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BBepenne

JlaHHasi KHUTA TTO3HAKOMUT Bac ¢ OCHOBAMU fI3bIKa MPOrpaMMUPO-
BaHusA Python. KoHeuHO, B 0ZIHOM KHUT'€ HEBO3MOXXHO PACCMOTPETH BCe
acCIleKThl ¥ HIOAHCHI 3TOTO SI3bIKA MMPOrPaMMUPOBAHUS, HO aBTOP IIPO-
Jlesiajl 3HauYruTeNbHYyI0 paboTy, cTapasch MaKCMMaJIbHO OCBETUTH ero bOa-
30Bbl€ BO3MOXKHOCTH.

Bce McxomHbIe KOJBI TPUBEEHHBIX B KHUTE IIPUMEPOB MOXXKHO CKa-
JaThb U3 pemo3uTopus aBTopa: https://github.com/MADTeacher/
python_basics. [l ux 3amycka BaM ITOHAZ00MTCA open-source 3KOCH-
crema Anaconda c Bepcueti Python 3.8 wnu crapiiel, koTopas BKIrO4aeT
B cebs TakoW MHCTPYMeHT, Kak Jupyter Notebook, a Takke MHTErprupo-
BaHHas cpefa pa3pabotku PyCharm2. X ycTaHOBKa, HACTPOUKA U HC-
I0JIb30BaHUE He MPeJCTABAIT CI0KHOCTH, TIO3TOMY U He paccMaTpH-
BAIOTCA B JaHHOM KHUTE, HO €CJIM Y BaC BO3HUKHYT KaKue-TO TPYAHOCTH,
TO B CETH UHTEPHET JOCTATOYHO MaTepuasa AJjis UX pelleHu.

OTO cZeIaHo CIeIUaNnbHO, TaK KakK B Iporiecce paboTHI B IFOOOM opra-
Hu3auu (Ja gake HaZ yIIpa)kHEHUSAMU JaHHOU KHUTU) BaM BCE PaBHO,
TaK WIN WHa4e, IPUAETCS OCYIIECTBIATh MMOUCK HYKHOU MHPOpMaU
B MHTepHeTe. HeBakHO, KaKyl0 MO3ULIMIO B JaJbHelIlIeM NpueTcsa 3a-
HUMAaTh, OT YMeHUsA OBICTPO HAUTU Ty WHGOPMAIIUIO, KOTOPAs MTO3BO-
JIUT PEIIUTh BO3HUKAIOIIME TTPOOIeMbl, OyZeT 3aBUCETh OYEHb MHOTOE.
1 UMeHHO B 3TOM MecTe KpoeTcs IepBas JIOBYIIKA, B KOTOPYIO Ioma-
JAaI0T HAaYMHAIONIME pa3pabOTIMKU — OHU 0Oe3yMHO KOTHUPYIOT HaU-
JIEHHBIM KOZ ¥ TIEPEHOCAT eT0 B pabouunii mpoeKT. [TycTh Ha HaYaJIbHBIX
CTaZUAX 3TO W TIOMOXKET JBUTATHCSA OBICTPBIMU IIaTaMH, HO BHI aXKe
He Ipe/icTaBsgeTe, Kakylo 60MOy 3aMeJIEHHOTO AeHCTBUA MTOAKIIAIbI-
BaeTe BCeM ydyacTHUKaM IpoekTa. KoHeuHO, ecTh code review, ofHOU
13 3a/]la4 KOTOPOTO ABJSAETCSA MOUCK TaKMX MOMEHTOB. Ho Bce MBI JitoAu
1 UMeeM CBOMCTBO omnbaTbesa. Oco6eHHO, KOr/ia TPeIaT CPOKU ITPOEK-
Ta U MPUXOAUTCS TIOCTOSTHHO 33/IEP’KUBATHCA Ha paboTe, YTOOBI yCIIEeTh
B 0003HAaYE€HHBIN JOTOBOPOM CpPOK. K TOMY ke B Takue MOMEHTHI 3a-
yacTyio He 0 code review. I masno Toro, eciu cbopka mpoekTa Oyzer
1aZaTh C yKa3aHUEM OMIMOOK Ha Balll KYCOK KOZa, BBl HE CMOXKETEe OTBe-
TUTB Ha BOIPOC: «YTO 3TOT KOZ, B IeHICTBUTEIBHOCTH JlejlaeT?» (a He Ka-

1 Ona gocrynHa A/151 ckaunMBaHuA 1o ccblike: https://www.anaconda.com/products/
individual.

2 https://www.jetbrains.com/ru-ru/pycharm/download/



Kylo Bamry npobsemy oH pemiuia). [loaToMy, eciu XOTUTe TlepeHeCTU
HalIeHHBbIN KO/ B IPOEKT, He KOMMPYITE ero, a IepernevyaTbiBaiTe BpyY-
Hyt0. /la, 3TO MeZjieHHee, HO 3TO TO3BOJIUT BaM MMETh IIpe/icTaB/eHue,
YTO K€ Ha CaMOM /[ieJie IPOUCXOAUT (WU HAaWTU OMUOKM), a HE BEPUTh
Ha CJIOBO TOMY 4eJIOBEKY, KOTOPBIM BBUIOXKWJI 3TOT KO/, B OTKPBITBIN
ZIOCTYTI.

Tenepp KOCHeMCA yIpakKHEHUH K paszenaM. YIpaKHeHUsd K TeMaM
¢ 1 mo 7 mpeAHa3HavYeHHI [JI BHITIOJTHEHUA OAHUM 4YeloBeKOM. Bbl U fa-
Jlee, KOHEYHO, MOXKeTe IPOOIKATh BBHITIONHATh yIpaKHEHUS B OZAU-
HOYKY, HO JIy4Ille CKOOTIEPUPOBAThLCSA C KEM-HUOY/Ab U BBHITIOJTHATh UX,
KaK MUHHUMYM, B ITape. DTOT OIBIT BaM IIPUTOJAUTCS B AadbHEUIIEM, I10-
CKOJIbKY pa3paboTKa COBpeMeHHbIX MHPpOPMAIIMOHHBIX CUCTEM BeJETCS
KOMaH/IOH, a He ofHOYKaMu. TakuM o6pa3om, paboTas B T1ape, Bbl Ha-
yUUTECH:

1) JeKoMIIO3UPOBaTh 3a/]Ja4M, YTOOBI UX MOXXKHO OBLIO BBHITTOJHSATH
napasuiesbHO, a 1Mocjie MHTerpUpPOBaTh B OAHO MPUIOKEHUE;

2) paboTaTh B KOMaH/le, YTO IIOJIpa3yMeBaeT IOCTOSTHHOE 00CyK/e-
HMEe BO3HUKAIOIIMX TPYAHOCTEN U HaxoXKJAeHHe KOMIIPOMHCCA OTHOCHU-
TeJIbHO UX pellleHus. Tak, HampuMep, /i Hadajia IMoMpoOyiTe J0TOBO-
PUTHCS O CTIIE KOAMPOBAHUS, KOTOPOTO OyZieTe Mpuaep:KuBaThcs (WIn
BO3bMUTE 32 OCHOBY PEP 8);

3) TaliM-MeHeIKMEHTY, a UMEHHO IIpeJIBapUTENbHON OlleHKe Heo0-
XOZIMMOT'O BpEMEHH /IJIA PeIleHNs 3a/la4 1 yIIpaXkHeHus B 1iesioM. He re-
peXXUBalTe, eCay MMOHAYaMy He OyZeT MmosyvdaThcs. Bce /€10 B OIbITE
(u Barma 3aa4ya — ero MoJIy4uTh).

Camo cobo, 3TO ellle He BeCh CITMCOK TOTO, KAKOU OIBIT BhI TOJIY-
YUTE MPU BBHITTOJIHEHUHW yIPaXKHEHUM C KEM-TO, a He B OIMHOYKY, TaK
KaK ¢ co00l JOTOBOPUTHCS HAMHOTO IPOIIE, YEM C IPYTUM YETOBEKOM.

B mepBoO#1 TeMe KHUTU 3aTparuBaloOTCsA TaKve MOMEHTHI, KaK: BCTPO-
eHHbIe ITepeMeHHble, MEHEI)KMEHT MaMATH, IobaibHas 0J0KUPOBKaA
VHTepIpeTaTopa, UHTEPHUPOBAHHbIE OOBEKTH U 3aUY€M OHU HYKHHI,
a Tak)Xe 1Mo4yeMy IPUHATO CYUTaTh, YTO B Python HeT nmepemMeHHBIX.

BTopas TeMa mocBsiieHa cuHTakcucy Python. B Heit paccmaTpuBa-
eTcs, KaKue olepaTophl CyIIeCTBYIOT M KaK MCIIOJNb3yIOTCA, ITpaBuia
VMeHOBaHUA MIepeMEeHHbBIX, YPOBHU OTCTYIIOB, YTO TaKOoe BETBJIEHUE
Y [IWKJIBL, I 9eTO UCIIOIb3YETCsS MPOTOKOJ UTepaIruy, Kak OH paboTa-
eT U T. .

B TpeTbelil TeMe peub noigeT 0 GYHKIIUAX U BCEM, UYTO C HUMU CBsI-
3aHO: 006JIaCTAX BUAMMOCTH, 3aMbIKaHUAX, aHHOTAI[UAX, TeHepaTopax,
JleKopaTopax u T. [I.

YeTBepTasa TeMa MPUOTKPHIBAET 3aBecy TallH HaJ, MOAY/ISIMU U MaKe-
TaMM, OIMCHIBAET, KAK OHU UMIIOPTUPYIOTCA U YTO IIPH ITOM IIPOUCXO-
[IUT, a TAaK)Ke CIIOCOOBI UX CO3/IaHUS.

B msToOM TeMe pacCMaTpPUBAETCs, YTO TaKoe 0ObEKTHO-OPUEHTUPO-
BaHHOE MPOrpaMMMpPOBaHUE U TO, KaK ero KOHILEeNIUU (MHKaMCyIaLIus,
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HacseloBaHue U noauMopdusm) peanuszoBaHbl B Python. Kakue cye-
CTBYIOT pasjnuus MeX/y: KJIaccoM U 3K3eMIUIIPOM Kjiacca, lepeMeH-
HoU (MeTo0M) Kjiacca U 9K3eMIUIIPOM KJjacca U T. .

B miecToii TeMe 3aTparvBaeTcsa TaKOU acIeKT BCeX COBPEMEeHHBIX
A3BIKOB IIPOrPaMMUPOBAHUA, KaK UCKIIOYEHMA, KOTOPBIe ABJIAIOTCA BbI-
COKOYPOBHEBBIM MeXaHU3MOM YIIpaBIeHUs IOTOKOM BBITIOJTHEHUA U MO-
T'YyT T€eHepUPOBAThCA UHTEPIPETATOPOM MIU CAMUM MPOTPaAaMMUCTOM
«BPY4YHYIO».

B ceapmoii TeMe 0OCy:XIal0OTCA MHOT'OTIOTOYHOE, MHOTOIIPOIIECCOP-
HOEe ¥ aCHHXPOHHOE IMPOrpaMMUpOBaHue CpeACTBAaMHU A3bIKa IIPOTrpaM-
MupoBaHus Python, ux pasznmuuusa U cuTyaluu, B KOTOPBIX UX CleJyeT
HCIIONIb30BATh.

B BocbMoOIi TeMe paccmarpuBaeTcs pabora ¢ 6ubnmorekoit PySide2,
KOTOpasi MO3BOJISIET pa3pabaThIBATh MPWIOKEHUS € rpadUIECKUM TIOJTb-
30BaTeIbCKUM MHTepdelicoM U ABIAeTCS obUIINaTbHON peanu3anuei
kpoccruiardopMmeHHoro ¢ppeiimBopka Qt A Python, pasButue KoTopoit
noagepxxkuBaetrcsa The Qt Company.

JleBsiTast TeMa — ceTeBOe MporpaMMUpoOBaHue cpeicTBamu Python,
6a30Bble TTPOTOKOJIBI OOMeHa aHHBIMU C YCTaHOBJIeHWEM U Oe3 ycTa-
HOBJIEHUS COeIMHEHUA MeX/y KINEeHTaMU U CEPBEPOM.

B pgecaroii TemMe paccmaTrpuBaeTcs paboTa ¢ BCTPO€HHOM pessalroH-
HOU 6a3oit JaHHBIX — SQLite, cpeacTBaMu Moays sqlite3.

B oamHHaALIaTON TeMe paccCMaTPUBAIOTCA CIIOCOOBI TECTUPOBAHUS
pa3pabaThIBaeMbIX MTPUIOKEHUN Ha A3bIKe MMporpaMMupoBaHus Python
1 HEKOTOPble UHCTPYMEHTHI /I 3TOTO.

Xouy BBIPA3UTh OTPOMHYIO OJ1aT0ZIlapHOCTh CBOM HEBECTe, YUeHUKaM
(AnTOHOBY AJiekcaHZpy, beikoBy Asekcero, /lyky ['epmaHy, HaropHsix
Makcumy u TBapmoBckoMmy ['eopruio) 3a oka3aHHYIO IIOMOIIb U IOA-
JIep>KKY B IIpoliecce HallMCaHUA JaHHOUW KHUTHU.

B pe3ynbTaTe U3ydeHUs: MaTePUAIOB JAHHOTO Y4eOHOTO TTOCOOUs 06-
ydarouyecs A0KHBI:

3Hamo

e CTaHZAPTHbIE MOJYIU A3bIKa MporpaMMupoBanus Python,

e OCHOBHBIE THUIIBI, CTPYKTYPHI IAHHBIX U 0COOEHHOCTU PAabOThI C HUMH,

® CHUHTAKCHC A3bIKa IPOrPaMMUPOBAHUS,

e KJIIOYEBBIEe 0coOOeHHOCTU MHTeprpeTaTopa CPython;

ymemo

® IIPUMEHATDb CTAHJAPTHBIE CTPYKTYPHI JAHHBIX IIPU pa3paboTKe IPUIIIOKe-
HUU,

e paspabaTeiBaTh MHOT'OIIOTOYHBIE, ACHHXPOHHbIE 1 MHOTOIIPOLIECCOPHBIE
MIPUJIOKEHNS,

e pa3pabaTeIBaTh MPWIOXKEHUA C rpadUIECKUM II0Tb30BATENbCKUM UHTED-
deiicom,

e IKCATh TECTHI JI IPOBEPKU ITPABIWIBHOCTH QYHKIIMOHUPOBAHUA pa3paba-
ThIBa€MBbIX IIPWIOKEHUH,
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e paspabaThiBaTh MPUIOKEHHA, YCTONUYMBbIE K BO3HUKAIOIIUM OIINHOKaM
B IIpoliecce Ux paboThI,

e paspabaThIBaTh MPUJIOKEHUSI, CIIOCOOHBIE B3aMO/IEHCTBOBATh MEK/Y CO-
0011 T10 CeTH;

enadems

e OCHOBHBIMM IIPUHIIUNIAMU 00HEKTHO-OPUEHTUPOBAHHOI'O ITPOTPAMMHUPO-
BaHU,

e HaBbIKAMM Pa3pabOTKU MHOTOIIOTOYHBIX, aCHHXPOHHBIX ¥ MHOTOIIPOIIEC-
COPHBIX IPUJIOKEHUH,

e HaBBIKAMH PabOTHI C UCKIIOUEHUAMHU,

e HaBBIKAMU pa3pabOTKU KJINEHT-CEPBEPHBIX MIPUIOXKEHUH,

e OCHOBaMHU T€CTHUPOBAHUS IPUIOKEHUI.




Tema 1
KPATKAA UCTOPUA PYTHON,
EF0 OCOBEHHOCTU U TUNbI AAHHDbIX

B naHHOI TeMe OyAyT pacCMaTPUBATbCA MCTOPHUS CO3JAHMS S3bIKa
IporpaMMHpoBaHus Python, akTyaabHOCTh Ha TEKYIIWI MOMEHT BpeMe-
HM U pa3jMyHble HIOAHCHI €TI0 peaju3allii, ¢ KOTOPBIMH JIyYIlle ITO3Ha-
KOMUTBCS 0 TOTO MOMEHTa, KaKk HauHeTe Ha HEM IIPOTPaMMHPOBAaTh.
K TakyM HIOAHCaM OTHOCSTCS: I7Iob6abHasA 6JJIOKMPOBKA MHTEPIIPETATO-
pa Impy HaIIMCaHWH MHOTOIIOTOYHBIX IIPOTPAMM C pas/eiieMbIMH PeCyp-
camu Ha CPU, ciocob xpaHeHUs 3HAUeHUU «llepeMeHHBIX» U T. [I.

Taxke paccMaTpuBalOTCs 6a30Bble BCTPOEHHbBIE TUITHI JaHHBIX Python
U CIIOCOOBI pabOTHI C HUMH.

B pesysibTaTe U3y4eHUs JaHHOU TeMbI 00yJatonuecs JOIKHBI:

3Hams

e VCTOPWIO pa3BUTHUS sA3bIKa MMporpaMMupoBaHus Python,

e BCTPOEHHBIE THUIIbI, CTPYKTYPHI JaHHBIX U 0COOEHHOCTH pabOThI C HUMH,
e KJIFOYEBBIE 0OcOOeHHOCTH uHTepnperaTopa CPython;

ymemo

e TIPUMEHATDb Pa3IUYHbIE ONEPAIH K TUTIaM U CTPYKTYpaM JaHHBIX,

e paboTaTh C TepeMeHHBIMU U3MEHAEMOTO U HEU3MEHAEMOTO TUIIA TaHHBIX;
enadems

e HaBBIKaMM pabOTHI C IepeMeHHbIMU U3MEHSIeMOT0 TUIIa JaHHBIX,

e OCHOBHBIMH METOJaMU PAbOTHI C CYIIECTBYIONMMH TUIIAMU JaHHBIX.

1.1. KpaTkas ucropus asbika nporpammupoBanus Python

Python — uHTepripeTHpyeMbIii A3bIK IPOrPAMMUPOBAHUS C HESIBHOM
JVHaMW4YeCKOM TUMM3auue, neppasd Bepcrsa KOTOporo Beiuuia B 1991 r.
ABTOp f3BIKAa — HUZEPJAHACKUU NporpaMMucT I'Buzio BaH Poccym
(puc. 1.1), B Python-coobiiecTBe 60siee N3BECTHBIN KaK «BETHKOAYIII-
HBIM TTOXKU3HEHHBIN AuKTaTop» (Benevolent Dictator For Life (BDFL)),
MTOJIHOMOYHS KOTOPOT'O OH CJIOKWI ¢ cebs B utosie 2018 r. Tepmun BDFL
MPUMEHSETCA K OCHOBATENIO MPOEKTA, KOTOPHIN OCTaBdeT 32 COOOU
IIpaBO Ha OKOHYATeJIbHOE MPUHATHE pelleHus (fobasneHre GyHKIMNO-
HaAJIbHOCTHU, Pa3BUTHE apXUTEKTYPHI IIpoeKTa U T. .). HazBanue Python
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A3BIK TIPOTPAMMUPOBAHUA TOMYYWUI B 4eCTh KOMUK-TPYIIEI M3 Bemnko-
6putannu — MownTu [latiton (Monty Python).

Puc. 1.1. Teupo BaH Poccym

Ha Texyiiuii MOMEHT BpeMeHU CYIIeCTBYET /IB€ BEPCUU s3bIKa IPO-
rpamMupoBanui: python3 (Bepcus 3.0 Beiuia B 2008 1., a HA MOMEHT Ha-
MMCaHUA MOCOOUs akTyanbHas Bepersi — 3.9) u python2 (Bepcus 2.0 BbI-
nuia B 2000 1., a «aKkTyanbHasas» Bepcusa — 2.7). IIpu atom python3 B psze
cyTy4aeB 0OpaTHO He COBMECTHM C IIPebIAyINel Bepcrei a3bika. TakuM 06-
pasom, HaunHasa ¢ 2008 roza Python-coobiriecTBo ObLIO pa3zaeeHo Ha JBa
Jlareps, MOCKOJIbKY OOJIBIIMHCTBO KOMITAHUY HE MMEIO BO3MOXXHOCTH OT-
Ka3aTbcs OT legacy-Kofia v GMOIMOTEK B TEX MPOEKTAX, KOTOPhIE OBUTH YIKe
3amyIeHs! (MOAZePKUBAINCH) Y MIPUHOCKIN ITPUOBUTH, B YTOAY TIOJTHOMY
mepeHocy Ha python3. Hauunas ke ¢ 2020 r. 66118 0QHUIIUATBHO TIpe-
KpaleHa mnogzep:xka python2 [1], B cBsi3u ¢ 4eM COOOIIECTBO TIEPECTATIO
YCTPaHATb KPUTHUYECKHE OMTMOKY U YI3BUMOCTH B IAHHOU BEPCHUM SI3bIKA
MIpOrpaMMUPOBaHUSA U MOJHOCTBIO TIEPEKJTIOYMIOCh Ha pa3BuTue python3.

CornacHo unzaekcy TIOBE [2], KOTOPBIM pacCUUTBHIBAET MOIYJIAD-
HOCTBb f3bIKa NPOTPAaMMUPOBaHUA HA OCHOBE MOUCKOBBIX 3aIpo-
coB Tuma: «+"<language> programming"», B8 2019 r. Python Bbimen
Ha 3-e MecTo (1 MpoZAOIKAET 3aHMMAaTh ero, CM. puc. 1.2), ycTymas Tob-
ko Java u C [3]. A 1o ZaHHBIM aHajauTH4YecKoil komnaHuu RedMonk,
KOTOpasi OpUEeHTUPYETCs B CBOel paboTe Ha pa3pabOTIYNKOB ITPOTPaMM-
Horo obecrneyeHwus, B suBape 2020 r. Python BeImen Ha BTOpoe MeCTO
IO TIOMY/ISAPHOCTU CpeAy SI3bIKOB MTPOrpaMMUPOBAHUA, YCTyHas TOIbKO
JavaScript [4]. RedMonk xe dopmupyet cBoi UHEKC MOMYIAPHOCTU
Ha ocHOBe 6a3wl JaHHBIX GitHub Archive ¢ ee mepekpecTHOM TpOBEPKOU
o 6a3am Stack Overflow.
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Puc. 1.2. TlonynapHocTb A3bIKOB NporpammupoBanua ¢ 2002 no 2020 r.,
cornacHo unpaexcy TIOBE [3]
Java; == C; Python; C+ +; === C#; === Visual Basic;
JavaScript; === PHP; === SQL; R

[To ganubIM (puc. 1.3), mpeAcTaBJeHHBIM B aHAJIUTUUYECKOU CTaThe
Stack Overflow (mepeBoz cTatbu AOCTyIEeH B [5]), MOXXHO CYAUTH, YTO
pocT nonyapHocTu Python nmpuriesncs Ha mepuoz 2012—2014 rr. u cBs-
3aH B MIEPBYIO O4Yepeib C UHTepecoM pa3paboTYMKOB K chepaM aHATU-
TUKU JAaHHBIX, HEHPOHHBIX CETEH, MAaITMHHOTO O0yYeHUs 1 KOMITbIOTEP-
HOro 3peHus. Tak, HarpuMep, OMOIMOTEKA A/ aHaIu3a U 00paboTKU
JaHHBIX Pandas goBoabHO 6BICTpO Habupasa momnyasipHocTh: B 2011 T.
Ha Hee MPAKTUYECKU He MPUXOJUIOCh HUKAKUX 3alPOCOB U3 00IIero
Tpaduka cepBUca, OJHAKO HA MOMEHT MyOJUKaLlMU CTaTbU KojInde-
CTBO 3ampocoB Bo3pociyio Ao 1 %. Takas ke AMHaAMUKaA Hab0aeTcsa
mo 6ubnmorekam numpy u matplotlib. [TpuBeseHHasa cTaTUCTHUKA CBU-
JIETETLCTBYET O TOM, 4TO pa3BuThe Python Gosbiie cBA3aHO ¢ 061aCTHIO
Computer u Data Science, a He ¢ Be6-pa3paboTKOii.

Based on visits to Stack Overflow questions

from World Bank high-income countries
1,00 %

0,75 %
0,50 %

0,25 %

% of Stack Overflow questions
views per month

0,00 % Time
2012 2014 2016 2018

Puc. 1.3. MpouenT ot 06wwero Tpaduka 3anpoco cepBuca Stack Overflow no 6ubnuorexkam

Python B nepuop ¢ 2012 no 2018 rop,
=== Pandas; === Django; === Numpy; === Matlotlib; === Flask
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Takoii poct momynapHocTy Python cBA3aH mpex/e Bcero c ero mpo-
CTOTOM, OONBIINM KOJMYECTBOM Pa3TUYHBIX OUOIUOTEK, YIOOHBIMU
CpeZCcTBaMU pa3BepPTHIBAHUA U TECTUPOBAHUA NPUWIOKEHUN. DTO IO-
3BOJIsIeT B Oojiee KOPOTKHE CPOKM IIPOBEPUTh BO3HUKAaIOIINeE Y pa3pa-
6oTunka ugen wiu paspaborats MVP (Minimum Viable Product) — mu-
HUMAaJIbHO JKM3HECIIOCOOHBIN MPOAYKT, KOTOPHI MOXKHO INpPe/CTaBUTh
MIOTEeHLIMAJIbHBIM WHBECTOPAaM WX 3aKa3yMKaM CTapTara.

Cama cb6opka mpoekTa, HanmucaHHoro Ha Python, ocymecTtBiasercs
cieayronM o6pa3oM. B MOMEHT 3aITycka MUCXOZHOT'O KOJIa OCYIIEeCTBIIA-
eTCs ero KOMIWIALUA B «0alT-ko» (HU3KOYpOBHEBOE U He3aBHUCUMOEe
oT 11aTdOopMBbI ITpe/icTaBIeHN e UCXOHOTO KO/ia), TTOCJIe Yero OH Iepe/ia-
eTCA Ha UCIIOJTHEHUe «BUPTyaJbHOU MalllvHe» [6]. DTo Mo3BOJAET pa3pa-
O6aTeIBaeMOl porpamMme (HamMCaHHOMY CIIEHAPUIO) BBITIOMHATHCS ObI-
cTpee, 0c0OOeHHO MPpHU MOCAeAYIOUIUX 3amyckax. [Ipy KOMIWIALNY Koja
Python coxpansieT ero B mpoMeXyTOUHbIe Gailyibl C paclIpeHueM «.pycs
(CKOMITWIMPOBAHHBIN UCXOAHBIN daiin .py). Jlo Bepcuu 3.2 3T IpoMe-
’KyTOouHble $alibl XpaHWINCh B OZHOM KaTajiore ¢ mpoekTom. Temepb
’Ke JJIsT HUX B KaTaJioTe IIPOeKTa CO3/aeTcs MoAKaTanor «__pycache_ ».
[Ipu ciexytoleM 3amycke nporpaMmbl Python 3arpysut daiiisl «.pycs
Y MPOIyCTUT IIar KOMIWIAILUYN IPU YCIOBUU, YTO UCXOJHBIA KOJ, IIPO-
eKTa He U3MEHSUICT TI0CJIe TOT0, KaK OalT-Koz OBLT COXpaHeH, U 3aITyCcKa-
eTcsl TOU ke Bepcuedt Python, koTopas co3zaBasa 6aiT-Koz.

BupryanbHas mammHa Python (Python Virtual Machine, PVM) mipea-
cTapsieT co60¥ OOBIION 3aKOAUPOBAHHBIN ITUKJI, TPOXOAAIINHN 110 HUH-
CTPYKIIUSIM TIOCTYyTIAIoIIero B Hee 6aiiT-koza. PVM 1o cBoeit cyTu — uc-
MOJTHAIOIINK MeXaHN3M, KOTOPBIU Bcerjia MpUCyTCTBYeT B BUZE YacTU
cucteMbl Python u npeacraBisgeT co60if KOMIIOHEHT, KOTOPHIU TIO-
HACTOAILEeMY BBIIIOJIHAET II0ZaBaeMble Ha BX0OZ ciieHapuu. Mimenno PVM
U ABJIAETCA MOCJeAHUM 3B€HOM TOT'0, YTO Ha3bIBAETCA «UHTEPIIPETAaTOP
Python».

Ha faHHBI MOMEHT BpeMeHU MO>KHO BBIIEIUTh CJIEAYIOLIHe pealu-
3anuu s3bika Python.

1. CPython — nepBoHauasbHadA U cTaHAapTHAA peanusanysd Python,
mosToMy OykBy «C», KOTOpasi yka3elBaeT Ha To, yTo CPython HammcaH
Ha nepeHocuMoM fA3biKke ANSI C, 3a4acTyro He OIlyCKaloT.

2. Jython — anprepHaTuBHaa peanusaiusa A3bika Python. Jython
KOMIWINpPYeT UcXoAHbIHN Koz Python B 6aiiT-kog Java (6eciioBHas MHTe-
rpauus, I0o3BOJIA0IIAsA UCIONIb30BaTh clieHapuu Python B npunoxenu-
AX, HalIUCaHHBIX Ha Java), IIocJie Yero Mo/jaeT ero Ha BX0/, BUPTYaJIbHOMI
matuHe Java (Java Virtual Machine, JVM).

3. IronPython (Python ama .NET) — peanusanusa Python, cxoxas
1o cBoe koHuenuuu c Jython, Tonbko A1 rwiatdopmbl .NET.

4. Stackless — peanmuzauus crangaptHoro sf3bika CPython, opuen-
TUPOBAHHAs Ha Mapasuieu3M U npegiaratoiias s¢pdeKkTUBHbIE BapUaH-
Thl MHOT'OIIPOI[€CCOPHOM 06pabOTKU BBITIOJIHAEMOI'O KO/A.
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5. PyPy — peanuzanusa cranzaptHoi cuctembl CPython, koTopas
OpHEHTHPOBaHa Ha IMPOU3BOAUTENbHOCTh. PyPy mpeziaraet 6bICTPYIO
peanm3zaruio Python ¢ JIT-komnuasstopoM (just-in-time), ClIOCOOHYIO BBI-
TOJIHATh HEHA/IeXKHBIU KOZ, B 3alluilleHHOU cpezie. [TomuMo aToro, AaH-
Has peanusaius Python nmo ymosmuanuio BkitodaeT noagepxkky Stackless
Python.

B cieaytomem paszesne OyayT pacCMaTpUBaTLCSA HEKOTOPHIE 0COOEH-
HOCTH peanu3aiiuu uHrepnperaropa CPython (3.7). YacTb U3 HUX MOX-
HO BCTPETUTH B IPYTUX peann3alysax, a HeKOTOpble creluUIHbI TOJb-
KO /IJI JAaHHOW peamn3aliyiu A3blKa IPOrpaMMHpPOBaHUS.

1.2. B Python Bce aBnaetca o6bekToM

Kak y»xe obcyxzganock paHee, B Python Bce saBnsgeTcs o6bekTom! [la-
BaliTe MMPOBEPUM 3TO, UCIIOIb3Ys CIeAYIOMIUI KOJ:

i=>5
print(isinstance(i, object))
True
print(isinstance('0o', object))
True
print(isinstance([2, 4, 't'], object))
True
print(isinstance({'a': 3, 'b': 5}, object))
True
print(isinstance((2, 4, 'w'), object))
True
def test_func():
pass
print(isinstance(test_func, object))
True

Kaxxapiii 06beKT Python XpaHUT Kak MUHUMYM TPU BU/A JaHHBIX:

— CYETYMK CCBhUIOK, KOTOPBIU yIIpaB/sieT BpeMeHeM KU3HU 00beKTa
B IIAMATH;

— THII: U3MEHSIEMBIN WIN Heu3MeHAEMbIH;

— ¢dakTuyeckoe 3HaUeHUE, K KOTOPOMY MOXKHO 0OpaTUTBCS 10 UMe-
HU O0OBEKTA.

1.3. B Python HeT nepemeHHbIX

[TepemenHble B Python mosHOCTBIO OT/IMYAIOTCA OT TOT'O, YeM OHU
apnsatored B C++ win C. [To dakTy ux HeT! BMecTO mepeMeHHBIX HC-
MOJIB3YIOTCA UMeHa. Yalle Bcero, roBopa O IIepeMEHHBIX, [10ApasyMe-
BalOTCA UMEHHO MMeHa, I03TOMY Ba)KHO ITOHMMATh pasHuuy [7, 8]. Jna
Havasia pa3bepeM, YTO TaKoe ITepeMeHHbIE B paMKaX sI3bIKa IIPOrpaMMU-
poBaHus C 1 Kak OHU paboTalor.
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HpI/I BBITIOJTHEHVU KOZA THUIIA:
int val = 15;

IporpaMma oTpabaThIBaeT CIeAYIOIIHe dTAIIb:

1) BBIZENEHUE MaMATH;

2) 3anuch B BbIZIEJIEHHYIO TAMATh 3HAYEHUS;

3) orobpakeHHe TOTO, YTO IepeMeHHasA ¢ UMeHeM val yKa3bIBaeT
Ha 3TO 3Ha4YeHUe.

B mamMATHU 5TO MOXKET BBIIVIAZETh TaK, KaK [IOKa3aHo Ha puc. 1.4.

val

Anpec Ox5al
3HayeHue 15

Puc. 1.4. XpaHeHue 3HaueHUA nepemeHHoON B namaTth B (++

Eciu B nmocdimeayrmem HepeMeHHOﬁ val IMpruCBarBa€TCA HOBOE 3HaA-
YEHMUE!

val = 255;

TO OHO TepemnulleT XpaHdlleecs Mo agpecy Ox5al crapoe 3HayeHue 15.
Teneps obsacTh maMATH OyZeT BbIVIALETH TaK, Kak IOKa3aHo Ha puc. 1.5.

val

0Ox5al
255

Anpec

3HadyeHue

Puc. 1.5. U3meHeHUe 3HaYeHUA nepemeHHoil B (++

OTO O3HaudaeT, YTO epeMeHHad val — u3MeHsAeMas, U GpakTUIeCcKu
MPOUCXOAUT paboTa ¢ 061aCThI0 TaMATH, HAa KOTOPYIO OHA CChUIAETCS.

Eciu 06bABUTD HOBYIO TIEPEMEHHYIO0 Y MHUITUAIN3UPOBATh ee 3Have-
HUEM, XPaHANIUMCS B TepeMeHHOH val, To 6yzeT BbIIeJIEHO MECTO IO/
HOBOE YMCJIO U TI0 a/[pecy BhbIZIeJIeHHOU MaMATH 3alullleTcs 3HauyeHue,
xpaHseecs B val (puc. 1.6):

int new_val = val;

val new_val

Anpec

Ox5al

Anpec

0x5a5

3HayeHUe

255

3HauyeHUe

255

Puc. 1.6. 06bABNeHMe HOBOI NepemeHHoMn B (++

ObpaTvTe BHUMaHMe Ha TOT QaKT, YTO MPOU3OIIO BbIAENEeHNE TIa-
MATH [0/, HOBYIO IIepEMEHHYI0, U OHa He CChLIaeTcA Ha 3HaYeHue, xpa-
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Hslleecs TI0 aZipecy IlepeMeHHOM val, a caMa XpaHUT ero. V1 mepe3anuich
3HaYeHUsA mepeMeHHoM new_val (puc. 1.7) MOXKHO IIPOU3BOAUTH O3 ora-
CEHUS TOT'0, YTO U3MEHUTCS 3HaUeHUe, XpaHsAllleecs B lepeMeHHOoM val:

new _val = 47;

val new_val
Anpec Ox5al Anpec 0Ox5a5
3HaueHUe 255 3HaueHUe 47

Puc. 1.7. U3meHeHune 3HaYeHUA HOBOW nepemeHHoON B (++

Ha Teky1iem aTarie 3alilOMHUTE, YTO ITPU U3MEHEHUY 3HaYeHUs Iepe-
MEHHOM ajipec, Ha KOTOPBIM OHA CChLIAETCs, He TIOMEHSICSI. DTO BaXKHO
JUIST IOHUMAaHMS TOTo, Kak ziesia obcroAT B Python (CPython).

Terepb Ha Tex ke caMBIX IIPUMepPaAxX PacCMOTPUM, YTO IIPOU30UET
MIpY HaTMCAaHUU aHAJIOTMYHOTO Kozia Ha Python. IIpu BeImoOTHEHUY Koa:

val = 15

uHTepnperatop CPython oTpaboTtaeT cieayrolye Tarb:

1) cosgact PyObject;

2) mpucBout PyObject-y typecode;

3) B PyObject 3anuceiBaeTcs 3HaueHue 15;

4) coszaerca UM val;

5) val ykaseiBaeT Ha HOBbIN PyObject;

6) cueTuyuk ccpuUioK PyObject-a yBennuuBaetcsa Ha 1.

PyObject xapakTepeH ToibKo ayns CPython u sBasieTcsa 6a3oBoit
CTPYKTYPOM /11 BceX 0ObEKTOB:

typedef struct _object {
_PyObject_HEAD_EXTRA
Py ssize_t ob_refcnt;
struct _typeobject *ob_type;
} PyObject;

YacTh 00BEKTOB PACIIMPSAIOT JaHHYIO CTPYKTYPY, 100aBisAs HeobXo-
JMBIE TI0JIs1, HO ob_refcnt (cueT4unK CChUIOK) U *ob_type (THIT) JOIKHBI
006s13aTeTbHO MIPUCYTCTBOBATh. THUIT 00beKTa (M TOJIBKO OH) OIpeZes-
€T, YTO MOXKHO ZIejIaTh C CaMUM OOBEKTOM, U He MEHSAETCs B TeueHHe
ero KU3HU (MOXKeT IMOMEHSThCS TOJbKO B KpaliHe peIKUX 0OCTOATENb-
cTBax). [IpuHIMI pabOTHI CYETIYMKA CChIIOK U €ro MecTo B Python OyzayT
paccCMOTPEeHbI HEMHOTO TTI03Ke.

Ha puc. 1.8 u fasiee mpuBoAUTCS OOIIMI BU/I, a He MOAPOOHOE OIKrca-
HUE PacIloIoXKeHUsI OOBEKTOB M UX aTPUOYTOB B 00JIaCTH ITaMATH.
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PyObject
Python Name ob_refent 1
val value 15

Puc. 1.8. XpaHeHue 3HaueHnA «nepemeHHoi» B namaTtu B Python

Kak MOXXHO 3aMeTUThb, UMs IIEpEMEHHOU CChLIAeTCs He Ha y4acTOK
MaMATHA, B KOTOPOM XpPaHUTCS 3HAUYEeHHe, a Ha CO3ZlaBaeMbli 0OBEKT
Python, kKOTOpBIN y)XKe XpaHUT IIpHCBanuBaeMoe el B Ko/le 3HaUeHUe.

Ecau val mprcBOUTbh HOBOe 3HAaYEHUE:

val = 255

unTepriperatop CPython oTpaboTaeT ciefyroliye STarbl:

1) coszmact PyObiject;

2) mnpucsout PyObject-y typecode;

3) B PyObject 3anuceiBaeTca 3HaueHue 255;

4) val ykaspiBaeT Ha HOBBIN PyObiject;

5) cuetuuk ccpUIOK HOBOro PyObject-a yBennuuBaeTcsd Ha 1;

6) cueTuyuK cchUIOK cTtaporo PyObject-a ymeHbinaeTcsa Ha 1.

Ob6nacTh MaMATU MOCJIe 3TOro OyZeT BBIIVISAZETh TaK, KaK IMOKa3aHo
Ha puc. 1.9.

PyObject
ob_type int
ob_refent 1
Python Name value 15
val BN EN PyObject
ob_type int
ob_refent 1
value 255

Puc. 1.9. U3meHeHne 3HayeHus nepemeHHoi B Python

Teneps val ykasbiBaeT Ha HOBBIM PyObject, KOTOpBIN XpaHUT 3Haue-
HUe 255. OTO ABHO YKa3bIBAET, YTO «=» ABJIAETCA HE IIPHUCBAaUBaHUEM,
a «IIpUBS3KOM» UMeHM val K cchbliKe. [I0CKOMbKY CUeTYHK CChUIOK IIpe-
JbIyIIero o6beKTa Ternepb paBeH HYJ0, OH OyZeT yaaneH cOOpITUKOM
mycopa.

Tenepb TOCMOTPUM, YTO MPOUCXOAUT MPU J0OABIEHUU HOBOTO MMe-
HU new_val, KOTOpoMy TIpUcBOUM val:

new_val = val
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B maHHOM ciydae He OyZeT cO3/laBaThCA HOBBIN OOBEKT, a UM new_
val 6yZieT cchUTaThCs Ha YXKe CYIIeCTBYIONIUM 00BEKT, Ha KOTOPBIN CChI-
JlaeTcsi caM val, YTO YBEJTUYUT CUETUYMK CChUIOK 3TOro oObeKTa Ha 1:

Python Name
val > PyObject
Python Name ob_type It
ob_refent 2
new_val
value 255

Puc. 1.70. 06bABNeHNe HOBOI «nepemeHHoii» B Python
U ee MHMLManu3auua 3Ha4eHnem U3 CTapoi «nepemeHHoN»

[IpoBepKa MMeH Ha SKBUBAJEHTHOCTb new_val is val BepHeT 3Have-
Hue True, 9TO SIBHO YKa3bIBAET HA TO, YTO OHU CCHLIAIOTCA HAa OAWH U TOT
’Ke OOBEKT.

Teneps mpubaBuM K new_val 4uciio 3:

new_val += 3

OTOT KO/ y>Ke BBI30BET I[eN0YKYy C CO3/laHHMEM HOBOTO O0OBekK-
Ta U Tenepb ob6JACTh MaMATU OyJeT BHIIVIAAETHh TaK, KaK IMOKa3aHO
Ha puc. 1.11.

> PyObject
ob_type int
ob_refent 1
Python Name value 255
val > PyObject
Python Name ob_type int
new_val ob_refent 1
value 258

Puc. 1.11. \3meHeHue 3HauYeHMA HOBOW «nepemeHHoII» B Python

JlaHHOe TIoBe/leHNe XapaKTepHO s paboThl ¢ HeM3MeHsAeMbIMU
TUIIAaMU JaHHBIX. 11 mpuMepa paboOThl C U3MEHSIEMbBIM THUIIOM BO3b-
MeM CITHUCOK, KOTOPHIM WHHUIIUAIU3UPYETCA CAEAYVIOIINM HabOpoM
2JIEMEHTOB:

my list = [1, 3, 6]

VuTepruperaTop ucnosnbdyetr PyVarObject BmecTo PyObject A cos-
JaHus1 0ObEKTOB IMepeMeHHOU AMUHBI. OT MPeABIAYIIEr0 OH OTIUYAETCS
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TeM, YTO XPaHUT ellle U YHCJIO BIOKEHHBIX B HET'O 3JIEMEHTOB B Iepe-
MeHHOMU ob_size. CTpykTypa PyVarObject npezacTaBieHa HUXKe:

typedef struct {

PyObject ob_base;

Py ssize t ob_size; // Konu4ecTBO 31eMeHTOB B 06beKkTe
} PyVarObject;

A c y4eToM TOTO, YTO /i1 KaXX0ro TUIIa co3laBaeMoro obbeKTa Cy-
IIECTBYeT CBOSI CTPYKTYypa, CIIMCOK Ha yPOBHE KOJla UHTepIpeTaTopa
Ha s3blke C ONMMchIBaeTcs caeAyIolel CTPYKTYpOi:

typedef struct {
PyVarObject ob_base;
PyObject **ob_item; // yka3aTenb Ha peasnbHble AaHHbe
Py ssize t allocated;

} PyListObject;

[Tosie ob_item — maccuB yka3artenei Ha PyObject, a allocated — 3Ha-
yeHUe, 110/, KaKoe KOJIMYeCTBO 3JIeMEeHTOB 3ape3epBUPOBAH pa3Mep Mac-
cvBa ob_item /10 eTO yBeJTMYEHUS.

OTcrozla MOKHO MTPOC/IEIUTh 3aKOHOMEPHOCTB, UTO PyListObject ABA-
eTcs paciupenueM PyVarObject, KOTOpPBIN B CBOIO Ouepeib paciiupsieT
dynkIoHan PyObject. YCIOBHBIN BUZ 00IaCTU MMAMATH B ciTydae paboThl
CO CIIMCKOM IIpeZcTaBjieH Ha puc. 1.12.

> PyObject
Python Name ob_type
my_list > PyListObject ob refent
ob_type list value
ob_refent 1
**ob_item > PyObject
ob_size 3 ob_type int
allocated 4 ob_refent 1
value 3
> PyObject
ob_type int
ob_refent 1
value 6

Puc. 1.12. 06baABneHne 1 MHMLMaNM3auma cnucka B Python

Teneppb 106aBUM B CO3JaHHBIH CITUCOK ellfe OAnH 3meMeHT (puc. 1.13):

my_list.append('0Oo0")
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Python Name > PyObject.
my_]ist > PyListObject Ob—type int
ob_type list ob_refent 1
ob_refent 1 value 1
“*ob_item > PyObject
ob_size 4 ob_type int
allocated 4 ob_refent 0
value 3
> PyObject
ob_type int
ob_refent 1
value 6
> PyObject
ob_type int
ob_refent 1
value 'Oo"
Puc. 1.13. lo6aBneHne 3nemeHTa B CNUCOK
Wiu nsmeHUM 3Ha4YeHUe 3jieMeHTa circka (puc. 1.14):
my_ list[1]=""-_-"'
Python Name > PyObj ect'
my._list PyListObject °b—ty§’e int
ob_type list ob_refent 1
ob_refent 1 value 1
**ob_item > PyObject PyObject
ob_size 4 ob_type str ob_type | int
allocated 4 ob_refent 1 ob_refent | O
value -t value 3
> PyObject
ob_type int
ob_refent 1
value 6

> PyObject

ob_type str

ob_refent

1

value

IOOI

Puc. 1.14. U3meHeHue 3HaYeHUA 3N1leMeHTa Cnucka

[Tpu mpoBeZieHUM JaHHBIX ONepaIlii HOBBIM OOBEKT HE CO37aBasICs
(TOJIBKO Ha BEpPXHEM YpPOBHe, Ha YPOBHE 3JIeMEHTOB CIIMCKAa CO3/aBa-
JIUCh HOBBIEe OOBEKTHI), M paboTa IPOU3BOAWIACH C TTePBOHAYATbHBIM
PyObject Ha kOTOpBI ccbutaeTca uMA val. /laiee mocMOTpUM, Kak IOBe-
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neT cebs mporpaMma Impu 06aBJIeHUH HOBOTO UMEHHU U IIPHCBauBaHUU
emy my_list (puc. 1.15):

bad_list = my_list

Python Name > PyObject
my_list > PyListObject ob_type | int
ob_type | list ob_refcent 1
Python Name J ob_refent | 2 value 1
bad_list **ob_item > PyObject
- ob_size 4 ob_type str
allocated | 4 ob_refent 1
value ot
> PyObject
ob_type int
ob_refent 1
value 6

> PyObject

ob_type str
ob_refent 1
value 'Oo'

Puc. 1.15. CBA3bIBaHNE HOBOr0O MMEHM C CYLLECTBYIOLUM CMIUCKOM

Tenepsb paccMOTPUM, KaK U3MEHUTCS 001aCThb MaMATH ITPU U3MEHEHU N
IepBoOro 00beKTa BO BHOBb 00BsIBIIEHHOM crvicke bad_list (puc. 1.16):
bad list[@] = 5
Wiy 1o6aBieHnH elrle OfHOTro 3neMeHTa (puc. 1.17):
bad list.append(3.6)

Python Name > PyObject PyObject
my_list > PyListObject ob_type | int ob_type | int
J ob_type | list ob_refent 1 ob_refent | 0O
value 5 value 1
Python Name ob_refent | 2
bad list **ob_item > PyObject
~ ob_size 4 ob_type str
allocated | 4 ob_refent 1
value R

—> PyObject

ob_type int
ob_refent 1
value 6

> PyObject

ob_type str
ob_refent 1
value 'Oo’

Puc. 1.16. U3meHeHue 3HaYeHUA 3N1eMeHTa Cnucka
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Python Name > PyObject
my_list »|  PyListObject ob_type | int
_J ob_type | list ob_refent 1
value 5
Python Name Ob_'rJefcnt. 2
bad_list “*ob_item > PyObject
B ob_size 5 ob_type Str
allocated 8 ob_refent 1
value -

> PyObject

ob_type int
ob_refent 1
value 'Oo’

> PyObject

ob_type | float
ob_refent 1
value 3.6

Puc. 1.17. lo6aBneHue 3nemeHTa B CNIUCOK

B cBa3u ¢ 5TOI 0COOEHHOCTBHIO M3MEHAEMBbIX TUIIOB JaHHBIX HEOO-
XOZMMO C 0COOO0M OCTOPOKHOCTBIO IOAXOAUTD K OIepaIriiy IprcBanBa-
HMS, TaK KaK UMEHM IIPHCBaNBaEeTCA CChUIKA Ha CYIIECTBYIOITUA 0ObEKT
Y IIpYU U3MEHEHHUH 3JIEMEHTOB 3TO He OTOOpa)kaeTcs Ha BEPXHEM YPOB-
He, C KOTOPBIM IIPOHCXO/JUT «CBSI3bIBaHHE» UMeHHU. Eciu ecTh HeobXo-
JUMOCTDb paboTaTh ¢ KOMKMEH M3MEHSIeMOTO TUIIA JaHHBIX, TO OIEePaIINIo
KOIIMPOBaHUA HEOOXOIUMO BHI3BIBATH SBHO:

# NoBepXHOCTHOE KOMUpoBaHue
bad list = my_list.copy()

[Tpu 2TOM ceAyeT YIYUTHIBAaTh TOT PaKT, YTO KOTla OOBEKT U3MEHsI-
€MOTO THIIa XpPaHUT (KaK OAWH M3 CBOUX JJIEMEHTOB) APYTOM OOBEKT
M3MEHSIEMOr'0 TUIIa, He0OXOAMMO HCIIOIb30BaTh ITTyOOKOE, a He IMMOBEPX-
HOCTHO€ KONMMMPOBaHMeE. ITO CBA3AHO C TEM, UTO IIPU IIOBEPXHOCTHOM KO-
MMUPOBAHUU COXPAHUTCS CChUIKA Ha BIOKEHHBIN OOBEKT, a HE ero KOTIHA:

# NoBepxHOCTHOE KOMUpoBaHue

my_list = [2, 3, 4, [1, 4]]

print(my list) # [2, 3, 4, [1, 4]]

bad _list = my_list.copy()

bad list.append(10)

print(bad_list) # [2, 3, 4, [1, 4], 10]
print(my list) # [2, 3, 4, [1, 4]]
bad_list[3].append('00")

print(bad_list) # [2, 3, 4, [1, 4, '00'], 10]
print(my_list) # [2, 3, 4, [1, 4, '00']]

# rnybokoe KonupoBaHue
import copy
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my list = [2, 3, 4, [1, 4]]

print(my_list) # [2, 3, 4, [1, 4]]

bad_list = copy.deepcopy(my_list)

bad list.append(10)

print(bad_list) # [2, 3, 4, [1, 4], 190]
print(my_ list) # [2, 3, 4, [1, 4]]

bad 1ist[3].append('Oo0")

print(bad_list) # [2, 3, 4, [1, 4, '00'], 10]
print(my list) # [2, 3, 4, [1, 4]]

1.4. UHTepHupoBaHHble (intern) 06bekTbl B Python

VIHTepHUPOBAHHBIN OOBEKT — 3TO 0OBEKT, KOIHA KOTOPOTO XPaHUT-
c B €IMHUYHOM 5K3eMIUISIpe B MaMATHU MporpaMmbl. Tak, Hampumep,
IIpU cTapTe UHTepnpeTraTopa Python B mamMaTu nmpegBapUTeIbHO CO3/a-
€TCs MOAMHOXKECTBO TaKUX 0O'BEKTOB, JOCTYII K KOTOPHIM MO>KHO IIOJY-
YUTh Yepe3 IobasbHOe MPOCTPAHCTBO UMEH.

B CPython k WHTEpHUPOBAHHBIM OOBEKTAM OTHOCST:

— IeJIble YMCcJa B uamna3oHe oT —5 10 256;

— cTpoku (< 20 cMMBOJIOB), KOTOpbBIe cofepaT ToabKo: ASCII-
OYKBBI, IUGPHI I 3HAKU TOAYePKUBAHUA.

OTO cZenaHo u3-3a TOro, YTO IepeMeHHbIe ¢ TAKUMU 3HaYeHUAMU
4aCTO UCIOIb3YIOTCA IIpU pa3paboTke MporpaMm. A MyTeM WX UHTePHU-
poBaHus Python uckitodaer BbiieieHUe JOTIOJHUTENbHON TaMATU TIO7
00BbEKTHI, KOTOPBIE XPAaHAT aHAJIOTUIHOE 3HaUeHHe. BMecTo 3TOro nMe-
HU IlepeMeHHO! MPUCBANWBAETCA CChUIKA Ha y)Ke UMeIIIUNcA B MaMATU
00BEKT C 3TUM 3HaYEHUEM.

JlaBatiTe pazbepemcs, A 4ero oCyulecTBIsAeTCs UHTepPHUPOBaHue
00bEKTOB C HEKOTOPBIMU 3HaYeHUsIMH. Kak BaM U3BeCTHO, ITepeMeHHas
tuna int (int x = 15;) B C++ 3a"HuMaer B naMaTtu 4 6atita (32 6ura).
A ckonbpko Torza B 6adiTax OyZeT 3aHUMAaTh B MAMATHU CJIeAyIoInas 3a-
nuck Ha CPython (3.7)?

import sys

x = 15 # obvem B banTax?

print(sys.getsizeof(x)) # 28

y = 15

print(x is y)

# True # X M y CCbiNaTCA Ha OAMH U TOT Xe 06beKkT
# obbem B banTax nycToro obvekTa?
print(sys.getsizeof(object())) # 16

Jlaxxe myctout o6bekT B CPython 3aHmMaeT B 4 pasa 6osblie o6beMa
B ITAMATH, HEXKeJIU IlepeMeHHas TUIIA int B I3bIKe IIPOrPaMMHUPOBAHUA
C++.Apasnunazamucuintx = 15; (C++) cx = 15 (CPython) 28/4 = 7 pa3
(pa3Mep 0O6BEKTA MOXKET BApbUPOBATHCA OT peanmsaruu Python)!!!
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Tenepsb mpuBeZieM psiJ MPUMePOB /i Oosiee TTOAPOOHOTO TOTpYKe-
HUSA B IIPUHIIUAIIB pabOThl MHTEPHUpPOBaHus B Python:

X = 320

y = 320

print(f'Xid = {id(x)}; Yid
print(x is y)

# Xid = 1754587687760; Yid
# False

x = 25

y = 24

print(f'Xid = {id(x)}; Yid = {id(y)}")

print(x is y)

# Xid = 140721606730896; Yid = 140721606730864
# False

y += 1

print(f'Xid = {id(x)}; Yid = {id(y)}")

print(x is y)

# Xid = 140721606730896; Yid = 140721606730896
# True

X = 540

y = 539

y += 1

print(f'Xid = {id(x)}; Yid
print(x is y)

# Xid = 1754587686992; Yid
# False

{id(y)}")

1754587687856

{id(y)}")

1754587687408

Eciu npuBeseHHBIN Bhille npuMep ucnonHseTcsa B IDE Pycharm,
a He B Jupyter, To x = 320 nuy = 320 1ipu uUX IpOBepKe Ha SKBUBAJIEHT-
HOCTb X iS Yy BepHyT True. DTO CBSA3aHO C TeM, uyTo kommnuiaTop CPython
BBINIOJIHAET ONTUMU3ALNIO, KOTOpas IIOMOraeT 10 Mepe BO3MOXXHOCTU
SKOHOMMUTD IaMATH U LIaru UCIIOJIHEHUA KOZa.

Jlajee pacCMOTpUM IIpUMeEp UHTEPHUPOBAHUA CTPOK:

strl = "Itsfantastic"

str2 = "Itsfantastic”

print(f'Slid = {id(strl)}; S2 = {id(str2)}")
# Sl1lid = 1754574647408; S2 = 1754574647408
print(strl is str2)# True

Ho ecsin B CTpOKY BCTaBUTD IpoOes, OAWHOUYHBIE KaBbIuky (' ) mau
BOIIPOCUTEIBbHBIN 3HAK, TO MOJIYYUTCA JPYTOX pe3ysIbTar:

strl = "Its fantastic"

str2 = "Its fantastic”

print(f'Slid = {id(strl)}; S2 = {id(str2)}")

# S1id = 1754583817968; S2 = 1754582600688

print(strl is str2) # False

OTO pasiuyue clefyeT 3allOMHUTE! THTepUupyroTCA TOJIbKO CTPOKHY,
KOTOpBIE YZIOBJIIETBOPAIOT CIEAYIOLIUM YCIOBUAM: CTPOKA COCTOUT TOJIb-
ko u3 ASCII-6ykB, 1udp wiv 3HaKOB MOAYEPKUBAHUS, a ee AJIUHA MEeHb-
ure 20 CMMBOJIOB.
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[l Toro, 4ToOHI str]l U str2 cChUTaIMCh Ha OAWH U TOT K€ MHTEPHU-
POBaHHBIN 00BEKT, UCIIONb3yeTcsA PyHKIIMA intern() Mozaysis Sys:

import sys

strl = sys.intern("It's fantastic!")

str2 = sys.intern("It's fantastic!")

print(f'Slid = {id(strl)}; S2 = {id(str2)}")

# Sl1lid = 1754558281968; S2 = 1754558281968

print(strl is str2) # True

B TakoM ciy4yae Mpu MHTEPHUPOBAHUM CTPOKU 0053aTETHbHO HCITOJb-
30BaThb Sys.intern() A1 KaXXZ0ro UMeHU IlepeMeHHOM, nHauve OyZeT co3-
JlaH HOBBIA OO'BEKT, M IIPOBEPKA BBIZIACT CAEAYIOIIUIN pe3y/IbTaT:

import sys

strl = sys.intern("It's fantastic!")

str2 = "It's fantastic!”

print(f'S1id = {id(strl)}; S2 = {id(str2)}")

# S1id = 1754558281968; S2 = 1754580540080

print(strl is str2) # False

VIHTepHUpOBAHME CTPOK MO3BOJISAET CAErKa MOBBICUTH TPOU3BOAU-
TeJIbHOCTh TP TOUCKe 10 coBapio. Korga kiitod B cioBape U UCKOMBIM
KJIFOY MHTEPHUPOBAHBI, TO MOUCK (CpaBHEHUE XeNTHPOBAHHBIX KIIOYE)
OCYIIECTBJISIETCS C TIOMOIIBIO CPaBHEHUS yKa3aTesel, a He CTPOK.

1.5. Ino6anbHas 6noKUPOBKa MHTepNpeTaTopa

[nobanbHasa 6mokupoBka uHTeprnperaropa (Global Interpreter Lock,
GIL) — mrob6anbpHBIN MexaHU3M HUHTepriperatopa CPython, koTopslii Ha-
IIpaBJIeH Ha pellleHre MpobJeMbl, BO3HUKAIOIIEN TP paboTe ¢ paszersie-
MBIMU pecypcamu (Hampumep, naMATbio) [9]. Ota npobieMa MOXKET BO3-
HUKAaTh, KOTZIA /IBA IIOTOKA IMBITAIOTCA OJHOBPEMEHHO U3MEHUTD JJaHHBIE
B OZTHOM U TOM 3Ke pecypce (daiine, 00beKTe U T. .). ITO YPEBATO TEM,
YTO B pe3yJ/IbTaTe HU O/IMH U3 ITOTOKOB He BBITTOJIHUT Kak Mo06aeT cBoeit
paboThI, a JaHHBIE B pa3/ieIsIEMOM pecypce OyAyT MpeObIBaTh B «XaocCe».

B kauecTBe aHAJOTUM MOXXHO TIPUBECTU TIPUMEP C AByMS MUCATEIAMU
U1 OZHOU 3aIMCHOM KHUToM. Kaxkblli U3 mucaTesiel JenaeT 3aluch Korzaa
3axXo4eTcs, HO KHUTA-TO Y HUX OfIHA, U 3apaHee He 0OTOBOPEH IMOPS/IOK,
B KOTOPOM Ka)XZIbIii Oy/IeT IPOM3BOAUTD B Hee 3aIrch. IT0Ka 3ammch mpou3-
BOZWTCA IO OYepeZiv, HeT HU4ero cTpairHoro. Korza e mucaTenin 3aX0TAT
cZiesIaTh 3alliCh B KHUTY OAHOBPEMEHHO, IPOU30ieT Kosutanc! B Tom, 4To
TIOJTYYUTCS, HEe YIACTCA pa3o0paThCs AaXke caMOMy TIPUBEPEJIUBOMY KPH-
TUKy! UTO y>ke TOBOPUTh 00 OOBIYHBIX YUTATENAX WM CAMUX ITHUCATEIIAX.

GIL :xe B mpuBeleHHOM TIPUMepe BBICTYTIUT B KauecTBe apOUTpa, Ko-
TOPBIN OyZIeT pelaTh, KaKOW U3 ITHCcaTeNeN MOJTyIUT BO3MOXKHOCTD ITPO-
M3BECTU 3aluch B KHUTY. /la Tak, 4YTO Apyrol nucaTeab HUKAK He CMO-
’KeT 5TOMY IOMellaTh WM Ke HadaTh 3alliUCh B KHUTY B TOT K€ MOMEHT
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BpPEMEHU U TOJy4YUT JOCTYII K KHUTE TOJIbKO TOI/Ia, KOI/la IIepPBbhIM MH1Cca-
TeJIb 3aBEPILIUT CBOIO 3aIlUCh.

B CPython gna mgocTmkeHUsA 3ToH 1enm MexaHu3M GIL GiokupyeT
Bech MHTepIpeTaTop. TakuM 06pa3oM, HUYTO He B CHJIaX ITIOMeIIaTh pa-
60Te TeKyIero MoToka, To ectb GIL mo3BosseT paboTaTh TOIBKO OAHO-
My ITOTOKY Zia’Ke€ B MHOT'OTIOTOYHOM ITPIIOKEHUU. DTO 0O6CTOATETHCTBO
IIOPOKAaeT HeyTHUXarIue cropsl B Python-coobiectBe. ITo cBoel cyTu
GIL npezacTaBiisgeT co60W MbIOTEKC. A caM pacdyeT OJOKMPOBKU ITPOU3-
BOJIUTCS B OCHOBHOM IIMKJIEe TTOCTpoeHUs 6aiTtkoma CPython, a1a Toro
YTOOBI YCTAHOBUTH, KAKOH IMOTOK B TEKYIUM MOMEHT BpeMEeHU JOJKEeH
BBIIIOJIHATh UHCTPYKLIUU.

[TepBas nmoneiTKa ynayurnenus GIL 6puta nmpeanpunaTa B Python 3.2
myTeM Z00aBaeHUsT MeXaHW3Ma Io/icyeTa IMOTOKOB, KOTOPhle HYXK/a-
1oTcsa B GIL. [TockobKy OOBIYHO MMPUOPUTET OTAABAJICS ITPOIIECCOPHBIM
IIOTOKAaM, 3TO OTPakajioch Ha paboTe MOTOKOB BBO/A-BbIBO/IA, KOTOPBIE
He MOIJIM TTOIYIUTb A0CcTyTI K GIL. [Tocsie ;06aBieHYs JaHHOTO YIIydIle-
HUA pa3 B 5 MwuincekyHz GIL ocTaHaB/iMBaeT TEKyIIUM MMOTOK U JAET
oTpaboTaTh C/IeyIOIIEMY B OYeper IMOTOKY (Aake eCi ero HeET).

BTopas mombITKa 3akjaiodaeTcs B ToM, 4To mpoiecckl CPython mo-
I'yT UMEeTb HECKOJIbKO UHTEPIIPETaTOPOB, a, CJIeL0BATEIbHO, HECKOJIIbKO
6JIOKMPOBOK (Y KaXKAOT'0 CBOS). ITO MO3BOJISAET HUCIIOIb30BAaTh HECKOJIIb-
KO MHTEPIIPETAaTOPOB KOZla B paMKaxX OJHOTO Ipoliecca, KOTOpble OyAyT
MMeTb cBou coObcTBeHHbIe GIL. Ha TeKyluii MOMeHT BpeMeHU 3Ta GpyHK-
ITIOHA/IBHOCTD ITpeOBIBAaET B YEPHOBOM BapHaHTE U IMPOXOJAUT 0bOCyKe-
HudA (PEP 554) [10]. Eciu cyauTh U3 onucaHus JOKyMeHTa, TO Mpe/Ba-
PUTENbHBIN aHOHC ZJAaHHOTO yJIy4llieHus HamedyeH B Python 3.9.

A TI0Ka IPUXOAUTCSA UCIIOIb30BaTh CIeAYIONe 00XOAHBIE ITYTH MIPHU
pabote ¢ GIL, Korza oH BBI3BIBAET ITPOOIEMBI:

1) wncnosp3oBaHUE MPOIECCOB BMECTO MOTOKOB. HecMoTpsa Ha ToO,
YTO IIPOUCXOAUT IOBBIIIEHUE IIPOU3BOAUTEIBHOCTU 110 CPaBHEHUIO
C MHOTOIIOTOYHOM Bepcuel, Ha yIIpaBjeHHe MPOLleCCaMU TaKXe pPacxo-
ZlyeTcsl TIPOLIECCOPHOE BpeMs. DTO CB3aHO C TEM, YTO paboTa C HECKOJIb-
KMMHMU IIpolleccamu 6oJjiee CI0JKHA, YeM C HECKOJIbKMMU ITOTOKaMHU;

2) wucCIoab30BaHUe aJbTEPHATUBHBIX UHTepIIpeTaTopoB Python.

[ neMOHCTpaluU BCEro BBIIIECKAa3aHHOI'O IPUBEJEM HECKOJIbKO
npuMepoB. CHadasia cZiejiaeM 3aMep 110 BpEMEHU BBITIOJIHEHUA CIIEAYIO0-
IIIero Kojia B OJHOIIOTOYHOM MCIIOJTHEHUU

import time
def countup(N):

n==~o
while n < N:
n += 1
if _name__ == "'_main__'
st _time = time.time()
countup(30000000)
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end_time = time.time()

print(f'Bpema BbinonHeHusa: {end_time-st_time}")
# BpemAa BbinosHeHuA: 1.5710163116455078

,Z[aJIee <<p3306beM>> €I'0 Ha /Ba IIOTOKAa:

import time
from threading import Thread
def countup(N):
n=2=2o
while n < N:
n += 1
if _name__ == "'_main__ "':
max_for_thread = 30000000//2
first_thread = Thread(target=countup,
args=(max_for_thread,))
second_thread = Thread(target=countup,
args=(max_for_thread,))
st _time = time.time()
first_thread.start()
second_thread.start()
first_thread.join()
second_thread.join()
end _time = time.time()
print(f'Bpema BbinonHeHus: {end_time-st_time}')
# BpemAa BbinosiHeHUA: 1.5899989604949951

Kak B1ZHO 13 BpeMeHU BBINIOJHEHUA, MEXAY HUMU [IPAKTUYECKNA HET
HUKaKou pa3Huilbl! Terepb mompoOyeM MCIoab30BaTh MeEXaHU3M pabo-
ThI ¢ moToKaMu 13 PySide2 u PyQt5:

import time
VER_LIB = 'PyQt’
if VER_LIB == 'PyQt':
from PyQt5.QtCore import QThread
else:
from PySide2.QtCore import QThread

class TestQtThread(QThread):
def __init_ (self, n, parent=None):
super(TestQtThread, self). init_(parent)
self.N = n

def run(self):

n==0
while n < self.N:
n += 1
if _name__ == "'_main__ ':

max_for_thread = 30000000//2

st _time = time.time()

first_thread = TestQtThread(max_for_ thread)
second_thread = TestQtThread(max_for_thread)
first_thread.start()

second_thread.start()
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first_thread.wait()
second_thread.wait()
end _time = time.time()
print(f'Bpema BbinonHeHus: {end time - st _time}')
# PyQt5 BpemAa BbinonHeHUA: 6.59580135345459
# PySide2 BpemAa BbinosHeHuA: 2.4407031536102295

[Tockonbky u PySide2, u PyQt5 ABistoTCA CTOPOHHUMU OUOINOTEKA-
MM, UCIIOJIb30BAaHUE UX MeXaHW3Ma PabOThI C TOTOKAMU HAK/IAJbIBAET
Ha IIporpaMMy JOIIOJHUTENbHbIE BRIYUCAUTENbHBIE 3aTpaThl. Ho cama
pasHUIA MeX/Y BBIXOAHBIMU JaHHBIMU ITPOrpaMMbl opaxaeT. Oduiiu-
anbHbIM TOPT Qt Ha Python (PySide2) gaet kyza jiydiiuii pe3ysnbrar.

A Tenepp peanusyeM JaHHBIM KOJ HA OCHOBE MHOTOIIPOLIECCHOTO,
a He MHOI'OIIOTOYHOr'O IIOAX0za:

from multiprocessing import Pool
import time
def countup(N):
n=2=0
while n < N:
n += 1
if _name__ == "'__main__"':
max_for_process = 30000000//2
process_pool = Pool(processes=2)
st_time = time.time()
first_process = process_pool.apply_async(countup,
[max_for_process])
second_process = process_pool.apply async(countup,
[max_for_process])
process_pool.close()
process_pool.join()
end_time = time.time()
print(f'Bpema BbinonHeHus: {end_time-st_time}')
# BpemAa BbinosHeHUA: 0.9137446880340576

Bce 1wTIOCHI ¥ MUHYCHI KaXK/JOTO M3 MTOAXOA0B OyAyT 6osiee moapoOHO
paccMaTpUBaThCA 1O3XKe. Ha TeKyIuii MOMEHT BpeMeHHU ITPOCTO Heob-
xoauMo 3anoMHuTh Hasuuue GIL B CPython u To, Ha KaKoii acrekT pa-
60TBI MPOrpaMMBbI OH BJIHSIET.

1.6. Moaxoab! K c6opke mycopa B Python

[Tpu Hanucanuu Koza Ha Python, kak U B pszie APyTUX SA3bIKOB IMPO-
rpamMmmupoBanus (Java, C# u T. 7.), HET HEOOXOANMOCTH BOJTHOBATbHCS
o cbopke Mycopa (Hampumep, HeUCIoNIb3yeMbIX OObEKTOB) U CaMO pa-
6oTe c mamAThI0. Korja 00beKTh CTAHOBATCA O0JIee He Hy»KHbIMH, Python
aBTOMAaTHUYECKU HAYMHAET OCBOOOXKIeHre MaMATU Uu3-mmox Hux [11—13].

[Tpu 3TOM 7151 pabOTHI ¢ 0OBEKTAMU, pa3Mep KOTOPBIX HE TIPEBHIIIAET
512 6aiiT, B Python ucnosb3yeTcs JOMOJTHUTENbHBIN MeHeKep MaMs-
. OH BBIZIEJIIET, PE3EPBUPYET U OYUIIAET OJIOKU MAMATH, B KOTOPHIX
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MOXXET XPAaHUTHCS MHOXXECTBO TaKUX 0OBbEKTOB. B cBA3U c aTHM, Korza
IIPOMCXOAUT yAaneHrue oobekTa, 00’beM MaMATH, KOTOPYIO OH paHee 3a-
HUMAaJI, He TTePEeXOAUT OMePAIlMOHHOMN CHUCTEeME, a OCTAETCSA 3ape3ePBU-
POBAHHBIM /11 HOBBIX 00beKTOB. EC/TM B OTHOM 13 BBIZIeJIEHHBIX OJIOKOB
aMATH MeHeKepa 00sbIlie HET 06bEKTOB, TO Python Mo:keT BepHYTb
3TOT OJIOK TTaMSTH IO/, YIIpaBJIeHVe OIePaIlMOHHON CUCTeMBbl. B OCHOB-
HOM TaKoe MPOUCXOAUT IPU HAJIUYUU OOJBIIOTO Yucja BPEMEHHBIX
00BEKTOB B JIOKAJIbHOM 00J1aCTU BUAMMOCTU KaKOU-THO0 GYHKIIMY WU
B CKpHUIITE.

/3-3a TaKOro MeXaHW3Ma YIIpaBJIEeHUsA NaMATbIO CUTYyalus, KoTaa
nporpaMMa HayMHaeT MCIOJIb30BaTh OOJbIIe MaMATH, 4YeM OOBIYHO,
He BCerZia O3HavYaeT HaIMYKe TTpobJIeM C YTeUYKOU TTaMATH.

Wurepnperatop CPython ucnonb3yer cpasy ABa mogxoza K yIpasJe-
HUIO BBHICBOOOXKJjeHUEM MTaMATH:

1) mojcyYeT CChUIOK;

2) Garbage Collector (GC).

1.6.1. AsiropuTM noZcyeTa CChbLIOK

B Python cymecTByeT Ba THIa CCbUIOK: CUJIbHBIE U ciaabble. Airo-
PUTM IOZICYeTa CChUIOK PabOTaeT TONBKO C CHJIBHBIM THUIIOM CCHUIOK.
[Ipu ganHOM MoOAXOAE OOBEKT yAaNAETCA, KaK TOJIBKO CUETYUK CCBHLIOK
Ha HETO CTaHOBUTCS PaBHBIM HyJt0. Ectu yaansgeMbiii 0ObEKT COAEPKUT
CCBUIKY Ha ApyTHre 0ObEKTHI, 3TU CChUIKU TAKXKe yAANAIOTCS, YTO MOXKET
IIOBJIeYb 32 cOO0U yZianeHue Apyrux o6beKToB. Tak Kak Ha 0OBEKT MO-
’KET CChLIaThbCA MHOXXECTBO UMEH, TO YBeJIMYEeHNE 3HAaUYeHUs CUeTYrKa
CCBUIOK NPOUCXOJUT NPU CJIEAYIOUINX ONepanuax:

1) mpucBauBaHUe «=»;

2) mnepeznava apryMeHTOB (B MeTO, GYyHKITUIO U T. 11.);

3) BCTaBKa HOBOT'O 3JIeMEeHTa B IOCIe0BAaTEbHOCTD;

OO6BeKTHI, KOTOPBIle OOBABIAIOTCA BHE QYHKIIMH, KJIACCOB U OJIOKOB,
MMeIOT T00aNbHYI0 06J1aCTh BUAMMOCTU. VX KM3HEHHBIN IIUKJ paBeH
BPEMEHHU XU3HU NMPOrpaMMsl (Iporecca), a KOJIU4eCcTBO CChUIOK Ha Ta-
K1e 00beKTHI B IIpollecce paboThl HUKOT/A He MaZlaeT 0 HyJ.

OO6BEeKTHI, KOTOPBIe OOBIBIIAIOTCA BHYTpH O10Ka (QyHKITUM, K1acca),
VMEIOT JIOKAJIbHYIO BUAUMOCTD (T. €. OHM BUAHBI TOJIbKO BHYTPHU OJIOKA).
VX >KM3HEHHBIN IIUKJI He CTOJb J0JOT. Kak TOJbKO UHTEPIpPEeTaTop BhI-
XOMUT U3 OJI0Ka, OH YHUYTOXKAET BCe CChUTKY HA JIOKAJIbHbIE OOBEKTHI.

PaccMoTpuM mpumep MozcyeTa CChbUIOK Ha OOBEKT B XO7Zle BHITIOJIHE-
HUA IPOrPaMMBbl:

import sys

one = two = three = object()

print(sys.getrefcount(one)) # 4

B maHHOM CiTy9ae WHUITHATIU3UPYETCS IMYCTON 0OBEKT U CBI3BIBAETCS
C TpeMs pa3HbBIMU UMEHaAMU: one, two U three. Kaxxgoe uMsi CBA3bIBAETCA
¢ 0ObABIIEHHBIM OOBEKTOM ITyTEM KOMMUPOBAHUA CCBUIKU Ha Hero. [Ipu
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BbI3OBe QYHKIINY, BBIBOZAIIEN KOJIMYECTBO CChUIOK HA JAaHHBIN OOBEKT,
BMECTO 3HAYEHUA «3» BBIBOJUTCA «4». OTO CBA3AHO CO BTOPLIM IIPaBU-
JIOM yBEJIMYEHUS CUETUYMKa CChLUIOK, TaK KaK OZJHO M3 UMEH BBICTYIJIO
B KayecTBe apryMeHTa A sys.getrefcount().

Tenieps MeHU three TPUCBOUM OOBEKT C IPYTUM 3HAYEHUEM:

three = 4
print(sys.getrefcount(one)) # 3

K MyUHycaM ONMCBIBAEMOTO aJTOPUTMA OOBIYHO OTHOCAT MPOOIEMBI
C IIUKJIMYECKUMU CChUTKaMU, OJIOKUPOBAHME ITOTOKOB, AOITOJHUTETbHBIE
HaKJIaJHbIE pacXo/bl Ha MaMATh U IPOILeccop. A ILUTIOCOM ABJIAETCA TO, YTO
00BbEKTHI YAASAIOTCSA Cpa3dy, KaK TOJTbKO OHU CTAHOBATCSA HE HY>KHBIMU.

1.6.2. Garbage Collector (GC)

OcHoBHas 3aga4a GC — 60OpOThCA € HAIMYHUEM ITUKIUYECKUX CCHI-
JIOK, KOTOPbIE TIPUBOJSAT K TOMY, YTO OOBEKTHI IMTPOJOIKAIOT OCTABATHCS
B MMAMATH, JaXKe KOT/Zla CTAHOBATCA HEJOCTYITHBI B KOJE.

YTo6rI 60siee MoApoOHO pa3obpaThCs B TOM, KaK MOJIYyYAIOTCS [IUKIIH-
YeCKUe CChUIKH, IPUBEJEM CIIEAYIONINN TpUMep:

import ctypes
import gc

if _name__ == "'__main__"':
# ucnonb3yeTcAa ANS AOCTyna K obbekTaMm Mo WMX agpecy B MamATH
class PyObject(ctypes.Structure):
_fields_ = [("refcnt", ctypes.c_long)]
gc.disable() # Bbiknwyaem GC

my_list = []
my_list.append(my_list)

my list address = id(my_list)
del my list

first dict = {}
second_dict = {}
first_dict['second'] = second_dict
second _dict['first'] = first_dict
my dict_address = id(first_dict)
del first_dict, second dict
# gc.collect() # py4Hol 3anyck cbopku mycopa
# npoBepka cCYeTYMKa CCbINOK
print(f'Kon-Bo CCbIIOK Ha CRAMCOK =
f'{PyObject.from_address(my_list address).refcnt}')
# Kon-Bo ccbUloK Ha cnucok = 1
print(f'Kon-Bo CCbiNOK Ha c/ioBapb =
f'{PyObject.from address(my dict address).refcnt}"')
# Kon-Bo ccbloK Ha cnoBapb = 1
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[Tpu BrtoueHnr GC KOIMYECTBO CCBUIOK, BBIBOJAVMBIX IPOrPaMMOM,
CTaHeT PaBHO HYy/I0. BaXHO ITOHMMATh, YTO LIUKJIUYECKUE CCBUIKU II0-
JIy4aloTCsl TObKO B «KOHTEMHEPHBIX» CTPYKTYpax JaHHBIX, TAKUX KaK
KJIaCC, CIIUCOK, CI0Baph, KOPTEX U T. A. BBuay sToro GC He ciieUT 3a Ha-
JIUYVEeM IUKJINYECKUX CChUIOK Y HEM3MeHAeMbIX 00'beKTOB, 3a UCKIIIOYe-
HHEeM KopTexxel (IIpU BBIIIOJIHEHUU psZia yeiIoBuil). Co BceM OCTaJIbHBIM
CIIOKOMHO CIIPABJIAETCA aJTOPUTM IIOZCUYETa CCHUIOK.

Garbage Collector pa3zaensieT Bce 06beKTH Ha 3 MTOKOJeHUA (B 3aBU-
CUMOCTH OT ZJINHBI X BpeMeHMU K13H1). HoBble 00beKThI cpasy ke KJiac-
cudUIUpPYIOTCA KaK IepBoe MOKOJIeHNe, U eCI OIUH U3 HUX «BbDKUBA-
eT» B Ipollecce cOOPKU Mycopa, TO OH IepeMelaeTcsa Bo BTopoe. Yem
cTapile okoyeHue, TeM pexxe GC BBITOTHAET 00X0 XPaHALIUXCA B HEM
00BbEKTOB. DTO CBSI3aHO C TEM, YTO Y HOBBIX OOBEKTOB O0Jiee KOPOTKUH
’KU3HEHHBIN ITUKJI (BpeMeHHble OOBEKTHI), YeM Y TeX, KOTODHIE YiKe
MIPOIILTH Yepe3 HECKOIBKO 3TAroB COOPKU Mycopa.

B Ka)XIoM IOKOJIEHUM BeZETCA CBOU CelIMaJbHbIA CYeTYUK U UMeeT-
cA cBOM mopor cpabaTeIBaHUA, IPU JAOCTHXKEHUN KOTOPOT'0 HaYMHAETCsA
nporiecc cbopku Mycopa. Eciu cpa3y HECKOIbKO MOKOJIEHUH Npeozioie-
JI TIopor cpabaThIBaHUA, TO U3 HUX BbIOMpaeTcsa Haubosee cTapiiee.
OTO CZleJIaHo U3-3a TOT0, YTO CTaplIve MOKOJIEeHUA TaKKe CKAaHUPYIOT BCe

MpeAbIAyIIYE.

1.6.3. Ci1a0Oble CChUIKHA

Kak y)ke TOBOPWIOCh paHee, KaK TOJbKO CUETUYHK CChUIOK Ha OOBEKT
obpariaeTcs B HyJ/ib, COOPIIUK MycOpa YHUYTOXKAET 3TOT 00BbeKT. Ho ObI-
BAIOT CJIy4yau, KOr/ia IojIe3HO UMeTh TaKyl0 CChUIKY Ha OOBeKT, KoTopas
He yZIep’)KMBaeT ero B MaMATH JOJblle, 4yeM HeobxoamMo. [Ipumepom
€€ WCITOTb30BaHUA MOXET CIY)KUTD KAIII.

TaxuMm mHCTpyMeHTOM B Python sBisitoTCs ctabble CChUTKM Ha OOBEKT
(3a 3Ty QYHKIIMOHATBHOCTh OTBEYAET MOAY/Ib Weakref), KOTOPHIE HE yBe-
JINYUBAIOT €r0 CYETYUK CCHUIOK, TO €CTh HE MPEMSTCTBYIOT YHUYTOXe-
HUIO 00BbeKTa COOPIIUKOM Mycopa:

import weakref
class TestWeakRef:
def say(self, name="NoName"):
print(f'Hi, {name}!")

strong_ref = TestWeakRef()

weak ref = weakref.ref(strong_ref)
weak_ref().say() # Hi, NoName!
weak_ref().say('Alex") # Hi, Alex!
print(weak_ref() is strong_ref) # True
del strong_ref # ypansem CUNbHYK CCbIIKY
print(weak_ref()) # None
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Kak BUZIHO M3 MOCAEeJHUX CTPOYEK KOZa, TIOC/E TOTO, KaK MPOU30-
IO yAaleHVe eINHCTBEHHOMN CUJIBHOW CChUIKM Ha 3K3eMIUISIp KJjacca,
OH YHUYTOXXWJICA, a CJITab0H CChUTKe MpHCBOMIOCh 3HadeHre None!

B GOJIBIIMHCTBE CIy4YaeB MpU pa3pabOTKe MPOrpaMM XBaTaeT KOJ-
neknuit u3 moxyss wreakref (WeakKeyDictionary — cioBapb co ciabbl-
MU cchUTKaMM Ha kitour, WeakValueDictionary — ciioBapb co c1abbIMu
cceliKaMu Ha 3HadeHusaA, WeakSet) u pynknum finalize, nzbasiaroniux
MIPOrpaMMHMCTA OT HEOOXOANMMOCTH BPYYHYIO CO37ZIaBaTh U 0OpabaThI-
BaTh aK3eMIULApbl weakref.ref [14].

He Bcsakuii o6bekT B Python moxkeT 6bITh 06bEKTOM C1abOM CChLI-
ku. Hanmpumep, o6beKTOM c1ab0i CCHBUTKM MOTYT OBITh ITOJKJIACCHI,
HO He caMM 3K3eMIUIAPHI Kiiaccos list u dict:

class MyList(list):

pass

my_list = MyList(range(10))
print(my_list)

# [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
ref_list = weakref.ref(my_list)
print(ref_list())

#[0,1, 2,3, 4,5,6, 7, 8, 9]

new_list = list(range(10))
ref_new_list = weakref.ref(new_list)

TypeError Traceback (most recent call last) in
8
9 new_list = list(range(10))

---> 10 ref_new_list = weakref.ref(new_list)

TypeError: cannot create weak reference to 'list' object

BcTpoeHHbIE HEM3MEHSIEMbIE TUITHI JaHHBIX TaKXKe He MOAAePKUBa-
0T cabble CChUTKU. BOMBIIMHCTBO M3 9TUX OIPaHUYEeHUI CBA3aHBI C pe-
anmusanueit CPython, u k Apyrum nnTteprnperatopam Python, BosamoskHo,
Y He OTHOCATCS.

Taxxke pu 06bABIEHUN 00BEKTA C1a00M CChUIKM BTOPBHIM apryMeH-
toMm weakref.ref() moxxHO epeziaTh GyHKIIMIO, KOTOpas OyZeT BbI3BaHA
npu ero pUHaATHU3AIUU:

import weakref

class TestWeakRef(object):
def _del (self):
print('Class Deleted')
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def say(self, name="NoName"):
print(f'Hi, {name}!")

def callback(ref):
"""Invoked when referenced object is deleted"""
print("I'am freee!!!l")

strong_ref = TestWeakRef()

weak_ref = weakref.ref(strong_ref, callback)
weak_ref().say() # Hi, NoName!
weak_ref().say('Alex") # Hi, Alex!

del strong_ref

# Class Deleted

# I'am freee!!!

print(' weak_ref ():', weak_ref())

# weak_ref(): None

[Toka He 3abuBaliTe cebe ToOJIOBY BOIIPOCOM, YTO K€ TYT TBOPHUTCS.
[JTaBHOE — 3aTIOMHUTH CaM IIPUHITUIL, JJIsT Y€TO 3TO MUCIIOIb3YeTCH.

A Temepb AaBaliTe HAYHEM paccMaTpUBaTh OCHOBHI Python c Toro,
KaKu1e THUITbI JAHHBIX B 3TOM SI3bIKE ITPOTPAMMUPOBAHUS IIPUCYTCTBYIOT
Y KaK C HUMU paboTarhb.

1.7. BctpoeHHble TUnbl AaHHbIX Python

[Tockonbky B Python Bce saBnseTca 06bEKTOM, TO He YAUBUTENBHO,
YTO, B OTVIMYHE OT PAZia APYTUX A3BIKOB IPOrPaMMUPOBAHUA, IOMUMO
MOJIb30BATEIbCKUX TUMOB (KJIACCOB) CYILIECTBYIOT TaKUe TUIIBI JaHHBIX,
Kak QyHKIMA, daiii, MOAY/Ib, METOZ U CKOMIIWJIMPOBAHHBIN KOZ.

K cranzapTHbM (BcTpoeHHBIM) Tunam Python otHocaT [15]:

1) none (anassor nullptr uz C++);

2) OyneBBl 3HAYEHUS;

3) uwucna (Numeric Type):

— int — I1eJI0€e YHCJIO,

— float — uuciio ¢ IIaBaroIlel TOYKOMH,

— complex — KOMILUIEKCHOE YUCJIO;

4) cnucku (Sequence Type):

— list — CIIMCOK,

— tuple — KOpPTeX,

— range — AWarasoH;

5) crpoku (Text Sequence Type ) — str;

6) OuHapHbIe ciucku (Binary Sequence Types):

— bytes — 6aiTHI,

— bytearray — MaccHBBHI OaUTOB,

— memoryview — cliel[daJibHble 0OBEKTHI JJI AOCTyIa K BHyTPEH-
HUM JIaHHBIM 00beKTa uepe3 protocol buffer;
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7) MHOXecTBa (Set Types):

— set — MHOKECTBO,

— frozenset — Hen3MeHsIeMO€e MHOXKECTBO;

8) cioBapu (Mapping Types) — dict.

Bce Tunsl ;aHHBIX B Python genarcs Ha Be KaTeropyuu: U3MeHsieMble
(mutable) n HensMmeusaemsule (immutable).

K HemaMeHsAeMBbIM THUIIAM JaHHBIX OTHOCST: CUMBOJbHbBIE CTPOKHU,
yuciaa, OyJleBbl 3HAaYeHUs, HeM3MeHseMble MHOXKEeCTBAa U KOPTEXHU.
OcTasbHbIe TUIIBI JAaHHBIX OTHOCATCSA K U3MEHsIeMbIM.

PasHwuIla 3aKII0YAETCSI B TOM, UTO B C/Tydyae OObABIEHUS UMEHHU Iepe-
MeHHOU Heu3MeHseMOoro TUIla el 3ajaeTcs uZeHTUGUKaTop, KOTOPHIN
HEBO3MOXXHO U3MeHUTh. [IpuBezieM ciieAyiomui mpumep:

n =10

b =n

print('id n =',id(n))

print('id b =',id(b))

B pganHoM cinydae id mepeMeHHBIX OyZeT OAUHAKOBBIA —
140719951553200, u ecu M3MeHUTh 3Ha4eHHEe UMEHU IIepeMEeHHOM n,
TO OyZIeT co371aH HOBBIA OOBEKT C HOBBIM 3HaYe€HHEM, Ha KOTOPHIN OyzeT
cchUtaThes iepeMeHHas n. COOTBETCTBEHHO U3MEHUTCA U ee UieHTUU-
KaTop:

n=>5

print('id n =',id(n))

print('id b =',id(b))

BeiBOZ 1aHHOTO CeHapud IIpeacTaBJI€H HUXKE!

id n 140719951553040
id b = 140719951553200

B ciygae paboThl ¢ UI3MEHAEMBIMU TUIIAMU JTAaHHBIX He OyZeT co3za-
BaTbCA HOBBIN OOBEKT, a MAeHTUUKATOP IepeMeHHOU ocTaHeTcsa 6e3
“3MeHeHUsA. PaccMoTpuM JaHHBIN acleKT Ha IpuMepe paboThl CO CIu-
CKOM:

n=1[1, 2]

b=n

print('id n =',id(n))
print('id b =',id(b))
b[@]=5

n[1]=4

print('id n =',id(n))
print('id b =',id(b))

BeIBOZ JaHHOTO ClieHapHs MpeZCTaBlIeH HIDKE:

id n = 2216118937864
id b = 2216118937864
id n = 2216118937864
id b = 2216118937864
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[Tockosbky B Python avHamMudeckas TUMMU3aIWsi, MOKHO He yKa3bl-
BaThb TUII OOBABIsIEMOM TTepeMeHHOM. OH BBIBEAETCS B IPOIecce KOMITU-
JIAUUY TIPOTPaMMBI B OAWT-KOZ, U fasiee OyeT BBHITOMHATHCA IIPOBEPKA,
YTOOBI OTlepaIiiy MPOU3BOAWINCEH HaJl 00BEKTaMHU OZHOTO THUIA (CHJIb-
Hada tunusanud). Haunnasa ¢ Bepcuu 3.6 B Python nosiBunach BO3MOX-
HOCTb UCIIOJTb30BaTh aHHOTAIIUIO TUIIOB. TaKUM 06pa3oM, Y IpOrpaMMHU-
CTOB IOSIBWJIACh BO3MOXKHOCTD 33/IaBaTh TUI 0ObSBIIsIEMOU ITepeMeHHOM
(T. €. UCIIOSIb30BATh CTATUYECKYIO TUIIU3aLMIO, HO JJI1 IPOBEPKU COOT-
BETCTBUSA THUIIA IIEPEMEHHON C HCITOIb3yeMOU aHHOTAIMEN HeOOX0AUMO
HCITOJIb30BaTh ZIOTIOTHUTENbHYIO OUOIMOTEKY, HanpuMep, mypy [16]):

from typing import List, Dict

n: int = 4

b : float = 3.5

myList : List[int] = [1,3,4]

myDict : Dict[str, float] = {'sd':3.4,'rdl':4.76}

Janee 6yayT 6osiee mOAPOOHO pacCMOTPEHBI TaKMe TUIIbI JaHHBIX,
KaK: CTPOKH, CIIUCOK, CJIOBAph, KOPTEKU U MHOXKECTBA.

1.7.1. CTpoknu

CTpOKOBBIUM TUII JJAHHBIX MIPUMEHSETCS AJ1 XpaHeHUs TeKCTOBOU
nHPOpPMAaIMM U MMPOU3BOJILHBIX 3HaUeHUN 6alTOB. CTPOKM OTHOCATCS
K TakK Ha3bIBa€MBIM IIOCJIE€AO0OBATEJIbHOCTAM — ITO3UILIMOHHO YIIOPAZAO-
YeHHBIM KOJUIEKIIHAM OOBEKTOB, B KOTOPHIX OOBEKTHI PACIIOIaraloTCs
B IIOpAJZIKE CJIeBa HapaBO, COXPAaHAIOT CBOU ITO3UIIMU U MOI'YT U3BJIE-
KaTbCA 10 UX OTHOCUTEJIIBHOMY HOMEDPY.

Takum o6pa30M CTPOKM IIPEACTABJIAIOT coboit ImocieoBaTe/IbHOCTD
13 OZIHOCUMBOJIBHBIX CTPOK (TakKe K IocjefoBaTeNlbHOCTAM B Python
OTHOCATCS CIIUCKUA U KOPTEXU) U MOAAEPKUBAIOT Ollepallu, KOTOPble
IMpeariojgararoT HaJu4dre IIO3NIMOHHOIO IIOpAAKa Cpear 3JIEMEHTOB: MH-
AeKcallys, cpe3, KOHKaTeHalua U IOBTOpeHUe.

14 TipriMepa UCIIoNb3yeM IIepEeMEHHYI0 CTPOKOBOI'O THUIIA My_Str,
VHUIINAIU3UPOBAB €€ 3HaYeHUueM «Test»:

my_str = 'Test'

# Takxe MOXHO MHUWUMANIU3UPOBATb MEpeEMEHHYKH Yepes

# OBOMHble KaBblikuM my str = " Test"

print(len(my_str)) # [OnAuHa cTpoku = 4

print(my_str[0]) # T

# BbiBOAUM MepBbli 371eMeHT my_str, Tak Kak MHAeKcauus

# HayuMHaeTcA C HynAa

WHupekcanys B Python mpezctaBisieT co60i cMellleHrie OTHOCHUTETBHO
mepBoOro (HyJIeBOro) djeMeHTa I0C/IeJOBAaTETbHOCTH U MOKET ObITh KaK
nosioxkutenbHol (0T O o n — 1), Tak u orpuniareabHou (0T —1 A0 —n):

t
e

print(my_str[-1]) # NepBbii 3nemMeHT C KOHUA
print(my_str[-3]) # TpeTwui 3nemeHT C KOHUA
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[ToMy¥MO POCTOM MO3ULIMOHHOMN MHAEKCAIIUU, TTOCAe0BaTEeIbHOCTH
mozAepKUBaloT ee 6osee oburyio popmy — cpesd. Cpes mpezacTaBIsieT
cob0Ii crtocob u3BIeYeHUs LeJIoN YacTu 3a OAUH Inar. B obiieM Buze
KOHIIETIIINIO cpe3a MOXKHO mpeZcTaBUTh Kak X[i:j]. Takas dbopma 3amucu
ob603HavaeT, YTo OyAyT U3BJIeUeHbl 3HAUYEHHs U3 TTOC/IeJOBATETbHOCTH X,
HauyWHas C MO3UIIUH 1 0 TTO3UIUY j, He BKItodasd ee (T. e.j— 1):

print(my_str[1:3]) # es
# Cpe3 my_str co cmeweHua 1 go 2 BkIw4YMTEeNnbHO (He 3)

[Tpu ucnosb30BaHUU Cpe3a ero JieBas rpaHulia o YMOJTYaHUIO PU-
HMMAaeTCcda PaBHOMW HYJIO, a IpaBas — JJMHE Hape3aeMOoU Iocael0Ba-
TEJIbHOCTU (TO €CTh JJIMHE CTPOKM). DTO IPUBOAUT K HECKOJIBKUM pac-
MIPOCTPaHEHHBIM BapHaHTaM IIPUMEHEHUA:

# BcAa cTpoka my_str
print(my_str[:]) # Test

# BCé nocne nepBOro sneMeHTa
print(my_str[1l:]) # est

# Kpome nocnepHero snemeHTa
print(my str[0:3]) # Tes

# To xe, 4yto M my_str[0:3]
print(my_str[:3]) # Tes

# AHanoru4yHa npegbigywen 3anucu
print(my_str[:-1]) # Tes

[ToMmuMo TIpuBeieHHOTO popMaTa 3aIucu cpe3a, MOXXHO YKa3hIBaTh
eme u ero mar: X[i:;j:n]. Takaa ¢opma 3amvcu obo3HavaeT, 4To OyayT
V3BJIeYeHbl 3HaUEHUs U3 TI0C/IeZ0BaTEbHOCTU X, HAUMHAS C TIO3ULNHU
i /10 TIO3UIIMY J, He BKJIto4ad ee (T. e.j — 1), ¢ marom n:

# OT nepBoro Ao nocnepgHero sjeMeHTa C warom 1
print(my_str[::1]) # Test

# OT nepBoro A0 nocnegHero sjieMeHTa C warom 2
print(my_str[::2]) # Ts

# AHanoruyHa npepgbloywein 3anucu
print(my_str[0:4:2]) # Ts

# OT BTOpoOro no rnocsefHero >sJieMeHTa C warom 2
print(my_str[1::2]) # et

# lepeBepHYTb nocnefoBaTes/IbHOCTb
print(my_str[::-1]) tseT

KoHkaTeHaIsl ¥ TIOBTOPEHUE TOC/IeI0BATEIbHOCTEN ITPOU3BOAATCS
CJIeIyIOITUM 0O6pa3oM:

#KoHKkaTeHauus (3HayvyeHue my_str He u3MeHAeTcA)
print(my_str+'Ko') # TestKo

# MNoBTopeHue (3HayeHue my_str He MU3MeHAeTCA)
print(my_str * 3) # TestTestTest

# KoHkaTeHauus

print([1,2,3] + [4,5]) # [1, 2, 3, 4, 5]

# lNoBToOpeHue

print([1, 2, 3] * 3) # [1, 2, 3, 1, 2, 3, 1, 2, 3]
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Tak KakK CTPOKU OTHOCATCS K HEM3MEHAeMOMY TUITY JaHHBIX, UX HeJlb-
351 MOANGUITPOBATh, 0OpaIIasch 0 UHAEKCY djeMeHTa (Ha MecTe):

my_str[1] = 'E'
...TeKCT coobuweHua o6 owubke...

File "F:/code/python/myProjRep/main.py"”, line 27, in <module>
my_str[1] = E
TypeError: 'str

object does not support item assignment

Ho MO0XHO co3zaBaTh HOBbIE OOBEKTHI:
my str = my_str[1:] + 'E'

print(my_str)
estE

HMeeTcsa BO3MOXKHOCTD MO,Z[I/I(I)I/II_II/IPOBaTb TE€KCTOBbIE€ JTAHHBIE HA Me-
cre. /I 5Toro HeoO6XOAMMO pa3BEPHYTh UX B CIIMCOK MHANBUAYaIbHBIX
CHMMBOJIOB U O6'B€,Z[I/IHI/ITB BMECTE C IIYCTBIM pa3AcInuTe/IeEM WIN HUCIIOJNIb-
30BaTh AJid 3TOI'O TUIL bytearray:

my_str = 'Test'

# Pa3BepHyTb B cnucok: [. . . ]

my_list = list(my_str)

print(my list) # ['T"', 'e', 's', 't']

my list[@] = 'F' # N3MeHUTb Ha MecTe

# 06beaMHUTbL C MyCTbiM pasgenuTenem
print('"' .join(my_list)) # Fest

# Mnbpupg 6antoB/cnucka

my_array = bytearray(b'Test')
my_array.extend(b'Ko")

print(my_array) # bytearray(b'TestKo"')
# MNpeobpa3oBaTb B 0ObIYHYH CTPOKY
print(my_array.decode()) TestKo

Jlajee pacCMOTPHUM METO/bI, KOTOPBIE CIIeTUPUUHBI IS CTPOKOBOTO
THUIIA JdHHBIX U HE PpAaCIIpOCTPAHAIOTCA Ha IIOC/TIEA0BATC/IbHOCTU. ,Z[aH—
Hble METOZIBl BO3BPAIAIOT U3MEHEHHYIO CTPOKY, HO He MOANPUIIUPYIOT
Ty, HaJ KOTOpOfI IMIPpOU3BOAUTCA OIl€epalud. K HUM OTHOCAT:

— find;

— replace;

— split;

— upper;

— rstrip u m. 0.

PaccMOTpuM MX MIPUHITUIT pAOOTHI:

my_str = 'Test'

# lMouck cmeleHNA NoACTpoOKM B my_str

print(my_str.find('es')) #1

# 3amMeHa BXOXAeHUA NoACTpoKM B my_ str

# Opyroin nopcTpokow
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print(my_str.replace('es', ' XFQ')) # T XFQt
print(my_str) # Test

line = 'ffff,ttt,nn,d’

# Pa3buTb CTpoKy Mo pasgenutenw ',' B CMNUMCOK MOACTPOK
print(line.split(',"))

["ffff', 'ttt', 'nn', 'd']

# Mpeobpa3oBaTb CMMBOJILI CTPOKU B BEPXHUIA perucTtp
print(my_str.upper()) # TEST

line = 'ffff,ttt,nn,d\n’

# YpanuTb npobenbHble CUMBOJILI C MPaBOW CTOPOHDI
print(line.rstrip())# ffff ,ttt ,nn ,d

MeTozbl MOXKHO YepeZoBaTh:

# 3aMeHa MOACTPOKU B CTpoKe C nocjeaywumm eé

#pasfeneHnem B CNMUCoOK

print(line.replace('tt"', 'XFQ').split(','))

["ffFf ', 'XFQt ', 'nn ', 'd\n']

Bosee mogpoOHBIN CITMCOK METOOB /IS pabOTHI C BCTPOEHHBIMU TH-
MMaMu JAHHBIX TpHUBeJeH B [17].

1.7.2. Coucku

CnucKu — TMO3UIMOHHO YTOpsAI0UeHHbIe KOJUIEKIIUN 0O'bEeKTOB IIPO-
M3BOJIbHBIX TUIIOB, He UMeloIre GUKCUPOBAaHHOTO pa3Mepa. B oTinune
OT CTPOK CIIMCKU MOXXHO MOAUDHUIIMPOBATh HA MecCTe IyTeM IpUcBanBa-
HUS 110 UH/IEKCY WIU BBI30BOM HEKOTOPBIX CIIMCKOBBIX METOZIOB. JTO IIO-
3BOJIAET UCIIOIb30BATh CIUCKU KaK JOBOJIbHO T'MOKUI MHCTPYMEHT IS
Mpe/icTaB/JeHUsA MTPOU3BOIbHBIX KOJUIEKIIUM, TaKUX KaK: IepedHs Mpo-
JYKTOB B MarasuHe, yJalluxcs B IIKOJIE U T. J.

K OCHOBHBIM XapaKTepUCTUKaM CIHUCKOB MOXXHO OTHECTH TO, YTO
OHU:

— ABJAIOTCA YNOPAAOYEHHBIMU KOJUIEKIIMAMU IIPOU3BOJIBHBIX 00B-
€KTOB;

— TOAJEepP>KUBAIOT JOCTYII IO CMeIleHUIo;

— UMET IepeMeHHYI0 AJUHY, PA3HOPOAHBI U OMYCKAIOT ITPOU3-
BOJIbHO IUTyOOKO€ BJIOKEHUE;

— OTHOCATCA K KaTeropuu «M3MeHseMas 1MocaeZ0BaTeIbHOCTb»;

— TIPeACTaBJAIOT COO0M MaCCUBBI CCHIOK HAa OOBEKTHI.

CylIiecTByeT HECKOJIBKO CIIOCOOOB CO3/JaHMA IyCTOT'O CITMCKA:

[]
list()

typel
type2

Ecnu cricok HeO6XO,Z[I/IMO MHUIINAIM3UPOBATh ITIEPEMEHHBIMU B MO-
MEHT €TI0 06'])HBJI€HI/IH, HCIIOJBb3YIOT CIEeAYIOIMNE KOHCTPYKIIUM:

typel
type2

[‘one', "two']
list(['one', 'two'])
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JlobGaByieHrEe B CIIMCOK OCYIIECTBIAETCS Yepe3 BBI30B Y HETO METO/A
.append(val), rae val — nobaBisieMmoe B KOHEI] CITUCKA 3HAaYEHHE:

my list = list(['one', 'two'])

print(my_list) # ['one', 'two']

my_list.append('three")

print(my list) # ['one', 'two', 'three']

[Tpu aTOM He 06s13aTeNbHO, YTOOBI B CIIMCKE COZIEP)KATUCh I B HETO
JI00aBJISUTHCh JAHHBIE OZHOI'O THUIIA:

my_list.append(4)

my_list.append(5)

print(my_list) # ['one', 'two', 'three', 4, 5]

Kaszasoch 6bl1, Tipy 06BSABJIEHUH THTIA TIOCPEACTBOM MeXaHU3Ma aHHO-
Tanuy npobseMa OyzeT pelleHa, u B ciydae ZobaBieHus 00beKTa Apy-
TOr'0 THUIIA MIPOU30U/ET OIIUOKA:

my new_list: List[int] = [4, 5]
Ho Her:

my new_list.append('add")
print(my new_list) # [4, 5, 'add']

B ormuume ot C++ wmiau Java ommbka OyzeT BblaHa He Ha dTale
KOMITWISAIIUY, a Ha 3Tare BhIIIOJHEHUS IIPOTPAaMMbI, €CJIU Y 3JIeMeHTa
CITIMICKa HET BHI3BIBAEMOI'0 pa3paboTYMKOM MeToza. Hampumep, BBIIOJ-
HUM BBIUMTAHHUE U3 KaXKJOr'0 dJIeMeHTa CIKCKA II0 eAUHUILIe:

for it in my new list:
it = it-1

B TakoMm ciy4ae OyzeT BblZlaHa OIIMOKA THUTIA:

File "F:/code/python/myProjRep/main.py", line 12, in <module>
it = it-1
TypeError: unsupported operand type(s) for -: 'str' and 'int'

OTO CBA3aHO C TeM, YTO TUIIHI B Python ompezesnsitoTcs aBToMaTuIecKu
BO BpeMsI BBITIOJTHEHUA, a He MPU UX 00BSABIEHUHU B Koze. [lomydaercs,
YTO pa3pabOTUYMK HUKOI/IA He OOBSIBIAET ITepeMeHHbIe 3ab1aroBpeMeH-
HO (9Ty KOHIIEMIIUIO TIPOIIle YIOBUTh, €CIU MTOCTOSSHHO TOMHUTD O TOM,
YTO BCE CBOAUTCA K ITlepeMeHHbBIM, 00beKTaM U CBA3AM MeXAy HUMMU).

Ecii GBI CTPOKOBBIH THII TIOAAEPKUBAJ OMEPAINIO BEIYUTAHUS, Pa3-
paboTYHK MOT OBI TaK U HE Y3HATh O JOIMYIIEeHHOM UM OInoKe. /laBati-
Te peanusyeM daiin co cueHapuem Python «main.py», mpeaBapUTeNIbHO
cKavaB aHanu3aTop koza Python (siuHTeEp) A/ cTaTUYeCKON MPOBEPKU
tunoB (pip install mypy):

from typing import List

def foo(a: str, b: int):
return len(a) - b
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my new_list: List[int] = [4, 5]

my_new_list.append('add")

print(my_new_list)

for it in my new list:

it = it-1

print(foo(False, 'sdasd'))

[Tepen 3amyckoMm Koga ciieHapus B TepmuHazne IDE (Integrated
Development Environment) BBITIOJTHUM CJIEAYIONIYIO KOMaHAY:

(venv) F:\code\python\myProjRep>mypy main.py

Mypy BBITIOJTHUT MIPOBEPKY I0JaBaeMOoro eMy Ha Bxo/ daiina ¢ Kogom
Ha COOTBETCTBUE TUIIOB OOBEKTOB U BBIIACT CJIeAYIOIIMEe 3aMedaHusl, KO-
TOpBbIe ABHO YKa3bIBAIOT Ha JIOMYIlleHHbIe OIINOKU:

main.py:7: error: Argument 1 to "append" of "list" has
incompatible type "str"; expected "int"

main.py:11: error: Argument 1 to "foo" has incompatible type
"bool"; expected "str"

main.py:11: error: Argument 2 to "foo" has incompatible type
"str"; expected "int"

Found 3 errors in 1 file (checked 1 source file) "'’

KoHeuHoO, Takol IIOAXOA MMEET CBOU HeJOCTATKH, HO IIO3BOJISIET U3-
6eXaTh YTOMUTEIbHBIX IIOUCKOB B CTydae HECOOTBETCTBUSA THUIIOB 00D-
€KTOB, KOTOpPble XpaHATCA B CIIMCKaX, CIOBapsX, IMOAAITCI HA BXOZ
GYHKITUY WIM BO3BpAIlalOTCA €10 U T. .

[Tomumo meTozma append(), KOTOPBIH OCyIIeCTBIIAET f00aBIeHNE 00D-
eKTa B KOHEII CITMCKa, MOKHO MCIIOIb30BaTh MeTo/ .insert(i,val). OH ocy-
IMeCTBIIAET J0OaBIeHNe 00bEKTA B CITIMCOK HA YKA3aHHYIO MMO3UITUIO, T7Ie
BCe 3JIEMEHTHI, CIeAyIONIYe 32 UHAEKCOM i, CIBUTAIOTCS BrpaBo [18]:

names = ['Ivan', 'Maxim', 'Alex']

print(names) # ['Ivan', 'Maxim', 'Alex']

names.insert(1, 'Jon")

print(names) # ['Ivan', 'Jon', 'Maxim', 'Alex']

MeTton extend(L) mo6aBisieT CyIIeCTBYIOIIME 3JI€MEHThHI M3 CITHCKA
L B MpaByI0 4acTh TEKYIETO CIIHCKA:

one = [1, 2]

two = [3, 4]

one.extend(b)

print(one) # [1, 2, 3, 4]

YnaneHue 3/eMeHTa CIIMCKA MOKHO OCYIIECTBI/ISITh 110 HOMEPY ero
WHZEKCa, a TaKXe HCIoab3yd MeToabl remove() wiu .pop([il), rae
[ — WH/IeKC U3BJIEKaeMOr0 U3 CIKCKa 3jeMeHTa (ecjiu ero He 3a/aBaTh,
TO MMPOU3OUIET U3BJIeYEHNE TIOCTEeIHETO dJIEMEHTA B CITUCKe). A MeTo[
.clear() (paBHOcwibHO del my_list[:]) mOTHOCTBIO OUUIIAET CITUCOK:

# paBHocunbHO names.remove('Ivan') wuau names.pop(0)
del names[9]
print(names) # ['Jon', 'Maxim', 'Alex']
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COpTHUPOBKA 3JIEMEHTOB CIMCKA OCYI[ECTBIAETCS CIeAYIOIUM obpa-
30M:

names.sort()
print(names) # ['Alex', 'Jon', 'Maxim']

[Tpu aTOM HEOOXOAMMO 3aTIOMHUTDH, YTO MPU COPTHUPOBKE CIIMCKA
C PA3HOTUITHBIMU 3JIEMEHTAMU MOXKET ITPOU30UTHU OIMMOKA:

new_array = [2, 'abc', 'ttt', '1@', 3.6]

new_array.sort()

File "F:/code/python/myProjRep/main.py", line 13, in <module>
new_array.sort()

TypeError: '<' not supported between instances of

'int'

str' and

Eciu mozaTh Ha Bxoj MeToza .sort() mapameTp key co 3HaueHUEM,
paBHBIM QYHKIIUM Str (IIpUBeleHHE dJIEMEHTA CIIMCKA K CTPOKOBOMY
TUIIY), TO OUIUOKU yAacTcsa u3beKaTh:

new_array.sort(key=str)
print(new_array) # ['10', 2, 3.6, 'abc', 'ttt']

OO6pallleHre IO HECYHIECTBYIOIIEMY HWHIEKCY K 3JIEMEHTY CITH-
CKa CUMTAEeTCs OIMMOKON U MPUBOAUT K coobienuto: IndexError: list
assignment index out of range.

Ec/ii Hy?>KHO ITOCUMTATh, CKOJIbKO pa3 10 3HAYEHUIO IIOBTOPSIETCS dJIe-
MEHT B CIIMCKe, TO He0OXO0JUMO UCIIONb30BaTh MeToZ .count(x):

my list=[1, 2, 2, 3, 2]
print(my_ list.count(2)) # 3

Tak Kak CIMCOK OTHOCUTCS K U3MeHsIeMbIM TUIIaM AaHHBIX B Python,
TO IIpHU IIpUCBaAMBAHHUU YK€ CYIIECTBYIOIIETO CIIMCKA HOBOMU ImepeMeEH-
HOU KOIIMPOBaHWE CaMOro CIKCKa He BrimosHAeTcAaA. HoBoul mepeMen-
HOI OyZieT MpUCBOEHA CChUIKA Ha yKe CYIIECTBYIOIIUH CITUCOK:

my_array = [2, 3, 5, 7, 8, 10]

print(my_array) # [2, 3, 5, 7, 8, 10]

my_new_array = my_array

my_new_array.append(12)

print(my_array) # [2, 3, 5, 7, 8, 10, 12]

B tex cIy4adax, Korga 4e€pe3 HOBYIO IIEPEMEHHYIO IVIAHUPYETCA pa-
60TaTh C KOIHUEN yKe CYIIECTBYIOIIEro CIKCKa, BO nU3bexaHue h3Me-
HeHUuH NCXOAHOTI'O CIIMCKa HCO6X0,Z[I/IMO HNCITIOJIB30BATHh METO/, COPY()
(my_array[:], list(my_array) u T. z.):

my_array = [2, 3, 5, 7, 8, 10]

print(my_array) # [2, 3, 5, 7, 8, 10]

my_new_array = my_array.copy()

my_new_array .append(12)

print(my_array) # [2, 3, 5, 7, 8, 10]

print(my_new_array) # [2, 3, 5, 7, 8, 10, 12]
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[IpoBepUTD, COAEPIKUTCA JIN B CITHCKEe OOBEKT C OTpe/ieJIeHHBIM 3Ha-
YeHHEM, MOXXKHO CJIeAYIONIUM CITIOCOOOM:

my_array = [2, 3, 5, 7, 8, 10]

print(2 in my_array) # True

print(@ in my_array) # False

1.7.3. CiioBapu

CrioBapb — Haubosiee rTHOKUH TUTI ]aHHBIX B Python. Eciu ciivicky Moxk-
HO paccMaTpHBaTh KaK yIOPSAZ0UYeHHbIE KOJUIEKIIMHY 00BEKTOB, TO CJIOBA-
pU — HeyIops0YeHHble KO/UIEKITUU. VX IJIaBHOe OT/IMYKE OT CIIHCKOB
COCTOHUT B TOM, YTO B CJIOBAPSX 3JIEMEHThI COXPAHAIOTCA W U3BJIEKAIOTCS
10 KJIFOYY, a He I10 IMO3UIIMOHHOMY CMellleHHIo. I1o cBoel cyTH cioBapu
3aMeIlamT coOO0M 3aIKCH, IIOMCKOBBIE TAOMUIIBI 1 OObEJUHEHUSA UHOTO
BU/IA, T/le UMeHa 3JIeMeHTOB OoJiee cofiepyKaTeTbHbI, YeM UX MTO3UIIHU.

[lepeyrcIMM OCHOBHBIE XapaKTEPUCTUKU caoBapei. OHU:

— TOAAEP:KUBAIOT JAOCTYII ITO KJIIOYY, a He TI0 CMeIleHHUIO;

— SBJIAIOTCSA HEYMOPSA0YEeHHBIMU KOJUIEKIIUAMU MPOU3BOIbHBIX
0OBEKTOB;

— UMEIT IIepeMeHHYI0 [JINHY, PA3HOPOAHBI U OMYCKAIOT IIPOU3-
BOJIBHO ITTyOOKOE BIIOKEHUE;

— OTHOCATCS K KaTETOPUH «HU3MeHsIeMOe 0TOOparkeH1e»;

— TpeACTaBJASAIOT cOO0OM TabJUIIBI CCBUIOK Ha OOBEKTH (XeIl-
TaOIULIBL).

B dopme nuTepasbHOTO BBIpAXKEHUs CJIOBAph 3allMChIBAeTCSI KakK
orpaHUYeHHas QUTYPHBIMU CKOOKaAMU CEPUS Map «KII0Y:3HAYEHHE»,
pas/ieJIeHHbIX 3anAThIMU. CIOBapy MOXKHO BKJIJBIBATh B KOJUIEKITUH,
3aMuchiBasi OJUH CJI0Bapb B BUZlEe 3HAUYEHUSA BHYTPU APYTOrO CIOBApS
160 BHYTPHU CITHCKA WIM KOPTEXa.

OOBSABUTH CJIOBAph MOXKHO CJIEAYIONTAM 00pa3oM:

my dict = {} # MycTon cnosapb

# [BYX3/1€MeHTHbIM C/0Bapb

my dict = {'name': 'Alex', 'course': 3}
# BnoxeHue
my dict = {"info': {'name': 'Alex', 'course': 3}}

# AnbTepHaTMBHble CMOCO6b CO3[aHMA: KJIKWYEeBble CNOBA,
# napbl "KAY:3HavyeHue", ynakoBaHHble napbl

# "KAY:3HayeHue", CNUCKKU Kaw4en

my_dict = dict(name='Alex', course=3)

my dict = dict([('name', 'Alex'), ('course', 3)])
my dict = dict(zip(keyslist, valueslist))
my dict = dict.fromkeys(['name', 'course'])

Huxe ImpeacTtaBjl€H OAWH N3 cIrocoboB ,Z[O6aBJIeHI/IH JIEMEHTOB B CJIO-
Baphb:

my dict = {}

my_dict['name'] = 'Alex’

my_dict['course'] = 3

print(my_dict) # {'name': 'Alex', 'course': 3}
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BbIBO/I 3HAUEHMUS 110 €T0 KJIFOUY OCYI[EeCTBISETCS CAeAYIONUM 0bpa-
30M:

print(my dict['name']) # Alex

HPI/I O6paH_[€HI/II/I K 3HAQYE€HHUIO 2JIEMEHTA II0 €I'0 K01y CTOUT OBITD
OCTOPOXHBIM, TdK KdK 3JIEMEHT MOXKET OTCYTCTBOBATb B CJIOBApeE:
print(my_dict['info'])

File "F:/code/python/myProjRep/main.py"”, line 9, in <module>
print(my_dict['info'])
KeyError: 'info'

[Tepexn Takum obOpallleHUEM K dJIeMeHTY MOXKHO ITPOBEPUTH, CYIIle-
CTBYET JIM 3aIUCh C JaHHBIM KJIIOYOM B CJIOBape:

print('info' in my_dict) # False
print('name' in my_dict) # True

[TpoBepka Ha OCHOBE OllepaTopa BKIIOUEHUs in M30aBUT OT OUIHOKU
B MIPOIIecce BHITIOTHEHYS IIPOrPaMMBbI, HO pa3pabOTYMKy B TAKOM CTydae
HEeOOXOZMMO MOCTOSHHO MPOBOAUTH PoBepku. OOOUTH 3Ty TIpobiemMy
MO>XHO, Hcrionbaysi Metoz .setdefault(key, def_val) i .get(key, def_val):

print(my_dict.get('name', 'Maxim')) # Alex
print(my dict.get('info', 'no')) # no

my dict.setdefault('info', 'default')
print(my dict['info']) # default

my dict.setdefault('name', 'default')
print(my_dict['name']) # Alex

Eciun B cioBape HeT 3JeMeHTa C JaHHBIM KJIKHYOM, METO/
.setdefault(key, def_val) mo6aBuT B cioBaph mapy «KJHOY:3HaUYeHUE
110 YMOJTYaHUIO», B MTHOM CIydae HUKaKHX Olepallui co cJIoBapeM Mpo-
usBoauThes He OyzeT. Metozn .get(key, def_val) B ciiyyae orcyTcTBUsS
KHKNHlBCHOBapeBepHeTBHaquHeIH)YMOanHHm,HHaqe6YA€TBO&
BpallleHO 3Ha4YeHue, XpaHdallleecd 110 3alaHHOMY KJIIOYY.

BHBaKHHMOMeHTH,Konaane6yeTGIHOquHTbCHHCOKIQUOHeﬁ,3Ha-
YeHUH, WU KOPTEX Map «KIo4d:3HaueHe» caoBaps. [lJist 3TOTO UCIOJIb-
3yIOTCA CIIEeAYIOIEe METO/BbI:

my dict = {'name': 'Alex', 'course': 3, 'info':

{'age': 21, 'country': 'rus'}}

# BboiBeCTn BCe KJH4YM

print(list(my_dict.keys()))

# ['name', 'course', 'info']

# BblBECTU BCe 3Ha4dYeHusd

print(list(my_dict.values()))

# ['Alex', 3, {'age': 21, 'country': 'rus'}]

# KopTexu nap "KJw4:3HayeHue"

print(list(my_dict.items()))

# [('name', 'Alex'), ('course', 3), ('info', {'age':

# 21, 'country': 'rus'})]
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KommmpoBath c1ioBaph MOXXHO CJIEAYIONAMU CIIOCOOaMMU:

my dict ={'name': 'Alex', 'course': 3}

my_new_dict = my _dict.copy() # my new_dict = dict(my_dict)
my_new_dict['info'] = 'None’

print(my_dict) # {'name': 'Alex', 'course': 3}
print(my_new_dict)

# {'name': 'Alex', 'course': 3, 'info': 'None'}

[IpuBeIeHHBIM BBIIIIE CITOCOOOM OCYIIECTBIISETCA IIOBEPXHOCTHOE KO-

ITMpOBAHHE, a 5TO 3HAYUT, YTO IIPpU HAJIMYNU B BUJEC 3HAYEHHUA Yy CJIOBAPA
CITMCKAa, BJIOXKEHHOTI'O CJIOBApA WJIX N3MEHAEMBIX THUIIOB 6YZLYT CKOITNPO-
BaHBI CCBUIKM Ha 3T 00BbEeKTHI. TakuM o6pa301v[, IIpr X N3BMEHEHWHU K13-
MEHATCA 1M 3BHAYCHUA Y 00BEKTOB B HCXOOAHOM CJiOBape:

my dict = {'name': 'Alex', 'course': 3, 'info':
{'age': 21, 'country': 'rus'}}

print(my_dict)

# {'name': 'Alex', 'course': 3, 'info': {'age': 21,

# ‘'country': 'rus'}}

#my new dict = dict(my_dict)

my new_dict = my dict.copy()

my new_dict['info']['age'] =1

print(my_dict)

# {'name': 'Alex', 'course': 3, 'info': {'age': 1,

# ‘'country': 'rus'}}

Yrob6bl u3bexxaTh AaHHBIX IPOOJIEM, CIeyeT UCTTIOIb30BaTh INIyOOKOe

KOIITMPpOBAHHUE:!

import copy

my dict = {'name': 'Alex', 'course': 3, 'info':
{'age': 21, 'country': 'rus'}}

my_new_dict = copy.deepcopy(my_dict)

my_new_dict['info']['age'] = 1

print(my_dict)

#{'name': 'Alex', 'course': 3, 'info': {'age': 21,
# 'country': 'rus'}}

print(my new_dict)

#{"'name': 'Alex', 'course': 3, 'info': {'age': 1,
# 'country': 'rus'}}

YpaneHue Win U3BJIeYEHUE Imap «KJ/JIO4Y:3HAa4Y€HHUE» B CJIOBApPE OCYy-

IIIECTBJISAETCA CAEAYIOIMNMHU CIIocoOaMu:
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my dict ={'name': 'Alex', 'course': 3, 'testl': 10, 'test2':
"prob', 'test3': 3.56}

print(my_dict)

#{'name': 'Alex', 'course': 3, 'testl': 10, 'test2':

# 'prob', 'test3': 3.56}

# ecnn knwya 'test3' HeT, cnoBapb ocCTaHeTcA

# 6e3 M3MeHeHMA U BbiBeJeTca 10

print(my_dict.pop('test3', 10)) # 3.56

print(my_dict)

# {'name': 'Alex', 'course': 3, 'testl': 10,



# 'test2':'prob'}

print(my_dict.pop('test3', 10)) # 10

# ynaneHue/Bo3BpaweHne nwboi napbl (K/KY:3HavyeHue)
print(my dict.popitem()) # ('test2', 'prob')

del my_dict['name'] #YpaneHue 3nemMeHTOB MO KJKYY
print(my_dict) # {'course': 3, 'testl': 10}

,Z[)IH O6'b€L[I/IHeHI/IH ABYX CJIOBapeI;'I IIO KJIF04YaM HCIIOJNIb3yEeTCA CIIeay-
IOITUM MOAXOI:

my dict ={'name': 'Alex', 'course': 3}

my new _dict = { 'testl': 10, 'test2': 'prob',

"test3': 3.56}

my _dict.update(my new_dict)

print(my_dict)

#{"'name': 'Alex', 'course': 3, 'testl': 10, 'test2':

# 'prob', 'test3': 3.56}

BriBaroOT ciiyyau, Korza K4y B OZHOM U JPYyrOM CJIOBape COBIIaza-
IOT. TOI‘,Z[E[ HpOHBOfI,Z[GT 3aMeHa 3Ha4YeHUH Mo KIodaM y TOro cjoBap,
KOTOPOMY BbI3bIBaeTcsa MeToz .update():

my dict ={'name': 'Alex', 'course': 3}

my new dict = { 'testl': 10, 'name': 'prob',

"test3': 3.56}

my dict.update(my new_dict)

print(my_dict)

#{"'name': 'prob’', 'course': 3, 'testl': 10,

# 'test3': 3.56}

Huxe nprBesieHO HECKOIBKO JOMOMHUTENbHBIX YKAa3aHUM U TaMATOK
o paboTe co CIOBapsAMU:

1) omepauuu Haj MocjaefoBaTeJbHOCTAMU He paboTaloT, TaK Kak
CJIOBAapU UMM He ABIAITCA. [l09TOMy MOHATHE TOPsAAKA CPeAU UX diie-
MEHTOB OTCYTCTBYET, a Ollepalluy Bpo/ile KOHKaTeHauuu (ynopsazodeH-
Hoe oObe/IHeHE) U cpe3a (M3B/leyeHre HEMTPEPBIBHOM CEKITUU) TTOTIPO-
CTy HEIIpUMEHVMBI;

2) TmnpucBavBaHUe IO HOBBIM MH/EKCaM /100aBIsgeT 3JIeMEHTHI;

3) wirouym He obOs3aHBI Bcerga ObITh cTpoKamu. /o cux Mop B IpU-
Mepax B KauecTBe KJII0Yell MCIO0Nb30BAIUCh CTPOKHU, HO JOMYyCKAETCA
MIPUMEHATH JtoOble Heu3MeHsieMble 00beKThl. Hampumep, 1eyible duc-
Jla. JTO cAenaeT CI0Bapb OYeHb IIOXOKUM Ha CIHCOK (BO BCAKOM CII-
yae, Mpy UHAEKCUPOBaHUM). KOopTexxu Takke MOTYT IPUMEHAThCA KakK
KJIIOUM CJIOBapd, MO3BOJIAA COCTaBHBIM 3HAUYEHUAM KJIFOUeU, TAKUM KakK
natel u [P-agpeca, uMeTh accoluMpoBaHHbIe 3HaYeHUA. Kitouamu Mo-
T'YT BBICTYTIAaTh OOBEKTHI KJIACCOB, OINpe/ieiieMbIX Pa3paboTIYNKOM, MPU
HAJUYUU B HUX MOAXOJAIINX MPOTOKOJbHBIX MeTOZOB. I'pybo rosop4,
HeoOXoAMMO cooOImuUTh Python o ToM, YTO UX 3HAYEHUS SABJISIOTCS «Xe-
IIMPYeMBIMU» ¥ TTIOTOMY U3MEHSThCA He OYAyT, TaK KaK MHaYe OHU OKa-
3anrch OBl 6ecroie3HbIMU KaK GUKCHPOBaHHBIE KJIIOYU. V3MeHseMble
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00BEKTHI BPOJIEe CITUCKOB, MHOXKECTB U IPYTUX CJIOBapel He MOTYT OBITh
KJII0YaMM, HO pa3pelleHbl B KaueCcTBe 3HaYeHU.

1.7.4. KopTexnu

Koptexu (tuples) — HensMeHsieMble TIOC/eloBaTeIbHOCTU. KopTex
MOXXHO CO3/]laTh C UCIIOJb30BaHMEM CHMHTaKCHCa JuTepasa, 3aKJI0uuB
ero KOMIIOHEHTHI B KPYIJIble CKOOKHU U pa3fie/iuB UX 3alAThIMU. Takke
JUIs1 CO3ZIaHUA KOPTEeXKa MOXKHO MCII0JIb30BaTh Kiacc tuple, koTopomy
JUISl TIOCTPOEHUA HOBOI'O KOPTeXa B KOHCTPYKTOP KJjacca MofAaeTcs 1o-
CJIe/J0OBATeNbHOCTh (CIHCOK):

my_ tuple ('Alex', 'Jon")
my_tuple = tuple(['Alex', 'Jon'])
my_tuple = 'Alex', 'Jon'

my tuple = ()

HpI/I COo3JaHun KOpTC)KGfI HGO6XO,Z[I/IMO 3allIOMHUTDb CJIeAyrouiee 1rnpa-
BWIO: eC/iU 8 KpYaJble ckobKU 3akitoueH 00uH aiemeHm, mo Python pac-
cvampueaem ux Kak O6bl'~lele, a ecjiu 3aKJINUEHO HECKOJIbKO dJleMeHmaos,
pasodenieHHbLX 3anambsiMu, Python paccmampusaem ux kak Kopmeoic:

my_tuple = (2+3)*2

print(type(my_tuple)) # <class 'int'>

my_tuple = (2, 3)

print(type(my_tuple)) # <class 'tuple'>

K OCHOBHBIM XapaKTepHUCTHKaM KOPTeXel MOXHO OTHECTU TO, YTO
OHU:

— SBJIAIOTCS YIOPSZIOYEHHBIMU KOJUIEKITUAMHU ITPOU3BOJIBHBIX 00'h-
€KTOB;

— TOAAEP)KUBAIOT AOCTYII 10 CMEIeHUIO;

— OTHOCATCS K KaTerOpUM «Heu3MeHseMasi IT0CIe0BaTebHOCTD;

— uMeroT GUKCUPOBAHHYIO AJIMHY, Pa3HOPOAHBI U OMTyCKAIOT IMPO-
M3BOJIBHO TUTyOOKOE BJIOJKEHUE;

— IIpeACTaBJIAIOT COOOM MaCCHUBHI CCHUIOK Ha OOBEKTHI.

Kak 1 paccMOTpeHHBIE paHee CITUCKU, KOPTeXXHU (KaK MoceJoBaTeb-
HOCTH) TIOAZIEP>KUBAIOT PsiZi OOLINX METOJ0B pabOTHI C HUMH:

— WHZAEKC, UHAEKC UHAEKCca, cpes, AnmuHa (my_tuple[i], my_tuplel[i]
[j1, my_tuple[0:n], len(my_tuple));

— KOHKaTeHalus, moBTopeHue (my_tuple + new_my_tuple, my_
tuple*3);

— wureparus (for it in my_tuple: print (x));

— wireHctBo ('ff' in my_tuple);

— mnogcuet (my_tuple.count(x)) u T. A.

B Tex ciyyasx, Korza HeoO6X0AUMO U3MEHUTh 3HAaUYeHUsI 00BEKTOB,
HaXOZAIINXCA B KOPTEXe, IPUMEHSIOT caeAyomuii moaxo. Ha ocHoBe
CYIIIECTBYIOIIET0 KOPTEXA CO3/IaeTCs CIIMCOK, CoAep KaIlluil B cebe 00b-
eKTBI, XpaHUMBIE B KOpTexke. Jlasee MpoU3BOANTCA paboTa CO CIIMCKOM
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N Ha IIoCJIeJHEM IIare M3 JaHHOI'O CIIMCKa CO34a€TCA HOBBIN KOPTEX,
N CCbLJIKA Ha HEro IpucBanBacTCA nepeMeHHof/i, gyepes3 4ybe MMA OCYy-
IMIECTB/IAETCA pa60Ta C NCXOAHBIM KOPTEXEM:

my_tuple = 2, 3, 4, 5

print(my_tuple) # (2, 3, 4, 5)

my list = list(my_tuple)

print(my_list) # [2, 3, 4, 5]

my list = list(map(lambda x: x*2, my list))
print(my_list) # [4, 6, 8, 10]

my_ tuple = tuple(my_ list)

print(my tuple) # (4, 6, 8, 10)

Ecu mombITaThCcsl UI3MEHUTH 3HaUeHMeE dJIeMeHTa KOpTeKa, TO B MPo-
1jecce paboTHI TPOTpaMMBbI OyZIeT BbIBeZieHa cleAyIolias ourmoKa:

my_tuple[@] = 3
""" File "F:/code/python/myProjRep/main.py", line 10,
in <module>
my_tuple[©] = 3
TypeError: 'tuple' object does not support item assignment '''

3a4yeM Ke MPUMEHATH KOPTEXHU, €CJIU €CTh CITUCKU? /(€10 B TOM, UTO
HEU3MEHSEMOCTb KOPTeXKel obecredynBaeT ompeeseHHYI0 CTelleHb
11eJIocTHOCTU. To ecTh pa3paboTYUK MOXKET OBITh YBEPEH, UTO KOPTEX
He U3MEHUTCS Yyepe3 CChUIKY IZle-TO B IPYyrOM MecTe MporpamMmsl. [l
CITMICKOB K€ TaKas rapaHTUsA OTCYTCTBYET.

[TockopKy HOMepa ToJiel B KOpTeXXe HECYT MeHbIIle OCMBICTIEHHOMN
vHpOopMaLKK, YeM UMeHa KJIIoUYell B CJIOBApe, TO MOXKHO HCIIOJIb30BaTh
MMeHOBaHHbBIE KOPTEXU, JUIIEHHbIE JaHHOTO HeAocTaTKa. /ljig 3Toro
HeoOxoAMMO U3 6ubauoTeyHoro moaysa collections uMmopTupoBaTh
ki1acc namedtuple:

from collections import namedtuple
ItemRec = namedtuple('ItemRec', ['name’,
‘age', 'jobs'])

my tuple = ItemRec('Alex', age=21,
jobs=["'student', 'developer'])

print(my_tuple)

# ItemRec(name='Alex', age=21,

# jobs=['student', 'developer'])

print(my_tuple[@], my_tuple[2])

# Alex ['student', 'developer']

print(my_tuple.name, my_tuple.jobs)

# Alex ['student', 'developer']

my_dict = my_tuple._asdict()
print(my_dict['name'], my_dict['jobs'])
# Alex ['student', 'developer']
print(my_dict)
#OrderedDict([('name’', 'Alex'), ('age', 21),
# ('jobs', ['student', 'developer'])])

49



1.7.5. ®atinbl

daiipl CYUTAIOTCA OCHOBHBIM TUIIOM, IIOTOMY YTO CO3/IaI0TCSA BCTPO-
eHHOM ¢yHKIMel open(), HO OTVIMYAIOTCA OT YUCEN U MOCTIeoBaTeNb-
HOCTEW, a TaKKe He pearupyroT Ha onepaluu BelpaxxeHui. Qaiisl mpe-
JIOCTABJISAIOT TOJBKO METO/BI JJIsl PellleHus paclpoCTpaHEHHBIX 3a/a4
ux 06paboTku. bonbMHCTBO GailIoBBIX METOLOB 3aHMMAIOTCA BBITIOJN-
HeHHeM BBO/la U3 BHelllHero ¢aiiyia 1 BhIBoZa B ¢aiii, acColMupoBaH-
HbIY ¢ paloBbIM 00bekTOM. OCTaTbHBIE METO/BI TTO3BOJISIOT ITePeXo-
JUTH B HOBYIO TO3UIIUIO0 BHYTPpU daiina, cOpaceiBaTh 6ydepsl BHIBOJA
U T. ]I

[TepeyrcIvM HEKOTOPBIE 0cOOeHHOCTH paboThl ¢ partamu B Python:

— d¢aiinoBble UTEPATOPHI JIyUllle BCETO MOAXOAAT /I YTEHUS CTPOK;

— COZEPKUMOE SBJISIETCSA CTPOKAaMH, a He 0ObEeKTaMU;

— datirsl 6ydbepU3npyrOTCS U MOAAEPKUBAIOT MTO3UITMOHUPOBAHUE;

— BBI30B MeTozia close() yacto Heobs3aTeneH: ¢ai aBToMaTuye-
CKU 3aKpbIBaeTCs MpU cOOpKe Mycopa.

Jlnst oTKpBITHSA datiza HeoOX0AUMO HCITOIb30BATh BCTPOEHHYO QyHK-
1o open() ¢ ykazaHueM ITyTH U UMeHU BHeITHero ¢aiina, a Takke pe-
’KuMa o6paboTku. Bei3oB Bo3BpaliaeT ¢aioBblii 00BEKT, UMEIOIINI
METOZBI IS TIepelavul JaHHBIX:

my_file = open (file_path_and_name, access_mode)

B kauecTBe BXOZHOI'O IMapaMeTpa access_mode MOXXHO yKa3aTh OAWH
U3 CIeAYIONUX PeKUMOB paboTsl [19], mpuBeaeHHBIX B Tabs. 1.1.

Tabnuya 1.1
CnuCoK pexxnmoB OTKpbITUA paitna
Pexxum OnucaHue

JocTyma

r TonbKO A/ YTeHUA

w TosbKO 7151 3aMMCH, WIN CO3AeTCs HOBBIA Qaii B CIydae ero OTCyT-
CTBUSA B KaTajiore

b Tonbko 7151 yTeHUs (OMHAPHBIN)

wb Tonbko 151 3anvicy (OMHAPHBIN WX CO3/]aeTCsl HOBBIM (aiil B ciryyae
€ro OTCYTCTBHS B KaTaJoTe)

r+ [l 9TeHUs U 3aIMCH, KOTOPbIe TTPOM3BOAATCA ¢ Havana daiia

rb+ Jlnst uTeHus u 3anucu (OMHAPHBIN)

w+ Jl1 YTeHUS U 3aIIMCH, WIK CO3/aeTCs HOBHIN (aliyl B crydae ero
OTCYTCTBUS B KaTasore. [IoToK paboThI ¢ $paiiom OyeT yCTaHOBIEH
B €ro Havajo

wb+ Jlnst uTeHus v 3anvicu (OMHAPHBIN), WM CO3aeTCs HOBBIN aiin
B CJIy4ae ero OTCyTCTBHUA B KaTajore
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OkoHuarue ma6n. 1.1

Pexxum OnucaHue

JocTyna

a OTKpoeT Aist 06aBIeHUsT HOBOTO COZAEPKMMOTO WU CO37IacT HOBBIM
¢aiin B ciiyyae ero oTcyTCTBUA B Katasiore. /lobaBieHue OyzaeT ocy-
IIECTBJIATHCSA B KOHEIl OTKpPhIBaeMoro ¢arina

a+ OTtkpoet daiin i yTeHUs WK J00aBIeHUS HOBOTO COAEPKUMOTO
WY CO37IaCT HOBBIN (aii B cIydae ero OTCyTCTBUA B KaTasore. I1o-
TOK paboTHI ¢ daityioMm OyeT HaUMHATHCSA ¢ KOHI]A OTKPhIBAEMOT'O
daitta

ab OTKpoeT 1 106aBIeHUs HOBOTO COAEPKUMOTO (OMHAPHBIHN) WIH
CO3/IaCT HOBBIH (aiin B ciiydae ero OTCyTCTBHUA B KaTasore. JJobapie-
HUe OyZIeT OCyIIeCTBIAThCSA B KOHEI] OTKphIBaeMoro ¢aiiia

ab+ OtkpoeT ¢aiin A YTeHUs WK Z06aBIeHNs HOBOTO COAEPKUMOTO

(6rHAPHBIN) WM CO34aCT HOBBIM (Qaii B ciydae ero OTCyTCTBUS
B KaTasiore. [IoTok paboThl ¢ $paiyioM OyeT HAYUHATHCS C KOHIIA OT-

KpbIBaemoro darina

B Tabs. 1.2 npuBeeHb OCHOBHBIE METOZBI /i1 pabOTHI ¢ patimaMu.

Tabnuya 1.2
PacnpoctpaHeHHble ¢aitnoBbie onepayum

MeToz Onucanue

close() BpyuHyto 3aKpeiBaeT aiin (3To AeaeTcss aBTOMaTUIECKH,
Korza ¢paiyioBeii 06BEKT NoABepraeTcs cbopke Mycopa)

fileno() BosBparaer 1neso4nciaeHHbIN JeckpunTop daiina

flush() C6paceiBaeT 6ydep BbIBOZA Ha AVCK, He 3aKpbIBas daiin

isatty() BosBpamaet True, ecyii daiil MpUBsA3aH K TEPMUHAIY

next() BosBpariaeT ciefyrolyo cTpoKy daria

read() YuTaeT 1enbiii Gpaiyl B OAUHOYHYIO CTPOKY

read(n) YreHue mepBble n CUMBOJIOB daiiia

readline() YuTaeT CaeAyIONyo CTPOKY daiia (BKIOYass CMMBOJ HOBOM
CTPOKU \N) B CTPOKY

readlines() YuTaeT 1eblii Gail B CIIHMCOK CTPOK (C cUMBOJIaMH \1)

seek(N) W3menser no3unuio Ha N /14 ceAyrollei onepanun

tell) Bo3sBpaiiaeTr TeKyIyo No3UIUI0 B daiiie OTHOCUTENIHHO ero
Haydasa

write(str) 3anuCchIBaeT CTPOKY Str B daiin

writelines(lines) | 3amuceiBaeT Bce CTPOKU U3 ciMcKa B daiin
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PaccmoTpuM npocTou NpuMep, IeMOHCTPUPYIOLINY OCHOBHBIE IIPHUH-

IIUIIBI pabOTHI ¢ paimamu:

myfile = open('myfile.txt', 'w')
myfile.write('MAaTHaguaTb YenoBek Ha CyHAYK
mepTBeua.\n")
myfile.write('Ho-xo-x0, n 6yTbinka pomy!\n')

myfile.close()

myfile = open('myfile.txt', 'r")
print(myfile.readline())

# MATHapuaTb 4esoBeK Ha CYHAYK MepTBeua.
print(myfile.readline())

# No-xo-xo0, n 6yThUIKa pomy!
print(myfile.readline())

# MycTaa cTpoka: KoHeu ¢aina

# YTeHue cpasy Bcero ¢anna
print(open('myfile.txt', 'r').read())

# NATHapguaTb 4YenoBeK Ha CYHAYK MepTBeua.
# Mo-xo0-xo0, u 6yTbinka pomy!

Jl1s1 TOCTPOYHOM paboThI ¢ GaiyIoM IPUMEHSETCS TTOAX0/, B KOTOPOM

BpeMeHHBIN (HalIoBbIN 00bEKT, CO3[aHHBIN PYHKIIMEl open, OyeT aBTOMa-
THUYECKH YUTATh Y BO3BpAIaTh OZIHY CTPOKY Ha KaXKJOHW UTepalUy IUKJIA:

myfile = open('myfile.txt', 'r')
for line in myfile:
print(line, end="")
# MAaTHapuaTb 4YesioBeK Ha CYHAYK mepTBeua.
# Wo-xo0-xo0, u 6yTbuIKa pomy!

Teneps pasbepeM mporiecc 3amycy pa3HOOOpa3HBIX 00beKTOB Python

B TEKCTOBBIN Qatii. 37ech ciaeayeT obpaiiaTb BHUMaHUE, YTO OOBEKTHI
ZIOJDKHBI OBITH TTpe0Opa3oBaHbl B CTPOKU C TPUMEHEeHHNeM UHCTPYMEHTOB
npeobpa3oBaHuA. 3a4acTyio AaHHbIe daiiia ABIAI0TCI CTPOKaMU, U METO-
ZIbl 3aIKCU He /leTaloT HUKAKOT'o UX aBTOMaTHU4YeCcKoro popMaTUpOBaHUA:

a, b, c =43, 23, 45

mytext = 'Test'
mydict = { 'a' : 1, 'b' : 2}
mylist = [1, 2, 3]

myfile = open('datafile.txt' , 'w')

myfile.write(mytext + '\n')

# Npeobpa3oBaHue 4ucen B CTPOKM
myfile.write('%s,%s,%s\n" % (a, b, c))

# Npeobpa3oBaHue W pasgeneHue nocpencTsom $
myfile.write(str(mylist ) + '$' + str(mydict) + '\n")
myfile.close()

[Tocne TOT'O, KaK (1)&11‘71)1 CO3ZlaH, Mbl MOXKEM IMIPpOCMOTPETHL €I0 CoAED-

KHUMO€, OTKPBbIB U IIPOYUTAB B CTpOKOBblf/’I 00BEKT:
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JlJIs1 TIOJTHOIIEHHOT'O CUMTHIBAHMSA JaHHBIX U3 daliia HyKHO BBIIIO-
HHUTH cjieAyrolye maru:

myfile = open('datafile.txt’, 'r')

mytext = myfile.readline()

# YpaneHue cuMBOJIa KOHLLA CTPOKM

mytext = mytext.rstrip()

print(mytext) # Test

my_numbers_str = myfile.readline()

# PasbueHue (pas3bop) no 3anATbM

my_numbers_str = my _numbers_str.split(',")

# Mpeobpa3oBaHue BCero cnucka 3a pas

my_numbers = [int(it) for it in my_numbers_str]

#int(P) - npuBedeHue snemMeHTa cnucka K Tuny int

print(my_numbers) # [43, 23, 45]

YTOOBI Hpeo6pa30BaTb CIIMCOK M CJIOBAapb, COXpaHEHHLBIEC B Tp€Tb€I>JI
cTpoke daiina, MOKHO MPOrHaTh Ux yepe3 eval() — BcTpoeHHyI0 QyHK-
LIVI0, KOTOpas TPAKTyeT CTPOKY KaK ITOPIIUIO UCIIOJTHAEMOI'O IPOrpaMm-
HOro Koza (bopManIbHO KaK CTPOKY, CoZep Kalllyto BeipakeHue Python):

mydict_and_list = myfile.readline().split('$")

print(mydict_and list)

# ['[1, 2, 3]', "{'a': 1, 'b"': 2}\n"]

print(eval(mydict and list[1])) # {'a': 1, 'b': 2}

objects = [eval(P) for P in mydict_and_list]

print(objects) # [[1, 2, 3], {'a': 1, 'b': 2}]

[TocKOTbKY KOHEYHBIM Pe3y/IbTaTOM BCEero pa3bopa u mpeobpa3oBa-
HUS SIBJIIETCS CITUCOK 00heKTOB Python, a He CTPOK, Tenepb K HUM MOK-
HO MMPUMEHSATH CITUCKOBbBIE U CJIOBApHbBIE OTIEPAIIUU.

[TpumeHnenue metoza eval() k crpokam darina He ABaAeTCSI 6e3-
OTIaCHBIM, TaK KaK OH BBHITIOJIHUT Jitoboe BhIpakeHue Python, mozaBae-
Moe Ha BxoZl. HammpuMep, 3T0 MOXKeT OBITh KOZI, YAAISIOMINN Bce Gaiibl
B Katasore. K erie ogHoMy He6e30MacHOMY CIIOCO0Y 3arpy3Ku OOBbeK-
ToB Python u3 ¢aitta OTHOCUTCSA CTaHAAPTHBINA OMOJIMOTEYHBI MOZAYJIb
pickle. OTOT Mozy/Ib TT03BOJISIET COXPAHATD ITOYTH JIFOO0H 00beKT Python
B dail HaNIpSAMYI0, He TpeOysd KaKux-Tubo mpeobpa3oBaHUil B CTPOKY.
B TO ke camoe BpeMs HYKHO OBITh BHUMATEJbHBIM IIPU U3BJIE€UYEHUU
JMAHHBIX U3 daiiia, Tak KaK TaM MOXKET COZiePKaThCsl BPEIOHOCHBIN KO,
KOTOPBIH BHITIOJTHUTCSA HAa BallleM KOMITbIOTEpE:

import pickle

mydict = { 'a' : 1, 'b' : 2}

myfile = open('datafile.pkl', 'wb')

pickle.dump(mydict, myfile)

myfile.close()

Hurke nipuBeZieH Ko/ AJis1 CAUTBIBAHUA cIoBaps U3 daiina:

import pickle

myfile = open('datafile.pkl', 'rb")
mydict = pickle.load(myfile)
print(mydict) # {'a': 1, 'b': 2}
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Mogyns pickle BrimoHSIET cepranu3anuio 060beKTOB (TIpeobpa3oBa-
HUe 0ObEKTOB B CTPOKU 6AHUTOB 1 06paTHO) U TpebyeT coBceM He3HAUU-
TeJIbHOTO 0ObeMa paboThl CO CTOPOHBI pazpaboTunka. bosee mozpo6HO
IIPO JAHHBIM MOZY/b ¥ paboTy ¢ HUM MOXXHO Tpo4yuTaTh B [20].

B ciyyae paboThI ¢ paityioM 13 HeHaZIeXKHbIX UCTOYHUKOB PEKOMEH-
ZIyeTcsl UCIIoNIb30BaTh Oosiee Ge3omacHble GpopMaThl cepuaau3aliuy, Ta-
kue kak JSON [21, 22]:

import json

name = dict(first="Ivan', last='Ivanov')

my_dict = dict(name=name, job=['developer', 'student’'],

age=21.5)

print(my_dict)

# {'name': {'first': '"Ivan', 'last': 'Ivanov'},

# 'job': ['developer', 'student'], 'age': 21.5}

json.dump(my_dict, fp=open('testjson.txt', 'w'),
indent=4)

print(open ('testjson.txt').read())

{
"name": {
"first": "Ivan",
"last": "Ivanov"
}s
lljobll: [
"developer",
"student"
1,
"age": 21.5
} mmn

my_json_obj = json.load(open('testjson.txt"))

print(my_json_obj)

# {'name': {'first': 'Ivan', 'last': "Ivanov'},

# 'job': ['developer', 'student'], 'age': 21.5}

Kpome Toro, B ”HCTpyMeHTaJIbHOM Habope Python gocTyriHbBI Z0T10I-
HUTEJIbHBIE CPe/CTBA sl pabOThI ¢ BHEITHUMU (aiylaMu, 3TO:

— CTaHJapTHbBIE IOTOKU JaHHBIX;

— [JleCKpUINITOpHBIe Gaiiibl B MOAYJIE OS;

— COKeThl, KOHBelephl u ouepeau FIFO;

— daitbl ¢ IOCTYTIOM TI0 KJTIOUy, ToAep)KrBaeMble MozysieM shelve;

— IIOTOKHU JaHHBIX KOMaHAHOMN 00O0JIOYKH.

1.7.6. MHOXkecTBa

MHO’KeCcTBO — HeyIopsAZ0YeHHAsT COBOKYITHOCTh OOBEKTOB, B KOTO-
poii He MOKeT ObITh AyOsmKaToB. Kak M KOpPTeK, MHOXKECTBO MOXKHO
co3zaTh Ha 6a3se CIMCcKa WX JPYTUX MOC/Ie0BATENbHOCTEN, 2I€MEHTHI
KOTOPBIX MOXXHO TTepebupaTh. OfHAKO, B OTJIMYHE OT CITUCKOB U KOPTe-
’KeH, 1T MHOKECTB HeBa)KeH IMOPSNOK 2jieMeHTOB. MHOKeCTBa 4acTo
HCIIOJIb3YIOTCA IS ABYX IleJied: i yAaaeHus AyOaIuKaToB U AJis Mpo-
BEPKU IIPUHAIEKHOCTU. Tak KaK MEeXaHU3M TIOVCKA OCHOBAH Ha ONTH-
MU3UPOBAHHOU QYHKIIUM XEeIIMPOBAHUSA, pPealn30BaHHOM AJis CloBa-
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pei, orepallysi IoOKMCcKa 3aHUMaeT OYeHb MaJjlo BpeMeHH JiaKe /JIs O4eHb
OOJIBIIINX MHOECTB.
OO6BSABUTh MHOXKECTBO MOXKHO CJIEIYIOIIMM CIIOCOOOM:

mylist = [0, 1, 1, 2, 3, 9, 4, 5, 6, 6, 7, 8, 9]
my_set = set() # nycToe MHOXecTBO
my set = set(mylist)

my set = {0, 1, 1, 2, 3, 9, 4, 5, 6, 6, 7, 8, 9}
print(my_set) # {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}

[Tpu co3zmaHUU MHOXKECTBA BCe AYOJIUKATHI YAAAAIOTCSA, YTO BUIHO
13 IIPUBEIEHHOTO BhIlIe Koza. J[yist #06aBIeHUS 37IEMEHTOB UCIIONb3YIOT
caeAyrole MEeTOAbI:

my_set.add(102)

print(my _set) # {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 102}
my_set.update([2, 100, 99, 4, 5, 6])

# wnm my_set.update({2, 100, 99, 4, 5, 6})
print(my_set)

# {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 102, 100, 99}

Metoz update() mpuHMMaeT Ha BXO/ MOCTAeA0BAaTENbHOCTD (CITMCOK
UTEPUPYEMBIX HEU3MEHSIEMBIX OOBEKTOB) U 00OABJISET BCE DIEMEHTHI
K UCXOAHOMY MHOXeCTBY. Kak MO)XHO 3aMeTUTh U3 pe3yabTaTa BhITIOJ-
HEHUS KoJla, IOBTOPAIONINECS 3HaYeHUs, 00aBisieMble B MHOYKECTBO,
UTHOPHUPYIOTCS.

YnaneHue 31eMEHTOB U3 MHOKECTBA ITPOU3BOAUTCSA CIEAYIOIIUM 006-
pasoM:

my_set.remove(2)

print(my_set)

# {0, 1, 3, 4, 5, 6, 7, 8, 9, 102, 100, 99}
my set.discard(100)

print(my_set)

# {0, 1, 3, 4, 5, 6, 7, 8, 9, 102, 99}

[Ipu 5TOM CilefyeT YYUTHIBAThH CJIEAYIONE MOMEHTEI II0OBEAEHUA IIPO-
rpaMMBbl IpU YAAJIEHUHN 3JIEMEHTOB U3 MHOXXECTBA: B CIy4ae yAaaeHud
3JeMeHTa, KOTOPOTo HeT B MHOXXecTBe, MeToy .discard(), B oTinune
oT .remove(), He BBIZACT OMMOKY, U MPOrpaMMa IMPOAOKUT paboTaTh
Janbiie. /Ing mpuMepa MOBTOPUM Te K€ caMble ollepalivy yAaleHUd
3JIEMEHTOB M3 MHOXXEeCTBa:

print(my _set)# {0, 1, 3, 4, 5, 6, 7, 8, 9, 102, 99}

my_set.discard(100)

print(my _set) # {0, 1, 3, 4, 5, 6, 7, 8, 9, 102, 99}

my_set.remove(2)

print(my_set)

File "F:/code/python/myProjRep/main.py", line 13, in <module>

my_set.remove(2)

KeyError: 2

Vi3BneyeHre sjeMeHTa U3 MHOKEeCTBa MOXXHO TaKKe IIPOU3BOJUTD,
HCHoJb3yA MeTo/, .pop(), HO cileiyeT YIUThIBATh, YTO MIPU IPUMEHEHUU
JJAaHHOT'O MeTOoZla K IMyCTOMY MHOXKeCTBY IIPOU30U/IET OIIHNOKA.
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Python nmogzepxuBaeT 0ObIYHBIE MaTeMaTUYECKUeE OINepaluy Haj
MHOXecTBaMHu [23, 24]:

Ta6nuya 1.3
Onepauum Hag MHOXKeCTBamMK
Onepanusa OnucaHue
A | B Bosspaiaet 00beMHEHYE MHOKECTB
A.union(B) AuB
A |=B JlobaBisieT B MHOXKECTBO A Bce dJIeMeH-
A.update(B) ThI U3 MHOXKecTBa B
A&B BosBpaiaeT nepeceueHre MHOXECTB
A.intersection(B) AuB
A & B OcTaBsieT B MHOXKeCTBe A TOJIBKO Te
A.intersection_update(B) 3JIEMEHTHI, KOTOPhIE eCTh B MHO)KeCcTBe B
A - B BosBpaiaeT pasHOCTb MHOXeCTB A U B
A.difference(B)
A-=B YaansaeT u3 MHOXKecTBa A Bce 3jieMeH-
A.difference_update(B) ThI, HE BXO/sIINE B MHOXXeCTBO B
A"B BosBpalaetT cMMMeTpUYECKYIO pas-
A.symmetric_difference(B) HOCTb MHOXKeCTB A U B
A”=B 3amnuceiBaeT B A CUMMETPUYECKYIO pas-
A.symmetric_difference update(B) | HocTs MHOXecTB A 1 B
A <= B Bosspamaet True, eciu A asiserca
A.issubset(B) IIOAMHOKeCcTBOM B
A >=B Bosspawaet True, eciu A aBidgerca HaJ-
A.issuperset(B) MHOXXeCcTBOM B
A<B OkBUBaJeHTHO A <= Band A!=B
A>B OkBUBaeHTHO A >=Band A!=B

Ha puc. 1.18 npuBezeHbl HaIJIAAHbBIE IPUMEPHI Oollepaliiii HaJ, MHO-
»)KeCTBaMU:

IlepeceueHne, 00ObeANHEHNE U Pa3HUIIA MHOXKECTB
[Tepeceyenue A&B O6benunenue A|B  CuMmmMerpuyHas pasuuna A" B

Paznuria A-B Paznuria B-A

€ @

Puc. 1.18. Onepauumn Hap MHOXKeCTBaMU




OOBSBMM HECKOJIBKO MHOXKECTB U ITPOU3BeZIeM HaJi HUMU ITpUBe/IEeH-
HbIe Ha puc. 1.18 onepanuu:

A={0, 1,1, 2,3,9,45,6,6, 7,8, 9}
B ={1, 3, 6, 10, 15, 21, 28, 36, 45}

# obbeauHeHue

new_set = A | B # A.union(B)

print(new_set)

# {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 21,
# 28, 36, 45}

# nepeceyeHue

new set = A & B # A.intersection(B)
print(new_set) # {1, 3, 6}

# cuMMeTpuyeckasa pasHOCTb

new_set = A ~ B # A.symmetric_difference(B)
print(new_set)

# {0, 2, 36, 4, 5, 7, 8, 10, 9, 45, 15, 21, 28}
# pa3HocTb A - B

new set = A - B # A.difference(B)
print(new_set) # {0, 2, 4, 5, 7, 8, 9}

# pa3HocTb B - A

new_set = B - A # B.difference(A)
print(new_set) # {36, 10, 45, 15, 21, 28}

HPI/I OTOM TPpH U3 ITPUBEAECHHBIX onepaum‘/’l CUMMETPHUYHBI:

# obbeanHeHue

check = (A | B) == (B | A)
print(check) # True

# nepeceveHue

check = (A & B) == (B & A)
print(check) # True

# cuMmeTpu4yeckas pas3HOCTb
check = (A ~ B) == (B ~ A)
print(check) # True

# pa3HOCTb

check = (A - B) == (B - A)
print(check) # False

[TpoBepka Ha TO, ABJAETCA JU MHOXKECTBO A MOAMHOKECTBOM MHO-
’KecTBa B, 1 Ha060pOT (MHOXKeCTBO B sIB/IA€TCA HAZAMHOKECTBOM A), BBI-
MTOJTHSIETCS CIEAYIONUM CITIOCOOOM:

A ={1, 2, 3}
B = {1J 2: 3: 4}
# A aBndeTcAa noaMHoxecTBom B?

print(A.issubset(B)) # True

# B aBnAaeTcAa HagMHoOxXecTBOM A?
print(B.issuperset(A)) # True
A.add(5)

print(A.issubset(B)) # False
print(B.issuperset(A)) # False
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[IpoBepka Ha TO, BXOAUT JIM 3JIEMEHT B MHOXXECTBO, OCYILeCTBIAETCA
MOCPeACTBOM MCIOJIb30BaHMA olepaTopa in (not in):

B = {1J 2, 3, 4}

print(@ in B) # False

print(1 in B) # True

print(@ not in B) # True

print(1 not in B) # False

TaK KaK MHOXeCTBa JOJIKHBI BRIUYHC/IATDH XelI-Ko7, A/ KaKA0ro dJie-
MeHTa, B HUX MOTYT XPaHUTbCS TOJBKO XellIUpyeMble djieMeHThI. B A3bI-
ke Python usaMmeHsieMble 21eMEeHTHI He SABIAIOTCS XEeIIUPYyEMBIMU. DTO
O3HAYaeT, YTO XeIIMPOBATh CIKUCOK WU CJIOBApPbh HEBO3MOXKHO. A JIA
XeIIMPOBaHUS MOJIb30BaTENbCKUX KJIACCOB HEOOXOAMMO peaTl30BbIBATh
Meroznsl __hash__ u__eq

EavHcTBeHHBIM oTiMuueM Tuma set (MHOecTBO) oT frozenset (He-
M3MeHsAeMOe MHOXKECTBO) ABJIAeTCA TO, 4TOo frozenset — Hen3MeHsIeMBbIi
THUI JJAaHHBIX.

Pe3lome

B mepBoii TeMe y4eOHOTO TOCOOMSA, TOMHUMO KPAaTKOM UCTOPUU SI3bI-
Ka IporpaMMupoBaHus Python, 6bUTM paccMOTpPEHBI €r0 OCHOBHBIE OCO-
6eHHOCTU Ha mpuMepe uHTepnperatopa CPython (3.7), TUIIBI JaHHBIX
U CITOCcOOBI pabOTHI C HUMH. DTOTO JOIKHO XBaTUTh /I 6a30BOT0 Mpe/i-
CTaBJIEHUsI O BO3MOKHOCTAX Python.

[IpuBeseHHbBIE CITOCOOBI pabOTHI CO CITUCKAMU, CJIOBAPSMU U T. 1. TI0-
CTOSTHHO OyZyT BCTpeYaThCs B XOZie pabOTHI HaJl peaTbHBIMU IIPOEKTa-
MM, TaK 4YTO JIy4llle UX U3YYUTh B CAaMOM Hadajie IyTH U He 3ar/I/bIBaTh
Ka)KIbIM pa3 B CIIPABOYHUK /JI1 YTOYHEHUS IT0 METOIaM | cltocobaM pa-
OOTHI C HUMM.

BOHpOCbI U 3afdaHUA ANA CaMoMnpoBepKu

[Touemy B Python HeT nmepeMeHHBIX?
/14 4ero UCIoib3yeTca CYeTYUK CChUIOK?
B yem pasHHIIa MEXAY CHIbHBIMU U CJIAOBIMU CCHUTKAMMU?
YTo Takoe MHTEPHUPOBAHHBIE OOBEKTHI?
Kak M0O>XHO UHTEPHUPOBATh CTPOKY, cogepkalnyto He ASCII-cuMBOJIBI?
Yro Takoe GIL? B yem ero oco6eHHOCTB?
Kak paboTaeT aJirOpUTM IOZACYETA CCHLUIOK?
Onumure npuHnun pabotel Garbage Collector.
. 3ayeM HCIOJb3yeTcs MOAXOJ C MOKOJEHUsAMHU Tpu pabore Garbage
Collector?
10. /I;1s1 9ero MOXKHO HCIIOJIb30BaTh C/Ia0ble CChUIKU?
11. Ha3oBuTe YeThIpe OCHOBHBIX TUTIA AaHHBIX Python.
12.4YT10 03HauaeT «HeU3MeHseMOCTb» U KaKue TPU OCHOBHBIX THIa Python
CYMTAIOTCA HEU3MEHAEMbIMU?

WRNN B W=

58



13.YTo o3HaAYaeT «IOCAeZ0BAaTEIbHOCTh» U KaKue TPU THUIIA BXOAAT B OTY
KaTeropuo?

14. Kakum OyzeT 3HaueHue BeipakeHusa 2 * (3 + 4) B Python?

15. Kakum Oyzet 3HaueHuMe BeipakeHusa 2 * 3 + 4 B Python?

16. Kakum OyzeT 3HaueHHe BbIpakeHud 2 + 3 * 4 B Python?

17. HazoBuTe fBa crnocoba IMOCTpOeHHUs CIIUCKA, CoZiepKallero MmATh Iiesio-
YHCJIEHHBIX HYJEH.

18. HazoBure fBa criocoba MoCTPOEHUsI CIOBaps C ABYMs Kiarodam#, 'a' u'b’,
C KQK/IbIM U3 KOTOPBIX acCOLMMPOBAHO 3HaueHue 0.

19. HazoBuTe 4eThipe ollepalii, KOTOpble U3MEHSAIOT CIMCKOBBIM OOBEKT
Ha MecTe.

20. HazoBuTe 4YeThIpe olepalny, KOTOPble U3MEHSIOT CJIOBAaPHBIM OOBEKT
Ha MecTe.

21. [ToueMy BBl MOXETE UCIIOJIb30BATh CJI0BAPb BMECTO CIIMCKa?

22. Kak omnpezenuThb pa3mep koprexa? [loueMy 9TOT MHCTPYMEHT HaXOAUTCA
TaM, I'7Zie OH eCTh?

23. Hanumme BeIpakeHHe, KOTOPOe U3MeHsET IePBhIN 37IeMEHT B KOPTeXKe.
B nponecce koptex (4,5,6) momkeH crath (1,5,6).

24. Kakoil MoAysb BbI ObI MCIIOJB30BAJH JII COXpaHeHUs: 00beKTOB Python
B datine 6e3 mpegBapUTENbHOTO TPE0OPA30BAHUS UX B CTPOKU?

25. Kak ObI BB KOITUPOBAJIU CPa3y BCE YACTH BIOKEHHOU CTPYKTYPHI (CJIOBaph
B CJIOBape, CIIMCOK B CIOBape U T. /1.)?

26. MO)XHO JTM UCIIOJIb30BaTh CTPOKOBBIM MeToz find /1 mmorcka B crivcke?

27. MOXHO T TIPUMEHATH BhIpAXKEeHUE cpe3a CTPOKU /I CIIMCKa?

28. Kak 6B BBl MOIVIM U3MEHUTH CTPOKY B Python?

29. A 3aaHHOM CTPOKHU S CO 3HAUEHUEM «S,pa,in» Ha30BUTeE /IBa criocoba
V3BJIEYEHU IBYX CUMBOJIOB U3 CEpeJVHbBI CTPOKHU.

YnpaxHeHus

[lepen TeM, Kak MPUCTYNATh K BHIIIOJHEHUIO YIIPaXXHEHUN — obpaTute
BHHMMaHHe Ha TO, YTO OHU CHOPMYJUPOBAHBI TAKUM 0Opa3oM, UTO MaTepHas
10 YaCTH U3 HUX JINOO He B ITOJIHOW Mepe pacCMaTPUBAJICA B 3TOM pasZeiie, 100
He paccMaTpUBAJICA BOBce. DTO ¢ZieslaHo crelnnanbHo! He 3abbIBaliTe 0 TOM, 9TO
OZIVH W3 HaBBIKOB, KOTOPBIMHU BBI JIOJDKHBI 00J1aZ1aTh, — MOUCK MHGOPMALU
B MHTEPHETE U ee KOPPEKTHOE NTpUMEHEHNE B CBOEM TIpoeKTe. Kak y:ke 06Cyx-
ZlaJIoCh BO BBE/ZIeHUU, He cleZlyeT J0BOJIbCTBOBATHCA IIPOCTO HalIeHHBIM OTBETOM
1 6e3yMHO KOITUPOBaTh HaWZIeHHBIN Ko/, JIydllle TlepernevyaTaiTe ero BPyYHYIO
u 6os1ee MoApoOHO paszbepuTech B TOM, KaK paboTaeT OJ[UH U3 BApUAHTOB (WU
BCe BAPUAHTBI) OTBETOB.

1. Yro OyzeT pe3yabTaTOM CIEAYIOUTUX BBIPAYKEHUH ?

"agility"[2:5] + "taxonomy"[3:6]
[115,202,192,334,257][:4]

len("crazy"[3:3+4])

[9)817)6,!5)4:3:2)1][_3:]
type([False,True,False,True][2:3])

"---".join( "this is important”.split() )

int( ''.join( "7/7/07".split('/") ) )

"too soon to tell".replace('o','*").replace('* ',"")

2. Hamummmre CKpUIIT, BEIYUCIAIOMINMI AByMs ClIocOOaMU JJIUHY CTPOKU.
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3. Hamummre CKpUNT, KOTOPHIN MMO3BOJAET U3 CTPOKU COOpPATh APYTYIO
[0 CHAeAyIOLUM IIpaBrUaM: HOBasA CTPOKa JOJKHA COCTOATH U3 /JIByX NEPBBIX
1 IBYX [TOCJIEJHUX 3JIEMEHTOB HCXOAHOU CTPOKU. Ecin yIHA NCXOAHOU CTPOKU
MeHBbIIIE IBYX, TO Pe3yJIbTaTOM OyJeT IyCcTas CTPOKaA.

4. HanumuTte CKPUNT, KOTOPBIA 3aMeHsET MPOU3BOJIbHBIN CUMBOJ/OYKBY
B CTPOKE Ha «$».

5. Hanmmnmre CKpUNT, KOTOPBIM T03BOJIAET MHBEPTUPOBATH [TOC/I€[0BATENb-
HOCTB 3JIEMEHTOB B CTPOKE.

6. Hamumwre CKpUNT, KOTOPBIM CYUTAET KOJIUYECTBO BXOXK/IEHUU CUMBOJIA
B cTpoKy. Hammpumep: «google.com» — {'0: 3,'g": 2, 1,'e: 1,"1:1,'m": 1, 'c": 1}

7. HamumuTe CKpUIT, MO3BOJAIOIINN U3 UCXOAHON CTPOKU coOpaTh ABe
HoBbIe. [IepBas CcTpoKa JO/KHA COCTOATDH TONBKO U3 3JIEMEHTOB C HEUETHBIMU
WH/IEKCaMU UCXOZHOU CTPOKH, a BTOpasd — C YEeTHBIMHU.

8. HamwuuvTe CKpUIIT, KOTOPBIH yAaIAeT 3a7aBaeMblii TPOU3BOIbHBIA CUMBOJ
B CTPOKE.

9. HanumwuTe CKpUNT, KOTOPHIM MO3BOJIAET IIEPEBOJUTH BCE CUMBOJIBI UC-
XOZJHOM CTPOKU B BEPXHUU U HYXKHUU PErUCTPHI.

10. Hanumute CKpUIIT, BBIBOAAIINN BCe 3JIeMEHTHl CTPOKU C UX HOMepaMu
WH/IEKCOB.

11. HanuimuTe CKpUNT, IPOBEPAOLINMI, COAEP>KUTCS JIU IPOU3BOIbHBIN CUMBOJI
(anMeMeHT) WK CJIOBO B CTPOKE.

12. BeiBeZiiTe CUMBOJI, KOTOPBIHM BCTpPedaeTCcA B CTPOKe Yallle, Y4eM OCTaJbHBIE.

13. TlomeHsAMNTe PETUCTP JIEMEHTOB CTPOKHU.

14. BeranciuTe CyMMy 3IeMEHTOB (4uces) B CIKCKe ByMA Pa3HbIMU CIIOCO-
6amu.

15. YMHOXbTe KaXXbIi 3JIeMEHT CIIKCKAa Ha ITPOM3BOJbHOE YHUCIIO.

16. HaligTe MakCUMaJIbHOE U MUHUMAaJIBHOE YHCJIa, XPAaHAIINEeCd B CIIMCKe.

17. Hanuuiyite CKpUNT, yAAJIAOLIWN BCe TIOBTOPAIIMECA 3JIeMeHTHI U3 CIIU-
CKa.

18. Ckomupy#Te CIIUCOK ABYMS PAa3IUYHBIMU CIIOCOOAMHU.

19. Hanuuiyte CKpUNT A1 CIUAHUA (KOHKaTeHalMK) JABYX CIIMCKOB pasiny-
HBIMU CIIOCOOAMHU.

20. HanmnmwuTe CKpUNT, MEHAOIIUN ITO3ULUAMUA 3JIEMEHTHI CIIMCKA C UHJEK-
camunun + 1.

21. Hanumiure CKPUIT, [IePEBOAAIIMN CIHCOK M3 PA3JIUYHOI'O KOJIWYEeCTBa
YHCJIOBBIX I1€JIOUUCIEHHBIX 3JIEMEHTOB B OHO yucio. [Ipumep cnucka: [15, 23,
150], pesynbraT: 1523150

22. O0BSABUTE U UHUITUATU3UPYUTE CIOBAPh PA3IUYHBIMU CIIOCOOAMHU.

23. lo6aBbTe ellle HECKOJIBKO Tap «KJII0Y: 3HaYeHHe» B CJIEAYIOIINHI CI0BAPb:
{0: 10, 1: 20}.

24. HanummuTe CKpUIT, KOTOPHIM U3 TPeX CJI0Bapel CO34acT OJWH HOBBIM.

25. HanumuTe CKpPUIIT, TPOBEPAIOIIUN, CYLECTBYET U 3aJaHHBINA K04
B CJIoBape.

26. Hanuimmure CKpUNT AJiA YAaJeHUd 3JIeMeHTa CJI0BapA.

27. HanummTe CKpUIIT, KOTOPBIN BBIBOAUT MaKCUMaJbHOE ¥ MUHUMATbHOE
YUcia cpeiu 3HaUeHUU cIoBaps.

28. O6BIBUTE Y MHULIMATU3UPYUTE KOPTEXK PA3TUYHBIMU CITOCOOAMH, TTOCTIE
Yero pacrakyure ero.

29. Hamummre CKpUIIT A1 Z06aBIeHNs 9JIEMEHTOB B KOPTEX.

30. HanumwuTe CKpUIT, KOHBEPTUPYIOUIUM CITMCOK B KOPTEXK.

31. KonBepTHpyliTe KOPTEX B CJIOBAPb.

60



32. Hanmumure CKpHUMT, NOACUYUTHIBAIOUINI KOJINYECTBO 3JIEMEHTOB THUIIa
KOPTEX B CIIUCKE.

33. O6baABUTe U UHULINATU3UPYUTE MHOKECTBO Pa3IMYHBIMU CIIOCOOAMU.

34. lobaBbTE 2/1IEMEHT B MHOXKECTBO.

35.Yganute saneMeHT U3 MHOXKeCTBa.

36. YaanuTe MOBTOPSIONIMECS d/IeMEeHTHI U3 CIIHCKA.

37. Hamummre CKpUIT A1 00beIUHEHUA IBYX MHOXKECTB.

38. Hanummre CKpUIT, HAXOAALUUH JJIMHY MHOKeCTBa ByMs Pa3JIUYHBIMU
crocobamu.

39. HanummTe CKpUNT AJA IPOBEPKU, BXOAUT JIM 3JIEMEHT B MHOKECTBO.

40. HanumyTre CKpPUIIT AJIA 3allMCU TeKCTa B daii.

41. Hanuimre CKpUIIT AJIA YTeHUsA TeKcTa 13 daiina.

42. Hanumyte cKpUNT AJiA f06aBieHusA TekcTa B Gpaitn 1 oToOpaykeHUs Co-
JepkuMoro daiina.

43. Hanuuiyre CKpUIIT AJiA YTeHUs MOCAeHUX N CTPOK daiina.

44. Hanuimre CKPUIIT, TIOACYUTHIBAIONINA KOJIMYECTBO CTPOK B datise.

45.HanummuTe CKPUIIT, TO3BOJIAIONIUN HAUTH caMoOe BCTpedyaeMoe CIOBO
B daiine.

46. Hanuivre CKpUNT, KOMMMPYIOUUHN colepKUMOe OfHOTO daiiia B APYTOH.

47. 3anumure ciaoBapb B ¢aiin nocpeactsoM Moxyna pickle u mpouuratite
ero.

48. 3anuuIrTe crucok B paiii mocpeacTBoM Moaya pickle v mpounTaiiTe ero.

49. 3anuurTe caoBaph B $paill mocpeCTBOM MOZYIIA jSON U IPOYUTANTe ero.



Tema 2
CUHTAKCUC, ONEPATOPDI
U YNPABNTAOWIUE KOHCTPYKLIUU

B naHHOI TeMe paccMaTpUBAETCS CUHTAKCUC f3bIKA ITPOTPaMMUPO-
BaHus Python, a umeHHO: 4TO Takoe OTCTyMHBI B mapazurme Python u 3a-
yeM OHU HYKHBI, OCHOBHBIE OTIEPATOPHI, ITUKJIbI, BIOJKEHHUS, YCIOBHbBIE
KOHCTPYKLIMU U T. .

OTaenbHO PACCMOTPUM, KaK IPOUCXOJUT UTepanus Mo 0ObeKTam
Python Ha mpuMepe MCIOIB30BAaHUA ITUKJIOB U KaKhe MHCTPYMEHTHI,
HeBU/IMMbIe pa3paboTUUKy, IPY 3TOM UCIIOTb3YIOTCA.

Taxxe KOocHeMcCs BOIIpoca AOKYMEHTAI[UU KOZia U TeX CTaHJAapPTHBIX
WHCTPYMEHTOB IOKYMEHTHUPOBAHUsA, KOTOPble N3HAYaIbHO BXOJSAT B CO-
ctaB Python.

B pesysibrare M3y4eHUs JaHHOU TEMbI 00yJatonuecs JOKHBI:

3Hamo

® CUHTAKCHC U OCHOBHBIE OIlepaTOPHI A3bIKa IporpaMmupoBanus Python,

e MeXaHU3M UTepalllu IocaeZoBaTeIbHOCTEH,

® KaK CO3/Ial0TCA CIMCKU ITOCPEICTBOM MeXaHM3Ma CIIMCKOBBIX BKJIIOUeHUH;

ymemo

® IIPUMEHSATH YCIOBHbIE KOHCTPYKIIUU U IIUKJIBL,

® IIPUMEHATH LUKJIBI )i Iepebopa 3/IeMeHTOB [TOC/Ie[0BaTeTbHOCTEH;

enadems

e HaBBIKAMM JJOKYMEHTHUPOBAHUA KO/Ia,

e HaBBIKAMMU HCIIOIb30BaHUA CyLIECTBYIOIETO MeXaHN3Ma JOKyMeHTUPOBa-
HuA B Python,

e HaBBIKAMM HaIMCAHUA KOZA C UCTIOIb30BaHHUEM YCIOBHBIX KOHCTPYKIIUH,
IIUKJIOB U CIIMCKOBBIX BKJIIOUEHUM.

2.1. OcHoBHble onepatopbl B Python

Kaxzeiit onepatop Python mmeeTr cobcTBeHHOE cnernuduueckoe
Ha3HaYeHue U COOCTBEHHBIN CrienuUIecKril CHHTaKCUC — IIpaBuJa,
oTIpeiesISIoIIHEe er0 CTPYKTYPY.

OmnepaTopsl B Python kinaccudunupyrores ciaeayrommumM o6pa3om:

— TIpolleAiypHble OllepaTOPHI;

— ormepaTopbl GyHKIIUH;
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oIepaTopHl KJIacCOB;
oIepaTophbl UCKIIOUYEHMIA;
orepaTophbl MOAYJIEH;

oInepaToOphl CPAaBHEHMU,
oIepaTophl IPUCBAUBAHUA,
OOUTOBBIE OIIEPATOPHL;
JIOTYeCKUe OllepaTopkhl;
oIlepaToOphl WIEHCTBA;

apudmMeTHUECKEe OTepaTOpHI;

OIrepaTophbl TOXKACCTBEHHOCTU.

B Tabs. 2.1 mpuBeJieH epeyeHb OMepaTOPOB, OTHOCAIIUXCS K KJTIO-

yeBBIM cji0BaM Python:

Tabnuya 2.1
Onepartopbl (KnoueBble cnosa) Python
Omneparop Posb IIpumep
[IpucBanBanua | Co3zaHue cCbUIOK |a, b = 'good', 'bad’
BrI30BHI U Ipy- | BeimosiHeHue log.write("spam, ham")
rve BeIpake- byHKIMH
HUS
BrI30BHI print BbIBOZ OOBEKTOB print ('test', val)
if/elif/else Beibop getictBuit | if "python" in text:
print(text)
for/else Wrepanus for x in mylist: print(x)
while/else YHuBepcanbHble while X > V:
LIMKJIBI print('hello! ')
pass [Tycroii 3anonHu- | while True:
TeJb pass
break Brixoz 13 UK while True:
if exittest():
break
continue [IpomomxeHue while True:
LMKJIa if skiptest () :
continue
def ®yHKINY U Me- def f(a, b, c=1, *d):
TOZBI print(a + b + ¢ + d[9])
return Pesynbratel OyHK- | def f (a, b, c=1, *d) :
Ui return a+b+c+d[0]
yield ['eHepaTopHBIE def gen (n) :
byHKIMH for i in n: yield i*2
global [TpocTpaHcTBa x = 'old'
MMeH def function():
global x,y; X = 'new'
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OkoHuanue ma6n. 2.1

Omneparop Posb IIpumep
nonlocal [TpocTpaHcTBa def outer():
MMeH x = 'old'
def function():
nonlocal x; x = 'new'
import JocTym k MmoaysnsaAM | import sys
from Jocrtym k atpuby- | from sys import stdin
Tam
class [Toctpoenne 06B- | class Subclass(Superclass):
€KTOB staticData = [ ]
def method (self) :
pass
try/except/ [lepexBaTt uckiw- | try:
finally YeHUH action()
except:
print('action error')
raise lenepariusa uckito- | raise EndSearch(location)
YyeHUuk
assert OrnagouHele mpo- | assert X > Y, 'X too small'
BEPKU
with/as Jucnetueprl KOH- | with open ('data ') as myfile:
TeKcTa process(myfile)
del Ynanenue cceuiok | del data[k]

del data[i:j]
del obj.attr
del variable

dopmanbHO print, HaunHas ¢ Python3, He ABAsAeTCA HU 3ape3epBU-
POBaHHBIM CJIOBOM, HU OIIEPATOPOM, a BBI30BOM BCTPOEHHON QYHKIIUY;
HO TTOCKOJIbKY print moutu Bcerzia OyZieT BBITTOJHATHCA B BU/lEe OIepaTo-
pa ¢ BEIpaXKeHueM (1 4acTo 3aHUMAaTh OTZAE/NbHYIO CTPOKY), TAKOW BBI30B
B 0011leM c/Tydae TpaKTyeTcsA KaK pa3sHOBUJHOCTh OIlepaTopa.
AnanoruyHo u c yield. Hauunas ¢ Python 2.5 oHO cuuTaeTcs BbIpa-
’KeHVeM, a He OllepaTopoM, HO aHAJIOTUYHO print OHO OOBIYHO UCIIOJIb-
3yeTcsi KakK OlepaTop C BhIpa)keHHeM U ObUIO BKJIFOUEHO B TaOJIUILY.
ApudmeTryecKue orepaTophl MpeCTaBIeHbI B TA0. 2.2, OIlepaTopsI
cpaBHeHUsA — B Tabi. 2.3.

Tabnuya 2.2
Apudpmetnyeckue onepatopbl
Omneparop Onucanue ITpumepsl
+ CrnoxeHue 10 + 5 = 15
10 + -3 =7
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OkoHyanue ma6n. 2.2

False != False (False)

Omneparop OmnwucaHue IIpumepsl
- Brruutanue 15 - 5 = 10
25 - -3 =28
11.98 - 7 = 4.98
* YMHOXeHue 2 2 =4
7 *¥3.2= 22.4
-2 ¥4 = -8
/ Jenenue 12 / 4 = 3
7/ 3 =2.334
% Jlenenue 110 MOAYIIO 4 %2 =0
9 %2 =1
13.2 % 4 = 1.199
* Bo3BezeHue B cTeneHb 5 *¥* 2 = 25
4 ** 3 = 64
9%*(1/2) = 3.0
// [JenoyucieHHOE feeHre 17 // 5 =3
10 // 3 =3
Tabnuya 2.3
Onepatopbl cpaBHeHUA
Omneparop OnucaHue IIpumepsl
== [TpoBepka Ha paBeHCTBO 1 == (True)
True == False (False)
"test" == "test" (True)
1= [TpoBepka Ha HepaBEHCTBO 1 !=2 (True)

JIEBOT'O OIlepaHZia MeHblIle W1
pPaBHO IIPaBOMY

"test" != "Test" (True)
> [TpoBepka Ha TO, 4YTO 3Haye- 3 > 2 (True)
HUe JIeBOro omnepanza 6onpire | 2 > 3 (False)
MIPaBoOTO
< [TpoBepka Ha TO, 4YTO 3Haye- 3 < 2 (False)
HUe JIeBOro omepaHga MeHbite | 2 < 3 (True)
MIPaBoOTO
>= [TpoBepka Ha To, uTO 3HaYeHue | 3 >= 1 (True)
JIeBOTO omepanza 6osbiine win | 3 >= 3 (True)
PaBHO IIPaBOMY "C" >= "D" (False)
<= [TpoBepka Ha TO, 4yTO 3HadeHue | 5 <= 5 (True)

-4 <= -21 (False)

[lepeyeHb omepaTopoB mpucBamBaHusa B Python mpegcraBieH

B Tab1. 2.4.
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Tabnuya 2.4
Onepatopbl NpuCBauBaHuA

OnepaTop Onucaune IMpumepsI
= Omeparop mpUcBauBaHUsA a =3
a = "4frt"
a=2.3
+= a += b, uTro paBHOCWIBHO @ = a + b a=3
a +=2 #5
-= a -= b, yTo paBHOCHIIBHO @ = a - b a =3
a -= -2 #5
*= *= b, 4TO paBHOCWIBHO a = a*b a=3
a *= -2 # -6
/= a /= b, uro paBHOCWIBHO a = a/b a =38
a/=4#2
%= a %= b, 4To paBHOCWIBHO a = a%b a =38
a %= 3#2
*k = **= b, 4To paBHOCWJIBHO a = a**b a =38
a **= 2 # 64
//= a //= b, uTo paBHOCWIBbHO a = a**b a=38
a//=3#2

Jlns paccMoTpeHus paboTel TOOUTOBBIX orepaTopoB (Tabm. 2.5) He-
06XOZIMMO BBECTH JiBa 3Ha4YeHUd, a u b. [IpumeM a = 59 B JeCATUYHOU
cucTeMe cuucaeHus, yTo skBuBasieHTHO 0011 1011 B ABOMYHOM cucTeMe
cunciaeHusa, u b = 91 (0101 1011).

Tabnuya 2.5
Mo6utoBble onepatopbi
Onepartop Onucauue ITpumepsl

& [TobuToBoOe JlorudecKoe «K» Mexay a & b = 0001 1011 (27)
omepaHJaMHu

| [To6uToBoe morudeckoe «MJIW» mexay [a | b = 0111 1011 (123)
omepaHJaMu

~ [To6uTOBOE JIOTHUYECKOE «HCKJII0Yal0- a ™~ b = 0110 0000 (96)

mee WIM» Mexay onepaHzaMu

~ Jloruueckoe otpuilanue. FIHBepTUpyeT | ~a = 1100 0100 (-60)
3HaUYeHUs OUT omepaHza, K KOTOPOMY
[IPUMEHAETCA

<< [To6uTOBBIH cABUT BIeBO. [IpumeHseT- |b << 2 = 0001 0110 1100
cs K OJHOMY omepaHzy. DKBuBajieHTHO | (91 * 4 = 364)
YMHOXXEHHUIO Ha 2", T/ie 1 — 4YUCIIO,
Ha KOTOPOe IIPOU3BOJUTCA CABUT

> > [TobuToBsIii caBUT BripaBo. [IpuMenser- |b >> 2 = 00010 110
cs K OJHOMY orlepaHzy. DkBuBaseHTHO | (91 // 4 = 22)
LIeJIOYMCIIEHHOMY JIeJIEHUIO Ha 21
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K normyeckum omepaTopam (Tabs. 2.6) OTHOCAT OOBIYHBIE JIOTHYE-
ckue onepauuu, Kak «U», «1JIN» n «HE»:

Tabnuya 2.6
Nornyeckue onepatopbi

Omnepatop OnwucaHue IIpumepsl
and Jlornueckoe «M» Mexay ore- True and True = True

paHzaMu Bo Bcex ocTabHBIX Crydasax False
or Jlormueckoe «1JIV» Mexzay False and False = False

orepaHziaMu Bo Bcex ocTaibHBIX Cry4asax True
not Jloruueckoe oTpuiaHue not False = True

not True = False

OmepaTophl BKIIOUEHUA (WIEHCTBA) UCIIOIb3YIOTCA JJIs IPOBEPKHU,
BXO/IUT JIX DJIEMEHT B CIIMCOK, CTPOKY, MHOXXECTBO H T. A. (Tabi. 2.7).

Tabnuya 2.7
Onepatopbl BKNOYeHUA (Y1eHcTBa)
Omneparop OnucaHue IIpumepsl
in Bospamaer True, "es" in "Test" (True)
ecitu aneMeHT nipu- |5 in [1, 3, 5, 7] (True)
CYTCTBYET B IIO- "first" in {"first":10,"one":1} (True)
crnenoBatenbHocty, | 10 in {"first":1@,"one":1} (False)
nHayve False
not in BosBpamjaer False, | Pe3ynbraT paboTHI TPOTHUBOIIOIOXKEH paboTe
ecJid 3JIeMeHT IIpU- | ollepaTopa in
CYTCTBYeT B IIO-
CJIeIOBaTETbHOCTH,
nHaye True

OrnepaTophl TOX/JECTBEHHOCTU UCIIOJIb3YIOTCA /JIs1 TPOBEPKU pas3Me-
IIIEHUS IBYyX OIEPAHZIOB B MaMsATU (UX UAeHTHPUKATOPOB, Tabi. 2.8)

Tabnuya 2.8
Onepatopbl TOXKAeCTBEHHOCTH

Oneparop OnucaHue ITpumepsl

is Bosspamiaet True, eciiv ob6a orepaTopa a is b == True
YKa3bIBAIOT HAa OAUH OOBEKT (MMEIOT OfIU- (eciu id(a) ==id(b))
HaKOBBIA HIeHTUPUKATOD)

not is BosBpamiaer False, ecii oba ormepaTopa a is b == True
YKa3bIBAIOT Ha OAWH 00beKT (MMeroT oau- | (ecu id(a) !'=id(b))
HaKOBBIN UleHTUPUKATOP)

Kak u B J1T060M ZIpyroM si3bIKe MMporpaMMUpoBaHusd, B Python cyte-
CTBYEeT IPUOPUTET NPUMeHeHUA (BBIIIOJHEHM) MPUBEAEHHBIX BHIIIE
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omnepatopoB. Huxe npuBeseH CIIMCOK IPUOPUTETOB MCIIOJHEHUA Olle-
paTopoB (B mopsiKe yObBIBAHUS):

BO3B€ZICHUE B CTeIeHb (**);
YHaApHBIY ILIIOC, MUHYC U TO6UTOBOE oTpulianue (~, +, -);
YMHOX€EHUE, [ieJIeHHE, LIeJIOUYUCIEHHOE U [ie/IeHHre 110 MoAyo (¥,

/, %, //);
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cJIoKeHue U Beruutanue (+, -);

MMOOUTOBBIHM CABUT BIIPaBO U BJIEBO (>>, <<);

1mobuToBoe jorudeckoe «M» (&);

nobuToBoe Jiorudeckoe «MJIN» u «uckimovatomiee VIN» (|, ™);
oIepaTophl CpaBHEHUA (<=, <, >, >=);

orepaTophl paBeHCTBa (==, !=);

orepaTopkl mpucBauBauusd (=, %=, /=, //=,-=, +=, =, ¥*=);
TOXK/IeCTBEHHBIE ollepaTopsl (is, is not);

orepaTophsl wieHcTBa (in, not in);

JloruyecKkue ornepaTopsl (not, or, and).

2.2. Ucnonb3oBanue otcrynos B Python

[Tpu Hanucanum koga Ha Python cneznyeT obpaiath BHUMaHMe Ha OT-
CTYIIBl, TAK KaK OHU MUMEIOT 3HaueHNe. VIMEHHO OTCTYIIBI OIIPEZEesAl0T
rpaHullbl 6;10Ka (YCJIOBHOTO oTlepaTopa, MeToza, Kjiacca, UKJIA U T. [1.)
BBIINIOJIHEHMA KOZla ¥ KaKOU KOZ B HUX BXO/WT.

[IpuBenem npumep:

def connet_stud with_test(st_dict, ts_dict):

bd table = {}
print("CBs3b id cTyneHTOB C Ha3Ha4YeHHbMM MM id
BapuaHToB: ")

var_amount = len(ts_dict.keys())

current_var = list(ts_dict.keys())[9]

for id_stud in st _dict.keys():
bd_table[id_stud] = current_var % var_amount
current_var += 1
print(id_stud, bd_table[id_stud])

print("\n\n")

return bd_table

X =3
y =5
if a > b:
print("x > y")
print(x - y)
else:

print("y >= x")
print(y - x)



Python nmoHuMaeT, Kakuve CTPOKM KOZIla OTHOCATCS K OJI0KY if Ha OCHO-
Be OTCTYNOB. BrimosmHeHuMe 6y10Ka if a > b 3akaHumBaeTcs, Korga BCTpe-
JyaeTcs CTPOKA C TeM e OTCTYIIOM (B JaHHOM ciay4dae else:).

B xayecTBe OTCTYIIOB MOTYT MCIIOJIb30BAaThCA TaOYIALMA WIN IIPO-
6enbl (ux cmewusaHus Heobxodumo uzbezams! Hauunas ¢ eepcuu
Python 3.x oHO 3anpeuieHo.). VIX KOJIUYECTBO B OHOM OJIOKE ZIOJKHO
OBITH OZIMHAKOBBIM. Takke /i GOpMaTHUPOBAHUA KOZA MOXKHO UCITONb-
30BaTh MyCThle CTPOKU. DTO JieJaeTcs JJid YIIPOIlleHUsA YTeHUA.

C 6osiee TOAPOOHBIMY PEKOMEHAAIUAMU 110 0POPMIEHUIO KO/IA B IIPO-
Ilecce ero HamvMcaHus MOXHO o3HakoMuTbesi B PEP (Python Enhanced
Proposal — 3aaBKu Ha yiydimieHue s3bika Python) [25 — 34]. Haubonee
WU3BECTHBIA U3 HUX — PEP8, pyKOBOZCTBO IO CTWIIO HAIMCaHUA KOJA
Ha Python (The Style Guide for Python Code). [laHHBIM IOKYMEHT CO3/IaH
Ha OCHOBe pekoMmeHganui ['Buzio BaH Poccyma c gobaBieHUAMU njei
OT APYTUX pa3pabOTUYNKOB, BXOJANIUX B TPOTPAMMHBINA KOMUTET.

2.3. KommeHTapuu

B ToM ciyJae, KoTrzia HalmMCaHHBINA BaMU KO/l OyZIeT MOAePyKUBAThCS
elle U CTOpPOHHMMU pa3paboTunkaMu, He0OXOMMO ero KOMMEHTHPO-
BaThb. DTO MO3BOJIAET OMKUCATH OCOOEHHOCTU ero paboThl, YTO COKOHOMUT
Kak Ballle BpeMs IpU MOC/IeyoIlleM K HeMy oOpallleHU!, TaK U BpeMs
TOT'O YeJIOBEKa, KOTOPHI I0/DKEeH pa3obpaThCs B TOM, KaK Koz paboTaer.

KomMmenTapuu B Python moryT 6BITh OJHOCTPOYHBIMU U MHOTO-
CTPOYHBIMU. B IIepBOM cily4ae HCIIONIb3yeTCsd KJIIYEeBOU CUMBOJ «#»,
1ocjie KOTOPOro UZeT KOMMEHTapuii, KOTOPBIM He ITepeHOCUTCA Ha clie-

JYIOIIYIO CTPOKY:

# KOMMeHTapui
a = 10 # ewe oguH

Ecmu xomMMeHTapuii 6yZieT 3aHUMAaTh HECKOJIBKO CTPOK, HY>KHO HC-
M0JIb30BaTh MHOTOCTPOYHBIN popmar 3anvcu KoMmMeHTapus. Jlisa sToro
MO>KHO KCIO0JIb30BaTh TPHU BOMHBIE WIN TPU OAUHAPHbIE KaBBIUKU:

CBepx
OJIVHHBIA KOMMEeHTapui

X = "text"

KomMMeHTapuu MOXKHO MCIIOJb30BaTh HE TOJBKO JJISI TOT'O, YTOOBI
KOMMEHTUPOBATh IMPOUCXOdIlee B Koie. Hampumep, mocpescTBOM KOM-
MeHTapueB MOXKHO UCKJIIOYHUTh BBIIOJTHEHYE OTIPeIeIEHHOU CTPOKY WIN
6s10ka Koza (TO eCTh 3aKOMMEHTHUPOBATD UX).
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2.4. llpaBuna MMeHOBaHNA NepeMeHHbIX (MMeH)

B Python mepeMeHHBIe HAYWHAIOT CBOE CYIleCTBOBaHUE, KOrZa
UM TMPUCBAaUBAIOTCA 3HAYE€HUS, HO €CTh HECKOJIbKO MTPaBUI, KOTOPBIM
HeoOXOJIMO CJIeZIOBATh MPU BHIOOPE UMEH /i 0O'bEKTOB IIPOTPaMMEBI.

1. Cummakcuc: (noduepkusaHue wiu 6ykea) + (1r0b6oe Konuuecmeo
Oyke, uugp wiu noduepkusaHuii). Takas 3ammvch OApa3yMeBAET, YTO VIMe-
Ha ZIOJDKHBI HAYMHATHCSA C TIOAYEPKUBAHUS WIN OYKBBI, 32 KOTOPOM MOXKET
c/IeIoBaTh J1t0b0e KoMmuecTBO OYKB, TUbp WK oAYepKuBanuil. Hampu-
Mep, _test, test u Test__1 — gormycTtrmMble MeHa, HO 1_Test, test$ — HeT.

2. Pezucmp cumeonos umeem 3HaveHue. TEST — He TO Xe camoe,
9TO U test.

3. 3apesepeuposaHHble cn08a He pa3peweHsl. Hanpumep, eciu
BBIOpaATh A mepeMeHHOU uMs class, To Python coobmuT 06 omubKe,
Ho nMmeHa klass u Class 6ygyT ZOMyCTUMBIMH.

[ToMHUMO 3TUX MPaBWI CYIIECTBYET ellle Habop COIIAIeHUl 1o UMe-
HOBaHMIO. DTO IIPaBWIa, KOTOPbIE CYMTAIOTCS He 00s3aTeTbHBIMU, HO CO-
6JIF01at0TCS pa3paboTYNKAaMU B TIOBCETHEBHOU ITPAKTUKeE:

— WMeHa, KOTOpble HaYMHAKTCA C OJUHOYHOT'O MOJYepPKUBAHUSA
(_X), He uMTIOPTUPYIOTCS orepaTopoM from module import *;

— WMeHa ¢ AByMsd IOAYEepKUBAHUAMM B Haudase U KoHie (_ X )
SBJIAFOTCSI CUCTEMHBIMU UMEHaMU, KOTOPble UMEIOT OCOOBIN CMBICI IS
VHTEPIIPETaTOPa;

— WMeHa, HauMHAaIoIIHecs C ABYX MoAYepKUBaHUM, HO He OKaHYU-
Baromuecsa umMu (__X), JoKajan30BaHbl («HMCKaKeHbI») I BKIIOUYEHUS
B cebs1 KJIacCOB, TO €CTh SIBJIAIOTCA TICEBAO-TIPUBATHBIMMU;

— UMsl, COCTOsAIIee U3 OAMHOYHOTO ogYepKuBaHusA (_), XpaHUT pe-
3yJIbTaT TIOCJIEZTHETO BBIPAXKEHUSA MpU paboTe B UHTEPAKTUBHOM CEaHCe.

2.5. Oneparop if

Omneparop if B Python BeIGUpaeT fgeiicTBUA, KOTOpPble OYAYT BHIMIOJ-
HATBHCS B Mpoliecce paboThl TPOrpaMMBbl B 3aBUCUMOCTH OT YCJIOBUH.
OH sABJIsIeTC OCHOBHBIM MHCTPyMeHTOM BbeiObopa B Python u npegcras-
nsieT OOMBIION 06BEM JIOTUKH.

Camas ob1as popma KOHCTPYKIUH if-then-else B Python BEIIAAUT Tak:

if ycnosuel:
6nok1

elif ycnosue2:
6nok 2

elif ycnosue(n-1):
6nok (n-1)
else:
6nok (n)
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Ecnu pesynbsraT npoBepku ycnosusal paBeH True, TO BHIIOTHAETCA
6710x1. B IpOTUBHOM CJTy4ae, eCy Pe3y/bTaT POBEPKU yc108Us12 paBeH
True, BeIMOIHSIETCS 6/10K2, M TaK Jiajiee, ITOKa He OyZeT HalAeHO yCIo-
BUe, KOTOpoe Bo3BpamiaeT True, win He OyAeT JOCTUTHYTA CEKITU else
(Torza BeITIoNHsAETCA 6710k (1)). Eciu else OTCYyTCTBYeT U BCe NMPOBEPKU
ycioBuM BepHyau False, To HU oguH 13 6JIOKOB BETBJIEHUS HE BBITIOJI-
HUTCA.

BJ10K Ko/1a TIoc/Te KOMaH/HI if ABIsieTcs 0053aTeIbHBIM. A KOTZia He00-
XOZIMMO YKa3aTh, YTO B JAHHOM OJIOKEe HUYEro He BHITTOTHAETCS, TO HC-
MOJTb3yeTcs KOMaH/ia pass, KoTopas pasMellaeTcs TaM, I/e Jo/DKHa Ha-
XOJUTHCS KOMaHZa, HO HUKAKUX JAeMCTBUY OHA He BBIIIOJIHAET:

if a < 25:
pass
else:
a = 25

K coxanenuto, B Python oTcyTcTByeT omepaTop Bpoze switch wuau
case. Pazpaborunku Python o6b1yHO 06Xx0AATCA 1iemoOYKoH if... elif...
elif... else, a ecT OHA CTAHOBUTCS CIWIIKOM I'POMO3KOU, TO UCIIOIb3Y-
eTCs CJIEAYIOMMI crtocob co cmoBapeM QYHKIIMHN:

def first_function():pass

#06paboTka a

def second _function():pass

#06paboTka b

def default():pass

#06paboTka default

func_dict = {'a': first_function,
'b': second_function,
'c': lambda: ..}

#BbINONHUTL QYHKUUIO M3 CNnoBaps

func_dict.get(var, default)()

Tak:ke B Python HeT TepHapHOTro orneparopa «?:» Kak TaKoBOro. Bme-
CTO HEro UCIIOIb3yeTCs KOHCTPYKIHA if-else. s mpuMepa mpeobpaszyem
CIeZYIOIINN KOJ:

if A:

Z=8B
else:
Z=C

MOCPeACTBOM TePHAPHOM 3alMCU B CIEAYIOILIYIO CTPOKY:
Z =B if A else C

[TpuBezseHHOE BBIpaXXEHUE aeT B TOUHOCTH TaKOM »Ke Pe3ysIbTat, 4YTo
Y TIpeIIeCTBYIONNI YeThIPEXCTPOUYHBIHN omlepaTop if, HO MpoIlle B HAlU-
CaHUU.
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2.6. Uukn while

Omneparop (1iuki1) while uCnonb3yeTcs JIs1 UTeparuii B i3bike Python.
OH MHOTOKPAaTHO BBIMOJIHSET OJIOK OIEpPaTOpPOB 0 TeX IOp, MOKa Ipo-
BepKa yCJIOBUA B 3ar0JIOBOYHOM YacTu Bo3BpaiaeT True. Korzga pesysib-
TaT MIPOBEPKU cTaHOBUTCA False, yrpaBieHre miepexoJuT Ha omepaTop,
cyemyronIui mocie 6yoka while. Eciu ¢ caMoro Havaja pe3yJbTaT yCIo-
BUA BBHITIOJTHEHUS ITUKJIA BepHeT False, To Teslo myK/a HUKOT/A HE BHI-
nostHUTCA (orepaTop while poITycKaeTcs).

B o61mieM Bu/ie onepaTtop while COCTOUT U3 CTPOKH 3aroyioBKa C ycJIo-
BHEM BBIIIOJIHEHUA IIMKJIA, TeJa IIMKJIA C OZHUM WIN OOJBIIUM KOJIude-
CTBOM OITEPAaTOPOB C OTCTyIIaMU M HeobsI3aTeIbHOM YacTH else, KoTopas
BBITIOJTHSIETCSA, €CJIU ITUKJI He TIpephIBaeTCs orepaTopoM break:

while ycnosue: # [lpoBepka uukna
onepaTopbl # Teno uukna

else: # HeobasaTenbHasa 4acTb else
ornepaTopdl
# BbiMosiHAWTCA, €C/In He npou3BeeH
# BbIXOA M3 UMKNa C nomowbi break

[Tpu 0OBSIBIEHUM LIMKJIA HEOOXOAUMO yIOCTOBEPUTHCS, YTO U3 HETO
IIpeZlyCMOTPEH BBIXO. MIHaue OH MOJyduTCcs 6€CKOHEUHBIM:

while True:
print('q BeyeH!!!")

Takoit Uk 6yZeT BBINIOJIHATHCA [0 TeX IOp, NMOoKa B TepMUHAJe
He OyzZeT HakaTo codeTanue kiaBuil Ctrl+C, mpekpaiaiiee BBIIO-
HeHMe MPOTPaMMBI.

B Python Het omepatopa 1ukiaa «do while», umeromerocs B Apy-
rux sa3pikax. OJHAKO ero MOXKHO SMYJIUPOBATh MOCPEACTBOM IIPOBEPKU
U omepaTtopa break B KOHIle Tesia LMKJIA, TaK YTO TEJIO LIMKJIA BCerga
BBITIOJTHSAETCS XOTSI OBI pas:

while True:
#Teno uukna.
if isExitLoop(): break

B ciezyromieM npuMepe IpOU3BOAUTCA MOACYET 3HAaYeHUU OT X JI0 V:

X= 0
y=5
while x < y:
print(x, end=" ")
X +=1 # Wwm x =x+1
#01234

LIukJI ¢ KOHCTpPYKIUeii else. PaccMoTpuM paboTy ITUKJIA C KOHCTPYK-
1iel else Ha OCHOBE MPEABIAYIIETO IPUMepa:

X =0
y =5
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while x < y:

print(x, end="' ")

X +=1 # Wm x =x+1
else:

print('Happy End!")
# 0 1 2 3 4 Happy End!

KOHCTPYKHI/IH else BBITIOTHAETCS TTOCIe OKOHYAHUA WKJJIa B TOM CIIy-

yae, eCJIM BBIXO/] M3 HEr0 He OBLI BBHITIOJHEH ITOCPEACTBOM OIlepaTopa
break:

X= 0
y=5
while x < y:
print(x, end=" ")

X +=1

if x > y-2: break
else:

print('Happy End!")
#0123

2.6.1. Pa6oTa nukJa c orneparopamu break, continue, pass

Ternmeps paccMOTpUM JiBa MPOCTHIX OlepaTopa, KOTOPhIE AOCTUTA-
IOT CBOUX Ilejiel, TOAbKO KOTZla BJIOXKEeHBI BHYTPU ITUKJIOB — break
U continue, a TakKXe IIyCTOM OIllepaTOp-3alOJHUTENb pass (KOTOPBIH
He MPUBs3aH K [IUKJIaM KaK TaKOBOM, HO OTHOCHUTCS K O0IIel KaTeropuu
MIPOCTBIX OZHOCJIOBHBIX onepaTopoB). OmnrcaHue yKa3aHHBIX OlepaTo-
poB Python npuBezaeHo HIXKe:

— break — mepexoauT 3a mpeebl OIMKANIIEro 3aKII0YAIONeTro
ero ITUKJIa;

— continue — TIepeXOAUT B Havaao OJVIKAUIIEro 3aK/I0YaloInero
ero IMKJa (Ha CTPOKY 3aroJIOBKa ITUKJIA);

— pass — HUYETO He fiesiaeT (3TO MyCTOMH olepaTopP-3aroJTHUTEND).

C yyeToM orepaTopoB break u continue paciIMpeHHbIN popmar ITUK-
na while BHITJIAAUT ceAyOMMUM 06pa3oM:

while npoBepka:
# Teno uyukna
if nposepka: break
# BbIXO4 M3 LMKNAA C nponyckom else (ecan ecTb)
if nposepka: continue
# nepexopg Ha NpoBepKy B Hayajne LUMKA
else: # BbINONHAETCH, ecnu He 6bio break
#6nok else

OmnepaTtopsl break u continue MOTYT NOSABAATHCA TZle YTOAHO BHYTPU
Tesa uukiaa while (wiu for). OOBIYHO UX 3aMMCHIBAIOT C JOMOTHUTED-
HBIM OTCTYIIOM B OoIlepaTope if.

lanee 6yzyT pacCMOTPEHBI HECKOJIBKO IMPOCTHIX IIPUMEPOB ITPUMeEHe-
HUS DTUX OTIEPAaTOPOB Ha MPAKTHUKE.
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Omneparop pass. OnepaTop pass — 3amnoJHUTENb, KOTOPBIA UCITOJb-
3yeTcs B CUTYalUsX, KOrjla CHHTaKCHC TpebyeT orepaTropa, HO HET BO3-
MO>KHOCTH BBITIOJTHUTD YTO-THOO TI0JIE3HOE.

Jlnsa mpuMepa ero paboThl MepenuileM paHee IIPUBeAEHHBIN O6ecKo-
HEYHBIH ITUKJI, YTOOBI OH HUYETO He BBHIBO/IVI:

while True: pass

VHorza omepartop pass 0603HavYaeT MeCTo, MoAIexalree 3aroTHEHUIO
B OyZly1ieM, YTO CIY’KUT BPEMEHHOH 3aTIyIIKOH A1 Tema GyHKITUU. DTO
CBA3aHO C Te€M, UYTO HeJib3d OCTaBUTh TeJl0 QyHKIIUU IYCTHIM, He MOJTy-
YUB CUHTAKCUYECKOU OIMUOKMU:

def test():
pass

def test():

# ownbka

File "", line 1
def test():

N

SyntaxError: unexpected EOF while parsing

Hauwunas ¢ python3 BMecTo pass MOXKHO yKa3aTh MHOTOTOYHE, KOTO-
poe 3aluChIBaeTCs Kak «. . .» (MPOCTO TPpU CleAyIolue APYT 3a APYTOM
TOYKH):

def test():

OnepaTtop continue. OmnepaTop continue UCIOJb3YeTCA AJIsT HEMe/ -
JIEHHOTO Iepexo/ia B Havyaslo IUKJIa. B HEKOTOPHIX CIy4YassX OH IO3BOJIS-
eT u3bexxaTh BIOXKEHHUS OIIepaTOpPOB:

a = 15
while a:
X =a-1#a-=1
if a % 2 != 0: continue

print(a, end=" ")

W3-3a TOI'O0, 4YTO continue VMHUIINHWDPYET II€EPEX0] B Ha4aJIO TNKJIA, HET
HeoOXOAUMOCTU BKJIAJbIBATh print BHYTPb IIPOBEPKU lf, TaK KaK OH BBbI-
IIOJIHUTCA TOJIBKO B TOM Cjydae, €CJIN HE 6YZLeT BBIIIOJIHEH continue.
HpI/IBe,Z[eHHbe/'I BBIIIIEe IIPUMEP MOXXHO 3aIlucaTh U 0e3 KCII0b30BaHUA
oriepaTopa continue:

a =15

while a:

X =a-1l#a-=1
ifa% 2 ==20:
print(a, end=" ")

Onepatop break. OnepaTop break vcmnonb3yeTcs A1 HEMeAJIEHHOTO
BBIXOZIa U3 ITUKJIA. [IOCKOIbKY IIPU €ro JOCTHKEHUU KO/, KOTOPBIM HaXo0-
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JUTCS 32 HUM B TeJle IIMKJIa, He BBIMIOJIHAETCSA, 3a CUeT BKIoYeHus break
HUHOTJa MOXXHO M30eXaThb BJIOKEHU:
my_sum = 0O
while True:
val = int(input('BBeanTte 3HayeHue: '))
if val == @: break
my_sum += val
print('Texkywaa cymMma: ', my_sum)
print('KoHe4yHasa cymma: ', my_sum)
""" BBeauTe 3HayeHue: 6
Tekywaa cymma: 6
BBeguTe 3HayveHue: 10
Tekywaa cymma: 16
BBeguTe 3HadeHue: 20
Tekywaa cymma: 36
BBeaute 3HadeHue: O
KoHe4yHas cymma: 36 """

B TekyieM npuMepe GyHKIMA input UCIIONIb3YETCA JJIsT CAUTBIBAHU
BBOZIMIMOTI'O 3HaUEHUs C KJIaBUATYPhI. [IOCKOIBKY JaHHBIE BCEI/la CUUTHI-
BalOTCSA B CTPOKOBOM popMare str, BBeIeHHOe 3HaueHre HeoOXOANMO
npeoOpa3oBaTh B YUCIOBOU (1leI0UHCIeHHBIN) dopMaT AaHHBIX:

int(input('BBeauTte 3Ha4veHue: '))

2.7. Uukn for

Lukn (omepatop) for nepebupaeT 3HaUeHUs, BO3BpalllaeMble J0ObIM
HUTEPUPYEMBIM OOBEKTOM, TO €CTh JIIOOBIM OOBEKTOM, KOTOPBIM MOKET
CreHepHpoOBaTh MOCAe[0BaTeIbHOCTh 3HaUeHU. Hanpumep, uuki for
MOXKeT rnepebpaTh 3JIeMeHTHI CIIUCKA, KOpTeXXa WIN CTPOKU. MTepupy-
eMbIF 0OBEKT MOXKET OBITh CO3/1aH PyHKI[MEH range WIH CIlelIhaTbHOU
Pa3sHOBUHOCTBIO PYHKIIUN — reHepaToOpOM:

for sanemeHT in nMocnepgoBaTeNIbHOCTb:
#Teno uukna
else: # Heobsa3aTenbHad 4acTb else

# ecnn OnAa BbIXOAA M3 UMKJAa He ucnosnb3oBanca break

Tesio LMKJIA BHITIOJTHUTCS TI0 OZHOMY pasy i KaXKJ0ro dJieMeHTa T10-
ciefoBarenbHOCTH. Heobsi3aTerbHast 4acTh else UCIIOMb3yeTCs JOCTAaTOY-
HO peZiKo U paboTaeT aHaIOTUYHO UKy While. To e caMoe OTHOCHUTCS
K KoMaHZaM break u continue. Takum obpasom, 6osiee MOTHBIA hopmar
I[UKJIA for MOXeT OBITh 3aIMCaH CAeAYIOIIMM 06pa3oM:

for anemeHT in nocnepoBaTe/IbHOCTb:
# Teno uukna
if nposepka: break
if nposepka: continue

else: #6nok else
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[IpuBegeM mpuUMep MO3JIEMEHTHOT'O Mepebopa CIMCKa C BHIBOJOM

3HaYeHUU TeKyIlero UTepupyeMoro sjieMeHTa B TEpMUHA:

for it in ['first', 'second', 4, 5.9, 'finish']:
print(it, end=" ")
# first second 4 5.9 finish

Lluk for MO3BOJIAET TPOBOJUTD ITO3JIEMEHTHBIN MTepebop CTPOK:

my str = 'B Oanékow-ganékom ranaktuke...'
for it in my_str:
print(it, end="'-")
# B- -A-a-n-é-K-0-#h---n-a-n-é-K-o0-u-
# -r-a-n-a-K-T-uU-K-e-.-.-.-

WTepanus 1o sjieMeHTaM KOpTeXKel OCyIecTBIIeTCA CIeAYIoUuM

obpazom:

my_str = ('B', 'manékoin-','panékon', 'ranaktuke...')
for it in my_str:

print(it, end=" ")
# B panékom- [ANEKOW rajakTuKe...

Jlna uTepanuy Mo CIUCKY KOPTeXXel MCIOMb3YIOT CIeAyIoNInii Moj-

XO/[I:

my_tuple_list = [(3,6), (0,1), (4,5), ('0',3.9)]
for (a,b) in my_tuple list:
print(a, b)

H H H K
OhoOoOw
wulk O

.9

KOpTe)KI/I B LII/IKJIaXfOI” TaKIK€ CTAHOBATCA IIOJIE3HBIMU IIPpY UTEpALIN

cpasy IO KJII0oYaM U 3HA4YeHHUAM B CJI0BapAX C IPUMEHEHUEM MeTO/a
items BMecCTO IIpoxoZia B LIUKJIE 1O KJI0YaM U UH/EKCalluu s U3BJe-
YeHUs 3HAYeHUU BPyYHYIO:
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# u3BNeYeHWe 3HAYEHUU Yepe3 UTepupyembli Ky
my dict = {'a':1, 'b': 10, 'c': 3.8}
for key in my_dict:

print(key, '=>"', my_dict[key])
a=>1
b => 10
c => 3.8

H H R

# uTepaumAa no nape "KJKWY:3HayeHue"
for key, value in my_dict.items():
print(key, '=>', value)

#a=>1
# b => 10
# c => 3.8



KakapIii ITUKJI MOXKET CoZiep:KaTh B cebe elre OZIWH UK U T. 1. Takue
LIMKJIbI HA3bIBAIOTCS BIOKEHHBIMMU

items = ("aaa", 111, (4, 5), 2.01)
tests [(4, 5) , 3.14]
for key in tests:
for item in items:
if item == key:
print (key, 'HaiWgeH')
break

else:

print(key, "He HalgeH!")
# (4, 5) HanpeH
# 3.14 He HanpgeH!

2.8. Paznuynble cnoco6bl HaNUCaHUA LMKNOB

CyIecTBYIOT CUTyal[uU, Korja TpebyeTcs BBIITOJHUTD IIPOXO/, IO TI0-
cJIeZIoOBaTEebHOCTH O0Jiee CIIeMaIn3pOBaHHBIM CITIOCOO0M. JIOMyCTHM,
HY>KHO TOCETUTh KaXK/JbIM BTOPOU WIM KaXKABIU TPETUU dJIEMEHT B CITU-
CKe, MO0 MOMYTHO M3MEHATDH CIIMCOK, WIN Mpou3BecTu obxoz bosee
OZHOU TOC/Ie0oBaTeNbHOCTU MapaieibHO B TOM K€ cCaMOM LIMKJe for
UT. I

Takue crienuduyHble UTepaliuy BCerja MOXXHO pealnu30BaTh C TIOMO-
610 ITUKJA while u pydyHOU MHAeKcanuu, Ho Python npezyaraetr Habop
BCTPOEHHBIX GYHKIIUN, KOTOPbIE TIO3BOJIAIOT CIIeliMaJu3upoBaTh UTepa-
LIUIO B LIUKJIE for:

— BcTpoeHHas yHKUIMA range (AocTymHasa HaunHasA ¢ Python 0.x)
MIPOM3BOJUT CEPUIO TIOC/IeJOBATEIbHBIX LIeJIbIX YHCel C 3alaBaeMbIM Ha-
mpaBjieHWeM (Bo3pacTaeT Wiu YObIBAeT) U IIaroM, KOTOPbIE MOTYT HC-
MIOJIb30BaThCA B KauyeCcTBe UH/IEKCOB B LIUKJIE for;

— BcTpoeHHasA GyHKIUA zip (AoCTynmHas HauyWHasg C BepPCUU
Python 2.0) Bo3BpamaeT ceputo KopTexei U3 napasuielbHbIX djleMeH-
TOB, KOTOPBle MOT'YT IIPUMEHAThCA A 00X0a MHOXKeCTBa IOC/Ie[0Ba-
TeJIbHOCTEN B I[UKJIE for;

— BCTpoeHHasA QyHKIMA enumerate (ZOCTyNIHAasA HAUWHAsA C BEPCUU
Python 2.3) reHepupyeT 3HaueHUA U UHAEKCHI 2JIeMEHTOB B UTepUpye-
MOM OOBEKTE.

2.8.1. Ucnosib30BaHMEe BCTPOEHHOM QYyHKIUM range

BcrpoenHas GyHKIIUA range ABJAETCS YHUBEPCAJIbHBIM MHCTPYMEH-
TOM, KOTOPBIH MOXKeT MCIIOIb30BaThCA B Pa3HOOOPA3HBIX KOHTEKCTaX.
Ona HanboJsee 9acTO MPUMEHSETCA /IS TeHepalliy UH/IEKCOB B ITUKJIE
for, HO ee MOXXHO HCIIOJb30BAaTh I/le YTOAHO, KOTZa TpebyeTcs cepus
1enbIx yncesn. HauuHas ¢ python3 range sBjsieTcss UTepupyeMbIiM 00b-
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€KTOM, KOTOPBIM TeHepUpyeT 3JIEMEHTHI 10 3a1pocy, U ee 6A30BBINM CUH-
TAKCHUC MOXKET OBITh 3aIMCaH CJIeAYIOIIMM 00pa3oM:

range(from [, to, step])

rZie 3JIEMEHTHI B [ ] ABIAIOTCA HeoOsa3aTeIbHBIMU.

[TpuBeseM mpuMep pabOTHI C pa3JIMYHBIMU 3HAYEHUAMH, ITOaBae-
MBIMU Ha BxoJ, GyHKIINU range:

print(range(10)) # range(@, 10)

print(list(range(10)))

# [a.’ 1.’ 2, 3J 4.’ 5} 6) 7.’ 8) 9]

print(range(0,6)) # range(@, 6)
print(list(range(o, 6))) # [0, 1, 2, 3, 4, 5]

print(range(®, 6, 2)) # range(0, 6, 2)
print(list(range(@, 6, 2))) # [0, 2, 4]

C ogHUM apryMeHTOM range reHepupyeT CIKUCOK LieJIbIX Yuces, Ha-
YrHaA C Hy/IA U 3aKaH4YMBadA (HO He BKJIIOYadA) 3HaUYeHHEeM apryMeHTa.
B ciyyae nepezsayu ABYyX apryMeHTOB II€pPBBIM CUYMTAETCA HUKHEU I'pa-
Huleli. Heob6s13aTeNbHBIN TPETUN apTyYMEHT MOJXKET 3a/[aBaTh «Iar»,
Kor7Zla oH yKasaH. Python f1o6aBiser BbIOpaHHBIH IIAr K KaXKA0MY MTOCIe-
ZlyIoleMy LeJIOMY YUCIy B pe3y/abTare (110 yMOJ4YaHHIO 1Iar paBeH +1).
I[Ipu xemaHUM AUANIa30HBI MOTYT OBITH HEMOJIOKUTEIbHBIMU 1 HEBO3-
pPacTaroUMU:

print(list(range(-5, 5)))

# ['5: -4, -3, -2, -1, o, 1, 2, 3, 4]

print(list(range(5, -5, -1)))
# [5: 4: 3: 2: 1: 0, '1: '2: '31 '4]

TakuM obpa3om, YTOOBI BEIBECTU TPU CTPOKH B IIMKJIE for, C TIOMO-
IIbIO range MOXXHO CIr€HEPHMPOBATHL COOTBETCTBYIOIIEE KOJIMYIECTBO II€-
JIBIX YUCEJI:

for i in range (3) :

print(i, 'Test')
# O Test

# 1 Test
# 2 Test

BcTpoeHHas GyHKIINA range TakKe MOXKET UCIIOIb30BaThCsA /1JI He-
IIpAMOTO IMpoXoJa IIO IMoCJIEA0BATEJIbHOCTH !
my_str = 'Test'
for it in my_str:
print(it, end=' ') # MpocTas uTepauua
#Test

print(len(my_str)) # 4
print(list(range(len(my_str)))) # [0, 1, 2, 3]
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#Py4yHas uTepauma nocpeacTtBoM range/len
for it in range(len(my_str)):

print(my_str[it], end=" ")
#Test

Bo BTOpoO# YacTu mpumMepa IMPOU3BOAUTCA MPOXOJ MO CIIMCKY CMe-
IIIeHUU B CTPOKe my_Str, a He 10 ee AeWCTBUTENbHBIM 3JIeMeHTaM, BBU-
[Ty 9ero /s U3BJIeYeHUs KaXKA0ro djieMeHTa HeoOXoMa UHAEeKC Al
B my_str.

[Tpu pabore ¢ nukiaamu B Python Heo6X0AMMO OpPHEHTUPOBATHCA
Ha cjIeAyIolye mpaBuia:

— BO BCeX CJIydasaXx, KoIzla 3TO BO3MOXKHO, BMecTO Itukiia while cTo-
VT UCI0JIb30BATh for;

— HCIIOJIb30BaTh BBI30BHI range B IIMKJIAX for TOJIbKO B KPaHUX WU
CIelNaJIU3UPOBAHHBIX CJIyYasaX, TO €CThb I 00Xoza MMocae0BaTelbHO-
cTel mpeATrouYTUTEIbHEeE UCIIONb30BaTh 3alMCh BUa for it in list.

2.8.2. lcniosib30BaHUEe BCTPOEHHOU QYHKITUHU Zip

BcTpoeHHaa GyHKIUA zip, B OTIMYKE OT range, aeT BO3MOKHOCTD
MIPUMEHATDh LUKJIBI for AJA MPOCMOTpa MHOXKeCTBa IocjieoBaTeTbHO-
cTen ImapaJyui€jibHO — 0e3 COBMEIICHNA BO BpEMEHHU, HO B TE€YHCHHE TOI'O
’Ke caMoro IuKia. B 6azoBoM Buzie GyHKIHA Zip MPUHUMAET OAHY WIN
OoJIblllee KOJIUYECTBO HOCJIG,Z[OB&TCJILHOCTCIZ B Ka4eCTBE€ apr'YMEHTOB
Y BO3BpAlllaeT CEPUI0 KOPTEXel, 00 beANHAIONINX B IMaphl MTapasuieib-
Hble 3JIeMEeHTBI M3 YKa3aHHBIX ITOCIe0BATEIbHOCTEM:

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

second _list = [6,7,8,9,10]

print(list(zip(first_list, second list)))

# [(1, 6), (2, 7), (3, 8), (4, 9), (5, 10)]

Takum o6pa3omM, BcTpoeHHass GYHKIUA Zip B COYETaHUM C IIUKJIOM
for mpezfocTaBiAeT BO3MOXKHOCTD IO/IeP>KKY NTapaUle/IbHBIX UTepalyii:

for a, b in zip(first_list, second_list):

print(a, '+', b, '=' , a+b)
#1+6 =7
#2+7=9
#3 +8 =11
#4 + 9 =13
#5 + 10 = 15

OdbdeKT oT Takoro nmoaxoja 3aka04aeTcs B TOM, YTO B IIUKJIE TIPO-
cMaTpuBatoTcsa oba crvcka: first_list u second_list. [Toxoxkero pe3ysabTaTa
MOXKHO IOOUTHCS MCIONb3ys MUK While, KOTOPHIY TTOAJEPKUBAET WH-
JleKcanuio BpyuHyro. Ho 3TOT crmocob morpe6oBast 661 60bIIIET0 0OBEMA
KO/ZIa ¥ BBITIOJTHSUICS HECKOJIBKO MeZIJIEHHEH, YeM HUCIIOTb30BaHUE CBI3KU
for-zip.

Panee 6bUIO cKa3aHO, YTO GYHKUMA Zip MOXKET IPUHUMATh Ha BXO/[,
JII000€e KOJIMYECTBO IIOC/Ie0BaTeNbHOCTEN. I71TaBHOE, YTOOBI OOBEKTHI,
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IoflaBaeMble el Ha BXO/, MIPEACTaBISIU COO0N UTEePUPYEMBIA OOBEKT.
[IpuBeseM MpUMep C TpeMsI apryMeHTaMu. B aTom ciydae QyHKIUA Zip
ITOCTPOMUT CITMCOK TPEXDJIEMEHTHBIX KOPTC)KGIL/'I C dJIeMEHTaMU 13 K&)K,Z[Ofl
TI0CJIEZIOBATETLHOCTH, TI0 CYIIECTBY MMPOEUpysi o cTonbmam (dpopmab-
HO /711 N apryMeHTOB MbI IToIydyaeM N-apHbIA KOPTeX):

one, two, three = (1,2,3) , (4,5,6), (7,8,9)

print(list(zip(one, two, three)))

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

for a, b, ¢ in zip(one, two, three):

print("({} - {}) * {} = {}'.format(b, a, c,

(b-a)*c))
#(4-1)*7=21
# (5-2)*8=24
# (6 - 3) *9 =27

Ecmu Ha BXO/ MOAAIOTCA MOCAE0BATEIbHOCTU PA3TUIHOU AJUHBEI,
Pe3y/IbTUPYIOIIYE KOPTEXH HOPMUPYIOTCS I10 JJIMHE CaMOM KOPOTKOMU
13 HUX:

one, two, three = (1,2,3,5,9), (4,5,6), (7,8,9,23)
print(list(zip(one, two, three)))
# [(1, 4, 7), (2, 5, 8), (3, 6, 9)]

2.8.3. lcniosib30BaHMe BCTPOEHHOM QYyHKIIMU enumerate

B psaze ciyyaeB ObIBaeT HEOOXOAMMO IPOU3BOAUTH HUTEPAIHIO
10 3JIeMeHTaM I0C/IeZl0BaTeIbHOCTH 1 3HATh, KAKOW UH/EKC y TeKYIIle-
ro UTEPUPyEMOTO dieMeHTa. TpaJuIlMOHHO TaKas 3a/adya peliaeTcs Io-
CpeAiICTBOM ITPOCTOTO ITUKJIA for ¢ IOTIOTHUTENbHBIM CYeTUYMKOM UHZEKCa
UTEPUPYEMOTr0 3JIeMeHTa:

my str = 'Test'

index = @

for it in my_str:
print('WHOeKc snemeHTa
index +=1

# WHpekc anemeHTa

# WHpekc snemeHTa

# WHpekc snemeHTa

# WHpekc snemeHTa

,it,"' = , index)

+ wn ® —
WINRERO

dyHKIIMA enumerate BO3BpalllaeT 2eHepamopHblil 06seKkm — pa3Ho-
BUIHOCTb 00bEKTA, MOAAep KUBatoNasl MPOTOKOJ uTepanuu. Takoi 06b-
eKT UMeeT MeTO/l, BhI3bIBaeMbIil BCTpOeHHOMN PyHKI[Hel next, KOTOPHIU
Ha Ka)K/IOM MPOXo/ie IIUKJIa BO3BpallaeT KOpTexX {uHdekc, 3HaueHue}:

my_str = 'Test'
for index, it in enumerate(my_str):
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print('WHpekc snemeHTa ',it,"' = ' , index)
# WHpekc snemeHTa T = 0O
# WHpeKkc anemeHTa e = 1
# WHpeKkc snemeHTa S 2
# WHpekc snemeHta t = 3



Llukn for aBTOMaTU4eCcKu MPOXOAUT TI0 BCeM KopTexkaM, Bo3Bpallae-
MbIM QyHKI[MEN enumerate, YTO MMO3BOJIAET PAacaKOBBIBATh UX 3Have-
HMA IIOYTHU TaK ke, KaK 3TO JieslaeTca A Zip:

test = enumerate(my_str)
print(next(test)) # (@, 'T")
print(next(test)) # (1, 'e")
print(next(test)) # (2, 's")
print(next(test)) # (3, 't")

2.9. Utepauuu n BKnoYeHua

2.9.1. UTepaTop U UTEPUPYEMBI OOBEKT

Kak yxe oTMedanoch paHee, IUKJ for paboTaeT c J0OBIM UTEPU-
pyeMbIM OOBEKTOM. DTO K€ KacaeTcs U BCeX UTEPAIMOHHBIX UHCTPY-
MeHTOB Python, KoTOpble TpocMaTpUBaOT 0OBEKTHI CIeBAa HAMPaBO:
CITMCKOBBIX BKJIFOUEHUH, ITPOBEPOK YIEHCTBA in, BCTPOEHHOUN GYHKIINHU
map " T. [I.

KoHIlenuusa «UTepupyeMbiXx 00beKTOB» B Python OyKBajsibHO TPO-
HU3BIBAeT BCIO A3BIKOBYIO MOJIeNIb U Npe/cTaBiAeT coboil 06061ieHne
MIOHATHUSA «I10CJIeZI0BATEIbHOCTh». BOJBIIMHCTBO KOHTEMHEPOB U MHO-
’KeCTBO APYTUX TUNOB JaHHBIX (dailyibl, COKETHI U T. [I.) ABIAIOTCA UTe-
pUpyeMbIMU 00beKTaMU. B To BpeMs Kak KOHTelHepbl OOBIYHO COZEP-
’KaT KOHEYHOEe KOJUYECTBO 2JIEMEHTOB, IIPOCTO UTEPUPYEMBINl OOBEKT
MOXKET MPeCTaBIATh UCTOYHUK OeCKOHEYHBIX AaHHBIX [35].

B meiicTBUTETLHOCTU UTEPAllUs OCHOBAaHa Ha /IByX 0OBEKTaX, KOTO-
pbIe MCIOMB3YIOTCA Ha ABYX OT/AETbHBIX IIarax:

— WUTEPUPYEeMbBIA OOBEKT, /1T KOTOPOTO 3aMpaliuBaeTcs UTepalus,
yel MeToJ __iter__ 3amyckaeTcs MeToJOM iter;

— 00BeKT uTepaTopa, BO3BpAIllEeHHBIN UTEPUPYEMBIM OOBEKTOM,
KOTOPBIN HaKTHIECKU ITPOU3BOJUT 3HAUEHUS BO BPEMS UTEpAIUH, Ye
MEeTOZ __hext__ 3aIyCcKaeTcs METOJIOM hext, U TeHepUPyeT UCKITI0UeHre
Stoplteration, Korjja 3aBepIIaeT BblIauy pPe3yIbTaTOB.

Ha puc. 2.1 npuBejieH B yIIpOILIleHHOM BU7ie ITpUMep UTepaliu 110 UTe-
pUpyeMoMy OOBEKTY WIN reHepaTopy, UCIIONIb3yeMbIl LIMKJIOM for.

iterator
next
0 _ crexyromee
3HaueHUe

generator l Titer()

iterable
UTEPUPYEMBIN OOBEKT

Puc. 2.1. pumep utepauum no utepupyemomy o6beKTy, Mcnonb3yemblit yuknom for
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T'oBOps TPOCTHIMU CJIOBAMU, UTEPUPYEMBIN OOBEKT — 3TO JIIOOOH
00BEKT, KOTOPBIM MOXKET IIPeJOCTaBUTh UTEPATOP, BO3BPAIIAIONINI OT-
ZleJIbHbIE 3JIEMEHTHI 3TOr0 OObeKTa:

my list = [1, 2, 3]
first_iter = iter(my_list)
second_iter = iter(my_list)
print(next(first_iter)) # 1
print(next(first_iter)) # 2
print(next(second _iter)) # 1
print(next(first_iter)) # 3
print(next(first_iter))

StopIteration Traceback (most recent call last)
in

----> 8 print(next(y))

StopIteration:

my_list — 3TO UTepUpyeMbIi 00beKT (CIHCOK), a first_iter u second_
iter — JBa OTAENbHBIX 3K3eMIUIApa UTepaTopa, MPOU3BOAIIETO 3HA-
yeHUs U3 utepupyemoro obwvekra my_list. VI3 mpuMepa BUAHO, YTO
first_iter v second_iter COXpaHSIIOT COCTOSTHHE MeX/y Bbhi3oBaMu next(),
U KOT/ZIa UTepallys 1O CITHMCKY MTOCPEACTBOM first_iter CTAHOBUTCS HEBO3-
MO>KHOU, TeHepUpyeTcs UCKIodYeHue Stoplteration.

/13 onrcaHHOTO BHIIIE CJIeAyeT, YTO KO/

my list = [1, 2, 3]

for it in my list:

pass

BBHITIOJTHAET HAbOp ZefCTBUM, TOKa3aHHBINA Ha puUC. 2.2.

iter() next()

~— — ™1
\\ 3

X

Puc. 2.2. U'tepauma B uukne for no cnucky my_list

Taxkke mpu paboTre ¢ UTEPATOPOM MOKHO HAIIPSIMYIO BBI3BIBATH Me-
TOJZ __next__:

my_list = [1, 2, 3]
first_iter = iter(my_list)
print(first_iter. next ()) # 1

2.9.2. CniuckoBble BKIOYeHuA (list comprehension)

B momosiHEHME K omepallusaM HaJ MOC/IeI0BaTEIbHOCTAMU U CITUCKO-
BBIM MeTozaM B Python mmMmeetcs 6osee coxkHas omepaliysi, U3BeCTHast
KaK BbIpa)kKeHUe CITMCcKOBOTo BkItoueHus (list comprehension) u ABJAIO-

82



IasICsI MOITHBIM CITOcO60M 06paboTKU CTPYKTYp. BMecTe ¢ 1ukiamu for
CIIMCKOBBIE BKJIIOUEHUSA BXOJAT B YMCI0 Hanbojiee N3BECTHBIX KOHTEK-
CTOB, B KOTOPHIX IPUMEHAETCA UTEPHPOBAHUE.

CHIMCKOBBIE BKJIIOUEHUS ITPOUCXOAST OT CUCTEMbI 0003HAYEHUST MHO-
’KECTB M IIPEJOCTABJISIOT CIIOCOO MOCTPOEHMS HOBOTO CITMCKA 3a CYET
BBITIOTHEHUSA BhIpa)KeHUs Ha KaXKZ0M dJIEMEHTE B ITOC/IeI0BATETbHOCTH,
110 OJHOMY 3a pa3 (cieBa Hampaso) [36]:

new_list = [expression for member in iterable]

[Tox expression MoHUMaeTCs BBIUYUCIEHUE, BBI30B MeTO/a WU JIIO-
60e Ipyroe AOMYCTUMOE BhIpaXKeHHE, KOTOPOe BO3BpalllaeT 3HAaYEHUE;
member aBisAeTCA 00BEKTOM WIM 3HAaUYEHUEM B CITMCKE WU UTEpUpYye-
MBIM oO0BbekTe (iterable).

Bce 5To 1TO3BOJIAET CIeAyIOMMU KOZ;:

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

for i in range (len(my_list)) :

my list[i] += 10
print(my list) # [11, 12, 13, 14, 15]

3altrucaTb CJIEAYIOIIM o6pa30M:

my list = [1, 2, 3, 4, 5]
my list [it+10 for it in my_list]
print(my list) # [11, 12, 13, 14, 15]

C)IG,Z[YGT OTMETUTD, YTO CIIMCKOBbIE€ BKJIIOUEHHNA HE ABJIAIOTCA 00s3a-
TE€JIbHBIMH, TaK KaK BCE€rZla MOXHO IIOCTPOUTH CIIMCOK PE3YJIbTAaTOB BbI-
TTOJTHEHUS BHIPAXKEHUA BPYUYHYIO, UCIIONb3YS ITUKJI for:

my list = [1, 2, 3, 4, 5]

new_list = []

for it in my_list:

new list.append(it + 10)

print(new_list) # [11, 12, 13, 14, 15]

X 4acTO Ha3bIBaIOT «CUHTAKCUYECKUM caxapoM» JJIs IUKJa for,
HO II0 BpeMEHU BBINIOJHEHHUs OHU Ja’ke BBIMUTPBHIBAIOT H3-3a TOTO,
TO He BBI3bIBAIOT MeToz append() y crucka [37].

Hawubosee pacnpocTpaHeHHBIH CITOCOO MCIOIb30BaTh YCIOBHYIO JIO-
THKY IIpU paboTe CO CIIMCKOBBIMU BKIIOYEHUSIMU — J0OABUTH YCIOBHOE
BBIpa)KEHUE B KOHEI| BRIpaXKeHUS:

new list = [expression for member in iterable (if conditional)]
Hanpuwmep:

new list = [x for x in range(10) if x % 2 != 0]
print(new_list) # [1, 3, 5, 7, 9]

B cirydae, Korzia HEOO6XOAMMO HCIIOIb30BaTh IOJTHOIIEHHBIHN OJIOK BET-
BJIEHUA if-else, UCTIONB3YETCA CAEAYIOMUIN BU, CITUCKOBOT'O BKIIOYEHUS:

new list = [expression (if conditional) for member in iterable]
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Hampumep, 3amMmeHUM oTpuniaTesbHble 3HaueHUA Ha 0, a MOJI0XKU-

TeJIbHbIE OCTaBUM 0e3 M3MeHEeHU:

my list = [1.25, -9.45, 10.22, 3.78, -5.92, 1.16]
new_list = [1 if 1 > @ else @ for 1 in my_list]
print(new_1list) # [1.25, @, 10.22, 3.78, 0, 1.16]

Eciu Heo6X0AMMO UCIIONB30BaTh OoJlee CI0KHYIO JIOTHKY, TO BMECTO

BBIPpAX€HUA MOXKXHO HCIIOJIb30BATDH (by'HKLII/IIOZ

def test_func(value):
return value if value > 0 else ©

my list = [1.25, -9.45, 10.22, 3.78, -5.92, 1.16]
new_list = [test_func(i) for i in my_list]
print(new_list) # [1.25, @, 10.22, 3.78, 0, 1.16]

Hauwnas ¢ Bepcuu 3.8 B Python BBezieH MOp:KOBBIM oriepaTtop walrus.

B oTinuue OT onepanuu MpuUcBauBaHUA (=), pe3yJabTaT MOPKOBOTO
oriepaTopa TaKXKe SABJSIETCA BRIPAKEHUEM U MOXKET OBITh MCITOJb30BaH,
HanpuMep, /i CpPaBHEHUS:

import random
def get_weather_data():
return random.randrange(90, 110)

too_hot = [temp for _ in range(20) if (temp :=
get_weather_data()) >= 100]

print(too_hot)

# [102, 106, 108, 103, 106, 103, 100, 108,

# 100, 102, 100]

Kaku IIWKJIbI, BKJIFOUEHUA MOT'YT COZEPKATh BJIOKEHHbBIEC BKJIFOYEHNWA.

PaccMoTpuM mpuMep TaKoTo BIOKeHUA A1 GOPMUPOBAHUA MATPHULIBL:

matrix = [[i for i in range(4)] for _ in range(4)]
print(matrix)

# [[e, 1, 2, 3], [e, 1, 2, 3], [e, 1, 2, 3],

# [e, 1, 2, 3]]

BruIFOUeHUA MOXKHO MCIIOJb30BaTh TaKXKe /Jsd caoBapei (dictionary

comprehensions) u MHOXeCTB (set comprehensions):
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my list = [10, 34, 56 ,1 ,1, 2, 4, 3, 102, 102]
my set = {i for i in my_list if i%2==0}
print(my_set) # {2, 34, 4, 102, 10, 56}

my dict = {i: 1 * i for i in range(10)}
print(my_dict)

# {0: 0, 1: 1, 2: 4, 3: 9, 4: 16, 5: 25,
# 6: 36, 7: 49, 8: 64, 9: 81}



2.10. UcTouHnkn gokymeHTayuu Python

YacTo 6bIBaeT HEOOXOAMMO HAUTU MHPOPMAIIUIO IO TOW WM UHOU
byHkuMYM, MeTosy o6beKTa U T. . VIMeHHO U3-3a 3TOr0 JOKYMeHTalus
U ABJISIETCA HACTOJBKO Ba)KHBIM MHCTPYMEHTOM IPU MPAaKTUYECKOM
IIporpaMMHUpOBaHuU. B Tabi. 2.9 npuBesieHbl UCTOYHUKU JOKyMeHTa-
uuu Python.

Tabnuya 2.9
UcTounnkn gokymentauum Python
dopmMaT UCTOYHUKA Onucanue
KommeHTapuu «#» BuayrtpudaiinoBas foKyMeHTaUUA
®yukrusa dir Cnucku aTpubyTOB, JOCTYIIHBIX B 0OBEKTAX
Crpoku gokymeHTanuu: __doc__ | BHyTpudaiinoBas oKyMeHTaIusA, IPUCOeY-
HseMas K 00beKTam
PyDoc: ¢yukiusa help VHTepaKTUBHAas CIIpaBKa /il 0O'beKTOB
PyDoc: otuetst HTML JIoKyMeHTanus 110 MOAY/IAM, OTOOparkaroIa-
sicst B Opaysepe
CranzapTHbIN Habop pykoBOACTB | OdulinanbHble ONMCAHUA A3bIKa, OUOINOTEK,
1 Web-pecypcol OHJIafHOBBIE PYKOBOZCTBA, IPUMEPHI U T. [.
[leyaTHbIE U3AAHUA KomMmepueckue clipaBOYHUKU

KommeHTapuu «#». KoMMeHTapuu «#» ABISAI0TCA Haubosee 6a30-
BBIM CITOCOOOM ZIOKYMEHTHPOBaHUA Koza. Python mpocTo urHopupyer
BeCh TEKCT, CIeAYIOIINK 3a CUMBOJIOM # (710 TeX Mop, ITOKa OH He Haxo-
[IUTCS BHYTPU CTPOKOBOTO JINTEpasia), MIO3TOMY Iocie # MOXKHO ITOMe-
IaTh JIFOOBIE CI0Ba U onrcaHus. OAHAKO Takue KOMMEHTapUU JOCTYTI-
HBI TOJTBKO B daiiiax UCXOAHOTO KO/, a I HanucaHusa 6ojee IMUPOKO
JIOCTYITHBIX KOMMEHTapHeB MMOHAJ00UTCS IPUMEHSTb CTPOKH JJOKyMEH-
tanuu ("dain genaet To-to").

®yukumsa dir. Berpoennas yukiya dir mpeZiocTaBiIseT JETKUH criocob
TTOJTy4YeHUs TIepevyHsI BceX aTpUOYTOB, JOCTYIIHBIX BHYTPpU 0O0beKTa (T. €.
€ro MeTOZIOB U 60Jiee MPOCTHIX 2JIEMEHTOB JIaHHBIX). Ee MOXKHO BHI3HIBATH
6e3 apryMeHTOB, YTOOBI TIOJIYYUTD CITUCOK MIEPEMEHHBIX B 00/1IaCTU BUU-
MOCTH BBI3bIBaroIero koga. Ho 6osee y1o6Ho To, 4To dir MOXKHO BBI3BIBATh
Ha JI0O0M 00BEKTE, UMEIOIIEM aTPHUOYTHI, B YKCIE KOTOPBIX UMIIOPTHPO-
BaHHbBIE MOZY/T U BCTPOEHHBIE THUITHI, @ TAaK)Ke MMeHa TUIIOB JJaHHbBIX:

print(dir())
["In','Out", "_*', "', ' 'y '_builtin__"', '__builtins__°',
' _doc__', '__loader_', ' __name__"', '__package__ "', '__spec__',

*dh', '_i', '_i1', '_ih', '_dii', '_iii', '_oh', ‘exit', 'get_

ipython', 'os’', 'quitT, 'sys']
print(dir(dict))
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[' _class__', '__contains__', ' __delattr__', '__delitem__°',

' dir__', ' _doc__ "', '_eq_"', '__format_', '_ge ',

' __getattribute__ ', '_getitem__', ' gt ', ' __hash__', '
init__ ', '__init_subclass__ ', '__iter__ ', '_le ', '_len__ "',
'lt ', ' _ne_ ', '_new_', '_reduce__', '__reduce_ex__"',

' _repr__"', '__setattr__', '_setitem__', ' sizeof ', ' __
str__ ', '__subclasshook ', 'clear', 'copy', 'fromkeys', 'get’,
'items', 'keys', 'pop', 'popitem', 'setdefault', 'update’,
'values']

#- KonumyecTBO aTpubyTOB B cC/loBape
print(len(dir({}))) # 40

YTo6bl OTOUABTPOBATH 3JIEMEHTHI, HATIPUMeEP, C ABYMs MOAYEPKU-
BaHUSIMM B BHIBOAMMOM CITHCKe aTpUOyTOB, KOTOpPble OOBIYHO He TIpes-
CTaBJIAIOT UHTEpeca A pa3paboTurKa, MOXKHO BOCIIO/Ib30BATHCA BKITIO-
YeHUSAMU:

print([it for it in dir(dict) if not it.startswith
('_"D

['clear', 'copy', 'fromkeys', 'get', 'items', 'keys', 'pop',

'popitem', 'setdefault', 'update', 'values']

Crpoku gokymeHTanuu __doc__. CTpoku oKyMeHTaruu B Python
aBTOMATHUYECKH MMPUCOEANHIIOTCA K 00bEeKTaM U COXPaHSIIOTCSI BO Bpe-
Ms BBITIOJTHEHUSA MporpaMMbl. CHHTaKCUYeCKU TaKue KOMMeHTapuu
3anuchiBaoTcsa Kak cTpoku ("®aitn genaert Tto-To", """MeToa menaeT
To-T0""") B Havase GaiyoB MOAYyJIeH, a TaKXKe OlMepaTopoB GYHKITUH
Y KJIacCOB, UX METOZOB U T. [I., TIepeJ JIIOObIM APYTUM HCIIOJHSIEMbBIM
KO/IOM.

Python aBTOMaTHYeCKU ITOMEIAeT TEKCT TaKUX CTPOK B aTPUOYTHI
__doc__cooTBeTcTByMOINX 00beKTOB (daiin testdoc.py):

JokymeHTaumsa moaynsa
bna-6na-6na

spam =40
def square(x):
JokyMeHTauma ¢yHKLUU
JebaxnTb? Unu 3aaBUTb, 4YTO 3TO ¢uyar?

return x**1 #kBagpaT

class Employee:
"[lokymeHTauma Knacca"
pass

print(square (4)) # 4
print(square.__doc_ )

# JoKymeHTaumsa ¢yHKLUMMU

# Ne6axutb? Unu 3aABUTb, 4YTO 3TO ¢u4ya?

86



Bech cMBICI COOIIOZIEHUS TAKOTO MOAX0Aa K JOKYMEHTAIUU B TOM,
YTO TI0CJIE UMIIOPTHUPOBaHUA ¢aiiia KOMMEHTapUU XpaHATCSI B aTpUOy-
tax __doc__. Takum o06pa3oM, AjIs1 OTOOpakeHHs CTPOK JOKYMEHTAIUH,
aCCOIIMUPOBAHHBIX C MOAYJIEM U €ro 00beKTaMU, HEOOXOJUMO UMITOP-
TUPOBaTh Gail ¥ BEIBECTH ero aTpubyTel __doc__, rae Python coxpaHu
TEKCT:

import testdoc

print(testdoc. doc_ )
# JlokymeHTauuAa moaynA
# bna-6na-6na
print(testdoc.square._doc_ )

# JoOKyMmeHTaumsa ¢yHKLUMU

# Ne6axuTtb? Unu 3aABUTb, 4YTO 3TO ¢u4ya?
print(testdoc.Employee. doc_ )
# JlokyMeHTauuAa Knacca

BcTpoeHHBIE MOAYIU U 0OBEKTHI B Python MpUMeHSIIOT MOX0XKHe Me-
TOZABI /I IPUCOEAUHEHUS K HUM JOKyMeHTauuu. Hampumep, 4TOOBI
yBUZEeTh GpaKTHUECKOe OINMCaHNEe BCTPOEHHOI'0 MOAYJIsA, IIpeJHa3HauY€eH-
HOe /IJIsT YeJloBeKa, He0OXOAUMO e€ro MMIIOPTHUPOBATh U BBIBECTU €r0
cTpOKy __doc__:

import copy
print(copy.deepcopy. doc_ )
"""Deep copy operation on arbitrary Python objects.
See the module's __doc__ string for more info. """
print(list.remove. doc_ )
# Remove first occurrence of value.
print(dict. doc_ )
""" dict() -> new empty dictionary
dict(mapping) -> new dictionary initialized from a
mapping object's
(key, value) pairs
dict(iterable) -> new dictionary initialized as

if via:
d = {}
for k, v in iterable:

d[k] = v
dict(**kwargs) -> new dictionary initialized with
the name=value pairs
in the keyword argument list. For example:
dict(one=1, two=2)

PyDoc: ¢yukiusa help. CrangapTHeiii nHcTpyMeHT PyDoc npeacTras-
J1eT coboit ko Python, KOTOpoMy U3BECTHO, KaK U3BJI€KaTh CTPOKU J10-
KyMEHTallUd BMECTEe C aCCOIIMMPOBAHHOU CTPYKTYPHOU MHOpMalmein

nu (l)OpMaTI/IpOBaTb NX B aKKYPATHO OpraHM30BaAHHbIE OTYETHI pa3JiN4-
HBbIX BH/OB.
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CylIiecTByeT HECKOJIBKO cItocoboB 3ammycka PyDoc, BkItodas rmapame-
TPHI ClleHapusA KOMaHAHOW CTPOKU, KOTOPble MOTYT COXPaHATDb Pe3yJb-
THUPYIOUIYIO JOKYMEHTAIUIO Ji TpocMoTpa B OyayuieM. CaMbIMU BOC-
TpeboBaHHBIMU HHTepOeticamu PyDoc 0ObIYHO ABISIOTCA BCTPOEHHAS
oynkuusa help, a Takke cpeacTBa oToOpakeHUsI OTYETOB B popMmare
HTML ¢ rpaduvecKkuM MMoOJab30BaTENIbCKUM UHTEPdEcoM:

import testdoc
print(help(list.remove))
"""Help on method_descriptor:

remove(self, value, /)
Remove first occurrence of value.

Raises ValueError if the value is not present.

None

print(help(dict.update))
"""Help on method_descriptor:

update(...)
D.update([E, ]**F) -> None. Update D from
dict/iterable E and F.

If E is present and has a .keys() method, then
does: for k in E: D[k] = E[k]

If E is present and lacks a .keys() method, then
does: for k, v in E: D[k] = v

In either case, this is followed by: for k in F:
D[k] = F[k]

None

print(help(testdoc))
"""Help on module testdoc:

NAME
testdoc

DESCRIPTION
JlokyMmeHTauuAa moaynA
bna-6na-6na

CLASSES
builtins.object
Employee

class Employee(builtins.object)
| HdokymeHTauma knacca

I
| Data descriptors defined here:
I
| __dict__
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| dictionary for instance variables (if
defined)
I

| __weakref__
| list of weak references to the object
(if defined)

FUNCTIONS
square(x)
JokymeHTauusa ¢yHKUUM
Je6axnTb? Unu 3aABUTb, 4YTO 3TO ¢u4ya?

DATA
spam = 40

FILE
f:\code\python\myprojrep\testdoc.py

PyDoc: oruetrsl HTML. /1 3amycka JaHHOT'O pekruMa paboThI 0KY-
MeHTaIu1 HeoO6X0[UMO B TepMUHasIe (M3 KaTajora IIpoeKTa) 3amyCTUTh

C/IeAYIONIYI0 KOMaH/AY:

(venv) F:\code\python\myProjRep>python -m pydoc -b
Server ready at http://localhost:58003/

Server commands: [b]rowser, [q]uit

server>

Pe3ynbTaTOM BBINOJHEHUA MPUBEJEHHOU KOMaH/bI OyZeT 3amycK
6pay3epa ¢ BKJIaZKOW JJOKyMeHTalluy, KaK [MoKa3aHo Ha puc. 2.3.

Python 3.7.7 [default, MSC v.1916 64 bit (AMDG4)] Module Index : Topics : Keywords
Windows-10 Get|

F:\code\python\myProjRep

‘main testdoc

C:\Users\madcomrade\Anaconda3\python37.zip

_asynsie zma sl pysapat

b2 —si . testbuffer select

stypes _multiprocessing testeapi unicodedata
—overlapped winsound

—stypes_test 1 _
desimal “eue testimportniiple

Puc. 2.3. ChopmupoBanHaa HTML-gokymenTauus

Eciu HaXkaTh Ha HaIllMCAHHBINM paHee MOAyIb testdoc.py, TO mpo-
M30UIeT Tepexos Ha CTPAHMILy ¢ OTOOpakeHHeM ero AOKyMeHTaIuu
(puc. 2.4).
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class Emj
BoxymenTaunA knacca

ployee(builtins object)
Data descriptors defined here:
_diet__

Er

tionary for instance variables (if defined)

T 1ist of weak references to the object (if defined)

Puc. 2.4. ChopmupoBanHaa HTML-gokymenTauma mopyna testdoc

CraHzapTHbBII Habop pykoBoacTB U Web-pecypcol. Ha odunmans-
HoM Beb-catiTe Python (http://www.python.org) momMumMo JOKyMeH-
tanuu [38] mo A3bIKy mMporpaMMupoBaHua (UMeloTcs OHIAWH- U 0d-
JIAafH-BEePCUM) MOXXHO HAaWTH CChUIKK HA Pa3HOOOpa3HBbIE PECYPCHI, T/e
PacKpbBIBAIOTCA CllelliajbHble TeMbl, TOHKOCTH IIPUMEHEHUA U T. .

[ToMHUMO 3TOTO, B HAlllA HU 3HAYUTETHLHO PAa3BUT OHJIAWH-CErMEHT
obpa3oBaTesbHBIX 6JIOT0B, KypCOB, BEeOMHAPOB U MPOUYUX PECYyPCOB.
Hazio TOJMbKO yMETh MMOJb30BaThCs MMOMCKOBUKOM U He TIpeHeOperaThb
UM B c/lydae BO3HUKHOBEHUS BOIIPOCOB WU 3aTPyAHEHUH MpU HAIU-
CaHUWH KoZa.

IMeuyaTHble M3AaHUA. TakKe MOKHO BbIOpATh U3 KOJUIEKIIUU TIPOIIIE/ -
X MTPOPECCUOHATBLHYIO PEJAKTYPY U OITyOJTMKOBAHHBIX CIIPABOYHUKOB
(camoyuuTesneit) o Python. [Tpu TakoMm mogxoze CTOUT 0OpPaTUTh BHU-
MaHMe Ha TO, 9YTO KHUTH UMEIOT TEHIEHIINIO OTCTABaTh OT CaMbIX COBpe-
MeHHbIX u3MeHeHu Python. 3To cBA3aHO oT4acTu ¢ 06BeMOM pabOTEI
IO CO3/IaHUIO TaKWUX KHUT M YaCTHUYHO C €CTECTBEHHBIMU 3a/IePyKKaMU,
MIPUCYIIUMU U3ZaTebCKOMY ITMKITy. Kak mpaBuio, K MOMEHTY BBIXO/IA aH-
ITMHCKAst BEPCUSA KHUTH OTCTAeT Ha TPU U OOJIbIIIE MECAIIEB OT TEKYIIETO
cocrosaHusa Python, 4To y>k TOBOPUTH O ee M3JaHUM Ha PYCCKOM SI3bIKe.

Pe3lome

JlaHHas yacThb ObLIa MOCBsAIIEHa OoJbIlle CHHTaKcucy Python u Bo-
mmpocaM JIOKYMEHTAIIUU Koja. BeIM pacCMOTpPEHBI ITUKJIBI, BIOKEHUS,
yCJIOBHBIE KOHCTPYKIIUU U T. . OTAeIbHO paccMaTpPUBAJICS MPOIECC
WTepaLyy 110 LIUKJIY ¥ KaKue MHCTPYMEHTHI, HeBUANMbIe Pa3pabOTUHKY,
MIPX 3TOM MCITOTIb3YIOTCA.
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YTo6rl B fasbHeNIIEM U3bekaTh TpobieM, CBA3aHHBIX C CUHTAKCH-
COM sI3BIKA W CTWJIEM HAIMKMCAHWA KOJa, PUBEAEM CIIHCOK ITO/ICKAa30K,
K KOTOPOMY MOXKHO OOpaTUThCA B JII0O0M MOMEHT BpEMEHHU.

1. He 3a6wi8aiime o 08oemouusx. IToCTOAHHO IOMHUTE O HEOOXOI Y-
MoCTH Habopa CHMBOJIA «:» B KOHIIE 3aroJIOBKa COCTaBHOTO OIlepaTo-
pa — nepBoii crpoku if, while, for u T. 7.

2. HauuHatime ceoil k00 6e3 omcmynog. YoeauTech, YTO HAUMHAETE
KO/ BEpXHero YpoBHs (He BJIOKEHHBIN) 6€e3 OTCTYIIOB.

3. /enaiime omcmynsl coesiacosaHHo. Vizberaiite cMenrMBaHus Ta-
OynAnuii ¥ Mpo6eoB B OTCTyIAaX. B TpOTMBHOM ciydyae TO, YTO BBl BU-
JIVTE B CBOEM PeZIaKTOPe, MOXKET OBITh He TeM, UTO BUAUT Python, korzma
OH ITePEeCUUTHIBAET TAOYIAIUU B IPOOETHI.

4. He nuwume k00 Python e cmune C. HanoMuHaHue IporpamMMu-
ctam Ha C/C+ +: HeT HeOOXOAMMOCTH MOMEIATh B KPYIJIble CKOOKHU
BBIpD@KEHUs MTPOBEPOK B 3arosioBkax if u while (Hanpumep, if (X==1)
:). Ilpu ’KeJTaHUU MOCTYTIaTh TaK MOXXHO (3aKJII0YaTh B KPYTUIbIE CKOOKU
paspelieHo Jtob0e BrIpa)keHUe), HO B JaHHOM KOHTEKCTe OHU COBep-
IIIEHHO W3JIUIITHU.

5. Hcnoaw3ytime npocmsle yukasl for emecmo while unu range. Ilpo-
crou muks for (ckaxkeMm, for x in seq:) MouYTH Bcerza mpolie B HaIKMca-
HUU U 9acTO ObICTpee B BBITIOJIHEHUH, YEM IIUKJI C TIOZICYIETOM HA OCHOBE
while wiu range.

6. Byobme 0cmopodcHblL ¢ U3MeHSAeMbIMU 00BeKmamu 8 npuceausd-
Husix. Hy>KHO IPOSIBIATH OCMOTPUTENBHOCTD ITPU UCITOJIb30BaHUY U3Me-
HAeMbIX 00BEKTOB B IPYNIOBOM IIprcBauBanuu (a = b = [ ]), a Takxke
B ZIOTIOJIHEHHOM TipucBauBaHuu (a += [ 1, 2 ]). B oboux ciay4yasx us-
MeHEeHUs Ha MeCTe MOTYT IOBJUATh Ha APyTUe ITepeMeHHEIE.

7. He oxcudaiime nosiyuums pe3ynibmamast om @QyHKYUil, Komopble u3-
MeHsIIom 06BeKmblL Ha Mecme.

8. Bcez0a npumensiime KpyeJble ckobkU 0151 8b1308a PyHKUUU. UTO-
OBl BBI3BATh QYHKIIHUIO, TIOC/IE €€ UMEHM MOTPebyeTcs YKa3aThb KPYIJIbie
CKOOKM HE3aBUCHMO OT TOTO, IPUHUMAET OHA apTyMEHThI WIH HeT.

9. He ucnoas3yiime paciupeHus wiu nymu npu umMnopmuposaHuu
u nepesazpyske. OmyckaiiTe ImyTy o Katajoram u ¢aiioBble paciupe-
HUSA B ollepaTopax import. Vicnonb3yiiTe import mod, a He import mod.py.

Bonpocbl ana camonpoBepku

1. Tlouemy HeOOXOAMMO COOIIOATh OCTOPOXKHOCTD B C/Tydae IMpHCBauBaHUA
TPEM IlepeMEeHHBIM U3MEeHSIEMOTO 00beKTa?

2. Kak BBl MOIIH OBl 3aKOAMPOBATh MHOXXECTBEHHOE BeTBIeHue B Python?

3. Kak BBl MomIH GBI 3aKOAMPOBATH orepaTop if/else B dopme BriparkeHUs
B Python?

4. Kaxk BbI MOI/IA OBI paCIIPOCTPAHUTh OJUHOYHBIA OTIepaTOP Ha HECKOJIBKO
CTPOK?
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Yro o3HauatoT cioBa True u False?
KakoBbI I1aBHbIe GYHKIIMOHATbHBIE OTINYUS Mexay while u for?
B uem pasHmiia Mmexay break u continue?
Korzia BeITosiHSAE€TCA KOHCTPYKIIUA else nykia?
Kak MOXHO 3amucaTh ITUKJI ¢ TToacdeToM B Python?

10 [l 4ero MOXKeT IPUMEHAThCA range B mukJe for?

11. Kak cBs3aHbI HUKIIBL for 1 uTeprupyemMbie 0ObEKTHI?

12. Kak cBsA3aHbI LUKJIBL fOr ¥ CIIMCKOBBIE BKIIOYEHUA?

13. Korza Ao/DKHBL UCIIOIb30BAThCA CTPOKU JJOKYMEHTAL BMECTO KOMMEH-
TapueB #?

14. HazoBure Tpu criocoba, KOTOPHIMU MOKHO ITPOCMATPUBATh CTPOKU ZIO-
KyMeHTalUu.

15. Kak MOKHO TOJIyYUTh CITUCOK ZIOCTYITHBIX aTPUOYyTOB B 00beKTE?

16. Kak MOXHO TOJIYYUTD CIIMCOK JOCTYITHBIX MOZAYJIEH Ha KOMIIbIOTepe?

17. Kakyio KHUTY, MMOCBANeHHYI0 Python, BbI JO/DKHBI PUOOGPECTH TIOCITE
3TOMU?

© o N o U

YnpaxHeHus

1. BreIBeguTE BCE CUMBOJIBI U3 CTPOKU «/[AHHAS 4acmb O6bL1a nocesueHa 601b-
we cunmakcucy Python u eonpocam dokymenmayuu ko0da», 3HaYEeHUS UHAEKCOB
KOTOPBIX JEJATCA Ha 2.

2. BwIBeauTE BCE CUMBOJIBI U3 CTPOKHU «/J[aHHAA Uacmb 6bL1a nocgsuleHa 60b-
we cunmaxkcucy Python u sonpocam dokymenmauyuu xko0a», 3Ha4eHUs UHIEKCOB
KOTOPBIX O€3 OCTaTKa JeIATCI Ha 3, HO He AeATcs Ha 4.

3. BwIBeamTE BCE CUMBOJIBI M3 CTPOKHU «/JaHHAA Uacmb 6bL1a nocssuleHa 6ob-
we cunmakcucy Python u eonpocam dokymenmayuu ko0da», 3HaYEHUS UHAEKCOB
KOTOPBIX TIPHU ZleJIeHUH Ha 6 Aal0T OCTAaTOK 2, 4, U 5.

4. BbIBeAuTe uMcia U3 Auana3oHa oT 1 g0 10, ucrnonb3ys Uk for u while.

5. BriBeauTe uncia u3 guamnasoHa oT —20 10 20 ¢ marom 3, UCIOJIb3yH LUK
for u while.

6. IlocumTaiiTe KOJIMYECTBO BXOXKAEHUH dIeMeHTa CO 3HaUYeHHEM «3» B CJIe-
ayroreM crivcke: [3013 04 334 56 6 1 3], uctionbays UK for, while u MeToz
count.

7. CdopmupyiiTe CIIMCOK M3 3JIEMEHTOB CTPOKU «CNUCOK 00CMYNHbLX AMpuU-
6ymoe», UCITOIb3ysI MEXaHU3M CITUCKOBBIX BKJIIOUEHUH U ITUKJI for.

8. Cdopmupyiite equHUIHYI0 MaTpUIly N X N, UCITO/Ib3ysI MEXaHU3M CITHCKO-
BBIX BKJIFOUEHUH.

9. HamumuTe mporpaMMy, BBIBOAAIIYIO 3JeMEeHTH CIIMCKa
[301304334566 1 3] B ob6paTHOI TOCTEI0BATETbHOCTH.

10. HanuuiuTe nporpaMmy, KOTOpas BEIBOJUT YMCie B amna3oHe oT 1 70 9,
Kpome 5 U 7.

11. HanumuTe nporpaMmy, BHIBOASIIYI0 CYMMY 3J€eMEHTOB CIIHCKa
[301304 334566 1 3], ucnonb3ys nuki for, while u MmeToz sum.

12. HanumuTe nporpamMMmy, BBEIBOAAIIYIO CYMMY 3JIEMEHTOB CIIUCKa
[3013043345661 3], 3HaueHnsT UHAEKCOB KOTOPHIX JIEJIATCSI Ha 6€3 ocTaTKa
Ha 3, UCroab3yd UK for u while.

13. CbopmMmupyiiTe CIMCOK, 3HAUEHUS 3JIEMEHTOB KOTOPOT'O HAXOAATCA B INa-
na3oHe oT 23 g0 35.
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14. CbopmMmupyiiTe CIUCOK, 3HAUEHUS JIEMEHTOB KOTOPOT'O HAXOAATCA B INa-
na3oHe oT 3 70 15 ¢ marowm 4.

15. ChopmupyiiTe CITUCOK, 3HAYEHUS JIEMEHTOB KOTOPOT'O HAXOAATCSA B INa-
rmasoHe ot 3 10 25 u 6e3 ocraTka AeadTca Ha 3.

16. ChopmupyiiTe cioBapb U3 AByxX cruckoB [30130433456613]u (2,
4,7,26,33], ucmonb3ysi BCTpoeHHYI0 GYHKITUIO Zip. BbIBeauTe cioBapb B KOHCOJb
U OOBSCHUTE, TOYEMY OH IOJTYIHICS TaKOTO BU/A.

17. BeiBeAuTe pa3JHUYHBIMHU CIIocOOaMM B KOHCOJIb 3JIEMEHTHI CIIMCKA
[3013043345661 3] cux uHaeKcaMHU.

18. HanuuinTe nporpaMMy, KOTOpas CIMTHIBAET IieJI0e YUCIO (Mecslr), IToce
Yero BBIBOJUT C€30H K KOTOPOMY 3TOT MeCSI] OTHOCUTCA.

19. HanuuuTe mporpaMMy, BEIBOJSAIIYIO Cpe/lHee U3 TpeX 3HaueHU .

20. HammumuTe mporpaMMy, BEIBOJSAIIYIO TaOJUIy YMHOXKEHUS /I 3a1aBae-
MOTIO IIOJIb30BaTeaeM 4uciaa oT 1 0 9 (BK/IIOUUTENBHO).



Tema 3
OYHKUUU B PYTHON

B pesynbraTe u3ydyeHUs JaHHON TeMbI 0OyJarolyecs JOLKHBL:

3Hamo

e IIPUMHIUIBI OOBABIEHUA U UCIOIb30BaHUA QyHKIINH,

e MeXaHH3M 3aMbIKaHUM U ITpaBuio LEGB,

e TIPUHIUI PabOTHI C PeKYPCUBHBIMU QYHKIUAMU,

e YeM OTJINYAIOTCA FeHepaToOpPhl OT CIMCKOBBIX BKIIOUEHUH;

ymemb

e IIPUMEHATh MeXaHU3M JileKOpHUpoBaHUA QyHKIINH,

® IICIIOJTb30BATh T'eHepaTOpPHbIe QYHKIIUU U BEIPAXKEHUS ITPU PabOTe C ITUKIJIOM
for,

e TIiepezfaBaTh apryMeHTHl B QYHKIMIO U MOJyYaTh BO3BpalllaeMblil ero pe-
3yJIbTaT;

enadems

e HaBBIKAaMM HaIlUCAHUA MPWIOKEHUH € UCTIONb30BaHeM QyHKIUH,

e HaBBIKAMM UCIOJIb30BAHUA JEKOPATOPOB U F'eHepaTOPOB B IIpoIiecce Ha-
NUCaHUA IPUWIOKEHUU.

®yukuum B Python oTHOCATCS K 06BEKTaM 1epBoro kiacca. Mx Mox-
HO [IPUCBavBaTh [I€PEMEHHBIM, XPaHUTh B CTPYKTypaxX AaHHBIX, Iepe-
/laBaTh B KaUecTBe apryMeHTOB IpyruM QYHKIUAM U Jake BO3BpalllaTh
B KauecTBe 3HauUeHUM u3 Apyrux ¢yHkuuit [33]. OHU MOTYT IPUHUMATh
MIPOU3BOJIBHOE KOJIMYECTBO aPI'YMEHTOB WIM He IPUHUMAaTh UX BOBCE.

@yHKLIVY NO3BOJIAKT HCIIOJb30BaTh KO/, 3aK/JIIOYEHHBIN B HUX,
CKOJIbKO YTOZJHO pa3 B IIPOLlecCe BBIIOJIHEHUA IIPOrpaMMbl U ABJIAIOT-
csl abTEPHATHUBOM JIIOOMMOT0 MeToZa HaYWHAIIIUX TPOTPaMMUCTOB:
«copy&paste». OHU TakKe MO3BOJIAIOT pa3bUBaTh CIOKHBIE CUCTEMBI
Ha COCTaBHBIE YaCTH, YTO yIPOIaeT IPOoIlecC MPOEKTUPOBAHUA CUCTEM.

B Tabsn. 3.1 mpuBeseHbl MPUMEPHI BCEX OMEPATOPOB W BBIPAKEHUM,
KOTOpPBIE TEM WJIX UHBIM 00pa30M CBSI3aHbI ¢ GYHKITUAMU.

Tabnuya 3.1
Onepatopbl U BbipaXkeHus, (BA3aHHble C GYHKUNAMU
OmneparTop Wiu BbIpakeHUe IIpumep
BripaskeHUs BHI3OBOB my test func('text', meat=ham, *rest)
def def print_text(message) :
print('Hi, ' + message)
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OkoHuanue ma6n. 3.1

Oneparop wid BbIpa:keHUe IIpumep
return def add_test(a, b=1, *c):

return a + b + c[0]
global x = 'old'

def changer():

global x; x = 'new'’
nonlocal def outer():

x = 'old'

def changer ():

nonlocal x; x = 'new'

yield def test(x):

for i in range (x): yield i ** 2
lambda funcs = [lambda x: x**2, lambda x: x**3]

dyHKIIMM U MeToAbl Kjacca B Python HaumHatlores ¢ oneparopa def.
B oTimune oT GYHKIUM B KOMIWJINPYEMBIX sI3bIKaxX, Takux kKak C, def
MIpeZCTaB/IsIeT cCOOOM MCTIOMHAEMBIN OTIepaTop. DTO O3HAYAET, YTO HATIH-
caHHas B KoZle QyHKILIMA He CYIIeCTBYeT /0 TeX Mop, MoKa UHTepIIpeTa-
Top Python He BcTpeTuT 1 He BHIIOJHUT ee. DYHKIIUU MOXKHO BKJIAZbI-
BaTh BHYTpPb OIepaTopoB if, HUKJIOB while u faxke Apyrux ¢yHKuui. [Ipu
THUIIOBOM NPUMEHEHUU OTlepaTophl def TOMemaoTcs B Gaiiibl MoAy e
Y eCTeCTBEHHBIM 00pa30M BHITIONHAIOTCA /JI TeHepauuy GyHKIUMI, Kor-
na dbaiin Moy, TAe OHU HaXO/ATCA, UMIIOPTUPYeTCA B IIEPBhIM pas.

Korza unrepnperaTtop Python gocturaer onepatopa def 1 BbIIOTHSA-
€T ero, reHepUpPyeTCss HOBBIN OOBEKT, KOTOPHIA ITPHCBAaUBAETCS UMEHU
byukumu. Kak ¥ co BceMy TpUCBauBaHUAMU, UMs GYHKIIUY CTAHOBUTCSA
CCBUIKOM Ha 00BbeKT QyHKIUU. OOBEKTHI GYHKIIUHN TaKKe MOTYT UMETh
MIPOU3BOJIbHBIE OIpeZiesiieMble TTOTb30BaTeeM aTPUOYTHI, TPUCOETUHS-
eMble K HUM /IJI1 perucTpaly JaHHbBIX.

[ToMmuMo 3TorO, PYHKIIUM MOXKHO TaKXKe CO3/laBaTh C MOMOIIBIO
lambda-BrIpakeHUN — cpe/iCTBa, KOTOPOE MTO3BOJIAET BCTPAaUBaTh OTIpe-
JeneHus GyHKIMN B MecTa, rfe onepaTop def CUHTaKCU4YeCKU He JIOITy-
cKaeTcs.

Korza byHKIMA BRI3BIBAETCSA, BHI3BIBAIOIINU KO MTPUOCTAaHABINBAET-
sl ZI0 TeX TIOp, MOKa QYHKIMA He 3aBEPIIUT CBOIO paboTy U HE BO3Bpa-
TUT yTIpaBjieHrue o6paTHO. YyHKIIMH, KOTOPBIE BRIYUCAAIOT 3HAYEHUE,
BO3BPAIlAIOT €0 BBI3BIBAIOLIEMY KOy TTOCPEACTBOM OllepaTopa return
(return 6e3 3HaYeHUSA MPOCTO BO3BpaIaeT yIpaBieHle B BHI3BIBAIOLINM
KOZl U OTTIpaBJIsieT CTaHAAPTHBIN pe3ynbTraT None).

yield — BBIpakeHHe, HO OHO OOBIYHO UCIOJIb3YEeTCA KaK OMepaTop
Y OTIIpaBJIAET Pe3yIbTUPYIOUINI 00BEKT BEI3bIBAIOIIEMY KOAY, IPU 3TOM
3allOMUHAasE MECTO, T7le OH OCTaHOBWICA. B GyHKITUAX, U3BECTHBIX KaK
reHepaToOpPhl, MOXKHO TaKXKe UCIOJb30BaTh yield, 9TOOBI TIOCHLIATH 00-
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paTHO 3HAUYEHUE U MPEAOXPAHATh UX COCTOSHUE, TaK YTO OHU CMOTYT
BO30OHOBJIATE PAbOTY TIO3XKe /JIA MIPOU3BOACTBA CEPUM PE3YIBTATOB.

Omnepatop global o6bsABNsAET NTepeMeHHble YPOBHA MOJAY/A, Mpes-
Ha3Ha4YeHHbIEe /A MpucBanBaHusA. [1o yMoa4aHuIo Bce 0O0BABIsIEMbIE
nepeMeHHble B QYHKIUU ABIAIOTCA JOKAJIbHBIMU U CYIIECTBYIOT TOMTHKO
BO BpeMs ee BHITTOJTHEHUA. UTOOBI TPUCBOUTH 3HAaUEHHE TTepEMEHHOU
13 BKJIIOYAIOLIEr0 MOJYJsS, HeOOXOMMO pacUIMpUTh ee 0061acTh BUAU-
MOCTH TIOCpPeZICTBOM ortepaTtopa global BHyTpY QyHKITHH.

OmnepaTop nonlocal o6BABIAET IEpeMeHHbIe BKIIIOYaoIe GyHKINY,
npeZiHa3HaYeHHBIE /JIsT TpUCBanBaHusA. [Ipoie TOBOpPs, OH TO3BOJIAET
bYHKIIUM TPUCBAaUBaTh 3HAUYEHUA ITepeMeHHOM, KOTopas y»e CyIIeCTBY-
eT B 001acTU BUAMMOCTU QYHKIMHU OoJiee BBICOKOTO MOPSAKa, KOTOpas
BKJTIOYaeT B cebs TeKyIIyo GYHKIIUIO.

3.1. 06nacTv BUAUMOCTH

[ToMuMO YIIaKOBKH KOZQ, 11 MHOTOKPATHOTO HCITOTb30BaHUS QYHK-
IIMH Z00aBJIAIOT K IIPOrpaMMaM JOMOIHUTETbHBIN YPOBEHD, YTOOHI CBe-
CTU K MUHUMYMY BO3MOKHOCTh BO3HUKHOBEHUSA KOHQIUKTOB MEXIY
repeMeHHBIMH C OTHHUM U T€M K€ UMEHEM — I10 YMOJIYaHUIO BCE MMe-
Ha, KOTOPHIM BBITIOJTHEHO IIPHCBaBaHUEe BHYTPU GYHKIIMU, aCCOLIUUPY-
IOTCS C IPOCTPAHCTBOM MMEH JJaHHOW PYHKIIUM U HUKAKUM JIPYTHM:

— WMeHa, IPUCBOEHHbIe BHYTPHU def, MOTYT OBITh BUAHBI TOJBKO
BHYTpHU 3TOro omneparopa def. CchllaThCsl Ha Takve UMeHa U3BHe QYHK-
LMY HEJIb3;

— WMeHa, IPUCBOEeHHbIe BHYTPU def, He KOHGIUKTYIOT C ITlepeMeH-
HBIMHU 3a Mpegenamu def, AaXke eI Te jKe caMble UMeHa IIPUMEHSIIOTCS
rie-To B IPYTOM MecCTe.

[TepeMeHHBIE MOTYT PUCBAUBATHCA B TPEX PA3HBIX MECTaX, COOTBET-
CTBYIOIIUX TPEM Pa3HBIM 00JIACTSAM BUAUMOCTH:

— eC/IM epeMeHHas IpHUcBanuBaeTcs BHYyTpH def, To oHa OyzeT Jio-
KaJIbHOU B 9TOM PYyHKIINU;

— ewIM IepeMeHHas IpUcBaruBaeTcs B 00beMITIONIeM def, TOTZia OHa
OyzieT HEeJIOKAJTbHOU B OTHOLIEHUU BIOXKEHHBIX PYHKIIUH;

— ewIM IepeMeHHas IpUCBarBaeTcs 3a IpezieiaMu Bcex def, TO OHa
OyzeT TmobanbHOMU B 1iesioM daiie.

[TpuBeseM omrcaHMe cXeMbl paco3HaBaHUA UMeH Python, koTtopas
WHOTI/Ia HasbiBaeTcsa mpaBuioM LEGB, cormacHo HazBaHUsM obJacTei
BUJVMOCTH.

1. Korza BHyTpu OyHKIIMHY YKa3bIBaeTcs HeyTOYHeHHOe uMs, Python
UIIEeT ero MaKCMMYM B YeThIpeX MecTax — B JiokanbHoU (L, local) obna-
CTU BUAVMOCTHU, 3aTEM B JIOKAJIbHBIX 00/IACTAX BUAUMOCTH JIIOOBIX 00D-
emntomux (E, enclosing) onepatopos def u lambda, nanee B rmob6ambHOM
(G, global) obmacTu BUAUMOCTH M, HAKOHEII, BO BCTpoeHHOM (B, built-in)
ob1acTu BUAUMOCTH. [ToMCK ocTaHaBIUBaETCA Ha IEPBOM K€ MECTE, T7Ie
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obHapyxuBaeTcs uMs. Ecu B pe3yibTaTe TaKoTo MOMCKA UM HaUTU
He yzasock, Python coobuut 06 omubke.

2. Korza BHyTpu QYHKIIUU BHITIOJHAETCS NMPHUCBAaWBaHUe UMEHH,
Python Bcerga co3zaet 1160 U3MeHAET UMA B JIOKaJIbHON 06JaCTU BU-
JVIMOCTH, €CJTU TOJbKO OHO He ObUIO 0OBSABIEHO B 9TOU PYHKIIUU KaK
ro6anbHOE WIH HEeJIOKATbHOE.

3. Korza mpousBoguTcs nMpucBanBaHue UMEHU 3a IpeJieJlaMu Bcex
byHkuii (T. e. Ha BepxHeM YpoBHe daiisia MoAy/sa WM B UHTEPaKTUB-
HOH TI0ZICKa3Ke), JOoKaJbHaA 00acTh BUAMMOCTH COBIIAZAET C II06ab-
HOU — MPOCTPAHCTBOM UMeH MOZYJIA.

JlanHble 06J1aCTU BUAMMOCTU MIPOWUTIOCTPUPOBAHEL Ha puc. 3.1.

BcTpoenHas o6iacts BuauMoctu (Python)
ViMmeHa, Ipe/IBapUTENIbHO ITPUCBOEHHBIE B MOAyIe builtins

Imo6anbHass 061aCTh BUAUMOCTU (MOZAYJIb)
VImeHa, MpUCBOEHHBIE HA BEPXHEM YPOBHE daiiia MOAYIIA WK
00bsIBJIEHHBIE TVIOOATBHBIMU B omepatope def BHyTpU daiina

JlokasbHbIE 00JIaCTH BUAUMOCTU 00beMIIOINX GYyHKITUI
VIMeHa B JIOKaJIbHOM 00J1aCTH BUAUMOCTHU JIOOBIX 0OBEM-
monux yHkiui (def win lambda), oT caMoii BHyTpeHHEH
Zl0 Hapy>KHOU

JlokanpHasa o6sacTh BUAUMOCTH (PYHKIHA)
ViMeHa, TaK WX WHa4Ye MPUCBOEHHBIE BHYTPU QYHKIINMHU
1 He 00bsIBJIEHHBIE [VIOOATbHBIMU B 3TOH QYHKIIMH

Puc. 3.1. 06nactn Bugumocty Python

B momonHeHMe K MpUBeJeHHBIM BhIIIE 00JIaCTAM BUAUMOCTH CYIIle-
CTBYET ellle TPU: BpeMeHHble TlepeMeHHble IIUKJIOB B psi/ie BKIIOUEeHUH,
nepeMeHHbIE CChUIOK Ha UCKJIIOUYEeHUsA B HEKOTOPBIX 00paboTYMKax try
Y JIOKaJIbHbIe 006JIaCTH BUAUMOCTH B ollepaTopax class.

3.1.1. O6siacT! BUAMMOCTH U BJIOKEHHbIE PYHKITUU

Kaxkzas BrnoxkeHHass QyHKITHA MMeET CBOIO JIOKAJIbHYIO (BIOXKEHHYIO)
06J1aCTh BUAMMOCTH, U C UX A0OaBJIEHUEM CJIETKA YCJIOKHSIOTCS IIPaBU-
Jla TIOMCKAa ITepeMeHHBIX.

1. Ccputka (X) umet uMsa X cHavyasia B TeKyllel JoKaJabHON 06Jia-
ctu BUAMMOCTU (PYHKILMA); 3aTE€M B JIOKAJIbHBIX 00JIACTAX BUAUMOCTH
JIIOOBIX JIEKCHYeCKH 00beMTIONTUX GYHKIIMH B UCXOAHOM KOZie, OT BHY-
TpeHHeU /10 Hapy>KHOMU; flajiee B TeKYIel I7106aaIbHON 001aCcTU BUAMMO-
ctu (daitn Moaynsa); v, HaKOHEI], BO BCTPOEHHON 00/1aCTU BUAVMOCTU
(mozynb builtins). O6bsaBienus global 3acTaBiAIOT MOUCK HAYMHATHCS
B I0OA/NbHOM obacTu BUAUMOCTHU (baiia Mozayis).
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2. IIpucBauBaHue (X = 3HaAYeHHE) IO YMOJYAHUIO CO3/IaeT OO
n3MeHseT UM X B TeKyllel JIOKaJbHOU obyacTu BUAMMOCTHU. Eciu
uMA X 00bABIEHO ITI006aTbHBIM BHYTPU QYHKIIMH, TOT/Ia IIPHCBaUBaHUe
co3zaeT Wwin u3MeHsAeT UM X B 00aCTH BUAUMOCTU BKJIIOYAIOIIEro
Mozyisa. Ecim ke umsa X oObABIEeHO HEJOKAJTbHBIM BHYTPU (PYHKIINH,
TO IIpHCBavBaHUe U3MeHsAeT UMA X B JIOKAJbHON 00IaCTH BUAUMOCTH
omKaiiei oobeMIIoIIel GpyHKITUH.

3.1.2. [Ipumep paboOTHI C 06IACTIMU BUAUMOCTHU

Jlnia Havasia IpUBeieM IIPOCTOM IpuMep, rae X — rmobanbHas nepe-
MeHHas U QyHKIIUA IPOU3BOJUT CYMMHUPOBaHMe Ilepe/ilaBaeMoro e 3Ha-
YeHUA CO 3HaYeHUeM 3TOU ITlepeMEeHHON:

X =4

def test_func(y):

print(X + y)

test _func(4) # 8

Kak BUAIM U3 KOZia, Bce paboTaeT IO ONMMCAHHBIM BhIIIEe IIPUHITUIIAM
1, TaK Kak nepeMeHHas X He ObUia 00bsIB/IeHA B 00J1aCTH BUAUMOCTH
dynkiuu, Python obpaimaercst ipu ee moucke K 06acT BUAMMOCTHU
60J1e€ BBICOKOTO TTOPS/KA.

Tenepsb 106aBUM B QYHKITUIO JOKAJIbHYIO ITlepeMeHHYy0 X = 3 U 110-
CMOTPUM, YTO U3MEHUTCS:

X =4
def test_func(y):
X =3

print(X + y)
test_func(4) # 7
print(X) # 4

Tak xak mepemeHHasa X ObUta 00bsIBIEHA JIOKAJIBHO U HET YKa3aHUM
paccMaTpUBaTh ee Kak ImobanbHylo nepeMeHHYy0 (omepartop global),
To Python OyzeT cuuTarh, YTO HaIeT HEOOXOAUMYIO /JISI BhIpaKEHUS
IepeMeHHYI0 ¢ UMeHeM X.

PaccmoTtpuM, Kak paboTtaet onepaTtop global:

X =4

def test_func(y):
global X
X =3

print(X + y)
test _func(4) # 7
print(X) # 3

Omnepatop global naet ykazanue uHTeprperatopy Python HaunHaTh
MTOUCK TIepeMeHHOU X ¢ mobasbHOU 06/IacTU BUAMMOCTHU. IToTOM Ipo-
HCXOUT U3MeHeHre 3HaYeHUsI STOU ITepeMeHHOM, YTO MOXKHO 3aMeTUTh
13 PEe3YJIbTUPYIONIETO BHIBOZA TIPOTPAMMEBL.
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3.1.3. 3amMbIKaHUg

CyTb JaHHOTO TIO/IX0/Ia 3aKJIIOYAETCSA B TOM, YTO YKAa3aHHBIN OOBEKT
GYHKIMY ITOMHUT 3HaYeHUA U3 00beMITIONINX 00J1acTel BUAUMOCTH, He-
B3Wpas Ha TO, MPUCYTCTBYIOT JIX €Ille 3TU 001aCTU BUAVMOCTU B TTAMSITH.
dakTHUeCcKu 0OBEKT UMeET IIPUCOeJUHEHHbIE TTAKEThI JAHHBIX U3 TTaMs-
T (M3BECTHBIE KaK COXpaHEHWE COCTOSTHUA), KOTOPbhIE JIOKATbHBI I
KaXX/IoU CO3ZIJaHHOU KOMUU BIOKEHHOW (PYHKIMU U YaCTO BBICTYIIAIOT
B KaueCTBe MIPOCTOU aJIbTEPHATUBEI KJIaccaM B TaKOU POJIH.

3aMBbIKaHUA WHOT/IA IPUMEHSIOTCS B TIPOTpaMMax, KOTOPBHIM HeoO-
XOZIMMO TeHEepUPOBATh 0O0pabOTYMKY COOBITUH HA JIETY B OTBET HA yC-
JIOBUS, CJIOXKUBIIMECS BO BpeMs BHITIOJIHEHUs. HammpuMmep, mpeacTaBuM
cebe rpadUUeCcKUN MOTH30BaTENbCKUN MHTEPPENC, I/Ie HYKHO OIpee-
JIITh IEUCTBYSA COTVIACHO JJaHHBIM, BBEIEHHBIM ITOJIb30BATEIEM, KOTOPBIE
HEBO3MOXKHO TPEeAyraZaTh Ha 3Talle MOCTPOeHUs nHTepdeiica. B Takux
CUTyalnusax HaMm TpebyeTcs GyHKINA, CO3arolasi ¥ BO3BpaIlaroIas Ipy-
ryto GyHKIHMIO ¢ nHGOpMaIueid, KoTopas MOXXeT BapbUPOBAThCA B 3a-
BHCHMOCTH OT CO3/[aBaeMol QyHKIIHH.

Huxe mpezicTaBeH MpUMep paboTHI ¢ 3aMbIKaHUSMU:

def maker(N):
def action(X): # Co3paHue u Bo3BpaweHue dyHKumm action
return X ** N
return action

my_func = maker(3)
print(my_func(2)) # 8
print(my_func(4)) # 64
print(my_func(5)) # 125

B npuBeseHHOM mpuMepe QYHKIIMA action coxpaHsAeT 3HaYeHHe
N u3 ob6pemimolIel obacTu BUAUMOCTUA (T. €. 00JIaCTU BUAUMOCTU
byukuuu maker).

Tax)ke 3aMbIKaHHEe MOXHO cZejaTh C UcHojJb3oBaHueM lambda-
byHKIIMY, KOTOPYIO OyZeT Bo3BpallaTh ocHOBHasA (obopauyuBatoinas)
byHKIMA:

def maker(N):

return lambda X: X ** N
my_func = maker(3)
print(my_func(2)) # 8
print(my_func(4)) # 64
print(my_func(5)) # 125

PaccmoTpuM IpUHIIMIT paboTH oneparopa nonlocal Ha cieayolieM
IIpuMepe Koza:
def counter(start):
state = start
def adder(X):

print(X + state)
return adder

29



F = counter(5)
F(3) # 8
F(5) # 10

B Tex cay4asx, Korja Mbl 3aXOTHM B IIPOIlecCce BBIITOJTHEHMUs 3aMbl-
KaHWs U3MEHUTh 3HaueHHe IepeMeHHOM state, IPU BHIITOJTHEHUHN KOza
OyZeT creHepUpPOBAHO CIeAyIolIee UCKIIOUEHUE:

def counter(start):
state = start
def adder(X):
print(X + state)
state += 1
return adder
F = counter(9)
F(3)
"""Traceback (most recent call last):
File "F:/code/python/myProjRep/main.py"”, line 9, in <module>
F(3)
File "F:/code/python/myProjRep/main.py"”, line 4, in adder
print(X + state)
UnboundLocalError: local variable 'state' referenced before
assignment"""

OTO CBSI3AHO C TE€M, YTO U3MEHeHVe 3HaYeHUA M3 00JIacTU BUAVUMO-
cTH 06BeMITIONIEN GYHKIMU 110 YMOTYAHUIO 3ampelleHo. i Toro, 4To-
O6BI 0OOWTH ATOT 3aIpeT, U UCIIOIb3yeTCs onepaTop nonlocal:

def counter(start):
state = start
def adder(X):
nonlocal state
print(X + state)
state += 1
return adder
F = counter(5)
F(3) # 8
F(5) # 11

CremyeT OTMETHUTD TOT GaKT, UTO HeJIoKaabHbIe (nonlocal) mepeMeHHbIE
y’Ke JOJDKHBI CYIIeCTBOBATh B 00J1aCTU BUANMMOCTY 0ObeMITIONIeN QYHK-
1uu (def), HaYe IPOMU30UZET OImKbKa BO BpeMsi pabOThI IIPOTPaMMBbI:

def counter(start):
def adder(X):
nonlocal state
state = start
print(X + state)
state += 1
return adder
F = counter(5)
File "F:/code/python/myProjRep/main.py", line 3
nonlocal state

N

SyntaxError: no binding for nonlocal 'state' found
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Kpowme Toro, omeparop nonlocal orpaHnduBaeT 061aCThb MIOKUCKA TIEpe-
MEHHOM TOJIbKO 00IaCTAMU BUAUMOCTEN o6 beMTtomux GpyHkiui (def):

state = 10
def counter():
def adder(X):
nonlocal state
print(X + state)
state += 1
return adder
F = counter()
File "F:/code/python/myProjRep/main.py"”, line 4
nonlocal state

N

SyntaxError: no binding for nonlocal 'state' found

3.2. AprymeHTbl QYHKLMM

[Tpu nmepegade aprymeHTOB B GYHKIIMH HEOOXOAMMO 3aIIOMHUTBD CJie-
Aytolliyie KatoueBble MOMEHTHI.

1. ApryMeHTH IepefalTcs B PYHKIIMIO ITyTEM aBTOMAaTHUYECKOTO
IIpHCBaNBaHUsA 00bEKTOB UMeHaM JIOKAJbHBIX TIepeMEeHHBIX. APTyMeH-
ThI PYHKIIMH, T. €. CCBUTKM Ha (BO3MOXXHO) pasziesisieMble OObEKTHI, OT-
IIpaBJIeHHbIE€ BBI3BIBAIONIUM KOJAOM, IIPEACTAB/AIOT COOOM elle OAWH
npuMep npucBauBaHusa B Python. IToCKOMbKY CCBUIKM peaji30BaHbBI
B BHU/le yKa3aTeJieli, Bce apIryMeHThl B ZIeUCTBUTEIbHOCTH IlepeatoTcs
yepe3 yKa3aTesu, B CBA3U C YeM OOBbEKTHI, IIepeZlaBaeMble KaK apryMeH-
Thl HUKOTI/Ia aBTOMAaTU4YeCKH He KOMMUPYIOTCA.

2. Korza pyHKIMA BBITIONHAETCSA, UMeHA apTYMEHTOB B 3ar'0JIOBKE
GYHKIIUY CTAHOBATCSA HOBBIMU JIOKAJbHBIMU UMeHaMU B 00J1acTU BU-
auMocTh GyHKIMHU. HUKaKoro coBMelleHus UMeH apryMeHTOB (PpyHK-
I U UMEeH IlepeMeHHbBIX B 00J1aCTU BUAMMOCTH BBI3bIBAIOIIETO KOZa
He TIPOUCXO/IUT.

3. Tlpu moaudukanuu BHyTpU GYHKIIUM IlepeaBaeMoro el apry-
MEHTa, SABJIAIOLIErocss U3MeHsIeMbIM 0OBbEKTOM, ero s3Ha4yeHre N3MEeHUT-
Cs Y B BHI3BIBAIOIIEM KO/I€E.

PasHwuIla B Ilepesade U3MEHSIEMbIX M HEM3MEeHSIeMbIX OOBEKTOB B Ka-
yecTBe apryMeHTOB B PYHKIIMU 3aKJII04YaeTcsl B TOM, UTO:

— Heu3MeHseMble apIyMeHThl paKTUYeCKU IepesatoTcs «II0 3Ha-
yeHU10». OOBEKTHI, TOJOOHBIE IIETBIM YKUCIaM U CTPOKaM, IepeJaroTCs
IO CChUIKe Ha OOBEKTHI, a He MyTeM KOIMMPOBaHUsA, HO U3-3a TOTO, YTO
MoAMGUITUPOBATh HA MeCTe Hen3MeHsIeMble 0O BbEKTHl HEBO3MOXKHO, 3¢-
beKT BO MHOTOM ITOXO’K Ha CO3/laHHe KOIUH;

— U3MeHseMble apTyMeHThI GaKTUYECKU TEePeNaIoTCs «II0 YKa3aTe-
Jt0». OOBEKTHI BpOJie CIIMCKOB U CJIOBapel TaKKe IMepearoTcs IO CChUI-
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Ke Ha 00BEKTHI, YTO aHAJIOTUYHO CIIOCO0y Tepeiaur MacCUBOB KaK yKa-
3aTesel B A3bike C, M UX MOXKHO MOAMGUITMPOBATH HA MECTE.

Jlnst paccMoTpeHUsT 0cOOeHHOCTEH Tepeiadnl 00bEKTOB B QYHKIIUIO
VICTIOJTb3y€eM CJIEAYIOIINHI KOZ:

def test(a, b, c):
print('a = {}; b = {}; c = {}'.format(a, b, c))

X, ¥, Z = (1, [2) 10]) IHi!I)

test(x, y, z) #a=1; b = [2, 10]; c = Hi!
print('x = {}; y = {}; z = {}'.format(x, y, z))
# x =1; y = [2, 10]; z = Hi!

Kak y»xe 00603HaYWIU B IPEABIAYIIEM pa3zesie, apryMmeHTaM GyHKIH
MIPUCBAUBAIOTCS CCHUTKM Ha OOBEKTHI IlepeflaBaeMbIX Ha ee BXOJ UMeH
repeMeHHbIX. bojiee HarAZHO 5TO MOKa3aHo Ha puc. 3.2.

VmeHa mepeMeHHBIX OOBeKTH
X —_—
I
Bei3bIBaouii  y 1
KOJI ; T 7
_— - = - — — —’/7/ ‘—’_y [27 10]
dyHKIMA SR
- "Hi!'
________ >
c - .

Puc. 3.2. ipucBanBaHme ccbiNOK Ha 06beKTbI B GYHKLUMN

V3 puc. 3.2 BUAHO, YTO HE3ABUCUMO OT TOT'O, U3MEHSIEMBIA WU
HeU3MeHsSIeMbI THUIl JaHHBIX HCIIOJb3YEeTCs B KayecTBe apryMEHTOB
bYHKIIMY, B C/lyyae ee BbI30Ba apryMeHTaM IIPHCBAaWBAaIOTCSA CCHLIKU
Ha 00'bEKTHI U3 BBI3BIBAOIEN obacT. YTOOB yOEAUTHCSA B 3TOM OKOH-
yaTeJbHO, UCIIO/Ib3yeM omepaTop id(), KOTOPBIM BO3BpalllaeT YHUKAJIb-
HBIU HeHTUPUKATOp 00beKTa, IPHCBauBaeMblii B MOMEHT BBIJI€/IEHUS
107 Hero 00JIacTh MaMATU:

def test(a, b, c):
print('a = {}; b = {}; c = {}'.format(id(a),
id(b), id(c)))

X, ¥, z = (1, [2, 18], 'Hi!")
test(x, y, z)

# a = 140721789706640; b
# c = 2740486981488
print('x = {}; y = {}; z
id(y), 1d(z)))
140721789706640; y
2740486981488

2740459779272;

{}'.format(id(x),

# x 2740459779272,
# z
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Tenepb mompobyeM M3MeHUTh 3HaYE€HUS OOBEKTOB B PYHKIIMHU U I10-
CMOTPHM, YTO K3 3TOT'O MOJyIUTCH:

def test(a, b, c):
a=>5
b[@] = '0o'

"(-_ )

prlnt( ={}; b=A{}c

print(‘a = {}; b = {}; ¢
id(b), id(c)))

{}'.format(a, b, c))
{}'.format(id(a),

X, ¥, z = (1, [2, 18], 'Hi!")

test(x, y, z) #a =5; b =['00", 10]; c = (-_-)
# a = 140721789706768; b 2740487405256

# c = 2740482508848

print('x = {}; y = {}; z

{}'.format(x, y, z))

#x =1; y = ['00", 10]; z = Hi!
print("x = {}; y = {}; z = {}'.format(id(x), id(y), id(z)))
# X = 140721789706640; y = 2740487405256;

# z = 2740479988528

B ciydyae mprcBavBaHUSA HOBOTO 3HAaYe€HUS IepeMEeHHOU, KOTopas
XpaHUT CChLIKY Ha 00bEeKT HEM3MEHSIEeMOTO THIIa, CO3/IaeTCs HOBBIH 00b-
€KT, Ha KOTOPHIN Tenephb U OyZeT CChIaThCA AaHHAs MepeMeHHasa. DTo
BU/IHO I10 paboTe ¢ apryMeHTaMu GYHKITUM, TAKUMHU KaK «a» U «C». [Ipu
M3MeHeHUH 3HaYeHHs 00beKTa M3MEHSEeMOro THUIIA HOBBIM OOBEKT CO3-
JaBaThCsa He OyzeT (apryMeHT GyHKITUU «b»).

Ha puc. 3.3 nmpuBezieH mpruMep OMMCAHHOTO BHIIIE MTPUHITUIIA PabOTHI
Python.

MMeHa nepeMeHHbIX O6BEKTHI
X

—_—

BrI3piBarOnu  y 1
\

o Z\\\\\\\\\\\\\\\ss

['Oo', 10]

RN *Hil

-------- > ")

Puc. 3.3. U3meHeHune 3HaueHWil apryMmeHToB QyHKLMM

Takoii >xe MpUHIIUT PabOTHI UCIIONb3YeTCs W TIPU NTPUCBAUBAHUU TIe-
PEMEHHBIM YK€ CyIIeCTBYIOIINX 3HAUYeHU:

X, ¥y, z=1, [2, 10], 'Hi!'

a, b, c X, Y, Z

print('a = {}; b = {}; c = {}'.format(id(a), id(b), id(c)))
# a = 140721789706640; b 2740487423880,

# ¢ = 2740485781232

print('x = {}; vy = {}; z

{}'.format(id(x), id(y), id(z)))
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# x = 140721789706640; y = 2740487423880;

# z = 2740485781232

a=>5

b[e] = '0o0'

c="(_-)"

print('a = {}; b = {}; c = {}'.format(a, b, c))
#a=5;b=1["00", 10]; c = (-_-)

print('x = {}; y = {}; z = {}'.format(x, y, z))
# x =1; y = ['00", 10]; z = Hi!

print('a = {}; b = {}; ¢ = {}'.format(id(a), id(b), id(c)))
# a = 140721789706768; b = 2740487423880;

# c = 2740481511792
print('x = {}; y = {}; z
# X = 140721789706640; y
# z = 2740485781232

{}'.format(id(x), id(y), id(z)))
2740487423880,

[Ipy mpucBavBaHUU MEPEMEHHBIM MaJeHbKUX I€J0YNCIEHHBIX
3HaueHu# (oT -5 ;0 256) omepartop id() OyzeT BO3BpaIlaTh OJHO
U TO Ke 3HaUYeHHe, Ia’Ke B TOM cIydae, Korza HoBas IlepeMeHHast He CChI-
JlaeTcs Ha yKe OObABIEHHBIN paHee 0OBEKT. ITO CBA3aHO C ONTHUMU3a-
iueit CPython, rae g yaydiieHUs TpOU3BOAUTENBHOCTH HEOOIbIITHE
Yucja MpeACTaBIAIOTCI OAZHUM 0ObEKTOM:

one = 4
two = one
three = 4

print('one = {}; two = {}; three = {}'.format(
id(one), id(two), id(three)))

# one = 140721789706736; two = 140721789706736;

# three = 140721789706736

print(id(one) == id(two) == id(three)) # True

3.2.1. 3HaueHUd apryMeHTOB I10 YMOJI4YaHUIO

Python, kak u psf, APyTUX A3bIKOB MMPOIPaAaMMUPOBAHUS, TTOAEPKU-
BaeT BbI30B QYHKIIUM U METOZOB KJlacca ¢ UX apryMeHTaMu, 3HaueHUs
KOTOPBIX 33/IaHBI 110 YMOJTYAHUIO. [I7151 3TOTO TIPU OOBABIEHUMN GYHKITUN
HeoOXOZIMMO ee apTyMeHTY SIBHO IIPUCBOUTDH 3HAUYEeHUE:

def test default(a=10):
print(a)

test_default('Hi!") # Hi!

test_default() # 10

Hanuyuve B QyHKIUM apryMeHTOB, KOTOpPble MUMEIOT 3HAYEeHUs
10 YMOJTYaHUIO, TIO3BOJISIET IIPOU3BOJUTD €€ BBI30B C MEHBITUM YHCIOM
mapaMeTpOB:

def test default2(a=10, b=12):
print(a+b)

test _default2() # 22
test_default2(4) # 16
test _default2(4,2) # 6
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13 mpuBeZieHHBIX BBIIIIE IPUMEPOB BUAHO, YTO JaHHbIE apTyYMEHTHI
He SBJITIOTCSA 00s13aTeIbHBIMU ITPH BbI3oBe GyHKIMU. Ho ecsin cpeau ap-
T'YMEHTOB /IOJDKHBI OBITh 00sI3aTeTbHbIE, KOTOPhIE HEOOXOAMMO IIepe/ia-
BaTh eli Ha BXO/ IIPU Ka)KJOM BBI30Be, UX HEOOXOMMO YKa3bIBaTh B Ha-
yaJjie CIIMcKa apryMeHTOB:

def test default2(a, b=12):
print(a+b)

test_default2(4) # 16

test _default2(4,2) # 6

Ecii mepBBIMU apryMeHTaMU ITOCTaBUTh HeoOs13aTeslbHbIe (3HaUe-
HUSI KOTOPBIX 33/IaHBI IO YMOJYAHUIO), a CJIeZ0OM 332 HUMH 00s13aTesb-
Hble apTYMEeHTBI, TO MHTepIpeTaTop Python coobmuT 06 omubKe:

def test_default2(b=12, a):
print(a+b)

test_default2(4,2)
File "", line 1
def test_default2(b=12, a):

SyntaxError: non-default argument follows default argument

[IpaBuia paccTaHOBKU 00s3aTeNbHBIX U HeOOA3aTETbHBIX apryMeH-
TOB B QYHKIIMU pacCMaTPUBAIOTCA B cilefytolieM maparpade.

3.2.2. Pe:XUMBbI CONIOCTABJIEHUS apTYMEHTOB QYHKIIUU

[ToMHMO y>Ke pacCMOTPEHHBIX paHee CIIOCOO0B Tepesadyu apryMeH-
TOB B QyHKIMM, Python mpeanaraeT AomoTHUTENbHBIE UHCTPYMEHTHI,
KOTOpBIE TTO3BOJAIOT GYHKIIMYU MIPUHUMATh HeoOsA3aTebHbIE apTyMeH-
TBI, OJ1aroZIapsl YeMy MOXKHO co3/laBaTh TOkve API B MOZy/IsIX M KJtaccax.

Ba30BbIii BU/ TAKOTO 0OBABIEHUS GYHKIIMM MOYXXKHO 3aITHCATh CJIEY-
IOIIMM 00pa3oM:

def func_test([argl, ..., argN, *args, kwl, ...,
kwN, **kwargs]):

I/le B KBaZipaTHble CKOOKU 3aKJIIOYeHBbl HeOoOs3aTeNbHbIE JJIEMEHTHI,
argl — argN — NO3ULIMOHHBIE apT'YMEHTHBI, KOTOPBIE JOJDKHBI CJIe[0BATH
ZIpyT 3a ApyroM; *args — uTepupyemas IocjeoBaTeTbHOCTb ITO3UIIM-
OHHBIX apryMmeHTOB; kwl — kwN — k1toueBble aprymeHTHl (aprymeH-
THI, 3HaUE€HUS KOTOPHBIX 3a/1al0TCA 10 yMOJI4YaHuio); **kwargs — cio-
Bapb KJIIOYEBBIX DJIEMEHTOB.

Jlanee paccMOTpeHbI TpUMepHI 00bABIeHUA GYHKITUH C pa3INIHBIMU
criocobaMu COTIOCTABIEHUSI X apPI'YMEHTOB U 0ObEKTOB BBI3BIBAIOIIETO
KoZza.

1. TlosuiroHHas nepefavya apryMeHTOB (COMOCTABIIAIOTCA C/leBa Ha-
IIpaBo).

def custom_function(a, b, c):

print(a + b + ¢)
custom_function(10,4,8) # 22
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[Ipu TakoM MOAXOZE BBINIOJHAETCA COIIOCTaBJI€HUE IepeJaHHBIX
3HaYeHUM apryMeHTOB C MMeHaMM apryMeHTOB B 3arojioBke GyHKIINU
110 ITIO3UINH, cjIeBa HaIpaBo.

2. Tlepemaua 1o uMeHU apryMeHTa (COMOCTABJIAIOTCA 10 UMEHU ap-
TyMEHTa).

def custom_function(a, b, c=2):

print(a + b + ¢)
custom_function(b=2, c=1, a=4) # 7

B xauecTtBe AJIBTEPHATHUBLI IIO3UIITMOHHOMY CHOCO6y COIIOCTaBJ/JIEHUA
B BBI3BIBAIOIIEM KOZIe MOXKHO YKa3bIBaTbh, KAKOW apryMeHT B GYHKIIUU
IMoJIyda€T 3HAa4Y€HUE ITOCPEACTBOM CMHTAKCHUCA «MMA=3HAa4YCHHE>.

3. IlepemeHHOEe KOJIMYECTBO ITO3UIIMOHHBIX apTyMeHTOB (CHavasia
COIIOCTAaBJIAIOTCA €AMHUYHBIC ITOSUITUOHHBIE SJIEMEHTHI, IIOTOM UTEPH-
pyeMbIﬁ CIIMCOK ITO3MIIMOHHBIX 3JIEMEHTOB, a AadJjie€ aprYMEHTHI COIIO-
CTaBJIAKOTCA IIO I/IMeHI/I).

def custom_function(a, b, c, *args):

print(a + b + ¢ + sum(*args))
custom_function(1, 1, 1, [10, 20, 30])
# 63

custom_function(a=1, c=4, b=11, [10, 20, 30])
mon File Illl, 1ine 5
custom_function(a=1, c=4, b=11, [10, 20, 30])

SyntaxError: positional argument follows keyword argument"""

def custom function(a, b, c, *args, d):

print(a + b + ¢ + sum(*args) - d)
custom_function(1, 1, 1, [10, 20, 30], d=4) # 59
custom_function(1, 1, 1, [10, 20, 30], 4)

TypeError Traceback (most
recent call last)
in
2 print(a + b + ¢ + sum(*args)-d)
3

----> 4 custom_function(1, 1, 1, [10, 20, 30], 4)

TypeError: custom_function() missing 1 required keyword-only
argument: ‘d" """

4. Hepe,aaqa IMPOM3BOJJIBHOT'O KOJIMYECTBA ITO3MITMOHHBIX WU KJIIOYE-
BBIX DJIEMEHTOB.

def custom_function4(*args, **kwargs):
if args:
print(args)
if kwargs:
print(kwargs)
custom_function4(10, 20, key='Hi', Oo = 100)
# (10, 20)
# {'key': 'Hi', 'Oo': 100}
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[Tpu 3TOM CTOUT YYUTHIBATh, YTO UMEHA apryMeHTOB *args u **kwargs
He ABJsieTcsa obs3arenbHBIM. HampuMmep:

def custom_function4(*a, **b):
if a:
print(a)
if b:
print(b)
custom_function4(10, 20, key='Hi', Oo = 100)
# (10, 20)
# {'key': 'Hi', 'Oo': 100}
5. Hepeaat{a IMPpOM3BOJIBHOT'O YHMCJIa KJIFOYEBBIX dPI'yMEHTOB.

def custom_function5(**kwargs):
print(kwargs)

custom_function5(key="Hi', Oo = 100)

# {'key': 'Hi', 'Oo': 100}

[IIaru, BeimosiHsAeMble Python z1a comnocTaBieHus apryMeHTOB Iepes
MIPHCBaWBaHUEM, MOTYT OBITh T'PY0OO OMUCAHBI CAEAYIONUM 06pa3oMm:

1) mpucBavBaHHe He KJIIOYEBBIX apTYMEHTOB 110 MO3ULIMH;

2) mpucBaWBaHMe KJIIOYEBBIX apIyMEHTOB 110 COBIIAJAIOIIAM HMe-
HaM;

3) mnpucBavBaHUe J0OABOYHBIX HE KJIIOYEBBIX apTyMEHTOB KOPTEXKY
*name,;

4) mpucBauBaHUe J00ABOYHBIX KJIIOYEBHIX apTyMEHTOB CJIOBapIo
**name;

5) mpucBavMBaHHe CTAaHAAPTHBIX 3HAUYEHUU He MPUCBOEHHBIM apry-
MEHTaM B 3aroJioBKe.

3arem Python npoBepsieT, nepenaeTcs U KaKAOMY apryMeHTY TOJIb-
KO OZIHO 3HaudeHHe, U eCJIM HeT, BO3HUKaeT omnoOKa. Korga comocTas-
JileHue 3aBepieHo, Python npucBavBaeT uMeHaM apryMeHTOB Iepe/jaH-
HbIe 1T HUX OOBEKTHI.

3.3. Bo3BpalueHue pe3ynbraToB BbiNoNHeHNA QyHKLMeil

B ciyuae mepesaum B KayecTBe apryMeHTa QYHKIIMU TepeMeHHON
M3MEeHSeMOTO THIa He0OX0AUMO OBITh OCTOPOXKHBIM M HE MEHATH 3HA-
yeHUe aprymMeHTa 6e3 HeoOXoAMMOCTHU. B pszie ciydaeB ObIBAeT JIydiiie
CKOITMPOBATh 3HAUeHUsA 00BEKTa, Ha KOTOPHIU CChUIAETCSA apryMeHT,
Y MIPUCBOUTH IOJYYEHHBIM 0OBEKT HOBOU MEpEeMEHHOU, ¢ KOTOPOM
B JlaJibHENIIIeM U Oy1eT TPOU3BOANTLCA paboTa B GyHKIMU. B TO Ke ca-
MOe BpeMs 3TO CBOMCTBO M3MEHSEMBIX THUIIOB MOXXHO HCIIOJb30BaTh,
Korzla HeoOX0ZMMO U3MEHUTh 3HaUeHNe TepefaBaeMoro oobeKkTa B Ka-
yecTBe aprymMeHTa GyHKIIUU U B BBI3BIBAIOLIEM KO/l TTPOJOIKUTH pabo-
TaTh C U3MEHEHHBIM 3HaYEHUEM.
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Jlns Bo3BpallleH!s pe3yabTaToB paboThl GYHKIIUU B BHI3BIBAIOIIUM
ee KO/, uCIojib3yeTcsa omnepaTop return. [Ipu ero oTcyrcTBuu B Tese
byHKIMY IO YMOT4aHUIO Bo3BpaiaeTcs None:

def test _return(a, b):
c=a+b

print(test_return(2, 4)) # None

Crnezylomuii mpuMep BO3BpalllaeT B BHI3BIBAIOIIMI KO/ pe3yabTaT
CYMMBI apryMeHTOB QYHKITHU:

def test _return(a, b):
return a + b

print(test_return(2, 4)) # 6

BrIBarOT cydau, KOTZja Hy>KHO BEepHYTb He OZJHO, & HECKOJIBKO 3Haue-
HUMU. 3/1ecb Ha ITIOMOIIb IPUXOAAT KOPTEXKU:

def test _return(a, b):
Cc = + b
* b
**b
/ b
=a-b
return ¢, m, e, d, s

UV L L]

nw am:3

print(test_return(4, 2)) # (6, 8, 16, 2.0, 2)

YT0oOBI IMpHUCBOUTDL 3HAYECHHWA 13 BO3BpAIlla€EMOTI'O (by'HKLII/Ief;I KOpTeXKa
II€pEMEHHBIM, MOXXHO IIPUMEHUTH CIIEAYIOIINE METOABI PAaCIIaKOBKU I10-
C)Ie,Z[OBaTeJIbHOCTeI‘/JIZ

X, ¥V, q, W, z = test_return(4, 2)

print(x, y, q, w, z) # 6 8 16 2.0 2 #1

_, *my list, = test return(4, 2)

print(my_list) # [8, 16, 2.0] #2

y, *my list, q = test_return(4, 2)

print(y, my_list, q) # 6 [8, 16, 2.0] 2 #3

W, , _, *my list = test_return(4, 2)

print(w, my list) # 6 [2.0, 2] #4

CUMBOJ «_» B JJAHHOM CJIy4ae HCIO0JIb3yeTCsA KaK OAHOPA30BOe UM
repeMeHHOU U IeNUCTBYET B KaueCcTBe 3aIIOJTHUTES JJIs1 TEX dJIeMEHTOB
ITOC/IeIOBaTebHOCTH (KOpTeska), KOTOphle HaM 0e3pa3TUyHBI.

Korza HeT yBepeHHOCTHU, CKOJIbKO 3JIeMEHTOB OyZIeT cozfiep:KaTh BO3-
BpalaeMbli pyHKIMEN KOPTEXK, TO IIPU €T0 PacliakOBKe MOXKHO HCITONTb-
30BaTh IlepeMEeHHYI0, KOTOpasi coOepeT CITUCOK 3HaYeHU. JTO JelaeTcs
IyTeM pasMelleHUs 3BE3I0YKHU Tepe/ ee UMEHEM.

B nmpumMepe «#1» Bce a/leMeHTHI KOPTeXKa paclaKoBaIuCh U MIPHUCBOU-
JIUCh TTepeMEeHHBIM UMEHHO B TOH ITOCIEZIOBATENbHOCTH, B KOTOPOU pac-
IoJIarajiuch B HeM. B mpumepe «#2» 0TOpachIBarOTCSA KpalHUE 3JIEMEHTBI
KOpPTeXXa M PaclaKOBBIBAIOTCS B CITMCOK 3JIEMEHTHI, pacloJiaratoliuecs
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MeXZy HUMU. B npumepe «#3» KpallHUe 3HaueHUA KpalHUX 3JIeMeH-
TOB 3aIIUCBIBAIOTCA B IEpeMEHHbIe C UMEHAMMU «y» U «(», & B OCTaJIbHOM
pacrnakoBKa BefleT cebs, KaKk U B NpeAbIAyIleM npumepe. YeTBepThIU
IpUMep TeM UHTepeceH, YTO OTOpachIBalOTCA MPU pacliakoBKe BTOPOM
Y TPETUU dJIEMEHT KOPTexXa.

Ecnu mpu pacmakoBKe He UCIOJb3yeTcs MOAXo/ cbopa JacTu aJe-
MEHTOB MOCJIEe0BATEIbHOCTUA B CIIUCOK, TO IMITaBHOE — MPU/eP>KUBaTh-
cA MpaBWJIa, YTO KOJUYECTBO IepeMeHHBIX, KOTOPBIM IIPUCBanBAIOTCA
3HayeHMA pacllaKoBbIBA€MOM I0C/IeJ0BATEeIbHOCTH, JO/KHBI PABHATHCA
KOJINYECTBY 3JIeMEHTOB 3TOM CaMOU I10CIe/J0BATEeNIbHOCTHU:

w, _ = test_return(4, 2)

print(w, my_list)

ValueError Traceback (most
recent call last)
in
----> 1w, _ = test_return(4, 2)
2 print(w, my_list)

ValueError: too many values to unpack (expected 2)

Taxoke 3amperniaeTca UCIOJIb30BaTh HECKOJIBKO MMEH IepEeMEeHHBIX
C IIPUCTABKOM B BU/I€ CUMBOJIA «*»:

*first, *second = test _return(4, 2)
File "", line 4
SyntaxError: two starred expressions in assignment

BmecTo KOpTG)KEfI MOXKHO TaKiK€ HMCIIOJIb30BATh C/JIOBAPb.

3.4. Pekypcus

PexypcuBHble PYHKIIMM — (PYHKIIMH, KOTOPhIE BBI3BIBAIOT CAMHX
cebs 11ubo I[MpsAMO, 10O KOCBEHHO C LOe/IbI0 OpraHu3alyy UKJia. PeKyp—
CHA OTHOCHUTEJIbBHO PEAKO HUCITIOJIb3YETCA IIPpHU HAIIMCAHKUHU KOZA B PythOI‘l,
OTYaCTH M3-3a TOr'0, YTO IPOILeAYPHBbIE OIEpaTOPhI BKJIKOYAIOT Oojee
IIPOCTHIE IIUKJINYECKUE CTPYKTYPHI.

Pekypcus mo3BoJIsieT MporpaMMaM OOXOUTh CTPYKTYPhI, KOTOPBIE
HMMEIOT MPOU3BOJIBHYIO Helpe/cKasdyeMyto GopMy U mIyOUHY, HallpuMep,
IIpH IUVIaHKMPOBaHUU MapLIPYTOB B ITyTEIIECTBUU, aHAJINU3E A3bIKa U T. [,

PaccmoTpuM pasiudHble BApUaHThI HANIMCAHUS PEKYPCUBHON GYHK-
OV Ha IIpuMeEpe 3aadr CYMMHPOBAaHHA 3JIEMEHTOB ITOC/TIEAOBATE/IbHO-
CTU:

def my_sum (L) :

print (L)
if not L:
return 0

else:
return L[O] + my_sum(L[1:])
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print(my_sum([1, 2, 3, 4, 5, 20, 30]))

[1, 2, 3, 4, 5, 20, 30]
[2, 3, 4, 5, 20, 30]
[3, 4, 5, 20, 30]

[4, 5, 20, 30]

[5, 20, 30]

[20, 30]

[3e]

[]

65

OTOT Ke KOZ MOXKHO 3aIKcaTh C MCIIOJIb30BaHUEM TEPHAPHOI'O BBI-
paxkeHwus if/else:
def my_suml(L):

return @ if not L else L[@] + my_suml(L[1:])
print(my_sumi([1, 2, 3, 4, 5, 20, 30])) # 65

def my sum2(L):
return L[@] if len(L) == 1 else L[OQ] +
my_sum2(L[1:])
print(my_sum2([1, 2, 3, 4, 5, 20, 30])) # 65

def my_sum3(L):
first, *rest =L
return first if not rest else first +
my_sum3(rest)
print(my_ sum3([1, 2, 3, 4, 5, 20, 30])) # 65

Kak y)xe oTMeuasoch, PEKypCUs MOXET OBITh TPSIMOU WJIN KOCBEH-
HoU. PaHee paccmaTpuBascs MPsIMOM BBI3OB GyHKIMEN caMol cebs.
KocBeHHas peKypcus opraHusyeTcs cjeyrouuM oopa3oM:

def my_sum4(L) :

if not L: return o
return nonempty(L)

def nonempty(L) :
return L[@] + my_sum4(L[1:])

print(my_sum4([1, 2, 3, 4, 5, 20, 30])) # 65

B ciaydasx, Korza He IOJydaeTcss BBIUTU U3 PEKYPCUM ONpeieleHHOe
KOJIMYeCTBO IaroB, Python mpepBeT BhITIOJTHEHHE KOZA M OMOBECTUT
ToJIb30BaTesIs 06 MCYepIaHUY JIMMUTA PEKYPCUBHBIX BEI30BOB (PYHKITHH.

3.5. AHHOTauuA GyHKLMIA

Hauunasa ¢ Bepcuu 3.6 GyHKIIUAM MOXKHO 33/ilaBaTh TUIIBI apry-
MEHTOB U TUII BO3BpalllaeMoro 3HaueHusA. CUHTaKCUYeCKy aHHOTalusA
GYHKIIMY 3aIIMChIBAETCSA B CTPOKE ee 3arojioBKa. /lid apryMeHTOB aHHO-
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Tall¥d YKa3bIBA€TCA IIOCJ/IE ABOCTOYHNA, CJICAYIOIIETO HEIIOCPEACTBEHHO
3d €Iro UMEHEM, a AJid BO3Bpallla€MbIX 3Ha4YeHUH I1ocjie CUMBOJIa «=>»,
clIeayromux 3a CIIMCKOM apryMEeHTOB!:

def sum_ab(a: int, b: float) -> float:
return a+b

BrI3biBaeTcsd aHHOTUPOBaHHAsA QYHKIIUA, KaK U OObIYHASA, HO MPU
HaJIMYMM aHHOTaluu Python HakaIiMBaeT UX B cJOBape W IIPHUCO-
eZIUHSAET ero K caMOMy OOBbeKTy QYHKIIUHM ITOCPEACTBOM aTpubyTa _
annotations__:

print(sum_ab. annotations_ )
# {'a': <class 'int'>, 'b': <class 'float'>,
# 'return’': <class ‘'float'>}

Kak BUZHO U3 IpHUBEJIeHHOTO IpUMepa, UMeHa apryMeHTOB U aHHO-
TalMA BO3BPAlla€MOro 3Ha4eHNUs, €CJIU UMeeTCs (COXpaHAETCA 110/, KJIIo-
4OM return), 3allMCHIBAIOTCA B KayeCcTBe KJI04Ya CI0Baps, a B KauyecTBe
3HAQUEHUU 3aMMCHIBAIOTCA BBIPAXKEHUA aHHOTAIHM.

[TockobKy aHHOTALUU ABJIAIOTCA BCEro Jullb oobekTamu Python
(cmoBapeM), MPUCOEIUHEHHBIMU K APYToMy 00BbeKTy (GYHKITUN), TPOH-
THCh 10 UX 3JIEMEHTaM MOKHO CJIEYIOIINM CIIOCOOOM:

for arg in sum_ab.__annotations_ :
print(arg, '=>', sum_ab.__annotations__ [arg])
# a => <class 'int'>
# b => <class 'float'>
# return => <class 'float'>

Ho anHoTaumu GyHKITUM MOTYT coZiepKaTh He TOJIbKO TUIThI apryMeH-
TOB M BO3BpalllaeMOro 3HaYeHUsI, BeJb 3TO TOJIbKO OJUH U3 CIIOCOO0B
ux ucnonab3oBanusd. CormacHo PEP8, mpoBepka TumoB B Python He 06s-
3aTeJIbHA U ABJIAETCA OTAEAbHBIM HHCTPYMEHTOM. [Io ymMoyaHuio nHTep-
npeTaTtopsl Python He 0/KHBI BhIZIaBAaTh HUKAKUX COOOIIEHUH IIPOBEPKU
THIIOB U He /I0JKHBI U3MEHSTDH CBOe IOBeZieHHe Ha OCHOBE aHHOTAITUH.

[TepemnuiiieM aHHOTAIHUIO OOBABIEHHON paHee QYHKITUU CEAYIOIINM
obpazom:

def sum_ab(a: 'what?', b: 99, c) -> 'holy python!!!"':

return a+b

print(sum_ab.__annotations_ )

# {'a': 'what?', 'b': 99, 'return': 'holy python!!!'}

for arg in sum_ab._ annotations_ :

print(arg, '=>', sum_ab.__annotations__ [arg])
a => what?
b => 99
# return => holy python!!!

#
#

Wnu tax:

def sum_ab(a:'what?'=2, b:(4, 5)=99, c:float=3.5) -> 'holy
python!!1":

return a+b+c
print(sum_ab. annotations_ )
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# {'a': 'what?', 'b': (4, 5), 'c': <class 'float’>,
# 'return’': 'holy python!!!'}
for arg in sum_ab.__annotations__:
print(arg, '=>', sum_ab.__annotations__ [arg])
# a => what?
# b => (4, 5)
# c => <class 'float'>
# return => holy python!!!

B moka3zaHHOM BbIllIE KOJle 3allMCh apryMeHTa U ero aHHOTaIus
«a:'what?'=2» o3Ha4aloT, YTO apIyMeHT «a» UMeeT CTaHZapTHOe 3Have-
HUe 4 U aHHOTHUPOBAH CTPOKoul 'what?’. AprymeHT «b» aHHOTHMpOBaH
KOpTexeM c ssieMeHTaMmu (4, 5) U T. A.

TakuM obpa3oM, 3Ty GyHKITHIO MOXKHO CIIOKOMHO BBI3BIBATh CO 3HA-
YeHUSMU 10 YMOJYaHUIO WIN TlepelaBaTh Ha ee BXO/ 3HAYEHUs apry-
MEHTOB:

print(sum_ab()) # 104.5
print(sum_ab(1,3)) # 7.5
print(sum_ab(c=-5)) # 96

3.6. lambpa-pyHKuMM (BbipaXkeHUs)

KtoueBoe ciioBo lambda B Python npezgocrasisieT kpaTkyio ¢popmy
7151 0ObsIBNIeHUsT HeOOMbIINX aHOHUMHBIX GYHKIMU. JIambaa-GyHKIMU
BeZlyT cebsl TOYHO TakK ke, KaKk OOBIYHbIe QYHKIINH, 0OBABISAEMbIE KITIO-
yeBbIM c10BoM def, 1 MOTYT McCIIONb30BaThCA BCAKUM pa3, Korga Tpeby-
I0TCA 00BEKTHI-PYHKIIUMU.

Hampumep, cieayroniun Koz:

my _add = lambda x, y: x+y
print(my_add(1, 2)) # 3

SKBHUBAJICHTEH:

def my_add(x, y):
return x+y
print(my_add(1, 2)) # 3

KOHL[EHTyaJIbHO JIHM6£[a-Bpra)KEHI/Ie

lambda x, y: x +y

aHaJIOTUYHO OOBABIEHUIO QYHKIIUU MPU MMOMOIIM KJHYEBOr'O CJIOBA
def, TonbKO 3amuckiBaeTcsA B OAHY CTPOKY. OCHOBHOE OT/IMYME 3/IeCh
B TOM, YTO IIepe/l UCII0JIb30BaHUEM He ITPOU3BO/UTCSA CBA3bIBaHUE O0D-
eKTa-PyHKIIMU C ee UMeHeM.

BBuzy 3TOrO npuBeZieHHOE BhIIIE JAMO/a-BhIpa’KeHHUE MOXKHO BHI-
IIOJIHUTh Cpa3sy ke MPpU 0ObSABIEHUH:

print((lambda x, y: x+y)(1, 2)) # 3
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Crenytolliee pasiudyre MeXAy OonpeeNeHUsIMU JIM0 1 OOBIYHBIX
byHKIMI 3akI04aeTcss B TOM, YTO JAM6a-GyHKIUA oTpaHUYeHa Of-
HUM-eJUHCTBEHHBIM BhIpa)keHHeM. To eCTh B HUX HE MOTYT IIPUMEHATh-
Cs1 MTHCTPYKIIUY WY aHHOTAIWU (ZJake MHCTPYKIUA return). Ilpu aTom
BCerza CyIIecTByeT HessBHAs UHCTPYKIUA return, KOTopas aBTOMaTHye-
CKU BO3BpAIlaeT pe3y/abTaT BhIpaXKEeHUA.

OTOT obecmeuynBaeT yA0OHYIO U KPaTKyI0 GpopMy A ompeeneHus
¢yukuuu B Python Tawm, rge oAHMM U3 apryMeHTOB GYHKLIWU WIN MeTO-
Ja aBisaeTcsa 00beKT-QyHKIUA. [IpruMepoM MOXeT CIIYy>KUTh HallhCaHue
KPaTKUX U CKATbIX QYHKIUN 11 COPTUPOBKU UTEPUPYEMBIX OOBEKTOB
10 aJbTepHATUBHOMY KJIIOUY, I7le K KaXKJOMY 2JIeMeHTY ITOoc/ieloBaTe N b-
HOCTH TIpUMeHsAeTCs TaM0baa-pyHKIA:

list tuples = [('d', 4), ('b', 2), ('a', 1),

('c’, 3), ("a’, 0)]
print(sorted(list tuples))
#[('a', @), ('a', 1), ('b', 2), ('c', 3), ('d', 4)]
print(sorted(list_tuples, key=lambda x: x[1]))
#[('a', @), ('a', 1), ('b', 2), ('c’, 3), ('d", 4)]
print(sorted(list_tuples, key=lambda x: x[0]))
#[('a') 1)) ('alJ 0)) ('bl) 2)’ (lc') 3)) (ld') 4)]
W1 MOXXHO HCII0JIb30BaTh TaK:
print(sorted(range(-5, 6), key=lambda x: x * X))
# [eJ -1, 1, '2: 2) -3J 3: -4, 4, -5, 5]

print(sorted(range(-5, 6), key=lambda x: x ** x))
# ['1: '3: -5) -4) -ZJ 0) 1: 2: 3) 4: 5]

Eciu ¢ nambaa-byHKIMeN TMosydaeTcs CIOXHBINA (Miu Oau3Kui
K DTOMY) KO/, TO JIy4Ille UCIIOIb30BaTh OOBIYHYIO0 QYHKIIHIO C ITOAXO/S-
UM UMEHEM.

3.7. [lekopaTopbl

JlekopaTophl B Python mo3BOJISIIOT pacIupsATh U U3MEHSATDH MTOBe/e-
HME BbI3bIBaeMbIX 00beKTOB (PYyHKIMI, METOZOB U KJIaccoB) 6e3 Heob-
paTuMo¥ MoAMUKAIIMY CAMUX BBI3BIBAEMBIX 00BEKTOB. [103TOMY JTIO-
6ast JOCTaTOYHO YHUBepcaabHasA GYHKIIMOHAIBHOCTD, KOTOPYIO MOXKHO
MIPUCOEINHUTD K pa3pabaTbiBaeMOMY Kjaccy WU QYHKIIUU, SBISETCS
OTJIMYHBIM KaHAWJATOM JJIs1 IeKOPUPOBAHUS:

— BeJZleHHe IPOTOKOJIa ollepanuii (JIorupoBaHue);

— KOHTPOJIb 3a IOCTYTIOM U ayTeHTHUPUKaIEH;

— XPOHOMETpPAXK;

— OrpaHuYeHue 4acTOTHl Bbi3oBa API;

— KD3IIMPOBAHUE U JIP.
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B ocHOBe IeKOpaTOPOB JIEXKUT HECKOIbKUX ITPOABUHYTHIX KOHIIEIINN
Python, Bkitouas cBoiicTBa GyHKIIHI IepBOTo Kjacca:

1) dyHKIUM ABAAIOTCI 0O0bEKTaMU — WX MOXKHO IIPHCBauBaTh Iie-
peMeHHBIM, Ilepe/laBaTh B Apyryue GYHKIMYU U BO3BpallaTh U3 APYTUX
byHKIMH;

2) GYHKIMU MOTYT OBITH OIpe/ie/ieHbl BHYTPH APYTUX GYHKITUN —
U ZlouepHss QYHKITHA MOXKET 3aXBaThIBAaTh JIOKAJTbHOE COCTOSTHUE PO/IY-
TebCKON PYyHKIUM (JIeKCU4YecKre 3aMbIKaHUsA).

CaMbIl IPOCTOM IEKOPATOP MOXKHO 3aIMCaTh CAEAYIOITUM 00pa3oMm:

def free_decorator(function):
return function

Peai30BaHHBIN BHIIIIE I€KOPATOP — 3TO IO CYTH BBI3BIBAEMBIN 00B-
eKT (yHKIMs), KOTOPBIM Ha BXOZle IPUHUMAET ellle OJUH BbI3bIBaeMbI
0OBbEKT U BO3BpAILIAET TOT K€ CaMbI BhI3bIBa€MbI OOBEKT Oe3 ero n3me-
HeHUs1. YTOOHI MOKa3aTh, KaK IIPOUCXOIUT AeKOPUPOBaHNE, 0OBSIBHM elle
oaHy GyHKIHMIO 1 0OepHEM ee B y)Ke pealr30BaHHBIN paHee JAeKopaTop:

def my_func():

return "It's work!!!"
my func = free_decorator(my_func)
my_func() # "It's work!!!"

Python npesocTaBifeT AOMOTHUTENbHBIN CUHTAKCUC «@>» JJIS IeKO-
pupoBaHusa GyHKIUU. biarogaps eMy HeT HaZloOHOCTU STBHBIM 00pa3oM
BBI3BIBATH ZIEKOPATOP C MepeZiaBaeMoi eMy ¢ GyHKI[MelN U 3aTeM CHOBa
MIpUCBauBaTh €ro nepeMeHHOI:

@free_decorator
def my_func():

return "It's work!!!"
my func() # "It's work!!!"

«@>» AexopupyeT QpyHKIIUIO HETIOCPeJICTBEHHO BO BpeMs ee olpejie-
JIEHUs, 4YTO JiejlaeT OYE€Hb TPYAHBIM IIOJIy4YeHUE JOCTyIIa K HEAEKOPUPO-
BaHHOMY OpUTHHaNy 6e3 pasjudHbIX «pOKycoB». [Io3TOMY s coxpa-
HEHUS CIIOCOOHOCTHU BBI3BIBATH KaK ACKOPHUPOBAHHYIO, TdAK U UCXOAHYIO
GYHKITUIO MICTIONB3YIOT «PYYHOM» PEXKUM IeKOPHUPOBAHUS.

Jlanee pacCMOTpUM NMPUMEP TOT'0, KaK A€KOPaTop MOXXET MEHATb I10-
BezleHre oOopaunBaeMoi B Hero GyHKIUU. J[JI1 3TOTO peanusyeM cie-
AYIOIINU AeKOpaTop:

def up_register(func):

def wrapper():
original result = func()
modified_result = original result.upper()

return modified_result
return wrapper

@up_register
def my_func():

return "It's work!!!"
my func() # "IT'S WORK!!!I"
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3aMbIKaHUE wrapper UMeeT JOCTYI K HeJleKOPUPOBAHHOUW BXOAHOU
bYHKITUM, ¥ OHO CBOOOZHO MOXKET BBITIOJHUTH JOMOTHUTENbHBIN TPO-
rpaMMHBIN KO/ 0 U TOCJIe ee BbI30Ba. Takke, B OTIMYUE OT IIpeAbIAY-
Imero nmpuMepa JieKopaTtopa, TEKYIIHUU IIpU AeKOPUPOBAaHUN QYHKITUU
BO3BpalllaeT He UCXOAHBIH, a APYToi 00beKT-QyHKIMIO. TakuM 06pasom,
e/IMHCTBEHHBIN CITOCO0 MOBIUATH Ha «Oy/ylllee MOBeAeHNEe» BXOTHOU
bYHKIIMY, KOTOPYIO IeKOPUPYEM, COCTOUT B TOM, YTOOBI ITOAMEHUTD
(w1 06epHYTH) BXOAHYIO GYHKIIMIO 3aMbIKaHUEM.

Tenepb paccMOTpUM NMpUMeHeHV e HECKOJIBKUX IeKOPAaTOPOB K GYHK-
uuu Ha npuMmepe HTML-pasmeTku:

def hl_html(function):
def wrapper():
return '<h1>' + function() + '</h1>'
return wrapper

def body(function):

def wrapper():
return '<body>' + function() + '</body>"’

return wrapper

@body
@h1_html
def my_func():
return "It's work!!!"
print(my_func())
# <body><h1>It's work!!!</h1></body>

Pe3ynbraT 3TOM GYHKIIMU SICHO TTOKA3BIBAET, YTO J€KOPATOPHI OBLIU
MpUMeHeHbl CHu3y BBepxX. To ecTh cHavasa BxoAHas GyHKIHA ObLIA
obepHyTa AekopatropoM @h1_html, v 3aTeM pe3yabTUpYyIOIasa (1eKopH-
poBaHHas) GyHKIHA OblIa obepHYyTa AeKopaTtopoM @body.

B «pyuHOM» pexxuMe eKOPUPOBAHUSA TAaKOU MOAXO BBHIVIALUT CJIe-
AyIouM obpasoMm:

my _decfunc = body(hl_html(my func))
print(my_decfunc ())
# <body><h1>It's work!!!</hl1></body>

Ha mpakTuke B TIyOOKHUX YPOBHAX J€KOPUPOBAHUS QYHKIIUN HET
mpobsieM, HO 3TO MOXKET CKa3aThCs Ha MMPOM3BOAUTENBHOCTU IIpU paboTe
Ha/l, BBIYMCINTEIbHO eMKUM NIPOrpaMMHBIM KOZJOM, B KOTOPOM /IeKOpH-
pOBaHUe IIpUMeHAeTCs 4acTo.

Ho Takoit moaxo/ K leKopupoBaHUIo He cpaboTaeT, KorJia HayaabHas
bYHKIIUA MMeeT apryMeHThI:

def body(function):

def wrapper():
return '<body>' + function() + '</body>'

return wrapper

@body
def my_func(name):
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return name+", It's work!!!"
my func('Alex")

TypeError Traceback (most
recent call last)
in
7 def my_func(name):
8 return name+", It's work!!!"
----> 9 my_func('Alex")

TypeError: wrapper() takes @ positional arguments but 1 was
given mmn

YTo6bI M36€KaTh 3TOU OMIMUOKU, 3aMbIKalomasd GYHKIUA TaKxkKe
JIOJDKHA MTPUHUMATh aHAJIOTUYHBIN ITepeYyeHb apryMeHTOB:

def body(function):
def wrapper(name):
return '<body>' + function(name) + '</body>'
return wrapper

@body
def my_func(name):
return name+", It's work!!!"
my_func('Alex")
# <body>Alex, It's work!!!</body>

lanee paccMOTpUM, Kak JeKOPUPOBaTh GYHKIMIO C TPOM3BOIbHBIM
KOJINYeCTBOM apryMeHTOB. B JaHHOM ciiyyae Ha MOMOILb IPUXOJAT Ta-
kre QyHKIIMOHA/IbHBIE cpe/cTBa si3biKa Python kak *args u **kwargs ans
paboTHI C HEU3BECTHBIMU KOJIMYECTBAMU apTyMEHTOB:

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

Tenepb nepenurieM GpyHKIIMIO my_func cieayromuM o6pa3oMm:

def my_func(name = "Alex", line="It's work!!!"):
return f'{name}, {line}'

1 QYHKIIUIO wrapper Tak:

def proxy(func):
def wrapper(*args, **kwargs):
print(f'TPACCMPOBKA: Bbi3BaHa'
f' {func.__name__}() '
f'c {args}, {kwargs}')
original result = func(*args, **kwargs)
print(f'TPACCUPOBKA: {func._ name__ }() '
f'BepHyna {original_result!r}')
return original_result
return wrapper
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[Tpu gexoprpoBaHuy GYHKIMHU U TTOC/IEYIOIIEM ee BhI30Be C pa3iny-
HBIM KOJIMYE€CTBOM apryMeHTOB U WX 33/[aHueM OyZyT BHIBE/IEHBI CIIEy-
Ioll[ie 3HAYeHU:

print(my_func())

# TPACCUPOBKA: BbizBaHa my_func() c¢ (), {}

# TPACCUPOBKA: my_func() BepHyna "Alex,It's work!!!"
# Alex, It's work!!!

print(my_ func('Jon"))

# TPACCUPOBKA: BbizBaHa my_func() ¢ ('Jon',), {}

# TPACCUPOBKA: my_func() BepHyna "Jon, It's work!!!"
# Jon, It's work!!!

print(my_ func(line="~_7", name = 'Jon'))
# TPACCUPOBKA: BbizBaHa my_func() c (),
# {'line': '~_~', 'name': 'Jon'}

# TPACCUPOBKA: my_func() BepHyna 'Jon, ~_~'

# Jon, ~ A

print(my_func("Fine", "you win!!!1"))

# TPACCUPOBKA: BbizBaHa my_func() c¢ ('Fine’,

# 'you win!!!"), {}

# TPACCUPOBKA: my_func() BepHyna 'Fine, you win!!!"’
# Fine, you win!!!

3.8. [eHepatopbl

[To cBoeli cyTu reHepaTopHble GyHKIUM (QYHKIIMU C OIEPATOPOM
yield) nnu BeipakeHUs1 (ITOX0XKU Ha CIIMCKOBBIE BKJIIOYeHUs) B Python
ABJIAIOTCS CUHTAKCUYEeCKHUM CaxapoM /Il IPOCTOT'O HAMUCAHUS UTepa-
TOpa U MO3BOJAIOT OTKJIAJbIBATh CO3ZlaHNe Pe3yJbTaTOB BCAKUM pas,
KOT/]a 3TO BO3MOXHO. /3-3a TOT0, 4TO HU Ta, HU Apyras KOHCTPYKLIUA
He CO3/laeT cpa3y BeCh Pe3yIbTUPYIOMINN CITUCOK, OHU SKOHOMST IIPO-
CTPAHCTBO MaMATU U MO3BOJAIOT paclpeseNuTb BpeMs BBIYUCIEHUN
II0 3aIIpOCaM pe3yJIbTaToB.

3.8.1. 'enepaTtopHbie pyHKIUU

l'eHepaTtopHble GYHKINU — 3TO PYHKIIMU, KOTOPBIE CIIOCOOHBI OT-
MpaBIATh 0OpaTHO 3HAaYeHHe U I03)Ke BO30OHOBIATh PabOTy C MecCTa,
Ha KOTOPOM OHM OCTaHOBWINCH (FreHepHUpPYIOT I10CIe[0BaTeIbHOCTD 3Ha-
YeHUU C TeueHueM BpeMeHMN).

[enepaTopHble PYHKIIUM BO MHOTHX OTHOIIEHUAX ITOXO0XXU HaA HOP-
MasnbHble QYHKIMU U GaKTUUECKU 3aMUCHIBAIOTCA C TIOMOIIbIO OObIY-
HBIX orepaTopoB. OHAKO MPU UX CO3JaHUU OHU CIIelMaJTbHO KOMITH-
JUPYIOTCA B 0OBEKT, KOTOPBIN MOAAepKUBAET TMPOTOKOJ UTEPAIINU.
B oTiinune oT HOpMaTbHBIX QYHKIHM, KOTOPbIe BO3BPaILalOT 3HAaUeHUE
U IIpeKpaiaioT paboty, reHepaTopHble GyHKIIUM aBTOMAaTHU4YeCKHU IIPU-
OCTAaHABJIWBAIOT U BO30OHOBJSIOT CBOE BBITIOJHEHUE U COCTOSTHHE BO-
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KPYT TOYKHU reHepanuy 3Ha4eHui. I1o aToW MpuYrHe OHU YacTo OyayT
CIY’KUTh YZI0OHOI aTbTepHATUBOU 3a061arOBpEMEHHOMY BBIYMCIEHUIO
IIOJTHOM CepyM 3HAYEeHWU C MOCAeAYIOIINM COXpaHeHWeM U BOCCTa-
HOBJIEHHMEM BPYYHYIO COCTOSHHSA MOCPeACTBOM KjaaccoB. COCTOSTHUE,
KOTOpO€e TeHepaTopHble GYHKIIUU COXPAHAIOT, KOT/Za MIPUOCTaHAaBIIU-
BAIOTCs, COAEPIKUT MECTOIIOJIOKEHNE B KOZle U TOJHYIO JIOKAJIbHYIO
obsacTb BuguMOCTHU. CleoBaTeIbHO, UX JIOKAJbHBIE ITEpEMeHHbIE
TOMHAT WHGOPMAIINIO MEXY BBIITYyCKOM Pe3yIbTaTOB U ZIeJal0T €€ J10-
CTYITHO¥ TP BO30OHOBIEHUH BHITTOTHEHUA GYHKIIUAMU. B reHepaTop-
HBIX QYHKIIMAX BMECTO MHCTPYKIIUU BO3BpaTa return MCIOIb3yeTCs
VHCTPYKIUA yield.

PaccMOTpUM MIPUHITUTI pabOThI TeHepaTOpHOU GYHKIIMHY Ha IpUMeEpPe
reHepaIyy BO3pacTaroliel Mocie[0BaTeIbHOCTH YUCENT OT HYJIA 0 5:

def gen_test():

N =20

while N < 5:
yield N
N += 1

for x in gen_test():
print(x, end="' ")
#012314

YToOBI JIydllie MTOHATh MPUHIUIT paboTH TeHepaTopoB B Python, pea-
mu3yeM PYHKIINIO, TEJIO KOTOPON COCTOUT TOJbKO U3 yield,  pe3ynbraT
paboTHI He OTJINYAETCS OT TOT'O, YTO NPUBEZIEH B IIPUMEPE BBIIIE:

def gen_surprise_test():

yield o
yield 1
yield 2
yield 3
yield 4

for x in gen_surprise_test():
print(x, end=" ")
#01234

B xoze uTepanuu cHaudajsa reHepaTtopHas GyHKIMA BepHYJa 3Ha-
YeHMe HOJIb, 3alIOMHUJIA TOYKY B Tesle PYHKIIMU, U3 KOTOPOM ITPOU30-
11eJ1 BO3BpAT 3HAaYeHUsd, U Mepeluia B PeXXuM OKUAAHUA CIeYIOIIero
ee BbI3oBa. Ha ciiefyroniem miare 1ykia reHepaTopHas GQyHKINA HAYHeT
CBOIO paboTy ¢ TOro MecTa, Ha KOTOPOM OCTaHOBWJIACh B IIPOILIBIH pas,
BEpHET eZIMHUILY, 3alIOMHUT TOYKY B Tejie PYHKIUU, U3 KOTOPOU TpO-
M30I11eJT BO3BpaT 3HaueHus, U epeileT B peXXUM OXKUZaHUA CaeAyole-
ro ee BbhI3oBa. U Tak 0 kpaiiHero yield B dyHKk1mu. Kak ToJbKO TOTOK
yIpaBleHUA JOCTUTaeT KOHIIA reHepaTOPHOUM GYHKIIMU, TOPOXKAAeTCa
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VCKJIIOUeHue Stoplteration, CUTHAIU3UPYSA O TOM, YTO y Hee GOoJIbIe HeT
3HaYeHUH, KOTOPbIE OHA MOIJIa OBbI ITPEOCTAaBUTD:

iterator = gen_surprise_test()

print(iterator)

<generator object gen_surprise_test at 0x0000023BE25DF448>
print(next(iterator))

(%]

print(iterator. next ()) # 1
print(next(iterator)) # 2
print(next(iterator)) # 3
print(next(iterator)) # 4
print(next(iterator)) # StopIteration

Takum o6pa3oM, reHepaTopHble GYHKIIMHU TTO3BOJISAIOT U30€XaTh BhI-
ITOJTHEHUSA Bcel pabOTHI 3apaHee, YTO 0COOEHHO MOJIE3HO, KOT/Ia Pe3yJIb-
TUPYIOLIHE CITUCKU OOJIbIIINE WIH IOJydeHNe KaKA0ro 3HaueHUs Tpeby-
€T JUTNTEIbHBIX BBIYHUCIEHUN.

OTzaenbHO MpU paboTe ¢ reHePAaTOPHBIMU QYHKIUAMHU CIEAYET yae-
JUTH BHUMaHUe MeTony send. OH ocCyllecTBIseT Iepexo/, Ha CIeAyIo-
IITUH 3JIEMEHT B CEPUHU PE3Y/IBTAaTOB, B TOYHOCTU KaK __next__, HO TaKXke
cHab’kaeT BBI3BIBAIONINH KO/ BO3MOYXHOCTBIO B3aUMO/IEHUCTBUS C TeHe-
paTopoM /11 BAUSHUA Ha ero pabory:

def gen_send_test(N):

for x in range(N):
Y = yield x
print(Y)

iterator = gen_send test(2)
print(next(iterator)) # 0

print(iterator.send('-_-'))
# - _-

# 1
print(iterator.send('o 0'))
# o_o

# StopIteration

lenepaTopHas GyHKLINA TaKKe T03BOJIAET IEPEXBATUTD ITpephIBaHUE
WTEepalM [10 TeHepUpyeMOU MOCIe[0BaTeIbHOCTH:

def exept_gen_test(N):
try:
for x in range(N):
yield x
except GeneratorExit:
print('Exception!!!")
print('happy end")

for it in exept_gen_test(30):
if it >= 10:
break
print(it, end=" ")
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#0123456 7 89 Exception!!!
# happy end

# npu (exept_gen_test(9))
#0123456 7 8 happy end

3.8.2. 'eHepaTOpHbIE BhIpaXKEHUSA

[TockobKy PYHKIIMOHANBHOCTh TeHepaTOPHBIX GYHKITUI OKa3aiach
y,Z[06H0ﬁ, CO BpEMEHEM IIOHATHUA UTEPUPYEMbBIX 0OBEKTOB U CIIMCKOBBIX
BKJIFOYEHUM ObUTHM OObeAMHEHBI B HOBBIM MHCTPYMEHT — IeHepaTop-
HBbIC€ BbIpAX€HHUAA. CHUHTakcHU4YeCcKn reHepaTopHbl€ BbIpaK€HHA ITIOXO0XKNU
Ha HOpMaJIbHbI€ CIIMCKOBBIE BKJIIOUEHUA U ITOAAEPKUBAIOT BECh UX CUH-
TaKCHC, B TOM 4mcje GUIbTPHI if ¥ BIOXKEHHE ITUKJIOB, HO OHH ITOMeIlla-
I0TCA B KPYIJIBIE CKO6KI/I, d HE B KBaZI[paTHhIE!

print([x+2 for x in range(5)]) # [2, 3, 4, 5, 6]

print((x+2 for x in range(5)))

# <generator object <genexpr> at 0x0000023BE310FBC8>

[l 6ojiee HAVIAAHOIO NMpUMepa MePenuiIeM CIeAYIOMUNA Ko/, 1C-
MTOJTB3YIONIUM reHepaTOPHYIO GYHKITUIO:

def gen_func(N):
for it in range(N):
yield -'

func_iter = gen_func(4)

for it in func_iter:
print(it)

# - -

# - -

# - -

# - -

Ha KOZI, MCIIOJIb3YIOLHI reHepaTOpHOe BhIpakKeHue:

new func_iter = ('-_-' for _ in range(4))
for it in new_func_iter:
print(it)
#unu
for it in ('-_-' for _ in range(4)):
print(it)

JlobaBuM B aHHBIN TpUMep GUIBTPAIIMIO Ha YETHOCTD:

for it in ('-_-' for x in range(4) if x % 2 == 0):
print(it)

# - -

# - -
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Tak ke, Kak U reHepaTOpHble GYHKIINH, BBIpOXKEHUA 00eCIeunBatOT
OTITUMM3AITHIO PACX0/|a TaMITH — OHU He TPeOYIOT CO3/IaHUs cpa3y Bce-
r'o pe3yJbTUPYIONIEro CIHCKA.

Ha nmpakTuke reHepaTOpHble BBIPAXXE€HUA MOT'YT BBIOJHATHCA He-
CKOJIBKO Me/j/IeHHee CICKOBBIX BKJIIOYEHUM, a IIOTOMY UX JIy4llle BCETO
MIPUMEHATD /JI1 OYeHb KPYITHBIX PE3YIbTHUPYIOUIUX HAOOPOB WU B IIPU-
JIO’KEHUAX, KOTOPbIe He MOTYT OXXU/IaTh F'eHepaIiy IOJHBIX Pe3y/IbTaTOB.

Pe3lome

B panHOM pasziesie 6bLIM pacCMOTpPeHBl PYHKIMU U BCE, YTO C HUMU
cBs13aHO B Python. IIpu ux o6bsABIeHUN HEOOXOAMMO oOpallaTh BHUMA-
HUe Ha CJIeIyIoIie MOMEHTHI:

— TMpuMeHANTe mIobanbHbIE TTepeMeHHbIe, TOTbKO KOrZla OHU II0-
HACTOSIIEMY HY>KHBI;

— He MOAUPUIIMPYHUTE M3MeHSIeMble apTyMEHTHI, €CJTH TOJbKO Ta-
KOe M3MeHeHMe He 0XKU/IaeTCsl BbI3bIBAIOIINM KO/IOM;

— Kaxzgad QyHKIUA JOKHA UMeTh eIMHCTBEHHOe Ha3HayeHUe.

JlekopaTopsbl ornpefensaoT CTPYKTYPHbIe OJIOKM MHOT'OKPATHOT'O HC-
MTOJTb30BAHUSA, KOTOPBIE MOXKHO MMPUMEHATh K BbI3BIBAEMOMY OOBEKTY
C 1eJbI0 MoAUPHUKAITUY ero MoBe/ZieHUs 6e3 HeoOpaTHMOTO U3MeHEHU
caMoro BBI3bIBaeMOT0 00beKTa. CHHTAaKCHC C UCITOIb30BAHUEM «@» —
COKpallleHHas 3amuch /I BhI30Ba JleKopaTopa ¢ BXOAHOMN (yHKIMEH.
MHorouncieHHbIe IeKOPaTOPhl, pa3MelleHHble Ha/] OIHOU-e/IUHCTBEH-
HOM QyHKIIMEeH, MPpUMEHSIOTCS CHU3Y BBEPX.

l'enepaTopHble pyHKIMU (PyHKUMU-TeHepaTOPbl) — «CUHTaKCHU4e-
CKUH caxap» Il HamMcaHusA 00bEKTOB, KOTOPBIE MOAJEPKUBAOT TIPO-
TOKOJI uTepaTopa. MHCTpyKiusA yield O3BOJAET BpEMEHHO TPUOCTa-
HaBJIMBATh UCIIOJHEHUE reHepaTOpPHOU GYHKIIUU U BO3BpaIllaTh U3 Hee
3HavyeHwUs. VickimtoueHus Stoplteration BhI3BIBAIOTCA IOCTE TOTO, KaK I10-
TOK YIIpaBJIeHUA MTOKUAAET reHePaTOPHYIO0 QYHKIIUIO KAKUM-THO0 UHBIM
crrocob0M, KpoMe MHCTPYKITUH yield.

[eHepaTopHBle BBIpa)XeHHUA (BBIpa)KeHUA-T€HEPATOPHI) IMTOXOXKU
Ha BKJIIOYEHUA B CIIUCOK, HO He KOHCTPYUPYIOT OObeKThI-CIIMCKU. Bme-
CTO 3TOT'O OHU T'e€HEPUPYIOT 3HAYEHUs «TOYHO B CPOK» MOZOOHO TOMY,
KaK 3TO /ie/IaloT UTepaTophbl HA OCHOBE KJlacca Wiu reHepaTopHble GyHK-
uu. Kak Tombko reHepaToOpHOe BhIpaXkeHue ObUIO MCIIOIb30BAaHO, OHO
He MOJKeT OBITh ITepe3aryIneHo WIN UCII0Jb30BaHO 3aHOBO.

Bonpocbl 1 3afaHuA ANA CaMONPOBepKH

1. B 4eM cmbics HanucaHUA GYHKIUN?
2. B kakoit momeHT Python co3maer pyHKIIMIO?
3. Yro dyHKIMA BO3BpAlllaeT, eCIY B He HET HU OZJHOT'0 oIlepaTopa return?
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4. Korza BBINIONHAETCA KOJ, BJIOXKEHHBIN BHYTPh OllepaTopa olpe/e/eHUs

byHKITUM?
5. YTo BBIBEZIET CJIEAYIONIUI KO U TIoYeMy?

X = 'Spam'
def func () :

print(X)
func()

6. YTo BBIBEZET CJIEeAYIOMINN KO/ U TT0YeMy?

X = 'Spam'

def func () :
X = 'N1!'

func ()

print (X)

7. UTo BBIBEZET CIeAyIOUINN KOJ U ToYeMy?

X = 'Spam'
def func () :
X = 'N1'
print(X)
func()
print(X)

8. UYTo BHIBEZET CIEAYIOUIUN KO U TToUeMy?

X = 'Spam'
def func () :
global X
X = 'N1'
func()
print(X)

9. Yro BHIBEZIET CiieAyIonui Koa B Python 3.x u mouemy?

def func () :
X = 'N1'
def nested() :
nonlocal X
X = 'Spam'
nested()
print(X)
func()

10. Kakum OyzeT BBIBO/, CJIEAYIONIET0 KOA Y TTOUYeMy?

def func(a, b=4, c=5) :
print (a, b, c)
func(1l, 2)

11. Kakum 6yzeT BBIBOJ] TAKOTO KOZIa U TOYEMY?

def func(a, b, c=5) :
print(a, b, c)
func(1l, c=3, b=2)

122



12.YTo HacyeT ciieyIolero Koia: KakuM Oy/ZIeT BHIBOZ U TTIOUEMY?

def func(a, *pargs) :
print(a, pargs)
func(l, 2, 3)

13. Y10 BBEIBEZET 3TOT KO U IIOYEMY?

def func(a, **kargs) :
print(a, kargs)
func(a=1, c=3, b=2)

14. KakuMm 6yzeT BBIBO/ CJIEAYIOLIETO KOAa U IToUYeMy?

def func(a, b, c=3, d=4) : print (a, b, c, d)
func(l, *(5, 6))

15. Kakum 06pa3oM CBA3aHBI PYT C APYTOM JIIMO/Ia-BhIPAYKEHUS U OTIEPATOPHI
def?

16. Kako#i cMbICTT IPUMEHATH JIAMO/1a-BbIpAKEHUSA?

17. Yo Takoe aHHOTAIMU QYHKIIUU U KaK UX UCIIOIb30BATh?

18. Yo Takoe peKypcuBHble GYHKIMHU U KaK UX TPUMEHATH?

19. HazoBuTe HECKOJIBKO YHUBEPCAJbHBIX IPUHIIMIIOB IPOEKTUPOBAHUA
byHKIUH.

20. HazoBuTe Tpu Wiu 6osibllle CIIocOOOB Tepesadu pe3yiabTaToB QYHKIIUH
BBI3BIBAIOLIEMY KOZY.

21. B yeM pasHulla MexJy IIOMellleHreM CIIMCKOBOI'O BKIIOUEHUA B KBaZpaT-
Hble CKOOKM U B KPYIJIble CKOOKM?

22. Kak cBsi3aHbI MeXy cOO0M reHepaTOPhl U UTEPATOPHI?

23. Kak ompezenuTb, ABisgeTcs Ju GYHKIUA TeHepaTOPHOM?

24.4Yto nenaet omeparop yield?

YnpaxHeHus

1. HanumuTte GyHKIIUIO, BEIYUCISIONIYI0 MAaKCUMA/IbHOE M3 TPEX YHCET.

2. Hanwumwure QyHKIIUIO, KOTOpPas BO3BpaIllaeT CyMMY 3JIEMEHTOB CITHCKA.

3. Hanumure $yHKIMIO, KOTOpas BO3BpallaeT MPOU3Be/ieHUe 3JIeMEeHTOB
CIIMCKa.

4. Hanwumure GyHKIMIO, KOTOpas Bo3BpalllaeT MHBEPTUPOBAHHYIO CTPOKY,
IoZlaBaeMyIo el Ha BXOZ.

5. Hammmmre GyHKIMIO A1 BEIYUCIeHNA GaKToprasia 3aZlaBaeMoro 4Y1cia.

6. Hanummre GyHKIIHUIO, KOTOpas IpOBepseT, BXOAUT JIU 3a/laBaeMoe 3Ha-
YyeHue B OIlpe/ieJIeHHbIN alla30H WIN HeT.

7. Hammmure QyHKIUIO, KOTOpPAs MOACIUTHIBAET KOJUYECTBO 3JIEMEHTOB
B HIDKHEM U BEpXHEM PerucTpax y BXOJHOW CTPOKHU.

8. HamnmmmTe GyHKUIMIO, yAIAIONIYI0 TOBTOPSIONINECS 3IEMEHTHI B CITHCKE.

9. Hamwmmure GyHKIHIO, BHIBOAAIIYIO 3JIEMEHTBI CITUCKA C Y€THHIM UHJEKCOM.

10. Hanumute QyHKIMIO, KOTOpas MIpoBepseT, ABIAETCA JIU CTPOKA MaIuH-
JpOMOM (YUTaeTCs OAMHAKOBO KaK CJieBa HAIlpaBo, TaK U HA000POT).

11. Hanumute gekopaTop, 06epTHIBAIONIWI BO3BpaIlaeMoOe CTPOKOBOE 3Ha-
yeHUe QYHKIUU B TeT «<b> </b>».

12. lekopupytiTe GpyHKITHIO U3 ITIEPBOTO YIIPAXKHEHUSA TAKUM 00pa3oM, YTOOBI
BO3BpaljaeMoe el 3HaueHue BO3BOJUIOCH B KBAZIPaT.

123



13. lekopupyiiTe GpyHKIIUIO U3 YETBEPTOTO yIPaKHEHUS TaKUM 00pa3oM,
yTOOBI BO3Bpalllajiach CTPOKAa B BEPXHEM PETHCTpE.

14. HanuiuTe leKopaTop, BEIBOAAIIMM 3HaUeHUS apIYMEHTOB, IT0laBaeMbIX
Ha BXO/] IeKOpUpyeMoi QpyHKIIUU.

15. Hanummute reHepaTOpHYIO QYHKIIUIO, TTO3BOJIAIONTYIO IPOBOJUTH UTEpPa-
IIUIO II0 3HAaYeHUAM B iranasoHe oT 23 70 37.

16. Hanmuiute reHEpaTOpHYIO GYHKIIUIO, TTO3BOJISIONIYIO IPOBOAUTD UTEPa-
IIMIO TI0 3HAYEeHHUAM B AuanasoHe oT 5 7o 37 c marom 4.

17. HanumyTe reHepaTopHOE BBIpAXX€HUE, ITO3BOJIAIOIEE UTEPUPOBATHCA
I10 ITocaeAoBaTelbHOCTH ynces oT 0 go 15.

18. HanumuTe reHepaToOpHOe BBIpaXXeHUE, MO3BOJIAIOIeE UTEPUPOBATHCA
anemeHnTaM criricka [3013 043345661 3] Bo3BOAA UX IIPU 3TOM B KBapar.

19. Hanumute reHepaTOpHYIO GYHKIIUIO, TTO3BOJIAIONIYIO IPOBOAUTD UTEPa-
LIMIO I10 3HaYeHUAM B AuarnaszoHe oT 0 1o 100 c marom, peryimpyeMsIM B IIpo1iecce
ee paboThI.

20. ChopmMuUpymTe CIIHCOK, HUCIIONb3YS AJIs 3TOI0 pean30BaHHbIE paHee re-
HepaTopHble PYHKIIMU U3 ypakHeHUH 15 u 16.



Tema 4
MOOYNU N NAKETbHI

B pesysibTaTe U3y4eHUs JaHHOM TeMbI 00yJatonuecs JOIKHBI:

3Hamo

e TIPUHIIUIIBI OPTaHU3AIIMU MO/YJIEH U ITaKeTOB,

e CyIIECTBYIOIIIKE MeXaHU3Mbl UMIIOPTHPOBAHMS MOZY/IEH 1 [IAKETOB, a TAKXKE
UX OT/IeJIbHBIX aTPUOYTOB;

ymembw

e CO37aBaTh U UMIIOPTHUPOBATh COOCTBEHHBIE MOAYJIH,

e CO37aBaTh U UMIIOPTHUPOBATh COOCTBEHHBIE MTAKETHI;

esademo

e HaBBIKAMU HaIMCAHUS MPWIOXKEHUH C UCIIOJb30BAaHUEM MOJYJIEH U ITaKe-
TOB.

Mogynb B Python — 3TO eauHUIla OpraHu3alUy IporpaMM Hau-
BBICIIEr0 YPOBHsA, KOTOpasA yIaKOBbIBaeT IPOIPAaMMHBIU KOJ U JJaHHbIe
ZiJI1 MHOTOKPATHOI'O MCIIO/JIb30BAHUA U IIPEAOCTABIAET U30JIUPOBAHHBIE
MIPOCTPAHCTBA UMEH, CBOASAIINE K MUHUMYMY KOH(IUKTHI UMEH Tepe-
MEeHHBIX BHYTpU nporpamM. B Python kaxzpiii dpaiin apidgeTcsa Mozaysiem,
a MOZYJIV UMITIOPTUPYIOT IPYTHE MOZY/IH, YTOOBI 336 ICTBOBATH OIpe/ie-
JiieMble B HUX UMeHa. /|y paboThl ¢ HUMU UCIIONIB3YIOTCA ZIBa OllepaTo-
pa u ogHa GYHKIMA:

1) import — mo3BOJAET UMIOPTUPYIOLIEMYy KOAY HU3BJIeYb MOJY/b
KaK eZJuHOe 1IeJIOE;

2) from — moO3BOJIAET KJIMEHTaM M3BJIEKaTh OTJeJbHbIEe MMeHa
U3 MOZYJIA;

3) imp.reload — npeznocTaBisdeT crocob rnepes3arpysku Koza MOAYIIA
6e3 ocTaHOBKU MHTepIipeTaTopa Python.

Mozysu TTO3BOJIAIOT ZIOBOJBHO TTPOCTHIM CITOCOOOM OpPraHU30BHIBATh
OTZeJIbHbIE KOMIIOHEHTHI B €IUHYIO CUCTEMY, BBICTYIIaA B KAYECTBE U30-
JIUPOBAHHBIX ITAKETOB IIEPEMEHHBIX, KOTOPbIE U3BECTHBI KaK IIPOCTPaH-
CTBa UMeH. Bce nMeHa, onpe/ieJieHHbIe HAa BepXHEM YpoBHe daiina Mozy-
JIsl, CTAHOBSATCA aTpUOyTaMu 06’beKTa UMIOPTUPOBAHHOTO MOZYJIA.

B 0CHOBHOM MOZY/IY MCIONB3YIOT AJIA CAEAYIOLIEro:

1) MHOroxpaTHOe UCIOJb30BaHME KO/a;

2) pasbueHue MPOCTPAHCTBA UMEH CUCTEMBI. B OCHOBHOM MOZAY/IU
MOXXHO paccMaTpHBaTh KaK M30JMPOBAHHBIE ITAKETHl UMEH, KOTOPhIE
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3ampeniaT JOCTyl K UMeHU B ApyroM daiine, moka sToT daiii ABHO
He UMHopTupyercs. Takoe pelreHre ToMoraeT u3bexarb KOHQIUKTOB
VMeH B pa3pabaThiBaeMbIX porpaMMax. B ;aHHOM ciaydae HeoO6XoAMMO
3aIIOMHUTB CJIeyIolyto ocobeHHocTh Python — abcostoTHO Bee «cytiie-
CTByeT» B MOZYyJIe: 3aIllyCKaeMbIi KO/ U co37laBaeMble OOBEKTHI BCerza
HesABHO 3aKJII0YAIOTCA B MOZYJIH;

3) peanu3anysa COBMECTHO HCIIOIb3yeMbIX CIYKO WM ZaHHBIX. Mo-
Ay yAOOHBI I peaansaliii KOMIIOHEHTOB, KOTOpble COBMECTHO HUC-
IOJIB3YIOTCA B PaMKaX CHUCTEMBI U TOTOMY TpebOyIOT TOJIBKO OAHOU KO-
nuu. HampuMep, ecim HeOOXOMMO MTPEAOCTABUTD II00ATbHBINA 00BEKT,
IPUMEHSEMbIN B HECKOJBKUX QYHKIIUAX WK daiiiax, TOTZa ero MOXXHO
peasn30BaTh B MOJYyJe, KOTOPBIM 3aTeM OyZeT UMIOPTHUPOBATHCA MHO-
T'MMU KJIMeHTaMHU.

4.1. MpuHLYMN paboTbl UMNOPTUPOBAHUA

VimnopTtupoBanue B Python — He mpocTo BcTaBKa OAHOTO TeKCTa
BHYTPb JIpyTOro, a Ollepalysa cO CBOMM BpeMeHeM BBIIIOJIHEHUS, KOTO-
pas MPOTEeKaeT 3a TPU OTAENbHBIX IlIara, MPU YCJIOBUU, YTO MOAY/Ib UM-
MIOPTUPYETCA BIIEPBHIE:

1) mowuck daitna Mmozys;

2) KOMNWIAIUA UMIIOPTUPYEMOTO MOZAYJA B 6aitT-koz (TIpy Heo6Xo-
JVUMOCTH) ;

3) BBIMIOJHEHUWE KOJA MOAYJA I CO3JaHUSA 0OBEKTOB, KOTOPBIE
B HEM OITIpe/ieJIeHbl.

CiiefyeT 3allOMHUTb, YTO BCE TPU OMMCAHHBIX BBIIIE IIara BHIMIOJ-
HAIOTCA TOJBKO MPU MIEPBOM UMIIOPTUPOBAHUU MOAYJISA BO BPEMs BbI-
IOJIHEHUsA NporpaMMbl. [Tpu nociezayoeM ux UMIIOPTUPOBAHUM (TOTO
’Ke caMoro MOZYJsi) BO BpeMs BBHITIOJTHEHUs MPOrpaMMbl MHTEPIIPeTa-
TOP IPOCTO OOXOAUT 3TU IIATA CTOPOHOM, TaK KaK Pe3y/bTaT WX BHITIOJ-
HEeHUA yKe 3arpykeH B namATh. Python xpanut undopmaiiuio 1mo 3a-
IPYy’KeHHBIM MOZYJIIM B cjioBape 1o uMeHu sys.modules. Eciu gaHHbIE
10 3arpy>kaeMoMy MOZAYJII0 OTCYTCTBYIOT B 3TOM CJIOBape, TOrza 3ary-
CKaeTcsd ONMMCAaHHBIN BhIIlIe IPoIiecc.

4.1.1. Tlouck daiina MoAKIIOUYAEMOTO MOAYJIS

B OOJIBIIMHCTBE CIy4aeB KOHPUTYPUPOBAHUE IyTH MOUCKa (GaiiioB
He TpebyeTcsa. OHAKO eCiU eCTh HeOOXOAUMOCTb UMIIOPTHUPOBATh daii-
JIBI M3 CTOPOHHUX KaTaJIoroB, TO HEOOXOAMMO 3HATh, KaK €ero HacTpau-
BaTh. I'pyb0 roBOps, MyTh MMOMCKa Moxysel Python dopmupyercs 06b-
eIMHEHWEM CJIeYIOUIUX TTITaBHBIX KOMITOHEHTOB, YaCTh KOTOPHIX 33/laHa
3apaHee, a Ipyrue MOXKHO KOHQUTYpUPOBATh JId YKa3aHUS, TZe MPOBO-
JIUTH TTOUCK.

126



1. JlomamHui Katajor nmporpaMMbl. [lonck Bcerja HauuHaeTCA
C ZoMalllHero Karasora. B aTom ciy4dae, ecid Bce MOAY/IU IIPOrpaMMBbI
pacIoioKeHbl B €IMHCTBEHHOM KaTajiore, He TpebyeTcs KaKasi-THn00
koHbUTrypauus myreil. Bce 6yzer paboTaTh aBTOMaTUYECKU.

2. Karanoru PYTHONPATH (ecau yctanosneHnsl). PYTHONPATH —
CIIUCOK OIIpeJiesiAieMbIX IM0Jb30BaTeJIEM KMMEH KaTaJIoroB, KOTOPHIE
cozep:kaT bamabl ¢ KOAOM, SBIAIOIIUNCA CUCTEMHOU IepeMeHHOMU
oIepallMoOHHON CHUCTeMBbI ¢ TakuM xe HaszBaHueMm (PYTHONPATH).
YcranasnuBath PYTHONPATH HyXHO TOJBKO mpU uUMIiopTe daition
13-3a TPaHMUI] IOMAIIIHET0 KaTajora nporpaMMsbl, 1160 Mpu HaMCaHUU
[IporpaMM 3Ha4uUTeJIBHOI'O pasMmepa.

3. Karanoru cranzaptHoii 6ubauoreku. CiezoM 3a KaTajJoramu,
ykazanHbIMU B PYTHONPATH, Python aBToOMaTH4YecKu BBINIOTHAET IO-
HCK B KaTaJIorax, I/le pacloJaraloTcs CTaHAapTHbIE OMOJIMOTEYHbIE MO-
aynu. [Torck B HUX MPOUCXOAUT BCErza, 4To He TpebyeT J00aBieHUs
ZJaHHBIX KaTasoroB B nepeMeHHy0 PYTHONPATH wiu ux BKIIOYEHUA
B Qaiibl KoHGUTYpauuu mytei (cM. ganee).

4. Cogepxxumoe mo6bx ¢atinoB .pth (mpu ux Hanmmyuu). OTO elle
OJMH MHCTPYMEHT, KOTOPBIM ITO3BOJISET IMOJb30BATENAM 00aBIATH
KaTaJord B IyTh MOKUCKA MOAY/EHN, IPOCTO MEePEUYUCAA UX 0 OJHOMY
B CTPOKe BHYTPHU TeKCTOBOro ¢aiiia c pacmupenrueM .pth (ot path —
yTh). Takue daiiabl KOHPUTYpAITUU ITyTeN ABIAIOTCA HECKOIBKO Oostee
Pa3BUTBIM CPeJCTBOM U Ipe/JjaraiT ajJbTepHATUBY HACTPOMKAM Iepe-
MeHHo PYTHONPATH.

5. Karasnor croponHux pacmupenuii «Lib\site-packages» (ycTranas-
JUBaeTcsa aBToMaTtudecku). CaMmbIM mociaeHUM Python mpoBepsieT Ha-
Jdre ucKoMmoro ¢daiina B IogKaTaaore Mmoaysen (site-packages) cBoeit
cTaHZapTHOU 6ubauoTeku. Clola aBTOMAaTUYECKU YCTAaHABIUBAETCS
OOJIBIIMHCTBO CTOPOHHUX pacmiupeHuii. IMEHHO M3-3a TOTO, YTO 3TOT
KaTaJIoT BCEr/a SBJSETCA YacThIO IMYTH MOMCKA MOAYJIEH, pa3paboTurK
CITOKOMHO MOKET UMITIOPTUPOBATh MOAY/IY yCTaHABJINUBAEMBIX pacIlIvpe-
HUH 6€30 BCIKHUX HACTPOEK ITyTeH.

Bce npuBeieHHBIE ITYTH IMMOMCKA XPaHATCA B Sys.path. OTo nuameHse-
MBI CIIMCOK CTPOK C UME@HaMU KaTaJOTOB:

import sys

if __name__ == "'_main__ ':

print(sys.path)

"""['F:\\code\\python\\myProjRep', 'F:\\code\\python\\

myProjRep', 'C:\\Users\\madcomrade\\Anaconda3\\python37.

zip', 'C:\\Users\\madcomrade\\Anaconda3\\DLLs', 'C:\\Users\\

madcomrade\\Anaconda3\\1lib', 'C:\\Users\\madcomrade\\

Anaconda3', 'F:\\code\\python\\myProjRep\\venv', 'F:\\code\\

python\\myProjRep\\venv\\1lib\\site-packages', 'F:\\code\\

python\\myProjRep\\venv\\1lib\\site-packages\\setuptools-40.8.0-
py3.7.egg', 'F:\\code\\python\\myProjRep\\venv\\lib\\site-
packages\\pip-19.0.3-py3.7.egg'] """
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B GosbIIMHCTBE ciay4daeB sys.path He HyXzgaeTcsd B M3MEHEHUX,
HO BcCer/la ecTb MCKJIOUYeHHe. Hampumep, clieHapuu, 3allyCcKaeMble
Ha BebO-cepBepax, 3a4acTylO0 3aIlyCKAIOTCSI OT MMEHH I10Jb30BaTess
nobody (HUKTO). DTO AejaeTcsa AJs TOTrO, YTOObI OTPaHUYUTD JOCTYII.
[Ipy TakoOM IMOAXOZie 0 BHITTOJTHEHUS JIIOOBIX OIEPaTOpPOB import sys.
path ycraHaBiauBaeTcs Bpy4HYyIo. /lJIs 3TOTO BIIOJIHE XBaTaeT MeToza
sys.path.append() wiu sys.path.insert() (zeiicTByeT B TeueHUE TOJBKO
OJMHOYHOTO 3aITycKa IIPOrPaMMEbI).

[Tpu Hamuuuu GaiioB ¢ OAMHAKOBBIMU UMEHAMH B Pa3HBIX KaTajo-
rax 3arpy3uTCs TOT, KOTOPHIH BCTpeYaeTcs MEPBLIM IIPU IIPOX0o/e MyTel
IIOMCKa, IIPOIMCAHHBIX B Sys.path (cieBa HampaBo). Takoe ke IIpaBUIO
JIEVCTBYeT U B cilydae, Korga ¢aiibl HaXoAaTcsa B ogHOM KaTasore. Of-
HaKo He $aKT, YTO TaKOM I0/X0/] TapaHTUPOBAHHO OCTAaHETCS OAMHAKO-
BBIM C TeYeHHEM BpeMeHU 00 He OyZeT OTINYaThCs B PA3HBIX pealu-
3arusax Python. B cBsi3u ¢ aTUM Ha3Ha4alTe MOAY/ISIM HeCOBIIaJaroIIKe
VMeHa Wi KOHPUTYPUPYUTE My Th MIOWCKA MOAYJ/IEl TaK, YTOOBI c1eIaTh
IIpeANOYTEHNS BIOOpa MOAY/IEH ABHBIMU.

4.1.2. KoMnuiaguys UMIOPTUPYEMOTro MOAY/IA B 6aiiT-Koz,

[Tocne Toro, kak ¢aitn 6s1 HaligeH, Python mpu HeobxoguMocTu
KOMITWJINPYET ero B 6aiiT-koz. Bo BpeMs onepanyuy UMIIOPTa OCYIIEeCT-
BJIsIeTCA MTpOBepKa BpeMeHU MoaudUuKaIiy MOoAKI0YaeMbIxX GpaiioB uc-
XOZIHOT'O KOJZla U Y»Ke CylllecTByollero 6aiT-koza, a Takke HOMep Bep-
cuu Python 6aiiT-koza. B mepBoM ciydae HCIOIb3YIOTCA BpeMeHHbIe
oTMeTKU aiiyioB, a BO BTopoM — uMsA daiina, KOToOpoe CoAepKUT CO-
JepxaT Bepcuio Python, koTopoit oH koMmmuinpoBascs. Ha ocHoBe aTux
IIPOBEPOK NMPUHUMAETCA OFHO U3 CJIeYIOIINX PelleHU:

1) xommwinpoBaTh (CreHepUpoOBaTh OAUT-KOA 3aHOBO), eCau dailt
6aiT-KoZa cTapiie daiia UCXOAHOTO Koja (T. €. UCXOAHBIN KO ObLT MO-
auuurpoBaH) WK ObUT CO3/1aH APYyTrou Bepcuei Python;

2) He KOMIIWIHMPOBaTh, ecau daiin 6alT-Koja .pyc He cTapiie daiiia
VICXOZIHOTO KO/Ia U CO3/IaH TeKyllel Bepcuel nHTepuperaropa Python.

Ecnu nipu noucke daiiza UMIOPTUPYEMOTO MOZAY/A HAXOAUTCA €ro
daiin 6aliT-KoZa, HO He caM $aiil uCXogHOTo Koza, To Python 3arpyxaer
6aiiT-ko/. Takol MeXaHW3M JielaeT BO3MOXXHOHN TOCTaBKy ITPOTPaMMBbI
B BHU/Ie TOJIBKO ¢aiioB 6aiT-Koza (6e3 rmepeziadyu UCXOAHOTO) U YCKO-
pseT HavyaJbHBIN 3aIlyCK MPOrpaMMBbl, TaK KaK 3Tall KOMIWIAIIUU TIPO-
ITyCKaeTCs.

Ob6paTrTe BHUMaHUeE, YTO KOMITWISIIUAS IIPOUCXOJUT BO BPEMS MM-
nopTupoBaHusA ¢atina. M3-3a 3Toro Bel 00BIYHO He OyzieTe BUAETH haiin
6aifT-Koza .pyc Ana dailia BepxHero ypoBHs CBOel IIpOrpaMMBbl, eCiu
TOJIbKO OH TaK)Xe He UMIIOPTUPYETCA IZle-TO B APYTrOM MecTe — JIUIIb
VIMIIOPTUPOBaHHbBIe GalIbl OCTABAIOT Mocye ceba Gpaiiibl . pyc Ha KOM-
nbpioTepe. bailT-koz ¢paityioB BepxHero ypoBHs IPUMeHsAeTCs BHyTPeHHe
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1 oTOpackiBaeTcs; 6aNT-KOA UMIIOPTUPOBAHHBIX GANIOB COXpAHAETCA
B daiinax Ay yCKopeHUs OyAyIUX olepanuii UMIIOpTa.

4.1.3. BeimosiHeHUE KOJAa MOAY/IA

Bce oneparuu B ¢aiiie BBIOTHAIOTCA IO OYepeZiy, OT Hadasa 0 KOH-
11a, ¥ JoOble TPUCBAWBAHUA MMEHAM Ha JaHHOM Iare TeHepPUPYIOT
aTpuOyTHI pe3yIbTUPYIONIEro oObeKTa MoyssA. Hampumep, ommepaTopbl
def B daiine 3amyckaioTcsa Ha CTaUX UMIIOPTUPOBAHUSA JJI CO3ZaHUA
00beKTOB QYHKITUM M WX MPUCBAaUBAHUA aTpuOyTaM BHYTPU OOBEKTa
Mozyssi. DyHKITMY 3aTeM BBI3BIBAIOTCA B daiyiax, UMIOPTUPYIOITUX 3TOT
MOZYJTb.

4.2. Co3AaHue 1 ucnonb3oBaHue moaynei

Co3zaTh MOAY/Ib OCTATOYHO MPOCTO, TaK KakK KaxkAblk daiir ¢ pac-
mupeHueM .py Python aBTomMaTudyecku BOCIIPUHHMAET KaK MOJY/Ib.
Bce nMeHa, KOTOpble 0OBbABIEHB HA BEPXHEM YPOBHE MOAYJS, OyayT
BOCIPUHUMATBCA KaK ero aTpubyThel. Hanpumep, cozzgagum ¢aiin «my_
modulel.py», comepxamuii cieayomuii Kox:

a = 15
strl = "test_string"

def printer(name):
print(f'Hello, {name}!")

[TockoysbKy MMeHa MOZAyJell CTaHOBATCA MMeHaMU IepeMeHHBIX
BHYTpH mporpaMmmsbl Python, mpu ux co3zaHuu HeoOXOAUMO CIeI0BaTh
OOBIYHBIM IIpaBUJIAM UMEHOBAHUA NepeMeHHbIX (0COOeHHO B ciydae
KJIIOYEBBIX CJIOB U onepaTtopoB). Tak, HapUMep, eC/Iu CO3/aTh Cleny-
fouuii daiin «if.py», To ero 6yzeT HeBO3MOXXKHO UMIIOPTUPOBATh, a IO-
IBITKA 3TO cAenathb (import if) IpuBeAeT K CUHTaKCUYeCcKoU omrbke.
To >xe mpaBusIO pacmpocTpaHaeTcsa U Ha UMeHa KaTajoroB (OHU MOTYT
coZiep>KaTh TOJbKO OYKBBI, IUGPHI U MTOAYEPKUBAHUS).

Vcrmonb30BaTh TOTBKO YTO HANTMCAHHBINA Gaiyli MOAYJIA B MoAyse 60-
Jlee BepXHero ypoBHA MOXKHO 3a cueT olepaTopa import uiu from. Yo
B [IEPBOM, YTO BO BTOPOM CJIy4Yae OCYIIEeCTBIISIIOTCS TMTOUCK, KOMITHJIALIMSA
U 3aITycK Kozia daiiia Mozyid, ecyii OH ellle He 65T 3arpykeH. OCHOBHOe
OT/IMYHE 3aKJII4aeTcs B TOM, UTO OllepaTop import 3arpy:kaeT MOZY/Ib
KaK OOBEKT C aTpubyTaMu, 03TOMY obOpallleHre K ero aTpubyram He-
00X0ZIMO TIPOU3BOAUTD YEPE3 UM CAMOTO MOAYJISA. A TIPU MCIIOJIb30Ba-
HUU ollepaTopa from u3BieKalTcs (MU KOMUPYIOTCA) crelndruiecKue
VIMeHa U3 MOAY/A (ero aTpuOyTEL).

B ciydae MMIOPTUPOBAHUA HANIMCAHHOTO pPaHee MOAYJS IMOCpes-
CTBOM oliepaTopa import ero uMa «my_modulel» Cay>XUT AByM pasHbIM
1eaaM: 1) ¢ ero MOMOIIbI0 UAEHTUGUITUPYETC BHEIIHUU daii, moj-
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JiexKallluy 3arpy3kKe; 2) UM MOAYJSA CTAHOBUTCA IlepeMeHHOM, KOTopas
cchlIaeTcss Ha 0OBEKT MOJYJIA IOCje TOTOo, Kak dain 3arpykeH. Hike
IIpUBe/IeH IPpUMepP UMIIOPTUPOBAHUA MOJYJ/ISA OIIEPaTOPOM import:

import my modulel

if __name__ == "__main__
my_modulel.printer('Alex') # Hello, Alex!
print(my_modulel.strl) # test_string

Omneparop from sABAAETCA pacliupeHreM orepaTtopa import. OH UM-
nopTUupyeT Gaiiyi MOAYIA OOBIYHBIM 0O6pa3oM, IMOCe Yero KOmUpyeT
OZTHO WU HECKOJIbKO MMeH u3 ¢daiina. TakuM 06pa3oM OCyIeCTBIsIeTCs
6osiee IPAMOM JOCTYI K UMEHAM UMIIOPTUPYEMOTO MOZYJIS:

from my modulel import printer

if __name__ == "_main__
printer('Alex') # Hello, Alex!
print(strl)

Traceback (most recent call last):
File "F:/code/python/part4_module/main.py", line 5,
in <module>
print(strl)
NameError: name 'strl' is not defined"""

3anuck Buza from my_modulel import * KonmupyeT Bce MMeHa
Ha BepXHEM YPOBHSA UMIIOPTUPYEMOT'0 MOAYJIA:

from my _modulel import *

if __name__ == "__main__
printer('Alex') # Hello, Alex!

print(strl) # test_string

VIMIopT sIBJsIETCA AOBOJIBHO 3aTpaTHOM ollepaljuei, u3-3a 4Yero
Python mpou3BOAUT ero TOJBKO OAWH pa3 Ha daitt moaysst (OZAHOKPATHO
Ha 1potiecc). [Ipu moc/ieAyonUx ornepanusax UMIIOPTUPOBAHUS ITPOUCXO-
JIUT U3B/leueHre uMeH (00BbeKTa) U3 yXKe 3arpy:KeHHOI'0 paHee MOZYJIA.

Import u from, Kak u ornepaTop def, BHICTYTIAlOT B POJIU IBHOT'O TIPU-
CBaWBaHUS:

— import cBA3bIBaeT UM (Ha3BaHUE MOAYJS) C 0OBEKTOM I[€JI0T0
MOJYJIA;

— from cBA3BIBAeT OZJHO WX HECKOJIBKO UMEH C 00bEeKTaMU C TaKU-
MM K€ MMeHaMU M3 UMIIOPTUPYEMOTO MOZAYJIA.

Takum obpa3zoM, pe3ysbTaToM pabOTHI OllepaTopa from CTaHOBATCA
“MeHa B JIOKAJAbHON 00J1aCTH BUAUMOCTH UMIIOPTHUPYIOIIETO0 MOAYJIS,
CChUTAIOIIMECS Ha COBMECTHO MCIIOJIb3yeMble 00BEKTHI. IIOBTOpHOE TTpH-
CBaMBaHMeE CKOITMPOBAaHHOMY MMEeHHU KaKOTo-TM00 3HaYeHHs He OKa3bl-
BaeT BIUSHUSA HAa caM MOZYJb, U3 KOTOPOr'O OHO OBLIO CKOMUPOBAHO.
B TO ke camoe BpeMsA MOAUGUKALIMA COBMECTHO HCIIOJb3yEMOTO 00D-
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eKTa U3MeHsAeMOro TUIla JaHHBIX Yepe3 CKONMMPOBAaHHOE UM U3MEHUT
€ro B UMIIOPTUPyeMOM MozyJie. Vi3MeHeHVe 3HaUeHUs 00 beKTa Heru3Me-
HAEMOT'O TUIIA MOXKET MPOU30UTU IIPU HEMTOCPEACTBEHHOM 00palleHNuU
K HeMy 4depe3 ero mobasbHoe UMA B ApyroMm daiine, Ay yero Heobxo-
MO MCIIOIb30BaTh OllepaTop import.

Taxxe omepaTopsl import U from MOTYT:

— BKJIQZIBIBAaThCA BHYTPb MIPOBEPOK If Zjis BBIOOpa cpefu HECKOJb-
KUX BapUaHTOB;

— HaXOJAUTbCA BHYTPU orepaTopoB def GyHKIMI, YTOOBI 3arpyKaTh
TOJIBKO TI0 BBI3OBY;

— WCIO0JIb30BAThCA B ONEpaToOpax try.

[To cBoel cyTy 3anuch TUIIA:

from import a, stril

SKBHBAJICHTHA cne,ayromeﬁ ImocIeA0BaTEC/IbHOCTH OIIEPATOPOB:

import my_modulel

a = my_modulel.a

strl = my_modulel.strl
del my modulel

Omnepatop import Heob6X0AMMO Bcerja MpUMEHATh B clydae, Korza
B Pa3/IMYHbIX UMIIOPTHUPYEMBIX MOAY/ISIX HA BEPXHEM YPOBHE HCIIO/Ib3Y-
€TCSI OZTHO U TO Ke uMs (eci HeoOXoAuMO paboTaTh ¢ 06OUMM):

# first.py
def function():
print('first")

# second.py
def function():
print('second")

# main.py
import first
import second

if  name_ == "_ main__
first.function() # first
second.function() # second

Tak, HarTpuMep, IIPX UCIIOJIH30BAaHUU OIlEpaTOpa from Mpyu UMIIOPTH-
POBAHUU MMEH MPOU30MNJET CeyIollee:

# main.py

from first import function

from second import function

# from second nepenucbiBaet mma function,

# unsBnevyeHHoe u3 first

if _name__ == "_main__
function() # second
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BeIITH 13 TaKOUM CUTyal[MU MOXKHO IIPU IIOMOIIY PaClIUpPEeHUs as:

# main.py
from first import function as ffunction
from second import function as sfunction

if  name__ == "_ main__
ffunction() # first
sfunction() # second

4.2.1. IIpocTpaHcTBa UMEH MOZAYAeM

B pamkax Python mozynu MOXXHO paccMaTpUBaTh KaK MPOCTPAHCTBa
VIMEH, a CyIIecTBYIOle B HUX Ha BepXHEM YpPOBHe MMeHa — KaK aTpu-
6yThl. JIOCTYIl K IIPOCTPAHCTBY UMEH MOAYJA MOXXHO IOJYYUTh yepes
ero atpubyT __dict__ vutu ucnonb3ys BcrpoeHHyto dyHKIiuo dir(). [To-
CKOJIBKY MOZYJIU TIPe/ICTaBIAI0T cOO0M JI0OKaNIbHYIO0 006J1aCTh BUAMMOCTH,
TO OHU CJIeAYIOT mpaBwiy morucka LEGB, HO 6e3 AByX MepBBIX YPOBHEH
(LuE).

Camoe BaKHOe, UTO CJe[yeT 3allOMHUTh: KOT/la MOAYJIb 3arpy»KeH,
ero miobasbHasg 06JacTh BUAUMOCTY CTAHOBUTCA CI0BapeM aTpuOyTOB
00beKTOB MOAYJIA. B KauecTBe MprMepa pacCMOTPUM TOAKJIIOUYEHHE MO-
ZyJA CIeAyIolmero BUja:

print('start load')

import sys

name_a = 33

def function():
print('func use')

class TestClass:
class _name = 30

print('finish load")

Kak y>xe roBopwiock paHee, Py I€PBOM UMIIOPTUPOBAHUU MOZYJIA
Python BBITIOZTHUT Bce omepaTopsl B HeM. HacTh U3 3THUX ONEePaTOPOB
CO37IaCT UMeHa B NMPOCTPAHCTBE UMEH MOAYJIA, a Apyrue OYAyT BBIMOJ-
HATHCA, IOKA He 3aBepIINTCA onepalysa UMIIOpTa:

# main.py
import namespases_ex

if  name_ == "_ main__

pass
# start load
# finish load

Jlanee paccMOTpUM CO3ZaHHBIA B IIPOIECCE UMIIOPTUPOBAHUS CJIO-
Bapb aTpHUOYTOB MOAYJIA:

# main.py
import namespases_ex
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if _name__ == "_main__
attr_keys = namespases_ex.__dict_.keys()
print(list(attr_keys))

start load

finish load

[' _name__', '_doc__', '__package ', '__loader__', '
spec__', '_file_ ', '__cached__', '__builtins__ ', 'sys',

'name_a', 'function', 'TestClass'] """

VImeHa, npucBoeHHbIe B dailie MOZAYJIA, CTAHOBATCA KJII0YaMU CJI0Ba-
ps. B mporiecce onepanuu nmnoprta Python aBromatudecku go6aBiseT
B IIPOCTPAHCTBO MMEH MOJYJ/I HECKOIbKO JIOTIOTHUTEIbHBIX UMeH (MMeHa
C IByMsI HIDKHUMMU TIOZ[YePKUBAHUSAMU C Pa3HBIX CTOPOH UMeHU B Python
MIPUHATO HasblBaTh daHOepamu). JlaBaliTe BbIBeZleM TOJIBKO Te€ KJIIOUU
cJIoBaps, KOTOpble IPUCBAUBAIOTCA TOIBKO B HAIIMCAHHOM paHee KoZe:

# main.py
import namespases_ex

if __name__ == "__main__
attr_keys = namespases_ex.__dict_.keys()
attr_keys = [name for name in attr_keys if not name.

startswith('_')]
print(attr_keys)
# start load
# finish load
# ['sys', 'name_a', 'function', 'TestClass']

Teneps mompobyeM 06paTUTHCA K OAHOMY M3 UMEH MOZYJISI YePE3 €T0
aTpubyT u cimoBapb __dict__:

# main.py
import namespases_ex

if _name__ == "_main__
print(namespases_ex.name_a) # 33
print(namespases_ex.__dict_ ['name_a']) # 33

B Python zgocTym k aTprbyTam 06010 06beKTa, UMEIOIIEro aTpruoy-
ThI, IPOU3BOAUTCS C IPUMEHEHNEM CHHTAKCHCA YTOYHEHUS BU/A «00%-
exm.ampubym» (u3BjaedeHre aTpUOYTOB). YTOUYHEHUE IPEACTaBIISET CO-
6011 BEIpa)keHNe, KOTOpOe BO3BpalllaeT 3HaueHHe, IPUCBOEHHOEe UMEHU
aTpubyTa M acCOMUPOBAHHOE C 0O'BEKTOM.

BaykHO MIOMHUTD O TOM, YTO YTOUHEHKE aTPUOYTOB He MMeeT HUYEero
001Iero ¢ MpaBWIaMH TOMCKa B 00JIaCTAX BUAUMOCTU U SBJISETCSI He-
3aBUCUMOM KoHIemniuel. Kora yrouHeHMe UCIIOAb3yeTcs A JOCTyIia
K uMeHaMm, Python mosy4yaeT ABHBIM OOBEKT, U3 KOTOPOT'O HEOOXOAUMO
M3BJIeYb YKa3aHHbIe UMeHa. HuKe MpuBeleHbl OCHOBHBIE TIPaBUIa, KO-
TOpBIE PACIPOCTPAHAIOTCA Ha YTOYHEHHS.

1. X o3HavaeT MOMCK UMeHH X B TEKYIIUX 00JIaCTAX BUAUMOCTH.

2. YtouHeHue X. Y o3HayaeT MOUCK X B TEKYIIUX 00JIACTSIX BUIUMO-
CTH, 3aTeM ITOUCK aTpubyTa Y B 06bekTe X (He B 00/1aCTSIX BUAUMOCTH).
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3. Ilytb yrouHeHus X.Y.Z o3HayaeT MOUCK UMeHH Y B 00bekTe X,
3aTeM MOUCK Z B obbekTe X.Y.

4. YtouyHeHue paboTaeT /s BceX OOBbEKTOB € aTpubyTaMu: MOAY-
Jiey, KJ1acCoB, TUIIOB PACIIMPEHUN U T. [.

[ToMMMO OTTMCAHHOTO BHIIIIE, OTIEPAIIMY UMIIOPTA HUKOT/IA He obecre-
YMBaIOT BOCXOZAIIYI0O BUAUMOCTD KOAY B UMIIOPTHUPYEMBIX daiiiax. ITo
3HAYUT, YTO UMIIOPTUPYEMBbIN daill He MOXKeT BUeTh UMeHa u3 datina,
B KOTOPOM OH UMIIOPTUPYETCS, TO €CTh:

— OJYHKIMU He MOTYT BUZETh UMeHa B APYrux QyHKIUAX, eClIu
TOJIbKO OHU (PpU3NYeCKU He BKJIAJbIBAIOTCA B HUX;

— KO/, MOZYJA He MOXeT BH/JeTh UMeHa B JPYTUX MOAYIAX, eClu
TOJIbKO OH SIBHO He UMIIOPTUPYET UX.

4.2.2. I[lepe3arpy3ka Moayieun

Koz Mozy/ist BBITIOJTHSETCS TOJBKO OZIMH Pa3 IIPH 3aIyCKe MTPOTPaMMBbl
(w1tm mporiecca). /I ero NpUHYAUTETbHON TIepe3arpy3Ku U ITOBTOPHO-
T'O BHITIOJTHEHUS UCIIOIb3yeTCs BCTpoeHHasA GyHKIus reload. MexaHuam
repe3arpy3oK M03BOJISIET JeaTh pa3pabaTbiBaeMble CCTEMBI OoJiee -
HAaMUYHBIMU.

Takum o6pasom, ¢yHkiua reload gemaeT BO3MOKHBIM M3MeEHEHME
JyacTel MporpaMMbl 6e3 ee OCTaHOBKH, ITO3BOJISISI HE3aMEJIUTENIbHO Ha-
6tozaTh 2PPEKTHI OT M3MEHEHUI B KOMIIOHEHTaX. EcTecTBeHHO, mepe-
3arpy3ka He MOXKET MCII0JIb30BaThCs aOCONOTHO B JIIOOOU CUTyaIUH,
HO TaM, T7ie 3TO BO3MOXKHO, 3TO 3HAUUTEIbHO COKpAaIaeT IUKJI pa3pa-
60TKU.

CytecTByIoT cienyromrue ommyus reload ot import u from:

— 3To QyHKIIUA, a He ornepaTop Python;

— Breload B kauecTBe aprymeHTa repesaeTcs CyIeCTBYIOIINN 00b-
€KT MOZYJ/IsI, @ He HOBOE UMS;

— o¢yukuusa reload HaxoauTcsa BHYyTpU MoAysst B Python 3.x u fomxk-
Ha OBITH UMIIOPTHUPOBAHA.

/13 TIepevncIeHHOTO BBIIIE CJIEAYET, YTO TPEXK/E YeM OCYIECTBUTD
nepe3arpy3Ky MOJYJs, OH JOJKEH OBITh ITPEABAPUTETHHO YCIIEITHO 3a-
rpykeH. CUHTaKCUC OIlepaTOpoOB import U from oTindaetcs ot reload:
bYHKIIMS Tepe3arpy3ku TpebyeT HaIMIuA KPYIJIBIX CKOOOK. O6001IIeH-
HBIU BUJI Tlepe3arpys3Ku MOJyJer Ipe/CcTaBIeH HIKe:

import module
# MepBoHa4anbHas onepauua uMnopTa
# ... ucnonb3oBaTb aTpubyTbl module
# BHecTW usmeHeHuAa B dain mopyna
from imp import reload
# NMonyyntb camy o¢yHkuuw reload, (B Python 3. X)
reload(module)
# MoNy4YnTb OGHOBJIEHHbIE ATPUOYThHI
ncnonb3oBaTb aTpubyThl module
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K k1r04eBbIM MOMeHTaM paboThl C MEXaHUKOM Tlepe3arpy3Ku MOAYJIA
MOX>XHO OTHECTHU TO, UTO:

— o¢yukuusa reload 3amyckaeT HOBBIY Ko7 daitia MOAY/A B TEKYIEM
MIPOCTPAaHCTBe UMeH MoAyJsi. [IoBTOpHOe BhINOMHEHUE Koja daiina Mo-
ZlyJIs1 TIepEeNUChIBAEeT ero CylllecTBYIoIlee MMPOCTPAHCTBO UMEH, a He ya-
JIIeT ¥ BOCCO3JaeT ero;

— TpUCBaUBaHUsA BepXHEro ypoBHA B dailie 3aMeHAI0T UMeHa HO-
BBIMU 3HAUYEHUAMU;

— Tepe3arpyska BO3/IelICTByeT Ha BCeX KJIMEeHTOB, KOTOphle IIprMe-
HAIOT import JJis U3BJieueHNs MOAYJIei;

— Tepe3arpyska BO3/eliCTByeT TOJIbKO Ha KJIMEeHTOB, KOTOpPbIe MPU-
MeHAT from B Oyzaymiem. To ecTh OHa He OKQXKET BIUSAHNE Ha KIMEHTOB,
KOTOPBIE MCITIOIb30BAJH from JJisl U3BJIeUYeHUsI aTPUOYTOB B IIPOIIUIOM,
Y OHU TIO-TIpEXXKHEMY OyAyT UMETh CChUIKY Ha CTapble 0OBEKTHI, U3BJIe-
YeHHBbIe Tepe/ epe3arpys3Kol;

— Tepe3arpyska nIpuMeHAEeTCs TOJbKO K OJUHOYHOMY MOZYJTIO.

113 aTOroO CiefyeT, 4To ec/u lepe3arpykaeTcsa MOAYyIb A, B KOTOpOM
UMIIOPTUPYIOTCA Moaynu B u C, To mepesarpyska IpUMeHAETCA TOIbKO
k mozyito A (k B u C He npumenserca). OnepaTopbl BHYTpU A, KOTOpbIE
UMIOPTUPYIOT B 1 C, B TeueHUe niepe3arpy3Ky BHITOTHAIOTCA TOBTOPHO,
HO OHU BCETrO JIMIIb U3BJIEKAIOT OOBEKTHI Y)Ke 3arPYyKEHHBIX MOAYJIeH
B u C (mpezamnosaras, 4To OHU OBLUTHM UMIIOPTUPOBAHBI PAHbIIIE).

4.2.3. 3anyck MOAy/Isl KaK aBTOHOMHOM IIPOrpaMMBbI

Kaxxpiii MOZy/ib MeeT BCTPOEHHBIN aTpubyT __name__, KOTOPBIN
B IIpolIecce 3aITycKa IMPOrpaMMBbl WX UMITOPTUPOBAHUA MOZYJIS aBTOMATH-
YecKU co3faeTcs nHrepnperaropoM Python, mocie yero emy npucBauBaert-
¢ 3HaueHue. [Ipu aToMm, ecyiu Gatin MozyIs 3ammycKaeTces KakK mporpaMmMa
BEPXHET0 YPOBHS, TOT/ZIa BO BpEMSA CTAapTa aTpubyT name yCTaHABINBAET-
ci B CTPOKY «__main__». B UHOM ciIy4ae, Korjia MOAY/Ib UMIOPTUPYETCH,
aTpubyT __name__ yCTaHABIUBaETCAd B UM daiiia MOIYIA.

OTO MO3BOJIIET MOYJTIO IPOBEPSITh COOCTBEHHBIN aTpUOYT __name_
JJIS1 BBIACHEHWS, 3alyllleH OH WIX UMIOPTHpOoBaH. Hanpumep, nycTh
co3ziaH ciaeAyoumi Gpaia Moy 0 UMEHHU «test_run.py», 9KCIOPTUPY-
IOLWY eINHCTBEHHYI0 QYHKIIHUIO run:

# test_run.py
def run():
print('Let's go!")

if __name__ == '__main__': # ecau 3anyweH Kak MOAyNb BepXHero
YpOBHA
run()

Eciu 3anyCcTUTh HAaOmUCaHHBIM MOAYJb MOCPEACTBOM KOMAaHZHI,
TO PYHKIMSA BHITTOJTHUTCA aBTOMaTUYeCKU:

python test_run.py
# Let's gol!
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B cymHOCTHY, BCTPOEHHBIN aTpUOyT MOAY/A __name__ CIAYKUT ¢iia-
TOM peXHMMa ero WCI0Jb30BaHUS U T03BOJIIET KOAY OBITh 3a/IeHCTBO-
BAaHHBIM KaK B KaueCTBe MMIIOPTUPyeMOU OUOINOTEKH, TaK U B Kade-
CTBE ClleHapHs BEPXHEr0 YPOBHA.

CaMbIfi pacIpOCTpaHEeHHBIN BapuaHT IPUMeHEHUs TPOBEPKU aTpU-
OyTa __name__ nipeHa3HaYeH /I CAMOTECTUPOBAHUA KOZA. DTO TIO3BO-
JITET WICITOJIb30BaTh Gaiyl MOAY/IS KaK B KIMEHTaX — UMITIOPTUPYS €ro,
TaK U 3aIlyCcKaTh ero B KOMaHAHON 000J0YKe WIN IOCPEACTBOM JPYTOM
CXeMBbI 3aIlycKa JjIsl TECTUPOBAHUSA €r0 JIOTUKU paboThl. TaKoM MOAXOZ
ABJISIETCS, BEPOSITHO, Hanbosiee YacTO MPHUMEHSEMBIM U IMTPOCTHIM CIIO-
cob0M MOZYTEHOT'O TecTUpoBaHusA B Python. OTo B passl mpoiie u yza06-
Hee, YeM TTOBTOPHO HabMpaTh BCE TECTHI.

[ToMMMO 3TOTO, TAKOHW MOAXOZ YaCTO WCIOJb3yeTCs TPU CO3ZaHUU
dbaiiyioB Mozyel, KOTOpble MOTYT MPUMEHATHCA KaK YTHIUTHI KOMaH/-
HOM CTPOKM WIM KaK OMOIUOTEK WHCTPYMEHTOB.

4.2.4. BHyTpeHHUe UMeHa B MOAY/IAX

lIMeHa, KOTOpble HAQUMHAIOTCS C CHUMBOJIA HIDKHETO TIO[YePKUBAHUS
«_», He UMIIOPTUPYIOTCA KOMaHoM from module import. 3TO 1O3BOJIAET
paspaboTynkaM NMucaTh MOAYIU, MTpeAHAa3HAYEHHBIE JJI1 UMIIOPTUPO-
BaHUA 3TOM KOMaHZOM, U IPU 3TOM OI'PaHUYMBATh UMIIOPTHPOBaHUE
HEKOTOPBIX QYHKIMI WK TepeMeHHBIX. OTCI0Z]a CJIEAYET, YTO 8HYMPEH-
Hue umeHa (me umeHa, komopbule 00/CHbL ObLMb OOCMYNHbLL MOJLKO
8 npedenax mooysns) 0ONNHbL HAUHUHAMBCA C CUMBOJA HUXCHEZ0 NO0-
yepkueaHus «_». TaKOU MOAX0 rapaHTHPYET, YTO KoMaHa from module
import * UMIIOPTUPYET TOJIbKO T€ UMeHa, KOTOPBIE ZIOJIKHBI OBITH J10-
CTYITHBI TTOJIb30BATEIIO.

Jlnst mprMepa co3ZaZuM MOAYJIb C Ha3BaHUEM «private_names.py»:

# private_names.py
def function(x):
print(x)

def _internal func(x):
print(x)

first = 4
_second = 2

Jlanee UMIIOPTUPYEM €ro M MOMpobyeM 0OpaTUTHCA K Pa3TUIHBIM
MMeHaM MOZYJIA:

from private names import *

if _name__ == "_main__
function(20) # 20
_internal_func(20)
Traceback (most recent call last):

File "F:/code/python/part4_module/main.py", line 5,
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in <module>
_internal_func(20)
NameError: name '_internal_func' is not defined """

print(first)# 4
print(_second)
"""Traceback (most recent call last):
File "F:/code/python/part4_module/main.py", line 7,
in <module>
print(_second)
NameError: name '_second' is not defined """

V3 npuBeieHHOTO BhILIE NIpUMepa BHUAHO, YTO TaKue MMeHa, Kak
function u first, CHOKOWHO UMIIOPTUPYIOTCH, a _internal_func u _second
OCTalOTCA CKPBITBIMU 3a IIpeZesaMy MOAY/IA private_names.

Ba)xHO 3allOMHUTB, YTO TaKoe MOBeJeHHe NPU UMIOPTUPOBAHUU
BO3MOXXHO TOJIBKO C KOMaHZOU BUzA from ... import *. [Ipu 0O6bIYHOM
MMIIOPTUPOBAHUH, Yepes3 olepaTop import, Moab30BaTeIb IOIydaeT J0-
CTyH ¥ K BHyTPEHHUM MMeHaM:

import private_names

if  name_ == "_ main__
private_names._internal_func(20) # 20
print(private_names. second) # 2

Takoro e adpdekTa MOKHO ZOOUTHCSA, ECIU UCIIOIb30BaTh BCTPOEH-
HBIM aTpubyT Moxayisa (JaHAep MOAYJABHOTO YPOBHs) _ all__, KOTOpPBIH
SIBJISIETCSA CITUCKOM U UAeHTUDUIIMPYeT UMeHa, TMo/JjeKalirue KOIMHUpo-
BaHHUIO, B TO BpeMs KakK 3aluch Bua _X 0003HaYaeT UMeHa, KOTOpPhIe
KOTIMPOBaThCsA He A0UKHBI. Python cHavasna uieT crucok __all_ B Mo-
ZIyJie ¥ KOTUPYeT ero MeHa BHEe 3aBUCHUMOCTU OT HAJIMYUA B HUX ITOJ-
YepKUBaHUU:

# priv_names_v2.py
_all = ['_internal_func', 'first’', '_second']

def function(x):
print(x)

def _internal func(x):
print(x)

first = 4
second = 2

Jlanee MIopTUpPYyeM HaAIICAaHHBIN BBIIIIE MOAY/Ib U 0OpaTUMCA K pas-
JIMYHBIM UMeHaM MOJYJIA:

from priv_names _v2 import *

if _name__ == "_main__
_internal_func(20) # 20
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print(_second) # 2
function(20)
Traceback (most recent call last):
File "F:/code/python/part4_module/main.py", line 6,
in <module>
function(20)
NameError: name 'function' is not defined"""

[TogobHO comtamieHuo X KWCIOJb30BaHUE cnucka __all  umeet
CMBICJT TOJTbKO TIPU HCIIOJb30BAHUU OTlepaTopa from * mpu UMIIOPTUPO-
BaHUM UMEH MOZAYJIA.

4.3. Co3gaHue 1 UCNonb30BaHNe NaKkeToB MOAYJ'IEI‘&

[Tpy UMIIOPTUPOBAHUM B ZIOTIOIHEHNUE K UMEHU MOZY/II MOXKHO VKa-
3BIBaTh MyTh K KaTaJOTy C KOJOM, KOTOPHIM B Python HasbiBaeTcs nmake-
ToM. [Ipy 3TOM caM0O UMIOPTUPOBAHUE TTAKETOB IIpeBpaliaeT KaTajaor
B €ellle OZTHO ITPOCTPAHCTBO MMeH Python ¢ aTpubyTamu, COOTBETCTBYIO-
IIMMU ToAKaTamoraM u daiiiaMm Mozyiei, KOTopble OH COZEPKUT.

[TakeThI ABNAIOTCA €CTeCTBEHHBIM paciIpeHrneM KOHIIEIIUN MOAY/IA
Y TIpeZilHa3HavyeHbl g O4eHb OOJBIIUX ITPOEKTOB. [1o aHaIoTuu ¢ TeM,
KaK MOJY/IU TPYNIUPYIOT B3aUMOCBSI3aHHble QPYHKIIUM, KJIACChl U Tepe-
MeHHbIe, MMaKeThl TPYNIUPYIOT B3aUMOCBA3aHHbIE MOAYAU. TaM, rze
B ollepaTopax import HaXOAUTCS UM MpocToro daiina Moy, B3aMeH
Hero MOXKHO yKa3aTh ITyTh C UMEHaMH, pa3/leIeHHBIMU TOUKAMU:

import myproj.dirl.dir2.example

nin

from myproj.dirl.dir2.example import x

Takoe ykazaHue IyTU COOTBETCTBYET MepapXUy KaTaJoOroB Ha JJUCKe
K daiiry example.py. Eciim kaTasor He ABIseTCS ZOMAITHUM WU He Ha-
XOZUTCA B TOZKATasore site-packages ¢ ycTaHOBJIEHHBIMU CTOPOHHU-
MM pacCIIMPEHUSIMY, €r0 HeOOX0JUMO BPYYHYIO 00ABUTh B CIIUCOK SYS.
path.

Jlo Bepcuu Python 3.3 kakAblii KaTasor, YKa3aHHBIA BHYTPHU IMyTU
B OoIlepaTope UMIIOPTUPOBAHUA MaKeTa, JO/KEH OBbLI coZiepKaTh daiii
10 UMeHU __init__.py. HecMoTps Ha To, 4TO Teneph Hajuuue 3TuX daii-
JIOB B KaTaJorax IaKeTOB ABJAeTCA He 00A3aTeIbHBIM, UX UCIIOIb30Ba-
HUe obeclieyrBaeT BbIMIPHIII B TPOMU3BOAUTENBHOCTH.

®aitnel __init__.py MoryT cozepkaTh Koz Python mogo6H0 HOpMaTh-
HbIM ¢aiiamM MoAysnel, U UX KO/, BBHIIIOJHAETCS aBTOMAaTUYeCKU MpU
IepBOM UMIIOPTUPOBAHUU KaTasora. [Ipu aTom __init__.py oObaBiaeT
KaTaJor nmakeroMm Python, reHepupyeT MpocTpaHCTBO UMEH JJi KaTao-
ra U peajausyeT MoBeZieHHe ollepaTopoB from * (T. e. from ... import *)
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B cJlydae MIpUMeHeHUd C oleparnyuaMy UMIIOPTa KaTanoros. Takke 3TU
baistbl MOTYT OBITH ITyCTHIMH.
PaccMoTpuM makeT ciieAyrolleld CTPYKTYPHI:

myproj/
__init_ .py
dirl/
__init__.py
value.py
dir2/
__init__.py
examplel.py
example2.py

B Python-¢atinax nmpruBeeHHOTO MMaKeTa 3alyicaH CIeAYIOUUi Ko/:

# myproj/__init__ .py
print("myproj init")
_all__ = ['dirl']
version = 1.03

#myproj/dirl/__init__ .py
_all = ['value']
print("myproj.dirl init")

#myproj/dirl/value.py
val = 3.99

#myproj/dirl/dir2/__init__.py
print("myproj.dirl.dir2 init")

#myproj/dirl/dir2/examplel.py

from myproj import version

from myproj.dirl import value

from myproj.dirl.dir2.example2 import function

def ex1 finction():
print("Package version:
print(function())

, version)

#myproj/dirl/dir2/example2.py
def function():
return "Function in example2"

[Ipy UMIIOPTUPOBAHUU MMaKeTa MPOU3OUAET TOJbKO BBIIIOJHEHUE
daitna myproj/__init__.py:
import myproj

if _name__ == "_main__":
print(myproj.version)

# myproj init

# 0.1

Eciu BeI3BaTh dyHkIM0 ex1_finction, onpegenenHywo B daiine
myproj/dirl/dir2/examplel.py, TO IT0 HATUYUIO OINUOKHU CTAaHET OYEBU/I-
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HO, YTO UMIIOPTUPOBaHME IIaKeTa He OCYIIEeCTB/ISeT UMIIOPTHPOBaHUE
ero cyOIaKeToB:

import myproj

if  name_ == "_ main_ ":
print(myproj.dirl.dir2.examplel)
Traceback (most recent call last):
File "F:/code/python/part4_module/main.py"”, line 4,
in <module>
print(myproj.dirl.dir2.examplel)
AttributeError: module 'myproj' has no attribute 'diri’

V3 mpuBeZleHHOTO BBIIIE MpUMepa ClefyeT, YTO 3arpPy3KU MOZAYIA
BEpPXHEro ypOBHA IMaKeTa HeZOCTATOYHO /I 3aTPy3KU BCeX ero cybmo-
Aynei. OTo cooTBeTcTBYeT punocodru Python, corracHo kotopoit HU-
Yyero He JIODKHO TIPOUCXOAUTH y Bac 3a CIIMHOMN. SICHOCTh BakHee JIaKo-
HUYHOCTH.

BbI3BaTh QYHKIMIO TTAKETA MOXKHO CJIEAYIOIINM 00pa3oM:

import myproj.dirl.dir2.examplel

if  name_ == "_ main_ ":
myproj.dirl.dir2.examplel.ex1 finction()

# myproj init

# myproj.dirl init

# myproj.dirl.dir2 init

# Package version: 0.1

# Function in example2

[Tonyuaetcs, 4To mpexze yeM Python cMokeT MMIOpTHUpPOBATH
myproj.dirl.dir2.examplel, oH AOJX)KeH UMIIOPTUPOBATh myproj.dirl,
a 3ateM myproj.dirl.dir2. VI3 4ero ciexyert, 9To $aiyibl B TaKeTe HE TI0-
JIy9aloT aBTOMaTUYECKOTO IOCTYTa K 00beKTaM, KOTOpbIe OBUIH OIIpe/e-
JIeHBbI B pyTuXx daiiax makera, U Jjis ABHOTO 0OpalleHus K 0O beKTaM
13 Apyrux GaiyioB MaKeTOB UX HEOOXOAUMO UMIIOPTUPOBATD.

Eciu atpubyT __all__ mpucytcTByeT B daiiie __init__.py, OH BO3Bpa-
IIaeT CITMCOK CTPOK, OMPEAEAIOININN Te MMeHa, KOTOPBIE AOKHbBI M-
MOPTUPOBATHCA P HCIIOJb30BAHUY 3aIMCH BUAA from ... import * and
JIAHHOT'O TTaKeTa:

from myproj import *

if  name__ == "_ main__ ":

pass
# myproj init
# myproj.dirl init

Tak kak crimcok __all__ B daiine myproj/__init__.py COAepPKUT 3aIUCh
«dirl», To ocyilecTBisgeTCA UMIOPTUPOBaHUe cybmakera «dirl». B Tom
cjlydae, KOrZa cJioBapb __all__ oTCyTCTByeT, HU4ero He UMIIOPTUPYeTCA.
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JIns1 MpOeKTUPOBAHUSA TAKETOB HEOOXOAUMO CJIEJOBATH CIEAYIOIINM
peKOMeH/IaLIUAM.

[TakeTsl He ZIOJDKHBI UCIIOTB30BaTh CTPYKTYPHI KAaTAJIOTOB ¢ OO/IBIION
y6HUHOM BiIOXXeHHOCTH. To ecTh /711 OONBIIMHCTBA TAKeTOB J0CTaTOY-
HO OJHOT'O-IBYX KaTaJOTr0B BepxXHero ypoBHA. VckitoueHrneM MOXeT AB-
JIATbCSA IPOEKTUPOBaHME JAeNHCTBUTENIBHO OTPOMHBIX OHOINOTEK.

HecmoTpsa Ha To, 4YTO UCHOIb30BaHME MeXaHH3Ma C BKJIIOUYEHUEM
B MoZyJsb cnvcka __all__ MOXKeT UCHOoAb30BaThCA JJIsl COKPBITUA MMEH
IpU X UMIIOPTUPOBAHUU TOCPEACTBOM from ... import *, jydille Hc-
II0JIb30BAaTh HIKHUN NpePUKC «_» JJIA 9TUX Liesel.

Pe3lome

B maHHOM paszesie pacCMOTPEHBI OCHOBHI MOZYJIEH, aTpUOYTOB U M-
MIOPTUPOBAHUSA, a TaK)Ke MPUHIUIIBI CO3JZaHUA U UCIIOIb30BAaHUA TaKe-
TOB Mozynel. [Ipu umnoptupoBanuu Python uileT ykazaHHbINU daiin
B IIyTU MTOMCKA MOAYJIeN, KOMIWINPYET ero B 6aiiT-Ko/ U BBITIONHSIET BCe
UMelolecs BHYTPU OMEepPaTOPHI JJiA reHepaluuu cogepxumoro. [Tytu
moucka ¢aiioB MoAysieil MOKHO KOHUTYPHUPOBATh, YTOOBI UMETDH BO3-
MOXHOCTh UMIIOPTHUPOBATh U3 KATaJOI'0OB, OTJIMYAIOIINXCA OT JOMalTHe-
ro karasaora, u T. . Koxz B ofHOM MoJyse M30JIMPOBaH OT KoZa B JApY-
roM, U HU oAWH daill He MOXeT Jake BUAETh UMeHa, olpe/ie/ieHHbIe
B ipyrom ¢atise, ecay TOIbKO He ObUIU BHITIOJIHEHBI SIBHBIE OTIEPATOPEI
import. [1o 3Tol MpUYMHE MOAYIU CBOAAT K MUHUMYMY KOHOIUKTHI
MMeH MeX/y Pa3HbIMU YacTSAMU IPOTPaMMBL.

[TockonbKy omeparius UMIIOPTUPOBAHUA U MOAYIU JieXXaT B caMOM
OCHOBe MPOrpaMMHOU apXUTeKTypsl Python, To 06BIYHO TTpOEKTHPYE-
MbI€ TIPOTPAaMMBbI Pa30UBAIOTCA HA MHOXXECTBO (aiioB, KOTOPHIE C TT0-
MOIIbI0 UMIIOPTUPOBAHUSA CBA3BIBAIOTCSA BMECTe BO BPeMs BBITIOJHEHUS.

BOI'IpOCbI U 3afdaHUA ANA CaMoMNpoBepKn

1. Kak omeparop from cBd3aH c oriepaTopoM import?

2. Kak ¢ynkius reload cBs3ana ¢ onmepaiidsiMu UMIIOPTUPOBAHUSA?

3. Korza BBl 00513aHBI UCITOJIB30BATh iMport BMECTO from?

4. HaszoBuTe TpU NOTEHIMATbHBIX 3aTPYAHEHNs, CBA3aHHBIX C OIIEPaTOPOM

5. Kakum o6pasom ¢aiim MCXOAHOTO KOJla MOAYJSA CTAHOBUTCA OOBEKTOM
MOZY/A?

6. 3aTeM BaM MOJXeT MMOHAZ0OUTHCA YCTAHOBKA IepEMEHHOMN CpeZbl
PYTHONPATH?

7. Ha3oBUTe MATH ITIaBHBIX KOMIIOHEHTOB B IIYTH ITOMCKA UMITOPTUPYEMBIX
MOJYJIEeH.

8. Ha3zoBuTe deThipe TUMA HaliIoB, KOTOpble Python MoXKeT 3arpy3uTh B OT-
BET Ha OIlepaIifio UMIIOPTA.
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9. Yro Takoe MPOCTPAHCTBO UMEH U YTO COAEPKUT IPOCTPAHCTBO UMEH
MOoAyA?

10. YTO Ba)KHO 3HATh O IEPEMEHHBIX Ha BepXHEM YPOBHE MOZYJIA, Yb UMEHA
HAQYMHAIOTCA C OAUHOYHOI'O MOJYePKUBAHUA?

11. YTo o3HavaeT HajIW4Me y IepeMeHHOU __name__ MOAYASA CTPOKM «__
main__ »?

12.Yem usmeHeHue sys.path ominuaercsa ot ycraHoBku PYTHONPATH pna
MoAuUKALMY ITyTH ITOKCKA MOAYJIe?

13. [lnqa dyero npesHa3HadeH ¢aii _ init_ .py B KaTajore maKeTa MOZYJIS?

14. Kakue katasoru TpebyoT Hanuuusa ¢aiio __init__.py?

15. Korza ¢ makeTamu 06513aTeIbHO UCIIOIb30BATh OIlepaTop import, a He from?

YnpaxHeHus

1. HammmwuTte MOAy/b, cofiep:Kalinii GyHKIINN, KOTOPBIe BHIIIOTHSAIOT CIey-
folfre apudmeTryecKkre onepalnun: cloXkeHrue, BBlUUTaHue, YMHOKeHUe.

2. Hanumuire Mozaynb, cofeprKauuii GyHKIIUM, KOTOPble BBIIOJIHAIOT CJle-
ZyIollle olepalnyy: IpoBepKa HAJIMYUA 3JIeMEHTa B CIHUCKe, [TOACYEeT YaCTOTHI
BXOXK/IEHUA dJIeMeHTa B CIIUCOK.

3. Hanwummre Moaynb, cogepkaiiuii GyHKIIMY, KOTOPbIE BBITIONHAIOT CIIe/y-
IOlIMe Ollepalyii: IIPOBEPKY, ABIAETCA JIU CTPOKA NAJTUHAPOMOM, ITOACYET JINHbI
CTPOKHU, IIepeBOZ, BCeX CHMBOJIOB B HUXKHUU PETUCTP.

4. HanumuiTte MOZYJ/b, CoZiep:Kaluii GyHKIUY, KOTOPBIE BBIIOJHAIOT CJIe/y-
IoIlMe oIlepallvu: MOACYeT IO KPyra, IPAMOYTOIbHUKA U TPEYTOJIbHUKA.

5. Hamummre Mozysb, cofepKamuii GyHKIINY, KOTOPbIE BHIIIOTHAIOT CIeAy-
Iol[He Ollepalivy: MoCUYeT KOJIMYeCcTBa 2JIeMEHTOB B cI0Bape, IPOBEPKy Ha Ha-
J4ye KJIo4a B cIoBape.

6. PeanmusyiiTe maket, 00beIUHAIOIINI MOAYJIH U3 IIEPBOT'O Y BTOPOTO YITPaXK-
HEHUM.

7. PeanmusyiiTe maket, 00beJUHSAIOMINN MOAYIU U3 TPETHETO U YETBEPTOTO
yIpakHeHUH.

8. Peanm3syiiTe makeTt, 00beJUHAIOMININ MTaKeThl U3 IIECTOTO U CeJbMOTO
yIpa>XHEHUU.

9. HamnumwuTe MOAYJb, COAEpKallliii BHyTPeHHUE NMeHa, 3Ha4YeHUA KOTOPBIX
MO>XHO TIOJTyYUTh Yyepe3 PyHKIIUU BepXHero YPOBHA MOZYJIA.

10. IMniopTHpyiiTe MMeHa M3 HallMCaHHBIX MOJy/iel (IIakeToB) U IIpoBepbTe
ux pabory.



Tema 5
KNACCbl U ObBEKTHO-OPUEHTUPOBAHHOE
NMPOTPAMMUPOBAHUE

B naHHO TeMe BHUMaHUe OyZieT y/ieJleHO TaKUM I10/1b30BaTelTbCKUM
THIIaM JJaHHBIX, KaK KJIacChl, MEXaHU3MY UX peanusanuu B Python, a Tak-
»Ke HaCKOJIBKO caM f3bIK IPOTPAaMMUPOBAHUA MTOAAEP>KUBAET IPUHITUIIBI
00beKTHO-OPUEHTUPOBAHHOTO ITporpammupoBanusa (OOIT).

OTzesbHO KOCHEMCA TaKUX IMOHATUM, KaK: 3K3eMIUIAp Kiacca, Iepe-
MeHHasA WIU MeTOoZ, Kjlacca, lepeMeHHasa Wi MeTOZ 3K3eMIUIApa Kjiacca
UT. [

B pesysbTaTe U3y4eHUs JaHHOM TeMbI 00yJaroITuecs JOKHBI:

3HamMb

e IIPUHIIUIBI 00bEKTHO-OPUEHTUPOBAHHOTO MMPOrPaMMHUPOBaHUSI,

e MexXaHU3M peanu3anuu KiaccoB B Python u paboTsl ¢ HUMH,

e crocoObl paboTsl ¢ epevnciaeHusamu (Enum),

e CyIIECTBYIOIINE OTINYUSA MEXAY IepEMEHHBIMU Klacca M ITepeMEHHBIMU
9K3eMIUIpa KJIacca;

ymemb

e (03/aBaTh [10JIb30BATEIbCKUE KJIACCHL

e 00BABIATH (aOCTpaKTHBIE) OAa30BbIE KJIACCHI U UX IIPOU3BOAHBIE KJIACCHI,

® OCYIIECTBJIATH ITEPErPYy3Ky METOJOB KJIacca;

esademo

e HaBBIKAMM HaIMCaHUs KO/Ja Ha S3bIKe ITporpaMMUpoBanus Python B 06b-
€KTHO-OpUEHTUPOBaHHOI TTapaZiurme.

5.1. Onpepenenne Knacca

Knaccel B Python sIBASIIOTCA ITOJb30BATEIbCKUM THUIIOM JaHHBIX
Y TIPE/ICTaBJISAIOT cOO0M omucaHue 00beKTa MpeAMETHON 00JI1acTH ¢ ero
COCTOSTHUAIMU U TToBegeHreM. OHU TaK)Ke HCIIOJIb3YIOTCA IS I€KOMIIO-
3ULIMU KOZA HA COCTABHBIE YACTH C L0 MUHUMU3AIUU U30BITOYHOCTH.
3a co3zaHue KJIacCcoB OTBEYaeT orepaTop class:

class TestClass:
pass

Teso kyacca MOXeT COCTOATH JIMIIb U3 OllepaTopa-3aroJIHUTENA pass
WY U3 HeobOs13aTeabHOU Moc/ie[0BaTeIbHOCTY KOMaH/, U Ollpe/ieieHN
byHKITHM.
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[To cormamenusM Python ums KylaccoB 3aNMCHIBAETCA B «BePOJIIO-
’Kbell HOTallUM», U UX MOKHO paccMaTpUBaTh Kak MakKeThl QpyHKIIUH,
KOTOPBIE HCITOJB3YIOT U 00pabaThIBalOT 0O'BEKTHI BCTPOEHHBIX THUIIOB.
HecMoTps Ha 9To, KJIacchl MpeJHa3HaYeHbl I CO3/JaHusA HOBBIX 00b-
€KTOB, peaJn3aluy UX JIOTUKU pabOoThl U MOAAEPKUBAIOT HACIEA0BA-
HUe — MeXaHN3M HaCTPOUKU M MHOTOKPATHOTO MPpUMEHEHUA Koza.

Ok3eMIUIAp 0ObeKTa TUIa 00BsABIEHHOTO paHee Kiacca TestClass
co3zaeTcs cyeAyouM oopa3om:

instance = TestClass()

OTINYUTENBHON YePTOUM 2K3eMIUIAPOB KjaaccoB Python or cTpyk-
Typ C WIK KjaccoB Java SIBJIAETCSA TO, YTO UX aTpUOYTHI (ITOJI JaHHBIX)
He 00s3aTeNbHO OOBABAATH 3apaHee. OHU MOTYT JOOABIATHCS «B IPO-
1lecce paboThl». JlaBaiiTe pacCMOTPUM IIPHUMEP, B KOTOPOM OIIpeZeIsieT-
cs1 kiace ¢ umeHeM TestClass, co3zaeTcs ero 3K3eMIUISIP U ITOJTI0 magic
SK3eMIUIsIpa NMpHUCcBauBaeTcsl 3HaYeHHe:

class TestClass:

pass
if _name__ == "_main__ ":
my test = TestClass()

my_test.magic = 10
print(my_test.magic) # 10

[l aBTOMaTUYeCKON MHUITMAIU3alluy aTpubyToB (I1oseit) Kiacca
IIOJI B €0 TeJIO BK/IIOYAIOT METOJ MHUIIMAJINU3allu __init__. DTOT Me-
TOZ, BBITIOJTHSAETCSA MPY KaXKZA0M CO3JaHWM dK3eMIUIApa Kjacca U OTHO-
CUTEJIbHO TIOX0XX Ha KOHCTPYKTOP B sA3bike Java/C+ +. [Ipu 3TOM, B OT-
Ju4re oT kjaaccoB Java/C+ +, MeToz __init__ HU4Yero He KOHCTPyUpYeT
(TOTbKO MHUIIMATM3UPYET IOJIA KjIacca) U He MOXKET IeperpyKaThCs.
To ecTh Kaccel B Python MoryT mMeTh TOJIBKO OJJUH METOZ, __init_ :

class TestClass:
def __init_ (self):
self.magic = 10

if _ name__ == "_ main__
my test = TestClass()
print(my_test.magic) # 10

[To mpaBunam Python mepBbiii aprymeHT MeToza __init__ — self, ko-
TOPOMY IIPUCBANBAETCA CO3aBaeMblii 9K3eMIUIAP IIPU BBIITOTHEHUU __
init__. [ToMmruMo MeToZia MHUIIMAMU3AIIUY __init__ B Python cymectByer
ellle OIH aHaJIOT KOHCTPYKTOpa — MeToZ, __new__. OH BbI3bIBAaeTCA NPU
co3maHuy 0ObeKTa M BO3BpAIaeT HENHUITNATU3UPOBAHHBIN OOBEKT.

Kiaccel He Becerzia Heob6xoZuMbl B Python, B pszie ciiydaeB MOXXeT XBa-
TUTHh U QyHKIMM (Wim rpynmbl GyHKIui). Kinace ciegyeT uCoib30BaTh
JUIS1 IPOTPAaMMHOTO TpeZcTaBieHusa GU3NYeCKUX WIN KOHLENTyalbHbIX
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00BEKTOB U MPH €ro HallMCAaHUM PEKOMEHYeTCs 3ayMaThCsl M HAUTH
OTBETHI Ha CJIeAYIOIUe BOIIPOCHL:
1) Kakxoe MMs HOCUT OIIUCHIBAEMBIN OOBEKT?
2) Kaxumu cBoiicTBamMu objazaeT OMChIBAEMbIN OOBEKT?
3) Tlpucyimm v 3TH CBOMCTBA BCEM 9K3eMIUIIpaM Kjaacca? A UMeHHO:
— Kakue cBolicTBa ABIAIOTCA OOIIMMU IS KJIacca B LIEeJIOM?
— Kakue u3 3TuxX CBONMCTB YHUKAJIbHBI JJI1 KaXKA0T0 9K3eMILIApa?
4) Kakue ornepalyy BBITIOJHSIET ONMUChIBAEMBIN OOBEKT?

5.2. UmeHa (nepemeHHble) 3K3eMNNAPOB Knacca

B paccmoTpeHHOM paHee npuMepe UMs (llepeMeHHas1) magic ABJseT-
cs1 aneMeHTOM (aTpubyToM) aK3eMIUIsApa Kiaacca TestClass. OTo 3HavmT,
YTO KaXKBIM cO3ZlaBaeMblil dK3eMILIApP KJacca O6yseT UMeTb cOOCTBEH-
HYIO KOIMIO 3TOM MepeMeHHOU, U 3HaYeHUe, C KOTOPBIM OCYIIeCTBJIAET-
cs1 pabora depes Hee, OyZeT OTIMYATHCS OT 3HAYEHUN aHAJTOTUYHBIX I1e-
PEMEHHBIX JPYT'UX 3K3eMIUIAPOB Kjacca. Kak yke mokasblBajoCh paHee,
Python mo3BossieT co3zaBaTh aTPUOYTH K3EMIUIIPOB KjIacca B MPOIleC-
ce paboTHI KoZia IO Mepe HeOOXOAMMOCTH ITyTEM ITpUCBAaUBaHUsA 3HAYe-
HUSA UMeHU aTpubyTa sK3eMIuisapa kiaacca [39]:

my_test.new_ magic = value

Jlnst obpareHust K UMeHM aTpulyTa 9K3eMIUIIpa Kiacca i1 Hadasia He-
00X0ZIIMO SIBHO YKa3aTh UMsI 9K3eMIUIIpa CO3ZIaHHOTO KJjIacca, IOc/Ie Yero
06paTUThCA K ero aTpubyty (ums_skszemnaspa.ums_ampubyma). Eciu
’Ke obpalleHre K UMeHU aTpubyTa 3K3eMIUsIpa Kjiacca OyzeT IIpou3Bo-
MUTbCs Oe3 ykazaHUs UMeHU 3K3eMIUIIpa, TO TIOUCK UMeHU OyZeT Ipou3-
BOJUTHCA B JIOKAJIbHOM 06TACTH BBITOMHAEMOTO MeTo/ia, GYHKIIUU U T. [1.

5.3. MeToabl 3K3emnnaApa Knacca

MeToz knacca — GYHKIUS, KOTOpas CBA3aHa C KOHKPETHBIM KJac-
COM:

class TestClass:
def __init_ (self, magic=10):
self.magic = magic

def square_magic(self):
return self.magic ** 2

if  name_ == "_ main__
my_testl = TestClass()
print(my_testl.square_magic()) # 100
my test2 = TestClass(5)
print(my_test2.square_magic()) # 25
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CyIecTByeT HECKOJIbKO CITOCOO0B BBI30Ba MeTO/Ia KJIacca: CBI3HBIN
WJIN HECBSI3HBIN. [IpUBesieHHBIN BbIlle CITOCOO BBI30OBA SBJSAETCS CBSA3-
HbIM. HecBSI3HBIN cIToCO6 BbI30BA MeTOZa MeHee yI00eH U pexxe IpumMe-
HseTCA Ha IIPAaKTUKe, TaK KaK P TaKOM BBI30BE METO/A B €TI0 TIEPBOM
apryMeHTe JOJDKEH Tepe/laBaTbCs dK3eMIUISIP KJacca, YTo JeTaeT KOJ
MeHee TTOHATHBIM:

print(TestClass.square_magic(my_test2)) # 25

B mepBOM aprymMeHTe JI000r0 MeTOZA TepeaeTcs: SIK3eMIUIAD, A
KOTOPOI'O OH BbI3bIBaeTcs — Self, KOTOPBIN sABIsAeTCA aHaAjJoToM this
BO MHOTHUX fI3bIKaX ITPOTPAaMMUPOBAHUS.

Python npeo6pa3syeT BbI30B MeTOZa Kjacca B OOBIYHBIN BBI3OB QYHK-
I[UU TIO CJIEAYIOUTUM IpaBUIaM:

— TIOUCK MMEHM MeToZia B IPOCTPAaHCTBe UMeH 3K3eMIUiaApa (my_
test2);

— ecJu MeTo/, He oOHapy:KeH B IIPOCTPAaHCTBE UMeH dK3eMIUIApa,
IIOMCK OCyIIecTBsAeTcA B TUIle kiacca sk3emiuapa (TestClass);

— ecJIM MeTo/, He HaliZieH, TO TIOUCK ITpoJo/iKaeTcs B CylepKJiacce;

— BBI30B HalZIEHHOTO MeTo/a Kak oObrdHOM GyHKInK Python.

[Tpu BbI3OBE TaKOT'O METO/]a SK3eMIUIAP IlepelaeTcs B ero epBoM ap-
TYMeHTe, a BCe OCTaJbHble apPIYMEeHThI CIBUTAIOTCA HAa OJHY MO3UIUI0
BrpaBo. [losydaeTcs, 4To 3anuch Bua instance.method(argl, arg2, ...)
npeBpaiaetcs B class.method (instance, argl, arg2, ...).

5.4. meHa (nepemeHHble) Knacca

[TepemeHHas KJlacca cBsi3aHa HETIOCPEACTBEHHO C KJIACCOM, a He C eTo
KOHKPETHBIM 3K3eMIUISIPOM, M JOCTYITHA BCEM ero sk3eMiuigpaM. OHa
MOXXET HCIIO0JIb30BaThCA I OTCAEXKHUBAHUSA MHPOPMAIIMU HAa yPOBHE
KJlacca WIW XPAaHUTh KOHCTAHTHbIE 3HAYEHUA OMHUChIBAEMOT'O KJIacCOM
ob6beKTa U co3maeTcs MIpUCBauBaHUEM B Tejle KJjlacca, a He B METOZE _
init__. [Ipy UX UCIOJB30BAaHUN HEOOXOAMMO CIEAUTH 38 BO3MOXKHBIMH
KOHQIUKTAaMM UMeH MeXy IlepeMeHHBIMM KJIacCOB U IMepeMeHHbIMU
3K3eMILIAPOB.

[Tocse co3maHus IepeMeHHOM Kjlacca OHa CTAHOBUTCSA BUAMMOM I
BCEX ero 3K3eMIUISIPOB:

class TestClass:
pow_val = 3 # nepemeHHasa Kkjnacca
def _init_ (self, magic=10):
self.magic = magic

def square_magic(self):
return self.magic ** TestClass.pow_val

if _name__ == "__main__
my testl = TestClass()
print(my_testl.square_magic()) # 1000
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my test2 = TestClass(5)
print(my_ test2.square magic()) # 125

ViMsa mepeMeHHOM KJjacca XecTKO (UKCHUPYeTCs B MeToJaxX 3TO-
ro kyacca. Ho Takke Kk HeMy MOXXHO OOpaTUThCS yepe3 CIelnaTbHbIN
aTpubyT aK3eMIuIApa kinacca — __class__. TOT aTpubyT BepHET KJacc,
K KOTOPOMY IIPUHAZJIEXKUT SK3EMIUISAP:

print(TestClass) # <class
print(my_test2. class_ )
# <class '__main__ .TestClass'>

__main__.TestClass'>

TakuM ob6pasom, mocpeAcTBOM aTpubyTta __class__ MOXKHO TIOJIY-
yuTh 3HaueHUe TestClass.pow_val 6e3 SIBHOTO yKa3aHUs MMEHHM Kjacca
TestClass:

print(my_test2. class__.pow_val) # 3

OTOT MOAX0/, TO3BOJIAET N30ABUTHCS OT BHYTPEHHETO YIIOMUHAHUS
kiacca TestClass myTem 3ameHbI ccbutku: TestClass.pow_val 3ameHsieTca
Ha self.__class__.pow_val:

def new_square_magic(self):
return self.magic ** self._class__.pow_val

print(my_ test2.new_square_magic()) # 125

[Tpu aTOM, €c/iM UI3BMEHUTh 3HAUYeHHe TIepeMeHHOoM pow_val rocpea-
CTBOM OZIHOT'O M3 3K3eMIUISIPOB KJacca (my_test3) ciaeayronium obpa-
30M:

my test3 = TestClass()

my test4 = TestClass()

my test3.pow val = 10
print(my_test3.pow_val) # 10
print(my_test4.pow _val) # 3

TO JaHHBIM dK3eMIUISIp Kjacca OyZeT coZiepKaTb COOCTBEHHYIO KOITHIO
pow_val, otmnuHyo oT Konuu TestClass.pow_val, K KOTOpo¥ obpaiiaer-
¢ my_test4. ITo CBA3aHO C TEM, YTO IpHUCBauBaHue my._test3.pow_val
CO3JaeT IepeMEHHYIO 3K3eMIUIApa B my_test3.

[Ipu nocneayoiiemM obpaieHus K my_test3.pow_val Bo3Bpalaert-
cs 3HaYeHHe TIepeMeHHOHN M3 dK3eMIUIApa KJjacca, a mpyu obpalieHun
K my_test4.pow_val Python uieT rnepemMeHHy0 3K3eMIUisipa pow_val
B my_test4, He HAXOAUT €€ U MEePEeXOAUT K IIOMCKY 3Ha4YeHHUA MepeMeH-
Holt kiacca B TestClass. Eciiu nMmeercs Heo6X0AMMOCTh U3MEHUTD 3Ha-
yeHHe ITepeMeHHOM Kjacca, He0O6X0[UMO 0OpaTUThCS K HEH M0 UMEHU
KJIacca, a He yepe3 IepeMeHHY0 dK3eMIuisipa self:

my test5 = TestClass()
TestClass.pow_val = 40
print(my_test5.pow_val) # 40
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5.5. C(ratnyeckne metoabl

Kak u B C++ wuu Java, B Python cTtaTuueckue meTozbl MOXKHO BHI-
3bIBaTh, Ja’Ke eCJIM HU OZINH 9K3eMIUIAP Kj1acca He co3zaH. YToOb 06b-
BUTb METO/ KaK CTaTUYeCKUH, UCIOIb3yeTcs leKopaTop @staticmethod:

class TestClass:

"""Knacc nbiw-nbiu

all created_clases = []

def __init_ (self, magic=10):
"""Co3naHue sK3emnaApa kjacca
self.magic = magic
TestClass.all created_clases.append(self)
#tself. class_ .all created clases.append(self)

def square_magic(self):

"""Bo3BegeHne B KBagpaT
return self.magic ** 2

@staticmethod
def sum_all square magic():
"""CTaTUCTMYeCcKkuin MeTold nogcydeTa KBagpaToOB BCex
TestClass"""
rezult = 0
for it in TestClass.all created clases:
rezult += it.square_magic()
return rezult

if __name__ == "__main__":
my_testl = TestClass()
my_test2 = TestClass(5)

my_test4 = TestClass(15)
print(TestClass.sum_all square_magic()) # 350
my_test5 = TestClass(1)
print(TestClass.sum_all square_magic()) # 351

5.6. MeToabl Knacca

MeToz®pl K1accoB, TaK e KaK U CTaTU4eCKHWe MeTOAbl, MOTYT BBI3bI-
BaThCA JI0 TOTO, Kak OyZieT co3iaH oObeKT k1acca. Takke OHU MOTYT HC-
II0JIb30BATBCA C YKa3aHUEM 5K3eMIULApa Kiaacca. OTainuure 3aKI04aeTcsa
B TOM, YTO Y METOZOB Kjacca IepBbIM apryMEHTOM HEfABHO UZeT Kjaacc
(cls), Kk KOTOpOMYy OHU IIpUHAZJIEXAT. B cBA3U ¢ 3TUM y HUX OoJsiee mpo-
cToe HamucaHue. /Iy 3TOro Ucnoab3yeTcs AekopaTtop @classmethod:

class TestClass:
"""Knacc nbiw-nbiu
all created clases = []
def __init__ (self, magic=10):
"""Co3pgaHue >sK3emnnsapa kKnacca
self.magic = magic
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TestClass.all created_clases.append(self)
#tself. class__ .all created clases.append(self)

def square_magic(self):
"""Bo3BegeHne B KBagpaT
return self.magic ** 2

@classmethod
def sum_all square_magic(cls):
"""CTaTUCTMYeCcKkuih MeTol noacdeTa KBaApaToOB BCex
TestClass"""
rezult = 0@
for it in cls.all created _clases:
rezult += it.square_magic()
return rezult

if _name__ == "__main__":
my_testl = TestClass()
my_test2 = TestClass(5)

my_test4 = TestClass(15)
print(TestClass.sum_all square_magic()) # 350
my test5 = TestClass(1)
print(TestClass.sum_all square_magic()) # 351

Hcmonb30oBaHNe MeTO/a Kjacca BMECTO CTATUYECKOro MeTo/a IIo-
3BOJIIET BCEM IPOUM3BOAHBIM KjaccaMm kiacca TestClass BbI3BaTh Me-
toz sum_all_square_magic u o6pamaTbcsa K CBOUM ITOJISIM U METOJaM
(a gHe Kk tosiaM u Metozam TestClass).

5.7. lpuBaTHble MeTOAbI U NepemMeHHble

B C++, Java u fpyrux Aa3blkax [IporpaMMUpOBaHUA [IPUBATHEIE IIe-
pPEMEHHBIE WIU MeTOAbl He BUHEI 3a [IpeZeaMUu METO/0B Kjacca, B KO-
TOPOM OHM oIpeZieNifAtoTcA. To ecTh K HUM HeJb3sd 0OpaTUThCA depes
3K3eMIUIAp kKiacca. Hannmure MmoandUKaTOpOB J0CTyIa MO3BOJAET UC-
[10JIb30BaTh UHKAIICY/IALINIO [IPU IPOEKTUPOBAHUY IIPOTPAMMEL, a CAMU
IIpUBaTHbIE IlepeMeHHble U MeTO/bI IIPH 3TOM IOBHIIIAIOT YPOBEHDb Oe3-
OITACHOCTY U HaZIEXKHOCTH 3a CYET OTPaHUYEHUA JOCTyIa K BAXXHBIM WIN
KPUTUYIHBIM 9aCTSAM peaau3anui 00beKTa.

Bo MHOTUX A3bIKaX IPOrpaMMUPOBAHMA A 00bABIEHUS IPUBATHOM
nepeMeHHON WIM MeTOo/a UCIO0Ib3yeTcsl MOAUPUKATOP AOCTYIIA private.
B Python ke K MpUBaTHBIM OTHOCATCSA TOJBKO IepeMeHHble WIN MeTO-
ZIbI, KOTOpble HAUMHAIOTCA C IBOMHOTO MTOAYEePKUBAHUA «__X».

B TO ke camoe BpeMs HeoOXOoAUMO IMOHKUMaTh, YTO B Python wHKar-
Cy/IALMA IIPUCYTCTBYET TOJBKO Ha CJI0BaX, TaK KakK y 10J1b30BaTeJA BCe
PaBHO €CTb BO3MOXXHOCTb IIOJIyYUTh JOCTYII K IIPUBATHBIM IIePEMEHHBIM
WIN MeToZaM Kjacca. Takoe IOJIoKeHUE /el HaKIaAblBaeT JOIOJIHU-
TeJbHbIEe 00s3aTeTbCTBA Ha pa3paboTIMKa, KOTOPBIUA ODKEH IOMHUTD
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00 3TOM U BCeraa npuaepxmnBaTbCd YCJIOBHOCTH, YTO II€EPEMEHHBIE, HA-
YMHAIIMUueCAa C ,Z[BOﬁHOI‘O IMOAYEPKMBAHKWA 1M HE 3dKaHYHMBAIOIIMECA
UM, — IIPXMBATHBIEC!

class PrivateTest:
def init_ (self):
self.public x = 2
self. private y = "I'm invisible"
self. private_z = "I'm not invisible"

def print_y(self):
print(self.__private_y)

def _ get y(self):
return self._ private_ y
if __name__ == "__main__":
private test = PrivateTest()
print(private_test.public_x) # I'm public
print(private_test. private_z)
# I'm not invisible
print(private_test.__private_y)
Traceback (most recent call last):
File "F:/code/python/module5/private_val_and_method.py"”, line
14, in <module>
print(private_test.__private_y)
AttributeError: 'PrivateTest' object has no attribute
private_y"'"""

Kaszasnoch 6bI, Bce OXXuZIaeMo, U HalevaTaTh 3HaUeHue, XpaHsllee-
cs B IPUBaTHOM IIepeMeHHOU __private_y, MOXXHO TOJBKO IOCPEACTBOM
MeToza print_y():

private_test.print_y() # I'm invisible

OaHako BCIIOMHUTE, O YeM roBOpUIoch paHee. Korga kommwisaTop Gpop-
MUpyeT 6alT-KoJ 3aITyCKaeMOTro CKPUIITA ¥ BCTPEYAEeTCs ¢ IepeMeHHOM Wik
METOZIOM, KOTOpble HAYMHAIOTCS C IBOMHOTO MOAYEPKUBAHUSA, OH CO3/aeT
aTpuOyT KjIacca He ¢ UMeHeM CaMOT'0 MeToZla WM IlepeMeHHOH, a ¢ uMe-
HeM «_HMmsaKnacca_HmsaAmpubymas, Kak IMOKa3aHO B CJIEAYIOIIEM Ko/e:

print(private_test. PrivateTest private_ y)
# I'm invisible
print(private_test._PrivateTest__get_y())
# I'm invisible

5.8. HacnepoBaHue

[Tockonbky Python — f3bIK IpOorpaMMUPOBAHUSA C HEAIBHOU JMHAMMU-
YecKOU TUMM3aluel, B HEM MeXaHU3M HacjIelloBaHUsA Ipolle U rubue,
yeM B KOMIIWIMPYEMBIX A3bIKax (HanpuMmep, Java wiu C++).
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B kavecTBe mpuMepa TOro, Kak UCIIOJb3yeTCA HacaeJOoBaHUE
B Python, paccmoTpuM Kiaccudeckuii mpuMep o6001IeHUsA TeoMeTprde-
ckux ¢uryp. [lyig 3TOTO ONpesie UM IO KJaccy A KBaZpaTOB U OKPYX-
HOCTEeMU:

class Square:
def init_ (self, side=1, x=0, y=0):
self.side = side

class Circle:
def init_ (self, radius=1, x=0, y=0):
self.radius = radius

JlomycTuM, 4TO 3TU KJIaCChl IUITAHUPYETCS MCIIOIb30BaTh IIPU HaIuca-
HUU rpadudeckoro pegakropa. Ficxoas us aToro, 106aBUM KOOPAUHATHI
B BUJIe TIePEMEHHBIX X U Y JJIsl XpaHeHUsI HPopMaIuU O TOM, B KaKOM
MecCTe «BUPTYaJIbHOM IMOBEPXHOCTH» U300pakKeH s pacIoaraeTcs Kax-
ZIBIA 3K3eMILIAP:

class Square:
def __init_ (self, side=1, x=0, y=0):
self.side = side
self.x = x
self.y =y

class Circle:
def __init__ (self, radius=1, x=0, y=0):
self.radius = radius
self.x = x
self.y =y

K coxaseHuro, TaKOW MOAXOZ MPUBOJAUT K MOSBIEHHUIO OOJBIIOTO
KOJIM4YeCcTBa AyOIMpPYIOLIero Kozia, ecau MPUAETCsS YBETUIUBATh KOJIH-
YeCTBO KJIACCOB TeOMETPUYECKUX QUTYP. DTO CBA3AHO C TEM, UTO JJIA
Ka)K/IOW Takou GUTypHI IPUAETCA XPAaHUTh MHPOPMALIHIO O ee TeKylleh
Mo3UIUHU. Takue Mpo6JeMbl SABISIOTCA CTAaHAAPTHOW CUTyalvueu s
IpUMeHeHUs Hac/leZIOBaHUS.

BMecTO TOTO YTOOBI OIpeEesATh IepeMeHHbIe X U Y B Ka)XKIOM KJiac-
ce TeOMETPUYECKOU GUTYPHI, UX MOXXHO abCTparupoBaTh B HEKOTOPBIN
060061eHHbIN Ki1acc Shape, oT KOTOporo O6yeT MPOU3BOAUTCA HACTIEN0-
BaHUE OCTAJIbHBIX KJIACCOB reOMeTPUYECKUX QUTYP:

class Shape:
def init  (self, x, y):
self.x = x
self.y =y

class Square(Shape):
def init_ (self, side=1, x=0, y=0):
super().__init_ (x, y)
self.side = side
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class Circle(Shape):
def init_ (self, radius=1, x=0, y=0):
super().__init_ (x, y)
self.radius = radius

B 60/IBIIMHCTBE C/IyYaeB JJIs1 UCITOIb30BAHUs Hac/leJOBaHUA HeOOX0-
JIIMO BBITIOTHUTD (OOBIYHO) /1Ba TpeOOBaHUS:

1) ompezenuTh MepapXxuio HAC/IeIOBaHUsA, TO €CTb B KPYIVIBIX CKOO-
Kax HelocpeACTBEHHO 3a UMeHeM OIpeZiesisieMOro Kjacca yka3aTb UM
KJacca, OT KOTOPOTO MIPOM3BOJAUTCSA HacleJOBaHNE;

2) SABHO BBI3BAaTb METOJ __init__ KJIacCOB, UCIOJIb3yeMbIX IIPU Ha-
cliefloBaHUU. DTO CBSI3aHO C TeM, 4To Python He siesaeT 3TOr0 aBTOMAaTHU-
YeCKU, U TIPUXOJUTCA UCIIO0Ib30BaTh GYHKIIMIO super. B mpuBegeHHOM
KOJle 3a 3TO OTBedaeT CTpPOKa BbI3oBa super().__init__(x,y), KoTopas
13 TIPOM3BOJHOTO KJjlacca BBI3bIBAaeT QPYHKIIUIO MHUIIMATU3ALUU POIU-
TeJIbCKOTo Kylacca Shape ¢ MHUIIMATU3UPYEMBIM dK3eMILIIPOM U IIpa-
BWIbHBIMU apryMeHTaMHM.

BMecTo Hcmonb3oBaHUA QYHKIIUKM SUper MOXHO BBI3BATb METO]
__init__ xiacca Shape c ABHBIM yKazaHHeM POAUTEIbCKOT'O Kjacca:
Shape.__init__(self, x, y). OagHako 3TOT cnocob OyZeT MeHee TMOKUM
B /IOJITOCPOYHOM TEPCIIEKTUBE, IIOTOMY YTO OH K€CTKO GUKCHUPYET MMSI
POAUTENBCKOTO KJIacca, YTO MOXKET CO3/aBaTh MpobJieMbl B OyzayIemM
IIpU U3MEeHEHUHU CTPYKTYPhI U MepapxXyuu HacaeZ0BaHUA.

Jlanee omnpeznenuM B kaacce Shape elre ofvH MeTOZ ¢ UMEHEM MOVe,
KOTODPBIN cABUTaeT GUTYPY, U3MEHSA ee KOOPAWHATHI X U Y HA BEJIUYH-
Hy, OlpeZesieMyl0 apryMeHTaM1 MeToZa, a TakKe [0 MeTOAy __Str__
ZIUI1 BBIBOZIA COCTOSTHUS 3HAUEeHUU TepeMeHHbIX KaXK/J0oro 13 KJIacoB II0-
cpeAcTBOM QYHKIIUU print:

class Shape:

def init_ (self, x, y):
self.x = X
self.y =y

def move(self, delta x, delta y):
self.x = self.x + delta_x
self.y = self.y + delta_y

def  str_ (self):
return f'x: {self.x}, y: {self.y}'

class Square(Shape):
def __init_ (self, side=1, x=0, y=0):
super().__init_ (x, y)
self.side = side

def __ str_ (self):
return super()._ str_ () +
f', side: {self.side}’
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class Circle(Shape):

def init_ (self, radius=1, x=0, y=0):

super()._ init_  (x, y)
self.radius = radius

def _ str_ (self):
return super().__str_ () +
f', side: {self.radius}'

Tenepsb co3gazuM 1o 3K3eMIUIIPYy KiaccoB Square u Circle u usme-

HHWM HX CTapTOBbI€ KOOPDAWMHATBI:

if _name__ == "__main__":
my_circle = Circle(x=10, y=5)
my_square = Square(5, 25, 40)

print(my_circle) # x: 10, y: 5, side: 1
print(my_square) # x: 25, y: 40, side: 5

my_square.move(35, 50)
my_circle.move(10, 10)

print(my_circle) # x: 20, y: 15, side: 1
print(my_square) # x: 60, y: 90, side: 5

Knaccer Circle 1 Square n3HavaiabHO He COZiepyKal COOCTBEHHOTO
ompeZeneHusa MeToZa move. C Ipyroil CTOPOHHI, Tak KaK OHU Hacje-
AytoTcs oT knacca Shape, rae aToT MeTo/ peann3oBaH, TO BCE DK3EM-
wiapkl Circle u Square MOTyT MCIIOIB30BATh METOZ MoOve. JTO CBA3aHO
C TeM, 4TO Bce MeTozbl Python ABnAIOTCA BUPTyalbHBIMU. TaKUM 00pa-
30M, ecJM METOZ He CyIIecTBYeT B TeKylleM kiaacce, To Python umger
€ro IO CIUCKY aTpUOYTOB POAUTENBCKOTO KJIacca U UCIOIb3yeT ePBhIT

HaWZeHHBIN METOJ,.

,Z[aBaﬁTe paCCMOTPHM, KaK IIpHU HaCJI€JOBaHNHN obcTouT A€JI0 C IIepe-

MEHHBIMH 3K3€MILIAPOB M KJIaCCOB:

class BaseTextTest:
name = "Test"

def set_text(self):

self.text = "Class BaseTextTest"

def print_base(self):
return self.text

def _ str_ (self):
return self.text

class NewTextTest(BaseTextTest):
def set_new_text(self):
self.text = "Class NewTextTest"

def print_new(self):
return self.text

def  str_ (self):
return self.text
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if _name__ == "_main__ ":
new_class = NewTextTest()
new_class.set text()
print(new_class) #Class BaseTextTest
print(new_class.print_base())

#Class BaseTextTest
print(new_class.print_new())

#Class BaseTextTest
new class.set new text()
print(new_class.print _new()) #Class NewTextTest
print(new_class) #Class NewTextTest

V13 mpuBeeHHOT'0 TIpUMepa BUAHO, YTO OOpalleHHs K IepeMeHHbIM
AK3eMIUISIPOB KJIacca ¢ OAMHAKOBBIMU MMeHaMU OyayT IMPOU3BOAUTHCS
K OHOU TlepeMeHHOU. VIMEHHO TT03TOMY Tocjie OOBABIEHUS TIEpEMEH-
HOH text MOCPeACTBOM MeTO/la POAUTENBCKOTO Kjlacca MOIBbITKA BhIBe-
CTH ee 3HAaYeHUs MMocpeAcTBOM MeToga print_new() BeiBoguT «Class
BaseTextTest», a riocsie mepeonpeaeeHua ee 3Ha4YeHUs METOA0M Zo4ep-
Hero kjiacca set_new_text() BeiBoauTca «Class NewTextTest», 1 Haob60-
pOT.

Tak Kak mepeMeHHbIE KJIAaCCOB HACIeAYIOTCS, HEOOXOAUMO TTOMHUTD
06 ux 060061IeHHOM TTOBeleHH. HarpuMep, mepeMeHHYI0 Kjlacca name
oIpeJesIWIN AJ1 pPoAuTeNbckoro kiaacca BaseTextTest, 1 Kk Hell MOX-
HO 0OpaTUTHCSA HECKOJBKUMHU CIIOCOOAaMU: Yyepe3 dK3eMIUIAp new_class,
yepe3 gouyepHuil knacc NewTextTest unu yepes poguTeNbCKUM KJacc
BaseTextTest:

print(f'new_class = {new_class.name},
f' NewTextTest = {NewTextTest.name}, '
f'BaseTextTest = {BaseTextTest.name}"')
# new_class = Test, NewTextTest = Test,
# BaseTextTest = Test

[Tpy nomeiTKe 3aZaTh 3HaUYeHHE IlepeMeHHOU KJacca name 4depes
kinacc NewTextTest g Hero coszaerca HoBadA IepeMeHHAadA KJacca
C TaKUM MMeHeM. JTO He BJIWAET Ha 3HaueHUe IIepeMEeHHOU Kjacca
BaseTextTest. B To:xe BpeMs IIpU MTOC/IEAYIOIINX OOpaIeHUsIX Yepe3 K-
3eMIuiAp wiu cam kinacc NewTextTest mob3oBaTento OygeT JOCTyITHA
TOJIbKO 3Ta HOBasd lepeMeHHad, a He opuruHai us BaseTextTest:

NewTextTest.name = "Not bad"
print(f'new_class = {new_class.name},
f'NewTextTest = {NewTextTest.name}, '
f'BaseTextTest = {BaseTextTest.name}"')
# new_class = Not bad, NewTextTest = Not bad,
# BaseTextTest = Test

ToT ke camblii addekT OyaeT HabIOAATHCA, €CIU 33aZaTh HOBOE
3HaueHUe NepeMeHHOU name 4depe3 sk3eMIuiAp kiacca NewTextTest.
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To ecTb co3zacTcs HOBas epeMeHHas dK3eMIUIAPA, U yxKe OyZeT He Be
pa3Hble ITlepeMeHHbIe, a TPU:

BaseTextTest.name = "Not good"
print(f'new_class = {new_class.name},
f' NewTextTest = {NewTextTest.name},
f'BaseTextTest = {BaseTextTest.name}")
# new_class = Not bad, NewTextTest = Not bad,
# BaseTextTest = Not good

5.9. MHOXecTBeHHOe Hacnefj0BaHue

B Python, kak u C+ +, pa3peliaeTcsi MHO)KeCTBEHHOe HacJieloBaHUeE,
a B TaKUX A3BIKAX NPOrpaMMUPOBAHUA KaK Java OHO 3alpelleHo, XOTd
MMeeTCs BO3MOXKHOCTh PaCHIUPATh PYHKIIMOHAIBHOCTD KJlacca pasind-
HBIM KOJIMYECTBOM HHTePQEMCoB.

YTO 3HAUUT «MHOKECTBEHHOE HacjaeloBaHUe»? 3TO KOrZa IIPOU3BO-
JHBIN KJIaCC MOXKeT OBITh yHAC/IEOBAH OT JIFOOOTO KOJMYecTBa Oa30BhIX
kj1accoB. [To yMoT4aHUIO, eC/IM He MMPOUCXOJUT SIBHOT'O YKa3aHUA 6a30-
BOTO KJIacca MpU HacjaeZ0BaHUU, TO KJacc HacjaeayeTcs oT object.

[TpuBegeM MPOCTEUIINI MPHUMeEP MHOXXECTBEHHOTO HacIe[0BaHUA
C UCIOJIb30BaHUEM «IIYCTHIX» KJIaCCOB, KOTOPBIE HE COZepKaT IepeMeH-
HBIX WJIM METO0B C OAUHAKOBBIMU NMEHAMMU:

class FirstBaseClass:
class SecondBaseClass:
class ThirdBaseClass:

class FirstTestClass(FirstBaseClass,
ThirdBaseClass):

class SecondTestClass(SecondBaseClass):

class TopTestClass(FirstTestClass,
SecondTestClass):

Tak Kak B IpHUBeIeHHBIX KJIaccaX HET OHOUMEHHBIX METOZIOB, SK3€M-
wiAp kiacca TopTestClass MoXKeT MCITOIB30BAThCS, KaK €CIi ObI OH OBLT
SK3eMIUISIPOM JIF0O0T0 13 KJIaccoB. B To jke camoe BpeMs, ec/ii HEKOTO-
phie U3 IIPUBEIEHHBIX KJIACCOB OYAYT COlep:KaTh OJHOUMEHHbIE METO/HI,
TPYAHO ZAake MPEATIONOKUTD, He 3Hasi CITIocOO0B 06x0/1a 6a30BBIX KJlac-
COB IIPH MTOVICKE METO/]a, KAKOUM M3 HUX JOJDKEH CUUTAThCS MTPABUIbHBIM:

class FirstBaseClass:

class SecondBaseClass:
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class ThirdBaseClass:
def test_method(self):
print("ThirdBaseClass")

class FirstTestClass(FirstBaseClass,
ThirdBaseClass):

class SecondTestClass(SecondBaseClass):
def test _method(self):
print("SecondTestClass")
class TopTestClass(FirstTestClass,
SecondTestClass):

if _name__ == "_main__ ":
my_class = TopTestClass()
my class.test method() # ??

B xoze mombiTKU BhizoBa MeToza test_method() ana sk3emiuigpa
kinacca TopTestClass Python HauHeT nepe6upaTth ero 6a3oBble KJIACChI
cieBa HampaBo. Takke OH BcerZia IpoCcMaTPUBAET BCeX MPEeAKOB OAHOTO
6a30BOro Kjacca Iepesi TeM, KaK IMepPeXOAUTh K caeayioneMy 6a3oBoMy
kjaccy. JlapaliTe BOCCTAaHOBUM IOC/IeZI0BATENIbHOCTD TIOMCKA MHTEPIIpe-
TATOPOM BHITIOJIHIEMOI'O METOZa:

1) cHavazna mouck metoza OyZeT BBIMTOJIHATHCA B Kjlacce 0ObeKTa,
JI7I1 KOTOPOT'O OH BhI3bIBaeTcs, To ecTh B TopTestClass;

2) mnockonbky B TopTestClass He orpezeneH Mmeto/ test_method(),
IIOMCK HAYHET OCYIIECTBJIATbCSI B ero 0a3oBbIX Kiaccax. [lepBbiM 6a-
30BBIM KjsiaccoM aJisi TopTestClass siBnsercsa FirstTestClass, moaTomy
MMeHHO B HeM Python mpogo/KUT mouck;

3) Ttak kak B FirstTestClass aHa/JOTUYHO IpEABIAYIIEMY CIydalo
TOXKe He omnpeeyneH MeTo test_method(), morck IpoAoIKUTCA YKe
B ero 0a30BBIX KjIaccax, U mepBbIM U3 HUX OyzeT FirstBaseClass;

4) mockonbky B FirstBaseClass He HalifieH ollpe/ieieHHBIU Me-
toa test_method(), mocie mpoBepku Ha OTCYTCTBHE y Hero Oa-
30BBIX KJIACCOB ITOMCK IpepbiBaeTcs. Python mepexoauTt k kimaccy
FirstTestClass u obpalaeTcs K ero ciaeaymolinemMy 6a30BoOMy Kaaccy —
ThirdBaseClass;

5) B kinacce ThirdBaseClass Python HaxoauT BbI3BIBaeMblii Me-
ToZ test_method(), u mocko/sbKy 3TO IepBbIU HaliAeHHBIN METOJ
C 3alaHHBIM UM€eHeM, UMEeHHO OH Oy/IeT MCII0/Ib30BaH. AHAJIOTUYHBIN
MeToJ, onpezeneHHbIN B Kiacce SecondTestClass, 6yzeT mpouUrHo-
pUPOBaH.

CunTaeTcsa, YTO MHOXXeCTBEHHOEe HacJieZloBaHUue — IJIOXOM CIIoco0
OpraHM3alliy apXUTEKTYpPHI IMPWIOKeHUs. Ho OHO MHOIa crocoOCTBYy-
eT MPeAOTBPALIeHUIO CIUIIKOM ITTyOOKUX HMepapXuii, KOTOpble MOTYT
BCTpeyYaThCs MPU MCIIOJb30BAaHUM OOBIYHOTO HAacIeJ0BaHUSA WU HC-

156



MOJIb3YIOTCA AJIS1 CO3/laHMA KJIaccoB IpumMmecer (mixin). [Ipumecu npea-
CTaBJIAIOT cOOOM Kylacc, B KOTOPOM Y YaCTH WU BCEX METOAOB HET pea-
JIU3aIUM, a 00S3aHHOCTD 10 00eCIIeYeHUI0 HeZIoCTaloIel peatn3aluy
JIOXKUTCSA Ha X ITPOU3BOHBIN KJIacc.

5.10. A6cTpakTHbIe Knaccbl U nepeonpeaeneHne MeToaos

AGcTpakTHBIN (MHTepENCHBIN) KJacC — KJacc, OMMMCHIBAIOIIUHN
(mpenocTaBsAwIuil) HTepderic B3auMoAecTBUA ¢ 0ObEKTOM, peasu-
3alyis YacTHU METO/IOB KOTOPOTO OITMCHIBAETCA B KJaccax, Hacae yoHX-
cs1 OT HEro, M KOTOPBIA UMeeT XOTs Obl OJJUH YKUCTO BUPTYATbHBIN Me-
TOZI, T. €. Y OOBABJIEHHOTO MeTo/ia HeT peanusanuy. OCHOBHOUM yepTou
abCTpaKTHOTO KJlacca SIBJISETCA TO, YTO ero dK3eMIUIAP HeTb3sl CO3/aTh.
Xots K Python 3T0 yTBepXXaeHUe B psifie CIy9aeB MOXKET OBITh HeTIprUMe-
HUMO, JIy4llle IPUAeP:KUBAThCA JAHHOTO MOAX0/a IIPU IMTPOeKTUPOBAHUH
apXUTEKTYPHI MPWIOKEHUSI, OMOJINOTEKH U T. 1.

[TocpeacTBOM abCTPAKTHOI'O KjIacca peaausyeTcs OJUH U3 OCHOBHBIX
npuHIunoB OOIl — monumopdusM. be3 mcnonmb3oBanus Moayast abe
abcTpakTHBIN K1ace B Python Mo)XHO peann3oBaTh ABYMS CIIOCOOAMHMU.

1. C ucnoab3oBaHHEM assert:

class AbstractBaseClass:
def print_name(self):
print("AbstractBaseClass")

def action(self):
assert False, "method not define"

if _name__ == "__main__":
my_class = AbstractBaseClass()
my class.print name() # AbstractBaseClass
my_class.action()

# AssertionError: method not define

2. C ucnosab3oBaHueM uckaodenuss NotlmplementedError:

class AbstractBaseClassEx:
def print_name(self):
print("AbstractBaseClass")

def action(self):
raise NotImplementedError("method not define")

if _ name__ == "_ main__ ":
#my_class = AbstractBaseClass()
my_class = AbstractBaseClassEx()
my class.print _name() # AbstractBaseClassEx
my_class.action()

# NotImplementedError: method not define
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Kak BUZIHO M3 NpUBEJEHHBIX TPUMEPOB, peaM30BaHHbIe abCTPAKT-
Hble KJacChl He YZIOBJIETBOPSAIOT OJHOU U3 IVIaBHBIX OCOOEHHOCTel —
MX 2K3eMIUIAPHl MOXXKHO €037aTh! UTOOBI MHTEPIIPETATOP HE COOOIIAT
06 ommbKax B MPOU3BOJHOM KJjacce, IO OTHOIIEHUIO K KOTOpOMY ab-
CTPaKTHBIM KJacc BBICTyIaeT 6a30BBIM, HEOOXOVMO IepeorpesieIuTh
peanu3saiyio MmeTtoza action():

class SubClass(AbstractBaseClassEx):
def action(self):
print("method was defined")

if  name_ == "_ main_ ":
my_class = SubClass()
my_class.print_name() # AbstractBaseClassEx
my class.action() # method was defined

B creayromem mpumepe A HaMKUCaHUA abCTPAKTHOTO Kjacca Hc-
MI0JIb3yeM BO3MOXKHOCTU MOZYJA abc:

from abc import ABCMeta, abstractmethod

class AbstractBaseClass(metaclass=ABCMeta):
def print_name(self):
print("AbstractBaseClass with abc
module help")

@abstractmethod
def action(self):

if  name_ == "_ main_ ":
my_class = AbstractBaseClass()

TypeError: Can't instantiate abstract class

AbstractBaseClass with abstract methods action'''’

Peanu3anus JaHHOTO abCTPaKTHOIO Kjacca yKe YAOBJIETBOPSIET OC-
HOBHOMY TPeOOBaHHIO — €r'0 SK3eMIUISIP HeJlb3sI CO37aTh. Jlaiee mompo-
OyeM co37laTh ero MPOU3BOAHBIN KIacc 6e3 mepeonpezeseHus MeToa
action():

class FirstSubClass(AbstractBaseClass):

if _name__ == "__main__":
my_class = FirstSubClass()
TypeError: Can't instantiate abstract class FirstSubClass
with abstract methods action'''

Bce BepHoO! /lo Tex mop, MOKa I10Jb30BaTE/]b HEe HAIIUIIET peanusa-
I[UI0 JAaHHOTO METO/Ia, AOKHA BHIBOAUTHCSA OMIMOKA:

class SecondSubClass(AbstractBaseClass):
def action(self):
print("method was defined")
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if _name__ == "_main__
my class = SecondSubClass()
my_class.print_name()

# AbstractBaseClass with abc module help
my class.action()

# method was defined

Takoii mozAxoz MullleH HeZJoCTaTKOB CIIOCOO0OB HamucaHus abCcTpaKT-
HOTI'0 KJIacca C UCIIONIb30BAHUEM assert Wiu UCKJIIOYEeHUN.

HecmoTps Ha Hasmuue B Python yTuHoU Tunusauuu (ecim o6beKT
BBIIVISIAUT KaK yTKa U KPSAKaeT KaK yTKa, TO OOBEKT SABJIAETCS YTKOMN),
HCIIOJIb30BaHWE aOCTPAKTHBIX KJIACCOB SIBISAETCA TPEAOYTUTETHHBIM
IIpU HallMCAaHUU CJIOXKHBIX cucTeM. OHU MO3BOJAIOT CO34aTh TAKOU BUJ,
viepapXuu MPU HaCJIeI0BaHUM, KOTOPHIN 00sS3bIBAET MMPOM3BOAHbBIE KJIaC-
CBI TIEPEOTPEeZIEIUTh U Peasn3oBaTh YacTh €ro MeToZ0B. AGCTpPaKTHHIN
KJacc MOXXHO Ha3BaTh UHTepdelicoM, KOr/la B HeM OIpeZiesieH TOTbKO
Habop MeTOJ0B, peasn3alluio KOTOPhIX HaJl0 O6y/ieT MOJTHOCTBIO OIHCHI-
BaTh B IIPOM3BOJHBIX KJIaccax.

5.11. Meperpy3ka onepavmii

[Tox meperpykeHHOU omepaluei mojgpasyMeBaeTcs aBTOMaTHYe-
CKUI BbI30B METO/J|0B 9K3eMIUIApa KJacca, KOorjla OH BCTpedyaeTcs B KoJe
CO BCTPOEHHBIMU omlepanuamu (+, -, * 1 T. /1.) U Bo3BpaljaeMoe 3Hayue-
HUe Tleperpy>KeHHOro MeTo/jJa CTAHOBUTCS Pe3yIbTaTOM 3TOU OIepalivu.
Taxum o6pa3om, Korza Kiace rneperpyxaet ocobbIM 06pa3oM UMEHOBAH-
Hble MeTozbl, Python aBTOMaTH4YecKy BBI3bIBAET UX B C/Iy4Yae MOSBIEHUS
AK3eMIUISPOB 3TOT0 KJIacca B aCCOIMMPOBAHHBIX C HUMU BhIpaKeHUsAX.

B Tabsn. 5.1 npuBeseHbl Haubosee pacpocTpaHEHHbIE METOABI s
IeperpysKu onepaumn:

Ta6bnuya 5.1
Hanbonee pacnpoctpaHeHHble MeTOAbI Neperpy3ku onepawuii
MeToz Onucanue JJ1s1 94ero ucrnosb3yeTcs
__init__ KoHCTpyKTOp Co3gaHue sK3eMIUIsIpa 0ObeKTa
my_class = MyClass(args)
_del__ JlecTpyKTOp YaaneHvie sk3eMIusipa 00beKTa
_add__ Omnepariusi CI0KeHU A + B, A += B, ecyii OTCyTCTByeT
__djadd__
__or__ Omnepanus Mmo6UToBOE A | B, Al = B, ec/ii OTCyTCTBYET
<IN » _iOI'_
__sub__ Onepanysa BEIYUTAHUA A-B,A-=B

__repr__ __str__ | BeiBoz, mpeobpasoBanus | print(X), repr(X), str(X)

__call BbI30BBI PYHKITUN function(*args, **kargs)
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OkoHuarue ma6n. 5.1

MeToz, OnucaHue Jly1g yero ucroJsb3yeTcsd
__getattr__ V3BneyeHre aTpubyTa X.undefined
__setattr__ [TpucBauBaHue arpubyra | X.any = value
__delattr__ Ynanenvie atpubyrta del X.any
__getattribute__ | Vi3BneyeHue aTpubyra X.any
__getitem__ WuaexcupoBanue, cpe3, | X[key], X [ i: j ], uukisl for u apy-
WTepanus rUe UTepallOHHbIE KOHCTPYKIIHH,
€CJIK OTCYyTCTBYyeT__iter__
__setitem___ [TpucBauBaHUe IO UH- X[key] = value,
ZIEKCYy U cpe3y X[i: j] = iterable
__delitem___ YnaneHue 1o UHAEKCY del X[key], del X[i:j]
U cpesy
_len__ JnrHa len (X), mpoBepKH UCTUHHOCTH,
€CJIi OTCYyTCTBYeT__bool__
__bool__ ByneBckue IpoBepKU bool (X), mpoBepKH UCTUHHOCTU
e CpaBHeHUs A<B,A>B,A<=B,A>=B8,
_gt A==B,A!=B
_le_
—8€__
_€eq__
__ne__
_ radd__ [TpaBOCTOpPOHHUE OTI€e- Other + X
pauuu
__jadd__ JlonmonHeHHbIe HA MecTe | A += B (6o nHaue__add__ )
omepanuu
__iter WtepanmonHble KoHTEK- | [=iter(X), next (I); nuxkus for, in,
_ next__ CTBI €CJTM OTCYTCTBYET __contains__,
Bce BKutodeHusd, map (F,X),
oCTabHBIE
__contains__ [IpoBepka wieHCTBa item in X (Jrio60# UTEPUPYEMBIIT
00BEKT)
__index__ Lenouncnendoe sHade- | hex(X), bin(X), oct(X), O[X], O[
HUE X: ]
__enter__ JlucrieTyep KOHTEKCTA with obj as var:
_exit__
_get__ ATtpubyTel JeckpunTopa | X.attr, X.attr = value,
__set_ del X.attr
__delete__
__new__ Coszanue Co3zmanue oObeKTa, mepes __init__

Jlaxke B TOM cJy4yae, KOTZlJa MeTO/bI Tleperpy3Ku onepanuii He ompe-
JeJITI0TCA, OHU MOTYT OBbITh YHac/JeloBaHbI OT 6a30BOTO Kjaacca, Kak
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U JIIoOble Apyryve MeToAbl. Takke OHU SIBISIOTCSI HeoOs3aTelbHBIMU,
a TOIbITKA IPUMEHEeHUs Ollepaliiii K 3K3eMIUISIpPY Kjacca, B KOTOPOM
IeperpysKa olnepanuy He OblIa peajn3oBaHa, IPUBeJAET K reHepUPOBa-
HHUIO UCKJIIOUEHUS.

5.11.1.eperpy3ka __add__, __or__,__sub

B nmpumMmepe HUKe pacCMOTPUM IepPerpy3Ky TaKuxX ollepanui, Kak:
CcyMMa, BRIYMTaHUE U UcKItovatolee «MJIM», peasnzoBas kiracc Number
C TIOCJIeAyIOIIel Ieperpy3KorM COOTBETCTBYIOIIMX MeTO/OB:

class Number:
def init_ (self, val):
self.value = val

def _ sub_ (self, other):
return Number(self.value - other)

def add_ (self, other):
return Number(self.value + other)

def __or__(self, other):
return Number(self.value | other)

def _ str_ (self):
return f'{self.value}’

if _name__ == "_main__ ":
my_number = Number(4)
addvValue = my number + 10
print(addvalue) # 14
subValue = addvalue - 13
print(subvalue) # 1
orValue = subValue | 4
print(orValue) # 5

5.11.2. Ileperpy3ka __getitem__ u __setitem__

Korga meroz __getitem__ ompejiesieH B KJjlacce, OH aBTOMaTHue-
CKHU BBI3BIBAETCA JJIA Ollepalluii MHAEKCUPOBAHUA SK3EMIUIAPOB 3TOrO
kiacca. Hampumep, B cirydae obpamienus «X[i]» uaTepmperarop Python
BBI3BIBAET MeETO/ __getitem__, c mepegadeii X B IepBOM apTryMeHTE,
a BO BTOPOM apryMeHTe — 3Ha4YeHUA WH/EKCa WIU cpe3a B KBaAPaTHBIX
ckobkax. MeTo/ mpucBauBaHUsA 10 UHAEKCY __setitem__ MoXoXXuM o6-
pasoM IepexBaThIBAET IIPUCBANBAHUA 10 UHAEKCY U Cpesy:

class CustomList:
def init_ (self, elements_amount=1):
self. custom list = [@] * elements_amount
self.size = elements_amount

def  str_ (self):
return f'{self._ custom_list}"
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def  getitem_ (self, item):
if not self. index_check(item):
new list = CustomList(self.size)
new_list. custom list =
self. custom list[item]
return new_list
return self. custom list[item]

def _ setitem__ (self, key, value):
if self.__index_check(key):
self. custom_list[key] = value
else:
my_range = range(key.start if key.start
else 0, key.stop,
key.step if key.step else 1)
for it in my_range:
self. custom_list[it] = value

def __ index_check(self, index):
if isinstance(index, int):
print(f'current index = {index}")
return True
elif isinstance(index, slice):
print(f'slice: start = {index.start}, '

.F'Stop = {indeX.Stop}) '
f'step = {index.step}"')
return False

else:
raise IndexError("Bad index")

if name_ == "_ main_ ":
my_list = CustomList(8)
print(my_list) # [e, o, 0, 0, 0, 0, 0, O]
my_list[4] = 35 # current index = 4
print(my_list) # [e, o, @, @, 35, 0, 9, 0]
my list[0©:4] = 50
# slice: start = 0, stop = 4, step = None
print(my_list) # [50, 50, 50, 50, 35, @, 0, 0]
new list = my list[0:6:2]
# slice: start = @, stop = 6, step = 2
print(new_list) # [50, 50, 35]
my list['2'] # IndexError: Bad index

Takke CylecTByeT He BCerZia OYeBUAHBIN CITOCOO UCTIONb30BAaHUSA __
getitem__. [Ipu oTcyTcTBUU 60J€e crielupruIecKUX METOJ0B UTEPAITUU
omepatop for paboTaeT ¢ JaHHBIM METO/IOM IIyTeM MHOT'OKPATHOTO WH-
Z[IEKCUPOBAaHUA MIOCIEA0BATEIbHOCTHU OT HYJIA U Jjajiee, [I0Ka He CreHepu-
pYyeTcs UCKIIoUYeHHe BbIXoza 3a rpaHuibl IndexError. To ecTh eciv 3TOT
MEeTOZ, OTipeZiesieH, IUKJI for Ha Ka)XK/JoM MPOXO/ie BhI3bIBaeT __getitem__
KJIacca C I0CIeL0BaTeIbHO YBEINYNBAKOIIVMUCA CMEIeHUAMM:

for it in new_list:
print(it)
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current index = ©

50
current index = 1
50
current index = 2
35

current index = 3

Takum obpasom, eciu MeTo/ __getitem__ orpezesieH, TO IpoBepKa
YWIEHCTBA in, CIMCKOBBbIE BKJIIOYEHUA, BCTPOEHHAsA QYyHKIMA map, Ipu-
CBaMBaHUA CIIUCKOB M KOPTEXeH, a TaKKe KOHCTPYKTOPHI THUIIOB OYAYyT
aBTOMAaTHUYeCKU ero BhI3bIBATh.

5.11.3. Ileperpy3ka __iter__ u_ next__

[lepen __geﬁteny__npmzpa60Te C UTepallUOHHBIM KOHTEKCTOM
Python OyzeT cHayasa IbITaThCS BBI3BATh METO/ __iter__. DTO CBSI3aHO
C TeM, YTO /IJII MHOTOKPATHOI'O MHAEKCUPOBAHUS 00bEKTa OOBIYHO BBI-
O6upaeTcs MPOTOKOJI UTEPALIUH.

MOXXHO cKa3aTb, YTO UTEePAllMOHHbIE KOHTEKCTHI pabOTalOT IMyTeM
repesiauvl UTEPUPYEMOT'0 0OBbEKTa BCTPOEHHOU QYHKIIMY iter, KOTOPBIH
BBI3BIBAET METOJ __iter__ sK3eMIUIsApa Kjacca, BO3BpalllaloIUi HO-
BBIA UTepUpyeMbIii 00beKT. Korzia jke mmeperpy:kaercs MeTos __next__,
Python 6yzeT MHOTOKpPATHO BBI3BIBATH €T0 /I IIPOX0/a IO dJIeMeHTaM
UTEPUPYEMOI'O dK3eMIUIAPaA KJlacca A0 TeX IIop, II0Ka He CreHEPUPYETCA
HUCKIIoueHue Stoplteration.

Jlns mpuMepa HamuileM Kjiacc, KOTOPBIM peanu3yeT JIOTHKY, OTHM3KYT0
K pabote BcTpoeHHOM GyHKIMH range() IIpH MOJIOKUTETbHBIX 3HAYeHUAX:

class MyRange:
def __init_ (self, start, stop, step=1):
self.start = start
self.stop = stop
self.step = step
self.count_value

1
()

def __iter_ (self):
self.count_value
return self

self.start - self.step

def _ next_ (self):
if self.count_value+self.step >= self.stop:
raise StopIteration
self.count_value += self.step
return self.count_value

if  name_ == "_ main_ ":
my_range = MyRange(@, 4)
for it in my_range:
print(it, end=" ') #0901 2 3
print()
for it in MyRange(@, 12, 4):
print(it, end=" ') # 0 4 8
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B manHOM mpuMepe oOBEKT UTepaTOpa, BO3BpallaeMbIl __iter__,
ABJIAETCA dK3eMIUIApOM Kjacca — self. OTO CBSI3aHO C TEM, YTO METOJ
__next__ ABisgeTCcA YacThio camoro kinacca MyRange. /st 6osiee ciox-
HBIX CIleHapUeB UTEPUPOBAHUA OOBEKT UTEpaTOpa OIpeAesseTcs Kak
OTJETbHBIN KJIacc ¢ cOOCTBeHHOU MHbOPMAaIMel 0 COCTOSSHUM IS TTO/-
Zlep>KKA MHOYKEeCTBA aKTUBHBIX UTEPAIUM 110 TeM K€ CaMbIM JaHHBIM.

[Tpu 3TOM py4HOE UTepUPOBAHUE pabOTaeT C TAKUMHU IK3eMIUIIpAMU
UTEPHUPYEMBIX 00BEKTOB aHAJOTMYHO PabOTe CO BCTPOEHHBIMU THUITAMU:

my iter = iter(my_range)
print(next(my_iter)) # ©
print(next(my_iter)) # 1
print(next(my_iter)) # 2
print(next(my_iter)) # 3
print(next(my_iter)) # StopIteration

Tenepsb nepenurniem kiacc MyRange Takum o6pa3oM, 4TOObI CBECTHU
K MUHUMYMY 00beM HaIlMCAaHHOTO KOZa 3a cYeT KOMOMHUPOBAHUS Me-
TOZa __iter__ ¥ oleparopa reHepaTOpHbIX GYHKITHM yield:

class MyGeneratorRange:
def init_ (self, start, stop, step=1):
self.start = start
self.stop = stop
self.step = step

def iter_ (self):
count_value = self.start - self.step
while count_value+self.step < self.stop:
count_value += self.step
yield count_value

if _ name__ == "_ main__ ":
print("MyGeneratorRange") # MyGeneratorRange
my_range = MyGeneratorRange(9, 4)
for it in my_range:
print(it, end=" ")
#0123
print()
for it in MyGeneratorRange(@, 12, 4):
print(it, end=" ")
#0 48
print()
my iter = iter(my_range)
my_iter = iter(my_range)
print(next(my_iter)) # ©
print(next(my_iter)) # 1
print(next(my_iter)) 2
print(next(my_iter)) 3
print(next(my_iter)) # StopIteration

#
#

HOCKOJIbe reHeEpaTOPHbIE (bYHKHI/II/I dBTOMATU4YE€CKH COXPAaHAIOT CO-
CTOAHHKE JIOKAJIbHBIX IIEPEMEHHBIX 1 CO34al0T o06s13aTeIbHbIE METOAbI UTE-
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PaTOPOB, OHU XOPOIIIO MOAXOAAT AJIA 3TOM POJIU U JOIIOJTHAIOT IIpeoXpa-
HEHUE COCTOAHUA U APYTHe IIOJIE3HBIE BEIIU, [TOJyYaeMbIE€ OT KJIACCOB.

B creaytoieM nmpuMepe paccMOTpUM OoJiee CIOXKHBIN ClleHapuii pea-
JIU3AIUA UTEPUPYEMOTO 0ObEKTA U OTIPeAeUM OTAETbHBIA KJIacc ¢ co0-
CTBEHHOUM MHG}OpMAIIMEN O COCTOSTHUH, YTOOBI OoJiee MPSAMO TMOAAED-
)KMBATh MHOXXECTBO aKTUBHBIX UTepaIlUi IO TEM YK€ CaMbIM JaHHBIM.
YTOOBI ITOHATD, 3aYEM ITO HYKHO, IIOTIPOOYeM HCII0/Ib30BaTh SK3EMILIAP
HarCcaHHOTI'o paHee kj1acca MyRange B KOHTEKCTE BIIOKEHHBIX IIUKJIOB:

test_range = MyRange(9, 3)
for firtst_it in test_range:
for second it in test range:
print(firtst_it*second it, end=' ")
# 000

Kak BuzaumM, pe3ysnbTaT NOJYYUICA COBCEM HE TOT, UTO OXKUJAIU YBU-
7etb (0000120 24). 3To cBA3aHO C TEM, UTO I10 3aBepIlieHUH IepBo-
ro MOJTHOTO MPOX0/Ia BJIOXKEHHOT'0 IIMKJIA KaXK0e IMoceAyolnee obpa-
IeHue K uTepaTopy OyzeT Bo3Bpalath Stoplteration, a Tak KaKk ©UMeHa
firtst_it 1 second_it cCbUTAlOTCA HA OAWH U TOT XK€ 00BEKT, TO BHEITHUH
LIMKJI BBIIIOJTHUT TOJIBKO OJHY UTEPALMIO, TOTZAa KaK BJIOXXEHHBIN OTpa-
6oTaeT OAVH MOJHBIN TTPOXO/;:

test_range = MyRange(0, 3)
for firtst_it in test_range:
print(firtst_it)
for second it in test range:
print(f'second_it = {second_it},
f'firtst_it*second_ it =
{firtst_it*second_it}")

firtst_it = 0

second_it = @, firtst_it*second_it = ©
second_it = 1, firtst_it*second_it = ©
second_it = 2, firtst_it*second_it = ©

Peanuzanus ¢ UCII0Jb30BaHUEM reseparopa JIMIuie€Ha 3TOIroO HEAO-
CTaTKa.

test_range = MyGeneratorRange(0, 3)
for firtst_it in test_range:
print(f'firtst_it = {firtst_it}")
for second_it in test_range:
print(f'second_it = {second_it},
f'firtst_it*second it ="'
f'{firtst_it*second it}"')

firtst_it = 0

second_it = 0, firtst_it*second_it = ©
second_it = 1, firtst_it*second_it = ©
second_it = 2, firtst_it*second_it = ©
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firtst_it = 1

second_it = 0, firtst_it*second_it = ©
second_it = 1, firtst_it*second_it = 1
second_it = 2, firtst_it*second_it = 2
firtst_it = 2

second_it = 0, firtst_it*second_it = ©
second_it = 1, firtst_it*second_it = 2
second_it = 2, firtst_it*second_it = 4

Teneppb mepenumem peanusanuio kinacca MyRange, 706aBUB B ero
MOZyJIb elte oguH kiacc — MyRangelterator:

class MyRange:
def __init_ (self, start, stop, step=1):
self.start = start
self.stop = stop
self.step = step

def iter_ (self):
return MyRangeIterator(self)

class MyRangeIterator:
def __init__ (self, myrange_object):
self.my_range = myrange_object
self.count_value = myrange_object.start - myrange_
object.step

def _ next_ (self):
if self.count_value+self.my_range.step >= self.my_
range.stop:
raise StopIteration
self.count_value += self.my_range.step
return self.count_value
if  name_ == "_ main_ ":
print("MyRange")
my_range = MyRange(0, 4)
for it in my_range:
print(it, end=" ') #0912 3
print()
for it in MyRange(©0, 12, 4):
print(it, end=" ') # 0 4 8
print()

test_range = MyRange(9, 3)
for firtst_it in test _range:
print(f'firtst_it = {firtst_it}")
for second_it in test_range:
print(f'second it = {second_it},
f'firtst_it*second_it = '
' {firtst_it*second_it}")

firtst_it = o
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second_it = @, firtst_it*second_it = ©
second_it = 1, firtst_it*second_it = ©
second_it = 2, firtst_it*second_it = ©
firtst_it = 1

second_it = @, firtst_it*second_it = ©

second_it = 1, firtst_it*second_it =1
second_it = 2, firtst_it*second_it = 2
firtst_it = 2

second_it = 0@, firtst_it*second_it = ©
second_it firtst_it*second_it =
second_it firtst_it*second_it = 4

I

=
-

N

]
N
-

5.11.4. Ileperpy3ka __contains__

B o6sacTu WTepaluil KJacCchl peaju3yloT OIllepaluio IPOBEPKHU
YJIeHCTBA in B BUZie UTepalluU C IpUMeHeHUeM MeTOJOB __iter__ wiu
__getitem__. Ho a1 moagep:kku 6osee cnenndriecKol onepanuy mpo-
BEPKU WIEHCTBA IIpelyCMOTPeH MeTo/, __contains__. Eciiu oH mpucyT-
CTBYeT B KJIacce, TO eMy BCerZia OTaeTcs IpeAlouTeHe epe/ paccMo-
TPEHHBIMU paHee MeTOJaMU:

class TestContains:
def init_ (self, value):
self.data = value

def _ contains__ (self, x):
return x in self.data
if __name__ == "'__main__
X = TestContains([1, 2, 3, 4, 5])
print(3 in X) # True
print(10 in X) # False
print('d' in X) # False

5.11.5. Ileperpyska __getattr__ u __setattr__

Knaccet Python nmeroT BO3MOXKHOCTD IlepeXBaThIBaTh OOpalleHue
K ux atpubyram. Hampumep, and o6bekTa X, ABAAIONUIETOCH DK3€M-
IJIIPOM KJIacca, MOXKET OBITh peasim30BaHa CIeAyIONas omeparus —
X.ampubym, KOTOpas y4acTByeT B KOHTEKCTaX CChUIKH, IPUCBAUBaHUA
U yaJeHu.

MeTtoz __getattr  mepexBaTHIBAET 06paIueHI/Ie K HeCyllleCTBYIOIe-
My aTpUOyTy Kjacca, TO eCTb OH He BBI3BIBAETCA B TeX CAy4asx, KOr-
na Python MmoxkeT HaiiTu aTpubyT ¢ IpUMeHeHUeM IpolLeAypsl oucKa
B /lepeBe Hac/ieZoBaHusA. JJaHHBIA MeToZ yA0OeH B Ka4eCcTBe TIPUBSI3KY,
KoTopasi obeclieurnBaeT pearnpoBaHue Ha 3alpOChl aTpUOYTOB B 0600-
IIeHHON MaHepe U UCIIOJIb3yeTCs MPU JAeJleripoBaHUU BHI30OBOB BJIO-
’KEHHBIM 00BbEKTaM U3 IIPOMEXKYTOYHOTO 00BbeKTa KOHTpoiepa. Kpome
TOTO, OH MOXXET MIPUMEHATHCA JIA aZlaNTalluy KIacCoB K UHTepdeTicy.

167



Eciu meToz __setattr _ ompeziesieH Wi yHac/lIe4OBaH, TOTZa OH BCer-
na OyzeT mepexBaThIBaTh Bce OOpalleHUus K aTpudbyTy self.ampubym =
3HaueHue. OH TTO3BOJIAET KJIACCy BBITIOJHATH JKeJaeMble TPOBEPKU J0-
CTOBEPHOCTU WU mpeobpa3oBaHusd. [Ipyu ero MCIOIb30BAHUN HYXKHO
OBITH TIpe/leTbHO BHUMAaTENbHBIM, TaK Kak Jtoboe IprucBauBaHUe aTpU-
OyTy kyacca B cTuie self.ampubym = 3HaueHUe BHYTPU METO/a CHOBA
BBI30BET €TI0 M TEM CAMBIM CTAaHET MPUYNHON OECKOHEYHOU PEeKYyPCHH,
KOTOpasi OCTAaHOBUTCS IOCJIe€ TeHepalluU HCKJIIOUEeHUs, CBI3aHHOTO
C TIeperoHeHUeM cTeKa. M36eXaTh TaKOTo MOBeAeHU MOXKHO UCITOJIb-
3ys MIpUCBauBaHUA 3HAUeHUN aTpubyTaM 3K3eMIUIApa B BUle MMPHCBa-
VMBaHUM KJItoYaM cioBapsi arpubyToB. To ecTb BHYTPHU JaHHOTO MeTOZa
BMECTO 3amucH self.ampubym = 3HaueHue HeOOXOAMMO HCITOTb30BATh
self.__dict__["ampubym"] = 3naueHue.

3anomHuTe: MeTof __setattr__ 6e3 MCKNOYEeHUI NepexBaTbiBaeT BCe

NPVYCBaNBaHWA 3HaUYeHNn aTpubyTam!

Huxe npuBezeH nmpuMep mneperpysku MeToAoB __getattr__ u __
setattr__:

class TestAttribute:
def init_ (self, name):
self.name = name

def _ getattr__ (self, item):
print("in _ getattr__ ")
if item == "age":
self. dict_ [item] = 3
return self. dict [item]
else:
raise AttributeError(item)

def _ setattr__ (self, key, value):
print(f"in _ setattr_, key = {key},
f" value = {value}")

if key == "age":

self._dict_ [key] = value + 1
elif key == "name":

self. dict__ [key] = value
else:

raise AttributeError(value + "not allowed")
if _ name__ == "_ main__ ":
my_test = TestAttribute("Alex")
print(my_test.name) # Alex
print(my_test.age) # in __getattr__, 3
print(my_test.age) # 3
#print(my_test.country)
# in __getattr__, AttributeError: country
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my_test.name = "Jon

# in __setattr__, key = name, value = Jon
my_test.age = 10

# in __setattr__, key = age, value = 10
print(my_test.name) # Jon
print(my_test.age) # 11
my_test.country = "Germany"

# AttributeError: Germanynot allowed

TakuMm o6pa3om, UCTIONB3ysA METO/, __Setattr__, MOXKHO peajn30BaTh
MeXaHM3M, KOTOPBIU MO3BOJIAET KaXKJOMY IIPOU3BOAHOMY KJIacCy UMETh
COOCTBEHHBIN CITMCOK 3aKPBIThIX UMEH, KOTOPHIM 3K3eMIUISIPhI HE MOTYT
MIpUCBavBaTh 3HAUYEHUA:

class PrivateExc(Exception): pass

class PrivatAttribute:
def _ setattr__ (self, key, value):
print(f"check key = {key}, value = {value}")
if key in self.privates:
raise PrivateExc(key, self)
else:
self. dict_ [key] = value

class FirstTestAttribute(PrivatAttribute):
privates = ["name", "city"]

class SecondTestAttribute(PrivatAttribute):
privates = ["age"]

def init  (self, name):
self.name = name

if _name__ == "__main__":
first_test = FirstTestAttribute()
second _test = SecondTestAttribute("Alex")

# check key = name, value = Alex
second_test.city = "SPb"

# check key = city, value = SPb

first_test.country = "Germany"
# check key = country, value = Germany
#first_test.name = "Jon"

# check key = name, value = Jon
""" __main__.PrivateExc: ('name', <_ _main__.FirstTestAttribute
object at 0x0000024C8DC67048>)

second_test.age = 20 # check key = age, value = 20
__main__.PrivateExc: ('age', <__main__.SecondTestAttribute
object at 0x000001F8A49B7088>) "'’

5.11.6. Ileperpyska __repr__ u __str__

Ecnu y kjacca meperpyeHbl cpa3y JBa 3THUX MeToZa, TO Me-
TOZ __Str__ OyZeT BBI3BIBATHCS IEPBBIM IIPH Iepejade dK3eMILIsIpa
KJacca B pyHKIMIO print WK IIpU ero IpuBeieHUH K CTPOKOBOMY TUITY
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JIAHHBIX ITOCPEACTBOM BCTPOEHHOI QYHKIUM Str. MeToxa _ repr__ Wc-
TI0JIb3yeTCsI BO BCEX OCTATbHBIX KOHTEKCTaX U Ja’Ke B TOM C/Iy4yae, Koraa
METOZ, __Str__ OTCYTCTBYeT. DTU METO/bI JO/DKHBI BO3BpaIlaTh CTPOKY,
KOTOPYIO MOXXHO OBUIO OB IIPUMEHSTD JJIsI BOCCO3AaHUsA 0ObeKTa MUIn
JUIsA IeTaJIbHOTO 0TOOpakKeHs 3HaYeHUI aTprOyTOB SK3eMILIsIpa KjIacca
IIpY OT/IaIKE.

Be3 meperpysku 3TUX MeTO/IOB CTaHJAapTHOE OTOOpa)keHUe He IIPU-
HOCHUT 0CcO0O0Ii IT0JIb3HI:

class Number:
def init_ (self, val):
self.value = val

def _ sub_ (self, other):
return self.value - other

if  name_ == "_ main_ ":
number = Number(10)
print(number)

# <__main__.Number object at 0x000001B5DBF76748>

Coracurech, XOTeJIOCh Obl YBUZETh 3HAUYEHUE, KOTOPOE XPAaHUT 00'b-
€KT, a He TO, YTO MOJIYYWIU B UTOTE. [l 3TOU 1IeJIM U UCIOIb3YETCs I1e-
perpyska MeTOZOB __repr__ u __str__. [IpuBezgeM npumep c __repr__:

class NewNumber(Number):
def _ repr__(self):
return f'{self.value}’

if _name__ == "__main__":
newNumber = NewNumber(15)
print(newNumber) # 15
newNumber = newNumber - 3
print(newNumber) # 12

5.11.7. Ileperpy3ka __call__

Mertoz __call__ BBI3bIBaeTCs KaXK/bIM pa3 MPU BBI30BE dK3eMIUISIpa
KJIacca, B KOTOPOM OH ObUT eperpykeH. Python BBITIO/NHSIET €T0 /I BbI-
pakeHWH BbI3oBa GYHKITUH, MPUMEHAEMBIX K K3eMIUISIPY Kacca, epe-
JlaBasi eMy JIF0Oble TIO3UI[MOHHbBIE WIN KJII0YeBble apryMeHTHhI, KOTOPhIE
OBLTH OTIIPABJIEHBI:

class CallTest:
def _ call_(self, *args, **kwargs):
print("__call ")
print(f"args = {args} \nkwargs = {kwargs}")

if  name_ == "_ main_ ":
test = CallTest()
test(10, '0Oo', 32.1)
# _ call _
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# args = (10, '0Oo', 32.1)
# kwargs = {}

test(10, 'Oo', 32.1, a=2, b="-_-")
# _ call
# args = (10, '0Oo0', 32.1)
# kwargs = {'a': 2, 'b': '-_-"}

[Tpu aTom meToz __call__ moazep:kxuBaeT Bce peXXUMBI Ilepejladul ap-
TyMEHTOB (cM. TeMy 3):

class CallTest2:
def call (self, a, b, c=3):
print("__call ")
print(f"a = {a}, b = {b}, c = {c}")

if _name__ == "_main__":
test2 = CallTest2()
test2(4, '~ ~)#a=4,b="2",¢c=3
test2(b=4, c=45.3, a='~ ")

#a=""b=4,c=45.3
test2(8)

# TypeError: __call__ () missing 1

# required positional argument: 'b’

Takoil mepexBaT BBIPAKEHUU BBI3OBOB IT03BOJIET 3K3eMILIApaM
KJlacca SMYJIMPOBATh BHEIIHWM BH/J, U MOBeJEeHNE CYLIHOCTEU BpoJe
byHKIMN, UCTIO/B3YS MX B Ka4eCTBe apryMeHTOB JJiA pa3aiudHbix API
Wiy 6M6INOTEK, KOTOPhIe OXKUAAIOT Ha BXOZ QYHKLUIO. A /I COKPBITHUSA
nHbOpMAaIUM O COCTOSTHUHU WU HacJaeJOBaHUU UCIIOIb3yeTCs Ieperpys-
Ka metoza _ call :

class Persone:
def __init__ (self, name="Ivan"):
self.name = name

def _ call (self, profession):
print(f"{self.name} is a {profession}")

class ProfessionName:
def __init__ (self, persone, prof="unemployed"):
self.persone = persone
self.profession = prof

def _ setattr_ (self, key, value):
self. dict_[key] = value
if key == "profession":
self.persone(self. dict_ [key])
if  name_ == "_ main_ ":
persone = Persone("Alex")
prof = ProfessionName(persone)
# Alex is a unemployed
prof.profession = "doctor" # Alex is a doctor
prof.profession = "student" # Alex is a student
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5.11.8. Ileperpyska MeTOL0OB CpaBHEHUSH

Kiaccel MoOryT meperpy»arThb BCe IIeCTb Olepalyii CpaBHEHUA: <, >,
<=, >=, == u | =. Huxe npuseseH NpuMep neperpy3ku ornepaTopos
CpaBHEHUIA:

class Number:
def init_ (self, val):
self.value = val

def 1t (self, other):
return self.value < other

def gt (self, other):
return self.value > other

def __le_ (self, other):
return self.value <= other

def __ge (self, other):
return self.value >= other

def _eq_ (self, other):
return self.value == other

def _ne_ (self, other):
return self.value != other

if _name__ == "_main__ ":

first = Number(10)

second = Number(11)

print(first < second) # True

print(first > second) # False

print(first <= second) # True

print(first >= second) # False

print(first == second) # False

print(first != second) # True

5.11.9.Ileperpy3ka _ len__u _ bool__

Kaxxzpiii 00beKT B Python MoKeT ABIATHCSI UCTUHHBIM WUIH JIOJKHBIM.
OTO 03HAYaeT, YTO OOBEKTHI, Y KOTOPHIX Ieperpy:KeHbl WIN peajlru30oBa-
HbI MeTozbl __len_ wiau __bool__, moryt Bo3Bpamiarh 3HaueHus True
wiu False sk3eMIuiapa kjiacca I1o 3ampocy.

Python cHavana mpobyeT mosyIuTh Oy/eBO 3HaUY€HUE C ITOMOIIBIO
MeTozia __bool__, B mHOM ciTyyae OH ZieJlaeT 3TO MOCPEACTBOM METO/a
__len__, npITasgck BeIBECTH 3HAYEHWE MCTUHHOCTU U3 JJIMHBI 0OBEKTA.

class MyTruth:
def _ bool (self):
return True

class MyTruth2:
def __len_ (self):
return 0

172



class MyTruth3:
def _ bool (self):
return True

def len_ (self):
return O

if _name__ == "_main__ ":
my truth = MyTruth()
if my_truth: print("True") # True
my_truth2 = MyTruth2()
if not my_truth2: print("True") # True
my _truth3 = MyTruth3()
if my_truth3: print("True") # True

Eciu HU OfUH U3 3TUX METOZOB He oIpe/iesieH, 00beKT Bo3BpalliaeT
HUCTUHY:

class TestTruth:

if  name__ == "_ main__ ":
test = TestTruth()
print(bool(test)) # True

5.11.10. lekopaTop @property Wi CBONCTBa

BmecTo geckpunTopoB __get__, __set__ u __delete__, KoTOpBIE
IIpe/iyIaraloT CBOU CITocob repexBaTa IoCcTyIla K aTpubyTaM, pacCMOTPUM
HCIIO/Ib30BaHUe BCTPOeHHON QYHKIIUM property (cBolicTBa) B BUZeE Ze-
koparopa. OHa IpeACTaBIsAeT COOOM YIPOIIEHHBINH CIIOCO0 CO3MaHUsA
0cob0oro THIIa IeCKPUIITOPA, KOTOPBIH 3aIyckaeT GyHKIIMHA METO/OB TP
JIOCTYTIE K aTpHUOYTY, a TaKKe TTO3BOJIAET BHIYUCIATh WM U3MEHSITD ITPU-
CBavBaeMble 3HaUYEeHUA «Ha XOAY»:

class Persone:
def __init_ (self, name="Alex", age=22):
self._ persone_name = name
self. persone_age = age

@property
def name(self):

print("get name", end=' ")
return self._ persone_name

@property

def age(self):
print("get age", end="' ")
return self._persone_age

@name.setter

def name(self, new_name):
print(f"set new name - {new_name}")
self. persone_name = new_name
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@age.setter

def age(self, new_age):
self._ persone_age = new_age + 1
print(f"set new age - {new_agel}")

if _name__ == "__main__":
my_persone = Persone()
print(my_persone.name) # get name Alex
print(my_persone.age) # get age 22
my _persone.name = "Maxim" # set new name - Maxim
my_persone.age = 10 # set new age - 11
my_persone.name = 20 # set new name - 21

Ecnu He 106aBUTH OZIMH U3 JIEKOPUPOBAHHBIX METO/OB /IJIl YCTAHOB-
KU Bo3pacTta, To Python npwu mombITKe MPUCBOUTH JAHHOMY aTpUOYTY
HOBOe 3HaueHue BblZacT omuoOKy: AttributeError: can't set attribute.

[71aBHOE NMpeuMylecTBO MCIOJIb30BAaHUA CBOMCTB 3aKJIOYaeTcsd
B TOM, YTO B XOZie pa3pabOTKH MOTYT HCIIOJb30BaThCA OOBIUHBIE TIEpe-
MeHHBIE DK3eMIUIIPOB, KOTOPhIe 3aTeM OyAyT JIETKO Mpeobpa3oBaHbI
B CBOMCTBA TaM, I7le 9TO MOHAaA00uTCsA, 6e3 U3MeHEeHUsA KIUEeHTCKOTO
KoZia U criocoba obpalieHusa K aTpubyTaM sK3eMIUIApa KJiacca.

5.12. BnoxeHHble Knaccbl U NPOCTPAHCTBO UMEH

HecMoTpst Ha TO, YTO KJIACCHI OOBIYHO OIpeEeNAIOTCA Ha BepXHEM
yPOBHE MOZYJIs, MHOT/]A UX BKJIQZBIBAIOT B reHepUpyloliye ux GyHKIUU
(abpuuHBIil MeTOZ) C TOX0XXKMMU POJIIMU COXPAaHEHUA COCTOSAHUSA, KaK
¥ B CIy4yae C 3aMbIKaHUAMU y GyHKIMA. Cam 1Mo cebe omepatop class
BBOJIUT HOBYIO JIOKAJbHYIO 00JIaCTH BUAUMOCTH TI0ZJ00HO omepaTopam
def dyukuuii u ciexyet nmpasury LEGB.

[Tocse BBITIOTHEHUS oreparopa class, Kak U B ciiydyae C MOJYJ/ISIMH,
JIOKasibHasA 06J1aCTh BUAMMOCTHU KJIacca MpeBpaniaeTcs B MPOCTPAHCTBO
“MeH aTpubyTOB. DTO MO3BOJIAET KJIacCy UMETh JOCTYN K 00JacTaM
BUZUMOCTU 0O6beMITIoINX QYHKIMM, HO IPU 3TOM caMu oObeMIIIole
bYHKIIUM He IEUCTBYIOT B KayecTBe 00beMITIONIEN 00IacTH BUANMOCTHU
JUUI KoJZla, BJIOXKEHHOTO BHYTPh Kiacca. C 3TUM cBsi3aHO To, 4To Python
UIeT UMeHa, Ha KOTOphble IIPOU3BeZieHa CChLIKA, B 00beMITIOMUX GyHK-
I[UAX, HO HUKOI/Ia He BBIMIOJIHAET UX TIOUCK B 00beMITIOIINX Kjlaccax.

To ecTh Kyacc ABAAETCA JIOKATBHOU 00J1aCThI0 BUAMMOCTHU, KOTO-
pas UMeeT JOCTYI K 0O'beMITIONIUM JIOKAJIbHBIM 00JIacTsIM BUAUMOCTH,
HO B TO K€ caMOe BpeMs He CIIYKUT 00'beMITIoIIel TIOKaIbHOM 001aCThIO
BUIUMOCTH /JI JaJIbHEHNIIIEro BI0KEHHOI'O Ko/a:

TestVal = 5

def test_function():
print(TestVal) # 5
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class NestedClass:
print(TestVal) # 5

def first_method(self):
print(Testval) # 5

def second _method(self):

TestVal = 3 # ckpbiBaeT rnobanbHoe wumA
print(Testval) # 3

my class = NestedClass()
my_class.first_method()
my class.second _method()

if _name__ == "__main__":
print(TestVal) # 5
test_function()

Tereps mompobyemM M3MEHUTH 3HadYeHHe X B Tejie 0O0BbeMITIONeN
byHKIMY cpasy rociie ee 0ObSABIEHUA:

TestVal = 5

def test function():

TestVal = 1 # ckpbiBaeT rnobanbHoe umA
print(Testval) # 1

class NestedClass:
print(TestVal) # 1

def first_method(self):
print(TestVval) # 1

def second method(self):
Testval = 3
# ckpbiBaeT uMsA U3 obbemniwein GyHKUUU
print(TestVal) # 3

my_class = NestedClass()
my class.first _method()
my class.second_method()

if  name_ == "_ main_ ":
print(TestVal) # 5
test_function()

OcraeTca elle pacCMOTPEThb CIydau, KOrZa U3MeHSAEeTCA 3HaueHue
X B Tese BnoxxkeHHoro kiacca NestedClass cpa3sy mocie ero o6bsiBIeHUS:

Testval = 5
def test_function():
TestVal = 1 # ckpbiBaeT rnobanbHoe ums

print(TestVal) # 1
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class NestedClass:
Testval = 4
# ckpbiBaeT uMA M3 obbemnwwen GyHKUUK
print(TestVval) # 4

def first_method(self):
print(Testval) # 1
print(self.TestVal) # 4

def second_method(self):
TestVal = 3
# CkpbiBaeT uMs M3 obbemntwein obnacTv BMAMMOCTM, A He KJacca
print(TestVal) # 3
self.Testval = 9
print(self.TestVal) # 9

my class = NestedClass()
my class.first _method()
my_class.second_method()

if _name__ == "__main__":
print(TestVal) # 5
test_function()

OCHOBHOE ITPaBUJIO, KOTOPOE CJIelyeT 3alIOMHUTD M3 PACCMOTPEHHBIX
IIPUMEPOB — IOMCK MPOCTBIX UMeH Bpoje TestVal HUKOTAA HE TPO-
U3BOJAMTCA BO BKJIIOYAIOIHMX OmepaTopax class, a TOJILKO B oIleparo-
pax def, MOAY/ISIX U BCTPOEHHO 0071aCTU BUHUMOCTH.

5.13. Mepeuncnenus (Enum)

[Tepeuncienre — HabOp CUMBOJIBHBIX UM€eH (WIEHOB), IIPUBSI3aHHBIX
K YHUKaJbHBIM ITIOCTOSTHHBIM 3HaUeHUAM. Tak kak Python He noggepxu-
BaeT CIEeUaIbHOTO CUHTAaKCHCca s paboThl C ITepPEeYUCTIeHUIMHU, He-
06X0IUMO MCIIOJIb30BaTh ero 6ubANOoTeYHbIN MoAyab enum [40]. OToT
MOZYJIb OIpeZieIAeT YeThIpe Kjacca IepedyncieHU:

1) xiacc enum.Enum — 6a30BbIif KJIacc A1 CO3/IaHUS TEPEUMCIIS-
€MBbIX KOHCTAHT;

2) kznacc enum.IntEnum — 6a30BbIi KJ1acc AJI CO3JaHUs ITePEYHC-
JiAeMbIX KOHCTaHT, KOTOPbIe TaKKe ABJISAIOTCA MOJKIaccaMu int;

3) kinacc enum.IntFlag — 6a30BbIN KJIacc AJIs1 CO3ZIaHUSA TTEPEYNC-
JITEMBIX KOHCTAHT, KOTOPble MOKHO KOMOMHHPOBATD C TIOMOIIIbIO TOOU-
TOBBIX OTIEPATOPOB 6€3 MOTEPU UX WIEHCTBA B IepeuncaeHuu. YieHbl
IntFlag Taxxe AB/ISIOTCA MOAKIAacCaMH int;

4) knacc enum.Flag — 6a30BbIi KJ1acc A1 CO3ZIaHUs Tepevrcse-
MBIX KOHCTAHT, KOTOPble MOKHO KOMOWHHPOBATh, UCIIOIb3Ys ITOOUTO-
Bble Ollepalluy, He Tepss YIeHCTBA B IIePeUYnCIeHUN.

176



[ToMuMO KJIacCOB IepedyucIeHUN MOAY/b OmIpezesseT JeKOpaTop
unique() ¥ oAMH MOMOIIHUK auto. /lekopaTop obecrieunBaeT MPUBI3KY
TOJIbKO OZIHOTO MMEHH K KaKOMY-TH0O OZHOMY 3Ha4eHMI0. [TOMOITHUK
3aMeHsIeT 3K3eMIUIAPEI COOTBETCTBYIONIUMHU 3HAYEHUSAMM JJIST YJI€HOB
Enum. HavyasbHoe 3HaueHUe HaYnHaeTcsd ¢ 1.

Co3zaTh MepevyrcaeHre MOXKHO CJIEAYIOIIUM CIIOCOO0OM:

from enum import Enum

class Color(Enum):

BLACK = ©
WHITE = 1
RED = 2
BLUE = 3
if __name__ == "__main__":

print(Color.BLACK) # Color.BLACK
print(Color.BLACK.name) # BLACK
print(Color.BLACK.value) # ©

[To mepevncaeHUsAM MOXKHO UTEPHUPOBATHCA B MOPSIAKE ONPEETEHUS
UX aTpUOyTOB:

for it in Color:
print(it)
# Color.BLACK
# Color.WHITE
# Color.RED
# Color.BLUE

B ciyuae gy6svpoBaHus UMeHH aTpubyTa repevnciaenus Python co-
o0wmuT 06 omuobke:

class TestEnum(Enum):
ONE = @
ONE =1
# TypeError: Attempted to reuse key: 'ONE'

OaHako HaZIo OBITH BHUMATENbHBIM IIPU IIPHCBAaBaHWY 3HAYEHUU
atpubyram nepeurciaeHus. Tak, eciv 3Ha4eHUA AOKHBI ObITh HEITOBTO-
psAEMBIMU, TO IPUBEAEHHBIN HUKE KO/, MOXKET IIPU €ro UCI0Jb30BaHUU
BBI3BATh psiJl MpobieM:

class TestNewEnum(Enum):

ZERO = 0
ONE =1
TWO = ©
if  name_ == "_ main_ ":

print(TestNewEnum.ZERO.value) # ©
print(TestNewEnum.ONE.value) # 1
print(TestNewEnum.TWO.value) # ©
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YroOBbl HAWTHU 3Ty OMMOKY Ha 3Tare KOMITWIAIUN, HeOOXOANMO HC-
II0JIb30BaTh ZIEKOpaTop unique:

from enum import Enum, unique

@unique

class TestNewEnum(Enum):
ZERO = 0
ONE =1
TWO = @

# ValueError: duplicate values found in <enum 'TestNewEnum'>:
# TWO -> ZERO

JINOO KCII0JIb30BaTh TIOMOIITHUK auto:

from enum import Enum, auto

class TestNewEnum(Enum):
ZERO = auto()
ONE = auto()
TWO = auto()

if  name_ == "_ main_ ":
for it in TestNewEnum:
print(repr(it))
# <TestNewEnum.ZERO: 1>
# <TestNewEnum.ONE: 2>
# <TestNewEnum.TWO: 3>

Ecin MMEpEeYnCII€EHNE NMEET y2Ke OIMMCAaHHbIC anI/I6YTI:>I, TO OHO HE MO-
KE€T BBICTYIIATh B KaQ4€CTBE 6a30BOro Kjacca IIpy HacJieJOBAHWHN:

from enum import Enum

class Color(Enum):
BLACK = ©
WHITE = 1

class NewColor(Color):
GREEN = 99
# TypeError: Cannot extend enumerations

Jlna ucronb3oBaHus kiaacca Color B kadecTBe 6a30BOr0 MOKHO pas-
JIeJIUTh HEKOTOpoe obliee MOBeeHUE MEX/IY HUM U €ro MPOU3BOAHBIM
KJIaCCOM:

from enum import Enum

class Color(Enum):
def magic(self):

class NewColor(Color):

BLACK = ©
WHITE = 1
GREEN = 99
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Elle oauH crmocob co3maHus IepedrncyieHrss — COo3/[aHre dK3eMIUIIpa
kinacca Enum:

myColor = Enum('MyColor', 'BLACK WHITE RED BLUE')
for it in myColor:
print(repr(it))
# <MyColor.BLACK: 1>
# <MyColor.WHITE: 2>
# <MyColor.RED: 3>
# <MyColor.BLUE: 4>

CpaBHUBATh WIEHBI ITIepPeYNCIEHUSA MOXKHO CJIeyIoIIUM 0Opa3oM:

print(myColor.BLACK is myColor.BLACK) # True
print(myColor.BLACK is myColor.WHITE) # False
print(myColor.BLACK is not myColor.WHITE) # True
print(myColor.BLACK myColor.BLACK) # True
print(myColor.BLACK myColor.WHITE) # True
print(myColor.BLACK myColor .WHITE) # False
print(myColor.BLACK == 1) # False

[l cpaBHEHUs MMOCPEACTBOM ollepaluii: >, >= < U T. [. HeobXo-
JIYIMO I KJlacca IeperpykaTh paccMaTpyUBaeMble paHee METObI CPaB-
HEeHU.

Ellle BaXKHO 3alIOMHUTD, YTO WIEHBI ITIepeYNCIeHUS XIUTUPyeMble, I0-
3TOMY MX MOXKHO HCITOJIb30BaTh B CJIOBAPSAX X MHOXKECTBAX.

5.13.1. IntEnum

Ynensl IntEnum MOXHO CPaBHUTH C LIEJBIMU YUCIaMU, a TaKXe Lie-
JIOYUCJIEHHBbIE TIePEYUC/IeHUA PAa3HbIX TUIIOB MOXXHO CPaBHUBATh APYT

C IPyTOM:
from enum import IntEnum
class FirstEnum(IntEnum):
GO =1
STOP = 2

class SecondEnum(IntEnum):

TURN = 1
DOWN = 2

if  name_ == "_ main_ ":
print(FirstEnum == 1) # False
print(FirstEnum.GO == 1) # True

print(FirstEnum.GO == SecondEnum.TURN) # True

OpHako UX Helb3d CPaBHUBAThH CO CTAHAAPTHBIMU EePEUYUCTIEHUAMU
Enum:

from enum import IntEnum, Enum
class SecondEnum(IntEnum):
TURN = 1
DOWN = 2
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class Color(Enum):
RED =1
BLACK = 2

if  name_ == "_ main_ ":
print(Color.RED == SecondEnum.TURN) # Flase

5.13.2. IntFlag

Texyuiuii BapuanT Enum, Kak 1 mpeAbIAyIIMi, OCHOBAH Ha int. Pas-
JIUYYE COCTOUT B TOM, UTO WwieHHI IntFlag MoryT 6bITh 06'beTUHEHBI C HC-
TI0JIb30BaHUEM TOOUTOBBIX OMepaTopoB (&, |, ™, ~):

from enum import IntFlag

class TestFlag(IntFlag):

A=1
B =2
C=3
D =4
if _name__ == "__main__":

print(repr(TestFlag.A | TestFlag.B))
# <TestFlag.C: 3>

RW = TestFlag.A | TestFlag.D

print(repr(RW)) # <TestFlag.D|A: 5>

print(TestFlag.A in RW) # True

print(repr(TestFlag.D & TestFlag.C))
# <TestFlag.o0: o>

print(repr(TestFlag.D ~ TestFlag.C))
# <TestFlag.D|C|B|A: 7>

Jlpyroe BakHoe pasnuuve Mmexay IntFlag m Enum 3akitiodaeTcs
B TOM, 4TO ecju ¢Jard He yCTaHOBJeHbI (3HayeHue paBHO 0), mpuBe-
JeHue sk3eMIuiapa kiacca IntFlag k moruueckomy tuny BepHert False:

print(bool(TestFlag.D & TestFlag.C)) # False

[Tockonbky uneHbl IntFlag Takke sABIAIOTCA MOAKJIaccaMu int,
HX MOXXHO KOMOUHUPOBAThH C HUMM:

print(repr(TestFlag.D ~ 12)) # <TestFlag.8: 8>
print(repr(TestFlag.A | 6)) # <TestFlag.D|C|B|A: 7>

5.13.3. Flag

Kak u IntFlag, wiens Flag MoXXHO KOMOMHUPOBATH C TIOMOIIBIO TTO-
6uTOBBLIX omepaTopoB (&, |, ™, ~), HO B oTimyue oT IntFlag, wieHb
He MOTYT HU KOMOMHUPOBATHCSA, HA CPAaBHUBATHCSA HU C APYTUMU TIEpe-
yucnenuamu Flag, vu c int.
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B cirygae paboter ¢ Flag pekomeHyeTcs UCITOIb30BaTh auto A IpU-
CBOEHUS 3HAYeHUs, a He Ha3HAa4yaTb €ro BPYJIHYIO:

from enum import Flag, auto

class BoolFlag(Flag):

A = auto()
B = auto()
C = auto()
D = auto()
if __name__ == "__main__":

print(repr(BoolFlag.A | BoolFlag.B))
# <BoolFlag.B|A: 3>

print(repr(BoolFlag.D & BoolFlag.C))
# <BoolFlag.0: o>

print(repr(BoolFlag.D ~ BoolFlag.C))
# <BoolFlag.D|C: 12>

OTtaenbHble (uiaru JO/KHBI UMETh 3HAYEHUS cTerneHen apoku (1, 2,
4, 8,...), B TO BpeMs KaKk KoMObuHaruu ¢aroB — Her:

from enum import Flag, auto

class NewBoolFlag(Flag):
A = auto()
B = auto()
C = auto()
D = auto()
E = (A|B|C)"D

if _name__ == "_main__ ":
print(repr(NewBoolFlag.E)) # <NewBoolFlag.E: 15>

5.13.4. PacuinpeHHbIe BO3MOKHOCTHU IIepedyucJIeHUun

Tak kak nepeuncieHys peaanusyroTcsa I0CPeCTBOM KJIACCOB, UX MOXK-
HO PacIIUPATh COOCTBEHHBIMU METOAAMU WIN aTpUOyTamu:

from enum import Enum

class Color(Enum):

BLACK = ©
WHITE = 1
RED = 2
BLUE = 3

class CarBrand(Enum):

LADA = ©
FORD = 1
KAMAZ = 2

class Car(Enum):
MY_WORK_CAR = ("e@@6xx127", Color.BLUE,
CarBrand.KAMAZ)

181



MY HOME_CAR = ("H126yx172", Color.WHITE,
CarBrand.LADA)
MY_WIFE_CAR = ("H125yx@01", Color.BLACK,

CarBrand.FORD)

def init_ (self, number, color, brand):
self.number = number
self.color = color
self.brand = brand

if _ name_ == "_ main__ ":
for it in Car:
print(repr(it))

<Car.MY_WORK_CAR: ('e@06xx127', <Color.BLUE: 3>, <CarBrand.
KAMAZ: 2>)>
<Car.MY_HOME_CAR: ('H126yx172', <Color.WHITE: 1>, <CarBrand.
LADA: ©>)>
<Car.MY_WIFE_CAR: ('H125yxe01', <Color.BLACK: ©>, <CarBrand.
FORD: 1>)>

print(Car.MY_HOME_CAR.number) # H126yx172
print(Car.MY_HOME_CAR.brand.name) # LADA
print(Car.MY_HOME_CAR.brand.value) # ©
print(Car.MY_HOME_CAR.color.name) # WHITE
print(Car.MY_HOME CAR.color.value) # 1
print(Car.MY_WORK_CAR.color is Color.BLUE)
# True
print(Car.MY_WORK_CAR.color is Color.RED)
# False

Takoe moBeieHNE TIEPEYNCTIEHUN OIU3KO T10 AYXY K TOMY, YTO UMEET-
cA B A3bIKe IPOrpaMMUPOBaHusA Java.

Pe3lome

B TekyIem pasziesie 6T PACCMOTPEHBI KJIACCHI U CTEIeHD TOAAePK-
ku npuHIunoB OOII s3sikoM porpamMMupoBanus Python. ®akTudecku
ompezieieHHe Kjacca PaBHOCHUIBHO CO3/IaHUIO HOBOTO TUIIA JAHHBIX.

OTzAenbHO CTOUT BBIZIGTUTH TOT (AKT, YTO y KJIACCOB HET KOHCTPYK-
TOpPa C BO3MOXXHOCTBIO ero neperpysku, Kak B ps/ie APYTUX A3bIKOB IIPO-
rpaMMUpPOBAHUA, a I WHUIUAIU3ANMUNA aTpUOyTOB (IIepeMeHHBIX)
KJlacca MCIIOAb3yeTcs MeTo/, __init__, BI3bIBaeMbIi IIPH CO3ZlaHUU HO-
BOT'0 9K3eMIUIApa Kjacca.

VIHKanCyIsanusa moAepKUBaeTcs YCIoBHO. Ee cobimoieHre IeXUT
MTOJIHOCTHIO HA TUledax pa3paboTyuKa M 3aBUCUT OT TOTO, MPpUepPKHUBa-
eTCs OH comIalleHui /i obecriedeHUA UHKATICYIAIUU B KOJle WIN HeT.

Takoit mapamMeTp KJacca, Kak self, ccbutaeTcss Ha ero TeKyIIUi 9K3eM-
IUISIp U TlepeZiaeTcss B TIEPBOM ITapaMeTpe MeToZoB kiacca. Takke BMe-
CTO HEro MeTo/laM KJjlacca MOXKET Iepe/ilaBaThcsA mapaMeTp cls, KOTOPbIH
ABJIAETCS CChUTKOM Ha KJIacc, a CTaTUYeCKUe MEeTObl MOTYT BhI3bIBAThCA
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6e3 co3zlaHuA SK3eMIUIApa Kjlacca U He Hy»X/jaloTcsA B Ilepeiade UM B Ka-
YyecTBe apryMeHTa napamertpa self.

CiiefyeT 3alIOMHUTD, YTO BCe MeTOABI ki1accoB B Python apiaatoTca
BUPTyaJbHbBIMU. TakuM oOpa3oM, ecli METOZ He IepeolpeesaeTcs
B IIPOU3BO/IHOM KJIAacce U He SIBJIAeTCs IPUBATHBIM /711 6a30BOro Kjacca,
OH OyZIeT OCTYTIeH I BCEX TPOM3BOAHBIX KJIACCOB.

MeTozb! u aTpubyThl (TIepeMeHHbIe) KIAaCCOB MOXXHO OOBSABUTD «yC-
JIOBHO» IIPUBATHBIMU ITyTeM 00aBIeHUSA B HaYaJI0 UX UMEHU BOMHOTO
HIDKHETr0 MTOAYepKUBAHUA. JTO BBI3bIBAET MeXaHU3M HCKaXKeHUs, KOTO-
pBIN TTO-ApyroMy GpOopMUpPYeT Takol aTpuOyT Kjacca, HO He JleJlaeT ero
IIOJTHOCTBIO HEJOCTYITHBIM.

BOI'IpOCbI ANA camonpoBepKu

Kak B Python peanmmu3syroTcsa ocHoBHbIe mpuHIUITEI OOIT?
['me mpolieypa movcka B MepapXxuy Hacae0BaHUS UIIET aTPUOYTHI?
B yeM omIM4Me MeXAy 0OOBEKTOM Kjlacca U 0ObEKTOM dK3eMILIApA?
[ToyeMy mepBBIN apryMeHT B GYHKIIUHU MeTOZa KIacca IB/ISIETCS 0COObIM?
KakuM 06pa3oM co3Aat0TCs SK3eMIUISPBI U KIaCChI?
['le ¥ KaK co3aroTcs aTpubyTHI Kiacca?
['71e ¥ KaK CO3ar0TCs aTpUOyTHI SK3eMIUIsIpa’?
Yro self osHavaer B kiacce Python?
KakymM 06pa3oM peasn30oBhIBaTh ITePerpy3Ky onepaluii B kiacce Python?
,ZL;IH yero NpuMeHsAeTca MeToZ __init_ ?

10. Kora MoXKeT MoHaJ0OUThCS MTOAEPKKa IIEPEerpy3KY OIepallyii B Kiaccax?

11. Yto Takoe abCTpaKTHBIN CyIllepKIacc?

12.YTO NpOUCXOAUT, KOTZA IIPOCTOE IIPUCBAaWBaHME MOABJIACTCA Ha BEpXHEM
ypOBHe oreparopa class?

13.Tlouyemy B KJlacCe MOXXET BO3HUKHYTb IMOTPEOHOCTh B PYYHOM BBHI3OBE
MeToza __init__ 6a3oBoro kjacca (cymepkiacca)?

14. Kak MOXHO OTIOJIHUTD YHACIeJOBaHHBIU METO/, He 3aMelliasi ero moJIHO-
CTBIO?

15. Yem JtoKanpHasA 00aCTh BUAMMOCTU KJlacca OTIMYAETCS OT JIOKAJIbHOM
06J1aCTU BUAUMOCTUA QYHKITUU?

16. Kakue fBa MeToza 1ieperpy3Ku orepaliuii MO>XHO UCIIOJIb30BaTh JJIs MOJ-
JEPXKKU UTepaluu B Kjaccax?

17. Kakue Ba MeTO/ia ITeperpy3Ky onepaliuii 00pabaThIBalOT BEIBOZ U B KAKUX
KOHTEKCTax?

18. Kak MO»XKHO IlepexBaThIBaTh Ollepalluy Hape3aHUA B Kjacce?

19. Kak MOXKHO IlepexBaThIBaTh CJI0KEHUE Ha MecTe B KJacce?

20. Korza momkHa mpeZioCcTaBIAThCA Ileperpyska omnepanui?

21.9To Takoe MHOXKeCTBeHHOe HacjeZoBaHue?

22. Kak mpoucxoAuT MOUCK METOZA MPU MHOXKECTBEHHOM HacJe[OBaHUMN?

WRONNT A W=

YnpaxHeHus

1. HanumuTte KJacc, MO3BOSOMMNN chOPMUPOBATh BCe YHUKATbHbBIE TTOJ-
MHOXKeCTBa U3 CIKCKAa LeJbIX Yyrcel, HanpuMmep: [2, 4, 10, 1].
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2. Hanumure kjacc, peanusyrounii Bce apudmMeTryeckue onepanuu HaJ,
ABYMs 3HaYeHUsAMU (a u b).

3. HamwummTe Kjacc, OMUCHIBAIOIINN TaKOW 00bEKT, KaK aBTOMOOWIb. [1po-
ZiyMaiiTe, KaKkie MeTOZBbl U IlepeMeHHbIe OH JJOJKEeH NUMeTh.

4. Hamumure KJacc, OMMCHIBAIOIINN TaKOH OOBEKT, KaK MPSIMOYTOJTbHUK.
[Teperpy3uTe y peajn30BaHHOTO Kjacca MeTO/Jbl cpaBHeHUsA (CpaBHUBATh
TI0 IUIOLIA/IN), TOCIe Yero co3ZlanTe Ba 9K3eMIUIApa Kjacca U IIpoBephTe, Kak
paboTaroT meperpyXeHHbIE METO/BL.

5. HammmmwmTe K1acc, OMMChIBAIOIIUMN TaKOU 0OBEKT, KAK aBTOMOOWIb. Y HETO
MOXKeT OBITh Pa3TUYHOE KOJUYECTBO COCTOSTHUM, peanu3yeMbIX TTOCPeJCTBOM
nepevncieHni. Jlo6aBbTE METO/BI, TIO3BOJIAIOIINE IK3EMIUIAPY Kjlacca MEHATh
CBOe TeKylllee COCTOsiHUEe (HallpuMep: OCTAaHOBKA, ABMKEHUE, IIOBOPOT HAJEBO
UT I.).

6. Hanumwure kjacc, KOTOPBIU MOJCYUTHIBAET TeKyllee KOJUYeCTBO ero
9K3EMIUIIPOB B MPUIOXKEHUU. J[jisT KOPPEKTHOTO OTOOPaKEHUS 3TOrO YUCIIA
meperpysure y kiacca Meto _del_ u HanmummTe HEOOXOAUMYIO JIOTUKY.

7. Hammmwmre 6a30BbIN Kjacc, 3aaroniuii UHTepdec U YacTh XapaKTepH-
CTUK (ecsu HaZ[0) TaKUX 0ObEKTOB, KaK reOMeTpudecKre GUTrypsl, aBBTOMOOWIb
Y MarasuiH, )XKUBOTHOE.

8. Hammummre HECKOJIBKO ITPOU3BOAHBIX KJIACCOB OT 6a30BOT0 Kjacca Ieo-
MeTpudecKkux ¢uryp (Hampumep: MpAMOYTOJbHUK U KBaJpar).

9. HamummTe HECKOJIBKO IMTPOU3BOAHBIX KIACCOB OT 6a30BOr0 Kjacca aBTo-
MoOuel (HampuMep: JIETKOBOM U IPYy30BOM aBTOMOOKIIB).

10. HanumuTe HECKOIBKO IIPOU3BOAHBIX KJIAacCOB OT 6a30BOro Kjacca Mara-
3MHOB (HampuMep: JapeK U cyliepMapKeT).

11. HarmumuTe HECKOJIBKO IIPOU3BOJHBIX KJIACCOB OT 6a30BOTr0 Kjiacca aBTO-
Mobuel (HampuMep: JIOMaAb U TUTP).

12. Hanumure Kjiace, ZOCTYI K aTpubyTaM (llepeMeHHBIM) KOTOPOTro OCy-
IIeCTBJIAETCA C IOMOIIBIO leKopaTtopa @property.

13. HanmumuTe kiacc, XpaHAIUUM 1e10e ynciio. [leperpysuTe y HEro MeTo/bl
apudmerndeckux omepanuii. O6bsIBUTE Ba dK3eMIUIAPA Kjacca M MPOBEPBTE,
KaK paboTaloT meperpy>KeHHbIe METO/bI.

14. Hannmure Kyacc, KOTOPBIN TO3BOJIAET paboTaTh ¢ json-daitioM, ocyIect-
BJISIA €r0 YTeHMe, 3alKCh, J00aBIeHNe, YAaleHe U U3MeHeHe 3HaUYeHUH.

15. HanmuinTe Kjiacc, KOTOPBIM HAXOAUT MPAMOYTOJIBHUK C MaKCUMaJIbHOU
IUIONaAbo U3 crrcka. Cmcok MoxkeTe GOpMHUpPOBATh U3 DK3eMILIAPOB KJIacca,
peasm30BaHHOTO B YIIpaXKHEHUU 4.

16. HammummuTe KJtacc, OCyIIeCTBISIOMMNN ITpeobpa3oBaHUe I1€JI0TO YHUCIa
U3 IeCITUYHOM CUCTEMBI CIMCIEHUS B IBOMYHYIO U HA0OOPOT.

17. HammuiuTe KJace, BEIYUC/ISIONINI HauMeHbIni oomuii geautens (HOZD).
3HaueHusd, yyacTByrowue B novcke HO/l 0/KHBI yCTaHABANBATHCA OTAEIBHBIMU
MEeTOZaMU WY I0CPeZICTBOM JieKopaTopa @property 10 BBI30Ba MeTOZa pacyeTa.

18. Hanmunte kj1acc, BBIYUCAAIONINY KOPHU KBaZ[paTHOTO YpaBHEHU .

19. Hanumute KjIacc, XpaHSIIUN JaHHbIE COTPYAHUKA GUPMBI 1 UMEIOTUMA
METO/], BO3BpAIllaoL[1i XapaKTePUCTUKU TEKYI[ero COTPYHUKA B BUIE CJIOBapA.

20. Hamummte K1acc, IpeACTaBIsIoNUN cOO0M 3aMCHYI0 KHIDKKY. Kaxaprit
3JIeMeHT 3alMCHOU KHIDKKU JOJKEeH cofepkaTh ciaexytouiue mossa: PO, Ho-
Mep TenedoHa, e-mail, IeHb poXKAeHNA. 3anrcHasA KHIDKKA MOXKET COXPAHATHCS
Ha JYCK B BUJe json-daiina, a Takke J0DKHA UMETh METO/ 3arpPy3KU JaHHBIX
u3 ¢aitna.



Tema 6
UCKTIOYEHWA (EXCEPTION)

B pesysbrare M3y4yeHNs MaTepHUaIOB JaHHOW TEMbI 00yJarouIecs JOKHBI:

3Hamo

e KaK yCTpOeH MeXaHU3M HcKitodeHui B Python,

e OCHOBHBIE CIIOCOOBI TeHepaIy ¥ 06pabOTKM UCKITIOUeHUH;

ymemo

e (037aBaTh U reHepUpPOBATh [10JIb30BATENbCKIE UCKIIOUeHMUH,

® 1ICIIOJTb30BATh ONIepaTOPHI try/except/finally v with/as;

enadems

e HaBBIKAMM IlepexBaTa M 06pabOTKU MCKIIOYeHUH, BO3HUKAIOUINX B IIPO-
1fecce pabOTHI IPUIOKEHUH,

® OCHOBHBIMH NPUHIUIIAMU PAOOTHI C UCKITFOUEHUSIMH.

VicktoueHUsA TIO3BOJISIIOT B CIydYae ONIMOKY B BBIYUCIEHUSAX WJIH JIO-
ruKe paboThl TPOTPAMMBI CPa3y Ke IMepelTH K ee 06paboTKe, IPU 3TOM
OTMEHS BCe BBI30BHI PYHKITUM, KOTOPbIE HAYAJIUCh IO TOTO, KaK OBLI
COBepIIeH BXO/ B IaHHBIM 00pabOTUYMK. VX MOXKHO pacCMaTpUBaTh Kak
HEKOTOPHIA CTPYKTYPUPOBAHHBIN «Oe3yC/JOBHBIN Iepexof». Vcxozasa
M3 3TOTO, OTEepaTop try ImpeAcTaBisgeT cob0if HEKOTOPYIO METKY, K KO-
TOPOU IpY reHepaluy UCKJIIoUeHuA NepeleT uHTeprperatop Python,
MIpeKpaTHUB BHITIOJNHEHE JOObIX QYHKINH, BRI3BAHHBIX ITOCTE 00bsIBIIE-
HUA MeTKU (TO ecThb B TeJle oleparopa try).

Takoe moBeseHUEe obOeclieYMBaET COIVIACOBAHHBIN CITOCOO pearupo-
BaHUA Ha HeOOBbIUHBIE COOBITHA B Ipollecce pabOTHl IPOTrpaMMBbI U TIO-
3BOJISIET HE BBOJUTH JOTIOTHUTENbHbBIE TIPOBEPKU Ha KOZABI OTPAOOTKU
BBI3bIBA€MBIX QYHKITUHN.

[TepeunriciM OCHOBHBIE CIIOCOOBI TPUMEHEHUS UCKIIOUEHUA.

1. OO6paboTka ommnboK. Besakuii pas, korza uHtepriperatop Python
oOHapy)XMBaeT OMMOKY B MPOIeCCE BHITIOTHEHUS TPOTPAMMBI, OH TeHe-
pUpYyeT UCKJIoueHue. Y TI0Jb30BaTeNs UMeeTCsI BO3MOXKHOCTD IepexBa-
TUTh U 00paboTaTh 3TO UCKIIOYEeHUE, MO0 MTPOUTHOPUPOBATh. B 10-
cyle[HEM CJydae MHTEPIPETATOP OCTAHOBUT BHITIOJTHEHME TTPOTPAMMBI
U BBIBE/IET COOTBETCTBYIOIIee co0bIIeHre 00 onrbKe.

2. ¥YBegomiieHHE O COOBITHUAX. B 3TOM ciiyyae HUCKJIIOUEHUS HC-
MOJIB3YIOTCA BMECTO BO3BpalllaeMbIX Pe3yJbTUPYIOUIUX KOAOB, HaIPU-
Mep, v GYHKIIUH, 94TO M36aBysieT OT HEOOXOAUMOCTH BBOAUTH JOTIOJTHU-
TeJIbHbIE TPOBEPKHU.
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3. O6paboTka 0coObIX ciaydaeB. MOryT BO3HUKATh CUTyal[UH, KOT-
[la yCJIOBUEe BO3HUKHOBEHUA UCKJIIOYEHUA HACTYIIaeT HaCTOJIbKO PEAKO,
4TO ero mnpoiie obpabaTeiBaTh Ha Oosiee BHICOKUX YPOBHAX, Ye€M JIOTIOJ-
HUTEIBHO YCJIOXKHATD KO, BHOCS 00pabOTKY 3TOM CUTyalluu B pa3indy-
HblEe MEeCTa IporpaMmel. TakxKe /1A IIPOBEPKU TOr'O, YTO YCIOBUA COOT-
BETCTBYIOT 0)XW/IJaeMBbIM, B IIpoljecce pa3paboTKU MOKeT MPUMEHAThCSA
oreparop assert.

4. [evicTBUsA npu 3aBepiieHUN. [1o3BossieT ObITh YBEPEHHBIM, UTO,
HalpuMep, omepaluu 3aKpeITUA OyAYT BBHIIIOJHEHHI B JIIOOOM ciydae,
HEe3aBHCHUMO OT TOTO, CTeHEPUPOBAJIOCh UCKIIOUEeHHE B Ipoljecce pabo-
THl WIN HET.

5. Pegkue moToku ymnpasieHUs. XoTs B Python He cymecTByeT
orepaTopa «6e3yCJIOBHOTO Iepexo/ia», s 3TUX 33a4 MOXKET IIprMe-
HATbCA MEeXaHU3M HCKIIYeHuU. Kak yxe paccMaTpuBanoch paHee,
onepatop break mo3BosiAeT BHIATH TOJBKO W3 Teja I[UKJIA, B KOTOPOM
OH BCTpEeYaeTcs, a MPYU HaTUIUU OJI0Ka ¢ OOTBIITNM YHCIOM BIOKEHHBIX
LIUKJIOB NIPUZETCA BBOAUTb MHOXECTBO IONIOJTHUTENbHBIX YCIOBUM, YTO-
OBl BBIMTH 13 Hero. CaMbIM IIPOCTBIM U 3JIETAHTHBIM pellleHreM B JJaH-
HOU cuTyauuu OyZeT creHepUpPOBaTh UCKIIOUEHUE TIPU JOCTHKEHUU
yCJIOBHUA BbIXO/IAa U3 OJI0KA BIOXKEHHBIX ITUKJIOB.

6.1. llonb3oBaTenbcKkue NCKNIOYCHUA

Takue HcKIIOYEeHUA peanu3yloTcs C MOMOIIbIO KJIacCoB, YHACIEO-
BAHHBIX OT BCTPOEHHOIO Kjacca UckiodeHrus. OObIYHO UM BBICTyTIAeT
kiacc mo uMmeHu Exception:

class TestException(Exception): pass

[Tosib30BaTeNbCKUE MCKIIOUEHUSA B OCHOBHOM MCIIOJB3YIOTCA MIPU
OTIOBEIEHUAX O HAPYIIEHUU JIOTUKU PAbOTHI MMPOrPAaMMBbI, OTCYTCTBUU
KaKUX-TH0O0 TO/Mb30BATENbCKUX JAHHBIX U T. [I.

leHepa1yia N0IB30BATENBCKOTO UCKIIOYEHUS TPOU3BOAUTCSA TIPU TI0-
MOIIIY OTIEpaTOpa raise, OCHOBBI PAOOTHI C KOTOPBIM OYYT PAaCCMOTPEHBI
B cJlefiyrolieM maparpade:

class TestException(Exception): pass

def test_raise(text):
if text == "exept":
raise TestException("My Exception™)
print("No Exception™)

def test(text):
try:
test_raise(text)
except TestException as my_ex:
print(my_ex)
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if _name__ == "_main__ ":
my_str = "notExept"
test(my_str) # No Exception
my_str = "exept"
test(my_str) # My Exception

[Top30BaTeNbCKUE UCKIIOUYEHUSA TTO3BOJIAIOT XPAHUTD JO0OABOYHYIO
“HpOPMAIIHMIO B CBOUX IK3EMIUISIPAX U ONpPEAENATh COOCTBEHHbBIE METO-
ZIbI, YTO PaCIIMpPSET UX BO3MOXXHOCTHU B Ipoliecce ux o6paboTku. Ha-
IpUMep, KO/ HIDKE MTO3BOJIAET 3aMucaTh JaHHble NCKII0YeHUs B daiin
’KypHasa (Jior):

class TestException(Exception):
logfile = 'dataerror.txt’

def __init__ (self, line, file) :
self.line = line
self.file = file

def logerror(self):
log = open(self.logfile, 'a")
print('Error at:', self.file, self.line, file=log)

def test():
try:
raise TestException(22, 'test.log')
except TestException as my_ex:
my_ex.logerror()
print(my_ex)

if _name__ == "_main__":

test()

6.2. OcHoBbl 06pabOTKM U reHepaLu UCKNIOYEHU

[l Havasia HamuIeM CJIeyIoNIyio GyHKIIUIO:

def intro_function(text, index):
print(text[index])

[Tpu ee BBI3OBE C IOITyCTUMBIM 3HaUEHHEM apryMeHTa index He OyzeT
reHeprupoBaTbCAd HUKAKUX VCKJIIOUEHUN:
if  name_ == "_ main_ ":
text_text = "Test"
intro_function(text_text, 2) # s

Ho cTout nepezaTh 3HaUeHUE, KOTOPOE BBIXOAUT 3a IIpeAesibl JJIU-
HBI TIOCJIe/I0BATEIbHOCTU, CreHepUpyeTcs BCTPOEHHOE UCKIIoYeHUe
IndexError 1 UHTepIIpeTaTop MpeKpaTUT CBOIO paboTy:

intro_function(text_text, 10)
IndexError: string index out of range
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Takoe noseseHUe MMeET CMBICI A IIPOCTHIX ClieHapueB. Tak Kak
OIMMOKY 9YaCTO MOTYT HOCUTh KPUTUYECKUU XapaKTep, TO 3TOT CIieHa-
PUIi TO3BOJIAET U3YUIUTH COOOIIeHME 00 OMMOKe ¥ BHECTH UCITPABIEHUS
B KoZ. Ho HepeaKo MOT'YT BOSHUKATh CUTyallUU, KOIZia IporpamMmma J0JnK-
Ha IIPOJ0JDKATh CBOIO paboTy Aake MOCje BOBHUKHOBEHUS BHYTPEHHUX
omunb0K. PaccMOTpUM, YTO /JIsI 3TOT'O HY)KHO C/lelaTh, Ha MpUMepe Ha-
MUCAaHHON paHee QYHKIUU. [l TOro, YTOOBI IIporpaMMa MpOAOJIKIIA
CBOIO paboTy, HEOOXOANMO e€e BBI30B IOMECTUTH BHYTPh OIlepaTopa try,
YTOOBI CAMOCTOSITETLHO IEPEeXBaThIBATh UCKIIOUYEHUS U HE BBI3HIBATh
CTaHZAPTHBIM MeXaHU3M OTpabOTKU MCKIIOYEHUH WHTepIpeTaTopa
Python, KOTOpBIH IPUBOAUT K OCTAHOBKE ITPOr'PAMMBI:

try:

intro_function(text_text, 10)
except IndexError:

print("MepexBaT ucknwyeHms IndexError")
print("Mpogonxaem paboty!")

NepexBaT uckaw4eHua IndexError

Npopgonxaem paboty!

KoHeuHo, U cIeyromuii Ko/, 0TpaboTaeT aHAJIOTUIHO MPeAbIAYIIEMY:

try:

intro_function(text text, 10)
except:

print("MepexBaT ucknwyeHms IndexError")
print("Mpoponxaem paboTy!")

Ho ob6paTuTe BHMMaHUe Ha TO, YTO B HEM SIBHO He yYKa3bIBaeTCs, Ka-
KOe HCKJloueHue OyzeT o6pabaThiBaThcsAd B OJIOKe except. DTO SIBJSET-
cs TUIOXMM TOHOM IIpH pa3paboTKe ¥ MOXKET 3HAUYUTETbHO YCIOKHUTD
’KH3HDb pa3paboTuYrKa IIPU IPOEKTUPOBAHUM CIOXKHBIX CUCTEM.

Jlajilee pacCMOTPHUM CYIIIECTBYIOIIYE OTIEPATOPHI 11 06pabOTKU U Tre-
Hepaluy UCKIoYeHuii B Python.

6.2.1. YauduumupoBaHHbIN onepartop try/except/finally

Huxe mpuBeZeHa CTPYKTypa YHUGUIMPOBAHHOIO oleparopa try/
except/finally:

try:
...#6n0K try
except UmalckniwyeHua:
# nepexBaT WUCKAWYeHMA UmalcknwyeHuA
except (UmalcknwyveHns2, UmalcknwoveHnsa3):

# nepexBaT NW6Oro U3 MNepeymcieHHbIX UCKHYEHUN
except MmalcknwyeHnAa4 as nepemeHHas:

# nepexBaT Umalcknw4eHMA4 n npucBoeHUe nepemMeHHOoW

# sK3eMmnaApa Knacca MUCKANYeHuA
except:
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# ecnm 6bIM CreHepupoBaHbl BCE OCTalibHble UCKIHYEHUSA
else: # ob6bpaboTyMk AgnAa cay4das OTCYTCTBUA MUCKIHYEHU
#6nok else
finally: # oxBaTbiBaeT BCe OCTaJjbHOe
# 6nok finally

Ko/, KOTOpPBIH MOAJIEKUT BHIIIOJHEHUIO, ITOMENAETCA B OJIOK try.
Eciy mpu eTro BHINIOJTHEHUW CTe€HEPUPYETCS UCKIIYEHHEe, OHO OyZeT
nmepexBavyeHo OGyiokaMu except. [Ipu 3TOM except MOXKET IepexXBaThIBATh
KaK oIpezie/lIeHHOe UCKII0YeHNe, TaK U JIF000€e 13 MepevrcC/IeMbIX ITPU
ero oobaBneHnU. CChUIKY Ha 9K3eMIUIAP KJlacca CreHepUPOBaHHOTO HC-
KJTIOYEHUS MOKHO IIPHUCBOUTD JIFOOOM TIEpeMEHHOU IMOCPEICTBOM OIle-
paropa as. B Tom ciry4yae, et CreHepUpOBaIOCh UCKIIIOUEHHE, KOTOPOe
He OBLIO 33ZIaHO, OHO OyZleT IepexXBavyeHO OJIOKOM except, Y KOTOPOTO
He 00BABIEHO HU OJHOTO IMapaMeTpa.

Ecau B mpollecce BBINIOJTHEHUA KoZia B OJIOKe try He TeHepUpYyeTCs
HM OHOT'O MCKJIIOUeHMs, oTpaboTaeT 60K else. biiok finally cpabaTsiBaeT
B JIIOOOM CJTydae, He3aBUCUMO OT TOTO, OyZIEeT I CreHEPHUPOBAHO UCKITIOYe-
HUe. A caMa KOHCTPYKIUs finally ipeiHa3HavYeHa A1 yKa3aHUsA JedCTBUN
OYHCTKU, KOTOPBIE BCEr/ia TO/IKHBI COBEPIIAThCS ITPH BBIXOE U3 tTYy.

B mpuBeZieHHOM NPUMEpPE CTPYKTYPHI OJIOK else MOXXHO OIyCTHUTb,
€CJT KO/ M3 HEero NepeHecTH B KoHell OyioKa try. Ero ucrosnb3oBaHue
ZlaeT BO3MOXKHOCTb YOEANTHCSA, YTO KOZ OJI0KA try BBITOJTHWICS KOPPEK-
THO U 06e3 reHeparuy UCKII0YeHUH.

YHubuuupoBaHHBIN onepaTop try/except/finally jomxeH 3amuChl-
BaTbCsl MOJTHOCTBIO U B CBOEM KOPOTKOU popMe, rzie oH 0bOsI3aH UMETh
610K except, 6o finally:

def example_1(text):
try:
text[99]
except IndexError:
print('except') # BbinonHseTcsa except
finally:
print('finally') # BeinonHseTca finally
print('after try'")

def example 2(text):

try:

text[3]
except IndexError:

print('except') # BbinonHseTca except
else:

print('else') # BbinonHAeTcs else
finally:

print('finally') # BbinonHaeTcs finally
print('after try'")

def example 3(text):
try:
text[3]
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except IndexError:

print('except') # BbinonHseTcsa except
finally:

print('finally') # BbinonHseTca finally
print('after try'")

def example 4():
try:
my error =1 / 0
except IndexError:
print('except') # BbinonHseTcA except
finally:
print('finally') # BbinonHsetca finally
print('after run') # nocne BbINOJHEHUA

def example 5():
file = open('data’, 'w')
try:
raise FileNotFoundError # leHepupyeT WUCKAWYEHUE
finally:
print('finally') # BbinonHseTca finally
file.close()
# Bcerpa 3akpbiBaTb ¢aia, 4TObObl COpocUTb Gydepbl
print('after try'")

if _name__ == "__main__":
my_ text = "Test"
print("run example 1") # run example_1
example 1(my_ text)

# except

# finally

# after try
print("run example_2")# run example_2
example 2(my_text)

# else

# finally

# after try
print("run example_3")# run example_3
example 3 (my_text)

# finally

# after try
# print("run example 4")
# example 4()
# print("run example_5")
# example_5()
print("Mpomonxaem paboTy!") # Mpogomkaem paboTy!

B npuBeZieHHOM IpUMepe MOoKa3aHbl CIocoObl 06pPabOTKU UCKIIIO-
yenuil. [Ipu 3amycke ¢yHkuuii example_4 mnu example_5 mocie ot-
paboTku 6s0Ka finally mHTepIpeTaTOp MPEKPATUT BHIIIOJHEHHE TIPO-
rpaMMBbl, TaK KakK He MpeAycMOTpeHa o6paboTKa Tex UCKIIoUYeHUM, YTO
reHepUPYIOTCA B IIPOIiecce BBHIOTHEHN TPOTPaAMMBI:
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print("run example 4") # run example 4
example_4()

# finally

# ZeroDivisionError: division by zero

print("run example_5") # run example_5
example 5()

# finally

# FileNotFoundError

6.2.2. Oneparop raise

JlaHHBIU oIlepaTop MCIOJb3yeTcs A IBHOTO reHepUpPOBaHUA HC-
kaoyeHuA. Oneparop raise COCTOUT M3 CJIOBA raise, 3a KOTOPBIM ZJOIIOJI-
HUTEJbHO YKa3bIBaeTCA KJIacC WM 3K3eMIUIAp Kjaacca reHepupyeMoro
HCKJIIOUEeHUA:

raise sk3emnnap # [eHepupyeT 3K3eMnafap Knacca

raise knacc # Co3gaeT M reHepupyeT 3SK3eMmnnfsp Kjiacca
raise

# [OBTOpHO reHepupyeT camoe rnocsiefHee WUCKIKN4YeHue

JlaBatiTe paccMOTpUM Haunbojiee UHTEPECHBIN M3 CIIOCOOOB reHepa-
I[UY, KOTOPBIHA MTO3BOJIIET TOBTOPHO CreHepUPOBATh TeKyllee 0OpabaThl-
BaeMoe UCKJIIoueHue. Takoil oAXo/ UCIoIb3yeTcs B TOM CiIydae, Korja
rcue3HOBeHHe 00pabaThIBaeMOro UCKIIOUEHUA B KOJle HeXKelaTeNbHO:

try:
raise IndexError("my error")
except IndexError:
print("06bpaboTka ucknw4eHus")
# 06paboTKka MUCKAWYEHUS
raise
""'Traceback (most recent call last):
File "F:/code/python/module6/part3.py", line 3, in <module>
raise IndexError("my error")
IndexError: my error'''

B HEKOTOPHIX CJIydasaxX UCKIIOYEHUS MOTYT T€HEPUPOBAThCS B OTBET
Ha Jpyrue UckiaoueHus. Jlina atoro, HaurHas ¢ Python 3.x, omepaTtopy
raise 106aBWIN KOHCTPYKITHIO from:

class TestException(Exception): pass

if _name__ == "__main__":
try:
raise IndexError("my error")
except IndexError as ex:
print("06paboTka uckawveHna") # 06paboTka UCKAYEHUA
raise TestException("Cuennenue") from ex
print("PaboTaem panbuwe!")
Traceback (most recent call last):
File "F:/code/python/module6/part3.py"”, line 12, in <module>
raise IndexError("my error")
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IndexError: my error

The above exception was the direct cause of the following
exception:

Traceback (most recent call last):
File "F:/code/python/module6/part3.py"”, line 15, in <module>
raise TestException("CuenneHue") from ex
__main__.TestException: CuenneHue '''

Korza KOHCTPYKIIMA from UCIIONb3yeTcs B SBHOM 3allpoce raise, ciie-
ZIyIolIiee 3a from BhIpaKeHHe YKa3bIBaeT ellle OZIMH KJIacC WIH SK3eMIUISIP
JUISL TIPUCOEANHEHNS K aTpUOYTy __cause_ HOBOTO FeHepUPYeMOTO HC-
KJIIoUYeHus. Eciv creHepupoBaHHOE UCKII0YEHNE He ITepexBayeHo, TOT-
Ja nHTepnperaTop Python BEIBOAUT 06a MCKIIOYEHHS KaK YacTb CTaH-
JlapTHOTO coob1eH s 06 ombKe.

[Ipu TaKOM IOAXOZE ClieIUVIEHHbIE UCKIIOYEHUSI MOTYT UMETh IIPOU3-
BOJIBHYIO JIJIUHY:

class TestException(Exception): pass
class NewTestException(Exception): pass
if _name__ == "_main__ ":
try:
try:
raise IndexError("my error")
except IndexError as ex:
print("06paboTka ucknwyeHua")
raise TestException("Cuennenue") from ex
except TestException as ex:
raise NewTestException("Ewe oaHo cuenneHue")from ex
print("PaboTaem pganbuwe!")
""'Traceback (most recent call last):
File "F:/code/python/module6/part3.py"”, line 12, in <module>
raise IndexError("my error")
IndexError: my error

The above exception was the direct cause of the following
exception:

Traceback (most recent call last):
File "F:/code/python/module6/part3.py"”, line 15, in <module>
raise TestException("CuenneHue") from ex
__main__.TestException: CuenneHue

The above exception was the direct cause of the following
exception:

Traceback (most recent call last):
File "F:/code/python/module6/part3.py"”, line 17, in <module>
raise NewTestException("Ewe oaHo cuenneHue") from ex
__main__.NewTestException: Ewe ogHo cuenjieHue
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6.2.3. Oneparop assert

B mpotiecce pa3paboTKy MPUIOKEHUA A Ieiel OTIaZKU MOXKHO HC-
MI0JIb30BATh OIEPATOP assert, IPeACTABIAIONINN COO0M CMHTaKCUYeCKOoe
COKpallleHHe IS ollepaTopa raise U UMeIIIui ciaeAyolyo ¢opMy 3a-
TIHCU:

assert test, data
# YacTb data ABnseTcA HeobA3aTenbHOWM

B ciyuae, Korza pe3y/ibTaTOM BBIYHCIEHU test Oyzetr False, mHTEp-
npetaTtop Python creHepupyet HCK/IIOUYeHHE, B KOTOPOM 3JIeMeHT data
(ecii TIpeoCTaB/IeH) UCIOMIB3YeTCsT KaK apryMeHT /Jisi KOHCTPYKTopa
KJIacca UCKJIIOYEHUA.

Tak Kak omepaTophl assert IOCpeZCcTBOM ¢iara KOMIHIATOPA yAasi-
I0TCA M3 CTeHEepUPOBAaHHOTO H6aNT-Ko/a, TO He peKOMeHyeTcs B OI0Kax
BBIYMC/IEHUA test UCII0Nb30BaTh METO/IbI, MEHSIIOIE BHYyTPEHHUE COCTO-
SIHUA 0OBEKTOB.

Jlaniee IpUBOAUTCS KO/, IEMOHCTPUPYIONIUM TPUHITUAI HCITOIh30Ba-
HUS OTlepaTopa assert:

def test assert(value):
assert value > 0, 'value pgonxeH 6biTb > O
return 30/value

if _name__ == "__main__
print(test_assert(10)) # 3.0
print(test_assert(9))
Traceback (most recent call last):
File "F:/code/python/module6/part4.py"”, line 7, in <module>
print(test_assert(9))
File "F:/code/python/module6/part4.py"”, line 2, in test_
assert
assert value > 9, 'value pgosxeH 6biTb > O
AssertionError: value pgosxeH 6biTb > @'''

CaMoe Ba)kHOe, O YeM HeOOXOAUMO TTOMHUTD MPU UCIOIb30BAHUU
oriepaTopa assert, — OH CJIYXKUT JJisl TPOBEPOK OrPaHUYEeHUN (JIOTHKM),
KOTOpBIe Ollpe/iesisseT pa3paboTuuK B MPUIOKEHUH, a He JJIA epexBaTa
MO/TUHHBIX TIPOTPAMMHBIX OIINOOK.

6.2.4. Oneparop with/as u mpoTokon
yIpaBJeHUs KOHTEKCTaMU

OmepaTtop with BMecTe ¢ ero HeoOsA3aTeJIbHOU KOHCTPYKIHEH
as mpeAHa3HavYeH 11 PabOThl C 00bEKTAMU JUCIIETIEPOB KOHTEKCTOB.
OH uCcIoyib3yeTcs KaK aJlbTepHATHUBA omnepaTopy try/finally u, mogo6HO
eMy, TIpefiHa3HavYeH /I YKa3aHUsA JeUCTBUN CTaJUU 3aBepIIeHUs WIn
«OYUCTKU», KOTOPBIE ZIOJKHBI BBITIOTHATHCSA HE3aBUCUMO OT TOT'O, BO3-
HUKAaJIO UCKJTIOYEHME B IIPOIecce BBITOTHEHUS KO/a WK HeT.
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JlucrieTyep KOHTEKCTA pacUIdpseT BO3MOXKXHOCTU PsAZla BCTPOEHHBIX
WHCTPYMEHTOB, TakKux Kak Qainbl (aBTOMaTUYeCKU 3aKPBIBAIOTCA)
Y TTOTOKY (aBTOMAaTUYECKU OJIOKUPYIOTCA U [eOJIOKUPYIOTCA), a TaKXKe
TI03BOJIAET Pa3pabOTYMKaM peajM30BBIBATh COOCTBEHHBIE AVCITETYEPHI
KOHTEKCTOB C TpUMeHeHNeM KJIacCOB.

bazoBbitf dopmar onepaTtopa with/as IpuBeZieH HIDKe:

with BblpaxeHue [as nepemeHHas]:
6nok-with

B maHHOM CiTy4ae 8blpadceHue JOMKHO BO3BpallaTh OOBEKT, OAJED-
YKMBAIOIIMU IPOTOKOJI YIIPaBIeHUA KOHTEKCTaMHU, a TaKKe MOXKeT BO3-
BpallaTh 3HaYeHHE, KOTOpoe OyZeT MPUCBOEHO UMEHU NepeMeHHAs IPu
HaJIUYUU Heo0sS3aTeIbHONW KOHCTPYKIIUU as. CiejoM 3a 3TUM, OOBbEKT
MOJKET BBIMIOJHUTH KO/ 3aIlycKa Iepes HadajloM 0i0ka-with, a Takxke
KO/l 3aBepIIIeHUs ocie OKOHYaHUA b60ka-with He3aBUCHMO OT TOTO,
r€HEPpHUPOBAJJIOCH JIK UCKJIFOYEHHE.

[IpuBeseM mpumep paboThl ¢ paiiyioM MocpeZCTBOM paccMaTpuBae-
MOM KOHCTPYKIIMU:

with open('dataFile', 'r') as myfile:

for line in myfile:
print(line)
. . .AOMONHUTENbHbIA KOA. . .

[Tocye 3aBepreHus 610ka-with MexaHU3M yIIpaBieHUs KOHTEKCTaMHU
rapaHTHPYeT aBTOMaTU4YeCKoe 3aKphITHe $HaiioBoro o0beKTa, Ha KOTO-
phBIi ccbutaeTcs myfile (1axke eciu Bo BpeMsi 06paboTky daiiia B IUKIIE
for BO3HUKJIO UCKJIIOYEHHE).

PaccmoTpeHHBIH TpruMep paboThl ¢ GpaliioM MOJHOCTHIO HAEHTHIEH
cyIeAyIoIIeMy KOy C MCIIOJIb30BaHUeEM oliepartopa try/finally:

myfile = open('dataFile', 'r")

try:
for line in myfile:
print(line)
.. .JONONHUTENbHbIA KOA. . .
finally:

myfile.close()

Tenepb peanusyeM cOOCTBEHHBIN 00BEKT, MO/AEPKHUBAOIIMI paboTy
C AUCIIeTYepOM KOHTEKCTa. J[IsT 3TOTO y Kjlacca HeoOXOANMMO TIEperpy-
3UTh CJIEAYIOIIEe MEeTO/BbI:

1) __enter__, Bo3BpaljaeMoe 3HaueHHe, KOTOpOe IIPUCBAaUBaETCA
nepeMeHHOM B KOHCTPYKILIMY as MPU ee HAJIM4YUU JINO0 OIPOCTy OTOpa-
CBIBAETCH;

2) __exit__, KOTOpbI!l OTpabaTheIBaeTCs IpU 3aBepliiieHnn 6y10ka with
WJIU B Cllydae BO3HMKHOBEHUA MCKJIIOYEHUA IPU BBHINIOJHEHUU KOJa
B O10Kke with. Korga reHepupyeTcs UCKIOUYeHHe, B aTpUOYTHl JaHHOTO
MeToza IlepeAaeTcs AeTanbHasa nHpopMarusa o Hemy. [Tociie oTpaboTku
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VICKJIIOUEHUST PEKOMEHyeTcsl, YTOOBI JaHHBIM MeToZ Bo3Bpainaint False,
TE€M CaMbIM HCKJIIOUEeHHE CreHEePHUPYeTCs MIOBTOPHO M PACIIPOCTPAHUTCS
3a mpezesbl 6;10ka with. Eci MeToz BRI3BIBAEeTCS 110 3aBepIleHrH 0J10Ka
with, B kauecTBe aTpuOyTOB nepegaetcs None.

Hibke nmpuBezieH mpuMep pabOThI C KIACCOM, Y KOTOPOT'O Ieperpyxe-
HBbI METOZBI __exit__ W __enter__:

class MyError(Exception):pass

class TestWith:
def print_value(self, value):
print(f"BxogHoe 3Ha4deHue: {valuel}")

def _ enter_ (self):
print("Havano 6noka with")
return self

def __exit_ (self, exc_type, exc_val, exc_tb):
if exc_type is None:
print("YcnewHoe 3aBepuweHue!™)
else:
print("Bbio creHepupoBaHO UCKw4YeHue: "+str(exc
type))
return False
if _ name__ == "_ main__ ":
with TestWith() as test_object:
# Havano 6noka with
test_object.print_value("Test 1")
# BxogHoe 3HayeHue: Test 1
print("KoHey 6noka with") # KoHeuy 6noka with
with TestWith() as test object:
# Havano 6noka with
test_object.print_value("Test 2")
# BxogHoe 3HadeHue: Test 2
raise MyError("Owubka!")
# Bbblno creHepupoBaHO MUCKJKWYeHUe: <class
print("KoHeu 6noka with")
Traceback (most recent call last):
File "F:/code/python/module6/part5.py", line 24, in <module>
raise MyError("Ouwubka!")
__main__.MyError: Oumbka! "'’

__main__.MyError'>

6.3. BcTpoeHHble Knaccbl UCKAIOYEHUI

Bce BcTpoeHHbIE UCKIIOYEHUSI OPTaHU30BaHbI B HEITYOOKYIO Hepap-
XUIO C YHUBEPCATbHBIMU KaTeropusiMu 0a30BbIX KJIACCOB U yTOYHSAIOIIN-
MU TUTIAMU IIPOU3BOJHBIX KJIACCOB, KOTOPBIE B CBOIO OYepeb SIBJIAIOT-
cd TIpeiBAapUTENIbHO ONpeZieIeHHBIMU KJaccaMU, AOCTYIIHBIMU B BHU/E
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BCTPOEHHBIX MMeH B Mozyse builtins. Huxke mpuBoAUTCA ynpolleHHasd
viepapxusa UCKJIIYeHU:

BaseException
SystemExit
KeyboardInterrupt
GeneratorExit
Exception

StopIteration
ArithmeticError
AssertionError
AttributeError
BufferError
EnvironmentError
EOFError
ImportError
LookupError
MemoryError
NameError
ReferenceError
RuntimeError
SyntaxError
SystemError
TypeError
ValueError
Warning

BaseException — 6a30BbIli KJ1acc BEPXHETO YPOBHS, KOTOPBIH ITpeJ-
Ha3Ha4veH /I MMPSAMOTO HacjJeZ0BaHUA KJlacCaMU, ONpeeIsieMbIMU
MOJTb30BaTEIEM.

Exception — 6a30BbIii KJ1acc /7151 OIpe/iesisieMbIX TT0JIb30BaTeIeM HC-
KJIIOYEeHUH, CBSI3aHHBIX C MPWIOXKeHeM. Ero peKoMeH/IyeTcs UCIOIb30-
BaTh BMecTO BaseException, Tak Kak Torza B 06paboTuyrKe omeparopa
try TapaHTHPYeTCs, YTO ITporpaMMa OyZeT ITepeXBaThIBaTh BCe HCKIII0Ye-
HUs, KpoMe COOBITUM BBIXOZIa B CUCTEMY (TO eCTh He IepeXBaThIBAIOTCA:
SystemExit, KeyboardInterrupt u GeneratorExit).

[ToCKObKY UCKJIFOUEHUs ITOJIBEPKEHBI CAMOMY YaCTOMY HU3MEeHEHMUIO,
TO MOZYJIb exceptions ObLI yAaneH B Python 3.X, 4TO He MMO3BOJIAET OJTY-
YUTh 10 HUM JJOKYMEHTAIIHIO ITOCPEACTBOM BCTPOeHHOU GyHKIMU help.
C mogpOOHBIM UX OMMUCAHUEM MOXKHO O3HAKOMUTHCA B [41].

Pe3lome

Vckntouenusa Python ABaA0OTCA BBICOKOYPOBHEBBIM MeXaHU3MOM
yIIpaBJIe€HUA MOTOKOM BBIIIOJIHEHUA U MOTYT F€HepUpOBaThCA WUH-
TepIpeTaTopoM WIHW CAMHM MPOTrPAMMUCTOM «BpPY4YHYIO». [Ipu 3TOM
HX MOXXHO WTHOPUPOBAThH JUOO MepexBaThiBaTh MOCPEACTBOM Pa3ny-
HBIX KOHCTPYKIIMU oneparopa try. Takue omnepaTopsl, Kak raise u assert,
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WHUIIMMPYIOT PasjiMuHble UCKIIOYEHUA: BCTPOEHHbIE WIN Olpezesse-
MBbI€ II0JIb30BaTeJIEM.

Vcnonb3oBaHMe AWCIIETYEPOB KOHTEKCTA MOCPEACTBOM ollepaTopa
with/as o3BOJIsIeT rapaHTUPOBATh TO, UYTO AEHUCTBUA HA CTaJUM 3aBep-
IIIEHUS WIN «OYHUCTKH» OyIyT BHITTOJHATHCSA BCEra, He3aBUCUMO OT TOTO,
BO3HUKAJIO MCKJIIOUEHUE B MPOIlecce BBITTOHEHWS KOAa WX HeT.

[TocKONIbKY UCKJIIOUYEHUS PEeaTU3yIOTCs B BU/le 0OBEKTOB dK3EMILIS-
POB KJIaCCOB, TO OHU TMOAEeP>KUBAIOT KOHIIEMIINIO HepapXUU UCKJII0Ye-
HUN. YUTO B CBOIO oYepeab ITO3BOJIAET O0JIErYUTh COMMPOBOXKAEHNE KO/a
myTeM A00aBIeHUA AOTIOTHUTENbHOM MHGOPMAIIUU WIN METOZOB B BU/E
aTpubyTOB OIpe/iesiAeMOro Kjacca UCKIIYEeHUsA. A TakKe pa3peliaeT
HUCKJIIOYEeHUAM HacJeZoBaTh JaHHbIE U MOBeeHe OT 6a30BhIX KJIACCOB.
OTO cIIoco6CTBYET TOMY, YTO YKa3aHUsA 6a30BOro Kjacca nepapxuu Hc-
KJIIOYEHUH B orlepaTope try obecrieunBaeT repexBaT UCKII0UYEeHUs 3TOTO
KJlacca 1 BCeX ero MpOoU3BOAHBIX KJIACCOB.

Bonpocbi 1 3aaHKA ANA CamonpoBepKu

1. HazoBuTe Tpu ciiydasd, Ajid 00pabOTKHA KOTOPHIX XOPOIIO MOAXOAST HC-
KJIFOUEeHUA.

2. YTo mpou3ouzAeT C UCKIIYEHUEM, eCIU Bbl He MpeAnpuMeTe HUYEero
CIIEI[UATBHOTO JJI €r0 06paboTKU?

3. Kak ciieHapuil MOXXeT BOCCTAaHABIUBATHCA MOC/IE UCKII0YEeHU?

4. HaszoBure ZiBa criocoba reHepanyy UCKIIOYEHUH B CIIeHApUH.

5. HasoBure zBa crocoba yKkaszaHus AeHCTBUM, TIO/JIeKaIINX BHITTOJTHEHUIO
Ha CTaZlu¥ 3aBepIIeHNU BHe 3aBUCUMOCTH OT TOI'0, BO3HUKAJIO UCKIIOUYEHUE WU
HeT.

6. /lnqa dyero mpesHa3HayeH oreparop try?

7. [lnd 4ero npesHasHadeH ollepaTop raise?

8. /lna yero mpefHa3Ha4yeH OMepaTop assert U Ha Kakou Jpyrou onepaTop
OH IIOXOX?

9. [lns dero nmpegHasHaveH onepaTop with/as u Ha kakoi Apyroii onepaTrop
OH TIOXO0X?

10. HazoBuTe ABa criocoba mpucoeinHeHUS MHGOPMAIMK KOHTEKCTa K 00b-
eKTaM HCKJIFOUeHU .

YnpaxHeHus

1. HanmmwuTe Kjacc, peajusyouuii Bce apudmeTriecKue orepanuy Haj
ByMA 3HauyeHUAMU (a u b). B cayuae, ecay ofHO M3 3HaYE€HUU IIpU BBI3OBE
orepally paBHO HYJIO, TeHEPUPYETCs UCKIIOUeHNe.

2. HamummTe ki1ace, peanusyiomui Takvue apudMeTHyecKye AecTBUA, Kak
JleJieHre ¥ yMHOXeHue. Ecim ofHO U3 3HaueHU P BBI30Be Ollepallii PaBHO
HYJII0, TeHepUPYeTCs UCKII0UeHre, 3HaueHe HOJIb MeHsAeTCsA Ha 1 U BRIYUCIeHUe
onepanuy IpoJoLKaeTCA.

3. HamummTe GyHKLINIO, BO3BOAAIILYIO CTPOKY B BepxHUI peructp. /lobaBbTe
IIPOBEPKY Ha TO, UTO Ha BX0Z QYHKIIMU MTOaeTcA He IycTasd CTPOKa.
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4. HanummTe GyHKINIO, IPOBEPSIONIYIO BXOXK/IEHYE 33/IaBAEMOT0 3JIeMeHTa
B CIIUCOK. Jlo6aBbTe MPOBEPKY HA TO, YTO CIHCOK He ITyCTOM.

5. Peanu3syiiTe cOGCTBEHHBIN KJacC UCKIIOUEeHUA, KOTOpoe OyZeT reHepu-
pPOBAThCA KaX/BIM pa3, KOrZa B CTPOKe, KOTOpasi ABIAETCA apTyMeHTOM /s
GYHKIIMHY, TPUCYTCTBYET CUMBOJT «IT».



Tema 7
NOTOKKU, MPOLLECCHI U ACWHXPOHHOE
NMPOrPAMMUPOBAHMUE

B nepBoii TeMe MbI TO3HAKOMMWINCH C TaKOM ocobeHHOCTHIO Python,
Kak miobanbHasg 6sokupoBka uHTepnperatopa (GIL). Mmenuo GIL oT-
BETCTBEHEH 3a To, uTo B Python einHOBpeMeHHO MOXKET BBIIIOJHATHCA
TOJIBKO OZUH IIOTOK, U3-3a Yero MHOI'OIIOTOYHBIE IIPOTPaMMBbI HE MOTYT
HCIIOJIb30BaTh IPEMMYIeCTBa MHOTOAIEPHBIX IIPOLECCOPOB IIPY HaJIU-
41U B HUX BbIUMCJIeHUH, paboTaromux Ha CPU.

[Ipu aTom, ecnu pa3pabaTeiBaemasi NMporpaMMa OPHEHTHPOBaHA
Ha omepalnuu BBOZAA-BBIBOZA, YTO TUIIUYHO JJIA CETEBBIX KOMMYHHKA-
IIUH, TOTOKYU WIN aCUHXPOHHOE IIPOrPaMMUPOBaHUE ABIAIOTCA CaMbIM
OTITUMAaJIbHBIM BBIOOPOM, Tak Kak B 3ToM ciaydae GIL He 3ageiicTByeTCA.

B pesysbraTte M3y4eHUs JAaHHOU TEMbI 00yJarouiyecs JOKHBI:

3HamMb

e 0cobeHHOCTH pabOTHI ¢ MOZAYIAMU threading, multiprocessing u asyncio,

® Ppa3HUILy MEXK/Y MHOTOITIOTOYHBIM, aCHHXPOHHBIM U MHOTOIIPOLIECCOPHBIM
nporpamMmupoBaHueM B Python, a Takke Korjja ¥ Kakoi U3 9THUX IIOAXO/OB K pas-
paboTKe MPOrpaMMHOTO 0becriedyeHrsI HEOOXOANMO TIPUMEHSTh,

ymemsb

® CO371aBaTh KJIACCHI, KOTOPBIE MOTYT 3aIyCKAThCS B OTAETHHOM IIOTOKE WU
MpOIIEeCCe,

e IIPaBWIBHO OPraHU30BATh JOCTYII K pa3ziesisieMbIM pecypcaM,

® OpPraHU30BBIBATh MEXKITPOLIECCOPHOE Y MHOT'OTIOTOYHOE B3aNMO/IEHCTBUE;

enadems

e HaBBIKAMM pa3pabOTKU M OT/IAJKU MHOTOIIOTOYHBIX, MHOTOITPOI[ECCOPHBIX
Y aCUHXPOHHBIX IIPWIOXKEHUN.

7.1. MHoronoTo4YHoe NporpaMmMUpoBaHue

[TOTOK — OTZEIbHO BBIMOJIHIEMBIN HAOOP MHCTPYKIIUH, UCIIOIb3YIO-
ITUH r1o6aIbHOE COCTOSTHUE (MTaMATh) COBMECTHO C IPYTUMU ITOTOKAMH.
V13 mpuBeZieHHOTO OIpeZie/ieHUsI MOXKeT CJIOXKUThCSA BIledaTJeHue, YTO
ITIOTOKY BBITIOJHSAIOTCSA OAHOBPEMEHHO, HO OOBIYHO OHU BBITIOTHSIOTCS
IMooYepeHO HAa OJHOM Iporieccope (sape). B To ke camoe BpeMs Kop-
PEKTHOE HCII0JIb30BAHWE MHOTOIIOTOYHOCTHU ITO3BOJISIET ITOBBICUTD OBI-
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CTpozelicTBUe pa3pabaTeiBaeMoOM MPOrpaMMbl IO CPAaBHEHUIO C OHOIIO-
TOYHBIM IIOJXOZOM.

7.1.1. Moayns threading u ki1acc Thread

[TpuMeHsieMBbIY B JaHHOM MOZYJIe TTOAX0/ K MHOT'OTIOTOYHOMY IIpO-
IrpaMMHUPOBAHUIO aHAJIOTUYEH UCIoIb3yeMoMy B Java. OTIUYUSA 3aKJIIo-
YJalTCAd B TOM, YTO OOBEKTHI OJIOKUPOBOK U COCTOSTHUUN MOZENIUPYIOTCS
KaK OT/JieIbHble OOBEKTHI, a TAKXKe HeT BO3MOKHOCTU HU3BHE YIIPABJIAThH
IIOTOKaMHMU.

Jlns paboTsl ¢ moTokamu B Mozysie threading cozeprkaresa ciegyronye
kinaccel: Thread, Condition, Semaphore, Event, Barrier, Lock, RLock,
Timer u BoundedSemaphore. [Ip1 3ToM Bce 06BEKTHI, KOTOPHIE TIPEO-
CTaBJisseT MOJY/b, aTOMapHbIE.

[l uCroTb30BaHUA MMOTOKOB HEOOXOAMMO MMIIOPTHPOBATH KJIACC
Thread moayna threading, ¢ KOTOPBIM MOKHO paboTaTh HECKOTBKUMU
criocobamu:

1) B mporiecce co3ganus sk3eMIuigpa kinacca Thread nmeHoBaHHO-
My apryMeHTy target MOKHO TepefaTh GyHKI[UIO, KOTOpas OyzAeT uc-
MI0JIb30BAThCA B KaueCcTBE OCHOBHOM /ISl IAHHOT'O 5K3eMILIAPA;

2) peanu3oBaTh MPOU3BOAHBIN Ki1acc oT kinacca Thread v nepeornpe-
JIeJTUTh METO/, run.

Jlnsa Toro, 4TOOBI 3aIyCTUTD TTOTOK, HEOOXOAMMO y CO3[aHHOTO JK-
3eMIUIApa KjIacca BbI3BaTh MeTo/ start. Ero pabora 3aBepImnTcs mocie
BBITIOJIHEHUA OCHOBHOM GYHKITUU. KaXXp1i1 00BABIAEMBIN TTOTOK MOXKET
paboTaTth B IBYX PeXXMMaxX: OCHOBHOM peXUM U pexXuM JeMoHa (apry-
MeHT daemon = True). B mepBoM ciiydae MOTOKU He JaAyT IIporpamMmMe
3aBepIIUTHCS, IOKA BCE OHU He BHITIOMHATCA BCe UX OCHOBHBIE QPYHKIIUU.
Bo BTOpOM ciy4yae IMOTOK-ZEMOH IO3BOJISIeT 3aBeplIiaTh BBHIIOJHEHUE
MIPOrpaMMBbl, Ia’Ke eCIU MIOTOKU OCTAIOTCA aKTUBHBIMHU.

Hixe npuBeZieH npuMep BHITTONIHEHNA PYHKIIUU B Pa3JIUYHBIX TTOTO-
Kax:

from threading import Thread

def thread_work(name):
print(name)

if name_=="_main__ ":
for it in range(5):
new_thread = Thread(target=thread work,args=(f"Thread
#{it}",))
new_thread.start()
# Thread #0
# Thread #1
# Thread #2
# Thread #3
# Thread #4
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Temeps pacCMOTPHUM aHAJOTUYHBINM BapUaHT, C TEM OTIUYHUEM, YTO
B HEM II0JIb30BaTeNbCKUM Kjacc HacieayeTcsa oT kinacca Thread. Cre-
JIyeT OTMETUTD, UYTO [JIA OTIaZIKU IIPOTpaMM He CJIeZ[lyeT KCIIO0Jb30BaTh
bYHKITHIO print, a rydIiie BOCIIOIb30BaThCsA GYHKIIMOHATBHOCTBIO, KOTO-
pyIO IIpefocTaBasgeT MoAy/ab logging. Tak, HapuMep, BKIOUYEHHE UMEH
ITIOTOKOB B ITPOTOKOJIUPYEMbIe COOOIIEHHs ITO3BOJISIET OTCIEKHUBATh HC-
TOYHUKU ITUX COOOIIEHUN:

from threading import Thread
import logging

class MyThread(Thread):

if __name__=="__main__":

def init_ (self, group=None, target=None,
name=None, args=(), kwargs=None, *,
daemon=None) :
super().__init__ (group=group,
target=target, name=name,
daemon=daemon)
self.args = args
self.kwargs = kwargs

def run(self) -> None:
logging.debug(f'Thread args = {self.args} '
f'and kwargs = {self.kwargs}')

logging.basicConfig(
level=logging.DEBUG,
format="(%(threadName)-10s) %(message)s',
)

for it in range(5):
new_thread = MyThread(args=(it,),
kwargs={it: it+2, f"{it}": str(it)*2})
new_thread.start()
(Thread-1 ) Thread args = (0,) and kwargs = {0: 2, '0":

'00'}

(Thread-2 ) Thread args = (1,) and kwargs = {1: 3, '1': '11'}
(Thread-3 ) Thread args = (2,) and kwargs = {2: 4, '2': '22'}
(Thread-4 ) Thread args = (3,) and kwargs = {3: 5, '3': '33'}
(Thread-5 ) Thread args = (4,) and kwargs = {4: 6, '4': '44'}

7.1.2. [ToToxku Timer

Ox3eMIUIApHI Kiacca Timer HaunHAOT paboTaTh C HEKOTOPOU 3a1ePiK-
KOM, ompe/iesisieMoli nosb3oBaTesieM. KpoMe TOTo, UX BBHITIOJTHEHE MOXK-
HO OTMEHUTH (WX 3aBEPIIUTH) B 000K MOMEHT ITepUOZA 3a€PiKKHU:

from threading import Timer
import logging
import time
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def thread_work():
logging.debug("MNoexanu!")

if __name__=="_main__ ":
logging.basicConfig(
level=logging.DEBUG,
format="(%(threadName)-10s) %(message)s',
)

my_timerl = Timer(©0.3, thread_work)
my timerl.setName("MyTreadTimer-1")
my timer2 = Timer(@.3, thread_work)
my _timer2.setName("MyTreadTimer-2")

logging.debug("3anyck Taiimepos!")

# (MainThread) 3anyck TaiimepoB!
my timerl.start()
my _timer2.start()
logging.debug(f"3anepxka nepepn oTMeHOW
f'BbinonHeHns {my_timer2.getName()}")
# (MainThread) 3agepxka nepes oTMeHOW BbinonHeHUsa MyTreadTimer-2
time.sleep(0.2)
logging.debug(f"OTmMeHa noTtoka - "
" {my_timer2.getName()}")
# (MainThread) OTmeHa notoka - MyTreadTimer-2

my timer2.cancel()
logging.debug("3aBepweHune")
# (MainThread) 3aBepuweHue
# (MyTreadTimer-1) Moexanu!

B mpuBeZieHHOM NpuMepe BTOPOM TaliMep He ycleBaeT BBI3BaTh
byHK1IMIO, TaK KaK ero paboTy OTMeHWIU. A TIepBBIM TaiiMep BBINOJI-
HAeTCcA Tocje 3aBeplleHUsA OCHOBHOM YacTy IPOTPaMMBbI, U ITOCKOJIbKY
3TOT IIOTOK He SIBJiAeTcsA IeMOHOM, OCHOBHAs IporpamMMa 3aBepIIUTCs
TOJIBKO TI0CJIE €T'0 BBITIOJTHEHUA.

7.1.3. Knacc RLock. YnpaBiieHue A0OCTYyIIOM K pecypcam

[Tpu paboTe co BCTPOEHHBIMU CTPYKTYPaMU JAHHBIX HCIIOIb3YIOTCA
aToMapHbIe OTepalyy, B TO BpeMs KaK IIPOCThIe TUIIBI aHHBIX (YUCIIa,
IeJible WIU C IUIaBalollel TOYKOIM) He MMEIOT TakKoM 3allUThl. B aTOM
cIydae Il KOHTPOJIA AOCTYIIA K pa3zieisieMbIM pecypcam, 4TobObl 13be-
’KaTh IIOTEPU JJAHHBIX WX UX MTOBPEXKAEHUS, UCIIOIb3yeTCs TaK Ha3bIBa-
eMblii 3aMoK — kJjacchl Lock i RLock.

[Tpu paboTte ¢ Lock MoXeT BOBHUKHYTb CHUTyaIlUsl CAaMOOJIOKUPOBKHU
13-3a 0OpaleHus K 9K3eMIUIApY kKiaacca Lock u3 moToka, B KOTOPOM yiKe
ocCylIIecTBsAeTCs OJIOKUPOBKA OCTyIa K pecypcaM.

Yrobbl n36eKaTh TaKUX MpobieM, PpEKOMEHYETCA MCIOIb30BaATh
RLock. /lanHasA peanu3aliysa 3aMKa IMO3BOJISIET BBIIIOJTHUTH OJIOKHPOB-
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Ky TOJBKO B TOM CJIy4yae, eCJI 3aMOK y/Iep>KUBAET APYTOU MOTOK, YTO
IIpeIOTBPAIlAeT HeXKeTaTeTbHYI0 OJIOKUPOBKY:

from threading import Thread, RLock
import logging
import time

class DoubleCounter:
def _init_ (self):
self.first_counter =1
self.second _counter =
self.lock = RLock()

5

def increment_first counter(self):
with self.lock:

# pna 6NOKMPOBKM UCMONb3yeM AUCNeTYep KOHTeKCTa
self.first _counter += 1
logging.debug(f"New first counter value is

f"{self.first_counter }")
def increment_second_counter(self):
with self.lock:
self.second_counter += 1
logging.debug(f"New second counter value is
f"{self.second_counter}")

def increment(self):
with self.lock:
self.increment_first_counter()
self.increment_second_counter()

def thread_work(counter):
counter.increment()
time.sleep(0.2)
counter.increment_second_counter()
time.sleep(0.3)
counter.increment_first counter()
if  name_ == "_ main_ ":
logging.basicConfig(
level=1logging.DEBUG,
format="(%(threadName)-10s) %(message)s',
)
my_counter = DoubleCounter()
logging.debug("Start")
for it in range(3):
new_thread = Thread(target=thread_work, args=(my_
counter,))
new_thread.start()
logging.debug("Finish")
(MainThread) Start
(Thread-1 ) New first counter value is 2
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(Thread-1
(Thread-2
(Thread-2
(Thread-3
(MainThread
(Thread-3
(Thread-1
(Thread-2
(Thread-3
(Thread-1
(Thread-2
(Thread-3

Jlns Toro, yTo6s! MOHATH pasuully Mexay Lock u RLock, 3amenuTe
B IIpUMepe BBIIIIE BAPUAHT OJIOKUPOBKU U 3aITyCTUTE CKPUIIT.

BBIBAlOT CIy4yau, KOrJja HeoOXOAMMO CHHXPOHU3HUPOBATh OIlepalluH,
BBITIOJTHAEMBIE B IByX WK Oojiee TTOTOKax. /i aToro moay/b threading
IIpeJoCTaB/IAET MEXaHU3M COOBITHIH, KOTOPBIM 0becleuyrBaeT MPOCTOM
criocob6 opraHu3saiuu 6e30MacHOTO B3aUMOZENCTBUA MOTOKOB. Kiacc
Event nMeeT BHyTpeHHUU ¢uar, KOTOPBIM MOTYT yCTaHABIUBATh WU
cbpachIiBaTh Apyrue MOTOKU IIOCPEACTBOM MeTOZOB set u clear. Metoz
wait k1acca Event 1mo3BoJisseT MPpUOCTAaHOBUTH PabOTY ITOTOKA /10 TeX
Iop, ITOKa ZPYroy MOTOK He YCTAaHOBUT YKa3aHHBIN (Jiar, UIH CITyCTS

N N N N N N N N N N N N

New second counter value is
New first counter value is 3
New second counter value is
New first counter value is 4
Finish

New
New
New
New
New
New
New

7.1.4. CuHXpOoHHU3auUd IOTOKOB

second counter value
second counter value
second counter value
second counter value

is
is
is
is

first counter value is 5
first counter value is 6
first counter value is 7

3a/laBaeMbIi IIepro/] BpeMeHU (B CEKyHZax):

from threading import Thread, Event
import logging

import time

def event_work(event):
logging.debug("run event_work")
event_wait =
logging.debug("onar yctaHoBneH")

event.wait()

def event _with timeout(event, time):

while not event.is_set(): # ¢nar ycTaHoBneH?
logging.debug(f"OxuaaHne ycTaHoBKM dnara

n 1]

nnn ncrtedeHune

"BpeMmeHn B event with timeout")

event_wait = event.wait(time)
logging.debug("®nar ycTtaHoBnen")
if event wait:

els

if _ _name__

logging.debug("06paboTka cobbiTna™)

e:

logging.debug("®nar He 6bln ycTaHoBneH")

__main__":

logging.basicConfig(
level=1logging.DEBUG,

format="(%(threadName)-10s) %(message)s', )
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event = Event()
my_threadl = Thread(name='event_thread',
target=event_work,
args=(event,))
my threadl.start()
my_thread2 = Thread(name='event_timeout',
target=event_with_timeout,
args=(event, 3))
my thread2.start()
logging.debug('3agepxka nepes ycTaHOBKOW ¢nara')
time.sleep(0.3)
event.set()
logging.debug("o®nar yctaHoBneH")
(event_thread) run event_work
(event_timeout) OxupaaHume ycTaHOBKM ¢nara uam ucteyeHue BpemMeHM
B event_with_timeout
(MainThread) 3apgepxka nepep ycTaHoBKoW ¢nara
(MainThread) ®nar ycTaHoBfeH
(event_timeout) ®nar ycTaHoBneH
(event_timeout) O6paboTka cobbiTus
(event_thread) ®nar ycTtaHoBneH

[TomumMmo knacca Event, 111 CHHXpOHU3AIIUU TIOTOKOB ellle UCIIOJb-
3ytoTcsa Condition u Barrier. Kinacc Condition sBisgeTcss HEKOTOpOM
kombOuHaluel kimaccoB Event u Lock, 4To mo3BosigseT HECKOIbKUM I10-
TOKaM OXKHM/IaTh, TIOKA Pecypc, C KOTOPBIM MTPOU3BOAUTCA paboTa, He Oy-
net ooHoBieH. Kitacc Barrier mo3BosiseT co3ZilaBaTh TaK Ha3bIBa€MYIO
«KOHTPOJIbHYIO TOUKY» /ISl 33/IlaBaeMOr'0o KOJIMYecTBa MOTOKOB. KaxkabIit
13 3TUX MOTOKOB, OCTUTasd KOHTPOJbHON TOUKU, OJIOKUPYETCA A0 TeX
II0p, MIOKa ee He JJOCTUTHYT BCe MTOTOKH, Y4aCTBYIOIINE B 3TOM MeXaHU3-
Me OJIOKUPOBKHU.

Huke mpuBoguTCsa npuMep ucnonab3oBaHusa Condition:

from threading import Thread, Condition
import logging
import time

def slave(condition):
logging.debug('3anyck notoka Beaomoro')
with condition:
condition.wait()
# oxmpaem pas3bnoKMpOBKM pecypca
logging.debug('BbnokupoBka c BegoMoro cHsaTa')

def master(condition):
logging.debug('3anyck noTtoka Beaywero')
with condition:
logging.debug('Pa3bnokupoBka pecypca')
condition.notifyAll()
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if _name__ == "_main__ ":
logging.basicConfig(
level=1logging.DEBUG,
format="(%(threadName)-3s) %(message)s"',
)

condition = Condition()

slavel = Thread(name='slavel', target=slave,
args=(condition,))

slave2 = Thread(name='slave2', target=slave,
args=(condition,))

master = Thread(name='master', target=master,

args=(condition,))
slavel.start()
time.sleep(0.1)
slave2.start()
time.sleep(0.1)
master.start()

(slavel) 3anyck noTtoka BeAoMOro
(slave2) 3anyck noToka BegoMoro
(master) 3anyck noTtoka Beayuwero
(master) Pas6nokupoBka pecypca
(slavel) BnokupoBka C BeAOMOro CHATa
(slave2) BnokupoBka C BeAOMOro CHATa

7.1.5. Cemadopsl

[Topoif MOXKET CIAYYUTHCHA, YTO HEOOXOAMMO pa3pellnThb OZHOBpE-
MEHHBIH JOCTYTI K PECYPCY Cpa3y HECKOJIBKUM MTOTOKAM WU UMETDb BO3-
MOXHOCTh OTPAaHUYUTh 00Ilee KOTUIECTBO MIOTOKOB, KOTOPhlE UMEIOT
ZIOCTYTI K peCcypcy B OIUH MOMEHT BpeMeHU. [I[prMepoM TaKO¥ CUTYaIllu
MOXXET BBICTYIATh ITyJl ITOTOKOB, 33/ladya KOTOPOT'0 — TO/AEPKUBATD
bUKCHpOBaHHOE KOJIMYECTBO COeJUHEHUH, 3aTPy30K U T. [I.

Jlns pelleHUs TAaKUX 3aZa4 MCIOJB3yIOTCA ceMmadopsl (kKiaacc
Semaphore). Hmxe npuBezieH npuMep paboThl kinacca TestPool, koTo-
pBIfi obecrieynBaeT y0OHBIN CIIOCO6 OTCIEKUBAHUSA PAaOOTHI ITOTOKOB.
EcTecTBEHHO, B peaJIbHBIX CUCTEMax Ha JAHHOM ITyJe Jiexkasna Obl elrne
3ajla4ya pacrpejiesieHUusA COeIMHEHUU U PsAZA 3HAaYeHUUN MeX/Jy BceMU
aKTUBHBIMU IIOTOKAaMH ¥ BO3BPAT MX B IIyJI ITOC/IE 3aBEPIIEHUS TTOTOKA:

from threading import Thread, Semaphore, Lock, current_thread
import logging
import time

class TestPool:

def init_ (self):
super(TestPool, self). init_ ()
self.active = []
self.lock = Lock()
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def makeActive(self, name):

with self.lock:
self.active.append(name)
logging.debug(f'MoTokoB B nyne'
' {self.active}")

def makeInactive(self, name):
with self.lock:
self.active.remove(name)
logging.debug(f'MoTokoB B nyne'
f' {self.active}"')

def worker(semaphore, pool):
logging.debug('OxugaHue ovepeaun npwu
'nopgknwyeHun K nyny')
with semaphore:
current_thread().getName()
pool.makeActive(name)
time.sleep(0.1)
pool.makeInactive(name)

if

12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:

__nam

nam

e_

e =

__main__

logging.basicConfig(
level=logging.DEBUG,
format="%(asctime)s (%(threadName)-1s)

'%(message)s’,

datefmt="%I:%M:%S %p'

)
pool = Test
semaphore =

Pool()
Semaphore(2)

for it in range(6):
new_thread = Thread(target=worker,
name=str(it),

14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:

04
04
04
04
04
04
04
04
05
05
05
05

args=(semaphore, pool),

)

new_thread.start()

PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM

(@)
(@)
(1)
(1)
(2)
(3)
(4)
(5)
(e)
(2)
(1)
(3)

OxupaaHue odepegu npu
MoTtokoB B nyne ['0']
OxupaaHue odepegu npu
MoTtokoB B nyne ['@",
OxupaaHue odepegu npu
OXuaaHue o4vepeau npu
OxupaHue odepegu npu
OxupgaHue odepegu rnpu
NotokoB B nyne ['1']
NotokoB B nyne ['1'

NotokoB B nyne ['2' ]
NotokoB B nyne ['2',

noakaw4eHuu

noakw4eHuun
|1u]

noakn4eHuu
noaKkji4yeHuu
noakaw4eHUu
noaKkjn4yeHuu

l2l]

‘3]

AR ARAA

nyny

nyny

nyny
nyny
nyny
nyny
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12:14:05 PM (2) MoTtokoB B nyne ['3']
12:14:05 PM (4) MNoTtokoB B nyne ['3', '4']
12:14:05 PM (3) MoTtokoB B nyne ['4']
12:14:05 PM (5) MNMoTtokoB B nyne ['4', '5']
12:14:05 PM (5) MoTokoB B nyne ['4']
12:14:05 PM (4) NoTtokoB B nyne []

7.2. Multiprocessing

[Tpouiecc — 9TO 3K3eMIUISIP BBITIOJHAONIEN S TporpaMMBl. [Tpoiiec-
CBI, KOTOPBIM HEOOXOUMO y9aCTBOBATh B OOMeHe JaHHBIMHU C JIPYTHU-
MU IIpolleccaMu, JO/DKHBI SBHO OPraHU30BaTh TaKOW OOMeH mocpe-
CTBOM MeXaHM3MOB MexxmnpolieccHoro B3aumogenctsua (IPC). OHu
MOTYT IlepeiaBaTh JaHHble MEXAY APYT APYroM MocpeAcTBOM (aiios,
6a3 JaHHBIX, BCTPOEHHBIX CTPYKTYP AAaHHBIX, CETEBOTO B3auUMOZe-
CTBUSA U T. .

Mogaynb multiprocessing mpeAoCTaBseT MOJb30BATENIO CXOXKYIO
bYHKIMOHAMBHOCTD B YacTU cuHXpoHusaiuu (Event, Condition u T. 1.)
1 6J10KUpOBKHU 00ITUX pecypcoB (Lock, Semaphore u T. 1.) ¢ MoayiemM
threading. TloaToMy B aHHOM pa3szesie coKycHpyeM CBOe BHUMaHUE
Ha pa3JIMYHBIX BapyUaHTaX CO3/aHUs IIPOIECCOB U MEXIIPOIIeCCOPHOM
B3aMMO/IEICTBHUM.

7.2.1. Moaynb multiprocessing u kiacc Process

Jlns1 ucosib30BaHMA MPOIECCOB HEOOXOAMMO UMIIOPTUPOBATH KJIacce
Process mogyna multiprocessing, ¢ KOTOPBIM MOXXHO paboTaTh, Kak
U C MIOTOKaMU, HECKOJIbKUMU CII0CO6aMu:

1) B mpouecce co3zaHus sK3eMIUIApa kiacca Process nMeHOBaHHO-
My apryMeHTy target MOXXHO Tlepe/laThb OCHOBHYIO QYHKIIHIO, KOTOpas
OyZieT BBITIONHATHCA B OT€IbHOM IIPOIIeCCe;

2) peanu3zoBaTh MPOU3BOAHBIN Kjacc OT kjacca Process u mepe-
OIpeJeJIUTh MeTOZ, run.

YTOO6BI 3aITyCTUTH MpOlLiecc, HeOOXOAMMO Y CO3/JaHHOTO dK3eMIuIgpa
KJIacca BbI3BATh MeTo/ start. Ero paboTa 3aBepiuTcs mocie BhITIOTHe-
HUSA OCHOBHOM QyHKIMU. KaxKabI!i 00BABIsIEMBIN TTpoIlecc MOXKeT pabo-
TaTh B IBYX peXMMax: OCHOBHOM PEXUM U PeXUM JieMoHa (aprymMeHT
daemon = True).

Huke npuBezieH npuMep BbINOJHEHUA QYHKIIMU Pa3IuYHBIMU IIPO-
1[leccamu.

from multiprocessing import Process

def process_run(num):
print(f"Mpouecc N {num}")
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if _name__ == "_main__ ":
for it in range(5):
my_process = Process(target=process_run,
args=(it,))

my_process.start()

# Mpouecc N ©

# Mpouecc N 1

# Mpouecc N 2

# Mpouecc N 3

# Mpouecc N 4

Tenmepp paccCMOTpUM BapuaHT C MPOU3BOAHBIM MOJIb30BATEIbCKUM
KJlaccoM, OT kJjacca Process:

from multiprocessing import Process
class MyProcess(Process):

def init_ (self, group=None, target=None,
name=None, args=(), kwargs=None,
* daemon=None):
super().__init__ (group=group,target=target,
name=name, daemon=daemon)
self.args = args
self.kwargs = kwargs

def run(self) -> None:
print(f'Process #{self.args[@]} run with '
f' args = {self.args} '
f'and kwargs = {self.kwargs}')

if __name__ == "__main__":
for it in range(5):
my_process = MyProcess(args=(it,),
kwargs={it: it+2,
fU{it}": str(it)*2}

)
my_process.start()
Process #0 run with args = (@0,) and kwargs = {0: 2, '@': '@0'}
Process #1 run with args = (1,) and kwargs = {1: 3, "1': '11'}
Process #2 run with args = (2,) and kwargs = {2: 4, '2': '22'}
Process #3 run with args = (3,) and kwargs = {3: 5, '3': '33'}
Process #4 run with args = (4,) and kwargs = {4: 6, '4': '44'}

7.2.2. BsauMmoeiicTBUe MeXAy mpoieccaMu

CaMbIif TPOCTOM COCOO B3aMMOJENCTBUSA MEXJY IpolieccaMu —
HCIIOJIb30BaHWE BCTPOEHHOM CTPYKTYPBI JaHHBIX Queue W3 MOIYJIS
multiprocessing:
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from multiprocessing import Process, Queue

def

def

if _name__ == "_main__ ":

pow_square(value, queue):
for 1 in value:
queue.put(i*i)

pow cube(value, queue):
for i in value:
queue.put(i*i*i)

my_numbers = range(3)

queue = Queue()

process_pow_square = Process(target=pow_square,
args=(my_numbers,
queue) )

process_pow_cube = Process(target=pow_cube,

args=(my_numbers,
queue) )
process_pow_square.start() # cTapTyem npouecc
process_pow_cube.start()

process_pow_square.join()

# oxupaem 3aBeplleHWe npouecca

# 0

process_pow_cube.join()

while not queue.empty():
print(queue.get(), end=" ")
1 4 0 1 8

Ellle OIHKUM CITOCOO0M B3aMMOEMCTBUSA MEXK/IY MPOIleCCaMU SIBJISET-
cs1 JobaBeHre O6IIero MpoCTpaHCTBA UMeH. J[JIsl 3TOT'0 UCIOJIb3YeTCs
ki1acc Manager, KOTOPBIM TakKe MpeAoCTaB/sAeT JOCTYT K BCTPOEHHBIM
TUTIAM JJAHHBIX MOZY/A multiprocessing:

from multiprocessing import Process, Manager, Event

def

def

slave(ns, event):
ns.my_list.append(1)
ns.my_list.append(2)
ns.my_list.append(3)
ns.my_list.append("new value")
ns.my value = 3.14

event.set()

master(ns, event):

print(f'my_list go ycTtaHoBkM dnara cobbiTus:
f'{ns.my_list}")

print(f'my_value go ycTaHoBKkM ¢pnara cobbliTus:
f'{ns.my_value}")

event.wait()



print(f'my_list nocne ycTtaHoBku ¢nara cobbiTua:
f'{ns.my_list}")
print(f'my_value nocne ycTaHoBku ¢pnara cobbitus:'
f'{ns.my_value}')
if _name__ == "'__main__':
mgr = Manager()
namespace = mgr.Namespace()
# obwee NpPOCTPaHCTBO MMeH
namespace.my_list = mgr.list() # co3pgaem cnucok
# 06bABNAEM MepemMeHHYI
namespace.my_value = mgr.Value('d', 0.0)

event = Event()

slave_process = Process(
target=slave,
args=(namespace, event),

)

master_process = Process(
target=master,
args=(namespace, event),

)

master_process.start()
slave_process.start()

master_process.join()
slave_process.join()

my_list pgo yctaHoBku ¢nara cobbuitua: [1]

my_value go ycTtaHoBku dnara cobuitua: Value('d', 0.0)

my_list nocne yctaHoBku ¢nara cobetna: [1, 2, 3, 'new value']
my_value nocne yctaHoBku ¢nara cobuitua: 3.14

Takke MMeeTca BO3MOXXHOCTb MCIIOJb30BAaTh CETEBOE B3aUMO/eii-
CTBUE /IJIA OpraHU3aIluy epefadyy JaHHBIX MeXay IoToKamMu. JIisa aTo-
ro u3 multiprocessing .connection He06X0ANMO UMIIOPTUPOBATH KJIACCHI

Listener u Client:

from multiprocessing.connection import (Listener,
Client)

from multiprocessing import Process

from array import array

def server():
address = ('localhost', 6000)
# family is deduced to be 'AF_INET'
with Listener(address,
authkey=b'secret password') as listener:
with listener.accept() as conn:
print(f'connection accepted
f'from {listener.last_accepted}')
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conn.send([2.25, None, 'junk', float])
conn.send_bytes(b'hello"')
conn.send_bytes(array('i', [42, 1729]))

def client():
address = ('localhost', 6000)
with Client(address,
authkey=b'secret password') as conn:
print(conn.recv())
# => [2.25, None, 'junk', float]
print(conn.recv_bytes()) # => b'hello’
arr = array('i', [0, o0, 0, 0, 0])
print(conn.recv_bytes into(arr)) # => 8
print(arr)
# => array('i', [42, 1729, o, 0, 0])

if _name__ == "_main__ ":
my_server = Process(target=server)
my_client = Process(target=client)
my_server.start()
my client.start()

7.2.3. Ilyn mpoueccos

Jlnsa ynpaBneHus: GUKCUPOBAaHHBIM KOJMYECTBOM ITPOIIECCOB, KOT/a
MOJKHO pas/ZieJINTh pabOTy Ha He3aBHCHMBbIE YaCcTH, paclipesieseMble
MeX/y IIpolieccaMu, Ucnosb3yetcs kiacc Pool. B atom ciydae Bo3Bpa-
IaeMble 3HAYEeHUs OT/ETbHBIX ITPOIECCOB OOBEAMHSIOTCS U BO3Bpala-
IOTCSA B BUJE CITHCKa.

KoHcTpyKTOp KJ1acca MMeeT TaKre apryMeHThI, KaK KOJTMYeCTBO IIPo-
11leccoB U QYHKITWsA, MOZJIeKaMasi BHITOJHEHUIO TIPU 3aIlycKe Ipoliecca
OTZeNbHOU 3a/auu. B KauecTBe mpuMepa pacCMOTPUM IapasieIbHYIO
06pabOTKYy CITHCKa, 3JIEMEHThI KOTOPOT'o OYyAyT BO3BOAUTHCSA B KBaJpar.
[l aTOoTO Ucob3yeM GYHKITUIO map Moyt multiprocessing. CUHXPO-
HU3AI[UI0 OCHOBHOT'O ITPOIfecca C IMpolleccaMu, BBHITTOTHAIOIIUMHU PaboTy,
MO>KHO ITPOU3BOIUTH C ITOMOIIBIO MeTo/I0B close u join. Takoii moaxos
rapaHTHUPYyeT BHIIIOJHEHNE 3aBepIIaoNUX OMepaluii 10 0CBOOOXK/e-
HUIO HEWCITOJIb3YEMBIX PECYPCOB:

from multiprocessing import Process, \
current_process, cpu_count, Pool

def square(data):
return data * data

def start_process():
print(f'CTapT npouecca -
f'{current_process().name}")

if  name_ == "' main_ ':
inputs = list(range(10))
print(f'HavanbHbit cnucok: {inputs}')
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builtin_map = map(square, inputs)
print(f'BcTpoeHHaa ¢yHKuMs map:
' {list(builtin _map)}"')

pool size = cpu_count() * 2
print(f'KonudecTtBo agep y npoueccopa:
f' {cpu_count()}")
print(f'KonmyecTtBo 3anyckaemblx NpoLecCoB:
f'{pool_size}"')
pool = Pool(
processes=pool_size,
initializer=start_process,

)

pool map = pool.map(square, inputs)
pool.close()

pool.join()

print(f'Pe3ynbTaT paboTbl Nyjsa NpoLEecCcOoB:
f'{pool_map}"')
6, 7, 8, 9]
16, 25, 36, 49, 64, 81]

HavanbHbt cnucok: [0, 1, 2, 3, 4,
BcTpoeHHas ¢yHKkuua map: [0, 1, 4,
KonunyectBo Aaep y npoueccopa: 12
KonunyecTtBOo 3anyckKaembix rnpoueccoB: 24
CtapTt npouecca - SpawnPoolWorker-1
CtapT npouecca - SpawnPoolWorker-2
CtapTt npouecca - SpawnPoolWorker-5

o un
.

CtapT npouecca - SpawnPoolWorker-24
Pe3synbTaTt paboTbl nyna npoueccos: [0, 1, 4, 9, 16, 25, 36, 49,
64, 81]

7.3. ACMHXPOHHOE NporpaMMUpoBaHue

Moy aCHHXPOHHOT'O MTPOTPaMMHUPOBAHUSA ASYNCIiO TPEAOCTaBIISA-
€T MHCTPYMEHTHI JIJI1 CO3/IaHUsI MIPWIOKEHUM, OCHOBAHHBIX HA BBITIOJ-
HEHUU MapasuleJIbHBIX BBIYUCAEHUHN C MCIOJb30BAaHUEM COIIPOTPAMM.
To ecTh OH HCHONB3YyeT MOAXOZ HA OCHOBE eIMHCTBEHHOTO IIOTOKA
Y €ZIMHCTBEHHOTO TPOIECCA, B KOTOPOM OT/ENbHbIE YaCTH IPWIOKEHUS
KOOIIEPUPYIOTCA AJI IBHOT'O TIEPEeKII0UeHNA 33/1a4 B Hanbosiee MoxXozs-
IIYe JJIsT STOTO MOMEHTHI BpeMeHU. AHAJIOTUYHO TIPEJBIAYIINM PacCMO-
TPEHHBIM MOZAYJIAM, MOAY/Ib ASyNncio UMeeT KOHCTPYKIIUU AJIsi CHHXPO-
HU3AIMU BBITIOJTHAEMOTO Ko/la M OJIOKUPOBOK PECypCOB, a TaKKe CBOU
HabOp BCTPOEHHBIX TUIIOB JIAHHBIX.

LleHTpasbHOE MECTO B MOJYJIE ASYNCi0 3aHUMAET «IIUKJI COOBITUI» —
00BEKT MePBOr'0 Kjacca, OTBETCTBEHHBIN 3a 3QPeKTUBHYIO 00pabOTKy
cOOBITHI BBOZIA-BBIBO/IA U M3MEHEHNE KOHTEKCTA MpIokeHusa. Cyiie-
CTBYET HECKOJIbKO BADUAHTOB pealu3alliy [IUKJIa COOBITUI. B 0OBIYHOM
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CUTYaIIUU BHIOMPAETCS IUKJ COOBITUN IO YMOSYaHUIO, HO Y TTOJIb30Ba-
TeJIsl UMeeTCsI BO3MOXKHOCTb BbIOOpa. OTO 0COOEHHO aKTyalbHO IIPU 3a-
ITyCKe IIPOrpaMMBbl Ha Pa3IMYHbBIX ONlePAllMOHHBIX CUCTEMaX.

B3auMoyelicTBe IPWIOKEHUA U IUKJIA COOBITUH TTPOUCXOAUT CIIe-
AyromuM obpa3om. CHavasa BBITIONHIETCA PerucTpanusa Koja, mojse-
’Kall[ero aCMHXPOHHOMY BBITIOJTHEHUIO, TTOCJIE Yero LUK COOBITHI BBI-
TIOJTHSIET HEOOXOAUMbIE BHI30BHI B KOZIE TIPUJIOXKEHUS, €CITU AOCTYITHBI
pecypchl.

BosBpaT ynpaBieHUs UKy COOBITUIN peajn3oBaH C TOMOIIBIO CO-
IIporpaMM — KOHCTPYKLIMU fA3bIKa, Ipe/JHa3HauYeHHOU /1A MapaJuiesb-
HOT'O BhITIOTHEeHMA oniepanuii [42]. [Tpu Bbi3oBe GpyHKIIUM COITPOTPAMMEBI
co3zmaeTrcs ee 0OBEKT, YTO MTO3BOJISIET BbI3BIBAIOIIEMY KOZY BBITIOJTHUTD
KoJ, 9TOM QyHKIINU, UcHonb3yad MeToZ send. [IproCcTaHOBUTH BHITION-
HEH’E COIpOrpaMMBI MOKHO C IIOMOIIBIO KJIIOUEBOI'O CJI0Ba await
COBMECTHO C UMEeHeM /pyrou comporpamMmbl. Ha NpoTa:keHUunu Takou
I1ay3bl COCTOSAHME COIIPOrPaMMBI COXPAHAETCs, YTO O3BOJIAET €l NpU
IpoOy’KAeHUU MPOAOIKUTH BHITIOJHEHME C TOM TOYKHU, B KOTOPOUl OHO
OBLIO TIPEPBAHO.

YToO6BI PYHKIMA BHITTONHAIACH B ACHHXPOHHOM PEXXMMe U BBICTYTIa-
Jla B POJIY CONPOTpaMMBI, Ilepeji ee olpezeneHreM HeoO6XoAuMo foba-
BUTH KJIIOUEBOE CJI0BO async. [Ipy aTOM IIUKJ COOBITUN MOZY/A asyncio
MOJKET 3aITyCTUTh COMPOTPAMMY Pa3JIUYHBIMU criocobaMu. CaMbIi MTPo-
CTOM BBI30OB y IIMKJIA COOBITUA MeToZa run_until_complete c Henocpea-
CTBEHHOM Ilepesiayeil eMy 00beKTa COIIPOrpaMMbI:

import asyncio

async def test_async():
print(await func()) # Hello, async world!

async def func():
return "Hello, async world!"

if __name__ == "_ _main__
loop = asyncio.get_event_loop()
loop.run_until_complete(test_async())

Enre oauH criocob6 oOBABIEHUS CONMPOrpaMMbl — HCIIOJIb30BaHUE
byHKIMU-reHepaTopa, 00epHYTOH AeKOpaTOpoM @asyncio.coroutine:

import asyncio
@asyncio.coroutine

def test_async():
print((yield from func())) # Hello, async world!

@asyncio.coroutine
def func():
return "Hello, async world!"
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if _name__ == "_main__ ":
loop = asyncio.get _event loop()
loop.run_until complete(test_async())

Huxe puBeZieH TpUMep aCUHXPOHHOUM paboTHI ABYX QyHKIIMN:

import asyncio

async def first_function():
print("first_function start")
for it in range(7):
await asyncio.sleep(1.2)
print(f"first_function {it}")

async def second_function():
print("second_function start")
for it in range(10):
await asyncio.sleep(0.9)
print(f"second_function {it}")

if __name__ == "__main__":
loop = asyncio.get_event_loop()
my_functions = asyncio.wait([first_function(),
second_function()])
loop.run_until complete(my_ functions)

7.3.1. [InaHupoBaHue BpeMeHU BbI30Ba GyHKIIUMN

LUK COOBITUI MOZYJS ASyNncio MO3BOJISIET IUIAHUPOBAThH BHI3OBEI
bYHKIIMI, OCHOBBIBAsICh HAa 3HAYeHUU BHYTPEHHEro TaiMepa ITMKJA.
Cy11ecTByeT HECKOIBKO CIIOCOOO0B IJIAHMPOBAHUS BbI30BA QPYHKIIUH.

— «Ha 6amxkaiiiee BpeMs». VMcnonb3yerca meto call_soon, ko-
TOPBIM ITO3BOJISIET 3alJIaHKMPOBaTh BhI30B callback-byHkuuu Ha ciexy-
IONIYI0 UTepaluio MMKJa. B KauecTBe mepBoro apryMmeHta GpyHKIIUU
BBICTYIIAeT cCchUIKa Ha callback-¢yHKIHIO, a Iocie cieayroT Jobble 10-
MTOJTHUTE/IbHBIE TTO3UIIMOHHbBIE aPTYMEHTHI.

— C 3aZiep:KKOH BO BpeMeH!. B JTaHHOM c/TyJae HCIIOIb3yeTCsI METO]
call_later. B kauecTBe 1epBOTO aprymeHTa MeTOo/ia BBICTYIIAET JJINTEb-
HOCTb 33/Iep>KKHU B CEKYH/ax, CIeZIoM UzleT cchlika Ha callback-dynkiuio
Y TIO3UITHOHHBIE aPTYMEHTHI.

— Ha omnpezenenHoe BpeMsi. Takoi crtoco6 MO3BOJIAET 3aIUIaHUPO-
BaTh BbI30B callback-byHkium Ha ornpezneneHHoe Bpems (MeToz call_at).
Yrob6Bl BRIOpPATh BpeMs [Jis 3alVIAaHUPOBAHHOTO OOPAaTHOTO BHI30OBA,
HeOoOXOZMMO BECTH OTCUET OT BHYTPEHHErO0 COCTOSHHS MOHOTOHHBIX
4YacoB, TO €CTh OT MOMEHTa «Celdac», 3TO MO3BOJISIET CAEAaTh METO/
time nukia cobwiTHi. [TociezoBaTEBHOCTD MTOAABAaEMbIX aPTYMEHTOB
Ha BxoZ MeTozia call_at aHasoru4Ha npeapiyIneMy Criocooy.

Ecimu Heobxogaumo B callback-dyHKIHio mepesaTh KatoueBble apry-
MEHTHI, /IJIST 3TOTO MOKHO KCIIOIb30BaTh QyHKIIUIO partial u3 momyma
functools:
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import asyncio
import functools

def callback(arg, kwarg='default'):
print(f'Bbi3oB callback-¢yHkumm arg= {arg}
f'kwarg = {kwarg}"')

async def main(loop):
print('Peructpupyem callback-¢dyHkumuw')
loop.call soon(callback, 1)
wrapped = functools.partial(callback,
kwarg="'"_"")

loop.call soon(wrapped, "- -
await asyncio.sleep(9.2)

if _name__ == "__main__":
event_loop = asyncio.get_event_loop()
try:

print('3anyck uukna cobbiTuin')

event loop.run_until complete(main(event_loop))
finally:

print('OcTaHoBKa uukna cobbiThii')

event loop.close()

3anyck umkna cobbiTui

Peructpupyem callback-dyHkuuio

BoisoB callback-¢yHkumm arg= 1 kwarg = default
BbizoB callback-¢yHkummn arg= -_- kwarg = ~_~"
OcTaHOBKa UUKJA cO6bITUIA

7.3.2. ACHHXpOHHOE II0JIy4YeHUe pe3yIbTaToOB

11 aCMHXPOHHOTO U3BJIEYEHUA PE3YIbTAaTOB U3 COIIPOrpaMM MOX-
HO UCIoab30BaTh Kiacc Future (dbrouepc), KOTOPHIM caM JeiicTByeT
mozio6HO conporpamMe. VIMeHHO MO3TOMY K ¢blodepcaM MPUMeHUMBI
nto0ble TTPUEMBI, MCIIOTb3yeMble I OKUAAHUA 3aBePIIEeHUs COIPO-
rpaMmebl. To ecTb sk3eMIUIAp kjacca Future MOXXHO UCIIOIB30BaTh BMe-
CT€ C KJII0YEBBIM CJIOBOM awdit.

[Tpu aToM 3K3eMIUIAPHI Kjiacca Future MoryT He TOJbKO paboTaTh
Kak COIMporpaMMBbl, HO U 3amyckaThb callback-dbynkuuu npu 3aBepiieHun
paboTsl. [lepes n3BIeYeHreM pe3ysibraTa U3 dK3eMIUisApa kiacca Future
y HEro Io/hKeH BBI3BIBAThCA MeTo/ set_result ¢ mepenaueit emy pesyb-
TUPYIOLLEr0 3HAYEHUA:

import asyncio

import functools

def callback(future, arg):
print(f'{arg}: pe3ynbTaTt future =
f' {future.result()}")
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async def register_callbacks(all done):
print('Peructpupyem callback-dpyHkumw ans '

" future')
all done.add_done_callback(functools.partial(callback,
arg=1))
all done.add _done callback(functools.partial(callback,
arg=2))
async def main(all_done):
await register_callbacks(all _done)
print('YcTaHoBKa pe3ynbTupywuero '
'3HaveHna future')
all done.set_result({"-_-": 10, "~_"": 20})
if _name__ == "__main__":
event_loop = asyncio.get_event_loop()
try:

all done = asyncio.Future()
event loop.run_until complete(main(all_done))
finally:
print(f"OcHoBHOM npouecc:
f" {all done.result()}")
event_loop.close()

# 1: pesynbrtaTt future = {'-_-': 10, '~_~': 20}
# 2: pesynbrtaTt future = {'-_-': 10, '~_~': 20}
# OcHoBHOM npouecc: {'-_-': 10, "'~_~': 20}

7.3.3. IlapannenbHOeE BBIIIOJIHEHUE 3a4a4

3agauu (Task) — OAWH W3 OCHOBHBIX CIIOCOOOB B3aMMOZEHNCTBUA
C UMKJIOM cOOBITHH. OHM SABIAIOTCSI 00epTKaMU HaZ COIpOrpaMMaMu
Y OTCJIEKUBAIOT MOMEHT MX 3aBeplieHus. Tak Kak 3aJadu SBISIOTCS
IPOU3BOAHBIM KjIaccoM OT Future, TO HACJEAYIOT Y4acTh ero QyHKIIHO-
HaJbHOCTH, 8 UMEHHO:

— Jpyrue COMpOTrpaMMBbl MOTYT OXKU/ATh 3aBepIIeHUs 33/1aY;

— KakZas 3a/lauya UMeeT pe3y/bTaT, KOTOPhIH MOXET OBITh MU3BJIE-
YeH TI0CJIe ee 3aBepIIeHus.

Yto6nl co3maTh ak3eMIUIAp kKiacca Task, Heo6XxoauMO v 0ObeKTa
IIMKJIa COOBITUS BBI3BAaTh MeTo/ create_task. Pesynbrupyromas 3aga4a
OyZieT BBIOJHATHCS KaK YacTh MapaUIe/IbHBIX OTepaIui, YIIpaBIsieMbIX
ITUKJIOM COOBITUM, ZI0 T€X MOP, TOKA BBITTOJHSAETCS IIUKJI U COMTpOTpaMma
He BO3BpaAlllaeT yIIpaBieHHe.

Jlo MOMeHTa 3aBepIlIeHNs 33/1a41 €€ MOXKHO OTMEHUTD, BHI3BAB Y JK-
3eMIUIsIpa Kjiacca MeToz cancel v Tem cambiM creHeprpOBaB UCKITIOYe-
Hue CancelledError, koTopoe OyzeT Heo6XoauMo 06paboTaTs.

JlaBaiiTe nipuBeZieM mpuMep pabOoTHI ¢ 3aZlaYaMMu:

import asyncio

async def task test():
print('BbinonHaem 3apady')
return (30, "-_-", [4.6, "0 0"])
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async def main(loop):
print('O6bsaBndem 3agavy')
task = loop.create_task(task_test())
print(f'OxuaaHue BbinonHeHus 3agjaun: {task}')
return_value = await task
print(f'3aBepuweHue 3agaun: {task}')
print(f'Pe3ynbTaT paboThl 3agauun: '

f'{return_value}"')

if _name__ == "__main__":
event_loop = asyncio.get_event_loop()
try:

event loop.run_until complete(main(event_loop))
finally:
event_loop.close()
06bABNsAeM 3ajady
OXuaaHue BbiNOJHEHUA 3agaumn: <Task pending coro=<task_test()
running at
F:/code/python/module7/async_part5.py:3>>
BoinosHAeM 3agauvy
3aBepuweHune 3apauyun: <Task finished coro=<task_test() done, defined
at

F:/code/python/module7/async_part5.py:3> result=(30, '-_-',
[4.6, '0_0'])>
PesynbTaTt pa6oTtbl 3agaum: (30, '-_-', [4.6, '0_0'])

7.4. Y10 1 Korpa ucnonb3o0Bathb?

Ecnu paspabaTeiBaeMasi BaMu ITporpaMMa UHTEHCUBHO HCIIOIb3yeT
omepanuy BBOZA-BeIBoZA (OObIasg yacTh BpeMeHU paboThl Mporpam-
MBI TPATUTCSA HA BBIIIOJTHEHWE 3THUX OTepaluii), TO Jy4llle NUCI0Jb30BaTh
aCMHXPOHHOE IPOrpaMMHUPOBaHUe, HO TOJABKO IIPU YCIOBUU, YTO OIle-
pauuy BBOZA-BBIBOJA OYAYT HEOJIOKUPYIOUUMU. B IPOTUBHOM Citydae
JIydlile MCIIOb30BaTh MOAY/b threading.

Ecnu pa3pabarbiBaeMast porpaMMa MHTEHCUBHO ITPOU3BO/IUT BHIYHIC-
JIeHUA Ha Ipolieccope, MOAY/b threading He YIy4IIUT IPOU3BOJUTEb-
HOCTb IIPOr'paMMEI, Tak Kak 3a zeno Bo3bMeTca GIL. KoHeuHo, Ha Hero
MO)XHO He oOpamniaTb BHUMAaHUA, eCJIU MTePEKTIOUNThCs Ha Jython u Iron-
Python, kotopblie He ucnonb3ytoT GIL. EcTh u elre ogHO pellleHre — Ha-
nucaTth Ha Cu cOOCTBEHHOE paclIvpeHue, ciocobHoe Ha BpeMs BhIYHC-
nenut otkiodaTh GIL, kak, HanpuMep, bubauoreka NumPy. B ranHOM
cJTydae JIydIlie BCIIOMHUTD PO MOAY/Ib multiprocessing u He 6pocaThCs
B kpaiiHocTU. OcO6EHHO OH TOMOKET B CUTYalluAX, KOrZja UMeeTcs BO3-
MOXXHOCTB BBINIOJIHATH IIPOrpaMMy ITapajieIbHO WIN paclpezeleHHO
Ha HECKOJIbKMX KOMIIbIOTEpaX.
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Pe3lome

B naHHOM paszesne MBI PacCCMOTpPEIN BO3MOXXHOCTH TaKUX MOZAYJIel
Python, kak threading, multiprocessing u asyncio, UX OCHOBHbIE CBOM-
CTBa, MEXaHU3MBbI paboTHI, a TaKXKe TO, KOT/a JIy4llle IPUMEHATh TOT
WM MHOU TIOAXOZ MPU pacliapauieIMBaHUM Ollepaluii.

CaMoe Ba)kHO€, YTO CTOUT NOMHUTH IIPXA UCIOJb30BAHUU JTIOOOTO
W3 3TUX MoAyJeill — paboTa ¢ HUMU IOZBep:KeHa oMMnOKaM, TPyAHO
MOAAIOMINMCS TECTUPOBAHUIO U OTIazKe. IloaToMy, eciii HET HEOOXO-
JVMOCTH, JIy4llle Ha HadaJbHBIX CTAAUAX pa3pabOTKU IPOTPAMMHOTO
obecrieueHUA NPUEPKUBATHCA OZHOTIOTOYHOTO MTOAXO0ZA.

BOHpOCbI U 3afdaHUA ANA CaMoMNpoBepKu

1. HasoBurTe KJI0OY€BblE OTIIMYUS B IPUHITUIIAX pabOTHI Moayel threading,
multiprocessing u asyncio.
2. B kakux ciy4aax Jydllle IPUMEeHATb ACUHXPOHHOE IIpOrpaMMUpOBaHue?
3. IloueMy npu BEIYUCIEHUAX, UHTEHCUBHO Mcnonb3yomux CPU, He cieayeT
HCII0JIb30BaTh MHOT'OIIOTOYHOE IIPOrpaMMUpOBaHue?
Ha3zoBuTe CItocoOBI MEXKITPOIIECCOPHOT'O B3aUMO/IEHCTBYS.
3a yTo oTBevaeT kjnacc Timer B Mozye threading?
Jl1s1 9ero ucnosb3yeTcss GJI0OKMPOBKA ZOCTYIIA K OOIINM pecypcam?
Kakue nMeroTcs crioco6bl CHHXPOHU3ALUY TIOTOKOB?
Kakve mMeroTcs: ClIocOOBI CHHXPOHHU3AINH ITPOI[ECCOB?
Yro Takoe cemadop? B kakux 3azjauax mpuMeHSIeTCs?
10 [TepeyncITe OCHOBHBIE CIIOCOOBI IJITAHUPOBAHUSA BBI30Ba QYHKI[UU TIPU
aCUHXPOHHOM IIPOI'PaMMUPOBAHUU.
11. Ima yero ucnosnb3dyercda kiaacc Future?
12. TIpuHuun paboTs! 3k3eMIUIAPOB kiuacca Event u Condition.
13. lna kakux 33724 MOXKHO MCIIOJIb30BaTh ITyJI IIPOLIECCOB?

©®No U A

YnpaxHeHus

1. HamwumwuTe nmporpaMmy, KOTOpasi OCyIIeCTBIIsAET YTeHNE JaHHbIX U3 daiiia
MTOCPEACTBOM OZJHOTO TIOTOKA U 3aIKUCh 3TUX JAHHBIX B APYTrOM MOTOKE B (ari.
Ha3BaHus $aityioB JOKHBI OTIAYATHCA.

2. HamumwuTe mporpamMmy, KOTopasi OCYIIecTBIsET YTeHHe u3 daiiia 1mo-
CPeZCTBOM OZHOTO IIPOIlecca U 3aMKCh 3TUX JaHHBIX B IPYTOM IIpoliecce B aii.
HasBanus ¢aiyioB 0/KHBI OTIMIAThCA.

3. Hamumiure mporpaMmy, KOTopasi, UCIIONb3ys MeXaHU3M aCHHXPOHHOTO
MIpOrpaMMHPOBaHUsI, OCYIIECTBIIAET YTEHNE JaHHBIX U3 OAHOTO daiiia U ux 3a-
ITUCh B IPYTOH ¢aii.

4. Hamumurvre mporpaMmy, OCyIIeCTBIISIOIYI0 TIEpEMHOXKEHHE ABYX MaTPHI]
C MCITOJIb30BaHUEM IIOTOKOB U IpolieccoB. Kaxkzas cTpoka HOBOM MaTPHUIIBI
JIOJI’KHA BBICYUTHIBATHCS B OTJETHBHOM ITOTOKE (IIpoIiecce).

5. Hamuiure mporpaMmy, B KOTOPOM HECKOJIBKO ITPOIIECCOB OCYIIECTBIISAIOT
yBeJIMYeHUe 3HaYeHU 00OIIEero A HUX CUeTYHKa.

219



6. Hamumure mporpaMmy, peaau3yIoIlylo 3aiaqy Ipo obeAatomux Guio-
codoB Ha OCHOBE TIPOLIECCOB.

7. Hanwumure mporpamMmy, B KOTOpoi 10 CIMCKOB 3aII0JTHAIOTCA CIy4aliHBIMU
3HaYEeHUSAMHU, TTOCJIE Yero st KaXKZ0Tro U3 CITUCKA B OTAeIbHOM IOTOKe (TIpoliecce)
HAXOAUTCS MeAraHa.

8. HanuiwuTe nporpaMmmy, KoTopas 3anoyHsaeT 20 crydailHbIMY 3HaYeHUAMU
Queue, mepejlaBaeMyto YeThIpeM 3aIlycKaeMbIM ITOTOKaM (I1poliecca), Iocje 4Yero
BBIBEJIUTE B KOHCOJIb U3BJIEKaeMble U3 CTPYKTYPHI JaHHBIX 3HAaUeHUA ¢ UHPOP-
Mairel o ToM, B KaKOM IIOTOKe (IIpoljecce) 3TO IIPOU3OIILIO.

9. HamnwumuTe nmporpaMmy, KOTopas peaau3yeT CjleAyIOlUlyio JOTUKy. MMe-
€TCsT OO CYETIMK TSI IByX TIOTOKOB (IIPOIECCOB), MAaKCUMAaIbHOE 3HAUEHUE
KOoTOporo paBHO 50. Kakziplil 13 TOTOKOB (IIPOIIECCOB) OXKUAAET, ITOKa APYTou
YBEJIUUUT 3HAUEeHHE CUeTYrKa Ha 5, Iocjie Yero TOT IOTOK MEPeXOAUT B PEXXUM
OXXUZIaHMA, a TeKyIIUN HauYlnHaeT YBeJIUYUBATh 3HAaUeHUe CUETYMKA.

10. HanuiuTe mporpaMmy, B KOTOPOU OZIMH MTOTOK (IIPOIecc) OCYIEeCTBISET
YyTeHHe JJaHHBIX U3 daiiia, a TpPU APYTUX IMOTOKA (TIporiecca) OCYIeCTBIISIOT UX 3a-
mUch B Qaii. Y KakZoro moroka (mpoijecca) cBou dai AJia 3amucy JaHHBIX.
[Tpu aTOoM yuTHUTE, YTO Pailyibl, B KOTOPbIE ITPOU3BOJUTCS 3aIMCh, HE JOIKHBI
coziepkaTh B cebe OAMH U TOT Ke HAabOp ZIJaHHBIX, TO €CTh IIPOYHUTAHHAsS CTPOKA
u3 ¢daiia MoXKeT OBITh €IUHOX/BI 3aITHCaHa B OAUH M3 TpeX (aiioB.



Tema 8
PA3PABOTKA TrPAQOUYECKOIO
MNONb30BATEIbCKOr0 UHTEPOENCA

B pe3ysbTare U3y4eHUs JAHHOU TEMbI 00yJaroIuecs A0DKHBI:

3Hamo

® OCHOBHBIE NIPUHILMUIIBI PAa3pabOTKU IrpadUIECKUX MMOJIb30BATENbCKUX HH-
tepdeticoB (GUI),

e CyIIEeCTBYIOIIME pas3Tuyus Mexay onbmuorekon PySide2 u PyQt5 At pas-
PabOTKY MPWIOKEHUH ¢ TpadUIECKUM IT0Tb30BaTETbCKUM UHTEPpPEHCOM;

ymembw

e KoMroHOBaTh BUIKeThl GUI co3zaBaeMoro mpwioKeHU,

® JCIIOJTh30BATh MEXaHU3M CUTHAJI-CJIOTOBOT'O B3aUMOZEHCTBUA MEXAY KJIac-
caM4 B paMKax ¢pperiMmBopKa Qt;

enademb

e HaBBIKAMM Pa3pabOTKU MIPUIOKEHUH ¢ TpapUIECKUM TOIb30BATETHCKUM
nHTepdercoM.

CylIecTByeT OCTaTOYHOE KOJUYECTBO OMOIHMOTEK Win GperdMBOD-
KOB, MO3BOJISIIOIINX pa3pabaThiBaTh IpapUUecKUil MOJb30BATENbCKUN
unrtepdeiic (GUI) mporpamm Ha s3sike Python. Hanpumep, B Python a1a
3TUX IleJlel M3HavYaJbHO BcTpoeHa 6ubimoTreka Tkinter, KoTopas moz-
KJII0OYaeTcss UMIIOPTOM TakeTa tkinter. ODTo He camas MOMyJsipHas OU-
6smoTeka a1 pa3pabotku GUI, HO Ha Hel peajM30BaHO JOCTATOYHOE
KOJINYECTBO Opensource-nmpoeKToB.

JlanHas Tema paccmartpuBaeT mporiecc pazpabortku GUI mocpeacTBom
OZIHOU U3 peanusanuil kpoccimiardopMmeHHoro dpeliMBOpKa Qt —
PySide2, asnsaromeiica opunmanbHoM peanusaivei Qt s Python, pas-
BUTHe KoTopoi nogaep:kuBaetcs The Qt Company. Vicronb3oBaHue Ta-
KOT'O MHCTPYMEHTA IT03BOJIAET OBICTPO U 3PPEKTUBHO MPOEKTUPOBATD,
pa3pabaThIBaTh, BHIITYCKATh U COTIPOBOXK/ATh IPOTrPAMMHBIE TTPOAYKTHI,
obecmeunBaroIye el UX (ITOJb30BaTEIbCKUM OMBIT) CPEAU BCEX
HCT0JIb3yeMbIX T1aTdopm [43].

8.1. YcraHoBKa PySide2

Jlna yeranoBku PySide2 Bocmosib3yeMcsi BCTPOEHHBIM PETIO3UTOPUEM
makeToB Python Package Index (PyPI) [44] u B TepMuHaJie BBeJEM CJie-

AVIOLIYIO KOMaHy:
pip install PySide2
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[Tocte 3ammycKa KOMaH/Ibl BBITIOJIHUTCS 3arpy3Ka 3aBUCMMOCTeH (ecu
TaKOBble UMeIOTCs1) U camoro PySide2:

Installing collected packages: shiboken2, PySide2
Successfully installed PySide2-5.15.0 shiboken2-5.15.0

8.2. OcHoBbl pa3pa6oTku GUI

8.2.1. Hello World

[l co3ganusi cCOOCTBEHHOT'O BU/KeTa HEOOXOAUMO CO37aTh MPOU3-
BOZIHBIN KJacc oT kimacca QWidget, mocie dero omnpegenuTsb IepeMeH-
Hble ¥ METO/IbI 9K3eMIUIApa Kjacca:

import sys
from PySide2.QtWidgets import QApplication, QWidget

class MainWindow(Qwidget):
def __init_ (self):
super().__init_ ()
# Bbi3biBaeM KOHCTpYKTOp 6a30Boro kniacca QwWidget
self.initializeVUI()

def initializeUI(self):
self.setGeometry (100, 100, 400, 300)
# pa3mep BuAxXeTa
self.setWindowTitle('Hello World with Qt')
self.show()

if _name__ == "'__main__':
app = QApplication(sys.argv)
window = MainWindow()
sys.exit(app.exec_())

I[Tocste 3amycKa ckpuIiTa O6yeT BEIBEZIEHO IIaBHOE OKHO ITPHIOKEHUS
(puc. 8.1).

B " Hello World with Ot - O X

Puc. 8.1. llpumep 3anyLieHHOro NpuUNOXKeHUs

222



8.2.2. QPushButton u QLabel

[TlepBBIMU M3 pacCMaTPUBAEMBIX HAMU BU/KETOB SBJIAIOTCA OAHU
M3 CaMbIX MCITOJb3yeMBIX B IIpoliecce pa3pabotku GUI-puiokeHU —
QPushButton u QLabel. Tlpu Haxkatuu 1mo kHonke Ha GUI mpuioxeHUA
BuKeT QPushButton OTIpaBiseT CUTHAJ, KOTOPBIM MOXHO TOKJIIO-
YUTH K OIpeZiesiIeMOMY IT0/Ib30BaTeJIeM METOAY SK3eMILIApa Kiacca s
ero mocyienayroreir 06pabotku. QLabel ke B OCHOBHOM HCITOJIb3YETCS IS
MHGOPMUPOBAHUS MTOTB30BATENA.

Jlna peMoHCTpanuy paboThl C ATUMU JABYMS 3J€EMEHTaMHU BO3bMEM
KOJI TIPeIBIAYIIETro IpUMepa U I Havasa J06aBUM B IIPOIiecC UMIIOpTa
u3 mozynsi PySide2.QtWidgets xnaccet QPushButton u QLabel:

from PySide2.QtWidgets import (QApplication,
QWidget, QLabel,
QPushButton)

CieaylonyM 1aroM B KOHCTPYKTOPE Kjlacca HeoOX0MO OOBABUTD
IepeMeHHbIe, IOCPEACTBOM KOTOPBIX U OyZIeT CTPOUTHCA TOCIeAyIoas
paboTa ¢ METKOH Y KHOITKOM:

def __init_ (self):
super(). init_ ()
# Bbi3biBaeM KOHCTpYKTOp 6a30Boro knacca QWidget
self.label = QLabel(self)
self.button = QPushButton('Ok', self)
self.initializeUI()

Teneppr uamMeHuM koz MeToza initializeUI sk3emmisgpa Kiacca
MainWindow ciezaytonim o6pa3om:

def initializeUI(self):
self.setGeometry(100, 100, 400, 300)

# pa3mep BuAxXeTa
self.setWindowTitle('Hello World with Qt')
name_label = QLabel(self)
name_label.setText("Haxmm Ha kHonky!"™)
name_label.move(60, 30)

# no3uuma QLabel Ha BuaxeTte
button = QPushButton(' Ok', self)

# 3apaeM Bbi3biBaeMbli MeTOA 3K3eMnisipa Kaacca Npu HaxaTUUM KHOMKM
button.clicked.connect(self.buttonClicked)
button.move(80, 790)

# nosuuma QPushButton Ha BupxeTe
self.show()

Taxxe B MainWindow go6asBuMm metoz buttonClicked, B koTopom
OyzeT 06pabaThIBAaThCS COOBITHE HAXKATHUS HA KHOIIKY:

def buttonClicked(self):
self.label.setText("Ypa!")
self.button.setText ("~ ")
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[Tocne 3anmycka npuioxeHusa mnoJsb3oBarensb yBuauT GUI, mokasan-
HBIN Ha puc. 8.2.

¥ " Hello World with Gt — O X

Haxmn Ha KHonky!

Ok

Puc. 8.2. HauanbHoe coctosAHue GUI

JlaBaiiTe Ha)KMeM Ha KHONKY U IIOCMOTPHUM, KaK U3MEHUTCSA COCTO-
ssHUe rpadUUIecKoro IMOJIb30BaTENIbCKOr0 MHTepdeiica MPUIOKeHU
(puc. 8.3).

B " Hello World with Ot - O X

Ypa!

Puc. 8.3. Coctosinne GUI nocne HaxaTua Ha KHOMKY

8.2.3. QLineEdit

QLineEdit ucmosib3yeTcs KaK OJUH U3 BIK/IETOB BBO/|A ZJAHHBIX IT0JIb-
3oBaresieM npunokeHus. OH MoAAepKUBaeT Takue GPyHKIIUM pedaKTH-
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pOBaHUA TEKCTA, KaK BbIpe3aHue, KOMMPOBaHMe, BCTaBKa, IIOBTOP WU
OTMeHa.

Bumxer QLineEdit uMeeT psA METOAOB A JOOABAEHUS JAOTOJTHU-
TeJIbHBIX GYHKIIMOHAIbHBIX BO3MOXKHOCTEN rpaduyeckoMmy UHTEpeit-
cy. DTO MOXKeET OBITb CKPBITHE TEKCTa IIPU €ro BBO/E, UCIIOTb30BaHUE
TEKCTa-3all0JHUTEA WU JaXXe YCTAaHOBKA OTPaHWYEHMA Ha JJIUHY BBO-
JVIMOTO TeKCTa.

Hixe npuBezieH mpuMep pabOTHI C JAHHBIM BU/KETOM:

import sys

from PySide2.QtWidgets import (QApplication,
QWidget, QLabel, QLineEdit,
QPushButton)

from PySide2.QtCore import Qt

class MainWindow(QWidget): # Inherits QWidget
def __init_ (self):
super().__init__ ()
self.label = QLabel(self)
self.button = QPushButton('O4nctuth', self)
self.line edit = QLineEdit(self)
self.initializeUI()

def initializeUI(self):
self.setGeometry (100, 100, 400, 200)
self.setWindowTitle('QLineEdit Test")
QLabel("BeeguTe login", self).move(1l00, 10)
name_label = QLabel("Login:", self)
name_label.move(70, 50)
self.line_edit.setAlignment(Qt.AlignLeft)

# BblpaBHMBAHWE MO NIEBOMY Kpaw
self.line_edit.move(130, 50)
self.line_edit.resize(200, 20)
self.button.clicked.connect(self.clearEntries)
self.button.move(160, 110)
self.show()

def clearEntries(self):
# nonydaem CCbUJIKYy Ha OObEKT FeHepupyHlWuin curHan
sender = self.sender()
# MNpoBepAeM, 4YTO 3TO KHOMKAa C HaAMUCb "O4ncTuTbL"
if sender.text() == 'O4McTUTbL':
self.line edit.clear() # ouynwaem TekcT

if name_ == "'_ main__':
app = QApplication(sys.argv)
window = MainWindow()
sys.exit(app.exec_())
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CKpPUMHILIOT NOJIy4YUBIIEroCs IPUIOKEeHUA NIPUBe/ieH Ha puc. 8.4.

B ' QLineEdit Test - O X

BseauTe login

Login: Tect

OuucTutb

Puc. 8.4. lpumep pabotbi ¢ QLineEdit

[Tocyie HaxkaTusA Ha KHONKY «OuncTuTh» B QLineEdit coTpeTcs Bech
BBEJICHHBIN paHee TeKCT.

8.2.4. QCheckBox

Bumxker QCheckBox 1M0O3BOJISIET MePEKIIOYATHCI MEXAY ABYMS COCTO-
AHUAMU: aKTUBEH WM HeakTuBeH. OH H/leabHO MOAXOAUT JJIA TIpe-
cTaBjieHusa QyHKIUN B rpaduueckoM UHTepdeiice, KOTOpPblE MOXKHO
BKJIFOYUTDH WKW OTKJIIOYUTD, WIM JJs BIOOpPA M3 CITHMCKA MTapaMeTpOB.
Taxxke QCheckBox MOXeT HUCIIOIb30BaThCA A1 pabOThI ¢ ITMHAMUYECKUM
GUI npuinokeHWUH, HaIpuMep, YTOOBI UI3BMEHUTD 3aroJI0BOK OKHA WU
Jlake TEeKCT METOK, KOT/la OH BKJIIOUEH.

Huxe mpUBOAUTCS KO, NEMOHCTPUPYIOMIUU TPUHIIUIIBI PabOTHI
¢ QCheckBox:

import sys

from PySide2.QtWidgets import (QApplication,
QWidget, QCheckBox, QLabel)

from PySide2.QtCore import Qt

class MainWindow(Qwidget):

def init_ (self):
super(). init_ ()
self.label = QLabel(self)
self.label.setMinimumSize (200, 10)
self.initializeUI()

def initializeUI(self):
self.setGeometry(100, 100, 250, 250)
self.setWindowTitle('QCheckBox Test')
self.label.move(30, 200)
header_label = QLabel(self)
header_label.setText("Bo ckonbko "+
"Bbl Mpocbinaetecb?")
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header_label.setWordWrap(True)
header_label.move(10, 10)

header label.resize(230, 60)
morning6 = QCheckBox("6 yTpa", self)

morning6.move (20, 80)
morning6.stateChanged.connect(
self.printChoose)
morning7 = QCheckBox("7 yTtpa", self) morning7.move (20,
100)
morning7.stateChanged.connect(
self.printChoose)
never_sleep = QCheckBox("fl Boobwe He cnaw",
self)
never_sleep.move(20, 120)
never_sleep.stateChanged.connect(
self.printChoose)
self.show()

def printChoose(self, state):
sender = self.sender()
if state == Qt.Checked:
choose = f"BblibpaHo: {sender.text()}."
else:
choose = f"OTMeHeH BbGOp: " +
" {sender.text()}."
self.label.setText(choose)
if __name__ == "'_main__':
app = QApplication(sys.argv)
window = MainWindow()
sys.exit(app.exec_())

Bribop mosb3oBaTesisd B pa3pabOTaHHOM IPUIOKEHUU BBIBOJAUTCS
Ha BumKeT QLineEdit, 4yTo MOXHO HaboAaTh Ha puc. 8.5.

# " QCheckBox Test - O X

Bo ckonbKo Bbl NpocbinaeTech?

[]6yrpa
7 yTpa

A soobiue He cnno

Boibparo: A soobue He cnnto.

Puc. 8.5. pumep pa6otbi ¢ QCheckBox
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8.2.5. KomnoHoBka a3jiemeHTOB GUI

BMecTo mpoAo/mKeHUA pacCMOTPEHUA Pa3JIMYHBIX BUXK/ETOB, KOUX
B Qt emje OrpOMHO€E MHOXXECTBO, AaBalTe Jy4qllle IT03HAKOMHUMCSA C IIPUH-
I[UIIaMH KOMITOHOBKHM 3yieMeHTOB GUI. OTo n36aBUT OT HEKOTOPBIX ITPO-
6siem B OyaymieM. [To cBoelt cyTu, KOMIIOHOBKA MaKeTa — 3TO CIIOCO00,
KOTOPBIN HCITO/IB3YEeT pa3pabOTUMK IPU pa3MelleHUU BUIKETOB B IIPU-
JokeHUM. [1Ipyu 3TOM yUYMTHIBAIOTCA pa3iuydHble GAKTOPHI, TaKHe KakK:
pasMep, IOJIOXKeHHe, fo0aBIeHre WX yJaleHrue BUIKEeTOB, 00paboTka
M3MEHEHMA pa3Mepa IVIaBHOI'O OKHA MPWIOXKEHUA U T. [.

MeHemxep KOMIIOHOBKM (layout manager) B paMkax Qt mpezcTaBJs-
eT coboii Habop KJIacCOB, KOTOPHIE COZIEPKAT METOBI /IJIs pa3MelleHUs
BU/DKETOB BHYTPHU JPYI'UX BUKETOB WIU OKOH. OHU MOJIE3HBI /JIA CBA-
3U MEX/IYy JOYEPHUMU U POAUTENTbCKUMU BU/)KETaMHU, TO3BOJIAA Ooslee
3¢ PEeKTUBHO UCITOIB30BATh UMEIOIeecs MPOCTPAHCTBO U HACTPaUBaTh
TIOJIMTUKU U3MEHEHUS pa3sMepOB.

B pamkax AaHHOro y4yeOHOTO MOCOOUA MBI paCCMOTPUM Bapu-
aHT UCIOJb30BaHUA TAaKUX MEHE/KEPOB KOMIIOHOBKU, KaK KJaCCHI
QVBoxLayout 1 QHBoxLayout, asidaromyieca IpOU3BOAHBIMY KJlacca-
vMu QBoxLayout. /laHHBIM MeHemKep Mojie3eH JJiA CO3JaHus IIPOCThIX
rpaduyeckux MHTEPPENCOB ¢ TOPU3OHTAJBHBIM WM BEPTHUKAIbHBIM
pacrnosio’keHreM KOMIIOHEHTOB U ero GyHKIIMOHAJIbHOCTH JOCTaTOYHO
JU1 OOJIBIIIOTO KOJMYECTBA CAydyaeB KOMIIOHOBKHU 3jeMeHTOB Ha GUI
pa3pabaThIBaeMOr0 IIPUIOKEHUS.

B KkauecTBe mpuMepa HalUIlIEM KOJ OIMPOCHUKA, KOTOPBI MHTEpe-
cyeTcs y TOJb30BaTesis, Kak IMpOIIes ero JeHb, U IpejaraeT BbIOpaTh
OZIVIH 3 BAPDUAHTOB OTBETA:

import sys

from PySide2.QtWidgets import (QApplication,

QWidget,

QLabel, QPushButton,
QCheckBox, QButtonGroup,
QHBoxLayout, QVBoxLayout)

from PySide2.QtGui import QFont
from PySide2.QtCore import Qt

class MainWindow (QWidget):
def init_ (self):
super(). init_ ()
self.label = QLabel(self)
self.initUI()

def initUI(self):
self.setGeometry(100, 100, 400, 230)
self.setWindowTitle('Layout Test')
self.displayWidgets()
self.label.setAlignment(Qt.AlignHCenter)
self.show()
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def displayWidgets(self):

# create label and button widgets

title = QLabel("BeuepHuit onpoc")

title.setFont(QFont('Arial’, 17))

question = QLabel("Hackonbko nNAofoTBOpPHO"

" npowen Baw geHb?")

# co3paHue ropusoHTanbHoro layout-a

title_h_box = QHBoxLayout()

title_h box.addStretch()

title_h_box.addWidget(title)

title_h_box.addStretch()

# BapuaHTbl BblibOpa

ratings = ["YxacHo", "Hy, Takoe",
"HopmanbHo", "OT/An4YHO"]

ratings_h box = QHBoxLayout()
# paccToAaHMe Mexay BUAXeTaMM B FOpPU3OHTanbHOM layout-e
ratings_h_box.setSpacing(89)

ratings_h box.addStretch()
for rating in ratings:
rate_label = QLabel(rating, self)
ratings_h_box.addWidget(rate_label)
ratings_h box.addStretch()

cb_h_box = QHBoxLayout()
# paccToAHMe MexAy BUAXETaMU B FOpPU3OHTaNbHOM layout-e
cb_h box.setSpacing(100)

# Co3paem KoHTelWHep AnAa rpynupoBku QCheckBox
scale_bg = QButtonGroup(self)

cb_h_box.addStretch()

for cb in range(len(ratings)):
scale cb = QCheckBox(str(cb), self)
cb_h_box.addWidget(scale_cb)
scale_bg.addButton(scale_cb)

cb_h_box.addStretch()

# ycTaHaBnuMBaeM ¢yHKUMW OTpaboTKU BapuaHTa Bbibopa

scale_bg.buttonClicked.connect(
self.checkboxClicked)

close_button = QPushButton("3akpbiTb", self)
close button.clicked.connect(self.close)

# KomnoHyem BepTuKanbHbii layout, nocnepoBaTenbHO

# pobasnaa BuoxeTbl and snemeHTh h_box layout
v_box = QVBoxLayout()
v_box.addLayout(title_h box)
v_box.addWidget(question)
v_box.addStretch(1)
v_box.addLayout(ratings_h_box)
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v_box.addLayout(cb_h_box)
v_box.addStretch(2)
v_box.addWidget(self.label)
v_box.addWidget(close_button)
self.setlLayout(v_box)

def checkboxClicked(self, cb):

self.label.setText(f"BoibpaHo: {cb.text()}")

if _name__ == "'__main__"':
app = QApplication(sys.argv)
window = MainWindow ()
sys.exit(app.exec_())

KommnonoBka QCheckBox B KoHTelHepe QButtonGroup 1mo3BOJSAET
3a/laBaTh TaKoe MOBeJIeHNEe, YTO T0JIb30BATENh MOXXET BHIOPATh TOJb-
KO OZIMH BapUaHT OTBETA, a He Cpa3y HECKOJbKO, KaK ObLIO B MPEAbILY-
meM npuMepe. Baemnuit Buz, GUI HanmrmcaHHOTO IPUWIOKEHUA ITpUBEZIeH

Ha puc. 8.6.

BeuepHuit onpoc

Hackonbko nnoaoTsopHO nNpowen Baw aeHs?

YxacHo Hy, Takoe HopmanbHo

(o O1 M2

BeibpaHo: 2

3aKpbITh

B Layout Test -

OTnn4HO

s

Puc. 8.6. Mpumep ncnonb3oBanua GUI ¢ meHeaKepom KOMNOHOBKM

[Ipu sTOM, €ciy M3MEHUTH pasMep IVIABHOI'O OKHa, 3yieMeHThl GUI
MO/ICTPOATCA IO, ero HOBBIM pa3mep (puc. 8.7). be3 ucnonb3oBaHusa Me-
He/pKepa KOMIIOHOBKY pPeaju30BbIBaTh TAKOe IIOBEAEHMNE IIPUIOKEHUA

6BLTO OBI OYEHb TPYZOEMKO U He IIPOAYKTUBHO.

B Layout Test

BeuepHuit onpoc

HacKonbko nnoaoTsopHo npowen Balw aekb?
YxacHo Hy, Takoe HopmanbHo

Mo O1 Oz

BoibpaHo: 0

3aKpbiTh

OTm4HO

O3

Puc. 8.7. lloBeieHMe NPUNOXKEHUA NPU U3MEHEHUN pa3mepa IMaBHOT0 OKHa
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8.3. [lonb30BaTenbckue BUAXeTbl
N CUTHAN-CNOTOBBIN MEeXaHU3M

3adactyio nipu paspaborke GUI mporpaMMbl TPUXOAUTCA pa3ou-
BaTh €ro Ha COCTaBHBIE YaCTU U OPraHU30BLIBATH MEXaHN3M IIepesadu
JAHHBIX Mexy HUMU. K cuacTbio, Qt IpefocTaBigeT Takue cpefCcTBa
«13 KOpOoOKM». JlTaHHBIM MeXaHW3M CTPOUTCS Ha CHUTHajJaxX M CIOTax.
B posiu curHasa BBICTYIIaeT 0OBEKT, KOTOPBIH OIOBENIAET BCE MOAKIIIO-
YeHHbIE K HEMY CJIOTHI O KaKOM-TH0O0 M3MeHEeHUH BHYTPU dK3eMIUIApa
KJIacca, TeHEPHPYIOIIETo 3TOT CUrHasl. [Ipy1 00bABIEHUH CUTHAIA MOXKET
YKa3bIBaThCS Pa3jIMIHOE KOJUYECTBO aTPUOYTOB C UX TUIIAMH, KOTOPbIE
BIIOCJIEZICTBUH U OYZAyT BHICTYIIATh B KaUeCTBe MepelaBaeMbIX JaHHBIX.
1 mpuMepa AaBaiTe HalUIIeM IPUIOXKeHUe, KOTOpoe IT03BOJIA-
€T BECTH CIIMCOK /ieJl, pa3buB ero Ha /iBe 4YaCTH U OPraHU30BaB MeXK-
Iy HUMM B3aUMOJIEMCTBYME ITOCPEACTBOM CUTHAJIOB U CJIOTOB. [lepBas
4acTh, COOCTBEHHO TOBOPsI, U OyZIeT MpeACTaBIATh U3 ce0s BUKET CITU-
cka gen — ToDoListWidget, a BTopasgd — 1maBHoe okHO (MainWindow),
KyZa 3TOT BU/KET IIOMEILIAETCS.
Hike mpuBezieH Ko/ pa3paboTaHHOTO IMPUIOKEHMU:
import sys
from PySide2.QtWidgets import (QApplication,
QWidget, QLabel, QTextEdit,
QLineEdit, QPushButton,
QCheckBox, QGridLayout,
QVBoxLayout, QMainWindow,
QMessageBox)

from PySide2.QtGui import QFont
from PySide2.QtCore import Qt, Slot, Signal

class ToDolListWidget(QWidget):

doneSignal = Signal(str, str) # obbsBnsem curHan
warningSignal = Signal(str)

def init_ (self, parent=None):
super(ToDoListWidget, self)._ init__ (parent)
self.dictToDo = {}
self.dayMeet = []
self.initializeUI()
for it in self.dictToDo:
it.clicked.connect(self.itIsDone)

def initializeUI(self):
main_grid = QGridLayout()
todo_title = QLabel("Cnucok gen Ha AeHb")
todo_title.setFont(QFont('Arial', 24))
todo_title.setAlignment(Qt.AlignCenter)
# co3gaHue MeToK
mustdo_label = QLabel("Hago cpenaTtb")
mustdo_label.setFont(QFont('Arial', 20))
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mustdo_label.setAlignment(Qt.AlignCenter)
appts_label = QLabel("3annaHupoBaHHble " +
" BcTpeun")
appts_label.setFont(QFont('Arial', 20))
appts_label.setAlignment(Qt.AlignCenter)
# co3paHne cekuui
mustdo_grid = QGridLayout()
mustdo_grid.setContentsMargins(5, 5, 5, 5)
mustdo_grid.addWidget(mustdo_label, @,
0, 1, 2)
# co3paHue 4ekbOKCOB C nonAmMu BBOAA
for position in range(1, 15):
checkbox = QCheckBox()
checkbox.setObjectName(str(position))
linedit = QLineEdit("")
linedit.setMinimumWidth(200)
mustdo_grid.addWidget(checkbox,
position, @)
mustdo_grid.addWidget(linedit,
position, 1)
self.dictToDo[checkbox] = linedit

# cekuuAa BCTpey
morning label = QLabel("YTpo")
morning_label.setFont(QFont('Arial’', 16))
noon_label = QLabel("06eg")
noon_label.setFont(QFont('Arial', 16))
evening label = QLabel("Beuep")
evening label.setFont(QFont('Arial’, 16))
# nepBMYHAs KOMMOHOBKA
appt_v_box = QVBoxLayout()
appt_v_box.setContentsMargins(5, 5, 5, 5)
evening entry = QTextEdit()
noon_entry = QTextEdit()
morning entry = QTextEdit()
appt_v_box.addWidget (appts_label)
appt_v_box.addWidget(morning_ label)
appt_v_box.addWidget(morning entry)
appt_v_box.addWidget(noon_label)
appt_v_box.addwWidget(noon_entry)
appt_v_box.addWidget(evening_label)
appt_v_box.addWidget(evening entry)
self.dayMeet = [morning_entry, noon_entry,
evening_entry]
# 3aBepleHne KOMMOHOBKMU
main_grid.addWidget(todo_title, 0, 0, 1, 2)
main_grid.addLayout(mustdo grid, 1, @)
main_grid.addLayout(appt_v_box, 1, 1)
self.setLayout(main_grid)

def itIsDone(self):
sender = self.sender()
# 3anpeT Ha BbINOJIHEHME MYCTOro 3NeMeHTa CNUCKa Aen
if not self.dictToDo[sender].text():
sender.setChecked(False)
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self.warningSignal.emit(
sender.objectName())
return
if sender.isChecked():
self.doneSignal.emit(
sender.objectName(),
self.dictToDo[sender].text())

@Slot()

def

clearToDoList(self):
for it in self.dayMeet:
it.clear()

for checkbox, edit in self.dictToDo.items():

checkbox.setChecked(False)
edit.setText("")

class MainWindow(QMainWindow):

def

def

__init__ (self, parent=None):
super(MainWindow, self). init (parent)
self.todo = ToDoListWidget ()
self.todo.doneSignal.connect(self.itIsDone)
self.todo.warningSignal.connect(

self.warningDone)
self.initializeUI()

initializeUI(self):
self.setWindowTitle('Cnucok pen')
close_button = QPushButton("3akpbiTb")
close_button.clicked.connect(self.close)
clear button = QPushButton("O4nctuth")
clear button.clicked.connect(
self.todo.clearToDolList)
v_box = QVBoxLayout()
v_box.addWidget(self.todo)
v_box.addWidget(clear_button)
v_box.addWidget(close_button)
widget = QWidget(self)
widget.setLayout(v_box)
self.setCentralWidget(widget)
self.setMaximumHeight (500)
self.show()

@Slot(str, str)

def

itIsDone(self, number, description):
QMessageBox () .information(self,
"BHumanune!", f"Lleno '{description}' "
" nog N{number} BbinonHeHo!",
QMessageBox.0k, QMessageBox.O0k)

@Slot(str)

def

warningDone(self, number):
QMessageBox().warning(self, "BHumaHue!",
f"fleno N{number} He 3anosHeHo!",
QMessageBox .0k, QMessageBox.Ok)
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if _name__ == "_main__ ":
app = QApplication(sys.argv)
window = MainWindow()
sys.exit(app.exec_())

Buemrnui By GUI HanmmMcaHHOTO MPUIOXKEHUA IpUBeleH Ha puc. 8.8.

57 Cnncok aen - X

Cnucok aen Ha AgeHb

Hapo coenatb 3aI'IJ'IaHV|DOBaHHbIe BCTpe4n
YTpo

Oben

Beuep

|
|
|
|
|
|
|
O] |
|
|
|
|
|
|

Oumnctutb

3aKpbiTb

Puc. 8.8. BHewuHwit Bup npunoxenuna «Cnucok gen»

Eciu mompobyeM OTMETUTH IyCTOE ZeJI0, KaK BBIITOJTHEHHOE, ITPUJIO-
»KeHMe BbIZJACT npeAynpexzaeHue (puc. 8.9).

Cnvcok gen Ha AeHb

Ha.uo caenarb 3a|'|HaHV|p0BaHHble BCTpe4n
Of | YTpo
O |
O |
] |

0 l " Brumarve! X

O l [Jeno N23 He 3anonHeHo!

Puc. 8.9. Mpumep 3awuTbl OT BBOAA HEKOPPEKTHBIX AAHHbIX
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Korza zies10 u3 crvicka repexoAuT B pa3psi/i BEITTOJTHEHHBIX, ITPUIOXKe-
HHe u3BelaeT o6 3ToM mosb3oBartess (puc. 8.10).

Cnucok gen Ha AeHb
Hapo caenatb

Inoqucrmb 3yBbl

D |BBETDEK

O |C06DaTbCFI Ha paboTy

O

|
|
|
1

SaﬂﬂaHMpOBaHHble BCTpe4n
YTpo

B BHumanue!

0 Jleno 'nounctuts 3y6er’ nog N21 seinontvero!

X

Beuep

OumcTUTD

3aKpbITh

Puc. 8.10. OnoBeLueHne NoNb30BaTeNs 0 3aBepLIeHUN aena

[
[

[Tpu Ha>kaTu¥M Ha KHOIKY «O4UCTUTD» COTPYTCA BCe BHECEHHBIE IaH-
Hble, a L[eJYOK MBIIIKOU Ha KHOIIKY «3aKpBITh» IPUBeJET K 3aBeplie-
HUIO pabOTHI IPUIOKEHUS.

Ha puc. 8.11 npuBezeH BHermHuit Bug, ToDoListWidget.

B python

- O X

Cnucok aen Ha AeHb

Hapo caenatb

m]|

Ol

m]|

m]|

Ol

m]|

m]|

3aI'IJ'IaHVIpOBaHHbIe BCTpe4yun
YTpo

Ob6eg

Ol

m]|

m]|

Beuep

Puc. 8.11. BHewHwit Bup Bupxketa ToDolistWidget

Kak BuzHo u3 puc. 8.11, Bumxket ToDoListWidget sBjisieTcs 4acTbIO
MIPUJIOXKEHUS U HE MOXKET IMPeJOCTaBUTh €ro MOJIHYI0 GYHKIIMOHAb-
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HOCTb, €CJIU UCIO0/Ib3yeTCA OTAENbHO OT NIaBHOTO oKHa MainWindow.
BHemHu ke BUJ [VIABHOT'O OKHA /0 ZI00aBIeHNs B HETO TTOJIb30BaTEb-
CKOT'O BU/KeTa IIpHUBeZleH Ha puc. 8.12.

B Cnuncok gen - X

Puc. 8.12. BHewHwit BUA raBHOro OKHa npunoxeHuna «Cnucok aen»

8.4. Ucnonb3oBanue Qt Designer ana paspa6ortku GUI

Bo ¢petimBopk Qt BxoauT Qt Designer, yrpoinatomuii pa3paboTKy
rpadruecKoro moab30BaTEIbCKOr0 UHTepdelica MPUWIOKEHUA 3a CUeT
yXoZia OT ero HaIllMCAaHUs «BPYYHYIO» U J00aBleHUs UHTEPAKTHUBHO-
ctu B nponecc co3ganuda GUI. Ha puc. 8.13 npuBeseH BHELUIHUU BU[,
Qt Designer.

0 Gt Designer R
aiin Dpasxo Oopwa Bua Hocrpoin Qo Crpaewa

DB EHE] @%‘i@ mEw=% %M
[e— oo —
\m sssss o ] —~

Layouts ~ 5 Form QWidget
g Vertical Layout
ﬂ]]H ontal Layout

ﬁ Form Layout
v Spacers
[Bad] Horizontal Spacer
B vertical Spacer
v Buttons
(24 Push Button
Tool Button
@ Radio Button
B CheckBox
@ CommandLink Button
 Dialog Button Box
Item Views (Model-Based)
. List View
18 Tree View
5 Tble view
@
F Undo View
item Widgets (item-Based)
. List Widget
S8 Tree Widget
5] Table Widget
v Containers .

[ -

Pegarrop caoiicte

‘windowModality NonModal
enabled

> geometry (0, 0), 400 300]
> sizePolicy [Preferred, Preferred, 0, 0]

Obospesarens pecypcos 8 x

/ e [onnerp

<resource root>

PenakTop CHrHanos/CnoTos  PeaaxTop ASCTB | OBo3pesaTens pecypcos

Puc. 8.13. BHewHuit Bug Qt Designer

Temneps, ucnonb3ys npepocrapasgeMbiii Qt Designer nHCTpyMeHTa-
puii, paspaboraem GUI Hamiero 6yzayiiero nmpuaoxeHus. B kayecTse
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npumMepa peanusyeMm GUI pa3zpaboTaHHOTO paHee ONMPOCHUKA 00 OIleHKe

MIPOBEZIEHHOTO To/Ib3oBaTeneM AHsA (puc. 8.14).

£ Qt Designer - o X
Oaiin Mpaska ®opwa Bua Hactpoiikn Okwo Cnpaska
: > : : ; gaa ga =2
DB BD ERRE )=
Marens engpkeros. 8 x| - Whcnektop obvexros 8 x
e || o - Obuext Knace
v Layouts Al Be! 5 poc v % Form QWidget
= Vertical Layout HEDHHUI on answerlabel QLabel
N awfulCb QCheckBox
Horizontal Layout Hackonbko nnonotsopHo npowen Baw nexb? e QPushButton
833 Grid Layout excellentCh QCheckBox
% Form Layout label Qabel
s label 2 QlLabel
b Spacers Ywacuo Hy, Takoe Hopmanbho = Ovanuno Jabel3 QLabel
[ped) Horizontal Spacer s Oo 01 02 85 H label 4 Qlabel
B vertical Spacer GEeT gt::::
\E Buttons normalCh. QCheckBox
Push Button s0S0Ch QCheckBox
Tool Button i
bibpaHo:
@ Redio Button SaKDbITE .
g CheckBox  Pegaxrop ceoiicts & x
Command Link Button
o ]
Dialog Button Box Jower l9h = /%

Item Views (Model-Based)

v
List View

S8 Tree View

5 Toble view

Column View

checkBox_4 : QCheckBox

Ceoiicteo

3HaueHmne

excellentCb

Undo View

v Item Widgets (ltem-Based)

List Widget
S8 Tree Widget
EE] Table Widget

cnonssyerca  Texer

Topauan knasuuw Tpurre

>

v Containers
|-

PenaxTop CurHanos/CnoTos  PeakTop AeiicTswii

Puc. 8.14. BhewHnuit Bup GUI paspabatbiBaemoro npunoxeHus

Vcnonb3yeM MeHeKepbl KOMIOHOBKU (Horizontal u Vertical Layout)
JUIS CBSI3BIBAHUS Y PACCTAHOBKU 3JIEMEHTOB IOJIb30BAaTENbCKOTO UHTEP-
detica BHyTpU paspabaThiBaeMOro BUAKeTa. UTOOBI HEKOTOPHIE dJIe-
MEHTBI OTOOPAYKAIHCH TI0 IEHTPY KOMIIOHYEMBIX CTPYKTYP, UCIIOIb3yeM

Horizontal u Vertical Spacer (puc. 8.15).

S8 Tree View
] Table View

@D cotumn view

Undo View

QObject
objectName
QWidget

Form

1 Qt Designer - o X
®aiin Mpaska ®opwa Bua Hacrpoiicn Okwo Crpaexa
Marens suaxeTos 8 x| _ | Mcnexrop o6vexroe 8 x
onnstp ] o e Ofvexr Knace
v Layouts ~ == v Fe
. 5 BeuepHuii onpoc LJGm s,

=3 Vertical Layout v ()] horizontalLayout_5 (1)) QHBoxLayout
[I)] Horizontal Layout Hac BOpHO Np Baw nenb? > vevticaILayaut_A QVBoxLayout
2 GrdLayont Z > = verticallayout 3 QVBoxLayout

z > 2 verticallayout_2 = QVBoxLayout
8 Form Layout = > 2 verticallayout = QVBoxLayout
2 Spacers | ¥wacwo || Hy,Takoe || HopmanbHo ||  Ornnuko | answerlabel Qlabel
JBad) Horizontal Spacer QPushButton

| (10 e Y] (0 1 Y] Yo (72 Yoo Yo 3 3 o

K Vertical Spacer | p pre o b o} poe] e gz:e:

= label_ el
R Bittons] : verticalSpacer Spacer
[ Push Button Z verticalSpacer 2 Spacer
Tool Button
@ Radio Button BbibpaHo:
# CheckBox 3aKpbiTh —
© CommandLink Button Pegartop caoicrs L Ed
Dialog Button Box [onnep gk = /
v Item Views (Model-Based) Form : QWidget
List View Ceoiicteo 3Hauerne Al

 Peaakrop asiicTeuii

e OB XA
List Widget Mnn cnonsayerca | Texer Topauan knaswus | Tpurre
S8 Tree Widget

5] Table Widget . R
= -

- Containers . >| Penaxrop Curwanos/Croros  Penaxrop neficrent

Puc. 8.15. BhewHnuit Bup GUI paspabatbiBaemoro npunoxenus
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CyiefylOIIMM II1aroM HeOOXOAMMO 3a/aTh BUKETY

€ro MeHEIXKEP

KOMIIOHOBKH /711 OKOHYATeJIbHOU paccTaHOBKU dimemMeHTOB GUI. /lnqa Ha-
yasia IieJKHUTE MPaBoi KHOMKOM MBIIIU 10 BUAKETY, 3aTeM MepeuaunTe
B paszen «KoMmmoHoBKa» 1 BeibepuTe «CKOMIIOHOBATh IO BEPTHUKAIH»

(puc. 8.16).

0 Qt Designer - [u] X
| ositn Mpasca Gopma Bua Hacrpoiixw Okwo  Cnpaska
DgRnE @%E@zmgwgﬂ )
Marens suaxetos 8 x| o Ul Ot Desianer - untitled || Wrcnexrop obrexros 8 x
[onnerp | e Obvexr Knacc ~
v e ~ ~ v & Form QWidget
=5 Vertical Layout BeuepHnii onr ~ [} horizontalLayout 5 )] QHBoxLayout
[J] Horizontal Layout H BoOpH Ba 2 > E verticallayout 4 = QVBoxLayout
) ac Tz 0 1t netb > = verticallayout 3 = QuBoxLayout
433 Grid Layout H :
: > 2 verticallayout 2 = QVBoxLayout
8 Form Layout = > = verticallayout = QVBoxLayout
K2 - Spacers | YacHo ‘ [ Hy, Takoe ’ | Hopnanbuo | ‘ OTAnuHO ] answerLabel QLabel
'; :nm|;,:sp \ ) 2 e e e Y | IS e | e Qpuatbuton
< Suttons z label 6 QLabel
: verticalSpacer Spacer
Push Button Z VismenwTs objectName... verticalSpacer_2 Spacer
Tool Button ” o
MeruTs toolTip...
@ Radio Button BbibpaHo: X
Vismenvre whatsThis...
[ CheckBox m Vmenms styleSheet...
© Command Link Button Pegartop caoicrs 8 x]
. Dialog Button Box Orparmacnrs paswep [owere e =/
Item Views (Model-Based) MpeobpasosaHHsie Bnakersi... [Form : QWidget
. List View O Ceoiicreo 3mauenne )
8 Tecvien MEHUTS CrHanLI/CoTSI... e
5 Table View % Bopesars objectName G
Column View ¥ Konwposars QWidget v
. Undo View & :“"""’ | Pegarop aeiicreui & x|
T S DO®XA
. List Widget G [y . Teome T P
opaan knasnus Tpurre|
1§ Tee Widget [ Kownowoma v N - paswep
5] Table Widget ] Cromnoroears no ropusorTan N
v Containers = Cxomnonosats no seprkan
| - hd M c no c
* - -~
Puc. 8.16. 3apaHue TMNa KOMMNOHOBKM /IeMEHTOB BUKeTa
o
PesysnbraT sTOrO AEUCTBUA IOKa3aH Ha puc. 8.17.
3 Qt Designer - o X
aiin Mpaska Oopma Bua Hactpoiikn Okwo  Crpaska
D%B\‘m@\tﬁ%@@ m = Mzﬁim
Manens engxeTos. 8 x . — || Mcnekrop obrexros 8 x
ounstp ] Obwexr Knace 2
2 Layouts A Beuepl-mu onpoc v & Fom Quidget
=3 Vertical Layout Hac Baw fens? ~ [ horizontalLayout 5 ] QHBoxLayout
(11 Horizontal Layout o — b > = verticallayout 4 = QVBoxLayout
423 Grid Layout > = verticallayout 3 = QuBoxLayout
v > 2 veticallayout 2 = QuBoxLayout
Form Layout £ > B verticalLayout = QuBoxLayout
; F—— Spacers YacHo H Hy, Takoe HopManbHo H OTAnuHO | answerlabel g";ab:'a
jorizontal Spacer ushButton
§ et space 0o Il//mmmi l////t///////:i 01 mel imww»l 02 }/mmm{ l///////i////l 03 |rm//mml abel 5 QLabel
E label 6 QLabel
B [T verticalsy 5
pacer pacer
Push Button verticalSpacer_2 Spacer
S\ Tool Button =
@ Radio Button BoibpaHo:
[ CheckBox 3 ‘ -
| Peaakrop csoiicte 8

@ CommandLink Button

[ownere

. Dialog Button Box

Item Views (Model-Based)

Form : QWidget

. List View

8 Tree View

EE] Table View

[ column View

Ceoiicteo
QObject
objectName
QWidget

3HaueHne

Form

| Peaaxrop aciicTamii

Undo View

[V ftem Widgets (fem-Based) DO®x /A
List Widget Y Wenomsyerca | Texer Fopasas nssmus Tpurre
S8 Tree Widget

5] Table widget " >
k- .

- Containers v >| Penactop Curvanos/Cnotos  Penaktop aeficrami

Puc. 8.17. BHewHuit BUA BUAXKETa pa3pabaTbiBaemMoro npunoxeHus

Tenmepr B moJsie objectName BuU/XeTa BBeJleM ero Ha3BaHUE
QuestionnaireWidget u coxpaHUM, 3aZlaB €My IMPU 3TOM UMA
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questionnairewidget, mociyie 4ero 3akpoeMm Qt Designer. Cieaytomum
IraroM Heo6XoAUMO IpeoOpa3oBaTh MOJYUYUBIIUKCA Gaiiy ¢ oIuca-
HueMm GUI QuestionnaireWidget.ui B xog Ha Python. /[lis aToro He-
006X0ZMMO B TepMHUHaJE 3aUTU B KATaJOT C COXPaHEHHBIM Gaijom
OTIMCAHUSA MOJb30BaTENbCKOTO HHTepdelica u HabpaTh CIEAYIONTYIO
KOMaHZY:

(venv) F:\code\python\module-GUI>pyside2-uic
questionnairewidget.ui > questionnairewidget.py

B pesynbraTe OyzmeT creHepupoBaH ¢ailn questionnairewidget.py, Ko-
TOPBIA HEOOXOUMO TOAKIIOUUTh K pa3dpabaTbiBaeMOMY MPUI0KEHHUIO
CJIeIyIOITUM 06pa3oM:

import sys

from PySide2.QtWidgets import (QApplication, QButtonGroup,

QWidget)

# noakswyaem CFeHepMpOBaHHbIﬁ BUOXET

from questionnairewidget import (
Ui_QuestionnaireWidget)

class MainWindow(Qwidget):

ratings = {"@": "YxacHo",
"1": "Hy, Takoe",
"2": "HopmanbHo",
"3": "OTnAnyHo"
}

def __init_ (self):

super(MainWindow, self). init ()

self.ui = Ui_QuestionnaireWidget()

self.ui.setupUi(self)

scale_bg = QButtonGroup(self)

scale bg.addButton(self.ui.awfulCb)

scale_bg.addButton(self.ui.soSoCb)

scale_bg.addButton(self.ui.normalCb)

scale bg.addButton(self.ui.excellentCb)

# ycTaHaBnauBaem MeToh OTpaboTKu BapuaHTa Bblbopa

scale_bg.buttonClicked.connect(

self.checkboxClicked)

def checkboxClicked(self, cb):
self.ui.answerlLabel.setText(f"BbibpaHo:
" {self.ratings[cb.text()]} "
f"({cb.text()})")

if  name_ == "_ main_ ":
app = QApplication(sys.argv)
window = MainWindow()
window. show()
sys.exit(app.exec_())
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CKpHHIIIOT pa3paboTaHHOTO MPUJIOXKEHUS IIpe/icTaBIeH Ha puc. 8.18.

B Test GUI Qt Designer — a X

BeuepHuii onpoc
Hackonbko nnogorBopHo npowen Baw genn?

Y)acHo Hy, Takoe HopmanbHo OT1nnuHo
Jo 01 2 3

BbibpaHo: HopmanbHo (2)
3akpbiTb

Puc. 8.18. pumep paboTbl pazpaboTaHHoro npunoxeHns

Jaxe B ciiyyae M3MEHEeHUs pa3MepOB I[TIaBHOI'O OKHa dyieMeHThl GUI,
3a CUeT UCII0JIb30BaHUA MeHelKepa KOMIIOHOBKU, IO CTPAaUBAIOTCA IO/,
o™i u3aMeHenus (puc. 8.19).

B Test GUI Qt Designer - [m] X

BeuepHuit onpoc
Hackonbko nnogoTBopHo npoiwen Baw gexb?
YxacHo Hy, Takoe HopmanbHo OT1nnuHoO
0o 01 02 3
BbibpaHo: OtnnuHo (3)
3aKkpbiTh

Puc. 8.19. U3meHeHne pa3mepoB rNaBHOr0 OKHa NpUIoKeHnA

Pe3lome

B faHHOI TeMe MBI pacCMOTpeIN BO3MOXKHOCTU 6ubmrnoTeku PySide2,
ABJAOIIENcA OfHOU 13 peanu3auuii dpperiMBopka Qt Ha A3bIKe MPOrpaM-
MupoBanus Python, g71s paspaboTku rpadpryeckoro mosib30BaTeNbCKOTO
uHTepdeiica mpuwioxeHuit. Paznuuua mexay PySide2 u aHanoruyHoit
6ubnuorekoit PyQt5 — MUHMMAIbHBI U 3aKJII0YAIOTCA B MOAKIIOYEHUN
MOZyJIelf BEPXHEro YPOBHS C PAa3IMYHBIMU HAa3BAaHUSIMM, a TAaKXKe B Me-
XaHU3Me OOBbABIEHUA CUTHAJIOB U CJIOTOB.

BBuzy 3TOr0, HECMOTPS Ha TO, YTO KHUT 1o PySide2 He Tak MHOTO,
3TO He ABAeTcA mpobiaemoit. /i 6osee eTalTbHOTO PacCMOTPEHUSA
BO3MOXXHOCTeH ¢pperimBopka Qt B 3agauax paspaborku GUI mpu ero uc-
MOJTb30BaHUU cpeAcTBamMu Python M0OXHO 06paTUTHCA K ClIeAYIOIMIUM
MCTOYHUKAM [45, 46].

HecmoTps Ha To, yTo Qt Designer mpezocTasiseT 6ojee yaoOHBIH
U OBICTPBIM crIocob pa3paboTKM MOIb30BaTENbCKOTO HHTepdeiica MMpu-
JIO)KEHUH, B psZie caydaeB ObIBaeT yjo0Hee HAaNHUCATh KO «BPYYHYIO».
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OcobeHHO 3TO KacaeTcsd TaKMX MOMEHTOB, KOTZla HeOOX0OAMMO CO3JaTh
MHOXXECTBO OJHOTUITHBIX BU/KETOB.

Bonpocbl 1 3afaHuA ANA CamonpoBepKH

1. Kakwue cymiecTBYIOT OMOIUOTEKH AJIA CO3ZIJaHUsA TTPUIOKEHUN ¢ Tpadude-
CKMM TI0JIb30BaTeIbCKUM HHTepdericom moMuMo PySide2?

2. Kakoli KoMaH/I0 MPOU3BOAUTCA ycTaHOBKa PySide2?

3. Kakyro u3 6ubmoTeK s pa3paboTKu KpoccrutaTGOpMEHHBIX TTPUIOKe-
HUU Ha sI3bIKe MporpaMMupoBaHus Python odurnanbHo moazep:xkuBaet The
Qt Company?

4. Kakoi u3 npezocTapisieMbIx Qt KJIacCOB JOJDKEH BBICTYIIATh B PO Oa-
30BOT0 KJIacca MpU pa3paboTKe MOJIb30BaTETbCKOTO BIK/ETA?

5. T'ze u 3aueM nmpuMeHAETCA MeXaHW3M CUTHAJ-CJIOTOBOM CBA3U, IIpeJo-
cTaBisieMblil ppeiMBOopkoM Qt?

6. /lyia 4ero ucnosnb3yeTca MeHe/Kep KOMIIOHOBKH ?

7. Buewm pasnnuue Mexay ucronb3osanueM QVBoxLayout u QHBoxLayout?

8. /Jlia gero ucnonbsyerca Qt Designer?

9. Kakas koMmaH/ia 1o3BoJisieT mpeobpa3oBaTh pa3paboTaHHbIi B Qt Designer
BU/KeT B Koz Ha Python?

10. Kakas 6ubmmoTeka Ay padpaborku GUI ABIsieTcss OAHUM M3 MOZYJIEN
Python?

YnpaxHeHus

1. Hanwumwute nporpammy «KanabKyaaTop».

2. Hanumwute nporpammy «CIIMCOK Zesl» C BOSMOXHOCTBIO COXpaHEHUA
JMIAaHHBIX B Qa1 ¥ UX 3aTPY3KHU JIA PeAaKTUPOBAHUS.

3. HanumuTre mporpamMmmy, BEIBOAALIYIO COAEPKUMOE 33/1aBaeMOro KaTasora.

4. HanuimuTte nporpaMMmy JJji UTPhl B «kKPECTUKU-HOJIUKU».

5. Hamumwure mporpaMmy JJjisi IPOCMOTpa U300pa’keHUH B 3a/[aBaeMOM
Karasore.

6. Hanumwre mporpammy A pellleH!s KBaJpPaTHbIX YPaBHEHUU.

7. Hamumwurte nporpaMmy, IO3BOJIAIONIYIO CO34aBaTh HOBBIE TEKCTOBLIE
daiiibl, 3aMoMHATh UX, COXPAHATD, 3arpyKaTh U PeJaKTUPOBATh, a TaKXKe OCy-
IIEeCTBJIATD MOUCK IO TEKCTY.

8. Hamumute mporpaMmy, peaausyionyo GyHKIMOHAIbHOCTb 3aITMCHOMN
KHIKKU C BO3MOXXHOCTBIO COXPaHEHWUs, 3arpy3KHu, pPeJaKTUPOBAHUA JaHHBIX
Y TIOUCKA 10 GpaMUInH.

9. HammmmTe mporpaMmy, OCyIeCTBIAIONIYIO TOKCK (HaiIoB IO UMEHU WA
€ro 4acTH B 33[aBaeMOM I10JIb30BaTe/IeM KaTaJore.

10. HanmuunTe mporpaMmy, IMO3BOJIAIOIYIO 3aXOAUTh B €€ OCHOBHOE OKHO
TOJIBKO aBTOPU3UPOBAHHBIM IOJIb30BATENAM, C BO3MOXHOCTBIO PErNCTpaluu
HOBOTO TOJb30BaTesA. Xell CBA3KU «IOTHH:IIapoJib» MOJb30BaTeNell XpaHUTCA
B OTZIeTbHOM aiine.

11. HanuirTe nporpaMmy, OCyIIECTBIIAOIIYI0 KOHBEPTAaLI0 BaJIIOT, CIIMCOK
KOTOPBIX OepeTcs u3 json-¢aiiia ¢ JaHHBIMU 00 UX TEKYIIeM Kypce.

12. HanuiuTe mporpaMmy i MTOCTpoeHus rpadrKOB 10 JaHHBIM U3 daiiia
MS Excel. ®aiin MoxkeT coziep:kaTh IIPOU3BOJIbHOE KOJTUYECTBO JIMCTOB, KaXK/bIH
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13 KOTOPBIX XPAHUT 3HAYEHU JJIs1 OCel abCIvice ¥ opANHAT (BCETro 1o 2 cTonbua
Ha JIUCT). B pa3paboTaHHOM MPUIOXKEHUH MEXAY rpadruKaMu HEOOXOAUMO Iepe-
KJIFOYaThCs, UCIonb3ysa TabWidget.

13. Hanumure mporpamMmmy ¢ rpadpuiecKrM I0Ib30BaTeIbCKUM HHTepdeiicoM
JUIS COCTaBJIeHUs rpada pacCTOSTHUN MeXAy 00beKTaMU U HaX0XKAeHUS cCaMOTO
KOPOTKOTO TIYTU MEXY 3aZlaBaeMbIMH BepIIMHAMU rpada.

14. Harumute mporpamMMy, IMO3BOJIAIONIYIO 3alIMbpoBaTh U paciiudppoBaTh
dbaiin t06bIM BEIOPAHHBIM aJITOPUTMOM.

15. Hanmumute mporpaMmy, ITO3BOJISIOITYI0 GOPMUPOBATH CITUCOK C BHIOOPOM
BapUaHTOB AJITOPUTMOB JJIs1 €T0 COPTUPOBKU (MUHUMYM 2 ajJropuTMa).

16. HanumuTe nporpaMmy, OCyIeCTB/AOIIYIO CIy4alHyl0 FeHepalliio Iaposid
10 HAYXKATUIO Ha KHOIIKY.

17. HanuuiuTe nmporpamMMy i IlepeBoZia 3HaUeHUH B pa3IuyHble CUCTEMBI
CcUMC/IeHUA (JZecATUYHAasi, BOCbMepUYHasd, BOUYHAdA, IeCTHAAaTepUYHa).

18. Hanumiute mporpamMMy AJisg IpocMoTpa BuieodaiyioB B 3aZlaBaeMOM
[I0JIb30BaTeIeM KaTajore.

19. HanmumuTe mporpaMmy, peaausyionrylo 6a3oByr0 GyHKIIMOHATBHOCTD
Paint.

20. HanumuTe mporpaMmmy-urpy «3MenKas.



Tema 9
CETEBOE MPOrPAMMWUPOBAHUE

B pe3ysbraTe M3y4eHUs JaHHOH TeMbI 00yJaroIecs JOKHBIL:

3Hamsb

e OCHOBHbBIE IPUHIIUIIBI pa3pabOTKU MPUIOKEHUH C aDXUTEKTYPOI «KITHUEHT-
cepBep»,

® TUIIBI CYIIECTBYIOUIUX COEJMHEHNN U CTyYyau UX PUMEHEHUS;

yMemsb

e pa3pabaTeiBaTh COOCTBEHHBIE TPUJIOKEHUS C APXUTEKTYPOU «KJIUEHT-Cep-
Bep»,

® T0Jb30BAThCs GPEUMBOPKOM socketserver JiJisi CETEBBIX CEPBEPOB;

enadems

e HaBBIKAMU CETEBOTO ITPOrPAMMHPOBAHUS.

B HacToslee BpeMsA aKTUBHO PAa3BUBAIOTCA OOJauyHbIE CEPBUCHI,
pacmnpezieieHHble KOMITbIOTEPHBIE CUCTEMBI, a *KU3Hb O0e3 VIHTepHeTa
y2Ke€ HEBO3MOXXHO Jlake MpeACTaBUTh. BBHY 3TOr0 IIpu IIPOEKTUPOBA-
HUU CUCTEM, OPUEHTUPOBAHHBIX HA paboTy 1Mo ceTH, Ha MepPBbIN IIaH
BBIXOUT ITIOHMMaHUeE TMPUHITUIIOB 0OMeHa JaHHBIMU. [OBOps PO 06-
MEH JaHHBIMU, HeJIb3A He 3aTPOHYTh TaKoe Ollpe/esieHre, KaK IIpoTo-
KOJI — CBOe00Opa3HbIi A3bIK, UCIIOIb3YEMBIH T10 IOTOBOPEHHOCTHU JABYMS
cTOpoHaMU (KOMITBIOTEPHBIMU IIPOTPAMMaMM) i1 OOUeHUST MEXIY
coboii.

CriocoObl B3aUMOZENCTBUS MEXY NMpOrpaMMaMU IO CETH MOXKHO
pa3buTh Ha /IBe KaTErOpUU: C YCTAaHOBIEeHNEM U 6e3 yCTaHOBJIEHUS CO-
enquHeHus. IlocpezcTBoMm nMHTepdelica COKETOB U CTeKa MPOTOKOJIOB
TCP/IP xaxapIi M3 HUX MOXKET paboTaTh, UCIIONb3ys PA3IMIHbIE TPAHC-
MTOPTHBIE MeXaHU3MbI. K cokaseHuIo, ceMUypOBHeBas MoZiesib 0OMeHa
AaHHbIMU 110 ceTu OSI (Open Systems Interconnection), mpe/icTaBleHHAsA
B ctanzapre ISO (International Standards Organization), sIBASETCS U3-
JIUIITHE CJIOXKHOU 711 OOJIBIIMHCTBA PeaJbHbIX MIPUMEHEHUN. B cBA3U
C 3TUM B cTeKe IpoTokosioB TCP/IP ucnonb3yeTca ee cOKpallleHHasd, ye-
TBIPEXYPOBHEBas BEpCUA.

B aTom ciiyyae pa3pabaTeiBaeMble MPUIOKEHUS PeaNUu3yloT MpHU-
KJIaZHOHW ypoBeHb. OH MMO3BOJIsIeT 0OMEHUBATHCSA COOOIIEHUSIMHU ABYM
mpolieccaM, KOTOPble BBITIOJHAIOTCA JTUO0 JOKaAbHO, MO0 HA pa3HbIX
KOMITbIoTepax. Jlasee ¢ MPUKJIAZHOTO YPOBHS COOOIIEHNE TTepeaeTcs
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TPAHCIIOPTHOMY, T/le TPAHCIIOPTHBIN MMPOTOKOJ pa3bUBaeT AJTUHHBIE CO-
001IleHNs Ha CETMEHTHI U NepelaeT UX Ha CETeBON YpOBeHb. 37leCh cer-
MEeHTHI pa30MBalOTCA Ha aTarpaMMbl (MIOPITUY JAHHBIX) U OCYIIECTBIISA-
eTcs UX MapuIpyTrU3aiys. B cBoio ouepe/ib, ceTeBOM YpOBEHb UCITOIb3YeT
KaHaJbHBIU JIS Tlepelayy JaTarpaMM MeX/y OTAeJbHBIMU CUCTEMaMU
Ha IyTH OT UCTOYHUKA COOOIIEHNs K MyHKTY €ro Ha3HAYeHU.

[TpuHIUT pabOTHI MPOTOKOJIOB, KOTOPble OPUEHTHUPOBAHBI HAa yCTa-
HOBJIEHUE COeJIMHEHUS, MOXKHO ONHCATh Ha pUMepe OOBIYHOTO Tese-
doHHOrO pasroBopa. OTIpaBHOM TOYKOU BO3bMEM Hadalo caMOro Mpo-
1[ecca — 3aIpoc COeJUHEHUS C KOHKPETHBIM aOOHEHTOM (y3J10M/TOYKOM
ceTn). Y aboOHeHTa Ha JPyrod CTOPOHE MMeeTCs BBIOOp: OTBETUTD MU
He OTBETUTDb Ha 3BOHOK. EC/IM OH OTBedaeT Ha 3BOHOK, TO pa3roBOP MO-
’KeT COCTOSIThCS PA3TMYHBIM KOJTMYECTBOM CITOCOOOB: B BU/Ie MOHOJIOTA,
[Ivajiora, MOCTOSTHHOTO TlepebuBaHusA APYT Apyra U Tak Aanee. B aTom
cylyyae Bbl MOXKeTe OBITh YBEPEHBI, UTO HUKaKas 4acTb IlepeaBaeMou
vHbOpMAIIUU He TepsieTcs U Mlepesl OKOHYaHUEM Pa3roBOpa BhI MOIPO-
maeTech ¢ cobece[HUKOM, TTOCe Yero oba 3aBepIInTe 3BOHOK. Takxke
IMeeTCsI BO3MOXKHOCTh MOHATD, YTO B IIPOIlecce pasroBopa MpOU30LLTH
HemosIaIKu: cobecelHUKA He CJBIIIHO WM pe3Ko o6opBasicsd 3BOHOK.
OCHOBHOU TPaHCIIOPTHBIN IPOTOKOJI, KOTOPHIMA OPUEHTUPOBAH Ha yCTa-
HoBseHUe coeauHenuss — TCP (Transmission Control Protocol — mpoTo-
KOJI yIIpaBJIeHus mepeaaveit).

[TpuHIUI pabOTHI MPOTOKOJOB, KOTOPblE HE OPUEHTUPOBAHBI
Ha yCTaHOBJIEHME COeAVHEHUs, MOXXKHO ONMCcaTh Ha MpUMepe MOYTO-
BOU pacchuiku (He 1o e-mail, a crapoii u g06poii «[loutoit Poccum»).
B GOJIBIIMHCTBE CIy4YaeB MUChbMa JOUAYT Z0 aJpecaToB, HO HA 3TO HET
rapaHTuu. U eciu 4TO-TO MOILIO He TaK, HeOOXOJUMO CaMOCTOSATENb-
HO HAWTHU BBIXOZ U3 CJIOXKUBIIENCA CUTyalluu. B 3TOM ciiydae OCHOBHBIM
TPAHCIOPTHBIM poToKosioM siBjsieTcss UDP (User Datagram Protocol —
IIPOTOKOJI TIOJIb30BATE/NbCKUX JAaTarpaMm).

UDP u TCP paboTaroT nmoBepx ceteBoro IP-mpoTokosia. Ota KoMOMHa-
[ IPOTOKOJIOB, a TaKXKe PsZ MPOTOKOJIOB MPUKJIAAHOTO YPOBHA, KOTO-
pBI€ BHITIOJHAIOTCS TTOBEPX HUX, U3BECTHBI IO/ OOIINM Ha3BAaHUEM «CTEK
11poToK0JIOB TCP/IP».

CyiiecTByeT ABe Bepcuu ceTeBoro mnporokosa IP: IPv4 u IPv6.
B mepBOM ciry4yae aZipeca COKETOB IIPEZCTaBISIOT coO0H mapsl (address,
port), tae address — aapec IPv4, a port — HoMep IoOpTa B AuaNa3oHe
1—65 535. Aznpeca cokeroB IPv6 mpeacTaBisaioT co60i KOPTEXKHU U3 de-
ThIpeX 37eMeHTOB Bua (address, port, flowinfo, scopeid).

CiemyeT 3alIOMHUTD, YTO B3aUMO/eNCTBYE 10 CETU BCerza mpeAroia-
raeT oOMeH 6alTOBHIMM CTpOKaMu (OKTeTaMH), U eCJIM BaM HeoOX0ou-
MO TIepe/laTh TEKCT, TO CHavyasia ero HaJjo KoAUPOBaTh B OANTHI, KOTOPBIE
BIIOCJIEICTBUY J€KOANPYET MOTydaTeb.
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9.1. ApxuteKkTypa «KnueHT-cepBep»

B OOJIBIIMHCTBE CJTyYaeB CETEBON OOMEH OCYIIECTBIISETCS C UCIIOIb-
30BaHHeEM KJIMEHT-CEPBEPHOM apXUTEKTYPHI, 3aKJIaJbIBAEMOM B pa3pa-
6aTbiBaeMble TIpWIOKeHUs. CepBep MPOCIYIIMBAET BXOAAIINI TpadUK
II0 CBOEMY CETEBOMY aZipecy Ha OIpeZieleHHOM MopTy. [Toka 3ampocoB
OT KJIMEHTOB He TIOCTYIIaeT, OH OyeT TpeObIBaTh B COCTOSTHUU OXKUAAHMS,
TO €CTb He TIPeANPUHUMATh KaKUX-T100 AelCTBUI. B 3aBUCHMOCTH OT BHI-
OpaHHOTO MTPOTOKOJIA (C yCTaHOB/IEHEM WIH 6e3 YCTAaHOBJIEHUS COe/IIHe-
HUs) CBSI3b CepBepa C KIIMEHTOM Oy/IeT OCyIIECTBIIATHCS IT0-Pa3HOMY.

B miepBOM ciIy4ae KJIHUEHT JO/KeH MHUIIMMPOBATh HadaJlbHBIM 0OMeH
JIAHHBIMU C CEpBEPOM, KOTOPHIY B KOHEYHOM CYeTe YCTaHABIMUBAET coe-
JIMHEHE TIOCPEeICTBOM CETEBOT'O KaHajla CBSI3U MEXAY ABYMS IIpoliecca-
Mu. /laHHOe coeZimHeHWe Oy/IET AepXKaThCs U TO3BOJISATh MpolieccaM 00-
MEHUMBAThCsS COOOIIEHUAMU JI0 TeX IO, MOKa 06a He U3BABAT KeTaHHe
3aBEPIIUTh CEAHC CBA3U. B JaHHOM citydae cepBep I 0OCTyKUBAHUSA
3aIIPOCOB JIOJKEH PeaIM30BbIBATh ACHHXPOHHBIN, MHOTOITOTOYHBIHN WIN
MHOTOITPOIIECCOPHBIN MOAXOZ i 00pabOTKU KaXKZOTO BXOASAIIETO CO-
eAUHEHUsA. DTO CBA3aHO C TEM, YTO BBI30BBI METO/OB COKETOB SBJISIOTCS
OJIOKUPYIONMMHY, ¥ CEPBEP HE CMOXKET 0OpabaThiBaTh HOBBIE BXOZSIINE
COeZIMHEHUsI, TIOKa He 3aBePIIUT PaboTy C MPeAbIAYIITUMU.

Bo BTOpOM ciydae 3ampochl TIOCTYIAIOT Ha CEPBEP B CAydYalHOM
MOpsiZIKE ¥ HEMeJIeHHO oO6pabaThiBatoTcsA. To ecTh OTBET OT cepBepa
MTOChIJIaeTCS KJIMEHTY 0e3 3aZepKKH. [Ipu 3TOM Kak[oe cooOIneHre
obpabaTsiBaeTcsa HE3aBUCUMO OT APYTUX, 4TO AenaeT UDP xopoto mpu-
CIIOCOOJIEHHBIM /IJIT KPaTKOBPEMEHHOI'O B3aUMOZEUCTBUA Oe3 coxpaHe-
HUs1 cocTosHUA (cy»xk6a DNS) wiu mporiecca Ha4aabHOM 3arpy3KH CETH.

9.1.1. Jloruka paboThI 6€3 yCTaHOBJIEHUS COeUHEHMS

B manHOM cirydae mpoijecc paboTel cepBepa OyZeT BKJIOYATh B ceOs
celytole STallbl.

1. Coszauue coketa turma socket. SOCK_DGRAM.

2. CsA3bIBaHME COKETA C KOHEYHOM TOYKOM CIIy>KOBI (BBI3OB €Tr0 Me-
toza bind).

3. TloBTOpeHUe IepeyvHs AeHCTBUN B 0ECKOHEYHOM ITUKIIE:

— 3ampoc y KJIMeHTa JaTarpaMMbl TTIOCPeZICTBOM BbI30Ba MeTO/la CO-
KeTa recvfrom (6JIOKUpPYET BBI3OB ZI0 TOJYYEHUS JaTarpaMMBbl/0XKH/ia-
HUe COOOIIEeHUs OT KJINEHTA);

— BBIYUCJIEHUE PE3y/IbTaTa;

— OTIpaBKa BBIYMCIEHHOT'O pe3yJbraTa 00paTHO KJIHUEHTY (BBI30OB
MeToja cokera sendto).

[Tpotiecc paboThI KiIMeHTa O6y/IeT COCTOATh U3 CIEAYIONTHUX ITAIOB:

1) cosganue coketa tuna socket. SOCK_DGRAM;

2) no eblbOpY: CBSI3aTh COKET C KOHKPETHOM KOHEYHOU TOUKOM (BBI-
30B MeToza cokera bind);
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3) oTmpaBka 3ampoca/coobIneHus cepBepy (BHI30B MeTOZa COKETa
sendto);

4) oxuZlaHue OTBETa OT cepBepa (BBI30B MeToZa cOKeTa recvirom);

5) wucnosb30BaHUE JAaHHBIX, MTOJYYEHHBIX OT CEpBepa, B JIOTHUKE
OCTaBIIENCA YaCTU IPOrPaMMBIL.

[Tpu ucnosb30BaHUM METOZA COKeTa recvirom Ha CTOpOHe KJIMeHTa
BCerJia cjaefyeT 3a/jaBaTh apryMeHT TaliM-ayTa. OTO IO3BOJIUT obecrie-
yuTh 00pabOTKy ciydaeB, KOrZla cooOIIeHre He JOXOAUT [0 cepBepa,
1 TpebyeTcs PElIUTh: IOBTOPUTD TOIBITKY WU OTKA3aThCSA OT 3TOTO.

9.1.2. Jloruka paboThI C yCTAaHOBJIEHHUEM COEAUHEHMS

B manHOM cirydae mpoijecc paboTel cepBepa OyZeT BKJIOYATh B ceOs
celytole STallbl.

1. Cosgauue coketa tura socket. SOCK STREAM.

2. Cps3bIBaHUE COKETA C KOHEYHOM TOYKOM CIyKObI (BBI30OB €T0 Me-
toza bind).

3. 3amyck mpocaylIMBaHUA 3alIpOCOB Ha CO3/laHMe coeIUHEHUs (BbI-
30B MeToza coketa listen).

4. TloBTOpeHUE NepeyHs AeHUCTBHUU B OECKOHEUHOM IIUKIIE:

a) oxuzaHue (OJOKMpOBaHME IIpollecca A0 IMOJIyYeHUs) 3ampoca
OT KJIMEeHTa Ha co3/laHue coeJuHeHUs (BBI30OB MeTO/Zla COKeTa accept).
I[Tpu moslydeHUM TaKOTO 3allpoca CePBEP CO3/IaeT HOBBIM OOBEKT COKETA,
KOHEUYHOH TOYKOU /i1 KOTOPOTO SIBJIAETCA KIHUEHT;

6) co3gaHVe aCMHXPOHHOTI'O ITIOTOKA YIIPaBIeHUs 11 00pabOTKU HO-
BOI'0 COe€IMHEHU, MMyTeM Ilepelauyi eMy CO3ZJaHHOro cokeTa. [lepexof
K IIYHKTY 4.a;

B) B3auMO/IeHiCTBHE C KJIMEHTOM B HOBOM IIOTOKeE, UCIIOJIb3ysI METO-
ZIbIl HOBOT'O coKeTa recv u send. Korzia co cTopoHsI cepBepa HEOOXOAMMO
3aKpbITh COeIMHEHME, MOXKHO HCIIOIb30BaTh METO/, cOKeTa close.

Bosblie Bcero BpeMeHU cepBep IIPOBOAUT B II. 4.4, OXKUzad IOCTY-
TUIEHUSA 3alpOCOB Ha CO3/laHKEe COeIMHEHUS OT KJINEHTOB.

[Tpotiecc paboThI KiIMeHTa O6yIeT COCTOATh U3 CIEAYIONTUX ITAIOB:

1) cosganue coketa tuna socket. SOCK STREAM;

2) CcBs3bIBaHUE COKETa C KOHEYHOU TOYKOM CJIY>KOBbI (BBI3OB €ro Me-
toza bind);

3) ycTaHOBKa coeJMHEHHUS C cepBepoM (BBI3OB MeTOZA COKeTa
connect);

4) B3auMMOJIEMICTBHE C CEPBEPOM, HCIIOJIb3ysA METOABI COKETA recv
U send;

5) Korza co CTOpPOHBI KJIMeHTa HeoOXOAMMO 3aKPBITh COeIUHEHUE,
MOXKHO MCIIOJIb30BaTh MeTo7, cokeTa close.

MerTo/ recv 6JIOKHPYET IIPOIeCC 0 TeX IOP, ITOKa He OyAeT MoTydeH
OTBET OT cepBepa (MU cepBep He 3aKpoeT coeanHeHue). Mertox send
GJIOKUPYET IPOIIeCC BHITIOJTHEHUS MTPOTPaMMBbI TOJIBKO B CJIy4ae, eCiu
00beM IepeZilaBaeMbIX JaHHBIX HACTOJIBKO BEUK, YTO HEOOXOAMUMO ZI0-
’KIaThCsA, TTOKa TPAHCIIOPTHHIHA YPOBEHb HE OCBOOOAUT KaKyIO-TO YacTh
cBoel 6ydepHOU MaMATH.
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Takol Mogxo/ K MOCTPOEHUIO KJINEHT-CEPBEPHOr0 IMPUIOXKEHUS OT-
yr4yaeTcs 60bIIed CI0XKHOCThI0. OTYaCTU 3TO CBSI3aHO elrle C TEM, YTO
B 3TOM CJIy4yae TPyZHee YCTaHOBUTh MOMEHT, KOI/la UMEHHO HeOOXOIUMO
BBITIOJIHUTH YTE€HUE U 3aIIUCh JaHHBIX. Tak, HallpuMep, A1 HIOHUMAaHUA,
YTO TIepeZiava ZAHHBIX C IPYTOTO KOHIIA COKEeTa 3aBepileHa, He0OX0AUMO
MIpoaHaJIU3UPOBATh IPUHUMAaEMbIe JaHHbIe. DTO JOCTUTAETCS JobaBIe-
HHEM B 3aTr0JIOBOK IepeZilaBaeMbIX JaHHBIX HHPOpMaLy 006 UX pasMepe
B OaliTax, a MHOrZAA U 60Jiee CI0KHBIMU METOZaMH.

9.2. Mopynb socket

B Python g151 o6MeHa JaHHBIMY IO CETH UCTIONb3YeTCsI MOAYJb socket,
KOTOPBIN MPeoCTaB/IsAeT pa3paboTunKy HHTEPdEC COKETOB, CKPhIBAIO-
U OOJBITMHCTBO PA3IUYUN MeXIy IaThopMaMu.

Bcero B Mmozayiie socket onpezieneHo 4 uckaodeHus. OqHo 6a3oBoe —
ki1acc socket.error, ¥ Tpu MMPOU3BOJHBIX OT HETO:

1) socket.herror (herror) — HCKIIOUYeHHNE, TeHEPUPYEMOE B CIydae
HeyZavyHOro Mpeobpa3oBaHUs 33ZIJaHHOTO UMEHH XOCTa B CETEBOU aZipec
c nomotibio pyHKMU socket.gethostbyname wim HeyzauHOTO OMpEie-
JIEHUsI UMEHU XOCTa I10 33ZlaHHOMY ceTeBOMY azipecy GpyHKIIel socket.
gethostbyaddr. CoobieHne, reHepupyeMoe UCKII0YEHUEM, TTPEACTaB-
nsgeT u3 cebs koprex (h_errno, string), rae h_errno — Ko OUIUOKH,
a string — ee OIIMCaHUE,;

2) socket.gaierror (gaierror) — UCKJIIOUYEHUE, TeHEpUpPyeMoOe B CIIy-
yae BO3HUMKHOBeHUA omubOK azpecanuu B ¢yHkuuax getaddrinfo
u getnameinfo;

3) socket.timeout (timeout) — WCKJIOYEeHUE, TeHEPUPYyEMOE,
€CJIU BpeMs BBHITIOJHEHUS ONEepaIuy IPEBHIIAET AIUTENbHOCTD IIpe-
JleJIbHOTO BpeMeHU OXuZaHusA (MOXKeT ycTaHaBAUBaATbcs GyHKIMeN
setdefaulttimeout /19 xa>X/J0ro cokera).

Taxke Mozynb socket npesocTaBisgeT pa3paboTYUKy OOJbIION Ha-
60p KOHCTAHT /11 KOHPUTYpAIIMU CO3IaBaeMbIX SK3EMILISIPOB COKETOB.
Hawubosee 3HaUMMBIMU M3 HUX IPUHATO CUMTATh KOHCTAHTHI ceMelcTBa
agpecoB (AF_*) u tumbl coketoB (SOCK_*). Vx 60see moApoOHOE OIH-
caHue TpUBeZieHo B Tabu. 9.1.

Ta6nuya 9.1
OnucaHue YacTu KOHCTAHT ceMelicTBa ajpecoB 1 TUNOB COKETOB Moayns socket
HaszBauue OnucaHue
KOHCTAHTBI
AF _INET Co3zaBaeMbIii cCOKeT OyZieT paboTaTh ¢ CEMEHCTBOM a/IpECOB
IPv4
AF _INET6 Co3zaBaeMblii cOKeT OyZieT paboTaTh ¢ CEMEHCTBOM a/IpECOB
IPv6
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OkoHuarue ma6n. 8.1

HasBaHue OnucaHue
KOHCTAHTBI
AF CAN Co3zmaBaeMbIli cokeT OyZieT paboTaTh C CEMENCTBOM a/IpecoB

Controller Area Network (CAN)

SOCK_STREAM

Co3zaBaeMbIli coKeT OyZieT paboTaTh IO MMPOTOKOIY, OPUEHTH-
pPOBaHHOMY Ha ycTaHoBeHUe coenuHeHus (TCP)

SOCK_DGRAM | Co3zaBaemblii cokeT OyzieT paboTaTh 11O MMPOTOKOIY, OPUEHTH-
poBaHHOMY Ha paboTy 6e3 ycraHoBieHus coeauHenus (UDP)
SOCK_RAW Co3zmaBaeMbIli COKeT OyZieT IPeAOCTABIATh HETIOCPECTBEHHBIN

JIOCTYTI K JpaliBepaM KaHaJIbHOT'O YPOBHA (MCIONMb3YeTCs s
peann3anyyu HU3KOYPOBHEBBIX CETEBBIX CPE/ICTB)

Bosee moapo6HO co BceMu PYHKITUAMU MOZYIISA socket MOKHO O3Ha-
KOMMTHCS B IOKyMeHTaluu [47].

9.3. llpumep KnueHTa n cepBepa,

paboTarowux 6e3 ycTaHOBNEHUA COeANHEHUA

CBoeobpa3HBIM IPUMEPOM B Buzle BceM u3BecTHoro «Hello World!»
B CETEBOM INMPOTPAMMHPOBAHUU ABJIAETCA pa3paboTKa 3XO-CIYKOBI.
B aTOM ciiyyae KJIMEHT OTIpaBJsAET Ha cepBep Kakoe-mubo coobiie-
HUe (ZOMyCTUM, TEKCT), a CEpBep, MPUHUMAs eT0, OTIIpaBJsAeT 0OpaTHO

KJIMEHTY.

Huke npuBezieH KO/ KJIMEHTA, OTIIPABJIAIONIEr0 CEPBEPY COOOIEHU
Y TIOJIy4YaroIero oT Hero OTBeT:

import socket

import time

UDP_IP = '127.0.0.1°
UDP_PORT = 8883

def run_client(ip, port):
time.sleep(2)
MESSAGE = u"""3xo-cnyxba (€£) "Hello World!""""
sock = socket.socket(socket.AF_INET, # IPv4

server

socket.SOCK_DGRAM) # UDP
(ip, port)

for line in MESSAGE.split(' '):

data

= line.encode('utf-8")

sock.sendto(data, server)
print(f'KnuenT|| Ha cepsep {server}'

f' otnpasneHo: {repr(data)}’)

response, address = sock.recvfrom(1024)
# pa3mep b6ydepa: 1024
print(f"KnueHT|| Mony4yeHsl AaHHble:
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f"{repr(response.decode('utf-8'))}, "
f"ot {address}")
print("3aBepuweHue paboTbl KaneHta")

Teneps peann3yeM Halll 3X0-cepBep:

def run_server(ip, port):
sock = socket.socket(socket.AF_INET, # IPv4
socket.SOCK_DGRAM) # UDP
server = (ip, port)
sock.bind(server)
print(f'3anyck sxo-cepBepa: {server}')

while True:
data, address = sock.recvfrom(1024)
# pasmep b6ydepa: 1024

print(f"Cepsep|| NMony4yeHsl aaHHble:

f"{repr(data.decode('utf-8"))}, "
f"oT {address}")

sock.sendto(data, address)

print(f'Cepsep|| OTnpaBneHsl AaHHble:
f' {repr(data)}, '
f'no agpecy: {address}')

Jlyis 3arTycka Ha JIOKaJIbHOM MallliHe HallMIeM CJIeAYIOITUN Ko/, KO-
TOPBIM 3aIlycKaeT KJIWeHTa U CEPBEP B OT/Ie/IbHBIX ITPOIleccax:

if  name__ == "_ main__ ":
from multiprocessing import Process

client = Process(target=run_client,
args=(UDP_IP, UDP_PORT,))
server = Process(target=run_server,

args=(UDP_IP, UDP_PORT,))

server.start()

client.start()

client.join()

server.terminate()
3anyck sxo-cepBepa: ('127.0.0.1', 8883)
KnuenT|| Ha cepsep ('127.0.0.1', 8883) oTnpasneHo: b'\xdo\xad\
xd1\x85\xdo\xbe-\xd1\x81\xdo\xbb\xd1\x83\xdo\xb6\xdo\xb1\xdo\
xbo'
Cepsep|| MonyuyeHbl gaHHblie: '3dxo-cnyxb6a', oT ('127.0.0.1', 63440)
Cepep|| OTnpaBneHb gaHHble: b'\xd@\xad\xd1\x85\xdo\xbe-\xd1\
x81\xd0\xbb\xd1\x83\ xd@\xb6\xdo\xbl\xdo\xbe', no agpecy:
('127.0.0.1', 63440)
KnueHT|| MonyueHbl gaHHble: 'dxo-cnyx6a', ot ('127.0.0.1', 8883)
KnuenT|| Ha cepsep ('127.0.0.1', 8883) oTnpasneHo: b'(\xe2\x82\
xac)'
Cepsep|| Monyuyensl paHHbie: '(€)', oT ('127.0.0.1', 63440)
Cepsep|| OTnpaenenbl gaHHble: b'(\xe2\x82\xac)', no agpecy:
('127.0.0.1', 63440)
KnueHT|| MonyueHb gaHHbie: '(€)', oT ('127.0.0.1', 8883)
KnuenTt|| Ha cepsep ('127.0.0.1', 8883) oTnpasneHo: b'\xc2\
xabHello'
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Cepsep|| MonyyeHbl gaHHbie: '"Hello', ot ('127.0.0.1', 63440)
Cepsep|| OTnpaeneHbl gaHHble: b'\xc2\xabHello', no agpecy:
('127.0.0.1', 63440)

KnuenT|| Mony4yeHsl gaHHbie: '"Hello', oT ('127.0.0.1', 8883)
KnueHnt|| Ha cepsep ('127.0.0.1', 8883) oTnpasneHo: b'World!\
xc2\xbb'

Cepsep|| MonyyeHbl gaHHbie: 'World!™', oT ('127.0.0.1', 63440)
Cepsep|| OTnpaenensl gaHHbie: b'World!\xc2\xbb', no agpecy:
('127.0.0.1', 63440)

KnueHT|| MonydeHbl gaHHbie: 'World!™', oT ('127.0.0.1', 8883)
3aBepueHne paboTbl KJMEHTa

KimmeHTCKUI TTpoIecc 3aBEPIIUT CBOIO pabOoTYy IOCIe TIOTyYeHHUs BCeX
OTIIpPaBJIEHHBIX PaHee COOOIEeHUH cepBepy. A /i 3aBepIIeHUs PabOThI
cepBepa HeoOXoAUMO OyZeT IMpepBaTh MPOLECC TyTEM BbI30Ba y HETO
MeTo/ia terminate.

9.4. lpumep KnueHTa n cepepa, pabotaiowux
C YCTaHOBNEHUEM COeANHEHUs

Tenepb paccMOTpUM YTIPOIIEHHYIO OpPTraHU3aIUI0 pabOTHl KIMEHTa
Y cepBepa, paboTaIMX ¢ YCTaHOBIeHHEM coeJUHeHNA. B 1aHHOM ciy-
yae paboTta cepBepa OyzeT opraHu3oBaHa CJIeAYIOIIMM 00pa3oM:

— OXKUJAHWe TIOAKIIOUeHU KINEHTA;

— TmoJrydeHre U oOpaTHast IepechUlKa COOOIeHN N KaXXI0My KIIMeH-
TY /IO T€X IOP, ITOKA TOT He 3aKPOeT COeJMHEeHHeE.

Hwxe mpuBeieH Ko, KIIMEHTCKON YacTH IIpUMepa:

import socket
from concurrent import futures as cf
import time

TCP_IP = 'localhost'
TCP_PORT = 8883

def run_client(ip, port):
time.sleep(2)
with socket.socket(socket.AF_INET,
socket.SOCK_STREAM) as sock:
sock.connect((ip, port))
print ('KnueHnT|| CoeauHenune c
'cepBepoM yCTaHOBEHO')
data = u"""dxo-cnyx6a (€) "Hello World!""""
for line in data.split(' '):
sock.sendall(line.encode('utf-8"))
print(f'Knuent|| OTnpasnexo: "{line}"")
response = sock.recv(1024)
print(f"KnuenT|| OTBeT cepsepa:
" ''{response.decode('utf-8')}"'"'")
print('KnnenT|| CoeamHeHue c cepBepom 3aKkpbiTo')
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Koz, oTBeuatomuii 3a paboTy 3x0-cepBepa, IPUBeJEeH HIDKE:

def run_server(ip, port):
def handle(new_sock, address):
print(f'Cepsep|| YcTaHoBneHo coeguHeHue '
f' ¢ : {address} ')
while True:
received = new_sock.recv(1024)
if not received: break
s = received.decode('utf-8"',
errors="replace')
print(f'Cepsep|| NMpuHATO coobueHue:

' "{s}" ot {address}"')
new_sock.sendall(received)
print(f'Cepsep|| 3xo-coobuenne: "{s}" '

f' oTtnpasneHo {address}')

new_sock.close()
print(f'Cepsep|| 3akpbiTo coeauHeHune
f' ¢ : {address}")

servsock = socket.socket(socket.AF INET,
socket.SOCK_STREAM)
servsock.bind((ip, port))
servsock.listen(5)
print(f'3anyck 3xo-cepBepa:
f' {servsock.getsockname()}")
with cf.ThreadPoolExecutor(20) as client _pool:
try:
while True:
new_sock, address = servsock.accept()
client_pool.submit(handle,

new_sock,
address)
except KeyboardInterrupt:
pass
finally:

servsock.close()

g 3amycka Ha JIOKaJIbHOU MallliHe IOBTOPUM HallMCaHHBIU paHee
KO/l U3 IpUMepa, IPUBEJIEHHOI'0 B IPebIAyIeM paszeie:

if _name__ == "__main__":
from multiprocessing import Process

client = Process(target=run_client,
args=(TCP_IP, TCP_PORT,))
server = Process(target=run_server,

args=(TCP_IP, TCP_PORT,))
server.start()
client.start()
client.join()
server.terminate()
3anyck axo-cepBepa: ('127.0.0.1', 8883)
KnueHT|| CoeauHeHne c cepBepoM yCTaHOB/IEHO
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KnuenT| |
Cepsep| |
Cepsep]| |
60782)

Cepsep]| |
60782)

KnuenT| |
KnuenT| |
Cepsep]| |
Cepsep| |
KnuenT| |
KnuenT| |
Cepsep| |
Cepsep| |
60782)

KnuenT| |
KnueHT| |
Cepsep| |
Cepsep| |
60782)

KnuenT| |
KnueHT| |
Cepsep| |

OTnpaBnieHo: "3dxo-cayx6a"
YcTaHoBNeHO coeauvHeHme ¢ : ('127.0.0.1', 60782)
NMpuHATO coobuweHue: "dxo-cayxb6a"™ ot ('127.0.0.1°,

9xo0-coobuweHue: "Ixo-cnyxb6a" ortnpaBneHo ('127.0.0.1°,

OTBeT cepBepa: ''Ixo-cayxba’’

OTnpaBneHo: "(€)"

NMpuHATO coobuwenue: "(€)" ot ('127.0.0.1', 60782)
9xo-coobueHune: "(€)" ornpaBneHo ('127.0.0.1', 60782)
OoTBeT cepBepa: "''(€)''

OTnpaBneHo: ""Hello"

NMpuHATO coobuweHue: ""Hello" oT ('127.0.0.1', 60782)
3xo-coobueHune: ""Hello" orTnpasneHo ('127.0.0.1°,

OTBeT cepBepa: ''"Hello''
OTnpasneHo: "World!""

NMpuHATO coobuweHue: "World!"" ot ('127.0.0.1', 60782)
9xo0-coobuweHune: "World!"" ornpaBnexo ('127.0.0.1',
oTBeT cepBepa: ''World!M''

CoefiMHeHUe C cepBepoM 3aKpbiTO
3aKkpbiTo coeguHeHue ¢ : ('127.0.0.1', 60782)

9.5. OpeiimBopK AnA ceTeBbIX cepBepoB — socketserver

Mogynb socketserver ympolaeT 3ajady HalllCaHUSA CETEBBIX cepBe-
pos. [lna npumMmepa npusegeM peanusanuio TCP u UDP sxo-cepsepa,
HCIIOJb3YIOLIYI0 BO3MOXXHOCTH pacCMaTpUBaeMoro Moaysd. Jlind sToro
HeoOXOJIMIMO OTpeJeINTh ClIelMaabHbIN KJIacc-00paboTYUK, peanusyro-

mux Metoz handle ana obcny:kuBaHUs COeAMHEHUH C KIMEHTaMHU.

Jlnsa navana numnoptupyeMm BaseRequestHandler u TCPServer 13 Mo-
nyns socketserver. ITocie 4ero HeOOXOUMO OIIPEAETUTDH TTPOU3BOAHBINA
kiacc ot BaseRequestHandler u nepeomnpeznennts B HeM MeTo handle.
Ko/ paHee HamMCaHHOM KJIMEHTCKOM YacTU MEHATDb He OyeM, a Ipo-
CTO uMInoprtupyem u 3amnycruM. Huxe npusezeH koz TCP axo-cepsepa

9.5.1. TCP axo0-cepBep c ucnoab3oBanuem TCPServer

Y €T0 BBI30BA /I IEMOHCTPAIIUU PabOTHI.
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from socketserver import (BaseRequestHandler,

TCPServer)

from sample_part2 import run_client

TCP_IP =
TCP_PORT

'localhost’
= 8000

class EchoTCP(BaseRequestHandler):
def handle(self):



print(f'Cepsep|| YcTaHoBneHo coeauHeHue c
f': {self.client_address}')
while True:
msg = self.request.recv(1024)
if not msg:
break
print(f'Cepsep|| NMpuHATO coobueHwe:
f ' "{msg}" '
f'oT {self.client address}')
print(f'Cepsep|| 3xo-coobueHune: "{msg}
f'oTtnpasneHo {self.client_address}"')
self.request.send(msg)

if _name__ == "_main__ ":
from multiprocessing import Process
# 06basnaem TCP-cepBep
server = TCPServer((TCP_IP, TCP_PORT), EchoTCP)
client = Process(target=run_client,

args=(TCP_IP, TCP_PORT,))

client.start()
server.serve_forever()

PesynbraT paboThHl JaHHOTO KoZa OyZeT UAeHTUYeH IPUBEJeHHOMY
B naparpade 9.4.

9.5.2. UDP 3xo0-cepBep ¢ ucnoab3osanueM UDPServer

B 6ospirHCTBE cBoeM Ko/, UDP 3x0-cepBepa, HallMCAaHHBIU C UCITOJb-
3oBaHueM kKiacca UDPServer OyzeT aHaJOTUYEH TOMY, YTO IIPUBENEH
B paszesie Boille. VI3aMeHeHMs B OCHOBHOM KOCHYTCA IepeolpeseleHHO-
ro metoza handle:

from socketserver import (BaseRequestHandler,
UDPServer)
from sample partl import run_client

UDP_IP = 'localhost'
UDP_PORT = 8000
class EchoUDP(BaseRequestHandler):
def handle(self):
print(f'Cepsep|| YcTaHoBneHo coeauHeHue c
f': {self.client_address}")
msg, sock = self.request
print(f'Cepsep|| NMpuHATO coobueHne:
f' "{msg.decode("utf-8")}" '
f'or {self.client_address}')
print(f'Cepsep|| 3xo-coobueHune:
f '"{msg.decode("utf-8")}" '
f'otnpaeneHo {self.client _address}')
sock.sendto(msg, self.client_address)
if __name__ == "__main__":
from multiprocessing import Process

UDPServer((UDP_IP, UDP_PORT), EchoUDP)
Process(target=run_client,

server
client
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args=(UDP_IP, UDP_PORT,))
client.start()
server.serve_forever()

Pe3ynbraT paboTHl aHAJIOTUYEH MPUBEAEHHOMY B maparpade 9.3.

Pe3lome

Bce GoJblile MPUIOXKEHUM, KOTOPble YCTaHABAUBAIOT ITOJb30BaTENN
Ha CBOU KOMITBIOTEDP, pAOOTAIOT HA OCHOBE KJIMEHT-CEPBEPHOMN apXUTEK-
TYPBbI, UTO y>K TOBOPUTH IIPO MPUIOKEHNA Ha MOOWIBHBIX IUIaThopMax.
B cBfA3U € 3TMM 3HAHUA CETEBBIX IIPOTOKOJIOB, MHCTPYMEHTOB pa3paboT-
KU pacnpe/ieJIeHHbIX CUCTEM U T. I1. MO>KHO 9aCTO BCTPETUTD KaK OJHO
13 Tpe6oBaHUM K BaKaHCUAM IIpU IMTOUCKe KOMITAaHUAMU HOBBIX COTPY/-
HUKOB.

PaccMoTpeHHbIE HAMU TTPUMEPHI IPEACTABISIIOT COO0M OYeHBb TIPO-
CThle IIPWIOKEHMs, KOTOPBIEe NIPUBEJAEHBHI /I ONMUCAHUA CAMUX IIPUH-
LIMIIOB B3aUMOZENCTBUA MeXAY KJINEeHTOM U cepBepoM. 3a4acTylo
IIPUJIOKEHWE Ha CEPBEPHOU CTOPOHE — MHOTOIIPOLIECCOPHOE, aCHUH-
XPOHHOE WJIM MHOT'OIIOTOYHOE, B 3aBUCHMOCTH OT pellaeMou UM 3a-
Jlaun.

Jlns pa3paboTKU cepBEPHOM YacCTH pacIpeZieIeHHbIX CUCTEM Ha SI3bI-
Ke mporpaMmupoBanusa Python ucrnonb3ytores Takue GpeiMBOPKH, Kak
ZMQ [48, 49], B TO BpeMms, Kak /i pa3pabOTKU cepBepHOM 4yacTu Beb-
caiiToB u npwioxeHu ucnonb3ytoT Flask [50], Django [51], FaspAPI
[52] uT. &

Bonpocbi n 3aaHKA ANA CamonpoBepKu

1. Kakwue CymiecTBYIOT CIIOCOOBI B3aMMOJENCTBUS MEXY MpOorpaMMaMH
o cetu?

2. B kakux ciydadx jydlie ucrnoab3osatb TCP?

3. B kakux ciydaax jydile ucrosab3osats UDP?

4. TIpuBeauTEe IPUMED JIOTUKH PAabOTHI CEpBEPHOI YacTH, paboTaroleii 6e3
YCTaHOBJICHUA COEAVNHEHU .

5. IIpuBeanTe MpUMeEp JIOTUKU PabOTHI KJIMEHTCKOW 4acTH, paboTatolei
6e3 yCTaHOBJIEHUS COeITUHEHUS.

6. [IpuBeauTe MpUMeEp JOTUKU pabOTH CEpBEPHOY YacTH, paboTaromei
C YCTQHOBJIEHVMEM COE€JIVUHEHUA.

7. TlpuBeauTe MpUMep JOTHUKU PabOThI KJIMEHTCKOW YacTH, paboTatoiei
C YCTQHOBJIEHVMEM COE€UHEHUA.

8. /Jlyig 4ero UCIHob3yeTcss MOAYIb socket?

9. Kakue HCKJIIOUEHUs OIpe/ieieHbl B MoayJie socket?

10. ZIy1s1 9ero UCIob3yeTcs MOAYIIb socketserver i KAaKOB IPUHITUII €70 PAOOTHI?
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YnpaxHeHus

1. Hanwumwute nporpamMmy (KJIMEHTCKYIO U CEPBEPHYIO YacCTh), TO3BOJIAIOIILYIO
00IIaThCS TIOIB30BATESM BHYTPH JIOKAJIBHOU ceTU. VICIIOIb3yiTe IPU 3TOM IIPO-
TokoJ TCP.

2. Hanumute mporpaMmy (KJIMEHTCKYIO U CEPBEPHYIO YacCTh), TO3BOJIAIOIIYIO
00IIaThCS TIOTB30BATENAM BHYTPH JIOKATBHOU ceTHU. VICIOIb3yiTe IpU 3TOM IIPO-
ToKoJs1 UDP.

3. Hanumwre KIMeHT-cepBepHOe MIPWIOXKEHUE, IT03BOJIAIoIIee epelaBaTh
daiin no cetu. VcnonpayiiTe mpu aToM npotokon UDP.

4. HamnuiuTe KJINEHT-CepBEPHOE NMPWIOXKEHUe, 03BOJIAI0IIee IepesaBaTh
¢aiin o cetu. Vcnonb3yiiTe ipu 3ToM MpoToKoa TCP.

5. HamwumwuTe mporpamMmmy, MO3BOJAIONIYI0 UTPaTh B «KpeCcTUKU-HOTUKI»
II0 CETH.

6. HamwuimmTe mporpamMmy, IO3BOJISIIOIIYIO UTPATh B «MopCcKo# 60¥i» IO CeTH.

7. HamuinuTe ceTeBoM KaabKy/IsATOp. Ha KIMeHTCKOM CTOpOHE MoJIb30BaTeNb
BBOZUT BhIPAKE€HME, & CAMO €r'0 BBIYHC/IeHNe IPOU3BOJUTCA Ha CEPBEPHOM YaCTH.

8. HamwumwuTe KJIMeHT-cepBepHOe IPUIOKeHNe, I7le Ha KJIMeHTCKOM CTOPOHe
BXOZ, B OCHOBHO€ OKHO IPWJIOXXEHUA OCYIIECTBIAETCA TOJBKO IOCJE €ro aBTo-
puU3anuy Ha cepBepe, ¢ BO3MOXXHOCTbIO PErUCTpalii HOBOT'O II0JIb30BATEA.
Ha cepBepHOIi CTOpPOHE Xelll CBA3KHU «JIOT'MH:IIapoJib» 0Jb30BaTe/lell XpaHUTCA
B OTZeJIbHOM aiine.

9. Hanumwure nporpamMMy (KJIWEHTCKYIO U CEPBEPHYIO 4acCTh) JI IIePEeBO-
/la 3HAYEHUH B Pa3JIN4yHYyIO CUCTEMYy CUMC/IEHUA (ZecATUYHas, BOCbMepu4Hasd,
ZIBOMYHasd, llIeCTHallaTepuiHas).

10. HanumuTe nporpaMmy (KJIUEHTCKYIO M CEPBEPHYIO YacCTh) /JIA pellleHus
KBa/IpaTHBIX YpaBHEHUU.



Tema 10
XPAHEHWE OAHHbBIX U OBMEH BAHHbIMU

[l TIOCTOSTHHOT'O XpaHEeHUsA U oOMeHa JJaHHBIMU MeXAY ITPUIoKe-
HUAMU WIN COCTABHBIMU YaCTAMU OJHOI'O IIPUIOXKEHUA UCIIONIb3YIOTCA
6a3sl JaHHbIX (B/]). B ;aHHOM pasziesie 6yzeT pacCMOTpPeHa BCTPOEHHAas
peNAIUMOHHAaA cucTeMa yrnpapieHua 6azamu gaHHbXx (CYB/I) SQLite
[53], koTOopad MoO3BOJIAET HE YCTAHABJIMBATh HAa KOMIIBIOTED TaKue
CYB/I, kak MySQL, PostgreSQL u T. z.

B Python 3a pa6oTy ¢ SQLite oTBe4aeT Mozy/b sqlite3, peaau3yommi
K Hell uHTepdetic moctymna. ITockonbky B/l SQLite xpanuTca B ¢aiiio-
BOU cucTeMe B BU/le ofHOTO daiiia, MoAy/b sqlite3 ynpasiseT K HEMY
ZOCTYIIOM U IIpeOoTBpalllaeT MOBPEeXJeHUE JaHHBIX, CBA3AHHOE C OLHO-
BpeMEeHHOH 3anuchio B B/] 13 HECKOIbKUX MPOTrPaMM.

B pesysbrare M3y4eHUs JaHHOU TEMbI 00yJaronyecs JOKHBI:

3Hamo

e OCHOBHBIEe 0cOOeHHOCTH paboTsl ¢ CYB/I SQLite;

ymemo

e co3zmaTh cOOCTBEHHYIO 0a3y JaHHBIX,

e COBepIIaTh 3alHUCh, YAaJIeHUE U PeJaKTUPOBaHUE AAaHHBIX B CO3aHHOM
base JaHHBIX;

enadems

e HaBBIKAMH paboOTHI ¢ MozyseM sqlite3,

e HaBBIKAMU Pa3pabOTKU MPIIOKEHUH, OCYIEeCTBISAIONIX paboTy ¢ 6a30i
JIAHHBIX.

10.1. Co3gaHue 6a3bl gaHHbIX SQLite

baza ganHbix SQLite co3zaeTcss B MOMEHT ITepBOU IIOIBITKY obpariie-
HUA (MIOAKIIOYEHUS) K HeH B XoZie paboThI IPUJIOKEHUsI, Ha KOTOPOE JIO-
>KUTCA BCS OTBETCTBEHHOCTD 34 CcOo3/jaHue Tabiull, cXxeMbl 0a3bl JaHHBIX
UT. .

B npuBeZieHHOM HUJKe KOZie CHaudajia BBIOJHAETCA MMPOBepKa Cyle-
ctBoBaHus b/l B paiiyioBoi crucTeMe, ITOC/Ie Yero BIBOJUTCS COOOIIEHNE
0 MOJAKJIFOUEHUHU K YXKe cyllecTBymolel B/l win co3gaHuu HOBOU, HYX-
Jlafolericst B cO3aHNuM CXeMBI JaHHBIX:

import os
import sqlite3
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if

__name__ ==

__main__ ":
db_name = 'my_todolist.db’
db_is created = os.path.exists(db_name)
connection = sqglite3.connect(db_name)
if db_is_created:

print('MoaknyeHne K yxe cywecTBytwen BA!")
else:

print('Co3paHue HoBoW Bll! 06baABuTEe
CTPYKTYpPY CXeMbl AaHHbIX! ')

Tenepb co3gaaum omnpegenenue Tabauil B B/I. Tak KaKk MBI ITPOEKTHU-
pyeM B/l fnda BeseHUA cOUCKa e, TO OHA JOJDKHA COoAepKaTh KaK MU-
HUMYM 2 TaOJUIIBL: TPOEKTa U 3aad4.

B TabsuIle MpoeKTa XpaHATCA CIeAYoIIue JaHHbIe: ero UM (TEKCT),
omrcaHue (TEKCT) M CPOK 3aBepiieHus (mata). B Tabiuiie 3aza4 mpes-
CTaBJIEHBI CJIEAYIOIIE TTOJIA:

YHUKAJIbHBINA UAeHTUPUKATOP (YUCII0);
YHCJIOBOM IPUOPUTET (YUCIIO);

omnucaHue 3a7a4u (TEKCT);

craTyc (TeKcT);

3arIaHUPOBaHHBIN CPOK BBHITIOJHEHUA (farta);
peaybHbIN CPOK BBHITIOJHEHUA (AaTa);

WM [IPOeKTa JJid JaHHOM 3aZlauu (TEeKCT).

[T omMcaHus CTPYKTYPBI TPUBEZEHHBIX TAOJTHUI] MCITOIb3YeTCs S3bIK
onucanuda gaHHbIX (Data Definition Language, DDL). Oniicanue CTPyKTY-
PBI TaOJIUI] MOXKHO COXPAHUThH B OTZAENbHOM daiie 1 HoATPY>KaTh B IIPO-
1jecce co3laHusA HOBOM 0a3bl JaHHBIX:

# my todolist definition.sql
create table my_project(

)5

name primary key,
description text,
deadline date

create table my_task(

)5

id integer primary key autoincrement not null,
priority integer default 0,

description text,

status text,

deadline date

real done date date,

project text not null references my_ project(name)

Teneps nepenuiiieM IpyUBeAEHHbBIN paHee KO/ TaKUM 00pa3oM, 4To-
6BI pu co3zanum HoBOU B/l cpa3y co3gaBanach CTPYKTypa Tabiuil, 3a-
MTOJTHSIEMBIX HAOOPOM 3HAYEeHU:

import os
import sqlite3
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if _name__ == "_main__ ":
db_name = 'my_todolist.db’
db_schema_name = 'my_todolist_definition.sql’
db_is_created = os.path.exists(db_name)
connection = sqglite3.connect(db _name)
if db_is created:
print('Moaknw4YyeHne K yxe cywecTBytowen BA!")
else:
print('Co3paHue HoBoW BA!")
with open(db_schema_name, 'rt') as schema_file:
my_schema = schema_file.read()
# BbINONHEHWE KoAa Co34aHuA Tabauu,
# 3arpyxeHHoro u3 my_todolist definition.sql
connection.executescript(my_schema)

print('Oo6aBneHne 3anucein B BA!")
connection.executescript('""’
insert into my_project(name, description,
deadline)
('MagicMonth', 'M3yuuTb Python 3a 21
AeHb', '2020-09-01")

values

connection
insert

values

)

connection
insert

values

)

connection
insert

values

)

.executescript(

.executescript(

.executescript(

into my_task(description, deadline,
status, project)
('"CMHTaKCUC M CTPYKTYpbl OAHHbIX',
'2020-08-16",
"done', 'MagicMonth')

into my_task(description, deadline,
status, project)

('OyHKUMKM, Knaccbl, mMoayau',
'2020-08-25', 'wait', 'MagicMonth')

into my_task(description, deadline,
status, project)
('MonnakaTb, 4YTO He Tak BCE npocTo',
'2020-08-20",
'wait', 'MagicMonth')

# Co3paHue HoBon bBA!
# Jlo6baBneHune 3anuceinn B bJ!

3a U3BJIeyeHUe JaHHBIX 13 Tabmul B/l oTBeuaeT o6beKT Cursor, obe-
CIIEYMBAOIINU COIVIAaCOBAHHOE TMpe/CcTaBIeHre 06pabaThIBaeMbIX 3aIIH-
cel /i pa3IMYHbIX THUIIOB JaHHBIX:

import sqlite3

db_name = 'my_todolist.db’
with sqlite3.connect(db_name) as connection:
cursor = connection.cursor()
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# coobwaem BJl, Kakue AaHHble AOMKHbI ObiITb BblOpaHbI
cursor.execute("""
select id, priority, description,
status, deadline from my_task
where project = 'MagicMonth'
")
# M3BNeKaem faHHble
for it_row in cursor.fetchall():
id, priority, description, status,
deadline = row
print(f'{id}, {priority}, {description},
f' {status}, {deadline}")

1, 0, CMHTAKCUC M CTPYKTypbl AaHHbIX, done, 2020-08-16
2, 9, OyHKuMM, Knaccbl, moayam, wait, 2020-08-25
3, 9, MonnakaTb, YTO He Tak BCé& npocto, wait, 2020-08-20

V3 nmpuBeAeHHOTO BBIIIE KOJAa BUAHO, YTO JJaHHBbIE U3BJIEKAIOTCS
B dopMe KOpTeka M UX MpaBWIbHas paclaKoOBKa JIOKUTCA Ha IIeYU
paspaborunka. Korza ke KOJM4YeCTBO U3BJI€KAeMbIX JAHHBIX CIUITKOM
60JIbIIIOE, JIYYIIle OCYIIEeCTBIATh paboTy ¢ HUMHM, oOpaiasach 1o UMeHaM
cTosIONOB. 3a 3Ty GYHKIIMOHAIBHOCTD B MozAyJe sqlite3 oTBedaeT KJacc
Row. /151 ero UCIOIb30BaHUSA HEOOXOIUMO Y SK3eMIUIAPA KJIacca COeu-
HeHUsA ¢ B/l U3MeHUTh 3HaUYeHHe aTpubyTa row_factory, OTBEYaroIIero
3a ympaBJjieHHe THUIIOM 0O0beKTOB pe3y/IbTHUpYIolero Habopa 3ampoca:

import sqlite3

if  name_ == "_ main_ ":
db_name = 'my_todolist.db’
with sqglite3.connect(db_name) as connection:
connection.row_factory = sqlite3.Row
cursor = connection.cursor()
# coobwaem B[], Kakue AaHHble AO/KHbI ObITb BblGpaHbI
# n oTcopTupoBaHbl B nopaake AeanavHoOB
cursor.execute('"'
select id, priority, description,
status, deadline from my_task
where project = 'MagicMonth'
)
# n3BneKkaem paHHble
for it _row in cursor.fetchall():
print(f"{it_row['id']}, "
f"{it_row[ 'priority']}, "
f"{it_row[ 'description']}, "
f"{it_row[ 'status']}",
£"{it_row[ 'deadline’']}")
1, 0, CMHTAKCUC U CTPYKTYpbl AaHHbIX, done, 2020-08-16
2, 9, OyHKuMM, Knaccbl, moaynam, wait, 2020-08-25
3, 9, MonnakaTb, 4YTO He TakKk BCé npocTto, wait, 2020-08-20

- \e
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10.2. Ucnonb3oBaHKne nepeMeHHbIX B 3anpocax

[TpuBeseHHBIE BBIIIE 3aIIPOCH JTUIIEHB THOKOCTU. Tak, HalpuMep,
pu J06aBieHny B 6a3y JaHHBIX APYroro MpoeKTa HeobXoaumo OyaeT
cbopMUpPOBATh /JIsT HETO MEepPevYeHb 3aIpoOCOB, YTO OTPUIIATETHLHO CKa-
’KeTcsl Ha y00CTBe MMOBTOPHOI'O MCITOJIb30BAHUA paHee HAIMCAHHOTO
koza. YToOhI 3TOro m3bexxaTh, MOXKHO TpHU GOPMHUPOBAHUM 3aIIPOCOB
HCII0JIb30BaTh IlepeMeHHbIE, Y2Ke CYIIEeCTBYIOIIMe B paMKax pa3paba-
ThIBaeMoro npwiokeHus. PopmupoBarh Takue SQL-UHCTPYKIIUU HEOO-
XOZMMO C 0COOO¥ OCTOPOXKHOCTBIO, TaK KaK HeIpaBWIbHOE SKPAaHUPO-
BaHUeE JAaHHBIX MOXET IPUBECTU K TOMY, UTO 3JI0YMbIIIJIEHHUKN MOTYT
npuberHyTh K aTakam ItyreM BHeapeHUs SQL-koza (SQL-MHBEKIINN)
Y HUYeM XOPOIIHUM 3TO He 3aKOHYMUTCA.

SQLite moagep:xvBaeT ABe GOPMBI MHCTPYKIMH, KOTOPbIe 0becIieyuu-
BalOT 3aMeHY IO/[CTAHOBOYHBIX CUMBOJIOB B 3aIlpocax: ITO3UIMOHHYIO
Y UMEHOBAHHYIO.

10.2.1. 3anipocsl ¢ NO3UIIMOHHBIMY [IapaMeTpaMu

[To3auMOHHBIE apryMeHTHI B 3ampoce K B/l 3a7atoTcs mocpescTBOM
cuMBoOJIa «?». CamMy 3Ha4eHUs IepeialoTcs 3alpocy B KopTexe, ABIAACH
OZJHUM U3 apI'yMEeHTOB MeToZla execute:

import sqlite3

if  name_ == "_ main_ ":
db_name = 'my_todolist.db’
with sqlite3.connect(db_name) as connection:
connection.row_factory = sqlite3.Row
cursor = connection.cursor()
# coobwaem B[], Kakue AaHHble AOMKHbI ObITb BbIGpPAHLI
# M oTcopTupoBaHbl B nopaake aeananHoOB
query = """select id, priority, description,
status, deadline
from my_task where project = ?
order by deadline
cursor.execute(query, ('MagicMonth',))
# n3BNeKaem f[aHHble
for it_row in cursor.fetchall():
print(f"{it_row['id']}, "
f"{it_row[ 'priority']}, "
f"{it_row[ 'description']}, "
f"{it_row[ 'status']}",
f"{it_row[ 'deadline’']}")

» 0, CMHTaKCUC U CTPYKTYpbl AaHHbIX, done 2020-08-16
0, MonnakaTb, 4YTO He TaK BCE& MpocTo, wait 2020-08-20
0, OyHKuumu, Knaccel, mopgynu, wait 2020-08-25
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-

- \e

260



10.2.2. 3annpocskl ¢ *UMEHOBAaHHBIMH [TapaMeTpaMu

JlaHHBIN BU/ 3aTIPOCOB UCIIOIb3YETCA B CTydae OOJIbIIIOr0 KOJMYeCTBa
IapaMeTpOoB, a TaKXKe eC/IU TapaMeTPhl MOT'YT ITOBTOPATHCS HECKOIBKO
pa3. B aToM cityyae mpu GopMUPOBAHUHU 3aIIpOCca UCIIOIb3yeTcss 0603Ha-
YeHUe BU/a «:arg_name»:

import sqlite3

if  name_ == "_ main__
db_name = 'my_todolist.db’
with sqglite3.connect(db_name) as connection:
connection.row_factory = sqlite3.Row
cursor = connection.cursor()
# coobwaem BJl, Kakue AaHHble AOMKHbI ObITb BblIOpaHbI
# n oTcopTupoBaHbl B nopaake AeanaHOB M NpUOPUTETOB
query = """select id, priority, description,
status, deadline
from my_task where
project = :my_proj_name
order by deadline, priority
cursor.execute(query,
{'my_proj_name': "'MagicMonth'})
# n3BNeKaem f[aHHble
for it_row in cursor.fetchall():
print(f"{it_row['id']}, "
f"{it_row[ 'priority']}, "
f"{it_row[ 'description’]}, "
f"{it_row[ 'status']}",
f"{it_row['deadline']}")
# 1, 0, CMHTAKCUC U CTPYKTYypbl AaHHbIX, done 2020-08-16
# 3,0, MNonnakaTb, YTO He TaK BCE npocTto, wait 2020-08-20
# 2, O, OyHKuumu, Knaccel, mogynu, wait 2020-08-25

non

[TapameTpuyeckue 3ampockl MOKHO MCIOJIb30BAaTh C TAKUMU OIlepa-
TOpaMH, Kak select, insert v update B JIT0OOM MecTe 3ampoca, Tae JoIy-
CTHMO HCIIOIb30BaHUE JIUTEPATBbHOIO 3HAYeHUA.

10.3. TpaH3aKuum

PensuyonHble 6a3bl JaHHBIX IIPEAOCTABIISIOT MEXaHU3M YIIPABIEHU
TpaH3aKIUAMU, OCYIIECTBJSIONINN TOAJePKKY COTJIaCOBAaHHOTO BHY-
TPEHHETO COCTOSTHUA 6a3bl aHHBIX. OH MO3BOJISIET BHECTH U3MEHEHUS
ITOCPEACTBOM OZHOTO MOAKIIOUEHUS, IPU 3TOM He BJIHsASA Ha paboTy CTO-
POHHUX I0JIb30BaTesiel, T0Ka BHOCUMble U3MeHEHU He OyAyT 3adukK-
cupoBaHbI (3anucaHbl B B/]).

Jl1s1 3TOTO BCEe M3MEHEeHMs, KOTOpble MOTYT BHOCUTbhCA B B/l ¢ uc-
MOJIb30BaHUEM WHCTPYKIMH insert u update, ZOJKHBI GUKCUPOBATHCS
ITOCPEACTBOM BBI30Ba MeTozla commit. Takoi crtocob BHECEHUS U3MeHe-
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HUU TTO3BOJISIET 3a pa3 BHECTU Pa3IMYHOE UX KOJINYECTBO. I3MeHsAeMble
(BHOCHMMBIE) JaHHBIE COXPAHATCA aTOMapHO, a He 10 O4Yepeau.

B KoZle HIKe TPUBOAUTCS MPUMeD BHECEHUs M3MeHeHUU B 6a3y JaH-
HBIX ITOCPEZICTBOM MeXaHU3Ma TPaH3aKIIWii:

import sqlite3

def all projects_show(connection):
cursor = connection.cursor()
cursor.execute('select name, description,
deadline from my_project')
print("Tekywune npoekTbl B crnucke gen: ")
for name, description, deadline \
in cursor.fetchall():
print("---------------mmmmmm e ")
print(f' Wms npoekTa:"{name}" \n'
f' Onucanue: "{description}" \n'
f' TMpepenbHbli CPpOK BbINOAHEHUA: '
f'{deadline}")

if name_ == "_ main_ ":
db_name = 'my_todolist.db’
with sqlite3.connect(db_name) as first_connection:
first_cursor = first_connection.cursor()
print("HavanbHoe cocTosAHue BA")
all projects_show(first_connection)
# BblIBECTU TeKywue npoeKThl
first_cursor.execute(
insert into my_project(name,
description, deadline)
values ('SuperProgrammer',
'nocne mn3ydyexHna Python 3a 21
LeHb YCTpPOUTbCH
Ha AoMkHOCTb Senior Python
Developer',
'2020-09-16")

)

print("CocTosHue Bll, nocne
" BHeceHuA u3MeHeHUn"
all projects_show(first_connection)

print("CocToAHue Bl, A0 Bbi3oBa MeToga commit™)
with sqlite3.connect(db_name) as second_connection:
all projects_show(second_connection)
# BbIBECTU TeKywMe MNpoeKTh

first_connection.commit()
print("CocToaHue B[, nocne Bbi30Ba
" mMeToma commit")
with sqglite3.connect(db_name) as third connection:
all projects_show(third_connection)
# BbIBECTU TeKywue npoeKThl
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HayanbHoe cocTosHue B[
Tekyume npoekTbl B CNucke gen:
Uma npoekTa:"MagicMonth™
OnucaHue: "U3yuutb Python 3a 21 pgeHb"
MpenenbHbiii CpOK BbINOJAHEHUA: 2020-09-01
CocTtoAHMe BJl, nocne BHeCeHUs WU3MEHEHUW
Tekywme npoekTbl B cnucke gen:
Uma npoekTa:"MagicMonth"
OnucaHue: "Usyuntb Python 3a 21 peHb"
MpeaenbHbiii CPpOK BbINOJHEHUA: 2020-09-01
Uma npoekTa:"SuperProgrammer”
OnucaHue: "nocne usy4deHua Python 3a 21 pgeHb ycTpouTbcA
Ha Ao/KHOCTb Senior Python Developer"
MpeaenbHbiii CPOK BbINOJHEHUA: 2020-09-16
CoctofiHMe BJl, mo Bbi3OoBa MeToga commit
Tekywue npoekTbl B cnucke pen:
Uma npoekTa:"MagicMonth"
OnucaHue: "U3yuutb Python 3a 21 geHb"
MpenenbHbii CpoK BbiNOAHEHUA: 2020-09-01
Uma npoekTa:"SuperProgrammer"
OnucaHue: "nocne msydveHusa Python 3a 21 aeHb ycTpouTbCA
Ha Ao/XHocTb Senior Python Developer”
MpeaenbHblii CPpOK BbINOJHEHUA: 2020-09-16
CoctosAiHue BJl, nocne Bbi3oBa MeToAa commit
Tekyume npoekTbl B CNucke gen:
Uma npoekTa:"MagicMonth"
OnucaHue: "U3yuutb Python 3a 21 pgeHb"
MpenenbHbiii CpOK BLINOJNHEHUA: 2020-09-01
Uma npoekTa:"SuperProgrammer"
OnucaHue: "nocne usydeHua Python 3a 21 pgeHb ycTpouTbCA
Ha AonmxHocTb Senior Python Developer
MpenenbHbiii CpoK BbINOJNHEHUA: 2020-09-16

Jlo Tex mop, 1oka BHeCeHHble N3MeHeHUs B 6a3y JaHHBIX He 3adUK-
CHUPOBAHBI, OT HUX MOXXHO OTKa3aThCs MOCPEACTBOM BbI30Ba MeTO/a
rollback. /I;ia Toro 4To6BI IPUIOKEHE KOPPEKTHO 00eCIIeYnBaIo BHe-
CceHUe U3MeHeHUI U UX OTMeHy, MeTozbl rollback 1 commit BeI3bIBatoTCA
13 pa3HbIX YyacTel 6yioKa try:

import sqlite3

def all projects_show(connection):
cursor = connection.cursor()
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if _ name__ ==

cursor.execute('select name, description,
deadline from my project')
print("Tekywue npoekTbl B crnucke gen: ")
for name, description, deadline \
in cursor.fetchall():
print("---------------mmmmm e e ")
print(f' Wms npoekTa:"{name}" \n'
f' Onucanue: "{description}" \n'
f' TlpepenvHbin CpoK BbiMOAHEHUA: '
f' {deadline}'")

__main__ ":
db_name = 'my_todolist.db’
with sqglite3.connect(db_name) as connection:
print("HavanbHoe cocTosiHue BA")
all projects_show(connection)

# BblBEeCTU TeKywmne npoeKThbl

try:

cursor = connection.cursor()

cursor.execute("""delete from
my_project where name =
'SuperProgrammer’

")

print("CocTtoaHue B, nocne " +
"yhaneHua npoekTta")

all projects_show(connection)

raise RuntimeError("owubka npu" +
"yoaneHun")

except Exception as my_simulated_error:
print("0OTkaT n3meHeHuin")
connection.rollback()

else:
connection.commit()

print("CocTosHue B[, nocne Bhi3oBa "+

"meTopa rollback")
all projects_show(connection)

HayanbHoe cocTofHue BJ
Tekywue npoekTbl B CNUcCKe fJen:

Uma npoekTa:"MagicMonth"
OnucaHue: "U3yuutb Python 3a 21 geHb"
MpeaenbHbiii CPpOK BbINOJHEHUA: 2020-09-01

Uma npoekTa:"SuperProgrammer”
OnucaHme: "nocne msydveHua Python 3a 21 peHb
YyCTPOUTLCA Ha AONXHOCTb Senior Python Developer™
MpenenbHbiii CpOK BbINOJNHEHUA: 2020-09-16



CoctosaHue bJll, nocne ypaneHua npoekTta
Tekywme npoekTbl B CnUcCKe Aen:
Uma npoekTa:"MagicMonth"
OnucaHue: "U3yuutb Python 3a 21 pgeHb"
MpenenbHbiii CpOK BLINOJNHEHUA: 2020-09-01
OTKaT WU3MeHeHui
CocTtosiHMe Bbl, nocne Bbi3oBa MeTtoga rollback
Tekywme npoekTbl B CNUCKe Aen:
Uma npoekTa:"MagicMonth"
OnucaHume: "U3yuutb Python 3a 21 geHb"
MpenenbHbiii CpoK BbiNOAHEHUA: 2020-09-01
Uma npoekTa:"SuperProgrammer"
OnucaHue: "nocne usy4deHua Python 3a 21 peHb
YyCTPOUTLCA Ha JAOMXHOCTbL Senior Python Developer'
MpenenbHblii CPpOK BbINOJHEHUA: 2020-09-16

10.4. YpoBHM n3onauuu (aocryna)

YPOBHU H30JALMU UCIOJAb3YIOTCA A NIPeAOTBPAallleHU BHECeHUA
W3MEeHEeHUM, IPUBOJAIIMX K HECOBMECTUMOCTU cocTossHuM B/l ipu uc-
II0JIb30BAHUU PA3JUYHBIX COeAVHEeHUM (Kak, HalpuMep, B MHOI'OIIO-
TOYHOM IIPWIOXKEHUN). Bcero cyiiecTByeT TpU YPOBHA U30JAIMH, Tlepe-
/laBaeMble B KauecTBe apryMmeHTa isolation_level meTosy connect mpu
coeVIHEHUU ¢ 6a301 JaHHBIX:

1) DEFERRED — wncnosib3yeTca Kak ypOBeHb U30JALUMU 10 yMOoI4a-
Huto. biokupyet B/l ¢ MOMeHTa MOIBITKY €€ U3MEHEHUA;

2) IMMEDIATE — 6nokupyeT B/l Ipy IOIIBITKE ee U3MEHEHUS /10 TeX
II0p, IIOKa TpaH3aKLuA He 3aBepluTca. [Ipu aToM Apyrue sK3eMIUIAPL
obbekTa Cursor JIUIIAIOTCA BO3MOXKHOCTY BHOCUTD N3MeHeHUs B B/l;

3) EXCLUSIVE — 6nokupyet B/l /7151 BceX 0ObEKTOB YTEHUS U 3aTTH-
CY 10 MOMEHTa 3aBepIIeHUA TPAH3aKIIUN.

Eciu atpubyT isolation_level ycraHoBieH B None, BKIIOUUTCS PEXUM
aBTOMaTH4ecKou pukcaluu TpaH3aKLUM, YTO OBAeYeT K GUKCcaluU U3-
MEHEHUU I0CJIe KaXK/0T0o YCIEeUIHOr0 BBI30Ba MeTo/ia execute 1 NCKIIIO-
yaeT HeoOXOMMOCTh BbI30Ba commiit.

[IpuBezseM mpuMep KoZa, KOTOPBIU Z€MOHCTPUPYET BIUAHUE pas-
JIUYHBIX YPOBHEH M30JAIMYA Ha OYEPETHOCTh COOBITUMA B IMMOTOKAX, MC-
MTOJIb3YIOIIMX OTAEIbHbIE COeIMHEHNS AJIS MOAKII0YEeHNA K OAHOU U TON
’Ke 6a3e JaHHBIX. /IJId CHHXPOHU3AI[UY TIOTOKOB UCIIOIb3yeTCs OOBEKT
Event u3 mogayns threading:

import sqlite3

import logging
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from threading import Thread, Event
import time

logging.

basicConfig(

level=1ogging.DEBUG,
format="%(asctime)s (%(threadName)-10s) '

db_name

'%(message)s’, )

= "my_todolist.db’

def writer_to _db(sync_event, level):
with sqlite3.connect(db_name,

isolation_level=level) as connection:
cursor = connection.cursor()
cursor.execute('update my task set priority

= priority+1")

logging.debug("OxugaHme cuHXpoHu3auumn")
sync_event.wait()
logging.debug("May3a B paboTe")
time.sleep(1)
connection.commit()
logging.debug("®dukcaums mameHeHun")

def reader_to _db(sync_event, level):
with sqlite3.connect(db_name,

if __name__ ==

isolation_level=level) as connection:
cursor = connection.cursor()
logging.debug("OxugaHme cuHXpoHu3auumn")
sync_event.wait()
logging.debug("Oxuganue")
cursor.execute('select * from my_task')
logging.debug("Bbibopka 13 Tabauupl " +
"BblnosiHeHA"
cursor.fetchall()
logging.debug("Mony4yeHune pesynbtata " +

" BblIbOpKKU™)

__main__":

isolation_level = 'DEFERRED'
sync_event = Event()
my_ threads = [

Thread(name="A.C. TMywkuH",
target=writer_to_db,
args=(sync_event,isolation_level,)),

Thread(name="N.H. ToncTtoi',
target=writer_to_db,
args=(sync_event,isolation_level,)),

Thread(name="'VBaHoB U. N.",
target=reader_to_db,
args=(sync_event,isolation_level,)),

Thread(name="'Cugopos C. C.',
target=reader_to_db,
args=(sync_event,isolation_level,)),



[it.start() for it in my_threads]

time.sleep(2)
logging.debug("MogroToBuTenbHble paboTbl " +

" 3aBepuweHb")
sync_event.set()

[it.join() for it in my_threads]

Huxe npuBezieH npruMep BBIBOZA COCTOSSHUU IMPOTrpaMMEI B ITpoliecce
ee paboThI ¢ yCTAaHOBJIEHHBIM ypoBHeM u3ossiiuvi DEFERRED:

2020-08-05 17:56:17,509 (MBaHoB U. WU.) OxmMAaHWE CUHXPOHU3ALUU
2020-08-05 17:56:17,509 (CupopoB C. C.) OxmAaaHMe CUHXPOHU3ALUM
2020-08-05 17:56:17,510 (A.C. MNywkuH) OXMAAHUE CUHXPOHU3ALMUM
2020-08-05 17:56:19,509 (MainThread) Moaro-bie pa6oTbl 3aBepueHbl
2020-08-05 17:56:19,509 (MBaHoB U. U.) OxmaaHue

2020-08-05 17:56:19,509 (A.C. MNywkuH) May3a B paboTe
2020-08-05 17:56:19,509 (CupopoB C. C.) OxmaaHue

2020-08-05 17:56:19,510 (MBaHoB U. WU.) Bbibopka u3 Tabauubl
BbIMOJIHEHA

2020-08-05 17:56:19,510 (MBaHoB U. WU.) Mony4yeHue pe3ynbTaTa
BblI6OpKM

2020-08-05 17:56:19,511 (CupopoB C. C.) Bbibopka u3 Tabauubl
BbIMO/IHEHA

2020-08-05 17:56:19,511 (CupopoB C. C.) Mony4vyeHue pe3ynbTaTa
BblI6OpKM

2020-08-05 17:56:20,518 (A.C. MywkuH) OUMKCauUsi U3MEHEHUWA
2020-08-05 17:56:20,569 (/1.H. ToncTtoinl) OxuAaHWE CUHXPOHU3ALUU
2020-08-05 17:56:20,570 (J1.H. ToncToii) Maysa B paboTe
2020-08-05 17:56:21,578 (J1.H. ToncTtoin) OuKcauusa M3MeHEHUW

B ciyuae paboTHI ¢ yCTaHOB/IEHHBIM YpoBHeM usossiuuu IMMEDIATE
BBIBOJ, COCTOSAHUA IIPUMET CIeAYIOIIUN BUA:

2020-08-05 17:58:34,819 (MBaHoB U. U.) OxmaaHMe CUHXPOHU3ALUM
2020-08-05 17:58:34,819 (Cupopos C. C.) OxuaaHUe CUHXPOHM3aLUU
2020-08-05 17:58:34,820 (A.C. NMywkuH) OxuAaHUE CUHXPOHU3ALUU
2020-08-05 17:58:36,819 (MainThread) Moaro-bie pa6oTbl 3aBepleHbl
2020-08-05 17:58:36,819 (A.C. MNywkuH) Maysa B paboTte
2020-08-05 17:58:36,819 (CupopoB C. C.) OxmaaHue

2020-08-05 17:58:36,819 (MBaHoB U. U.) OxmaaHue

2020-08-05 17:58:36,820 (CupopoB C. C.) Bbibopka u3 Tabnauupl
BbIMO/IHEHA

2020-08-05 17:58:36,821 (MBaHoB U. WU.) Bbibopka u3 Tabauubl
BbIMOJIHEHA

2020-08-05 17:58:36,821 (CupopoB C. C.) Mony4vyeHue pe3ynbTaTa
BblI6OpKM

2020-08-05 17:58:36,821 (MBaHoB U. WU.) Mony4veHue pesynbTaTa
BbI6GOPKM

2020-08-05 17:58:37,826 (A.C. MywkuH) OuKcaums U3MeHEHMin
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2020-08-05 17:58:37,883 (J1.H. ToncTtoi) OxuaaHMe CUHXPOHU3ALUM
2020-08-05 17:58:37,883 (JI.H. ToncToii) Maysa B paboTte
2020-08-05 17:58:38,891 (J.H. ToncTtoinl) OuKcauuMs M3MeHeHU#

Jlnsa ypoBHs usossityuy EXCLUSIVE akTyasieH cyiefyloniyii crmocob pa-
OOTHI:

2020-08-05 17:59:41,929 (MBaHoB U. U.) OxmaaHMe CUHXPOHU3ALUM
2020-08-05 17:59:41,929 (CupopoB C. C.) OxmAaHMe CUHXPOHU3ALUM
2020-08-05 17:59:41,930 (/1.H. ToncToin) OxuAaHWe CUHXPOHU3ALUU
2020-08-05 17:59:43,928 (MainThread) Moaro-bie pa6oTbl 3aBepuleHbl
2020-08-05 17:59:43,928 (CupopoB C. C.) OxmpaHue

2020-08-05 17:59:43,928 (J1.H. ToncToii) Maysa B paboTe
2020-08-05 17:59:43,928 (MBaHoB U. U.) OxmaaHue

2020-08-05 17:59:44,933 (/1.H. ToncTtoin) OuKcauusa M3MeHEHUW
2020-08-05 17:59:44,934 (CupopoB C. C.) Bbibopka M3 Tabauupi
BbiNOJIHEHA

2020-08-05 17:59:44,934 (CupopoB C. C.) MonydeHue pesynabTaTa
BblI6OpKM

2020-08-05 17:59:44,936 (MBaHoB U. WU.) Bbibopka u3 Tabauupl
BbINMOJIHEHA

2020-08-05 17:59:44,936 (MBaHoB U. WU.) Mony4veHue pe3ynbTaTa
BblI6OpKHM

2020-08-05 17:59:45,025 (A.C. MNywkuH) OxXuAaHUE CUHXPOHMU3aALUU
2020-08-05 17:59:45,025 (A.C. MNywkuH) Maysa B paboTe
2020-08-05 17:59:46,033 (A.C. MywkuH) OUMKCauUsi U3MEHEHUWA

Pe3lome

B ganHOM pasgesie Mbl pacCCMOTPEIU BO3MOKHOCTU MOCTOAHHOI'O
XpaHeHUs U oOMeHa JaHHBIMU MEX/Y IPUIOKEHUIMU WIN COCTaBHBI-
MU YaCTSIMH OJHOTO IPHWIOXKEHUSI Ha IpHUMepe pabOThl C BCTPOEHHOM
pesanroHHON 6a3olt AaHHbIX SQLite 1 Moaysa sqlite3.

Hcnosnb3oBaHue HellapaMeTPUYeCKUX 3alpOCOB (IMMO3ULIMOHHBIX WA
MMEHOBAHHBIX) JIMIIIAET Balll KO I'MOKOCTH, a TAKXKe MOXKET ITPUBECTU
K HEMPaBWIbHOMY S5KPAaHUPOBAHUIO JAaHHBIX, YEM C YA0BOJIbCTBUEM BOC-
MTOJIb3YIOTCSA 3JIOYMBINIIEHHUKY, IPUOETHYB K aTakaM ITyTeM BHEAPEHUS
SQL-koza (SQL-MHBEKITUN).

1 o iep>XKY COIVIaCOBaHHOTO BHYTPeHHero coctosaHusa B/l uc-
MOJIb3YHUTE MEXaHW3M yIIpaBJIeHUs TPaH3aKIIUAMU U ITPAaBUIbHO HACTpa-
MBaWTe YPOBHU U3O0JAIMN B 3aBUCUMOCTHU OT pelllaeMoM 3aJjauu.

YToOBI 6oJiee MOAPOOHO 03HAKOMUTHCSA C PA3TUYHBIMU BO3MOKHO-
ctamu SQLite, BOCIIONBb3yUTECh PYKOBOACTBOM [54].
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Bonpocbl Ansa camonpoBepKHu

1. Kaxkoit mozyne B Python oTBeuaer 3a paboty ¢ SQLite?

2. Kakasl cTopoHa I0/’KHA 00eCIIeYUTh CO3JaHKe CXeMbl 0a3bl JaHHBIX, Ta-
osvIl U T. J., ectu 6a3a gaHHBIX SQLite co3maeTcs BIiepBhIe?

3. 3a4To oTBeYaeT MeTo/ connect ¥ Kakue aTpuOyTHl Y HETO CYIIEeCTBYIOT?

4. YTo BBINIOJHAET METOZ executerscript?

5. Yro BHIIIONHSET MeTO/ execute?

6. Kakwne BHZbl mapamMeTpU4eCKUX 3aIIPOCOB CYIIECTBYIOT U B 4Ye€M UX pas-
angue?

7. 3ayeM MCII0Jb30BaTh 3alIPOCH! C IapamMmeTpaMu?

8. 3a uyTo oTBedaeT MexaHU3M TpaH3akuuu B SQLite?

9. Kak MOXXHO OTMEHHUTH ellle He 3apUKCHPOBaHHbBIE B 6a3e JaHHBIX U3Me-
HEeHUA?

10. YTo Takoe ypOBHM M3OJIALUUA U 3a4Y€M OHU HY>KHBI?

11. Yro 6yzgert, ecnu isolation_level yctanosieH B None?

YnpaxHeHua

1. ChpoekTtupyite 6a3y JaHHBIX U HaMUIIUTE MporpaMMmy «CITHCOK JeJT»
C BO3MO>KHOCTBIO COXPaHEHU, yaJleHUA U peaKTUPOBAaHUA JaHHBIX. VICIob-
3yute SQLite.

2. CnpoekTupyliTe 6a3y ZaHHBIX ¥ HAIHUIIUTE MPOrPaMMy «DJIeKTPOHHBIN
’KypHaJI Kjacca» ¢ BO3MOXXHOCTBIO COXPaHEHUsd, yJaleHua U peJaKTUPOBaHUA
JIAHHBIX.

3. CnpoekTupylite 6a3y JaHHBIX ¥ HAMUIIUTE IPOrPaMMy «DJIeKTPOHHBIN
KaTajor 6M6INOTeKN» ¢ BO3MOXXHOCTbIO COXpaHEeHUs, yAaJIeHUA U pelaKTUpo-
BaHUA JAHHBIX.

4. ChopoekTHpyliTe 6a3y JaHHBIX U HAMHUIIUTE IPOrpPamMMy «DJIeKTPOHHBIN
KaTaJIOT IIPOJYKTOB MarasvHa» ¢ BO3MOXXHOCTBIO COXpaHEHUA, yAaJIeHusd U pe-
JIAKTUPOBaHUA JJAHHBIX.

5. CnpoekTtupyiiTe 6a3y ZaHHBIX U HaMUIIUTE IIPOrPaMMy «DJIeKTPOHHAsA
dmibMoTEKa» C BO3SMOXXHOCTbIO COXpPAaHEHUs, YJaJleHUA U pelaKTUPOBaHUA
JJaHHBIX.

6. CopoekTupyiTte 6a3y ZaHHBIX M HANULINTEe IporpaMMmy «Takcomapks
C BO3MOXXHOCTBIO COXpaHeHNs, yJjaJleHus U peJakTUPOBaHUA JaHHBIX.

7. CropoekTupyiite 6a3y ZaHHBIX U HAMUIIWTE MPOTPAMMY «IJIEKTPOHHBIN
OTZes KaZpoB (Jitob0#t GUPMBI)» ¢ BOSMOXXHOCTBIO COXpaHEHUs, yaJleH!s U pe-
JIAKTUPOBAHUA JAHHBIX.

8. CupoekTupyiiTe 6a3y ZaHHBIX U HAMMIIUTE IIPOrPaMMy «DJIEKTPOHHAs
[IOBapeHHas KHUT'a» C BO3MOXKHOCTBIO COXpaHEeHNs, yJaJleHNUA U pelaKTUPOBaHUA
JIAHHBIX.

9. CupoekTupyiTe 6a3y ZaHHBIX U HAMUIIUTE IPOrpPaMMy «DJIEKTPOHHAS
TesleOHHasA KHUTa» C BOSMOXKHOCTBIO COXpaHEeHN A, yalleHUA U peZlaKTUPOBaHUA
JIaHHBIX.

10. CripoekTupyliTe 6a3y JaHHBIX W HANUIIUTE MPOrpaMMy «DJIeKTPOHHAS
peructparypa (IOJUKINHUKN/OUOINOTEKN/U T. [.)» C BO3MOXXHOCTBIO COXpa-
HeHUs, yAaJleHus U peaKTUPOBaHNA JaHHBIX.



Tema 11
TECTUPOBAHUE

B pesysbTaTe U3y4eHUs JaHHOM TeMbI 00yJaroIuecs JOKHBI:

3Hamo

e I Yero HeoOXOJMMO TECTUPOBATh pa3pabaThIBaeMble MPUIOKEHUS,

e KaK OpraHu30BaTh CTPYKTYPYy TECTOBOT'O OKPY>KEHUs MPOEKTA;

ymems

e TECTHMPOBATh HAIIMCAHHBIN KOJ C HCITOIb30BaHUEM OHMOINOTEKH pytest,

® TECTHPOBATh HANMCAHHBIN KOZ C UCIIOJIb30BAHUEM BCTPOEHHOTO MOZYJIS
unittest;

esademo

e HaBbIKaMH HaIIMCAHUS TECTOB K pa3pabaThIBa€MbIM IIPUIOKEHUSM.

B coBpeMeHHBIX peausax y:Ke TPYAHO MpPeACTaBUTh CEPbEe3HbBIN Mpo-
€KT, B KOTOPOM He HCITOJIb30BaJoCh ObI TECTUPOBaHUE (XOTs, IIPU3Ha-
10Ch, IPUXOAWIOCH JUIE3PETh U Takue). HecMOTpsI Ha TO, YTO MHOTHE
pa3paboTYMKU pacCMaTPUBAIOT TECTUPOBaHME KaK JOCTAaTOYHO HYAHBIN
U TPYZOEMKHM MpOIlecc, OHO ITO3BOJISIET: COKPATUTDh BPeMs OTIaJKU
KO/la B IIPOEKTE, ITOBBICUTh Ka4yeCTBO pabOThI pa3pabaThIBaeMOTO IPU-
JIOKEHUS U T. [1.

KoHeuHO, MOXKHO MIPUBECTU MHOT'O IOBO/IOB 32 U MIPOTUB TECTHUPOBA-
HUs, HO HEOOXOAUMO ITOHUMATh OJJHO — ITOKPBITHE MMPOEKTa TeCTaMH
y’Ke MHOTHe To/bl fie-paKTo sBIsgeTcs cTaHgapToM B IT-UHAyCTpUU.

YToOhI cenaTh TECTUPOBaHUE OoJiee YIIpaBIsieMbIM, PEKOMEHAYETCS
MIpUIeP>KUBATHCSA CIeAYIONIEro Moaxo/a. B kaTamore mpoekTa He0OX0U-
MO CO3/IaTh TAIKy C UMEHEM «test», KyZ1a ¥ OyZyT MOMeNaThCsl TECTHI MO-
aynen nmpoekTa. Tak, Hapumep, Ay daiina file_name.py, pacrosoxeH-
HOTO TI0 afipecy ./myProject/, TECT AOKEH HAXOAUTHCA 10 CIEAYIONIEMY
myTu: ./myProject/test/test_file_name.py. O6paTuTe BHUMaHHe Ha caMO
nMeHoBaHUe daiiia ¢ HEKOTOPHIM KOZOM IIPOEKTa M TeCTa, KOTOPBIU
OyzieT TPOBEPSTh ero GyHKINMOHAIbHOCTb. OHU MPpaKTUYeCKU UAEHTHUY-
HBI, 3@ TeM HCKJIIOUeHHEeM, YTO Ha3BaHHeE TeCTOBOTo daiiia HaunHaeTcs
c mpeduKkca «test».

Jlna TecTupoBaHus OyeM MCIIOIb30BaTh OMOINOTEKY pytest [55], Ko-
TOPYIO0 HEOOXOZAMMO YCTAaHOBUTDH, HAMMCAB B TEPMHUHANE BUPTYaJTbHOU
cpezpl (venv) IpoeKTa CAeAYIONyI0 KOMaHAY:

pip install pytest
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OToM OUOIUOTEKH AOCTATOYHO /IS HEOOIbIINX MPpoeKToB. OHa Ipe-
JIOCTaBJIIET KOMaH/Y pytest, KOTOpas 3arpykaeT KakAwiii daiin (ecau
He 33/laBaTh UM TeCTOBOro ¢aiisa IBHO), UM KOTOPOTO HaYMHAaEeTCs
c mpeduKkca «test_» (Wi mocTdukca «_test.py»), IOC/Ie Yero BHITTOTHAET
Bce QYHKIMY BHYTPH KaXKJ0ro U3 (GaiiyioB, eC/IM OHU TOXKe HaUYMHAIOTCS
C «test».

11.1. TectupoBaHue ¢ ucnonb3oBaHnem 6ubnuorexu PyTest

11.1.1. ITpocTele TecThl

Jlna feMoHCTpaly paboThl OMOINOTEKH pytest CO3aIUM IBE TUPEK-
TOPUHU: SIC — JJIs1 KOZa TIPUJIOXKEHUS U test — JJI1 TeCTUPOBAHUS MO-
AyJiel, XpaHAIUXCA B src. B oba katasiora o6aBuM 10 mycToMy daiiry
__init__.py, MOCJie 4ero B IepBOM KaTaJioTe co3AaauM $ail ¢ MMeHeM
calculation.py, a Bo BTopoMm — test_calculation.py Ajisi ero TeCTUpPOBa-
HUA. Jlo6aBUM B 3TU (aMIBI CIeYIOUUN KO/ :

#calculation.py
class Calculation:

def sum(self, a, b):
return a + b

def sub(self, a, b):
return a-b

def mul(self, a, b):
return a*b

def div(self, a, b):
return a//b

def pow2(self, a):
return a*a

# test_calculation.py
from src.calculation import Calculation

def test_sum():
assert Calculation().sum(3, 2) == 5

def test_sub():
assert Calculation().sub(10, 3) ==

def test_mul():
assert Calculation().mul(5, 5) == 25

def test _div():
assert Calculation().div(1e, 3) == 3
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def test_pow2():
assert Calculation().pow2(10) == 99

def tes_invisible():
assert 23 ==

[Tpu 3amycKe KOMaHBI pytest OyieT creHepUpOBaH CIEAYIOIINI BhI-
BOZ:

==test session starts =============
collected 5 items

test\test_calculation.py .F..F [100%]

==FAILURES ==================
____test_sub
def test_sub():
> assert 10-3 ==
E assert (10 - 3) == 6
test\test_calculation.py:5: AssertionError
_ test_pow2
def test_pow2():
> assert 10*10 == 99
E assert (10 * 10) == 99

test\test_calculation.py:14: AssertionError

::5hort test summary info:::::::::::::::::

FAILED test/test_calculation.py::test_sub - assert (10 - 3) ==
6

FAILED test/test_calculation.py::test_pow2 - assert (10 * 10)

HecmoTpst Ha TO, YTO B Ipoliecce TECTUPOBAHUA MbI HalLIU QYHK-
IIMY, KOTOPBIE ero He IMPOIILIM, XOTeJOCh OBl UMeTh Oojiee YNTaeMbIi
BBIBOJ, O XOZle TECTUPOBaHUA. /Ii4 3TOro IOBTOPHO 3allyCTUM KOMaHZAY
pytest C KJIHOYOM —V:

pytest -v

==test session starts ==================
cachedir: .pytest_cache

rootdir: F:\code\python\module-11
collected 5 items

test/test_calculation.py::test_sum PASSED [ 20%]
test/test_calculation.py::test_sub FAILED [ 40%]
test/test_calculation.py::test_mul PASSED [ 60%]
test/test_calculation.py::test_div PASSED [ 80%]
test/test_calculation.py::test_pow2 FAILED [100%]

== FAILURES ==============================

__ test_sub
def test_sub():

> assert 10-3 == 6
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E assert 7 ==
E +7
E -6

test\test_calculation.py:5: AssertionError
__test_pow2
def test_pow2():
assert 10*10 == 99
assert 100 == 99
+100
-99

mmm v

test\test_calculation.py:14: AssertionError

==short test summary info =======================

FAILED test/test_calculation.py::test_sub - assert 7 == 6
FAILED test/test_calculation.py::test_pow2 - assert 100 =
==2 faiIEd, 3 passed in 0.08s =====================

= 99

11.1.2. 3anyck o4HOro MWJIA HECKOJIIBKUX TECTOB

Tenepp nmpoBepuM, Kak pytest 3amycKaeT cpa3y HeCKOJbKO TeCTOBBIX
daiioB. [lng aToro coszazaum ciefytomye Gaiiabl: my_pow.p» U test_
pPOW.pY, B KOTOPbIe ZI00aBHM IPUBEIEHHBIN HIKe KOJ:

#my_pow.py
import math

def my_pow2(a):
return a*a

def my pow2 math(a):
return math.pow(a, 2)

def my_pow3_math(a):
return math.pow(a, 3)

#test_pow.py
from src.my_pow import *

def test pow2():

assert my_pow2(10) 100

def test_pow2 math():
assert my_pow2 _math(10) == 100

def test _math pow3():
assert my_math pow3(2) == 8

def tes_notpow():
assert 23 ==

[Tocsie oyepesHOTO 3aIlycKa KOMaH/BI pytest ¢ KJIIOUYOM —V TOTYy4YUM
CJIe YOI BBIBOZ:

test/test_calculation.py::test_sum PASSED [ 20%]
test/test_calculation.py::test_sub FAILED [ 40%]
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test/test_calculation.py::test_mul PASSED [ 60%]

test/test_calculation.py::test_div PASSED [ 80%]
test/test_calculation.py::test_pow2 FAILED [100%]
test/test_pow.py::test_pow2 PASSED [ 75%]
test/test_pow.py::test_pow2_math PASSED [ 87%]
test/test_pow.py::test_math_pow3 PASSED [100%]

Eciu H€O6XO,Z[I/IMO 3aIllyCTUTb IMPOBEPKY TECTOB TOJIBKO M3 OAHOI'O
(l)aﬁﬂa, TO €r'0 MMs1 HaJl0 SIBHO IlepeAaThb IIPpU BbI30OBE KOMAaH/JBI pytest:

pytest test/test pow.py -v

==test session starts ===================
cachedir: .pytest_cache

rootdir: F:\code\python\module-11
collected 3 items

test/test_pow.py::test_pow2 PASSED [ 33%]
test/test_pow.py::test_pow2_math PASSED [ 66%]
test/test_pow.py::test_math_pow3 PASSED [100%]

==3 passed in 90.901s ===================

11.1.3. 3anyck mogMHOXeCTBA TECTOB

,Z[)IH 3allyCKa HEKOTOPOTI'O IIOAMHOXECTBA TECTOB 13 BCEX, KOTOPhBIE
NMEIOTCA B IIPOEKTE, pytest MMpeaAoCTaBJIAECT HECKOJIbBKO MEXaHN3MOB!

— 3allyCK Te€CTOB, B Ha3BAHMWHN KOTOPBIX BCTPpEYACTCA 3aJaBaeMad
IMOACTPOKA;

— BaHYCKTECTOB,OCHOBaHHbﬁiHaID(MapKHpOBKe

B nepBoM ciiy4yae npu 3aIycke KOMaH/bl pytest IOCPEACTBOM UCIIONb-
30BaHUA KJIroua —k 3aZla€TCA IMOACTPOKaA AJId IIOMCKAa B MME€HAaX TECTOB.
Jl1da mpuMepa 3alyCTUM BCE TECTHI, B KOTOPBIX COAEPKUTCA MOACTPOKA
<<pOW>>:

pytest -k pow -v

==test session starts ====================

cachedir: .pytest_cache

rootdir: F:\code\python\module-11
collected 8 items / 4 deselected / 4 selected

test/test_calculation.py::test_pow2 FAILED [ 25%]
test/test_pow.py::test_pow2 PASSED [ 50%]
test/test_pow.py::test_pow2_math PASSED [ 75%]
test/test_pow.py::test_math_pow3 PASSED [100%]
==FAILURES ========================

__test_pow2

def test_pow2():
assert 10*10 == 99
assert 100 == 99
+100
-99

mmm v

test\test_calculation.py:14: AssertionError
==short test summary info ========z========
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FAILED test/test_calculation.py::test_pow2 - assert 100 == 99
==1 failed, 3 passed, 4 deselected in 0.07s

Bo BTOpOM ciyyae HE0OXOAUMO MMIIOPTUPOBATh MOAYJb pytest B Te-

CTOBBIH Qaii 1 MPOU3BECTH MaPKUPOBKY TECTOB, UCIIONb3YS IEKOPATOP
c/leZlyIolero Buja:

@pytest.mark.<marker_name>

N pytest UMeeTCsd BCTPOEHHOE MHOXKECTBO COOCTBEHHBIX MapKepoB,

OTBE€YAIOIIMX 34 IMPOITYCK TE€CTa, €0 IIapaMe€TpuU3alivio U T. 1.

B kxauecTBe IMpruMeEpa CKOIINPpyeEM paCCMaTpUBA€MbIE€ paHEEe TECTO-

Bble Qaiiibl, U3MEHUB Ha3BaHUA CeAylonuM obpasoM: test_pow_mark.
py u test_calculation_mark.py, a ciefoM AeKOpUPYyeM UX Pa3JIUdYHBIMU

MapKepamu:

# test_pow_mark.py
import pytest
from src.my_pow import *

@pytest.mark.pow2
def test_pow2():
assert my_pow2(10)

100

@pytest.mark.pow2
def test_pow2_math():
assert my_pow2 math(10)

100

@pytest.mark.pow3
def test_math _pow3():
assert my_pow3_math(2) ==

@pytest.mark.skip("He TporaTtb!")
def tes_notpow():

assert 23
# test_calculation_mark.py
import pytest
from src.calculation import Calculation

@pytest.mark.calc
def test_sum():
assert Calculation().sum(3, 2) == 5
@pytest.mark.calc
def test_sub():

assert Calculation().sub(10, 3) ==
@pytest.mark.calc
def test_mul():

assert Calculation().mul(5, 5) == 25

@pytest.mark.calc
def test_div():

assert Calculation().div(1e, 3) == 3
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@pytest.mark.pow2
def test_pow2():
assert Calculation().pow2(10) == 99

@pytest.mark.skip("He Tporatb!")
def tes_invisible():
assert 23 ==

Tereps 3amycTHUM TOJBKO T€ TECTHI, KOTOPbIe COOTBETCTBYIOT MapKe-
py «calc». [ljig 3Toro B KauecTBe OZHOTO U3 aTpUOYTOB KOMaH/BI pytest
HICIIOIb3YeM KJIFOY —M, 3@ KOTOPBIM CJIeflyeT UM MapKepa TeCTOB:

pytest -m calc -v

==test session starts =====================
cachedir: .pytest_cache

rootdir: F:\code\python\module-11

collected 16 items / 12 deselected / 4 selected

test/test_calculation_mark.py::test_sum PASSED [ 25%]
test/test_calculation_mark.py::test_sub FAILED [ 50%]
test/test_calculation_mark.py::test_mul PASSED [75%]
test/test_calculation_mark.py::test_div PASSED [100%]

==FAILURES ========================
__test_sub
@pytest.mark.calc
def test_sub():
assert 10-3
assert 7 ==

+7

-6

6

mmm v

test\test_calculation_mark.py:9: AssertionError

::5hort test Summary info H
FAILED test/test_calculation_mark.py::test_sub - assert 7 == 6
==1 failed, 3 passed, 12 deselected, 8 warnings in 0.09s ===

Ecv Heo6XOAMMO IIPOIYCTUTh TECT, TO AEKOPHUPYHUTE €ro cieayro-
UM 06pa3oMm:

@pytest.mark.skip("He 3anyckaTtb!")

11.1.4. Ucnonb3oBaHue PUKCTYP

B xozie TecTUpOBaHUA MOXKET MTOHAZ00UTHCA BBITIONHATD 10 U (WIN)
IocJie 3aIycka TecTa KakoH-Tnubo cTaHAapTHHINM Habop omeparui, 3a-
JIeICTBYIOIIUX pa3jMyHble KOMIIOHEHTH (B paMKax pytest Takue KOM-
IIOHEHTHI Ha3biBaloTcA duKcTypamu). Tak, Hapumep, 3TO MOXeT ObITh
00BEKT, KOTOPBIM OTBeYaeT 3a KOHPUTYpaLuio IpUIoKeHUs. Bo3aMox-
HO, B XO/Ie TECTUPOBAHUSA ITOHAZI0OUTCA co37aBaTh atii, a mocjie — yza-
nATh. IIpu MCIonb30BaHUM NPUBEJEHHBIX PaHee MeXaHU3MOB TeCTUPO-
BaHUs BaM ObI TOTpebOBaIOCh KaXKABIM pa3 mepes, o4epeHbIM TECTOM
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ITPOBOZUTD €r0 MHUIIUATU3ALINIO, a TIOTOM COPAaChIBATh €r0 COCTOSTHUE
[10 HavyaJIbHbBIX 3HAUEHUH TOCjIe BBIMOTHEHN .

YTOoO6BI 0OBABUTH OOBIYHYIO WU M'eHEPATOPHYIO PYHKITHUIO B KAUeCTBE
bUKCTYpHBI, ee He0OXOMMO JIEeKOPUPOBATh CIEAYIOIIUM 00pa3oM:

@pytest.fixture

def input_value():
value = 374 # Tak penaTtb He obA3aTesNbHO
return value

JlaBatiTe co3maauM ¢atin test_new_calculation.py, B KOTOPBIU IToMe-
CTUM 33aJlaHHYI0 GUKCTYpY U agantupyeM koz datina test_calculation.
py TI0JI ee UCI0JIb30BaHUE:

#test_new_calculation.py

import pytest
from src.calculation import Calculation

@pytest.fixture
def input_value():
return 374

def test_sum(input_value):
assert Calculation().sum(input_value, 2) == 376

def test_sub(input_value):

assert Calculation().sum(input_value, 3) == 6
def test_mul(input_value):
assert Calculation().sum(input_value, 1) == 25

Pe3ynbTaToM 3amycka JaHHOTO KoZla OyZeT cieyIoIIuii BEIBOZ pytest:

test/test_new_calculation.py::test_sum PASSED [ 33%]
test/test_new_calculation.py::test_sub FAILED [ 66%]
test/test_new_calculation.py::test_mul FAILED [100%]

OxHako oOBsABIEHHAsA TaKUM obpaszoM ¢uKcTypa OyzeT AOCTyIIHA
TOJIBKO B TeKyIeM daiiie ¢ TectTaMu. YTOObI 0OOUTH aHHOE OrpaHuye-
HUe, co3/laliTe B TECTOBOM AvpeKToprM daiii c UMeHeM conftest.py ¥ IO-
MECTHUTE B HETO HEOOXOUMBIE JJIsT TECTUPOBAHUS GUKCTYPHI.

CHayaJsia pytest UIET BCTPeYarOIIyIocs GUKCTYPY B daiiie c TeCTOM.
Ecu ee HeT, TTOMCK OCyIIecTBsAeTcs B datine conftest.py. Takoit moaxoz
ITO3BOJISIET UCIIOJb30BATh OZHY U Ty K& PUKCTYPY B PA3JTUYHBIX TECTO-
BbIX (alinax.

B KavecTBe mpuMepa MepeMeCTUM HAaNUCAaHHYI0 paHee QUKCTYpPY
B daiin conftest.py ¥ CHOBa 3aITyCTHUM TECT:

(venv) F:\code\python\module-11>pytest test/test new_
calculation.py -v
test/test_new_calculation.py::test_sum PASSED [ 33%]
test/test_new_calculation.py::test_sub FAILED [ 66%]
test/test_new_calculation.py::test_mul FAILED[100%]
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[l TecTOB, KOTOpbIe paboOTalOT ¢ 6a30i AaHHBIX (WJIM TECTOB, CO3-
JAIOIINX HEKOTOpbIe Gaiibl U YAAMAIONINX UX 10 3aBePIIeHUN TeCTa),
MO>KHO HCII0JIb30BaTh cieAytomuil popmaT GUKCTYP:

import pytest

@pytest.fixture()

def database():
db = # ycTaHOBKa coeguHeHus
yield db
db.close()

Tak Kak B 3TOM CJIy4ae MCIIOIb3yeTCsl TeHepaTopHas GYHKIIMA, TO 3a-
KPBITHE COeZIMHEeHUs ¢ 6a30 JaHHBIX TPOU30U/IET TOIHKO TIOCTIE 3aBep-
meHusA Tecta. Ho ecyiv y Hac He OMH, a HEKOTOPOe KOJIMYECTBO TECTOB,
TPeOYIOIIMX JOCTYI K 6a3e AaHHBIX? Torza MCIIOIb30BaHUE NIPUBE/EH-
HOU BbINIle GUKCTYPHI IPUBEET K HEOTIPABAAHHBIM BBIYUCIUTETLHBIM
3aTpaTaM B IPOIECCE TECTUPOBAHUA.

Yro6el M36€eXaTh TAaKOTO ClleHAapWsA, MOKHO Yyepe3 MMeHOBAHHBIN
apryMeHT QUKCTYPHI Scope YKa3aThb ee obacTh BUAMMOCTUA. Hampumep,
pu nepeaade B PUKCTYpPy scope = «module» oHa OyZieT UHULIMATUIUPO-
BaHA eIMHOXK/IbI /ST BCETO MOZAYJIA, YTO CAeTaeT OTKPHITOE COeJMHEHE
ZIOCTYITHBIM BCEM TECTOBBIM QYHKIIUAM, I7le OHO TpebyeTcs:

@pytest.fixture(scope="module")
def database():
db = # ycTaHOBKa coeguHeHus
yield db
db.close()

®UKCTYpHI MOTYT HAaCTPAWBATBHCA PA3JIUIHBIMM CIIOCOOAMU U TIOJ-
Jlep>KUBAOT MeXaHU3M BJIOXKEeHUS, MO3BOJIALIUN OZHUM QUKCTypaM
BKJIIOYATh B CBOU cOCTaB Zpyrue. Takke nMeeTCs BO3MOXKHOCTD Iapa-
MEeTpHU3aluU TeCTOB U GUKCTYP, MO3BOJIAOIIAA 3aIlyCTUTD TECT 32 OJUH
IIPOT'OH HECKOJIBKO Pas3 C psAAOM pPasIUuYHBIX [IapaMeTpOB:

@pytest.fixture(params = range(10, 41, 10))
def value():
return params

@pytest.fixture()
def scale_value():
return = 3

@pytest.fixture()
def new_value(scale value, listbase):
return scale_value* listbase

def test_value_in_list(new_value):
# Kakasa-To paboTa C 06bLEKTOM MU
# dopmmpoBaHMe y Hero aTpubyTa cnucka
atr_list = [30, 60, 90, 119]
assert testedlist in atr_list
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11.1.5. [TapasnenbHbIN 3allyCK TECTOB

[To yMoT9aHUIO pytest 3aITyCKAeT TECTHI IMOCIEeA0BaTENbHO, YTO CKa-
3BIBAETCA Ha BPEMEHU TECTUPOBAHUS KPYITHBIX MPOEKTOB. YCKOPUTH
3TOT MPOIeCcC MOXKHO IyTeM paclapajulelMBaHus TecToB. [l 3TOro
yCTAHOBUTe IUIaruH pytest-xdist (pip install pytest-xdist), KOTOpPBIH pac-
IMpsieT KOMaHHYIO CTPOKY pytest apTyMeHTOM --numprocesses (COKpa-
IIIEHHO -N), TPUHUMAIOIIUM B KaueCTBe apryMeHTa KOJIMYeCTBO HCIIOJIb-
3yeMBIX S7ep:

pytest -n 2

[TockoyibKy Ha pasJMYHBIX KOMITbIOTEPAX KOJUYECTBO sifep OyzeT
pas3auyarhcs, y IIaruHa pytest-xdist IpelycCMOTPEHO KJII0UeBOe CJIOBO
auto B KauyeCcTBe 3HAUEHUs KJII04Ya —1, KOTOPOEe BO3BpaIlaeT JOCTYITHOE
KOJIMYECTBO fAZiep Ipolieccopa:

pytest -n auto

11.2. TectupoBaHue ¢ ucnonb3oBaHuem unittest

11.2.1. IIpumep mmpocToro Tecra

BMecTo pytest MOXKHO MCIIOJIb30BaTh y»Ke BCTPOEHHBIHM B Python mo-
yJIb TeCTUpOBaHuA — unittest [56https://docs.python.org/3/library/
unittest.html]. /lxa npumepa Hanumem ¢aiin unittest_calculation.
py ¢ Tectamu MeTozioB kiacca Calculation u3 calculation.py:

import unittest
from src.calculation import Calculation

class TestCalculation(unittest.TestCase):
def setUp(self) -> None:
#MeToh 3anyckaeTcA nepep KaxabM TeCcTOM
self.calculator = Calculation()

def tearDown(self) -> None:
#MeTon 3anyckaeTcs NocC/ie KaxAoro TecTa

def test sum(self):
self.assertEqual(self.calculator.sum(5,

3), 8)

def test_sub(self):
self.assertEqual(self.calculator.sub(10,

3), 6)

def test div(self):
self.assertEqual(self.calculator.div(10,

3), 3)
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def test _mul(self):
self.assertEqual(self.calculator.mul(5,
3), 14)

def test pow(self):
self.assertEqual(self.calculator.pow2(5),
25)

if _name__ == "main":
unittest.main()

[Tpu 3amycke gaHHoro ¢aiina ¢ TecTaMu unittest COOOIIUT O HECOOT-
BETCTBUU OXKU/IAeMbIX JJaHHBIX B IIpollecce TECTUPOBAHUSA U TeX, KOTO-
pble BO3BpAIIAIOT TecTUpyeMble MeTo/ bl kiacca Calculation. K Takum
TeCcTaM OTHOCATCA: test_mul u test_sub. OTU OMIMOKU CBA3AHBI C TEM, YTO
B TecTe IPOIKUCAaHbl HEKOPPEKTHHIE OKUaeMble JaHHBIE.

11.2.2. Ucnosib3oBaHue 00bEKTOB-IIOALETI0K

[IpeAcTaBUM, YTO IPUBEAEHHBIN B MPEABIAYIIEM pas/esie TeCT BbI-
TIOJTHAETCS MOpPsAKa HECKOJbKHUX MHUHYT. A eCJIM TaKoTO KOZia OYeHb
MHOro? Torza TecTUpOBaHMe MPOEKTa MOKET 3aHUMAaTh 3HAYUTEIbHOE
KOJTMYECTBO BPEMEHH, a MIPU BHECEHUU HeOOJBINNX U3MEeHEHUH 3aITyCK
BCEX TECTOB IIPOEKTA IIPEBPATUTCS B «a/l».

Jlnsg 60pbOBI ¢ 3TOM MPOOIEMON HUCIONB3YIOTCSI 0OBEKTHI-TIOAAENKU
(mock), KOTOpbIe MMO3BOJIAIOT IIPU TECTUPOBAHUM HE BHI3BIBATh KaXK/bIM
pa3 MeToZ TecTUpyeMoro oobekTa, API Beb-cepBHca U T. ., a IIO3BOJIA-
IOT «IIOZIIeJIaTh» Peanu3aIiio YacTH BallleTo MPUIOKEHUS B IIpoIlecce
TE€CTUPOBAHUS.

[l mpuMepa IepenuiieM IIpUBeAEeHHBIM BHIIIE TECT TAKUM obOpa-
30M, YTOOBI HE BBI3BIBATh KAXKABIM pa3 METOJbl TECTUPYEMOTO Kjacca
IIPY BBITIOJITHEHUH TECTa:

# unittest_calculation_mock.py
import unittest
from unittest.mock import patch

class TestCalculation(unittest.TestCase):

@patch('src.calculation.Calculation.sum',
return_value=9)
def test_sum(self, sum): # TecT He npoWaeT
self.assertEqual(sum(5, 3), 8)

@patch('src.calculation.Calculation.sub"',
return_value=7)
def test_sub(self, sub):
self.assertEqual(sub(10, 3), 7)

@patch('src.calculation.Calculation.div',
return_value=3)
def test_div(self, div):
self.assertEqual(div(1e, 3), 3)
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@patch('src.calculation.Calculation.mul’,
return_value=15)
def test mul(self, mul):
self.assertEqual(mul(5, 3), 15)

@patch('src.calculation.Calculation.pow2',
return_value=25)
def test_pow(self, pow2):
self.assertEqual(pow2(5), 25)

if _name__ == "main":

unittest.main()

Pe3lome

B faHHOI TeMe pacCMOTpPEHBI CIIOCOOBI M UHCTPYMEHTHI /I TeCTU-
poBaHUs pa3pabaThIBaeMbIX MPWIOKEHUN Ha SI3bIKE MMPOTPAMMUPO-
BaHusa Python. KoHeuHo, 6bl1a 3aTpoHyTa JIMIIb BeplirHa aiicbepra,
HO U ee JIOCTaTOYHO, YTOOB! YBU/IETh Te IIPEUMYIeCcTBa, KOTOPhIE Te-
CTUPOBAHWE MMPUBHOCUT B pa3pabaThIBaeMbIi TTPOEKT.

[Ipu 5TOM MOXXHO CIIOKOMHO KOMOWHUPOBATH pytest U unittest, TeM
caMbIM paspabartbsiBas 6osiee OOIIMPHOE TECTOBOE OKPY:KeHHe K IPOeK-
TY W 3HAUUTETHHO COKpaIas BpeMs /I TIOUCKA U OTJIaJKH «bara» mpo-
I'PaMMUCTOM.

Bosee moapo6OHO ¢ BO3MOKHOCTAMM paccMaTpHUBaeMoOro B paszeiie
WHCTPYMEHTApU JJjI1 TECTUPOBAHMA MOXXHO 0O3HAKOMUTBCA B [57].

PN AW =

9.

BOI'IpOCbI U 3afdaHUA ANA CaMoMNpoBepKu

JlJ1s1 9ero UCIoIb3yeTcs: TeCTUPOBAHUE?

Kak Jsiyuiiie XpaHUTb KOZl TECTOBOTO OKPY>KEHUS TPOEKTa?

Kak 3amyCTUTh TECTBI TOCPEACTBOM pytest?

YTO Takoe MapKep B paMKaX HalMCaHUSA TECTOB Ha pytest?

JIJIs 4eT0 UCIONb3YIOTCA GUKCTYPHI?

Kak BbIBeCTH OoJiee MOAPOOHBIN OTYET TECTUPOBAHUA B pytest?

Hy>KeH Jiu mapasule/ibHbIHA 3aIyCK TECTOB U KaK ero OpraHMU30BaTh B pytest?
IIpuBeauTE IPUMED IIPOCTOr'O TECTA C UCIIOIb30BAHUEM pytest U unittest.
Kak nocpezicTBOM pytest 3aIlyCTUTh TOJIBKO T TECThI, B HA3BaHUU KOTOPBIX

BCTpevaeTcsa 3aaBaeMas oACTpoKa?
10. Yo Takoe 0OBEKTHI-TOAAETKH (TIyCTHIIKH,/mock) /11 4ero OHU UCIIOJIb-
3yrorca?

YnpaxHeHus

HamumiTe TecThl K IporpaMMaM U KJjlaccaM, peajn30BaHHBIM B KayecTBe
yImpakHeHUH B TeMax 5, 8, 9 u 10.
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