTOOBI HEe UBHYPATH CBOM JKEBaTeJIbHbIE
MBIIIIBI, TUTOHUCTBI HEPEIKO COKPAIIAIOT TEPMIH «/[BOIHOE OYEPKUBAHKES,
CBOJISA €T0 JI0 «JIaH/IePay.
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Harmpumep, nepemennasi __baz OyieT MpOU3HOCUTLCS KAk «/aanzep bazs. Ana-
JIOTUYHBIM 00pa3oM, METOJ[ __init__ 3BYYHT KakK <«JaH/ep init», xors Gymaer
JIOTUIHBIM TIPETIONOKUTD, UTO TaK: «AaHep init 1angep».

Ho ato Bcero b etie oiHa U3 MPUYy/ Cpe/id IIPOUYNX COTrJIACOBAaHHBIX I1pa-
BuJT uMeHoBauwust. [[7ist paspaborunkos Python aTo Bce paBHO 4TO ceKpeTHOE
PYKOIIOKaTHe.

4. 1IBOMHON Ha4yasbHbIN 1 3aMbIKaOLLMA CUMBON
NoAYEepKMBaHUA: __ var__

[Tosxamnyii, 9TO yauBIsAeT, HO UCKa)KeHUE UMEH He NPUMeHsIeTCs, eCan UMs
Hauunaemcs N 3aKan4usaemcs IBOMHBIMUA CUMBOJIAMU TTO{4epKuBanus. VH-
teprperarop Python He Tporaer nepemenubie, OKpyKeHHbBIE TPEDHUKCOM
1 TIOCT(UKCOM, KOTOPBIE COCTOSIT U3 JIBOWHBIX CUMBOJIOB MTOTYEPKUBAHMS:

class PrefixPostfixTest:
def __init__ (self):
self.__bam__ = 42

>>> PrefixPostfixTest()._ bam__
42

OnHaKko MMEHa, Y KOTOPBIX €CTh HAYaJbHbIN 1 3aMbBIKAIOTIINM JIBOIMHON CUMBOJI
MOTYEPKUBAHNS, B SI3bIKE 3aPE3ePBUPOBAHBI JIJIST CTIEITTUATbHOTO TPUMEHEHMSI.
ITO TIPABUJIO KACAETCS TAKUX UMEH, KaK MEeTO/l __init_ It KOHCTPYKTOPOB
00BEKTOB WJIM MeTOJl __call__, KOTOPBIH feaeT 00bEKThI BHI3bIBAEMbBIMIL.

It dandep-memodvl 4acTo YIIOMUHAIOTCS KaK Mazuueckue memoovl, OTHAKO
B coobrmectBe Python MHOTHM pa3paboTdnkam, BKITIOYAst MEHS, 9TO CJIOBO He
HpaBuTcst. Takoe HazBaHe MOAPA3yMEBAET, YTO TIPUMEHEHNE TaH/IEP-METOOB
He TIPUBETCTBYETCS, U 3TO aOCOJMIOTHO He COOTBETCTBYET JIEHCTBUTENLHOCTH.
B Python onu npezacraBisiior co6oii kiaodeBoe (hyHKIMOHATBHOE CPEICTBO
U JIOJKHBI TIPUMEHSITHCS TI0 Mepe He0OX0IMMOCTH. B HUX HEeT HIUYero «Maru-
YECKOTO» WJIH TAITHOTO.

Tewm 11e Meliee B KOHTEKCTE COTJIACOBAHHBIX IIpaBUJI UMEHOBaHUA JIy4Ille BO3-
AEPKATHCA OT UCITOJIb30BaHUA UMEH, KOTOPbI€ HAYMHAIOTCA U 3aKaHYNBAIOTCA
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JIBOMHBIMU CHMBOJIAMHY MTOYEPKUBAHNST, B CBOUX COOCTBEHHBIX TIPOTPAMMAaX —
BO n36eskaHre KOH(BIMKTOB ¢ TIOCJAEYIONMMI BepCUsMHE si3bika Python.

5. OAVHApPHBI CUMBOS MNOAYEPKMBAHUS: _

[To noroBopeHHOCTU OMHAPHBIN AaBTOHOMHBIA CUMBOJI TIOTYEPKUBAHUS NHO-
/4 UCTIOJIb3YETCST B KAYECTBE UMEHM, YTOOBI TIOMIEPKHYTh, YTO ITA TIEPEMEH-
Hasl BpeMeHHas NJIM He3HAUNTeIbHasl.

Hanpuwmep, B mpuBe/ieHHOM HIDKe IIUKJIe HaM He Hy>KeH JIOCTYII K HapacTarolie-
MY UHJIEKCY, U MBI MOKEM IIPUMEHUTD <_», YTOOBI TOKA3aTh, 4TO ATOT CUMBOJT
MOTYEPKUBAHUS SIBJISIETCS JIUIIH BpeMEHHBIM 3HAUYCHUEM:

>>> for _ in range(32):
print('MpuseTt, Mup.")

OnuuapHble CUMBOJIBI TIOYEPKUBAHNS TaKKe MOKHO TIPUMEHATD B pacia-
KOBKe BBIpasKeHNH, 0003HaYast TAKUM 00pPa3oM «HEBaKHYIO» [TEPEMEHHYIO,
4TOOBI TIPOUTHOPUPOBATH OT/IEIbHbIE 3HAUEHNUST. V] CHOBA: CMBICI OJ[IMHAPHOTO
[IO/IYEPKUBAHUSI CYLIECTBYET TOJIBKO 110 IOTOBOPEHHOCTH, M OHO He 3aIlyCKaeT
0co0ObIX (hOPM TIOBEIEHUS B CHHTaKCH4YecKoM aHa3arope Python. Oxunap-
HBIII CUMBOJI TIOJYEPKUBAHUST — 3TO IIPOCTO UMS JIOTIYCTUMON TTePEMEHHOIM,
KOTOPOE MHOT/Ia UCIIOJIb3YETCs C ITOM 11eJIbIO.

B caienytomem Huske mpumepe UCXOAHOTO KOJIA 51 PaCIaKOBbIBAIO KOPTEX B OT-
JleJIbHbIE IlepeMeHHble, HO 5 3aMHTepecoBaH TOJIbKO B 3HAYEHUIX IoJiell color
n mileage. OIHAKO /1JIs1 TOTO, YTOOBI BHIPAKEHME PACTTAKOBKU OBLJIO YCIIEIITHBIM,
MHE HY’KHO Ha3HA4UTh IIEPEMEHHBIM BCE COAEP/KAIINECA B KOPTE/KE 3HAUCHUS.
VmenHO TYT B KauecTBe TIepeMeHHON-3aI0JHUTEIIS IPUTOUTCS CUMBOJT «_»:

>>> car = ('kpacHbit', 'nerkosoit aBTomMo6unb', 12, 3812.4)
>>> color, _, _, mileage = car

>>> color
"KpacHeil '
>>> mileage
3812.4

>>>

12
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[Tomumo ero npuMeHeHus B KauecTBe BPEMEHHOI IepeMeHHO, CUMBOJI «_»
SIBJIIETCSI CIIEIIUAIBHON TIePEMEHHOI B OOJTLITUHCTBE MHTepIipeTaTopoB Python,
paboTarolux B uKJIe yrenne-porancaetue-medars (REPL). Ona npeacrasiisier
B HUX Pe3yJIbTaT MOCJIEHEr0 BbIPAsKEHUSI, BBIYMCICHHOTO UHTEPIIPETATOPOM.

I10 yaobHo, eciint BbI paboTaeTe B ceaHCe MHTEPIIPETATOPA U XOTUTE TIOTYIUTh
TOCTYT K Pe3yJIbTaTy MPeIbITyIIero BEIYUCICHUS:

>>> 20 + 3
23

>>>

23

>>> print(_)
23

ITO TaKKe yILO6HO, €CJIN Bbl KOHCTPYUDPYETE 00BEKTHI HA JIETY U XOTUTE B3an-
MOHefICTBOBaTb C HUMHU, HE Ha3Ha4Yad UM UMEHU I1€PE/] OTUM:

>>> 1list()

[]

>>> _.append(1)
>>> _.append(2)
>>> _.append(3)
>>>

[1, 2, 3]

Knto4yeBble BbIBOAbI

0 OawHapHbIN HAYATBHBII CUMBOJI MOIYEPKUBAHUS _Var: COTJIACOBAaHHOE
MPaBUJIO UMEHOBAaHUs, yKa3blBalolllee Ha TO, YTO UMS Ipe/lHa3HAYAeTC s
JUISL BHYTPEHHETO UCosb3oBatust. OOBIYHO He 00eCTIeunBaETC ST MHTEPITpe-
taropom Python (3a nckimouennem moicTaHOBOYHOTO UMITOPTA) ¥ HY/KHO
TOJIBKO KaK I10/[CKa3Ka IIPOrPAMMUCTaM.

a OZ[HHapHI:Iﬁ BaMI)IKaIOIIII/Iﬁ CHUMBOJI IOAYEPKUBAHUA Var_: UCIIOJIb3YETCA
110 IOTOBOPEHHOCTH, 4yTOObI N36€KaATh KOH(bIII/IKTOB C K/IIOYEBBIMU CJIOBaMU
PythOH, KOTOPbIE MOTYT BOBHUKHYTb N3-3a COBIIAJA€HUA NMEH.

O /IBoitHoi HaYaILHBII CUMBOJI MO/TYEPKUBAHUS __var: 3aITyCKaeT MEXaHN3M
UCKaKeHWs UMEH TP MCIT0JIb30BaHUK B KOHTEKCTe Kiacca. ObecrieunBa-
ercst maTeprnperatopom Python.
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O /IBoiiHOit HAYAILHBINH U 3aMBIKAIONINI CUMBOJI MO TYEPKUBAHUS __var__:
yKasbIBaeT Ha CIIeI[HaJbHble METO/IbI, ONpe/eaeHHbIe a3bIKkoM Python.
Cuenyer usberaTh 3TOM CXeMbl MMEHOBAHUSI JIJIsI CBOMX COOCTBEHHBIX
aTpubyTOB.

O OaunHapHbBIil CHMBOJ TOYEPKUBAHUS _: MHOT/IA UCIIOJTb3YETCS B KAUeCTBE
VMEHU BPEMEHHBIX WU HEe3HAUMTEIbHBIX TEPEMEHHBIX («HEBAKHBIX» ).
Kpome Toro, oH npeicTaBisieT pe3yabTaT MOCJe/HETO BhIPAKEHUS B CEAHCE
nnteprnperaropa REPL Python.

2.5. Wokunpytowas npaesga o hopMaTMpoBaHNn
CTPOKOBbIX 3HAYEHUM

[Tomuute 1po /I3en Python u mpo To, Kak M0JIKEH CyIIeCTBOBATD «OIMH —
U, 5KeJIaTeJIbHO, TOJBKO OANH — OYEBHUAHBIN CIIOCO0 cuenath 9T0»? Bbl, Bo3-
MOZKHO, TIOUETIeTe 3aThLIOK, KOT/Ia y3HaeTe, uTo B Python cymectByer vemuipe
OCHOBHBIX CII0c06a GOPMAaTUPOBAHKS CTPOKOBBIX 3HAYEHUIA.

B aTom pasziesie g okasKy, Kak aTH 4eTbIpe oAxo/a K (hopMaTUPOBAHUIO CTPOK
paboTaIOT ¥ KAKOBBI UX COOTBETCTBYIOIIIE IOCTOMHCTBA U HEOCTATKU. S1 Tak-
JKe TIOKaKy BaM CBOE IIPOCTOE «dMIIMPUYECKOE ITPABUJIO» B OTHOUIEHUHU TOTO,
KaK 51 mo0Mpar0 HaWIyIIINi YHUBEPCATHHBIN TOAXOI K (DOPMATHPOBAHIIO
CTPOK.

Cpasy mepeiijieM K ey, TaKk Kak HaM MHOTO€ HYKHO PaccMOTpeTh. YToObI
MTOJIYYUTD ITPOCTON UTPYHIEYHBIN TPUMEP /11 SKCIIEPUMEHTOB, TIPETION0KIM,
YTO y HAC e€CTh IIpe/ICTaBIeHHble HIKe TlepeMeHHble (MU Ha CAMOM JieJie KOH-
CTaHTHI), C KOTOPBIMHU MbI Oy1eM paboTaTh:

>>> errno = 50159747054
>>> name = 'bo6’

I Ha OCHOBE 9THUX MEPEMEHHBIX MBI XOTEJN OBl CTEHEPUPOBATH BBHIXOHOE
CTPOKOBOE 3HaueHue ¢ coobIieHneM 06 ommoke:

'3d, bob! Bom owubka ©xbadcoffee!’
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Hazno ckasatb, 4T0 makas ommbKa U BIPSIMb UCTIOPTUT PaszpabOTUMKY YTPO
noneeabHrkal Ho ceroamst Mbl 371ech coGpainch, 4ToObI 00CYIUTH (hOPMATH-
poBanue cTpok. [loaTomy mprcTyum K pabore.

N2 1. «Knaccmnyeckoe» opMaTpoBaHue
CTPOKOBbIX 3HAY€EHUI

CrpokoBbie 3HaueHust B Python nmeior yHukaabHy10 BCTPOEHHYIO OTI€PAIHIO,
K KOTOPOW MOKHO 00PaTUTBCS Yepe3 OTepaTop %. DTOT orepaTop IpeacTaB-
JsteT co00i KpaTKyo (GopMy, KOTOPasi MO3BOJISIET OYEHD JIETKO BBITTOJIHSITH
IPOCTOE MO3UIMOHHOE (hopmaTupoBanue. Ecim Bbl KOTa-nb0 UMesH J1eJ10
¢ pynakmmeit printf B a3bike C, TO BBI cpa3y e MMONMeTe, Kak 3Ta oneparus
paboraer. Huke gan mpocToii mpumMep:

>>> 'lMpuseTt, %s' % name
'MpuBem, bob6'

31ech st uCmob3yio crienudurarop hopmara %s, 4robsl coobiuTh Python, rae
M0/ICTAaBUTh 3HAYEHHE TIEPEMEHHOI name, TIPE/ICTaBIEHHO B BUIE CTPOKOBOTO
3HaueHUsL. DTOT CIOCOO Ha3bBIBAETCS «KJIACCUYECKUM» (hOPMaTUPOBAHMEM
CTPOK'.

B kiraccuyeckoM (hopMaTUPOBAHUY CTPOK CYIIECTBYIOT U APYTHeE CrieruduKa-
TOPBI (hOPMATa, CIIYSKAIINE JJIs TOTO, YTOOBI IATh BaM BOSMOKHOCTD YIIPABJISTH
BBIBOJIMMBIM CTPOKOBBIM 3HaueHueM. Harpumep, nmeeTcst BO3MOKHOCTB TIpe-
06pa30BbIBATh YMC/IA B MIECTHAAATEPUUHYO (DOPMY 3aMUCH MU 3aOJIHSTH
npobeaMu ik TeHepUpoBaHus 6e3yIpedHo oThopMaTUPOBAHHbBIX TaOJIHII
U OTYETOB.

Huke st uctionbayio crieniudukatop opmara %x, 4To0bl IpeobpasoBaTh 11e1o-
YHCJIeHHOE 3HaYeHUe B CTPOKOBOE U IIPEJICTaBUTD €0 KaK IIeCTHA/IIaTepUUHOe
YHUCJIO:

>>> '"%x' % errno
'badcoffee’

U Cwm. nokymenTario Python «@opmartuposanue cTpok B cTiiie printf>: https://docs.python.
org/3/library/stdtypes.html#printf-style-string-formatting
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Cunrakcuc «kjaaccuyeckoro» GopmMaTHpOBAaHUS CTPOK CJIerka U3MEHUTCH,
€CJIM Bbl 3aXOTUTE BBIIIOJHUTH MHOIOUYUCJIEHHBIE I0JICTAHOBKU B OJTHOM-
€/IMHCTBEHHOM CTPOKOBOM 3HaueHuu. [lockosibKy onepatop % npuHuMaeT
BCETO OJINH apryMEHT, BaM HEOOXOIMMO 00epPHYTh MPABYIO YacTh B KOPTEK,
KaK 3/1eCb:

>>> "I, %s! BoT owubka Ox%x!' % (name, errno)
'3i, bob! Bom owubka ©xbadcoffee!’

Kpowme ToT0, K TIO/ICTAHOBKAM ITepeMEHHBIX B cBOeli (hopMaTHOI CTPOKE MOKHO
obpararscst o nMeHn. B aToM citydae B oriepatop % CJieyeT rnepeiaTh cioBaphb
¢ oTOOpasKeHneM UMEH Ha COOTBETCTBYIOIIME UM 3HAUEHUST:

>>> "I, %(name)s! BoT owubka Ox%(errno)x!' % {
ce "name": name, "errno": errno }
'3i, bob! Bom owubka ©xbadcoffee!’

ITO obJIeTyaeT MOIEPKKY BalllX CTPOK U MX MoAudUKaImio B Oyayiiem. Bam
He HYKHO BOJTHOBATBHCSI O TOM, YTO MOPSIZIOK, B KOTOPOM BBI IIEpeiaeTe 3Have-
HIIsI, COBITA/IAET C TOPSIZIKOM, Ha KOTOPBII CCHIAIOTCS 3HAYEHNSI B (HOPMATHOI
crpoke. Pagymeercst, 060POTHOIA CTOPOHOM HTOTO MpUeMa SIBJISIETCS TO, YTO OH
TpebyeT Habupath 4y Th OOJIbIIE TEKCTA.

A yBepen, BbI cipocute, IoueMy Takoe (popmMatupoBaHue B ctuje printf
Ha3bIBAETCS «KJIaccuIecKuM» (hopMaTupoBaHueM cTpok. Uto x, naBaiite
pacckaxy. /[eJio B TOM, 4TO OHO TEXHUYECKHU OBLJIO 3AMEHEHO Ha «COBPEMEH-
Hoe» hopMaTUPOBaHNE, O KOTOPOM MBI COOMPAeMCsi IOTOBOPUTH YiKe Yepes
MuHyTY. HO HEcMOTpS HA TO 4TO «KjIaccuueckoMys» (HOPMATUPOBAHUIO CTATH
[IpU/IaBaTh MeHbIlee 3HaYeHne, OHO He ObLIO 0OBSABIECHO HEPEKOMEHIYEMbIM
JUIst uictiosib3oBanust. U B mocsieiHux Bepeusix Python oo mo-tipeskHemy moj-
JIep>KUBAETCS.

N2 2. «CoBpeMeHHOe» (hopMaTMPOBaHNE CTPOKOBBIX 3HAYEHWI

Python 3 BBeJs HOBBII crTOCO6 (hopMATUPOBAaHUS CTPOK, KOTOPBIN MMO3/IHEE
6bL1 Takske neperecer B Python 2.7. 9to «coBpementoe» hopmaTupoBaHie
CTPOK M30ABJISIETCST OT CIIENMATHLHOTO CHHTAKCUCA C UCTIOIb30BAHUEM OTepa-
TOpa % U JIeJlaeT CUHTaKCUC (OPMaTUPOBAHUS CTPOK OOJIee YIIOPSIIOYEHHBIM.
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DopmarupoBaHue Terepb 06pabaTbiBaeTcsl BI30BOM (yHKIMK format() co
CTPOKOBBIM OOBEKTOM .

Oyukims format () MOKET IPUMEHSITHCS /LIS BBITOJTHEHUST TPOCTOTO TTO3UIIN-
OHHOTO (hOPMATUPOBAHUS, TOUHO TaK Ke, KaK Bbl MOIJIM TIOCTYIIATh B CJIydae
C «KJIaCCUYeCKUM» (popMaTHPOBAHUEM:

>>> 'lMpuseTt, {}'.format(name)
'MpuBem, bo6'

JIn6o BbI MOKeTe 0OpaIaThCs K MOACTAHOBKAM IIEPEMEHHBIX 110 UMEHH U KC-
I0JIb30BaTh UX B JIIOOOM MOPsIIKE, B KOTOPOM BbI 3aXOTHTE. ITO JOBOJBHO
MOIITHOE (DYHKITMOHAIBHOE CPEJICTBO A3BIKA, TOCKOJIBKY OHO TTO3BOJISET U3-
MEHSITh MOPSIIOK CJIEJOBAHUST OTOOPAKAEMBIX DJIEMEHTOB, HE M3MEHSIST apry-
MEHTBHI, ITepelaHHble B PyHKINI0 (DOPMATUPOBAHUS:

>>> '3, {name}! BoT owubka Ox{errno:x}!"'.format(
name=name, errno=errno)
3u, bo6! Bom owubka ©xbadcoffee!’

ITOT IIPUMep TaKsKe ITOKa3blBaeT, KaK M3MEHUJICSl CHHTaKcuc (hopMaTUupoBa-
HUSI 11€JI0YMCTICHHON IIepeMEeHHOI B BUJIe IIeCTHAAIaTepUYHON cTpoku. Terepb
MBI JIOJIKHBI TIepefaBarh cneyudurauyuio ¢popmama (format spec) myrem mo-
GaBiieHUst cy(duKca «:x» Mocjie UMeHU TIeEPEMEHHOI.

B iestom cuntakcuc (hopMaTHOM CTPOKH CTAJT MOTITHEE, HE YCJIOKHUB ITPU 3TOM
GoJiee POCThIe BAPUAHTBI UCIIOJIB30BaHUs. Bpems, moTpadeHHOe Ha TIOAPOOHOE
usydeHue goKymeHTanuu Python o munu-ssviky popmamuposanus cmpox,
C JIMXBOH OKYIUTCS?.

B Python 3 «coBpemenHOMY» (hOpMaTHPOBAHWIO CTPOK OTHAETCS TPEITIO-
YyTeHue M0 CpaBHEHUIO ¢ (POPMATUPOBAHUEM C HCITOIb30BaHueM %. OpHaKO,
naunHas ¢ Python 3.6, mosgsuiics eie Gosee onTuMasbHbIi cr1ocob hopma-
TUPOBAHUS CTPOKOBBIX 3Ha4eHu. 1 06 3TOM criocobe st BaM pacCKaxy B cJie-
TYIOIEM pasielie.

! Cwm. mokymenranuto Python «str.format()»: https://docs.python.org/3/library/string.html#format-
string-syntax

2 Cwm. gokymenTaruio Python «Cunrakcuc ¢opmarnoii ctpokn»: https://docs.python.org/3/
library/string.html#format-string-syntax
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NQ 3. NHTepnonsums nutepanbHbiX cTpok (Python 3.6+)

Python 3.6 go6asiser eme oaut crocob GopMaTUPOBAHUS CTPOK, KOTOPBIi
HasbIBaeTCs popmamuposaniovimu cmpoxosvimu aumeparamu (Formatted
String Literals). 9tot HOBBII c1TOcO6 GOPMATUPOBAHUST CTPOK TIO3BOJISIET KC-
0JIb30BaTh BeIpakeHusi Python, koTopbie BcTpanBaioTest B CTPOKOBBIE KOH-
cTtanThl. Huxke s1aH mpocToii nmpuMep, KOTOPBIN TOMOXKeT BaM IMPOHUKHYThCS
aTUM (DYHKITMOHAJTBHBIM CPE/ICTBOM SI3BIKA:

>>> f'Mpuset, {name}!’
'MpuBem, bob!'

B HOBOM cunTakcrce opMaTHpOBaHs 3a/10KeHa GOJIbIIAs MOTITh. [[0CKOIBKY
OH TIO3BOJISIET BCTPANBATh IIPOM3BOIbHbIE Bhipaskenus: Python, BbI 1aske Moske-
Te BBITTOTHSATD JJOKATbHbIe apudMeTnYecKre 1eHCTBU, KaK TTOKa3aHo HIDKe:

>>> a =75
>>> b = 10
>>> f'NMAaTte nawc gecaTtb paBHsAeTca {a + b}, a He {2 * (a + b)}.'

'Mame nawc decame paBHsemca 15, a He 30.°

3a kajapoM GopMaTUPOBaHHBIE CTPOKOBBIE JIUTEPAJIBI IPEACTABJISIOT COOOIT
(YyHKIMOHAIBHOE CPEACTBO CUHTAKCHYECKOT0 aHam3aTopa Python, kotopoe
peoOpPa3oBbIBAET f-CTPOKU B CEPUIO CTPOKOBBIX KOHCTAHT U BBHIPAKEHUI.
3aTeM OHU 00beANHSIOTCS, (DOPMUPYST OKOHIATETHHOE CTPOKOBOE 3HAUEHHE.

[Tpeamonoxum, 9T0 y HAC ecThb caenyiomas GpyHKmns greet (), KoTopas co-
IEPsKUT F-CTPOKY:

>>> def greet(name, question):
e return f"Mpuset, {name}! Kak {question}?"

>>> greet('bob', 'pena')
"MpuBem, bo6! Kak dena?"

Eciu a1y hyHKIMIO Tr3acceMOIMPOBATh U TIPOUHCIIEKTUPOBATH TO, YTO TIPO-
HCXOJINT 3a KaJPpoM, TO MbI YBUUM, 4TO B 9TO# (pyHKIMHU f-cTpoka mpeobpa-
30BBIBAETCS B HEUTO HAIOL00ME CJIeLYIOIIEero:
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>>> def greet(name, question):
return ("MpueeT, " + name + "! Kak
question + "?"

+

Ha npakruke peasmsanus cjaerka ObiCTpee, 4eM 9Ta, IIOTOMY YTO B Hell B Ka-
YyecTBe ONITUMU3AIMK UCTIOIb3YeTCs KO/ oriepaiinu BUILD_STRING'. Ho dyHK-
IIMOHAJBHO OHU OJMHAKOBBHI:

>>> import dis
>>> dis.dis(greet)

2 © LOAD_CONST 1 ('Mpuset, ')

2 LOAD_FAST 0 (name)

4 FORMAT_VALUE 0

6 LOAD_CONST 2 (! Kak ")
8 LOAD_FAST 1 (question)
10 FORMAT_VALUE 0

12 LOAD_CONST 3.('2Y)

14 BUILD_STRING 5

16 RETURN_VALUE

CTpokoBbIe TUTEPAJbI TaKKe TOMEPKUBAIOT CYTIECTBYIONINI CUHTAKCHUC
(opmaTHBIX CTPOK MeTo/a str.format(). TO MO3BOJISET PENIaTh Te JKe ca-
Mble 3aaui (hOPMATUPOBAHUS, KOTOPbIE MbI OOCYANJIN B IIPEABIAYIIUX ABYX
pasienax:

>>> "3, {name}! BoT owubka {errno:#x}!"
"30, bob! Bom owubka ©xbadcoffeel!l”

Hosbie (hopmaTupoBaHHbIe CTPOKOBBIE JTUTEpasibl Python anamormymsr mma-
6s10HHBIM JIuTepasiaM JavaScript, nobasientbiv B ES2015. Yoexaen, uto oHn
SIBJISIIOTCS IOBOJIBHO TIPUSITHBIM JIOTIOJIHEHUEM K SI3BIKY, U 51 YKe Havas ux
UCII0JIb30BaTh B CBOeil moBcegHeBHOI pabore ¢ Python 3. IToapobuee o dop-
MaTUPOBAHHBIX CTPOKOBBIX JINTEPAJIAX Bl MOXKETE Y3HATH U3 O(DUITHATBHOI
npokymeHTanuu Python?.

! Cwm. Python 3. CrnopHubiii Botipoc B Tpekepe omnbok Ne 27078: https://bugs.python.org/
issue27078

2 Cwm. pokymenTanuio Python «DopmarupoBaHHble CTPOKOBbIE JINTEPAJIbI»: https://
docs.python.org/3/reference/lexical_analysis.html#formatted-string-literals
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NQ 4. LLIabnoHHble CTpOKK

Emte oun npuem opmaruposanust ctpok B Python nipencrasien mabion-
HBIMU CTPOKAMU. TOT MEXaHU3M OoJiee TIPOCTOi U MeHee MOIIHbII, HO B He-
KOTOPBIX CJIy4asX OH MOJKET 0Ka3aTbCs UIMEHHO TeM, UTO BbI UIIeTe.

[laBaiiTe B3TJIsTHEM HA TTPOCTOU MpUMeEP TPUBETCTBUS:

>>> from string import Template
>>> t = Template('d#, $name!’)
>>> t.substitute(name=name)
i, bob!'

3/1echb BbI BUJIUTE, YTO HAM MPUXOJUTCS UMIIOPTUPOBATH KJacc Template u3
BCTpoeHHOTro Moyt Python string. IIlaboHHBIE CTPOKK HE SIBJSTIOTCS
KJIIOUEBBIM (DYHKITHOHAILHBIM CBOHCTBOM SI3bIKA, HO OHHM 0OECTIeunBaIOTCSI
MOJLYJIEM CTaHaPTHON OMOINOTEKH.

Ele 0HO oT/IMYMe COCTOUT B TOM, 4TO 1IabJOHHBIE CTPOKU HE JOIYCKAIOT
crierupukatopsl hopmara. [loaTomy, 4T0OBI 3aCTaBUTH TPUMEP CO CTPOKOBOM
obKoii paboTaTh, Mbl IOJKHBI CaMU 1IPeo0Pa3oBaTh 1EJIOUYNCIEHHBINA KO/
OIIMOKY B IIECTHA/I[ATEPUIHOE CTPOKOBOE 3HAUECHIE:

>>> templ_string = '3i, $name! BoT ownbka $error!’
>>> Template(templ_string).substitute(

.. name=name, error=hex(errno))

'3i, bob! Bom owubka ©xbadcoffee!’

[Tpumep cpaboTast OTIUYHO, HO BbI, BEPOSITHO, HHTEPECYETECh, B KAKUX CJTyYa-
SIX UCIIOJIb30BaTh MAOJIOHHbBIE CTPOKU B porpammax Ha Python. ITo-moemy,
CaMBbIil JIydIIUid BapUaHT MPUMEHEHUs MabJOHHBIX CTPOK HACTYIAET TOT/IA,
Korzia BbI 06pabathiBaete (opMaTHbie CTPOKH, CreHEPHPOBAHHbIE MOJTH30BA-
TEJIIMU TIPOTPaMMBbl. Biraroapst ux yMeHbIIIEHHO CJI0KHOCTH, MTabJIOHHBIE
CTPOKU SIBJISTIOTCST H0Jiee Oe30aCHBIM BAPUAHTOM BBIOOPA.

Bonee cnoxuabie MUHU-43bIKN (DOPMATUPOBAHUS JIJISI IPYTUX TTpUeMOB Ghop-
MaTUPOBAHMSI CTPOK MOT'YT BHOCUTD YSI3BUMOCTH B Balll IIPOIPAMMBbl C TOUYKHU
3penust 6e3omacHocTr. Hampumep, (hopMaTHbIE CTPOKU MOTYT MOJIyYaTh 0~
CTYII K IIPOU3BOJIBHBIM [IePEMEHHBIM B IIpOrpamMMe.
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ITO O3HAYAET, YTO €CJIU 3J0HAMEPEHHDIH 1M0JIb30BATENb MOKET TepeaTh
(hopMaTHYIO CTPOKY, TO OH TaKKe MOKET IMOTEHI[HATIBHO PACKPBITh CEKPETHDIE
KJIIOYH | JIPYTYIo eHHyto nadopManuio! Bot mpocToe joka3aTebCcTBO Uaen
0 TOM, KaK TaKasl aTaka MOTJia Obl CIIOJIB30BATHCS:

>>> SECRET = 'aTo - cekpeT'
>>> class Error:
def __init_ (self):

pass
>>> err = Error()
>>> user_input = '{error.__init . globals__ [SECRET]}"'

# Ou-eti-ed. ..
>>> user_input.format(error=err)
'smo - cekpem'

3aMeTnIIM, Kak TUIIOTETHYECKUI B3JIOMIIMK CMOT M3BJIEYb HAIY CEKPETHYIO
CTPOKY, 06paTUBIIKCH U3 (POPMATHOI CTPOKHM K ciioBapio __globals__ ? JKyTko,
na! 1lTabyoHHbIe CTPOKU 3aKPBIBAIOT 9TO HATIPABJICHUE aTAKH, U 9TO JIeJIaeT UX
6oJiee Ge30TacHBIM BHIOOPOM, €CJTi BbI 0OpadarbiBaeTe (hopMaTHBIE CTPOKH,
reaiepupyemMble U3 laHHbIX, BBOAUMBbBIX I10JIb30BaTE/JIEM!

>>> user_input = '${error.__init__ . globals__ [SECRET]}'
>>> Template(user_input).substitute(error=err)
ValueError:

"Invalid placeholder 1in string: line 1, col 1"

Kakol MeTop chopMaTMpOBaHMS CTPOK MHE MUCMOJb30BaTh?

51 BIIOJIHE TIOHMMATO, YTO, UMesI TAKOH IUPOKUIT BBIOOP cII0c000B (hopMaTUpo-
BaHUsI CBOUX CTPOKOBBIX 3HaueHuil B Python, BbI MOKeTe MCIBITHIBATE 3aMe-
MIATETBCTBO. 3/IECh HE MOMETITAIO ObI COOPYAUTH KaKyio-HUOY b MHbOrpahuKy
B BUjIe GJIOK-CXEMBI.

Ho a aToro e c/iesialo. BwmecTo aTOTO g MOTBITAIOCH BCE CBECTH K IIPOCTOMY
IMIIMPUYIECKOMY IIPpaBUJIy, KOTOPOE S IIPUMEHAIO, KOT/[a ITUIITY Ha PythOIl.

[Moexanu! Bor MOkeTe IPUMEHSITD 9TO SMITUPUIECKOE TTPABUIIO B JIFOOOH CUTY-
allin, KOrla Bbl UCIIbITbIBAETE 3aTPY/AHEHU [IPU IIPUHATHUUN PELIECHNA, KaKoil
MeToz1 hOPMATHPOBAHMUSI UCIIOJB30BATH; BCE 3AaBUCUT OT 00CTOSITEIHCTB.
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SMNMUPUYECKOE NPABUJ10 ASHA, KACAKOLLEECS
®OPMATUPOBAHUSA CTPOK PYTHON:

Ecnu dopmaTtupylolwme CTpoku MOCTYMNakT OT Mosib30oBaTeneid, TO UCMosb-
3yiiTe WabnoHHble CTpokM, YTOBbI M3bexaTb NpobnemM ¢ 6e30MacHOCTbIO.
B npoTMBHOM criyyae MCnonb3ynTe MHTEPMNONSLMIO NUTepanbHbIX CTPOK Mpu
ycnoBuu, 4To Bbl paboTaete ¢ Python 3.6+, n «coBpemeHHoe» opMaTnpo-
BaHWEe CTPOK — €CJ/In HET.

KntouyeBble BbIBOAbI

a ITosxkanyii, sTo yausaser, no 8 Python cymecrByer 6oJiee ogHoro crioco6a
(bopmaTrpoBaHMS CTPOK.

O Y Kax/I0oro MeTojia ecTb CBOU MHJAMBUAYaJIbHbIE 32 U TPOoTUB. Bain Bapu-
aHT TpUMeHeHust Oy/IeT BAUSATH HA TO, KAKOI METOJI BAM CJIe/Iy€eT UCTIOJIb-
30BaTh.

Q Ecuu BbI 3aTpyaHsieTech B BBIOOpe MeToa GOPMAaTHPOBAHUST CTPOK, TO
nonpoOyiiTe MPUMEHUTD MOE SIMUUPULECKOE NPABGUILO DOPMAMUPOBANHUSL
CMpOK.

2.6. Nacxanka «/[3eH Python»

41 3nato0, yTO Masee NMPUBOAUTCS NPUBBIYHAS KAaPTUHA, €CJIM TOBOPUTD O KHU-
rax o Python. U1 Bripsimb, HeT HUKAKUX MIAHCOB TIPOUTH MUMO CBOJIA TTPABILI
«/13en Python» Tuma Ilurtepca. 3a mpotieaniie roabl sl He pa3 U3BIEKAI
[10JIb3Y 13 TIepeYUThIBAHNS 9TUX IIPaBUJI, U IyMalo, 4To cjoBa TuMma cienanu
u3 MeHst 6oJiee COBEPIEHHOTO Kojiepa. Bymem HasesThCst, YT0O OHU CMOTYT
c/iesaThb TO JKe caMoe U /17151 Bac.

Kpowme Toro, MoskHO ckazath, uto [I3en Python sBisieTcst «60JIbII0M MIMIIKOIT»,
TMOTOMY YTO 3TOT CBOJ IPABUJ BKJIIOUEH B KaueCTBE MAacXaJKU B caM A3bIK.
[Tpocro 3amyctuTte ceanc nnteprnperatopa Python u BemosauTe Caienyonyio
KOMaH/Y:

>>> import this
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[3eH Python ot Tuma lNMuTtepca

Kpacusoe syuine, yem ypoaimnBoe.

ABHoe myuiie, 4eM HeSIBHOE.

[IpocToe my4iie, 4eM CJA0KHOE.

CJ10sKHOe JTydliie, 4eM 3ally TaHHOE.

[L10cKoe Jyyliie, yeM BJIOKEHHOE.

PaspeskeHHoe Jryuliie, 4eM II0THOE.

YuTtaeMoCTh UMeeT 3HAUEHUE.,

Oco0ble ciryyan He HACTOJIbKO 0COObIe, UTOObI HApyLIaTh IIPaByIa.
[Tpu 9TOM IIPAKTUYHOCTH BakHee Ge3yIIPeUHOCTH.

OwmubKK HUKOT/IA He JOJIKHBI 3aMaT4lBaThCS.

Ec/m He 3aMamaMBaioTcs SBHO.

BerpeTuB ABYCMBICIEHHOCTD, OTOPOCH UCKYIIIEHUE YTralaTh.

HOJI)KCH CymeCcTBoBaTb OAIUH — U JK€JATEJbHO TOJIBKO O/IUH — O‘-ICBI/IZIHblf/)I
c11ocob C/eJ1aTb 9TO.

XoTs1 OH OHAYATTY MOKET OBITh U He OUEBHU/IEH, €CJIH BbI He TOJIIaH/EN .
Ceituac srydiiie, 4eM HUKOT/IA.

XoTs HUKOT/Ia 3a9acTyI0 JIydIlie, 4eM npsmo ceituac.

Ecin peanusaiiuio c10:KHO 00bACHUTD — Kies IJI0Xa.

Ecin peanusaiiuio j1erko o0bsICHUTb — Hjiest, BO3MOKHO, XOPOIIIA.

[TpocTpancTBa MMeH — oTJanyHast Betb! /[aBaiire Oyaem fnenars ux 6oJbiire!

U dswik Python cosman nugepranackuii mporpamMmuct I'Bumo Ban Poccym.



S deKTUBHbIE PYHKLNM

3.1. ®yHKuMM Python — 3T0 06beEKTHI
NnepBoro Kracca

Oyuknuu Python orHocsiTest kK oObekTaM mepBoro kiacca. MIx MOKHO mpu-
cBaWBaTh MMEPEMEHHBIM, XPaHUTh WX B CTPYKTyPaxX JAaHHBIX, IlepelaBaTh UX
B KauecTBe apryMeHTOB JAPYTUM (YHKIHAM 1 JJaske BO3BPAIATh UX B KaUueCTBe
3HAYEHU I U3 IPYTUX (DYHKITIH.

[1y60K0€ OCMBICTIEHIE STUX MOHSITHI HA MHTYUTUBHOM YPOBHE HAMHOTO YITPO-
CTUT OHUMaHUe PACIINPEHHBIX (DYHKITMOHAIBHBIX CPeCcTB si3bika Python,
B YaCTHOCTHU JIIMO1a-(DYHKIMIA U IEKOPATOPOB. DTO TaKKe HAIIPABUT BaC 110
BEPHOMY TIYTU K MeTo/[aM (PyHKIIMOHATBLHOTO TPOTPAMMUPOBAHNS.

Ha cremyionix HeCKOJIbKUX CTPAHUIIAX S ITPOBE/LY Bac Yepe3 HeCKOJIbKO MpH-
MepOB, YTOOBI TOMOYB BaM Pa3BUTh 3TO MHTYUTUBHOE TOHUMaHue. [Ipumepsr
Oy/LyT CTPOUTHCSI JAPYT TIOBEPX JIPYTa, TIOITOMY, BO3MOKHO, BAM CTOUT YNUTATh
UX 110 TOPSIZIKY U Jlaske MorrpoOoBaTh HEKOTOPBIE U3 HUX B CeaHce MHTEPIIPe-
taropa Python o mepe nipoaBuskenust.

Y106l OCMBICIUTD MOHSITUST, KOTOPbIE MbI OY/IeM 3/IeCh PACCMATPUBATD, TIOTPe-
GyeTcst HeMHOTO OOJIbITIe BpeMeHHU, 4eM Bbl oxkuaaere. He BosHyiiTech — 910
abcomoTHO HOpMaTbHO. Co MHO#T OBLIIO TOYHO TaK JKe. BIosiHe BO3MOKHO, 4TO
BbI Oy/IeTe OIyIIaTh, Kak ObeTeCh rOJIOBOI O CTEHY, 4 3aTeM B OJIMH IPEKPAC-
HBIIl MOMEHT, KOT/Ia BbI Oy/IeTe TOTOBBI, BAC BHE3AITHO OCEHUT, i BCE BCTAHET
Ha CBOM MeCTa.
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Ha mipotsiskenun Beeil aTO T71aBbl st Oy/1y B IEMOHCTPAIIMOHHBIX IEJISIX HC-
110JIb30BATh NPUBE/IEHHYTO HUsKe (DYHKITNIO yell. ITO POCTOI UTPYIIEUHbIT
IIPUMeEP C JIETKO PACIIO3HABACMBIM PE3YJIBTaTOM:

def yell(text):
return text.upper() + '!'

>>> yell('npuset')
"MIPUBET!'*

®DYHKUMM — 3TO 06BEKTHI

Bce nannbie B mporpamme Python mpezcrasisiiorest 06 beKTaMu UIIH CBSI3SIMU
Meskay obobekTamu'. CHMBOJIBHBIE TTOCIEIOBATETBHOCTH (CTPOKHN ), CITUCKH,
MOJIYJIU U (DYHKITUY — BCE ITH SIBJIEHHUSI SI3bIKA MIPE/ICTABISIIOT COO0I OOHEKTHL.
Yro kacaercst pyuknuii, To B Python oru Huuem He otsmmuatorest. OHu — TOKe
OOBEKTHI.

[TockosbKy dyHKIms yell B Python sBisiercst o6sexmon, Bbl MOXKeTeE ee pu-
CBOWTB ellle OJ[HO¥ TIEPEMEHHOIT, TOYHO TaK Ke, KAK 9TO IIPOUCXOIUT C JIIOOBIM
JAPYTHM OOBEKTOM:

>>> bark = yell

ITa cTpoKa Kojia He BbIsbiBaeT GyHKiuio. OHa 6eper 00beKT-(hyHKIINIO, Ha
KOTOPBIN cchltaeTcs nMs yell, U co3faeT BTOpoe nMs, bark, KoTopoe Ha HETO
yKasbiBaeT. Terepb BbI MOJKETE UCTIOJTHUTH TOT JK€ CaMblil 00beKT-(YHKIIHIO,
KOTOPBII JIESKUT B €r0 OCHOBE, BbI3BaB bark:

>>> bark('rae')
'TAB!"

OO6beKThI-(DYHKITNY 1 UX IMEHA — 3TO J[BE OT/IeIbHbIE KoMITeTeHInu. BOT ere
OJTHO JTOKA3aTeIbCTBO. BbI MOKeTe y/IaauTh epBOHAYaIbHOE UM (DYHKITIHT
(yell), u, mocKoJIbKY elie oHO uMs (bark) mo-mpeskHeMY YKa3bIBaeT Ha Jie-
JKAIyIo B OCHOBE (DYHKIIMIO, BBl BCE TAK K€ MOKETE Yepe3 HErO BbI3BATh ITY
bynkimio:

U Cm. noxymenranuio Python «O6bexTbl, 3HaueHUs 1 THIIBI»: https://docs.python.org/3/reference/
datamodel.html#objects-values-and-types
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>>> del yell

>>> yell('Mpuset?")
NameError: "name 'yell' is not defined"

>>> bark('asi")
!

Kcratu, Python npukpernisier K kaskaoit hyHKIIMKU CTPOKOBbIH HAeHTH(DU-
KaTop. JTO [leaeTcs /i OTJAJ0YHBIX Tlesieil BO BpeMsl CO3/Ianus (hyHKIIUH.
K aromy BHyTpeHHEMY UIEHTU(DUKATOPY MOXKHO TIOJYUYUTH TOCTYIT TIOCPE/I-

CTBOM aTpubyTa __name__":

>>> bark.__name__
'yell'

HyskHo ckasaTh, 4TO XOTs aTpuOyT __name__ (pyHKIUU MO-1IpeskHeMy «yell»,
HTO He BJIUSET HA TO, KAKMM 00Pa30M BbI OJIyYaeTe TOCTYII K 00beKTY-(hyHK-
MM U3 Balero MporpaMMHOro Koja. VizeHTrdukaTop MMeHH SABJISIETCS TPOCTO
CPEJICTBOM OTJIA/IKH. YKaA3bIBaI0UWaAsl HA PYHKUUIO NEPEMEHNAS Vi CAMA PYHKUUSL
006J1a/1a10T COBEPIIEHHO Pa3HBIMU KOMIIETEHIIUSIMU.

OYHKUMM MOTYT XPaHUTbCS B CTPYKTYpax AaHHbIX

[TockoabKy (yHKIIUNT — 3TO 0OOBEKTHI EPBOTO KJIACCA, MX MOKHO XPAHUTH
B CTPYKTYPax JJAHHBIX TOYHO TaK ke, KaK 9TO JIeJIAETCsI C APYTUMHU 00 bEKTaMU.
Hanpumep, BbI MOkeTe 100aBUTH (DYHKIIMK B CITUCOK:

>>> funcs = [bark, str.lower, str.capitalize]
>>> funcs

[<function yell at @x10ff96510>,

<method 'lower' of 'str' objects>,

<method 'capitalize' of 'str' objects>]

! Hauwnas ¢ Python 3.3, Takke umeercst arpubyT __qualname__, KOTOPBII CILYKUT JJist TAKOU
JKe 1IEJIM U 00eCedrBaeT CTPOKY € KBaIU(UIIMPOBAHHBIM UMEHEM JI/IsI YCTPAHEHUsT HEOIHO-
3HAYHOCTU MEK/y nMeHaMu (pyHKIui u kiraccoB (cm. PEP 3155: https://www.python.org/dev/
peps/pep-3155/).
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HocTytt K 06beKTaM-(hyHKIUSIM, XPaHSIIUMCST BHYTPH CIIUCKA, OCYIIECTBJIS-
eTCsI TOYHO TaK JKe, KaK 9TO IPOUCXOAUT ¢ 00BEKTOM JII0O0TO IPYyroro TUIIA:

>>> for f in funcs:

print(f, f('Bcem npuset'))
<function yell at @x10ff96510> 'BCEM MPUBET!"
<method 'lower' of 'str' objects> 'Bcem npuset'
<method 'capitalize' of 'str' objects> 'Bcem npuset'

XpaHsuuiics B Cicke 00beKT-QYHKIIO 1aKe MOKHO BbI3BaTh 6€3 He0OX0[1-
MOCTH CHaYaJia MpUCBaMBaTh €ro IepeMeHHOiL. J[JIst 5TOr0 MOKHO BBITIOJHUTD
TIOKCK U 3aTe€M HEME/[JIEHHO HAa3BaTh Pe3yJIbTUPYIONIUI «OecTeeCHbliT» 00b-
eKT-(QYHKIMIO BHYTPH OIHOTO-EANHCTBEHHOTO BbIPAKEHUSI:

>>> funcs[0]('npuBeTnue")
"MPUBETUIYE! "

®yHKUMM MOrYyT nepeaaBaTbCs ApYrnM yHKUMSM

[TockobKy (DyHKIINH SIBIASIOTCS 00BEKTAMU, X MOKHO TIEpe/IaBaTh B KAYeCTBE
apryMeHToB ipyruM pyHKimsaM. Bot dpyakims greet, kotopasg ¢popmarupyer
CTPOKOBOE 3HAYEHME MIPUBETCTBUS, UCIIOJIb3Ysl MEePEIaHHbII B Hee 00bEKT-
(byHKIMIO, 1 3aTeM ero meyaTaeT:

def greet(func):
greeting = func('MpuBeT! A — nporpamma Python')
print(greeting)

Ha pesynsrupyioiiee IpuBeTCTBIE MOXKHO BJINATD, TlepeiaBasi pa3inyHble
dynkmmn. Huske mmokasano, 4To NpoucxoanT, ecan B GyHKIMIO greet mepe-
naTh QYHKIMIO bark:

>>> greet(bark)
"MPUBET! A — [IPOrPAMMA PYTHON'

Pasymeercst, MOKHO TaKsKe OTPEIeTUTh HOBYIO (DYHKITHIO, YTOOBI CreHepUpO-
BaTh IPUBETCTBUE C IPYTUM Kosoputom. Hanpumep, cienytomas GpyHkimns
whisper MOKeT cpabOTaTh JIy4Ille, ECTU BbI HE XOTHTE, YTOODI BAIITH TPOTPaM-
mbl Python moxomamim va Onrrumyca Ilpaiima 13 MyIbrcepraion:



70 nasa3 e DddekTBHbIE PYHKLMN

def whisper(text):
return text.lower() + "...'

>>> greet(whisper)
'MpuBem! A — npoepamma Python...'

CrocoGHOCTD nepegaBaTh 00beKThI-PYHKIUK B APYTrie (GYHKIMKA B Ka4eCTBe
apryMeHTOB UMeeT MoIl[HbIe IoceicTBUA. OHa 1103BOJISIeT B CBOUX ITPOTPaM-
Max abCcTparupoBaThesl U pasjiaBaTh nosedenue. B arom npumMepe HyHKIUS
greet ocraercs IPesKHEN, HO Bbl MOKeTe BJIMSITh HA ee Pe3yJIbTar, repejaaBas
Pas3IMYHbIE JIMHUN NOBEOCHUS NPUBCMCMEUSL.

DyHKIMHI, KOTOPbIE B KAYECTBE aPIyMEHTOB MOI'YT IIPUHUMATD APyrue (PyHK-
IIUH, TAKKe HA3BIBAIOTCS ynruuamu boaee svicoxozo nopsoxa (higher-order
functions). OHu ABJIAIOTCS HEIPEMEHHBIM YCJIOBHEM (DYHKIIMOHATIBHOTO CTHIS
[POrpaMMUPOBAHMSL.

Knaccuueckum mpumepom GyHKImil 6oee BICOKOTO mopsiika B Python
sBJIsieTCcst BCTpoeHHast GyHKims map. OHa npuHuMaeT 06beKT-(YHKIIUIO
U UTEPUPYEMbIil OOBEKT U 3aTeM BbI3bIBAET 9Ty (DYHKIUIO C KasK/IbIM dJIe-
MEHTOM UTEPUPYEMOTO 0OBEKTA, BHIAABASI PE3YJIBTAT TI0 MePe MPOXOKIEHUST
UTEPUPYEMOTO 0OBEKTA.

Huke mokasaHo, Kak BbI MOTJIM ObI OT(OPMATHPOBATH BCIO MOCJIEA0BATEb-
HOCTH MIPUBETCTBUI Cpa3dy, MPUMEHUB K HUM (PyHKITHIO bark:

>>> list(map(bark, ['sapaBcTtByi', 'si', 'npuset']))
['30PABCTBYA!', '3i!', 'MPUBET!']

Kak Bumure, pyHkius 6oJiee BHICOKOTO TOPsiKa map 000IIIa BECh CIIMCOK
u nnpuMeHmIa GyHKIUO bark K KaxkJI0My ero ajeMeHTy. B pesysbraTte y Hac
Ternepb HOBbI 0OBEKT-CIUCOK C MI3MEHEHHBIMU TPUBETCTBEHHBIMU CTPOKO-
BBIMU 3HAYEHUSIMMU.

OYHKUMM MOTYT 6bITb BTOXXEHHBLIMY

BeiTh MOXKeT, BbI yauBUTECH, HO Python momyckaer onpepenenne hyHKINI
BHYTpHU Apyrux dhyHkiuii. Takue GyHKIINN HEPEIKO HA3BIBAIOTCS B0HCEH-
notmu pynxyusmu (nested functions), wim euympennumu pynxyusmu (inner
functions). [IpuBenem pumep:
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def speak(text):
def whisper(t):
return t.lower() + '..."
return whisper(text)

>>> speak( 'MpuBeT, Mup')
'npuBem, mup...'

WNrax, yto ke TyT npoucxoaut? Beskuil pas, korja Bbl Bbi3biBaeTe (DYHKIINIO
speak, OHa olpeiesisieT HOBYIO BHYTPpeHHIOIO (DyHKIUIO whisper u 3aTem
1ocJie 3TOTO HEME/JIEHHO ee BbI3bIBaeT. B aToM MecTe MOl MO3T HauyWHAeT
HCHBITBIBATD JIETKUI 3y, HO B 11€JIOM II0Ka MaTepuasl OTHOCUTEJbHO 110CJIe-
J0BaTEJIbHBIN.

[IpaBna, BOT BaM HEOKUIAHHBIN TIOBOPOT — (DYHKIIMS whisper He CyTiecTByeT
3a npeziesiaMu (byHKIUN speak:

>>> whisper('Hfoy")
NameError:
"name 'whisper' is not defined"

>>> speak.whisper
AttributeError:
"'function' object has no attribute ‘'whisper'"”

Ho uro, ecsint BbI IefiCTBUTEIBHO XOTHUTE MTOJIYYUTH JAOCTYII K 9TOI BIOKEHHOM
dbyuknun whisper 3a npenenamu pyukimu speak? He 3a6biBaiite, hyHKIMN
SIBJISTIOTCST OOBEKTAMU — U BBl MOJKETE 8ePHYMb BHYTPEHHIO (DYHKIUIO HC-
TOUHUKY BbI30Ba POAUTEIHCKON (PYHKITUN.

Hampuwmep, Huske npuBesena GyHKINS, ONpeeadionias [Be BHyTPEHHNE
dbynkmm. B 3aBucMocT OT apryMenTa, mepeaBaeMoro B (hyHKITUIO BEPXHETO
YPOBHSI, OHa BLIOWPAET U BO3BPAIAET HCTOUYHHKY BHI30BA OJIHY U3 BHYTPEHHUX
bynakIHIIL:

def get_speak_func(volume):
def whisper(text):
return text.lower() +
def yell(text):
return text.upper() + '!'
if volume > 0.5:
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return yell
else:
return whisper

OGparuTe BHUMaHUe Ha TO, Kak (YHKIMS get_speak_func (haKTHUECKH He
8bI3bl6ACM HU OJTHY W3 CBOUX BHYTPEHHUX (DYHKIIUI — OHA MTPOCTO BHIOMPAET
COOTBETCTBYIOIIYIO BHYTPEHHIOI0 (DYHKIIMIO HA OCHOBE apryMeHTa volume U 3a-
TeM BO3BpaIaet 00beKT-hyHKIUIO:

>>> get_speak_func(0.3)
<function get_speak_func.<locals>.whisper at 0x10ael8>

>>> get_speak_func(0.7)
<function get_speak_func.<locals>.yell at 0x1008c8>

Pasymeetcs, Bbl MOkeTe MIPOJIOJKUTD U BbI3BATh BO3BPAIIEHHYIO (DYHKIIUIO
HEMOCPEICTBEHHO, JIMOO CHAYaJIa TIPUCBOKB €€ MePeMEHHOI:

>>> speak_func = get_speak_func(0.7)
>>> speak_func('MpuseT")
'MIPUBET !’

Tosbko mogymaiite... ITo 03HaYaeT, YTO PYHKIIUN HE TOJIBKO MOTYT NPUHU-
Mamy TUHUYU NOBeOeHUsL IEPE3 APTYMEHTBI, HO U 8036PAL4AMb JUHUL NOBEOEHUSL.
3/10poBo, paBa?

U 3naere yto? C 3TOTO MecTa jieia mpuoOPETaioT HECKOIbKO Oe3yMHbII Xa-
pakrep. U ipesxk/ie uem s poIoJIKy THCaTh, MHE CPOYHO TPEOYETCS TePephiB
Ha Kode (4 mpeiaraio BaM c/ieJIaTh TO JKe camoe).

(DYHKU,MM MOryT 3axXxBaTbIBaTb J1IOKaJ/IbHOE COCTOAHUE

Bbl Tos1bKO UTO YyBUIEH, YTO (DYHKITUN MOTYT COJIEp:KaTh BHyTPeHHUE (hyHK-
I[U1 1 4TO JlasKe CYIIeCTBYeT BO3MOKHOCTb BO3BpAIATh 9TH (B JAPYTUX CUTYaA-
IUSIX CKPBITHIE) BHYTPeHHME (DYHKIIUU U3 POIUTETBCKON (DYHKITNH.

Ceifuac Jsiydiire BCero IpUCTETHYTh peMeHb 6€30IIaCHOCTH, TOTOMY 4TO BCE
CTaHOBUTCS ellle Oe3yMHee — MbI COOMPaeMcst 3aiiTH Ha TEPPUTOPHUIO (DYHK-
IMOHAJILHOTO ITPOrPaMMUPOBaHNs elile gasbiie. (Y Bac Beb ObLI IepepbiB Ha
Kode, rmpapa?)
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Mauio Toro 4To (GyHKIIMU MOTYT BO3BpaIaTh Apyrre GyHKINN, 9TH BHYTPEH-
Hrie QYHKIMU TAKIKE MOTYT 3aX6AMbLBATND U YHOCUTND C COOOT UACTNb COCTMOSHUS
pooumenvckoll pynxuuu. 11 9410 Ke 310 03HAYaeT?

Yr06bI 9TO IPOUJLIIOCTPUPOBATH, sI COOMPAIOCHh HEMHOTO HEPEICcaTh PeIbl-
nymwi mpumep GpyHkimn get_speak_func. HoBas Bepcus cpady npuHuMaeT
APryMEHTHI «<volume» 1 «texty, YTOOBI HEMEJIEHHO c/leIaTh BO3BpalllaeMYIO
(byHKITMIO BBI3BIBAEMOII:

def get_speak_func(text, volume):
def whisper():
return text.lower() +
def yell():
return text.upper() + '!'
if volume > 0.5:
return yell
else:
return whisper
>>> get_speak_func('MpuseT, Mup', 0.7)()
"MPUBET, Mup!'

Ternepp B3TJIsIHUTE Ha BHyTpeHHUE DYHKINU whisper u yell. O6partu-
JIM BHUMaHMe Ha TO, YTO y HUX GoJibliie HeT mapaMmerpa text? Ho xakum-
TO HEMOCTHKUMBIM 00Pa3OM OHH MO-TPEKHEMY MOTYT IOJIy4aTh JOCTYII
K 3TOMY IapaMmeTpy text, onpeseleHHOMY B poauTerbckoil pyrkmun. Ha
caMOM [1eJie OHH, TIOXO3Ke, 3aX8amuléalom M «3allOMUHAIOT> 3HAYEHWE 9TOTO
apryMeHTa.

DyHKIUN, KOTOPBIE 3TO JIEJIAI0T, Ha3bIBAIOTCS JEKCUUECKUMU 3AMBIKAHUSIMU
(lexical closures) (v, 1y1st KPaTKOCTH, IPOCTO 3AMBIKAHUSMIU). 3aMbIKAHIE
MMOMHHT 3HAYEHUST U3 CBOETO JIEKCMUYECKOTO KOHTEKCTA, Jake KOTa MOTOK
yIPaBJICHUST TIPOTPaMMBbI GOJIBIIIE HE HAXOAUTCS B 9TOM KOHTEKCTE.

B npaktuueckom mniaHe 9TO 03HAYAET, YTO (PYHKIUKU MOTYT HE TOJIBKO 803-
epawams JUHUU N08EOEeHUsl, HO W TIPEBAPUTENBHO KOHDUYPUPOBAMb MU
Jaunuu nogedenus. Huke mpuBesieH elle OnH CKeJTEeTHBIN TPUMep, KOTOPBII
WJLTIOCTPUPYET 3Ty UJIet0:

def make_adder(n):
def add(x):
return x + n
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return add
>>> plus_3 = make_adder(3)
>>> plus_5 = make_adder(5)
>>> plus_3(4)
7
>>> plus_5(4)
9

B nannom npumepe make_adder CaysKuT ¢pabpuxoil ajist CO3MaHUSA U KOH-
urypupoBanust GyHKIUN-«CyMMaTOPOB». OOpaTuTe BHUMAHUE HA TO, YTO
(byHKIIMH-«CyMMaTOPbI» TO-TIPEKHEMY MOTYT TTOJTY9aTh OCTYI K apTYMEHTY n
dyukimu make_adder (00beMITIOIEMY KOHTEKCTY ).

O6bekTbl MOryT BeCTH cebst Kak pyHKUnn

Xots B Python Bce dyukiun siBisiiorcst oObekTamu, o6paTHOE HEBEPHO.
O6bexTsl He siBastiorest GyHKimsiMu. Ho oHI MOTYT OBITh C/IEJIAHbI 8bL3bL-
8aeMblMU, YTO BO MHOTUX CJIy4asiX II03BOJISIET pacCMaTPUBATh UX B KauecTBe

bynaKITHIIL

Eciin 00beKT SIBJISIETCS BHI3BIBAEMbIM, TO 9TO 03HAYAET, YTO BbI MOJKETE KC-
I0JIb30BaTh ¢ HUM CUHTAKCHC BbI30Ba (DYHKIIMIA ¢ KPYIJIBIMU CKOOKAMMU 1 JIasKe
nepeiaBaTh B HETO apTYMEHTHI BbI30Ba (hyHKINHU. Bee aTo mpuBoanTCS B /1€ii-
cTBUeE Jlaniep-MeToioM _call . Huske npuBesien mpuMep Kjacca, orpejie-
JISTIOIIETO BbI3BIBAEMBbIiT OObEKT:

class Adder:
def __init (self, n):
self.n = n

def __call_ (self, x):
return self.n + x

>>> plus_3 = Adder(3)
>>> plus_3(4)
7

3a KaJipoM «BbI30B» 9K3eMILIsipa 00bheKTa B KauecTBe QYHKIMU CBOIUTCS
K UCIIOJTHEHUIO MeToa ___call  aToro oObexra.
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BesyciioBHO, He Bce 00bEKTHI OYIyT BbI3bIBAEMbBIMI. BOT TI0ueMy cyiiecTByeT
BCTpoeHHast (pyHKIMs callable, KoTOpasi IPOBEPSIET, ABJISAETCS OObEKT BbI-
3bIBAEMbBIM WJIU HET:

>>> callable(plus_3)
True

>>> callable(yell)
True

>>> callable('npuseT")
False

Knto4yeBble BbIBOAbI

O B Python abcomiorno Bce siBisieTcst 00beKTOM, BKI0Uast byHkimi. Mx
MOKHO ITPHCBAUBATh I€PEMEHHBIM, XPAaHUTD B CTPYKTYPAX JIaHHBIX 1 TIepe-
JlaBaTh WJIK BO3BpAIlaTh B ipyrue (PyHKITUN 1 BO3BpaIiaTh U3 HUX ((HPyHK-
1Y TIePBOTO KJlacca).

ad cDyHKHI/II/I IIEpBOTO KJjiaCCa IMO3BOJIAIOT a6CTpaI‘I/IpOBaTbCH " pa3aaBaTb
JIMHUU TIOBEAEHNA B BallIUX ITpOrpaMMax.

O DOyHKIuK MOTYT OBITH BJIOKEHHBIMH, U OHU MOTYT 3aXBATBIBATh U YHOCHUTD
¢ 06O 4aCTh COCTOSTHUS POAMTENBCKON (hyHKIIH. DYHKIMN, KOTOPbIE 3TO
ZeJ1aloT, Ha3bIBAIOTCA 3aMbIKAHUAMU.

0 OGbeKTbI MOKHO JI€TaTh BHI3bIBAEMbIMU. BO MHOTHX CJIy4asix 9TO T03BO-
JIIeT PaCCMaTPUBATh UX B KauecTBe (DyHKITHH.

3.2. J1ambabl — 3TO pYHKLUUM OAHOIO BblpaXXeHusl

KiroueBoe cmoBo lambda B Python mpegocraBisier kparkyio ¢hopmy aist
00bsiBIIEHUS] HEOOTBIMNX AHOHUMHBIX (pyHKIUI. JIssMOma-pyHKIMN BeayT
cebst TOYHO TaK Ke, KaK 00bIYHbIC (DYHKIIMH, OOBSIBIISIEMbIE KITFOUYEBBIM CJIO-
BoM def. OHU MOTYT MCIIOJIb30BAaThCs BCAKUIA pas, Korga TpebyioTes: 00b-
eKTBI-(DyHKITUN.

Hanpumep, Hike 1okasaHo ornpejesieHue npocToii asambaa-QyHKIUN, Bbl-
[IOJIHAIOIIEU CJIOKEHNE:
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>>> add = lambda x, y: x + vy
>>> add(5, 3)
8

Ta ke camast byHKIMsT add MOJKET OBITH OTIPeIesIeHa TIPY TOMOIITH KTI0YeBOTO
cioBa def, HO OHa Oblyia ObI Yy Th-4yTh MHOTOCJOBHEE:

>>> def add(x, y):
return x +y
>>> add(5, 3)

8

Ceiiuac BbI, BEPOSITHO, 33/IA€TECH BOITPOCOM: «UTO 3a TITyM BOKPYT ATUX JISIMOT?
Eciin oHM HEYTO HHOE, YeM CJIeTKa YKOPOUeHHast BEPCHst 00bsIBIeHVsT (DYHKITAIT
IIPU TIOMOTIN KJII0YEBOTO cyIoBa def, TO 94TO TYT TaAKOTO-TO?»

BarissnuTe Ha IpuBeIeHHBIN HUZKe TIPUMED U JIEP5KUTE CJI0BA <(PYHKUUOHALb-
Hoe 8vipadcenues B TOJIOBE, TTOKA ero BhITIOJHeTe:

>>> (lambda x, y: x + y)(5, 3)
8

Jlazio, u 9To JKe 37ech MPOU30ILI0? S MPOCcTO MCToIb30BaI lambda, 4TOObI
OTIPE/IeJIUTD OJJHOCTPOUHYIO (PYHKIIMIO «add», a 3aTeM HeMe/lJIEHHO BbI3BaJI ee
C apTyMeHTaMu 5 1 3.

KomtenryanbHo: nsmboa-evipaxcenue lambda x, y: X + y aHAJIOTHIHO OOBSIB-
JIeHWIO (DYHKITUU TIPU TTOMOTIIN KJII0YEBOTO €J10Ba def, TOJIBKO 3aIMChIBACTCS
B o710y cTpoKy. OCHOBHOE OT/INYMe 3/1eCh B TOM, UTO II€Pe/]] ero NCIO0JIb30Ba-
HUEM MHE He TIPUILIOCH CBI3bIBATh 0OBEKT-(YHKIINIO ¢ MeHeM. 51 TIpocTo
chopMyIMpOBaJ BEIpasKeHNE, KOTOPOE XOTEN BBIYUCIUTD KaK YaCTh JISIMOIBI,
U 3aT€M HEMEJIJIEHHO erO BBIYKC/IIII, BbI3BAB JIIMO1a-BbIPAKEHIE KaK 0ObIY-
HY10 (PYyHKITHTO.

IIpexae yem Bbl NIPOJOJIKUTE, BO3MOXKHO, BAaM CTOUT HEMHOTO I109K-
CHEPUMEHTUPOBATDH C MPUBEAECHHBIM BbIIIE TIPUMEPOM KO, YTOOBI TI0-
HacTOoALIeMY YCBOUTD €ro CMBICIL S Bee elie IIOMHIO, KaK He Cpa3y 10 MEH:
9TO HakoHell jo1wno. [ToaToMy He mepexuBaiiTe 110 IOBOJLY TOTrO, YTO I10-
TpaTUTE Ha HETO HECKOJIbKO MUHYT B CeaHce MHTeprnperatopa. ITo Oyaer
CTOUTD TOTO.
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Cy1ecTByeT elie 0/JHO CHHTAKCUYECKOe Pa3jindne MexK/y OlpeesIeHUusIMU
MO 1 0ObIUHBIX yHKIMIL JIssMOaa-DYHKIMN OrpaHUY€eHbl OHUM-€e[UH-
CTBEHHBIM BBIpasKeHUEM. JTO 03HAYAET, YTO B JAMOIA-PYHKIIUIX HE MOTYT
MIPUMEHATHCS MHCTPYKIIUY WJIW aHHOTAIIUA — M JJasKe WHCTPYKIKSA return.

Torga kakum o6pa3oM BO3BpallaTh 3HayeHus U3 aaMOa? Ilpu ucnoaHenun
nsMOa-(OYHKIIMK ee BhIpasKeHIe BBIYMC/ISETCS M 3aTeM Pe3yJIbTaT BhIpaske-
HUA aBTOMATUYECKU BO3BPAIlAeTCs, TTOITOMY BCerjia CyleCTBYeT HesA8HAa s
UHCTPYKIUs return. IMEHHO 1109TOMY HEKOTOPBIE Pa3pabOTYMKN HAa3bIBAIOT
JAMOIBI PYHKUUSAMU 0OHO20 GLIPANCEHUSL.

JlaM6Abl B BaleM pacropsiKeHNM

B kakux ciydasix B IPOrPAaMMHOM KOJI€ CJIEYET MPUMEHSITD JsaMOaa-(hyHK-
un? TexHu4Yecku BbI MOXKETEe IPUMEHATH JAMOa-BbIpakeHue B J000ii
CHUTYaIIMH, KOT/[a OT BaC OKUAAETCSI, YTO BbI IIPEAOCTABUTE OOBEKT-(PYHKIIUIO.
M n10CKOJIBbKY JAMOIbI MOTYT OBbITh AHOHUMHBIMHM, IIEpeJ] 9TUM BaM JaKe He
HYKHO Ha3HA4aThb UM UMSI.

ITOT (hakT obecreunBaeT yaooHy o0 U «HeGIOPOKPATUIECKY 0> KPATKYIO (hopMy
nisg onpeznenenust pyukiu B Python. Moii camblii 4acThlil BApHaHT IIpHMe-
HEHU JAMO/ COCTOUT B HAIIMCAHUN KPATKKUX ¥ CKATHIX (DYHKIUIT TS COPTH-
POBKHU UTEPUPYEMBIX OOBEKTOB 10 AILMEPHAMUBHOMY KIIOUY:

>>> tuples = [(1) 'd'): (2, 'bl)) (4: .a.), (3: lc')]
>>> sorted(tuples, key=lambda x: x[1])
[(4, 'a"), (2, 'b"), (3, 'c"), (1, 'd")]

B nipuBeieHHOM BBIIIIE TIPUMEPE MBI COPTUPYEM CIIUCOK KOPTEsKeH 10 BTOPOMY
3HAYEHWIO B KayKI0M KopTeske. B atom cirydae istmb1a-byHKIS obecriednBaeT
OBICTPBIIT CITOCOO MBMEHUTD TTOPSIIOK COPTUPOBKH. Hiske TIpUBE/IEH elne onH
MpUMep COPTUPOBKH, C KOTOPBIM BBl MOKETE TTOUTPATH:

>>> sorted(range(-5, 6), key=lambda x: x * x)
[eJ '1J 1: '2) 2} '31 3: '4) 4: _SJ 5]

O6a mokasaHHbIX MHOIO TIprMepa uMetoT B Python 6ostee cxkaTbie peannsarmn
C UCIIOJIb30BAaHWEM BCTPOEHHBIX (DYHKITNI operator.itemgetter() u abs().
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Ho, Hasieioch, BbI 3aMeTHIIN, KK TIPUMeHeHne JSIMO/IbI 00eCcTieunBaeT BaM
ropaszio 66JbIIyI0 THOKOCTh, XOTUTE OTCOPTUPOBATH MOCJIEIOBATEIbHOCTD
110 HEKOEMY TTPOM3BOJIBHO BBIYHCIeHHOMY Kiiouy? Bes nmpobiem. Tenepb Bbi
3HaeTe, KaK 3TO ClleJaTh.

Bor emie ojHa nHTEpEeCcHas Bellb O JIsIMOax: KaK M 0ObIYHbIE BJIOKEHHBIE
byHKIMN, TIMOIBI PAOOTAIOT TAKKeE W KaK JIEKCUUCCKUE 3AMBIKAHUSL.

Yro Takoe jekcuueckoe 3aMblKaHue? IJTO JUITb 3aTEHINBOE Ha3BaHUe /i
(bYHKIMH, KOTOpast TOMHUT 3HAYEHUST 13 00HEMITIOIIETO JIEKCUYECKOTO KOHTEK-
CTa, JIake KOT/[a MOTOK YIIPABJIEHUS TPOrPAMMBbI OOJIbIIIE He HAXOAUTCS B 3TOM
KOHTeKcTe. BoT (J10BOIbHO aKaIeMUYHbIN ) TIPUMED, KOTOPBIN UJLTIOCTPUPYET
ATy UJIEIO:

>>> def make_adder(n):
return lambda x: x + n

>>> plus_3
>>> plus_5
>>> plus_3(4)

make_adder(3)
make_adder(5)

>>> plus_5(4)

B nipuBeieHHOM BbiITIIE TpUMEPE JIIMOIA X + N MO-TIPEKHEMY MOJKET MOJIyYaTh
JIOCTYII K 3HAUEHMIO n, HECMOTPS Ha TO YTO OHA ObljIa olpe/ieieHa B (DYHKIIH
make_adder (0ObeMIIIONIEM KOHTEKCTE).

Wnorpa mpumenenue gssMO1a-(pyHKIINNT BMECTO BJIOKEHHOUN (DyHKINH, 00D-
SIBJIEHHOM TP ITOMOIIM KJII0YEBOTO cJIoBa def, MOXKeT sicHee BblpakaTh HaMe-
penHue nporpammucta. Ho, yecTHO roBopst, 3To ciayvaeTcs peiiko — 110 KpaiiHel
Mepe, He B TOM ITPOrPaMMHOM KOjie, KOTOPBIii MHe HpaBUTCs rucathb. [ToaTomy
JaBaiite MOroBopuM 00 9TOM TI0ApOOHEE.

A MOXeT, He Hago...

C o11HOI1 CTOPOHBI, 51 HA/IEIOCh, UTO 3T TJIaBa 3aMHTepecoBaJia Bac NCCe0Ba-
HueMm JisiMOa-pyukmmit Python. C apyroit cTopossl, st 4yBCTBYT0, 4TO TIOpa
O3BYUHTb €IIle OJIHO MPeocTePeReHIe: JITMOIa-(DYHKIIN CITe/LyeT TPUMEHSITh
HKOHOMHO U € HEOOBIYAHOI OCTOPOKHOCTBIO.
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VY g-To 3Hat0. d Hammcan U3pAAHYIO JJ0J1I0 UCXOHOTO KOJIa C UCII0JIb30Ba-
HIEM JISTMO/T, KOTOPBIE BBITJISIIENN <KPYTO», HO HA CAMOM JIeJie OKA3aJIUCh T10-
MEXOi JIJIs1 MeHsI 1 MOMX KoJuier. Eciiu Bbl ucnbIThIBaeTe KejaHue NpUMeHUThb
JaaMOIa-(DYHKITNIO, TOTPAThTE HECKOJIBKO CEKYH/I (MJIM MUHYT) 1 00 yMaliTe,
Oy/IeT Jit ATOT COCO0 HOCTUKEHMST HYKHOTO Pe3yJibTaTta U BIIPABLY CAMbIM
YUCTHIM ¥ MAKCUMAJBHO YIOOHBIM B COIIPOBOKAECHIH.

Hampumep, resiath 9T0-TO MOL0OHOE /IS 9KOHOMUH TTAPbI CTPOK KOJIA TPOCTO
riayno. HecoMHEHHO, TeXHUUYECKH Bce paboTaeT, U 9TO BIIOJIHE MPUIUYHBIN
«Tp1ok». Ho OH MOPsi/IoYHO CMYTUT OYEPEeHYIO JIeBUOHKY WJIM TTAPHSI, KOTOPbIE
B JKECTKHE CPOKH JOJIKHBI OTIIPABUTD OarduKc:

# BpedHo:

>>> class Car:
rev = lambda self: print('bym!")
crash = lambda self: print('bBau!")

>>> my_car = Car()
>>> my_car.crash()
'"Bay!"’

[Toxoxkue yyBCTBA y MEHS U 110 TTOBOJIY 3allyTaHHBIX KOHCTPYKIIMA map ()
u filter() c ucnosb3oBaHueM JsiMO1. OOBITHO TOPA3/IO JIyIlle UCIOIb30BaTh
KOHCTPYKITMIO BKJIIOYEHNS B CITUCOK WJIN B BBIPaKEHME-TeHEPATOP:

# BpedHo:
>>> list(filter(lambda x: x % 2 == 0, range(16)))
[0, 2, 4, 6, 8, 18, 12, 14]

# Jlyqwe:
>>> [x for x in range(16) if x % 2 == @]
[e, 2, 4, 6, 8, 10, 12, 14]

Eciin BbI 3ameTniin, 9to ¢ assMO/1a-BbIPAKEHUSIMU TTOJTYYAETE YTO-TO XOTSI
ObI OTIAJIEHHO CJIOXKHOE, TO JIydIile 0OPaTUTECh K OTPE/IeJIeHUI0 aBTOHOMHOMN
(OYHKIIUU ¢ TOAXOAIUM MMEHEM.

B KOHEYHOM cueTe 9KOHOMUST HECKOJIbKUX HaKaTU KJIaBHII He OyAeT UMETh
3HAYEHMsI, 3aTO BaIlX KOJLIETH (U BbI CaMK B OY/IYIIEM ) OLEHST YKCTHIN U Y10~
6ounTaeMbIl KO OOJIBINE, 9eM JJAKOHUYHOE KOJIZIOBCTBO.



80 nasa3 e DddekTBHbIE PYHKLMN

KntoyeBble BbIBOAbI

Q ]IﬂM6/:[a—(1)yHKu1/H/I — 9TO (DYHKITUN OJHOTO-eJIMHCTBEHHOTO BhIPA’KEHUSI,
KOTOpBbIe He 00sI3aTeJIbHO TPUBSI3aHbI K MMEHU (AHOHUMHBI).

O B sambpa-hbyHKIMSIX HETb3st KCIIOJIB30BaTh 0ObIYHbIE HHCTPYKITK Python,
1 B HUX BCeT/a COEP’KUTCS HesIBHASI MHCTPYKITNS BO3Bparta return.

O Bcerna ciipammBaiite cebst: obecrieqnT Jivt mpuMeHeHre OObIYHON (MMEHOBaH-
HOIT) (hyHKIMHN MO0 KOHCTPYKIIUK BKJIIOUEHVSI B CIIUCOK OOJIBIIYIO SICHOCTD?

3.3. Cuna gekopaTtopoB

B cBoeit ocHoBe mexopatopsl Python mo3Bossifor pacimiupsith U U3MEHSITh
MOBe/IeHNE BBI3BIBAEMBIX 00bEKTOB ((DYHKIINI, METOJIOB U KJIACCOB) 6e3 He-
ob6paTuMoit MOAN(MUKAIINI CAMUX BbI3BIBAEMBIX OOBEKTOB.

Jliobast mocTaTouHO yHUBEPCadbHas (HYHKIMOHATBHOCTh, KOTOPYIO MOXKHO
MIPUKPEIUTD K CYIIECTBYIONIEMY KJIACCy WUJIU MTOBEJCHUTIO (DYHKINH, SBJISETCS
OTJIMYHBIM KaH/IUIATOM /IS iekopupoBaHust. Ciojia BXOJAT:

BeJleHHe ITPOTOKOJIA oTiepalinii (GKypHAJIMPOBaHUE);

obecrieueHne KOHTPOJIA 3a AOCTYIIOM 1 ayTeHTI/I(l)I/IKaHI/IefI;

(]
a
O GYHKIUT WHCTPYMEHTATBHOTO O(DOPMIIEHUS 1 XPOHOMETPAXKA;
O orpaHuveHue 4acToThl BbizoBa API;

a

KallnpOBaHUE 1 /IP.

Mrak, 3auemM ocBarBaTh HCIOJIb30BaHKe 1eKopaTopos B Python? B koHIe KOH-
1IOB, TOJIBKO 4YTO YIIOMAHYTO€ MHOIO BbIIIE BBITVIAANUT IOBOJIBHO a6CTpaKTHbIM,
U, BITOJIHE BO3MOJKHO, BOOOIIE CII0KHO YBUIETh, KAKYIO TI0JIb3Y IIPUHECYT JIe-
KOpPaTOPbI B [IOBCEAHEBHOI paboTe pazpaboryrka. I103Bo/IbTe MHE HECKOJIBKO
TIPOACHUTD 3TOT BOIIPOC, IPEOCTAaBMUB BaM BITIOJIHE peaJIbeIfI IIpuMep.

[Tpenmomnozxum, B Batiieil mporpaMMe COCTaBIeHUs OTUeTHOCTH ecTh 30 PyHK-
il ¢ Gusnec-10ruKoit. OHIM JOK/TTMBBIM YTPOM MOHEIETbHIKA BaIl H0Ce
MOJXO/IUT K BallleMy CTOJy U 3asBJisieT: «/[00pozo nonedenvrural lomnume



3.3. Cuna pekopaTopos 81

my omuemmnocmv no TPS? Mue nyacrno, umobot 6vl 6 Kaxicowlil uiaz zenepamopa
omuemos 006asuiu 8edeHie NPOMOKOLA BXOOHBIX U BbIX00HbIX onepauuil. Kom-
nanuu XYZ amo nyocrno ons ayoumopckux uyeneil. /la, u ewse. A um cxkasan, umo
K cpede Mbl CMONCEM 6Ce OMNPABUMDL>.

B 3aBUCHMOCTH OT TOTO, HACKOJIBKO BBI Pa3bUpaeTech B IEKOPATOPaX, OT HTOTO
Hopy4enust b0 y Bac MOACKOYUT [AaBJIeHue, THO0 Bbl OCTAHETECH B OTHOCH-
TeJIbHOM CIIOKOMCTBUMU.

Bes mexopaTopoB cieayoliye TPy AH BaM IIPHUIILIOCH ObI TPOBECTH B ITOTIBIT-
KaxX MOAMMDUIIMPOBATH KKy 13 aTnX 30 (hyHKIMI, TPUBOIS UX B TOJTHBIN
GecIIopsIIOK PYYHBIME BBI30BAMK OTI€PAIINH JKypHaIMpoBaHust. YypecHo, He
npasza Jim?

A ecJii BbI 3HaeTe CBOU JIEKOPATOPbI, BbI CIIOKOWHO YJIBIOHETECH CBOEMY HOCCY
u ckaxere: «He 6ecnokotics, [oicum. 5 coenaro smo cezoons k 14:00».

Cpasy 1ocJie 3Toro Bbl HabepeTe NCXOAHBIN KO/ /IJIsl YHUBEPCATBHOTO JIEKOpa-
Topa @audit_log (Bcero mopsiaka 10 cTpok Koza) u OBICTPO BCTaBUTE €O TIEPE]]
Kak/[bIM ompezieienneM (yHkiuu. 3areM Bbl 3adukcupyere ko B GitHub
1 TIepexBaTuTe oYepe/iHyIo Yalieyky Kode...

37ech A ApaMaTU3NpPYIO, HO JUIIb KaneabKy. /lekopaTopsl 1eficTBUTEIbHO
Ovlearom TaKUME MOTITHBIMI. S aske cKasasr Obl, 4TO 7ist TIOOOTO CEPHE3HOTO
nporpamMmMucTa Ha Python moHnMaHue 1eKOPaTOPOB SIBIISIETCST BAXKHOM BEXOT.
Onu TpebyIOT TBEPAOTO YCBOEHMSI HECKOJIBKUX TIPOIBUHYTHIX KOHIIEIIUI
A3bIKa, BKJIIOYAsl CBOMCTBA (yHKYuUil nepeozo Kiacca.

¥YBepeH, uTo Harpajia 3a IOHUMaHHe TOro, Kak B Python paGoralor nekopa-
TOPBI, MOKET ObITh OTPOMHOJA.

HecomHenHO, 1eKOpaTopbl 10OBOJBHO CJI0KHBI, 4TOOBI TBEPAO YCBOUTH MX
C IIEPBOTO Pasa, HO OHU — OYEHb M0JIe3HOE (DYHKIIMOHATBLHOE CPEICTBO SA3bIKA,
C KOTOPBIM BbI OyIeTe 4acTO CTAJIKMBATHCS B CTOPOHHUX IIaTOPMaX U B CTaH-
naptaOl 6ubsmoreke Python. B o6om xoporiem oOyuaromiem mocobuun mo
Python 3agaua oObsacHe s JEKOPATOPOB OTHOCKUTCS K PasPSILY NaH UL NPONAL.
3J1eCh 51 IIPUJIOKY BCE YCUJIMsI, YTOOBI AT 3 IIArOM IO3HAKOMUTH BAC C HUM.

HpaBz[a, IIPEIKIE YEM BbI IIOIPY3UTECH B ITY TEMY, ceityac caMbIi HOZ[XOI[HLLII/II;,I
MOMEHT, 4TOOBI OCBEKUTH MTAMATh OTHOCUTEIBHO CBOWCTB (I)yHKIII/Iﬁ IepBoro
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kiacca B Python. B aToil KHUTe UM TIOCBSIIIEH Te/IbIi pasjies, U ST PEeKOMEH-
JYI0 BaM IIOTPATUTh HECKOJBKO MUHYT, 4TOOBI €ro mpocMoTperh. CaMbIMu
BaKHBIMH JIJISI TOHUMAaHWS IEKOPATOPOB BBIBOJIAMU OTHOCUTETHHO «(PyHKITII
TIEPBOTO KJIaccay SABJSIOTCS CJAEAYIONTHE:

O (YHKIMYA ABIAIOTCS 00bEKTaAMU — X MOKHO TIPHCBANBATh IEPEMEHHBIM,
nepenaBath B ipyrue GyHKIINU W BO3BPAIIATD U3 IPYTUX (DYHKITHIA;

O ¢YHKIMA MOTYT ObITH ONpeieeHbl BHYTPU APYruX GYHKIMIA — 1 109ep-
Hss1 QYHKINS MOKET 3aXBaThIBATh JIOKAJIbHOE COCTOSIHUE POJIUTENbCKON
byHKIMN (JIeKCHYeCKIe 3aMbIKAHU ).

ToroBw? OTimuno! Torpa mpuctymnmum.

OcHoBbl gekopaTopos Python

WNtak, uyTo e Takoe JeKopaTopbl Ha caMoM Jejie? OHU «yKpauaoTy, U1
«06€EPTHIBAIOT, APYTYIO0 (DYHKIUIO U MO3BOJISIIOT UCTIOIHSTH TPOTPAMMHBII
KO/ IO U TIOCJIE TOTO, KaK 06epHyTast (DYHKIIHSI BBITTOJTHUTCS.

JleKopaTopbl O3BOJISIOT OIPEIENISTh KOHCTPYKTUBHbIE OJIOKM MHOTOKPATHOTO
UCIIOJIb30BaHMs], KOTOPbIE MOI'YT U3MEHSTh M/ PACIIUPATH IOBEIEHIE APYTHX
dbyskuii. VI oHM M03BOJISIOT 9TO jiesiaTh 6e3 HeoOPaTUMbIX U3MEHEHHIT caMOi
o6epuyToii pyukimn. [Toeaerne GyHKINN U3MEHSIETCS, TOJIBKO KOTa OHO
dexopuposano.

Kax moruia ObI BBITJISIIETh PeaTr3aliiisi IIpocToro fekoparopa? B obmux yeprax
JIEKOPATOP — ATO BBI3BIBAEMBIN OOBEKT, KOTOPbII HA BXO/Ie IPUHIMAET O/IUH
BBI3BIBAEMBIiT OOBEKT, 8 HA BHIXOJIE€ BO3BPAIIAET IPYTOI BbI3BIBAEMbIiT OOBEKT.

HpI/IBCIIeHHaH HHWIKEe (bYHKL[I/IH MMEET 3TO CBOMCTBO U MOYKET CYUTATHCSI CAMbBIM
ITPOCTBIM AE€EKOPATOPOM, KOTOprfI Bbl MOT'JIN KOI‘IIa-.TII/I6O HaIlnucaTb:

def null_decorator(func):
return func

Kax BbI Busnre, null _decorator sB/sIeTCS BbI3bIBAEMBIM 00BEKTOM (aTO
¢dhyukims). Ha BXojie OH MPUHUMAET ellle OJIMH BLI3bIBAEMbIN 0OBEKT U Ha
BBIXO/IE BO3BPAIAET TOT K€ CaMblil BbI3bIBAEMbIIl 00bEKT G€3 ero M3MEHEHMS.
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JlaBaiiTe ero nmpuMeHUM, 4TOOBI IEKOPUPOBATH (MU 06epHymb) ellle OJHY
dbynkIHIIO:

def greet():
return 'Mpuset!’

greet = null_decorator(greet)

>>> greet()
"MpuBem!’

B atom nipumepe s onpegesn yHKIINIO greet 1 cpa3dy ke ee IEKOPUPOBAJI,
nporycTuB 4epes pyHkimio null_decorator. [Tonnmaio, moka 3To Bce BbI-
TJISIUT OeCIoe3HbIM. S Belb 0 TOM, YTO MBI HAMEPEHHO CIIPOEKTUPOBAIN
yCTOI ekopatop Oecrosie3HbiM, BepHo? Ho yepe3 MrHOBeHHUE 3TOT ITPUMED
Pas3bSICHUT, Kak paboTaeT crienuaibHblii cuHTakcuc Python, npeanasHayeHnbrii
JUIA IEKOPATOPOB.

Bwmecto Toro uTo06bI SiBHBIM 00pa3oM BbI3bIBaTh null_decorator ¢ hyHKITHENH
greet ¥ 3aTeM TIO-HOBOMY IIPUCBAMBATH €0 TIEPEMEHHOM, YII00Hee BOCIIOJb-
3oBarbcs cuHTakcrcoM Python @ st nekopupoBanust byHKINNT:

@null_decorator
def greet():
return ‘Mpuset!’

>>> greet()
"MpuBem! "’

Pasmenenue ctpoku @null_decorator mepej ornpeesienneM (yHKITAN aHAJIO-
TUYHO TOMY, YTO (DYHKIIMS CHAYAJa ONPEIENISIeTCS U 3aTeM yiKe TTPOTOHSIEeTCs
yepes iekopatop. CUHTAaKCUC @ ABJISETCST BCETO JIUTTh CUHMAKCUUECKUM CAXA-
pom (syntactic sugar) 1 KpaTkoi opMOIi 1711 3TOTO MUPOKO ITPUMEHSIEMOTO
mrabJioHa.

OG6parute BHUMaHUE: CHHTAKCUC @ IEKOPUPYET (DYHKIIUIO HETIOCPEACTBEHHO
BO BpeMmsi ee onpeziesieHust. [Ipy 3ToM cTaHOBUTCS TPYAHO MOJYYUTH JAOCTYIT
K HEJIEKOPHPOBAHHOMY OPUTHHATY 0e3 XPYITKUX Xakepckux (okycos. 1o aToii
[IPUYMHE Bbl MOXKETe PEHINTb BPYYHYIO IeKOPUPOBATh HEKOTOPbIe (PYHKIINI
JUIST COXPaHEHUSI CIIOCOOHOCTH BBI3BATH U HEICKOPUPOBAHHYIO (DYHKIIHIO.



84 nasa3 e DddekTBHbIE PYHKLMN

[lexopaTopbl MOIyT MEHATb NOBEAEHMWE

Terepn, KOT/Ia BBl 4y Th OJIMKE O3HAKOMUJIUCH C CHHTAKCUCOM JIEKOPATOPOB,
JlaBaiiTe HANUIIEM ellle OJINH JIEKOPATOP, KOTOPBIN eCTBUTEIBbHO YTO-TO
JlelaeT U U3MeHseT IoBe/leH1e IeKOPUPOBAHHON (DYHKIINN.

Bort uyTh 60J1€€ CII0KHBIIT 1€KOPATOP, KOTOPbII IPe00Pa3OBbIBAET PE3YJILTAT
JIEKOPUPOBAHHON (YHKIMK B OYKBBI BEPXHETO PETHCTPA:

def uppercase(func):
def wrapper():
original_result = func()
modified_result = original_result.upper()
return modified_result
return wrapper

BMecTo Toro uToObl IIPOCTO BO3BPATUTh BXOAHYIO (DYHKIINIO, KAK 9TO Jejall
ITyCTOH IEKOPATOp, IEKOPATOP uppercase Ha JIeTy OlpeiesiseT HOBYIO (hyHK-
U0 (3aMbIKAHUE) U UCIIOJIBb3YET €€ B Ka4eCTBe 00epmKu BXOIHON (YHKIINH,
4T00OBI MIBMEHUTH €€ TIOBE/IEHIE BO BPEMSI BHI30OBA.

3aMbIKaHUe wrapper UMeeT JIOCTYI K HeJ[eKOPUPOBAHHO BXOHOU (hYHKITUH,
1 OHO CBOOOIHO MOJKET BBITTOJHUTD JOTIOJIHUTENbHBIN TIPOrPAMMHBII KOJI /10
u nocJie ee BoizoBa. (TexHMYeCKH 3aMbIKaHUIO BOOOIIE He HY/KHO BbI3bIBAThH
BXO/IHYIO (DYHKITHIO. )

3aMmeTsTe, YTO BILJIOTH /10 HACTOSIIEro MOMeHTa JeKOpUpoBaHHas (hyHKIU
HU pa3y He Oblia ucnosHena. Ha camMoM Jiesie, B BBI30BE BXOIHON (DYHKIINHU Ha
JIAaHHOM dTalle HeT HUKaKOTO CMBICJIa — MOTPEOHOCTH B TOM, YTOOBI IEKOPATOP
OB B COCTOSTHUN U3MEHWTD MTOBE/IEHIE CBOEH BXOIHON (DYHKIINU, BOSHUKHET,
TOJIBKO KOT/Ia OH HAaKOHeTl Oy/IeT BbI3BaH.

B03MOKHO, BaM HY’K€H MUHYTHBII TI€PEPBIB, YTOOBI [IEPEBAPUTD YCIIbIIIAHHOE.
[Ipe/icTaBIIsiio, KAKUM CJIOKHBIM 71 BAC MOKET Ka3aThCsl TOT MaTepyrall, HO
MbI B HeM paszbepemcst BMecte. Oberniao.

Camoe BpeMst, 4TOObI B3TJISTHYTh Ha JIEKOPATOP uppercase B geiictBun. Uto
MIPOU30HIET, €CJIN TTPOIEKOPUPOBATH UM OPUTHUHATIBHYIO (DYHKIMIO greet?

@uppercase
def greet():
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return 'Mpuset!’
>>> greet()
"MPUBET! '

Hageroch, BbI sk UMEHHO 9TOT pe3yJibrat. /laBaiite B3rIsiHEM TOOJIMKE
Ha TO, Y4TO 3/IECh TOJHKO YTO MPOU301LI0. B ormyre ot null_decorator,
JIEKOPAToOp uppercase IpU JeKOPUPOBaHUU (DYHKI[MKM BO3BpAIaeT 0py2oil
obvexm-pynKyuo:

>>> greet
<function greet at 0x10e9f0950>

>>> null _decorator(greet)
<function greet at 0x10e9f0950>

>>> uppercase(greet)
<function uppercase.<locals>.wrapper at 0x76da02f28>

U kak BbI BUJIEJIM 4y Th PAHbIIlE, EMY 9TO HYKHO, UTOOBI MKBMEHUTD [TOBE/IEHIE
JIEKOPUPOBaHHOI (DYHKIINU, KOTZAa OH B UTOTre Oy/IeT Bbi3BaH. Jlekoparop
uppercase cam sBJsieTcst (pyHKnei. U einHCTBEHHBIN CTIOCO0 TIOBIUSATH HA
«Oyy1iiee OBeIeH e» BXOAHO (DYHKITHH, KOTOPYIO OH IEKOPUPYET, COCTOUT
B TOM, 4TOOBI OAMEHUTH (U 06epHYymMb) BXOAHYIO (DYHKIIMIO 3aMBbIKAHHEM.

Bot nouemy siekoparop uppercase onpezesisieT 1 BO3BpalliaeT ele oy QyHK-
110 (3aMbIKaHUE ), KOTOPast 3aT€M MOKET ObITh BbI3BaHA B JAIbHEIIIEM, BbI-
MOJTHSIET OPUTUHAIBHYTO BXOHYIO (DYHKITUIO U MOIUMUITUPYET ee pe3yJIbTar.

JlekopaTopbl M3MEHSIIOT TTOBEJIEHNE BBI3BIBAEMOTO 0OBEKTA TIOCPENCTBOM
006epTKU-3aMbIKaHWs, B Pe3yJIbTaTe Yero BaM He MPUXOAUTCS HeoOpaTuMo
MoaudurpoBath opuruHas. OpUrnHaIbHbI BBI3BIBAEMBIN 00BEKT HE U3-
MEHSIETCsT HEOOPATHUMO — €r0 MOBEJIEHIE MEHSIETCST, TOJBKO KOT/Ia OH JIEKO-
pupoBaH.

ITO MO3BOJISIET MIPUKPEIIATD K CYIIeCTBYIONMM (QYHKINAM U KJIaccaM KOH-
CTPYKTHBHBIE OJOKH MHOTOKPATHOTO MUCIOJIH30BAHUS, B YACTHOCTU (DYHK-
[IMOHAJI JKyPHAJIMPOBAHUS U IPyTroe MHCTPyMeHTalIbHOoe oopMiIeHne. ITOT
(axT memaet 1eKOpaTopbl HACTOJIBKO MOITHBIM (DYHKIIMOHATBLHBIM CPEJCTBOM
SI3BIKA, YTO OHM HEPEKO MCIOIb3YIOTCS B cTanaapTHoi onbsmorexe Python
U B CTOPOHHUX ITaKeTax.
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KopoTkas nay3a

KcraTu, ecaim B 3TOM MecTe Bbl TTOYYBCTBOBAJH, YTO BaM HYK€H KOPOTKUI
HepepbiB Ha Yaliedky Kode Wi Ha MPOryJIKy BOKPYT KBapTasa, To 9T0 abco-
JIIOTHO HOpMaJTbHO. [1o Moemy MHeHuI0, B Python 3aMbikaust 1 1eKOpaTOPHI
SIBJIAIOTCS] OJJHUMU U3 CaMbIX TPY/IHBIX /IS IOHUMaHUS KOHIIETIIIHA.

[Tosxamyiicta, He TOpONIUTECH U HE TIePesKUBalTe 110 MOBOJLY TOTO, UTO HE TI0JTY-
JaeTcst pa30OpaThCsi BO BCEM ATOM cpasy ke. [lepeBapuTh yCJIbIIIaHHOE YacTOo
nomoraet pabora ¢ mpumepamu. [ToskcepUMEHTHPYHTE ¢ HUMU 110 OYepei
B ceaHce MHTEPIIpeTaTopa.

¥YBepeH, uTO y Bac MoJyIuTcs!

MpUMeHEeHEe MHOrOUYMNCNEHHBIX AEKOPATOPOB K (hyHKLNM

Bo3MoskHO, Bac He YAMBUT, YTO K (PYHKIMNA MOKHO IIPUMEHSTH G0JIee OHOr0
Jnekoparopa. B atom cirydae ux achdeKThl HAKAILTUBAIOTCS, © UMEHHO 9TOT
(bakT [esaet eKOPaToOPbI CTOJIb TOJIE3HBIMU B KAY€CTBE CTPYKTYPHBIX OJIOKOB
MHOTOKPATHOTO UCIIOJIb30BaHUSI.

[Tpusenem npumep. IIpepcraBieHHble HIKE Ba JeKOpaTopa 00€PTHIBAIOT
BBIXO/IHYIO CTPOKY JiekopupoBanHoil pyrkimu B8 HTML-tern. [nans va To,
KaK Teru BJIOKEHbI, BbI BUJWTE, B KAaKOM mopsiake Python npumensier Muoro-
YUCTEeHHBIE IEKOPATOPDI:

def strong(func):
def wrapper():
return '<strong>' + func() + '</strong>'
return wrapper

def emphasis(func):

def wrapper():
return ‘<em>' + func() + '</em>’

return wrapper

Tenepnb f1aBaiiTe BO3bMEM 3TH J[Ba IEKOPATOPA U OJIHOBPEMEHHO ITPUMEHUM UX
K Hateil pyHkimy greet. J[Jist 5T0Oro Bbl MOKETE UCTIOb30BATH OOBIYHBII CHH-



3.3. Cuna pekopaTopos 87

TaKCHUC @ U NPOCTO <YJOKUTb» MHOTOYMCJIEHHbIE eKOPATOPbI BEPTUKATIBHO
MOBEPX O/IHON-€/IMHCTBEHHOM (DYHKITUW:

@strong
@emphasis
def greet():
return 'Mpuset!’

Kaxoii pe3ysbrat BbI O’k1/1aeTe YBUETD, €CJIM BBITTOJTHUTH IEKOPUPOBAHHYIO
byuknuo? CHavasa qekoparop @emphasis gobasut Ter <em>? Vi ske mpuo-
putet uMeert Ter @strong? Korza Bbl BbI3bIBaeTe 1eKOPUPOBAHHYIO (DYHKIIHUIO,
[IPOMCXOAUT BOT YTO:

>>> greet()
'<strong><em>lpuBem!</em></strong>"

ITOT Pe3yJIbTaT SICHO TIOKA3bIBAET, B KAKOM TIOPSIZIKE IEKOPATOPBI OBLITN TIPUMe-
HeHbI: chusy esepx. CHavaa BXoaHast (GyHKINs Oblia 00epHYTa IEKOPATOPOM
@emphasis, 1 3aTeM pe3yJabTHpYIONias (1eKopupoBaHHast) (GYHKIIUsT CHOBA
ObL1a 06epHyTa IEKOPaTOpOM @strong.

Yro6bl TOMOUYD cebe 3aTIOMHUTD MOPSIIOK CJIeOBAHIS CHU3Y-BBEPX, MHE
HPaBUTCS Ha3bIBATh TAKOE MOBEEHIE CMeK080l YKAadkol dekopamopos. Ctex
HAYUHAIOT CTPOUTH CHU3Y ¥ 3aTeM ITPOIOJIKAIOT 00ABJISITH HOBBIE OJIOKHM 110~
BEPX CTapbIX, MOJHNUMASICh BCE BHITIE U BBITIIE.

Ecimi pasiio;KuTh MPpUBEIEHHDIN BbIIIE TIPUMEpP 1 M30aBUTHCST OT CHHTAKCHCA @,
KOTOPBIN TPUMEHSIOT ZIEKOPATOPHI, TO TIETIOYKA BRI30BOB (hyHKITUIT-ZIEKOPATO-
POB BBITJISIUT TaK:

decorated_greet = strong(emphasis(greet))

U cHoBa BBI BUANTE, UTO CHAUAA MTPUMEHSETCS IeKopaTop emphasis u 3a-
TeM pe3yJIbTUpYIoliast 00epHyTast (HYHKIUST CHOBAa 00ePTHIBAETCS IEKOPATO-
poMm strong.

ITO TaKKe 03HAYAET, UTO TIyOOKIE YPOBHU CMEK08OU YKIAOKU OeKOpamopos
B KOHEYHOM CYETEe CKayKyTCsI Ha TPOU3BOIUTETLHOCTH, TOTOMY YTO OHU OYyT
7100aBJISITh BCe HOBBIE BBI3OBBI BIOKEHHBIX (hyHKIMI. Ha nmpakTuke B 9TOM HET
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pobJieM, HO UMEITE ATO B BUJLY, €CJIU paboTaeTe Ha/l BBIYUCIUTENHHO EMKIM
IIPOTrPAMMHBIM KOJ/IOM, B KOTOPOM /IEKOPHUPOBaHME TPUMEHSIETCS YacTo.

[lekopupoBaHue MyHKUUA, NPUHUMAIOLIMX APTyYMEHTHI

Bce mpuMepsr TToKa 9TO 1€KOPUPOBATN TOJTBKO MPOCTYIO HYIbapHyto HYyHK-
1uto greet, KOTopas BoOOIe He MPUHUMAMA HUKAKUX apryMeHTOB. BIuioTsh
JI0 TOTO MOMEHTa JIEKOpaToOpaM, KOTOPbIE BbI 3/1€Ch BUJIEJIH, He OBLJIO JieJia 10
repeajipecariy apryMeHTOB BO BXOAHYIO (DyHKITHIO.

Ecau npuMeHUTb OJIMH U3 9TUX JIEKOPATOPOB K (DYHKIMU, KOTOPAsk IIPUHU-
MaeT apryMeHTbI, TO OHa He 3apaboTaeT mpaBuiIbHO. Toria Kak 1eKoprupoBaTh
(bynxImio, KoTopasi IpUHUMAET TPOU3BOTbHBIE APTYMEHTHI?

Bor rie Ha momotib mpuxoaaT HyHKIMOHAIBHBIE cpecTBa si3bika Python
*args U **kwargs /171t pabOThI ¢ HEM3BECTHBIMU KOJTMYECTBAMU apIyMEHTOB'.
Hwxe npusesien 1eKopaTop proxy, B KOTOPOM 33/IeiICTBY€eTCS UX [IpenuMyIie-
CTBO:

def proxy(func):
def wrapper(*args, **kwargs):
return func(*args, **kwargs)
return wrapper

C atum AE€KOPATOPOM IIPOUCXOJAT /IBE€ BEIIU, 3daCJYKHNBAIONINE€ BHUMaHWA:

O B omnpenenennn 3aMbiKaHud wrapper OH UCIOJIb3yeT ONepaTOPhI * 1 **
4T0ObI COOpPaTh BCE MO3UITMOHHbBIE I UMEHOBAHHbIE aPI'YMEHTBI, M [TOMEIIAeT
WX B IlepeMeHHble (args 1 kwargs).

0O 3aMbIKaHWE wrapper 3aTeM IepeajipecyeT coOpaHHble apryMeHThI B OpH-
TUHAJIBHYIO BXOIHYIO (DYHKIIMIO, UCIIOJIb3YSI OTIEPATOPbI «PaCMaKOBKU
aApTyMEHTOB» * 1 **,

K coxkanenuio, 8 Python 3HaueHme onepaTopoB «3Be304Ka» U «IBOHAs
3Be37I0UKa» MePerpy>KeHo 1 MEHSIEeTCS B 3aBUCUMOCTHU OT KOHTEKCTA, B KOTOPOM
OHM UCIIOJIb3YIOTCS, HO HAJICIOCh, BBl YJIOBUJIN UJIEIO.

! Cwm. paszien 3.4 «Beceinbe ¢ *args 1 **kwargs».
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JlaBaiite pacupum mpueM, chopMyJIHPOBAHHBII IEKOPATOPOM proxy, B 00-
Jiee ToJIe3HBIN TIpakTUueckuii npumep. Huske mpuBesien nexkoparop trace,
KOTOPBIN PETUCTPUPYET apryMeHThI (DYHKITMHU U UTOTOBBIE PE3yJIbTAThI, TIOJTY-
YeHHBIE BO BPeMS UCITOTTHEHWS:

def trace(func):
def wrapper(*args, **kwargs):
print(f'TPACCUPOBKA: BbizBaHa {func.__name__}() '
f'c {args}, {kwargs}")

original_result = func(*args, **kwargs)

print(f'TPACCUPOBKA: {func.__name__ }() '
f'BepHyna {original_result!r}")
return original_result
return wrapper

[Tpn nexopupoBanny HYHKIIUK C UCTIOIb30BAHNEM JIeKOpPaToOpa trace U moce-
JYIOIIEM €€ BbI30Be, OY/IyT BBIBEICHBI [IepelaHHbIe B IEKOPUPOBAHHYO (DYHK-
I[1IO apTYMEHTBI ¥ BO3BpalllaeMoe €10 3HadeHue. ITOT IIPUMep I0-IIPesKHeMy
OCTAeTCsI HECKOJIbKO «UTPYIIEYHBIM» — HO B CJIy4ae KpaitHeil HeoGX0AMMOCTH
OH CTAHOBUTCS OTJIMYHBIM CPEJCTBOM OTJIAJKU:

@trace def say(name, line):
return f'{name}: {line}’

>>> say('OxerH', 'MpuseT, Mup')
"TPACCHPOBKA: Bbi38aHa say() c ("OxelH", "MpuBem, Mup”), {}'
"TPACCUPOBKA: say() BepHyna "[xelH: MMpuBem, Mup"'
'fkeliH: MpuBem, Mup'

Ecsm roBopuTh 06 OTJIA/IKE, TO CYIIECTBYET J[BE BEII[H, KOTOPBIE ITPU OTJIAKEe
JIEKOPATOPOB CJIeIlyeT UMEThb B BULLY.

Kak nucatb «oTnaxuBaeMble» AEeKOopaTopbI

[Tpu ncnosb3oBaHNM IEKOPATOPA Bl HA CAMOM JIeJIe€ TOJIbKO IIOJIMEeHsIeTe OIHY
dyHkiwio apyroir. OGOPOTHOI CTOPOHOI HTOTO TIPOIECCa SIBJISETCS TO, YTO OH
«CKpBIBaeT» HEKOTOPbIE MeTa/[aHHbIe, 3aKPeIJICHHbIE 34 OPUTUHATBHOU (He-
TEKOPUPOBAHHOI ) (DYHKITHET.
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Hanpumep, opurunasbHoe uMst QYHKIH, ee CTPOKa JoKyMeHTarmu docstring
U CIIUCOK TIapaMeTPOB CKPBITHI 3aMbIKaHHEM-00EPTKOIL:

def greet():
"""BepHymb Opyxeckoe npuBemcmBue.
return 'Mpuset!’'

mon

decorated_greet = uppercase(greet)

HpI/I IIOIIBITKE ITOJIYUYUTDb JOCTYII K KaKUM-JIN00 U3 3TUX MeTaJlaHHbIX (l)yHKI_II/II/I
BMECTO HUX Bbl YBUNUTE METAa/laHHbIE SaMbIKaHI/IH-O6epTKI/I3

>>> greet._ name__

'greet’

>>> greet._ _doc__

'BepHymb Opyxeckoe npuBemcmBue. '

>>> decorated_greet._ name__
'wrapper'’

>>> decorated_greet.__doc__
None

ITO JlesaeT OTaIKy U paboty ¢ uaTeprperaropom Python Heykitioxkeii u Tpy-
noemkoit. K cqactbio, cymiecTByeT OGbICTPOE PelieHre 3TOH TPOOIEMBI: T€KO-
patop functools.wraps, BKJIIOYeHHBIH B cTanzaptHyio 6ubanorexy Python!.

JlexopaTop functools.wraps MOKHO KCIIOJIb30BaTh B CBOUX COOCTBEHHBIX
JleKopaTopax /iJid TOro, ‘{T06bl KOIINPOBATh IIOTEPAHHbIE ME€TA/laHHbIE N3 HE-
JIEKOPUPOBAHHOM (hyHKIIMU B 3aMbIKaHue JlekopaTtopa. BoT mpumep:

import functools
def uppercase(func):
@functools.wraps(func)
def wrapper():
return func().upper()
return wrapper

[Tpumenenue gekoparopa functools.wraps K 3aMbIKaHUIO-00epTKe, BO3BPa-
MIaeMOMY JIEKOPAaTOPOM, TIEPEHOCUT B HETO CTPOKY JIOKYMEHTAITUN U IPyTHE
MeTaJIlaHHbIe BXOJHOU (DYHKITUU:

! Cwm. mokymenTaruio Python «functools»: https://docs.python.org/3/library/functools.html
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@uppercase def greet():
"""BepHymb Opyxeckoe npuBemcmBue.
return ‘MpuseTt!’

mmn

>>> greet._ _name__

'greet’

>>> greet.__doc__

'BepHyme Opyxeckoe npuBemcmBue. '

B kavecTBe ONTUMAIBHOTO HPAKTUYECKOTO IPUEMA 5T TOPEKOMEHIOBAT ObI 1C-
10JIb30BATh JIeKopaTop functools.wraps BO BCeX JleKOpaTOpax, KOTOPbIE BbI
MHIIeTe caMi. JTO He 3aiiMeT MHOTO BPEMEHH U YMEHBIITUT TOJOBHYIO (GOJTH
BaM (M IPYTuM) B OYLyIIeM IIPU OTJIA/IKE.

Jla, v O3paBJIsTI0 — BBI YCIENTHO [0OPATIHCH [0 CAMOTO KOHIIA 3TOTO CJIOXK-
HOTO pasjiesia ¥ MHOTOe y3Hasu o fekoparopax B Python. Otinunast paboral

Knto4yeBble BbIBOAbI

Q /[lexopaTopsl ONPEAETIAIOT CTPYKTYPHbIE OJOKK MHOIOKPATHOTO MCIIOJIh-
30BaHUsI, KOTOPbIE MOKHO IIPUMEHSATD K BBI3BIBAEMOMY OOBEKTY C IEJIbIO
Mor(UKAIUU €ro oBeIeHus 6e3 HeoOPaTUMOIrO U3MEHEHMS CAMOT'O BbI-
3BIBAEMOT0 OOBEKTA.

0 CunTtakcuc @ SBJISeTCs BCero-HaBCero COKPAIeHHOM 3aIINChIO /IS BBI30BA
JlekopaTopa ¢ BXo/HOH (yHKImMel. MHOroumncaeHHbie 1eKOpaTopbl, pa3Me-
IIeHHbIE HaJl OTHOI-eIMHCTBEHHO (DYHKITHell, TPUMEHSIOTCS CHU3Y-BBEPX
(cmexosas yxnaoka dexopamopos).

0 B kauecTBe onTUMaJIbHOTO MPAKTUYECKOTO IIpUeMa OTJIaJKU UCIIOJIb-
3yliTe B CBOMX COOCTBEHHBIX JIEKOPATOPAX BCIIOMOTATEIbHBIN EKOPATOP
functools.wraps, 4TOOBI TIEPEHOCUTH META[aHHBIE 13 HEAEKOPUPOBAHHOTO
BBI3BIBAEMOTO 00BEKTA B IEKOPUPOBAHHBIIL.

0 TouHo Tak e, Kak ¥ J11000i1 PyTroil UHCTPYMEHT B KOMILJIEKTE HMHCTPYMEH-
TOB Pa3pabOTKH TTPOTPAMMHOTO 0OeCTieYeH s, I€KOPATOPbI He SIBJISIOTCS
ramareeii, 1 UM He CTOUT 3JI0yIoTPedsiTh. BaxkHo ypaBHOBeCUTD HE00O-
XO/IMMOCTb «JIOBECTH JIEJIO /10 KOHI[a» C 11eJIEBOI YCTAHOBKOI «He YBI3HYTh
B YJKaCHOU U HEYIOOHOI B 00CTYKMBaHUY MeIIaHIHE KOJOBOW Oa3bl».
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3.4. Becenbe ¢ *args n **kwargs

OnHaKBI 8 IPOrPAMMUPOBAJI B ITape ¢ CYPOBBIM MMUTOHUCTOM, KOTOPBIU TO
1 JIeJIO BOCKJIMIAT «apppr!» u «kBapr!» BCsSKMil pas, Korja HaOMpaJs orpe-
nesierrie GYHKIMU ¢ HeoOs3aTeIbHBIMU UM MMEHOBAHHBIMU IIapaMeTPaMu.
Bo Bcem ocTajibHOM Mbl OTJIMYHO TOJauau. M-/1a, BOT 4TO B UTOrE JlesiaeT
C JTIIO/IbMU TIPOTPAMMUPOBAHNE B aKa/IEMUM....

HysKHO cKa3aTh, 4YTO CKOJIBKO Obl HU MOTENIANNCH HaJl TTapaMeTpaMu *args
1 **kwargs, TeM He MeHee OHU SIBJISIOTCS OUY€Hb MOJIe3HBIM (DYHKITMOHATTHHBIM
cpencTBoM si3bika Python. U onnmane ux moTeHImasia ceaeT us pac osee
adderTUBHOTO paspaboTymKa.

Wrtak, nuig 4ero ke UCHONIb3YIOTCS TTapaMeTphl *args u **kwargs? OHu 110-
3BOJISIIOT (DYHKI[MK TIPUHUMATD He0OSA3amebiible apryMEHThI, OJ1aroaps 4emy
BbI MOKeTe co3aBarh ruOkue APl B Momysisix u kiaccax:

def foo(required, *args, **kwargs):
print(required)
if args:
print(args)
if kwargs:
print(kwargs)

[TpuBenenHas Boiiie GyHKIMs TpeOyeT Mo KpallHel Mepe OHOTO apryMeHTa
M0/ HA3BAHUEM «required», TO eCTh 00SI3aTENIBHBIN, HO OHA TAKKE MOYKET MPH-
HUMATb JIOTIOJTHUTEJIbHbIE TIO3UIIMOHHBIE 1 UMEHOBAHHBIE APTYMEHTHI.

Ecau Mb1 BbI30BeM (DyHKINIO ¢ TOTOTHUTEIbHBIMI apPTYMEHTAMU, TO args
cobepeT JIOTIOTHUTEIbHBIE TIO3UIHOHHBIE aPTYMEHTBI B KOPTE/K, TIOTOMY YTO
nMs rapameTpa umeet npeduxc *.

AnasornaabsiM 00pasoM, kwargs cobeper JOMOJHUTEIbHbIE HMEHOBaHHbBIE
apryMeHTBI B CJIOBAPh, TOTOMY UTO UM ITapaMeTpa UMeeT TpehuKe **,

Kak args, Tak u kwa rgs MOTyT OBITD ITyCTbIMH, €CJIN HUKaKWeE JOIOJTHUTE/IbHbIE
ApTryMEHThI B (bYHKL[I/IIO HE IepelaHbl.

Korza MbI BbI3bIBaEM (DYHKITMIO C PA3JUYHBIMUA KOMOWHAIMSIMU aPTYMEHTOB,
BBI BUiUTE, Kak Python cobupaer nx B mapamerpax args 1 kwargs B COOTBET-



3.4. Becenbe ¢ *args un **kwargs 93

CTBUU C TEM, ABJIAOTCA OHU ITO3UITMOHHBIMU NMJIN UMEHOBAHHbBIMUW apryMeH-
TaMU:

>>> foo()
TypeError:
"foo() missing 1 required positional arg: 'required'"

>>> foo('npuseTt")
npuseT

>>> foo('npuset', 1, 2, 3)
npuseT
(1, 2, 3)

>>> foo('npuset', 1, 2, 3, keyl='3HadeHue', key2=999)
npuseT

(1, 2, 3)

{'keyl': '3HayeHue', 'key2': 999}

Cpasy xouy nposiciuth. Hazpanne napaMeTpoB args u kwargs IpUHSITO 110
JIOTOBOPEHHOCTH, KaK COTJIACOBAHHOE MPaBUJIO MMeHOBaHUA. [IprBeeHHbBIN
BBIIIIE TIpUMep OyzieT paboTaTh TOYHO TaK jKe, €I Bbl HA30BETE WX *parms
u **argv. @akTUUECKUM CUHTAKCUCOM SIBJISIETCSI, COOTBETCTBEHHO, TIPOCTO
3Be3/10UKa (*) uau BOiTHAs 3Be3M0uKa (**).

Opnako 4To6bI n306€KaTh HeOPA3yMEHNUH, S PEKOMEH/IYIO MTPUIEPKUBATHCS
OOTIEPUHSITOTO COTIACOBAHHOTO TIpaBuiia nuMenoBanus. (11 umers BO3MOIK-
HOCTH BpeMs OT BpeMEHU PbIuaTh «apppr!» u «kBappppr!s.)

MNepeagpecaunst HeobsizaTeNbHbIX
NN UMEHOBAHHbIX apryMeHTOB

Cy1iecTByeT BOBMOKHOCTD TepeiaBaTh HeoOsi3aTeIbHbIE UJIH UMEHOBAHHbIE
napameTpbl U3 OJ{HOI (DYHKITUHU B IPYTYI0. ITO MOKHO JIeaTh TIPUA TIOMOTIIN
OTIepPaTOPOB PACTIAKOBKHU apTYMEHTOB * 1 ** BO BpeMs BbI30Ba (hyHKITUH, B KO-
TOPYIO Bbl XOTHTE TIEPEAPECOBATH APTYMEHTHI'.

! Cwm. paszen 3.5 «PacmnakoBka apryMeHToB (DyHKITUN>.
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ITO TAKXKe JIaeT BaM BO3MOKHOCTh MOAMMDUIIUPOBATH APIYMEHTHI TIEpe/l TEM,
KaK BbI lepelajinTe ux fajblie. Bot npumep:

def foo(x, *args, **kwargs):
kwargs['uma'] = 'Anuca’
new_args = args + ('BOMNONHUTENbHbIK', )
bar(x, *new_args, **kwargs)

JlaHHBII TIpHEeM MOKET OBITH MOJIE3EH JIJIST CO3[aHuUsT TPOM3BOHBIX KIACCOB
" HamucaHust 00epTouHbIX QyHKIMI. Hampumep, OH MOKeT MPUMEHSATHCS
TSI PACHIMPEHUST TIOBEEHUsI POJUTETHCKOTO KIacca 6e3 HeOOXOAMMOCTH
MOBTOPSATH TOJIHYIO CUTHATYPY €ro KOHCTPYKTOpa B loYepHeM KJacce. ITO
MOKeT OBITh IOBOJIBHO yI00HO, ecii BbI pabotaere ¢ API, KoTopbIii MOKeT
U3MEHUTBCS 3a IIpejie/laMu Balllero KOHTPOJIS:

class Car:
def __init_ (self, color, mileage):
self.color = color
self.mileage = mileage
class AlwaysBlueCar(Car):
def __init_ (self, *args, **kwargs):
super().__init_ (*args, **kwargs)
self.color = 'cuHun'
>>> AlwaysBlueCar('3eneHnvin', 48392).color
'cuHul’

Konctpykrop kiacca AlwaysBlueCar IpoCTO miepeiaeT Bce apryMeHTBI B CBOI
POIUTEILCKUIT KITACC 1 3aTEM TTePEOTIPeIesisieT BHYTPEHHUH aTprOyT. ITO 03-
HayaeT, 4YTO €CJIM KOHCTPYKTOP POJAMUTEIbCKOTO KJIacca U3MEHUTCSI, TO BEJINKa
BEPOSITHOCTD TOTO, 4TO AlwaysBlueCar OyzieT no-mpeskHeMy (hyHKIIMOHUPOBATD
Kak OBLIIO 3a/lyMaHO.

O60pPOTHOIT CTOPOHOM 3/1ECh SIBJISIETCSI TO, YTO KOHCTPYKTOP AlwaysBlueCar
Terepb UMeeT JOBOJIbHO OECIOIe3HYI0 CUTHATYPY, — Mbl He y3HaeM, KaKue
apryMeHTbl OH OJKUIAET, HE 3aTJITHYB B POJAUTENbCKUNA KJIacc.

Kaxk npaBuJio, BbI He Gy/ieTe UCI0Ib30BaTh TOT IIPUEM CO CBOMMU COOCTBEH-
HBIMU HEPapXUsIMU KJ1accoB. BoJiee BeposTHBII crieHapuii GyIeT Takoii, 4To BbI
3aX0TUTE U3MEHUTH UJIH TIEPEOIPE/IEJIUTh MOBE/IEHNE B HEKOTOPOM BHEITHEM
KJlacce, KOTOPBIM He yIIpaBJsiere.
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Ho aT0 Beerga omacHast TepPUTOPHS, MOITOMY JIydliie COOTIOAATH OCTOPOK-
HOCTb (MHAYe BCKOPE Y Bac, BO3MOKHO, MOSIBUTCS ellle O/[HA TPUYIHA BOC-
KIUKHYTD «appppr!» ).

Eiite ofivie crieHapuii, rjie 3TOT mpueM OyeT MOTEHIUATIBHO M0JIe3eH, — Ha-
nucanue 00epTOYHBIX (PYHKIIHIL, TAKUX KaK JIEKOPATOPBL. TaM BbI TaKKe 3aX0-
THTE TIPUHUMATH IPOU3BOJIbHBIE APIYMEHTBI, KOTOPBIE OYYT HePEnpPaBIsThCsI
B 00epHYTYI0 QYHKITHIO.

U ecoit MBI MOKEM c1e1aTh 3T0 6e3 HeOOXOMMOCTH KOMUTIACTUTD CUTHATYPY
OPUTHHATBHON (DYHKIMU, TO, BO3MOKHO, COTIPOBOK/IEHUE CTAHET YIA00HEE:

def trace(f):
@functools.wraps(f)
def decorated_function(*args, **kwargs):
print(f, args, kwargs)
result = f(*args, **kwargs)
print(result)
return decorated_function
@trace
def greet(greeting, name):
return '{}, {}!'.format(greeting, name)

>>> greet('Mpueet', 'Bob6')
<function greet at ©x1031c9158> ('MpuseTt', 'Bo6') {}
'MpuBem, bob!'

Taxoro pozia mpuemMamMy MHOT/IA TPY/THO YPAaBHOBECUTD MJIEIO CIeJIaTh Balll IIPO-
IPaMMHBIH KOJI JOCTaTOYHO YeTKUM U IIPU 9TOM OCTAThCSI B PAMKaX MIPUHIINIIA
DRY™. 9to Bcerzna Oyzer HeserkumM BoI6OPOM. Eciin y Bac ecTh BO3MOKHOCTD
IOJIY4UTD JIPyroe MHeHKe OT KOJIJIeTH, TO S IPU3bIBAI0 Bac — CIIpalluBaiire.

KntoueBble BbIBOAbI

0 B Python nepemennbie *args 1 **kwargs I03BOJISIOT [IUCATh (YHKIUN
C HEU3BECTHBIM KOJIMYECTBOM apryMeHTOB.

' DRY (ot anzr. Don’t Repeat Yourself, To ecTb «He HOBTOPsiiicst» ) — 9TO NPUHILKIT pa3pabOTKu
[POTPAMMHOTO 0GECTICYeHN, HATIEJICHHBII HA CHUKEHUE OBTOPEH st UH(MOPMAIIMU Pa3Iid-
noro poza. Cwm. https://ru.wikipedia.org/wiki/Don’t_repeat_yourself. — IIpumeu. nep.
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O Ilepemennast *args coOMpaeT IOMOTHUTETbHDIE TO3UIIOHHBIE APTYMEHTHI
B Kopresx. [lepemennast **kwargs co6upaeT JOMOJHUTEIbHbIE UMEHOBAH-
HbIE apTYMEHTBHI B CJI0BapPh.

0O @DaxkTuyeckuM CUHTAKCHUCOM sIBJisieTcs * 1 **. HasBanus args u kwargs —
ATO MPOCTO JIOTOBOPEHHOCTDH (KOTOPOH CJIEIYET MPUIEPKUBATHCS ).

3.5. PacnakoBka apryMeHToB (pyHKUUM

JlelicTBUTENIBHO KPYTHIM, HO HEMHOTO 3araJIoYHbIM (DYHKITMOHATbHBIM CPEJl-
CTBOM $I3BIKa SIBJISIETCS CIIOCOOHOCTH «PACIaKOBBIBATb» apryMEHThI (DY HKIIK
13 TTOCJIEIOBATETbHOCTEN U CJIOBapel TIPU TTOMOIITH OTIEPATOPOB * 1 **,

JlaBaiiTe onpeseM mpocTyio (GYHKIMIO /Uit paOOTHI B KAUECTBE TIPUMEPA:

def print_vector(x, y, z):
print('<%s, %s, %s>' % (X, y, z))

Kak BbI BUnTe, aTa OyHKIMS TPUHUMAET TPU apTyMeHTa (X, y ¥ ) U Te4ataeT
UX B IIPUATHO 0T(HOPMaTUPOBAaHHOM Bujle. Mbl MOJKeM IPUMEHUTD 3Ty (DYHK-
1IMIO B Halllel Tporpamme JJ1sl CTPYKTYPHOH paciieyaTKy TpeXMEPHbIX BEKTOPOB:

>>> print_vector(o, 1, 9)
<0, 1, 0>

Hy:xHO cKa3aTh, UTO B 3aBUCUMOCTH OT TOTO, KAaKYl0 CTPYKTYPY JQHHBIX MbI
BBIOMpAEM JI7IsI TIPE/ICTABJIEHNST TPEXMEPHBIX BEKTOPOB, X pacliedaTKa Halenl
(ynkmueit print_vector MoXeT BOCIIPUHUMATLCS HEMHOTO HeykJoxkeil. Ha-
IIpUMeP, eCJIM HAIll BEKTOPBI MTPE/ICTABJIEHBI B BU/Ie KOPTEXKEH U CITICKOB,
TO BO BPeMsI MX PACHEYaTKN MbI JOJUKHBI SIBHBIM 00Pa3oM 3aaBaTh WHIIEKC
Ka)K/IOTO KOMIIOHEHTa:

>>> tuple_vec = (1, 0, 1)

>>> list_vec = [1, 0, 1]

>>> print_vector(tuple_vec[0],
tuple_vec[1],
tuple_vec[2])

<1, 0, 1>
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OObIYHBIIT BBI30B (DYHKIIUN € OT/EJIbHBIMYU apryMeHTaMU KasKeTCsT W3JTHII -
HEe MHOTOCJIOBHBIM U rpoMo3zakuM. He sydine i 6yaer mpocTo pasBepHyTh
BEKTOPHBII 0OBEKT Ha TPU €ro KOMIIOHEHTA U TIepelaTh X BCE OJHUM Pa3sOM
B (pyHKIMIO print_vector?

(Pasymeercst, BbI MOTJIH ObI IIPOCTO MIEPEONpeAeuTh (YHKIHMIO print_vector
TaK, 9TOOBI OHA IPUHIMAJIA OINH-€INHCTBEHHBIN TTAPAMET], TPEICTABIISTIOIIII
BEKTOPHBINA 0OBEKT, HO PAJU TOTO, YTOOBI UMETH TIPOCTO MPUMEP, MBI ITOT
BapUaHT I10Ka IPOUTHOPUPYEM. )

K cuactpio, B Python mmeercst 6oiee moaxoasiuii criocob CpaBUThCs € ITON
cuTyalueil — 1pu MoMoIIU PACNAK08KY ap2yMeHmos GYHKYUY ¢ UCTI0Ib30Ba-
HUEeM oleparopa *:

>>> print_vector(*tuple_vec)

<1, 0, 1>
>>> print_vector(*list_vec)
<1, 0, 1>

Pasmernienne 3Be3/109KH * Tiepe/l UTEPUPYEMbIM 0OBEKTOM B BBI30BE (DYHKITUN
€ro paclakyeT U Mepe/lacT ero 3JIeMeHTHI KaK OT/leJIbHbIE TO3UIIMOHHbIE apTy-
MEHTBI B BBI3BBAHHYIO (DYHKITHIO.

IToT 1IpreM paboTaet st 1060TO UTEPUPYEMOTO 0OBEKTA, BKITIOYAsT BHIPAKe-
HUA-TeHepaTopbl. B pesyssraTte ucnonb3oBanus omneparopa * ¢ reHepaTopoM
BCe TIOCTYIAIOIINE U3 FTeHePATOPA AJIEMEHTBI OY/IyT MCIIOJIb30BAHbI 1 [IEPe/IaHbI
B (DYHKIIUIO:

>>> genexpr = (x * x for x in range(3))
>>> print_vector(*genexpr)

[TomuMo otrepaTopa * JJist pacakOBKK MMOCIEI0BATEIbHOCTEN, B YaCTHOCTH
KOpTe)Kef/’I, CIIMCKOB 1 I'eHepaTopoOB, B ITIO3UITMOHHbIE 21pl‘yMeHTbIy TaKKe nMe-
eTcs oIepaTop ** JIst paclakOBKU UMEHOBAHHbBIX apTyMEHTOB, OCTYHAIOIIX
u3 caoBapeil. IIpenonoKmm, 4To Halll BeKTOp ObLIT TIPEICTABIEH B BU/IE CJie-
ayiorero oobekTa dict:

>>> dict_vec = {'y': 0, 'z': 1, 'x': 1}

ITOT 0OBEKT-CIIOBAPH MOKHO TIepeiaTh B (DYHKIIUIO print_vector mpakTide-
CKH TaKHMM 3Ke 00Pa30M, UCTI0JIb30BAB OTIEPATOP ** JIJIsT PACTAKOBKU:
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>>> print_vector(**dict_vec)
<1, 0, 1>

[TockoabKy c0Bapu He YIOPsI0U€EHbI, 9TOT OMEPATOP COOTHOCUT 3HAYEHMS
CJI0Bapsi M apryMeHThI (DYHKIIMHU HAa OCHOBE KJIIOYEeil CJI0Bapsi: apryMeHT X
HoJIydaeT 3HaueHne, CBSI3aHHOe B cioBape ¢ 'x'.

Ecism 17151 pactiakoBKY cJ10Bapst NCIIOIB30BATD OIIEPaTOP OJAMHAPHON 3Be3/104-
Ku (*), TO BMECTO 3TOTO KJII0YN OY/IyT TTepeanbl B (GYHKIMIO B TPOU3BOJIHHOM
MOPSIJIKE:

>>> print_vector(*dict_vec)
Y, X, z2>

DyHKIMOHATLHOE CPEACTBO si3bika Python, cBsizanHoe ¢ pacmakoBKoit ap-
T'YMEHTOB (DYHKIIMH, TIPEIOCTABJISIET BaM OOJIBINYI0 THOKOCTH 32 GECIIaTHO.
3ayacTyio 9TO 03HAYAET, YTO BaM He TIPUIETCS PEaU30BbIBATH KJIACC JIJIsI He-
06X0IMMOTO Ballleil IporpaMme TUMA JaHHbIX. [Ipy 3TOM BIIOJIHE I0OCTaTOYHO
060 THCH TIPOCTHIMU BCTPOEHHBIMU CTPYKTYPAMHK JIAHHBIX, TOTOOHBIMU KOP-
TeKaM WJIN CITUCKAM, 1, KaK Pe3yJIbTarT, 3TO TIOMOKET YMEHBIINTH CJIOKHOCT
BAIIIETO ITPOrPAMMHOTO KOJIA.

KntoueBble BbIBOAbI

O Omepatopsl * 1 ** MOTYT HCTIOJIB30BATHCS JIJIST «PACTTAKOBKU» apTYMEHTOB
(YHKINHT, TOCTYMAIONINX U3 TIOCJIe0BATETbHOCTEN 1 CIOBAPEiL.

O IddexTuBHOE IPUMEHEHNE PACIIaKOBKM apryMEHTOB OyIeT cIrioco6CTBO-
BaTh HAIMCAHUIO GoJiee THOKKUX MHTEP(EIICOB /I BallX MOJYJIei 1 (DyHK-
.

3.6. 30ecb HeYyero Bo3BpallaThb

B kownerr so6oit pyunkimuu Python mo6asisier HesiBHY0 HHCTPYKIIUIO return
None. ITo aToii mpuunHe, eciv B GYHKIMU HE YKa3aHO BO3BPAIAEMOE 3HAYE-
HHE, 110 YMOJTYaHUIO OHa BO3BpaIiaeT None.
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ITO O3HAYyaeT, YTO UHCTPYKIUU return None MOKHO 3aMEHSTh Ha I1yCTble
MHCTPYKIUM return WM Jaxe MPOIycKaTb UX IOJHOCTBIO U MO-TIPEKHEMY
[0JIy4aTh TOT K€ CaMbIi pe3yJibTaT:

def fool(value):
if value:
return value
else:
return None

def foo2(value):
"""llycmaa uHcmpykyusa return nodpasymeBaem "return None
if value:
return value
else:
return
def foo3(value):
"""MponyweHHasa uHcmpykyua return nodpa3ymeBaem return None
if value:
return value

~Suonn

Bce Tpu pyHKIIMYT TPaBMIIbHO BO3BpAIIaioT None, ecJii TiepeiaTh UM B Ka9eCTBe
e/IMHCTBEHHOT0 apryMeHTa (UKTUBHOE 3HAUYeHHUeE!

>>> type(fo0l(9))
<class 'NoneType'>

>>> type(f002(0))
<class 'NoneType'>

>>> type(foo3(9))
<class 'NoneType'>

WNrax, xora ke Jydriie BCero UCIOIb30BaTh 3TO (PYHKIIMOHAIBHOE CPEICTBO
si3bika Python B cBoem cOG6CTBEHHOM TIPOrpaMMHOM KoJie?

Moe smnmpuueckoe IpaBUIIO 3aKJI0UACTCS B CIIeLYTONeM: ecIn (DYHKITNS He
MMeeT BO3BpalllaeMoro 3HaueHus (B IPYrux s3bIKax Takas (hyHKIMS Ha3blBa-
eTCsT NPOoUedYPoil), TO st UCKITIOYAI0 HHCTPYKIHIO return. [[06ABJISTH 9Ty WH-
CTPYKIIUIO OBLIO ObI JIUITHUM ¥ BHOCHJIO ObI Iy TaHKILy. [IprMepoM mporieypbl
siBJisieTcs Berpoennast B Python dyrkimst meyatu print, KOTopast BbI3bIBAETCST
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TOJIBKO Pajiu ee MoOOYHBIX 2(h(PeKTOB (pacreyaTkul TEKCTa) ¥ HUKOTIa — Pajii
ee BO3BPAIaeMOro 3HAUYEHUS.

JlaBaiite Bo3bMeM (DYHKIMIO, HalpuMep BCTpoeHHyo B Python dyHknmio
sum. OHa, 6e3yCJI0BHO, IMEET JIOTMYECKOe BO3BpalllaeMoe 3HaYeHKe, U, KakK
paBuIIo, (YHKITKS sum He BBI3BIBAETCS TOJBKO Pl ee TI0O0YHBIX 3(h(HEKTOB.
Ee 11es16 cOCTOUT B TOM, YTOOBI MTOJCYUTATH CYMMY MOCTIET0BATETLHOCTI Y-
CeJI M 3aTeM TIPe/ICTaBUTh pe3yJibTat. VITak, eciu ¢ JIOTH4ecKOl TOUKY 3PEHMST
(DyHKIMS 1eiicTBUTEIHHO HMEET BO3BpallaeMoe 3HaYeHue, TO HeOOX0AUMO
PENTUTh, UCIIOJIb30BATh HESBHYIO MHCTPYKITUIO return WJIu HET.

C o/1HOTI CTOPOHBI, BbI MOKETE YTBEPK/IATh, YTO UCKJIIOYEHHNE STBHON MHCTPYK-
UK return None JieJiaeT IPOrpaMMHBIN KO 00Jiee CKaThIM 1, CJI€0BATEIbHO,
Gosiee 1erkuM it utenust u moHuManus. CyObeKTUBHO Bbl OTMETHIN Obl, 4TO
JTO JleJIaeT MPOTPAMMHBIN KOJ[ «CUMITaTUIHEE>.

C apyroii CTOPOHBI, HEKOTOPBIE TIPOTPAMMHUCTBI MOTYT YAUBUThHCS, 4TO Python
BezieT ce0st TakuM 06pa3oM. B ToM, 4To KacaeTcst HaMCaHust YUCTOrO U y100-
HOTO B COIIPOBOSK/JICHUM IIPOrPAMMHOTIO KOJIa, TaKoe HellpelcKa3yeMoe I10Be-
JIEHUE PEJIKO SBJISIETCS XOPOUIUM ITPU3HAKOM.

Hanpumep, g ucrosb3oBal «HesSBHYIO HHCTPYKIIMIO BO3BpaTa» B OJJHOM U3
IIPUMEPOB UCXOHOTO KoJa B 6oJiee paHHeil Bepcuu aTON KHUTH. 1 He ToBOpHII
0 TOM, UTO JIEJTAJT, — MHE ITPOCTO HYKeH ObLI Ge3yIPEUHbIil KOPOTKIIT 0Opasel
KOJIa /17151 0OBSICHEHNUST KAKOTO-TO IPYTOTO (DYHKIIMOHAIBHOTO CPEICTBA SI3bIKA
Python.

B utore 51 Hauas osryvyaTh HEIPEKPANIAOIIMNCS TOTOK 3JI€KTPOHHBIX TTHCEM,
YKa3bIBAIOIIUX MHE Ha «ITPOIYIIEHHY0» B TOM IPUMepPe KOJla WHCTPYKIIUIO
Bo3Bpara. HesiBHOE moBeieHIe MHCTPYKIMK return B Python otHions #e
ObLJIO OYEBH/THBIM JIJIS1 BCEX U B ]AHHOM CJTydae OTBJIEKaIOo OT cyTu. S1 job6aBut
npuMedaHue, 4ToObI IPOSICHUTD, YTO POUCXOAUT, U DJIEKTPOHHbBIE THChMa
MIPEKPaTUJINCh.

He noiiMure MeHs ipeBpaTHO: 5 000 IHCATh YACTHII U «KPACUBBII» IIPO-
rPaMMHBIN KOJI TaK JKe, Kak 1 JIIOoM Apyroil pa3pabotunk. V1 paHbIie st TOxKe
ObLT TBEPIO YOEIKIEH, YTO TIPOrPAMMUCTBI JOJKHbBI 3HATH BCIO IOHOTOTHYTO
SI3bIKA, C KOTOPBIM OHU paboTaIoT.
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Ho kor/a BbI paccMaTpuBaete BAUSHKE Jaske TAKOTO TIPOCTOTO HEeA0Pa3yMeHMs
Ha COIPOBOKAEHNE KOJIA, BOBMOKHO, UIMEET CMBICJI CKJIOHUTHCS K HAITUCAHIIO
GoJiee SBHOTO U Y€TKOI'O IIPOrPAMMHOIO KOJa. B KOHIIe KOHIOB, IIPOrPaMMHbIIA
KOJI — 9TO O0IIeHHe.,

Krnto4yeBble BbIBOAbI

0 Ecuu B pyHKIMN He yKazaHO Bo3BpalllaeMoe 3HaueHue, TO OHa BO3BpalllaeT
None. BosBpaiiats None sIBHBIM 00Pa30M WJIH HESTBHBIM, PEIIAeTCs CTHUIIH-
CTUYECKH.

O 9ro kimoueBoe GyHKIMOHATIBHOE CPEACTBO si3bika Python, oxmnako Barn
IIPOrpaMMHBII KO MOXKET Ilepe/laBaTh CBOe HaMepeHue 4eTde IIPU [IOMOLIN
ABHOI MHCTPYKIMU return None.



Knaccel n OOI

4.1. CpaBHeHuMs1 06BEKTOB: iS MPOTUB ==

Korga g 6bL1 MaJbUYMINKOI, Y HALIUX COCEAE KM KONIKU-0IU3HALIIKH.
BHenxe oM ObLIM OY€Hb TTOX0KKM — OJUHAKOBAsI TEMHO-CEPast EPCTh M OfIM-
HAKOBBII TIPOHM3BIBAIOIINIT B3TJIsI 3€JI€HbIX TJ1a3. OTOPOCHB HEKOTOPbIE MH/IM-
BUJlya/IbHbIe 0OCOOEHHOCTH, Ha IJ1a3 Bbl Obl MX He passmyran. Ho, koHedHo, oHu
OBLIV IBYMSI Pa3HBIMHU KOIIKAM, ABYMST OTEIbHBIMI CYIIECTBAMU, HECMOTPSI
Ha TO YTO BBITJIS/IEIN OJMHAKOBO.

ITO MO/IBOJIUT MEHS K PA3HUIIE B CMBICJIE MEK/Y TIOHATUSIMU <«PAGEHCMEO0>
u «modxcoecmeo». V1 ata pazHuila KpaiiHe BakKHa IJIsT TIOHUMaHUsI TOTO, KakK
BeyT cebst onepaTopbl cpaBHeHust Python is u ==,

OHepaTop == BbBIIIOJIHAET CpaBHEHUE ITyTEM IIPOBEPKU Ha PABEHCIMEBO: €CJIN ObI
9T KOIIKK ObLIIN 00bEKTaMU PythOIl W Mbl CpaBHUBaJIM UX OIIEPATOPOM ==, TO
B Ka4€CTBE OTBETA MbI ITIOJTYYHUJIN 6bI, 4TO «00€ KOIIKN PaBHbI».

OI[HaKO o1reparop is CpaBHHUBAET UOeHMUUHOCMU: eCJIA Obl MBI CpaBHUBaAJIN
HalllUX KOHIEK OII€EPpaTOpOM is, TO B Ka4yeCTBe OTBETA MbI IMOJIy4nJjin 61)1, 4To
«3TO /IB€ pa3HbI€ KOIIKKN».

Ho nipesk/ie yeMm st 3aryTaioch B 3TOM KolllaubeM Ki1yOKe, 1aBaiiTe B3TJIsTHEM Ha
HeOOITBITION peabHbIil Koz Python.

[Ipesx e Bcero, Mbl CO3/1alMM HOBBII 0OBEKT-CIIMCOK 1 HA30BEM €r0 a, a 3aTeM
onpe/e/InM elle ofHy HepeMeHHYIo (b), KOTopasl yKasblBaeT Ha TOT 5Ke CaMblii
00BEKT-CITICOK:
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(1, 2, 3]
a

>>> a
>>> b

ﬂaBafITe HU3y4YUM 9TU [ABE II€EPpEMEHHDbIE. Ml BUAUM, 9YTO OHM YKa3bIBAlOT Ha
BHENIHE N/ICHTUYHbIE CITMCKU:

>>> a
[1, 2, 3]
>>> b

[1, 2, 3]

Korma MbI cpaBHIM 5T1 /1Ba 00bEKTA-CITUCKA HA PABEHCTBO TIPH TIOMOIIIHN OTIe-
paTtopa ==, MbI OJYYNUM OKUITAEMBIN Pe3YJIbTaT, TOCKOJIBKY ATH /[Ba 0OBHEKTA-
CIIMCKA BBITJIAAT OIMHAKOBO:

>>> a ==
True

O/IHAKO HTOT Pe3yJIBTAT He TOBOPUT O TOM, YKA3bIBAIOT JIK a 1 b B IeiCTBUTE b-
HOCTH Ha TOT ke caMblii 00bekT. KoHeuHO, MbI 3HA€M, 4TO 9TO TaK, HOTOMY 4TO
MBI OIIpeZieJININ UX paHee, HO TIPEAIIONIOKNM, YTO Mbl HE 3HAEM, — TOT/la KaK
MO’KHO OBLTIO ObI 9TO y3HAThH?

OTBeT Ha ATOT BOIIPOC CJIEYET UCKATh B CPaBHEHUU 00ENX MEPEMEHHBIX Ol1e-
paTopoM is. To cpaBHEHME MOATBEPKIAET, UTO 00€ MePeMEHHbIE B IEICTBY-
TEJIbHOCTH YKA3bIBAIOT HA OJIMH OOBEKT-CITHCOK:

>»> a is b
True

JlaBaiiTe TOCMOTPUM, YTO TIPOUCXO/IUT, KOTJIA MBI CO3/Ia€M UIEHTUIHYIO KOTTHTO
Harero 0ObeKTa-CrucKa. IT0 MOKHO C/IEIaTh, BbI3BAB 1ist() ¢ CyIIecTBYIO-
UM CITUCKOM B KaueCTBE apryMeHTa, YTOObI CO3/1aTh KON, KOTOPYIO MbI
Ha30BEM C:

>>> ¢ = list(a)

W cHoBa BbI yBUIUTE, YTO TOJIBKO YTO CO3/JJaHHDBIII HAMU HOBBIN CIIMCOK BBbI-
TJISIAT UAECHTUIHBIM OOBEKTY-CITUCKY, Ha KOTOPBIN YKa3bIBAIOT a U b:

>>
[1, 2, 3]
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A BOT Terepb HAUMHAETCSI caMoe nHTepecHoe. /[aBaiiTe CpaBHUM HaIITy KOIIHIO
CIIMCKa C C II€EpBOHAYAJIbHbIM CIITMCKOM a, UCITOJIb30BaB /IJIs1 9TOTO OIIEPATOP ==.
Kaxoii oTBeT BBI OKUIaeTE YBUAETDH?

>>> a == ¢
True

O’keii. Hazieroch, 4To BB KaK pa3 3TOTO 1 0skuasn. JlaHHBIN pe3yabsraT roBo-
PUT CJIEIyIOIIee: ¢ U a MMEIOT OJJMHaKoBoe cojiepskumoe. Python ux cumraer
paBHBIMHU. HO BOT BOIIpOC: YKa3bIBAIOT JIM OHU B JIEHCTBUTENBHOCTH HA OJWH
1 TOT ke 00bekT? [laBaiiTe 5TO BBISCHUM TIPU TIOMOIIHA OTlepaTopa is:

>>> a is ¢
False

O-ma! U BoT TyT MBI TIOJIy4aeM Apyroii pesyisrar. Python roBopur, uto c
U a YKa3bIBAalOT Ha J[Ba Pa3HbIX 00bEKTA, HECMOTPS HA TO YTO UX COJAEPKUMOE
MOJKeT OBITh OJTMHAKOBDIM.

Mtak, 4ToObI IIOABITOKNT, JaBaiiTe OIPOOYEM Pas/IOKUTh PASHUILY MEKIY
is 1 == Ha IBa KOPOTKUX OTpPE/IeJIECHUA:

O Boipaxenue is paer True, ecau /Be TlepeMeHHbIEe YKa3bIBAIOT HA TOT Ke
caMbIil (MJIEHTUYHBIA) OOBEKT.

O Boipaxkenue == gaer True, eciii 00BEKTHI, HA KOTOPBIE CCHIJIAIOTCS TIepe-
MeHHbIE, PaBHbI (MMEIOT O/INHAKOBOE COZIEPIKIMOE).

Beskuii pas, Korga BaM IPUAETCS PeliaTh, IPUMEHATH OIIepPaTop is WK ore-
paTtop ==, IPOCTO BCIIOMHUTE PO KOIIEK-OIu3HsIeK (B MIPUHITKIIE, COMTYT
u cobakn). Ecimm BbI 9T0 Oy/ieTe enath, TO y Bac Bce OYAET B MOPSIIKeE.

4.2. Npeobpa3zoBaHne CTPOK
(KaXkgoMmy Knaccy no __repr_ )
KOI‘I[a BbI OIIpE/IEJISACTE CO6CTB€HHI)II>1 KJlaCC B Python 1 3aTeM IIbITaeTECh Ha-

1evararhb OJMH U3 er0 3K3eMILJITPOB B KOHCOJIN (MJIX TPOBEPUTD €T0 B ceaHce
WHTEPIIPETaTopa), Bbl MOJy4aeTe OTHOCUTEIbHO HEY/I0BJIeTBOPUTEIbHBIN
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pesyabraT. [IpHHATOE 110 yMOTYaHUIO HOBEIEHKE C TIPe0Opa3soBaHieM B CTPO-
KOBO€ 3Ha4Y€HUE B CTUJIE «tO'String» ABJAETCA IPUMUTHUBHBIM U UCITBITBIBAET
HEJ0CTaTOK B IOAPOOHOCTSIX:

class Car:
def __init_ (self, color, mileage):
self.color = color
self.mileage = mileage

>>> my_car = Car('kpacHbit', 37281)

>>> print(my_car)

<__console__.Car object at 0x109b73dao>
>>> my_car

<__console__.Car object at ©0x109b73dao>

[To ymosryanuio BbI 1osry4yaeTte JUIIb CTPOKOBOE 3HaYeHUe, cojiepsKaliee nMs
KJlacca u upeHTuduKaTtop sk3eMiisipa oobekra (kotopsiit B Python sBiister-
Cs1 a7IpecoM 00BEKTA B OTIEPATUBHON TTAMSITH ). DTO JIyUIIle, YeM HUyuezo, HO He
OYeHb-TO T10JIE3HO.

Bbl MOKeTe MOIBITaThCSA HAWTH OOXOIHOMN I1yTh, HEIIOCPEACTBEHHO paciie-
yataB aTpUOyTHI Kjracca WK jJaxe [00aBUB B KJIacChl COOCTBEHHBIN METO/
to_string():

>>> print(my_car.color, my_car.mileage)
KpacHbii 37281

O6mtast uziest COBEPIEHHO BEPHasl, HO OHA UTHOPUPYET JIOTOBOPEHHOCTH
006 MMEHOBAHUM U BCTPOEHHbBIE MEeXaHU3MbI, KoTopble Python ucrosb3yer
1t 06pabOTKY TOTO, KaK OOBEKTHI MTPEACTABIISIIOTCS B BU/IE CTPOK.

BmecTo Toro 4ToOBI CTPOUTH CBOI COOCTBEHHBII MEXaHNU3M MTPEOOPa3OBaHUS
CTPOK, Oy/IeT Topas/o Jyulile, eCJIU BbI 106aBUTE B CBOM KJlacc JaHIep-Me-
Toibl __str__ u __repr__. OHM IpeACTaBIsAioT cOO0N MUTOHOBCKUN CIIOCO0
VIIPaBJIEHUS TeM, KaK 0OBbeKThbl IPe0OPA3OBBIBAIOTCS B CTPOKOBbIE 3HAYEHUSI
B PA3JIMUHBIX CUTYAIUsIX .

! Cwm. moxkyMmenTanuio Python «Mogens mannbix Python»: https://docs.python.org/3/
reference/datamodel.html
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JlaBaiiTe B3TJIsiHEM, KaK 9TH METO/IbI paboTaloT Ha IpakThKe. /[ Hauama Mbl
n06aBUM MeTOZ __str__ B Kjacc Car, KOTOPBIN MbI OIIPEAEIIIIN PAHEee:

class Car:
def __init_ (self, color, mileage):
self.color = color
self.mileage = mileage
def _ str_ (self):
return f'{self.color} aBTOMO6UNbL'

Eciu ceituac nmonpo6osarh HameyaTaTh Wi IPOMHCIEKTHPOBATH 9K3EMILISIP
Car, TO BbI TIOJIYYHTE IPYTOM, CJI€TKA YIyUIIeHHBIN Pe3yJIbTaT:

>>> my_car = Car('kpacHbii', 37281)

>>> print(my_car)

'KpacHbili aBmomobuns *

>>> my_car

<__console__.Car object at 0x109ca24e0>

MHucrnekTrpoBatue o0bekTa Car B KOHCOJIU TTO-TTPEKHEMY JIAeT TIPE/IbIIY NI
pesyJibrar, cojepsraniuii uaeHTudukatop oobexra. OnHako pacnevamra 06b-
€KTa MOKasajia CTPOKY, BO3BPAIEHHYTO 100aBJIEHHBIM HAMU METOIOM __str__.

Merox __str__ saBasieTcst oHUM U3 HaHaep-mMeTooB Python (¢ aBoitHbIM
[OJ{YEePKUBAHNEM ), U OH BBI3BIBAETCSI, KO/l BbI IIBITAETECH IIPe0bpa3oBaTh
00BEKT B CTPOKOBOE 3HAUECHIE ITOCPEACTBOM PA3IMUHBIX JOCTYITHBIX CIIOCOOOB:

>>> print(my_car)
KpacHbIA aBTOMObUNb

>>> str(my_car)
"KpacHeiti aBmomobune '
>>> "{}'.format(my_car)
'"KpacHsili aBmomobuns '

[Ipun Hapnexamiein peasusanuu __str__ BaM He IPUJIETCS MTEPEKUBATDH 110
MOBOJLY TI€YaTh aTPUOYTOB 00BEKTOB HETIOCPEICTBEHHO MJIN HATIMCAHUST OT-
nesbHON (hyHKIMHU to_string(). ITO MUTOHOBCKUN CIIOCOO YIIPABJISITH IIpe-
06pa3oBaHKEM CTPOK.

Meskry mpourM, HEKOTOPbIE Pa3padOTYUKHU MPEAIIOYNTAIOT HAa3hIBATh JaH-
nep-meronsl Python «marmdeckumus». Ho 9T MeTombl HUKOUM 00pasom
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Mazuueckumu He siBISIOTCs. To, 4TO MMEHa STUX METO0B HAUMHAIOTCS U OKaH-
YUBAIOTCS CUMBOJIAMU JIBOWHOTO MOAYEPKUBAHWS, SIBJSETCS BCETO-HABCETO
COTJIACOBAHHBIM TIPABUJIOM UMEHOBAHMsI, KOTOPOE BBIJIEJISIET UX KaK KJIIOUeBbIe
(byHKIMoHaIbHBIE cpeacTBa s3bika Python. OH Takske momoraer nzbexarh
KOH(MJIMKTOB M3-3a COBIIAJCHUSI UMEH C BalllUMK COOCTBEHHBIMU METOAAMU
u arpubyramu. KoHcTpykTOp 06BeKTOB __init__ cobuiogaer To ke caMoe
MPABUJIO, U B 9TOM HET HUYETO BOJIIEOHOTO WJIH 3araJlOuHOTO.

He 6oiiTech ncnosab3oBath gangep-mMetonbl Python — oHu mpusBanbl Bam
TIOMOTaTh.

Metoa _ str__ npotuB __repr__

HysxHo ckasaTh, 4TO Hallla UCTOPUsT TPeoOPA30BAHNUSI CTPOK HA ITOM He 3a-
KaH4YMBaeTcsi. Bbl 3aMeTiin, 4T0 0CMOTpP 00BEKTa my_car B ceance WHTEp-
nperaTopa Mmo-mpeKHeMY JIaeT 3TOT CTPAHHBIN pe3yJibraT <Car object at
0x109ca24e0>?

ITO MPOUBOIILIO, TIOTOMY YTO (PAKTUUECKU UMEETCSs 08a AaHIepP-MeTOIa, KOTO-
pble YIPaBJISIOT TeM, KaKk 00BEKThI TIPEOOPA3OBBIBAIOTCS B CTPOKOBBIE 3HAUE-
uus B Python 3. TlepBbiif, __str__, ¥ BbI TOJBKO YTO C HUM MTO3HAKOMUJIVCH.
Bropoii, __repr__, u xapakrep ero paboThl aHAJOTUY€EH METOIY __str__, HO
OH McIoJab3yercs B Apyrux curyaiusx. (B Python 2.x takxke umeercs metos
__unicode__, KOTOPOTO g KOCHYCH UYyTh TIO3JKE. )

Huske npuBeieH mIpocToil 9KCIIEPUMEHT IS «OOKaTKU» CUTYaI[uu, KOraa
UCTIONb3yeTCs MeTO __str__ unu __repr__. /laBaiiTe miepeorpeie/TuM Halil
aBTOMOOMJIbHBIN KJIaCC TaKUM 06Pa3oM, 4TOObI OH cojepkal oba JaHep-Me-
TOJIa JIIst TIpeoGPa3oBaHust B CTPOKOBOE 3HAYCHUE C Pe3yJIbTaTaMit, KOTOPbIE
JIETKO Pa3JINUUTD:

class Car:
def __init_ (self, color, mileage):
self.color = color
self.mileage = mileage
def _ repr__ (self):
return '__repr__ ana obvekTa Car'
def __str_ (self):
return '__str__ pna obvekTa Car'
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Tenepp, kor/ia BbI IO9KCIIEPUMEHTHPYETE C IIPUBEICHHBIMU BbIIIIE ITPUMepaMHu,
BbI MTOWMETE, KaKOH METOJI YIIPABJIsIeT PEe3yJIbTaTOM IIPeoOpasoBaHms CTPOK
B KQXK/IOM CJIydae:

>>> my_car = Car('kpacHbii', 37281)
>>> print(my_car)

__str__ nna obbekTa Car

>>> "{}'.format(my_car)

' _str__ 0nA obvekma Car'

>>> my_car
__repr__ ana obvekTa Car

ITOT HKCIEPUMEHT MOTBEPIK/IAET, UTO B PE3yJIbTaTe MHCIIEKTUPOBAHUS 00'b-
eKTa B ceaHce nHTepiperaropa Python mpocto neyaraercst peysisrat BBITOJ-
HEHUsS METO/a __repr__ 00beKTa.

NHTepecHO OTMETHUTD, UTO B KOHTEWHEPaX, TAKUX KaK CIIUCKU U CJIOBapH,
JUTSL TIPEJICTABJIEHUST COIEPKAIIMXCS B HUX 00BEKTOB BCEr/la NCIIOJIb3YEeTCsI
pe3yJIbTaT MeTo/la __repr__, Iaske eCJTU BbI3BaTh (DYHKITHIO Str ¢ CAaMUM KOH-
TeHEePOM:

str([my_car])
'[__repr__ 0na obvekma Car]'

Yto Kacaercst pydyHOro BhIOOpa MexIy 060MMK METOaMu ITPeodpa3oBaHust
CTPOK, HaIpuUMep, YTOOBI sICHee BbIPA3UTh 3aMbICEJ BAIIIETO IPOrPAMMHOIO
KO/Ia, TO JIydIlle BCETO UCIIOJb30BaTh BCTpOeHHbIe (DYHKIMU str() u repr().
Wx mpumeHenme mpeAnouTUTeIbHEE TPSIMBIX BBI3OBOB MeTO/la __str__ WJn
__repr__ 0o0beKTa, MOCKOJIbKY OHU BOCIIPUHUMAFOTCS JIYYIIEe U JAl0T TOT JKe
CcaMblil pe3yJibTaT:

>>> str(my_car)
' _str__ 0nAa obwvekma Car'

>>> repr(my_car)
' _repr__ 0na obwvekma Car'

Jlaske 110 3aBepIIEHNHN HTOTO UCCJII0BAHUST BaM, BOBMOKHO, OYI€T JII0OOIIBITHO
y3HaTh, KAaKOBa «peabHas» pazHUIla MEKAYy MeTolaMu __str__ W __repr__.
Ha Byt oM 062 cJ1ysKaT OJ{HO 1 TOH JKe 11eJIH, TI09TOMY MOJKET OBITh HE SICHO,
KOT/Ia UCIIOJIb30BaTh KayK/[bIi1 N3 HUX.
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B ciyuyae Takux BOIPOCOB OOBIYHO HEIJIOXO B3IJISIHYTH Ha TO, YTO JIEJIa€T
cratgapraas 6ubamnoreka Python. Camoe BpeMst IOCTaBUTD €lle OJMH 9KC-
niepuMeHT. MBI cO3/1a7TuM 00beKT datetime.date 1 BBIACHUM, KAKUM o6pasoM
B HEM HCIIOJIb3YIOTCS METO/IbI __repr__ W __str__ JuIs yIIpaBJeHUs npeod-
pasoBaHueM CTPOK:

>>> import datetime
>>> today = datetime.date.today()

PesysbraT MeToa __str__ oObeKTa AaThl I0JKEH ObITh TIPEKIE BCEro ydo-
bouumaemvim. OH TIPU3BaH BO3BPAIIATH JIETKO BOCIIPUHUMAEMOE YETIOBEKOM
c’KaToe TEKCTOBOE IPe/ICTaBIeHNne — TO, YTO BbI CIIOKOWHO MOKeTe TT0Ka3aTh
nosib3oBatestio. [1o aToil pudmHe, KOria Mbl BbI3bIBaeM (hyHKITHIO str() ¢ 00b-
€KTOM JIaThl, MBI TIOJTy4aeM HeuTo 1moxoskee Ha hopmat gatsl o [SO:

>>> str(today)
'2017-02-02'

B ciryyae ¢ MeTozioM __repr__ ujies COCTOUT B TOM, YTO €TI0 Pe3yJIbTaT J0JIKeH
OBITD MPEsK/IE BCETO 00HO3HAUHBIM. Pe3yIbTUpYIoliee CTPOKOBOE 3HAYEHUE
6oJIblIle TIPeIHa3HAYEHO JIUIST Pa3pabOTUMKOB KaK CPeACcTBO OTIaaku. U B
CBSI3M C 9TUM OH JIOJKEH MAaKCUMAJIHHO Y€TKO BBIPAJKATH TO, YEM ITOT OOHEKT
siByisiercsi. VIMEHHO 1109TOMY TTpH BBI30Be (hyHKIMK repr() ¢ 00bEKTOM BbI
nostyuute 6osiee moapobHbIi pesysbrar. OH gaxke OyIeT COAEPKATDH TOTHOE
MM MOJLYJISI U KJlacca:

>>> repr(today)
'datetime.date(2017, 2, 2)'

BosBpariaemoe MeToZIoM __repr__ CTPOKOBOE 3HaUYCHUE MOKHO CKOITMPOBATh
U BCTaBUTb B KOHCOJIb UHTEPIIPETATOPA U UCIIOJTHUTD €ro KaK J0MYCTUMBbII
(dparment koxa Python, 4to6br Bocco3aTh OpUrnHaIbHBIN OGBEKT AaThl. ITOT
U3SNIHBIN 1TOIXO0/I 1 XOPOIIXH 11eJ1eBOI OPUEHTHUP CJIe/lyeT UMETh B BULY IIPU
HaIMCAaHUK CBOUX COOCTBEHHBIX (DYHKITUIT repr.

C npyroii cTOPOHBI, A TI0JIATal0, YTO OBOJIBHO-TAKUA TPYAHO HAWTH TIPUMe-
HeHue Takoil pyHKun Ha mpakTrke. OHa He Oy/IeT CTOMTH 3aTPAadeHHbBIX HA
Hee YCUJIIA 1 TIPOCTO CO3/IACT JIJISt BaC JAOTIONHUTEIbHYT0 paboTy. Moe amIii-
PHUYECKOE MTPABUIIO 3aKJII0YAETCST B TOM, YTOOBI Ie/IaTh CBOM CTPOKH __repr__
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OJHO3HAYHbIMU U ITOJIE3HBIMMU JIJIA paSpa6OT‘-II/IKOB, HO 4 HE paCCYMUTbIBAlO,
4TO OHM CMOTI'YT BOCCTaHaBJIMBATDb IIOJIHOE COCTOAHUE 00beKTa.

MoueMy Kaxkabli KNnacc Hy)KAaeTcs B __repr__

Ecam omyctuts Meton __str__, To Python B monckax __str__ oTbIrpaer Hasaj
K pesyJbrary __repr__. 1o aToli ipuunHe s PeKOMEH/IYT0 100aBJISITh B CBOU
KJIACChI BCETJIa, 110 KpailHell Mepe, MeToJ| __repr__. JTO 00ECHEeUnT MOJIe3HbIi
pesyJibratr 1peobpasoBaHust CTPOK MOYTH BO BCEX CJyYasiX MPU MUHUMYME
paboThI 110 €ro peaynusalium.

Huske nokasano, Kak MOKHO ObICTPO U 9((HEKTUBHO 100aBUTh B CBOM KJIACCHI
9IIEMEHTAPHYIO TIOAIEPIKKY Tpeobpa3oBanust cTpok. Jlist Hamero kiacca Car
MBI MOTJIN ObI HAYaTh € IIPUBEJIEHHOTO HIKE METOA __repr__:

def __repr__(self):
return f'Car({self.color!r}, {self.mileage!r})’

OO6paruTe BHUMaHKE Ha TO, YTO S MCIOJb3YI0 (ar mpeobpazoBanus !r,
TEM CaMbIM FapaHTUPY$, YTO B BBIBOAUMOM CTPOKOBOM 3HAY€HUU BMECTO
str(self.color) u str(self.mileage) OyayT UCIIOJIb30BaHbI repr(self.
color) u repr(self.mileage).

Ito paboraer 6e3ylpedHo, HO 000POTHOI CTOPOHOM SBJISIETCS TO, YTO MBI 110~
BTOPWJIN UM KJ1acca B opMaTHOM cTpoke. JIJist Toro utoObl n36ekaTh 9TOr0
IIOBTOPEHUsI, 3/1eCh MOKHO IPUMEHHUTD TPIOK ¢ MCIOJb30BaHKEM aTpulOyTa
__calss__.__name__ obbekra. JlanHbiil aTpubyT Beerga GyaeT 3epKajibHO
orobpazkarh UM KJIacca B BUJE CTPOKHU.

[IpenmytiiecTBO COCTOUT B TOM, UTO BaM He MTPUJIETCS MOIU(MUITUPOBATD pea-
JIM3AIATIO METOJIa __repr__, KOTJla UM KJIacca U3MEHUTCS. ITO MO3BOJISIET
GecrpensaTcTBeHHO IpuaepKuBarbes npunnumna DRY, To ectb «ue nosmo-
paucss:

def __repr__(self):
return (f'{self.__class__._name__ }('
f'{self.color!r}, {self.mileage!r})")
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OB6OPOTHOI CTOPOHOM ITOI pean3aliy SBJISIETCS TO, YTO (popMaTHas CTPOKA
JIOBOJIBHO JITUHHAS ¥ rpoMo3jikasd. Ho ripu ycioBun BeiBepeHHOTO (hopMaTh-
pOBaHUA BBl CMOKETe COXPAHUTH CBOM MCXOMHBIN KO/I aKKYPAaTHBIM U COOT-
BeTcTBYIomMM npasuiam PEP 8.

Bo Bpems uHCIIEKTHPOBaHKS 0OBEKTA UK HEIIOCPEACTBEHHOTO BhI30Ba (DYHK-
1un repr() ¢ 00bEKTOM TP HAJTMYNHU IPUBEAECHHOI BBIIIIE peaTi3allii MeTOIa
__repr__ MBI TI0JIyYaeM I0JIe3HbIN pe3yJIbTaT:

>>> repr(my_car)
'Car(red, 37281)'

[Teyath 0OBEKTA MIIH BBI30B (DYHKIIUHU str() ¢ 3TUM 0OBEKTOM BO3BPAIIAIOT
TO JK€ CaMOe CTPOKOBOE 3HAaYCHME, TOTOMY YTO 33/[aHHad 110 YMOJTYAHUIO pea-
JIN3aIMS __str__ TIPOCTO BBI3BIBAET METOJl __repr__:

>>> print(my_car)
‘Car(red, 37281)'
>>> str(my_car)

'Car(red, 37281)'

Y6exmeH, uTo 9TOT MOAX0/ 0OectednBaeT HaubOIbIYI0 3(hheKTUBHOCTD
U CKPOMHBII 06beM paboThl 110 ero peaiusaiuu. bosee TOro, aTOT MOIX0.
OIMPAETCs Ha THIIOBOI 1abJI0H B CTHJIe (DOPMBI JIJISI TIEYEHbST, KOTOPbI MOKHO
MIPUMEHSITH, He 0c000 3ayMbIBasich. [10 3TOI TpuYnHeE ST BCETIa CTPEMITIOCH
7100aBJISITH B CBOM KJTACCHI JIEMEHTAPHYIO PEATN3AIII0 METO/IA __repr__.

Hwuke mokasan 3akondyenHsiil mpumep st Python 3 ¢ romosauTensHol pea-
au3anuen Metoga __str__:

class Car:
def __init_ (self, color, mileage):
self.color = color
self.mileage = mileage
def __repr__(self):
return (f'{self.__class__.__name__ }("'
f'{self.color!r}, {self.mileage!r})")
def __str__ (self):
return f'{self.color} aBTOMOGWUNbL'



112 naBa4 e Knaccol n OOMN

Otnununsa Python 2.x: __unicode__

B Python 3 umeeTcst o[ THII JaHHBIX HAa BCE CJIyYau sKU3HU JJIsA TIPEJCTaB-
Jiennst Texcrta: str. On coepkuT cuMBOoJIbl FOHUKOIA 1 MOKET TIPeJICTaBIISTh
OOJIBIINHCTBO CHCTEM ITHCbMEHHOCTH B MUPE.

B Python 2.x /11 ¢cTPOKOBBIX JaHHBIX UCIIOJIb3YETCS APyras MOJe/b JaH-
upix!. 7151 ipeicTaBieHnsT TEKCTA CIYsKaT [[Ba TUTIA: Str, KOTOPBII OrpaHuYeH
Hab6opom cumBosioB ASCII, u unicode, KOTOPBIil 9KBUBAJEHTEH THITY str
Python 3.

Beaencrsue aroit pasuuisl B Python 2 cymectByer ere ogus gaHgep-Me-
TOJL B COCTAaBE METOJIOB yIIpaBJieHusl TpeoOpa3oBaHNeM CTPOK: __unicode_ .
B Python 2 __str__ Bossparuaer 6aiimot, TOTla Kak __unicode__ BO3Bpalaer
CUMBOLDL.

ITo cBOMM 3aMBIC/Iy U LIEJISIM METOZ __unicode__ siBaisieTcst oJjiee HOBBIM
U IIPEAIIOYTUTEIHBIM METOI0M YIIpaB/ieHus mpeodpasoBanueM cTpok. Kpome
TOTO, IMEETCs COMTPOBOJKIAIONIAS eTo BCTpoeHHas (pyHKIms unicode(). Ona
BBI3bIBAET COOTBETCTBYIOIIMIT JaHAEeP-METO/[ 0JOOHO TOMY, KaK paboTaroT
dynkuu str() u repr().

Yewm pambiie, Tem aydiie. Ho Bce cTaHeT HaMHOTO TTpUYY/IJTMBee, KOT/1a BB
[IOCMOTPHTE Ha IIPaBUJIa BBI30Ba METONOB __str__ 1 __unicode__ B Python 2.

Nuctpykius print u dyakius str() BbI3bIBAIOT MeTO __str__. Berpo-
entast B Python 2 ¢dyHkuus unicode() BbI3bIBaeT METOJ __unicode_, eciiu
OH CYIIECTBYET; B IPOTUBHOM CJy4yae OTBLIIPbIBACT Ha3a/ K METOAY __str__
U JIEKOIUPYET PE3YJbTAT B CUCTEMHYIO KOJUPOBKY TEKCTA.

ITo cpasHenuio ¢ Python 3 11 0cobble ciryyan HECKOIBKO YCAOKHSIIOT IIpa-
BuJIa ipeoOpasoBanus Tekcra. Ho ecth crmocob Bce CHOBa yIIPOCTUTH B ITPaK-
TuyeckoM maane. OHUKO SBJISeTCs NPeANnoYTUTEIbHBIM 1 EPCIIEKTUBHBIM
crioco6oM paboThl ¢ TEKCTOM B 1iporpamMmax Python.

[Tosromy B Python 2.x st B 11e10M pekoMeHI0BaI ObI pa3MeIiaTh BeCh CBOM
Ko/l hopMaTUPOBAHUS CTPOK BHYTPb METO/IA __unicode__, a 3aTeM CO3/1aBaTh

' Cwm. poxymenTarmio Python 2 «Mogenb nanubix»: https://docs.python.org/2/reference/
datamodel.html
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peaym3alnio 3arIyiKy __str__, KoTopast BO3BpallaeT Mpe/cTaBIeHue B BI/IE
IOnukona B koguposke UTF-8:

def __str__ (self):
return unicode(self).encode('utf-8")

3aryymka __str__ OyzieT oMHAKOBO /IJIst GOJIBIIMHCTBA KJIACCOB, €€ BhI TPO-
CTO MOJKETe KOIMIIACTUTh TIOBCIOALY, TZI€ 9T0 HeoOX0AnMO (b0 pa3sMeCTHTD ee
B 6Aa30BOM KJIacce, rje 9To uMeer cMbic). Toraa Bech Balil KoJ| IpeobpasoBa-
HUSI CTPOK, KOTOPBII IIpe{Ha3HaYeH /I MCIIOIb30BaHUs He Pa3paboTYnKaMu,
Oyer jiexkath B MeTO/Ie __unicode_ .

[TpuBenem 3akoHueHHBIN pumep a1t Python 2.x:

class Car(object):
def __init_ (self, color, mileage):
self.color = color
self.mileage = mileage
def __repr__(self):
return "{}({!'r}, {!r})"'.format(
self._class__.__name__,
self.color, self.mileage)
def _ unicode_ (self):
return u'{self.color} aBTOMO6UAL"'.format(
self=self)

def _ str_ (self):
return unicode(self).encode('utf-8")

KntouyeBble BbIBOAbI

Q YupasasaTh IpeobpasoBaHeM CTPOK B CBOMX COOCTBEHHBIX KJIACCaX MOKHO,
WCIIOJIb3Y S IaH/Iep-MeTO/Ibl __str__ U __repr__.

Q Pesyasrar metoga __str_ 0oJmKeH OBITH yIoO0YrTaeMbIM. Pe3yibrar MeTo-
Ja__repr__ JIOJIKEeH OBITh OJJHO3HAYHBIM.

O B cBou kimacesl Beerza cienyer 100aBasTh MeTos __repr__. [To ymMoyanmio
peayu3alys MeToJla __str__ TIPOCTO BBI3BIBAET METOJ[ __repr__.

0 B Python 2 Bmecto MeToma __str__ ciiemyeT HCIOJAB30BAaTh METOJ __uni-
code__.
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4.3. OnpeneneHne cBoMx COHBCTBEHHbIX
KJ1aCCOB-UCK/TIOYEHUM

Korpa g nauas ucnosbsosars Python, To He perasicst B cBoeM IIporpaMMHOM
Kojle Iucarh cOOCTBEHHbBIE KJIACChI-UCK/IIOUeHKs. BMecTe ¢ TeM orpeenenme
COOCTBEHHBIX TUIIOB OITMOOK MOKET OBITh OY4CHb IICHHBIM. BBI 4eTKO BbIIEIUTE
HOTEHIIMAIbHbIE CTydan OMIMOOK, U, KaK Pe3yJIbraT, Ballu (DyHKIIUU 1 MOJLYJIH
cranyT 6oJiee yI0OHBIMU B COITPOBOKIEHIH. BbI Tak/Ke CMOKETE HCIIOIb30BaTh
cOOCTBEHHBIE TUIIBI OIKOOK, KOTOPbIEe 06ecreyaT A0MOJIHUTEIbHYIO OTIa10u-
HYI0 MHGOPMAIHIO.

Bce 370 yurydmmmT Baii mporpaMMHbII KO 1 06JerduT ero monumanue. On
CTaHET Jierde JIJIsl OTJIA/IKU U yI00Hee B COMPOBOKIAECHUN. 3aj1aua OIpe/IeTeH s
BAIlNX COOCTBEHHBIX KJIACCOB-UCKIIIOYEHUI He Oy/IeT TaKOi CI0KHOH, KOr/a
BBl pa3o0beTe ee Ha HECKOJIBKO MPOCTBIX TIPUMEPOB. B 3T0ii riiaBe s mpoBery
BAC 110 OCHOBHBIM ITYHKTaM, KOTOPbIe HEOOXOMMO TIOMHUTb.

JIOTIyCTUM, Y4TO BbI XOTEIU Obl BHIIIOJIHUTH BATUAAIINIO BXOJHOTO CTPOKOBOTO
3HAYEHMsI, KOTOPOE B BallleM IIPUJIOKEHIN IIPECTaB/IAeT UMs YeIoBeKa. rpy-
IIeYHBIN IpuMep (DYHKIMN BaIUIALUU UMEHU MOKET BBITJISETh CJIeAYIOIM
obpaszom:

def validate(name):
if len(name) < 10:
raise ValueError

Ecau Banupaiusg Tepnut Heyauyy, OHA BbI3bIBaeT MCKJI0UeHue ValueError.
ITO KaXKeTCsI BITOJIHE YMECTHBIM U BBITJISI/IAT TTO-MMUTOHOBCKU. [loka 4TO BCe
UIEeT HETIO0XO.

BwMmecTte ¢ TeM B MCTTOJIb30BAaHIY YHUBEPCAIBHOTO KJIACCA-UCKIIOYEHUS <BbI-
COKOTO ypOBHsi» Tuna ValueError ecth 000poTHasi cropona. [Ipemnonoxum,
YTO OJINH M3 BAIINX KOJIJIET BBI3bIBAET 3Ty (QYHKIIMIO KaK COCTABHYIO YaCTh
6ubIMOTEKN U He OYeHb pa3bupaeTcs B ee BHyTpeHHeM ycrpoiicte. Korma
HE Y/1aeTCs1 BBITIOJHUTD BATUAAINIO KMEHHU, OTYeT 06 0O6paTHO TPacCUPOBKe
Oy/IeT BBITJISIIETD TIPUMEPHO TaK:

>>> validate('axo')
Traceback (most recent call last):
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File "<input>", line 1, in <module>
validate('axo")
File "<input>", line 3, in validate
raise ValueError
ValueError

ITOT OTYET He OUYeHb-TO U MoJie3eH. HecoMHeHHO, MBI 3HAEM, YTO YTO-TO TO-
IIJIO HEe TaK U 4TO MpobJjeMa uMesia OTHOIIEHNE K <HEPaBUIbHOMY 3Haue-
HUO» WJIM THIIA TOTO, HO YTOOBI OBITH B COCTOSTHUM MCIIPABUTD 3Ty TIPOOJIEMY,
Balll KOJIJIETa MOUTH HAaBEPHSIKA JI0JIKEH CBEPUTHCS ¢ peanu3arueil hyHKIuu
validate(). OmHako uTeHMe UCXOHOTO KOJIa CTOUT BpeMeHu. 1 5T0 BpeMs
OyneT GBICTPO HAKATLINBATHCS.

K cuacTbio, Mbl MOKEM C/ieJIaTh ¥ KOe-4To I10JIy4iie. BBegeM coOCTBEHHBII
THIT UCKJTIOYEHW, KOTOPBINA Oy/IeT TPECTaBIsITh HeyAaBIIy0CsT BaJUIaIlUIO
nMeHU. MBI TOCTPOUM HaIll HOBBIH KJIacC-UCKJIIOYeHNE Ha OCHOBE BCTPOEHHO-
ro B Python kmnacca ValueError, HO 3acTaBIUM €ro TOBOPUTS 3a cebst, 1aB eMy
6oJiee KOHKPETHOE UMST:

class NameTooShortError(ValueError):
pass

def validate(name):
if len(name) < 10:
raise NameTooShortError(name)

Temepb y HAC €CTh «CaMOJAOKYMEHTHUPYIOMIUiT» TUN HCKIOYEHUN
NameTooShortError («VMst CIUIIKOM KOPOTKOE» ), KOTOPBII paciimpsier
BCTPOEHHBII Kitacc ValueError. OGbIYHO BbI OyieTe eJIaTh CBOU COOCTBEHHBIE
HCKJIIOYEHUS IPOU3BOHBIME OT KOPHEBOTO KJ1acca Exception jiibo oT Apyrux
BCTPOEHHBIX B Python UCKJIIOYEeHNIT Hano1001e ValueError Wi TypeError —
B 3aBUCHUMOCTH OT TOTO, 4TO KAJKETCS 11ETeCO0OPa3HbIM.

Kpome Toro, oOpaTiTe BHUMaHWE Ha TO, KAK MbI TEIIEPh MEPEIAEM MTEPEMEH-
HYIO name B KOHCTPYKTOP HAIIero cCOOCTBEHHOTO KJIacCa-UCKIIIOYEHUST BO BPEMSI
CO3/IaHUSI ero 9K3eMILIsipa BHYTpU validate. HoBas peanusaius npuBoauT
K TOMY, 94TO BAIll KOJIJIETA TTOJYYUT HAMHOTO GoJiee MPpUsITHLIN oTdeT 06 0Opar-
HOU TPacCUPOBKE:

>>> validate('pxeiH")
Traceback (most recent call last):
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File "<input>", line 1, in <module>
validate('pxeiH")
File "<input>", line 3, in validate
raise NameTooShortError(name)
NameTooShortError: axeiH

OnsThb-Taky, MONbITAlTECh BCTATh HA MECTO CBOETO KOJIJIETH 110 KOMaH/IE.
CobOcTBeHHbIE KITACCH UCKITIOYEHUH CYIECTBEHHO TTOMOTAIOT MOHSITH, 4TO
MMEHHO IIPOMCXO/NT, KOT/Ia Jlesla UAYT He Tak, Kak HaJlo (2 paHO WJIN MO3/IHO
3TO 06SI3ATEIHHO CIIYUUTCS).

To ke camoe BepHo, [axke ecyu Bbl paboTaeTte Ha/l KOAOBON 6a30ii B OJTHOM
omrHoYecTBe. HECKOIBKO He/leslb NI MECSIIIEB CITYCTsI BaM Oy/IeT HAMHOTO
TPOIIIE BBITIOJIHSATH COMPOBOAUTENBHYIO PAOOTY, €CJIH BaIll HCXOHBIN KO Oy/IeT
XOPOIIIO CTPYKTYPUPOBAH.

[Torpatus Bcero 30 cexkyH/ Ha olpeieJieHHe ITPOCTOTO KJACCa-UCKII0YEeHMs,
BBI y’Ke TIOJIYY NI HAMHOTO OOJIBbIINIT KOMMYHUKATUBHBI (hparMeHT KoJa.
Ho nasatite moiizem pasbiie. Eite MHOTO 4ero HYKHO 00C/IeI0BATD.

Besikuii pas, korza Bbl BeilycKaere naket Python B my6mmmyroe mpocTpancTBo
WJIN CO3/1aeTe MOJLYJIb MHOTOKPATHOTO MCIIOJIb30BAHM [ CBOEI KOMITAHWH,
00pasIoBast TPaKTHKA MPELYCMATPUBAET CO3/IAHUE [IJIST TAKOTO MOJYJIs COO-
CTBEHHOTO 6A30BOTO KJIACCA-MCKIIIOYEHHUS U 3aTEM CO3/[aHUe TPOU3BOHBIX OT
HEro BCeX J[PYTUX BalluX UCKIIOYEHU.

Huke miokazano, Kak co3/1aTh COOCTBEHHYIO HEPAPXUIO HCKIIIOYEHIIT /75T BCEX
HCKJIIOUEHUH B MOy ie Wi 1takeTe. [IepBbIil mar cocTouT B 00bsiBIeHIN Oa-
30BOTO KJIacca, OT KOTOPOTO HACJIENYIOT BCe KOHKPETHbIE ONTHOKH:

class BaseValidationError(ValueError):
pass

I[aJIee, BC€ Halll «peaJibHbI€» KJIACCbhI o1mnboK MOTYT OBITD C/leJIaHbI ITPON3-
BOJAHBIMMU OT 6a30BOro KJaacca ommbok. B Ppe3yJabTaTe MbI ITOJIyHa€M XOPOIITYIO
N YUCTYIO H€papXuIio I/ICK]IIO‘IBHI/II'/JI, TIPUJIOJKUB JINIIDb HESHAYNUTEJ/IbHbBIE JOITOJI-
HUTEJIbHbIC YCUJIWAL

class NameTooShortError(BaseValidationError):
pass
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class NameTooLongError(BaseValidationError):
pass

class NameTooCuteError(BaseValidationError):
pass

HaHpI/IMep, 9TO MMO3BOJIAET II0JIb30BATE/IAM BallleTO IMaKeTa IMMUCaTb MHCTPYK-
uu try-except, KOTOpble MOT'YT O6pa6OTaTb BCe OH_H/I6KI/Iy BO3HUKaIOIIME B pe-
3yJibraTte pa6OTI)I 9TOrO IIaKETa, 6e3 H606XOI[I/IMOCTI/I OTJIaBJINBATb UX BPYYHYIO:

try:
validate(name)
except BaseValidationError as err:
handle_validation_error(err)

JIoam no-IpesKHeMy MOIYT OTJIaBJINBATh 00J1e€ KOHKPETHBIE BUbI UCKIIOUEH I
ATHM CcII0COOOM, HO €CJIN OHM HTOTO HE XOTST, TO, TI0 KpaliHeil Mepe UM He TIpu-
jieTcst npuberaTh K 3aXBaThIBAHMIO BCEX MCKJIIOYEHUIT TIPU ITOMOIIN BCEOOBEM-
JIforieit MHCTpyKImu except. OOBIYHO TaKOM MOAXO0/] CYUTACTCS AaHTUIITAOJIOHOM
MIPOEKTUPOBAHUSA — OH MOKET HETJIAaCHO TIOTJIOTUTD W CKPBITh Pa3pO3HEHHbBIE
OIMMOKY ¥ C/IeJIATh BAIlN ITPOTPAMMBbI HAMHOTO TPY/THEE JIJIsT OTJIAJIKH.

Paszymeercsi, Bbl MOKeTe Pa3BUTD 3Ty UJIEI0 U JIOTUYECKHU CIPYIIIUPOBATH UC-
KJIIOUeHUsT B IoipobHeiime cyouepapxuu. Ho 6yabre 0cTOPOKHBI — MOKHO
OYeHb JIETKO BHECTU HEHYKHYIO CJIOKHOCTb, 1epebOPINUB ¢ 9TOil pabOoTOil.

[TogBosT UTOTH, CTIEAYET OTMETHUTD, YTO OTIPeIeSIeHne COOCTBEHHBIX KJIACCOB-
UCKJIIOYeHUI obJieryaer MpUHATHE BAIIUMU [TOJIb30BaTEJISIMU CTUJIS [IPO-
rpaMMmupoBaHus «Jlerde monpocuts npoieHusd, yueM paspetnenusi> (EAFP),
KOTOPBIi cunTaercst 6ojiee MUTOHOBCKIM.

KntoueBble BbIBOAbI

0 Ompesenenne Banmx cOOCTBEHHBIX TUIIOB UCKJIIOYEHHIT TIO3BOJISIET SICHEE
chOpMyYJIMPOBATH 3AMBICEJT BAIIIErO MPOTPAMMHOTO KO/Ia 1 O0JIETYUTH €T0
OTJIALKY.

] C.He]lyeT JAeJ1aTb CBON CO6CTB€HHI)I€ HCKJIIOYEHUA ITPOU3BOAHBIMU OT BCTPO-
entoro B Python kimacca Exception mim ot 6osiee KOHKPETHBIX KJTaCCOB-
UCKTIOUEHNH, TaKUX Kak ValueError uin KeyError.
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] I[.HH OIipe/ieJIEHN A JIOTUYECKU CIPYIIITNPOBAHHbBIX I/IepapXI/Iﬁ UCKJIIOUEeHU I
MOJKHO MCIIOJ/Ib30BaTb HaCJI€/JOBaHHE.

4.4. KnoHnpoBaHne 06beKTOB
ANst Aena n Becesnbs

B PythOIl MHCTPYKIUU ITPUCBaBaHUA HE CO3/1a0T KOITNU O6’beKTOB, OHU JINIIIb
ITPpUBA3bIBAIOT UME€HA K O6'I)€I<Ty. ZIJIH HEU3MEHAEMbIX 00BEKTOB 9TOT (I)aKT
OOBIYHO HE UMEET SHa4YeHUA.

Ho 7151 paboThl ¢ M3MeHAEMbIMU 00bEKTAMK WJIN KOJUIEKIIUSAMU U3MEHSIEMbIX
00BEKTOB BaM, BO3MOKHO, CTOMT HAITH CIIOCO0O CO3MaHMs «PeajibHbIX KOIUI»,
I <KJIOHOB», 3TUX OOBEKTOB.

ITo cymiecTBY, Bam rHOTAA OYyAyT TPEOOBATHCS KOIIUU, KOTOPbIE MOMKHO MOJIH-
bunmposarh 6e3 aBToMaTHYeCKON MoauduKanum opuruHaia. B sTom paszese
sl KPATKO MPECTABIIIO TO, KaK KOMMPOBATH, NN «KJIOHUPOBATH>, 00BEKTHI
B Python, u mokasxy cBsizaHHbI€ ¢ 9TUM MOJABOAHbBIE KAMHU.

Haunewm ¢ Toro, 9T0 06paTHMCsI K KOTTMPOBAHWIO BCTPOeHHBIX B Python xour-
sekrmii. Berpoentibie B Python mamensiembie KOJUTEKITNH, TAKHE KAK CITHCKH,
CJIOBapU U MHOKECTBA, MOTYT OBITh CKOTIMPOBAHBI Iy TEM BbI30Ba CBOUX (ha-
OpUYHBIX (DYHKIMIT ¢ CYNIECTBYOMIEH KOJIEKIIUEH B KauecTBe apryMeHTa:

new_list = list(original_list)
new_dict = dict(original_dict)
new_set = set(original_set)

OI[HaKO I9TOT METO/L HE 6YZ[6T pa6OTaTb ¢ cOOCTBEHHBIMU 0ObEKTAMU n, BJO-
0GaBOK KO BCEMY, OH CO3JA€T TOJIbKO MEJNKUE KONUU. I[JIH COCTaBHbIX O6’I)€KTOB,
TaKUX KaK CIIMCKHU, CJIOBaPpW U MHOKECTBA, MEKIY MEJNKUM 1N Zﬂyéomm KOIIN-
POBaHHNEM UMEETCA BasKHOE pa3jinine.

Menxas xonus (shallow copy) o3Hayaer KOHCTpYHpOBaHHE HOBOTO 00bEKTa-
KOJITEKITMY ¥ 3aTEM €ro 3allOJIHEHNEe CChIIKaME Ha JI0YepHue 0OBEeKThI, Hall-
JIEHHbIE B OpUTHHAJIE. B cylHOCTH, MeJIKast KOTIUST UMEET BCETO 00UH YPOBEHD
6 2ayouny. TTporiecc KOMUPOBAHUS BBITIOJIHSIETCSI HEPEKYPCUBHO U [IO9TOMY HE
CO3/IaeT KON CaMUX JI0YEPHUX OOBEKTOB.
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Iybokas konus (deep copy) BBITIOHSIET MPOIECC KOMMPOBAHKS PEKYPCUBHO.
ITO 03HAYaeT KOHCTPYMPOBaHME CHavYaa HOBOro 0OBbEKTa KOJIJIEKIINH, a 3a-
TEM PEKYPCUBHOE €r0 3all0OJIHEHUE KOITUSAMHE J0YE€PHIX 0OBEKTOB, HAlICHHBIX
B opuruHase. [Ipu KonmupoBaHuy 0GbEKTa TAKUM CIIOCOOOM BBITIOJNHAETCS 00-
X0/l BCETO JiepeBa 00bEKTOB IIEJTUKOM, U CO3/IAETCST TIOJTHOCTHIO HE3aBUCUMBIii
KJIOH MCXOZHOTr0 00bEKTa U BCEX €ro IOTOMKOB.

HOHI/IMaIO, 4T0 9TO ObLIA A0OBOJIbHO 3ayMHas TUpaza. HOBTOMy O6paTI/IMCH
K HECKOJIbKUM IIpUMEPaM, KOTOPpbI€ JOBEAYT A0 CO3HAHUA PA3HUILY MEKIAY
I‘JIy6OKI/IMI/I 1 MEJKUMHI KOIIMAMU.

Co3gaHne Menkux Konumm

B npuBesieHHOM HUKe TPUMEPE MbI CO3/1aJIMM HOBBIN BJIOKEHHBIN CITUCOK
U 3aT€M Me/KO €T0 CKOITMPYEM TIPH oMol (hadpuaHoii hyHKImK 1ist():

>>> XS
>>> ys

(r1, 2, 31, [4, 5, 6], [7, 8, 9]]
list(xs) # Cdenamo menKyw Konuiw

ITO 03HAYAET, YTO CITUCOK ys Teepb OyeT HOBBIM U HE3aBUCHMBIM OOBEKTOM
C TEM K€ CAMBIM COZIEPKUMBIM, 4TO U CITUCOK XS. ITO MOKHO TIPOBEPHUT, TPO-
MHCIIEKTUPOBaB 00a 00beKTa:

>>> Xs
[[1, 2, 31, [4, 5, 6], [7, 8, 9]]
>>> ys
[[1, 2, 31, [4, 5, 6], [7, 8, 9]]

YroObl MOATBEPAUTD, YTO CIIMCOK YS AEHCTBUTETHHO HE3ABUCUM OT OPUTH-
HaJla, laBaiiTe paspaboTaeM MaJeHbKUI aKcriepuMeHT. MoKHO 1o1poboBaTh
7106aBUTH HOBBIN MOJCINUCOK B OPUTHHAM (XS) U 3aTeM YOEIUTHCS, UTO HTa
MoauduKaIus He 3aTPoHYyJIa Konuio (ys):

>>> xs.append([ 'HoBblii noacnucok'])

>>> XS

[[1, 2, 3], [4, 5, 6], [7, 8, 9], ['HoBbin mogcnucok']]
>>> ys

({1, 2, 31, [4, 5, 6], [7, 8, 9]]
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Kak BUIUTE, Z—)(b(beKT OBLI OJKUJa€EM. C u3mMeHeHneM CKOIIMPOBAHHOI'O CIIMCKa
Ha «IIOBEPXHOCTHOM» YPOBHE HUKAKHX HpO6]IeM H€ BO3HHMKIJIO.

OI[HaKO ITOCKOJIbKY MbI CO3a/JIN JIMIIb MEJIKYIO KOIINIO OPUTUHAJIbHOI'O CIIN-
CKa, CITMCOK yS IO-IIPEKHEMY COAEPKUT CChIJIKM Ha OpUTMHaJbHbIE JOUYEPHHE
O6'beKTbI, XpaHAIIUECA B XS.

ITH J[0YepHIE HIEMEHTBI He ObLIN CKOTIMPOBaHbI. Bee ¢Besoch K TOMY, 4TO
B CKOIIMPOBAHHOM CIIMCKE Ha HUX CHOBA COJIEPKATCS CCBLJIKU.

[TosTomy, Koria Bbl MOAM(UIMPYETE OAUH U3 AOUYEPHUX OOBEKTOB B CIIU-
CKe xs, 9Ta MoauduKaIus Takxke OygeT oTpaxkeHa B CIUCKE ys — TaKUM
006pazoM, 06a CnuUcKka coBMecmuo UCNOIb3YyIom 00UHAKOGble douepHue 00beK-
mol. DTa KOIK TIPEACTABASET COOO0I BCETrO JUIIb MEJKYIO KOIUIO ¢ OJHIM
YPOBHEM B TJIyOUHY:

>>> xs[1][e] = 'X'

>>> XS

[[1, 2, 3], ['X", 5, 6], [7, 8, 9], ['HoBubii noacnucok']]
>>> ys

[fa2, 2, 31, ['X", 5, 6], [7, 8, 9]]

B npumepe Bbite Mbl (Ka3anoch Obl) U3MEHUJIHM TOJBKO CIUCOK xs. Ho oka-
3BIBAETCSI, UTO B MHJIEKCE 1 CITUCKOB XS M ys ObLIN U3MEHEHBI 00a TO/ICIIACKA.
OnsATb-TaKy, 3TO MPOU3OIILIO, IIOTOMY YTO MBI CO3/IAJIN BCETO-HABCETO MEIKYHO
KOIINIO OPUTUHAJIBHOTO CIIUCKA.

Ecim 6bI Ha TIEPBOM TITare MbI CO3/IAJIN 21Y/00KY10 KOITHIO CITUCKA XS, TO 06a 00b-
eKTa ObLITH OBI TIOTHOCTBIO HE3aBUCUMBI. B 3TOM 1 3aKJIF0YaeTCsI TIPAKTHYECKasT
pa3HUIA MEK/Y MEJKUMU U TJIYOOKUMU KOMTUSME OOBEKTOB.

Tenepb BbI 3HAE€TE, KaK CO3/JlaBaTb MEJIKHNE KOIIMN HEKOTOPbIX BCTPOCHHDBIX
KJIaCCOB KOHHGKHHﬁ, M 3HAETE PA3HUILY MEKY MEJIKUM U FJIY6OKI/IM KOITNpo-
BaHHEM. BOHpOCbI, OTBETHI Ha KOTOPbIE MbI ITO-IIPEKHEMY XOTHUM I1OJIyYUTDb,
CJIeyIolune:

0 Kak cosnaBarh riryGoK¥e KO BCTPOEHHBIX KOJJIEKITHN ?

0 Kak cosmaBats konuu (Meskue u TayOOKHe) TPOU3BOJIbHBIX 0OHEKTOB,
BKJIIOYast COOCTBEHHbIE KJIACCHI?
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OTBeTHI HA 3TU BOTIPOCHI JIEKAT B MOJIyJIe COpy CTAaHAApPTHOI OMGINOTEKN
Python. 3tor Momyib obecrieunBaet npocToii mHTepdENc /15t CO31aHIsA MeJl-
KUX ¥ TJIyOOKUX KON MTPOU3BOJIBHBIX 00beKTOB Python.

Co3aaHue rnybokmx Konun

[laBaiiTe TOBTOPUM TIPEBIAYIINI TPUMEP € KOMMMPOBAHUEM CITUCKA, HO C OJI-
HUM BaKHBIM pasjndueM. B aToT pa3d Mbl cobupaemcsi co3ath 21y6oKyo
KOIIMIO, UCIIOJIb3YsI BMECTO BCTPOEHHOU (haOpuuHON GyHKIMU DYHKIIUIO
deepcopy (), OIIpeIeJIEHHYIO B MOJLyJIE COpY:

>>> import copy
>>> Xs = [[1) 2, 3]: [41 5, 6]: [71 8, 9]]
>>> zs = copy.deepcopy(xs)

Korna BbI MpoWHCIIEKTUPYETE CIIUCOK XS U €r0 KJIOH ZS, CO3/[aHHbIIl HAMU
¢ TIOMOIIBIO copy.deepcopy (), Bbl YBUIUTE, YTO OHM 006 CHOBA BbBITJISIISAT
UIEHTUYHBIMU— TOYHO TaK ’Ke, KaK U B IPEBIYIIEM TTPUMEPE:;

>>> XS

[r1, 2, 31, [4, 5, 6], [7, 8, 9]]
>>> ZSs
[[1, 2, 31, (4, 5, 61, [7, 8, 9]]

OjHaKo ec/i Bbl BHeceTe MOAN(DUKAIINIO B OJIMH U3 I0YEPHUX OOBEKTOB B OPH-
TUHAJTLHOM 00beKTe (XS ), TO Bbl YBUUTE, UTO HTA MOAMMDUKAIKS HE 3aTPOHET
rIyOOKYI0 KOMUIO (z5).

()6aO6BeKTa,OpHFHHaHIIKOHHH,HaBTOTPHBHOHHOCTBK)HGSaBHCHMbL(:HH-
COK XS OBLI KJIOHMPOBaH PEKYPCHUBHO, BKJIIO4Yas BCE €ro /I0YEPpHUE O0OBEKTBHI:

>>> xs[1][e] = 'X'

>>> XS

[[1, 2, 31, ['X"', 5, 6], [7, 8, 9]1]
>>> zs

[[1, 2, 3], [4, 5, 6], [7, 8, 9]]

Bo3MOoKHO, BaM CTOUT CJIeJIaTh T1ay3y, 4T0ObI 00PATUTHCST K HHTEPIIPETATOPY
Python u ipsiMo cefiuac BBITIOTHUTD BCE STU TPUMEPBL. YCBOUTH KOMTUPOBAHIE
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00BEKTOB Jierde, KOT/ia Bbl UMEETe BO3MOKHOCTD HAOPATHCS OITBITA U [TO9KCIIE-
PUMEHTUPOBATh C IPUMEPAMU U3 TIEPBBLIX PYK.

Meskay npodnm, pu moMou GYHKIUKA B MOJIYJIe cOpy BbI TAKyKe MOKETe
cosgaBaTh Meskue kornuu. OyHKIMS copy.copy () CO31aeT MeJIKUe KOIMK
00BEKTOB.

ITO TOJIE3HO, eCJIM BaM HYKHO YETKO COOOIIUTD, YTO T/Ie-TO B CBOEM IPO-
TpaMMHOM KO/jie BbI cOo3/laeTe MeJikyio Koruio. Vicrosnb3oBanue copy . copy ()
MO3BOJISIET YKa3bIBaTh HA 3TOT (pakT. OAHAKO UTO KacaeTcsd BCTPOEHHBIX
KOJLJIEKITUH, TO JIJIST CO3/IaHUST X MEJIKMX KOTIHiT 60Jiee TTMTOHOBCKUM CTHJIEM
Oy/IeT CUNTAThCS MCIob30Banue GabpuyHbIX GYHKINNA 1ist, dict u set.

KonunpoBaHWe npou3Bo/ibHbIX 06bEKTOB

Bompoc, Ha KOTOPBIT MBI TIO-TIPESKHEMY JIOJKHBI OTBETUTD, COCTOUT B TOM, KaK
cosaBaTh KoK (MeJIKe U TIyGoKKe) MPOU3BOJIbHBIX 0OBEKTOB, BKIIOUAST
coOcTBeHHbIE Kacchl. Terepp gaBaiite 06paTUMCS K TOMY BOTIPOCY.

W cHoBa Ha BBIPYYKY IPUXOIUT MOAYJIb copy. Ero ¢yukuuu copy.copy ()
u copy .deepcopy () MOTI'YT HCIOJIb30BAThCS LIS CO3IaHus AyOrKara Jto60oro
00BeKTa.

U cHoBa Hamay4muii crmocob MOHSATh, KaK UX UCIIOJIb30BATh, — MOCTABUTH
IIPOCTO#T 9KCTIEPUMEHT. 51 cCOOMPAIOCh B3SITh 32 OCHOBY TIPE/IBILYIIIAN TPUMED
¢ KolupoBaHueM crnucka. /laBaiitTe HaYHeM ¢ olpeieJieHus IIPOCTOTO Kjacca
JIBYMEPHOM TOYKU:

class Point:
def __init_ (self, x, y):
self.x = x
self.y =y

def _ repr__ (self):
return f'Point({self.x!r}, {self.ylr})"'

Hazeioch, BbI coriacuTech, 4T0 9T0 ObLIO A0BOJLHO IPAMOIMHENHO. S 1o6aBmI
peaymsaiio __repr__ (), ¢ TeM 4TOOBI MbI MOTJIU JIEFKO ITPOMHCIIEKTHPOBATh
co3/IaBaeMble Ha OCHOBE TOTO KJjlacca 00beKThI B nHTEpIipeTartope Python.
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I[aJIee MbI CO3JaAUM IK3EMILIAP Point, a 3aTem ero (MG.HKO) CKOIIMPYEM, UC-
I10JIb30BaB MO/YJIb COpYy:

>>> a
>>> b

Point (23, 42)
copy.copy(a)

Ecmu IIPOMHCIIEKTUPOBATb COAEPKNMOE OPUTUHAJIBHOTO obbeKTa Point u ero
(MeJIKOI‘O) KJIOHQ, TO Mbl YBUJUM TO, UYTO 1 OKUJAJN:

>>> a
Point(23, 42)
>>> b

Point (23, 42)
>>> a is b
False

CJienyet umMeTh B Bujty Koe-uTo eiite. [TockobKy Hatr 06 beKT-TOUKa J1JIsT CBO-
MX KOOP/JMHAT UCIIOJIb3yeT IPUMUTHUBHBIE TUIIbI (1leJIble YKCJIa), TO B IAaHHOM
cJlydae HeT HUKAKOM PasHUIIbI MEXK/Y MEJIKOI 1 rirybokoit kornmeit. Ho st pac-
HIMPIO TPUMEP CeKYH/Y CITyCTsI.

Tenepn nepeiiziem k O0Jiee CIOKHOMY TpUMepy. 51 coGMpaioch OpeIesuTb etie
OJIVH KJIACC, KOTOPBIN OY/IEeT MPEACTABISATD ABYMEPHBIE TPSIMOYTOTHHUKH.
S cpemnaro 310 TakM 0OPA3OM, KOTOPBIIT TIO3BOJISIET CO3/[aBATh OOJIEE CAOKHYIO
Hepapxuio 00bEeKTOB, — MOU TIPSIMOYTOJBHUKH OY/IyT UCIIOJIB30BATh OOBEKTHI
Point, mpejcTaBJisioniie NX KOOPAMHATDL:

class Rectangle:
def __init_ (self, topleft, bottomright):
self.topleft = topleft
self.bottomright = bottomright

def __repr__(self):

return (f'Rectangle({self.topleft!r},"’
f'{self.bottomright!r})")

Cxauasa MbI TIONIBITAEMCS CO3/IATh MEJIKYIO KOTIMIO dK3eMILigpa Rectangle:

rect = Rectangle(Point(®, 1), Point(5, 6))
srect = copy.copy(rect)
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Ecau BBI TpoWHCTIEKTHPYETE OPUTUHATbHBIN MPSIMOYTOJIbHUK W €T0 KOTTHIO,
TO YBUJUTE, YTO IIE€PEOIIPeieieHne MeToia __repr__ () IpeKkpacHo cpaboTaio
U IIPOLIECC MEJIKOTO KOIIMPOBAHUS ObLI BBIIOJIHEH, KaK MbI U K IAJIM:

>>> rect

Rectangle(Point(®, 1), Point(5, 6))
>>> srect

Rectangle(Point (@, 1), Point(5, 6))
>>> rect is srect

False

[TomHuTE, KaK B TpeJbIAyIIEM IPUMePE CO CIUCKOM HJIJTIOCTPUPOBAIACD
PasHUIlAa MEXKILY TJIYOOKUMHU U MEJTKUMU KOIUSIMU? 371eCh sl COOMPAIOCh TIPH-
MEHHUTH TOT Ke caMblil T0AX0/. SI M3MeHI0 06BEKT, HaXOAAIIUICS TIyOOKO
B MepapXxuu 0OBbEKTOB, ¥ 3aTe€M Bbl BHOBb YBUIKTE, KaK 9TO U3MeHeHue Oy1eT
OTpaskeHo B (MEJIKO ) KOTTHH:

>>> rect.topleft.x = 999

>>> rect

Rectangle(Point (999, 1), Point(5, 6))
>>> srect

Rectangle(Point (999, 1), Point(5, 6))

Hapnetoch, 4to aTOT IIpUMep 1oKa3as To, 4TO Bbl oxkuaanu. [lasee, g cozgam
ryOOKYT0 KOTIHIO OPUTHHAIBLHOTO MTPSIMOYTOIbHUKA. 3aTeM BHECY B HEE O/THO
U3MEHEHWE, ¥ BBl YBU/IUTE, KaKie OObEKThI OB 3aTPOHYTHL:

>>> drect = copy.deepcopy(srect)

>>> drect.topleft.x = 222

>>> drect

Rectangle(Point (222, 1), Point(5, 6))
>>> rect

Rectangle(Point (999, 1), Point(5, 6))
>>> srect

Rectangle(Point (999, 1), Point(5, 6))

Byauns! Ha stor pas riy6okast konust (drect) IOJHOCTBIO HE3aBUCHMA OT
opurnHania (rect) u MeJKoOi Koruu (srect).

B atom pas/iejsie Mbl pACCMOTPEJIN MHOT'ME BOITPOCHI, U ITPU 9TOM OCTAJIUCH €111E
HeKOTOprBTOHKOCTH,CBHS&HHBK?CI«HTHPOB&HHGN[O6B€KTOB,
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Ita TeMa CTOUT TOro, YTOOBI B Hee yriyouThest (ere Obl!), oaTOMY, BO3MOJK-
HO, BaM CTOUT IIJIOTHEE 3aHAThCS JOKyMeHTaleir MoayJist copy!. Harpumep,
0OBEKTHI MOTYT YIIPABJIATH T€M, KaK OHU KOIMPYIOTCSI, €CJIA B HUX OIIPE/IEeIUTh
crierajibHbie MeTObI __copy_ () u __deepcopy_ (). [IpusaTHOTO Bpemstpe-
MPOBOK/IeHUs !

Knto4yeBble BbIBOAbI

O B pesysbrare cozmanust Mekoit Konuu 00beKTa [oYepHie OOBEKTh He
kJoHUpYyIoTcs. 1lo aToit mprunHe pe3yabTupyfonas KOs He SBJISeTCs
[OJIHOCTBIO HE3aBUCHUMON OT OpUTHHAJIA.

O B mporecce riy6okoro konmpoBatust 00beKTa J04epHIe 00bEKThI KITOHH-
pytoTcst pekypcuBHO. KIIOH MOJTHOCTBIO HE3aBUCUM OT OPUTHMHAJA, HO Ha
coszianuie rayOOKO KOMUK YXOIUT OOJIbIIIE BDEMEHH.

O Ilpu oMoty MOIyJisi copy BBl MOJKETE KOMUPOBATH TIPOU3BOJIBHBIE 00b-
eKThI (BKJIIOYasi COOCTBEHHBIE KJIACCHI).

4.5. A6CcTpakTHble 6a30Bble KNnacchl Aepxat
HacneaoBaHWe NoA KOHTPoNeM

A6crpakrhbie kiracesl (AK), nHora Takke HasbIBaeMble abcmpakmmvimu 6a-
308bLMU KIACCAMU, TADAHTUPYIOT, YTO MTPOU3BOIHBIE KJIACCHI PEATUYIOT T€ UJIN
UHbIe MeTO/IbI Ha30BOTO Kiacca. B 9ToM pasjiesie BbI y3HA€ETe O TPEMMYIIECTBAX
abCTPaKTHBIX KJIACCOB U O TOM, KaK UX OMPEAESTh IIPU TTOMOIIH BCTPOEHHOTO
B Python momyist abc.

VTak, B 4eM ke TpeiecTh abCTpakTHBIX KiiaccoB? He Tak aBHO y MeHsI Ha pa-
6oTe ObLI CIIOP O TOM, KaKOM MabJI0H UCIIOIb30BATh /I Pealu3aiuu yao0Hoi
B CONPOBOKIEHNN nepapxun Kiaaccos B Python. Tounee rosops, nesb cocto-
12 B TOM, YTOObI OIIPEEINUTD IIPOCTYIO HEPAPXUIO KJIACCOB JJISI CEPBUCHOTO
GoKeH 1A caMbIM OJIATOTIPUATHBIM JIJISI TIPOrPAMMUCTA 1 YIOOHBIM B COITPOBOIK-
JIEHUU CIIOCOOOM.

! Cwm. mokymenTanuio Python «Onepanun mesnkoro u rirybokoro kormposarus»: https://docs.
python.org/3/library/copy.html
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V Hac 6bLT KJ1ace BaseService, KOTOPBI onpeesist 001l unrepdeiic u He-
CKOJIbKO KOHKPETHBIX peasin3aiinii. KoHKpeTHble peanusaiuu JIe1aioT pa3Hble
BEIIH, HO BCe OHM 0OECIIeYnBAIOT TOT JKe caMblil uHTepdeiic (MockService,
RealService u T. z1.). UTo6bI O0OJIEE YETKO TPOSIBUTH B3ANMOCBSI3H, BCE KOH-
KpETHBIE peayn3aliuu ObLIN TIPOU3BOJHBIMI OT Kjlacca BaseService.

Yr0o06bl cies1aTh 3TOT IIPOrPAMMHBIA KOl MAKCUMAJIBHO YI0OHBIM B OOCTY K-
BaHUU ¥ OJIATOTIPUSITHBIM JIJISI TIPOTPAMMICTA, MBI XOTEJIN YI0CTOBEPUTHCST, YTO

O Cco31aHMe 3K3EMILIAPOB 6a30BOr0 KjIacca HEBO3MOJKHO,

O yIOylleHue U3 BULY peausalini MeTo/I0B nHTepdeiica B 0JHOM U3 TOJI-
KJIaCCOB BBI3bIBAET OMIMOKY Ha paHHEH CTafnu.

Mrak, moyeMmy ke MOKET BO3HUKHYTh IIOTPEOHOCTD B UCIIOJIb30BAHUI MOJLY -
st Python abc muist perenust atoii 3agaun? HasBaHHast BbIllie KOHCTPYKITHS
JIOBOJILHO PacIpocTpaHeHa B Oojiee CIOKHBIX cucTeMax. UToObl 06eCceynTh
peasnsaiuio psijia MeTo10B 6a30BOTO KJjiacca MPOM3BOIHBIM KJIaCCOM, KaK
MIPABUJIO, UCTIOJIB3YETCsT IPUMEPHO Takast uaroma Python:

class Base:
def foo(self):
raise NotImplementedError()

def bar(self):
raise NotImplementedError()

class Concrete(Base):
def foo(self):
return 'sbi3BaHa foo()'
# O Hem, mbl 3abbinu nepeonpedenums bar()...
# def bar(self):
# return "6vi38aHa bar()"

Wrax, 4To ;Ke MBI ITOJydaeM U3 dTOU TMePBOU MOMBITKU PeNeHus 3a1a9m?
Bri3oB MeTO/0B 9K3eMIIIsipa Base MPaBUJIbHO BBI3BIBAET MCKJIIOUYEHUS
NotImplementedError:

>>> b = Base()
>>> b.foo()
NotImplementedError
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Bouee Toro, u cozpanue sx3eMILIsipa, U KCIOJIb30BaHKie Concrete paboTaioT
TaK, Kak 0Kuanoch. M ecsu BbI3BaTh He peaiM30BaHHbBIN B HEM METO/I, TAKOH
Kak bar (), To B pe3yJisrare ToxKe Oy1eT BbI3BAaHO UCK/IIOYEHUE:

>>> ¢ = Concrete()
>>> c.foo()
"Bbi38aHa foo()'

>>> c.bar()
NotImplementedError

ITa TepBas PeaT3aIis BBITJISIAT HETLIOXO0, HO TIOKa He njeanbHo. Ee 000-
POTHBIMU CTOPOHAMU SIBJISIETCST TO, YTO MBI TIO-TIPEKHEMY MOXKEM

Q JIETKO CO3/IaBaTh HK3EMILISIPBI Base, He MOJIydast OIUOKY, a TAKKe

QO obecreynBaTh HEMOJIHbIE TOIKIACCH — CO3/aH1e 9K3eMILIsipa Concrete He
OyJIeT BBI3bIBATH OIIUOKY /10 TEX [OP, II0Ka MbI HE BBI30BEM OTCYTCTBYIOIINI
MeTon bar().

I[Tpu nomort MosyJist Python abe, kotopstit 6b11 o6aBsien 8 Python 2.6, mbt
MOsKeM 0OUTHCST GOTBIIETO YCIeXa M PEITUTH 9TU OCTABIIHECsT TPpoOIeMbl. BoT
OGHOBJIEHHAS! PEAIU3AIINS C UCIIOJIb30BaHIEM aOCTPAKTHOTO KJIAcca, OTpejie-
JIEHHOTO B MOJLyJIe abc:

from abc import ABCMeta, abstractmethod

class Base(metaclass=ABCMeta):
@abstractmethod
def foo(self):
pass

@abstractmethod
def bar(self):
pass

class Concrete(Base):
def foo(self):
pass
# Mol cHOBa 3abuinu 06va6ums bar()...

! Cwm. mokymenTaruio Python «Momyab abes: https://docs.python.org/3/library/abc.html
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IToT hparMeHT KOJIa MO-MPeKHEMY BeleT ceOsl Tak, Kak Hy»KHO, U CO3/IaeT
MIPaBUJIbHYIO HEePAPXUIO KJIACCOB:

assert issubclass(Concrete, Base)

C npyroii cTopoHbl, MBI 3/Iech IToJIydaeM ellle 0/lHO TpenmyiecTso. [loakiac-
CbI Base BBI3BIBAIOT UCKJIIOUEHUE TypeError 80 8pems cO30anus sK3eMniapa
BCSIKUI pa3, KOr[a Mbl 3a0bIBaeM pean30BaTh Kakue-ainb0 abcTpaKTHBIE
MeTOo/ibl. BpI3BaHHOE HMCKII0YeHNEe TOBOPUT O TOM, KAaKOW METOJI UJTH METO/IbI
OTCYTCTBYIOT:

>>> ¢ = Concrete()
TypeError:
"Can't instantiate abstract class Concrete with abstract methods bar"

Bes Moy abc Mbl ojtydasiy Obl TOJBKO HCKI0ueHre NotImplementedError
B caydae (paKTHYEeCKOTo BBI30BA OTCYTCTBYIOIIETO MeTO/1a. BO3MOKHOCTD
MOJIy4aTh YBEAOMJIEHHUS 06 OTCYTCTBYIOIINX METOIAX BO BPEMSI CO3/IaHIS IK-
3eMILIsIpa SIBJISIeTCs GOJIBIINM IIPEMMYIIECTBOM. B pesyiibraTe HalcaHue He-
JIOTYCTUMBIX MTOJIKJTACCOB B 3HAYMTEIHLHON cTenenn Ookupyetcst. BoamoskHo,
9TOT (haKT He ChIrPAET KaKOI-TO 0COO0I POJIU, €CJIM BbI MUIIETE HOBBII KO, HO
o0ela, 4To CIyCTst HECKOJIbKO He/e/b WM MECSIEB OH CTaHET MOJIE3HBIM.

Be3ycioBHO, 3TOT 11abJIOH He SIBJISIETCSI TIOTHO 3aMEHON IPOBEPKHU TUTIOB BO
BpeMst KoMiusiin. OHAKO s 0OHAPYIKUJI, YTO OH YACTO JIeJIAeT uepapXun
KJ1acCOB GoJiee TIPOYHBIMK ¥ GoJiee YIOOHBIMU B CONPOBOsKAeHUH. Vc1o1b30-
BaHMe aOCTPAKTHBIX KIACCOB MO3BOJISIET TIPOTPAMMIICTY YeTde (hOpMYINPOBATH
CBOIT 3aMbICET U TAKUM 06PA30M JieJiaeT Koji 6oJiee KOMMYHUKATHBHBIM. 1 pe-
KOMEH/LYIO BaM MOYUTATh JOKYMEHTAIMIO 110 MOLYJIIO abc U IPUCMOTPETHCST
K CUTYyaI[UsIM, T/le TIPUMEHEeHNe 9TOro MabJI0Ha UMEET CMbICL.

KntouyeBble BbIBOAbI

O Ab6crpakthbie kiraccehl (AK) cienst 3a Tem, 9ToObI TPOM3BOIHBIE KJIACCHI
PEaTM30BbIBAJIN T€ UJIM MHBIE METO/IbI 6A30BOTO KJIacca BO BPEMsI CO3/[aHUST
9K3EMILISPA.

O Ipumenenne AK momoraer nzbexarh ommbOK U CIeIaTh HepapXxuu KJac-
coB GoJiee JIETKUMHE B COITPOBOJKICHIIH.
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4.6. YeM none3Hbl MIMEHOBAHHbIE KOPTEXMU

Python mocraBisiercst co crenmaan3npoBaHHBIM KOHTEHHEPHBIM TUTIOM
namedtuple, TO €CTh UMEHOBAHHBIM KOpPTesKeM. I aTOT THTI, 110 Bcell BUIUMO-
CTH, HE TIPUBJIEKAET TOTO BHUMAHU, KOTOPOE OH 3acyskuBaeT. ViIMeHOBaHHBIN
KOPTEK MPEACTaBIsAET COOON OJHO U3 TeX YAUBUTEIbHBIX (DYHKIIMOHATBHBIX
cpencts si3bika Python, koTopoe cripsitano y Becex Ha BULLY.

VIMeHOBaHHBIE KOPTEKH MOTYT OBITh OTINYHOI JIETEPHATUBO OTPE/IETIEHIIO
KJlacca BPYYHYIO, U Y HUX €CTb HEKOTOpbIe Jpyrue MHTepecHble CBOMCTBA,
C KOTOPBIMU I XOUYy Bac IO3HAKOMUTDb B 9TOM pasjieJie.

Nrak, 4yTo ke Takoe UMEHOBAHHDBIN KOPTEXK U B UeM ITPOSIBJISIETCS €ro UC-
KJTIOUUTETbHOCTH? VIMeHOBaHHbBIE KOPTEKH JIyUIlle BCETO MPEeCTaBUTh KaK
pacnimpeHue BCTPOEHHOTO TUIIA JJaHHBIX tuple.

Kopresxu Python — aTo mpocrast crpykrypa JaHHBIX, IpeAHA3HAYEHHAS JJIsT
TPYIIUPOBAHUS TPOU3BOJBHBIX 00bEKTOB. KpoMe TOro, KOpTesKU HE MOTYT
M3MEHAThCSI — I0CJIe UX CO3/IaHUs UX HeJb3d u3MeHsTh. Huke mpuseseH
KOPOTKUH TTPUMED:

>>> tup = ('npuBeT', object(), 42)

>>> tup

("npuBeT', <object object at 0x105e76b70>, 42)
>>> tup[2]

42

>>> tup[2] = 23

TypeError:

"'tuple' object does not support item assignment”

O6OpPOTHOI CTOPOHOI MTPOCTBIX KOPTEKEH SIBJISIETCS TO, YTO JJAHHBIE, KOTOPbIE
BbI B HUX XPaHUTE, MOTYT OBbITh N3BJI€YEHBI TOJBKO a/[pecalifeil mocpeacTBOM
1eJIOYMCIIEHHBIX MH/IEKCOB. Bbl He MOJkeTe Ha3HAuYaTh UMEHA OT/IeJIbHBIM CBOM -
CTBaM, XPaHAIIUMCS B KOPTekKe. A 9TO MOKET MOBJIUSATD Ha yI000UNTAEMOCTh
MPOTPAMMHOTO KOJIA.

Kpome Toro, kopresx Bcer/ia sIBJsieTcsl BCIIOMOTaTe/IbHOI cTpyKTypoit. Tpy/Ho
rapaHTUPOBATH, YTO Y JIBYX KOPTEKeH OyAET OTHO U TO K€ KOJTUYECTBO MOJIei
1 OJIMHAKOBBIE XpaHsAIIMecs B HUX CBONCTBA. B pesyibrare nosBIsieTcs: BO3-
MOKHOCTH OECIIPEISITCTBEHHO BHOCUTD OITUOKH <TI0 HE[OPa3yMEHHIO», TPOCTO
HeperyTas HOPSIJIOK CIe/J0OBAHUS MOJIEH.
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NMeHOoBaHHbIE KOPTEXU CneLwaT Ha NoMOLLb

VIMeHOBaHHbBIE KOPTEKU MTPU3BAHBI PEITATh ATU J[BE TIPOOJIEMBI.

B nepByto ouepeb UMEHOBaHHbIE KOPTEKU ABJISAIOTCA HEM3MEHSIEeMbIMU
KOHTelHepaMK, TOYHO TaK JKe, KaK OObIYHbIe KOpTeku. IloMecTus nanHbe
B aTpuOyT BEPXHETO YPOBH: B UMEHOBAHHOM KOPTEKE, BBl HE CMOKETE €r0
MO(UIIPOBATD ITyTeM 0OHOBJIEHNUST TOr0 aTprbyTa. Bee arpuOyThl 00beKTa
namedtuple MOAYMHSAIOTCA TIPUHIIUIY «OJHOKPATHASI 3allUCh, MHOTOKPATHOE
YTEHUE».

[Tomumo aTOTO, KOHTEHHEPHI THUTIA namedtuple SABJSIOTCS, CKa)KeM Tak, uMe-
nosannvimu kopmexcamu (named tuples). JlocTyrr K KaskA0My XpaHsIIIEMYCsT
B HUX 00BEKTY MOKHO MOJYYUTD Y€Pe3 YHUKAIbHbII (4eI0BEKOUYNTAEMBI )
HAeHTUDUKATOP. ITO CBOMCTBO OCBOOOKIAET BAC OT HEOOXOANMOCTH 3aITIOMH-
HaTb [EJIOYNCJIEHHBIE HHIEKCHI MM 0OPAIAaThCs K MICKYCCTBEHHBIM ITPHEMaM,
TaKMM KaK oIpe/ie/ieHue 11eJI0YNCAeHHBIX KOHCTaHT B Ka4yeCcTBe MHEMOKO/I0B
BaIlIUX NH/IEKCOB.

Bot IIpHUMEDP TOI'O, KaK BbITJIAIUT MMEHOBaHHBII KOPTEXK:

>>> from collections import namedtuple
>>> Car = namedtuple('ABTo' , 'uBeT npober')

VMeHOBaHHbBIE KOPTEXK ObLIK J00aBJIEHbl B CTAHAAPTHYIO OUOINOTEKY
Python Bepcun 2.6. YToOBI MU BOCIIOIH30BATHCSI, HEOOXOIUMO UMITOPTH -
poBaTh MOJyJib collections. B npuBeseHHOM Bblllle IpUMepe s ONpeesnl
IIPOCTOM THUII IAHHBIX Car ¢ IByMs MOJISIMU: UBET U npober.

Bam, BO3MO:KHO, JTI0GOIBITHO, TOYEMY B 9TOM IpuUMepe s repeaaio Gadpud-
HOI (hyHKIIMM namedtuple CTPOKOBOE 3HAYeHNE 'ABTO' B KaueCTBE TIEPBOTO
apryMeHra.

B noxkymenraruu Python ator mapamerp yrnomunaercst Kak «uMst Tunas. On
ABJIACTCSA UMEHEM HOBOI'O KJIaCCa, KOTOPBIN CO3/1a€TCA B PE3yJbTaTe BbI30Ba
(ynknuu namedtuple.

[Tockombky dyHKIMS namedtuple He MOXKET 3HATH O TOM, KAKUM SIBJISIETCST UMST
IepeMEeHHON, KOTOPOW Mbl Ha3HAYaeM Pe3yJIBTUPYIONINHI KJIacc, Mbl JI0JIKHbI
COOOIIUTH eMY SIBHBIM 00Pa30M, KAKO€ UM KJTACCa MBI XOTHM HUCIIOJIb30BATh.
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VMg kiacca uCHosib3yercst B CTpoke gokymenTaiuu docstring u B peasinsa-
1K MeTojla __repr__, KOTopble (hyHKIMs namedtuple reHepupyet /Jis HacC
ABTOMATUYECKHU.

B aToMm npumepe ecTh u Apyrast CHHTaKCUYeCKask TUKOBUHKA — TIOYEMY MbI
nepe/iaeM 10JisI B BUJie CTPOKH, B KOTOPOI X MMeHa 3aKO/[MPOBaHbI KaK 'useT
npober'?

OTBeT 3aKJI09aeTcst B TOM, 4To (habpuunast hyHKIMs namedtuple BbI3bIBAET
bynkimio split() co CTPOKOBBIM 3HAUEHUEM, COJIEPKAIUM NMeHA TOJIe,
KOTOPast IIpeoOPa3oBBIBAET €TI0 B CIIMCOK UMEH 1oJiei. Tak 4To B eiiCTBUTE Ib-
HOCTH 3TO TIPOCTO COKPAIIeHHAsT 3aIMCh JIJIsT TPUBEEHHBIX HIKE JIBYX MTArOB:

>>> 'uBeT npober'.split()
["uBeT', 'npober']
>>> Car = namedtuple('ABTo', ['uBeTt', 'npober'])

PazymeeTcs, BbI Takske MOXKeTe HETIOCPEICTBEHHO MepeiaTh CIMCOK CO CTPO-
KOBBIMU MMEHAMU TOJIei, €CJIU BbI TPEAMOYUTAETE, YTOOBI ATO BBHITJISIETO
nMeHHO Tak. [Ipermy1iiecTBO OT NCTIOIB30BaHMS CITHCKA KaK TAKOBOTO COCTOUT
B TOM, 4TO 3TOT KO/ Jierde nepe)opMaTHpOBaTh, €CJIU €CTh HEOOXOAMMOCTh
pa3OUTh €ro Ha HECKOJIBKO CTPOK KOJIA:

>>> Car = namedtuple('ABTO0', [
‘ueTt’,
'npober"’,

D

Yro GbI BB HU PEIINJIM, TEIePh pU oMoy GabpuuHoil GyHKIuM Car Bb
MOJKeTe co3JaBaTh HOBbIe 00bEKTHI «car». IloBeseHue OyeT TakKuM ke, KakK
ecJii OB BBI CO3/IaJTH KJ1ace Car BPYUYHYIO U OMPEIETIIN B HEM KOHCTPYKTOP,
PUHUMAIOIINN 3HAYEHWSI <IIBET»> 1 «ITPOOET»:

>>> my_car = Car('kpacHbit', 3812.4)
>>> my_car.useT

"KpacHeiti '

>>> my_car.npober

3812.4

[TomuMoO noJsiyyeHust AOCTyIIA K 3HAYCHUAM, XPaHAIIUMCS B UMEHOBAHHOM
KOpTeXe, 10 NX UAeHTH(pUKaTopam, Bbl MO-TPEKHEMY MOKETE TIOyJIaTh K HUM
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JOCTYII 11O UX MH/IEKCY. Bnaroz[apﬂ 9TOMY MMEHOBaHHbIE KOPTEKN MOT'YT UC-
II0JIb30BATbCA B Ka4eCTBeE HpHMOfI 3aMeHbl OOBIYHBIM KOpTEXKaM:

>>> my_car[0]

'red’

>>> tuple(my_car)
('kpacHbii', 3812.4)

PacmakoBka xopTeska 1 orepatop * JiJisl pacimakoBKW apryMeHTOB (DyHKITUH
MO-TIPeKHEMY PadOTAIOT KaK HAJIO:

>>> color, mileage = my_car
>>> print(color, mileage)
KpacHbin 3812.4

>>> print(*my_car)

KpacHbil 3812.4

K tomy ke B KauecTBe OECIIATHOTO TIPUJIOKEHUST BbI TIOJIYYUTE TIPUTHIHOE
CTPOKOBOE TIPeJCTaBIeHIe CBOero 0ObekTa namedtuple, 4To O3BOIUT HaOU-
paTb 4yTb MEHbIIIE TEKCTA U CAKOHOMUT HA MHOTOCJIOBHOCTH:

>>> my_car
ABTo(uBeT="KpacHblii' , npober=3812.4)

I[Toxo6HO KOpTe’KaM, UMEHOBaHHbIE KOPTEXKU He u3MeHatoTcsa. Korna Ber
MOTIBITAeTECh TePernucaTh OJJHO U3 UX 10JIeH, Bbl TTOJYYUTE UCKIIOYECHNE
AttributeError:

>>> my_car.uBeT = 'CUHUIR'
AttributeError: "can't set attribute"

Ha BHyTpeHHeM ypoBHE 00beKThI namedtuple peasn30BaHbl Kak 0OBIYHBIE
ksaccol Python. B tom, 4T0 KacaeTcst nCIoib30BaHust OMIEPATHBHOM MAMSITH,
OHU TOJKE «JIyUIiie» OOBIYHBIX KJIACCOB U TaK ke 3((HEKTUBHBI C TOUKU 3PEHUST
HOTPeOIEH S OTIEPATUBHON MAMSITH, KaK 1 OObIYHbIE KOPTEKH.

B Python umeHoBaHHbIE KOPTEKN HEIIJIOXO PACCMATPUBATD KAK d(hhexmusiyio
€ MOYKU 3peHUs NOMPeOIeHUS ONePAMUBHOU NAMAMU KPAMKYIO POpMY OsL
onpeoesenus HeUSMEHSIOU,e20Csl KIACCA 8PYUHYIO.
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Co3paHue npousBoaHbix 0T Namedtuple noagknaccos

[TockombKy 00beKTHI hamedtuple CTPOSITCS MOBEPX OOBIYHBIX KiraccoB Python,
BBI JIaske MOKeTe 100aBJIsATh B HUX MeTo/bl. Harpumep, mogo6HO T060My
JIPYTOMY KJIacCy, Bbl MOKETE PACHIMPHUTD Kjacc namedtuple u TakuM 06pasom
7100aBUTH B HETO METO/IBI U HOBBIE cBOiicTBA. [IpuBeeM mprmep:

Car = namedtuple('ABTo', 'uBeT npober')
class MyCarWithMethods(Car):
def hexcolor(self):
if self.useT == 'KpacHbii':
return '#ff0000'
else:
return '#000000'

Terepb MOKHO co31aBaTh 00beKThI MyCarWithMethods 1, ciieZ10BaTeIbHO, BbI-
3bIBaTh NX MeTOJ hexcolor():

>>> ¢ = MyCarWithMethods('kpacHbit', 1234)
>>> c.hexcolor()
'#ff0000"

BmecTe ¢ Tem BBITJISIETh 3TO MOXKET cJerka HeyKJaoxuM. [lo-Bunnmomy,
TaKask BO3MOKHOCTD IIPUTOIUTCS, €CJIM BaM HY’KeH KJIacC ¢ HeU3MeHsIeMbIMU
CBOICTBaMH, HO 3/IECh JIETKO U B HOTY ce0e BHICTPEITHTB.

Hanpumep, B 1o6aBiennr HOBOTO Heusmensemozo nos (immutable field)
€CTh CBOM CJIOKHOCTH ¥M3-32 BHYTPEHHEN CTPYKTYPhI IMEHOBAHHBIX KOPTEKEIL.
Camblii JIerkuii croco6 co3aTh Mepapxu KMEHOBAaHHBIX KOPTEXel — HC-
MOJIb30BaTh CBOMCTBa _fields 6a30BOTO KOpTEKA:

>>> Car = namedtuple('ABTo', 'uBeT npober"')

>>> ElectricCar = namedtuple(
'dnekTpuyveckoeABTo', Car._fields + ('3apsg',))

ITO JIaeT KeJaeMblil Pe3yJIbTaT:

>>> ElectricCar('kpacHbliit', 1234, 45.0)
dnekTpuveckoeABTo(UBET="KpacHbl', npober=1234, 3apan=45.0)
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BCTpOGH Hbl€ BCMNOMOraTesibHblE METOAbI

[Tommmo cBoticTBa _fields, KaXK/IbIN 9K3EMILISIP MMEHOBAHHOTO KOPTEKA TaK-
JKe TIpeJITaraeT ele HeCKOJIBKO BCIIOMOTATeIbHbIX METO/I0B, KOTOPbIE MOTJTH
6I>I 6I)ITI) BaM I10Jie3Hbl. Bce nX MMeHa HAUMHAIOTCS C OJMHAPHOTI'0 CMMBOJIA
ITO/TYEPKHUBaAHWA (_), KOTOprfI O6bILIHO CUTHAJIMBUPYET O TOM, YTO METO/L NJIN
CBOWCTBO SIBJISIOTCS «IIpUBAaTHBIMH» U HE ABJAIOTCA 4aCTbIO CTa6I/IJII)HOFO
mybamaHOTO MHTEpdeiica Kaacca i MOLYJIS.

[IpaBna, B crydyae ¢ UMEHOBAHHBIMU KOPTEKaMU COTJIACOBAHHOE MTPABUIIO
MMEHOBAHUSI ¢ CHMBOJIOM TIOYEPKUBAHUST HECET B ceOe PYTOil CMbICI. DTH
BCITOMOraTeJIbHbI€ METO/IbI 1 CBOIL/,ICTBa ABIAIOMCA COCTE[BHOI?I qaCTbIO Hy6JII/I‘{-
HOTO nHTepdeiica kmacca namedtuple. BcrmomorareabHbIe METO/IBI TTOTYYAIOT
TaKue MMeHa, 4ToObI 136eKaTh KOHMIINKTOB MMEH C OIPe/IeISIEMBIMHE TT0JIb30-
BaTEJIIMU TIOJIIMH KOPTeKeld. Tak 4To MOKeTe CIOKOWHO UMU TIOJTb30BaThCH,
€CJT OHU BaM HYKHbI!

Xouy 10Ka3aTh BaM HECKOJIBKO CIIEHAPUEB, T/I€ MOTJIN ObI TIPUTOIUTHCST BCIIO-
MorarteJibHble METO/Ibl UMEHOBAHHOTO KOPTeska. /laBaiiTe HauHeM CO BCIIOMO-
raresbHOTO MeTozia _asdict (). OH Bo3Bpamaer coaepknMoe MMEHOBAaHHOTO
KOpTeXa B BUJIE CIOBAPS:

>>> my_car._asdict()
OrderedDict([('uBeT', 'kpacHwii'), ('npober', 3812.4)])

ITOT METO/T OYEeHb TT0JIe3€eH [IJIs TPeIOTBPAIleHUs OTleYaTOK B MMeHaX ToJiei
BO BpeMd reHepupoBaHus pesysbrara B (popmare JSON, Hanpumep:

>>> json.dumps(my_car._asdict(), ensure_ascii=False)
# False pna kupunauupl
"{"uBem": "kpacHelli", "npobez": 3812.4}'

Meton _replace() — 3TO ellle OIMH MOJIE3HBII BCITOMOraTeibHbIi MeTo1. OH
cosgaer (MEJIKYI0) KOIIMIO KOPTeKa U M03BOJISIET BaM BBIOOPOYHO 3aMEHSTh
HEKOTOPBIE €T0 MOJIS:

>>> my_car._replace(uBeTt="cuuuin')
ABTo(uBeT='cuHUN', npober=3812.4)

Haxownern, metoj1 kyacca _make () MOXKeT UCIIOJIb30BATHCS /711 CO3/IAHUST HOBBIX
9K3eMILJIIPOB KJacca namedtuple u3 (UTepUpyeMOii ) TOCIEI0BATENbHOCTH:
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>>> Car._make(['kpacHbit', 999])
ABTOo(color="KpacHbiit', npober=999)

Korga ncnonb3oBaTb MMEHOBAHHbLIE KOPTEXN

MmeHoBaHHBIE KOPTEXKU MOTYT OKa3aThCsl ITPOCTBIM CPEICTBOM 7SI TIPUBe-
JIEHUST B TIOPSIZIOK MCXO/IHOTO KOJIa, ¥ OHW MOTYT CZIesiath KoJ GoJiee yao60-
YUTAEMBIM, 0OECTIEYNB BAIIM JaHHBIM HarOoJIee COBEPIIEHHYIO CTPYKTYPY.

Hampumep, Ha MoeM oI1bITe TTEPEX0] OT CUTYATUBHBIX TUIIOB JJAHHBIX, TAKUX
Kak cJoBapu ¢ (GUKCUPOBAHHBIM (DOPMATOM, K UMEHOBAHHBIM KOPTEXKAM I10-
MOTa€eT sSICHee BhIpaKaTh CBOM 3aMbICIIbI. Hepesiko, Kor/ia s mpeAnpuHruMao 9Ty
pedakTopusaIuio, 1 KAKUM-TO HEBOOOPA3UMBIM 06Pa3oM TPUXOXKY K Goree
COBEPIIEHHOMY PEIeHHIO TPOOJIEMBI, ¢ KOTOPOH s CTAIKMBAIOCH.

Wcnonb3oBaHre MMEHOBAHHBIX KOPTEXKEN TTOBEPX HECTPYKTYPUPOBAHHDIX,
a TaKkyKe UCIOJIh30BAHUE CIOBAPEN MOKET 0OJIETYUTD KU3Hb MOUX KOJIJIET,
[IOTOMY YTO UMEHOBaHHbIE KOPTEKU [TO3BOJISIOT Pa3/laBaTh JIaHHbIE B «CaMO-
JTOKYMEHTUPOBAHHOM» BHUJIe (B U3BECTHON CTEIEHN).

C npyroii cTOpOHBI, 5T cTapaloch HEe UCIO0Jb30BaTh UMEHOBAaHHbBIE KOPTEKHU
paan HUX CaMUX, €CJIM OHU HE ITIOMOTr'alOT MHE ITNCaTb <<60.71€€ YUCTBIN» U 60-
Jiee y100HbII B COPOBOKIEHUN UCXOAHbII Ko, Kak 1 B OTHOIIEHUN MHOTHX
JIPYTUX METO/I0B, TPUBOJIMMBIX B HACTOSIIIEN KHUTE, MHOT/IA MOKET OKa3aThCs
CAUWKOM MHO20 XOpouiezo (4TO, KaK U3BECTHO, TOKE TIJIOXO0).

TeMm He MeHee ecJi UMEHOBaHHBIE KOPTEKU UCITIOJIb30BaTh C OCTOPOKHOCTDBIO,
OHU, HECOMHEHHO, MOT'YT CA€JIaTh Balll HpOFpaMMHbeI KO/ PythOH Jiyduie
" BbIpa3uTEJ/IbHEE.

Knto4yeBble BbIBOAbI

O B ssbike Python collection.namedtuple siisiercst ahheKTUBHOI ¢ TOUKN
3peHus noTpedIseMoil OIepaTUBHOI MaMSATH KPaTKoii (hOpPMOii 11 oTIpe-
JleJieHN s HEM3MEHSTIONIEerocs Kiacca BpyYHYTo.

0 HMwmenoBanHbIE KOPTEKU IMTOMOTYT IHOYUCTUTDH Balll I/ICXO,Z[HBII;JI KO/, obec-
I1€e4MnB BalllUM /TaHHbIM 6oJee AOCTYIIHYIO [UISI TIOHUMAaHUSA CTPYKTYPY.
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0 MmenoBaHHBIE KOPTEXM 0OECTIEYMBAIOT HECKOJIBKO MOJIE3HBIX BCIIOMO-
raTeJIbHbIX METOJIOB, KOTOPble HAUMHAIOTCS € OJIMHAPHOTO CUMBOJIA T1O]I-
YePKUBAHUsL, HO MPU HTOM SIBJISIOTCS COCTABHON YacCThIO MyOJIMYHOTO
unTepdeiica. BriosHe HOpMaIbHO UX UCIIOJIB30BATD.

4.7. NepeMeHHble Kacca NMpoTUB NepeMeHHbIX
3K3eMnnspa: NoABOAHbIE KAMHU

[Tomumo 11poBeieHNs PA3INUN MEK/Y METOJaMU KJlacca U MeTO/ITaMU 9K3€eM-
wsipa, o6bekTHast Mojiesb Python Takske mpoBoAUT pa3inune MexIy nepe-
MEHHBIMU KJIACCA U NePeMEeHHbIMU IK3EMILISAPa.

ITo pasimure uMeer 6oJbinoe 3HaueHne. MHe, Kak HauMHAIOIeMYy pa3-
paborunky Ha Python, oHO Takke HoCTaBIIsIIO HEMAIO XJIOIOT. B TeueHme
JIVINTEJIBHOI'O BpEMEHU S HE MOT' HaﬁTH BpeEm, LITO6]:>I paSO6paTbCH B 9TUX I10-
HATHAX ¢ caMbIX a30B. M mosromy mou nepsbie sxcrepumentsl ¢ OOIT 6biin
IIpOHMW3aHbl Y/IUBUTEJIbHBIMU JIMHUAMMU IMIOBEACHUA U CTPAHHBIMUA OIHI/I6K8.MI/I.
B 9TOM pasdjejie Mbl YCTpaHUM ITyTaHHUIY OTHOCHUTEJbHO 3TOI>1 TEMBI IIPpU 110~
MOIIIX HECKOJIBKUX ITPAKTUYECKUX IIPUMEPOB.

Kak s yixe ckasain, B o0bekTax Python obbsBistiorest 1Ba Buma aTprOyToB
NMaHHBIX: nepemennvie kiacca (class variables) u nepemennvie sxzemniapa
(instance variables).

Ilepemennbie Kaacca oObSBIASIOTCS BHYTPH OllpejesieHus Kaacca (HO
3a npejeaMu JI00bIX METOL0B aKk3eMILispa). OHU He IPUBA3aHbI HU K O]
HOMY KOHKPETHOMY 9K3eMILIAPY KJaacca. BMecTo aToro nepeMeHHbIe Kaac-
ca XpaHSAT CBOE COAEPKMMOE B CaMOM KJjacce, U Bce 0OBEKThI, CO3JaHHbIe
Ha OCHOBE TOTO WJIM MHOTO KJIacca, PeJ0CTABIISIOT OOIIUI TOCTYII K OMHA-
KOBOMY Habopy nmepeMeHHBIX Kjiacca. Hanpumep, 9T0 03Ha4aeT, 4TO MOIK-
(buKanus mepeMeHHoi Kjacca 0JHOBPEMEHHO 3aTParuBaeT BCe S9K3EMILISIPbI
0oObeKTAa.

IlepemenHnbie 3K3eMIIsSIPa BCET/Ia IPUBSI3aHbl K KOHKPETHOMY 9K3EMILIISIPY
obbekTa. VIX comepKiMoe XpaHUTCS He B KJIacce, a B KasKJIOM OTAEJbHOM
00beKTe, CO3JTaHHOM Ha OCHOBe KJacca. 1o aTol puunHe copepKIuMoe mepe-
MEHHOM 9K3eMILIsIpa aGCOTIOTHO HE3ABUCUMO OT OTHOTO 9K3EMILISIPa 0OBEKTa
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K Apyromy. n ImosTomMy MOHH(bHKaL[HH HepeMeHHOfI IK3EMILJIAPa OAHOBPEMEH -
HO 3aTparuBa€eT TOJIbKO OJIMH 9K3EMILJIAPD oOBbeKTa.

Jlazmo, Bce 9T0 OBLIO OBOJIBHO aOCTPAKTHO — CaMOE BPEMSI PACCMOTPETh
HEMHOTO UcXomHOTO Kozia! /laBaiite motpenupyemcst Ha cobaukax... B 06y-
qaomux nocobusx, nocssmenubix OOIl, a1 nmocTpanuu 3TOTo TE3rca
BCEr/a UCIIOJIB3YIOTCS aBTOMOOWIIN WJIU IOMATITHIE JKHBOTHBIE, U MHE CJIO;KHO
0TKa3aTbCs OT 9TOU TPajUIINN.

Y0 cobake a1 cyacTbs HykHO? [IpaBuibio! YeTbipe ambl 1a UM

class Dog:
num_legs = 4 # <- [lepemeHHaa knacca

def __init__ (self, name):
self.name = name # <- [lepemeHHdA 35K3emnaapad

O’keil. Y Hac ecTb U3ANHOE 00HEKTHO-OPUEHTHPOBAHHOE MPEICTABIEHIE
cUTyaruu ¢ coHaKoit, KOTOPYIO 5T TOJBKO uTO omucas. Co3anne HOBBIX 9K3eM-
sIpoB Dog paboTaeT, Kak M OKUIAAIOCH, M KasK/blil U3 HUX MOJYYaeT mepe-
MEHHYIO 9K3€MILIAPA C UMEHEM name:

>>> jack = Dog('IOxex")
>>> jill = Dog('Oxunn')
>>> jack.name, jill.name
("Dxex', "Dxunn')

Bo BCEM, YTO KaCa€TCA NEPEMEHHDIX KJIaCCa, BCErla €CTb 4yTh 60JIbIIIE THOKO-
CTH. I[OCTYH K HepeMeHHOfI KJjacca num_legs MOKHO TIOJIyYUTb b0 Hero-
CpeACTBEHHO B KaXKJIOM 9K3eMILIApe Dog, b0 B cCaMOM KJ1acce:

>>> jack.num_legs, jill.num_legs

(4, 4)
>>> Dog.num_legs
4

O/Hako NOMBITKA MOJTYYUTD OCTYII K TIepeMEHHOM aK3eMILISIpa dyepe3 KJIacc
MOTEPIUT HEylady C UCKIoUeHreM AttributeError. IlepeMeHHbBIE 3K3EMILISI-
pa XapaKTepHbI JIJIs KasKI0TO IK3eMILISIpa 00bEKTA U CO3/IAI0TCST, KOT/IA BBITTOJI-
HAETCA KOHCTPYKTOp __init_ — oHU gake He CYIIECTBYIOT B CAMOM KJIacce.
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B sTom 3akiiouaercs KiaodyeBoe pa3jimiune MEXAy IMepeEMEHHbIMU KJjlaCcCa
1 IIEPEMEHHBIMU 9K3EMILJIAPA:

>>> Dog.name
AttributeError:
"type object 'Dog' has no attribute 'name""

JlazHo, moka Bce ueT HelIoXo.

[omycTuM, B OJIMH ITPpEKpacHbIii IeHb Tec 1o Kianudke /[3kek rmoejan cBO YK1H,
PACIIOIOKUBIITHCH CJUIITKOM OJIM3KO OT MUKPOBOJIHOBKI, B PE3YJIbTaTe Y HETO
BBIPOCJIA JIOTIOJTHUTETbHAST T1apa Jiart. Kak Obl BbI TPEICTABIIIN 9TOT (haKT B He-
GOJIBIIION «ITECOYHUIIE» C UCXOHBIM KOJIOM, KOTOPasi Y HAC Ceilvac ecTh?

[TepBast uness — nmpocto MoU@UIMPOBATH ITIEPEMEHHYIO num_legs B KJacce
Dog:

>>> Dog.num_legs = 6

Ho nomHuTE, MBI HE XOTHM, YTOOBI 8¢ COOAKU CTATI HOCUTBCS BOKPYT O TIECTH
sarax. MTak, ceifuac MbI TOJIBKO YTO TIPEBPATUIIN KAK/IY10 COOAKY B HAIlEir MU-
KPOBCEJIEHHOH B CBEPXCOOAKY, TIOTOMY YTO MBI MOM(DUITIPOBAIIH ITEPEMEHHYIO
Kaacca. ITO 3aTparuBaeT Beex codak, aske TeX, KOTOPbIe OBbLIN CO3/IaHbl PaHee:

>>> jack.num_legs, jill.num_legs
(6, 6)

ITOT BapuaHT He cpaboTas. A He cpaboTal OH TTOTOMY, YTO MOANDUKATIHS
IepeMeHHON KJlacca 8 npocmpancmee umMeH Kiacca 3aTparuBaeT BCe 9K3eM-
JIsIpbl KJaacca. JlaBaiite oTbirpaeM aTo U3MeHeHUe B IepeMeHHOI Kiacca
HA3aJl ¥ BMECTO TOTO TOMPOOYEM aTh JAOTIOTHUTETHHYIO TTapy JIAT TOJIHKO
KOHKpeTHOMY Iicy JIKeKy:

>>> Dog.num_legs = 4
>>> jack.num_legs = 6

TaK, W 4TO 3a 4yJIOBUIILE MbI HO]IyIII/I]II/I? Ceityac BBISICHUM:

>>> jack.num_legs, jill.num_legs, Dog.num_legs
(6, 4, 4)
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]IaI[HO. BbIFJI}I,Z[I/IT «1OBOJIbHO HEILJIOXO» (Hy, KpOME€ TOro, KOHE4YHO, YTO MbI
IIpAMO ceityac JaJin 6eZIHOMy IICY HECKOJIbKO JIMIITHUX JIaH). Ho kax aTo ns-
MEHEHME Ha CaMOM /leJi€ ITOBJINATIO Ha Hallll 00BEKTHI Dog?

A mpobiieMa, Kak BBISICHSIETCSI, 3/IECH B CJIEYIONIEM: HECMOTPST HA TO YTO MBI
MTOJTYYWJTN JKeJTaeMblil pe3yJsibrat (JuImHue Jarbl 1 /[Jkeka), Mbl BHECTTH
repeMeHHYT0 9K3eMILIIpa num_legs B 9K3eMILISP C TICOM 110 Kandke /[Kek.
W Teneppb HOBas epeMeHHast 9K3eMILIsIpa num_legs «OTTeHseT» IepeMeHHYIO
KJIACCA C TEM JKe CAMBbIM UMEHEM, TTEPEOTIPE/Ieisisi 1 CKPBIBAsI €€, KOT/Ia Mbl 00-
paraeMcst K 00J1aCTH JAE€HCTBUST 9K3EMILIISIPA:

>>> jack.num_legs, jack.__class__.num_legs
(6, 4)

Kak BbI BuiiTe, IIepeMeHHbIe KJIacca, Ka3ajaoch Obl, CTaIN HECOZLACOBAHHBIMI.
ITO MPOU3OIILJIO TTIOTOMY, UTO BHECEHUE U3MeHeHUs B jack.num_legs co3ja-
JIO nepemenHyio IK3eMNIApa ¢ TeM Ke CaMbIM UMEHEM, UTO U Y TIepeMeHHON
KJiacca.

ITO He BcCerja I11JjioXo, HO BaKHO ITOHUMATb, YTO UMEHHO 3/1€Cb ITPOU3O0IIJIO.
Hpe;mle YEM A HaKOHEI-TO paso6paﬂc;1 B oOJs1acTu IIefICTBI/IH YPOBHA KJjlacCa
U YPOBHS 9K3EMILJISIPA B PythOH, 9TO OBLIO IMMPOKHUMHU BOPOTaMH, YEPE3 KOTO-
PbI€ B MOM ITPOTPAMMbI TO U A€JI0 3aKPpaJAblBaJINCb OINOKHN.

Ckasatp 110 1Ipas/ie, MOIBITKA MOAU(UINPOBATD IIEPEMEHHYIO KJlacca yepes
9K3eMILISIP 00bEKTA, KOTOPBIN 3aTe€M HEITPe/[yMbIIILJIEHHO CO3/IAeT IEPEMEHHYIO
9K3eMILIIPA C TeM JKe NMEHeM, 3aTeHsIsI OpDUTMHAJIBHYIO TIepeMEeHHYTO0 KJlacca,
seyisiercst B Python gem-To Bpojie mogsoaroro kamust OOTI.

Mpumep 6e3 cobak

XoTs B 1polecce HaNMcaHus TOTO pasjiesa KHUIM HU OfiHa cobaka He 110-
crpaziasia (9TO BCe IIyTKK ¥ UTPBI 10 TEX 1OP, OKa KTO-TO He BHIPACcTUT cebe
JIMIIHIOK Mapy JIall), sl X04y [aTh BaM €llle OJNH MPaKTUIeCKUN mpumMep
MOJIE3HBIX MITYK, KOTOPBIE BbI MOJKETE CIEJATh ¢ TIepeMeHHbIMU Kiacca. To,
41O OyZIET HEMHOTO OJIMIKE K PeaJbHBIM TIPUIOKEHUSIM C TePEMEHHBIMU
KJIacca.
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Wrak, BoT aTtoT npumep. IIpuBenennbii Hmxe kiaacc CountedObject oTcie-
JKUBAET, CKOJTbKO Pa3 OH UCITOJIB30BAJICS JIJIST CO3IaHNS 9K3EMILJIIPOB HA TIPO-
TSKEHMM JKU3HU [IPOrPaMMBbI (UTO Ha Jejie MOKET 00ecIednTh NHTePECHbII
METPUYECKUH TTOKa3aTeh MPONU3BOUTETHHOCTN ):

class CountedObject:
num_instances = ©

def __init_ (self):
self._class__.num_instances += 1

Knacc CountedObject cosiep:kuT iepeMeHHYI0 Kjlacca num_instances, KoTopas
CIYKUT B KauecTBe 0011iero cuerunka. Koraa kiacc 06bsBIeH, OH MHUTMATN-
3UPYET CUETYUK HYJIEM, a 3aTeM OCTaBJISIET €T0 B IIOKOE.

Bceskuii pas, kKorzna Bbl co3jlaeTe HOBBIN 3K3eMILJISIP 3TOTO KJacca, OH YBeJIN-
ynuBaecT O6].[II/Iﬁ CYETYUK Ha €/IUHUILY BO BPEMA BbBITIOJTHEHUSA KOHCTPYKTOPA
init_ :

>>> CountedObject.num_instances

0

>>> CountedObject().num_instances
1

>>> CountedObject().num_instances
2

>>> CountedObject().num_instances
3

>>> CountedObject.num_instances

3

OGparute BHUMaHUE, KaK 3TOT (hparMeHT Kojia J0JKeH POCKaKUBaTh yepes
HeGOoTBIION 06pyY, YTOOBI 00ECIIeYUTh YBETMYEHUE TIEPEMEHHON CUYeTYnKa
6 xaacce. JIerko MOKHO OBLIO ObI c/ieJIaTh OMIMOKY, ecJi Obl s1 Harmcal KOH-
CTPYKTOP CJIEAYIONUM 0OPa3OM:

# MPEAYNPEXAEHNE: 3ma peanu3ayusa coodepxum OuubKy

class BuggyCountedObject:
num_instances = 0

def __init_ (self):
self.num_instances += 1 # !!!
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Kak BbI yBuznTe, ata (110xast) peajnsaliist HUKOTA He OyIeT yBeJrnYnBaTh
00IIYIO IIepeMEeHHYI0 CYeTUNKa:

>>> BuggyCountedObject.num_instances
(4]

>>> BuggyCountedObject().num_instances
1

>>> BuggyCountedObject().num_instances
1

>>> BuggyCountedObject().num_instances
1

>>> BuggyCountedObject.num_instances
(4]

VBepeH, 4To Bbl YBUIEJIH, TJIe s JOIYCTHI IIpoMax. J1a (ormnbodHast) peaimsa-
115 He YBEJINYMBaeT OOIINI CYETUNK, TOTOMY UTO 5 CeJIal OMINOKY, KOTOPYIO
0OBSACHUI B TIPE/IBIAYIIEM TIPUMePe ¢ IIcoM J[KekoM. ITa peausariys He Oyaer
paboTaTh, HOTOMY YTO Sl HEMPELYMBIIIJIEHHO «3aTEHUI» TIePEMEHHYIO KJlacca
num_instance, cO3/1aB B KOHCTPYKTOPE TIEPEMEHHYIO 9K3EMILISIPA C TEM JKe
VIMEHEM.

Omna 1paBuJIbHO BBIYUCJIIET HOBOE 3HaUeHue cuetynka (mepeiiag ot 0 k 1),
HO 3aTeM COXPaHsIeT Pe3yJbTaT B IePeMEHHOI 9K3eMILISPA, a 3TO O3HAYAET,
4TO JIPYTHE IK3EMILISIPhI KJIacCa HUKOT/IA He YBUIST OOHOBJIEHHOE 3HAYEHUE
CUeTUMKA.

Kax BbI BUzinTe, IOy CTUTH 9Ty OMIMOKY O4Y€Hb JIeTKO. Bo BpeMst paboThI ¢ pas-
JIEJISIEMBIM COCTOSTHIEM B KJIACCE CIIEYET OBITH OCTOPOKHBIM U TIEPETTPOBEPSITH
ob6JacTH IeficTBIST. ABTOMATU3MPOBAHHBIE TECTHI M KOHTPOJIb KaueCTBa PabOThI
CO CTOPOHBI KOJIJIET CYIECTBEHHO IIOMOTaIOT B 3TOM.

OmHaxo HaJIer0Ch, UTO BbI BUANTE, NOUeMY U KaK TlepeMeHHbIe Kacca (HeCMo-
TPsI HA VX [TO/[BO/IHBIE KAMHU ) MOTYT OKa3aThCsI TI0JIe3HBIMU MHCTPYMEHTaMU
Ha TIpakTuKe. Yaauu!

KntouyeBble BbIBOAbI

a HepeMeHHbIe KJIaCCa IIpe/lHa3Hav€eHbl /114 JJaHHbIX, COBMECTHO HNCIIOJIb3ye-
MbIX BCEMHU IK3EMILIAPaAMU KJjacca. Onn I[IpUuHaJIEeKaT UMEHHO KJIaCCy, a HE
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KOHKPETHOMY 9K3EMILJIADPY U ABJAIOTCA O6H_[I/IMI/I VI BCEX 9K3EMILIIAPOB
KJIacca.

O [lepemennblie sk3eMILIsIpa MpeIHA3HAYEHBI JIJIST TAHHBIX, KOTOPbIE YHUKAJIb-
HBI JIJIST KasKJI0TO aK3eMILIsipa. OHU IPUHAJITIEKAT OT/IETTbHBIM 9K3EMILIISIPAM
00BbeKTa U He SIBJISIOTCS OOIUMU JIJIsI IPYTHUX 9K3eMILISIPOB Kiaacca. Kaskmas
repeMeHHas 3K3eMILIgpa MoJydyaeT YHUKaJIbHOe pe3epPBHOE XPaHUJIUIIIE,
XapaKTepHOe JIJI JAHHOTO 9K3eMILJISIPa.

O [Tockoibky mepeMeHHbIE Ki1acca MOTYT OBITh «3aTEHEHDBI» MTEPEMEHHBIMI
9K3eMILISIpa, UMEIoIUMH OIMHAKOBOE NMs, MOKHO JIerko (HelpejaHame-
PEHHO) TIePeOoTIPe/Ie/IUTh TIepeMEHHbBIE KJIacca, B pe3yibraTe 4ero OymayT
BHECEHBI OMUOKK ¥ CO3/IaHO CTPAHHOE MOBEICHUE.

4.8. CpblB NOKPOBOB C METOAOB 3K3eMnspa,
MeTOA0B Kflacca U CTaTUYeCKUxX MeTod0B

B a10i1 riaBe BbI yBUIHTE, uTO HMeHHO B Python crout 3a memodamu knacca
(class methods), cmamuuecxumu memodamu (static methods) u o6praHBIMU
memoodamu sxzemnispa (instance methods).

EcJiv BbI pa3oBbeTe MHTYUTUBHOE OHUMAHKE WX PA3JIIHUil, TO CMOKETE [THCaTh
00bEKTHO-OPHEHTHPOBAHHBIN TIporpaMMHbIil Koz Python, koropsiii siciee co-
o011iaeT CBOI 3aMbIcesT U B KOHEYHOM cuete Oy/ieT yao0Hee B COMPOBOKICHIN.

JlaBaiite HauHeM ¢ Hanmcanus kiacca (Python 3), koTopsiii cogepsxut mpo-
CTble PUMEPDI BCEX TPeX TUIIOB METO/IOB:

class MyClass:
def method(self):
return 'Bbi3BaH MeToA 3k3emnaApa', self

@classmethod
def classmethod(cls):
return 'Bbi3BaH MeTon knacca', cls

@staticmethod
def staticmethod():
return 'Bbi3BaH CTaTU4eCcKuih meTon'
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IIpumeuanue ons nonvzosameneil Python 2: nexopatopsl @staticmethod u @
classmethod gocTyiHbl, HaunHas ¢ Python 2.4, u mosToMy gaHHBIN TIpUMEp
Oyzer paboraTh Kak ecTb. BMecTo Toro 4ro0bl MCIIOIb30BATh IIPOCTOE 00bsIBIIE-
Hue class MyClass, BbI MOKeTe OOBSBUTH KJIaCC B HOBOM CTHJIE, C HACJIe0Ba-
HUEM OT object ¢ MOMOIIbIO CHHTAKCUYECKON KOHCTPYKIMHU MyClass (object).
Ho B ocraimbHOM Bee B 110KoJ1a1€!

MeToabl 3Kk3eMnnapa

I[TepBeriii MeTos B MyClass ¢ uMeHeM method sIBJISIETCST OOBIYHBIM MEMOO0OM
aK3emnaspa. ITo 6a30BbIiA, Oe3 HABOPOTOB, THUII METO/IA, KOTOPBIN BbI Oy/eTe
HCIT0JIb30BATh OOJIBIIYIO YaCcTh BpeMeHu. Bbl BUNTE, 4TO 3TOT METO/] TPUHH-
MaeT O/IUH TTapaMeTp, self, KOTOPbI yKa3bIBaeT Ha 9K3eMILIAP Kiacca MyClass
BO BpeMs BbI30Ba 9TOro Meroza. Ho, pasymeercs, MeTObI 9K3€MILIAPA MOTYT
npUHUMATH O0JIee OJTHOTO MapaMeTpa.

Yepes mapameTp self METOIBI HK3EMILISIPA MOTYT CBOOOIHO TOJTyYaTh JIOCTYTI
K aTpu0yTaMm U JIPYTHM METOJAM B TOM K€ CaMOM OOBeKTe. ITO MPUIAET UM
GOJIBIITYIO MOTIb B TOM, YTO KacaeTcst MOIU(UKAIINN COCTOSTHUST 00bEKTA.

MeTo/1bI 9K3eMILIsIpa MOTYT He TOJIbKO MOAU(MDUIIMPOBATH COCTOSTHIE 00BEKTA,
HO U [TOJTy4aTh JJOCTYI K CaMOMY KJraccy yepes aTpubyTt self._ class_ . 1o
03HAYaeT, YTO METO/IbI IK3EMILIISIPA TAKKE MOTYT MOJIM(PUITUPOBATH COCTOSTHUE
KJlacca.

MeToabl Knacca

[laBaiiTe cpaBHUM 3TO CO BTOPbIM METO/IOM, MyClass . classmethod. A momeTun
3TOT METOJI ZIEKOPaTOpoM @classmethod!, 4T0OBI 0003HAYUTD €TO KaK Memod
Kaacca.

BwmecTo mapamerpa self MeTObI KJacca MPUHUMATOT TTapaMeTp cls, KOTOPbIi
yKa3bIBaeT Ha KJIACC, & He HAa 9K3eMILISIP 0OBEeKTa BO BPEMSI BHI30BA ATOTO Me-
TOA.

! Cwm. nokymenTanuio Python «@classmethods»: https://docs.python.org/3/library/functions.
html#classmethod



144 naBa4 e Knaccol n OOMN

[TockombKy MeTOJ Kylacca UMeeT JIOCTYII TOJIBKO K 3TOMY apryMeHTy cls, oH
HE MOKET MEHSITh COCTOSTHHE 9K3eMILIspa 00bekTa. [1Jist aToro norpeboBasicst
661 mocTym K mapameTpy self. OHAKO METO/bI Kjacca Mo-MPesKHEMY MOTYT
MOAMGMUIINPOBATH COCTOSTHHE KJacca, KOTOPOe TPUMEHNMO BO BCEX 9K3€EM-
nJIsipax KJiacca.

CraTtunyeckme Metoapbl

Tperuii metTox, MyClass.staticmethod, ObL1 TOMeYEH JeKOpaTOPOM @sta-
ticmethod!, 4TOOBI 0603HAUYNTD €TO KAK CIMAMUUECKULL MEMOO.

ITOT TUI METOJ/Ia He IPUHUMAET HU mapameTp self, Hu mapameTp cls, XOT,
KOHEYHO K€, OH MOJKeT ObITh C/IeJIaH TaK, 9TOOBI IPUHUMATH IPOU3BOJIHHOE
KOJINYECTBO APYTIUX ITapaMeTPOB.

Kak pesysbraT, cTaTH4ecKUil MeTo/| He MOXKeT MOAUMUIIMPOBATh COCTOSIHUE
obObexTa min cocrosinue Kiaacca. CTaTuueckne MeTO/bl OTPAHIMYEHBI TEMU
JTAHHBIMU, K KOTOPBIM OHM MOTYT HOJIYYUTb JIOCTYII, — OHH, IIpeXK/e BCero,
SIBJISIOTCS] CPEZICTBOM OPTaHU3aIlUK ITPOCTPAHCTBA UMEH BaIlTUX METO/IOB.

MOCMOTPUM Ha HUX B AEUCTBUM!

$1 3Hat0, UTO TOSICHEHNST OBLIN BEChbMa TEOPETU3MPOBAHHBIMU JI0 9TOTO MECTA.
Bonee Toro, nosaraio, 4To BaXKHO Ha MPAKTUKE Pa3BUTh MHTYUTHBHOE TIOHU-
MaHHe TOTO, KaK ATU TUIIbI METOJIOB pa3indaioTcs. IMEHHO TT09TOMY TeTeph
MBI ITPOOEIKMMCS 110 HECKOJIBKUM TIPHMEPAM.

BsruistHeM Ha TO, Kak 9TH MeTo/Ibl ce0sl BeAyT B AeiiCTBUM, KOIJ[a MbI KX BbI-
3piBaeM. HauneM ¢ co3manms aK3eMILIsgpa Kjiacca, a 3aTeM BBI30BEM TPH Olpe-
JleJIEHHBIX B HEM Pa3HbIX METO/IA.

Kiace MyClass ObLI co3aH Tak, 4TOObI peain3alus Kax10ro MeToa BO3-
Bpalajia KopTex, cojiepKaiinii THHOPMAIIHIio, KOTOPYIO MBI MOYKEM MCITOJIb-
30BaTh, YTOOBI MIPOCIIEUTH, YTO IIPOUCXOAUT U K KaKMM YaCTAM Kjacca WK
00bEKTa HTOT METO/[ MOKET TIOJIYYUTh JIOCTYIL.

! Cwm. nokymenTanuio Python «@staticmethods»: https://docs.python.org/3/library/functions.
html#staticmethod
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Bot uto IIPpOUCXO/ANT, KOI'/la Mbl BbI3bIBa€M METO/ dK3EMILIAPA:

>>> obj = MyClass()
>>> obj.method()
('BbI3BaH MeTog 3k3emnnApa', <MyClass instance at ©x1la2>)

ITOT pe3yJibTaT NOATBEPIK/IAET, UYTO B IAHHOM CJIydae MeTO/l 9K3eMILIsgpa
c IMeHeM method UMeeT OCTYII K AK3eMILISIPY 00beKTa (HarmeyaTaHHOMY KaK
<MyClass instance>) yepe3 aprymMeHT self.

Bo Bpewms BbizoBa aToro meroga Python samensier aprymenT self Ha 0ObeKT
9K3eMILISAPa, obj. UTOOBI OIYYUTh TOT JKE CAMbIi PE3YJIBTaT, MbI MOKEM MTPO-
WTHOPUPOBATh CHHTAKCUUECKUI caxap, TPeI0CTaBIsIeMbIIl CUHTaKCUYeCKON
KOHCTPYKITHEN BbI30Ba C TOYKOM, obj.method(), 1 mmepearb OOBEKT 9K3EM-
IJIApa BPYYHYIO:

>>> MyClass.method(obj)
('BbI3BaH mMeToa 3k3emnaApa', <MyClass instance at 0x11la2>)

Mexxry TpounM, MeTOJIbl IK3EMILJIIPA MOTYT TaKkKe MOJydaTh JOCTYT HEIO-
CPEJICTBEHHO K camomy Kiaccy depe3 atpubyT self._class__. ITo genaer
METO/IbI IK3EMILJISIPA MOTIHBIMU C TOYKH 3PEHUST OTPAHUYEHU JIOCTYTIa — OHU
MOTYT CBOOOIHO MOAN(DUIINPOBATH COCTOSTHUE B 9K3EMILISIPE 0ObEKTA U B Ca-
MOM KJIacce.

Tenepn naBaiiTe UCIIbITAEM METOJ KJIacca:

>>> obj.classmethod()
('BbI3BaH MeTogh knacca', <class MyClass at ©x11a2>)

Bri3oB MeToz1a classmethod() mokasas, 4To y HEro HET J0CTyIa K OOBEKTY
<MyClass instance>, a eCTb TOJIBKO K O6’b€KTy <class MyClass>, mpejicraB-
JsstiotiieMy caM kiace (B Python Bce siBiisteTcst 00bEKTOM, ake CaMU KJIACCHI ).

OG6paruTe BHMMaHKe Ha TO, Kak Python aBromaTiuecku nepezgaer kiacc B Ka-
YyecTBe TIePBOTO apTyMeHTa B (DYHKITNIO, KOT/Ia MbI BBI3bIBaeM MeToT MyClass.
classmethod(). B Python Takoe moBesenue 3amyckaercsi BBI30BOM METO/A
aepe3 moueunviil cunmaxcuc (dot syntax). [Tapamerp self B MeTOaX 9K3€eMII-
Jisipa paboTaeT TaKUM ke 06pPa3oM.
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Taxske o6paTnTe BHUMaHIe Ha TO, YTO 0003HAYEHIE ITUX TaPaMETPOB Kak self
1 cls SIBJISIETCST BCETO-HABCETO COTJIACOBAHHBIM MTPaBUIoM nMenoBanusd. C tem
JKe yCIIeXOM Bbl MOJKETE Ha3BaTh UX the_object n the_class 1 MOJy4YUTH TOT
JKe caMblid pe3ysbrat. BasKHO JInilb TO, UTO B CIIMCKE TTAPaMETPOB JIJIs1 3TOTO
KOHKPETHOI'0 MeTO/Ia OHU PaCIIosaraloTcs IepBbIMU.

Teriepb camoe BpeMsi BbI3BAaTh CTAaTUYECKUN METO/I;

>>> obj.staticmethod()
'Bbi36aH cmamuyeckul memod'

3aMeTuIM, Kak MbI BbI3BaIU MeTOZ staticmethod() oObekTa 1 CMOIJIN Ce/IaTh
910 ycnemno? Hekoropbie pazpaboTyvKy yAUBISIOTCS, KOTIA Y3HAIOT, 4TO
CTaTHYECKUI METO/] MOJKHO BBI3bIBATh Ha 9K3EMILISAPE 00bEKTA.

3a KaipoM, KOT/la CTaTUYeCKUil MeTO/ BBI3bIBAETCS C MCIOJIH30BAHUEM TO-
Ye4HOro CHHTaKcuca, Python npocto HakiasbiBaeT orpaHuveHust [OCTYTIA, He
rnepenasas apryMeHT self wiaum cls.

ITUM TIOATBEPKIAETCS, YTO CTATUYECKIE METO/IBI HEe MOTYT TIOJTYUUTD TOCTYTI
HU K COCTOSTHUIO 9K3eMILISIpa 00beKTa, HUA K COCTOSTHUIO Kacca. OHu paboTaioT
KaK 00bIYHbIE (DYHKITUH, HO ITPU ATOM OHM TIPHHA/IEKAT TPOCTPAHCTBY UMEH
KJacca (1 Kask/[0To 9K3eMILIspa).

Tenepb ,I[aBafITe IIOCMOTpPHM, YTO HpOHSOﬁI{eT IIPpU IIOIIBITKE BbI3BATb 9THU M€~
TO/Ibl Ha CaAMOM KJIAaCC€, HE CO3/laBasl IK3EMILJIAPD 00beKTa 3apaHee:

>>> MyClass.classmethod()
('Bbi3BaH MeToh knacca', <class MyClass at ©Ox1la2>)

>>> MyClass.staticmethod()
'Bbi36aH cmamuyeckul memod'

>>> MyClass.method()

TypeError: """unbound method method() must
be called with MyClass instance as first
argument (got nothing instead)"""

MBI HOpMaJIbHO CMOTIJIN BBI3BaTh classmethod() u staticmethod(), a BOT
IIOIIBITKA BBI3BATb METO/[ 9K3eMILIApa method() He yaanach ¢ UCKIIOYEHUEM
TypeError.
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Taxoro pesyJsibraTa cjeoBajo oxkugaTh. Ha 3TOT pa3 Mbl He cO3/1a7T1 9K3€EMII-
JITp 00BbEKTA U MOIBITAINCH BI3BATh (DYHKITIIO 9K3EMILIsSIpa HEITOCPEACTBEHHO
Ha camoM mabsioHe kiacca. MusivMu ciioBamu, B Python et criocoba 3aros-
HUTDb apTyMeHT self, 1 T03TOMY JaHHBIN BHI30B TEPIIUT HEYAAUY C UCKJIIOUe-
HUueM TypeError.

ITO JI0JKHO C/IeqIaTh Pasjaindue MeK/ly 9TUMHU TpeMsl TUIIAaMHU METOJIOB Uy Th
siciee. Ho He mepeskuBaiiTe, st He COOMPAIOCHh OCTAHABIMBATELCS HA 3TOM. B cite-
AYIOIMUX JIBYX pas/iesiax st mpoOerych Mo JAByM HEMHOTO 00JIee PEATHCTHYHBIM
[puMepaM, KOTopble MMOKaXKyT, KOr/la UCII0JIb30BaTh 3TU KOHKPETHbIE TUIIbI
METO/IOB.

B cBoux npumepax s Gy/1y HCXOIUTh U3 ATOTO HJIEMEHTAPHOTO KJacca Pizza:

class Pizza:
def __init_ (self, ingredients):
self.ingredients = ingredients

def __repr__(self):
return f'Pizza({self.ingredients!r})"

>>> Pizza(['cbip', 'momugopsbi'])
Pizza(['cbp', 'nomupopsi'])

®abpukun annetTuTHOM NuuLbl ¢ @classmethod

Ecau BBI cTaJIKMBaJINCh C HI/IHH€I>JI B peaJibHOM MUPE, TO Bbl 3HA€TE, 4YTO CYIIE-
CTBYET MHOT'O BU/10OB anmeTuTHON ITHIIIbI

Pizza([ 'mouapenna', 'nomuzopsi'])
Pizza([ 'mouapenna', 'nomugopbl', 'BeTYMHA', 'rpubbl'])
Pizza([ 'mouapenna'] * 4)

WTanbsHiibl TPUIyMain CBOO KJIacCU(DUKAIIAIO TTUII HECKOJIbKO BEKOB HA3a/l,
U HIODTOMY BCE 9TU TUIIBI BOCXMTUTEIbHBIX IIHII] UMEIOT CBOU COOCTBEHHbIE
nMeHa. byer Xxopoiio, ecjii Mbl 3TUM BOCTIOJIB3YEMCS U IA/IUM T10JIb30BaTe-
JISIM HaIllero KJjacca Pizza 0oJjiee ONTHMaIbHBII MHTEP(ENC 11 CO3MaHus
00bEKTOB- NI, KOTOPbIE OHU XOTSIT.
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Xoporuii u 04eBUIHbII CITOCOH ATO C/IeJaTh — UCTIOJIB30BATH METO/IBI KJIACCA
B KaueCTBe Pabpuunvix GpynKyuil' 11t pasJIudHbIX BUIOB THUII, KOTOPbIE MBI
MOJKEM CO3/1aTh:

class Pizza:
def __init_ (self, ingredients):
self.ingredients = ingredients
def __repr__(self):
return f'Pizza({self.ingredients!r})"

@classmethod
def margherita(cls):
return cls(['mouapenna', 'nomuzopsl'])

@classmethod
def prosciutto(cls):
return cls(['mouapenna', 'nomugopbl', 'BeT4yMHa'])

O6paruTe BHUMaHKeE Ha TO, KaK s UCIOJIb3YI0 apryMeHT cls B habpudHbIX
MeTozax margherita u prosciutto BMeCTO BbI30Ba KOHCTPYKTOpPa Pizza He-
IMOCPEICTBEHHO.

Bl MOsKeTe UCTIOTB30BATE ATY UAMOMY, YTOOBI cJie0BaTh npuniuiy «He mo-
Bropsiiicsi» (DRY). Eciin B Kakoli-TO MOMEHT MbI PEIITUM 3TOT KJIace TiepermMe-
HOBATbh, HaM He HYKHO Oy/IeT MOMHUTH 00 OOHOBJIEHUN UMEHU KOHCTPYKTOPA
BO Bcex (haOpUIHbIX (DYHKITUSIX.

Mrtak, 9To ke MbI MOKEM CJIeJIaTh ¢ 9TUMK (habpuuHbIMU MeTogamu? [aBaiite
X UCIIBITAEM:

>>> Pizza.margherita()
Pizza([ 'mouapenna', 'nomugopsbi'])

>>> Pizza.prosciutto()
Pizza([ 'mouapenna', 'nomugopsl', 'BeTuuHa'])

! Cwm. Bukumneauio: «@Dabpuka (06beKTHO-OPUEHTUPOBAHHOE MTPOrpaMMKpoBatue)»: https://
en.wikipedia.org/wiki/Factory_(object-oriented_programming) u https://ru.wikipedia.org/wiki/A6-
cTpakTHas_dabpuka_(wabnoH_npoekTupoBaHus)



4.8. CpblB MOKPOBOB C METOAOB 3K3eMnspa 149

Kak Bunte, habpudtbie hyHKIHN MOKHO HCIIOJIB30BATH /15T CO3/IAHUST HOBBIX
00BEKTOB Pizza, KOTOpPBIE CKOH(MUTYPUPOBAHBI KIMEHHO TaK, KAK MbI XOTHM.
BuyTpu oHU BCe UCIIONB3YIOT OMHAKOBBINA KOHCTPYKTOP __init_ u mpocto
o0ecIiednBaOT KPaTKyo (HOpMY /Uit 3aIOMUHAHUS CAMBIX Pa3HOOOPA3HBIX
WHTPEIUECHTOB.

Emite ofnn ¢1moco0 B3TJISTHYTh HA 9TO UCIIOJIB30BaHUE METOJI0B KJlacca — Io-
HATb, YTO OHU IIO3BOJISAIOT OIIPE/esIATh /IS CBOUX KJIACCOB aJbTepHATUBHbIE
KOHCTPYKTOPBI.

Python pomyckaer Bcero omun Metos __init_ B kmacce. Vcrnonb3oBaHue me-
TOJIOB KJIacca MO3BOJISIET T0OABIISITH CTOJIBKO aJIETEPHATHBHBIX KOHCTPYKTOPOB,
CKOJIBKO MOTpebyeTcst. DTO MOKET cieiaTh HHTepdeiic Bammx Kaaccos (10
U3BECTHOM CTENeHN ) CAMOJOKYMEHTUPYIOIIMM U YIIPOCTUT UX UCIIOJIb30BAHNUE.

Korga ncnonb3oBaTtb CTaTUYeCKMEe METOAbI

371ech yiKe CJI0KHee HalTh XOPOIuid TpuMep, 1 3Haete 4yto? S mpocto mpo-
JOJIKY PacTSTUBATh aHAJIOTHIO TTUIIIIBI, JIeJ1ast ee BCe TOHbIIE U TOHbIIIE... (am!)

W Bot uTO 5 ipuryma:

import math
class Pizza:
def __init_ (self, radius, ingredients):
self.radius = radius
self.ingredients = ingredients

def __repr__(self):
return (f'Pizza({self.radius!r},’
f'{self.ingredients!r})")

def area(self):
return self.circle_area(self.radius)

@staticmethod
def circle_area(r):
return r ** 2 * math.pi
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Wrak, uto ke g TyT nomensii? [Ipesxie Bcero, 1 UBMEHWUI KOHCTPYKTOP U Me-
TOJ/l __repr__, W TeTlePb OHU MPUHUMAIOT JIOTIOJIHUTETbHBIN apryMeHT radius.

s1 Takske 100aBIII METO 9K3eMILIsIpa area(), KOTOPbII BHIYKMCISET U BO3-
BpallaeT MIIoMIaib MU, ITO TakkKe OyAeT MOAXOAAIIEH KaH ATy POl JIIst
@property... HO TIOCTOITe, 3TO e MPOCTO UTPYIIEYHBIH TPUMEP.

BMecTo Toro 4yTo6bl BBIYUCIIATH IJIOMIA/lh HEMOCPEACTBEHHO BHYTPU METO1a
area() IpU IOMOIIY OOLIEN3BECTHOI (HOPMYJIBI ILJIOIAAN KPYTa, S BBIHEC HTO
BBIYHCJIEHNE B OTAEIbHBIN CTATUUYECKUI MeTo/ circle_area().

JlaBaiiTe ero ucmpiTaem!

>>> p = Pizza(4, ['mozzarella', 'tomatoes'])
>>> p

Pizza(4, {self.ingredients})

>>> p.area()

50.26548245743669

>>> Pizza.circle_area(4)

50.26548245743669

HecomHeHHO, 3TOT npuMep MO-TIPEeKHEMY JOBOJIBHO YIIPOIIEHHBIN, HO OH
MOMOJKET O0BSICHUTH HEKOTOPBIE TPENMYTIIECTBA, TPEIOCTABISIEMbIE CTATH-
YECKUMU METOJIaMH.

Kax Mbl y3HaIM, cTaTuyeckue MeTo/Ibl He MOTYT MOJIy4YaTh JOCTYI K COCTO-
SAHUIO KJlacca UIU DK3eMILIAPa, [IOTOMY YTO OHU HEe IPUHUMAIOT apryMeHT
cls wm self. DTOT (hakT ABAAETCS GOJNBITUM OTPAHUYEHUEM — HO OH TaKKe
SIBJISIETCST 3aMeYaTeIbHBIM CUTHAJIOM, KOTOPbIiT 0003HAYAET, YTO TOT WU WHOI
METO/] He3aBUCUM OT BCETO OCTAILHOTO BOKPYT HETO.

W3 npumepa Bblllle COBEPIIEHHO SCHO, 4TO circle_area() HUKAK He MOXKET
MOUGUIIMPOBATDH KJIACC UM 3K3eMILIAp Kiaacca. (Pasymeercs, aTo orpanu-
JyeHHue Beeria MOKHO 00OMTH IPH MOMOIIH IJ100aIbHON TIepeMEeHHOI, HO 9TO
yiKe K J1eJly He OTHOCUTCSL. )

Wrak, mouemy ke 3TO M0OJIE3HO?

O6o03HaueHe METO/Ia KaK CTAaTHYECKOTO He IIPOCTO MOACKA3Ka, 9TO ATOT METO/L
He CMOKeT MOJIM(UIINPOBATH COCTOSTHUE HK3eMILIsIpa WK Kiaacca. Ho, Kak Be
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yOeUIINCh, 3TO OTPaHUYEHNE TaKsKe TTOKPETISIETCS] BO BPEMsl BBITIOTHEHUST
nporpammbl Python.

Takue MpreMBbI 1aI0T YETKOE MTPe/ICTaB/IeHe O COCTABHBIX YaCTIX Ballleil apXu-
TEKTYPbI KJIACCOB JIJIs TOTO, YTOOBI MTPOIIECC HOBOI Pa3pabOTKU €CTECTBEHHBIM
00pa3oM HAITPABJISLIICS B MIPeJIeiaxX STUX rPaHuIl. be3yc/IoBHO, ST OrpaHiye-
HUS JOCTATOYHO JIETKO HAapyIuTh. Ho Ha mpaKkTUKe OHW HEPEKO MTOMOTafoT
n306e;KaTh HelpeHAMEPEHHBIX MOIM(MUKAIINI, KOTOPBIE WY T BPa3pes C TePBO-
HAYaJIbHBIM TTPOEKTOM.

JlpyrumMu cjioBamMu, UCIIOJIb30BAHUE CTATHYECKUX METO/IOB M METO/IOB KJIacca
crocoOCTBYET Tiepe/iade 3aMbIc/ia paspaboTUrKa, TIPU 3TOM J0CTATOYHO MO/I-
KPEILISst 9TOT 3aMbICeT, 4TOOBI 30eKaTh GOJIBITIHCTBA ONTHOOK <110 Heopa-
3YMEHUIO» ¥ OMIMOOK, KOTOPbIE PAa3PYIIMIN OBl TPOEKT.

[Tpu s5KOHOMHOM TTPUMEHEHUU U TOJBKO B TeX CJAydasX, KOTr/a 3TO UMeeT
CMBICJI, HATIMCAHWE YaCTH CBOUX METOOB TAKUM BOT 0OPa30M MOKET MPeIo-
CTaBUTH TTPEUMYIIECTBA B COMPOBOKIECHUN 1 YMEHBIIUT BEPOSITHOCTD TOTO,
4TO IPyrUe pa3paboOTUMKU OYLYT MCIOTb30BATD BAIIN KJIACChl HEITPABUJIBHO.

Crarideckue MeTOJIbI TAKyKe 00JIa/IA0T TIPEUMYTIECTBAME B TOM, YTO KaCaeTcst
HaIMCaHMs TeCTOBOTO ITporpaMMHoro koja. Ilockosbky Meto/; circle_area()
abCOTIOTHO HE3ABUCUM OT OCTAJIbHON YaCTH KJIACCA, €r0 HAMHOTO JIeTYe MPOo-
TeCTUPOBATb.

Hawm He nipujieTcs iepeskuBath 10 OBOY HACTPOUKH TTOJTHOTO 3K3EMILISIPA
KJlacca rnepej TeM, Kak Mbl CMOKEM MTPOTECTUPOBATDH 3TOT METOJ] B MOJLY JTb-
HOM TecTe. MBI TIPOCTO MOKEM JIeiCTBOBATH MO00HO TOMY, KaK MBI JI€Hi-
cTBOBAJIU OBl TIPU TeCTUPOBaHUK 0OBIYHOM DyHKIMU. U onsATh-TaKu, 3TO
obJierdaeT cOMpOBOKIEHIE KOjIa B OyyIieM 1 06eclieunBaeT CBSI3b MEKILY
00BEKTHO-OPUEHTHUPOBAHHBIM U MPOIEAYPHBIM CTUISAMK IPOrPAMMUPO-
BaHWMs.

KntoueBble BbIBOAbI

0 Merozbl aK3eMILIsIpa HYK/IAI0TCS B 9K3EMILISIPe Kacca U MOTYT 110J1y4aTh
JIOCTYTI K AK3eMILIAPY yepes mapameTp self.
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O Metojb! Ki1acca He HYKJIAIOTCS B 9K3eMIIsipe kKiaacca. OHU He MOTYT TI0JTY-
4aTh JOCTYT K 9K3eMILIAPY (self), HO y HUX eCTh JJOCTYT HETOCPEJCTBEHHO
K CaMOMY KJ1accy uepes cls.

0 Crarudeckue METO/IbI He UMEIOT JIOCTYTIa HU K cls, Hu K self. Onu pabora-
10T KaK 0ObruHble (DyHKITIH, HO TIPUHA/IJIEKAT IPOCTPAHCTBY MMEH KJIACCA.

0 Crarnyeckre METO/IBI U METO/IBI KJlacca cOOOIAIOT U (10 M3BECTHOIT CTe-
MEHN ) TIOIKPEIISIIOT 3aMbICesT pa3paboTynKa B OTHOIIEHUN KOHCTPYKITHH
KJtacca. ITO MOKET 00JIaIaTh OTIPe/IeIEHHBIMU ITPEUMYIIIECTBAME B COITPO-
BOJK/IEHUU KO/JIA.



Ob6Lpne CTpyKTypb!
OaHHbIX Python

Y10 f0/KEeH IPUMEHSTDh Ha IIPAKTUKE U Y9TO JOJKEH TBEP/O 3HATh KaK bl
paspaborunk rHa Python?

CtpyKTypbl JaHHBIX. OHU SBJISIOTCS OCHOBOIOIATAIONTAMI KOHCTPYKITASIMH,
BOKPYT KOTOPBIX CTPOSITCST TpOTrpaMMbl. Kaskiast CTpyKTypa JaHHBIX 00ecTieun-
BaeT OT/EJBHO B3SITBII CII0CO0 OpraHU3alMK JAHHBIX C 111610 9(DhEKTUBHOTO
K HUM JOCTYIIa B 3aBUCUMOCTH OT BalllETO BapruaHTa NCIIOJIb30BaHU .

Yb6esxeH, 4To BO3BpallleHne K OCHOBAM JIJIsI IPOTPAMMUCTA BCET/IA OKYTIAETCS],
HE3aBUCUMO OT eT0 YPOBHS KBaIM(UKAIUN UIN ONBITA.

HyskHo cKa3ath, 4TO sl He CTOPOHHUK TOTO, YTO HEOOXOAMMO COCPEIOTOUN-
BATHCS HA PACHIUPEHUN 3HAHUI 00 OHUX TOJBKO CTPYKTYPax JaHHBIX —
mpobiieMa TaKOTO MOJX0/a 3aKJII0YAEeTCsT B TOM, YTO TOT/IA MbI 3aCTPEBAEM
B «CTpaHe Tpe3» U He TaeM PeaIbHBIX Pe3YJIBTATOB, ITPUTOHBIX 715 TOCTABKU
KJIUEHTaM...

Ho s o6Hapysku, 4To HeGOJIbIIOE BpeMsl, TIOTPAaYeHHOE Ha MPUBEJEeHUE
B MOPSIIOK CBOMX 3HAHUI O CTPYKTypax JaHHBIX (M aJrOPUTMax), 6cezda
OKyTIaeTcs.

JlemaeTe i BBI 3TO B TeUeHNE HECKOJIBKUX JHEN B BUJIE YETKO CHOPMYJIH-
POBAaHHOTO «CIPUHTa» JUOO B BUJIE 3aTSHYBIIETOCS MPOEKTA YPhIBKAMK TYT
U TaM, He UMeeT HUKAaKOro 3HayeHus. Tak win nHade, 00elai, 4To Bpems
OyzeT moTpavyeHo He HapacHo.
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JlasiHo, 3HauwT, CTPYKTYPHI anHbix B Python, Tak? Y Hac ectb crivcku, cio-
Bapu, MHOKeCTBa... M-M-M. Cteku? Pa3Be y Hac ecTh cTeKn?

Buaure sin, npobsema B ToM, uto Python mocrassiercst ¢ oOmmpHbiM Habo-
POM CTPYKTYP JAHHBIX, KOTOPbIE HAXOATCS B €0 CTaHAapTHON Gubrorexe.
Oxnako nx 0603HaYEHUE MHOT/IA HEMHOTO «YBOMT B CTOPOHY».

3ayacTyio HesICHO, KaK UMEHHO 00IIEN3BECTHBIE «a0CTPAKTHBIE THITBI JAHHBIX>,
TaKWe Kak CTEK, COOTBETCTBYIOT KOHKpPeTHON peasm3aruu Ha Python. /Ipyrue
SI3BIKH, HAIpuMep Java, GoJiblie IpUIepKUBaOTCS IPUHITUIIOB «computer
science» 1 SIBHOW CXeMbl MMEHOBAHUSL: B Java CIIMCOK He IIPOCTO «CITUCOK» — 3TO
6O CBSA3HBII CIUCOK LinkedList, 1100 AuHaMUYecKuil MaccuB Arraylist.

ITO TO3BOJISET JIerye paclio3HATh OXKHU/IaeMOoe TIOBe/IeHIE 1 BEIYUCINTETbHYTO
CIOKHOCTD TUX TUTOB. B Python ormaercst mpeamnourenue 6osiee mpocToit
u 6oJiee «4eI0BEYECKOIT» cxeMe 0003HaYeH NI, 1 OHa MHe HpaButTcs. OTyacTu
HUMEHHO TI09TOMY ITporpaMMupoBarh Ha Python Tak naTepecHo.

Ho o6paTHast cTopoHa B TOM, YTO JlaKe JIJIsl ONBITHBIX Pa3pabOTYNKOB Ha
Python moskeT ObITH HESICHO, KaK peaiM30BaH BCTPOEHHBIN THIT 1ist: Kak cBs-
3aHHBII CITUCOK JIMOO KaK IMHAMUYECKUI MaccuB. V1 B OJIMH MTPEKPaCHbI IeHb
OTCYTCTBHUE 9TOTO 3HAHUSI TIPUBEIET K OECKOHEYHBIM YacaM Pa3odyapoBaHUsT
VI HeylauHOMY coOeceloBaHMIO TTPH IIpreMe Ha paboTy.

B aT0i1 yacTk KHUTH g MPOBeLy Bac N0 PyHAAMEHTATbHBIM CTPYKTYypaM
JAHHBIX U peajnsanusam abcTpakTHbIX TUIOB AaHHBIX (AT/I), BCTpOeHHbIM
B Python u ero crangaprayio 6ubI1OTEKY.

31ech MOST T1eJIb COCTOUT B TOM, YTOOBI PA3bSICHUTD, Kak HanboJiee pacipo-
cTpaHeHHbIe aOCTPaKTHbIE TUIIBI JAHHBIX COOTHOCSTCS ¢ MpUHATON B Python
cxXeMOi 00603HAYEHNST, U TIPEOCTABUTH KPATKOE OTMCAHUE KaKIOTO U3 HIUX.
Ira nHbOpMAaIHs TaKKe TOMOKET BaM 3aCHsTh BO BCell Kpace Ha cobece/io-
BaHUSX TI0 TporpamMmupoBanmio va Python.

Ecsu BbI uiiieTe XOpoIyo KHUTY, KOTOPast IPUBEET B TIOPSIIOK BaIlin 001IIIe
MMO3HAHUS OTHOCUTENBHO CTPYKTYP AAHHBIX, TO I HACTOSITETHhHO PEKOMEHIYIO
kHury CtuBena C. CkueHbI «AJITOPUTMBI: TOCTPOEHME U aHamu3» (Steven
S. Skiena’s, The Algorithm Design Manual).

B Heit BBIzepsKUBaeTCsS IPEKPACHbIi Gaanc Mesxkay oOydyeHneMm GyHIaMeH-
TaJibHBIM (1 O0JIee TPOBUHYTHIM) CTPYKTyPaM JaHHbBIX U JIeMOHCTpaIlei
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TOrO, KaK IIPUMEHSTD UX Ha ITPaKTUKE B Pa3MyuHbIX anroputmax. Knura Ctusa
MOCJTY KIJIA MHE OOJIBITNM TOICTIOPhEM MTPH HAITMCAHWI 9TUX PA3/IeJIOB.

5.1. CnoBapu, accounaTmBHbIE MacCUBbI
N Xew-Tabnuubl

B Python ciioBapu — 1ieHTpasbHas CTPYKTypa AaHHBIX. B croBapsix xpaHuTcst
IIPOU3BOJILHOE KOJIMYECTBO OOBEKTOB, KKl U3 KOTOPHIX UAEHTUDUIINPY-
eTCsl YHUKAJIbHBIM KJI104Y0M CJIOBAPSI.

CroBapu Takske HEPeIKO Ha3bIBAIOT ACCOUUAMUBHbIMU Maccusamu (associative
arrays), accoyuamusnvimu xeu-maoauyamu (hashmaps), nouckosvimu ma-
onuvamu (lookup tables) wiu mabaiuyamu npeobpasosanus. Ouu 10MyCKAIOT
a(HeKTUBHBIN MONCK, BCTaBKY M yaajeHue 1060T0 00beKTa, CBIA3aHHOTO
C 3a/IaHHBIM KJIIOUOM.

Yro aTo o3navaer Ha npakTuke? OKa3bIBACTCS, YTO Mmelehonnble KHUzU TIPe]l-
CTaBJISIIOT COOO#T IOCTOIHBII aHAIOT 00HLEKTOB-CJIOBAPEi U3 peaIbHON KUSHU:

TenedoHHble KHWMM NO3BOMSAIOT 6bICTPO nony4vaTb MHopMaumio (HoMep
TenedoHa), CBA3aHHYIO C 3aflaHHbIM K/II0YOM (MMeHeM 4YenoBeka). MoaTomy
BMECTO TOro, Y4Tobbl YnTaTb TeNedOHHYIO KHUIY OT KOPKW 4O KOPKX B Nouc-
Kax Ybero-To HoMepa, MOXHO MOYTW HaMPSMY0 NePecKoYnUTb K UMEHU U No-
CMOTPETb CBA3aHHYIO C HUM MHOpMaLMIO.

ITa aHAJIOTUST HECKOJIBKO PYIIUTCS, KOT/IA €0 JOXOAUT 0 TOTO, KaKKM 00-
pazom rHMOPMAIUsS OPraHU30BaHa, YTOOBI OTYCKATh BBIOJHEHIE OBICTPBIX
omeparuii noncka. Ho hyHnmamenTaibable XapaKTePUCTHKHA TPOU3BONTEb-
HOCTH OCTAIOTCS IPEKHUMU: CIOBAPH TIO3BOJISIIOT OBICTPO HAXOAUTH MHPOP-
Mal1IO, CBI3aHHYIO C 3a/[aHHBIM KJIIOUOM.

PCSIOMI/IPYH, CJIOBapu — 9TO O/IHa U3 HanboJiee 4acTo HCIIOJIb3YEMDbBIX 1 CaMbIX
BasKHBIX CTPYKTYP /IlaHHbIX B I/IH(l)OpMaTI/IKe.

Wraxk, kakum ske o6pasom Python obpariaercst co cioBapsimu?

JlaBaiiTe OTIPABUMCST Ha SKCKYPCUIO TI0 PEATU3AIUSAM CJI0BAPS], UMEIOTIMCST
B sipe Python u crangaprHoii 6ubsmoreke Python.
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dict — BaLw AeXYpHbIN CNoBapb

M3-3a cBoeil BaxxHocTu Python cogepkut HaseKHYIO pearsaliio cIoBaps,
KOTOpasi BCTpOeHa HEMTOCPEACTBEHHO B SIZIPO sI3bIKA: TUII JAaHHBIX dict!.

Jliist paboThl co cioBapsiMi B cBoux mporpammax Python Takske mpemocras-
JigeT HEeMHOTO TT0JIE3HOTO «CUHTAKCHUUeCKOoro caxapay. Hampuwmep, cuntakcuc
BBIpKEHUS € HUTYPHBIMU CKOOKAMHU JIJIST CJIOBAPST U KOHCTPYKITNST BKIIOUEHNUST
B CJIOBapb MO3BOJISIOT YIOOHO ONPENETSITh HOBbIE OOBEKThI-CIOBAPH:

phonebook = {
'606': 7387,
'sauc': 3719,
'oxek': 7052,

squares = {x: x * x for x in range(6)}

>>> phonebook[ 'annc’]

3719

>>> squares

{0: 0, 1: 1, 2: 4, 3: 9, 4: 16, 5: 25}

Ectp HEKOTOpPbI€ OrpaHUYE€HUA OTHOCUTEIBbHO TOI'O, KaKHe O6'I)€KTI)I MOT'YT
HCIIOJIb30BATbhCA B KAYECTBE JOITyCTUMbIX KJIIOUEl.

Croapu Python unHekcupyrorest Kiodyamu, y KOTOPbIX MOXKET ObITb 0001
XeMTUPYEMBIN TUTIZ XEMUPYEMBI 00BEKT MMEET XelI-3HaueHne, KOTOPOe
HUKOT/IA HEe MEHSIETCsI B T€YEHKe ero Ku3Hu (cM. __hash__), 1 €ro MOKHO
CPaBHUBATB C IpyrUMu 0O6beKkTaMu (cM. __eq_). Kpome Toro, 9KkBUBajIeHTHbBIE
JIPYT IPYTY XEIIUpyeMble OOBEKTHI IOJKHBI KIMETh OJMHAKOBOE XeIll-3HaueHHE.

Heunsmensiemble TUIIBI, TaKWe Kak CTPOKOBbIE 3HaUEHUE M YUCJIA, SIBJISIOTCS
XEIUPYEeMbIMU 00bEKTaMU U XOPOIIIO pabOTAIOT B KAYECTBE KJIIOUYEH CII0BapsI.
B kauecTBe KJIOYEN CJIOBAPST TAKKe MOKHO MCIOIb30BATh OOBHEKTHI-KOPTE-
KU — TIPYM YCJIOBUM, YTO OHHM CaMU COZIEPIKAT TOJBKO XeTTupyeMble THTIBI.

U Cwm. gokymenTanuio Python «Accormarusbie turbl — dict»: https://docs.python.org/3/library/
stdtypes.html#mapping-types-dict
2 Cwm. rimoccapwmii mokymenTarin Python «hashables: https://docs.python.org/3/glossary.html
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Jluist GOJIBIITMHCTBA BAPUAHTOB MCIIOJIb30BaHUsI BcTpoenHast B Python peasu-
3a1Ms cJI0Bap4 JieJiaeT Bee, YTo BaM Hy»KHO. CJI0Bapy XOPOIIO ONITUMHU3NPOBA-
HBI 1 JIE)KaT B OCHOBE MHOTHIX YacCTel sI3bIKa: HAprMep, U aTpUOyThI KJ1acca,
1 TIePeMEHHbIE B CTeKOBOM (hbpeliMe BO BHYTPEHHEM IPE/ICTABICHUHN XPAHSITCS
B CJI0BapsIX.

CuaoBapu Python ocHoBaHBI Ha XOPOIIO MTPOTECTUPOBAHHON U TOHKO Ha-
CTPOEHHOI peasi3aliy Xem-TadIuIbl, KOTOpast 00eCeYnBaeT OKUIAeMbIe
XapaKTepUCTUKU TPOU3BOAUTEBHOCTH C BpeMeHHOH ciioxkHocThio O(1) s
oreparuil MONCKa, BCTaBKK, 0OHOBJICHUS U Y/IaJICHUST B CPETHEM CJTydae.

Het 0co6bIx MPUYHH HE KCIOIB30BATh CTAHAPTHYIO peainsaruio dict, BKJio-
uennyto B Python. Tem He MeHee CyIIECTBYIOT CIIEI[HATM3UPOBAHHBIE CTOPOH-
HUE peajn3aliiyl CJ0Bapsl, HallpIMep CIIUCKY ¢ TIPOITyCKaMU MJIN CJI0BAapH Ha
ocHoBe B-yepeBbes.

[ToMuMO «0OBIKHOBEHHBIX» 00BEKTOB dict, cranzaprHas 6ubanoreka Python
TaK/Ke COAEPIKUT PsiJ| peaiu3aluil CrielMaJu3upOBaHHbIX cjoBapeil. Bee atu
CIIeMAIN3UPOBAHHbIE CIOBAPY OIMPAIOTCA HA BCTPOEHHBIN KJIace c0Baps
(1 0614 1A10T €10 XapaKTePUCTUKAMU IIPOU3BOAUTENIBHOCTH ), HO IIOMUMO 3TOTO
eme 100aBIIIOT HEKOTOPbIE YI00HbIE CBONCTBA.

[laBaiiTe ux paccMOTpUM.

collections.OrderedDict — NOMHSAT NOpPSAOK BCTaBKM KITHOYEN

B Python Bkiiouen crenmamn3upoBaHHbiil oAKIace dict, KOTOPbIi 3a-
MMOMWHAET MOPSIIOK BCTaBKU M00ABJISIEMBIX B HETO KJfoveil: collections.
OrderedDict!.

Xotst B Python 3.6 u Bbitite cTangapTHBIE 9K3EMILIAPHI dict COXPAHSIOT 1MO-
PSI/IOK BCTaBKHU KJIIOYEH, TAKOE TTIOBEIEHIE SIBJISIETCS] BCETO JIUIITh MOOOYHBIM
addexrom peasmzanuu B Python u He onpezensiercs crienudukarmeit si3pika’,
[ToaTomy, eciu i1t pabOTBI BAIIETO aJITOPUTMA TIOPSIOK CII€I0BAHIS KIFOYei

! Cwm. gokymentaiuio Python «collections.OrderedDict»: https://docs.python.org/3/library/
collections.html#collections.OrderedDict

2 Cwm. cnucok paccoiku CPython: https://mail.python.org/pipermail/python-dev/2016-
September/146327.html
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VIMeeT 3HaYeHHe, JIYUIlle BCEro YeTKO JIOHECTH 9Ty UJIEI0, 3a/IeHCTBOBAB KJIACC
OrderDict sIBHBIM 00Pa3OM.

Mexy npounm, OrderedDict He sIBETCS BCTPOEHHON COCTABHOW 4aCThiO
6a30BOrO sI3bIKA M J0JIKEH ObITh MMIIOPTUPOBAH U3 MOAYJIst collections, Ha-
XOJSIIErocs B CTaHAaPTHON OUOINOTEKE.

>>> import collections

>>> d = collections.OrderedDict(one=1, two=2, three=3)
>>> d

OrderedDict([('oamH', 1), ('@ma', 2), ('Tpu', 3)])

>>> d['yeTnipe'] = 4

>>> d

OrderedDict([('oamH', 1), ('mBa‘', 2),
("tpu', 3), ('yeTbipe', 4)])

>>> d.keys()
odict_keys(['oauu', 'mBa', 'Tpu', '4yeTbipe'])

collections.defaultdict — Bo3BpallaeT 3Ha4eHus,
3a/laHHbIE MO YMOMYaHUIO ANs1 OTCYTCTBYIOLMNX KITHOYEN

Knacc defaultdict — 9T0 emie oJiMH IOJKJIACC CJI0BAPs, KOTOPLIN B CBOEM
KOHCTPYKTOpE TIPUHUMAET BbI3bIBAEMBIN 00BEKT, BO3BPAIlaeMO€e 3HAUEHITE
KOTOPOTO OY/IET UCTIOJIB30BAHO, €CJI TPeOYEMBI KJII0U HEeJIb3st HalTH'.

ITO CBOMCTBO MOKET COKOHOMUTH Ha Habope Koja U ceiaTh 3aMbICEJI TIPO-
rpaMMUCTA sicCHee B CPaBHEHUU C UCIIOJIb30BaHUEM MeTO/I0B get () UM OT-
JIABJIMBaHUEM UCKJII0YeHUst KeyError B OOBIYHBIX CJI0BAPSIX.

>>> from collections import defaultdict

>>> dd = defaultdict(list)

# [lMonbimka Oocmyna K omcymcmBywuemy Kaw4yy e2o0 co3zdaem u

# UHuyuanusupyem, UCNOAL3YA NPUHAMYK NO YMOAYAHUK GabpPuKy,
# mo ecmb 8 OaHHom npumepe List():

>>> dd[ 'cobaku'].append('Pydyc")

>>> dd[ 'cobaku'].append('KaTpuH')

' Cwm. noxymentanuio Python «collections.defaultdict»: https://docs.python.org/3/library/
collections.html#defaultdict-objects
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>>> dd[ 'cobaku'].append('CHud")
>>> dd[ 'cobaku']
["Pydyc', 'KaTpuH', 'CHuo']

collections.ChainMap — npov3BoanT NOUCK B MHOrOYMUCIEHHBIX
CNoBapsiX Kak B 0AHON Tabnuue COOTBETCTBMS

CrpykTrypa nanHbiX collections.ChainMap TpynnupyeT MHOTOYHCIEHHbIE
cJioBapu B ojiHy Tabsuity cootBercTBUst'. [IONCK POBOAUTCS 1O OYEPEAN BO
Bcex Ga30BbIX ACCOMMATUBHBIX 0OBEKTAX /10 TEX MOP, MOKa K04 He Oy/Ier
HaiigeH. Omnepanun BCTaBKY, OOHOBJIEHUST U YIAJIEHUST 3aTPAruBaIOT TOJIHKO
epBYIO TabJIHUILY COOTBETCTBUSL, T00ABIEHHYIO B IIEMIOYKY.

>>> from collections import ChainMap

>>> dictl = {'oguH': 1, 'gBa': 2}

>>> dict2 = {'Tpu': 3, 'yeTbipe': 4}

>>> chain = ChainMap(dictl, dict2)

>>> chain

ChainMap({'oaun': 1, 'mBa': 2}, {'Tpu': 3, '4eTbipe': 4})

# ChainMap 6einonHsaem nouck 6 kaxdol Koaasekyuu 6 yenoyke

# cneBa HanpaBo, noka He Haldem Kawy (uau He nomepnum Heyoady):
>>> chain['Tpu']

3

>>> chain['oguH']

1

>>> chain['oTcyTcTByeT']

KeyError: 'oTcyTtcTByeT'

types.MappingProxyType — obepTka Ans co3aaHust crioBapen
TOJIbKO ANS YTEHUS

MappingProxyType — aT0 06epTKa CTaHAAPTHOIO CJIOBaps, KOTOPasi MPeIo-
CTaBJISIET JOCTYII TOJBKO /I YTEHHS JaHHBIX OOEPHYTOrO CJI0Baps %, ITOT

! Cwm. poxymenranuio Python «collections.ChainMap»: https://docs.python.org/3/library/
collections.html#collections.ChainMap

2 Cwm. nokymenTanuio Python «types.MappingProxyType»: https://docs.python.org/3/library/
types.html



160 nasa5 e O6wwme cTpyKTYypbl AaHHbIX Python

Kiace 0ot 106aBaen B Python 3.3 u MoKeT MCIIOIB30BATHCS [T CO3/IAHST
Hen3MeHsIeMbIX BepCUll cJIoBapeil.

Hampumep, oH MOKeT OBITH TI0JI€3€H, ecii TpeOyeTcst BEPHYTh CJI0OBaph,
nepejalnil BHyTpeHHee COCTOSTHAE U3 KJacca WU MOAYJIS, IIPU 3TOM
HPENATCTBYS JOCTYILY K 9TOMY 00BeKTY st 3anucu. Vcrnosab3oBaHue
MappingProxyType MTO3BOJISIET BBOAUTD 3T OTPAHUYEHST 63 HEOOXOAUMOCTH
CHayaJjla CO3/1aBaTh IIOJIHYIO KOIIUIO CJI0Bapsl.

>>> from types import MappingProxyType
>>> writable = {'ogauH': 1, 'mBa': 2} # [KOCTYNHbIK AnA OBHOBNEHUA
>>> read_only = MappingProxyType(writable)

# 3mom npedcmaBumesns/npokcu ¢ OOCMynoMm moAbKO OAA YmMeHUA:
>>> read_only[ 'oaunH"]

1

>>> read_only['oauH'] = 23

TypeError:

"'mappingproxy ' object does not support item assignment

"

# 06HOBneHus B opuzauHane ompaxawmca 6 npokcu:
>>> writable['oguH'] = 42

>>> read_only

mappingproxy({'oanH': 42, 'opmH': 2})

Cnoapwu B Python: 3akntoyeHne

Bce mepeurnciiennbie B 9TOM pasjiesie TUTOHOBCKIE PEaN3aiuu CJI0Bapst
SIBJISTIOTCST IEHCTBYIOMIUME, OHU BCTPOEHBI B CTAHIAPTHYIO OUOIMOTEKY
Python.

Ecuu BbI uiitete 001IyI0 pEKOMEH/IAIINIO TTO TIOBO/LY TOTO, KAKOU aCCOIMATHB-
HBIW THII UCITOJIb30BATh B BAITUX MPOTPaMMax, s yKa3asa Obl Ha BCTPOEHHBI
TUI ZaHHBIX dict. OH npecTaBisieT cOO0N YHUBEPCATBHYIO M ONTUMHU3NPO-
BaHHYIO Peajn3alliio Xell-TabJnIlbl, KOTOPask BCTPOEeHA HEIOCPEACTBEHHO
B S/IPO SI3BIKA.

A nopexomenoBan OBl UCIIOJIB30BATD OJIUH U3 [IPOYUX ITEPEUNUCTECHHBIX 3/1€Ch
TUIIOB JJAHHBIX, TOJILKO €CJIN Y BaC €CTh 0cobOble Tpe60BaHI/I${, KOTOPBIE HE MOTYT
OBITh 0OecTieueHbl TUTIOM dict.
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Jla, st mo-nipeskHeMy yOesK/IeH, YTO BCe ST BapUAHTBI JIOTYCTUMBI, HO, KaK
IPaBUJIO, B OOJIBIIMHCTBE CJIyYaeB Balll UCXOIHbII KO/ Oy/IET sicCHee 1 Jierde
B COIPOBOKIEHUN JJIS1 IPYTUX Pa3pabOTUMKOB, €CJIM OH OYIeT OIMpaThCs Ha
craHzaptHeie cioBapu Python.

KntoyeBble BbIBOAbI

o CroBapu — 910 eduncmeennas NeHTpaibHast CTpyKTypa Jantbix B Python.
Q Bcerpoennsiit Tum dict 6y/eT «BITOJTHE TIPHEMJIEM» B GOJIBITIHCTBE CJIyYaesB.

0 CrennasnsnpoBaHHbIe PEATH3AIIN, TAKIE KaK CIOBAPH C OCTYTIOM TOJIb-
KO JIJIsl YTE€HVS WU YIIOPSIZIOYEHHbIE CTIOBAPH, UMEIOTCS B CTaHAAPTHOI
6ubsmorexe Python.

5.2. MaccmBonogobHble CTPYKTYpbl AaHHbIX

Maccus (array) — ato (pyHmaMeHTaIbHASI CTPYKTYPa JAHHBIX, TMEOAICs
B OOJIBITUHCTBE SI3BIKOB TIPOTPAMMUPOBAHISI, I OH MMEET IMTUPOKUN CIEKTP
MIPUMEHEHUI B CAMBIX Pa3HbBIX aJITOPUTMAX.

B aToM paszesie Mbl pacCMOTPUM peanusaiuu Maccusa B Python, B koro-
PBIX UCIOJMB3YIOTCS TONBKO Oa30Bble (DYHKIIMOHATbHbBIE CPECTBA SI3bIKA
win (QYHKIIMOHAJIBHOCTD, KOTOPast BKJIIOYEHA B CTAaHAAPTHYIO OMOIMOTEKY
Python.

BbI yBUIMTE TOCTOMHCTBA U HEOCTATKU KAsKIOTO TTOX0/1a, Oaromapst 4emy
CMOZKeTe PellnTh, KaKasl peaansalins MOAX0UT /IJIsI Balllero BapuaHTa UCI0JIb-
3oBanus. Ho npexxie uem HayaTh, PACCMOTPUM HEKOTOPbIE OCHOBBI.

Kax pa60Ta10T MaCCHBbI 1 I 4E€ro onun HpI/IMeHHIOTC}I?

MaccuBbI COCTOAT M3 3aITUCeEl JAaHHBIX, TIPU ATOM 3allCH UMeIOT (PUKCHUPO-
BaHHBIN pazMep, 4TO 1M03BoJigeT 3(h(HEKTUBHO pa3MeniaTh KasK/blil 2JIeMeHT
Ha OCHOBE €T0 MHJIEKCA.

[Tocko/IbKY MacCHUBBI XPaHAT UHMOPMAIUIO B CMEKHBIX OJIOKAX TaMSITH, UX
paccMaTpuBalOT Kak HelpepblBHbIE (HedparMeHTUPOBAHHbIE) CTPYKTYPbI
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JAHHBIX (B TIPOTUBOIIOJIOKHOCTD CBI3HBIM CTPYKTYPaM JJaHHBIX, TAKIM KaK
CBSI3HBIE CITUCKH, HAIIPUMED ).

Amnasiorueil U3 peaJbHOTO MUPA, COOTBETCTBYIOIEH 3TOI CTPYKTYpe JaHHbIX,
ABJIAETCA aBTOCTOSTHKA:

ABTOCTOSIHKY MOXXHO pacCMaTpuBaTb Kak elMHOe LEeNoe W Kak OTAEsbHbIN
06bEKT, HO BHYTPY aBTOCTOSIHKM €CTb MECTa A/1si NapKOBKM, MHAEKCUPYEMbIE
Mo YHUKANbHOMY Ynciy. MecTa Ans NapKkoBKM SBSKOTCS KOHTEMHEPaMU AN
TPAHCMOPTHbLIX CPEACTB — KaXKA0E MECTO A/ MapKOBKM MOXET M60 6bITb
nycTbIM, MMBO cofep)KaTb aBTOMOBMIb, MOTOLIMKI UK APYroe TPaHCMopTHOE
CpefcTBo, NpUNapKoBaHHOE TaM.

Ho He Bce aBTOCTOSTHKHN O/IMHAaKOBbIE:

HekoTopble aBTOCTOSIHKM MOMYT ObiTb OrpaHWYeHbl TOSIbKO OfAHWM TUMOM
TPaHCMOPTHOMO CpeAcTBa. Hanpumep, Ha KEMMUHIOBOM aBTOCTOSIHKE He pas-
pelleHo napkoBaTb Besocunebl. «OrpaHMYeHHas» aBTOCTOsIHKA COOTBET-
CTBYET CTPYKTYPE AaHHbIX ANs «TUMU3MPOBAHHOMO MaccuBa», KoTopas Aony-
CKAET TOJbKO TE 3/IEMEHTbI, KOTOPbIE UMEKOT OAMHAKOBLIN TUM XPAHALLMXCS
B HUX [A@HHBbIX.

C Touku 3peHus NpoU3BOAUTETHBHOCTH ITOUCK 3JIEMEHTA, CO/lepKaIlerocs
B MACCHBE, BBITIOJTHSIETCS] OU€Hb OBICTPO TIPH YCJIOBUH, YTO YKA3aH UHIEKC dJie-
MeHTa. /{1 JaHHOTO cryyast HaJjIeskalias peaansalys MacCuBa TapaHTHPYeT
nioctosinaoe O(1) Bpems gocTyma.

B cBoeii cranpaptHoii 6nbmoreke Python copepskKuT HECKOJIBKO MacCHBOIIO-
JMOOHBIX CTPYKTYP JaHHbIX, KayK/Iast U3 KOTOPBIX 00JIa/IaeT CJIerka OTINYaroIIn-
MHUCS Xapakrepuctukamu. JlaBaiite UX pacCMOTPUM.

list — n3ameHsieMble AMHaMMYecKne MaccmBbl

Crucku (lists) siBasiiorest coctaBHO# 9acTbio sizipa sisbika Python!. Heemorpst
Ha cBoe uMsl, criucku Python peanmusoBanbt kak dunamuueckue maccugol. Ito
03HAYAET, YTO CIIUCOK JOMyCKaeT 00aBJIeHUE U YIAIEeHNE SIEMEHTOB 1 aBTO-

U Cwm. moxymenTanuio Python «list»: https://docs.python.org/3/tutorial/introduction.html#lists
u https://docs.python.org/3/tutorial/datastructures.html#more-on-lists
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MAaTHUY€CKHU KOPPEKTHUPYET PE3EPBHOE XPAHUJIUIIE, B KOTOPOM 9TU 3JIEMEHTHI
COLEPIKATCA, ITYTEM BbIJEJICHUSA NI BI)ICBO60>K[[€HI/IH OHepaTI/IBHOfI ITaMATH.

Crucku Python moryT comepskats mpousBoJibHbie deMeHThl — B Python
abCOJIIOTHO «BCE» SIBJISIETCST 0OBEKTOM, BKIOYast 1 hyHkimu. [loaToMy BbI
MOJKeTe coYeTaTb U KOMOMHIPOBATH PA3HbIE THUIIbI JAHHBIX U XPAHUTH X BCE
B OJTHOM CITHCKE.

Takast BOSMOKHOCTH MOKeT ObITh OUeHb MOIIHOI, HO y Hee eCTh 1 oOpaTHas
CTOPOHA: TIOJJIEP>KKA MHOTOYMCJIEHHBIX TUIIOB JIAHHBIX OJITHOBPEMEHHO O3Ha-
yaer, 4yTo JIaHHbIe, KaK IIPaBUJIO, YIIaKOBaHbl MeHee [10THO. V1 B pesyJibrare
BCSI CTPYKTYypa 3aHUMaeT OOJIbIIe MeCTa.

>>> arr = ['ogun', ';mBa’', 'Tpu']
>>> arr[0]
"00uH "

# CnucKku umetom xopowul memod repr:
>>> arr
["oanHu', 'mBa', 'Tpu']

# CnuckKu moaym U3MEHAMbCA:
>>> arr[1] = 'npuset'

>>> arr

["oanH', 'npuseT', 'Tpu']

>>> del arr[1]

>>> arr

['oaun', 'Tpn']

# Cnucku mo2ym codepxame npou3BosbHeie munsl OAHHBIX :
>>> arr.append(23)

>>> arr

["oauu', 'Tpu', 23]

tuple — Hen3MeHsieMble KOHTEWHEPDI

AHAJIOTUYHO CIIMCKAaM, KOPTEKH TOKE SIBJISIOTCS COCTABHON 4aCTbhIO s/[pa
si3bika Python!. Orako B otiiume ot criuckos, B Python o6bekTbi-kopTekn

! Cwm. noxymenTanuio Python «tuple»: https://docs.python.org/3/tutorial/datastructures.
html#tuples-and-sequences
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He U3MEHSIOTCI. ITO O3HAYaA€T, 4TO 3JIEMEHTBI HE MOT'YT INHAMUNYECKN I[O621B-
JIATHCA NN YAAJIATHCA — BCE 9JIEMEHTDBI B KOPTEKE JOJIKHbI OBITH OoIpeeJIeHbI
BO BpeM:s CO3/1aHNAA.

TouHo Tak ke, KaK U CIUCKH, KOPTEKU MOTYT COJIePKATh 3JIEeMEHTBI TTPOU3-
BOJIBHBIX TUIIOB JAHHBIX. B 3TOI rHOKOCT MHOTO MOILHOCTH, HO, OIIATh-TaKH,
9TO TaKsKe O3HAYAET, YTO JaHHbIE YIIAaKOBAHBI MEHee IIJIOTHO, 4e€M 9TO OBLIO ObI
B TUITU3UPOBAHHOM MacCCHBe.

>>> arr = 'oguH', 'gBa', 'Tpu'
>>> arr[0]

one

# Kopmexu umetwm xopouwuli memod repr:
>>> arr ('oauH', 'mBa', 'Tpu')

# Kopmexu He Moaym U3MeHAMbCA:

>>> arr[1] = 'npuset'

TypeError:

"'tuple' object does not support item assignment"”

>>> del arr[1]
TypeError:
"'tuple' object doesn't support item deletion”

# Kopmexu mozym codepxame npou3BoabHseie munsl OAHHbIX :
# (Mpu O0obaBneHuu 3n1emeHmMoB co30aemcsa Konus Kopmexd)
>>> arr + (23,)

('opuH', 'pBa', 'Tpu', 23)

array.array — afieMeHTapHbIE TUMTU3NPOBAHHbIE MACCUBDI

Mopuynb Python array obecrieunBaer mpocTpaHCcTBeHHO-3(DMEKTUBHOE XPa-
HeHue dJIeMEeHTaPHbBIX TUIIOB JaHHBIX B cTHJIE si3bika C, TaKUX Kak OailThl,
32-paspsHble 1eJble YUCJIa, 9iCia C IaBaoIeil TOUKOol 1 T. 1.

MaCCI/IBI)I, CO3/laBa€MbI€ Ha OCHOBEC KJlaCCa array.array, MOI'yT U3MEHATbHCA
n BEAYyT C€6$I AHAJIOTUYHO CIIMCKaM, 3a UCKJII0YEeHHUEM O/JHOTO BaKHOT'O pa3-
JINYMA — OHU ABJAIOTCA «TUIMU3NPOBAHHBIMA MaCCUBaMW», OIpaHNY€HHbIMU
€AMHCTBECHHbBIM TUIIOM I[ElHHbIX1.

' Cwm. mokymenTarmio Python «array.arrays: https://docs.python.org/3/library/array.htmi
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13-3a aToro orpannyenusi OGbEKTHI array.array cO MHOTHMU 3JIEMEHTAMU
6oJiee IPOCTPAHCTBEHHO 3(D(MEKTUBHBI, YEM CITUCKHU U KOPTEKU. X PAHSIIHECS
B HUX 9JIEMEHTBI IIJIOTHO YIIAKOBAHBI, U 3TO MOKET ObITh TOJIE3HO, €CJIN BaM
HYKHO XPaHUTh MHOTO 2JIEMEHTOB OJTHOTO U TOTO JKe THUTIA.

KpOMe TOr'0, MaCCHUBbBI ITOA/IEPIKUBAIOT MHOT'ME N3 TEX K€ METOA0B, YTO N Yy
OOBIYHBIX CIINCKOB, 1 Bbl MOJKETEC X MNCIIOJIb30BaTh B Ka4eCTBE «HpHMOfI 3a-
MeHbI» 6e3 HeO6XOI[I/IMOCTI/I BHOCHTD B CBOU KO/l APYyIrne n3MEeHEHNA.

>>> import array

>>> arr = array.array('f', (1.0, 1.5, 2.0, 2.5))
>>> arr[1]

1.5

# MaccuBel umerm xopowuli memod repr:
>>> arr
array('f', [1.0, 1.5, 2.9, 2.5])

# MaccuBbl mocym u3MeHAMbCA:

>>> arr[1l] = 23.0

>>> arr

array('f', [1.0, 23.0, 2.0, 2.5])

>>> del arr[1]
>>> arr
array('f', [1.0, 2.0, 2.5])

>>> arr.append(42.0)
>>> arr
array('f', [1.0, 2.0, 2.5, 42.90])

# MaccuBbl — smo "munu3upoBaHHeie" cmpyKmypbl OAHHbIX :
>>> arr[1] = 'npuset'
TypeError: "must be real number, not str"

str — HensMeHsieMble MaccMBbl CMMBOIOB KOHMKOAA

B Python 3.x 06beKTHI CTPOKOBOTO THIA Str MCIIOJNB3YIOTCS JIJIS XPAHEHMSI
TEKCTOBbIX JaHHBIX B BU/I€ HEU3MECHAEMDbBIX HOCJIe[[OBaTeJIbHOCTeﬁ CHMBOJIOB
[Onukoma'. B cymiHocTH, 5TO 0O3HAYAET, YTO TUI str MpeACTaBsIeT coOOi

U Cwm. goxymenTaruio Python «str»: https://docs.python.org/3.6/library/stdtypes.html#text-
sequence-type-str
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Heu3MeHsIeMblil MacCUB CUMBOJIOB. Kak 9TO HM CTpaHHO, HO THUII str Takxke
SABJFETCH PEKYPCUBHOU CTPYKTYPOU TAaHHBIX: KaXK/[bIIi CUMBOJI B CTPOKE cCaM
SIBJIsIETCst 0OBEKTOM Str JIMHOI, PaBHOM 1.

CTpoKoBbIE OOBEKTBI TPOCTPAHCTBEHHO 3(h(HEKTUBHDI, TOTOMY YTO OHH TIJIOTHO
YIAKOBAHBI U CIEIUAIU3UPYIOTCS HA OJHOM-eIMHCTBEHHOM THUIIE TAHHBIX.
Ecom BB XxpanuTe TekcT B KoanpoBke KOHWKO, TO JTydIlle NCTIOIB30BATh 9TOT
tui ganibix. [lockosnbky crpoku B Python He moryt usmensitbest, Momudu-
KaI[¥si CTPOKOBOTO 3HaU€eHMsI TpeOyeT co3Manust MOANMUIIUPOBAHHON KOTIUH.
CaMmbiM GJIU3KUM 9KBUBAJICHTOM <«U3MEHSIONIENCST TIOCIeI0BATETHHOCTH
CHMBOJIOB» OY/IET CITMCOK, B KOTOPOM CUMBOJIBI XPAHSITCS IO OTAETBHOCTH.

>>> arr = 'abcd’
>>> arr[1]

e

>>> arr
'abcd’

# CmpoKu Heu3aMeHAembl:

>>> arr[1l] = 'e'
TypeError:
"'str' object does not support item assignment"

>>> del arr[1]
TypeError:
"'str' object doesn't support item deletion"

# Cmpoku mo2ym 6bimb pacnakoBarbl 6 cnucok, 6 pe3ysnbmame 4e20
# oHU nosyyaiom u3meHAemoe npedcmaBneHue:

>>> list('abcd")

[-a-, Ibl: IC‘: Id']

>>> "'.join(list('abcd"))

'abcd’

# Cmpoku — 3mo peKypcuBHble cmpyKmypsl OGHHbIX :
>>> type('abc')

"<class 'str'>"

>>> type('abc'[0])

"<class 'str'>"
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bytes — HenaMeHsieMble MaccuBbl OANHOYHbIX 6aNTOB

OO6mbexThl bytes mpeacTaBASOT COO0IT HEM3MEHSIEMbBIE TI0C/Ie10BATEIbHOCTI
OZIMHOYHBIX GaiiToB (11esIbix uncesn B quanasone 0 <x < 255)'. B koHIenTyamb-
HOM IJTaHe OHM TT0[00HBI 0OBEKTaM Str U UX TaKsKe MOJKHO MPEJCTABUTH KaK
Hen3MeHsieMble MaCCHBbI GANTOB.

AHaJIOTUYHO CTPOKOBOMY THITY, THUTI bytes nuMeeT cBOil COOCTBEHHBIH JITe-
PaJIbHBIN CHHTAKCHC, TIPe/THA3HAYEHHBII JIJIST CO3/IaHUsST OOBEKTOB, M 00BEKTHI
9TOTO THIIA IPOCTPAHCTBEHHO ahdexrTrBHbL. OOBEKTHI bytes He MOIYT U3Me-
HSTBCS, HO, B OTJIMYKE OT CTPOKOBBIX OOBEKTOB, LISl «<M3MEHSIEMbIX MAaCCUBOB
6aliTOB» €CTh CIENUATbHBIN THUIT JAHHBIX, KOTOPBIN Ha3bIBaeTcs bytearray,
ny OGaliTOBBIN MACCHB, B KOTOPBIN OHM MOTYT OBITh paciiakoBaHbl. Bbl y3HaeTe
0 HeM 1opoOHee B CIIEAYIOIIEM MOpaseie.

>>> arr = bytes((0, 1, 2, 3))
>>> arr[1]
1

# balimoBeie numepanel umerwm cBol cobcmBeHHbIl CUHMAKCUC:
>>> arr

b'x00x01x02x03"

>>> arr = b'x00x01x02x03"'

# PaspeuieHsl monekKo donycmumsie "6alimel” :
>>> bytes((0, 300))
ValueError: "bytes must be in range(®, 256)"

# balimel Heu3meHAeMmsl:

>>> arr[1] = 23

TypeError:

"'bytes' object does not support item assignment”

>>> del arr[1]
TypeError:
"'bytes' object doesn't support item deletion”

! Cwm. nokymenranuio Python «bytes»: https://docs.python.org/3/library/stdtypes.html#bytes



168 nasa5 e O6wwme cTpyKTYypbl AaHHbIX Python

bytearray — n3meHsieMble MaccuBbl OIMHOYHBLIX 6aTOB

Tur bytearray npezicTaBisieT coO60i UBMEHSIEMYTO MOCJIE0BATETLHOCTD 1EJIBIX
yrces B aquanazone 0 <x < 255'. OHu TecHO CBsI3aHbI ¢ 0ObeKTaMu bytes, Tpu
9TOM IJIABHOE UX OTJIMYKE B TOM, YTO OOBEKTHI bytearray MOKHO CBOOOIHO
M3MEHSITh — BBl MOKETE TIEPENHCHIBATD DIEMEHTDI, YIAJISITh CYIECTBYIONIIE
aJIeMeHThI 1K 00aBJsiTh HOBbie. OObEeKT bytearray Gy/IeT COOTBETCTBYOIINM
00pa3oM PacTH U CAKUMATHCSL.

OO6bexThl bytearray MoryT ObITh peoOpa3oBaHbl 0OPAaTHO B HeU3MEHSsIE-
Mble 00BEKTHI bytes, HO 3TO BiieyeT 3a cOO0I KOMUpoBaHIe aOCOMOTHO BCEX
XPaHSIIUXCSA B HUX JIaHHBIX — BeChbMa MeJ[JIEHHAs Olepaliiis, 3aHuMaromast
O(n) BpemeHu.

>>> arr = bytearray((0, 1, 2, 3))
>>> arr[1]
1

# Memod repr 0ns bytearray:
>>> arr bytearray(b'x00x01x02x03")

# balimoBele maccuBbl bytearray usmeHsemsl:
>>> arr[1] = 23

>>> arr

bytearray(b'x00x17x02x03")

>>> arr[1]
23

# balimoBeie maccuBel bytearray mozym pacmu u cxumamsca 6 pasmepe:
>>> del arr[1]

>>> arr

bytearray(b'x00x02x03")

>>> arr.append(42)
>>> arr

bytearray(b'x00x02x03*")

# baltimoBeie maccuBel bytearray mozym codepxame mosaeko "6alimer"

! Cwm. moxkymenrtanuio Python «bytearray»: https://docs.python.org/3/library/stdtypes.
html#bytearray
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# (uenvie 4ucna B8 duana3oHe O <= x <= 255)
>>> arr[1] = 'npuset'
TypeError: "an integer is required"

>>> arr[1l] = 300
ValueError: "byte must be in range(@, 256)"

# Bytearrays moxem 6eimb npeobpazoBaH 6 6alimoBeie obvekmsi:
# (3mo ckonupyem OaHHble)

>>> bytes(arr)

b'x00x02x03*"

Krnto4yeBble BbIBOAbI

B tom, uTo Kacaercs peas3anuu MaccuBoB B Python, Bbl MokeTe BBIOUPATh
13 IIIPOKOT0 KPyTra BCTPOEHHBIX CTPYKTYP AaHHbIX. B aTOM paszesne Mmbl cocpe-
JOTOYUJINCH HA KITI0UEBBIX (DYHKIIMOHATBHBIX CPE/ICTBAX SI3bIKA U CTPYKTypax
JIaHHBIX, BKJIIOYEHHBIX TOJIBKO B CTAHAAPTHYIO OGUOJIMOTEKY.

Eciii BBl TOTOBBI BBIATH 32 MPEENbl cTaHAapTHON 6ubanorexu Python, To
CTOPOHHWE MaKeTHI, Takue Kak NumPy', mpeaiaraioT IMUPOKNI CIIEKTP Mac-
CHBOIOO0HBIX Pean3aIuii ¢ GOJIBITUM OBICTPOAEHCTBUEM JIJIsSI HAYYHBIX
BBIUMCJICHNI U HAYKU O JAHHBIX.

Ecii orpaHnYMBaThCst MACCUBOIIOOOHBIMU CTPYKTYPAMU TAHHBIX, BKJIIOUEH-
ubiMu B Python, To Hatr BBIGOp CBOAUTCS K CJIEAYIONIEMY.

Bam HYKHO XpaHUTh IIPOU3BOJIbHbBIE 06'beKTbI, KOTOpPbIE€ MOTEHIIUAJTIBbHO
MOTYT UMETb CMEIIIaHHbI€ TUITbI ZlaHHbIX? I/ICHOJIBSyfITe CIIMCOK MJIN KOPTEX
B 3aBUCHUMOCTHU OT TOI'O, XOTHUTE Bbl UMETb HEUSMEHAEMYIO CTPYKTYPY AaHHbBIX
NJIN HET.

¥V Bac ecTb ynci0Bble (1€JTOYMCIEHHbIE WIH C IUIABAIONIEN TOUYKOM ) JaHHbIe
¥ JIUIs1 BAC BasKHbI IUVIOTHASI YIAKOBKA W MPOU3BOAUTENBHOCTH? [Tompolyiite
array.array ¥ [IOCMOTPUTE, CIIOCOOEH JI 9TOT THII JIeJIaTh BCE, YTO BaM HYK-
Ho. KpoMme Toro, paccMOTpUTE BBIXOJL 32 TIPEEIIbl CTaHAAPTHOM GUOIMOTEKM
u 1onpooOyiite Takue nakersl, Kak NumPy win Pandas®.

! Cm. www.numpy.org
2 Cwm. https://pandas.pydata.org/
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¥ Bac ecth TeKCTOBBIE JaHHBIE, MIPeAcTaBIeHHbIe cuMBoJamMu IOHuKOoa?
Vcnosnbayiite Berpoennsiii B Python tui str. Ecin Bam HyskHa <«u3MeHsieMast
[10CJIE/I0BATEIbHOCTH CUMBOJIOBY, TO UCIIOJIb3YyiTe 1ist Kak CIIMCOK CUMBOJIOB.

BbI XoTHTE XpaHUTh HEPPArMeHTHPOBAHHBIN 0JI0K OaiiToB? Ilcrosb3yiiTe
HeM3MeHseMbIil TUTI bytes, 1ub0 bytearray, eciiu BaM Hy’KHA U3MeEHsIEMAsT
CTPYKTYpa JIaHHbBIX.

B GoJIbIIMHCTBE CTydyaeB MHE HPaBUTCSI HAYMHATH € MIPOCTOTO CIHMCKa list.
U TosIbKO TIOTOM 5T KOHKPETU3UPYIO NCIOJIb3YEMbIH THII, €CJIA TTPOU3BOIUTENb-
HOCTb WJIA 3aHUMAEMOE TIPOCTPAHCTBO ONEPATUBHON TaMSITA CTAHOBSITCS TTPO-
6J1eMoii. B G0JIbIIMHCTBE CTy4aeB UCTIOIb30BaHNE MACCUBOTIOOOHON CTPYK-
TYPBI IAHHBIX 00TIET0 Ha3HAYEHWSI, TAKOM KaK CIMCOK list, obecreuynBaer
HanbGOJIBIITYI0 CKOPOCTh Pa3pabOTKH ¥ yI0OCTBO BO BPEMST [TPOIPAMMUPOBAHUSI.

Jl14a cebd g MOHSAJ, 4YTO B CaMOM HayaJie 9TO 0OBIYHO HAMHOTO BaskHee, 4eM
[IbITAThCA BBLKUMATD IMOCJIEIHIOI0 KAILITIO IIPOU3BOAUTEIBHOCTH.

5.3. 3anucn, CTpyKTypbl U 06bEKTHI
nepeHoca AaHHbIX

3armcu, Kak U CTPYKTYPbI JAHHBIX, 10 CPABHEHUIO ¢ MACCUBAMK 00ECTIEYMBAIOT
(bUKCUpOBAaHHOE KOJIMYECTBO MOJIEH, Y KasKI0TO M3 KOTOPBIX MOKET OBbITh MMS,
a TaksKe JIPYTroil THIL

B atom pasjiesie BbI yBUMTE, KaK pealin30BbiBaTh B Python sanmcu, ctpykTypbl
U «cTapble 100pbie 0OBEKTHI TAHHBIX> € UCIOJIH30BAHUEM BCETO JIUIIb BCTPO-
€HHBIX THUIIOB JJAHHBIX U KJIACCOB M3 CTAaHIAPTHON OMOIMOTEK.

Kcratu, 371ech 1 MCTIONbB3yI0 oTpesie/ieHue TOHIATHST «3aNucby B ITMUPOKOM
cmbicsie. Harmprumep, st Takske coOMpaioch 00CyINTh TaK¥e THIIBI, KaK BCTPOEH-
HbIil B Python Tui tuple, KOTOPBIT MOKET KaK CYUTATHCS, TAK ¥ HE CIUTATHCST
3aIIMCHIO0 B CTPOTOM CMBICJIE HTOTO CJIOBA, IOTOMY YTO KOPTEKH He obecreyn-
BalOT UMEHOBAHHBIE TI0JIS.

Python nipeaiaraet HeCKOIBKO TUIIOB JIAHHBIX, KOTOPbIE MOKHO MCIIOJIb30BATh
JUISE peaiu3aliy 3ancei, CTPYKTYp U 00bEKTOB MepeHoca JaHHbIX. B aTom
pasjiesie BbI KPaTKO PACCMOTPUTE KayKIyIO pean3aliiio U ee YHUKaJIbHbIEe Xa-
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pakTepucTUKU. B KOoHIle pa3/iesa Bbl HaiijieTe pe3loMe U pyKOBOJICTBO /IS IIPU-
HATHS PEIeHIIT, KOTOPOe TIOMOKET BaM CIeJIaTh CBOIT COOCTBEHHBII BBIOOD.

Jlagno, nasaiite HayHeMm!

dict — npocTble 06BbeKTbI AaHHBIX

CuoBapu Python xpaHsaT mpou3BOIbHOE KOJUYECTBO OOBEKTOB, TIPU HTOM
KK/IbIi MIeHTUDUIINPYETCST YHUKATbHBIM KitouoM'. CiioBapy Takske HEPeIKo
HA3bIBAIOTCST ACCOUUAMUBHIMU MACCUBAMU TITT MAOIUUAMU COOMBEMCMEULL
U TI03BOJISTIOT IPOU3BOUTD 3 (HEKTUBHBIN TIOUCK, BCTABKY ¥ y/IaJIeHe JI000r0
00BEKTa, CBSI3AHHOTO C 33laHHBIM KJTIOYOM.

B Python ucnosnp3oBanue cioBapeil B KauecTBe TUTIA JAHHBIX 3aANUCH WIN
oObeKTa JaHHbBIX BIToJHEe Bo3MOskHO. CioBapu B Python sierko cospaiores,
IIOCKOJIbKY OHM UMEIOT CBOI COOCTBEHHBIN CUHTAKCUYECKUI caxap, KOTOPbIii
BCTPOEH B SA3BIK B (hopMe snTepasnoB ciaoBaps. CHHTAKCHUC cI0Bapsl KPaToK
¥ JIOBOJIbHO y100€eH /1151 Habopa Ha KJiaBuartype.

OODBEKTHI TAHHBIX, CO3/[aBAEMbIE C UCTIOJIH30BAHUEM CJIOBAPEN, MOTYT H3Me-
HATHCS, ¥ TIPU 9TOM TIPAKTHYECKU OTCYTCTBYET 3all[UTa OT ONeYaToOK B UMEHAX
T10J1€i4, TIOCKOJIBKY MOJISI MOTYT CBOOOIHO 00ABJISTHCS U YAAIATHCS B J11000€E
BpeMst. Oba 3THX CBONCTBA CIIOCOOHDI 100aBUTH TTOPa3UTEIbHbIE OMUOKH,
U BCET/Ia CYI[ECTBYET KOMITPOMUCC MEXKIY YAOOCTBOM U YCTOMYNBOCTHIO
K ONOKaM, KOTOPOTO HYKHO IOCTUTATh.

carl = {
'uBeT': 'KpacHbIin',
'npober': 3812.4,
‘aBToMaT': True,

}

car2 = {
‘uget': 'cuHUR',
'npober': 40231,
‘aBTomaT': False,

}

# CnoBapu umerom xopowul memod repr:

U Cm. pasjzen «CJIOBapI/I, aCCOoIMaTUBHbIE MAaCCHUBbI 1 XGIH-T3.6]II/IHI)I>> IIaCTOHL[IefI Trj1aBbl.
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>>> car2
{'uBeT': 'cuHuin', 'aBTomaT': False, 'npober’': 40231}

# Monyyums npobee:
>>> car2[ 'npober']
40231

# CnoBapu u3smeHsaembl:
>>> car2['npober'] = 12

>>> car2['nobosoe cTekno'] = 'TpecHyToe'
>>> car2
{'no6boeoe cTekno': 'TpecHyToe', 'uBeT': 'CuHUIA',

'aBTomaT': False, 'mpober': 12}

# OmcymcmByem 3awuma om HenpaBuabHeIX umeH nosel
# unu omcymcmByrnuwux/AuuHUX noaed:

car3 = {

'ugeT': '3eneHbin’,

'aBTomaT': False,

'nobosoe cTekno': 'TpecHyToe',
¥

tuple — HensMeHsieMble rpynnbl 0O6bEKTOB

Kopresku B Python mpezicrasiisitor co60it poCTbie CTPYKTYPbI TAaHHBIX, TIPE/I-
Ha3HAYEHHbIE [IJIsI TPYIITMPOBAHUSI TIPOU3BOJIBHBIX 00beKTOB!. Koprexu ne-
M3MEHSIEMbI — TIOCJIE UX CO3/IaHUS UX HEJTb3sT UCITPABUTD.

C ToukM 3peHust MPOU3BOAUTEIBHOCTH KOPTEKU 3aHUMAIOT YyTh MEHBIIEe
onepaTUBHON TTaMsITH, YeM crucku B Python?, u k Tomy ke ObicTpee cos/a-
0TCA.

Kak BBl BunTE B IPUBEIEHHOM HUXKE PE3YJIbTaTe [U3aCCEMOJIMPOBAHNS
6aiiTKo/Ia, KOHCTPYHUPOBAHUE KOPTEKHOW KOHCTAHTHI 3aHUMAET BCETO OJINH
KOJT oriepariuu LOAD_CONST, B TO BpeMsi KaK KOHCTPYHPOBaHUE OObEKTa-CITICKA
C OJIMHAKOBBIM COJIEPKUMBIM TPeOYET €lie HeCKOJIbKUX OTIePaIHii:

! Cwm. gokymenranuio Python «tuple»: https://docs.python.org/3/tutorial/datastructures.
html#tuples-and-sequences

2 Cwm. CPython: «tupleobject.c» (https://github.com/python/cpython/blob/master/Objects/
tupleobject.c) u «listobject.c» (https://github.com/python/cpython/blob/master/Objects/listobject.c)
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>>> import dis

>>> dis.dis(compile(" (23,

0
3

>>> dis.dis(compile("[23,

O o0 woe

12
15

LOAD_CONST
RETURN_VALUE

LOAD_CONST
LOAD_CONS
LOAD_CONS
LOAD_CONST
BUILD_LIS
RETURN_VALUE

'

a

a

3

4 ((23, 'a’,

AW NPR O

'b', 'eval'))

)

ICI)IIJ ||)
[ ubn)

b,
(23)

‘']t eval’))

OziHako BaM He CTOUT OCOOEHHO HaseraTh Ha 9T paszandus. Ha mpaktuke
pasHuIla B IPOU3BOAUTENLHOCTH YacTO Oy/IeT HE3HAYNTETBHOI, 1 TTOTIBITKA
BBIKATh U3 IPOrpaMMbl 60JIbIie 3(HEeKTUBHOCTH, TIEPEKITIOUYASICH CO CITUCKOB
Ha KOPTEXKI, BEPOSITHO, OY/IeT HEPAIIMOHATBHO.

BoaMmoxHBIM HeZoCTaTKOM IIPOCTBIX KOpTe)Keﬁ ABJIAETCA TO, UTO /laHHBIE,
KOTOPbIE€ Bbl B HUX XPaHUTE, U3BJICKAIOTCA TOJIbBKO IIYTEM /IOCTYIIa K KOpPTE-
JKY 4epe3 1eJiourncjaeHnubie MHAEKCHI. ¥ Bac He TTOJIYYUTCA Ha3HAYUTb UMEHa
OTAECJ/JbHBIM XPaHAIIUMCA B KOPTEKE CBOICTBaAM. A 2TO MOJKET CKa3aThCs Ha
yI[O60‘II/ITaeMOCTI/I HNCXOJHOI'o Koza.

Kpome Toro, KopTexk Bcersia sIBIsSeTCsl CUTYaTUBHON CTPYKTYPOI: TPY/IHO
rapaHTHPOBATD, YTO Y JABYX KOPTEKeil OyeT OMHAKOBOE KOJIMIECTBO MOJIei
1 OJIMHAKOBBIE XPAHSIINECs B HUX CBOMCTBA.

A 3T0 — pasoJibe st OMUOOK <110 HEAOPA3yMEHUI0», HATIPUMED IS Pa3-
HOYTEHUI TopsiiKa cjaeoBaHus nojeil. IloaTomy s peKoMeHyI0 J1ep:KaTh
MUHHMMaJIbHOE KOJIMYECTBO MOJIEH B KOPTEXKE.

# Mona: uBem, npobez, aBmomam
>>> carl = ('kpacHbit', 3812.4, True)
>>> car2 = ('cuHuit', 40231.0, False)

# SK3emnaspel Kopmexa umetm Xxopowuli memod repr:
>>> carl

('KkpacHbii', 3812.4, True)

>>> car2

('"cuHuin', 40231.0, False)
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# Monyyums npobee:
>>> car2[1]
40231.0

# Kopmexu Heu3meHAeMbl:

>>> car2[1] = 12

TypeError:

"'tuple' object does not support item assignment"”

# Hem 3awumel om HeBepHbix umeH nosnel
# unu omcymcmBytowux/AUWHUX nonaed:
>>> car3 = (3431.5, '3eneHviit', True, 'cepebpsHbiii')

HanncaHne cobcTBeHHOro knacca — 6onblie paboThl,
60/bLLE KOHTPONS

Kiracchl o3BOJISIIOT ONPEAEATH «IMabIOHBI» MHOTOKPATHOTO UCIIOIb30BAHMS
JUIs1 0OBEKTOB JIAHHBIX, IPUYEM 9TH IHA0JIOHBI TAPAHTUPYIOT, YTO KasKIAbIi 00b-
€KT IPEeIOCTABJISIET OIMHAKOBBIN HAOOP TTOJIEiH.

cnosb3oBanie 00bIMHBIX KiaaccoB Python B kauecTBe THIIOB TAHHDBIX 3ANUCH
BIIOJTHE BO3MOKHO, HO 3TO TAK/Ke BJIEUET 32 COOO PYUHYIO paboTy, CBSI3AaHHYIO
C ToJIy4eHreM yI00HbBIX (DYHKITMOHATBHBIX BO3MOKHOCTEN Y IPYTUX PEasIi-
saruit. Hanpumep, 1o6aBiieHne HOBBIX TOJIEl B KOHCTPYKTOP __init__ Oyzer
MHOTOCJIOBHBIM U 3aiIMET BPEMSI.

Kpome Tor0, IPUHSATOE 110 YMOJYaHUIO CTPOKOBOE IIpeJAcTaBIeHne 00beK-
TOB-9K3EMILIIPOB, CO3[[aBaeMbIX Ha OCHOBE COOCTBEHHBIX KJIACCOB, HE OUEHb
mosie3Ho. YToObI 9TO UCIPABUTh, BaM, BEPOSATHO, MPUAETCS J0OABUTh CBOI
coOCTBEHHBIN MeTOJ| __repr__! KOTOPBI, KaK IIPaBUJIO, JOBOJbLHO MHOTOCJIO-
BEH U MOJIJIEKUT OOHOBJIEHUIO BCSIKUI Pas, KOrja Bbl 106aBJisieTe HOBOE TI0JIe.

XpaHgiyecs B KJIaCCax M0Jig MOTYT U3MEHSTHCS, U HOBbIE TTOJII MOTYT J10-
6aBJIATHCS CBOOOIHO, HPaBUTCS BaM 9TO WK HeT. C IOMOIIBIO JeKopaTopa
@property MOKHO obecriednTs cebe OoJiblliee yIpaBaeHe U CO31aBaTh OIS
C JIOCTYIIOM TOJIBKO JIJIst YTE€HUSI%, HO 3TO TpeOyeT HanucaHust GOJIBIIETO KOJIH-
YyecTBa CBA3YIONIEro Koja.

! Cwm. paszgen «IIpeobpaszoBanue cTpOK (KaskJAOMY KJIaccy IO Tepr__)» TJIaBbl 4.
2 Cwm. mokymenTario Python «propertys: https://docs.python.org/3/library/functions.html#property
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Hanucanue cob6CTBEHHOTO KJlacca — OTJIMYHAst BO3MOKHOCTD, KOT/Ia B 00beK-
TBI-3aIKCH TpeOyeTcst J06aBUTh OM3HEC-JIOTHKY U n06edeHue C NCTI0Ib30BaHuU-
eM MeTo10B. OJTHAKO HTO 03HAYAET, YTO TaKMe OOBEKTHI TEXHUYECKU OOJIbIIE
HE SBJISIIOTCS TIPOCTBIMU OObEKTAMU JTAHHBIX.

class Car:
def __init_ (self, color, mileage, automatic):
self.color = color
self.mileage = mileage
self.automatic = automatic

>>> carl = Car('kpacHbit', 3812.4, True)
>>> car2 = Car('cuHuin', 40231.0, False)

# Monyyums npobee:
>>> car2.mileage
40231.0

# Knaccel usmeHsAembl:
>>> car2.mileage = 12
>>> car2.windshield = 'TpecHyToe'

# CmpokoBoe npedcmaBreHue He O4YeHb NO/E3HO

# (npuxodumcsa 0obaBaambe HanucaHHelli Bpy4yHyw memod ___repr__):
>>> carl

<Car object at 0x1081e69e8>

collections.namedtuple — yaobHble 06beKTbl AaHHbIX

Kinacc namedtuple, gocrynuniii B Python 2.6+, mpenocrassier pacumipenme
BCTPOEHHOTO TUTIA JAHHBIX tuple!. AHAJIOTUYHO ONIPEAETEHIIO COOCTBEHHOTO
KJIacca, MpruMeHeHe UMEHOBAHHOTO KOpTeska namedtuple mMO3BOJIsIET OTIpe-
NEJIATh «IabJI0HBI» MHOTOKPATHOTO MCITOJIb30BAHUS JIJIsI CBOUX 3aMuCeli,
rapaHTHPYIOIIUe UCTI0JIb30BaHUE TPABUIHHBIX UMEH TTOJIEi.

VIMeHOBaHHbIE KOPTEKIM HEM3MEHSIEMbI, KaK 1 OObIYHBIE KOPTEXKU., DTO O3HAYA-
€T, YTO BBI He MOKeTe T00ABIISITh HOBBIE MTOJIST UJTH U3MEHSITh CYIIECTBYIOTIIE
TIOJIsI TIOCJIE TOTO, KaK 9K3eMILISIp namedtuple OBLT CO3/1AH.

U Cm. pasjzen «YeM 110J1€3HBI IMEHOBAHHbIE KOPTEXKRM» I'IaBbl 4.
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[ToMUMO TOTO, UMEHOBAHHbIE KOPTEKHU SIBJISIIOTCSI, CKA)KEM TaK, MIMEHOBAH-
HbiMU KopTeskamu (named tuples). JlocTyin K Kax1oMy XpaHSAIIEMYCsl B HUX
00BEKTY MOKHO TIOJIYYHUTH TI0 YHUKATLHOMY UAEHTH(HUKATOPY. ITO 0OCBOOOIK-
JIaeT 0T HeOOXOAMMOCTH 3aTIOMUHATD 1[€JI0YNCICHHbIE WHIAEKCHI WM WTH
0OXOHBIMU METO/IAMU, HATIPUMED OMPEAETISATH WHIEKCHI 1eJOYHCIAECHHbIX
KOHCTaHT B KQ4e€CTBE MHEMOKO/IOB.

Ha BuyTpentem ypoBHe 00beKTbI namedtuple pean30BaHbl Kak 0OBIYHbIE
ksaccol Python. B Tom, 4T0 KacaeTcst HCIIO/Ib30BaHUS OTIEPATUBHO MAMSITH,
OHU TOKE «JIydiiie» OOBIYHBIX KJIACCOB U CTOJIb ke 3(D(MEKTUBHBI C TOYKHU 3pe-
HUS TOTPEOIIEMON OTIEPATUBHOI TTAMSTH, YTO ¥ OObIYHbBIE KOPTEKH:

>>> from collections import namedtuple
>>> from sys import getsizeof

>>> pl
>>> p2

namedtuple('Point', 'x y z')(1, 2, 3)
(1, 2, 3)

>>> getsizeof(pl)
72
>>> getsizeof(p2)
72

NmenoBanuble KOPTEXKNU MOTYT JIOBOJIBHO TIPOCTO MTPUBECTHU B MOPSIJIOK HC-
XOJIHBII KO U CZIeJIaTh ero 6oJiee yao00unTaeMbiM, 00eCIIeYrB BAIIUM JAHHbIM
6oJiee COBEPIIEHHYTO CTPYKTYPY.

I[To MoeMy OIIBITY, TIEPEXO/] OT CUTYaTUBHBIX TUTIOB JAHHBIX, TAKMX KaK CJIOBapU
¢ puKCUpoBaHHBIM (GOPMATOM, K UMEHOBaHHBIM KOPTEKaM ITOMOTAEeT SICHEe
BBIpasKaTh CBOM HamepeHust. Hepeko, Kora st IpUuMeHsIIo 9Ty pedakTopusa-
1110, KAKUM-TO HEBOOOPA3MMbIM 00Pa3OM 1 IPUXOKY K H0JIee COBEPIIEHHOMY
pereHuio mpobJaeMbl, ¢ KOTOPOIT CTATKUBAIOCH.

Wcnonb3oBanne MMEHOBAaHHBIX KOPTEXKEH BMECTO HECTPYKTYPUPOBAHHBIX
KOPTEKel U cIoBapeil MOKeT 00JIerYnuTh JKU3Hb U MOUM KOJLJIETaM, IIOTOMY
YTO MMEHOBAHHbBIE KOPTEKM MO3BOJISIOT Pa3/laBaTh IaHHbBIE B «CaMOIOKYMEH-
TUPOBAHHOM» BU/Ie (B U3BECTHOU CTEIIEHN ).

>>> from collections import namedtuple
>>> Car = namedtuple('ABTO0' , 'uBeT npober aBTOMaT')
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>>> carl = Car('kpacHbit', 3812.4, True)

# SKk3emnaspel umetwm xopouwuli memod repr:
>>> carl ABTo(uBeT='KpacHbit', npober=3812.4, aBToMaT=True)

# flocmyn K nonam:
>>> carl.npober
3812.4

# [lona HeusmeHAembl:

>>> carl.npober = 12

AttributeError: "can't set attribute”

>>> carl.noboBoe_cTekso = 'TpecHyToe'
AttributeError:

"'Car' object has no attribute 'no6oBoe_cmekao'"

typing.NamedTuple — ycoBepLieHCTBOBaHHbIEe
MMEHOBAHHbIE KOPTEXN

Irot Kaacc 6611 qo6asieH B Python 3.6 u siBisieTcst Mutaammm 6patoM Kiacca
namedtuple B MomyJie collections!. On oueHb 1MOXOK Ha namedtuple, u ero
TJIABHOE OTJINYNE COCTOUT B TOM, UTO Y HETO €CTh OOHOBJIEHHBII CHHTAKCHC JIJIST
OIpejie/IeH sl HOBBIX THIIOB 3aluceil u go0aBieHHasT MOJIEPIKKA MOJICKA30K
IIPU BBOJIE MICXOTHOTO KOJIA.

Kpowme Toro, obpaTrte BHIMaHWe, 4TO CUTHATYPHI TUIIOB He TTO/IEPKITBAIOTCST
6e3 OTIeIbHOTO HHCTPYMEHTA TIPOBEPKU THITOB, TAKOTO Kak mypy’. Ho naxe
6e3 MHCTPYMEHTAJIBHON TO/IEPIKKU OHK MOTYT TIPEOCTABJISIT TIOJIE3HbIE TIO/I-
CKa3KM JIJIsT IPYTUX TIPOTPAMMUCTOB (MJIM MOTYT OBITh YKACHO 3aITy TAHHBIMH,
€CJIY TI0/ICKa3KK B OTHOIIIEHUH TUTIOB CTAHOBSITCS] YCTAPEBIIUMM ).

>>> from typing import NamedTuple
class Car(NamedTuple):

uBet: str

npober: float

aBTomaT: bool

U Cwm. gokymenrarmio Python «typing. NamedTuple»: https://docs.python.org/3.6/library/typing.
html
2 Cwm. mypy-lang.org
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>>> carl = Car('kpacHbit', 3812.4, True)

# SK3emnaspel umerm xopowuli memod repr:

>>> carl Car(uBeT='KpacHoin', npober=3812.4, aBTomMaT=True)
# Jlocmyn K noaam:

>>> carl.npober 3812.4

# [1on4 Heu3meHAeMbl:

>>> carl.npober = 12

AttributeError: "can't set attribute"

>>> carl.noboBoe_cTeksio = 'TpecHyToe'
AttributeError:

"'Car' object has no attribute 'no6oBoe_cmeksao'"

# AHHOmayuu muna He noddepxuBawmca 6e3 omdenbHO20

# uHcmpymerHma npoBepku munoB, mako2o Kak mypy:

>>> Car('KkpacHbiit', "HEBEWECTBEHHbIA', 99)
Car(useT="kpacHbin', npober="HEBEWECTBEHHbIN', aBToMaT=99)

struct.Struct — cepnannsoBaHHble C-CTPYKTYpbI

Kuace struct.Struct! BeinmosiHsieT peobGpazoBaHne MeK/Ly 3HAYCHUSIMU
Python u crpykrypamu C, cepuanusoBantbiMu B (hopmy oObextoB Python
bytes. Hampumep, OH MOKET MCIIOAb30BAThC 11 0OPaOOTKHU ABOMYHBIX
JIaHHBIX, XPAHSAIIMXCS B (haiiiaX WK MOCTYIAIONIMX U3 CETEBBIX COEMHEHN.

CTpyKTypBl Struct onpenensioTcs ¢ UCIoJb30BaHNeM (hPOPMATHOTO CTPOKO-
M0I06HOTO MUHU-5I3BIKA, KOTOPBII TTO3BOJISIET OMPE/IEJISITh PACTIONIOKEHUE
pa3nuYHbBIX TUTIOB fanHbiX C, TakKMX Kak char, int u long, a Takxke ux 6e3-
3HAKOBBIX BapUAHTOB.

CepuainzoBaHHbIE CTPYKTYPBI PEAKO UCITOB3YIOTCS IS TIPEICTABIEHNUST 00b-
€KTOB JIaHHBIX, IIPeJHa3HAYEHHBIX /I 06PabOTKM UCKIIOYUTENbHO BHYTPU
kozxa Python. OHu Hy’KHBI B epByt0 ouepe/b B KauecTBe (hopmara oOMeHa
JIAHHBIMM, a He KaK CIoco0 X XPaHEHUsT B ONEePATUBHON TTaMATH, IPUMeHsIe-
MBI TOJIBKO ITPOTPaMMHBIM KozioM Python.

B HeKoTOPBIX ciyyasx ylnakOBKa MPUMUTUBHBIX IAHHBIX B CTPYKTYPHI 110-
3BOJISIET YMEHBIIUTH 00beM MOTPEOISIEMON OTIEPATUBHON MaMSITH, YeM UX

! Cwm. gokymenrtanuio Python «struct.Struct»: https://docs.python.org/3/library/struct.
html#module-struct
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XpaHeHue B APYTUX TUIax gaHubix. OpHaKko yaiie Bcero takas pabora Oyzer
JIOBOJIBHO TIPOJIBUHYTOU (11, BEPOSATHO, HEHYKHOM ) OTTTUMU3AITIEH.

>>> from struct import Struct
>>> MyStruct = Struct('i?f")
>>> data = MyStruct.pack(23, False, 42.0)

# Bbl noay4aeme O0Bou4Hbili 06bekm OdaHHeix (blob):
>>> data
b'x17x00x00x00Xx00x00x00x00Xx00x00 (B

# BLOB-06bekmbl moxHo cHoBa pacnakoBame :
>>> MyStruct.unpack(data)
(23, False, 42.0)

types.SimpleNamespace — npu4yanvebin
aTpUBYTUBHbBIN AOCTYM

A BOT ellle OUH «d30TEPUYECKUIT» BapUaHT Pean3aliii 0ObeKTOB JaHHBIX
B Python: types.SimpleNamespace!. DtoT kiacc 6b11 qobasaen 8 Python 3.3,
1 OH O6eCHeLII/IBa€T anI/I6yTI/IBHBII>JI AOCTYII K CBOEMY HpOCTpaHCTBy NMEH.

ITO O3HAYAET, UTO IKIEMIIIISIPBI SimpleNamespace MOKAa3bIBAIOT BCE CBOU KJTIO-
91 KaK aTpuOyTHI KJacca. A 3HAYUT, BBl MOKETE MCIOJIb30BATh «TOUEUHBIN»
aTpUOYTUBHBII TOCTYI 06bEKT . KN4 BMECTO CHHTAKCHCA ¢ WHIEKCcAIei
B KBaJIPaTHBIX CKOOKaX 06bekT[ ko4 ' ], KOTOPbI IPUMEHSAETCsST OOBIYHBIMU
coBapsMU. Bee 9K3eMILIAphL TakKe 110 YMOTYAHUIO BKIIOYAIOT COJePKaTeIb-
HBIII METOZL __repr__.

Kax BumHO 13 ero HazBanus, TUTI SimpleNamespace TPOCT B NCIOIb30BAHNN]!
ITO, B CYNTHOCTH, TPOCTIABJICHHBIN CIIOBAPD, KOTOPBIN TIPEIOCTABIISET TOCTYT
110 aTpubyTy U BBIZIAET IPUIUIHYIO pacredarky. ATpUOYThI MOTYT CBOOOIHO
100ABIISATHCS], U3MEHSITHCS M YAAJISITHCS.

>>> from types import SimpleNamespace
>>> carl = SimpleNamespace(uBeT="KpacHbli',

U Cwm. pokymenraruio Python «types.SimpleNamespace»: https://docs.python.org/3.3/library/
types.html
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npober=3812.4,
aBToMaT=True)

# Memod repr no yMOA4YaHUK:
>>> carl
namespace(aBToMaT=True, npober=3812.4, uBeT='KpacHbli')

# 3Sk3emnaApsel noddepxuBatom ampubymuBHeili docmyn u mo2ym U3MEHAMbCA:
>>> carl.npober = 12

>>> carl.noboBoe_cTekso = 'TpecHyToe'

>>> del carl.aBTomaT

>>> carl

namespace(noboBoe_cTekso="'TpecHyToe', npober=12, uBeT='KpacHblii')

KntoueBble BbIBOAbI

VTak, Kakoii sKke THIT CJIeyeT UCI0Ib30BaTh JIJIst 00hEKTOB JaHHBIX B Python?
Kak BbI yOeuInch, ecThb HeJIbIi Pl Pa3JIMYHbIX BAPHAHTOB JIJISI Peain3aliun
sanmceil nia 06beKToOB JaHHbIX. Kak npasuiio, Baie peienue OyaeT 3aBUCeTh
OT BaIlleTo ClleHAPUs NCIIOJIb30BAHUS:

¥ Bac ecTb Bcero HecKoJbKO (2-3) moJeii: ncio/b3oBanue 06bIKHOBEHHOTO
00beKTA-KOPTERA MOKET TIOJOITH, €CITU TOPSIIOK CJETOBAHS TTOJIEN JIETKO
3aTIOMWHAETCs WM MMeHa Tosieit naaninan. Hanpumep, npegcraBbre TOUKY
(X, ¥, Z) B TPEXMEPHOM TIPOCTPAHCTBE.

Bam Hy:KHbI HEU3MEHsIEMbIE MOJIST: B TAHHOM CJIydae OOBIKHOBEHHBIE KOPTEKH,
collections.namedtuple u typing.NamedTuple, HaayT HEIJIOXE BO3MOXK-
HOCTH JIJISI PeajIn3aliii 9TOr0 THIIA 0ObeKTa JaHHBIX.

BaM Hy3KHO yCTPaHUTh UMEHA MOJIEi, YTOObI H30€KATh ONEYATOK: BAIITIMU
JPY3bsIMU 371€Ch OyIyT collections.namedtuple u typing.NamedTuple.

BsI He xoTuTe YCJIOKHATD: OOBIKHOBEHHBI O6B€KT-C]IOBapb MOKeT OBbITh
XOpPOIINM BapuaHTOM H3-3a yz[06Horo CUHTaKCHUCa, KOTOPBIA CUJIBHO HAIO-
MuHaeT JSON.

Bawm Hy:keH nOJIHbIN KOHTPOJIb HaJl Ballleil CTPYKTYPOH JJaHHBIX: CaMOe BPeMs
HammcaTb cOOCTBEHHBIH KJIace ¢ MeTogaMu-MoandukaTopamu (ceTrepaMu)
1 MeTolaMu-TIoJIydaTessiMu (rerrepamu ) @property.
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Bam Hy:KHO 100aBUTh B 00BEKT MOBeAeHHE (METOABI): BaM CJIe[yeT Ha-
caTh COOCTBEHHBIN KJlace ¢ HyJIst MO0 IyTeM paciiupeHust collections.
namedtuple wiu typing.NamedTuple.

BaM HY’KHO NMJIOTHO yNaKOBAaTh JaHHbIE, YTOOBI CEPHATM30BATH UX JIJISI
3aMMcH Ha JKeCTKHIi MCK Wi oTHpaBuTh uX 1o CeTH: camoe BpeMs HaBeCTH
CIIPaBKH 10 MOBOJY struct.Struct, HOTOMY YTO 3TOT OGBEKT MPEACTABIISET
c060i1 TIPEBOCXO/IHBIN BAPUAHT UCIIOJIH30BAHNSL.

Ecuin BbI viere 6e30MacHbIil BADUAHT, KOTOPBIA MOKHO MCIIOJIB30BATH 10
YMOJTYQHUIO, TO MOST 00TIasi pEKOMEH/IAINS B OTHOIIEHUH PEATN3AINN TPO-
CTOW 3aITHCH, CTPYKTYPbI WK 00beKkTa faHHbix B Python Gyner caemnyiomnieit:
HCTIOJIBb30BaTh collections.namedtuple B Python 2.x u ero muaziiero 6para,
typing.NamedTuple, B Python 3.

5.4. MHOXecCTBa 1 MYNIbTUMHOXECTBA

B atom paszesie Bol yBuanTE, Kak B Python peanusytorcst Takue cTpyKTypb
JAHHBIX, KaK U3MeHsIeMoe 1 Hen3MeHsieMOoe MHOKECTBO M MYJIBTUMHOKECTBO
(nm TUTI bag, TO €CTh METOK ), C UCITOJIb30BAHNEM BCTPOEHHBIX TUTIOB TAHHBIX
U KJIACCOB CTaHAapTHON 6ubmnorekn. OQHAKO CHAYAIA [aBaiiTe COCTAaBUM
KpaTKoe pe3ioMe 110 TOBO/Y TOTO, YTO TaKOe MHOKECTBO.

Mmnoocecmeo IIpeJacTaBJAeT coboii HEYIIOPAAOYEHHYIO KOJIJIEKIWUIO O6’beKTOB,
KOTOpas HE NOITYCKAET IMOBTOPAIOIINXCA 3JIEMEHTOB. Kax IIpaBHJIO, MHOJKE-
CTBa UCITOJIb3YIOTCA [1JIA 6bICTpOI>1 IIPOBEPKU MPUHAAJIEKHOCTU 3HAYECHUA
MHOJKECTBY, BCTaBKU HOBbIX 3HAUEeHUN B MHOKECTBO, y/AaJeHWA 3HAUEHUN 13
MHOKECTBa 1 BbIYMCJIEHUA Ha MHOKECTBAX OHepaHHﬁ, TaKNX KaK 06'beI[I/IHeHI/I€
WJIn 1epecevyeHmne AByX MHOKECTB.

[Tpenmosaraercs, 4To B «HajJIeXalleli» peajn3aii MHOKECTBA OIepalun
IIPOBEPKH Ha TPUHA/TIEKHOCTD OYIYT BBITOMHATHCS 32 ObicTpoe O(1) Bpemsi.
Omneparnyy 06beIMHEHYs], IepeceYeHns, Pa3HOCTH U B3SITUSI TIOJMHOKECTB
TOJIKHBL B cpefiHeM 3aHuMaTh O(n) BpeMeHu. B peanusanusix MHOKeCTBa,
BKJIIOYEHHBIX B CTaHAApPTHYIO Onbmoreky Python, nanubie xapaktepuctukm
IPOU3BOIUTETHHOCTH COOMIONATOTCS .

! Cwm. https://wiki.python.org/moin/TimeComplexity
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TouHo TaK e, Kak U cJ0BapH, MHOKecTBa B Python o6pabarsiBaioTcst 0coObIM
00pa3oM 1 MMEIOT CBOM CUHTaKCUYECKHII caxap, YIIPOIIAIOIUI X CO3aHIe.
Hanpumep, cHHTaKCUC BbIpaskeHUst ¢ (DUTYPHBIMEU CKOOKAMU JIJIT MHOKECTB
U KOHCTPYKIIUSI BKJIIOUEHMSI B MHOKECTBO MO3BOJISTIOT YA0OHO OTPE/IESITh
HOBbBIE 9K3EMILJISIPbl MHOKECTB!

vowels = {'a', 'e', 'i', 'o', 'u'}
squares = {x * x for x in range(10)}

Tem He MeHee cJeryer ObITh OCTOPOKHBIMU: JIJISI TOTO YTOOBI CO3/1aTh ITy-
CTOEe MHOXKEeCTBO, BaM HY’KHO BbI3BaTbh KOHCTPYKTOp set (). Mcrnonb3oBanue
dburypubix cko60K {} HEOMHO3HAYHO U BMECTO ITOTO CO3/IACT IMYCTOM CJIO-
Bapb.

Python u ero cranmapraas GubaMOTEKA IPETOCTABIISIIOT HECKOJIBKO Peain3a-
Ui MHOKecTBa. /laBaiiTe nX pacCMOTPUM.

set — Balle geXXypHoe MHOXECTBO

Ito BeTpoernast B Python peanusanust mHokecTBa!. Tun set uaMeHsieMblit
U JI0IIyCKaeT JMHAMUYEeCKYIO BCTaBKy U y/laJleHue 3JIeMeHTOB.

MuoxectBa Python set moakpemnsiiorcst TUIIOM IaHHbBIX dict u obsagaroT
OJIMHAKOBBIMU XapaKTePUCTUKAMK MPOU3BOAUTENbHOCTH. JIF00O0I Xemmpye-
MBIiT 00BEKT MOKET XPAaHUTHCS B MHOKECTBE set?’.

>>> vowels = {'a', 'o', '3', 'u', 'y', 'b', 'e', 'e', 'w', 'a'}
Fon

>>> '3' in vowels
True

>>> letters = set('anuca')
>>> letters.intersection(vowels)

{'a’, "'}

>>> vowels.add('x")

U Cwm. mokymenTaiuio Python «set»: https://docs.python.org/3/tutorial/datastructures.html#sets
2 Cwm. gokymenranmio Python «hashable»: https://docs.python.org/3/glossary.html
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>>> vowels
{IXIJ IO‘J IB'J y 2

>>> len(vowels)
6

frozenset — HenaMeHsieMble MHOXECTBA

Kinacc frozenset peanusyer neusmensiemyio Bepcuio MHOKecTBa set. Takoe
MHO’KECTBO HE MOKET OBITh U3BMEHEHO TIOCJIE TOTO, KaK OHO OBIJIO CKOHCTPY-
uposaHo!. MHOKecTBa frozenset cTaTUYHBI M J0MYCKAIOT TOJIBKO ONepaium
C 3aIIpOCaMK B OTHOIIEHUY CBOUX 5JIEMEHTOB (HUKAKUX BCTABOK MJIM y/aJie-
Huii). ITockobKy MHOKeCTBa frozenset CTaTUYHBI U XEIIUPYEMbI, OHU MOT'YT
UCII0JIb30BAThCS B KA4eCTBE KJIOUEH CJI0Baps UIK B KAUeCTBE DJIEMEHTOB
JIPYTOro MHOKECTBA, @ 9TO TO, YTO HEBO3MOKHO ¢ OOBIUHBIMU (MU3MEHSIEMbIMU )
00beKTaMU-MHOKECTBaMU set.

>>> vowels = frozenset({'a', 'o', 's', 'u', 'y', 'b', 'e', 'e', 'w',
'a'}) >>> vowels.add('p")

AttributeError:

"'frozenset' object has no attribute 'add'"

# MHoxecmBa frozenset xewupyemsl u mo2ym

# ucnone3oBameca 6 kayecmBe Kawyeli cnoBaps:
>>> d = { frozenset({1, 2, 3}): 'npuBet' }
>>> d[frozenset({1, 2, 3})]

'npuBem’

collections.Counter — MynbTUMHOXECTBA

Kiacce collections.Counter cranmapraoii 6ubaroreku Python peanusyer
THIT «MYJIBTUMHOKECTBO> (UJIN «MEIIOK» ), KOTOPBIH J0IyCKaeT HEOIHOKPAT-
HOE TIOSIBJIEHNE 2JIEMEHTA B MHOKECTBE?,

! Cwm. gokymenTaruio Python «frozenset»: https://docs.python.org/3/library/stdtypes.html#frozenset
2 Cwm. nokymenTarmio Python «collections.Counters: https://docs.python.org/3/library/collections.
html#counter-objects
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910 ObIBAET IMoJIe3HO, €CJIN BaM HYKHO BECTU YYET HE TOJIBKO TOI'O, IIpU-
HAJJIEKUT JIN 3JIEMEHT MHOKECTBY, HO U TOI'O, CKOJIbKO pa3 OH OBLJI BKJIIOYEH
B MHOJKECTBO!

>>> from collections import Counter
>>> inventory = Counter()

>>> loot = {'knuHok': 1, 'xne6': 3}
>>> inventory.update(loot)

>>> inventory

Counter({'knuHok': 1, 'xne6': 3})

>>> more_loot = {'kauHok': 1, 's6bnoko': 1}

>>> inventory.update(more_loot)

>>> inventory

Counter({'knuHok"': 2, 'xne6': 3, 'a6bnoko': 1})

[Tpuseny ozxHo IpeiocTepekeHne OTHOCUTENIBHO Kiacca Counter: ciietyer co-
6JII0/1aTh OCTOPOKHOCTD BO BPEMSI MOJICUETA KOJIMIECTBA 9JIEMEHTOB B 0OBEKTE
Counter. B pesysbrare Bbi3oBa yHKIIMU len() BO3BpaIaeTcss KOJTMYECTBO
YHUKALHOLX DTIEMEHTOB B MYJIBTUMHOKECTBE, TOTIA KaK 00Iee KOJIMIeCTBO
9JIEMEHTOB MOKET OBITh MOTYYEHO C MCIOIb30BaHreM (hyHKIIUU sum:

>>> len(inventory)

3 # KonuyecmBo YHUKG/bHLIX 3aemeHmoB
>>> sum(inventory.values())

6 # Obuee konuvyecmBo >3nemeHmMoB

KntouyeBble BbIBOAbI

O MuoxecTBO sABJSIETCS ellle OJHOU MOJe3HOU U MUPOKO UCTOJIb3yeMOil
CTPYKTYPOIl JaHHBIX, BKJIIOUYeHHOi B Python u ee cranpaprhyio 6ubmo-
TEKY.

a MCHOJIBSyfITe BCTpOGHHbeI TUI set, KOrja Bbl XOTUTE IIOJYYUTb N3MEHI-
€MO€ MHOKECTBO.

0 OO6bexThl frozenset XeMUPyeMbl M MOTYT HCIIOJb30BATHCS B KAUeCTBE
CJI0Bapsl WM KJII0Yeil MHOKeCTBa.

0 Kunacc collections.Counter peanusyer CTPYKTYPbI IJaHHBIX «<MYJIBTUMHO-
KECTBOY», NI «MELIOK».
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5.5. Creku (c aucumnnmHon goctyna LIFO)

Crek npezicTaBiisieT co00it KOJIEKITNIO 00BEKTOB, KOTOPAsT MOIEPKUBAET Obi-
CTPYIO CEeMaHTHUKY JOCTYIIa <«NOCAeOHUM npuiues — nepevim yuieas» (LIFO — last
in, first out) 1Jist BCTaBOK M yAaJeHUI. B oT/imume oT CiCKOB MM MHOKECTB,
CTEeKH, KaK MPaBUJIO, HE JOMYCKAIOT MTPOU3BOJIBHOTO JOCTYA K 00BEKTaM,
KOTOpbIe OHU cojiepskaT. Onepanny BCTaBKU U y/laJleHNs TaKke HepeaKo Ha-
sbiBatoTcst emankueanuem (push) u evimanxusanuem (pop).

[Tose3noi1 anasoruei 751 CTEKOBOUM CTPYKTYPbI JJAHHBIX U3 PEaTbHOTO MUPa
SIBJISIETCST CMONKA MApPeoK:

HoBble Tapenku f06aBNsOTCA Ha BEPLUMHY CTOMKW. M MOCKOMbKY Tapenku
[IOpOrne v TSHKENbIE, MOXHO B3STb TOSIbKO CaMylo BEPXHIOIO Tapesnky (MeToa
«MNoCneaHVM npuwen — nepebiM ywen»). Ytobbl gobpaTtbcsa A0 Tapenok,
KOTOpble HaxoAsATCsH BHU3Y CTOMKKM, HEO6XOAMMO MOOYEepesHO yaanuTb Bce
Tapenkun, KOTopble HAaXOASATCA BbiLLE.

Crexu u odyepenn noxoxu. O6e aTh CTPYKTYPbI JAHHBIX SIBJISIIOTCS JIMHET-
HBIMU KOJIJIEKI[USMU 3JIEMEHTOB, U Pa3HUIIA MEXK/ly HUMU COCTOUT B IOPsI/IKe
JIOCTYIIA K BJIeMEHTaM.

B ciryuae ¢ ouepenpio BbI yassieTe 3JI€MEHT, KOTOPbIil OblI 100aBjIeH B Hee
panbliie Bcex (METOJ «nepevim npuies — nepsoim ywers, uau FIFO); onaako
B CJIyYae CO CTEKOM BbI yjaJisieTe 3JIEMEHT, KOTOPBINA ObLT 06aBJIEH B HETO
035Ke BeeX (METO «noCAeOHUM npuwes — nepsvim yuwens, uiu LIFO).

C TouKM 3peHus IPOU3BOAUTEIbHOCTH IIPE/II0JIaraeTcs, YTO HaJIesKalast
peanmsanus creka 6ymer 3anumarh O(1) BpeMeHU Ha ONepaiy BCTaBKH
U y/laJIeHHs].

Crexu HaxOAT MUPOKOE TIPUMEHEHNE B aJITOPUTMAX, HAaIlPUMEP B CHHTAKCH-
YeCKOM aHAJIM3e SI3bIKA U YIIPaBIeHN PAOOU€ell MaMsIThiO BDEMEHU UCIIOJTHE-
HUS («CTEK BBI30BOB» ). KOPOTKMIT 1 KPACUBBIiT aJITOPUTM C UCTIOTIB30BAaHUEM
creka mpejcrasyieH mouckoM B rryouny (DFS) Ha apeBoBupHON niu rpado-
BOI CTPYKTYp€ TaHHBIX.

Python mocrasisiercst ¢ HECKOJIBKMMU peau3alusaMi CTeKa, Kaxaas 13
KOTOPBIX UMeeT CJIeTKA OTIJaloluecs: xapakrepuctuku. Ceityac Mbl UX pac-
CMOTPUM U CPAaBHUM UX XaPaKTEPUCTUKH.
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list — npocTble BCTPOEHHbIE CTEKM

Berpoenssiii B Python tun 1ist cozgaer HOpMaJIbHYIO CTEKOBYIO CTPYKTYPY
JTAHHDBIX, TOCKOJIbKY OH T10/I/IePKUBAET Ollepallii BTAJKUBAHUS 1 BbITAJIKNBA-
nust 3a amoptusupyemoe O(1) Bpemsi'.

Ha BHyTpenHem ypoBHe criucku Python peannsoBanbl Kak [UHAMUYECKIE
MACCHUBBI, & 3HAYWT, TIPU T0OABJIEHUN WU YAAJTEHUN 2JIEMEHTOB UM BPEMSI OT
BpPEMEHU HY’KHO U3MEHSATH IIPOCTPAHCTBO OIIEPATUBHON NaMSTH JIJIsI XpaHsi-
MUXCSI B HUX 971eMeHTOB. CITHCOK BBIIEISIET U30BITOUHYIO PE3EPBHYIO MTAMSITD,
¢ TeM 4TOObI He KasK/1asi OTepaliiisi BTAJIKUBAHSI U BHITAJIKMBAaHUS TpebGoBasia
N3MEHEHUs pa3Mepa MaMsITH, 1, KaK Pe3yJIbTar, JJIs1 3TUX Ollepallnii Bb IOy -
yaeTe aMOPTU3UPYEMYIO BPeMeHHYI0 cyiokHOCTh O(1).

HepocraTox ke cOCTOUT B TOM, UTO 3TO JieIaeT IOKA3aTeN UX TPON3BOIUTE b
HOCTU MeHee HaJIe)KHBIMU, YeM CTaOUJIbHBIE BCTABKU U yIAJIEHUsI C BDEMEHHOM
crosxkaOoCcThI0 O(1), KOTOpBIE 06ECTIEUNBAIOTCS pean3aliieil Ha OCHOBE CBSI3-
HOTO cIIcKa (Takoro, Kak collections.deque, cm. Huzke). C ApyToil CTOPOHBI,
CIIUCKU PeasibHO obecriednBaioT ObICTPhIit (co BpemereM O(1)) PON3BOJIBHBII
JOCTYTI K 9JIEMEHTAM B CTEKE, U 9TO MOJKET OBITH JOTIOJTHUTETbHBIM TIPEUMY-
IIECTBOM.

I/ICHOJIbSyH CIIMCKH B Ka4€CTBE CTEKOB, H606X0,ZII/IMO YUUTBIBATH OTHO BasKHOE
Impeaocreperenrne OTHOCUTE/IbHO ITPOU3BOJUTE/IbHOCTH.

YT06bI MOJMYIUTD TIPOU3BOAUTETHHOCT ¢ aMOPTU3NpyeMbiM BpemereM O(1)
JIJIsT BCTABOK U y/IaJIEHWIT, HOBbIE JIEMEHTBI JIOJKHBI T0OABJISATHCS B KOHeY,
cIcKa MeTojIoM append() U CHOBa YJJIATCS U3 KOHIIA MeToioM pop (). [us
ONITUMAJILHOM TIPOM3BOANUTEIBHOCTH CTEKU Ha OCHOBE cucKoB Python mosmk-
HBI PACTH TI0 HATTPABJIEHUIO K 00JIee BBICOKUM WHIEKCAM U CKUMATHCST K GoJtee
HU3KUM.

[IO63BJI€HI/I€ n ygajeHue 3JeMEHTOB B HadaJjie CIIMCKa HAaMHOTI'O Me/lJIeHHEee
1 3aHUMAET 0(71) BpeMeHH, ITOCKOJIbKY CYHIECTBYIONHE IJIEMEHTDI OJISKHbI
C/ABUT'aTbCA, YTOOBI €O371aTh MECTO JIJIsl HOBOT'O 3jieMeHTa. Takoro aHTUInabJI0HA
IIPOU3BO/IMTEJIBHOCTHU CJIEAYET nsberarh.

U Cwm. poxymenTannio Python «lcmnonb3oBaHue cniuckoB B KadyecTBe CTEKOB»: https://docs.
python.org/3/tutorial/datastructures.html



5.5. Creku (¢ aucumnnmton goctyna LIFO) 187

>>>
>>>
>>>
>>>

=[]
.append('ecTtb")
.append('cnaTtb"')
.append( 'nporpammupoBaThb ')

>>> s
["ecTb', 'cnaTtb', 'nporpammupoBaTb’]

>>> s.pop()
'npoapammupoBame '

>>> s.pop()
‘cname '

>>> s.pop()
‘ecms '

>>> s.pop()
IndexError: "pop from empty list"

collections.deque — 6bICTpble M HaAEXHblE CTEKM

Knacc deque peanusyer ouepe/ib ¢ IBYCTOPOHHUM JIOCTYIIOM, KOTOPast IO/~
nepkuBaer gobaBJeHre U yaaJeHue sJ1eMeHTOB ¢ Jo60ro KoHia 3a O(1)
(neamoprusupyemoe) BpeMs. IlockoIbKy IBYCTOPOHHME OU€pe OJMHAKOBO
XOPOIIO MOIEPKUBAIOT T00ABJIEHUE U YIATIEHNE 9JIEMEHTOB C JTII0O0T0 KOHIIA,
OHU MOTYT CJIY’KUTD U B Ka4eCcTBe o4depe/ieil, i B Ka4eCTBe CTEKOB'.

O6mbektnr Python deque peasmsoBaHbl Kak J[BYHAIPaBIEHHbIE CBSI3HbIE CITH-
CKH, YTO AT UM CTAOWJIBHYIO TPOU3BOAUTEIBHOCTD JIJIsI OlIEePAIUil BCTAaBKU
1 yIaJIeHns 3JIeMEeHTOB, HO TIPU 3TOM TT0XYI0 O(7) TPOU3BOIUTETHHOCTD TSI
IIPOM3BOJILHOTO JIOCTYTIA K AJIEMEHTaM B CEPEJIHE ouepein’.

B 1esiom sBycTopoHHsist ouepesib collections.deque — OTJINYHBIN BHIOOP,
€CJIN BBI UIIETE CTEKOBYIO CTPYKTYPY AaHHBIX B CTAHIAPTHON O6HOIMOTEKE
Python, kotopast o6saiaeT xapakTeprucTHKaMU TIPOU3BOAUTENBHOCTH, aHa-
JIOTUYHBIMHU peajin3alil Ha OCHOBE CBA3HOI'O CITMCKa.

! Cwm. pokymenTario Python «collections.deques: https://docs.python.org/3.6/library/collections.
html#collections.deque

2 Cm. CPython «_collectionsmodule.c»: https://github.com/python/cpython/blob/master/Modules/_
collectionsmodule.c
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>>> from collections import deque
>>> s = deque()

>>> s.append('ecTb')

>>> s.append(‘'cnaTtb')

>>> s.append('nporpammmpoBaTb ')
>>> s
deque(['ecTb', 'cnaTb', 'mporpammupoBaTb'])

>>> s.pop()
'npoapammupoBame '’

>>> s.pop()
‘cname '

>>> s.pop()
'ecmb '

>>> s.pop()
IndexError: "pop from an empty deque"

deque.LifoQueue — ceMaHTMKa 610KMpPOBaHUS
ANS NapannenbHbIX BbIYNMCIEHWN

JlanHast pealn3anus cTeka B cTaHAapTHON 6ubmmoteke Python cuaxpomu-
3UpOBaHa U 06eCIeynBaET CEMAaHTUKY OJOKUPOBAHUS C IIEJTBIO TOIIEPKKH
MHOTOYKCJIEHHBIX TapaJlIeIbHBIX IPOU3BOAUTEEH U OTpebuTeei! .

[Tomumo LifoQueue, MOYJIb queue COIEPKUT HECKOTIBKO APYTUX KJIACCOB,
KOTOPbIE PEATU3YIOT OUEPEIN ¢ MYJIBTHITPOU3BOAUTENSIMU /MY IBTUTIOTPEOH -
TeJISIMU, IIMTUPOKO MUCIOJIb3yeMble B ITapasjie/IbHbIX BbIUUCIECHUSX.

B 3aBrcHMOCTH OT Balllero BapuaHTa NCIIOJIb30BaHMs CeMaHTHKa OJIOKMPOBa-
HUS MOKET OKa3aThCA MOJIE3HOM, a MOKeT HaKJIa/IbIBaTh HEHYKHbIE U3/ICPIKKU.
B aTom cirydae B kauecTBe cTeKa OOIIero Ha3HaYeH s JIyUliie BCETro UCTI0Ib30-
BaTh CIIUCOK list nian ABYyCTOPOHHIOIO 0Uepens deque.

>>> from queue import LifoQueue
>>> s = LifoQueue()
>>> s.put('ectb')

' Cwm. gokymenranuio Python «queue.LifoQueues: https://docs.python.org/3.6/library/queue.html
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>>> s.put('cnatb')
>>> s.put('nporpammupoBaTtb ')

>>> s
<queue.LifoQueue object at 0x108298dd8>

>>> s.get()
'npozpammupoBams *

>>> s.get()
"chams '

>>> s.get()
‘ecms '

>>> s.get_nowait()
queue.Empty

>>> s.get()
# Bbnokupyem / oxudaem 6eCKOHE4YHO. . .

CpaBHeHue peanusaunin cteka B Python

Kak BbI yoeausch, Python mocrasisiercs: ¢ HECKOJIBKUMU peajn3aiisiMu
CTEKOBOU CTPYKTYPBI aHHBIX. Bce oHM 06JIa1a10T CilerKa Pa3imyaioniuMucs
XapaKTePUCTUKAMU, a TaKKe KOMIIPOMUCCHBIM COOTHOIIIEHUEM ITPOU3BO/1-
TEJIbHOCTU U TIPUMEHEHUSI.

Ecim Bam He HysKHa MOIEPIKKA MapaLIeIbHO 00paboTKY (MJIU BBl HE XOTUTE
obpabaThiBaTh GJIOKUPOBKY U CHsITHE OJIOKHPOBKK BPYYHYIO), TO Balll BBIOOD
CBOJIUTCA K BCTpoeHHOMY Tulty 1ist unum collections.deque. Pazuuiia gesxut
B UCIIOJIb3YEMOIT 32 KaJ[POM CTPYKTYPE JIAHHBIX 1 OOIIEil IIPOCTOTE MCIOTb30-
BaHWS:

O Crucok list noaep;KuBaeTcs IMHaAMIIECKUM MacCUBOM, KOTOPBIN JlelaeT
€T0 OTJUYHBIM BLIOOPOM JI7IsT OBICTPOTO MPOU3BOIBHOTO JOCTYIIA, HO TIPU
3TOM TpeOyeT HEPETYISIPHOTO U3MEHEHST Pa3MEPOB BO BPEMsT I0OABJIEHUST
nim ypanenus sjneMeHToB. CIIMCOK BbIJIEJISET U3JTUIIHIO PE3EPBHYIO
aMsTh, YTOOBI He KasKasl Ollepalisl BTaJIKMBAHUS U BbITAJIKUBAHKUS TPe-
GoBasIa MI3MEHEHWST PA3MEPOB, U JIJIsI ITUX OIEPAIHIT BBI TOJydaeTe aMOp-
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TU3UPYEMYIO BpeMeHHYI0 ciokHocTh O(1). OxHako BaM cienyer ObITh
BHMMATEJIbHBIMU U CTAPATHCS BBITIOJHATH BCTABKY U yaJIeHUE 2JIEMEHTOB
«C TIPAaBUJIBHOM CTOPOHBI», NCTOJIB3YsI MeTOIbI append () u pop(). B mpo-
TUBHOM CJIy4ae TPOU3BOIUTENBHOCTD 3aMeuTcst 10 O(n).

O /lBycroponuss ouepe/b collections.deque mosiep:KUBaeTCs IByHAIIPaB-
JIEHHBIM CBSI3HBIM CIIMCKOM, KOTOPBIN ONTUMU3NPYET M00ABJIEHUs 1 y/ia-
JIeHUsT ¢ 000UX KOHIIOB M 00eCIeYrBAET JIJIst HTUX Olleparuil CTabUIbHYIO
nipousBoiutenbHOCTh O(1). [IponsBoanTEIBHOCTD KJ1acca deque He TOJIBKO
crabujibHee, HO €ro TaKsKe Jierde UCI0JIb30BaTh, IIOTOMY YTO BaM HE TIPH-
XOJIMTCSI TIEPEKUBATD 10 TIOBOY M0OABIEHISI MU YAATEHIsI 9JIEMEHTOB
«He C TOTO KOHI[a».

Pesomupys, s noJsiarato, 4To IBYCTOPOHHSISI ouepenb collections.deque
npezicTaBisieT cOO0N OTJIMYHBIN BAPUAHT JIJISI PEAIN3alnn cTeKa (0Yepe/n
LIFO) na Python.

KntoyeBble BbIBOAbI

a PythOIl IIOCTaBJIAETCA C HECKOJIbBKUMHU peain3allusgaMM CTeKa, KOTOPbIE
O6JIaI[aIOT CJIETKa pa3/invyalonnmMHnCA XapaKTEPUCTUKaAMU ITPONU3BO/INTEIIb~
HOCTH U 0COOEHHOCTAMU UCII0Jb30BAHUA.

O /IBycroponHsist ouepe/ib collections.deque obecrieunBaeT He30MaCHY0O
1 OBICTPYIO pean3aliio cTeKa OOIIero MoJIb30BaHuUsL.

O Bcrpoennsiit Tun 1ist MOKET IPUMEHSTHCSI B KQUeCTBE CTEKa, HO CJIe/lyeT
cobJII0IaTh OCTOPOKHOCTH U 100ABJISITH U YAAJISTH 3JIEMEHTBI TOJIBKO TIPU
HOMOIIK MeTOZ0B append () 1 pop (), YTOObI M30€KaTh 3aMe/JIEHUST TIPOU3-
BOJIUTEJILHOCTH.

5.6. Ouepeam (c amcumnnuHon gocryna FIFO)

B aTtom paszesie BbI yBUINTE, KaK PEATN30BBIBATH OU€PE/lb, TO €CTh CTPYKTYPY
JlaHHBIX ¢ auctutmHon foctyna FIFO, ucnosb3yst TOJbKO BCTPOEHHbBIE TUIThI
JIAHHBIX ¥ KJIACChl U3 cTaHgapTHoi 6ubimoreku Python. Ho cnauasa nasaiite
BKpAaTIiie TOBTOPUM, 9YTO TAaKO€e OUYEPE/Ib.
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Ouepesb mpezicTaBisieT cob0ii KOJUIEKITUIO 00BEKTOB, KOTOPast TIOIEP/KUBAET
OBICTPYIO CEMAHTUKY JOCTYIIA «nepabim npuuter — nepevim ywens (FIFO — first
in, first out) nyist BectaBoK u yaasenuii. Oneparui BCTaBKY U yAaJeHIsT HHOTA
Ha3bIBAIOTCST OCMABUMb 6 0uepeds (enqueue) u yopams us ouepedu (dequeue).
B oTsinume oT CIIMCKOB MJIM MHOKECTB, OU€PE/IU, KaK TIPAaBUJIO, HE JOMYCKAIOT
IIPOM3BOJILHOIO I0CTYIA K 00bEKTaM, KOTOPBIE OHU COJIEPIKaT.

Hmxe I[IpuB€/leHa aHaJIOTuA AJIAd o4epe/in C I[HCHHHJIHHOﬁ AOCTYIIa «I1I€EPBbIM
I[IpuineJr — IEPBbIM yHIE/» N3 PEaJIbHOTI'O MUPa:

MpeactaBbTe oyepeab pa3paboTUMKOB-MUTOHUCTOB, OXMAAOLWMX MOonyYe-
HUS 3HayKa y4acTHMKA KOHdepeHuMn B AeHb permctpaumm Ha PyCon. Mo
Mepe npubbITUS HOBbIX YHAaCTHUKOB K MECTY NpOBeAEeHNS KOHbEepeHUUn OHK
BbICTPAMBAKOTCS B OYepeb, «CTaHOBSChb B €€ KOHEL», YTODObl NOy4nTb CBOU
3Hauku. YaaneHue (o6cnyxmBaHve) NpOUCXOAUT B Hayane odepeam, Koraa
pa3paboTynKM MNONYYaKoT CBOM 3HAYKM U MAKET C MaTepuanamv u nogapkamu
KOH(epeHLUMM 1 NOKNAAIOT oYepesp.

Eiite ot ¢1moco6 3aloMHUTH OCOOEHHOCTH CTPYKTYPbI TAHHBIX 04epedsb Co-
CTOUT B TOM, YTOOBI IPEICTABUTH €€ KaK KoHaelep:

HoBble anemMeHTbl (MONEKynbl BOAbl, TEHHWCHbIE MSYW, ...) BCTaBASIOTCS
B OHOM KOHLE M MpOXOAsT B APYroi, rAae Bbl UM KTO-TO APYron ux Bce
BpeMs yaanseTte. Koraa aneMeHTbl HaxoasTcs B odvepean (B TBEpAOW Me-
TannmMyeckoi Tpybe), Bbl HE MOXETE A0 HUX A06paThCs. EAMHCTBEHHLIN Cno-
cob B3aMMOAEWCTBUS C 3N1eMeHTaMM U3 oYepean 3ak/Tio4aeTcs B TOM, YTODbI
[06aBNATb HOBble 3N1eMEHTHI B KOHeL, (CTaBUTb B o4epeab) Wnv yaansTb
3MEeMEHTbI U3 Hayana KoHBelepa (ybupaTb U3 ouepeam).

Ouepen TOXOXKU HA CTEKU, M PA3HUIIA MEXKIY HUMU B TOM, KaK Y/AJISIOTCS
3JIEMEHTHI.

B ciyuae ¢ ouepenpio Bbl yaassieTe 3JI€MEHT, KOTOPbIil ObLI 100aBjieH B Hee
panbliie BceX (TIPUHITHATT «NepsbiM npuwes — nepsvim yuwens, uau FIFO); onna-
KO B CJIydae CO CTEKOM BBl y/IaJIsieTe 2JIEMEHT, KOTOPbIil ObLI 100aBJIEH B HETO
1037Ke BeeX (MPUHITNTT «NOCLeOHUM npuiies — nepevim yuieas, uiu LIFO).

C ToYKM 3peHns IPOU3BOAUTEIbHOCTH IIPE/II0IaraeTcsl, YTO HaJIesKalast
peasuzaiust odepenn Oyzer 3anumars O(1) BpeMeHr Ha Onepannuu BCTaBKU
U y/ajeHus. DTH JiBe BBIIIOJIHSIEMbIe C 0YepPe/IbIo Ollepalliy SBJSIOTCS TJ1aB-
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HBIMU, U [IPY [IPABUJIBHON peasnsaiiii OH1 00eCIednBaioT BHICOKOE OBICTPO-
JefcTBUe.

Ouepe/ i HaXOIAT MIMPOKOE IPUMEHEHHUE B aITOPUTMAX M HEPEIKO MOMOTAI0T
pelarTh 3a/[a4r MJIaHKPOBAHUS U [TAPaJIEJIbBHOTO TIporpaMMupoBanust. Kopor-
KU U KPACHBBIII aJITOPUTM € UCIIOJIB30BAaHUEM OYePe/IH TIPEACTABIEH MTOUC-
koM B mupuny (breadth-first search, BFS) na apeBoBuanoit min rpacdosoit
CTPYKTYpE JaHHBIX.

B anroputMmax njiaHupoBaHus BBIIIOJIHEHU 3a/1a4 BO BHYTPEHHEM IIPe/ICTaB-
JIECHUW HEPeKO MCIOJIb3YIOTCS odepeau ¢ npuoputetoM. OHU TpeacTaBis-
10T cO00ii CIeMaTN3UPOBAHHbBIE OUEPEII: BMECTO TTOJYUYEHUST CIIEAYIOIIETO
aJieMeHTa 10 BpeMeHU BCTaBKU Ouepe/ib C IPUOPUTETOM MOJIyYaeT 3JIeMeHT
C CamviM 8bICOKUM npuopumemom. [IpuopureT oT/IeTHHBIX 97IEMEHTOB OTIPejIe-
JIIeTcsl ouepeIblo, OCHOBAHHOM Ha IPUMEHEHHOM K MX KJII0YaM YIOPSIZI0YeHNH.
B caienyiomieM paszesie Mbl 00paTUMCSI K OUePEIsiM € TPUOPUTETOM U PAaCCMO-
TpuM OJIIIKe, Kak OHE peasnnsyioresi B Python.

OpHako B 0OBIYHON OUepein CoepKAIIUecs B Hell 9JIeMEHTHI He TePeyIopsi-
nouymrBaioTcs. TOUHO Tak ke, Kak U B IIPUMepe C KOHBEepOM, «BbI ITOJIyYNUTe
TOJIBKO TO, YTO Bbl BCTaBUJIN», U UMEHHO B TaKOM IIOPAIKE.

Python nmocraBiisieTcst ¢ HECKOTbKUMI PeaTn3alusiMU Ouepein, Kaxk/ast 13 KO-
TOPBIX 00J1a/1aeT HECKOJIBKO PA3IMUYAIOIIUMICS XapakTepucTrkaMu. /laBaiite
WX PACCMOTPUM.

list — y>kacHO MeeeenneHHas odepeib

B kauecTBe ouepeny MOKHO UCIIOJIb30BaTh OOBIUHBIN CIIUCOK, HO C TOYKH
3peHus MPOU3BOIUTEILHOCTUA TaKOe pellieHne He uaeanbHo!. Cucku as
9TOIA 1IeJIN JIOBOJIbHO MEIJIEHHBIE, [TOTOMY UTO BCTaBKa B HAYAJIO OYEPEIN UK
yIaJieHne dJ1eMeHTa BIEKYT 3a CoO0ii CABUT BCEX APYIUX dJIEMEHTOB Ha OIHY
mo3uiuio, Tpebyst O(n) BpeMeH!.

[ToaToMYy st He pekomendyro CIIOJIb30BaTh CIIUCOK B KAYeCTBE MMITPOBU3HPO-
BaHHOI ouepenn B Python (ecim TOIbKO BB He MMeeTe eJ10 ¢ HeGOIbIIIM
KOJIMYECTBOM 3JIEMEHTOB).

U Cwm. pokymenTanuio Python «IIpuMeHenne crmckoB B KayecTBe odyepeseii»: https://docs.
python.org/3/tutorial/datastructures.html#using-lists-as-queues
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>>>q =[]

>>> q.append('ecTtb')

>>> q.append('cnaTtb')

>>> g.append('nporpammmpoBaTb ')

>>> q
["ecTb', 'cnaTtb', 'nporpammupoBaTb’]

# OcmopoxHo: 3mo o4yeHb medsneHHAA onepayuA!

>>> q.pop(0)
‘ecms '

collections.deque — 6bICTpble U HAaAEXHbIE ovepean

Kiace deque peasnusyer oyepesib ¢ ABYCTOPOHHUM JOCTYIIOM, KOTOPast TI0/I-
nepskuBaer gobaBieHre W yaajeHne 3JeMeHToB ¢ Jiroboro koHma 3a O(1)
(Heamoprusupyemoe) BpeMst. [I0CKOJIbKY IBYCTOPOHHIE OYEPE/H OITHAKOBO
XOPOIIIO MOJIEPKUBAIOT T0OABJIEHIE U YA IeHIE SIEMEHTOB € JIF0OOTO KOHIIA,
OHM MOT'YT CJIy5KUTh B KQUeCTBE Ouepe/ieil U B KauecTBe CTEKOB'.

O6wnextnr Python deque peasin30BaHb! Kak IBYHATIPABIEHHbBIE CBSI3HBIE CITUCKN
(doubly-linked lists)% 9To npuaaeT UM MPEBOCXOAHYTO 1 CTAOUIBHYIO TPOU3-
BOJAUTEIbHOCTD JIJISI OTlepallvii BCTABKK 1 Y/IJIeHUs] 9JIEMEHTOB, HO TIPH 9TOM
mnoxyto O(7) IPOU3BOAUTENLHOCTD JIJIS IPOU3BOJILHOTO IOCTYIIA K 9JIeMEHTaM
B cepefiiHe OUepe/in.

Kak pesyJisrar, IBycTOpOHHsIsT ouepeb collections.deque GyieT Xopoimm
BBIOOPOM, €CJTN BBI MIIETE CTPYKTYPY AAHHBIX 0uepedb B CTAaHAAPTHON 6UbIHO-
teke Python.

>>> from collections import deque
>>> q = deque()

>>> q.append('ecTb"')

>>> q.append('cnaTtb"')

>>> qg.append( 'nporpamMmmpoBaTb ')

! Cwm. pokymenTario Python «collections.deques: https://docs.python.org/3.6/library/collections.
html#collections.deque

2 Cm. CPython «_collectionsmodule.c»: https://github.com/python/cpython/blob/master/Modules/_
collectionsmodule.c
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>>> q
deque(['ecTb', 'cnaTb', 'mporpammupoBaTb'])

>>> q.popleft()
‘ecme '

>>> q.popleft()
"cnamb '

>>> q.popleft()
"npozpammupoBams *

>>> q.popleft()
IndexError: "pop from an empty deque"

queue.Queue — ceMaHTUKa 6110KMpPOBaHMS
ANS napannesibHbIX BblYMCIEHNN

JlanHast peajiM3alis ouepesn B craHmaapTHoON 6ubimroreke Python cunxpo-
HU3MPOBAHA 1 00ECTIEYNBAET CEMAHTHKY OJIOKMPOBAHUS C TIETBIO TTOJIEPIKKH
MHOTOYHCJIEHHBIX TTAPAJLIEIbHBIX TIPOM3BOMTENEI U oTpeduTeeii!.

Monyab queue comepKUT HECKOJIBKO IPYTUX KJIACCOB, KOTOPbIE PEATU3YIOT
oYepen ¢ My IBTUIIPOU3BOAUTESIMI /MY JIBTUTTOTPEOUTEISIMHU, KOTOPBIE TITH-
POKO UCHOJIb3YIOTCS B [TapasljiesIbHbIX BBIUUCICHUSX.

B 3aBHCHMOCTH OT BAIllero BapHaHTa UCTIOJIb30BAHUS CEMAHTHKA GIOKNPOBa-
HUS MOXKET 0Ka3aThC [0JIE3HOM, 2 MOYKET HaKJIa/IbIBaTh HEHY KHbIE U3/IEP/KKHU.
B atom ciyuae B kKauecTBe ouepe/Ir O0IIero HasHaueHust JIydliie BCETrO UCIOb-
30BaTh ABYCTOPOHHIOIO ouepeb collections.deque.

>>> from queue import Queue
>>> q = Queue()

>>> q.put('ectb")

>>> q.put('cnatb')

>>> q.put('nporpammmupoBaTb ")

>>> q

! Cwm. pokymenraiuio Python «queue.Queues: https://docs.python.org/3.6/library/queue.
html#module-queue
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<queue.Queue object at 0x1070f5b38>

>>> q.get()
‘ecmb '

>>> q.get()
‘chams '

>>> q.get()
'npoapammupoBame '

>>> q.get_nowait()
queue.Empty

>>> q.get()
# Bnokupyem / oxudaem 6eCKOHE4YHO. . .

multiprocessing.Queue — o4yepean COBMECTHbIX 3aAaHuM

Takas peanusarus ouepe i COBMECTHBIX 3a/IJaHNUI TI03BOJISACT BBIITOTHATD I1a-
pasIeIbHyT0 00pabOTKY HAXOISIIUXCS B OY€PEIN JIEMEHTOB MHOTOYHCJIEHHbI-
MU TTapasuieibHbIMu pabounmu mporteccamu’. IIporeccHO-0OprueHTHPOBAaHHOE
pacnapaJieiBatue monyaspao B Python us-3a rio6anbHoii 6J10KMPOBKM
nnrepnperaropa (GIL), koTopas nmpensaTcTByeT HEKOTOPBIM (hopMaM mapasi-
JIEJTbHOTO MCIIOJIHEHUS B €/IMHCTBEHHOM IIPOliecce NHTEPIIPeTaTopa.

B kauectBe crenmnaan3MpoBaHHON pealusaluu o4epeay, NpeAHa3sHaYeHHO’
U1t OOMeHa IAHHBIMU MESK/Ly TIpoIieccamMit, odepesib multiprocessing.Queue
YIIPOTIAET pactipesiesienne paboThl 10 MHOTOYMCIEHHBIM TIPOIECCAM C IEJTBIO
npeozposenus orpanndenniit GIL. ToT Tui ouepeu MoxeT XpaHUTh U Tiepe-
naBaTh JI0O0I KOHCepBUPYeMblil (Mo/ysieM pickle) 0OBEKT Yepes TPpaHKIlbI
IIPOLIECCOB.

>>> from multiprocessing import Queue
>>> q = Queue()

>>> q.put('ecTb')

>>> g.put('cnatb')

U Cwm. poxymenTanuio Python «multiprocessing.Queues: https://docs.python.org/3.6/library/
multiprocessing.html#multiprocessing.Queue
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>>> q.put('nporpammmupoBaTb ")

>>> q
<multiprocessing.queues.Queue object at ©x1081c12bo>

>>> q.get()
'ecTb'

>>> q.get()
‘cnaTtb’

>>> q.get()
'nporpammupoBaThb '

>>> q.get()
# Bbnokupyem / oxudaem 6eCKOHE4YHO. . .

KntouyeBble BbIBOAbI

a Python comepsxut Heckompko peasmsaiuii ouepeieil B Ka4eCTBe COCTABHOM

HaCTU d/ipa A3blKa U €T0 CTaHﬂapTHOﬁ OMOJNOTEKN.

O OObeKThI-CIUCKHU 1ist MOTYT MCIOIB30BATHCS B KAYECTBE OUEPeIeit, HO
9TO OOBIYHO HE PEKOMEHIYETCS [IeJIaTh N3-3a HU3KOM ITPOU3BOIUTEb-

HOCTH.

Q Ecuu BbI He niiieTe MoIepKKy Mapaiie bHON 00paboTKY, TO peai3aris,
npeiaraemMast ouepesibio collections.deque, SIBJISIETCSI TPEBOCXO/IHBIM
BapMaHTOM II0 YMOJIYAHUIO JJIst peasnsaiui B Python cTpykTypsl maHHbIX
¢ qucuumanaoil gocryna FIFO, To ectb ouepeau. Ona obecrieunBaer xa-
PAKTEPUCTUKH TIPOU3BOIUTETHHOCTH, KOTOPbIE MOKHO OXKHUIATh OT XOPO-
el peasin3aiuy o4epe/in, a TakKe MOKeT IIPUMEHSIThCS B KaUeCTBe CTeKa

(ouepenu ¢ quctumuHon foctyna LIFO).

5.7. O4uepean c NpMOpPUTETOM

Ouepe/b ¢ TPUOPUTETOM TIPEICTABIISIET COOON KOHTEHEPHYIO CTPYKTYPY JlaH-
HBIX, KOTOpasi YIIpaBJsieT HaOOPOM 3alKCeil ¢ TOJTHOCTBIO YHOPSIIOUYEHHBIMU
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KJIIouyaMin’ (HaanMep, YHCJIOBbIM 3HAaYE€HUEM 66661) C I1€JIbIO obecrieyeHns Obl-
CTPOro A0CTYyIIa K 3allMCKh C HAUMEHbIIINM NJIN HanOOJIBIINM KJIIOYOM B Ha6ope.

Oqepez[b C IIPUOPUTETOM MOJKHO IIPEJACTAaBUTH KaK BUJOM3SMEHECHHYIO O4Y€PE/Ib:
BMECTO IIOJIYyYEHUA CJIEAYIOIIETO 2JIEMEHTA 110 BDEMEHN BCTaABKU OHA ITOJIy4Ya€T
IJIEMEHT C CAMbBIM BbLCOKUM NTPUOPUTIENMOM. HpI/IOpI/ITET OTAE/IbHbIX 9JIEMEHTOB
orpeaesiAaeTCa IPUMEHEHHBIM K X KJII04aM YIIOPA/0YE€HUEM.

Ouepenu ¢ TPUOPUTETOM MIMPOKO UCTIOJAB3YIOTCS 7SI PellieHus 3a/1ay T1a-
HUPOBaHUsI, HAIPUMED MPENOCTABIEHUS TIPEATIOUTEHUN 3a1a4aM ¢ boJiee
BBICOKOI1 aKTyaJIbHOCTBIO.

[Ipeacrasbre paboTy MJIAHUPOBIIMKA 3a/[a4 ONEPAIIMOHHON CHCTEMBL:

B naeanbHOM cnyyae BbICOKOMPUOPUTETHBIE 3aayM B cucteMe (Hanpumep,
urpa B KOMMbIOTEPHYIO Urpy B peanbHOM BpPeMEHW) AOMKHbI MMETb Mpes-
noyTeHne nepes 3aaadamu ¢ bonee HU3KUM NpUoOpUTETOM (HampuMmep, cka-
ymBaHue 06HOBNEHUI B (POHOBOM pexxume). OpraHu30BbIBasi MPeAcTosime
3a4auv B ovepefb C NMPUOPUTETOM, KOTOpast UCMOJb3yeT aKTyaslbHOCTb 3a-
[layv B KQ4ecTBe K/1oYa, NIaHMPOBLUMK 3aAa4 MOXET 6bICTPO BbibMpaTh 3a-
[laun € caMbiM BbICOKMM NPUOPUTETOM M AaBaTb UM BbINOMHATLCS B NEPBYIO
ouepesb.

B aTom pasjiesie Bbl yBUIUTE HECKOJBKO BAaPUAHTOB PeAJN3aIUU Ovepeieit
¢ mproputeToM B Python ¢ moMoIIbi0 BCTPOEHHBIX CTPYKTYP AaHHBIX JUOO
CTPYKTYP JIAHHBIX, KOTOPbIE MMOCTABJISIOTCSI BMECTE CO CTAHIAPTHOU OUOIIO-
tekoit Python. Kasknast peanmsariust 6yieT iMeTh CBOM COOCTBEHHbIE ITPENMY -
IIeCTBA ¥ HEJOCTATKH, HO, IO MOEMY MHEHUIO, B K&JK/IOM PAaCIPOCTPAHEHHOM
CIIEHapHUHU €CTh CBOW mobeauTesb. /laBaiiTe y3HaeM, 4To JIyudlie.

list — noanepxaHue copTupyemon ouepeamn BpyyHyto

Ber MozkeTe MCTI0Ib30BaTh COPTUPOBAHHBIIH CIIUCOK 1ist, KOTOPBIii TT03BOJISIET
OBICTPO WAEHTH(DUIIMPOBATD U YAAJSITh HAUMEHBIIUI UM HanOOJIBIIHIT HJ1e-
MenT. HeoctaTkoM siBIsieTCst TO, YTO BCTaBKA HOBBIX 3JIEMEHTOB B CIIUCOK
aBisgercs MenerHon O(n) omeparuen.

! Cwm. Bukuneauio «ITosHast ynopsimoueHHOCT>: https://en.wikipedia.org/wiki/Total_order
u https://ru.wikipedia.org/wiki/JInHeliHO_ynopsiaouyeHHOe_MHOXECTBO
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Hecmotpst Ha TO 4TO TOUKa BCTaBKK MOKeT ObITh HalizeHa 3a O(log n) Bpemst
C TIOMOIIIBIO a/IrTOpUTMa bisect.insort! crangapTHOI GUOJINOTEKH, HTO peliie-
HUe BCeTIa HaXOAUTCS BO BJIACTH MEIJIEHHOTO TI1ara BCTaBKU.

[Mopep:kanue yopsiio4eHHOCTH Ty TeM 00aBJIEHs B KOHEII CITICKA U Tiepe-
copTupoBKu Takxe 3anuMaet Munnmym O(n log n) Bpemenu. Eite onun Heno-
CTATOK — BaM IMPUIETCS BPYUHYIO 3200TUTHCST O IEPECOPTUPOBKE CITICKA BO
BpeMs BCTaBKU HOBBIX 2JieMeHTOB. [[pomycTB aTOT 111aT, MOKHO JIETKO BHECTH
oImmbKHU, ¥ OTBETCTBEHHOCTH 32 HUX Beeria Oy/IeT Ha Bac Kak Ha pa3paboTynKe.

HOBTOMy A Y6e>K,ZIeH, 4TO COPTHUPOBaHHbIC CIIMCKU ITOJXOJAT KaK oduepe/an
C IIPUOPUTETOM TOJIBKO B TEX CJIydasaX, KOI'/la BCTaBOK HEMHOTO.

q =[]

g.append((2, 'nporpammupoBaTb'))
g.append((1, 'ectb'))
g.append((3, 'cnmaTtb'))

# MPUMEYAHUE: He 3abydeme BbinosnHums nepecopmupoBky Bcakuli pas,
# Ko20a 0dobabBnaemcAa HOBbIl 3nemeHm, AubO ucnoav3ylime
# bisect.insort().
g.sort(reverse=True)
while q:

next_item = q.pop()

print(next_item)

# Pe3yaemam:

# (1, 'ecmb')

# (2, 'npozpammupoBams ')
# (3, 'chamb')

heapq — ABOMYHbIE KyuM HA OCHOBE CMMCKa

Jlannas peanusanus IBOMIHON Ky4r 0OBIYHO MOAKPEILIAETCS OOBIKHOBEHHBIM
CITMCKOM, U OHA MOJIIEPKUBAET BCTABKY ¥ U3BJICUCHIE HAMMEHBIIIETO SIeMEeHTa
3a O(log n) Bpemsi®.

U Cwm. mokymenTaiuio Python «bisect.insort»: https://docs.python.org/3.6/library/bisect.html
2 Cwm. nokymenranmio Python «heapqg»: https://docs.python.org/3.6/library/heapq.html
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ITOT MOLYJIb — XOPOIINI BHIOOD /IS peausaiui ouepe/eii ¢ IpUOPUTETOM
B Python. ITockosbKy qBOMYHASI Ky4ya heapq TEXHUYECKH 00ECIIEYNBAET TOJIb-
KO peanusaiuio min-heap (To ectb Ky4wu, rje 3HadeHue B 000N BepIluHe He
GoJIbIITe, YeM 3HAYEHUSI €€ TOTOMKOB), JOJIKHBI OBITH TIPETPUHSITHI 0TI
HUTEJIbHBIE TIark, KOTOpble obeceyar cTabuaIbHOCTh COPTUPOBKK U JPYTHe
(YHKIMOHAIbHBIE BO3MOKHOCTH, KOTOPbIE, KaK IPABUJIO, OKUIAIOT OT <IIPAK-
TUYECKON BEPCUM» OYePeH C IPHOPUTETOM .

import heapq
qa=[]

heapq.heappush(q, (2, 'nporpammupoBaTb'))
heapq.heappush(q, (1, 'ecTtb'))
heapq.heappush(q, (3, 'cnaTtb'))

while q:
next_item = heapq.heappop(q)
print(next_item)

# Pe3ysaemam:

# (1, 'ecmb')

# (2, 'npozpammupoBams ')
# (3, 'chams')

queue.PriorityQueue — KpacuBble ovepean C NPUopUTETOM

Jlannag peayusanust odepe/i ¢ TPUOPUTETOM BO BHYTPEHHEM TTPEICTABIEHITH
WCIIOTh3YeT ABOMYHYIO Kyuy heapq 1 UMeeT OMHAKOBYIO BDEMEHHYIO 1 TTPO-
CTPAHCTBEHHYIO BHIUUCIUTENBHYIO CIIOKHOCTH,

Paznuria coctonT B TOM, 4TO 04epe/ib C TPUOPUTETOM PriorityQueue CMHXPO-
HU3UPOBAHA U 00ECTIEYNBAET CEMAHTUKY OJIOKUPOBAHISI C TIEJTHIO MOIEPKKI
MHOTOYNCJIEHHBIX TTAPAJIIEIbHBIX TIPOU3BOIMTENEH U TOTPEOUTETEN.

B s3aBucuMocTu oT Baliero BapuaHTa MCIIOJIb30OBaHUA OHa 0o cTaHerT Io-
JIeSHOfI, ambo cierka 3aME/IJINT Ballly IIpOrpaMMmy. B mo6oM CJiydae Bbl MO-

U Cwm. gokymenTanuio Python «IIpuMeuanns Kk peasusainum 04epen ¢ IPUOPUTETOM»: TaM Ke.
2 Cwm. noxymenTaiio Python «queue.PriorityQueue»: https://docs.python.org/3.6/library/queue.
html
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JKeTe IpeJrodecTb nHTepdeiic Ha OCHOBe KJlacca, NpejjaraeMblii KiaaccoM
PriorityQueue, ucniosib30BaHmMI0 nHTEPGEica Ha OCHOBE (DYHKITUI, TIpejiJia-
raeMoro MozyJseM heapq.

from queue import PriorityQueue
g = PriorityQueue()

g.put((2, 'nporpammupoBaTb'))
g.put((1, 'ecTtb'))
gq.put((3, 'cnate'))

while not qg.empty():
next_item = q.get()
print(next_item)

# Pe3syaoemam:

# (1, 'ecmb')

# (2, 'npozpammupoBams’)
# (3, 'chamb')

KntoueBble BbIBOAbI

a Python comepikut HeckobKO peau3aluii ouepeseil ¢ MPUOPUTETOM, KO-
TOPBIE BBl MOKETE MCIOTb30BaTh B CBOMX ITPOTPAMMAX.

O Peanusanus queue.PriorityQueue BoIOMBaETCs U3 00IETO Psja, OTINYA-
SCh XOPOIINUM 0OBEKTHO-OPUEHTUPOBAHHBIM UHTEP(hENCOM 1 UMEHEM, KO-
TOPOE YETKO YKA3bIBAET HA €€ HAIIPABIEHHOCTh. Takas peayn3arins J0JKHA
OBITH ITPEAIIOYTHTETLHBIM BAPUAHTOM.

Q Ecuu tpebyercst usbeskarh usnepKek, CBI3aHHBIX ¢ OJIOKUPOBKOI ouepe-
I queue.PriorityQueue, TO HEIIOCPEACTBEHHOE MUCIIOJIB30BAHNE MOY-
Jist heapq Takske Gy/IeT XOPOIIUM BEIOOPOM.



LInknbl  ntepauunm

6.1. HannucaHme NMTOHOBCKUX LMKIOB

O/iMH 13 CaMBIX JIETKUX CIIOCOO0B OTJIMYUTH PAa3pabOTUUKA € OIIBITOM PabOTHI
Ha C-T10/I00HBIX SI3bIKAX, KOTOPBIiT COBCeM HezlaBHO neperen Ha Python, — mo-
CMOTPETbH, KaK OH IUIIET I[UKJIBL.

Hampumep, Besikmii pas, Korzia st BUKY (hparMeHT KOJa, KOTOPBIN BBITJISINT,
KaK MOKa3aHo HIKE, Cpa3y MOHNMAI0, YTO TYT IBITAJINCH TPOTPaMMHUPOBATh HA
Python Tak, 6yaro sato C nim Java:

my _items = ['a', 'b"', 'c']
i = @ while i < len(my_items):

print(my_items[i])
i+=1

Wrax, BbI cripaimBaeTe, 4To ke TAaKOTO HEITMTOHOBCKOTO B 3TOM (hparMenTe
Koja?
/IBe Bemu.

BO-HepBbIX, B KO/I€ BPYYHYIO OTCJIESKUBAECTCA NHACKC i — ero uHUIMAJIN3AIIUA
HYJIEM, a 3aT€M IIOCTECIIEHHOE YBEJIMYEHUE T10CJIE Ka)KHOﬁ nrepanuv nukKJjia.

W BO-BTOPBHIX, B KOJIe UCTIOJIb3yeTCsT (DyHKITUS len (), KOTopas ToJiyJaeT pas-
Mep KOHTeliHepa my_items, 4TOOBI ONPEIETNTH KOJTMYECTBO UTEPAITUIL.
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B Python MoHO mucaTh MIUKJIBI, KOTOPBIE CIIPABJISTIOTCST C ITUMU JIBYMsT 3a-
JladamMu aBroMatidecki. V1 Gy/IeT mpocTo 3aMedaTesibHO, €CJTH BbI BO3bMETE ATO
Ha Boopyxkenue. Harpumep, ecsin BameMy Koy He IPUAETCA OTCIEKUBATD HA-
pacTaromuii HAEKC, TO OyIeT HAMHOTO TPY/IHEE HAITUCATH HETIPeTHAMEPEHHDII
6GECKOHEUHBIN UK. JTO TaKKe C/IeIaeT MPOrPaMMHBII KOl O0JIee CiKaThIM
U [I03TOMY YZI000UNTAEMBIM.

Yrobbl pedhakTOpU30BaTh MEPBLINA TPUMEDP KOJIa, ST HAUHY € TOTO, YTO YAAJIO
(bparmeHT, KOTOPBIN BpyuHYyI0 00HOBIsIET MHeKe. B Python syurie Beero st
HTOTO MPUMEHUTH UK for, IIpu oMoIm BCTpoeHHON (habpruHOil hyHKIHN
range() s1 MOTY TeHEPUPOBATDH WH/IEKChl aBTOMATUUECKU:

>>> range(len(my_items))
range(0, 3)

>>> list(range(0, 3))
[e, 1, 2]

Tun range npezicTaBiisieT HEM3MEHSIEMYTO TTOCIEI0OBATEIBHOCTD Ynces. Ero
MIPENMYIIIECTBO Mepe/] OOBIYHBIM CITUCKOM 1ist B TOM, 4TO OH BCeT/ia 3aHMMaeT
OJIMHAKOBO HEOOJIBIIIOE KOJUYECTBO OnepaTuBHON maMsaT. OObeKThI-arara-
30HBI B IEUCTBUTEIBHOCTU HE XPAHAT OT/I€JIbHbIE 3HAUECHUS, TTPEICTABJSIONINE
YUCJOBYIO MOCJIEI0BATEbHOCTH, BMECTO 3TOTO OHU (DYHKIIMOHUPYIOT KaK
UTEPATOPHI ¥ BBIYUCJISAIOT 3HAYEHUST TIOCJIEI0BATETbHOCTH Ha X0y,

[ToaToMy, BMECTO TOTO 4TOOBI HA KasKI0i MTEPAINK IIUKJIA BPYYHYIO YBEJIH-
YMBaTh UH/EKC i, S CMOT BOCIOJIb30BaThCs (DYHKIIMEN range () ¥ HAIKCATh
YTO-TO MOJ0OHOE;

for i in range(len(my_items)):
print(my_items[i])

VYxe myuanie. OlHaKO 3TOT BapUAHT MO-TIPEKHEMY BBITJISIIUT HE COBCEM I10-
MUTOHOBCKH U OIIyIaeTcst GOJIbIle KaK MTepaTUBHASI Java-KOHCTPYKITHS, a He
Kak Hactosiuii 1k Python. Korza Bbl Buginte mporpaMMHbIil KO/, B KOTO-

U Y1065l IOMYYUTDH TAKOE SKOHOMHOE JIJIsI OTlepaTUBHON aMsATH rosenenue B Python 2, Bam
MPUIETCS UCTIOAB30BaTh BCTPOEHHYIO (DYHKIIMIO xrange (), Tak Kak GyHKIMA range() OGyner
B JICHCTBUTENBHOCTH KOHCTPYUPOBATh 0OBEKT-CITHCOK.
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POM JIJIS KTEPATUBHOTO 00X0/1a KOHTelHepa NCToJIb3yeTcst range(len(...)),
€ro, KaK IPaBUJIo, MOKHO ellie 60JIbIle YIIPOCTUTD U YJIYYIIITh.

Kak s yske ormeuad, iukibt for B Python B feiicTBuTEIbHOCTH SBISIOTCS
rkstamu «for each», KOTOpbIe MOTYT BBITIOJTHITH HETIOCPEACTBEHHBIN Mepe-
GOp 2JIEMEHTOB KOHTEITHEepa WJIH TTOCJIeI0BATEIbHOCTH (€3 HeOOXOAUMOCTH
MCKAaTh UX 10 MHEKCY. V1 aTOT (hakT g Mory 3a/1eficTBOBATS /711 JATbHENIIIEro
VIIPOIIEHUS 9TOTO IUKJIA:

for item in my_items:
print(item)

S cumTaro Takoe peleHye BIIOJIHE MTUTOHOBCKUM. B HeM nmpuMeHeHo HeCKOIbKO
MPOIBUHYTHIX (DYHKIIMOHATBHBIX cpesicTB Python, Ho ipu aTOM 0HO OCcTaeTcst
XOpOoIIM W YUCTBIM 1 YUTAETCA ITOYTU KaK IICEB/IOKO/L U3 y‘-Ie6HI/IKa 110 IIpO-
rpammupoBanuio. O6paTrTe BHUMAHHUE, YTO B ATOM IMKJIE OOJIbIIE HE OTCJIe-
JKUBAETCS pa3Mep KOHTEWHEePa, a i1 IOCTYIIA K AJIeMEHTaM He UCTIOIb3YeTCs
HapacTaIuil nHAEKC.

Ternepb KOHTEITHEP caM 3aHUMAETCs pasjiadyeil 9J1eMEHTOB ISl KX 00pabOTKU.
Ecam koHTeliHep ynopaaodet, TO U pe3yJIbTUPYyIonias 10Cae0BaTeIbHOCTD
aJIeMeHTOB Oy/ieT Takoi ske. Eciii KOHTelTHED He yrmopsiloueH, OH OyeT BO3-
BpallaTh CBOM 3JIEMEHTBI B IPOM3BOJILHOM IOPs/IKE, HO UK IO-TIPeKHEMY
OXBATHUT UX BCE MOJTHOCTBIO.

HyskHo ckaszarh, 4T0, KOHEYHO, BBI He Beeria OyieTe B COCTOSTHUY TIepenucarh
CBOW I[UKJIBI TAKKMM 00pa3oM. A 4TO, eCJid, HAIPUMED, BaM HYNHceH WHIEKC
3JIeMenTa?

[l TakuX cirydaeB ecTb BO3MOKHOCTD ITUCATh IUKJIIbI, KOTOPbBIE TTOJIEPKUBA-
10T HapacTaIoIil MHeKe, n3beras npuMeHenus mabjoHa ¢ range(len(...)),
OT KOTOPOTO s Bac TipejiocTeper. Berpoennast pyHKIns enumerate () TOMOXKET
BaM CJIeJIaTh MOJ0OHOTO PO/ia IUKJIbI Ge3yTIPEYHBIMU U ITUTOHOBCKUMI:

>>> for i, item in enumerate(my_items):
print(f'{i}: {item}")

N RO
Nn o w
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Heno B ToM, uto utepatopsl B Python moryT Bosspaiars Gosiee o1HOTO 3Ha-
yenusi. OHM MOTYT BO3BPAIATh KOPTEKU € TPOU3BOJILHBIM YMCJIOM 3HAYEHUH,
KOTOPBIE 3aTeM MOTYT ObITh PAaCHaKOBaHBI IIPSIMO BHYTPU MHCTPYKIK for.

ITO OYeHb MOIIIHOE cpe/icTBO. Hanprmep, TOT ke caMblii IIprueM MOKHO UCITOJIb-
30BaTh, YTOOBI B IIUKJIE€ OJIHOBPEMEHHO epeGpaTh KJIOYM U 3HAYECHUS CJIOBAPSI:

>>> emails = {
'bo6': 'bob@example.com',
'"Anuca'’: 'alice@example.com’,

}

>>> for name, email in emails.items():
print(f'{name} -> {email}")

'6o6 -> bob@example.com'
'Anuca -> alice@example.com’

Ectb emie oauu mpumep, KOTOPbIi 1 XoTes Obl BaM T0Ka3ath. UTo, eciin Bam
COBEPIIEHHO TOYHO HY:KHO HanucaTh C-1mogo0ubiii nuka? Hamnpumep, ecin
BaM TpeGyeTcs YIIPaBJIsTh Pa3MepOM Iara nHaekca? [IpeamonoKnm, 9To Bl
HayaJsIM co CJIeyIolero uKIa Java:

for (int i =a; i <n; i+=5) {
//

Kak aror mabmon nepeectu Ha Python? U cHOBa Ha BBIPYUYKY TPUXOAUT
dbyHK1Ms range() — OHa IPUHUMAET HeOOsI3aTeIbHbIE TapaMeTPbI, KOTOPBIE
YIIPaBJIAIOT HAYAIbHBIM 3HAUeHNeEM (@), KOHEUHBIM 3HaueHueM (n) U pa3MepoM
mara (s) nukia. [lepeoj ¢ Java va Python 6yzer Boiryisiers Tax:

for i in range(a, n, s):
# ...

KrntoyeBble BbIBOAbI

0 Hanucanue C-nogo6ubIX 1uk/a0B Ha Python cunTaercss HEIMTOHOBCKUM
criieM. Eciii 9T0 BOBMOKHO, cieyer n3beraTh Py4HOTO YIIPaBICHS HH-
JIeKCaMU 1IUKJIA ¥ YCJIOBUSIMU OCTAaHOBKHU.
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Q [Tukssl for B Python B geiictBuTenbrocTH siBaistioTest ukaMu «for eachs,
KOTOPBIE MOTI'YT HAIIPSIMYIO 1epeOupaTh 3JeMEeHThl KOHTEHHEPa WU 110-
CJIeZIOBAaTETbHOCTH.

6.2. OcMbICNeHne BKJTHOYEHUN

OnHO 13 MOUX JIIOOMMBIX (DYHKIIMOHAJIBHBIX CPEACTB si3bika Python — BrJro-
yeHust B cnucok!. Ha mepBblii B3TJISA 9Ta KOHCTPYKIUS MOXKET TMOKA3aThCs
HEMHOTO 3aTaJI0YHON, HO KOT/Ia BB PA3JI0KHUTE €€ TI0 TI0JI0YKaM, OHAa OKasKeTCST
OYEHb TTPOCTOM.

K04 K MoHMMaHuIIO KOHCprKHI/IIL/)I BKJIIOYE€HUA B CIIMCOK COCTOUT B TOM, UTO
OHU IIOTIPOCTY ABJIAIOTCA HUKJIAMU C O6XOI[OM KOJIJIEKIINU, BbIPA’KEHHBIMU ITPU
IIOMOIIHN 6oJ1ee CKaTOrO ¥ KOMIIAKTHOTO CMHTAKCHCA.

Takue cuHTaKCHYECKIe KOHCTPYKITUHU, WJTA CHHTAKCUYECKHUIT caxap, — HeOOJIb-
1as kparkas (popma 7151 4acTo UCI0JIb3yeMOl (PyHKIIMOHATBbHOCTH, KOTOPAst
JleJlaeT Hally POrpaMMHUCTCKYIO ITMTOHOBCKYIO XKU3Hb Jierde. B kayectse
IpuMepa BO3bMeM ITPUBEIeHHOEe HUIKE BKIIOYEHNE B CITUCOK:

>>> squares = [x * x for x in range(10)]
B Hem BbIumciigeTcs KBaJpaT BceX YMces B CIIUCKe OT HYJIS 710 IeBATH:

>>> squares
[0, 1, 4, 9, 16, 25, 36, 49, 64, 81]

Ec/ii 6b1 BbI XOTE/IM IOCTPOUTH TOT 7K€ CAMBIii CIIUCOK, UCIIOIb30BAB OOBIKHO-
BeHHbeI ITUKJI 'FOI", TO BbI, BepOHTHO, HallnucaJjn 6BI YTO-TO THUIIA 3TOTO:

>>> squares = []
>>> for x in range(10):
squares.append(x * x)

! Tepmus list comprehension Tak:ke epeBOAUTCS He COBCEM YAOOHBIM TEPMUHOM «CIIUCKOBOE
BKJIOUeHue>. [lesio B ToM, uto B Python, nomumMo BkItoUeHMsI COOCTBEHHO B CIIUCOK, €llle
CYIIECTBYIOT KOHCTPYKIIMU BKJIIOUeHst B croBapsb (dictionary comprehension) v BkitoueHust
B MHOKeCTBO (set comprehension). — ITpumeu. nep.
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[loBoJIbHO-TaKU TIPSIMOJTMHENHBIN IIUKJI, He TIpaBaa Ju? Eciu Bbl BepHETECh
U COIMOCTaBUTE IPUMEP C BKJIIOYEHUEM B CIIMCOK U BEPCUIO C IIUKJIOM for,
TO 3aMeTHTE OOIINE YEePThI, © B KOHEYHOM CYETE Y BaC MOSIBATCS HEKOTOPbIE
mabsonubl. O6OOIUB 3/1€Ch YaCTh O0OMIEH CTPYKTYPbI, BbI B UTOTE MPUAETE
K 11a0JI0HY, TIOXOKEMY Ha CJIELY FOTITHIA:

values = [expression for item in collection]

[IpuBeeHHbBINA BbIlle «IIAa0J0H» BKIIOYEHHUS B CIIMCOK 9KBUBAJEHTEH TIPeJ-
CTaBJIEHHOMY HUKe OOBIKHOBEHHOMY IIUKJTy for:

values = []
for item in collection:
values.append(expression)

3/1ech MBI CHavyaJjia HacTpanBaeM HOBBIN 9K3eMILJISAP cliUcKa 1ist, KOTOPBIi
MOJIYYUT BBIXO/HbIE 3HAYEHNUsI. 3aTeM MbI BBITIOTHsIEM 00XO0JT BCEX 3HAYEHMIT
B KOHTeIHepe, MPeoOpPa30BhIBast KayKIBIN U3 HUX TIPU MTOMOTIU TTPOU3BOJIb-
HOTO BBIPAKEHUsI, ¥ 3aTe€M /[00ABJIsIEM OT/I€IbHbIE PE3YJIBTAThl B BBIXOHOI
CITMICOK.

MBI uMeeM TUTIOBOI 11abJIOH B CTHIIE «(OPMBI JIJIsI TIEI€HbsI», KOTOPbIil BBI
MOJKeTe TPUMEHSITh KO MHOTUM THKJIaM for. ITOT mabaoH mpeaHasHadeH
ISt TIpeo6Pa3oBaHust IUKJIOB B KOHCTPYKITMIO BKJIIIOYEHUST B CIIUCOK, U Ha-
obopot. HysKHO cKazaTh, 4TO €CTb €Ile OJ[HO MOJIEe3HOE [OMOTHEHITE, KOTOPOE
MBI JIOJIKHBI BHECTU B 3TOT MIa0JIOH, 8 UMEHHO — (DUJIBTPAINsT DIIEMEHTOB 10
YCLOBUSM.

Bxtouenust B Cliucok MOTYT (l)I/UIprOBaTb SHa4YeHM:A, OCHOBbIBasChb Ha HEKOEM
ITPON3BOJIbHOM YCJIOBUU, KOTOPOE OIIPEAECJIAECT, CTAHOBUTCA PE3YJBTUDPYIOIIEE
3Ha4Y€HME YaCTbIO BbIXOAHOI'O CIIMCKa UJIN HET. HpI/IBe[[eM IIpuMep:

>>> even_squares = [x * x for x in range(10)
if x % 2 == 0]

JlanHOE BKJIIOUEHWE B CIIMCOK BBIYUCIUT CITMCOK KBA/IPATOB BCEX YETHBIX
LIEJIBIX YHCes OT HYJI 10 1eBATu. Vcnonb3oBaHHBIH 371€Ch ollepaTop ocTaTKa
(%) BO3BpAIIaeT OCTATOK I10CJIE JIeJIeHUs OJJTHOTO YKcIa Ha ipyroe. B nannom
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IIPUMEPE MBI €70 UCIIOJIB3YEM, YTOOBI TPOBEPUTD, SIBJISIETCSI JIH YHUCJIO YETHBIM.
U oHO nMeeT TpeOyeMbIil pe3yJIbTar:

>>> even_squares [0, 4, 16, 36, 64]

HoBoe BKJIIOY€HHE B CITUCOK MOKET OBITH MPe0OPA30BAHO B IKBUBATIEHTHBI
IUKJT for aHaJIOTHYHO IIePBOMY IIPUMeEpY:

even_squares = [] for x in range(10):
if x % 2 == 0:
even_squares.append(x * x)

JlaBaiite morpobyem erite cjierka 0000INUTh YKa3aHHBIN Bbilile MabJIoH, Tie
BKJIFOUEHIE B CIIUCOK TpaHchopMupyercst B ik for. Ha aToT pas Mbr cobu-
paemcst 106aBUTD B Halll aGJI0H (QUIIBTPYIOIIEE YCJIOBUE, KOTOPOE OMPEIETISIET,
KaKue 3HaYeHUsl TIONaAyT B BBIXOAHOI CIIMCOK. BOT 0OHOBJIEHHBIN MabI0H
BKJIIOUCHUA B CIINCOK:

values = [expression
for item in collection
if condition]

" CHOBaAQ, 9TO BKJIIOYE€HHNE B CIIMCOK MOJKHO Hpe06pa30BaTb B LIUKJI for C 1O-
MOIIbIO CJEAYIOIIETO HUIKE nrabJjoHa:

values = [] for item in collection:
if condition:
values.append(expression)

B ouepeaHoii pas 9o npeobpaszoBanue ObLIO MPAMOJTMHERHBIM — MbI IIPOCTO
HpUMeHIIM 0OHOBIEHHBI TUIIOBOH 1mabaon. Hazgeioch, Bce 910 paccesiio
YaCTh «Maruuy», CBSI3aHHOM ¢ TeM, Kak paboTaloT BKIIOYEHUs B crTucOK. OHE
IPEJCTABJISIIOT COOOIT TIOIE3HBIN MHCTPYMEHT, KOTOPBIII BCE TIPOrPaMMEPYIO-
re Ha Python pa3paboTumKu OKHBI YMETh TPUMEHSITh.

[Tpesxie 4eM MBI TO¥IEM JAJIbIlle, XOUY MTOA4epPKHYTh, uTo Python momaep-
JKMBaeT He TOJIbKO BKJIIOYEHUE B CNUCOK. B HeM Takyke MMeeTcst aHaIOTUIHbII
CUHTAKCUUECKUH caxap 7 MHONICECME U CLOBAPELL.



208 MnaBa 6 e Luknbl n ntepaumm

Bot kak BBITJIA/IAT 6KJIIOUEHUE 8 MHOMCECTBO:

>>> { x * x for x in range(-9, 10) }
set([64, 1, 36, 0, 49, 9, 16, 81, 25, 4])

B otsimume oT cimMcKoB, KOTOPbIE COXPAHAIOT IOPSAJ0K CIeJOBAHUA B HUX
9JIEMEHTOB, MHOKeCTBa Python nmeroT THII HeyOPSIZIOUEHHBIX KOJLIEKITA.
[TosTomy, kora BbI Gynere H00ABISITH 2JIEMEHTHI B KOHTEHHEP MHOKECTBA
set, BbI Oy/ieTe moJydaTh OoJiee-MeHee «CIIydaiiHbli» MOPSIOK CJeIOBAHMUSL.

A BOT 6x10UeHUe 8 closapb:

>>> { x: x * x for x in range(5) }
{0: 0, 1: 1, 2: 4, 3: 9, 4: 16}

Oba BKJTIOUEHUS SIBJISTIOTCS] BECbMA TTOJIE3HBIMU HHCTPYMEHTAMHU Ha TIPAKTHKE.
[TpaBza, oTHOCUTENBHO BKIIOYEHUH CJIe/lyeT ¢/ies1aTh O/HO IIPe/loCcTepeKeHune:
10 Mepe HAKOILJIeHHs OIIbITa UX IPUMEHEHUsI CTaHeT Bee Jierye U Jierye nucaThb
TPYZIHOYUTAEMBIiT TIPOrpaMMHBII Ko/, Ecsin Bbl He Oy/eTe 0CTOPOKHBI, TO
BCKOPE BaM, BO3MOKHO, IPUJIETCSI CTOJTKHYTHCS C UY/IOBUIIHBIMU BKJIIOYEHHU-
SIMA B CITUCOK, B MHOKECTBO U B ¢JioBapb. Ciie/lyeT IOMHUTD, YTO CJAUIIKOM
MHOTO XOPOIIero — ToKe IJI0XO.

[Tocie ponrux pazoyapoBaHUI JTMYHO S JJIs1 BKIIOUEHWH CTaBJIIO YepTy M0/ OJ1-
HIM YPOBHEM BJIOKEHHOCTH. S1 0OHAPYIKILI, YTO 32 ITUMU IPAHUTIAME B GOJIH-
IIUHCTBE cJiydaeB Jydiiie (MMest B BULy «OoJiee JIETKYI0 yI0O0UNTaeMOCTb>
u «boJiee JIeTKOe COMIPOBOKIIEHIE ) HCIIOJIB30BATD ITUKJIbI for.

KntoueBble BbIBOADI

O BxiroueHus B cmcOK, B MHOYKECTBO U B CJIOBAph SABJSIOTCS KIIOUEBBIM
(YHKIIMOHATBHBIM CPeCcTBOM si3bika Python. VIx monnmanme u npuMeHe-
HUE cIeJIaloT Balll IPOrPaMMHBIN KOl HAMHOTO 00Jiee MUTOHOBCKUM.

0 KonHcTpykimn BKIIOYeHNS TTIOIPOCTY SIBJISIIOTCS TPUYY/IIUBBIM CUHTaKCHYe-
CKHM caxapoM Jijist mabJioHa ¢ mpocThiM IukIoM for. Kak Tosibko BbI pasbe-
perech B 5TOM 11abJIoHe, TO PAa30BbeTe HHTYUTUBHOE TOHUMAHUE BKJIFOUEHHIA.

Q IloMuMO BKJITOUEHUIT B CIIMCOK €CTh U Apyrue Bu/ibl BKJIIOUEHU.
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6.3. Hape3ku CrnmckoB 1 CyLLUn-ornepaTop

B Python 00beKTHI-CIIUCKN NUMEIOT 3aMedaTesbHoe (DYHKIIMOHAIBHOE CPel-
CTBO, KOTOpOE HazbiBaeTcst Hapeskoil (slicing). Ero MoskHO paccMaTpuBaTh Kak
paciIpeHne CHHTAKCKCa MHIEKCAIUH C MCII0JIb30BaHIEM KBaJPaTHBIX CKOOOK.
Hapeska mmpoko ncrnonab3yercs i A0CTyla K Anana3oHaM (MHTepBaiaM )
3JIEMEHTOB BHYTPH YIOPSI0YeHHON KoJutekinu. Hampumep, ¢ ero moMoIbo
6OJIBIION 0OBEKT-CITMCOK MOKHO Hape3aTh Ha HECKOJbKO MEHBIINX 110 Pa3-
MepY TO/ICITUCKOB.

[Ipusexy pumep. B onepaiium Hape3ku UCIIOJIb3yeTCsI 3HAKOMbIN CHHTAKCUC
UHJEKCAIUN «[ ]» CO CIIeAyIONuM mabgoHOM " [Ha4ano:koHewy:war J»:

>>> 1st = [1, 2, 3, 4, 5]
>>> 1st
[1J 2) 3} 4: 5]

# Lst[Ha4ano:koHey:waz]
>>> 1st[1:3:1]
[2, 3]

JloGasiienvie nHaekca [1:3:1] BepHYJIO Cpe3 OPUTHHAIBHOIO CIIUCKA, HAYMHAS
C MHJeKca 1 U 3aKkaH4YMBasg UHAEKCOM 2, C pa3MEPOM I1ara, paBHbIM OJTHOMY
aemMenTy. UT0OBI M36€KATh OMMNOOK CMEIIEHNS Ha eIMHUILY, BAJKHO TOMHUTD,
YTO BEPXH4 TPAaHUIIA BCeT/la He yunThiBaeTcsl. VIMEHHO 1109TOMY B KauecTBe
[MOJICIIMCKA U3 cpe3a [1:3:1] Mbl ToJryuuiu [2, 3].

Ecsm yopaTh padmep mrara, To OH IIPUMET 3HAYEHHUE 110 YMOJYAHHIO, PABHOE
e/IMHuULIE:

>>> 1st[1:3]
[2, 3]

C mapameTpoM Imara, KOTOPBIN Takyke HasbiBaeTcst cosuzom (stride), MOKHO
nenaTh Apyrue nHTepecHble Benu. HampuMep, MOKHO cO3/1aTh TIOJICTIUCOK,
KOTOPBIH BKJIIOYAET KaK/[bIil BTOPOIT 9JIEMEHT OPUTHHAJIA:

>>> 1st[::2]
[1, 3, 5]
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310poBo, pasia? MHe HpaBUTCS HA3bIBATh ONIEPATOP < :» CYULU-ONEPAMOPOM.
BoIrmsauT Kak BOCXUTUTENbHBI MaKU-POJLT, Pa3pe3aHHbIil monosam. [Tomumo
TOTO YTO OH HAIOMUHAET BKYCHOE OJIIOI0 U MOJIyYaeT JAOCTYI K [Uara3oHaM
CITMCKA, Y HETO €CTh ellle HECKOJbKO MeHee U3BECTHBIX npuMeHeHui. /laBaiite
TOKaKY elile napy 3abaBHbBIX U MOJE3HBIX TPIOKOB ¢ HAPE3KOii crinckal

Ber Tos1bKO 4TO yBHIENN, KAK pa3Mep Iara HapesKu MOKeT HCIO0JIb30BaThCs
11t 0TOOPA KaxkKI0r0 BTOPOTO asieMenTa crrcka. Hy xoporo. Bot Bam ere xu-
TPOCTD: €CJIN 3AIIPOCUTD cpe3 [ : :-1], TO BBI OJIYYUTE KOIMUIO OPUTHHAIBLHOTO
CITUCKA, TOJBKO B 0OPATHOM TIOPSI/IKE:

>>> numbers[::-1]
[5, 4, 3, 2, 1]

M1 3arrpocusin Python sath HaM Bech cIucoK (: 1), HO IPU ATOM YTOOBI OH
npobesKajIcs 10 BCeM dJIeMeHTaM ¢ KOHIAa B HayaJslo, Ha3HAYMB pa3Mep Iara
paBHBIM -1. J[OBOJIBHO JIOBKO, HO B OOJIBIIMHCTBE CJyYaeB JJIsl TOrO, YTOObI
WHBEPTUPOBATH CIUCOK, I MO-TIPEKHEMY TIPUAEPKUBAIOCh MeTo/1a 1ist.
reverse() 1 BCTPOEHHON (DyHKINU reversed.

Bor npyroii Tprok ¢ Hape3Koil CIMCcKa: OlepaTop «:» MOKHO MCIIOJb30BaTh
JUIST y/IATIEHUST BCEX DJIEMEHTOB U3 CITUCKA, He Pa3pyiiasi caM 00beKT-CIUCOK.

ITO OYEHD TOJIE3HO, KOT/Ia HEOOXOAMMO OUUCTUTD CIIUCOK B IIPOTPaMMe,
B KOTOPO UMEIOTCS Ipyrue yKa3blBalolue Ha Hero cChlIKU. B aTom cirydae
HEPeJIKO BBl He MOKETe IIPOCTO OIYCTOLIUTD CIIMCOK, 3aMEHUB €r0 Ha HOBBIN
00BEKT-CIICOK, TOCKOJIbKY 9Ta oreparius He OyeT 0OHOBJISIT JAPYTHE CCHLIKH
Ha 9TOT CIIUCOK. U TYT Ha BBIPYUYKY IIPUXOUT CYHIN-OMEPATOP:

>>> 1st = [1, 2, 3, 4, 5]
>>> del 1st[:]
>>> 1st

[1

Kak Buznte, aTOT hparMeHT ynaseT Bce 9J1eMeHThI U3 1st, HO OCTaBIISIeT caM
00beKT-CIIUCOK HenoBpeskaeHHbIM. B Python 3 7151 BeIOTHEHMST TaKOI Ke
paboThI TaKKe MOKHO TPUMEHUTH MeTO/ 1st.clear (), KOTOPBIN B 3aBUCHMO-
CTH OT 0OCTOSTEIBCTB, BO3SMOKHO, OyaeT 6oiee ya1o00unTaeMbIM 11a0JI0HOM.
Opnako nmeiite B Buy, 9T0o Metof clear () orcyrcrByer B Python 2.
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[ToMnMO OUNCTKY CIIMCKOB, HAPE3KY TaKKe MOKHO UCIIOIb30BaTh /IS 3aMEHbI
BCEX 9JIEMEHTOB CITHCKA, He CO3/[aBasi HOBBIN 0OBEKT-CIIMCOK. DTO Uy/IeCHas
COKpallleHHas 3alKCh /IS OYUCTKY CIIMCKA U 3aTEM ITIOBTOPHOTO €r0 3aI10JIHe-
HUA BPYYHYIO:

>>> original_lst = 1lst

>>> 1st[:] = [7, 8, 9]

>>> 1st

[7, 8, 9]

>>> original_1lst

[7, 8, 9]

>>> original_lst is 1st
True

[TpuBesenHblil BbllIe IPUMeEpP KOJIa 3aMEHIJI BCe 2JIEMEHTHI B 1st, HO He YHUY-
TOXKUJI U BOCCO3/IaJI CITMCOK Kak TakoBOH. [1o aToil mpuuynHe cTapble CChIIKN
HA OPUTHHAIBHBIN 00BEKT-CIIMCOK TO-TIPEKHEMY J€HCTBUTEBHBIL.

W etre oiuH BapuaHT MCIOJIb30BAHUS CYIITU-0OIIEpaTopa — co3zianue (MeJIKuX)
KOIIUH CYTIECTBYIONINX CITUCKOB:

>>> copied_lst = 1st[:]
>>> copied_lst

[7, 8, 9]

>>> copied_lst is 1lst
False

COSZ[aHI/Ie MEJIKOU KON O3HAYa€T, YTO KOIIUPYETCA TOJIBKO CTPYKTYPpa aJie-
MEHTOB, HO HE€ CaMM 3JIEMEHTDbI. O6e KOoIuu CIIMCcKa COBMECTHO HCITOJNb3YIOT
ONMHAKOBbIE€ OK3EMILJIAPDBI OTAE/JbHbIX 9JIEMEHTOB.

Ecim Heo6Xoaumo poy6upoBaTh abCOMIOTHO BCE, BKIFOYAST U 3JIEMEHTBI, TO
HEOOXOIMMO CO3/IaTh 21Y060KYH0 KOO CIIUCKA. J[Jist 3TO 1eI MPUrouTcst
BCTPOEHHBIN MOy b Python copy.

KntoueBble BbIBOAbI

O Cymumm-omnepaTtop «:» MoJie3eH He TOJBKO /i1 0TOOpa MOACITUCKOB dJIe-
MEHTOB BHYTPHU crircka. OH TakKe MOXKeT MCI0Jb30BaThCs [IJIs1 OUUCTKH,
peBepPCUPOBAHUS U KOTTMPOBAHUS CITUCKOB.
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0 Ho caexyer 66T 0OCTOPOKHBIM — JIJIst MHOTHX paspabotunkos Python ata
(byHKIIMOHAIBHOCTD TPAHUYUT C YepHOU Maruell. Ee mpuMeHeHue MoxeT
cleaTh UCXOAHBIN KOJl MeHee JIETKUM B COTTPOBOXKIEHUH JIJISI BCEX OCTATTh-
HBIX KOJIJIET B Balllell KOMaH/Ie.

6.4. Kpacusble utepatopbl

MHe HpaBuTCst TO, Kak cuHtakcuc Python orsimuaercst cBoeil KpacoToii u sic-
HOCTBIO OT JIPYTHX sI3BIKOB IIporpaMMupoBanust. Harpumep, naBaiite BosbMeM
CKPOMHBIiT iuKJ for-in. Kpacora Python roBoput cama 3a ce6s1 — BbI MOKeTe
MIPOYNTATDH MTPUBEIEHHBIN HUKE MUTOHOBCKUI IIMKJI, KaK ecii OBl 9TO OBLIO
AHTJINICKOE TTPEIJIOKEHNE:

numbers = [1, 2, 3]
for n in numbers:
print(n)

Ho kak szeranTHble 1uKmaeckue KoueTpykimu Python paborator 3a kagpom?
Kakum 06pa3oM 9TOT IUKJI I0CTAET OT/e/IbHbIE 9JIEMEHThI U3 00bEKTa, UTepa-
IIUH 110 KOTOPOMY OH BbITIOJIHSIeT? Y Kak MOKHO TTO/I/IEP;KUBATH OJTMHAKOBbIN
CTHJIb TPOTPAMMHUPOBaHMsI B COOCTBEHHBIX 00bekTax Python?

OTBeTbI Ha 9TU BOIIPOCHI MOKHO HAWTH B 1npomokoie umepamopa Python: 06b-
€KTbl, KOTOPbIE TIO/ICPKUBAIOT IAHIEP-METOAbl __iter_ m _ next_ , aBTOMa-
TUYECKHU paboTaioT ¢ UKIaMu for-in.

O,Z[HaKO BHUKHEM BO BCe IIar 3a marom. TouHO Tak JKe€, KaK U €KOPATOPHI,
HUTEPATOPHI U CBA3aHHbIE C HUMUW METO/IbI Ha HepBbIﬁ B3IJVEAA MOT'YT IIOKA3aTbCA
JIOBOJIbHO 3ara/JO4YHbIMM 1 CJIOKHbIMM. HO(—)TOMy MbI 6y11€M BXO/IUTb B KypC
JicJjia ITOCTEIIEHHO.

B aTom pasjesie BB yBUINTE, KaK HAMcaTh HECKOJIbKO KiaccoB Python, ko-
TOPbIE TIOJIEP;KUBAIOT TPOTOKOJ nTepatopa. OHM MOCTyKAT B KAUECTBE «He-
MaruyecKuxX» MPUMEPOB W TECTOBBIX PeaTn3alnil, Ha OCHOBE KOTOPBIX MOKHO
VKPEIUTh U yIIAyOUTh CBOE IIOHMMaHUE,

[Tpesxsie Bcero Mbl COCPEOTOUMMCS HA KJIIOYEBBIX MEXaHU3MaX UTEPATOPOB
B Python 3 u omyctum m06bIe HEHYKHBIE CTOKHOCTH, YTOOBI BBl YETKO YBH-
JIeJT TT0BeJIeHre UTepaTopoB Ha (hyHAaMEeHTaIbHOM YPOBHE.
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A cBsKy Bce TIpUMeEpPBI ¢ BOIIPOCOM O TUKJIe for-in, ¢ KOTOPOTO MbI Ha4YaJIu
9TOT paseir. U B ero KoHile Mbl IIPOOEKUMCS 110 HEKOTOPBIM Pa3JIMymsIM, CY-
mecTBylonmmM Mesxay Python 2 u Python 3 orHocuTenbHO UTEpaTOPOB.

Torosni? Torna, noexamnn!

beckoHeyHoe noBTOpEeHue

Haunewm ¢ TOr0, 4TO HaNMIIEM KJIACC, KOTOPbIH JIEMOHCTPUPYET CKeJeTHbII
IIPOTOKOJI uTeparopa. Mcnonb3yemblil 3/iech IpUMep, BO3MOXKHO, 110 BUJLY OT-
JIMYAETCST OT TIPUMEPOB, KOTOPbIE BbI BU/IEJH B JIPYTUX MOCOOUSIX TI0 UTEPATO-
pam, Ho HabepuTech Teprienns. CUMTal0, 4TO B TAKOM BH/IE OH TIPEJOCTABUT BaM
GoJiee KOMIIETEHTHOE TIOHUMaHIE TOTO, Kak uTepatopsl paboraiot B Python.

B nocreyomnux HecKoIbKUX ab3arax Mbl COGMPAEMCs PeasI30BaTh KJIAcc, KO-
TOPbIIA MbI HA30BEM TIOBTOpUTEJIeM Repeater, uTepaluu 110 KOTOPOMY MOKHO
BBITIOJIHATD B IIUKJIE for-in cJeayonmmM 006pasoM:

repeater = Repeater('lMpuset')
for item in repeater:
print(item)

Kaxk cienyet u3 ero nMeHu, 9K3eMILJISIPBI Kiiacca Repeater 1pu ero nTepaTus-
HOM 06x0/ie Oy1yT HeM3MEHHO BO3BpaIllaTh eIMHCTBEHHOE 3HaYeHKe. [[oaTomy
[pPUBEAEHHBIN BbIIIe IpUMep Koga Oymer OeCKOHEYHO IeyaTaTh B KOHCOJIM
CTPOKOBBIN JuTepas 'Mpuset'.

Hauunas peanusaiuio, Mbl, IpeK/ie BCETO, OTPEEJUM U KOHKPETU3UPYEM
KJiacc Repeater:

class Repeater:
def __init__ (self, value):
self.value = value

def __iter (self):
return RepeaterIterator(self)

[Ipu mepBoHaYaTLHOM OCMOTPE KJIacC Repeater MOXO0K Ha 3ayPSIHBIN KJIacc
Python. Ho obpaTuTe BHIMaHME, YTO OH TaKsKe BKJIIOYAET METOZ __iter_ .
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Yro 3a 06beKT RepeaterIterator Mbl CO3/Ia€M ¥ BO3BPAIAEM U3 JIaH/EP-METO-
Ja__iter_? DTo BCIIOMOTATETBHBIN KJIACC, KOTOPBI HAM HYKHO OIIPE/IETUTh,
9TOOBI 3apabOTAJ HAIIl IPUMED UTePAInii B IuKJe for..in:

class RepeaterIterator:
def __init_ (self, source):
self.source = source
def _ next_ (self):
return self.source.value

U cHOBa, RepeaterIterator MOX0K Ha MPSAMOJUHENHBIH Kaace Python, Ho,
BO3MOKHO, BaM CTOUT ITPUHSTHh BO BHUMAaHWE CJIEIYIOIIIE /[BE BETIU:

1. BMerose __init__ MBI CBA3BIBAEM KaK/bIil 9K3eMILJISIP Kyiacca Repeater-
Iterator c 00beKTOM Repeater, KOTOPBIN ero co3zial. baarogapst atomy
MBI MOKEM JIEPIKATHCS 32 <UCXOAHBIN» 00BEKT, UTEPAI[UU 110 KOTOPOMY
BbBITTOJTHAIOTCA.

2. B RepeaterIterator. next__ MbI 3ajie3aeM Ha3a/l B <MCXO/IHBII» 9K3eM-
IJISIP KJlacca Repeater 1 BO3BpalllaeM CBSI3aHHOE C HUM 3HAYEHUE.

B sToMm nnpumepe kojia Repeater u RepeaterIterator paboTaioT 6mecme, 4To-
ObI TIOIJIEPKUBATH TIPOTOKOJ uteparopa Python. /IBa onpepesieHHbIX HaMK
JaHzep-Merona, _ init_ u_ next_ , ABJIAIOTCA [EHTPAJIBHBIMU B CO3/TaHIN
urepupyemoro oobekta Python.

Mbl paccMOTpUM OJIMKe 9TH JBa METOAA U TO, KaK OHU paboOTaI0OT BMECTe,
ocJie TOro, Kak HeMHOTO TTOOKCITEPUMEHTHPYEM € KOJIOM, KOTOPBIH y HAC
€CTb cenyvac.

JlaBaiiTe TIOATBEP/IVIM, 4TO 9Ta KOH(MUTYPAIIUS C IBYMSI KJIACCAMU J€HCTBUTEb-
HO cziesiasia OOBEKTHI K1acca Repeater COBMECTUMBIMU C UTEPAIUEN B IIHKJIE
for...in. JIJis1 5TOTO MBI CHauaJIa CO3/Ia[INM DK3EMILTISIP KJacca Repeater, KOTOPBII
Gy/eT 6ECKOHEYHO BO3BPAIIaTh CTPOKOBBIIL JiuTepast 'MpuseT':

>>> repeater = Repeater('NpuseT')

U terieps monpobyeM BBHITIOJTHUTE UTEPAIIH 110 0OBEKTY repeater B IIUKJE
for..in. UTo MPOM30ii/ieT, KOT/Ia BbI BBITTOJHUTE TPUBEAEHHBIN HUKe (hparMeHT
Koma?
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>>> for item in repeater:
print(item)

Touno! Bl yBuanTe, Kak Ha 9KkpaHe OyeT HariedaTaHo 'MpueeT' ... MHOTO pas.
OO6beKT repeater MPOIOJIKAET BO3BPAIIATH TO K€ CAMOE CTPOKOBOE 3HAYEHHE,
Y 9TOT IIUKJI HUKOT/a He 3aBepiiutcst. Harma HeGobiiast mporpamMma obpedeHa
neyataTh B KOHCOJIM 'MpuseT' 10 OECKOHEUHOCTH:

MpuseTt
MpuseT
MpuseTt
MpuseTt
MpuseTt

U TeM He MeHee IPUMHKTE TTO3/IPAaBJIEHUsT — BbI TOJILKO YTO HAarucau pabora-
foruii ureparop Ha Python u nmpumenwniu ero B riuksie for..in. ITOT UK Bee
ellle He MOKeT 3aBepPUIMTHCS... HO IIOKA UTO BCe U/leT HelIo0Xo!

Terepb MBI pa3jesM 3TOT MPUMEP HA YACTHU, YTOOBI MOHSATH, KAK METO-
abl__init_ w__next__ paboraioT BMeCTe, fesast o0bekT Python urepupyembim.

[TpodeccronanmbHbIil COBET: €cin BbI BBITOTHUIIN TIPEIBIYIINAN IPUMED B Ce-
arice Python REPL uu B TepmMuHasie 1 XOTUTE €70 OCTAHOBUTD, HAJKMHUTE CO-
geranue kiasuii Ctrl + C HeCKOJIBKO pas, 4TOObI BBIATH U3 OECKOHEYHOTO IIHKJIA.

Kak umknbl for-in pabotatot B Python?

Ha nannowm atarie y Hac ecTb KJjiacc Repeater, KOTOPBIi, HECOMHEHHO, TIOJIIEP-
JKUBAET IMIPOTOKOJI UTEPATOPA, M MBI ITPOCTO BBITOJIHUIN UK for..in, YTOObI
3TO I0KA3aTh:

repeater = Repeater('MpuseTt')
for item in repeater:
print(item)

WTak, uTo Ke 2TOT HUKJ for..in B IeHCTBUTEILHOCTH JejaeT 3a KagpoM? Kak
OH KOHTaKTI/IpyeT C O6T)€KTOM r‘epeater‘, I{TO6I)I A0CTaBaTb N3 HETro HOBbLIE
3JIEMEHTBHI?



216 MnaBa 6 e Luknbl n ntepaumm

YT0o6bI paccesiTh YaCTh ATOTO «BOJIIEOCTBAY, MBI MOKEM PACHIMPUTH TTHKJT
B CJIeTKa YAJIMHEHHOM (pparMeHTe Ko/ia, KOTOPBIH IaeT TOT Ke caMblii Pe3yJib-
Tar:

repeater = Repeater('MpuBeT")
iterator = repeater.__iter_ ()
while True:
item = iterator._ next_ ()
print(item)

Kaxk Buante, KoncTpyKiust for...in ObLIa BCETO JIMIIIb CHHTAKCUIECKUM Caxa-
POM 1711 IPOCTOrO KA while:

O IT1oT pparMeHT Koja cHadaja MmoAroTOBII OObEKT repeater K UTepaIii,
BbI3BaB ero MeTo/ __iter_ . OH BepHYJI (hakTUIeCKUil 00pekm-umepamop.

O ITocJie aTOro MUK/ HEOLHOKPATHO BbI3bIBAJI METOZ __next__ oObeKTa-uTe-
paropa, YToObI M3BJIEKATh U3 HETO 3HAUEHMS.

Ecimm BbI KOrma-1mm60 pabotaiu ¢ kypcopamu b6asvt dannvix (database cursors),
TO 9Ta MEeHTaJIbHAsI MOJIe/Ib OY/IeT BBIIISIETh OXOKE: Mbl CHAYa/Ia MHUIU-
aJIM3MPyeM Kypcop ¥ TOTOBMM €ro K YTEHUIO, a 3aTeM MOKeM JOCTaBJIATh U3
HEro JIAaHHbIE, OJIIH 2JIEMEHT 3a APYTUM, B JIOKAIbHbIE IIEPEMEHHbIE B HYKHOM
obbeme.

[TOCKOJIbKY «B aKTUBHOM COCTOSIHMM» HUKOT/IA He HaXOAUTCs Oosiee OHOTO
9JIEMEHTA, TOT IOAXO0/ YPE3BbIYAiiHO 9(PPEKTUBEH C TOUKYU 3PEHUSI ITOTPEOIs-
eMoil orepatuBHOIT mamsiTu. Harir kiace Repeater obecrieurBaeT 6eCKoHeuHy0
[I0CJIEI0BATENLHOCTD 9JIEMEHTOB, M Mbl MOKeM 0e3 1IpoOJIeM BbIIIOJHATD 110
HeMy uTepanuu. VIMUTamsa Toro e caMmoro Ipu nomomu cnucka Python
list Gblia Obl HEBO3MOKHON — IIPEsK/e BCEro, HeT HUKAKOW BO3MOKHOCTU
CO3/IaTh CIMCOK ¢ OECKOHEUHBIM KOJIMYECTBOM 2/1eMeHTOB. V1 910 nipespariaer
UTEPATOPbI B 0YeHb MOIIHYIO KOHIIEIHIO.

ToBopst GoJiee aOCTPAKTHO, UTEPATOPBI 0OECIIEYNBAIOT eUHbIIA UHTEpdeiic,
KOTOPBIi MO3BOJISIET BaM 00pabaThIBaTh KasKAbII 5JIeMEHT KOHTElHepa, 0cTa-
BasICh IIOJIHOCTBIO U30IMPOBAHHBIM OT BHYTPEHHEH CTPYKTYPbI MOCJIEHETO.

HNmeeTe 1 BBI A€JI0 CO CITMCKOM 9JIEMEHTOB, CJIOBapeM, OECKOHEYHOI 1ocIe-
J10BaTeJIbHOCTBIO, HAIIpuMep TaKOﬁ, KOTOpaia obecrieynBaeTcs HalllUM KJIACCOM
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Repeater, W IPYruM THUIIOM HOCJIEI0BATEIbHOCTH — BCE 9TO IIPOCTO JIeTaIn
peanuzaiui. DT 0GBEKTHI BCE /[0 €IMHOTO MOXKHO MPOXOIUTH TAKUM JKe 00-
pPas3oM TPU TTOMOIIIHA MOTITHBIX BO3MOKHOCTEH UTEPATOPOB.

Kax Bor ybenunnce, 8 Python Her Huuero ocobentoro B rukiiax for..in. Ecin
BbI 3aVISTHETE 32 KYJIMChI, TO YBUJIMTE, YTO BCE CBOMTCS K BHI3OBY MTPABUJIbHBIX
JlAaHJIEP-METO/IOB B HY;KHOE BPEMSI.

Ha camom zeste B ceance unrepiperatopa Python Mmox#o BpyuHyIo «amyim-
poOBaTh» TO, KaK IIUKJI UCIOJIb3YeT IIPOTOKOJ nTepaTopa:

>>> repeater = Repeater('lMpuseTt')
>>> iterator = iter(repeater)

>>> next(iterator)

"MpuBem '

>>> next(iterator)

"MpuBem’

>>> next(iterator)

"MpuBem’

ITOT hparMeHT KOJIa AeT TOT JKe CAMBIN Pe3yJIbTaT — OECKOHEUHBII TTOTOK
npuBeTcTBUi. Beskuii pas, Korzia Bbl BbI3biBaeTe next (), uTepaTop CHOBA Bbl-
JlaeT TO JKe caMoe IIPUBETCTBUE.

Mexny ipodnM, 371eCh S BOCIIOJIb30BAJICS BO3MOKHOCTBIO 3aMEHBI BBI30-
BOB __iter__ um_ next__ Ha BBHI30BBI BCTPOEHHDBIX B Python bynakmuii iter()
u next().

Ha BuyTpenneM ypoBHE 2TH BCTpPOEHHBIE (DYHKIIUW BBI3BIBAIOT TE K€ CaMble
JIAaH/IeP-MeTO/Ibl, HO OHU [IeJIAl0T IIPOTPAaMMHDII KO/l HEMHOTO CUMIIaTUYHee
1 GoJiee yI060UUTAEMBIM, TIPEIOCTABJISIS TPOTOKOJIY UTEPATOPa YUCTBIN «(a-
cazy.

Python npesiaraer atu hacapl TakxKe U st APyroi hyHKIoHanbHocTH. Ha-
npumep, len(x) aBisieTcst Kpatkoii hopMoii st BbizoBa X.__len_ . Touno Tak
Ke BbI30B (DYHKIMU iter(x) BbI3bIBaeT METO/ X.__iter_ , a BbI30B (pyHKIUN
next(x) BBI3bIBACT METOJ X.__next__.

B 1esiom Hertoxad ujiest MCob30BaTh BCTPOEHHbBIE (hacaiabie QYHKITNH,
BMECTO TOTO YTOObI HEIMOCPEACTBEHHO 00paIlaThCs K JaHAep-MeTodaM, pea-
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JIN3YIOIIUM IIPOTOKOJI UTEPATOPA. IJTO HAMHOTO yhpouraeT BOCIIpUATHUE NUC-
XOZHOI'O Ko/Ja.

Bonee npocToli knacc-utepaTtop

[lo aTOTO MOMEHTA HAIll IPUMEP UTEPATOPA COCTOST U3 ABYX OT/EIbHBIX KJIac-
cOB, Repeater 1 RepeaterIterator. OHM COOTBETCTBOBAIHN HETIOCPEICTBEHHO
JBYM (hazaM, UCIIOJIb3yEMBIM B TIPOTOKOJIE UTepaTopa Python: crauasa mosro-
TOBKE ¥ II0JIy4eHNI0 0ObeKTa-uTepaTopa Yyepes Bbi3oB (hyHKIUK iter(), a 3aTeM
HeOIHOKPATHOH JIOCTAaBKe U3 Hero 3HaYeHul yepe3 BhI30B (PYHKINH next ().

Bo MHOTUX caydasix obe amu yHKyuonaivtvle 003aHHOCMU MOKHO B3Ba-
JINTH HA OIUH-eIUHCTBEHHBIN KJIACC. TO MO3BOJIUT COKPATUTH 0OBEM TIPO-
TPaMMHOTO KO/a, HEOOXOMMOTO JIJIsl HAITUCAHUST UTEPATOPA, OCHOBAHHOTO
Ha KJlaccax.

1 pemt 5TOro He Jie1aTh ¢ IEPBBIM IIPUMEPOM B IAHHOM PasjieJie, IOTOMY 4TO
9TO BHECJIO Obl IIyTAHUILY B YUCTOTY MEHTAJIBHON MOJEIN B OCHOBE IIPOTOKOJIA
utepatopa. Ho Tenepp, Korua Bbl yBHIEIH, KaK [IMCATh UTEPATOP HA OCHOBE
KJ1accoB OoJiee 0JIruM 1 OoJiee CJI0KHBIM CII0COO0M, aBaliTe IIOTPATHM elle
MUHYTY, 4TOOBI YIIPOCTUTD TO, YTO Y HAC €CTh Ha JAHHBI MOMEHT.

[TomuwuTE, TIOUEMY HaM BHOBb TOTpebOBasICs Kiace RepeaterIterator? Oun

ObLI Hy KeH, YTOOBI TPUHATH METO/ __next__ JIJIst JOCTaBKY HOBBIX 3HAUCHI

u3 ureparopa. Ho mecmo onpenenenus meroga __next__ BoBce He UMeeT HU-

KaKoro 3HaueHus. B mpoTokosie uteparopa nuMeeT 3HaueHHe TOJbKO TO, UTO

MeTo/l __iter__ BozBparmaeT 000it 00BEKT ¢ OMPeIeIEHHBIM Ha HEM METOIOM
next__.

HOSTOMy unesa rakad: RepeaterIterator 6e3 KOHIIa BO3BpalllaeT OAUHaKOBOE
3HauYeHue, 1 OH He JIOJIKEH OTCJIEKUBATh HUKAKOEe BHYTPEHHEE COCTOSHUE.
Y0, €CJIM BMECTO 9TOTO JJ0OaBUTH METOZ, __next HEIIOCPEICTBEHHO B KJIaCC
Repeater?

Tem caMbIM MBI CMOTJIH OBI IIEJTMKOM M30aBUThCS OT RepeaterIterator u pea-
JIN30BATh UTEPUPYEMBIT OOBEKT IPU MOMOIIH OIHOTO-€IMHCTBEHHOTO KJIacca
Python. [laBaiite nonpobyem! Hai ipyiMep ¢ HOBbIM 1 YIIPOIIEHHBIM HTEPa-
TOPOM BBITJISIJIUT TaK:
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class Repeater:

def __init_ (self, value):
self.value = value
def __iter_ (self):
return self
def _ next_ (self):
return self.value

MpbI TOJIBKO UTO HEPENIN OT ABYX OT/IETBHBIX KJIACCOB U JECATH CTPOK KOJIa
BCETO K O/IHOMY KJIACCYy M ceMU cTpoKaM Kozia. Harma yripomennas peanmsannst
no-npexkuemy 6e3 mpobJIeM MOIEPKUBAET TPOTOKOJ HTEPATOPA:

>>> repeater = Repeater('NpuseT')
>>> for item in repeater:
print(item)

MpuseTt
MpuseTt
MpuseTt

oo

B 110106H0i1 onTUMHU3aIUK HTEpaTOpa Ha OCHOBE KJIACCa YacTo eCTh CMbICJIL [To
cyTH, 60JIBIIMHCTBO Tocobuii Python o ureparopam HauMHAETCS UMEHHO TaK.
Ho s Bceria uyBCTBOBAJ, 4TO O0BSCHSATH UTEPATOPBI OJHUM-€IUHCTBEHHBIM
KJIACCOM € CaMOT0 HavyaJia — 3HAUYUT CKPbIBATh OCHOBHbIE TIPUHIIUIIBI IIPOTO-
KOJIa UTEPATOPa U 10 9TOI IIpUInHe etite GoJIbIIe 3aTPYAHATh €ro IOHMMaHHe.

KT0 e 3axoueT 6e3 KOHL@ BbIMNONHATb UTEpaLIMM

Ha sTom aTane y Bac yske TOJIZKHO CITOKUTBCS IOBOJILHO XOPpolilee TOHUMaHue
TOrO, KaKk urepatop paboraer B Python. Ho moka uto Mbr peannsoBbiBaiu
TOJIBKO TaKUe UTEPATOPDI, KOTOPBIE TIPOIOJIKAIOT BBITIOIHITD UTEPAIUH Oec-
KOHEYUHO.

OueBujito, 6eCKOHEYHOE TIOBTOPEHIE HE SIBJISIETCSI TJIABHBIM BAPUAHTOM KC-
noJib3oBanust utepatopos B Python. Ha camom seste, Koraa Bbr 0OpaTutech
K CaMOMY HayaJly 3TOr0 pasjiesa, TO yBUJUTeE, YTO B Ka4yecTBe MOTUBUPYIOIIErO
nmpuMepa s UCIOoJIb30BaJ IPUBEICHHBIN HUKe (hparMeHT KoJa:
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numbers = [1, 2, 3]
for n in numbers:
print(n)

Bwr BripaBe oxxuaTh, YTO 3TOT KO BBIBEIET UYMCa 1, 2 U 3, a 3aT€M OCTaHO-
Butcs. Y BeposTHO, BBI He OKHUAETE, UTO OH 3aXJTaMHUT OKHO BAIlero TePMU-
Hasa, 6e3 ycTaan BBIBOJS «3», TIOKA Bl B JAMKOI MAaHWKE HEe HAUHETE KaTh
Ha Ctrl+C...

[Topa y3nath, Kak HamMcaTb UTEPATOP, KOTOPBII B UTOTE npekpaujaem rexe-
pPUPOBATh HOBBIE 3HAYEHUSI BMECTO BBHIIOJHEHUSI GECKOHEYHDBIX UTEPAIUi,
MOTOMY 4TO 9TO UMEHHO TO, YTO 00BIYHO JesatoT 00bekThl Python, Korma Mbr
HCIIOJIb3YEM UX B ITUKJIE for..in.

Ceiiuac MbI HAITAIIIEM €11le OJIUH KJIAacC UTEPATOPA, KOTOPHIN HA30BEM OTPaHU-
YeHHBIM IOBTOpUTEIeM BoundedRepeater. OH Oy/eT IOXOK Ha HALI IIPEbILY-
HIMi IpYMeEp € TOBTOPUTEIEM Repeater, HO Ha 9TOT pa3 Mbl XOTUM, YTOOBI OH
OCTaHaBJUBAJICS TOCJIE TIPEJOTPe/IeIeHHOI0 KOJTMYecTBa MOBTOPEHUH.

[laBaiite 3amymaemcs. Kak ato cienarb? Kak urepaTtop CUTHAIU3UPYET O TOM,
4YTO OH IIYCT U UCYEPIAJT IJIEMEHThI, BbllaBaeMble BO BpeMs BbBITTOJHEHUS
urepannii? Bo3dmoskHo, Bbl qymanu: «XM, MOKHO BepHYTb None 13 MeTO/1a
__hext__,  BCe».

U 3Haete, 3T0 HEIIOXas Uesl, HO IPOGJIeMa B CJIEAYIOIIEM: UTO eJIaTh, €CIn
HaM HY2CHO, 4TOOBI HEKHii uTepaTtop ObLII B COCTOSTHUN BO3BpalaTh None B Ka-
Y4eCcTBE TPUEMJIEMOTO 3HAUEHNST?

JlaBaiiTe IIOCMOTPHM, UTO JJIisl PEIIeHKs 9TON IIPOOJIEMbI JeJIaioT ApyTue
ureparopsl Python. 4 cosmam mpocToil KOHTEHED, CIIMCOK ¢ HECKOIbKIMM
aJIEMEHTaMM, a 3aTeM Oy/1y BBITIOJIHITH €r0 UTePATUBHBIN 00XOJI /10 TEX TI0P,
[IOKa OH He UCYEePIIAET 2JIeMEHTbI, YTOObI YBHUIETh, YTO IIPOU30I/IET:

>>> my_list = [1, 2, 3]

>>> iterator = iter(my_list)
>>> next(iterator)

1

>>> next(iterator)

2
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>>> next(iterator)
3

A teriepb ocTopo;kHO! MbI yIIOTPEGIIIN BCe TPH UMEIOTITNXCST B CITUCKE HJIEMEHTA.
Caere 3a T€M, 4TO TIPOU3OMJIET, €CJI €11le Pa3 BbI3BATh METO/] next UTepaTopa:

>>> next(iterator)
StopIteration

Ara! YT06BI MOIATH CUTHAJ O TOM, YTO MBI HCUEPITATH BCE UMEIOIHECs B MTe-
paTope 3HaueHU, OH BBI3bIBAET UCKIIOUeHe StopIteration.

Bce BepHoO: uTepaTopbl NCIOMB3YIOT UCKIIOYEHU I CTPYKTYPU3alUU 110~
TOKa yrpasJenus. YToObI TOaTh CUTHAT O 3aBEPIIEHUN UTEPAIINI, HTEPATOP
Python mmpocTo BbI3bIBaeT BCTpoeHHOE UCKIIOYeHE StopIteration.

Ecau g mpomosky 3ampammmBaTh 3HAUEHUS U3 UTEPATOPA, OH TTPOJIOJIKUT BbI-
3bIBaTh UCKII0OYeHUA StopIteration, CUTHAJIN3UPYS O TOM, YTO OoJibllle HeT
3HAYEHU, IOCTYITHBIX JIJIS UTEPATUIi:

>>> next(iterator)
StopIteration
>>> next(iterator)
StopIteration

Wrepatopsl Python 06b14to He MOTYT ObITH «OOHYJIEHBI» — KaK TOJHKO OHU
WCYEpIIaHbl, UM I10JIaraeTCA BbI3bIBATH UCKJII0OYeHNE StopIteration nmpu kax-
JIoM BbI30Be UX (pyHKIUHU next (). YToObl BOSOOHOBUTH UTEPAIIVH, BAM HYKHO
3aMPOCHUTD CBEXKIIT 0OBEKT-UTEPATOP MTPH TIOMOIIN (QYHKIMK iter().

Termeps MBI 3HaeM Bce, YTO HYKHO [JIs HAalMCAHUS HAIIeTo Kjacca
BoundedRepeater, KOTOPBII TIPEKpaIaeT UTePAINU TTOCJIe 3a/[aHHOTO KOJIU-
4ecTBA TOBTOPEHUT:

class BoundedRepeater:
def __init_ (self, value, max_repeats):
self.value = value
self.max_repeats = max_repeats
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self.count = ©
def __iter_ (self):
return self
def __next__ (self):
if self.count >= self.max_repeats:
raise StopIteration
self.count += 1
return self.value

U on paet Ham TpeOyeMblIii pe3ysibraT. MiTepaiuu nmpekparaoTcst moce psijia
ITOBTOPEHNIA, OTIPE/IEIEHHBIX B TTapaMeTpe max_repeats:

>>> repeater = BoundedRepeater('MpuBet', 3)
>>> for item in repeater:
print(item)
MpuseT
MpuseT
MpuseTt

Ecau nepenucatp 3TOT nocaeHuil mpuMep 1ukJaa for..in, ycTpaHuB 4acTb
CUHTAKCHYECKOTO caxapa, TO B UTOTe MBI IIOJy4YUM CJAeAYIOUUI HUKEe pac-
IMUPEHHBIN (PparMeHT Koja:

repeater = BoundedRepeater('MpueeT', 3)
iterator = iter(repeater)
while True:
try:
item = next(iterator)
except StopIteration:
break
print(item)

[Ipu kasxzoM BbI30Be (QyHKIUKU next() B 3TOM ITMKJIE MbI BBITIOJIHSIEM TTPO-
BEpPKY Ha UCKJIvyeHune StopIteration u npu HeoOXOMMOCTH BBIXOIUM U3
1MKJaa while.

BosMoxkHOCTb HanucaTbh TPEXCTPOUHBIN UK for..in BMECTO BOCBMUCTPOY-
HOTO 1TUKJIa while mpescTaBiisieT coOOH BIOJIHE XOpotiee yiydiienue. U B pe-
3yJIbTaTe TPOTPAMMHBIN KOJI CTAHOBUTCS MIPOIILE JIJIsI BOCIIPUSITUS U yI00Hee
B compoBoskeHnn. M a1o erme ogna nmpudmHa, modyemy B Python uteparopsr
SABJIAIOTCS TAKUM MOII[HBIM HHCTPYMEHTOM.
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CoBmecTuMoCTb € Python 2.x

Bce nmpumepsl Koja, KOTOpbIE 5 371€Ch TToKasal, ObLan Hanucanbl Ha Python 3.
CymiectByer oxHa HeGoJbIIasd, HO BaskHas pasHuma mexay Python 2
u Python 3 B ToM, 4TO Kacaercst peaj3anuu UTEPATOPOB HA OCHOBE KJIacca:

O B Python 3 meToz, KoTOpbIl N3BJIEKAET CiIeAyIOIee 3HAYeHNE U3 UTEPATOPA,
Ha3bIBaeTCd __next__;

o B Python 2 ot ke cambiii MeTo/ HasbiBaeTcst next (6€3 CUMBOJIOB TIO/I-
YEPKUBAHUS).

ITa pasHuila B 0003HAUECHUN MOKET MPUBECTU K HEOOJIBINOI 1pobieme mpu
MOTIBITKE THCATh UTEPATOPBI HA OCHOBE KJIacca, KOTOPbIE IOJUKHBI paboTaTh
B 06enx Bepcusix Python. K cuactbio, cymmecTByeT pocToil OAX0/, KOTOPbIiT
MOSKHO TIPUMEHUTD, YTOOBI 0O0UTH 9Ty PasHUILY.

Huke npuBeiera 00HOBJIeHHast Bepcust Kiacca InfiniteRepeater, KOTOpBIil
6yner paborath kak B Python 2, Tak u B Python 3:

class InfiniteRepeater(object):
def __init__ (self, value):
self.value = value

def __iter_ (self):
return self

def __next_ (self):
return self.value

# CoBmecmumocms c Python 2:
def next(self):
return self._next_ ()

Yto06bI cIeIaTh ATOT KJIacc-utepatop coBmectuMbiM ¢ Python 2, st BHec B Hero
JIBa HEOOIBIITIX U3MEHEHMS.

Bo-1miepBbix, s1 106aBUT METO/] next, KOTOPBIil TPOCTO BHI3BIBAET OPUTHHAIb-
HBIII METOJI __next__ 1 nepecbliaeT Bo3Bpalaemoe u3 Hero sHauenue. [lo cy-
HIECTBY, TEM CaMbIM CO3/Ia€TCS TICEBIOHUM JIJI CYTIECTBYIOINIEN peain3alum
MeTo/ia __next__ Jiist Toro, 4To6bl ero Haties Python 2. Biarogapst atomy Mbl
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MOKeM ToJIepKrBaTh 00e Bepcun Python, mpu aToMm coxpansist Bee hakTnye-
CKUe JIeTAJIA Peau3alini B OJIHOM MECTE.

N Bo-BTOPBIX, 1 MOAMGMUIIUPOBAJI OTIPE/IeIEHNE KJIacca, U TeTriepb OH HAaCJIelyeT
ot object, uToObI 0OeceunTh co3nanme Kiaacca Python 2 B HoBom cruiie. 1o
M3MeHeHue He NMeeT HUKAKOTO OTHOTIEHUST K UTepaTopaM, YTO COBEPIIEHHO
TIOHSTHO, HO, TEM He MeHee, SIBISETCS XOPOIIel MPaKTUKOM.

KntoueBble BbIBOAbI

a Wreparopsl npegocranlisiior o0bekTam Python nunrepdeiic mocenoBaren-
HOCTH, KOTOPBIN 3(h(HEKTUBEH € TOUKU 3peHHUst TTIOTPeO/IsIeMOii OTIepaTHBHOM
HaMTH ¥ KOTOPBIN CYUTAETCS YMCTO MUTOHOBCKUM. JI10OyiiTech KpacoToi
nukaa for ... in!

O Yrobsl nojgepKuBaTh UTEPAIUU, B 0OBEKTe J0JKEeH ObITh peajn3oBaH
npPoOmMoKoL umepamopa 3a caet obecredeHus TaHaep-MeToI0B __iter_
n__next_ .

O UrepaTopbl Ha OCHOBE KJacca SIBJSIIOTCS JIMIIb OJHUM U3 CIIOCOO0B Ha-
nmucanus ntTeprupyemoix 00bekToB B Python. Cirenyer taxkske paccMorpeTsb
reHepaTopbl U BblpaKeHHUsI-TeHePaTOPbI.

6.5. [eHepaTopbl — 3TO
YMpPOLLEHHbIE UTEpaTOpbI

B paszeJie, MOCBAIIEHHOM UTEPAaTOPaM, MbI IIOTPATUIN AOBOJbBHO MHOTO
BpPEMEHM Ha HallMCaHue uTepatopa Ha OCHOBE Kjacca. ITO ObLIO HEIIOXOM
ujeeil ¢ TOUKM 3peHusi 0OydeHus, HO UTePaTOp Ha OCHOBE Kjacca TakkKe
POJIEMOHCTPUPOBAJI, UTO HAIMCAHKE KJacca uTepaTtopa Tpedyer 6oJIbIio-
ro o6bema 1mabJI0HHOTO Kojia. VI ecsii TOBOPUTH 10 MpaBJie, TO KaK «JICHMH-
BOMY» pa3pa0OTYMKy MHE He HPaBUTCS YTOMUTENbHas U 0AHOOOpasHast
pabora.

U Bce xe UTEepaToOpbl OYEHDb ITOJIE3HDbI B PythOIl. OHU MO3BOJIAIOT UCATH
CUMIIaTUYHbIE IIUKJIbI for..in ¥ MOMOTAIOT /ieJIaTh KO/ 60J1ee TUTOHOBCKUM
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n a(b(beKTI/IBHbIM... ecJin Obl TOJIBKO He CyH1€eCTBOBaJIO 6osee yI[O6HOFO criocoba
I[MncaTb 9T UTEPATOPLI K3HAYAJTbHO.

Croprpus! Bor e on! B koropsrii pas Python nac Beipyuaer, nmpe/aras erie
HEMHOTO CHHTAaKCHYECKOTO caxapa, YTO0BI 00JIETIUTh HATIMCAHWE UTEPATOPOB.
B stom pas3jiesie Bbl YBUAUTE, KaK I[TUCAThb UTEPATOPDI 6bICTpee 1 C MEHbIIIUM
00BEMOM KO/1a, VICTIOJIB3YST 26HEPAmopbL M KJIIOUEBOE CJI0BO yield.

BeckoHeuHble reHepaTopbl

[laBaiiTe HauHEM C TOTO, YTO MTOCMOTPUM eIlle Pa3 Ha MPUMEpP € KJIACCOM
Repeater, KOTOPBIil s yKe MCIOJIB30BAJ, YTOOBI IIO3HAKOMUTH Bac C uieei
uTepatopoB. B Hem peasnsoBaHa ureparuBHas 06pabOTKa HECKOHEUHOIT 110-
CJIeI0BATeIbHOCTU 3HAYEHUI Ha OCHOBE KJiacca. BOT Tak aTOT KJracc BbITJISIIEN
B CBOei BTOPOH (YIIPOIIEHHON ) Bepcuu:

class Repeater:
def __init_ (self, value):
self.value = value
def __iter_ (self):
return self
def __next_ (self):
return self.value

Ecau BBI iymMaeTe, 94TO <7711 TAKOTO TIPOCTOTO UTEPATOPA TYT JIOBOJBHO MHOTO
HCXO/IHOTO KOJ[a», TO BbI aOCOMIOTHO TipaBbl. HekoTopbie yacTu aToro Kiacca
KaXKyTCsl JOBOJIBHO CTEPEOTUITHBIME, KaK OYTO OHH MEPEHOCUIIHCH IO/ KO-
MMUPKY C OJTHOTO UTEPaTOpa Ha OCHOBE KJlacca Ha JIPYTOI.

U BoT r/ie Ha ClieHy BBIXOAAT 2enepamoput Python. Eciu st mepenuiiny atot
KJIACC UTEPATOPA B KAUECTBE TEHEPATOPA, TO OH OY/IET BBITJISIETD TaK:

def repeater(value):
while True:
yield value

MBI TOJIBKO UTO MEPEnLiv OT CEMU CTPOK Kojia K TpeM. Herroxo, nmpaBma? Kak
BUJINTE, TeHEPATOPHI TOXO0KN Ha OOBIYHBIE (DYHKIIMH, HO BMECTO HHCTPYKITUN
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BO3Bpara return B HUX /I [IepeJadyn JaHHbIX Ha3a/[ UCTOYHUKY BHI30BA UC-
MOJIb3YETCA MHCTPYKINA yield.

Byner nu aTa HOBast peanunsanusi reHepaTopa Mo-rmpekHeMy pa6OTaTb TakK
JKe, KaK 1 Halll UTepaTop Ha OCHOBe KJacca? /laBaiiTe CTpSIXHEM IIBLIb C TECTA
B 1IUKJIE for..in, YTOOBI 3TO BBIICHUTD:

>>> for x in repeater('Mpuset'):
.. print(x)

"MpuBem’
"MpuBem’
"MpuBem’
"MpuBem’
"MpuBem’

Jla! MbI mo-mipeskHeMy 6e3 KOHITa TPOKPYYNBAEM B IINKJIE HAIIIN TPUBETCTBUS.
ITa HaMHOTO 60JIee KOPOTKAS PEATM3AIIUST 2eHEePAmopa, 1o BCeil BUIMMOCTH,
BBITIOJTHSIETCST TAKKM ke 00pa3oM, 4To 1 Kiacc Repeater. (He 3a0y/i6re HaxKaTh
Ctrl+C, ecit XOTUTE BBIITH U3 GECKOHEYHOTO IIUKJIA B CEAHCE MHTEPIIPETATOPA. )

Wrak, Kakum ke 06pa3oM aTH reHepatopbl paboTaior? OHU TOX0KU Ha HOP-
MaJibHble (PYHKITNHT, HO UX MTOBe/leHre oueHb pasianydaetcs. Haunem c Toro, uto
BBI30B (DYHKIMI-TeHEepaTopa BoobIe He BoosHseT GyHKimio. OH TpocTo
CO3/IaeT 1 BO3BPAIIAET 006eKM-2eHepamop:

>>> repeater('di1')
<generator object repeater at 0x107bcdbf8>

[TporpammHubBIil KO/ B DYHKIIUU-TeHEPATOPA UCIOJIHIETCS TOJBKO TOT/IA,
Koria hyHKius next () BBI3BIBAETCS ¢ 0OBEKTOM-TEHEPATOPOM B KAUeCTBe
aprymesTa:

>>> generator_obj = repeater('3i1')
>>> next(generator_obj)
35

Ecam BoI ertie pa3 mpounTtaere ko GyHKIINY repeater, TO yBUUTE, UTO, Cy/1sd
10 BCEMY, KJII0UYeBOEe CJIOBO yield KaKMM-TO 00pa3oM OCTaHABIMBAET Ty
(byHKIMIO-TeHepaTOp MocepeInHe NCTIOJTHEHUS, a 3aTeM BO30OHOBJISIET ee Ha
6oJiee TIO3[HEM JTalle:



6.5. MeHepaToOpbl — 3TO YNpOLUEHHbIE UTEPATOPbI 227

def repeater(value):
while True:
yield value

WU 310 BrioJIHE TOAXOASIIAS MEHTATBHAST MOJIEJTh TOTO, UTO 3/1€Ch TTPOUCXOJIUT.
[leso B TOM, UTO, KOT/Ia MHCTPYKIIMS return BbI3bIBaeTCS BHYTPU (PYHKIINH,
oHa 6€3BO3BPATHO TePe/laeT yIpaBIeHe Ha3a/l HICTOYHUKY BbI30Ba (DYHKITUH.
Korpna >xe BbI3bIBaeTcsl UHCTPYKIMS yield, oHa ToXKe IepesaeT ypaBiieHue
Ha3a/l ICTOYHUKY BbI30Ba (DYHKITNU — HO OHA 3TO JIeJTaeT JTUIIb 8PEMEHHO.

B orinuune or MHCTPYKIMU return, KOTopas U30aBJIseTCs OT JOKAJIbHOIO
coctogHus HYHKIUU, THCTPYKIUS yield mpuocTaHaBanBaeT hyHKIIUIO U CO-
XPaHSIET ee JIOKAJIbHOE cocTosTHNE. Ha mpakTHkKe 9TO 03HAYAET, YTO JIOKAIbHBIE
nepeMeHHbIe W COCTOSTHIE UCTIOJTHEHNST (DyHKITNU-TeHepaTopa JIUIITh OTKJIa-
JIBIBAIOTCST B CTOPOHY U He BBIOPACHIBAIOTCS MOJHOCTHIO. VICIIOTHEHE MOKET
OBITH BO30GHOBJIEHO B JII000E BPEMsI BBI30BOM (DYHKITUH next () ¢ TeHEepaTopoM
B KaueCTBe apryMeHTa:

>>> iterator = repeater('NpuseT')
>>> next(iterator)

"MpuBem’

>>> next(iterator)

"MpuBem’

>>> next(iterator)

"MpuBem’

ITO JleJIaeT reHepaTopPhbl TOJHOCTBIO COBMECTUMBIMU € ITPOTOKOJIOM UTepaTopa.
[To aTolt MpUYMHE MHE HPABUTCS TIPECTABIATD UX MTPEK/IE BCETO KaK CMTHTAK-
CUYeCKUI caxap JJIs1 peajusaliiu UTepaTopos.

Bol yOenuTech, 4T0 B OTHOIIIEHUY GOJIBITIHCTBA TUIIOB UTEPATOPOB HAITUCAHIE
(dbyHKIMU-TeHepaTopa OYIeT TPOIIle, a BOCIIPUSTHE JIeTUe, YeM OIpejieieHIe
MHOT'OCJIOBHOI'O UT€paTOpa Ha OCHOBE KJIacca.

[eHepaTopbl, KOTOpbIE NMPEKpaLLaloT reHepaLmio

ITOT pasjiesi Mbl HAYaJIu € TOTO, UTO ellle Pa3 HAINCAIN OeCKOHeu bl TEHEPa-
Top. Celiyac Bbl, BEpOSITHO, 3a/l1aeTeCh BOIIPOCOM, Kak HalucaTh reHeparop,
KOTOPBI Uepe3 HeKOTOpoe BpeMs TIpeKpalaeT MopokKAaTh 3HAUEHNUST BMECTO
TOT0, 4TOOBI €3 KOHIIA TPOIOJIKATD 3TO JEJIaTh.
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HanomuuM, 4To B HallleM nTepaTope Ha OCHOBE KJacca Mbl CMOIJIHN 110/1aTh
curHas 06 OKOHYaHUM UTEPAIUI ITyTeM BbI30Ba UCKJIIOUeHKs StopIteration
BpyuHylo. [TockoIbKy renepaTopbl OJHOCTBIO COBMECTUMBL C UTepAaTOPaMU
Ha OCHOBE KJIACCa, 32 CIIEHON Oy/IeT MO-TIPEKHEMY ITPOUCXO/UTH TO JKe CAMOE.

K cuactpio, Ha 3TOT pa3 Mbi OyeM paboTtath ¢ 6oJiee PUSATHBIM HHTEPhEHCOM.
[eHepaTops! MPEKPAIIAIOT TTOPOKIAATH 3HAYEHNUST, KaK TOJIBKO TIOTOK yIIPaBJie-
HUS BO3BpaIiaeTcst u3 hyHKIMU-TeHepaTopa KaKuM-au60 UHBIM CTI0co00M,
KpPOMe UHCTPYKINK yield. DTo o3HaUYaeT, 4TO BaM GoJIbIie BOOOIIE He HY;KHO
3a00TUTHCS O BBI30BE UCK/IIOUEHUS StopIteration!

[Ipusexy ipumep:

def repeat_three_times(value):
yield value
yield value
yield value

OG6paTuTe BHUMaHKE: 9Ta (QYHKIUS-TEHEPATOP HE COAEPKUT HUKAKOTO TIHKJIA.
B nefictButebHOCTH OHA MTPOCTA KaK OOKUU JI€Hb U COCTOUT BCETO M3 TPEX
uHCTPYKIUK yield. Eciu yield BpeMeHHO MPUOCTAHABIMBAET BHITIOJTHEHUE
(ynkiuu u nepesaeT 3HayeHe Ha3ajl UCTOYHUKY BbI30Ba, TO UTO IIPOU30M/IET,
KOT/la Mbl IOCTUTHEM KOHIIa 3TOTo TeHepatopa? /laBaiiTe y3naewm:

>>> for x in repeat_three_times('Bcem npuseTt'):
print(x)

'Bcem npuBem'

'Bcem npuBem'

'Bcem npuBem'’

Kak Bbl, BO3MOKHO, 1 OKUIQJN, STOT TeHEPATOP MPEKPATUII TOPOKIATh HOBbIE
3HAYeHMs Tocse Tpex ureparuii. MosKHO Ipe/ oo KUTD, 9YTO OH 3TO CIeJIa
IIyTeM BBI30Ba UCKJIIOYeHud StopIteration, Korjna UCHoJHeHNEe JOCTUTIIO
konIa pyukin. Ho uToObI OBITH 10 KOHIA YBEPEHHBIMH, JIaBaliTe TIOATBEPIIM
3TO ellle OJIHUM 3KCIIePUMEHTOM:

>>> iterator = repeat_three_times('Bcem npuBeT')
>>> next(iterator)

'Bcem npuBem'

>>> next(iterator)
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'Bcem npuBem'
>>> next(iterator)
'Bcem npuBem'
>>> next(iterator)
StopIteration
>>> next(iterator)
StopIteration

ITOT uTeparop BeJi cebst IMEHHO TaK, KakK MbI ¥ O;Kkujias. Kak ToJIbKO MbI J10-
cTuraeM KoHIa (hyHKITUU-TeHepaTopa, OH HAauMHaeT BbI3bIBaTh StopIteration,
CUTHAJIM3UPYS O TOM, YTO y HEro OOJIbIlIe HET 3HAYECHMIT, KOTOPhIE OH MOT ObI
IIPEJIOCTABUTD.

JlaBaiiTe BepHEMCS K ellie O[HOMY TIprMepy U3 paszesa 00 ureparopax. Kimace
BoundedIterator peaJiM30Bas UTEPATOP, KOTOPHII 6leeT IIOBTOPSITH 3HaY€HUE,
3aJlaHHOE OIIPE/IeJIEHHOE KOJIMYECTBO pas3:

class BoundedRepeater:
def __init_ (self, value, max_repeats):
self.value = value
self.max_repeats = max_repeats
self.count = @

def __iter_ (self):
return self

def __next_ (self):
if self.count >= self.max_repeats:
raise StopIteration
self.count += 1
return self.value

[Touemy ObI He TOIPOOOBATH PpeaM30BaTh Kace BoundedRepeater 3aHOBO Kak
dbynknuo-reneparop? Cresaio nepByo MONBITKY:

def bounded_repeater(value, max_repeats):

count = @
while True:
if count >= max_repeats:
return

count += 1
yield value
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A mpennamepenHo caesa MUK while B 9TOM (DyHKITUN HECKOJBKO TPOMO3/I-
KuM. Sl XoTes TPo/IeMOHCTPUPOBATH, KAK BI30B MHCTPYKIIUK return u3 Te-
HepaTopa MPUBOJIUT K OCTAHOBKE UTEPAINi C UCKJItoUeHneM StopIteration.
MpbI BCKOpe TIOIYUCTAM | e1lle HEMHOTO YIIPOCTUM 3Ty (hYHKITUIO-TEHEPATOP,
HO CHavaJia JlaBaliTe UCIBbITaEM TO, UTO Y HAC eCTh ceifuac:

>>> for x in bounded_repeater('Mpuset’', 4):
.. print(x)

"MpuBem’
"MpuBem’
"MpuBem’
"MpuBem’

Benukonenno! Terepb y Hac ecTh reHepaTop, KOTOPBIH MpekparniaeT mo-
pPOK/IaTh 3HAUEHUS T0CJ]e HAaCTpanBaeMOro KoJudyecTBa 1nmoBropeHnit. Ox
HCIIOJIb3yeT MHCTPYKIIMIO yield, 4TOOBI IepeaBaTh 3HaYeHUsT Ha3a/ 10 TeX
II0p, IIOKa OH HAKOHeI[ He HAaTOJIKHETCI Ha HHCTPYKIUIO return 1 UTepanun
He IIPeKpaTsaATCs.

Kak s1 Bam obertras, Mbl MOKEM YIIPOCTUTH ATOT TeHepaTop ete 6oJbiie. Mbl
BOCIIOJIB3YEMCST TEM, YTO B KOHEI[ Kaskioit pynkiuu Python mobasisier He-
SIBHYTO MHCTPYKITHIO return None. V1 BOT Kak OyieT BBITJISIIETD HAIIIA OKOHYA-
TeJIbHAs Pean3alus:

def bounded_repeater(value, max_repeats):
for i in range(max_repeats):
yield value

He cTecnsiiTech moATBEPANTH, YTO ITOT YIPOIUIEHHBIN TeHEPATOP I0-
npeskHeMY paboTaeT TaknuM ke 00pa3oM. YUUTBIBast Bce 00CTOSITEIbCTBA, MbI
IpouLIn MyTh 0T 12-cTpouHOl peasnsanuu B Kjaacce BoundedRepeater 10
TPEXCTPOYHON peasi3allii Ha OCHOBE reHepaTopa, 00eCIeyrB Ty e CaMylo
(byHKIIMOHATBHOCTD. A 3T0 75 %-HO€e COKpallleHre KOJTUYecTBa CTPOK Kojla —
HeXuJIo!

Kax BBI TOJTBKO 4TO Y6CIII/I]II/ICB, reHepaTophbl IOMOrarT <<a6CTpaFI/IpOBaTbCH
oT» OOJIbIIE YacTH abJIOHHOTO KO/Ia, KOTOprfI B /Ipyrux 006CTOATETHCTBAX
ObL1 OBl H606XOI[I/IM BO BpEMsA HallMCaHMA UTEPATOPOB Ha OCHOBE KJjlaCcCa. Onn
CIIOCOOHBI 0OYeHb 00JIETYUTh Bally NpOrpaMMUCTCKYIO JKU3Hb U ITO3BOJIAIOT
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mcaTh OoJiee YUCThIE, KOPOTKIE U YAOOHBIE B COMPOBOXKIECHUN UTEPATOPHI.
DyHKIUU-TEHEPATOPHI MPEACTABISIOT COO0I OTIMYHOE (DYHKIIMOHATbHOE
cpencTBo si3bika Python, n Bam cireryer pemnmTesbHo 1 CMeJIO HCIOJIb30BAT
UX B CBOUX COOCTBEHHBIX ITPOTPAMMaX.

Krnto4yeBble BbIBOAbI

0 DysKIUU-TeHepaTOPHI SABJISIOTCS CHHTAKCUYECKUM CaXapoM /LI Halnca-
HI1st 0OBEKTOB, KOTOPBIE MOJIEP;KUBAIOT TPOTOKOJ nTepaTopa. [eHepaTops
abcTparupyroTcest OT GOJIbIIEH YacTy MabJIOHHOTO KO/a, HEOOXOMMOTO BO
BpeMsI HAlTMCAaHUS UTEPATOPOB HA OCHOBE KJIacca.

O WMucrpyknus yield 1o3BosisieT BpeMEHHO TPUOCTAaHABJIUBATD UCIIOJHEHUE
(yHKIMU-TeHepaTopa U llepe/laBaTh U3 Hero 3Ha4eHUs Ha3a/l.

O lenepaTopbl HAUMHAIOT BHI3BIBATH UCKJII0UEHUS StopIteration moce Toro,
KaK MOTOK YTIPABJIEHNS TOKU/AET (DYHKIHIO-TeHEePATOP KAKUM-THO0 HHBIM
c1I0cob0M, KpOMe MHCTPYKITNH yield.

6.6. BblpaXkeHnsa-reHepaTopbl

ITo mepe ToOro Kak st Bce GoJIbliie y3HaBaJI O MPOTOKOJe uteparopa Python
W pa3/IMYHbIX CHOCO68.X €ro peajindalnn B CO6CTB€HHOM Ko/e, g4 cTaJl ITIOHU-
MaTh, YTO CHHTAKCUYECKUN caxap SBJISETCS TTOBTOPSIONIENCS TEMOM.

Jlesio B TOM, 4TO UTEPATOPBI HA OCHOBE KJjacca U (DyHKIUU-TeHEPATOPBI BbI-
paskaioT OIVH U TOT JKe JIEKAIIUN B OCHOBE MTabJI0H TIPOEKTHPOBAHUSI.

D yHKIMKU-TeHEePATOPHI TIPEAOCTABJISAIOT KPATKYI0 GOPMY IS OAAEPHKKI
MPOTOKOJIAa UTEPAaTOPa B CBOEM COOCTBEHHOM KOJ€ U 10 GOJIblei yacTu
n36eraloT MHOTOCJIOBHOCTH UTEPATOPOB HAa OCHOBe KJacca. Biaromapst He-
3HAYUTEIBHOMY 00bEMY CIIEIUATU3UPOBAHHOTO CUHTAKCUCA UJIH <TOPCTU»
CUNMAKCUUECKO20 CAXapd, OHU SKOHOMST BpeMsi U 00JIervaioT Bally KU3Hb
Kak pa3zpaboTymKa.

B Python u B apyrux si3pikax MporpaMMUPOBAHUSI 9Ta TEMA JOBOJIBLHO YaCTO
noBTopsiercsi. BMecte ¢ yBesamueHneM uncia pa3paboTInKoOB, KOTOPbIE TIPHMe-
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HSTIOT M1a0JIOHBI TPOEKTUPOBAHISI B CBOMX IIPOTPAMMAX, Y CO3/IATEIEH SI3bIKOB
pacrer CTUMY.T peiTaraTh abCTPAKIK 1 YKOPOYEHHbIE Iy TH UX Pean3aliii.

VIMeHHO Tak TIPOUCXO/UT ABOJIOIHS SI3BIKOB, 1, KaK Pa3pabOTUMKH, MbI TIOJTY-
Y4aeM OT 9TOTO BBITO/Y. MbI IprcTyIiaeM K pabote co Bce OoJiee u Horee MOTIT-
HBIME CTPYKTYPHBIMU OJIOKaMH, KOTOPbIE COKPAIAIOT GECIIONE3HYI0 PYTHHY
1 TIO3BOJISTIOT JIOCTUTATH OOJBIIETO 32 MEHbIIIEE BPEMSI.

Panee B 970l KHUTE BBI YBU/IENHN, KAK TEHEPATOPHI TIPE/JIATal0T CUHTAaKCHUYe-
CKUIi caxap /IJ1s1 HAallMCaHWsI UTePaTOPOB HA OCHOBE KJiacca. Buipascenust-zene-
pamoput (generator expressions), KOTOPble Mbl PACCMOTPUM B 3TOM pas/ielie,
J06aBSIT CBEPXY €llle OANH CJIOH CHHTaKCHMYECKOTO caxapa.

BoipaskeHusi-reHepaToOphl MPeACTaBISIOT co60ii e 6osiee ahHEKTUBHYIO
KpaTkyio GopMy /Ui CO3/ITaHUsT UTEpaTopoB. biarogaps mpoctomy U cxKato-
MY CUHTaKCHCY, KOTOPBIN TTOXOK Ha KOHCTPYKIIMIO BKIIOUEHUS B CITUCOK, BB
CMOJKeTe OIpeesIATh UTEPATOPHI B OIHON CTPOKE KOJIA.

[IpuBeny npumep:
iterator = ('MpuBet' for i in range(3))

Bo Bpemst BbITIOJTHEHUS UTEpAIUi JAaHHOE BhIpaXKeHUe-TeHePaTop MOPOXK/IAET
Ty K€ caMylo 110CJIe/[0BaTeJIbHOCTb 3HaYeHUH, 4To U PyHKIUSA-TeHepaTop
bounded_repeater, KOTOPYIO Mbl HallKcaIu B IIpeAblAyIIeM paszese. Huxe
MIPUBOJKY €€ CHOBA, YTOOBI OCBEKUTH BAIITy TTAMSITD:

def bounded_repeater(value, max_repeats):
for i in range(max_repeats):
yield value
iterator = bounded_repeater('Mpuset', 3)

Pa3Be He yamBUTEIBLHO, YTO OJTHOCTPOYHOE BbhIpasKEHMe-TeHepaTop Ternepsb Jie-
Jaet paboTy, IS BBITIOJTHEHUST KOTOPOI paHee TpeGOBATIACh YETHIPEXCTPOUHAS
(YHKIMSI-TeHepaToOp WK HAMHOTO OoJiee JVIMHHBIN UTepaTop Ha OCHOBE KJiacca?

Ho s 6ery Briepean mapoBosa. /laBaiite ybeanmcsi, 9To HAIll ©TEPATOP, OIpe-
JIeJIEHHBIN TIPU TOMOIIU BbIpakeHUsI-reHepaTopa, AeiCTBUTENbHO paboTaeT
KaK 03KUJIaJI0Ch:
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>>> iterator = ('MpuBet' for i in range(3))
>>> for x in iterator:

. print(x)

"MpuBem’

"MpuBem’

"MpuBem’

Kak no mue, cMoTpuTcst BecbMa Hersioxo! V13 Halero ofHOCTPOYHOTO BbIpa-
JKEHUA-TeHepaTopa Mbl, IIOXOXKE, ITOJIYYUJIN TE JKe CAMbIE PE3YJIbTaThl, KOTOPLIE
MBI TTOJTyYasin u3 pyHKIMU-TeHepatopa bounded_repeater.

HpaB/:[a, €CTb OTHO MaJIEHbKOE€ ITPE/IOCTEPEIREHUE: TTOCJIE TOT'O KaK BbIPaiKe-
HUe-reiepaTop OBLIO NCIT0JIb3OBAHO, OHO HE MOJKET OBITh repes3anyumeso nin
NCIIOJIb30BAaHO CHOBA. HOZ—)TOMy B HEKOTOPbIX CJyYHadX MMPEAIIOYTHUTE/IbHEE
NCII0JIb30BaTb (I)yHKIII/II/I-FEHepaTOpI)I WJIN UTEPATOPbI Ha OCHOBE KJjlaccCa.

Bblpa)xeHns-reHepaTopbl NPOTMB BKIIOYEHUI B CMIMCOK

Kaxk BoI YoKe IMOHAJN, BbIPAKEHUA-T€HEPATOPbI HECKOJIbBKO HAITOMUHAIOT BKJIIO-
4Y€HUA B CIIMCOK:

>>> listcomp = ['MpuBet' for i in range(3)]
>>> genexpr = ('MpuBet' for i in range(3))

Onnako B OTIMYME OT BKJIIOUEHUI B CITMCOK BBIPAKEHUSI-TEHEPATOPHI HE
KOHCTPYUPYIOT OOBEKTHI-CITUCKNA. BMeCTO 3TOTO OHM TeHEPUPYIOT 3HAUYEHUST
«TOYHO B CPOK» TIOI0OHO TOMY, KaK 3TO c/iesiajl Obl UTepaTop Ha OCHOBE Kjracca
nian GyHKIMSA-reHepaTop.

[IpucBanBasi BbipaskeHUe-reHepaTop epeMeHHO, Bbl IIPOCTO TIOJYYUTe UTe-
PUPYEMBIl «O0BEKT-TeHEPATOP»:

>>> listcomp
['NpuseT', 'MpuseT', 'MpuseTt']

>>> genexpr
<generator object <genexpr> at 0x1036c3200>
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J1J151 TOTO YTOOBI TTOJIYYUTD IOCTYIT K 3HAYEHHSIM, TOPOK/IEHHBIM BhIPAKEHUEM-
reHepaTopoM, BaM HY’KHO BbI3BATh C HUM MeTO/ next () TOYHO TaK e, KaK Bbl
ObI /eI C JIIOOBIM IPYTHM UTEPATOPOM:

>>> next(genexpr)
"MpuBem’

>>> next(genexpr)
"MpuBem’

>>> next(genexpr)
"MpuBem’

>>> next(genexpr)
StopIteration

Kax BapuanT, BBl Takke MOXKeTe BbI3BaTh (DYHKINIO 1ist() ¢ BhIpakeHUuEM-
reHePaTOPOM, B PE3YJIBTATe YETO Bbl CKOHCTPYHPYETE 0O0BEKT-CITUCOK, COJEP-
KAl Bce IPOU3BE/ICHHbIC 3HAYCHU:

>>> genexpr = ('MpuseTt' for i in range(3))
>>> list(genexpr)
['NpuBeT', 'MpuseT', 'MpuseTt']

Pasymeercst, 9T0 ObLI BCETO JIMIIb UTPYILIEYHBIN IIPUMED, KOTOPBIN OKA3bIBAET,
KaK MOKHO «I1pe00pPa30BbIBaTh» BhIpaskeHue-reHepatop (Ui 000 apyroii
UTEPATOP, ECJIN YK HA TO TIOILIO) B CIIUCOK. ECIIM jke BaM Hy’KeH 0OBEKT-CII-
COK TIPSIMO Ha MeCT€, TO B OOJIBIINHCTBE CJIYYaeB BbI C CAMOTO HAYaJa IIPOCTO
IUIIeTe BKIIYEHNE B CIIMCOK.

JlaBaiiTe pacCMOTPUM CHHTAKCUYECKYIO CTPYKTYPY 3TOTO IIPOCTOTO BbIpaske-
Husi-reneparopa nobsmske. 111ab10H, KOTOPBIN BbI OJKHBI YBUAETb, BHITJISIAT
CJIELYIOIUM 0OPa3oM:

genexpr = (expression for item in collection)

[TpuBeeHHbIIT BbITIIE «0Opa3elr> BhIPaKEHUSI-TEHEPATOPA COOTBETCTBYET CJIe-
aytornieii Hibke GyHKIMN-TeHepaTopy:

def generator():
for item in collection:
yield expression
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TouHo Tak ke, KaK U ¢ BKIIOYEHUEM B CITUCOK, OH JIA€T BAM TUIIOBOM MTa0JI0H
B cTuJie «(OPMBI 7S TTeYeHbsI», KOTOPBI MOXKHO IPUMEHATbh KO MHOTUM
(bYHKIUSM-TeHePATOPaM C IeJIbI0 NX TPe0OPA30BAHS B CIKATDIE BbIPANCCHUSL-
2enepamopbl.

dunbTpaums 3Ha4YEHNI

B sT0T ma6son MOKHO 100aBUTH €Iie OJTHO MOJIE3HOE [OTMOJHEHUE, U ITO
dbuabrparus anementa 1o ycaosuam. [Ipusenem npumep:

>>> even_squares = (x * x for x in range(10)
if x % 2 == 0)

JlaHHbBIN TeHepaTOp MOPOKAAET KBA/IPAT BCEX YETHBIX IEJIbIX YMCE OT HYJIST
110 neBaTi. Ouikrpyiolee ycJ0BHE ¢ UCTIOIb30BAHIEM OIlepaTopa OCTaTKa %
(omepatopa MOJLyJIsT) OTKJIOHUT JII000E 3HAYEHIE, KOTOPOE He JETUTCS Ha [IBa:

>>> for x in even_squares:
print(x) o

4

16

36

64

JlaBaiiTe 0OHOBMM Halll IabJI0H BhIpaskeHusI-reHepaTopa. Ilocie gobasieHust
(UIIBTPAIINHT BIIEMEHTOB MOCPECTBOM YCJIOBUS if MaOI0H BBITJISIIUT TAK:

genexpr = (expression for item in collection
if condition)

W cHoBa 9T0T 11abJ10H COOTBETCTBYET OTHOCUTEJIBHO HpHMOJIHHCfIHOﬁ, HO 60-
Jiee JIUIMHHOU (bYHKIII/II/I-I‘eHepaTOpy. CuHTaKCUYEeCKUI caxap B CBOUX JIYUIITNX
IIPOABJIEHUAX:

def generator():
for item in collection:
if condition:
yield expression



236 MnaBa 6 e Luknbl n ntepaumm

BcTpavBaeMble BblpaXKeHUsI-reHepaTopbl

[TockoJsibKy BblpaskeHHUsI-TreHepaToOPbl SIBJISIOTCS, CKaKEM TaK, BbIPAKEHUSIMHU,
Bbl MOJKETE UX MCII0JIb30BATh B OJIHOU CTPOKE BMECTE C IPYTUMU UHCTPYKIH-
simu. Hampumep, BB MOJKETE OTIPEIETUTH UTEPATOP U YIOTPEOUTH €T0 TIPSIMO
Ha MecTe [IpY [TOMOIIY IUKJIA for:

for x in ('Buongiorno' for i in range(3)):
print(x)

Ectb u apyroit cuntakcuueckuil TPIOK, KOTOPBIN MOKHO MCITOJb30BATD /IS
TOrO, 4TOOBI ClIeJIaTh BhIpakeHUsI-TeHepaTopbl Kpacusee. Kpyribie ckoOku,
OKPY’Kaloll[ie BbIPaKeHNEe-TeHEPATOP, MOTYT OBITh OITYIIEHbI, €CJIN BhIpaske-
HUe-TeHepaTop UCIOJb3yeTcsl B Ka4eCTBe e/[MHCTBEHHOTO apryMeHTa (yHKIUN:

>>> sum((x * 2 for x in range(190)))
90

# CpaBHume c:

>>> sum(x * 2 for x in range(10))
90

ITO TIO3BOJIET MMACATH CKATHIN 1 BBICOKOITPOU3BOAUTENBHBIN KO/, [Tockoib-
Ky BbIpa)kKeHUsI-TeHepaTOPbl TeHEPUPYIOT 3HAYEHUST «TOYHO B CPOK» MOT0OHO
TOMY, KaK 3TO JleJlaeT UTepaTop Ha OCHOBE KJacca nian (hyHKIHS-TeHepaTop,
oHM 3(P(HEKTUBHO MUCTIOJNB3YIOT OTIEPATUBHYIO TAMSITh.

CnnLwKOM MHOIMo XopoLuero...

Kaxk u BrJIfOU€HUST B CIIUCOK, BBIPAKEHUS-TEHEPATOPBI OCTABJISIOT MECTO JIJIsT
GOJIbIIEN CII0KHOCTH, YeM Ta, KOTOPYIO Mbl PACCMOTPEJIN Ha JaHHbIA MOMEHT.
[TocpescTBOM BJIOSKEHHBIX TIMKJIOB fOr M COCTHIKOBAHHBIX B IENOYKH (hOPMYJT
(usbTpaI OHU MOTYT OXBaThIBaTh OoJiee MIMPOKUI AMana30H BapUaHTOB
WCIIOJIb30BaHUSI:

(expr for x in xs if condl
for y in ys if cond2
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for z in zs if condN)

OG6pasel Bbllile EPEBOANUTCS B CJAEAYIONIYIO HIKE JIOTHKY (DYHKI[M-TeHepa-
Topa:

for x in xs:
if condl:
for y in ys:
if cond2:

for z in zs:
if condN:
yield expr

U Bor 3/1E€CH 4 XOTeJI OBl pPa3sMeCTUTb 60JIBIIIOE IpeaocTepeKeHune.

[MoskasyiicTa, He MUIITHATE TaKKe TIyOOKO BJIOKEHHbBIE BbIPAKEHUSI-T€HEPATOPBL.
B nasbHeiineM okaKeTcs1, 4To uxX OyIeT O4€Hb TPYAHO COMPOBOKIATD.

ITO OJHa N3 TeX CHTyaHI/Iﬁ, O KOTOPBLIX TOBOPAT, UTO «BE€HIECTBO CTAHOBUTCA
A0M, Ha4MHadA C OHpeI[eJIeHHOfI J103bI», T'/I€ 3J10yHOTp€6JIeHI/I€ KpaCUuBbIM
U ITPOCTBIM MHCTPYMEHTOM MOJKET CO3/1aTh IIJIOXO BOCIIDUHUMAEMYIO 1 TPYJIHO
OTJ/IaJKUBAEMYIO IIPOTrpaMMYy.

TouHO Tak JKe, KaK U ¢ BKIIOYEHUSIMU B CIIUCOK, JIMYIHO ST CTPEMJTIOCH U30eraTh
J1000T0 BhIpaKEeHUsI-TeHepaTopa, KOTOPOe COAEPKUT Ooiee ABYX YPOBHE
BJIOKEHHOCTH.

Bripakenus-reHepaTopsl SBJISAIOTCS TMOJE3HBIM U TUTOHOBCKUM MHCTPYMEH-
TOM B BallieM Habope, HO 9TO He 3HAYNT, YTO OHH JOJIKHBI UCIIOIB30BATHCS [IJIsT
peleHns Kaxaoi 3a/1auu, ¢ KOTOPOU BBl CTAJIKUBaeTech. B cayyae cocTaBHBIX
WUTEPATOPOB YACTO JIydllle HanucaTh (YHKIUIO-TeHEePaTop WIN Iaske UTEPATop
Ha OCHOBE KJIacca.

Ecsu y Bac ecth OTPEOHOCTD MCIIOJIB30BAThH BIOKEHHBIE TEHEPATOPHI 1 CO-
CTaBHbIE YCIOBUsT (DUIIBTPAIIUH, OOBIYHO JIYYIIIe BBIHECTU UX B ITOATEHEPATOPBI
(4TOGBI UM MOJKHO OBLIO HA3HAYUTH UMsT) U 3aT€M COCTBIKOBATH MX B I[EIIOYKY
elle pas, Ha BepxHeM ypoBHe. Bbl yBuanTe, Kak 3To /1eJ1aeTcsl, B caeyoniemM
jiasiee pasjesie, HOCBSIIEHHOM yenoukam umepamopos (iterator chains).
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Ecymi BbI 10 CHX TTOP He ONPEAETMINCD, TO TTONPOOYHTE APYTHE PeaTn3aIni,
a 3areM BbIOepuTe Ty, KOTOpast KaskeTcst caMoii yaobounraemoii. [ToBepsre,
B UTOTe 9TO COKOHOMUT BaM BPeM:l.

KntoueBble BbIBOADI

O Bwipaskenus-remepaTopbl TOX0KHM Ha BKITIOYEHMS B cUCOK. OTHAKO OHU He
KOHCTPYUPYIOT OOBEKTI-CIIUCKU. BMECTO 3TOTO BhIpasKeHUSI-TeHEPATOPDI
TeHEPUPYIOT 3HAYEHUS «TOYHO B CPOK» MOJOOHO TOMY, KaK 3TO JeJAI0T
nUTEepaTOPhl HAa OCHOBE KJacca WK (PyHKIIUHU-TeHePaTOPHI.

0 Kak tosbko BbIpakeHue-reHepaTop ObLIO MCIMOJb30BAHO, OHO HE MOKET
OBITH TIEpe3aITyIeHO WK MCIOIb30BAaHO 3aHOBO.

O Boipaskenus-renepatopsl Jiyulie BCETo MOAXOAAT JJIs peau3alliy IIPOCTbIX
<CUTYaTUBHBIX» UTEPATOPOB. B ciryyae cocTaBHBIX UTEPATOPOB JIyyllle Ha-
nucaTh QYHKIMIO-TeHePaTop WX UTepaTop Ha OCHOBE KJacca.

6.7. Lleno4kn ntepatopos

Bor emnte ogno 3aMeuaTtesbHoe PYHKIIMOHAJbHOE CBOWCTBO UTEPATOPOB
B Python: cocThikOBBIBast MHOTOUNCIEHHBIE UTEPATOPHI B IIETIOYKY, MOKHO
UcaTh YPe3BbIYaiiHO 3(h(HeKTHBHBIE «KOHBENEephI» 00paboTku manHbIX. Korma
sI BIIEPBBIE YBUJIET 9TOT MIabJIOH B JIeicTBUM Ha ipe3eHTainu J[asuma busiu
B x0j1e KoHpepeniu PyCon, To OB COBEPIIEHHO MOTPSICEH.

Ecau BpI Bocnosbdyerech penMyliecTBaMu HYHKIMN-reHepaTopoB U BbI-
paxkenuii-renepatopos Python, To BbI B MrHOBeHME OKa Oy/IeTe CTPOUTH CKa-
TbIE U MOIIIHbIE Yenouku umepamopos. B aTom pasjese Bbl y3HaeTe, Kak 3TOT
TEeXHUYECKUH MMPUEM BBITJISIUT Ha MPAKTUKE U KaK BbI MOXKETE €T0 TPUMEHSITh
B CBOUX COOCTBEHHBIX TIPOTPAMMax.

B kauecTBe KpaTKOTO pe3toMe: TeHEPATOPbI U BBIPAKEHUsI-TeHEPATOPbI MIPE/I-
CTaBJSIIOT cOOOM CUHTAKCUYECKUIA caxap /ISl HallMCAHUsl UTEPaTOPOB Ha
Python. Onu aberparupyiorest ot 6osiblieil yacTu mabJoHHOTO Koja, Heob-
XOJIMMOTO BO BPEMST HATIMCAHISI HTEPATOPOB Ha OCHOBE KJIacca.
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B 0 Bpemst kak oObraHast GyHKIMSI IPOU3BO/IUT OJTHO-€IMHCTBEHHOE BO3BPa-
nraemMoe 3HayeHue, reHepaTopbl IIPOU3BO/SIT 110CJIE[0BATEIbHOCTD pPe3yJIbTa-
TOB. MOXKHO CKa3aTb, 4YTO OHU 2EHEPUPYIOm NomoK 3Hauenuii Ha IpoTsHKeHuN
CBOETO0 JKU3HCHHOTO IINKJIA.

Hanpumep, s1 MOTY olIpeiesIuTh CJIelyIONIUi HUuKe reHepaTop, KOTOPbI Tpous-
BOJIUT CEPUIO 1[eJIOYNCAEHHBIX 3HAUEHUH OT OJIHOTO /10 BOCbMU, ITOJI/IEPKUBAST
HapacTaoUil CYeTYUK U BblJIaBas HOBOE 3HAaUeHMe BCAKUI pas, Korja ¢ HUM
BbI3bIBaeTCd (hyHKIN next():

def integers():
for i in range(1, 9):
yield i

Bb1 MoxeTe TOATBEpANTD TaKoe TIOBe/leHNe, BBITTOJTHUB TaHHBIN HITKe (par-
MeHT Kozia B unteprperarope REPL Python:

>>> chain = integers()
>>> list(chain)
[1, 2, 3, 4, 5, 6, 7, 8]

[Toka uyTo He oyeHb nHTEpecHo. Ho ceityac Mbl OBICTPO 3TO u3MeHuM. [leso
B TOM, 4TO F€HEePaToOPbl MOTYT ObITh «IIPUCOEIUHEHBI» APYT K APYTY, 6aarogapst
yeMy MOKHO CTPOUTH 9(P(HEKTUBHBIE aITOPUTMbI 00PAOOTKH JaHHbIX, KOTOPHIE
paboTaloT Kak KOHBeiiep.

Bbl MokeTe B3SITb <[I0TOK» 3HAUCHUIA, BBIXO/ISIIMX U3 FeHepaTopa integers(),
1 HAITPaBUTb UX B elle oinH reHepatop. Hampumep, Takol, KOTOPBIN TPUHNA-
MaeT KasK[[0€ YMCJIO, BO3BOJUT €ro B KBaJpaT, a 3aTeM Ilepe/laeT ero Jajblie:

def squared(seq):
for i in seq:
yield i * i

Huzke nmokasano, 4yto Oyzer Tenepb JAejiaTh Halll «<KOHBelep AaHHbIX», WU
«IIETIOYKA FeHEePaTOPOB»:

>>> chain = squared(integers())
>>> list(chain)
[1, 4, 9, 16, 25, 36, 49, 64]
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U MBI MOKEM TIPOJIOJIKUTH J00ABJISITh B 9TOT KOHBEWEp HOBbIE CTPYKTYPHbIE
6J10ku. JTaHHbIE TEKYT TOJIBKO B OJIHOM HAIIPaBJEHUH, U KasKAbI 1ar o0pabor-
KU 3alKIIEeH OT APYTUX YETKO ONPEAeTIeHHBIM HHTEP(hEicoM.

ITO ToOX0sKe Ha TO, Kak paboraior Kouseiiepbl B UNIX. MbI COCTBIKOBbIBAEM
MOCJIEI0BATEILHOCTD MPOIIECCOB B IEMOYKY TaK, YTOOBI PE3YJIbTaT KaKI0TO
npolecca IoIaBaJsics HelloCpeICTBEHHO Ha BXOJL CJIeIyIOIero.

[Touemy Gbl B Halll KOHBelep He J0OABUTB €lile OAUH IIar, KOTOPbI MHBEPTHU-
PYET KasK/10e 3HAUeHNe, a TOTOM MePEIAeT ero Ha CJEAYIONTHA mar 06paboTKi
B IIETTH:

def negated(seq):
for i in seq:
yield -i

Ecymi MbI 1iepecTponM Hallly 1eliouKy TeHepaTOpoB U 00aBiM negated B KO-
HEIl, TO BOT YTO MBI TIOJIyYUM Ha BBIXOJIE:

>>> chain = negated(squared(integers()))
>>> list(chain)
[-1, -4, -9, -16, -25, -36, -49, -64]

Most mobumast putirka GopMUPOBAHUS TIETTOYKN TEHEPATOPOB COCTOUT B TOM,
4T0 06pabOTKa JAHHBIX TIPOUCXOIUT 10 00HOMY dNeMenmy 3a 00un pas. byde-
pU3aIys MeK/IY maraMu 06pabOTKHU B IEIOYKE OTCYTCTBYET:

1. Teneparop integers Bbl1aeT OJ{HO-€INHCTBEHHOE 3HAUEHNE, CKAKEM, 3.

2. IT0 3HAUEHME «aKTUBUPYeET» TeHepaTop squared, KOTOPbIil oOpabaThiBaeT
3HAYEHUE U TePEIaeT ero Ha CAeIYIONIYI0 CTaN0 Kak 3 X 3 = 9.

3. KBazpart 1esoro ymcia, BbIIAaHHBIN TeHEPaTOPOM squared, HeMeIJIeHHO
repejiaeTcsl B reHepaTop negated, KOTOPBI MOAUMDUITUPYET €r0 B —9Y 1 BbI-
JlaeT ero CHOBA.

BbI MOsKeTe MTPOIOJIKATD PACITHPSATH ITY HEMOYKY TEHEPATOPOB, YTOOBI OT-
CTPOUTH KOHBelep 00paboTku co MuornMu maramu. OH TO-TIpesKkHeMY Oy1eT
BBINOJIHATHCST 9(DMEKTUBHO U MOKET JIETKO OBbITh MOAU(DUIIMPOBAH, TOTOMY
YTO KasK/IbIM [IIArOM B IETIOYKE SIBJISIETCS OT/EIbHAS (DYHKI[USA-TEHEPATOP.
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Kasxpast orebaast (hyHKIMsI-TeHEPATOP B 9TOM KOHBeliepe 00paboTKu J10-
BOJIbHO cikaTast. C oMOIIbI0 HEOOJIBIION YIOBKI Mbl MOKEM CKATh OIIPE/Ie-
JIEHHE 9TOr0 KOHBeliepa elrje 00JIbliIe, He CUIbHO KePTBYS yA000UNTaeMOCTHIO:

integers = range(8)
squared (i * i for i in integers)
negated (-i for i in squared)

OO6paTuTe BHUMaHME, KaK 5T 3aMEHIJ KK/l 1mar 00pabOTKH B I[EMOYKe
Ha 8blpadceHue-zenepamop, CTPOSIINICS Ha BbIXO/e U3 MPEebIAYIIero 1ara.
ITOT MPOrPAMMHBIN KO/l 9KBUBAJIEHTEH 11€1T0UKe TeHepaTOpPOB, KOTOPbIE MbI
IIOCTPOUJIM B 9TOM Pa3/ieJie BhIIIE:

>>> negated

<generator object <genexpr> at 0x1098bcb48>
>>> list(negated)

[e, -1, -4, -9, -16, -25, -36, -49]

E[II/IHCTBeHHbIM HEAOCTATKOM IIpUMEHEHU A BprameHHﬁ—reHepaTopOB ABJIA-
eTcs TO, YTO MX He TOJYYUTCH CKOH(DUIYPUPOBATh € UCIOJIb30BAHUEM ap-
TYMEHTOB (DYHKIIMHU U BbI HE CMOKETE TIOBTOPHO MCIIOJb30BATh TO JKE CaMOe
BBbIPaKeHHE-TeHEPATOP MHOTOKPATHO B TOM K€ CaMOM KOHBeliepe 00paboTKH.

Ho, 6e3ycoBHO, BO BpeMsi COOPKH KOHBEHEPOB BbI MOKETE CBOGOIHO KOM-
OUHUPOBATH BBIPAKEHUSA-TEHEPATOPBI 1 OOBIYHbBIE TEHEPATOPBI HA CBOU BKYC.
B cayuae ¢ cocTaBHBIME KOHBeliepaMu 3TO TOMOJKET YIYUIINUTh YaA0060unTa-
€MOCTbD.

KntoyeBble BbIBOAbI

O [enepaTopsl MOTYT COCTBIKOBBIBATHCS B IETIOUKU, GOPMUPYS OUeHb I(-
(bexTHBHBIE U YI00HBIE B COMPOBOKICHUI KOHBEHEPHI 00pabOTKY JAHHBIX.

0 CocThIKOBaHHBIE B LIEIIOUKU reHepaTopbl 00pabaThIBAIOT KasK bl 2JIEMEHT,
MIPOXOAIINUN CKBO3b 1IETb 110 OT/EJIbHOCTH.

O Bobipaxkenusi-renepaTopbl MOTYT UCIIOJIb30BATHCS /U1 HAITUCAHUS CKATOTO
ompejiesieHrst KOHBeliepa, HO 3TO MOKET TIOBJIUSATH Ha YI000YNTAEMOCTb.



TPIOKK CO C/oBapeM

/.1. 3Ha4yeHna cnoBaps, NpMHUMaeMble
No YMOJI4aHMIO

¥ cioBapeii Python ectb MeToz get () 1711 TIOKCKA KJTI0OYA, KOTOPOMY TI€PEIaioT
3amacHoe 3HayeHue. ITO MOKET IPUTOAUTHCSA B CAMBIX PAa3HbIX CUTYAIIHSIX.
[IpuBemy mpocToii mpuMep, KOTOPBIN TOKaXKeT, 4To g uMeto B Buy. [Ipesaro-
JIOKMM, YTO Y HAC eCTb IpeJICTaBIeHHas HUXKe CTPYKTYypa JaHHBIX, KOTOpas
CTaBUT UAEHTU(HUKATOPDI B COOTBETCTBUE NUMEHAM I10JIb30BaTeei:

name_for_userid = {
382: '3nauc’,
950: 'bBob',
590: 'AunbepT',

Terepb MbI X0TeIU ObI KCIOJIB30BATH ITY CTPYKTYPY JAHHBIX, YUTOOBI HATIH-
catb (pyHKIMIO greeting(), KoTopas OyaeT BO3BpAIIATh MOJb30BATEO TPH-
BETCTBHE Ha OCHOBe ero uieHTugukaropa. Hamra nepsas peanmnsaius MoxeT
BBITJISIJIETh IIPUMEPHO TaK:

def greeting(userid):
return 'MpueeT, %s!' % name_for_userid[userid]

B neit npesicTaBiien MpsSMOJTMHENHBIN TTOVCK B CJIOBape. JTO TiepBast peansa-
I[UST TEXHUIECKN PabOTAeT — HO TOJIBKO €CJI HIEHTU(MUKATOP TTOTb30BATEIST
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SIBJISIETCS JIOIYCTUMBIM KJIIOUOM B cjioBape name_for_userid. Eciu B hyHK-
Mio greeting nepeaatb Hedonycmumolil UIEHTHGUKATOP MOTH30BATEIS, TO
OHA BbI30BET UCKJIIOYCHHUE:

>>> greeting(382)
'MpuBem, 3auc!’

>>> greeting(33333333)
KeyError: 33333333

I/ICKJHOLIGHI/IC KeyEr‘r‘or‘ — 3TO COBCEM HE TOT pesyjleaT, KOTOprﬁ MBI XOTeJIn
6bI BUIETh. BBITO OB HAMHOTO JIyYIIlE, eC/Ii OBl B Ka4eCTBE 3allaCHOTO BapraHTa
(byHkIIMa BOo3Bpaliasma yHUBEpPCcaJIbHOE IPUBETCTBUE, €CTTU IEHTU(MUKATOD
[10JIb30BaTEA HE MOKET ObITh HAlIEH.

Jlasaiite peanusyem o1y uaeto. Harr mepsbiii moaxos MOT Obl 3aKJII0YAThCS
B [IPOCTOI IIPOBEPKe MpUHAIe;KHOCTU B hopmare kuiou 6 crosape (key in dict)
1 BO3BpaTe MPUBETCTBUS 110 YMOTUAHUIO, €CITN NAEHTU(PUKATOP TTOTH30BATEIS
HEU3BECTEH:

def greeting(userid):
if userid in name_for_userid:
return 'NMpuseT, %s!' % name_for_userid[userid]
else:
return 'lMpuBeT BCcem!'

JlaBaiite MOCMOTPUM, KaK 9Ta peaiusanus GyHKiuu greeting() mpostBut cebst
C HAITMMU TPEABIIYIIUMHI TECTOBBIMU CIYYASIMU:

>>> greeting(382)
'MpuBem, 3auc!’

>>> greeting(33333333)
"MpuBem Bcem!'

Hamnuoro JIydlie. Mprr TEIlEPb IOoJy4aeM YHUBEPCAJIbHOE IIPUBETCTBUE JIA
HEN3BECTHbIX HOJIbSOBaTeJIefI, 1 MbI IOJZEPKUBAEM IIEPCOHAJIM3UPOBAHHOE
IIpUBETCTBUE, KOT A JIOHyCTI/IMblf/’I I/II[eHTI/I(i)I/IKaTOp II0JIb30BaTeNsT HalJ[eH.

Ho Bce PpaBHO €CTb IIPOCTOP /JIJId COBEPHIECHCTBOBAHM . HGCMOTpH Ha TO 4TO 9Ta
HOBas peasindalsid Ja€T HaM OKUJa€EMbIE DE3YJIbTaTbl U BbITVISJIUT HeOOJIbIION
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1 YUCTOI, ee Bce ellle MOXKHO yJaydluTh. K aToMy 1oaxony y MeHs ecTb He-
CKOJIbKO TTPETeH3NUI:

a on H€3¢gbe7<mueeH, IIOTOMY 4YTO OH OIIpAalIMBaA€T CJIOBAPb /IBAK/bI;

0 OH MHO020C]I06€H, TIOCKOJIbKY, HAIIDUMEDP, YaCTb CTPOKHU C IIPUBETCTBUEM I10-
BTOPAETCA;

QO OH He ABJSIETCS NUMOHOBCKUM — obullnanbHas foKyMeHTanus Python,
B YACTHOCTH, JIJIST TAKUX CUTYAIIU PEKOMEH/IYeT NCT0JIb30BATh CTUJIb TIPO-
rpaMMUPOBAHUS «JIeTde TIOTPOCUTD TIPOITieHusl, ueM paspetienusi» (EAFP):

3TOT 06LENpPUHSTBIN CTUIIb NPOrPaMMMUPOBaHUs Ha Python ncxoaHo npeano-
naraeT CyLlecTBOBaHWE JONYCTUMbIX KJTHOUel unv aTpubyToB 1 OTNiaBMBaeT
WCKITIOYEHNS], €CNIN NPEAMNOIOKEHNE OKa3bIBAETCS NTOXKHBIML.

Bosee achdextnBrasg peanmsanust, kotopas caemnyet npuniunam EAFP, morna
ObI BMECTO BBITIOJTHEHHSI SIBHOI MPOBEPKU Ha TIPUHAIJIEKHOCTD KJTF0Ya CJIOBa-
pIO 33/IeHCTBOBATH 6JI0K try..except, 4yTOObI TIOMMATh UCKJIIOUYEHNE KeyError:

def greeting(userid):
try:
return 'MpuseT, %s!' % name_for_userid[userid]
except KeyError:
return 'lMpuBeT BCeM'

JTa peannsalys Mo-IpeKkHeMy BepHa B TOM, YTO KacaeTcsl HAIMX TepBOHA-
YJaJIbHbBIX TPEOOBAHU, U TETIEPb MbI YCTPAHIIIN HEOOXOAMMOCTD OTIPALIMBATh
CJI0Bapb JIBaK/IbI.

Ho MbI 10 cuX TIOP MOKEM YIIyUIIATh €€ U MPEVIOKUTH GoJIee YMCTOE PElieHIe.
B cioBape Python ectb MeToz get (), OIIepKMBAIOIINI TTAPAMETP <110 YMOJI-
YaHUIO», KOTOPbII MOKHO MCITOJIb30BaTh B KAYeCTBE 3aIIaCHOTO 3HAYeHUS:

def greeting(userid):
return 'MpuseT, %s!' % name_for_userid.get(
userid, 'Bcem')

U Cwm. tioccapuii Python «<EAFP»: https://docs.python.org/3.6/glossary.htmlI?highlight=glossary
2 Cwm. gokymenTannio Python «dict.get()»: https://docs.python.org/3/tutorial/datastructures.
html#dictionaries
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Bo BpPEMA BbI3OBa METO/la get() OH ITPOBEPAET, CYHIECTBYET JIN SaﬂaHHbeI
KJIIOY B CJIOBape. Ecnu ato TakK, TO BO3BPallla€TCA 3Ha4Y€HUE, COOTBETCTBYIOIIIEE
9TOMY KJIIOYY. Ecau xe on ne CyIeCTBYET, TO BMECTO 9TOI'O BO3BPAIlA€TCA
3HAa4Y€HUE 110 YMOJIYaHUIO. Kaxk BoI BH/INTE, 9Ta peajn3alnsd (byHKL[I/II/I greeting
I[MO-TIPpEKHEMY pa60TaeT KaK HaJ0:

>>> greeting(950)
'MpuBem, bob!'

>>> greeting(333333)
'MpuBem, Bcem!'

Haura 3aksmounresibHas peaausaiyst GyHKIMU greeting() siBJISIETCST CKATOM,
YUCTOI 1 MCTIOJIB3YET CPEICTBA TOJBKO U3 CTaHAapTHON 6ubarorekn Python.
[TosToMy yOexaeH, 9TO [ 9TOH KOHKPETHOI CUTyallMK TAKOEe PellleHre sB-
JIIETCS HAWJTY YTITM.

Knto4yeBble BbIBOAbI

O Bo Bpemst nipoBepKy MPUHAIIEKHOCTH KJTI0Ya CJIOBAPIO N30eraiiTe sIBHBIX
MIPOBEPOK B hopmaTe K0y 6 Crosape.

a IIpeanoururenbhoii aBiasercsa o6paboTka nuckaouennii B cruie EAFP win
KCIIOJb30BAHKUE BCTPOCHHOTO MeTo/1a get ().

O B HexoTophix ciyvasix knacc collections.defaultdict u3 cranmapTHOM
O6MOINOTEKN TaKKe MOKET OKa3aThCsl ITOJIE3HBIM.

7.2. CopTupoBKa CnioBapen ans aena v Becesbs

B caoBapsix Python Her BHyTpenteii ynopsiioueHnocTr Kiodeii. Moxuo 6e3
pobJieM BHIMOMHATH 00XO0J1 CI0Bapei, HO TIPU 9TOM HET HUKAKOIi rapaHTHH,
YTO UTepaIys BO3BPAIIAET 3JIEMEHTHI CJI0Baps B KAKOM-TO OIPeIeJIEHHOM T0-
psizike caepoBanus (XoTs1, HaumHast ¢ Python 3.6, 910 u MeHsieTcst).

O/HAKO OYEHDb YaCTO TOJIE3HO TOJYUYUTh COPMUPOBAHHOE NPedcmasienue
(sorted representation) csioBapsi, TIOMECTHB 2JIEMEHTBI CJIOBapsi B POU3-
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BOJIBHOM IIOPA/KE Ha OCHOBE UX KJIlO4Ya, 3HAYEHWA NI MHOTI'O ITPOU3BOAHOTO
CBOIICTBa. Hpe[[HOJIO>KI/IM, YTO Yy BacC €CTb CJIOBaphb XS CO CJEAYIOUIUMU ITapamMu
KJ/JII0Y-3HAYCHUC:
>>> xs = {'a': 4, 'c': 2, 'b': 3, 'd': 1}

LITO6I)I IOJIYyYHUTDb COpTHpOBaHHbIﬁ CIIMCOK I1ap KJII04Y-3HAY€HUE B 9TOM CJIO-
Bape, Bbl MOKETE IIPUMEHUTD METO/| items () ciaoBapsa v 3aTeM OTCOPTUPOBATD
PE3YJIBTUPYIOILYIO TIOCAe0BATeIbHOCTH Ha BTOPOM 00XO/I€:

>>> sorted(xs.items())
[("a’, 4), ('b', 3), ('c', 2), ('d', 1)]

Koprexu Kio4-3Hauenue yropsiioueHbl ¢ UCIOJTb30BAHUEM CTAHIAPTHOTO
JlekcuKorpapuieckoro ynopsiaounanus Python st cpaBHeHus mociezno-
BaTeJIbHOCTEM.

Yto6bl cpaBHUTD /[Ba KOpTexka, Python cHauasia cpaBHUBAET 2IEMEHTHI, Xpa-
HATIECS B UHEKCHOM TTO3UINH 0. Ecain oHM pa3imyaloTest, TO OH OTpejiesiseT
MCXOJI cpaBHeHM. Eci oHM paBHBI, TO CPAaBHUBAIOTCS CIEMYIONINE BA dJI€-
MEHTa B UH/IEKCHOH TO3UIUN 1, U T. [I.

Tak BOT, MOCKOJIbKY MbI B3sLTH 9TH KOPTEKH U3 CJIOBAPS, B KAKIOM KOPTEKE
BCe 3HAUEHUs B HYJIEBOW MHAECKCHON MO3UIMK, OBIBIIME PaHee KIIoYaMu
CJIOBApsL, SIBJISIIOTCST YHUKAIbHBIMU. [109TOMY 3/1€Ch He IIPUJETCsI PelaTh Ipo-
6JIEMBI C TTOBTOPAMHU.

B HekoTOpBIX caydasix JeKcuKorpahuueckoe yrnopsijiounBaHue MOKET ObITh
MMEHHO TeM, YTO BaM HYKHO. B Ipyrux ciydasax, BO3MOKHO, BMECTO 3TOTrO
CTOWT BBITIOJTHATH COPTUPOBKY CJIOBAPS 110 3HAYEHUIO.

K cuacTpio, ecTh criocob B3Th MOJHBINH KOHTPOJIb HAJl T€M, KaK YIIOPSI0YN-
BalOTCS 3JIeMEHTbL. Bbl MOKeTe yIpaBisTh MOPSIJIKOM UX CJIJIOBAHUS ITyTeM
nepenayn QyHKUUYU Ka1oua BO BCTPOeHHY0 (PyHKINIO sorted(), KoTopas n3-
MEHHUT TO, KaK OY/LyT CPAaBHUBATHCS 9JIEMEHTBI CJIOBAPSI.

@ynryus karoua — sTo pocto obbranast GpyHkiwmsa Python, kotopast 6y/er Bbi-
3BIBATHCS C KAKIBIM DJIEMEHTOM TIepe]] TeM, Kak jiesiaTh cpaBHenust. O yHKInsT
KJIIOYa Ha BXO/IE TI0JIy4YaeT 3JIEMEHT CJI0Bapst, a Ha BBIXO/IE BO3Bpallaetr Tpedy-
eMBIii «KJIT0Y» JIJISI CPABHEHUS MTOPSI/IKA CJIe/JOBAHUS 9JIEMEHTOB.
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K cosxanenunto, cJIOBO «KJIOY» 3/1eCh UCTIOJb3YETCS B /IBYX KOHTEKCTAX OJ[HO-
BpeMeHHO: (PYHKITHS KJfoUa He KacaeTcs KJIodell caoBaps, OHa IIPOCTO OTMe-
YaeT KaXK/IbIil BXOAHON 97IEMEHT MTPOU3BOJbHBIM KAHOUOM CPAGHEHUS.

Terepb, BO3MOKHO, HaM CTOUT B3IJIsIHYTh Ha 1ipumep. [loBepsre, moHATH (hyHK-
UK KJTI04Ya Oy/IeT HAMHOTO JieTde, KaK TOJIbKO Bbl YBUIUTE UX B PEATHHOM KOJIE.

[lotycTum, Bbl XOTUTE TIOJYYUTh OTCOPTUPOBAHHOE TIPE/ICTaBIeHIE CI0BAPS
Ha OCHOBE €T0 3HaueHutl. YToObI OTYYUTh ITOT PE3YJIBTAT, BbI MOKETE HCIIOJIb-
30BaTh CJAEAYIONIYIO HIKE (PYHKIIUIO KII0Ya, KOTOpas BO3BpaIlaeT 3HaUeHIe
KayK/I0W TIapbl KJ0Y-3HAYEHHUE ITyTEeM IMOMCKA BTOPOTO 3JIEMEHTA B KOPTEKeE:

>>> sorted(xs.items(), key=lambda x: x[1])
[('d', 1), ('c', 2), ('b", 3), ("a', 4)]

Buzure, kak Terepb pe3yIbTUPYIONINI CITUCOK T1ap KJII0U-3HaUeHNe OTCOPTHPO-
BaH 110 3HAYEHUSIM, XPAHSIIIIIMCSI B OPUTHHATLHOM cJ1oBape? YToObl OCMBICIATD
MPUHIAT PaOOTHI (PYHKITUH KITFOYA, CTOUT MTOTPATUTh HEMHOTO BPEMEHU. JTOT
MOTITHBIN TPUHITUATT MOYKHO TIPUMEHSITh BO BCEX BUIaX KOHTEKCTOB Python.

Ha camowm zesie 3TOT MPUHIIMTT HACTOJIBKO PacTIpOCTPaHEeH, YTO CTaHIapTHAS
6ubmmorexka Python Brioyaet Momy/ib operator. TOT MOIYJIb PeaH3yeT
JacTh HanboJIee YacTo MCIOJIb3yeMbIX (DYHKIIUI KJII0Ua B KaUeCTBE CTPYKTYP-
HBIX OJIOKOB, aBTOMAaTHUYECKU KOH(DUTYPUPYEMbIX 110 IipuHiuiy plug-and-play,
TaKUX Kak operator.itemgetter u operator.attrgetter.

Husxe npuBenen npuMep TOTO, KaK MOKHO 3aMEHUTH MMOUCK 10 MH/IEKCY Ha
OCHOBe JIIMO/IbI B IIEPBOM TIpUMeEpe Ha operator.itemgetter:

>>> import operator
>>> sorted(xs.items(), key=operator.itemgetter(1))
[((d*, 1), ('c', 2), ('b", 3), ("a', 4)]

Vcronb3oBanue MOJYJIsi operator B HEKOTOPBIX CJIydasiX MOMOTAET sSICHee
repeiaBaTh 3aMbICesl Ballero mporpaMMHoro koza. C apyroii cTOpoHsbl, 1po-
cToe JsaM0Oa-BbIpakeHe MOKeT ObITh CTOJIb JKe ya000unuTaeMbIM U GoJiee
OYEBUTHBIM. B 9TOM KOHKPETHOM CJIydae s PeAnounTaIo MO Ia-BhIPaKEHHE.

Eme ogiHa BbIroga oT MCIO/Ib30BaHK JIMO/ B KauecTBe COOCTBEHHO (DyHK-
MU KJII0Ya COCTOUT B TOM, UTO BaM yIa€TCS YIIPABJISATh IOPSAIKOM COPTUPOBKU
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ropaszo faetaiabiee. Hamprumep, BBl MOJKeTe OTCOPTHUPOBATD CJIOBAPh Ha OCHOBE
abCOJIIOTHOM YMCI0OBOI BEJIMYMHBI KasKI0T0 XPAHSIIErocst B HeM 3HAUeHMSI:

>>> sorted(xs.items(), key=lambda x: abs(x[1]))

Ecsin BaM Hy’KHO HHBEPTHPOBATH TOPSIZIOK COPTUPOBKHU TaK, 4TOOBI Hosree
KpYITHbIe 3HAaUeHUs 1IIJIM BHaYaJse, TO BO BpeMs Bbl30Ba sorted() Bbl MOXKeTe
MIPUMEHUTb UMEHOBAHHBIN apryMeHT reverse=True:

>>> sorted(xs.items(),
key=lambda x: x[1],
reverse=True)

[(ta’, 4), ('b", 3), ('c’, 2), ("'d', 1)]

Kak st ormMeuast paHee, TOYHO CTOUT [OTPATUTh HEMHOTO BPEMEHH Ha TO, YTOOBI
TBEPIO YCBOUTD IPUHIIUI PaboThl (hyHKIMI Kitoua B Python. Ouu obecrieyar
Bac ruOKOCTBHIO M CMOTYT yOepedb OT HAMMUCAHUST UCXOIHOTO KO/IA, €/IMHCTBEH-
Hasl 11eJTb KOTOPOTO — TIPeoOPa3oBaTh OHY CTPYKTYPY MAHHbBIX B APYTYIO.

Krnto4yeBble BbIBOAbI

0 CosgaBas copTHpoOBaHHBIE «IIPE/ICTABJIECHUS» CJI0BApel U APyTrue KOJIeK-
11U, BBl MOKETE BJIUATDH HA TOPSI0K COPTUPOBKYU ITPU MOMOIIN PYHKUUU
Kaoua.

Q Qyuxuyuu xmoua seiasiorcs B Python BaxkubiM npunnumnom. Hanbosee
YacTo MCIHOJIb3yeMble U3 HUX ObLIN [aske T00aBICHBI B MOLYJIb operator
CTaHIAPTHOW OUOJINOTEKN.

O B Python dyHkIwu sBistioTest 00beKTaMu IepBoro Kiacca. Ber oOHapy&u-
Te, YTO HTO MOII[HOE CPEJICTBO SI3bIKA IPUMEHSIETCST TIOBCIOJLY.

7.3. IMuUTauus MHCTpyKUM Bbibopa
Ha OCHOBE C/I0Bapem

B Python ner uncrpyxiuii Boi6opa switch-case, moaToMy HHOT/IA B KQ4eCTBe
00XOHOTO MyTH BO3HUKAET HEOOXOAMMOCTD MUCATh MEMOYKU UHCTPYKITHIT
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if..elif..else. B manHOM pasjesie Bbl y3HAeTe IPUEM, KOTOPBIN CMOKETE TTPH-
MEHSTh JIJIsl IMUATAIIMK UHCTPYKIMiT BbiOopa switch-case B Python mipu mo-
MOIITH CJIOBApel U MePBOKJIACCHBIX (DYHKIMH. 3BYIUT 3aMaHnunB0o? OTJINIHO,
Tor/Ia rmoexaJjin!

[Ipeanono:xkum, 4TO B Halllel TporpamMMme ecThb Takas 1elouyKa MHCTPYKIUI if:

>>> if cond == 'cond_a':
handle_a()
elif cond == 'cond_b':
handle_b()
else:
handle_default()

B cayuae smmib Tpex pa3HbBIX YCIOBHUN 3TO, KOHEYHO, He Tak cTparHo. Ho
IIPEe/ICTaBbTe, eCJin Obl B 9TOW HHCTPYKIIMU Y HAC OBLIO IECSITh WU OOJiee OT-
BeTByIeHMiT elif. Bee crasmo Gbl BBIMIIAETh HEMHOTO HHave. 1 paccmarpuBaio
JUIMHHBIE 1eTTOYKU MHCTPYKIUN if KaK KO «C AYIIKOM», KOTOPBIH /lesiaeT
IIpOrpaMMBbl TPYZAHEE AJI BOCIPUATIA U B COIIPOBOKICHNIL.

Opun U3 myTeit TpeofoNeHns ITMHHBIX NHCTPYKINH if..elif..else cocTouT
B X 3aM€He Ha TabJIHIIbI TIOKMCKA 110 CI0BaPIO, KOTOPBIE UMUTUPYIOT IIOBEICHUE
WHCTPYKIMI BbIOOpa switch-case.

Mbor1 3Haem, uto B Python ects gymxuuu nepsozo xnacca. A sTo o3nagaer, 4to
UX MOXKHO Iepe/laBaTh B KaUeCTBe apTyMEeHTOB B JIpyrue (hyHKIINU, BO3BPa-
MaTh B Ka4eCTBe 3HAUEHWI W3 APYTruX OYHKINI, IPUCBANBATh MTEPEMEHHBIM
Y XPaHUTb B CTPYKTYPax AaHHbBIX.

Hamnpumep, Mbl MOkeM onpe/ieIuTh (DYHKIIUIO, a 3aTeM COXPAHUTD ee B CIIICKe
JUId TOCTyTa K Hell B laibHeiem:

>>> def myfunc(a, b):
return a + b

>>> funcs = [myfunc]
>>> funcs[0]
<function myfunc at ©x107012230>

CuHTakcuc BbI30Ba 970 (hyHKIMN paboTaeT UMEHHO TaK, KaK Bbl HHTYMH-
TUBHO OKH/IAETE: MBI TIPOCTO 0OPAIIAEMCST K CITUCKY MO WHAEKCY W UCTIOJb-
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3yeM BBI3BIBHOI CHHTAKCUC «()», 4TOOBI BBI3BATh (DYHKIIMIO U TI€PEATh el
apryMeHTBhI:

>>> funcs[0](2, 3)
5

Mrak, KakuM ske 00pasoM Mbl cOOMpaeMcst HCIOIb30BaTh (DYHKIIUU TIEPBOTO
KJ1acca, 4ToObI TT0/[pe3aTh Hallly IIEeM0YeuHyI0 HHCTPYKIHO if 10 pasmepy?
[lenTpasibHast ujiest 3/1eCh — OTIPEAETUTH CJIOBAPH, OTOOPAKAIONINI KJIIOYH T10-
MCKA BXO/IHBIX YCJIOBUH Ha (DYHKITUH, KOTOPbIE BBITIOJHAT TIPe/IHa3HauYeHHbIe
oTIepaIum:

>>> func_dict = {

.. ‘cond_a': handle_a,
ce ‘cond_b': handle_b
e}

BMecTo mporeknBaHusa CKBO3b HHCTPYKIMU if, TTPOBEPSIS 110 XOLY KakK10€
YCJIOBUE, Mbl MOKEM BBITTOJIHUTD ITIOUCK KJII04a 110 CJI0BapIo, LITO6]31 IMOJIY4YHTb
byHKIMI0-00paboTUNK, a 3aTEM BBI3BATh €€:

>>> cond = 'cond_a'
>>> func_dict[cond] ()

ITa peanunsanusg yxke mouTh pabouas, 110 KpaiiHeii Mepe, eciu ycjaoBue cond
MO’KHO HaiiTH B cjioBape. Eciiu ske ero TaM HeT, TO Mbl ITOJIyYUM HUCKJIIOUeHue
KeyError.

JlaBaiiTe OTBIIEM CTTOCOO TIOIIEPKKY CAYUAS 1O YMOTIUAHUIO, KOTOPBIN OyeT
COOTBETCTBOBATb UCXOAHOMY OTBETBJIEHUIO else. K C4acCTblO, BCE€ CJIOBapu
Python pacmosaraior Metoziom get (), KOTOPbIiT Bo3Bpamiaer Jnubo 3HaYeHe
0 33/IAHHOMY KJIIOUY, JTH00 3HAYEHUE 110 YMOJTYAHUIO, €CITH KJII0Y HE MOKET
ObITD HaiIeH. ITO UMEHHO TO, YTO HAM 3/1€Ch U HYKHO:

>>> func_dict.get(cond, handle_default)()

[Tonauasy aToT (hparMeHT Ko/, BOSMOKHO, OY/IET BBITJISIIETh CHHTAKCUIECKU
CTPaHHBIM, HO KOT/[a BBl PA3JI0KUTE €T0 M0 MoJI0YKaM, TO MoiMeTe, UTO OH
paboTaer B TOYHOCTH KaK MpeAbIAyIHii iprmMep. OIsaTh-TaKH, MBI HCITOJIb3Y-
em dyukmmu Python mepBoro kimacca, 9ToObI IepeaTh B ITOMCKOBbII METOJT
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get() dynkimio handle_default B KauecTBe 3amacHOTO 3HaYeHud. Biarogaps
9TOMY, €CJIM YCJIOBUE B CJIOBAaPE HE MOKET ObITh Haii/ieHOo, Mbl M36eraeM BbI30Ba
UCKJIIOUeHn:A KeyError 1 BMECTO HETO BBI3bIBAEM 3Q/IaHHYIO 110 YMOJTYAHUTO
(byHKITII0-00paboTIHK.

[TocmoTprM Ha GoJiee 3aKOHYEHHBIT IIPUMep TPUMEHEHUS TIOMCKA 110 CJI0BAPIO
1 (pyHKIMI TIepBOTO KJacca /71 3aMeHbl 1iernovyek naerpykiuii if. [locse 03-
HAKOMJIEHUST C IPUBEIEHHBIM HUKE TPUMEPOM BbI CMOJKETE YBUIETH Ta0JIOH,
HeOOXOIMMBIH JIJIsT CBEJIEHST OIPe/IeJIeHHBIX BUIOB MHCTPYKIUN if K 1CIieT-
yepusaluu Ha OCHOBE CJI0Baps.

MbI cobupaemMcst HarucaThb erte oAHy (GYHKIHIO C IEN0YKOi HHCTPYKIHA if,
KOTOpYIO 3aTeM npeoOpasyeMm. /lanHast QyHKIMS TPUHUMAET CTPOKOBBIN KOJT
olepanuy, K IpuMepy «add» Wil «muly», 1 3aT€M BBIIIOJIHIET COOTBETCTBYIO-
[re MaTeMaTUYeCKIEe pacyeThl Ha OllepaH/Iax X U y:

>>> def dispatch_if(operator, x, y):

if operator == 'add':
ce return x +y
e elif operator == 'sub':
return x — y
elif operator == 'mul':
return x * y
elif operator == 'div':

return x /vy

CkasaTb 110 TIpaBjie, 9TO OUEPETHON UTPYIIEUHBINA puMep (He XOTeI0Ch Obl
BaM 3/1€Cb JOKYy4YaTb HECKOHYA€MbIMU CTPpaHUIIaAMU UCXO/JHOTO KOZIE[), HO OH
Oy/IeT CIyKUTh HArJSIZIHOM MILTIOCTPAINEl JIesKalero B OCHOBe 1abJona
npoekTupoBaHus. Kak TObKO BbI «BbeeTe» B 00pasell, TO CMOKETE ero TpH-
MEHATDH B CaMbIX PA3HbIX CHHEHAPUAX.

Bor MmoskeTe nctbiTaTh hyHKIMIo dispatch_if() Ha npeaMeT BBITOJHEHUS
MTPOCTHIX BHIYMCJIEHNH, BBI3BAB ATY (DYHKIIUIO CO CTPOKOBBIM KOJIOM OTIEPAIIH
U IBYMS YUCJIOBBIMU OIlepaHaMu:

>>> dispatch_if('mul’, 2, 8)

16

>>> dispatch_if('HeusBecTHO', 2, 8)
None
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OG6paruTe BHUMaHIE HA TO, YTO 'HEW3BECTHbIA' caydail cpabaThIBaeT, moTo-
My uto Python pobasisier B koHelr 110001 (DYHKIME HESIBHYIO HHCTPYKIIHIO
return None.

[Toka Bce Heroxo. Tereps mpeobpasyeM repBoHavYaIbHYI0 GyHKIHIO dispatch_
if() B HOBYIO (DYHKIIHIO, HCITOJIB3YIOMIYIO CIOBAPh /I OTOOPAKEHUS KOJIOB
orieparuii B apudmerndeckue ornepanun ¢ HyHKIMSMHI TIEPBOTO KIacca:

>>> def dispatch_dict(operator, x, y):

e return {
‘add': lambda: x + vy,
'sub': lambda: x — vy,
‘'mul': lambda: x * vy,

'div': lambda: x / vy,
}.get(operator, lambda: None)()

Taxada peanusanus Ha OCHOBE CJIOBApA JaeT Te jKe caMble Pe3yJbTaThl, 4YTO
U repBOHavabHast (hyHKIMsI dispatch_if (). Mbr MoskeM BbI3BaTh 00€ (hyHK-
U TOYHO TAKKMM Ke 0OPa3oM:

>>> dispatch_dict('mul', 2, 8)

16

>>> dispatch_dict('HeusBecTHO', 2, 8)
None

Ectb mapa croco60B, KOTOPBIMU 9TOT KOJ MOKHO YCOBEPIIEHCTBOBATD €IIe
Gourbliie, eciv ObI OH GBI peajieH U MpeIHAZHAYAIICS U1 9KCILTyaTalluu.

Bo-niepBbIx, Bcakuii pa3, Korja Mbl Bbi3biBaeM dispatch_dict(), on co3maer
BpPEMEHHBII CJIOBApPh U Ky4y JAMOJ IJIsT ToMcKa Koza omepaiii. C TOUKHU 3pe-
HUS TPOU3BOIUTEILHOCTHU 3TO HE WleaJIbHO. B cityydae, ecim mporpaMMHbIN KOJT
HYZKIAeTeTCsl B OBICTPOECIHCTBUM, IMeeT GOJIbIIE CMBIC/IA €AMHOKIBI CO3/aTh
CJI0Bapb B KaueCTBE KOHCTAHTLI U 3aTE€M CChLIATbCA HA HEro BO BPEM: BbI30Ba
dyukiun. He cTonT BoccosaBaTh CJI0Baph BCAKUM pas, KOT/Ia MBI JIOJKHBI
BBIIIOJIHUTD I10 HEMY ITOUCK.

Bo-BTopbIX, ecyin GbI MbI ¥ TIPAB/a 3aXOTEJIH BBIIOJHUTD HECKOJIBKO IIPOCTHIX
apruMeTHIeCKIX OTlepaIiii TUTIA X + Y, TO BMECTO UCIIOJIb3YEMBIX B 9TOM TIPH-
Mepe JsiM61a-(hyHKITUI OBLTO GBI TOPA3JIo JIydIlle HCIOIb30BaTh BCTPOEHHBII
Mozysb Python operator. Mojy/ib operator mpemocTaBisieT peaansainnn
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BCEX 0IIepaToOpOB Python, B 4YaCTHOCTU operator.mul, operator.div u T. 1.
XoTs aTa eTajib MaJo3HauYnTeAbHa. B 9TOM IipuMepe JistMO/IbI KCIIOIb30BaHbI
HaMepeHHO, YTOOBI czieJIaTh ero GoJee yHuBepcaabHbiM. OH J0/KeH IOMOYb
BaM [IPUMEHSATD 9TOT MIA0JOH 1 B IPYTUX CUTyaIUAX.

rak, Terepb y Bac €CTh €lle OJUH HHCTPYMEHT B HaGope XUTPBIX TPUEMOB,
KOTOPBIHN Bbl MOKETE UCTIOJIb30BATD JIJIS YIIPOIIEHUST HEKOTOPBIX 1[eNI0YeK WH-
CTPYKIWIA if Ha cirydail, ecyiu OHu Oy T CTAHOBUTHCS TPOMO3IKUMHE. [TpocTo
3allOMHUTE: ATOT TIPUEM TPUMEHUM He BO BCEX CUTYAIMsIX, U HHOTIA OyeT
Jrydiie 000MTUCH TIPOCTOM MHCTPYKIHEH if.

KntoueBble BbIBOAbI

a B Python ner uncrpyximmm Beibopa switch-case. Ho B HeKOTOpPBIX ciryua-
SIX BBI MOJKeTe U30esKaTh [JIMHHBIX 1[eTI0YeK HHCTPYKIHIA i mpu mmoMorm
TaOJIUIBI IMCTIETYEPU3AIIII Ha OCHOBE CJIOBAPSI.

4 CDyHKIlI/II/I IIepBOro Kjaacca PythOH B O‘IepeI[HOfI Ppas3 1I0Ka3bIBAalOT, YTO OHU
ABJAIOTCA MOIIHBIM MHCTPYMEHTOM. Ho yem 6oubie cujia, TeEM 6oJib1Ie
OTBETCTBEHHOCTD.

7.4. CaMoe cymaclejliee BblipaXkeHne-crioBapb
Ha 3anage

M Horza Bl HaTaJIKMBAeTeCh Ha KPOIIEYHBII IPUMEP KO/a, KOTOPBIiA 06/1a1aeT
[OMCTHUHE HEOKMIAHHON IIyOMHOI — OiHA-eAMHCTBEHHASI CTPOKA KOJIa, KOTO-
pas crocoOHa MHOTOMY HAayUYUTh, €CJIM XOPOIIEHbKO HaJ{ Hell I0OPa3MbIC/IUTh.
Taxoii (hparMeHT KOJT — 9TO KaK KOaH B [3€H-OY/IU3Me: BOTIPOC WJIU YTBEPIK/IE-
HI€, NCIT0JIb3YEMOe B TIPAKTHKE J3€H, YTOOBI BbI3BATh COMHEHHE 1 IIPOBEPHUTH
NIOCTUIKEHUS YUeHUKa.

Kporeutsiii pparMeHT Koj1a, KOTOPBIA MbI 0OCY/IMM B 3TOM PasjieJie, siBJIsIeT-
Cs1 OIHUM M3 TaKUX NpUMepoB. Ha nepBbliii B3I OH MOKET BBITJISIIETh KaK
PSAMOJIMHEITHOe BhIpakeHue-cl0Baphb, HO Ipu OJIMsKaiIieM pacCMOTPEHUN
OH OTHPABJISIET BAC B PACHTUPSIONINI CO3HAHNE TICUXOAETMIECKIH KPYHU3 110
unreprperatopy CPython.
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OT 9TOr0 OIHOCTPOYHMKA ST TIOJIyYalo TAKOH Kaiid, 4TO Kak-To pa3 s Jaxe Ha-
reyaraji ero Ha CBOeM 3HauKe yyacTHUKa KoHdepernuu mo Python B kauecTse
MOBO/IA /I7IsT OeceIbl. DTO MPUBENO K HECKOJIBKIM KOHCTPYKTUBHBIM JIATIOTAM
C yY4aCTHUKaMU MO€H 3JIEKTPOHHON pacchiiku 1o Python.

Wraxk, 6e3 majbHelmx mepeMoHuii, BOT 3TOT ¢parMeHT Kozia. Bospmure 1a-
Y3y, 9TOOBI TOPA3MBIIILISATE HA/l TPUBEIEHHBIM HUKE BHIPAKEHNEM-CIIOBAPEM
U TeM, K YeMy ero BbIYMCJIeHNE JT0JKHO IIPUBECTH:

>>> {True: 'ga', 1: 'HeT', 1.0: 'BO3MOXHO'}
A nonmoxny 3/1€ch...
O’keil, TOTOBBI?

Hwuke rokasan pesysibrat, KOTOPbIN MbI IOJIYYUM IIPU BBIYUCJIEHUN [TPUBE/ICH -
HOTO BBIIIE BBIPAKEHUSA-CJ0Bapst B ceaHce nHTeprperaropa Python:

>>> {True: 'ma', 1: 'HeT', 1.0: 'BO3MOXHO'}
{True: 'Bo3mMoxHO'}

[IpusHaiock, KOT/Ia yBUIET ATOT PE3YJIBTAT BIIEPBBIE, 51 ObLT BECbMA OIIAPAIIEH.
Ho Bce Bcraner Ha cBOM MecTa, KOT/la BbI IIPOBe/leTe HecllelHOe M10I1aroBoe
U3ydyeHue Toro, YTo TyT NPoUcXoAuT. /laBaiiTe MopasMbICIUM, IIOYEMY MbI
[IOJIy4aeM 9TOT, Ha/I0 CKa3aTh, 66CbMA He UNMYUMUEHbLL PE3YJIbTaT.

Korma Python o6pabarbiBaet Haliie BbIpaskeHHe-CI0Baph, OH CHAYaIa CTPOUT
HOBBIIT TTyCTOU O0BEKT-CJIOBAPD, & 3aTEM TIPUCBANBAET EMY KJTIOYH 1 3HAYEHUST
B TOM IIOps/IKe, B KAKOM OHHU IIepe/laHbl B BBIPAJKEHUE-CI0BaPb.

Tora, KOria Mbl €ro PasjiokKUM Ha 4aCTH, Hallle BbIPaKeHe-Ca0Bapb Oyaer
3KBUBAJICHTHO MIPUBEJICHHON HUKE 110CIIe/I0BATEIbHOCTH UHCTPYKITUHI, KOTO-
PbI€ UCIIOJHAIOTCS 110 IOPAAKY:

>>> xs = dict()

>>> xs[True] = 'ma’
>>> xs[1] = 'HeT'
>>> xs[1.0] = 'Bo3MOXHO'

Kax Hu ctpanno, Python cunraer Bce Kiiou, HCIOIb3yeMbIE B 9TOM ITPUMEPE
CJIOBAPA, IKEUBANCHIMHBIMUL
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>>> True == 1 == 1.0
True

JlajiHO, HO TTOTOINTE MUHYTOYKY. YBEPEH, BbI CMOKETE UHTYUTUBHO MTPU3HATD,
4yTO 1.0 == 1, HO BOT I04YeMy True CYMTAETCS TaKKe 9KBUBAJEHTHBIM U 17
B niepBbiii pas, korna g yBUes 3TO BhIpaXkeHue-cjI0Bapb, OHO JAeHCTBUTETHLHO
MeHA 033/Ja4UI0.

Hewmnoro nokonasumich B fokymenTaiuu Python, st ysuan, uto Python pac-
cMaTpHUBaeT THUII bool Kak mojkaace tumna int. VIMeHHO Tak 06CTOUT €10
B Python 2 u Python 3:

Bynes TMnN — 3TO NOATVN LENOYMUCTIEHHOMO TUMA, U ByneBbl 3Ha4YeHUs BeayT
cebs, COOTBETCTBEHHO, Kak 3HayeHust 0 1 1 Mo4TM BO BCEX KOHTEKCTax, npu
3TOM UCKJIIOYEHWEM SIBMSETCS TO, YTO NPU NPeobpa3oBaHWM B CTPOKOBLIV TUI,
COOTBETCTBEHHO, BO3BPALLAOTCA CTPOKOBbIE 3HayeHus 'False' nnm "True't.

W pasymeercs, 9T0 o3HadaeT, uTo B Python Oy/ieBbl 3HAUe€HUS TEXHUUECKU
MO’KHO MICTIOJIb30BATh B KAUECTBE MH/IEKCOB CITUCKA WU KOPTEXKa:

>>> ['HeT', 'ma'][True]
"o

Ho Bam, moskasnyit, #e ceyeT NCIOJab30BaTh MO0OHOTO POJa JOTHIECKUEe
repeMeHHble BO UMsI SICHOCTU (U IyTIIEBHOTO 3/I0POBbSI BAIIMX KOJLJIET).

Tak nin nHAYe, BepHEMCS K HAIlleMy BBIPaKeHUIO-CIOBAPIO.

Yro kacaercs sisbika Python, To Bce atn 3HayeHust — True, 1 1 1.0 — 1pel-
CTaBJISTIOT 00UHAK0BLLIL KA0U crosapsi. Korma MHTepIpeTaTop BhIYHUCISET Bbl-
paskeHue-cJI0Bapb, OH HEOJHOKPATHO IePelUChIBaeT 3HAaYeHNe Koda True.
ITO OOBSICHSIET, TOYEMY B CAMOM KOHIIE PE3YJIBTHPYIONIHIA CJIOBAPb COAEPKUT
BCETO OJINH KJTIOY.

Hpemne YEM MBbI HOﬁﬂeM JAaJiblll€, B3TJIAHEM €111€ Pa3 Ha UCXOAHOE BbIpaxKe-
HHE-CJIOBAPb!:

>>> {True: 'ma', 1: 'HeT', 1.0: 'BO3MOXHO'}
{True: 'Bo3MoxHO'}

U Cwm. poxymenTanuio Python «Mepapxus cranzapTHBIX TUIIOB»: https://docs.python.org/3/
reference/datamodel.html#the-standard-type-hierarchy
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[Touemy 371ech B KauecTBe KJl0Ya MBI TIO-TIpEKHEMY TosydaeM True? Passe
He JIOJKEH KJII0Y M3-3a IIOBTOPHBIX PUCBAMBAaHNI B CAMOM KOHIIE TOXKE TI0-
MEHATHhCH Ha 1.07

[Tocsie HeGOMBIINX U3BICKAHUI B UCXOIHOM Kojie MHTepiperaTopa Python
4 BbIFICHUJI, UYTO, KOT'/la C O6'beKTOM'K]HO‘{OM aCCONMUPYETCA HOBOE 3HAYECHUE,
cioBapu Python cam sToT 06BEKT-K/II0Y HE OOHOBJISIOT:

>>> ys = {1.0: 'HeT'}
>>> ys[True] = 'pa’
>>> ys

{1.0: 'pa'}

Besyc/i0BHO, 9TO MeET CMBICJI B KaueCTBe ONTUMU3AINH TIPOU3BOAUTEIHHO-
CTH: €CJIU KJIFOUYM PACCMATPUBAIOTCS UACHTUYHBIMHE, TO 324€M TPATHTh BPEMsI
Ha OOHOBJICHUE OPUTHHAJIA?

B nocsieiieM mpuMepe BbI BUIEJH, YTO [IEPBOHAYATBHBII 0OBEKT True Kak
KJII0Y HUKOT/IA He 3aMensercst. [1o aToil mpuynHe CTPOKOBOE MIPeICTaBIeHUE
cJI0Baps MO-TIPeKHEMY TTeyaTaeT K09 Kak True (BMecTo 1 1in 1.0).

C TeMm, 4yTO MBI 3HAEM Tellepb, 110 BCell BUAUMOCTH, 3HAYEHUS B PE3YJIBTUPYIO-
IEM CJIOBape MEePEUChIBAIOTCS TOJBKO TIOTOMY, 4TO CpaBHEHHUE Beera Oyer
ITOKa3bIBaTh UX KaK 9KBUBAJICHTHBIE IPYT APYTY. BMecTe ¢ TeM oka3biBaeTcs,
4TO 9TOT 3(PDEeKT He ABJAETCS CJeJCTBUEM IIPOBEPKU HA 9KBUBAJECHTHOCTD
METO/IOM __eq__ TOKe.

CuoBapu Python ommpatorcst Ha cTPyKTYpY MaHHBIX xeur-mabauya. Korpa
s BIIEPBBIE YBUJEJ 3TO YAUBUTEIbHOE BBIPasKeHUE-CI0Baph, MOsI TTepBast
MBICJIb 3aKJII0YA/IaCh B TOM, YTO TaKOE TI0BeIeHre ObLIO KaK-TO CBSA3aHO C Xelll-
KOH(MIUKTaMU.

JTeJsio B TOM, 4TO Xel-TabJIniia BO BHYTPEHHEM MTPE/ICTABJIEHUN XPAHUT UMEFOIIH-
ecsl B Hell KJIIOUM B Pa3JINYHBIX «KOP3UHAX» B COOTBETCTBUU C Xelll-3HaUYeHUEeM
Ka’K/I0T0 KJtoya. Xelll-3HaueHre BbIBOJUTCS U3 KJIoYa KaK YMCJI0BOe 3HaUYeHue
(pukcrpoBaHHOM VIMHBI, KOTOPOE OZIHO3HAYHO WCHTUMUIIMPYET KJIIOY.

ITOT (HaKT MO3BOJISIET BBITIOIHSITH OBICTPBIE OTlepaliuu moncka. Hamuoro ObI-
CTpee OTHICKATh YMCJIOBOE Xelll-3HAaueHre K04 B TIOMCKOBOI TabJuile, yem
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CPaBHUBATD TIOJHBII OGBEKT-KIIOY CO BCEMU JAPYTUMU KJIIOYAMU 1 BBITIOJIHSITH
[IPOBEPKY Ha 9KBUBAJIEHTHOCTD.

BmecTte ¢ TeM criocoObl BHIUNCIEHUS X€II-3HAUYEH i, KaK TPaBHUIIO, He H/e-
asibHbL. V1 B KOHEYHOM cueTe JiBa Miu OoJiee Kioda, KOTOPbIe Ha CaMOM JIeJie
passingarorcs, 6yyT HMeTh OJJMHAKOBOE TPOU3BOIHOE XEIl-3HAYCHHUE, U OHK
B MITOTE OKAJKYTCS B TOU JK€ CAMOI KOP3WHE MMOMCKOBOW TaOJIUIIBI.

Korma aBa kjfoya MMEOT OAMHAKOBOE Xelll-3HayeHKe, TaKas CUTyalusl Ha-
3BIBAETCS XCUL-KOHDIUKMOM U ABJIIETCS OCOOBIM CJIy4aeM, ¢ KOTOPBIM J0JIK-
HbI Pa3OUpaThCs aJrOPUTMbBI BCTABKU ¥ HAXOKEHUS 2JIEMEHTOB B Xelll-
Tabmuie.

Wcxops u3 910l O1leHKH, BeCbMa BepOSITHO, UTO XEHIMPOBaHUE KaK-TO CBSA3aHO
C HEOKU/JaHHBIM Pe3yJIBTaTOM, KOTOPBII MBI IIOJIyUYMUJIA U3 HAILIETO BbIPasKe-
Husi-caoBaps. [loatoMy aBaiiTe BBISCHUM, UTPAIOT JIM XelI-3HAUYEHUS KTtouei
3/1eCh TOXKe KaKyl0-TO OIlpe/leJIeHHYIO POJIb.

1 onpeesisito MPUBEIEHHBIN HITKE KJIACC KaK HeOOMBIION CHICKHOM HHCTPY-
MEHT:

class AlwaysEquals:
def __eq_ (self, other):
return True

def __hash__ (self):
return id(self)

ITOT KJIACC XapaKTePeH /IBYMsI aCIIeKTaMU.

Bo-11e€pBbIX, OCKOJIbKY JaHAeP-METOA __eq__ BCerja BO3Bpaliaer True, Bce
IK3EMILJIAPDI 9TOI'0 KjlaCCa IPUTBOPAIOTCA, YTO OHU 9KBUBAJIECHTHDBI ﬂTO6OMy
00BEKTY:

>>> AlwaysEquals() == AlwaysEquals()

True

>>> AlwaysEquals() == 42
True

>>> AlwaysEquals() == 'wraa?’

True
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U Bo-BTOPBIX, Kaxk/Iblil 9K3eMILIsIp AlwaysEquals Takske OyzieT BO3BpaIaTh
YHUKaJbHOE XelI-3HaUeHNe, TEHEPUPYeMOe BCTPOeHHO! (hyHKIHe id():

>>> objects = [AlwaysEquals(),
AlwaysEquals(),
AlwaysEquals()]

>>> [hash(obj) for obj in objects]

[4574298968, 4574287912, 4574287072]

B Python ¢yuxims id() Bosspaiiaer agpec 00beKTa B OIIEPaTUBHOMN TAMITH,
KOTOPBII rapaHTUPOBAHHO SABJISIETCS YHUKAIBHbBIM,

[Ipu OMOTIH ATOTO KJIacca TeTepb MOKHO CO3/1aBaTh 00bEKTHI, KOTOPbIE ITPH-
TBOPSIIOTCSI, YTO OHU SIBJITIOTCSI 9KBUBAJIEHTHBIMU JIIOOOMY JIPYTOMY 0OBEKTY,
HO TIPM 3TOM € HUMU OY/IET CBSI3aHO YHUKATIBHOE Xelll-3HaYeHne. ITO M03BO-
JIUT TIPOBEPUTH, IIEPEIIUCHIBAIOTCS JIU KJIIOUU CJIOBApPSl, OIIMPAsiCh TOJIbKO Ha
pe3yJbTaT UX CpaBHEHUS Ha SKBUBAJIEHTHOCTb.

I/I, KaK Bbl BUJIUTE, KJIIIOYU B CJICAYIOIIEM HUKE ITPUMEPE HE IIEPETINCHIBAIOTCA,
HECMOTPA Ha TO 4YTO CpaBHEHUE BCET/la 6y/1eT ITOKa3bIBATb NX KaK 9KBUBAJICHT-

HBIE JPYT APYTY:

>>> {AlwaysEquals(): 'ma', AlwaysEquals(): 'HeT'}
{ <AlwaysEquals object at 0x110a3c588>: 'ma’,
<AlwaysEquals object at 0x110a3cf98>: 'HeT' }

MBEI Takke MOXKeM B3IVISIHYTb Ha 9Ty HUI€I0 C leyFOﬁ CTOPOHBI 1 IIPOBEPUTD,
6}7H€T JIN BO3BPAT O/IMHAKOBOI'O X€HI-3HAYE€HUA JOCTATOYHbBIM OCHOBAHUEM [JIS1
TOTO, 4yTOOBI 32CTABUTH KJIIOYU OBITH IepernrcaiHbIMUA:

class SameHash:
def __hash__ (self):
return 1

CpaBHeHMe 9K3eMILISIPOB Kiacca SameHash OymeT mMOKa3biBaTh UX KaK He
9KBUBAJIEHTHBIE JIPYT JIPYTY, HO OHU Bce OyayT 06JaaTh ONHAKOBBIM XeTIl-
3HaYeHUEeM, paBHbIM 1:

>>> a
>>> b

SameHash ()
SameHash ()
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>>> a ==
False
>>> hash(a), hash(b)
(1, 1)

JlaBaiiTe IIOCMOTPHUM, KakK cjaoBapu Python pearupyior, Korja Mbl IbITaeMCsI
HCIIOJIb30BATh 9K3eMJISIPBI KJlacca SameHash B KauecTBe KJII0Yeil CII0BapsL:

>>> {a: 'a', b: 'b'}
{ <SameHash instance at 0x7f7159020cbo>: 'a’,
<SameHash instance at ©x7f7159020cf8>: 'b' }

Kak rokasbiBaeT aToT IIpumMep, 3(1)(I)CKT «KJIIOYU IIEPEHUCBIBAIOTCA» BbI3bIBa-
€TCA He OAHNMH TOJIbKO KOHCI)JII/IKTaMI/I Xell-3HaueHU.

CiioBapu BBINTOJIHAIOT IPOBEPKY HA 9KBUBAJEHTHOCTb M CPABHUBAIOT Xelll-
3HaYeHUe, YTOOBI OMPEAETUTD, SIBJASIOTCS JIU JBa KJIOYA OXMHAKOBBIMHU.
[TorpobyeM pe3ioOMUPOBATH PE3YIIBTATEI HAIIETO MCCAEI0OBAHSI.

Boipaxkenue-cnoBapb {True: 'aa', 1: 'HeT', 1.0: 'BO3MOXHO '} BEIYUCIILACTCS
Kak {True: 'Bo3MOXHO'}, IOTOMY YTO CPaBHEHME BCEX KJIIOUE 3TOT0 TPpUMepa,
True, 1, 1 1.0, Gy/IeT TIOKa3biBaTh UX KaK 9KBUBAJIEHTHBIE IPYT APYTY, 4 OHU
BCe MMEIOT OZIMHAKOBOE Xelll-3HaYeHNe:

>>> True == 1 == 1.0

True

>>> (hash(True), hash(1), hash(1.0))
(1, 1, 1)

[Toxxamnyii, Terepb y:Ke He TaK YAMBUTEJNbHO, YTO MbI [TOJIYYUJIN UMEHHO TaKOI
pe3yJbraT B KaueCTBe KOHEUHOI'O COCTOSTHUS CJI0BAPSL:

>>> {True: 'ma', 1: 'HeT', 1.0: 'Bo3MOXHO'}
{True: 'Bo3moxHO'}

SIICCB MbI 3aTPOHYJIX MHOT'O TEM, U 3TOT KOHerTHbeI TPIOK PythOIl ITOHa4YaJ1y
MOJKET HE YKJIa/bIBATbCA B T'OJIOBE — BOT IIOYEMY B CaMOM Ha4daJie paszeJia
S CpaBHMJI €TI0 € KOAHOM B I3€H.

EcJmi BBI € TPYZIOM MOHUMAETE, YTO TIPOUCXOAUT B HTOM pasjielie, monpooyiire
IIO9KCIIEPUMEHTUPOBATD 10 0Yepean CO BCEMHU IIPUMepPaMU KOJa B CeaHnce
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unrreprperaropa Python. Ber Gynere BodHarpaskieHbl paciinpeHneM CBOUX
[O3HAHUI O BHYTPEHHUX MeXaHu3MaXx si3bika Python.

KntoueBble BbIBOAbI

d CJIOBapI/I pacCMaTprBalOT KJIIOYW KaK MJICHTUYHbIE, €CJIN PE3YJIbTAT UX
CpaBHEHUA METO/IOM __eq__ T'OBOPHUT O TOM, YTO OHU S9KBUBaJICHTHbI, U €CJIN
X XelI-3Ha4YeHUA OJJMHAKOBDI.

0 Heoxumanubie KOHMIUKTHI KJIIOYEH CI0Bapss MOTYT U OYIyT TPUBOANUTH
K HCOKUJAHHBIM PE3yJIbTaTaM.

7.5. Tak MHoro crnocobos 06beANHUTbL CNnoBapu

Bol korga-Huby /b KOHCTPYUPOBAIU CHCTEMY KOH(MUTYPAIMU Ui OHON U3
Bammmx nporpamm Python? B takux cucreMax nmpuHsATO IIPUHUMATD CTPYKTYPY
JTAHHBIX C TTapaMeTpaMy KOH(PUTYpaIiy, 3aJaHHBIMUA TI0 YMOTYAHUIO, a 3aTeM
IIPE/IOCTABJIATH BO3MOXKHOCTD CEJIEKTUBHO TTePEOIPeesIATh 3TH TapaMeTphl
Ha OCHOBE BBOJIMMBIX TI0JIb30BaTEJIEM JIaHHBIX WU HEKOTOPOTO JIPYTOTo HC-
TOYHUKA KOH(MUTYpaAITUH.

51 HepeaKo MCHOIB30BAJ CIOBAPU B KauecTBe Ga30BOIl CTPYKTYPHI AaHHBIX
JUIS TIPeJICTaBJIeHNS KJfouel 1 3HaueHuin Konduryparnuu. M moatomy mMHe
4acTo OB HyKeH CIIoco6 00beIMHEHWS, I CAUsHUS (MeTge ), TPUHSTHIX 110
YMOJIYaHHIO TTapaMeTpPoB KOH(MUTYPAIINU C TT0JIb30BAaTEIbCKUMHU TIepeoTpe-
JleJIeHUSIMU B O/INH-€/IMHCTBEHHBIH CJI0Bapb ¢ OKOHYATeJIbHBIMU 3HAYCHUSIMU
KOH(UTYpAIUH.

Vn, 06006111ast: MHOT/Ia BaM HY»KeH criocob 00beInHUTD /[Ba UK O0Jiee CIoBa-
Psi B OJIVH, YTOOBI PE3YJIETUPYIONIHIT CJIOBAPD COAEPsKaT KOMOMHAIMIO KJIIOYeit
1 3HAaYEHU I UCXO/HBIX CJ0Bapeil.

B aTom pasjiesie st oKaxy HeCKOJbKO c1oco0oB cienars 91o. CHavama 1mo-
CMOTPHM Ha TIPOCTO# TIPUMEP, 4TOOBI MOKHO OBLIIO 4TO-TO 06CYKAaTh. [Ipe-
TIOJTOKIM, YTO Y BAC UMEETCS /IBa UCXOTHBIX CJIOBAPS:

>>> XS
>>> ys

I
~
7]
=

M

'b': 2}
4}

I
~=
(o
w
-
a]
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W BBl XOTHTE CO3/1aTh HOBBII CJI0BAPh ZS, KOTOPBIH COAEPKUT BCe KJIIOYM U 3HA-
YEHUA XS M BCE€ KJIIOYU M 3HAYEHUA YS. KpOMe TOro, €CjJ1 Bbl BHUMATEJ/IbHO
IIPOYJIN TOT IIPUMEP, TO BBI 3AMETUJIN, YTO CTPOKA 'b' IMOABIIIETCS B Ka4eCTBe
KJII0Ya B 000UX CJIOBAPSIX, — HAM TAK/Ke IPUJIETCS TPOYMATh CTPATETHIO Pa3-
pelieHNs KOH(MIINKTOB /17151 HOBTOPSIIONUXCS KJIIOYei.

B Python kmaccuueckoe perenne 3aaun «CAUSHIS MHOTOYMCIEHHBIX CJIO-
Bapeii» COCTOUT B TOM, 4TOOBI CIIOJIb30BaTh BCTPOECHHBIN B CJI0BAPh METO/I
update():

>>> zs = {}
>>> zs.update(xs)
>>> zs.update(ys)

Ecjm Bam /1106011bITHO, TO HauBHAs peasmsaiust GyHKIuu update () Morya Ob1
BBITJISIZIETh IPUMEPHO CJIeAy oM 06pazom. Mbl IIpocTo nepebupaeM B IUKJIE
BCE 9JIEMEHTBI CJIOBaPsI C TIPABOI CTOPOHBI 1 [00ABIISIEM KasKIYIO TTapy KJTH0Y-
3HAYEHUE B CJIOBAPbH C JIEBOU CTOPOHDI, 110 XO/Y TIEPENUChIBAsI CYIIeCTBYIOIHE
KJITOYN:

def update(dictl, dict2):
for key, value in dict2.items():
dicti[key] = value

B pe3yJabTraTe MbI IOJYYUM HOBBIN cJoBapb zs, KOTOprfI Ternepb COAEPKUT
KJIIO4YH, OIIPpEAECJIEHHBIE B XS N YS!

>>> zs
>>> {'c': 4, 'a': 1, 'b': 3}

Bol Takke yBUanTe, UTO TIOPSIOK, B KOTOPOM Mbl Bbi3bIBaeM update(), onpe-
JleJIsieT To, Kak OyayT pasperaTbess KOHOIUKTHIL. BeIMrpbiBaeT mocjeaHee
0OHOBJIEHUE, Y TIOBTOPSIIONIUICS KJIIOY 'b' acCOMMUPYETCsI CO 3HAYEHUEM 3,
KOTOpPOE IIOCTYIIUJIO U3 YS, TO €CTh BTOPOr0 NCXOHOTO CJI0BapPS.

Pasymeercst, Bbl MOJKETE PACIIUPUTD HTY TIEIIOYKY BbI30BOB update () HaCTOJIb-
KO, HACKOJIBKO 3aXOTHUTE, JJIsI TOTO, 4TOOBI 0ObEAUHUTD JI000€ KOJTNIEeCTBO
cyioBapeii B OMH cJ10Baph. Takoe MpakTu4yeckoe U yao00unTaeMoe peleHe
paboraer B Python 2 u B Python 3.
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Emte oxun npuem, kotopsiit pabotaer 8 Python 2 u B Python 3, ucrosbayer
BCTPOEHHYIO (DYHKITNIO dict () COBMECTHO C OTIEPATOPOM ** JIJIsT «PACTIAKOBKU»
00BEKTOB:

>>> zs = dict(xs, **ys)
>>> Zs
{'a': 1, 'c': 4, 'b': 3}

OzHaKo, Kak ¥ B cJlydae ¢ IOBTOPHBIMK BbI30BaMu update (), 9TOT IIOAXO.
paboTaer TOJIBKO ISl CAUSHIS UCKIIOYUTENBHO 08YX CIOBapeil U He MOKET
ObITH 06001EH 1151 00beMHEHNs IIPOU3BOJLHOIO KOJIMYEeCTBa cIoBapeil 3a
OJINH IIIar.

Hauunanus ¢ Python 3.5, onieparop ** cran ru6ue'. IlToatomy B Python 3.5+
€CTb €llle OJIMH — U, MOKayii, bosiee MPUATHBIN — CII0c06 00beIMHEHNUS TIPO-
M3BOJIBHOTO KOJIMYECTBA CIIOBAPEIi:

>>> zs = {**xs, **ys}

Y aToro BeIpaskeHUsT B TOUHOCTH TAKOU K€ PE3yJIbTaT, UTO U y TIEMOYKHU BbI-
30B0B update (). Kifoun 1 3HaYeHUS 3a1a10TCS B TMOPSJIKE CJieBa HAIIPABO,
ITO9TOMY MBI TTOJTy4aeM TY JKe caMyI0 CTPaTeruio pa3pelieHust KOH(MIMKTOR:
IpaBas CTOPOHA UMeEET MPUOPHUTET, a 3HAUECHIE B ys TEPEOIpeIeIsieT To0oe
CyIIecTBYIOIee 3HaUeHNE TI0/[ TEM K€ CaMbIM KJTIOUOM B XS. JTO CTAHET T10-
HATHBIM, KOT/Ia MBIl TTOCMOTPUM Ha CJIOBAaPh, KOTOPBIH SBJISIETCS PE3YTBTaTOM
3TOU OTepanuu CAUTHUS:

>>> zs
>>> {'c': 4,

'‘a': 1, 'b': 3}

JInyHO MHe HPaBUTCS KPAaTKOCTH 3TOI HOBOW CUHTAKCUYECKON KOHCTPYKIINN
U TO, KaK OHa TO-TPEKHEMY OCTaeTCs I0CTaTOYHO yaobounTtaemMoil. Beerma
NPUXOANTCSI HAXOAUTH PaBHOBECHE MEKTY MHOTOCJTOBHOCTBIO 1 KPAaTKOCTHIO,
CcOXpaHsisl TPOTPaMMHBIN KO/ MAaKCUMaJIbHO yHO60‘H/ITaeMbIM U JIETKUM B CO-
IPOBOXK/JIEHUU.

B mannOM cirydae s1 CKJIOHSIIOCH K MCIOJBb30BAaHUIO HOBOTO CUHTAKCHCA TIPU
ycaoBuw, 4to pabotaio ¢ Python 3. Bosiee Toro, mpu ucrosib3oBanmu ornepa-

' Cum. PEP 448 «/lonosnuTesbhbie 060011eHnst pacakoBKu»: https://www.python.org/dev/peps/
pep-0448/
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TOpa ** onepanus CJIUAHNS BBIIOJIHSAETCS ObICTPEE, UeM IIPH UCIIOIb30BaHNT
I[eTI0YKHU BBI30BOB update(), 4TO SABJFETCA ellle OJHUM ITPEUMYIIECTBOM.

KntoyeBble BbIBOAbI

a B Python 3.5 u BbIliie 1711 CIUSHIS MHOTOUHCJIEHHBIX 00bEKTOB-CIOBApEit
B OJINH MOKHO MCIIOJIb30BATh ONEPATOP ** ¢ MCI0Jb30BAaHUEM OJHOTO-
e/IMHCTBEHHOTO BBIPA’KEHNUS, IEPEMUCHIBAsI CYIIECTBYIOIIIE KIIOYN CJIeBa
HATPaBo.

O Yro6bl 0OCTaBUTH IPOrPAMMHBIN KOJ COBMECTUMBIM ¢ 60Jiee paHHUMU
Bepcustmu Python, MOJKHO MCIIOJIB30BaTh BCTPOEHHBIN B CJIOBAph METOJL
update().

/.6. CTpyKTypHas ne4vaTtb CfoBaps

BbI korga-m6o nbITagnch BhISIBUTH GAr B OJJHON U3 CBOUX ITPOTPAMM, YCEnBast
ee Kydell OTJIa[0YHBIX HHCTPYKIMIA print, 4TOOBI TIPOCTEANUTH OTOK MCIIOJI-
Henus? Vlam, BO3MOXKHO, BaM TIPUXOIMJIOCH TEHEPUPOBATH TUArHOCTUIECKOEe
coobrene, 4TOOBI BBIBOAUTH HEKOTOPBIE TTAPAMETPHI KOHMDUTYPAITHHL. ..

s1 GBI pazovapoBaH, ¥ 4acTo, TeM, HaCKOJIbKO TpyAHO B Python unrarh He-
KOTOpbIE CTPYKTYPbHI IAHHBIX, KOT/Ia OHM 1Te4aTatoTcsl KaK TEKCTOBbIE CTPO-
k. Hampumep, Huske mpuBesieH 1poctoii cioapb. OH HalleyaTaH B ceaHce
WHTEPIPETATOPA, IIPU 3TOM MOPSIO0K CJAEOBAHUS KIOUei MPON3BOJIbHBIN
U B PE3yJIGTUPYIOIIEH CTPOKE OTCYTCTBYET BbI/IEJIEHUE OTCTYIIAMU:

>>> mapping = {'a': 23, 'b': 42, 'c': OxcOffee}
>>> str(mapping)
{'b': 42, 'c': 12648430, 'a': 23}

K cyacTpio, ecTh HECKOIBKO TMPOCTBIX B UCIIOJIB30BAHUN AIbTEPHATUB HEPas3-
6OpUNBOMY MTPEOOPA3OBAHUIO B CTUJIE L0-StTiNg, TAIONHX OoJiee yI000urTaeMbIit
pesyJbrat. OJIH U3 BADHAHTOB COCTOUT B UCTIOJIB30BAHIN BCTPOEHHOTO MOJTYJIST
Python json. UToObI BBIMOJHUTE CTPYKTYPHYIO IeYaTh cJoBaps ¢ Oosee mpu-
ATHBIM (hOPMATHPOBAHUEM, MOKHO TPUMEHHUTH (DYHKITHIO json . dumps ():
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>>> import json
>>> json.dumps(mapping, indent=4, sort_keys=True)

{

"a": 23,

"b": 42,

"c": 12648430
}

ITU HACTPOUKHU KOH(PUTYPAITNH B Pe3yJIbTaTe TOJydaioT XOpoliiee 1 BbIeJIeH-
HOE OTCTYIIaMH CTPOKOBOE IIPEJICTaBIeHNE, KOTOPOE K TOMY JKe HOPMaJIN3yeT
TOPSIZIOK CJIEI0BAHST KJIIOYEl CI0Bapsi ISt ONTUMATbHON YI000YNTAEMOCTH.

HecMoTpst Ha TO 4TO HTO pellieHue aeT BHEIHE KPACUBbINA U y10004TaeMBbIi
pesyJibraT, OHO He gBJsieTcs ueaabHbIM. Ileyats coBapeil npu moMoIu Mo-
JyJist json paboTaeT TOJIBKO CO CJIOBAPSIMHE, KOTOPbIE COIEP/KAT IIPUMHUTHBHBIE
THIIbI, — BBl CTOJKHETECH C TIPOGJIEMON TIPH TIOTIBITKE PaciiedyaTaTh CJIOBaph,
KOTOPBIN COMEPKUT HEIPUMUTUBHBIHN TUTI TAHHBIX, TAKUX KaK (DYHKITHS:

>>> json.dumps({all: 'yup'})
TypeError: "keys must be a string"

Eme onnn HeoctaTok ncnonb3oBanug GyHKIMU json.dumps () cOCTOUT
B TOM, YTO OHA He CII0COOHA CepUajI30BaTh COCTABHbBIE TUIIBI JaHHBIX, TAKKE
KaK MHOKeCTBa:

>>> mapping['d'] = {1, 2, 3}
>>> json.dumps(mapping)
TypeError: "set([1, 2, 3]) is not JSON serializable"

Kpome Toro, Bbl MOKETE CTOJKHYTHCSI ¢ TAKO# MTPOOJIEMOT, KaK MPe/ICTaBIeHIe
TekcTa B KoJupoBke OHNUKO/, — B HEKOTOPBIX CJIy4asiX Bbl He CMOXKeTe B3SITh
pe3yJibTaT Ha BbIXO/ie U3 json.dumps U CKOIIMIIACTUTD €TI0 B CeaHce MHTePIIpe-
taropa Python, 4ro6b1 pekOHCTPYHPOBATH TIEPBOHAYAIBHBII 00BEKT-CIIOBAPb.

Kiaccuueckum peleHneM 3ajaun CTPYKTYPHOU reyatn oobekToB Python
SABJIAETCS BCTPOEHHBIN MOy b pprint. [IpuBexem mpumep:

>>> import pprint
>>> pprint.pprint(mapping)
{'a': 23, 'b': 42, 'c': 12648430, 'd': set([1, 2, 3])}
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Bur BUANTE, UTO (byHKL[HH ppr‘int crocoOHa 1eJarath TaKue TUIIbI JJaHHDbIX,
KaK MHOJKECTBQA, 1 OHa TaKJKE II€4aTa€T KJII0UYUN CJI0Bapsa B BOCIIPON3BOANMOM
opAaKe. IIo CpaBHEHUIO CO CTaHAAPTHBIM CTPOKOBBIM IIPEACTABJICHUEM CJIO-
Bapef/’I, 31€Cb Mbl I1OJIy4a€M TO, 4YTO BOCIIDUHUMAETCA 3HAYUTEJIbHO JIET4de.

BwMmecre ¢ Tem, 1o cpaBHeHHUIO ¢ json.dumps (), OHA He TIPeCTaBISET BJIO-
JKEHHBIE CTPYKTYPBI BU3YaJIbHO CTOJIb JKe XOpoIno. B 3aBucumoctu ot 06-
CTOSITEJTBCTB ATO MOKET OBITH MPENMYIIECTBOM HJIM HEOCTATKOM. 51 nHorIa
UCIIOJIb3Y10 json.dumps (), 4TOOBI BHIBOJIUTH CJIOBAPU M3-32 YJIYUIIEHHON
yaobounTaeMocT u (HOPMATHPOBAHUSI, HO TOJBKO €CJIU 5T YBEPEH, UYTO B HUX
HET HEITPUMUTUBHBIX TUTIOB JIAHHBIX.

KntoueBble BbIBOAbI

a B Python npunsitoe o ymosrganuio mpeobpasoBatme 00bEKTOB-CI0Bapeit
B CTPOKOBOE TIPEJICTABJIIEHNE MOKET OKA3aThCS TPYTHOUUTAEMbIM.

O Mouysum pprint 1 json mpeacTaBasioT cOOOI BapraHThI «00JIee BHICOKOTO
KauecTBa», BCTPOEHHbIE B cTaHAapTHY0 Onbmoreky Python.

O byasre octopoxHbl ¢ ucnoabzoBanneM GyHKIUKA json.dumps () 1 HETIPH-
MUTHUBHBIX KJIOYel U 3HAaYEHUi, TOCKOJbKY 3TO BBI30BET UCKJIIOYEHUE
TypeError.



[TMTOHOBCKME MEeToAbl
MOBbILLUEHUS
Npon3BOANTENIbHOCTU

8.1. UccnepoBanne moaynen n obbektoB Python

Bl MOKEeTE B MHTEPAKTUBHOM PEKUME MCCIIEA0BATH MOLYJIN U OOBEKTHI He-
HOCpeICTBEHHO 13 uHTepiperaTopa Python. 9to Hemoonenentoe dynkimo-
HaJIbHOE CPEICTBO JIETKO YIIYCTUTD U3 BUJLY, 0COOEHHO €CJIV BbI IEPEXOINTE Ha
Python ¢ apyroro si3bika.

MHorwue 361K TIPOTPAMMUPOBAHNS 3aTPY/IHSIOT UHCIIEKTUPOBAHME TTaKeTa
WM Kiacca 6e3 CBepKH ¢ OHJIAH-TOKYMEHTAInel NI 3ayYMBaHusT OIpe/ie-
Jiennii uaTepdericoB HAaM3yCTh.

B Python gena obcrosit nmo-apyromy — addekruBHbIi pazpaboTyrk Oymer
IPOBOJIMTH MacCy BpeMeHH B ceancax uHreprnperatopa REPL, paboras wH-
TepaKTUBHO ¢ mHTepIperatopom Python. Hampumep, st wacTo a0 fesmato aiis
pa3paboTKy KOPOTKUX (hParMeHTOB KO/Ia U JIOTHKH, TTOCJIe YETO KOMUPYIO UX
1 BeTasiisiio B daitn Python, ¢ koTopbim st paboTaio B CBOEM pPelaKkToOpe.

B 37011 rs1aBe Bbl MO3HAKOMUTECH C JIBYMS ITPOCTBIMU TIPUEMaMU, KOTOPBIE
MOKHO HCITOJIb30BATH JIJIsT MCCIIE0BAHUS KJIAcCOB U MeTozioB Python wmnTe-
PaKTUBHO, HAXO/ISICh BHYTPU UHTEPIIpETaTOPA.

Itu npuemsl OyayT paborars ¢ 060l Bepcueit Python — nvamo smmb 3a-
mycTuTh nHTeprnperarop Python komaHzoii python 13 KOMaHIHON CTPOKU
U MPUCTYIIUTH K pabore. VIHTEpIpeTaTop MpekpacHo MOAOM/IET JJIsl CEaHCOB
OTJIAJIKK B CHCTEMAX, I/le, HAallPUMeEP, Y Bac HET JOCTYIa K MPUIYITHBOMY
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penakropy win IDE, motomy uto Bbl paboraete nmo CeTn B TEPMUHAIBHOM
ceaHce.

ToroBwi? Tloexamu! IIpepcraBbTe, 9TO BBI MUIIETE TPOIPAMMY, KOTOpas WC-
moJsib3yeT Moayab Python datetime cranmaprhoit 6ubimorexn. Kak y3Hars,
Kakve QYHKIIMKU WU KJIACChI TOT MOYJIb 9KCIIOPTUPYET U KaKie METO/bI
1 aTprOYTHI HAXOAATCS B €T0 Kaccax?

OnuH 13 c1tocoO0B 3aKTI0YAETCS B TOM, YTOOBI 0OPATHTHCS 32 COBETOM K 110~
HCKOBOI cHCTEMe WK 3arJIsTHYTh B O(UIInaIbHy0 JOKyMeHTanuio Python
B Cern. OHako BecTpoentas B Python ¢yukims dir() mosBoJisier Bam 1oty -
4aTh JOCTYI K 3TOI MH(pOpMaIun HermocpeacTserHo n3 Python REPL:

>>> import datetime
>>> dir(datetime)
[ "MAXYEAR', 'MINYEAR', '__builtins__', '__cached__"',

' '

_doc__ ", '__file_', '__loader__', '__name__"',
' __package_ ', '__spec__', '_divide_and_round',
'date', 'datetime', 'datetime_CAPI', 'time’,

"timedelta', 'timezone', 'tzinfo']

B npuBenenHoM Bbllle mpuMepe s CHavaJa UMIIOPTUPOBAJ MOYJIb datetime
U3 CTaHAAPTHON GMOJMOTEKH, a 3aTeM TIPOUHCIEKTUPOBAJ €0 (QYHKITHei
dir(). BoizoB dir() ¢ MoayJieM B KauecTBe apryMeHTa BbIJIACT PACIIOJIOKEH-
HbIIT B a/1(haBUTHOM TIOPSIZIKE CIIUCOK MMEH U aTPUOYTOB, KOTOPBIE 3TOT MOLYJIb
[IPEOCTaBIIAET.

[Tockosbky B Python abcommorHo «Bce» siBisieTcst 0OBEKTOM, TOT K€ CaMblit
nprieM Oyziet paboTaTh He TOJIBKO ¢ MOLY/ISIMU KaK TAKOBBIMH, HO ¥ C KJIACCAMU
U CTPYKTYPaMHU JAHHBIX, 9KCIOPTUPYEMBIMU 3TUM MOJLYJIEM.

B AeiicTBUTEIBHOCTI MOKHO TIPOJIOJIKUTD YIIYOJIATHCS B TOAPOOHOCTH MOJLYJIS,
CHOBa BbI3bIBast dir() ¢ OT/eJbHBIMU OOBEKTAMU, KOTOPBIE BHI3BIBAOT HHTEPEC.
Hanpumep, Huzke 1MokazaHo, Kak MHCIIEKTUPYeTCsT kiacc datetime.date:

>>> dir(datetime.date)

["_add__"', '__class__', ..., ‘'day', 'fromordinal',
'isocalendar', 'isoformat', ‘'isoweekday', 'max',
'min', 'month', 'replace', 'resolution', 'strftime’,
'timetuple', 'today', 'toordinal', 'weekday', ‘year']
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Kak Buzure, pyHkims dir() maer BaM KpaTKiii 0630p TOTO, YTO JOCTYITHO
B MOJLyJie Wi KJiacce. Ecyii Bbl He TOMHUTE TOYHOTO HATTMCAHUS KOHKPETHOTO
Ks1acca win (GYHKIIMHU, TO, BO3MOKHO, 9TO BCE, YTO BaM HYKHO, YTOOBI IIPOLOJI-
’KaTh paboTy, He TIpepbIBas MPOIECC MTPOTPAMMUPOBAHUSI.

Muorna BeI3oB pyHKIMKU dir() ¢ 00BEKTOM B KaueCTBe apryMeHTa BbIAACT
CJIMIITKOM MHOTO WH(MOPMAIMU — COCTaBHOW MOYJIb UJIU KJIACC BBI3OBET
JUTMHHYIO paciiedaTKy, KOTOPYIo TPYAHO ObICTPO pounTath. Huske npuBesex
HeOOJIBIION TPIOK, KOTOPBIN MOKHO IIPUMEHSITD JIJISI CBEIeHMsI CIINCKa aTpH-
OyTOB K TeM, KOTOPbIMU Bbl HHTEPECYETECH:

>>> [_ for _ in dir(datetime) if 'date' in _.lower()]
['date', 'datetime', 'datetime_CAPI']

371eChb S UCIIOJIb30BaJl KOHCTPYKITUIO BKJIIOUEHUS B CITUCOK 717151 (DUIIBTpAIin
pe3yJibraToB BbI3oBa dir(datetime), YTOOBI IMOJIYYUTH TOJBKO UMEHA, KOTOPbIE
BKJIIOYAIOT ¢JI0BO «date». OGparuTe BHUMaHKe Ha TO, KaK s BbI3bIBAJ METO]
lower() ¢ KaKIbIM HMEHEM, TeM CaMbIM TapaHTUPYsL, YTO (GUAbTpanus Oy/aeT
HEYYBCTBUTEIbHA K PETUCTPY.

[Tosryuenue coIPOTo CIvcKa aTpuOyTOB 00beKTa He Beeria obeceynBaeT Hac
JIOCTaTOYHON WH(MOPMAIHeil, HeOOXOMUMON JIJIsl PEIEHUsT TEKYIIEH 3a1am.
Torma kakuM 00pa3oM MOKHO MOJYYUTh OOJIbIIe WHGOPMAIUU 1 GoJiee MojI-
poGHBbIe onrcanust GYHKIUIT 1 KJIaCCOB, 9KCIIOPTUPYEMBIX MOIyJieM datetime?

B atom ciryuae Bam momozket BetpoerHast B Python dyrxkims help(). C ee mo-
MOIIBIO BbI MOKETE BBI3BIBATH MHTEPAKTUBHYIO CIIPaBOUYHYIO cucteMy Python
U IPOCMATPUBATh aBTOMAaTHYECKU CTeHEPUPOBAHHYO TIOKyMeHTaluio Python
110 JTI0O00MY OOBEKTY:

>>> help(datetime)

Ecau BeIIOIHUTH HpI/IBeILEHHbel BBIIIIE IIPUMED B ceaHCe MHTepPIIpeTaTopa
Python, TO BaIll TEpPMUHAJ ITIOKAKET TeKCToopI/IeHTI/IpOBaHHbH?I 9KpaH CIIpaBKU
IUI MOy JiA datetime, KOTOprfI 6yzxeT BBITVISA/IETH IPUMEPHO TaK:

Help on module datetime:

NAME
datetime — Fast implementation of the datetime type.
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CLASSES
builtins.object
date
datetime
time

Bbl MOKeTe MCII0JIb30BaTh KIABUILU «KyPCOP BBEPX» U <KYPCOP BHU3», YTOOBI
MTPOKPYTUTD IOKYMEHTAIINIO Ha 9KpaHe. Kak BapmaHT, Tak:ke MOKHO HAKUMATh
KJIABUIITY <ITPOGEIT», 4UTOOBI IIPOKPYIUBATH BHI3 CPas3y HECKOJIBKO CTPOK. UTo-
ObI BBINTH M3 PeKMMa MHTEPAKTUBHOI CIIPABKH, HYKHO HasKaTh KJIABUIILY d.
ITO BePHET Bac Ha3aJl K KOMaH/IHOI CTPOKe nHTepripetatopa. Hermoxas Bo3-
MOJKHOCTD, /1a?

Mesxty IpovrM, BbI MOKETE BBI3bIBATH help() ¢ MPOM3BOJLHBIMI OOBEKTAMU
Python, Briiouast gpyrue BcTpoeHHbIE (DYHKITUH U BalTi COOCTBEHHBIE KJIACCHI
Python. Uurepmperatop Python aBromatiuecku creHepupyer aTy 10KyMeH-
TAIUIO HA OCHOBE aTpUOYTOB, OTPE/IeJEHHBIX B OOBEKTE, 1 €r0 CTPOKHU JIOKY-
menTarmu docstring (ipu ee Hasmuun). Bee mpuBeieHHbIE HUKE TPUMEPDI
SABJISIOTCS TOTTYCTUMBIMU TIPUMeHEeHUAMU (HYHKITUN help:

>>> help(datetime.date)
>>> help(datetime.date.fromtimestamp)
>>> help(dir)

Pasymeercst, pyukimm dir() v help() He 3aMeHsIT coO0i KpaciBo oThopma-
tupoBannyio HTML-gokymMeHTanuio, MOIib TOMCKOBON CUCTEMbI UJTH TTOUCK
Ha caiite Stack Overflow. Ho oHU SIBJISIFOTCST BETUKOJIEITHBIMU HHCTPYMEHTAMI
JUIST OTIEPATUBHOMN CBEPKH, He TPEOYIOIUM OT BacC TIEPEKJIIOUEHSI C HHTEPITPe-
taropa Python. Onu taxke gocrynusl Bie Cetn 1 paboraior 6e3 MojiKIoye-
HUSI K MTHTEPHETY, YTO MOKET OKa3aThCsl OYEHb MOJIE3HBIM B CJIydae KpaiiHeil
HEOOXOIUMOCTH.

Krnto4yeBble BbIBOAbI

O Uecnombayiite BetpoeHHyio hyHKIMIO dir(), 4T06bl HHTEPAKTHBHO UCCJIEI0-
BaTh MOJLYJIU U Kiacchl Python, Haxozsich BHYTpH ceanca MHTEpPITPETATOpA.

0 Bcerpoennas dynkius help() 1mo3BoJigeT IpocMaTpUBaTh TOKYMEHTAINIO
IPSIMO M3 Balllero WHTeprperaropa (/s BbIX0/la HAKMUTE KJIABUIITY Q).
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8.2. N3onsaums 3aBucMMOCTEN NMpoeKTa
npu nomowm Virtualenv

Python comepsKuT MOTTHYO CHCTEMY YIIPaBIEHUS TAKETAMM, TO3BOJISIOILY IO
YIIPaBJISITh MOLYJISIMH, OT KOTOPBIX 3aBUCST Ballld IIPporpaMmbl. Bbl, BeposiTHO,
€€ MCII0JIb30BaJN, KOI/la yCTaHaBJIMBaAl CTOPOHHUE ITaKEeThl IIPYU ITOMOIIN
KOMaH/bl MeHepKepa ITakeToB pip.

COUBAIOIINM € TOJIKY ACIIEKTOM YCTAHOBKH MAKETOB IIPU OMOIIH pip sIBJISIET-
€4 TO, UTO OH 110 YMOJTYAHWIO [IBITAETCS YCTAHABIUBATH MX B BAILy T100ATbHYO
cpeny Python.

HecomHueHHO, 9TO jiesiaeT JoOble yCTaHABJINBAEMbIE BAMU HOBbIE MTAKEThI
JIOCTYITHBIMHU B Balllell CHCTEME 2100aibHo, 9TO 04eHb yino6Ho. Ho aT0 Takske
OBICTPO TIPEBPAIIAETCS B KOIIIMAP, €CJIU BbI paboTaeTe ¢ MHOTOYMCIEHHBIMU
MPOEKTaMU, KOTOPbIe TPEOYIOT PasHbIX BEPCHI 1020 Jce CAM020 TIAKETa.

Yo, eciivt OIMH U3 BAIUX MMPOEKTOB HYy:KIaeTcs B Bepcun 1.3 6ubanorexn,
B TO BPEMSI KaK JIJisI IPYTOTO TIPOeKTa HyskHa Bepcus 1.4 Toii e camoii Ou-
61moTeKn?

Korpa BbI ycranas/BaeTe makeTbl JI00ATbHO, MOJKET CYTIECTBOBATD MOLbKO
oona Bepcust Gubmmorexku Python st Bcex Bammix mporpamMm. ITO 0O3HAYAET,
YTO BbI OBICTPO CTOJKHETECH ¢ KOHMIMKTaMU Bepcuii — kak Topell, KOTOpBbIii
JIOJIZKEH OCTAThCS TOJBKO OJIUH.

U uem zpajibiie, TeM XysKe. Y Bac TakKe MOTYT ObITh PasHble IIPOrPAaMMBbI, [T
KOTOPBIX HY’KHBI pa3/IMYHble BePCUU caMoro s3bika Python. Hanpumep, Heko-
TOPbIE IPOrPAMMbI MOTYT MO-TIPEsKHEMY BBITIOJIHATHCS B Python 2, B To Bpemst
KaK OCHOBHas1 4acTh Ballleil HOBOM pa3zpaboTku npoucxoaut B Python 3. Mim
YTO, €CJIN JIJIsl OJTHOTO M3 BalIMX MPoeKTOB HyskeH Python 3.3, B To Bpemst kak
Bce ocTanbHoe paboraer B Python 3.6?

[Tomumo aToro, TI0baNbHast yctanoBka makero Python taxkske Moxer crarh
(akTopoM pucKa ¢ TOUKH 3penust odecnedenus bezomnacuoctu. st moadu-
KaIuu r700abHON Cpeibl HePEIKO TPeOYeTCst, UTOOBI BbI BHITTOIHSIIN KOMaH-
Ibl pip install ¢ mpaBaMu Cynepriob3oBaTesis (Toot-, nin aIMUH-TIpaBaMn ).
Korza Bbl ycranaBiamBaeTe HOBBIH TTaKeT, MEHE/Kep MAKeTOB pip cKauMBaeT
U UCTIOJTHSIET KOJI U3 MHTEPHETA, & 3TO 0OBIYHO He PEKOMEHTyeTCsT. XOTeI0Ch
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Obl Ha/JIeATbCA, YTO YCTaHaB]II/IBaeMbII;,I HpOI‘paMMHbeI KO/l 3aCJIYKUBAET /10~
BE€pusA, HO KTO €ro 3HA€T, YTO OH JA€J/Ia€T Ha CaMOM [JI€JI€E...

BupTyanbHble cpeapbl CNewaT Ha NoMOLLb

Pererivie aTrx pobieM 3aKJII0YAETCST B TOM, YTOOBI OT/IEINUTD BAIIY CPELY
Python Tak HassiBaembiMu upmyanvivimu cpedamu (virtual environment).
OHu 1MO3BOJIAIOT BaM OT/ESATH 3aBrcuMocTi Python Ha ocHoBe TOTO MITH MHO-
IO MPOEKTa U TPEIOCTABJISIIOT BO3MOKHOCTD BBIOMPATH MEK/Y PA3JIUYHBIMIU
BepcusiMu wHTEpIipetaTopa Python.

Bupmyanvnas cpeda — sro usonuposantas cpeaa Python. @usnuecku oHa
pacriojiaraeTcst BHyTPU IallKU, COJeprKalleil Bce MaKeTbl U APYTUe IPOrPaMM-
HbIE CPE/ICTBA, OT KOTOPBIX OHU 3aBUCST, B BH/Ie OMOJINOTEK ¢ HATUBHBIM (T1J1aT-
(hopMeHHO-OPUEHTUPOBAHHBIM ) KOJIOM U CPE/IOii BBITIOJHEHNS WHTEpIIpeTa-
TOPAa, B KOTOPBIX HysK1aeTcst mpoekt Python. (3a kaapom, 4ToObI CAKOHOMUTH
MECTO, 3T (HANIIBI MOTYT OBITH CHMBOJIMYECKUMIY CCHIIKAMH,  HE PEATLHBIMI
KOIIUSIMHU. )

Yr0o6bI TPOEMOHCTPUPOBATH PAGOTY BUPTYAJIBHON CPEJIDI, ST IPECTABIIO He-
GOJIBIITYIO TOIIATOBYIO IEMOHCTPAINIO, B KOTOPOIT MbI BBITTOJTHUM HACTPOIKY
HOBO#T BUPTYaIbHO# cpejibl (UJn virtualenv, Kak ee Ha3bIBAIOT JIJIsI KPATKOCTH ),
a3aTeM yCTaHOBUM B Hee CTOPOHHUI TTaKeT.

[Ipesk /e Bcero mpoBepUM, Tie B HACTOSIIEE BPEMST PACIIOIATAETCS TI0OATbHAST
cpena Python. B Linux mim macOS 17151 IpOBEPKM Iy TH K MEHEIKEPY MaKETOB
pip Mbl MOKEM UCII0JIb30BATh MHCTPYMEHT KOMaH/IHOW CTPOKHU which:

$ which pip3
/usr/local/bin/pip3

51 06bIYHO pa3Melan CBOU BUPTYATbHbBIE CPEII IIPSIMO B TATTKY IPOEKTOB, 4TO-
OBl JIepsKaTh UX B GE3yIPEYHOM BHJIE M OT/IEJIEHHBIMU OT OCTAIbHbBIX. HO BbI Tak-
JKe MOJKeTe r/ie-HIOY/Ib UMETh CIIeNNaIbHbII KaTasor «python-environmentss,
KOTOPBIiA COEPIKUT BCE BAIIK CPEJIBI LIS IPOEKTOB. BhIOOp 3a BamiL.

JlaBaiiTe co3maznM HOBYIO BUPTyaabHYIo cpexy Python:

$ python3 -m venv ./venv
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ITa KOMaH/Ia 32 OJIHY MUHYTY CO3/ACT HOBYIO TIATIKY Venv B TEKYIIEM KaTaJore,
a TakyKe 3al0JTHUT ee 6a30Boii cpepoii Python 3:

$ 1s venv/
bin Include Lib pyvenv.cfg

Ecau Bbl poBepuTe aKTUBHYIO Bepcuio pip (komaH0i which), To yBuauTe,
YTO OHA MO-TIPEKHEMY YKa3bIBAET Ha TII00ATBHYTO CPELLY, B MOEM Crydae /usr/
local/bin/pip3:

(venv) $ which pip3
/usr/local/bin/pip3

ITO 03HAYAET, YTO €CJIN YCTAaHOBUTH MAKeThI ceifuac, TO OHU MO-TIPEKHEMY
OKaXyTCst B Ti100ambHoM cpesie Python. OHOro co3manmst marnku BUPTYJIbHOM
CpeJibl HeZIOCTATOYHO — BaM HY’KHO SIBHBIM 00pPa3oM aKTHBUPOBATH HOBYIO
BUPTYaJIbHYIO CPE/Ly, YTOOBI TIOCAEYIONIIE BBIMOJHEHNST KOMaH/Ibl pip yKa-
3bIBAJIN HA Hee:

$ source ./venv/bin/activate
(venv) $

BoinosiHeHne koMaH/Ibl activate KOHGUTYPUPYET TEKYIUM ceaHc Baliei
000J109KH, 4TOOBI BMECTO ITOTO UCIOJB30BaTh Python u Komamnbl pip us
BUPTYAJIbHOU CpPeJIbI'.

OO6paruTe BHUMaHNE HA TO, KAK 3TO U3MEHUJIO BU/[ TIOJCKAa3KU B CTPOKE
KOMaHHON 000JI0YKH, U Telleph OHa COAEPKUT HazBaHKUe aKTHUBHON BUPTY-
aJIbHOI Cpefibl B KPYTJIbIX cKoOKax: (venv). JlaBaiiTe mpoBepuM, KaKoi uc-
ITOJTHIEMBIH (haiisr pip Tenepb aKTUBEH:

(venv) $ which pip3
/Users/dan/my-project/venv/bin/pip3

Kax BuznTe, BbITIOJIHEHNE KOMAH/IbI pip3 Terepb Oy/IeT 3aIyCKaTh Ty BEPCHUIO,
KOTOpasi HAXOAUTCS B BUPTYAIbHON cpejie, a He riobaibHoi. To ke Kacaercst

' B Windows komaHia activate BBIIIOJHSIETCS] HAIIPSIMYIO, TO €CTh €€ He HY’KHO 3arpysKarh
BMeECTE C UCTOYHUKOM.
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U ucnojHseMoro (aitia nareprnperaropa Python. Bemmosnenue python us
KOMaH/THOI CTPOKH TeNePh TaKyKe 3arpy3UT UHTEPIIPETATOP U3 MAINKU VeNnv:

(venv) $ which python
/Users/dan/my-project/venv/bin/python

ObparuTe BHUMAHKE: OHA TO-TIPEKHEMY MIPECTABIISIET COOOI «IHCTYIO T0CKY,
abcomoTHO mycTyto cpexy Python. BermosHenne komamapr pip list mokasker
MOYTH TYCTOH CIUCOK YCTAHOBJIEHHBIX MAKETOB, KOTOPbIiT OyIeT BKIOYATDH
TOJIBKO 6GA30BbIe MOJLYJIU, HEOOXOIUMBbIE JIJIST TTOJJIEPIKKI pip KaK TaKOBOTO:

(venv) $ pip list
pip (9.0.1)
setuptools (28.8.9)

JlaBaiiTe moiizeM Jasblie 1 Terepb ycTaHOBUM makeT Python B BupTyanbHyio
cpeny. [lyg aToro Bam ciemyeT TPpUMEHUTHh 3HAKOMYIO KOMaHly pip install:

(venv) $ pip install schedule
Collecting schedule

Downloading schedule-0.4.2-py2.py3-none-any.whl
Installing collected packages: schedule
Successfully installed schedule-0.4.2

3/iech BBl 3aMETUTE /IBa BAXKHBIX U3MeHeHUs. Bo-1iepBbIX, /1719 BBITTOJTHEHUS
9TON KOMaH/bl BaM GoJiblile He OyAyT HYsKHBI [IpaBa A0CTYIIa aJMUHUCTPa-
Topa. V1 BO-BTOPBIX, HHCTAJLIAIMS W OOHOBJIEHUE MTAKeTa ¢ aKTUBHON BUP-
TyaJIbHOU CPe/loil 03HAYAIOT, UTO Bee (Dallibl OKaKyTCs B MOATAIIKE KaTajaora
BUPTYaJbHOU CPe/IbI.

[To aTOiT TpUYMHE TTPOTPAMMHBIE CPEICTBA, OT KOTOPBIX 3aBUCHUT Balll TPOEKT,
OyIyT (hUsMUECKr OT/EJIEHbI OT Beeil Apyroii cpeabl Python B Barieii cucreme,
BKJTIOYast rJ106abHy 0. [[paKTUYeCKy BbI TIOJIy4aeTe KJIOH CPE/Ibl BBITOTHEHUST
Python, KoTOpbIil TpeiHa3HAYEH TOJIBKO JJIst OJIHOTO ITPOEKTA.

Emte pas BbimosinuB pip list, Bbl yBuauTe, yTo 6ubanoreka schedule Gbiia
YCIIEIIHO YCTAaHOBJIEHA B HOBYIO CPELY:

(venv) $ pip list
pip (9.0.1)
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schedule (0.4.2)
setuptools (28.8.9)

Ecan 3amyctuth ceanc narepmnperatopa Python komanmoit python mim Bbi-
MOJTHUTH UM aBTOHOMHBI# (haiis1 .py, TO OH OyIET UCTIOIB30BATh MHTEPITPETATOP
Python u 3aBrcuMOCTH, yCTaHOBJIEHHBIE B 3TY BUPTYaJIbHYIO CPEy, — IIPU
YCJIOBUH, UTO 9Ta CPejia MO-IIPEKHEMY aKTUBHA B TEKYIIEM ceaHce 000JI0YKH.

Ho kak cHOBa /1eakTHBUPOBATH WK <IIOKUHYTh» BUPTyaJIbHYIO cpelly? AHa-
JIOTUYHO KOMaH/ie activate, cymecTByer KoMaHia deactivate, KoTopas BO3-
BpaIaeT Bac Ha3a/l K rJI06aIbHOIT cpeje:

(venv) $ deactivate
$ which pip3
/usr/local/bin

Ncnonb3oBanue BUPTYAJbHBIX CPeJl TOMOKET COXPAHUTH Ballly CUCTEMY
JIAKOHUYHOI, a Bamy 3aBucuMocTi Python akkyparHo opraHn30BaHHBIMU.
B kauecTBe pakTHYECKON PEKOMEH/IAINN: Bee Baly TpoekThl Python momk-
HBI HCIIOJIb30BATh BUPTYJIbHbBIE CPE/IbI, YTOOBI OTAEISATH UX 3aBUCUMOCTH OT
NIPYTUX 1 M36eraTh KOH(MIMKTOB BEPCHIL.

[Tornmanme n UCMOJB30BaHNE BUPTYAJTBHBIX CPeJl TaK:Ke HAIIPABUT BacC 110
[IpaBUJIbHOMY IIYTU UCIIOJIb30BaHUA Ooutee IIPOJIBUHYTBIX METO/I0B yIIpaBJie-
HUSI 3aBUCUMOCTSIMHU, TAKUX KaK OIlpe/ieJIeHre 3aBUCUMOCTEN TTPOEKTa TIPH
IIOMOIIIN (baf/’UIOB requirements.txt.

Ecsin BbI uiliete Matepuast ¢ rIyOOKUM U3JIOKEHHEM HTON TEMbI U € IOTOJIHH-
TEILHBIMU COBETAMHU TIO TIOBOJLY TIPOU3BOIUTEIHOCTH, 0OpaTUTECh K MOeMy Kyp-
cy ynpasienus sasucumocmsmu Python', kotopbiii MokHO HaiiTu Ha dbader.org.

KntoyeBble BbIBOAbI

O BupryanbHbie cpesibl OTEISI0T 3aBUCUMOCTH OJIHUX BAIIUX ITPOEKTOB OT
apyrux. Ouu momoraior nzberatb KOHGIMKTOB BEPCUN MEK/LY MaKeTaMI
U Pa3INYHBIMU BEPCUSIMU CPejibl BhoTHeHMs Python.

! Cwm. https://dbader.org/products/managing-python-dependencies/?utm_source=python-tricks-
book&utm_medium=pdf&utm_campaign=pytricks-book
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O B kauecTBe mpakTmueckoii pekoMeHIanuu: Bee Bamu npoekThl Python
JIOJIZKHBI UCIIOJIb30BAaTh BUPTYaJIbHBIE CPE/IbI, B KOTOPBIX OYAYT XPaHUThCS
UX 3aBUCUMOCTHU. JTO IIOMOKET U30eKaTh FOJOBHOI 601 B OYLyILEM.

8.3. Mo Ty cTopoHy 6anTkoaa

Korma nunrepnperarop CPython ncrnosasier Batty nmporpamMmy, OH CHadasa ee
TPAHCJIUPYET B MOCJIEI0BATETBHOCTD OANTKOMOBBIX HHCTPYKIMIA. BailTkom —
9TO IPOMEKYTOUYHBIN SI3BIK JJIs BUPTYalbHON Maimibl Python, KoTopsrii
HCII0JIb3YETCsl B KaueCTBe ONTUMU3AIMK ITPOU3BOIUTEIIBHOCTH.

BumecTto Toro 4To6bl HEMOCPECTBEHHO UCIIOJTHUTD Y€JI0BEKOYUTAEMbIIT HCXO/I-
HBIH Ko/, B Python ucrnonb3yorest KoMImakTHbIe [U(POBbIE KO/bI, KOHCTAHTHI
U CCBLIKY, KOTOPBIC IIPEACTABJIAIOT PE3YJIbTaT JIEKCUUCCKOTO X CCMAaHTIIECKO-
IO aHaJI13a, BBIIIOJIHSIEMOTO0 KOMIIUISTOPOM.

ITO 5KOHOMHUT BPEMs U OTIEPATUBHYIO MAMSTD JIJIsT TOBTOPHBIX NCITOJTHEHWH
IPOrpaMM HJIN Yacteii mporpamm. Harprumep, 6aliTKOI, KOTOPBIiA MOJIyYaeTcst
B pe3yJibTare 3TOTo Iara KOMITWJIAIIHT, K3IIUPYeTcs Ha JiucKe B (aiiyax . pyc
U .pyo, 94TOObI BO BTOPOI pa3 MCIIOJIHEHKEe TOro e camoro ¢aiisa Python
IIPOXO/IIIO OBICTPEE.

Bce 910 aGCOM0THO IPO3payHo J1jist IporpaMMucTa. Bam He HyKHO 3HATh O TOM,
YTO IIPOUCXOAUT B ATOT IIPOMEKYTOUHBIN [IATr TPAHC/ISIUN UIN KaK BUPTYallb-
Hast marnHa Python paboraet ¢ 6aiitkozom. Ha camom fiesie popmar GaiiTroia
CYMTAETCS IETAJIbIO pean3allii, U He TapaHTUPYETCs, YTO OH OCTAHETCS CTa-
OUJIBHBIM MJIM COBMECTUMbIM MEK/Y PasJINYHbIMK BepcusiMu Python.

U Bce xe, st yOexI€H, YTO BO3ZMOKHOCTD YBU/IETD, KaK denaemcs koabaca,
U 3arJISTHY Th 110 Ty CTOPOHY aOCTPaKIHii, 06eCeYBaeMbIX HHTEPIIPETATOPOM
Python, Becbma undopmatusna. [lornmanue, 1o KpaiiHeit Mepe, HEKOTOPBIX
BHYTPEHHUX MEXaHU3MOB MTOMOJKET BaM THCaTh OOJiee MTPOU3BOAUTENbHBIN
Ko/1 (KOT/Ia TIPOU3BOIUTEIHHOCTD UMeeT 3Hauenue). U 1o takke obecrednt
Maccy y/10BOJIbCTBHSI.

B kauecTBe MOAONBITHOTO 06pasila JaBaiiTe BO3bMEM IPOCTYIO (HyHKIUIO
greet (), ¢ KOTOPOIl MOKHO MOSKCIEPUMEHTUPOBATH U KOTOPYIO MOKHO HC-
I10/Ib30BaTh, YTOOBI pazobpaTbes B Oaiitkoze Python:
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def greet(name):
return 'MpuBeTt, ' + name +

>>> greet('engo’)
"MpuBem, Budo!'

Ecsmi moMHuTE, 51 yke orMedas, uto Python cHavama rpanciupyer Hamr wc-
XO/IHBIN KO/l B TPOMEKYTOYHBIH SI3bIK, TIPEXK/IE YEM OH €TI0 «BBIIIOJHUT». Tak
BOT, €CJIX 3TO MPaB/a, TO MbI JIOJILKHBI YBU/IETh PE3YJIBTATHI 9TOTO Tl1ara KOM-
nussiu. VI Mbl MoskeM.

Kaxnas dyukims nmeer arpubyt __code__ (B Python 3), kotopsriii Mbr MO-
JKEeM HCII0JIb30BaTh, YTOOBI MOJYUYNUTh WHCTPYKIIUMKA BUPTYaJTbHOI MAITUHBI,
KOHCTAHTBI U TIepEMEHHBIE, NCITOJIb3yeMble Hallell (hyHKIel greet:

>>> greet._ code__.co_code
b'dx01|x00x17x00dx02x17x00Sx00 "
>>> greet._code__.co_consts

(None, 'MpuseTt, ', '!")
>>> greet.__code__.co_varnames
('name',)

Bol BuznTe, 4TO co_consts COAEPKUT YACTU CTPOKHU IIPUBETCTBUSI, KOTOPYIO
cobupaet Harma GyHKIHs. KOHCTAaHTBI 1 KO XPAHSITCST OTAENBHO, ITOOBI CIKO-
HOMUTb ITPOCTPAHCTBO MaMsITH. KOHCTAHTBI... Kak ObI CKa3aTh... KOHCTAHTHBI,
TO €CTb OHM He IoJjIeskaT U3BMEHEHUIO U UCII0Ib3YIOTCS MOIIEPEeMEHHO B pa3-
HBIX MECTax.

[ToaTOMy BMECTO TOTO, 4TOOBI MMOBTOPSITH (DaKTHUYECKNE TIOCTOSTHHBIE BEJIN-
YMHBI B TIOTOKE KOMaH/[ co_code, Python XpaHuT KOHCTaHTBI OTAEIBHO B 110~
ucKoBOH Tabimite. IIOTOK KOMaH/I 3aTeM MOKET CChLIAThCS HA KOHCTAHTY
[0 UHJEKCY B TIOMCKOBOM Tabsuiie. To jke caMoe BEPHO W JIIst TePEMEHHbIX,
XPaHSIIUXCS B [10JIe CO_varnames.

Hazerock, uTo 9T0T 0OMMIT IPUHITUI HAYMHAET MPOsICHAThCs. Ho pacemorpe-
HUe MMOTOKa KOMaHJ co_code TO-TIPeKHEMY 3aCTaBJsIeT MEeHsI YyBCTBOBATH
cebst HeXOPOIIo. ITOT MIPOMEKYTOUHBII SI3bIK IBHO ITPelHa3HavY€eH JIJIsl TOTO,
4yTOOBI ¢ HUM OBLIO JIeTKO paboTaTh BUPTyaabHoil MamuHe Python, a me
Jro/isiM. B KOHIe KOHIIOB, /17151 3TO CYIIECTBYET TEKCTOOPUEHUPOBAHHBIN UC-
XOIHBIN KO,
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Paspa6oruukn, paboratomue Hax CPython, Toxe aro nonsin. [Toatomy onun
Jla/ii HaM ellle OJUH MHCTPYMEHT, KOTOPBIil Ha3bhIBAETCSI OU3ACCEMOLEPOM,
4TOOBI CJleJIaTh MHCIIEKTUPOBaHKe OaiiTOK/a Jierye.

Jluzaccembiiep Gaiitkoga Python pacriosaraercst B Momysie dis, KOTOPBIN sIB-
JIIETCST COCTABHOI YacThIO CTaHAAPTHOM OuboTeku. [[03TOMY MBI MOKEM
€To MPOCTO UMITOPTUPOBATD M BBI3BATD dis.dis() ¢ (pyHKIMElT greet B Kave-
CTBE apryMeHTa, YTOObI TIOTyIUTh 60Jiee y1000UNTAEMOE IIPE/ICTABIIEHIE O ee
GaiiTroze:

>>> import dis
>>> dis.dis(greet)

2 © LOAD_CONST 1 ('MpuseTt, ')
2 LOAD_FAST 0 (name)
4 BINARY_ADD
6 LOAD_CONST 2 (")

8 BINARY_ADD
10 RETURN_VALUE

I'maBnoe, uTo crenan III/ISaCCGM6JIep, OBLIO paS6I/IeHI/Ie MOTOKA KOMaH/l 1 Ha-
3Ha4YeHUe KaKJIOMY HaXOAIEMYCS B HEM Koay onepayuy 1eJIOBEKOYNTaeMOro
NMeHH, KaK, HanpuMep, LOAD_CONST.

Ber Takske BuMTe, Kak CCHIITKYA HA KOHCTAHTBI M IEPEMEHHbIE TeTlepb Yepe/y-
10TCsI ¢ OAWTKOZIOM U BBIBEJIEHBI TIOJTHOCTHIO, YTOOBI yOepeub HaC OT MO3TOBOI
TUMHACTUKK OTHOCHTEJILHO TIOMCKA 110 TabJIHIle co_const WM co_varnames.
Kpyro!

Insana na yenoBekoUMTaeMble KOBI OMePAITHiA, Mbl HAUMHAEM MTOHUMATh, KaK
Python npezicraBister n ncrnostHsieT BoipaskeHue 'MpuseT, ' +name + '!' B Hc-
XO/IHON (hyHKIINM greet ().

Crauaja OH U3BJIEKaeT KOHCTAHTY B uHeKce 1 ('MpuseT, ') U TIOMeIaeT ee
B cmeK. 3aTeM OH 3arpysKaeT COJIeP;KUMOe TTeEPEMEHHON hame U TakKe 1moMe-
LI[a€eT ee B CTEK.

Cmex sBigeTCS CTPYKTYPOU JaHHBIX, KOTOPas UCIOJb3yeTCsl B KauecTBe
BHYTpeHHEl paboveil maMsATH BUPTYanbHON MamuHbl. CyIeCTBYIOT pa3Hble
KJIaCChl BUPTYAJIbHBIX MAIINH, U OIUH U3 HUX HA3bIBACTCS CTMEK0BOU MAULU -
noti. BupryansHas mammmaa Python siisteTcst peasusaiiueii Takoi CTEKOBOI
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mantiabl. Ecii Best 9Ta miTyKa Ha3dBaHa B Y€CTh CTEKA, TO BB MOXKeTe cebe
[IPEJICTaBUTD, KAKYIO BaXKHYIO POJIb UTPAET 3Ta CTPYKTYpa JIaHHbIX.

Mexay npoumm, 3/iech s Kacaroch JIMIIh BepXOB. Eciiu BbI HHTEpecyeTech
3TOIi TEMOH, TO JIaJIbIIle Hali/IeTe PEKOMEH/IAINY JIJIST IaJIbHENIIIEro N3yYeH s,
Boustee riry6okoe 03HAKOMJICHUE C TPUHITUIIAMU PaGOThI BUPTYATbHBIX MAIIUH
OTKpPBIBAET TJIa3a Ha MHOTOE (a e1Iie 3TO BECeo).

Camoe MHTepecHOe OTHOCUTEIBHO CTeKa KaK abCTPAKTHON CTPYKTYPHI JaHHBIX
COCTOUT B TOM, YTO Ha MUHUMAJTBHOM YPOBHE OH TIOJIJIEP;KUBAET BCETO JIBE OTIe-
panmu: emanxusanue (push) u esimankusanue (pop). Brankusanue gobasJisier
3HaueHUe Ha BEPIINHY CTEKa, a BhITAJKUBAHUE Y/IaJIsIeT U BO3BPAIIlaeT caMoe
BepxHee 3HaueHue. B oTiimyme oT MaccuBa, B CTEKe OTCYTCTBYET CII0co0 MOJIy-
YUTb JOCTYI K dJIeMEHTaM «HUKe» BEPXHETO YPOBHS.

[IpocTo nopasuTesbHO, YTO TakKasl IPoOCTast CTPYKTypa JaHHbIX 110JIb3yeTCs
CTOJTb GOJIBINOI TTOTYIAPHOCTHIO. OIHAKO 5T YBJIEKCS.

[laBaiiTe mpeanosao:kuM, 4To BHavase ctek myctoil. [Toce Toro kak nepsble iBa
KOJIa OTIepaIiiy ObLIN UCTTOTHEHBI, COAEPKUMOE CTEKA BUPTYATbHONU MAIITHBI
Oy/ieT BBITTISIIETD cJieyormuM 06pa3om (0 — 9TO caMblil BEDXHUN 3JIEMEHT):

0: 'I'eupo’ (copepxumoe "name"
1: 'MpwuseT, '

Nuctpyxkimg BINARY_ADD BBITAJIKUBAET JIBA CTPOKOBBIX 3HAYEHUS U3 CTEKA,
KOHKATEeHUPYET UX, a 3aTeM BTAJIKUBAET PE3YJ/IbTaT CHOBA B CTEK:

0: 'NpuseT, BUAO'

3areM UJeT ellle O/iHa MHCTPYKIUS LOAD_CONST, KOTOopas 1moMeIiaeT B CTeK
CTPOKY C BOCKJ/IMIATEIbHBIM 3HAKOM:

o: '
1: 'NpwuseT, BUAO'

Caenyromnuii Koj orepairii BINARY_ADD cHOBa 00beMHSIET JBa 3HAUYEHUS,
YTOOBI CreHEPUPOBATH 3aKIIOYUTENbHYO IIPUBETCTBEHHYIO CTPOKY:

0: 'MNpuseTt, BUgo!"’
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[Mocnennsist GaiiTkoOBast HHCTPYKIHsT — RETURN_VALUE, KoTOpast coo01iaer
BUPTYJIBHON MalllHe cJeytoliee: To, YTO B HACTosIee BpeMs HaXOAUTCS Ha
BepIIMHE CTeKa, SBJSETCS BO3BPANAEMbIM 3HAUEHNEM 3TON (DYHKITNU, U TI0-
3TOMY OHO MOJKET OBITh ITEPETaHO NCTOYHUKY BBI3OBA.

N — Byansi! — MBI TOZTBKO UTO TPOCTIEIUIIN 32 TeM, Kak Hala (GyHKIus greet ()
OblyTa MCIIOIHEHA HA BHYTPEHHEM YPOBHE BUPTYaabHOU MarmmHoi Python.
Passe He kpyTo?

Mozxto €II[e MHOTO PAaCCKa3bIBATb O BUPTYaJ/JIbHbIX MalllMHaX, HO 9Ta KHHUTIA I10-
CBAIIEHA HE M. OZIHaKO €CJIM 9Ta 3aXBaTbIBalolllas TEMa BaC 3aMHTpUIOBaJlia,
TO HACTOATEJIbHO PEKOMEHAYIO 3aHATHCA €€ NU3YYECHUEM.

Mo’KHO OIyYUTb Maccy yAOBOJIbCTBUSA OT CO3/[aHUs U OIIPe/eIeHUsT CBOUX
COOCTBEHHBIX GANTKOMOBBIX SI3BIKOB U MOCTPOEHUST JIJIsT HUX HEOOJIBIITIX IKC-
[IepPUMEHTOB C UCII0JIb30BaHUEM BUPTYaJbHOI MaluHbl. [1o aT0ii Teme 5 110-
pekoMmenoBas Obl KHUTY [Ipoexmuposanue KoMnUISIMoOpPos: GUPMYalbHble
mawunwvt (Compiler Design: Virtual Machines, Wilhelm and Seidl).

Knto4yeBble BbIBOAbI

0 CPython ucnosHsier mporpaMMbl, CHaYaIa TPAHCIUPYS UX B TPOMEKY -
TOYHBIN GAUTKO/, a 3aTeM BBIIOJIHAS GANTKO/ Ha BUPTYaJIbHOI MalllHe
CO CTEKOBOI apXUTEKTYPOH.

O Bl MokeTe MCI0I30BaTh BCTPOEHHbBII MO/LYJIb dis, 4TOOBI 3arJIsIHYTh 32
KYJIUCHI U TPOMHCIIEKTUPOBATH OANTKOI.

Q 3aliMuTech IJIOTHee BHUPTYaJIbHbIMU MalllMHaMKW — OHO TOI'O CTOUT.



NToru

[TpumuTe mo3paBIEHNS — BBI MPOIILIN BECh ITyTh /10 camoro konia! Camoe
BPEMSI OXJIONATH Ce0sT 110 TIIedy, HOCKOIbKY OOJIBITIHCTBO JIO/IEH TTOKYTAIOT
KHUTY U JIaJKe ee He OTKPBIBAIOT MJIN He JIOXOJISIT /10 KOHI[A TIEPBOIi TJIaBbl.

Ho Tenepp, Korjia BbI IPOYNTAIIN ATy KHUTY, HAUMHAETCST HACTOsI A paboTa.
Beib, kak u3BecTHO, yumams v desams — 310 jiBe OOJbINe pasHuIibl. Bo3bmu-
Te HOBbIE HABBIKU M IMOMBI, KOTOPbIE BbI Y3HAJIU U3 3TON KHUTH, U HAUHUTE
UX MCIIOIb30BaTh Ha IpakTuke. He 11o3BoJbre 9TOI KHUrE CTaTh IPOCTO OYe-
PEIHOM MPOYUTAHHON KHUTOH 110 TPOTPAMMUPOBAHUIO.

Yro, ecyii ¢ 3TOr0 MOMEHTA BbI HAYHETE YCEUBATh CBOI MPOrpaMMHbBIH KOJT pac-
MIUPEHHBIME (DYHKITMOHATBHBIMUA BO3MOXKHOCTSIMU si3bika Python? MssHoe
1 YUCTOE BbIPAKEHME-TEHEPATOP TYT, 3JIeTAHTHOE NTPUMEHEHNEe MHCTPYKIIUT
with Tam...

B MrHOBeHUe OKa BbI IpUBJIEYETe BHUMAaHNE CBOMX TOBApHUIEl — U IO XO-
poliieMy TIOBOJLY, €CJIU BBl BCe ciieaere npaBuibHo. Korma Bol HapaboTaere
HeGOJIBINOI OIBIT, Y Bac He OyleT HUKAKUX 3aTPYAHEHUI B MPaBUIbHOM
MPUMEHEHUH 9TUX TPOJBUHYTHIX (QYHKITMOHATBHBIX cpeacTB Python u nc-
TTOJIB30BAHUHN X TOJIBKO TaM, TJIe OHA UMEIOT CMBICJ M TIOMOTAIOT JIeIaTh IPO-
IPaMMHbII KO/l BbIpa3uTesbHee.

I nosepsre, 4yepe3 HEKOTOPOe BpeMsl Ballld KOJLJIerd OAXBATAT Tpena. Ecan
OHU 33/IaI0T BaM BOIIPOCHI, JIeJIUTeCh ¢ HUMU 110JIe3HbIMU 3HaHusAMU. [ToaTs-
THUBaiiTe OKPYKAONIUX U IToMoTaiiTe M. Bo3aMoXHO, yepe3 mapy He/leJib Bbl
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Jlaske yCTPOUTE KOJIJIeraM HeGOJBINY0 MPE3EHTAINIO 110 TEME «HATMCAHUS
grictoro Pythons. He crecHsiiTech UCI0b30BaTh MO IIPUMEPDI U3 DTOM
KHUTH.

Jlnst pazpaborunka Python ectb pasnuiia MeKIy 6binoaHeHueM OTIUIHOM
paboThl U TeM, KaK 8biNOIHEHUe OTIIMIHON PAbOTBI CMOMPUMCS CO CIMOPOHDL.
He 6oiitech BbiieThes. Ecu BbI mojieiuTech CBOMMEU HaBbIKAMU U BHOBb
IpUOOPETEHHBIMU 3HAHUSIMU C OKPYJKAIONIIMI, TO Ballla Kapbepa OT 9TOTO
TOJIBKO BBIUTPAET.

B cBoeit paboTe u TIpoeKTax s CIEAYI0 TEM jKe caMbIM TIpuHIUITaM. M moaro-
My $1 BCer/ia Wity CrocoObl yIydliuTh 3Ty KHUTY U JAPyrue Mou 00ydaroniie
marepualbl 10 536Ky Python. Ecii Bbl xoTHTe cO06mMTH MHE 00 O1InoKe,
y BaC MPOCTO €CTh BOTIPOC UJIH K€ BB XOTUTE JIATh KAKOW-TO KOHCTPYKTUBHBII
OT3BIB, TO TTUIIINATE MHE 110 aJipecy mail@dbader.org.

YernermHoro porpammupoBanust Ha Python!

— /lon Betidep

P. S. Hasecture Menst B CeT 1 00s13aT€JIbHO MTPOJIOJIZKUTE CBOIO 9KCKYPCHIO O
Python na dbader.org u Ha Mmoem kanasie YouTube'. Kpome Toro, HenpemMeHHO
moJiyunTe OecIIaTHBIN aKk3eMIisp Iproxu Python: uugposoii komniexm um-
cmpymenmos, TOCTYIHbIN 110 afipecy dbader.org/python-tricks-toolkit.

9.1. becnnaTHble exxeHeaenbHble COBETHI
Ans paspabotumkos Ha Python

XoTure exeHe/IeIbHYI0 MOPLUIO COBETOB /IS paspaboTurka Ha Python, uto6b!
VJIYUIIUTD CBOKO MPOU3BOAUTENLHOCTD U ONITHMHU3UPOBATD CBOIT paboumii mpo-
ecc? Ectb xopornue HoBocTu! $1 Bey GecIiaTHy o 9JIEKTPOHHYIO PaCCHLIKY
JUUISL TAKKX, KaK Bbl, pa3paboTunkos Ha Python.

BJICKTPOHHBIG ITMCbMa, KOTOPbIE A PaCCbl/Ial0, HE ABJIAIOTCA OOBIYHBIMU CO-
O6H.[€HI/IHMI/I B CTWJIE «a BOT M CIIMCOK IIOITYJIAPHbBIX craTteit». BmecTto aToro

! Cm. https://dbader.org/youtube
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S CTPEMJIIOCH JIeJIUThCS 10 KpaiiHell Mepe 0JHON OpUTUHAJIBbHOI MBICJbIO
B HejlesTio B popMare KOPOTKOTO acce.

Ecsm BbI XOTesM ObI YBU/IETD, M3-32 Y€TO JK€ TAKOW ayKHOTaXK, TO OTIIPABJISTIA-
Tech IpaMuKkoM Ha dbader.org/newsletter 1 BriuiuTe cBOI ajipec aJ1eKTPOHHON
MOUTHI B peructpaiimonnoii hopme. C HeTeprieHueM K1y BCTpeun!

9.2. PythonistaCafe: coobuiectso
pa3paboTymkoB Ha Python

OcBoenue si3bika Python — He TOIBKO PO TO, KaK 0CTaBaTh KHUTH ¥ KYPChI
1ist yaeOnl. IToObI OBITH YCIIENTHBIM, BAM TaKKe HYXKEeH CII0c00 0CTaBaThCs
MOTHBHMPOBAaHHBIM U B KOHEYHOM CUETE PA3BUBATh CBOM CITOCOOHOCTH.

MHorue nuTOHUCTBI, KOTOPBIX 51 3HAIO, C TPY/IOM € 3TUM cripaBsiiorcst. Caox-
HO Pa3BMBATh CBOIT OIBIT IIPOrpaMMUPOBaHust Ha Python B mosHOM ofnHOYe-
CTBe.

Ecymi BbI pa3paboTunK-caMOydKa ¢ HeTEXHUYECKOIT pabOTOI Ha MOJIHBII JIeHb,
TO BEChbMa TPYHO PA3BUBATH CBOM HABBIKU CaMOCTOSITEbHO. OCOOEHHO eciii
Cpe/in BAIllero OKPYsKEHUsT HeT KOJEPOB U TeX, KTO MOT ObI Bac TOAO0APUTD
WJTH TIOJIJIEPKATD B BAIIMX YCUJIUSIX CTATD JIydIiie B 00JTaCTH MPOTPaMMHUPO-
BaHUsI.

Bo3MoskHO, BBI yike paboTaere pa3zpaboTUMKOM, HO B Balleil KOMIIAHUW HUKTO
GoutbIiie He pasesnseT Bairy Jio0OoBb K Python. TTedaibHo, Kor/aa BbI HU ¢ KeM
HE MOJKETe MOAETUTHCS CBOUMU JOCTUKEHUSAME B U3YYEHUN SI3bIKA VJIU T10-
[IPOCUTH COBETA, KOT/[a Bbl YYBCTBYETE, UTO 3AIIN B TYIIHK.

V3 TMYHOTO OTIBITA 3HAIO, YTO U B CYIIECTBYIOIIUX OHJIAITH-cO00IIeCTBaX,
U B COINMAJBHBIX CETSX TOXKE He OUeHb MOJIydaeTcst 00ecednBaTh 9Ty MOI-
JEePKKY. BOT HECKOJIBKO caMbIX JIYUIIUX COOOIIECTB, HO Ja)ke OHU BCE elle
OCTaBJISIOT JKEJIaTh JIYYIIIEero;

Q Beo6-caiit Stack Overflow B dopmare FAQ, npennazHayeH ajist 4eTKUX
pas3oBbIx Bonpocos. Ha maaTdopme TpyaHO yCTaHOBUTH Y€JIOBEUYECKIE
OTHOIIIEHUS ¢ KOJIJIeraMi-KOMMeHTaropaMu. Bee mogunHero dakram, a He
sozsim. Harpumep, MoziepaTopbl ¢cBOOOIHO PEIAKTUPYIOT BOIIPOCHI, OTBETHI
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1 KOMMeHTapuu Apyrux jogeil. O OoJibiie Moxoxk Ha Bukumeauio, vem
Ha hopyM.

0 Comumanbhas ceTb Twitter moxoka Ha BUPTYATbHBIN KyJiep, y KOTOPOTO
MOKHO TOOOJITATLCS B IIEPEPHIB, HO OHA orpannyena 140 3Hakamu Ha OTHO
cool1IeHne, 4To He 0000 XOPOIIO JTIst 00CYKIEHUST YeTO-TTO0 CYIeCTBEH-
roro. Kpome Ttoro, ecsin BbI He Oyzete moctosinio B CeTu, TO POIyCTUTE
GOJIBIITYIO YacTh Pa3roBopoB. A ecsiu BbI nocmosiuio B CeT, TO Baliia mpo-
M3BOAMTETHHOCTH TIOCTPAZAET OT HECKOHEYHOTO MOTOKA YBEOMJIEHUII.
Curabble 4aT-TPyIIIbl CTPAIAIOT TEMU JKe CAMBIMU HEJIOCTATKAMIL.

0 CommaabHbiil HOBOCTHOI cailT Hacker News nipeiHasHaueH 11t 00CyKIe-
HUS 1 KOMMEHTHPOBaHUs TeXHUUeCKNX HOBocTel. OH He crocobeTByeT
YCTaHOBJICHUIO JTOJITOBPEMEHHBIX OTHOIIEHWH MEXIYy KOMMEHTATOPaMHu.
Kpowme Toro, Ha cero/iHsi 970 OJ[HO U3 CAMBIX arPECCUBHBIX COOOTIECTB B TEX-
HOJIOTHYECKOIT cdepe co caboil Mojepalyeil 1 MorpaHuYHON TOKCHYHON
KYJIBTYPOT.

a0 CoruaabHbiil HOBOCTHOU cailT Reddit 3arnmaeTt 6oJiee MIPOKYIO MO3UIIIO
u nooupsier bojiee «ueoBedecKue» 00CYKACHNUS, YeM PasoBblil popmar
BOTIPOCOB ¥ OTBETOB caiita Stack Overflow. Bmecte ¢ TeM 3TO OrpOMHDII
(bopym ¢ MusIMOHAMHU TT0JIB30BaTEJIEM, KOTOPBIIT MMEET BCE CBsI3aHHBIE
¢ 9TUM IPOBJIEMBI: TOKCHYHOE MTOBE/ICHIE, BJIACTHBIN HeraTUBMU3M, Habpa-
CBIBAIOIIMECS PYT HA JIPYTa JIIO/IU, PEBHOCT... Kopoue roBops, Bce «cambie
JIyUIITAes TPOSIBIEHUS YeJI0BEYE€CKOTO TIOBE/ICHUSI.

B utore s moHs1, 4T0 pazpaboTYMKOB CAEPKUBAET TOJBKO UX OTPAHUYEHHBIN
JOCTYII K T100aIbHOMY cOo001IecTBY Iporpammictos Ha Python. Bor mouemy
st ocaoBas1 PythonistaCafe, oOpa3zoBatesibHOE COOOIIECTBO JJIsT Pa3PadOTINKOB
Ha s3bike Python, e Jfom MoryT GbITh Ha PaBHBIX.

7

@) CAFE

CoobmiectBo PythonistaCafe xopotio paccMaTpUBaTh Kak KIyO B3aMMHOTO
COBEpIIEHCTBOBAHUS st 9HTY3HacToB Python.
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B PythonistaCafe Bb1 Oynere B3anMoelCTBOBATH € MPO(eCCHOHATHHBIMU
pa3paboTYnKaMu 1 JIOOUTEISIMU CO BCETO MUPA, KOTOPbIE JEJISITCS OTIBITOM
B 6€30I1aCHOM OKPY KEHUU, YTOObI YUUTHCSA Y HUX U U30€raTh Te€X 5Ke CaMbIX
omOOK, KOTOPbIE OHU COBEPIITHLIIN.

3aaiite 106011 BOIPOC, KOTOPBIN XOTUTE, U OH OCTAHETCST TIPUBATHBIM. UTOOBI
YUTATh U MHCATh KOMMEHTAPUH, ¥ BAaC JIOJUKEH OBITH CTATyC aKTUBHOTO 3a-
PETUCTPUPOBAHHOTO YYACTHHUKA, U, TAK KAK COOOIIECTBO MIATHOE, TPOJIINHTA
1 OCKOPOUTETHHOTO MOBE/IEHUsT TaM He CYIIeCTBYET.

Jlto11, KOTOPBIX BBI BCTpeYaeTe BHYTPU COOOIIECTBA, AKTUBHO CTPEMSITCST
yJIy4IaTh CBOM HaBBIKU MIporpamMMupoBanust Ha Python, moromy uto unencrso
B PythonistaCafe BoO3MOKHO TOJIBKO TIO MPUTJIAIIEHUIO. Bee moTeHImaibHbie
YYACTHUKU OOSI3aHbI TIOIaBATh 3asIBKHU, TAK MbI MOYKEM YBU/IETh, YTO OHU MO/
XOJISIT HAIIIEMY COOOIIIECTBY.

BbI Gyiete mpuriaiieHsl B COOOIIECTBO, KOTOPOE MOHMMAET BAC, Bl HABBIKU
1 Kapbepy, KOTOPYIO BbI CTPOUTE, U TO, YETO BbI IIBITAETECHh IOCTUTHYTh. Eciu
BBI [IBITAETECH PA3BUTh CBOU HABBIKU IIporpaMMmupoBanus Ha Python, Ho He
HaIJIM CUCTEMY TIOJJIEPKKH, KOTOpasl BaM HY»KHa, TO MbI CYIIIeCTBYeM JIJIs1 Bac.

CooburectBo PythonistaCafe ocHOBaHO Ha 4aCcTHOM AWCKYCCUOHHOI TI1aT-
(opme, rae MOKHO 337aBaTh BOIIPOCHI, TTOJIYYaTh OTBETHI U JEJUTHCS yCIle-
xoM. Hatii y4acTHUKHY eCThb [0 BceMy MUPY U 00JIa/Iaf0T Pa3HBIMU YPOBHSAMI
MacTepcTBa.

[Toxpobuee o coobuectBe PythonistaCafe, rienHocTsix Harrero coobIecTsa,
U 0 TOM, KTO MBI TaK1e, BBI MOKeTe y3HaTh Ha Www.pythonistacafe.com.
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