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O6 asTope

A Caeiirapt — pa3pabOTIYNK U aBTOP TEXHUUYECKOU JUTEpaTyphl, skuBet B Custie.
Python — ero mo6MbIit SI3BIK TPOTPAMMUPOBAHTS, OH paspaborar must Python Heckos-
KO MOJYJIEH ¢ OTKPBITHIM KOAOM. Ero pyrie KHUTH ZOCTYITHBI GECIIJIATHO HA YCIOBUSIX
munensun Creative Commons Ha ero Be6-caiite https.//www.inventwithpython.com/.

Komka aBropa kauru — 301 — BECUT 5 KHJIOTPAMMOB.

O TexHu4yeckom pepgakrope

Kennet Jlas (Kenneth Love) — mporpaMMUCT, TIpenoaBaTe/ib i OPraHu3aTop KOHpe-
pennuii. OH — coasTop Django 1 unen coobuiecrsa PSF (Python Software Foundation).
B Hacrosiiee BpeMst paboTaeT TEXHUYECKUM PYKOBOAUTEIEM U MHKEHEPOM-TIPOrpam-
mucrom B O'Reilly Media.

BbnaropapHoctu

Hecnpasenmiso, uto Ha 06J105KKe 9TO¥ KHUTU CTOUT TOJIBKO MOE UMsT. DTa KHUTa HUKOT/[A
He [osiBU/Iach Obl €3 IOAIEPKKU MHOIMX Jio/iel. Xouy nob/1arogapuTh CBOEro U31aTelsl,
Buna Iomnoka (Bill Pollock), a Takske Bcex moux pegakropos: @pancuc Co (Frances
Saux), Iuru Yoii (Annie Choi), Mer Cueepusrep (Meg Sneeringer) u na Kamra (Jan
Cash). Takske xouy ckasarb criacu6o pegakropy Mopun @opuc (Maureen Forys), Bbi-
nyckatwoiiemy pegakropy Iua Mapu Yokep (Anne Marie Walker) u ucnosauresbHOMy
penaxtopy No Starch Press Bap6ape Hen (Barbara Yien). {1 ouens npusnatesnen Jixoury
Amunrcony (Josh Ellingson) 3a enie ogHy 3aMevaTesibHY 0 HILTFOCTPALIIO 15T 00JOKKH.
Mos 6amaropaprocTh TexamdeckoMy pegakTopy Kennery Jlasy (Kenneth Love) u Bcem
OCTAJIbHBIM 3aMeYaTebHBIM JPY3bsIM, C KOTOPBIMU sl TO3HAKOMUJICSI B COOOIIECTBE
Python.
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BeepeHue

Hello, world! B xonie 1990-X s TOJIbKO HauMHAJI IIPOrPAMMU-
POBaTh, MEUTAJI CTATH HACTOAIIMM XaKEPOM M JINCTAJ TOCJIEHIE
Boimycku skypHaia «2600: The Hacker Quarterly». OnHaskbr
s HabpasIcst CMETOCTH W TTOCETUIT €XKeMeCsTIHoe cOOPHUIIE TTPO-
IPAMMICTOB B MOEM IOPOJIE; MEHST TIOPA3UIIO, HACKOJIBKO 3HAIOTIMME
Kasasmch Bee oxpyskaomue. ([losaHee s MOHAT, YTO y MHOTUX CaMO-
YBEPEHHOCTH ObLIO GOJIbIIle, YeM peaibHBIX 3HaHMIL.) Bech Beuep st MoIaKuBaI TOMY,
YTO TOBOPHIIH JIPYTHE, CTAPASCH He OTCTAaBATh OT HUX. [IoKH/Iast BCTpeuy, s TBep/I0 BO3HA-
MEPUIICS TIOCBATUTD BCE CBOOOIHOE BPEMSI U3YUEHUTO KOMITHIOTEPOB, IPOTPAMMHUPOBAHISI
" ceTeBOM GE30MacHOCTH, YTOOBI TOCTOMHO MOYYaCTBOBATH BO BCTPEUE B CIIEAYIONIEM
MeCsIIIE.

Ho Ha caeyrotiieM cOOPHIILE ST BCE TaK jKe KUBAJ U 4yBCTBOBAJ ceOst GOJIBAHOM TI0 CPaB-
HEHUIO CO BCEMU OCTAJIbHBIMHU. 51 cHOBa pemnt: Hago yYUuThCA, ‘{TO6BI CTaTb «10CTATOYHO
YMHBIM»> ¥ HE OTCTaBaTh OT OKPY’KaIoOMKX. MecsIil 3a MecseM sl KoprieJl Hajl KHUTaMH,
HO BCeT/la YyBCTBOBaJ C€6H OTCTAIOUIVM. s naugan OCO3HaBaTb, HACKOJIBKO H€O6'bﬂTHa
3Ta 00J1aCTh, M GECTTOKOUIICS, YTO HUKOT/IA He OY/Iy 3HATH JOCTATOUHO.

1 3HaT 0 TPOrPaMMUPOBAHIHN OOJIBIITE, YeM MOU IPY3bsI, HO GE3YCTOBHO HEOCTATOUHO
JUIST TOTO, UTOOBI TIOTYYHUTh AOJKHOCTH paspadborurka. B 1990-¢ roxsr Google, YouTube
u «Buxuneauns eme ve 66110. Ho maske ecim 6b1 9TH pecypebl OBLIN IOCTYITHBI, MHE
GBITIO GBI CITOKHO MOJIL30BATHCA UMU: S TIPOCTO HE 3HAJ, YTO U3yYaTh Aanbiine. Ho Bce
3TO BpeMst st yumics iucath nporpammy «Hello, world!» Ha pasHbIx si3bikax iporpaMmu-
POBaHUS ¥ MO-TIPEKHEMY 0CO3HABAJ, UYTO TOJIKOM He JIBUTAIOCH BIepes. S He TTOHMMAaI,
KaK MOJHATHCS BbIlie GA30BOTO YPOBHSI.

Paspabotka BoBce He orpannunBaetcs nukiamu u dyukimsivi. Ho mocie Toro, Kak
BBl 03HAKOMUTECH CO BBO/IHBIM KYPCOM MJIN IIPOYUTAeTe KHUTY 110 IIPOTPaMMUPOBAHUIO
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HAYaJIbHOTO YPOBHSL, MOUCK HOBOI MH(MOPMAIMHU TIPUBE/IET BAC K 0YE€PETHOMY YUEOHUKY,
nocssimenHomy Hanucanuio «Hello, world!». TIporpaMMucTbr 4acTo Ha3bBIBAIOT 3TOT
TIEPUO]T «ITYCTHIHEH OTYASTHUSI>: BPEMSI, KOT/Ia BbI OECIeTbHO OMysKIaeTe O Pa3HbIM
y4eGHBIM MaTepuajiaM, OIlyIIas, 4To TOMYeTeCh Ha MecTe. Bbl TIPeB301Ii HaYa bHBIIT
YPOBEHb, HO BaM €I1[e He XBATAET OIbITa JIJist H0JIee CIOKHbBIX TEM.

Baysxpatonye B mycTbiHe UCTIBITBIBAIOT CUJILHBIH «CUHIPOM caMo3BaHIa». Bbl He uyB-
cTByeTe cebsT «HACTOSIIIM» MTPOTPAMMICTOM 1 He YMEeTe CO3/IaBaTh TAKOW KOI, KaK
<HACTOSTIHE> TPOTPAMMUCTHI. S TTHCA ATY KHUTY IMEHHO [IJIsT TAaKOI aytuTopun. Ecimm
BBI M3YYUIIM OCHOBBI Python, Most kHuTa ToMozkeT BaM cTaTh 6osiee 3hHEeKTUBHBIM pas-
paBOTUUKOM U TIPEOJIONIETh OTUASTHUE,

n.ﬂﬂ KOro HanMcaHa 3Ta KHUra u novYemy

Knura npeanasiayena jjist yuTatesieil, Koropble u3y4uan 6asoBblii Kypc sgabika Python
U XOTST y3HaTh GoJiblie. BazoBble 3HAHMST MOTYT IaTh MOST TIPEIbIAYIIast KHUra « Automate
the Boring Stuff with Python» (No Starch Press, 2019)!, kuura dpuka Martusa (Eric
Matthes) «Python Crash Course» (No Starch Press, 2019)? nin kaxoii-Huby b ceTeBoit

Kypc.

BosmoskHO, 9TH y4eOHUKK BBI3BAJIN Y BAC MHTEPEC K MPOTPAMMKPOBAHUIO, HO BAM BCE
PaBHO He XBaTaeT 3HaHWi. Ec/iu BBI 4yBCTBYyeTE, 4TO e1ne He JOCTUTIM MPO(eCCUOHATb-
HOI'O YPOBH#, U HE 3HAeTe, KaK ero JOCTUYb, TO 9Ta KHHUIa HallMcaHa sl Bac. A MOXKeT
OBITh, BBl 3HAKOMBI C IPYTHM SI3BIKOM IIPOTPAMMUPOBAHUS, A TEIIEPh XOTHUTE MEPEKJIIO-
yuthes Ha Python u ero akocucremy 6e3 usyuenus ocnos yposust «Hello, world!».
B rakom cirydyae Bam HaBepHSIKa He 3aXOYETCS YMTaTh COTHU CTPAHHI[ ¢ OObACHEHNEM
6a30BOr0 CUHTAKCKCA; BMECTO 9TOIO JOCTATOYHO IIPOCMOTPETh cTaThio « Learn Python in
Y Minutess (https.//learnxinyminutes.com/docs/python/) niu crpanuiy Iprka Marusa
(Eric Matthes) «Python Crash Course — Cheat Sheet» (https;//ehmatthes.github.io/
pec/cheatsheets/README.html).

O KHure

Kuura 60see riry6oko 3HaKOMUT Bac ¢ cuHTakcucom Python, Ho He orpanndnBaercs
3TUM. I pacckasbIBaio 0 KOMaH/{HON CTPOKE U CPeICTBaX KOMaH/HOH CTPOKH, UCTIOJIb-
3yeMBIX TTPODHECCHOHATBHBIMI PAa3pabOTINKAMI: CHCTeMaX (HOPMATHPOBAHUS KOJIA,
CTATUYIECKUX AaHATM3ATOPAX M CHCTEMaX KOHTPOJIST Bepcuil. S 00bsCHII0, Kakie acmek-
TBI JIETTAIOT Bl KO 6oJiee y060UNTaeMbIM 1 KaK MICATh 60Jiee YUNCThIA U MOHATHBII

U Ceetizapm 9. ABromMaTusaiust pyTHHHBIX 33/[a4 ¢ TIOMOIIbi0 Python.

> Mamus 9. sydaem Python: mporpaMMupoBamHe Urp, BUSyaIn3aIlis JAHHBIX, BeO-TIPUIOKEHHNS.
3-e uan. — CII6.: IIurep, 2017.
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O knure 21

KoJ. B KHUTE mpeicTaBieH psiji IPOrpaMM, uTOObI Bbl YBUJIEAU IPUMEHEHIE dTUX
MPUHIUIIOB B peajibHOM Kojie. VI XOTst 9T0 He yueOHUK KOMITBIOTEPHOU TEOPHUH, 371€Ch
TaKKe PACCMaTPUBAETCS aHAJIU3 aJrOPUTMOB B HoTaluu «O-60J1bIoe» 1 00beKTHO-
OPHEHTUPOBAHHAS MTapaUrMa.

Hukaxast kHuTa He IPEBPATUT BAC B MTPOPECCHOHATBHOTO pa3paboTunKa, HO s HA/ICIOCh,
YTO MO TPY/I PACIIMPHUT BAIU TTO3HAHUST B 3TOH 0bacTu. S mpeicTaBIio HEKOTOPbIe
TEMBI, KOTOPbIE OOBIYHO MTO3HAIOTCS JIUIIIb HA OITBITE, TOJYIEHHOM TSIKETIOH MPAKTUKOI.
ITpounTas aTy KHUTY, BbI IPHOOPETETE TTPOYHYIO OCHOBY, KOTOPast TIO3BOJIUT BaM € 6OJIb-
el yBEPEHHOCTBIO OPaThCst 3a HOBBIE 3a/IaU.

U xorst a1 PEKOMCHAYIO YUTATh I'JIaBbl ATON KHUTH mocjaea10BaTeJIbHO, HUYTO HE MEIIacT
BaM IIEPEXO/IUTD K TEM I'JlaBaM, KOTOPbI€ BaC UHTEPECYIOT 6oJblie.

Yacre 1. MepBbie warn

e Tnasa 1. O6padoTrka omMOOK U OOpanieHHe 3a MOMOINbIO. Bbl y3HaeTe, Kak
5 (HEeKTUBHO 3a/aBaTh BOIPOCHI U CAMOCTOSTENHHO HAXOAUTh OTBETBL. Takske
BbI HAYYMTECh YUTATh COOOIEHNs 00 OIMOKAX U OCBOUTE STUKET 0OpaLIeHN 3a
IIOMOIIIBIO B I/IHTepHeTe.

e Diasa 2. [ToaroToeka cpezpl 4 KoMaHaHasA cTpoka. O ToM, Kak paboTaTh B PesKi-
Me KOMaH/IHOW CTPOKY 1 KaK HACTPOUTD Cpeity paspaboTku u iepemennyto PATH.

Yacre 1. lepepoBble npakTHKH, MHCTPYMEHTbI H METOAbI

e Inasa 3. @opmaruposanue koaa npu nomonu Black. B aroii riase paccmarpu-
BaeTcs pykoBocTBO 110 ctuiiio PEP 8 u ¢opmaTupoBanue koza 1715t yaydiieHus
ero yrobountaeMocTi. Bbl y3Haere, Kak aBTOMATU3UPOBATH ITOT TPOTIECC TIPH
MOMOIIM HHCTPpyMeHTa (popMmaruposanust koja Black.

e Tuaga 4. Bei6op noustHbIx uMeH. [IpaBuia BBIGOpA MMEH ITEPEMEHHBIX 1 (DYHK-
I TS YTy 9IieHnst yI0009UTaeMOCTH KOJIa.

e Inasa 5. ITouck 3anaxos B Koze. HekoTopble MOTEHITHATBHDIE TPEBOKHBIE TIPHU-
3HAKH, KOTOPbIE MOTYT YKa3bIBATh Ha HAJIMYME OIMTHOOK B BaIleM KOJIE.

e TInasa 6. Hanncanue muToHHYECKOro Koaa. Hekoropbie criocoObl Co3anmus
UAMOMaTHYeCKOro Kojia Python u npusHaku, mprcyyre MUTOHUYECKOMY KOZLY.

e Imama 7. JKapron nporpamMmuctoB. TexHnuecKkne TePMUHBI, NCIOJIb3yeMble
B 00J1aCTH NPOTPAMMUPOBAHUs, U TEPMUHBI, KOTOPbIE HEPEAKO BBI3BIBAIOT
My TaHUILY.

e Inasa 8. Yacro Bcrpevaronuecs JoByinku Python. TunuyHble HCTOYHUKY He-
nopasyMeHni 1 omuboK B sa3biKe Python, crioco6bl nX MCIIPaBIeHIs 1 CTPaTerni
POrPAMMHUPOBAHISI, KOTOPBIX JIydliie U30€eraTh.
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e TInasa9. Ixzornueckue crpannoctu Python. Hexoropsie skzotnyeckue ocoben-
HoCTH si3biKa Python, Bitoyas HHTEPHUPOBAHUE CTPOK U MACXAIKH, KOTOPbIE
MOTYT OCTaThCs He3aMedeHHBIMI. Pazo6paBHInch ¢ TeM, ToYeMy HEKOTOPBIE THIIbI
JIAHHBIX ¥ ONEPaTOPbI BEAYT ceOst HEOKUIaHHbIM 00Pa30OM, Bbl HAUHETE JIy4Ile
HOHMMAaTh, Kak paboraer Python.

e IunaBa10. Hamucanue adpdpextuBHbIX PyHKIMIA. [T1aBa paccka3biBaeT, Kak CTPYK-
TYPUPOBATH BaIlu (DYHKIMHU JIJIST TOCTUKEHUST HAMOOJIbINEN IPAKTUIHOCTH 1 Y10~
6ourTaeMOCTH. BBl y3HAaeTe 0 CUHTAKCUCE apTYMEHTOB * U **, 0 JOCTOMHCTBAX
U HejocTaTKaX OOJIBIINX W MaJibIX (GYHKIMN U cpeAcTBax (HYHKIMOHATBHOTO
MPOrPaMMUPOBAHUS — TAKUX Kak JsaMOa-hyHKITH.

e Tunasa 11. Kommenrtapuu, doc-CTpOKH U aHHOTAIMM TUNOB. Bbl y3HaeTe, Ha-
CKOJIBKO BasKHBI YaCTH Balllell IPOrpaMMBbl, He CoJiepsKaliiie TPOrpaMMHOT0 KO/Ia,
M KaKOBO MX BJIMSHME Ha COTIPOBOKICHUE, C KAKOW YacTOTON CJeyeT MUcaTh
KOMMeHTapun 1 doc-CTPOKH ¥ KaK CIeTaTh UX Oosee comepsRaTenbHbIMu. Takoke
B rlaBe 06CY/KAAI0TCS aHHOTAITMY TUTIOB M MCTIOJIB30BAHNE CTATHYECKUX aHAJ-
3aropos (Takux kak MyPy) 1/1s BbIsBIeHUA ONTIOOK.

e InaBa 12. Git u opraHu3aiys NPOrpaMMHBIX MPOEKTOB. CricTeMa KOHTPOJISI BEP-
cuit Git peiHazHavena JIJist 3aIicu UCTOPUY U3MEHEHHUH, BHOCUMBIX B MCXO/IHbIit
KOJI, 1 BOCCTAHOBJIEHUS TIPEIbIAYIIAX BEPCU pa60Tb1 WJIN OIIpeleIeHNA TOYKH,
B KOTOPOH OIMMOKa MOSIBUIACh BriepBbIe. TAKsKe st HEMHOTO PACCKaKy O CTPYKTY-
pupoBanuu (HailJIoB ¢ KOJOM BalllUX TTPOEKTOB € UCIIOJb30BAHUEM ITPOTPAMMBI
Cookiecutter.

e TInasa 13. 3Mepenne ObICTPOAEHCTBUS U aHAIN3 CIOKHOCTH aJrOPUTMOB.
B aroii riiaBe pacckasaHo, Kak 06bEKTHUBHO U3MEPUTH CKOPOCTH BBITIOJTHEHUSI
BaIllero Ko/ Py MOMOIIK MOJyJiel timeit u cProfile. Kpome Toro, Mbl pac-
cMoTpuM HoTainio «O-00JbII0e» U CIIOCOOBI TIPOTHO3UPOBAHUS CHUKEHUST
OBICTPOLENCTBHA KOIa ¢ POCTOM 00beMa 06pabaThbiBAEMbIX JAHHbIX.

e Inama 14. IIpoekTbl 1 TPEHUPOBKHU. 51 PACCKAKY O HECKOJBKUX MOJE3HBIX
METO/IaX, & 3aTeM C WX MOMOIIBIO MbI HAITUINEM TTapy UIP KOMAHIHON CTPOKU:
rOJIOBOJIOMKY C TIEpeMeIeHIEM ANCKOB «XaHOHCKast OalllHs» 1 KJIACCUIECKYTO
urpy «Yernipe B psiji» JIJIst IBYX UTPOKOB.

Yacrs l1l. O6bexTHo-opuentupoBannbiii Python

e TuaBa 15. O0bEKTHO-OPHEHTHPOBAHHOE MPOrPAMMHUPOBAHHIE U KJIACCHL. 3/1eCh
MBI OTIPEIETM POJIb 00bEKTHO-OpUEHTUPOBAHHOTO TporpamMmuposanust (OOTT),
KOTOPOE YacTO TMOHUMAIOT HEMTPaBUIIbHO. MHOTHE pa3paboTInKH 310y TOTPebISIOT
cpeacrBamu OOII B cBoeM Kozie, TOTOMY UTO CYMTAIOT, YTO TaK MOCTYIIAIOT BCE, HO
3TO JINTITH YCJIOKHAET MCXOIHBIN KOJl. Bbl HAyYnTech MCIOIb30BaTh KIACCHI, HO
YTO ellle BaxkHee, Bbl y3HaeTe, Kor/ia cie/lyeT 1 Korjia He CJie/lyeT UX IIPUMEHSITD.
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e Inasa 16. OGbEKTHO-OPUEHTHPOBAHHOE POTPAMMHUPOBAHKE U HACJIETOBAHNE.
HacnegoBanne K1accoB U €ro IMOJE3HOCTD /I HOBTOPHOTO UCIOIb30BAHUS
Ko/Ja.

e Tasa 17. OOII B Python: cBoiictea u dunder-meroapt. CpezncrBa 0ObEKTHO-
OPHEHTUPOBAHHOTO MPOEKTUPOBaHs, crennduyeckue aast Python: coiicTsa,
dunder-meTosipt 1 TIEpETPY3Ka OTIEPATOPOB.

MyTewecTBue B MMP NPOrpaMMHUpPOBAHUS

[TorbITKM HOBUYKA CTaTh TPO(eCcCHOHATBHBIM TPOTPAMMHUCTOM YACTO BBITJISAAAT 4EM-TO
BPO/IE TIOMBITKU HATIUTHCS U3 MOKAPHOTO MIaHTa. [Py TaKoM U300UINU PECYPCOB BbI
HaunHaeTe OECTIOKONUTHCST, UTO TPATUTE BPeMsT Ha Hea(DPEKTUBHBIE YICOHUKH.

IToce Toro Kak BBI TIPOYTETE 9Ty KHUTY (I/IJII/I JlaKe BO BpeMia IlTeHI/IH), s PEKOMEH/IYTIO
O3HAKOMUTHCA CO CJICAYIONMMHA BBO/IHBIMU MaTE€pUalaMU.

e <«Python Crash Course» (No Starch Press, 2019) Dpuxa Matusa (Eric Matthes) ! —
KHUTA J[JIsT HAUWHAOIINX, HO GJIAr0/[apst ee OPUEHTAINN Ha KOHKPETHBIE TPOEKTHI
JIaske OIBITHBIA MPOrPAMMUCT MOYYBCTBYET BKYC HCIOJIb30BaHUs GUOINOTEK
Python Pygame, matplotlib u Django.

e B cBoeii kaure «Impractical Python Projects» (No Starch Press, 2018) JIu Boran
(Lee Vaughan)? mpoeKTHBIM METOZOM COBEPIIEHCTBYET Balid HaBbiku Python.
[Tox ero pykoBOACTBOM BBI IIOCTPOUTE HECKOJIBKO 3aHUMATENBHBIX TIPOTPAMM,
KOTOPbIE CTAHYT /7151 BAC OTJIMYHON TPEHUPOBKOM.

e <«Serious Python» (No Starch Press, 2018) Txyabena Jamxy (Julien Danjou)?
OITUCHIBAET, YTO HAJO MIPEAIPUHSATE JIOOUTENIO-3HTY3UACTY JIJIsI TIPEBPAIEHUS
B KBAJIM(DUIMPOBAHHOTO Pa3pabOTUMKA, KOTOPBIN MPUMEHSIET MepeI0BbIe MPaK-
TUKY ¥ TIAIIET XOPOIIO MACIITTaGUPYEMBIT KO/

Bupouewm, rexanueckue acriektsl Python — Beero Jminb o/fHa U3 €ro CHJIBHBIX CTOPOH.
SI3bIK TIporpaMMuUpoBatust ¢HOPMUPOBAI PA3HOCTOPOHHEE COOOIIECTBO, YCUTUAMIE
KOTOPOTO ObITa co3mana yaobHas, TOCTYITHASI JOKYMEHTAINS W CHCTEMA TTOJIEPIKKH,
MIPEBOCXOISATIAsT T06YI0 APYTyIo sKocuctemy. Ha exkeromnoit koudepentnun PyCon
Haps/ly CO MHOTMMU PErHOHAIbHBIMU KOH(MEPEHIIMAMU [IPe/IJIaraloTcsl MHOTOYMCIICH-
HbIe JIEKIUU JIJIs [IPOTPAMMUCTOB Pa3HbIX ypoBHel KBasubukranun. OprannszaTopbl

U Msmus 3. isyuaem Python: nporpaMmupoBatue urp, BUSyau3aius JaHHbIX, BeO-TIPUIOKEHMSI.

3-e uzn. — CII6.: ITurep.
2 Bozan JI. «Henpaxktuunpiii»> Python. 3annmarenbHble IPOEKTHI /IS TEX, KTO XOYET MOYMHETb.

3 Hanxcy Joc. Iyts Python. YepHsiii m1osic 110 pazpaboTke, MaciITabupoBaHUIO, TECTHPOBAHIIO
u passeprbiBanuto. — CII6.: ITutep.
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PyCon npezgocraBistior GecIiaTHbIN JOCTYII K 9TUM MaTepuaiaM Ha https.//pyvideo.
org/. Ha cTpanuiie Tags MOKHO JIeTKO HAWUTU MOKIABI TIO TeMaM, MHTEPECYIOINM Bac.

Ecuit BbI 3ax0TUTE TIyOKe U3YUUTh PACITMPEHHBIE BO3MOKHOCTA CHHTAKCHCA U CTAH-
naptHoit 6ubanoTexn Python, st pexomenIyTo ciemyioniye KHUTH:

e <«Effective Python» (Addison-Wesley Professional, 2019) Bperra CiaTkuna
(Brett Slatkin)! — Brieuarsistionast mogbGoOpKa MePegOBLIX MPAKTUK U SI3BIKOBBIX
cpezcrs Python;

e «Python Cookbook» (O’'Reilly Media, 2013) Issuga busmu (David Beazley)
u Bpaitana K. /xxkonca (Brian K. Jones)? — o6mupHbIil cincok (hparMeHToOB KOJIa,
KOTOPBIE TOMOTYT OOHOBUTDH PEIEpTyap J0O0r0 HAUMHAIIErO pa3padoTInKa
Python;

o <«Fluent Python» (O'Reilly Media, 2021) JIygano Pamambo (Luciano Ramalho)? —
KaTUTaIbHBIN TPY/L IS MCCIIEIOBAHUS TOHKOCTEH si3bika Python. M xoTs mourn
800-cTpaHUYHBII TOM BBITJISIZIUT YCTPAIIAIOIIE, BbI HE TIOXKAJIEeTe O TIOTPAY€HHOM
BPEMEHH.

JKemato yziaum B BaieM myTeIeCTBUN B MUP TporpaMMupoBanus. MTak, 3a remo!

U Canamxun B. Cexpernt Python. 59 pekomenanuii 110 Harcanuto 3¢hGeKTUBHOTO KOJIA.
2 busau /1., /Tnconc B. Python. Knura perentos.

3 Pamanvo JI. Python. K BepuminaM mactepcrsa.



YACTD |

NMEPBbLIE LLATWU
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[Moxamnyiicta, He HaJe/ISiATe KOMIILIOTEPDHI YEJ0BEYECKIMU Ka-
YecTBAMU; UX 9TO OY€Hb CUIBHO pasapakaeT. Korza komibiorep
BbIgAET cooblnenue 06 onmbKe, HTO IPOUCXOAUT BOBCE HE 110-
TOMY, 4TO OH Ha Bac obuzgescs. KoMIbioTepsl — camble CI0KHBIE
MHCTPYMEHTDIL, C KOTOPBIMU OOJIBIIMHCTBY U3 HAC IIPUIETCS pabo-
TaTb B JKU3HU, 1 BCE K€ 9TO BCEro Jiniib I/IHCprMeHTbI.

Tem He MeHee JIerko OGBUHUTH B CBOUX ONMMMOKAaX MHCTPYMEHTHI. Tak Kak yYuThCs TIPO-
rpaMMHUPOBATh MHOTUM M3 HAC B OCHOBHOM TTPUXOAMTCS CAMOCTOSITEIBbHO, YaCTO MBI
TyBCTBYEM ce0sT HeyTAUHIUKAMI — TIPUXOANTCS HEOTHOKPATHO 0OPATIATHCS K MHTEPHETY
3a uHdopmaIrei, Xorss Mbl nsydaeM Python yike neckombko mecsres. Ho maxe mpo-
(heccronasbHbie paspaboTYNKN 0OPAIAIOTCS K MHTEPHETY WU JTOKYMEHTAIIUH, YTOObI
HAWTH OTBETHI HAa BOTIPOCHI 0 MTOBO/IY MPOTPAMMHOTO 00€CTICUeHNS.

EcJii BbI He pacriosiaraete (pUHAHCOBBIMU UJIH KAKUME-TO PYTUMHU PECYPCaMiu, 4TOObI
HAHSATBH TIPEIoiaBaTelist, KOTOPbIl OTBETUT Ha BAIIIN BOIIPOCHI, BEIOOPA HE OCTAETCsI: KOM-
IbIOTED, IOUCKOBBIE CUCTEMBI B MHTEPHETE U cujia jayxa. K cyacTbio, Ha Balliy BOIIPOCH
MOYTH HABEPHSIKA YKe KTO-HUOY/b OTBEYa. YMEHHE CAMOCTOSITENbHO UCKATh OTBETHI
JUJIST TIPOTPAMMUCTA TOPA3/I0 BayKHee 3HAHUST JTOOBIX AITOPUTMOB U CTPYKTYP TAHHBIX.
B aT011 T71aBe MBI pacckakeM, Kak Pa3BUTh 3TOT BAsKHEHIITNI HaBBIK.

Kak noHaTtb coobuenuns 06 owmnbkax Python

Korna IIPOrpaMMUCTbI CTAJTKHUBAIOTCA C JIABUHOM TEXHUYECKOM I/IH(I)OpMaHI/II/I B COO6HI€-
HUAX 00 OIHI/I6K8.X, UM IIPEJKIE BCETO XOYETCA IOJTHOCTBIO €€ ITIPOUTHOPUPOBATh. Hoatn



Tlgm: @it_boooks

Kak nowste coobenus 06 ownbkax Python 27

coo0OLenns cogepskaT OTBET, UTO e He Tak ¢ Bailell nmporpammoii. IIpomece moucka
uHMOPMATIMH COCTOUT W3 JIBYX ITAMOB: aHAIN3a TPACCHPOBKH 1 MOUCKA TEKCTa CO00IIIe-
HUst 00 omuOKe B MHTEPHETE.

Ananu3 Tpaccuposku

[Tporpammer Python aBapwuiito 3aBepiaioTcst, KOT/A B KOJIE BOSHUKAET MCKIIOUYEHIE,
He 06paboTaHHOEe KOMaH/Ol except. B Takom caydae Python Bbimaer coobienue 00
UCKJIIOYEHUH ¥ mMpaccuposky (Takke Ha3bIBAEMYIO MPaccuposkoil cmexa). Tpaccuposka
TIOKA3bIBAET, B KAKOI TOUKE BAIIEil TPOTPAMMBbI TIPOHM3O0TILIO UCKIIOYEHIE U TIOCTE/I0BA-
TEJTHHOCTH BBI30BOB (DYHKITUI, KOTOPBIE K 3TOM TOUKE MPUBEITH.

YT06bl MOTPEHUPOBATHCS B YTEHUH TPACCUPOBKH, BBEAUTE CJIEAYIONIYIO TIPOrpaMMy
(oHa cotepsKuT OMMOKY) U coOXpaHKTe ee moj uMereM abcTraceback.py. Homepa cTpok
IIpruBeA€EHbI TOJIBKO JIJIS1 y[[O6CTBa, OHU HE ABJIAIOTCA 4aCTbIO IPOIPaMMBbI.

def a():
print('Start of a()')
b() # BbizoB b(). (1)

1.

2

3

4.

5. def b():
6 print('Start of b()"')
7

8

9

c() # BuizoB c(). (>
. def c():
10. print('Start of c()")
11. 42 / © # MNopoxpaeT owubky AeNeHuA Ha Hylb. ©
12.

13. a() # Bwi3oB a().

B aroii mporpamme pyHKINS a() BBI3bIBAET b() @, KoTOpast BEI3bIBAaeT GyHKITHIO ¢ () @.
BuyTpu c() BbIpakeHue 42 / © © BbI3bIBAET ONIUOKY JI€JIEHIS HA HYJIb, ECJIM BBI 3a11y-
CTUTE 9TY IIPOTPaMMY, Pe3yJIbraT 10JIKEH BbIIJISAIETh TaK:

Start of a()
Start of b()
Start of c()
Traceback (most recent call last):
File "abcTraceback.py", line 13, in <module>
a() # call a().
File "abcTraceback.py", line 3, in a
b() # Call b().
File "abcTraceback.py", line 7, in b
c() # call c().
File "abcTraceback.py", line 11, in c
42 / © # NopoxpaeT owwnbky AeneHUs Ha Hynb.
ZeroDivisionError: division by zero
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[Ipoananmuaupyem TpacCUPOBKY CTPOKY 3a CTPOKOI, HAUUHAS € 9TOM:

Traceback (most recent call last):

Coo01eHne ykasbIBaeT, 4To gajee Uaer TpaccupoBka. Tekcr most recent call last
03HAYAET, YTO BBI3OBBI (DYHKIIUI IEPEUNCIISTIOTCS 10 TOPSIJIKY, HAUMHAS C TIePBOI U 3a-
KaH4YMBas CaMOU ITOCJIEIHE.

B caepytotneit cTpoke TPUBOAUTCS BBI30B TIEPBOI (DYHKITUN B TPACCUPOBKE:

File "abcTraceback.py", line 13, in <module>
a() # BuizoB a().

CJieptyioniiyie iBe CTPOKH COJIEPIKAT C800KY KaOpa; B HUX BHIBOAUTCS MH(MOPMAIIUST, XPAHSI-
1iasicst BHyTpu o0bekTa Kajipa. [1pu Bor3oBe (QYHKIMK JaHHbIE JIOKAJIHHBIX TEPEMEHHBIX,
a Tak’Ke TOYKa B KOJIE, B KOTOPYIO IOJKHO OBITH BO3BPAIIEHO YIIPABJIEHIE TTOCTE BHI30BA
byHKIMH, cOXpaHIIOTCS B 00bekTe Kaspa. B o6bekTax Kagpa XpaHsITCs TOKAIbHbIE
nepeMeHHbIe U JPyTHe JaHHble, CBsA3aHHbIe ¢ BhI3oBaMK GyHKIMH. OObEKTh KagpOB
CO3/IAI0TCA TIPY BbI30Be (DYHKIIUU ¥ YHUUTOKAIOTCS [IPU BO3BPAIEHUU YIIPABICHMSI.
B TpaccupoBKe BLIBOAUTCS CBOIKA IS KAXKIOTO KaIpa Ha My TH K haTarbHOMY ¢6010. M b
BUJIMIM, YTO BBI30B (DYHKIINK B cTpoke 13 HaxoanTes B crpoke abcTraceback.py, a Teker
<module> COOBIIAET, YTO CTPOKA HAXOAUTCS B IJI06ANBHON obiacTu BuanMocTu. Jlanee
cTpoka 13 BBIBOIUTCS ¢ OTCTYIIOM U3 JIBYX TIPOOEOB.

B ciegyromux yeTbipex cTpOKaxX BBIBOJIATCA CBOJIKU CIAEAYIOMNX ABYX KaJPOB:

File "abcTraceback.py", line 3, in a
b() # Call b().

File "abcTraceback.py", line 7, in b
c() # Call c().

W3 Tekcra 1ine 3, in a Mbl BuamM, 9T0 (byHKIUS b () ObLIa BhI3BaHA B CTPOKE 3 BHYTPU
bynkmm a(), 9To IpUBEJIO K BHI30BY (DYHKINU ¢ () B CTPOKe 7 BHYTPH (HyHKIUU b().
OG6paruTe BHUMaHHE: BBI30BBI print() B cTpokax 2, 6 1 10 B TpaccMpoBKe He BBIBOJIT-
csI, HECMOTPST HA TO YTO OHU OBLIM BBITIOJHEHBI /10 BHI30BOB (hyHKIMH. B TpaccupoBky
BKJTIOYAIOTCS TOJIBKO CTPOKM € BBI30BaMU (DYHKITUH, TPUBE/IINX K NCKIIOYEHUIO.

B nocsienneii cBogKe Kagpa BIBOAUTCS CTPOKA, KOTOPas CTajia IPUINHON HeoOpaboTaH-
HOT'O UCKJIIOUeHMs. 3a Hell CIIeyeT UM 1 COOOIIeHNe UCKIIIOUEHMS:

File "abcTraceback.py", line 11, in c
42 / @ # MopoxnaeT owubKy AeNeHUs Ha Hynb.
ZeroDivisionError: division by zero

OG6paruTe BHUMaHNE: HOMED CTPOKH B TPACCUPOBKE YKa3bIBAET, Iiie Oblia 0OHapy/KeHa
oummbka. McToyHUK OmMMOKY HAXOAUTCS TAE-TO 10 9TOH CTPOKMU.
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Coobuenns 06 ommbKax 4acTO OKa3bIBAIOTCS CAUIIKOM KOPOTKUMU U HEBPA3yMHU-
TEJIbHBIMU; TPU CJIOBA «JIeJIEHNE Ha HYJIb» HUYErOo He CKAKYT TOMY, KTO He 3HAeT, 4TO
JleJienne Ha HyJIb HEBO3MOJKHO C TOYKHU 3PEHNA MaTEMATUKY, 1 9TO PACIIpOCTpaHeHHasT
nporpaMMmHast omunb6ka. B 9T0ii iporpaMme HaliTi OIIMOKY HEeCI0KHO. Eciim B3rIsSHy Th
Ha CTPOKY KOZla B CBOJIKE KaJipa, CTAHOBMTCS SICHO, YTO OIIMOKA JieJIeHK s Ha HyJIb BO3-
HUKJIA U3-3a BbIpasKeHud 42 / 0.

Ho pacemorpuM GoJiee cioxHBIH cryuaitl. BBequre caeayomnuii pparMeHT B TEKCTOBOM
pellakTope U COXPaHUTE ero 1o/l uMeHeM zeroDivideTraceback.py:

def spam(numberl, number2):
return numberl / (number2 - 42)

spam(101, 42)
[Ipn 3armycke aToi TpOrpaMMbl Pe3yJIBTAT JOJKEH BBITJISIETDh TakK:

Traceback (most recent call last):
File "zeroDivideTraceback.py", line 4, in <module>
spam(101, 42)
File "zeroDivideTraceback.py", line 2, in spam
return numberl / (number2 - 42)
ZerobivisionError: division by zero

Coobiienne 06 omubKe To e, HO JieJIeHHe Ha HyJib B return numberl / (number2 - 42)
He cToJb oueBHIHO. [To omeparopy / MOKHO 3aKJIIOYUTh, UTO BBITIOJHSIETCS JIETIeHHE,
a BbIpakeHnue (number2 - 42) 10JKHO OBITD PpaBHO 0. Orcroma MOYKHO CZieJiaTh BBIBOJ,
410 B QyHKIMK spam() IPOUCXOAUT cOO, KOT/Ia IapaMeTp number2 paBeH 42.

WHorma TpaccpoBKa MOJKET COOOIINTD, UTO ONMTHOKA HAXOAUTCS B CTPOKE, PACTIOTOKEH-
HOI mocJie ipuunHbl ourOKu. Hampumep, B ciieaytolieil mporpaMMe B ePBOM CTPOKE
OTCYTCTBYET 3aKPBIBAIOINIAST KPYTJIask CKOOKa:

print('Hello."'
print('How are you?")

Ho u3 coobienus 06 ommbKe 115t 9TON IPOTPaMMBbI CJIEAYET, UTO IIPodIeMa HAXOAUTCS
BO BTOPOU CTPOKE:

File "example.py", line 2

print('How are you?")
N

SyntaxError: invalid syntax

Jlesio B ToM, uTo mHTeprperaTop Python He 3amern cuaTakcueckyto ommoOKy 10 TOTO,
Kak ObljIa IIPOYKTaHa BTOpas CTpoKa. TpacCHpoBKa MOKET COOOIINTb, Ijie 0GHapy KeHa
po6JieMa, HO 9TO MECTO He BCETa TO CaMOe, Te HaXOAUTCS PealbHast IPUYMHA OIINOKH.
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Eciu cBoaka Kazpa He JaeT ZOCTaTOYHOM mH(GOPMALUNU AT OOHAPY/KEHHI OUIIMOKK
WU eCJIM MCTUHHAS IPUYMHA OIMOKKM HAXOAUTCS B IIPEAbIAYINEN CTPOKE, KOTOpas
HE IPUBOJAUTCA B TPaCCUPOBKE, BaM IIPUJAETCA BBIITOJTHATD HporpaMMy B I[1OIIIaroBOM
pesKkuMe B OTJIaJUUKE WJIN IIPOCMaTpUBaTh coobIenus B xKypHase. Bee aTo norpebyer
3HAYUTENLHOTO BpeMeHu. Ilonck coobienns 06 ommnbKe B MHTEPHETe MHOTA HAMHOTO
ObIcTpee MPeLOCTaBUT He0OXOAMMYI0 MH(GOPMALIUIO O IIPObJIEME.

Mouck coobuwennii 06 ownbkax

Yacto coobiiennst 06 onbKax HaCTOIBKO KOPOTKHU, YTO OHU JIAXKE HE COAEPIKAT TTOTHbIX
peIoKeHUiA. [ IporpaMMICTBI PEryISpPHO CTATKUBAIOTCS C HUMU, TIO9TOMY OHU JIOJIKHBI
OBITh HATOMIHAHUSAMM, 2 He HCUEPIIBIBAOIINME 00bsiCHEHUSIMU. ECJIU BBI BCTpedaere
coobirenme 06 omubKe BrepBbie, CKOMUPYIHTE €ro B TOUCKOBYIO cucteMy. C GoJbIoit
1oJiei BEPOSITHOCTU BbI MOJIYUUTE MOAPOOHOE OMUCAHKE TOTO, YTO O3HAYAET ONMOKA
1 KaKOBBI €€ BEPOSATHBIC TPUYUHBI.

Ha puc. 1.1 mokasaHbl pe3ysibraThl moucka mo crpoke python "ZeroDivisionError:
division by zero". 3akioueHue coobiieHust 00 OMMOKe B KaBBIYKU TOMOTaeT HalTH
TouHyI0 (hpasy, a 1obaBIeHIe CI0BA python cIOCOOCTBYET CYKEHUIO TIONCKA.

@ python "ZeroDivisionError: divic X~ =+ = m

G @ | ©| & % hitps//duckduckgo.cc e g% | Q Search Lo »

| python "ZeroDlvisionError: division by zero” Q

All Images Videos News Maps Settings -

AllRegions *  Safe Search: Moderate ¥ AnyTime ~

Error python : [ZeroDivisionError: division by zero ...

2 https://stackoverflow.com/questions/28836964/error-python-zerodivisionerror-divisio...
Thanks for contributing an answer to Stack Overflow! Please be sure to answer the
question.Provide details and share your research! But avoid .... Asking for help,
clarification, or responding to other answers.

python - "ZeroDivisionError: division by zero" - Stack ...
2 https:ifstackoverflow.com/questions/42653853/zerodivisionerror-division-by-zero
I tried this, but it still says "ZeroDivisionError: division by zero" - beginner_coder Mar 7 '17

at 17:00. @mafertes Well that Isn't possible. | also tested this before posting, verifying that

. it wunrkear Rrowea nthar miestinne tanned nuthnn rlass nuthan-3 A ar ask voor own
£ 2>

Puc. 1.1. KonuposaHue coobuieHus o6 owmbke B MOMCKOBYIO CUCTEMY YCKOPUT NOMCK
OBBSCHEHUM U peLLEHMI
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ITouck coobmenuii 06 ommbKax — BIIOJHE HOPMAIbHOE [e/10. TPyAHO 0KUAATH, YUTOOBI
paspabOTYNK 3AMTOMHIIT BCE BOBMOKHBIE CO00TIeHNUsT 00 OMMOKAX JIJIsT SI3bIKA TPOrPaM-
mupoBanus. /s mpodeccnoHasoB MOUCK OTBETOB B MHTEPHETE JABHO CTaJl 4aCThIO
MOBCEHEBHOIT PabOTBL.

Bo3MoskHO, 13 ITOMCKA CTOUT UCKIIOYUTH (DPArMEHTBI, OTHOCAIINECS HETIOCPECTBEHHO
K BareMy kogy. /lJist iprMepa paccMoTpuM ciiefyioniee coodiierme 06 onmbke:

>>> print(employeRecord)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
NameError: name 'employeRecord' is not defined (L
>>> 42 - 'hello’
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: unsupported operand type(s) for -: 'int' and 'str' ®

B aTom mpuMepe fomy1iena onevaTtka B UMEeHU TlepeMeHHOH employeRecord, 9TO TPUBO-
T K onmbke @. Tak Kax I/IueHTI/I(bI/IKaTOp employeRecord B COO6HI€HI/II/I NameError: name
"employeRecord’ is not defined cBs3aH € BalllM KOJOM, IIPU IIOUCKE CTOUT UCIIOJIb30-
BaTbh CTPOKY python "NameError: name" "is not defined". B mocnemnell cTpoke 4acTh
"int' and 'str' B coobmennn 06 onmbKe @ ABHO OTHOCUTCA K 3HaYeHUsAM 42 1 "hello”,
TaK YTO ycedyeHne CTPOKH oM CKa /10 python "TypeError: unsupported operand type(s)
for" TI03BOJIUT UCKJIIOYUTD (DparMeHThl, OTHOCSIINECS K BaiieMy Koy. Eciiu rmouck ne

JIACT [I0JIE3HBIX PE3YJIBTATOB, ONPOOYIiTe BKIIOYUTD IOJIHOE coobiieHne 00 ommnbKe.

MpepoTeBpaweHmne ownMb0OK Npu NnomoLum
CTATUUYECKOro aHanusaropa

JIyuruii criocob uctpaBieHnst OMuOOK — He I0IyCKaTh uX. CrmamuuecKue anaiusamopol
(linters) — mpUIIOKEHMS, KOTOPbIe AHAMU3UPYIOT UCXOIHbII KO ¥ MPEAYIPEKIAI0T
Bac O MOTEHIMANbHBIX omnOKax. XOTd CTaTUYeCKHil aHaIu3aTOp He 0OHAPYKUBAET
BCce omMOKY, cmamuyeckuti anaiu3 (IIPOBepKa UCXOIHOTO Koja 0e3 ero BhIIIOJHEeHNUS)
[IOMOTAeT BbIABUTH TUIIMYHbIE OIIMOKM, BO3HUKaoIIKe 13-3a onedaTok. (B ruase 11
paccKaszaHo, Kak CII0Jb30BaTh PEKOMEH/IAITNHT THITOB JIJIST CTATUYECKOTO aHam3a. ) MHo-
rue TEKCTOBbIE PeJAKTOPbl U HHTerpupoBaHtbie cpebl paspaborku (IDE) Bkioyaor
CTaTUYECKHIT aHAIM3aTOP, KOTOPbIi paboTaeT B (hOHOBOM PEKKMME 1 CIIOCOOEH BBISIBJISTH
pobJieMbl B peaibHoM BpeMenu (puc. 1.2).

[TouTn MOMEHTAIBHBIE YBEJOMJICHWS OT CTATHYECKOTO aHAIM3ATOPA CUITBHO MOBBITIAIOT
3(hHEKTUBHOCTD TTPOTPaMMUPOBaHust. Bes HIX BaM MPUIILIOCH ObI 3Ty CTHTh TPOTPAMMY,
YBUIETH TPOUBOIIIE/ITHIH OO, TPOUUTATH TPACCHPOBKY, & 3aTEM HANTH CTPOKY B HCXO/I-
HOM KOJI€, YTOOBI KCTIPABUTD ONUOKY. A €CJIU BBI JIOMYCTUTE HECKOJIBLKO OTIEYATOK, TO BAM
MPUIETCS 3AMYCKATD IUKJI «3aITyCK — MCIPABJICHIE» JIJIT KaKI0H M3 HUX, TOCKOJIbKY
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OH HaXOJWT JIMLIb 10 OAHON omunbKe 3a pa3. CraTuyecKuil aHamus crroco0eH BhISIBUTh
cpasy HECKOJIBKO OMMMOOK, U 9TO MPOUCXOAUT MIPSMO B PEIAKTOPE — BbI BUANTE CTPOKH
¢ OIMIMOKaMU.

aw-aam - o %

P PP e @Q©E@0E
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u-u_l]
1 print{'Hello, ', name
+ undefined name 'name’
|

e

ﬁ. testipy x |
5 § print('Hello, ', me}
2

2
I Unresclved reference 'name’ more... (Ctrl+F1)

B ci\users\ANDesktophtest]py - Sublime Text - (m] *
File Edit Selection Find View Goto Tools Project Preferepces Help

4»r test1.py ® v

¢ 1 print('Hello, ', |name ) ﬂ
2

Puc. 1.2. CTatueckuit aHAnM3aTop YKA3bIBAET HA He ONpPeaeneHHYI0 NepemMeHHYIo
8 Mu (Hasepxy), PyCharm (8 cepeamne) 1 Sublime Text (sruay)

Boamozxno, Bant penaktop nin IDE He noziepskuBaeT cTaTUYecKoro aHajinsa, Ho ecIn
B HEM MTOJIEP;KUBAIOTCS TIJTATUHBL, CTATUIECKUI aHATM3ATOP TIOYTH BCET/Ia MOKHO TTOJT-
KI0unTh. OOBIYHO TaKKE TIATHHBI UCTIOIB3YIOT JIST TPOBEICHIIST CTATUYECKOTO aHAI3a
Mozyb Pylakes win kaxkoii-to apyroii.

Yrobsl yeranosuth Pylakes, otkpoiite crpanutty https.;//pypi.org/project/pylakes/ nun
BBITIOJTHUTE KOMaHy pip install --user pyflakes. [loBepbTe, €10 TOTO CTOUT.

NMPUMEYAHMUE

B cucreme Windows moxHo sbinonHste komanasl python u pip. Ho 8 macOS u Linux st umena
noaxopsT Tonbko Anst Python sepcin 2, 1 BMecTo Hix cnepyeT ucnonb3osats komanas python3
u pip3. MomHuTe 06 3TOM, KOraa Bl BCTpeuaeTe python unu pip B kHure.

B IDLE (cpena, BrItoueHHast B toctaBky Python) Her HU cTaTHueckoro aHaIn3aTOpa,
HU BO3MOXKHOCTHU €I0 YCTAHOBKHU.
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Kak obpaTturtbcs 3a nomoubio
No NPOrpaMMUpPOBAHMUIO

Eciu monck B MHTEpHeTE U CTaTUUECKHE aHAJIN3aTOPbI He TTOMOTJIH € pellleHreM Balrei
POBIEMBIL, CTOUT OOPATUTHCS 32 TOMOIIILIO K coobIecTBY B nHTepHETe. Ho cytecTByer
onpe/ieJIeHHBIN 9TUKET Mpu 0OpallleHUAX 32 COBETOM. EC/M OMbITHBIE Pa3paboTIMKI
rOTOBBI OECTIJIATHO OTBETUTD Ha BAIIl BOIIPOC, TI03a60THTECH O TOM, YT00BI 3(h(HEKTUBHO
HCIIOJIb30BATh UX BpeMsl.

O6paiieHue 3a MOMOIIIO K HE3HAKOMBIM JIFOJISIM BCET/IA JIOJIKHO OBITH TIOCIEHEN MEPOIA.
MoryT IpoiiTH Yackl ¥ JIHU, OKa KTO-HUOYIb OTBETUT HA Balll BOIIPOC — E€CJIM BbI BO-
o6rmie mosryuynTe oTBeT. Topasno 6bicTpee MOUCKaTh B MHTEPHETE APYTUX JIOEH, KOTOPBIE
y’Ke OTBETHJIM Ha Ball BOIIPOC, U IPOYUTATH UX OTBETHI. JJIEKTPOHHAS TOKYMEHTAIIHS
1 MOMCKOBBIE CUCTEMBI CO3/IABATICE KaK Pa3 JIJIst TOTO, YTOOBI 0OJIETYUTD TIOUCK OTBETOB,
32 KOTOPBIMH B TIPOTUBHOM CJIydae TPUILIOCch Obl obpamarbes K moasam. Ho eciu Bee
HHbIE BO3MOKHOCTH MCYEPIIAHbl ¥ BAM BCe-TaKK IPUXOANUTCS 00PAIIATHCS ¢ BOIPOCOM
K JIIOJISIM, cTapaiitech n3beratb HEKOTOPBIX PACIIPOCTPAHEHHBIX ONTHOOK.

He cipammBaiite, MOKHO Ji 331aTh BOTIPOC, a TPOCTO 3a/IaliTe €To.
He o6osHauaiite cyTh Bompoca HaMeKaMu, (hOpMYJTUpPYiTe KOHKPETHO.

He sagasaiite Bonpoc Ha HenoaxosmeM (Gopyme win Beb-caire.

He ucnonb3yiite HEKOHKPETHBII 3ar0JI0BOK UK TEMY COOOLIEHNs — HallPUMep,
«¥Y MeHs npobiemay uiu «ITomorure, noxasyicras.

He mumre «Most mporpaMma He paboTaeTs, 00bICHITE, KaK OHA I0JIKHA PabOTaTh.
He xpanuTe B cekpere MOJIHbIE cOOOMIEHIs 00 OMMOKax.

He nennrech omy6ImKoBaTh Balil KO/

He npuBoamTe 1mmoxo orhopMaTUpPOBAHHBINA KOJI.

He 3amasranBaiite, 4T0 BbI YK€ MBITAIUCH CETIATh.

He ckpoiBaiite madGopManuio 0b oOrepamoHHO CHCTeMe M BEPCHL.

He nipocute Hamicath mporpaMMy 3a Bac.

ITOT CIIUCOK [IPUBEJICH He IIPOCTO /IJISL KPACOTLL; HellpaBU/IbHAs KOMMYHUKAIMS MELIaeT
JIOZIAM TTIOMOYb BaM. IlepBoe, 0 ueM ciieryer IpoCcuTh, — 3allyCTUTD KO/ U TTOIBITAThCS
BOCTTPOM3BECTH BaIITy TTPodIeMy. [/t 9TOTO TOMY, KTO PETITAT BaM TOMOUb, TOHATOOUTCST
KaK MOKHO Ooibiiie nHGOPMAIMK O BallleM KoJie, KOMITbIOTepe 1 HaMepeHusix. [opasio
Jare THPOPMAITNN OKA3bIBACTCS CIUITKOM MAJo, a He CIUITKOM MHOTO. B HeCKoIbKIX
CEIYIONIMX Pas/iesiaX s PACCKaxy, YTO MOXKHO C/IeIaTh JJis TIPeI0TBPAIICHIS PACITPO-
CTpaHEeHHBIX OMMGOK. MoU PeKOMEH/ AN OTHOCSITCS K CJIYYAl0, KOT/[a BbI MyOJIMKyeTe
CBOM BOITPOCHI HA MHTEPHET-(hopyMe, OJTHAKO OHU aKTYaJbHBI U TOT/IA, KOT/IA BB OTIIPAB-
JisseTe BOIIPOCHL a/IPecHo OJHOMY UJIN HECKOJIbKUM JIOJSM.
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U36eraiite nuwHNX pasroBopos, npegocTagngiite HHPopmaLmio 3apanee

Ecin Bb1 o6pariiaetech K KOMY-TO JIMYHO, hpasa «MoKHO JIi 3a/1aTh BaM BOITPOC?» CTAHET
KOPOTKHM U JII00E3HBIM CIIOCOOOM y3HATb, I0CTYIIeH Jin ajipecat. Ho Ha unrepHer-dopy-
Max 9KCIEePT MOKET OTBETUTH He cpa3y, a TOT/A, KOTr/la y HEero MosiBUTCS BpeMs. Tak Kak
nepenucKka MHOTa PACTATUBAETCS HA Yachl, JIydllie TIPEAOCTaBUTh BCIO MH(DOPMAIINIO,
KOTOpast MOJKET TIOHATOOUTHCS, B UCXOHOM COOOIIEHIH, & He CTPAITBATh KKILIN pas
paspeliienus 3aaTb Borpoc. Eciii BaM He 0OTBETHIIH, CTOUT CKOIIMPOBATD 3Ty MH(MOPMAIUIO

Ha IPyToii hopyM.

®opmynupyiite cBoii Bonpoc KaK Bonpoc

Korma BbI 00bsicHsIETE CBOTO TIPOGIIEMY, MHOT/IA BOSHUKAET UJLTO3UST, 4TO OKCIIEPTHI YIKE
3HAIOT, 0 YeM U/eT peub. Ho mporpaMMupoBaHie — BecbMa 00IIMPHAST 00JIACTD; MOKET
OKa3aThCsT, 9TO Y HUX HET OTBITA KOHKPETHO B TOHM 006J1acTH, KOTOpast nHTepecyeT Bac. [1o-
3TOMY TaK BaskKHO C(hOPMYIIPOBATH BAlll BOMPOC B (hopme BoIrpoca. XOoTsI PEJIOKeHNS,
HAYMHAIONIECST CO cJIoB «MHe X0Tenoch Obl...» uin «Moii koj He paboTaer...», MOTyT
HAMEKATh Ha CyTb, 00sI3aTEJIbHO 33/[aliTe KOHKPETHDII BOIPOC — TO €CTh OYKBAJIbHO
Ipe/IIOKEHNe, 3aBepIIaroleecs: BOMPOCUTENbHBIM 3HAKOM. B TPOTHBHOM cirydae MOKeT
OBbITh HETTOHSITHO, O YeM BbI CITPaIlNBaeTe.

3ananaﬁre Bonpocbl HO noAXxoAslem Beb-caiite

Ecuiu BbI HauHeTe cripaniuBaTh 0 Python Ha hopyme JavaScript uimu 06 axropurmax —
B CIMCKE PACCBHIIKH, MOCBIIEHHOM CETEBON GE30MacHOCTH, BPSI/L JIU 3TO TIPHHECET
110J1b3y. B GOJIBIINHCTBE CIy4aeB B CIIUCKAX PACCHIIKK U HHTEPHET-(HOPyMaX NMeeTCst
nepeyenb yacTo 3agaBaeMbix Borpocos (FAQ) uimm onucanue o6eyskaaembix Tem. Ha-
pUMep, CIIUCOK PACCHUTKY python-dev MOCBSIIEH TPOEKTUPOBAHKIO sA3biKa Python
U He SIBJISIETCS OOIUM CIIMCKOM PACCBHIIKH 7SI MOJIydeHus ioMoInu. Beb-cTpanuia
https://www.python.org/about/help/ 1oMoXKeT BaM HaiiTH TTOAXOASANIMIL PeCYPC JIst
3amnpoca o a3bike Python.

Bkniouure KpaTtkoe onucanne Bonpoca B 3aroyioBoK

OJ1HO U3 IJIaBHBIX IPEUMYINECTB IyOJMKaI[MI BOIIPOCA Ha MHTEPHET-POPYyMe 3aKJII0-
YaeTcsl B TOM, 4TO TOT, Y KOTO TOT K€ BOIIPOC BOBHUKHET IMO33Ke, CMOYKET HANTH OTBET
IPU [IOMOIIK MoKucKa B uHTepHeTe. O0sA3aTeIbHO BKIIOYUTE 3ar0J0BOK € KPATKUM
OITUCAHUEM BOIIPOCA, YTOOBI YIIPOCTUTH PAOOTY TIOMCKOBBIX CUCTEM. 3ar0JI0BOK THIIA
«ITomorute, nmoskamyiicra» win «I[louemy Mol KoJ He paboTaer?» CIMIIKOM Heolpe-
JleJIeHHbliA. Ecin BBI TpocuTe coBeTa Mo 3JIeKTPOHHOM mouTe, nH(pOpMaIus B CTPO-
Ke — 9TO TO, Ha YTO dKCIEePT 00paTUT BHUMaHKE, KOTAa OyAeT IIPOCMaTpUBaTh MaIKy
BXOJIAINX COOOITCHU.
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06551(""1'8, Y710 BOJIXKEH AeNaTb BAll KoA

B Bompoce «ITouemy Most iporpaMma He paboTaer?» OTCYTCTBYeT BakHeiimast nHbop-
Mallus: 4TO I0JKHA JIeIaTh Ballla porpaMMa. A TOT, KTO ITPOYNUTAET BOIPOC, HE 3HAET
Bamux Hamepenuii. Jlaxke B hopmysuposke «Ilouemy s moJydaio aty ommbKy?» 1mo-
JIE3HO YKa3aThb KOHEUHYTO TIeJIb Ballleil MporpaMMbl. B HEKOTOPBIX ciiydastX BaM MOTYT
OTBETUTb, YTO BbI BHIOpA/IN HE TOT IIyTh U BaM IIPOIIE HAayaTh BCE 3aHOBO, BMECTO TOI'O
4yTOOBI TPATUTD BPEMSI Ha ITOTIBITKU YTO-TO UCIIPABUTD.

STACK OVERFLOW U NOCTPOEHUE APXNBA OTBETOB

Stack Overflow — nory istpHbIii Be6-CailT [J1st HOJTyYeHI OTBETOB Ha BOITPOCHI 110
IPOTPAMMHPOBAHUIO, HO MHOTHIE HOBUYKH OTIACAIOTCS TI0Ih30BaThCs M. V3BecT-
HO, uT0 Moziepatopsbl Stack Overflow 6e33kaI0CcTHO 3aKPHIBAIOT BOITPOCHI, KOTOPBIE
He COOTBETCTBYIOT MIX CTPOTUM PEKOMEH/IAIIIM. TeM He MeHee CyIIecTByeT BecKast
NPUYKHA IS OJIEP/KAHUSI CTOJIb JKeCTKOH Aucuimtbl Ha Stack Overflow.

Caiit co3aBasics He CTOJBKO JIJIS TIOJYYEHIS OTBETOB HA BOITPOCHI, CKOJIBKO JITIST
IIOCTPOEHUS apXMBa BOIIPOCOB 110 IIPOIPAMMUPOBAHUIO BMECTE C OTBETAMU Ha
Hux. Kak ciencTBue, BOPOCH 10JKHBI ObITh KOHKPETHBIMU, YHUKATLHBIMU 1 HE
OCHOBAaHHBIMU Ha CyOEKTUBHBIX MHEHUAX. KpoMe TOTo, OHU J0JIKHBI OBITH M0~
JPOOHBIME 1 XOPOIIO C(hOPMYJTHPOBAHHBIMU, YTOOBI MOJIH30BATEIISIM TOUCKOBBIX
cucTeM GbITO TIporie HalTi uX. (CHTyaIust JIst IPOTPAMMECTOB 10 TOSTBIIEHYST
Stack Overflow mersa B ocHoBy 1oMopuctuueckoro komukca XKCD «Wisdom of
the Ancients» 1o anpecy https.//xkcd.com/979/.) Tpuaars OTBETOB Ha OLUH U TOT
JKe BOIIPOC He TOJBKO Hea((HEKTUBHO PACXOAYIOT YCUIIHS JOOPOBOIBHBIX 9KC-
TIEPTOB C caiiTa, Ho COMBAIOT C TOJIKY TOJB30BATEIEH MTOMCKOBBIX CHCTEM MHOKE-
CTBEHHBIMU Pe3yJibrataMi. Bompochl I0JKHBI IMETh KOHKPETHbIE, 00 bEKTHBHBIE
otBeTbl. OTBeT Ha BOPOC «Kakoii camMblil JIydIlnii I3bIK IIPOTPAMMUPOBAHUS ?»
SIBJISIETCS IEJIOM BKYCa, OH TOJBKO MOPOKAAET JUIMHUE criopbl. (Bexb mMbl yike
3HAeM, UTO JIYUIINI S3bIK IporpaMmupoBanus — Python.)

Tem He MeHee HeIPUATHO, KOT/[a Balll BOIIPOC MTHOPUPYIOT, He OTBETHUB. 51 pexo-
MEH/1yi0 BHUMATEIbHO POYNTATh COBETHI 9TOM IJIaBbl U pyKoBoacTBO «How do I
ask a good question?» Ha caiite Stack Overflow o axpecy https://stackovertlow.
com/help/how-to-ask/. TloaTOMy He CTECHSUTECH UCIOJIB30BATH MICEBIOHNM,
ecm GouTtech 3a1aTh «TIyTblii» Bompoc. Stack Overflow me Tpebyer ykasbiBarh
HACTOSIIME UMEHA JJIsI CBOMX yYeTHbBIX 3anuceil. Eciu BbI pemounTaere Goee
HENPUHYKAEHHYIO0 00CTAaHOBKY, BO3MOKHO, BAM CTOUT OOPATUTHCS HA CTPAHMILY
https://reddit.com/r/learnpython/ — 310 cO06IIECTBO HE TAK CTPOTO OTHOCUTCST
K BonpocaMm. Tem He MeHee 00S3aTeIbHO IIPOYUTANTE PEKOMEHIAINH, TIPEKIE YEM
MACATh HA CAMT.
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Bkntounte nonnoe coobuenme 06 ownbre

He sabypre ckommpoBaTh Bee coodiieHune 00 onnbKe, BKI0Yast TpaccHpoBKy. IIpocToe
onucanue Bpoje «Ilosyuaio omOKy BbIX0/1a 3a IPAHKIIBI AUATIA30HA» HE COAEPIKUT J10-
CTaTOYHOI MH(pOPMALUY, YTOOBI SKCIIEPT CMOTL IIOHATH, YTO K€ HOLLIO He Tak. Takke
YKasKUTE, BCEr/Ia JIM BbI TIOJTydaeTe OMMOKY Wiin pobJsieMa BOSHUKAET SITH30NYECK.
EcJiv BbI BBISIBUJIM KOHKPETHbBIE 0OCTOSTEIbCTBA, B KOTOPBIX IIPOUCXOMT OIIUOKA, CTOUT
1 UX BKJIIOUUTH B OTTUCAHUE.

lpuBepnte nonmblii Kog

Hapsiy ¢ mosiHbIM coob1ieHrneM 06 ommOKe U TPaCCHPOBKON MPeI0CTaBbTe HCXOAHbII
KOJI BCEll mporpaMmbl. B aToM cirydae sKcmepT, y KOTOPOTO BbI TIPOCUTE TIOMOII[b, CMO-
JKET 3aIyCTUTh TIPOTPaMMy Ha CBOEH MalllMHe B OTJIA[UUKe 1 IOCMOTPETh, YTO B HEll
HPOUCXOANT. Beerja npuBoanTe Munumaivioiil, noasiid u 60cnpoussodumviii (MCR —
Minimum, Complete, Reproducible) npumep, HazieskHO BOCITPOU3BOIATIIHIT TOTYYEHHYO
omm6ky. Tepmun MCR BosHuk npu o0cyskaeHnsx Ha caiite Stack Overflow, moapobuee
o HeM — Ha crpanutie https;//stackoverflow.com/help/mcve/. <MuHUMaIBHBII> O3HAYAET,
4TO Balll KOJI I0JIKEH OBITh 10 BO3MOMKHOCTH KOPOTKUM, HO TIPH 9TOM BOCIIPOU3BONTD
BOBHUKINYIO Ipobemy. «IToHbI» — 4TO mpuMep Kofla COIEPKUT BCe HEOOXOANMOE
JUUIST BOCTIPOU3BE/ICHUS ONMTHOKH. « BOCITPON3BOANMBIiT» 0O3HAYAET, UTO BAIIl TIPHMEP KO/la
HaJIe)KHO BOCIIPOMBBO/IUT OTIUCAHHYIO TPOOJIEMY.

Ho ecm Bed Baria mporpaMma cofiepsKUTest B 0IHOM haiijie, OTIIPABUTD €€ IIOMOITHUKY
OyneT HecoKHO. TOMBKO POCTENTE 32 TEM, YTOOBI OHA OBITA TPABUIBHO OTHOPMATH-
poBaHa — 06 ITOM B CJIEAYIONIEM Pa3Iee.

lpasunbho orpopmarupyiite cBoii Ko

Bol mybsinkyeTe ¢BO#t KO, YTOOBI HKCIIEPT MOT TIPOYNTATH Ballly IIPOTPAMMY U BOCITPO-
usBectu omOKy. Ho IIOMHHUTE, 4TO KO AOJKEH OBITh MPABUJIBHO 0T(HOPMATHPOBAH.
Y6enurech, 4TO Balll apecaT CMOKET JIETKO CKOIIMPOBATh KOJ U 3aIlyCTUTh €r0 B TOM
BHJE, B KOTOPOM BbI ero nybsukyere. Eciii Bbl Konupyere cBoiil Koj B coobliieHue
3JIEKTPOHHOU TTOYTHI, YYTUTE, YTO MHOTHE TTOUTOBbIE KJINEHTHI YIASIOT OTCTYIIBI, U Balll
KOJ[ OyJIeT BBITJISIIETD TaK:

def knuts(self, value):

if not isinstance(value, int) or value < @:

raise WizCoinException('knuts attr must be a positive int"')
self._knuts = value

MaJio Toro uTo 9KCIepTy MPHUAETCS MOTPATUTHh BPEMSI Ha BCTABKY OTCTYTIOB B KayK/IOM
CTPOKE IIPOTPAMMBI; TPYZHO C XOJ1y CKa3aTbh, KAKMUM OTCTYIIOM /I0JIKHA HAUMHATHCS KasK-
nast crpoka. UTo6bI 06ectieynTh paBUIbHOE (hOPMATHPOBAHKE KO/, CKOTIUPYHTE €ro
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Ha BeG-caiiT pastebin (manpumep, https.;//pastebin.com/ wnn https.//gist.github.com/),
KOTOPBII COXPAHSIET Balll KOJ[ ¢ KOpoTKuM obiepoctymabiM URL-aapecom (Hampumep,
https.//pastebin.com/XeU3yusC). Ilepegarb URL HaMHOTO TIpolIle, YeM KCIIOIb30BAThH
BJIOKEHHBIH (haii.

Ecou Bo1 y6inkyete cBoii Kot Ha BeG-caiite (Hanpumep, https.//stackoverflow.com/ nin
https;//reddit.com/r/learnpython/), 0bsi3aTenbHO UCTIONB3YTE CPeCTBA (hOPMATUPOBAHUS
B €r0 TEKCTOBBIX MOJIsIX. acTO TPY CO3IaHUN OTCTYTIA U3 YETHIPEX TPOOETOB B CTPOKE HC-
T10JIb3Y€ETCSl MOHOIITUPUHHBIN #POZPAMMHBLL WPUGM, KOTOPBIH TIPOIIe YnTaTh. TaKkiKe CTOUT
3aKJIFOYUTH TEKCT B CUMBOJIBL ~ (0OpaTHBIiL artocTpod), 40066l 0OPMEUTH KO ITPOrPaMM-
HBIM 1prdToM. Takre callThl 4acTO BKIFOYAOT CCHIIKY Ha MH(MOPMAIIIIO (hOPMATHPOBAHYSL
Ecsm BbI He Gyziere coGI0aTh 9TH PEKOMEHIAIIH, 9TO MOKET IPUBECTH K HAPYIIEHUTO
(hopMaTHPOBaHUST UCXOHOTO KOJIA, OTYETO OH GY/IET BBIBOIUTHCS B OJHOM CTPOKE:

def knuts(self, value):if not isinstance(value, int) or value < @:raise
WizCoinException('knuts attr must be a positive int') self._knuts = value

Tax:ke He epeaBaiiTe CBOI KO/l HA CHUMKaX 9KpaHa; He MbITaliTech choTorpadpupoBaTh
DKpaH U OTHPaBUTh uzobpaxkernne. CKOIMMPOBATh KO/ U3 TPpadUuecKoro n3odpaKeHmst
HEBO3MOKHO, K TOMY K€ OOBIYHO OH IIJIOXO YMTAETCS.

COOGHIMTG, 4TO0 Bbl Y)Ke NbITAJINCb CRENATDb

Coob1iure B BOIPOCE, UTO BBI YIKE MBITATUCH CIEIATh U Y4TO Y BAC MOJYYUIOCH B PE3YJIb-
tare. Jta nHbOpMaIust n306aBUT IKCIIEPTA OT HATIPACHBIX MOTMBITOK TPOUTH 110 JIOKHOMY
CJIEMTY, @ 3A0/THO TMOKAYKET, YTO BT TPIJIATATI YCHJIHS, YTOOBI PEITUTDL CBOIO TTPOOJIEMY.

Kpome Toro, Tak BbI IIPOJIEMOHCTPUPYETE, YTO 00PAILAETECh 32 IOMOIIBIO, & HE IPOCKUTE
JIPYTUX HaNucaTh mporpamMmmy 3a Bac. K coskasieHuio, Hepeko CTy/IeHThI TIPOCAT He3Ha-
KOMBIX JIFOJIeH B UHTEPHETE CIEIaTh 32 HUX JOMAIITHIO PabOTY, UJIH [IPEAMTPUHIMATETH
YTOBapWBAT KOTO-TO OECIIATHO HAMMCATh «IIPOCTOE MpuaokeHues. Dopymbl mpo-
TPaMMHCTOB CO3/IAf0TCS HE JIJIST 3TOTO.

Onuwnre cBoto paboyyio KoHurypaumio

Koncuryparust Baiiero KOMIbioTepa MOXKeT MOBJIHSITh Ha TO, Kak paboTaeT Baliia mpo-
rpamMMa U Kakue ook oHa BbiiaeT. YToObI 9KCIIEPT MOT BOCIIPOUZBECTH BAIIy TIPO-
6JieMy Ha CBOEM KOMITBIOTEPE, TIPEIOCTABBTE CJEYIONLYIO0 HH(DOPMAIIUIO.

e Omepanuonnas cucreMa u ee Bepcust (Harpumep, Windows 10 Professional
Edition mim macOS Catalina).

e Bepcus Python, ncrosib3oBanHast 11 3aiycka mporpammsi (Hanpumep, Python 3.7
uiu Python 3.6.6).
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e CropoHHUE MOJIYJIH, UCIIOJb30BAHHbBIE B IIPOrPaMMe, U UX Bepcun (HAIIPUMeD,
Django 2.1.1).

YT006BI y3HATH HOMEPA BEPCHUIl YCTAHOBJIEHHBIX CTOPOHHUX MOJYJ€H, BBIIIOJHUTE
KoMaHy pip list. HoMep Bepcuu MpUHSTO BKJIKOUYATh B aTpUOYT __version__, Kak
B CJIe/IyIOIeM IpuMepe:

>>> import django
>>> django.__version__
'2.1.1"'

Cxopee Bcero, ata undopmanus ne norpedyercsa. Ho 4ro6b1 n36ekaTh IUIMIHIX BOIIPO-
COB, BCE PABHO BKJIOYNTE HTY MH(DOPMAIIMIO B UCXOHBIN MOCT.

NMpumepsbl BOonpocos

Hwxe mpuBesien mpuMep MpaBUIIbHO 33JJaHHOTO BOIIPOCA, KOTOPBIM OTBEYaeT BCEM pe-
KOMEH/IAIMAM U3 TIPE/IbIYIIEro pasjea:

«Selenium Webdriver: kak mue naiitu BCE atpu6yThi 21eMenTa?

B moayste Python Selenium, ecjii y MeHst ecTh 00beKT WebElement, st MOTY HIOJTyYHTh
3HayeHue JHOro U3 ero aTpubyTOB BHI3OBOM get_attribute():

foo = elem.get_attribute('href')

Ecomm atpubyT ¢ uMeneM 'href' He cylecTBYeT, BO3Bpaliaercs None.

Bonpoc: Kak moJiyuuTh CIIUCOK BCeX aTpUOyTOB, MMEIOIINXCA Y aeMenTa? 51 He Ha-
111eJI HUYero IMOX0Kero Ha Metojl get_attributes() unu get_attribute_names().

S ucnonbayio Bepenio 2.44.0 moayiis Selenium ansa Pythons.

ITOT BOIPOC ObLI B3AT CO CTpaHuLpl Attps.//stackoverflow.com/q/27307131/1893164/.
3aro10Bok 06061IaeT BOIPOC B 04HOM npemnoxennn. [Ipodaema chopmyaupoBana
B BUJIE BOITPOCA ¥ 3aBEPIIAETCS BOIPOCUTENBHBIM 3HAKOM. EcJiu B Oy 1yIieM KTo-HuOY b
MIPOYMTAET ATOT 3aTOJI0OBOK B Pe3yabTaTax MONCKa, OH HEMe/[JIEHHO ITOMeT, UMeeT 9TO
OTHoOIIIeHHE K ero mpobieme min Het. Koa BbiaeJeH MOHOMIMPUHHBIM IIPOrPAMMHBIM
mwpudToM, a TeKCT pasdéuT Ha abGsaubl. C IEepBOTO B3IUIsAa IMOHATHO, Ie B 9TOM CO-
0OIIEHN N HAXOUTCSI BOIIPOC: TIepe]l HUM JIaske CTOUT yTouHeHue «Borpoc:». B Tekcre
LPe/IIoJIaraeTCs, YTo MeTo/ get_attributes() uiau get_attribute_names() mor Obl
IPUCYTCTBOBATh, HO ero Het. Takke coobIaeTcs, 4To ObljIa IPeJIPUHSTA MOIbITKA
HATH pelieHye, U NPUBOAUTCS MPEAIOJ0KEHUE O TOM, KaK Obl MOT BBITJISIZIETD IIpa-
BUJIbHBII OTBET Ha Bonpoc. Kpome Toro, ykazana Bepcust Moy Selenium na ciyyvaii,



Tlgm: @it_boooks

Uroru 39

ecJIi OHa BAPYT MoHaao6uTcest. JIydiine npUBECTH CAUITKOM MHOTO HH(POPMAIIUHU, YeM
CJINIIKOM MaJIO.

Utorn

HesaBucuMbIil TIOMCK OTBETOB Ha BOIPOCHI U3 00JIACTH MPOrPaAMMUPOBAHUST — CaMblii
BaKHBII HABBIK, KOTOPBIM JIOJIKEH BIAIETh Kax /bl iporpaMMucT. VIHTEepHeT GBI T10-
CTPOEH TIPOTPAMMUCTAMU, U B HEM UMEETCS MHOXKECTBO PECYPCOB € OTBETaMU, KOTOPBIE
BaM HY’KHBL

Ho cnauaja HeoOXoauMo pa3obpath (4acTo HeBpasyMUTEIbHbIE) cO00meHns 06 ommnb-
KaX, BbiziaBaeMbie Python. Eci BbI He moHUMaeTe TEKCT COOOTIEHHS 00 OTMTHOKe — HITIETO
crpaiiHoro. Bel Bce paBHO MOKeTe IepeaTh STOT TEKCT IOMCKOBOI cucteme, 4ToOb
HalTH onucanye omrOKY Ha HOPMAJIbHOM SI3bIKE 1 ero HarboJiee BEPOSITHYIO IPUYIHY.
TpaccupoBka omMOKK COOOLINT, T/€ B Ballleil IporpaMme BO3HUK/IA IIpobJieMa.

Crarnueckuii aHaIM3aTOP CIOCOOEH B PEAJIBHOM BPEMEHH HAXOAUTH OMEYATKY U TIOTEH-
[MaJIbHBIE ONIMOKK B IIpoIecce Halicanus Koja. CtaTnuecKye aHaIu3aTopbl aGCOMOTHO
HeoOXOIMMBI 1711 coBpeMenHoi pazpaborku ITO. Eciiu B BaliieM TEKCTOBOM PelakToOpe
HEeT CTATUYECKOr0 aHAJIM3aTOPA WK BO3MOKHOCTH MOJKJIIOYUTD €r0 B BU/E TJIarnHa,
MolyMaiite o mepexo/ie Ha APYTroi pelakTop, B KOTOPOM TaKasi BO3MOKHOCTb UMEETCS.

Eciin BaM He yaeTcs HaiiTy pelnienne mpobJieMbl B MHTEPHETE, OPobyiiTe omyOImKo-
BaTh BOMPOC Ha (hopyMe MJTH 3a/1aliTe BOMPOC IKCIEPTY O 3IEKTPOHHOM moute. UToObI
HOBBICUTD 9P (HEKTUBHOCTH 3aIIPOCa, B 9TON TJIaBe s paccKasall, Kak 0(OPMHUTh «XOPO-
IUii» BOIIPOC II0 IIPOrPaMMHUPOBAHMIO. 3agaBaiiTe KOHKPETHBIN, XOpOoLIo chopMyIn-
POBAHHBIN BOIPOC, TIPUBE/ITE MTOJHBII HCXOAHBIN KO U MOAPOOHOCTH COOOIIEH S 00
ormmbKe, 0OBSICHUTE, UTO BbI YIKe MBITATUCH C/IEIaTh, U HA30BUTE UCTIOJIB3YEMYTO BEPCUIO
oleparnoHHON crcTeMbl U Bepeuio Python. OTBeThI He TOJIBKO pelar Baiiry mpobJiemy,
HO OYZYT [OJIE3HBI U TEM, KTO CTOJKHETCS ¢ TOM ke Ipo0IeMOii B Oy LyIIeM.

He nagaiite myxom, aske ecJid BaM MPUXOIUTCS TIOCTOSIHHO UCKATh OTBETHI U 0Opa-
aThCst 32 moMoIbio. [TporpaMMupoBatue — He0ObATHASI 06JIACTD, M HUKTO HE CMOKET
TEePIKaTh B TOJIOBE BCe HIOAHCHI. J[aske OMBITHBIE Pa3pabOTINKH €KeTHEBHO 0OPAIIAIOTCST
K MHTEPHETY 3a IOKyMeHTaruell u perreHusiMi. [IpuiokuTe yCuins, 9To6b HAyIUThCST
HCKaTh PEIIEHUs] — 3TO MOMOKET BaM cTaTh AP heKTUBHBIM TiporpaMmuctom Python.
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ITodzomoskotl cpedvbl Ha3bIBAETCS IIPOIIECC HACTPOMKHU BaIEro

KOMITBIOTepa /151 TporpaMMupoBaHust. OH BKITIOYAeT YCTAHOBKY

BCEX HEOOXOAUMBIX HHCTPYMEHTOB, HACTPOUKY UX KOH(pHUTYpa-

[IMU ¥ PEIeHne BCexX MPobIeM, BO3HUKAIONINX B MPOIECCE TIO/I-

roToBKHU. EfnHCTBEHHO BEpHOTO IIpoliecca He CYIIeCTBYET, TI0TOMY

YTO BCE UCITOJIb3YIOT Pa3Hble KOMITBIOTEPDI C PA3HBIMU OTIePAITIOHHBIMU

CHCTEMaMM, BEPCUSIMU OTIEPAIlIOHHBIX CUCTEM W BepCHsIMU WHTeprperaTopa Python.

Tem He MeHee B 9TOil rylaBe onucaHbl 6a30Bble KOHIIETIIUI, KOTOPBIE TOMOTYT BaM aJ-

MUHUCTPUPOBATH Balll KOMIILIOTEP, UCIIOIb3YsI KOMAH/IHYIO CTPOKY, TIepEMEHHbIE CPE/Ib
1 (haiiJIoBYIO CUCTEMY.

W3yuenne sTUX KOHIENITUH U CPEJICTB MOKET MIOKA3aThCS T0CATHON ToMeX0il. Ber xotuTe
MUCaTh TIPOTPAMMBbI, a He BO3UTHCS € MapaMeTpaMi KOHMUTYpaIlii N pasdupaThest
B HEBPA3yMUTEJIbHBIX KOHCOJIBHBIX KOMaH/[aX. Ho 3TH HaBBIKM COKOHOMSIT Ballle BpeMsi
B I0JITOCPOYHOI nepenekTuse. Eciu Bl Oyere nrHOPUPOBATH COOOIIEHM 06 OInOKax
WJIM HayraJl U3MEHSATh KOH(UTypaluio, 4ToObl Ballla cUCTeMa Jejiaia TO, YTO HYKHO,
BaM YIaCTCs 3aMaCKUPOBaTh MpodieMy, HO He HCTIPaBUTh ee. Ho ecyiv BbI He TojKajeeTe
BpeMEHU U KaK CJIe/lyeT HAyuYnTeCh PeliaTh TaKue 33/[a4M, BBl CMOKETE MTPeIOTBPATUTD
BO3HMKHOBEHHE IIPoO/IeM B Oy IyIeM.

dannosas cuctema

Daiinosas cucmema VCIONb3YETCST OTIEPAIMOHHON CHCTEMOM JI/IST XPAHEHUST U UTEHUS
naHubix. Daiin obrazaet AByMsT KJIIOUEBBIMU CBOIICTBAMU: UMEHEM 1 TryTeM. I1yTh 3a-
JIaeT MeCTOIIoJIoKeHue (ailia Ha komibloTepe. Hanpumep, daiin Ha MoeM HOyTOyKe
¢ Windows 10 xparutest o umenem project.docx B C:\Users\Al\Documents (3T0 1 eCTb 11y Th).



Tlgm: @it_boooks

®daitnoeas cuctema 41

Yacrb nmen aiiia rocJie mocjefHeil TOUKU Ha3blBaeTCsl pactuupenuem daiina u coodIaer
ero tutl. Pacimpenue B iMeHn (aiiia project.docx mokasbiBaert, uto 910 okymeHT Word,
a Users, Al 1 Documents 0603HAYAIOT HA3BAHUS 1anoK (TakKe Ha3LIBAEMDIX KAMAI02AMU).

[Tarrkm MoTyT coziepxaTh haiiss! u apyrue nanku. Harmpumep, aiin project.docx xpaauTest
B Tarrke Documents, koTopast HaxoUTCs B rmarnke Al, KOTopas B CBOIO 0Yepeib ToMeleHa
B nanky Users.

Ha puc. 2.1 uzobpaskeHna CTpyKTypa Mariox.

C:A\

I_ Users
I_ Al

I_ Documents

| project.docx

Puc. 2.1. Paiin B vepapxmu nanok

Yacte myTH C:\ OIIPEZIeTIsIeT KOpHeayo nanky, KoTopasi COAEPKUT BCe OCTATbHbIE MATTKH.
B cucreme Windows kopreBoii marke npucsansaercs umMs C:\. Takike KOPHEBYIO TAIKY
HazbiBaioT duckom C:. B macOS u Linux kopHeBast nainka oboznauaercs /. B aroil kaure
s HCTIOJTb3YI0 KOpHEBYI0 manky st Windows — C:\. Eciiu oI Gy/1eTe BBOAUTD IPUMEPBHI
B MHTepakTUBHOM ceaHce macOS nin Linux, ykaxure /.

[lomomHuTeIbHBIE TOMA — Takue, Kak auckoBoAbl DVD nwmu daenr-gucku USB, mo-
PasHOMY MPE/ICTaBJICHBI B Pa3HBIX OTlepallnoHHbIX cucteMax. B Windows — aTo HOBbIe
KOpHEBbIE IMCKK, 0003HauaeMble ApyruMu Oyksamu, Hanipumep D:\ uau E:\. B macOS —
3TO HOBBIE TTAITKKA BHYTPH nanku /Volumes. B Linux — HOBBbIe TalTkul BHYTPU Manku /mnt
(cokpartenue ot mount). Yurure, uro B Windows n macOS perucTp CHMBOJIOB B UMEHAX
narnox u ¢aitoB urHopupyercs, Ho B Linux oH 3HaunmM.

Mymn 8 Python

B Windows /151 pasjiesieHust IMeH Marok 1 GhailJioB HCIoJIb3yeTcst CMiMBOJT \ (oOpaTHast
kocas 4epta), a B macOS u Linux pazzenuresiem sBJsieTcss CUMBOJI / (KOcast 4epTa).
Yro0bl He AepKaTh B TOJI0Be 00a BapuaHTa s 00ecedeHns MeKILIaTGOPMeHHO co-
BMecTUMOCTH clieHapues Python, MosxHO ucnonb3oBaTh MOLY/Ib pathlib u omeparop /.
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s umnoprupoBanusa pathlib 0ObIYHO UCIIOAB3YeTCs KoManaa from pathlib import
Path. Tak kak u3 Bcex KaccoB pathlib uarie Bcero npumensieTcs Kiacc Path, ata popma
TTO3BOJISIET UCIIOJTB30BATh NMsT Path BMecTo pathlib.Path. Ber MoskeTe mepenath Path()
CTPOKY C MMEeHEeM TIanky uin (aiijia, 4Tobbl co34aTh 00beKT Path, IPeACTaBISIONIMIL OTY
nanky uin (aiisr. Ecim kpaiiHuii ieBbIii 00bEKT B BBIPaKEHUH SIBJISIETCST 00BEKTOM Path,
orepaTop / MOKET UCIIOJIb30BaThC JIJISI CIeIJIeHUs OO BEKTOB Path mim cTpok. Bemure
cJIelytoIe KOMaH/Ibl B UHTEPAKTUBHON 000JI0UKE:

>>> from pathlib import Path

>>> Path('spam') / 'bacon' / 'eggs'
WindowsPath('spam/bacon/eggs")

>>> Path('spam') / Path('bacon/eggs')
WindowsPath('spam/bacon/eggs")

>>> Path('spam') / Path('bacon', 'eggs')
WindowsPath('spam/bacon/eggs")

Tak Kak 9TOT KOJT BHITTOTHSIETCST Ha KoMIThioTepe ¢ Windows, Path () Bo3BparaeT 06 bheKThI
WindowsPath. B macOS u Linux Bosspamaercs o0bekT PosixPath. (POSIX — mabop
craHaapToB st UNix-T0100HBIX OIIEPAIlMOHHBIX CUCTEM, 3Ta TeMa BBIXOAUT 32 PAMKH
KHUTH.) J[JIs1 HAIIWX 1ieJied pasinyarh 9TH Ba THITA He0Os3aTeIbHO.

OG6bekT Path MOXKHO IIepegaTh 11000l GyHKIMK cTaHgapTHOI 6ubmorexku Python, oxku-
narorei mosryantb uMs aiina. Harpumep, Bbi3oB hyHKIN open(Path('C:\\") / 'Users'
/ 'Al' / 'Desktop’ / 'spam.py"') akBuBasieHTeH open(r'C:\Users\Al\Desktop\spam.py").

Jomawnnii karanor

MHor¥1e [0JIb30BaTe N CO3IAIOT HAIKY 110 HasBaHueM domaunss nanka (home folder)
wi domawnuil kamanoz (home directory), npesgHazHaYeHHYIO IJIs1 XPAHEHUS [1€PCO-
HaJIbHBIX (pailIoB Ha KoMIbioTepe. YToGbI OTyYrTh 00BEKT Path /IS IOMALIHEl Ak,
BbI3OBUTE Path.home():

>>> Path.home()
WindowsPath('C:/Users/Al")

JlomaniHue KaTtajoru MOMENaoTcs B ONPeie;IeHHOe MEeCTO, KOTOPOE 3aBUCUT OT THUTIA
OTIEPAITUOHHON CUCTEMBI.

e B Windows pgomMaiimue Katajors Xpauarcs B karasore C:\Users.

e Ha Mac romanrane kaTajoru Xpansarcst B katasore /Users.

e B Linux AOMalllHNE KaTaJOT' 4aCTO XPaHATCA B KaTajore /home.

Bammu crienapuu oyt HaBepHsIKa GYAyT UMETh paspelieHue st YTCHUS U 3aiCh
B (haiisIbl B BallieM JOMaIIHEM KaTajaore, T03TOMY OH UEATbHO MOAXONT IS XPAHEHST
(aiios muist Barmux mporpamm Python.,
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Texywuii paboymii karanor

VY KaxI0il IPorpaMMbl, BbIITOJHSIEMON Ha KOMITbIOTEDE, UMEETCST MeKyuuil padouuil
xamanoz (CWD, Current Working Directory). Cunraercs, uTo Bee nuMeHa (haiijios min
My TH, UMEHA KOTOPBIX He HAUMHAIOTCST ¢ Ha3BAHMsT KOPHEBOT TTATTKH, XPAHSITCS B TEKYTIEM
pabouem KaTajiore. XOTsI TEPMUH «IIAITKa» CIUTAETCSI D0JIee COBPEMEHHBIM, CTAHAAPTHBIM
HasBaHUEM SIBJISIETCS «TeKYHIMI pabounii Katasors (MM PocTo «paboumii KaTtajiors ),
a He «TeKylas pabodas mamka.

Texymmuii pabounii KaTajor MOKHO IIOJYYUTh B Bue 00beKTa Path mpu oMoy QyHkK-
1 Path. cwd () 1 u3mMeHuTh ero pynkimeit os . chdir (). Benure ciemyionuit hparment
B MHTEPAKTUBHOU 000JIOUKE:

>>> from pathlib import Path

>>> import os

>>> Path.cwd() o
WindowsPath('C:/Users/Al/AppData/Local/Programs/Python/Python38")
>>> os.chdir('C:\\Windows\\System32') (2}

>>> Path.cwd()

WindowsPath('C:/Windows/System32")

3Jech B KauecTBe TeKylero pabouero karajora BoiOpan C:\Users\Al\AppData\Local\Pro-
grams\Python\Python38 @, Tak uto ums aiiia project.docx OyzeT oTHOCUTBCS K haiiry C:\
Users\Al\AppData\Local\Programs\Python\Python38\project.docx. A ecsii cMEHUTD TEKY I
pabounii karasor Ha C:\Windows\System32 @, um: daiina project.docx OyaeT OTHOCUTHCS
K C:\Windows\System32\project.docx.

ITpu noubiTke BHIOPATh HeCylecTBYOMMIA Kataaor Python Beigaer coobuienne 06
ormmbKe:

>>> os.chdir('C:/ThisFolderDoesNotExist")
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
FileNotFoundError: [WinError 2] The system cannot find the file specified:
'C:/ThisFolderDoesNotExist"'

Panee nnsa IoJIyd4eHu:A TEKylIero pa60'{ero KaTaJjiora B BU/Jl€ CTPOKHN MCII0JIb30BaJ/IaCb

(bynxius os. getcwd() U3 MOJLYJISI 0S.

Ab6contothble n oTHOCHTENBHBIE nytm

Cyi1iiecTByioT /iBa criocoba orpeziesieHust myTei K (aiiaam.

® AOGCOJIIOTHBII IIyTh — BCET/la HAYMHAETCS OT KOPHEBOIT HATIKH.

® OTHOCUTETBHBIN IyTh — 3a/[AETCSI OTHOCUTEBHO TEKYIIErO pabouero KaTaaora
IIPOTPAMMBbL.
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Tak:ke cynecTByIOT ANKKU € Ha3BaHueM . (TOYKa) U . . (TOUKA, TOYKA). ITO HE PeaibHO
CYIIECTBYIOIIME TTIANKH, a CIIeITMAIbHbIE IMEHA, KOTOPbIe MOTYT UCIIOJIb30BATHCA B Ty TSIX.
Touka (.) BMECTO UMEHU MATTKY SIBJISIETCS COKPAIIEHHBIM 0003HAYEHIEM [IJTsT TEKYITEl
nanku. /[Be Touku (. . ) 0603HAYAIOT POAUTENBCKYIO MATIKY.

Ha puc. 2.2 npezcrasiieHbl npuMepsl narok u ¢aiiios. Korga tekymmm pabounm Karta-
sorom HazHayaercst C:\bacon, oTHOCUTeJIbHBIE TYTU APYTUX (AIIOB U TAMOK 3aaT0TCsT
TakK, KaK MOKa3aHO Ha WJLTIOCTPAITHL.

ITpedukce .\ B Hauasie OTHOCUTEIBHOIO Iy TH He obst3areser. Hampumep, .\spam.txt u spam.

txt 0603HAYAIOT OUH U TOT e (aii.

OTtHocuTenbHble Ab6conioTHble nyTv

nyTu
C:A\ A G\
Texywwmi
PaBouMil — |— bacon A C:\bacon
xaranor fizz Nizz C:\bacon\fizz
I— spam.txt NMizz\spam. ixt C:\bacon\fizz\spam.txt
spam.xt Nspam. txt C:\bacon\spam.ixt
- eggs .. \eggs C:\eggs
L 3 spam.ixt . \eggs\spam.txt C:\eggs\spam.txt
- h spam.ixt .. \spam.txt C:\spam.ixt

Puc. 2.2, OtHocuTensHble nyTv Ans nanok 1 daitnos B paboyem katanore C:\bacon

NMporpammsbl u npoueccol

IIpoepammoii HazbiBaeTcs M0O0E TPUITOKEHTE, KOTOPOE MOYKHO 3aMyCTHTDH Ha KOM-
nbioTepe: BeO-6paysep, aJeKTPOHHast TabIuIa, TEKCTOBBIH TIpotieccop u T. 1. I[Ipoyecc
npejcTaBser coO0i BLITOTHAEMbIH 9K3eMIIIApP mporpaMmbl. Hanpumep, Ha puc. 2.3
TIOKA3aHBI TTHh PAOOTAIONINX MTPOIECCOB OHOM TIPOTPAMMBI-KATBKYISTOPA.

[Tportteccsl cymecTBYIOT HE3aBUCUMO JIPYT OT JIPYTa, JJasKe €CJIU OHU BBITTOJHSIOT O/IHY
U Ty ke mporpammy. Harpumep, ecyiv BbI 3aIycTUTE CPa3y HECKOJIBKO 9K3EMILIISIPOB MTPO-
rpammbl Python, kaskzbiii mpoiece nmeer cob6CTBEHHbIN HAGOP 3HAYEHU IIepeMEHHBIX.
Kaskpiii ipottecc (f1aske ecivi OHU OTHOCSITCS K OJTHOM ITPOTrPAMMe ) UMEET CBOI TeKY Ui
pabounii KaTaaor U 3HaYeHUs IIepeMeHHbIX cpeibl. Kak mpaBuiio, B KasK10il KoMaHAHON
CTPOKE BBITIOJTHSIETCS TOJIBKO OJIMH MPoIlecc (XOTs HUUTO HE MellaeT BaM OTKPbITh He-
CKOJTbKO OKOH KOMaH/IHO¥ CTPOKU OJTHOBPEMEHHO).
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Couc - o x
= Standard D Cabulator - o %
= Standard o]
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Puc. 2.3. OpHa nporpamma-KanbkynsTop 3anyLeHa B HECKOMbKMX SK3EMMISPAX, KAXAbIM
5K3EMMAAP SBASETC OTAENbHBIM MPOLECCOM

Kaskmast onepannoHHast cicTeMa HCIIoIb3yeT COOCTBEHHBII Crtoco0 IPOCMOTpPa CIIUCKA
BBIIOJIHSIEMBIX IIpolieccoB. B Windows [ucneTyep 3aaay BbIblBaeTcs KOMOMHALMEN KJla-
Buiil Ctrl-Shift-Esc. B macOS cuiestyer Boinosinuts komany Applications » Utilities » Activity
Monitor. B Ubuntu Linux kom6uHanus kiasuii Ctri-Alt-Del oTKpbIBaeT IpUIOKEHIE, TaK-
’Ke HasbiBaeMoe [ucnetyepom 3agad (Task Manager). B ucnetuyepe 3aaay Takke MOKHO
MPUHYAUTENbHO 3aBEPIINUTD BBITIOJIHSIEMBII TPOIIECC, €CJIM OH TEPECTAeT PearupoBaTh
Ha I[GflCTBI/IFI I10JIb30BatTeJId.

KomangHas crpoka

Komanonoii cmpoxoil HazbIBaeTCcs IPOrpaMMa TEKCTOBOIO PEKKUMA, B KOTOPOI MOKHO
BBOJIUTH KOMAHJIbI JIJIST B3AMMOJIECTBUS C ONMEPAIMOHHON CUCTEMOI U 3aIyCcKa Mpo-
rpaMM. Takske KOMaHIHYIO CTPOKY MHOTIAa HA3bIBAIOT UHMEPDEicom KOMAHOHOU CMPOKU
(CLI, Command Line Interface), mepmunanom, oborouxoi nim xorcoavio. Komananas
CTpOKa — ajikTepHaTuBa i rpadpudeckoro unrepdeiica nonbsosarens (GUI, Graphic
User Interface), KoTOpBIii 03BOJIIET BaM B3aMMOEHCTBOBATh ¢ KOMIIBIOTEPOM, He
OTPaHUYMBAsICh TEKCTOBBIM MHTepdeiicom. [paduueckuii nutepdeiic mpeacrapisier
nH(GOPMAIINIO BU3YaJIbHO, B HEM TIPOIIIE BHITIOJHSATH PA3JIUIHbIE OTIEPAIIUN, YEM B PEIKU-
Me KOMaHIHOI CTPOKHM. MHOTHE MOJIb30BATEIN CIUTAIOT KOMAHIHYIO CTPOKY CJUIITKOM
CJIOJKHBIM MHCTPYMEHTOM M HUKOTJA He 00pallaoTcs K Heil. DTH OllaceHUsl OTYaCTH
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00ycJ10BIeHbl HEXBaTKON nH(OpManuu 06 ee ncnonb3osanuu. Eciau knonka B rpadu-
qecKoM uHTepdelice X0Tst Gl 0003HAYAET MECTO, TJIE CIIEAYET MIETKHYTh, TO ITYCTOE OKHO
TepMUHAJIA He JIaeT MO/ICKa3KH, YTO UMEHHO HY’KHO BBECTH.

Tem ne menee CYIIECTBYIOT BECKUE MPUYUHDI, JIJISI TOTO LITO6I)I OCBOUTH KOMaHAHYIO
CTPOKY Ha XOpoIlleM ypoBHe. Bo-TIepBbIX, /1711 TIOJITOTOBKU CPE/IbI YaCTO MTPUXOIUTCS
MCII0JIb30BATh UMEHHO ee, a He rpaduyeckre okHa. Bo-BTOPBIX, BBOIUTH KOMAH/IbI
C KJIABMATyPbl HAMHOTO OBICTPEE, YeM TIEJKATh MBIIIbI0 B Tpaduueckux okHax. Tek-
CTOBBIE KOMaH/Ibl Takyke GoJiee MOHITHBI TI0 CPAaBHEHUIO C TIepeTacCKUBAaHUEM 3HAUKa
Ha JIpyTo# 3Ha4OK. 13-3a 3TOTO OHY JTyuTIie MOAXO/IT 5T aBTOMATU3AIUN: BbI MOKETE
00bEANHUTH HECKOIBKO KOHKPETHBIX KOMAH/I B CLIEHAPUU JIJIST BHIIIOJTHEHUST CJIOKHBIX
oTIepaITuii.

[IporpamMma KOMaHIHOM CTPOKM CYIIECTBYET B UCIOJHIEMOM (alije Ha BamieM KOM-
mbioTepe. B 3TOM KOHTEKCTE ee YacTO HA3BIBAIOT NPOZPAMMOL KOMAHOHOTU 06010uKu. TIpu
3alycKe MPOrPaMMbl KOMAHTHOW 0G0JIOYKY Ha 9KPaHE MOABIISIETCS TEPMUHATBHOE OKHO.

e B cucreme Windows komangHoi 000/104Kk0il sBistercs daiin C:\Windows\Sys-
tem32\cmd.exe.

e B macOS — daiix /bin/bash.
e B Ubuntu Linux — daiin /bin/bash.

3a mpOIIe/IIIe TOABI TIPOTPAMMUCTBI HATIUCATIM MHOTO PA3HBIX KOMAHIHBIX 000JI0UEK
IS OllepaliMOHHOM cucTembl Unix, Bxiodas Bourne Shell (ucnomnmsaemsiii daiin ¢ nme-
HeM sh) 1 mo3iHee — Bourne-Again Shell (uctonusiemsrii daitn ¢ umenem Bash). Linux
ncnonayeT Bash o ymorgamimo, Toraa kak B macOS mpuMeHsIeTest oXokast 060I09Ka
Zsh (unm Z Shell) 8 Catalina u 6oJsiee nosauux Bepcusx. I3-3a Apyroil ucropuu pas-
paborku B Windows ucnoJib3yercst 060j104Ka ¢ iMeHeM KoMaHaHas cTpoka. Bee atu mipo-
TPAMMBI JIETATOT OJTHO U TO JKe: OTKPBIBAIOT OKHO TEPMUHAJIA C TEKCTOBBIM HHTEPGheRcoM,
B KOTOPOM I10JIb30BaTe/Ib BBOJAUT KOMAH/IbI 1 3aIlyCKAET IPOrPaMMBI.

BaTtom paszesie Ormmcanbl HEKOTOPBIE 06H.H/Ie KOHIIEIIIINN 1 OCHOBHbBIC KOMaH/[bl KOMaH/I-
HOM CTPOKMU. BbI, KOHEYHO, MOJKETE U3YIYUTDb MacCCy pa3H006p3.3HI)IX KOMaH/I 1 CTaTb Ha-
CTOAIINM HpO(l)I/I, HO Ha CaMOM /ieJjie JOCTAaTOYHO 3HAaTh BCETO OKOJIO JIOKMHBI KOMaH/IL.
Tounble nX nMeHa MOTYT CJIeTKa BUJOU3SMEHATHCA B 3aBUCUMOCTHU OT OHGpaHHOHHOfI
CHUCTEMDI, HO 6a30BBIE ﬂeﬁCTBHH OCTAaIOTCA OJJHUMU N TEMU JKE.

Orxpume OKHA TepMUHANa

YT06bI OTKPBITH OKHO TEPMUHAJIA, BBIIOJHUTE CJELYIONINE IeiCTBUSL.

e B Windows menxnure Ha knonke Myck, BBeuTe KOMaHaHas CTPOKa M HaKMUTE
Enter.
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e B macOS miesnknure Ha snauke Spotlight B mpaBom BepxHeM yrity, BBeguTe Ter-
minal n naxxmure Enter.

e B Ubuntu Linux naskmure kiaasuiny WIN, uto6sr oTkpbiTh Dash, Beure Ter-
minal n masxmuTe Enter. Takske MOIKHO BOCTTOJIB30BATHCST KOMOMHAIIEN KIABHIIT
Ctrl-Alt-T.

B TepmuHANIE OABASIETCS Npuerawene s BBoAA KoMaH T (110 aHAJIOTUN C WHTEepaK-
TUBHOI 060JI04KOM, B KOTOPOIl BBIBOAUTCSA MpUIIamienue >>>). B Windows B kauectse
MPUTJIATIICHUS UCTIONB3YETCA MOJHBIHN ITyTh K TEKYTIeH marke:

C:\Users\Al>3mecb BBOAATCA Bawu KOMAHAbl

B macOS npurmnaiienre COCTOUT U3 UMEHH KOMITBIOTEPA, IBOETOUMST 1 TEKYIIETO pa-
6ouero karajora, 0003HaYEHHOIO THJIBIO0I (~); Jajiee UaeT UM TI0JIb30BaTe/ls 1 3HAK
nommapa ($):

Als-MacBook-Pro:~ al$ 3aecb BBOAATCA BaWwy KOMaHAbI

B Ubuntu Linux npurmnamierne moxosxe Ha npurianienne macOS, He cauTast TOro 4To
OHO HaYMHAeTCs ¢ UMEHU 110JIb30BaTe s 1 aMmIiepcan/a (@):

al@al-VirtualBox:~$ 3pecb BBOAATCA BaWW KOMaHAbI

Bo MHOTHX KHUTax U yueOHUKAX MPUTJAlleHe KOMaHIHON CTPOKU 0TOOpakaeTcst
B BUJIe $ /71T YIIPOTIEHUsT TPUMePOB. BHENTHUI BUI TIPUTJIANIIEHUST MOJKHO N3MEHSITh,
HO 3Ta TeMa BBIXO/IUT 32 PAMKH KHUTH.

3anyck nporpamm u3 KOMAaHAHON CTPOKH

YTo6bl 3aMyCTUTH TPOTPAMMY WJIH KOMAH/Y, BBEAUTE €€ UM B KOMAaHIHON CTPO-
ke. JlaBaliTe 3a1lyCTUM [IPOTPAMMY-KaJIbKYJIATOP, BXOJAAILYIO B COCTAB CTAH/aPTHBIX
IpoTpaMM OIlepPallMOHHON cucTeMbl. BBesuTe B KOMaH/HOU CTPOKe CJIeAyIoNyIo
KOMaH/LY.

e B cucreme Windows Beenute calc.exe.

e B macOS BBemuTe open -a Calculator. (Ctporo roBops, ata KOMaH/Ia 3alyCKaeT
MIPOTPaMMy open, KOTopas 3aTeM 3allyCcKaeT nmporpammy Calculator.)

e B Linux BBeanTe gnome-calculator.

B Linux B uMeHax MporpaMM U KOMaH][ YYUTHIBACTCSI PETUCTP CUMBOJIOB, HO B Windows
1 macOS perucTp UTHOPUPYeETCs. ITO O3HAYAET, UTO B LinuX Hy’>KHO BBECTU KOMAH/Y
gnome-calculator, Torga kax B Windows gonycrumo Baectu Calc.exe, a 8 macOS — OPEN
-a Calculator.
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Korna Bbl ykasbiBaeTe UMeHa MIPOTPAMM B KOMAaH/IHON CTPOKe, 3TO PAaBHOCUJIBHO 3a-
IIyCKY IIPOrpaMMbI-KaibKyJisTopa us Metio Myck, Finder nau Dash. Mmena nporpamMm
paboTalT Kak KOMaH/Ibl, IOTOMY YTO IIPOrpaMMBbI calc.exe, open 1 gnome-calculator Ha-
XOJISITCS B MAIKAX, BKJIIOYEHHBIX B TePEMEHHbIE cpefibl PATH. Jta Tema 6oJiee mogapobHO
paccmaTpuBaetcs B pasjiesie «Ilepementbie cpebt 1 PATH», c. 60. A oka focratouso
CKas3aTb, YTO [IPU BBOJIE MIMEHU MTPOTPAMMbI B KOMAH/[HOI CTPOKE 060JI0UKA TIPOBEPSIET,
CYIIECTBYET JI ITPOrpaMMa ¢ YKa3aHHBIM UMEHEM B O/IHOH 13 MAIOK, BKIIOUEHHBIX B PATH.
B Windows o6oJ10uka HIleT IporpaMmy B TEKyIeM paboueM KaTajiore (KOTOPbIil yKasaH
B TIPUTJIANIEHUN ), @ IOTOM TIEPEXO/IUT K TIPOBEPKE IMANOK U3 PATH. Y106bI IIpHUKa3aThb
KoMaH/HOI cTpoke B macOS u Linux Hauath ¢ MPOBEPKHU TEKYIIEro pabovero Kataiora,
HEOOXOAMMO BBECTH ./ 1iepe]] umereM (aiiia.

Ecaum mporpamma He HaXonnTCA B TIATIKe, BKIIOYEHHOU B PATH, y Bac ecTh /iBa BAPUAHTA.

e Bocmosnb3oBarhest KOMaHAON cd [UTsT HA3HAYEHUST TEKYITUM PabOUNM KaTaJoroM
MANKH, CoZiepsKallleil mporpaMmy, a 3aTeM yKasaTh uMs rporpammbl. Hampumep,
MOXKHO BBECTH CJICAYIOITHE [BE KOMAH/IBI:

cd C:\Windows\System32
calc.exe

® DBsemuTe OJHBIN Ty Th K UCTIOTHSIeMOMY (haitry mporpammbl. Hampumep, BMecTo
calc.exe ykaxure C: \Windows\System32\calc.exe.

B Windows, ecsit uMst iporpaMMbl 3aBEPIIACTCST PACIIUPEHIEM .exe Wit .bat, pacimpe-
HI€e TPUBOJIUTEH HEOOSI3aTEHLHO; €CJIH TIPOCTO BBECTU UMST calc, pe3yibraT OyeT TaKuM
JKe, Kak B cirydae BBojia calc. exe. Vicromasembie mporpamMmbl B macOS u Linux yacto He
UMEIOT CHENMATbHBIX PACIITUPEHIH, ITOMEYAIONINX UX KaK UCIIOJTHIEMbIE; BMECTO 3TOTO
[Tl HUX yCTaHABJIMBAETCS paspelieHue UCIoaHeHus. JJonoaHuTenbuyio nHdOpMaIinio
BbI HalijieTe B pasjiesie «3aiyck nporpamMm Python 6e3 koMaHHON CTPOKU», C. 65.

AprymeHTbl KOMaHAHO# CTPOKH

AprymMeHTBI KOMaHHOM CTPOKH MPECTABISIOT COOON TEKCTOBBIE (hpArMEHThI, KOTOPBIE
BBOJISATCS TTOCJIC UMEHU KOMaH/Ibl. Kak 1 apryMeHThl, liepe/iaBaeMble ITPU BbI30Be (QYHKIINT
Python, oHu TIPEIOCTABISIIOT KOMAH/IE IOTOJHUTEIbHY0 MH(DOPMAIIUIO MK YKAZAHUSL.
Hanpuwmep, mpu BemosHernn komaH bl cd C:\Users yacTs C:\Users saBJisieTcst apryMeHTOM
KOMaH/[bI cd, KOTOpast coo0IaeT KoMaH/Ie, Kakast Marka J0JEKHA CTaTh TEKY M PabounM
Katasiorom. Vi mipu 3amycke ciienapust Python u3 okna trepmuHama KoMaH/0it python
yourScript.py 9acTb yourScript.py SBISETCS apTYyMEHTOM, KOTOPBIH coo0raer IIporpam-
Me python, B kKakoM haiijie cireyeT UCKaTh BBITTOJHIEMYIO MOC/Ie/I0BaTeIbHOCTh KOMAH]I.

Kmiouu xomanonotr cmpoxu (MxX Takske Ha3bIBAIOT (hJlaraMy UM OIILIUAMMK ) IPEACTABII-
10T c000ii 0HOOYKBEHHBIE MM KOPOTKUE apryMeHThl KOMaHHOIl cTpoku. B cucreme
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Windows Koy KOMaHHON CTPOKM 4acTO HAYMHAIOTCS ¢ KOcoii yepTol (/); B macOS
n Linux onu nauunaiorcst ¢ oanoro gecduca (-) win aByx nepucos (--). Boi yxe uc-
MOJIh30BAJIN KJITOY KOMAHIHOW CTPOKH -a TIPU BbIOJHEHUN KoMaHabl macOS open
-a Calculator. B macOS u Linux B kI04ax KOMaHHOW CTPOKU YaCTO pa3anyaeTcs
perucTp cuMBOJIOB, HO B Windows peructp urnopupyercst. Koy koMaHAHON CTPOKK
pasieIAnTCs IpobeIaMu.

Wmena mamnok u haiiioB 4acTo UCIIOIB3YIOTCS B KAUeCTBe apryMEHTOB KOMAaH/IHOM CTPO-
k. Ecuti uMst mank vt uiim (paiisia copepskuT mpooest, 3aKII0UnTe UMST B IBOIHbIE KaBBIUKH,
94TOOBI HE CO3/[aBATh Ty TAHUILY B KOMAHIHO cTpoke. Harmprmep, ey BbI XOTHTE CAETATh
TeKYIMM KaTaJoToM TalKy ¢ nMeHeM Vacation Photos, mpu BBojie koMaH/[bl cd Vacation
Photos KoMaHHas CTPOKa PEIINT, YTO BRI ITepegaeTe 1Ba apryMenTa, Vacation 1 Photos.
IToaromy caepyer BBecTu koManay cd “Vacation Photos™:

C:\Users\Al>cd "Vacation Photos"
C:\Users\Al\Vacation Photos>

Jlpyroii THIUYHBIN apryMeHT MHOTUX KoMaHj — --help B macOS u Linux wujm /?
B Windows. Onu BeIBOAIAT HH(bOpPMaIHio 0 KoMane. Hampumep, ecin BBIIOJHUT
KOMaHZIy cd /? B Windows, koMaHHag 000J04YKa COOOIIUT, YTO JejlaeT KoMaHaa cd,
U BbIBE/IET CBOJIKY apIyMEHTOB KOMaH/IHOI CTPOKH 9TOH KOMaH/Ibl:

C:\Users\Al>cd /?
BbiBOA MMEHU MBO CMeHa TeKywero KaTasora.

CHDIR [/D] [Anck:][nyTb]

CHDIR [..]
CD [/D] [mmck:][nyTb]
cp [..]

o603HayvaeT nepexop B poAWTeNbCKUIA KaTanor.

KomaHpa CD puck: oTobpaxaeT MMA Tekyllero KaTanora ykKasaHHOro Aucka.
Komanpa CD 6e3 nmapameTpoB oTobpaxaeT MMeHa TeKywux AUCKa W KaTanora.

MapameTp /D ucnonb3yeTcA ANsi OLHOBPEMEHHOW CMeHb
TekywWwnux AUCKA M KaTanora.

Crpaska coobmaer, uto kKomanga Windows cd Takke MOKET BBOAUTHCS 110 UMEHU
chdir. (BosbIIMHCTBO TIOJIb30BATENEN HE CTaHeT BBOAUTH chdir, Korjia boutee KOpOT-
Kag koMmanja cd zenaer To e camoe.) Ksagparhbie CKOOKM cojgepsKkar HeoOsi3aTebHbIe
aprymenTsl. Hanpumep, ontucanme CD [ /D] [anck: ][nyTb] YKa3bIBaeT, uTO C KJIOYOM /D
MOSKHO 33/1aTh IMCK WJIU ITYTh.

XoTs apryMeHTsl /? U --help /it KOMaH/[ BBIBOAAT WHMOPMAIHIO, 00bSICHEHHST YACTO
BBITJISIIAT HE COBCEM MOHATHO M FOATCS JIMTITD JIJISt ONIBITHBIX TT0Jb30BaTeseit. OHu Bpsj
JI TIOMOTYT HOBUYKaM. JIyudiiie o6paTUThCsT K KHUTE WK BeO-yUeOHUKY.
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Boinonnenne xopa Python s komangnoii ctpokn ¢ knoyom -

Ecm Bam moHago6utces He60abInoi 00beM BpeMeHHOro Koga Python, KoTopslil Hy:KHO
BBITIOTHUTE OJIMH Pas, a TOTOM BBIOPOCHTD, TIepe/iaiiTe KITIoY - ¢ TPU BBI30BE python. exe
B Windows wiu python3 8 macOS u Linux. BeimoJiHsieMbIil KO/ CJIEYET yKa3arh Io-
cJIe KJII0Ya - ¢ B IBOMHBIX KaBbluKax. Hanpumep, BBesiutTe Ceytonyio KOMaH/Iy B OKHE
TePMUHAJIA!

C:\Users\Al>python -c "print('Hello, world')"
Hello, world

Ko - ¢ X0poIIo MoAXoANT JIst IPOCMOTPA PE3YJIBTaTOB OAHOM HHCTpyKImu Python,
KOT/Ia BbI HE JKeJIaeTe TPATUTh BPEMST Ha BXO/] B UHTEPAKTUBHYIO 000/10uKy. Hampumep,
MOJKHO GBICTPO 0TOOPA3UTh BBIBOJ (hyHKITMU help(), a 3aT€M BEPHYTHCS B KOMAHIHYIO
CTPOKY:

C:\Users\Al>python -c "help(len)"
Help on built-in function len in module builtins:

len(obj, /)
Return the number of items in a container.

C:\Users\Al>

Boinonnenne nporpamm Python u3 komangHoii ctpokn

IIporpammsbl Python npeacrasisaior co6oii TekcToBbie dhaiinbl ¢ pacumpenueM .py. OHu
He ABJIAITCS MCIoJMHsAeMbIMU (aiiamu; uaTepnperarop Python unrtaer atu daitnb
U BBITIOJTHSIET COJlepsKaliecs B HIX kKomanibl Python. B Windows uctionasiemsrii haii
nHTeprperaropa HazbiBaercs python.exe, a B macOS u Linux — python3 (aiin python
cogep:xkut uHTEepnperarop Python Bepcun 2). IIpu BbimoOJHEHNN KOMaHAbl python
yourScript.py win python3 yourScript.py OyayT BhIoJHeHb KOMaHibl Python, xpa-
Haimecs B ¢aiisie c uMeneM yourScript.py.

3anyck nporpammei py.exe

B cucreme Windows Python ycranasiisaer mporpammy py.exe B manky C:\Windows. Ita
porpamMma njieHTYHa python.exe, HO OHa IOy YaeT JOIOJTHUTEIbHBIN apIyMEHT KOMaH/I -
HO#T CTPOKH, KOTOPBIiT TIO3BOJISIET 3aMyCTUTD JII0OYT0 Bepcuio Python, ycranoBieHHy 0
Ha BaleM KoMIibiorepe. KoMaHy py MOKHO BBITIOIHUTD U3 JII0O0I TTAIIKH, TOTOMY YTO
narka C:\Windows BKJIioueHa B iepeMeHHYI0 cpesibl PATH. Eciin y Bac ycTaHOBJIEHO cpa3y
HECKOJIbKO Bepenit Python, koMaH/Ia py aBTOMATUYECKHU 3AITYCTUT HOBEHIITYIO BEPCUIO U3
JOCTYIIHBIX Ha KoMIIbIoTepe. Takyke MOXKHO IlepefiaTh apryMeHT KOMAH/IHON CTPOKU -3
WJIN -2, 9TOOBI 3aIlyCTUTh HOBEHIIYIO 13 yeTaHOB/IeHHbIX Bepenit: Python 3 mm Python 2
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coorBeTcTBeHHO. Ellle MOKHO BBecTr OoJiee KOHKPETHBIN HOMep Bepcuu (HarpuMep,
-3.6 WK -2.7), 4TOOBI 3aIyCTUTh KOHKPeTHYT0 Bepcuio Python. ITocie kirouya Bepeun
cJieyeT rmepeaTh py.exe Bce Te JKe apryMeHThl KOMaHHOW CTPOKH, KOTOPBIE ITepelaloTCst
python.exe. Boimosnure cireayiome KOMaHIbl U3 KOMaHAHOM cTpok Windows:

C:\Users\Al>py -3.6 -c "import sys;print(sys.version)"
3.6.6 (v3.6.6:4cf1f54eb7, Jun 27 2018, ©3:37:03) [MSC v.1900 64 bit (AMD64)]

C:\Users\Al>py -2.7

Python 2.7.14 (v2.7.14:84471935ed, Sep 16 2017, 20:25:58) [MSC v.1500 64 bit
(AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more information.

>>>

ITporpamma py.exe yao0Ha B Tex cjaydasx, Korja Ha BaiieM KoMmibiotepe ¢ Windows
YCTAaHOBJICHO HECKOJIbKO Bepcuii Python 1 BbI XoTHTE 3a11ycTHTD KOHKPETHYIO BEPCHIO.

Boinonuenne komana u3 nporpammoi Python

Oyukius Python subprocess. run() 13 MOy it subprocess MOKET BBIIIOJIHATH KOMaH-
1161 060J104KH 13 TIporpaMm Python, a 3aTeM BBIBOANUTD pe3yJIbTaT BBITOJHEHUST KOMaH/IbI
B BUJle cTpoku. Hampumep, caeytommii Ko/ BBITIOJHIET KOMaHay 1s -al:

>>> import subprocess, locale

>>> procObj = subprocess.run(['ls', '-al'], stdout=subprocess.PIPE) @
>>> outputStr = procObj.stdout.decode(locale.getdefaultlocale()[1]) ®
>>> print(outputStr)

total 8

drwxr-xr-x 2 al al 4096 Aug 6 21:37 .

drwxr-xr-x 17 al al 4096 Aug 6 21:37 ..

-rw-r--r-- 1 al al @ Aug 5 15:59 spam.py

DyHKIMU subprocess. run() mepenaeTcs Cucok ['1s', '-al'] @. OH COnepKUT UM
KOMaH/IbI 15, 32 KOTOPBIM CJIEYIOT apI'yMEHTBI B BUJIE OT/ENbHBIX CTpOK. OGpaTrTe BHU-
MaHue: ¢ epejadeid [ '1s -al' ] dyuknus paborars He OyeT. BbIBOI KOMaH/Ibl XPAHUTCSI
B BUJIe CTPOKH B outputStr @. JyleKTPOHHAS JIOKYMeHTalus (GyHKIUI subprocess.
run() u locale.getdefaultlocale() zacT BaMm Jiyuliee IIPEJCTaBICHUE O TOM, KaK OHU
JEeACTBYIOT, IIpUY€eM ¢ HUMU Balil Koz Oy/ieT paboTarh B 110601 OllepaliMOHHOIl cucTeMe,
rae gyuknuorupyer Python.

COKPGHIGHMG obbema BBOAMMOro TeKCTd npu NoMoLLH aBTO3ABEPLICHUSA

HpOI‘paMMI/ICTbI 3aHUMaIOTCA BBOAOM KOMaH/[ Ha CBOMX KOMIIbIOTEpPaX 110 HECKOJIbBKO
4YacoOB B /I€Hb, IIO3TOMY COBPEMEHHBIE CPEACTBA KOMaH/{HOM CTPOKHU IIPEJOCTABJIAIOT
BO3MOJKHOCTH [IJIA COKpallleHU A obbeMa BBOJMMOTI'O TEKCTA. q)yHKL[I/IH asmosaeepulerus
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MIO3BOJIIET BBECTH HECKOJILKO TIEPBBIX CUMBOJIOB UMEHU TIANTKKU 1Jin (haiisa, a 3aTeM Ha-
sKaTh KJaaBuiny Tab, yToObl KoMaHHast 000JI04Ka 3aII0JIHIIA UMSI 10 KOHIIA.

Harnpumep, ecoin BBecTH cd ¢ : \u 1 Haxxath Tab B Windows, Tekyiast KoMaHia IpOBEpPUT,
KaKue Tanku uin ¢painisl Ha aucke C:\ HAUMHAIOTCS C U, © aBTOMATHIECKU 3aBEPIITUT MMSI
Kkatasiora c:\Users. BykBa u HIKHETO PETHCTPA TPH TOM aBTOMATHIECKU TIPeobpas3yeTcst
B U. (B macOS u Linux aBTo3aBepiiienre He ucrnpasJser peructp.) Ecaum na qucke C:\
cpasy HeCKOJIBKO TAllOK, UMeHa KOTOPBIX HaunHatoTcst Ha U, BbI MOKeTe mepedpaTh X
MOBTOPHBIMU HasKaTHsIME Tab. YToGbI COKPATHUTh KOJMIECTBO COBITAICHHI, TAKIKE MOKHO
BBECTH KOMaH/Y cd c:\Us; TeM CaMbIM HaO0p BO3MOKHBIX BAPHAHTOB OTPAHUYHBAETCST
nankamu u (aitiaMu, UMeHa KOTOPBIX HAYMHAIOTCS C US.

MuorokpaTtHoe Haxkartue Tab Takske padoraer B macOS u Linux. B cienyioniem npumepe
10JIb30BaTE/Ib BBEJ KOMaHAy cd D U JIBaXK/Ibl Haxkasl Tab:

al@al-VirtualBox:~$ cd D
Desktop/  Documents/ Downloads/
al@al-VirtualBox:~$ cd D

JIBykpatHoe HakaTne Tab mocste BBoma D 3acTaBiisieT 0600UKY MOKA3aTh BCE BOSMOKHDIE
BapranThl. O60I0YKa BBIAET HOBOE TIPUTIIATIIEHIE ¢ KOMAH/ION, YKa3aHHOH K HACTOSI-
IeMy MOMEHTY. B 9TOT MOMEHT MOKHO BBECTH, 0TIy CTUM, GYKBY e U HaskaTh Tab, 4To6b!
obosI0UKa 3aBepInia KoMauy cd Desktop/.

ABTO3aBepIIeHNEe HACTOJIBKO MOJIE3HO, YTO 3Ta (DYHKIIMA BKJIIOYEHA BO MHOTHE Tpa-
(buueckre WHTErPUPOBAHHBIE CPE/IbI M TEKCTOBBIE PEJIAKTOPHL. B oT/mdme OT CpeicTB
KoMaHAHOH cTpokn aTu GUI-nporpaMMbl 0GBIYHO 0TOGPAKAIOT HEOOIBITIOE MEHIO MO/
BBOJIUMBIM TEKCTOM, YTOOBI BB MOTJIM BEIOPATH HYKHBII BAPUAHT JIJIs1 aBTOMATHYECKOTO
3aBEPIICHUS OCTABIIEHCSA YaCTH KOMAH/IBI.

lpocmotp ucropun Komang

CoBpeMeHHble KOMaH/IHbIE 060JI0YKHN TAK/Ke 3aIOMUHAIOT BBEICHHbIE KOMaH/IbI B UCTNO-
puu komand. Ipu HaskaTvK Ki1aBuly T B TepMUHAJIE KOMaHAHAs CTPOKA 3aII0JIHSIETCS
TocJIeTHEl BBEJICHHOU BaMU KOMaH/IOM. /{abHeTe HayKaTis KJIaBUIIN T TPOI0JLKAIOT
nepebuparh GoJiee paHHNIE KOMAH/IbI, a HasKaTHsI KJIaBUIIHU | BO3BPAIIAIOT K O0JIee mos/1-
HUM KOMaH1aM. Ecoi BbI XOTHTE OTMEHUTD KOMAH/Ty B TPUTJIANNIEHUN 1 HAYaTh C HOBOTO
npuriaienus, Haxxmute Ctrl-C.

B cucreme Windows MOKHO IIPOCMOTPETH UCTOPHIO KOMaH/L IIPY ITOMOIIM KOMaHIbI
doskey/history. (CTpanHoe HazBaHue nporpammbl doskey Bocxoaut k MS-DOS —
orepalorHoi cucreme Microsoft, npeamectserntnky Windows.) B macOS u Linux
JUIs1 ICTOPUM KOMaH/ IIpe/iHadHadeHa KomMana history.
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Yacro ncnonb3yembie Komanabl

B aToMm paszesie mpuBeieH KOPOTKUIT CITNCOK KOMAH/I, KOTOPBIE Yalle APYTHX UCIIOJb-
3YIOTCS B pesKMMe KOMaHAHOH cTpoku. KoMar/ u apryMeHToB ropasio 60Jblie, HO Bbl
MOJKeTe pacCMaTPUBaTh 9TOT CIIMCOK KaK HEKUI MUHUMYM, HEOOXOAUMBIH 171 pabOoThI
€ KOMaH/IHON CTPOKOM.

ApryMeHTBl KOMaHTHON CTPOKH IS KOMaH/I 9TOTO pa3jiesia 3aKII0YeHbI B KBaJ[pATHBIE
ckobku. Hanpumep, cd [nanka] o3Hayaet, 4TO BBl BBOAUTE KOMaHIY cd, 32 KOTOPOIi
ceyeT UMs HOBOW TIATKH.

Onpenenenue nanok u QaiinoB ¢ HCNONb30BAHMEM YHUBEPCANbHBIX (HMBOJIOB

MHOruM KoMaHJaM B apryMeHTaX KOMaHJHON CTPOKMU JOJIKHBI [lepeflaBaThCs UMeHa
narox u (aiios. YacTo Takue KOMaHIbl MOTYT IOJIY4aTh MAa0JOHbL ¢ yHUBEPCAIbHbI-
MU CUMBOJIAMU * U ?, KOTOPbIE OIPEAE/IsioT Habop noaxoadamux daiaos. CuMBoJ *
o3HayYaeT JI060€e KOJIUUECTBO CUMBOJIOB, TOT/Ia KaK CUMBOJI ? — OJ[UH IIPOU3BOJIbHbBII
CUMBOJL. BbIpaskeHuUst ¢ yHUBEPCAJIbHBIMU CUMBOJIAMU * 11 ? HA3bIBAIOTCA 2100ANbHBIMU
wabnonamu.

I'o6asbible 1mabJ0HbI HO3BOJISAIOT OIPEAesTh TpyIbl (aiiinos. Hampumep, komaria
dir uau 1s KCIOJIB3YeTCs s BbIBOZA BeeX (pailjioB U HAIIOK B TEKYIEeM paboueM KaTa-
Jjiore. Ho ecsint BBI XOTHTE TPOCMOTPETH TOJIBKO (haitibl Python, komataa dir *. py win
1s *.py BBIBEZIET TOJILKO (hailJibl ¢ paciuupernem .py. [7106anbHblii abJIoH *.py 0O3HaYaeT
«1106as1 TpyIIIa CUMBOJIOB, 34 KOTOPOH CJIELYET . py»:

C:\Users\Al>dir *.py
Volume in drive C is Windows
Volume Serial Number is DFF3-8658

Directory of C:\Users\Al

03/24/2019 10:45 PM 8,399 conwaygameoflife.py
03/24/2019 11:00 PM 7,896 testl.py
10/29/2019 ©08:18 PM 21,254 wizcoin.py

3 File(s) 37,549 bytes

0 Dir(s) ©506,300,776,448 bytes free

I'o6GasbHblii 1mab/IoH records201? . txt 03HaYaeT «CUMBOJIbI records201, 3a KOTOPHIMU
cJlelyeT OJIMH TIPOU3BOJIBHBIN CUMBOJI, @ TOTOM . txt». [[TabyoH BbiGepeT (aiiibl OT
records2010.txt s10 records2019.txt (a Takke nmena caiinos Buaa records201X.txt). Imo-
GasIbHbII 1a0JI0H records20??.txt MOKeT BKJII0YaTh ABa JIOOBIX CMBOJIA — HAIIPUMED,
records2021.txt nsu records20AB.txt.
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W3menenne Texywero paboyero karanora komangoii cd

Boimosrerme komauasl cd [nanka] 3amMeHsieT TEKyIHiT paboInii KaTamor KOMaHIHON
000JI0YKHU YKA3aHHOMU MAIIKOM:

C:\Users\Al>cd Desktop

C:\Users\Al\Desktop>

O60o0uKa BHIBOAUT TEKYMNH PAbOUNil KATAIOT KaK YaCTh TPUTJIAIIIEHNST KOMAHIHON
CTPOKH, a Bce Narku u (daiiipl, yKadaHHble B KOMaH/aX, HHTEPIPETUPYIOTCS OTHOCH-
TeJIbHO 3TOTO KaTajora.

Eciu uMs manku copep:kuT npobeibl, 3aK/II04UTe ero B ABOIHbIe KaBbIYKU. YT0ObI
BbIOpaTh B Ka4ecTBe TEKyIero pabodyero Karajaora IOMAIIHIO MAIKy 10Jb30BaTe s,
BBesuTe KoMaHay cd ~ B macOS u Linux win komanay cd USERPROFILE% B Windows.

B cucreme Windows, eciu Bbl 3aXOTUTE UBMEHUTD TEKYIIUN ANUCK, CHaYaIa HEOOXOUMO
yKa3aTh UM JIMCKA B OTAEJbHON KOMaH/Ie:

C:\Users\Al>d:
D:\>cd BackupFiles

D:\BackupFiles>

Jlist iepexo/ia K poMTEIbCKOMY KaTajiory TEKYIIEro paboduero Katajiora uctoJb3yire
B KaueCcTBE MMEHU TATTKY . .

C:\Users\Al>cd ..

C:\Users>

BMBOA coaep)xumoro Nanku KOMAaHZAMHU dir u Is

B cucreme Windows komaHza dir BRIBOAUT CIIMCOK I1AIIOK 1 (DAJIOB B TEKyLIeM pabo-
yem Katasiore. Komanja 1s enaer To sxe camoe B macOS u Linux. Coniep:kumoe apyroi
MANKW BBIBOAUTCS KOMaHA0U dir [Opyeas nankxa] wiv 1s [Opyzas nankal.

Kitoun -1 u -a nepefaioT moJie3Hbie apryMeHTHI /171 KoMan bl 1s. [To ymomganuio 1s
BBIBOJIMT TOJHKO MMeHA Aok 1 (haitnos. YToObI BBEIBECTH MOAPOOHYIO MHMDOPMAITHIO
¢ pazmepoM (aiina, pazpenieHusIMU, BDEMEHHBIMU METKAMU TIOCIEHETO U3MEHEHU
u ipyroii nHpopmaiueii, ncrnoub3yiite kiaou -1. [lo cyiiecTByOnmM COTIANIEHUSAM
oneparnonubie cuctembl macOS u Linux cuuraior, 4To (haiijibl, UMeHa KOTOPBIX Ha-
YUHAIOTCS C TOYKH, SIBJISIOTCSI KOHQUTYPAIIMOHHBIME (DaiflaMi, U CKPBIBAIOT UX OT
HOPMaJIbHBIX KoMaH 1. UToObl KoMaHa 1s BBIBOAMIA BCe (hailyibl, BKIIOYAs CKPHITHIE,
UCTOJIb3YUTE K04 -a. YT0ObI B pe3y ibraTax mogpobHas nHhopmanus o6beIuHsIIaCh
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¢ BBIBOZIOM Beex (aiilioBs, 00beAnHuTe 9TH Kaioun: 1s -al. Bot mpumep okna TepMunana
g macOS uiau Linux:

al@ubuntu:~$ 1s

Desktop Downloads mu_code Pictures snap Videos
Documents examples.desktop Music Public Templates
al@ubuntu:~$ 1s -al

total 112

drwxr-xr-x 18 al al 4096 Aug 4 18:47 .

drwxr-xr-x 3 root root 4096 Jun 17 18:11 ..

-PW------- 1 al al 5157 Aug 2 20:43 .bash_history
-rw-r--r-- 1 al al 220 Jun 17 18:11 .bash_logout
-rw-r--r-- 1 al al 3771 Jun 17 18:11 .bashrc
drwx------ 17 al al 4096 Jul 30 10:16 .cache
drwx------ 14 al al 4096 Jun 19 15:04 .config
drwxr-xr-x 2 al al 4096 Aug 4 17:33 Desktop

B cucreme Windows anasorom 1s -al sBisiercst komanga dir. IIpuMep okHa TepMuHaa
11 Windows:

C:\Users\Al>dir
Volume in drive C is Windows
Volume Serial Number is DFF3-8658

Directory of C:\Users\Al
06/12/2019 ©5:18 PM <DIR>

06/12/2019 05:18 PM <DIR> ..
12/04/2018 ©7:16 PM <DIR> .android

--snip--
08/31/2018 12:47 AM 14,618 projectz.ipynb
10/29/2014 04:34 PM 121,474 foo.jpg

Buiog cogepxumoro Bnoxennbix nanox komangamu dir /s u find

B cucreme Windows komaHza dir /s BBIBOAMT COAEPKUMOE TEKYIIEro pabouero Karajiora
" ero rnojikatasoroB. Hammpumep, cieyroinas KoMaH/1a BBIBOJUT Bee (haiiJibl .py B TIaITKe
C:\ github\ezgmail, a Takke BO Bcex ee BIOKEHHBIX MAITKaX:

C:\github\ezgmail>dir /s *.py
Volume in drive C is Windows
Volume Serial Number is DEE©-8982

Directory of C:\github\ezgmail

06/17/2019 06:58 AM 1,396 setup.py
1 File(s) 1,396 bytes

Directory of C:\github\ezgmailldocs
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12/07/2018 ©9:43 PM 5,504 conf.py
1 File(s) 5,504 bytes

Directory of C:\github\ezgmaillsrc\ezgmail

06/23/2019 07:45 PM 23,565 __init__.py
12/07/2018 ©9:43 PM 56 __main__.py
2 File(s) 23,621 bytes

Total Files Listed:
4 File(s) 30,521 bytes
0 Dir(s) ©505,407,283,200 bytes free

Komarniza find . -name zmesaer to ke camoe B macOS u Linux:

al@ubuntu:~/Desktop$ find . -name "*.py"
./someSubFolder/eggs.py
./someSubFolder/bacon.py

./spam.py

CumBoJ . TIpuKasbiBaeT find HauaTh MOKMCK B TeKytieM pabouem Kataiore. C KIHOIOM
-name koMan/a find uiier nanku u gaiiiel o umenn. OparmeHT "* . py" NpUKa3bIBaeT
find uckarp nanku u hailyibl ¢ UMEHAMHU, COOTBETCTBYIONMMY 11abiiony *. py. Cienyer
3aMeTUTh, YTO KoMaHza find Tpebyer, 4ToObl apryMeHT Iocjie -name ObLI 3aKJII0YeH
B JIBOMHDBIE KaBBbIUKU.

Konupoeanue ¢aiinos n nanox komangamu copy u cp

Yrobbl cozaarh AyOauKar daiiia nir Hankyu B IPYroM KaTajaore, BHITOJTHUTE KOMAHILY
copy [ucxodnoui gaiin uru nanxkal [npuemnas nanxa] win cp [ucxoouoll (aiin uiu
nanxa) [npuemnas nanxa]. llpumep okHa TepmuHaia Linux:

al@ubuntu:~/someFolder$ 1s

hello.py someSubFolder

al@ubuntu:~/someFolder$ cp hello.py someSubFolder
al@ubuntu:~/someFolder$ cd someSubFolder
al@ubuntu:~/someFolder/someSubFolder$ 1s

hello.py

lepemewwenne Qaiinos n nanox KomaHaamu move H mv

B Windows nepemerienne 1cxoaHoro caiiia uim maiku B APYyTYIO HanKy BbITOJHSIETCS
KOMaH/I0 move [ucxo0uviil paiti unu nanka) [npuemnas nanxa]. Komarga mv [ucxoomwiil
¢aiin unu nanka) [npuemnas nanka) aemaet To ke camoe B macOS n Linux.

[Tpnmep oknHa TepmuHanza Linux:

al@ubuntu:~/someFolder$ 1s
hello.py someSubFolder
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al@ubuntu:~/someFolder$ mv hello.py someSubFolder
al@ubuntu:~/someFolder$ 1s

someSubFolder

al@ubuntu:~/someFolder$ cd someSubFolder/
al@ubuntu:~/someFolder/someSubFolder$ 1s

hello.py

MDaiin hello.py mepemectuiicst u3 ~/someFolder B ~/someFolder/someSubFolder, B ncxoaHoi
Marke OH OTCYTCTBYET.

KOPOTKUE UMEHA KOMAHL

Korna g Topro Havasm u3yvats onepanuoHHyo cucteMy Linux, MeHs yANBUIIO, YTO
M3BECTHAsA MHE KOMaH/ia copy B Linux HasbiBaach cp. IMa copy ObLIO HAMHOTO
6oJiee MOHATHBIM, 4eM cp. CTOMIIO JIK CO3/1aBaTh JAKOHUYHOE, MAJIOIIOHATHOE UMSI
Pajil 9KOHOMUHU BCETO /IBYX BBOIUMBIX CHUMBOJIOB?

Co BpemMeHeM y MeHsI TIOSIBUIIOCH OOJIBITIE OMBITA PAOOTHI ¢ KOMAHIHOM CTPO-
KOI4, ¥ 4 [TOHSJL, YTO OTBET Ha 3TOT BOIIPOC — yBepeHHoe «/1a». Mbl yuTaem uc-
XO/IHBII KOJI Yallle, YeM IIUIIEM ero, TaK YTO pa3BepHyThble UMEHA IIePEMEHHBIX
u (pyHKIMI TPUHOCAT 110J1b3y. HO MBI BBOZIMM KOMaH/Ibl B KOMAaHIHOI CTPOKE
Jare, YeM YNTAEM WX, TOITOMY B TAHHOM CJIydae CIPAaBEIINBO 0OPATHOE: KO-
POTKHE MMEHA YIIPOIIAIOT PabOTY ¢ KOMaHIHOHN CTPOKOI U CHIKAIOT HATPY3KY
Ha 3aIISCThS.

MepenmenoBanue Qaiinos u nanox KomaHaamu ren W mv

Komanpa ren [@atin unu nanxa) [Hosoe umsi] epeuMeHOBBIBAET (halij UIN TaNKy
B Windows, a komana mv [ ¢paiin unu nanxa] [1nogoe ums] peaaer to sxe camoe B macOS
n Linux.

Crenyer 3ameTuTh, uTo KomMana mv B macOS u Linux MOKeT UCIo/Ib30BaThCs JIJIst
repeMenieHns 1 nmepenMeHoBaHus (ailmoB. Ecim ykazaTh UMS CYIIECTBYIONIEH TTaTKu
BO BTOPOM apryMeHTe, KOMaH/ia mv miepemernaer Tyaa gaiisn uaum manky. Ecam 3agats
M3, KOTOPOE He COOTBETCTBYET CYIIeCTBYONEMY (hailTy niiv nanke, KOMaH/1a mv iepe-
nMeHOBBIBaeT (hailsr niau nanky. [Ipumep B okne TepmuHaia Linux:

al@ubuntu:~/someFolder$ 1s

hello.py someSubFolder
al@ubuntu:~/someFolder$ mv hello.py goodbye.py
al@ubuntu:~/someFolder$ 1s

goodbye.py someSubFolder

Tenepsn ati hello.py cymiectByet mosx umenem goodbye.py.
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Yaanenne ¢paiinos n nanok komangamu del n rm

Yrob6or yraanTs datin i manky B Windows, BeimosanTe koMany del [ gaiin unu nan-
xa]. BmacOS u Linux a5t aToro ncnosibdyercs koMasja rm [ gatin] (rm — cokpaiieHue
OT remove).

JlBe KoMaH/Ibl yAaJeHns HeCKOJIbKO OTJIMYAIOTCS APYT oT Apyra. B Windows Bbimo-
Henve del i MANKU yaJseT BCe cojlepsKaluecs B Heil (pailibl, HO He BJIOKEHHbIe
nanku. Komanga del Takske He yAajsieT UCXOAHYIO MAIKY; AJs 9TOr0 HEOOXOIMMO
BOCIIOJIb30BAThCSI KOMaHA0# rd mian rmdir (cM. «YaajeHue nanok komMaHzamu rd
u rmdir», ¢. 59). Kpome Toro, BbiloIHEHNE KOMaHAbl del [nanka] He IPUBEAET K yaa-
JIEHUIO KaKUX-1100 (hailjloB B MallKax, BJOKEHHBIX B UCXOAHYI0. YTOObI yAaIUTh X,
BBITIOJTHUTE KOMaHay del /s /q [nanka]. Kitou /s BbIoHSIET KOMaHIy del BMecTe
C BJIO;KEHHBIMU TTAITKaMH, a KJIT0Y /q aKTUIeCKN O3HAYaET «JeJIail, Kak s cKa3aJ, U He
cIipalinBail MOATBEPKIACHUS.

Ha puc. 2.4 nposeMOHCTPUPOBAHDI PA3IMUN MEK/1LY KOMaHIAMU.

del delicious del /s /q delicious
J delicious u J delicious

L\ [ cals — 7 cats

N .
[ catnames. bxt x catnames. fxt
— o .
l zophie.jpg x zophie.jpg

L 7 walnut (7 walnut
1 . i

I_'-:l J waffles I—. J waffles
L!-_‘.\ butter. txt Lx butter.txt

—x spam. fxt —x spam.ixt

Puc. 2.4. ®Oaiinbl B 3TMX nankax ygansiotcs npu BeinonHennun komangel del delicious (cnesa)
unu del /s /q delicious (cnpasa)

B macOS u Linux komaH/1a rm He MOKeT UCII0JIb30BATHCS JIJI y1aJleHusT Tanok. Biipo-
4yeM, Bbl MOXKETE BBIIIOJHUTh KOMAHLy rm -r [nanka] Ui yaJeHus TallKyu U BCEro ee
cogepxumoro. B cucreme Windows 1o ke camoe jesiaer komanaa rd /s /q [nanxa]
(puc. 2.5).
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rd /s /q delicious
rm -r delicious

x delicious

- cats

x catnames. txt
x zophie.jpg
._x walnut
Lx walffles
I—x butter. txt
—x spam. ixt

Puc. 2.5. Daiinsl B 3TMx nankax yaansiotcs npu BuinonHerun komanas rd /s /q delicious
vaun rm -r delicious

Co3aanue nanok komaugamu md n mkdir

Komanza md [nosas nanxa] cosmaer HOBYIO mycTyio manky B Windows, a komaHza mkdir
[nosas nanxa] nenaer 1o xe camoe B macOS u Linux. Komanga mkdir takske paboraer
B Windows, Ho md BBogUTH ObICTpEE.

[Ipnmep B okHe TepmuHaia Linux:

al@ubuntu:~/Desktop$ mkdir yourScripts
al@ubuntu:~/Desktop$ cd yourScripts
al@ubuntu:~/Desktop/yourScripts$ 1s (1}
al@ubuntu:~/Desktop/yourScripts$

OO6patTure BHUMaHUE: TOJbKO YTO CO3aHHAs [IAllKa yourScripts IycTa; Korjaa Mbl Bbl-
MOJIHSIEM KOMaH/y 1s JIJISE BBIBOJIA €€ COJIEPKUMOTO, He BBIBOJIUTCST HUYETO @.

Yaanenne nanok komangamu rd u rmdir

Komanma rd [ucxodnas nanxa] ynanser ucxoanyto nanky 8 Windows, a komaHza rmdir
[ucxoonas nanka] — B macOS u Linux. Kak u B cirydae ¢ mkdir, KoMarga rmdir Takske
paboraer B Windows, 1o kKoMmauzy rd BBOoAUTh ObicTpee. UTOObI IAIKy MOKHO OBLIO
VIQJIUTh, OHA J0JKHA ObITh IIyCTOI.
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[Ipumep B okHe Tepmunamia Linux:

al@ubuntu:~/Desktop$ mkdir yourScripts
al@ubuntu:~/Desktop$ 1s

yourScripts

al@ubuntu:~/Desktop$ rmdir yourScripts
al@ubuntu:~/Desktop$ 1s
al@ubuntu:~/Desktop$

ITOT MpUMep CHavala Co3/laeT Iy cTyIo MalKy yourScripts, a 3aTeM yaasseT ee.

Yr00bl yIAIUTH HEITYCTYIO MANKy (BMECTE CO BCEMU MANKaMu U (DailJlaMu B Heil), BbI-
noJtHUTE KoMaHy rd /s/q [ucxodnas nanxa] 8 Windows niu komasy rm -rf [ucxoouas
nanxa] B macOS u Linux.

Mounck nporpamm komanaamu where n which

Komawnza where [npozpamma] 8 Windows win which [npoepamma] 8 macOS u Linux
COO00IIIAET TOUHOE MECTOHAXOKIEHHE TIPOrpamMMbl. KoT/a BBl BBOANTE KOMAH/Y B KOMAH/I-
HOI CTPOKe, OCYIIECTBJISIETCST IOMCK MTPOTPAMMBI B MATIKaX, BXO/AININX B IepEMEHHYIO
cpensl PATH (11paBaa, Windows HaulHaeT ¢ TeKyero pabo4ero Karajaora).

AT KOMaH/BI COOBIIAIOT, KaKkast MCIoIHsAeMas mporpamMma Python samyckaercst mpu
BBOJI€ KOMaH/Ibl python B KOMaHAHON o6osouke. Ecin y Bac yctaHOBJEHO cpasy He-
cKOIbKO Bepenit Python, Ha KoMITbIOTEPE MOTYT CYIIECTBOBATD PA3HbIE MCIIOJHIEMbIE
[POrpaMMbl € OJIMHAKOBBIMU MMeHaMu. BBIGOD 3allycKaeMoil IporpaMMbl 3aBUCUT OT
HOPSI/IKA CJIe/IOBAHU T1AII0K B IIepeMeHHOIl cpeibl PATH, a KoMaH bl where 1 which BbI-
BOJIAT €€ MOJIHOE UMSI:

C:\Users\Al>where python
C:\Users\Al\AppData\Local\Programs\Python\Python38\python.exe

B aTom npuMepe nMs TTallKK yKasbiBaeT, uTo Bepeust Python, samyckaemast 13 060J109KH,
Haxozautcs B nanke C:\Users\Al\AppData\Local\Programs\Python\Python38\.

Ouncrra TepMUHAIAd KOMAHRAMU cs n clear

Komanza cls B Windows uiu clear 8 macOS u Linux cTupaer Becb TEKCT B OKHE Tep-
MuHasa. Harpumep, aTa BOBMOKHOCTD MTPUTOIUTCS, €CTTM BB XOTUTE HAYATH C TTYCTOTO
OKHA TEPMHHATA.

NMepemeHnbie cpeabl u PATH

Y Bcex BBITIOJHIEMbIX TIPOIECCOB MPOrPAMMBI, Ha KaKOM Obl A3bIKe OHA HU OblTa Ha-
MICAHA, IMEETCsT HADOP NepeMeHHbIX cpedbl, TIe XPAHATCs CTPOKU. [lepeMeHHbBIE CPeIbl
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4aCTO COJIEPKAT HACTPONUKYU CUCTEMHOTO YPOBHSI, KOTOPbIE MOTYT OKA3aThC TI0JIE3HBIMU
B Kaxkz10il mporpamme. Harpumep, mepemenHast cpejibl TEMP COIEP:KUT TTYTh K KaTaJ0-
Iy, Tzie Jrobas mporpaMma MOKeT XpaHUTh BpeMeHHble (aiiibl. Korma omnepanuoHHast
cucTeMa 3aIrycKaeT IporpaMmy (HarpuMep, KOMaHIHYO CTPOKY ), CO3/IaHHBIN ITpoIiecc
MOJTy4aeT COOCTBEHHYO KOITHIO TIEPEMEHHBIX CPEJIbI OTIEPAIIHOHHOI cricTeMbl. [TepeMeH-
HbIE CPe/Ibl IIPOLIECCa MOTYT U3MEHSTHCS HE3aBICUMO OT Habopa 3HaYeHU I IiepeMeHHbBIX
cpezibl orepalioHHoN cucteMbl. Ho 3T usMenenus 1eficTBYIOT TOJIbKO Ha 3TOT IIPOIIECC,
HO He Ha OTIEPAIMOHHYIO CUCTEMY WJTH JIPYTHE TTPOTIECCHI.

A paccmaTpuBato mepeMeHHbIe CPeIbl B 3TOM TJIaBe, TOTOMY UTO O/HA U3 3TUX [TepeMeH-
HBIX — PATH — TIPUTOIUTCS BaM TIPU 3aITyCKe TPOTrpaMM 13 KOMaHHON CTPOKH.

Mpocmotp nepemeHHbIX cpeAbl

YT06bI TPOCMOTPETH CIIUCOK TIEPEMEHHBIX CPEIbI JIJIST OKHA TEPMIHAJIA, BBITIOJTHUTE
koMauy set (B Windows) wiu env (8 macOS win Linux) B KOMaHIHOI CTPOKE:

C:\Users\Al>set

ALLUSERSPROFILE=C:\ProgramData
APPDATA=C:\Users\Al\AppData\Roaming
CommonProgramFiles=C:\Program Files\Common Files

--snip--

USERPROFILE=C:\Users\Al

VBOX_MSI_INSTALL_PATH=C:\Program Files\Oracle\VirtualBox\
windir=C:\WINDOWS

CiteBa OT 3HaKa paBeHCTBA (=) YKa3bIBaeTCd MM IIePeMEHHON Cpe/ibl, a CIIpaBa — CTPO-
KoBoe 3HaueHwe. Kakabril mporiece coIepsKUT OTACTbHBIN HaGOP MepeMEHHBIX CPEJIBI,
TaK YTO pPa3Hble KOMaH/HBIEC CTPOKN MOTYT CO/IePKaTh pasHble 3HAUEHUS CBOWX Iepe-
MEHHBIX CPe/IbL.

[l mpocMoTpa 3HaUeHUs OJHOM TIepeMeHHON cpe/ibl TaKKe MOKHO BOCIIOJIb30BaThCsI
koMmanioil echo. Komania echo ¥HOMEPATH% B Windows uiu echo $HOME B macOS unu
Linux BBIBOANT 3HaUeHME TTEPeMEHHBIX cpe/ibl HOMEPATH 1 HOME COOTBETCTBEHHO,
KOTOPBIE COJIEPIKAT JOMAIITHION MAIKY TEKYIIero nmojab3osaresst. B Windows pesybrat
BBITVIAUT TaK:

C:\Users\Al>echo %HOMEPATH%
\Users\Al

Pesyaprar 8 macOS wm Linux:

al@al-VirtualBox:~$ echo $HOME
/home/al

Ecam aToT miporiecc codmaet Apyroii npoitecc (HampuMep, Kak KOMaH/Has CTPOKa 3a-
nyckaer uHTepnperatop Python), gouepruii mporiecc morydaeT cOOCTBEHHYIO KOMUIO



Tlgm: @it_boooks

62 Faea 2. MNogrotoBka cpepsl M KOMAHAHAS CTPOKA

HepeMeHHbBIX CPEIbl POIUTEIBCKOTO Tpoitecca. [loce aToro 1oyepHuii mpoiecc MoKeT
M3MEHUTH 3HAUEHUST CBOUX TIEPEMEHHBIX CPEJIbI, H HA00OPOT.

Ha6op 1miepeMeHHBIX CPE/IbI OTIEPAITHOHHON CHCTEMbBI MOKHO PACCMATPUBATH KaK 3Ta-
JIOHHYIO KOIIHNIO, C KOTOPOII ITpoIiecc KOMMPYeT CBOM TiepeMeHHbIe cpe/ibl. [lepemennble
CPEIbl OTIEPAITHOHHON CUCTEMBI H3MEHSIOTCS PesKe TTepeMeHHbIX mporpaMMbl Python.
Bousee Toro, MuOrME MOIB30BaTEM BOOOIIE HE U3BMEHSIOT 3HAYCHUST TEPEMEHHBIX CPEJIbl.

Nepemennas cpepni PATH

Korza Bbl BBOAMTE KOManay (Hampumep, python B Windows uan python3 B macOS
n Linux), TepMUHAI UIIIET TIPOTPAMMY C TAKUM UMEHEM B TeKyTiei namnke. Ecim mporpam-
Ma TaM He Hal/ieHa, TO TIPOBEPSIIOTCS TTAITKH, TIepeurCIeHHbIE B TePEMEHHOH cpeibl PATH.

Hanpumep, Ha MoeMm komibiotepe ¢ Windows ¢aili porpammbl python.exe XpaHuTcst
B manke C:\Users\Al\AppData\Local\Programs\Python\Python38. UTo06bI ero 3aIycTuTb,
MHe puzieTcs BBecTu nosHoe uM C:\Users\Al\AppData\Local\Programs\Python\Python38\
python.exe uiu cHavasa epeiTul B 3Ty MaIlKy, a 3aTeM BBecTu python.exe. /[nurHoe nms
IIPUXOJUTCS Ha6HpaTb JIOJITO, TIO3TOMY I BKJIIOUNJI 9TY ITAIIKY B IEPEMEHHYIO Cpebl PATH.
Tenepb IIp1 BBO/IE python.exe KOMaHIHadA CTpOKa UIIET TPOTpaMMy C 3a/TaHHBIM UMEHEM
B IAITKaX, IEPEYMCICHHBIX B PATH, a MHE He IPUXOAUTCS BBOAUTD Iy Th TIOJHOCTDIO.

Tak kak nepeMeHHasi cpejibl MOXKeT cojiepKaTh TOJILKO OJJHO CTPOKOBOE 3HAYEHUE, /111
BKJII0OYeHN HECKOJIBKUX NMEH I1alIOK B IIEPEMEHHYIO Cpe/ibl PATH CiIelyeT UCII0/Ib30BATh
crieraabhbiii popmar. B Windows mMeHa marnok pasaesstorcst CUMBOJIaMu ; (TOYKa
¢ 3a1Toit). g mpocMoTpa TeKyIero coep;kuMoro PATH BBeuTe KoMaHLy path:

C:\Users\Al>path
C:\Path;C:\WINDOWS\system32;C: \WINDOWS;C: \WINDOWS\System32\Wbem;

C:\Users\Al\AppData\Local\Microsoft\WindowsApps

B macOS u Linux nuMeHa Touek pasesisiioTcsl IBOETOYNSIMU:

al@ubuntu:~$ echo $PATH
/home/al/.local/bin:/usr/local/sbin:/usr/local/bin:/usr/sbin:/usr/bin:/sbin:/
bin:/usr/games:/usr/local/games:/snap/bin

[Topsimox nmen mamok BakeH. Ecau B mamkax C:\WINDOWS\system32 u C:\WINDOWS
Haxo/ATCs /iBa pa3HbixX dailia ¢ uMeHeM someProgram.exe, TO 1IpU BBOJE KOMAH/IbI
someProgram. exe Oy/ieT BbiTojiHeHa TiporpamMma n3 C:\WINDOWS\system32, oTomy 4to
3Ta TarKa nepBoil BCTpedaeTcs B TepeMeHHO cpeibl PATH.

Eciin BBesieHHas BaMy IIpOrpaMMa UM KOMaH/ia He CYIIeCTBYET HU B TeKyuieM pabo-
YyeM KaTajore, Hu B 0JJHOM U3 nojkaTtanoros 8 PATH, komanaHas ctpoka coodiaer 06
ommbKe — HarpuMep, command not found or not recognized as an internal or external
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command (Komamna re Haiijiena niy He orio3HaHa Kak BHYTPEHHSS I BHEITHSAS KOMaH-
na). Ecim Bbl He 1011y CTHIIN OTIeYaTKYy, IPOBEPhTE, B KAKOM MAllKe HaXOUTCS ITPOrpamMma
1 BKJIIOUEHA JIM 3T MallKa B IePEMEHHYIO Cpe/ibl PATH.

Hsmenenne nepemennoii cpeanl PATH B komangHoii ctpoke

[Tepemennyio cpe/ibl PATH TEKyII[ero OKHA TePMUHAIA MOKHO H3MEHUTD, BKJIIOYMB B Hee
JIOTIOJTHUTEIbHBIE Ak, TIporiecchl 106aBIeHUsT MATOK B PATH HECKOJIBKO PasinyaroT-
cst B Windows u macOS/Linux. B Windows jiist 106aBJieHUsT HOBOI MAIKK B TEKYIIIEE
3HaueHre PATH MOKHO BOCITOJTb30BaThCS KOMaHION path:

C:\Users\Al>path C:\newFolder;%PATH%? @

C:\Users\Al>path (2]
C:\newFolder;C:\Path;C:\WINDOWS\system32;C:\WINDOWS; C: \WINDOWS\System32\Wbem;

C:\Users\Al\AppData\Local\Microsoft\WindowsApps

YacTtb %PATH% @ 3ameHsieTcsl TEKYIINM 3HAUEHNEM TTepeEMEHHON cpefibl PATH, Tak 4TO
(baxTrUeckn BB 10OABIISIETE HOBYIO TIATIKY ¥ TOUKY C 3aTSITON B HAYAIIO CYIECTBYIONIETO
sHaueHwst PATH. CHOBA BBITIOJIHUTE KOMAH/Ty path, 4TOOBI IPOCMOTPETH HOBOE 3HAUEHUE
PATH @.

B macOS n Linux s HazHaueHWsT mepeMeHHOU cpeibl PATH MOKHO MCTIOJIH30BATh
CHHTAKCHC, CXOHBII ¢ CHHTAKCHCOM KOMaH/IbI IpucBanBaHus B Python:

al@al-VirtualBox:~$ PATH=/newFolder:$PATH @

al@al-VirtualBox:~$ echo $PATH (2]
/newFolder:/home/al/.local/bin:/usr/local/sbin:/usr/local/bin:/usr/sbin:/usr/
bin:/sbin:/bin:/usr/games:/usr/local/games:/snap/bin

Yactp $PATH @ 3aMeHsieTcsl TeKYIIMM 3HaYeHUeM IepeMeHHON cpejibl PATH, Tak 4To
(akTHuecku BbI 100aBJIsSIETE HOBYIO MAINKY U TOUKY C 3aITON B HAYAJIO CYIIECTBYIOIIIE-
ro 3Hauenust PATH. CHOBA BBITIOJTHITE KOMAH/Y echo $path, 4TOOBI IPOCMOTPETH HOBOE
3HaueHUe PATH @.

Ho o6a onmcannbix croco6a gobaBiieHus nanok B PATH IPUMEHSIOTCS TOJbKO K TEKY-
I[EMY OKHY TepPMMHA/Ia U KO BCEM IIPOrpaMMaM, KOTOPBIE 3allyCKaIOTCA U3 HEro H0C/1e
nobasienus. Ecim Bbl OTKpoOeTe HOBOE OKHO TEPMUHAJA, B HEM 9THX M3MEHEHUN yKe
ne Oyzer. YtoGp! manka ObLIa BKAIOYeHa B PATH IOCTOSIHHO, HEOOXOANMO U3MEHUTD
3Ta]IOHHbHL/,I Ha60p IIEPEMEHHBIX CPEbI OHepaHI/IOHHOﬁ CUCTEMDI.

Mocrosnnoe Bknioyenne nanox 8 PATH B Windows

B Windows cyuectByior aBa Habopa IepeMEHHbIX CPEbL: CUCMEMHbLE NePeMEHHbLe
cpedvt (KOTOPbBIE PACTIPOCTPAHSIOTCST Ha BCEX MOJIb30BaTeNell) U nepemenivie cpedvl
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nonvzosamens: (KOTOPbIe [EPEOIIPEEISIOT 3HAUYEH ST CUCTEMHbBIX [IEPEMEHHBIX CPEIbl,
HO PACIIPOCTPAHSIOTCST TOJBKO HA TEKYIIETO TOIB30BaTeNsT). UTOOBI OTPeaKTHPOBATD
nX, oTKpolTe MeHIo Myck n BBepuTe Edit environment variables for your account (OT-
peaKTUpyliTe IepeMeHHbIe CPe/ibl 751 cBoell yueTHo 3anucu). OTKPbIBAeTCS OKHO
MepemeHHble cpeapl (puc. 2.6).

Ervironment Variables x
User variables for Al
Variable Value
OneDrive “NUsers\ANOneDrive
TEMP Asers\AlAppDatatLocal\Temp
T™MP CAlsers\VARAppDatah L ocal\Temp
System variables
Variable Value A
ComSpec CAWINDOWS\system32\emd.exe
configsetroot CAWINDOWS\ConfigSetRoot
DriverData CAWindows\System32\Drivers\Driver Data
LUA_DEV CAProgram Files (x86J\Lua\5.1
LUA PATH HCA\Program Files (xB6J\ ua\5. 1\ lua\? luac
NUMBER_OF_PROCESSORS 8
0s Windows NT
Path CAProaram Files\imaneMaaick-7.0.8-016:C5 Path:cAusersiahann.. ¥
[ o ]| coneet |

Puc. 2.6. OkHo Mepemernbie cpeasl B8 Windows

BoiGepute Path B CliCKe MEPEMEHHBIX CPEJIbI TIOIb30BaTeist (HE B CIIUCKE CHCTEMHBIX
nepeMeHHBIX! ), MEeJKHUTE Ha KHOTTKE M3MEHUTb 1 BBEINTE HOBOE NMS TIATTKUA B OTKPBIB-
TmeMcst TEKCTOBOM moJte (He 3a0yabre o pasnenutere ;). leaxauTe Ha kKHomke OK.

IT0 He caMblil yIOOHBII HHTEpdEiic, 1, eci BaM IPUXOAUTCS YACTO PEJaKTHPOBATh
nepeMeHHble cpebl B Windows, s peKOMeHIYI0 YCTAaHOBUTh OECILIATHYIO IIPOIPAMMY
Rapid Environment Editor (https.//www.rapidee.com/). Yarure, 9To MOCJ€ YCTAHOBKY
HEO0OXOIMMO 3aITyCTUTH TPOTPAMMY C TPaBaMU a[MUHUCTPATOPA, YTOOBI PEIAKTHPOBATH
cructeMHbIe IepeMeHHble cpenbl. [1lekanTe Ha KHOMKe MycK, BBeanTe Rapid Environment
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Editor, mieikHUTE TIPaBOM KHOIIKOII MBIIIN Ha 3HAYKe IIPOrPaMMBbI M BLIOEpUTE KOMaHLy
3anyck OT MMeHW aAMUHUCTpaTopa.

B xomMaHHOI cTpOKe /17151 TIOCTOSTHHOTO M3MEHEeHUsT CHCTEMHON IiepeMeHHO PATH MOSKHO
BOCIIOJIb30BATbCS KOMaH/IO1 setx:

C:\Users\Al>setx /M PATH "C:\newFolder;%PATH%"

JIJ1sT BBITTOTHEHUST KOMAHIBT Setx HEOOXOMMO 3aMyCTUTh KOMAHIHYIO CTPOKY C TIPABAMH
aIMUHICTpaTOpa.

Mocrosnnoe Bxntoyenmne nanok 8 PATH B macOS u Linux

YT06b1 J0OABUTD HAIIKHU B IIepEMEHHbIE Cpe/ibl PATH /1t BceX OKOH TepMuHaia B macOS
u Linux, HeoOX01MMO U3MEHUTH TEKCTOBbII (aiin .bashrc B jomainneii nanke. lobaBbre
B HETO CJIEIYIONLYIO CTPOKY:

export PATH=/newFolder:$PATH

ITa cTpoKa UsMeHseT PATH i BeeX Oyayiinx okoH tepmuHata. B macOS Catalina
u B GoJlee MO3AHUX BEPCHAX 000I04YKa 110 YMOI4aHuIo cMenuniaack ¢ Bash na Z Shell,
B 9TOM CJlydae HeoOXOMMO U3MEHUTH (hail/l .ZShrc B loMallHeil narke.

3anyck nporpamm Python 6e3 komanpHoM ctpoku

BeposiTHO, BBI yIKe yMeeTe 3aIyCKaTh IPOrPaMMBbl U3 000JI0Y€EK, MTPEIOCTABISIEMbIX Ba-
weii onepaiuonHoii cucremoii. B Windows cymecrsyer mento Myck, B macOS — Finder
u Dock, a B Ubuntu Linux — Dash. ITporpamMmer 106aBIsioT cebst B 9T 060JI0UKH IIPH
ycraHoBke. TaksKe mporpaMMy MOJKHO 3aITyCTHTh JIBOHBIM TETYKOM Ha 3HAYKE TPO-
rpaMMBl B (haiioBoMm MeHekepe (TakoM, Kak MposoaHuk B Windows, Finder 8 macOS
uiu Files 8 Ubuntu Linux).

Ho ms mporpamm Python atu cioco6er He rogsites. YacTo mpu ABOWHOM IesidKe Ha
aiisie .py mporpamma Python He 3amyckaercst, a orkpbiBaercs B pegakrope wiu IDE.
A nonbrTaBincs 3anyctuth Python HampsiMyro, BbI POCTO OTKPOETE HHTEPAKTUBHYIO
o6omouky Python. Uto6sr 3amyctuts mporpamMy Python, moss3oBaTesu gaiie Beero
oTkpbiBaioT ee B IDE 1 BBIOMPAIOT KOMaH/y MEHIO RUN WJTH K€ BBITIOTHSIOT €€ B KOMAH/I-
HOl cTpoke. Oba criocoba He CIUIIKOM YA00HbI, €CJIM BaM HYKHO TIPOCTO 3aITyCTUTh
nporpammy Python.

Ho Bbl MoskeTe HacTpouTh nporpammbl Python tak, 4yro6br onu 3aiyckaauch 13 000-
JIOUKH Balllell OMeparimoHHON cucTeMbl (KaK U APyrue TPUIIOKEHNST, YCTAaHOBJIEHHBIE
B cucteMe). [lasee s1 MOAPOOHO PACCKaKy, Kak CIeJaTh 9TO B KOHKPETHO OTepari-
OHHOI cucreme.
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3anyck nporpamm Python 8 Windows

B cucreme Windows mporpammbr Python MoskHO 3amycTuTh eiie HeCKOJLKUMU CITO-
cobamu. He cTOUT OTKPBIBATH OKHO TEPMUHAA, MOKHO OTKPHITh [HAJIOrOBOE OKHO
3amnycka nporpamMmbl kjaasuiiamu WIN-R, a 3arem BBecTn komanay py C:\path\to\
yourScript.py, Kak moxasaHo Ha puc. 2.7. IIporpamma py.exe HaxomguTcs B manke C:\
Windows, koTopas yske BKJIOYeHa B [IepeMEeHHYIO OKPY:KeHUsl PATH, a yKa3blBaTb pac-
IIUPEHHE .XE TIPH 3aITyCKe POrpaMM HeoOSI3aTeIbHO.

=/ Run X

@ Type the name of a program, folder, document, or
Internet resource, and Windows will open it for you.

Open: | py c:\path\to\yourSu'ipt.py{ ~

oK Cancel Browse...

Puc. 2.7. [uanoroeoe okHo 3anycka nporpammel 8 Windows

Tem He MeHee 3TOT cocob TpebyeT BBOIA TIOJHOTO My TH K BalieMy ciieHapuio. Kpome
TOT0, OKHO TEPMUHAJA, B KOTOPOM OTOOPAKAETCsT BBIBOJ] TIPOTPAMMBbI, aBTOMATHYCCKU
3aKPBIBAETCS TP ee 3aBEPIIEHNN, U BBl MOXKETE YITYCTUTH YaCTh BBIBOJIA.

ITpoGJieMbl yaeTcst PEIUTb CO3aHNeM NAKemHo20 cleHapus — HeGOJIbIIOro TEKCTOBOIO
(haiina c pacimupenuieM .bat, KOTOPBII MOKET BBITIOJIHATH CPA3y HECKOJIbKO TEPMUHAJb-
HBIX KoMaH/1 (110 aHAJIOTHH CO CLIEHAPUSMU KoMaHAHOH 060/10uky B macOS 1 Linux). [l
co3anust aTUX (haitsioB MOKHO BOCIIOJIB30BATHCS TEKCTOBBIM PElAKTOPOM (HAIIPUMED,
BnokHoToM). CosznaliTe HOBBIN TEKCTOBBIH (halis, comepsKaniuil caeyomne IBe CTPOKU:

@py.exe C:\path\to\yourScript.py %*
@pause

3aMeHuTe 9TOT MyTh aOCOJMIOTHBIM IIyTEM K Balllell mporpaMme U coxpanute (aitn
¢ pacuinpenueMm .bat (narnpumep, yourScript.bat). 3nak @ B Havase Kaxa0il KOMaH/IbI
Ipe/IoTBpallaeT ee BBIBOJ B OKHE TEPMHUHAJIA, a %* Tiepe/laeT BCce apryMeHTbl KOMaH/I-
HOH CTPOKM, BBEJEHHBIE TI0C/Ie IMEHH MaKeTHOTo (aiiia, cuenapuio Python. B cBoio
ouepe/ib, crieHapuii Python unraer aprymeHThl KOMaHHON CTPOKU U3 CIIUCKA SYS . argy.
[TakeTmbrit haiisn M36aBIsIET BAC OT HEOOXOMMMOCTH BBOAUTD TOTHBIHA aOCOMOTHBIH Ty Th
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K mporpamme Python kasaprii pas, Korga Bbl 3aXOTUTE ee BBIIOJIHNATH. KoManga @pause
nobasJisieT cooblieHue Press any key to continue. .. B KoHel| cueHapust Python, uro6bi
OKHO [IPOrPaMMbI He MCYe3aI0 ¢ 9KPaHa CJAUIIKOM ObICTPO.

S pexoMeny1o pa3MecTUTb Bee MakeTHbIE (haiiipl 1 haiisibl .py B OJTHOM MaIKe, yKe BKITO-
YeHHO! B lepeMeHHYI0 cpe/ibl PATH — Hanpumep, B joMallHiolo nanky C:\Users\< IMA
ITOJIb3OBATEJIA>. Tociie co3manus nakeTHoro (aiiia s 3airycka cienapus Python
BaM jiocTarouno HaxkaTh WIN-R, BBecTr nmst nakeTHoro ¢aiisia (yKka3biBaTh paciimpenue
.bat re o6s13aTenbHO) 1 HakaTh ENTER.

3anyck nporpamm Python B macOS

B macOS MoxHO co3/1aTh ClleHApHil KOMaHIHONW 000JIOUKH JIJIST 3aTyCKa ClleHapUeB
Python; ayis aToro caenyer cospaTh TeKCTOBBIN (aiii ¢ pacmuperrem .command. Cos-
naiiTe Takoi (aiin B TekcToBoM pegakrope (Hanpumep, TextEdit) u BBeauTe cirepyionime
KOMAH]IbI:

#!/usr/bin/env bash
python3 /path\to\yourScript.py

CoxpanuTe 9TOT (haita B Jomarineii marmke. B okHe TepMunasa cjesaiite aToT crieHapuit
WCITOJTHSIEMBIM TIPU TTOMOIIIU KOMaH/Ibl chmod u+x sauCuyenapuii. command. Terepb Bbl
cMosKeTe TeJKHYTh Ha 3Hauke Spotlight (umu wazkate COMMAND-TIPOBEJ) uiu
BBECTU UMSI CIleHapHsi 000JI0UKU, YTOOBI BBITIOJHUTE €r0. A clieHapuil 000JI0UKY 3a-
mycTuT Baii crieHapuii Python.

3anyck nporpamm Python 8 Ubuntu Linux

B Ubuntu Linux He cymecTByeT ObICTPOro crocoba samycka ciieHapues Python,
IIOXOJKEro Ha Te, KoTopbie cyniecTByioT B Windows u macOS, Ho Bce ke 061erduTh
cebe xKu3Hb MokHO. CHavasa ybeaurech B TOM, 4TO (hailsl .py XpaHUTCS B TOMalIHed
namke. 3aTeM BKJIIOYUTE CJAELYOILYI0 CTPOKY, KOTOPast 10JKHA ObITh TIEPBOI CTPOKOI

aiina .py:

#1/usr/bin/env python3

Crpoka coobrmaer Ubuntu, uto 15t 3aimycka aToro (aiiia JoJsKHa HCITOIb30BaThC TIPO-
rpamma python3. TTocJie aToro BBIIONHITE KOMaHLy chmod B TepMUHAJIE, YTOOBI T0OABUTH
J1s1 9Toro (haiisia pazpellieHue HCIOJHEHUS:

al@al-VirtualBox:~$ chmod u+x yourScript.py

Terepb Kask b1l pa3, KOT/Ia BbI 3aX0TUTE OBICTPO 3aITyCTUTH ciieHapuii Python, otkpoiite
HOBOE OKHO TepMuHasia Kiaasuiiamu Ctrl-Alt-T. B TepMuHasie Gy/ieT BoiOpaHa TOMaIlHsIst
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TAIKa, TAK YTO BbI MOKETE TIPOCTO BBECTH . /yourScript.py JIJIs 3aIlyCKa 3TOTO ClieHapUs.
ITpeduxc ./ HeobxoauM, HoTOMY 4TO OH coobaer Ubuntu, uto crienapuii yourScript.py
HAXOJMTCS B TEKyIeM paboueM KaTajore (JoMariHeil namke B JaHHOM CJIydae).

Utorn

[ToaroToBKa cpelbl MOAPa3yMeBaeT ACHCTBYS, HEOOXOMMMBIE JIJIS TTEPEBO/a BAIEro
KOMITbIOTEpa B PEKUM, B KOTOPOM MOKHO JIETKO 3aIlyCKaTh IporpaMmbl. s aToro
HEeO0OXOMMMO 3HATH PsI/T HU3KOYPOBHEBBIX KOHIIETTINH, OTHOCSIITXCS K paboTe BaIero
KOMITBIOTEPA, TAKUX KaK (aiiIoBas cucTeMa, MyTH K ¢daiisaM, TpoIiecchl, KOMaHIHAST
CTPOKA 1 IlepeMEeHHbBIE CPEIbl.

MDaiioBas cucteMa OnpeIessieT Cnocod YIopsAI0YeHHOTO XpaHeHus (ailioB Ha BaleM
kommbioTepe. Ilonoxenne daiina o6o3Havaercs 1u6O MOJHBIM, aOCOMIOTHBIM IIyTEM,
60 TyTeM, 33TAHHBIM OTHOCUTETHLHO TEKYIEro paboduero katayora. [lepemerremiie mo
(haiiyioBoil crcTeMe MOSKHO OCYIIECTBIISITh M3 KOMaH/THOW CTPOKU. KoMaHIHYIO CTPOKY
TaK’Ke Ha3BIBAIOT TEPMUHATIOM, 000JI0UYKO# MK KOHCOJBIO, HO BCE 9TH CJI0Ba 0003HaYa-
0T OJIHO ¥ TO JKe: TEKCTOBYIO IIPOTPAMMY, B KOTOPOIT MOKHO BBOIUTH KOMamH ibl. 1 x0Ts1
KOMaH/[Hasl CTPOKA M MMEHA YacTO NCHOJIb3YEMBIX KOMAH/I HECKOJIBKO PAa3INualoTCs
B Windows 1 macOS/Linux, 1o CyTH OHU PeIaloT OJHK U Te JKe 3a/laul.

Korma BbI BBOIMTE KOMaH/Ly MU UMST TIPOTPAMMBbI, KOMAH/[HAST CTPOKA IIPOBEPSIET TTAIKH,
BKJIFOUEHHBIE B [IePEMEHHYI0 Cpe/ibl PATH, B IOMCKAaX UMEHU. DTO BasKHO 3HATh, YTOOBI 10~
HSATH IIPUYUHY OINnOOK command not found (Komara ve naiizena). [TocienoBaresibHOCTD
JeiicTBUI npy 0OaBIeHIH HOBBIX IIAIIOK B IIEPEMEHHYIO CPe/ibl PATH TaKKe HECKOJIbKO
orsmuaercst 8 Windows n macOS /Linux.

Ha ocBoeHMe KOMaHIHOM CTPOKM MOKET TOTPEOOBATHCST BPEMsI, TIOTOMY UTO BaM TIPH-
JleTCs M3y4aThb MHOKECTBO KOMaH/I M apryMeHTOB KoMaHiHOH cTpoku. He oropuaiitecs,
€cJIM BBl TPATUTE MHOTO BPeMEHU [IJ11 TOMCKA MH(MOPMAIIMN B HHTEPHETE; OMBITHBIC
PaspabOTYNKU 3aHUMAIOTCST 9TUM KayK/IbIil J1E€HbD.



HYACTD Il

NEPEAOBDLIE MPAKTUKMU,
MHCTPYMEHTDI
U METObI
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PopmaruporaHue koga
npu nomowm Black

DopmaTnpoBaHneM KoJIa Ha3bIBaeTCst €ro 0hopMIIEHIE MOCPE/I-

CTBOM ITPHIMEHEHHST K HEMY OTTPeIeNIEHHOTO Habopa paBuit. XOTst

(hopmaTupoBaH¥E Kojia He BAsKHO IS KOMITBIOTEPA, PAa3OUPAIOIIETO

BaIITy IIPOrPAMMY, OHO CYIIECTBEHHO YIIPOIIAET YTEHIE KOJIA JTI0/b-

MM, a 9TO HEOOXOMMO JIJIsI €T0 YCIENTHOTO COMPoBOKAeHUs. Ecim

BAIll KOJl HETIOHATEH YeJ0BEKY (9TO MOKET GBITD BAII KOJIJIETA UITH JIaKe

BBI CaMI1), B HEM TPY/IHO MCITPABUTH OITHOKU UK 0O6ABUTH HOBYIO (DYHKIIMOHATBHOCT.

DopmaTupoBaHue KOJIA HE SIBJSIETCS YACTO KOCMETUIECKON omepariueil. Yiobounrae-
MOCTb — OJ{HA U3 BKHEUTIIX TIPUIUH TIOIYJISIPHOCTH st3bika Python.

B s1oii rmaBe pacemarpusaercst Black — cucrema aBromMaTiyeckoro hopmMaTHpoBaHUs
KOJIa, B PE3YJILTATE YETO KO CTAHOBUTCST TOCTEA0BATENHLHBIM 1 YI0O0UNTAEMBIM (€3 13-
MeHeHUst pabOThI CaMO TPOTrPaMMBbI. ITO MOJIE3HBIH HHCTPYMEHT, TOTOMY UTO PYYHOE
opmarupoBanme B TekcToBOM pezpaktope uian IDE caumkom yromuresnbHo. CHavana
s IIpuBely 060CHOBAaHMUsI CTUJIEBBIX PelieHuil, KoTopbie npuHuMaet Black, a motom pac-
CKa’Ky, KaK YCTAaHOBHUTD, UCIIOJIb30BATH 1 HACTPOUTD ITY TIPOTPAMMY.

Kak notepsatb apy3ei 1 HACTPOUTD
npotue cebs xonner

Cy1iecTByeT MHOTO Pa3HbIX BAPUAHTOB HAIIMCAHUS KOJA, KOTOPbIE IIPUBOJAT K OJJHOMY
U TOMY JKe pesyJbrary. HampumMep, mpu 3amucy CIUCKa MOKHO CTABUTh OJUH TPOOET
1ocJie KaxKA0H 3alaTol U 110C/1e/10BaTe/IbHO IPUMEHATD TOJbKO OJHY Pa3HOBUHOCTD
KaBbIUEK:

spam = ['dog', 'cat', 'moose']
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Ho nmaske ecii B crivcke Gy/IyT BCTPEYAThCsT PA3HBIE OTCTYIIBI U BU/IbI KABBIYEK, KOJ[ BCE
PaBHO OCTAHETCsI IEHCTBUTEIBHBIM € TOUYKK 3peHus cuHTakcuca Python:

spam= [ 'dog' ,'cat',"moose"]

[IporpammucTtam, NMpeAIoOYUTAIONIMM TIePBbIil BApUAHT, MOKET HPAaBUTHCS HATJISI/IHOE
pasfieieHre 9JIEMEHTOB 1 eINHOOOpase B BbIOOpe KaBbraek. Ho ApyTie mporpaMMIICThI
WHOT/Ia BEIOGUPAIOT BTOPO# BAPUAHT, TOTOMY YTO OHU He XOTAT OECTIOKOUTRCST O TOAPOO-
HOCTSIX, KOTOPBIE HE BIUSAIOT HA TPABUJIBHOCTH PabOTHI TPOrPAMMBIL.

Hosuuku yacto He o6parmaioT BHUMaHUS Ha (hopMaTUPOBAHKE, TOTOMY YTO OHHU COCPe-
JIOTOYECHBI HA KOHIIETIIIUAX TIPOTPAMMUPOBAHMS M CHHTAKCHCE SI3bIKa. TeM He MeHee UM
cJIeyeT BhIpaboTaTh IPUBBIYKY K KAUeCTBEHHOMY (hOpPMATHPOBAHUIO Koja. [IporpaMmu-
poBaHIe caMo Mo cehe TOCTATOTHO CITOKHO, ¥ HATIMCAHIE KO/A, TIOHSTHOTO JITIST IPYTHX
(v st Bac B Oy y1ieM), MOKET BeChbMa YIPOCTUTH €TI0 MCIOIb30BaHNE.

[laske eciv BbI HAUMHAETE [THCATH IPOTPAMMY B OJIMHOUKY, He (paKT, YTO BIIOCJIE/ICTBUY Bbl
He 00BE/IMHUTECH C e/IMHOMBIIIIEHHUKAMU. ECIIH HECKOJTBKO TIPOrpaMMHUCTOB, pabOTAIOIINX
Ha/T OJTHUM (DANITIOM C UCXOTHBIM KOJIOM, TIUIITYT KyK/IBII B CBOEM CTHJIE, PE3YJIBTAT MOKET
BBITJISI/IETh KaK HEBPA3yMUTEIbHOE MECHBO, JIaske eclii Ko paboraet 6e3 omubok. Vi,
9TO €IIe XysKe, HEKOTOPhIE HAYHY T MepehOpMATHPOBATH KOl HATIAPHUKOB <TT0T ce6sT», 4TO
B MTOTE IIPUBEJIET K [IOTEPE BPEMEHH U BHI30BET CIIOPBL. Peliienne 0 ToM, CKOJIbKO IIPOOEJIOB
JIOJIZKHO CJIe/IOBATh ITOCJIe 3aIISTON, OZINH UJIM HUA O/THOTO, — JIeJI0 JIMYHBIX TIPEATIOUTeHU .
Takue cTUIEBbIE PENIeHNs MOKHO CPAaBHHUTH € BBIOOPOM TOTO, 10 JIEBO¥ MM TI0 MTPaBOil
CTOPOHE JIOJKHBI JIBUTATHCSA aBTOMOOUIIN B CTPaHe; HEBAKHO, KAKYIO CTOPOHY CYUTATH
MPaBUJIBHOU, — BaXKHO, YTOODI BCE YUACTHUKU JIBUKEHUST IPUJIEPKUBAIICH UMEHHO €e.

PykoBoacrea no crunio u PEP 8

Yro06bI Balll KOJI XOPOIIIO YATAJICSL, TIPOIIE BCETO CIe0BAaTh TPEOOBAHUSIM, IPOIMTHCAHHBIM
B PYKOBOOCMEE 1O CMuI0 — IOKYMEHTe, OIIpeIesistionieM Habop rpaBil opMaTUPOBaHs,
KOTOPbIE JI0JUKHBI COOTIOIAThCs B TiporpammuoM ripoekre. PEP 8 (Python Enhancement
Proposal 8) — oHO 13 TaKKX pYKOBOJCTB, HAIIMCAHHOE KOMaH/0M Pa3pabOTIMKOB sjipa
Python. Ho HekoTopble KoMIaHuK pazpaboTaiu cOOCTBEHHBIE PYKOBOICTBA 110 CTUITIO.

Tekcr PEP 8 MOKHO HaliTH B MHTEPHETE TI0 afpecy Attps.//wwwpython.org/dev/peps/pep-
0008/. MHorue niporpammuctbl Python pacemarpusator PEP 8 kak aBropureTHblil HaO0p
npasu, XoTs co3zaresin PEP 8 yrsepskiaior unoe. Pazzes pykoBosicrsa « Tymoii ejunblii
noaxo — Gea MEJIKMX YMOB» HAIIOMUHAET YUTATEJIIO, YTO TIABHOW IPUYMHON JIJIST CO-
GJIFO/ICHIIST PYKOBOJICTB TI0 CTHIIIO SIBJISIETCS TOCJIEA0BATEIBHOCTD U YI000UNTAEMOCTh KOZIA
B PaMKaX MMPOEKTA, a He (haHATHYHOE COOITIOICHIE OTAETBHBIX TIPABIIT (hOPMATUPOBAHUSI.

B PEP 8 naxe Bkou€eH cirelytoninii COBET: «3HAHTe, KOT/[a CTOUT /IefiCTBOBATh HETIO-
CJIe/I0BaTEIbHO, — WHOT/Ia PEKOMEHIAIIMH 110 CTHJTIO TTOTIPOCTY HepuMeHUMbI. Ecin He
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YBePEHbI, PYKOBOJICTBYHTECDH 3/[PaBBbIM CMbBICJIOM». He3aBrucumo ot Toro, cobupaerech
BBI BBITIOJIHATh PEKOMEH/ ALY TTOJTHOCTHIO, YACTUUHO UJIM BOOOIIEe HUKAK, JOKYMEHT
PEP 8 crout nmpounrarts.

Tax KaK MbI HCTIONIB3yeM cucteMy dopmaruposanus Black, Harnr kox Oyzer cirenoBath
npaBuiaM pyKoBozcTBa o cruiiio Black, kotopoe 6bi1o paspaboTaHo cOTIacHO peKo-
menzanam PEP 8. He nosennrech u3y4uth 5T1 peKoMeHaaiy, motomy uto Black ne
BCerjia UMeeTcs oz pyKoii. Pexomengarn aust hopmartuposanust Python, o kotopbix
s paCCKaKy B 3TOH TJIaBe, TaKKe MPUMEHNMBI K IPYTUM SI3bIKaM, 1711 KOTOPBIX aBTOMa-
TUYECKHNe CUCTEMBI (POPMATHPOBAHNUS He BCET/IA IOCTYITHBI.

MtHe He Bce HpaBUTCs B TOM, Kak Black dopmarupyer ko, HO 910 KOMIpoMICCHOE pe-
menue. Black ucronbsyer npasusia hopMaTHpOBaHUs, KOTOPBIE B IIEJIOM YCTPAUBAIOT
POrPAMMUCTOB, YTOOBI OHI MOTJIH MEHbIIIE TPATUTH BDEMEHH Ha CIIOPbI U GOJIbIIE — Ha
MIPOrpaMMHUPOBAHUE.

rOpMBOHTGJ'IbeIe OTCTYynbl

JTist y1o604rUTaeMOCTH BalIero Koja mycToe MecTo He MeHee BaKHO, 4eM KOJl, KOTOPBIIi
Bbl numere. OTCTYIbI HOMOTAIOT OTAEAUTH 000COOIEHHbIE YaCTH KOZA APYT OT APYTa,
4T0OBI UX OBLIO TIPOIIE PACIO3HATH. B 3TOM pasjiesie 00bSICHSIIOTCSI TOPU3OHTAIbHBIE
OTCTYIIBI — TO €CTh ITyCThIe MECTA B CTPOKE KOJIA, B TOM YKCJIe B HAYaJie CTPOKH.

Hcnonb3oBanue npobenos ans co3ganus orcrynos

Jlist co3/IaHusT OTCTYIIOB B Hauasie CTPOKKU MOKHO BBIOPATH OJIMH U3 IBYX CMBOJIOB —
npo6est uin TabyJsio. VI xoTs roguTcest 1060 BapraHT, A/t GOPMUPOBAHUS OTCTYIIOB
JIyYIlle UCIIOJIb30BaTh IPOGEIIbI.

Jlesio B TOM, 4TO 9TH CUMBOJIBI BEAYT cebst mo-pasHomy. [1poben Beeria BHIBOAUTCS Ha
9KpaH KaK CTPOKOBOE 3HAUEHNUE, COCTOsIIIee U3 OJHOTO mpobesa — ' ', A cumBoJ Taby-
JISIIIAH, KOTOPBIN BBIBOJIUTCST KAK CTPOKOBOE 3HAUEHIE, COJIEPIKAIIIEE CITYKeOHBIH CUMBOJT
"\t', He cTosb oHO3HaYeH. CUMBOJIBI TAOYJISAIMN YacTo (XOTS W HE BCETA) BBIBOIASATCS
KaK MepeMeHHOe KOJTMYECTBO MPOOETIOB, 4UTOObI TEKCT HAYMHAJICS CO CIIC/YIONIEH MO3UITHI
tabyJstinu. [lo3urmu Taby iy yeTaHaBINBAIOTCS Yepes KasK/[ble BOCEMb TIPOOEIOB o
MIMPUHE TEKCTOBOTO (haiizia. ITOT BAPUAHT MPOAEMOHCTPUPOBAH B CJIEYIONEM TTPUMEpE,
Ijie CJIOBA CHavasIa PasesIsioTcst MpobeiaMu, a 3aTeM CHMBOJIAMU TaOy IS TIAN:

>>> print('Hello there, friend!\nHow are you?')
Hello there, friend!

How are you?

>>> print('Hello\tthere,\tfriend!\nHow\tare\tyou?")
Hello there, friend!

How are you?
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Tak KaK CHMBOJIBI TAGYJISIIIN PEICTABJISIOT IEPEMEHHOE KOJIMIECTBO IIPOOEIOB, JIyUIIle
He UCIO0JIb30BATh UX B MCXOHOM Kozie. Muorue penaktopsl Koza n IDE npu naxxatun
kiaasuinn TAB aBTOMaTHUYeCKH BCTABJISIFOT YETBIPE U BOCEMb ITPOOEJIOB BMECTO OTHOTO
CUMBOJIA TaOY AT,

Takske He cieyeT cMelBaTh IPOGESIbl U CUMBOJIBI TAOY TSI JIJIsl CO3JAHUST OT-
CTYIOB B 0gHOM Os0Ke Koja. Mcmoab3oBanue 060UX CHMBOJIOB HACTOIBKO 4aCcTO
CTAaHOBUJIOCH MMPUYMHON KOBapHBIX OMMOOK B OoJiee paHHUX mporpammax Python,
yt0 B Python 3 Ko ¢ TakuMu oTCTymaMu aske He BBITIOJHSIETCS — BBIAAETCST UCKITO-
yeHue TabError: inconsistent use of tabs and spaces in indentation (Hemnocuemo-
BaTeJIbHOE NpUMeHeHre Tabyranuil u mpobenos B orcrynax). Black aBromarnue-
CKM npeobpasyer Bce CUMBOJIbI TaOYJILIUN, UCIIOAb3yeMble B OTCTYIIaX, B YeThIPe
npobea.

Yo KacaeTcst JIMHBI KaskKI0TO YPOBHS OTCTYNOB, B Python ois ypoBerb 06b14HO 060-
3HaU€eH YeThIPbMsI ITpobesiaMu. B ciemyroriem npumepe npobesibl st 60IbIieii Harsi-
HOCTH ITOMEYEHbI TOUKaAMU:

def getCatAmount():

....numCats = input('How many cats do you have?')
....if int(numCats) < 6:

........ print('You should get more cats.')

CraHgapt ¢ 4eThIpbMst TPOOETAMU KMEET MPAKTHYECKUE TPEUMYTIECTBA ePE/l IPYTUMU
aJIbTepHATUBAMM; B KOJIE C BOCEMbIO TIPOOeIaMi Ha yPOBEHb ObICTPO BO3HUKAET ITpodiieMa
OTPAHUYEHMS JIJIMHBI CTPOKH, TOT/IA KaK TIPH YPOBHE € JBYMsI CHMBOJIAME OTCTYTIbI HE
CTOJIb 3aMeTHBL. [IporpaMMHUCTBI 0OBIUHO He PACCMaTPUBAIOT APYTHe 3HaUeHUsT (HallpH-
Mep, 3 i 6), MOTOMY YTO U3-3a TIPUBBIYKU K ABOMYHBIM BBIYMCIEHUSIM OHU MIPEJIIIO-
YyrTalOT PaboTaTh CO CTENEeHIMU ABOIKN: 2, 4, 8, 16 U T. 11.

OTC'I'ynbl B cepeauHe CTPOKH

[Tpo6ebl UTPaIOT BaXKHYIO POJIb IS BU3YAJIBHOTO Pa3/le/IeHUsT Pa3HbIX YacTell Kojia.
Eca BBl uX He uCHoJb3yeTe, Balll KO MOJKET OKa3aThCs CJAUIIKOM IIJIOTHBIM U HEpas-
GopuuBbIM. B criemyronux mopasaenax st paCCKaxy 0 HEKOTOPBIX MOJIE3HBIX TIPABUJIAX
MIPY CO3/IaHUU OTCTYIIOB.

Otgensiite oneparopbl OT HAEHTHHKATOPOB OAHMM npobenom

Ecom oniepatops! u maeHTH(HUKATOPHI HE PA3IENEHBI HU OJHUM TTPOOETIOM, CO3/IaeTCst
BIleYaTJIeHUe, YTO Balll KO/ BbIIIOJIHAeTCSA noapsaa. Harnpumep, B cienyioleil crpoke
OIIEPaTOPBI U MEPEMEHHbIE PA3/IEIEHbI TPOOETAMU:

OA: blanks = blanks[:i] + secretWord[i] + blanks[i + 1 :]
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A 371eCh Bee Ipobesibl yIaueHbl:

HET: blanks=blanks[:i]+secretWord[i]+blanks[i+1:]

B o60onx cJIy4asix ONepaTop + UCIOJIb3YeTCd A5 CIOKEeHUS TpeX 3HaueHU, HO 0e3 po-
6eJI0B MOJKET 1I0Ka3aThCst, UTO + B blanks[i+1:] mobasJsier yerBeproe 3Havenue. IIpo-
6eJbl OoJIee HATJISHO [TOKA3bIBAIOT, YTO + ABJIAETCS YaCThIO CerMEHTa B 3HaYeHuH blanks.

He craBbTe npobensi nepen pazpenutensmu, cragste ofuH npoben nocne paspenureneii

DJIEMEHTBI CITUCKOB W CJIOBapei, a TakKe TapaMeTpbl B olipeeleHus X (HyHKIi def
paszesaioTes 3anaThiMit. He crasbre 1mpolest mepel 9STUMU 3allThIMU, HO IIOCTaBbTe
OJIMH IIPOGEJI OCJIe HUX, KaK B CJAEAYIOUIEM IIPUMepe:

DA: def spam(eggs, bacon, ham):
JA: weights = [42.0, 3.1415, 2.718]

B IIPOTUBHOM CJIy4dac€ y BaC IHOJIYIUTCS HepeHacmmeHHmﬁ KO/, KOTOprf/,I IIJIOXO YUTAECTCA:

HET: def spam(eggs,bacon,ham):
HET: weights = [42.0,3.1415,2.718]

He nobasistitre mpo0OeJibl miepe] pasieuTesieM, TOTOMY YTO STUM Bbl IPUBJIEKAETE He-
HY’KHO€ BHIMaHHE K CUMBOJLY-Pa3/eJIUTEIO:

HET: def spam(eggs , bacon , ham):
HET: weights = [42.0 , 3.1415 , 2.718]

Black aBTomaTnuecku Bcrasiger HpO6e]IbI IocJie 3aliATbIX U yaaJasdeT HpO6€JIbI repen
HUMMU.

He craBbre npo6enu A0 U nmocyie To4ek

Python paspetiraet BcTaBisiTh TIPOGEIIBI 10 U TIOCTIE TOUEK, OTMEUAIOTINX HAYJI0 aTpuly-
toB Python, Ho ieath 3TOrO He cTOUT. TakUM 06PA3OM BbI TTOYEPKUBACTE CBSI3b MEK/LY
00BEKTOM U ero aTpuOyTOM, KaK B CJEAYIONIEM IPUMEpE:

DA: 'Hello, world'.upper()

Ecmm e mocraBuTh Hp06e.7H)I J10 WJIN I10CJI€ TOYKH, 0OBEKT 1 anI/I6yT BBITJIALAT Tak,
CJIOBHO OHHM HE CBA3aHbI JIPYT C APYTrOM:

HET: ‘'Hello, world' . upper()

Black aBromarnueckn ynassier mpo6esibl BOKPYT TOUEK.
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He craBbte npobensi nocne umeH GyHKumii, MeTof0B M KOHTEIiHEPOB

WNmena dbyHKINI 1 METO/IOB JIETKO Y3HABAEMBI, TOTOMY UTO 32 HUIMHU CJIe/lyeT rapa KpyT-
JbIX ck060oK. He cTaBbre mMpobes Mesk/ly NMEHEM 1 OTKPBIBAIONIEH KPYTIOH CKOOKOIL.
OG6bIYHO BBI30B (hYHKITMU 3aMTMCHIBACTCS B CJEYIOIIEM BUJIE:

DA: print('Hello, world!")

C nobGassieHneM npobesia euHbli BbI30B (QYHKIIMU BBITJISAUT TaK, CJIOBHO B KOZE UIYT
JIBa Pa3jiesIbHbIX (pparMeHTa:

HET: print ('Hello, world!")

Black ypansier Bce pobesibl Meskry uMereM (hyHKI[UH WIH METO/Ia ¥ €T0 OTKPBIBAIONIEH
KPYTJIOH CKOOKOIA.

ITo Toii 5Ke npuyYnHe He cTaBbTe POGEI epel OTKPbhIBaoIel KBaApaTHON CKOOKOI /115t
WHJIEKCa, cerMeHTa i Kirtoda. OOBIYHO TIpH 00pallleHUH K 9JIeMEHTaM THIA <KOHTEH-
Hep» (CIUCOK, CITOBAPh UM KOPTEK ) TPOOET MEKIY MMEHEM MePeMEeHHO 1 OTKPhIBa-
IolIell KBaApaTHOI CKOOKOIL He CTaBUTCSL:

JA: spam[2]
DA: spam[0:3]
DA: pet[ 'name']

Kaxk u B ipesibitytieM ciayuae, pu n00aBJIeHUN Hp06eJIa 3TOT KO/l BBITJISIIUT KaK JBa
pas/iebHBIX (hparMeHTa:

HET: spam [2]
HET: spam [0:3]
HET: pet ['name’]

Black yaanser Bce mpo6esibl MesKy MMEHEM MePeMEHHOI 1 OTKPbhIBAOIIEH KBapaTHOM
CKOBKOM.

He craBbre npo6enu mocse OTKPbIBAOLWUX
U nepep 3aKpbIBAOWHUMH CKoOKamu

He 10/1:xH0 ObITH IPOOEJIOB, OTAEIAIOIMX KPYIJIble, KBaJPaTHbIE UK (GUTYPHbIE CKOOKI
OT TOTO, YTO BHYTpu. Hampumep, mapamerpbl B KoMaH/ie def MJIM 3HAUEHUST B CITUCKE
JOJIKHBI HAUMHATHCS ¥ 3aKaHYMBATHCA HEIIOCPEACTBEHHO MOCJIE 1 IIepel] KPYIIbIMU
U KBaJIPaTHBIMU CKOOKaMM:

DA: def spam(eggs, bacon, ham):
JA: weights = [42.0, 3.1415, 2.718]
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He craBsre mpo6est mocJie OTKPhIBAIOIUX WU IIePe] 3aKPbIBAIOUIMMU KPYTJIBIMU 1 KBa-
JPATHBIMK CKOOKaMMU:

HET: def spam( eggs, bacon, ham ):
HET: weights = [ 42.0, 3.1415, 2.718 ]

JloGasienue aTux 1pobesIoB He Jesaet Ko 6oJiee y000unTaeMbIM, II09TOMY OHM CTaHO-
BsaTcst mnrauMy. Black yaazser atu npo6esibl, eciii OHM IPUCYTCTBYIOT B BallieM KOJE.

Crasbre gBa npo6ena nepes KOMMEHTAPUAMMH B KOHLe CTPOKH

Ecym BbI 106aBIIs1€TE KOMMEHTAPUH B KOHIIE CTPOKK KO/, [IOCTaBbTeE [Ba IIPOOeIa MEK LY
TOCJIETHUM CUMBOJIOM KOJIa I CUMBOJIOM #, HAUMHAIOIINM KOMMEHTapUI:

DA: print(‘Hello, world!') # BbiBOA nMpuBETCTBUA.

JlBa mpo6eia TOMOTaloT OT/IEUTE KOJI 0T KoMMeHTapust. C oHUM TTpobesioM (ITH elrie
xyske — 6e3 mpoGesioB) 3aMeTUTh KOMMEHTApUH GyIeT TPYIHO:

HET: print('Hello, world!') # BeiBog npuBeTCTBUA.
HET: print('Hello, world!')# BbiBOA NMpuBETCTBUSA.

Black Bcrasuister iBa ipo6esta MEKILY TIOCTEHIM CUMBOJIOM KOJ[a ¥ HAYAJIOM KOMMEH-
Tapusl.

B 06IH€M CJiydae 51 HE PEKOMEH/IYIO padM€eIllaTb KOMMEHTaApuMn B KOHIIE CTPOKU KO/a,
IIOTOMY 4YTO CTPOKA CTAaHOBUTCS CJIAUIIKOM ZI]II/IHHOI;'I JUISL UTE€HUA Ha 9KPaHe.

Bep'ruKan bHbI€ OTCTYMNbI

[Ton BepTHKAIbHBIMU OTCTYIIAMU IIOHUMAETCS BCTaBKA ITYCTBIX CTPOK MEXK/Y CTPOKAMU
kozia. [To06H0 TOMy Kak pa3GUBKa TEKCTa KHUTH Ha ab3allbl YJIEHUT TEKCT ¥ CTIOCOOCTBY-
€T ero MpaBUJIBHOMY 1 OBICTPOMY BOCIIPHUSITUIO, BEPTUKAIBHBIE OTCTYITBI TPYITIUPYIOT
CTPOKHU KO/Ia ¥ BU3YJILHO OTAEJAIOT TPYIIIIBI PYT OT APYyTa.

PEP 8 conmepsxut psim pekoMeHaIuil 110 BCTaBKe IMyCThIX CTPOK B KOJIE: PYKOBOJICTBO
YTBEPSKAAET, YTO (DYHKITIH OJKHBI PA3IESATHCS IBYMsI ITyCTBIMU CTPOKAMM, KJIACCHI —
JIBYMSI TTYCTBHIMHU CTPOKAMH, & METO/Ibl BHYTPHU KJlacca — OfIHOI mycToii crpokoii. Black
ABTOMATUYECKH CJIeyeT ITUM IIPABIJIAM, BCTABJISISI UK YIAJISIS [T CThIE CTPOKH B BAllleM
koze. Hampumep, dpparment:

HET: class ExampleClass:
def exampleMethodl1():
pass
def exampleMethod2():
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pass
def exampleFunction():
pass

Hpeo6pa3yeTCﬂ K cieayrmemMy BUAYy:
OA: class ExampleClass:
def exampleMethodl1():

pass

def exampleMethod2():
pass

def exampleFunction():
pass

ﬂpnmep Ucnoab30BAHNSA BEPTUKAJIBHBIX OTCTYMOB

Opnaxo Black e MoeT pemuTs, rjie 10JKHBI PACIIOIaraThCs MyCThle CTPOKU BHYTPU
BalX (PYHKIMI, METOAOB WX TI00aIbHON 00/1aCTH BUAUMOCTIH. Pelenne o ToM, KaKue

W3 9TUX CTPOK JIOJKHBI IPYIIINPOBATHCSI BMECTe, IPUHUMAET IIPOrPAaMMUCT.

[lng nmpumepa paccMoTpuM KJiace Emailvalidator u3 daitsa validators.py dpeiimBopka
BeO-nputoxkenuii Django. Ilonnmars, Kak paboTaeT aT0T Kof, HeobssarteabHo. OOparute
BHUMaHME Ha TO, KaK MyCTbIe CTPOKM PA3AEAAIOT KOJ MeTojia __call_ () Ha YeTbIpe

IPYIIIIBL:

def _ call_(self, value):
if not value or '@' not in value: (1
raise ValidationError(self.message, code=self.code)

user_part, domain_part = value.rsplit('@', 1) @

if not self.user_regex.match(user_part): ©
raise ValidationError(self.message, code=self.code)

if (domain_part not in self.domain_whitelist and @
not self.validate_domain_part(domain_part)):
# MNpoBepuTb BO3MOXHble umeHa IDN
try:
domain_part = punycode(domain_part)
except UnicodeError:
pass
else:
if self.validate_domain_part(domain_part):
return
raise ValidationError(self.message, code=self.code)
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HecMoTps Ha oTCyTCTBHE KOMMEHTapHeB, ONUCHIBAIONIMX Ty 4acTh KO/, yCThie
CTPOKH TTOKA3bIBAIOT, YTO IPYIIIBI KOHIENTYAJIbHO U30JIMPOBAHBI JAPYT OT ipyra. [lepsas
rpynma @ mposepsieT CUMBOJ @ B mapamMeTpe value. JTa 33jja4a OTJINYAETCS OT 33/1a4n
BTOPOI TPYIITBI @, KOTOPast Pa3OMBAET CTPOKY C aAPECOM DJIEKTPOHHON TOYTHI U3 value
Ha /[Be HOBbIE IlepeMeHHble, user_part 1 domain_part. TpeTbs © u yerBepTast @ rpy1ib
MCIIOJIb3YIOT 3TU MepeMeHHbIe JIJIS TIPOBEPKH M0JIb30BATENbCKON 1 JOMEHHOH 4acTh
ajipeca 3JIeKTPOHHOU ITOYTHI COOTBETCTBEHHO.

U xots yeTBepTas Tpymnia coctouT u3 11 cTpok (HaMHOTO GOJIbIIIE, YeM B IPYTUX TPYII-
1ax), Bce OHM pellaloT O/{Hy 3a/iauy IIPOBEPKH JIOMeHa U3 a/[peca 3JIEKTPOHHOH MTOUTHL.
Ecim BBI uyBCTBYeETE, UTO B 1€MICTBUTEIbHOCTHI 3/1€Ch HECKOJIBKO 1T0/13a/1a4, pa3/ie/IuTe
UX IIyCTBIMU CTPOKAMU.

[Iporpammuct, co3iaBaBiinil 3Ty yactb Django, pern, 4To Bce CTPOKHU ITPOBEPKH J10-
MeHa JIOJIKHBI TPUHAJIEeKATh OHOW TPYTITIe, HO IPyTHe TPOTPAMMUCTBI MOTYT CYUTATh
nnaue. Tak kak 910 cyGhekTuBHOE MHeHNE, Black He mameHsieT BepTHKAIBHDBIE OTCTYTIBI
BHYTPU (DYHKIINI NN METO/IOB.

P eKomeHRALMM MO UCMOJIb3OBAHUIO BEPTUKAJIbHBIX OTCTYNOB

Python npemocrasisier o/iHy BO3MOKHOCTb, O KOTOPOU 3HAIOT HE BCE: TOUKA C 3aIISITOM
() MOXKET UCTIOIb30BATHC JIJIsI Pa3/ie/IeHusT HECKOJIbKUX KOMaH/I B OJTHOU CTPOKe. ITO
03HAYAET, YTO CJIE/IYIONIUE JIBE CTPOKU:

print('What is your name?')
name = input()

MOJKHO 3alliCaThb B O/[HY, pa3/1€JINB NX TOYKOM C 3aIISITOI:
print('What is your name?'); name = input()

Kak u npu ucioab30BaHuy 3algaThiX, Epe TOUKOU ¢ 3aaToil 1Ipobes He CTaBUTCS,
a [0CJIe ee CTABUTCS OJMH IIPOGeL.

[lig koman, 3aBepmalommxcs aBoerourieM (Hapumep, if, while, for, def u class),
OJHOCTPOYHBIN OJIOK, KaK BBI3OB print() B cJeQyIOLIeM IpUMepe:

if name == 'Alice’:
print('Hello, Alice!")

MOJKHO 3allucaTb B OlIHOfI CTpPOKeE C KOMaHlIOI‘/JI if:
if name == 'Alice': print('Hello, Alice!")

Ho xotst Python u paspernraer pasMecTuTh HECKOILKO KOMAH/ B OTHOH CTPOKE, 9TO
He CUMTAeTCsl Xopoiiell npakTukoit. CTPOKM KO/ TOTYYAIOTCs CIAUNIKOM JITHHHBIMU
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U COIEPIKAT CIIUIITKOM MHOTO HH(OpMaIu, 4To 3arpyaaser ux socupusrtue. Black pas-
OuBaeT TaKkMe KOMAH/BI HA OTIAETbHbIE CTPOKH.

AnajornaHbIM 06pa30M MOKHO HMITOPTUPOBATH HECKOJIBKO MOJLYJIeil OTHON KOMaH/IO
import:

import math, os, sys

Tem e meree PEP 8 pekoMeHyeT pasOuTh 9Ty KOMaH/Iy Ha HECKOJBKO KOPOTKHUX KO-
MaH/I, 110 OJTHOM /111 KasKJI0TO MOJLYJIS:

import math
import os
import sys

Ecotu Moty in uMIopTupyioTest B OTAEAbHBIX CTPOKAX, BaM GYJIET POITE 3AMETHTH JIIOObIE
J06aBIEHUS WK YAaJeHUsT MMIIOPTUPOBAHHBIX MOYJIEH [IPY CPaBHEHUN U3MEHEHUI
bynkmeii diff cucTeMbl KOHTPOJIS BePCHil (CUCTEMBI KOHTPOJIS BEpCHii, Takue Kak Git,
paccMaTpuBaroTcs B rmase 12).

PEP 8 rakike peKoMeHayeT OObEeMHITh KOMaH/bl import B CJIeAYOIIAe TPU TPYIIIbI
B YKa3aHHOM TIOPSIIIKE.

1. Monynu cranzaprHoii 6ubanoreku Python: math, os, sys u T. a.
2. Croponnue moxysu: Selenium, Requests, Django u . 1.
3. JlokaJbHbIE MOJLYJIH, SIBJSAIONINECS YACTHIO TIPOTPAMMBbL.

AT PEKOMEH/IAIINN He SIBJISTIOTCST 00si3arenbHbiME, U Black He uamensier popmarupo-
BaHMe KOMAH/[ import B BaleM KOJe.

Black: 6eckomnpomuccHas cucrema
dopmarupoBaHus koga

Black aBromarnuecku opmaTupyer Koj B Bamux (aiiax .py. XoTs Bbl JOJKHBI T10-
HUMaTh TIpaBuIa (opMaTHUPOBAH, PACCMOTPEHHbIE B 9TOM IuiaBe, Black BbrmosHsier
BCIO paboTy 10 cTIIeBOMY 0GOPMIIEHHIO 3a Bac. Ec/i BBl yyacTByeTe B COBMECTHOM
MIPOEKTE, TO MOKETE MOMEHTAJILHO YPETYJIMPOBATh MHOTHE CIIOPbI OTHOCUTETBHO (hOP-
MaTHPOBAHUS KOJIa — MPOCTO mopyuunte pererre Black.

¥ Hac HET BO3MOKHOCTH U3MEHUTh MHOTHE TIPABIIIa, KOTOPBIM ciienyeT Black, mostomy
Black ommcniBaercst kak «GeckoMmpomuccHas cucreMa opMatnpoBanust kKoga». Cob-
CTBEHHO, ero HazBanue (Black — uepHbIil) MPOUCXOIUT OT 3HAMEHUTOTO BHICKA3bIBAHUST
Terpu Dop/1a OTHOCUTENHHO IBETOB BBIYCKaeMbIX aBToMobueil: «I[Bet aBroMobuis
MOJKET OBITH JIFOOBIM, TIPH YCIIOBUH YTO OH YePHBIIT».
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1 ommcan KOHKpeTHbIe CTUIEBBIE IIPaBUIIA, UCIo/Ib3yeMble Black; monmoe pykosoactso
no cruiio g Black ol naiinere 1o anpecy https://black.readthedocs.io/en/stable/
the black code_style.html.

Ycranoska Black

Yeranosure Black npu momou mporpaMMbl pip, BXOALIIEH B KOMILIEKT TOCTaBKU
Python. B Windows mist 3T0T0 CJIeIyeT OTKPBITh OKHO KOMAHIHON CTPOKU U BBECTH
KOMaH/y:

C:\Users\Al\>python -m pip install --user black

B macOS n Linux oTkpoiiTe OKHO TepMUHAJa U BBeNTE KOMaHy python3 BMecTO
python (aT0 ciieiyeT iestath Bo BcexX (hparMeHTax Kojia B 3TOW KHUTE, T/Ie UCTIOIb3YeTCs
KoMaH/1a python):

Als-MacBook-Pro:~ al$ python3 -m pip install --user black

Kumiou -m npukassiBaer Python sanyctuts Moy pip kak npusiosxkenue (HEKOTOpbIE
Moy Python nMerT cOOTBETCTBYIOINLYIO HACTPOUKY ). UTOOBI YOEIUTHCS B TOM, YTO
yCTaHOBKa IIPOIILIA YCIIEHIHO, BLITOJHUTE KOMaH1y python -m black. Ha sxpane gomkno
HOABUTHCA cood1eHne «No paths given. Nothing to do» BMecTo «No module named black».

3anyck Black n3 xomangnoii crpokn

Black moxxnO 3amycTuts 115t to6oro daiiaa Python ns KoMaHAHON CTPOKHM MM OKHA
tepmunaia. Kpome toro, IDE nin peakrop koza nossoJisier sanyctutsb Black B poroBom
peskiMe. IHCTpyKLuu o ToM, Kak obecrieunts padory Black ¢ Jupyter Notebook, Visual
Studio Code, PyCharm u gpyrumu perakropamu, Bbl Haiiiete Ha JJOMAITHEN CTPAHUIle

Black o appecy https.//github.com/psf/black/.

JlomycTiM, BB XOTHTE OT(HOPMATHPOBATE (DA c IMEHeM yourScript.py aBTOMaTHUECKH.
B xomamaroit crpoke Windows BoimosHuTe caenyiontyio komanay (8 macOS u Linux
WCITOJTh3yHTe KOMaHIy python3 BMecTo python):

C:\Users\Al>python -m black yourScript.py

[TocJie BBITIOTHEHST HTOH KOMAH/IBI COZEPAKUMOE yourScript.py 6yzet oThopmMaTipoBaHO
B COOTBETCTBHHU C PYKOBOACTBOM Mo ctuitio Black.

[TepemenHas cpenpl PATH MoKeT GbITh yike HACTpOEHa Jijist psamoro 3amycka Black.
B arom cayuae s hopMmarupoBaHus yourScript.py 10CTaTOUHO BBECTH CIIELYIOTLYIO
KOMaHy:

C:\Users\Al>black yourScript.py
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Yro6s! BhimoanuTh Black aa kasxkmoro daiia .py B manke, yKasKuTe B KOMAH/E HAIKy
BMecTo oTienbHoro daitia. Cuenyiomuii npumep Windows ¢opmarupyer Bee hailiibt
B nanke C:\yourPythonFiles, Bk/touasi ee BJIOJKEHHBIE TTATIKU:

C:\Users\Al>python -m black C:\yourPythonFiles

Ilepepavya manky NPUTOANTCS B TOM CJIydae, €CJIU Balll IIPOEKT COAEPKUT HECKOJIBKO
daiiios Python u BBl He XOTHTE BBOAUTD OTHAEIBHYIO KOMAH/LY AJIs KaskA0ro (aiiia.

Xorst Black 10BobHO ¢TPOTO OTHOCHTCST K (hOPMATHPOBAHHUIO KOJIA, B CIEAYIONINX TPEX
MO7Ipa3/iesiaX OMMCAHBI HEKOTOPbIE MapaMeTPhl, KOTOPBIE BB MOKETE HACTPOUTH. UTO-
ObI IPOCMOTPETD TIOJIHbII Habop kioveil Black, BbimosHnTe koMaHzy python -m black
--help.

Perynuposka gnnubi crpoku Black

CrangaprHas crpoka Koga Python cocrout us 80 cumBosios. Vctopust 80-cUMBOIBHBIX
cTpok yxoaut KopasiMu B 1920-e rozpl, kKoraa kommannst IBM mpepcrasumia nepdokap-
bl Ha 80 cT0s1610B 1 12 cTpoK; 80-CMMBOIBHBII CTAHAAPT CTAJ UCIIOAb30BATHCS IS
MPUHTEPOB, MOHUTOPOB W OKOH KOMaH/IHOM CTPOKH, MOSIBUBIINXCST Y€Pe3 HECKOTBKO
JIeCATUIIETHUT.

Ho B XXI Beke aKkpaHbl ¢ BBICOKUM Pa3peIieHneM MO3BOISIOT BBIBOAUTD TEKCT JATHHOMN
6osiee 80 crmBosoB. C 6ol ITHHON CTPOKK BaM He MPUIETCS BBITIOJHSATH BEPTHU-
KaJIbHYI0 IIPOKPYTKY, 4YTOObI IIpocMOTpeTh (haiin. C Apyroii CToOpoHbL, KOPOTKUE CTPOKH
He Tieperpy>KeHbl, a Bbl MOJKETE CPABHUTH /[BA UCXO/IHBIX (Daiiyia, pa3MeCTUB UX HA dKpaHe
PSIZIOM JIPYT € IPYTOM, 6€3 TOPU30HTATIBHON TPOKPYTKH.

Black o ymosrqanuio ucmosib3yer cTpoky AinHoit 88 cuMBoJI0B. BeiGop 00bsicHsIETCST
He oueHb yGeanTebHO: 910 Ha 10% Gosblie cTangapTHO 80-CUMBOJBHON CTPOKH.
Jlnuno g npenountaro 120 cumsosios. Yrobsl npukasath Black ¢hopmaruposars Kox
¢ 120-cuMBOIbHOM (HATIPUMEDP) CTPOKOM, UCTIOJB3YNUTE KJIIOY KOMAHJHOU CTPOKU
-1 120 (OykBa | B HuskHeMm perucrtpe, He mudpa 1). B Windows koMaHIa BeITISLIUT
MPUMEPHO TaK:

C:\Users\Al>python -m black -1 120 yourScript.py

Kaxyio 661 iy CTPOKY BBI HU BBIOPAIH JIJIsT CBOETO TIPOEKTA, /IS BeeX (hailios .py
B TIPOEKTE JIOJKHO MCIIOB30BATHCS OMHAKOBOE 3HAUCHUE.

Otknrouenne Hactpoiiku ABoiHbIX Kabivex ans Black

Black aBromaTnuecku usmenser sce CTPOKOBbIE JINTEPAJIbl B BallleM KO/I€ TaK, 4TOOBI
BMECTO O/IMHAPHbIX KaBbIY€K OHU 3aKJ/JI104YaJIUCh B [[BOI?IHI)IG KaBbIYKHU, €CJIN TOJIBKO CTPOKa
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He COIEPKUT BHYTPpEHHNE CUMBOJIbBI [[BOfIHbIX KaBbIY€K; B 9TOM CJIy4ae NCII0Jb3YyIOTCA
ofrHapHble KaBbiuku. Jlomyctum, daiis yourScript.py coiepsKuT cieytonuii (hparMenT:

'Hello'

"Hello"

'Al\'s cat, Zophie.'
'Zophie said, "Meow™'
"Zophie said, \"Meow\
'''Hello"'""'

-+~ QN T w
1}

[Tocse mpumenenust Black daiin yourScript.py 6yzer ordhopMaTupoBaH CJIeayonmm
obpaszoM:

a = "Hello" @

b = "Hello"

c = "Al's cat, Zophie."

d = 'Zophie said, "Meow"' (2
e = 'Zophie said, "Meow"'

f = """Hello""" ©

B pesyasrare npumenenus Black ¢ mactpoiikamu 1BOIHBIX KaBbluek Koz Python Gyzer
MOXO’K Ha KO/, HAMMCAHHBINM Ha JIPYTUX A3bIKAX MPOrPAMMHUPOBAHMS, TI¢ CTPOKOBbIC
JUTEPAITBI YaCTO 3aKII0YATOTCS B ABOHHBIE KaBBIYKH. OOpaTiTe BHUMAHNE: CTPOKH
IepeMEeHHbIX a, b 1 ¢ NCIOJIB3YIOT IBOIHbIE KaBblyKky. CTpoKa IlepeMeHHOI d coxpaHseT
UCXO/HbIE OJIMHAPHBIE KaBBIUKHU, YTOOBI M36€KATh NCUE3HOBEHUS JBOIMHBIX KaBbIYEK
B cTpoke @. O6parure BauManue: Black takske mcrnosnb3yer [BOIHDIE KABBIYKHU JJIsT
MHOTOCTPOYHBIX TeKCTOB Python, 3ak/I0ueHHBIX B TPOITHBIEC KABBIUKH ©.

Ho ecjiit BbI XOTHTE, UTOOBI BAIIIN CTPOKOBBIE JIUTEPAIBI OCTAIICH B TOM BH/IE, B KOTOPOM
OHU OBLIM HAMHCAHBI, & TUT UCTTOJIb3YEMBIX KaBblUek He uaMeHsics, nepemaiite Black
KJII0Y KOMaH/[HO#T cTpoku -S (o6paTute BHUMaHue: 6ykBa S B BepxHeM peructpe). Ha-
npumep, npu npumeHennn Black k ucxomaromy daiiay yourScript.py B Windows Oymer
TIOJTy9€eH CIEYIONII Pe3yIbTaT:

C:\Users\Al>python -m black -S yourScript.py

All done!
1 file left unchanged.

Tax:xe MOKHO MCTIOTB30BATh KIIOUN JJIMHBI CTPOKN -lu-SB OZIHOﬁ KOMaH/I€e:

C:\Users\Al>python -m black -1 120 -S yourScript.py

Mpeasaputenshbiii npocmotp usmenennii, sHocumbix Black

Xotst Black #e mepenMeHoBbIBaeT iepeMEHHbBIEC U HE U3MEHSET paboTy MPOrpaMMBl,
BO3MOJKHO, BaM He TIOHPABSITCSI CTUJIEBbIe U3MeHeHus1, ipe/ioskenHbie Black. Eciu Bor
XOTHUTE OCTaBUTh UCXOAHOE (POPMATHPOBAHHE, TO JIMOO UCTIOJIB3YITE MEXaHU3M KOHTPOJIST
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BEPCHil /1T UCXOMHOTO Ko/, 1100 co3maBaiiTe pe3epBHbIE KOIUU CAMOCTOSTEIbHO.
Taxke MOKHO IPOCMOTPETh U3MeHeH U, KoTopble BHeceT Black, 6e3 paxTuyeckoro us-
MeHeHust GaiiyioB; 1Jist aTOro cienyeT 3amyctuTh Black ¢ kiouoM KoMaHIHOI CTPOKK
--diff. B Windows 3TO BBITJIINT TaK:

C:\Users\Al>python -m black --diff yourScript.py

ITa KOMaH/a BBIBOANUT pazyinyusd B hopmate diff, KOTOPBIN 9acTO UCIIOIb3YETCS CH-
cTeMaMu KOHTPOJIST BEPCHiA, HO yaobounTaeM st Jrozeil. Harpumep, eciri yourScript.py
COZIEP/KUT CTPOKY weights=[42.0,3.1415,2.718], IpU BBINOJHEHUHU C KJIIOYOM - -diff
OyzeT BbIBEIeH CJICAYIOIINI pe3y IbTaT:

C:\Users\Al\>python -m black --diff yourScript.py

--- yourScript.py 2020-12-07 02:04:23.141417 +0000
+++ yourScript.py 2020-12-07 02:08:13.893578 +0000
@@ -1 +1,2 @@

-weights=[42.0,3.1415,2.718]
+weights = [42.0, 3.1415, 2.718]

3HaK «MUHYC» 03HauaeT, uTo Black yzanut crpoky weights=[42.0,3.1415,2.718] u 3a-
MEHUT ee CTPOKO, KOTOPasi BBIBOAUTCSA C TPEDUKCOM «ILIIIOC»: weights = [42.0, 3.1415,
2.718]. YuTure, 4TO IOCJIE TOTO, KaK BbI 3amycrute Black nia usmenenus daiinos ¢ uc-
XOJIHBIM KOJIOM, OTMEHUTh BHECEHHBIE M3MEHEHMsI YKe He yaactest. Heobxoaumo 6o
CO3/IaTh Pe3ePBHBIE KOTMH BAIIETO UCXOHOTO KO/A, TMO0 BOCTIOIB30BATHCS CHCTEMOT
KOHTpOJIsT Bepenil (Takoii kak Git) mepes samyckom Black.

Otxmoyenne Black ANg oTAeNbHbIX YacTei KoAa

Kaxum 6bI 3aMedaTesibHbIM HI ObLT mHCTPYMeHT Black, Bo3M0OsKHO, BbI He 3aX0THTE,
4yT06BI OH (hOPMATUPOBAJI HEKOTOPBIE YacTH Ballero Kojga. Hanpumep, g npeamounTaio
CaMOCTOSITEJIBHO PACCTABJIATH OTCTYIIBI B PaseiaX, I/ie s BbIPaBHUBA0 HECKOJIbKO B3a-
UMOCBI3aHHBIX KOMAH]| IPUCBAMBAHMSL, KaK B CJIEAYIOLIEM IIPUMEpE:

# KOHCTaHTbl ANnA pa3HbiX MHTEpBaNOB BpeEMEHU:
SECONDS_PER_MINUTE 60

SECONDS_PER_HOUR = 60 * SECONDS_PER_MINUTE
SECONDS_PER_DAY 24 * SECONDS_PER_HOUR
SECONDS_PER_WEEK 7 * SECONDS_PER_DAY

Black yAaanuT JOITOJITHUTEIIbHbBIE HpO6e]IbI nepes ormepaTtopoM ImprucBanBaHUA =, OTYETO
OHH, ITO MOEMY MHEHHUIO, 6leyT XYysK€ UUTATbCA:

# KOHCTaHThI ANA pa3HbIX UHTEPBAJIOB BpPEMEHU:
SECONDS_PER_MINUTE = 60

SECONDS_PER_HOUR = 6@ * SECONDS_PER_MINUTE
SECONDS_PER_DAY = 24 * SECONDS_PER_HOUR
SECONDS_PER_WEEK = 7 * SECONDS_PER_DAY
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JlobaBuB koMMeHnTapuu # fmt : of f 1 # fmt : on, MoxxHO 3anpetuts Black hopmaTuposanme
CTPOK B 3TOM (hparMeHTe, a 3aTeM IPOIOJIKHUTD €T0:

# KOHCTaHTbl ANnA pa3HblX MPOMEXYTKOB BpeMeHW:

# fmt: off

SECONDS_PER_MINUTE = 60

SECONDS_PER_HOUR = 60 * SECONDS_PER_MINUTE
SECONDS_PER_DAY = 24 * SECONDS_PER_HOUR
SECONDS_PER_WEEK = 7 * SECONDS_PER_DAY

# fmt: on

Teneps 3anyck Black ayist atoro ¢aiia He npuBeser K U3MEHEHUIO OTCTYIIOB (M JIIO-
6oro apyroro GopMaTHPOBAHUsI) B KOJE MEXKAY STUMHU JABYMs KOMMEHTAPUSIMHU.

Utorn

Xorts xoportiee (hopMaTUPOBAHKE JIIOIU YaCTO HE 3aMevaloT, IJ10xXoe (hopMaTUPOBaHNE
BbI3bIBaeT pasapaskenue. CTU/Ib — HOHATHE CyObEKTUBHOE, HO Y Pa3pab0TYNKOB 00BIUHO
BbIPa0ATHIBAIOTCS OOIINE IPEACTABIEHUSI O TOM, YTO CUUTATh XOPOIIUM WJIM ILJIOXUM
(hopmaTupoBaHuEM; IPU HTOM, KOHEYHO K€, OCTAETCSI MECTO JIJIST JINYHBIX TIPEATIOYTEH U,

Cunrakcuc Python gocrarouno ru6ok B TOM, 4TO KacaeTcs cTuist. Eciy Bbl nuimere
KOJI, KOTOPBIN HUKTO HUKOTJIA HE YBU/IUT, BBI MOJKETE TTUCATD €TO TaK, KAK BaM HPABUTCS.
Ho paspa6otkoii ITO uvarie Bcero saHuMarTcsd B kKoMaHze. PaboTaere i BbI € APYTUMU
MPOTPAMMKCTAMHU HAJ[ TIPOEKTOM WJIH ITPOCTO XOTUTE TIOTMPOCKUTH H0JIEE OTIBITHBIX KOJLJIET
OIIEHUTB BaIiry paboTy, BAKHO 0T(OPMATHPOBATD KOl B COOTBETCTBUY € OOTIETPUHI THIMI
PYKOBOJICTBAMH TIO CTHJIIO.

DopmarrupoBaHue Koja B PEAKTOPe — MOHOTOHHAst paboTa, KOTOPYI0 MOKHO aBTOMa-
TH3UPOBATh TAKUM MHCTPYMeHTOM, Kak Black. B aToii riiaBe paccMoTpeHbl HEKOTOPBIE
npaBmJIa, KOTopbiM ciieyet Black, auis Toro uto6sr caenath Bair Koz 6osee yaobountae-
MBIM: BEPTUKAJIbHbIE U TOPU3OHTATILHBIE OTCTYIIbI, 4UTOOBI KOJI He OBLI CJIUIITKOM MJIOTHBIM
Y XOPOIIIO YHATAJICS, ¥ OTPaHUYECHUE JTTHHBI Kask101 cTpokw. Black cireut 3a coburonernem
ATHX NIPABIJI 32 BAC, YTO IPEAOTBPAIIAET BO3BMOKHBIE CTUJIEBBIE PA3HOTJIACHS C KOJIJIETAMH.

OnHako CTHIIb TIPOTPAMMUPOBAHUS He CBOAUTCS K MTPUMEHEHIIO OTCTYTIOB ¥ BEIOOPY
MEX/y OZIMHAPHBIMU U JIBOMHBIMU KaBblyKaMu. Harpumep, ucrosibzoBanue conepsa-
TEJIbHBIX MEH TIEPEMEHHBIX TAK/KE SIBJISIETCSI KPUTUIECKUM (DAKTOPOM yI060UUTAEMOCTH
Kofa. VI XOTs Takue aBTOMATU3UPOBAHHbIE MHCTPyMeHTHI, Kak Black, MmoryT mpuanmats
CUHTAKCHYECKIe PerteHvst (HalprMep, BBIOGUPATh YHCI0 OTCTYTOB B KOJIE ), OHU HE CTIO-
COOHBI MPUHUMATH CEMAHTUYECKUE PEIIEHUsT — CKasKeM, HACKOJBKO YAAuHO BHIOPAHO
uMs iepeMeHHON. 3a 310 oTBevaere Bbl. O6 3TOM MBI TIOTOBOPUM B CJIEYIOIIEN TIaBe.
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Bbi6GOp NOHATHbLIX UMEH

«B mporpaMMupOBaHUE €CTh TOJILKO JIBE CTIOKHBIE TIPOOJIEMBI —
BBIOOP MMEH, aHHYJIMPOBAaHKE K3IIa 1 OMMOKK CMEIeHUs Ha
eIMHUILY» — 9Ta KJIACCUYECKast Iy TKa, TIPUHChiBaeMast JIeony
Bam6puxy (Leon Bambrick) u ocnoBanmnas ma BhICKa3blBaHIK
®ua Kaparona (Phil Karlton), cogepskut 3epHO HCTHHBL TPYAHO
npuAyMaTh Xopoume uMeHa ((hopMaIbHO HasbhIBaeMbIe UOEHMUDU-
Kamopamiy) JJist TIepeMeHHBIX, (DYHKINH, KJIacCOB U BOOOIIE YeTO YIOHO B MPOrpaM-
MupoBanuu. KoMnakTabie, copepsKaTeIbHble UMEHA BasKHbBI JJIsA YA000UUTAEMOCTH
Bareit mporpamMmbl. TeM He MeHee 9TO MPOIIEe CKA3aTh, YeM ClleTaTh. ECIU BbI mepees-
sKaeTe B HOBBIN JIOM, MOKHO MOMETHUTH BCe KOPOOKM HaAIMChIo «Bapaxmo» — Haanmuch
KOMIIaKTHas1, HO He cojepskaresbas. HasBaHve KHUMH 10 TiporpamMMupoBanuio «Kak
cO3/1aBaTh COOCTBEHHbBIE KOMIIBIOTEPHBIE UTPBI Ha s3biKe Python» — comepikarenbroe,
HO He KOMITAKTHOE.

Eciu BbI nuiiiere He «0HOPA30BbIi» KO, KOTOPbII BbI He COOUPAETECh COPOBOKIATD
OCJIe OTHOKPATHOTO 3aITyCKa IIPOrPAMMBbI, BAM CTOUT ITOYMaTh Ha/l BHIOOPOM XOPOTITIX
MMeH B Baltieii mporpamMe. [Ipemosoxum, BbI TPOCTO TPUCBOUIIN TIepeEMEHHBIM NMEHa a,
b 11 ¢, 3HAUNT, BaM B OyLyIIeM IIPUAETCS IOTPATUTD JIUITHUAE YCUIHS, YTOOBI 3alIOMHKTb,
TS 4eTO TIPETHA3HAYAINCH 3TH ITePEeMEHHBIE.

Boi60p uMeH — cyObeKTUBHBIN BHIOOP, KOTOPBIiL JIe/lacTe UMEHHO Bbl. ABTOMATU3H-
poBanHbIe cpenctsa hopmarnpoBanus (Takue kak Black w3 rmassr 3) He cmocoOHbI
PEINTD, KaK TOJKHBI HA3bIBATHCS BAllld MIepeMeHHbIe. B 9Tol TTaBe s paccKaKy, Kak
BBIGPATH «XOPOIITE» UMEHA M U36eTaTh «IIoXux». Kak 06bI4HO, MO PEKOMEH/IAIIN Y He
BBICEUEHDI B KAMHE; PYKOBOJICTBYHTECH 3/IPABBIM CMBICJIOM, YTOOBI PEHINThH, KOT/[A CTOUT
MIPUMEHSITD UX B BallleM KOJIE.
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METACUHTAKCUYECKUE MEPEMEHHbIE

MeTacHHTaKCHYECKHUE TIEPEMEHHBIE 0OBITHO UCIIOB3YIOTCS B yUeOHUKAX MU (hpar-
MEeHTaX Kojia, Koraa HeoOxXoaiuMo 0600IeHHoe nMst iepeMeHHoil. B Python B Tex
TIePEMEHHBIX, /1T KOTOPBIX NMeHA HeCYTIeCTBEHHBI, YaCTO UCIIOIB3YI0T MMEHA Spam,
eggs, bacon u ham. TTo aT0ii MpUYKHE S TPUMEHSTIO UX B TIPUMEPAX KOJIA B KHUTE,
HO He GeprTe WX JIJIST PEAIbHBIX ITporpamm. MIMeHa mpoucxost us ckerda «Cram»
rpymmbl Monty Python (https://en.wikipedia.org/wiki/Spam_(Monty Python)).
MeTtacHHTaKCHIECKUM TIEPEMEHHBIM TAK/KE YacTO TTPUCBAMBAIOT MMeHa foo u bar.
Onu npoucxoaT ot ciaerroBoro cokpamienuss FUBAR, koTopoe ncrosb3oBaim
conzatel apmun CIIIA Bo Bpemena Bropoit MupoBoii BOIHBI, KOT/Ia XOTEIH CO-
OOIINTh, UTO CUTYAITUS «|yIenana] 1o MOJTHON Hey3HaBAEMOCTH .

Cxembl peructpa umeH

Tax xax B upeHrtudukaropax Python pasmiuaercst peructp CHMBOIOB U OHU HE MOTYT
COEPKATD TIPOOETHLHBIE CHMBOJIBI, TPOTPAMMUCTBI HCTIOIB3YIOT HECKOIBKO CXEM B UJICH-
TUDUKATOPAX, COCTOSIIUX U3 HECKOIBKIX CJIOB.

® 3meunwviii peeucmp (snake_case) pasjiesisgeT CJIOBAa CUMBOJIOM TTOJYEPKUBAHMUS,
KOTOPBIH HATIOMUHAET MOJ3YIIYI0 MEXK/IY CI0BaMu 3Melo. B aToMm ciydae Bce
GYKBBI 3AMUCHIBAIOTCS] B HIJKHEM PETHCTPE, & KOHCTAHTHI YACTO 3aMUCHIBAIOTCST
B 8epxrem ameurom pezucmpe (UPPER_SNAKE_CASE).

® Bepb6moicuii pezucmp (camelCase) — cJIOBa 3aTUCHIBAIOTCS B HUYKHEM PETUCTPE,
HO BTOPOE ¥ CJIE/YIOIINE CI0BA HAUMHAIOTCS C 3arJIaBHOMN. JTa cxeMa B OOJIbIITIH-
CTBE CJIy4aeB MOJPa3yMEBAET, UTO MEPBOE CIIOBO HAUMHAETCSI ¢ OYKBBI HUKHETO
perucTpa. ByKBbI BEPXHETO PETHCTPA HATTOMUHAIOT BEPOJIIOKBI TOPOBI.

e Cxema Pascal (PascalCase) — Ha3BaHa TaK, IIOTOMY UYTO MPUMEHSIETCS B SI3BIKE
mporpammvupoBamst Pascal; anamorndia cxeme BepOIIO/KBETO PETHUCTPA, HO TIEPBOE
CJIOBO B Hel TOKe HaYMHAeTCs ¢ 3arJIaBHOI.

Boibop peructpa otHOCHTCS K 061acTi (hOPMAaTUPOBAHUS KOJIA, 06 9TOM 5T PACCKA3bIBAI
B riaBe 3. Ha mpakTuke yaiie BCero BCTpeyaioTcst SMeMHbIN 1 BepOJI0sK i periucTpbl. Bbl
MOJKETE MCTIOb30BATE JTI0OYIO CXEMY, HO B O/IHOM TIPOEKTE — TOJIBKO OJTHY, a He 00e cpasy.

CornaweHus o6 umerHax PEP 8

B noxymente PEP 8 (rnaBa 3) mpuBenieHbl HeKOTOPBIE TIpaBuia (hOpMUPOBAHNS TMEH
B Python.



Tlgm: @it_boooks

[nuHa umeH 87

e Bce 6ykBbl goxkubl 0bTh OykBamu ASCII — To ecTh JaTuHCKUMU OyKBaMU
BEPXHETO U HUKHETO PErHCTPOB 6e3 ANaKPUTHYECKIX 3HAKOB.

e lImeHa MOJyJIel IOJKHBI OBITH KOPOTKIMU U COCTOSITH TOJBKO U3 OYKB HIZKHETO
perucrpa.

e llImena kinaccoB HeO6XOlII/IMO 3almcbBaTh B cxeme Pascal.
e llmena KoHCTaHT CJIEAYCT 3allMCbhIBAThb B BEPXHEM 3MEMHOM PETHUCTPE.

e llmena dyHKIUMIT, METOJ0B U IIEPEMEHHBIX 3alIUCBIBAIOT B HUJKHEM 3MEHMHOM
perucrpe.

e IlepBblii apryMeHT METO/IOB BCer/la I0J)KEH Ha3blBaThCsl self B HUXKHEM PerucTpe.

e [lepBbiil aprymMeHT METOIOB KJIACCOB BCET/la I0JIKEH HAa3bIBaThCS cls B HIKHEM
peructpe.

e TlpuBarHbIe aTPUOYTHI KIACCOB BCET/[A HAUWHAIOT C CUMBOJIA TToTuepKuBanust (_).

o Ily6smunblie aTPUOYTHI KJIACCOB HIUKOT/IA He HAYMHAIOT ¢ CHMBOJIA TIOTYEPKUBA-
Hus (_).

ITpu HEOGXOMMOCTH BBl MOKETE M3MEHSITH WJIN HApPYIIaTh 9TH TpaBusia. Hampumep,
XOTSI AaHIJIMICKUI SI3bIK IOMUHUPYET B IPOrPAMMUPOBAHUM, B MAEHTU(PUKATOPAX MOKHO
HCIIOJIb30BATh CUMBOJIBI JTIIOOBIX A3bIKOB: KOMaHAa = » B’ = —4 — = "laptop"' aBideTCA
CHHTaKCHYECKHU JelcTBUTENbHBIM KogoM Python. Kak BbI BuznTe, MOU MpeAnouTeHMsI
B 00J1aCTH MIMEH MepeMeHHbIX mpoTrBopedar PEP 8, 1oToMy 4To g 1cioib3yio BepoIio-
KU peructp BMecTo 3MenHoro. PEP 8 comep:xuT HarToMrHaHME O TOM, 9TO TIPOTPAMMUCT
He 00st3aH HEYKJIOHHO cienoBath PEP 8. Baxkueliuuii (haktop ynob0unTaeMocT — He
BBIOOP CXEMBI, a TIOCJIEA0BATEIbHOCTD B IIPUMEHEHUHU HTON CXEMBbI.

C paznenom «Naming Conventions» nokymenta PEP 8 MoskHO 03HAaKOMUTBCS 110 ajipecy
https.//www.python.org/dev/peps/pep-0008,/ #naming-conventions.

AOAnvHa umeH

O‘{eBI/II[HO, nMeEHa He JOJIKHbBI OBITH CIUIITKOM KOPOTKUMU WUJIN CJIMITKOM JIJTUMHHBIMU.
IIJII/IHHbIe NMeHa IepeMEHHbIX YTOMUTE/IbHO BBO/IUTb, A KOPOTKNE MOTYT ObITb HEIIOHAT-
HbIMHI NJIN HGBI/IH(bOpMI/IpyIOHII/IMI/I. Ho Tax kax KO/l YU TAIOT Yallle, 4YeM IUIILYT, Jy4dllle
BCe€-TaKH 3a/laBaTb 6oJee JUIMHHBbIEC UMCEHA ITIEPEMEHHBIX. PaCCMOTpI/IM ITPpUMEDPBDI.

Cnuwkom KopoTKHe HMeHa

Camast pacpocTpaHeHHast OmiOKa TIpU BHIOOPE UMEH — CYTEPKOpoTKre nMeHa. OHu
3a4aCTyIO KaXKyTCs BaM IIOHSITHBIMI, KOT/IA BbI BIIEPBbIE UX 3AIIICHIBAETE, HO BHI MOJKETE
3a0BITh UX TOYHBIN CMBICJI Y€PE3 HECKOJIBKO THEH UJTH He/lesib, PAacCMOTPUM HECKOJIBKO
Pa3HOBUHOCTEH KOPOTKUX UMEH.



Tlgm: @it_boooks

88 Fnaea 4. BuiGop NoHATHLIX UMEH

e OjHo- uan aByXOyKBeHHoe uMsi (HalprMep, g), BEpoSTHO, 0003Ha4aeT KaKoe-TO
CJIOBO, HAYMHATOIIEECS € ATOH OYKBBI, HO TAKUX CIOB 0OY€Hb MHOTO. COKpATIEHTIST
U OHO-IBYXOYKBEHHbIE IMEHA JIETKO 3aMNCATh, HO OHU TIOXO YUTAIOTCS. ITO
3aMeYaHue OTHOCUTCS U K CJIeAYIOIEMY ITyHKTY.

e CoxkpallleHHbIe HMEHA BHa mon — MOTYT O3HayaTh monitor, month, monster
1 MHOKECTBO JIPYTUX CJIOB.

e Ilms u3 oaHOrO €I0Ba — HarpuMep, start (Hayaui0) — MOXKeT TPAKTOBATbC 110-
pasHoMmy: Hayaso yero? IIpu oTCyTCTBUM yTOYHEHUS APYTHE JIIOAN BaC BPSL JIN
MONUMYT.

OxHo- 1 AByXOYyKBEHHbIE UMEHA, COKPALeHUs WK OJAHOCJOBHbIE MMeHAa MOIYT ObITh
MTOHSTHBI BaM, HO BCeT/a CJeyeT TOMHUTD, YTO IPyTHe MPOTPaMMUCTBI (M1 JKe BB
caMu yepe3 HECKOJIbKO HeJlesIb) BPSI/L JIU TIONMYT UX CMBICII.

B oTiesbHBIX corydasix KOpOTKUE UMeHa TIePEeMEHHbIX BIOJIHE omycTuMbl. Harpumep,
UMsI 1 9acTO UCTOIB3YETCs ¢ TIEPEMEHHBIMU ITUKJIOB for, epebUPaIoNUX [Hama30Hb!
yuces WK WHJEKCOB CIUCKa, a j 1 k (ciaepyiomiue 3a i B andaBUTHOM MOPSIJIKE) HC-
MOJIB3YIOTCST C BIOKEHHBIMH ITUKIAMIL

>>> for i in range(10):
for j in range(3):
print(i, j)

P OO
ONKF O

Erite ofiHO mckITioyeHie — UCTOMb30BAHIE X U y IS IEKAPTOBBIX KOOPAWHAT. B 60Jb-
IIUHCTBE JIPYTUX CIYYAEB 51 HEe PEKOMEH/IYIO IPUMEHSITh OJJHOOYKBEHHbBIC NMEHA TIepe-
MEHHBIX. XOTsI, JOIycTUM, w 1 h 1151 mpunsl (width) u Beicorsr (height) wnm n gy yncna
(number) MoryT co6Ja3HUTD BAC KPATKOCTBIO, IPYTHM 9TO MOKET ObITH HE OUEBH/HO.

Cnnwxom AJIMHHbIE UMEHa

Kak npasuiio, yeM GoJiblne 06JacTh BUAUMOCTH UMEHH, TeM 0oJjiee COLepPIKaTeIbHbIM
OHO JOJIKHO ObITh. KopoTkoe umsa (Hampumep, payment) XOpOLIO HOAOIAET IJIsd JIO-
KaJbHOU MepeMeHHON B OAHON KOPOTKOW (yHKInn. OHAKO UMS MOXKET 0Ka3aThCs
HEJI0CTATOYHO COJIEPKATETbHBIM, €CJIM UCTIOJB30BATh €10 JJIS TJI06ATbHON TIepEeMEHHOIT
B 10 000-cTpOYHOI IIpOrpaMMe, IOTOMY YTO B TAKOU IIPOrpaMMe MOTYT 0OpabaThiBaThCsI
pasIMYHble BUABI IUIATEKHBIX JAHHBIX. B Takoil cuTyanuu JIydiie UCIoab30BaTh 6oJiee
cozepsraresibHOe NMdA salesClientMonthlyPayment uin annual_electric_bill_payment.
[lomiosTHUTE/IbHBIE CJIOBA B UMEHHU YTOUYHSIOT CMBICT U YCTPAHSIOT HEOJTHO3HAUYHOCTD.
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Jlyuiie sivinnue nosicHeHust, ueM nx Hexsatka. OIHAKO CYIIECTBYIOT PEKOMEH/ AT JIJIsT
OIpe/iesIeHHsI TOTO, KOra HeoOXoAuMbl GoJiee JIMHHBIE IMEHA.

( )

H NMPMNCKWUT BKB B CBM K[

He nponyckaiite 6ykBbl B cBoeM Koje. XOTsI TPOIYIEHHbIE OYKBbI B UMEHAX
ObLIN TIOILYJISPHbI B A3biKax mporpammupoBarus C 10 1990-x rogos — Hampu-
Mep, memcpy (memory copy ) nan stremp (string compare) — OHU CO3/1A10T TIJI0XO
YUTAEMBII CTHJIh BBIOOPA UMEH, KOTOPBIN He CTOUT UCII0JIb30BaTh CeroHs. Eciiu
1IMSI HeJIb3s JIETKO IIPOM3HECTH, €T0 He Y/IaCTCS JIETKO TOHATb.

Kpowme Toro, crapaiitech HCMOIB30BaTh KOPOTKUE (hpasbl, ¢ KOTOPHIMHU Bl KOJL
ynTaeTcs Kak 00braHbIi Teket. Hampumep, mmst number_of trials unraercs syaie,
yem number _trials.

Mpedukcvl B menax

[Tpedukcsl B uMeHax HHOTAA M30bITOUHBL. Harpumep, eciin y Bac ectb Kjace Cat ¢ aTpu-
GyToM weight, oueBHIHO, uTO weight (Bec) oTHOCHTCS K Kotnke (cat). Takum oOpasoM,
M catWeight 6y[[eT CJTUTIIKOM TIOJIPOOHBIM U JITTUHHBIM.

AHanornyHbIM 06pPa30M YCTAPEBIIEH CUNTACTCS 6eH2EPCKASL 3ANUCH — TIPAKTUKA BKITIO-
YeHMs COKpallleHud Tulla JaHHbIX B uMeHa. Hanpumep, uMms strName ykasbiBaeT, 4yTo
nepeMeHHas COJePKUT CTPOKOBOE 3HaYeHue, a iVacationDays — 4TO IlepeMeHHas Co-
nepxuT 1esoe urcsio. Coppemennbie s3biku 1 IDE MoryT IpeiocTaBuTh IPOTPAMMUCTY
uH(MOPMAIHIO O TUIIE JaHHBIX 0e3 3THX MPe(UKCOB, TOITOMY BEHTEPCKASI 3AMUCH CUH-
TaeTcsl U3JIMIIHEN B Hallle BpeMm:A. Ecnu Bbl Bce €l1e BKJ/II04YaeTe TUIIbI JJaHHbIX B IMEHa
HepeMeHHbIX, 10Pa 0TKA3aThCs OT ATOW ITPUBBIYKH.

C npyroii cTopoHbI, TpeUKCH is U has y epeMeHHBIX, COIEPIKAIINX JIOTHIYECKHE 3Ha-
yeHust, uin (GyHKIIUN U MEeTO/I0B, BO3BPAIIAIONINX JIOTHYECKIEe 3HAYEH WS, JIeJIal0T ATH
nuMeHa 6oJiee MOHATHBIMU. PaccMOTPUM IIpUMep MCII0JIb30BaHUs IEPEMEHHOMN ¢ UMeHeM
is_vehicle u MmeTosa ¢ UMeHeM has_key():

if item_under_repair.has_key('tires'):
is_vehicle = True

C meTosioM has_key () u iepeMeHHOl is_vehicle 3TOT KO/l YNTAETCS KAK €CTECTBEHHAs
(dpasa: «if the item under repair has a key named ‘tires,” then it’s true that the item is a
vehicle» (ecaut y peMoHTHPYEMOTO 0OBbEKTa UMEETCsT KJTI0Y ¢ UMEHEM ‘tires’, ciiesioBa-
TEJHHO, TO TPAHCIIOPTHOE CPEICTBO).

Taxoke BKIIOYEHHE €IMHUL] U3MEPEHUSI B UMEHA MOJXKET [1PeIOCTaBUTh I10JIE3HYIO UH-
opmarmio. [lepemennast weight, B KOTOPOIi XpaHUTCS 3HaYEHUE C IIIABAIOIIEH TOUKOI,
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HEOJIHO3HAUHA: B UeM u3MepsieTcs Bec — B yHTAX, KUjorpaMMax uind ToHHax? Mu-
dhopmaitust 00 eMHATIAX U3MEPEHUST HE SIBJISIETCS] TUTIOM JIAHHBIX, TI03TOMY BKJIIOUEHUE
npedukca nim cyddukca kg nimm 1bs Heb3sT CYNTATh BEHTEPCKOH 3anmnchio. Ecin BbI
He UCI0JIb3yeTe TUII IAHHBIX, IIpeIHa3HaYeHHbIN CIIeIUaIbHO /I XpaHeHUs Beca U CO-
JepsKaIui I/IH(bopMaumo 0 eIMHUIAX U3MePeHud, UM IIepeMeHHON Buia weight_kg
OKa3bIBAETCS BIIOJIHE Pa3yMHbBIM. BertomuuTe, uto B 1999 romy aBTOMaTM3UpOBAHHbII
kocmuueckuii 30u1 Mars Climate Orbiter 6bLT TOTEPsTH M3-3a TOTO, YTO MPOTPAMMa,
paspaboTantasa GupMoil «JIokxua-MapTuH», BbIIOJHSIA BBIYUCAEHNS B eIUHUIIAX,
NpUHATHIX B BenukoOpuTanuy, Torga kak 8 NASA nCII01b30BaIach METpUYECKAsT CU-
cTeMa M 9TO IPUBEJIO K olnbKe B pacuere TpaekTopuu. I1o umeroeiics nudopmaun
CO3/IaHIe KOCMUYECKOro armapaTa 000IIoch B 125 MUIJIOHOB J10JIJIAPOB.

MocnepoBarenbHbie YncnoBbie cyGPurcol B UMeHax

[TocaenoBatenbHble YrcaoBbie Cy(hPUKCH B IMEHAX YKa3bIBAIOT Ha TO, YTO BaM, BO3-
MOKHO, CTOUT U3MEHUTH THUII JIAHHBIX [T€PEMEHHON WJIN BKJIIOYUTD JIOTIOJHUTEITBHYIO
uHbopmMario B uMst. Hucsia camu 1o cebe, Kak IPaBuJIo, He IIPeJOCTaBJISIOT J0CTaTOYHOI
uHdopMaIyu, YT00bl UMeHa MOKHO OBLIO OTJUYNUTD APYT OT JPyTa.

Nwmena mepeMeHHBIX BUa paymentl, payment2 u payment3 He COOOIIAIOT YUTATEIIO
KOJIa, YeM OHU Pa3InvaioTcst. BO3MOKHO, TIPOrPAMMHECTY CTOUT IIPEOGPa30BaTh 9TH TPU
repeMeHHbIe B OJINH CITUCOK WJTH TePEMEHHYIO-KOPTEK C UMEeHeM payments, B KOTOPOH
XpaHATCSI TPU 3HAUECHUSI.

Dyukiun Busa makePaymentl(amount), makePayment2(amount) u T. /., BEPOSITHO, CTO-
uT 1peobpasoBarb B 04HY (QYHKI[UIO, KOTOPas OJIyYaeT HeJ0YNCACHHBIN apryMeHT:
makePayment (1, amount), makePayment (2, amount) u T. 1. Ecoiit a1t pyHKIIMHM 062 1210T
Pa3HbBIM TIOBe/IEHUEM, OTIPAB/IBIBAIOIINM OIpejieleHne OT/AeIbHBIX (DYHKIN, CMBICI
yuceJl 10JKeH ObITh OTpa’kKeH B UMEHU, HallpuMep: makeLowPriorityPayment (amount)
u makeHighPriorityPayment (amount) niu makelstQuarterPayment(amount) u make2n
dQuarterPayment(amount).

Ecmm Yy BaC UMEETCA BECKasd ITPpUInHa /1151 BbI60pa MeH C ImocjieJ0BaTe/IbHbBIMU YK CJIO-
BbIMU Cy(b(bI/IKCB.MI/I, HUYTO He MeIIaeT BaM MX UCIT0JIb30BaTh. Ho ecyin BbI 3a/1aeTe Takue
NMEHa, 4yTOOBI He 3a/IyMbIBaTbCsA JIATTHU I pa3, BaM CTOUT II€EPECMOTPETH CBOM TIOJXO/I.

Boibupaiite uMeHa, npUroaHbie Ass NOUCKA

Bo Bcex nporpaMmax, KpoMe caMbIX KOPOTKHUX, BaM, BEPOSITHO, MTPUIETCS BOCIIOJIB30-
BaThCs pelakTopoM win yHKined moucka (Ctrl-F) 8 IDE, uro6bI HAliTH yIOMUHAHS
nepeMeHHbIX 1 GyHKini. Eciu Bbr Oyzere BHIOMpaTh KOPOTKUE, 0000IIEHHbIC HMEHA
HepeMeHHBIX (HalpuMep, num WX @), Bbl HaBEPHSIKA ITOJIyYNTE PSIJ| JIOSKHBIX COBIA/ICHUI.
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Yr06b1 MMs1 OBLIO HaliIeHO HEMEIEHHO, CO3JaBaiiTe yHUKaIbHbIE IMEHA ¢ OoJ1ee JIIH-
HBIMU MUMEHAMU TIePEMEHHBIX, KOTOPBIE COIEPKAT KOHKPETHYIO MH(MOPMAITHIO.

B nexoropsix IDE peanusosatbl cpeacTBa peakTOpUHTa, ClIocOOHbIe MAEHTU(MUIUPO-
BaTh MMeHa Ha OCHOBAHWH UX MCIIOJb30BAaHUA B Bariel mporpamme. Hampumep, gacto
BCTpevaeTcss (PYHKIM «IIepenMeHOBaHM», CIIOCOOHAsI OTJIMYATh IIEPEMEHHBIE C Me-
HAMU num 1 number UJIK JIOKAJIbHYIO IIEPEMEHHYIO num OT IJI06aIbHOM epeMeHHOM num.
OpHako BaM cJjiefyeT BBIOMparh MMeHa Tak, CJIOBHO 9TH MHCTPYMEHTHI HEJOCTYITHBI.

Eciu Bbl OyjeTe moMHUTH 00 9TOM IIpaBuiie, BaM OyeT [poiie BbiOUpaTh copepsKa-
TeJIbHbIE MMEeHa BMeCTO 06001IeHHbIX. M email CAMIIKOM MHOTO3HAYHO, TIOITOMY
Jydiie BeIGpaTh GoJiee cogeprkaTebHOe MMsL: emailAddress, downloadEmailAttachment,
emailMessage, replyToAddress u T. 1. Takoe UM He TOJIbKO O0Jiee TOYHOE, HO €r0 mpoiie
HalTU B UCXOTHOM KOJI€.

Usberaiite wyTtok, kanambypos
M KYJbTYPHbIX OTCbINIOK

Ha otHOM 13 MOMX TIPEIBILY X MecT paboThl KoztoBast 6aza coaepskana (hyHKIMIO C UMe-
HeM gooseDownload(). S TOHATHS He MMeJ, YTO ATO 0O3HAYAIIO, TOTOMY YTO TTPOAYKT He
MIMEJT OTHOIIICHUST HU K IITUIIAM, HU K 3arpyske ITHIl (goose = «rychb» ). Koraa st obparuicst
K GoJIee OITBITHOMY KOJIJIETe, KOTOPbII KOT/Ia-TO HAITKCAI 3Ty (DYHKIIUIO, OH OGBSICHILI, 4TO
CJIOBO OOSE B IAHHOM CJIydae ObLIO IIIaroJoM. ITOTo s ToKe He MoHsT. EMy npumioch
naJbiie oObICHATD, YTO BhIpaskeHue goose the engine us skaprona BojuTe el 03HayaeT
HapacTuTh 060pOTH ABUraTess. Takum o6pasoM, hyHKIUs gooseDownload() MOKHA
ObLyIa yCKOPUTH 3aTPy3KYy. S KMBHYJI U BepHYJICs K paboueMmy cTouy. Tofbl CIycTs, Koraa
MO KOJIJIETa YBOJIUJICST N3 KOMITAHUH, 51 TepeuMeHoBal ero (hyHKITUIO U TPUCBONJI i
nM4 increaseDownloadSpeed().

ITpu BoIOOpPE UMEH B IIPOrPaMMe Y BaC MOKET BOSHUKHYTH COOJIA3H UCTIOJIb30BATh [Ty TKU,
KaJaMOypbl MJIM KYJIBTYPHBIE OTCBIIKH, YTOOBI Balll KO BRITJISAAEN G0see HelpuHy K-
nenno. He genaiite sToro. IyTKu M10X0 nepeaaioTcst B TEKCTOBOM BUJIE, U, BO3MOSKHO,
B Gy/IylLIIeM OHU 7K€ He ITOKaKyTCs cToJIb 3abaBHbIMK. KasaMOypbl He Bcerja MOHATHDI,
a MHOTOKpaTHbIe coo0meHust 00 ommbKax 0T KOJLUIET, IPUHSABIIMX KajaMOyp 3a Olleyarky,
MOT'yT 6I)ITB JTOBOJIbHO HETIPUATHBIMU.

KyJsibTypHbBIE OTCBIJIKM MOTYT ITOMETIATD SICHO MTePelaTh IeJTh Balero Koja. biaarogaps
MHTEPHETY UCXO/JHBIN KO/ JIETKO PaclpocTpaHsiercs 110 BceMy MUPY, U ero yurare-
JIU He BCeT/Za XOPOIIO BIAJACIOT aHTJIMHCKUM UJIU ITOHUMAIOT aHTJIUICKUE TIYTKHU.
Kax yromunasoch paHee B 9TOl TJ1aBe, UMEHA spam, eggs M bacon B JOKyMEHTAI[UN
Python B3siThl U3 KoMeauitHBIX cKeTyeil Tpymsl Monty Python, Ho MbI ncnosibzyem
UX TOJIBKO Kak METaCMHTAaKCHUYeCKUe IIepeMeHHbIe; IIPUMEHATD UX B PeaJlbHOM Ko/Jle
HE PEKOMEH/IYETCH.
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Jlyudiite Bcero nucatb KO, TOHATHBIA TeM, /IJIsI KOTO aHTJIMUACKUN SA3bIK HE SIBIAIETCS
POZIHBIM, TO €CTh IIPAMOJIUHENHO, TPAJAUIIMOHHO 1 6e3 I0Mopa. Bo3MOKHO, MOi1 ObIBIINIT
KOJIJIera P, uTo gooseDownload () — CMEIIHAs [IyTKa, HO HUYTO He YOUBAET Iy TKY
ObIcTpee, ueM HeOOXOAUMOCTh €€ OObICHSATS.

He 3ameHs#Te BcTpOEHHbIE UMEHA

Huxkorna se ucnonbayiite Berpoennbie umena Python st ceonx nepementbix. Hanpu-
Mep, IPUCBOUB IIepeMeHHON nMst 1ist uiau set, Bl 3amectute pyHnkuny Python list()
u set (), 4TO TTO3/[HEE MOKET TIPUBECTH K TOSIBJIeHIIO O1nboK. DyHKIws 1ist() cosmaer
00BEKTBI CIIUCKOB, HO €€ 3aMeHa MOJKET BBI3BATH OIITHOKY:

>>> list(range(5))
[6, 1, 2, 3, 4]
>>> list = ['cat', 'dog', 'moose'] (1)
>>> list(range(5)) (2
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: 'list' object is not callable

[IpucBouB cimckoBOe 3HaUEHNE TIepeMeHHO 1ist @, MbI TOTepsieM NCXOAHYIO (DYHKITHIO
list(). ITonbiTka BhI3BaTh 1ist() @ npuseger K omubke TypeError. UToObI y3HATH,
ucrosb3yercs ju uMst B Python, BBeauTe ero B MHTEpaKTUBHON 000JI0UKE MIIN TIOIPO-
OyiiTe UMIIOPTUPOBATh. EC/IM UM He KCIIOAb3YeTCs, Bbl IIOJIydnTe ouOKy NameError
uym ModuleNotFoundError. Hampusep, B Python ncriosnbayrores nmeHa open u test, HO
He UCIOJIb3YIOTCA spam U eggs:

>>> open

<built-in function open >

>>> import test

>>> spam

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

NameError: name 'spam' is not defined

>>> import eggs

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ModuleNotFoundError: No module named 'eggs'

Hawubomnee yacTo 3aMeHsIeMbIe IMEHA Python —all, any, date, email, file, format, hash,
id, input, list, min, max, object, open, random, set, str, sum, test u type. He Gepure nx
JUIST CBOUX UJIEHTU(DUKATOPOB.

Jlpyrasi pactpocTtpatentas mpobieMa — rpucBanBanue (aiijam .py uMeH, COBIajia-
IONUX ¢ UMEHAMU CTOPOHHUX MoyJieil. Hampumep, eciu Bbl yCTAHOBUJIN CTOPOHHU
MOj1yJib Pyperclip, HO Takke co3fasu ¢aiis pyperclip.py, komanja import pyperclip
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UMIIOpPTUPYET pyperclip.py BMecTo MojtyJist Pyperclip. [Ipu norbiTKe BbI3BaTh (DYHKITUIO
copy () mau paste() Moy Pyperclip Bbl IIOJIy4nTe OIIUMOKY, B KOTOPOU FOBOPUTCS,
4YTO (DYHKIINU HE CYIIeCTBYET:

>>> # 3anycTtuTe 3TOT koA c dainom pyperclip.py B Tekywem kaTtanore.
>>> import pyperclip # WmnopTupyeT Baw ¢aitn pyperclip.py BMecTO HacTosAWero.
>>> pyperclip.copy('hello')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
AttributeError: module 'pyperclip' has no attribute 'copy’

ITomuuTe 06 OIIACHOCTH 3aMEHbI CYHIECTBYIOIINX NMEH B KOJI€ PythOIl, 0COOEHHO eCcIn
BbI HEOKM/IAHHO TTOJIy4YaeTe TaKne COO6I.H€HI/I$[ 06 OTCYTCTBUN anI/I6YTa.

XYAI.IJMe N3 BO3IMOXXHbIX UMEH

Nwmst data — yskacHoe 1 aOCOMOTHO GECCOIEPKATENBHOE, TOTOMY UTO OYKBAJIBLHO JIFO-
6as mepeMenHast comepskuT manubie (data). To ke MOJKHO cka3aTh 06 IMEHH var — Bce
paBHO YTO BBIOPATH 715t cobakn kianuky Cobaka. MIMst temp 4acTo UCTOTB3YETCS ISt
HIePEeMEHHBIX, COZIEPKAIINX BPEMEHHbIE IAHHBIE, HO U 9TOT BHIOOP TIJIOX: B KOHIIE KOHIIOB,
C TOYKU 3peHUsI [3eH-OY/IM3Ma BCe TIepeMEHHbIe BpeMeHHbBL. K coKalleHUI0, HECMOTPSI
Ha HEOMHO3HAYHOCTD, STH UMEHA BCTPEUAIOTCS YacTo; M3beraiite MX MCIOTb30BAHUS
B CBOEM KOJIE.

Ecnm Bam HyskHa TlepeMeHHast I XPAHEHUsT CTATUCTHYECKOTO OTKJIOHEHUST TeMTIepa-
TYPHBIX JIAHHBIX, UCIIOJIb3YiiTe UM temperatureVariance. He crouT u roBoputh, 4o
BBIOOD MMeHU tempVarData OyzieT HeyauHbIM.

Utorn

Boi6op vMeH He UMEET HUKAKOTO OTHOIIEHUST K alTOPUTMAaM UJIA KOMITBIOTEPHOIT Te0-
PUIH, 1 BCE K€ 9TO BAyKHEH NI (haKTOP HalMcaHust y10004nTaeMoro Kojaa. B koHeuHoM
cyeTe BBIGOP UMEH, UCTIOIb3YEMbIX B BAIlIEM KOJIE, OCTAETCS Ha Ballle yCMOTPEHUE, HO BbI
JIOJIKHBI YYUTBIBATH cylecTByotue pekomenianuu. B PEP 8 Bbl naiijiere neckosbko
COTJIAIIEHU T O BEIOOPE UMEH — HAIlPUMeEp, UMEeHA B HUKHEM PETUCTPE [JIsT MOAYJIeit
u uMeHa B cxeMe Pascal juist kiraccoB. ViMeHa He JTOJKHBL OBITH CJIUIIKOM KOPOTKHMHE
WU CJMIITKOM JTHHHBIMA. OIHAKO YaCTO JIyYIIle CeTaTh UM U3OBITOUHBIM, YeM HEJI0-
CTaTOYHO COJIEPKATENbHBIM.

VIMst 01K HO GBITH TAKOHUYIHBIM, HO MHGOPMATUBHBIM. OHO JOJIKHO JIETKO HAXOUTHCS
dyuxwmei norcka Ctrl-F. To, HACKOIBKO TIPOCTO MOKHO HAMTH BEIOPAHHOE UMST, CBUJIE-
TETBCTBYET O €TO YHUKATHHOCTH. Takske 3ayMaiiTecn, OyIeT J1 MOHITHO 3TO UMST TIPO-
TPAMMHUCTY, KOTOPBIIT HEAOCTATOUHO XOPOIIO BJIAEET AaHTIIUHCKUM SI3BIKOM; n3beraiite
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Y TOK, KaJIaMOYPOB 1 KYJILTYPHBIX OTCBIJIOK B CBOMX MMEHAX; BMECTO 9TOTO BhIGUpaiiTe
MMeHA TPSIMOJIMHEITHbIE, TPAUIIMOHHBIE U G€3 OTCHIJIOK K XOXMaM.

M36eraiite nMeH, yKe UCTIOJB3yEMbIX CTaHapTHON 6ubarnoTekoit Python, — raknx Kak
all, any, date, email, file, format, hash, id, input, 1ist, min, max, object, open, random,
set, str, sum, test u type. VIX IpriMeHEHNE MOKET CO3/IATh TPYTHOYIOBUMBIE OITHOKN
B BallieM KoJie.

Jlist KOMIIbIOTEpa HEeBAKHO, KAaKHe UMEHA BBl BHIOPAJIH, cojepKaTebHbIe U 00IIue.
Nmena yrpomaior 4yTenre Koja JI0bMH, & He BBIIIOJIHEHUE ero KoMIbioTepamu. Ecim
BAlll KOJI XOPOIIIO YUTAECTCs, OH Oy/IeT HOHATHBIM. ECJTi OH TIOHSITEH, €T0 JIETKO U3MEHUTD.
A eciu €T0 JTeTKO MBMEHUTD, BaM GYIET TIPOTIe HCIPABUTH OMTHOKH UK T0OABUTH HOBBIE
BO3MOKHOCTH. Vcrosb3oBaHme MOHATHBIX UMEH — OCHOBOIMOJIATAIONIN (hakTop pas-
pPabOTKM KaueCTBEHHOTO TIPOTPAMMHOTO 0OeCTIeqeH s
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Ecom BeImosHenme Ko/1a TPUBOANT K aBAPUHTHOMY 3aBEPIIEHNIO
IPOIrPAMMBIL, ¢ KOZOM OYEBU/HO YTO-TO He TaK, HO COOM — He e[1H-
CTBEHHBIN NIPU3HAK 1IPobJIeM B IporpaMmax. JIpyrue npusHaku
MOTYT CBHUIETEIbCTBOBATH O HATMUUK (oJice KOBAPHBIX OMIMOOK
i HeyobountaeMoro koza. [Togo6HO ToMy Kak 3arax rasa MOKeT
YKa3bIBaTh HA YTEUKY, a 3aIaX /[bIMa — Ha BO3MOKHBIN TTOKAP, 3amax
KOJIa IPEJICTABISIET COOO0I MATTEPH MCXOAHOTO KOJIa, CUTHATM3UPYIOMIUN O BO3MOKHBIX
ommnbkax. Haymmaue 3amaxa Kojia He BCET/ia O3HAYaeT, 4To MpobJieMa CyIecTBYeT, HO BaM
CTOUT TIO KpaifHell Mepe MTPOaHaTM3UPOBATh CBOIO TIPOTPAMMY.

B aroii rmaBe st pacckaky 0 HEKOTOPBIX PACTPOCTPAHEHHBIX MIPH3HAKAX, YKA3bIBAIOIIIX HA
npobiembl B kozie. Ha ipegorspatienue ommbok Tpebyercst HAMHOTO MEHbIIe BPEMEHH
U YCUJIUH, YeM Ha UX BbISIBJIEHUE, aHAJIN3 U UCTIPABJIeHUE. Y KaKIOTO MPOrPaMMHUCTa
HAWIETCST NCTOPHST O TOM, KaK OH JIOJITHE Yachl OTITAKUBAIT TPOTPAMMY, & TIOTOM OKa3a-
JIOCh, YTO JIOCTATOYHO GBIIO UCIIPABUTH BCETO O/IHY CTPOKY. V13-3a 9TOTO faske Py MUMO-
JIETHOM TIOJIO3PEHU Y Ha MTOTEHIIUATBHYIO ONIUOKY BbI JI0JIKHBI OCTAHOBUThCST U JIMTITHUT
pa3 yJOCTOBEPUTHCSI, UTO BBI HE co3ziaere cebe mpodIeMbl B OyLyIieM.

Koneuno, 3anmaxu Koga He BCEra CBUETENbCTBYIOT O HAJIMYMK OMMOKH. B KoHeuHoM
MUTOre UMEHHO BaM pellaTh, pa3duparhest CO CBOMMM MO03PEHUAMK WU He oOpamarh
Ha HUX BHUMaHWI.

Ay6nupoeaHue koaa

CaMbIil pacpocTpaHeHHbIH UCTOUHUK OMMMOO0K — dybauposanue xooa. Tak Ha3bIBAIOT
JIE000# NCXOAHBIN KOJT, KOTOPBII CO3/AI0T KOMMMPOBAHUEM U BCTABKOU (hparMeHTa Bateit
mporpamMmbr. Hampumep, ciieryiorast KopoTkast IporpaMMa COIEPKUT Ay OMUPYIONHiicst
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koz. OGpaTuTe BHUMAHUE: OHA TPYIK/BI 3a/1aeT MOJIb30BATEIO BOIIPOC O TOM, KaK TOT
cebs uyserByer (“How are you feeling?”):

print('Good morning!")

print('How are you feeling?')

feeling = input()

print('I am happy to hear that you are feeling ' + feeling + '.'")
print('Good afternoon!")

print('How are you feeling?')

feeling = input()

print('I am happy to hear that you are feeling ' + feeling + '.'")
print('Good evening!")

print('How are you feeling?')

feeling = input()

print('I am happy to hear that you are feeling ' + feeling + '.'")

JlybimpoBanme Kojia co3/[aeT MPOOIEMBI, TOTOMY YTO OHO YCIOKHSIET PEAKTHPOBAHTE
KOJIa: UBMEHEHNE B OIHON KOTIMHN IOTKHO OBITH BHECEHO BO BCE €T0 AyOJIM B TIPOTPAMME.
EcJiu BbI 320y 1€T€ T7Ie-TO BHECTU M3MEHEHUE UJIH Bl BHECETE Pa3HbIE M3MEHEHUSI B Pa3-
HBIX KOITUSX, B Balllei IIPOrpaMMe, CKOpee BCEro, BOSHUKHET OIMUOKa.

ITpoGiema pyGaupoBaHust KoJda pelnaeTcs dedyniuxayueti — KoJ IpeobpasyoT Tak,
4TOOBI OH BCTPEYAJICS TOJIBKO B OJJHOM MECTE IPOrPaMMbl — OOBIYHO B (DYHKIIMU MU
ke, B coreyionem npumepe s nepeMectus 1yoamkaT B (GyHKIIMIO, 4 3aTeM ITOBTOPHO
BBI3BIBAJL 9Ty (DYHKIIMIO:

def askFeeling():
print(‘How are you feeling?')
feeling = input()
print('I am happy to hear that you are feeling

+ feeling + '.")

print('Good morning!")
askFeeling()

print('Good afternoon!")
askFeeling()

print('Good evening!")
askFeeling()

B caenytorem mpumepe ayGaupyomuiicst Koz ObLT epeMereH B UK

for timeOfDay in ['morning', 'afternoon', 'evening']:
print('Good ' + timeOfDay + '!'")
print('How are you feeling?')
feeling = input()
print('I am happy to hear that you are feeling ' + feeling + '.'")

Tax:xe MOKHO O6’belII/IHI/ITI) ABa IIpueMa 1 COBMECTUTDH (byHKHI/IIO C IIMKJIOM:

def askFeeling(timeOfDay):
print('Good ' + timeOfDay + '!")
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print(‘'How are you feeling?')

feeling = input()

print('I am happy to hear that you are feeling ' + feeling + '.'")
for timeOfDay in ['morning', 'afternoon', 'evening']:

askFeeling(timeOfDay)

OG6parure BHUMaHUE: KO/, KOTOPBIi BbiaeT coobuienust «Good morning/afternoon/
evening!», MOX0JK, HO He MIEHTHYEH. B TpeTheii Bepeuu mporpaMmBbl st lapaMeTpr30Ball
KOJI, 4YTOOBI UCKJIIOUUTH AyOJIUPOBAHNE UIEHTUYHBIX YacTeil.

[Tapametp timeOfDay 1 mepeMeHHas IMKJIA timeOfDay 3aMEHSIIOT pas3Jinyarolnecst YacTH.
Temepp, Koraa U3 Kojia OBLTN yCTPaHEHbI AyOJUKATHI (JTUITHIE KON ), He0OXOIMMbIe
M3MEHEHN JOCTATOYHO BHECTU TOJIBKO B OJJHOM MeCTe.

Kak u co BceMu 3amiaxaMul KOJia, HCKJIOUEHUE [yOJUPOBAHUS He SIBJISIETCS HEYKOCHH-
TEJBHBIM MPABIIIOM, KOTOPOE CIeNyeT cobmoaarh Beeraa. Kak mpasuiio, 4em aimiee
dbparmenT ay6sist win yem GOJIbIIE KOIMIA IPUCYTCTBYET B Balllell IPOrpamMMe, TeM ce-
pbE3HEE CTOUT 3ayMaThCst 00 UX yCTpaHeHHH. S He TIPOTUB TOTO, YTOOBI CKOTIUPOBATH
KOJI OJTMH 1 Jlaske /iBa pasa. Ho ecaiu B mporpamMme prCyTCTBYIOT TPH UITH YeThIpe 1y OIst,
sT 0OBIYHO CEPHE3HO 33TyMBIBAIOCEH 00 MX YCTPAHEHHH.

WHorma geaynaKaIis He CTOUT 3aTpadyeHHbIX ycuanil. CpaBHUTE MEPBBII TPUMED KOJIa
B 9TOM paz/ieJie ¢ TOoCTIeHIM. XOTs KO/ ¢ AyOIuKaTaMu JUTHHHEE, OH TIPOIIE ¥ TIPSIMO-
snuneiinee. [Tpumep 6e3 yOIUKATOB JIETaeT TO JKe CaMoe, HO ¢ JI00aBJIeHIEM I[UKJIA,
HOBOI TIEpEMEHHOM TIMKJTa timeOfDay 1 HOBOIT (DY HKITUH € TAPAMETPOM, KOTOPOMY TaksKe
IIPUCBOEHO UM timeOfDay.

Jy6impoBanue Kojia ClioCOOHO BbI3bIBATH OIIUOKH, IIOTOMY YTO OHO YCJIOKHSIET 1eJI0CT-
Hoe U3MeHeHue Koja. Eciim nmporpaMma coiepsKuT HECKOAbKO OIMHAKOBBIX ()PArMEHTOB,
CTOUT IIOMECTUTH KOZ B (DYHKIIMIO MJIU LMKJI, YTOOBI OH BBI3BIBAJICS TOJBKO OLUH Pas.

«Marnueckue» ymcna

He npuxoaurcs yauBagThCcs TOMY, 4YTO B IPOrPAMMUPOBAHUH HCIIOJIB3YIOTCS YHUCIIA.
Ho mexoTopble 4rcia, BCTPEYAIONTHECS B UCXOIHOM KOJE, MOTYT COUTD € TOJIKY IPYTUX
IIPOrpaMMUCTOB (UJIM Bac yepes napy HeJledlb [10cJie Hallucanus mporpammst ). s npu-
Mepa BO3bMeEM UHCJIO 604800 B CJIe/lyIolleil CTpoKe:

expiration = time.time() + 604800

Oynxims time.time() Bo3BpalaeT Iejaoe YUcII0, IPEACTABIISIONEEe TEKYIee BPEMSL.
MO3KHO TIPEATIONOKNUTD, UTO TIePeMEeHHast expiration mpejcraBiaser HeKUil Gymaymuit
MOMEHT, KOTOpbIit HacTynuT yepe3 604 800 cexyna. Ho uncio 604800 BLITIISINT 3ara-
MOYHO: 4TO OHO 03HaYaeT? KoMMeHTapuil TOMOKET TPOSICHUTD CUTYAIUIO:

expiration = time.time() + 604800 # Cpok AeNCTBUSA WCTeKaeT Yepes Heaesw.
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ITO Xopoliiee peleHne, HO ellle JyYllie 3aMeHUTDb TaKue «Marudeckue» 4ucja KOoH-
crantamu. Koncmanmo: npecTaBasgior coboi mepeMeHHbIe, UMEHA KOTOPBIX 3alTUCAHbI
B BEPXHEM PETUCTPE, HTO 03HAYAET, UTO OHU HE JIOJIKHBI UBMEHATHCS MTOCJIE MCXOTHOTO
npucsanBaiust, OObIYHO KOHCTAHTHI OMPEAEISIIOTCS KAK TI00aIbHbIE TIEPEMEHHbIE B Ha-
yajie haiisia ¢ ICXOTHBIM KOJIOM:

# KOHCTaHTbl 418 pasHbiX NPOMEXYTKOB BpeMeHM:
SECONDS_PER_MINUTE = 60

SECONDS_PER_HOUR 60 * SECONDS_PER_MINUTE
SECONDS_PER_DAY 24 * SECONDS_PER_HOUR
SECONDS_PER_WEEK = 7 * SECONDS_PER_DAY

expiration = time.time() + SECONDS_PER_WEEK # Cpok peicTBMA uUcTekaeT
# 4vepes Hepenw.

MCHOHbSyﬁTe OT/ZIe/IbHBIE€ KOHCTAHTDBI JIJI «Marm4€CKUX» 4mncelI, mpe/iHasHa4€HHbIX JJId
Pas3HbIX IeJIeH, Jaxke ecyii X YUCJIOBbIe 3HaYeHus coBnajaoT. Hanpumep, B koJoze
52 kapThl, a B rofy 52 vegenu. Ho ecii B Bateil mporpaMMe UCIIONB3YIOTCs 00€ BeJi-
YUHDI, HY/KHO ITOCTYTIUTH MPUMEPHO TaK:

NUM_CARDS_IN_DECK = 52
NUM_WEEKS_IN_YEAR = 52

print('This deck contains', NUM_CARDS_IN_DECK, ‘cards.')
print('The 2-year contract lasts for', 2 * NUM_WEEKS_IN_YEAR, ‘'weeks.')

HpI/I BBIITOJIHEHWHN 9TOT'O KO/Ia pe3yJibTaT 6leeT BBITVIALETDb TaK:

This deck contains 52 cards.
The 2-year contract lasts for 104 weeks.

(Konopja comepxuT 52 KapThl.
OBYXNeTHUI KOHTpaKT AnuTcA 104 Hepenu.)

Wcnonb3oBanne pa3HbIX KOHCTAHT ITO3BOJISIET HE3ABUCUMO U3MEHSITh UX B 6yayu1eM. Ko-
HEYHO, 3HaUeHUS KOHCTAHT He TOJKHBI UBMEHSATHCS BO BpeMs BbINOJIHeHU Ko/a. Ho aTo
He 03HAYAET, YTO IIPOrPAMMUCT HUKOTJA HE 0OHOBUT UX B UCXOJHOM KOJE. Hampuwmep,
ecsu B Oyyliell Bepcuu KoJia IIOSIBUTCS JOMOJHUTENIbHAS KapTa-I KOKepP, KOHCTAaHTY
cards MOXHO U3MEHUTH HE3aBUCUMO OT weeks:

NUM_CARDS_IN_DECK
NUM_WEEKS_IN_YEAR

53
52

«Marnueckumuy yuciamu TaKKe MHOT/IA HA3bIBAIOT HEYMCJIOBbIE 3HaYeHus. Hanpumep,
CTPOKOBbIE 3HAUEHUST MOTYT UCIIOJIb30BAThCs KAaK KOHCTaHTbl. Bo3bMeM cJie/1yIoIyio
poTpaMMy, KOTOpask MpeJiaraeT M0Jb30BaTeN0 yKa3aTh HAallpaBJIeHUEe W BBIBOIUT
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IpeLynpekIenne, ecIt M0ab30BaTelb BiOpan 'north'. I3-3a onedatku 'nrth' Bos-
HUKaeT OMMOKa, BCJIEACTBUE YETO TIPEAYTPEKACHNE He BHIBOIUTCS:

while True:
print('Set solar panel direction:')
direction = input().lower()
if direction in ('north', 'south', 'east', 'west'):

break
print('Solar panel heading set to:', direction)
if direction == 'nrth': (1

print('Warning: Facing north is inefficient for this panel.')

Haiitu takyro omm0Ky HeJIETKO: XOTSI B CTPOKE 'nrth' COBEpIIEHa OIeYaTKa, OHa OCTAETCST
CHHTAKCUYECKU TPaBUIIbHBIM KozoM Python. TIporpaMma He 3aBepiiaercst aBapyiiHo,
a Ipelynpesk/ieHue JIeTKo YIIyCTUTD 13 BULy. Ho ecim BbI lomrycTute Ty JKe oredaTky Ipu
UCIIOJIb30BAHMM KOHCTAHT, oniOka 6yer oGHapyskena, notomy uro Python samerur,
4TO KOHCTaHTa NRTH He CYIIIECTBYET:

# KOHCTaHTbl ANA pasHbiX NPOMEXYTKOB BpEMeHW:
NORTH = 'north'

SOUTH = 'south'

EAST = 'east’

WEST = 'west'

while True:
print('Set solar panel direction:')
direction = input().lower()
if direction in (NORTH, SOUTH, EAST, WEST):
break

print('Solar panel heading set to:', direction)
if direction == NRTH: (L
print('Warning: Facing north is inefficient for this panel.')

N3-32a uckiroueHwst NameError, BBIIABAEMOT0 B CTPOKE KOJIA ¢ O1eYaTKoi NRTH @, omOKa
CTAHOBUTCS OUEBU/IHON TTPU 3aITyCKe TIPOTPAMMBI:

Set solar panel direction:
west
Solar panel heading set to: west
Traceback (most recent call last):
File "panelset.py", line 14, in <module>
if direction == NRTH:
NameError: name 'NRTH' is not defined

«Maruueckue» yncia CBUAETETHCTBYIOT O HAIMIMH 3allaxa KoJa, IOTOMY 4TO OHH He
BBITIOJIHSAIOT CBOE TIPE/THA3HAYCHIIE, 3aTPY/IHSIOT YTEHIE 1 OOHOBJICHUE KO/IA M TOBBIIIAIOT
PHCK OIEYaToK, KOTOPbIE TaK TPYAHO 0OHAPYKUTH. [IpobieMa peraeTcst HCIoib30Ba-
HUEM KOHCTAHT.
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3aKOMMEHTUPOBAHHbIA U MEPTBbIN KOA,

[TomecTUTh KOJI B KOMMEHTAPUI, YTOOBI OH HE BBHITTOJIHSJICS, — BpeMeHHas Mepa. Bos-
MOJKHO, BBl XOTUTE MIPOIYCTUTH YaCTh CTPOK, YTOOBI TPOTECTUPOBATD APYTYIO (DYHKITHO-
HaJIbHOCTb; 3aKOMMEHTHPOBAaHHbIe CTPOKU BbI JIeTKO BepHeTe rosauee. Ho ecau 3akom-
MEHTHPOBAHHBIN KOJI TAK M OCTAHETCS Ha MECTE, [I7sT YUTATENsT OCTAHETCST aBCOMIOTHOM
TaHOI, MOYeMy OH OBLI y/IaJeH U PU KAKUX YCIOBUSIX OH MOJKET OISITh CTATh YaCThIO
nporpamMmbl. PaccMoOTpuM ciiefy ol mpumep:

doSomething()
#doAnotherThing()
doSomeImportantTask()
doAnotherThing()

BosHukaer 1e/blil psi BOIIPOCOB: II0YeMY BbI30B doAnotherThing() GbLI 3aKOMMEH-
tupoBaH? Byzer i oH cHOBa BKJIIOUEH B nporpammy? ITouemy He OBLIT 3aKOMMEH-
TUPOBaH BTOPOil BbI30B doAnotherThing()? V3HauaibHO B KoJie ObLIO JiBa BbI30Ba
doAnotherThing() W/ TOJBKO OJIMH BbI30B, KOTOPBII IIePEMECTUIICA B TOYKY I10CJIE
BbI30Ba doSomeImportantTask()? [loueMy 3aKOMMEHTHPOBAHHBIN KOJI He OBLI y/IaJeH,
LIS 3TOTO eCTh Kakas-To npuunHa? Ha Bce aTh BONPOCH HET 0YEBUHBIX OTBETOB.

Mepmevim Ha3bIBa€TCSt KOJI, KOTOPBIN HEJOCTYIIEH UM HUKOT/[A HE MOKET OBITD BBITIOJI-
HEH Ha JIOTn4eckoM ypoBHe. Kojt BHyTpr QyHKITIH TTOc/ie KOMaH/IbI return, KOMaH/IbI 1f,
ycJloBUE KOTOPOIl Beersia paBHO False, uiin KO (PyHKIMY, KOTOpask HUKOI/A HE BbI3bI-
BaeTCs B IIPOTPAMMe, — BCE ATO TIPUMEPBI MEPTBOT0 Kojia. Uto6bl yBUAETh TpUMep Ha
[IPAKTUKE, BBEAUTE CJAEAYIONLYI0 KOMAH/Iy B MHTEPAKTUBHON 000IOUKE:

>>> import random

>>> def coinFlip():

eee if random.randint(e, 1):

eee return 'Heads!'

e else:

eee return 'Tails!’'

vee return 'The coin landed on its edge!’
>>> print(coinFlip())

Tails!?

Crpoka 'The coin landed on its edge!' siBJIsIeTCSI MEPTBBIM KOJ/IOM, TIOTOMY YTO KO/
B 6J10Kax if 1 else Bo3Bpallaer yipasJieHue 10 TOro, KaK IPOrpaMMa CMOKET JOCTHYb
aToi cTpoku. MepTBbIi Kof 1e3mH(MOPMUPYET, TTOCKOIBbKY YUTAOIIIE €TI0 TIPOTPAMMUCTBI
[IPEAIIoJIaraloT, YTO OH COCTABJIACT aKTUBHYIO 4aCTh IIPOTPAMMBI, TOT/[a KaK 110 CYTH 9TO
3aKOMMEHTUPOBAHHBIN KOJI.

! Heads — opeur; Tails — perka; The coin landed on its edge — Monera Bcrasna pebpom (anan.). —

Ipumeu. nep.
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Saznywxu (stubs) saBasiorcs nckaodeHreM U3 9TUX IpaBua. OHU IPEACTABISIOT CO-
6oit samenuTe M 1 Oyayiiero koxa (Hanpumep, GYHKIUI 1 KJIACCHI, KOTOPbIE €Ile
He ObLIN peasn30BaHbl). BMecTo peasbHOro Koja 3arjiylika CoAep:KUT KOMaH/y pass,
KoTopas Hudero He gesaeT. (OHa Takyke Ha3bIBaeTcs nycmoi onepayuetl.) Komania pass
CYIIECTBYET KaK Pas JJIst TOTO, YTOOBI BbI MOTJIU CO3/[ABATh 3aTJIYIIKK B TEX MECTAX, T/IE
C TOYKU 3PEHUSI CHHTAKCUCA SI3bIKA JIOJKEH TPUCYTCTBOBATH KAKOM-TO KO

>>> def exampleFunction():
pass

Ecan BbI3BaTh 5Ty (PYHKIIMIO, OHA HE C/leJIaeT Huuero. BMecTo 5Toro oHa JIniib II0Ka3bl-
BaeT, 4To Korga-HuOyab B Hee Oyner 106aBIeH KO,

Takske BO3MOJKEH JPYTroOil BapuaHT: YTOObBI IPEIOTBPATUTD CJyYallHBIN BBHI3OB HE-
peasn30BaHHON (DYHKIIUM, MOKHO MCIIOJb30BATDH 3arJYIIKy U3 KOMAH/bI raise
NotImplementedError. Tem caMbIM BbI TOKakKeTe, YTO (DYHKIIMA €llie He TOTOBA K BHI3OBY:

>>> def exampleFunction():
raise NotImplementedError

>>> exampleFunction()
Traceback (most recent call last):

File "<stdin>", line 1, in <module>

File "<stdin>", line 2, in exampleFunction
NotImplementedError

HVcxmouenne NotImplementedError Mpeiynpe T BaC O TOM, YTO B porpamme Gbiia
cay4yaiiHO BbI3BaHa 3arayiika ((hyHKIUS I METOT).

3aKOMMEHTHUPOBAHHBIN KOl U MEPTBBII KO/l CAUTAIOTCS 3allaXaMy KO/[a, TOTOMY UTO OHH
MOI'YT CO3/IaTh Y IPOrPaMMKCTa OIKOOYHOE BIledaTieHue, OyTO KO/ SBISeTCH CIOJI-
HSIEMOI 4acThIO TIPOTPaMMbI. BMeCTO 3TOTO Clle/IyeT yIaauTh UX U KCIIOJIb30BATh CUCTEMY
KOHTpoJist Bepeuii (Harpumep, Git uiu Subversion) mis oreneskBarus usmerernii. Kox-
TpoJIto Bepcuii g mocssaTud riapy 12. C cucteMoil KOHTPOJIST BEPCUIT BbI MOXKETE YAINUTh
KOJI U3 CBOEH ITPOrPaMMBI, @ TP HEOOXOAUMOCTH MO3/IHEE BEPHYTH €r0 00PATHO.

OTnapoyHbiv BbiBOA

Omaadounwiii 6v1600 — ITO MPAKTUKA BKJIIOUEHUS B TIPOTPAMMY BPEMEHHBIX BHI3OBOB
print() /71 BbIBOZIA 3HAYCHUI IePEMEHHBIX U IIOBTOPHOTO 3aIyCKa MTPOrPaMMBbl.

ITocnemoBareTbHOCTH IIpoI1iecca, Kak ImpaBnJjIo, TaKoBa.

1. Ob6napyskeHue OMMOKH B TPOTPAMME,

2. BrutoueHne BBI30OBOB print() Jist HEKOTOPBIX MEPEMEHHDBIX, YTOOBI Y3HATH UX
TEKyI[1e 3HAYeHUS.
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3. Ilepesarryck mporpaMmbi.

4. BrurtoueHme HOBBIX BBI3OBOB print(), MOTOMY UTO TIPEBIYIINE BHI30BbI HE
MIpeIOCTaBUIIN JIOCTATOYHOM nHbOPMATTUH.

5. Ilepesaryck mporpaMmbi.

6. Ilpenpiaymmune aTamsl ciefyeT MOBTOPSITh HECKOIBKO Pa3, MOKA BBl HAKOHEI He
HaiiieTe IPUUNHY OMIMOKH,

7. Ilepesartyck mporpaMmbl.

8. Bbl oHuMaere, 4To 3a0bUIM YAAJIUTH KaKe-TO BHI3OBBI print (), U yaajsiere ux.

OtaiouHbIil BBIBOZ 0OMaHUMBO TIpocT 1 ObicTp. Ho 9acTo oH TpebyeT MHOTUX IIUKJIOB
mepesarycka mporpaMMBbl, TIOKa He Oy/IeT BbiBefeHa HHOPMAIHs, HeoOOXOMUMAsT ISt
ucrpasienus onoku. [IpobeMa peraeTcst Ipy OMOIIH OTJIAJKU W OPraHu3aI[ii
JKYPHAJIBHOTO BbIBOJIA B Iporpamme. 1Ipu ncronmb3oBaHnm OTJIa{4MKa Bbl MOXKETe Bbl-
HOJTHSITH CBOM IIPOTPAMMBI T10 OJIHON CTPOKE U IIPOBEPSITh 3HAYEHS JIFOOBIX IEPEMEHHBIX.
Wuorma kaxkeTcst, 9To paboTa ¢ OTIAMINKOM 3aHIMAeT GOJIBIITE BPEMEHH, YeM TPOCTAs
BCTaBKa BbI30Ba print (), HO B I0JIFOCPOYHOM I1€PCIIEKTHBE OHA 9KOHOMUT BPEMSI.

JKypHasibHble (haiiibl coXpaHsioT 60blIre 00beMbl HH(MOPMAIMK 13 Ballleil IPOrpaMMbl,
4TOOBI BBl MOTJIM CPABHUTD PE3YJIBTAThI OJIHOTO 3aITycKa ¢ ipyruM. B Python Betpoennbiit
MOZyJTb logging mpemocTaBisieT (hyHKITMOHATIBHOCTD, HEOOXOANMYTO JIJIST TPOCTOTO CO-
XpaHeHNUs Ky PHATBHOI NHMOOPMAIINH, BCETO B TPEX CTPOKAX KOJA:

import logging

logging.basicConfig(filename="1log_filename.txt', level=logging.DEBUG,
format="%(asctime)s - %(levelname)s - %(message)s')
logging.debug('This is a log message.')

ITocste UMIIOPTHPOBAHKS MOAYJIst logging M HACTPOUKM ero 6a30Boil KOHMUTYpAIIK
MO;KHO BBI3BaTh MeTO/T logging.debug() s 3ammicy WHMQOPMAIIUH B TEKCTOBBIN (haila —
B OTJIMYHE OT UCIIOJIb30BaHUsI print () /JIst BBIBOZIA ee Ha 9KpaH. B oTsinuue ot oTianou-
HOTO BBIBOJIa BBI30B logging.debug() 04eBUAHO MMOKA3bIBAET, KAKOW BBIBOJ COMEPKUT
OTJIAIOUHYTO MHGPOPMATIIIO, & KAKOH SIBJISETCS PE3YIBTATOM HOPMAJIBLHOTO BBITIOJTHEHUS
nporpamMbl. ITogpobuee 06 OT/1aKe BbI MOKeTe IpounTath B raase 11 kuuru «Automate
the Boring Stuff with Python», 2nd edition (No Starch, 2019), zocrymHoii mo agpecy
https.//autbor.com/2e/c11/.!

NMepemeHHble ¢ yncnosbimu cyppukcamm

HpI/I HallMCaHWUH IIPOTPaMM BaM MOJKET HOHaI[O6I/ITbC$I Ha6op TIEPpEMEHHDBIX JIJIA XpaHe-
HUA OJ/THOTHUITHBIX JaHHBIX. n 31€Cb BOBHUKAECT NCKYyII€HNE ITOBTOPHO MCIIOJIb30BaTh

U Ceetizapm 9. ABromMaTusaiust PyTHHHbBIX 3aja4 ¢ TIoMoIIbio Python. 2-e uzz.
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UM IEPEMEHHOI, 106aBUB K HeMY 41 CI0B0il cydhdukce. Hanpumep, eciu Bbr o6paba-
ThIBaeTe (hOpMy BBO/IA PETUCTPAITMOHHBIX JJAHHBIX, HA KOTOPOH MOJIb30BATENIO TIPEJI-
JlaraeTcs JBask/1bl BBECTU 11apOJib JJIA IIPEJOTBPALIEHUA OII€YaTOK, ABE BBEICHHBIE
CTPOKHM MOJKHO COXPAaHWUTb B TIEPEMEHHBIX ¢ UMEeHAMU passwordl u password2. DTu
yucsoBbie cy(hPUKCH He OMMCHIBAIOT, YTO COJIEPsKAT ITepEMEHHbIE U YeM OHU OTJIYa-
forcs. Takke OHM He TOKa3bIBAIOT, CKOJIBKO BCETO TAKMX MEePEeMEeHHBIX: CYNIECTBYIOT
JIN Tak)Ke IlepeMeHHble password3 uin password4? ITonpoOyiite co3gaBaTh pasHble
HMeHa, BMECTO TOro 4To0bI Ge3yMHO H00aBIsATh YrcaoBbie cybdurch. B npumepe
¢ IIapoJIAMU JIy4llle UCII0JIb30BaTh UMeHa password U confirm_password ("naponb"
u "noaTBepaMTb Naponb").

[lpyroii mpuMep: eciu y Bac ecTh (DYHKIIHS, KOTOpas TOJyJYaeT JiBe Tapbl KOOPAWHAT
Ha IIJIOCKOCTU, OHA MOKET MMETb IIapaMeTphl X1, y1, x2 1 y2. Ho nmena ¢ uyncioBbiMu
cybdurcamu He repefiatoT Takol mHGpoOpMaInu, Kak MMeHa start_x, start_y, end_x
1 end_y. Tak:xe 04eBU/IHO, UTO ITepeMeHHbIe start_x 1 start_y CBS3aHBI IPYT C IPYTOM,
Yero He CKayKelb 0 X1 1 y1.

Ecirit KoJmuecTBO YiCI0BBIX CyPGHUKCOB OOJIBIIIE JABYX, CTOUT HOAYMaTh 06 UCIIOIb30-
BaHUU CTPYKTYP: CIIMCKA MU MHOKECTBA JIJIsT XpaHEHU JIaHHbIX B BHJI€ KOJIJIEKI[NH.
Hanpuwmep, 3nauenus pet1lName, pet2Name, pet3Name U T. /. MOJKHO XPaHUTh B CITUCKE
C UMeHeM petNames.

ITHU 3aMeYaHUsT OTHOCSTCS He KO BCEM ITePEMEeHHBIM, KOTOPbIE 3aKAHYUBAIOTCS IIU(POIL.
Hampumep, BriosiHe HOpMaIbHO UMETH ITEPEMEHHYIO ¢ UMEHEM enableIPv6, TOTOMY UTO 6
SIBJISIETCSI YACTBIO MMeHU coOcTBeHHOTo IPV6, a He unciobiM cyddukcom. Ho eciu Bb
HCIIOJIb3YETE YMCIOBbIE CYy(DMUKCHI /7T CEPUH TTEPEMEHHBIX, MTOYMANHTE O TOM, YTOObI
3aMEHUTD UX CTPYKTYPOIl IAHHBIX — HAITPUMEP, CITUCKOM UJTH CJIOBAPEM.

Knaccbl, koTopbie AosmxHbI 6biTh PyHKLUAMMU
WU MOAYNSIMU

ITporpaMMECTBI, pabOTATOTITIE HA TAKKX SI3BIKAX, KaK Java, MPUBBIKIIN CO3/IaBATh KIACCHI
JIUIs1 OpraHu3aliy Kozia ux nporpamMm. Harrpumep, Bo3bMeM kJacc Dice ¢ MeToioM roll():

>>> import random

>>> class Dice:

v def __init__ (self, sides=6):

v self.sides = sides

vee def roll(self):

vee return random.randint(1l, self.sides)

>>> d = Dice()
>>> print('You rolled a', d.roll())
You rolled a 1
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MozxeT 1mokasaTbCs, UTO Iepejl BAMU XOPOIIIO OPraHU30BaHHbIN KOJI, HO IOyMalTe, 4TO
HaM 37IeCh JIEHCTBUTEIBHO HYXKHO: ciydaiinoe yucyo ot 1 1o 6. Ctout 3aMeHUTh BeCh
KJIaCcC TPOCTHIM BbI30BOM (DYHKITUM:

>>> print('You rolled a', random.randint(1, 6))
You rolled a 6

ITo cpaBHEHUIO ¢ APpyrUME g3bikamu Python rcnonbayer cBoOOOAHBII TOAXO0/ K OpraHu-
3aI[U¥ KOJIa, TOTOMY YTO KO/JI He 00sI3aH CyIeCTBOBATH B KJIACCE WJIH JPYTON MabJIOHHON
crpykrype. Eciin Bl 0OHapysKUBaeTe, 4To co3iaete 00BEKThI TOJIBKO JJISI TOTO, YTOObI
BBI3BATh O/IHY (DYHKIINTO, MJIN TIUIIETE KJIACCHI, CO/iepsKaliie TOJIbKO CTAaTUYecKrue Me-
TOJIbI, BOBMOXKHO, CTOUT JIy4llle HAMcaTh (PyHKITIH.

B Python pist rpynmupoBKu (hyHKITHEH HCTIOTB3YIOTCSI MOJLYJTH BMECTO KJIacCOB, Tak Kak
KJIACChI BCE PABHO JIOJLKHBI HAXOUTHCS B MOJLYJIe, pa3MeIeHne 9TOT0 Ko/la B KJaccax
TOJBKO M0GABISIET B BAII KOJ JUTTHII OPTaHN3aIIMOHHBIH ypoBeHb. B rmasax 15—-17
sl PACCMOTPIO TIPUHIIUITBI 06 BEKTHO-OPUEHTUPOBAHHOTO TIPOEKTUPOBaHK HoJiee To-
apobHo. xex Huuepux (Jack Diederich) B cBoem poxiane «Ilepectanpre mucath
kiacebl» Ha KoHpepennmu PyCon 2012 pacckasbiBaeT u 0 IpyTrux BO3MOKHOCTSIX M3-
GBITOUHOTO yetokHeHust Koza Python.

CnuckoBbie BKNIOYEHUS BHYTPMU
CMUCKOBbIX BKJIIOUEHUM

Cnucxkosvie exmouenus (list comprehensions) mpegocTaBIsgIOT KOMIIAKTHBIM MEXaHU3M
CO3/IaHUS CJOKHBIX CIUCKOBBIX 3HaueHuil. Hampumep, 4ToObl co3/1aTh CIIUCOK UMD
B urcsax ot 0 10 100, 13 KOTOPOro MCKJIFOUYEHBI BCE YUC/Ia, KPaTHBIE 5, 00BIYHO UCITOJIb-
3YIOT IIUKJ for:

>>> spam = []

>>> for number in range(100):

ves if number % 5 != 0:

e spam.append(str(number))

>>> spam

ra+, *2*, *3', '4', 'e', '7*, 'g', '9', '11', '12', '13', ‘'i4', '16', '17',

'86', '87', '88', '89', '91', '92', '93', '94', '96', '97', '98', '99']
OlIHaKO TOT K€ CIIMCOK MOKHO CO3/IaTh BCErO OIHOMI CTpOKOfI Kozla € MCII0JIb30OBaHHUEM
CHHTaKCHCa CIIMCKOBOTI'O BKJ/IIOUEHMA:

>>> spam = [str(number) for number in range(100) if number % 5 != 0]
>>> spam
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['1', '2', '3', '4', '6', '7', '8, '9', '11', '12', '13', '14', '16', '17',
'86', '87', '88', '89', '91', '92', '93', '94', '96', '97', '98', '99']

Takske B Python cyuectByer cuHTakCHC BKIIOYEHUI MHOKECTB U CJIOBAPHBIX BKJIIO-
YeHU:

>>> spam = {str(number) for number in range(100) if number % 5 != 0} @

>>> spam

(39", '31', '96', '76', '91', '11', '71', '24', '2', '1', '22', '14', '62',
"4, '57', '49', '51', '9', '63', '78', '93', '6', '86', '92', '64', '37'}

>>> spam = {str(number): number for number in range(100) if number % 5 != 0} @

>>> spam
{'1':1, '2': 2, '3': 3, '4': 4, '6': 6, '7': 7, '8':8, '9': 9, "11': 11,

'92': 92, '93': 93, '94': 94, '96': 96, '97': 97, '98': 98, '99': 99}

Brurtouenune MHOKeCTBA @ HCTOJb3yeT (DUTYPHBbIE CKOOKH BMECTO KBAJ[PATHBIX, a Te-
HepUpyeMoe MM 3HaYeHHe TIpe/IcTaBsteT coboil MHOKecTBO. CI0BapHOE BKIOUEHIE @
co3aeT 3HayeHne-cJa0Bapb U UCII0JIb3YeT ABOeTOUNE /IS Pa3/ie/leHns Kitoya U 3HaYeHUs
BO BKJIIOYEHUN. BKIIIOYEHMSI KOMIIAKTHBI, U OHU MOTYT CZle/IaTh KOJI 6oJiee yaobounTae-
MmbiM. Ho ob6paruTe BHUMaHNE Ha TO, YTO BKJIOUYEHUS CO3/IAI0T CITUCOK, MHOKECTBO HJIN
CJIOBaph Ha OCHOBAHWU MTEPUPYEMOTo 00beKTa (B TaHHOM ITpuMepe — 00beKTa [uara-
30Ha, BO3BPalllaeMOro BLI30BOM range(100) ). Criucku, MHOXKeCTBa U CJI0BapU ABJISIOTCS
UTEPUPYEMBIME OOBEKTAMU, HTO O3HAYAET, YTO BKJIIOUEHUsT MOTYT BKJIAJIBIBATHCS BO
BRJIIOUEHUS, KaK B CJEYIONIEM IIPUMepe:

>>> nestedIntList
>>> nestedStrList
>>> nestedStrList
[['e', "1, '2', '3'], ['4'], ['s', '6'], ['7', 8", '9']]

[[e, 1, 2, 3], [4], [5, 6], [7, 8, 9]]
[[str(i) for i in sublist] for sublist in nestedIntList]

Ho BJoskenHble cliicKOBbIe BKJIOUeHUs (MU BJIOJKEHHbIE BKJIIOYEHWSI MHOYKECTB/
CJIOBapHBIE BKJIIOUEHNS) YIIAKOBBIBAOT 3HAYMTENbHYIO CJIOKHOCTD B HEGOJIBIIOH 00beM
KOJIa, 9TO YCJOKHSET ero uTenue. Jlydine pa3BepHyTh CITUCKOBOE BKJIIOUEHUE B OJIUH
MJIN HECKOJIbKO ITUKJIOB for:

>>> nestedIntList = [[e, 1, 2, 3], [4], [5, 6], [7, 8, 9]]
>>> nestedStrList [1]

>>> for sublist in nestedIntList:

v nestedStrList.append([str(i) for i in sublist])

>>> nestedStrList
[['e', '1', '2', '3'1, ['4'1, ['5', '6'1, ['7', '8, '9'1]

Bxouenus takixe MOTYT CO/I€pKaTb MHOKECTBEHHDBIE BbIPDAKEHU for, XOT4 B Ta-
KUX CUTYyallUAX TaKKe 4aCTO IMOABJIAETCA HEYUTAEMbIN KO/I. HaHpI/IMep, ciaeayioiiee
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CIIMCKOBOE BKJIIOUEHUE CO3/IAET HECTPYKTYPUPOBAHHBIN CIIUCOK HAa Ga3e BIOKEHHOTO
CITHICKA!

>>> nestedList = [[o0, 1, 2, 3], [4], [5, 6], [7, 8, 9]]

>>> flatList = [num for sublist in nestedList for num in sublist]
>>> flatList

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

ITO CIUCKOBOE BKJIIOUEHHE COMEPIKUT JIBA BHIPAKEHUsT for, HO [a’ke OIBITHOMY paspa-
6orunky Python Gyzmer HempocTo monsTh ero. PasBepiyTast hopma ¢ IByMsI ITUKIaMu for
CO3/IA€T TOT K€ JIECTPYKTYPUPOBAHHBIIT CIIUCOK, HO YMTAETCST HAMHOTO TIPOIIE:

>>> nestedList = [[o0, 1, 2, 3], [4], [5, 6], [7, 8, 9]]
>>> flatList = []

>>> for sublist in nestedList:

v for num in sublist:

eee flatList.append(num)

cee

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

BrJIFOUEHUST TPEICTABIISIIOT COO0I CHHTAKCUYECKIE COKPAIIIEHISI, KOTOPBIE TI03BOJISIOT
cO3/1aBaTh KOMIAKTHBIN KO/ TeM He MeHee He yBJIeKalTeCh M He BKJIA/IbIBANTE UX IPYT
B JIpyra.

MycTtbie 6noku except n nnoxue coobueHuns
06 ombkax

[TepexBat MCKIIOUEHUH — OIMH 13 OCHOBHBIX CITOCOOOB BOCCTAHOBUTH PAGOTOCTIOCOH-
HOCTH TIPOTPAMMBI JIaskKe IPU BOSHUKHOBeHUY T1pobsieM. Eciin B iporpaMme BO3HUKAET
UCKJII0YeHre, HO HeT GJioKa except /st ero oOpaborku, mporpamma Python aBapuiino
3aBepIAETCS. ITO MOKET MIPUBECTH K TIOTEPE HECOXPAHEHHON PabGOTHI MITH K COXPAHEHHIO
MOJTy3aBEPIEHHOTO KO/a, KOTOPBIH B ANbHENTIIEM MOJKET CTaTh IPIHYMHON etrfe Horee
CEPbE3HBIX ONITHOOK.

Yro6bl PEAOTBPATHTE (haTaIbHBIE ONTMOKH, MOKHO 100aBUTH OJIOK except € KOJIOM
o6paborku omubku. Ho uroraa 6psaet TpyHO PENIUTD, KaK J0JLKHA 00padaThiBaThCst
ommbKa, U y MPOTPaMMICTa BO3HUKAET MCKYIIEHIE OCTaBUTh OJIOK except IyCThIM,
C OHOM KOMaH/Io# pass. Hampumep, B creyionieM Kojie KOMaH/Ia pass UCIOTb3YeTCsT
ISt co3ianmst 6J10Ka except, KOTOPBIH HUYETO HE ETIACT:

>>> try:

vee num = input('Enter a number: ')
vee num = int(num)

... except ValueError:

vee pass
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Enter a number: forty two
>>> num
'forty two'

B atom kojie He iporcxoaut c6oit, kormna pyHKIM int () TepenaeTcst ctpoka ' forty two',
MOTOMY YTO MCKJIIOYEHKE ValueError, BblJlaBacMoe int (), o6pabaThiBacTCst KOMAHIOM
except. OTHAKO ecJiu OITUOKA TIOMPOCTY UTHOPUPYETCS, 3TO MOKET OBITD XyIKe, YeM aBa-
puiiHoe 3aBepiieHre. IIporpaMMbl aBApUITHO 3aBEPIIAOTCST, YTOOBI OHU HE IPOIOJIKAIN
paboTaTh ¢ HEKOPPEKTHBIMHU TAHHBIMU WJTU B HETTOJTHOM COCTOSTHHH, YTO MOKET TTOPOTATH
Gosee cepbesnbie ommbky B Oyayuiem. [Tpu BBoje HenudpoBbIX CUMBOJIOB B HaIlleM
npuMepe aBapuiiHoe 3aBepiiieHne He nmporcxoauT. Ho teriepb nepemMenHast num COIEpPsKNAT
CTPOKY BMECTO I€JIOTO YHCJIA, YTO BBI30BET IIPOOIEMBI ITPU UCTIOIb30BAHUI TEPEMEHHOIT
num. Harma komanzia except He CTOIBKO 06pabaThIBaeT ONMMOKY, CKOJTHKO CKPBIBAET UX.

O6paboTka UCKIIOYEHHIT ¢ IIJIOXUMU COOOmEeHnsaMU 00 ommnbKax TakxKe OTHOCUTCS
K KaTeropuH 3anaxos Ko/a. BarjsHuTe Ha ceayomuii mpumep:

>>> try:

v num = input('Enter a number: ')

vee num = int(num)

... except ValueError:

v print(‘'An incorrect value was passed to int()')

Enter a number: forty two
An incorrect value was passed to int()

B sTOM KOzIE He mporcxoauT (haTamsbHOTo ¢HO, U HTO XOPOIIO, HO OH HE MPEA0CTABISET
[OJIb30BATEJIO OCTATOUHOM nH(OPMAaIMK O TOM, Kak pemuTh npodaemy. Coobnienns
06 ommbKax npegHasHadeHbl A/ M0JIb30BaTeIeH, a He /15 IPOrpaMMUCTOB. B 1anHom
ciIydae coOOIIeHNEe HE TONBKO COAEPKUT TEXHUYECKHE IOAPOOHOCTH, HEIOHATHBIE
NOJIb30BaTENMO (HATPUMED, CCHIIKY Ha (DYHKIMIO int()), HO 1 He COOBIIAET TOMb30Ba-
TEJII0, KaK MOKHO peruTh pobaeMy. CoobiieHust 06 ommbKax A0KHbI 00bSICHSTD, 4TO
CJLYYIJIOCH U YTO HOJIb30BATEND JT0JKEH CAENATD.

[TporpammucTy mporie GICTPO OMUCATE TIPOU3OIIE/IIee (UTO GECIIONE3HO), BMECTO TOTO
4TOOBI TOAPOGHO TOSICHUTD, YTO CTOUT CJIEJATD TOJIB30BATEIIO JIJIS PELIEHS] TIPOOIEMBI.
Ho momumTe, 9T0, €cJTi Batira mporpamMma He 00pabaThiBaeT Bce BOBMOKHbIE NCKIIOYEHNS,
aTa [IporpaMma ellle He 3aBeplieHa.

Mudni 0 3anaxax kopa

HeKOTOpre 3allaXy Ko/Ja BOO6H_[€ He SIBJISIOTCS TaKOBBbIMU. B IIporpaMMuUpoOBaHNN
IIOJIHO HOJIy336I)ITI)IX IIJIOXUX COBETOB, KOTOPbIE ObLIN BbIPBAaHbI N3 KOHTEKCTa NJIN IIPO-
CyIIeCTBOBAJIN TaK /IOJITO, YTO TIEPEIKUJIN CBOIO TTOJIE3HOCTD. 4 BuHIO B 9TOM AaBTOPOB
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TEXHUYECKUX KHUT, KOTOPbIE IIBITAIOTCS BBIIATH CBOM CyObeKTHBHBIE MHEHUST 32 TIEPEIO-
BbIe MPAKTUKHU. BO3MOKHO, BbI CJIBITITAJIN, YTO HEKOTOPBIE U3 HUX SIBJISIOTCS TPUITHAMK
oIMbOK B KOJIe, HO B OCHOBHOM B HUX HET HIYETO IJI0X0T0. 1 HazbIBato UX MU(baMu 0 3a-
raxax KoJa: 9T0 BCero JIMIIb IIpeypeskeHnsl, KOTOpble MOXKHO U HYKHO UTHOPUPOBATb.
PaccMoTpuM HECKOJIBKO ITPUMEPOB.

MM¢.’ ¢)’HKHMM AOJKHbI COAEPXATb TOJIbKO OQHY KOMAHRY return B caMoM KoHLe

Wnes «onun BXOJ, OJIMH BBIXO/» IIPOUCXOAUT U3 HEITPABUILHO UHTEPIPETUPOBAHHOTO
COBETa U3 AIOXU IIPOrpaMMHUpoBanus Ha a3bike acceMOnepa 1 FORTRAN. D1u a3biku
MO3BOJISLII BOUTH B IOATIPOrpaMMy (CTPYKTYPY, CXOAHYIO ¢ (DyHKIHEN) B 11060#t TOU-
Ke, B TOM YHCJIE U B CEPEIITHE, M3-32 YETO B XO/I€ OTIAAKY OBIIIO TPYIHEE OTIPENETUTD,
KaKye 4acTh MOAMPOTPAMMBEI ysKe GBI BBITOTHEHBL. Y (DYHKINN TakOH mpobaeMbr
HeT (BBITIOJIHEHUE BCerjla HaunHaeTcd ¢ Havyana dyuknun). Ho coBer mpomposkan
CYTIECTBOBATD U B KOHIIE KOHIIOB TPAHC(HOPMUPOBAJICSA B «(DYHKIIUHT U METO/IBI JIOJIK-
HBI COJIePsKaTh TOJIBKO OJHY KOMAH/Yy return, KOTopas J0JUKHA HAXO[UTLCA B KOHILE
byuxum nan Mmetozas.

IMombITKN 10OUTHCA TOTO, YTOOBI B pyHKIIMHT MM MeTo1e OblIa TOJIBKO OIHA KOMaH/a
return, 4acTO MPUBOJAT K MOSBJIECHUIO 3aIlIyTAHHBIX 10CJE0BATEIbHOCTEH KOMaHT
if-else, KOTOpbIE CO3/1AIOT TOPA3/I0 OouibllIe HpO6JIeM, YyeM HECKOJIbKO KOMaH/I return.
DyHKINS 1IN METOJT MOJKET COEPKATh HECKOJIBKO KOMAH/I return, HUYETO CTPAIITHOTO
B 9TOM HET.

Mu¢: dynkumun gomxHbi cogepxarb He bonee ogHoii Komanasl try

«DYHKIMK 1 METOZBI JOJIKHBI IeJIaTh UTO-TO OJHO» — B OOJIBIINHCTBE CJIy4aeB 9TO XO-
poruii coBet. Ho Tpe60oBatTh, 40061 00pabOTKa UCKIIOUEHUH BBITIOIHSIIACH B OT/ETBHON
(bYHKIMY, 3HAYUT 3aXOAUTh CIUIIKOM fasieko. [ljist mpuMepa paccMoTpuM (BYHKIIUIO,
KOTOpast IPOBEPSIET, CYIECTBYET JIM yAaIsieMblil (haiir:

>>> import os

>>> def deleteWithConfirmation(filename):

cos try:

v if (input('Delete ' + filename + ', are you sure? Y/N') == 'Y'):
v os.unlink(filename)

. except FileNotFoundError:

v print('That file already did not exist.')

CTOpOoHHWKHN 3TOTO MH(a BO3paKaioT, YTO GYHKIINN JJOJKHBI BCET/[a UMETh TOJBKO
oznHy 06s13aHHOCTD. O6pabOTKA UCKIIOUEHHT — 3TO 06SI3aHHOCTD, TI0ITOMY (DYHKITHIO
HY:KHO pa3buth Ha Be. OHM CYUTAIOT, YTO, €CJIU BbI HCIIOJIb3YyeTe KOMAH/Y try-except,
OHa JI0OJKHA OBITH TTEPBON KOMAH/IOM 1 OXBATHIBATH BECH KO (DYHKIIUU:
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>>> import os

>>> def handleErrorForDeleteWithConfirmation(filename):
e try:

v _deleteWithConfirmation(filename)

e except FileNotFoundError:

vee print('That file already did not exist.')

coe

>>> def _deleteWithConfirmation(filename):
vee if (input('Delete ' + filename + ', are you sure? Y/N') == 'Y'):
v os.unlink(filename)

Iror xox uznuiite ycaoxued. Oyukims _deleteWithConfirmation() Temeps momevyeHa
KaK pUBaTHAS IIPU MOMOIIH TTpeduKca _, KOTOPBIA yKa3bIBaeT, YTO (DYHKINSI HUKOT/A
He J0JIKHA BbI3bIBAThCS HAIIPAMYIO — TOJIBKO KOCBEHHO, Yepe3 BbI30B handleErrorFo
rDeleteWithConfirmation(). ViMst HOBOU (hyHKIIUH MOJYIUIOCH HEYTOOHBIM, TOTOMY
YTO OHA BRI3BIBAETCST JIUIST yAaeHus (haiisa, a #e 11t 00paboTKU ONMMOKY TP YIAEH .

Baiu GyHKIUM J0KHBL ObITh IIPOCTBIMU U KOMIIAKTHBIMK, HO 9TO He 3HAYUT, YTO OHU
BCer/a JI0JKHBI JIeJIaTh 4TO-TO OHO (Kak ObI BBI 9TO HU OIpe/eisiin ). BriosHe HopMasib-
HO, ecJTi Bali QYHKIMU CO/leP:KAT HECKOTBKO KOMaH/I try-except 1 3T KOMaH/Ibl He
OXBaThIBAIOT BECH KOJI (DYHKITUM.

Mud: aprymentbi-pnarn HexxenarenbHoi

Jloruueckue apryMeHThbI (DyHKIHIT WK METOIOB HHOT/IA HA3BIBAIOTCS apryMeHTaMu-(Jia-
ramu. B 1mporpaMMUpOBaHUU (hiazom HA3BIBAETCA 3HAUEHUE, BKIIOYAloIee OUHAPHbIIL
BBIOOD «BKJIIOYEHO — BBIK/IIOYEHO»; JJISI IIPEACTaBIeHIs (PJIaroB 4acTO UCIIOAb3YIOTCSI
JIOTHYeCKIe 3HaueHust. Takue HaCTPOIKN MOKHO OIMCATh KaK yCTAHOBJIEHHBIE (True)
uu copoinennbie (False).

JloskHast yBepEHHOCTH B TOM, UTO apTyMEHThI-(hraru (OyHKII 4eM-TO TIII0X1, OCHOBAHA
Ha yTBEPKAEHUHU, YTO B 3aBUCUMOCTH OT 3HavyeHud Quiara pyHKIMS peniaer /e coBep-
HIEHHO Pa3Hble 33/1a4H, KaK B CJIEAYIONIEM IIpUMepe:

def someFunction(flagArgument):
if flagArgument:
# BbinONHUTBL KoA. ..
else:
# BbiNOSIHUTbH COBEpPWEHHO APYroi Koa. ..

[letictBuTesbHO, ecan Bata (DyHKIINS BBITJISIIUT TaK, Jydllie CO3/IaTh /IBe pa3Hble hyHK-
IMH, BMECTO TOTO YTOObI B 3aBUCHMOCTH OT aPTyMEHTa BBIOMPATH, KaKast OJOBUHA KOJIa
(yHKIIUHU I0JIKHA BBITONHATHCSE. Ho 60/bITMHCTBO (DYHKIINH ¢ apryMeHTamMu-(hJaraMmu
pabotaert He Tak. Hampumep, Tormaeckoe 3HAYEHNE MOKET TIEPEABATHCS B KIIOUEBOM ap-
TYMeHTe reverse (hyHKITNH sorted( ) /I7IsT OTIPEIEIEH ST TOPSIIKA COPTUPOBKN. Pasbuenne
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byukuum na nBe pyHkimu ¢ umenamu sorted() u reverseSorted() He yJIYYIIUT KOJ
(a Takske yaBoUT 00beM HeoOX0AMMOil foKyMeHTauu ). TakuM o6pa3oM, MHEHUE O He-
JKeJIATeThHOCTH apTyMeHTOB-(hJIarOB SABJSIETCSI MUDOM.

Mug: rnobanbHble nepemeHHbie HeXXenaTenbHbI

DyHKINUU 1 METO/IbI HATIOMIHAIOT MUHU-TIPOIPAMMbI BHYTPH Balllell IIPOrPaMMbl: OHI
coJiepsKaT Kojl, BKJIIoUas JIOKaJbHbIE TIepeMeHHbIe, KOTOPbIe TEPSIIOTCS IIPHU BbIXO/IE U3
dyHKIH (006HO TOMY KaK TlepeMEeHHbIe TIPOTPAMMBI TEPSIIOTCS TTOCIIE €€ 3aBEPIIEHNUST ).
DyHKIUY CYIECTBYIOT W30JIUPOBAHHO: TUOO UX KOJ[ BBIMOJIHSIETCS MPABUIBHO, THGO
CONEPKUT OMUOKY B 3aBUCUMOCTH OT apTYMEHTOB, TIePeIaHHbIX TIPH BBI30BE.

Ho yHKIMM 1 METOABI, UCTIONB3YIOTINE TI0OATbHbIE [IEPEMEHHbIE, OTYACTH YTPAUMBAIOT
ATY T0JIe3HY10 n30st1HI0. Kaskast rimobaibHast iepeMeHHast, UCIoyb3yemast B (QyHKITUH,
(haKTUYECKY CTAHOBUTCS OTIOJTHUTEIBHBIM BXOAHBIM 3HaUeHUEM (DYyHKITNU HAPSILY C ap-
rymeHTamu. Bosibiiie apryMeHToB — GOJIbIIe CI0KHOCTH, YTO B CBOIO OYEPE/lb O3HAYAET
6oJiee BBICOKYIO BEPOSITHOCTD OnMOOK. Ecai ommbka mposiisteTcss B GyHKIUK U3-3a
HETPABIJIBHOTO 3HAYEHUSI TI0OATBHOI EPEMEHHOIT, 9TO 3HAYEHNE MOKET OBITh 3a/IaHO
B 1060i1 TouKe nmporpamMmbl. YTOOBI HAWTH BEPOATHYIO TPUYUHY OITMOOYHOTO 3HAYEHUS,
HEI0CTATOYHO MTPOAHATM3UPOBATH KO (DYHKIIMU MJIM CTPOKY KOJIa ¢ BBI3OBOM (DYHKI[HH;
IPUIETCST PACCMOTPETD BCIO Iporpammy. [10aToMy cJieyeT orpaHianuTh UCII0Ib30BaHNe
rJI06ATbHBIX TTEPEMEHHBIX.

Jlst npumepa Bo3bMeM (yHKIHUIO calculateSlicesPerGuest() B BOOOpakaeMoil mpo-
rpamMe partyPlanner.py, comepskarieit ThICSTYM CTPOK. S1 BRITFOUMIT HOMepa CTPOK, YTOODI
J1aTh IIpeCTaBIeHNe O pa3Mepe IMPOrpaMMbl:

1504. def calculateSlicesPerGuest(numberOfCakeSlices):
1505. global numberOfPartyGuests
1506. return numberOfCakeSlices / numberOfPartyGuests

IIOHYCTI/IM, ITPpH BbIIIOJIHEHN 3TON IIpOorpaMMbl BO3HUKAET CJeAYIoiee NCKII0YEeHNE:

Traceback (most recent call last):
File "partyPlanner.py", line 1898, in <module>
print(calculateSlicesPerGuest(42))
File "partyPlanner.py", line 1506, in calculateSlicesPerGuest
return numberOfCakeSlices / numberOfPartyGuests
ZerobDivisionError: division by zero

B nporpamme BosHukaer ommbka gejaenus Ha 0, 3a KOTOPYIO OTBETCTBEHHA CTPOKA
return numberOfCakeSlices / numberOfPartyGuests. UToObl 9TO IPOU3OIILIO, HIEpe-
MeHHas numberOfPartyGuests jo/KHA OBITH paBHa @, HO e numberOfPartyGuests
ObLIO IIPUCBOEHO 9TO 3HaueHKe? Tak Kak mepeMeHHast SBJIseTcs TI00anbHOIl, 9T0 MOTJIO
MPOU30UTH B JII0GOI U3 THICAY CTPOK TiporpamMMbl! 3 IAaHHBIX TPACCUPOBKY MbI 3HAEM,
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yT0 hyHKIM calculateSlicesPerGuest () Bbi3biBasach B cTpoke 1898 Harieii BbIMbIIII-
JIEHHOU TIpOTpaMMbl. B3risanyB Ha cTpoky 1898, MoKHO y3HATH, KAKOU apTyMEHT repe-
JlaBajics JUIs apamerpa numberOfCakeSlices. Ho 3nauenue riobaibHoii epeMeHHoM
numberOfPartyGuests MOTJIO OBITH TIPUCBOEHO T/IE YTOIHO 10 9TOTO BbI30BA (DYHKITHUH.

C]IELIyeT 3aMETHUTD, YTO IIpUMEHECHNE r;100aIbHBIX KOHCTAHT HE CUATAETCA HeKeJla-
TeJIbHOM HpaKTHKOfI. Tak Kak mx 3HaYeHUST HUKOIZA He N3MEHAI0TCA, OHU He ITOBbI-
IIal0T CJIOKHOCTD KO/Ia TaK, KaK 9TO JieJ1aloT Apyrue r106aJIbHbIE IepeMeHnHbIie. Kor/:[a
TIPOTPaMMUCTBI TOBOPAT O TOM, YTO rirobaabHbIE TIepeMeHHbIC HEXKeJTaTe/IbHbBI, OHU HE
HNMEIOT B BUJlY KOHCTAaHTBI.

[mobasbHbIE TIEPEMEHHbIE YBETNYNBAIOT 06BHEM PAOOTHI TI0 OTJIAIKE — TPOTPAMMUCT
JIOJIKEH HAITH TOUKY, B KOTOPOU GBLIO TIPUCBOEHO 3HAUCHHUE, BHI3BABIIICE UCKITIOUCHHE.
N3-3a 3TOTO Upe3MEpPHOE MCII0JIb30BaHMEe TT00ATBHBIX TIEPEMEHHBIX HEKEIATETHHO.
Ho cama nest o Tom, 9TO 6ce ToGANbHbIE TIEPEMEHHBIE TITOXU, HeBepHa. [obanbHbie
TIePEMEHHBIE YaCTO MCMOMB3YIOT B HEGOIBINX MPOTPaMMax ¥ JIJist XPAHEHUsT HACTPOEK,
JeACTBYIOINX BO Beeil mporpamme. Ecin 6e3 riobasbHoii mepeMeHHOo# MOKHO 060ii-
THCb, BEPOSITHO, JIyUIIle 3T0 ceiarh. Ho yTBepskieHre «Bce TI00aIbHbIe TePEMEHHDIE
TIOXU» — CJUIIKOM YTIPOTIIEHHOE U CYOHEKTHBHOE.

Mu¢: xommenTapun nnuwnmu

[Tnoxue koMMeHTapUU XysKe, 4eM OTCYTCTBHE KOMMeHTapueB. KommenTapuii ¢ ycra-
peBIeil i omrbOYHON HHMOPMAITHE He PasbsCHSIET TIPOrPAMMY, a TOJIBKO CO3/[aeT
JITITHION0 PaboTy /st iporpammvucTa. Ho Takast okasbas mpobieMa HHOT/A TOPOSKAAET
TE3UC, YTO 6Ce KOMMEHTAPUH IJI0XU. ET0 aroJioreTbl CYNTAIOT, 4TO KAK/IBII KOMMEHTAPUI
JTOJIZKEH 3aMEHATbCA 60]166 TMOHATHBIM KOZOM BILJIOTH O MOMEHTAQ, KOT/la B ITpOrpaMMe
BOOOTIIE He OCTAHETCST KOMMEHTAPHUEB.

KommeHnTapuy mummyTcst Ha aHTIUHCKOM (MM IPYTOM SI3BIKE, Ha KOTOPOM OOTIAeTCs
MTPOTPAMMICT), UTO JTA€T BO3MOXKHOCTD TOPaszio GoJiee MOJIHO U MOAPOOHO MepeaBaTh
UHGOPMAIIHIO, YeM C TIOMOTITHIO UMEH TTIePEMEHHBIX, (DYHKITUI WK KJIaccoB. TeM He MeHee
HaIMcaTh JaKOHUYHBbIE 1 3(hheKTUBHBIE KOMMEHTapUU HempocTo. KoMmMeHnTapuu, Kak
1 KOJI, TPUXOANTCST HEOMHOKPATHO PEMaKTHPOBaTh. Harr kot Ham abCoTOTHO TOHSITEH
MOCJIe TOTO, KaK OH HATTHCAH, TOITOMY KOMMEHTAPHH MOTYT TIOKA3aThCsT 6eCCMBICTEHHOT
U JutHel pabotoit. TyT v BO3HUKaeT MHEHVE: KOMMEHTAPUN U3JTHIITH.

Ho yare Ha mpakTHKe B IIPOrpaMMax CJIUIIKOM MaJ0 KOMMEHTapHueB (MM UX HET BO-
06111e) I OHU TaK 3aITyTaHbl, 4TO MOTYT ie3uH(GOpMUPoBaTh. OTKA3BIBATHCS OT KOMMEH-
TapueB HA 3TOM OCHOBAHUI BCE PABHO UTO 3as1BJIATE: «IlepeseTst uepes ATaHTUIeCKUI
okean Ge3omacHbl TOMHLKO Ha 99,999991%, MOaTOMY I JIydIie MOTIBIBY Ha MAPOXOES.

O Tom, Kak numyTest ahdEKTUBHBIE KOMMeEHTapuu, 6osiee MoAPOOHO s PACCKAXKY B IJia-
Be 10.
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Utorn

Hekue npusHaku, Wi 3araxu Kojia, yKasbIBaIOT Ha TO, YTO, BEPOSITHO, 3TOT KOJI MOKHO
Harucathb Jydiie. OHu He Beerjia TpeOyIoT M3MEHEHHI, HO JTydliie IPUCMOTPETHCSI K KOJLY
ette pa3. Camblil pacIipocTpaHEHHBIN 3amax Kojia — JAyOIupoBaHUe — TTIOHYIKIAET TIPO-
rpaMMHCTa K TOMY, '-ITO6BI Pa3MECTUTDH KOL B (byHK]_[I/II/I NJIN B ITUKJIE. IS kVe) TapaHTUPYET,
YTO M3MeHEeHUs1 Oy/IeT JOCTATOYHO BHECTH TOJIBKO B OJHOM Mecte. Eliie ouH mpusHak
BO3MOYKHOI HpO6JI€MbI — «Marm4yeckue» 4mcJjia: 3ara/lo4ibie 3Ha4€eHU A, KOTOPbI€e MOKHO
3aMEHUTDb KOHCTAaHTaMU C COAEPKATEJIbHBIMU UMEHAMM. Taxoxe ctout YHOMAHYTD O 3a-
KOMMEHTHUPOBAaHHOM U MEPTBOM KO/IE, KOTOprIL/,I HHUKOT/Ia HE BBITTIOTHACTCA KOMITBIOTEPOM.
OH MOKeT COUTh ¢ TOJIKY IIPOrPAMMKCTOB, KOTOPbIE BIIOCIEACTBUU OYAYT €r0 YNTATh.
Jlyudiie yramuTh Takve pparMeHTbI MOJTHOCTBIO U BOCIIOJIB30BATHCS CUCTEMOM KOHTPOJIS
Bepcuit (takoii kak Git), ec/iv 1o3/Hee BaM II0TpedyeTcs CHOBa BKJIIOUUTH X B CBOIO
IIPOTPAMMY.

MexaHmn3M OTIaI09HOTO BBIBO/IA MCITOTh3YeT BBI3SOBBI print () /11 BBIBO/IA OTIAI0UHON
undopmanmu. HecMoTps Ha IPOCTOTY TaKOro 1OAX0/1a, B 10JTOCPOUHOIL IIePCIIEKTUBE
JUISL IMATHOCTHKY OTTOOK JIyUlile TTOJOKUTHCS Ha OTJQIYMK U Ky PHAJIbHbIE (DallibL.

[Tepemennbie ¢ unciaoBbiMu cyddrkcamu (x1, x2, X3 U T. [I.) CTOUT 3aMEHUTb OJIHOU
HepeMEeHHOM, colepsKalllell CIICOK. B oTiimune OT Takux sI3bIKOB, Kak Java, B Python
JUTSL TPYTITAPOBKY (hYHKITUI UCTTOTB3YIOTCS He Kacchl, a MoyJin. Kiace, comepxarnnii
TOJIBKO OJIITH METOJI VJIU TOJIbKO CTAaTUYECKUEe METO/bI, MOKHO TaK:Ke pacCMaTpUBaTh
KaK 3aI1ax Ko/Ia, IIPe/IoJIaraloliiii, 4To KO/ Jydliie PA3MeCTUTh B MOJIYJIE, a He B KJIACCE.
N xoT4 criucKoBbIe BKIIOUEHUS MTPEIOCTABISAIOT KOMITAKTHBIN MEXaHU3M CO3/IaHUS CIIU-
CKOBBIX 3HAUCHUI, BIIOKEHHbIE CITUCKOBBIE BKIIOUEHUST 0OBITHO OUEHb MJI0X0 YUTAIOTCSL.

Kpowme Toro, 106bie HCKITIOUeHNUST, 0O0pabaThiBacMble MyCTHIMU OJIOKaMU except, YKasbl-
BAIOT Ha TO, YTO BBI IPOCTO UTHOPUPYETE OIMMOKY, BMECTO TOTO 4TOOBI 00paboTaTh ee.
Kopotkoe, HeBpasymuTebHoe coobiienne 06 olmnbKe Tak ke GECII0NE3HO 15 0JIb30-
BaTeJIs, KaK U OTCYTCTBUE COOOIIEHIL.

Hapsizy ¢ aTuMu ipusHaKaMu BO3MOKHBIX TIPOGJIEM CTOUT YHOMSIHYTh U MU(BI O HUX:
COBETHI TI0 TPOTPAMMHUPOBAHIIO, KOTOPbIE TIEPECTaIN OBITh AKTYaJIbHBIMU MU CO BpEMe-
HeM CTaJIM HePallnOHAIbHBIMU. DTO U padMellleH1e TOJIbKO 0O/IHOM KOMaH/Ibl return nin
6J10Ka try-except B K011 (QYHKIIMH, OJHBII OTKA3 OT UCIIOJIb30BAHUS APIyMEHTOB-
(J1aroB u TI00AIHHBIX TIEPEMEHHDBIX U BEPA B TO, YTO KOMMEHTAPUHU B KOJI€ U3JIHIITHU.

Komneuno, kak 970 00bIYHO ObIBAET CO BCEMU COBETaMU B 00JIaCTH IIPOrPaMMKIPOBAHUS,
3armaxu KoJa, 0 KOTOPBIX 3/IECh IJIa PeUb, MOTYT HE IPUTOAUTHCS BaM MIPU PEaT3aiunu
BAIllero MPOeKTa WK He COOTBETCTBOBATH BAIIUM TIPeAouTeHIsIM. Bee BecbMma cyObek-
TrBHO. C MOSBICHIEM MPAKTUYECKOTO OIBITA BBI CAMHU CJIEIACTE BBIBOJIBI OTHOCUTEIHHO
TOTO, KAKOH KOJI XOPOIIO YUTAETCA VI ABJISIETCA HAJIEKHBIM, HO, HaJIEIOCh, YTO BaM BCe-
TaKW TPUTOJISITCS KPATKIE PEKOMEH AT, M3T0KEHHDIE B 9TOW TIaBe.
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Mouynoiii — 6eCCMbICIEHHBII ATUTET /TSI SI3BIKOB ITPOrPAMMHEPO-

Banust. Kask/plit S13bIK IPOrpaMMUPOBAHNST OIIUCHIBAET CeOsT KAk

Moriablit, Oduimanpabiii yue6HuK Python Haunnaetcst ¢ ppassi

«Python — A0CTYMHBIN 1 MOTITHBIH SI3BIK TPOTPAMMUPOBAHIS> .

Ho ne cymecTByeT aaropuTma, KOTOPbII MOXKHO Pealu30BaTh

Ha OJIHOM SI3bIKe U HeJslb3sl — Ha JIPYTUX, U HeT eJIMHUIL JJIsI OLleHKU

«MOTI[I» SI3BIKA TPOTPAMMHUPOBAHUS (XOTSI, KOHEUHO, MOKHO BBIOPATH

B KayecTBe llapaMeTpa IPOMKOCTb U3JI0KEHUS IIPOrPAMMUCTAMU aPIyMEHTOB B 110J1b3Y
CBOETO JIIOOUMOTO SI3BIKA).

Ho y kask70ro g3bIKa UMEIOTCS CBOU ITaTTEPHbI IPOEKTUPOBAHUS U CKPBITBIE JIOBYIIKH,
KOTOPbIE COCTABJISAIOT €T0 CUJIbHBIE ¥ c1abbie cTopoHbl. UTo6bl micath ko Python Ha
podhecCuoHaIbHOM YPOBHE, HEAOCTATOUHO 3HATH CUHTAKCHC U CTaHAAPTHYIO OUbIMo-
Teky. Heo6X0mmMo U3yduTh u0uoMbl, TO €CTh MPAKTHKI TTPOTPAMMHUPOBAHUSI, CTIETH-
duaeckne amsg Python. Hekoropsie si3bikoBbIe cpeictBa Python mossosstior oTamdano
MUCaTh KO B CTUJIE, KOTOPBIN Ha3bIBACTCS NUMOHUMECKUM.

B 9710ii r1aBe s 10KaKy HEKOTOPBIE HOIY/IAPHbIE CIOCOObI HAIMCAHUS UAMOMATIYE-
ckoro koza Python u ero HenmMTOHMYECKUX aHAIOrOB. Bompoc o ToM, Kakoil Koj cum-
TaTh HUTOHUYECKUM, KaK IIPABUJIO, KAK/IbIi IIPOrPAMMUCT peliaeT caM, HO 0 HanboJiee
pacmpocTpaHEeHHBIX TpUeMaxX 1 MeTO/Iax 51 pacckaxky HuKe. OTBITHBIE TPOTPAMMUCTBI
Python yacTo IpUMEHSIOT 9TH IIPUEMBI, 1, €CJIU Bbl OyIeTe 3HATh UX, 9TO HOMOKET BaM
UIEeHTUMUIIUPOBATH UX B PEATILHOM KO/IE.

«A3eH Python»

«J13en Python» — HabGop us 20 pyKOBOASIIIUX MPUHIIUIIOB TPOEKTUPOBAHUST SI3IKA
Python u iporpamm Python, Hanicantsiii Tumowm Ietepcom. Bel He 00s13aHbI CJ1e10BaTh
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BCEM STUM IIPUHIIAIIAM, HO X CTOUT AepKaTh B ronose. Kpome toro, «/Izen Python» —
9TO CKpbITad IIYTKA, KOTOpasd IMOABJIAETCS IPU BBIIIOJHEHNN KOMaH/bl import this:

>>> import this
The Zen of Python, by Tim Peters

Beautiful is better than ugly.
Explicit is better than implicit.
--snip--

NMPUMEYAHMUE

Kak Hu cTpanHo, sanmcansl Tonbko 19 npuuumnos. fosopst, lBugo BaH Poccym, cosparens
Python, sassun, uto otcyTctaytowmin 20-1 nyHKT 6bin «cTpaHHoi wyTkoi Tuma Metepca, no-
HSITHOM TOJIbKO MOCBALLEHHBIMY. TUM OCTOBMI B CMIMCKE MYCTOE MECTO M MPEANOXMI 3AMONHUTL
ero [BMAO, HO MOXOXe, Y TOrO TAaK M HE HALNOCh BPEMEHMU.

B xoneyHOM UTOre 3TH TE3UCHI — BCETrO JIUIIDL U3JI0JKEHHE MHEHUS, C KOTOPBIM IIPO-
IPAaMMUCTBI MOTYT COIJIAINATBCA MK He corsamaTbes. Kak 1 Bo BceX XOpoIuX cBoax
HPABCTBEHHBIX HOPM, OHU TIPOTUBOPEYAT APYT JAPYTY, UTO 0OeCcIIeunBaeT HanhoIbIIyIO
TUOKOCTD B WX peann3ariu. Most HHTePIPETAIHsT 9THX Te3UCOB U3TOKeHA HITKE.

Kpacusoe syuine, yem ypoymueoe. KpaciBbiM 00bIUHO CUUTAETCSI KOJT, KOTOPbIIA JIETKO
YUTAETCS W BOCTIpUHIMaeTcst. Hepeko mporpaMMIICTBI TIHITYT KO CIUIITKOM GBICTPO,
He 3260Ts1Ch 06 yrobountaeMocTi. KOMITbIOTED BBIOJIHUT HEYMTAEMbIii KOJI, HO Y TIPO-
IPaMMUCTOB BO3HUKHYT CJIO3KHOCTH C €T0 COITPOBOKIEHUEM U OTIa/IKOH. Kpacora — 1o-
HsATHE CyOBEKTUBHOE, HO KOJI, TPU HAMMUCAHUU KOTOPOTO MPOTPAMMHUCT He 103200 THJICST
0 TOM, KaK OH GYJIET YMTAThCS, IPYTUM YaCTO KaKeTcst ypoauBeiM. OiHa U3 TpUYHH
nonyssipaoctu Python kak pas cBsizana ¢ tem, 4To €ro CHHTAKCHC HE 3arPOMOK/IAETCSI
3ara/[OYHBIMU 3HAKAMU [IPEMTUHAHUS, KAK B [PYTHX SI3BIKAX, YTO YIIPOIIAET PAdOTY C HUM.

SIBHOE syuie, yeM HesiBHOE. Ecuii ObI B KaueCTBe TOSICHEHUST TAHHOTO TIPABUJIA ST CKA3aJl
«3TO OUEBUIHO», 9TO OBIIO OB yskacHO. Tak 1 B KOJie JyUIile BBIPAKATHCS PA3BEPHYTO
u siBHO. He cTonT nipsiTaTh (hyHKIIMOHATIBHOCTD B HEBHSTHOM KOJI€, TOHUMaHUe KOTOPOTO
TpebyeT 3HAHUST BCEeX TOHKOCTEN sI3bIKa.

IIpocroe ayuyiie, yem ciaoxkHoe. CioxKHOe Jyydllie, YeM 3amyTaHHOe. DTH /[BA YTBEPK-
JIEHUST HATTOMWHAIOT HaM, YTO BCE MOKHO CTPOUTH KaK MPOCTBIMU, TaK U CJOKHBIMU
cpeiactBamu. Eciiv niepesi BaMu CTOUT IPOCTast 3a/ia4a, JJjis PellieHust KOTOPOi HysKHA
JIoTiata, MCIoJib30BaTh 50-TOHHbII rupaBanueckuii 6y baosep HeabdexTusro. Ho st
BBIIIOJTHEH M TPAHIMO3HON 3aa41 CJI0KHOCTD YIIPABJIEHI OAHUM OYJIbA03€POM HUUTO
110 CpaBHEHUIO ¢ KoopanHareit komanibl n3 100 3emsexono. OTiaBaiite npenodyTeHye
[IPOCTOTE TEPE]] CIIOKHOCTHIO, HO 3HANWTE TPAHUILBI IPOCTOTHI.

Ilnockoe syume, yeM Bio;KeHHOe. [IporpaMMuCThI JTIOOAT JeIUTh CBOM KOJ| Ha Ka-
TEropuu, 0COOEHHO €CJI Te COJepsKaT MOJKATErOPUr, KOTOPbIe COMEPKAT APYTHE
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MO/IKATETOPUH. JTU UePAPXUU YACTO TIPOAYIUPYIOT HE CTOJBKO OPraHU3aIuio, CKOJIbKO
OropokpatusM. HUuTO He MelIaeT BaM HAIMCATh KO, COAEPKAIIUIICS BCEro B OQHOIL
CTPYKTYpE TaHHBIX WJIN MOYyJie BepXHero ypoBH4. Ecyin B BaleM Kojie 4acTo BCTpeya-
IOTCA KOHCTPYKIIMU BUJA spam. eggs .bacon.ham() mym spam[ 'eggs' ][ 'bacon' ][ "ham'],
BbI €0 [1ePEYCIOKHUIIN.

PaspeskenHoe Jyuiie, 4eM ILIOTHOE. [IporpaMMucThbl J100AT BTUCKUBATh MaKCHU-
MyM (DYHKITHOHATBHOCTH B MUHUMAJIbHBIH 00beM KOJIa, KaK B CJEAYIONIE CTPOKe:
print('\n'.join("%i bytes = %i bits which has %i possiblevalues." % (j, j*8,
256**j-1) for j in (1 << i for i in range(8)))). XOTsd TaKo#l KO/ HaBepPHIKA TTPOM3-
BE/IET BII€HaTJICHUE Ha ﬂpysef/i, OH IPUBEAET B APOCTD KOJIJIET, KOTOPBIM IIPUIETCA B HEM
pasbupatbest. He ctpeMuTech K TOMY, UT0OBI Balll KOJ JeJIaJl MHOTO Beero 1 cpasy. Koy,
pacmpe/ieJIeHHbIN 10 HECKOJIbKIM CTPOKAM, YaCTO YATAETCS TIPOIILEe, YeM MIJIOTHBIE O/[HO-
CTPOYHBIE KOHCTPYKIIUI. DTO IPABUJIO O3HAYAET IIPUOITUBUTENBHO TO JKE, YTO U IIPOCTOE
JIydIlie, 4eM CJI0KHOEe».

Vno6ountaeMoCTb BaskHa. XOTsI UM strcmp() HaBEPHSIKA O3HAYAET «CPAaBHEHNE CTPOK»
st Tex, Kto nmporpammuposai Ha C ¢ 1970-x rooB, y COBpeMeHHBIX KOMIBIOTEPOB
XBaTaeT MaMATH IS OJIHbIX uMeH dyHkuuil. He npomyckaiite 6yKBbl B MIMEHaX U He
MUTIATE CITUTITKOM JJAKOHUYHBIN Koz, He jkasieiiTe BpeMeHM Ha MOMCK COIEP/KATETbHBIX,
KOHKDPETHBIX UMEH JIJIsT BalllUX TlepeMeHHbIX 1 (hyHKIuil. [lycras ctpoka MexLy pas-
JeJlaMU KOZla PelIaeT Ty JKe 3aady, 9YTO U pa3OuBKa Ha ad3allbl B KHUTE: OHA CO00IIaeT
YUTATEJ0, KaKKe YaCTH J0JKHBI YUTAThCA BMECTE. ITO IIPABUIIO O3HAYAET IIPUOIN3H-
TEJIHO TO K€, UTO U «KPACUBOE JIyUIlle, YeM YPOJIJIUBOES.

Oco0ble ciyyan He HACTOJbKO 0cOo0ObIe, YTOObI HapymaTh npasuia. Ilpu aTom npak-
TUYHOCTb BaskHee Oe3ymnpeyHoctd. ITu aAsa adhopusMa IPOTUBOPEYAT APYT APYTY.
B niporpaMMupoBaHuy MOJIHO [T€PEJOBBIX IPAKTUK, KOTOPbIE TPOrPAMMUCTAM CJIEYET
HCIIOJIb30BaTh B cBoeM Koze. JKemamue 060ATH 5T IpUeMBI pagu OBICTPOTO XUTPOYM-
HOT'O TPIOKa COOJIa3HUTEIHHO, HO HHOI/IA IPUBOAUT K OECHOPALOUHOMY KIyOKY HEro-
CJIEI0BATENBHOTO M HeunTaeMoro kKoza. C aApyroil cTopoHsl, (haHaTHYHOE CIIeJ0BAHUE
MpaBUIaM MOKET CTaTh TPUUMHON aOCTPaKTHOTO, HeyobounTaeMoro Kozaa. Hampumep,
B Java ITIOIIbITKa HalluCaTb BECHh KO/ B ITapa/iurMe O6'beKTHO—OpI/IeHTI/IpOBaHHOFO Ipo-
IPaMMUPOBAHUSA YACTO IPUBOAUT K UCIIOIb30BAHMIO OOJIBIIOTO 0ObeMa MIabJI0HOB JakKe
B caMoil Mesikoit mporpaMme. C OIBITOM Bbl HAYYUTECH POXOJMTH 110 Y3KOH KPOMKE
MEKy 9THMU JBYMs TIOJIOKEHUAMU. A CO BpeMeHeM He TOJIbKO y3HaeTe IpaBKja, HO
U [0iMETe, KOrjia UX MOKHO HapyIIaTh.

OmHOKY HEKOT/IA HE JIOJKHBI 3aMaaunBaThesi. ECM TOIbKO OHY He 3aMaTYHBAIOTCS
siBHO. XOTsI TPOrPAMMUCTBI YACTO UTHOPUPYIOT COOOIIEHUsT 06 OIUOKAX, ITO HE 3HAUMT,
YTO TIPOTpaMMa JIOJIKHA TEPECTaTh UX BBIIaBaTh. Yatie BCEro oMmOKN 3aMaTInBaIOTCS,
Korzia pyHKIUY BO3BPAIIAIOT KOJbI OIMTMOOK Ui None BMECTO BBIIAYN UCKITIOUEHWH, ITH
JIBa T€3Uca YTBEPIK/IAIOT, YTO JIydllle IPOrPaMMUPOBATH C PacYeToM Ha ObICTPbIii OOt
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U aBapuiHOe 3aBepllieHue, YeM Ha 3aMaTYMBaHue OMMUOKY ¢ TPOJIOJIKEHIEM BBITIOJTHE-
aust. OmubKH, KOTOpble Hen36eKHO BOSHUKHYT TTO3/[HEE, CO3/IAAYT OOIbIne mpobieM
C OTJIAJIKOH, TOTOMY UTO OHU MPOSIBAT Ce0sT IATEKO OT MPUYNHBI, X BbI3BaBIel. XOTsI
BbI MOJKETE B3SITh 3a MPABUJIO SIBHO UTHOPUPOBATDH ONIMOKU, BO3HUKAIOIINE B Ballleil
mporpamme, yOeIuTech, YTo 9TO Ballle CO3HATETHHOE PETIeHIIE.

CTOJIKHYBUIUCH C HEOHO3HAYHOCTHIO, 6OPHUTECH C UCKYIIeHHEM yraaaTh. Komrbiore-
PBI JIETAIOT JITOfIEl CyeBEPHBIMU: YTOOBI H3THATE IEMOHOB U3 HAIIINX KOMITHIOTEPOB, MBI
BBITIOJTHSIEM CBSIIIIEHHBIN PUTYaJI, iepe3arpyskast ux. [Ipeanosaraercs, 9To 3TO PenuT
JM06YI0 HEMOHATHYIO Tipobaemy. OIHAKO B KOMITbIOTEPaX HET HUYETO BOJIIEOHOTO.
Ecou kozt He paboTaet, TOMY €cTh TPUYNHA, ¥ TIPOGIEMY MOKHO PEIINATH, TOIBKO TIPH-
3BaB Ha TOMOIh KPUTUUYECKOE MBITIITIeHNE. BopuTech ¢ NCKYTIeHneM NCKATh TPUIIHY
HAyTajl, TOKa 9TO-TO He 3apaboTaeT; YacTO BbI BCETO JIUIIb MACKUPYyeTe TPOOJIEMY, a He
pelaere ee.

JTossKeH ObITh O/IMH — ¥ 3KeJIaTeNbHO TOJIBKO OIUH — OYEBU/IHDII CIIOCO0 C/IeIaTh ITO.
ITOT TE3WC HAMPSMYIO TIPOTUBOPEYUT JIEBU3Y SI3bIKA MporpammupoBanust Perl: «3to
MOJKHO CIIETTaTh Pa3HBIMU crtocobamu!s. Kak BBISICHSIETCST, BOBMOKHOCTD HATIMCATH KOJT
JUIST PETIIEHST OJTHOW 33/Ia4i TPEMSI-UETBIPbMST PA3HBIMU CIIOCOOAMU CTAHOBUTCST TTaJI-
KO 0 JIBYX KOHIIAX: ¥ BAC MOSIBJAETCS OOJIbINAst THOKOCTH B HAMTMCAHUY KOJIA, HO 3aTO
BaM TIPHUJIETCS U3yUaTh BCE BOSMOJKHBIE CIIOCOOBI €T0 HAIMCAHMUST, UTOOBI YUTATh YUY KO
Ko/1. TMOKOCTD He OMPaB/ABIBACT JUITHUX YCUIUH, KOTOPbIE TTOTPEOYIOTCS /ISt U3y YEeHUS
A3bIKa IIPOrPAMMUPOBAHUSL.

XOTs19T0 MOKET ObITh ¥ HE 04EBHIHO, €CJIY TOJIBKO BbI He To/LIaHzel. JTo myTKa. 1160
I'sugo Ban Poccywm, cosparens Python, — rosanzerr.

Ceituac ryuime, yeMm HUKOr/1a. XOTS HUKOT/Ia 3a4acTyIo Jyvlle, 4yeM *npsamMo® ceituac.
ITO 0 TOM, UTO KO/, KOTOPbIii paboTaeT MeIJEeHHO, OYEBUIHO XYysKe, 4eM TOT, KOTOPbIii
pabotaer 6bicTpo. Ho Jrydiie 10K aaThCs 3aBEPIIEHUsT IPOrPAMMBI, Y€M 3aBEPIIHUTh €€
CJTUTIIKOM PAHO C HETTPABUJIbHBIMY PE3yJIbTaTaMU.

Ecim peanusanuio cI03xKH0 00bsICHUTD, e Ioxa. Eciu peanusanuio Jerko oobsic-
HUTh, BO3MO3KHO, Ulesi Xopoma. MHOoTHe Bely YCJI0KHSIOTCS CO BpeMeHeM: HAJIOTOBOe
3aKOHO/IATEJIbCTBO, POMAHTUYECKUE OTHOIIEH WS, KHUTH IO IIPOTPAMMUPOBAHUIO HA SI3bI-
ke Python. To ke MOKHO cKa3aTh U O IPOrpaMMax. TH JBa MOJIOKEHHsI HATTOMUHAIOT
HaM: eCJIN KO/ HACTOJIBKO CJIOJKEH, UTO IIPOTPAMMUCT HE CMOJKET €T0 ITOHSTh ¥ OTJIAJUTh,
970 110X0i Koz Ho eciin Koz 00bsACHAETCS JIErKO, 9TO He 0043aTe/IbHO 03HAYAET, 4TO OH
xoportil. K coxkaieHuio, IoHTh, KaK C/ieJIaTh KO/ TPOCTHIM HACTOJIBKO, HACKOJIBKO 9TO
BO3MOJKHO, M HM HA HOTY TIPOIIle, IOCTATOUHO CJOKHO.

ITpocTpancTea uMeH — oTmyHas mryka. Caenaem ux nodossine! ITpocTpancTBa HMEH
IPEACTAB/ISAIOT OO0 U30JIMPOBAHHbBIE KOHTEHHEPDI I UAEHTUDUKATOPOB, IIPEJOT-
Bparaoriue KoHpaukTel uMeH. Harpumep, Berpoennast byHKIust open() U GYHKITI
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.open() y webbrowser UMeIOT OJIMHAKOBbIC MMEHA, HO 3TO pa3ubie GyHKImu. Vimmop-
THPOBaHUE webbrowser He 3amellaeT BCTPOCHHYIO (DYHKIIMIO open(), IIOTOMY YTO /IBE
(byHKIIMY CYTIIECTBYIOT B PA3HBIX TPOCTPAHCTBAX UMEH: BCTPOEHHOM TIPOCTPAHCTBE UMEH
U IIPOCTPAHCTBE UMEH MO/IyJist webbrowser cooTBeTcTBeHHO. OIHAKO He 3a0bIBATE, YTO
TIOCKOE JIyYIie BIOKEHHOTO: KaKUMU OBl 3aMeUaTeTbHBIMI HU OBLIN TPOCTPAHCTBA
MMEH, CO3/IaBATh UX CJEAYET TOTHKO [IJIS TPEIOTBPANIeHNS KOH(MIUKTOB UMEH, a He JIJIS
NOOABIIEHSI JIMIITHEH CHCTEMATU3AIIHH.

Kak 1 B OTHOIIIEHUY BCeX MHEHHI B 00JIACTH TIPOrPAMMUPOBAHMSI, BBl MOJKETE BO3Pa-
3UTHb MHE, YTO MOU COBETbHI MOTYT 6bITb IIPOCTO HEAKTYAJIbHbIMU J1JIA Baleun CUTyalunun.
Criopbl 0 TOM, KaK cJielyeT MUcaTh KOJI UJIM KaKOI KOJI CYMTATh TUTOHUIECKUM, PEITKO
ObIBAIOT TAKMMH ILJIOAOTBOPHBIMU, KaK 9TO Kakercs Ha nepsbiii B3rsa. (Eciu Tonbko
BbI He cOOMpaeTe B KHUTY OJIHU JIUIIb CyOhEKTUBHbIE MHEHUS. )

Kax nonio6utb 3SHauMmbie oTCTynbl

Camast paciipoctpaHeHHast ipetenssi K Python, KoTopyto st CJIbIITy OT IPOrPAMMHUCTOB
C OTBITOM PabOTHI Ha IPYTHX SA3BIKAX, — HEOOBIYHOCTH U HEMTPUBBIYHOCTD 3HAUUMBLY
omcmynos (KOTOPbIE YacTOo TI0 ONMTHOKe HAa3bIBAIOT 3Hauumovimu npobenamu). KommaecTBo
OTCTYIIOB B HAYaJIe CTPOKK KoJa uMmeet cMbicsi B Python, motomy uto oHO onpesessier,
KaKue CTPOKU KOJIa TTPUHAJIJIEKAT TOMY JKe TIPOTPAMMHOMY OJIOKY.

IpymmpoBka 6J10K0B Kojia B Python mpu moMoIiy 0TCTyIIOB MOKET MOKA3aThCsI CTPAH-
HOIi, TTOTOMY 4TO B JIPYTUX SI3BIKAX GJOKH HAYMHAIOTCS U 3aBEPIIAOTCS (GUTYPHBIMU
cko6kamu: { and }. OHAKO MTPOTPAMMUCTBHI C OIIBITOM PAOOTHI Ha JAPYTUX SI3BIKAX TOKE
00bIYHO cHAGKAIOT CBOM OJIOKU OTCTYIIAMU, KaK U [IporpaMMucTbl Ha Python, uto6br nx
KoJ Jtyutiie ynrasicst. Harpumep, B Java 3Haunmbix oTcTy1moB Het. [IporpammucTam Java
He HY’KHO UCIT0JIb30BaTh OTCTYIIBI B OJI0OKAX, HO OHU OOBIYHO BCE PABHO AEJIAIOT 3TO PAIH
ynobountaemocti. B caenyrormem npumepe GyHKIUA Java main() COAEPKUT TOJIBKO
OJIVH BBI30B (PyHKIIMM println():

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

}

ITOT KOA Java BIOJIHE HOPMATBbHO pabotan Obl 1 63 OTCTYTIOB B CTPOKe println(),
TOTOMY YTO HAYAJIO M KOHET[ OJIOKOB B Java OTMedaroTcst GUrypHBIMU CKOOKAMH, a He
orcryrnamu. Python He pasperaer mpuMeHATh OTCTYIIBI IO BallleMy YCMOTPEHUIO, a 3a-
CTaBJISIET MPOTPAMMICTA TOCTIENOBATEIHHO 06ECTEYNBATh YA0O0IUTAEMOCTD KOJIA.
OpiHako creryeT 3aMeTuTh, uTo B Python Het sHaumMbIix mpo6esios, moromy uto Python
He OrpaHMYUBAET MCII0JIb30BaHKe IIPOOEIbHBIX CUMBOJIOB BHE OTCTYIIOB (1 2 + 2, 1 2+2
SIBJITIOTCSI IOMTYCTUMBIMU BhIpaskeHusiMu Python).
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HekoTtopble IporpaMMUCTbI CYUTAIOT, YTO OTKPbIBAIOIIast (hUrypHast CKOOKA JA0JKHA ObITH
B OJTHOU CTPOKE C OTKPBIBAIOTIEN KOMAH/IOW, a IPYTHE MOJaraioT, YTO ee CIAeAYeT pPa3Me-
ATk B cJIeAyomieil crpoke. IIporpaMMUCTBI MOTYT G€3 KOHIIA CIIOPUTD O TIPEUMYIIIECTBAX
BbIOpaHHOro T, Python ussmso o6xoauT a1y npobiemy, Boodle OTKa3aBIIUCh OT
(bUrypHBIX CKOOOK, YTOOBI IPOrPAMMUCTBI 3aHUMAIICH OOJIee IPOLYKTUBHON PaboTOl.
S1 61 Ipetouest, 4ToOBI BCe SI3BIKH TPOTPAaMMUPOBAHISI TTOCIe10Basu ipuMepy Python
B 00JTaCTH TPYIITUPOBKY GJIOKOB.

Ho HekoTopbIE JIFO/IH BCE PABHO MPUBBIKIN K GUTYPHBIM CKOOKAM U TPeOYIOT J06ABUTH
ux B Oyayuryio Bepcuio Python — npu Beeit ux HenuroHnuynoctu. Moayibs Python
__future__ BoImosiHsieT 06paTHOE UMITOPTUPOBaHUE (QYHKIIMOHATBLHOCTU B GoJiee paH-
Hue Bepcun Python, Ho mpu mombiTke mMopTUpoBatTh (urypusie ckobku B Python
06HAPY/KUBAETCST TACXATKA — CKPBITOE TOCTAHHE:

>>> from __future__ import braces
SyntaxError: not a chance

$1 GBI He PacCYUTHIBAJ Ha TO, 4TO (hUrypHble cKoOku OyayT nobdasiaensl 8 Python B 06o-
3PUMOM OYLyILEM.

Ucnonb3oBaHue moaynsa timeit onsa oueHku
6bicTpopeicTBUS

«IIpeaBapurtesbHast ONTUMU3AIIS — KOPEHb BCeX 30J1», — roBopu Jlonans Knyrt, 3na-
MeHUTBIH yuenbiit 3 Ctandopaa. [IpeaBapuTesnbHas ONTUMU3AII, W ONTUMUA3ATIAST
OBICTPOIEHCTBIUS TIPOTPAMMBI JIO TOTO, KaK BbI Oy/IeTe pacrosiaraTb peajbHbIMI TaHHbIMI
0 ee OBICTPOIEIICTBIN, YACTO BCTPEYAETCS TOT/A, KOT/Ia IIPOrPAMMUCTHI IIBITAIOTCS IPUME-
HATH XUTPOYMHBIE IIPOrPaMMHbIE TPIOKH 151 9KOHOMUU HAMSATH UM YCKOPEHHs PAOOThI
kozia. Harpumep, HEKOTOpPbIE TPOrPaMMUCTbBI UCTTONB3YIOT aroput™ XOR (uckiovaroiiee
NJIN), auist Toro uyToObI MOMEHSITh MECTaMM JIBa IIEJIbIX YHCJIa B MAMSTH 0€3 UCIIOJIb30-
BaHU TPEThel BPeMEHHO TlepeMeHHON (KaK IPeJToIaraeTcs, sl 9KOHOMUH MaMSITH ):

>>> a, b =42, 101 # Co3pnaHue ABYX NEPEMEHHbIX .
>>> print(a, b)

42 101

>>>a=a”"b

>>>b=a”b

>»>a=a”b

>>> print(a, b) # 3HayeHMs NOMEHANUCb MecTamu.
101 42

Ecam 8o He 3HakoMBbI ¢ anroputMoM XOR (MCTTOIB3YIONUM MOPa3PSIHBII OmepaTop
XOR 7; 0 HEM MOKHO Y3HATh 110 afpecy https.//ru.wikipedia.org/wiki/XOR-06met), aTOT
KOJI BBIIJISIANT 3arafloyHo. IIpo6eMa XUTPOYMHBIX TPIOKOB B TOM, YTO OHU IIPHBOISAT
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K CO3/IaHUIO 3aITy TAHHOTO, HeYnTaeMoro kojia. Kak ropoputcst B teaucax «/[3en Pythons,
«y1060YNTAEMOCTD BAsKHAY.

Yro emne XysKe, Ball XUTPOYMHbIH TPIOK MOJKET OKa3aThCsT HE TAKMM YK XUTPBIM U YMHBIM.
Heubast 6e310Ka3aTeIbHO TI0JIAraTh, 4TO OH MOMOYKET; /IMHCTBEHHBIH CIOCO0 HTO Y3HATH —
U3MEPUTH U CPAaBHUTH BPeMs BbiNoaHeHus. Benomuure npunuun «/Izena Python» —
«CTOJIKHYBIIUCH C HEO[HO3HAYHOCTDIO, GOPUTECH C UCKYILEHUEM yragaTh». [Ipogunuposa-
HueMm Ha3bIBAETCSl CHCTEMaTUYECKHUI aHa N3 CKOPOCTH, UCIIOIb30BAHMS ITAMSITH 1 IPYTHX
XapaKTEePUCTUK TporpaMMbl. Moy b timeit cranmapTHoil 6ubamrorekn Python moxker
poUINPOBATH CKOPOCTH BBITIOJHEHHUS CIIOCOOOM, YIIPABJISIONNM OCHOBHBIMHU MCKaKa-
oM (haKTOpaMU, U3-3a YEro JAHHbIE TTOIYYaIOTCs 00JIee TOYHBIMI, YeM IIPHU IIPOCTOM
PErucTpanuy BpeMeHH 3allyCKa U 3aBeplleHus nporpaMMbl. He mmmmmTe co6CTBEHHbIIT
HEIUTOHUYECKHMH KOJI TPO(UINPOBAHN, KOTOPBLA MOKET BBITJISIETh IPUMEPHO TaK:

import time

startTime = time.time() # CoxpaHeHue BpeMmeHM 3anycka.

for i in range(1000000): # Kop BbinonHseTcA 1 000 000 pas.
a, b =42, 101

a=a”’b
b=a”b
a=a”b

print(time.time() - startTime, 'seconds') # BbluMcNeHMe 3aTpayeHHOro BpPEMEHMU.

Ha moeii matiie mpy BBITTOJTHEHUN 3TOTO KOJIAa BEIBOAUTCA CJEIYIONINN Pe3yJIbTaT:

0.28080058097839355 seconds

BmecTo aT0ro MosKHO 1epezarh ko Python B crpokoBom aprymenTe pyHkimy timeit.
timeit(); yHKIMS coOOMAET cpe/lHee BPeMsl, 3aTPAue€HHOE Ha BBITTOJHEHUE CTPOKU
koza 1 000 000 pa3. Ecnu Bel XoTHTE TPOBEPUTH hPArMeHT U3 HECKOJIBKUX CTPOK KOJIa,
pasjiesiuTe UX CUMBOJIOM ;!

>>> timeit.timeit('a, b = 42, 101; a =a ~b; b=a~*b; a=a”*b'")
0.19474047500000324

Ha MoeM KOMIIbIOTEpE BBINOJIHEHUE HTOTO KO/IA 3aHSJIO0 TIPUOIUUTENBHO 1/5 CeKYH/IBI.
Hackombko 910 661cTpo? CpaBHIM € KOJIOM TIEPECTAHOBKHY IETBIX YHCEJT, HCTOIB3YIOIIIM
TPETHIO BPEMEHHYIO IIePEeMEHHYIO:

>>> timeit.timeit('a, b = 42, 101; temp = a; a = b; b = temp')
0.09632604099999753

Cropnipus! Kot ¢ TpeTbeit BpeMeHHOI TepeMeHHON He TOJIBKO JIydlile YUTaeTCsl, HO 1 BbI-
HoJIHsIeTCs mouTH BABoe ObicTpee MeTosa XOR! « YMHBII» c1I0C00 9KOHOMUT HECKOJIBKO
6aliTOB MaMSITH, HO 3a CYET CKOPOCTH M yaobounTaeMocTi Koja. Eciin TobKO Bbl He
HIIeTe IPOrPaMMBbI I KPYITHOTO LeHTpa 00pabOTKY JaHHbIX, JKePTBOBATh ya1000uu-
TAEMOCTbIO JIJISt 9KOHOMKM HECKOJIbKMX OaiiTOB HaMSITH WJIM HAHOCEKYHI ITPOIIECCOPHOTO
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BpeMeH!n HE CTOUT. B KOHII€ KOHIIOB, IIaMATb CTOUT JA€1II€BO, 1 TOJIBKO Ha YTE€HHE 9TOr'0
3.633.].[3. BbI TOTPATUJIN MUJIJIMAPAbl HAHOCEKYH/I.

Yro erme JIydiie, SHa4eHUA ABYX MEPEMEHHDIX MOKHO ITIOMEHATD MECTaMU ITPU ITOMOIITN
TPIOKA MHOMCECMBEHN 020 NPUCBAUBAHUA, TAKIKE HA3BIBAEMOTO umepupyeznoﬁpacnarcoercoﬁ:

>>> timeit.timeit('a, b = 42, 101; a, b = b, a')
0.08467035000001033

ITOT KOJI MOTYYAETCS He TOMBKO CAMBIM YI000UMTaeMbIM, HO 1 CAMBIM ObICTpPBIM! V1 MBI
3HAEM 9TO He TIOTOMY, YTO TPETIONOKUIN, HO U OTOMY, YTO TIPOBEIH OOBEKTUBHBIE
M3MEPEHUSI.

ODyukius time.time () TaKKe MOXKET IOJIYYUTh BTOPOIl CTPOKOBBIN APTYMEHT C KOJIOM
HacTpoiiku. Ko HACTPOIKHN BBITIOJIHSIETCS] OJTHOKPATHO /10 KOJA MEPBOI CTPOKU IS
BBITIOJTHEHU S JTF0O0H HEOOXOAUMOM TTOATOTOBKU. ITOT KOJ MOKET UMIIOPTHPOBATH
KaKO¥-HUOY/Ib MOJIYJIb, IPUCBOUTD HAaUaIbHOE 3HAUCHIE TIEPEMEHHON UJIM BBIIOJTHUTH
apyroe Heobxoaumoe geiicrsue. Takke MOKHO UBMEHUTH KOJUYECTBO UCIIBITAHUN 110
YMOJIYAHUIO; JIJI 9TOTO CJEIYET Tepe/iaTh 1esI0e YUCI0 B KJII0YEBOM apTyMeHTe number.
Hamnpuwmep, cieayiomuii Tect usamepsier BpeMsi, Heobxoumoe Moy o Python random
nst renepupoBanusg 10 000 000 coyuaitabix yncesn ot 1 go 100. (Ha moeit matmae st
aTOTO Tpedyercst 0koso 10 cekyH/L.)

>>> timeit.timeit('random.randint(1, 100)', 'import random', number=10000000)
10.020913950999784

Xopotiiee MpaBriIo /it TPOrPaMMUCTOR: CHAYaJIa 3CTaBBTe CBOM KO/l paboTaTh, a IOTOM
nepexozauTe K ontumusaryu. Korna y Bac yoke nMeercst paboTocrnocobHas mporpamma,
TOT/IA U CTOUT GPAThCS 3a MOBBITIEHUE e 9(DPEKTHBHOCTH.

Henpaaunbuoe UCNOJIb3OBAHUE CUHTAKCUCO

Econ Python — He mepBbiil Balll sI3bIK TIPOrPaMMHUPOBAHUS, TO TIPH HAITUCAHUH KOJA
Python BBl MOKeTE MCTOTB30BATH CTPATETHMH, 3HAKOMBIE BAM IO JPYTHM SI3bIKAM.
A Mosker, BbI M300pesin HeoObIYHBIH criocod HammcaHus koga Python, motomy 4ro He
3HAJIN, YTO CYHIECTBYIOT OOIIENPUHATHIE IPAKTUKU. Bat Heykokuii ko paboTaert, HO
U3yYeHNe CTAaHIaPTHBIX CIIOCOGOB HATIMCAHHUS TUTOHUYECKOTO KO/ COKOHOMUT BPEMST
u ycunst. B aToMm paszesie st 06BICHSAIO0 HeTPaBUIbHBIE PETTEHsI, HCTTOTb3yeMbIe TTPO-
TPaMMUCTAMHU, 1 TO, KaK /IOJ>KEH BBITJIS/IETh TPaBUJIbHO HATTMCAHHBIN KOJI.

Hcnonb3osanne enumerate() smecro range()

ITpu nepebope CHUCKA WIH APYTOil MOCIEIOBATEIBHOCTH HEKOTOPBIE TPOrPAMMUCTHI
MCIIOTb3YIOT (hyHKIMK range() u len() /1T TeHEPUPOBAHUS 11€JIbIX WH/EKCOB OT 0 110
JUTUHBI TTOCJIe/IoBaTeTbHOCTY (He BKJIIOYAs Tocie/iHee 3HaueHue). B Takux mukiax for
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4aCTO UCIIOJIb3YeTCs MepeMeHHas ¢ uMeHeM i (cokpaienue ot index). Hanpumep, BBe-
JIATE CJIEAYIONII HEMUTOHNYECKII TIPUMED B MHTEPAKTUBHON 060/10UKe:

>>> animals = ['cat', 'dog', 'moose']
>>> for i in range(len(animals)):
print(i, animals[i])

0 cat
1 dog
2 moose

Nnnoma range(len()) mpsamMosimHelHA, HO aJIeKO0 He WleaibHa, TOTOMY UTO OHA ILII0XO0
yuTaeTcs. BMecTo aToro srydiiie epeiaTh CIUCOK W TTOCIEI0BATEIbHOCTD BCTPOECHHON
(ynximm enumerate (), KOTOpast BO3BpAIIaeT 11eJI0UNCACHHBIN MH/IEKC U 2JIEMEHT C 3TUM
nnjekcom. Harpumep, MOXKHO HarucaTh MUTOHUYECKUI KOJI CJIEIYIONIETO BU/IA:

>>> # lpumep NUTOHUYECKOro Koja

>>> animals = ['cat', 'dog', 'moose']

>>> for i, animal in enumerate(animals):
print(i, animal)

0 cat
1 dog
2 moose

Koz ¢ enumerate() noJyyaercss 4yTh OoJjiee YMCTHIM, YeM KOZ ¢ range(len()). Eciau
BaM HY’KHbI TOJIBKO 3JIEMEHTBI, HO He MHIEKChI, BCE PABHO MOYKHO HAIIPSMYIO TIepebpaTth
CIICOK MUTOHUYECKUM CIOCOOOM:

>>> # lpumep NMUTOHUYECKOro Koja

>>> animals = ['cat', 'dog', 'moose']

>>> for animal in animals:
print(animal)

cat
dog
moose

Bbi3oB enumerate() ¢ npsiMbIM 11epebOPOM HOCIEL0BATEIbHOCTH IIPEAIIOYTHTE IbHEe
HCIIOJIb30BAHNA ycTapeBlieil cxeMbl range(len()).

Hcnonb3osanne komangnbi with Bmecro open() n close()

Dyukiums open() BozBpamaet 00beKT (haiiia, coepsKainii METObI LTIt YUTEHUS 1 3aTTHCH
B (aiisr. [Tocse 3aBepienust paboTbl MeTo close() obbekTa daiina genaer daii 10-
CTYIIHBIM JIJIS1 YTEHHUS U 3aIIUCU CO CTOPOHDBL APYTUX [IPorpaMM. ITU (HYHKIUU MOKHO
MCIO0JIB30BATD 110 OT/EJbHOCTH, HO TAKOM MOJXO0/ He COOTBETCTBYET ITUTOHUYECKOMY
cruso. Harrpumep, BBeuTe Clieayonuil (hparMeHT B MHTEPAKTUBHON 060JI0UKE, UTOObI
soiBectu TekcT «Hello, world!» B daiin ¢ umenem spam.txt:
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>>> # lpumep HenUTOHUYEeCKOro Koaa
>>> fileObj = open('spam.txt', 'w')
>>> fileObj.write('Hello, world!")
13

>>> fileObj.close()

Takoii KoL MOJKET MTPUBECTH K TOMY, UTO (haiisl OCTAHETCS OTKPBITBIM — CKa)kKeM, eCJTN
B 6JI0Ke try BOBHUKHET oInbOKa 1 BbI30B close () Oyzer mpomyiieH. IIpumep:

>>> # lpumep HenUTOHMYECKOro koaa

>>> try:
fileObj = open('spam.txt', 'w')
eggs =42 / © # 3pecb npoucxoAuT ownbka AeneHUA Ha Hynb.
fileObj.close() # 3Ta cTpoka HMKOrAa He BbINONHAETCA.
. except:

print('Some error occurred.')

Some error occurred.

I[Ipu BosHMKHOBEHNYM OMIMGKY JIeIEHNS Ha HyJIb BBIIOJHEHKE [epegaeTcsl B OJI0K except,
BbI30OB close () IpoIycKaercs, a (paila ocTaHeTcss OTKPBITHIM. [103/1Hee 9T0 MOKET IIpuU-
BECTHU K IIOBPEKACHUIO CTPYKTYPEI (haiiyia, IPUYINHBI KOTOPOi OYAET TPYAHO CBA3aTh
¢ 6J10KOM try.

Ho M0KHO BOCITIOJIb30BaThCsI KOMaHOH with, 4T00bI (yHKINS close () aBTOMATHUECKH
BbI3bIBAJIACH IIPK BBIXO/E yIIpaBaeHus us 6j0ka with. Cireayonuii IMTOHNYeCK il Ipu-
Mep JieJIaeT TO JKe caMoe, UTO U TIEPBbLIN ITPUMepP B 9TOM pasjielie:

>>> # lpumep NUTOHUYECKOro Kopa.
>>> with open('spam.txt', 'w') as fileObj:
fileObj.write('Hello, world!")

Hecmotpst Ha oTCyTCTBUE SIBHOTO BbI30Ba close (), KoMaH/a with 0653aTeIbHO BHI30OBET
ee IIPY BBIXO/Ie YIIPABJIECHUS 3a MPEIETbI OJI0KA.

Hcnonb3oBanue is ans cpasHenns ¢ None Bmecro ==

OrtepaTop == cpaBHUBAET 3HAYEHUS IBYX 0OHEKTOB, TOT/IA KAK OTIEPATOP is CPaBHUBAET
IBa 00BEKTA HA TOKAECTBEHHOCTD. Pa3iinyus MeK/y PABEHCTBOM U TOXK/ECTBEHHO-
CTHI0 OOBSICHSAIOTCS B TJiaBe 7. J[Ba 00beKTa MOTYT XPAHUTH OJJMHAKOBbBIE 3HAUECHIS,
HO €CJIN 3TO /IBA PA3HBIX 00DHEKTA, OHU He TOKAeCTBeHHbl. OMHAKO TP CPaBHEHWN
3HaueHUA ¢ None NMPAKTUYECKHU BCErZa CJEAyeT MCII0JAb30BaTh OlepaTop is BMeCTO
orneparopa ==.

B HekoTOpbIX ciyyadax BeIpakeHue spam == None MOKET JIaTb pe3yJibTar True, Jaske eciu
Spam BCEro JIMIITb COEPKUT None. ITO MOKET IIPON30NTH M3-3a TIEPErPy3KH oTleparopa ==
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(aTa Tema Gostee moapoOHO paceMarpuBaercs B rase 17). Ho Beipaskere spam is None po-
BEPHT, SIBJISIETCST JIU 3HAYEHE, XPAHSIIEECST B TIEPEMEHHON spam, OYKBaJIbHbIM 3HAYEHHEM
None. Tax kax None sIBJISIETCS €IMHCTBEHHBIM 3HaUEHHEM THIIa JaHHBIX NoneType, B J11000ii
nporpamme Python cymectByer Tosibko ouH 06beKT None. Ecti mepeMeHHO# IPUCBOEHO
3HaueHue None, cpaBHeHMe is None Beer/ia saet pesyJasrar True. Oco6eHHOCTH IIeperpysKku
orlepaTopa == pacCMaTPHUBAIOTCA B IIaBe 17, HO HIDKe IPUBE/IEH NIPUMEP TaKOTO KOJA:

>>> class SomeClass:
def __eq__(self, other):
if other is None:
return True

>>> spam = SomeClass()

>>> spam == None
True
>>> spam is None
False

BeposiTHOCTD TOTO, UTO KJIACC TIEPETPYIKAET OIEPATOp == IOJ0OHBIM 00Pa30M, HEBEJIUKA,
HO B Python cTasio uanoMaTuaHbIM Beeria HCMOJIB30BaTh is None BMECTO == None TIpo-
CTO Ha BCSIKNI CITy4ail.

Haxonerr, oniepaTop is He cemyeT NCIob30BaTh CO 3HAYeHUAME True 1 False. OniepaTop
IIPOBEPKU PaBEHCTBA == MOJKET UCII0JIb30BATHCS VI CpaBHEHUS 3HaYeHUA ¢ True MIn
False (HampuMmep, spam == True WJn spam == False). Erie uarie omepaTop u Jlornueckoe
3HaYEHNE MOJTHOCTHIO OITYCKAIOTC, a KO 3allUChIBAETCA B Bue if spam: uan if not
spam: BMeCTO if spam == True: wju if spam == False:.

dopmaruposaHue cTpok

CTpOKM BCTPEYAIOTCA TIOUTH BO BCEX KOMITBIOTEPHBIX ITPOTPAMMax He3aBUCHMO OT S3bIKA.
ITO BeCbMa PAaCIPOCTPAHEHHBIN THIT JIAHHBIX, U HE TPUXOIUTCS YIUBIATHCS TOMY, UTO
CYTIECTBYET MHOKECTBO MOJIXO/I0B K BBITIOJTHEHNIO CTPOKOBBIX OoTiepanuii u (popmatn-
poBaHuIo CTPOK. B 9TOM pasjiesie g MoKa3bIBalo apy IpUeMoB.

Hcnonb3oBanmne HeobpaboTaHHbIX CTPOK, €CIN CTPOKA COAEPIKHT
mHoro cumsonos \ (obparnbiii cnaw)

Escape-crMBOJIBI TO3BOJISIOT BCTABJIATD B CTPOKOBbIE JIMTEPAJIBI TEKCT, KOTOPBLII B ITPO-
TUBHOM cJiy4ae ObLi1o Obl HEBO3MOKHO BKJIOUMTh'. Hanpumep, B ¢cTpoky 'Zophie\'s

! Escape'HOCJIeZlOBaTeJH)HOCTI/I, TO €CTb 1IOCJIeIOBATEJIbHOCTH, KOTOPbIE€ HAYUHAIOTCA C CUMBO-

Jia <<\>>, 3a KOTOPbIM CJaeyeT OJANH NJIN 6oee CHUMBOJIOB, TaKK€ HAa3bIBAIOT 9KPaHNPOBAHHBIMU
IIOCJICA0OBATCJIbHOCTAMU. — Hpumeu pe()
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chair' HEOOXOAUMO BKIIOYUTH CUMBOJ \, uT0ObI Python unrepnperuposan BTopyio
KaBbIUKY KaK 4acTb CTPOKHM, a He KaK CUMBOJI, 3aBepLIaloluil KoHel CTPoKU. Tax Kak
CUMBOJL \ SBJISIETCS escape-CUMBOJIOM, €CJIU Bbl XOTUTE BKJIOYUTD JIUTEPAJIbHbII CUM-
BOJI \ B CTPOKY, €r0 HeOOXOAMMO BBECTH B Buze \\.

Heobpabomanwie (raw) CTPOKH IIPEACTABJIAIOT COOO0M CTPOKOBbIE JIUTEPAJIBI C ITPEpUK-
COM r; OHM He MHTEPIIPETUPYIOT CUMBOJIBI \ KaK escape-CUMBOJIbL. BMecTo 9TOr0 B CTPOKY
POCTO BKoUaercs cuMBou \. Harpumep, ciieyrorias crpoka ¢ myrem K daitiry Windows
JIOJKHA COIEPKaTh MHOKECTBO HKPAHUPOBAHHBIX CUMBOJIOB \, UTO HE COOTBETCTBYET
TUTOHUYECKOMY CTHUJIIO:

>>> # [pumep HenUTOHU4YEeCKOro Koaa
>>> print('The file is in C:\\Users\\Al\\Desktop\\Info\\Archive\\Spam")
The file is in C:\Users\Al\Desktop\Info\Archive\Spam

Heobpaborantas cTpoka reHepupyeT To 5Kke CTPOKOBOE 3HAUEHUE, HO YMTAETCST TOPA3/I0
Jrydiie:

>>> # lpumep NUTOHUYECKOro Kopa
>>> print(r'The file is in C:\Users\Al\Desktop\Info\Archive\Spam')
The file is in C:\Users\Al\Desktop\Info\Archive\Spam

HeobpabGotaHHble CTPOKU He OMPEAETSIOT IPYTOU TUII CTPOKOBBIX JaHHBIX; 3TO BCe-
O JIUIIG YAOGHBIN CIIOCO6 3alUCH CTPOKOBBIX JIUTEPATOB, COAEPKANINX HECKOIBKO
BHYTpeHHUX cuMBOIOB \. HeobpaboTaHHbie CTPOKU YaCTO UCTIONB3YIOTCS JIJIsA 3ATUCH
PeryJsipHbIX BbIpaskeHU wim myreil Kk daitiam Windows ¢ BHYTPeHHIMU CUMBOJIAMMU \,
KOTOpPBIE GBIJIO OBI CTUIIKOM HEYZ0OHO 9KPAHUPOBATH 10 OTAETBHOCTA CUMBOJIAMHE \\.

®opmarupoBatme ¢ ncnonb3osannem F-crpox

Cmpoxoeotl unmepnoasyuerl Ha3bIBAETCS MPOTIECC CO3/IaHUS CTPOK, BKIIOUAIOIINX JIPYTHE
CTPOKU; HHTEPIIOJISAIIS MeeT J0JITyI0 nctoputo B Python. Crauasa it KOHKaTeHAINN
CTPOK MOKHO ObLIO HCIIOJIB30BaTh ONEPATOP +, HO 9TO IPUBOAMIO K IOABIEHUIO KOAA
C MHOJKECTBOM KaBbIY€K U ILJII0COB: 'Hello, ' +name+ '. Today is ' +day+ 'and it is '
+weather + '.'. Crerudukatop mpeobpazoBaHust % HECKOJIBKO YIIPOCTIII 9TOT CUHTAK-
cuc: 'Hello, %s. Today is %s and it is %s.' % (name, day, weather). B o6oux ciyuasx
CTPOKU U3 IIePEMEHHbBIX name, day 1 weather BCTaBJIAIOTCA B CTPOKOBbIE JINTEPATIBI /115
reHepupoBaHUs HOBOI'O CTPOKOBOIro 3HaveHus: 'Hello, Al. Today is Sunday and it is
sunny.".

CrpokoBbiit MeTo format () pobaBisieT MUHU-SI3BIK (DOPMATHBIX CrEIU(DUKAIIAN
(https://docs.python.org/3/library/string.html# formatspec), B KOTOpOM mapbl GUTYPHBIX
cKOGOK { } MCTIOMB3YIOTCS CTOCOOOM, HATOMUHAIOTIIM crieriudukarop hopmata %s. Tem
He MeHee 9TO JIOBOJIBHO 3allyTaHHbIH CII0CO0, KOTOPbIIT MOKET MPUBECTU K CO3MAHUIO
HEYNTAeMOT0 KO/, TI03TOMY HCIIOIb30BATh €TO 51 He PEKOMEH/YIO.
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Ho ¢ Beixozom Python 3.6 f-cmpoxu (cokpamienue ot format strings) rnpeaocTaBisior
6ostee y0OHDII c110c00 CO3[IaHNs CTPOK, BKIIOYAIOIUX ApyTue cTpoku. [Togo6Ho ToMy
KaK y HeoOpabOTaHHBIX CTPOK Tepe/t IIEPBOil KaBBIYKON cTaBUTCs IpeduKe r, f-cTpoxu
nomevaioTcs mpedukcom f. B f-cTpoku MOJKHO BKIIOYATh MMEHa IepeMeHHbIX B (huryp-
HBIX CKOOKaX, YTOObI BCTABJIATH CTPOKH, XPAHAIIUECS B ITUX TIEPEMEHHbBIX:

>>> name, day, weather = 'Al', 'Sunday', 'sunny'
>>> f'Hello, {name}. Today is {day} and it is {weather}.'’
'Hello, Al. Today is Sunday and it is sunny.'

Durypubie CKOOKH MOTYT COIEPKATH TIETbIe BRIPAKEHNUST:

>>> width, length = 10, 12
>>> f'A {width} by {length} room has an area of {width * length}.’
'A 10 by 12 room has an area of 120.°'

Eciu B f-cTpoKy HY’KHO BKJIIOUUTH (DUTYPHYIO CKOOKY Kak JiMTepall, 9KpaHUpyiTe ee
JOTIOJIHUTEIBHOU (PUTYPHOU CKOOKOIA:

>>> spam = 42

>>> f'This prints the value in spam: {spam}'
'This prints the value in spam: 42°'

>>> f'This prints literal curly braces: {{spam}}’
'This prints literal curly braces: {spam}'

Tak kak UMeHa TTEPEeMEHHBIX U BBIPAKEHUN MOKHO BCTPAUBATh MPAMO B CTPOKY, KO/
YUTAETCS JIyUIIe, 4eM CO CTAaPBIMU CPe/ICTBAMH (POPMATUPOBAHUS CTPOK.

Bce atu pasubie crocobsr (hOpMATHPOBAHUS IIPOTUBOPEYAT TE3UCY U3 CBOJA TIPABILI
«/13er Python», corsacHo KOTOPOMY JIOJIPKHO CYIIECTBOBATD OJHO — W JKEJIATETbHO
TOJIBKO OJTHO — oueBnziHOe pernenne. Ho f-cTpoku sIBisIOTCS ycoBepIeHCTBOBAHIEM
sI3bIKa (110 MOeMy MHEHUIO), a, KaK YKa3aHO B PYTUX PEKOMEHJANNAX, IPAKTUIHOCTD
BaskHee Ge3ympedrocTr. Ecii BB THTeTe KO/ TOJBKO /7t Python 3.6 u BbItiie, MCoh-
3yiite f-ctpoku. Ecim Bamr Kos{ MOKeT BBITIOJHSATHCS B GoJiee panHux Bepeusix Python,
npuepskuBaiitech Merozia format () miu crelduKkaTopoB MpeodpasoBaHus %s.

nosepxrlocruoe KOnMpoBaHUe CnNMCKoB

CHMHTaKCHC CerMEHTOB TO3BOJISIET JIETKO CO3/IaBaTh HOBbIE CTPOKY MJIM CIIMCKK Ha Gase
yKe CyIecTBYIOIX. UT0ObI YBUIETD, KAK 3TO JIEJTAETCST, BBEIUTE CIIEYIOIIE KOMaH/IbI
B MHTEPAKTUBHOU 000JI0UKE:

>>> 'Hello, world!'[7:12] # Co3pgaHue CTpPOKM U3 6Gonbliei CTPOKM.
‘world’

>>> 'Hello, world!'[:5] # Co3paaHue CTpoku U3 6oJsblieit CTPOKM.
'Hello'
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>>> ['cat', 'dog', 'rat', 'eel'][2:] # Co3pgaHue cnucka u3 6onbllero CAUCKa.
['rat', 'eel']

[IBoetoumnie (:) pasmessgeT HAUATHHBIN 1 KOHCTHBIN WHACKCH JIEMEHTOB, TOMEIIaeMbIe
B CO3/IaBaeMbIil CITUCOK. Ec/IM HaYaIbHbIH WHEKC TIepe/l IBOeTOUneM He yKaszaH (Kak
B 'Hello, world!'[:5]), To HAUaTBHBIN WHEKC TI0 yMordaHuio paseH (. Ecau ommyctuth
KOHEYHBIN MHJIEKC MTocyIe IBOeTOUns, Kak B [ 'cat', 'dog', 'rat', 'eel'][2:], TO KO-
HEYHBIM WHIEKCOM IT0 YMOJTYAHUIO CTAHOBUTCS KOHEIT CITHACKA.

Ecin omyiensl oba MHAEKca, TO HadyadbHbII nHAeKe paBeH (0 (Hayaso CImMcKa), a Ko-
HEYHBIN WHIEKC COOTBETCTBYET KOHIY crucka. DaKkTuveckn ata KOHCTPYKIIUSI CO3/aeT
KOITHIO CITUCKA:

>>> spam = ['cat', 'dog', 'rat', 'eel']
>>> eggs = spam[:]
>>> eggs

['cat', 'dog', 'rat', 'eel']
>>> id(spam) == id(eggs)
False

OO6paTuTe BHUMaHUe: CIIMCKU spam 1 eggs He ToxkaecTBerbl. CTpoka eggs = spam[ : ]
CO3MIaeT N0BEPXHOCMHYI0 KON CITUCKA B spam, TOT/Ia KaK eggs = spam KOMMUPYeT TOTbKO
CChINKY Ha cnircok. Ho cuHTakcuc [ : ] BBITVISIIUT HEMHOTO CTPAHHO, a CO3/IaHNeE T10-
BEPXHOCTHOM KoMK crircka GyHKIMeN copy () MOLYJISI cOpy UMTAETCS 3HAUUTETbHO
JIyyIire:

>>> # lpumep NUTOHUYECKOro Kopa.

>>> import copy

>>> spam = ['cat', 'dog', 'rat', ‘eel']
>>> eggs = copy.copy(spam)

>>> id(spam) == id(eggs)

False

BbI 10/IKHBI 3HaTH 00 9TOM CTPAHHOM CUHTAKCHCE Ha CJIydaid, ey BaM HOoHafeTcs KO/
Python, B KOTOpOM OH HCIIOJIB3YETCsI, HO SI HE PEKOMEH/IYIO TIPUMEHSTD €r0 B CBOEM
kozie. [loMmHMTE, UTO KaK [ : ], TaK 1 BBI3OB copy . copy () CO3/IAT0T TOBEPXHOCTHBIE KOTIHH.

MuroHnuyeckmue cnocobbl UCNONb3OBAHUS COBAPEN

CiioBapu UrpaioT BasKHYIO PoJib BO MHOTHMX Iporpammax Python us-sa ruGkocru map
«KJII0Y — 3HaueHues (CM. TJIaBy 7 ), CBSI3bIBAIOIINUX OMH BUJL IAHHBIX C IPYTUM. A 3HAUYUT,
BaM IIPUTOASATCS HEKOTOPBIE CJIOBAPHBIE HMOMBI, 4aCTO UCIIOJIb3yeMble B Kojie Python.

3a JOTMOTHATENBHO nHbOpPMAIed 0 clIoBapsxX 0OpamaiTech K BETMKOTETHBIM 10-
KjaagaM rporpamMmucta Python Bpangona Poxca (Brandon Rhodes), nocssientpiv
cI0BapsaM U ToMY, Kak onu pabotaior: «The Mighty Dictionary» na xondepenuuu
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PyCon 2010 (https://inopy.com/mightydictionary) n «<The Dictionary Even Mightiers
Ha koudepenu PyCon 2017 (https.//inopy.com/dictionaryevenmightier).

Hcnonbzosanne get() n setdefavlt() co cnosapamu

ITonbiTKa 06PAaTUTHCA K HECYLIECTBYIOIEMY KJIOUY CIOBapsl IPUBOAUT K ONIMOKe
KeyError, I09TOMY /it IIPEAOTBPAIIEeHUs OMUOKN IPOrPAMMKCTDL YACTO HUIIYT He-
MUTOHNYECKUN KO

>>> # [lpumep HenUTOHMYECKOro Koaa
>>> numberOfPets = {'dogs': 2}
>>> if 'cats' in numberOfPets: # MpoBepuTb, cywecTByeT nmn ka4 'cats’.
print('I have', numberOfPets['cats'], 'cats.')
. else:
print('I have © cats.')

I have 0 cats.

ITOT KOJI TPOBEPSIET, CYIIIECTBYET JIM CTPOKA 'cats' Kak KJIIOY B cJIoBape numberOfPets.
Ecjit K104 cyIiecTByerT, TO BbI30B print() obparaercst K numberOfPets['cats'] Kak
JacTH COOOIIEHUST [T 0JIb30BaTeist. Ecii K04 He CyLIeCTBYET, TO APYroil BBI30B
print() BBIBOAUT CTPOKY Oe3 oGpalueHus K numberOfPets['cats'], MOITOMY MCKJIIO-
yeHue KeyError He BblJIa€TCs.

[lannas cxema BcTpevaeTcss HACTOIBKO YacTo, 4TO y cJoBapeil umeercd MeTo get(),
KOTOPBIH MO3BOJISIET 33/1aTh 3HAUEHHE TI0 YMOJIYAHUIO, BO3BpAIllaeMoe B cJIydae, ecsin
KJTIOY He CyTecTBYeT B cioBape. Creayoniii TNTOHNYeCKU KO/l 9KBUBAJICHTEH TIpe-
JBIIYIIEMY ITpUMepYy:

>>> # [llpumep NMUTOHUYECKOro Koja.

>>> numberOfPets = {'dogs': 2}

>>> print('I have', numberOfPets.get('cats', @), 'cats.')
I have 0 cats.

Bp130B numberOfPets.get('cats', ) mpoBepsieT, CyIMeCcTBYET JIN K04 'cats' B CJIo-
Bape numberOfPets. Eciti oH cyIiecTByeT, TO BBI30B METO/Ia BO3BPAIAET 3HAUEHUE JIJIsT
Kkao4a 'cats'. Ecau KkiIi04 He CcylecTByeT, BMECTO 3HAUEHUS BO3BpalllaeTcsl BTOPON
apryment 0. Vcriosib3oBanne MeTo/a get () ¢ ompezieJiecHueM 3HAYCHUS 110 YMOJTYAHUIO,
KOTOpPOE JIOJIZKHO MCTIOJTh30BATHCS /71 HECYTIECTBYIOMMUX KJfOUeid, Kopode W Jiydiie
YHUTAETCH, YEM pellleHne ¢ KoMaHaaMu if-else.

W Haobopot, MOKeT MoTpeboBaThCS 33/[aTh 3HAYEHUE TT0 YMOJYAHUIO, CCIIH KJII0Y HE
cymiectByeT. HammpuMmep, eciu cjioBapb U3 numberOfPets He COMEP:KUT Kitoua 'cats’,
KOMaH/1a numberOfPets['cats'] += 10 IpUBOAUT K onmmoke KeyError. MoHO noba-
BUTH KOJI, KOTOPBIN TIPOBEPSIET BO3MOXKHOE OTCYTCTBHE KJIfoUa W 33/IaeT 3HAYEHNe 10
YMOJIYaHUIO:
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>>> # lpumep HenUTOHUYEeCKOro Koaa
>>> numberOfPets = {'dogs': 2}

>>> if 'cats' not in numberOfPets:
v numberOfPets['cats'] = ©

>>> numberOfPets['cats'] += 10
>>> numberOfPets['cats"']
10

Ho 9TOT mMaTTepH BCTPEYaeTCsT HACTOIBKO YaCTO, UTO Y CI0Bapeil mMeeTcst 6oree THTO-
HUYeckni MeTost setdefault(). Caemytomuii Ko/ 9KBUBAJIEHTEH MPEIBIYTIEMY:

>>> # lpumep nMTOHUYeCKOro Kopa.

>>> numberOfPets = {'dogs': 2}

>>> numberOfPets.setdefault('cats', @) # Huyero He penatb, ecau 'cats' cyuwecTByeT.
0

>>> workDetails['cats'] += 10

>>> workDetails['cats']

10

Ecsi BBI TIITIIeTe KOMaHBI if, KOTOPBIE TIPOBEPSIOT, CYIIECTBYET JIN KO/ B CJIOBApeE, 1 3a-
JIa10T 3HAYEHKE 110 YMOJIYAHUIO ITPU ero OTCYTCTBUHU, UCIIOJb3YHTe MeTo/ setdefault().

Hcnonb3zosanne collections.defaultdict ans 3navennii no ymonyannio

Knacc collections.defaultdict MOXHO MCIOJIB30BATh /IJIS TOJHOTO YCTPAHEHUS
omuboK KeyError. DTOT KJIACC TO3BOJISIET CO3IATh CJIOBAPH TI0 YMOTIAHWIO; [I7IsT 9TOTO
UMIIOPTUPYITE MONYJIb collections u BbI3oBUTE MeTO/ collections.defaultdict(),
repenaB eMy TUIL JaHHDbIX, KOTOprﬁ JIOJIZKEH M CITIOJIb30BATHCA [IJI1 3HAYEHUA 110 YMOJI4a-
Huto. Harpumep, mepenasast int metony collections.defaultdict(), MOKHO co3maTh
00BEKT, TIOXOKIIT Ha CTOBAPD, B KOTOPOM @ UCITOIb3YeTCsT KaK 3HAYEHHUE [0 YMOJTYAHUIO
[UIS1 HecyIecTBYIOIUX KJioveil. Beenure caemyroniuii hparMeHT B HHTEPAKTUBHON
060sI0UKeE:

>>> import collections

>>> scores = collections.defaultdict(int)

>>> scores

defaultdict(<class 'int'>, {})

>>> scores['Al'] += 1 # He HyXHO cHa4yasa 3ajaBaTb 3HayeHue ANnA Kiawda 'Al’.
>>> scores

defaultdict(<class 'int'>, {'Al': 1})

>>> scores['Zophie'] # He HyXHO cHavyana 3ajaBaTb 3Ha4deHue Ans kawya 'Zophie'.
0

>>> scores['Zophie'] += 40

>>> scores

defaultdict(<class 'int'>, {'Al': 1, 'Zophie': 40})
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O6pature BHUMaHKE: BBI Tiepeaete GyHKIUIO int (), a He BbI3bIBAETE €€, UTO MO3BOJISAET
OITYCTUTH KPYTJIibie CKOOKHM mocie int B collections.defaultdict(int). Takske MOKHO
TepesiaTh CIUCOK, KOTOPBIiT OY/IET NCTOMB30BATHCST KaK TYCTOH CITHCOK, B 3HAYEHHUH TT0
ymosraanuio. Beemure caemyioniuii hparMeHT B MHTEPAKTUBHOI 060JI0UKe:

>>> import collections

>>> booksReadBy = collections.defaultdict(list)

>>> booksReadBy[ 'Al'].append('Oryx and Crake"')

>>> booksReadBy[ 'Al'].append('American Gods')

>>> len(booksReadBy[ ‘Al'])

2

>>> len(booksReadBy[ 'Zophie']) # 3HayeHue no ymonyaHwiw - MyCcTOW CMUCOK.
0

Ecau Bam HY>KHO 3HAUEHNE TIO YMOTUYAHUIO JIJIST KQyKIOTO BO3MOYKHOTO KJIT0UA, UCTIOJb-
30BaTh collections.defaultdict() HAMHOIO IPOIIE, YEM UCIIOJIH30BATH OOLIYHBIN
CJIOBapb M MHOTOKPATHO BBI3BIBATH METOJ| setdefault().

Hcnonb3osanne cnosapeii Bmecro Komangol switch

B rakux g3blkax, Kak Java, cyliecTByeT KoManja switch — pasHoOBUJHOCTb KOMaH/Ibl
if-elif-else, BBIIOJHAIONIEH KO/ B 3aBUCUMOCTH OT TOTO, KAKOE U3 MHOTUX 3HAYEeHU
COIEPKUT KOHKPeTHas nepeMentas. B Python et komamas switch, mostomy mporpam-
muctel Python nnorma numryT Takoit Koj, Kak B cieaytonieM npumMepe. OH BITOJHSIET
pa3Hble KOMaH/IbI TPUCBANBAHUS B 3aBUCUMOCTH OT TOTO, KaKOe M3 MHOTUX 3HAYeHUN
COZEP:KUT IIepeMeHHast season:

# Bce cnepywume ycnosua if u elif copepxaTt "season ==

if season == 'Winter':
holiday = 'New Year\'s Day'
elif season == 'Spring':
holiday = "May Day'
elif season == 'Summer':
holiday = 'Juneteenth’
elif season == 'Fall':
holiday = 'Halloween'
else:

holiday = 'Personal day off'

IToT KoJ He 00s13aTEeNbHO ABJASETCS HENUTOHUYECKUM, HO OH IIOJIy4aeTCs CJAUIIKOM
nmmHHBIM. [To ymMosrganmio koMas/et switch B Java paboTaior 110 IIPUHIINITY «CKBO3HOTO
MIPOXOJK/IEHUS >, U3-32 KOTOPOTO KaK/IbIi 0JI0K 0JKeH 3aBepIIaThCs KOMaH/I0M break.
B 11poTrBHOM CJIy4ae BBIOJIHEHKE IIPOAOJIKAETCS B ClIeLyolieM Ojioke. 3a0bITbie KOMaH-
JIbl break yacTo cTaHOBATCA NCTOUHUKOM omnbok. Ho obuine komany if-elif B Haniem
HpUMepe BBITISAUT 04HO000pasHo. HekoTopble IpOrpaMMUCTbI Python [PeIIOYUTAIOT
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CO3/[aTh CJI0Bapb, BMECTO TOTO yTOOBI UCIOJIb30BATh KOMaHIbl if-elif. CJIG[[yIOH.[HfI
KOMITAKTHBIN W TUTOHUYECKUH KO/ 9KBUBAJIEHTEH CJIEIYIOIIeMy TIPUMepY:

holiday = {'Winter': 'New Year\'s Day',
'Spring': 'May Day',
'‘Summer': 'Juneteenth’,
'Fall': 'Halloween'}.get(season, 'Personal day off')

ITOT KOJI SBJIIETCS OJIHON KOMaHJI0 npucBauBanus. B holiday coxpamsiercst Bo3Bpa-
IaeMoe 3HadeHre BbI30Ba MeTo/a get (), KOTOPHIN BO3BpaIlaeT 3HaUEHNE /IJIST KITI0Ya,
MIPUCBOEHHOTO season. EcJu K104 season He CYIIECTBYET, TO get () BO3BpalllaeT CTPOKY
'Personal day off'. crosb3oBanme caoBaps AeraeT KO 60Jiee KOMIIAKTHBIM, HO TAKKe
YCJIOKHSIET UTeHUE Ko/1a. Peralite caMu, XOTUTE BbI UCTIOTB30BATh 3TOT MATTEPH NJIN HET.

YcnoBHbIe BbIPAXEHUA: KHEKPACUBbIN» TEPHAPHbIN
oneparop Python

Tepnapnvie onepamopoi (B Python ux opuiuanbHO HA3BIBAIOT YCAOGHBIMU BLIPANCCHIL
SAMU, WIIA TEPHAPHBIMU BBIPAKEHUSMU BbIOOPA) BBIUUCIISIOT BhIPAKEHIE U BHIOUPAIOT
B KauecTBe pe3yJibrata OfHO U3 IBYX 3HAYeHUH B 3aBUCKMMOCTH OT yc10BusA. OObIYHO 3TO
JleaeTcs caeayoniell TMTOHNYeCKOl KOMaHoi if-else:

>>> # [lpumep NMUTOHUYECKOro Koaa.
>>> condition = True
>>> if condition:
message = 'Access granted'’
. else:
message = 'Access denied’

>>> message
'"Access granted'’

TepHapHBIT 03HAYAET, YTO ONEPATOP MOTYUAeT TPUA BXOIHBIX 3HAUEHUST, HO B TIPOTPaM-
MUPOBAHUY OHO CHHOHUMUYHO YCJIOBHOMY BbIPA’KEHUTO. YCIOBHBIE BBIPAKEHUS TAKIKe
npeiaraior 6ojaee KOMIAKTHOE OAHOCTPOYHOE PelieHre, COOTBETCTBYIOIIEE ITOMY
natrepHy. B Python OHU PEaIN3yIOTCSA CTPAHHBIM PACIIOJIOKEHIEM KJIIOYEBDIX CJIOB if
nelse:

>>> valueIfTrue = 'Access granted'

>>> valueIfFalse = 'Access denied’

>>> condition = True

>>> message = valueIfTrue if condition else valueIfFalse @
>>> message

'"Access granted'’

>>> print(valueIfTrue if condition else valueIfFalse) (2]
"Access granted'’

>>> condition = False
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>>> message = valueIfTrue if condition else valueIfFalse
>>> message
'Access denied’

Bripaxkenue valueIfTrue if condition else valueIfFalse @ maet pe3yssrar valueIfTrue,
ecJii TiepeMeHHast condition paBHa True. Eciim nepemennas condition cosep:kut False,
TO BbIpa)KeHMe /laeT pe3ysbraT valueIfFalse. I'Buno Ban PoccyMm nryTimnBo ornucbiBas
CIIPOEKTUPOBAHHBIN UM CUHTAKCUC KaK «HAMEePEHHO YPOIUBbI». Bo MHOTHX A3bIKax
C TepHapHBIM OIIEPaTOPOM CHaya/la YKa3bIBaeTCs yCIOBHE, 3aTeM 3HaYeHue Ui True
1 [I0TOM 3Ha4YeHue /1711 False. YCJI0BHOE BBIPAsKEHUE MOXKET MCIIOIb30BAThCS BE3/IE, I/le
MOJKET MPUMEHSATHCS BbIPA)KeHNE MW 3HAYEeHNE, BKII0YAsA apPrYMEHT BbI30Ba (DyHKIINY @.

[Touemy atoT cunTakcuc 66iT BRIoweH B Python 2.5, XoTst on 1 HapyTmaeT mepByio pexo-
MEHJIAITITO «KPACUBOE JIyYllle, 4eMy ypoauBoes? K coskaiennio, MHOTHE TIPOTPaMMUCTBI
HCIIOJIB3YIOT TEPHAPHBIE OTIEPATOPBI, HECMOTPSI Ha UX HEYI0O0UMTAEMOCTb, ¥ XOTST, 4TOOBI
ATOT CHHTAKCHUC TTofiepkuBascs B Python. 3moymorpebieniie yCKOpEHHBIM BHIYHCTIEHTEM
JIOTMYECKUX OIIEPATOPOB II03BOJIAET CO34aTh HEKYIO Pa3HOBU/HOCTH TEPHAPHOI'O OIIEPATO-
pa. Beipakenuie condition and valueIfTrue or valueIfFalse aeT pe3yJsibraT valueIfTrue,
ecym condition comep:kuT True, n valueIfFalse, ecsi condition comepskut False (kpome
OJTHOTO BayKHOTO cJryuast). Beemure ciemytonuii pparMeHT B UHTEPAKTUBHOI 060JI0UKeE:

>>> # lpumep HeNnUTOHMYECKOro Koaa.

>>> valueIfTrue = 'Access granted'

>>> valueIfFalse = 'Access denied'

>>> condition = True

>>> condition and valueIfTrue or valueIfFalse
'Access granted'

Y aroro «1ceBroTepHapHOTO» OllepaTopa condition and valueIfTrue or valueIfFalse
eCTb OJINH HeOUeBU/IHBIN JieheKT: ecyin valueIfTrue COIEPKUT KBAa3UIOKHOE 3HAUEHNE
(narrpumep, @, False, None MJn ImycTas CTPOKA ), BRIpaKeHNe HeOKUIAHHO /IaeT Pe3yJIbTaT
valueIfFalse, X0Td condition comepkur True.

Ho mporpamMmMucTs TPOI0JKAIOT UCTIOJIH30BATH 3TOT (GUKTUBHBIN TEPHAPHBIH Omepa-
TOP, 2 BOTIPOC «ToueMy B Python HeT TepHapHOTO OMIEpaTOpa?» MOCTOSTHHO MPUXOIAUTCS
cabImaTh paspaboTurkam peanusaiu Python. Yesosmblie BoipaskeHUs ObLIN CO3/[aHbI
JLISE TOTO, YTOOBI TIPOTPAMMUCTBI IIepecTaan TpeboBaTh TEPHAPHBIN OTIEPATOP U HE HC-
MOJIb30BAJIU [ICEBJOTEPHAPHBII OIIEpaToOP ¢ ero CKPhIThiMU onbKkaMu. Ho ycioBHbIe
BBIPAKEHISI IOCTATOUHO YPOJJIUBBI, YTOOBI OTBAUTH TPOTPAMMECTOB OT UX MTPUMEHEe-
Hus. VI XoTs «kpacuBoe Jiydllle, YeM YpPOoIJINBOe», «YPOJINBBI» TepHAPHBIN onlepaTop
Python MoxHO cuuTaTh IPUMEPOM TOTO, KOT/IA TIPAKTHYHOCTD BaskHEE GE3YTIPETHOCTH.

YcnoBabIE BbIpaKEHUA BPAL JU MOKHO Ha3BaTb IMUTOHUYECKUMU, HO 1 OJJTHO3SHAYHO
CUYNTATH UX HEMMMTOHNYECKUMH TOKe Heab3sl. Eciii B ITOJIb3YE€TECh UMM, nsberaiire
BJIOJKEHU ST YCJIOBHDBIX Bpra)KeHI/Iﬁ B Ipyrue yC/JIOBHbIE BbIPDAKECHUA:
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>>> # [lpumep HenUTOHUYECKOro Koaa.

>>> age = 30

>>> ageRange = 'child' if age < 13 else 'teenager' if age >= 13 and age < 18
else 'adult'’

>>> ageRange

'adult’

Biioskennble ycsioBHbIE BhIPasKeHNs — XOPOIINi ITpUMep TOTO, UTO IIJI0THAsI OJJHOCTPOY-
Hast KOHCTPYKIIUST MOXKeT ObITh TEXHUYECKH MPABUJIBHOM, HO TIJIOXO BOCIIPUHUMATHCSI
TIPU YTEHUN.

PaboTta co 3HaueHusIMU nepeMeHHbIX

[Tpu HamCaHUH KOJa YacTO BO3HWKAET HEOOXOANMOCTh B MPOBEPKE U U3MEHEHUN
3HAYEHWIT, XpaHAuXcs B iepeMenubix. B Python aro Moo cresats HeckombkuMu
criocobamu. PaccMOTpUM T1apy MpUMEPOB.

Cuenneﬂne oneparopos NpUCBAUBAHUSA U CPABHEHUSA

Korma tpebyercst poBepyTh, TPUHAIICKUT JIU YUCI0 HEKOTOPOMY JAHAMA30HY, MOKHO
BOCIIOJIB30BATHCS JIOTHYECKUM OTIepaToOpoM and B cJie/lytoleil KOHCTPYKIINHU:

# Mpumep HenMTOHWYECKOro Kopa.
if 42 < spam and spam < 99:

Ho Python nosBosisier hopMUPOBATh HEMIOUKH ONIEPATOPOB CPaBHEHMsI, YTOOBI BaM He
MPUXO/INJIOCH UCTIOTB30BaTh orieparop and. Ceayionuil Ko 9KBUBAJIEHTEH MPEIbILY-
neMy mpuMepy:

# MNpumep HenMTOHUYECKOro Kopa.
if 42 < spam < 99:

B]leHOQKPIMIDKH()O6Beﬂ]H{HTbIIOHepaTOprHpHCBaHBaHIHLI{aHIH{Mep,Oﬂ}H)SHaquHe
MOXGﬂ)HpHCBOHTbHECKOHbKHNIHepeMeHHHN[BOHHOﬁCTpOKeKOH&

>>> # [lpumep NMUTOHUYECKOro Kopa.
>>> spam = eggs = bacon = 'string’
>>> print(spam, eggs, bacon)
string string string

Yro6bl yAOCTOBEPUTLCS, YTO BCE TPHU TIEPEMEHHBIE COAEPKAT OJNHAKOBBIEC 3HAYCHUS,
MO3KHO BOCITOJIb30BATbCA OIIEPATOPOM and WJIK CO3/IaTh IIEIIOYKY U3 OTIePATOPOB == JIJIs
IIPOBEPKU PABEHCTBA!

>>> # lpumep NUTOHUYECKOro Kopa.
>>> spam = eggs = bacon = 'string'
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>>> spam == eggs == bacon == 'string’
True

CruerieHue onepatopoB — HeOObINAS, HO MoJIe3Hast (hopMa COKPAIIEHHON 3aIicu
B Python. Ho nipu HelpaBrJIbHOM HCIIOJIb30BaHUU OIIEPATOPBI MOT'YT CO3/aTh IIPOOJIEMBIL.
B rnaBe 8 1eMOHCTPUPYIOTCS HEKOTOPBIE IIPUMEPDI, KOT/Ia HETIPABUJIbHOE TIPUMEHEHHEe
OTIEPaTOPOB MOKET CO3/IATh HEOKUIAHHbIE ONTIOKU B BAIIIEM KO/JIE.

lpoBepka Toro, 4o nepemeHHAs COREPKUT OAHO U3 HECKONBKMX 3HAYEHMI

M Hor/ia BOSHUKAET CUTYallnst, 0OpaTHas OMMCAHHOW B IIPEIbILYIEM pasiesie: Tpedyercst
MIPOBEPUTD, COAEPIKUT JIU TIePEMEHHAs OJTHO U3 HECKOJTbKMX BO3MOKHBIX 3HAUeHU. /{1
3TOTO MOKHO BOCIIOJIb30BATHCS OMEPATOPOM or (KaK B BbIPayKeHUU spam == 'cat' or spam
== 'dog' or spam == 'moose'). Co BceMu M30ObITOUHBIMU YACTIMK Spam == BbIPAKEHUE
CTAaHOBUTCH U3JINAIIHE TPOMO3/IKUM.

BMmecTo 3TOTO MOKHO 0OBETMHUTD HECKOTHLKO 3HAYEHHIT B KOPTEXK U MTPOBEPUTH, CO-
JEP/KUTCA JIM 3HaYeHUe [IePeMEeHHON B KOpTeXke, OIepaToOpoM in, Kak B cJe/ylolieM
npumepe:

>>> # lpumep NUTOHUYECKOro Kopa.
>>> spam = ‘'cat’

>>> spam in ('cat', 'dog', 'moose')
True

ITOT KOJI He TOJBKO GoJiee TIOHSITEH, HO 1 T10 JAaHHBIM timeit paboTaer uyTh GbICTpEE.

Urtorm

Bo Bcex s13bIKax MporpaMMHUPOBAHUST CYIIECTBYIOT COOCTBEHHBIE TIPUEMBL U <ITEPEIO-
BbIe» TIPAKTUKU. B 5TOH riaBe s pacckasal 0 KOHKPETHBIX CITOCO0aX HATMCAHUST TTHTO-
HIYECKOT0 KOJIa, KOTOPBIE CO3/AIN ITPOTPAMMUCTBHI 71T ONTUMAJIBHOTO NCITOTb30BAHN
cunTakcuca Python.

B ocHoBe nuToHnYeckoro koza jexar 20 Tesnco qokymenTa «/Izen Pythons, koropbie
OTPasKAIOT MPUHIIUIIBI HAHCAHKs Koja Ha Python. Otu mososkenus caemayer paccMa-
TPUBATH KaK CyOBEKTUBHOE MHEHNE; OHU He SBISIOTCS aOCOMOTHO HEOOXOANMBIMU JIJIST
HaTmvcaHus porpaMm Ha Python, Ho TOMHUTB 0 HUX GE3YCJIOBHO CTOMT.

3uaunmbie otcTynbl Python (He myTaiite co 3HaunMbiMu pobesaMu!) BBI3HIBAIOT
GOJIBIIIE BCETO MPOTECTOB CO CTOPOHBI HAYWHAIOTIMX TIPOTPAMMICTOB. V1 XOTsI TIOYTH BO
BCEX A3BIKAX MPOrPAMMUPOBAHUS OTCTYTIBI HCTIOTB3YIOTCS IS YI0609NTaeMOCTH KOJIa,
Python Tpebyer, uTo6Gb1 0TCTYIIBI 3aMeHs1IN O0JIee TPUBBIYHbIE (DUTYPHBIE CKOOKH, TIPH-
MEHsIEMBIE B JIPYTUX S3bIKAX.
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Mopuyib Python timeit nossossier 6p1cTpO POMGUINPOBATH BPEMSI BHIIIOTHEHUS KOJIA;
9TO BCEr/Ia JIYUIlle, YeM MPOCTO MPEAIOTIOKUTD, YTO KaKOI-TO Ko/ paboraer ObicTpee.
M xoTst MHOTHE IIporpaMMUCThl Ha Python mcmonbsyror KoHCTpyKInio range(len())
IS IIMKJIOB for, GYHKIUA enumerate() npemocTasiser Gojee YUCThI CUHTAKCUC IS
HOJIyYeHUs] MHAEKCA U 3HaYeHus IIPpH 1epebope MoCIeA0BaTeNbHOCTU. AHAIOTUYHBIM
00pa3oM KoMaH/ia with mpegocrasiisger GoJiee YUCTbIN 1 HAJEKHbIA MeXaHU3M PaboTh
¢ daitmamMu 10 CpaBHEHUIO ¢ PYYHBIMU BbI3oBaMu open() 1 close(). Komanga with
rapaHTHUpPYyeT, 4To MeTo/ close() Oy/er Bbi3BaH B JI060M CUTyaLUH, KOTa yIIPaBIeHue
BBIIJIET 3a MPe/esIbl 670K KOMAHIBI with.

B Python npemycMoTpeHo HECKOIBKO CIIOCOO0B MHTEPIOJSAIIN CTPOK. VI3HAYamIbHO
crrernuKaTop MpeobpasoBanus %s TOMEYAT TTO3UINN, B KOTOPBIX CTPOKU TOJIKHDI
BCTaBJSITHCS B UCXOAHYIO cTPOKY. CoBpeMeHHBIH oxox /it Bepenu Python 3.6 ocroBan
Ha UCIosb30Banu f-ctpok. Y f-cTpok cTpoKoBbIil iuTepas nomedaercst npedukcom f,
a (burypHbie CKOOKH OTMEYAIOT, T/Ie B CTPOKE MOTYT PAa3MENaThCsi CTPOKU (HJIH TieJIble
BBIPAKEHUST ).

Cunrakcuc [ :] Ui cO3/1aHusl IOBEPXHOCTHBIX KOTHUIA CIIUCKOB BBITJISIIUT HEMHOTO
CTPAHHO M HE MOJKET OJITHO3HAYHO CYUTATHCSA MUTOHUYECKUM, HO OH CTaJl MOMYJIAPEeH
B KauecTBe cr1ocoba ObICTPOTO CO3MaHUS TOBEPXHOCTHBIX KOIIHIA CIIMCKOB.

¥ crnoBapeii onpezieieHbI MeTOABI get() U setdefault() AT BBITIOJTHEHUS OTIepAITAil
C HECYIIeCTBYIONMMU Kiiouamu. Takske cioBapb collections.defaultdict ucmosb3yer
3HaYEHME 110 YMOJIYAHMUIO JIJIsE HECYIIeCTBYIOIUX Kiodeil. Tak kak B Python ner komam b
switch, ucrnosb30BaHue CI0BAPA MO3BOJIAET KOMIIAKTHO 3allicaTh 9KBUBAJIEHT switch
6€e3 HECKOJIBKUX KOMaH]I if-elif-else; Ipu BEIOOPE MEKLY ABYMs 3HAUECHUSAMM TaKKe
MOXKHO UCIIOJIb30BaTh TePHAPHBIN oriepaTop.

[lermouka omepaTopoB == MO3BOJSIET MTPOBEPUTH, YTO HECKOJIBKO TIEPEMEHHBIX PABHBI
JIPYT JIPYTY, & ONIEPATOP in — MPOBEPUTH, UTO TIEPEMEHHAST UMEET OJTHO U3 HECKOJIbKUX
BO3MOJKHBIX 3HAUYCHU.

B 3710ii ritaBe GbLIM PACCMOTPEHBI HEKOTOPBIE UIMOMBI si3bika Python, a Takke qaHbr
PEKOMEH/IAIINK OTHOCHTEIBHO TOTO, KaK IHcaTh 6oJiee MUTOHNYECKUH Ko B ciemytomieit
IJIaBe PacCMaTPUBAIOTCS HEKOTOPBIE IIPOOJIEMbI M JIOBYIIKH, B KOTOPBIE YaCTO [OIAJAI0T
HauyMHAIOIIHe.
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B cBoem komukce XKCD «Up Goer Five» (https.//xkcd.
com,/1133/) cosnarens Be6-komnkcos Panmamt Mympo (Randall
Munroe) rTokasas TeXHUUECKYIO CXeMY pakeTbl Saturn V, UCIIob-
3y TOJIBKO THICSIY CAMBIX PACTIPOCTPAHEHHBIX AHTJIMHCKUX CIIOB.
Texuudyeckue TEPMUHBI OH OTUCAJ MPEIIOKEHUSME, TTOHATHBIMI
naxe peberky. Ho Takike OH HATJISHO MPOIEMOHCTPHPOBAI, TIOYEMY

HeJTb3s1 Bee OOBSICHSITH TIPOCTBIME BbIpaskeHusiMu. «I1ITykoBrHA, KOTOpast T10-

MOJKET JIFOJISIM OUeHb OBICTPO COEKATD, ECJIH BO3HUKIIA TPOOJIEMa, BCE TOPUT U OHU PEIIAOT
He JIETETh B KOCMOC» JIJIsl HETIOCBSIIIIEHHOM ayIUTOPIH O0JIee TIOHSITHA, YeM <3aITyCK CHCTEMbBI
sBakyarmn». OxHako 171 nHkeHepoB NASA B UX 10BceiHEBHOIT paboTe BCe 9TO CIMIITKOM
muorocnosHo. OHK ckopee BocnoJbayiorces cokpamterreM LES (Launch Escape System).

W XoTs KOMITBIOTEPHBIH KaprOH MOJKET II0KA3aThCs HEOIIbITHBIM ITPOTPAaMMHUCTaM yCTpa-
HIAONMM U 3allyTaHHBIM, COKpalieHust Heobxoanmbl, Hekotopsie Tepmuabl B Python
1 B 06J1acTH paszpabOTKK MTPOrPAMMHOT0 00eCIICUeHHsT UMEIOT TOHKIE CMBICJIOBBIE PA3JIv-
YU, U JTasKe OTBITHBIE Pa3pabOTUMKI WHOT/IA OMTHOOYHO UCTIOMB3YIOT X KaK CHHOHUMBL.
Texuuueckue orpeiesieHUs TAKUX TEPMUHOB MOTYT Pa3jinuaThCs B PA3HDIX A3bIKaX I1PO-
IPaMMUPOBAHISL, HO 37I€Ch ST PACCKA3bIBAIO O TepMuHax B Python. Bel mostyuunTe mpoxoe,
XOT$1 1 He IIyGOKoe MOHUMAaHKE CTOSIIIINX 32 HUMU KOHIIETTIIAH sI3bIKA IPOTPAMMUPOBAHUSL.

1 moJjraraio, 4To BbI €Ille He 3HAKOMBI C KJIaCCaMU U 0O0BEKTHO-OPUEHTHPOBAHHBIM TIPO-
rpammupoBanrem (OOII). Tloatomy 3zech s KpaTKO pacckaxky O Kjaccax U JIpyroM
OOII-xaprose, a 0 caMoM Kaprose 6oJjiee moAPOOHO MbI IIOTOBOPUM B riaBax 15—17.

Onpepnenexusa

Korza B omHot KOMHaTe OKA3bIBAIOTCST XOTsI GBI Ba MTPOTPAMMUCTA, BEPOSITHOCTD
cropoB o cemantuke jgocturaet 100%. SI3bIKk quHAMUYEH, a JTIOJM PACHOPSIIKAIOTCSI
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cioBaMu, HO He HaoGopoT. HekoTopbie pazpaboTUUKK UCTIONIB3YIOT OJHU U TE ke
TEPMUHBI HECKOJIBKO B Pa3HBIX CMbBICJIAX, HO XOPOIIIO 3HATH TEPMITHOJIOTHIO BCE PABHO
nosie3no. B aToll riase s pacckaky 0 TepMUHAX U WX B3aNMOCBsI3sX. Ecin BaMm moma-
TOOUTCST CIUCOK TEPMUHOB B aihaBUTHOM TOPsIIKE, obparaiitech K ouImaaIbHOMy
rioccapuio Python o aupecy https.//docs.python.org/3/glossary.html; Bb1 Haiizere
31eCh KAHOHMYECKUE OTPeIeTeHts'.

HecoMHeHHO, HEKOTOPBIE TPOTPAMMUCTBI, ITPOUYUTAB OTIPE/IeIeHNsT B 3TOH TJaBe, pu-
TMOMHSIT 0COOBIE CTyYal WIIN MCKIIOUEHNST, HO TIPUANPATHCS MOKHO HECKOHEUHO. JTa
ryTaBa He ObITa 3alyMaHa Kak HCUEePITBIBAIOIIEE OTMTUCAHUE; 51 /IAJT IOCTYITHBIE OTIPEICTICHNS,
MyCTh Jlaxke He ujpeasbHbie. Ho Beerza MOKHO Y3HATH YTO-TO HOBOE, KAK 3TO OOBIYHO
ObIBaeT B IPOrPAMMHUPOBAH.

A3bik Python u untepnperarop Python

SIsbik mporpaMmuposanus Python o6ssan cBouM HazBaHUeM He 3Mee, a OPUTAHCKON
KoMemitHoil rpyme Monty Python (xorst B fokymenTanuu u yuebuukax Python uc-
MOJIB3YIOTCST OTCHUTKE Kak K Monty Python, Tak u k 3mesim). B o6J1actut iporpaMmMupo-
BaHMs HasBaHue Python Tojke nMeer Ba sHaueHuUsI.

Korma Mot roBopum «Python s3amyckaer mporpammys uin «Python Beimaet nckirio-
yeHue», peub uger ob unmepnpemamope Python (Python interpreter) — nporpamme,
KOTOpast YMTaeT TeKCT u3 (ailja .py U BBIMOJIHSIET COAEPIKANINECS B HEM HHCTPYK-
ruu. Eciin BbI BeTpevaeTe BbipaskeHue «uHTeprnperatop Pythons, To mouru Becerga
nozxpasymenaetcst CPython — unrtepmnperatop Python, conmpoBoskaereM K0oToporo
sanumaercs ¢ona Python Software Foundation, moctynuslii Ha caiire https.//www.
python.org. CPython siBistercst peanusayueri (implementation) siapika Python (To ecTb
MPOTPaAMMOM, HAMMCAHHOM /IJIS BBITIOJTHEHUS CIIeTMMUKAIINN ), OHAKO CYIIECTBYIOT
u apyrue. Xorss CPython nanucan ma si3pike mporpammuposanust C, peaansarus
Jython nanucana na Java aus BeinosnHenus: ciieHapues Python, coBmecTumbix
¢ nporpammami Java. PyPy — JIT-komnunsmop (just-in-time compiler) aist Python,
KOMITMJTUPYIONTUIA TTPOTPAMMBI HEIIOCPEIICTBEHHO B ITPOTIecce UX BBITIOJHEHUST, — Ha-
nucax Ha Python.

Bce ot peanmmzarium BBITIOTHSIOT NCXOIHBIA KO/, HAMMCAHHBIN Ha S3bIKE TTPOTPaMMU-
posanusg Python; uMeHnHO 5TO MBI UMeeM B BUALY, TOBOPsL: «ITO mporpamma Python»
nuiu <5 uzyuaio Python». B uzeane mo6oit unreprnperatop Python crnocoben Boi-
MOJTHUTH JTII0O0# MCXOMHBIN KO/, HATIMCAHHBII Ha st3bike Python; Tem He MeHee B pe-
AJIbHOM MUDE Beeria OyIyT CyIecTBOBaTh HEOOIbIIE HECOBMECTUMOCTH W PA3JINIHSI

! B aToii r71aBe Bce TePMIHBI ITI0CCAPHS IAIOTCS HA PYCCKOM U B CKOOKAX Ha aHTJIMHCKOM SI3bIKE. —

IIpumeu. peo.
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Mmesxay unrepnperaropamu. CPython nasbiBaercst amanonnoi pearusayueii (reference
implementation) s3bika Python, moromy 4o, eciiu CyLecTBYIOT Pasindus MEKLY TEM,
Kak koz1 Python unrepnperupyercss CPython u apyrum nHTEpIpeTaTOPOM, MOBEACHUE
CPython cunraercs KAaHOHUYECKMM U IIPABUJIBHBIM.

Cbopka mycopa

Bo MHOTHX paHHUX 43bIKaX TPOTPAMMHUCTY ITPUXOIUIIOCH IPUKA3BIBATH IIPOTPAMME BbI-
IEJIATh, a 3aTeM 0CBOOOKIATH AMST JIJISL CTPYKTYD JAHHBIX 110 MePe HeOOXOUMOCTH.
Pyuroe Bblze/eHre aMATH CTAHOBUJIOCH MCTOYHUKOM MHOTUX OIIMOOK, TAKUX KaK
yTeuka mamMsaTi (KOTia MporpaMMUCT 3a0bIBaJl 0CBOOOAUTD BBIJIEJICHHYIO TAMSITD ) HJIH
IBOITHOE 0cBOOOXKIeH e (KOT/a IIPOrPaMMUCThI 0CBOOOXKIANN OJHY ¥ Ty JKe 00J1acTh
MaMSTH JIBAK/IbI, YTO MTPUBOINIIO K TTOBPEK/IEHUIO IAHHDBIX ).

Jlnst mperoTepaiienus stux onmbok B Python cymecrsyer c6oprxa mycopa (garbage
collection) — MexaHM3M aBTOMATHYECKOTO YIIPABJIECHUS MAMSATHIO, KOTOPBINA OTCJIE-
JKUBAET BbIJIEJICHNE W OCBOOOJKIEHIE TTAMSITH, YTOOBI TPOTPAMMUCTY HE MPUXOAUIOCH
3aHUMaThCst HTUM camoMy. COOPKY Mycopa MOJKHO PAcCMaTpUBaTh Kak 0CBOOOKICHIE
MaMsATH, TOTOMY YTO OHa JieJIaeT aMsATh JOCTYIHOH /i HOBBIX Alanubix. Harpumep,
BBEJIUTE CJIEAYIONYI0 KOMAH/y B UHTEPAKTUBHON 000I0UKE:

>>> def someFunction():
print('someFunction() called.')
spam = ['cat', 'dog', 'moose’]

>>> someFunction()
someFunction() called.

ITpu BbI3OBE someFunction() Python Bbigesser maMsTh Ajs cinucka [ 'cat', 'dog',
'moose’ ]. [IporpaMMHUCTy He HYKHO CaMOCTOSITEJIbHO BBIYUCIATH, CKOJIBKO OaiiTOB
MaMSATH CJIE/[yeT 3aTiPOCUTh, ToToMy uTo Python semaer ato aBromatiyecku. Coopmk
Mycopa Python ocBo6osKk1aeT tokaibHbIe IIepeMEeHHbIE TIPU BbIX0/1e U3 (DYHKIIUN, YTOOBI
3aHUMaeMast MU TTaMSITh CTaJia JOCTYITHA JUIsT APYTuX AaHHbx, CO0pKa Mycopa cyliie-
CTBEHHO YIIPOIIAET IPOrPaMMIPOBAHIE U TMTOBBIIIAET €r0 HAJEKHOCTb.

Jlutepansi

Jlumepan (literal) — TekcT B MCXOMHOM KOJie IIPOIPAMMBbI, OIIPEAEISIONi (hUKCUpo-
BaHHOE TUITM30BaHHOE 3HAUeHue. B cieyionem npumepe:

>>> age = 42 + len('Zophie')

(bparmenTsl TEKCTa 42 U 'Zophie' OINpeAENSAIOT ABa JIUTEPAJIa, [EJblii U CTPOKOBBI.
JIurepas MOKHO paccMaTpUBaTh Kak 3HaYeHUe, OYKBAJIbHO OTIPEEISIeMOe B MCXOAHOM
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kojie. TosIbKO BCTpOEHHbIe TUIIBI IAHHBIX MOTYT UMeTh JIUTepasbHble 3HaUYeHUs B HC-
xomHoM Kozie Python, Tak uto mepemerniast age TUTEPATbHBIM 3HAYEHUEM He SIBIISTETCST.
B tabu. 7.1 npuBeaeHbl IprMepst uTepaios Python.

Tabnuua 7.1. Mpumepsi nutepance & Python

Jlutepan Tun aaHHBIX
42 Integer
3.14 Float
1.4886191506362924e+36 Float
"""Howdy!""" String
r'Green\Blue’ String

[1 List
{'name': 'Zophie'} Dictionary
b'\x41" Bytes

True Boolean
None NoneType

JloToIIHbIe YNTATEITH 3AMETSIT, YTO HEKOTOPBIE M3 MOUX ITPIMEPOB He SIBJISIOTCS JINTe-
pajiaMu B COOTBETCTBUM ¢ OPUIUATBLHON JoKyMeHTaImel sizbika Python. MopmanbHo
-5 He siBJIsIeTCs iuTepasiom B Python, moToMy 9to sI3bIk orpeniesisieT 3HaK «<MUHYC» (-)
KaK oTeparop, IpUMeHsaeMbIil k autepany 5. Kpome Toro, True, False 1 None cuuTa-
I0TCSI KITIOYEBBIMU ciioBaMu Python, a we mutepanamu, Toraa kax [] v {} HazsIBaOTCS
unduxamopamu (displays) nnu amomamu (atoms) B 3aBUCHMOCTH OT TOTO, KAKyI0 4acTh
ouUIHaTbHON JOKYMEHTAIIMK BBl TIpOCMaTpuBacTe. TeM He MeHee JuTepai — pacipo-
CTPaHEHHBII TePMIH, KOTOPbII OyIET UCIOTB30BATHCS TPOPECCUOHATBHBIMI Pa3paboT-
YITKaM¥ BO BCEX 3THUX MTPUMePax.

KnioueBbie cnoa

B KasK/10M sI3bIKE TIPOTPaMMHUPOBAHUST CYIIECTBYET COOCTBEHHBIN HAGOP KJIIOUEBBIX CJIOB.
Kimouessie cioBa Python o6pasyior HaGop nmen, KOTOpbie Pe3ePBUPYIOTCS KaK YacTh
A3bIKA U He MOTYT MCIIOJIb30BATLCS KaK MUMEHA [IePeMEHHBIX (TO eCTb UIeHTU(PUKATOPDI).
Hampuwmep, co3nath nepeMeHHYIO ¢ UMeHeM while He yaacTcs, TOTOMY 4TO KJIOYeBOe
CJI0BO while 3ape3epBUPOBAHO I UCMTOTH30BaHU B ITNKIaX while. Hixke mpuBoanTCs
CIIMCOK KJIf0ueBbIX ¢JioB Python ays Bepcuu Python 3.9.
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and continue finally is raise
as def for lambda return
assert del from None True
async elif global nonlocal try
await else if not while
break except import or with
class False in pass yield

Ciieryer HOMHUTD, 4TO KJI0YeBbIe c10Ba Python Beera 3anuchBaoTCst Ha AHTIHICKOM
S3bIKe, OHU HEJIOCTYITHBI Ha IPYTUX A3bikax. Harpumep, ciepytomiast hyHKIUSA CONEPKAT
nneHTU(hUKATOPBI, 3aMMMCAHHBIE HA NCTTAHCKOM $I3bIKe, HO KJTIoueBble cioBa def 1 return
OCTAIOTCS 3aIIMCAHHBIMU HA AaHTJIMICKOM.

def agregarDosNumeros(primerNumero, segundoNumero):
return primerNidmero + segundoNumero

K coskamennio, aHTIMHCKAT SI3BIK IOMIUHUPYET B 00JIACTH TPOTPAMMUPOBAHIST — U 9TO
OIpeieIEHHAst CJIOKHOCTD JIuist 6,5 MUJTHAp/ia YeJ0BEK, KOTOPbIe Ha aHTJIMIICKOM He
TOBOPAT.

06'belﬂ'bl, 3HaYeHusd, IKk3emnaapbl U MAEHTUYHOCTD

Obwvexm (object) mpeacTaBiisieT HEKOTOPBIN (hparMeHT JaHHbBIX: YUCJIO0, TEKCT WK GoJiee
CIIOKHYIO CTPYKTYPY AaHHBIX (TaKylo KaK CIIMCOK MU CJ0Bapb). Bce 00beKTh MOTYT
COXPaHSITHCS B IEPEMEHHDIX, TIEPEJABATHCSI B APTYMEHTaX [1PU BbI30BE (PYHKIIUI U BO3-
BPAIAThCS 3 BBI30OBOB (DYHKITHI.

Kaskpiit 06bEKT XapaKTepU3yeTCst SHaueHueM, uoenmuunocmuio u munom oannvix (value,
identity u data type). Snauenue — naHssbie, ipeacTaBasieMble 00EKTOM (HATPUMED, HEI0e
yucsio 42 v ctpoka 'hello'). VI X0Ts 9T0 CO3/1a€T HEOJIHO3HAYHOCTD, HEKOTOPbIE [TPOTPAM-
MUCTBI UCIIOJIB3YIOT TEPMUH «3HAYEHHE» KAK CHHOHUM OOBEKTa, 0COOEHHO JIJIST TIPOCTHIX
TUTIOB TaHHBIX (HAIIPUMED, TIeJTBIX YICEeI UJTH CTPOK ). Tax, mepeMeHHast, KOTOpasi COMEPKUT
JlaHHble 42, ABJISETCS IIePeMEeHHOI, KOTOpas COJAEPKUT 1es1oe 3HaYeHue, HO TaKKe MOKHO
CKa3aTh, YTO ITO MEPEMEHHASI, COAEPIKAIIAA [IETOUNUCTEHHBIN OOBEKT CO 3HAUCHUEM 42,

OGDBEKT CO3MACTCS € UOEHMUUHOCTBIO — YHUKAJIBLHBIM 1EJIBIM YHCIOM, KOTOPOE MOKHO
MIPOCMOTPETD BbI30BOM (hyHKITNY id(). Hanpumep, BBepuTe cieytoniuii Ko B UHTEPaK-
TUBHOW 000JI0YKE:

>>> spam = ['cat', 'dog', 'moose’]
>>> id(spam)
33805656
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META®OPbI MEPEMEHHbIX: KOPOBKU U HAKJIEMKU

Bo MHOTHX y4e6GHIKAX HAYATLHOTO YPOBHSI TePEMEHHbIE CPABHUBAIOTCS € KOPOO-
KaMM, 4TO TIPEACTABIISIET COOOI upeamMepHoe yrpornenue. [lepeMeHtyio yao6Ho
MPEICTaBUTh Kak KOPOOKY, B KOTOPOit HaxoauTest sHaveHue (puc. 7.1), Ho Koraa
pedb 3aXOJNUT O CChLIIKAX, MeTadopa HAUMHAET pacChlIaThes. B Tombko uTo pac-
CMOTPEHHOM TIPUMeEPE B TEPEMEHHBIX Spam 1 eggs He XPaHUJIVCh Pa3HbIe CJIOBAPH;
B HIIX XPAHWUJIUCH CCBLIKU HA OJIFTH CIOBAPH, HAXOATIUIICS B TAMITH KOMITBIOTEPA.

{'name': 'Zophie'} |

Puc. 7.1. Bo MHOMMX KHUraX NEpeMeHHbIE CPABHUBAIOTCS C KOPOBKAMM,
B KOTOPbIX XPAHATCA 3HAYEHUSA

B Python Bce mepementibie ¢ TEXHIIECKOI TOUKU 3PEHUS SIBISIOTCS CCHLITKAMM,
a He KOHTelTHepaMy 3HAYeHNI, He3aBUCHMO OT UX THIIA TaHHBIX. MeTadopa Ko-
POOKH MPOCTa, HO He uiieanbHa. BMecTo Toro 4ro6sl paccMaTpUBaTh IEPEMEHHBIE
KaK KOPOOKH, BbI TAKJKE MOJKETE PACCMATPUBATD [IEPEMEHHBIE KaK HAKJIEHKH JJIsT
00bexToB B mamsaTi. Ha puc. 7.2 n300pakeHbl HAKJIECHKHU JIJIsT TIEPEMEHHBIX Spam
7 eggs M3 TPEIBIAYIET0 IprMepa.

{'name': 'Zophie'}

P Peggg

Puc. 7.2. I'IepeMeHHble TAKXE MOXHO NPeacTaBUTb KAK HOKNEeMKM ons 3HAYEHUH
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Tak Kak HECKOJIBKO MEPEMEHHBIX MOTYT CCBLIATHCA HA OAUH 0OBEKT, TOT 00D~
eKT OyJeT «XPaHUThCS» B HECKOJIBKHUX MepeMeHHbIX. OAnH 00beKT Helb3st
MOJIOKKUTH CPa3y B HECKOJIBKO KOPOOOK, TI0ITOMY Gy/IeT MPOIIe UCTIOIb30BATh
MeTtadopy Hakmelkn. JlonomHuTeIbHAS MHGMOPMAITUS TI0 3TOH TEMe COIEPIKHUT-
cs1 B nokaazne Hema Baruenmepa (Ned Batchelder) na xoudepeniuun PyCon
2015, «Facts and Myths about Python Names and Values» (https://youtu.
be/ AEJHKGk9ns).

ITepemenHast spam COAEPKUT OOBEKT ¢ TUIIOM JIAHHBIX CIIMCKA U 3HAYeHHeM [ 'cat',
'dog', 'moose’]. Ee ugenTnyHOCTL paBHa 33805656, XOTS YNCIOBOE UAECHTU(DUITUDY-
folllee 3HaYeHe BLIYMCISIETCS 3aHOBO MPHU 3aIyCKe MPOTPAMMBI, TaK UTO € OOJBIIOM
BEPOSITHOCTBIO BbI OY/I€TE TTOJMYYaTh PA3HbIE YHCIIAa HA BAIIEM KOMITBIOTEPE.

ITocjie Toro kak 0ObeKT OyAeT CO3/IaH, €ro UAEHTUYHOCTh HEe U3MEHSAETCS Ha IIPO-
TSKEHUU BBIOJHEHUST IIPOrpaMMBbl. XOTsI THII JaHHBIX U WAEHTUYHOCTh 00bEeKTa He
U3MEHSIOTCS BO BPeMsl BBIIIOJIHEHNUs, 3HaueHne 00beKTa MOKET U3MEHUTHCS, KaK Mbl
BUJINM B CJICYIONIEM ITpUMeEpe:

>>> spam.append( ‘snake")

>>> spam

['cat', 'dog', 'moose', 'snake']
>>> id(spam)

33805656

Ternepb crICOK TakKe COAEPKUT dJieMeHT ' snake'. Ho kak BUIHO 110 BBI30BY id(spam),
€ro UAeHTUYHOCTD He U3MEeHUJIACh — CIIMCOK ocTasicsa TeM xxe. Ho pasaiite mocMorpum,
YTO [IPOU3OIJIET, eCJId BBECTU CJIelyIOMUi KO/

>>> spam = [1, 2, 3]
>>> id(spam)
33838544

3HaueHue B spam ObLIO EPE3anuCcano HOBBIM OOBEKTOM CITHCKA € HOBOI HIEHTHYHOCTBIO:
33838544 BMecTO 33805656. Moenmuguxamop (identifier) (takoil Kak spam) He ceayer
myTath ¢ upeHTnIHOCThIo (identity), TOTOMY UTO HECKOJIBKO IEHTH(UKATOPOB MOTYT
CCBITAThCS Ha 00BEKT. Tak, B CIIeyI0ONeM TIPIMepe IBYM TTePEMEHHBIM TPUCBANBAETCST
OJIMH U TOT K€ CJIOBAPD:

>>> spam = {'name': 'Zophie'}
>>> id(spam)
33861824

>>> eggs = spam
>>> id(eggs)
33861824
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Waentnanoctu 000uX MAEHTUMOHUKATOPOB, spam 1 eggs, PaBHbI 33861824, IIOTOMY 4YTO
OHU OTHOCSITCSI K OZTHOMY OOBEKTY cJioBapst. Terepb U3MEHUTE 3HAUEHWE Spam B HHTE-
PaKTUBHON 060JI0YKE:

>>> spam = {'name': 'Zophie'}
>>> eggs = spam

>>> spam['name'] = 'Al' @
>>> spam

{'name': 'Al'}

>>> eggs

{'name': 'Al'} (2

Kax Buure, uamMeHeHust spam @, Kak 10 BOJIIEOCTBY, TAKKe MOSBJSAIOTCS B eggs @.
IT0 0ObsICHIETCS TeM, 4TO 06a UAEHTU(HUKATOPA OTHOCITCS K OJHOMY U TOMY XKe
00OBEKTY.

Ecji He OHUMATh, 4TO OIIEPATOP MPUCBAMBAHNUS = BCETIA KOIIMPYET CChLIKY, a He 00b-
€KT, MOKHO BHECTU B IIPOrPaMMy OIIMOKY: BB IyMAETe, 4TO KOIUPyeTe 00bEKT, TOraa
KaK B JIEHCTBUTEIBHOCTA KOMUPYETCS CChLIKA Ha UCXOAHBINA 00beKT. K cuacTbio, 310
He co3aeT mpobJeM ¢ HeM3MeHsIeMbIMU 3HAYeHUSAMU (IeJBIMU YUCIAMU, CTPOKAMU
U KOPTEKaMu) TI0 MPUYNHAM, KOTOPbIE OOBSICHSIOTCS B Mojpasesie «/3mMeHseMocTh
1 HeM3MeHsIeMOCTh» Ha ¢. 143.

Otepatop is MOKET UCIOJIb30BATHCA JIJIsI IIPOBEPKU TOXKECTBEHHOCTH, TO €CTh TOTO,
41O Z1Ba 00bEKTA UMEIOT OJMHAKOBYIO MAeHTUYHOCTb. C APYroil CTOPOHbI, OLEPaTOp ==
[POBEPSIET TOJBKO PABEHCTBO 3HAYEHUI JIBYX 0OBEKTOB. MOKHO CUMTATh, 4TO X is y
SIBJISIETCST COKPAIIEHHOU 3a1UChIo /71T id (x) == id(y). BBeaure caenytonmmit hparMent
B MHTEPAKTUBHON 000JI0UKe, YTOOBI IOHATh CYTh PA3/IYMiL:

>>> spam = {'name': 'Zophie'}

>>> eggs = spam (1
>>> spam is eggs

True

>>> spam == eggs

True

>>> bacon = {'name': 'Zophie'} @
>>> spam == bacon

True

>>> spam is bacon

False

ITepemennbie spam 1 eggs CCHLIAIOTCS HAa OAMH OOBEKT CI0BAps @, TaK YTO UX UIEHTUY-
HOCTH U 3Ha4YeHus: oguHakoBbl. Ho 1mepemMenHas bacon cchliaeTcs Ha APYroil 00beKT
cJI0Baps @, XOTSI OH U COJEPKUT JIaHHbIE, COBMAJIAIONINeE ¢ TaHHbIMU spam U eggs. Co-
BTaJICHIE JAHHBIX O3HAYAET, YTO bacon COAEP:KUT TO Ke 3HAUCHUE, UYTO U spam U eggs,
HO 9TO JIBa PasHbIX 00bEKTA C IBYMST PA3HBIMU HACHTUUHOCTSIMU.
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InemeHTsl

B Python o6bekT, HaxosIuiicss B 00beKTe-KOHTelHepe (TaKOM KaK CIHCOK MJIM CJIO-
Bapb), TakxKe HasbiBaercsa anemenmonm (item, element). Hanpumep, ctpoku B crmcke
['dog', 'cat', 'moose’ ] ABISIOTCS OOBEKTAMM, HO OHU TAKKE HA3bIBAIOTCS DJIEMEHTAMMU.

Uzmensemoctb u Hen3meHsEMOCTb

Kax s ynmomunain patee, Bce 06beKT B Python xapakTepusyiorcst 3Ha4€HIEM, THITIOM
JIAHHDBIX 1 UJEHTUYIHOCTDIO U U3 BCEX ATUX aTPUOYTOB M3MEHSITHCST MOKET TOJIBKO 3HAUE-
rve. Ecoin 3HaveHe 06 beKTa MOKHO M3MEHUTD, ITOT OOBEKT HA3BIBAETCS USMEHIEMbIM
(mutable). Ecu snauenne 00beKTa UBMEHUTD HEJTb3sT, 00BEKT HA3LIBAETCST HEUSMEHSC-
mon (immutable). B Tabu. 7.2 mepeunciieHbl HEKOTOPbIE M3MeHsIEMble U HeU3MeHsIeMble
THUIIBI laHHbIX B Python.

Tabnuua 7.2. Mprmepbl U3MEHIEMBIX M HEM3MEHSEMBIX TUMOB AaHHbIX Python

UzmMeHsieMble TUMbI AAHHBIX HeusmeHsieMbie TUNbI AAHHBIX

List (Crcox) Integer (Lenoe uncio)

Dictionaries (CinoBapu) Floating-point number (YucJio ¢ nuaBaroreit
TOYKOI )

Sets (MuoskecTBa) Boolean (Jlornueckuii)

Bytearray (Maccus 6aiiTos) String (Ctpoxa)

Array (Maccus) Frozen set (3adukcupoBarnroe MHOKECTBO)
Bytes (BaiiTbr)
Tuple (Koprex)

Korza BbI 1IepesanuchiBaeTe nepeMeHHyI0, MOKET TI0Ka3aThCsl, YTO Bbl U3MEHsIeTE 3Ha-
yeHre 00BEKTA, KAK B CIIEAYIOIIEM TIPUMEPE:

>>> spam = 'hello’
>>> spam

'hello’

>>> spam = 'goodbye'
>>> spam

'goodbye’

Ho B 9TOM KOJ1e BBI He 3aMenseTe 3Hauenne oObekTa 'hello' 3nayenuem 'goodbye'.
ITO Ba Pa3HBIX 0OBEKTA, @ BbI TOJBKO MEPEKJIIOUAETE TIEPEMEHHYIO Spam Tak, YTO0ObI
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OHAa CoZeprKajia CChLIKY He Ha 00beKT 'hello', a Ha 00beKT 'goodbye'. UTo6bI yhe-
JUTHCSI B 9TOM, BOCIIOJIb3yeMcst (GyHKIMe id () /711 BBIBOJA UJAEHTUIHOCTEN BYX
00BEKTOB:

>>> spam = 'hello’
>>> id(spam)
40718944

>>> spam = 'goodbye’
>>> id(spam)
40719224

I 1Ba 00bEKTA 00JIAJAIOT PA3HBIMU UICHTUUHOCTSIMY (40718944 11 40719224), TIOTOMY
4TO 9TO J1BA Pa3HbIX 0ObekTa. HO y mepeMeHHbIX, CChIIAIONINXCS Ha M3MEHIEMbIE 00heK-
ThBI, 3HAYEHMS MOT'YT U3MEHAThCS Ha MecTe (in-place). Hanpumep, BBeanTe caeaytommii
(dhparMenT B MHTEPaKTUBHOI 000I0YKe:

>>> spam = ['cat’', 'dog']
>>> id(spam)

33805576
>>> spam.append( 'moose"') (1
>>> spam[@] = 'snake’ 2
>>> spam

['snake', 'dog', 'moose']
>>> id(spam)
33805576

Meton append() @ u npucBanBaHue 3JEMEHTY 110 UHEKCY @ M3MEHSIOT 3HAUeHUE
criicka Ha Mecte. U X0Ts1 3HaUeHUe CITUCKA UBMEHUJIOCh, €T0 UJIEHTUYHOCTh 0CTA/IaCh
npesxHeit (33805576). Ho mpu BeITo/THEHNTY KOHKATEHAIINMH CTIIMCKA C NCTIOTh30BaHUEM
olepaTopa + Bbl CO3/IaeTe HOBbIIT 00BEKT (¢ HOBOU HAEHTUYHOCTBIO ), KOTOPbIil 3aMeHsIeT
CTapbIil CIIUCOK:

>>> spam = spam + ['rat’']

>>> spam

['snake', 'dog', 'moose', 'rat']
>>> id(spam)

33840064

KonkareHanus cnmcKoB cO37[a€T HOBBIN CIUCOK C HOBOM MaeHTUYHOCThIO. Korma
ATO TPOUCXOANT, CTAPbI CIIICOK GYIEeT CO BpEMEHEM YAJIeH U3 MaMsiTi cOOPITHKOM
Mycopa. 3a uHhopMaIueii 0 TOM, Kakue METO/bI 1 OTIEPAIlnU U3MEHSIOT 0OBEKThI Ha
MecTe, a Kakie UX Tepe3alrchiBaloT, oOpaiaiirech K JokyMmenTanuu Python. Mosxuo
3alIOMHUTH XOpolilee MMPaKTUYeCcKoe IPABUJIO: eCJIN Bbl BUIUTE JIUTEPal B NCXOJHOM
KoJe (Harpumep, [ 'rat'] B IpUBEIEHHOM IIPUMePE), TO, CKopee Beero, Python cosmact
HOBBII 00bEKT. MeTOoI, KOTOPBIN BhI3bIBAaETCA st 00beKkTa (Harpumep, append()), 4acTo
usMeHsieT 0ObEKT Ha MECTE.
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ITpucBauBaHwe MPOIIE BHITOTHSIETCS JIJIst O0BEKTOB C HEM3MEHSIEMbIMU TUTTAMU JIAHHBIX
(1estple yKcia, CTPOKH, KopTesku 1 T. J1.). Hanpumep, BBeuTe caeayiomuii ¢hparmenT
B HHTEPAKTUBHOM 060I0UKe:

>>> bacon = 'Goodbye'
>>> id(bacon)
33827584
>>> bacon = 'Hello' (1
>>> id(bacon)
33863820
>>> bacon = bacon +
>>> bacon
'Hello, world!’
>>> id(bacon)
33870056
3 >>> bacon[@] = 'J'
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment

, world!’ (2

CTpOKH SIBJISIOTCS] HEU3MEHIEMbIMHU, TAK YTO Bbl HE CMOJKETE UBMEHUTH UX 3HAYeHUe, XOTsI
BCe BBIIIIIUT TaK, OyATO 3HaUEHUe CTPOKH B IIEPEMEHHOIT bacon MeHseTcs ¢ 'Goodbye ' Ha
'"Hello' @, B I€ICTBUTEIBHOCTU OHA 3AMENIAETCSI HOBBIM 0OBEKTOM CTPOKH ¢ HOBOM HJIeH-
TUYHOCTHIO. AHAJIOTUYHBIM 00Pa3OM BbIpasKeHHUe, UCIIOIb3YIOlee KOHKATeHAIIMIO CTPOK,
CO3/I2€T HOBBII CTPOKOBLII OOBEKT @ ¢ HOBOI MIEHTUYHOCTDIO. [TonbITKN MOANMDUIUPO-
BaTh CTPOKY «HA MECTE» TIOCPECTBOM TIPHCBANBAHUST 3JIEMEHTY 3arpelieHbl B Python 3.

3HaueHue KOpTEKa OIpeaesisdAeTCA KaK COBOKYITHOCTDb COACPKAIUXCA B HEM 00BEKTOB
" TIOpAAKa 9TUX 0OBEKTOB. Kopmeafcu IIpEeACTaBJIAIOT co00li HensMeHseMble I1ocjae10-
BaTEJIbHOCTHU O6'beKTOB, B KOTODPBIX 3HAYCHUS 3aKJII09al0OTCA B KPYTJIbIE CKOOKM. DTO
O3HAYAE€T, UTO TIepe3annchb 9JIEMEHTOB KOPTEKa HEBO3MOJKHA:

>>> eggs = ('cat', 'dog', [2, 4, 6])
>>> id(eggs)
39560896
>>> id(eggs[2])
40654152
>>> eggs[2] = eggs[2] + [8, 10]
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'tuple' object does not support item assignment

OI[HaKO M3MEHSEMBIN CITICOK B HEM3MEHSIEMOM KOpPTE)KE BCE paBHO MOKHO M3MEHUTDH
Ha MecCTe:

>>> eggs[2].append(8)

>>> eggs[2].append(10)

>>> eggs

('cat', 'dog', [2, 4, 6, 8, 10])
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>>> id(eggs)
39560896

>>> id(eggs[2])
40654152

N xot4 9T0 9K30THYECKUH cilydail, 0 HeM BakKHO IIOMHUTD. KopTex 1o-1npexkHeMy co-
JEPAKUT CCBUTKU Ha Te ke 00bekThl (pric. 7.3). Ho ecain KopTesk coepsKUT H3MEHSIeMbIit
0OBEKT U 3TOT 0OBEKT U3MEHSIET CBOE 3HAUEHIE, TO 3HAUEHUE KOPTE/KA TAKKE M3MEHUTCSL,

S1, Kak ¥ 1104TH BCe TIPOTPaMMKCTHI, unrynme Ha Python, HaspiBaio Kopresky Hensme-
HseMbiMu. HO BOIIPOC 0 TOM, MOKHO JIM Ha3BaTh HEKOTOPbIE KOPTEKN M3MEHAEMBIMHU,
3aBUCHUT OT OMpe/ieeHst. ITa TeMa 6oree moaApOOHO PACCMATPUBAETCST B MOEM JIOKITAIE
Ha kondepennuu PyCascades 2019 «The Amazing Mutable, Immutable Tuple» (https.//
invpy.com/amazingtuple/). Lo xe sarnsaute B riaBy 2 kauru «Fluent Python»
(O'Reilly Media, 2015) JIygano Pamanbo (Luciano Ramalho).

Koprex
He U3MeHseTcs
1
( ' cat ' 3 [2J 4) 6]
'dog’, 8, 10]
Cnuncok nsmensertcs
)

Puc. 7.3. Xotsa Habop 06beKTOB B KOPTEXE HEM3MEHSIEM,
CamM OBBEKTbI MOTYT BbiTb M3MEHSEMBIMM

Mnnexcu, KJIIOYM U Xelli-KoAbl

Crucku u caoBapu Python siBistiorest 3HaUeHUSIME, KOTOPbIE MOTYT COJIEP/KATh Ha-
GOpBI APYTHUX 3HaUeHwil. J[Jist OOpaleHns: K 9TUM 3HAYEHUSIM UCIIOJIb3YETCsT ONepamop
unoexcuposanust, KOTOPbI COCTOUT U3 Mapbl KBaAPaTHbIX CKOOOK ([ ]) U 11eJ10r0 Ynca,
Ha3bIBAEMOTO UHOEKCOM; OHO YKAa3bIBAET, K KAKOMY 3HAYEHUIO Bbl XOTUTE 0OPATHTHCH.
YT00bl HOHATD, Kak paboTaeT MHAEKCHPOBAHKE CIIMCKOB, BBEAUTE CJIeLYIONUI (parMeHT
B MHTEPAKTUBHOU 000JIOUKE:

>>> spam = ['cat', 'dog', 'moose’]
>>> spam[0]

'cat
>>> spam[-2]
"dog"
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B aToM mpumepe uncsio @ — ungexc. [lepsbiii ungekc pasen 0, a ne 1, moromy uto B Python
(KaK 1 B 00JIBHIMHCTBE S3bIKOB ) HyMepalys KHAeKCOB HaurHaeTcs ¢ 0. SI3bIKU, B KOTOPbIX
HyMeparust NHAEKCOB HaYMHaeTcs ¢ 1, BcTpeyaloTcst HeyacTo: caMble 3aMeTHbBIe TIPHMe-
pbl — Lua u R. Python takske nojaep:kuBaer orpuuaTebHbie HHAEKCHE; -1 0003HaYaeT
MOCJIeTHUI DJIEMEHT CITUCKA, -2 — TIPEJIIOCeHUI ajeMeHT 1 T. 1. OTpuIlaTe IbHbIi
UHJEKC spam[-n] MOKHO pacCMaTpUBaTh KaK 9KBUBAJICHT spam[len(spam) - n].

NMPUMEYAHMUE

KomnbiotepHei TeopeTuk, nesew, u astop necex Cran Kennun-bytn (Stan Kelly-Bootle) ogHax-
Abl nowyTa: «JonXHbI K MHAeKchl MacchBoB HaumHatbes ¢ O unn 12 Moe komnpomuccHoe
npeanoxetue 0,5 6bino oTBeprHyTo 63 LONKHOMO PACCMOTPEHMSY.

OnepaTop WH/ICKCUPOBaHUA TaKKE MOKET UCITOJIB30BATHCA CO CITMCKOBBIM JINTEPAJIOM,
XOTA B peaJIbHOM KO/I€ BCE€ 9THU KBa/[PpaTHbIE CKOOKHI KaXXyTCsl HEIIOHATHBIMU 1 n30bI-
TOYHbBIMMU:

>>> ['cat', 'dog', 'moose’'][2]
'moose’

I/IHlIeKCI/IpOBaHI/IG TaKKe IMTPUMEHAIOT HE TOJIBKO CO CIIMCKaMH, HO U C /IPYyT'UMU 3Ha4Ye-
HUAMU — HaIIpUMEDP, CO CTPOKaMU JIJIs TTOJIYHEHHA OTAEJIbHBIX CUMBOJIOB:

>>> 'Hello, world'[0@]
e

B cioBapsix Python urbopMarust ctpyKTypUpOBaHa B BUJIE AP <KUY — SHAUCHUES:

>>> spam = {'name': 'Zophie'}
>>> spam[ 'name’]
'Zophie'

W x0Ts1 MHAEKCHI CIIMCKOB OTPAaHNIMBAIOTCS TIETBIMU YUCJIAMU, OTIEPaTOP MHIEKCUPOBAHMS
y caoBapeil Python ucionbsyer xiou, KOTOPHIM MOKET ObITh JIF0OO0I XeIupyeMblii 00b-
exT. Xeu-K00 IIPeACTaBIsIeT COOO0M LEN0e YUCII0, CBOETO POAA OTAMYNTE IbHBII IPU3HAK
HEKOTOPOro 3HaueHus. Xeli-Koj 00beKTa HUKOI/[a He U3MEHSIETCs Ha IIPOTSKEeHUN ero
SKU3HEHHOTO IIUKJIA, M OOBEKTHI ¢ OMHAKOBBIMY 3HAYEHUSAMMU JI0JKHBI IMETh OIMHAKOBbIE
xeni-Ko/ibl. CTPOKa 'name' B 9TOM 9K3eMILJISIPE SIBJISIETCS KJIIOUOM /17151 3HAYeHUs ' Zophie'.
Oyukuus hash() Bo3BpalaeT Xel-Kog 00beKTa, iU OOBEKT SIBJIAETCS XCULUPYCMBIM.
Heusmensiembie 00beKTbI (CTPOKH, 1I€JIble YHCIIa, YUCIIA C IIABAIOIEH TOYKOM, KOPTEHKH )
MOTYT GbITh XermupyeMbiMit. CIICKH (2 TaKsKe APyTHe n3MeHsieMble OGBEKTHI) Xelpye-
MbIMU He SBJIsIIOTCS. BBeauTe cenyromuil hparMeHT B MHTEPAKTUBHON 000JI0UKE:

>>> hash('hello')
-1734230105925061914
>>> hash(42)
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42

>>> hash(3.14)

322818021289917443

>>> hash((1, 2, 3))

2528502973977326415

>>> hash([1, 2, 3])

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: unhashable type: 'list’

XoTs ToAPOOHOCTH BBIXO/IAT 32 PAMKH KHUTH, XEIT-KOI KJI0Ya HCTIOTB3YETCsT TS TOMCKA
HJIEMEHTOB B CTPYKTYPAX JAHHBIX (CJIOBAPSIX U MHOKECTBAX). DTO OOBSICHSET, TOUYeMy
M3MEHSIEMBIH CITTCOK He MOKET NCTIOTh30BAThCS B KIIFOUAX CJI0BApeii:

>>>d = {}

>>> d[[1, 2, 3]] = 'some value'

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: unhashable type: 'list'

XeI-Ko/[ OTJMYAETCs OT UIEHTHIHOCTH. J[Ba pasHbiXx 00beKTa ¢ OIMHAKOBBIMU 3HAYE-
HUSMY UMEIOT Pa3Hble WIEHTUIHOCTH, HO OJJMHAKOBBIE Xell-Koibl. Hanpumep, BBeuTe
caleyIoNuii (hparMeHT B MHTEPAKTUBHO 060/I0UKe:

>>> a = ('cat', 'dog', 'moose')

>>> b = ('cat', 'dog', 'moose')

>>> id(a), id(b)

(37111992, 37112136)

>>> id(a) == id(b) (L

False

>>> hash(a), hash(b)

(-3478972040190420094, -3478972040190420094)
>>> hash(a) == hash(b) @

True

Kopreskn, Ha KOTOpPBIE CCHIIAIOTCS a@ U b, IMEIOT pas3Hble WICHTUIHOCTH @, HO TaK Kak
OHM UMEIOT OJIMHAKOBBIE 3HAUEHUS, U3 ATOTO CJIEIYeT, YTO UX XellI-KO/bl UACHTUYHDI .
Ob6paTuTe BHIMAHNE: KOPTEXK SIBISIETCS XEMTUPYEMBIM, €CTH OH COIEPIKUT TOTBKO Xe-
IUPYeMbIe 2JEMEHTBI. Tak Kak KI0YaMu CJI0Bapeil MOTYT GBITh TOIBLKO XENTHPYeMbIe
3JIEMEHTBI, KOPTEX, COAEPIKAIINN HEXEMUPYEMbIi CIIMCOK, He MOKET UCTI0JIb30BATHCS
B KauecTBe KiIiovya. Beenute ciremyiomuii hparMeHT B MHTEPAKTUBHON 000TI0UKeE:

>>> tuplel = ('cat', 'dog')
>>> tuple2 = ('cat', ['apple', 'orange'])
>>> spam = {}
>>> spam[tuplel] = 'a value' @
>>> spam[tuple2] = 'another value' (2
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: unhashable type: 'list’
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OG6paruTe BHUMaHKE: KOPTEXK tuplel sIBJISIETCS XEMIMPYEMbIM @, HO tuple2 COmEPKUT
HeXennpyeMblil CITUCOK @, a CJIe/I0BATEbHO, XeNITUPYEMbIM He SIBJISIETCS.

Konreiiuepu, nocnepoBaresIbHOCTH, 01'06’1(‘"’(6""51 U pA3HOBUAHOCTU MHOXECTB

CMBICTT TePMUHOB «KOHTEIHED», «ITOCIEI0BATEIBHOCTE> U «0TOOpaskeHne» B Python
He Bcerja MpUMEHUM K JIPYTHM si3bIKaM porpaMmmupoBanus. B Python xoumeinepom
Ha3BIBAETCST 0OBEKT JTI060TO THUTA TAHHBIX, KOTOPBIH MOXKET COMEP/KATh HECKOIBKO
nApyrux o0bekToB. M3 Bcex BUsOB KOHTelHepoB B Python waiie Bcero ucrosbayrorest
CIIMCKHU U CJIOBAPH.

Tocaedosamenvrocms (sequence) pecTaBseT cod0it 00bEKT JTI0GOr0 KOHTEHHEPHOTO
THUIA JAaHHBIX ¢ YIOPSIIOUEHHBIMI 3HAYECHUSIMH, K KOTOPBIM MOKHO 0OpaIaThCst 1o
HeabiM uHaekcaM. CTPOKHU, KOPTEKH, CIIMCKI 1 GalTOBbIE 00BEKTHI OTHOCATCS K THIIAM
JaHHBIX HOoCaeg0BaTebHOCTeR. OGBEKTHL 9THX TUIIOB MOI'YT OOPAILATHCS K 3HAYEHUSIM
110 1[eJIBIM UHJEKCaM B OllepaTope MHIeKCUPOBaHus (KBaipaTHble CKOOKHU [ 1 1), a Tak-
JKe MOTYT TiepeziaBaThest hyukiuu len(). [lox yrmopsiioueHHOCTBIO MBI TTOHUMAEM, YTO
B [TOCJIEZIOBATEIBHOCTH €CTh IIEPBOE 3HAYEHWE, BTOpOE 3HaUeHue U T. 1. Harpumep, cire-
NYIONIMe IBa CTUCKOBBIX 3HAUEHUS PAaBHBIMU HE CUUTAIOTCS, TIOTOMY UTO UX HJIEMEHTHI
CTIEJIYIOT B PAa3HOM MOPS/IKE:

>>> [1, 2, 3] == [3, 2, 1]
False

Omobpascenue (mapping) npeacrasiser coboi 00beKT JT060r0 KOHTEHHEPHOTO THIIA
JAHHBIX, UCIIOJIb3YIOMINN KJII0YH BMECTO nHAeKCcoB. OTOOpaskeHre MOKET ObITh YIIOpsi-
JIOYEHHBIM Win HeymopsitoueHHbiM. CitoBapu B Python 3.4 u GoJiee paHHUX BepCUsIX He
YIIOPSII0YEHBL, TO ECTh B HUX He ObLIO II€PBOM MJIU IOCIELHEN aphl «KII0Y — 3HAYEHUE>:

>>> spam = {'a': 1, 'b': 2, '
>>> list(spam.keys())

['a’, 'c', 'd', 'b']

>>> spam['e'] = 5

>>> list(spam.keys())

['e', 'a’, 'c’, 'd’, 'b]

c': 3, 'd': 4} # 3anyckaetca u3 CPython 3.5.

B pannunx Bepcustix Python mocTostHHBINM TOPSIIOK CJIEeIOBAHUSI 3JIEMEHTOB B CJIOBAPSIX
He TapaHTHpoBaJcs. B pe3yJbraTe HeylopsIoueHHON TPUPOJIbI cIoBapeil /1Ba caoBap-
HBIX JINTEPAJIa, 3AITMCAHHBIX C PA3HBIM TIOPSJIKOM T1ap <KJI0Y — 3HaYeHHe», BCEe PABHO
CUUTAJIUCDH PABHBIMU:

>>> {'a': 1, 'b': 2, 'c': 3} == {'c': 3, 'a': 1, 'b': 2}
True

Ho naumnas ¢ CPython 3, ciioBapu mop/iepsKuBaOT MOPSIIOK BCTABKU CBOUX AP
<KJII0Y — 3HAYEHUE!
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>>> spam = {'a': 1, 'b': 2, '
>>> list(spam)

['al) Ibl) lc') 'dl]

>>> spam['e'] = 5

>>> list(spam)

['al) Ibl) lc') 'dl) Iel]

c': 3, 'd': 4} # 3anyckaetca u3 CPython 3.6.

Ao ocobennocth uureprperaropa CPython 3.6, orcyrerByiomas B Apyrux MHTEPIIpE-
taTopax Python 3.6. Bce unrepiuperaropst Python 3.7 nmoauep:xuBaior ynopsizodeHHble
cJI0Bapu, KOTOPbIE CTall CTaHAAPTHBIME s si3bika Python B Bepcun 3.7. OpHako
YIIOPSIZIOUEHHOCTD CJIOBAPSI HE 03HAYAET, YTO K €r0 JIEMEHTaM MOKHO 0OPaIaThest 1Mo
EJIOYKCIIEHHBIM MH/IEKcaM: spam[@] He GyaeT 0603HaYaTh MEePBbIil SJIEMEHT B YIOPsi-
JIOYEHHOM CJIoBape (€CJHU TOJBKO 10 COBIAJEHUIO MEPBBIN 3JIeMEHT He OYIeT UMETh
KJII0Y 0). YIOPSIIOYeHHbIE CIOBAPU TAK/Ke CUUTAIOTCS PABHBIMU, €CJIM OHU COIEPKAT
O/IITHAKOBBIE TIAPBI «KJTI0Y — 3HAYEHUEY, TASKE €CJIIH Mapbl «KJII0Y — 3HAUEHWe» B 3TUX
CJIOBAPSIX CJIEAYIOT B PA3HOM TIOPSIIKE.

Momyb collections COEP:KUT MHOTO APYTUX BUAOB OTOOpaKEHMIi, BK/II04as Orde-
redDict, ChainMap, Counter u UserDict. OHH OIMCaHbI B 3JIEKTPOHHOU TOKYMEHTAIIUN
o azpecy https.//docs.python.org/3/library/collections.html.

DUM’G"—MGTOAM, Wiu marnyeckue metoabl

Dunder-memoowt, Ha3bIBaEMbIE TAKKe MAZUUCCKUMU, — DTO CIIEIIUAJbHbIE METO/bI
B Python, KoTOpbIe HCITOIB3YIOTCS J1JIs1 TIEpe3arpy3K e o1epatopoB. VX nMeHa HauMHAKOT-
sl ¥ 3aKaHYMBAIOTCs ABYM cuMBoJtami opuepkuBanus (). (Dunder — cokpalenue
ot Double UNDERSscore.) Camblil U3BeCTHBII ClielnaJIbHbIA MeToA __init_ () uHu-
nuajusupyer oobekrol. B Python onpenesneno neckonbko gecsatkos dunder-meronos,
OHU MOAPOGHO paccMaTpUBaKTCs B riase 17.

Monynu U naketbl

Moodyav (module) mpencrasiser coboii mporpammy Python, kotopast MoskeT nMmopTu-
poBaTbhCs APYrUMU TIporpaMMaMn Python, 4to6br Te MOTJIM BOCTIONB30BATHCSA KOJIOM
MozyJist. Mozyui, BXozstiue B moctasky Python, o6pasytor cmandapmiyio 6ubiuomexy
Python, Ho BbI TaksKe MOXKETE CO3/[aBaTh COOCTBEHHBIEC MOYJIH. ECIi cCOXpaHUTb TIPO-
rpammy Python, narpumep moz iMenem spam.py, Apyrre mporpaMMbl CMOTYT BBITOJTHUTD
KOMaH/ly import spam, 4TOObI TTOMYYUTH JOCTYI K (DYHKITMSIM, KJTacCaM U TIePEMEHHBIM
BEPXHEro yPOBHS MPOrPaMMbI Spam.py.

Iaxem (package) npezcrasisier coboit Habop Moyeil. ITo6bl co3aaTh ero, cemayer
pasMecTUTh B nanke (aiia ¢ umeneM __init__.py. VIMs anku cTaHOBUTCS UMEHEM T1a-
keta. [lakeTbl MOTYT CO/lEPKATH HECKOJIBKO MO/LyJiel (TO ecThb (haiijioB .py) WK JAPYTUX
nakeToB (JIPYTUX MaIok, cojep:xKaiinx daitibl __init__.py).
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3a JONOIHUTENIBHBIMU O0BbACHEHIAMU U IOAPOOHOCTAME O MOZLYJISIX U ITaKeTax oOpa-
mairech K opuimanbHoil fokymenTanun Python o agpecy https.//docs.python.org/3/
tutorial/modules.html.

BuizbiBaembie 00beKTI M nepBoK1aCCHbIE 00beKTBI

B Python MOHO BBI3BIBATH He TOIBKO (DYHKIMK U METOIBL. JII000ii 00BEKT, peanusy-
IOTIHIT OTIEPATOP BBI30BA — KPYTJIble CKOOKHU (), HA3BIBAETCS GbI3LIBACMBIM 00BEKNMOM
(callable). Hampumep, ecin y Bac mMeercst komania def hello() :, KOI MOKHO paccMa-
TPUBATh KaK IIePEMEHHYIO ¢ uMeHeM hello, copepxaiiyio o6bekT dbyHKuuu. Ipu npu-
MEHEHUH OIIepaTopa BhI30Ba K 9TOM IlepeMeHHOl OyAeT Bbi3BaHa (PyHKIM, XPAHAILAIC
B IlepeMeHHoM: hello().

Kiacesr otrocsitest k korterustm QOOTI. Kitace siBiisieTcst mpruMepoM BBI3bIBAEMOTO 00b-
€KTa, KOTOPBIH He sABIsieTcs (hyHKInel nam MmetozioM. Harmpumep, kiace date B MojryJie
datetime BBI3BIBAETCS C MCTIOTB30BAHNEM OTIEPATOPA BBI30BA, KaK B TpUMepe datetime.
date(2020, 1, 1). IIpu BbI3OBE 0OBEKTA KIacca BBIOIHIETCA METO __init_ () aToro
kiacca. B riase 15 MbI TOTOBOPUM 0 KJtaccax GoJiee moapoOHO.

B Python dyukiuu sisisirorest nepeoxnacchoimu obsexmamu (first-class objects). dro
03HAYAET, YTO UX MOKHO COXPAHSITh B TIEPEMEHHDIX, IEPEAABATH B aPIyMEHTaX MPU
BbI30Be (DYHKITNII, BO3BpAIIATh MPU BBI30BE (QYHKIINI W JeJaTh BCE OCTAJIbHOE, YTO
MOJKHO c/lesIaTh ¢ 00beKTOM. PaccMarpuBaiite koMany def Kak npucBanBatme o6beKTa
bynkmmy nepemennoit. Harpumep, MOSKHO co37aTh (DYHKITHIO spam( ), KOTOPYIO 3aTeM
MOJKHO BBI3BATD:

>>> def spam():
vee print('Spam! Spam! Spam!')

>>> spam()
Spam! Spam! Spam!
Takske MOKHO MPUCBOUTH 00beKT (DYHKIMU spam() APyruM epemenHbiM. Korma Bb

BBI3bIBAETE TIEPEMEHHY 0, KOTOPOiT ObLI IprCcBOeH 00beKT hyHKImM, Python BoimosHsteT
3Ty (HYHKIIHIO:

>>> eggs = spam

>>> eggs()
Spam! Spam! Spam!

Taxum o6pa3om cozaaiorcst ncesdonumve (aliases) — Apyrue nMeHa 1S CyIeCTBYIONMX
dynkimil. OHU YaCTO UCIIOAb3YIOTCS B TEX CUTYALMAX, KOI/Id BOSHUKAET HEOOXOJMMOCTD
B nepenMenoBanny Gy, Ho ctapoe nMs HCIonb3yercs B G0IbIIOM 00beMe CyIIe-
CTBYIOTIETO KOJIa, 1 UBMEHEHHME BCETO ATOTO KO/ MOTPeOOBAIO OB CJIMNIKOM CEPhE3HOI
paboThl.
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[TepBokaccuble (pyHKIIMM Yallle BCEro UCIIOIb3YIOTC JIJIs repeiadn (PyHKITUH PYTruM
bynxnusam. Haripumep, MoKHO onipeiesinTh GyHKIMIO callTwice (), KOTOpast ABaXK bl
BBI3BIBAET MEePelaHHYI0 el (DYHKITNIO:

>>> def callTwice(func):
func()
func()

>>> callTwice(spam)
Spam! Spam! Spam!
Spam! Spam! Spam!

C TakuM ke ycrexoM MOKHO GBLJIO TPOCTO JBAK/IbI BBI3BATh spam() B HCXOIHOM KOJIE.
Ho dyHknu callTwice () MOKHO Hepeaath Jo0yio (GYHKIIIO BO BPEMS BbIITOJTHEHMS,
BMECTO TOrO 4TOOBI 3apaHee BKJII0YATh MOBTOPHBIN BbI30B (DYHKIIMU B UCXOIHBIN KO/,

Yacrtble ouMb6KM NpU UCMONb3OBAHMU TEPMUHOB

TexHUUIECKUIT KAPTOH JIOCTATOYHO HEO[HO3HAYEH — OCOOEHHO JIJIsI TEPMUHOB B3aUMO-
CBSI3AHHBIX, HO MMEIOMUX pasHbie onpenenenns. CUTyanusa yeyrybaseTcst TeM, 9To
SI3BIKH, OTIEPAITOHHBIE CHCTEMBI 1 Pa3HbIe 06IaCTH KOMITLIOTEPHOI TEOPHH MOTYT Pa3-
HBIMHU TePMUHAME 0003HAYATD OJ[HU U T€ JKe TIOHSATHS WJIM OJIUHAKOBBIMU TEPMUHAME —
pasHble TOHATHsL. YTOODI SICHO W OJIHO3HAYHO OOMIATHCS € APYTUMHU TPOTPAMMUCTAM,
HEOOXOMMO MTOHUMATh PA3IMIHs MEK/IY TEPMUHAME, O KOTOPBIX PeUb TOM/IET pajee.

Komauge! n BbIpUXEHUs

Bupascenusmu (expressions) Ha3bIBAIOTCSA MHCTPYKITUH, COCTOSIINE U3 OTIEPATOPOB 1 3HA-
YeHWH, pe3yI6TaTOM BBIUNCIEHIUS KOTOPBIX SIBJISIETCS O/HO 3HAUeHne. TaknM 3HaYeHreM
MOJKeT OBITh TTepeMeHHast (KOTOPast COMEPIKUT 3HAYEHIE ) MITH BBI30B (DYHKIMHU (KOTOpast
BO3Bpaliaer 3Hauenue). TakiM 06pasoM, 2 + 2 SABJISIETCS BBIPAKEHIEM, TPU BHIYMCICHUH
KOTOPOro OyieT oJrydeHo oiHO 3Hauerue 4. C ipyroii cropoHbl, len(myName) > 4 1 myName .
isupper() or myName == 'Zophie' Tak:Ke SIBJISIOTCS BbIPaKEHUSIMU. SHAYEHHE caMo 110 cehe
TaK:Ke SIBJISIETCSI BBIpasKeHUEM, Pe3yIbTaTOM BbIUKC/IEHUSI KOTOPOIO SIBJISIETCsSI OHO caMo.

[IpakTryecku Bce ocTambHbIe MHCTPYKITNH B Python ABJIAIOTCA KOMAHOAMU (statements).
Kux YHUCJY OTHOCSATCS KOMaH/IbI 1f, KOMaH/IbI for, KOMaH/bl def, KOMaH/bl return 1 T. 1.
Komanjipl He BEIUNCISIOTCS B KOHKPeTHOe 3HaueHne. HekoTopbie KOMaH bl MOTYT BKJIIO-
4aTh BBIPpAKEHUA — KaK, HAIIpUMep, KOMaH/[a IPUCBANBAHNA spam = 2 + 2 WJIM KOMaH/1a
if myName == 'Zophie':.

B Python 3 ucmonsayercst dymkims print(), a B Python 2 BMecTo Hee cyrmecTBoBama
KoMaH/a print. MoXKeT OKa3aThesl, 4TO PA3INIHUSI CBOATCS K T0OABIECHUIO KPYTJIbIX
CKOOOK, HO BaXKHO 3aMeTHTb, 4TO (hyHKIMms print() B Python 3 numeer BosBpaiaemoe
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3HaueHue (KOTOpoe Bceraa paBHO None), MOXKET TepefiaBaTbCA B apryMeHTe JIPYTUM
(DyHKIIUAM U MOXKeT pUCBauBaThCs mepeMeHHbIM. C KOMaHaMU BCe 3TU JIeHCTBUS
HEBO3MOJKHBI. Bripouem, Kpyriibie CKOOKH 0Ty CTHMO HCIOJIb30BaTh U B Python 2, kak
MOKA3BIBAET CJEAYIONTHNA MPUMEP B MHTEPAKTUBHON 060JI0UKE:

>>> print 'Hello, world!' # BbinonHseTcs B Python 2
Hello, world!

>>> print('Hello, world!') # BeimonHAeTcsa B Python 2 (1
Hello, world!

N xot4 Bce BRITJISANT Kak BbI30B DyHKIMKM @, HA caMOM Jiejie 3TO KOMaH/ia print co
CTPOKOBBIM 3HAUYEHMEM, 3aK/JIIOYEHHBIM B KPYIJIble CKOOKM, — 110 aHAJOTUHU C TEM, KaK
[prcBauBaHue spam = (2 + 2) 9KBUBaJIEHTHO spam = 2 + 2. B Python 2 u 3 moxHo niepe-
JIaTh HECKOJIBKO 3HAUEHUI KOMaH/e print mwin GyHKIUU print() COOTBETCTBEHHO.
B Python 3 5710 BbIIAAKT TaK:

>>> print('Hello', 'world') # BbinonHsetcs B Python 3
Hello world

Ho ucnosibzoBanue Toro ke koza 8 Python 2 Gyzer nHTEpIpeTHpPOBaHO Kak mepeaada
KOpTEe)Ka ¢ IBYMsI CTPOKOBBIMU 3HAYEHISIMU B KOMAH/IE print, B pe3yJbraTe 4ero Bb
MOJIYUNTE CJELYIONUI BbIBOJI:

>>> print('Hello', 'world') # BbimonHsetcs B Python 2
('Hello', 'world")

Mesxy KOMaHION ¥ BbIpaKEHUEM, COCTOSIIUM 13 BbI30BA (DYHKITHH, CYIIIECTBYIOT He-
O4YEeBU/IHBIC, HO pea/IbHbIC Pa3/ITNYNA.

bnok, cexuns u Teno

TepMuHbBI «GJI0K», «CEKIUST» M «TEJI0» YaCTO UCTIOMB3YIOTCS KaK CHHOHMMBI J1JIs1 0603Ha-
yeHus rpyIbl uHerpykimii Python. Baox (block) HaunHaeTcest ¢ oTeTya u 3aBepiiaercst
TaMm, I7ie OTCTYI BO3BPAIIAETCs K IPeIbILYIeMY YpoBHIO. Haripumep, KoJ1, cieyionuii 3a
KOMaH/I01 if nim for, HasbIBaeTcs OJOKOM KoMaH/ibl. HOBBII GJI0K JJOJKEH CJ1e/10BaTh
3a KOMaHIaMU, 3aBEPITAIONTIMUCS BOETOUNEeM (TaKMMU Kak if, else, for, while, def,
class U T. 11.).

Bupouewm, Python nomyckaer ogrocTpoutibie 6J0KH. TO OMYCTUMBIH, XOTS U HE PEKO-
MeH/yeMblii cunTakcuc Python:

if name == 'Zophie': print('Hello, kitty!")

B 6710k KOMaHIBI if MOKHO BKJIIOYNTH HECKOJIBKO KOMAH/I, Pa3leisasa UX TOUKOM ¢ 3a-
IIATOM ;:

if name == 'Zophie': print('Hello, kitty!'); print('Do you want a treat?')
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OHOCTPOYHBIN CUHTAKCHC HE MOJKET UCTIOIb30BATHCS € IPYTUMU KOMAH/IAMH, KOTOPBIM
tpebyercst HoBbIit Osiok. Crefyromuii (hparMeHT He sBJsteTCst JoycTuMbiM B Python:

if name == 'Zophie': if age < 2: print('Hello, kitten!")

OH HeoIyCTUM, TIOTOMY YTO, ECJIH B CJIEYIONIEN CTPOKe Oy/IET PACIIOIAraThCsT KOMAH/IA
else, MBI HE CMOJKEM OHO3HAYHO CKA3aTh, K KAKOI KoMar/ie if oHa OTHOCUTCS.

B odurimanpoii gokymenTaiuu Python npeamoutenue oTaaeTcst TEPMUHY CEKUUs
(clause) Bmecto «Omok» (https;//docs.python.org/3/reference/compound_stmts.html).
Cremytomuii KoJ| sSIBJISIETCST CEKITHEH:

if name == 'Zophie':
print('Hello, kitty!")
print('Do you want a treat?"')

Komanzma if gaBisercs 3aroJIOBKOM CEKI[UH, a 1Ba BbI30Ba print (), BJOKEHHBIX B if,
asisiorest meaom (body) cexiuu. B opunmanbHoi gokymenTanuu Python repmunom
«6s10K> obosHavaercs pparmeHT Koga Python, BimoHSAEMBIN Kak eUHOE TeJ0e —
HalpuMep, MOAYJb, GYHKIUA WIU onpenenenue knacca (https://docs.python.org/3/
reference/executionmodel.html).

lepemennbie u arpubyTbl

Ilepemennvie (variables) — uMena, ceplnarorinecst Ha 06beKTbl. Ampubymon (attribute),
coTJIacHO OUIMATIBHON IOKYMEHTAI[H, HA3hIBACTCS «JTI000E MM, CIIEAYIONIee 3a TOU-
Koit» (https.//docs.python.org/3/tutorial/classes.html#python-scopes-and-namespaces).
ATpubyThI CBA3BIBAIOTCS ¢ 0OObeKTaMu (MM Tiepel Toukoit). Hanpumep, BBeauTe cire-
AyIOMIKI pparMeHT B MHTEPAKTUBHOI 000I0UKe:

>>> import datetime

>>> spam = datetime.datetime.now()
>>> spam.year

2018

>>> spam.month

1

B sTOM npuMepe spam — 1epeMeHHas1, cofepsKaiias 00beKT datetime (Bo3BpaliaeMblii
BBI30BOM datetime.datetime.now()), a year u month — aTpubyThl 3TOr0 0OBEKTA.
Jlake B ciydae, CKaskeM, sys.exit() GyHKIM exit() cunraercst aTpubyTOM 00bhEKTa
MO/LYJIS SYS.

B apyrux sseikax arpuOyThl HasbiBatoTces noasmu (fields), ceoticmeamu (properties) wim
Komnonenmuoimu nepemennvimu (member variables).
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OyHKuMM M MeTogbI

Qynxyus (function) — COBOKYMHOCTb KOJA, BBITIOJHIEMOTO TIPU BbI30BE. Memodom
(method) naspiBaercsa GyHKIW (U1K BHI3BIBAEMBII OOBEKT, CM. CJIEIYIONII Pasae), CB-
3aHHAsI C KIIACCOM, — 110 AHAJIOTHH C TEM, KaK aTPUOYT SIBJISIETCSI TIEPEMEHHOM, CBSI3aHHOI
¢ 06bekrToM. K (QyHKIMSAM OTHOCSITCST BCTPOEHHBIE (DYHKIINU UK (DYHKITHN, CBSI3aHHBIE
¢ MozysieM. Hampumep, BBeinTe caemayionuii pparMenT B MHTEPAKTHBHONW 060JI0YKE:

>>> len('Hello")

5

>>> 'Hello'.upper()
"HELLO'

>>> import math

>>> math.sqrt(25)
5.0

B stom mpumepe len() — dyHKITHSA, a upper () — METO CTPOK. MeTO/IbI TAKKE CIUTAIOTCS
aTprbyTaMu 00ObEKTOB, ¢ KOTOPBIMU OHU CBA3bIBalOTCs. OGpaTuTe BHUMAHUE: TOUKA He
00s13aTeIbHO 03HAYAET, UTO II€Pe BAMU MMEHHO MeToZ, a He dhyHkima. DyHxums sqrt ()
CBSI3BIBAETCS C UMeHEM math, HO 9TO MOJIYJIb, & He KJacc.

Hrepupyembie 06beKTbl M HTEpaTOpbI

[[ukibr for si3bika Python BecbMa ruOku. Komanga for i in range(3): BBIIOJIHAET
6JI0K Ko/1a TpUsKIbl. He CTOWT mosiarath, 4To BBI30B range (3) — 9T0 TaKoH crnocob npu-
Ka3aThb MKy for «BBIOJHUTH KOJ TPU pasa», IpuHATHIT B Python. Beisos range(3)
BO3BpAIaeT 0OBEKT IMATTA30HA, TI0 AaHAJIOTHH C TEM, KaK BBI30B list('cat') Bo3BpaIiaer
06bekT crcka. O6a 00beKTa SIBIAIOTCS IIPUMepaME umepupyemvix 0boexmos (iterables).

Wrepupyembie 06bEKThI UCTIONB3YIOTCS B IIUKJIaX for. BBeauTe caeayomuii hparMent
B MHTEPAKTUBHOI 000JI04Ke, 4TOObI YBUIETH, KaK IUKJ for mepebupaer 0ObeKT aua-
Ma30Ha U 0OBEKT CTIHCKA:

>>> for i in range(3):
print(i) # Teno uukna for

v NP O

>> for i in ['c', 'a', 't']:
print(i) # Teno uukna for

L N
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K xaTeropuu utTepupyeMbIx 00bEKTOB TAKKe OTHOCATC BCE PA3HOBUAHOCTHU IIOCIIEN0-
BaTeJbHOCTEN (HAIIpUMep, AUAIa30HbI, CIIMCKHU, KOPTEKHU U CTPOKU ), & TAKIKE Psijl 00b-
eKTOB-KOHTEHHEPOB (CJI0BapH, MHOKECTBA U 00BEKTHI (Paiiios).

Tem He MeHee B 3THX TIPUMEPax IIUKJI0B for MPOUCXOANUT HeuTo GoJibliee. Bo BHYTpeH-
Heii peasmsaiy Python BeisbiBaer BeTpoeHHble QyHKIUHU iter () 1 next () AJs UKIQ
for. IIpu rcmoab3oBanny MUK/Ia for nTepUpyeMble 0ObEKTHI IIePeJalOTC BCTPOEHHOI
dyukiuu iter (), KoTopas Bo3BpaiiaeT o0beKThI-umepamopoi (iterators). 1 eciaun
UTEPUPYEMBIiT OOBEKT COMEPIKUT 3JIEMEHTBI, UTEPATOP CJAECAUT 32 TEM, KaKOI 9JIeMEHT
OyzeT UCIIOJNb30BaH B UKJIE caepyiomum. [Ipu Kaxaoll nrepannn mukaa 00beKT-
UTEPATOP IepeaeTcsd BCTPOEHHON (QYHKIIUYT next () /U TOJMyYeHUs CJAeyIONero
pJIeMEHTa B UTepUpyeMoM oObekTe. Bbl MoskeTe Bbi3BaTh QyHKIMK iter() 1 next()
BPYUHYIO, 4TOOBI YBUIETh, Kak padoTatoT IUKJIBI for. BeeauTe cieayonuii (hparMmeHT
B MHTEPAKTUBHON 000JI0UKe, YTOOI BHIIIOJTHUTD Te K€ MHCTPYKI[UH, YTO U B IIPeIbl-
JIyIIleM TTpUMepe ITUKJIA:

>>> iterableObj = range(3)

>>> iterableObj

range(0, 3)

>>> iteratorObj = iter(iterableObj)

>>> i = next(iteratorObj)

>>> print(i) # Teno uukna for

0

>>> i = next(iteratorObj)

>>> print(i) # Teno uukna for

1

>>> i = next(iteratorObj)

>>> print(i) # Teno uukna for

2

>>> i = next(iteratorObj)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

StopIteration @

OG6paruTe BHUMAHUE: €CJIU BBI3BATH next () MOCJIe TOTO, KaK ObLJI BO3BPAIIEH MTOCIETHII
9JIEMEHT B UTEPUPYEMOM o0ObeKrTe, Python BBIZIaeT NCKJITOUeHne StopIteration @. Bme-
CTO TOro YTOGBI ABAPUITHO 3aBEPIIATH IPOrPAMMBI ¢ COOOIIEHNEM 00 OINOKe, IUKIIbI for
B Python mepexsarbiBaior 910 MCKIIOUEHNE, YTOOBI 3HATH, KOTJA CJAEAYET OCTAHOBUTh
nepebop.

Nreparop criocobet mepeGparh Bee 3JIEMEHTBI UTEPUPYEMOTO 0OBEKTA TOJIBKO OJIUH Pas,
TaK K€, KaK MOKHO TOJIbKO OJIMH Pa3 BbI3BATh open() U readlines() /19 4YTEHUS CO-
IepARUMOTO (haiisa, ocsIe 4Yero BaM MPUAETCS OTKPBIBATD (haiiyl 3aHOBO JIJIst YUTCHUS €r0
conepskumoro. Eciin morpebyercs cHoBa niepebpaTh UTeprpyeMblii 00bEKT, HEOOXOAUMO
CHOBA BBI3BATh iter () [t CO3IaHUS APYTOTO UTEPATOPa. BBl MOKETE CO3ATh CTOIBKO
00BEKTOB-UTEPATOPOB, CKOJBKO MOTPeOYeTCs ; KaXkIbli 0OBEKT OYAET OTCIEKUBAThH
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CIIeLYIONIIT BO3BPAILAeMbIil 9JIEMEHT HE3aBUCUMO OT APYruX. UTOGBI IIOHATD, KaK 9TO
paboraer, BBeuTe CaeAyomnil (hparMeHT B MHTEPAKTUBHOI 000JI0UKe:

>>> iterableObj = list('cat')

>>> iterableObj

['c', 'a', 't']

>>> iteratorObjl = iter(iterableObj)
>>> iteratorObj2 = iter(iterableObj)
>>> next(iteratoroObj1)

e

>>> next(iteratoroObj1)

'a
>>> next(iteratoroObj2)

C

[TomuuUTE, YTO UTEPUPYEMBIE OOBEKTHI MEPEJAIOTCS B apryMeHTax (hyHKIUN iter(),
Torzia Kak 0ObeKT, BO3BpaliaeMblii BbIzoBaMu iter(), siBisercs ureparopom. OObex-
TBI-UTEPATOPBI NiepeanTcest Gyukiwn next (). Korma BbI cosmaere cOOCTBEHHBIE TUITBI
JTAHHBIX KOMaH/IaM1 class, BbI MOXKETE Peayin30BaTh CIIEIMAIbHBIE METO/IbI __iter_ ()
U __next__ (), 4To6BI Bali 06HEKTH MOKHO GBLIIO UCIOIB30BATh B IIUKJIAX for.

CunTakcnyeckne ownbKm, ownbKH BpeMeHM BbIMONHEHNUS
H CeMaHTHYecKHe OWHOKM

N3BecTHO MHOTO €1I0CO00B Kitaccuukaimu ommbok. Ho Ha BepxHEM YPOBHE OITUOKY
[POrPAMMUPOBAHUS MOKHO Pa3/eJIATh Ha TPH BUJIA: CHHTAKCHUYECKHE, OIMIMOKI BPEMEHH
BBITIOTHEHYS U CEMaHTUYECKIE.

Cunmarcuc (syntax) — 210 HaGOP IPABUJI JJIsI CO3AAHUSA HHCTPYKIIUM, A€iICTBUTETbHBIX
B 3aJJaHHOM sI3bIKe IIporpaMmupoBanus. CuHTaKcuuecKkas oubka (HalpuMep, IIpo-
nyiieHHas Kpyrias ckoOKa, To4Ka BMECTO 3allsTON WK pyTasi olle4aTKa) HeMe[JIeHHO
HPUBOAUT K OITHOKe SyntaxError. CHHTaKCHYECKHUE OIMIMOKY TAK/KE Ha3bIBAIOTCS OULULO-
Kamu pasbopa (parsing errors); OHU IPOUCXOJIAT, Koria uHTepiperaTop Python e Mosker
pasobpaTh TEKCT UCXOQHOIO KOAA B A€HCTBUTEIbHbIE HHCTPYKIMU. B ecTecTBEHHOM
S3bIKe TaKye OMIMOKK MOKHO CPABHUTD € HEIPABUJIbHBIMU IPAMMATHYECKUMU KOH-
CTPYKIMSMU UK GECCMBICTIEHHBIMU IIETIOUKaMU CJI0B. KOMITbIOTEpaM HY KHBI TIPEIETbHO
TOYHBIE UHCTPYKIIUK; OHM He MOTYT [IPOYUTATH MBICJIU IIPOrPAMMUCTA, YUTOOBI HOHATH,
4TO ZOJIKHA JieJIaTh IIporpaMma. I13-3a 9Toro mporpaMma ¢ CMHTaKCUYECKOi OMIMOKOi
JTasKe He 3aITyCTUTCSL.

Owwubra epemenu eomonnenus (runtime error) BO3HUKAET, KOr/a paboTaloieii mporpam-
Me He yaeTcs BBIIOJIHUTD HEKOTOPYIO Ollepaliiio — CKaskeM, OTKPBITh HeCyllecTBYIO-
Ui (haiiyr Ik pasgeuTh YUCI0 Ha HyJIb. B eCTeCTBEHHOM sI3bIKe OMIMOKY BPEMEHH
BBITIOJTHEHU MOKHO CPABHUTD C HEBBITTOJTHUMON MHCTPYKITMEH THIIA «HAPUCYH KBaJpaT
¢ TpeMst cTopoHamu». Ecyin ommrbKa BpeMeHU BBITIOJHEHMST He OY/IeT MCIpaBJIeHa,
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porpaMMa aBapuiiHO 3aBepIIaeTCs ¢ Bblgadeil TpaccupoBku. Ho omunbky BpeMeHn
BBITIOJTHEHH MOKHO MIEPEXBATUTh KOMaHIaMHK try-except, KOTOPBIE BBITTOIHSIOT KO/
obpaboTku ommbok. Hampumep, BBeuTe CaeAyOMUNA GparMeHT B MHTEPAKTUBHOIL
o6osouKe:

>>> slices = 8
>>> eaters = 0
>>> print('Each person eats', slices / eaters, 'slices.')

ITOT KO/ TIPU 3aITyCKe BBIZIAET TPACCUPOBKY:

Traceback (most recent call last):
File "<pyshell#4>", line 1, in <module>
print('Each person eats', slices / eaters, 'slices.')
ZeroDivisionError: division by zero

[Tose3no MOMHUTDB, YTO HOMEP CTPOKH B TPACCUPOBKE OTHOCUTCS TOJIBKO K TOUKE, B KO-
Topoii unreprperatop Python o6uapyskum o6y, McTrHHAs IPUYHHA ONTMOKYA MOKET
HAXO/IUTBCS B TIPEABIAYINEH CTPOKE KOZIA JTH JIasKe HAMHOTO PaHee B IIPOrpaMMe.

CuHTakcuueckue OmmMOKN B UCXOAHOM KOJI€ MEPEXBATHIBAIOTCSI UHTEPIIPETATOPOM JI0
3amycKa MPOTPAMMBI, HO CHHTAKCHYECKUE OTMHOKN TaKsKe TPOUCXOISAT BO BPEMS BbI-
nosHenwst. OyHKIwWst eval() MOJKET TTOAYIUTH CTPOKY Kozia Python u BeimosmuTs ero,
4TO MPUBOJUT K OnIuOKe SyntaxError BO BpeMsl BbilioJiHeHust. Hampumep, B KoMamjie
eval('print("Hello, world) ') mpoIryiiieHa 3aKpbIBaioIas 1BOMHAS KaBbIUKa, HO TIPO-
rpamMMa He OOHAPYKUT 9TOT (HAKT, TTOKA He Gy/IeT BhI3Bana HyHKIH eval().

Cemanmuueckue (semantic) owuoku, Takxke HazbiBaembie oeuueckumu (logical), koBapree
npenpiaynmx. CeMaHTHYeCKHe OMUOKN He TOPOKIAIOT COOBIeHu 006 ONMOKax Ui
c60€eB, HO KOMITBIOTEP BBITIOJIHSCT MHCTPYKITUHU CITOCOOOM, KOTOPBIN He MPe/IoIaraicst
nporpaMMucToM. Ha ecTecTBeHHOM sI3bIKEe CEMAHTUYECKYTO OIMOKY MOKHO CPABHUTD
¢ pactopstkeHneM: « Ky B Mara3nHe makeT MOJIOK, a €CJIH eCTh STHIA — KYIH JIeCSTOK».
Torna kommpiorep kynut 11 makeToB MOJIOKA, TIOTOMY YTO B Mara3mHe ecThb sSiia. Xopo-
110 9TO WJIM TJIOXO, HO KOMITBIOTEPBI ZIeJIAI0T B TOYHOCTH TO, YTO BbI UM IIPUKA3bIBAETE.
Hamnpumep, BBesiuTe ciieyionuii pparMenT B UHTEPaAKTUBHOM 060JI0UKe:

>>> print('The sum of 4 and 2 is', '4' + '2")
Bot momyuure ciemyiomuii pesyabrar:

The sum of 4 and 2 is 42

OueBuHO, 42 He SIBJSIETCS TPABUJIBHBIM 0TBeTOM. HO cTOUT 3aMeTHTD, 4TO TIPOrpaMma
ObL1a BeIIoJIHEHA 6e3 cOoeB. Tak kak orepaTop Python + cKJIazbIBaeT 1eJIble Ync/ia U Bbl-
TOJTHSIET KOHKATEHATIUTO CTPOKOBBIX 3HAUEHU T, OMMMOOTHOE NCTIOTH30BAHIE CTPOKOBDIX
3HAUEHMIT '4' 1 '2' BMECTO IEJIbIX YUCEJT TIPUBEJIO K TAKOH paboTe MporpaMMbi.
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MNapametpbi u aprymenTsi

Iapamempor (parameters) — UMeHa [ePEMEHHBIX, 3aKJIIOUEHHbIE B KPYIJIble CKOOKH
B KoMan/ie def. Apeymenmamu (arguments) HA3bIBAIOTCS 3HAYEHWS, TIepe/laBaeMble TTPU
BBI30Be (DYHKIINU, KOTOPBIE 3aTeM IIPUCBAMBAIOTCS napamerpaM. Hampumep, BBeuTe
caIey oIl (hparMeHT B MHTEPAKTUBHOM 060JI0UKe:

>>> def greeting(name, species): @
print(name + ' is a ' + description)

>>> greeting('Zophie', 'cat') ®
Zophie is a cat

B xomanje def umena name u species — mapamerpol @. B Bbi3oBe hynkium 'Zophie'
u 'cat' — apryMeHTbl @. IDTH /iBa TePMUHA YacTo myTaiot. [loMHuTe, 4TO MapameTps
U aPTYMEHTBI — BCETO JIUIITD JAPYTHE HA3BAHUS JIJIS TIePEMEHHDBIX 1 3HAUEHU I, KOT/Ia OHU
UCTIOJTB3YIOTCS B 9TOM KOHTEKCTE.

SBHble M HessBHbIE ﬂp606pd3OBdHMﬂ THNOB

OO6beKT OIHOTO THIIA MOKHO Ipeobpa3oBaTh B 00BEKT Apyroro tuna. Hampumep,
int('42"') mpeobGpasyer CcTPOKy '42' B 1esoe uncyo 42. Ha caMoM jiejie CTpOKOBBIi
00OBeKT '42"' He mpeobpasyeTcs, Tak Kak GYHKIMs int () co3aaeT HOBbII 0GBEKT 1EJI0r0
YCIa Ha OCHOBAHUM MCXOAHOro o0bekTa. SBHbIe IpeodpasoBaHus IpaBuibHee Ha-
3bIBaTh npusedenuem muna (casting), XoTst IPOrPaMMUCThI BCE PABHO 4aCTO HA3bIBAIOT
ATOT TIpoliece npeobpasosanuem (converting) obsexma.

Python uacro BermontsieT nessnovie npeobpasosanus munos (coercion) — Hapumep,
KOT/Ia BBIYMCJIEHNE BBIPAKEHNS 2 + 3.0 JaeT pe3yJibTaT 5.0. 3HadeHusd (Takue Kak 2
u 3.0) n1peobpasyIoTcsa K 00IeMy TUILY AaHHbBIX, C KOTOPBIM MOKeT paboTaTh OIIE€PaTop.

Hessrbie mpeo6pa3oBaHst 4acTo PUBO/AT K HETPEABUICHHBIM pesyJrbraTam. Jlornde-
cKue 3HaueHus True 1 False B Python moryT 6b1Th 1IpeoOpa3oBaHbl B 11ejIble yncjia 1 1 @
cooTBeTCTBEHHO. XOTsI B PEaIbHOM KOJIe JIOTUYeCKIe 3HAYEHUs HUKOT/IA He 3aIIChIBa-
IOTCS B TAKOM BHJIE, 9TO O3HAYAET, UTO BhIpaKeHUe True + False + True 9KBUBAJICHTHO
1+ 0+ 1 1 laeT pe3yJbraT 2. 3Hast 3TOT (haKT, MOXKHO MOLyMaTh, UTO Mepejiada CIICKa JI0-
IUYECKUX 3HAUeHUH (YHKIIH sum( ) 03BOJUT 3h(HEKTUBHO MOACUUTATH 3HAUEHUS True
B criicke. Ho Kak BBISICHSIETCSI, BBI30B MeTO/a count () JIJIsST CIIMCKa paboTaeT ObicTpee.

CBoiictBa u arpubyTsi

Bo MHOrMX s3bIKax TEPMUHbBL «C80ticmeo» (property) u «ampubym» (attribute) umc-
MOJIB3YIOTCST KaK CUHOHUMBIL, HO B Python atu ciioBa numetor pasubiii cMbici. ATpuodyT,
Kak 00BICHATOCH B mozipasmese «IlepeMeritbie 1 aTpubyThi» Ha c. 154, mpemcTaBisieT
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co6oii ums, cpazannoe ¢ 00bekToM. K unciy aTpubyToB OTHOCATCS KOMIIOHEHTHBIE
HepeMeHHbIE U METOJIbI OOBEKTa.

B npyrux a3blkax, TakUX Kak Java, KJIacCbl MOIYT COAepKaTh get- u set-mMeTobl. BMmecto
TOTO YTOOBI HAIIPSIMYO TIPUCBAUBATh aTPUOYTY (BO3MOKHO, HEIEHCTBUTETbHOE ) 3HAUE-
HYIE, TPOrPaMMa J0JIKHA BBI3BATH SEt-METOJI JIJIst 9TOTO aTpUOyTa.

Ko B set-MeTo/ie MOKET TapaHTUPOBATh, YTO KOMIIOHEHTHOI lepeMeHHOI OyyT IIpH-
CBaMBaThCS TOJIBKO AelicTBUTENbHbIE 3HaueHMs. Get-MeTo YUnTaeT 3HaueHue arpudyTa.
Eciiu arpubyTy, 1011ycTum, IIpUCBOEHO UMsT accountBalance, set- 1 get-MeToaM 0ObIYHO
IIPUCBAMBAIOTCA UMeHa setAccountBalance() n getAccountBalance() COOTBETCTBEHHO.

B Python cBoiicTBa MO3BOJISIOT IPOrPaMMHUCTAM UCTIOIb30BATh get- U set-MeTo bl ¢ boJtee
YKHCTHIM CUHTaKcucoM. B riase 17 s 6ostee moapoOHO pacckaky o cBoiictsax Python.

baiit-koa n mawnHHbIA Koa

VcxoHbIi K0T KOMITUJIUPYETCST B TaK Ha3bIBaeMbIil Mawunnviil koo (machine code) —
UHCTPYKIIUH, KOTOPbIE MOTYT HEMOCPEACTBEHHO BBITIOJHSATHCS MpoieccopoM. Ma-
IIUHHBIA KO COCTOUT U3 MHCTPYKIUII U3 BCTPOEHHOTO Habopa komand (instruction
set) mpotieccopa. OTKOMITUIMPOBAHHAS TPOrPAMMA, COCTOSIIIAS U3 MAIIUHHOTO KOJA,
HazbiBaeTcst dgouunvim (aitiom (binary). JIas Takux yBakaeMbIxX si3biKoB, kak C, cy-
IECTBYIOT CIIEIUAIbHBIE TIPOrPAMMbl — KOMITUJIITOPBI; OHU TIPe0OPasyioT HCXOAHBII
daiin ¢ kogom C B gBOMYHBIE (haAilIbl TOYTH 1715 JTIOOBIX CYIIECTBYIONIUX IIPOIIECCOPOB.
Ho ecain BbI X0THTE, 4T00BI Python paboran Ha Takom ke Habope IPOLECCOPOB, Ha Ha-
mcanvie KoMmmuisitopa Python fuist kasoro nmpotieccopa morpebyeTcst Macca BpEeMeHH.

Takske CylIecTByer Apyroii MexaHu3M peodpa3oBaHust NCXOAHOTO KOJa B KO/, KOTOPBII
MOJKET BBITIOJHSATHCS MAIIMHON. BMecTO MAaIIMHHOTO KO/1a, KOTOPBIN BBITTOJTHSIETCS He-
MOCPEACTBEHHO MPOIIECCOPOM, MOXKHO co3/1aTh 6aiim-xod (bytecode). BaiiT-kox, Takske
HaszbIBaeMblil nopmupyemwvim (portable) xodom, wim p-xkodom, BbIOIHIETCS He HAIIPSMY 1O
IPOIIECCOPOM, @ CIIEIMAIBHON MTPOTpaMMOii — uHTepperaropoM. baiit-kox Python
COCTOUT U3 WHCTPYKIIUIA, XOTSI 9T WHCTPYKIIUU HE BBITIOJIHSIOTCS HU OJHUM PEATHHO
CYNIECTBYIOIIUM TIPOIIECCOPOM. BMECTO 9TOTO MHTEPIPETATOP BHITIOJHSIET GANHT-KOI.
Baiit-xon Python coxpansiercst B (aiinax .pyc, KOTOpble HHOTIIA BCTPEYAIOTCS CPean
ucxoaHbIX daitnos .py. Marepruperatop CPython, Hamcanubiil Ha C, MOKET KOMITUJIM-
poBath MCXOAHBIN Koz Python B 6aiiT-kox Python, a 3aTeM BBITIONHATH 9TH HHCTPYKIHIL.
(910 OTHOCUTCA ¥ K BUPTYaJIbHOI MatHe Java [JVM], BeliosnHsoneil 6aiiT-Ko/ A3bika
Java.) Tak kax untepnperatop CPython mamucan za C, 0H MOKET ObITh OTKOMIIUINPOBAH
11151 TI06OTO TIPOTIECCOPA, JIST KOTOPOTO yiKe CyInecTByeT KoMmsaTop C.

Ecom Bam 3axouercst 60bIie y3HATh 060 BCEM HTOM, €CTh OTIUYHbBII UCTOYHIK — 0~
kiax Ckorra Canzepeona (Scott Sanderson) u [lsko /IxkeBunka (Joe Jevnik) «Playing
with Python Bytecode» na kondepeniu PyCon 2016 (https.//youtu.be/mxjoIKqzwil).
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CueHapun n nporpammbl, A3bIKH CLEHAPHEB H A3bIKM MPOTPAMMHUPOBAHNS

Pazmmuusa mexny cyenapuem (script) m mporpaMmoii, u Jjaske sI3bIKOM CIleHapueB
U SI3BIKOM IIPOrPAMMUPOBAHUA, BEChMA TYMAHHBI U CyOBEKTUBHBI. MOKHO C IIOJHBIM
OCHOBAHHMEM yTBEPIKAATD, YTO BCE CIIEHAPUH SIBJISTIOTCSI IIPOTPaMMAaMH, & BCE SI3BIKH CIIe-
HapUeEB SBJISIOTCS SI3bIKAMU TPOrPaMMUPOBaHus. TeM He MeHee SI3bIKH ClIeHApUEB UHOT/A
curTaroTcs 6oJIee IPOCTHIMU, UJIH «HEIIOJTHOIEHHBIMUY, I3BIKAMU [TPOTPAMMUPOBAHUSI.

O 13 IPUBHAKOB, OTINYATOTINX CIIEHAPUE OT TPOTPAMM, — CTIOCO0 BBITIOTHEHST KOJIA.
Ciienapuy, HalcanHble Ha S3bIKAX CIIeHapueB, MHTEPIPETHPYIOTCS HETIOCPEACTBEHHO
M3 UCXOJTHOTO KOJIa, TOT/Ia KaK TPOTPAMMBbI, HAITMCAHHBIE HA S3bIKAX TPOrPaMMHUPOBA-
HISI, KOMITWJIUPYIOTCS B IBOMUHBIE (haitibl. Ontako Python 06braHO paccMaTpuBaeTcst
KaK sI3BIK CIIEHAPWEB, XOTsI TIPH 3aMyCcKe TporpaMMbl Python cymecTByet atam komi-
s B G6aiit-kox. [pu aToM Java 06BIYHO SI3BIKOM CIIEHAPUER HE CUMTACTCSI, XOTST OH
U reHepupyer 6allT-Kol BMECTO JIBOMYHBIX (hailyioB ¢ MAIIMHHBIM KOZIOM, Kak 1 Python.
C TeXHUYECKOW TOYKM 3PEHUS S3BIKM HEe KOMITMJIUPYIOTCS U HE WHTEPIPETUPYIOTCS;
MPaBUJIbHEE CKA3aTh, UTO CYMECTBYIOT KOMITUJIUPYEMbIE U HHTEPIIPETUPYEMbIE Peasu-
3aIiM A3bIKA, U KOMITHJISATOP WM HHTEPIIPETATOP MOKHO CO3/IATh ISt JIIOGOTO A3bIKA.

OTHU Pa3JINIMS BBI3BIBAIOT CIIOPBI, HO B KOHEYHOM MTOTE OHU HE HACTOJIbKO BayKHBI. SI3BIKHI
CclieHapHeB BOBCe He 0013aTeIbHO 001aJal0T MEHbIIEH MOIIBIO, 8 ¢ KOMIIIAPYEMbIMU
A3bIKaMK He Bcerja TpyaHee paboTaTh.

bubnuorexu, ppeiimsopku, SDK, sgpa n API

Wcnomp3oBanue Kojia, HAMMCAHHOTO APYTUMU JIIOIbMU, CUJIBHO 3KOHOMUT BpeM4. Takoit
KOJ[ 4aCTO JI0CTyIeH B Buae Oubnuorek, ¢ppeitmsopkos, SDK, snep wiun API. U 31ech
HaJI0 TTOHUMATh Pa3JINunsl MEK/Ly HUMH.

Bubnuomexa (library) — o6munii TepMuH 1151 oAOOPKK KOIOB, HAMMCAHHBIX TPEThEH
cTopoHoii. Bubmoreka MoKeT coepsKarh (HYyHKIMH, KAACCHI MK ApyTrue hparMeHThbI
KOJIa, IpeIHa3HaueHHbIe 7T UCTIO/b30BaHus pazpaborunkamu. bubimoreka Python
MOsKeT OBITh peaM30BaHa B BUJIE TTaKeTa, Habopa TaKeTOB U JIakKe OTAETbHOTO MO IS
Bubanorexn yacTo npeHasHaveHbl 1151 KOHKPETHOTO A3bIKa. PazpaboTunkam me 06s3a-
TEJIbHO 3HATh, Kak paboTaeT Koji GUOINOTEKH; UM I0CTaTOYHO 3HATh, KAK BBI3bIBATH KO/
13 6UOIMOTEKN NN B3aUMOJIelicTBOBATh ¢ HUM. Cmandapmuas 6ubnuomexa (Hanpumep,
crangaptHas 6ubanorexa Python) mpencrasisier coboil mporpaMMHY0 OHOINOTEKY,
KOTOpast A0JKHa OBITh JOCTYIIHA AJIS BCEX PEaNU3allMil S3bIKa MPOrPaMMUPOBAHMS.

Dpeimeoprom (framework) HaspiBaeTcst moaG0pPKa Koja, paboTaroIas Mo MPUHIKITY
WHBEPCHUH YIIPABJICHUST; Pa3paboTUrK TUIIeT (DYHKIIUH, KOTOPBIE BBI3BIBAIOTCST (PpeiiM-
BOPKOM I10 Mepe HafoOHOCTH (BMECTO BhI30Ba (DyHKIMIT (DpeliMBOPKa 13 KOa pa3paboT-
yuka). MIHBepcus yripaBieHusl 4acTO OMUChIBAeTCsT (Dpa3oil «He 3BOHUTE HaM, MbI CAaMU
BaM TI03BOHNM». HampuMep, ipu HanmmcaHuu Koja st (ppeiiMBopKa BeO-TIPUIOKEHHIT
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Pa3paboTUNKY MPUXOANUTCS CO3/IaBATh I BeO-CTpaHuIl (DYHKIIUE, KOTOPbIE OYAYT BbI-
3bIBATHCST (HPEHMBOPKOM MIPH MOCTYTLIEHUH BeO-3a1Tpoca.

SDK (Software Development Kit — xomniuexm paspadomxu II0) — 210 IIporpaMMHbIe
O6UGINOTEKH, TOKYMEHTAIIHsI U IPOTPaMMHbIE CPEJCTBA, YIIPOIIAIIIe CO3MaHIe TIPH-
JIOJKEHUN 71T KOHKPETHOH orepalinoHHol cucteMbl nin niaatdopmbl. Hanpuwmep,
Android SDK 1 iOS SDK ucnonbsyioTces 11s co3fanmsa MOOUIbHBIX TPUIOKEHIIT 15T
Android 1 iOS coorsercrsenno. JDK (Java Development Kit) — SDK st cosganms
npustoskeHn i 17 JVM.

Aopo, wn deudcox (engine), — KpymHast aBTOHOMHasI CUCTEMa, KOTOPOil MOTYT yIIpaB-
JISITh BHEIITHUE TPOTPaMMBI pazpaboTyrka. Pa3zpaboTunKki 0OBIYHO BBI3BIBAIOT (QYHKITUH
sIIpa JIst BBITTOJTHEHUsT GOJIBIINX CIOKHBIX 3aj1ad. [IpuMepbl — urpossbie u husndeckue
JIBVZKKU, PEKOMEH/IATEIbHBIE CUCTEMBI, sijipa 0a3 JTAHHBIX, s[Pa JIJIS IMAXMaTHON UTPBI
1 TIONCKOBbIE CHCTEMBI.

Nurepdeiic mpukiaagroro nporpammuposanust, uin API (Application Programming
Interface), — unrepdeiic aus paborsi ¢ Gubanorekoir, SDK, hpeiiMBOPKOM WJIH SAPOM,
npeaHasHavYeHHbIN 71 BHEIIHero uciojb3oBanus. APl ykasbiBaeT, Kak BbI3bIBATh
dyHKIUU n oOpalaThes ¢ 3apocaMy K OMOIMoTeKe I oJyYeHus J0CTyla K ee
pecypcam. Cozzparesu 6ubrorexu (06braHO) myOauKyoT fokyMeHTaimo APT. Muorue
HOITYJIIPHBIE COLMAIbHBIE ceTH U BeG-caiiThl pegoctasisiior HTTP API, iist Toro uto0b!
UX yCJIyTaMU MOLJIH II0JIb30BAThCs IIPOrPaMMBbI (2 He TOJIBbKO JIOAK ¢ BeO-OpaysepaMu).
Ucnonb3ys takue API, MOJKHO TTICaTh ITPOrPaMMbl, KOTOPbIE, HAIIPUMED, AaBTOMATUYECKN
ny6aKytoT coobienust B Facebook wim wuraror moroku coobuiennit Twitter.

Utorn

Jlaske MpOrpaMMUCT ¢ MHOTOJIETHUM OTIBITOM HE BCET/Ia 3HAET BCE TEPMUHBI U3 00J1aCTH
nporpammupoBanuist. Ho KpyITHbIe TporpaMMHBIe IPOYKTH OOBIYHO CO3IAI0TCS KOMAH-
naMu pa3paboOTYMKOB, a HE OTJEJbHBIMU JIOAbMU. TaKuM 00Pa3oM, 0OJIHO3HAYHOCTH
TEPMUHOJIOTUU UTPAET BAKHYIO POJIb IPU paboTe B KOMaH/Ie.

Teneps BbI 3HaeTe, uTo Tporpammbt Python crposttest us npeHTH(HUKATOPOB, TEPEMEHHBIX,
JITEPATIOB, KIIOUEBBIX CJIOB 1 00HEKTOB, a Kakabiil 06hekT Python xapakrepusyercs
3HAYEHHEM, TUTIOM JJAHHBIX U UIEHTHIHOCTHIO. VI XOTSI KasK/Iblit 00BEKT 00Ia/IaeT THITOM
JIaHHBIX, TAKXKE CYNIECTBYIOT 6ojiee MUPOKKUE KATETOPUN TUIIOB: KOHTEHHEPDI, TIOCIe-
JIOBATEIbHOCTH, OTOOPAKEHNST, MHOKECTBA, BCTPOEHHBIE TUTIBI U TUIIBI, OTIPE/IE/ISIEMbIE
[10JIb30BATEJIEM.

HexoTopbie moHsATHs (CKaxkeM, 3HaUeHUST, TlepeMeHHbIe 1 (DYHKITUN ) MOTYT MTO-Pa3HOMY
Ha3bIBATHCS B OCOOBIX KOHTEKCTAX — HAMIPUMED, JIEMEHTBI, TAPAMETPBI, apTYMEHTHI
1 MeTozibl. Takke MPorpaMMUCTbI HEPE/IKO ITyTalOT HEKOTOPbIE TEPMUHBI JIPYT C IPYTOM.
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B noBcegneBHOM pOrpaMMUPOBAHUM MMYTAaHUIA B TAKUX TEPMUHAX, KaK CBOUCTBA/
aTpubyThI, GJIOK/TEJI0, UCKIIIOUEHNE /OITNOKA, TOHKOCTSIX Pasinduil Meskiy 6ubanore-
kamu, ¢ppeiimBopkamu, SDK, aapamu u API e cospact ocoObix npobaem. Muorma mpu
HeMpaBUJIBLHOM BBIGOPE TEPMIHA Balll KO/ GyIeT HOPMAIbHO paboTaTh, HO BB Oy/eTe
BBITJISA/IETh HelPo(ecCMoHaNbHO; HATPUMEP, HOBUYKHU YAaCTO CUUTAIOT CUHOHUMAMU
TaKue MOHATHS, KaKk KOMaH/[a U BbIpakeHue, (DYHKINS 1 METOJI, TapaMeTp U apryMeHT.

A BOT TaKkye TePMUHBI, KAK UTEPUPYEMBbIil OOBEKT U UTEPATOP, CHHTaAKCHUEeCKast OIIMOKa
U ceMaHTHYecKas onmOKa, 6aiiT-Ko/[ 1 MaIlMHHbII KO, UMEIOT PasHblii cmbic. Hukorma
He Ty TalTe X, €CJU TOJIbKO BbI HE XOTUTE 3aIyTaTh CBOUX KOJIJIET.

[Tpu sTOM CMBICJI TEPMHUHOB MOKET U3MEHATLCS B 3aBUCHMOCTH OT A3bIKA U Ja’Ke OT
nporpammucta. Co BpeMeHeM U 110 Mepe HaKOTJICHUs ofibiTa (M KoJimdecTBa obpaiiie-
HUIT B UHTEPHETE) BbI HaUHETE GoJiee YBEPEHHO YYBCTBOBATH CeOsI IIPU UCTIOJIb30BAHUH
JKaproHa.

JdononHurenbHblie pecypchl

B odunmanbHom raoccapuu Python (Attps.//docs.python.org/3/glossary.html) upusene-
HbI KOPOTKHE, HO TOJIE3HbIE OIIPEIeIEHN, UCTIOJIb3yeMble B akocucTeme Python. B ou-
1aIbHON fokymeHTaruu Python (https.//docs.python.org/3/reference/datamodel html)
06nexThl Python omucsiatoTest 6oree mogapobHo.

B noxmane Hunst 3axapenxo (Nina Zakharenko) «Memory Management in Python —
The Basics» na kondepenuu PyCon 2016 (https.//youtu.be/Fou5rhUQ6dU) 06b-
SCHAIOTCS MHOTHE aclieKThl paboThl cbopiuka mycopa B Python. Odunuansrast 1o-
kymenTauus Python (https://docs.python.org/3/library/gc.html) conepsxut 6oJibIie
nH(popMaIK 0 paboTe cOOPIIIKA MyCOPa.

TaxsKe M0JIE3HO 03HAKOMUTHCSA ¢ 00CYKICHIEM TIEPEX0/1a Ha yIIOPSI0YEHHBIE CJIOBAPH
B Python 3.6 B criucke paccwuiku Python (https.//mail python.org/pipermail /python-
dev/2016-September/146327.html).
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Xorst Python u sBjisteTcst MOMM JTIOOMMBIM SI3BIKOM MTPOTPAM-
MUPOBAHSI, OH He JINTIEH HEIOCTATKOB. Y KasKIOTO SI3bIKA €CTh
CBOM pasfipakaioniie 0co6eHHOCTH (B HEKOTOPHIX SI3BIKAX WX
GoJrbliie, 4eM B ApyTHX), U Python ne uckimouenne. HeorbiTHbie
[IPOrpaMMUCTBI, paboTaroriye Ha Python, 1o/KHBI 3HATH HEKOTOPBIE
YACTO BCTPEYAIONINECS IOBYIIIKY U YMETh N30€TaTh nX.

Kax mpaBuiio, Taxie 3HAHV JIIOAN TIOJYIAIOT HA COOCTBEHHOM OTIBITE, & 5T COOPAT NH-
dbopmario o HUX B 3T0ii riase. Ecin BBl OyjieTe 3HATh HCTOPHIO TAKKUX JIOBYIIIEK, BaM
GyJIeT Jierye ToHsTh, odeMy Python nxoraa Beset cebst HEMHOTO CTPAHHO.

B 9710ii ri1aBe g paccKaxky, Kak M3MeHseMble 00beKThI, TAKKe KaK CIIUCKK 1 CJIOBapH, Ha-
YMHAIOT BeCTH ceOst HEOKMIAHHO IIPU UBMEHEHUH UX COIeP;KUMOro. Bl y3Haere, riouemy
MeToj1 sort() He COPTUPYET 9JIEMEHTBI CTPOTO 110 aihaBUTY, a YKCJIA C TIJIaBAIOIIel TOY-
KOI MOTYT COJ€PKATh OITUOKU OKPYTJIEHISI, TIOYeMY OIIePaTOPhl TPOBEPKY HEPABEHCTBA
= has JIeMOHCTPUPYIOT HeNpeICcKazyeMoe MoBeleHue MPY CIETJIEHUH, a [IPU 3aITHCH
KOPTesKel, CoJiepsKaliiX TOJIbKO OIH 3JIeMEHT, He0OXOAMMO BKJIIOYATh 3aBEPIIAIOILY 10
sangTyio. Hy 1 KoHeuHO, 13 9TOH rilaBbl Bbl y3HaeTe, Kak 000HTH BCe 9TU OIINOKU.

He no6asnsiite n He yaansnTe afieMEHTbl U3 CAUCKA
B npouecce nepebopa
JlobGaBieHue 1au yajaeHue aJIeMeHTOB U3 CIIUCKa B TIpotiecce ero nepebopa B iukJie for

i while ¢ GOJIBINOI BEPOSITHOCTBIO MPUBEAET K ONOKe. PaccMOTpUM ClIeayominit
ClleHapuii: BbI XOTUTE Hepebparh CIUCOK CTPOK € OMMCAHUSMU MIPEAMETOB OJIesK bl
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1 1103a00TUTHCS O TOM, YTOOBI CITUCOK COJIEPIKA YETHOE KOJMUYECTBO HOCKOB; JIJIst 9TOTO
KayK/IbIil pa3, KOT/a B CIIMCKE OOHAPYKUBAETCST OJIMH HOCOK, B CIIUCOK J00aBJISIETCS TTapa
JUISE HeTo. 3ajaya KaskeTcsl TPUBHAIBHOI; Hy/KHO 1epedpaTh CTPOKK U3 CIICKA U IPU
oOHAPYKEHUHU B CTPOKe TeKcTa 'sock' (Hampumep, 'red sock') B criucok Oyzer qo6as-
JIATHCA elle OAuH 2JeMeHT 'red sock'.

Ho aror xox paborars e Gyzer. IIporpaMma BXOAUT B GECKOHEYHBIN TIMKJ, KOTOPBIT
NIPUXOUTCA NIPEPLIBATL HaKaTUeM Kiasui Ctrl-C:

>>> clothes = ['skirt', 'red sock']
>>> for clothing in clothes: # MNepebpaTb cnucok.
if 'sock' in clothing: # HaitiTu cTpoku, cogepxawue 'sock’.
clothes.append(clothing) # [o6aBuTb MapHbil 3nemMeHT.
print('Added a sock:', clothing) # CoobuuTb nosb3oBaTeNt.

Added a sock: red sock
Added a sock: red sock
Added a sock: red sock

Added a sock: red sock

Traceback (most recent call last):
File "<stdin>", line 3, in <module>

KeyboardInterrupt

ITpottece BBITIOJHEHUS HTOTO KOJIa HATJISIHO TIPEACTaBJICH 10 aapecy hitps.//autbor.

com/addingloop,/.

ITpoGsiema B TOM, 4TO IpU J0OABJIEHUH B CIIMCOK clothes ajiemenTa 'red sock' B ClIUCKe
HOSIBJISIETCST HOBBII, TPETUI 5JIEMEHT, KOTOPbII TOkKe H0JIKeH OBbITh BKIIOUEH B 11epebop:
['skirt', 'redsock', 'redsock"']. [lukza for focTuraet BTOpOro 37eMeHTa 'red sock'
TIPH CJIEIYIONIEN NTEePAINH, M OH ITPUCOENHSIET BTOPYIO CTPOKY 'red sock'. Crincox mpe-
o6pa3yeTC§1 kBuay [ 'skirt', 'redsock’, 'redsock’, 'redsock’], 1 B HEM OABJIACTCA
ellfe OJ[Ha CTPOKa, KOTOPast 0JKHA OBITh BKIIIOUEHA B riepebop. Bee aTo pooskaercst,
KaK MI0Ka3aHo Ha puC. 8.1, 1 B pe3yJibrate Bbl OJydaeTe OECKOHEUHBIN MOTOK CO00IIIe-
HU 'Added a sock.'. [lukT ocTaHaBaMBaeTCs TOTBKO TOT/A, KOTAA Ha KOMITBIOTEPE 6szeT
rcuepana BCs cBOOO/HASA TaMATh U porpaMma Python aBapuitHo 3aBepIITUTCS MV BbI
npepsete nporpamMmy Kiasutiamu Ctrl-C.

BoiBo: He 1o6aBJistiiTe aJ1eMEHTBI B CIIMCOK BO BpeMs riepebopa. BmecTto aToro cosuaiire
OTAETBHBIN CIUCOK JIJIS COMEPKIUMOTO M3MEHEHHOTO CIUCKaA, TaKOl Kak newClothes
B 3TOM TIPUMepeE:

>>> clothes = ['skirt', 'red sock', 'blue sock']
>>> newClothes = []
>>> for clothing in clothes:
if 'sock' in clothing:
print('Appending:', clothing)
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newClothes.append(clothing) # W3meHaeTca cnucok newClothes,
# a He clothes.

Appending: red sock

Appending: blue sock

>>> print(newClothes)

['red sock', 'blue sock']

>>> clothes.extend(newClothes) # MpucoeauHaem snemeHTsl newClothes k clothes.
>>> print(clothes)

['skirt', 'red sock', 'blue sock', 'red sock', 'blue sock']

clotlrhing
['skirt', 'red sock']
clot*hing
["skirt', 'red sock']
clothing
["skirt"', 'red sock', 'red sock']
clothing
["skirt"', 'red sock', 'red sock']
clothing
['skirt"', 'red sock', 'red sock', 'red sock']
clothing
["skirt', 'red sock', 'red sock', 'red sock']
clothing
["skirt', 'red sock', 'red sock', 'red sock', 'red sock']

Puc. 8.1. MNpu kaxpon urepaumm umkna for k cnucky nprcoeamnHseTcs HoBbIM
obbekT 'red sock', k kotopomy clothing nepexogut npu cnegytoweit ntepaumm.
Linkn noeTopsetcs 6eckoHeuHo

ITpoiecc BBIIOJHEHUS 9TOTO KOJA HATJSAHO NpeacTaBjied Ha https.//autbor.com/

addingloopfixed,/.

[Tukt for mepebupaeT sJieMEHTHI CITHUCKA clothes, HO clothes He U3MEHSIETCS B ITUKJIE
Bmecto aToro usmensiercst OT/esIbHbII CIIMCOK newClothes. 3aTeM I10cJIe 3aBEpIICHUS
IUKJIA CIIUCOK clothes fomoHAeTCs cofiepsKUMbIM newClothes. B urtore Bbl 1iosryyaere
CINCOK clothes ¢ mapHBIMU HOCKaMU.
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ITo TeM e IpUYMHAM 3JIEMEHTBI He JOJIKHbI yAAISATHCS U3 CIIUCKA B IIpolecce mepedopa.
PaccMoTpuM npuMep, B KOTOPOM M3 CIIMCKA HY/KHO YAAIUTH JTI00YIO CTPOKY, OTJIMUHYIO
ot 'hello’. HauBHoe pelnenue nepebupaeT CucoK, yAaJsis U3 HEro 3JIeMEHTBI, OTJIHY-
Hble OT 'hello":

>>> greetings = ['hello', 'hello', 'mello’', 'yello', 'hello']
>>> for i, word in enumerate(greetings):
if word != 'hello': # YpanuTb BCe 3/1eMeHTbl, OT/AW4YHble oT 'hello’.
del greetings[i]

>>> print(greetings)
['hello', 'hello', 'yello', 'hello']

ITporiecc BBINOJIHEHUS 9TOTO KOJA HATJISIHO [IOKa3aH Ha https.//autbor.com/deletingloop,/ .

IToxoxe, B crircke ocTajics JUITHAUI a1eMeHT 'yello'. /lesio B ToM, 4TO, KOT/1a IUKJI for
MIPOBEPsIT MHJIEKC 2, OH yamni 'mello’ u3 cnucka. Ho 3aTeM Bece octaBiimecst a1eMeHTh
CIABUHYJIVCH HA OTUH UH/IEKC BHU3 U 3JIEMEHT 'yello' mepeliiesi ¢ MHEKCA 3 Ha uHIEeKC 2.
Crerytotast uTeparys IUKJIa MpoBepsieT MHEKC 3, KOTOPBIH Tereph COOTBETCTBYET TI0-
cnenneMy anemeHnTy 'hello' (puc.8.2). Ctpoka 'yello' octanack HempoBepeHHoii! He
yIaustiiTe 9/IeMEHThI U3 CIIMCKA B IIpoliecce mepedopa 9Toro CIucKa.

i

4
["hello', 'hello', 'mello’, 'yello', 'hello']

["hello', 'hello', 'mello’, 'yello', 'hello']
i
*

['hello', 'hello', 'mello', 'yello', 'hello']
t JTa CTPOKa yAanAaeTca.

i
.&
["hello', 'hello', 'yello', 'hello']
)J,perle 2N1eMeHTbl CABUratoTCA BHU3.

i loop variable moves on.= i
+
["hello', 'hello', 'yello', 'hello']

Puc. 8.2. Korga uukn yaanset 'mello’, anemeHTsi cnvcka casuraiotest Ha OAHY NO3ULMIO BHUS,
B pesynbTaTe yero i nponyckaet snemenT 'yello'

BwmecTo aToro cosmaiite HOBBIHM CIIMCOK U CKOHI/IpyfITe B HETro BCe 9JIEMEHTBI, KpOMeE
T€EX, KOTOPbIC JOJIZKHbBI OBITh YZAaJI€Hbl, ITOCJIE€ YE€TO 3aMEHUTE I/ICXO,ZIHI)Iﬁ cnucok. Ytobwr
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YBU/IETb UCIIPABJIEHHYIO BEPCUIO IIPEbIAYIIEro IpuMepa, BBEUTe CAeAYIONNUi Ko/
B MHTEPAKTUBHO 060I0UKe:

>>> greetings = ['hello’', 'hello', 'mello’', 'yello', 'hello’]
>>> newGreetings = []
>>> for word in greetings:
if word == 'hello': # KonupoBaHue BCex 3/1emMeHTOB, paBHbix 'hello’.
newGreetings.append(word)

>>> greetings = newGreetings # 3aMeHWTb WCXOAHbIA CMUCOK.
>>> print(greetings)
['hello', 'hello', 'hello']

ITpoiecc BBIIOJHEHUS 3TOTO KOJA HATJSAHO NpeicTaBied Ha https.//autbor.com/

deletingloopfixed).

Tax Kak 9TOT KOJI [TPEACTABJISIET COOOM TIPOCTOM IIHKJI, KOTOPBIN TEHEPUPYET CITUCOK, ETO
MO’KHO 3aMEHUTH CITMCKOBBIM BKJIIOUeHUEM. CITMCKOBOE BKJITIOUECHUE HE BBITTOTHACTCS
OBICTpee U He PACXOLyeT MEeHbIIIEe IIaMATH, HO OHO ObICTpee BBOAUTC Oe3 yiiepba st
ynobountaeMoctu. Beeaure B MHTEPAKTUBHOI 060I0UKe CJEAY IO (pparMenT, 9KBU-
BAJICHTHBIN KOy U3 IIPE/bIIYIIEro IpruMepa:

>>> greetings = ['hello’', 'hello', 'mello', 'yello', 'hello’]

>>> greetings = [word for word in greetings if word == 'hello']

>>> print(greetings)
['hello', 'hello', 'hello']

CruckoBoe BKJIIOUEHHE HE TOJIBKO 3aliChiBaeTcst 6oJjiee KOMIAKTHO, HO U usberaer
o1mmbOK, BOSHUKAIOIINX M3-3a H3MEHEHMUsI CITUCKA B ITPOIlecce ero mepedopa.

W XOTs 9JIeMEHTBI He OJIKHBI 100aBIISThCS UIIN YAAIATHCS U3 CIIucKa (MIn 1106010 uTe-
pupyemMoro 061>eKTa) B IIpolecce Hepe60pa, HUYTO HE MEIIaeT BaM U3MEHATD COIECPIKIMOE
crimcka. JlommycTum, y Bac ecThb CIIUCOK Y¥cesT B Buje cTpok: ['1', '2', '3', '4', '5'].
Ero MosHO 11peo6pasoBaTh B CIIMCOK LeJIbIX unces [1, 2, 3, 4, 5] B npoiiecce nepebopa:
>>> numbers = ['1', '2', '3', '4', '5']
>>> for i, number in enumerate(numbers):

numbers[i] = int(number)

>>> numbers
[1, 2, 3, 4, 5]
Hpouecc BBIIIOJITHEHUA 9TOTO KOJla HaArJIg/JIHO ITOKa3aH Ha https.‘//autbor.com/

covertstringnumbers/. VIaMeHSATH 9JIEMEHTBI B CIIMCKE MOKHO; OMMOKH BO3HUKAIOT TIPH
M3MEHEHN! KOJMIECTBA 9JIEMEHTOB B CITHICKE.

Takske cyiiecTByer Apyroii 6e3omacHblii c1rroco6 106aBaeHs UK yIAJIEeHUs 2JIEMEHTOB
U3 crucka: nmepebop oT KOHI@A CIHcKa K Hadasy. [Ipu TakoM Mojxojie MOKHO yAQIATh
AIEMEHTHI U3 CITICKA B TPoIecce mepebopa Wi 100aBISITh JTeMEHTHl — TIPH YCJIOBHH,
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YTO HOBBIII 2JIEMEHT 100aBJIsIeTCst B KoHell criicka. Harpumep, BBeanTe cireayommii KoJ,
KOTOPBIN yIaiseT YeTHBIE IeJIble YNCJia U3 CIicKa someInts:

>>> somelInts = [1, 7, 4, 5]
>>> for i in range(len(someInts)):

if someInts[i] % 2 == @:
del someInts[i]

Traceback (most recent call last):

File "<stdin>", line 2, in <module>
IndexError: list index out of range
>>> somelInts = [1, 7, 4, 5]

>>> for i in range(len(someInts) - 1, -1, -1):

if someInts[i] % 2 == O:
del someInts[i]

>>> someInts
[1} 7} 5]

IToT Ko/ paboTaeTt, MOTOMY YTO HU y OJHOTO U3 JIEMEHTOB, KOTOpbIE OyAyT nepe-
GupaTbes B Oyayinem, nujgekc He uaMensercs. OAHaKo M3-3a MHOTOKPATHOTO CABHUTA
3HAYEHUIT OC/Ie YAAIIeMOr0o 3HaYeHNS TAKOE PEICHNE CTAHOBUTCS Hea((MEKTHBHBIM
JUIST UIMHHBIX CITUCKOB. [Ipoltecc BBITIOJIHEHMST 9TOTO KOJIAa HATJIS/IHO TIPEJICTaBJIeH Ha
https.//autbor.com/iteratebackwards1/. Paznuunst MesKLy IPSIMBIM U OOPATHBIM Tepe-

6GOPOM TI0Ka3aHbl Ha puc. 8.3.

lterating Forward

i
4
(1, 7, 4, 5]
i starts at the front at index O and goes up to index 3.

i
I
[1, 7, 4, 5]
i reaches spam[2].

i
i
[1) 7, 5]
spam(2] is deleted, other values shift up.

1
i
[1) 7, 5]
i continues to index 3, which is now out of range.

lterating Backward

i
4
[1, 7, 4, 5]
i starts at the end at index 3 and goes down to index 0.

i
1
[1, 7, 4, 5]
i reaches spam(2].

i
]
(1, 7, 5]
spam[2] is deleted, other values shift up.

i
1
[1, 7, 5]
i continues to index 0, and finishes.

Puc. 8.3. YnaneHue yeTHbIx uncen U3 cnmcka npu npsmom (cnesa)
u obpaTHom (cnpaea) nepebope
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CCbJIKU, UCMNOJIb3OBAHUE MAMSTU U SYS.GETSIZEOF()

Mosket 1mokasartbcs, YTO CO3/IJaHNE HOBOTO CITMCKA BMECTO M3MEHEHUS NUCXOITHOTO
MPUBOAUT K JUITHUM 3aTpaTaM naMsatu. Ho BcmoMHUTE, 9YTO ¢ TEXHUYECKOU
TOYKU 3PEHUA BCE IIEPEMEHHBIE COZEP/KAT CCHIIKM Ha 3HAYEHNU BMECTO CAMUX
3HAUEHNI; TaK )K€ M CINCKHU COJepsKaT CChIIIKM Ha 3HadeHus. [IpuBemenHas
BBIIIIE CTPOKA newGreetings.append(word) He CO3/[aeT KOIIMIO CTPOKY U3 Iepe-
MEHHOI word, a TOJIbKO KOIIMPYET CChIIKY Ha CTPOKY, KOTOpasi 3aHUMAET Kyza
MEHBIIIE TTAMATHU.

Y0661 y6e[[I/ITbC$I B 9TOM, MOKHO BOCTIOJTb30BaThCs (DYHKITHEH Ssys . getsizeof (),
KOTOpast BO3BpalllaeT pasMep IaMsATh B GaiiTax, 3aHUMaeMOM IepelaHHbIM (PYHK-
nuu 06bekToM. B aTom npuMepe MHTEPAKTUBHOMN 000JI04YKU Mbl BUIHUM, YTO
KOPOTKasi CTPOKa 'cat' 3aHmMaer 52 OaiiTa, TOrma Kak Oosee JIUHHAs CTpPOKa
3anuMaet 85 GaiiT:

>>> import sys

>>> sys.getsizeof('cat')

52

>>> sys.getsizeof('a much longer string than just "cat"')
85

(B moeit Bepcun Python canyske6Hasg nndopmanus o0beKTa CTPOKU 3aHUMAET
49 Gaiit, TOrIa KaK KaxK[blii CUMBOJI B cTpoKe 3aHuMaer 1 6aiir.) OHaKo CIIUCOK,
cozep Kalinii JIOYIO U3 9TUX CTPOK, 3aHKMaeT 72 Gaiita HE3AaBUCUMO OT JJIMHBI
CTPOKHU:

>>> sys.getsizeof(['cat'])

72

>>> sys.getsizeof(['a much longer string than just "cat"'])
72

[leso B TOM, 94TO ¢ TEXHUYECKON TOYKU 3PEHUS CIIUCOK COJEPKUT HE CTPOKH,
a CCBIJIKM Ha CTPOKH, a CCHIIKU BCET/IA UMEIOT OJIMHAKOBBIE Pa3MePhl HE3ABH-
CHUMO OT pa3Mepa JIaHHbIX, Ha KOTOPbIe OHU CChLIaloTcs. BBI30B newGreetings.
append (word) KOTTMPYET HE CTPOKY, & CCHLIKY Ha CTPOKY. ECJIN BBI XOTHUTE y3HATD,
CKOJIBKO ITaMSITH 3aHIUMAaeT OOBEKT U BCe OOBEKTHI, Ha KOTOPHIE OH COAEPIKUT
cchLIKH, pazpaborunk spa Python Paiimonzn Xerrurrep (Raymond Hettinger)
HaIMcal CleraIbHy 0 (QYHKINIO, IOCTYITHYIO [0 aapecy hitps:;//code.activestate.
com/recipes/>77504-compute-memory-footprint-of-an-object-and-its-cont/.

I/ITaK, HE CTOUT AyMaTb, YTO CO3/laHHNE HOBOTO CIIMCKAa BMECTO N3MECHEHUWA NCXO/1~
HOTO CITMCKa B IIpoIecce Hepe60pa IIPUBOANT K JIMIITHUM 3aTpaTaM IIaMATH. [[ame
€CJIN Balll KO/l C U3SMEHEHUEM CIIMCKa BPO/i€ OBl pa60TaeT, OH MOJKET CTAaTb NCTOY-
HHUKOM KOBapHBIX OH_H/I6OK, a UX IIOMCK 1 UCITPpaBJIEHNE SaﬁMyT MHOTO BPEMEHMU.
BPEMH IIporpaMMuCTa CTOUT HAMHOTO JOPOJKE, YeM 3aTPAThI ITaMATH KOMITbIOTEPA.
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AnanornyubiM 00pasoM MOKHO Z00ABJIATH SJIEMEHTHI B KOHEI[ CIINCKA IIPU 0OpaTHOM
nepebope. BeeuTe B UHTEPAKTUBHON 060JI0UKE CIIeAYIOINI (hparMeHT, KOTOPBIH IpH-
COeTMHSIET KOIIHIO BCeX YETHBIX YICEeN U3 CIICKA someInts B KOHEI[ CITHCKA:

>>> someInts = [1, 7, 4, 5]
>>> for i in range(len(someInts) - 1, -1, -1):
if someInts[i] % 2 ==
someInts.append(someInts[i])

>>> somelnts
[1, 7, 4, 5, 4]

ITpoiecc BBIIOJHEHUS 9TOTO KOJA HAIJSAHO NOKasaH Ha htips://autbor.com/
iteratebackwards2/. Tlepebupast clicoK B 00paTHOM HaIIPABJIEHIH, MOKHO KaK IIPHCO-
eIMHSTH K HEMY 3JIEMEHTDI, TaK U YAAJISITh 9JIEMEHTHI U3 cIIUCcKa. TeM He MeHee c/ieslaTh
3TO MHOT/IA HETTPOCTO, TOTOMY UTO HE3HAUUTETHHBIE U3MEHEHUST B STOM PEIIeHNUN TIPU-
BeJlyT K BO3HUKHOBEHUIO O1THO0K. [opas o mpotiie co3AaTh HOBBIN CIIUCOK, BMECTO TOTO
4TOObI UBMEHSATH UCXOAHbII. Pazpaborunk sapa Python Paiimonn Xerrutrep (Raymond
Hettinger) cpopmymuposas aTo Tax:

«B. Kakue mpakTuky ciegyer MpUMEHATh TP U3MEHEHUH CITUCKA BO BPEMST €10
nepebopa?

O. He nenaiite aTOT0>.

He konupyirte usmeHsemble 3HAYEHUS
6e3 copy.copy() n copy.deepcopy()

[TepemeHHBIE JTyUIIe TIPEACTABISTH KaK HAKJICHKN WITH SIPJIBIKA, KOTOPBIE TIPUKPETIIISI-
I0TCst K 00BEKTaM, a He KaK KOPOOKH, B KOTOPBIX JIEKAT 0OBEKTHL. ITa MOJIETb OCOOEHHO
[OJIe3Ha B CUTYAIUsX, CBA3AHHBIX ¢ MOJM(DUKAITEH MBMEHSAEMbIX 00BEKTOB (CITUCKOB,
CcJI0Bapeii 1 MHOJKECTB, 3HAYEHUE KOTOPBIX MOYKET U3MEHSThCs ). OJTHA 13 PACIIPOCTPAHEH-
HBIX ONMO0K: Pa3paboTYNK KOMIMPYET OHY TIEPEMEHHYTO, CCHIIAIONTYIOCS Ha M3MEHSAEMbIiT
06BEKT, B IPYTYIO TIEPEMEHHYIO U IyMAET, 4TO KOMMPYeTcst peaibHblii 00bekT. B Python
KOMAH/[bl KOTTMPOBAHNST HUKOT/Ia HE KOIIMPYIOT OOBEKTHI; OHU KOTIUPYIOT TOJBKO CCHLIKH
Ha 00bekT. (Pazpaborunk Python Hex Baruemnnep (Ned Batchelder) seictynu ¢ mpe-
BOCXOJIHBIM JIOKJIaloM Ha aTy TeMy «Facts and Myths about Python Names and Values»
Ha koudepen PyCon 2015 (https;//youtu.be/ AEJHKGkIns).)

Hanpumep, BBeanTe cieayiomuil pparMeHT B HHTEPAKTUBHON 000JI0UKe; obpaTuTe
BHUMAaHWE: XOTS Mbl UI3MEHSEM TOJIbKO IIEPEMEHHYIO spam, liepeMeHHast cheese TOXe
N3MEHSIETCST:

>>> spam = ['cat', 'dog', 'eel']
>>> cheese = spam
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>>> spam

['cat', 'dog', 'eel']

>>> cheese

['cat', 'dog', 'eel']

>>> spam[2] = 'MOOSE'

>>> spam

['cat', 'dog', 'MOOSE']

>>> cheese

['cat', 'dog', 'MOOSE']

>>> id(cheese), id(spam)
2356896337288, 2356896337288

ITpoitecc BBIOJHEHUS 9TOTO KOJA HArJSAHO MOKasaH Ha htips://autbor.com/
listcopygotchal/. Ecnu BBl IymMaere, uTo KoMaH/a cheese = spam KOIUPYyeT 0OBEKT
CITHCKA, TO BAC MOKET YAUBUTH, UTO TIepEMEHHAsI cheese N3MEHWJIACH, XOTS B MPO-
rpaMMe U3MEHSIIACH TOJIbKO TiepeMeHHast spam. Ho KOMaH/IbI TIPUCBAUBAHUS HUK020d
He Konupyom o0veKmol, a TOJIBKO CCLIKM Ha HUX. KoMmaHia npucBanBaHus cheese =
spam 3acTaBJisieT cheese CCBLIAThCS HA TOT K€ OOBEKT CITUCKA B TTAMATH, HA KOTOPbIi
ceblaercs epeMentast spam. OHa He CO3/1aeT J0NOIHUMENbHO Konuu 0OBEKTa CITUCKA.
Bot nouemy usmenenne spam takyke M3MeHsieT cheese: 00€ epeMeHHbIE CChITAIOTCS Ha
OJIVH U TOT e 00BEKT CITUCKA.

ToT ke IPUHINI EUCTBYET JIJIT U3MEHSIEMbBIX OOBEKTOB, MIEPEIABAEMbIX [TPU BHI30BE
dbyHknuu. Beeaure B MHTEPaKTUBHOI 000JI0UKe CIeAyOMNi GhparMeHT; odbparure
BHUMAaHHUE Ha TO, YTO TI00aTbHAS TIEPEMEHHAst spam ¥ JIOKATbHbII mapaMerp (Harmom-
HIO: [TapaMeTpaMy Ha3bIBAIOTCA IIepeMEHHbIE, OTIpeieiseMble B KoMaH e def hyHKIINN)
thelist cchTAIOTCS HA ONUH OOBHEKT:

>>> def printIdofParam(theList):
print(id(thelList))

>>> eggs = ['cat', 'dog', 'eel']
>>> print(id(eggs))
2356893256136

>>> printIdOfParam(eggs)
2356893256136

[Tpotecc BBHIMOJHEHUS HTOTO KOJAA JAEMOHCTpUpyeTcst Ha https://autbor.com/
listcopygotcha?2/. Obparure BHUMaHNe: BHI30OBLI id () /UIs1 eggs U thelist BO3BpaIaoT
OJIMHAKOBbIEC NIEHTUYHOCTH; 9TO O3HAYAET, YTO ITEPEMEHHDBIE CCHIIAIOTCA Ha OAUH U TOT
e 00BEKT CTIHCKA.

O6bexT cTimcKa 13 TTepeMeHHO#T eggs He OLIIT CKOMTMPOBAH B thelist; BMecTo 9TOTO GbITa
CKOTIMPOBAHA CCBLIKA, TIOITOMY 06€ TIePEMEHHBIE CChITTAIOTCS Ha OJINH CIUCOK. Pazmep
CCBIJIKU COCTABJISIET JIMIIb HECKOJBKO 6allTOB, HO mpejacTaBbre, yTo Python Bmecto
CCBIJIKH CKOTTMPOBAJ ObI BECh CITMCOK. EcJi ObI B CITHCKe eggs OBLIN MUJLTHAPIIBI ATe-
MEHTOB BMECTO BCETO TpeX, IpH 1epemaye ero hyHKIMN printIdofParam() MpUIIIOCH
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ObI CKOIMPOBATH HTOT OTPOMHBIN cicoK. ITpocToil Bbi3oB GyHKIMM noTpeboBat Obl
MHOrux rurabaiitoB namsati! Bor nouemy komanzia npucsaubanust B Python kommpy-
€T TOJIBKO CCHIIKK M HUKOT/Ia He KonupyeT 00beKThl. OMHO M3 BO3SMOMKHBIX PEIleHUI
ATOW TPOBIEMBI 3aKITIOYAETCST B KOTUPOBAHUN 00BEKTa CITUCKA (& He TOJBKO CCBITKI)
dynkimeii copy . copy (). Beemure ciemnyiomuii pparMeHT B MHTEPAKTUBHON 060JI0YKE:

>>> import copy

>>> bacon = [2, 4, 8, 16]

>>> ham = copy.copy(bacon)

>>> id(bacon), id(ham)
(2356896337352, 2356896337480)
>>> bacon[@] = 'CHANGED'

>>> bacon

['CHANGED', 4, 8, 16]

>>> ham

[2, 4, 8, 16]

>>> id(bacon), id(ham)
(2356896337352, 2356896337480)

ITporiecc BBIMOJHEHKS HTOr0 KoJa MoKasaH Ha https.//autbor.com/copycopy1/. Tepe-
MEHHast ham CChLIAeTCS HA CKOITMPOBAHHBINA 00BEKT CIMCKA BMECTO HCXOIHOTO 00hEKTa
CIIMCKA, HA KOTOPBIN CChLTAJIACh TIEPEMEeHHast bacon, MOITOMY OHa He CTPAZiaeT OT ATOM
po6aembl. Ho mogo6Ho ToMy, Kak IepeMeHHble IpaBIiIbHee CPAaBHUBATh C HAaKJIeHKaMHU,
a He ¢ KOPOOKaMM, B KOTOPBIX XPAHSITCST 00BEKTBI, B CIIUCKAX TAKKE XPAHSITCS HAKTIEHKN
(ccblTKM Ha 0OBEKTHI) BMECTO caMUX 00hEKTOB. EC/TH BAIl CITUCOK COAEPKUT APYTHE
CIIMCKH, copy.copy() KOMUPYET TOJBKO CCHIIKKM Ha 9TH BHYTPEHHUE CIIMCKUA. YT0OBI
YBUIETH 9Ty IIPoOJIeMy, BBEUTE CAEAYIONNiI (parMeHT B UHTEPAKTUBHON 000I0YKe:

>>> import copy

>>> bacon = [[1, 2], [3, 4]]
>>> ham = copy.copy(bacon)

>>> id(bacon), id(ham)
(2356896466248, 2356896375368)
>>> bacon.append('APPENDED")
>>> bacon

[[1, 2], [3, 4], 'APPENDED']
>>> ham

[[1, 21, [3, 411

>>> bacon[@][@] = 'CHANGED'
>>> bacon

[['CHANGED', 2], [3, 4], 'APPENDED']
>>> ham

[['CHANGED', 2], [3, 4]]

>>> id(bacon[@]), id(ham[@])
(2356896337480, 2356896337480)

ITpottece BBITIOTHEHMST 9TOTO KOJlA TIOKas3aH Ha https.//autbor.com/copycopy2/. Xors
bacon 1 ham — JIBa pa3HbIX O6T)€KT3. CITMCKOB, OHU CCbJIAIOTCA Ha O/THU U T€ K€ BHYTPEHHINE
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crucku [1, 2] u [3, 4], TaK 4TO UBMEHEHNUS B 9THX BHYTPEHHUX CIIUCKAX OYIYT OTPasKeHbI
B 00€MX mepeMeHHbIX, HECMOTPST Ha UCTIOb30Banue copy . copy (). [Ipobema permaetcst
HCTIOTb30BaHeM (hYHKITN copy . deepcopy (), KOTOPast KOTMPYeT Bee 0OHEKTHI CITHCKOB
BHYTPHU KOTIUPYEMBIX OOBEKTOB CITUCKOB (2 TAaKyKe BCe OOBEKTHI CITICKOB B ATHX 00BEKTaX
CIIMCKOB, U T. /I.). BBeaure cienyiomuii pparMedT B UHTEPAKTUBHON 060JI0UYKE:

>>> import copy

>>> bacon = [[1, 2], [3, 4]]
>>> ham = copy.deepcopy(bacon)
>>> id(bacon[@]), id(ham[@])
(2356896337352, 2356896466184 )
>>> bacon[@][@] = 'CHANGED'
>>> bacon

[['CHANGED', 2], [3, 4]1]

>>> ham

[[1, 21, [3, 411

ITpomecc BbIMOJHEHUST 3TOTO KOja MoKa3aH Ha https.//autbor.com/copydeepcopy,/ .
1 xots1 pyHKIMS copy .deepcopy () paboTaeT 4yTh MejjieHHee copy . copy (), oHa Oe3-
oTracHee, eCJTU BBl He 3HAETE, COJIEPKUT JIM KOTTUPYEMbIiA CITUCOK JIPyTHe CIUCKU (TN
ApyTHe u3MeHsieMble 00bEKThI, TAKHE KaK CJOBapy MM MHOKecTBa). B obuem ciy-
yae g PEKOMEHIYIO BCEeria UCIIOIb30BaTh (QYHKIIMIO copy .deepcopy(): oHa ciocobHa
[IPEIOTBPATUTh KOBapHbIe OMIMOKH, a 3aMe/[JIeHUe Ko BPsil Jii Oy IeT CKOJIbKO-HUOY b
3aMETHBIM.

He ucnonb3syirte nameHsemMmblie 3SHa4YeHUS
ANS APryMeHTOB MO YMOJTYAHUIO

Python 1mo3BosisteT Ha3HAYUTD ApeyMeHmbL N0 YMOIUAHUIO JITISI TTAPAMETPOB (DYHKIIUI,
KOTOpBIe BbI onpeziesisieTe. Eciii momb30BaTe b He 33/1a€T 3HaYEHNE TTapaMeTpa sIBHO, TO
(OYHKIIMS BBIIOJHIETCS ¢ aPTYMEHTOM 110 YMOJIYAHMIO. ITO MOXKET ObITh yA00HO, eC/Iu
GOJIBIIMHCTBO BBI30BOB (DYHKIMK UCIIOJIb3YET OHO 1 TO JKe 3HAYeHKe apryMeHTa, [I0TOMY
YTO ¢ apryMeHTaMU 10 YMOJYaHUIO TapaMeTp CTAaHOBUTCST HeoOsizaTeTbHbIM, Harpumep,
npu nepegade None MeToiy split() pasbueHue IPOU3BOAUTCS MO MPOGETbHBIM CUMBO-
JlaM, HO None TaK’Ke ABJAETCSA apryMEHTOM 10 YMOJIYaHUIO: BbI30B 'cat dog'.split()
JIeJIaeT TO JKe caMoe, uTo 'cat dog' .split(None). DyHKIMS UCIIOIB3YET APTYMEHT 110
YMOJTYAHUIO 75T COOTBETCTBYIOIIETO IMapaMeTpa, €CIU BI3bIBAIOIIAA CTOPOHA He IIepe-
JIaCT 3HaYeHue ABHO.

OpnHako B KauecTBe apTyMeHTa 110 YMOJTYaHWTO HUKOT/IA He cJIelyeT Ha3HauaTh U3MeHsl-
emolil 00BEKT, TAKOM KaK CIIMCOK MK CJI0Baph. YTOObI MOHSTh, K KAKUM OIIHOKAM 9TO
MOJKET MPUBECTH, PACCMOTPUM CJeyIoNuil mpumep. B Hem orpesensiercs hyHKIus
addIngredient(), KoTopas A06aB/ISET CTPOKY C MHTPEAUEHTOM B CIIUCOK, IPECTABIA-
01U co60it perent congBruya. Tak Kak MepBbIM M IOCAEAHAM 3JIEMEHTAMU PEIelTa
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06bran0 sBagercs xneb (bread), usmensemplii ciucok [ 'bread', 'bread' ] ucmosb3yercs
B KQuecTBe apryMeHTa 110 YMOJTYaHUIO:

>>> def addIngredient(ingredient, sandwich=['bread', 'bread']):
sandwich.insert(1, ingredient)
return sandwich

>>> mySandwich = addIngredient('avocado')
>>> mySandwich
['bread', 'avocado', 'bread']

Ho 1ipu ncmosib30BaHUK B KAUeCTBE apryMeHTa 110 YMOJTUAHUIO U3MEHSIEMOT0 0OBEKTa,
TAKOTO KaK CIIMCOK [ 'bread', 'bread'], — BO3HUKaeT HeoYeBH/HAS IPOOIEMA: CIIUCOK
CO3/IAeTCS TIPU BBITIOJTHEHUN KOMaH/Ibl def 9TOl DYHKIUM, a He TIPU KaXKJOM BbI3OBe
(byHkIMM. ITO O3HAYAET, YTO CO3/IAETCS TOJIBKO OJTUH 00beKT cImcKa [ 'bread', 'bread'],
noToMy uTto (pyHKIMs addIngredient() ompenesnsieTcs TOJAbKO onH pas. [Ipu kaxmaom
BbI30BE (DyHKIMK addIngredient () aTOT CIUCOK OyIET HCIIOIB30BATHCS TOBTOPHO. DTO
IIPUBOAUT K HEOKUIAHHOMY ITOBEICHUIO:

>>> mySandwich = addIngredient('avocado"')

>>> mySandwich

['bread', 'avocado', 'bread']

>>> anotherSandwich = addIngredient('lettuce')
>>> anotherSandwich

['bread', 'lettuce', 'avocado', 'bread']

Tak xax addIngredient('lettuce') MCMOJIB3YET TOT JKe CIIUCOK aPTYMEHTOB O YMOJI-
YAHUIO, UTO ¥ TIPEABIAYIINE BbI30BbI, B KOTOPbIil yike H106aBJeH ajieMeHT 'avocado',
BMeCTO [ 'bread', 'lettuce', 'bread'] dyHKIms Bo3BparmaeT [ 'bread', 'lettuce’,
'avocado', 'bread']. Ctpoka 'avocado' MOSIBJISETCH CHOBA, IOTOMY YTO CIHUCOK JIJIS
napaMeTpa sandwich Gyzer TOT Je, 4To U IIpu IocaeaHeM Boi3ose pyukimn. Coznaercs
TOJIBKO OJIVH CITUCOK [ 'bread', 'bread’], moromy 4ro koManja def (byHKHI/H/I BBIIIOJI-
HSIeTCS TOJIbKO OJIUH Pa3, a He IIpU KakoM Bbidose dyHKkiuu. [Ipoiiece BoinosmHenns
9TOr0 KOJa HATJISAAHO oKasaH Ha hitps.//autbor.com/sandwich/.

Ecom Bam kora-m6o norpebyercst HCoab30BaTh CIIUCOK UJIM CJIOBAph B Ka4eCTBE
apryMeHTa Mo yMOJYAHUIO, TO MTUTOHUIECKUM PellieHneM Oy/leT Ha3HAUYUTD apryMeHT
0 ymMoJ4anuio None. 3areM B (DyHKIIMIO BKJIOYAETCS KO/, KOTOPBLIN IIPOBEPSIET 9Ty
CUTYAINIO U CO3/]aeT HOBBIN CIIMCOK MJIM CJI0BApb IIPU KasKJ0M Bbl3oBe pyHkiuu. Tem
CaMbIM rapaHTUPyeTcst, 9T0o GYHKIMS OYAeT CO3/1aBaTh HOBbI M3MEHSIEMbI OOBEKT
TIPH KQKIOM BBI30Be (DYHKIIUH, BMECTO TOTO YTOOBI IEMIATH HTO TOJBKO OANH pa3 TpH
orpeziesieHUH (DYHKITMH, KaK B CJIEAYIONIEM IIPUMepe:

>>> def addIngredient(ingredient, sandwich=None):
if sandwich is None:
sandwich = ['bread', 'bread']
sandwich.insert(1, ingredient)
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return sandwich

>>> firstSandwich = addIngredient('cranberries')
>>> firstSandwich

['bread', 'cranberries', 'bread']

>>> secondSandwich = addIngredient('lettuce’)
>>> secondSandwich

['bread', 'lettuce', 'bread']

>>> id(firstSandwich) == id(secondSandwich)
False (1}

O6parute BHUMaHMe: firstSandwich 1 secondSandwich He UCIIOJIB3YIOT OJHY U TY Ke
CCBUJIKY Ha CITMCOK @, ToToMy 4TO sandwich = [ 'bread', 'bread'] cosiaer HOBBII 00b-
€KT CIIUCKa IIPU KayKI0M BbI30Be addIngredient (), a He OZHOKPATHO IIPU OIIPEeIeHNN
addIngredient().

K unciry namMeHsieMbIX THTTOB JJAHHBIX OTHOCSTCS CITMCKH, CJIOBAPH, MHOKECTBA U 00BeK-
TBI, CO3/IaBaeMble KoMaH/0ii class. He 3adasatime 0ObeKThI 9TUX TUIIOB KaK apTryMEHTHI
110 YMOJIYaHUIO B KOMaH/1ax def.

He co3paBaiTe cTpOKM NOCpeaCcTBOM KOHKATEHALUM

B Python crpoku siBistiorest Heusmensemvimu (immutable) o6bekramu. D10 03HAYAET,
YTO CTPOKOBbBIC 3HAUCHUST HE MOTYT M3MEHSIThCS, U JIT0O0I KO, KOTOPBIN Ha MEPBBI
B3TJISIT U3MEHSIET CTPOKY, B IEHCTBUTETLHOCTH CO3/IAET HOBBII 00beKT cTpoku. Hampu-
Mep, KasKAas U3 CIEAYIONUX OTlepaliuii M3MEHsIeT COePKUMOe TIEPEMEHHON spam — He
U3MEHEHUEM CTPOKOBOTO 3HAYEHWsI, & 3aMEHOU €r0 HOBBIM CTPOKOBBIM 3HAYEHUEM
€ HOBOU MJICHTHYHOCTHIO:

>>> spam = 'Hello'
>>> id(spam), spam
(38330864, 'Hello')
>>> spam = spam + '
>>> id(spam), spam
(38329712, 'Hello world!")
>>> spam = spam.upper()

>>> id(spam), spam
(38329648, 'HELLO WORLD!")
>>> spam = "Hi'

>>> id(spam), spam
(38395568, 'Hi')

>>> spam = f'{spam} world!’
>>> id(spam), spam
(38330864, 'Hi world!')

world!'

O6paruTe BHUMaHKE: TP KasKIOM BbI30Be id(spam) BO3BpalaeTcs HOBask UIAECHTHY-
HOCTb, IIOTOMY 4TO OOBEKT CTPOKK B Spam He M3MEHSAETCS: OH 3aMEHIETCS COBEPUIEHHO
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HOBBIM OOBEKTOM CTPOKH € HOBOI HIEHTUYHOCTDIO. IIpU cO3/[aHUN HOBBIX CTPOK C HC-
MOJIb30BaHUEM [-CTPOK, CTPOKOBOTO MeTozia format () miiu crieliupukaTopoB hopMara %s
TaKIKe CO3/IAI0TCS HOBbIe 0OBEKTHI CTPOK, KaK U TIPH KOHKaTeHannu cTpok. O6BIYHO aTa
TeXHUYECKas TMOAPOOGHOCTh HU HA YTO He BiuseT. Python — BbICOKOYPOBHEBBIN SI3BIK,
KOTOPBIN Geper Ha cebst MHOTHME TeXHUYECKUe PelieHust, YT0Obl Bbl MOTJIU COCPEIOTO-
YUTHCS Ha CO3MAHUN MPOTpaMMbl. Kaskmast ureparms MUKIa CO3MaeT HOBBIH 0OBEKT
CTPOKM, & CTAPLIT OOBEKT CTPOKH TP ITOM TIPOTIAIAET; B KOJIE TIPOUCXO/IATIEE BHITIISIAUT
KaK BbIIIOJIHEHMe KOHKaTeHAlui B MKJe for WK while, Kak B cJeyIolleM IIpuMepe:

>>> finalString =
>>> for i in range(100000):
finalString += 'spam

>>> finalString
spam spam Spam spam spam spam Sspam Spam Spam spam spam spam --snip--

Tak kak oneparus finalString += 'spam ' Boinosiasiercss 100 000 pa3 BHyTpu 1IUKIIa,
Python semmosasier 100 000 korkarenaruii. ITpoteccopy MpUXOIUTCST CO3aBaTh BCe
IPOMEKYTOUHBIE CTPOKOBBIE 3HAUECHWS, OOBEANHSSA TeKyllee 3HaueHne finalString
CO CTPOKOH 'spam ', TOMeNaTh UX B MMaMsITh,  3aT€M TIOYTU HEMEJJIEHHO YHUUTOXKATh
pesyJabTat Mpu ciaeayolied urepaiuu. Bee ato kpaitie HeadGeKTUBHO, TOTOMY YTO
MHTepecyeT Hac TOJIHKO KOHeYHast CTPOKA.

ITuroHMdYecKuii crrocod OCTPOEHUS CTPOK OCHOBAH Ha IIPUCOEMHEHII MEHBIIIX CTPOK
K CITUCKY U Ha TIOCJIEAYFOIIEM CUSHUE 9JIEMEHTOB CIIICKA B OHY CTPOKY. DTOT CII0C00
taxzke coszaer 100 000 cTpOKOBBIX 00BEKTOB, HO C BBIIIOJIHEHIEM TOJIBKO OJIHOM KOHKATe-
HaIlMU CTPOK ITPU BbI30Be join (). Hampumep, ciemytomninii Ko co3iaeT 3KBUBAJIEHTHBIN
00beKT finalString, HO 6€3 IPOMEKYTOUHBIX KOHKATECHAIIHUIL:

>>> finalString = []
>>> for i in range(100000):
. finalString.append('spam ')

>>> finalString = ''.join(finalString)
>>> finalString
spam spam spam spam spam Spam spam spam spam spam spam spam --snip--

Korzma st 3amepust BpeMsi BBITIOJIHEHUS IBYX (PParMeHTOB KOa Ha MOeH MallnHe, Bep-
CHsI ¢ TIPUCOEAMHEHNEM K CIUCKy paboTasia B 10 pas ObicTpee Bepcuy ¢ KOHKaTEHAIU-
eit. (B rmase 13 onucano, kKak U3MEPUTH CKOPOCTH BBITTOJHEHUST BAIIUX TTPOTPAMM. )
Yem Gosibliie UTepaliiil COAEPKUT LMK, TeM 3amMeTHee passmyust. Ho ecim 3aMeHUTD
range(100000) Ha range(100), XOTs KOHKaTeHaI[Usl BCe PaBHO paboTaeT Me/jieHHee
[PUCOEIMHEHMNS], PA3JINYKsl B CKOPOCTH CTAHOBATCS peHeOpekMo Mabimit, He 00s-
3aTesbHo (haHaTHIHO n36eraTh KOHKATEHAIUY CTPOK, f-CTPOK, MeToz1a cTPOK format()
niu cneruduraropa gopmara %s. CKOpoCcTbh 3HAUUTETHHO MOBBIIIAETCS TOJbKO MPU
GOJIBIIIOM KOJIMYECTBE KOHKATEHAIIHI.
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Python us6asisger Bac 0T HEOOXOAUMOCTHU AYyMATh O MHOIUX TEXHUYECKUX IIOAPOOHO-
CTsIX. DTO MO3BOJISIET TPOTPAMMUCTY OBICTPO CO3/IABATE IIPOTPAMMBI, a, KaK 51 yITOMUHAJT
paHee, BpeMs IIPOTpaMMHUCTa IleHHee MporieccopHoro Bpemenn. Ho B HEKOTOPBIX cirydasx
JKeJIaTeTbHO TOHUMATh CYTh MTPOUCXO/IAIIETr0 (HAITIPUMeD, Pa3INuus MeK/ly HEM3MeHsie-
MBIMM CTPOKAMU U U3MEHSIEMBIME CIIMCKAMU ), YTOOBI HE IIONIACTD B CKPBITYIO JIOBYIIKY,
KaK IPH IMOCTPOEHNU CTPOK KOHKaTeHAINEeH.

He paccuutbiBaiite, uto sorf() BBINONHUT COPTUPOBKY
no andasuty

Pabora ajiropuTMoB COPTUPOBKU — aJITOPUTMOB, KOTOPbIE CUCTEMATUYECKU YIIOPSIIO-
YUBalOT 3HAYECHUA B HEKOTOPOM YCTAaHOBJIEHHOM IIOPAJIKE, — CTaJjla OZIHOfI N3 Ba’KHbIX
TeM KOMHI)IOTepHOfI TEOpUM. Ho aTa kHura He ITOCBAIlEeHa KOMHbIOTepHOfI TEOPUU;
3HaTb TaKue aJITOPUTMbL He 00s3aTeIIbHoO, IIOTOMY 4YTO BbI BCEerZla MOKETE BbI3BATb METO],
Python sort (). OnHako HeoKUAAHHO Bbl 3aMevaeTe, 4T0 sort () HaunHaeT CTPaHHO ceOst
BECTU IIPU COPTUPOBKE: 6yI<Ba 7 B BEPXHEM PETHUCTPe TIPE/IIeCTBYET 6yKBe a B HUKHEM
perucrpe:

>>> letters = ['z"', 'A', 'a', 'Z']

>>> letters.sort()

>>> letters
['A', 'z, 'a', 'z']

Crangapt ASCII (American Standard Code for Information Interchange) onpenensier
COOTBETCTBUE MEK/LY YNCTOBBIMU KOZIAMK (KOTOPBIE HA3BIBAIOTCSI KOOOBbIMU NYHKMAMU,
i kodamu, — code points, win ordinals) u cumBosamu Tekcra. Mertoz sort () ucosib-
syer ASCIT-andasutayto coprupoBKy (0000IIEHHBII TEPMIH, O3HAYAOIIHI COPTUPOBKY
[0 KOJOBBIM IIyHKTaM) BMecTO ajdaBuTHOil copruposku. B cucreme ASCII Gyksa A
MPE/ICTABJISIETCST KOAOBLIM IIYHKTOM 65, B — KO0BBIM TTyHKTOM 66 1 TaK fnasee 10 GyK-
BbI Z ¢ KofoBbIM 1IyHKTOM 90. ByKkBa @ B HUKHEM PerucTpe mpeacTaBisieTcs: KOJOBbIM
nyHKTOM 97, b — KOmOoBBIM ITyHKTOM 98 1 Tak jgasee 10 OYKBBI Z ¢ KOJOBBIM IIYHKTOM
122. TIpu copruposke B iopsiake ASCII 6ykBa Z B BepxHeM peructpe (KOIOBBIH IIyHKT
90) npextectsyeT OyKBe @ B HUMKHEM peructpe (KOZOBBII MyHKT 97).

U xors kopuposka ASCII ouTH MOBCEMECTHO TIPUMEHSIACh B KOMIIBIOTEPHON 06/1a-
ct B 1990-¢ rozpl u panee, 10 yncTo amepukanckuii ctanaapt: B ASCII cymecTtByet
KOJIOBBIN TIYHKT JIJIst 3HAKA fosuiapa $ (komosbiil myHKT 36), HO HET KOJOBOTO MyHKTA
JUIst 3HaKa Opurtarckoro gyura £. B Hamm auu koguposky ASCII B 0CHOBHOM 3aMe-
cru IOHuKO, I0TOMY 4TO OH comep:kuT Bee kogosbie myHKTh ASCII, a Takxke 6oJee
100 000 apyTHX KOMOBBIX ITyHKTOB.

Yt00bl TTONYIUTh KOJOBBIN IIYHKT CUMBOJIA, TIepeiaiite 9ToT cuMBOJI (hyHKIIUHU ord().
Takyke MOKHO BBITTOJHUTH OOPATHYIO OTIEPAINIO: TIEPEIaTh KOMOBBIN YHKT (OYHKI[UH
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chr(), KOTOpast BO3BpaIllaeT CTPOKOBOE TMpe/ICTaBIeHe cuMBoia. Hampumep, BBeuTe
CJIeAYIONIHiA (hparMeHT B MUHTEPAKTUBHON 000JI0UKeE:

>>> ord('a")
97
>>> chr(97)

a

Ecau BB XOTHTE BBITOJHUTH COPTUPOBKY 10 andaBuTy, epeaalite MeTos str.lower
B napamerpe key. CIIUCOK COPTUPYETCs TaK, Kak ecju Obl /il 3HAYeHUI BBI3bIBAJICS
MeTOJ CTPOK lower():

>>> letters = ['2', 'A', 'a', 'Z']
>>> letters.sort(key=str.lower)
>>> letters

[.A‘) ‘a.) .z.) .Z‘]

O6paTuTe BHUMAaHUE: PeasTbHbIE CTPOKU B CITUCKE He MPeoGpasyioTcs K HUKHEMY Pern-
CTPY; OHHU TOJIBKO COPTUPYIOTCS TaK, KaK ecjii Obl OHU K HeMy ObLIU IPeodpasoBaHbl.
Hen Baruennep (Ned Batchelder) npegocrasisger gonoannrenbayio nuGopMaluio
o IOnmnkome n KOMOBHIX MYHKTaX B cBoeM nokmane «Pragmatic Unicode, or, How Do 1
Stop the Pain?» (https;//nedbatchelder.com/text/unipain.html).

Kcrartu, meroz Python sort() ucmosb3yeT aaroputM copTupoBky Timsort, KOTOpbIii
GBI CITPOEKTUPOBaH pazpaborunkom spa Python u asropom tesucos «/[zen Python»
Tumom Ilerepcom. AIropuT™ mpeacrasisier coO0il THOPUL aITOPUTMOB COPTUPOBKI
METOJIOM CJIUSTHUS U COPTUPOBKU METOIOM BCTABKH, €TI0 ONMCAHUE JOCTYITHO Ha Attps.//
ru.wikipedia.org/wiki/Timsort.

He paccuntbiBaiiTe HO MAEANIBHYIO TOYHOCTbL YUCEN
C NnaBAoLW,en TOYKOH

KoMmbroTepbl MO3BOJISAIOT XPAHUTD TOJBKO IMIUQPBI IBOMYHON CUCTEMBbI CUMCJIECHUS,
to ecth 1 1 0. JIJ1s1 mpezicTaB/IeHUsT 3SHAKOMBIX JECSITUIHBIX Yrce] HeOOX0MMO peos-
pas3oBaTh Takoe YucJio, Kak 3,14, B cepuio IBOMYHBIX e/IMHUI U HyJiel. KommbioTeps
JIEJIAIOT 9TO B COOTBETCTBUU cO ctanzaprom IEEE 754, ony6aukoBantbiM HCTUTY TOM
WHKEHEPOB 10 ajiekTpoTexHuke u paguoanektpornke (IEEE, Institute of Electrical and
Electronics Engineers). st mpoCTOTHI 9TH MOAPOGHOCTH OCTAIOTCS CKPBITHIMU OT ITPO-
IPaMMHKCTa, YTOOBI OH MOT IIPOCTO BBOJAUTD YKCJIa ¢ TOYKOM, HE OTBJIEKAsICh HA IIPOLECC
peobpasoBaHKs IeCATUYHBIX 3HAYEHUN B IBOUYHBIE:

>>> 0.3
0.3
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Xors 11oApoOHOCTH KOHKPETHBIX CJIyYaeB BHIXOMAT 32 PAMKKM KHUTH, IIPEACTABJICHIE
qrces ¢ miaBaorieil Toukoil B cranzapre IEEE 754 He Bcerma TOYHO COOTBETCTBYET
UCXOHOMY JecITUIHOMY yrcy. Kimaccnyecknii mpiumep — 4ncio 0. 1

>>> 0.1 + 0.1 + 0.1
0.30000000000000004

>>> 0.3 == (0.1 + 0.1 + 0.1)
False

ITa cTpaHHas CyMMa ¢ HeGOIBITON MOTPENTHOCTHIO SBJISETCST PE3YIBTATOM OMMTUOKY
OKPYTJIEHUSI, BO3HUKAIONIEN 13-32 0COOEHHOCTEH KOMITHIOTEPHOTO MPECTABIEHIST
1 06pabOTKH YKCe ¢ TIaBaioIei Toukoil. [Iporcxosiinee He SIBISETCS 0COOEHHOCTHIO
Python; craumapt IEEE 754 siBiisieTcst annapamubii CTaHAAPTOM, PEATU30BAHHBIM Ha
YPOBHE AIEKTPOHHBIX KOMIIOHEHTOB TIPOIIECCOPA, 06ECTIEYNBAIOTIMX BBIYUCICHUS C T1J1a-
BatoIel TOukoi. Te ske pe3ynbTaThl Gy/IyT MOTYYEHbI P BBITIOJHEHUH TPOTPAMMBI Ha
C++, JavaScript u 1060M IPyTOM SI3bIKE — Ha MPOIECCOPE, UCTOMB3YIONIEM CTAHIAPT
IEEE 754 (T0 ecTb IpakTUYECKU Ha JI0OOM IIPOIIECCOPE B MUDE).

Crangapt IEEE 754 (10 TeXHUYECKUM MPUYUHAM OOBSICHEHIE KOTOPBIX BBIXOIUT 32
PaMKK KHITH ) TAK/Ke He [T03BOJISIET IPEICTABJIATH YMCI0BbIE 3HAYEHUS, [IPEBbIIIAIOIINE
2%, Hanpumep, uncira 2% u 2°%+1 B 1ipeicTaBJIeHNH C TIABAIONIEH TOYKOI OKPYTJISIOTCST
10 9007199254740992 . 0:

>>> float(2**53) == float(2**53) + 1
True

Eciiu BbI McIo/Ib3yeTe TUIL IaHHBIX € IJIaBaloIell TOUKOI, y 9TOI PO6JIeMbl HeT 06XO0/1-
Horo peinenust. He 6ecriokoiitech — ecjim TOIbKO BbI He [IUIIETe IPOrpaMMBbl it OaHKOB
WJI TTYHKTA YTIPABJIEHUS SI/IEPHBIM PeakTOpoM (MU YIIPaBIeHUS SePHBIM PEakTOPOM
B GaHKe), OIUOKK OKPYIJIEHUS JOCTATOYHO He3HAYUTE/IbHbI, YTOObI He CO3/aBaTh Cy-
IECTBEHHBIX IIPOGJIEM ISl Ballleil IPOrpaMMBbl.

Yacto 1mpobJjieMy MOKHO PEIUTh UCIIOIb30BAHNEM LIE/IbIX YUNCE ¢ MEHBIIUMU eMHN-
namu: Harpumep, 133 menra BMecto 1.33 posnapa, nimm 200 musincexyn BMecto 0.2
cekyHzbl. Takum o6pazom, 10 + 10 + 10 B cymMe fatoT 30 [eHTOB W MUJIJINCEKYH/I,
TOTZla KaK CYMMUPOBaHUeE 0.1 + 0.1 + 0.1 1aeT 0.30000000000000004 noJ1apa NN
CEKYH/IBI.

Ho eciit Bam TpebyeTcst abCOMOTHASI TOUHOCTH (JIOYCTUM, JIJist HAYYHBIX WU (DrHAH-
COBBIX BBIYKMCJICHUI ), UCIIOJIBb3YiiTe BCTPOEHHDINH MOy b Python decimal, omy6imko-
BaHHbII 10 anpecy https.//docs.python.org/3/library/decimal html. I xots1 06BEKTHI
Decimal paboTaroT Me/iJIeHHee, OHI 00eCTIeunBatOT O0JIee TOYHY0 3aMEHY JIJIsI 3HAYEH Uit
¢ mrasamoiieil Toukoil. Harpumep, Bbi30B decimal.Decimal('@.1") cosmaer 0ObEKT,
npejacTaBsgonmii Tounoe uncyao 0.1 6e3 morpenrHocTr, Koropast 6bl HeM30EKHO TIPHU-
CyTCTBOBaJIa B 3HAUYEHUU C TIJIaBAIOIIEH TOUKOI 0. 1.
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Ecau nepenaTh 3Hauenue ¢ miaBaolieil TOUKON .1 1pu Bbi3oBe decimal.Decimal(),
Gymer co3man 06beKT Decimal ¢ TaKOM e MOTPEITHOCTDIO, KaK Y 3HAUEHUST C TTaBa-
IOTIlell TOUKOIT; BOT TIOUEMY MOJIyUYeHHbIIT 00heKT Decimal He Gy/IeT B TOYHOCTU PABEH
Decimal('@.1"). BmectoaTorodecimal.Decimal() ciemyeT nepeaBaTh CTPOKOBOE IIPE]I-
CTaBJICHHE YUCITA C TIaBaioNieil TOUKoi. UTo6bl yOeUThHCS B 9TOM, BBEIUTE CJICY IO
(bparMeHT B MHTEPaKTUBHO 060JI0UKe:

>>> import decimal

>>> d = decimal.Decimal(0.1)

>>> d
Decimal('0.1000000000000000055511151231257827021181583404541015625")
>>> d = decimal.Decimal('e.1")

>>> d

Decimal('e.1")

>>>d+d +d

Decimal('0.3")

Y 1eTBIX Ynces OMUOKH OKPYTJIEHNSI OTCYTCTBYIOT, TIO9TOMY TIepe/iaBaTh X decimal.
Decimal() Bcerma OesornacHo. Beeaure cieayomnuii parMeHT B HHTEPAKTUBHOM 000-
JIOUKe:

>>> 10 + d
Decimal('1@.1")
>>>d * 3
Decimal('@.3")
>>>1 -d
Decimal('@.9")
>>>d + 0.1
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: unsupported operand type(s) for +: 'decimal.Decimal' and 'float'

Omrako 00beKThI Decimal He 06IaIAI0T HEOTPAHUYEHHO TOYHOCTHIO; TTPOCTO OHU HMEIOT
ITPOrHO3UPYEMBbIii, Y4eTKO yCTAHOBJIEHHBII YPOBEeHb TOUHOCTH. /I7151 TprMepa pacCMOTpUM
CJIeIyIoNINe OllePaIluH:

>>> import decimal

>>> d = decimal.Decimal(1l) / 3

>>> d
Decimal('©.3333333333333333333333333333")
>>>d * 3
Decimal('0.9999999999999999999999999999")
>>> (d * 3) == 1 # d is not exactly 1/3
False

Boipaskenue decimal.Decimal(1l) / 3 B pe3yJibrarte JaeT 3HaueHue, KOTOPOe He PaBHO
touro 1/3. Ho o ymosrdanuio ono 6yaeT TouHbiM 10 28 sHavamux nudp. Yrobsl ys-
HaTh, CKOLKO 3HAYAMUX MDD UCTOTB3YET MOAYIh decimal, 06paTuTech K aTpubyTy
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decimal.getcontext().prec. (C TeXHMYECKON TOUKM 3PEHUSI prec SBJSETCS aTpu-
6yrom obbekTa Context, BO3BpallaeMOro BbI30BOM getcontext(), HO ero yao6HO
PasMeCcTUTh B TOM e CTPOKe.) DTOT aTPUOYT MOKHO U3MEHUTD, YTOOBI BCe 0OBEKTHI
Decimal, co3/iaBaeMble B laIbHEHIIeM, IMeJU HOBBIN ypoBeHb TouHoCTH. Cireayomnni
HpYMep, BBEJAEHHbBIH B MHTEPAKTUBHON 000JI0YKE, IIOHUKAET TOYHOCTH C UCXOAHbBIX
28 znavammux 1udp 10 2:

>>> import decimal

>>> decimal.getcontext().prec

28

>>> decimal.getcontext().prec = 2
>>> decimal.Decimal(1) / 3
Decimal('0.33")

Monynb decimal MO3BOJIIET TOYHO YIPABISATH B3AaUMOIEHCTBIEM MEX/1Y YNCTaMMU.
[TosHas JOKYMEHTAIUS 9TOr0 MOLYJISA JOCTYIIHA 10 aapecy https://docs.python.org/3/
library/decimal html.

He o6bepunsitte oneparopsl != B uenouky

CireryieHHBIE OTIePAaTOPBI CPaBHEHNS (HApuMep, 18 < age < 35) WJIA CIIENJIEHHBIE TIPU-
cBauBaHU (HApPUMeD, six = halfDozen = 6) ABJISAIOTCS YAOOHBIMI COKPAIIEHUSMIE JIIsI
(18 < age) and (age < 35) u six = 6; halfDozen = 6 COOTBETCTBEHHO.

Opnako oneparop IIPOBEPKU HepaBeHCTBA != B Iell04KaxX UCII0JIb30BaTh He cTouT. Ha
NEPBBII B3IJIsL, CJAEAYIONUI KOJ| IIPOBEPSIeT, YTO BCe TPU IepeMeHHble UMel0T pa3Hble
3HAYCHMA, IOTOMY UTO CIeAYIONIee BEIPAKEHNE JA€T PE3yIbTaT True:

>>> a = 'cat'
>>> b = 'dog'
>>> ¢ = 'moose’
>»>> al=b l=c
True

Ho na camoM ziesie aTa 1enouka skBrBajieHTHa (a !=b) and (b !=c). A 9T0 03HaYaeT, UTO
a 1 ¢ MOI'YT OBbITh PaBHBI U BRIPAKEHME a ! = b | = ¢ Bce paBHO OymeT paBHO True:

>>> a = 'cat'’
>>> b = 'dog'
>>> ¢ = 'cat'’
>>>al=bl=c
True

laTOBCCbNﬂiKOBapHaH(HHH6Ka,aKOHIﬂlHepBbﬁiBSFHHH]m&EHHHHHWIOpMaﬂbHO,H03TOMy
quHKEHOHHOCTBK)H36eraTbCHeHHeHHbD(OHepaTOpOB!=.
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He 3a6yabTe 3anaryio B kopTexax
U3 OJHOTO 3JIEMEHTA

Korma BBI 3anmmceiBaeTe 3HAUCHUS KOPTEKEH B CBOEM KOJie, TOMHUTE O TOM, UTO 3a-
BepIIarolias 3alsaTas HeoOXoAuMa Jake B TOM CJIydae, eClii KOPTEK COAEPKUT TOIbKO
onuH a7ieMenT. XOTs 3HaueHne (42, ) IpecTaBaseT coOoii KOpTexk, CoepsKaliii [ejioe
yucio 42, 3amuch (42) 0603HaYAET BCETO JIUIID 1es10e Yncyo 42, CKOOKH B (42) CXO/HbBI
C UCIIOJIb3YEMbBIMU B BBIDKEHUU (20 + 1) * 2, pe3yJIbTaTOM KOTOPOIO ABJISETCA 11EJI0e
uncsio 42. Ecimm Bel 3a0y/1eTe HOCTaBUTh 3alIATYIO, 9TO MOKET MMETh HElPeABUACHHbIE
IIOCJIE/ICTBUA:

>>> spam = ('cat', 'dog', 'moose')
>>> spam[0]

cat’

>>> spam = ('cat')

>>> spam[0] o

c
>>> spam = ('cat', ) @
>>> spam[0]

cat

Bes samaroii mpu Beramcaennn (' cat') Gyer moaydeH CTPOKOBBI Pe3yIbTaT, HOITOMY
spam[@] JaeT epBblii CUMBOJI CTPOKH, ' ¢ @. 3aBepiiaoiias 3amsaras HeoOX0uMa st
TOT0, YTOOBI BRIPAsKEHNE B KPYTJIBIX CKOOKAX PACITO3HABATIOCH KaK 3HAYCHUE-KOPTEXK @,
B Python kopresx onpenensiercs 3ansaThiMu B GOJIbIIEN CTENEHN, YeM KPYTJIbIMU CKOO-
KaMMU.

Utorn

HecoriacoBaHHOCTH BCTpevyaeTcst B I0OOM sI3bIKe, JlaKe B sI3bIKAX MPOrPAMMHUPOBA-
must. Python comepskuT HeCKOTBKO TIOTEHITMATBHBIX JOBYIIEK, KOTOPHIE MOACTEPETAIOT
HEBHUMATEJIbHBIX. U XOTS OHU BCTPEYAIOTCS OCTATOYHO PEIKO, JIyUIlie 3HATh O HUX
3apamee. ITO TMO3BOJIUT BaM GBICTPO OTIO3HATH M YCTPAHUTD ITPOOJIEMBI, KOTOPHIE MOTYT
M3-32 HUX BO3SHUKHYTb.

XO0Ts TEOPETUYECKH 2JIEMEHTBI MOYKHO J00ABJISTD U YAAJISATH U3 CIIMCKA B IIPOIECCE [epe-
6Gopa 9TOro CIIMCKA, 9TO MOTEHI[UAIbHBINA HCTOYHKK onOoK. HamHoro 6esomnachee nepe-
OpaTh KOINIO CIICKA, a 3aTeM BHECTH M3MeHeHus B opuruHas. CosmaBas KON CIINCKA
(um 11060r0 APYroro UBMEHIeMoro 00beKTa), IOMHUTE, YTO KOMAH/[bl IPUCBABAHUSI
KOIIMPYIOT TOJBKO CCBLIKY Ha 0OBEKT, a He caM 00beKT. [I1s co3manust Konuii o0beKTa
(1 KoMl Bcex 0OBEKTOB, CCBLIKU Ha KOTOPBIE B HEM XPAHSTCA ) MOKHO BOCIOJIE30BATHCST
(yHnkimeit copy . deepcopy ().
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V3Mensemble 00bEKThI He JOJLKHBL UCIIOAb30BaThC B KOMaHAaX def 1711 apryMeHTOB 110
YMOJIYQHUIO, TOTOMY YTO OHU CO3/[al0TCS OJJTHOKPATHO IIPU BBITIOJHEHUU KOMaH/Ibl def,
a He TIPW Kayk/IoM BbI30Be (yHKIHU. Jlydine ncrnomb30BaTh B KauecTBe apryMeHTa 1o
yMosrdaHuio None U 106aBUTH KOJI, KOTOPBIN MTpoBepsieT None W CO3/aeT U3MEHsIeMbIi
00OBEKT 1P BBI30BE (DYHKIIHHL.

Emte ona xoBapHas JOBYIIIKa BO3HUKAET IIPU KOHKATEHAIIMM HECKOJIBKUX CTPOK OIle-
paTopoM + B 1mkJIe. [Ipu HeGOIBIITOM KOTNYECTBE UTEPAIIH ITOT CHHTAKCHC paboTaeT
nopmasnsio. Ho «mox kamotom» Python mocTostHio co3maer n yHIYITOKAET 0OHEKTHI
CTPOK IIpH Kaxk101 urepaiinu. bosee apdexTuBHOE pelienye — MpucoeMHATb MEHbIINE
CTPOKH K CIIMCKY, & 3aTeM BBI3BATh ONepaTop join() g co3/laHns UTOTOBON CTPOKH.

Metoz sort () copTupyeT aJ1eMeHTbI 10 YMCJIOBBIM KOJIOBBIM IIYHKTaM, M 3TOT ITOPSI/IOK He
coBmaaeT ¢ aiaBUTHBIM: OYKBa Z B BEDXHEM PETHCTPE MPEIIECTBYET OYKBE & B HIZKHEM
peructpe. [TpobeMy MOKHO PEITUTD BHI30BOM sort (key=str. lower).

VY duced ¢ aBaoIeil TOUKOW BOSHUKAIOT HEOOJIBIINE TIOTPEITHOCTH — 9TO MOOOUHbIIT
addekT crocoba peCTaBIEHUST YHCET B TTAMSTH KOMITbIoTepa. [list GOMbITHHCTBA
nporpamMm ot omubKK He Baskubl. Ho ecom iuist Balmmx 3a1a4y 9T0 Ba)KHO, BBl MOKETE
BOCIIOJIb30BaThest MojIysieM Python decimal.

Huxkorza He o6beIMHsIATE OIIEPATOPHI | = B LIEIIOYKH, IIOTOMY YTO, KaK HII CTPAHHO, BbI-
pakenusa Buja 'cat' != 'dog' != 'cat' maroT pesysbrar True.

XoTs1 B 9TOM TJ1aBe OMUCcaHbl JTOBYIIKKU Python, KoTOpbIe BbI HAaBEPHSIKA BCTPETHUTE B Pa-
6oTe, OHU He MOMAIAI0TCS €KEHEBHO B peasibHOM Kojie. Python Bcemu crtamu crapaercst
CBECTU K MUHUMYMY HETIPUSITHbIE HEOJKMIAHHOCTH B BalllMX MTporpaMMax. B cienytotneit
rJjIaBe s PacCKaky o JIOBYIIKaX elle OoJiee PeJKNX U 9K30TUYEeCKUX. BeposTHOCTb TOrO,
YTO OHU KOT/Ia-HUOY/Ib MOy TCsI HA BallleM MyTH, OJIM3Ka K HYJIFO, U BCE JKE BaM Ha-
BepHsIKa OyeT JI0GOIBITHO UCCIEI0BATh IPUYKUHBI UX CYIIECTBOBAHUSL.
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CucTeMbl [IPaBUL, ONIPEEISIONINE SI3bIK IIPOTPAMMUPOBAHUSI,
JIOCTATOYHO CJI0KHBL. [1opoit OHU MPUBOAST K TTOSBIEHUIO KO
XOTsI U He OIIUGOYHOr0, HO I0CTATOYHO CTPAHHOTO M HEOKU [AH-
Horo. B aToii riaBe Mbl 3aiiMeMcs HEKOTOPBIMU MaJIOU3BECTHBIMU
crpanHocTsIMU si3bika Python. Bpsiz v BbI KOrga-HUOYAb CTOJIK-
HETeCh C HUMU B [TOBCEAHEBHOM IIPOrPaMMUPOBAHUM, HO KX MOYKHO
paccMaTpuBaTh Kak HeOYeBUAHOE IIpUMeHeHne cuTakcruca Python (uim
3710y1IOTPeOIEHNE UM — 3aBUCUT OT TOUKU 3PEHI).

W3y4ast mpuMepBbI 9TOI IIaBbI, BbI HAUHETe JIydIlle IIPEACTABIISATh, KaK Pab0TaIOT BHYTPEH-
Hue MexanusMbl Python. /lasaiite ucciemyeM HEKOTOPbIE 9K30TUYECKUE Cydar — U3
WHTepeca U JIJIsT PACITUPeHust KPyro3opa.

Mouemy 256 — 310 256, a 257 — He 257

OmepaTop == IpoBepsieT, PaBHBI JIK IBa 0OBEKTA, a OMEPATOP is MPOBEPSIET UX HA TOK-
JIeCTBEHHOCTb, TO €CTh CPaBHUBAET UX WJIEHTUYHOCTH. V] XOTS 11es10e Yucio 42 1 YUcso
¢ TIABAIOTIEN TOYKO# 42.0 MMEIOT OINHAKOBOE 3HAYEHNE, HTO [IBA PA3HBIX 0OBEKTA,
XPaHSIIIXCsI B PA3HBIX MECTaX KOMITBIOTEPHOU HaMsaTh. UToOBI yOEAUTHCSI B 9TOM, TIPO-
BepbTe UX UAEHTUIHOCTHU TIPU rtomMonu hyHKImu id():

>>> a = 42
>>> b = 42.0
>>> a==>b
True

>>> ais b
False

>>> id(a), id(b)
(140718571382896, 2526629638888)
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Korga Python cosmaer HOBbILI 06BEKT, IPeACTABISIONIUN 1I€JI0€ YUCIO0, U COXPa-
HSIET €TO B MaMsITH, CO3/laHre 0ObeKTa 3aHMMaeT oueHb Majio Bpemenu. CPython
(unrepriperatop Python, qoctynHsrii aus sarpysku o aapecy https://python.org)
MPUMEHSIET KPOIIEYHYIO0 OTITUMHU3AINIO, CO3/IaBast 0ObEKTHI MEIbIX YUCEN OT —5 /10
256 npu 3amycke KajkJ0H IporpaMMbl. ITH YKCJIa Ha3bIBAIOTCI NPEOSAPUMEnbHO
onpedenennvimu (preallocated), u CPython asromaTruecku cosgaer s HuX 00beKTbI,
MOTOMY UTO OHU JIOBOJIBHO 9aCTO MPUMEHSTOTCS: uncyio 0 mim 2 6yeT HCIIOIb30BAHO
B IIporpamme ¢ 6oJIbIIell BEPOSTHOCTHIO, ueM, cKaxkeMm, 1729. Ilpu cospanun o6bexTa
HOBOTO 11esioro ynciia B namsitu CPython cHauama mpoBepsiet, IpUHAIEKUT JIH OHO
Juanasony ot —5 10 256. B rakom cayuae CPython skoHoMutr Bpems, 1pocTo Bo3-
Bpallast CyIeCTBYONIII 00bEKT I[eJ0T0 YUC/Ia, BMECTO TOrO 4TOOBI CO3/[aBaTh €0
3aHOBO. Takoe noBeneHNe TaKKe IKOHOMUT MTAMSTh, TAK KAK OHA HE PACXOIyeTcs Ha
XpaHeHUe MaJIbIX 11esibIX unces (puc. 9.1).

Puc. 9.1. [Ins sxkoHomnn namati Python ncnonbayer MHOXeCTBEHHbIE CCbINKM
Ha oauH 06bekT uenoro uucna (cnesa) BMecTo AybnMpyoLmMxcs 06beKToB
Lenbix Yucen Ans Kaxaon cceinku (cnpaea)

3-3a 97011 OMTUMU3AIINI HEKOTOPBIE HETUTTNYHBIE CHTYAITHI MOTYT TIPUBOJUTE K CTPAH-
HBIM pe3yJsraTam. UTo6b! YBUIETh TIPUMEp TAKOTO POJIA, BBEAUTE CJEAYIONHN (hparMeHT
B MHTEPAKTUBHOU 0OOJIOUKE:

>>> a = 256
>>> b = 256
>>>aisb @
True

>>> ¢ = 257
>>> d = 257
>>>cisd @
False

Bce 06beKThI, TIPEICTABIISIONIHE TIEI0e YHCI0 256, B IEHCTBUTETBHOCTH SIBISTIOTCS O
HIM 0OBEKTOM, MTOATOMY JIJIS a U b orieparop Bosspaiaet True @. Ho st ¢ u d Python
CO3/1aeT pasHbie OOBEKTHI 257, MOITOMY OIepaTop is Bo3Bpaliaer False @.

BoipakeHue 257 is 257 maet pesyJbraT True, motomy uto CPython moBropHo ucosn-
3yeT 0OBEKT TIETOTO YHMCITA, CO3MAHHOTO [I7IsT HAEHTHYHOTO JIUTEPATa B TOH jKe KOMaH/Ie:
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>>> 257 is 257
True

KoneuHo, B peaibHBIX TIPOrpaMMax 00BIYHO UCIOJIb3YETCs TOJIBKO 3HAUECHHE 1EI0TO
YHuCa, a He ero UIeHTHYHOCTh. [[porpaMMbl HUKOT/Ia He MCTIOB3YIOT OTepaTop is st
CpaBHEHUS TIeJIBIX YKCEJI, 9MCell C TIaBaoIell TOUKOH, CTPOK, IOTUYECKUX 3HAYEHUN
WM 3HAYEHUN JPYTUX TPOCTHIX TUTOB AaHHBIX. OIHO U3 UCKITIOUEHU TAaKOTO Poja
BCTPEYAETCsI TIPU UCIIOJIB30BaHUK is None BMeCTO == None, 1 s1 OOBSICHSIIO 9TO B TIO/I-
paszaene «cmonp3oBanue is 715 cpaBHeHnst ¢ None BMecTo ==», ¢. 122. B ocTambHBIX
CUTYAIUSX 9TO UCKJIIOYEHHE ITOUTH HE BCTPEYAELTCSI.

UHTepHupoBaHue cTpok

AnayornynbiM o6pasom Python moBTopHO MCIIO/IB3yeT CTPOKU i HIPeACTaBIeHNs
NIEHTUYHBIX CTPOKOBBIX JINTEPAJIOB B BallleM KOJIe BMECTO CO3/IaHNsI HECKOJIBKNX KO
O/IHOI cTPOKU. UTOOBI YOEAUTHCS B 9TOM, BBEJAUTE CJIEAYIONINI (bparMeHT B MHTEPaK-
TUBHOI 060/104Ke:

>>> spam = 'cat’
>>> eggs = 'cat’
>>> spam is eggs
True

>>> id(spam), id(eggs)
(1285806577904, 1285806577904 )

Python 3ameuaer, 4To CTPOKOBBIIL nTepas 'cat', IPUCBOCHHBII eggs, COBIIALAET CO
CTPOKOBBIM JINTEPAJIOM 'cat', IPUCBOEHHBIM spam; TaKUM 00Pa3oM, BMECTO BTOPOIO,
U30BITOUHOTO 00bEKTa string MepeMEHHOI eggs MPOCTO MPUCBAUBAETCST CCHIJIKA Ha
TOT K€ 00BEKT CTPOKH, KOTOPbIIL HCIIONb3yeTCs spam. DTUM OObACHIETCS COBIAAEHIE
UJIEHTUYHOCTEHN CTPOK.

Takag onTuMusanus Ha3biBaeTcs unmepuuposanuem (string interning) crpok. Kax
U [PEBAPUTEIBHOE OMPEIEIEHNE TEJBIX YUCEJT, 3TO BCETO JIHIIh TTOAPOOGHOCTD pea-
muzanuu CPython. Hukorzga He mummmTe Ko, KOTOPbI 3aBucuT oT Hee. Kpome Toro,
ATa ONTUMU3AIKS He 0GHAPYKUBACT BCE BO3MOKHbBIEC WICHTHYHBIE CTPOKU. [TOMBITKI
UICHTUPUIMPOBATD BCE 9K3EMILISIPDI, K KOTOPBIM MOKHO ITPUMEHUTH ONTUMU3AIIHIO,
YaCTO 3aHUMAIOT GOJIbIIIE BPEMEHH, YeM COKOHOMUT OnTuMusarust, Hampumep, mompo-
GyiiTe co3MaTh CTPOKY 'cat' U3 'c' M 'at' B MHTEPAKTHBHOI 000JI0YKE; Bl 3aMETHUTE,
uyro CPython cosmaer HTOroByto CTPoOKy 'cat' Kak HOBBII OOBEKT CTPOKU, BMECTO TOTO
4TOGBI MOBTOPHO UCIIOJIB30BAaTh OGBEKT CTPOKH, CO3/IAHHBII JIJIst spam:

>>> bacon = 'c
>>> bacon += 'at’
>>> spam is bacon

False
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>>> id(spam), id(bacon)
(1285806577904, 1285808207384 )

VHTepHUPOBaHUE CTPOK — METOJ ONTUMU3AIUY, TIPUMEHSIEMbIIl HHTEPIIPETATOPAMU
U KOMITUJISITOPAMM JIJIsI MHOTHX SI3BIKOB IIPOrPaMMHUPOBaHU. 3a TOTIOJHUTEIbHON NH-
dhopmarueii obpataiirech Ha https.//en.wikipedia.org/wiki/String_interning.

®PuKTUBHBIE ONEPATOPbI UHKPEMEHTA U fleKPEMEHTA
B si3bike Python

B Python MosxHO yBenunTh 3HaYeHUe epeMEeHHOI Ha 1 I YMeHbIIUTh ero Ha 1 npu
MOMOIIY PaCIIUPEHHBIX OIIEPATOPOB ITPUCBAaUBaHN4. BoipaskeHns spam += 1 1 spam -=
YBEJTMUMBAIOT ¥ YMEHBITAIOT YNCIOBbIC 3HAYCHUS B spam Ha 1 COOTBETCTBEHHO.

B npyrux asbikax, takux kak C++ u JavaScript, cyIiecTByioT onepaTopbl ++ U - - JiJisd
BBITTOJTHEHUSI MTHKPEMEHTA U JleKpeMeHTa. (ITOT (paKT OTpaskeH B caMOM Ha3BaHWHU
a3bika C++; 3TO UPOHMUECKUI HAMEK Ha TO, UTO SI3bIK SIBJISETCS YJIydnieHHOH (hopMOi
asbika C.) B kojie na g3pikax C++ u JavaScript MOTYT BCTpedaThCsl TaKKe Olepaiiim, Kak
++spam win spam++. Cosgaresn Python 6iaropasyMHO He CTaju BKJIIOYATh B S3bIK 9TH
OIIePaTOPBI, TIOJIYYHBIIHE TIeYaTbHY 0 H3BECTHOCTD U3-3a KOBAPHBIX OMIUGOK (CM. https.//
softwareengineering.stackexchange.com/q,/59880).

Tem He MeHee cienyromuil koa Python Brosise gomycrm:

>>> spam = --spam
>>> spam
42

IepBoe, Ha 4TO ciepyeT 0OpAaTUTh BHUMAHKE: OIepaTopsl ++ u -- B Python He yBe-
JIMYMBAIOT U HE YMEHbINAIOT 3HaUeHue, XpaHUMoe B IiepeMeHHOl spam. HavyaabHbIi
3HAK - SBJSIETCS] YHAPHBIM oTtepatopom otputians Python. Ou mo3BosisieT mucats Kojt
cJIe/lyIolIero Buia:

>>> spam = 42
>>> -spam
-42

Hwuuro He 3arperiaeT 1mocTaBuTh nepes 3HaueHueM HECKOJIbKO YHAPHBIX OIIepaTOPOB
orputianus. C ByMs ollepaTopaMy BBITIOJTHSAETCA OTPUIIAHUE OTPUIIAHWS 3HAYCHMS,
YTO JIJIA IIEJIBIX YHUCEJI IIPOCTO AAET UCXOAHOE 3HAUCHUE:

>>> spam = 42
>>> -(-spam)
42
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ITO OYEHD IJTyTast OTepalysi, 1, CKOpee BCEro, Bbl HUKOT/Ia He YBUUTE ABYKPATHOE HC-
[OJIb30BaHKE YHAPHOTO OIEPATOpa OTPUIAHKS B PealbHOM Kojie. (A ecii yBuaure, To,
HaBEpPHOE, IIPOTPAMMHUCT YYUIICS TPOIrPAMMUPOBATH Ha APYTOM SI3BIKE M ITPOCTO HAITMCAT
ommbouHbIii kog Ha Python!)

Tax:xe CYHIECTBYET yHaprIﬁ OIiepaTop +. On CO3/1a€T I1eJI0€ 3HaYeHHME C TAaKUM K€ 3Ha-
KOM, KaK y UCXO/ITHOTO 3HaY€HUs, TO €CThb 110 CYTH HE eJIa€T HUYETO:

>>> spam = 42
>>> +spam

42

>>> spam = -42
>>> +spam

-42

3aruch +42 (WK ++42) BBITJSIIUT TAK JKe TIYIO, KaK U --42, Tak modeMy ke B Python
GBI BKITIOUEH TOT YHAPHBIH omepatop? OH CYIIECTBYET TOIBKO KaK MAPHBIN MO OT-
HOTIIEHHIO K OTIEPATOPY -, €CITU BaM MOTPEOYETCST ePerpy3uTh 9TH OMePATOPBI B BAIITHX
KJiaccax. (371ecb MHOTO TEPMUHOB, KOTOPbIE MOTYT OBITh BaM He3HAKOMbI. [leperpyska
orepatopoB OoJiee TIOAPOOHO paccMaTpuBaeTcs B riiase 17.)

VYHapHbIE OIIEPATOPDI + 1 - MOTYT PACIIOJIAraThCst TOJBKO Hepe 3HadeHreM Python, Ho He
rocJte Hero. U XOTst BBIPasKEHUs spam++ U spam- - MOTYT ObITh JA€HCTBUTETBHBIM KOIOM
B C++ uym JavaScript, B Python oHM BBI3BIBAIOT CHHTAKCHYECKIE OUIMOKM:

>>> spam++
File "<stdin>", line 1
spam++

N

SyntaxError: invalid syntax

B Python Her orepaTopoB UHKpEMEHTA U JeKPEMEHTA. DTa CTPAHHOCTD SI3BIKOBOTO
CHHTAKCHCA TOJIBKO CO3/IAET MILTIO3UIO TOTO, UTO OHU CYIIECTBYIOT.

Bce unu Huuero

Berpoennas dynknmsa all() mosyyaer 3HaUeHUe-TTOCIE0BATEIbHOCTD (HaIpuMep,
CIIMCOK) ¥ BO3BPAIIAET True, eCJIv BCE 3HAYEHUST B ITON IMOCIIEIOBATETHHOCTHU SBJISIOTCS
ucTuHHBbIMU, Ecsiu X0Tst ObI OIHO WJIH HECKOJILKO 3HAUYECHUN SIBJISIFOTCSI JIOAKHBIMU, BO3-
Bpamaetcst False. BeraoB cdynkium all([False, True, True]) MOXHO paccCMaTpPUBAaTh
KaK 9KBUBaJIEHT BbIpakeHus False and True and True.

CDyHKHI/IH all() MOJKET UCITIOJIb30BAaTbCA B COUYETAaHNM CO CIITMCKOBBIMHM BKJIIOYCHHUAMMU,
JJIs1 TOTO 4yTOOBI CHAYAIA CO3/1aTh CIIMCOK JIOTUYECKUX 3HAYEHU I HA OCHOBAHUU APYyroro
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CITUCKA, a 3aTe€M BBIYMCJIUTHh UX CBOJIHOEe 3HaueHue. Harpumep, BBepuTe Caepyionui
(bparMeHT B MHTEPAKTUBHO 060JI0UKe:

>>> spam = [67, 39, 20, 55, 13, 45, 44]

>>> [i > 42 for i in spam]

[True, False, False, True, False, True, True]
>>> all([i > 42 for i in spam])

False

>>> eggs = [43, 44, 45, 46]

>>> all([i > 42 for i in eggs])

True

Dynkius all() Bo3BpalaeT True, eCJIH BCE YNCIa B spam WK eggs OOJIble 42.

Ho ecau nnepenatb all() IyCTYIO [10CJI€A0BATENIbHOCTD, (DYHKIIMS BCEr/ia BO3BpalllaeT
True. Beeaure ciemyionuii pparMenT B MHTEPAKTUBHON 060JI0UYKE:

>>> all([])
True

[IpaBubHEe cuntarh, 4To all([]) TpoOBepseT yTBEPsK/AeHNE «HU OJNH U3 2JIEMEHTOB
CITICKA HE SIBJISIETCS JIOJKHBIM» (BMECTO «BCE AJIEMEHTHI CIIFICKA SIBJISTIOTCST UCTUHHBIMU ).
B npotuBHOM ciiydae BbI MOKeTe TIOJTYUYUTh HEOKUIAHHbIE pe3yJbTaThl. Hampumep,
BBEJIUTE CJIEAYIOMNN (hparMeHT B UHTEPAKTUBHON 000I0UKE:

>>> spam = []
>>> all([i > 42 for i in spam])

True

>>> all([i < 42 for i in spam])
True

>>> all([i == 42 for i in spam])
True

ITpumep Bpojie ObI TOKA3bIBAET, YTO BCE 3HAYEHUS B spam (IIyCTOU CIUCOK!) HE TOJIBKO
6ouibliie 42, HO OHM OJIHOBPEMEHHO MEHbIIE 42 1 paBHBI 42! DTO KasKeTCsl HEBO3MOKHBIM
¢ TOYKH 3peHust Joruku. Ho nmoMHumuTe, 4TO Kask/0e U3 TPeX CIUCKOBBIX BKJIIOUEHUI
IIPY BBIYMCJIEHUH JIAeT TIYCTON CIUCOK. B HeM HET HU O/IHOTO JIO;KHOTO 3JIEMEHTA, a BCe
ynkimm all() Bo3Bpamaior True.

Jlornueckue 3sSHaUYeHUa Kak Henbie Yyucna

IMogo6HO TOMY KaK Python CYUTAET, YTO 3HAUEHUE C TIABAOIIEN TOUKOHN 42.0 PaBHO
1eJIOMY 3HAYEHUIO 42, TIOTUYECKUe 3HaYeHUs True U False CYUTAIOTCS 9KBUBAJICHTHBIMU
11 @ coorBercTBeHHO. B Python tui manubix bool siBisieTcst CyOKIACCOM THTIA IAHHBIX
int. (Kitaccel 1 cyOKIacchl paccMaTpUBaIOTCs B I1aBe 16.) Bbl MOKETE BOCIOIB30BATHCS
int () aust mpeobpasoBaHust IOTHUECKUX 3HAYCHUN B 1I€JIbIe YHCJIA:
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>>> int(False)
0

>>> int(True)
1

>>> True ==
True

>>> False ==
True

Bb Takske MozKeTe HCIoIb30BaTh isinstance(), YTOObI HOATBEPAUTD, YTO JTOTHYUECKOE
3HaYeHUe OTHOCUTCA K TUITY integer:

>>> isinstance(True, bool)
True
>>> isinstance(True, int)
True

3HaueHne True OTHOCUTCS K THITY IaHHBIX bool. Ho Tak Kak bool siBiIsteTCst CyOKIaccoM
int, True Tak)ke SBJIAETCS YACTHBIM CJlydaeM int. To o3Havaet, 4To True 1 False Mo-
TYT UCHOJIb30BATHCA MPAKTUYECKU B JIIOOOM MECTE, T/IE IOTYCTUMO TPUMEHEHUE TIEITbIX
qIcesT. DTO MOPOXK/IAET CTPAHHBIN KO

>>> True + False + True + True # To xe, 4yTo 1 + 0 + 1 + 1

3

>>> =True # To xe, 4ytOo -1.

-1

>>> 42 * True # To Xe, 4TO mMaTemMaTuMyeckoe ymHOxeHue 42 * 1.
42

>>> "hello' * False # To xe, 4To penaukauuma cTpok 'hello' * @.
>>> 'hello'[False] # To xe, 4710 'hello’'[0]
>§> 'hello'[True] # To xe, 4to ‘hello'[1]
>i> 'hello'[-True] # To xe, 410 'hello'[-1]

(0]

KoneuHo, 13 TOTO, 9TO 3HAYEHNST bool MOTYT NCIOJIB30BATHCS KaK YHCJIa, He CIEIYET,
YTO 9TO CTOUT JleJ1aTh. Bee npuBeieHHbIe IPUMEPBI OYEeHb I1IJI0X0 YUTAIOTCS U HUKOT/1a
He JIOJIKHBI UCIOJIb30BAThCA B pealibHoM Kojie. V3nauasibHo B Python He 6biio Tumna
HMaHHBIX bool. Jlormueckuii Tun mosisuiicst Toibko B Python 2.3, korma tum bool 6ot
ompesiesieH Kak cyOkmace int aua ympotienns peanusaruu. C uctopueit Tuma gaH-
HBIX bool MoxkHO o3HakomuThesa B PEP 285 Ha https.//www.python.org/dev/peps/
pep-0285/.

Kcraru roBopst, True 1 False cTajin KJI04eBbIMU cJI0BaMu TOJIbKO B Python 3. A cieno-
BaresibHO, B Python 2 True u False MOKHO OBLIIO UCIIOJIB30BAaTh KAK UMEHA TEPEMEHHBIX,
YTO MPUBOJNT K MOSBJIEHUIO MapaIoKCATBbHOTO KO/Ia CIEIYIONIETo BU/A:
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Python 2.7.14 (v2.7.14:84471935ed, Sep 16 2017, 20:25:58) [MSC v.1500 64 bit
(AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more information.

>>> True is False

False

>>> True = False

>>> True is False

True

K cuactbio, momoOHbIiT 3aTyTaHHBIN KO/ HeBO3MOKeH B Python 3, 1 mpu mormbITKe Hc-
MTOJTh30BATh KJITOUYEBbIE CJI0Ba True 1 False B KaueCcTBe MMEH TTePeMEHHBIX TTPONCXOUT
CHHTAKCHYeCcKast OMmoKa.

CuenneHue pasHbIX BUAOB ONEpPATOpPOB

[lemouku pa3HbIX ONIEPATOPOB B OJJHOM BBIPAKEHUU MOTYT MIPUBECTU K HEOKUIAHHBIM
ommbkam. Hanpumep, cirenytomuii (OTKPOBEHHO FOBOPsI, HEPEAJUCTUUHBIN) TIPUMED
UCTIOJTB3YET OIIEePATOPHI == 1 in B OJJHOM BBIPA’KEHUH:

>>> False == False in [False]
True

PesyanaT True BBITTIAAUT YAUBUTEIBHO, IOTOMY UTO MOKHO OKMJaTh, YTO BbIPAKEHNE
6y[[eT BbIYUCJIATHCA 11O O[[HOfI n3 CJIEAYIOINX CXEM.

® (False==False) in [False], gaer pe3yJbrar False.

® False == (False in [False]), TakKe JaeT pe3yabrar False.

Ho Bbipakenmne False == False in [False] He 9KBUBaJE€HTHO HU OJTHOMY M3 3TUX BbI-
paxkeHuii. BMecTo aTOr0 OHO 9KBUBaJEeHTHO (False == False) and (False in [False]),
oZ00HO TOMY KakK 42 < spam < 99 9KBMBAJIEHTHO (42 < spam) and (spam < 99). ITO BbI-
pakeHue BBIYUCTSAETCS IO CJeIYIONIel 1ruarpaMme;

(False == False) and (False in [False])
!
(True) and (False in [False])
l
(True) and (True)
l
True

Boipaskenue False == False in [False] cKkopee sIBJISIETCS JIIOOOIBITHON TOJIOBOJIOMKOI
Ha si3pike Python, Ho Bpsia i BbI KOTIa-HUOYIb BCTPETHTE €T0 B PEATHHOM KOJIE.
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AunTturpasurauus B Python
Beenure cieayionyio KOMaHAy B UHTEPAKTUBHOI 060/104Ke:

>>> import antigravity

Ira crpoka — 3abaBHast acXaika, KOTopast OTKPbIBAeT B Opaysepe KIacCHYeCKIii KOMIKC
XKCD o Python (https;//xkcd.com/353/). Bac moxeT yausuth, uto Python oTkpbiBaet
Bail Gpayaep, HO 9T0 BCTPOEHHast BO3MOKHOCTb, [IPeoCcTaBgeMas MOyJieM webbrowser.
Momyis Python webbrowser cozpepskut (hyHKIIHIO open( ), KOTOpast HAXOAUT Opaysep 1o
YMOJTYAHUIO Ballliel OneparmoHHON CUCTEMBI M OTKPBIBAET ero OKHO ¢ 33jjaHHbiM URL-
azipecoM. BBeznre cireayonyio KoMaHy B MHTEPaKTUBHON 060JI0YKE:

>>> import webbrowser
>>> webbrowser.open('https://xkcd.com/353/")

BoamoxaoCTH MOYJISA webbrowser OTpaHUYEHDBI, HO OH TTO3BOJISAET JIETKO ITEPEHAIIPaBUTh
TTOJIb30BaTeEJIA Ha ONTOJIHUTEJTbHY IO I/IH(bOpMaHI/IIO B MHTEPHETE.

Urtorm

Mbl yacTo 3a6bIBa€M, YTO KOMIIBIOTEPDHI U SI3BIKKM HPOrPAMMUPOBAHKS CO3aBAJINCh
JIIOIbMU 1y HUX €CTb CBOU OTPaHNY€HU . O‘{eHb MHOTHE ITPOTrPaMMBbI 3aBUCAT OT IIPEATIO-
YTEHHH 1 BKYCOB ITPOEKTUPOBIINKOB SI3BIKOB U Pa3pabOTINKOB 000PYA0BAHU, DTH JIOLH
[PUKJIAbIBAIOT HEMMOBEPHDIE YCUIINS K TOMY, 4YTOOBI BCE OLIMOKHU B BAIIMX [IPOrPaMMaXx
BO3HUKAIU U3-32 1e()EKTOB CAMOM IIPOrPaMMbl, 8 He MHTEPIIPETaTOpa Uil IIPOLECCopa,
Ha KOTOPOM IIpOTrpaMMa BbIITOJIHAETCA. B KOHEYHOM UTOT€ Mbl HQUMHAE€M BOCIIPMHUMATDH
9THU MHCTPYMEHTDBI KaK HEYTO /JaHHOE CBbIIIE. HO MNMEHHO B 9TOM CJiyda€ CTaHOBUTCS
SICHOM LEHHOCTD U3YY€HUsI OTAEHHbIX «YTOJIKOB> U «3aK0YJIKOB» KOMIILIOTEPOB U IIPO-
rpaMmHOro obecnedenus. Korga B BaleM Koge BO3HUKAIOT OIIMOKK MaU (DaTanbHble
cbou (M1 OH IIPOCTO CTPAHHO BefieT cebsd, U Bbl HAYMHAETe AyMaTh: «3/1eCh YTO-TO He
TaK»), HeO6XOI_II/IMO 3HaTb CTaHIapPTHbBIE JIOBYIIIKH, I-ITO6I)I YCTPpaHUTDb 3TN HpO6ﬂeMbI.

Bbl 0YTH HaBepHSIKA HE CTOJIKHETECHh HU C OHON U3 CTPAHHOCTEH paboThl KO, YIo-
MSTHYTBHIX B 9TO¥i IVIaBe, HO MUMEHHO MX 3HAHKE CIEJIAeT BAC HACTOSIIIUM POTPAMMUCTOM
Ha a3bike Python.
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Hanucanue aspPpekTuBHbixX pyHKLUN

DyHKIMN — CBOETO POjIa MUHU-ITPOrPAMMbI, KOTOPbIE 1T03BO-
JIIIOT Pa3bUTh Koz Ha MeHbInne yacTi. OHu n30aBIIsgioT HAC OT
HEOOXOMMOCTH ITUCATH TIOBTOPSIIONTIIICS KO, KOTOPBIA MOKET
craTh npuyuHoit ommbok. Ho aua nanucanns sp@eKTUBHBIX
(byHKIINI TPUXOUTCS TPUHUMATH MHOTO PellieHn i — OTHOCUTETbHO
MMeHH, Pa3Mepa, TapaMeTPOB U CIOKHOCTH.

B 27101l r71aBe 51 IOKaKy pasimyHble criocoObl HalMcaHys (PYHKIIMHI, a TAaKsKe JOCTOMHCTBA
U HEJIOCTATKHU PA3IMIHBIX KOMITPOMUCCHBIX perieHnil. Mbl pazbepeMcst, KOT/ia CTOUT OT-
JlaBaTh IPeAIouTeHHe GOJIBITM VJIH MaTbIM (QYHKIUAM, KaK KOJIMYECTBO [TAPAMETPOB
BJINET Ha CJIOKHOCTD (DYHKIIMU M KaK MUCATh (DYHKIUU € TIePEMEHHBIM KOJIUYECTBOM
apryMeHTOB IIpU ITOMOIIM OTIepaToOpoB * U **. Takike B 3TOM I71aBe 51 pacCKaxky o Iapa-
murMe (hyHKITMOHATLHOTO TIPOTPAMMUPOBAHNS M IPEUMYIIECTBAX HATUCAHUS (DYHKITNT
B COOTBETCTBUM C 9TON TTaPaIUTMOM.

UmeHa pyHkumun

Nmena pyHKIIMI TOMIMHSTIOTCS TEM K€ ITPAaBUJIAM, YTO U UMEHA U/IeHTU(PUKATOPOB BO-
o6me (em. tiasy 4). Ho 06b1uH0 nMeHa GyHKIUIT OJKHBI BKIIOYATh TIATOJ, TOTOMY
9TO (DYHKITMHU BBITTOJTHSIOT HEKOTOPOe jielicTBre. Takke MOKHO BKITIOUUTD CYIIECTBU-
TeJIbHOE JIJIsI OIMcaHust 06beKTa, ¢ KOTOPBIM 9TO jelicTBUe BhInosHsIeTcst. Hanpumep,
nMena refreshConnection(), setPassword() u extract_version() XOpOIIO NOACHAIOT,
4TO JiesiaeT (PYHKIUS U K YeMy IIPUMEHSIETCS JIeiicTBuE.

Cy]_[IeCTBI/ITeJIbHOG MOJKET OKa3aTbCA N3JTUIIHUM [JI5I METO/LI0OB, KOTOPbIE ABJIAIOTCA YaCThIO
KJacca nim MozyJid. Meton reset (), mpuHaaIexxanii kinaccy SatelliteConnection,
nytn (bYHKITUS open () MOJLJist webbrowser yike TIPEI0CTABIISIOT HeOOXOMUMBbIN KOHTEKCT.
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W3 nassanuii u Tak sicHo, 4to satellite connection — 970 TO, uTO IIEpe3arpykaercs (reset),
a BeO-Opaysep — 9TO TO, 4TO OTKPbIBaeTcst (open).

Jlydiite ©cmoIb30BaTh AJTUHHBIE, COMEPKATETbHBIE UMEHA BMECTO COKPAIEHUN MJIN
CJTUITIIKOM KOPOTKNX MMeH. BO3MOKHO, MaTeMaTHK cpasy TOHMeT, YTO (DYHKITHIST C TMEeHeM
gcd() BosBpalaeT HanGOMbIIUI 00N AETUTENb ABYX YHCEI, HO [JIsT BCEX OCTAIbHBIX
uMs getGreatestCommonDenominator() craner 6oJiee TOHATHDIM.

He ucrnionbayiite i cBoux mepeMeHHbIX NN (DYHKITUIT UMeHA BCTPOEHHBIX (PYHKITNI
IV MOy et Python — Takue Kak all, any, date, email, file, format, hash, id, input,
list, min, max, object, open, random, set, str, sum, test u type.

Mnocbl ¥ MUHYCbI pasmepa GyHKLUHA

HexoTopsie pOrpaMMHUCTBI CYUTATOT, YTO (DYHKITMU TOJKHBI OBITH TI0 BO3ZMOKHOCTH
KOPOTKHMMH, & BECh KOJI — IIOMEIIAThCs Ha 01HOM 9kpaHe. DyHKINIO, KOTOPAsi 3aHUMAeT
BCETO JIECSATOK CTPOK, JIETKO MOHATH — 110 KpaliHeil Mepe B OTJIMYMe OT TOM, 4YTO COCTOUT U3
coTHu cTpok. OHaKo pasbueHue Koja (GYHKIII Ha HECKOJIBKO MEHBIMIX (OYHKI[HIT TaK-
JKe UMeeT CBOM HeloCTaTKK. PaccMOTpUM HEKOTOPbIe IIPEUMYIIecTBa MAJIbIX (DYHKITMH.

o Ko hyHKIIUY TIPOIIE TTOHSTD.
o ODymnkiuu, ckopee Bcero, Tpebyercst MeHbIIE apaMeTPOB.

e CHuKaeTcst BEpOSITHOCTh M0O0UHBIX ahdekToB (cM. «DyHKIMOHATBHOE TTPO-
rpaMMHupoBanues, c. 206).

® prOH.IB.ETCH TECTUPOBaAaHUE U OTJIaJlKa Q)yHKHI/II/I.

e BeposiTHO, DyHKIMS OyAET BbIIABATH MEHbIIE PA3HBIX BUIOB UCKJIIOUEHUI.

O/HaKO y KOPOTKUX (PYHKITUH MMEIOTCST CBOU HEJOCTATKU.
e Hamnucanue KopoTkux GyHKIUIT 4aCTO O3HAYAET YBeJMUYEHe UX YHCIA B TIPO-
rpamme.
e UYem GoJbitie HyHKITHIT, TEM CIIOKHEE CTAHOBUTCS TTPOTPaMMA.

e VYBeqmueHue KOJTMYECTBA (byHKHI/II;,I TaKyKE€ O3HAYAET, UYTO BaM MPUAECTCA TIPUIAY-
MBIBaTh OOJIbIIE COZEPIKATEIIbHBIX 1 TOYHBIX UMEH, a 9TO HE TaK ITPOCTO.

e Bawm mpuzeTcst mucaTh 60IbINE JOKYMEHTAIHN.

e Yewm GoJbiie (hyHKIMIA, TEM CIOKHEe CBA3H MEKLY HUMIL

HexoTopbie mporpaMMUCTBI IOBOJIAT ITPUHITUIT «4eM KOPOUe, TeM JIydIlies /10 KPatHOCTH
U 3aSTBJISTIOT, UTO BCe (DYHKITUHI TOTKHBI COIEPIKATD He GoJiee TpeX-4eThIPeX CTPOK KOJIa.
I10 Hacrosiee Gesymue. [l mpuMepa Hike TipuBeieHa hyHKIMs getPlayerMove ()
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u3 urpsl «Xanoiickue Gamuu» (cm. riaBy 14). Koukpernsie moapo6HocTu paboThl 5TOr0
KoJla celfiuac He BaxKHbL. [IpOCTO B3TJISTHUTE HA OOIILYI0 CTPYKTYPY (DYHKITUH:

def getPlayerMove(towers):
"""3anpawuBaeT Xojh y nonb3oBaTend. BosspawaeT (fromTower, toTower)."""
while True: # Moka nonb3oBaTeNnb He BBeAeT AONYCTWUMbIA XOA.
print('Enter the letters of "from" and "to" towers, or QUIT.')
print("(e.g. AB to moves a disk from tower A to tower B.)")
print()
response = input("> ").upper().strip()

if response == "QUIT":
print(“Thanks for playing!")
sys.exit()

# MpoBepnTb, 4TO NOJb30OBaTe/Nb BBE/ AONYCTUMblE OYKBbI:

if response not in ("AB", "AC", "BA", "BC", "CA", "CB"):
print("Enter one of AB, AC, BA, BC, CA, or CB.")
continue # CHoBa 3anpocuTb XoA4 Yy MnoJib3oBaTens.

# Wcnonb3oBaTb 6onee copepxaTesibHble WMeHa MepemMeHHbIX :
fromTower, toTower = response[@], response[1l]

if len(towers[fromTower]) ==
# BawHa "from" He MoxeT ObITb NMycTOM:
print("You selected a tower with no disks.")
continue # CHoBa 3anmpocuTb XOf4 Yy Mnofb3oBaTenA.
elif len(towers[toTower]) ==
# Nwbol AMCK MOXHO MepemMecTUTb Ha MycTyw bGawHw "to":
return fromTower, toTower
elif towers[toTower][-1] < towers[fromTower][-1]:
print("Can't put larger disks on top of smaller ones.")
continue # CHoBa 3anpocuTb XOA4 Yy Mnofb3oBaTenA.
else:
# Xoa npoBepeH, BepHYTb BblbpaHHble GalwHw:
return fromTower, toTower

Oyukius coctout us 34 ¢tpok. U X0Ts1 OHa pelraeT HECKOJIbKO 3a/[a4 — BBOJI X0/1a
M0JIb30BATENIEM, TTPOBEPKA IOMYCTUMOCTH HTOTO XOJIa, TIOBTOPHBII 3aIIPOC X0/ B TOM
clyvae, ecJiv BBOJL HEJIOIIYCTUM, — 9T 33/1a4U OTHOCSITCSI K KATETOPUN HOJTY4EHUsT X0/
nosibosaresist. C APyroi CTOPOHbI, ecyin Obl Mbl (haHATHYHO CTPEMUJIUCH K HAITMCAHUIO
KOpPOTKUX (DYHKIMIA, Ko getPlayerMove () MOKHO ObLI0 Obl Pa3OUTh Ha MEHbIIIME
bynkIn:

def getPlayerMove(towers):

"""3anpawuBaeT xoh y nosnb3oBaTend. Bo3spawaeT (fromTower, toTower).
while True: # Moka nonb3oBaTeNb He BBeAET AONYCTWUMbIA XOA.

response = askForPlayerMove()
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terminateIfResponseIsQuit(response)
if not isValidTowerlLetters(response):
continue # CHOBa 3anpocuTb X044 Yy nosb3oBaTensd.

# Wcnonb3oBaTb 6onee copepxaTesibHble UMEHa MepeMeHHbIX
fromTower, toTower = response[@], response[1l]

if towerWithNoDisksSelected(towers, fromTower):
continue # CHoBa 3anpocuTb XoA4 Yy MnoJib3oBaTens.

elif len(towers[toTower]) ==
# NwboM AMCK MOXHO MepemMecTUTb Ha MycTyw bGawHw "to":
return fromTower, toTower

elif largerDiskIsOnSmallerDisk(towers, fromTower, toTower):
continue # CHoBa 3anpocuTb XOA Yy Mnofib3oBaTenA.

else:
# Xop npoBepeH, BepHyTb BblbpaHHble 6alHK:
return fromTower, toTower

def askForPlayerMove():
"""BbigaeT 3anpoc U BoO3BpalaeT BblbpaHHble GawWHK.
print('Enter the letters of "from" and "to" towers, or QUIT.')
print("(e.g. AB to moves a disk from tower A to tower B.)")
print()
return input("> ").upper().strip()

def terminateIfResponseIsQuit(response):
"""3aBepwnTb nporpammy, ecnu BBegeH oTBeT 'QUIT

if response == "QUIT":
print("Thanks for playing!")
sys.exit()

def isValidTowerLetters(towerLetters):
"""Bo3BpawaeT True, ecnu 3HayeHue " towerLetters”™ ponycTtumo.
if towerLetters not in ("AB", "AC", "BA", "BC", "CA", "CB"):
print("Enter one of AB, AC, BA, BC, CA, or CB.")
return False
return True

def towerWithNoDisksSelected(towers, selectedTower):
"""Bo3BpawaeT True, ecau " selectedTower™ He comepxuT AUCKOB.
if len(towers[selectedTower]) == 0:
print("You selected a tower with no disks.")
return True
return False

def largerDiskIsOnSmallerDisk(towers, fromTower, toTower):
"""Bo3BpawaeT True, ecau 6onbWMiA AUCK NepekNaablBaeTCA Ha MEHbLMWN.
if towers[toTower][-1] < towers[fromTower][-1]:
print("Can't put larger disks on top of smaller ones.")
return True
return False
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Ity mecTh GYHKIUH 3aHUMAIOT 56 CTPOK, IOYTU BABOE GOJIbIIE, YeM Y MCXOAHOMN
BEPCUH, HO JIeJIAI0T OHU TO JKe camoe. XOTs Kax/1yIo (DYHKIMIO [IPOIIe IOHATD, YeM HC-
XOHYIO (DYHKITHIO getPlayerMove (), TPYTIMUPOBKA 3TUX (DYHKITUI TPUBOUT K BO3pac-
TAHUIO CJIOKHOCTU. UnTaTe ISIM Balllero Kojia TPYIHO ITOHATH, KaK B3aUMO/ICHCTBYIOT BCe
atu dyuknnn. OyHKIus getPlayerMove () — eINHCTBEHHAST, KOTOPAsI BHI3BIBAECTCS U3
JIPYTHUX YacTeil TPOrPaMMbL; OCTAIbHBIE AT (DYHKITUI BBI3BIBAIOTCS TOJHKO OJIMH Pa3
us getPlayerMove (). OgHako 60JIbIIOE KOTMYECTBO (DYHKIUI He MOSCHSET 9TOT (DAKT.

MHe TakKe MPUILIOCh W300peTaTh HOBbIe nMeHa U doc-CTPOKU (CTPOKU B TPOMHBIX
KaBbIUKaX I10J] KasK 101 KoMaH01i def, Gosee mogpoOHO OHM OIMCaHbl B ri1aBe 11) ams
KaKI0i1 HOBOH (PYHKITUN. ITO MPUBOJNT K MOSIBIEHUIO (PYHKIIUHA C TTOXOKUMH NMe-
HaMU — Hanpumep, getPlayerMove() u askForPlayerMove(). Kpome Toro, hyHKITHS
getPlayerMove() Bce paBHO JJIMHHEE TPEX-YEThIPEX CTPOK, M €CJIM OBl s CJel0BaJ
MPUHITAITY <Y€M KOPOUE, TEM JIYUIIe», e TTPUIILIOCH OBl €1e «M3METbYNTh» |

B nmammom ciydae moJMTHKA UCHOIb30BAHUS CAMBIX KOPOTKUX (DYHKITUI IIPUBEJIA K OTIpe-
neseHuio GoJee IPOCTHIX (hYHKITHI, HO 06IIast CJIOKHOCTD ITPOTPAMMbI 3AaMETHO BO3POCJIA.
Ha moit B3z, B uease GyHKINN TOJLKHBI OBITH KOpoue 30 CTPOK U HI B KOEM CIIydae
He aumaHee 200 crpok. [lemaiite cBon hyHKIINKM KOPOTKUMU B TIpeieiaX pa3yMHOTO.

NMapameTpbl U aprymeHTbl PyHKLUHA

[TapameTpbl GYHKIIK IPEACTABIIAIOT cOO0I IMEHA IIEPEMEHHBIX, 3aKII0UYEHHBIE B KPYT-
Jible CKOOKH B KoMatie def 9T0ii (QyHKIMM, TOr/a KaK apryMeHTaMK Ha3blBaOTCS 3HAYe-
HUS, YKa3aHHbBIE B KPYTJIBIX CKOOKaxX Mpu BbI3oBe (yHKINU. YeM 6oJIblie mapaMeTpoB
y GyHKIMH, TeM 00JIbllle BO3MOKHOCTEl /I HACTPOMKK 1 0600imenus ee koga. Ho
yBeJIMYeHne KOJIMYecTBa TapaMeTPOB TaksKe 03HAYAET TIOBBITIIEHNE CJIOKHOCTH.

[Ipensoxy xopotiee MpaBuo: OT HyJS 10 TPEX MapaMeTpPoB — 3TO HOPMaJIbHO, HO
GOJIBITIE TIATH WU MIECTH, TOKATYH, CIMITKOM MHOTO. Ecoi (hyHKITMHU CTAHOBSITCS OYeHb
CJIOKHBIMU, JIyUIle PACCMOTPETh BO3MOKHOCTh UX PasOMEHNUsST Ha MEHBIIHE (QYHKI[UH
€ MEHBIIUM KOJIMYECTBOM TTAPAMETPOB.

AprymeHTbi mo ymonyanuio

Opus 13 c11oco60B COKPAIIEHIS CJI0KHOCTH AapaMeTpoB (DYHKIIUIT 3aKIH0YAETCs B OIIpe-
JIeJIEHUH aPTYMEHTOB 10 YMOJTYAHUIO JIJIST TIAPAMETPOB. Apeymenm no ymoruanuio nupej-
cTaBJjisieT coboii 3HaUeHKe, KOTOPoe OYAeT MCIIOIb30BAThC KAaK apIyMEeHT, eCJI OH He
yKasaH IBHO IIPU BbI30Be (YHKIH. Ecyin ipu GOJIbIIMHCTBE BBI3OBOB (OYHKIIHI HCIIOJIb-
3yeTCsi KOHKPETHOE 3HAYEeHUE TAPaMeTPa, TO ITO 3HAYEHUIE MOJKHO CIIEJIATh APIYMEHTOM
10 YMOJTYAHMIO, YTOOBI €T0 He IPUXOAMIOCh MHOTOKPATHO YKa3bIBaTh IIPU BBI30BE. Ap-
TYMEHT TI0 YMOJIYaHUIO 33/Ia€TCST B KOMaH ie def, 3a HUM CJlelyeT UM [TapaMeTpa 1 3HaK
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paBencTBa. Hanpumep, B ¢pyHkiuu introduction() mapamerpy ¢ umeHnem greeting
IpucBauBaeTcsd 3HaueHue ‘Hello', ecyid OHO He 3a/1aeTcs 1P BbI3oBe (DYyHKINHU:

>>> def introduction(name, greeting='Hello'):

print(greeting + ', ' + name)
>>> introduction('Alice")
Hello, Alice
>>> introduction('Hiro', 'Ohiyo gozaimasu')
Ohiyo gozaimasu, Hiro

Korna dynkuus introduction() BbI3biBaeTcst 6€3 BTOPOrO apryMeHTa, M0 YMOTYaHIIO
MCITOJTh3yeTcst cTpoka 'Hello'. YUTuTe, YTO MapaMeTphl C ApTyMEHTAMU 110 YMOJTYaHUT0
BCET/IA TOJUKHBI CJIEIOBATH TTOCTIE TAPAMETPOB O€3 APTyMEHTOB MO YMOTIAHHIO.

BcrioMHuTE, 0 UeM MbI TOBOPHJIN B IJIaBe 8: n3MeHsieMble 00bEKThI (TaKue Kak MyCcToi
CIIUCOK [ ] WJIU TyCTOU CI0Baph { } ) HUKOT/Ia He CJIeIyeT UCTI0Ih30BaTh B KauecTBE 3HA-
yeHus 1o ymosdanuio. B nogpasznene «He ucnonb3yiite nusmensieMble 3HaYeHUS 1
apryMeHTOB 110 YMOJYAHUIO», €. 174, 00bsicHsaeTCs IpobIeMa, KOTOPast MOKET IIPU 9TOM
BO3HUKHYTb, ¥ CIIOCOOBI €€ PEIEHUSI.

Hcnonb3osanne * n ** gns nepeaaymn aprymentos QpyHKunm

Bbl MoskeTe MCIIONIB30BAaTh CUHTAKCUCDHL * 1 ** J1d pa3/iesIbHON 1epesiaun IpyIl ap-
rymMeHTOB (pyHKIMsIM. CUHTaKCHC * TIO3BOJISIET MePeiaTh 3JIEMEHTBI UTEPUPYEMOTO
00bekTa (TaKOTO KaK CIUCOK Uin KopTek ). CUHTAKCUC ** [T03BOJISIET HIePeIaBaTh Maphl
«KJII0Y — 3HAYEHUE» U3 00beKTa 0TOOpaskeHust (HampuMep, CJI0Bapsi) Kak OT/AeHbHbIC
apryMEHTHI.

Harnpumep, dpynkims print () MoxeT nosy4aTb HeCKOJIBKO apryMeHnToB. [1o ymonuanuio
TIPH BBIBOJIE APTYMEHTBI PA3/IesISIIOTCST TIPOOETaMI:

>>> print('cat', 'dog', 'moose')
cat dog moose

ITU apryMeHTbl Ha3bIBAIOTCA nosunuonnuimu (positional arguments), moromy uto ux
HO3UIIUS B BbI30BE (DYHKIIUN OIPEIEIsieT, KAKOW apryMeHT JA0JKeH ObITh IPUCBOEH TOMY
nim nHoMy iapameTpy. Ho eciit coxpanuTh 3TH CTPOKHU B CITUCKE 1 TTOTIBITATHCS TIEPeiaTh
CIUCOK, (DYHKIHS print () PEIuT, 9TO BbI XOTUTE TIepe/iaTh CTUCOK KaK OTHO 3HAYCHME:

>>> args = ['cat', 'dog', 'moose']
>>> print(args)
['cat', 'dog', 'moose']

ITpu nepesiaye crimcka GyHKIWS print () BBIBOAUT CIIUCOK, BKJIIOYAst KBaJ[PaTHBIE CKOOKH,
KaBbIUKH U 3alLSThIC.
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B oznnom 13 c110co00B BbIBOIA OTAEIbHBIX 9JIEMEHTOB IIPU BbI30BE YKA3bIBAETCS NHIEKC
KaxX7oTo 3jieMenTa. Takoil Koj XysKe YuTaeTcs:

>>> # [lpumep NIOXO 4UTaemMoro Kopa:
>>> args = ['cat', 'dog', 'moose’]
>>> print(args[0@], args[1], args[2])
cat dog moose

Ho cymectByet GoJiee IpocToit criocob mepenaun 3Hadennii print (). Cunrakcuc *
MOJKHO MCIOJIb30BATh JIJIst MHTEPIPETAIMU IEMEHTOB CIiucKa (M Jio6oro apyroro
WUTEPUPYEMOro THIA JJAHHBIX) KaK OT/EJbHBIX TTO3UIIMOHHBIX apryMeHTOB. BBeauTe
CJIeIY 0TI IPUMEDP B UHTEPAKTUBHON 000T0UKE:

>>> args = ['cat', 'dog', 'moose']
>>> print(*args)
cat dog moose

CuHTaKCHC * TO3BOJISIET nepeaaTrb (byHKLH/H/I JJIEMCHTDI CITUCKa I10 OTAC/JIbHOCTH, CKOJIbKO
OBl 2JIEMEHTOB HU CO/IEPIKaJl CIIMCOK.

CHHTaKCHUC ** UCIIOJIb3YETCST LIS TIePelauil TUIIOB IAHHBIX 0TOOpaskeHNi (Harpumep,
cyioBapeil) Kak Habopa KJIF0UeBbIX apryMeHTOB. I1pu repeaue KIoyeBoro apryMeHTa yKa-
3bIBAETCS] NMSI TTApaMeTPa, 32 KOTOPBIM CJIEyeT 3HaK paBeHcTBa. Harpumep, y hyHKIINN
print() uMeeTcs KJI0YeBOM apTyMEHT sep, KOTOPBIN OTIPE/IEISIET CTPOKY, PA3/IeIS 0Ny 0
apryMeHTBI IPY BbIBoE. 110 yMOIYaHUIO KCIOJIb3YETCS CTPOKA U3 OAHOrO 1pobena *
KiroueBomy aprymMeHTy MOKHO TIPUCBOUTH JIPYTOE 3HAYEHNE KOMAH IO MTPUCBANBAHNS
WJIM CUHTAKCUCOM **, UTOOBI IIOHATH, KaK pab0TaeT 9TOT CUHTAKCHUC, BBEUTE CIIEAYIOMINI
(dbparMeHT B MHTEPaKTUBHON 060JI0YKE:

>>> print(‘cat', 'dog', 'moose', sep='-"')
cat-dog-moose
>>> kwargsForPrint = {'sep': '-'}

>>> print(‘cat', 'dog', 'moose', **kwargsForPrint)
cat-dog-moose

OG6paTrte BHUMaHUE: 3TH HHCTPYKITUI TEHEPUPYIOT OJMHAKOBBII BHIBO/I. B mpumepe st
cosfianust cJIoBapst kwargsForPrint HCIIO/IB3yeTCsT TOIBKO OfHa cTpoka koga. Ho B GoJtee
CJIOKHBIX CIIEHAPUSIX CO3JaHUe CJIOBaPsT KJIUYEBBIX apTyMEHTOB TOTpeOyeT GOJIbIIero
oObeMa kojta. CHHTAKCHC ** MTO3BOJISIET CO3/IaTh ClIEIMaIM3UPOBAaHHbII CI0Baph ¢ Ha-
CTpoOiKamM¥u KOH(MUTYpaIny, KOTOPbIe OJKHBI TIepe/laBaThCs MPU BBI30BE (PYHKITUN.
JlaHHas BO3BMOXKHOCTh 0COOEHHO T10JIe3Ha /i1 QYHKIIMIA U METOAOB ¢ GOJIBIINM KOJIU-
YECTBOM KJTIOUEBBIX aPTyMEHTOB.

WameHss crimcok nin CJIOBapb BO Bp€M: BbIIIOJTHEHHW A, MOYKHO II€peaBaThb IIPHU BbI3OBE
(byHKHI/II/I Pa3HOE KOJIMYECTBO apryMEeHTOB C NCITOJIb30BAHUEM CMHTAKCHCOB ¥ oRx,
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Hcnonbsosanne * npn cospannn Bapnagnyecknx GyHKumii

CHHTAKCHUC * TaKyKe MOYKET UCITOJIb30BAThCA B KOMaH/[axX def /I CO3/[aHnd 6apua8uuecch
(variadic, wiu varargs) byHKIHIA, OTyYAIOIIX TIEPEMEHHOE KOJIMYECTBO TIO3UIIUOHHBIX
aprymenToB. Hampumep, hyHKIUS print() sSBJSETCS BapuaJndecKoii, TOTOMY UTO ei
MOJKHO TIepe/iaTh JI000e KOJIMYeCTBO CTPOK, HaripuMep print('Hello!') wim print('My
name is', name). OGparuTe BHUMAHUE: €CJIU B TPEABIAYINEM Pas/esie CHHTAKCUC * HC-
TIOJTH30BAJICS ITPU BbI30Be (DYHKIIUIA, 3/IeCh MBI €T0 UCTIOJIBb3YEM B OITPEIeIEHISIX (DY HKITHIA.

Paccmotpum npumep: hyHk1us product () IoJrydaeT IIPOM3BOJIbHOE KOJUYECTBO apry-
MEHTOB U TIEPEMHOKAET UX:

>>> def product(*args):
result = 1
for num in args:
result *= num
return result

>>> product(3, 3)

9

>>> product(2, 1, 2, 3)
12

Buyrtpu dyHkImn args — 06b1unbIil Kopresk Python, cogepskamuii Bce MO3UIIMOHHbBIE
aprymeHTbl. C TeXHITYECKOI TOUKN 3PEHUST MOKHO TIPHCBOUTH MapaMeTpy JIoboe 1M,
IIPH YCJIOBUH, YTO OHO HAUMHAETCSI CO 3BE3/I0UKH (*), HO CPe/v IIPOTPaMMUCTOB ITPUHSTO
HCIIOJTb30BATh NMH args.

Bompoc 0 ToM, B KaKHX CJlydasxX CTOUT UCIIOJIb30BaTh *, He Tak pocT. Beab ansrepna-
THUBOI BapuaJnyecKoil GyHKIMN CTAHOBUTCS CO3/[aHUe OTHOTO IIapaMeTpa, B KOTOPBII
nepesiaeTcst CIUCOoK (MU APYTOi NTEPUPYEMBbI THTI IAHHBIX ) C TIepEMEHHBIM KOJTIIe-
CTBOM 3JIEMEHTOB. DTOT CITOCOD UCTTIOTB3YETCST BCTPOEHHON (hyHKITIeN sum():

>>> sum([2, 1, 2, 3])
8

Oyukiust sum() 0XKUAAET TOJYIUTh OJUH UTEPUPYEMBIN APIyMEHT, U TIPU MOTIbITKE
nepesaTh HeCKOJIbKO apIYMEHTOB BBIIAETCS NCKIIOUEHIIE:

>>> sum(2, 1, 2, 3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: sum() takes at most 2 arguments (4 given)

C apyroii cTOpoHbI, BCTpoeHHble (DYHKIMKA min() 1 max (), Ompeessionine MUTHUMYM
1 MAaKCUMYM CpeIy HECKOJIBKUX 3HAUCHUH, TTOTyJaioT OJINH UTEPUPYEMBINT apTyMEHT
MJIN HECKOJIbKO PA3HbIX aPTYMEHTOB!
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>>> min([2, 1, 3, 5, 8])
1

>>> min(2, 1, 3, 5, 8)
1

>>> max([2, 1, 3, 5, 8])
8

>>> max(2, 1, 3, 5, 8)

8

Bce atu hyHKITUN TOMYYAOT TIepeMEHHOE KOJTMYECTBO aPTYMEHTOB, TaK MOUEMY Ke
WX MapaMeTphl yCTPOEHBI TTo-pazHomy? UM korna hyHKINS JOJSKHA TOJXYYaTh OJUH
UTEPUPYEMBIH apTyMEHT, a KOT/Ia — HECKOJIBKO PAa3HBIX ADTYMEHTOB € UCTIOJIB30BAHNEM
CUHTaKcHuca *?

Boripoc o cTpykType napaMeTpoB 3aBUCHUT OT BallliX HAMEPEHU OTHOCUTEJILHO TOTO, KaK
OyJet ucrosb3oBarhest Bail ko, DyHKIMs print () MoTydaeT HECKOJIBKO apryMEHTOB,
MOTOMY YTO IMPOTPAMMHUCTBI YaCTO MEPENAT0T HECKOJIBKO CTPOK WM TIePEMEHHBIX, CO-
JEPIKATIIX CTPOKH, — HApuMep, print('My name is', name). BapuanT c o6beuHeHEM
3TUX CTPOK B CIIUCOK U MOCJEAYIONIEH nepeiadeil cimcka print() BeTpeyaeTcs pesxe.
Kpowme Toro, ecaiu iepesiath print () criucok, GyHKIUS BBIBEJET €TI0 MOJHOCTHIO; OHA HE
MOJKET UCIIOJIb30BATHCS JIJISI BBIBOJIA OT/IEJTbHBIX 3HAYCHWH 13 CITUCKA.

Bbi30B sum() ¢ pasHbIMHU apryMeHTaMH He UMEET CMbICJa, moTomMy 4to B Python st
3TOTO Y’Ke eCTh oneparop +. Tak Kak Bbl MOKETe HAIMCATh KOJ BU/JA 2 + 4 + 8, BaM He
HoHaK00MTCst KOz sum(2, 4, 8). JIOrm4yHO, 4TO IIePEMEHHOE YMCJIO APIYMEHTOB B sum()
MOJKET IePeaBaThCA TOJIBKO B BUJIE CIIUCKA.

Dyuxrmm min() umax () TOAIEPKUBAIOT 06a ctuig. Ecim IIPOrPaMMUCT IIePeSAET OUH
apryMeHT, TO (OYHKITNS TTPEATIOIaraeT, YTO 9TO CIIMCOK MU KOPTEXK C MTPOBEPSIEMBIMU
3HAYEHUAMM. JTH ABe QYHKIMKU 00BIYHO 00pabaThIBAIOT CIIMCKU 3HAUYEHUIT BO BPEMSI
BBITTOJTHEHUS TIPOTPAMMBI, KaK 1pu BbI3oBe pyHKIUM min(allExpenses). VIm takke
MMPpUXOANTCA UMETDH J1eJI0 C Ha60paMI/I OTZIEJIbHBIX apPTYMEHTOB, Bbl6paHHI>IX Iporpam-
MUCTOM BO BpeMs HamMCcaHUs KoJa — Hampumep, max (@, someNumber). I13-3a aToTro
(DYHKIIMN HAIIKCAHBI TaK, YTOOBI OHY HOAAEPKUBAIN 00€ PAZHOBUIHOCTH apryMEHTOB.
Cuenyiomas GyHKIMA myMinFunction() — Mos cobcTBeHHas peamsanus GyHKINN
min() — JeMOHCTPUPYET 06€ BO3MOKHOCTH:

def myMinFunction(*args):
if len(args) == 1:

values = args[0] o
else:
values = args (2}

if len(values) ==
raise ValueError('myMinFunction() args is an empty sequence') (©)

for i, value in enumerate(values): (4]
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if i == @ or value < smallestValue:
smallestValue = value
return smallestValue

myMinFunction() MCIIOIb3yeT CUHTAKCUC * JIJIs [TOJIyYeHUsl IIePeMEeHHOr0 KoJinyecTBa
apryMeHTOB B BHUJIe KOPTeska. Ecyi KOPTesk COepsKUT TOTBKO OIHO 3HAYeHUe, TIPe/IIo-
JlaraeTcs, 9To 3TO MOCJeI0BATeTbHOCTD MTPOBEPsieMbIX 3HaYeHN! @. B mpoTuBHOM CJ1y-
Yae TMPEAONIATAETCS, YTO args COAEPIKUT KOPTEK POBEPSIEMbIX 3HaueHnit @. B mobom
caiyvae iepeMeHHast values Oy/IeT CoJiepsKaTh MOCAE[0BATEIbHOCTD 3HAYECHU N, KOTOPBIE
MPOBEPSIOTCS B OCTaTbHOIM YacTu Koza. Kak u peanbHasg (ynxiusa min(), yHrims
BbIJIaeT UCKJII0YeHne ValueError, €Cc/id BBI3bIBAIONIAS CTOPOHA He Iepefata HUKaAKUX
apryMeHTOB WJIM Ilepejiajia IIyCTyIO HocjeoBaTeIbHOCTh ©. OcTajibHasd 4acTb Koja
nepebrpaeT 3Ha4EHUsT M BO3BpalllaeT HauMeHblilee U3 HaiiieHHbIX 3HaueHnii @. YToObl He
YCIOKHATD IpUMeEP, myMinFunction() mpuHUMAaET TOJBKO TAKWE ITOCIEA0BATEIbHOCTH,
KaK CIIUCKH WJIA KOPTEKU (BMECTO TIPOM3BOJBHOTO UTEPUPYEMOTO 00BEKTA).

[Touemy ske MBI He Beerzia TrTeM (hyHKITNH Tak, UTOOBI OHU MOAAEPKUBAIHN 062 crtocoda
Tepeiayr MepeMenHoro KoJMyecTBa apryMenTos? [loTomMy 4To Jrydine [eiaTh Baiim
byHKIMM KaK MOXKHO Tpotte. Ecii Toibko 06a crnocoba Bbi30Ba He UCHOIB3YIOTCSI
OJIHAKOBO YacTo, BhOepuTe oan n3 Hux. Korza GpyHKIms nmeer 1e10 co CTpyKTypoOii
JIAHHBIX, CO3/IaBAEMOIT BO BpeMst pabOTHI IPOrPAMMBI, TO JIy4Ilie, YTOObI OHA TIPUHUMA-
JIa OJIMH MapaMeTp. A Korjia — ¢ apryMeHTaMu, KOTOPbIE 33/Ial0TCSI IIPOTPAMMUCTOM BO
BPEMsI HAMTMCAHUS KOJIA, CTOMT UCIIOJIB30BATh CHHTAKCUC * JIJIsI TI0JTY YeHHsT TIEPEMEHHOTO
KOJIMYECTBA APTyMEHTOB.

Hcnonbsosanne ** npu co3gannm Bapuagnyecknx QyHkumii

Bapuannyeckue GyHKIIUN MOTYT TakKe UCIIOJIb30BATh CUHTAKCUC **. U ecsim cuHTAK-
CHC * B KOMaHIax def IIpeICTaBIIAECT IEPEMEHHOE KOTNMYECTBO MTO3UIMOHHBIX apTyMeEH-
TOB, CHHTAKCHC ** TIPEJICTABJISIET TIEPEMEHHOE KOJIMYECTBO HEOOSI3aTEIbHBIX KJIIOUEBBIX
apryMEeHTOB.

Korza BbI onipeiesine QyHKIIIO, KOTOPast MOJIyYaeT YiCI0BbIe HeoOsI3aTe IbHbIE KIII0Ye-
Bbl€ apIyMEHTHI 6e3 CUHTaKcKca ¥, Bama KoManaa def GbICTPO yCa0KHUTC. BosbMem
rurnoreTndeckyio yukimio formMolecule (), KOTOpas MOJydyaeT mapaMeTpbl JJis1 BCeX
118 n3BeCTHBIX XUMUYECKUX 2JIEMEHTOB:

>>> def formMolecule(hydrogen, helium, lithium, beryllium, boron, --snip--

[TepenaBath 3HAUEHME 2 /17151 TapaMmeTpa hydrogen u 1 /1715 TapaMeTpa oxygen (MoJIeKyJia
BOJIbI COCTOUT U3 2 aTOMOB BoZIopo/a 1 1 aToma Kucaopoaa) ObL10 66 FPOMO3IKO U He-
yI0OHO, IIOTOMY YTO JIJISI BCEX OCTaIbHbBIX 3JIEMEHTOB IIPUILIOCH OBl IepeaBaTh HyJIM:

>>> formMolecule(2, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, @, O, O --snip--
'water’
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Yr0o6n1 pynkuusa 6eina 6omaee yano0HONH, MOKHO BOCIOIb30BATHCA UMEHOBAHHBIMU
KJIFOUEBBIMU MapaMeTPaMU, KaKIOMY U3 KOTOPBIX Ha3HAUEH apTYMEHT 110 YMOJTYAHHIO,
9TO N36ABIISAET BAC OT HEOOXOANMOCTH TTePeNaBaTh APTYMEHT JIJIST HTOTO MapaMeTpa IpH
BBI30BE (DYHKITHH.

NMPUMEYAHMUE

XoTs TEpMMHBI «QPTYMEHT» U «MIAPAMETP» YETKO ONpPefesNeHbl, MPOrPAMMMCTbI YOCTO UCMOSb-
3YIOT TEPMMHbI KITIOUYEBOM APTYMEHT» U «KIOUYEBOM NMAPAMETP» KAK CUHOHMMBbI.

Hanpumep, cienyionias koMan/ia def HazHayaeT apryMeHTb [10 YMOJTYaHUIO O J1J1sT KaxK-
ZIOTO U3 KJIIOUEBBIX TaPaMEeTPOB:

>>> def formMolecule(hydrogen=0, helium=0, lithium=0, beryllium=0, --snip--

ITO yIponiaetr Bbi30B formMolecule(), MOTOMY YTO BaM JOCTATOYHO JIMIIb 33/1aTh ap-
TYMEHTBI 71 ITapaMeTPOB CO 3HAYEHUAMU, OTJINYHBIMI OT apTYMEHTOB IT0 YMOTYAHUIO.
Kpome Toro, KioueBbie apryMeHThl MOJKHO 33/[aBaTh B JTIOGOM TIOPSTIKE:

>>> formMolecule(hydrogen=2, oxygen=1)

'water’

>>> formMolecule(oxygen=1, hydrogen=2)

'water'

>>> formMolecule(carbon=8, hydrogen=10, nitrogen=4, oxygen=2)
‘caffeine’

Opnnako ocraetcst rpomMo3zikag komanza def ¢ 118 nmenamu mapameTpoB. A ecsu BApyT
GyyT OTKPBITH HOBBIE XUMUUECKHE djieMeHTh? [Ipuercst oGHOBIATh KoMaHLy def
(byHKIIIY cO BCelt OKyMeHTAIIMel, OTHOCSIIEHCs K mapaMeTpaM (DyHKITIH.

BMmecTo 3TOro MOKHO OOBEIUHUTD BCE TIApaMEeTPhl ¢ UX apTyMEHTAMHU B BUJE Hap
<KJII0Y — 3HaYCHUe» B CJIOBAPE C UCIIOIb30BAaHUEM CUHTAKCHCA ** 71 KJIIOYEeBBIX ap-
ryMeHTOB. C TEXHUYECKON TOUKH 3PEHUST MOKHO TIPHCBOUTD MAPaMeTPy ** oboe nuMs,
HO Y TIPOTPAMMUCTOB ITPUHATO UCHOJB30BATh UM Kwargs:

>>> def formMolecules(**kwargs):
if len(kwargs) == 2 and kwargs['hydrogen'] == 2 and
kwargs[ 'oxygen'] == 1:
return 'water’
v # (... ocTanbHOW KoA QyHKUMM ...)

>>> formMolecules(hydrogen=2, oxygen=1)
'water'

Cunrakcuc ** 1okasblBaeT, UTO HapameTp kwargs MOKeT MCII0Jb30BaThCs /ISl BCEX
apTYMEHTOB «KJII0Y — 3HAYCHUE», TIEPEIaHHbIX TPU Bbi3oBe hyHkiu. Ouu 6yayT Xpa-
HUTBCS B BUJIE TIAP <KJII0Y — 3HAUYEHUE» B CJIOBApe, IPUCBOCHHOM TIapaMeTpy kwargs.
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ITpu oOHApY KEHUH HOBBIX XUMUYECKUX 3JIEMEHTOB JI0CTATOYHO OOHOBUTH KO/ (DYHKITUH,
HO He ee KOMaH/ly def, TOTOMY UTO BCe KJIIOUEBbIe apIyMEHTBI TOMEIIEeHbI B kwargs:

>>> def formMolecules(**kwargs): (1
if len(kwargs) == 1 and kwargs.get('unobtanium') == 12: @
return 'aether'
vee # (... ocTanbHOW KoA QyHKUMM ...)

>>> formMolecules(unobtanium=12)
‘aether’

Kaxk Businte, kKoMaH/1a def @ octajiach HEM3MEHHOU U B OOHOBJICHUHU HY/KIA€TCSI TOJBKO
Ko/ pyukiuy @. I1pu ncnosb3oBaHuy CHHTAKCHCA ** KoMan/ia def U BbI30BbI (DYHKITUI
3HAYUTEJIBHO YIIPOIIAIOTC, a KO/ BCe ellle HOPMAJIbHO YUTAETCH.

Hcnonbsosanne * u ** pns cosganns Pynkumii-obeprox

CHHTaKCHCBI * 1 ** B KOMaH/aX def 4acTo MCIIOIb3YIOTCS JIs1 CO3/IaHust (DYHKIMI-00ep-
TOK, KOTOPBIE TIEPE/IAl0T apPIYMEHTHI JIPYToil (DyHKIIMY 1 BO3BPAIAIOT BO3BPaIaeMoe
3HaUeHue 9TON (I)yHKL[I/II/I. Bol MoskeTe UCIoIb30BaTh CUHTAKCUCHI * U ** 1714 11epeiayu
JIOOBIX apryMeHTOB (DYHKIUHU, CKPbITOI 32 06epTKoil. Hampumep, MOKHO cO31aTh
(dbyHKIMIO printLowercase (), KOTOpas SBJISIETCS 00EPTKOM [JIst BCTPOECHHON (DyHKITUI
print(). Bea peanbras paGora BbinosHsieTcst GyHKIUe print(), a obepTka cHavaja
MePEBOJIUT CTPOKOBbIE APTYMEHTHI B HUKHUN PETUCTP:

>>> def printLower(*args, **kwargs): (1
args = list(args) (2
for i, value in enumerate(args):

args[i] = str(value).lower()
return print(*args, **kwargs) ©

>>> name = 'Albert’

>>> printLower('Hello, ', name)

hello, albert

>>> printLower('DOG', 'CAT', 'MOOSE', sep=', ')
dog, cat, moose

ODyukiws printLower () @ UCITOIB3YET CHHTAKCHC * JIJIsT TIOJTYYEHUST TEPEMEHHOTO KOJIH-
YecTBa IMO3UIMOHHBIX apryMEHTOB B KOPTEKe, IPUCBOCHHOM ITapaMeTpy args, Tora Kak
CUHTAKCHUC ** IIpUCBaNBaeT BCe KJIOYEBbIE APIYMEHTBI CJIOBAPIO U3 I1apaMerpa kwargs.
Ecnu dyukius ucrosb3yer *args BMecTe ¢ **kwargs, napameTp *args JI0JUKeH Tpe/l-
IIecTBOBaTh MapaMmeTpy **kwargs. Oun nepemarotcst pyHKINM print (), 3aKIIOUEHHON
B 06epPTKY, HO CHayasia Haila QYHKIIMS U3MEHsIeT HEKOTOPbIe apIyMEHTbI, II09TOMY MbI
CO3/IaeM CITUCKOBYIO (hopMy KopTexa args @.

[Tocsie ipeobpasoBaHust CTPOK B args K HUKHEMY PErMCTPY 3JIEMEHTBI args U Mapbl
«KJTI0Y — 3HAUEHWEe» B kwargs IepeaioTcsi Kak OT/eIbHbIe apryMeHTbI (DyHKITH print ()
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C WCIMOJb30BAaHNEM CUHTAKCUCOB * n ** @, Bo3Bpamiaemoe 3HaUeHUE print() Takxke
BO3BpallaeTcs Kak Bo3BpalilaeMoe 3HaueHue printLower (). Takum oOpa3oM cosmaercst
obepTKa 11t GYHKIMU print ().

®PyHKUMOHANBbHOE NPOrPAMMUPOBAHUE

DyHKITMOHATHLHOE TTPOTPAMMUPOBAHTE — MAPAJANTMA TIPOTPAMMUPOBAHYLS, YEISAIONAT
ocoboe BHUMaHWE HAMCAHWIO (DYHKITU, KOTOPBIE BBITTOJHSOT BHIYNCICHIS €3 13-
MEHEHUsI TII00aTbHBIX TIEPEMEHHBIX U KAKOro-1nbo BHEIHero coctostuus (aiinos
Ha JKECTKOM [IMCKE, MOAKIIOYEHIH K MHTEPHETY Uin 6a3 MaHHbIX ). HekoTopblie A3biKu
nporpamMmupoBaHust — Takue kak Erlang, Lisp u Haskell — B sHaumnrensHol Mepe 11po-
eKTUPOBAJIUCH HA OCHOBE KOHIENTHI (PYHKIIMOHAIBHOTO TIPOTpaMMUpoBanus. 1 xorst
s13bIK Python e mpukoBaH HAMEPTBO K ATOH TapaurMe, B HEM PEaT30BaHbl HEKOTOPBIE
cpenctBa (GYHKIIMOHAIBHOTO TIPOrPaMMIPOBaHust, [JTaBHBIE U3 HUX, KOTOPBIE MOTYT HC-
MOJIb30BaThCs B IporpamMmax Python, — dyukimm, cBo6osiHbie 0T 1060YHBIX 3 HEKTOB,
(YHKITUH BBICIIETO TIOPSIKA U JIAMO/1a-(DyHKITHL.

Moboynbie 3ppexTsi

K no6outbiM ahderram 0OTHOCSTCS JTI0ObIe MI3MEHEHNUsT, BHOCUMbIe (DYHKI[HEN B 4acTu
TIPOTPAMMBI, CYITIECTBYIOIIIE 32 PAMKAMHE €€ COOCTBEHHOTO KOJIa ¥ JIOKATbHBIX TEePeMeH-
HBIX. /L7191 IeMoHcTpannm co3iainM GyHKINIO subtract (), KOTopask pealnayeT omepaTop
Beruntanust Python (-):

>>> def subtract(numberl, number2):
return numberl - number2

>>> subtract(123, 987)
-864

Ira GyHKIMA subtract() He uMeeT M10O0YHBIX ¢ dekToB. JpyruMu cioBamMu, OHa He
BJIMISIET B ITPOTPAMMe HI Ha YTO 32 IpejiesiaMu ee koza. [lo cocTossHMIo TporpaMMBbl N
KOMTIBIOTEPA HEBO3MOKHO OTIPEIENTUTD, Oblia 1 GYHKIMST subtract () paree BbI3BaHA
OJIVH Pa3, [iBa pa3a min MUJINoH pas. OyHKIUsT MOXKET U3MEHSITh JIOKAIbHbIE TIepeMeH-
Hble BHYTPU (QYHKIINU, HO 9T M3MEHEHUS OCTAIOTCS U30JIMPOBAHHBIMU OT OCTAIBHOTO
KO/Ia TPOTPaMMBL

Temneps paccmorpum dyHKIMIO addToTotal( ), KoTopas HpI/I6aBJI$IeT YUCTIOBON apTyMeHT
K TJ100a/IbHOI mmepeMeHHOH ¢ nMeHeM TOTAL:

>>> TOTAL = ©
>>> def addToTotal(amount):
global TOTAL
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TOTAL += amount
return TOTAL

>>> addToTotal(10)
10

>>> addToTotal(10)
20

>>> addToTotal(9999)
10019

>>> TOTAL

10019

Oyukiust addToTotal () uMeeT moOOUHbII ADPEKT, TOTOMY UTO OHA U3MEHSIET SJIEMEHT,
CYLIECTBYIONIMI 3a npegesaMu GyHKIMU, — r06aibHyio epeMeHHyio TOTAL. ITo-
Goutbie ahPEKTHI He OTPAHNYNBAIOTCS M3MEHEHUEM TI0OATBHBIX TIepeMeHHbIX. K HuM
OTHOCHUTCST OOHOBJICHYE WITH yaeHre (hafiyioB, BBIBOJ TEKCTA Ha HKPaH, TOIKITIOUCHUE
K Oase JaHHbIX, Ay TeHTH(UKAINS Ha CEPBEPE UK BHECEHME JTOOBIX APYTUX U3MEHEHUIT
3a nipesietamu pyHKuu. JI0O0H ¢Jiet, 0CTaBIEHHbIN BBI30BOM (DYHKIHH [TOCJIE BO3BPATa
VIIPaBJIECHUSI, SIBJISIETCST TIOOOYHBIM 3(h(HEKTOM.

K mo6ounbim achdekram Takske MOKHO OTHECTH MOANGDUKAIIIO HA MECTE M3MEHSIEMBIX
06BEKTOB, CCHIIKM HAa KOTOPBIE CYIIECTBYIOT 3a mpeaenamu ¢hyukinn. Hampumep,
caexytotas hyHKINS removelastCatFromList() U3MeHSET TMOCHEIHUH apTyMeHT
Ha MecCTe:

>>> def removelLastCatFromList(petSpecies):
if len(petSpecies) > @ and petSpecies[-1] == 'cat':
petSpecies.pop()

>>> myPets = ['dog', 'cat', 'bird', 'cat']
>>> removelLastCatFromList(myPets)

>>> myPets

['dog', 'cat', 'bird']

B arom npumepe nepemennas myPets u rapameTp petSpecies cojepskar CCbLIKU Ha
OJIVH U TOT K€ CIUCOK. JI10Oble M3MEHEHUsT Ha MECTe, BHOCHMBbIE B OOBEKT CIIUCKA BHY-
Tpu (HYHKIMHU, TakKe OyIyT CYIIeCTBOBATH 3a Tpe/iesaMu (DYHKIIUHU, BCIEICTBUE YETO
HU3MEHEHME CTAHOBUTCS TOGOYHBIM 3((HEKTOM.

C xomrernmeit mo609HBIX 3 HEKTOB CBI3aHA KOHTIETITHST 0emepMUunuposanio Qynruyuu
(deterministic function), KoTopast 111 0AHOTO Habopa apryMeHTOB BCErjla BO3BPaIaeT
OJTHO 1 TO >Ke 3HayeHue. BpizoB hyHKIMM subtract (123, 987) Bcerzia BO3BpaiaeT -864.
Berpoennast gyukius Python round() Bcera Bo3Bpaiiaer 3, eciu mepejiaTh eit apry-
MeHT 3.14. Hedemepmunuposannas ¢pynxyus (nondeterministic function) He Bcerga
BO3BPAIAET OJ[HO U TO JKe 3HAYEHHE TIPH Mepesiaue OHOTo Habopa aprymenTos. Hampu-
Mep, BbI3OB random.randint(1, 10) Bo3BpaiaeT caydaiinoe iesnoe yucyao ot 1 go 10.
Oyuknus time.time() He mMoJydaeT apryMeHTOB, HO BO3BPAIIAET Pa3Hble 3HAYEHIST
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B 3aBUCHMOCTH OT ITOKa3aHU I KOMIILIOTEPHBIX YaCOB HAa MOMEHT BbI30Ba. B ciryyae time.
time() Yachl ABIAIOTCA BHEITHUM PECYPCOM, KOTOPBIN (DaKTUYECKH MPENOCTABISCT
BXO/IHbI€ JaHHble (DYHKITIH, TAK JKe KaK 9T0 fesaeT apryment. OyHKIMM, 3aBUCSIIIIE OT
PECYpCOB, BHEIHUX 110 OTHOMIEHUO K (GYHKI[MK (BKJIOUast rI00aIbHbIE TIePEMEHHDIE,
(alisrbl Ha KeCTKOM JIUCKe, 6a3bl TAHHBIX U MOAKIOUCHUST K HHTEPHETY ), HE CYUTAIOTCSI
JIeTePMUHUPOBAHHBIM.

O/1HO U3 TTIPEUMYIIECTB I TEPMUHUPOBAHHBIX (DYHKITUI — BO3MOKHOCTD KATITUPOBAHUA
ux 3HaueHnil. HeT HeOGXOMMOCTH BBI3bIBATh subtract () st BRIYUCJICHUST PA3HOCTH
123 u 987 GoJiee OJJHOTO Pasa, eciu (HYHKIIMS MOKET 3allOMHUTH BO3BPAIaeMOe 3Haue-
HUE TIPY TIEPBOM BBI30BE C 9TUMU apryMeHTaMu. TakuM 06pasoM, 1eTePMUHIPOBAHHBIE
(DYHKIMK MTO3BOJISIIOT BBIOPATh KOMIPOMKCC MEXK/Y 3aTpaTaMy MaMsITH ¥ 3aTpaTaMu
BpeMEeHHU, YCKOPs BbloJHeHre PYHKIUHU 32 CUeT UCIIOIb30BAHMS IIaMATH JUJIsI KOIIHU-
POBaHUS NMPEABIAYIINX PE3YIbTaTOB.

IertepmunupoBannas GyHKIs, cBOOOIHAS OT TOGOUHBIX 9(h(HEKTOB, HA3BIBAETCS
yucmotl ynuxyued. OyHKINOHATHHBIE TIPOTPAMMIICTBI CTAPAIOTCS CO3/[aBaTh B CBOUX
IIporpamMmax ToJIbKO YucTble (YHKIMU. B fo1o/Henme K y»ke yIIOMUHABIINMCS YUCTbIE
(byHKIIMM UMEIOT creyiole IPeuMylecTBa.

e Onm XOPpOIIO MOAXOJAT U1 MOIYJIBHOTO TECTUPOBAHNA, ITIOTOMY YTO HE Tpe6y10T
IIO/ITOTOBKUX BHENIHUX PECYPCOB.

e B uyncthix (byHKLII/I?IX TIpOoIIe BOCIIPOU3BOJATCA OHH/I6KI/I, JJIA 9ero Jo0CTaTo4YHO
BbI3BATb (l)yHK]_[I/IIO C TEMHU K€ apryMEHTaMU.

e Yucrble HYHKIUU MOTYT BBI3BIBATD JIPYTHE YUCThIe (DYHKIIUU, OCTABASCH UH-
CTBIMU.

@ B MHOrOIoTOYHBIX IIPOrpaMMax YHUCThbIe (DYHKIIH SBJISTIOTCST TOTOKOBO-Ge3o1ac-
HBIMU U MOTYT BBIIOJHATHCS apasuiesibio. (TemMa MHOTOIIOTOYHOCTH BBIXOAUT
32 paMKU KHUTH. )

® MHoKecTBEHHbIE BHI30BBI YMCTHIX (I)YHKHI/II;,I CIOCOOHBI BBITOIHATLCS Ha TapaJ-
JIEJIbHBIX ApaX Ipoleccopa nJjian B MHOTOITOTOYHOI IporpaMmMe, NoToMy 4TO OHMN
HeE 3aBUCAT OT BHEIITHUX PECYPCOB, Tp€6YIOHII/IX MX BbIITOJIHEHU I B OHpeZ[e]IEHHOfI
II0CJIe10BAaTCJIbHOCTHU.

Ha s3pike Python MOsKHO U HYSKHO MECATh YUCTHIE (DYHKITN TaM, TI¢ 9TO BO3SMOYKHO.
Oyukriuu Python gesarorest 4ucThIME TOJIBKO 110 COTJIANIEHUIO; HET HUKAKIX HACTPO-
ek, KoTopble Obl 3acTaByisiin uareprperarop Python obecrieunBars 4ncTOTY (DYHKITMHA.
Camblii pacpocTpaHeHHBIN c10co0 ceaarTh Baiu (GyHKIIUMKU YUCTHIMU — U30eraTh
HCTIOJIb30BAHUS TI00AIBHBIX TEPEMEHHDBIX U CJIEAUTH 3a TEM, YTOOBI OHU HE B3aUMO-
neiicTBoBasN ¢ (haitiaMu, THTEPHETOM, CUCTEMHBIMU YacaMu, TeHEPATOPOM CITyYaiTHBIX
YCeJ WX JPYTUMU BHEITHUMU PECYPCaMU.
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OyHkumum BbicWero nopsaKa

Qynryuu svicuezo nopsoxa (higher-order functions) moryt mosy4ats apyrie GyHKINN
B apryMEHTaxX WJIK MCTI0JIb30BaTh (DYHKIIMHU KaK BO3BpalfaeMble 3HaueHust. Hanpuwmep,
onpeenuM GyHKIUIO ¢ MeHeM callItTwice(), KOTOpast BBI3BIBAET 3a/aHHYIO (DYHK-
IIUIO JIBAKIIBL:

>>> def callItTwice(func, *args, **kwargs):
func(*args, **kwargs)
func(*args, **kwargs)

>>> callItTwice(print, 'Hello, world!")
Hello, world!
Hello, world!

ODynkims callItTwice() paboraer c 1060l nepegasaemoil pynkuueii. B Python ¢ymk-
IUH SIBJISTIOTCST nepokaaccHvimu obsexmamu (first-class objects); aTo o3nauaer, uto oHu
HUYEM HE OTJINYAIOTCA OT I[pyFI/IX O6TJ€KTOB: Cl)yHKLH/H/I MOKHO COXPaHATDH B IIEPEMEHHDIX,
nepelaBaTh B apryMeHTax MM MCIIOMb30BaTh KaK BO3BPAlaeMble 3HAYCHHS.

Jlambaa-ynxumn

Jamooa-pynxyuu (lambda functions), Takske HasbIBaeMble aHOHUMHbIMU (ANONYMOUS)
uin Gezoimsmnvimu (nameless) yHKITESMU, TPECTABISIOT cOOO0i yIIPOIeHHbIE (PYHK-
11, Y KOTOPBIX HET UMEH, & KOJ[ COCTOUT U3 OZIHON KoMaH/ bl return. JIsmbGaa-byHKimu
YacTO MCHOJIB3YIOTCS 71 Tiepeiadil (PYyHKITUI Kak apryMeHTOB IPYTuX (hyHKITHA.

Harnpumep, MOKHO cO3/aTh 00BIYHYIO (DYHKITHIO, KOTOPASI TOJYYAET CIUCOK C MTHUPHUHON
1 BBICOTOU npsgMoyroibHuka 4 x 10:

>>> def rectanglePerimeter(rect):
return (rect[@] * 2) + (rect[1] * 2)

>>> myRectangle = [4, 10]
>>> rectanglePerimeter(myRectangle)
28

IkBUBaJIEHTHAs JIAMOIa-(DYHKIINS BBITJISIUT TaK
lambda rect: (rect[0] * 2) + (rect[1] * 2)

Yrobor ompenennts asmbaa-yuknmio ma Python, ykaxkurte kiodeBoe ¢ioBo lambda,
32 KOTOPBIM CJIEAYIOT: CIIUCOK I1apaMeTpoB (€I OHU €CTb), Pa3/leJIeHHbIX 3aITbIMU,
JIBOETOYME U BhIpakeHHUe, KOTOPoe JeiCTBYeT KaK Bo3BpalllaeMoe 3HadeHue. Tak Kak
(YHKIY SBJISTIOTCSI IEPBOKITACCHBIMU OObEKTaMH, JISIMOa-(hyHKITHIO MOSKHO TIPHCBOUTD
nepeMeHHoM, (pakTHyecKu MOBTOPSA TO, YTO JlesiaeT KoMana def:
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>>> rectanglePerimeter = lambda rect: (rect[@] * 2) + (rect[1] * 2)
>>> rectanglePerimeter([4, 10])
28

JIamba-hyHKIMS TPUCBAMBAETCS TIEPEMEHHOM ¢ UMeHeM rectanglePerimeter, TeM
cambIM (hakTHdecku coszaetcs GyHKIuA rectanglePerimeter(). Kak Bunure, GpyHk-
WU, CO3/JaHHBIC KOMaH/IaMi lambda, HIYEM He OTJINYA0TCS OT (DYHKIIHI, CO3/IaHHbIX
KOoMaHamMu def.

NMPUMEYAHUE

B peansHom koge nyuLwe 1cnonbaosath komarasl def, BMecto Toro uto6bi nprceaneaTh nam6-
A0 -PYHKLMM HEM3MEHAEMBIM NepemeHHbIM. JTIMBAA -PYHKLMM CeLmManbHO CO3RABANMUCH As
CUTYQLMI, B KOTOPBIX PYHKLMM HE HYXACIOTCS B UMEHM.

CunTtakcuc asM61a-(QyHKIUH XOPOIIO MOAXOANT JIJISI OIIpeiesIeHUsT HeOGObITIX (DyHK-
1A, KOTOPBIE CJIy;KaT apTyMeHTaMH JI71sT BbI30Ba ApyTux dhyukimit. Hampumep, y pyHk-
1uu sorted() ecTb KJIIOYEBOI apryMeHT key, KOTOPBIH MO3BOJISAET 3a/1aTh (QYHKIIUIO.
BwmecTo TOTo 4TOOBI COPTUPOBATD 3JIEMEHTHI CIIMCKA HA OCHOBAHNHT 3HAUYEHUST 3JIEMEHTOB,
OHA COPTHUPYET B 3aBUCMOCTH OT BO3BPAIAeMOTO 3HaUeHWs HyHKIMW. B coemxyiomem
npuMepe sorted() mepenaercs asAMOa-GYHKINS, KOTOPAs BO3BpAIaeT MepUMETp
3a/IaHHOTO TIPSIMOYTOJIbHUKA. B pesysibrate hyHkims sorted() cOpTUPYET MO BBIYMC-
JIEHHOMY TIE€PUMETPY U3 ciucKa [width, height], a He HenmocpeaCTBEHHO MO CIUCKY
[width, height]:

>>> rects = [[1e, 2], [3, 6], [2, 4], [3, 9], [1e, 7], [9, 9]]
>>> sorted(rects, key=lambda rect: (rect[@] * 2) + (rect[1] * 2))
[[2, 41, [3, 6], [1e, 2], [3, 9], [1e, 7], [9, 9]]

BwmecTo TOro 4to6bl COPTUPOBATH, HATIPUMEP, 3HAUEHU [10, 2] wiu [3, 6], GYHKIUs
Terepb BLITIOJHSAET COPTUPOBKY Ha OCHOBAHMM BO3BPAIIaeMbIX 3HAYCHUI IEPUMETPOB 24
u 18. JIstMG1a-(hyHKIINH SIBJISTIOTCST YIOOHBIM CUHTAKCHIECKUM COKPAIIEHUEM: BBI MOKETE
3a71aTh OJIHY MATEHBKYTO JAMOIa-(DYHKITMIO BMECTO OTIPEIETEHNST HOBOM MMEHOBAHHOIT
(yHKIINN KOMaH/OH def.

0106’)0)’(6""8 ] ¢mu>rpauml €0 CNUCKOBbIMU BKJTHOYEHUAMHU

B 6Gouiee pannux Bepcusix Python dynkiuu map () u filter() 6oL 00bI9HBIMU (DYHKIIN-
SIMU BBICITIETO MOPSIIKA, KOTOPBIE MOTJIN TIPe0OPA30BbIBATH U (DUITBTPOBATD CITUCKHU, 4ACTO
pu oMot JistMOaa-pyukmit. Otobpaxkemye cmoco6HO CTPOUTH CIIMCKU 3HAYEHI
Ha OCHOBAHUY 3HAYECHUN U3 PYroro crrcka. Duasrpaiius no3BossieT Co3aTh CIIUCOK,
KOTOPBIii COJEPKUT TOJIBKO T 3HAYEHUS U3 JPYTOTO CIKICKA, KOTOPbIE COOTBETCTBYIOT
HEKOTOPOMY KPUTEPHUIO.
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Hamnpuwmep, eciiu BbI XOTUTE CO3aTh HOBBIN CIIUCOK, COIEPKAIINI CTPOKU BMECTO Iie-
JIbIX uncen [8, 16, 18, 19, 12, 1, 6, 7], MOXKHO IiepeiaTh (DyHKI[UK map () 3TOT CIIUCOK
u MO a-GyHKIMIo lambda n: str(n):

>>> mapObj = map(lambda n: str(n), [8, 16, 18, 19, 12, 1, 6, 7])
>>> list(mapObj)
['8', '16', '18', '19', '12', '1', '6', '7']

Oyukims map () Bo3Bpaiiaer 06beKT map, KOTOPLIH MOKHO TIONYIUTD B (hOPME CIIHCKA,
IS 4ero oH nepepaercs yHkiyy 1ist (). OToOpakeHHDIN CIIMCOK TEMEePh COMEPIKUT
CTPOKOBBIE 3HAYEHWST HA OCHOBAHWY II€JIBIX 3HAYEHUIT U3 ucxonHoro cnucka. OyHk-
st filter() paboTaeT aHAJIOTHYHO, HO B 9TOM CJIy4ae apryMeHT JisiMOia-(hyHKITHH
OTIPE/IeISIET, KaKie DIEMEHTHI TOJKHBI OCTAThCsT B cTucKe (ecan aambaa-byHKIms
BO3BpalaeT True) uian ObITh OTGUABTPOBAHHBIMU (€CJU OHAa BO3BpaliaeT False).
Hanpumep, nepepaua ¢pyukinuu lambda n: n % 2 == @ 1103BoJIsIeT OT(GUIBTPOBATH BCE
HEeYEeTHbIE YNCTIA:

>>> filterObj = filter(lambda n: n % 2 == o, [8, 16, 18, 19, 12, 1, 6, 7])
>>> list(filterObj)
[8, 16, 18, 12, 6]

ODOynkiusa filter () Bosspamaer 0ObeKT-PUILTP, KOTOPLII MOKHO CHOBA IepejaTh
bynkmm 1ist(). B orduabsrpoBaHHOM CIIMCKe OCTAIOTCS TOJIBKO YEeTHBIE YUCIIA.

OpHako cosanme 0ToOpaKeHHbIX WK OT(MUIBTPOBAHHBIX CITUCKOB (DYHKIIAME map ()
u filter() B Python cunraercs ycrapesiium. BMecTo 9T0ro peKOMeHIyeTcs Co31aBaTh
UX IIPU IIOMOIIM CITMCKOBBIX BKJII0YeH it CIIMCKOBbBIE BKJIIOUEHUS HE TOJIBKO OCBOOOK[a-
0T Bac OT HeOOXOIMMOCTH TIHUCATH JIIMO/1a-(DYHKIIUH, HO ¥ paboTatoT ObicTpee (hyHKITHI
map() u filter().

Creytomuii Kol BOCTPOU3BOIUT pUMep ¢ (hyHKIHEH map () ¢ UCTIOTh30BAaHUEM CITH-
CKOBOTO BKJTIOUEHUS:

>>> [str(n) for n in [8, 16, 18, 19, 12, 1, 6, 7]]
['8', '16', '18', '19', '12', '1', '6', '7']
O6paruTe BHUMaHKE: YaCTh CIIMCKOBOIO BKJIIOYEHHs str(n) MoXoka Ha lambdan: str(n).

A cnenyrotuii hparMeHT BOCIIPOU3BOAUT 1puMep ¢ pyHkiueii filter() ¢ UCIOJIB30-
BaHHUEM CIINCKOBOTO BKJIIOUEHILS:

>>> [n for n in [8, 16, 18, 19, 12, 1, 6, 7] if n % 2 == 9]
[8, 16, 18, 12, 6]

O6paTure BHUMAHKE: YACTh CIIMCKOBOIO BKIIOUYEHUS if n % 2 == @ 10X0Ka Ha lambda n:
n%2==0.
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Bo MHOrUX sI3bIKaX CyHIECTBYET KOHIEMIHsE (DYHKIIMI KaK ePBOKIACCHBIX OOBEKTOB, 4TO
JleJIaeT BO3MOKHBIM CyIIeCTBOBaHUE (DYHKIIUIT BBICIIErO TIOPSIIKA, BKIIOYast (DYHKIUH
0TOOpasKEeHUST 1 (DUJIBTPALIUH.

Bosspauwiaembie 3SHaAYEHUA BCErAA AOJDKHbI UMETb
OAMH TUN AAHHbIX

Python siBisteTcst SI3BIKOM ¢ IMHAMWYECKOT TUTMTH3ATINEN; 9TO 03HAYAET, UTO (DYHKIUN
u Metozibl Python crioco6ubr Bo3Bpamarh 3HadeHust JI0O0To THIa JaHHbIX. HO 4To6b!
Bamu pyHKIUYM 61N GoJIee TIPEACKAZYEMBIMU, BbI JIOJIKHBI CTPEMHUTBCS K TOMY, YTOObI
OHM BO3BpAIIaIN 3HAYEHUS TOJBKO O/THOTO THUTIA JAHHBIX.

Hampuwmep, caenyionias HyHKIMS B 3aBUCUMOCTH OT CIYYaifHOTO YMCJIa BO3BpAIAET
TeJI0€ YMCJI0 W CTPOKOBOE 3HAYCHNIE:

>>> import random
>>> def returnsTwoTypes():
if random.randint(1, 2) ==
return 42
else:
return 'forty two'’

Korza BbI murirere Ko/ ¢ BHI30BOM TON (QYHKIIMHU, JIEMKO 3a0bITh, 4TO BaM HYKHO 00pa-
GaThIBaTh PasHble TUIIbI AaHHbIX. [IPOIOJIKIIM 9TOT IIPUMED: IOILYCTHM, YTO BbI BbI3BAJIH
returnsTwoTypes () 1 XOTHTE IIPeoOPa30BaTh BO3BPAIIEHHOE YKC/IO B IIECTHAALATEPHY-

Hy10 hopmy:

>>> hexNum = hex(returnsTwoTypes())
>>> hexNum
'ox2a’

Berpoennas dynkuust Python hex() Bo3Bpaimaer cTpoKy ¢ IieCTHaI[aTePUIHBIM
peACTaBJeHUEM MePeJaHHOTO eil yucia. DTOT Ko paboTaeT MPU yCIOBHH, 4TO
returnsTwoTypes () BEpPHET I1€JI0€ YMCI0; BO3HUKAET BIIEYATJICHUE, YTO ITOT KO CBO-
6oxen ot omunbok. Ho korma returnsTwoTypes() BO3BpaliaeT CTPOKY, BHIAAETCS KC-
KJIIOUYEeHUe:

>>> hexNum = hex(returnsTwoTypes())
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object cannot be interpreted as an integer

(O0OBeKT 'str' He MOKET OBbITh MHTEPIIPETUPOBAH KaK integer.)

KOHG‘-IHO, BbI ITIOCTOAHHO AOJIKHBI IOMHUTDH O H606XOZII/IMOCTI/I O6pa6aTbIBaTb BC€ BO3-
MOJKHbBI€ THUIIbI JaHHBIX BO3BPAIa€MOTO 3HAYCHN . Ho B peaibHOCTHU 00 9TOM JIETKO
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3a0bITh. UTOOBI IPEAOTBPATUTh TAKKE OIIUOKM, BCETA CTPEMUTECH K TOMY, YTOObI BAIIU
(byHKIIMM BO3BpaIasn 3HaYeHUs TOJBKO OJTHOTO TUTIA JAHHBIX. DTO HE SIBJISIETCST KEeCT-
KM TpeOOBaHUEM, U THOT/[A TIPOCTO HEBO3MOKHO TIPEI0TBPATUTH BO3BpalleHe (DYHK-
1eil 3HaYeH il pasHbIX TUIOB JaHHbIX. Ho uem GJimzke BbI TOAXOUTE K BO3BPAILEHUIO
TOJIBKO OJJHOTO THUIIA, TEM IIPOIIE U HajlesKHee OyayT Bamm (hyHKI[UH.

Ectb o/iiH cirydaii, Ha KOTOPBIA HEOOXOAMMO 06paTuTh 0c0O0E BHUMAHWE: HE BO3BPa-
natite None n3 hyHKIHH (€ IMHCTBEHHOE UCKITIOUEHNE — eCJIH Bala (hyHKITUS BCeTaa
BO3BparaeT None). 3HaueHre None — eIMHCTBEHHOE 3HAYEHUE TUTIA IaHHBIX NoneType.
[MosiBsteTCs MCKyIIeHre HaUcaTh (DYHKIMIO, KOTOpas Bo3Bpaiaer None, coobtas
TEM CaMBIM O BO3HUKIIEH omubKe (aTa MPpaKTUKA PACCMATPUBAETCS B CJIEAYIONIEM
paszesie «Bbiaua MCKIIOYEHNIT U BO3BpallleH e KOJOB OIMO0K> ), HO BO3BpaIleHIEe
None JIydiiie 3ape3epBUPOBATH /sl (DYHKIUI, Y KOTOPBIX BO3BpAIllaeMOe 3HAUYEHUE He
UMeeT CMBICJIA.

Jles1o B ToM, 4TO Bo3BpalieHye None KaK IpU3HaKa OUIMOKY CTAHOBUTCSI PACIIPOCTPAHEH -
HBIM UCTOYHUKOM HellepeXBaueHHbIX NCKJII0UeHri 'NoneType' object has no attribute
(O06BeKT 'NoneType' He UMeeT aTpulyTa...):

>>> import random
>>> def sometimesReturnsNone():
if random.randint(1, 2) == 1:
return 'Hello!’
else:
return None

>>> returnVal = sometimesReturnsNone()
>>> returnVal.upper()
'"HELLO!'
>>> returnVal = sometimesReturnsNone()
>>> returnval.upper()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
AttributeError: 'NoneType' object has no attribute 'upper’

Coobrienne 06 ormmbKe BBITIISIAT I0BOJBHO TYMaHHO. BEPOSITHO, BBI He CPasy OTCJIEANTE
€ro IPOUCXOXKIEHNE 10 PYHKIMHU, KOTOPast 0OIYHO BO3BPAIIAET 0KUIAeMbIil Pe3yIbTaT,
HO TaKKe MOKET BEPHYTh None 1P BO3HUKHOBeHUU ouuOKu. [Ipobiema BO3HUKIA
13-3a TOTO, YTO sometimesReturnsNone() Bo3BpaiaeT 3HaueHre None, KOTOPOE 3aTeM
IpHCBanBaeTCs epeMerHoii returnval. Ho coobuienne 06 ommbKe 3acTaBisieT yMaTh,
4TO 1IPoOIIEMa BO3HUKIIA TIPH BbI30BE METO/Ia upper ().

B cBoem noxuazie na koudepentuu B 2009 rosy KommbiotepHbiii Teopetuk Toru Xoap
(Tony Hoare) usBuHuiICcs 3a TO, 4TO OH M300pest null-cebliky (0Ot aHAIOT 3HAUEHUST
None B Python) B 1965 romy. On ckasam: «$1 HaszbiBaro 970 CBOEH OMMOKON Ha MUJLIH-
apn 1oJapoB. <..> 5l He yCTOsUI Tlepell UCKYyIIeHeM BKJIIOYNTh null-CChIIIKU IIPOCTO
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IIOTOMY, 4TO X OBLJIO TaK JIETKO PEAIM30BaTh, DTO IIPUBEJIO K HEMCUMCIMMBIM OITUOKaM,
YSI3BUMOCTSIM U CHCTEMHBIM cOOsIM, KOTOpbI€ 3a rocseaue 40 JieT, BEepOsSTHO, CO3/1aIu
npo6aeMbl M HEIIPUATHOCTU Ha MUJLIAAPZ A0TapoB>. [[oIHOe BBICTYIIEHNE MOKHO
pOCMOTpeETh Ha https://autbor.com/billiondollarmistake.

Bbiaaua UCKIOYEHU U BO3BPALLEHUE
KoAOB owunbok

B Python Tepmunbl <uckuiouenue» (exception) u «owubxa» (€rror) UMeOT IPUbIK-
3UTENbHO OJIMHAKOBBIN CMBICI: AaHOMAJIbHASI CUTYAIHSI B [IPOTPAMME, KOTOPast 00BIYHO
YKa3bIBaeT Ha BO3HUKINYIO TPOGIeMy. VICKTIOUeHNsT CTAIN TOTYISIPHBIM SI3BIKOBBIM
MexaHuaMoM B 1980-¢ u 1990-e rozpt 8 C++ 1 Java. Vimu sameHUIIM K006t 0wub0x (error
codes) — 3HaueHus1, Bo3BpanaeMbie GyHKIUAME i1 0603HaYeHust TIpobaembl. ITpe-
UMYIIECTBO UCKJIIOUEHHIT COCTOUT B TOM, UYTO BO3BPAIl[aeMble 3HAYEHUST CBSI3AHbI TOJIbKO
¢ TpeHa3HaYeHeM (DYHKIIMY U HE YKA3bIBAIOT HA IPUCYTCTBUE OIMUOKH.

Kozpt omnGok Tak:ke crocoOHbBI CO3[aBaTh MPoOJeMbl B Balinx porpammax. Hampu-
Mep, Metos] cTpok Python find() 06BIYHO BO3BpalaeT WHAEKC, IO KOTOPOMY Obliaa
HalieHa TOICTPOKA, & CITM HAWTH MOACTPOKY HE YAAT0Ch, BO3BPAIIAETCS KO/ OTIHIO-
KU -1. Ho mocKkoIbKy MHJIEKC -1 TaKKe MOKeT UCII0JIb30BaThCs 7151 OTCUeTa NHeK ca
OT KOHIIA CTPOKH, CIydaiiHOe NCTIOIb30BaHNe -1 B KauecTBe KO/ OMUOKHI CO3TaCcT
omOKy. YToOBI TOHSTH, KAK 3TO MPOUCXONT, BBEAUTE CJACAYIOUUN (parMeHT B UH-
TePaKTUBHON 060JI0UKeE:

>>> print('Letters after b in "Albert":', 'Albert'['Albert'.find('b') + 1:])
Letters after b in "Albert": ert

>>> print('Letters after x in "Albert":', 'Albert'['Albert'.find('x') + 1:])
Letters after x in "Albert": Albert

YacTb koja 'Albert'.find('x') IIpU BHIUKMCACHUM BO3BpAIaeT KO OMIMOKU -1.
B pesyibrate Boipaskenue 'Albert’'['Albert'.find('x"') + 1:] mpeobpasyercs
B 'Albert'[-1+1:], 4yTO faJsiee gaeT pe3yJsrar "'Albert’[0:] u, Hakonery, 'Albert’.

OueBHIHO, 9TO HE TO TIOBeJlEHNEe, KOTOPOE OXKUAATOCH OT Koja. [Ipu BbizoBe index()
BMecTO find(), Kak B 'Albert'['Albert'.index('x') +1:], BO3HUKJIO OBl UCKIIOUEHHUE,
ITpobsiemMa cTAaHOBUTCS OYEBUIHOM, ¥ TIPOUTHOPUPOBATD €€ He YAACTCSL.

C apyroii cTOpOHBI, METO/T CTPOK index() BbIaeT MCKIOUeHre ValueError, eciam OH
He MOJKeT HaiiTu moacTpoky. Eciu uckiouerue He Oyzer 06paboTaHO, OHO IIPUBELET
K aBapUIHOMY 3aBepILEHHIO IIPOrPaMMbl — OOBIYHO JTO JIydlile, 4YeM OIInbKa, KOTopast
ocTasiach He3aMe4eHHOM.

Vmena k1accoB UCKITIOYEHNH YacTo 3aBEPIIAIOTCS CJIOBOM Error, KOT/ia NUCKJTI0YeHNe yKa-
3bIBAET HA (PAaKTUIECKYTO OH_H/I6Ky — TaKyIo Kak ValueError, NameError miu SyntaxError.
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K kaTeropum K1accoB UCKIIOYEHN, IPEACTABIIONX AHOMAIBHBIE CUTYAIIH, KOTOPBIE
He 00513aTeJIbHO ABJILIOTCS OLIMOKaMK, OTHOCATCS StopIteration, KeyboardInterrupt
u SystemExit.

Urorn

DyHKIINY TPEIOCTABIISIIOT MOMYJISIPHBIN MEXaHU3M TPYIIUPOBKU KOJA HAITUX MTPO-
rpamM; TIPH WX HATTUCAHUH HEOOXOMMO IPUHUMATD PsiJI PEIIEHIH: KaKoe UM UM TTPHU-
CBOWTB, KAKO pasMep OHHU MOKHBI IMETh, CKOJBKO ¥ HUX OJKHO OBITH TApaMeTpOB
U CKOJIBKO apIyMEHTOB JIOJIKHO Ilepe/jaBaThCs [ 9TUX TapaMeTpoB. CUHTAKCUCH * 1 **
B KOMaH/[aX def M03BOJIAIOT (DYHKIIMAM TOTy4aTh IepeMeHHOe KOJIMYEeCTBO IIapaMeTPOB;
Takue (HYHKIIMT HA3bIBAIOTCS BapUaNuyeCKUMU.

Xota Python e saBisercst a361K0M (HYHKITMOHAILHOTO TIPOrPAMMUPOBAHUS, B HEM
peaM30BaHbl MHOTHE BO3MOKHOCTH, UCHIOJIb3YEMbIE B A3bIKaX (DY HKITMOHATBHOTO ITPO-
rpammvupoBaaust. DYHKINUHT SBISIOTCS TIEPBOKIACCHBIMI 0OBEKTAMHU; 9TO O3HAYAET, YTO
UX MOXKHO COXPaHATb B [IEPEMEHHBIX U [epe/laBaTh Kak apryMEHTBI IPyruX (pyHKIMi
(KOTOpbIE B 9TOM CJIydae HasblBalOTCs (DYHKIMSAMU BbICIIEro nmopsiaka). JIsmbaa-hyHk-
I[UH TTPEJIOCTABIISIOT KOPOTKUI CHHTAKCHC /IJIST OTIPE/IeICHNST aHOHUMHBIX (DYHKITHI Kak
aprymeHToB (hyHKIINI BbICIIETo nmopsizika. Camble pacipocTpaHeHHble (YyHKITUN BBICTIIETO
nopsiaka B Python — map() u filter (), xoTs npemocrasiisieMas MU QYHKIIMOHAIBHOCTb
ObICTPEE Pean3yeTcst CIIMCKOBBIMU BKJIIOUEHUSIMU.

Bosspalaemble sHauenust pyHKIMIA BCEr/ia JOIAKHDI KIMETh IIOCTOSHHDINA TUII JAHHbIX.
BosBpaiaemble 3HAYEHNS He JOJKHBL MCIOIb30BAThCA KaK KOJbI OMMOOK; IS 9TOM Le/IH
CJIeTyeT MCII0Ib30BaTh MCKII0UYEHMs. B 4acTHOCTH, 3HaYeHre None 4acTo OIPeAesIeTCst
KaK KOJ| OIINOKH.
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M GHHOTALMM TUMOB

KoMmMmeHTapuu U IOKyMEHTAINsT B MCXOHOM KOJIEe He MeHee

BasKHbI, 4eM caM Ko/ [Ipuunnta B TOM, 4TO MPOrpaMMHBIH TIPO-

JLYKT HUKOT/IA He OBIBAET MOJHOCTHIO TOTOBBIM; BCET/IA TPUXO-

JIATCSI BHOCUTH B HETO M3BMEHEHUsT — KaK P 100aBJIeHUN HOBBIX

BO3MOJKHOCTEH, Tak ¥ MpU UcmpapieHnn omubok. Kak oxHaskmass

3aMETHJIN CIEIMAIUCTBI TI0 TeOpuK Bhruucaenuii Taposba Abenbcon

(Harold Abelson), [T:xepasbn [Ixeit 3toceman (Gerald Jay Sussman) u [Ixkysus 3ioce-

Mat (Julie Sussman), «IporpaMMBbI ALY TCST JIsT TOTO, YTOOBI X UUTAJIH JIIO/H, U JIUIIh
U3PEJIKA JIJISt TOTO, YTOOBI OHU BBITIOTHSIINCH MAITITHHAMITS.

Kommenrtapuu, doc-cTpoky 1 aHHOTAIMU TUITOB TOMOTAIOT HOIEPKUBATH KO B pabOTO-
criocobHoM coctosgaun. Kommenmapuu npenctaBasior codoii KOpoTKie 00bsCHEHUST Ha
€CTECTBEHHOM $I3bIKE, KOTOPBIE 3aITUCHIBAIOTCS TIPSIMO B UCXOTHOM KO/I€; KOMITBIOTED MX
urHopupyet. KommeHnTapuu cojiep:Kat rmoJjie3Hble 3aMeTKH, TTPEAYIPEKICHIS U HAaTTOMU-
HAHUSI JIJIsS CTOPOHHKX YMTaTe el KOJIa, a MHOT/A U JIJIsSi CAMOT0 aBTOPa KoJa B Oy IyIIeM.
ITouTu Kaa0My IIPOrpaMMUICTY ZOBOAMIOCH 3a1aBath cebe Borpoc: «Kro Hamucas ato
HEeYNTAeMOEe MECUBO?», TOIBKO YTOOBI BCIIOMHUTD OTBET: «JTO ST».

Doc-cmpoxu npeacTaBisaior co6oii GopMy TOKYyMeHTHPOBaHUs (DYHKLINI, METOLOB
u Moy e, crieruduueckyto 17t Python. Korza Ber 3aaete komMeHTapuu B (hopmare
doc-cTpoku, aBTOMaTH3MPOBaHHBIE cpeAcTBa (TaKhe Kak TeHEePaTOPhl JOKYMEHTAIUN
UJIM BCTPOEHHBII Moayib Python help()) mo3BoJAIOT pa3paboTUMKaM JIEFKO HAUTH
nH(GOPMAIIHIIO O BallleM KO/JIE.

Annomavuu munos (type hints) npeacrapisior co60ii IUPEKTUBbI, KOTOPbIE MOKHO J[0-
GaBUTD B MCXOAHBIN Kozl Python /i1 ykasaHus TUTIOB TAaHHBIX TIEPEMEHHBIX, TAPAMETPOB
U BO3BPAIaeMbIX 3HAUEHUI. JTO TMO3BOJISIET CPEICTBAM CTATUYECKOTO aHAIN3a Koja
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yOeNTHCA B TOM, YTO BAll KOJI HE CTEHEPUPYET UCKIIOUEeH T, 00YCIOBIEHHBIX HENpa-
BUJIbHBIMU TUTIAMW 3HAYCHWIT. AHHOTAIIMU TUTIOB BIiepBbie mosBuinch B Python 3.5, Ho
TaKk KaK OHU CO3/AI0TCS Ha OCHOBE KOMMEHTAPUEB, X MOJKHO MCIOIB30BaTh B 00O
Bepcun Python.

HWrtax, B 9TOIi IJ1aBe 5 PACCKaXKy O TPeX YIOMSAHYTHIX CIIOCO6aX BCTpAaBAHUS JOKYMEH-
TalUK B KOJI C LIEJIbIO YJIYYLIEHUs €ro YuTabebHOCTH. BHENIHAS JOKyMeHTalus — py-
KOBOJICTBA I10JIb30BATE/IS, 3JIEKTPOHHbIE Y4eOHUKY 1 CITPABOYHbIE MATEPUAJIbI — BasKHa,
HO B 9TOI KHHTe OHA He paccMarpuBaeTcst. ECJIU Bbl 3aX0THTE y3HATH OOJIBIIE O BHEITHEI
JOKYMEHTAIINH, MOUIIUTE HHMOPMAITUIO O TeHepaTope JokyMeHTaiuu Sphinx (https.//
www.sphinx-doc.org)).

KommeHntapumu

Kak 1 60JIBIIHHCTBO SI3BIKOB TIporpaMmmupoBanust, Python nojepsxuBaer oqHOCTPOY-
HBIE ¥ MHOTOCTPOYHbIE KOMMeHTapuu. JIF0OO0il TEKCT, 3aKTIOUEHHDIN MEKILY 3HAKOM #
U KOHIIOM CTPOKH, SIBJISIETCSI OTHOCTPOUHBIM KOMMeHTapueM. XoTst 8 Python Her crre-
IUATTBHOTO CUHTAKCHUCA [IJIE MHOTOCTPOYHBIX KOMMEHTAPUEB, B 9TOM KauecTBe MOKHO
HCIIO0JIb30BATH MHOTOCTPOUHBIH TEKCT B TPOMHBIX KaBbluKax. B KoHIIe KOHIIOB, CTPOKOBOE
3HAYEHHe caMo TIo cebe errie He 3acTaBsieT nurepruperatop Python uro-mm6o caenats.
Pacemotpum mpumep:

# 3TO OAHOCTPOYHbIA KOMMEHTapui.

WA 570

MHOFOCTPOYHbIN TEKCT, KOTOpbIiA

Takxe paboTaeT Kak MHOMOCTPOYHbIN KOMMEHTapWii.

Ecan komMmenTapuil 3aHuMaeT HECKOJILKO CTPOK, JIyYllle HCIIOIb30BaTh OJUH MHOIO-
CTPOYHBIH OJIOK, Y€M HECKOIBKO TOCTE0BATENHLHBIX OHOCTPOUHBIX KOMMEHTAPHER.
Bropoii BapuaHT Xy:Ke YnTaeTcs, Kak BUTHO U3 CJEIYIONIETO MpuMepa:

"""Xopowuit cnocob

3anucu KOMMeHTapues,
3aHUMAWMX HEeCKONbKO CTPOK.
# A 3TO nnoxoit cnocob

# 3anucu KomMMeHTapwues,

# 3aHMMaKWWUX HEeCKONbKO CTPOK.

KoMMeHTapuy 1 JOKYMEHTAI[IIO IPOTPAMMUCTBI 32a4aCTYI0 BKJIKOYAIOT B KO 3a[HIM
YHCJIOM, @ HEKOTOPBIE Ia’Ke CUMTAIOT, 9TO OT HUX GOJIbIIE BPe/a, 4eM oIb3bl. Ho Kak
st ysKe 00bsICHSI B ofipaszesie «Mud: KoMMeHTapuu u3JuiH> Ha ¢. 111, kommeH-
Tapuy abCOMIOTHO 0643aTeIbHbI, €CJIU Bbl XOTHTE IMHCATh PO(eCcCHOHaNbHBIM, y10-
GounTaeMblil Koa. B aToM pasmese BbI HAy4MTECh IUCATh II0JIE3HbIE KOMMEHTAPUN,
KOTOPbIE IIPEAOCTABIAIOT JeJIbHYIO MH(MOpMAIUIO YnTaTenio 6e3 yiiepba aist yao6o-
YUTAEMOCTH ITPOTPAMMBI.
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Crunb KommeHTapueB
HpI/IMepr KOMMEHTApHEB, OTBEYAIOIUX I[IPpaBHUJIaM XOPOHIETO CTUJIA:

# KoMMmeHTapuil, OTHOCAWMIACA K clneaywwemy Koay : (1

someCode ()

# Bonee ANUHHbIA KOMMEHTapWil, KOTOPbIA 3aHUMAeT HeCKONbKO CTpoK @
# M3 HeCcKONbKUX NOCNefoBaTesIbHbIX OLHOCTPOYHbIX KOMMEHTapueB.

# ©

# Takue KOMMEHTapWM Ha3blBATCA 6GJI0KOBbLIMY .

if someCondition:
# KommeHTapuit o Apyrom koje: (4
someOtherCode() # BCTpOEHHbII KOMMEHTapWii. (5]

Kak mpaBuio, KOMMeHTapuH JIy4Iiie pa3MeIaTh B OTIETbHON CTPOKE, a He B KOHIIE CTPOKH
¢ KOIoM. B GOJIBIITIMHCTBE CJIyYaeB JIydliie UCTI0JIb30BATh MOJHOIIEHHbBIE TTPEIIOKEHUST
C COOTBETCTBYIOIINM PDETUCTPOM CHMMBOJIOB N 3HAKaMW IIPENINHAHUSA, a HE KOPDOTKUE
bpassl uan otaesbHbIe cioBa @. [Ipy 5TOM KOMMEHTAPUN OJKHBI MTOJIUHSITHCS TEM
JKe OTPaHUYEHUSIM JIJIMHBI CTPOKH, YTO U UCXO/IHBIN KO/, KoMMeHTapuu, 3anuMarorme
HECKOJIBKO CTPOK @, MOTYT COCTOSTH M3 HECKOJBKIX TIOCTE/I0BATETHHBIX OTHOCTPOUYHDIX
KOMMeHTapueB (Takue KOMMEHTApUU Ha3bIBAlOTCs OJIOKOBBIMK). AD3allbl B KOMMEH-
TapUsIX Pa3/esIsSTIOTCS yCTHIM OJHOCTPOYHBIM KOMMeHTaprueM ©. YpoBeHb OTCTYyIIa
KOMMEHTApUA JOJLKEH COOTBETCTBOBATH YPOBHIO OTCTYIIOB B KOMMEHTUPYEMOM Kozie @.
KomMMenTapuu, ceayomire 3a CTPOKON Kojia, HasbiBatoTCst gcmpoennvimu (inline) ©,
U KOJI OT/IEJISIETCS. OT KOMMEHTAPHst MUHUMYM ABYMsI IPOOETaMHu.

B 0fHOCTPOYHBIX KOMMEHTAPUSIX TTOCTE 3HAKA # CTABSIT MPOOE:

#KoMMeHTapuii He [OMXEH HavyMHaTbCA cpa3y Xe nocse 3Haka #.

KommenTtapuu moryT Brmiouats cebliikil Ha URL ¢ comyTeTBytomeit magopmarineii, Ho
CCBIJIKU He JIOJKHBI 3aMEHATh KOMMEHTAPHUH, TIOTOMY YTO CBSA3AHHBINA ¢ HUMU KOHTEHT
MOJKET UCUE3HYTh U3 MHTEPHETA B JIIOOOI MOMEHT:

# MoapobHoe 06bACHEHWEe HeKOTOporo acnekTa Kofa C AOMNOJHUTENbHOW
# uwHbopmaumeit no URL. MoapobHee cm. https://example.com

Bce aTu cornamnenns aBiasroTcst J1€JIOM CTHJIA, a HE KOHTEHTa, HO OHW BHOCAT CBOIT BKJIa/]
B yI[O60‘{I/ITaeMOCTb KOMMEHTapHEB. Yem JIy4dHIe YU TaloTCA KOMMEHTapun, TEM C 6osblIeit
BEPOATHOCTDBIO ITPOTPAMMUCTDI O6paTHT Ha HUX BHUMaHH1e, — a KOMMEHTapuu IIpuHOCAT
TI0JIb3y TOJIBKO B TOM CJIy4ae, €CJI IPOTrPaMMUCTDI X YUTAIOT.

Bctpoennbie kommentapun
BCTpOCHHbIG KOMMEHTapW1 pasMemaioTCA B KOHIE€ CTPOKM!

while True: # loka Wrpok He BBeAeT AOMNYCTUMbIA XOf.
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Berpoennble KoMMeHTapuu KOPOTKH, TIOTOMY UTO OHU JIOJIKHBI YKJIQ/[bIBaThCS B OTpa-
HUYEHUS [IJTTHBI CTPOKHU, YKa3aHHbBIE B PYKOBOJICTBE TI0 CTUJIO. DTO O3HAYAET, YTO OHU
MOTYT 0Ka3aThCs CJIUIITKOM KOPOTKUMHE, YTOOBI COEPIKATh I0CTATOYHY0 HH(POPMAIIUIO.
Ecou BBI perire nCmoab3oBaTh BCTPOEHHBIE KOMMEHTAPUH, YOEIUTECH B TOM, 4TO KOM-
MEHTapuii OIUCHIBAET TOJbKO HEIOCPEICTBEHHO IIPE/IIeCTBYIONYI0 eMy CTPOKY KO/a.
Ecsiu BatiieMy BCTPOEHHOMY KOMMEHTAPUIO TPeGyeTCst GOJIbIIe MECTa MU OH OITUCHIBAET
ZIPyTHe CTPOKHU KOJIa, PAa3MECTHUTE €T0 B OT/IEJIbHON CTPOKE.

BCTpOGHHbIe KOMMEHTApWH Yallie BCETO NTPUMEHAIOT — 1 9TO BECbMa YMECTHO — [IJI 110~
SICHEHWSI CMBICJTa TIePEMEHHBIX MJIU IPYTON HH(MOPMAIINH, OTHOCSIIENCS K TIEPEMEHHBIM.
Takue BCTpoeHHbIE KOMMEHTAPHUI 3alIChIBAIOTCS B KOMaHjIe MPUCBauBaHKs, KOTOPast
CO3/Ia€eT MePEMEHHYIO:

TOTAL_DISKS = 5 # Yem 6onblle AUCKOB, TeM C/IOXHee ro0JIOBOJIOMKA.

JIpyroe TUITHYHOE TIPUMEHEHIE BCTPOCHHBIX KOMMEHTapueB — o0aBjieHne HH(OOPMAIIN
0 3HAYCHUSAX IIEPEMEHHBIX ITPU UX CO3/IaHUMN:

month = 2 # Mecsubl npoHymepoBaHbl OT © (fAHBapb) Ao 11 (mekabpb).
catWeight = 4.9 # Bec B KuMnorpammax.
website = 'inventwithpython.com' # MNpedukc "https://" He BKkIw4aeTcs.

Bo BcTpoeHHBIX KOMMEHTAPISIX He CJIeIyeT YKa3bIBATh TUTI JAHHBIX IePEMEHHO, TTOTOMY
4TO OH JIOJIKEH ObITh OYEBU/ICH M3 KOMAH/IbI TPUCBAUBAHU; UCKIIOUEHNE COCTABISIET
TaKas Pa3HOBUIHOCTH KOMMEHTAPHEB, KAK AHHOTATINH THITOB (M. ofipasaes «ObpatHoe
MTOPTUPOBAHYE AHHOTAIMI TUTIOB» /lajiee B 3TOH I1aBe, c. 232).

Mosichutennbhbie KOMMEHTapuun

Kaxk mipaBmio, KOMMEHTapyH JOJKHBI COOOIIATh, TOUYeMY KO/ ObLT HATTMCAH UMEHHO TaK,
a He WHaYe, YTO OH JleJIaeT WJIM KaK OH 3TO fiesaeT. Jlaske TP NCITOTb30BAHUH TTPABUITh-
HOT'O CTHJISI KOJA M [TOJIE3HBIX COIVIAIIEHNH 00 NMeHaX, 0 KOTOPBIX 51 pACCKa3bIBaJI B IJIa-
Bax 3 1 4, peasibHbIil KO/ He CIIocOOeH 00bACHUTD, KaKKe 3a1a4i CTaBUJI IIPOTPAMMUCT.
Eciii BB caMy HaATIMCAIM KOJI, TO Yepe3 HECKOJIBKO HEeqb MOKeTe 3a0bITh KaKHe-TO
nozpo6HocTu. TToaToMy Jiydlie cerofiHst JaTh coaepsKaTeJbHble KOMMEHTAPUH, YTOObI
3aBTpa BaM He MPUILIOCH IPOKJIUHATH Bac BuepanrHero. Hampumep, Hke npuseieH
GeCII0JIe3HbII KOMMEHTAPHIT, KOTOPbIi 0OBSICHSIET, UTO JIeJaeT Koi. BmecTo Toro uto6nt
TTOSICHUTD 33/1a9y KOJ[a, OH KOHCTATHPYeT OUYeBUTHOE:

>>> currentWeekWages *= 1.5 # 3apaboTok 3a TeKkywykl Hejenw ymHoxaeTcAa Ha 1.5

Taxoit koMMeHTapuii Xyse 6ecrose3noro. M3 Koma u Tak OY€BUIHO, YTO TTEpeMeHHast
currentWeekWages yMHOKAETCS Ha 1.5, U €CJIU TOJHOCTBIO yOPATh KOMMEHTAPUI, 9TO
TOJIBKO YIIPOCTUT Baill Ko Ciieryionuii KOMMEHTapHi ropaszio Jyylie:

>>> currentWeekWages *= 1.5 # Bk/JH4MTb B pacyeT MNONYTOPHYH CTaBKY.
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ITOT KOMMEHTapPUil 0OBACHIET CMBICI CTPOKHU KOJIa, @ He TIePEeCKa3bIBaeT, KaK TOT Pa-
6oraer. OH mpepocTaBisieT NHOOPMAIIHNIO, KOTOPYIO JIajKe XOPOIIO HAMMCAHHBIN KOJT
nepesaTh He CMOXKET.

CBoAHbIe KOMMEHTApPHH

[TpakTrueckas ob3a KOMMEHTAPUEB HE OTPAHIMYNBACTCS MTOSICHEHNEM HaMePEeHWH 1Tpo-
rpammucTa. Kparkue KOMMeHTapuu, pesroMupyoliie paboTy HeCKOJIbKUX CTPOK KO/Ia,
[03BOJIAIOT YUTATE/IIO OEIJIO IPOCMOTPETh UCXOAHUK 1 IIOJIyYUTh O0OIIee IPeJCTaBIeHNe
0 TOM, UTO OH JieJiaeT. [IporpaMMUCTbI YaCTO BCTABJILIOT IIyCThIe CTPOKH, YTOObI OTAEIUTh
«absarbl» Koja Apyr ot apyra. CBoAHbIE KOMMEHTApUK 00BIYHO 3aHUMAIOT OIHY CTPOKY
B HayaJie Takux absaleB. B oT/iyre oT OHOCTPOYHBIX KOMMEHTAPUERB, MOSCHSAIONIIX
OT/IeJIbHbIE CTPOKK KOJIa, CBOAHBIE KOMMeHTapUu Ha 60Jiee BHICOKOM YPOBHE aOCTPaKIINU
OTIUCBIBAIOT, UTO JIEJIAET KO/I.

Hampumep, n3 caefyIonmx 4eTblpex CTPOK KO/la MOXKHO TIOHSITh, UTO OHU ITPHUCBAUBAIOT
HepeMeHHOIT playerTurn 3HaUeHMe, 0603HAUAOIIEE IPYTOro Urpoka. Ho KopoTkuii oHO-
CTPOYHBIN KOMMEHTapUI U30aBUT YMTATENIS OT HEOOXOAUMOCTH YUTATh U OO1yMbIBAThH
KOJI, 4UTOOBI TOHSTH CMBICIT TIPOUCXOJISAIIETO:

# Xop nepepaeTcAa ApYroMmMy Wrpoky:

if playerTurn == PLAYER_X:
playerTurn = PLAYER_O

elif playerTurn == PLAYER_O:
playerTurn = PLAYER_X

Ecau BB BKIIOUNTE 3TN CBO/IHbIE KOMMEHTAapUU B CBOIO IIPOTPAMMY, 9TO 3HAYUTEIbHO
VIPOCTUT ee yTeHue. Jlajee IIporpaMMUCT CMOKET BHUMAaTesIbHee [IPOaHaIu31poBaTh
TEe MeCTa, KOTOPBIE BBI3BIBAIOT y HErO 0co0bIi nurepec. CBOAHbBIE KOMMEHTAPUH TaKKe
MPENSTCTBYIOT (POPMUPOBAHUIO OMIMOOYHBIX TIPECTABIEHUN O TOM, YTO JIETAET KO/
Kparkuii CBOIHBII KOMMEHTAPHIl TI03BOJISIET PAa3PabOTUNKY YAOCTOBEPUTHCS, YTO OH
MPABUIIBHO MOHST, KakK paboTaeT Koj.

Kommentapun «nonyyeHublii onbit»

Korza g paboTas B KOMIIAHWK, 3aHUMaloLIelicss pa3paboTKOI IPOrpaMMHOro obeciieye-
HUSL, OHASK/IbI MHE TIPEJTOKIIIN alallTUPOBaTh OMOINOTEKY MOCTPOEHHSI TPaUKOB —
Tpe6oBajIoch, YTOOBI OHA B PeabHOM BpeMeHM 00HOBIsLIa MUJIIMOHBI TOUEK JAaHHBIX Ha
nuarpamme. Vcriosbayemas 6ubarorexa Morsia Tubo oGHOBIATE rpaduKu B PeasbHOM
BpeMeHH, JTMO0 MOAEPKUBATH TPAPUKU ¢ MUJIMOHAMK TOYEK JAHHBIX, HO HE TO U JIPY-
roe 0JTHOBPEMEHHO. S ;iyMaJ, 4To CIIPaBJIIOCh C 3TOH 3a/1a4eil 32 HeCKOJIbKO /iHeil. Uepes
TPU HeZIeJIH 51 Bee elnle ObL yOeskIeH, 4To 10 OKOHYaHUs paboThl pyKoi rmogarh. Kasxabiii
JIeHb MHE Ka3aJI0Ch, YTO PellleHIe COBCEM PSIIOM, U Ha IIATYIO HEEJI0 Y MeHsI TOSIBHIICS
pabouuii IPOTOTHIL.
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3a9T0 BpeMs 1 MHOTO Y3HaJI O TOM, Kak paboTaet GUOIN0TEKa, KAKOBBI €€ BO3MOKHOCTU
U orpanndenus. [109TOMyY 1 MOTPATIII HECKOIBKO YaCOB Ha TO, YTOGBI 0(hOPMUTH MOM
3HAHUS B KOMMEHTApUH JIJIMHOM B CTPaHUILY, KOTOPBIM 5 BKJIIOYNJI B UCXO/HBIN KOJI.
51 6B1T yOexIeH, 9TO KAk ABIH, KOMY MOTPEOYETCS BHECTH U3MEHEHUsI B pabOTy TIPo-
IPaMMBbI, CTOJIKHETCSI € TeMU JKe (IIPOCTHIMU Ha MEPBBIN B3TJISI) IPOOIEMaMI, UTO 1 S,
a HAIMCAHHAS MHOU JIOKYMEHTAIIUST COKOHOMUT UM TI€JIble Helesin PadOTHhL.

Takre KOMMEHTAPUU MOTYT 3aHUMATh HECKOJBKO ab3alleB, M3-3a YeTO OHU KaKyTCs
HEeyMEeCTHBIME B (hailiax ¢ HCXOAHBIM KogoM. Ho coepskalnasics B HUX HHGOPMaIIHst
GeciieHHa JIJIst JIIOOTO CIEIUATNCTA, KOTOPbIi OyIeT 3aHUMAThCsI COIIPOBOKICHUEM
nporpamMmbl. He GoiiTech BKIIOYATH B CBOM KO/ JIVTMHHBIE, TOAPOOHBIE KOMMEHTAPHH,
KOTOPBIE 0OBSICHSIOT, Kak OH paboTaer. /[pyrre mporpaMMUCThI MOTYT He 3HATh TOHKOCTH
Ballleil pean3auy Ko/a, OH| MOTYT MOHATH UX HEMTPABIJIBHO WU YITYCTUTH UX M3 BULLY.
Ecom pazpaboTurka KOMMEHTAPUH HE MHTEPECYIOT, OH C JIETKOCTBIO UX TIPOTTYCTUT, 3aTO
Te, KOMY OHU HY KHBI, Oy/IyT GJ1arofapHsl.

Kax 1 B mpepIAyIIuX CIydasx, 9TOT B KOMMEHTapHeB He JOJKeH 3aMEHATh TOKYMeH-
TaIWIo MOyt 1 pyHKIWHK (1711 KoTopoii cosnaiores doc-crpokn ). KomMenTapuu tuia
«II0JIyYEHHBII OIIbIT> — He Y4eOHUK 1 He COOPHUK PELIENTOB /IS I10JIb30BaTe el IIPOrpam-
Mbl. OHM TIpeIHA3HAYEHBI U1 Pa3pabOTYMKOB, YMTAIOIINX UCXOAHbBIH KO, Tak Kak MO
KOMMEHTapPUil OTHOCUJICS K GUOIMOTEKE C OTKPBITBIM KOOM M MOT TIPUTOIUThCS IPYTHM,
g o1yOJIMKOBaJI €ro B OTBeTe Ha 00LIeN0CTYIIHOM caiite https.//stackoverflow.org, tie on
OKa3aJIcs ZOCTYIIEH APYTUM II0JIb30BATENsIM, OKa3aBIINMCS B aHAJIOTUYHON CUTYaI[HH.

Kommenrapun 06 aBropckux npaBax u MHTENNEKTYanbHOI cobcTBEeHHOCTH

HeKOTOpre KOMHB.HI/II/I-paSPa6OT‘lI/IKI/I WJIN TIPOEKTDBI C OTKPBITBIM KOJOM HCITOJIb3YIOT
TOJINTURY BKJIIOYEHU S CBBI[EHI/II';I 06 AaBTOPCKUX IIpaBaxX "1 I/IHTeJIJIeKTyaJH)HOI;'I coOCTBEH-
HOCTH, a TaKiKe TEKCTOB JIMIIEH3UH B HAYAJIO KasKI0TO (1)8_171]13. C UCXOZHBIM KO/IOM. Takue
AHHOTAITNM JTOJIKHBI CO/IEPKAaTh BCETO HECKOJIBKO CTPOK M BBITJIAZECTD ITPUMEPHO TaK:

"""Cat Herder 3.0 Copyright (C) 2021 Al Sweigart. All rights reserved.
See license.txt for the full text."""

Ecan BO3MOJKHO, BRJIIOYNUTE CCBIJIKY Ha BHEITHU I JOKYMEHT WJIN BeO-CaliT ¢ IOJIHBIM
TEKCTOM JIMIIECH3NU (BMeCTO TOTO, 4YTOOBI BKJIIOYATD BCIO JJIMHHYIO JIMIIEH3WIO B Ha4YaJI0
KayK/10ro (bafma C NCXOHBIM KOZIOM). HpOpr‘HJBaTb HECKOJIBKO JIMIITHUX 9KPAaHOB TEKCTa
KK bl Ppas, Kor/ia BbI OTKPbIBacTE (baf/’m C UCXO/THBIM KOZIOM, YTOMUTEJIbHO, a Hy6JII/IKa-
IS TEKCTA TTOJTHOM JTUIEH3UN He obecniednBaer JIOTIOJTHUTEIBHOM IOpI/II[I/I‘{eCKOfI 3alIUThbI.

Mpodeccnonanbhbie KommeHTapum

Ha moeii nepBoii pabore B KayecTBe IPOrPaAMMUCTA CTapLInil KoJLiera, KOToporo
s OYEeHb YBaskKaJs, OTBEJ MEHS B CTOPOHY U OOBSACHUJI, UTO TIOCKOJbKY Mbl WHOT/A
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NpefoCcTaBisieM UCXOAHBIN KOl HAIIUX MPOJAYKTOB KJIWEHTaM, OUeHb BaKHO BbIJEp-
JKMBATh MPodecCuoHaNbHbIl TOH B KOMMeHTapusaxX. Kak BbISICHUIIOCH, ST HATIKCAJ
«Kakoro uepra?s B OZIHOM U3 KOMMEHTAPUEB, OTHOCAIIUXCSI K OCOOEHHO TIPOTUBHOM
JacTy Koja. Sl yeThInics, HeMelJIeHHO U3BUHUIICS U OTPpeaKTupoBaJ TeKcT. C 3Toro
MOMEHTA 5 ATy B KOMMEHTapHsX (7la’ke B MePCOHAJBHBIX TTPOEKTAX) TOJIBKO TTPO-
(beccrmonambHbIE 3aMeEYaHMS.

BosMoskHO, BaM 3aX04eTcs BBICKA3aTh CBOE pas/paskeHUe WU MPOSBUTH OCTPOyMUE
B KOMMEHTaPUSIX TPOTPAMMBI, HO JIeJIaTh TaK HE CTOUT. BBl He 3HaeTe, KTO OYIeT YNTATh
Balll KO/l B OY/IyIleM, a TOHAJIBHOCTh TEKCTa JIETKO MHTEPIPETUPYETCs HeBepHO. Kak
st 0OBSICHSLI B pasfiesie «V30eraiite myTok, KagaMOypOB U KYJIBTYPHBIX OTCBLITOK», €. 91,
JIYYIIIe BCETO MUCcaTh KOMMEHTAPHH TIPSMOJIMHEITHO, 4eTKO 1 6e3 1oMopa.

KogoBbie metkn u kommenrapun TODO

[IporpamMmucTbl MHOT/IA OCTABJAIOT KOPOTKHE KOMMEHTAPUU, HAIOMUHAIONINE UM
0 paboTe, KOTOPYIO elie TPEACTOUT cieaTh. OOBIYHO UX OPOPMIISIIOT B BUIIE KOOOBHIX
MemoK — KOMMEHTapUeB, KOTOPbIe IIpeABapsieT MeTKa, 3alliicaHHasl B BEPXHEM PETUCTpe
(narrpumep, TODO). B nzease /17151 maMATOK JIydliie UCIIOJAb30BATh CPE/ICTBA YIIPABJICHUS
MPOEKTaMMU, & He 3apPbIBATh UX B UCXOAHOM Kojie. Ho B HEGOIBINX TIePCOHANBHBIX TPO-
€KTaX, B KOTOPBIX TaKWe NHCTPYMEHTDHI He UCIIOJb3YIOTC, BCTPeYalomuecs BpeMs OT
BpeMeHU MeTKH TODO MOTYT CTaTh M0JIe3HBIM HannoMuHanueM. [Ipumep:

_chargeIonFluxStream() # TODO: BbiACHUTb, NOYeMy Kaxablii BTOPHUK MPOUCXOAUT CHOIA.
II]IH TaKUX HAIIOMUHAHUI 4acTo HCITOJIb3YIOTCA CJIEYIOIINE METKH:

® TODO — obiiee HaTOMUHAHHE O PABOTE, KOTOPYIO HEOOXOANMO BBITIOTHUTH;
® FIXME — 9Ta 9acTh KOJa paboTaeT He MOJTHOCTHIO;

® HACK — Ta yacTbh Koza paboraeT (BO3MOKHO, 10 MUHUMYMY ), HO €€ MOKHO
VIIyUIINUTB;

® XXX — 061uee Ipeaynpex/jeHmne, 4aCTo BeCbMa CEPbE3HOE.

3a MeTKaMU, 3allCAaHHBIMU B BEPXHEM PErucTpe, CJaeAyeT JaBath GoJjiee KOHKPETHbIE
OIMCcaHus 3a1aun 1 mpobsembl. [Tos/Hee BbI CMOKETE IPOBECTH MIOUCK METOK B HC-
XOIHOM KO/Ie ¥ HallTH (hparMeHT, KOTOPBIH HEOOXOAMMO J0PaboTaTh.

C 1pyTOii CTOPOHBI, Y TAKMX HATIOMUHAHUIT €CTh ¥ HEJIOCTATOK: O HUX JIETKO 3a0bITh, €CJIH
TOJIbKO BBI HE UM TAeTe Ty 4acTh KOJIa, Tie OHU HaxoagaTcst. Ko/ioBble METKY He 3aMEHSTIOT
(hopMaIbHOI CHCTEMBI OTCIIEKUBAHUS OLIMOOK MJIM IIPOIPAMM OTIPABKKU OTYETOB 00
omm6kax. Eciiu BbI MCIIOJIb3yeTe KOJOBbIe METKU B CBOEH IPOrpaMMe, s PEKOMEHIYIO
MpeleJIbHO YIPOCTUTD UX: UCIIOJB3YITe TOJBKO TODO M OTKAJKUTECH OT OCTAJIbHBIX.
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Marnyeckne KommeHTapumu n KoAMPOBKA HCXOAHBIX ¢aiinos

BoamoskHO, Bam BeTpevasinch UCXo/iHbIe (PaiiJibl .py, B Hauasie KOTOPBIX HAXO/UJINCh
CTPOKU CJIEIYIONIETO BU/IA:

#!/usr/bin/env python3 (1
# -*- coding: utf-8 -*- @

Marmveckne KOMMeHTAPUHY B Havaste (haiia mpeoCcTaBIstioT HHbOPMAInio 06 MHTepTIpe-
tarope uin Koauposke. Ctpoka @ (0 KOTOPOI 51 yIIOMUHAI B ryiaBe 2) cooduaeT Bamei
OIIEPAIIMOHHON CHCTeME, KAKON HHTEPIIPETATOP CIIEIYET UCIIOTb30BATD JIJIs BBIIIOTHEHIST
MHCTPYKLUIL B (aiiie.

Bropoit marnyecknii KoMMeHTapuii B CTpOKe @ orpesiesisieT KOAUPOBKY. B nanHOM
cJlydae CTPOKA OIPe/IeJisieT, YTO JJisI ATOr0 UCXOAHOTO (hailia J0KHA UCITIOTb30BATHCS
koauposka UTF-8. BriouaTh 9Ty CTPOKY HOUTH BCeT/a He 00s13aTeIbHO, TOTOMY YTO
GosbIHCTBO penaktopos u IDE yske coxpatsier (ailsibl ¢ MCXOAHBIM KOJIOM B KOJUPOBKE
UTF-8, a Bce Bepcuu Python, Haunnast ¢ Python 3.0, onpenesnsitor UTF-8 kak KOIMPOBKY
no ymosryanuio. @aiiibl B koguposke UTF-8 MoryT comepskarh JioOble CUMBOJIBI, TAK
YTO HUYTO He MeNIaeT BaM BKJIIOUUTH B UCXOJHbBIN (hail .py aHT/IMIICKIe, KUTaliCKue
uu apabCcKue CUMBOJTBL.

Ecom Bam motpebyercest nudopmaiiyst o FOHUKOIE 1 KOTMPOBKE CTPOK, I PEKOMEHTYTO
ny6sukaruio B 61ore Hea Batuesnepa (Ned Batchelder) «Pragmatic Unicode» mo
azipecy https.//nedbatchelder.com/text/unipain.html.

Doc-crpoku

Doc-cTpoK# TIPEACTaBISIOT OO0 MHOTOCTPOUHbBIE KOMMEHTAPUH, PACTIOJIOKEHHBIE JTHOO0
B Hauasle (aiiia .py ¢ UCXOAHBIM KOZOM MOZYJIS, 1100 HEIOCPEACTBEHHO M10CIe KOMaH-
Ibl class win def. OHu cojepskar ZOKYMEHTAILUIO 00 OIIpeesseMOM MOJYJIe, KJIacce,
ynxiunm nam metoze. CpesicTBa aBTOMATU3NPOBAHHOTO TEHEPUPOBAHUST JIOKYMEHTAI[UN
WCIIOJTB3YIOT UX JIJISl TeHEPUPOBAHUS BHEITHUX (DANJIOB € IOKYMEHTAITUEN — HATIPUMED,
CIIpaBOYHbIX (ailoB Wi BeO-CTPaHMIL.

Doc-cTpoku 10SKHBL GBITH 0OGOPMIIEHBI B BUIE MHOTOCTPOYHBIX KOMMEHTAPUEB B TPOTi-
HBIX KaBBIYKax (BMECTO OJJHOCTPOUYHBIX KOMMEHTAPHUEB, HAYMHAIONUXCA C PEIIETKU #).
Doc-cTpoxn Bcerzia mCTIOIb3yIOT YTPOEHHBIE IBOMHBIE KaBBIYKN BMECTO YTPOEHHBIX
oMHapHbIX KaBblyek. Hanpumep, Hske npusenen ¢pparment aiiia sessions.py us 1o-
IIyJIIPHOTO MOZYJIA requests:

# -*- coding: utf-8 -*-

requests.session
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This module provides a Session object to manage and persist settings across
requests (cookies, auth, proxies)

import os

import sys

--snip—

class Session(SessionRedirectMixin):
"""A Requests session. ©

Provides cookie persistence, connection-pooling, and configuration.
Basic Usage::

>>> import requests
>>> s = requests.Session()
>>> s.get('https://httpbin.org/get")
<Response [200]>
--snip--

def get(self, url, **kwargs):

r Sends a GET request. Returns :class: Response’ object. @

:param url: URL for the new :class: Request’ object.
:param \*\*kwargs: Optional arguments that " “request "~ takes.
:rtype: requests.Response

--snip--

Daii sessions.py copepsxut doc-CTPOKM J1JIst MOALYJist @, Kiacca Session ® u MeTona get ()
KJacca Session @. O6parute BHUMaHME: XOTsI dOC-CTPOKA MOJLYJIsI JIOJIKHA OBITH [IEPBOI
CTPOKOII B MOJLyJIe, OHa PACIIOJIATAeTCs MOCJIE JIIOOBIX CIIEIMaIbHbIX KOMMEHTapUEB —
B 4aCTHOCTH, OTIPe/IeJIeHISI KOJIUPOBKY @.

ITosauee BbI MosKeTe TpoYrTaTh dOC-CTPOKU MOZYJIsA, Kjaacca, GYHKIMKE WX METOJa,
npoBepsa aTpuOyT __doc__ COOTBETCTBYIONIErO 0ObeKTa. Tak, B cleayiomeM IpruMepe
nposepsiorcst doc-CTpoKU I MOJyYeHNs AOIOTHUTEIbHON HHMDOPMAIUU O MOy JIe
sessions, Kjacce Session 1 MeTojie get():

>>> from requests import sessions

>>> sessions.__doc__

"\nrequests.session\n~~~nmannnasannns\n\NThis module provides a Session object
to manage and persist settings across\nrequests (cookies, auth, proxies).\n'
>>> sessions.Session.__doc__

"A Requests session.\n\n Provides cookie persistence, connection-pooling,
and configuration.\n\n Basic Usage::\n\n >>> import requests\n
--snip--

>>> sessions.Session.get._ doc__

'Sends a GET request. Returns :class: Response’ object.\n\n :param url:
URL for the new :class: Request’ object.\n :param \\*\\*kwargs:

--snip--
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CpeacTBa aBTOMATU3UPOBAHHOTO JOKYMEHTUPOBAHUS MOTYT M0Jb30BaThest doc-
CTPOKAMU JIJIST [TPEA0CTaBICHUsT MHPOPMAIIUU, COOTBETCTBYOIIEH KoHTeKCTY. OIHO U3
TaKUX CPeIcTB — BeTpoeHHast pyHkiws Python help() — BeiBoauT doc-cTpoky mepe-
JaHHOTO €eii o6bekTa B Gosee yaobounTaeMoM hopmare, ueM y HeoOpaboTaHHOH CTPOKU
__doc__. JlaHHas BO3MOKHOCTb MOKET OKa3aThCsl MOJIE3HON IIPU 9KCIIEPUMEHTAX C UH-
TePaKTUBHON 000JI0UKOIL, IIOTOMY Y4TO BbI MOKETE HEME/JIEHHO HOJIYyYUTh MH(POPMAIUIO
0 JIFOOBIX MOJYJISIX, KJTaccax v (DYHKIIUSAX, KOTOPBIE BBI ITBITAETECH UCITOJIB30BATh:

>>> from requests import sessions
>>> help(sessions)
Help on module requests.sessions in requests:

NAME
requests.sessions

DESCRIPTION
requests.session

N N N N N

This module provides a Session object to manage and persist settings
-- More --

Ecom doc-cTpoka cmikoMm Benka, 4ToOBI MOMECTUTHCS Ha 9Kpame, Python BerBoguT
MOZCKA3Ky -- More -- B HuKHel yactu okna. Hasxmure ENTER, 4T00bI IDOKPYTUTH
TEKCT K CJEAYIOIEH CTpoKe, Ipobest I BhIBOAA CAEAYIONIed CTPaHUIIbI Wi Q st
MIPEKpaIeHust mpocMoTpa doc-CTpoKH.

B obmiem cayuae doc-cTpoka T0KHA COMEPKATD OAHY CTPOKY TEKCTA ¢ 00OOTIATONTITM
OTMCAHUEM MOJTYJIST, KJIacca WU (DYHKITNH, 32 KOTOPBIM CJIEyET MyCTas CTPoKa 1 boee
noapo6Has urdopmanus. J{7st GyHKIMIT 1 METOI0B OHA MOJKET BKJITIOYATh HH(DOPMATIHIO
00 UX MmapaMeTpax, BO3BpaIllacMOM 3HaUeHIH 1 TOOG0YHBIX addertax. Doc-cTpoku mu-
Ty TCST JIJIST APYTUX TPOTPAMMUCTOB,  He JIJIST TI0JTh30BaTe el TPOTPaMMBbI, TOITOMY OHU
TOJIKHBI COZIEPKATH TEXHIYECKYIO MH(MOPMATIINIO, & He 00yJaIoTie COBETHL.

Y doc-cTpok Takske ecTh BTOPOE KI0YEBOE MPEUMYIIECTBO: OHU WHTETPUPYIOT TOKY-
MEHTAIUIO B UCXOHBIN Ko/ Korjia JoKyMeHTaIUs TTHIIEeTCst OTAENBHO OT KO/a, O Heil
qacTo BooOIIe 3a6biBatoT. C APyroil cTOPOHBI, KOrjia doc-CTPOKH Pa3MeIeHbl B Hauae
Moty Jieii, KaccoB 1 (hYHKINH, WHMOPMAIUIO JIETKO TIPOCMATPUBATD 1 OGHOBJISTD.

BosmoxHo, BbI He cMoskeTe cpady mucath doc-cTpokn, ecan paboTa Hal KOIOM, KO-
TOPBIN BBl XOTUTE OTMCHIBATS, €Ille He 3aBeplieHa. B takom ciydae Briounte B doc-
CTPOKY KOMMEeHTapuii TODO ¢ HantoMuHaHueM. Harpumep, ciaenyioniasg BbIMbIIIICHHAS
dbyHKIM reverseCatPolarity () coaepKuT II0XyI0 dOC-CTPOKY, KOTOPas yTBEPKIaeT
OYEBUJIHOE:!

def reverseCatPolarity(catId, catQuantumPhase, catVoltage):
"""Reverses the polarity of a cat.
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TODO Finish this docstring."""
--snip--

( """MeHAeT NONAPHOCTb Yy KOTa.
TODO: 3aKoHYMTb 3Ty doC-CTpoKy)

Tak kax KaxIplil Kaace, QyHKIMI U METOI A0JKHBI coiepskaTh doc-CTPOKY, MOKET I10-
SIBUTHCS UCKYIIIEHNE HATTNCATh MUHUMAJBHYIO IOKYMEHTAINIO U JIBUTATHCS Jlajibiiie. be3
KOMMEHTap¥si TODO CJIUIITKOM JIETKO 3a0BITh O TOM, 4T0 dOC-CTPOKY CJIE/LYET MEePerncaTh.

PEP 257 copepsKuT JONOJTHUTEIbHYIO JOKYMeHTal1io 0 doc-cTpoKax 1o aapecy https.//
www.python.org/dev/peps/pep-0257/.

AHHOTCII.I,MM TUNOB

Bo MHOTHX s3bIKaX IIPOrpaMMUPOBAHUS UCIIOJIB3YETCS CMAMUUECKASE MUNUBAYUSL, ITO
03HAYaeT, YTO IPOrPAMMHUCT J0JIKEH 00bIBUTH THIIBI JAHHBIX BCEX IIEPEMEHHbIX, T1apa-
MeTPOB U BO3BpaIlaeMbIX 3HAUYCHUH B ICXOTHOM Kojie. Takast BOSMOKHOCTD MTO3BOJISIET
UHTEPIPETATOPY WK KOMIIMISATOPY IPOBEPUTH IPABUJIBHOCTD IPUMEHEHK BCeX 00b-
eKTOB /10 3alrycka mporpaMmbl. B Python ucnosnbsyercs dunamuueckas munusayust:
HepeMeHHbIe, [TapaMeTPhl U BO3BPalaeMble 3HAYE€HUSI MOTYT UMETD JIF0OOM THUII JaHHbIX
U a’ke MEHSTH TUTIBI JAHHBIX BO BPEMST BBITIOTHEHUS TTporpaMMbl. Ha auramumdeckux
sI3bIKAX OOBIYHO IIPOILIE IPOrPAMMUPOBATh, IOTOMY YTO OHU TPEOYIOT MeHble (hopMaJib-
HBIX OIIpeeJeHNH, HO 3aTO B HUX OTCYTCTBYIOT CPECTBA IPEAOTBPALIeHN OUIHOOK,
HPUCYIIIE CTAaTUYECKUM s3bikaM. Kora Bbl nuinere ctpoky koia Python — Hanpumep,
round('forty two'), BBI MOKETe HE TIOHSTH, YTO CTPOKA repeaaetTcst (yHKIIH, MOJTy-
yalomiell TOJIbKO apryMeHThI int 1 float, II0Ka IIporpamMmMa He OyIeT 3anyiieHa u He Ipo-
u30iizieT onrbKa. SJI3bIKU CO CTaTHYECKON TUITU3AIMEN BhIIAIOT PAHHUE IPELYTPEKICHUS
MIpU IPUCBAaUBAHUY 3HAUECHWS UJIN TIepeiade apryMeHTa HeMTPaBUIbLHOTO TUTIA.

Annoraruu tunioB 8 Python npenocrasiisiior HeoOs13aTeIbHBIE CPEACTBA CTATHYECKOI
TUTIU3AIWH. B ceytomieM mpuMepe aHHOTAIIMK TUTIOB BBIJICT€HbI JKIPHBIM MIPUMTOM:

def describeNumber(number: int) -> str:
if number % 2 ==
return 'An odd number.
elif number == 42:
return 'The answer.
else:
return 'Yes, that is a number.
myLuckyNumber: int = 42
print(describeNumber (myLuckyNumber))

Kak Buzinre, 7715 mapamMeTpoB WM IIEPEeMEHHBIX aHHOTAIMS THUIIA UCIIOJIBL3YET IBOCTOYME
JUUIS OT/IeJIEHUST UMEHU OT THIIA, TOTIA KaK /TSl BO3BPAIaeMbIX 3HAYCHUI 3aKpPbIBAIOIAs
KpyTrJiast CKOOKa KOMaH/[bl def OTIEJSIETCST OT TUTIA CTPEJIKOI (->). AHHOTAIMY TUIIOB
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(pyaknum describeNumber () TOKa3bIBAIOT, YTO (DYHKITUS TIOJYYAET 1[€JI0€ YUCJIO B I1a-
pamMeTpe number 1 BO3BpaIlaeT CTPOKOBOE 3HAYECHHUE.

Ecau BbI ncniosnb3yeTe aHHOTAIIMK TUIIOB, BAM He HYKHO TPUMEHSITh UX K KaK/IOMY 3Ha-
YEeHUIO JAHHBIX B IIporpaMme. BMecTo 3Toro MosKHO BOCIIOIb30BaTbhCsI METOJIOM HOCMe-
NeHHOL MUNU3AUULL, COYETATOTITIM THOKOCTD TMTHAMITYECKON THTTH3AINH ¢ HE30TTACHOCTHIO
CTaTUYECKON TUTTU3AINN: aHHOTAIIMH TUTIOB BKITIOYAIOTCA TOIBKO JIJTs1 HEKOTOPBIX TTepe-
MEHHBIX, TAaPAaMETPOB U BO3BpaIaeMbIxX 3HaueHuil. Ho uem OoJibiiie aHHOTAIIUI THIIOB
MOSIBJISIETCSL B BAIIIEH mTpoTpamMMe, TeM GOoJIbIle HH(MOPMAIIMN TTOJIyYaT CPEACTBA CTaTh-
YECKOTO aHAJIN32a KOJIA /7SI BHISIBJICHUS TIOTEHITMATLHBIX OMTHOOK B BAIIEH TIPOTpaMMe.

O6paTuTe BHUMaHIE: B TOM MPUMEPE NMEHA 3a/[AHHBIX THIIOB COBIA/IAIOT ¢ IMEHAMNI
DYHKIMHA-KOHCTPYKTOPOB int() u str(). B Python TepMunbl «kaacce», «TUII» U «THUII
JIAHHDBIX> UMEIOT OJ[THAKOBBII CMBICJL. J[J1sT JTFOOBIX 9K3EMILISIPOB, CO3/[AHHBIX HA OCHOBE
KJIaCCOB, UM KJIacca UCIOJIb3yeTCs KaK ero TUIL:

import datetime
noon: datetime.time = datetime.time(12, 0, 0) (1)

class CatTail:
def __init_ (self, length: int, color: str) -> None:
self.length = length
self.color = color

zophieTail: CatTail = CatTail(29, 'grey') (2}

ITepemeHHast noon cHabkeHa aHHOTAIEH THTTa datetime. time @, MOTOMY UTO 3TO OOBEKT
time (onpezeseHHbIi B MOyJIe datetime). AHasornyHbIM 00pa3oM 0ObeKT zophieTail
cHabkeH aHHoTaIe Tumna CatTail ®, 10TOMY YTO 3TO 00beKT KJ1acca CatTail, cosman-
HOTO KOMaH/ION class. AHHOTAIMK TUTIOB aBTOMATHUYECKU PACTPOCTPAHSIIOTCS Ha BCE
cyOKJacchl 3aanHoro Tuna. Hanmpumep, mepeMeHHOHN ¢ aHHOTaInel Tuia dict MOKHO
MPUCBOUTD HE TOJBKO J0H0e 3HAUEHIE CII0Bapst, HO 1 JII0O0E 13 3HAYEHMiT collections.
OrderedDict 1 collections.defaultdict, HOTOMY YTO 9TH KJIACCHI IBJISIOTCS CyOKJIac-
camu dict. O cyOkiaccax Mbl 6oJiee TToAPOOHO IOroBOPKM B riase 16.

CpejicTBaM CTaTHYECKOI MPOBEPKU THIIOB HE 0OSI3aTEIBHO HYKHBI aHHOTAIUU TUIIOB
IS TIepeMEHHBIX. /]eJ10 B TOM, UTO CPe/ICTBA CTATHUECKOM TIPOBEPKH TUTIOB BBITTOJHSIOT
aBTOMATUYeCKOe olpe/iesIeHHe THIIa Ha OCHOBAHUM 1IE€PBOI KOMaH/Ibl [IPUCBAaNBaHU
nepeMeHHoi. Harpumep, 110 cTpoke spam = 42 crctema IIpOBEPKH TUIIOB MOKET aBTOMa-
TUYECKU OMPE/C/IUTD, YTO TIePEMEHHAs spam I0JKHA MMETh aHHOTaIuIo Tuma int. Tem
He MeHee s Bce PAaBHO PEKOMEH/IYI0 BKJIOYATh aHHOTAIIUU TUTIOB. Bymyniuii mepexo;y
K Tuiy float, Kak B KOMaH/ie spam = 42.0, TAK)Ke U3MEHUT aBTOMATUYECKU OLIpe/iesIsieMbli
THUII, YTO MOXKET IIPOTUBOPEYUTDH BAIllUM HaMepeHUsM. JIyullie 3acTaBUTD [TPOrpaMMUCTa
M3MEHUTH AHHOTAIIUIO THIIA [TPU U3MEHEHU U 3HAUEHUsT, YTOOBI OH MOATBEPNI, UTO U3~
MeHeHwe ObLIT0 BHECEHO HaMePEHHO, a He CITyJaiiHo.
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Cratnyeckne ananusaropol

Xorst Python mojzsepskuBaeT CHHTaKCHC aHHOTAIMIT TUITOB, WHTepIpeTarop Python
HOJIHOCTHIO UX UTHOPHUPYeT. Ecim BbI 3amycrute mporpaMmy Python, kotopas epemaer
(YHKITH TepeMeHHYI0 ¢ HeMPaBIILHBIM TUTIOM, Python GyzieT Bectu cebs Tak, CJIOBHO
AHHOTAIMU TUIIA He cyliecTByeT. VHaue roBops, aHHOTAIIMK THUIIOB HE 3aCTaBJILAIOT UH-
tepriperarop Python BemomHATh Kakyro-1160 MPOBEPKY TUIIOB Ha CTA/IUH BBITIOJTHECHMUSL.
AHHOTAIUU TUIIOB CYLIECTBYIOT TOJbKO [IJISl CPEACTB CTATUYECKON IIPOBEPKU THUIIOB,
KOTOpBIE AaHAJM3UPYIOT KOJL /10 3aITyCKa IIPOTPAMMBI, & HE BO BPeMSI BLITIOJTHEHUS.

OTU CPEJICTBA HABBIBAIOTCS CPEJCTBAMK CTATUYECKOTO aHAIM3a, TIOTOMY YTO OHU aHa-
JIN3UPYIOT UCXOHBIN KOJI /IO 3AITyCKa IIPOTPAMMBI, TOT/Ia KaK CPEJICTBA AMHAMUYECKOTO
aHasm3a paboTaloT ¢ ysKe 3alylieHHbIMU porpaMmMami. (B naHHOM ciydyae TepMUHBI
«CTaTUYECKUIT» 1 «JII/IHB.MI/I‘IGCKI/II;JI» OTHOCATCA K TOMY, BBITIOJTHAETCAA JIU ITPpOrpaMMa, HO
TIoJi TEpMUHAMU «CTaTUYECKasA TUIIU3alluA» U «/ITUHaMUYECKad TUTIN3allyA» ITIOHNMAETCA
c110co6 00BSIBJIEHUS TUTIOB IAHHBIX IIepeMeHHbIX 1 pyHKIMiA. Python siBisiercst si3p1K0M
¢ IMHAMWYECKOU THIU3AIMEN, /1 KOTOPOTO ObLIM HATIMCAHBI CPEICTBA CTATHYECKOTO
aHasm3a — Takue kKak Mypy.)

Ycranoska u 3anyck Mypy

Xorsty Python Her opunnanbHbIX CpeicTB MPOBEPKHU TUTIOB, U3 CTOPOHHHUX Pa3paboTOK
B HACTOsIIIIEe BPeMst HAUGOJIbIEH MOTTYJIIPHOCTBIO T10J1b3yeTcst Mypy. UToObI yCTaHOBHUTH
Mypy ¢ OMOIIbIO pip, BHIITOJTHUTE CAEAYIONIYI0 KOMaH/LY:

python -m pip install -user mypy

B macOS u Linux BeimosanTe KOMaHIy python3 BMecTo python. Cpesut pyTux Moty Jisip-
HBIX CUCTEM IIPOBEPKU TUIIOB MOXKHO BbizeuTh Pyright (Microsoft), Pyre (Facebook)
u Pytype (Google).

Yro6bl 3aIyCTUTD MTPOTPAMMY MTPOBEPKH THUIIOB, OTKPONTE OKHO KOMAHIAHON CTPOKN
WU TEPMUHATIA U BBITTOJHUTE KOMAHY python -m mypy (4TOObI 3aITyCTUTH MOJIYJTh KaK
IPUJIOKEHNE) ¢ UIMEHeM ITpoBepsieMoro (daiisa ¢ kogom Python. B ciexyioniem npumepe
POBepPsIeTCsI KO IIPOorpaMMbl U3 aiiyia ¢ umeneM example.py:

C:\Users\Al\Desktop>python -m mypy example.py

Incompatible types in assignment (expression has type "float", variable has
type "int")

Found 1 error in 1 file (checked 1 source file)

[TporpaMma He BBIBOAUT HUYETO, €I OMUOKU He HaiIeHbl, 1 BHIBOAUT COOOIIEHUS
00 omunbKax B IIPOTUBHOM ciydae. B daiine example.py mpobiema oOHAPYKUBAETCSI
B cTpoke 171, HOTOMY 4TO TIlepeMeHHast ¢ IMEHEeM spam UMeeT aHHOTAIMIO TUTIA int, HO
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eil mpucBanBaeTcs sHadenue float. ITO npuUcBanBaHue CrOCOOHO MPUBECTU K OMIUOKE,
U K HeMY CTOUT NPUCMOTpeThest. Hekoropbie coobimennst 06 ommmbKax TPyHO TTOHATH
¢ nepBoro B3rIsAAa. B coobienusax Mypy MOIyT YHOMUHATBCS MHOTOYKMCJIEHHBIE BO3-
MOZKHBIE OIMIMOKHI — CJIUIITKOM MHOTOUUCIEHHbIE, YTOOBI TIEPEUUCSTD UX 3/1eCh. UTOOBI
MOHSITh, YTO O3HAYAET T WJIM WHAsI ONINOKA, MPOIIE BCETO MOUCKATh NH(POPMAIIUIO
B UHTEPHETE.

3aryckatb Mypy 13 KOMaHIHOHM CTPOKH TTPU KayK/IOM U3MEHEHUN Kojia HeahheKTUBHO.
YU T00bI TOJIB30BATHCSI CPEICTBAMU TIPOBEPKHU TUTIOB OBLIO YI00HEE, HEOOXOAUMO HACTPO-
uth IDE njiu TeKCTOBBIN PefaKTOp TaK, YTOOBI 9TH CPEICTBA BBIMOJHSIICH B (POHOBOM
pesxiMe. B aToM ciryuae peaktop OyzeT OCTOsTHHO 3amryckath Mypy mpu BBojie KOJIa,
a 3aTeM BbIBOJUTDH HaliieHHble onnOku B pegakrope. Ha puc. 11.1 usoGpaskena ommbka
13 TIPEIbIAYIIEro IIPUMepa B TEKCTOBOM pegakTope Sublime Text.

B cwusersianDesktopiexample. py - Sublime Text - m] x
File Edit Selection Find View Goto Tools Project Preferences Help

_

169 # Check the amount of spam we receive:
17¢ totalEmail = @

171 spam: int = H.M
172
173
174 while True:
175 # Keep Copy | €lick ® to trigger a quick action H
176 if spam > @: .

mypy: [ assignment — Incompatible types in assignment (expression has type
"float", variable has type "int")

Puc. 11.1. Ownbkn Mypy B Tekctosom pepaktope Sublime Text

Konkpernas nocjieioBateibHOCTD fieiicTBuil 1o Hactpoitke IDE niu trekctoBoro pepax-
Topa 71t paboTsl ¢ Mypy 3aBHCHT OT TOTO, B KakoM peaaktope nin IDE Bbr paboraere.
Mucrpykuuy MOKHO HAl T B UHTEPHETE — UCII0JIb3YIiTe yeoBUe oucka «<eaua IDE>
Mypy Hacrpoiikas («<your IDE> Mypy configure»), «<gawa IDE> aHHOTAIIUU TUTIOB
HacTpoiika» («<your IDE> type hints setup») win yro-uubynp B aTom poze. Eciu Bce
MOMBITKU OKA3aJIuCh Ge3yCIENTHBIME, BBl BCEr/[a MOKETE 3ayCcTUTh Mypy 13 OKHa KO-
MaHIHON CTPOKH WJIN TEPMUHAIA.

Mopasnenne obpaborkn koaa 8 Mypy

IIpencTaBbTe, YTO BB HamUcaau OJOK KOIA, A/ KOTOPOTO MO KAKOW-TO IPUYKMHE BB
He [OJIyJaeTe MpeLynpexIeH s, OTHOCSIIUECS K aHHOTAIMSAM TUIIOB. C TOUKHU 3peHUst
CPEJICTB CTATUYECKOTO aHAJIM3a B CTPOKE BPOJIe OBl HCIIOIb3YETCS HETPABUJIbHbII THII,
HO BBl YBEPEHBI, YTO BO BPeMs BBIIIOJIHEHHUS 9Ta CTPOKa Oyuer paboTaTh MPaBUIbHO.
Yro0bl OAABUTD JIIOOBIE IPEAYIIPEKACHMS O TUIIAX, J0OaBbTe KOMMEHTApHii # type:
ignore B KoHell cTpoku. [Ipmmep:
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def removeThreesAndFives(number: int) -> int:
number = str(number) # type: ignore
number = number.replace('3', '').replace('5', '') # type: ignore
return int(number)

Yro6b! yIaTUTD U3 TeJI0TO YHCIa, TepefiaBaeMoTo removeThreesAndFives (), Bee -
pbI 3 ¥ 5, MBI BpeMEHHO TIpeobpasyeM TeJI0YHCICHHYIO TIePEMEHHYIO B CTPOKY. M3-3a
3TOTO MPOrpaMMa IIPOBEPKHU TUIIOB BBIZAET MPELYTIPEKICHUSA O IBYX IEPBBIX CTPOKAX
(OYHKIIUHU, TIO9TOMY B 3TH CTPOKHU J00ABJISIOTCS aHHOTAIINHI TUTIOB # type: ignore s
HOJIaBJICHUS IIPEAYIIPEKICHUN.

[TonbayliTech qupexkTrBamMu # type: ignore ocMmorputenbHo. IrHOpupoBanue mpeny-
MPEeXAEHU OT CPE/ICTB IIPOBEPKU TUIIOB OTKPbIBAET BO3MOXKHOCTH /1711 TPOHUKHOBEHUS
oboK B Bail koz. Ko 1ouTy Beeria MosKHO IIeperucarh Tak, YTo0bl IIPeLy IPesK AeHIs
He BbI1aBasiich. Hammpumep, ecii co3nath HOBYTO lepeMeHHY0 KOMaH/[0i numberAsStr =
str(number) WK 3aMEeHUTH BCE TPU CTPOKHU KOJIa OJTHOI CTPOKOM return int(str(number.
replace('3', '').replace('5', ''))), MOKHO 136€5KaTh IIOBTOPHOTO UCIIOJIH30BAHMUSI
TepeMeHHON number /Jid pa3HbIX TUTIOB. He ciiefyeT mogaBisaTh NpeaynpeskaeHns, u3-
MEHAA aHHOTAINIO THUIIA JJI 9TOro mapamerpa Ha Union[int, str], moToMy 4TO 9TOT
rmapaMeTp npeaHazHayeH TOJIBKO Ui 1eJbIX YUCe.

AxHotauun TvnoB gns Habopa THnoB

ITepemeHHbIe, TApaMeTPBI 1 BO3BpaliiaeMbie 3HaueHust Python MoryT npuHuMaTh pasHbie
THUIIbI TaHHbIX. LITO6bI Y4€CTb 9Ty BOBMOKHOCTD B IIporpamme, CJIEAYET 3a/1aTb aHHOTAITUN
TUIIOB C HECKOJIBKMMHU TUIIAMU; JIJIS1 9TOTO HA/JI0 UMIIOPTUPOBATDL Union U3 BCTPOEHHOTO
MOAYJIA typing. Ha60p JOIIyCTUMBIX TUIIOB 3a/laeTCs B KBaJlpaTHbBIX CKOOKax 1ocJie
MMEeHU KJjacca Union:

from typing import Union

spam: Union[int, str, float] = 42
spam = 'hello’

spam = 3.14

B arom nmpumepe annoranus Union[int, str, float] ykasbiBaeT, 4TO iepeMeHHOM spam
MOJKET OBITH TIPHCBOEHO TIET0e YHCJIO0, CTPOKA WITH YHCJIO ¢ TTaBaiotieil Toukoit. Obpa-
THUTE BHUMAaHHUE: JIy4llle UCII0JIb30BaTh (POPMY KOMaH/ bl UMIIOPTUPOBaHUS from typing
import X BMecTO import typing, a 3aTeM 1ocje0BaTeIbHO UCII0Ib30BATh PA3BEPHYTYIO
opmy typing. X 175t aHHOTAITME TUTIOB BO BCEIi TIPOTPaMME.

MoskHO yKa3aTh HECKOJBKO TUIIOB JAHHBIX B CUTYyallUSgX, KOT/Ia IepeMeHHas Uu BO3-
BpalaeMoe 3HaueHne MOTYT IIPUHUMATDh 3HaUYeHre None B JIONOJTHEHUE K JAPYTOMY
Ty, UT06bI BKIIOYNTH NoneType (TWT 3Ha4eHUst None) B aHHOTAITMIO TUTIA, YKAKHUTE
B KBajipaTHbIX cKOOKax None BMecTo NoneType. ((Dopmasbio NoneType He sIBJSETCS
BCTPOEHHBIM UIEHTU(DUKATOPOM, KAKUM SBJISETCS int niu str.)
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Emre myuriie BMecTo Union[str, None] nMnopTtupoBarh Optional u3 Moayad typing
1 UCII0JIb30BaTh 3alIUCh Optional[str]. JTa aHHOTAlMS TUIIA O3HAYAET, YTO (DYHKIIU
MJIM MEeTOJI MOKeT BepHYTb None BMeCTO 3HaUeHUsI oxKujaemoro Tuna. [Ipumep:

from typing import Optional
lastName: Optional[str] = None
lastName = 'Sweigart’

3zech epeMenHoil lastName MOXKeT OBITH MPUCBOCHO 3HaUYeHUE str vin None. Tem He
MeHee K MCII0Jb30BaHMIo Union 1 Optional CTOUT MOAXOAMTH OCMOTpUTENbHO. YeMm
MEHBIIIE TUIIOB JIOMYCKAIOT BAIIK TIepeMeHHbIe 1 (DYHKIIUHU, TEM TIPOIie OyIeT Balll KO/,
a B IPOCTOM KOJIE PEKE BO3HUKAIOT OMUOKH, 4eM B CJI0KHOM. BeroMuuTe Tesuce «/l3eH
Python»: mpocroe syuiite, gem ciioxknoe. Ecaiu hyHKIUs Bo3BpaiaeT None Kak IpU3HAK
OIMIUOKHU, PACCMOTPHUTE BO3MOKHOCTD 3aMEHBI KOJIa OIIUOKU UCKIIOYEHIEM (CM. Pasziest
«BbIgaua uCKIIOUeHni M BO3BpallieHne KOL0B OMKUbO0K», ¢. 214).

L:[TO6I>I yKa3aTb, 4TO [IepeMeHHasd, IIapaMeTp NI BO3BPalllaeMO€ 3HaY€HNE MOJKET UMETb
JIE000IT THIT JAHHBIX, UCIIOJIb3YHTe aHHOTAIUIO TUTIA Any (Tak:Ke U3 MOYJIs typing):
from typing import Any

import datetime

spam: Any = 42

spam = datetime.date.today()

spam = True

B aTom mpuMepe anHOTanmst TUIA Any 1MO3BOJISIET BAM TIPUCBOUTH TIEPEMEHHON spam
3HAUeHUe JI00T0 TUIA TAHHBIX — HampuMep, int, datetime.date naum bool. Takke
B KayeCTBE aHHOTAIlUM TUIIA MOKHO MCII0JIb30BaTh object, IOTOMY YTO 9TOT KJIACC AB-
JisieTcst GasoBBIM JIJIST BCeX THIIOB JaHHBbIX Python. Tem He MeHee aHHOTAIIMSI THITA Any
JIydIlle YUTAaeTCs, 4eM object.

Any, Kak 11 Union 11 Optional, cjie/lyeT NCTIOIb30BaTh OCMOTPUTETBHO. HazHaumB BeeM mepe-
MEHHbBIM, TTapaMeTpaM 1 BO3Bpall[aeMbIM 3HAYEHMSIM aHHOTAIIUIO TUTIA Any, BbI JIMIITUTECH
MTPENMYIIIECTB IIPOBEPKH TUTIOB, KOTOPBIE TIPE/IOCTABIISIET CTaTHUecKasd Tunm3anys. Pazania
MeK/Ly aHHOTAIIMel TUIIAa Any U OTCYTCTBUEM aHHOTAI[UU COCTOUT B TOM, UTO Any SIBHO CO-
o61aeT, 4To nepeMeHHas K QyHKIHs IPUHIMAET 3HAY€HUs1 JTII000r0 TUIIA, TOI/a KaK OT-
CYTCTBYE aHHOTAITH O3HAYAET, UTO TIePeMeHHAst Wn (DYHKITUS TIOKa eTlie He aHHOTHPOBAHDL.

AHHOTGIIMM TUNOB ANS CMUCKOB, CﬂOBGPGﬁ nrt. g.

Cnucku, cyioBapu, KOPTEKU, MHOXKECTBA U JIPyTHe KOHTeHHepHble TUTIBI JAHHBIX MOTYT
cojiepKaTh Apyrue 3nadenus. Ecin Bbl yKkaxkeTe crucok (list) Kak aHHOTAIIMIO THTIA
[ IIepeMEeHHOI, 9Ta IlepeMeHHas J0JIKHA CO/LePsKaTh CIIMCOK, HO TOT B CBOIO 04epe/ib
MOZKET CoZiepKaTh 3HAUCHM IIPOU3BOJIBHOTO THIIA. CJielyIoNnii KOl He BBI30BET HUKAKIX
IIPOTECTOB Y IPOTPaMMBI ITPOBEPKU TUIIOB!

spam: list = [42, 'hello', 3.14, True]



Tlgm: @it_boooks

232 Maea 11. Kommentapumu, doc-ctpokm 1 aHHoTaummn TMnos

YT06b1 OOBSABUTH THIIBI AAHHBIX 3HAYEHWI, XPAHAIIMXCS B CIIMCKE, UCIIOJIb3YITe aHHO-
Tanuio Tuna List Mmoaynd typing. O6parure BHMMaHue: List HaunHaercs ¢ OYKBbI L
B BEPXHEM PEruCTpe, 4TO OTJINYAET €€ OT TUIla JaHHBIX list:

from typing import List, Union
catNames: List[str] = ['Zophie', 'Simon', 'Pooka', 'Theodore'] @
numbers: List[Union[int, float]] = [42, 3.14, 99.9, 86] (2}

B atom npumepe nepemenHast catNames COAEPIKUT CITMCOK CTPOK, TTOITOMY TIOCTE
UMIIOPTUPOBAHUA List n3 MOy I typing Mbl 3a/laeM aHHOTAIMIO TUTA List[str] @.
Cucrema IpOBEPKY TUTIOB TIEPEXBAThIBAET BCE BHI30BBI METO/IOB append () uiu insert()
MJTH JIF0OOTO JAPYTOTO KO/, KOTOPBIN MOMEIIAET B CIIUCOK 3HAYCHS, He SABJISIONINECS
cTpokamu. Ecsint cricoxk /1oJKeH co/iepskaTh JaHHbIe Pa3HBIX THTIOB, UCIOIB3yHTe Union
B aHHOTaInu TUNOB. Hanmpumep, crincok numbers MOXKET COIEPKATD 11eJIble YNUCJIA U YHUC-
Jia ¢ TIJIaBaiolieil TOYKOH, MO3TOMY I HEeTO 3a/aeTcd aHHoTaiusd List[Union[int,
float]] ®.

Moyt typing UMeeT OTAebHbII nncesdonum muna (type alias) 1t Kask1oii pasHOBU/I-
HOCTH KOHTeliHepoB. Huke mepeuncsienbl TCeBIOHMMBI JIJIS BCeX PaciipoCTpaHEHHBIX
KOHTeHHepHbIX THIIOB Python:

List g TMna JaHHbIX 1ist;

Tuple /i1 THTIA TAHHBIX tuple;

Dict g THTIA TAaHHBIX caoBaps (dict);
Set JJid TUTIa JaHHBIX set;

FrozenSet yigd TUIA JaHHBIX frozenset;

Sequence g list, tuple u J0OBIX JPYTUX TUIOB JaHHBIX ITOCJIE10BATEIIb-
HOCTel;

® Mapping mus cioBapeil (dict), set, frozenset u JOOBIX APYIMX TUIIOB JAHHBIX
otobOpakeHui;

® ByteString /Jid TUIIOB JaHHBIX bytes, bytearray 1 memoryview.

ITotHBII IepeYeHb 9TUX TUIIOB AOCTYIIEH 10 aapecy https.//docs.python.org/3/library/
typing.html# classes-functions-and-decorators.

Ob6parHoe nopTHpoBaKue aHHOTALMIi THNOB

Obpammnvim nopmuposanuem (backporting) HazpiBaeTcst IpoOIECC BBIIEAEHVSI HEKOTOPOI
(byHKIIMOHATBHOCTY U3 HOBOM BEPCUU MPOTPAMMHOTO MPOJYKTA U MIOPTUPOBAHUE €€
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(10 ecTb amanTays 1 fodasaenue) B Gojee paHHIOn Bepeuio. AHHOTauy TUIIoB Python
HOSBUINCH TOJIBKO B Bepcuu 3.5. Ho B koge Python, KoTopblil 10J5KeH BBITOJIHATHCS
B BEPCHSIX HHTEPIIPETATOPa HIKE 3.5, BCe PABHO MOKHO UCIIOIb30BATh AHHOTAIIUH THUIIOB,
pasmernias uHGOPMAIMIO O TUIIAX B KOMMeHTapusaXx. [l mepeMeHHbIX UCII0JIb3yeTCs
BCTPOEHHbBINI KOMMEHTAPUIA ITOCIe KOMaH bl TTprcBanBanust. Jlist QyHKIUT 1 METOI0B
AHHOTAIIUU TUIIOB 3AMMCBIBAIOTCS B CTPOKE mocJie Komauel def. KommenTapuii Haum-
HaeTcs ¢ type:, a 3aTeM yKa3bIBaeTCs TUI JaHHBIX. [Iprmep Kozia ¢ aHHOTAIMsIMU TUTIOB
B KOMMEHTapHIX:

from typing import List @

spam = 42 # type: int (2]
def sayHello():
# type: () -> None ©
"""Doc-cTpoKka cnefyeT 3a KOMMEHTapueM C aHHoTauuei Tuna.
print('Hello!")

def addTwoNumbers(listOfNumbers, doubleTheSum):

# type: (List[float], bool) -> float 4]
total = 1listOfNumbers[@] + listOfNumbers[1]
if doubleTheSum:

total *= 2
return total

Ob6parure BHUMAHUE: JasKe €CJIU Bbl MCIIOJIb3yeTe CTUJIb aHHOTALMII TUIIOB B KOM-
MEHTapUsIX, BCe PAaBHO HEOOXOIMMO UMIIOPTUPOBATh MO/YJ/Ib typing @, a Takke BCe
[ICEBAOHUMBI THIIOB, KOTOPBIE BBl OyJeTe MCII0b30BaTh B KOMMEHTapHaX. B Bepcusx
10 3.5 crangapTHas 6ubaMoTeKa He BKJII0Yajia MOZLYJIb typing, ero cieyeT yCTaHOBUTh
OT/IeJIBHO CJIeYTOoIIel KOMaHIOM:

python -m pip install --user typing
B macOS u Linux ucnomnb3yliite Komauy python3 BMecto python.

Yro6bl CBA3aTH EPEMEHHYIO spam C I[eJIbIM TUTIOM, MbI 100aBJIsieM # type: int B KOM-
MEHTapuii B KOHIIE cTPOKH @. /17151 hyHKITNIT KOMMEHTApUi IOJIKEH BKJIIOYATD KPYTJIbIE
CKOOKY CO CITUCKOM aHHOTAIUI TUTIOB, Pa3eIEHHbIX 3aTSITHIMU, TIOPSIIOK KOTOPBIX
COOTBETCTBYET MOPSAKY MapamerpoB. DyHKIK 6e3 mapaMeTpoB JOJKHBI UMETh TTy-
cToi HabGop KPYTJIBIX CKOOOK ©. Eciii mapaMeTpoB HECKOIBKO, PA3/IEINTE UX 3aTISAThIMK
B KPYTJIBIX CKOOKax @.

AHHOTAIIMU TUIIOB B KOMMEHTAPHSAX YUTAIOTCS XysKe, YeM [TPOCTO aHHOTAIMKU TUIIOB,
II09TOMY OHHU MCTIOJIB3YIOTCS TOJIBKO [JISl KOJIA, KOTOPBIH MOKET BBITIOJHATHCST BEPCUSIMU
Python 10 3.5.
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Utorn

ITporpaMMUCTBI 4acTO 3a0BIBAIOT O JOKYMEHTUPOBAaHUK CBOero Koxa. Ho morparus He-
MHOTO BpeMeHH Ha Jo0aBjieHe KOMMeHTapues, doc-CTpOK U aHHOTALMI TUIIOB B BALI
KO/, BBI M30€KUTE BPEMEHHBIX 3aTpaT B Oyry1ieM. XOpoIio JOKYMEHTHPOBAHHBINA KO/I
TaK’Ke MPOIIEe COMTPOBOK/IATD.

Cob1a3HUTEIBHO IPUHSITH TOUKY 3PEHHSI, 4YTO KOMMEHTAPUH ¥ JOKYMEHTAIHSI HE Ba’KHbI
WU JIaKe TIPUHOCST BPel PH Harmucanuu mporpamM. (Takast mosuins Takke u36aBisieT
[POrPAMMHUCTOB OT PabOThI M0 HATMCAHUIO TIOKYMEHTAIIMU — OueHb ya06H0.) He o6Ma-
HbIBaiiTe cebsi: XOPOIIIO HAITMCAHHASI IOKYMEHTAIUST BCET/Ia 9KOHOMUT TOPas/io GOJIbIIe
BPEMEHU U YCUJIHiL, ueM TpebyeTcst Ha ee co3panue. [IporpaMMucTaM HAMHOTO Yallle
MPUXOUTCS UMETB JIEJIO CO CTPAHUTIAME HEBPA3yMUTEIBHOTO KOJIa Ge3 KOMMEHTapHEB,
4eM ¢ U30BITKOM TI0JI€3HON nH(MOPMAITHHL.

Xopolie KOMMEHTAPUH TPEOCTABIISAIOT MOJIE3HYI0, KPATKYIO U TOUHYT0 MH(MOPMAIUIO
TeM, KOMY TIPUJIETCS YUTATh KOJT O3/IHEE U Pa3OUPaThCst B TOM, 4TO KO/ iesiaet. KommeH-
TapUU JOJIKHBI OOBSICHITh HAMEPEHUST TIPOTPAMMIECTA 1 0000IIATh CMBICJ HEGOJIBIITITX
GJI0KOB KOJ1a, 2 He epecKkasbiBaTh OYEBHUIHBII CMBICIT OJHO CTPOKM Ko/ia. IHOT/IA B KOM-
MEHTaPUSIX COAEPIKUTCS TTOAPOOHOE OTMcaHke MHMOPMAIIIH, TOJTYIEHHON 1 YCBOCHHOI
MIPOrPAMMECTOM BO BPEMsI HATIMCAHUST KO/, B Oy y1iieM aTH 1leHHbIE CBeIeHUST N30aBsIT
TEX, KTO 3aHUMAETCsI COMPOBOKACHIEM KOJIa, OT TOPHKOW YyUacTi 3aHOBO 00BIBATH €€,
TpaTs BPeMs U CUJIBL.

Doc-cTpoky — pasHOBHIHOCTb KOMMEHTapHeEB, crerubndeckast st Python, — npen-
CTaBJISIIOT COOOI MHOTOCTPOYHBIE TEKCTBI, CIIEYIONIHE HETOCPEICTBEHHO 32 KOMaH/[AMU
class wiu def WK pacrosoKeHHbIe B HaYasse MoLyJid. CpeacTBa JOKYMEHTUPOBAHUS
(Hampumep, BeTpoeHHast GyHkims Python help()) moryT ussiekars doc-cTpoku us
KOJ1a, YTOOBI TPEIOCTABUTH KOHKPETHBIE CBEICHUS O TTPeTHA3HAYCHUHN KTacca, (DyHKITIH
WJIA MOJLYJISI.

Annoranuu Tunos, nosisusiecs B Python 3.5, nator Python mexanusm nocrenenuoii
turnmr3anuu. [locTernenHast TUIU3AIUST TI03BOJISIET TIPOTPAMMHUCTY TT0JIb30BATHCS Ipe-
HUMYIIECTBAMU CTATUYECKOI TUITU3AIIY TI0 ONIPEIETIEHI0 TUIIOB Oe3 oTepr THOKOCTH
nuHaMudeckoit tumsanuu. Vuteprnperatop Python urHopupyer aHHOTAIIMN THUIIOB,
notomy 4to B Python orcyrcrByer nmpoBepka TUIOB Ha CTaj Uy BIOJIHEHUsA. TeM He
MeHee CpPeJICTBA CTaTHYeCKON Pa3paboTKU THIIOB UCMOJIb3YIOT AHHOTAI[UK TUTIOB JIJIst
aHaIN3a NCXOHOTO KO/ /10 €T0 BhimosrHenust. CpecTBa MPOBEPKU THITOB — TaKHe KaK
Mypy — ciesaT 3a TeM, 9TOOBI TIEPEMEHHBIM, TIePeITaBaeMbIM (DYHKITHSIM, He TIPICBANBa-
JIMCh HEJIOITY CTUMBIE 3HAYCHUSA. ITO IKOHOMUT BPEMS M YCUJIUS 32 CUET MIPEIOTBPAIICHIST
CaMbIX Pa3HOOOPA3HBIX OMIHOOK.
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Git u opraHusauums
NPOrpaMMHBbIX NPOEKTOB

Cucmemvl KoHMPOJLA 6ePCULl TIPEACTABIAIOT COOOIT TPOTPaMM-
HbIE CPEJICTBA, KOTOPBIE PETUCTPUPYIOT BCE N3MEHEHUS B UC-
XOJTHOM KOJI€ 1 TIO3BOJISTIOT JIETKO BOCCTAHOBUTD CTaphIe BEPCUT.
PaccmarpuBaiiTe UX Kak CHJIBHO YCOBEPLIEHCTBOBAHHYIO (PyHK-
1uio ormenbl (undo). Hapumep, eciu Bbl 3aMeHsieTe QyHKIUIO,
a MOTOM pelaere, 4To CTapast BEPCUs HPABUTCS BaM OOJIbIIE, BbI
MOJKETE BOCCTAHOBUTH MCXO/AHBIH (hparMeHT Koxa. Mau npu oOHApyKeHUH HOBOM
OMmuOKY BBl MOKETE BEPHYTHCS K GOJIee PAHHUM BEPCHUAM, YTOOBI OTIPEIETUTE, KOT/Ia
OHa BIIEpPBbIE ITOABUJIACH U KaKUe U3MEHEHNS ee BbI3BAJIM.

Cucrema KOHTpPOJIST Bepcuil yripasisgeT dhaiiiaMu Mpu BHECEHUW B HUX U3MEHEHUI.
IMonb3oBathes e yaobHee, 4eM, CKaskeM, paboTaTh ¢ KoIuel marnku myProject. [lepBoii
KOITUY BBI IPUCBOUTE UMS myProject-copy. 3aTeM, eCii Bbl TPOAOJIKATE BHOCUTD U3-
MEHEHWsI, BaM MOTPebyeTCst Co3/1aTh HOBYIO KOTIMIO ¢ MMEHEM myProject-copy2, TOTOM
myProject-copy3, myProject-copy3b, myProject-copyAsOfiWednesday 1 T. 1. BoamosxHo,
KOTIMPOBAHHUeE TTAIIOK — IIPOCTON METO/I, HO OH He MacIITabupyeTcst. YMeHUe M0JIb30BaTh-
CS CHCTEMOIM KOHTPOJIS BEPCHiL COKOHOMMUT Ballle BPeMs U M30aBUT OT MHOTUX XJIOIOT
B ZIOJITOCPOYHOM TTePCIIEKTURE.

Git, Mercurial u Subversion — nmomyJisipHble TIPUIOKEHUST KOHTPOJIST BEPCHii, XOTS
cucrema Git ocTaercst camoii Oy JasIpHON. B 9T0l Ty1aBe BbI y3HaeTe, Kak MO/[ITOTOBUTh
baitsipl 119 TPOrpaMMHOTO ITPOEKTA U KaK UCTT0b30BaTh Git /171 OTCIEeKUBAHNS B HUX
M3MEHEeHU.
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Kommutbl u penosutopum

Git To3BOJISIET COXPAHUTD COCTOSIHUE (hailIOB TIPOEKTA ITPU BHECEHUN B HUX U3MEHEHUH.
Takue coxpaHeHuUsT HasbIBAlOTC chumkamu (snapshots) wim xommumamu (commits).
Biiarogapst 5ToMy BbI CMOJKeTe, eCJIi IOTPeOyeTCs, BEPHYThCS K JIH000I IIPEAIIeCTBY-
Iolelt Bepcuu.

CucTeMbl KOHTPOJIS BEPCHI TaKKe MO3BOJISIIOT KOMaH/[e Pa3paboTYNKOB CHHXPOHU3UPO-
BaTh CBOIO PAabOTY TIPH BHECEHU Y U3MEHEHUH B MCXOIHBII KO/ ipoekTa. Korma kaxprit
MPOTPAMMUCT 3aKPETISET CBOM M3MEHEHSI, IPYTHE MOTYT M3BJIEKATH 9TH OGHOBJICHUST
Ha CBOMX KoMIIbloTepax. CrucremMa KOHTPOJIS BEPCUH CJEIUT 32 TeM, KaKie U3MEHEHUS
GBI BHECEHBI, KTO U KOT/Ia UX C/IEJIAJ, @ TAKJKE COXPAHIET KOMMEHTAPUU Pa3paboTIMKOB,
OTIHMCBHIBAIOIINE 3T M3MEHEHUS.

CucreMa KOHTPOJIS BEPCUH YIIPABJILET UCXOHBIM KOJIOM IIPOEKTA, KOTOPBIN XPaHUTCH
B CIIEIMAJIBHON Tarnke — penosumopuu (repo). Kak mpaBuiio, 751 KaxKI0TO TTPOEKTA,
HaJl KOTOPBIM BbI paboTaere, cielyeT Co3/1aTh OT/e/b bl penosuropuii Git. [Ipesio-
JIOJKUM, Bbl paboTaeTe B OCHOBHOM CaMOCTOSITEJIHbHO HAJ[ CBOEH YACTHIO TIPOTPAMMbI
1 BaM He HY’KHbI pacliipeHHbIe BO3MOXKHOCTH Git (Takue Kak 6emenenue u CAusiHue),
yTporaonne paboTy ¢ OCTaTbHBIMI yuacTHUKamu. Ho maxke ecan BoI paboTaete
B OZIMTHOYKY, CAMbIif MAaJIEHbKHI TPOEKT BCE PABHO BBIMTPAET OT IPUMEHEHUS CUCTEMBI
KOHTPOJIST BEPCUTA.

Co3panue HoBbiX npoexToB Python
¢ ucnonnsosaHuem Cookiecutter

B tepmunosiorun Git narika, cozepskaiiasi BeCb HCXOIHDIN KOJI, TOKYMEHTAIUIO, TECTDI
u ipyrue pailsibl, OTHOCSTIMECS K TIPOEKTY, HA3BIBACTCS PAOOULUM KAMAL020M WA Pabo-
uum depesom, a B GoJiee 0bIIEN TepMUHOIOTNN — nankoi npoexkma. Maiinel B paboyem
KaTaJiore B COBOKYITHOCTH Ha3bIBAIOTCs paboueil komueil. ITpek/ie ueM co3/1aBarhb pero-
sutopuil Git, cienyer cosuarh daiinbl aist mpoekra Python.

V Kaxka0ro nporpaMMUCTa €CTh CBOII CII0CO0 BBIIOIHEHUs 9TOI onepanuu. TeM He
MeHee /Uit TpoekToB Python sieficTBYIOT ompe/iesieHHbIe COTJIAMIEHUS 110 TIOBO/LY UMeH
narox m mepapxuii. bojiee nmpocrast nporpaMMa MOXKeT COJeP:KaTh OJAUH (aiis .py.
Ho xoria mpoeKTsl YCIOKHATCS, B HUX OYAYT BKJIIOUATHCS [OMOJHUTEIbHBIE (haiiibl
.py, (hailsipl TaHHBIX, TOKYMEHTAIUS, MOJLYIbHbBIE TECTHI U T. /. Kak mpaBuiio, KopHeBas
TTarKa MPoeKTa COAEP;KUAT TANKY Src A1 (hailloB ¢ NCXOIHBIM KOZIOM .py, TTanky tests
JI7IST MOJTYJIBHBIX TECTOB M TIanky docs /i1 IOKyMeHTannu (HalpuMep, CreHepupPOBaH-
HOI cucTeMoil fokyMeHTupoBaHus Sphinx). JIpyrue dailibl cogepkaT HHGOPMAIIUIO
0 IIpoeKTe 1 KoHdurypanuu cucrembr: README.md 151 0011eii nHbopMaluum, .Coveragerc
N1 KOHMUTYpary moKpeITHst Koja, LICENSE.txt f71s1 TekcTa IporpaMMHON JIUTEH3UN
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mpoekTta u T. /. Onucanue aTuxX cpeicTB U (haiijioB BBIXOAUT 32 pAMKUA KHUTH, HO OHU
3acJry>KUBaioT Banero BHuManus. C nmosiBjieHueM MPakTHYeCKOTO OMBbITA TPOTPAMMUPO-
BaHUsI HCOOXOIMMOCTb 3aHOBO CO3/IaBaTh OJIHU 1 Te jKe Oa30Bbie (DANIIBI [T BCEX HOBBIX
POEKTOB HagoeAaeT U yromiisieT. YToObl yCKOPHUTD BHITOJHEHIE PYTHHHBIX OTlepaliyii,
MOJKHO HCIIOJIB30BaTh MOJy/ib Python cookiecutter /it aBTOMATHYECKOTO CO3/IAHMUST
aTux (aiiyioB u nanok. IlosHasg 1oKyMeHTaIud 110 MOLYJIIO ¥ TTPOTpaMMe KOMaHTHON
crpoku Cookiecutter gocrytna Ha https;//cookiecutterreadthedocs.io/.

Yro6sr yeranosuth Cookiecutter, BbimoiHuTe KOMaHIy pip install --user cookiecutter
(B cucreme Windows) wim pip3 install --user cookiecutter (8 macOS u Linux).
B ycranoBky BKIIOUaoTCs mporpamMma komanHo# crpokn Cookiecutter u Mozynib
Python cookiecutter. B mpoiiecce ycTaHOBKY BB MOJKETE MOJYIUTD IPELYITPEKIEHIE
0 TOM, UTO ITpOTPpaMMa KOMaH/IHON CTPOKM yCTaHABJIMBAETCS B MAIIKy, HE BXOJSIIYIO
B IIepEMEHHYIO OKPY’KeHus PATH:

Installing collected packages: cookiecutter

WARNING: The script cookiecutter.exe is installed in 'C:\Users\Al\AppData\
Roaming\Python\Python38\Scripts' which is not on PATH.

Consider adding this directory to PATH or, if you prefer to suppress this
warning, use --no-warn-script-location.

Bosmoskno, Bam crout BrtouuTh manky (C:\Users\Al\AppData\Roaming\Python\Py-
thon38\Scripts B anHOM ciiydae) B mepeMeHHYT0 cpe/ibl PATH; THCTPYKIIMY TPUBEIEHBI
B pazniesie «Ilepemennnie cpenst 1 PATH», c. 60. B mpotuBHOM ciryuae Bam npuercst
sanmyckarb Cookiecutter kak Mmoaysib Python komamzoii python -m cookiecutter
(B8 Windows) uiu python3 -m cookiecutter (B macOS uim Linux) BMecTo mpocToii
KOMaH/IbI cookiecutter.

B 37011 rmaBe Mbl cO3/1aIMM PETIO3UTOPUN /IJIsT MOJYJIsT Wwizcoin, TpeHa3HAaYeHHOTO
Uit pabOTHI € PAs3JIMYHBIMKU BHIAMU BoJIeOHO BaoThl. MoayJib cookiecutter wc-
MOJIB3YeT MaBOJIOHBI JIJIs CO3IaHNsT HAYaIbHBIX (hailJIOB /s PA3JIMYHbBIX BUOB MPOEK-
toB. HacTo mabion mpejcraBisier coboil mpocTtyio cebliiky Ha GitHub.com. Hanpumep,
B marnke C:\Users\Al MOKHO BBECTH IIPUBEJICHHYIO HUKE KOMAH/y U3 OKHA TePMUHAJIA
Juts cospanus manku C:\Users\Al\wizcoin ¢ 3arotoBkamu ($hailioB /11 6a30BOro MPOeKTa
Python. Mozyib cookiecutter sarpyskaer ma6on ¢ GitHub u 3agaer cepuio Borpocos
0 CO3/1aBA€MOM TIPOEKTE:

C:\Users\Al>cookiecutter gh:asweigart/cookiecutter-basicpythonproject
project_name [Basic Python Project]: WizCoin

module_name [basicpythonproject]: wizcoin

author_name [Susie Softwaredeveloper]: Al Sweigart

author_email [susie@example.com]: al@inventwithpython.com
github_username [susieexample]: asweigart

project_version [0.1.0]:

project_short_description [A basic Python project.]: A Python module to
represent the galleon, sickle, and knut coins of wizard currency.
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Ecym BbI mostyunte ommoOKy, HonpoOyiiTe BHIIOIHUTD KOMaHLy python -m cookiecutter
BMecTO cookiecutter. Komanga 3arpyskaer co3sanublii MHOU mabuon Ha htips.//
github.com/asweigart/cookiecutter-basicpythonproject. B pasuene https.//github.com/
cookiecutter/cookiecutter Bbl HaiieTe 1AOJOHbI IS MHOIMX A3bIKOB IIPOIPAMMUPOBAHUSL.
Tax xax mabaonsr Cookiecutter yacto pasmemaiorca na GitHub, Bl Takxke Moxere
BBECTH gh: Kak cokpalienue ajs https.//github.com/ B apryMmenTe KOMaHAHOM CTPOKH.

Korzma Cookiecutter 3agaer cBou BOIIPOCHI, CJIeAyeT JuO0 BBECTU OTBET, TUOO IIPOCTO
HaskaTh ENTER, 4TOOBI HCTTOJIB30BATh OTBET 110 YMOJTYaHIIO, TPUBEACHHBIN B KBaJIpat-
HBIX cKoOKax. Hanpumep, sanpoc project_name [Basic Python Project]: mpemiaraer
BBECTU UM IpoekTa. Eciu e ykasats audero, Cookiecutter ncmonbsyer ums mpoekra
Basic Python Project. 3HaueHust 10 YMOJTUAHUIO TaKKe TTOICKA3BIBAIOT, KAKOIM OTBET
mpeanonaraeTcs. B mozackaske project_name [Basic Python Project]: B UMeHU TIpo-
€KTa UCII0JIb3YIOTCSA CUMBOJIbI BEPXHETO PETUCTPA, TOTJA KaK U3 IIOACKa3Ku module_name
[basicpythonproject]: BUAHO, YTO UMA MOAYJIA 3alIMCBIBACTCA B HUKHEM PETUCTPE
U He coJepskuT pobesios. Mbl He BBeJIM OTBET Ha 3alpoc project_version [0.1.0]:,
II03TOMY 110 YMOJIYAHUIO UCIIOIb3YETCs OTBET 0.1.0.

IMocne orBetoB Ha Bompockl Cookiecutter cozmaer mamky wizcoin B TekyteM pabodeMm
KaTasore ¢ 6a3oBbIMH (haitamMu, HeoOXoauMbIMHU s IpoekTa Python (puc. 12.1).

Name - Date modified Type Size

,-ll- docs 8/31/2021 12:37 PM File folder

I sre 8/31/2021 12:37 PM File folder

I tests 8/31/2021 12:37 PM File folder

. .coveragerc 8/31/2021 12:37 PM COVERAGERC File 1KB
.gitignore 8/31/2021 12:37 PM Text Document 2 KB
. code_of conduct.... 8/31/2021 12:37 PM MD File 4 KB
. LICENSE.tt 8/31/2021 12:37 PM TXT File 35KB
D pyproject.toml 8/31/2021 12:37 PM TOML File 0 KB
. README.md 8/31/2021 12:37 PM MD File 1KB
E setup.py 8/31/2021 12:37PM  PY File 2 KB
. tox.ini 8/31/2021 12:37 PM INI File 1KB

Puc. 12.1. @aiinel B nanke wizcoin, cospanHoi Cookiecutter

Ecyiv BbI He 3HaeTe, /17151 4€T0 HYKHBI T€ UJIN WHBIE (DaliJIbl, He OropUYaiiTech. XOTS MOJHOE
olMCcaHue Ha3HAYEeHUs Kaxk/[0r0 (pailia BRIXOAUT 3a PAMKK KHUTH, Ha CTpaHule Attps.//
github.com/asweigart/cookiecutter-basicpythonproject IpUCyTCTBYIOT CChLIKU 1 HYKHasI
undopmarust. Mtax, 6asoBbie (hailibl CO3MaHbI, U MbI TIEPEXOAUM K OTCIECKUBAHUIO 13-
MeHeHWH B HuX B cucteme Git.
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YcranoBka Git

BosmoskHo, Git yske ycraHoBJIeHa Ha BatiieM KoMIbiotepe. YTo6bl y3HATH 9TO, BBEAUTE
KOMaHy git --version B KOMaHIHOU cTpoke. Ecyiu Bbl yBuanTe coobleHne Bua git
version 2.29.0.windows. 1, 3Ha4NT, y BAC YK€ YCTAaHOBJIEHA IIPOTPAMMHAA MOALEPKKA
Git. Ecain BbI yBHHTE COOOIIIEHIE «KOMaH/[a He HalijieHa», Git mpueTcs yCTaHOBUTb.
B cucreme Windows nepeiigure Ha crpanully https://git-scm.com/download, 3arpysure
u 3anycrure nporpammy yeranosku Git. B macOS Mavericks (10.9) u 6osee m1o3aamx
BEPCUSIX MIPOCTO BBITTOJHUTE KOMAH/Y git --version U3 OKHAa TEPMUHAJIA; BaM OyzeT
Mpe/IosKeHo ycTaHOBUTH Git, Kak 1mokazaHo Ha puc. 12.2.

B Ubuntu mim Debian Linux BeinosanTe KoMasay sudo apt install git-all u3 okHa
tepmuHaza. B Red Hat Linux Bbinosnure koManay sudo dnf install git-all us okHa
TepMuHaIa. HCTPYKIMK 111 APYTUX AUcTpuOyTUBOB Linux naxomarcs Ha hittps.//git-
scm.com/download/linux. Irobb1 yOenUTHCS B TOM, YTO YCTAHOBKA MPOIILIA YCIIEITHO,
BBITIOJTHUTE KOMaH/y git --version.

now?

Choose Install to continue. Choose Get Xcode to install Xcode and
the command line developer tools from the App Store.

[ Get Xcode | | NotNow | (BREEEINN

& The "git" command requires the command line
(@) developer tools. Would you like to install the tools

Puc. 12.2. Npu nepsom BbinonHeHnu komaHasl git --version 8 macOS 10.9 v Bbiwe
BaM BygeT npeanoxeHo ycraHosuts Git

Hactpoiika umenn nonb3oBarens u appeca 3neKTPOHHOI MOYTDI

[Tocste ycranosku Git HEoOXO0IMMO 3a/1aTh Ballle UM 1 ajzipec 3JIEKTPOHHOM ITOYTHI, YTOOBI
B Balll KOMMUTBI BKJIIOYA/IACh MHMDOPMATIHS 06 aBTope. B TepMuHasie BBIIIOJHUTE ClIe/y-
foIe KOMaH/bl git config, CIIOIB3Y cOOCTBEHHOE UMS 1 aJipec 3JeKTPOHHON TOYTHI:

C:\Users\Al>git config --global user.name "Al Sweigart"
C:\Users\Al>git config --global user.email al@inventwithpython.com

Ita nHbopMalusg XxpanuTtces B aiise .gitconfig B Bareit jomarnraeil marmke (Hanpumep,
B C:\Users\Al na MmoeM HOyTOyKe ¢ Windows). Bam HUKOIIa He TIPUAETCS PeAAKTUPOBAT
3TOT TEKCTOBBIN (Daiisl HapsAMYy10. /11 €ro M3MEHEHUS OCTATOUHO BBITIOJTHUTD KOMAHTY
git config. [l1st HacTpoiiku Tekymieit konduryparuu Git ncnorb3yiiTe KoMaHay git
config --list.
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Ycranoska rpaguyeckux cpepcrs Git

B aroii rs1aBe ocHOBHOE BHUMaHMe MBI y/IeJIUM Cpe/icTBaM KoMaHAHo cTpoku Git, HO
yCTaHOBKA IIPOrpaMMbl, gobasisionieil rpaduyecknit uarepdeiic (GUI) ana Git, mo-
MOJKET BaM BBIIIOJIHATD IIOBCeHeBHbIe 3aaun. [Jaske npodeccronabHble pa3paboTunKy,
XOPOIIO 3HAIOIKE KOMaHIHYT0 CTPOKY Git, 4acTo UCTOIB3YIOT rpaduueckue cpeicTna
Git. Ha Be6G-crpanute https.//git-scm.com/downloads/guis npuBeneHpl CCHUIKI Ha He-
KOTOpBbIe IIporpamMmsl, Bodas TortoiseGit aust Windows, GitHub Desktop g macOS
u GitExtensions mg Linux.

Ha puc. 12.3 nokaszano, kak TortoiseGit ast Windows gobasJisier k 3Haukam B [1poBOAHMKE
I[BETHBIE METKH B 3aBUCUMOCTH OT UX CTATYCA: 3eJICHbIE JIJIs HEM3MEHEHHBIX (haliioB B pe-
MO3UTOPUU U KPACHBIE JIJIsI I3MEHEHHBIX (DailToB (MJIH MAIOK, COAEPKAIINX NU3MEHEHHBIE
(paiiner); MeTka oTcyTCTBYeT Y (hailoB, KOTOPBIE He OTCaeknBaoTcd. Koneuno, opren-
TUPOBATDHCS [T0 METKAM IOPA3/I0 IIPOIIe, YeM MOCTOSHHO BBOIUTH KOMAH/IbI B TEDMIHATIE
IS TIOJTy deHust Hy kHOI nHbopMmariin. TortoiseGit takske 100aBJISIET KOHTEKCTHOE MEHIO
27151 BeImostHeHnsT koman/ Git (puc. 12.3).

I htmicov 9/6/2018 1
& src QUADNIR =
tests View >
B venw Sort by > le
I WizCoinegg-i  Group by > e
O Loverage Refresh 1
B coveragerc Customize this folder.. N
s‘] .gitignore
READMEsst = 1
B setuppy Paste shortcut "
! Yoini Undo Rename Cirl+? =
[ Untitledipynb| € Git GUI Here i
4 Git Bash Here
Give access to >
B Git Sync..
Git Commit -> *master”..
£ TortolseGit I} >
@ WinMerge
New >
Properties

Puc. 12.3. TortoiseGit ans Windows gobasnset rpadudeckuit MHTepdenc ans BbINOAHEHMS
komang Git u3 MNpoBoaHMKa

Ipaduueckue cpencrsa Git ynoOHbI, HO OHU HE 3aMEHSIT IPUMEHEHUST KOMAH]T, OIIICAH-
HBIX B 3TOI1 rytaBe. Bo3aMo:kHO, BaM Koria-HuOy b nipujercst paborars ¢ Git Ha KOMITbIO-
Tepe, Ha KOTOPOM TpadruecKre Cpe/icTBA He YCTAHOBJICHBI.
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Paborta ¢ Git

Pabora ¢ penosutoprieM Git coCTOUT U3 HECKOJBKUX aTanoB. CHavaia Bbl CO3aeTe
penosurtopuii Git komangoi git init uau git clone. 3arem dailabl 106aBISIOTCS
B PETIO3UTOPHUIA [T OTCIACKUBAHMS KOMaH/IOH git add <ums_¢aiina>. Hakoner, mocJe
nobGasienns GailioB OHU COXPAHSAIOTCS KOMaHA0i git commit -am "<coobwenue, onu-
colsaiouyee cooeparcaiue kommuma>" (4acTo Ha3bIBAIOT TPOCTO «COOBIIEHITE KOMMUTA ).
Tenepb Bce TOTOBO /111 BHECEHUS UBMEHEHUN B KOJI.

Bbl MokeTe IpOCMOTPETD CIIPaBKY 10 KaXK/J0W M3 9TUX KOMaH/I KOMaH/I0i git help
<komanda> — Hanpumep, git help init wiu git help add. CripaBOYHbBIE CTPAHUIIDI
yIOGHBI, HO OHU MIPEIATAIOT CIMIIIKOM CYXYIO M TEXHIYECKY0 HH(MOPMAIHIO, YTOOBI €€
MOSKHO GBITIO JIETKO 1 TTPOCTO MCTIOMB30BaTh 7t o6yuenust. [Tosiee s pacckaxky Gosee
MOAPOGHO O Kask/I0H M3 HTUX KOMAaH I, HO CHaYasIa HeoOXO0MMO TIPEAICTABUTE HEKOTOPHIE
KoHIenK Git — 3TO MOMOKET BaM MTOHSATh MaTepPHUaJl TJIaBbL.

Kak Git orcnexueaer craryc ¢aiinos

Bce aiinbr B paboueM KaTasore Jubo OTCIEKUBAOTCS, 00 He oTcaexuBaoTcs Git.
Omcneacusaemvie paiiivt GuLTN NOOABIEHBI U COXPAHEHDI B PEMTO3UTOPHH, BCE OCTATLHbIE
daiinbl He orcexuBaiorea. st penosuropus Git Heorcaexkusaembie (hailjibl B pabo-
yeil konuu He cyniecTBYIOT. C APYToii CTOPOHBI, OTCIEKUBAEMbIe (hailyibl CyIIeCTBYIOT
B OTHOM U3 TPEX COCTOSTHUH.

e B coxpanennom (3aKperieHHOM ) COCTOSTHUY (haiisn B paboueil KOMU HACHTHYEH
nocJeHeMYy KOMMUTY B pertosutopui. (VMHora aTo cocTosiHIe Ha3bIBAETCS He-
USMEHEHHBIM, NI YUCTILIM. )

® B usmenennom cocrosnuu daiin B paboueii KOMUU OTIUYAETCS OT TTOCTIEAHErO
KOMMMTA B PEIO3UTOPUM.

e B undexcuposannom, uru nodzomosnennom (staged), cocrossnuu Qaiin 6bL1 n3-
MeHEH U IOMeYeH I BKIIOUEHM B CAEAYIOUMI KOMMUT. TaKKe TOBOPAT, 4TO
(aitn nHaxonuTes B undexcroi obnacmu (M Kawe).

Ha puc. 12.4 uzobpaskena guarpamMmmMa epexo/a (aiira Mesky YeThIPbMs BO3MOKHBIMU
cocTosHUsAMU. Bbl moGaBiisieTe HeoTcekuBaeMblil daiin B perosuropuii Git, moce
Yero OH CTAHOBUTCH OTCJIEKUBAEMBIM U MHAEKCUPOBAHHBIM. /lasee MOKHO COXPaHUTD
WH/IEKCUPOBaHHbIe (hailiibl, UTOOBI IEPEBECTH MX B WHAEKCUPOBAHHOE cOCTOsTHUE. [1JIst
nepeBojia (aiisia B uBMEHEHHOE COCTOSTHIE HUKaKue KoMaH bl Git He HyKHBI; KaK TOJIb-
KO BbI BHEceTe U3MEHEHUS B COXpaHEeHHbIN (ailyl, OH aBTOMAaTHYECKH IIOMeYaeTcs Kak
M3MEHEHHBI.
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daitn

MHpeKkcHpoBaHHbIi
dbaiin

N\

[ Heotcnexweaemsiit / OrcnexviBaemblit 4)017111\

CoxpaHeHHbiit dpaiin

M3ameHeHHbi dain

/

Puc. 12.4. BosmoxHbie coctosHus dparna B penosutopun Git M nepexonsl Mexay HUMK

Ha sio6oM ararie mocJie Cos3fanust PEmo3uTOPHst BBIMOJIHUTE KOMaHLy git status s
IPOCMOTPA TEKYI[ETO cTaTyca PeO3UTOPHUS U COCTOSIHUS eTo (aiioB. ITa KOMaH/A
JacTo BhITOTHsIeTCs TipH pabote B Git. JI7sT cireryiorero mpumepa st TOATOTOBIIT (haiisTbt
B pa3HbIxX coctostHusix. Obparure BHUMAHIE HA TO, KaK STH YeThIpe (haiiia Ipe/IcTaBIeHb!

B BbIXO/[HBIX /IaHHBIX git status:

C:\Users\Al\ExampleRepo>git status
On branch master
Changes to be committed:
(use "git restore --staged <file>...
new file: new_file.py o
modified: staged_file.py (2}

to unstage)

Changes not staged for commit:
(use "git add <file>..." to update what will be committed)
(use "git restore <file>..."
modified: modified_file.py ©

Untracked files:

to discard changes in working directory)

(use "git add <file>..." to include in what will be committed)

untracked_file.py (4]

B sT0ii paboueii konuu mpucytcTByeT (aiis new_file.py @, KoTOpbIil HelaBHO OBLI J10-
GaBJICH B PEIIO3UTOPHIA, & CJIEZI0BATEIBHO, HAXOUTCS B HAECKCUPOBAHHOM COCTOSTHHH.
Taxske MpUCYTCTBYIOT JIBa OTCEKNBaeMbIX (haitsia staged_file.py @ u modified_file.py ©,
KOTOPbIE HAXO/ATCS B MHAEKCHUPOBAHHOM U MU3MEHEHHOM COCTOSTHUM COOTBETCTBEH-
HO. Takske mpucyTCTBYeT HeoTcaeknBaemblii (haiis untracked_file.py @. B BoixomHbie
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fannble git status TakKe BKIIOYEHBI KOMAaH/[bl Git, IepeBoJslIe (pafmbl B Ipyrue
COCTOSAHUS.

nllﬂ 4ero Hy)Ho MHAGK('MPOB(IHMG?

Bosuukaer Borpoc — zJIst 4ero Hy»KHO WHeKcHpoBanHoe coctostiue? [louemy Hesb3st
MPOCTO MEPEXOAUTH MEK/Y U3MEHEHHBIM U COXPAHEHHBIM COCTOSTHHEM (€3 MHIIEKCH-
poBanust daitnos? Ob6macTh HHAEKCUPOBAHUS TTOJHA HETPUATHBIX 0COOBIX CIyUaesB,
1 yacto y HoBuuKkoB B Git BeI3biBaeT HegoyMenue. Hampumep, daiiin Mosxker ObITh 13-
MeHEH IOCJIe TOTO, KaK OH OBLIT TPOMHIIEKCUPOBaH, B Pe3yJbraTe 4ero (ailir CyIecTByer
KaK B UI3MEHEHHOM, TaK ¥ B WHJICKCUPOBAHHOM COCTOSHUU (CM. TIPEABIAYIINI Pa3ziesn).
C TexHIIeCcKOf TOUKN 3peHUsT 06JIACTD MHAEKCHPOBAHS COTEPIKUT HE CTOTBKO (haiiirbl,
CKOJTBKO OITMCAHVsT U3MEHEHHIT, TOTOMY YTO OJIHY YaCTH M3MEHEHHOTO (haiiia MOTYT GBITh
UH/IEKCUPOBAHBIL, a ipyrue — HeT. VIMeHHo 13-3a Takux caydaeB Git cautaercs CI0KHON
CHCTEMOH, & MHOTHE HCTOYHUKH 0 paboTte Git 4acTo comepRaT HeTOYHYIO HHHOPMATIHIO
B JTyUIIIEM CIIydae Win Ae3NH(MOPMAINIO — B Xy/IIEM.

Omrako GOJTBIITYIO YaCTDh ITHX CITOKHOCTEH MOKHO 0001TH. B 5TO1 T/1aBe 51 pEKOMEHIYTO
TaK W TIOCTYIUTb, UCTTOJIb3YsT KOMaH/y git commit -am command /ISt MHIEKCUPOBAHUS
1 3aKperJieHUsT UBMEHEHHbIX (DailioB Ha OJTHOM 11are. B aTom ciryuae (hailsibl mepexosit
13 U3MEHEHHOTO COCTOSTHUS CPa3y e B urcToe. Kpome Toro, s peKOMeH/1y10 BCer/a He-
MEJIJIEHHO COXPAHSTD (halljibl mocsie uX A00aBJICHNUS, TIEPEUMEHOBAHUSI WU YIATCHIS
u3 perosutopus. Kpome toro, ncrnosb3oBanue rpadpudaeckux cpenacts Git (o KOTOPHIX
s pACCKaKy II037IHEee) BMECTO KOMAHIHON CTPOKU MOMOKET U30eKaTh 9TUX HETPUBU-
QJIbHBIX CJTYy4aeB.

CoszpaHue penosuropus Git Ha Bawem KkoMmnbloTepe

Git aBusiercst pacnpederennoil cucmemol KOHmpois 6epcull; 9T0 03HaYaeT, YTO BCE
KOMMMTBI 1 ME€Ta/laHHbIC PEIIO3UTOPHEB XPAHATCA JIOKAJbHO Ha BallleM KOMITIbIOTEpE
B TIalTKe ¢ uMeHeM .git. B otyinune oT 1eHTPasn30BaHHbBIX CUCTEM KOHTPOJISI BEPCHIT
Git He HYKHO TOJKIIOYAThCId K CEPBEPY 110 UHTEPHETY JIJISI COXPAHEHUS JAHHbBIX.
Baarogaps Takomy noaxony cucrema Git paboraer GbICTPO U OCTaeTCs AOCTYIIHON
[IpY aBTOHOMHOI1 paboTe.

BBemTe B OKHe TepMUHAA CIEAYIONIIE KOMAH/IBI [T co3/lanus manku .git (8 macOS
1 Linux HeoOXOIMMO BBITIOJHUTH KOMaHIy mkdir BMecTO md):

C:\Users\Al>md wizcoin

C:\Users\Al>cd wizcoin

C:\Users\Al\wizcoin>git init

Initialized empty Git repository in C:/Users/Al/wizcoin/.git/
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Korna Bbl mpeBpainaere nanky B pennosutopuii Git komanioii git init, Bce daitsbt
B HEHl B MCXOIHOM COCTOSTHUU SBJISIOTCS HEOTCIEKNBaeMbIMU. /{14 manku wizcoin
KOMaH/1a git init co3maer mamnky wizcoin/.git c metasaaubiMu pertodutopust Git. Ha-
JIn4me Tanky .git mpespainaet nanky B pernosuropuii Git; 6e3 Hee ocTaercs IIpOCTO
Habop (ailIoB ¢ UCXOMHBIM KOJOM B 00bIdHO# nanke. Daiijibl HUKOTIA HE CJeayeT
U3MEHSATH HEIOCPEACTBEHHO B IallKe .git, I09TOMY Ha Hee MOXKHO He oOpaliaTh
Buumanusg. Co6cTBeHHO, UM .git IpucBanBaeTcs il u3-3a TOro, YTO MHOIHME Olle-
paIlMOHHbBIE CUCTEMbI ABTOMATHYECKU CKPBIBAIOT MATKU W (ailibl, *MeHa KOTOPBIX
HAUMHAIOTCS C TOUKU.

Tenepsb B Bamem pabodyem karaiore C:\Users\Al\wizcoin cospan penosuropuii. Pemno-
3UTOPUI Ha BAIleM KOMIThIOTEPE HA3bIBAETCS JOKALbHBIM; PETIO3UTOPUI HA J[PYTOM
KOMITHIOTEPE HABBIBACTCS YOALCHHbIM, DT PA3ITUUUST BAKHBI, IOTOMY U4TO COXPAHEH-
HbIe JIaHHbIE YACTO TTPUXOANTCS PAa3MelaTh Kak B JOKATbHBIX, TAK W B yAAJE€HHBIX
PEo3uTOpuUsX, 4ToObl Bbl MOTJIN paboTaTh ¢ APYrUMK pazpaboTYMKaMy Hajl OJHUM
TTPOEKTOM.

BbIMOMIHEHUE KOMAHJbI GIT STATUS KOMAHA, 0O WATCH

[Ipn ncrosp30BaHNM CPECTB KOMAH/HOM CTPOKHM git 4acTo IMPUXOINUTCS BBITIOJI-
HUTb KOMaHLy git status /1 nosryyenus uHopMaluu o cTaTyce perio3uToOpHsl.
Bwmecto Toro 4To6BI BBOANUTH 9Ty KOMAH/Y BPYYHYIO, MOKHO BOCIIOJIb30BATHCS
KoMaH/101 watch. KomaHma watch BBITIOJTHSET 3a/IaHHYT0 KOMAH/TY Yepe3 KaxK/Ible
JIBE CEKYHJIbI 1 OOHOBJISIET 9KPAH HOBBIMU PE3YJIBTATAM.

Ilia Windows koMaHay watch MOKHO 3arpy3HUTh CO CTPAHUILBL Attps.//invent-
withpython.com/watch.exe u momectuts ee B manky nz PATH (#anpumep, C:\
Windows). ITosp3oBaresnn macOS MOTYT 3aiiTi Ha CailT ALtps.//www.macports.
org/, 3arpy3uthb u yctaHosuTh MacPorts, a 3aTemM BBIIIOJTHUTH KOMaH/y sudo
ports install watch. B cucreme Linux Komanza watch yke ycTraHoBJIEHA.
Korza ycraHoBka GyieT 3aBepiiieHa, OTKPOITe HOBOE OKHO KOMAH/THON CTPOKU
WJIM TEPMUHAJIA, TIePEeInTe B TIANKy MpoekTa penodutopus Git komanmon cd
U BBIIIOJIHUTE KOMaHAy watch "git status”. Komanna watch BbeImoHSET git
status Kaxk/ple /IBe CEKYH/Ibl M BBIBOJUT ITOJyUeHHbIE Pe3yJIbTaThl HA 3KPaH.
OKHO MOKHO OCTaBUTb OTKPBLITBIM, II0KA Bbl UCIIOJIb3yeTe KOMaH/HYIO CTPOKY
Git B 1pyrom okHe TepMuHasa, YTOOLI HAOMIOMATH 32 M3MEHEHUAMM CTaTyca
PETo3UTOPHS B PeaTbHOM BpeMeHU. Bbl MOKeTe OTKPBITH J[Pyroe OKHO Tep-
MUHaJIa U BBIIIOJHUTH KOMaH/y watch "git log -online", 9T0ObI IPOCMOTPETH
CBOJIKY BHOCHUMBIX M3MEHEHUN (TakKe OOHOBJSIEMYIO B PEATTBHOM BPEMEHT).
C aToiil nndopmalueil Bam He IIPUIETCS TaZaTh, YTO BBOJUMBbIE BAMU KOMaH/Ibl
Git ies1a10T ¢ PEro3uTOPUEM.
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ITocyie TOro Kak perno3uTopuii OyAeT co3/aH, KOMaH/Aa git MOKET MCIOIb30BATHCS
nast mobaBaennst haitoB U OTCAEKUBAHUS U3MeHeHWT B pabodyeM KaTtamore. Boi-
MIOJIHUB KOMaHY git status B CO37IaHHOM PETIO3UTOPHH, BbI TIOJIYIUTE CJIETYIONIYIO
nHGOpPMAIUIO:

C:\Users\Al\wizcoin>git status
On branch master

No commits yet

nothing to commit (create/copy files and use "git add" to track)

s BBIXO/THBIX TaHHBIX KOMaH/Ibl BU/ITHO, YTO B PETTO3UTOPUU €I1[€ HUYETO HE COXPaHEHO.

Ho6asnenne Paiinos ana orcnexusanns

Toabko oTcaexkuBaeMblie (bafIJIbI MOJKHO COXPaHATb, OTKaTbIBaTh K Hpe,z[bmymefl Bepcun
WJIN BBIIIOJIHATD UHbBIE OIlepaliin KOMaH/I0I git. Brimonnure KOMaH/y git status, YTOOBI
IPOCMOTPETH CTATYC (bafz’UIOB B ITaIllKe IIPOEKTA:

C:\Users\Al\wizcoin>git status
On branch master

No commits yet

Untracked files: (1)
(use "git add <file>...

to include in what will be committed)

.coveragerc
.gitignore
LICENSE.txt
README .md

--snip--
tox.ini

nothing added to commit but untracked files present (use "git add" to track)

Hu ogun aiin B nmanke wizcoin B HacToslIee BpeMs He orciexuBaercs @. UToObl
OTCJICKMBATH UX, CJIelyeT BBIMOJTHUTH NCXOMHOE coXpaHeHue aTuX (aitios. [Iporecc
COXpaHEeHMsI COCTOUT M3 JIBYX 9TATIOB: BHITIOJTHEHNS KOMaH/IbI git add JIJIsT KaskK/[0T0 CO-
XpaHseMoro aiisa 1 moceyIoNero BbIIOJHEHUST KOMaH/Ibl git commit /7151 co3nanus
KOMMUTOB Bcex aTux aiinios. [Tocie Toro kak daii Oyzaer coxpanet, Git HaunHaeT ero
OTCJIESKMUBATD.

Komanna git add nepeBoauT (hailjibl U3 HEOTCJAEKNUBAEMOTO WX U3MEHEHHOTO CO-
CTOSHUA B MH/IEKCUPOBAHHOE cOcTOssHUe. MOKHO BBIIOJHUTD KOManay git add g
KaKI0ro (haiisia, KOTOPBIM HyKHO IPOMHIEKCUPOBATD (HalpuMep, git add . coveragerc,
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git add .gitignore, git add LICENSE.txt ¥ T. /I.), HO 3TO yToMuTejbHO. Jlyuiie Boc-
[0JIb30BATHCSI MOJCTAHOBOUHBIM CUMBOJIOM * JJIst JOOABJIEHUS CPa3y HECKOJIbKUX
(aitsios. Hampumep, koManna git add *.py pobasisier Bce Gailyibl .py U3 TEKYIIETO
pabouyero karajora u ero noaxkartaaoros. YTobbl 106aBUTH BCE HEOTCIEKMBAaEMbIE
(haiisbl, ncosp3yiiTe Touky (. ):

C:\Users\Al\wizcoin>git add .

BoinostHuTe KOMaHIy git status, 4TOOBI TPOCMOTPETD CITUCOK TIPOUHIEKCUPOBAHHBIX
aiinos:

C:\Users\Al\wizcoin>git status
On branch master

No commits yet

Changes to be committed: @
(use "git rm --cached <file>..." to unstage)

new file: .coveragerc (2

new file: .gitignore
--snip--

new file: tox.ini

BoiBos koMaHe! git status coobmaet, Kakue (hailibl GBIIH TPONHICKCHPOBAHDI JIJIS
KOMMUTa IIPU CJIeLYIOIEM BbIIOIHeHUY KOMaH/ bl git commit @. Takske u3 Hero MOJKHO
y3HATh, 4TO 3TO HOBbIE (hailsibl, 100aBJIEHHDIE B PEMIO3UTOPUIT @, & HE CYIIECTBYIOIIIE
(ailsbl B permo3uTOpuy, KOTOPbIe GBIITH N3MEHEHDI.

[Tocre BeImoIHEeHNST KOMaH/IbI git add a5t Bb16opa (baf/’UIOB, 100aBJISIeMbIX B perosuTo-
puii, BBITIOJTHUTE KOMaH/y git commit -m "Adding new files to the repo." (nau ¢ ipyrum
MOXOKUM coodtieHneM ). [ToToM CHOBa BBITIOJTHUTE KOMaHy git status, 4ToObI Ipo-
CMOTPETH OTYET O CTATyCEe PEIO3UTOPUL:

C:\Users\Al\wizcoin>git commit -m "Adding new files to the repo."
[master (root-commit) 65f3b4d] Adding new files to the repo.

15 files changed, 597 insertions(+)

create mode 100644 .coveragerc

create mode 100644 .gitignore

--snip--

create mode 100644 tox.ini

C:\Users\Al\wizcoin>git status
On branch master
nothing to commit, working tree clean

O6paruTte BHUMaHWE: (halliibl, TepedncJaeHHbIe B (haiijie .gitignore, He BKIFOYAIOTCS B UH-
nexcuposanue. Q0 3TOM 51 PaCCKaxKy B CJAEAYIOLUIEM paszelie.
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Hrnopuposanne ¢aiinos B penosutopum

MDaiinel, He oTcrexnBaeMbie Git, 0TOOpaKAOTCS KaK HEOTCJICKUBAEMBIE TIPH BBITIOJ-
HEHUU KOMaH/IbI git status. OmHAKO B TIpollecce HAMMCAHUS KOJ/Ia HEKOTOPbIE (haiiiibl
MO’KHO UCKJIOUKMTD 13 CUCTEMbI KOHTPOJISI BEPCHIL, YTOOBI IPEAOTBPATHITD MX CIydaiiHOe
otcsiexxnBanue. K aToil KaTeropru OTHOCSTCS:

® BpeMeHHble (ailyibl B IIAIIKe IPOEKTa;

e (ailbl .pyc, .pyo u .pyd, reHepupyembie wHTEpIperaTopoM Python mpu Bbimos-
HEHUW TTPOTPAMM .pY;

e manku .tox, htmlcov u sipyrue manku, reHepUpyeMbie Pa3inIHBIMU CPEICTBAMUE
pa3paboTunKa;

® [pyrue OTKOMITNJINPOBAHHBIE UM CTeHEPUPOBAHHBIE (DAILIIBI, KOTOPBIE MOXKHO
CreHepUPOBATh 32aHOBO (IIOTOMY UTO PENIO3UTOPUII IIPeJHABHAYEH [IJIsT UCXO/I-
HBIX (hailIoB, a He JJIs TPOU3BOAHBIX (hAJIOB, KOTOPbIE TEHEPUPYIOTCS HA MX
OCHOBE);

® (dailpl ¢ UCXOMHBIM KOZOM, cOfleprKaliue mapoan 6a3 JaHHbBIX, MapKePhI
ayTeHTUdUKaIMu, HoMepa KPeJAUTHLIX KapT WK Apyrue KoHdujieHInaIbHble
JITaHHDbIE.

YT00bI IPEJOTBPATUTD BKIIOUEHUE 9TUX (haiiloB, co3jaiiTe TeKCTOBLIN (aiil ¢ umeHem
.gitignore u repeuncuTe B HeM (haiiJibl U MANKH, KOTOPBIE He JTOJKHBI OTCIEKUBATHCS
Git. Git aBToMaTUUECKH MCKJIIOYaeT UX M3 KOMaHJ git add mium git commit, u oHu He
OyayT 0TOOpasKaThCs IIPU BBIIOJIHEHNN KOMaHAbI git status.

MDaiin .gitignore, cospannblii maba0HOM cookiecutter-basicpythonproject, BEITaaauT
IIPUMEPHO TaK:

ates looks like this:
# BaWT-komMnunaupyemble / ONTUMU3MPOBAHHble / ¢ainbl DLL
__pycache__/

*.py[cod]
*$py.class
--snip--

B daiize .gitignore cuMBOJT * UCIIOTIBL3YETCST IS TAGJIOHOB, a # — JUIT KOMMEHTAPHEB.
3a lonoHuTebHO nHpopMatmeiil obpamaiTech K aJ€KTPOHHOM OKYMEHTAIN 10
azupecy https.//git-scm.com/docs/gitignore.

Maii .gitignore Taxke ciemyer 4o6aBUTh B penosutopuii Git, 4ToObI OH ObLI Y APYIUX
IPOTPAMMUCTOB, KJIOHUPOBABIINX Balll PEIIO3UTOPUil. Eciiu Bl X0TUTE BUIETD, KAKUE
(aiiibl B BariieM paboueM Katajiore UTHOPUPYIOTCST HA OCHOBAHMY HACTPOEK B .gitignore,
BBITIOJIHUTE KOMaHy git Is-files --other --ignored --exclude-standard.
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CoxpaHeHune u3meHeHMil

ITocne pobasiaenrsa HOBLIX (hallJIOB B PEIIO3UTOPUI BBl MOKETE IIPOJOJIKUTD IIMCATh
KOJI 1711 Batrero rpoekrta. Korza HOTpe6yeTCH €03/1aTh OYepe/THON KOMMHUT, BHITTIOJIHUTE
KoMaHAy git add . /11 MHAEKCUPOBAHUA BCEX U3MEHEHHDBIX q)af/’UIOB 1 KOMaHay git
commit -m <coobuwenue™ i COXpaHeHUs BCeX MHIEKCUPOBAHHBIX (aitnos. Bipouem,
9TO TIPOIIIE /IeJIaeTCs OHON KOMaHAOM git commit -am <coo6u4€uue>:

C:\Users\Al\wizcoin>git commit -am "Fixed the currency conversion bug."
[master (root-commit) elae3a3] Fixed the currency conversion bug.
1 file changed, 12 insertions(+)

Ecaum BBI XOTHTE COXPAaHUTH TOJIBKO HEKOTOPbIE (HO HE BCe) M3MeHeHHbIe (hailibl, He
NO0ABJISTiITE KJIFOY -a B -am U nepedrcnte (hailibl mocse cooOIeHusT — Hapumep, git
commit -m <coobwenue> filel.py file2.py.

Coobuenne Fixed the currency conversion bug (Vcnpasiiena onmbka KOHBepTaIMK
BAJIIOTHI) COAEPIKUT TIOICKA3Ky Ha Oy/Iyliiee: OHO HATOMMHAET, KAKMe U3MEHEHWs OblIH
BHECEHBI B 9TOM KoMMuTe. He mojiiaBaiiTech MCKYIIEHUTO HATIMCATH KOPOTKOE 0006TIEH-
Hoe coobmienne Buia «OOHOBIEHHDIN KO/, «VICpaBieHbI HEKOTOPbIE OMUOKI» UJIH
MPOCTO «X» (TIOTOMY YTO TYCThIe COOOIIEHUS 3amperiensr). Yepes Tpu Hememn, Kor/aa
BaM 3aX0YETCST BEPHYTHCS K OGoJiee paHHell BEPCHI BAIero Koja, moapoOHbe coobiie-
HYST B KQKZIOM KOMMHUTE COKOHOMSIT BaM HEMAJIO BPEMEHH, KOT/Ia BbI OyieTe BHIGUPATD,
K KaKoil IMEHHO BEPCUU CJIETyeT BEPHYThCSL.

Ecui BB 3a0y1eTe 100aBUTH apryMEHT KOMaHIHON CTPOKHU -m "<coobusenue>", Git ot-
KPOET TEKCTOBbIN pelakTop Vim B okHe Tepmubaia. Omnucanue Vim BbIXOAUT 32 PAMKU
KHUTH, TO9TOMY Ha;KMUTe KJIaBUIIy ESC 1 BBe[uTe qa!, 4T0ObI 6E30MACHO 3aBEPIIUTH
Vim 1 oTMEHUTh KOMMUT. 3aT€M CHOBA BBe/[UTE KOMaH/y git commit, Ha ATOT pas ¢ ap-
I'YMEHTOM KOMaH/IHOU CTPOKH -m "<coobujenue™>".

Yt06bI TOCMOTPETH IPUMEPHI TPOPECCHOHATBHBIX COOOIIEHIIT KOMMHUTOB, 0Opariaiitech
K McTopuu KoMMUTOB BeO-(peiimBopka Django (https.//github.com/django/jango/
commits/master. Tak kak Django siBJisieTCst GOJIBIITUM TIPOEKTOM C OTKPBITHIM KOJIOM,
KOMMUTBI BBITIOJTHSIIOTCSI 9aCTO, & COOOIIEHIST KOMMUTOB (DOPMAJIN30BAHBI.

Pe/ikrie KOMMUTBI ¢ HEBPA3yMUTEIbHBIME COOOIEHUSIMU MOTYT HEILIOX0 paboTarh
B HeOOJIBILIUX IIePCOHAIBHBIX IPOEKTaX, HO Haj Django paboraer 6osee 1000 yuact-
HUKOB. HekauecTBeHHbIE COOOTEHIST KOMMUTOB OT JIIOGOTO YIACTHUKA CO3MAMYT
POOIEMBI JIJIST BCEX.

Daiinbl 6b11n GesomacHo coxpanensl B penosutopun Git. Eie pas BbIoIHITE KOMAHLY
git status, 4TOOBI IPOCMOTPETD UX CTATYC:
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C:\Users\Al\wizcoin>git status
On branch master
nothing to commit, working tree clean

CoxpaHuB UH/IEKCUPOBAHHBIE (haliJIbl, BBl BEPHYJIN UX B COXpaHeHHOe cocTosiane, n Git
FOBOPHUT, UTO pabouee JePeBO YUCTO; APYTUMHU CJIOBAMHU, B HEM HET U3BMEHEHHBIX UJIH
WMH/IEKCUPOBAHHBIX (PaiiyioB.

HarnomHio, uto npu gobasiaennu daiinos B penosuropuii Git (ailjibl Iepelm us HeoT-
CJIeKMBAEMOTO COCTOSTHUS B NHIEKCUPOBAHHOE, a 3aTeM B cOXpaHeHHoe. Terneps (haitst
TOTOBBI K OYIyTIINM M3MEHEHUSIM.

3amMeTuM, 4yTo B peniodutopuu Git Heb3s coXpaHaTh nanku. Git aBToMaTH4eCKH BKJIIO-
YaeT MANKW B PETIO3UTOPUH TIPU COXPAHEHUH XPAHSINXCS B HUX (DaiiyIoB, HO COXPAHUTD
MyCTYTO NATKY He MOJTYYUTC.

Ecju BbI o1ycTH/IM OIIOKY B OC/IEAHEM COOOIIEHIH KOMMUTA, €I0 MOJKHO [IEPEIncaTh
KOMaHJION git commit --amend -m "<H060€76006u4€7-lu€>".

[pocmortp usmenennii nepes Kommutom

IIpesxme ueM COXpaHATh KO, CIeLYeT ObICTPO IPOCMOTPETH M3MEHEHNUsI, KOTOpPbIe OyAyT
COXpaHEeHbI MPU BBITIOJIHEHUM KOMaH/IbI git commit. J[yist mpocMoTpa pasyinduii Mex1y
paboueil Konueil Koja 1 OCIeJHUM COXPAHEHHBIM KOZLOM MOKHO BOCIOJb30BATHCS
KOMaHjIo0i git diff command.

Paccemotpum ipumep ucnosib3oBanusg git diff. Orkpoiite daiizn README.md B TEKCTOBOM
penakrope uu IDE. (Bbl gosmkabl 6b111 co3aath 9ToT daitn npu samrycke Cookiecutter.
Eciv on He cyiiiecTByeT, co3/1aiiTe IyCTON TEKCTOBbIN (Daiiyi U COXpaHUTE ero 1oL UMeHEM
README.md.) 910 daiin ¢ pasmerkoit Markdown, Ho, kak citenapuii Python, on nossken
ObITh 3aricad B hopMaTe IPOCTOro TEKCTA. 3aMeHuTe TeKCT TODO - fill this in later
B IIPUBEIEHHOM HIKe TeKeTe 13 pasaena «Quickstart Guide» cienyomum ¢pparMeHToM
(TIOKa He UCTpaBJIsiiiTe ONMOKY xample; MBI C/IETAEM 3TO MO3/HEE):

Quickstart Guide

Here's some xample code demonstrating how this module is used:

>>> import wizcoin

>>> coin = wizcoin.WizCoin(2, 5, 10)
>>> str(coin)

'2g, 5s, 10k’

>>> coin.value()

1141
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ITpesxae yem n06aBUTH 1 coxpaHuTh daiti README.md, BbinoiHuTe KOMaHay git diff
JI71ST TPOCMOTPA BHECEHHBIX N3MEHEHUT:

C:\Users\Al\wizcoin>git diff

diff --git a/README.md b/README.md

index 76b5814..3be49c3 100644

--- a/README.md

+++ b/README.md

@@ -13,7 +13,14 @@ To install with pip, run:
Quickstart Guide

-TODO - fill this in later
+Here's some xample code demonstrating how this module is used:

>>> import wizcoin

>>> coin = wizcoin.WizCoin(2, 5, 10)
>>> str(coin)

'2g, 5s, 1ok’

>>> coin.value()

1141

+ o+ + + o+

Contribute

PesyuibraT mokassiBaet, uto (haiisr README.md B paGoueil KOTiuu H3MEHUJICS TI0 CPaBHE-
Huto ¢ ¢aitstom README.md, cyTiecTBOBaBIINM TPU TIOCJI€THEM COXPAaHEHUN PETTO3UTO-
pusi. CTPOKH, HAYMHAIONIMECS CO 3HAKA -, ObLIN YAJe€Hbl; CTPOKU, HAUNHAIOIUECST CO
3HAKA +, ObLIU 10OABJICHBI.

B mportecce mpocMoTpa M3MEHEHUH TakKe MOKHO 3aMETHTD OTeYaTKy — «xamples
BMeCTO «examples». McipaBuM ee, a IOTOM CHOBA BBIITIOJHUM KOMaHAY git diff, 4ToObr
IIPOBEPUTDH U3MEHEHNS 1 COXPAHUTD UX B PEITO3UTOPUIL:

C:\Users\Al\wizcoin>git diff

diff --git a/README.md b/README.md

index 76b5814..3be49c3 100644

--- a/README.md

+++ b/README.md

@@ -13,7 +13,14 @@ To install with pip, run:
Quickstart Guide

-TODO - fill this in later

+Here's some example code demonstrating how this module is used:
--snip--

C:\Users\Al\wizcoin>git add README.md

C:\Users\Al\wizcoin>git commit -m "Added example code to README.md"
[master 2a4c5b8] Added example code to README.md
1 file changed, 8 insertions(+), 1 deletion(-)

I{CHpaBHeHHQCOXpaHeHO]BPEHOSHTOpHH.
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Mpocmotp usmenenmii B rpaguyeckom npunoxennn komangoii git difftool

WN3meHenmst mpoliie MpocMaTpuBaTh B mporpaMMe ¢ rpadgudecknm natepdeiicom. /s
Windows MoskHo 3arpysuts WinMerge (https.//winmerge.org/) — GeCIIaTHYIO IIPOrpam-
MY C OTKPBITHIM K0o0M. B Linux MoxkHO ycranosuth 60 Meld komanioii sudo apt-get
install meld, mu60 Kompare komanzoii sudo apt-get install kompare. B macOS mist
ycraHoBKu iporpammbl tkdiff HauHUTE ¢ KOMaH/I, KOTOPBIE YCTAHABJIMBAIOT U HACTPaUBa-
ior Homebrew (MeHepkep MakeToB /15T yCTaHOBKHU TIPOTPAMM ), & 3aTEM BOCTIOIB3YHTECH
Homebrew pig ycranosku tkdiff:

/bin/bash -c "$(curl -fsSL https://raw.githubusercontent.com/Homebrew/install/
master/install.sh)"
brew install tkdiff

Yro6b1 HacTpouTh Git JIJIsT UCIIOJIB30BAHMSI TUX IIPOTPAMM, BBITIOJIHUTE KOMAH/Y git
configdiff.tool <maszsanue>,rne <nassanue>— winmerge, tkdiff, meld uau kompare.
3aTeM BBITIOJTHUTE KOMaHy git difftool <ums gaiina> nias TpocMOTpa NU3MEHEHUH,
BHECEHHBIX B (haiiJi, B Tpadmuuyeckom nurepdeiice mporpammbr (puc. 12.5).

8| = | READMEmd: Working Tree - TortaiseGitMerge

Edit
I I 2 1) unso T copy | € ot A Previous difterence B Nex conflin
s ¥ Redo & veadificrence <45 Previous infine difference
oL N Erabie £t [ipaste | § Gotoline ml X @ Precousconlia @ Neinline difference .
Edit Mavigate it i
Awiz-Coind 1Wiz-Coind
2lannmnt 2 =nnmumt!
3 3+
4Wiz-Coin-is-a Python-module-to.reprasent-the-gallecn, -sickle, - 4Wiz-Coin-is-a-Python-module-to-represent-the-galleon, -sickla, -
5+ E
6Installation 6 Installationd
e d et &
8+ 8+
8 To-install -with-pip, -run:< 8 To-install-with-pip,-run:<
18+ 18-
11 - .. .pip-install -wizcoind 11 .. .pip-install -wizcoin
ﬂ;l!cksurt-ﬁuidvj 13 Quickstart-Guide!
N 4 14 ]
15 L,
16 TODO - Fi11 this in later
25
18 Contributed Contributes
(J 27 +
v
</ > <1 >
Contribute!
ontributes
For Help, press F1. Scroll hosizontally with Ctr-Scrollwheel Left View: ASCIl » CRLF *Tab4 ~ -2 Right View: ASCIl = CRALF ~Tabd = + 10 |

Puc. 12.5. [MpocmatpueaTh peaynstathl B Nporpamme ¢ rpadpuyecknm nHtephencom
(WinMerge B paHHom cnyuae) ynobHee, yem B Tekctosom Bisoge git diff
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Kpome Toro, BbIIIOJIHITE KOMaH/Ly git config --global difftool.prompt false, 4uToObI
cucreMa Git He 3amparBaia NOATBEPKACHUS KasK/bIN Pa3, KOT/Ia Bbl XOTUTE 3aITyCTUTD
porpaMmy pocMoTpa nudmeHeHuii. Ecau 8ol yctanoBuan Git-kameHT ¢ Tpadhudaeckum
nunTepdeiicoM, Bbl TAK:Ke MOKETe HACTPOUTD €0 JIJIsL UCII0JIb30BAHMS 9TUX HHCTPYMEHTOB
(a MOKeT ObITh, OH COJIEPIKUT COOCTBEHHbIE BU3YaIbHBIE CPE/ICTBA CPABHEHUST ).

Yacrora coxpanenuss usmenenmii

XO0Ts CUCTEMbI KOHTPOJISI BEPCUIL TO3BOJIIOT BEPHYTH (haliiibl K 60J1ee paHHEMY KOMMU-
Ty, MOKET BO3HUKHYTb BOIIPOC, HACKOJILKO 4aCTO CJelyeT COXpaHATh usMenenus. Ecian
MeTaTh 9TO CJAUIMKOM YaCTO, BaM TIPHUIETCST MPOOMBATHCS Y€Pe3 MHOKECTBO HE3HAUN-
TEJIBHBIX KOMMEHTAPHEB, YTOOBI HAIITH HYKHYIO BepcHio Koa. Eciu merath peaxo, To
KasK/Iblii KOMMUT OyZIeT cojiepsKaTh MHOMKECTBO M3MEHEHUN U BO3BPAT K KOHKPETHOM
BEPCUM OTMEHUT OOJIbIIIe U3MEHEHUI, YeM BaM X0TeI0Ch Obl. Ha mpakTrke mporpaMMu-
CThI OGBIYHO BBITIOJTHSIIOT KOMMUTBI PEXKE, YEM CIIEL0BAJIO OB,

Ko ciremyer coxpaHsaTh npu 3aBepiieHnn 0J10Ka (QYHKIIMOHATBHOCTH, KIacca UK UC-
npassieHus omnOku. He coxpaHsiiTe Ko, copepsKaiiuil CHHTAKCHYECKIe OITMOKU UJIK
OYEBUIHO HEPAGOTOCTOCOOHBIN., KOMMUTBI MOTYT COCTOSITh U3 HECKOJIBKUX CTPOK MJIH
HECKOJIbKUX COTEH CTPOK M3MEHEHHOIO KO/, HO B JIOOOM CJIydae BbI JOJKHBI UMETh
BO3MOKHOCTbH BEPHYThCS K GoJiee paHHEH KOIMU U BCE ellle UMETh B PACHOPSIKEHUH
pabouyto mporpamMmy. Beeria BBITIOHSIITE BCe MOZLYJIbHbBIE TECTBI TIEPEl COXPAHEHHEM.,
B uzeaie Bce TECTHI JOJKHBI IIPOXOIHTS (2 €C/IM OHK HE IIPOXOIAT, YIIOMIHHUTE 00 9TOM
B COITPOBOAUTETHHOM COOOIIEHNH).

Yaaneune ¢aiinos u3 penosutopus

Ecjiit BaM He HYKHO, 4TOOBI KaKOU-1u60 (haii orcexuBaics B Git, BbI He MOXKeTE MPo-
CTO YAAJIUTH €ro 13 (hailJIoBOi CUCTEMbL. ITO HEOGX0AUMO caesath yepes Git KomMaHIoi
git rm, KoTOpas TakKe npukaspiBaet Git nepecrarb orcsexusarh (aiinr. YTobbl norpe-
HUPOBATHCS B BBITTOJTHEHUN 3TOH orlepalini, BBIOJHUTE KOMaH1y echo "Test file" >
deleteme.txt, 4yTOObI CO31aTh MaJIeHbKUII (haii ¢ uMeHeM deleteme.txt 1 coaepKUMBIM
"Test file". 3aTem coxpanuTe Haia B peO3NTOPUN CIAEAYIONTMMU KOMaHIAMMU:

C:\Users\Al\wizcoin>echo "Test file" > deleteme.txt
C:\Users\Al\wizcoin>git add deleteme.txt
C:\Users\Al\wizcoin>git commit -m "Adding a file to test Git deletion."
[master 441556a] Adding a file to test Git deletion.
1 file changed, 1 insertion(+)
create mode 100644 deleteme.txt
C:\Users\Al\wizcoin>git status
On branch master
nothing to commit, working tree clean
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He ynansiite daiinbl komangoil del B Windows wim komangoil rm B macOS u Linux.
(A ecou BBI 3TO ciestaete, hailr MOKHO BOCCTAHOBUTH KOMaH/IOH git restore <ums ati-
JIa> WJIK TIPOCTO TEPelTH K KOMaH/e git rm, uTo0bI yAaIuTh (hailyl U3 Perno3uTopust.)
BMecTo 9TOro BOCIoab3yiTech KOMAHIOM git rm, 4TOOBI yIAIUTD U IIPOUHAEKCUPOBATD
(haiin deleteme.txt, kak aTO /1es1a€TCST B CIIELYTONIEM TTPUMEPE:

C:\Users\Al\wizcoin>git rm deleteme.txt
rm deleteme.txt'

Komanma git rm yaanser daiin 13 paboueii Komuu, HO 3TO elie He Bee. Kak u git add,
KoMaH/ia git rm uHAeKcupyet (aiin. YiareHue (aiia HeOOXOMMMO 3aKPENUTh TOUHO
TaK ke, KaK JII0ObIE APyTie N3MeHEeHUsI:

C:\Users\Al\wizcoin>git status
On branch master
Changes to be committed:
(use "git reset HEAD <file>..." to unstage) (L

deleted: deleteme.txt

C:\Users\Al\wizcoin>git commit -m "Deleting deleteme.txt from the repo to
finish the deletion test."

[master 369de78] Deleting deleteme.txt from the repo to finish the deletion
test.

1 file changed, 1 deletion(-)

delete mode 100644 deleteme.txt

C:\Users\Al\Desktop\wizcoin>git status
On branch master

nothing to commit, working tree clean

Xots (aiin deleteme.txt 61 yaanen u3 paboueil Komuu, OH Bee elle CyLIiecTBYeT B UCTO-
puu peniodutopus. B paszesne «Boccranopiienue ctapbix U3MEHEHUIT» 9TOH TJIaBbl pac-
CKa3aHO, KaK BOCCTAHOBUTH y/IaJIeHHBIN (hailsl NIl OTMEHUTH N3MEHEHNE.

Komanza git rm pabotaet ToJIbKO ¢ (haiiiaMu, HaXOAAIIUMUCS B UHCTOM, COXPAHEHHOM,
cocTostHM 6e3 Kakux-Tn00 namenenuit. B mpotusHoM cirydae Git IpeimoRuT COXPaHUTD
M3MEHEeHUs WJIM OTMEHUTh UX KOMaH/I0H git reset HEAD <ums_¢atina>. (BeiBon git
status HarmoMHKUT BaM 06 9T0i1 KoMaH;1e @.) Takas mporie/ry pa mpeIoTBpaIaeT ciydaiiHoe
yJajeHye HecoXpaHeHHbIX U3MEHEeHUI.

llepenmenoBanme n nepemewiene QainoB u3 penosuTopus

Kaxk v ipu ynanenuu paitios, Bbl He JI0JKHBI TTEPEMMEHOBBIBATD UJIN TIepeMeNaTh (haiiiibl
B penosuropun B 00xox Git. B nporusHoM ciyuae Git pemuT, 4To Bbl IIPOCTO YAATIMIIK
aitn, u cozpact HOBBIN (ail ¢ TIPEKHUM COJIEPKUMbIM. BMecTo aTOro ncrosb3yiite
KOMaHy git mv ¢ mocyemyionieii KoManaon git commit.
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[Tepenmenyiite README.md B README.txt cieytomumMy KOMaHAaMu:

C:\Users\Al\wizcoin>git mv README.md README.txt
C:\Users\Al\wizcoin>git status
On branch master
Changes to be committed:

(use "git reset HEAD <file>...

to unstage)

renamed: README.md -> README.txt

C:\Users\Al\wizcoin>git commit -m "Testing the renaming of files in Git."
[master 3fee6ab] Testing the renaming of files in Git.

1 file changed, @ insertions(+), © deletions(-)

rename README.md => README.txt (100%)

B atom caryuae nctopus nuamenenuiit README. txt Takske BkitouaeT nctopuio README.md.

Takske MOKHO BOCTIOJIb30BATLCS KOMAHION git mv /715 TiepeMettieHns (haiijia B HOBYIO
nanky. Beemure cieayronime KoMaHIbl, 4TOOBI CO3/IaTh HOBYIO MATIKY ¢ UMeHeM movetest
1 iepeMecTuTh B Hee (haiizn README. txt:

C:\Users\Al\wizcoin>mkdir movetest
C:\Users\Al\wizcoin>git mv README.txt movetest/README.txt
C:\Users\Al\wizcoin>git status
On branch master
Changes to be committed:

(use "git reset HEAD <file>..." to unstage)

renamed: README.txt -> movetest/README.txt

C:\Users\Al\wizcoin>git commit -m "Testing the moving of files in Git."
[master 3ed22ed] Testing the moving of files in Git.

1 file changed, @ insertions(+), © deletions(-)

rename README.txt => movetest/README.txt (100%)

Taksxe MOJKHO COBMECTUTD IlepenMeHoBaHNe (aiiia ¢ mepeMeleHneM — /71l 3TOTO Clie-
JIyeT Tiepe/iaTh git mv HOBOe MM 1 MecTorosoxenue daitia. Bepuem daiizn README.txt
B KOPHEBON pabounii KaTaJor ¢ BOCCTAHOBJIEHHEM HCXOTHOTO MMEHT:

C:\Users\Al\wizcoin>git mv movetest/README.txt README.md
C:\Users\Al\wizcoin>git status
On branch master
Changes to be committed:

(use "git reset HEAD <file>...

to unstage)
renamed: movetest/README.txt -> README.md

C:\Users\Al\wizcoin>git commit -m "Moving the README file back to its original
place and name."
[master 962a8ba] Moving the README file back to its original place and name.



Tlgm: @it_boooks

MpocMOTp XypPHANA KOMMMUTOB 255

1 file changed, @ insertions(+), © deletions(-)
rename movetest/README.txt => README.md (100%)

Xorts daiin README.md BepHYJICS B ICXOJTHYIO TIANKY U UMEET UCXOHOE UM, PEMO3U-
topuii Git 3arTOMUHAET U3MEHEHUST UMEHU U MecTomosokenus. Mctopuio nuamenenuit
MOKHO BBI3BaTh KOMaH/ION git log, 0 KOTOPOH MOUAET peub B CJIeYIOIeM pasjieie.

I1pocmo1'p XypHaia KoMMUTOB
Komanza git log BRIBOAUT CITUCOK BCEX KOMMUTOB:

C:\Users\Al\wizcoin>git log

commit 962a8baa29e452c74d40075d92b00897b02668fb (HEAD -> master)
Author: Al Sweigart <al@inventwithpython.com>

Date: Wed Sep 1 10:38:23 2021 -0700

Moving the README file back to its original place and name.

commit 3ed22ed7ae26220bbd4c4febc52f4700dbb7c1f1
Author: Al Sweigart <al@inventwithpython.com>
Date: Wed Sep 1 10:36:29 2021 -0700

Testing the moving of files in Git.

--snip--

Komana criocobHa BEIBOAUTH GOJIBINON 00beM TeKcTa, Eciu JKypHas He OMEIaeTcst
B OKHE TEPMUHAJIA, TEKCT MOKHO TIPOKPYTUTH KJIaBumiamu 1T u |. YToObl 3aBepuInTh
IIPOCMOTP, HAKMUTE KJIABHIITY (.

Ecim BbI X0THTE BepHYTH (haliibl kK Oojiee paHHeMy KOMMUTY, CHadaja CIeAyeT HallTu
xeu kommuma — ctpoky us 40 mectHagnaTepuaHbix udp (0-9 u 6ykssr A—F), kotopast
CITYKUT YHUKATBHBIM WIEHTU(PUKATOPOM KoMMUTA. Harpumep, mocaennii KOMMUT
B HallleM PEeIO3UTOPUHU IIPEeCTaBIEH XellleM 962a8baa29e452c74d40075d92b00897b026
68fb. Ha nipakTiike 0ObIYHO HCIIOJIB3YIOTCSI TOJIBKO IIEPBbIE CeMb 3HAKOB: 962a8ba.

Co BpemeHeM >KypHaJl MOXKET CTaTh OUeHb JJIMHHBIM. Kiiou --oneline ycekaeT BbIBO/|
JI0 COKPAIEHHbBIX XElIei U MePBOi CTPOKK KasKI0ro coodleHuss KoMMuTa. Beeaure
KOMaH/y git log --oneline B KOMaH/IHON CTPOKE:

C:\Users\Al\wizcoin>git log --oneline

962a8ba (HEAD -> master) Moving the README file back to its original place and
name.

3ed22ed Testing the moving of files in Git.

15734e5 Deleting deleteme.txt from the repo to finish the deletion test.
441556a Adding a file to test Git deletion.

224c5b8 Added example code to README.md

elae3a3 An initial add of the project files.
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Ecau BbIBOZ OCTaeTcd CAUIIKOM AJUHHBIM, UCMIOJAB3YHTE KIIOU -n 719 OTPAaHUYCHUS
BBIBOJIA 77 TIOCJIETHUMU KOMMUTaMu. BBennTe KomManay git log --oneline -n 3, 4TOOBI
IIPOCMOTPETH TOJBKO TPU MTOCTETHUX KOMMUTA!

C:\Users\Al\wizcoin>git log --oneline -n 3

962a8ba (HEAD -> master) Moving the README file back to its original place and
name.

3ed22ed Testing the moving of files in Git.

15734e5 Deleting deleteme.txt from the repo to finish the deletion test.

YT06bI BbIBECTH COLEPKUMOE (hailja Ha MOMEHT KOHKPETHOIO KOMMUTA, MOKHO 3a-
JlaTh KOMaHy git show <vew>:<ums_¢aiina>. Bripouem, rpadpuyeckue cpencrsa Git
PEIOCTABJIAIOT OoJiee o0 bl MHTepdEeiic 11T TPOCMOTpa JKypHaJla, YeM KOMaH/[Hast
crpoka Git.

BoccraHoBneHue cTapbiX USMEHEHUM

JlomycTum, Bbl XOTHTE BEPHYTHCST K GOJiee PAHHEN BEPCHM CBOETO MCXOIHOTO KOJIA,
MOTOMY YTO B IIporpamMMe Obljia JOMyIeHa OMnOKa UK Bbl CJYIallHO yaaauin (aiii.
Cucrema KOHTPOJISI BEPCHIT TIO3BOJISIET BEPHYTH Pab0uyIo KOIHIO K COCTOSTHUIO GoJiee
pamHero Kommuta. KoHKpeTHas KOMaH/Ia 3aBUCUT OT COCTOSHUS (haiimoB B paboyeit
KOIIUU.

[TomHUTE, YTO CHCTEMBI KOHTPOJISI BEPCHIT TOBKO 06aBISIOT nHpopMaIiio. Jlake mpu
yranenun daiiaa u3 pernosutopist Git 3aOMHUT €ro, 4TOObI €10 MOKHO GBITI0 BOCCTAHO-
BUTH B OyyiieM. OTMeHa U3MEHEHVSI B ACHCTBUTEIBHOCTH 00ABIISIET HOBOE H3MEHEHHE,
KOTOPOE BO3BpAtiaeT haii K ero COCTOSTHUIO TIPY TIPEAbIAyTIieM KommuTe. [TogpodHast
uH(bOpMaIK 0 Pa3JUYHbIX BUAAX OTMEHbI AOCTYIIHA Ha hitps.//github.blog/2015-06-
08-how-to-undo-almost-anything-with-git/.

Ormena HEeCOXPUHEHHbIX JIOKAJIbHbIX H3MEHEHUH

Ecau Bbl BHecn B haiiyl HecoXxpaHeHHble U3MeHEHN s, HO XOTUTE BEPHYTh €r0 K BEPCUU
B [TOCJIe/THEM KOMMMUTE, BBITIOJTHUTE KOMaH/Ty git restore <ums_¢aiina>. B ciemyiorem
npuMepe Mbl u3MeHseM ¢aiis README.md, HO He WHIEKCUPYeM U He COXPaHSIEM €eTo:

C:\Users\Al\wizcoin>git status
On branch master

Changes not staged for commit:
(use "git add <file>..." to update what will be committed)
(use "git restore <file>..." to discard changes in working directory)
modified: README . md

no changes added to commit (use "git add" and/or "git commit -a"
C:\Users\Al\wizcoin>git restore README.md
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C:\Users\Al\wizcoin>git status
On branch master
Your branch is up to date with 'origin/master’.

nothing to commit, working tree clean

[Tocste BBITIOTHEHMST KOMaHBI git restore README . md comep:xumoe daiisia README.md
CTAaHOBUTCSI TAKUM, KaK B rmocieiHeM KommuTe. MDakTrdaecKk 9To omepanmst OTMEHBI 13-
MeHEHUH, BHeCeHHBIX B (paiiy (KOTOPBI elle He ObLI IIPOMHAEKCUPOBAH UJIN COXPAHEH ).
Ho 6y/16Te BHUMATE/IbHBL: BB Y3Ke HE CMOKETe OTMEHUTD 9Ty «OTMEHY», YUTOObI BEDHYTh
nocaeaHue n3MeHenus. Takske MOKHO BBITIOJIHUTD KOMaHy git checkout ., YTOOBI OT-
MEHUTb BCe U3MEHEHMs BO Beex (aiiax paboueil KO

JlennpexcupoBanne npounngexcuposanHoro paina

Ecau BBl ponniekcupoBain u3aMeHeHHbli (haityi KoMaHo0u git add, a Terepb XOTUTE
UCKJIIOUUTH €r0 M3 MHIEKCUPOBAHHOTO COCTOSTHUSA, YTOOBI OH He ObLI BKJIIOUEH B CJIEY-
IO KOMMUT, BBITIOJIHUTE KOMaHY git restore --staged <ums_atina>:

C:\Users\Al>git restore --staged README.md
Unstaged changes after reset:
M spam.txt

Daiin README.md ocTaeTcs n3MeHeHHBIM, KaK 3TO ObLJIO JI0 ero WH/JEKCUPOBAHUA KO-
MaHION git add, HO OH He HAXOAUTCS B MHICKCUPOBAHHOM COCTOSTHUU.

Ortmena nocsieAHUX KOMMHUTOB

JlomycTiM, BbI CIeJIalId HECKOJIBKO OECTIONIE3HBIX KOMMUTOB 1 TEMIEPh XOTUTE BEPHYTHCST
K IIpebIyIeMy KOMMUTY. IT0OBI OTMEHUTH KOHKPETHOE YMCIIO TIOCTEAHIX KOMMUTOB
(Hampumep, 3), UCMIOIB3YiTe KOMaHIy git revert -n HEAD~3. .HEAD. BmecTo 3 MOKHO
yKa3aTh J060€e KOMHIeCTBO KOMMUTOB. [TPemonoKnM, BbI OTCIEKUBACTE T3MEHEHTIST
B JICTEKTUBHOM POMaHe, KOTOPBI BbI ITUIIETE, U Y BaC UMeeTcd caeayionuii xkypuan Git
CO BCEMU KOMMUTAMHU U COOOIIEHUSIMIL

C:\Users\Al\novel>git log --oneline

de24642 (HEAD -> master) Changed the setting to outer space.
2be4163 Added a whacky sidekick.

97c655e Renamed the detective to 'Snuggles'.

82a5222 Added an exciting plot twist.

2590860 Finished chapter 1.

2dece36 Started my novel.

B kakoii-To MOMeHT BbI pelraeTe, YTO XOTUTE HayaTh 3aHOBO C CIO’KETHOTO TT0BOPOTA
C XeleM 8aa5222. ITO 03HAYAET, YTO HYKHO OTMEHUTh U3MEHEHUS TPeX TOCTCTHUX
KOMMUTOB: de24642, 2be4163 11 97c655e. BeimosiHUTE KOMaHY git revert -n HEAD~3. .
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HEAD, 4TOOBI OTMEHUTH TH U3MEHEHUsI, a 3aTeM BbIIIOJHUTE KOMaH/Ibl git add . u git
commit -m "<coobuenue>" 1jag coOXpaHeHUs KOHTEHTA, KaK U s JI0O0ro Apyroro
U3MEHEeHUA:

C:\Users\Al\novel>git revert -n HEAD~3..HEAD
C:\Users\Al\novel>git add .

C:\Users\Al\novel>git commit -m "Starting over from the plot twist."
[master faec20e] Starting over from the plot twist.
1 file changed, 34 deletions(-)

C:\Users\Al\novel>git log --oneline

faec20e (HEAD -> master) Starting over from the plot twist.
de24642 Changed the setting to outer space.

2be4163 Added a whacky sidekick.

97c655e Renamed the detective to 'Snuggles’.

8aa5222 Added an exciting plot twist.

2590860 Finished chapter 1.

2dece36 Started my novel.

Penosutopuut Git 06bIYHO TONBKO K00ABJISIOT HH(MOPMAIIUIO, TOITOMY ITPU OTMEHE KOM-
MITOB OHHU OCTAIOTCS B MCTOPUU KOMMUTOB. Eciii motpebyercst «OTMEHUTh OTMEHY >, BbI
MO’KeTe CHOBA BEPHYThCS K HYKHOMY COCTOSTHUIO KOMaH/I0M git revert.

Bo3Bpar k KoHKpeTHOMY KOMMHTY Ans OTAeNbHOTO Qaiina

Tak Kak KOMMHTBI OTPAKAIOT COCTOSTHIE BCETO PEMTO3UTOPHS, & He OTAEbHbIX (haliIoB,
TO BaM HOTpebyeTcst Apyrast KOMaH/a, eCJIM Bbl 3aX0TUTE OTMEHUTh U3MEHEHHUSI JIJIs OT-
nejbHOro haiina. Jomycrum, g Bexy penosuropuii Git a7 HeGOIbIIOro IIPOrPpaMMHOTO
npoekra. I cospan daiin eggs.py, nobasui B Hero ¢pyHkumu spam() 1 bacon(), a 3aTem
nepenMeHoBas bacon() B cheese (). JKypHas pero3uTopust GyIeT BhITJISAETD IPUMEPHO
TakK:

C:\Users\Al\myproject>git log --oneline

895d220 (HEAD -> master) Adding email support to cheese().
df617da Renaming bacon() to cheese().

efledbb Refactoring bacon().

ac27c9e Adding bacon() function.

009b7c0 Adding better documentation to spam().

0657588 Creating spam() function.

d811971 Initial add.

Ho st pettut, 4to st X0uy BepHYThCS K (hairy 10 106aBeHus hyHKIMU bacon(), HO He
U3MEHSITD JIFoObIe Apyrie (hailibl B perosuropur. MOKHO BOCIIOJIB30BaThCsT KOMaH/IOI
git show <vew>: <ums_cpauina> 1s BbIBOZA 9TOTO (ailaa Ha MOMEHT TIOCJIETHETO
KOHKPeTHOro KomMmmuTa. KoMaHzia BRITJISIIUT IIPUMEPHO TaK:
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C:\Users\Al\myproject>git show 009b7c0:eggs.py
<codepxumoe eggs.py HA MOMeHm CoxpaHeHua ©09b7co>

[Tpu momormm KomMaHIbI git checkout <xew> -- <ums_¢haiina> MOKHO BEPHYTH CO-
JIEPIKIMOE €ggs.py K 9TON BEPCUM M COXPAHUTD U3MEHEHHBIN (Daiisl 0ObIYHBIM CIIOCOOOM.
Komana git checkout usMenser TOIbKO pabouyio KOnuio. Bam ocTaHeTcst TOIBKO IPo-
UHEKCUPOBATh U COXPAHUTH STU KOPPEKTUBBL, KaK 1 JI00bIE IPYTHE:

C:\Users\Al\myproject>git checkout ©009b7c0 -- eggs.py
C:\Users\Al\myproject>git add eggs.py

C:\Users\Al\myproject>git commit -m "Rolled back eggs.py to 009b7ce0"
[master d41e595] Rolled back eggs.py to ©09b7ce
1 file changed, 47 deletions(-)

C:\Users\Al\myproject>git log --oneline

d41e595 (HEAD -> master) Rolled back eggs.py to 009b7co
895d220 Adding email support to cheese().

df617da Renaming bacon() to cheese().

efledbb Refactoring bacon().

ac27c¢9e Adding bacon() function.

009b7c0 Adding better documentation to spam().

0657588 Creating spam() function.

d811971 Initial add.

Daiin €ggs.py OBLI BO3BpallleH K IMPEKHEMY COCTOAHUIO, a OCTaBIIaACA 4aCTb PEIIO3un-
TOPpH:A OCTaJsIaCb HEU3MEeHHOM.

lepesanucb ncropun kommuroB

Ecau BBI caryuaitHo coxpanusu aiis, comep:kanuii KoH(puaeHnaabHyto nahopma-
o (naposu, kiaoun AP, Homepa KpeuTHBIX KapT), HeJOCTATOYHO BBIYEPKHYTH ATy
nH(OPMAIINIO U CO3/IaTh HOBBIN KOMMUT. KasK/IbIil, KTO MMeeT IOCTYT K PEMO3UTOPUIO
Ha BaIllieM KOMIbIOTEepe UK K yIATIEHHOMY PETIO3UTOPUIO, CMOKET BEPHYTHCS K BEPCUH,
cojiepskateit aTy mH(opMaIuio.

Viaaurh nHGOPMAIIMIO U3 PEMO3UTOPHS TaK, YTOOBI ee OBIJIO HEBO3MOKHO BOC-
CTaHOBUTH, HEIIPOCTO, HO BO3MOKHO. [ToApo6HO pacckasbiBaTh 06 9TOM 371€Ch s He
6y/1y, HO BBl MOJKETe BOCIIOJIb30BaThCs JIMOO KOMaHIOM git filter-branchor, 60
nporpammoii BFG Repo-Cleaner (aT0T BapuaHT CUUTAETCS TPEATIOUTUTENbHBIM ).
O06a BapuaHnTa onucanbl Ha https.//help.github.com/en/articles/removing-sensitive-
data-from-a-repository.

[Tpocreiiasg npeBeHTUBHASA Mepa — Pa3MeCTUTh KOHMUIEeHIIMANbHYIO HH(OPMAIIIIO
B (haiise ¢ uMerHeM secrets.txt, conidential.py nim uro-unby s B aT0M poae. Daiin BKIOUa-
ercs B .gitignore, uTOGBI OH HUKOT/IA He ObLIT COXPaHeH B PETO3UTOpun. Barta mporpaMma
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MOJKeT ITPOYNTATh KOH(MUIEHIIHAIBHYI0 nH(pOopMaInio u3 (aiina — aTo Jy4dlie, 4ueM pas-
MeIaTh TaKylo NH(GOPMAINIO HEIOCPEACTBEHHO B HCXOTHOM KOJIE.

GitHub n komangaa git push

Xorst perogutoprn Git MOTYT CyIIECTBOBATH Ha BallleM KOMITHIOTEpPE, MHOTHE HecTmaT-
Hble BeG-CallThI TO3BOJISIOT PA3MeEIAaTh KJIOHbI BAINX PEMO3UTOPHEB B UHTEPHETE, YUTOObI
JPYTHE JIO/I MOTJIN JIETKO 3arPY3UTh BAIHN TIPOEKTHI M YIACTBOBATH B PAOOTE HA/l HUMI.
Camblit 6ob1noii u3 Takux caiitoB — GitHub. Ecim BbI coxpanuTe KJI0H CBOEro IpoeKTa
B HHTEPHETE, KOJJIETW CMOTYT JOIOJIHATD Balll KOJ, IasKe KOIIa KOMIILIOTep, Ha KOTOPOM
BBI paGoTaete, oTKI049€eH. KpoMe Toro, KiIIoHnpoBanHast Kommst (haKTHYECKH BBITIOIHSIET
POJIb pe3epBHON KOMNU.

NMPUMEYAHUE

H1obbl M3bexath nyTaHuubl ¢ TepMUHaMK: Git — c1MCTeMa KOHTPOSS BEPCHIA, KOTOPAS MOA-
LEPXMBAET PENO3UTOPUIA U BKNtodaeT komaray git. GitHub — Be6-cait ans pasmellenms
penosutopuee Git B MHTEpHETE.

Owner Repository name *

l fil asweigart ~ l / | wizcoin v

Great repository names are short and memaorable. Need inspiration? How about super-octo-couscous?
Description (optional)

| A Python module to represent the galleon, sickle, and knut coins of wizard currency.

@ Public

Anyoene can see this reposilory. You choose who can commit.
O ﬁ Private

You choose who can see and commit to this repository.
Skip this step if you're importing an existing repository.

["] Initialize this repository with a README
This will let you immediately clone the repository to your computer.

[ Add .gitignore: None + l | l Add a license: None » | 0]

Create repository

Puc. 12.6. Cosparue Hosoro penoautopus Ha GitHub
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3aiivre Ha cailT https.//github.com v 3aperucTpupynTech s IMoJIydeHst GecIiaTHONR
yuerHoli 3anmcy. Ha gomaruneii crpanuie GitHub win na Bk/iake Repositories crpasuiibl
BaIero mpoh s METKHITe Ha KHOTTKe New, 4ToObT cO3/IaTh HOBBIH TPoeKT. BBemuTe mmMst
PEMO3UTOPHSI wizcoin 1 omMcanme MpoeKTa — 00 ITOM s pacCcKasbiBas B pasjene «Cos-
Janue HoBbIX 1poekToB Python ¢ ucnonbsosanmnem Cookiecutters Ha c. 236 (puc. 12.6).
ITomersre perozuTopuii Kak ooieaocTyHbI (Public) n canMuTe duraxox Initialize this
repository with a README, 110TOMY UTO Mbl UMIIOPTUPYEM CYLIECTBYIOLUN PEIIO3UTOPUIL.
[MTesnxnute Ha kHonke Create repository. Bee aTu sielicTBrS 9KBUBaI€HTHBI BHIIOJHEHHIO
KOMaH/Ibl git init na Be6-caiire GitHub.

Be0-crpannia /15 Balix pernosuTopres OyIeT paciioaraThes o aapecy Attps.//github.
com/<umsi_noavzogamens>,/<ums_penosumopus>. Mol perno3utopuii wizcoin pas-
Metaercst Ha https.//github.com/asweigart/wizcoin.

Ornpaska cywecrsylowero penosutopus Ha GitHub

Yt00bI OTIIPABUTD CYIIECTBYONINN PETO3UTOPHIT M3 KOMAHHON CTPOKU, BBEJIUTE CJIe-
AYIOTIIe KOMAH/IbL:

C:\Users\Al\wizcoin>git remote add origin https://github.com/<nonb3oBatens_github>/
wizcoin.git
C:\Users\Al\wizcoin>git push -u origin master
Username for 'https://github.com': <nosne30B8amens_github>
Password for 'https://<github_username>@github.com': <napone_github>
Counting objects: 3, done.
Writing objects: 100% (3/3), 213 bytes | 106.00 KiB/s, done.
Total 3 (delta @), reused © (delta @)
To https://github.com/<Bauw_github>/wizcoin.git
* [new branch] master -> master
Branch 'master' set up to track remote branch 'master' from 'origin'.

Komanga git remote add origin https://github.com/<noavsosamenv_github>/
wizcoin.git mobasasger GitHub xak ynaseHHbiil penosuTopuii, COOTBETCTBYIONIMIL Ba-
meMy JIOKaaTbHOMY peno3utopuio. [locsie 9Toro BbI MOKeTe OTIIPAaBUTH BCe U3MEHEHUS,
BHECEHHbBIE B JIOKAJIBHOM PENO3UTOPUHN, B YAAJIEHHBI KOMaH/I01 git push -u origin
master. CJeayionye OTIPaBKY U3 JIOKAJbHOTO PETIO3UTOPHST BbI CMOKETE OCYTIECTBIISATh
POCTOI KoMaH10#1 git push. Ormpaska korwmii Ha GitHub nocie kaskmoro kommura —
XOpoTiasg TaKTUKa, TapaHTUPYIOIasd CUHXPOHU3AINIO YIAJEHHOTO PETTO3UTOPUS Ha
GitHub ¢ Bammm jokajbHBIM PEIIO3UTOPHEM, HO OHA He 00s3aTe/IbHA.

3arpysus BeO-crpanuily pernosutopust Ha GitHub, BbI 10/KHBI HOTyurTh HHGOPMAITHIO
o0 (aitsmax u kommuTax. KoHeuHo, 310 ganeko He Bce, 4To MOXKHO y3Hath 0 GitHub —
BKJIIOYAS U TO, KAK TPUHUMATb JIEUCTBIS IPYTUX JIOJEN B BAIITIX PEITIO3UTOPUSIX TIOCPE]I-
crBoM pull-3ampocos. dra Tema, HaPSILY € IPYTUMHU PACITHPEHHBIMI BO3SMOKHOCTSIME
GitHub, Borxoaut 3a paMKy KHUTH.
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Knonuposanue cywecreytowero penosuropus GitHub

Takske BO3MOKHO 1 00paTHOE: CO3/1aTh HOBbII perosutopuii Ha GitHub u kironnposath
ero Ha Baur komibioTep. Coszaiite HOBBIN penosutopuil Ha BeO-caiite GitHub, Ho Ha
aTOT pa3 ycranoBute aaxoxk Initialize this repository with a README.

Yro6bl KITOHUPOBATH ATOT PEMO3UTOPUIT Ha JIOKATBHBIT KOMITBIOTED, TEPEi/ITe Ha CTpa-
Huiy penosutopust Ha GitHub u menkuauTe Ha kHotmke Clone ni Download; oTkpoeTcst
oxkro ¢ URL-axpecom Buna https.//github.com/<noavsoeamens_github>/wizcoin.git.
Ncnonbayiite URL-azpec CBOEro peno3utopusi ¢ KOMaHAo git clone, 4ToObI 3arpysuTh
€TO Ha Balll KOMIIBIOTEP:

C:\Users\Al>git clone https://github.com/<nose308amens_github>/wizcoin.git
Cloning into 'wizcoin'...

remote: Enumerating objects: 5, done.

remote: Counting objects: 100% (5/5), done.

remote: Compressing objects: 100% (3/3), done.

remote: Total 5 (delta @), reused 5 (delta ©), pack-reused ©

Unpacking objects: 100% (5/5), done.

TeHepb BbI CMOJKETE COXpaHHTb "u OTHpaB]IHTb N3MEHEHNA, I/ICHOJIBByH ITOT peHOBI/ITOpI/Iﬁ
Git, TOYHO Tak e, Kak ecau ObI OH ObLT CO3/1aH KOMaH/0M git init.

Komanza git clone Takske IPUTOAMTCS B TOM CJIYYAE, €CJIM BAIl JJOKAIbHBIN PEIIO3UTOPHIA
OKa3aJICs B COCTOSTHUH, KOT/IA BBI TIPOCTO HE 3HAETE, YTO ¢ HUM JIEJIaTh U KaK OTKA3aTh-
4 OT IIOCJIEHUX U3MeHeHuit. M X0Ts Takoe pelenue Janeko He UAeaabHO, Bbl BCEra
MOJKETE COXPaHUTh KOIMIO (haiijioB B BalieM pabodeM KaTajiore, yAaJduTh JOKAIbHbI
PEno3uTOpPUil U BOCHOIB30BATHCA KOMaH/I0# git clone /it MOBTOPHOTO CO3/IaHUS
penosuTopus. B Takoii cuTyanuu Nopoil OKasbIBaIOTCS Jaske OIBITHBIE Pa3pabOTYHKHY,
U 3TO JIETJIO B OCHOBY Iy TKHU https.//xkcd.com/1597/.

Utorn

CucTeMbl KOHTPOJISI BEPCHIl CllacatoT MPOrpaMMUCTOB 0T MHOTUX Oeia. CoxpaHeHue
KOJIa YITPOITAeT AHAIN3 X0/Ia PAOOTHI HAJT TIPOEKTOM 1 B HEKOTOPBIX CTyYasIX TTO3BOJISIET
OTMEHSITh HeJKeJaTeJbHbie u3MeHeHus1. VIzyuenne oCHOB paBoThI ¢ CUCTEMON KOHTPO-
Jisl Bepeuii — Takoil kak Git — 6Ge3ycI0BHO, COKOHOMUT Ballie BPeMsI B J0JTOCPOUHOM
HepCIeKTUBE.

ITpoekTsl Python 06BIYHO COCTOAT M3 HECKOJBKUX CTaHAAPTHBIX (DAJIOB U MaIOK,
U MOZLyJTb cookiecutter MOMOraeT co3/1aTh 3aTOTOBKH KO/A JIJIsi MHOTUX TaKuX (haii-
JioB. OHU CTaHYT MEPBBIMU U3 COXPAHEHHBIX B BallleM JIOKaJIbHOM peno3utopun Git.
IMarnka, copepsKaiiast BECb 9TOT KOHTEHT, Ha3bIBAETCSI PAOOUUM KAMATLOZ0M I NANKOU
npoexma.
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Git orciexunBaer daiiibl B pabodem Katasore. Kax/piii hailjl MOKET CyIeCTBOBATh
B O/IHOM M3 TPeX COCTOSTHUH: COXPAaHEHHOM (MJIM YUCTOM ), U3MEHEHHOM WJIA NH/IEKCH-
posarHOM. Komanmaas ctpoka Git moamep:kuBaet psim KoMaH (HampuMep, git status
niam git log) 1u1s MpocMoOTpa 3TON NHMOPMAIIH, HO BbI TAKXKE MOKETE BOCIIOIb30BATLCS
CTOPOHHUMU CPEJICTBAMU C rpachuuecKuM UHTepQencom.

Komanza git init cos/iaet HOBBIN ITyCTOM PEMTO3UTOPUIL HA BAIlIeM JIOKAJTbHOM KOMITBIO-
tepe. Komanya git clone KOMMPYyeT PENO3UTOPUI € yaleHHOTO cepBepa (Harpumep,
¢ momyJsipHOTO Beb-caiita GitHub). TTocsie cosmanust perosuTopust BbI MOJKETE BOCIIOb-
30BaThCSI KOMaH/IaM1 git add u git commit i1 cOXpaHeHWsT U3MEHEHUH B PETTO3UTOPUHN
M KOMaHJI0M git push /It OTIIPaBKM KOMMMTOB B yaajeHHbIil perrosutopuii GitHub.
B sT0i1 rimaBe s pacckaszas 1 0 KOMaH/[axX JIJisi OTMEHbI BHECEHHBIX u3dMeHeHuit. OTmeHa
MO3BOJISIET BEPHYThCS K GoJiee paHHel Bepcuu Balux (hailjios.

Git — CJTOKHBIA MHCTPYMEHT CO MHOKECTBOM BO3MOKHOCTEH, U 9Ta IJIaBa 3HAKOMUT
BaC TOJIbKO C OCHOBaMU CUCTEMbI KOHTPOJIs1 Bepcuii. CyIecTByeT MHOKECTBO PECypPCcOB
JUISL U3yYeHUs pacuiipeHHoi pynkimronanbaocTu Git. 1 pekoMenyio e GecraTHbie
KHUTH, KOTOPbIe MOKHO HaiiTu B uHTepHeTe: «Pro Git» Ckorra Yapkona (Scott Charcon)
(https.//git-scm.com/book/en/v2)! u «Version Control by Example» 9puka Cunka (Eric
Sink) (https.//ericsink.com/vcbe/index.html).

! CymecTByeT Bepcust 9TOH KHUTH Ha PYCCKOM SI3bIKE: Attp.//git-scm.com/book/ru/02. — I[Ipumeu.

peo.
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N3smepeHue bbicTpopencTeus
M QHAJNIN3 CSI0XKHOCTU ANIFOPUTMOB

[l MHOTUX HEGOJIBIINX IIPOrPaMM ObICTPOAENCTBIE HE TaK
VK BakHO. MOKHO TTOTPATUTDH IEJIbIN Yac Ha HAMMCaHue cIie-
HapWs AJIsT aBTOMATU3AINHT 3a/Iadl, KOTOPBIM BBHITTOIHIETCS 3a
HECKOJIbKO CeKyHI. Jlaske ecyiu BbIoJIHeHHE TToTpedyeT Goiblie
BpPEMEHU, TO TIPOrPAMMAa, BEPOSITHO, 3aBEPIIUTCSI K TOMY MOMEHTY,
KOTJIa Bbl BEPHETECH K CTOJIY C YalTKON Koe.

VHorga CTOUT 03aaunThCsl YyCKOpeHneM padoThl cueHapus. Ho 4ToObl HOHAT, IpUBe-
JIVL JIM MBMEHEHUSI K MOBBIIEHNIO ObICTPOAEICTBUS, HEOOXOAMMO 3HATh, KAK U3MEPHUTD
ckopocTh IiporpaMmbl. Ha momorp nmpuxoaat moayiu Python timeit u cProfile. OHu
HE TOJIbKO U3MEHSTIOT BPEMSI BBITIOJTHEHUST KO/IA, HO ¥ CTPOSIT NPOPUIb, TOKAZBIBAIOTIIHH,
KaK/e 9aCTU KOZA YKE BBIIOJIHIIOTC OBICTPO, a KAKIE MOKHO YIyYIIUTh.

Kpome namepeHust CKOpOCTH TIPOTPaMM, U3 3TOH TJIaBbI BbI TAKJKE Y3HAETE, KAK OIIEHNBATh
TeOpeTI/I‘leCKI/Iﬁ POCT BpEMEHHU BBITIOJTHEHNA C YBEJIMYEHNEM 0613eMa JaQHHDBIX. B xommbio-
TEPHOIT HayKe 9Ta 3aBUCHMOCTb HazbIBaeTCst Homavuetl «O-boavuoes!. Pazpaborunk 6e3
HOATOTOBKHU B 06J1aCTH TPAAUIUOHHOI Teoprn 00pabOTKM JaHHBIX MHOTA OCO3HAET, UTO
B €ro 3HaHUAX €CTb HpO6€JIbI. TeOpI/IH BasKHa, HO OHa HE BCEr/la UMEET IIPAMO€E OTHOIIEHWE
K peasibHOH pazpaboTke. S 1rydy (HO TOJBKO HAIOJIOBUHY ), 4TO HOTatust «O-60Jbioes
cocTaBJisteT 0k0J10 80% MOIE3HOCTH MOETO AUTIIOMA. B 3TOT T71aBe s KpaTKO ITO3HAKOMJITIO
Bac ¢ 9TOH TEMOU, NUMEIOTIEN 3HAYUTETHbHOE TPAKTUYECKOE TIPUMEHEHHME,

! B coBpeMeHHBIX CTAaTbsIX U B MHTEPHETE BBl 4aCTO BCTpeTHTe TepMuH Big-O-moTanus.
B kmaccumyecknx yueOHUKAX 110 aJTOPHTMaM TIPUHATO MCII0Ab30BaTh 0003HaYeHe «HOTaIUs
“O-6oapmoe”». — pumeu. peo.
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Mopayns timeit

«[IpeskeBpeMeHHast ONITUMU3AIINS — KOPEHb BCEX 30J1» — MOMYJISIPHOE U3PEYEHHUE B 00-
gactu paspabdorku. (Ero uacto npurmceiBatoT 3HaMeHuTomMy yaeaomy Jlonanbay Kayry,
KOTOPBIN oT/1aeT ero aBTopcTBo Tonn Xoapy. B cBoio ouepennr Toru Xoap onucsiBaer
CHUTYAINIO C TOYHOCTHIO 10 HA060pOT.) [Ipescdespemennas onmumusayus (To eCTh OTI-
THMU3aIMs, BBIIOJIHSAEMAs /10 TOrO, KaK Bbl [TOMMeTe, UTO JKe HyKHO OIITUMU3UPOBATD)
YaCTO MPOSIBJISETCS, KOT/IA TPOTPAMMUCTBI IBITAIOTCS CII0JIb30BATH XUTPOYMHBIE TPIOKU
JUIST 9KOHOMUH TIAMSITH FJTH HaTicanust 6osree ObpIcTporo xoza. Hampuwvep, onus u3 Ta-
KUX TPIOKOB OCHOBAH Ha McroJb3oBaHuu ajroputMa XOR, mj1st TOro 4T06bI IOMEHSITH
MECTaMU J[Ba TIEJIBIX 3HAYCHUS Ge3 MCIONb30BAHUST TPEThell BPEMEHHON TIePEMEHHOI:

>>> a, b = 42, 101 # Co3pfaHue ABYX NepeMeHHbIX.

>>> print(a, b)

42 101

>>> # Cepua onepaumit » XOR MeHAeT 3Ha4yeHMA MecTaMu:
>>>a=a”b

>»>>b=a”b

>»>a=a”b

>>> print(a, b) # 3HayeHUs MOMEHANUCb MecCcTaMu.
101 42

Ecom Bb1 He 3nakombl ¢ anroputmoM XOR (KUcrob3yionium nopaspsiHbiii oneparop *),
3TOT KO/l BBITJIA/IAT 3araIouH0. HezocTaToK XUTPOYMHBIX TPOTPAMMHBIX TPIOKOB 3aKJTIO-
JaeTCs B TOM, YTO OHU IIPUBOJIAT K TTOSIBJIEHHUTO CTO’KHOTO HEYNTaeMoro Kozia. BemmomunTe
o u3 npuHIUIOB «/[3er Pythons: ynobourraeMocTh BaskHa.

Yo ene XysKe, Balll XUTPOYMHBIN TPIOK MOKET OKa3aThCsl HE TAKUM YK XUTPOYMHbBIM.
HeJb3s1 IPOCTO PEIIUTh, YTO HOBBIN TpreM paboTaeT ObICTpee MPOCTO B CUITY CBOEI 3aTeii-
JIMBOCTH WJIW YTO CTAPBIN KOJI, KOTOPBIN BBl 3aMEHSIETE, U3HAYATHLHO PaboTas MEJITIEHHO.
¥Y3HaTDh 9TO MOKHO TOJIBKO OHUM CHOCO6OM — U3MEPUTDH U CPAaBHUTDH BPEMS BBITIOJIHE-
HUst (TO €CTh BPeMsi, HeOOXOAMMOE JIJIsI BBITOJIHEHUST IIPOTPAMMbI MU HEKOTOPOiT YacTH
koza). [ToMHUTE, YTO yBETMYeHNe BpeMeHH BBITIOJHEHsI O3HAYaeT 3aMelJieHne paboThl
POrPaMMBL: €if TpeOyeTcst GOJIBIIIT CPOK JIJIST BBITIOJHEHUS TOTO Ke 00beMa paboThl.

Mouynb timeit crangaprHoii 6ubanorexku Python criocobeH usmepurb CKOPOCTh
BBITIOJTHEHMST HeOOMBITOTO (hparMenTa Kofa. J[Js 9TOTO ero 3amyCKaioT THICSIN UITH
MUJLTHOHBI Pa3, TIOCJIE YeT0 BBIUUCISIOT CPeIHee BPeMsT BBITOHeH . Moy timeit
TaKKe BPEMEHHO OTKJII0YaeT aBTOMATUYECKUI COOPIIUK Mycopa UIst oJydeHus Goiee
cTaOUJIbHBIX JAHHBIX BPEMEHU BBITOJHEHNsT, ECJIU BBl XOTUTE BHIYUCIUTD BPEMS BbI-
TIOJTHEH ST HECKOJBKUX CTPOK, TTepeiaiiTe MHOTOCTPOYHBIH TEKCT UITH PA3/IETITE CTPOKH
KOJIa CHMBOJIAMH ;:

>>> import timeit
>>> timeit.timeit('a, b = 42, 101; a =a ~b; b=a~*b; a=a”*b'")
0.1307766629999998
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>>> timeit.timeit( a, b = 42, 101

..a=a”"b
.b=a”b
a=anb""

0.13515726800000039

Ha MoeM KoMIIbIoTepe BHITTOJIHEHHE 5TOTO Koja ¢ anropurmMoM XOR sanmMaet mpu6iiu-
3utesbHO 1/10 cexynapl. BpicTpo aTo nm HeT? CpaBHUM € KOIOM, MEHSIOTIUM MEeCTaMu
JIBA YMCJIA C UCTIOJTb30BAHUEM TPEThEH BPEMEHHOI TIepeMEeHHO:

>>> import timeit
>>> timeit.timeit('a, b = 42, 101; temp = a; a = b; b = temp')
0.027540389999998638

Ciopripus! Kop ¢ Tperbeil BpeMeHHOI TIepeMEeHHO He TOJbKO JIydllle YATAeTCs, HO
u paboraer nourtu BaBoe Ouictpee! BosamoskHo, Tpiok ¢ XOR 9KOHOMUT HECKOJIbKO Oaii-
TOB TIAMSITH, HO 32 CUET CKOPOCTH 1 yiobounTaeMocT kKoja. Her cMbIciia skepTBOBaTh
yI060YMTAEMOCThIO PAIM HECKOJIBKIX GaTOB HaMSTU UK HAHOCEKYH/[ BBIIIOJHEHUS.

Eue syyie noMeHsaTh MecTaMu /iBe llepeMeHHbIe, UCII0JIb3Y$l YIIOBKY MHONMCECMEEHHO20
NPUC6aUBanUst, KOTOPast Tak:Ke TPeOYeT MEHbIIE BPEMEHH:

>>> timeit.timeit('a, b = 42, 101; a, b = b, a')
0.024489236000007963

ITOT BapUAHT HE TOJBKO YUTAETCS JIyUIlle OCTAIBHBIX, HO U paboTaeT ObICTPee BCETO.
U MBI 3HaeM 9TO HE YMO3PUTEJIBHO, 2 TOTOMY 4TO TIPOBEIN 0OBEKTUBHOE U3MEPEHIIE.
DyHKIMs timeit.timeit() Takke MOKET MOJYUYUTh BTOPON CTPOKOI apryMeHT C MO/
TOTOBUTETBLHBIM KOJIOM, KOTOPBIN BBITTOJHAETCS TOJBKO OJIUH Pa3 Tiepe/l BBIMOJTHEHUEM
KOJIa IepBOI CTPOKH. Takske MOKHO U3MEHUTD KOJUIECTBO UCITBITAHUI ITO YMOJTIAHWIO,
nepeIaB 1es10e YUCJIO B KII0YeBOM aprymenTe number. Hampumep, cienyionuii tect us-
MepSIET, ¢ KaKOI CKOPOCThI0 Moy ib Python random renepupyer 10 000 000 cirygaiinpix
yuces ot 1 10 100. (Ha moeil maiuHe Ha 910 oTpeboBaioch 0koso 10 cexyH.)

>>> timeit.timeit('random.randint(1, 100)', 'import random', number=10000000)
10.020913950999784

ITo yMo4aHMIO KOZ CTPOKH, TlepeaHHoil timeit.timeit(), He MoKeT oOpamarbest
K TIepeMEHHBIM 1 (DYHKITUSAM B OCTJILHOM KOJI€ TIPOTPAMMBI:

>>> import timeit
>>> spam = 'hello' # Onpefnensem nepemMeHHyk spam.
>>> timeit.timeit('print(spam)’, number=1) # M3mepsem BpemA BbINOSHEHUA BbLIBOAA Spam.
Traceback (most recent call last):

File "<stdin>", line 1, in <module>

File "C:\Users\Al\AppData\Local\Programs\Python\Python37\1ib\timeit.py",
line 232, in timeit

return Timer(stmt, setup, timer, globals).timeit(number)
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File "C:\Users\Al\AppData\Local\Programs\Python\Python37\1lib\timeit.py",
line 176, in timeit
timing = self.inner(it, self.timer)
File "<timeit-src>", line 6, in inner
NameError: name 'spam' is not defined

Y0066l permuTh 3Ty pobIeMy, epeaaiM (hyHKIINI Bo3BpaliiaeMoe 3HaueHune globals ()
B KJIIOYEBOM aprymeHTe globals:

>>> timeit.timeit('print(spam)', number=1, globals=globals())
hello
0.000994909999462834

Xopotiiee IpaBuIo: cHavasa 106eiTech Toro, YTo6bl Ball Ko paboTal, a TIoTOM 3aHu-
Maiitech ero yckopennem. Caauana paboTocnocoOHOCTb, ToToM ahPeKTUBHOCTD!

Mpodunuposwmk cProfile

XoTst MOLyJIb timeit MOsE3eH st XpOHOMETpaska HeOOIBIITIX (PPArMEHTOB KO/, MOZLYJIb
cProfile Gosiee aheKTHBEH IS aHAIN3a TeIbIX (DYHKIMH win nporpamm. TIporece
poUINPOBAHUS CUCTEMATHUYECKH aHAJIM3UPYET CKOPOCTh Ballleil TPOrpaMMBbl, 3aTpa-
TBI TAMSITH ¥ IpyTHe actekTbl. Momyiib cProfile — npoduiuposumk Python, To ecth
MIPOTPAMMa, UBMEPSIONIAS BPEMS BBITTOJTHEHUS TPOTPAMMEBI, & TAKsKe CTPOSIIas Tpohuib
BPEMEHHU BBITTOJIHEHUSI OT/EJIbHBIX BBI30BOB (DYHKIIMI TTPOTPaMMBbI. JTa WHMOPMaIUs
[peJOCTaBIsIeT HaMHOTO GoJiee AeTaIu3MPOBaHHbIe PE3YJ/IBTaThl XPOHOMETPaKka Balllero
KOJIa.

YT06bI BOCIIOJIb30BATHCS TPOMUIMPOBIIUKOM cProfile, nepenaiite Ko/, st KOTOPOro
XOTUTE TIPOBECTH U3MEPEHUs, ITPU BbI30Be cProfile.run(). Chemytonuii mpumep mo-
Ka3bIBaeT, Kak cProfiler uamepseT ¥ BBIBOJUT BPEMST BBITTOTHEHNST KOPOTKOM (hyHKITHH,
cymmupyioieit Bce yucsa ot 1 go 1 000 000:

import time, cProfile
def addUpNumbers():
total = @
for i in range(1, 1000001):
total += 1

cProfile.run('addUpNumbers()")

PesyanaT BBITIOJTHEHUST 9TOM IIpOrpaMmbl BBITJIAAUT IIPUMEPHO TaK:

4 function calls in 0.064 seconds

Ordered by: standard name

ncalls tottime percall cumtime percall filename:lineno(function)
1 0.000 0.000 0.064 0.064 <string>:1(<module>)
1 0.064 0.064 0.064 0.064 testl.py:2(addUpNumbers)
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0.064
0.000

0.064 {built-in method builtins.exec}
0.000 {method 'disable' of '_lsprof.
Profiler' objects}

Kaxxmast cTpoka 1npejicTaBisieT HeKOTopyio (hyHKIHIO 1 BPeMsi, TpeOyeMOe J1JisT BBITIOJI-
HeHust 910l pyHkIwu. CToJOIBI BBIXOAHBIX TaHHBIX cProfile.run():

ncalls — KOJIYECTBO BBI30BOB (DYHKIINT;

BpeMeHHﬂSHOﬂ@yHKHHHK

tottime — obuiee Bpemsi, TpeGyeMoe ISt BBITIOJTHEHUsT (DYHKI[UH, HE CUMTasT

percall — ob1iee BpeMs, paszieJieHHOE Ha KOJUYECTBO BHI30BOB;
cumtime — HAKOTIJIEHHOE BPEMSI JIJIsI BBITOJTHEHUS (DYHKITUU U ee TTOApYHKITUI;
percall — obImee BpeMst, JeJIeHHOE Ha KOJMYECTBO BHI30BOB;

filename:lineno(function) — daiir, B KOTOpOM orpesiesigeTcs: GyHKITHS, U HO-
Mep CTPOKH.

Hanpuwmep, sarpysure daiiasl rsaCipher.py u al_sweigart_pubkey.txt na https://
nostarch.com/crackingcodes/. TIporpamma RSA Cipher 6bl1a nipeacrabieHa B KHUATE
Cracking Codes with Python (usmatemnctBo No Starch Press, 2018)!. Beeante cie-
AYIOUil (hparMeHT B MHTEPAKTUBHOI 000JI0uKe, 4TOOBI TPOGUIUPOBATh YHKIIUIO
encryptAndwriteToFile(). dta pyukims mudpyer cooduienue 13 300 000 cuMBOIOB,
CO3/IaHHOE BhIpaskKeHUeM 'abc' * 100000:

>>> import cProfile, rsaCipher
>>> cProfile.run("rsaCipher.encryptAndWriteToFile('encrypted_file.txt', 'al_sweigart_pubkey.
txt', 'abc'*100000)")

Ordered by: standard name

ncalls

1

2
--snip--

N N

--snip--
2347
2344
2344

2

tottime

0.
Q.

(ORI G]

(o)

001
000

.017
.248
.006
.000

.000
.000
28.
.001

617

1

per

0.
Q.

[CRECENGRRG]

[CEECEN RN ]

call
001
000

.017
.248
.006
.000

.000
.000
.012
.000

cumtime

28.
Q.

28.
Q.
28.
Q.

900
000

900
249
873
000

.000
.000
28.
.001

617

percall
28.
0.

28.
0.
28.
.000 rsaCipher.

[SEECEEG RG]

11749 function calls in 28.900 seconds

filename:lineno(function)

900 <string>:1(<module>)
000 _bootlocale.py:11(getpreferredencoding)

900 rsaCipher.
249 rsaCipher.
873 rsaCipher.

.000 {built-in
.000 {built-in
.012 {built-in
.000 {built-in

py:104(encryptAndiWriteToFile)
py:36(getBlocksFromText)
py:70(encryptMessage)
py:94(readKeyFile)

method builtins.len}
method builtins.min}
method builtins.pow}
method io.open}

Csetizapm . Kpunrrorpadust u oM mmdpos Ha Python.
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4688 0.001 0.000 0.001 0.000 {method 'append' of 'list' objects}
--snip--

MpbI Buim, 4TO BBITIOJHEHUE KO/IA, TIepelaHHoTOo cProfile. run(), 3aHswio 28,9 ceKyH/IbI.
O6parute BHuManue Ha GyHKIUK ¢ HAUOOIBIINM OOIIUM BPEMEHEM; B JAHHOM CJIydae
Ha paboty BetpoeHHO (yHKImu Python pow() morpebosanocs 28,617 cexyHabr. D10
[IOYTH BCe BPeMsl BbINTOJTHEHUs Kozia! VIsMeHUTh 9TOT (hparMeHT Hestb3st (OH sSIBJISIETCS
4acThio peasmzanuu Python), HO MOXKHO JIM USMEHUTD Halll KO, YTOOBI OH B MEHbIIEH
CTEIeH!U 3aBUCEN OT 3TON (hyHKIINN?

B nannom ciyyae oTBeT «HeT», IIOTOMY uTO IIporpamma rsaCipher.py y:ke Hersoxo oI-
TUMHU3MpOBaHa. Jlaxe Ipu 3TOM IpohUInpoBaHNe Ko/a JAT0 HaM HH(OPMAIHIO O TOM,
YTO IJIABHBIM Y3KUM MECTOM sIBJIIeTCs (DYHKINS pow( ). A 3HAUWUT, HET CMBICJIA ITBITATHCS
VIIYULIUTD, CKaXKeM, (DyHKIMIO readKeyFile () (BblIIOJIHEHE KOTOPOH 3aHUMAeT Tak MaJIo
BpeMeHH, 4TO cProfile cOOOIIAET, YTO ee BPEMSI BBIIIOJHEHUsI PABHO 0).

Ira ujest oTpakeHa B 3akone Amdara — Hopmyiie, KOTOpasi BEIYHCIISIET, HACKOJIBKO
YCKOPUTCS BBITIOJTHEHUE TIPOTPAMMBI [IPU YIIy4dIlleHun oaHoro u3 ee ¢pparmentos. Co-
TJTacHO 3TOH (hopMysie yeckopeHue Bcell onepanuu paBHo 1 / ((1 —p) + (p / s)), rae
s — YCKOpeHUe KOMIOHEHTa, a p — JI0Jisl 9TOTO KOMIIOHEHTa B 06IeM BPEMEHU BbI-
MOJTHEH WS TPOrpaMMbL. TAaKUM 06Pa3oM, eCili YBEJIMYUTD BABOE CKOPOCTH (hparMeHTa,
tpebytotiero 90% ot 00Iero BpeMeH! BBITIOJTHEHUST TPOTPAMMBI, 001Iee YCKOPEHNUE
coctasut 1/((1-0,9) +(0,9/2)) = 1,818, wiu 82%. I1o syuiiie, gem, CKaKeM, yTPOEHIIE
CKOPOCTH 3JIEMEHTA, KOTOPBIH 3aHIMAaeT Bcero 25% OT 06Iero BpeMeH! BBITTOTHEHS;
B 9TOM caydae obiee yckopenue cocrasut 1 / ((1-0,25) +(0,25/2)) = 1,143, wnn 14%.
3ayuuBatb a1y hopMyIIy He HyKHO. [IpocTo 3amomuuTe, 4TO yIBOEHIIE CKOPOCTH CAMbBIX
MeJIJICHHBIX WJIN JTMHHBIX YacTell Balero Koia 6oJiee MPOAYKTUBHO, YeM YABOCHUE
CKOPOCTH y7Ke OBICTPHIX MK KOPOTKUX YacTeil. ITOT BBIBOJL MOATBEPIKAAETCST 3IPABBIM
cmbicsioM: 10-TIpollenTHAs CKU/IKA HA U3/eJIie JOPOTOro MOAHOTO foMa Jyutire 10-1po-
IIEHTHO CKU/IKU Ha Mapy JIelieBoil 00yBU.

AHanus anropuTMoB € UCMOJSIb3OBAHMEM HOTALUM
«O-6onbLioe

Horaius «O-60sb110e» — METO/I aHAJIN32a aJITOPUTMOB, OIIUCHIBAIONIMN MaCIITaOUPO-
BaHMe BPeMeHU BbliITosHeHnst Kojia. Koj kinaccuduumpyercs 1o HeCKOJIbKUM HOPSI/IKAM
CJTOKHOCTH, KAKABIH 113 KOTOPBIX B OOIIEM BUIE TIOKA3bIBAET, HACKOIBKO YBETUIUTCST
BPEMs BBIMOJIHEH ST KOJIA TPU BO3PacTaHuK 0GbeMa BBITIOMHIeMOI paboThl. PazpaboTurk
Python Hex Baruennep (Ned Batchelder) onmcbiBaer noranuio «O-60/1b110€» KaK METOJL
AHAJN3a, KOTOPBIT ONPEIENSIET «HACKOIBKO 3aMEJITTUTCS KO C POCTOM 00beMa TAHHBIX»;
ATOM TeMe OBLT TMOCBsIIIEH ero MoKTaz Ha koHbepennun PyCon 2018, moctymmbiit Ha
https.//youtu.be/duvZ-2UK0fc/.
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ITpezcTaBsTe CIIEAYIONIYIO CUTYALIIO: UMeeTcst 00beM paboThbl, Ha BBIIIOJHEHNE KOTOPOI
yxozauT dac. Eciim 06beM paboThl YBEJIUUUTCS BIBOE, CKOJIBKO BPEMEHU MOTPEGYETCsI
B 3TOM cirydae? KTo-To ckasket, 4To BBOe OOJIbIie, HO HA CAMOM JieJie OTBET 3aBUCUT
OT BBINIOJIHAEMOIT paboThl. Ec/in Ha uTeHMre KOPOTKOIl KHUTH YXOAUT Yac, TO Ha YTEHUe
JIBYX KOPOTKHX KHUT IOTpebyeTcst 0K0JI0 ABYX 4acoB. Ho eci Bbl BBICTpauBaeTe 110
andasury 500 kaur B yac, To paccranoska 1o andasury 1000 kHur saiimer 6oJibiie
ABYX 49aCOB, IIOTOMY 4YTO BaM IPUAETCA HalTH IIPpaBUJIbHOE MECTO IJIA Ka)KZ[OIL/,I KHUTU
B 3HauUTEJIbHO GoJibliieM Habope KHUT. C APYToii CTOPOHBI, €CJIU BbI IIPOCTO IIPOBEPSIETE,
MycTa JIM KHUKHAST TTOJTKA, TO COBEPIIEHHO HEBAKHO, CKOJTBKO KHUT CTOUT Ha moJike — (),
10 wnm 1000. OTBer Gy/eT HOHATEH ¢ IIEPBOIO B3IJIAAa. BpeMs BbIIOJIHEHUS OCTaeTCst
HpI/I6]II/ISI/ITeJIbHO HOCTOSHHBIM HE3aBUCHUMO OT KoJindecTBa KHUT. 1 XoTs HEKOTOPpbIE
JIFO[M MOTYT OBICTPee MU MeJJIEHHEe CIIPABJSATHCS C YTeHeM MIn andaBuTHOI pac-
CTaHOBKOM KHUT, 00Iast KAPTHHA OCTAeTCs HEU3MEHHOIA.

Horamus «O-601b110e» ONUCHIBAET 3Ty KAPTUHY. AJITOPUTM MOKET BBIIIOJIHATHCS Ha
OBICTPOM WJTH MEJIJIEHHOM KOMITbIOTEPE, HO HoTatust «O-00JIbIoe» BCe PABHO MOJKET
HCTIOJTh30BATHCS JIJIst OMUCAHUS OBICTPOCHCTBHUS AJITOPUTMA B T1€JIOM HE3aBUCHMO OT
TOro0, Ha KaKOM 000Dy IOBaHUU 9TOT AJIFOPUTM BbinoJHsaeTcs. B Hotanuu «O-6obiinoes
He UCITOJIb3YIOTCS KOHKPETHbBIE eIMHUIIBI JIJIST OTTUCAHWST BPEMEHU BBITTOJHEHUS aJl-
roputMa (CEKyH/IBI, TAKTHI IPOIECCOPA U T. JI.), IOTOMY UTO 3THU MOKa3aTeau OYIyT
W3MEHSATHCST Ha PA3HBIX KOMITBIOTEPAX UJTH MTPU UCTTOJIb30BAaHNUN PA3HBIX S3BIKOB MTPO-
TPAaMMUPOBAHMUSI.

MNopsaku HoTauum «O-6onbLioce»

Horauma «O-60.1b1110€» 00BIYHO OIIPENEsIeT HECKOAbKO nopaokoes croxcnocmu. Huke
JTU MTOPSAJIKY TIePEYUCTIEHbI 110 BO3pACTaHMUIO (CHAaYajla YKa3aHbl HU3KUE TIOPSIJIKY, TIPU
KOTOPBIX KOJ C POCTOM 00beMa JJAaHHbIX 3aMEJISIETCA B HAMMEHbBIIEH CTeNeH , a B KOH-
e — BbLCOKUE TIOPSIKU ¢ HAUOOIBIINM 3aMeIJIEHUEM ).

. O(1), mocrostHHOE BpeMmst (caMblii HUBKUH MTOPSIZIOK).
. O(log n), morapudmudeckoe Bpemsi.

. O(n), nuneiinoe BpeMs.

O(n log n), Bpemsa N-Log-N.

O(n?), MOJMHOMHUATLHOE BPEMSI.

. O(2"), akcrioHeHITNATIbHOE BPEMSI.

< IS, TR R

. O(n!), bakropuasbHoe BpeMsi (HAUBBICITUI MOPSI0K).

O6parute BHUMaHMe Ha (hopMy 3arucu mopsizika «O-6oubinoes: 6yksa O B BepXHEM pe-
TUCTPE, 32 Hell cJIe[yeT Iapa KPyIJIbIX CKOGOK ¢ OIMCaHieM MopsiiKa. Byksa 7 B ckoOkax
[peACTaBJIIeT PasMepP BXOAHBIX JAHHBIX, C KOTOPHIMU paboTaeT KOJ.



Tlgm: @it_boooks

Mopsaku Hotaumm «O-6onblioes 271

YT06b1 KCII0JIb30BaTh HOTALUIO « O-00JIb110e>, He 00543aTesIbHO [IOHUMATh TOUHbII MaTe-
MaTHUYECKUI CMBICJI TAKUX TEPMUHOB, KAK «JI0TapU(MUIECKOE» UJIN «ITOJIMHOMUATIBHOES .
Bce mopsiiku st 6oiee OAPOGHO OMUIILY B CJAECAYIOIIEM pasjesie, a oKa OrPaHuIyCh
IPOCTHIM 0603HAUYEHKEM.

e O(1)u O(log n) — GbiCTpbIE AJITOPUTMBL.
e O(n)u O(nlog n) — HemwoXue aIrOPUTMBI.

e O(n?), O(2") u O(n!) — MemIeHHbIE AITOPUTMBL.

Komeuno, MOXHO HAWTH W KOHTPIPUMEPHI, HO B 00IEM ciiydae 9Ty Kiaaccubu-
KaIlMI0 MOKHO CYMTATh XOPOIeil. 3/1ech Iepeyncjenbl He BCe MOPAAKY HOTAIUK
«O-60J1b1II0€>, @ TOJIBKO CaMble pacrpocTpaHeHHbie. PaceMOTpUM MpUMepbl 3a1a4
JUTST KKI0TO U3 HUX.

Kunxnas nonka kak meragopa nopsakos «0-6onbuwoes

B caenyrormux npumepax HoTtaiuu «O-00J1bIoes 51 MPOIOJIKY UCHOTb30BATH METahOpy
C KHIKHOH TIOJTKO#1. B omrcaHusix 7 0603HauaeT KOJMYECTBO KHUT Ha TIOJIKE, a TOPSIIOK
«O-60J1bIII0E> OTMCHIBAET, KAK PACTET BPEMS BBIIOJIHEHMSI Pa3IMYHbIX ONlE€PAIii ¢ yBe-
JIMYeHneM KOJTMIeCTBA KHUT.

0(1), nocrosuoe spems

Ecsm Bol IpoBepsieTe, mycTa i KHUKHAS TOJTKA, 9TO OTIEPAIlU € IIOCTOSTHHBIM BpeMe-
HeM. HeBaskHO, CKOJIBKO KHUT Ha TTOJIKeE; BBI C IEPBOTO B3TJIAAA OIPEIEINTeE, eCTh JIN
Ha Hell KHUTH. VX KoTn4ecTBO MOKeT U3MEHSIThCSI, HO BPeMsI BBITIOJTHEHUT OCTAHETC S
MOCTOSTHHBIM, TTOTOMY YTO, €CJIM BbI BU/MTE HA MOJKE XOTs Obl OJIHY KHUTY, AaJIbIIe
MOJKHO HE ITPOBEPATD. 3HaueHue 7 He BIUIET Ha CKOPOCTbD BbBIIIOJTHEHU A 3a/la4U, 110~
aTOMY 7 He BXoauT B obo3Hauerue O(1). Takke MOCTOSHHOE BPEMsT HHOT/[A 3aMKCHI-
Baetcs B Buzie O(c).

O(log n), norapnpmuyeckoe spems

Jlorapudwm siBisiercst onepaiueit, 06paTHON 110 OTHOTIIEHHWIO K BO3BEJCHUIO B CTETICHD;
pesyJabrar 24, uin 2 x 2 x 2 x 2, paen 16, torga kak sorapudm log,(16) (uuraercs
«Jyiorapudm 16 1o ocHOBaHUIO 25 ) paBeH 4. B mporpaMMUPOBaHUN YaCTO MPe/IIoJiara-
eTcst, 4TO JTorapu(M BBIUUC/ISETCS [0 OCHOBAHMIO 2, moaToMy MbI rciosbsyeM O(log 7)
smecto O(log, n).

[Touck Ha 1oJKe KHUTH, €CJM OHM YIIOPSJI0YEHbl 110 aldaBUTy, ABJseTCs oliepalueil
¢ sorapudmuyeckuM BpemereM. CHavasia Bbl IIPOBEpsieTe KHUTY B Cepe/lMHe MTOJIKU.
Ecam 310 Ta KHUTA, KOTOPYTO BB UCKAJIH, TIOMCK 3aBepiiieH. B TpOTHBHOM ciryyae MOKHO
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OTIPE/IENTNTh, HAXOAUTCS JIM NCKOMAast KHUTA JI0 WJIN [TOcJie KHUTH B cepennbe. [Ipu sTom
KOJIMYECTBO KHUT, CPEJI KOTOPBIX BbI UIETE HYKHYIO, (PaKTUIECKH COKPAIIAETCST BIIBOE.
ITOT TIPOTIECC MOKHO TIOBTOPUTD U MTPOBEPUTH KHUTY B CepeluHe TOW MOJOBUHBI, T/IE
OHa MOKET HaXOAUTHCS. ITOT aJTOPUTM HA3BIBAETCS AL20PUMMOM OUNAPHO20 NOUCKA,
HPUMEP €ro MpUMEHEeHU paccMOTpeH B pasjesie «IIpumepsl ananusa “O-60sbmioe”»
[I03/{Hee B 9TO riase, c. 280.

Kosmmuectso paséuenuit nabopa u3 n KHUT HajiBoe paBHo log, n. Ha mosike ¢ 16 kauramn
JUIST HAXOJKIEHUST HYKHOTO M3/IaHust oTpebyercs He Ooiee 4 urepanuii. Tak Kak Kaskaast
COKPAIIaeT KOJMIECTBO KHUT BJIBOE, YIBOEHUE KOJMYECTBA KHUT JI0OABUT B TOUCK BCETO
OJIVH JIOTIOJTHUTEIbHBIH T1ar. /laske ecJi Ha yITOPSI0YeHHO TT0JTKe CTOIT 4,2 MUJITHAp/a
KHUT, JIJIST HAXOKICHUST HYKHOTO 9K3eMILIsIpa MoTpebyeTcst Beero 32 urepaiiui.

Anropurmbt log 7 06BIYHO BRIIOYAIOT MPUHITUTT «PA3EIstil ¥ BIACTBYI», KOTOPbIiT BbI-
OGupaeT TMOJIOBUHY BXOIHBIX JJAHHBIX pazMepa 7, MOTOM TOJOBUHY OT 9TOU MOJOBUHBI
u . 1. Oneparuu log 7 Xopoto MacTabupyiorest: pabodast Harpy3Ka 72 BO3pacTaet BJBOE,
TOT/Ia KaK BpeMsl BBIIIOJIHEHUS YBEJIMYNBAETCS BCETO Ha OJ[MH 1Iar.

0(n), nuneiinoe Bpems

Urenne Bcex KHUT Ha TTOJIKE SIBJISIETCS OTlepallieil ¢ IMHeHbIM BpeMeneM. Eciin kuurn
IpUGIU3UTEIHHO OJMHAKOBOTO 0ObeMa, TO MTPU YABOCHUN KOJMUYECTBA KHUT HA MOJIKE
IS YTEHMs HOHAZ0OUTCS IPUOIU3UTENBHO BABOE OOJIbIe BpeMeHn. BpeMs BbIIoIHeH s
pacTeT IpOIOPIUOHATIBHO KOJNYECTBY KHUT 7.

O(n log n), spems N-Log-N

CoprupoBka Habopa KHUT B a(haBUTHOM MOPSIJIKE ABJSIETCST OMEpaIlieil co BpeMeHeM
n-log-n. Dot nopsiok sieastercst mpousseaenuem O(n) u O(log n). MoskHo paccmarpu-
Bathb 3ajauy O(n log n) xak 3agauy O(log ), KOTOPYIO HEOOXOIMMO BBITIOJIHUTH 7 Pa3.
S1 monpob6yto HeOPMATBHO OO BICHUTH TTOYEMY.

HauHuTe €O CTONKY KHUT, KOTOPYIO HEOOXOIMMO PACCTABUTH 110 ayi(haBUTY, U IyCTOM
KHISKHO TTOJIKU. BBITIOTHUTE TTOCTIEI0BATEIbHOCTD ACHCTBUI ajqropuTMa GUHAPHOTO
MoucKa, onmcannyto B nozapasaesne «O(log n), morapudmuueckoe BpeMst», ¢. 271, 4ro0bI
OTIpEe/IESINTh MECTO OJTHOM KHUTHU Ha moJike. Kak BbI yiKe 3HaeTe, aTa orepalus umeer
nopsaaok O(log n). Eciu ecth 7 KHUT U yIOpszoYeHne Kax a0l Kuuru tpedyer log n
UTEpaInii, yIopsamovYeHre Bcero Habopa KHUT 3ativeT n x log n, nin n log n wreparrmii.
ITpu yBOEeHMM KOJIMYECTBA KHUT KOJUUYECTBO IIATOB YBEJMIUTCS 4y Th O0JIee 4eM BJIBOE,
TaK 4TO AITOPUTMBI 72 l0g 72 HETLIOX0 MacIITabUpPyIOTCS.

Kak Boisicasiercs, Bce adekruBHbie 0000IIEHHDBIE AJTOPUTMbBI COPTUPOBKU UMEIOT
nopsinok O(n log n): copruposka ciaustHueM, 6BICTPast COPTUPOBKA, TTHPAMUJATbHAST
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copruposka u Timsort (aixroputm Timsort, nzobperennsiii Tumom Ilerepcom (Tim
Peters), ucrosibayercst MerogoM Python sort()).

0(n?), nonnnomuansroe Bpems

[TpoBepka HaIMUMS OIMHAKOBBIX KHUT HA HEYTIOPS0YE€HHON KHKHOU TTIOJTKE SBJISETCS
oriepaiyieil ¢ MoJNHOMUAIbHBIM BpeMeHeM. Ecsin Ha mosike 100 KHUT, MOJKHO Ha4YaTh
C IIEPBOI U CPaBHUTS ee ¢ 99 OCTaNbHBIMU KHITaMU, YTOOBI Y3HATh, HAIIeTCs JI TaKast
Ke. 3aTeM BbI Oepere BTOPYIO KHUTY 1 cpaBHUBaeTe ee ¢ 99 ocrambrbiMu. [Touck jay0iim-
KaTa OJIHOTO M3/IaHus BbITTosHAeTcs Ha 99 mraros (oxpyraum 1o 100, To ecTh 7 B HalieM
npumepe). 1o HeobxoauMo caenath 100 pas, 110 OXHOMY IS KaxkK/JOr0 9K3eMILIAPA.
TaxuM 06pa3oM, KOJIMYECTBO LIAr0B I/ BHIABJIEHMS BCeX 1yOJMKATOB COCTABUT IPUOJII-
suTenbHO 1 X 1, wiin 1%, (Ilpubiskerne n* BEPHO ake B TOM CJIYYae, ECIIH IeHCTBOBATH
yMHEee W He TOBTOPSITH YK€ BBITIOJHEHHBIE CDAaBHEHMSI. )

Bpewmsi BITTOTHEHUST BO3PACTAET B KBAJAPATUIHON 3aBUCUMOCTH OT KOJIMYECTBA KHHT.
ITposepka 100 kHur Ha Hasure Ky6arkaToB BbimoaHgercs 3a 100 x 100, wiu 10 000 1ma-
ros. Ho npu yasoenun ynciia kaur norpedyercsa 200 x 200, uan 40 000 urepanuii: o6bem
pabOThI YBEIUIUBAETCS B YETHIPE Pasa.

ITo cOGCTBEHHOMY OTIBITY MPOTPAMMUPOBAHUS sI OOHAPYIKUJI, UTO aHATM3 HOTAIUU
«O-60pIIIOE» Yallle BCETO UCMOJb3YETCs sl TOTO, YTOOBI M30eKaTh CAydalHOTO
npuMeHenns anroputma O(n?) tam, rae geiicteyer anropurm O(n log n) wmn O(n).
IMopsinox O(7%) 06bIYHO CTAHOBUTCS HEPEJIOMHON TOUKOM I CYLIeCTBEHHOIO 3a-
MejIIeHusT aropuT™MOoB. Korma Bel oco3naete, 4To Balll KO BBIIIOJIHSIETCSI CO BpEMeHeM
O(n?) u BbIllle, CTOUT CeNaTh May3y. BO3MOKHO, eCTh APYTO#l aIrOPUTM, KOTOPDII
MO3BOJIUT PENIUTh pobemy ObicTpee. B Takux cutyaiusx Bam 6e3yCJIOBHO MPH-
TOJUTCST YUEOHBIN KyPC CTPYKTYP JAAHHBIX U AJITOPUTMOB — YHUBEPCUTETCKUN UK
OHJIAWHOBBIN.

Bpemst O(n?) takske Ha3bIBAlOT Kadpamuurvim. KpoMe TOTO, U3BECTHBI AJITOPUTMDI
¢ Bpemenem O (%), wiu kybuueckum epemenem, Koropoe mepiertee O(n%); aropuTMer
¢ BpemereM O(n*), wim 6uxsadpammuvim epemenem, kotopoe Meaaertee O(n’), u gpyrue
BapUaHTbI MOJTMHOMHUATBHON CJIOKHOCTH.

0(2"), skcnonenumnansHoe spems

®ororpadupoBaHue BceX BO3MOKHBIX KOMOMHAIMN KHUT HA TIOJIKE — OTEPAIUST C 9KC-
TMOHEHIHATLHBIM BpeMeneM. JIorrKa TakoBa: Kaskiash KHUTA Ha TOJKe MOXKeT J11u60
MPUCYTCTBOBaTh Ha (poTorpacduu, 6o orcyTcTBoBaTh. Ha puc. 13.1 nsobpakeHsl Bce
BO3MOKHBIE KOMOMHaLwn A1t 72 = 1, 2 uym 3. J{ist n=1 Bo3MOKHBI Beero Ase hoTorpadum:
¢ kuuroii u 6e3 nee. Ecam n=2, konuuectBo hororpaduii yBeIMInBaeTcs 10 YEThIPEX:
06e KHUTH Ha MoJIKe, 00e KHUTH He Ha TTOJIKe, TOTHKO MepBas KHUTA HA MOJTKe K TOTHKO
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BTOpast KHUra Ha roJike. IIpu gobaBiennu Tperbeil KHUru 00beM HeoOX0IUMOI paboTh
CHOBA yBauBaeTCs: HeoOXOAMMO 00paboTaTh KasKi0e IIOAMHOKECTBO ABYX KHHUT, KO-
TOPOE BKJIFOYAET TPEThIO KHUTY (deThipe poTorpadun), n Kaxaoe MOAMHOKECTBO IBYX
KHUT, KOTOPOE He BKJII0YAET TPEThIO KHUTY (elie YeTbipe hororpaduu — uroro 23, uan
8 dororpacuii.)

Kasxznas nosag knura yasaubaer oobeM paboTbl. st n kHur kommdectso gororpaduit
(To ecTb 00bEM PabOTHI, KOTOPYIO HEOOXOIMMO BBIIIOJHUTH) COCTaBJISET 27,

=1

n=1 kHura
2 KoMbMHaUMM

n =2 KHUMM
4 koMBUHALMK

n =3 KHMH
8 KoMBUHaLUMH

Puc. 13.1. Bce koMBMHALMM KHWAT HO MOSKE AN OGHOM, ABYX M TPEX KHUT

BpeMst BBITIOMTHEH ST 9KCTTOHEHITMATBHBIX 33/1a4 PACTET OUeHb ObICTPO. JIJ1st 6 KHUT To-
tpebyercst 25, wim 32 hororpacdun, HO 11t 32 KHUT KOJM4ecTBO (hororpaduii JocTUraer
232 10 ectb Gouiee 4,2 musunapa ororpaduii. Asropurmsr O(27), O(3"), O(4") u T. z.
METOT 9KCITOHEHITHAIBHYIO CTTOKHOCTB.

0(n!), dakropuanshoe Bpems

DororpadupoBanre KHUT Ha TIOJKE BO BCEX BOBMOKHBIX ITOCJIEI0BATETIHBHOCTSIX — OTTe-
parusi ¢ (hakTopuaIbHbIM BpeMeHeM. Bee Bo3MOKHbIe BADUAHTHI YIIOPSIZIOUEH NS 72 KHUT
Ha3bIBAIOTCS nepecmanoskamu. Beero cyiectByioT n! (n ¢hakTopuan) mepecTaHOBOK.
(Daxropuan uncia paBeH TPOU3BEIECHIIO BCEX MOJOKUTEMBHBIX T[ETBIX YNCEN BILIOTH
1o aToro uncya. Hampuwmep, haktopuan 3 paBen 3 x 2 x 1, o ects 6. Ha puc. 13.2 pen-
CTaBJIEHBI BCE BO3MOJKHbBIE TIEPECTAHOBKH TPEX KHHT.
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Puc. 13.2. Bce 3! (1o ectb 6) nepectaHoBku Tpex KHUI Ha nonke

Y T006bI MOTYYUTDH ITOT PE3YJIBTAT CAMOCTOSITENBHO, TOlyMaiiTe, Kak Obl BbI CTeHEPUPOBa-
JIY BCE TIEPECTAHOBKU 72 KHUT. [[epByIO KHII'Y MOKHO BBIOPATh 72 BO3MOKHBIMU CII0C00a-
MU; BTOPY10 KHUTY — 72 — 1 pasHbIMU criocobamu (Bce KHITH, KpOMe BRIOPaHHOI B TIEPBYIO
MO3UITNIO ); /TSI TPEThEH KHUTH OCTAIOTCS 71 — 2 BO3MOKHBIX BApUAHTA, U T. 1. 1y 6 Kaur
Boruncsenue 6! gaer 6 x 5 x 4 x 3 x 2 x 1, uian 720 hororpaduii. [Ipu mobasiennun Bcero
onHoM KHUTH TIoTpebyetcs 7!, wau 5040 dororpadwuii. Jaxke st HeGOMBIINX 3HAUE-
HUI 7 9aCTO OKA3BIBACTCS, UYTO AJITOPUTMBI € (DAKTOPUATHHBIM BPeMEHEM HEBO3MOKHO
3aBEPUINTH 3a pasyMHoe BpeMs. Ecim Bbl BosbMere 20 KHUT, OyaeTe [epecTaB/IsaTh X
u oTorpadupoBaTh KAy CEKYHIY, s Tepebopa BCeX BO3MOKHBIX TIEPeCTaHOBOK
noTpedyeTcst BpeMst, IPEBBIIIAIOIIEE CPOK CYIIECTBOBaHUsT BeesleHHOII.

Cpenu 3aau co BpemeneM O(n!) xopo1o n3BecTHa 3a/1a4a 0 KOMMUBOsKepe. Kommu-
BOSKED JIOJIKEH MTOCETUTH 71 TOPOJIOB; OH XOUET BBIYUCIUTH CyMMapHOE PacCTOSHUE
N5t Beex 1! BOBMOJKHBIX BapMAHTOB MX Ttocerierus. [1o pesynbrataM BbIUMCIEHUI
OH PaCcCYUTHIBAET OIPEAETUTh BapUAHT ¢ KpaTuyalinM paccrostaueM. [Tpu 6oJbiiom
KOJIMYECTBE TOPOJIOB 3aBEPIIUTH TIepebop 3a pasyMHOe BpeMst He yaactest. K cuactbio,
OITUMU3UPOBAHHBIE AJITOPUTMBI CIIOCOOHBI HATH KOPOTKUI (HO He 00s13aTeIbHO Kpart-
vaiimuiil) MappyT HamHoro 6sictpee O(n!).

«0-60nbwoe» Kax OLeHKa XyAalero cueHapusa

«O-6ombIoe» olleHUBaeT Xyowuil cuenapuil iJist mo0oit 3agaun. Hanpumep, aToObI HAWTH
KOHKPETHYIO KHUTY HA HEYTOPSIIOUEHHON KHIKHOM MOJTKE, BBl HAYWHAETE C OTHOTO KOHI[A
U TIPOCMATPHBAETe KHUTH, TTOKA He HalieTe Hy:KHy0. Bo3aMoX&HO, BaM MOBE3€eT 1 TepBast
K€ KHUTA OKasKETCs TOM, KOTOPyIO BbI itere. Ho Bo3aMoskHa 1 06paTHast CUTYAIHs: BaM He
MOBE3ET U KHUTA OKAKETCS OCTe/IHel 1im ee Boobie He Oyzier Ha mosike. Takum o6pasoM,
TIPH JTyUIIIEM CIIEHAPHUHU Ha TTOJTKE MOTYT ObITh MUJITHAP/IBI KHUAT — HO 3TO HEBAJKHO, IOTOMY
4TO BBl HEME/JIEHHO HaXOAUTe HCKOMYI0 KHUTY. Ho ipy aHaimse airopuTMoB OT TaKOTO
ONTUMHU3MA HeT HUKaKoro npoka. Hotarms «O-60bIoes» OMUChIBAET, YTO TPOUCKOJIUT,
€CJIM BaM He TIOBE3€ET: Ha TIOJIKE CTOSIT 72 KHUT U BaM TIPUJIETCSI TIPOBEPUTDH UX Bee. B Takom
cJTydae BPeMsT BBITIOTHEHNST BO3PACTAET MPOTOPIIHOHATHFHO KOJMYECTBY KHIT.

HexoTopble TPOrpaMMUCTBI TaKKe UCTIOIB3YIOT Homayuto «Omeza-6oavuioes, OTICHI-
BAOIYIO JIYYNTUH clieHapuil st anroputMa. Hampumep, anroputm Q(n) B sydtieMm
cayyae paboraer ¢ IuHeliHOU 9 dEKTUBHOCTBIO. B Xy I1eM ciiydyae oH MOKET paboTaTh
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MejienHee. HekoTopbie alrOpuTMbl CTAJIKUBAIOTCS ¢ 0COOEHHO yIauHbIMU CJIyYasiMHU,
B KOTOPBIX HUKaKas paboTa BooOIe He TpebyeTcs — HalpuMep, IIOMCK MapLipyTa, KOTia
BbI YK€ HaXOJAUTECDH B KOHeqHOﬁ TOYKeE.

Horamus «Thma-601buwoes OTNCHIBAET aTOPUTMBI € OTHHAKOBBIMHU TIOPSIIKAMHY B JTy4-
neMm u XyzieM caydae. Hanmpumep, @(7) onuchiBaeT alropuTM ¢ JIMHEHHOM 9 heKTnB-
HOCTBIO B JIy4IIEeM U XYAIIEM cIydae — TO ecThb aaroput™ O(7) u Q(n). It 0603HAYEHMsT
He UCTIOJIB3YIOTCS B TPOTPAMMUPOBAHUH HACTOJBKO YacTo, Kak HoTarwmst «O-00bI10e»,
HO BaM CJIE/IYeT 3HATh 00 UX CYIECTBOBAHUT.

VHOT1a IPUXOAMTCS CJBIMATH 0 ObICTPOAeHCTBIN «O-00JIbIIOE 1JIST CPETHETO CITydasi»,
KOI'/Ia OHM UMEFOT B BULY « Tota-6oJibioes, min «O-60JIbIIoe JIst IYUILIEro Crydasts, Hoj-
paszymeBast «Omera-60abi10e». Takue BHICKa3bIBAHUS CIEAYET CYUTATH OKCIOMOPOHOM;
«O-60bI1I0€> OTHOCUTCSI KOHKPETHO K XYJIIIIEMY BPEMEHU BBITIOJHEHUST aJITOPUTMA.
Ho HecmoTpst Ha TeXHNYECKYI0 HETOUHOCTD, BBI BCE PABHO CMOYKETe TTOHSITh UX CMBICIL.

BCA HEOBXOANUMAS MATEMATUKA OJ191 HOTALIUM «O-BOJIbLUOE»

Ecom Bb1 mopzabeLim anre6py, s mpuBeLy 0oJiee 4eM J0CTaTOYHbIE MATEMATHYECKIE
obocHoBaHuA 11 anamusa «O-60JbIIoe».

YMHoskeHnue. MHorokpaTHoe cioxenue: 2 X 4 = 8 Tak kKak 2 + 2 + 2 + 2 =8,
C mepeMeHHBIMU 7 + 7 + 1 PAaBHO 3 X 7.

Ymuoskenue. B anreOpandeckoii 3amicy 3HAK X YacTO OIMYyCKAETCsI, TaK 4To
2 x n 3amuceiBaeTcs B Buje 2n. C yncaamu 2 x 3 3anucbiBaeTcs B Buje 2(3) uiamn
mpocto 6.

CB0iiCcTBO MyJIBTHILIMKATHBHOIO TOKAECTBA. [Ipn yMHOKeHnH yricia Ha 1 Oyner
IOJIYYEHO TO ke uncyao: 5 X 1 = 5,42 x 1 = 42. B 6osee obmem Buzge n x 1 = n.

TucTpuOyTHBHOCTD yMHOKEHHS. 2 X (3 +4) = (2 x 3) + (2 x 4). O6e yacTu 3anu-
cu paBubl 14. B 6osee obmem suze a(b + ¢) = ab + ac.

BosBeaenmne B crenenb. MHOroKpaTHOE yMHOKeHNE: 21 = 16 (unTaercs «2 B ueT-
BEPTON cTenieHn paBHO 16»), Tak Kak 2 X 2 x 2 x 2 = 16. Yncyio 2 Ha3bIBaeTCA
OCHOBaHUeM, a 4 — TmokazareseM crereHH. C TIepeMeHHBIMU 72 X 7 X 1 X 11 PABHO
n'. B Python 151 Bo3BesieHus B cTENeHb MCIOJIb3YETCA omepaTop **: 2 ** 4 maer
pesyJaibrar 16.

IIpy BO3BEIEHMH B CTENEHD 1 pe3yIbraToM ABJISETCS OCHOBaHUE cTenenn: 2! = 2,
2 9999' = 9999. B 6outee obuieM Bue n' = n.

Pesyubrar Bo3Beaenus B crenens ) Bcerna pasen 1: 2° =1, 1 9999° = 1. B 6o.iee
obmem Buze 7° = 1.




Tlgm: @it_boooks

OnpegeneHue nopsaaka cnoxHocTn Hotaumn «O-6onbwoe» Bawero Koaa 277

Koad dunuentsr. Muoxxurenn: B BoipakeHun 3n2 + 4n + 5 K0ahbUImeHTb paBHbI
3, 4 u 5. 5 Toxke siBiIsIeTcst KOAGhMUIIMEHTOM, TOTOMY YTO 5 MOKHO TIEPENCATh
B Buje 5(1), a 3arem 3anucarh B Buze Sn'.

Jlorapudm. Onepanus, obpaTHas BO3BeJeHHIO B cTelenb. 24 = 16, a caezo-
BaresbHO, log,(16) = 4 (umraercs «morapudm 16 Mo ocHOBaHWIO 2 paBeH 4»).
B Python g Berumcienus gorapudma UCosbsyercs: GyHKIus math. log():
math.log(16, 2) maet peayabrat 4.0.

Boruncnerrne «O-60Jb110e» 9acTo TpedyeT yrporieHust hopMyJi 3a caeT 00ben-
HEHUST YWIEHOB, TO €CTh TPOU3BEIECHUIT YICeT U IePEMEHHBIX: B BbIpaKeHIN 3n° +
+ 4n + 5 unenamu aBasiorcs 3n?, 4n u 5. Ilo0061bie uienvL COREPKAT OAUHAKOBbIE
1iepeMeHHbIe, BO3BE/IEHHBIE B O/IHY cTelleHb. B Boipakernu 3n? + 4n + 6n + 5 die-
HbI 47 11 671 ABJAAIOTCS TOOOHBIMI. BhIpaskerHne MOKHO YIIPOCTUTD 1 MEPEIHCATh
B Buze 3n° + 10n + 5.

CrieyeT IOMHHTB, UTO TIOCKOJIBKY 72 X 1 = 1, BeIpakeHne Buaa 3n° + 5n + 4 MOKHO
paccmarpuBath B Bujie 3n° + 5n + 4(1). UsteHbl 5TOro BhIpasKeHUsS COOTBETCTBYIOT 10~
pstakam «O-60abimoe» O(n*), O(n) u O(1). Mbl eltte BepHeMCs K 9TOMY (DakTy, KOrzia
3aliMeMcst HCKITFoUeHIeM Koo (MHUITMEHTOB B BBIYMCICHUAX HOTAIN «O-60JIbIIoe>.

ITa CBOJIKA IPUTOIUTCS HAM MO3/THEE, KOT/Ia Bbl HAYUYUTECH BEIYUCISATD MOPSIIOK
cnoxkuocty Hotarmu «O-60bimoe» 11 hparMenTos koga. Ho ckopee Beero, 11o-
cye paszena «MOMEHTAThHBIN aHAJIN3 CJIOKHOCTH» HTOM TJIaBbI OHA BaM ysKe He
noHagoburcs. «O-60JbII0e» — MpocTas KOHIEIIH, KOTOPask MOKET IPUHECTH
10JIb3Y JlaxKe 6e3 YETKOro CIe0BaHMI MaTeMaTHYECKIM IIPAaBUJIaM.

OnpepneneHve nopsaaka cNOXXHOCTU HOTALUMU

«O-6onbwoe» Bawero Kkoaa

def readinglList(books):

print('Here are the books I will read:')
numberOfBooks = @
for book in books:

print(book)

numberOfBooks += 1
print(numberOfBooks, 'books total.')

YT0o6bI OTIPeeTTh MOPSIIOK CIOKHOCTH HOTAmHU «O-601b110e» 17151 (hparMeHTa Kojia,
HEOOXOIMIMO PEITUTH YETHIPE 3aJIaUH: OMPEIEIITh 71, TIOJICYUTATD IITArH B KOJIE, UCKITIOUHTh
HUZKHUE TTOPSIKA U UCKIIOUUTD KOI(POUITMEHTDI.

Il mpuMepa HalizeM cJokHOCTh «O-60sblioes s cieayroleil GyHKIN rea-
dinglList():
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HarmomHIo, 4To 7 IpeacTaB/IseT pasMep BXOAHbIX JAHHBIX, ¢ KOTOPHIMU PabOTaeT KOJ.
B dyukmusax n moutu Beeraa onpeznesnsgercd mapameTpoM. Y hyHKIUM readinglist()
BCETO OJINH ITapamMeTp books, 1 pasmep books cTaHeT XOPOIIUM KaHAWJIATOM I 72: YeM
GoJibliie pasMep books, TeM 0JIblie OYAET BBIIOJIHITCA (PYHKIML.

3areM IMOICYMTAEM TIATH BBITIOJTHEHUS 3TOTO Ko/la. BOTIpoc 0 TOM, UTO CUUTaTh MIATrOM,
He UMeeT OJIHO3HAYHOTO OTBETA, HO JIJIsT Havaja HETJIOX0 OPUEHTUPOBATHCS Ha CTPOKY
koja. KosimyecTBo 11aroB B IUKJIE PABHO KOJIMUECTBY UTEPAIIUi, YMHOKEHHOMY Ha KO-
JIMYECTBO CTPOK B KOJi€ TUKJIA. ITOOBI TOHSITH, 0 YeM 5T TOBOPIO, TPUBE/LY MOACUETHI JIJIsk
koja pyHKIMYU readinglist():

def readinglList(books):

print('Here are the books I will read:') # 1 war

numberOfBooks = @ # 1 war

for book in books: # n * waroB B uukne
print(book) # 1 war
numberOfBooks += 1 # 1 war

print(numberOfBooks, 'books total.') # 1 war

Kaxnas CTPOKa KOoJa 6le(i‘T paccMaTpmuBaTHCA KaK OJIWMH MIar — KpoMe ITUKJIa for. Jra
CTPOKa BbINIOJIHAETCA OAWH pa3 JIJI KayK/10I0o 9JIEMEHTa books, a ITOCKOJIbKY pa3Mep books
PpaBeH 71, MOKHO CKa3aTb, YTO OH BBITIOTHAETCA 3a 77 1I1aroB. Mauito TOTO, OH BBIIIOJIHAET
BC€ IIarv BHYTPU IMUKJA 72 Pa3. Tak kax MUK COIEPIKUT /iBa I1ara, 06]1166 KOJIMYECTBO
cocraBjisger 2 X n maros. [1larm Mo;XKHO oTcaTh Tak:

def readinglList(books):
print('Here are the books I will read:')
numberOfBooks = @
for book in books:
print(book)
numberOfBooks += 1
print(numberOfBooks, 'books total.')

# 1 war

# 1 war

#n * 2 wara

# (yXe noAcyMTaHo)

# (yxe noacyMTaHo)

# 1 war

Terneph pU BBIYUCICHUH 0OIIEr0 KOJMUECTBA ArOB MBI mojrydaeM 1 + 1 + (nx 2) + 1.
ITO BbIPAKEHUE MOKHO IIepelncaTh B YIIPOIEHHOM BHe 21 + 3.

Horarus «O-6obiioes He TpeHA3HAYEHA TSI OMTHCAHUST KOHKPETHBIX 3HAYEHI; 9TO
obmmii nuarkarop. [1o aToil IpuYMHE U3 TOCYETOB UCKIIOUAIOTCS] HUKHUE TOPSI/IKU.
Borpaxkenue 2n + 3 cOCTOUT U3 ABYX MOPAIKOB, TUHEHHOTO (272) 1 TTOCTOIHHOTO (3).
Ecm ocTaBUTD TOIBKO GOTBINUH 3 3TUX TMOPSIIKOB, OCTAETCS 211

3aTeM U3 HopsijiKa UCKIodaioTcs Koagduimentor. B 2n koadduiiuentom sisisiercs 2.
[Tocre mekmouenust octaeTcs 1. B pe3ysbrate Mbl ToJrydyaeM UTOTOBYIO METPUKY HOTa-
un «O-6osbuoes> 41 GyHkimy readinglist(): O(#n), To ecTh JMHeiHAS CJI0KHOCTD.

Ecism 3agmymaTbes, 9TOT MOPSIIOK BRI AUT JIoTYHO. DYHKINS COCTOUT 13 HECKOJIBKIX
IIATOB, HO B 00TIEM CJIyYae TIPH yBeJUUeHNH criucka books B 10 pa3 BpeMst BBITIOTHEHUST
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Takxke yBesuuurtcs pecsstukparno. [Ipu yBennuyenun pasmepa books ¢ 10 1o 100 asro-
put™ niepexoaut ot 3Havenns 1 + 1+ (2 x10) + 1, wim 23 mara, k 1 + 1+ (2x 100) + 1,
w203 mara. Yuceno 203 pasuo upubansuresbio 10 x 23, Tak 4To BpeMsl BbIIOJIHEHK
BO3PACTAET ITPOIIOPIIMOHAIBHO POCTY 7.

Moyemy Hu3KkHe nopaAKM U K03PPUUHEHTbI HE BAXHDI

Hwuskue mopsaky NCKII0YAI0OTCS U3 TI0/ICYETA TIATOB, TOTOMY YTO OHU CTAHOBATCSA MEHee
3HAUYMMBIMHU C YBeJIMUeHreM pazMepa n. Eciu criucok books 13 puBeieHHON (DyHKITNN
readinglList() yBesunuuaercs ¢ 10 go 10 000 000 000 (10 MussIMapsoB), KOJIUYECTBO
maros yseamaurcsa ¢ 23 1o 20 000 000 003. IIpu gocTaTouHO GOIBLUIKX 72 9TU TPH 10~
MOJIHUTETHHBIX I11ara HU HA YTO He BJIUSIOT.

ITpu yBennuerny oObeMa JaHHbIX 6OJIbINON KOd(P(MUIMEHT MEHBILIETO TOPIAKA MOKET
WUTHOPUPOBATHLCS TI0 CPABHEHWTO ¢ BHICOKMMM MOPsAKamMu. [Ipu onpeneneHHOM pasme-
pe n 6oiee BHICOKME TIOPS/IKK BCEria OyIyT MelJIeHHee HU3KUX MOPSIKOB. JlomycTum,
nmeetcst hpyHKIMs quadraticExample () ¢ mopsiakom O(7?) 1 0HA COCTOUT U3 31 ITaTOB.
pyrag dynximg linearExample() ¢ mopsarom O(n) coctout uz 10007 maros. He-
BakHO, 4To Koahduiment 1000 6obire koaddunmenTa 3; ¢ poCTOM 7 KBapaTUYHas!
oreparusi O(n?) craner meiennee JuHeiHol onepanuu O(n). PeanbHblii KO HE CTOJIb
BaykKeH, HO OH MOJKET BBITJISIZIETh IPHUMEPHO TaK:

def quadraticExample(someData): # n - pa3mep someData
for i in someData: # n waros
for j in someData: # n waros
print('Something') # 1 war
print('Something') # 1 war
print('Something') # 1 war
def linearExample(someData): # n - pa3mep someData
for i in someData: # n waros
for k in range(1000): # 1 * 1000 waros
print('Something') # (yxe nopcuyuTaHo)

Oyukius linearExample () umeer 6oabinoil koaddunuent (1000) mo cpaBHEHUTO
c koadunmentom (3) pyuknun quadraticExample(). Ecomm pasmep BXOHBIX JAHHBIX 71
pasen 10, To pyukmusa O(n*) sBpoze 661 paboTaer GpicTpee — Beero 300 1waros 1o cpas-
nenuio ¢ 10 000 maramu pyuxiumn O(n).

Ho noratust «O-601b1110€» B OCHOBHOM OMHUCHIBaeT 3(P(HEKTUBHOCTD aJTOPUTMa
npu GosbiioM o6beMe pabotsl. Korma n octurier pasmepa 334 u Bbitie, (GyHKITHS
quadraticExample() Bcerma Oyaer MeaienHee GyHkIu 1inearExample (). Jaske eciu
linearExample() paBua 10000007 maros, ¢pyHukius quadraticExample() Bce paBHO
Oyzer Meientee, korga n qocturier 333 334. B kakoii-ro moment onepaius O(n?)
Beera ctanoButest MeieHHee O(n), wiu Husiei onepariu, YToObl yOeIUThCS B 9TOM,
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B3rustHuTe Ha rpaduk Horanuu «O-6oibinoes Ha puc. 13.3. Ha rpaduke npecraBieHbl
BCe OCHOBHbIE TTOPsIKN HOTATmH «O-60sbim0es. T1o och x TIpeicTaBIeH pa3Mep TaHHBIX X,
a TI0 OCH i — BPEMsI BBITIOTHEHSI, HEOOXOIMMOE /IS BBITTOTHEH S OTIEPATTHT.

n2 nlogn n

swadg

log n

OaHHble

Puc. 13.3. [paduk nopsaakos Hotaumm «O-6onbioe»

Kax Buno u3 rpaduka, BpeMs BBITIOMHEH ST H0Jiee BBICOKHX MOPSIIKOB pacTeT ObIcTpee,
4eM BpeMsi HU3KUX MOPS/IKOB. XOTS HU3KUE TIOPSIIKA MOTYT UMETh H0Jiee BHICOKUE KO-
3(hUITHEHTDI, U3-32 KOTOPBIX OHKM H3HAYAJIBHO [IOKA3BIBAIOT OOJIBIITIE 3aTPATHI BDEMEHH,
PAHO WJTH TIO3/THO BBICOKHUE TTOPSIIKA WX 00OMIYT.

pumepsi ananuza «0-6onbwoe»

Onpenenum nopsiaku «O-60I1bI10es /1711 HEKOTOPBIX TIPUMePOB (hyHKIMH. B aTnx npu-
Mepax OyIeT UCIOTb30BATHCS TTapaMeTp books, KOTOPBIH TPEACTABIsSIET COOOH CITICOK
CTPOK C HAa3BAHUSMHI KHHUT.

CDyHKHI/IH countBookPoints() BbIYMCIIAET OLIEHKY Ha OCHOBAaHUU KOJIMYECTBA KHUT
B criucKe. BosbIMMHCTBO KHUT TIOJIy9aeT O/IHO OYKO, 2 KHUTH OTPe/IeJIEHHOTO aBTopa
[10JIy4aloT JIBa O4YKa:

def countBookPoints(books):

points = @ # 1 war
for book in books: # n * waroB B uukne
points += 1 # 1 war

for book in books: # n * waroB B uukne
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if 'by Al Sweigart' in book: # 1 war
points += 1 # 1 war
return points # 1 war

Kosmuectso maros gocturaer 1 + (n x 1) + (n x 2) + 1, uro npeobpasyercs B 3n + 2
nocyie 0ObeJUHEHUS OA0OHBIX WIeHOB. TToc/ie MCKIIOUEHUST COCTABISIONINX HU3KITX
MOPSIZIKOB 1 K03 uiireHToB Mbl IpuxoanM K O(n), To ecTh K TUHEHHOU CJIOKHOCTH,
HE3aBUCHMO OT TOTO, CKOJIbKO Pa3 MepedupatTcst KHUTH — OJIMH, [[BA UM MUJLIHAP/I.

[lo HacTosiero MoMeHTa Bce TPUMEPBI, B KOTOPBIX NCITOTb30BAJICS OJINH ITUKJI, UMEJN
JIMHEIHYI0 CJIO)KHOCTD, HO 0OpaTUTe BHUMAHKE: BCE 9TH IIUKJIbI BHIOJHSINCH 72 pas. Kak
MTOKa3bIBAET CJAEAYIONINIA TTPUMED, IINKJ B KOJ/Ie He BCer/ia Mo/ipasyMeBaeT JTUHEHHYIO
CJIOKHOCTD (KOTOPast XapaKTEPU3YeT IIUKJIBI, TepeOUPATOIIIe BXOIHbBIE TaHHBIE).

Oynxnus iloveBooks () BeioauT coobienus «I LOVE BOOKS!!!» u «<BOOKS ARE
GREAT!!!» 10 pas:

def ilLoveBooks(books):
for i in range(10): # 10 * waroB B uUMKIe
print('I LOVE BOOKS!!!") # 1 war
print('BOOKS ARE GREAT!!!') # 1 war

DyYHKIMS COAEPKUT IIUKI For, HO 9TOT IIUKJI He TIepeOGUpaeT CUcOK books U BBITIOITHSIET
20 maroB He3aBUCUMO OT pa3Mepa books. MoxHo nepenucarts 9To Kak 20(1). [Tocie
uckimodenns koaddunuenta 20 ocraerca O(1), To ecTh MOCTOIHHAS CIOKHOCTD. Bee
JIOTMYHO: (PYHKIIMS BBITIOJIHSIETCS 32 OJIHO U TO JKe BpeMs He3aBUCHMO OT 7 (pa3Mepa
crrcka books).

3areM paccMoTpuM (YHKITHIO cheerForFavoriteBook (), KOTOpast UIIET JIOUMYIO KHUTY
B CITHCKe books:

def cheerForFavoriteBook(books, favorite):

for book in books: # n * waroB B uukne
print(book) # 1 war
if book == favorite: # 1 war
for i in range(100): # 100 * waroB B uuKSe

print('THIS IS A GREAT BOOK!!!') # 1 war

[Ty for book mepebUpaeT CIMCOK books, st 4eTo TPEOYETCs n MATOB, YMHOKEHHBIX
Ha KOJIIYECTBO MIArOB B I[UKJIE. TOT IIUKJI BKJIIOUAET BJIOKEHHBII UK for, KOTOPBII
soinosingercd 100 pas. To ectb 1ukit for book BoimosaseTcs 102 x 7, umm 102n pas. Ilo-
cJie UCKIIoueHus: KoadduimenTa BoisIcHAETCS, YTO cheerForFavoriteBook() Bce elie
octaercs juHeliHol onepareir O(n). Koaddurment 102 MoxkeT mokasaTbcs CJUII-
KOM OOJIBIITM, YTOOBI €70 UTHOPUPOBATE, HO TIPUMUTE BO BHUMAHIE CIIEYIONIEE: eCITH
favorite He BcTpevaeTcst B ciucKe books, aTa (hyHKITUS BBITIOJHUAT TOJIBKO 172 T1aros.
Binsgnue koaduiineHToB MOJKET U3MEHATBCA B TAKUX IIPeJieJiax, YTO UX TPYHO pac-
CMaTpUBATD KaK CoJiepKaTesbHbIE.



Tlgm: @it_boooks

282 Mnasa 13. MamepeHne BLICTPORENCTBUA M QHANMS CNOXHOCTU QNFOPUTMOB

3atem dynkius findDuplicateBooks () MpocMaTpUBaeT CITUCOK books (JiHelHAs orie-
panms) o OAHOMY pasy AJA KaKA0U KHUTU (ApyTas JTUHeHAs orepaims ):

def findDuplicateBooks(books):
for i in range(books): # n waros
for j in range(i + 1, books): # n waros
if books[i] == books[j]: # 1 war
print(‘Duplicate:', books[i]) # 1 war

[Tuki for i mepebupaeT Bech CIUCOK books, BBIIOJIHS ATk B IUKJIE 72 pa3. LMK j
TaKKe mepebUupaeT 4acTh CIUCKA books, XOTs M3-3a UCKITIOUYEHNS] KOA(M(DUITTEHTOB 3TO
TaKke CUMTaeTCs orepalyeil ¢ JTMHeHHbIM BpeMeHeM. To ecTb 1K for i BBITTOTHSIET
n X n omepaiuii, a umeHHo n%. Kak cienctsue, findDuplicateBooks () SBJsIeTCs omepa-
IMeit ¢ ToJMHOMUaIbHBIM BpeMeneM O(72).

Bi1oskeHHbIe LUKJIBI cCaMU 110 cebe He MoApasyMeBaloT IOJIMHOMUAIBHOI ollepaiiuu, HO
TaKOM CJIOKHOCTBIO 00/IaaI0T BJIOKEHHbIE [IUKJIbL, B KOTOPBIX 002 IHKJIA BBIIOJIHIIOT
n urepanuii. B pesyJsrate OyayT BBIIOJHEHBI 72 TATOB, a 9TO MOPasyMeBaeT olepa-
o O(n?).

PacemoTpum 6ostee CIT0KHbBIH puMep. AJITOpUTM OUHAPHOTO MOUCKA, YITOMUHABIITUNACS
paHee, OCHOBaH Ha ITOMCKe 3HaueHus (Ha30BeM ero needle) B cepeiiie OTCOPTHPOBAH-
HOTO crircKa (Ha3oBeM ero haystack)!. Eciii asiemeHT needle He HalijieH, MbI TIEPEXO UM
K MTOMCKY B TIEPBOI WJITM BTOPOU TOJIOBUHE haystack B 3aBUCUMOCTU OT TOTO, B KaKOU
TTOJIOBWHE MBI PACCYMTHIBAEM HaliTh needle. [Iporiecc moBTOpseTcs, MOMCK BeJeTcs B 10-
CTOSIHHO YMEHBIAOUXCST MOJOBUHAX, JTUO0 MOKa He OyeT HaliieH sIeMeHT needle,
6o ToKa He GyJIeT ciieiaH BBIBOJI O TOM, uTO B haystack ero Het. O6paTuTe BHUMAHUE:
OGUHAPHBII TIOMCK PabOTaeT TOJBKO B TOM CJIyYae, €CJIU 2JIEMEHThI haystack cienyor
B IIOPSZIKE COPTUPOBKU.

def binarySearch(needle, haystack):

if not len(haystack): # 1 war
return None # 1 war
startIndex = @ # 1 war
endIndex = len(haystack) - 1 # 1 war
haystack.sort() # ??? waroB
while start <= end: # ??? steps
midIndex = (startIndex + endIndex) // 2 # 1 war
if haystack[midIndex] == needle: # 1 war
# 3HayeHue needle HanpgeHo.
return midIndex # 1 war
elif needle < haystack[midIndex]: # 1 war

# WckaTb B nepBoW MONOBUHE.

! Needle — uroska, haystack — cror cena (aner). — Ilpumeu. peo.
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endIndex = midIndex - 1 # 1 war

elif needle > haystack[mid]: # 1 war
# WckaTb BO BTOpO MONOBUHE.
startIndex = midIndex + 1 # 1 war

[IBe cTpoku binarySearch() ornenuThb He Tak Jerko. [lopsmgox «O-60BII0E> BHI30BA
MeTojia haystack.sort() 3aBUCUT OT KOZQ, HAXOJAAIIETOCI B METO/E Python sort().
Haiitu 2T0OT KOJ| HEIIPOCTO, HO B UHTEPHETE MOXKHO IOUCKATh MH(MOPMAIUIO O METO/Ie
U Y3HATh, 4TO OH BhINoJHsieTcs ¢ opsiikom O(#n log ). (Bee ocHOBHbIE (DYHKIINT COPTH-
POBKU BBITIOJHSOTCS B JTyuineM ciaydae 3a Bpemst O(n log n).) Iopsimok «O-6oubioes
JUISI HEKOTOPBIX PACIPOCTPaHEHHBIX (DYHKIMI 1 MeTo10B Python omucaH B 31011 r71aBe
B paszese «ITopsipox “O-60Jbioe” [t 4acTO UCHOJIb3yEeMbIX (DYHKIIUIT».

[uks while ananmmM3npyeTcst HECKOJIBKO CJIOJKHEe, YeM ITOKa3aHHbIe BbIIe ITUKJIBI for.
Y T00bI OIPEETUTD, CKOJBKO UTEPAIIUI OYIET BHIIIOJTHEHO B IIUKJIE, HEOOXOMMO TOHU-
Marth aJITOPUT™M OMHAPHOTO TToucka. Jlo Hauasia 1ukIia startIndex 1 endIndex OKPHIBAIOT
Bech /Inara3on haystack, amidIndex ycTaHaBIMBaeTCA B cepeIUHY 3TOTO Auarnasona. [Ipu
Kayk/I0i UTepalinu 1MKJja while MpoOUCXOAUT OTHO U3 IBYX. Ecin haystack[midIndex] ==
needle, ICKOMOE 3HaUYEHNE HAllIeHO 1 (byHKuI/IH BO3BpalllaeT nH/IeKC needle B haystack.
Ecom needle < haystack[midIndex] mam needle > haystack[midIndex], quama3oH,
MTOKPBIBaeMBIN startIndex n endIndex, COKpamaeTcs BABOE — 3a CUeT U3MEHEHUS
6o startIndex, mm6o endIndex. Yncio geseHuii a000ro crucka pasMepa 7 HaiBoe
cocragssisiet log2(n). (K coskaieHuio, 3T0 MPOCTO MaTeMaTHIECKUi (haKT, KOTOPBII BbI
JOJIKHBI 3HaTh.) Takum oOpasoM, y 1ukia while nopaaox nHorauuu «O-6o/biioes co-
crasysier O(log n).

Ho rtak xak nopsimok O(n log n) ctpoku haystack.sort() soime O(log n), 6oiee
uuskuit mopsiok O(log n) uckiouaercs, a mopsiAKoM Beeit hyHkiuu binarySearch()
cranosurcst O(n log n). Eciiu Mbl MOJKeM rapaHTHPOBATh, YTO binarySearch() Oyzer
BBI3bIBATHCA TOJIBKO C OTCOPTUPOBAHHBIM CITMCKOM haystack, cTpoky haystack.sort()
MOJKHO OIIYCTHTb M c/esaTh binarySearch() dyukimeit O(log n). @opmaibHO 3TO
yayuriaeT ahdEeKTUBHOCTh (DYHKIIUH, HO HE JeJIlaeT BCIO mporpaMmy Oosiee addek-
TUBHOM, IOTOMY 4TO HeoOXoauMast paboTa 10 COPTUPOBKE MPOCTO TEPEMEIAETCS
B JIPYTYIO 9aCTh IIPOrpaMMbl. MHOTHE peaausaiuu OMHAPHOTO TIOMCKA OTYCKAIOT TIar
COPTUPOBKH, TIO9TOMY TOBOPSIT, YTO AJITOPUTM OMHAPHOTO TTIOMCKa obJiafaet gorapud-
muueckoit caoxuoctbio O(log 7).

Mopsnok «0-6onbwoe» Ans Yacro ucnonb3yembix GyHKUHI

Amamz ahhekTHBHOCTH BaIero Kojia [0JKeH YIUTHIBATH MOPSIIOK CITOKHOCTH BCEX
BbI3bIBAEMbBIX (DYHKIMHA. Ecii BbI caMu Hamwcanu (YHKIINIO, BbI CMOYKETE MTPOaHAIIH-
3upoBaTh cOOGCTBEHHBIN KO/ HO uTOOB HAlTH TOPsiToK «O-60JIbII0es 7St BCTPOEHHBIX
dbyukuuii 1 Mmetogos Python, mpuxoaurcest o6paiarhest K CIECKaM BPOJie IIPUBEAEHHOTO
HIDKE.
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B cricke mokasaHbl HOPSIZIKKM HEKOTOPBIX PacIipoCcTpaHeHHbIX omepannii Python st
TUTIOB MOCJIE/IOBATEIBHOCTEN — TaKUX KaK CTPOKM, KOPTEXKHU U CITICKU.

® s[i]readingu s[i] = value assignment — onepartuu O(1).
® s.append(value) — onepanus O(1).

® s.insert(i, value) — onepaius O(n). BctaBka 3HaueHus B 1IOC/IE/[0BATENBHOCTD
(0ocobeHHO B Hauasio) TpeOyeT CABHUTa BCeX IEMEHTOB ¢ MHIEKCaMU BhIle i Ha
OJTHY TIO3UIIUIO BBEPX B TIOCJIE/I0BATETLHOCTH.

® s.remove(value) — oneparus O(n). YiajneHue 3HaueHUH 13 IOCTEI0BATETbHOCTA
(ocobernio B Havase) TpeOyeT CABUTA BCEX IEMEHTOB ¢ MHIEKCAMU BBITIE 1 Ha
OJTHY TIO3UITIIO BHU3 B MOCTIE0BATEIbHOCTH.

® s.reverse() — omeparust O(7), TOTOMY 4TO HEOOXOIMMO TIEPECTABUTH BCE JJIe-
MEHTBI TTOCJIE0BATETHHOCTH.

® s.sort() — onepanus O(n log n), noromy uto ajroputm copruposku Python
umeet caoxuocts O(n log n).

e value in s — omneparus O(7), TOTOMY YTO HEOOXOIMMO MPOBEPUTD KasKIbIil
9JIEMEHT.

e forvalue ins: — oneparusa O(n).

® len(s) — omepamus O(1), moromy uro Python XpaHuT KOJUYECTBO 3JI€MEHTOB
B MOCJIE/IOBATEIBLHOCTH, YTOOBI UX HE TIPUXOUIOCH 3aHOBO TIEPECUUTHIBATH TIPH
KasKJ0M BbI30Be len().

B cremyiomem crincke npuBeeHsl mopstaky «O-601bImoes s HEKOTOPBIX PacpocTpa-
HeHHBIX oreparuii Python g Tunos oto6pakeHuil (TakuX Kak CI0BAPH, MHOKECTBA
1 GUKCUPOBAHHBIE MHOKECTBA).

® m[key]reading um[key] = value assignment — omeparuu O(1).

® m.add(value) — onepanmst O(1).

e value inm— onepartust O(1) 1uist cIOBapeit; BBIOJTHSIETCS HAMHOTO OBICTPEE, €M
7151 TIOCJIeZIOBATEeIbHOCTEH.

e for key inm: — onepanust O(n).

e len(m) — omepanus O(1), moromy uro Python XpaHuT KOJUYECTBO 3JIEMEHTOB
B OTOOPaKEHNUHN, YTOOBI UX HE IPUXOAMIOCH 3aHOBO IIEPECUNTHIBATD IIPU KaXKIOM
BbI3OBE len().

Ecsm B ciimekax a/1eMeHTbl 0OBIYHO TIPUXOANTCA UCKATh OT HavaJjia 10 KOHIIA, CIOBApU 1NC-
TIOJIB3YIOT KJIIOY JJISI BBIYMCJICHUA a/IpecCa, a BpEM:I, HeO6XOIII/IM06 JJIA TIOMCKa 3HaY€HU A
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110 KJII09Y, OCTAeTCsI IIOCTOAHHBIM. CII0C00 BBIYMCIEHNST HA3bIBAETCSI AJITOPUTMOM XeUi -
posanust, a axpec — xeut-kodom. TeMa XeIMPOBAHUS BBIXOIWT 32 PAMKK KHUTH, HO MIMEHHO
13-32 HETO MHOTTE OTIEPAIIUI OTOOPAKEHNUST BBITIOJTHSIIOTCSI € TOCTOSTHHBIM BpeMereM O(1).
MHozkecTBa TakKe UCIOJIb3YIOT XENTMPOBAHUE, TOTOMY YTO MHOKECTBA 110 CYTH SBJISIOTCS
CJIOBAPSIMHU, COJIEPIKATIIMMHU TOJBKO KITIOUN (BMECTO TIap <KJI0Y — 3HAYEHUE> ).

Ho niomuuTe, uto npeobpasoBarue CrimcKa BO MHOJKECTBO siBJisietcst oneparmeit O(n), Tak
9TO TIPe0GPa3OBAHIE CITUCKA BO MHOKECTBO C TTOCEAYIONNM 0OPAIEHIEM K 3IeMEHTaM
MHOKECTBA He 00€CIIeUnT HUKAKOTO BBITPBITIIA.

MomeHTanbHbIi AHANH3 CIOXHOCTH

Korza B ocBoutech ¢ BblosHeHneM aHanusa «O-601b110e», BaM He IPUAETCS Bbl-
MOJTHATH KaKAbIH 13 maroB. Yepes Kakoe-To BPeMst Bbl CMOKETE IPOCTO B3TJISHYTh HA
KaKue-TO XapakTepHble 0COOEHHOCTU KOJIa, YTOObI ObICTPO OIIPEAEIUTH €ro MOPIA0K
CJIOKHOCTH.

Eciit 0603Ha4NTh TIEPEMEHHON 7 pasMep JaHHBIX, ¢ KOTOPBIME PabOTaeT KO/, MOKHO
BOCIIOJIb30BAThHCS PSAOM OOIIUX IPABIIL

e Ecum ko He obpalaeTcs HU K KakuM JaHHbiM, 910 O(1).
e Ecim Koz 11ocieioBaresibHo nepebupaer ganHbie, 1o O(1).

e Eciu Kojl COAEPKUT JIBa BIOKEHHBIX IIUKJIA, KaXK/IbIil U3 KOTOPBIX Tepedrpaer
nannbie, ato O(n?).

® Bbi130BbI (hyHKIHIT BKIIOYAIOTCS B OCYETDI HE KaK OJ[MH AT, a KaK 001Iiee KOJIu-
4ecTBO MIaroB koza BHyTpr GyHkimm. Cm. oapasaen «Ilopsaok “O-6osbinoe”
JUIST 9aCTO UCIIOJIb3YEeMbIX (DYHKIUIT», c. 283.

e Ecim Ko/l COMEPIKUT OTIEPAITHIO «PA3/IeNIsi ¥ BIACTBY I, KOTOpas MHOTOKPATHO
JlesuT panibie Haasoe, 9170 O(log n).

e Ecim Ko/ COJIEePKUT ONepaInio «pasziesistii u BIacTBY», KOTOPas BBITIOJHAETCS
0 OTHOMY Pasy JIJIst Kask/I0T0 JIeMEHTa JIaHHBIX, 310 O(n log n).

e Ecau kox Hepe6HpaeT BCE BO3MO>KHbIE KOMOMHAIIMY 3HAYCHUN B JAHHBIX C pas-
MepoM 7, 10 O(2") unu 1pyroii sKCIIOHEHI[UATbHBIN TTOPS/IOK.

e Ecuu ko iepebupaeT Bce BO3MOKHBIE TIEPECTAHOBKH (TO €CTh BAPUAHTBI YIOPSI-
JloueHnd ) 3HAUEeHN I JJaHHbIX, 9T0 O(n!).

e Ec/u Koz BKJIIOYAET COPTHPOBKY JAAHHBIX, 9T0 Kak Munumym O(n log n).

OTHU MPpaBUJIa CTAHYT XOPOIIEl OTIIPABHOM TOUKOI JIJIT aHA/IN3a, HO OHU HE 3aMEHST pe-
AJIBHOI'O aHaJ/In3a <<O-6OJIbH_[O€‘>>. HOMHI/ITG, 4TO IOPA/IOK HE ABJIAETCA OKOHYATE/IbHBIM
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KPUTEPUEM TOTO, ABJISETCS JIM KOJ MeJIEHHBIM, ObICTPbIM Wik ahdexTuBHbIM. Pac-
CMOTPUM CJeIyolTyio (GyHKIINIO waitAnHour ():

import time
def waitAnHour():
time.sleep(3600)

Dopmanbio GYHKIA waitAnHour () sBIsIeTCS (QYHKITHENH ¢ TIOCTOSTHHBIM BPEMEHEM
O(1). Cumraercs, 4TO KOJ € TIOCTOSTHHBIM BpeMeHeM paboTaeT ObICTPO, HO Ha €€ BBIIOJI-
Henue Tpedyercs nesbiii vac! O3navaer i 310, uTo Kox HeahdexkTusen? Her. TpyaHo
pecTaBUTh cebe peaansaiuio waitAnHour (), KoTopast ObI BBITIOJTHSIACH OBICTPEE
OJIHOTO Yaca.

Anamns «O-6ospmoe» He 3aMEHUT HpO(l)I/IJH/IPOBaHI/Iﬂ Barero koza. Ero 1ennp — maTh
IpeAcTaBJIEHUE O TOM, KaK ITOBEAET cebd Banr KO/ ITpX BO3pacTarouieM obbeme BXOJHBIX
JlaHHbIX.

«0-6onbwoe» He MMEET 3HAYEHHS NPH MANBIX N... A 3HAYEHHS N
00b1YHO Masibi

Korza BbI Boopy:kutech 3HaHueM HoTaiuu «O-00JbI0E», Y BAC MOKET BOSHUKHYThH
HCKYIIeHNEe aHAIN3UPOBATh KasK/Iblil HAITMCAHHbBII BamMu (hparMeHT Koja. [Ipexie yem
C a3aPTOM JIYTTUTB 110 KAJKIOMY TBOBJIIO, TIOMABIIIEMY B TIOJIE 3PEHUSI, CJIEAYET YIECTh, YTO
HoTaiusa «O-00/bII0e> [T0JIe3HA IPEKIE BCETO IIPHU O0JIBIIOM 00beMe 0O0pabaThIBaeMbIX
JIaHHbBIX. B peanbHbIX CUTYAIUsAX 0OBEM JTaHHBIX OOBIYHO HEBEJIHK.

B Takux ciayudasx mpopaboTKa HETPUBUAIBHBIX, XUTPOYMHBIX JITOPUTMOB C HU3KUMU
nopstakamu «O-60bIToe» MOKET OKA3aThCsT HEPATIMOHATLHON. PazpaboTunk s3bika
nporpammuposatusg Go Po6 ITaiik (Rob Pike) copmyinpoBsast nsth mpaBmI Iporpam-
MUPOBaHUsI, OJIHO U3 KOTOPBIX TJIACUT: « XUTPOYMHbIE AJITOPUTMbI ME/IJIEHHO PaboTaioT
IIPU MAJIBIX 71, & 3HAYEHUST 71 OOBIYHO MaJIbl». BOJBITHHCTBO Pa3pabOTINKOB MMEET €TI0
He ¢ TPOTPAMMaMH JIJIST OTPOMHBIX TTEHTPOB 06PabOTKI TAHHBIX WU 7SI CYTIEPCIOIK-
HBIX BBIYUCJICHUIT, & ¢ OOBIYHBIMHU MOBCEIHEBHBIMU MPOrpaMMaMi. B TaKuX cUTYyaImsx
BBIMOJIHEHUE BaIero KOJa Mojl yIpaBaeHueM IpodUInpOBIIIKA PEAOCTABUT Hoee
KOHKPETHYI0 HHMHOPMAIIHIO 0 OBICTPOIEiiCTBUN KO/, yeM anain3 «O-60JIbIoes.

Utorn

B cranzaprHyio 6ubanoreky Python Br/FOUEHBI ABa MOIYJIS JJisT TPOMUIMPOBAHUS:
timeit u cProfile. MyHKIMs timeit.timeit() mosie3Ha JJIsT BBIMOJTHEHUS HeOOTbITUX
(bparMeHTOB KojIa C 11eJIbI0 CpaBHEHUsT BpeMeH! uX BoimostHeHnst. DyHKIMS cProfile.
run() KOMIMUJAUPYET MOAPOOHBINA OTUET 110 GOIBIIUM (DYHKIMSAM ¥ MOKET BbISBUTDH
Jiro0bIe y3KIe MecTa.
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BaskHO uaMepsiTh ObICTPO/IEIICTBHIE BAIIETO KOJIA, & He JEIATh IPE/IIOJ0KEHUST OTHOCH-
TEJBHO HETO. XUTPOYMHBIE TPIOKHU JIJIST YCKOPEHHUST PabOTHI TPOTPAMMBI Ha CAMOM JIeTe
MOTYT 3aMe/JINTh ee. Vi ecTh BEPOSATHOCTD, YTO BBl MIOTPATUTE MHOTO BPEMEHH Ha
ONTUMU3AIIIO (hpArMEHTa, KOTOPBIH GyIeT HE3HAUNTETLHO BIUATH Ha CKOPOCTH Balliei
porpamMMbl. 3aK0H AMmjiaia oTpaxkaeT 3TOT (DaKT B MareMaTudecKoM Bujie: (hopmyJia
OTCBIBAET, KaK YCKOpeHue paboThl OHOTO KOMITIOHEHTA BJIUSIET Ha YCKOPEHUE TPO-
IPaMMBI B TI€JIOM.

IMoxanyii, 13 BceX KOHIEMIIUN TEOPUU BBIYUCICHUIT MMEHHO HOTaIs «O-60bImoe»
HAXOAUT HarboJIblliee MIPaKTHYeCKoe MpuMeHeHue. s ee OHMMaHUSA HeOOXOAUMbBI
oTpejieJieHHbIe 3HAHUS MAaTEMATUKH, HO KOHIIETIUS OTIPe/IeJIEHUsST 3aKOHOMEPHOCTH
3aMeJJIeHHs KoJa ¢ POCTOM oObeMa JaHHbBIX I03BOJISIET OIMUChIBAThH aJTOPUTMbI 6e3
JUTMHHBIX (DOPMYJTL.

3BeCTHDBI ceMb OCHOBHBIX TTOPSIIKOB CIOKHOCTH HoTaruy «O-60mbimoes. Huskme mo-
paaxu: O(1), 1 TOCTOSTHHOE BPEMST, OTIMCBIBAET KOJI, BPEMSI BBITIOJTHEHHS KOTOPOTO He
U3MEHSETCA ¢ yBeJmdenneM pasmepa nanubix 7; O(log n), uim orapudmudeckoe Bpems,
OTIMCHIBACT KOJI, CJIOKHOCTh KOTOPOTO YBEJIMYMUBAETCS HA OJIUH IAT TIPU yBEJIUYCHUHT
pasMmepa JaHHBIX 7 BABoe; O(7n), MM TrHEITHOe BpeMsI, OTINCBIBAET KOJl, KOTOPHIH 3a-
MEJITISIETCST IPOTIOPIIMOHATIBHO POCTY pasMepa fanubix 7; O(n log n), nnu Bpems n-log-n,
OMKCHIBAET KOJI, KOTOPBIH paboTaet HeMHOTO MesienHee O(7) — MHOTHE aJITOPUTMBbI CO-
PTUPOBKHU OTHOCSTCS K 3TOMY MOPSIIKY. BoJiee BRICOKIE TIOPSIKU PabOTA0T MeIJIEHHEE,
MTOTOMY YTO UX BPEMsI BBITOJHEHSI PACTET HAMHOTO ObICTPEE Pa3Mepa BXOIAHBIX JaHHBIX:
O(n?), win MoJIMHOMHUAJIBHOE BPEMSI, OIMCBIBAET KOJI, BDEMsI BBIITOJHEHUSI KOTOPOTO
pacTreT B KBa[PATUYHOI 3aBUCUMOCTH OT pa3Mepa BXOIHBIX AaHHBIX 77; mopsiaku O(2"),
WJIN 9KCTIOHEHITnanbHoe BpeMd, n O(n!), umm ¢pakropuasbHOE BpeMsi, BCTPEUYaroTCs He
TaK 4aCTO — B OCHOBHOM TaM, I'/I¢ B BBIYUCICHUSIX UCTTOJB3YIOTCS KOMOUHAIINH U TIepe-
CTAHOBKHU COOTBETCTBEHHO.

IMomuwuTe: X0Tst HOoTaust «O-60JIbIIOE> ABJISETCS MOJE3HBIM aHAIUTHYECKUM HHCTPY-
MEHTOM, OHA He 3aMEHUT BbITIOJIHEHUS KOJIa B TPO(UINPOBIIUKE JIJISI BBISIBIEHUS Y3KUX
Mmect. OgHako eciu Bbl Oyaere HoHuMarh Hotauio «O-60JbInoe» 1 3aKOHOMEPHOCTH
3aMelIeH NS KOZIa C POCTOM JAHHBIX, 9TO O3BOJIUT U30eKaTh HAIIMCAHUS KOJA, KOTOPbII
paboraer 3HaAUUTENbHO MEJJICHHEE, Y4eM MOT Obl.
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Jlo HacTostiero MOMeHTa B 3TON KHUTE 5T PACCKA3bIBAJ O TIPU-
eMax HaIlMCaHMs ya060INTaeMOr0 IINTOHMYECKOTO Ko, Terneps
HACTaJo0 BPeMsl IIPUMEHUTD TH IIPUEMbI Ha TIPAKTUKE; PACCMO-
TPUM UCXOHBIN KO/ IBYX UTP KOMaHIHOU CTPOKU: «XaHOlCKas
GamHsa» 1 «UeTbIpe B psl».

IT0 HEGOJIBIITHE TIPOEKTHI, U OHU PaGOTAIOT B TEKCTOBOM PEKUME, UTOOBI HE MEPEYCIOKHSATH
3a/1a4y, HO OHU HETJIOXO JIEMOHCTPUPYIOT IIPUHIIMIIBI, O KOTOPBIX 4 pacckasan panee. [ls
(hopmaTUpOBaHI Koia s HCTIOJIb30Bas mporpammy Black, ormcannyto B paszene «Black:
GeCKOMIIPOMIICCHas cucTeMa (hopMaTHPOBaHUsE Koay, ¢. 79. VIMeHa repeMeHHbIX ObLIH
BBIOPAHBI B COOTBETCTBIHN C PEKOMEH/IAIIMSIMU U3 TJIaBbl 4. Kol HaricaH B MUTOHUYECKOM
CTHUIIE, 0 KOTOPOM IILJIa peub B TiaBe 6. Kpome Toro, st Harmcan komMenTapun u doc-CTpoKu
10 paBuJiaM 13 riaBbl 11, Tak Kak mporpaMMbl HEBEJMKH, 8 00bEKTHO-OPHEHTHPOBAHHOE
mporpammupoBanue (OOIT) B kaure erie He pacCMaTPUBAJIOCh, ST HATIMCAT 3TH /[BA TIPOEKTA
6e3 KIacCOB — 0 HUX 5T PACCKAKY yTh MO3%Ke, B I1aBax 15—17.

B 271011 ry1aBe 1npuBe/IeH MOJHBIN MCXO/HDIN KO/ 9TUX JBYX ITPOEKTOB — C IIOJTHBIM aHa-
smm30M. OObsICHEHUSI OTHOCSITCST He CTOJIBKO K TOMY, Kak paboTaeT Kojt (J1JIs TOHMMaH ST
3TOTO OCTATOYHO 6a30BOTO MOHUMAaHH cuHTakcrca Python), a ckopee k Tomy, mouemy
ATOT KOJI HATTMICAH NMEHHO TaK, a He nHade. TeM He MeHee pa3Hble pa3spabOTIUKU MOTYT
MMETh pa3Hble MHEHUSI OTHOCUTEJILHO TOT0, KaK IMHCATh KO/ U KaKOH KO/l cjieryeT cuu-
TaTb IUTOHUYeCKUM. BesycioBHO, HUUTO He MellaeT BaM ocllapUBaTb U KPUTUKOBATD
UCXOAHUKY, IIPE/CTaBICHHbIC B 9TUX IIPOEKTaX.

ITocne Toro xak BbI IIPOYUTAETE KO/ IIPOEKTA B KHUTE, I PEKOMEH/IYIO BaM CaMOCTOATEb-
HO BBECTH 3TOT KOJ M HECKOJIBKO Pa3 BBITIOJIHUTH IIPOTPAaMMBI, 4TOOBI ITIOHATDH, KaK OHIN
pa60Ta10T. 3aTeM IOIbITalTeCh 3aHOBO peain30BaThb NX C HYJIA. Bamr KO/l HE 00s13aTeIbHO
AOJIKEH TTOJTHOCTDBIO ITOBTOPATDH TOT, YTO IPUBE/EH B KHUI'E€, HO IIE€PEIINCbIBasd €ro, Bbl
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MOJIyunTe IpejicTaBjleHne O MIPUHUMAaeMbIX pellleHUsIX U KOMIIpOMHCcaX, Ha KOTOPble
MIPUXOAUTCA UATHU IIPOTPAMMUCTY.

FlonoBonomka «XaHouckasa 6awHa»

JlaHbl TPU CTEPIKHS, HA OJTMH U3 KOTOPHIX HAHU3AHBI AUCKH, TPUYEM JMCKU OTJIUIAIOTCST
pasMepoM | JiesKaT MEHBINHI Ha GOJIbIIEM. 3a/iada COCTOUT B TOM, YTOOBI TIEPEHECTH
MUpaMULy U3 JMCKOB Ha JIPYTOH CTepKeHb 32 HaMMeHbIee yncso xojoB (puc. 14.1).
[Ipn aTOM 1€HICTBYIOT TPU OTPAaHUYEHUSI.

1. Jlckm MOKHO TIepeMenaTh 0 OTHOMY.

2. rpok MosKeT TiepeKJIaJIbIBaTh AMCKHU TOJBKO C BepXa CTONKW HA BEPX JAPYTrou
CTOTIKU.

3. Henb3ss nepestokuthb OO AUCK Ha MEHBIITNN.

i
RN

Puc. 14.1. lonoeonomka «XaHorckas 6aHs»

Peterivie TOJIOBOJIOMKH YaCcTO MCIIOIb3YETCsSI B KOMITBIOTEPHOI HayKe KakK 3ajiada Jijist
MU3YyYeHMs PEKYPCUBHBIX aroputMoB. Haia nporpamma te Oy €T peraTh FoJI0BOJIOMKY;
oHa OyzIeT BEIBOAUTH N300PasKeHIe TOJOBOJOMKH, 4TOOBI OJIH30BATEIb MOT PEIIUTH ee.
3a Jon0IHUTEIbHOI HH(pOPMaLUeii 0 roJ0BOJOMKe «XaHolicKas GallHsg» obpalaiitech
Ha https;//ru.wikipedia.org/wiki/Xanotickas_6awns.

BoiBog pesynbraro

ITporpamma pucyer 6amrau 8 ASCII-rpaduke, 1151 H300paskeHUs JUCKOB UCIIOIb3YIOTCST
TEKCTOBbIE CUMBOJIBL. [Ipuiiokenue BBITJISAUT IPUMUTUBHO 110 CPABHEHUIO C COBPEMEH-
HBIMH [TPOTPaMMaMU, HO TAKOH IMOIX0JI COXPAHSET MPOCTOTY Pean3aIiy, TOTOMY YTO
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JULSI B3AUMOJIEMCTBUS C II0JIb30BATEIEM JJOCTATOYHO BBI3OBOB print () u input(). Huke
MOKa3aH MPUMEPHBII PE3YJIbTAT 3aITyCKa PorpaMMbl. TeKCT, BBEIEHHbBII UTPOKOM, 000-
3HauYeH ;KUPHBIM MTPU(TOM.

THE TOWER OF HANOI, by Al Sweigart al@inventwithpython.com

Move the tower of disks, one disk at a time, to another tower. Larger
disks cannot rest on top of a smaller disk.

More info at https://en.wikipedia.org/wiki/Tower_of_ Hanoi

I I
@_1@ I
@0_2@0 I
@0@_30e@ I
@EER_400e@ I

I

I

I

I

(@00EEA_50EeE0 I
A

I
I
I
I
I
I
c

Enter the letters of "from" and "to" towers, or QUIT.
(e.g., AB to moves a disk from tower A to tower B.)

> AC
[ I
I I
@0_2@0 I
@0@_30e@ I
@EER_400e@ I

(@00EEA_50EeE0
A

Enter the letters of "from" and "to" towers, or QUIT.
(e.g., AB to moves a disk from tower A to tower B.)

--snip--
I
@_1@
@0@_20@
@ee_3@e@
@EEE_40ee@
(0eEER_50eEER
@

o «

You have solved the puzzle! Well done!

JList n IUCKOB pellieHne TOJI0BOJIOMKY TpebyeT MUHUMYM 2" — 1 X010B. TakuM 06paszom,
pelienue i GalHuy ¢ naThio auckamu cocrout us 31 xoza: AC, AB, CB, AC, BA, BC, AC,
AB, CB, CA, BA, CB, AC, AB, CB, AC, BA, BC, AC, BA, CB, CA, BA, BC, AC, AB, CB,
AC, BA, BC u AC. Ecyiit BaM OHAI0OUTCST YCIOKHUTD TIPUMEP [IJIsI CAMOCTOSITETIBHOTO
pelieHs, yBeJanubre repeMeHHyio TOTAL_DISKS B riporpamme ¢ 5 jio 6.
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Ucxoanbiii kog

OrTxkpotite B penaktope uiu IDE HOBBIN daiin 1 BBeanTe IpUBeAeHHbIN HIKe Ko, Co-
xpanuTe aiin ¢ umenem towerofhanoi.py.

"""THE TOWER OF HANOI, by Al Sweigart al@inventwithpython.com
lonosonomka c nepemewexHnem auckos. """

import copy
import sys

TOTAL_DISKS = 5 # Yem 6onblle ANCKOB, TEM CJ/OXHEE IO/0BOJIOMKA.

# W3Ha4vanbHO BCe AMCKM HaxoAATCA Ha cTepxHe A:
SOLVED_TOWER = list(range(TOTAL_DISKS, 0, -1))

def main():
"""MpoBoAUT OAHY Urpy XaHowckas 6awHs.

print(
"""THE TOWER OF HANOI, by Al Sweigart al@inventwithpython.com

Move the tower of disks, one disk at a time, to another tower. Larger
disks cannot rest on top of a smaller disk.

More info at https://en.wikipedia.org/wiki/Tower_of_Hanoi

)

CnoBapb towers cofepxuT katwyn "A", "B" u "C", u 3HaveHusa - cnucku,
npefcTaBnAwWMe CTONKY AMCKOB. CMMCOK COAEPXUT Lesble Yucna, npepcTaBaswume
OMCKM pa3HbiX pa3MepoB, a Hayano cnucka npefacTaBAseT HWU3 6awHu. [Ona wrpbl

c 5 puckamu cnucok [5, 4, 3, 2, 1] npeacTaBnseT 3anosHEeHHYW 6awHw. MycToi
cnucok list [] npeacTtaBnAaeT 6awHw 6e3 auckoB. B cnucke [1, 3] 6onbwuit guck
HaXxoAMTCA Ha MeHblleM AUCKe, Takas KoHourypauus HegonycTuma. Cnucok [3, 1]
[ONYyCTUM, TaK KakK MeHbWWe AUCKW MOTYT pasMewaTbcs Ha 6onbumx. """

towers = {"A": copy.copy(SOLVED_TOWER), "B": [], "C": []}

while True: # OAMH XOA4 ANA KaxX[oh uMTepauuu uukna.
# BbiBeCTU 6allHW U OUCKWU:
displayTowers(towers)

# 3anpocuTb xo4 y nonb3oBaTena:
fromTower, toTower = getPlayerMove(towers)

# NepemecTuTb BepxHUit auck ¢ fromTower Ha toTower:
disk = towers[fromTower].pop()
towers[toTower].append(disk)

# lpoBepuTb, peleHa AU ros0BONOMKaA :
if SOLVED_TOWER in (towers["B"], towers["C"]):
displayTowers(towers) # BbiBecTu 6awHM B mocnegHuii pas.
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print("You have solved the puzzle! Well done!")
sys.exit()

def getPlayerMove(towers):
"""3anpawuBaeT xoh y nonb3oBaTens. Bo3epawaeT (fromTower, toTower)."""
while True: # Moka nonb3oBaTeNnb He BBeAeT AONYCTWUMbIA XOA.
print('Enter the letters of "from" and "to" towers, or QUIT.')
print("(e.g., AB to moves a disk from tower A to tower B.)")
print()
response = input("> ").upper().strip()

if response == "QUIT":
print("Thanks for playing!")
sys.exit()

# Y6eauMTbCcA B TOM, 4TO MOnb3oBaTeNlb BBen AonycTuMble 0603HayeHnA HaleH:

if response not in ("AB", "AC", "BA", "BC", "CA", "CB"):
print("Enter one of AB, AC, BA, BC, CA, or CB.")
continue # CHOBa 3ampocuTb XOA.

# bonee copepxaTesibHble UMeHa MNepemMeHHbIX :
fromTower, toTower = response[@], response[1l]

if len(towers[fromTower]) ==
# bawHa fromTower He MOXeT ObITb MyCTOW:
print("You selected a tower with no disks.")
continue # CHoBa 3amMpocUTb XOA.

elif len(towers[toTower]) ==
# Ha nycTyw 6awWwHW MOXHO nepemMecTUTb /60N AUCK:
return fromTower, toTower

elif towers[toTower][-1] < towers[fromTower][-1]:
print("Can't put larger disks on top of smaller ones.")
continue # CHoBa 3anpocuTb XoOf.

else:
# [lonyCcTuMmblii XO0p4, BepHYyTb BblbpaHHble GawHu:
return fromTower, toTower

def displayTowers(towers):
"""BpiBOAUT Tpu bawHuM C auckamm."""
# BblBECTM Tpu HaWHK:
for level in range(TOTAL_DISKS, -1, -1):
for tower in (towers["A"], towers["B"], towers["C"]):
if level >= len(tower):
displayDisk(@) # BbiBecTu nycTol cTepxeHb 6e3 Aucka.
else:
displayDisk(tower[level]) # BbiBeCcTU AUCK.
print()

# BbiBecTM 0603HayeHusa bGaweH A, B u C:
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emptySpace = " " * (TOTAL_DISKS)
print("{0} A{@}{0} B{e}{@e} C\n".format(emptySpace))

def displayDisk(width):
"""BbIBOAUT AMCK 3aAaHHOW WUpWHbI. lWMpuHa © O3HavaeT OTCYTCTBME AUCKA.
emptySpace = " " * (TOTAL_DISKS - width)

if width == @o:
# BbiBECTU CermMeHT CTepxHs 6e3 aucka:
print(f"{emptySpace}||{emptySpace}", end="")

else:
# BbiBECTM [uUCK:
disk = "@" * width
numLabel = str(width).rjust(2, "_")
print(f"{emptySpace}{disk}{numLabel}{disk}{emptySpace}", end="")

# Ecnu nporpamma 6bina 3anyweHa (a He MMNOpPTUpPOBaHA), HavaTb WUrpy:
if __name__ == "
main()

__main__":

3armycTite TPOTPAMMY U ChITpaiiTe HECKOIBKO Pa3, 4TOOBI TIOMYIUTH TIPEACTABICHIIE
0 TOM, YTO OHA JIEJIAET, TIPEIK/IE YeM YUTATh OOBICHEHUS UCXOHOTO Koja. YTo6b 1po-
BEPUTH BO3MOKHBIE OIIEYATKHU, CKOIUPYiiTe KO B ceTeByIo mporpammy diff mo agpecy

https.//inventwithpython.com/beyond/diff/.

Hanucanue xopa

A Teriepb pacCMOTPUM MCXOIHBIN KO/ M TOCMOTPUM, KaK B HEM TTPUMEHSITIOTCS TTPUEMbI
u 11abJIOHbI, OTIUCAHHBIE B KHUTE.

Hauaso nmporpammb:

"""THE TOWER OF HANOI, by Al Sweigart al@inventwithpython.com
FonososomMka C nepemelleHnem auckos."""

[TporpaMma HaYMHAETCS ¢ MHOTOCTPOUYHOTO KOMMEHTAPHSI, KOTOPBIi cayskuT doc-
CTPOKOW /1sid MOy sl towerofhanoi. Berpoennag dynkius help() Mcnosb3yer aTy
MHGOPMATINIO /TSI OTIMCAHST MOJTYJIS:

>>> import towerofhanoi
>>> help(towerofhanoi)
Help on module towerofhanoi:

NAME
towerofhanoi

DESCRIPTION
THE TOWER OF HANOI, by Al Sweigart al@inventwithpython.com
[onoBosIOMKa C MepemelleHMeM AUCKOB.
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FUNCTIONS
displayDisk(width)

BblBOANT ANCK 3aJaHHON WWPUHDI.
--snip--

HpI/I HeO6XOlII/IMOCTI/I B dOC-CTpOKy MOyJIsA MOKHO ,ZIO6aBI/ITb 6OJIbIIIE CIIOB MJIN Jlaxxe
3.633.].[83. A OTpaHNYNJICA MUHUMYMOM TEKCTQ, IOTOMY 4YTO IIpOrpaMMa OY€Hb ITPOCTa.

[Tocae doc-cTpoky MOJIYJIst CIIEYIOT KOMAH/BI import:

import copy
import sys

Black popmarupyer ux xak oTesibHbIe KOMaH/bl BMECTO OIHON KOMaH/IbI import copy,
sys. [Ipu TakoMm mox0/1€ Oy/IET MPOIIE OTCIEKUBATE [0OABICHNE WM YAAJICHUE M-
MOPTUPOBAHHBIX MOJIyJIell B cCUCTeMaX KOHTPOJs Bepcuil (Takux kak Git), koTopbie
OTCJICKUBAIOT UBMEHEHNSI, BHOCUMbBIE TIPOTPAMMUCTOM.

3areMm Olpee/IAI0TCA KOHCTAaHThI, Tpe6yeMbIe IIporpamMme:
TOTAL_DISKS = 5 # Yem 6onblle ANCKOB, TE€M C/OXHEe IO/I0BOJIOMKA.

# W3Ha4vaNbHO BCe AMCKM HaxoAATCA Ha cTepxHe A:
SOLVED_TOWER = list(range(TOTAL_DISKS, @, -1))

MbrI otipeiesisieM KOHCTaHTBI B Hadasie (aiisa, 4To0bl CrPyIIUPOBATD UX, U JeJaeM UX
rio6abHBIME, VIMEHa 3allUChIBAeM B BEPXHEM PETUCTPE COTJIACHO «3MEMHOI» CXeMe,
4TOOBI HOMETUTD MX KaK KOHCTAHTBI.

KoncranTa TOTAL_DISKS ompesiesisieT, CKOJTbKO UCKOB MCMOJIb3YETCsT B TOJIOBOJIOMKE.
[Tepemennast SOLVED_TOWER COZIEPIKUT IIPUMEP CIINCKA, COZIEPIKAIIero pellieH1e roji0Bo-
JIOMKH: B CITUCKE YKa3aHbl BCE IUCKH, CAMBIN OOJIBINON PaCONOKEH BHU3Y, & CAMbIH Ma-
JICHBKUI — HaBepXy. ITO 3HAUCHWUE TeHEPUPYETCS HA OCHOBAHUY 3HAUYEHUS TOTAL_DISKS
W JIJId IATU TUCKOB CITUCOK uMeeT Buj [5, 4, 3, 2, 1].

O6parute BHUMaHUE: B (Daifjie OTCYTCTBYIOT aHHOTAIMK THITOB. /[€J10 B TOM, YTO THIIBI
BCEX TIEPEMEHHBIX, TapaMeTPOB 1 BO3BPAIaeMbIX 3HAUEHUH aBTOMATHIYECKHU OTIPE/IeJIsi-
I0TCST HAa OCHOBaHUU Kojia. Hanpumep, koHcTanTe TOTAL_DISKS rnpucBamBaeTcs IeJoe
suavenuve 5. [lo Hemy cucTeMbl IPOBEPKHU TUIIOB (Takue Kak Mypy) Onpeessior, 4To
TOTAL_DISKS GyJIeT COfepKaTh TOJBKO IeJIble YNCIa.

Mur onipesiesisieM (hyHKIHIO main (), KOTOpast BBI3bIBAETCS TIPOTPAMMOIL B KoHIIe (haiina:

def main():
"""NMpoBoANUT oAHY WUrpy XaHoickaa 6awHs.

print(
"""THE TOWER OF HANOI, by Al Sweigart al@inventwithpython.com
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Move the tower of disks, one disk at a time, to another tower. Larger
disks cannot rest on top of a smaller disk.

More info at https://en.wikipedia.org/wiki/Tower_of_Hanoi

)

DyHKIMK Takske MoryT cogepskarh doc-crpoku. O6parure Buumanue Ha doc-cTpoKy
main() mox komaHnoit def. YroObI IPOCMOTPETH 3TY dOC-CTPOKY, BBIIOJHUTE KOMAH/IbI
import towerofhanoi u help(towerofhanoi.main) U3 uHTEPAKTUBHON 06OJOYKH.

[Hanee cieayer koMMeHTapuil, KOTOPLIHM ONIUCBIBAET CTPYKTYPY AAHHBIX, UCIIOJIb3YEMYIO
JUISL TIpe/ICTaBJIeHNsT GAIHY, TIOTOMY YTO OHA 3aHUMAeT IeHTPATbHOE MeCTO B paboTe
IPOrPaMMBI:

CnoBapb towers cogepxuT kawuu "A", "B" u "C" u 3HadyeHuA - cnuckwu,
npeacTaBasowue CTOMKY AUCKOB. CNMUCOK COAEPXMUT Uesble Yucna, npeacTaBasioune
OMCKM pa3HbIX pa3MepoB, a Hayano cnucka npefacTaBAseT HW3 6awHu. [na wrpsl

c 5 puckamu cnucok [5, 4, 3, 2, 1] npeacTaBnseT 3anosHeHHYW 6awHw. MycToi
cnucok list [] npencTtaBnseT 6awHw 6e3 guckosB. B cnucke [1, 3] 6onbuwuii auck
HaxoAMTCA Ha MeHblleM AUCKe, Takas KoHoUrypauusa HejonmycTuma. Cnucok [3, 1]
[ONYCTUM, TaK KakK MeHblMe AUCKW MOTYT pasMewatbcs Ha 6onbumx. """

towers = {"A": copy.copy(SOLVED_TOWER), "B": [], "C": []}

Cnricok SOLVED_TOWER MCIIOTb3yeTCs KaK cmek — OJHA M3 MPOCTEUINX CTPYKTYP
JaHHbBIX, UCIIOJAb3yeMbIX 1IpH paspaborke. CTek mpeacTaBiser coboil yIopsamoueHHbIi
CIIMCOK 3HAYEHMI, & €0 COCTOSTHIE MOKET U3MEHSIThCSI TOJIbKO Jo0aBieHneM (3aHece-
HUEM B CTEK) WK yaajenneM (M3BJIeUeHNeM U3 CTeKa ) 3HaUeHWI Ha BepInrHe (Havyase)
creka. JTa CTPYKTypa JaHHBIX HACATbHO MOAXOAUT IS [TPEACTaBIeHUs GallleH B Halleil
nporpamme. Crincok Python MoskHO mpeoGpasoBaTh B CTEK; /11t 9TOIO HYKHO UCIIOJb-
30BaThb MeTo/I, append () [/ BKIAIOYEHUMS 9JIEMEHTOB U MeTO/L pop () 1J1s MX U3BJICYECHUI
u uzberatb U3MEHEHUs CIUCKa JI0ObIMK ApyruMu ciiocobamu. Koner cimcka Oymer
paccMaTpUBaThCsS KaK BEPIIMHA CTeKa.

Kaskoe 11es1oe UncIo B CIIMCKe towers TIPEICTABISET O/INH ANCK OTIPe/IeIEHHOTO pa3Me-
pa. Hampumep, B urpe ¢ ngaTbio ANCKaMU CIIUCOK [5, 4, 3, 2, 1] Ope/cTaBigeT IHOJHYI0
CTOTIKY JIUCKOB OT caMOro 6oJibiiiero (5) BHU3Y 10 CAMOTO MAJIEHBKOTO (1) HABEPXY.

Takxe O6paTI/IT€ BHUMaHME Ha TO, YTO B KOMMEHTapWU ITPUBE/I€HbI IPUMEPDI JIOITYCTH -
MOTO 1 HEAOITYCTUMOTO CITUCKa.

Buyrpu dyHkumny main () HaxoauTcst 6ECKOHEUHbBIH UKL, B KOTOPOM BBIIOJIHIETCS OJUH
XO/1 HaIlIe TOJIOBOJIOMKU:

while True: # OAuH XoA4 ANA KaxaoW MTepauuu uukna.
# BbiBeCTU 6GallHU U AUCKKU:
displayTowers(towers)
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# 3anpocuTb Xof4 y nonb3oBaTena:
fromTower, toTower = getPlayerMove(towers)

# lMepemecTUTb BepxHU Auck c fromTower Ha toTower:
disk = towers[fromTower].pop()
towers[toTower].append(disk)

3a OJIMH X0/ UTPOK CMOTPHUT Ha TEKYIIee COCTOsTHUE GallleH ¥ BBOJAWT CBOII X0OjI. 3arteM
nporpaMma 0OHOBJISIET CTPYKTYPY JaHHBIX towers. [T0Apo6GHOCTH BBIMOIHEHUST ITHX
oriepaiuii cCKpbIThl B hyHKIUIX displayTowers() u getPlayerMove(). Biaroxaps co-
JieprKaTe/IbHbIM MMeHaM (DYHKIUs main () gaeT obliee [peacTaBieHue O TOM, YTO JeJIaeT
IporpaMma.

Creprytorye CTPOKH MTPOBEPSIIOT, PETTUI JIU UTPOK TOJOBOJIOMKY, /IJISI Y€TO PEIeHUE U3
SOLVED_TOWER cpaBHUBaeTcs € towers["B"] 1 towers["C"]:

# lpoBepuTb, pelweHa U roJioBO/IOMKA :

if SOLVED_TOWER in (towers["B"], towers["C"]):
displayTowers(towers) # BbiBecTU 6awHM B mnocnepHuin pas.
print("You have solved the puzzle! Well done!")
sys.exit()

CpaBHuBath ¢ towers["A"] He HY)KHO, TIOTOMY YTO B Hadaje UTPHI CTEPKEHD YKe CO-
JEP/KUT 3aBEPIIEHHY0 GAIllHIO; YTOObI PEIIUTh FOJOBOJOMKY, HTPOK JOJKEH MOCTPO-
uTh Ganrmio Ha crepske B wim C. O6paTtute BHUMaHMe: SOLVED_TOWER MCIOTB3YETCST
MOBTOPHO JIJIsI TEHEPUPOBAHMS HAYATbHBIX OAIEH W TPOBEPKU TOTO, PEIINJ JIU UTPOK
roJIOBOJIOMKY. Tak Kak SOLVED_TOWER SIBJISIETCSI KOHCTAHTOM, MOJKHO OBITH YBEPEHHBIM
B TOM, 4TO SOLVED_TOWER Bcerzma 6leeT UMETD 3HadyeHue, IPUCBOEHHOE B HavYaJe KoJa.

Wcnonp3yemoe ycsioBrie 3KBUBATEHTHO SOLVED_TOWER == towers["B"] or SOLVED_TOWER
== towers["C"], HO 3anuchiBaeTcsa Kopoue — oty uanomy Python g pacemarpusain
B ri1aBe 6. Ecsin ycioBre MCTUHHO, 3HAYUT, UTPOK PEIINJI TOJIOBOJIOMKY U IIPOTpaMMa
3aBepiiaercs. B IpoTHBHOM cirydae IUKJI IIPOIOJIKAETCS CIELYIONNM XO/I0M.

Dyuk1us getPlayerMove () 3ampaiinBaeT y UTPOKa X0/ U TIPOBEPSIET €T0 110 UTPOBLIM
IIpaBUJIaM:

def getPlayerMove(towers):
"""3anpawuBaeT xoh y nosnb3oBaTend. Bo3spawaeT (fromTower, toTower).
while True: # MNoka nosfb3oBaTeNb He BBEAET AOMYCTUMbIA XOA.
print('Enter the letters of "from" and "to" towers, or QUIT.')
print("(e.g., AB to moves a disk from tower A to tower B.)")
print()
response = input("> ").upper().strip()

MpbI HaurHaeM GECKOHEUHBIH IUKJI, KOTOPBIU MTPOJOJIKAETCS 10 BBITIOJTHEHUST OHOTO
U3 JIBYX YCJOBUU: NGO IIUKJI ITPEephIBaeTCI KOMaHA0U return (¢ BBIXOAOM 13 (DYHK-
1K), 6o porpaMma OyzeT 3aBepliieHa BBI3OBOM sys.exit(). IlepBas yacTh nukia



Tlgm: @it_boooks

[onoBonomka «XaHoMckas GaLHs» 297

peJIIaraeT UrpoKy BBECTH X0/ B BUJIE ABYX OYKB — j1Jist GAllIHU, ¢ KOTOPOH MepeMenaeTcst
JIICK M Ha KOTOPYIO OH IIePEMeIAeTCA.

O6paruTe BHUMaHKe Ha MHCTPYKIIUIO input ("> ") .upper().strip(), KoTopasd 1mojiydaer
BBO/I C KJIaBUATYPBHI OT UTPOKA. BBI3oB input ("> ") 3ampammBaeT TeKCT y NTPOKA C BbI-
BOZIOM TipurJamenus >. CUMBOJI TIOKa3bIBAET, YTO UTPOK JIOJIZKEH YTO-TO BBecTH. Ecam
[IporpaMMa He BBIBEJET IIPUTJIAlleHe, TO UTPOK MOJKET ITOJlyMaTh, YTO OHA 3aBUCJIA.

Crpoka, mmosrydeHnHas ot input(), mpeodpasyercs K BEPXHEMY PETHCTPY BBI30OBOM Me-
Toja upper(). DTO MO3BOJSET UTPOKY BBOAUTL 0003HAUeHMs OallleH Kak B BEpXHEM,
TaK ¥ B HUJKHEM PErucrpe — Hanpumep, 'a' wiam ‘A' s GamHu A. 3aTeM I CTPOKU
B BeDXHEM PEruCTPe BhI3bIBAETCS METOZ strip () A yiadeHus IpoOeIbHbIX CHMBOJIOB
B Hayajle ¥ KOHIe CTPOKK Ha CJIydaii, eI I0Jb30BaTe/lb CAYyIaiiHO 100aBII Ipobes
npu BBOJIe Xoza. Takue yao6cTBa HECKOIBKO YIIPOIIAIT PabOTy ¢ IPOTPAMMON JIJIst
MOJIb30BATEIS.

Bce eme BuyTpu hyHKITNN getPlayerMove () MBI TPOBEPSIEM JAHHbIE, BBEICHHBIE TIOJIb-
30BaTeJIEeM:

if response == "QUIT":
print("Thanks for playing!")
sys.exit()

# Y6eauMTbCcA B TOM, 4TO MNONAb3OBaTeNlb BBeN AOMNYCTUMble O0BO3HAYeHUA baweH:
if response not in ("AB", "AC", "BA", "BC", "CA", "CB"):

print("Enter one of AB, AC, BA, BC, CA, or CB.")

continue # CHoBa 3anpocuTb Xoa.

Ecin nonbsosaresb BBOAUT 'QUIT' (B IPOU3BOJIBHOM PETUCTPE U Aaxe ¢ mpoberaMu
B HavaJe W KOHIIE CTPOKHU OJrarojapsi BbisoBaM upper() ¥ strip()), mporpamma 3a-
Bepiaercs. Takxke GyHKIM getPlayerMove () Mora Gbl BepHYTh 'QUIT', 4T0ObI yKa3aTh
BBI3BIBAIONIE CTOPOHE HA HeoOXOIMMOCTH BbI3BATD sys.exit(), BMECTO TOTO YTOObI BbI-
3bIBATh sys.exit() B getPlayerMove (). Ho 910 ycmoKHIIO OBl BO3BpAIlacMOe 3HAYCHIE
getPlayerMove (): DYHKIMS JOJKHA BO3BPAIATh JIMOO KOPTEXK C ABYMS CTPOKAMHU (11t
X0Ja UTPOKa), MO0 OAHY CTPOKY 'QUIT'. DyHKIMA, KOTOPask BO3BPAIaeT 3HAUEHIs
OJHOT'O THUIla JaHHDIX, 60.7166 IIOHATHA, YE€M Ta, KOTOpadad MOKET BO3BpalllaTh 3HAYECHUA
MHOTHX BO3MOKHBIX THTIOB. DTa TeMa 00CysKanach B paszesie «BosspaliiaeMbie 3HAUCHsI
BCeT/1a IOJKHBI UMETh OUH THIT JaHHBIX», C. 212,

N3 tpex GalieH MOKHO COCTaBUTD TOJIbKO HIECTh KOMOMHAIIMI «C Kakoil GaliHu — Ha
Kakylo OaurHo». HeeMoTpst Ha TOT (DakT, 4YTO MBI KeCTKO 3a(UKCUPOBAJIM BCE LIECTh
3HAUYEHUU B YCJIOBUU, ITPOBEPSIONIEM X0/, TAKOW KOJ UMTaeTCs HAMHOTO IIPOIIe, YeM
4yTO-HUOY/Ib BPOJEe KOHCTPYKIMU BUia len(response) != 2 or response[@] not in
"ABC' or response[1] not in 'ABC' or response[0] == response[1]. C yueTom aTOTO
(akTa oJAX0/1 ¢ KeCTKO (PUKCHPOBaHHBIMU BapUaHTaMU OKasbiBaeTcs HanboJiee mpsi-
MOJIMHENHBIM.
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Kax TPABUJIO, UCIIOJIb30BAHUE «Marn4ecKuX» 3Ha4YeHui Bposie "AB", "AC" U T. I. CAUTAETCS
HesKeJIaTe IbHBIM, [IOTOMY YTO OHU Pab0TAaIOT, TOJIbKO I0KA B [IPOIPAMME UCIIOIb3YIOTCS TPU
crepskus. Ho X0oTs KommiecTBO AMCKOB MOKHO OTPETYJIUPOBATH U3MEHEHUEM KOHCTAHTBI
TOTAL_DISKS, KpaifHe MaJIOBEPOSATHO, UTO B UTPE YBEJIUYUTCI KOJTUYECTBO CTEPKHEH.
B nannoMm cirydae 3amuch BceX BO3MOKHBIX IT€PEMENIEHUI B TIPOTPAMME JIOTTYCTHMA.

/IBe HOBBIE IEpeMeHHbIe fromTower 1 toTower CO3/IAI0TCS KaK CojiepsKaTebHbIe NMeHa
1t manabiX. OHK He UMEIOT (DYHKITMOHAIBbHOTO HAa3HAYEHMS, HO JIyUIlle YUTAIOTCS, YeM
response[@] u response[1]:

# bonee copepxaTesibHble MMeHa MNepemMeHHbIX:
fromTower, toTower = response[@], response[1]

BaTeNINHﬂIIpOBepﬂEhl,eCTb.HPIﬂﬂ5ICOSﬂaH}HﬂX]]OHBSOBaTeﬂehl6aIH€}[H(HIyCTHNHMfiXOHZ

if len(towers[fromTower]) ==
# BawHs fromTower He MOXeT ObITb MYyCTOW:
print("You selected a tower with no disks.")
continue # CHoBa 3anpocuTb xoa.
elif len(towers[toTower]) ==
# Ha nycTyk 6alHW MOXHO nepemMecTUTb N6OW AUCK:
return fromTower, toTower
elif towers[toTower][-1] < towers[fromTower][-1]:
print("Can't put larger disks on top of smaller ones.")
continue # CHoBa 3amnpocuTb Xxoa4.

Ecam xon vHepomycTiM, KoMaHia continue Bo3BpaliaeT yrpapjeHue B HAYaJI0 UK,
IJle UTPOKY CHOBA TIPE/IJIATaeTCs BBECTH XOJI. 3aT€M MbI IIPOBEPSIEM, He Iy CTa JIk OAIITHSI
toTower. Eciu ona Iycra, Bo3Bpaiaercsa fromTower, toTower, 4TOOBI IIOJIYEPKHYTH, YTO
XO/I JIOITYCTUM, TIOTOMY 4TO JIMCK BCETIa MOXKHO TIOMECTUTD Ha IyCTOH cTep:keHb. [lepBbie
JIBa YCJI0BUA IIPOBEPAIOT, YTO K MOMEHTY ITPOBEPKU TPETHETO YCI0BUA towers[toTower]
U towers[fromTower] He OYIyT IYCTBIMU U HE BBI30OBYT OIIMOKU IndexError. YCa10BUsI
ObLIN YIOPSIZIOYEHBI TaK, YTOOBI UX TTOPSIIOK MPeAoTBpanian IndexError U JIOTOIHU-
TeJIbHBIE IIPOBEPKU.

Baskto, uTo6bI Balm nporpamMMbl 06pabaThBasy OO0 HEOTYCTUMBIE BBOJ[ OT T10JIb-
30BaTesIs WM MOTEHIHAIbHbIe omnbounbie cutyarun. [lonb30BaTe I MOTYT He 3HATD,
YTO HYKHO BBECTH, UJIM MOTYT JIONYCTUTH OTIeYaTKy Mpu BBozie. Taxkxke (aiiapr MOTyT
OBITh HEOKUIAHHO yIaJIeHbI M B Oa3e JAHHBIX MOXKET TPOU30iTH cOoii. Batmu mpo-
IPaMMBbI JIOJZKHBI 00J1a1aTh JOCTATOUHOIN YCTOWYNBOCTHIO K AHOMAJIBHBIM CUTYAIIUSIM;
B IIPOTUBHOM CJIy4yae BO3MOKHbBI aBapUIHbIe 3aBePIIeHNs U 1103/IHee MOTYT BO3HUK-
HyTb KOoBapHbIe omubku. Ecim vy oiHO 13 ycIoBuil He paBHO True, getPlayerMove()
Bo3BpalaeT fromTower, toTower:

else:
# JlonyCTUMbIA XOL, BEepHYTb BblbpaHHble GawWwHK:
return fromTower, toTower
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B Python koman;ipl return Beer/ia Bo3BpallaioT 0AHO 3HadeHne. XOTsI MOKET [I0Ka3aThCsl,
4TO 9Ta KOMaH/la return BO3Bpalliaet JBa 3HaueHus, Python B eiicTBUTEIBHOCTH BO3-
BpalaeT OJ[uH KOPTEX C JIByMsI 3HAUEHUSIMU, YTO IKBUBAJIEHTHO return (fromTower,
toTower). ITporpammucter Ha si3bike Python wacTo omyckaioT Kpyribie CKOOKH B 9TOM
KoHTeKcTe. Kpyriible CKOOKH ONpeIe/sioT KOPTeK B MEHbIIEH CTEeH , YeM 3alisaThie.

O6paTuTe BHUMaHVE: TIPOTPaAMMa BBI3bIBACT (DYHKIMIO getPlayerMove () TOJBKO OJIMH
pas us ¢pyHkru main (). DyHkums He n36aB/sieT OT AyOIMPOBAHUS KO — CaMoii pac-
IIPOCTPaHEeHHON IPUYMHBL /U1 ucnoJsb3oBanus Gynkiuil. Het Hukakux npuyuH, 1o
KOTOPBIM Bech KoJI getPlayerMove () Hesb3st ObIIIO ObI PA3MECTUTD B (DYHKI[MH main().
Ho ¢dyskImmm tak:ke MOTYT MCITOJB30BAThCS KaK MEXaHW3M CTPYKTYPHUPOBAHUS KOfa
0 OT/IEJIBHBIM GJI0KaM, JIJIs1 Y€TO B TAHHOM CJly4ae v 3a/ieiicTBoBaHa getPlayerMove ().
C aroii pysKImeidt main() He Oy/IeT CAUMIKOM JJTMHHON U TPOMO3/IKOM.

Oyuxius displayTowers () BBIBOAUT AWCKU Ha GarnHsx A, B u C B aprymeHTe towers:

def displayTowers(towers):
"""BbiBOAUT TpW baWwHW C AMCKaMM.

# BblBECTM TpW HaWHK:
for level in range(TOTAL_DISKS, -1, -1):
for tower in (towers["A"], towers["B"], towers["C"]):
if level >= len(tower):
displayDisk(@) # BbiBecTM nycTol cTepxeHb 6e3 Aucka.
else:
displayDisk(tower[level]) # BbiBecTU AuCK.
print()

J111 BBIBO/IA KQOKJIOTO JIMCKa B OallrHe (byHKum{ 3aBUCUT OT (byHK]_[I/II/I displayDisk(),
KOTOpasd 6yz[eT paccmoTpena caenytorneit. [luki for level mpoBepsieT KasKIbIi BO3-
MOXKHBIN JINCK, a IIUKJ for tower mpoBepsieT Gamuu A, Bu C.

Dyukius displayTowers () Boi3biBaeT displayDisk () /71T BbIBOAA KaK/IOTO UCKA C 3a-
JMaHHOH MUPUHOM, vu mpu repegade 0 BEIBOAUTCS TOJBKO CTEPKEHb €3 I1CKa:

# BbiBecTU 0603HayeHus bGaweH A, B u C:
emptySpace = " " * (TOTAL_DISKS)
print("{0} A{0}{0} B{0}{0} C\n".format(emptySpace))

Ha sxpane BoiBozisitest etk A, B u C. Dta nrdopMaIiyst IoMOTaeT UTPOKY pasindaTh Oari-
HI, a TAaK/Ke TOYePKUBaeT, uTo OarnHu obosHavaiorces 6yksamu A, Bu C,ane 1,2 u 3, wiu
«JleBagy, «Cpennsisg» u «IIpaBasi». A He cTan nucnonb3oBarhb nudpset 1, 2 1 3 1719 HOMETKH
GarteH, 9TO6BI UTPOKH HE Ty TATH TH YKCJIa C YUCTOBBIMI 0603HAYEHISIMI Pa3MePa INCKOB.

ITepemeHHOIl emptySpace IPUCBAMBAETCS KOJIMYECTBO IPOOEJOB MEKIY METKAMU,
KOTOPO€ B CBOIO OUepelb BBIUUCIAETCSA Ha OCHOBAHNHM TOTAL_DISKS, MIOTOMY YTO 4YeEM
GoJIbIIIE IMCKOB B UPe, TeM OOJIbIIIE pasjesidioniee ux paccrosuue. Bmecro f-cTpok, kak
B print(f'{emptySpace} A{emptySpace}{emptySpace} B{emptySpace}{emptySpace}
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C\n'), UCIIOJIB3YETCS METO/I CTPOK format (). DTO MO3BOJIET TPUMEHUTD OJIMH U TOT JKe
apryMeHT emptySpace BCIOALY, I/le B COOTBETCTBYIOIIEl CTPOKe BCTpedaeTcst {0}, B pe3yJib-
TaTe Yero Koji MoJIydaeTcst 60see KOPOTKUM U JIYYIIe YUTACTCS, YeM B BePCHH ¢ f-CTpOKoii.

CDyHKLII/IH displayDisk() BBIBOAUT OAWH AUCK 3aJaHHON MUPUHBL. Ecau IucK OTCyT-
CTBYET, BIBOJUTCS TOJIBKO CTEPIKEHD:

def displayDisk(width):

"""BbIBOAUT AMCK 3aAaHHOW WUpWHbI. WMpUHA O O3HavyaeT OTCYTCTBME AUCKA.

emptySpace = " " * (TOTAL_DISKS - width)

if width == @:
# BblBECTU CErmMeHT CTepxHAa 6e3 aucka:
print(f"{emptySpace}||{emptySpace}", end="")

else:
# BbiBeCTM Auck:
disk = "@" * width
numLabel = str(width).rjust(2, "_"
print(f"{emptySpace}{disk}{numLabel}{disk}{emptySpace}", end="")

N300paskeHue JicKa COCTOUT U3 HAUaIbHOTO TIPOGE/Ia, CUMBOJIOB @ B KOJITUECTBE, PABHOM
ITUPUHE /INCKA, IBYX CUMBOJIOB MIMPUHBI (C HAYAIbHBIM CUMBOJIOM TTOYE€PKUBAHMS,
ecJIV IIUPUHA 33/1aeTCsT OHOM 1 POIt ), elle OHON cepUr CUMBOJIOB @ 1 3aBEPIIIAIOIIETO
npobesia. UToObI BHIBECTH TOJIBKO ITYCTOM CTEPKEHD, IOCTATOYHO BHIBECTH HAYAIHHDBI
npo6edt, /IBe BepTUKaJIbHBIE YePTHI U 3aBepiiaionuii mpobest. B pesysbsrare st BbBoAA
caeyloneii GamHu moTpedyITCs MIeCTh Bbi30BOB displayDisk() ¢ IECThIO PA3HBIMU
apryMeHTaMy HIUPUHDL

[

@_1@
@0_200
@0@_30e@
@EER_4eee@
(00EEE_50EeE0

OG6parure BHUMaHMe Ha TO, Kak (hyHKIK displayTowers () u displayDisk() pasmensior
00sI3aHHOCTH 110 BbIBOALY OatreH. XoTs GyHKIMA displayTowers () pelnaer, Kak MHTEp-
[PETUPOBATh CTPYKTYPbI TAHHBIX, IPEACTABJISIONIIE KKy OAIIHIO, OHAa 3aBUCHT OT
displayDisk() g oToOpaskeHMs KaxA0ro Aucka Ha OainHe. Pazbuenue nporpaMmbl
Ha MeHbliine (PyHKIIMHU yIIPOIIAeT TECTUPOBAaHUE KaKI0i yacTu. Ecjin mporpamMma He-
IIpaBUJIbHO BBIBOJUT JUCKU, TO, CKOPEE BCETO, Hp06ﬂeMa BdisplayDisk(). Ecam qucku
CJIEAYIOT B HENPABUJIbHOM IOPSIIKE, TO, BEPOSTHO, npodiema B displayTowers().
B m060M ciryuae 00beM KoJia, KOTOPBIN HE0OXOAUMO OTJIaITh, GyIeT HAMHOTO MEHBbIIIE.

Jlist BBI30BA (DyHKIIUHU main() UCIIO/Ib3yeTCs cTaHaapTHas uanoma Python:
# Ecnu nporpamma 6bina 3anyuweHa (a He MMNOpTUpPOBaHAa), HayaTb WUrpy:

if __name__ == "
main()

__main__":



Tlgm: @it_boooks

Urpa «Yetbipe B paa» 301

Python aBromarnuecku npricBanBaer IiepeMeHHON __name__ 3HaveHue '__main__ ', ecin
WTPOK 3artyckaet rmporpammy towerofhanoi.py Hampsimyto. Ho ecsit KTo-To nMiopTupyer
porpaMMy Kak MOJIyJib KOMaHOH import towerofhanoi, To __name__ Oyzer mpucBo-
eHO 3HaueHue 'towerofhanoi'. Ctpoka if _ name__ == '_ main__': OyIeT BbI3bIBAThH
bynkimio main (), ecam KTO-TO 3aIyCKaeT HaILy [IPOrPaMMy, TeM CAMbIM HAUUHAS UTDY.
Ho eciiut BBI XOTHTE TPOCTO UMITOPTUPOBATH IIPOTPAMMY KAK MOJLYJIb, UTOOBI, IOITYCTHM,
BBI3BIBATH €€ OT/IeTbHbIe (DYHKITNN /7T MO/LYJTbHOTO TECTUPOBAHMS, TO 9TO YCJIOBUE 1aeT
pesyJibrar False, n yHKIM main() He BBI3bIBAETCS.

Urpa «Yertbipe B pap»

ITO UTpa JJIS IBYX UTPOKOB: KAXKIBIN TBITAETCS BBICTPOUTH PSIl U3 YETHIPEX CBOUX
uiek Mo ropu30HTANN, MO BEPTUKAJIN W TI0 IUATOHAJH, TIOMeTast CBOU (hUIITKU Ha
camMoe HIKHee CBOGOIHOE MeCTo B cToJIOTE. B aTol UTpe NCmomb3yeTest BepTHKATbHAS
nocka 7 x 6. B Haneil peajmsaliuy Urpbl Aa urpoka-dejoseka (obosnauaembie X u O)
UTPAIOT JIPYT C IPYTOM (PEKUM UTPBI ¢ KOMITBIOTEPOM He MOIIEPKIUBACTCS ).

BbiBog pesynbraros
ITpu 3amycke mporpaMMbl «HeThIpe B psiji» BbIBOJ OYIET BBIJISAETh IPUMEPHO TAK:

Four-in-a-Row, by Al Sweigart al@inventwithpython.com
Two players take turns dropping tiles into one of seven columns, trying
to make four in a row horizontally, vertically, or diagonally.

1234567

Player X, enter 1 to 7 or QUIT:
> 1
1234567

Player 0, enter 1 to 7 or QUIT:
--snip--
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Player 0, enter 1 to 7 or QUIT:
> 4

1234567

Player O has won!

Wrpoxk nosmxen HailTH Takylo cTpaTernio, KOTopasl I03BOJIUT €My BBICTPOUTH YeTbIpe
(bUIIKY B Psift, OTHOBPEMEHHO He T03BOJISIS C/IeJIaTh TO JKe caMoe IIPOTUBHUKY.

Ucxoanbiii Koa

Ortkpoiite B peaktope unu IDE HoBbiil haiisn v BBeuTe puBeieHHbiil Huke Ko, Co-
xpanuTe (aiin noj umenem fourinarow.py.

Four-in-a-Row, by Al Sweigart al@inventwithpython.com
Urpa Ha BbicTpauMBaHue 4eTbipex duwek B pag. """

import sys

# KOHCTaHThl, Ucnonb3yemble A5 BbIBOAA MIPOBOrO MOAA:
EMPTY_SPACE = "." # Touku npowe noacyuTaTb, 4em npobenbl.
PLAYER_X = "X"

PLAYER_O = "0O"

# MpumeyaHue: ecnn BOARD_WIDTH u3MmeHuTCA, obHOBMTe BOARD_TEMPLATE u COLUMN_LABELS.
BOARD_WIDTH = 7

BOARD_HEIGHT = 6

COLUMN_LABELS = ("1", "2", "3", "4", "5", "e", "7")

assert len(COLUMN_LABELS) == BOARD_WIDTH

# WlabnoHHaa CTpoka A/nA BbLIBOAA WIPOBOro MonA:
BOARD_TEMPLATE = """

1234567

+
[
[{HHHHHOH
[
[
[{HHHHHOH
[

Fo-mmm- - +

def main():
"""lpoBoAMT OAHY Mrpy YeTbipe B pAfd.



Tlgm: @it_boooks

Urpa «Yetsipe & pspa» 303

print(
"""Four-in-a-Row, by Al Sweigart al@inventwithpython.com

[IBa urpoka mno ovepeau onyckawT OWWKM B OAMH U3 CemMu CTON6LOB,
CTapasAacb BbLICTPOUTb YeTbipe OUWKM MO BepTUKaNWU, TOPU3OHTANU WM AWATOHAIU.

)

# MoAroToBKa HOBOW WUIpbl:
gameBoard = getNewBoard()
playerTurn = PLAYER_X

while True: # O6pabaTbiBaeT Xoj Urpoka.
# BbiBOA UrpoBOro nonAa W nojsyvyeHue Xxopa Mrpoka:
displayBoard(gameBoard)
playerMove = getPlayerMove(playerTurn, gameBoard)
gameBoard[playerMove] = playerTurn

# lMpoBepka nobenbl UKW HU4YbEN:

if isWinner(playerTurn, gameBoard):
displayBoard(gameBoard) # B mocnegHuit pa3 BbiBECTU rmone.
print("Player {} has won!".format(playerTurn))
sys.exit()

elif isFull(gameBoard):
displayBoard(gameBoard) # B nocnegHuii pa3 BbiBECTU rnone.
print("There is a tie!")
sys.exit()

# Xop nepepaeTca ApYromy WUrpoky:

if playerTurn == PLAYER_X:
playerTurn = PLAYER_O

elif playerTurn == PLAYER_O:
playerTurn = PLAYER_X

def getNewBoard():
"""Bo3BpawaeT c/AoBapb, NpeacTaBAAWwWWA WrpoBoe none.

Kniun - kopTexun (columnIndex, rowIndex) c AByMA LesbMM YUCnamu,
a 3HayeHus - ogHa uM3 cTpok "X", "O" or "." (npoben).
board = {}
for rowIndex in range(BOARD_HEIGHT):
for columnIndex in range(BOARD_WIDTH):
board[ (columnIndex, rowIndex)] = EMPTY_SPACE
return board

def displayBoard(board):
"""BbIBOAUT Ha 3KpaH WUrpoBoe nose u OUWKK.

# MoAroTOBUTbL CNWUCOK, MepefaBaemblii cTpokoBomy meTomy format() ans
# wabnoHa urpooro nons. CNMCOK COAEPXMUT BcCe OUWKU UrpoBOro nons
# ¥ nycTble AYeiku, nepeynucnsembie C/ieBa HanpaBo, CBepXy BHU3:
tileChars = []
for rowIndex in range(BOARD_HEIGHT):
for columnIndex in range(BOARD_WIDTH):
tileChars.append(board[ (columnIndex, rowIndex)])
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# BbiBOAUT MrpoBOe none:
print (BOARD_TEMPLATE. format(*tileChars))

def getPlayerMove(playerTile, board):
"""MpepnaraeT uWrpoky BblbpaTb cTonbel ANA pasMeweHna OQUILKHU.

Bo3BpawaeT kopTex (cTonbeuy, CTpoka) UTOFOBOro MOJIOXEHUS OUWKK.
while True: # loka Wrpok He BBeAET AOMYCTUMbIA XOA.
print(f"Player {playerTile}, enter 1 to {BOARD_WIDTH} or QUIT:")

response = input("> ").upper().strip()

if response == "QUIT":
print("Thanks for playing!")
sys.exit()

if response not in COLUMN_LABELS:
print(f"Enter a number from 1 to {BOARD_WIDTH}.")
continue # CHoBa 3anpocuTb XOA.

columnIndex = int(response) - 1 # -1, noToMy 4TO WMHAEKCbl HAa4YMHAWTCA C 0.

# Ecnu cTonbel 3amosiHEH, CHOBA 3amnpoCUTb XOA:

if board[(columnIndex, ©)] != EMPTY_SPACE:
print("That column is full, select another one.")
continue # CHoBa 3ampocuTb XoA.

# HavaTb CHM3Y, HaWTW nNepByw NyCTyl AYEnKy.
for rowIndex in range(BOARD_HEIGHT - 1, -1, -1):
if board[(columnIndex, rowIndex)] == EMPTY_SPACE:
return (columnIndex, rowIndex)

def isFull(board):
"""Bo3BpawaeT True, ecau B ~board He ocTanocb MNycTbiX A4Yeek,
MHa4ve Bo3BpawaeTcAa False."""
for rowIndex in range(BOARD_HEIGHT):
for columnIndex in range(BOARD_WIDTH):

if board[(columnIndex, rowIndex)] == EMPTY_SPACE:
return False # MNycTasa A4velka HalgeHa, BepHyTb False.
return True # Bce A4YelKW 3anONHEHbI.

def isWinner(playerTile, board):
"""BosBpawaeT True, ecau “playerTile  o6pa3yeT pag U3 4YeTbipex ¢uwek
B “board’, B npoTuBHOM cny4ae Bo3Bpawaetcs False."""

# MpoBepnTb BCW [OCKY B MOMCKax 4eThipex ¢uwek B pAn:
for columnIndex in range(BOARD_WIDTH - 3):
for rowIndex in range(BOARD_HEIGHT):
# MNpoBepuTb YeTBepKY Hanpaso:
tilel = board[(columnIndex, rowIndex)]
tile2 = board[(columnIndex + 1, rowIndex)]
tile3 = board[(columnIndex + 2, rowIndex)]
tile4 = board[(columnIndex + 3, rowIndex)]
if tilel == tile2 == tile3 == tile4 == playerTile:
return True
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for columnIndex in range(BOARD_WIDTH):
for rowIndex in range(BOARD_HEIGHT - 3):
# MNpoBepuTb YeTBEpKY BHU3:
tilel = board[(columnIndex, rowIndex)]
tile2 = board[(columnIndex, rowIndex + 1)]
tile3 = board[(columnIndex, rowIndex + 2)]
tile4 = board[(columnIndex, rowIndex + 3)]
if tilel == tile2 == tile3 == tile4 == playerTile:
return True

for columnIndex in range(BOARD_WIDTH - 3):
for rowIndex in range(BOARD_HEIGHT - 3):

# MpoBepuTb 4eTBepKy MO AWArOHANM HaMpaBO BHU3:
tilel = board[(columnIndex, rowIndex)]

tile2 = board[(columnIndex + 1, rowIndex + 1)]
tile3 = board[(columnIndex + 2, rowIndex + 2)]
tile4 = board[(columnIndex + 3, rowIndex + 3)]

if tilel == tile2 == tile3 == tile4 == playerTile:

return True

# lpoBepuTb 4YeTBepKy MO AuMaroHaiu HaleBO BHU3:
tilel = board[(columnIndex + 3, rowIndex)]

tile2 = board[(columnIndex + 2, rowIndex + 1)]
tile3 = board[(columnIndex + 1, rowIndex + 2)]
tile4 = board[(columnIndex, rowIndex + 3)]

if tilel == tile2 == tile3 == tile4 == playerTile:

return True
return False

# Ecnm nporpamma 6bina 3anyweHa (a He MMMOPTUpPOBaHa), HavyaTb Urpy:
if __name__ == "
main()

_ main__":

3alycTuTe MPOrpaMMy U CBITPANTE HECKOJBKO Pas, YTOOBI MOJTYUUTH TIPEICTABICHIE
0 TOM, YTO JIe/TAeT TPOTPAMMA, TIPEIKIIE YEM YMTATH OO BICHEHHUS PAOOTHI ICXOIHOTO KOJIA.
Yro6bl TIPOBEPUTH BO3MOKHBIE OTIEYAaTKH, CKOMTUPYHTE KO/ B ceTeByIo mporpammy diff
1o azipecy https.//inventwithpython.com/beyond/diff/.

Hanucanue xopa

PaceMOTpUM MCXOIHBIE KO IPOTPAMMBI, KaK 9T0 OBIJIO CIETAHO B TporpaMme « XaHoii-
ckas Gamrs». Kak u B mpeapLayIneM ciiydae, s 0T(hopMaTHPOBaL KOJ ¢ UCIIOAb30BAHIEM
Black ¢ orpannuenuem JuHbBI CTPOKH 75 CUMBOJIOB.

Hauaso mporpammbt:

Four-in-a-Row, by Al Sweigart al@inventwithpython.com
Urpa Ha BbicTpauMBaHue 4eTbipex duwek B pag. """

import sys
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# KOHCTaHTbI, ncnosiblyemble AN1A BbiBOAA UIpOBOro nonaAa:

EMPTY_SPACE = "." # To4ku npowe noacyuTaTb, 4em npobesnsl.

PLAYER_X = "X"

PLAYER_O = "O"

ITporpamma HaunHaeTcs ¢ doc-CTPOKU, UMIIOPTUPOBAHKS MOLYJIEHl U IPUCBAMBAHUST
KOHCTAHT, KaK B I[porpaMme «XaHoiickas 6ariHsa». B mporpaMme olpeneisioTcss KOHCTaH-
TBI PLAYER_X 1 PLAYER_O, 4TOOBI HAM HE MIPUXO/IMIIOCH UCTIOJIB30BATh CTPOKHU "X" 1 "0"
B TIPOTPAaMME, a OIITHOKH HAXOAUJINCH rpoitie. Eciiu pu BBOJIe KOHCTAHT Oy/IET 0MyIIeHa
onevarka (Hanpumep, PLAYER_XX), Python Bbigact on6ky NameError, 1 Bbl MOMEHTaJIb-
HO y3HaeTe o npobieme. Ho eciu oneuyarka OyzeT HolrylieHa Py BBOAE CUMBOJIOB "X"
(HampuMep, "XX" win "Z"), BOBHUKIIAs ommOKa yske He OyzeT cTosib oueBuaHON. Kak
00BSICHATIOCH B pasjelie «“Maruueckue” uncias, ¢. 97, UCHoJb3yst KOHCTAHTBI BMECTO
CTPOKOBBIX 3HAUYEHUH, BBl HE TOJBKO MOJIyYaeTe OMMCaHne, HO W Tpelypesk/aaeTe 1o-
SABJICHHE OIIeYaTOK B UCXOJHOM KOJIE.

Koncrantsl He 10JKHBI U3MEHATHCSA BO BPeMs BBITIOJTHEHU [TPOrpaMMbl. TeM He MeHee
[IPOTPAMMUCT MOKET OOHOBUTH UX 3HAUEHUSI B OYYIIMX BEPCUSIX TPOTPpaMMBL. 10 aToi
IIPAYMHE MBI OCTaBJIEM HATOMUHAHWE IPOIrPAMMUCTY, YTO IIPU U3MEHEHUN 3HAYCHUA
BOARD_WIDTH OH JOJIZKEH OOHOBUTH KOHCTAHThI BOARD_TEMPLATE 1 COLUMN_LABELS, OII1-
CaHHbIe HUKE:

# MNpumeyaHue: ecnn BOARD_WIDTH u3meHuTCA, obHOBMTe BOARD_TEMPLATE u COLUMN_LABELS.
BOARD_WIDTH = 7
BOARD_HEIGHT = 6

COLUMN_LABELS = (1", "2", "3", "gn, "sn, ngn, n7%)
assert len(COLUMN_LABELS) == BOARD_WIDTH

ITa KoHCTaHTa Oy/IeT UCTIOIb30BAThCS MO3/IHEE /TSt TTPOBEPKU MPABUIBHOCTH CTOJIONA,
BBEJIEHHOT'O UTPOKOM. Econ BOARD_WIDTH 6szeT IIPUCBOEHO 3HAYE€HMUE, OTINIHOE OT 7,
TPUETCS T06aBUTH WIH YIATUTH METKH M3 KOPTeska COLUMN_LABELS. DTOTO MOXKHO GBITO
GBI 136€KaTh, FeHEPUPYsT 3HaYeHe COLUMN_LABELS Ha OCHOBaHUU BOARD_WIDTH KOIOM
BHuma COLUMN_LABELS = tuple([str(n) for n in range(1, BOARD_WIDTH + 1)]). OagHako
COLUMN_LABELS Bps/1 11 UBMEHUTCA B 6y/:[yLueM, MTOTOMY UTO CTaHZApPTHO B «YeTwipe
B Ps/l» UTPAIOT Ha JIOcKe 7 X 6, T03TOMY 1 PElTuJI 3anncaTh 3HaUeHne KopTeka SBHO.

KoneuHo, mogoGHas sxkecTKast (QUKCAIis 3SHaYeHUH B TIPOrPaMMe SIBJISIETCS TPU3HAKOM
pobJieM B KoJIe, 0 YeM 4 yiKe PAcCKasbiBaJ B pasjeiie «“Maruueckue” uncias, ¢. 97, Ho
TAKOIl KOJI UnTaeTcs Jiydiiie, 4eM ajibrepHaTuBa. Kpome Toro, komanma assert mpemy-
npeaut o6 uameHeHn BOARD_WIDTH Ge3 oOHOBIeHUsT COLUMN_LABELS.

Kak B urpe «Xanoiickas Oatrtsi», «Hersipe B psii» uctosb3yer ASCII-rpaduky s
PHCOBAHUST UTPOBOTO MOJIsl. B cileyionux cTpokax coepKUTes 0JiHa KOMaH/a Mpu-
CBaMBAHUSI C MHOTOCTPOYHBIM TEKCTOM:
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# WlabnoHHas cTpoka ANA BbIBOAA WMIPOBOrO Monda:
BOARD_TEMPLATE = """

1234567

[T
[
[{HHHOHHOH
[T
[
[

Crpoka cogepsxkut uryphbie ckoOKu {}, KoTopble MeTo/ format () 3aMEHUT COLEPIKHU-
MBIM UTPOBOTO TI0JIsA. (ITY 3ama4y petnaet (pyHKims displayBoard(), omcanHast HUXKeE. )
Tax Kak HTPOBOE MTOJIE COCTOUT U3 CEMU CTOJIOIOB U IIECTH CTPOK, MBI HCIIOJIb3YEM CEMb
nap UTypHBIX CKOOOK {} B T1060#1 U3 IECTH CTPOK 15T TIPEACTABICHIS KaXKI0H TUCHKI.
Kax u B cirygae ¢ COLUMN_LABELS, hOpMaJIbHO MbI KeCTKO (DUKCUPYEM TI0JIE C 33/[aHHbIM
Hab0POM cTOAO10B U cTPOK. Ecii BOARD_WIDTH 11 BOARD_HEIGHT OyyT 3aMeHeHbl HOBbIMU
IEeJIBIMI 3HAYEHUSIMU, MHOTOCTPOYHBIH 111a610H B BOARD_TEMPLATE TaksKe HOTpe6yeTCH
OGHOBUTD.

Taxske MOKHO OBLIO HaIMCcaTh KoJl reHepupoBaHus BOARD_TEMPLATE Ha OCHOBaHUH
KOHCTAHT BOARD_WIDTH 11 BOARD_HEIGHT:

BOARD_EDGE = " +" 4+ ("-" * BOARD_WIDTH) + "+"
BOARD_ROW = " [" + ("{}" * BOARD_WIDTH) + "[\n"
BOARD_TEMPLATE = "\n " + "".join(COLUMN_LABELS) + "\n" + BOARD_EDGE + "\n"

+ (BOARD_ROW * BOARD_WIDTH) + BOARD_EDGE

Ho sToT xox untaercd HaMHOTO XysKe IIPOCTOTO MHOTOCTPOYHOIO TEKCTa, U pazMep
UTPOBOTO TI0JIsT BPSIL JIK OyIET U3MEHSITHCST, TOATOMY MbI HCIIOJIB3YEM TIPOCTOI MHOTO-
CTPOYHBIN TEKCT.

Haunem ¢ dyHkImm main(), Koropast OyJeT BbI3bIBaTh BCE OCTAJIbHbIE (DYHKIIUH, Ha-
MU CAHHBIE JIJI UTPBL:

def main():
"""MpoBoAnT oAHY urpy YeToipe B pAaj.
print(

Four-in-a-Row, by Al Sweigart al@inventwithpython.com
[lBa urpoka no oyepeau onyckawT GUWKWM B OAMH U3 cemu CTonbLOB,
CTapaAcCb BLICTPOUTb YeTbipe GUWKM MO BepTUKaNWU, FOPU3OHTANN WAW ANATrOHaIU.

)

# MNoAroToBKa HOBOW WUIpbl:
gameBoard = getNewBoard()
playerTurn = PLAYER_X
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st dynkimu main () onpenensiercst doc-cTpoka, st IPOCMOTPa KOTOPOMl MOKHO BOC-
MOJIb30BAThCS BCTPOEHHOM (hyHKIMe help(). DyHKIMsI main () TaksKe TOTOBUT UTPOBOE
10JIe K HOBOW UTPe U BbIOMPAET IIePBOro UTPOKA.

Buytpu dyHukmmnm main () BLITOTHAETCS GECKOHEUHBIH TIHKJT:

while True: # O6pabaTbiBaeT XOA4 WUrpoka.
# BbiBOL MrpOBOro MonA W MoJlydeHue Xofa Mrpoka:
displayBoard(gameBoard)
playerMove = getPlayerMove(playerTurn, gameBoard)
gameBoard[playerMove] = playerTurn

Kasknag urepariust ukia coctouT us oHoro xoa. CHauaa UTPOBOE T10JIe€ BBIBOIUTCS
Ha 9KPaH. 3aTeM UTPOK BbIOMpPAeT cTos0el, B KOTOPBIN OIlycKaeT (DUIIKY, 1, HAKOHELI,
POUCXOAUT OOHOBJIEHHE CTPYKTYPBI IAHHBIX HTPOBOTO TIOJIS.

3arem OTIPEZICIIACTCA PE3YabTaT X0/la UTPOKA:

# MpoBepka nobenpl UAW HUYbEN:

if isWinner(playerTurn, gameBoard):
displayBoard(gameBoard) # B nocnegHuit pa3 BbiBECTU Mone.
print("Player {} has won!".format(playerTurn))
sys.exit()

elif isFull(gameBoard):
displayBoard(gameBoard) # B nocsegHuit pa3 BbiBeCTU none.
print("There is a tie!")
sys.exit()

Ecsm urpok caeain mobeaHblii Xo/1, isWinner () Bo3Bpaiaer True 1 apTUsT 3aBEPIIAETC.
Ec/i Mrpok 3amo/iHiI HOCAeHIOn S4eiiKy, a moOeanuTe b He Onpeaeanics, isFull()
BO3Bpailaer True u urpa 3aBepinaercst. O6paTuTe BHUMaHIE: BMECTO BbI30Ba sys . exit()
MOZKHO BOCIIOJIb30BAThCS MTPOCTOI KOMaH/0ii break. ITo OBl MpepBasio MUK while,
a TTOCKOJIbKY (hyHKITUS main() He COIepKUT KOJa IMoce UKJIA, yIIpaBjieHne BePHEeTC s
K BBI30BY main() B KOHIIE IIPOrPaMMBbl, 4TO IIPUBEIET K ee 3aBepineruio. Ho s BeiGpas
sys.exit(), 4TOOBI HATJISITHO TOKA3aTh TPOTPAMMUCTY, YU TAIOIIEMY KO/, 4TO ITPOTPaMMa
HEMEJIJIEHHO 3aBEepITNTCSI.

Ecmm urpa He 3aKkoHYeHa, cyeayonue CTPOKU IIPUCBANBAIOT playerTurn 3HaUYEHHE,
MIpeJICTaBJIAIoNIee IPYyTOTO UTPOKA:

# Xon nepepaeTcAa ApYyromy WUrpoky:

if playerTurn == PLAYER_X:
playerTurn = PLAYER_O

elif playerTurn == PLAYER_O:
playerTurn = PLAYER_X

Komanjty elif MOKHO IipeoOpasoBarh B IpOCTYI0 KoMaH/Ty else Oe3 yciopust. Ho Berom-
HuTe TpUHINT U3 «/I3eH Pythons: sBHOE sydtite, geM HesTBHOE. ITOT KO SIBHO COOOITAET,
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4To ecau ceiiyac xox urpoka O, TO cjaeayIomKUM XOauT UIPoK X. TakKe MOKHO OBLIO
ObI MCIIOJIL30BATD APYIYIO GOPMYJIUPOBKY: eciii ceityac He X0 urpoka X, o X XOAUT
caemytoruM. U XoTs kKomaH/ibl if 1 else ecTeCTBEHHO COUETAIOTCS € JIOTMUYECKUMHU YCJII0-
BUAMU, 3HaYeHUA PLAYER_X 1 PLAYER_O He 9KBUBaJICHTHBI True MK False; a 3HAYUT, not
PLAYER_X — He TO Xe caMog, 4To PLAYER_O. CJieloBaTesibHO, JIyYlile TPOBEPATh 3HAYeHNE
playerTurn HaIpAMyIo.

Te sxe geiicTBUS MOKHO OBLIO BBITIOJIHUTD B OJHOI CTPOKE:

playerTurn = {PLAYER_X: PLAYER_O, PLAYER_O: PLAYER_X}[ playerTurn]

31ech UCTOIb3yeTcd TPIOK CO CJIOBAapeM, YIIOMIHABINNICA B mofpaszeie «Vcnoib3o-
BaHuUe cJIoBapeil BMecTo KoManabl switchs», ¢. 129. Ho kak u MHOTHE OJHOCTPOYHBIE
KOMaH/Ibl, OHA YNTAETCS XysKe TTPSIMOJTMHEHHON KOHCTPYKInH if n elif.

3ateMm ompeniensieTcs (pyHKINS getNewBoard():

def getNewBoard():
"""Bo3BpawaeT c/soBapb, NpeacTaBAAwWWA UrpoBoe none.

Knioun - kopTexu (columnIndex, rowIndex) c ABYMA Ue/bIMU YUCNAMM,
a 3HayeHua - opHa u3 cTpok "X", "O" wam "." (npoben).
board = {}
for rowIndex in range(BOARD_HEIGHT):
for columnIndex in range(BOARD_WIDTH):
board[ (columnIndex, rowIndex)] = EMPTY_SPACE

return board

DyHKIINST BO3BPAIIAET CJIOBAPbD, IPEACTABIISIONIII UTPOBOE TIOJIe s UTPhI «UeTbIpe
B psan». OHa coiepskuT Koprexu (columnIndex, rowIndex) i Kitodeit (Tie columnIndex
U1 rowIndex SgBJISIOTCS EJIBIMA ‘{I/ICJIaMI/I), aTakke CUMBOJIBL 'X', '0' v '. " 1da (bI/ILuKI/I
B KXKIOU sTYeiiKe 1MoJist. DTU CTPOKHU COXPAHSAIOTCS B PLAYER_X, PLAYER_O 1 EMPTY_SPACE
COOTBETCTBEHHO.

Hamra nrpa «HetsIpe B psiji» TOBOJIBHO TIPOCTA, TaK YTO NCIOIb30BAHNE CIOBAPS IS
IPEICTABIEHNUS UTPOBOTO MOJIS MOJKHO CUNTATD IPUEMIIEMBIM. Bripouem, Tak:ke MOXKHO
BoCI0Jb30BaThes pemenneM Ha 6aze OOII (06 OOII mbl oropopuM B riaasax ¢ 15
1o 17).

Dyukius displayBoard() ToayYaeT CTPYKTYPY AaHHBIX UTPOBOTO TOJIST B aPTYMEHTE
board 1 BBIBOJUT I10JI€ Ha 9KPaH C UCIIOJIb30BaHNEM KOHCTAHTHI BOARD_TEMPLATE:

def displayBoard(board):
"""BbIBOAUT Ha 3KpaH MrpoBoe none u QGUWKK.
# MoAroTOBUTbL CNUCOK, MepejaBaembliii cTpokoBomy meTomy format() ans
# wabnoHa urposoro nonfa. CNMCOK COAEPXWUT BCe OUWKM MrpoBOro nond
# 1 nycTble A4Yeiikn, nepeyncnAemble CreBa HamnpaBo, CBepXy BHU3:
tileChars = []
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Harommio, uto BOARD_TEMPLATE mpezcraBisier co00i MHOTOCTPOYHBIM TEKCT, Copep-
JKaIUil MHOYKEeCTBO TIap (PUTYPHBIX CKOOOK. IIpu BBI30BE MeTOna format () /st BOARD_
TEMPLATE 5T1 (hurypHbie CKOOKHI 6y[[yT 3aMeHeHbl apryMenTamu, repejanibiMu format ().

[Tepemennas tileChars cOLEPIKUT CIIMNCOK TAKUX apryMeHTOB. B Hauase eii npucBauBa-
eTcs mycroi ciicok. [lepBoe 3Hauenue B tileChars 3aMeHseT epByIO Hapy GpUrypHbix
ck06OK B BOARD_TEMPLATE, BTOPOE 3HAaUY€HUE 3aMEHSIET BTOPYIO TTapy U T. 1. [10 cyTH, MbI
€03/1aeM CIIMCOK 3HAYCHUI U3 cJi0Bap4 board:

for rowIndex in range(BOARD_HEIGHT):
for columnIndex in range(BOARD_WIDTH):
tileChars.append(board[ (columnIndex, rowIndex)])

# BbiBOAUT Urposoe none:
print (BOARD_TEMPLATE. format(*tileChars))

BiioskeHHbIe 1UKJIBL for mepedrpaT Bee BO3SMOKHBIE KOMOMHAIIMN CTPOK M CTOJIONOB
WTPOBOTO TIOJIS, TPUCOEIHSIS X K CUCKY tileChars. [Tocie 3aBepiiienns aTnxX MUKJIOB
3HauyeHud u3 tileChars nepearTrcs Kak OTAe/lbHble apryMeHThl MeToja format () ¢ mpe-
burcom *. B mogpaszene «Vcnonmp3oBanue * Mpy co3aHIK BapUATAUECKIX (DYHKITHIT>
(c. 201) nokasaHo, KaK UCIIOAb30BATh HTOT CUHTAKCUC /I 00PadOTKY 3HAYEHUI B CIICKE
KaK OT/IEJTbHBIX aPTYMEHTOB (DYHKIINM; KO/ print (*['cat', 'dog', 'rat']) akBUBaJeH-
TeH print('cat', 'dog', 'rat'). 3Be3mouka HEOOXOAMMA, TOTOMY 4TO MeTOi format()
OJKHJIAeT TOJIYYNUTh OJNH apryMEeHT JJIst KaxK oM mapbl (UIYPHBIX CKOOOK, a He OJUH
apryMeHT-CIIACOK.

3arem 3anuchiBaeTcst hyHKIMA getPlayerMove():

def getPlayerMove(playerTile, board):
"""MpepnaraeT Urpoky BbbpaTb CTo/M6eL ANA pa3MeleHna OUWKK.

Bo3BpawaeT KopTex (cTonbeu, CTpPoOKa) MTOrOBOIO MOJIOXEHUA QUWKM.

while True: # loka Wrpok He BBeAET AOMYCTUMbIA XOZ.
print(f"Player {playerTile}, enter 1 to {BOARD_WIDTH} or QUIT:")
response = input("> ").upper().strip()

if response == "QUIT":
print("Thanks for playing!")
sys.exit()

DyHKIMs HaunHAETCST ¢ GECKOHEYHOTO IIUKJIA, KOTOPBIN O5KH/IAeT, TOKA UTPOK BBEJIET /10
myctuMblil xo1. [1o cBoeit cTpyKType aTOT Ko/l HantoMuHaeT (hyHKITNIO getPlayerMove ()
u3 nporpaMmbl «XaHolickas OarHst». OOpaTuTe BHUMAHKE: BHI30B print() B Hauase
KA while() MCIOIB3yeT f-CTPOKY, YTOOBI HAM HE NMPUILIOCH U3MEHATH COOOIIEHNE
pu 0OHOBJIEH I BOARD_WIDTH.

Mpbi ipoBepsieM, 4TO OTBET UTPOKA MPEJICTABJISIET CTOIOEIT; B IPOTHBHOM CJIyYae KOMaH/a
continue mepezaet yrpasJieHe 0OpaTHO B HAYAJIO [[UKJIA, YTOOBI 3alIPOCUTH Y UTPOKA
JIOITYCTUMBIH XOZ:
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if response not in COLUMN_LABELS:
print(f"Enter a number from 1 to {BOARD_WIDTH}.")
continue # CHoBa 3anpocuTb Xoa.

YesoBue npoBepKH BBOZA TaKKe MOKHO ObLIo Obl 3alucaTh B BUJE not response.
isdecimal() or spam < 1 or spam > BOARD_WIDTH, HO ITPOIIE BOCIIOJb30BATHCA YCIOBUEM
not in COLUMN_LABELS.

3aTeM He0OXOIUMO OIPEIE/INTD, B KAKYI0 CTPOKY YITafeT (UIITKa, OMyIIIEHHAS HTPOKOM
B BbIOpAHHBIIT CTOJIGEL:

columnIndex = int(response) - 1 # -1, NOTOMYy 4TO WMHAEKCb Ha4yMHawWTCA C 0.

# Ecnu cTonbel, 3anojiHEH, CHOBA 3anMpoCUTb XOA:

if board[(columnIndex, ©)] != EMPTY_SPACE:
print("That column is full, select another one.")
continue # CHOBa 3anpocuTb XOA.

Ha sxpan BeIBoAsTCS METKH ¢T010110B 0T 1 10 7. Ho nnzekcen! (columnIndex, rowIndex)
HaurHaioTcs ¢ 0, I09TOMY X 3HaYeHus Jexkar B guanasone ot 0 10 6. YTo6bl yeTpaHuTh
9TO PACXOK/CHUE, CTPOKOBbBIE 3HAYCHUS OT '1' 10 '7' peobpasyroTCs B Ie/Ible 3HAUe-
nug ot 0 1o 6.

Wupexcer ctpok HaunHatoTest ¢ 0 (Bepx UTPOBOTO T0JIsT) U yBesanyuBaores 10 6 (Hu3
UTPOBOTO 10JIs1). MBI ITPOBEPSIeM BEPXHIOKW STUEHKY BHIOPAHHOTO CTOJOIA W CMOTPHM,
3aHsTa i1 OHa. Ecii oHa 3aHsATa, 3HAUWT, CTOIOET] 3aII0THEH, M KOMaH/Ia continue mepe-
TaeT yrmpaBiierre 0OpaTHO B HAYAIO TIHKJIA, YTOOBI 3ATIPOCUTD Y UTPOKA APYTOH XOJI.

Ecui cTosibern He 3amoiHeH, HeOOXOAMMO HAUTH caMyt0 HIZKHIOK CBOOOIHYIO SIUCHKY,
B KOTOPYIO yhajeT (GpuIika:

# HavaTb CHU3Y, HaWTW NepByHw MyCTYyw AYeihKy.
for rowIndex in range(BOARD_HEIGHT - 1, -1, -1):
if board[(columnIndex, rowIndex)] == EMPTY_SPACE:
return (columnIndex, rowIndex)

[{uks for HaUMHAET ¢ MH/IEKCA HUKHEN CTPOKU, BOARD_HEIGHT - 1 (wiu 6), 1 iBUTaeTcs
BBEDX, [I0KA He HAeT HepBylo cBOOOAHYIO SueiiKy. 3areM (DYHKIM BO3BPALIAeT UH-
JIEKChI CaMOH HUKHEH ITyCTOH STUYeiKu.

Ecmm NUTPOBOE TI0JI€ 3aIIOTHEHO, UTPA 3aKaHYNBACTCA BHUYDBIO!

def isFull(board):
"""Bo3BpawaeT True, ecau B ~board He ocTanocb MNycTbiX A4eek,
MHa4ve Bo3BpawaeTcAa False."""
for rowIndex in range(BOARD_HEIGHT):
for columnIndex in range(BOARD_WIDTH):
if board[(columnIndex, rowIndex)] == EMPTY_SPACE:
return False # MycTasa AdYeilka HalpeHa, BepHyTb False.

return True # Bce A4YelKW 3aNONHEHbI.
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Oyuruus isFull() UCIOIB3YeT Mapy BAOKEHHBIX HUKJIOB for 151 nepedopa BeeX siueek
UrpoBOTo NoJist. Ecau GyHKIMA HAXOAUT XOTs ObI OJIHY MYCTYIO sYeiKY, 3HAUWT, T10JIe
ellfe He 3aMoJHeHO 1 (DYHKIUST Bo3BpaiiaeT False. Ecim o6a 1uka OyayT BBIOJTHEHbI
710 KOHIa, 3HAYHT, (DYHKITHS He HalllJIa MyCTOH sTueiiku 1 OHAa BO3BpamiaeT True.

ODymukius isWinner () IpoBepsieT, BBIUTPAJ JIM UTPOK CBOMM XOIIOM:

def isWinner(playerTile, board):
"""Bo3BpawaeT True, ecau ~playerTile  ob6pasyeT pag U3 4YeTbipex ¢uwek
B “board’, B npoTuBHOM cny4vae Bo3BpawaeTtcs False."""

# MNpoBepuTb BCHW AOCKY B MOUCKaX YeTblpex ¢uwek B pAA:
for columnIndex in range(BOARD_WIDTH - 3):
for rowIndex in range(BOARD_HEIGHT):
# MNpoBepuTb YeTBepKYy Hamnpaso:
tilel = board[(columnIndex, rowIndex)]
tile2 = board[(columnIndex + 1, rowIndex)]
tile3 = board[(columnIndex + 2, rowIndex)]
tile4 = board[(columnIndex + 3, rowIndex)]
if tilel == tile2 == tile3 == tile4 == playerTile:
return True

ODymukiust Bo3BparaeT True, ecyin playerTile BCTpeYaeTcs B YETHIPEX sTUEiTKAX MOAPSIIT
10 TOPU3OHTANN, BEPTUKAIN WK JUAroHaau, dITo6bl IIPOBEPUTD, BBITOTHSIETCS JIX 9TO
yCJIOBHE, HCOOXOIMMO TPOBEPHUTD Kayk/Iblii HAGOP M3 YEThIPEX CMEKHbIX MO3UITUN UTPO-
BOTO 10JIs1. 17151 9TOro GyAeT MCIIOIb30BATHCS CEPHS BJIOKEHHbBIX IUKJIOB for.

Koprex (columnIndex, rowIndex) ompesiessieT OTTIPABHYIO TOUKY /71T IPOBEPKU. Mbl
MpoBepsieM HAuaJbHYIO TIO3UINI0 1 STYEHKN B TPEX TTO3UIINSIX CITPaBa OT Hee B TOMCKaxX
cTpoku playerTile. Eciii HauampHOM To3utNeli sBasieTcs (columnIndex, rowIndex), To
MO3UIKA CIIPpaBa OT Hee olpeegercd KoprexkeM (columnIndex + 1, rowIndex), U T. 1.
DuIky B 9TUX YeThIPEX TMO3UIMAX COXPAHSIIOTCS B EPEeMEHHBIX tilel, tile2, tile3
n tiled. Eciu Bce ueThbIpe TiepeMeHHbIe CO/IEPIKAT TAKOE JKe 3HAUeHue, Kak playerTile,
3HAYUT, YyeTbIpe (DUIITKK B Pl HalmeHbl 1 pyHKIMA isWinner () Bo3BpalaeT True.

B pasznene «Ilepemennsie ¢ uncaoBbiMu cyburcamuy, c. 102, g ymomMsiHy1 o ToM, 4TO
MMEHa MePeMEeHHBIX € TT0CAe0BATEIbHBIMU YUCI0BBIMU cyddukrcamMu (Harprumep,
tilel—tile4 B 9TOM UIPe) YACTO SABJAIOTCS MPU3HAKOM IIPOOJIEM B KOI€E U UX JIy4IIe
3aMEHUTDH OJIHUM CcITMCKOM. OHAKO B IAHHOM KOHTEKCTE TaKhe MMeHa MepeMeHHbIX
BITOJIHE JIOTTYCTUMBI. 3aMEHATD X CIIUCKOM He HY>KHO, TOTOMY 4TO B ITporpamme «HeTbipe
B psi/l» BCeT/ia UCTIOJIb3YIOTCSI POBHO YeThIpe Takue repeMeHHble. HarmomHIo, 4To 3amax
KOJIa He BCET/Ia YKA3bIBAET Ha HAJIMUIE TPOOIEMbI; OH 03HAYAET JIUIIH TO, YTO K KOIY
CTOUT MPUCMOTPETHCS U YOEUTHCS B TOM, UTO OH HaIMCaH HanboJiee MOHITHBIM U Y10~
GounTaeMBIM CITOCOO0M. B TaHHOM ciTydae MCTOMb30BAHNE CITMCKA TOTBKO YCIOKHUT
Ko/l 6e3 KaKux-1u60 MPEUMYIIECTB, TI09TOMY MbI OTPAHUYNMCSI HCITOJIb30BAHUEM UMEH
tilel, tile2, tile3 u tiled.
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AHAJIOTUYHBII TIPOIIECC UCIIOIb3YEeTCs /IJIsI IIPOBEPKU BEPTUKAIBHOI TTOC/IE0BATE b
HOCTH M3 YeThIpeX (PUIIeK:

for columnIndex in range(BOARD_WIDTH):
for rowIndex in range(BOARD_HEIGHT - 3):
# MpoBepuTb YeTBEpKY BHMU3:
tilel = board[(columnIndex, rowIndex)]
tile2 = board[(columnIndex, rowIndex + 1)]
tile3 = board[(columnIndex, rowIndex + 2)]
tile4 = board[(columnIndex, rowIndex + 3)]
if tilel == tile2 == tile3 == tile4 == playerTile:
return True

Ocraetcsa TIPOBEPUTD TTOCTIECTOBATEIBHOCTD N3 YEThIPEX (l)I/IH_IeK B pAA IO AvaroHasIu,
HUAYIYIO BHU3 1 BIIPAaBO 1 BHU3 1 BJIEBO!

for columnIndex in range(BOARD_WIDTH - 3):
for rowIndex in range(BOARD_HEIGHT - 3):

# lMpoBepnTb 4YeTBepKy MO AMaroHa/nW HanpaBO BHU3:
tilel = board[(columnIndex, rowIndex)]

tile2 = board[(columnIndex + 1, rowIndex + 1)]
tile3 = board[(columnIndex + 2, rowIndex + 2)]
tile4 = board[(columnIndex + 3, rowIndex + 3)]

if tilel == tile2 == tile3 == tile4 == playerTile:

return True

# lpoBepuTb 4YeTBepKy MO AuMaroHau HaleBO BHU3:
tilel = board[(columnIndex + 3, rowIndex)]

tile2 = board[(columnIndex + 2, rowIndex + 1)]
tile3 = board[(columnIndex + 1, rowIndex + 2)]
tile4 = board[(columnIndex, rowIndex + 3)]

if tilel == tile2 == tile3 == tile4 == playerTile:

return True
return False

Koz ananormuen mpoBepke yeTbipex (hulliek B psifi IO TOPU3OHTAIH, U 4 He CTaHY MTOBTO-
psaTh 00bsicHeHus. Eciii HY oiHA TIPOBEPKa YeThIpex (QUIIEK B Psiji HUYEro He HaXOJIUT,
(dyHKIMst Bo3BpaiaeT False, MOKa3bIBast, 4TO X0/ playerTile He PUHEC TIOOEBI B UTPE:

return False

OcraeTcs TOTBKO BbI3BATH (DYHKITMTO main():

# Ecnu nporpamma 6bina 3anyuweHa (a He MMNoOpTUpoBaHAa), HavyaTb WUrpy:
if __name__ == "__main__":
main()

U cHOBa 3/16Ch MCTIOMB3YETCS cTaHaapTHas uanoMa Python: gymkimst main() BbI3bIBa-
€TCs B TOM CJiydae, ecyiu mporpamma fourinarow.py Gbisia 3amyiieHa HalpsiMyo, HO He TIPH
UMIIOPTUpOBaHuH fourinarow.py B BUjie MO JIS.
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Utorn

TosoBostomka «Xanoiickast GarHs» 1 urpa «Uersipe B psiji>y — KOPOTKUE TIPOTPAMMBI,
HO TaK KaK MbI CJI€JIOBAJIA TPUHIUIIAM, [IPEJCTABIEHHBIM B KHITE, UX KOl XOPOIIIO YH-
TaeTcs U MPOCT B OTJIAKe. B aTX mporpaMmax MIpUMEHSIETCS PSIJT TOJIE3HBIX MTPAKTHK:
OHU OBLIM aBTOMaTHYEeCKH oThopMaTHpoBaHbl mporpammoil Black, nist onncanust mo-
myJieit U GyHKIUT UCToIb30BaIich doc-CTPOKM,  KOHCTAHTBI MBI PA3MECTUIIH B HAYAJIE
(paiina. ITepementbie, mapameTpsbl (DyHKIINIT 1 BO3BpalllaeMble 3HaYeHUsT (hyHKITUE Orpa-
HUYWBAIOTCS OJIHUM TUTIOM JIAHHBIX, TAK YTO aHHOTAIUK TUTIOB (Kak ToJie3Has hopma
JIOTIOJTHUTETHHON TOKYMEHTAI[UHN ) OKA3bIBAIOTCS U3JTUTITHUMU.

B «Xanoiickoii 6atiHes» Tpy GalllHK MTPEACTABICHBI CIOBapeM ¢ KiaodaMu 'A', 'B' u 'C',
3HAYEHUSIMU KOTOPBIX SIBJIAIOTCS CIIUMCKU LeJIbIX yrcell. Takoll moaxon paboTaet, Ho eciu
ObI IIporpaMma ObLIa CKOJIBKO-HUOYAb OOJIBIION 1 CIOKHOI, 115 IIPEACTABIEHI dTHX
JIAHHBIX CTOMJIO ObI BOCIIOJIb30BaThes KiaaccoMm. Kinaccewr u cpeacrsa OOII B aT0ii ri1aBe
HE UCTI0JIb30BaJIICh, ToToMy uT0 00 OOII peus moiiger ToabKo B TiraBax 15—17. IIpo-
CTO IIOMHMTE, YTO [l TAKUX CTPYKTYD AAHHBIX aGCOJIIOTHO HOPMAJIbHO UCIIONb30BATh
kiaacc. bamnu seiBogares a okpan B ASCII-rpaduke, a mucku n306pasKaiorcs cepueil
TEKCTOBBIX CUMBOJIOB.

Urpa «Hetsipe B psany» Takke ucrnob3dyetT ASCII-rpaduky 1751 BbIBOA TIPEACTABICHUS
UTPOBOTO T0JIst. MI300paskeH e MoJisi CTPOUTCS U3 MHOTOCTPOUHOTO TEKCTA, XPAHUMOTO
B KOHCTaHTe BOARD_TEMPLATE. Ctpoka Bkitouaer 42 nmapbl GUrypHBIX CKOOOK {} st
Ka)K/IOH stuefiku urpoBoro 1moJjst 7 X 6. CTpokoBbIi MeTo1 format () 3aMeHseT KaxkIylo
napy (UIypHBIX CKOOOK YKo, HaXOAsIeiicss B COOTBETCTBYIONIEN no3uimi. Ipu
TAKOM I0X0/Ie OoJiee OYEBU/IHO, KaK cTpoka BOARD_TEMPLATE CTPOUT UTPOBOE IIOJIE,
BBIBOZIIMOE Ha 9KPaH.

HecMoTpst Ha pasjinuust B CTPYKTypax AaHHbBIX, Y 9TUX ABYX IPOrPAMM MHOTO OOIIETO.
O6e porpaMMBbI BBIBOIAT CBOM CTPYKTYPhI JaHHBIX HA 9KPaH, 3allpalliBaioT Y UTPOKA
BXOJIHbIE JIaHHbIE, IPOBEPSIOT BBOJ, a 3aTeM MCIIOJIb3YIOT ero Jjisd 0OHOBJIEHUSI CBOMX
CTPYKTYP JIAHHBIX, TIPEKE YeM BO3BpaNlaThCs K Hadamy nukiaa. OMHAKO KO JIJIsT BBI-
MOJIHEHU BCEX 9THUX JeHCTBUI MOYKHO HalncaTh MHOTUMH criocobamu. Kak caenaTh
cBOH Koz yaobounTacMbiM? YI0004uTaeMOCTh — CyOBEKTHBHOE OIyIIEeHNE, a He
00beKTUBHASA METPUKA, OIIpejesisieMast CTEIIeHbI0 COOTBETCTBUSL HEKOTOPOMY Habopy
npaBuil. VICXOIHBIN KOJI, IPUBEICHHBII B 9TOI T/1aBe, OKA3bIBAET, UTO, XOTSI K JTOOOMY
KOJLY C 3aIIaXOM BCeT/la CTOUT IIPUCMOTPEThCS €llle pas, IPU3HAKU IPOOIEMBI JaIeKO He
BCerJa yKashblBalOT Ha CYLIECTBOBAHUE IIPOOIEMbI, KOTOPYIO HEOOXOAMMO HCIIPABUTb.
Yro6ountaeMoCTh Koja BakHee Oe31yMHOTO CJIe0OBAHUS MOJUTHKE HEIOIYCTUMOCTH
3aIraxoB KoJla B BallIUX MTPOTPaMMax.



HYACTbD I

OBBEKTHO-
OPUEHTUPOBAHHbIN
PYTHON
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O6beKTHO-OPUEHTUPOBAHHOE
NPOrpaMMUPOBAHME U KNACCHI

O0bexmHo-0PUEHMUPOBANIOE NPOZPAMMUPOBAHUE, WU
OOII, — MexaHu3M g3bIKa TPOrPAMMUPOBAHUS, TTO3BOJISIO-
Ui TPYIIIUPOBATH TlepeMeHHble 1 (DYHKIIUY B HOBbIE TUIIBI
JIAHHBIX, Ha3bIBaeMble Kiaccamu. Ha 6aze KJIaccoB CO31at0TCst
o0vexmul. Paciipesiesisist CBOU KOJL 10 KJlaccaM, MOKHO PasOUTh
MOHOJIUTHYIO IIPOTPAMMYy Ha MEHBIIIHNE YaCTH, KOTOPbIE TTPOIILE I10-
HATh U OTJIAJIUTh.

B nebosbimux nporpammax OOII go6asisieT He CTOIBKO CTPYKTYPY, CKOJIBKO PYTHHY.
XoTst HEKOTOPBIE SI3BIKH (HATTPUMED, Java) TpeOyIoT OPraHu3aIni BCEro KOJIa B KJIAccax,
OOII-dyurmnnomagbiocts B Python e aBrsietcst 06s13aTensHOi. TIporpaMMucT MOKET
BOCTIOJIb30BATHCST KJIACCAMMU, ECITH OHU €MY HYJKHBI, TN 3a0bITh PO KITACCHI, ecan Oe3
HUX MOYKHO OOONTHCH.

B noxnazne paspaborunka Python dxexa Juuepuxa (Jack Diederich) «Ilepecranbre
nucarb Kjaacchl» Ha koHdepeniuu PyCon 2012 (https.//youtu.be/09pEzgHorH0/) pac-
CMaTPUBAIOTCS HEKOTOPBIE CUTYAIINH, B KOTOPBIX MPOTPAMMUCTBI MUITYT KJIACCHI, XOTST
MOZKHO OBLI0 ObI 060UTHCH O0JIee IPOCTOI (DYHKIINEH W MOLYJIEM.

Kax 661 To U 6BIT0, BaM KaK TIPOTPAMMHUCTY CJI€AYET 3HATH OCHOBBI KIACCOB W UX WC-
10J1b30BaHus. V13 3101 I71aBbI BBI y3HAETE, YTO TAKOE KJIACCHI, [I0YeMY OHU UCITIOJIb3YIOTCS
B IIPOTPaMMax 1 KaKOi CHHTAKCHC U KOHIEIIMHY ITPOrPaMMUPOBAHNS JIesKaT B UX OCHOBE.
OOII — oburrpHast TeMa, 1 9Ta IJiaBa COAEPKUT TOJIBKO KPATKOE BBEJICHUE B Hee.
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AHanorusa us peanbHoro mupa: sanosnHeHue ¢opm

Cxopee Bcero, BaM HEOJHOKPATHO MTPUXOAMIOCDH 3AII0JHATD BCEBO3MOKHDIE (DOPMBI,
AHKeTHI U GIaHKH, GyMasKHbIE UM DJIEKTPOHHBIE: IPH TIOCEIIEHUN BPaya, JIJIs TOKYOK
B UHTEPHETE WJIN JIJIst TIPUTJIAIeHUs Ha CBab0Y. DOPMBI TPEAOCTABIISIOT YHU(DUITHPO-
BaHHbIII MexaH3M cO0pa HeOOXOAMMOU MH(MOPMAIIUH JIIOABME WJIH OPTaHU3AIIUSIMU.
Pasmbie hopMbl TipeiHasHAYCHbI 171t cOOpa pasHbIX BUIOB WH(GOpMaIuu. Bpau ormchiBa-
eT COCTOSTHUE MAIMeHTa, a Ha (hopMe MJIAHUPOBAHUS CBAIbOBI BBl BBOJMTE HH(DOPMAIIUIO
O TIPUTJIAIIIEHHBIX TOCTSIX.

B Python TepMumsr «xnacc», «muns> n «mun 0annvlx» MMEIOT OJMHAKOBBIA CMBICII.
Kiracc, kak u GymMmaskHast WITH 97€KTPOHHAS (HOpMa, TTPEICTaBIIAET COOOM 3aTOTOBKY /IS
cozmanust 06bexToB Python (Taxske HasbiBaeMbIx sxsemniapamis). OGbEKTbI COmepIKaT
JIaHHble, KOTOPBIE IIPECTABJSAIOT KOHKPETHOTO MAIUEHTA, TIOKYIIKY B MHTEPHET-Marasute
WM TOCTsT Ha cBabOe. Kitacehl HATOMUHAIOT Ty cThie (hOPMBI, 2 0GBEKTHI, CO3TAHHbBIE HA
6ase ATUX KJIACCOB, — 3allOJTHEHHBIE (DOPMBI € PeabHBIMI JAHHBIMU, KOTOPbIE TPeGyeT
dopma. Tax, va prc. 15.1 popmy /151 HOATBEPIKAECHUS yIACTUSI MOSKHO CPABHUTD C KJIAC-
COM, a 3aI0JHEHHYIO GOPMY — ¢ OOBEKTOM.

Kiaccnl 1 00beKThI TaKsKe MOKHO PACCMATPUBATh KaK 9JIeKTPOHHbIE TabiunIpl (puc. 15.2).

RSVP

Mpoceda omBemump 90 16 uroHs.

RSN

FOHS.
Mpoceda omberumo 0 16 4

UM MT/

E‘ Ma, 9 dydy vxpucgwxcm@o@avv\b.
pucywxcwx@o@awm.

Nms:

[ Aa, 4 0ydy npucymembobame.

[ Hem, 4 He cmozy npucymemBoBamb. 1 Hem, 5 ve €408 N

KoAuvecmBo zocmeit )
K.oruvecmBo zocmel 1

Knaccsl O6bexTh

Puc. 15.1. Popmbl ans npurnatuesms rocter Ha ceagsby HANOMUHAIOT KNACCHI,
a 3anosHeHHble GOPMbI HANMOMUHAIOT OBBLEKTI
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= | E #) - (|5 Wedding Guestsxisx - Microsoft Excel - 0O X
Home | Insert Pagelayout Formulas Data Review View & e = @ 23
X |calibri ‘11 .| = = % ‘ ‘@‘ 3 - Af?v
Paste E‘\a* B LU AN E = k- Numbér Styles Cells
= EIE | S ek st e 42'
Clipboard & Font & |  Alignment & Editing
! ~ € £
e R T T
1 |Guest Name Has RSVPed Has Accepted |Guests ]
2 |Alice Smith ~ TRUE TRUE | 1] __“_j_l
3 |Bob Johnson FALSE FALSE ! 0
4 |Carol Jones TRUE FALSE i 0
5 |David Silverman TRUE TRUE | 2 _
6 |Eve Jones TRUE TRUE ! 1 )
7 |Erad Hannar i 1 hY
M4 M Sheeti/SheetZ /SheetB rlf [H([ m | 21N
Ready | |EmEm 100 O—0—® .-

Puc. 15.2. SnektporHas Tabnuua ¢ aaHHbIMKM rocteit. 3peck RSVP osHavaer
«répondez s'il vous plait» («<npocsba oTeeTUTb»)

3aroJI0BKU CTOJIOLOB OIIPEAEISIOT KJIACC, a KayK/1ast OT/Ae/IbHast CTPOKA TabJIMIbl — OOBEKT.

Kracchr 1 00BEKTHI 9acTO TPUPABHUBAIOT K MOJIE/ISIM DIEMEHTOB PEATHHOTO MIPA, HO
He TIyTaiiTe KapTy ¢ Tepputopueil. Comep:RIMoe KiIacca 3aBUCUT OT TOTO, YTO JI0JIKHA
crenath porpamma. Ha puc. 15.3 n3o6paskeHbl HEKOTOPbIe 0GBEKTHI PA3HBIX KIACCOB,
MPE/ICTABIIAIONINE OZIHOTO U TOTO sKe YesoBeka. He cunrtas mMenu, oHU cojiepKaTt co-
BEPIIEHHO Pa3Hyio HHGOPMAIINIO.

Kpome Toro, nHbOopMAaIus, COIEPKAIIasICs B KJIaccax, 3aBUCUT OT TOTPeOHOCTEN Balliei
nporpammbr. Bo Muorux yue6rukax OOTI fjist mpuMepa CIoIb3yeTcst Kiace Car, HO TPy
HTOM aBTOPBI 3a6BIBAIOT, YTO HAOOP CBEEHNTH, BRIIOYAEMBIX B KITACC, TIOTHOCTHIO 3aBUCHT
OT TOTO, KaKOE TIPUJIoKeHre BbI Tiuiere. He cymectByer 06061eHHOro Kiracca Car, KOTO-
Pbiii Gb1 BKII0Yas MeTo ] honkHorn () (rmogarh curial) win arpubyT numberOfCupholders
(KOJIMY€eCTBO MO/ICTABOK /IJISI CTAKAHOB) TOJTBKO IMTOTOMY, YTO 9TUMH XapaKTePUCTUKAMHI
06JIaIatoT peasbHble MATMHBL. MoKeT ObITh, BBI TIHIIETe BeO-TIPIIOKEHNE [T aBTO-
CaJIoHa, BUJICOMTPY C TOHKAMU WJIM MOJIeJIb IOPOKHOTO /iBMKeHud. Kiace Car 1714 aB-
TOCAJIOHA MOKET CozlepsKaTh arprOyThl milesPerGallon (KOJMYECTBO MUJIb HA FAJIJIOH )
nim manufacturersSuggestedRetailPrice (peKoMeHIOBaHHAS TIeHA TTPOU3BOIUTEIS ),
MO06HO TOMY KaK NMEHA ITHX aTPUOYTOB MOTYT GBITh BKITIOUEHBI B 3aTOJIOBKHU CTOJIOIIOB
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B 9JIEKTPOHHBIX TabJiMIiax aBrocaiona. Ho B Bugeonrpe 1 Mojiesin JOPOKHOIO IBUKEHIIS
9THUX aTpudyTOB He OYET, IOTOMY UTO 3/IeCh OHU He aKTyasbHbL. Kiace Car st Bujieo-
UTPBI MOKET CoiepsKaTh MeTo explodeWithLargeFireball() (adhdeKkTHO B30OpPBATHCH),
HO B IIPUJIOKEHUE [IJIS aBTOCATIOHA U MOJIEJTH JIOPOKHOTO JIBU)KEHUSI OH He TIOMA/IET...
XOUETCST HA/IESIThCS.

obj = Employee()

obj.name = ‘Alice’

obj.title = 'Software dev’
obj = Customer() obj.employeeID = '1729'

obj.name = 'Alice’
obj.customerSince = 2015 /
obj.numPurchases = 42

™~

obj = WeddingGuest()
obj.name = 'Alice’
obj.hasRSVPed = True
obj = Patient() obj.hasAccepted = True
obj.name = 'Alice’ obj.guests = 1
obj.bloodType '0-"
obj.allergies = ['eggs’, 'pollen’]

Puc. 15.3. Hetoipe obbekta, cozpanHblie Ha 6a3e pasHbix knaccos. O6bekTbl NPeacTaBnaoT
OOHOrO M TOTO X€ YENOBEKA B 3ABUCMMOCTM OT TOTO, KOKAs MHPOPMALMS O YeNoBEKe HYXHA
NPUAOXEHMIO

Co3paHue o6bvexkTOB Ha Base knaccos

Bl yske ncmonb3oBaan Kiaaccehl 1 06bekThl B Python, gajke eciiv He co3aBaii X CaMU.
Benomuwnre Moy b datetime, KOTOPBIH coiepsKUT Kirace ¢ uMeHeM date. OGbHEKTHI Kac-
cadatetime.date (TaksKe HasbiBaeMble OObeKTaMu datetime. date min o6bekramu date)
MPEJICTABISAIOT KOHKPETHYTO aTy. BBeauTe cienyonmii (pparMeHT B UHTEPAKTUBHON
0060J104Ke, YTOOBI CO3/1aTh OOBEKT Kjacca datetime.date:

>>> import datetime

>>> birthday = datetime.date(1999, 10, 31) # MepeaaTb rop, Mecsiy U AeHb.

>>> birthday.year

1999

>>> birthday.month

10

>>> birthday.day

31

>>> birthday.weekday() # weekday() - meToa, Ha 4TO yKa3blBAaWT Kpyrible CKOGKM.
6
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Ampubymo: ipeacTaBaioT coO0I epeMeHHble, CBA3aHHble ¢ 00beKTOM. Bpi30B datetime.
date() co3aeT HOBbII 00BEeKT date, I/IHI/IL[I/I&]IHZSI/IP}/’QMLIfI aprymMeHTamMn 1999, 10, 31, TaK 4YTO
oGbexT pegcTasisier qaty 31 oksa6pst 1999 roga. TH apryMeHTbI IPUCBAUBAOTCS aTpUly-
TaM year, month 1 day Kj1acca date; Takue arpuOyThI IIPUCYTCTBYIOT B KaskI0M 0ObeKTe date.

C nopo6Hoit mHopManueii Metos weekday () Kjacca MOKET BBIYMCIUTD JeHb HEEH.
B npuBeneHHOM IIpUMepe OH Bo3Bpaiaer 6 — o603HaYeHe BOCKPECEHb, IIOTOMY 4TO
COIJIACHO 3JIEKTPOHHON JokyMeHTai Python BosBpaijaeMbiM 3HaueHeM weekday ()
aaiseTcs 1esoe yucsao ot 0 (monegenbaNK) 710 6 (BockpeceHbe). B jokyMenTanmnm tak-
JKe TIepevrcIeHbl IPyTHe MEeTOIbI, collepsKaniecs B kiacce date. 1 xors o6beKT date
COZEPKUT MHOTO aTPpUOYTOB M METOIOB, 9TO BCE elle OAUH 0OBEKT, KOTOPBII MOKHO
COXPaHUTH B IepeMeHHOH, — TaKoli Kak birthday B IpuBe/leHHOM ITpUMepe.

CozpaHue npocroro knacca: WizCoin

Cospaaum kaace WizCoin, mpeacTaBIsion it HAbOp MOHET B BHIMBIIIICHHOM BOJIIICOHON
BaJioTe. B 3TOI BaTIOTE UCITOJIB3YIOTCS CJIe/IyTole HOMUHAIIBL: KHATHI, CUKJIH (29 KHATOB)
u rajuieonsl (17 cuximeit, nnn 493 kuara). ITlomuute, 4To 00BEKTHI KIacca WizCoin mpes-
CTaBJISIOT KOJIMYECTBO MOHET PA3HOTO HOMUHAJIA, & He IEHEKHYIO CyMMY. YCJIOBHO TOBODS,
ATOT KJIACC COOOIINT, YTO Y BAC MSATh YeTBEPTAKOB U OJ[H IPUBEHHUK, a He 1 p. 35 Kot

Coszpaiite aiis c MeHeM Wizcoin.py 1 BBEIUTE CJAEAYIONNI KOJI /IS CO3/ITaHNS KJlacca
WizCoin. OGpaTuTe BHUMAHKE: UM METOAA __init_ HayMHaeTCs M 3aBepIIAeTCs JBYMs
CUMBOJIAMU TIO/[YepKUBanus (MeTo/[ __init__ paccmarpuBaercs B mojpaszene «Meto-
nel,  init () u self» aroii rmassr):

class WizCoin: (1)
def __init_ (self, galleons, sickles, knuts): @
"""Co3paHune HoBoro obvekTa WizCoin no 3HaveHuam galleons, sickles

n knuts."""
self.galleons = galleons
self.sickles = sickles
self.knuts = knuts
# BHUMAHMWE: meTogmpl __init_ () HUKOIJA He copepxaT komaHay return.
def value(self): ©

The value (in knuts) of all the coins in this WizCoin object.
return (self.galleons * 17 * 29) + (self.sickles * 29) + (self.knuts)

def weightInGrams(self): @
"""Bo3BpawaeT BeC MOHET B rpamMmax.
return (self.galleons * 31.103) + (self.sickles * 11.34) + (self.knuts

* 5.0)

[Tporpamma orpesiesisieT HOBBIN Kiracc ¢ MMeHeM WizCoin Py MOMOIIM KOMaH/IbI class @.
ITpu cosmanuu Kjacca co3paercss HOBbIA T 00beKTOB. VIcIob30BaHe KOMaHIbl
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class /g onpe/iesieHIs Klacca HalloOMUHAeT KOMaHy def, 3a/1af0IyI0 HOBbIE (byHKLu/H/I.
BuyTpu 6J10Ka K012, CIeYIOIEro 3a KOMaH/0ii class, CIeAYIOT TPH OIPeAEIeHUS TPEX
MeToaoB: __init_ () (cokpawsenue ot initializer) @, value() ® u weightInGrams() @.
OG6paruTe BHUMaHKE: BCe METO/bI UMEIOT IIEPBbIIl IapaMeTp ¢ UMeHeM self, KOTOpBbIii
OyzeT paccMOTPEH B CJIEAYIOIIEM Paszelie.

ITo o6IIENPUHSITHIM COTJIANIEHISIM UMEHA MO/ Iell (HarpuMep, wizcoin B daitie wiz-
COiN.py) 3aIMCHIBAIOTCS B HUKHEM PETUCTPE, a MMEHA KIaccoB (HanpumMep, WizCoin) Ha-
YUHAIOTCS ¢ OYKBBI BepxXHeTo pernctpa. K coxkaTeHnio, HeKOTOPbIe KIACCHI CTAHIAPTHOI
6ubmmorekn Python — Takne kak date — 9TOMY COTJIANIEHUIO HE CIEAYIOT.

YTo0bl IIOTPEHUPOBATHCS B CO3JAaHUN HOBBIX 0OBEKTOB KJacca WizCoin, BBeauTe ciie-
JIYIOIIUH MCXO/HBIN KO/l B OT/IEJTbHOM OKHE Pe/lakTopa U coXpanuTte (aiiy ¢ uMeHeM
wcexamplel.py B oHOI TTamke ¢ wizcoin.py:

import wizcoin

purse = wizcoin.WizCoin(2, 5, 99) # Uenble yucna nepepawtca _ init_ (). @
print(purse)

print('G:', purse.galleons, 'S:', purse.sickles, 'K:
print('Total value:', purse.value())
print('Weight:', purse.weightInGrams(), 'grams')
print()

, purse.knuts)

coinJdar = wizcoin.WizCoin(13, @, ©) # Lenvle yncna nepegawtca __init_ (). @
print(coinJar)

print('G:', coinJar.galleons, 'S:', coinJar.sickles, 'K:', coinJar.knuts)
print('Total value:', coinJar.value())

print('Weight:', coinJar.weightInGrams(), 'grams')

Bbi3oBbI WizCoin () @ u @ co31a10T 00BEKThI WizCoin 1 BBIIOIHAIOT /IS HUX KOZ METO/1A
__init_ (). B aprymenTax WizCoin() mepesaioTcs TPU IeJIbIX YMCJIa, KOTOPbIE Tiepe-
JAI0TCs IapaMeTpaM __init__ (). DTU apryMeHThI IPHCBauBaioTCsa aTpubyTaM self.
galleons, self.sickles u self.knuts oObekra. [To106HO TOMY Kak (GyHKIUS time.
sleep() TpebyeT cHavala UMIIOPTUPOBATh MOJYJIb time U MOCTaBUTH TIpeduKC time.
nepe/; uMeneM (hyHKIIMM, Mbl TakKe JOJKHbl UMIIOPTUPOBATh Wizcoin U 11OCTaBUTD
npedukc wizcoin. repejs nmeneM pyHkimu WizCoin().

PBBYJIBTB.T BbIITOJIHEHU A ITPOTrPaMMbl BBITJISIJIUT HpI/I6JII/IBI/IT€]II)HO TaK:

<wizcoin.WizCoin object at 0x000002136F138080>
G: 2 S: 5 K: 99

Total value: 1230

Weight: 613.906 grams

<wizcoin.WizCoin object at 0x000002136F138128>
G: 13 S: @ K: 0

Total value: 6409

Weight: 404.339 grams



Tlgm: @it_boooks

322 Maea 15. O6beKTHO-OPUEHTUPOBAHHOE MPOrPAMMMUPOBAHME M KIACCHI

Eciu BoI nonyuutre coobumenune 06 ommbke (Hampumep, ModuleNotFoundError: No
module named 'wizcoin'), ybeaurech B TOM, 4TO (aiily IPUCBOCHO UM WIZCOIN.py 1 OH
HAXO/IUTCS B OIHOM Iarike ¢ weexamplel.py.

O06bekTbl WizCoin He MMEIOT IIOJIE3HOTO CTPOKOBOTO MIPEICTABICHUS, TOITOMY [IPH BbI-
BO/JIE purse ¥ coinJar BBIBOAUTCS ajipec IaMsATH B yII0BbIX ckoOKax. (M3 riassl 17 Bb
y3HaeTe, Kak U3MEHUTb BbIBOIUMOE TIPEJICTABIEHHE. )

ITomo6HO TOMY Kak Jijist 00bEKTa CTPOKHM MOKHO BBI3BATh METOJ lower (), MBI MOKEM
BbI3BaThb MeTO/bI value() 1 weightInGrams() i 00beKTOB WizCoin, IPUCBOEHHDIX
IepeMeHHBIM purse U coinJar. OTU METO/Ibl BBIYUCISIOT PEe3yJIbTaT 110 3HAUEHUSIM
aTpubyTOB galleons, sickles u knuts oObeKTa.

Kiracenst 1 OOIT yTipomiaroT conpogodcoenie Koia — TO eCTh KOJL TIPOITIE YU TAETCsT, H3MEHSIET-
¢sI ¥ pactmpsierest B Oy wyiieM. VI3ydrm MeTo/Ibl 1 aTprOyThI 3TOTO Kiiacca boJiee HOAPOOHO.

Merogwi, __init__() n self

Memoodut ipeicTaBasioT co60# (DYHKIINH, CBSI3aHHbBIE ¢ 00BEKTAMU HEKOTOPOTO KJIacca.
BenomauTe, uto lower () SABAGETCS METOIOM CTPOK — 9TO O3HAYAET, UYTO OH BHI3BIBACTCS
1151 00BEKTOB CTPOK. MeToz lower () MOKHO BBI3BATH /I CTPOKH (Hampumep, 'Hello' .
lower()), HO BbI3BaTh €ro Jijisl ciiucka (Hanpumep, [ 'dog', 'cat'].lower()) He moJy-
unres. Takske oOpaTnTe BHUMaHKE HA TO, YTO METOJL YKa3bIBAETCS IOCJIE HMEHU 00heKTa:
MTPaBUJIBHBIM cUNTaeTcs Kof 'Hello' . lower (), a He lower('Hello'). B oTmume ot MeTo-
na Lower () yHKIM len() He cBSI3aHa C OJHIM KOHKPETHBIM THTIOM JITAHHBIX; TPU BHI30BE
len() MOKHO TIepeJiaBaTh CTPOKH, CIIMCKHU, CJIOBAPU 1 MHOTHE JAPYIHe TUIIbI OOBEKTOB.

Kax 651710 TIOKa3aHO B MPEABIAYIIEM pas/esie, 00beKT CO3/AeTCsT BHI3OBOM MMEHH KJTac-
ca Kak (pyHKInH. ITa HGYHKINS HAa3bIBaeTCI PyHKyueli-KoHcmpyxmopom (I TIPOCTO
KOHCMPYKMOPOM), TOTOMY UTO OHA KOHCTPYHPYeT HOBBIN 00beKT. Takske TOBOPSIT, 4TO
KOHCTPYKTOP CO3/IaeT HOBBII SK3eMILISIP KJIacca.

ITpu BbI30BE KOHCTPYKTOpa Python cosmaer HOBBII 0OBEKT, a 3aTEM BBIIIOJIHSIET METOI
__init_ (). Hanmmume meroga __init_ () B Kiacce He 00s3aTeIbHO, HO OH [IOYTH BCErja
npucyTcTByer. IMeHHO B MeTojie __init_ () OOBIYHO 3a[at0TCST MCXOHbIEC 3HAUCHMUSI
aTpubyToB. Haripumep, 1 cHoBa npuBesy MeTos __init_ () kjacca WizCoin:

def _ init_ (self, galleons, sickles, knuts):
"""Co3paHue HoBoro obvekTa WizCoin no 3Ha4veHusm galleons, sickles u knuts.
self.galleons = galleons
self.sickles = sickles
self.knuts = knuts
# BHUMAHME: meTombl _ _init_ () HWKOT[A He copepxaT KomaHay return.

Korza miporpamma wcexamplel.py BbisbiBaeT WizCoin(2, 5, 99), Python cosnaer Ho-
BbIiT 00beKT WizCoin ¥ mepemaer Tpu aprymenTa (2, 5 u 99) BoizoBy __init_ (). Ho
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MeToJ __init_ () moJiydaeT ueThipe mapaMmerpa: self, galleons, sickles u knuts. [lesio
B TOM, UTO y KaKJIOTO METOJIA UMeeTCs TIEePBBIN TapameTp ¢ umeneM self. Korzga meton
BBI3BIBAETCS JIJISI OOBEKTa, 9TOT 0OBEKT aBTOMATUYECKH IIepeIaeTcs B mapamerpe self.
OcrasibHble apryMeHThI TPUCBANBAIOTCS MapaMeTpaM Kak 00braHO. Eciiv Bb yBUgnTE CO-
ob61ienne 06 onmbke Buaa TypeError: __init_ () takes 3 positional arguments but 4
were given (TypeError:  init () mosryyaeT 3 TO3UITMOHHBIX aPTYMEHTA, HO 3a/1aHO 4),
cKopee Bcero, Bbl 3a0bLH 100aBUTH TapaMeTp self B KomaHy def MeToja.

[TpucBamBaTh MEPBOMY MapaMeTpy UMs self HeoOA3aTeTbHO; UM MOKET OBITE JTIOOBIM.
OpHako nMst self cuurtaeTcst OOIIETPUHSITHIM, U BBIGOP MHOTO UMEHU 3aTPY/IHUT YTEHUE
Balllero Koja aApyrumu nporpammvuctamu Python. Korga Ber untaere Ko, mepBbIil mapa-
MeTp self momMoraeT GbICTPO OTIUYUTH METOBI OT (PYHKIUH. AHATOTUYHBIM 06Pa3oM,
€CJTM B KOJIe METOJIa HUT/Ie He MCTI0JIb3yeTCs mapaMeTp self, aTo yKa3bIBaeT Ha TO, UTo,
BO3MO’KHO, METO/] CTOUT OPOPMUTD B BUJIe (DYHKITUH.

AprymeHTsI 2, 5 1 99 B BbI3oBe WizCoin(2, 5, 99) He MPUCBAUBAIOTCA aTPUOyTaM HOBOTO
00beKTa aBTOMATHYECKU; YTOObI 3TO IIPOUSOLILI0, HEOOXOAMMO BKIIOUUTH TPU KOMaH/Ibl
nmpucBanBaHus B___init_ (). YacTo mapamerpam __init_ () mpuUcBamBaloOTCs MMEHA, CO-
BIIQJQI0Ie ¢ UMeHaMU anI/I6yTOB, HO Hasnyue self B self.galleons 03HAYAET, YTO ITO
aTpulbyT 00BEKTa, a galleons — mapamerp. CoxpaHeHHe apryMeHTOB KOHCTPYKTOPA B aTpH-
6yTax 00beKTa — oflHa U3 TUIIMYHBIX 3a/a4 MeToga __init () kiacca. Boi3os datetime.
date() B IIpeAbIAYIIEM pa3/iesie BBIIOIHAN aHAJIOTUYHYIO OIlepaluio, XOTs TOr/a lepe-
JlaBaJIuCh TPU apryMeHTa ik aTpuOyToB year, month u day cosgaBaeMoro o0bekTa date.

Panee MbI Bbi3Baau GyHKIMK int(), str(), float() u bool() A1 npeobpasoBaHus
MEKAYy TUIIaMU JaHHBIX — HAllpUMEp, BbI30B str(3.1415) Bo3Bpalllajl CTPOKOBOE
3Havenne '3.1415' i 3HaYEHUs C TJIaBaloniell TOUKoi 3.1415. Panee B TeKcTe OHU
OTIUCBIBATUCH KaK (DyHKIINH, HO int, str, float u bool B JIeiiCTBUTETLHOCTH SIBJISIOTCS
KJaccaMy, a int (), str(), float() n bool() — KOHCTPYKTOpPaMu, KOTOPbIE BO3BPAIAIOT
HOBBIE OOBEKTHI 11€JI0TO YUCJIA, CTPOKH, YICJIA C IIABAIONIEN TOUKON 1 JIOTHYECKOro 3Ha-
yeHus1. PyKoBoICTBO 110 cTuiiro Python pexoMeHIyer nemoib30BaTh JJisl UMEH KJIACCOB
«BePOJIIOKBIO» CXEMY C II€PBOil OYKBOIl B BEDXHEM PErUCTPE, XOTS MHOTUE BCTPOEHHbIE
kiaccebl Python aToMmy coriaieHuio He CIeiyior.

BbI30B (hyHKIIMI-KOHCTPYKTOPa WizCoin() BO3BpAIaeT HOBbI 00hEKT WizCoin, HO Me-
To/__init__ () He MOXKeT cofiep:KaTh KOMaH/IbI return ¢ Bo3BpaliaeMbiM 3HaueHueMm. [Ipu
IIOIIBITKE I00aBUThH BO3BpalllacMOe 3HaUY€HUE BbIJIA€TCA ombKka TypeError: __init_ ()
should return None (TypeError:  init () mommken Bo3Bpamats None).

Atpubyrni

Ampu6ymcmu Ha3bIBAIOTCA IIePEMEHHBIE, CBA3aHHBIE C obbexToM. B JIOKYMEHTaIN Python
anI/I6yT OIMCHIBACTCS KaK <«JII000e 1M, cJIetyroliee ocJie TOUKu» . BecroMHuuTe BeIpazkeHme
birthday.year u3 npeabiayIiero pasjesa: anI/I6yT year — UM, CJIe/yIolee Iocje TOYKHU.
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Kaxapiii 00bexT cogepxut cobctBennsblii nabop arpudyros. Korga nporpamma
wcexamplel.py cospaer aBa 00bekTa WizCoin M coxpaHsieT MX B II€PEMEHHBIX purse
U coinJar, ©X aTpuOYTH UMEIOT PasHble 3HaueHMs. K HUM MOKHO 06paiaTbest v mpu-
cBaMBaTh 3HAYCHUS, KaK U K J1060i1 Apyroii mepeMeHHON. YTOOBI TOTPEHUPOBATHCS
B IPUCBAaUBaHUU 3HAUYEHNI aTpuOyTOB, OTKPONTE B PELAKTOPE OKHO ¢ HOBBIM (hailiom
U BBEIUTE CJAEAYIOMNUI KO/, COXPAaHUB ero B (hailne wcexample2.py B OIHOI TaIiKe
¢ aitmom wizcoin.py:

import wizcoin

change = wizcoin.WizCoin(9, 7, 20)
print(change.sickles) # BboiBoauT 7.
change.sickles += 10

print(change.sickles) # BbiBoauT 17.

pile = wizcoin.WizCoin(2, 3, 31)

print(pile.sickles) # BbiBOoaMT 3.

pile.someNewAttribute = 'a new attr' # Co3paeTcAa HOBbli aTpubyT.
print(pile.someNewAttribute)

[Ipn BbITIOJIHEHUU BTOH TPOTPAMMBI Pe3yJIbTaT BBITJISINAT TaK:

7
17
3
a new attr

ATpI/I6yTbI 00beKTa TaKKe MOKHO CPaBHUTDH C KJIIOYaMU CJIOBap:. Br1 moxere unrtarnb
1 USMEHATD CBA3aHHbIE C HUMU 3HAYE€HU S, a TAKIKE IIPUCBanBaThb HOBbIE anI/I6yTI)I 00Db-
€KTY. q)OpMaJIbHO METO/bI TaKKE€ CHUTAIOTCA anI/I6yTaMI/I KJIacca.

lpuBarxbie atpubyThi M NPUBATHBIE METOAbI

B rakux aspikax, kak C++ uim Java, arpubyThl MOTYT TIOMEUATHCS KAK UMETOIIUE Npi-
6ammbiil yPOBEHD IOCTYIA. ITO O3HAYAET, YTO KOMITHJISITOP UJTH HHTEPIIPETATOP O3BOJIUT
obGpamarbest K arpruOyTaM 00bEKTOB 9TOTO KJIacca TOJMbKO KOy METOOB ATOT0 KJacca.
B sasbike Python Takoro orpannuenuist He cyniectByer. Bee arpubyThi u MeTozbl (haKkTH-
YECKU MMEIOT OTKPBITBIN YPOBEHb JOCTYIIA: KOJI 32 TIPEIeJIaM K KJIacca MOJKET 0OPaTUThCS
K JTIOOBIM aTpUOyTaM JIFOOBIX 0OBEKTOB ITOTO KJIACCa U M3MEHSITh UX.

Bripouem, mpuBaTHBIN 10CTYT oJie3eH. Hampumep, 00beKThI Kitacca BankAccount MOTyT
comepskarh aTpubyT balance, KOTOPBIi TOMKEH OBITH TOCTYIIEH TOJBKO ST METOIOB
KJacca BankAccount. ITo sTum nipryrtam B Python npuHsATO HaYMHATH MMEHA TIPUBAT-
HBIX aTPUOYTOB 1 METOJIOB C OJJHOTO CUMBOJIA OAYEPKUBAHUS. TeXHIUECKU HIUUYTO HE
MeIIaeT KOy 3a TIPeleTaMi KIacca 0OpaIiathest K TPUBATHBIM aTPUOYTAM 1 METOAM,
HO Ha MPaKTHKe Jy4Iie 06paIarhest K HUM TOJTbKO U3 METO/IOB KJIacca.
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OTKpoiiTe B pelakTOpe OKHO C HOBbIM (haiijioM, BBE/IUTE CJIe/IYIONINIT KO/l K COXPAHUTE
ero ¢ uMeHeM privateExample.py. B Hem 00bekThI KJ1acca BankAccount cozepsKatT puBat-
HbIe aTPUOYTHI _name ¥ _balance, K KOTOPBIM JOJIKHbBI 0OPAIIATHCS HATPSIMYO TOJTBKO
MeTo/ bl deposit() nwithdraw():

class BankAccount:
def __init_ (self, accountHolder):
# MeTombl BankAccount moryT obpawaTtbca K self._balance, Ho kog
# 3a npesenamu Knacca 3TOro AenaTb He AOJXEH:
self._balance = © (L
self. _name = accountHolder (2
with open(self._name + 'Ledger.txt', 'w') as ledgerFile:
ledgerFile.write('Balance is @\n")

def deposit(self, amount):
if amount <= @: ©
return # OTpuuaTenbHble "3a4ncneHnA” HepoMyCTUMb.
self._balance += amount
with open(self._name + 'Ledger.txt', 'a') as ledgerFile: @
ledgerFile.write('Deposit ' + str(amount) + '\n')
ledgerFile.write('Balance is ' + str(self._balance) + '\n")

def withdraw(self, amount):
if self._balance < amount or amount < ©: (>,
return # He xBaTaeT CpeACTB Ha cYeTe WAM CHUMaeTCA
# oTpuuaTenbHaa cymMa.
self. balance -= amount
with open(self._name + 'Ledger.txt', 'a') as ledgerFile: @
ledgerFile.write('Withdraw ' + str(amount) + '\n")
ledgerFile.write('Balance is ' + str(self._balance) + "\n')

acct = BankAccount('Alice') # Co3paHue y4eTHOro cyeTa.
acct.deposit(120) # _balance MoxHO W3MeHATb 4epe3 deposit()
acct.withdraw(40) # _balance moxHO M3MeHATb Yepe3 withdraw()

# W3meHeHne _name wunu _balance 3a npepenamu BankAccount HexenaTenbHO, HO BO3MOXHO:
acct._balance = 1000000000 (7
acct.withdraw(1000)

acct._name = 'Bob' # Tenepb u3meHseTcs c4yeT boba! @
acct.withdraw(1000) # Onepauusa perucTpupyetcs B BobLedger.txt!

[Tpu BhINIOTHEHUM TIpOrpaMMBbl privateExample.py co3naBaembie (hailsibl cofiepskar He-
KOPPEKTHYIO MH(pOopMaInio, TOTOMY YTO _balance U _name N3MEHSINCH 32 TIpe/leslaMu
KJIacca, 4To MPUBEJIO K HeleHcTBUTENbHBIM cocTosinusiM. Daiin AliceLedger.txt comepsxut
HEIIOHSTHO OTKY/1a B3sIBIIIYIOCS OTPOMHYIO CYMMY:

Balance is ©
Deposit 120
Balance is 120
Withdraw 40
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Balance is 80
Withdraw 1000
Balance is 999999000

Daiin BobLedger.txt cozep:KuT HeOOBACHUMBII GalaHC, XOTS Mbl HUKOT/[Aa HE CO3/IaBaIn
00beKT BankAccount /1Jis1 T10JIb30BaTE IS Bob:

Withdraw 1000
Balance is 999998000

X0opOoITI0 CITPOEKTUPOBAHHBIE KJACCHI B 1I€JIOM aBTOHOMHBI, T OHU JIOJIKHBI TIPEIOCTABIATD
METO/bI /IS IPUCBanBaHust arpubyTaM JOIyCTUMbIX 3HaueHuil. ATpuOyThl _balance
Y _name IIOMEYEHbI KaK IIpuBaTHbIe @ 11 @, a 3HaueHue Kaacca BankAccount 10J5KHO U3Me-
HSATBCS TOJIBKO ITPH TIOMOIITN MeTO/I0B deposit() mwithdraw(). DTu 1Ba MeTO/IA CO/IEPKAT
HPOBEPKHU © 11 ©, KOTOPBIE IIPOBEPSIIOT, YTO aTPUOYT _balance He IEPEBOAUTCS B HEIEHCTBI-
TeJThHOE COCTOsTHIE (HAITpUMep, eMy He TIPUCBAanBAETCs OTPUTIATEIbHOE TIesToe 3HAYCHME).
MeTo/ibl TaKKe PErHCTPUPYIOT KasKLyI0 OlIE€PalMio /it TeKyiero Gajnanca @ u @.

Koz 3a npegenaMu Kaacca, U3MEHSIONMINUN 9TH aTpuOyThl (HAIpUMep, KOMaH/bl acct. _
balance = 1000000000 @ i1 acct._name = 'Bob' @), MOKET 1epeBecT 00bEKT B HEKOP-
PEKTHOE COCTOsTHE 1 co371aTh ommOku. CobIroieHre coralieHnii 06 UCIOIb30BaHUN
npeduKca _ st IPUBATHOTO JOCTYIIA YIPOIIAET OTJIAKY. BBl TOUHO 3HaeTe: OMUOKY
HY’KHO MCKaTh B KOJIe KJIacCa, a He B KOJIe BCEH MTPOTPAMMBL.

B ornmume ot Java u apyrux si3pikoB, Python me Tpebyet ompemeneHust OTKPBITHIX
get- 1 set-MeTOJIOB /I7TsI TPUBATHBIX aTprOyTOB. BMecTo aToro B Python ncmombayiorest
cBoiictBa (cM. TiaBy 17).

®dyHkuusa type() u arpubyr __qualname_

ITepenas 06bEKT BCTPOECHHOM (YHKIMK type (), Bbl y3HAETE THII JAaHHBIX 00bEKTa [10 BO3-
BpalaeMoMy 3HaueHnIo a1oil GyHKim. OObeKThl, Bo3BpalaeMble QyHKIMeH type(),
Ha3bIBAIOTCS 0Opexmamu munog (TakxKe BCTPEYAETCS TEPMUH «006eKmol KAACCO8> ).
BceroMHMTE, UTO TEPMUHBI «TUTI»>, «TUTI JAHHBIX> U «KJaaccy» B Python o6osnauator oiHO
u 10 ke. UToObI YBUAETD, YTO BO3BpaliaeT GYHKIUs type () /s Pa3HbIX 3HAYECHMIA,
BBEJIMTE CIIEAYIONUI (pparMeHT B MHTEPaAKTUBHON 060JI0YKE:

>>> type(42) # 06bekT 42 umeeT Tun int.

<class 'int'>

>>> int # int - obbekT TMNa ANA UENOoro TuUna [AaHHbIX.
<class 'int'>

>>> type(42) == int # [lpoBepka Tuna: ABnAeTCA AM 42 Ue/bM YUC/IOM?
True

>>> type('Hello') == int # MpoBepka Tuna: umeeT au ‘'Hello' Tun int?
False

>>> import wizcoin
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>>> type(42) == wizcoin.WizCoin # Mposepka Tuna: umeeT nn 42 Tun WizCoin?

False

>>> purse = wizcoin.WizCoin(2, 5, 10)

>>> type(purse) == wizcoin.WizCoin # MpoBepka Tuna: umeeT nu purse Tun WizCoin?
True

Ob6paTuTe BHUMaHNUE: int SBJISETCS 0OBEKTOM THIIA U ATOT JKe OOBEKT BO3BPAIIAETCS
BBIZOBOM type(42), HO OH TaKyKe MOKET BBI3BIBATHCA KaK (DYHKITUA-KOHCTPYKTOP int():
dyHKIMg int('42") He npeobpasyeT CTPOKOBBII apryMeHT '42" . BMecTo 9T0ro oHa Bo3-
BpaIaeT 06bEKT MEJIOTO YHUCIa, COOTBETCTBYIOINIHIT aPIyMEHTY.

JlotrycTM, BBl XOTUTE COXPAHUTH HEKOTOPYIO MH(MOPMAIINIO O TIePEMEHHBIX B BaIllei
porpamme, KOTopas mo3/iHee IPUTOIUTCS IPH OTIajKe. B dhaii skypHasa MOKHO 3a1u-
CHIBATh TOJBKO CTPOKOBBIE JIAHHBIE, HO TIPH Miepeiade obbekTa Tuia str() 6yaer Bo3spa-
IeHa HeMOHSITHAst CTPOKa. BMecTo aToro cieyer nucmnosb3oBaTh arpubyT __qualname_
KOTOPBIN UMEETCsT y BCeX 06BEKTOB THITOB, 7S COXPAHEH U B sKypHaJe Hosee mpoCcToil
7 yI0O0UNTAEMON CTPOKH:

>>> str(type(42)) # Npu nepepave obbekTa Tuna str() Bo3BpawaeT HEMOHATHYW CTPOKY.
"<class 'int'>"

>>> type(42).__qualname__ # ATpubyT __qualname__ npepocTaBiseT 605ee MOHATHYI
nHGopmaLmi.

‘int'

ATpubyT __qualname__ yalie BCETO MCHOJB3YETCA [ MEPEONPENeIeHNns METOAA
__repr__(), 6osee moapobHO paccMaTprBaeMoro B riase 17.

Mpumepbl nporpammupoBaHus ¢ npumeHennem OOMN
u 6e3 Hero: «KpecTuku-Honuku»

Ha nepBbiit B3TJI/, TPYAHO MOHSATH, KaK UCIOJIb30BaTh KJIACChl B ITporpammax. Pac-
CMOTPHUM IIPUMEP KOPOTKON ITporpaMmbl JI71s1 UTPbl «KpecTUKu-HOMNKIY, KOTOPas He
HCIOJIb3YET KJIACCHI, & IIOTOM IIepeIHIeM ee ¢ KIacCaMu.

OTkpoiiTe B pelakTope OKHO ¢ HOBBIM (haliJioM, BBEJIUTE CJIEYIONIYIO TPOrPpaMMy | CO-
XpaHuTe ee ¢ uMeHeM tictactoe.py:

# tictactoe.py, peanusauua 6e3 0Or.

ALL_SPACES = 1list('123456789') # Knwuu gns cnoBapAa C MrpoBbiM MOEM.
X, 0, BLANK = 'X', 'O"', ' ' # KOHCTaHTbl ANA CTPOKOBbIX 3HAYEHWIA.

def main():
"""MpoBOAUT Urpy B KPeCTUKN-HOJUKMU.
print('Welcome to tic-tac-toe!')
gameBoard = getBlankBoard() # Co3paTb c/soBapb C MrpoBbIM MOJIEM.
currentPlayer, nextPlayer = X, O # X xoauT nepBbiM, O XOAUT BTOpPbLIM.
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def

def

def

def

while True:
print(getBoardStr(gameBoard)) # BblBeCTM MUrpoBOe Mojie Ha 3KpaH.

# 3anpawuMBaTb XO[, MNOKa UrpoK He BBeAeT 4ucsio oT 1 go 9:
move = None
while not isValidSpace(gameBoard, move):
print(f'What is {currentPlayer}\'s move? (1-9)')
move = input()
updateBoard(gameBoard, move, currentPlayer) # CpenaTb Xog.

# MNpoBepuTb OKOHYAHWE MUTpbl:

if isWinner(gameBoard, currentPlayer): # CHayana npoBepsaem nobepy.
print(getBoardStr(gameBoard))
print(currentPlayer + ' has won the game!')
break

elif isBoardFull(gameBoard): # 3aTem npoBepseTCA HWYbA.
print(getBoardStr(gameBoard))
print('The game is a tie!")
break

currentPlayer, nextPlayer = nextPlayer, currentPlayer # MNepepaTb xoa.

print('Thanks for playing!"')

getBlankBoard():
"""Co3paeT nycToe uUrpoBoe nosne ANA Urpbl KPeCTUKU-HONUKK.
board = {} # Mone npeactasnsetcsa cnosapem Python.
for space in ALL_SPACES:

board[space] = BLANK # Bce nons B UCXOAHOM COCTOSAHWUM MyCThl.
return board

getBoardStr(board):
"""Bo3BpawaeT TeKCTOBOe npeAcTaBfieHue urposoro nonda."""
return f'""'

{board['1']}|{board['2']1}|{board['3']} 1 2 3

P

{board['4"']}|{board['5"]}|{board['6']} 4 5 6

P

{board['7'1}|{board['8"]}|{board['9"']} 7 8 9'""

isValidSpace(board, space):

"""Bo3BpawaeT True, ecau 3aAaH AOMYCTUMbIA HOMEpP KNETKM,
M 3Ta knetka nycrta."""

return space in ALL_SPACES or board[space] == BLANK

isWinner(board, player):
"""Bo3BpawaeT True, ecau Urpok nobeaun Ha 3afaHHOM none.
b, p = board, player # bonee KopoTkue uMeHa Ans ypobcTea.

# MNpoBepsieMm 3 3Haka Mo 3 CTpokaMm, 3 cCTonbuam W 2 AMAroHaNAM.

return ((b['1'] == b['2"'] == b['3"'] == p) or # BepxHAs cTpoka
(b['4'] == b['5"'] == b['6"'] == p) or # CpepHsa cTpoka
(b['7'] == b['8"'] == b['9"] == p) or # HuxHAs cTpoka
(b['1"'] == b['4"'] == b['7"'] == p) or # NeBuii cTONGEL
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(b['2"] == b['5"] == b['8"]
(b['3"] == b['6"] == b['9"]
(b['3"] == b['5"] == b['7"]
(b['1"] == b['5"] == b['9"]

def isBoardFull(board):
"""Bo3BpawaeT True, ecau 3aHATH BCe
for space in ALL_SPACES:
if board[space] == BLANK:
return False
return True

or # CpepHuit cTonbel
r # MpaBblii cTONGEL
r # [lnaroHanb
) # [uaroHanb

[0}
o

p)
p)
p)
p)

KNeTkKun urposBoro nonsa.

# Ecnu ecTb XOTA 6bl ogHa mycTaA kaeTka, BepHyTb False.
# MycTbIX KNeTOK He OCTaNioCb, BepHYyTb True.

def updateBoard(board, space, mark):
"""3anonHAeT KNeTKY MrpoBOro nona 3Hakom mark."""
board[space] = mark

if __name__ == '__main__"':

main() # BeinonHAeT main(), ecau mopynb 6bln 3anyuweH (a He UMNOPTUPOBAH) .

[Ipn 3arycke mporpamMmbl BbIBOJL BLITJISIIUT IIPUMEPHO TaK:

Welcome to tic-tac-toe!

| ] 123

e

| 456

e

|1 789
What is X's move? (1-9)
1

X| | 123

e

| 1 456

e

|1 789
What is 0's move? (1-9)
--snip--

X] Jo 123

e

l[o] 456

e

X|o|x 789
What is X's move? (1-9)
4

X| o 123

e

x|o] 456

e

X|o|x 7 89

X has won the game!
Thanks for playing!
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Jluist ipeicTaBeHus IEBSATH KJIETOK UTPOBOTIO I10JIst B IIPOIPAMMe MCII0JIb3yeTCst 00bhEKT
caoBaps. Kiouamu cjioBapst SIBJISIIOTCSI CTPOKM '1'—'9' ) a 3HAUEHUSIMU — CTPOKHU ' X',
'0' u ' '. Hymepaius KeTOK COOTBETCTBYET PACIIONOKeHHUI0 P Ha KIaBuaType
tesiechona.

Dyukiuu B mporpamme tictactoe.py nemaior ciemyioriee.

e ODymuknusg main() COmEPKUT KO, KOTOPBIN CO3/IA€T HOBYIO CTPYKTYPY NAHHBIX
WUTPOBOTO TOJIsT (XPaHSIIYIOCS B lepeMeHHOI gameBoard) 1 BbI3bIBaeT Jpyrue
(byHKITIT TPOTPaMMBbL.

e ODymnkius getBlankBoard() BO3BpaIlaeT CJI0BAPD CO 3HAUEHISIMU, MHUITHATU3U-
poBaHHBIMU ' ' (TIycTOe 1oJTe).

o Dynkius getBoardStr() MoaydaeT cJIOBaphb, PEACTABISIONINN UTPOBOE TTOJIE,
1 BO3BpalllaeT IIPeACTaBIeHre UIPOBOTO 110/ B BU/IE MHOTOCTPOYHOI'O TEKCTA,
KOTOPO€e MOKeT ObITh BbIBEJEHO Ha aKpaH. VIMeHHO 9Ta QyHKIMA GopMupyer
TEKCT UTPOBOTO I10JIs, BBIBOJIUMBII UTPOH.

() q)yHKuI/IH isValidSpace() BO3Bpalaer True, €CjIu el nepengan L[OHyCTHMHﬁ
HOMEP KJIETKU U 9Ta KJeTKa IIyCTa.

e B napamerpax dyHking isWinner () moxy4aer cioBapb UTPOBOTO MOJIS U CHMBOJ
'X' umm '0'. OHa onpesiesiget, MOCTaBUII I KOHKPETHBIM UTPOK TPU 3HAKA B PSIJI
Ha T10JI€.

o Dyukius isBoardFull() MpoBepsIET, UTO HA TOJIE HE OCTATIOCH ITYCTHIX KIETOK;
9TO O3HAYAET, yTO Urpa 3akoHuyuiach. OyHkiws updateBoard () Hosydyaer B rapa-
MeTpax cJI0Bapb, mpobe u obozHavenne urpoka (X wi O) u 0OHOBIISIET CIOBAPD.

O6patuTe BHUMaHUe: MHOTHE (DYHKIIUH MOTYYAIOT B TIEPBOM MapaMeTpe MepeMeHHy 0
board. ITo yKa3bIBaeT Ha TO, YTO ATU (QYHKIIUN CBS3AHBI IPYT C [PYTOM B TOM CMBICJIE,
YTO BCE OHU PAdOTAIOT C OTHON CTPYKTYPOU JTaHHBIX.

Korza HeckosbKo (yHKIUN B KOjie pabOTAIOT ¢ OJHOI CTPYKTYPOU JaHHBIX, OOBIYHO
JIy4IIle CTPYTITUPOBATH UX KaK METOJIBI 1 aTpuOyThI KJacca. [TepepaboTaeM mporpaMmy
tictactoe.py, uToObI B Heil ucIob30BaJICd Kiaace TTTBoard. B atpubyre spaces aTtoro
KJiacca OyzieT XpaHUThCST cJoBaphb board. MyHKIMY, moyvaioniie board B TapameTpe,
CTaHyT MeToJIaMu KJiacca TTTBoard, a BMECTO I1apaMeTpa board oHM Oy YT UCII0Ib30BATh
mapamertp self.

OTKpoiiTe B pelakTope OKHO ¢ HOBBIM (halijloM, BBEJIUTE CJIEAYIONIYIO TPOrpaMMy | CO-
XpaHuTe ee ¢ UMeHeM tictactoe_oop.py:

# tictactoe_oop.py, 06bEKTHO-OpPUEHTUPOBAHHAA peanM3auna Urpsl.

ALL_SPACES = 1ist('123456789') # Kiw4u Ans cnosaps C UrpoBbiM MoJsiem.
X, 0, BLANK = 'X', 'O', " ' # KOHCTaHTbl ANA CTPOKOBbIX 3HAYEHWUN.
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def main():
"""MpoBoAUT Urpy B KPEeCTUKU-HONUKMW.
print('Welcome to tic-tac-toe!')
gameBoard = TTTBoard() # Co3paTb 06beKkT WFpoOBOro MonA.
currentPlayer, nextPlayer = X, O # X xoauT nepsbM, O XOAMT BTOPbLIM.

while True:
print(gameBoard.getBoardStr()) # BbiBeCcTU UrpoBoe Mnosie Ha 3KpaH.

# 3anpawuBaTb Xof, MNOKa WUrpokK He BBeAeT 4ucao oT 1 pgo 9:
move = None

while not gameBoard.isValidSpace(move):
print(f'What is {currentPlayer}\'s move? (1-9)")
move = input()
gameBoard.updateBoard(move, currentPlayer) # CoenaTb Xog.

# MpoBepuTb OKOHYaHME WUrpbl:

if gameBoard.isWinner(currentPlayer): # CHayana npoBepsem nobeay.
print(gameBoard.getBoardStr())
print(currentPlayer + ' has won the game!')
break

elif gameBoard.isBoardFull(): # 3aTem npoBepAeTCsA HUYbA.
print(gameBoard.getBoardStr())
print('The game is a tie!')
break

currentPlayer, nextPlayer = nextPlayer, currentPlayer # MNepepaTb xoa.

print('Thanks for playing!")

class TTTBoard:
def __init_ (self, usePrettyBoard=False, uselLogging=False):
"""Co3paeT nycToe Urposoe nose ANA Urpbl KPeCTUKU-HOMUKK.
self._spaces = {} # Mone npeactasnsetcsa cnosapem Python.

for space in ALL_SPACES:
self._spaces[space]

BLANK # Bce nonAa B MCXOAHOM COCTOAHWUM MNYCThl.

def getBoardStr(self):
"""Bo3BpawaeT TeKCTOBOEe MpeAcCTaBleHWe WrpoBOro nond.

return f'""'
{self._spaces['1']}|{self._spaces['2']}|{self. spaces['3']} 12 3
e
{self. spaces['4']1}|{self. spaces['5']}|{self. spaces['6']} 4 56
e

{self._spaces['7']}|{self._spaces['8']}|{self. spaces['9']} 7 8 9'''

def isValidSpace(self, space):
"""Bo3BpawaeT True, ecau 3aAaH AONYCTUMbIA HOMep KNeTKW

M 3Ta KneTka nycTa.
return space in ALL_SPACES and self._spaces[space] == BLANK

def isWinner(self, player):
"""Bo3BpawaeT True, ecau Urpok nobeaun Ha 3ajaHHOM none.
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s, p = self._spaces, player # bonee kKopoTkue umeHa ans ypobcTea.

# NpoBepAem 3 3Haka nNo 3 cTpokam, 3 cTonN6UAM M 2 AMArOHaNAM.

return ((s['1'] == s['2"'] == s['3"'] == p) or # BepxHAs cTpoka
(s['4'] == s['5"'] == s['6"] == p) or # CpepHsa cTpoka
(s['7'] == s['8"] == s['9"] == p) or # HuxHAs cTpoka
(s['1'] == s['4"] == s['7"] == p) or # JleBulii cTONbGeEL,
(s['2'] == s['5"'] == s['8"'] == p) or # CpenHuit cTonbew
(s['3'] == s['6"'] == s['9"] == p) or # [paBbiii cToNbeEL
(s['3"] == s['5"'"] == s['7"] == p) or # [maroHanb
(s['1'] == s['5"'] == s['9"] == p)) # [maroHanb

def isBoardFull(self):
"""Bo3BpawaeT True, ec/u 3aHATbH BCe KJETKU WIrpoBOro nond.
for space in ALL_SPACES:
if self._spaces[space] == BLANK:
return False # Ecam ecTb xoTA 6bl ogHa nycTaA kneTka, BepHyTb False.
return True # [MyCTbIX K/NIeTOK He OCTanoCb, BepHyTb True.

def updateBoard(self, space, player):
"""3anonHAeT KAeTKYy WrpoBOro nosA 3HakKoM Mrpoka.
self._spaces[space] = player

if __name__ == '__main__":
main() # BeinonHAeT main(), ecnau mopynb 6bi1 3anyuweH (a He UMNOPTUPOBAH).

C Touku 3peHns QYHKIIMOHATBHOCTH 9TA IIPOTPaMMa He OTJIMYAETCS OT peasin3aliny, He
ucnosbayionieit OOTL. BeiBoa BoityisganT uaentnaHo. Ko, KOTopbiil paHee HaXOMUIICs
B getBlankBoard(), ObLI IepeMelreH B MeTo __init__ () kjacca TTTBoard, IOTOMY 4TO
OHMU BBIIIOJIHAIT OAHY 3a/jlauyy UHUINAIN3AUN CTPYKTYPbL JaHHBIX UTPOBOTO 110JI.
Ipyrie GyHKIr OblIu IpeobpasoBaHbl B METOIbI, apaMeTp self 3aMeHUJI cTapblil
napaMeTp board, IIOTOMY 4TO OHU CJIy»KaT OAHOM IeJu: 9T0 GJOKK Koja, paboTaomiue
CO CTPYKTYPOU JaHHBIX UTPOBOTO TIOJIA.

Korma xojy aTux MeTo0B moTpebyeTcst HK3MEHUTh CJI0BAPh, XPAHSIIUNCS B aTprOyTe
_spaces, OH UCIOJbL3YyeT Bblpaskenue self._spaces. Ecau Koz 9TUX METOLOB JOJIKEH
BbI3BATD JIPYI'He MEeTO/Ib, [Iepe]] 9TUMU BbI30BaMU Tak)Ke yKasblBaeTcs uMs self u Tou-
Ka (110[06HO TOMY KaK IIPU BbI30BE MeTo/ia coinJars.values() B pasneine «Cosznanue
mpocroro kiaacca: WizCoiny» nepemernast coinJars comepkut o0bekT). B aToM ipumepe
00BEKT, COJIEPIKAIIIEIT BBI3BIBAEMBII METOJI, XPAHUTCS B IEPEMEHHON self.

Tax:xe O6paTI/ITe BHUMaHNE Ha TO, YTO NMA anI/I6yTa _Spaces HaYMHAETCA C CUMBOJIa
MMOAYEPKHUBAHUA; 9TO O3HAYAET, UTO BCE O6paH.I6HI/I$I K HEMY NJIN €0 N3MEHECHUWE JTOJIZKHbI
BBITOJIHATHCA TOJIBKO M3 KOJla METO/I0B TTTBoard. KOI[ 3a IpejiejiaMu Kjtacca 10JIKEH
N3MEHATDH _spaces TOJIbKO KOCBEHHO — BbISOBOM COOTBETCTBYIOIINX METO/I0B.

[TosieaHo cpaBHUTD UCXOAHBIN KO ABYX peanusaliuili urpol. Ber MokeTe aTO cuenaTh
B KHUTE UJIM IIPOYUTATD O HapajleIbHOM CPaBHEHUU JBYX BepCUU Ha https://autbor.
com/compareoop,/.
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«Kpectuku-mosmkny — HeOoJIbIIast IIPOrpaMMa, 1 MOHSITh ee HECJI0KHO. A eciu Obl IIpo-
rpaMMa COCTOSJIA U3 JIECATKOB THICSY CTPOK € COTHAMM Pa3HbIX (pynkimii? I[Iporpammy
C HECKOJIbKUMMU JECATKaMU KJIACCOB IIPOIIE MMOHATDH, YEM IIPOTPpaMMy C COTHAMN HUKaK
He cBsa3anHbix GyHKIwi. OOTI pazbuBaer CI0KHYIO IPOrpaMMy Ha OoJiee MOHATHBIE
(bparmMeHThL

TpyAHOCTM NPOEKTUPOBAHMUS KJIACCOB AJIS MPOEKTOB
peanbHOro mupa

[TpoexTupoBamue Kaacca, Kak U MPOEKTUPOBAHUE OYMAKHON WJIH 3JIEKTPOHHON Hhop-
MBI, — 3TO 0OMAHYKMBO PSIMOJIMHENHOE /1es10. (DOPMBI 11 KJTACChI 0 CBOEH CYTH SIBJISIIOTCST
YIPOIIEHHBIMU MPEACTABJICHUSIMU PEANbHBIX 00bEKTOB. BOpoc B TOM, KaKk UMEHHO
yrpomars 00bekTbi? Harpumep, ecaim Bb cozzaere kaacce Customer, pe/ICTaBIAIONNIT
KJIMEHTA, B HErO HYKHO BKJIIOYMTH aTpUOYThl UMeHU U (hamuinu firstName 1 lastName,
He Tak jin? OIHAKO B IEHCTBUTETHHOCTH CO3/IABATD KJIACCHI JIJISI MOZIETUPOBAHUS Peasib-
HBIX 00BEKTOB BeChMa HEMPOCTO. B GOJIBITHHCTBE 3aMaiHBIX CTPaH (haMIJINS YeJI0BeKa
yKa3bIBaeTCs 1mocjie uMeHn, Ho B Kurae — 10 imenn. Eciiu BbI He XOTHTE TEPSITh HoJiee
MUJLIHap/ia TOTEeHIIMAThHBIX KINEHTOB, KaK U3MEHUTH KJacc Customer? CTouT Ju 3a-
MEHUTh NMeHa firstName m lastName Ha givenName u familyName? Ho B HeKOTOPBIX
KyJBTypax paMuminy y ojeil Boobie Her. Hampumvep, y OBIBIIETO TeHEPATHHOTO Ce-
kperapss OOH V¥ Tana (oH poxom us Bupmbl) dhamuiiu Het: TaH — cOOCTBEHHOE UM,
a'Y — HauaIbHbIN CT0T COOCTBEHHOTO UMEHU €ro oTIa. Takske HYKHO XPaHUTh BO3PACT
KJIMEHTA, HO 3HAYeHe aTpHOyTa age OBICTPO yCTapeBAET; BMECTO ATOTO JIYUIIIE BEIYUCIISTH
BO3PACT KaKIbLi pas, KOIa ol HoTpedyeTcs, 1o gate poxaenus B arpudyre birthdate.
Peaspubiit Mup ciioen, Kak v mpoekTupoBanue hopM 1 KJIACCOB JIJIST OTPAXKEHUS ITOMN
CJIOKHOCTU B YHU(DUIIUPOBAHHON CTPYKTYPE, ¢ KOTOPOU MOTYT paboTaTh HAIIN MPO-
rpammbl. DopMaTh! TeTeOHHBIX HOMEPOB TaKsKe 3aBUCST OT KOHKPETHO# cTpanbl. Z1P-
KOJIbI HEITPUMEHUMBI K ajipecam 3a ipeziesiamu CoepmaenHbix [ItaroB. Orpanndenne
MaKCUMAJIBHOTO KOJIMIECTBA CHMBOJIOB B HA3BAHUSIX TOPOJIOB MOJKET CO3/IaTh TIPOOJIEMbBI
st Hemerikoro ropojika [IImenecByprepsectepaeity. B Ascrpanuu n HoBoit Sesanann
X cymTaercst JOMYCTUMBIM TeHIEPHBIM 0603HAYeHHEM. YTKOHOC — MJIEKOITUTAIOIIEE,
KOTOpPOE HeceT stifa. Apaxuc — He opex. XOTIOT MOKET ObITh WIH He GBITh COHABUYEM
B 3aBUCHUMOCTHU OT TOT'O, KOTO BbI clipocute. Bam Kak IIporpaMMUCTY, KOTOPBIM IUIIET
IIPOTPAMMBI JIJI1 PEAJIbHOTO MUPA, TIPUIETCST UMETD JIEJI0 CO BCEMU TUMU CJI0KHOCTSIMHU.

Ecnm Bor 3axoTnTe 60Jiblite y3HATH 0060 BCEM ITOM, 5T PEKOMEHIYI0 Hokaan «Schemas
for the Real World» Kapunsr 3ona (Carina C. Zona) na kordepennuu PyCon 2015
(https://youtu.be/PYY[VgtcWQY/) u noxnan «Hil My name is...» [Ixeiimca Benne-
ta (James Bennett) na xondepeniuu North Bay Python 2018 (https.//youtu.be/
NlebellpdYk/). Taksxke 3aciyKMBaIOT BHUMAHUS TIOILYJIAPHbIE IIyOJUKALUU B OJI0re
«Falsehoods Programmers Believe»; B HUX paccMaTpUBaIOTCS TAKUE TEMbI, KaK KapThl,
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ajipeca 3JIeKTPOHHOI TIOYThl U [PYTU€e BU/BI JAHHBIX, KOTOPbIE TPOTPAMMUCTDI YACTO
HPEACTABJIAIOT HenpaBuabHO. [TogbopKa CChLIOK Ha 9TU CTaTbU AOCTYIIHA Ha htips.//
github.com/kdeldycke /awesome- falsehood/. Kpome TOTO, yIauHbIi IPUMEP HEYAAUHOTO
OTpakeHUs CJIOKHOCTU peajibHOro Mupa mokasad B sugeopoanke CGP Grey «Social
Security Cards Explained» (https://youtu.be/Erp8IAUouus/).

Utorn

OOII — mosie3HBIN MEXaHI3M OPTaHU3AINH BAIlero Koja. Kiracces! To3BOIA0T rpymmn-
pOBATBh JIAHHbIE 1 KOJL B HOBBIE TUIIBI IaHHbIX. Takke Ha 6ase KJIACCOB MOXKHO CO3/IaBaTh
0OBEKTDI, BBI3BIBAsT UX KOHCTPYKTOPBI (MMsI KJTACCA, BBI3BIBAEMOE KaK (DYHKIHST), KOTOPBIE
B CBOIO OYepe/lb BbI3bIBAIOT MeTOJ __init_ () kiacca. MeTobl IpeacTaBisior coOoi
GbyHKITNH, CBA3aHHDIE ¢ 00BEKTAMN, & ATPUOYTHI — TTePEMEHHbIE, CBSI3AHHbIE ¢ 00BEKTa-
Mu. Bee MeTozip! mosryvaroT mepBbIil mapameTp self, KOTOPOMY MPUCBAMBAETCS TEKYIITHI
00BEKT P BBI30BE METO/[A. ITO MO3BOJISIET METO/IAM [IPHCBAMBATH 3HAYEHUSI ATPUOYTAM
O6"beKTa 1 BbI3bIBATH €TI0 METO/bI.

Xorst Python He 1mosBosiser 3aarh NPUBATHBINA UJIK OTKPBITHII YPOBEHb JOCTYIIA ISt
aTpuOYTOB, B sI3bIKE MIPUHSITO UCIOJB30BaTh MPe(MUKC _ JJIst JIIOOBIX METOIOB U aTPU-
GyTOB, KOTOPBIE TOJKHBI BBI3BIBATHCS MM K KOTOPBIM CIEAYET 00PAIaThest U3 coo-
CTBEHHBIX MeTO/I0B Ki1acca. CoBI0/ICHIE ITOTO COTTIAIEHUS TTOMOKET TIPEAOTBPATUTD
HEKOPPEKTHOE MCI0Jb30BaHUE KJIacca U TIePEBO/] €r0 B HeJICHCTBUTENbHOE COCTOSHIE,
KOTOPO€E MOJKET MPUBECTH K ommOKaM. Bpi30B type(obj) Bo3BpamaeT 00beKT Kiacca
st Ttia obj. OOHEKTHI KTacca BRITIOYAIOT aTpubyT __qualname_, KOTOPBIH COMEPIKUT
CTPOKY ¢ ynobounTaemMoii (hopMoil UMEHH KJiacca.

Bo3MoskHO, K 9TOMY MOMEHTY Yy Bac BO3HUK BOIIPOC: 3a4€M BOOOIIE HYKHBI XJIOTIOTBI
¢ KJ1accaMu, aTpubyTaMy UM METO/IAMU, KOT/Ia BCE TO 5Ke IOCTYITHO € TIOMOIIIBIO (PYHK-
1uii? OOII — 1oJ1e3HbIi MEXaHM3M OPraHU3aLnU KO B He4TO OoJIbliee, 4eM 0ObIYHbII
(aiin .py ¢ corHeil GpyHKuil. Pazbusas mporpaMmy Ha HECKOJIBKO XOPOIIO CIIPOEKTH-
POBaHHBIX KJIACCOB, BBl MOKETE COCPEAOTOUNTHCS HA KAJKIOM KJIACCE O OTAEJTbHOCTH.

Metononorust OOTI opreHTHPOBaHA HA CTPYKTYPBI IAHHBIX 1 METO/BI PAGOTHI ¢ 9TUMU
CTPYKTYPaMHU JIAHHBIX. DTa METOIOJIOTHST He SIBJISIETCST 00SI3ATEIBHOM J171sT BCEX TIPOTPAMM,
u, 6e3ycioBHo, 3noynorpediernst OOTI toske BoamoskHbL. Onrako OOTI mo3Bosisier wc-
TI0JIb30BATh HEKOTOPBHIE HETPUBUAJIbHBIE MEXAHN3MDbI, O KOTOPBIX MbI ITIOTOBOPUM B CJIE1Y-
TOIIUX JBYX T7aBax. [71aBa 16 mocssieHa mepBoMy 13 9THX MEXaHU3MOB — HACAE008AHUI.
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O6beKTHO-OPUEHTUPOBAHHOE
NPOrpaMMMpoOBaHUE
U HacneaoBAHMUE

Ornpenenenrie GyHKITNU U BBI3OB €€ B HECKOJBKUX MECTAX TTPO-
TpaMMbI U36ABJISIET OT KOMUPOBAHMS NCXOAHOTO Kofta. OTKa3 oT
yOIMPOBAHUS KOJIa — TIOJIE3HAS TPAKTUKA, TIOTOMY YTO, €CJIH
BaM HOTPeOYyeTcst UBMEHUTH TOT KO/ (4TOOBI UCIIPABUTH OIINO-
Ky Wi J0GaBUTh HOBbIE BOBMOKHOCTH ), U3BMEHEHUS JIOCTATOUHO
BHECTH TOJIHKO B OJTHOM MecTe. Taxske 6e3 iy6ampoBatust Kojia mpo-
rpamMMa CTaHOBUTCsT Hojiee KOPOTKOH U yi0604rTaeMoil.

Hacnedosanue (inheritance) npencrasisger co60il METO IOBTOPHOTO UCIIOIb30BAHM
KO/Ia, KOTOPBII MPUMEHSETCS K KIaccaM. ITO MEXaHU3M OPTaHU3aIy KJIaCCOB B CU-
cTeMe OTHOINEHWH «POAUTENb — IMIOTOMOK», B KOTOPOH /JOYepHUN KJIacc HacJenyeT
KOITHIO METOJIOB CBOETO POUTENHCKOTO KJIACCA, YTO U30ABIISET BAC OT HEOOXOAUMOCTH
ny6IUPOBATH KO METO/IA B HECKOJIBKUX KJIACCAX.

MHorue IporpaMMHCTBI CYUTAIOT HACJIE/IOBAHUE ITEPEOIICHEHHBIM 1 JIaskKe OITACHBIM U3-3a
JOTIOTHUTETLHON CIOKHOCTH, KOTOPYIO I0OABJIAIOT B TPOrpaMmy GOJIBIIE HepapXun Ha-
caenoBammst. Korma Bor Betpeyaete B Giorax mybankarmn trma « Hacmenosanme — 37105,
He CTOUT MOJIaraTh, YTO OHU COBEPIIEHHO He 0G0CHOBAHDL: /14, HACTETOBAHNEM MOKHO
30ynoTpebasaTh. TeM He MeHee pa3yMHOE TIPUMEHEHUE HACTIEIOBAHUS MOKET CUIIbHO
COKOHOMUTD BPeMsI IIPU OpraHu3aIiiy Baliero Koja.

Kaxk paboraer HacnepoBaHue

YT006bI cO3MATH HOBBIH TOUEPHUT KJIACC, YKAKUTE UMST CYIIECTBYIONIETO POAUTETHCKO-
TO KJTacca B KPYTJIbIX CKOOKax B KoMamjie class. UTOOBI MOTPEHUPOBATHCS B CO3MAHIH
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JI0YEPHUX KJIACCOB, OTKPOITE B PelakTOpe OKHO HOBOTO (haiiia, BBEAUTE CJIeMyIONLYIO
IIPOrpaMMy U coXpaHHuTe ee ¢ umeneM inheritanceExample.py:

class ParentClass: (1)
def printHello(self): (2
print('Hello, world!")

class ChildClass(ParentClass): ©
def someNewMethod(self):
print('ParentClass objects don't have this method.")

class GrandchildClass(ChildClass): @
def anotherNewMethod(self):
print('Only GrandchildClass objects have this method. ")

print('Create a ParentClass object and call its methods:"')
parent = ParentClass()
parent.printHello()

print('Create a ChildClass object and call its methods:"')
child = ChildClass()

child.printHello()

child.someNewMethod()

print('Create a GrandchildClass object and call its methods:")
grandchild = GrandchildClass()

grandchild.printHello()

grandchild.someNewMethod()

grandchild.anotherNewMethod()

print('An error:")
parent.someNewMethod()

HpI/I BBIIIOJTHEHUU 9TOM IIPOTrPaMMbl PE3YJIbTAT BBITJAANUT IMIPUMEPHO TaK!:

Create a ParentClass object and call its methods:
Hello, world!
Create a ChildClass object and call its methods:
Hello, world!
ParentClass objects don't have this method.
Create a GrandchildClass object and call its methods:
Hello, world!
ParentClass objects don't have this method.
Only GrandchildClass objects have this method.
An error:
Traceback (most recent call last):
File "inheritanceExample.py", line 35, in <module>
parent.someNewMethod() # ParentClass objects don't have this method.
AttributeError: 'ParentClass' object has no attribute 'someNewMethod'
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MprI cosmanmu Tpu Ky1acca ¢ UMeHaMu ParentClass @, ChildClass ® 1 GrandchildClass @.
ChildClass cy6fcﬂaccupyem ParentClass; 9TO o3HayaeT, YTo ChildClass CONEPIKUT Te
JKe MeTo/bl, 4TO U ParentClass. Mbl rosopum, 4to ChildClass Hacjaenyer MeTO/bl OT
ParentClass. Kpome Toro, kiacc GrandchildClass cyOkaaccupyet ChildClass, mosToMy
OH COZEP/KUT BCe MeTOobl ChildClass 1 ero poautesa ParentClass.

Ucrionb3yst MexaHu3M HacJie0BaHUs, Mbl (DAKTUYECKU CKOTIUPOBAJIM KOJI METO/A
printHello() @ B kJacchl ChildClass u GrandchildClass. JIi0Oble U3BMEHEHMs, BHOCH-
MbIe B KOZI printHello(), BO3/ICHCTBYIOT He TOJIbKO Ha ParentClass, HO M Ha ChildClass
u GrandchildClass. IIpoucxoagiiee MOKHO CPaBHUTD C U3MEHEHUEM KOJa (byHKuI/m,
KOTOPBII OOHOBJISIET BCE €€ BBI30BBI. TH OTHOIIEHNUS TI0Ka3aHbl Ha puc. 16.1. O6paru-
Te BHUMaHWe: Ha JinarpaMMe KJIacCOB CTPeJIKa BeeT OoT cyOKIacca K 6a30BOMY KJIaccy.
Takoe obo3HaueHMe OTpaskaeT TOT (GaKT, YTO KJIACC BCErga 3HaeT CBOI 6a30BBIN Kiacce,
HO HE 3HAET CBOU CYyOKJIACCHL

ParentClass
printHello()
ParentClass
ChildClass printHello()
printHello() (Hacneayetcs)
someNewMethod ()
ChildClass
someNewMethod ()
GrandchildClass
GrandchildClass anotherNewMethod()

printHello() (nacneayercs)
someNewMethod () (Hacneayetcs)
anotherNewMethod()

Puc. 16.1. Mepapxuueckas amarpamma (cnesa) u auarpamma BenHa (cnpasa),
M306paXaoLLye OTHOLLEHHS TPEX KIACCOB U UX METOAOB

OO0bBIYHO FOBOPAT, YTO POAUTENBCKUI 1 OYEPHUN KJIacChl 00Pa3yIOT OTHOLIEHUS <IB-
JIAETCS <YACTHBIM CIIy4aeM=>». O6mbekT ChildClass gaBiserca 0ObeKTOM ParentClass,
IIOTOMY 4TO OH COIEPKUT BCE T€ 5K METO/Ibl, KOTOPbIE COAEPKUT 0OBEKT ParentClass,
a TaKyKe HEKOTOPbIE I0TIOJIHUTEIbHbIE MeTO/[bl. OTHOTIIEHUS IBJSIOTCS OJTHOCTOPOHHU-
MU: 00BEKT ParentClass He ABasgeTca 00beKTOM ChildClass. Ecmm 00bekT ParentClass
TIOITBITAETCS BBI3BATh MeTOZ] someNewMethod(), CyLueCTByIOHlI/IfI TOJILKO JIUIST OOBEKTOB
ChildClass (u cyOkmaccos ChildClass), Python Beigaer ommibky AttributeError.,
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ITporpaMMHUCTBI 4aCTO CYUTAIOT, YTO B3AUMOCBSI3aHHbIE KJIACCHI JI0JIKHBI 00Pa30BbIBAThH
HEKOTOPYIO Mepapxuio u3 peasbHoro mupa. B yuebuukax OOTI cBsi3au Mexay poau-
TEJbCKUMH, JOYEPHUMU U <«BHYYATHIMU» KJIACCAMU YacTO OObBSICHSIIOTCS HA MPUMEpPe
nepapxuii JKusotnoe » Ituna » Jlacrouka, @urypa » [Ipsmoyronbauk » Ksagpar u T. 1.
Ho s HanomHio, 4To rJ1aBHOI 1eJbI0 HACJIEIOBAHUS SIBJISIETCS IIOBTOPHOE HCIIOIb30BAHIE
koza. Eciiu Bameil nporpaMme HysKeH KJace ¢ HaDOpPOM METO/I0B, KOTOPBI SABJISIETCS
HOJTHBIM HaJIMHOKECTBOM METO/IOB IPYTOr0 KJIacca, HacJIeI0BaHUE MO3BOJIUT H30EKAaTh
KOIIIPOBAHUS KOJIA.

IIO‘-IepHI/Ie KJIaCChbI TaKKe€ MHOTJa Ha3bIBAIOTCA npouseoaubmu Kaaccamu, njamn Cy6K]ldC-
camu, a poAnTEJIbCKUE KJIaCChl — 6a306viMU Kiaccamu, NJin cynepriaccamu.

lepeonpepenenne merogon

JlouepHue Kyracchl HaCJTEMYIOT BCe METO/IbI CBOMX POJIMTETbCKIUX KiraccoB. Ho pouepHuii
KJIACC MOKET II€PEOIPENEIUTh YHACAEJOBAHHBIA METO, IPEAOCTABIsAA COOCTBEHHDIIT
METOJ ¢ COOCTBEHHBIM KOJOM. VM Iepeolpepessionero MeToia JoYepHero Kaacca
COBIIAJIAET C UMEHEM METO/Ia POJIUTENCKOTO KJacca.

[ IeMOHCTPAIIN 9TOI KOHIIEIIINHY BepHeMCcs K UTpe « KpecTuku-HommKkny», co3fantoi
B npejplayuieil rinase. Ha aToT pas Mbl cosziafuM HOBbBII Kj1acc MiniBoard, KOTODPbII
cybkmmaccupyet TTTBoard u riepeoripe/esisieT getBoardStr () /1715t BBIBOZIA YMEHBIIIEHHOTO
n3006pakeHnst UTPOBOTO 1oJIs1. [IporpaMma TpeiTaraeT UrpoKy BEIOPATH CTHIIb UTPOBOTO
nosist. KompoBsats ocTalbHbIe MeTO/BI TTTBoard He HYKHO, IOTOMY YTO MiniBoard Ha-
ClIesyer ux.

JloGassre caeayronmii hparMeHT B KoHel[ (haiiia tictactoe_oop.py, 4ToObI co31aTh 104ep-
HUI KJ1acc, MPOU3BOHBIN OT TTTBoard, a 3aTeM IepeoTpeiesinTh MeTO/L getBoardStr():

class MiniBoard(TTTBoard):
def getBoardStr(self):
"""Bo3BpalwaeT yMeHblleHHOe TeKCTOBOe MpeAcTaB/eHMe UrpoBOro nonA.
# Mpobenbl 3ameHAwTCA cumBonamn '.'
for space in ALL_SPACES:
if self._spaces[space] == BLANK:
self. spaces[space] = "."'

boardStr = f'''
{self._spaces['1"']}{self._spaces['2']}{self._spaces['3']} 123
{self._spaces['4']}{self. _spaces['5']}{self. spaces['6']} 456
{self._spaces['7']}{self._spaces['8']}{self._spaces['9']} 789"""

# CumBoOnbl '.' CHOBa 3aMeHAKWTCA npobenamu.
for space in ALL_SPACES:
if self._spaces[space] == '.":
self. spaces[space] = BLANK
return boardStr
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Kak u meTozn getBoardStr () kimacca TTTBoard, MeTo getBoardStr () kiracca MiniBoard
CO3/1aeT MHOTOCTPOYHOE IPEICTABIEHNE UTPOBOTO I0JI1, KOTOPOE BBIBOAUTCS [IPU TTepe-
nade pyukimm print (). Ho ata cTpoka HaMHOTO KOMITAKTHEE, B HEW OTCYTCTBYIOT JIMHUU
Mesxay sHakamu X u O, a 1mycrbie KJIeTKr 0003HAYaIoTCs TOUKaMU.

M3MeHuTe CTpOKY main() Tak, 4ToObI OHA cO3ZaBaja SK3eMILIAp 00beKkTa MiniBoard
BMecTO 00beKTa TTTBoard:

if input('Use mini board? Y/N: ').lower().startswith('y'):
gameBoard = MiniBoard() # Co3gaTb o06bekT MiniBoard.
else:
gameBoard = TTTBoard() # Co3pmaTb o6bekT TTTBoard.

He cumnrast usMeHeHUsT OJTHOU CTPOKU B main(), OCTAJIbHOM KO IIPOTPaMMBbI paboTa-
eT TaK ke, Kak rpesk/e. Terepb IIpH 3aITyCcKe MPOrpamMMBbl BbIBO/L BBITJISI/IAT ITPUMEPHO
TaK:

Welcome to Tic-Tac-Toe!
Use mini board? Y/N: y
.. 123
.. 456
... 789
What is X's move? (1-9)
1
X.. 123
.. 456
... 789
What is 0's move? (1-9)
--snip--
XXX 123
.00 456
0.X 789
X has won the game!
Thanks for playing!

[Tporpamma jierko alanTupyeTcst /71t BKIOYEHUST obenx peanusaluii KJIaccoB UTPOBOTO
noJist. KoneuHo, eciu BaM Hy KHA MOJIbKO MUHU-BEPCUS UTPOBOTO TI0JIsT, BB MOTJTH JIETKO
3aMEeHUTHb KO/ MeToia getBoardStr () aig TTTBoard. Ho ecsin Bam HYKHBI obe Bepcuu,
HacJeI0BaHue II03BOJIAET JIETKO CO3/1aTh /IBA KJIacca 3a CYET IIOBTOPHOI'O UCIIOJIb30BAHNUA
0011er0 KoJ1a.

Eciaii 661 MBI He UCIIOJIb30BaIN HACJAe0BaHNUe, MOKHO OBLIO Obl, CKaskeM, 100aBUTD
B TTTBoard HOBBII aTpubyT ¢ MMeHEeM useMiniBoard W BKJIIOYUTH B getBoardStr()
KOMaH/y if-else /Jist BBIOGOpA OHOTO W3 JIBYX BAPHAHTOB UTPOBOTO 110Jis1 (OOBIYHOTO
WJIA KOMITAKTHOTO ). 151 TPOCTOr0 U3MEHEHUsI TaKOe peliierne Moryio 6t cpaborars. Ho
uTO, ecsiu cyOKIace MiniBoard jo/ukeH mepeonpeneauts 2, 3 win gaxke 100 Metogos?
Kaxk ObITb, €cJii BbI 3aXOTUTE CO3/[aTh HECKOJIBKO PasHbIX cyOKIaccoB TTTBoard? OTkas
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OT HacJIeJJOBaHUA BBI3OBET CTPEMUTEIbHOE Pa3MHOKeHNEe KOMaH/ if-else BHyTpU
METOJIOB ¥ 3aMETHO YCJIOKHUT KoL, VIcToib30Banue CyOKIACCOB U TIEPEOIPEIETICHIUST
METOJIOB MO3BOJISIET JIyUliie pasbuTh KO/ Ha CYOKJIACCHI, 06pabaThIBAIOIINE ST PA3HBIE
ClIeHapUU UCITOIb30BaHMA.

Oynuxuns super()

[TepeonpepeeHHbII METO/ IOUEPHETO KJIacca 4acTo ObIBAET II0X0K Ha METO/| POUTEIb-
cKoro kjacca. M xors HacJiezioBaHue SIBJISIETCSI CPEACTBOM IMTOBTOPHOT'O UCIIOJIb30BAHMS
KOJIa, TIepeoTIpe/ieJieHe METO/Ia MOKET 3aCTaBUTh Bac MEPENucaTh KOJ METO/1a POJIHU-
TeJIbCKOIO KJIacca KaK 4acTh KOJa MeTo/a JouepHero Kjaacca. YTobbl mpeoTBpaTUTh
AyOMpoBaHKe Koja, BCTpoeHHas (DyHKIMS super () MO3BOJISIET IIEPEOIIPe/eIsionieMy
METOJY BBI3BaTh UCXO/HBIN METOJI POJUTENBCKOTO KJIacca.

Hampumep, co3gagnm HOBBII Kjaace ¢ nMeHeM HintBoard, KOTOPBIN cyOKJIaccupyer
TTTBoard. HoBblii kiacc nepeonpezensier getBoardStr (), 4ToObI OC/IE BBIBOIA HTPOBOIO
HOJI TaKsKe T00aBIIsIaCch MOACKA3Ka 0 TOM, MOKeT i X uin O BbIUIPaTh IIPU CBOEM
cJelyIolieM KoJie. DTO 03HAYAET, YTO MEeTOJ getBoardStr() kiacca HintBoard jo/nKeH
clleaTh BCe, YTO JleqaeT MeTol getBoardStr () Kimacca TTTBoard /it BBIBOJIAa UTPOBOTO
10J1s1. BMeCTO IOBTOPEHUST KOJIa MOKHO BOCIIOJIb30BATHCSA BHI3OBOM super (), 4TOObI
BbI3BaTh MeTO/l getBoardStr() kiacca TTTBoard u3 Metoza getBoardStr() kiacca
HintBoard. [loGaBbre cienyiomuii pparmedT B KoHelr (aiia tictactoe_oop.py:

class HintBoard(TTTBoard):

def getBoardStr(self):
"""Bo3BpawaeT TeKCTOBOEe MpeAcTaB/lieHne WrpoBOro MonA C MOACKA3KOM.
boardStr = super().getBoardStr() # Bbi3BaTb getBoardStr() B TTTBoard.®

xCanWin = False
oCanWin = False
originalSpaces = self._spaces # CoxpaHuWTb _spaces. (2
for space in ALL_SPACES: # MNpoBepuTb Kaxayw KNeTKy:
# CmogenupoBaTb Xof X B 3Ty KNeTKy:
self. spaces = copy.copy(originalSpaces)
if self._spaces[space] == BLANK:
self. spaces[space] = X
if self.isWinner(X):
xCanWin = True
# CmogenuposaTb xof O B 3Ty KNeTKy:
self. spaces = copy.copy(originalSpaces) ©
if self._spaces[space] == BLANK:
self. spaces[space] = 0O
if self.isWinner(0):
oCanWin = True
if xCanWin:
boardStr += '\nX can win in one more move.'
if oCanWin:
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boardStr += '\nO can win in one more move.'
self. spaces = originalSpaces
return boardStr

Cnauasia super() . getBoardStr () @ BbITIoJIHIET KO/ METO/Ia getBoardStr () poauTesb-
CKOTO KJ1acca TTTBoard, KOTOPBI BO3BPAIAeT CTPOKY € UTPOBBIM TosieM. CTpoKa BpeMeH-
HO COXpaHseTCs B IePEMEHHON ¢ UMeHeM boardStr. Tak Kak mpeicTaBIeHNe UTPOBOTO
10J1st OBLIIO CTEHEPUPOBAHO MOBTOPHBIM UCIIOJIb30BaHIEM METO/Ia getBoardStr() Kiacca
TTTBoard, OCTaBIINICS KO 9TOTO METO/Ia 3aHIUMAaETCsI reHeprupoBaHueM ITO/JICKAa3KU. 3a-
TeM MeTOo/l getBoardStr () npucBanBaeT nepeMeHHbIM xCanWin 1 oCanWin 3HaueHue False
1 cOXpaHseT caoBapb self._spaces B iepeMeHHOl originalSpaces @. /lasee nuki for
nepebupaeT Bee KaeTku noss ot 1 o 9. BayTpu nukiaa arpubyTy self._spaces npu-
CBaMBaAETCs KOIMS CJIOBapst originalSpaces, U eCJIM TEKYyIas KJIeTKa mepebopa mycTa,
B Hee nomelnaercs 3Hak X. Takum 06pasom Mojeaupyercs Xo X B 9Ty IIyCTYIO KJIETKY
caeyIomuM XonoM. Boi3oB self.isWinner() ompenesuT, IPUHECET JU 3TOT XOJ BbI-
UTPBIIIL, U eCJIV IPUHEceT — xCanWin mpucBanBaeTcst True. 3aTeM Te JKe IIaru MOBTOPSI-
torest 11t O, 4To0bI onpenenTh, cMoxkeT i O BIUIPATh XOA0M B 9Ty KJIETKY ©. IToT
METOJI CITOJIB3YET MOLYJIb Copy JIJII CO3/TaHNA KOIINY CJIOBAPs B self._spaces, I09TOMY
B Hauaio tictactoe.py HeOOXOAUMO HOGABUTD CIICAYIOILYIO CTPOKY:

import copy

3aTeM u3MeHUTe CTPOKY main(), 4ToOBI OHA Cco3JaBala dK3eMILIIp HintBoard BMeCTO
oObekTa TTTBoard:

gameBoard = HintBoard() # Co3paTb 06bekT WFpoOBOro MonA.

Kpowme oziHoll n3MeHeHHO# cTPOKY B main(), OCTABINAsICS 4aCTh IPOrPaMMBI paboTaet
TOYHO TaK JKe, KaK Ipeskie. ECu 3a1ycTuTh porpaMmy, pesyJasrat Oy/eT BhITJISIIETh TaK:

Welcome to Tic-Tac-Toe!
--snip--

X | 123

R

| o 456

R

| |x 789
X can win in one more move.
What is O's move? (1-9)

5
X | 123
P
l[oJ]o 456
-4 -4-
| Ix 789
0 can win in one more move.

--snip--
The game is a tie!
Thanks for playing!



Tlgm: @it_boooks

342 aea 16. O6bekTHO-OPUEHTUPOBAHHOE MPOrPAMMMPOBAHME M HACIEAOBAHME

B koniie metopa, ecau xCanWin min oCanWin cofiepskuT True, B CTPOKY boardStr BKJIIO-
qaeTcst IONOJTHUTEIbHOE coobtienne. Hakowell, pyHKIMS Bo3BpaIiaetr boardStr.,

He B xa/0M IepeorpeesleHHOM MeTojie HeoOX0AMMO UCIoIb3oBaTh super()! Ecin
TepeonpeieIeHHBIN METO/T KJacca ieJlaeT 4TO-TO COBEPIIEHHO OTJUYHOE OT Tepe-
OTIPE/ICTIEHHOTO METO/Ia POAMTENHCKOTO KJIacca, BBI3BIBATH MEPeoTpe/ieIeHHbII METO/
¢ ucrosb3oBanueM super () Heobaszarenpno. DyHkuusa super() 0COOEHHO TI0JIE€3HA,
KOTJIa KJIaCC COJAEPIKUT HECKOJIBKO POAUTEIBCKIX METO0B, KaK OOBACHACTCS B Pas3ieie
«MHoOXecTBeHHOE HAaCTeTOBaHNE ITOM TJIaBBI.

ﬂpennoquraﬁre KOMNO3HLHNIO HAC/IeROBAHUIO

HacnenoBanue — adhdekTUBHBII MeXaHU3M ITOBTOPHOTO UCIOJIb30BaHU Koja. Bos-
MOKHO, BaM 3aX04eTcsT HeMeIJIeHHO HavyaTh MIPUMEHSITh €70 BO BCEX BAIlINX KJIACCaX.
Tem He MeHee 6a30BbIe KITACCHI HE BCET/IA HACTOJIBKO TECHO CBSI3AHBI ¢ CYOKIACCAMH.
C cosjlanreM HECKOJIbKUX YPOBHEH HacJe0BaHUSA B KO/ 100aBJISIETCSA HE CTOJIBKO
MOPSI/IOK, CKOJIBKO pyTHHA. M XOTs Hacjie/JoBaHUe MOKET MCII0JIb30BaThCS JIJ15T KJ1ac-
COB, CBSI3aHHBIX OTHOIIEHUSIMH <SBJSETCS <UYACTHBIM CJydaeM>>» (MHa4ye TOBOPS,
KOI'/la JJOYEPHUI KJacc gBJAETCS PAa3HOBUHOCTBIO POJUTEIBCKOTO Kjacca), 4acTo
JIISL KJIACCOB C OTHOIIECHUAMU <ABJLETCS» MPEAIOYTUTENbHEE UCII0JIb30BATh MeXa-
HU3M, Ha3bIBaeMbIll KoMno3uyueti. KoMo3uimsg — mpreM MpoeKTUPOBAHUSA KJIACCOB,
OCHOBaHHBIN Ha BKJIUEHUN 0OBEKTOB B KJacc (BMECTO HACJEOBAHUS KJIACCOB ATHX
06bekTOB). VIMEHHO 3TO MPOMCXOAUT MpH 00aBIeHUN aTPUOYTOB B Kaacchl. [Ipu
MPOCKTUPOBAHUH KJIACCOB C BO3MOXKHOCTBIO IPUMEHEHUS HACJAEOBAHUS CJE/lyeT
MPEANOYECTh KOMITO3UINI0 HactenoBaumo. CoOCTBEHHO, UMEHHO 3TO MPOUCXOHIO
BO BCEX MMPUMepax 3TON W MPebIAYIIeH TIaBbl.

® OO0beKT WizCoin «COMEPKUT> KOJINYECTBA MOHET PA3HOTO HOMUHAJIA.
e OO0beKT TTTBoard «COAEPKUT> HAOOD M3 JAEBSTH KJIETOK.

e OO0bekT MiniBoard «COmepKUT> 0OBEKT TTTBoard, TaK 4TO OH TOXKE «COJIEPIKUTS
HabOP U3 JEBSTH KIETOK.

e OO0beKT HintBoard «comepKuT» 00beKT TTTBoard, TaK YTO OH TOXKE «COJEPIKUTS
HabOP U3 JEBSATH KIETOK.

Bepuemcst k knaccy WizCoin u3 mpeapiaynieil raaBbl. Ecan MBI co3/iaan KJacc
WizardCustomer 1j1d IpeACTaBICHUA KINECHTOB BOJIIIEOHON JIaBKU, 9TU KJIUEHTbI Oy-
YT HOCUTD C coboii HEKYIO CYMMY JI€HET, KOTopasd [PeACTaBIdeTcs KaaccoM WizCoin.
OnHaKO 3TH KJIACCHI HE CBA3aHbI OTHOIICHUAMU «IBIICTCA» — 00BbEKT WizardCustomer
HE MOKET PaCCMaTPUBATLC KaK Pa3HOBUAHOCTDL 00bekTa WizCoin. Ilpu ncnob3oBanun
HaCJIe/IOBAHMST TIOJIYUUTCS IOBOJTBHO HEYKJIOKUN KOJT:
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import wizcoin

class WizardCustomer(wizcoin.WizCoin): (1
def __init_ (self, name):
self.name = name
super().__init_ (e, o, ©)

wizard = WizardCustomer('Alice")
print(f'{wizard.name} has {wizard.value()} knuts worth of money.")
print(f'{wizard.name}\'s coins weigh {wizard.weightInGrams()} grams.")

B arom mpumepe WizardCustomer Hacsemyer MeTOIbl 0ObeKTa WizCoin @ — Takue Kak
value() u weightInGrams(). @opmMasbHO WizardCustomer, HacJaeAYOIIUNA 00BEKTY
WizCoin, MOJKET JIeJIaTh TO K€ CaMOe, YTO 1 0O0BEKT WizardCustomer, copepsKamiuii 00b-
eKT WizCoint B arpubyre. OnHako nmeHa wizard.value() u wizard.weightInGrams()
BBIMJISIJISAT CTPAHHO; CO3/IA€TCs BIIEUAT/ICHKE, YTO OHU BO3BPAILAIOT CYMMY U BEC BOJILIEO-
HIKa, a He CyMMY 1 Bec ero MoueT. Kpome Toro, ecsin 1mo3Hee orpedyercst 100aBUTh
MeTol weightInGrams () [Jis Beca BOJILIEOHUKA, UM yaKe Oyaer 3aHsaTo. fopasno jryuiie
BKJIIOUUTH 00BEKT WizCoin B arpuOyT, IOTOMY 4TO BOJIIEOHUK-KINEHT «COAEPHAKIT>
HEKOTOPOe KOJIMYECTBO MOHET:

import wizcoin

class WizardCustomer:
def __init_ (self, name):
self.name = name
self.purse = wizcoin.WizCoin(@, 0, 0) (1)

wizard = WizardCustomer('Alice')
print(f'{wizard.name} has {wizard.purse.value()} knuts worth of money.')
print(f'{wizard.name}\'s coins weigh {wizard.purse.weightInGrams()} grams.")

BmecTto Toro 4ToOn! Hac/Ie10BaATh METO/IbI OT WizCoin B Kitacce WizardCustomer, Mbl BKJIIO-
yaeM B Kjiacc WizardCustomer aTpuGyT purse @, KOTOPbIil cOAEPKUT 00BEKT WizCoin.
[Tpu mcmorb30BaHNY KOMITO3UITHY JIIOObIe N3MEHEHUsT B METO/IaX Kjacca WizCoin He
NPUBELYT K MBMEHEHUIO METO/IOB KJacca WizardCustomer. ITOT MeXaHU3M 06ecIieun-
BaeT OOJIbIIYI0 ITMOKOCTD JJIst OYAYIINX apXUTEKTYPHbBIX U3MEHEHUH B 060MX KJaccax
U YIIPOIIAET COMPOBOKICHNE KO/Ia B OYLyIIIEM.

Obparxas cTopoHa HacneoBaHNS

I'nmaBHBIN HeOCTATOK HAC/IEOBAaHUS CBSI3aH C TEeM, 4TO no6ble 6yl[y1HI/I€ N3MEeHEeHUA
B POAUTEBCKOM KJjlacce 00643aTeIbHO HacJjieAyIoTCd BCEMU €T0o JOYEPpHUMU KjlaCcCaMM.
B GonpmuncTse CJIy4a€eB TaKO€ JKECTKOE CBA3bIBAHME — MMEHHO TO, 4TO Tpe6yeTCH.
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Ho B HEKOTOPBIX cUTyaIusix TpeOOBAHMs K KOJIY IJIOXO BIUCHIBAIOTCSI B MOJIEJIb Ha-
CIIeI0BaHNUA.

[IpencraBnre, 4TO B MpOrpamMMe MOCTUPOBAHNS TOPOKHOTO ABKEHUS UCTIOIB3YIOTCS
KJIacchl Car, Motorcycle 1 LunarRover. OHn COZlepsKaT MTOXOKMEe METOIbI — TaKMe KaK
startIgnition() u changeTire(). BMecTo TOro 4T00BI KOMUPOBATH TOT KO B KasKIbIii
KJIACC, MOKHO CO3JaTh POAMTENbCKUI Kaace Vehicle, KoTopoMy OyayT HacJaeqoBaTh
KJIacChl Car, Motorcycle u LunarRover. Eciu Terepb BaM TOTpeOYETCS UCTIPABUTH
ommoOKy, CKaxkeM, B MeTojie changeTire (), U3MEHEHUSI IPUAETCS BHOCUTH TOJIBKO B OJI-
HOM MecTe. ITO 0COOEHHO TI0JIE3HO, ecIi Kaaccy Vehicle HaCHeAYIOT A€CATKU PasHbIX
KJIACCOB, CBA3AHHBIX C TPAHCIOPTHBIME cpefcTBaMi. Ko aTHX K1accos OyAET BBITJISIIETh
IIPUMEPHO TaK:

class Vehicle:
def __init_ (self):
print('Vehicle created.")
def startIgnition(self):
pass # 3pecb pasmewaeTcA KO 3aXuraHuA.
def changeTire(self):
pass # 34ecb pa3mewaeTcs KOA 3aMeHbl WWH.

class Car(Vehicle):
def __init_ (self):
print('Car created."')

class Motorcycle(Vehicle):
def __init_ (self):
print('Motorcycle created.')

class LunarRover(Vehicle):
def __init_ (self):
print('LunarRover created.')

Ho Bce Gynyine namenenus B Vehicle takske GyiyT pacipoCTPAHATBCS ¥ HA OTH KJIACCHI.
Yto npousoiizier, ecau noHago0uTes 100aBuTh MeTos changeSparkPlug()? Y Maimux
1 MOTOITUKJIOB €CTh CBEYN 3AKUTAHNS, HO Y IYHOXO/IOB (LunarRover) nx HeT. [Tpenmoun-
Tast KOMIIO3UIINIO HACIE0BAHHIIO, MOSKHO CO3/IaTh pas/iesIbHble Kilacchl CombustionEngine
(mBUTaTENb BHYTPEHHETO Ccropanus) U ElectricEngine (2/eKTPUYECKUN IBUTATED).
3aTeM MBI TIPOEKTUPYEM KJtacc Vehicle, Tak 4TOOBI OH COIEPsKa aTpuOyT engine — 6o
CombustionEngine, 6o ElectricEngine — ¢ COOTBETCTBYIOIUMU METOJAMU:

class CombustionEngine:
def __init_ (self):
print('Combustion engine created.')
def changeSparkPlug(self):
pass # 3pecb pa3mellaeTcA KOA 3aMeHbl CBEYM 3aXUraHuA.

class ElectricEngine:
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def __init_ (self):
print('Electric engine created.')

class Vehicle:
def __init_ (self):
print('Vehicle created.")
self.engine = CombustionEngine() # Wcnonb3yeTca no ymonyaHui.
--snip--

class LunarRover(Vehicle):
def __init_ (self):
print('LunarRover created.')
self.engine = ElectricEngine()

Bo3MOKHO, BaM TIpUAETCS NeperucaTh 6oblnne 00beMbl KO, 0COOEHHO €CJIN IPOrPaM-
Ma COZEPKUT HECKOJIBKO KJIACCOB, HACJIEAYIONNX CYIIECTBYIONEeMY KIaccy Vehicle: Bce
BBI30OBHI vehicleObj. changeSparkPlug() JOJKHBI OBITH IPe0OpasoBaHbl B vehicleObj.
engine.changeSparkPlug() s Kax/10ro o0bekTa Kiacca Vehicle uim ero cyOKIaccos.
Tax Kak CTOJIb 3HAUMTEIbHBIEC M3MEHEHUSI MOTYT TIPUBECTH K MOSBJICHUIO OMTNOOK, BO3-
MOZKHO, BBI IIPE/IIOUTETE, 4yT10OBI MEeTOZ changeSparkPlug() aud LunarVehicle He gean
Huyero. B aToM ciiydae B TUTOHUYECKOM CTUJIE CJIelyeT MPUCBONUTH changeSparkPlug
3HavyeHne None BHYTpHU KJjacca LunarVehicle:

class LunarRover(Vehicle):
changeSparkPlug = None
def __init_ (self):
print('LunarRover created.')

B ctpoxke changeSparkPlug = None HCIOJIb3yeTCsI CUHTAKCUC, OMUCAHHBIN B pasjesie
«ATpubyTHI KITaCCOB» 9TOI TyIaBbl. B ciiefyomieM (parMeHTe mepeonpeessieTcs: Me-
Tozt changeSparkPlug(), yHacJIeZIOBaHHBIN OT Vehicle, U IPK BBHI30OBE €r0 ¢ 0OHEKTOM
LunarRover IIpOUCXOAUT onmoka:

>>> myVehicle = LunarRover()
LunarRover created.
>>> myVehicle.changeSparkPlug()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'NoneType' object is not callable

Ira omrbKa MO3BOJUT OBICTPO U HEMIOCPEICTBEHHO Y3HATDH O MPOOJIEME, €CIIU BbI T10-
IbITAETECHh BbI3BATh 9TOT HEHMOAXOAAIIMNA METOZ ¢ 00beKTOM LunarRover. JlioOble 10-
YepHUE KJIACChl LunarRover TakKe yHACJAeAYIOT 3HaueHue None /i1 changeSparkPlug().
Coobuenne 06 oumbke TypeError: 'NoneType' object is not callable (TypeError:
00beKT 'NoneType' He MOJKET BBI3bIBATHCS) MH(MOPMHUPYET, YTO IIPOrPAMMHUCT Kjacca
LunarRover HaMepeHHO 3ajiaJl it MeTozia changeSparkPlug() sHauenue None. Eciin Obr
TaKOW METOJI He CYIeCTBOBaJ M3HAYAIBHO, TO BbI OBI TIOJTYYUIN COOOIIEHE 00 OITHOKEe
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NameError: name 'changeSparkPlug' is not defined error message (NameError: ums
"changeSparkPlug' He onpezeseHo).

[TpuMeHeHMe HACIEOBAHUS IS CO3aHNs KJIaCCOB HEPEAKO 000PaYnMBAETCS CIIOK-
HOCTBIO U MPOTUBOpeYnsIMA. JacTo BMeCTO HACIE0BAHU JIydIlle BOCIIOIb30BaThC
KOMIIO3UIINEI.

®PyHkuum isinstance() u issubclass()

Ecjiit BbI XOTHTE Y3HATH TUIT 00BEKTa, MOKHO TIepesiaTh 00bEKT BCTPOEHHOM (DYyHKIMN
type(), O KOTOPOH 5 YIIOMUHAJI B NpeabIayieit riase. Ho eciv Bbl BBITIOJHAETE TIPO-
BEPKY THTA JIJIsT 0OBEKTa, JIYUIlie BOCTIOIb30BaThCsT Hosee THOKONH BCTPOEHHON (hyHK-
nueit isinstance(). @yukuug isinstance() BepHeT True, ecid OOBEKT OTHOCUTCS
K 3a/[aHHOMY KJIACCy WJIU OJJHOMY 13 ero cyOKIaccoB. Beeaure caenyomuii hparment
B WHTEPAKTUBHOM 060I0UKe:

>>> class ParentClass:
pass

>>> class ChildClass(ParentClass):
pass

>>> parent = ParentClass() # Co3gaTb o6bekT ParentClass.
>>> child = ChildClass() # Co3paTb obbekT ChildClass.
>>> isinstance(parent, ParentClass)

True

>>> isinstance(parent, ChildClass)

False

>>> isinstance(child, ChildClass) (1

True

>>> isinstance(child, ParentClass) (2

True

Dyukius isinstance() YKa3bIBaeT, uTo 00beKT ChildClass u3 child gBsieTcs 9K3eM-
mgpoM ChildClass @ u 9Kk3eMILISIPOM ParentClass @. BoITysiuT JIOTUYHO, TaK KaK
00beKT ChildClass MOJKET PACCMATPUBATHCS KAaK PA3HOBUIHOCTH 00beKTa ParentClass.

Bo BTOpOM aprymMeHTe Takske MOKHO TIepeiaTh KOPTesK 00bEKTOB KIACCOB, YTOObI TIPO-
BEPUTD, OTHOCHUTCS JIN TIEPBBIN apTYMEHT K OTHOMY 13 KJIACCOB B KOPTEXKe:

>>> isinstance(42, (int, str, bool)) # True, ecnu 42 umeeT Tun int, str waum bool.
True

Berpoennast dbynkiust issubclass() — OHA UCIIOJNB3YETCS PEKE — MOKET COOOIIHTB,
SIBJISIETCSI JIM OOBEKT KJIACCA, IEPEJAHHBIN B TIEPBOM apryMenTe, cyOKIaccom (U OT-
HOCHTCS K TOMY JKe KJIacCy), 4To U 0OBEKT KJIAcca, epPefaHHblil BO BTOPOM apryMeHTe:
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>>> issubclass(ChildClass, ParentClass) # ChildClass cy6knaccupyeT ParentClass.
True

>>> issubclass(ChildClass, str) # ChildClass He cybknaccupyeT str.

False

>>> issubclass(ChildClass, ChildClass) # ChildClass wumeeT Tun ChildClass.

True

Kaxk u B cityuae ¢ isinstance(), BO BTOpoM aprymMeHTe issubclass() MOXKHO Tiepe/iaTh
KOPTEK apryMEHTOB, YTOObI IIPOBEPUTD, SABJIAETCS JIM IIEPBbI apryMeHT CyOK/IaccoM
OJTHOTO 13 KJIacCOB B KopTexke. [ [puHnmmmaabHoe oTaimdne isinstance() 1 issubclass()
3aKJIIOYAETCA B TOM, UTO issubclass () mepeaarorcs gsa 00beKTa KIaccoB, a isinstance()
nepegaercst 0ObeKT 1 0OBEKT KJacca.

MeTopabl knaccos

Memoo knacca cBA3bIBAETCS € KJIACCOM, a HE C €ro OTJeJbHbIMU 00beKTaMu (B OTJIU-
yre 0T OOBIYHBIX METOJ0B). MeTo/1 Kiiacca MOKHO Y3HaTh B KOJI€ T10 JIBYM IIPU3HAKAM:
110 JlekopaTopy @classmethod 1epes KOMaH/101l def MeTO/ia W 110 UCIIOJb30BaHUIO cls
B IIEPBOM IIapaMeTpe, KaK II0Ka3aHo B CJIEAYIOIIEM IIPUMepE.

class ExampleClass:
def exampleRegularMethod(self):
print('This is a regular method.")

@classmethod
def exampleClassMethod(cls):
print('This is a class method.")

# Bbi30B MeTofa knacca 6e3 co3haHuMA 3K3emnnspa:
ExampleClass.exampleClassMethod()

obj = ExampleClass()

# C npepblayweil CTPOKOW 3TW ABe CTPOKKU SKBUBANEHTHbI:
obj.exampleClassMethod()
obj.__class__.exampleClassMethod()

ITapametp cls paboraet Kak self, He CUUTASI TOTO, UTO self COMEPIKUT CCHLIKY HA OOBEKT,
a mapametp cls — CCBIIKY Ha KTacc 00beKTa. ITO 03HAYAET, YTO KO/ METO/IA KJIAcca He
MOJKET OOPATUTHCS K aTPUOYTAM OT/IEABHBIX 0GBEKTOB UJTH BBI3BIBATH OOBIYHBIE METOIbI
o6bexTa. MeToI KJIacca MOJKET BBI3BIBATH TOJIBKO IPYTHE METOIbI KJTacca Uiin 00paiiaTh-
cs1 K arpubyTaM Kiaacca. MBI HCITIOTb3yeM UM cls, TOTOMY UTO class sIBJISTETCS KITIoUe-
BBIM c10BoM Python u, kak u srioObie ipyTHe KTodeBbie cIoBa (Takne Kak if, while uim
import), OHO He MOXKET UCII0JIb30BATbCA /11 UMeH I1apaMeTpoB. MeToibl kiacca 4acTo
BbI3bIBAIOTCS yepe3 00beKT Kiacca (Harpumep, ExampleClass.exampleClassMethod()).
Ho ux Takske MOKHO BBI3BIBATH C JIOOBIM 9K3EMILISIPOM KJIacca — HampuMep, obj.
exampleClassMethod().
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MeTo/1bl KJ1aCCOB UCIIOJIB3YIOTCS He Tak yacTo. CaMblii paciipocTpaHEeHHbIH clieHapuit
MCITOJTb30BAHUST — OTIPe/esIeHre aJIbTePHATHBHBIX KOHCTPYKTOPOB, KpoMme __init_ ().
Hampumep, 4to ecaiit GyHKITHSI-KOHCTPYKTOP MOJKET TTOJYYATh JIO0 CTPOKY C TAHHBIMI,
HEOOXOMMBIMU HOBOMY OOBEKTY, THHO CTPOKY ¢ UMeHeM aiia, KOTOPbIi COAepsKUT
JaHHbIe Ui HOBOTO 00bekTa? CIMcok mapaMeTpoB MeToa __init_ () He JoJKeH ObITh
JJIMHHBIM Y 3allyTaHHbIM. BMeCTO 9TOro MOXKHO BOCII0JIb30BAaTLCS METOLOM KJlacca, BO3-
BPAIIAIOIINM HOBbII OOBEKT.

Jlist iprMepa cosaanM Kirace AsciiArt. Kak 6bu1o mokasaHo B riiase 14, ASCII-rpaduka
dhopMupyeT n306paskeHne 13 CUMBOJIOB TEKCTA.

class AsciiArt:
def __init_ (self, characters):
self. characters = characters

@classmethod
def fromFile(cls, filename):
with open(filename) as fileObj:
characters = fileObj.read()
return cls(characters)

def display(self):
print(self._characters)
# Qlpyrue metoppl AsciiArt...
facel = AsciiArt("’ \n' +
.. \nt o+
TN/ [\n" +
B I
facel.display()

face2 = AsciiArt.fromFile('face.txt"')
face2.display()

Knacc AsciiArt comepsKuT MeTon __init_ (), KOTOpOMY MOKET IIepefaBaThes Habop
CUMBOJIOB B BUjie CTPOKU. OH TaKk:Ke COEPKUT METO/] Kacca fromFile (), KOTOPOMY MO-
JKET TTepe/laBaThCst CTPOKA ¢ UMEHEeM TeKCTOBoro (haiina, copepskaiiero ASCII-rpaduky.
Ob6a MeToj1a co3/1a10T 0OBEKThI AsciiArt.

Ecau 3amycTuth 9Ty mporpamMMy W ecJiu cytiecTByeT haiin face.txt ¢ mzobpaskennem
B ASCII-rpaduke, pesy/ibraT OyAeT BbIIJISAETh IPUMEPHO TAK:
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Merton kiacca fromFile() HECKOJIBKO YIIPOIIAeT KOJ IO CPABHEHUIO C BBHITIOJHEHUEM
Bcex omeparuii B __init_ ().

Y METO/I0B KJIACCOB €CTh U JAPYroe IPEerMYIecTBO: cyOKIace AsciiArt MOKeT Hacae10-
BaTh CBOI MeTo/l fromFile() (U IEPEOIIPEAEINUTD €ro IPU HEOOXOIUMOCTH). DTO 00b-
SACHAET, ToYeMy B MeTo/] fromFile () kyracca AsciiArt BKJIIOYEH BbI30B cls(characters),
ane AsciiArt(characters). Boisos cls() Taxxe Oyzer paborarth B cyOkIaccax AsciiArt
B HEM3BMEHHOM BUJIE, [IOTOMY 4YTO KJlacc AsciiArt He hukcupyercst B Metojie. Ho BbI30B
AsciiArt() Bcerga Gy/eT BbI3bIBaTh METO __init_ () Kiacca AsciiArt BMeCTO MeTo-
mna __init_ () cybOkmacca. PaccmarpuBaiite cls Kak 0OBEKT, IPEACTABIIAIONIMN KJIacc.

ITo anamornu ¢ TeM, Kak 0ObIYHbIE METO/bI BCETIA JOJAKHDBI NCIIOIb30BATh IIapaMeTp
self ryie-To B KOJIe, METOJI KJIacca BCET/la UCOJIb3yeT CBOI napametp cls. Ecim B koje
Balllero MeTo/1a KJiacca rnapaMeTp cls HUKOT/[a He IIPUMEHSIETCSI, TO IPU3HAK TOTO, YTO
METO/I KJIACCA, BO3MOKHO, CTOMIIO ObI O(OPMUTH B BUjie O0OBIYHON (DYHKITHH.

AtpubyTbl KNaccos

Ampubym xnacca npejcTaBisier coboil epeMeHHYI0, KOTOpast TIPUHAJICKUT KIIaccy,
a He 00beKTy. ATpuOyThHI KJTacca CO3/A0TCsl BHYTPU KJlacca, HO BHE JIFOOBIX METOJIOB,
MO06HO TOMY Kak TI00aTbHBIE TTePeMEHHbBIE CO3MAIOTCS B (hatise .py, HO 32 TpeaeramMmu
JIIOOBIX (DYHKIHIA.

Huske npusesen npumep atpubyTa Kjacca ¢ MIMEHEM count, KOTODBIN OTCAEKUBAET
KOJIMYECTBO CO3JaHHBIX 00BEKTOB CreateCounter:

class CreateCounter:
count = @ # This is a class attribute.

def __init_ (self):
CreateCounter.count += 1

print('Objects created:', CreateCounter.count) # BbiBoguT O.
a = CreateCounter()
b = CreateCounter()
¢ = CreateCounter()
print('Objects created:', CreateCounter.count) # BbBoguT 3.

Kiace CreateCounter cofepsKutT oinH anI/I6yT KJacca ¢ umMereM count. Bee 06bekThI
CreateCounter COBMECTHO HUCIIOJB3YIOT 3TOT aTPUOYT (BMECTO TOTO, YTOOBI HUMETH COO-
CTBEHHBIE anI/I6yTbI count). ITO 0OBSCHSET, noyeMy cTpoka CreateCounter.count +=1
B QYHKIUI-KOHCTPYKTOPE IIOACYMTHIBAET BCE CO3aHHble 0ObEKTh CreateCounter.

[Tpu 3armycke 9TOi IpOrpaMMbl Pe3yJIBTAT BBITJISIAT TAK:

Objects created: ©
Objects created: 3



Tlgm: @it_boooks

350 maea 16. O6beKTHO-OPUEHTUPOBAHHOE NPOrPAMMUPOBAHWE U HACIEAOBAHUE

ATpuGyThI KIaCCOB UCIOMNB3YIOTCS PEAKO. Jlake IPUMEp € IOACYETOM KOJMIECTBA CO3-
JIaHHBIX OOBEKTOB CreateCounter MPOIIE peainusyeTcst Ha basze rII00anbHO epeMeHHOI
BMECTO aTprOyTa KJracca.

Cratnueckue meropabi

CraTuueckuii MeTOJI He nmeeT napamerpa self wau cls. [To cyTu cratmdyeckue MeTo-
bl TIPECTABIILIOT OO0 00bIYHbIE (DYHKIINHU, TOTOMY YTO OHM HE MOIYT 0Opamarhest
K arpuOyTaM U METO/aM KJiacca Wi ero 00bekToB. HeoOX0AnMOCTb B HCTIOJIb30BAHUH
cTaTiyeckux MeTo0B B Python BogHuKkaeT oueHb peiko. Ecain BbI permure BOCIOMb30-
BaThCs MU, BaM HaBEPHSIKA CTOMT MOAYMaTh 00 UCIOAb30BaHUN OOBIYHON (DYyHKIHH.

Yro0Bl ONPEAETUTh CTATHYECKUI METOI, IIOCTaBbTe JeKoparop @staticmethod mepen
COOTBETCTBYIOIIEN kKoMan/oi def. [Ipumep cTaTuueckoro MeToja:

class ExampleClassWithStaticMethod:
@staticmethod
def sayHello():
print(‘'Hello!")

# 06bekT He co3paeTcs, nepes sayHello() ykasbiBaeTcs uMA Kiacca:
ExampleClassWithStaticMethod.sayHello()

Mesxkny cratudeckuM MeToJIoM sayHello() B KJlacce ExampleClassWithStaticMethod
u pyHKkImeii sayHello () MOYTH HET pa3inyuii. BriosiHe BO3MOKHO, UTO BbI ITPE/IIIOYTETE
(DYHKIINIO, TOTOMY UYTO €€ MOKHO BBI3bIBATh O€3 YKa3aHUs UMEHHU KJlacca.

Crarudeckye METO/IbI Yallle BCTPEYAOTCS B IPYTUX SA3bIKAX, IJl€ OTCYTCTBYIOT IHOKHeE
Bo3MokHocTH s13bika Python. Crarnueckue meroznt 8 Python Mmogemipyror dynkimo-
HAJIBHOCTD JPYTHUX A3BIKOB, HO He 06J1a1a10T 0COB0IT IPAKTUYECKON 1[EHHOCTHIO.

Koraa ucnonb3oBarb 06beKTHO-OPUEHTUPOBAHHbBIE
cTaTMyeckue CPeAcTBA U CPEACTBA YPOBHS KJ1ACCOB

BaM penko MOTyT IOHaZOOUThCST METOIBI KJIACCOB, aTPHOYTHI KJIACCOB M CTaTUYECKHe
METO/bI. Ecin BbI JAyMaere: «A HeJIb3s JIM BMECTO 3TOTO UCII0JIb30BATh (bYHK]_[I/IIO NN
ry100aTbHYI0 EPEMEHHYIO?»>, TO CKOPEE BCETO BaM HE CTOWUT WCIIOJb30BaTh METO]
KJacca, arpuOyT KJracca WK ctatudeckuii Metos 1, OHU paccMaTpUBAIOTCS B 9TON KHUTE
TOJIBKO 10 OAHON IIPUYMHE: YTOOBI BbI Y3HAJIM X, €CJIU OHU BCTPETITCS BaM B KOJE,
HO TTIOJIb30BAaTbCA MU g HE PEKOMEH/IYIO. OHI/I MOTYT IIPUTO/IUTHCA, €CJIN Bbl CO3/1a€TE
coOCTBeHHbII (GPERMBOPK ¢ HETPUBHAILHBIM CEMEHCTBOM KJIACCOB, KOTOPBIE JOJIKHbBI
CyOKIACCHPOBATHCS MTPOTPAMMUCTAMH, UCIIOJIb3yIomMMU (peiimBopk. CKopee Beero,
IIPU HAIIMCAHUM OOBIYHBIX MpHUIoKeHuit Python onu Bam He moHamobsTes.
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JlonosHuTebHy0 HHGOPMAIIIO 06 9TUX BO3MOKHOCTSIX, O TOM, TIOYEeMY OHU BaM HY/KHbI
(UM He HYJKHBI), BBl MOKeTe MoYeprHyTh B myOsukarusx Ouiira /[x. I6u (Phillip
J. Eby) «Python Is Not Javas (https.//dirtsimple.org/2004,/12/python-is-not-java.html)
u Paitana Tomaiiko (Ryan Tomayko) «The Static Method Thing» (https.//tomayko.com/
blog/2004 /the-static-method-thing).

TepMMUHbLI 06BEKTHO-OPUEHTUPOBAHHOIO
NpPOrpaMmMmupoOBaHUS

B o6bsacuenusx OOII yacto BCTpeyaoTCst CrelMaJbHble TEPMUHBL: HACTE0BAaHUE,
WHKAICYJIAIMS, TOJTUMOphU3M 1 T. . Hesb3st cKazarh, 4To 3HATH UX aGCOIOTHO HEOO-
XOJIMMO, HO CJIEJIYET XOTs1 ObI MOHUMATh UX CMBICT Ha 6a3oBoM yposHe. HacsienoBanue
ysKe YIIOMIHAIOCh PaHee, a O [PYTUX TEPMUHAX ST PACCKaxy ceivac.

Wukancynsuns

Ci0BO «unkancyrayus» UMeeT ABa PACIIPOCTPAHEHHBIX U B3aMMOCBSI3aHHBIX OIpeIe-
nenust. [TepBoe: MHKATICYISTIHEN HA3LIBAETCST OObETMHEHTE B3ANMOCBSI3AHHbBIX TAHHBIX
U KOJIa B OJIHO T[eJioe. B cylHOCTH, IMEHHO 9TO U JIENAIOT KIACCHI: OHU O0BEMHSIOT
B3aMMOCBsI3aHHbIe ATPUOYTHI 1 MeTO/bI. Harrpumep, Hatil kiace WizCoin HHKATICYIUPYET
Tpu nesbix uncaa (knuts, sickles 1 galleons) B 01HOM 0OBbeKTe WizCoin.

Bropoe omnpezenenne: MHKANCYJASIIMEH HA3BIBACTCS MEXaHU3M COKPBITUS UHGDOP-
MAInH, TO3BOJISTIONII 06BHEKTAM CKPBIBATDH CIOKHbBIE TOAPOOGHOCTH PEANTN3AINN, TO
ecTh BHYTpPEHHEe YCTPOicTBO 00bekTa. [IpuMep TakoTo pojia BCTpevascst B MOpas-
nese «IIpuBaTHbIe aTPUOYTHI U TIPUBATHBIE METO/IBI», C. 324, Tie 06bEeKTHI BankAccount
MPEIOCTABJISIIOT METO/IBI deposit () mwithdraw() /Uit COKPBITHS TOAPOGHOCTEN PAOOTHI
¢ arpubyTamu _balance. OYHKITMN MO3BOJISIIOT OCYTIECTBUTD MOXOKYIO TIETh CO3TAHMST
<YEepHOTo SAIMKa» — HAIIPUMep, aJITOPUTM BbIYUCJICHNS KBQ/[PATHOTO KOPHS (PyHKITMei
math.sqrt() He BUCH TTOJIb30BaTe 0. Bee, 4To BaM HY»KHO 3HATh, — 9Ta (DYyHKIUS BO3-
BpalllaeT KBa[PATHDII KOPEHb TOTO YKCJI, KOTOPOE €ii OBLIO MepeIato.

MNonumoppuzm

Iloumopusm no3BOJISIET PaCCMaTPUBATH OOBEKThI OJTHOTO TUIIA KaK 00BEKTHI IPYTOro
tuna. Harpumep, dbynkiust len() Bo3BpalaeT IjinHy epeiantoro eif aprymenta. OyHk-
1mu len() MOKHO MEPEAaTh CTPOKY, 4TOOBI y3HATH, CKOJIIBKO CMBOJIOB OHA COJIEPAKUT, HO
len() TaksKe MOXKHO TI€PEIaTh CIMCOK MJIM CJI0OBAPb, YUTOOBI y3HATH, CKOJIBKO 3JIEMEHTOB
W TIap <KJII0Y — 3HaYeHne> OHM COZlepIKaT. DTa Pa3HOBUAHOCTD MOJIMMOp(U3Ma Ha-
3bIBAETCS NAPAMEMPUUECKUM NOTUMOPDUSMOM, NI 0006UeHUEM, TTOTOMY YTO OHA MOIKET
paboTaTh ¢ OOBEKTaMI MHOTHX Pa3HBIX TUIIOB.
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TepmunoM <«1ronumMopdusM» Takxke nHorga obosuavaior cumyamusnvii (ad hoc) no-
JUMOPPU3M, WIIN nepezpysKy onepamopos, KOTAa oIepaTopsl (Takue Kak + WIn *) je-
MOHCTPUPYIOT Pa3HOE MOBEIEHIE B 3aBUCUMOCTH OT THUIA 0OBEKTOB, C KOTOPHIMU OHU
paborator. Harpumep, omepaTop + BBITIOIHSET MATEMATHYECKOE CIOKEHUE JITIST IBYX
IeJIbIX YMCeJI WM YUCeJI C TIABAIOIIEll TOUKOI, HO ¢ ABYMSI CTPOKAMU OH BBITIOJIHSIET
KOoHKaTeHaruio. Ileperpyske omnepatopos mocssiiieHa riasa 17.

Koraa HacnepoBaHue He ucnonb3lyertcs

HacnemoBanme jierko npuBoOAUT K M3JIUITHEMY MTEPEYCIOKHEHUIO KiraccoB. Kak BeIpa-
suiicst Jlyuano Pamanbo (Luciano Ramalho), «Yopsigouenne 00beKTOB B aKKypaTHyIo
HepapxuIo aleJInpyeT K HallleMy YyBCTBY MOPSIIKA; TPOTPAMMUCTHI IEJIAI0T 3TO IIPOCTO
IS pa3BJIedenHuss>. MBI cO3/1aeM KIacChl, CyOKIACCH 1 CYyOCYOKITACCHI, KOTIA TOTO JKe
addekra MOKHO ObLIO ObI JOCTUYD € OAHUM KJIACCOM WM napoii ¢pyHkimii. Ho Beiom-
uure npunimn us «/Isen Python» (r1asa 6): «IIpocToe my4iie, 4eM CI0KHOE>.

Ncnonpzosanne OOIT mo3BoisieT pa3neuTh Ko/l Ha MEHbINNE eTUHUIIB! (B TAHHOM CJTY -
Yae KJIacChl ), KOTOPBIE IIPOIIE MOHSTD, YeM OJMH GOJIBIION (haii .py ¢ COTHAMU (hYHKIINIA,
He CIeIYONTNX B KAKOM-TO OTIpe/ieJIeHHOM Tiopsi/ike. HacieroBarme moe3Ho, KOTa Bbl
olpeieisieTe HeCKOJIbKO (DYHKIMIA, pabOTAIONIMX ¢ OHON CTPYKTYPOil JAHHBIX CJIOBAPSI
i cicka. O6bequnenye TakuxX GyHKIMA B KJacC IPUHECET I0JIb3Y.

OpHako BO3MOKHBI U CUTYaIMH, KOIJa CO3[4aBaTh KJIACC UM MCIIOJIb30BATh HACIIEN0-
BaHUe He 0043aTesbHO.

e Eciu Bamm Kjlacc COCTOUT U3 METO/I0B, B KOTOPbIX COBCEM HE MCIIOJIb3YIOTCA T1a-
PaMETPbI self uam cls, yAaanuTe KjaacC U IpUMEHNTE (l)yHKIlI/II/I BMECTO METO/I0B.

e Eciu B cosmanmm poauTesIA, KOTOprﬁ NMEET TOJBKO OJIMH lIO‘IepHI/Iﬁ KJjaccC, HO
00BEKTBI POAUTETBCKOTO KJIaCCa HUT/I€ HE UCITOJIb3YIOTCA, X MOJKHO 06’[)8,ZII/IHI/IT]':>
B OZIMH KJIacCC.

e Ecum BBl co3aere GoJiee TpeX UITH YeTHIPEX YPOBHEH CyOKIACCUPOBAHNST, BEPOSIT-
HO, BBI 3710y TIoTpebisieTe HacaenoBanveM. [lepepaboraiite cybkiacest u ybepure
JIUTITHHE.

Kax u B mpumepe ¢ AByMs BepcusiMu TIporpamMmbl « KpecTUKN-HOIMKI» U3 TIPEAbIILY-
1ell IJIaBbl, BBl MOJKETE OTKA3aThCsl OT MCIIOJb30BAHMSI KJIACCOB U MIPU HTOM UMETh
BIOJIHE PaboTOCIOCOGHYIO, N36aBIeHHYI0 0T omubOK mporpammy. He pymaiite, uto
[pPOrpaMmy HelpeMeHHO HY;KHO TPOEKTUPOBATH B BUJE CJIOKHOI Ay THUHBI KJIACCOB.
I[TpocToe paboTocmocobHOE pelleHre Jydliie CJI0KHOT0, KOTOpoe He paboTaert. J[Koau
Crosbeku (Joel Spolsky) nurter 06 aTom B cBoeM coobiieHnn B 61ore «Don’t Let the
Astronaut Architects Scare You» (https.//www.joelonsoftware.com/2001,04,/21/dont-
let-architecture-astronauts-scare-you/).
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Bbl JO/KHBL 3HATh, KaK paboTaloT Takue 0ObeKTHO-OPUEHTHPOBAHHbIE KOHIIEIIINH,
KaK HacJeloBaHUe, TOTOMY YTO OHU MTOMOTAIOT OPTaHN30BaTh KO, a TAK)Ke YIIPOIIAIOT
paspaboTKy u oTaaAKy. Biaarogapst csoeit ru6koctu Python He ToJbKO TIpeocTaBisier
00BEKTHO-OPUEHTUPOBAHHBIE CPEACTBA, HO U He TpebyeT 003aTeIbHOIO UX MCIOJIb30-
BaHUs, €CJIM OHU TIJI0XO MOAXOAT 714 11eJieil Baliel porpaMMbl.

MHo)XxecTBEeHHOe HacnegoBaHue

MHor¥Ue SI3BIKU TPOTPAMMHUPOBAHS TIO3BOJISTIOT KJIACCY UMETD He Horee 0THOTO (HETI0-
CPEJCTBEHHOTO) POAUTEIBCKOTrO Kiracca. Python mossosisier Mcmob3oBaTh HECKOIBKO
POAUTEIBCKUX KJIACCOB IIPU MOMOIIN MEXaHU3Ma, Ha3bIBAEMOIO MHONCECMBEHHbIM Ha -
credosanuem. Harrpumep, MOXKHO OITPEIESTUTD Krace Airplane ¢ MeToioM flyInTheAir()
1 Kyacc Ship ¢ MetoioM floatOnWater (). ITocsre aTOTO MOKHO co3aaTh Kitacc FlyingBoat,
HACJIeY Ol Kak Kiaaccy Airplane, Tak 1 Ship; st 9TOT0 06a KJracca CJIeLyeT nepedrc-
JIUTH B KOMaH/Ie class ¢ pa3zesenrieM 3angaThiMu. OTKPONTE B PelaKTOPE OKHO C HOBBIM
(aitnom u coxpanute ciemyiomuii ko ¢ umeneM flyingboat.py:

class Airplane:
def flyInTheAir(self):
print('Flying...")

class Ship:
def floatOnWater(self):
print('Floating...")

class FlyingBoat(Airplane, Ship):
pass

O06bexThl FlyingBoat, KOTOPbIEe MbI CO3/IaeM, HacaeAyI0T MeToAbl flyInTheAir ()
u floatOnWater (), Kak MIOKa3bIBAET CJEAYIONIUN CEAHC MHTEPAKTUBHOM 060JI0UKM:

>>> from flyingboat import *
>>> seaDuck = FlyingBoat()
>>> seaDuck.flyInTheAir()
Flying...

>>> seaDuck.floatOnWater()
Floating...

MHoKecTBEHHOE HacJaegoBaHie paboTaeT BIOJIHE TPSIMOJIMHENHO — IIPU YCIOBUH,
YTO MUMEHA METO0B POAUTETHCKUX KJIACCOB PAa3IUIHBI. Takne KJacChl Ha3bIBAIOTCS
npumecsmu (Mixins). (ATo IPOCTO TEPMUH JJIsE PASHOBUAHOCTH Kaaccos; B Python Her
KJTI0YeBOTO ¢10Ba mixin.) Ho uTo mpousoiiieT, eciu Bal KJace HacjaeyeT HeCKOJTbKUM
CJIOKHBIM KJIACCAM, COJIEP;KATIIUM METO/IbI C COBITAJIATONTUMU MMEHAMU ?

BcenomuuTe Kjacchl UIPOBOTO 10JI [ UTPbl «KpecTuku-nonuku» MiniBoard
M HintTTTBoard, paccMOTpPEHHbIE paHee B 3TOH TJ1aBe. A ecJii BaM Hy»KeH KJI1acc, KOTOPbIi
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BBIBOJIUT KOMIIAKTHOE UTPOBOE TI0JIE, a TaKKe TocKaskn? C MHOKeCTBEHHBIM HacJe-
JOBaHUEM MOKHO ITOBTOPHO UCIIOJIb30BATh CYLIECTBYIONINE KIacchl. JlobaBbre ciemayro-
it pparMeHT B KoHeTl (hatisa tictactoe_oop.py 10 KoMaHab! if, B KOTOPOIT BBI3BIBACTCS
bynks main():

class HybridBoard(HintBoard, MiniBoard):
pass

ITOT KJIACC HE COIEPKUT HUYETO — OH TOJIbKO TTOBTOPHO UCIIOJIB3YET KOJI, YHACIEI0BAH-
HBII OT HintBoard u MiniBoard. 3areM uamMeHuTe KOA B (DyHKIMU main(), 4TOOBI B HEM
coszmaBaics 00beKT HybridBoard:

gameBoard = HybridBoard() # Co3paaTb 06beKT UrpoBOro nons.

Oba poauTenbCcKux Kiacca, MiniBoard u HintBoard, cogepskaT METOJ ¢ UMEHEM
getBoardStr(). Kakoii ;xe us Mmeto/ioB yHacjaenyet HybridBoard? IIpu BeITIOTHEHUT
3Ta IPOrpamMMa BbIBOJUT KOMIIAKTHOE UTPOBOE T10JI€, & TAKIKE BBIBOJAUT ITOJACKA3KY:

--snip--
X.. 123
.0. 456
X.. 789

X can win in one more move.

IToxosxe, Python, kak o Bosmie6cTBY, 00bEAMHUI METO/ getBoardStr() Kjacca
MiniBoard ¢ MeTomOM getBoardStr() KiaccaHintBoard, yTOOBI OH J1eJ1aJl U TO U /:[pyroe!
Ho 5T0 Iponso1L1o moTomy, 4To 5 Harmmcas 1X TakK, 9T00bI OHI paboTaIl APYT C APYTOM.
Bonee Toro, ecii moMeHSATH TIOPS/IOK KJIACCOB B KOMaH/le class Kiacca HybridBoard:

class HybridBoard(MiniBoard, HintBoard):

TTO/ICKa3KU IMOJTHOCTBIO ITPOTTAJyT:

--snip--
X.. 123
.0. 456
X.. 789

YT0o6b! MOHATD, TOYEMY TO TIPOUCXOAUT, HEOOXOMNMO U3YUUTDH NOPA00K PA3PEULeHUs.
memodos (MRO, Method Resolution Order) sispika Python u To, kak paboraer (hyHK-
s super().

NMopspok paspeweHns meTtoaos

Hara mporpamma «KpecTuku-HOJNKI» TeTepb COAEPKUT YeThIPe KIacca JIJIs TpeicTaB-
JIEHUST UTPOBOTO TIOJIST: TPU C OIIPe/IeIEHHBIMU MeTo/IaMK getBoardStr() U YeTBepPTHIN
C yHaCJIe/IOBAaHHBIM METOJIOM getBoardStr (), kak mokazaHo Ha puc. 16.2.
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TTTBoard
getBoardStr()
HintBoard MiniBoard
getBoardstr() getBoardStr() (nepeonpeaenen)
(nepeonpenenen, Buisbisaet super())

NS

HybridBoard
(yHacneposanHbit meton getBoardStr())

Puc. 16.2. Hetbipe knacca B nporpamme «Kpectuku-Honmkm»

Korza Bbl BeIsbiBaeTe getBoardStr() mig oObekTa HybridBoard, Python 3HaAET, 4TO
B KJacce HybridBoard HET MeTO/a C TAKUM UMEHEM, U II09TOMY IIPOBEPSAET POJLUTEIID-
ckuil kaace. Ho kiace nMeer iBa poAMTeIbCKUX KJIacca, U B 000X IPUCYTCTBYET METO/
getBoardstr (). Kakas Bepcust Gy/ier BbIi3BaHa?

C nomomnisio MRO kiacca HybridBoard BbI MOsKeTe TOTYYUTD YIOPSIAOYEHHBIN CITCOK
KJIacCcOB, KOTOPBI Python mposepsier mpu Hacie0BaHN METOIOB JIOO TIPY BHI30OBE
byuxuum super () us meroza. st npocmorpa MRO kiacca HybridBoard BbI30BUTE €10
MeTO mro() B MHTEPAKTUBHOI 000J104Ke:

>>> from tictactoe_oop import *

>>> HybridBoard.mro()

[<class 'tictactoe_oop.HybridBoard'>, <class 'tictactoe_oop.HintBoard'>,
<class 'tictactoe_oop.MiniBoard'>, <class 'tictactoe_oop.TTTBoard'>, <class
‘object'>]

W3 BO3BpalaeMoro s3HadyeHust BUIHO, YTO IIPK BbI30BE MeToa A1 HybridBoard Python
CHayYaja IIPOBEPSIET ero B Kaacce HybridBoard. Eciu meton He Haiizen, Python mpo-
BepseT Kaacc HintBoard, 3aTeM kacc MiniBoard u, HaKOHeII, Kiacc TTTBoard. B xoniie
kaxmoro cricka MRO HaxoanuTcst BCTPOEHHBIH Kitace object, pOAUTENbCKU /17T BCEX
Kjaccos Python.

[Ipu opunounom HacnenoBanuu MRO onpesensieTcst mpocTo: J0CTATOYHO B3SITh 1ETI0Y-
KY POJIMTENbCKUX KJIaccoB. [Ipr MHOKeCTBEHHOM HACJIe/JOBAHUU 33/1a4a YCJIOKHSIETCSI.
B Python MRO cuenyer anropurmy C3, moapoOHOCTH KOTOPOTO BBIXOASAT 3a PAMKHU
kuuru. Ho yto6s1 onpegennts MRO, 10cTaTo4HO 3aII0MHUTD BA IIPABUIIA.
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e Python npoepsiet 0UepHIE KIACCHI 10 POAUTENBCKUX KJIACCOB.

(] PythOIl IIpOBEPSET KJIACChI, SaﬂeﬁCTBOBaHHHe B HacCJie/IT0OBaHWHU, CJI€Ba HAIIpaBO
B IOPAAKE UX IepedrncIeHrda B KOMaH/ie class.

Eciin BbI3BaTh getBoardStr() mis oObekra HybridBoard, Python cnauasa mposeput
Kiacc HybridBoard. 3aTeM, TTOCKOJbKY B POANTEJAX KIacca cJeBa HAPABO YKA3aHBI
HintBoard u MiniBoard, Python npoBepsier HintBoard. TOT POANTEIBCKHUI KJIACC CO-
IePKUAT MeToJT getBoardStr(), moaToMy HybridBoard HacjieIyeT U BBI3BIBAET €TO0.

Ho atum fesio He 3akaHYMBaeTCS: Jlajiee METO/] BbI3bIBaeT super().getBoardStr().
Nwms dyukiuu Python super() BbiOpaHO HeygadyHO, IIOTOMY YTO BO3BpalllaeT OHa He
POAMTENBCKUI KJacc, a cienyionuii kiacc B MRO. 9To o3HavaeT, uToO 1P BbI3OBE
getBoardStr () ms 00bekTa HybridBoard ciemytonm kiaccom 8 MRO mocsie HintBoard
Oyner MiniBoard, a He pOAUTEIbCKUI Kacce TTTBoard. Takum 06pasoM, BbI3OB super().
getBoardStr() BbI3bIBaeT MeTOJ getBoardStr () kiacca MiniBoard, KOTOPBII BO3BpaIaer
KOMITaKTHOe UrpoBoe 1oJie. OcTaBimuiicst Ko/ getBoardStr() kiacca HintBoard mociie
3TOTO BBI30BA super () IPUCOCUHAET TEKCT MOJACKAa3KN K CTPOKE.

Ecnu usmennTs koMauay class Kiacca HybridBoard Tak, 9ToObI CHavam a B Hell OBLI
yKasaH Kjacc MiniBoard, a motom HintBoard, B ciicke MRO kiace MiniBoard Gymer
npe/necTBoBaTh HintBoard. JTo o3Hayaet, uTo HybridBoard yHacjenyeT BEPCUIO
getBoardStr() oT MiniBoard, B KOTOpPO# HeT BbI30Ba super(). VIMEHHO 3TOT MOPSIOK
CTaHOBUTCSI IPUUYMHON OMUOKK € BBIBOZAOM KOMIIAKTHOTO MUIPOBOTO T10JIsT 6€3 MojICKa-
30K: 6e3 BbI30Ba super() Meron getBoardStr() kiacca MiniBoard He BbI30BET METOJ
getBoardStr() kimacca HintBoard.

MHo:xecTBEHHO€E HacJieZJloBaHUE ITO3BOJISIET peanmm30BaTb 3HAYUTEJTbHYIO Q)YHKHI/IO-
HAJIbHOCTH B HEOOIBIIOM 00BEME KozZa, HO JIETKO IPUBOJAUT K BOSHUKHOBEHUIO ITEPEYC-
JIOJKHEHHOTO, TPYAHOTO /IJIAd TIOHUMaHW:A KO/a. OTnaBaiite TIpEeATIOYTECHNE OJTUHOYHOMY
Hacjaea10BaHUIO, TIPUMECAM WJIN PEHICHUSAM 6e3 HacCJIe/I0BaHMA. ITHX peHIeHI/Iﬁ qacCTo
6oJ1ee uem JIOCTATOYHO JIJISI IOCTUIKEHUS 1leJiel Balen IIporpaMMbI.

Utorn

HacnenoBanne — MexaHus3M MOBTOPHOIO UCIOJb30BaHus Koja. OHO 1103BOJISIET CO3-
JlaBaTh JI0YEPHUE KJIACCHI, HACJIeLyIoTe MEeTO/IbI POJANTETbCKUX KJIACCOB. BBl MOXKeTe
[ePeOIPEAEIUTh METO/IbL, YTOObI IIPEIOCTABHUT JJIs HUX HOBbIIL KOJI, @ TAK/KE BOCIIOJIb-
30BaThCsl (DyHKIMEN super() /U BBI30BA UCXO/HBIX METOJIOB POJMTENIHCKOTO KJacca.
[louepHuii Kjacc CBSI3aH ¢ POAUTENBCKUAM KJIACCOM OTHONICHUSAMU THUIA «SIBJISIETCS
<YaCTHBIM CJIy4aeM>>», TOTOMY YTO JOYePHUN KJIACC MOJKET PACCMAaTPUBATHCS KaK pPas-
HOBUAHOCTb 00bEKTa POAUTEIHCKOIO KJIacca.
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B Python ucnonpsoBath Kaaccsl u HacaegoBanme He odgsaTenbHo. HekoTopee mpo-
TPAaMMUCTBI CYUTAIOT, UTO IIPENMYIIECTBA HACIEI0BAHUS He OKYIIAIOT CJI0KHOCTD OT €T0
HEyMepPeHHOTO NCI0JIb30BaHus. HacTo pereHns ¢ KOMIIO3UITe (BMeCTO HaCJIe/J0BAHMS )
OKa3bIBAIOTCA GoJiee THOKUMI, TIOTOMY YTO OHU PEATU3YIOT OTHOIIEHUE «COMEPIKUT»
¢ 06BEKTOM OJIHOTO KJIacca U 0ObEKTaMK IPYTUX KIACCOB BMECTO TIPSAMOTO HACIIEI0BA-
HUST METOJIOB OTUX JPYTUX KJIACCOB. ITO O3HAUAET, YTO OOBEKT OJHOTO KJIACCa MOKET
cozepsKaTh 00BEKT APyTOTO Kiacca. Hampumep, 06beKT Customer MOXKET COMEPIKATD
arpubyT birthdate, KOTOpOMY MpUCBaUBaeTCst 0OBEKT Date, BMECTO CYyOKIACCHPOBAHUS
Date KJsaccoM Customer.

ITomo6HO TOMY Kak (hyHKIINs type () BO3BpalaeT THII epelaHHoro ei 00BeKTa, dynK-
nuu isinstance() u issubclass() BO3BpamaioOT TUI U UH(GOPMAITUIO O HACJIEIOBAHUN
JUISL [IEPelaHHOro UM 00bEKTa.

Kiacent comep:kaT METOBT 1 aTpUOYTHI 0GBEKTOB, HO B HUX TAK/Ke MOTYT MTPUCYTCTBOBATD
METOJIbI KJIacca, aTprOyThI KJacca U CTaTUYecKue MeTO/Ibl. V1 XOTs 9TH BO3MOKHOCTH
HCITIOJIB3YIOTCST PEJIKO, OHU TTO3BOJISIOT PEATN30BATh HEKOTOPbIE 0OBEKTHO-OPUEHTH-
pOBaHHbBIE TPUEMBI, KOTOPbIE He 00eCeInBAIOTCS TI00ATBHBIMU TTEPEMEHHBIMU HJTH
(byHKIMAMN.

Python mosBosisieT kaccy Hacaen0BaTh HECKOJIBKIM POIUTEIBCKUM KJIACCaM, XOTsI
MHOT/IA 3TO TIPUBOJNT K MTOSIBJIEHUIO TPYHOTO /LISt TOHUMaHus Koaa. O yHKI super ()
U METO/IBI KJIACCA OTIPEEIISAIOT CII0C06 HACJIEI0BAHIS METOIOB Ha OCHOBAHUH MOPS/IKA
paspemierust MetooB (MRO). Utobnr ipocmoTpers ciiricok MRO B uHTEpaKTUBHOMI
000JI0YKe, BBI3OBUTE METOJL mro( ) /LI Kaacca.

B aroit u npeabiayIeii riiase st pacckazan 00 o6mux kouternusx OOTI. B caexytonieit
riase Mol 3aiimemcst ipuemamu OOTT, criennduueckumu st Python.
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OO B Python: ceoiicTBa
u dunder-metToapi

Cpencrea OOITI BritoueHbl Bo MHOTHE sI3bIKH, HO Python mpe-
NOCTaBJIsIeT psif| yHUKaIbHbIX cpeictB OOIl, BkiIovyas cBoii-
CTBA U CIEIUAJbHBIE METObI. YMEHHUE MOJIb30BATHCI ITUMHU
MUTOHUYECKIMHE CPE/ICTBAMHU MTOMOTAeT HAMMMCATh JIAKOHUYHBIH
U ynob0ounTaeMbIil KOJI.

Csoiicmea TIO3BOJISIIOT BBHITIOJNHSTD 3aaHHBIN KO TP KasKIOM YTEHUU, U3MEHEHUN
WK yaaleHnn aTprOyTa 00beKTa; TeM CaMbIM TAPAHTUPYETCsI, YTO OOBEKT HE OKAKeTCsI
B HEKOPPEKTHOM COCTOSTHUH. B APYTUX sI3bIKAaX TaKOU KO 4acTO Ha3biBaeTcs getter- niu
setter-merogamu. Dunder-memoov: (Ha3blBaeMble TAKKE MAZUYECKUMU METOJAMMU ) IIPELLO-
CTABJISIOT BO3MOKHOCTD UCIIOJIb30BATD BAlllK OOBEKTHI CO BCTPOEHHBIMU OIIEPATOPAMU
Python — rakumu xak oneparop +. Hampumep, Tak MOKHO 0ObEJUHUTD ABa 00bEKTA
datetime.timedelta (datetime.timedelta(days=2) u datetime.timedelta(days=3))
JLUIS CO3/IaHMs HOBOTO 00beKTa datetime.timedelta(days=5).

Kpome apyTux mpuMepoB, MbI TIPOIOJIKUM PACHIUPSTH Kjaacc WizCoin, paboratb ¢ KO-
TOPBIM HAya/IM B I1aBe 15, 1 106aBUM B HEro CBOMCTBA U IeperpysKy omnepaTopos € UC-
noJsb3osanueM dunder-mMeTozoB. DTU BO3MOKHOCTU CeIal0T 0ObeKThl WizCoin Gosee
BbIPA3UTEJbHBIMUA U IIPOCTBIMU /I IPUMEHEHUA B IIPUIOKEHUAX, UMIIOPTUPYIOIINX
MOZYJIb wizcoin.

CeouctBa

B kiracce BankAccount, MCIOJIb30BaHHOM B IlaBe 15, arpulyT _balance Mbl TOMETHIIN
KaK TIPUBATHBIN, JIJIT Yero B HAYAJI0 €r0 UMEHUM BCTABUJIN CUMBOJ MOJYEPKUBAHUS _.
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OjtHaKO cJIetyeT IOMHUTB, 4TO TOMETKA aTPUOYTa KAK TPUBATHOTO BCETO JIUIITH SIBJISIETCST
YCITOBHBIM COTTIATIIEHIEM: C TEXHUYECKON TOUKH 3pemtst Bee arprOy T Python siBistiorest
OTKPBITBIMH, TO €CTh OHH JIOCTYTTHBI 11T KOJIa 3a IIpefielaMu Ki1acca. HiraTo He mometnaet
KOJIy HaMepeHHO (B TOM YHCJIe ¥ 3I0HAMEPEHHO) U3MEHUTh aTpHOYT _balance ¥ MpH-
CBOWUTDb €My HEKOPPEKTHOE 3HaUYeHHe.

OpHako BbI MOJKETE TIPEOTBPATHTD CJAYYallHbIe U3MEHEHUS IPUBATHBIX aTPUOYTOB
mpu oMot cBoiicts. B Python cBoiictBa npezctaBisiior co60it aTpuOyTHI, KOTOPBIM
CIIEIMATbHO HA3HAYAKOTCSI METOJIBI getter, selter u deleter, ynpaBJisioniye X 4TCHUEM,
n3MeHeHneM u yaanenuem. Hampumep, ecaiit atpuGyT TOJKEH TPUHIMATD TOTBKO TIETTbIE
3HAUEHUSI, TIOMBITKA TIPUCBOUTH €MY CTPOKY '42' ¢ GOJIBINOI BEPOSTHOCTHIO CO3/ACT
orm6OKy. CBONCTBO BBI3BIBAET Setter-MeTo/I IJIst BBITOJHEHHS KO/A, KOTOPBII UCITPABUT
(nm o KpaitHel Mepe NCTIPAaBUT Ha PAHHE! CTa/ NN ) TIOTTBITKY HEKOPPEKTHOTO TIPHUCBa-
uBanus. Eciiv y Bac BO3HUKAET MBICITb: <A XOPOIIO ObI, 4TOOI TPH KayKA0M OOpaIeH
K aTpUOYTY TIPH €r0 U3MEHEHNH KOMAH/IOW IPUCBANBAHUS UJIN Y/IaJIeHUH KOMaH/[0H del
BBITIOJIHSJICS KaKOH-HUOYIb KOJI», — MCIIOJIb3YiiTe CBOIICTBA.

lpeobpazosanue atpubyra B cBoiicTBO

HauHeM ¢ cosgaHust MPOCTOro Kjacca, KOTOPBIH COAEePKUT OOBIYHBIN aTprOyT BMECTO
cBoiictBa. OTKpOIiTE B PEJAKTOPE OKHO C HOBBIM (hailioM, BBEJUTE CJAEMYIONUI KO
U COXpaHUTe ero ¢ mMeHeM regularAttributeExample.py:

class ClassWithRegularAttributes:
def __init_ (self, someParameter):
self.someAttribute = someParameter

obj = ClassWithRegularAttributes('some initial value')
print(obj.someAttribute) # BbiBoguMT 'some initial value'
obj.someAttribute = 'changed value'
print(obj.someAttribute) # BbiBoauT 'changed value'

del obj.someAttribute # YpanaeTr aTpubyTt someAttribute.

Kiacc ClassWithRegularAttributes coaepKUT OOBIUHBII aTPUOYT ¢ UMEHEM
someAttribute. Metos__init_ () mpucBamBaeT someAttribute cTpoky 'some initial
value', HO 3aTeM 3HaueHUe aTpUOyTa HAIIPSIMYIO 3aMEHsIeTCsI CTPOKOI ' changed value'.
[Ipn BbITIOJIHEHUM 3TOH TPOTPAMMBI PE3YJIbTaT BBITJISINAT TaK:

some initial value
changed value

BoiBoz mokasbiBaet, uTO someAttribute MOJKHO JIETKO TIPUCBOUTE JTI060E 3HAUEHME.
Hemoctatok 00BIYHBIX aTPUOYTOB 3aKJIIOYAETCSI B TOM, YTO 3HAYEHUE, TPUCBANBAEMOE
someAttribute, MOJKET OKA3aThCsT HEKOPPEKTHBIM, [MOKOCTD — OTJIMYHOE KAYeCTBO, HO
HEKOPPEKTHOE 3HAUeHHE someAttribute MOXKeET cTaTh IPUYUHO ONTHOOK B TPOrpaMMe.
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[IepenuiiieM aTOT KJ1acC € MCMIOIB30BAHUEM CBOMCTB. BoIntoHUTE caenyioniue aeiicTBusg,
4yTOOBI CO3/IaTh CBOMCTBO /JIst arprbyTa someAttribute.

1. Ilepenmenyiite arpubyT, 4TOOBI UMsT HAUMHAIOCH ¢ ipepukca _: _someAttribute.

2. Cospaiite MeToz ¢ UMeHeM someAttribute u go6aBbTe Jlekopatop @property.
ITOT getter-meTo moryvyaeT napameTp self, KOTOPBIN MTOJIYYalOT BCE METO/IBL.

3. Cospaiite ipyroii MeTO/I C UMeHeM someAttribute 1 rekopaTopoM @someAttribute.
setter. ATOT setter-meros moy4yaet mapameTpsl self u value.

4. Cospaiite elje OJUH METOJ ¢ UMeHeM someAttribute u I[O6aBbTe JIEKOpaTop
@someAttribute.deleter. dror deleter-meron nosryyaer napamerp self, KOTOPbIii
ITOJTy4alOT BCE METO/IbI.

OTKkpoiiTe B pelakTope OKHO C HOBBIM (haiiyioM, BBE/IUTE CJIE/YIONNIT KO/l 1 COXPaHUTE
ero c umeHem propertiesExample.py:

class ClassWithProperties:
def __init_ (self):
self.someAttribute = 'some initial value'’

@property
def someAttribute(self): # Get-meTop
return self._someAttribute

@someAttribute.setter
def someAttribute(self, value): # Set-meTop
self._someAttribute = value

@someAttribute.deleter
def someAttribute(self): # Del-meTopn
del self._someAttribute

obj = ClassWithProperties()

print(obj.someAttribute) # BbiBoauT 'some initial value'
obj.someAttribute = 'changed value'
print(obj.someAttribute) # BbiBoauT 'changed value'

del obj.someAttribute # YpanaeTr aTpubyT _someAttribute.

BriBos1 3TOI TpOTpaMMBI COBITA/IaeT C BEIBOJIOM Kojia regularAttributeExample.py, motomy
4TO (DaKTHUECKU OHU JIEJIAI0T OJIHO U TO JKe: BBIBOJSAT MCXOJAHBIN aTpuOyT 00bEKTa, 3aTEM
OOHOBJISIIOT aTPUOYT U CHOBA BBIBOJIAT €TO.

Ho zamerum, 4TO KOJ 3a TIpejeJaMi KJacca HUKOTAA He oOpalaeTcs: K aTpudyTy
_someAttribute HampaMy1o (Beb OH SBJSIETCS TPUBATHBIM ). BMecTo aTOTO BHENITHUT KOJT
obpaliaercst K CBOCTBY someAttribute. BO3MOKHO, CTPYKTYpa TAKOTO CBOMCTBA KOMY-TO
HOKaKeTCst HEMHOrO abCTpaKTHOIL: OHO oOpasyeTcst us getter-, setter- u deleter-meroza.
Korza Mbl nieperiMeHOBbIBaeM aTpuOyT ¢ MMeHeM someAttribute B _someAttribute
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1 OJJHOBPEMEHHO CO3/[aeM /I Hero getter-, setter- u deleter-MeToabI, MBI I10JIy4aeM
pe3yJIbTat, KOTOpbIi Ha3blBaeTcsI CBOMCTBOM someAttribute.

B aTom KoHTeKCcTe aTpubyT _someAttribute HasbiBaeTCs pesepsnvim nojem (I pe3epe-
HOUL nepemenoil); 9To arpudyT, Ha OCHOBE KOTOPOTO CO3JaeTcs CBOCTBO. PeseppHas
[epeMeHHas UCII0JIb3YeTCs MHOTUMU, HO He Bcemu cBolicTBamu. CBOICTBO Oe3 peseps-
HOI 1tepeMeHHON MbI cO3/1aiuM B pazjielie « CBONCTBA, IOCTYITHbIE TOJIBKO JIJIs UTEHUS>
O3/IHEE B 9TOU TIJIaBe.

Bor nukora He Boi3biBaete getter-, setter- u deleter-meronnl B cBoeM koje, IIOTOMY 4TO
Python zenaer 510 3a Bac B cIeyI0INUX 0OCTOATEIHCTBAX.

e Korma Python BeimosHsieT Ko, KOTOPBIH 0OpaiaeTcst K CBOUCTBY (HAIpUMeD,
print(obj.someAttribute)), Bo BHyTpeHHEl peajn3aiiiii OH BhI3bIBaeT getter-
METO/T ¥ UCTIOIb3YeT BO3BPaIlleHHOE 3HAYeHNe.

e Korzma Python BbimosHsieT KOMaHIy TIPUCBAMBAHKs JIJIst CBOWCTBA (HampuMmep,
obj.someAttribute = 'changed value'), BO BHyTpeHHEN Peaqn3aiiii OH BbI3bIBAET
setter-mMeTo/, mepegasas CTpOKy 'changed value' mrg mapamerpa value.

e Korga Python BbinosHser komanay del s cBoiicTBa (Hanpumep, del obj.
someAttribute), Bo BHyTpeHHell peanusanuu ol Bei3biBaet deleter-mero.

Kox MeTozos getter, setter u deleter paGoraer ¢ pesepBHOii lepeMeHHOI Harpsamyo. Me-
TojibI getter, setter u deleter He mOMKHBI pabOTATh CO CBOIICTBOM, IIOTOMY YTO 9TO MOKET
npuBecTH K ormmbKam. OMH 13 BO3MOKHBIX TIPUMEPOB: KOT/Ia METOI getter obparaeTcst
K CBOICTRBY, 9TO 3aCTaBJIET METOJI BHI3BATH CAMOTO cebs1, UTO 3aCTABJISAET €T0 CHOBA 00-
PaTUTHCS K CBOIICTBY U TaK AaJjiee, II0Ka B [IPOrpaMMe He IIPOoU30iiaeT (aTaabHblii cOOiL.
OTkpoiiTe B peZlakTope OKHO ¢ HOBBIM (haiijioM, BBEIUTE CACLYIONTII KO/ I COXpAHUTE
ero ¢ umenem badPropertyExample.py:

class ClassWithBadProperty:
def __init_ (self):
self.someAttribute = 'some initial value'

@property

def someAttribute(self): # Get-meTog.
# MponyweH cumBon _ B self. someAttribute’, wu3-3a yero
# CBOWCTBO MCMONb3yeTCs CHOBa, a get-meToA Bbi3bIBa€TCS MOBTOPHO:
return self.someAttribute # CHoBa Bbi3biBaeTcs get-metop!

@someAttribute.setter
def someAttribute(self, value): # Set-meTog.
self. someAttribute = value

obj = ClassWithBadProperty()
print(obj.someAttribute) # Owubka, get-meTos Bbi3biBaeT get-meTton.
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ITpy HOIBITKE BBIIOJHUTD 9TOT KO/ METOJ getter HelPepPhIBHO BbI3bIBAET CaMOro cebs,
ITOKa Python He BBIIACT UCKJII0YeHUe RecursionError:

Traceback (most recent call last):
File "badPropertyExample.py"”, line 16, in <module>
print(obj.someAttribute) # Owubka, get-meTop Bbi3biBaeT getter-meTtog.
File "badPropertyExample.py", line 9, in someAttribute
return self.someAttribute # CHoBa Bbi3biBaeTcs getter-metoa!
File "badPropertyExample.py", line 9, in someAttribute
return self.someAttribute # CHoBa Bbi3biBaeTcAa getter-metosn!
File "badPropertyExample.py"”, line 9, in someAttribute
return self.someAttribute # CHoBa Bbi3biBaeTcs getter-metosn!
[npeabipywas cTpoka noBTopseTcA ewe 996 pa3]
RecursionError: maximum recursion depth exceeded

JINES IIpesloTBpallleHNsI PEKYPCUU KOJI MeTO/I0B getter, setter u deleter mosxen Bcerma
paboTaTh ¢ pe3epBHOII TIepeMeHHO (¢ IpehuKCOM _ B UMEHH ), a He ¢o cBoiicTBoM. Koj
3a IpejesraMu 9TUX METO/[0B JOJIKEH MCII0Ib30BaTh IIEPEMEHHYIO, XOTs, KaK U C CO-
rJIAlIEHEeM O CUMBOJIE _ st 0003HAUEHMUsI TPUBATHOTO JOCTYIIa, HUUTO HE TTOMeIaeT
HaIucarh KoJ J1Jist 00palleHrs K Pe3epBHOI [epeMeHHO.

Hcnonb3oBanne merogoB setter ans npoBepKn AAHHBIX

CBoiicTBa Yalie BCETO UCTIOIb3YIOTCS I TPOBEPKU CaMUX JAHHBIX UM (hopMaTa ux
xpanenus. JIomycTuM, BBl He XOTHTE, YTOOBI KOJL 32 MPEeIaMi KJacca MOT TIPHCBOUTh
arpubyTy TPOU3BOJIBHOE 3HAYCHIE; HEKOPPEKTHBIE 3HAYCHIISI CTIOCOGHBI BHI3BATH OTIHO-
Ku. B cBolicTBaX MOKHO 106aBUTH TPOBEPKH, KOTOPHIE TIPUCBANBAIOT aTPUGYTaM TOJIHKO
IPOBEPEHHbIE 3HAUeHMsI, TaKue MPOBEPKHU IIOMOTAIOT MEPEXBATHIBATH OITHOKY Ha OoJiee
paHHeil cTazny paspaboTKH, TOTOMY UTO TIPH IIPHUCBAaUBAHUN HEKOPPEKTHOTO 3HAYEHS
BBIJIA€TCS UCKJIOYEHHME.

O6HoBuM (aiin wizcoin.py us riaassl 15 1 npeodpasyem arpubyThl galleons, sickles
u knuts B cBolicTBa. MbI 3aMEHIM Setter-MeTOIbl STUX CBOMCTB TaK, YTOOBI AOIYCTUMbIMI
ObLIM TOJIBKO IIOJIOKUTEJIbHBIE 1eJible yrcaa. Hamm o6bekTbl WizCoin 1peacTaBisior
HabOP MOHET, 8 KOJIMYECTBO MOHET HE MOKET ObITh APOOHBIM WK OTpUIIaTeabHbIM. Ecin
KO/l 3a IIpejieJiaMU Kjlacca IIOIIbITaeTCs 3a/1aTh cBolicTBaM galleons, sickles min knuts
HEeJI0IyCTUMOE 3HAaYEHUE, 6y/:[eT BbIJIaHO MCKJIIoYeHue WizCoinException.

Ortkpotite aiin wizcoin.py, coxpaHeHHbII B ryiaBe 15, 1 IPUBE/NTE €ro K CIeAYIONeMy
BU/LY:

class WizCoinException(Exception): @
"""BpijaeTcA mMoAysieM wizcoin npu HekoppekTHOM ucnosnb3oBaHnun.""" @
pass

class WizCoin:
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def __init_ (self, galleons, sickles, knuts):
"""Co3paHune HoBoro obvekTa WizCoin no 3HaveHuam galleons,
sickles u knuts."""

self.galleons = galleons ©
self.sickles = sickles
self.knuts = knuts
# BHUMAHWE: meTomsl __init_ () HMKOTJA He copepxaT KoMmaHay return.
--snip--
@property
def galleons(self): (4

Bo3BpalwaeT KO/NIMYECTBO Faj/leOHOB B ObbekTe.
return self._galleons

@galleons.setter

def galleons(self, value): (>,
if not isinstance(value, int): ©

raise WizCoinException('galleons attr must be set to an int, not a @

+ value.__class__.__qualname_ )
if value < 0: (8
raise WizCoinException('galleons attr must be a positive int, not
+ value.__class__.__qualname_ )

self._galleons = value
--snip--

C HOBBIMM U3MEHEHUsIMU 106aBJIsieTCst Kiaace WizCoinException, Hac/aeAy NI OT
BCTPOEHHOTO Kj1acca Python Exception. Doc-cTpoka Kiacca OMUCHIBAET, Kak OH KC-
HOJIb3YETCS B MOJYJle wizcoin @. Takoil 1oxo0/ CYUTAETCs PABUIBHBIM JIJISI MOJIY-
Jjieit Python: 00bekThl Kitacca WizCoin BBIIAIOT 3TO UCKJIIOUEHUE IPU HEMPABUIbHOM
ucnoyab3oBaHuu. Ecin 00bekT WizCoin BbIaeT MCKIKOYEHUS JIOOBIX APYIUX KJIACCOB
(wanpumep, ValueError muu TypeError), 9T0 ¢ GOJIBIION BEPOITHOCTHIO YKA3hIBAET HA
HaJIM4yue OMMOKU B Kaacce WizCoin.

B Metome __init_ () cBoiicTBam self.galleons, self.sickles u self.knuts mpucsa-
MBAIOTC COOTBETCTBYIONINE TIapaMeTphI ©.

B koHIe (aiisa mocsie MeToz1oB total () uweight() mobasisiercs getter-meron @ u setter-
Mmeros © s atpubyTa self._galleons. Getter-mMeTon MpocTo Bo3BpalllaeT 3HAUEHUE
self._galleons. Setter-meTos MpoBepsieT, ABJSIETCS JIU 3HAUYE€HNE, TPUCBANBAEMOE CBOT -
cTBY galleons, 1eJibiM @ U TOJIOKUTETBHBIM @ uricsioM. Eciiu X0Tst b1 O/[HA U3 TIPOBEPOK
3aBepIIaeTCst Heyaauel, BhIaeTcs HCKIoueHre WizCoinException ¢ coobieHnem 06
ormmbOKe. ITa MpOBEPKa MPeI0TBPAIaeT BOSMOKHOCTH TOT0, 4TO _galleons Korma-in6o
GyJIeT TPUCBOCHO HEAOMYCTUMOE 3HAUCHIE — MTPU YCJIOBHUH, YTO B KOJIE BCET/IA UCTIOIb-
3yeTcs CBOWCTBO galleons.

Bce o6bexrsr Python aBromaTndecku mosydaior arpubyT __class__, KOTOPbIiA CO-
MEPKUT CCHIIKY Ha 00BEKT KJIacca sl 3a[aHHOTO 00beKTa. [[PyrUMu cI0BaMH,
value._ class__ COAEPKUT TOT jke OOBEKT KIAcCa, KOTOPBIN BO3BPAIIAETCS BHI3OBOM
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type(value). ITOT OOBEKT KJacca COAEPKUT aTpUOyT ¢ UMEHEM __qualname__, KOTO-
PBIN COIEP’KUT CTPOKY € UMeHeM Kiaacca (2 UMEHHO 10JHoe UM KJlacca, BKIoJaiomee
uMeHa JI0ObIX KJIACCOB, B KOTOPbIE BJIOKEH 0ObEKT KJIacca; O BJOKEHHbIX KJIaccax
s B 9TOUM KHUTE He PAcCKa3bIBalo, a IPUMEHSIOTCS OHU He Tak yacTo). Hanpumep, ecin
B value XpaHUTCA 0OBbeKT date, BO3BpaIlleHHbIHN BbI30BOM datetime.date (2021, 1, 1),
To value.__class__.__qualname__ Oy/eT cojepskaTh CTPOKY 'date’.

Cooblienns UCKII0YeHNH UCIoJIb3YIoT value. _class__._ _qualname__ @ juisd HOJy-
YeHUs CTPOKU ¢ uMeHeM o0bekTa 3Hadenuns. C nMereM kjiacca coobiienue o0 ommoke
CTaHOBUTCST GoJIee MOJIE3HBIM VIS TIPOrPAMMKCTA, KOTOPBIN €r0 YUTAET, IOTOMY YTO OHO
yKasbIBaeT He TOJBbKO Ha TO, YTO apryMEHT value MMeeT HellPaBUJIbHBIN THIL, HO 1 Ha TO,
K KaKOMY TUILY OH OTHOCUTCS ¥ KaKOI THIT JOJIKEH UMETb.

Koupr getter- u setter-meTonoB st _galleons Takke HEOOXOAUMO CKOIIMPOBATH, YTOOBI
OHU UCIIOJIb30BAJIACH JIJISI aTPUOYTOB _sickles u _knuts. DTU KOJAbI OCTAIOTCS TEMU XKe,
He CYMTas TOro, YTO B KAYECTBE PE3EPBHBIX IIEPEMEHHBIX OHU UCIIOJIb3YIOT aTpHOyThI
_sickles u _knuts BMecTO _galleons.

Csoﬁcrsu, AO0CTyNHbIe TOJIbKO A/ YTeHUS

Bammm o6bekTaM MOTYT MTOHAI00UTHCS CBOMCTBA, JIOCTYIIHBIE€ TOJBKO JIJIST YTE€HUS,
KOTOPBIM HEJIb34 [IPUCBOUTH HOBbIE 3HAYEHU OIIEPATOPOM =. Yr1o6bI c1es1aTh CBOWCTBO
JIOCTYIIHBIM TOJIBKO JIJIA YTE€HUd, UCKII0YNTe Setter- u deleter-mertonbl.

Hampumep, meton total() B kiacce WizCoin Bo3BpalaeT IEHHOCTD 00beKTa B KHATAX.
3 06BIYHOTO METO/IA €TO MOYKHO TIPe0OPa3oBaTh B CBOWCTBO, TOCTYITHOE TOJBKO JIJIS
YTEHs], TOTOMY YTO He CYNIECTBYET Pa3yMHOTO crmocoba 3a1aTh MEHHOCTh 00HeKTa
WizCoin. B KOHIlEe KOHIIOB, €CJIM BBl IPUCBOMJIN total 1iesioe 3HaYeHue 1800, 4TO 3TO
osnadaer — 1000 xkratos? Vu 1 ramneon u 493 xuara? Vi kakyo-HUGYIb APYTYIO
kombunarmio? ITo 9Toit mpuymHe MBI ciesiaeM total CBOMCTBOM, TOCTYITHBIM TOTHKO
JUIST UTEHUST, [171s1 9ero B (haiisr wizcoin.py 106aBUM KOJI, BBIAETCHHbIN )KUPHBIM ITPUDTOM:

@property

def total(self):
"""06wan ueHHOCTb (B KHaTax) Bcex MOHeT B obbekTe WizCoin.
return (self.galleons * 17 * 29) + (self.sickles * 29) + (self.knuts)

# O6paTuTe BHMMaHMe Ha oTcyTcTBue setter- u deleter-meTogoB ana ~total’.

ITocse nobasienns pexopaTopa GyHKIMKM @property nepex total() Python Gyzer
BBI3bIBATH METOJ total() IpH KaskaoM obpalieHnn K total. V3-3a oTcyreTBus setter-
u deleter-meronos Python Beizact uckiouenne AttributeError, eciu Kakoii-1u6o Koj
MOMbITAECTCA U3MEHUTD WJIN YAATUTD CBOMCTBO total, NCIOJIb3Yys ero B TPUCBANBAHUU
uim B kKomaszie del coorBerctBerto. OOpaTTe BHUMaHME: 3HaUEHIE CBOICTBA total
3aBUCHUT OT 3HAUEHMIT CBOUCTB galleons, sickles u knuts; 9T0 CBONCTBO He Gasupyercst
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Ha Pe3epBHOI lepeMeHHol ¢ uMeHeM _total. Beenure cienyiomuii ¢hparMeHT B UHTe-
PaKTHUBHOU 060JI0YKeE:

>>> import wizcoin

>>> purse = wizcoin.WizCoin(2, 5, 10)

>>> purse.total

1141

>>> purse.total = 1000

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

AttributeError: can't set attribute

Bo3amo:kHO, BaM He MOHPABUTCS, YTO MPU MOMBITKE U3MEHEHWS CBONCTBA, IOCTYITHOTO
TOJIBKO JIJTST YTEHUS, TPorpaMMa HeMe/IJIEeHHO aBapyitHO 3aBepIIaeTcs, HO JIydIle Jieii-
cTBOBaTh Tak. Ec/i Balia mporpaMma crocoOHa MEHSITh CBOMCTBO, IOCTYITHOE TOJBKO
JUIST 9TEHUST, 3TO HABEPHSIKA TIPUBE/IET K ONTHMOKE B KAKOI-TO MOMEHT BBIIIOJTHEHSI Ba-
el mporpamMmMbl. Eciiit ommmbka mpousoiieT HaMHOTO TI03/[Hee U3MEHEHUs CBOICTBA,
9TO YCJIOKHUT IIOMCK UCXOAHOM TprunHbl. HemenneHHbII daTaibHblil cO0ii moMokKeT
ObIcTpee OOHAPYKUTD IPOOIEMY.

He myTaiiTe cBOIiCTBa, JOCTYITHBIE TOJIBKO /IJIT YTEHUS, C KOHCTaHTaMU. VIMeHa KOHCTaHT
3aIMCHIBAIOTCS B BEPXHEM PEIHCTPE, HO IIPOrPAMMKCT CaM OTBEYaeT 3a TO, YT00bI OHU He
n3Mmensnck. [Ipeanosaraercs, 4To nxX 3HAYEHUE OCTAETCSI HEM3MEHHBIM Ha TIPOTSIKEHUN
OJIHOTO 3arycka mporpaMmbl. CBOIICTBO, IOCTYITHOE TOJIBKO JJIsl YTEHUsI, KaK ¥ JHOOil
aTpubyT, CBsI3bIBaeTCs ¢ 00beKTOM. CBOICTBO, IOCTYITHOE TOJBKO JIJISI YTEHUST, HEBO3-
MOKHO HaNPSAMYIO MIPUCBOUTD WK YAaTuTh. C IPYToil CTOPOHBI, 3HAUEHNE, KOTOPOE
OyzeT MOoJIy4YeHo IIpU oOpaleHnn K HeMy, MosKeT uaMeHsaThes. CBOICTBO total Kiacca
WizCoin U3MeHsETCS ¢ U3MeHeHeM CBOICTB galleons, sickles u knuts.

Koraa ucnonb3sosarn cBoiictea

Kaxk 6b110 1oKa3aHo B MPEAbIIYIUX pas/iesax, CBOMCTBA PACHIMPSIOT BO3MOKHOCTH
YIPaBJICHUs UCTIOJIb30BAHUEM aTPUOYTOB KJIacca; UCTIONb30BAHUE CBOUCTB — TIUTOHNU-
YecKUi CTU/Ib HalMcanud Koza. Takue nMeHa MeTo/I0B, Kak getSomeAttribute() nian
setSomeAttribute(), CHTHAJIMBUPYIOT, YTO BMECTO HUX € GOJIBIIOI BEPOSITHOCTHIO CTOUT
UCII0JIb30BATh CBOMCTBA.

ITO He O3HaydaeT, 4To KasKJIbIi METO/, HAYMHAIOIIUIACS C get 1M set, Hy’)KHO HEM€E/IJIEHHO
3aMEHUTD CBOCTBOM. B HEKOTOPDbIX CUTYaIlUAX CJIECAYET UCITOJIb30BaTh METO/L /Ia’K€ B TOM
cayJae, €CJIM ero NMsI HaunHaeTcs ¢ get nn set. Bot Heckombko TIPpUMEPOB.

e Metentble omepariy, 3aHUMAaroIne HoJee OHON WU IBYX CEKYH]T, HATIPUMED
3arpysKa IIn OTIpaBKa daiira.

e Omnepaiun ¢ mo60uHbIMU 3 PeKTaMu, HATPUMED U3MEHEHUS APYTHX aTPUOYTOB
WA 00BEKTOB.
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e Omneparu, TpeOyIOLINE AOMOJHUTENbHBIX APIYMEHTOB get- UK set-OIIeparisM,
HaIIPUMEP BBI3OBBI METO/I0B Br/la emailObj.getFileAttachment(filename).

HpOFpaMMI/ICTbI YacCTO paCCMATPpUBAIOT METO/IbI KaK I'JIarOJibl (B TOM CMBbICJIE, YHTO METO/bI
BBITIOJIHAOT HEKOTOPOE Z[el';ICTBI/Ie), a anI/I6yTbI U CBOMCTBA — Kak CyHI€CTBUTEJ/IbHbIE
(B TOM CMBICJIE, 4TO OHU MPE/ICTABISIIOT HEKOTOPBIH a1eMeHT mitn 00bekT). Ecom Bar koj
He ITPOCTO YUTaeT UJIH 3a/1aeT HEKOTOPOe 3HaUeHNe, a BbIITOJTHSIET /IefiCTBHe, BO3MOXKHO,
JIydilie NCIoJb30BaTh getter- nim setter-metos. B KoHeuHOM MTOTE pelieHne 3aBUCHT
OT TOTO, UTO KaXKeTCsT Hosree MPAaBIIILHBIM BaM Kak TIPOTPAMMICTY.

V cBoiicte Python ectb 0/1HO OrpoMHOe TIPEMMYIIIECTBO: UX HE 00SI3aTEIbHO UCTIOJb-
30BaTh TPU CO3[IaHUN KJacca. Bbl MoskeTe 3a1aTh OOBIUHbBIE aTPUOYTHI, & €CJHU TTOTOM
pelnTe NepeKgIoYUThCS Ha CBOICTBA, aTprOYThI MOKHO TPeo6pa3soBaTh B CBOICTBA He3
HapyIeHus paboToCIIOCOOHOCTH KaKOTO-T1O0 KOZia 3a peeaMu kiaacca. [pu coznanmm
CBOIICTBa, UMsI KOTOPOTO COBIIA/IAET C UMEHEM aTPHOYTa, MOKHO TePEHMEHOBAThH aTPUOY T
1 106aBUTH B HETO IpeduKC _; iporpamMMa Oyzet paboTaTh Tak Jke, Kak 1 TPEKIIE.

Dunder-metoasi Python

Python cogepsxut psij 0coObIX Memodos, MeHa KOTOPbIX HAUMHAIOTCS U 3aKaHYMBAIOT-
ca aBoiinbiM nopdepkubanueM _(dunder). Takue MeTOIbI TaKKe WHOT/IA HA3bIBAIOTCS
mazuueckumu. Bam yaxe sHakom dunder-meron __init_ (), Ho B Python ectb u apyrue.
OHE 9aCcTO MCIOJIB3YIOTCS IJIST NEPeZPYy3KU ONIEPATOPOB — TO €CTh T0OABJIEHUST HECTAH-
JIAPTHOTO TIOBE/IEHISI, TO3BOJISIFOIIETO UCIIOIb30BATH 00EKTHI BAIIIIX KJIACCOB C OIlepa-
topamu Python, Takumu kax + win >=. J[pyrie dunder-mMero/ipl MO3BOJISAIOT 00bEKTaM
KJ1accoB paboTarh co BerpoeHHbMU yHkimsamu Python, takumu kak len() wiu repr().

Kak meToapl __init_ () wau getter-, setter- u deleter-mMeTomapl CBOICTB, ClielUaNIbHbIE
METO/IbI TIOYTH HUKOT/IA He J0JKHBI BBI3bIBATHCS HAIPsMyto. Python Bbi3bIiBaeT nx aB-
TOMATHYECKH IIPU KCIOJIb30BAHUN OOBEKTOB € OlePaTOPaMU MM BCTPOEHHBIMU (PYHK-
sy, HampuMep, ecmit co3ath MeTo __len_ () wian __repr__ () JIsI Balllero KJiacca,
OH OyZIeT aBTOMAaTHYECKH BBI3bIBATHCSI IIPH Hiepeiaue 00beKTa 9TOro Kiacca GyHKIIAM
len() wiu repr() COOTBETCTBEHHO. Takue METO/IbI OMMCAHBI B OPUITHATIBHON JOKYMEH-
taru Python na https:;//docs.python.org/3/reference/datamodel html.

Jlasiee Mbl paccMOTpUM pasHbie Bujibl dunder-metoioB, pacmupum Hatit Kjaace WizCoin
U VICTIOJTh3yEeM B HEM 9TU METO/IBL.

Dunder-metoasi crpokoBoro npeacrasnennus

Dunder-meTonpl __repr__() ¥ __str__() MCIOAB3YIOTCS JJIA CO3AAHUSA CTPOKOBBIX
Tpe/ICTaBIeHu il 06HEKTOB, KOTOPbie 00BbIYHO HensBecTHB Python. O6nraro Python
CO3/IaeT CTPOKOBBIE IIPE/ICTABIIEHNUSI 00BEKTOB ABYMsI criocobamu. Berpoerntast hyHKIust
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repr() Bo3Bpaiaer Koz Python, mpu BbiosHEHNT KOTOPOTO CO3/1a6TCST KOMMST 00BEKTA.
Berpoennas dyHKIMs str() BO3BpaliaeT CTPOKY, MOHITHYIO /ISl YeJI0OBEKA 1 CO/lep-
JKAILYIo SICHY0, 0JIe3HY10 HHbopMaIio 06 oobekTe. Harpumep, 4ToObI IIPOCMOTPETH
Ba mpecTaBieHns oObekTa datetime.date, BBeauTe CaeAyONMI (parMeHT B UHTE-
PaKTUBHOMI 000JIOUKE:

>>> import datetime

>>> newyears = datetime.date(2021, 1, 1) (1)
>>> repr(newyears)

‘datetime.date(2021, 1, 1)' @

>>> str(newyears)

'2021-01-01" ©

>>> newyears (4

datetime.date(2021, 1, 1)

B aTOM TIpHMepe cTpOKOBOe mpejcTaBiieHue 'datetime.date(2021, 1, 1)' o6bekTa
datetime.date ® comep:kut cTpoKy Koga Python, cosparonnyio Ko1mio aToro oobexra @.
Korus siBisieTcst TOUHBIM TIpezicTaBiaeHneM o0bekTa. C Ipyroii CTOPOHbI, CTPOKa ' 2021 -
01-01' © BbITaeT 3HAYeHIe OOBEKTA B TOM BHU/IE, B KOTOPOM OHO XOPOTITO BOCTTPUHIMAETCST
wenoBekoM. Eciit mpocTo BBeCTH 06BEKT B MHTEPAKTHBHOM 0600uKe @, Oy/IeT BhIBEIEHA
repr-cTpoka. Str-ctpoka 00beKTa 0OBIYHO BBIBOAUTCS JIJIsT MOJb30BATEICH, TOT/Ia KaK
repr-cTpoKa MCIOJMb3yEeTCsI B TEXHMUECKOM KOHTEKCTE, HAIIPUMED B COOOIIEHUsX 00
ommbOKax U KyPHAIbHbBIX (hailax.

Python 3HaeTr, Kak BbIBOAUTH 00BEKTHI BCTPOEHHBIX TUIIOB, HAIIPUMEp LeJIble YKC/Ia
u crpoku. Oxrako Python He 3Haer, Kak cjeayeT BBIBOAUTH OOBEKTHI TE€X KJIACCOB,
KOTOpbIe co3ziaete Bbl. Ecm yyHKINA repr() He 3HAET, KaK CO3/IaTh CTPOKY C TIpeJl-
cTaBjieHreM 0ObEKTa, 110 YMOJIYAHUIO TaKask CTPOKaA COAEPIKUT ajpec MaMATH U MM
KJlacca B YIJIOBBIX CKOOKax: '<wizcoin.WizCoin object at ©x00000212B4148EEQ>".
Yr00bl CO3/1aTh TaKyI0 CTPOKY /It 00beKTa WizCoin, BBEAMTE CJACAYIOMMIA (pparMeHT
B MHTEPAKTUBHON 000JIOUKE:

>>> import wizcoin

>>> purse = wizcoin.WizCoin(2, 5, 10)

>>> str(purse)

'<wizcoin.WizCoin object at ©x00000212B4148EE0>"
>>> repr(purse)

'<wizcoin.WizCoin object at ©x00000212B4148EE0>'
>>> purse

<wizcoin.WizCoin object at 0x00000212B4148EEQ>

ITU CTPOKU IIJIOXO YUTAIOTCS U HE COJIEPKAT M0JIE3HON NH(MOPMAIINH JIJIsI TI0JIb30BATEIS.
Yrobbl ykaszaTh Python, Kakyro cTpOKY CJe[yeT MCIIOJIb30BaTh, MOKHO PeaiM30BaTh
dunder-merompl __repr__ () u__str_ (). Meroa__repr__ () yKasbIBaeT, Kakyio CTPOKY
noJKeH Bospaiark Python mis o6bexTa, mepegaHHoro BCTpoeHHoN GyHKIUU repr().
Meron __str__ () yKasbIBaeT, KaKyio CTPOKY J0JKeH Bo3BpaliaTh Python s o6bexra,
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nepeJaHHoro Berpoentoil pynkmuu str(). Jlobasbre ciepyromuii ¢hparMeHT B KOHEI]
(haitna wizcoin.py:

--snip--
def __repr_ (self):
"""Bo3BpawaeT CTPOKY C BblpaxeHueMm, CO3AalWumM 06bLEKT.
return f'{self._ class__.__qualname__}({self.galleons}, {self.sickles},
{self.knuts})"’

def __ str_ (self):
"""Bo3BpawaeT CTPOKOBOe MpeAcTaBleHne obbekTa, MOHATHOe Ans 4YenoBeka.
return f'{self.galleons}g, {self.sickles}s, {self.knuts}k'

Korzma b1 nepegaem purse ¢pyHKImam repr() u str(), Python seiseiBaer dunder-merozsr
_repr__()u__str_ (). B namem koze dunder-meTozbl He BbI3bIBAIOTCSL.

O6parute BHUMaHwME: f-CTPOKH, cofiepsraliue 00beKT B GUTYPHBIX CKOOKAX, HESTBHO BbI-
3BIBATOT str() IS TOTYYeHNsT CTPOKOBOTO TIPe/icTaBIeHnst 06bhekTa. Hamprimep, BBemTe
caeyIoNuii (hparMeHT B MHTEPAKTUBHOI 060/I0UKe:

>>> import wizcoin

>>> purse = wizcoin.WizCoin(2, 5, 190)

>>> repr(purse) # ABTOMaTM4ecku Bbi3biBaeT __repr_ () knacca WizCoin.
'WizCoin(2, 5, 10)'

>>> str(purse) # ABToMaTuyecku Bbi3biBaeT __str_ () knacca WizCoint.

'2g, 5s, 1ok’

>>> print(f'My purse contains {purse}.') # Bui3biBaeT __str_ () knacca WizCoin.
My purse contains 2g, 5s, 10k.

Korma mbI iepeiaeM 00beKT WizCoin B epeMeHHOM purse (hyHKIUAM repr() U str(),
BO BHyTpeHHeil peanmusaiuy Python BeisbiBaeT MeTojbl __repr_ () 1 __str__ () KJac-
ca WizCoin. MBI 3alIpOrpaMMUPOBAJIH 9T METOABI TaK, YTOOBI OHM Bo3Bpalanu OoJee
HOHSATHBIE U coJiepsKaTesbHble CTPOKU. EC/i BBeCTH B MHTEPAKTUBHON 000JI04Ke TEKCT
repr-cTpoku 'WizCoin(2, 5, 10) ', Gy/er co3aan 00beKT WizCoin ¢ TakuMu ke aTpuody-
TaMH, Kak y 00beKTa B purse. Str-cTpoKa COAEPKUT MPEACTaBICHUE 3HAUeHUsT 00bEKTa,
6oJ1ee MOHATHOE JI YesIoBeKa: '2g, 5s, 10k'. Ecau Bbl HCIIOJIb3yeTe 0OBEKT WizCoin
B f-ctpoke, Python ucnosbayer str-npejicrasienue 0ObeKTa.

Ecau 00beKTbl WizCoin HACTOJBKO CJIOKHBI, YTO CO3JaTh UX KOIIUIO OJHUM BbI30BOM
DYHKIUU-KOHCTPYKTOPA HEBO3MOKHO, TEPT-CTPOKA 3aK/II0YAETCS B YIJIOBbIE CKOOKKI —
9TO MMOKA3bIBAET, YTO TEKCT HE paccMaTpuBaercs Kak kKoj Python. ImeHHO 210 Ipowmc-
XOJIUT CO CTPOKaAMU 06006I1IeHHOTO [pezcTaBaeHud Bpojie '<wizcoin.WizCoinobject at
0x00000212B4148EE@> '. [Tpu BBOJIE ATOIT CTPOKY B MHTEPAKTUBHO 000JI0UKE BBIIACTCS
ommbKa SyntaxError, TaK 4TO €€ HEBO3MOKHO CIyTaTh ¢ KojgoM Python, coznarormum
KOINIO 00BEKTA.

BuyTtpu metona __repr__() MbI ucnosb3yem self.__class__.__qualname__ BMeCTO
TOr0, YTOOBI KECTKO (PUKCUPOBATDH CTPOKY 'WizCoin'; mpu cyOkIaccupoBanun WizCoin
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yYHACJIeIOBaHHBIN MeTO __repr__ () 6y/:[eT HCIIOJIb30BAaTh UM Cy61<J1acca, aHe '"WizCoin'.
Kpome toro, eciiu kiace WizCoin Oyzer iieperMeHoBaH, MeTo/l __repr__ () aBToMaruye-
CKU UCIIOJIb3YyeT 0OHOBJIEHHOE MM,

Ho str-ctpoka o6bexTa WizCoin BbITaeT 3HaueHUs aTpubyTa B yA06HOH, KOMITAKTHON
opme. A HacTOATENTEHO PEKOMEHIYIO pPeaan3oBaTh MeTO/BI __repr_ () u __str__ ()
BO BCEX BalllMX KJaccax.

KOH®PUAEHUUAJIBHAY UHDPOPMALIUSA B REPR-CTPOKAX

Kak ynomMunanoch patee, str-cTpoKi 00bIYHO BBIBOISATCS VIS IIOJIb30BaTEJIEH, a repr-
CTPOKH UCTIOJB3YIOTCSI B TEXHUYECKOM KOHTEKCTe (HarpuMmep, B KypHaiax). Ho
repr-cTpoKa MOYKET CO3/IaTh MPOOIEMbl GE30MACHOCTH, €CJIN CO3/IaBAEMbIH 0OBEKT
COZIEP’KUT KOHMHUIEHITMATBHY IO HH(MOPMATIUIO: TAPOJIH, MEIMITUHCKUE CBEIEHIS UJTH
JIaHHbIE JIMYHOTO MOpsAKa. B TakoM cirydae yOeaurech, 4To MeTol __repr_ () He
BKJIIOYAET 9Ty MHMOPMAIIHIO B BO3BpalaeMyio cTpoky. Ha ciryuaii, eciii B iporpamMme
[pou30iier (haTaJbHbII cOO, IOJE3HO BKIIOYATD IIEPEMEHHbIE B (hail )KypHaa
JUTSL YIPOIIEHUST OTJaKA. YacTo sKypHAJIbI HEe PAaCCMATPUBAIOTCS KaK KOH(MDU/IEH-
IuanbHas nHpopMaIus. B HeCKOIbKIX MHITMEHTAX, CBI3aHHBIX C HAPYIIEHUEM
6Ee30I1ACHOCTH, B OOIIEAOCTYITHBIX Ky PHAIAX CAYYARHO ObLIM OILy OJIMKOBAHBI IAPO-
JI, HOM€EPA KPeINTHBIX KapT, IOMAIlTHUE a/[peca 1 Ipyrast 3aKpbiTasd HHGOPMAIIKS.
[MTomHmTE 06 BTOM, KOT/IA Oy/IeTe THCcaTh METObBI __repr__ () JUIs BAIllero KJacca.

Yucnosoie dunder-merogni

Yucaosvie dunder-memoont, Taxxe Ha3bIBaeMble Mamemamuyeckumu dunder-memodamu,
Heperpy:karT MaTeMatudeckue omneparopsl Python: +, -, *, / u . 1. B Hacrostiiee BpemMst
MBI HEe MOKEM BBITIOJHUTH TAKYIO OIIEPAITIIO, KaK CJIOKEHIE IBYX 00 BEKTOB WizCoin, ore-
paropoM +. Eciiu BBl 11011bITaeTECH 9TO CeaaTh, Python Beizact uckiouenue TypeError,
[IOTOMY UTO HE 3HAET, KaK CyMMUPOBaTh 00bEKThl WizCoin. UToObl yOeUThCst B HTOM,
BBEJIUTE CJIEAYIOMNN (DparMeHT B UHTEPAKTUBHON 000I0UKE:

>>> import wizcoin
>>> purse = wizcoin.WizCoin(2, 5, 10)
>>> tipJar = wizcoin.WizCoin(@, 0, 37)
>>> purse + tipJar
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: unsupported operand type(s) for +: 'WizCoin' and 'WizCoin'

Bwmecto Toro 4Tobnl IucaTh MeTo/I addWizCoin() aug Kiacca WizCoin, Bbl MOXKETE UC-
nosb3osarb dunder-metozn __add__ () u 3actaBuTh 00beKTH WizCoin paboraTh ¢ omepa-
TopoM +. JloGaBkre ciemayronuii pparMeHT B KoHell (aiiia wizcoin.py:
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--snip--
def __add__ (self, other): (1
"""CymmupyeT AeHexXHble BesnYuHbl ABYX obbekTOoB WizCoin."""
if not isinstance(other, WizCoin): (2

return NotImplemented

return WizCoin(other.galleons + self.galleons, other.sickles + ©
self.sickles, other.knuts + self.knuts)

Korza 00bekT WizCoin cTOMT B JIeBOM yacTu onepaTopa +, Python BeisbiBaeT MeTO
__add__() @ u mepemaeT 3HaueHNE B MPaBOI YyacTH ollepaTtopa + B MapaMeTpe other.
(TTapaMeTpy MOKHO HA3HAUUTH JIFOOOE MMST, HO TPAAUITHOHHO UCITIOJIb3YeTCsl UM other.)

[TomuuTe, 4TO METOLY __add__() MOKHO TepeaTh 00bEKT JTI000TO THIIA, TOATOMY B Me-
TOJ HEOOXOIMMO BKJTIOYHTH TPOBEPKY Triia @. Harnpumep, 6eccMbICIeHHO TPHOABIISTH
1[eJI0€ YUCJIO WU YNCJIO C IUIABAIOIIeN TOUKON K 00beKTy WizCoin, IOTOMY 4TO MBI He
3HaeM, K KaKOMY aTpuOyTy ero cirenyeT mpubaBuTh — galleons, sickles min knuts.

Meton __add__ () coszmaer HOBbLI 00beKT WizCoin ¢ aTpubyTaMu, paBHBIMU CyMMeE
galleons, sickles 1 knuts 00beKTOB self u other ©. Tak kak Bce Tpu aTpudyTa comepKaT
1eJsIble YNesa, UX MOSKHO CYMMUPOBATD 011epaTopoM +. Tenepb orepaTop + /U1 Kjaacca
WizCoin meperpysKeH, 1 ero MOKHO MCIOJIb30BaTh ¢ 00beKTaMu WizCoin.,

ITeperpyska oneparopa + 03BoJIsIeT co31aBaTh Oojiee MOHATHBIN Ko, Hanpumep, BBe-
JIATE CIIEAYIONUI (hparMeHT B HHTEPAKTUBHOI 060JI0YKe:

>>> import wizcoin

>>> purse = wizcoin.WizCoin(2, 5, 10) # Co3pmaeT o6bekT WizCoin.

>>> tipJar = wizcoin.WizCoin(@, O, 37) # Co3gaeT apyroi obbekT WizCoin.
>>> purse + tipJar # Co3pjaeT HoBblii 06bekT WizCoin c cymmoii.

WizCoin(2, 5, 47)

Ecin B other nepegaercst 00bekT HenpaBuabHoro tuia, dunder-meToz 1oKeH He Bbl-
JlaBaTh UCKJIIOUYEHIE, a BO3BPAIlaTh BCTPoeHHoe 3HayeHue NotImplemented. Hanpumep,
B cienyiolieM ¢hparMeHTe B other nepegaercs Leoe YUcIo:

>>> import wizcoin
>>> purse = wizcoin.WizCoin(2, 5, 10)
>>> purse + 42 # 06bekTbl WizCoin v uenble 4Yncna He MOryT CyMMUPOBATLCA.
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: unsupported operand type(s) for +: 'WizCoin' and

int
BosspaiieHue NotImplemented npukasbiBaer Python mompo6oBarh BbI3BaTh PYTrUe Me-
TOJIBI JIJIS BBITIOJIHEHUS 9TOI onlepanuy (3a moapoOHOCTSIMU 00pallaiiTech K oapasiesry
«Orpaxennbie uncaosbie dunder-meroznbi» 9T0ii rasbl). Bo BHyTpeHHell peanusayu
Python BbI3bIBACT METOJ __add__ () co 3HadyeHueM 42 Jid lapamerpa other, HO 9TOT
MeTo/1 ToKe Bo3BpaliaeT NotImplemented, UTO 3acTaBasgeT Python BbIJIaTh NCKJJIIOYEHUE
TypeError.
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U xotst omtepariiy pubaBJIeHUsT UM BBIYUTAHS IEJIbIX YnCes 13 00beKTOB WizCoin He
UMEIOT CMbICJIA, Oy/IeT Pa3yMHO Pa3pelTh YMHOKEHE 00beKTOB WizCoin Ha MOIOKH-
TeJbHBIE TIeJIbIe YUCa; st 9Toro onpenensgercs dunder-meton __mul_ (). lo6aBbre
caenylomuil ¢hparMeHT B KOHel[ haiiia wizcoin.py:

--snip--
def __mul__ (self, other):

"""YMHOXaeT KO/MYeCTBO MOHET Ha HeoTpuuaTesNbHOe Lesoe YUC/o.

if not isinstance(other, int):
return NotImplemented

if other < 0:
# YMHOXeHMe Ha oTpuuaTesibHOe Lenoe 4ucsio npusepeTt
# K OTpUUATENbHOMY KO/SIMYECTBY MOHET, YTO HefoMmyCTUMO.

raise WizCoinException('cannot multiply with negative integers')

return WizCoin(self.galleons * other, self.sickles * other, self.knuts * other)

Iror MeTo __mul__ () HO3BOJISIET YMHOKATh 00beKThI WizCoin Ha MOJIOKHUTENbHbIE [~
Jibie uyncia. Eciu other SIBJISI€TCS 11€JTBIM YUCJIOM, TO 9TO TUTI JAHHBIX, KOTOPbIE OXKU/IAeT
TMOJIy9uTb MeTO/ __mul__ (), 1 Bo3BpamiaTh NotImplemented He HykHO. HO eciu mesoe
YKCJIO — OTPUIATENBHOE, TO YMHOKeHIE 00beKTa WizCoin Ha HETO IPUBEET K OTPUIA-
TEJIbHOMY KOJIMYECTBY MOHET B 00beKTe WizCoin. Tak Kak 9TO IPOTUBOPEUUT HAIIEMY
IIOAXOY K IIPOEKTUPOBAHUIO KJIACCA, MbI BbIIaeM UCKIo4YeHne WizCoinException ¢ co-
JiepsKaTesibHbIM coobIieHrneM 06 ommoKe.

NMPUMEYAHMUE

He uamensiite obbekT self 8 matematuueckom dunder-metone. Metog sceraa ponxeH cosaa-
BATb M BO3BPALLATb HOBbIM 06bekT. Onepatop + 1 Apyrie YMCNOBbIE ONEPATOPb BCErAA AOMKHSI
AOBATH B PE3YNLTATE HOBbI OBBEKT, BMECTO TOTO YTOBbI M3MEHSITb 3HAYEHME OBBEKTA HA MeCTe.

Yrobsl yBugers dunder-meron __mul__ () B gelicTBUM, BBEAUTE CIAEAYIOUIMNA pparMeHT
B MHTEPAaKTUBHOI1 000JI0UKe:

>>> import wizcoin
>>> purse = wizcoin.WizCoin(2, 5, 10) # Co3gaTb ob6bekT WizCoin.
>>> purse * 10 # YMHOXUTb 06bekT WizCoin Ha uenoe 4ucno.
WizCoin(20, 50, 100)
>>> purse * -2 # YMHOXeHMe Ha OTpuLUATesSIbHOE Lesoe YUC/IO NMPUBOAUT K ownbke.
Traceback (most recent call last):

File "<stdin>", line 1, in <module>

File "C:\Users\Al\Desktop\wizcoin.py", line 86, in _ mul__

raise WizCoinException('cannot multiply with negative integers')

wizcoin.WizCoinException: cannot multiply with negative integers

B tabu. 17.1 npusenen noJmblii crucok yncaosbix dunder-meronos. Kak npasuiio, Bam
He TpebyeTcs MOJHBIN CIMCOK dTHX METO0B JJIs BalllUX KJIaccoB. Bbl camu pelnaere,
KaKue METO/IBI JIJIST BAC aKTYaJbHBI.
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Ta6nuua 17.1. Yucnossie dunder-metoap

Oneparop unu BctpoeHHas

Dunder-metop Onepauus dyHKuns
_add__() Ciiokenue +
_sub__() Boruuranue -
_mul__ () VMHOKeHME *
__matmul__ () MarpuuHoe yMHOXKeHMe @

(B Python 3.5 u Bbimre)
__truediv__ () Jlenmenne /
_ floordiv__() Iesounciaennoe geaeHue //
__mod__() Ocrarok %
__divmod__() Jlenenue ¢ 0CTaTKOM divmod()
__pow__() BosBenenue B crenenb **, pow()
_1shift_ () CuBur BJeBoO >>
__rshift_ () CuBur BIrpaBo <<
_and__() [Mopaspsianas onepanus AND &
_or_Q) [Mopazpsanas onepanua OR |
_xor__() ITopaspsianas uckaovyaomas omne- |

parusg OR
_neg_ () Otpuranne VHapHbI -, Kak B -42
_pos__() TosxmecTBo VuapHblif +, Kak B +42
_abs__() AbGcomoTHoe 3HaYeHre (MOLYJIb) abs()
__invert__() ITopaspsmaHoe nHBepTUPOBaHUE ~
__complex__ () KomrurekcHast hopma umciia complex()
_int__() [emas dpopma unca int()
__float__() Dopma uncaa ¢ nasawoeit Toukoii | float()
__bool_ () Jlornueckas opma bool()
__round__() Oxpyrienne round()
__trunc__() [lenas yacThb math.trunc()
__floor__() OxpyrJIeHne B MEHBIITYIO CTOpoHy | math.floor()
—ceil () Oxpyrienne B 60Jbinyio ctopony | math.ceil()
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Hexoropble U3 9THX METO0B aKTyaJIbHbI JIJIs1 Halero kiaacca WizCoin. ITorpoGyiite narm-
carb cCOOCTBEHHbBIE peayn3aliui MeTOA0B __sub__ (), __pow_ (),__int_ (), float_ ()
u__bool__ (). IIpumep peasmsanuu JocTyiieH Ha https.//autbor.com/wizcoinfull. Tlonnoe
onucanue yncaoBbix dunder-merogos B gokymentaiuu Python pgocrynno na https://
docs.python.org/3 /reference/datamodel html#emulating-numeric-types.

Yucaossie dunder-MeTombl MO3BOJILIOT UCIIOJIB30BAaTh OOBEKTHI BALIMX KJIACCOB CO
BCTPOEHHBIMKM MaTeMaThuecKuMu orepatopamu Python. Eciu Bbl muinere MeTo/bl
¢ uMeHaMu BujiamultiplyBy (), convertToInt() U T. ., ONUCBHIBAIOIIUMU 33124y, KOTOPAs
BBITIOJTHSIETCS CYTIECTBYIOMIMM OTIEPaTOPOM MJTH BCTPOEHHOU (DYHKITNE, NCITOTb3yHTe
urcioBbie dunder-mertozbr (a Takske orpakenubie dunder-meronsr 1 dunder-merosst
MIPUCBANBaHUS HA MECTe, OMMCAHHBIE B CJEYIONINX /IBYX pas/esax).

Orpamenﬂue yncnossie dunder -MeToAbl

PythOH BbI3bIBACT YMCJIOBbIC dunder-METOI[I)I, Korza 00BEeKT HaXOJIUTCS B JIEBOH YacTH
MaTEeMaTU4Y€eCKOTO oIiepaTtopa. Ho ecam o0bexT pacriojiara€Tcs B HpaBOI;'I YaCTHu MaTe-
MaTUY€ECKOTO OoIlepaTopa, TO BbI3bIBAIOTCA OMpaMcenHnble YUCI06ble dunder-memoow. (I/IX
TaKXe Ha3bIBalOT o6pamnbmu YUCTIOBBIMU dunder-memoaamu).

Otpaskentbie yncaoBbie dunder-MeTobl MOJIE3HBI, TIOTOMY YTO TIPOTPAMMUCTBI, UC-
MOJIB3YIONINE BAIll KJIACC, He Beera Gy/IyT 3auchiBaTh 0GBEKT B I€BOI 4aCTH OIEpaTopa,
YTO MOXKET IPUBECTH K HellpeIBUIeHHOMY NoBeieHHIo. /L1t mpuMepa pacCMOTPUM, YTO
IIPOUBOILIET, €CIIU purse COAEPKUT 00BEKT WizCoin, a Python Beruncisier Beipaskenue
2 * purse, KOTJIa purse HaXOJUTCS B IIPaBOH 4acTH oneparopa.

1. Tak Kak 2 sIBJIIeTCs 1[E€JILIM YUCJIOM, BbI3bIBaeTcss MeTos _mul__ () KJjacca int,
KOTOPOMY B [lapaMeTpe other mepejaercs purse.

2. Meton__mul__ () kjacca int He 3HaeT, Kak O6pa6aTbIBaTb 00beKThI WizCoin, 11o-
2TOMY OH Bo3Bpaiaer NotImplemented.

3. Toka Python #e BbigaeT omubKy TypeError. Tak Kak purse COAEPKUT OOBEKT
WizCoin, BoI3biBaeTcd MeTo/ __rmul__ () KmaccaWizCoin, KOTOpOMY B mapameTpe
other nepegaerca 2.

4. Ecom __rmul__() BosBpamaeT NotImplemented, Python Bbizaer omubKy

TypeError. B ipotuBHOM ciiydae __rmul__ () Bo3Bpallaer 00bhEKT, MOy YCHHbII
B pe3yJIbTaTe BbIYNCIEHUs BbIpaKeHus 2 * purse.

A BOT BBIpaKEHHUE purse * 2, B KOTOPOM purse HaXOAWTCS B JIEBOM 4aCcTH ONeparopa,
paboraer uHaye.

1. Tak Kak purse coaepxKuT 00beKT WizCoin, BhI3biBaeTcs MeToA __mul__ () Kiacca
WizCoin, KOTOpOMY B ITapaMeTpe other mepegaercsa 2.
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2. Metoa __mul__ () co3maer HOBbI 0ObeKT WizCoin 1 BO3Bpallaer ero.

3. ITOT BO3BPAIIECHHBIN 0OBEKT — TO, UTO BO3BPAIACT BBIPAKEHUE purse * 2.

Yucnossie dunder-meTozabl 1 oTpaskeHHbie ynciaoBbie dunder-mMeTobl UMEOT OJUHA-
KOBBII KOJI, €CJIN OHU 00JIaIal0T CBOUCTBOM KOMMymamuernocmu. KoMMyTaTHBHBIE
oreparuu (Takue Kak CJI0KEHUE) Tal0T OANHAKOBBINA PE3YJIBTAT [IPU 3aIUCH B TIPSMOM
1 00paTHOM HAlIpaBJEHUU: 3 + 2 — TO JKe CaMOe, UTO 2 + 3.

Ho cymiectBytor u apyrue orepainu, KOTOpble KOMMYTAaTUBHBIMU HE SIBJISTIOTCS: 3 — 2
U 2 — 3 Ial0T pasHble pe3yJbrarhl. JIrobas KOMMyTaTHBHAs OII€PaLlUst MOKET IIPOCTO BbI-
3BIBATh UCXOHBII uncsioBoit dunder-mMeTos Kaskiblil pas, KOr/ia BhI3bIBAETCS OTPAKEHHBII
urcioBoii dunder-meron. Hanpumep, mobasbre cienayromuii pparMeHT B KoHell daiiia
Wizcoin.py, uToObI OIIPEAEIUTh OTPasKeHHbII yncaoBoil dunder-mero aJis orepanum
YMHOKEHWSI:

--snip--
def __rmul__(self, other):
"""YMHOXaeT KOJIM4EeCTBO MOHET Ha HeoTpuuaTeNbHOe Lesoe YUCno.
return self._ mul__ (other)

VMHOKeHHe L[eJI0r0 YKc/ia Ha 00beKT WizCoin KOMMYTaTUBHO: 2 * purse — TO JKe CAMOE,
41O purse * 2. BMecTo TOro uToObI KOIIMPOBATH U BCTABJISTH KOA M3 __mul__ (), MbI IIPO-
CTO BbI3bIBaeM self._mul__ () m nepemaeM mapametp other.

ITocsie o6HoBIEeHUS (aiina wizcoin.py poBepbTe, Kak paboTaeT oTpaxennbiii dunder-
MeTOJ yMHOKeHUsL. [T 9TOTO BBEUTE CIeAYIONHiA (pparMenT B MHTEPAKTUBHYTO 000~
JIOUKY:

>>> import wizcoin

>>> purse = wizcoin.WizCoin(2, 5, 10)

>>> purse * 10 # Bbi3biBaeT __mul__ () c napameTpom “other’, paBHbM 10.
WizCoin(20, 50, 100)

>>> 10 * purse # Bbi3biBaeT __rmul__ () ¢ napameTpom "other’, paBHbM 10.
WizCoin(20, 50, 100)

ITomHuTE, uTO B BHIpAskeHUM 10 * purse Python cHavasa BbisbiBaeT MeTon __mul__ ()
kJjacca int, yToObI y3HaTb, MOI'YT JIU I[€JIbl€ YUCJIa YMHOXKATbhCS Ha 00BeKTH WizCoin.
Koneuno, BcTpoeHHBIN KIacc int HUUEro He 3HAET O CO3/[aBaeMbIX HaMU KJlaccax, To-
9TOMY OH BosBpamiaeT NotImplemented. DTo 3HaueHue curHaausupyer Python o oM,
4TOOBI CJAEAYIOMMM A1 00paboTKHU omepanuy ObLT BhI3BaH MeTol __rmul__ () Kiacca
WizCoin (ecsm oH cymiecTByeT). Eco BBI3oBBI __mul__ () Kmaccaintum__rmul__ () Kiacca
WizCoin BepHYT NotImplemented, Python BBIJIAE€T UCKJIOYeHue TypeError.

Tosbko 00beKThI WizCoin CIIOCOGHBI CYMMUPOBATHCS APYT € APYTOM. DTO TapaHTUPYET,
yro Metofi __add__ () nepBoro o6bekTa WizCoin 06paboTaet olepaiuio, 1oaToOMY peaJiu-
30BaTh__radd__ () He ny:xHo. Harpumep, B BbipakeHuu purse + tipJar metoq__add__ ()
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115t 0OBEKTA purse BBI3BIBAETCSI C nepeadeil tipJar B mapamerpe other. Tak Kak aToT
BBI30B He Bo3Bpailaer NotImplemented, Python He nibitaercs BbisBaTh MeToj __radd_ ()
oObekra tipJar ¢ nepejgaueii purse B mapamerpe other.

B tabu. 17.2 npuBeieH TOMHBIN CIMCOK IOCTYITHBIX OTpakeHHbIX dunder-mMeTo/10B.

Tabnuua 17.2. OtpaxenHbie uncnossie dunder-meTogs!

Dunder-metop Onepauus z;:::::', unM Berposma
__radd__() Ciioxenune +
_rsub__() Borunranue -
_rmul__() YMHOXKEHTEe *
__rmatmul__() MarpuyHoe yMHOKEHHE @

(8 Python 3.5 u Bbiie)
__rtruediv_ () Jenenue /
__rfloordiv__() [leouncienHoe geeHne //
__rmod__() Ocrarok %
__rdivmod__() JlesieHe ¢ 0CTaTKOM divmod()
__rpow__() Bossesenue B crenenb **, pow()
__rlshift_ () CBUT BJIEBO >>
__rrshift_ () CuBur BIIpaBo <<
__rand__() Topaspsianas onepaius AND &
_ror__() [Mopaspsaauas onepanus OR [
__rxor__() IMopaspsiHas uckIoyaoast ~

oneparusg OR

[MomHoe ormcane oTpakeHHbIX dunder-MeTo10B 10CTYMHO B tokyMenTarn Python Ha
https.//docs.python.org/3 /reference/datamodel html#emulating-numeric-types.

Dunder-metogni npucsansanns na mecre (in-place)

Yucsosble n oTpaskeHHbie dunder-MeToabl Beeraa cosaaT HoBble 0GBEKThI (BMECTO 13-
MeHeHus: 00beKTOB Ha MecTe ). Dunder-MeToap! IprCcBauBaHUsI Ha MECTE, BI3bIBAEMBIE
pacHIMpeHHbIMU OlIEPaTOPaMHU [IPUCBAUBAHUS (TAKUMHU KaK += U *=), K3MEHSIIOT 00bEKT
Ha MecTe 6e3 co3anus HoBOTo o0bekTa. (Y 9TOro IpaBuia eCTh UCKIIOUEHHE, O KOTOPOM
s pacCKaKky B KOHIle pasziedia.) Mimena Takux dunder-merosos HaurHaroTes ¢ i (Hampu-
Mep, __iadd_ () m__imul__ () /U1 OIEPATOPOB += U *= COOTBETCTBEHHO).
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Hanpumep, 1ipu BoiosiHennu Kojga Python purse *= 2 Mbl He Iipeiiosiaraem, 4To METO/
__imul__ () ksmaccaWizCoin cosgact u BepHeT HOBbII 00beKT WizCoin ¢ BABOE OOJIbIIUM
KOJTMIECTBOM MOHET, a 3aTeM TIPUCBOUT €T0 ITepeMeHHO purse. BMecTo aTOTO METOS
__imul__ () u3MeHseT CyLIeCTBYIOMIUNA 00beKT WizCoin B purse, 4TOOBI OH COLEPIKAI
BZBOE 0OJIbIIee KOIIMIECTBO MOHET. DTO TOHKOE, HO BaKHOE OTINYNE, KOTOPOE He00XO0-
JIIMMO YYUTBIBATD, €CJIM BN KJIACCHI TOJKHBI [IEPETPYKATh PACHIUPEHHBIE OTIePATOPbI
IIPUCBANBAHUS.

Haru 06bekThl WizCoin yiKe TleperpyskalT OmepaTophl + U *, MOITOMY OIPEACTAM
dunder-meronpl __iadd_ () u__imul__ (), 4TOOBI OHM TaKKe [EePerpysKaau OlepaTophl
+= 1 *=. B BeIpaskeHUAX purse += tipJar 1 purse *= 2 BbI3BIBAIOTCI METObI __iadd_ ()
u__imul_ (), opu 9TOM B IapaMerpe other nepenatorca tipJar 1 2 COOTBETCTBEHHO.
JloGaskre cieayromuii pparMeHT B KOHeIl (aiiia wizcoin.py:

--snip--
def _ iadd__ (self, other):
"""lMpubaBnAeT MOHeTbl U3 Apyroro obbektTa WizCoin kK 3ToMy 0b6beKkTy.
if not isinstance(other, WizCoin):
return NotImplemented

# 06bekT ~self’ u3MeHAeTCA Ha mecTe:

self.galleons += other.galleons

self.sickles += other.sickles

self.knuts += other.knuts

return self # Dunder-meTofbl NpuUCBauWBaHWSA Ha MecTe
# no4yTtn BCerpga Bo3BpawawT self.

def __imul__ (self, other):
"""YmHoxaeT galleons, sickles u knuts sToro obwvekTa
Ha HeoTpuuaTenbHoe uenoe 4yucno."""
if not isinstance(other, int):
return NotImplemented
if other < 0:

raise WizCoinException('cannot multiply with negative integers')

Knacc WizCoin co3paeT uameHseMmble o6bekTbl. HE CO3JABAMTE HOBbIi
06beKkT, Kak B cneaywuem 3aKOMMEHTUPOBAHHOM KoAe:

return WizCoin(self.galleons * other, self.sickles * other,
self.knuts * other)

H H HH

# 06bekT ~self  wu3mMeHseTcA Ha mecTe:

self.galleons *= other

self.sickles *= other

self.knuts *= other

return self # Dunder-meTofb NMpuCBauWBaHUA Ha MecTe
# no4yTn BCcerga Bo3BpawawT self.

OO6bexThl WizCoin MOTYT MCIIOIB30BATh ONEPATOP += C APYIUMHU oObekTaMu WizCoin
U OTIEPATOP *= € TOJOKUTEIBHBIMU TIEJIBIMA YUCTAMU. 3aMETHM, YTO MTOCJIE TTPOBEPKU
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napaMeTpa other METOIBI IIPUCBAUBAHUS HA MECTE U3MEHSIOT 0OBEKT self, BMECTO TOro
4yTOOBI CO31aBaTh HOBbINM 00BEKT WizCoin. YToObI yBUIETDH, KaK paclIMpPeHHbIE Olepa-
TOPBI IPUCBAMBAHUST U3MEHSIOT 00BEKTHI WizCoin Ha MecTe, BBEANTE CJELYIONIIIT KO/
B MHTEPAKTUBHO 060JI0UKe:

>>> import wizcoin

>>> purse = wizcoin.WizCoin(2, 5, 190)
>>> tipJar = wizcoin.WizCoin(@, 0, 37)
>>> purse + tipJar @

WizCoin(2, 5, 46) (2

>>> purse

WizCoin(2, 5, 10)

>>> purse += tipJar ©

>>> purse
WizCoin(2, 5, 47)

>>> purse *= 10 4
>>> purse

WizCoin(20, 50, 470)

Onepatop + @ sbizbiBaer dunder-meronpl __add_ () i __radd__ () AJIs1 CO3JaHUS 1 BO3-
BpaIlleHNs HOBBIX 00beKTOB @. Icxoambie 00beKThI, ¢ KOTOPHIMK PaboTaI OIepaTop +,
ocratorcst 6e3 uamenennit. Dunder-mMeTobl IPUCBanBaHUs Ha MeCTe © 1 @ JOJIKHBI
U3MEHSITh OOBEKT Ha MECTE, [IPU YCIOBUU UTO OOBEKT SIBJISIETCS] U3MEHSIEMbIM (TO €CTh
9T0 0OBEKT, 3HAUEHUE KOTOPOIO MOKET UBMEHSIThCA ). VICK/II0UeHre JeslaeTcs A Hens-
MEHSIEMBIX OOBEKTOB, TaK KaK TaKUue 0OBEKTHI [0 OIPEAENEHNIO HE MOTYT M3MEHATHCSL.
B rakom ciydae dunder-meroy npucBanBaHus Ha MeCTe JOJKEH CO3[4aTh U BEPHYTh
HOBBII1 00BEKT, KaK 1 YNUCJIOBbIe U oTpaskenHble dunder-meToapbi.

M He czesamy aTpubyThi galleons, sickles u knuts JOCTYITHBIME TOJIBKO JJIsI UTCHIS;
HTO O3HAYAET, YTO OHU MOTYT U3MEHATHCS. TakiM 06pazoM, 06beKThI WizCoin SIBISIOTCS
U3MEHSEMBIMU. BOJIBIIUHCTBO KJIACCOB, KOTOPBIE BBl HATUINETE, OYYT CO3/[aBATh N3ME-
HsieMble OOBEKTBI, TOATOMY BaM CTOUT MPOeKTUpoBath dunder-MeTo/bl IPUCBANBAHUSI
Ha MeCTe, TaK YTOObI OHU U3MEHSLITH OOBHEKT Ha MECTe.

Ecsm Bo He peanmusyere dunder-mero nprucBanBanus Ha Mecte, Python Bei3oBeT 4rcio-
Boil dunder-meron. Hampumep, eciin B Kitacce WizCoin orcyrerByer Meto __imul_ (),
BbIpakeHMe purse *=10 BbI30oBeT __mul__ () 1 IPUCBOUT BO3BpalllaeMOe 3HaYeHue repe-
MeHHOII purse. Tak Kak 00beKThI WizCoin ABIAIOTCA U3MEHSIEMBIMMU, 3TO HEOKUAAHHOE
HOBE/IEHUE CIIOCOOHO TTOPOKAATH KOBAPHbIE OIINOKMU.

Dunder-merogbi cpasnenns

Merozx Python sort() u ¢yHKIHS sorted() ucnoiab3yoT ah(HEKTUBHBII AJITOPUTM
COPTUPOBKH, /IS BBITIOJIHEHUST KOTOPOTO JIOCTATOYHO TTPOCTOTO BbhizoBa. Ho eciu BB
XOTHUTE CPABHUBATH M COPTUPOBATH OGBEKTHI CO3/IaBAEMOTO BaMK KJIacca, HEOOXOIUMO
coobuuTh Python, kak 0JKHBL CpaBHUBATHCS [BA TAKUX 0OBEKTa — JJISl 9TOrO HYKHO
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peanusosBath dunder-meronpl cpaBHenus. 3a Kyaucamu Python seisbisaer dunder-
METOJIbI CPAaBHEHUST KaK/IBII pa3, KOr/a Balii OObEKThI UCIIOIb3YIOTCS B BBIPAKEHUSIX
C OllepaTopaMu CPAaBHEHUS <, >, <=, >=, == U !=,

ITpexxne yem uccaenoBarh dunder-MeTobl CpaBHEHNUST, PACCMOTPUM IHECTh (DYHKITAN
MO/IyJisT operator, KOTOPBIE BBITIOJHSIIOT T€ JKe ONePaIiy, YTO U eCTh ONepaluii cpas-
Henust. Hamum dunder-meronpr cpaBienust 6yayT BbI3bIBaTh 3TH (ByHKIMU. BBemauTe
CJIeAYIONIHi (hparMeHT B HHTEPAKTUBHON 000JI0YKeE:

>>> import operator

>>> operator.eq(42, 42) # "PaBHO"; TO Xe, 4TO 42 == 42

True

>>> operator.ne('cat’', 'dog') # "He paBHO"; TO Xe, 4yTo 'cat' != 'dog'
True

>>> operator.gt(10, 20) # "Bonbwe"; TO Xe, 4TO 10 > 20

False

>>> operator.ge(10, 10) # "Bonbwe uauM paBHO"; TO Xe, 4To 10 >= 10
True

>>> operator.1t(10, 20) # "MeHbwe"; TO Xe, 4TO 10 < 20

True

>>> operator.le(10, 20) # "MeHbwe uauM paBHO"; TO Xe, 4To 10 <= 20
True

Momysib operator npefocTaBisieT BEPCUU ONIEPATOPOB CPaBHEHUS B BHUE (PDYHKITHIA.
VX peanusaiiuyt 04eHb pocThl. Hamprumep, MOKHO Haucath COOCTBEHHYIO (DYHKIUIO
operator.eq() Bcero B JiB€ CTPOKU:

def eq(a, b):
return a ==

Peanu3zanug onepatopa cpaBHenus B Buzie (DyHKIIUU M0JIE3HA, TOTOMY YTO, B OTJIMYHUE OT
OTIEPATOPOB, (DYHKIINN MOKHO TT€PeIaBaTh KaK apryMEHTBI [TPY BBI30BE APYTUX (DYHKITHI.
Mbl BocnoJib3yeMcst 9TOH BO3MOXKHOCTBIO ¥ Peai3yeM BCIIOMOIaTeIbHbli MEeTO/ /LIS
Harmux dunder-MeTo0B CpaBHEHUSI.

Chauasia 1o6aBsTe Cjeayionmii pparMenT B Hauasio daiina wizcoin.py. 9TH KOMaHbI
UMITOPTUPOBAHUS OTKPBIBAIOT JOCTYT K (DYHKIIUAM MOYJIS operator W IMO3BOJSAIOT
IIPOBEPUTH, SIBJISETCS JIM aPTYMEHT other HAIIeTo MeTo/[a TTOCAe/[0BATETbHOCTRIO, /7T
4Yero OH CpaBHUBAETCA ¢ collections.abc.Sequence:

import collections.abc
import operator

3areM ji00aBBTe Caeayonil hparMeHT B KOHeI[ (haiiia wizcoin.py:

--snip--
def _comparisonOperatorHelper(self, operatorFunc, other): (L
"""A helper method for our comparison dunder methods."""
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if isinstance(other, WizCoin): (2
return operatorFunc(self.total, other.total)
elif isinstance(other, (int, float)): ©

return operatorFunc(self.total, other)

elif isinstance(other, collections.abc.Sequence): @
othervValue = (other[@] * 17 * 29) + (other[1] * 29) + other[2]
return operatorFunc(self.total, otherValue)

elif operatorFunc == operator.eq:
return False

elif operatorFunc == operator.ne:
return True

else:

return NotImplemented

def __eq_ (self, other): # "PaBHO"

return self._comparisonOperatorHelper(operator.eq, other) ©
def __ne_ (self, other): # "He paBHO"

return self._comparisonOperatorHelper(operator.ne, other) ®
def _ 1t_ (self, other): # "MeHbuwe"

return self._comparisonOperatorHelper(operator.lt, other) @
def __le_ (self, other): # "MeHbwe wunuM paBHO"

return self._comparisonOperatorHelper(operator.le, other)
def _ gt (self, other): # "Bonbuwe"
return self._comparisonOperatorHelper(operator.gt, other) ©
def _ ge_  (self, other): # "Bonbwe wunu paBHO"
return self._comparisonOperatorHelper(operator.ge, other) @

Hamu dunder-metosnr CpaBHEHUS BbI3bIBAIOT METO/I _comparisonOperatorHelper() @
1 TepelaloT COOTBETCTBYIONIYIO (DYHKIIMIO U3 MOJYJIsl operator JJsd mapaMeTpa
operatorFunc. IIpu BbI3oBe operatorFunc() Bbi3biBaeTcs (DYHKIMSA, KOTOpas Oblia
repeziaHa B orneparope operatorfFunc — eq() ©, ne() O, 1t() @, 1le() O, gt() © uiu
ge() ® — u3 MO/IyJIst operator. B IPOTHBHOM CJIydyae HaM MTPUIILIOCH ObI TPOLYOIMPOBATH
KOJL B _comparisonOperatorHelper() B kaxgoMm u3 mectu dunder-MeTosoB cpaBHeHMS.

NMPUMEYAHMUE

PyHKUMK (Man meTogsl), noaydyalowme apyrne GyHKUMM B aprymeHtax (kak _compa-
risonOperatorHelper()), HasbieatoTcs dyHKuMAMM BICLIErO NOPSAK.

Tenepp Halu 00bEKTHI WizCoin MOKHO CPaBHUBATD C APYTUMU 0ObeKTaMu WizCoin @,
C 1[eJIBIMH YHUCJIAMHU 1 YUCJIAMHU C ILJIAaBaIoIlel TOUYKOM @, a TaKyKe CO 3HAUEeHUSIMU-TI0-
CJIEIOBATEJIBHOCTAMU U3 TPEX YN CEJI, IPE/ICTABIAIOIIMMI 3HaUueHu galleons, sickles
u knuts @. UToObI yBUAETD 9Ty BO3MOKHOCTD B JIEHCTBIM, BBEUTE CJCAYIOIINIT (hparMeHT
B MHTEPAKTUBHON 000JI0UKE:

>>> import wizcoin

>>> purse = wizcoin.WizCoin(2, 5, 10) # Co3maTb 06bekT WizCoin.

>>> tipJar = wizcoin.WizCoin(@, @, 37) # Co3paTb Apyroit obbekT WizCoin.
>>> purse.total, tipJar.total # MNpoBepuTb 3HayeHWe B KHaTax.
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(1141, 37)

>>> purse > tipJar # CpaBHeHue o6bekTOB WizCoin npu nomowu onepaTtopa.
True

>>> purse < tipJar

False

>>> purse > 1000 # CpaBHeHWe C LEesIbIM YUCIOM.

True

>>> purse <= 1000

False

>>> purse == 1141

True

>>> purse == 1141.0 # CpaBHeHWe C YUC/IOM C MNaBawWeid TOYKOM.
True

>>> purse == '1141' # 06bekT WizCoin He paBeH HWKAKOMy CTPOKOBOMY 3HAaYeHWH.
False

>>> bagOfKnuts = wizcoin.WizCoin(@, 0, 1141)
>>> purse == bagOfKnuts
True
>>> purse
True
>>> purse >= [2, 5, 10] # BO3MOXHO CpaBHeHWE CO CMUCKOM W3 3 LesbiX Yucen.
True
>>> purse >= ['cat', 'dog'] # [JonxHo npuBecTu K owubke.
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "C:\Users\Al\Desktop\wizcoin.py", line 265, in _ ge
return self._comparisonOperatorHelper(operator.ge, other)
File "C:\Users\Al\Desktop\wizcoin.py", line 237, in _
comparisonOperatorHelper
otherValue = (other[@] * 17 * 29) + (other[1] * 29) + other[2]
IndexError: list index out of range

(2, 5, 10) # BO3MOXHO CpaBHEHME C KOpTEeXeM U3 3 LenblX Yucen.

Ham BcriomoraTeibHbBII MeTO/] BbI3bIBaeT isinstance(other, collections.abc.
Sequence), 4TOObI IIPOBEPUTD, UMEET JI other THUII JaHHBIX TOCAEJ0BATEILHOCTH, Ha-
npuMep Koprex uin ciucok. Obecredns BO3MOKHOCTD CpaBHEHN 00bEKTOB WizCoin
C II0CJIeJ0BATEIbHOCTSIME, MOKHO IICAaTh KO BUa purse >= [2, 5, 18] /151 ObICTPOro
CpaBHEHUA.

He cymecrsyer ompascennvix dunder-meronos cpaBHerus (Takux Kak __req_ () WK
__rne__()), KOTOpbIe BaM ObLI0 ObI HEOOXOMMO peain3oBath. BMmecto atoro __1t_ ()
n__gt () orpaxaior Apyrapyra, _le () m__ge_ () OTpakaioT APyT Apyra,a__eqd_ ()
U __ne__ () OTpa)kaioT camu cebs. /lesto B TOM, 4TO cjaeaylouue OTHOLIEHUsT OCTaI0TCsI
UCTUHHBIMU HE3aBUCUMO OT 3HAYEHU B JIeBOU U MpaBoil yacTu onepaTopa:

purse > [2, 5, 10] TO Ke, 4yTO [2, 5, 10] < purse

°

® purse>=[2, 5, 10] TO XKe, 4yTO [2, 5, 10] <= purse
® purse==[2,5, 10] 1O XKe, 4TO [2, 5, 10] == purse
°

purse !=[2, 5, 10] TO Ke, 4yTO [2, 5, 10] != purse
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CPABHEHUS NOCNEQOBATE/IbHOCTEMN

I[Tpw cpaBHEHNH IBYX OOBEKTOB BCTPOEHHBIX TUTIOB TIOCIEI0BATETHHOCTEN (TaKMX,
KaK CTPOKH, CIIMCKU Wiin Koprexn) Python nasHagaer 6osiee BHICOKUI TPUOPHU-
Ter GoJiee PAHHIM 3JIEMEHTaM TI0CIe0BaTeIbHOCTU. [IpyruMu ciioBamu, OoJiee
TIO3/THUE DJIEMEHTHI CPABHUBAIOTCS TOJBKO B TOM CJIydae, ecu Oosiee paHHUE
2JIeMEHTBbI UMEIOT paBHbIe 3HaueHus1. Harpumep, BBeguTe caenyionuii parMeHT
B MHTEPAKTUBHO 060JI0UKe:

>>> 'Azriel' < 'Zelda'

True

>>> (1, 2, 3) > (0, 8888, 9999)
True

Crpoka 'Azriel nmpenmectByer crpoke 'Zelda' (To ecTh MeHbIIIE Hee), HOTOMY UTO
'A" mpexmectyet 'Z'. Koprex (1, 2, 3) cienyer nocie (0, 8888, 9999) (To ectb
6ouibiiie Hero ), moTomy uTo 1 6osbiire 0. A Tereps BBEAUTE CIIELYONTIE (hparMeHT
B MHTEPAKTHBHON 000JIOUKE:

>>> 'Azriel' < 'Aaron'’

False

>>> (1, 0, @) > (1, @, 9999)
False

Crpoxka 'Azriel' He mpemmecrByer 'Aaron’, moromy uTo, XoTs ajemeHT 'A' B 'Azriel’
paseHn 'A' B 'Aaron’, ciexyromuii anemenT 'z' B 'Azriel’ He mpemmiecTByer 'a’
B 'Aaron’. To xe orHOocuTest k koprexkam (1, 0, 0) u (1, 0, 9999): nepssie nBa
aJIEMEHTA KayK/IOTO KOPTeKa PaBHBI, moaToMy TpeTuit ajmemeHT (0 m 9999 coot-
BeTCTBeHHO) onpesersiet, uto (1, 0, 0) npemmectyet (1, 0, 9999).

TakuMm 06pa3oM, HaM MPUXOAUTCS TPUHATD TIPOEKTUPOBOYHOE PEIIeHNE OTHOCH-
tesbHO Kiracca WizCoin. [Tosker s 06berT WizCoin(0, 0, 9999) mipeiiecTBOBaTH
o6wexTy WizCoin(1, 0, 0) mm sxe ceoBath mocsie Hero? Eciii KommaecTBo rasuie-
OHOB G0JIee 3HAUNMO, YeM KOJIMIECTBO CUKJIeH Win KHaToB, TO 00bekT WizCoin(0,
0, 9999) nosmxen npeamecrsoath WizCoin(1, 0, 0). A MoKeT, 00BEKTBI OJKHbI
CPaBHMBATHCSI Ha OCHOBaHWUHU X 3HaueHwit KHaToB? Toraa o6bekt WizCoin(0, 0,
9999) (pasuo 9999 knaram) nosxken ciaenosath nocsae WizCoin(1, 0, 0) (pasno
493 xraram). B iporpamme wizcoin. py s Pl KCII0Ib30BaTh 3HAYeHIE 00hEKTa
B KHATaX, IOTOMY YTO TaKOe TIOBe/leHIe COOTBETCTBYET MIPUHITUIIAM CPABHEHUS
06bexToB WizCoin ¢ TeIbIMU YHUCTaMy W YHCIaMU C MIaBakolell TouKoi. Bam
NPUAETCS HEOAHOKPATHO IPUHIMATh MOO0OHBIE PENIEHIS TP TIPOEKTHPOBAHIN
COOCTBEHHBIX KIIACCOB.
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ITociie Toro kak Bbl peaynusyere dunder-merozpl cpasaennus, ¢pyukiusa Python sort()
ABTOMATIYECKH NCTIOIb3YET UX /LISl COPTHPOBKU 00beKTOB. BBeuTe ciiemyiommii par-
MEHT B MHTEPAKTUBHON 000JI0UKE:

>>> import wizcoin

>>> oneGalleon = wizcoin.WizCoin(1, @, @) # 493 kHaTa.

>>> oneSickle = wizcoin.WizCoin(@, 1, ©) # 29 kHaTOB.

>>> oneKnut = wizcoin.WizCoin(@, 0, 1) # 1 kHaT.

>>> coins = [oneSickle, oneKnut, oneGalleon, 100]

>>> coins.sort() # OTcopTupoBaTb MO BO3pacTaHui.

>>> coins

[WizCoin(@, @, 1), WizCoin(@, 1, @), 100, WizCoin(1l, ©, 9)]

B ta6u. 17.3 npuBeseH MOMHBIN CIIMCOK AOCTYIHBIX dunder-Meronos cpaBHeHusI.

Tabnuua 17.3. Dunder-metogs cpasHeHus 1 GyHKLUMM Moaynein operator

Dunder-meton | Onepauus Oneparop cpaBHeHUs r:;:'::: moayna
—eq__() PagHo == operator.eq()
_ne_() He pasHo I= operator.ne()
1t (O Memnbine < operator.1t()
_le_ () Membliie WM paBHO <= operator.le()
_8t_ QO Boubine > operator.gt()
_ge_ () BoJbiie nam paBHo >= operator.ge()

Peasnzaius aTux MeTOIOB JOCTYIIHA Ha https://autbor.com/wizcoinfull. Tloanoe onu-
canue dunder-MeTo10B cpaBHEHMsI IOCTYITHO B loKkyMenTaiun Python na https;//docs.
python.org/3/reference/datamodel html#object. It

Dunder-MeTozbl cpaBHEHUS TTO3BOJILIOT UCIIOIb30BATh OnepaTopbl cpasHenus: Python
¢ 00bEKTaMK Balliero kiacca (BMECTO TOTO, YTOOBI CO3/1aBaTh BaIIM COOCTBEHHBIE METO-
ner). Ecoii BT co3fiaeTe MeTOIbl ¢ MMeHaMU BUjia equals() wim isGreaterThan(), aTo
He IMUTOHNYECKUI CTHIIb U IPU3HAK TOTO, YTO BaM CTOUT MCIT0JIb30BaTh dunder-merost
CpaBHEHU.

Utorn

B si3pike Python 06bekTHO-OpHEHTHPOBAHHBIE CPEACTBA PEATU3YIOTCSA HE Tak,
Kak B JIpyrux si3bikax (Hampumep, Java uiau C++). BmecTo ssBHOTO onpejesnenus
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getter- u setter-meTon08 B Python mcrosb3yrorcst cBoiicTBa, KOTOPbIE MO3BOJISAIOT IIPO-
BEPSITH aTPUOYThI MJIU JEJTATh UX JOCTYITHBIMU TOJBKO JIJISI YTEHUS.

Python Tak:ke TO3BOJISIET TIEPETPYKATD OTEPATOPBI IpH oMot dunder-mMeTo10B, nMeHa
KOTOPBIX HAUMHAIOTCS U 3aKAaHIMBAIOTCS TBOMHBIMU CUMBOJIAMU TTOAYEPKUBAHUS __.
OcHoBHBIE MaTEMaTUYECKHE OTTEPATOPBI IEPETPYIKAIOTCS YMCIOBBIMU 1 OTPAKEHHBIMHU
uncaosbiMu dunder-meromamu. DT METOIBI ZAIOT BO3MOKHOCTD HCIIOJIb30BATh BCTPO-
enHble orepatopbl Python st paGoTsr ¢ 06beKTaMy CO3aHHBIX BaMU KJ1accoB. Eciu
METO/IBI He CTOCOOHBI 00pabOTATh THIT JAHHBIX 00BEKTA B IPYTOH YACTH OTIEPaTOPa, OHU
BO3BpAINAOT BCTPOeHHOe 3HaYeHue NotImplemented. Takue MeTO/bI CO3/1A10T 1 BO3BPA-
IAI0T HOBble 00beKTHI, TorAa Kak dunder-mMeTozabl IpucBarBanus Ha MecTe (KOTOpPbIe
MEPETPYIKAIOT PACIIUPEHHDIE OTIEPATOPDI TPUCBANBAHUS ) U3MEHSIOT OOBEKT Ha MECTE,
Dunder-mMeTopI cpaBHEHUST He TOJBKO Pean3yIoT IECTh OIIepaTopoB cpasHerust Python
111 00BEKTOB, HO U T103BOJIAIOT (pyHKIMK Python sort () copTiupoBaTh 00BEKTHI BaLIIX
Kaccos. g peannsanyu atux dunder-MeTon0B MOKHO BOCIIOIb30BATHCS (DY HKIIAMU
eq(), ne(), 1t(), 1le(), gt() u ge() moaynd operator.

Csoiictsa n dunder-MeTo/pl TOMOTAIOT MUCATH KIACCHI, KOTOPBIE XOPOIIO YUTAIOTCS U 10~
caeoBarenbHo paboraioT. OHn M36aBAT Bac OT HEOOXOAMMOCTH TINCATH 3HAYNTETbHBII
00beM 11abJIOHHOTO KOJIa, 4TO 00513aTeIbHO B IPYTUX sI3bIkax (TakuX Kak Java). Ecim
BaM 3axouercs GOJIbIle y3HATh O HAIMCAHUN MMTOHUYECKOTO Kozia, GoJiee oapoOHo
0 HEKOTOPBIX KOHIIEMIINAX 3TOU IJIaBbl (M HE TOJIbKO) paccKa3aHO B Tape MOKJIAI0B
Paiimonia Xerturrepa (Raymond Hettinger) Ha PyCon: «Transforming Code into
Beautiful, Idiomatic Pythons (https.//youtu.be/OSGo2VnC0Ogo/) u «Beyond PEP 8 —
Best Practices for Beautiful, Intelligible Code» (https.//youtu.be/wf-BqAjZbSM)).

06 s dextuBHOM Kconb3oBanuu Python emre MOXHO ckasaTbh 04eHb MHOTO. B KHI-
rax «Fluent Python» (O'Reilly Media, 2021) Jlyuano Pamasnbo (Luciano Ramalho)!
u «Effective Python» (Addison-Wesley Professional, 2019) Bperra Crnarkuna (Brett
Slatkin)? Gosiee MOAPOOHO PACCKAZBIBAETCS O CHHTAKCHUCE U MEPETOBLIX TPAKTHKAX
Python. 3Tu KHUTH CTOUT POUUTATH KAKIOMY, KTO X04eT GoJbiie 3HaTh 0 Python.

U Pamanvo JI. Python. K Bepimmam Mactepersa.

2 Caamxun b. Cexpersl Python. 59 pexomenganuii no Hanucauuio apGeKTUBHOTO KOJia.
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