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https://docs.python.org/

HA3bIKN. O6LLI,I/Ie npegcraB/ieHNA

A3bIK - 3TO MHCTPYMEHT ANns npefcraBneHns (kogmposaHus) MHOOPMALN. NHpopmauma nepBuyHa:
caMm Mo cebe KaK WHCTPYMEHT A3blK MPeACcTaBnseT OrpaHWYeHHbli B Aene co3fhaHus, onucaHus u
CPaBHEHMS BO3MOXHOCTEW A3bIKOB. F3bIKOB MHOXXECTBO: OfHA U Ta e MH(popMauus OAHOBPEMEHHO
MOXeT ObITb nNpefcTaBfeHa MHOrMMM  Pas3/iMyHbIMU  Pa3rOBOPHbIMU - Si3blKAMW  €CTECTBEHHOrO
NPOUCXOXAEHUS, A3blKAMW XECTOB, fA3blkaMW OTAefIbHbIX 06nacTeil 3HaHWA (A3bIK MaTeMaTukm 1
JIOTUKK), A3bIKaMW NPorpaMMmMpoBaHnsa. B 3aBMCMMOCTM OT A3blka MepejaBaemMas MHPOPMALUA MOXKET
6bITb 3aKOAMpOBaHa M NepejaHa nMuam, COOTBETCTBEHHO BNAAEOWMM aHMIMIACKMM, (hpaHLy3CKUM u
Apyrmmun  a3blkaMn. CyLLEeCTBYIOT MOAMHOXeCTBa $3bIKOB (A3blKOB >KeCTOB), MnpefHasHayeHHbIX [
NETYUMKOB M nanybHoir KOMaHAbl Ha 60pTy aBumaHocua (aircraft handling officers) B coctaBe (cnmcok
npunaraercs):

m  KomaHga KatanynbTbl U caepXxmnBarowmx ceteid. (Catapult and arresting gear crews).

m  ABuartexHuku. (Air wing maintenance personnel).

m KomaHfa ocyllecTBalOLLas YeK-NpoBepKy caMmoieToB (Air wing quality control personnel).
m [lorpy3unkn (Cargo-handling personnel).

m KomaHga o6opygoBaHMa Ha3eMHoOn noggepxxku. (Ground support equipment (GSE)
troubleshooters).

m KomaHga oTBevarollas 3a ynaenvsarowmin Tpoc (Hook runners).
m  doTorpadel 1 onepatopsl. (Photographer's mates).

m KomaHza obcnyxusatollas nocafky Beptosnetos. (Helicopter landing signal enlisted personnel
(LSE).

m  VHcnekums no Kadectsy. (Quality Assurance (QA))

m VIHcnekTop caMosneToB ackagpuibu. (Squadron plane inspectors)
m  Cnyxba HasemHbIX curHanos. (Landing signal officer (LSO))

m  Odwuuepsl Mo Bo3gylHoMy TpaHcrnopty. (Air transfer officers (ATO))
m  KomaHza pabotatoLlas C OKKeHHbIM KucnopogoMm. (Liquid oxygen (LOX) crews)
m  CmoTpAwmin 3a 6e3onacHOCTLIO Ha naybe. (Safety observers)

m  Meaukun. (Medical personnel)

m  OpyxelHukn. (Ordnancemen)

m Cnacarenu. (Crash and salvage crews)

m [lanybHble B3pbIBOTEXHUKW. (Explosive ordnance disposal (EOD))
m [loxapHble. (Firefighter)

m  ABua perynMposLUnkuK- ctaxkepbl. (Plane handlers (Trainees))

m  CwmoTpuTenn Takenaxa/depHopaboune. (Chocks and chains - entry-level flight-deck workers under
the yellowshirts)

m  Asuvanudrepsl. (Aircraft elevator operators)

m [lany6GHble Bogutenun. (Tractor drivers)



m Casuctbl. (Messengers and phone talkers)

m  3anpaswmkn. (Aviation fuel handlers)

m  MexaHuku ackagpunbK. (Air wing plane captains: squadron personnel that prepare aircraft for flight)
m  HcnekTop mHanbHoi nposepku. (Final checker (inspector)).

m [lanybHble perynuposLmkuy. (Traffic controller)

Hanpwumep, nHcnektop duHanbHoi nposepku (Final checker inspector) kectamn coobLiaeT NETYNKY O
COCTOSIHMM camoféTa Npu ero NOAroToBKE K MOMETY, O CUTyauMn Ha B3NETHOW nanybe, AaéT "gobpo” Ha
B3/1eT caMOJ/1eTa, XectaMmn HernocpeAcTBEHHO PYKOBOAWUT B3/IETOM. JIETUMK XecTaMWn MOATBEPXKAAET, UTO
OH MOHMMaET CUrHasIbl MHCMEKTOPA W CTapaeTcsl BbIMOMHATL ero KomaHgbl. O BO3MOXXHO BO3HUKAIOLLMX
npo6nemax Ha 60pTy camonéra NETUMK >kectamm (TOT XKe A3bIK HO CO CTOPOHbI NéTUMKa) coobuiaeT 06
3TOM nanybHol KomaHge. Takke NéTUmK coobLLaeT O FOTOBHOCT K MONETY, U HEMOCPEACTBEHHO nepej
B3NE&Tom Gnarogaput nepcoHan nanybHoi KomaHgbl. CobniofgeHve npaswua A3blka (fpamMoOTHOe
o6LeHMe) MO3BONAET MoAAep>kmMBaTb NOPAJOK Ha OrpaHWYeHHOW NO pasMepam nanybe asuaHocua
60/1bLLIOMY KONNYECTBY CaMOETOB, HAXOAALMXCA B PA3HOM COCTOSIHMM U CTEMEHW FTOTOBHOCTU K MONETY.

TakKe CyLecTBYHOT SA3bIKM (A3bIKM MPOrpaMmMmMpoBaHuns), KOTOpble NO3BO/IAOT 3aKOAMPOBaTbh U OHECTU
WMH(opMaUmio OT NporpaMmucta Lo KOMMbloTepa. B aTom cnyyae uUenb NpPorpaMmmucta — «BHATHO U
NOHATHO» U3BACHATLCA C KOMIMbIOTEPOM 4epes3 crneuuasibHble BbINOMHAEMbIe KOMMNbTEPOM MNpOorpamMmb
(MHTEepnpeTaToOpbl M KOMMWUAATOPLI) Tak, YTOOGbl KOMMbLIOTEP "MOHMManN" NporpaMmmucTa, a NPoOrpaMmmucTy
B X0fe 06LuleHus (peleHns 3aga4vm) Obimm 6bl MOHATHBI COOOLLEHMA KOMMbIOTEPA 4719 AaHHOW 3ajaun,
nnathopMbl 1 OMNepauMoOHHON CUCTEMBI. [N MHOIMMX KOHKPETHbIX Ciy4vaeB (3adavy M CMCTEM) XOPOLLIV
onpepenéHHble A3blKK, a Bcero nx 6onee 1 000. A3bIKOB NPOrpaMMUPOBaHUS TaK MHOrO, MOTOMY 4TO
NPOrpamMMMCTbl  MOCTOSAHHO HaxoAATCA B MOUCKaX HOBbIX WMHCTPYMEHTOB U BO3MOXXHOCTEN, 4TOObI
ynpoctutb U cgenatb 6onee 3PeKTMBHLIM MPOLECC Pa3paboTkM MNPOrpaMMHOro obecneyeHus.
MoatoMy cO34aéTcA MHOrO  y3KOCMeunan3npoBaHHbIX $A3bIKOB, HaMMCaHHbIX CheunanbHO  NoJ,
onpefenéHHyto 3afady UM 006/1acTb 3HaHWA, a LWMPOKO U3BECTHble YHMBepca/ibHble A3bIKK
NpPOrpaMMuUpPOBaHUS COBEPLUEHCTBYIOTCA N OBHOBAAKOTCA.M3YyUnNTb NX BCE HEBO3MOXXHO, OfJHAKO MOXHO
YCMEeWHO paboTaTb C HECKO/IbKMMM Si3blIKaMu WN faXKe C OAHUM U3 HUX.

MpuMepbl Tpéx nporpamm (CKPUMTOB), «MOHATHbIX» (XOTeNoCb, 4TO6bl 370 6ObI1I0 MMEHHO Tak)
nporpamMucTy  Mpu  onucaHUn 3agayu W  KOMMbIOTEPY B pe3yfnbTarte  OMpefeniéHHbIX
pernameHTMpoBaHHbIX paboT MO CO34aHUK0 M BbIMNOAHEHUIO Koda. Ha  pasnnuHbIX  SA3blKax
NporpamMmMupoBaHuns BbIBOAATCSA Ha akpaH Hagnvcu «Hello, world!»

A3bIK python

#print("'Hello, world!'"")Pythonusing System;

# This is a sample Python script.

# Press Shift+F10 to execute it or replace it with your code.

# Press Double Shift to search everywhere for classes, files, tool windows,

# actions, and settings.

# def print hi(nhame):

def print hi(WRLD):
# Use a breakpoint in the code line below to debug your script.
#print(f"Hi, {name}") # Press Ctrl+F8 to toggle the breakpoint.

print(f"Hi... {WRLD}") # Press Ctrl+F8 to toggle the breakpoint.
# Press the green button in the gutter to run the script.
if name = " main

#print hi("PyCharm®)
print hi("Hello, world™)



Asbik CH#

package demo

fun main(args : Array)

println("Hello, world!")

AsbIk C++

#include <iostream>
using namspace std;
// class definition
class Message

{
public:
void display()
{

cout << “Hello, world!”;

int main{()
{

message m;

m.display(); // create an object
return 0; // call function



m CTpyKTypa A3blKa
ﬂop,nemamaﬂ KOANPOBaHUKO VIHd)OpMaLI,I/IFI fABNAE€TCA OCHOBHbIM YyCnoBmem co3fgaHuUA U BbINO/IHEHNA
nporpamMm: HEBO3MOXXHO YTO-MBGO ONUChIBaTb npn oTCyTCTBUN VIHd)OpMaLLI/IVI, I'IO,EI,ﬂG)K&LLI,GVI onuncaHuto.
Ecnn Heuero onucbiBaTtb — He 6y,u,eT A3blKa.

Mpu atom HepgoctatouHo [MPOCTO 3akogupoBaTb WH(POPMaLMI0 Ha fA3blke MporpaMMmpoBaHus.
MporpamMmHbIA KOA (pe3ynbTaT onucaHusa) AO/MKEH ObiTb KPaTKMM, NErko YMTaeMbiM M MakCUMasbHO
MNOHATHBIM.

Mpn HanvcaHuM 6GOMbLIMX MPOrpamMM OYeHb ObICTPO HACTyrMaeT MOMEHT, KOrfa OCHOBHOE BpeMs
TPaTMTCA Ha €€ MOBTOPHOE UTEHME W MOoAU(MKaLUIO (OTNafKy), a He Ha pa3paboTky. MNogaepXuBathb
Gonblve OGBLEMBbI Koja CcnoxkHo. OfHOW 13 3afjay NpPOrpaMMVpPOBaHWS  SBSIETCS  YNpaB/ieHUe
CNOXHOCTbIO Kofa. s ynpoleHus paboTbl C KOAOM NporpamMma pastuBaeTcs Ha MOAYW, Kacchl,
MeToAbl. B ynpaBfeHUn CNoXHOCTbIO TaK)Ke MOMOraeT NPaBUIbHOE NMEHOBAHNE NMEPEMEHHBIX.

m BbipaxeHua python
[anee onucbiBalOTCA BadKHble OCOGEHHOCTM A3blKa MporpamMmmupoBaHusa python, koTopble KacatoTcs
paboTbl C KOAOM.

[Jo Havana asrtana nporpaMMmpoBaHMs  MHDOPMauMs, KoTopas [o/bkHa ObiTb  3aKOAMpOBaHa,
npeacraenser cob0ii MHOXECTBO C/IOB €CTECTBEHHOrO A3blka. 3ajaHue Mo HanucaHWio Nporpammibl
MOHATO, MPEACTaB/EHO B BUAE CXEM Ha OCHOBE CBA3HOIO TEKCTa, OMUCAHO Ha eCTeCTBEHHOM f3blKe
(PycCKOM, aHTrIMIACKOM, (PPaHLLy3CKOM, NT.4.).

JTOT TeKCT MpeAcTaBfseT COBOM MHOXECTBO MOHSTUA, OOBEAVUHEHHBLIX MO MpPaBWiaM TPaMMaTVKU
s13blKa B CBSI3HbIE OCMbIC/IEHHbIE MPEeAIOXKEHUs. KOPPEKTHOE ONUCaHNe 3aa4n Ha eCTECTBEHHOM S3blKe
SIB/IIETCA OHUM W3 YC/TIOBUIA €€ YCMELIHOro NEPEBOAA Ha S3blK MPOrPaMMUPOBAHMS.

30ecb He 06CyXAaeTca rpamMmarvika ecTeCTBEHHOrO fA3blka. BaKHO, U4TO Ha OCHOBE rpammaTvki U3
NCXOLHbIX TMOHATWI opMmMpyeTcs onucaHve 3ajadn, BO3MOXHO, rpaduyeckoe npeacTaBieHve
anroputma (6510K-cxema), 1 eé peLleHus.

[Janee ncxofHoe onucaHve Ha €CTECTBEHHOM fi3blKe, BO3MOXHO, MPeACTaBNEHHOE B BUAE CXEM (TOXeE
A3bIK!) MepeBoAMTCS MPOrpaMMMCTaMU Ha fi3blK MPOrpaMMUpoBaHusa (ewwé oauH A3blK) U B pe3ynbrare
cepvu nepeBOAOB MO3BO/SET MO/MYUYUTb TFOTOBLIA K BbIMOMHEHWIO MPOrpPamMMHbIA Kof (3T0 paboTa
KOMMbIOTEPA).

I'IepeBo,q, COOTBQTCTByI-OLLI,I/IVI onncaHuto 3aja4yu, nponssogntca no npaBuiam A3blKa
nporpaMmmMmmnpoBaHnA Ha OCHOBE rpaMMatuKn 3T0ro A3blKa.

AHanor npefnoXeHus ecTecTBEHHOro fA3blka B python - BblpaxeHue. Pe3ynbTaT nepesopa. OcHoBa
noboro nporpaMMHOrO  Kofa. BbipaxkeHne cOCTOMT M3 MHOXeCTBa OnepaHioB (MEePEMEHHbIX U
KOHCTaHT), COOpaHHbIX Ha OCHOBe npaBw/i rpammaTvky python u3 MCXOAHbIX CUMBOJIOB A3blKa.
OnepaHfpbl, B CBOIO OoYepedb, (ONSATb e MO npasunam rpammatnku!) ob6beaunHATCS B NPeasioXeHUs
(BbIpaXKeHMs) C NOMOLLbIO OMepaTopoB 1 KOMaH4. KomMaHAbl — 3TO orepaHfpbl C paHee ornpefenéHHbIMU
3HayYeHMAMNU. OObIMHO 3TO UMeHa (YHKUWA. B BblpaXkeHMM KOMaHAbl O6ecneymBatoT BbIMOMHEHWE
onpeaeneHHbIX AeNCTBUN.

Mpumeps:

[python]length = 5

breadth = 2



area = length * breadth

pAnMTNnowanb paBHa®™, area)

pAnMTNepumeTp paBeH™ , 2 * (length + breadth))[/python]

3pecb onepatopamy  SBAAOTCA  '= (NPUCBOUTbL 3HAYEHWE), CUMMBOJbI CNOXEHUA W YMHOXEHUS
(matematuka), komaHaa 'print' (BblBOf, Ha akpaH). OnepaHfbl - 310 nepemMeHHble length, breadth v area,
a TaKKe Mx 3HayeHus (2 n 5). BolpakeHns - nocnefoBare/bHOCTM OrnepaHAoB MPOU3BO/bHON ANIMHHDI,
CBsA3aHHble OAHUM WM HECKO/IbKUMMK onepaTopamu.



m lIMeHa

Ana nepeMeHHbIX N KOHCTaHT B python MOXHO npungymatb MHOXeCTBO Ha3BaHWn, HO cyuiecTeyeTt
HECKOJIbKO MpaBwn/, KOTOPbIE HY>XHO C06ﬂ}0,ﬂ,aTb npn HarnncaHnM Kopga.

m /meHa python
MpaBuna ans nepemMeHHbIx B python:

m  /IvA nepeMeHHO JO/MKHO HaunHaTbes ¢ 6ykBbl (test) nnm cumeona nogyepkuBaHns (_test);

VIMsi NnepeMeHHOI He MOXET HauUMHaTbCs C LMgpbI;

m  /IMA nepeMeHHOW MOXET cofepikaTb TO/IbKO OYKBEHHO-LM(PPOBbIE CUMBO/IbI U NOAYEPKNBAHUE
(Az, 0-9 n_);

m VIMeHa nepeMeHHbIX YyBCTBUTENbHbI K perucTpy (test, Test u TEST — Tpu pasHble NepeMeHHbIE);

m  /IMA NepemMeHHO He JO/MKHO COBMNaAaTh C 3ape3epBMPOBaHHbIM KHOUYEBbIM C/IOBOM;

Crnimcok Bcex 3ape3epBnpPOBaHHLbIX B python KNH4YEBbIX C/TIOB MOX>XHO NMOCMOTPETb Tak:

# 3TO nepBasa nporpamma Ha s3bike python
import keyword
print(keyword.kwlist)

B pe3synbTaTe BbIMNOMHEHWA 3TOM MPOrpaMmbl (CKPUMNTa) BbIBOAUTCA CMMCOK CeAyloLero coAepkaHus
(NpuBOANTCH C KOMMEHTaPUAMM):

False
True
None
and

with / as
assert
break
class
continue
def

del

elif

else
except

finally

NOXb.
npasja.

"nycTon" 06beKT.

nornyeckoe W

MeHeKep KOHTeKCTa.

yCnoBue - BO36Y)XXAaeT UCKHOYEHNE, €CIN YCIOBUE JIOXKHO.
BbIXOZ U3 LMKNa.

No/b30BaTENbCKUIA TUM, COCTOALLMI M3 METOL0B U atpubyToB.
nepexos Ha cnefytroLwyto utepaumio Lukna.

onpegeneHne QyHKLNN.

yhaneHue obbekTa.

B NPOTUBHOM C/lyyae, eciu.

cm. for/else vnn if/else.

nepexeaTuTb UCK/IOYEHNE.

BMecCcTe C VIHCprKLI,VIeVI try, BbINONHAET MHCTPYKUWUM HEe3aBUCHMMO OT TOro, 6blNno NN

NCK/HOYEHNE NN HET.

for

umkn for.



from MMMNOPT HECKOMbKUX (DYHKLMIA 13 MOAy A

global MO3BOJISIET CAeNaTb 3HAYEHWE TMEPEMEHHOW, NPWCBOEHHOE €li BHYTPU (YHKLMW,
[OCTYMHBIM ¥ 32 NpefenaMu 3Ton PyHKLMMW.

if ecnu.

import NMNOPT MOAYNS.

in NpoBepKa Ha BXOXXAeHMe.

is CCblatoTCA NN 2 06bEKTA HA OAHO M TO XXe MeCTO B NamsTu.

lambda onpegeneHne aHOHMMHOWM (DYyHKUUN,

nonlocal Nno3BonseT chaenatb 3Ha4YeHUWEe MEePEMEHHON, MNPUCBOEHHOE el BHYTPU (yHKLUW,

JOCTYMHbIM B OGBHEM/IIOLLEN UHCTPYKLNWN.

not norunyeckoe HE.

or nornyeckoe UIN.

pass HWYero He Jenarowias KOHCTPYKLUS.

raise BO36YANTb UCK/OUEHNE.

return BEPHYTb pesynbTar.

try BbIMOSIHUTb MHCTPYKLMUW, NMepexBaTbiBas UCKIHOUYEHWS.
while umkn while.

yield onpegeneHve PyHKLUU-reHeparopa.

m VIHpopmauna o moayne keyword...
keyword.kwlist CMUCOK BCEX AOCTYMHbIX K/HOUEBbIX C/10B.

keyword.iskeyword(cTpoka) ABMIAETCA /I CTPOKA K/IHOUEBLIM C/TIOBOM.

m Hotauusa B Python
Hotauus B Python: CamelCase unn under_score?

HoTauuss — 3to cornawleHne 06 nmeHoBaHUW. Hanbonee nonynspHble HOTaLUK B NPOrpamMmMmMpoBaHnN
— camel case u under score.

camelCase (ewe HasbiBaeTcs "BepOIOXbA HOTAUUs") — 3TO CTU/Ib, B KOTOPOM C/I0Ba MULLYTCS C/IMTHO, a
KaKgoe CNoBO HauvMHaeTcs C MPOMNMCHONM (6onbluoii) 6ykBbl. ViMeeTca ABa MnoABMAa 3TOr0 CTUAS:
lowerCamelCase (Bce cnoBa KpoMe NepBOro HauMHaKTCA C NPOMUCHON GYKBbI)

n
UpperCamelCase (Bce cnoBa, B TOM 4uC/ie 1 NEPBOE MULLYTCS € 60MbLIOIA GYKBbI).

under_score (snake_case) — MpW WCMO/b30BaHUM 3TOTO CTUJISI B KAYECTBE Pa3fesiuTenst UCMoJb3yeTcs
CYMBOJ MOAYEPKMBAHUSA '_', a BCE C/TIOBA HAYMHAIOTCS CO CTPOYHON (ManeHbKOoI) GYKBbI;

CywecTByeT Takke CcTunb kebab-case, KOTOpbIi MNOXOX Ha under_score, HO BMECTO 3Haka
nojyvyepkuBaHud '_' B HeM 1UCnob3yerca Tupe -



B Python npeumyLLECTBEHHO MCMONbL3yeTcs HoTauus under_score

OpHo w3 npasun Zen of Python (PEP20) — "uyutaemocTb MMeeT 3HaudeHue". Hotauus under_score
yAo6Ha o5t UTEHMS M COOTBETCTBYET 3TOMY MpaBuy.

Mpy aTom under_score — He eAUHCTBEHHAaA HOTaums, peKOMeHAyemasa K Ucrnonb3oBaHuio B python. Bot
PyKOBOACTBO MO MMEHOBaHMIO (TWMN, BapwaHTbl HOTauwuii), OCHOBaHHOE Ha PEeKOMeHJalMsx asTopa
A3blka python BUAoO BaH Poccyma:

Type Public Internal

Packages lower_with_under

Modules lower_with_under _lower_with_under

Classes CapWords _CapWords

Exceptions CapWords

Functions lower_with_under _lower_with_under()
Global/Class Constants CAPS_WITH_UNDER _CAPS_WITH_U NDER
Global/Class Variables lower_with_under _lower_with_under

Instance Variables lower_with_under _lower_with_under (protected)
Method Names lower_with_under _lower_with_under() (protected)
Function/Method Parameters lower_with_under

Local Variables lower with under

m Kak Bbl6|/|paTI:> nmeHa B Python
OCHOBHOI MPVHLMIM XOPOLLEr0 MMEHOBAaHUS — MMeEHa [O0/KHbI 6bITh cOofAepXKaTelbHbIMU (MOIHOCTLI0
OoTpakaTb CBOE HasHauyeHuwe). [lepen Tem, Kak faTb WMs MNepPeMeHHON, (yHKUUM WM Knaccy,
»KenaresibHO OTBETWUTb Ha BOMPOCHI:

m [loyemy 3Ta nepemeHHas ((hyHKUMS, Knacc U T.M.) CyLlecTByeT?
m Y10 OHa genaet? (WM Kakue JaHHble B Hell XpaHsTca?)
m  Kak ucrosnb3yerca?

MpuMmep MI0X0ro MMEHOBAHUS:

vl

O6bsABMEHNE (QYHKUUM area

def area(sidel, side2):
return sidel * side2

MprvMeHeHre ¢yHKUMM area



d = area (4, 5)

B AdHHOM npumepe nepemeHHasn d Hnyero He o6o3HauvaeT. o HasBaHUIO beHKLI,VIVI area He NMOHATHO,
YTO OHa Ae/1aeT, KaKne napameTpbl NPUHUMAET 1 YTO BO3BpaALUaET.

MprUmep XOpoLLErO UMEHOBAHUA:

Ob6mwaBjeHue QyHKUUM Jget rectangle area

def get rectangle area(length, width):
return length * width

[puMeHeHMe QyHKUUM Jget rectangle area

area = get rectangle area(4, 5)

B npumepe NOHATHO 4TO AenaeT GpyHKUMA get_rectangle_area (nonyuns AMHY U WKWMPKUHY, GyHKUUA
BbIUMCIAET U BO3BpALLAET MaoWaab NpAMOYro/ibHUKa). PesybTaT 3anucbiBaeTcA B NepemMeHHylo area

(nnowaap).
Nma coaeprkate/lbHOE MOHATHOE, /IETKO YMTaeTCA U He TpebyeT A0NO/HUTE/IbHbIX KOMMEHTapUEB.

EwLe HeckobKo pekomeHgauuii no Bblbopy MMEH B Python:

PeKOIVIeH,EI,yeTCH I'IO,EI,6VIpaTb MMEeHa Ha aHI/IMMCcKom A3bike. He HY*HO NCNOJ/Ib30BaTb PYCCKNE MMeHa anA
nepemMmeHHbIX U NncaTtb UX TPAHC/IMTOM. Ba»KHO 3HATb aHI/IMACKUIA A3bIK.

def proverka zdorovyal(): # nioxo
pass

def health check(): # xopomo
pass

Ona HasBaHWA GYHKUMIA HaZlo UCNONb30BaTh r1aroa (Hanpumep "Kynute", "noayuuTs"”, "pacnevatats"),
ON1A NepeMeHHbIX, Moay/lel U K1accoB HaAo MCNO/b30BaTb CylecTBuTesbHoe (Hanpumep "cnmncok”,
"nokynatenu”, "ToBaps!").

ﬂ'}'lﬂ Ha3BaHWMA d)yHKLI,VIVI He cneayeTt ncnojib3oBaTb CyLLeCTBUTE/IbHbIE!

def speed calculator(distance, time): # HenpaBUIIbLHO (KAJbKYJISTOP CKOPOCTM)
pass

def calculate speed(distance, time): # npaBMIIBHO (paccuMTaTh CKOPOCTH)
pass

MUmeHa YHKUMA A0MMKHbI BbiTb Kak MOMHO Kopoue. ®OyHKLUMA BbINO/IHAET BCEro oAHO AeWCTBUE U
MMEHHO OHO [I0/1I}KHO OTOBpaXKaTbCA B €€ UMEHMU.

def create text utf8 pipe from input(): # nmoxo
pass

10



def create pipe(): # xopomo
pass

Mepen meHamn 6yNeBCKUX NepemeHHbIX (M MeTo4oB, Bo3BpallaloWwmx TMn bool), nobasnatb npepukc
||is|l‘
Tam rae He noJsiydaeTca UCnob3oBaTh "is", MoXKHO ncnosb3osaTtb "has" naum "can". MNpumep:

has children/()

Hy)-KHO MCnosib3oBaTb y,EI,OGOI'IpOVI3HOCVIIVIbIe MMeHa. y,EI,06HO paGOTaTb co cnoamu. Yactb mosra
cneunannsnpyeTca Ha 06pa60TKe C/N10B — HYXKHO MUCMNOJ/1Ib30BaTb 3Ty obnacte mosra.

# npuMmep IJIOXOTO MMEHOBAHUS (MMeHa TPYIOHO MIPOMBHOCUTE BCIYX)
class GlobalFRTEV: # njoxo

def get any mdhd(self): # nJoxo
pass

def get any mdhl (self): # noxo
pass

def get any mdhf (self): # noxo
pass

MmeHa 6yayT Mcnosib3oBaTbcA B 0BCY:KOEHUU € Kojneramu. byaeT c/loxHo pacckasbiBaTe Npo 6ar B
meToge get_any_mdhf knacca GlobalFRTEV.

He pekoMmeHayeTca UCno/j/ib3oBaTb O,EI,HOGyKBeHHbIe nepemMmeHHble. MX MOMHO WCNO/b30BaTb

NCKIOYNTENIbHO O1A /TOKAaJ/IbHbIX NE€peMeEHHbIX B HebobLIMX MmeTodax.

r = requests.get ('https://pythonchik.ru') # mmoxo

response = requests.get('https://pythonchik.ru') # xopomo

He Hy»KHO paspabaTbiBaTe M MCMNO/Ib30BATb CBOK CUCTEMY KOAMPOBAHUA MUMeH. Takue MMeHa TpyLHo
NPOU3HOCUTb U B HUX MOMHO cAenaTb oneyaTky. K Tomy e, KaxKablii HOBbIM MPOrpamMuUCT AO/IKEH
6yaeT UsydaTb 3Ty HOBYIO CUCTEMY KOAMPOBaHMUA.

tml word = "Hello" # moxo

TakKe npu Bbibope nmeHn dalina u KOOUPOBaHUM UMEH He ciellyeT UCMO/1b30BaTb KOMOP, Kaslambypbl U
C/IEHT.

Kak npasunao, Kod 4YUTAKT NPOorpamMmmMmuCTbl, NO3TOMY B MMEHaAX AO0ONYCTUMO MNCNOJ/Ib30BaHWe C/10B U3
HpOdDECCMOHaﬂbHOVI 06}'IaCTVI, Hanpunmep, Ha3BaHWA a/fOPUTMOB, NAaTTEpPHOB W/IN MaTemMaTU4ecCkmne
TEPMUHDI. TaK»e BO3MOMXHO MCNOJ/Ib30BAaHUE C/0B U3 I'Ipe,EI,IVIeTHOVI 06}'IaCTVI, K KOTOpOVI NPUHaaNeXnTt
pewaeman 3agava.

bonblwe nonesHbIx CBe,EI,eHVIVI (o} Bbl60pe nMMeEH VI,EI,eHTVICI)VIKaTOpOB n apyrme coseTbl, KOTOpble
npurogAatca npn HannMcaHM Koaa, MOXXHO HaMTKU B KHMIax:

PobepT MapTuH "Yuctbiii koa” ("CopepratenbHble umeHa", cTp. 39);
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CtmB MakkoHHenn "CoBepLueHHbI kog" ("Cruna nMmeH nepemMeHHbIX", cTp. 252).

® VIMeHOBaHVe nepemMeHHbIX B PEPS
B ctaHpapTte PEP8 onucaHbl cnegytouive CTuavm MMeHOBaHUA:

m b — ngeHTUpUKaTOP M3 OJHON MasieHbKOW BYKBbI;
m B — uageHTU(uUKaTop M3 OJHOM 60MbLUONA OYKBbI
m |owercase — OHO C/I0BO B H/XKHEM PErncCTpe;

m lower_case_with_underscores — HECKONbKNX CNIOB 13 MalieHbKNX BYKB, MeXay CoBaMu
noAvyepKnBaHuns;

m UPPERCASE — ofiHO €cNnoBO 3arnaBHbIMU GyKBamu;

m UPPERCASE_WITH_UNDERSCORES — cnoBa 13 3ar/iaBHbIX OyKB, MEXAy CloBaMU
nojyepKMBaHus;

m CapitalizedWords — Hecko/ibKo €fi0B 6e3 Npo6enoB MexXay HUMK, HO KabKg0e HavyMHaeTcs ¢
nponucHoi 6ykebl (CamelCase);

m  mixedCase — HECKO/bLKO C/oB 6e3 Npo6enoB Mexay HUMW, NepBoe CIOBO MULLETCH C
MasieHbKOl BYKBbI, KXX40e nocnegyoliee — ¢ 60/bLUOi;

m Capitalized_Words_With_Underscores — nmeHa nepemMeHHbIX COCTOSAT U3 HECKO/bKNX CI10B,
l\lﬁol\Tnopue HauMHalOTCS ¢ 60/bLIOI BYKBbI, pa3AeneHHbIX MexJy cO00i 3HaKOM NoAvepPKMUBaHNS

O cTaHgapTtax nmeHoBaHua yuTatb B PEP8 (pasgen "Naming Conventions™).

[ns yno6cTBa, cpegbl pa3paboTkm (Hanpumep PyCharm) aBTOMaTM4yeckn MpOBEPSIIOT, HACKONbKO KOZ
COOTBETCTBYET pekoMeHaaLmam craHgapta PEP8. Ecnin nvsa naeHTudmkatopa He 6yeT COOTBETCTBOBATb
cornaweHusam, 1o IDE nogyepkHeT nepemMeHHyto, a eciym HaBecTU Ha Hee MbILUUHBIA Kypcop, NOsIBUTCS
coobLeHMe ¢ NOACKa3KON.

Xopowwii Kog SOKYyMeHTUpyeT cam cebs. NMpu npaBuibHOM MMEHOBaHWW He BO3HWKAaeT BOMPOCOB MO
TOMY, YTO NPOUCXOAWT B OTAE/bHbIX YacTax kogda. / oTnagaer HEO6XOAMMOCTL NUcaTb KOMMEHTapun K
KaKaom CTpoke(??7?).

Mewé coobpaxeHusa no nosoy UMeHoBaHUs — 310 PEP8 recommends using...

lower_with_under B H/)KHEM pervucTpe co croBamu, pasfeneHHbIMU CMMBOMaMKN MoguepKUBaHNS, UTO
Heo6XoANMO A5 YAyudlleHUs yao6ounTaeMoCT UMEH MePEeMEHHbIX U (DYHKLINIA.

BO/LLUMHCTBO /0AE MHTEPNPETUPOBA/IO 3TO Kak lower_case_with_underscores, XoTs Ha NPakTUke 1 B
COGCTBEHHBIX MeTogax python KaxeTcs, UTo CTPOUHbIE ByKBbI 6€3 NogYEpPKUBaHMS 605ee NONysPHbI.

KaxxeTcs, uto cTporoe cnegoBaHne PEP8 6bi10 6bl HEYAOOHbBIM, MOCKO/bKY OHO MpegaraeT cMelmBaThb
kak lower _case with _underscores, Tak 1 lowercasewithoutunderscores, u4to ©6bII0  Obl
HerocnefoBaresnbHO.
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® Twunbl U KNacchl
python — OGBLEKTHO-OPUMEHTMPOBAHHbLIN A3bIK MPOrpaMMUpPOBaHusA. Moyt BCE, UTO pean3oBaHO U
nporpaMmmMmumpyeTca B python — 3TO CO3[daHHbleé Ha OCHOBE fAaHHbIX pPa3/IMYHbIX TUMNOB MO paHee
OI'Ipe,qel'IéHHbIM cXemaMm C UX CBOWCTBaMU U MeTodaMn MHOXXeCTBa B3aI/IMO,EI.eI7ICTByPOLL|,VIX 0OBbEKTOB-
npescTaBuUTENEN JaHHbIX KNacCoB.

®  Twunbl faHHbIX B Python
[JaHHble B python siBnstoTca o6bekTamu. OHM MOTYT 60 cOo34aBaThCsl 'BPYYHYH' B XOA€ BbIMOMHEHUS
nporpaMMHOro koga, AMb6o ObiTb M3HAYa/IbHO BCTPOEHHbIMM Ha YPOBHe fi3blka. OOBLEKT MOXHO
OoxapakTepu3oBaTtb kak 0cobyto (0cO60 opraHn3oBaHHYH) 06n1acTb NamsATh, rAe XpaHAaTcsa HeKoTopble
3HaueHVs 1 onepawmmn, onpeaenéHHble A5 3TUX 3HAUEHUIA.
CTpyKTypa nporpamMmmbl O6LLEr0 BMAA Ha A3blke python:

m [IporpaMma COCTOUT 13 MOAYNEN;
Mogynb nNpeacTaBnseT coboi Habop MHCTPYKLNIA;

]
W VIHCTPYKUMM COAEPIKaT BbIPAXKEHWS;
]

Bblpa)XeHUs cnyxkart Ans co3gaHus 1 06paboTkn 06HEKTOB;

Taknm ob6pasom,

m [Iporpamma;
m  Mogayneb;
| /IHCTpYyKUumS;
m  BbipaxkeHue;
m  OObBEKT;

python nopgpasymeBaeT 06s3aTe/lbHOE ONpedeneHne Tuna AaHHbIX A1 MEPEMEHHbIX, KOHCTaHT,
MaccuBOB, CMUCKOB U T.A. MpaKTMyeckym BCe KOHCTPYKLUMM si3blKa SIBASKOTCA O6bEKTaMM KOHKPETHbIX
paHee 06bSBAEHHbIX TUMOB. TakKMM 06pa3oM, 06BbEKTbI MOXHO KnacCupuumMpoBaThb MO UX TUMNaMm.

m [nHammnyeckas tTunusauuns
Cpe,qvl MHO>XEeCTBa A3bIKOB NMPOrpaMmMmnpoBaHnAa MO>XHO BblAE/TNTb ABE COCTaB/AOLWNE!

B TUNU3NPOBaHHbIE A3bIKW,

W HeTUNM3MpoBaHHble (6ECTUNOBbLIE) A3bIKY,;

HeTnnunanposaHHbIe A3bIKM B OCHOBHOM SIBMAIOTCA A3blKaMM HU3KOrO YpOBHA. lMporpamMmbl Ha 3TUX
A3blkax HanpsaMyr B3auMMOAeNCcTBYeT € “Kene3oM'. Tak Kak KOMMbIOTEP 'MbICAUT HYISMU W
efVMHMLAaMK1, Pa3iMuma Mexzay CTPOKON (TMMOM) W, Hanpumep, Ueno4YuCNeHHbIM 3HayeHuem 6yayT
3aKoyaTbCa NMWb B Habopax 3atmx cambix O m 1. B cBA3W C 3TUM, BHYTPU OeCTUNOBbLIX A3bIKOB,
6/M3KNX K MaLLMHHOMY KOy, BO3MOXHbI /1l06ble onepauumn Hag, Mo6bIMN aHHbIMUN.

python siBAsieTcsl TUNMU3NMPOBaHHBIM A3bIKOM. B HEM onpefeneHo MoHsTUE 'TUNA', CyLLEeCTBYIOT OnepaLmm
pacno3HaBaHUsi 1 BEPUHNKALMKN 3THX CaMbIX 'TUMOB'.

TakMm MpPOLIECCOM SIBMSETCS TUNM3auus. B xofge e€ BbIMOMHEHMS MPOUCXOAUT MOATBEPXKAEHWE
NCMOMb3YEMbIX TWUMOB W MPVMEHeHNe K HMM COOTBETCTBYIOLMX OrpaHW4YeHunid. M oT 3Toro 3aBuUCKT
KOPPEKTHOCTb BbIMOMIHEHUS MPOrpaMmbl. TUNM3aUUS MOXKET GblTb CTATUUECKOM M AMHAMUYecKol. B
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nepesomM cny4dyae npoBepKa BbIMNOJ/IHAETCA BO BpeMA KoOmMnuaauumn, BO BTOPOM — HeNnocpeactBeHHO BO
BpeMA BbINOJIHEHUA NPOrpaMmMHOro Koja.

python — s13bIK ¢ AMHAMWYECKOl Tunu3auueid. B HEM ofHa U Ta XXe MepemMeHHasi Mpyv MHOTOKpaTHO
VHWLMANN3aLMM MOXET NPeACTaB/saTb 06BEKThI Pa3HbIX TUMOB:

a=1

print(type(a))
<class "int">

a = "one

print(type(a))
<class “str">

a = {1: T"one"}

print(type(a))
<class “dict">

m JlocTOMHCTBA ,D.I/IHaMI/I‘-IeCKOVI Tmnmn3aynn
K gjoctonHcTeam ,ﬂ,MHaMMLIeCKOIz TMmnm3aynnm MO>XXHO OTHECTU:

m BO3MOXHOCTb CO34aHuA PasHOPOAHbIX KOI'II'IeKLI,I/II\/’I;

m [IpocToTa abCTparvpoBaHnsi B a/lrOPUTMax;

m Co3sjaHuve pa3HOpPOAHbIX KOMNEKL N
Bnarogapsi TOMy, 4TO B python Tumbl AaHHbLIX NPOBEPSHOTCA HEMOCPEACTBEHHO BO BPEMS BbIMOMHEHUS
NPOrpamMMHOrO Kofa, MOSB/SETCS BO3MOXHOCTb CO3JaBaTb KOMMEKUMUW, COCTOSILME W3 3/IEMEHTOB
pasHbIX TUMOB. MPUUYéM fenaeTcs 3To NIerko U NpPocTo;

# CMNMCOK, 3/IEMEHTaMM KOTOPOro SB/IAKTCS CTPOKa, LUenoe 4YUC/o U KOpTex
variety list = ["String®, 42, (5,25)]

m AGCTparnposaHune B anropuTmMax
Co3pgaBas Kof Ha python, MOXHO NPeAnonoXutb YHUBEPCANbHYHO (DYHKLMIO COPTUPOBKM U He nucatb
OTAENbHYIO eé peann3aLlmio 415 CTPOK U YMCEN, NOCKO/bKY OHa U Tak KOPPEKTHO oTpaboTaeT Ha /1loboM
KOMnapupyeMmom (CpaBHMBaeMOM) MHOXECTBE.

m HegocTaTKu lCI,I/IHaMI/Il-IeCKOI\/'I TMNM3aynn
OLWMBKM TMNN3ALMKN U TOTUYECKME OLUMOKM Ha VX OCHOBeE, a Takke npobnembl ONTUMU3aLNN.

m  OwWunbKM Tunmaauymmn
OHuV pefkn, ofHaKO BecbMa C/IOXHO OT/aB/vBaeMble. BrionHe peanbHa cutyauus, Korga paspaboTyuumk
Hanucan (yHKUMIO, npegnonaras, yYto oHa OydeT NPUHMMAaTb 4MCNOBOe 3HaveHue. Ho B pesynbrarte
OLWMOBOK, BO3HUKAKOLIMX B APYrUX HaCTAX MPOrpammbl, Ha BXOA (PYHKLMM MOCTynaeT CTPOKa, KoTopas
oTpabatbiBaeTca 6e3 OWWO0K BbIMNOMHEHUS,, OAHaKo eé pesynbtar, — OLWIMBKA, cam no ceb6e.
Cratmnyeckas e TMNn3auusa NCKIoYaeT Takne cutyaunn.

m OnTummnsauynsa
Ctatmyeckn TUNU3NPOBaHHbIE A3blKM 0ObIYHO paboTatoT ObICTpee AMHAMUYECKUX, MOCKOMbKY SBASKOTCS
6onee "TOHKUM" MHCTPYMEHTOM, ONTMMM3aLUsi KOTOPOrO, B KaXKAOM KOHKPETHOM C/lydae, MOXET OblITb
HacTpoeHa 60/iee TWarenbHO 1 paLOHasIbHO.
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m Knaccugmkauus TUNOB faHHbIX python
Mo opHOl W3 knaccudmkauumii TMNOB python AensTcs Ha aToOMapHble W CCbIIOYHbIE. ATOMAapHbIe
06BEKTBI, NMPU UX NPUCBAVBAHUK, NEPEAAIOTCS MO 3HAUYEHMIO, A CCbIIOYHbIE — MO CCbI/IKE

ATOMapHble:
m  Yucna;
m  CTpoKu;
CcblIouHble:
m  Cnucky,
m  KopTexu;
m Crnosapuy;
m OyHKUMNY;
m  Kracchbl;

TakiM 06pas3om, TuMbl python OTAMuYatoTcs OT TUMOB B APYIMX A3bIKaXxX C XKECTKO 3aJ4aHHOWN TMnunsauueil.
BaxkHble TUMbI B python:

Uucnoseble: Uenble, APO6HbIE, BELWECTBEHHbIE C NaBatOLLEN TOHUKOM, KOMMNEKCHbIE,
Jlornyeckne; TMn 418 XxpaHeHUs: 3Ha4YEeHNn anrebpbl IOTVMKK - "UCTUHA' UK 'NTOXKb'.
CtpokoBble: cogepxat cumBosibl KOHMKOAa, B TOM uucne, html-kog,

Cnncku - ynopsao4yeHHble MacCBbl AaHHbIX.

KopTtexn - MaccuB ynopsiflovYeHHbIX KOHCTAHT, T.€. 3HAYEHWIA, KOTOPbIe HE MOTYT U3MEHSTLCS B
npotiecce pa6oThbl.

MHoO>KecTBa - MacCuBbl HeyrnopsALOoYEeHHbIX JaHHbIX.
CnoBapv - cneumann3MpoBaHHbIi MaccuB, COCTOSILLMIA 13 Napbl - 'KoY — '3HaYeHune",

BaiiTbl, MaccuBbl 6aiiToOB - NOVMEHOBaHHbIe 06NnacTM NaMATU AN XpaHeHUs M306padkeHwit (jpg,
gif ut.a.), pdf-gokymeHTOB 1 Apyrux annos.

m Yuncnosble TUNbl python
Uncna — BaXHeNWnin 13 BCcex TUMOB AaHHbIX ANS BCeX A3blKOB MporpamMmmuposaHus. B python ana mx
NpeAcTaBNeHNs CNY>KUT YACNOBOW TUM AAHHbIX.

m int (Lenoe 4uncno)
KoHuenums uenbix umcen - BCE MPOCTO: 3TO uucna 6e3 ApO6GHOM u4acTh, KOTOpble ABAAKOTCA
pacluMpeHneM HaTypasibHOro psija, 4ONOIHEHHOIO HYNéM WM OTpuuaTe/lbHbIMU YNCNaMm.

# NpUMepsl UENbIX YUCEN
-3000

0

9000

a
b
c

Llenble uncna Ucnonb3yoTcs A5 UCHUC/IEHUS BCEBO3MOXKHbIX MaTEMaTUYECKUX BblpadKeHUA. Takke int
NPUMEHSIETCS B KA4eCTBE OMMUCaHNIA KOIMYECTBEHHbIX CBOWMCTB Kakoro-nmbo o6bekTa.
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m float (uncno c naBarowen TOUYKOIA)
[LeicTBUTEeNbHbIE WM BELLECTBEHHbIE YMCNa NPUAYMaHbl 418 WU3MEPEHUSt HEMPEpPbIBHbIX BEIUYUH. B
OT/IMYMe OT MaTEMaTUYECKOrO KOHTEKCTa, HWM OfMH M3 A3bIKOB MPOrpaMMUPOBaHMA He CnocobeH
peann3oBaTb GECKOHEUHblE WM MPPaLVOHa/IbHbIE YMCAa, MO3TOMY BCerfja akTyalbHO MPUOBAKEHMIO C
onpeaeneHHoi TOYHOCTLHI, U3-3a Yero BO3MOXKHbI Takne cUTyauuu:

print(0.3 + 0.3 + 0.3)
> 0.8999999999999999

print(0.3 * 3 == 0.9)
> False

3anucu float He oTnnyatroTcsa ot 3anuvck int:

# npuMepsbl BeleCTBEHHbLIX uYucen
zero = 0.0

pi = 3.14

e =271

O6nacTtb NPUMEHEHNA float — maTematmnyeckme BbIUNCNIEHNS.

m complex (KOMNJIEKCHOE Ynco)
BeluecTBeHHbI pag paclumpseT MHOXECTBO paLMOHasbHbIX Yncen. Pag KOMANEKCHbIX Yucen pacumpser
MHOXECTBO  BelleCTBEeHHbIX. [pUHUMNMENbHON  OCOGEHHOCTLIO  KOMIIEKCHOrO  psga  siBfsercs
BO3MOXHOCTb U3B/IEYEHUSI KOPHS U3 OTPULLATENbHBIX YUCES.

B python komnekcHble Yncna 3afakTca ¢ NOMOLLBHO (yHKLUMK complex():

# npuMep KOMM/IEKCHOINO 4ucna
z = complex(1, 2

print(z)

> (@+2))

# BelecTBeHHad 4acTb
print(z.real)
> 1.0

# MHUMas 4acTb
print(z.imag)
> 2.0

# CONpsikeHHOEe KOMM/IEKCHOEe 4M1CIOo
print(z.conjugate())
>

BAXKHO! [lnA KOMMJIEKCHbIX YMCeN onepaums CpaBHEHNS He onpejeneHa:

z1 complex(4, 5
2 complex(100, 200)
print(zl > 22)

>
Traceback (most recent call last):
print(zl> 22)
TypeError: =>" not supported between instances of “complex®™ and “complex”

16



KomniekcHble 4umMcna LWIMPOKO MPUMEHSIIOTCA, HanpuMep, A48 peweHus  audgepeHumnanbHbix
YPaBHEHWIA.

m  bool (nornyecknii Tmvn gaHHbIX)
Camblii MPOCTOI 1 NOHATHBIN 13 BCEX TUMOB AaHHbIX python. Y bool ecTb Bcero gsa 3HayYeHUs:

m VictnHa (True);

m Jloxb (False).

[na 6yneBoi anrebpbl 3TUX 3HAYEHWUIA [OCTAaTO4HO.

# npumep bool
pravda = True
lozh = False

MepemMeHHbIe NOrMYecKoro TMna HyXHbl 418 pean3almm BeTBAEHUA, OHN MPUMEHSIOTCA 415 YCTaHOBKU
(hNaXKKOB, (PUKCUPYIOLLMX COCTOSHMS MPOrpamMmbl, a TakkKe WCMOoMb3yHTCA B KayecTBe BO3BpallaeMblX
3Ha4YeHW AN YHKUMIA, Ha3BaHNS KOTOPbIX, 3a4acTyto, HaunHaroTesa Ha "is" (isPrime, isEqual, isDigit).

To ecTb Tex, KOTOpble, Ha Ye/IOBEYECKOM A3blKe, OTBeYasM Obl Ha BoMnpoc ofHWM cnosom “[da" win
"Het".

m [locnepoBateNlbHOCTU
EWwe oAHO MOHATME W3 MaTemaTuKW, [Ae Moc/iefoBaTe/lbHOCTb — €eCTb HyMepoBaHHbI Habop
3/1EMEHTOB, B KOTOPOM BO3MOXHbI VX MOBTOPEHUS, a MOPSA0K MMEET 3HAUEHME.

MocnefoBaTensHOCTL B python : ynopsigoyeHHas Konnekums 06H-eKToB.

m str (cTpoka)
CTpOKMW, - €AUHCTBEHHbI TUM, KOTOPbIM MO YacToTe NPUMEHEHUS MOXXET CPaBHUTLCAC YUC/IOBLIM TUMOM
JaHHbIX. OnpegeneHve, cnpaseannsoe 4ns python 3ByuumT Tak:

CTPOKa — 3TO nocnepoBaTe/ibHOCTb OAHOCUMBO/JIbHbIX CTPOK.

s = "Hello, friend. You are my world®
print(type(s))

> <class "str">

BaXkHOCTb CTPOK Be/MKa B MEPBYD OYepedb ANs JIIOAEN: 4YTO BCA MUCbMEHHAs pPeYb MOXKET
paccmatpuBaTtbCsl, Kak MHOXECTBO CTPOK. A TaK KakK YenoBekKy CBOWCTBEHHO OGMEHMBATLCA
WH(hopMaLed MMEHHO B BuAe Habopa CNoB, TO MOXHO FOBOPUTb O HEOrpaHWYeHHOM KONMYecTBe
obnacTeli NPUMEHEHWs1 CTPOKOBOIO TWMNa JaHHbIX.

m |ist (cnucok)
Cnucok — 31O ewgé oAauH BWfA nocnefoBatenbHOCTel... 34eCb CTOUT OCTaHOBWUTBCA WM OTMETUTb, UTO
nocnefosatenbHOCTM B Python 6biBatOT M3MEHAEMbIMU U HeM3MeHseMbiMU. CIMCOK — M3MeHsemas
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NocnefoBaTeNbHOCTb, @ CTPOKA U KOPTEXU — HET. Takum 06PasoM, CMUCOK MOXHO OMNpPeaeninTb, Kak
YNOpPsiSOYEHHYHO Y U3MEHSIEMYHO KOMINIEKLIMIO, COCTOSILLYIO U3 OGHEKTOB NMPOU3BOSIbHBIX TUMOB.

# npumep cnucka
list of lists = [["code alpha®, "code beta®], [553, 434]]
list of lists[O][1] = “code omega®

print(list of lists)
> [["code alpha®, “code omega®], [553, 434]]

CnurcoK 310 06BEKT ANA XpaHeHNsi HABOPOB JaHHBLIX.

m  tuple (kopTex)
KopTtexxu B fi3blke python MOXXHO paccmarpuBaTtb, Kak HEM3MeEHSieMble CMMCKU CO BCEMMW BbITEKAKOLLMMU
NnocneacTBUAMU:

# npuvep KopTexa
wp = Cit, i)
# Mbl MOXEM MOJlyunTb MEPBbIA 3NEMEHT

print(Ctup[0])
> 10

# HO N3MEHUTb ero He NMoTy4nTCA

tup[0] = k"

>

Traceback (most recent call last):
tup[0] = k*

TypeError: “tuple®™ object does not support item assignment

Vicnonb3oBaHWe KOpTeXel OonpaBfaHo, Korga pa3paboTuMKy BaXkHa CKOPOCTb  paboThl  Wm
HEU3MEHSIEMOCTb 3/IEMEHTOB MOC/NEL0BATENBHOCTU.

m diet (cnoBapb)
CnoBsapwv XOTb 1 ABASKOTCA HAOOPOM JaHHbIX, O4HAKO He CUMTAKOTCS NOCNefoBaTe/IbHOCTbIO, NOTOMY Kak
NPeACTaBAAKT CO60M HeynopsAOYEHHbI Habop Nap K4:3Ha4YeHue.

# npvvmep npocToro cnosaps
dictionary = {"OroHék": “ymeHbll. OT cnosa “OroHb"}

MpUMEHSIIOTCS OHW, KOraa Ana paboTbl TpebyeTcs TUMN AaHHbIX KOHLENTYaNbHO CXOXKWA C OBbIYHbLIM
TeneoHHbIM CMPaBOYHMKOM, A€ Kaxkgas 3anmMcb — €eCTb Mapa COMOCTaBMEHHbIX APYr C APYrOM
3HAYEHWU, MO OAHOMY M3 KOTOPbLIX (YHWKa/bHOMY K/HOYY) MOXHO MONy4YnTb BTOPOE (COGCTBEHHO,
3HauyeHue).

m set (MHOXeCTBO)
Ewé oanH "Habop, HO He NocnefoBaTe/lbHOCTL".

# npvvep MHOXecTBa
integer num set = {5, 4, -3, -2, -1, 0O, 1, 2, 3, 4, 5}
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Ecnn He BaxkeH nopAaaokK 3J;ieMeHTOB, HO BaXKHa UX YHUKa/IbHOCTb, TO NOAXOANT MHOXXECTBO.

# CBOWCTBO YHWKa/IbHOCTHU
unique set = {6, 6, 6, 5}

print(unique set)

> {5, 6

m dain
PaboTa c ¢halinamn, XpaHAWMWMMUCS TAe-TO Ha BHELIHEM HocuTene, B Python peanvsoBaHa B Buae
06beKTOB-(halinoB. OHM OTHOCATCA K 06bekTaM 6a30BOro TMMa, HO 06/afatdT BecbMa XapaKTepHOl
YepTOW: HeMb3a CO34aTh 3K3EMMSAP 06bEKTa-(haina Npy NOMOLM NNTEPAOB.

Utobbl HauaTb paboTy ¢ (haiinamu, Hy)KHO Bbi3BaTb (YHKUMIO open() M nepefatb € B KadectBe
aprymMeHToB 1Mst halina U3 BHELLHETO MCTOYHKKA Y CTPOKY, OMMWCLIBAIOLLYI0 PEXNM paboTbl (yHKLUN:

T = open("filename._txt", "w")

Onepaumu ¢ thanamm MOryT ObiTb pasHbIMW, a, CnefoBaTeslbHO, PasHbIMW MOTYT OblTb U PEXMMbI
paboTbl C HUMW:

m r— BblIbMpaeTca Mo YMONYaHUIO, O3Ha4aeT OTKpbITUE (halina ana YTeHus;

m W — (baiin OTKpbIBaeTca 411 3anncu (ec/n He CyLLecTBYeT, TO CO34aéTCA HOBbIN);

m X — halin OTKpbIBaeTCA AN 3anmcu (eCnn He CyLLECTBYET, TO reHEPUpPYETCA UCKIHOUEHNE);

W a3 — pexum 3anucu, Npu KOTopoMm MHpopmauma gobasnseTcs B KOHel, (halina, a He 3atmpaet
Y)KE UMEIOLLYHOCS;

m b — oTKpbITVE (halina B ABONYHOM PEXUME;

m t—ewé ofHO 3HaYeHVe Nno yMONYaHmo, 03HavaloLLee OTKpbITVE (haiifia B TEKCTOBOM PEXUME;

m +—YTeHne n 3anuco,;

m range object (atype of iterable).

B A3bike python peanvsoBaHa ¢yHKUMs range(), KOTopas CO34aET HEMPEPbLIBHYKO MOC/eA0BaTeNlbHOCTb
LeNbIX vmncen:

r = range(10)
print(r)
> range(0, 10)

for 1 In r:

print(i, end=" ~)
>012345678)9

OHa o4eHb y06Ha NPV CO3AaHNN LIMK/IOB.

m  None
None — cneyunanbHbli TMN A3blka python. O6bekT 3Toro TMma oO3Ha4daeT MycToTy, Bcerga umeet
3HayeHue False n MOXeT paccmatpuBatbCs B kadecTBe aHanora NULL gns A3bika ~C++. O6bekT None
BO3BpaLLaeTcs (hyHKUUAMMU MO YMOMYAHUIO.

null = None
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print(type(null))
> <class “NoneType-">

Ha NMPaKTUKe 3TOT TUM AaHHbIX MOXXEeT ObITb MONE3EH, Korga Hafgo 3anoJIHUTb CMCOK OTCYTCTBYHOLWWMMUN
3Ha4YeHNSAMU, YTOObI OH yBENMNYUICA, N MOXHO 6b1n10 o6pau.|,aTbcs=| K CTapwunm aneMmeHTamMm no MHAEKCY.

m Pab6orta c TMnamu B python
[Janee onucbiBatoTCH HEKOTOpPbIE NPOCThIE (???) NpréMbl PaboTbl C JaHHBIMUW PasHbIX TUMOB B python.

| Onpe,qeneHl/le Tunna gaHHbIX
Y3HaTb TUMN faHHbIX obbekTa B python MOXXHO cnegyrumnm crioco6om:

# HyXHO BOCNO/Ab30BaTbCA BCTPOEHHOW (yHKumen type()

my list = {"Python": "The best!"} # o6bsiBNneHne ob6bekTa - croBaps

print(type(my list))
> <class “"dict">

m /I3MeHeHMe Tuna gaHHbIX (NpneegeHne TUNOB)
BcTpoeHHble yHKUuM ana npusegeHus Tmnos — int(), list(), set(), tuple(), str(), bin().

BaxkHO! BCTpOeHHas (yHKUMS A15 MPUBELEHUS TWMa He MOAUGMUMPYET NepefaHHOe 3HauyeHuve, a
BO3BpPALLAET HOBOE 3HAYEHVE APYroro Tmna.

# Int() - npeobpa3lyeT 4UMCNOBYKW CTPOKY B LEJSIOE YMUC/O
seven = 7"
new seven = int(seven)

print(new seven, type(hew seven))

> 7 <class "int">

# list() - npuBegeHWe UTEPUPYEMOro 06beKTa K CMUCKY
nums = (11, 12)

new nums = list(nums)

print(new nums, type(new nums))

> [11, 12] <class -~list™>

# set() - TpaHchopmauMss UTepupyemMoro obbekTa BO MHOXECTBO
vegetables = [“carrot®, “tomato", “cucumber®]

new vegetables = set(vegetables)

print(new vegetables, type(hew vegetables))
> {"cucumber®, “carrot®, “tomato"} <class “set">
# tuple() - aHa/lOrM4yHO, HO B KOPTEX

python = "Python*®
new python = tuple(python)

print(new python, type(new python))

> ("P7, "y", "t", *h", T0", "n") <class “tuple">
# strQ npvBefeHne K CTPOKOBOMY Tuny

ex dict = {"qiwi": 1453}

new ex dict = str(ex dict)

print(new ex dict, type(new ex dict))
> {"qiwi": 1453} <class “str">
# bin() - npeobpalyeT [ecATUYHOE 4NCI0 B ABOWYHLIA (hopmaTt
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dec = 10
new dec = bin(dec)

print(new dec)
> 0b1010

m  OTnunyue type() oT isinstanceQ
B otnnume ot type(), hyHKums isinstance() Bo3Bpalwaet He TUN AaHHbIX aprymMeHTa, a 6yneBo 3HayeHue,
roBoOpsiLLiee O TOM, NPUHAANEXUT O6BEKT K ONpeAesieHHOMY Kaccy Un HeT:

num = 4.44
print(isinstance(num, float))
> True

isinstance() Takke ymeeT MPOBEPSTb MPUHAANEXHOCTb OObLEKTa XOTA K OAHOMY TUMY W3 KOPTEXa,
nepefaHHOro B Ka4ecTBe BTOPOro apryMeHTa:

name = “Ash”
print(isinstance(name, (float, int, complex)))
> False

print(isinstance(name, (float, int, complex, str)))
> True

BaxkHbIM OT/IMUMEM TakKXe $BAseTca 7O, 4ro isinstance() "3HaetT" O HacnegoBaHUW. ®PYHKUUA
BOCNpPUHMMaeT 06bEKT MPOM3BOAHOIO K1acca, Kak 06bekT 6a30B0ro.

class BaseExample:
pass

class DerivedExample(BaseExample):
pass

test = DerivedExample()
print(isinstance(test, BaseExample))

> True
A BOT BbiBOA pe3ynbTarta paboTs gyHKuun type():

print(type(test))
> <class " main _DerivedExample=™>

3pecb BUAHO, UTO N8 type() 06beKT test ABnseTca o6bekToM-npeacTaButenem knacca DerivedExample.

m Knacchbl
Knacc — 310 TMn AaHHbIX.

Y knacca ecTtb cBoiictBa 1 hyHKUmm (B OOMN 1x HasbiBalOT METOAAMM).

m CgoilicTBa (nons, atpubyTbl) — 3TO XapaKTepuUCTMKW, Npucyline AaHHOMY KOHKPEeTHOMY
MHOXeCTBY OOBHEKTOB.

m  MeTogabl —,Cl,el\/’ICTBI/Iﬂ, KOTOpPbIE OHM MOTYT coBepLuaThb.
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m [IpuHyuns OOTI
Ab6cTparvpoBaHve, NoAMMopgun3M, HacnefoBaHue, UHKancynauus.. Krnaccel nofo6Hbl yepTexkam: 3To
He O0ObBbeKTbl, a WX CxeMbl. 3a cuéT npuHumMnoB OOl knacc "6GaHKOBCKUX CYETOB" WMeeT CTPoro
onpefefieHHble U O4MHAaKOBbIe A/19 BCEX aTPUBYThI, HO ero 06BLEKTLI (CaMU cyeTa) YHUKaSIbHbI.

[anee o6cy)KaatoTca BOMPOCHI, CBSi3aHHble ¢ MpuHUMNamu OON, 06bsBMAEHWEM KaccoB, METOOB U
CO37aHNEM O6BLEKTOB, MPEACTAB/ALLIMX 3TV KAcchbl.

m A6cTpakuus
AGBCTpakuMss — 3TO BblgeNeHNe OCHOBHbIX, Haubonee 3HauYMMbIX XapakKTEPUCTUK Ob6bekTa K
WUrHOPVPOBaHNe BTOPOCTENEHHbIX.

“n

Jio6oii "cocTaBHOI" OOBLEKT peanbHOro MmMpa — 3T0 abcTpakumsa. FoBopsi "HOyTOyK", He Tpebyetcs
JanbHelwnx MOsCHEHWIA, Bpofe TOro, 4YTO 3TO OpraHM3OBaHHbIA Habop nnactuka, MeTanna,
XUAKOKPUCTaNINYECKOrO ANCNIes N MUKPOCXEM.

AGCTpakUMsi NO3BOMSET UTHOPUPOBATb HEPEeNeBaHTHbIE AeTasv, MO3TOMY A/S1 CO3HAHWSI YEe/I0BEKA 3TO
OZVH 13 cnocoBOB CMPaBSATLCS CO C/IOXKHOCTLHO peasibHOro mMupa. Ecim 6bl, MOAXOAs K XONOAUNBHUKY,
HY>XHO 6bl10 6bl "MMETb fAefio" ¢ OTAENbHO MEeTa/IIOM KOpryca, MIacTUKOBLIMU (parMeHTamu,
NaKOKPacoYHbIM CNOEM W MOTOPOM, AOCTaTb M3 MOPO3WIKU 3aMOPOXKEHHYH KNYyGHWKY 6blf1o Obl
HaMHOrO C/IOXHee.

m [lonumopdusm
Monumopdnam noapasyMeBaeT BO3MOXKHOCTb HECKO/bKMX peanv3aunini ogHoi ngeun. Mpoctoii npumep:
ecTb Knacc "lMepcoHax", ay Hero ectb MeToy, "AtakoBatb". [1ns1 BoMHa 310 6yaeT 03Ha4aTb yaap Mevom,
Ans peiiHpKepa — BbICTPEN U3 NIyKa, a 418 BOMWEOHUKA — YTeHne 3aknHaHuA "OrHeHHbin Lap". B
CyLLHOCTW, BCE 3T TPW [EWNCTBMA — ataka, HO B MPOrpaMMHOM KOAe OHW 6yayT peann3oBaHbl
COBEepLLEHHO MO-pa3HoMY.

m HacnegosaHue
370 cnNOcOBHOCTb OAHOrO K/acca paclMpsATb MOHATME APYroro, W rMnaBHbli MeXaHU3M MOBTOPHOMO
ucnonb3oBaHuss kKoga B OOl Ha ypoBHe ab6cTpakuuy “"ABTOTPaAHCMOPT' MOXHO He Y4uUTbIBaTb
OCOGEHHOCTV KabKAOro KOHKPETHOrO Bufa TPaHCMOPTHOrO CpeAactBa, a paccMatpuBatb UX "B LEenom".
Ecnn e 6onee geTasiM3npoBaHO NPUINAAeTbCH, HaNnpPUMep, K rpy30BUKaM, TO OK&XETCH, YTO Y HUX eCTb
TakuMe CBOMCTBA M BO3MOXHOCTW, KOTOPbIX HET HW Y MIEFKOBbIX, HN Y MacCaXMPCKMX MawunH. Ho, npu
3TOM, OHM BCé ellé obnafaroT BCEMU APYTUMU XapaKTepucTukaMu, NpUCyLLMMKU aBTOTPaHCMOoPTY.

MOXXHO 6bI10 6bl 06BABUTL OTAENMbHBIA Knacc "Ipy30BUK", KOTOPbLIM ABASETCH HacnegHUMKOM 6a30BOro
knacca "ABToTpaHcnopT'. O6beKTbl 3TOr0 Knacca MOrvM 6bl ONpeaenaTb BCce NpoLblie atpmubyThbl (UBeT,
rof BbINyCcKa), HO W MOMAy4YUTb HOBble. [NA Trpy30BMKOB 3TO MOIMM ObiTb PY30NO4BEMHOCTD,
CHapshKeHHas Macca W HaMuue >XWIOro OTceka B KabuHe. A MeTOAOM, KOTOPbIi eCTb TONIbKO Y
rPy30BUKOB, MOr/a 6bITb (OYHKUMA CLENNeHns v oTUenIeHns npuuena.

m  /IHKancynauus
MHkancynsuma — 3ato npuHumn OO, KoTopbli Tpebyercs pgnsa  6e30macHOCTM U yrpaBfieHus
CNOXHOCTbIO Koga. WHkancynauma 610KMpyeT AOCTyn K AeTansiM CAOXKHOW KoHuenumun. A6GCTpakums
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nogpasymeBaeT BO3MOXHOCTb PAacCMOTPETb OOBEKT C OOLWel TOUKM 3pPeHUs, a WHKancynauus He
NO3BOJISIET paccMaTpmBaTh 3TOT OOBLEKT C KaKOW-TM60 Apyroi.

m  MeToabl Knacca
MeTop — 370 (hyHKLUMS, 06BABNSEMas B Knacce.

Hanpumep, y 60eBoro kopabnsa (bpoHeHoceL, TMHKOP) ecTb 60pTOBOE OpYXXKMe. V1 OHO MOXXET CTpensiTh.

class WarShip:
def atack(self):
print(*Ahh!®)

destroyer = WarShip(Q
destroyer.atack()

> Ahh!

m  ATpuBYTLI Knacca
Y Kknacca MMeeTcs COGCTBEHHbIVE HABOP XapaKTepUCTMK, KOTOPbIA MO3BOSET ONUCATb €ro CyLHOCTb. 3TU
CBOVCTBA 334al0TCA Ha aTane 06bABNEHUS Klacca M Ha3blBakTCA MNONAMWU UM aTpubyTaMuy Knacca.

Mona B knacce MoryTt ObITb 0OBABMEHbI CTATUHECKUMU UMK ANHaMNYECKNMMN.

Cratuuyeckue nons (Mons Knacca) MOXHO Mcnosnb3oBath 6e3 co3faHusi 06bekTa. 3HaueHUs, KOTopble
3anucbIBalOTCS B 3TV MOMS (CTaTMYecKue MepPeMeHHbIE) aKTyaslbHbl [/ BCETO MHOXECTBa OOBLEKTOB
(koTOpble O6bBABMEHBI U KOTOPbIE MOMYT GbiTb OGBAB/EHLI B XOf€ BbIMOSHEHWS MPOrPaMMHOIO KOAa).
CraTyeckune nonsti 06bABNAIOTCH HENOCPEACTBEHHO B Kacce.

[vHamuuyeckme nons (Mons o6beKTa) 3a4al0TCs MPU CO3A4aHWMU KOHKPETHbIX OBHLEKTOB C MOMOLLGHO
CrMeunasbHOrO  MEeTOAA-KOHCTPYKTOpa. VH(opmauus, KoTopas 3anucbiBaeTcs B MOs  OGbekTa,
aKTyasibHa TO/IbKO [J1 KOHKPETHOrO O6bekTa. OJK3eMMSP HYXHO €034aTb, a MOMsSM MPUCBOUTbL
3HaueHus. JMHaMuyeckme nons o6bABASIOTCA B TENe MeTOoAa-KOHCTpYKTopa_init__ .

O6bsABNeHMe knacca ¢ MMmeHemM firstClass n ctatmyeckum atpmbyTom (CBOMCTBOM) X:
class firstClass:

X =5
print(firstClass.x)

O6bsBNeHMe Knacca CO CTaTM4ecKum arpubyTom W AMHAMUYECKMM aTpubyToMm, a Takxe MeTo[OM-
KOHCTPYKTOpPOM __init__.

class MightiestWeapon:
# cTaTuyeckunin aTpubyT
name = "Default name"

def init (self, weapon type):

# OVHaMnyeckuii aTpubyT
self_weapon type = weapon type
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BakHO! cTatnyeckuii n rCI,I/IHaMI/I‘-IeCKI/II\/'I anI/I6yTbI B Knacce MOryt MeTb O4HO N TO XXe NMA.

class MightiestWeapon:
# cTaTuyeckunin aTpubyT
name = "Default name"

def init (self, name):
# puHammyecknin aTpmbyT
self.name = name

weapon = MightiestWeapon(*'sword"™)

print(MightiestWeapon.name)
print(weapon.name)

B TOM, uTO B Knlacce 06bABEHbI aTpUBYTbl C O4HUM U TEM XXe UMEHEM, HET HUKaKMx npobnem. 310 BCE
paBHO pasHble WAeHTU(MKaTopbl. [MonHoe wums  ctatnueckoro artpubyta  MightiestWeapon.name
(MmsA_knacca.nma_atpnbyTa), nonHoe nwvs AMHaMNYecKoro arpmbyta weapon, nane
(umsA_obbekTa.uma_atp nbyra).

Ha ocHoBe knacca cosfaértca obbekT-npeacrasutens knacca firstClass nog HasBaHvem pl. dyHKUMA
print BLIBOAWT 3HadeHMe nons x gna obbekra pl:

pl = MyClass(Q)
print (pl.x)

B otmume ot MHOIMX 06BLEKTHO-OPUMEHTMPOBAHHBIX 3bIKOB, B python He onpegeneHbl cneumngukaTopsl
joctyna K nonaMm M mMetogam knacca. OTCyTCTBME aHaloroB CneumprKatopoB YPOBHA AocCTyna
public/private/protected (Bce 3HayeHWs aTpubyTOB U METOAbl OAMHAKOBO [OCTYMHbI) MOXHO
paccmatpuBaTth Kak "ynyuieHue" co CTOPOHbI NPUHLMNG UHKANCYNsALmMm.

m  KOHCTpPYKTOp
MeTof, KOTOPpbIi BbI3bIBAETCH NPU CO34aHUU OOBLEKTOB, Ha3biBAETCA KOHCTPYKTOPOM. OH HyXeH Ans
O6BEKTOB, KOTOPble M3HAYa/lbHO AO/KHbI MMETb Kakue-TO 3HauyeHue. Hanpvimep, nyctble 3K3eMMaspbl
knacca "Student" (CTygeHT) OECCMbIC/IEHHbI, W >KenaTteflbHO MWMeTb XOTS Obl  MWHMMaJbHbIN
0603HaYeHHbIVi HAbop 3HaYeHW Bpoge UMEHW, haMUanun u rpynbi.

B kauectBe KOHCTpyKTOpa python 06bI4HO BbicTynaetr metog__init_ ():

class Student:
def init (self, name, surname, group):
self_name = name
self.surname = surname
self._group = group

alex = Student(Alex', lvanov', ™"admin'™)

Taknm o06pa3om, 06bsBNAgEMas MO0 YMONYaHUIO (QYHKUUS WHUUManm3aumn _ init_ (..) . [pu
06DbSABNEHUN Kacca BCTPOEHHass (yHKUMA _ init__ MOXeT 6bITb MepeonpegeneHa B COOTBETCTBUU C
0CO6EHHOCTAMM 0OBABNSEMOrO Kacca.
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OTa ¢YHKUMA BbINOJHAETCA MPU CO3L3HMU OObBEKTa-NMpeacTaBUTeNA [AAHHOTO Kjaacca M 0b6blYHO
MCMO/Ib3yeTcA ANA MPUCBOEHMA 3HAYeHMI cBoMcTBaM (Mosiam) O6bEKTA MM BbIMOJAHEHWUA AOPYIUX
ornepaumii, KoTopble BbINOHAKTCA NMPU co3gaHnn obbekTa. Hanpumep, npu obbABNEHUN Klacca Mo,
HasBaHWem Person M npeaHasHaYeHHOro A1 COXPaHEHWA MNepcoHanbHOl WHbopmauuK, ¢yHKUMA
__init__() npu cosgaHun obbeKTa-NpeAcTaBUTENA Kaacca Person npumeHseTca paa NPUCBOEHUA
3HaYEeHWUI MMEHU 1 BO3pacTa:

class Person:
def init (self, name, age):
self.name = name
self.age = age

pl = Person("Boris", 36)
print (pl.name)
print (pl.age)

dPyHRUMA __init__ () aBTOMATWMUYECKM BbI3bIBAETCA KaKAblii pa3 MNpW CO34aHUM HOBOTO 0bObeKTa-
npeacTaBuTeNIA 4aHHOTO Kaacca.

B knacce obbasnsaloTcA pa3H006pa3Hble meToapbl. MeTO,EI,bI — 3TO0 Cl)yHKLI,VIVI, KOoTOopble obbaBnaAloTCA B
K/lacCe U BbI3bIBAOTCA 'OT UMeHMU' OG'beKTOB-I'Ipe,EI,CTaBVITeI'IeVI AAHHOTO K/acca.

Y mMeTogoB MO YMOJ/MaHWIO MEPBbIM MapaMeTpPoM AB/AETCA CCblJIKa Ha 06bekT. OH NpUHUMAaeT B
KayecTBe 3HAYEHUA CCbIJIKY Ha 0OBbEKT, OT MUMEHW KOTOPOTO BbI3blBAaETCA AaHHbIA meTod, O6bluHO 3TOT
napameTtp Ha3biBaeTca self.

Hanpumep, B knacce Person, meton hellofunc(self) no sHaueHuio ccbinku self obecneunsaet B popme
NPUBETCTBUA BbIBO, MHGOPMALMU OT UMEHWN JaHHOTO 0b6bekTa:

class Person:

def init (self, name, age):
self.name = name
self.age = age

def hellofunc(self):
print ("Hello, »TO

+ self.name)

pl = Person("Boris", 36)
print (pl.name)
print (pl.age)
pl.hellofunc()

Taknm obpasom, napameTp self ABAAeTcA ccblIkolM Ha 0O6bEKT, NpeAcTaBAAIOLWMIA K/1ACC U UCMOb3YeTCA
O/1A JOCTyna K noaam U MmeTogam obbekTa, 06baAB/IeHHbIM B Knacce. Ero He o6asaTenibHO HasbiBaTb self,
OH MOKET Ha3bIBaTbCA KaK YroAHO, HO NapamMeTp-CcCbl/Ika Ha 06BbeKT Ao /IKeH ObiTe NepBbIM NapameTpom
MeToda B KJjacce, ec/M 3TOT MeToh, BbI3blBAeTCA OT WMMeHM obbeKTa-npeacTaBUTeNA  Kacca
(HecTaTUueckunii meTon).

MpuHumMnbl OOI no3BoOAAIOT Jerko U3MEHATb CBOWCTBA paHee co3daHHbiX obbekToB. Hanpumep,
M3MeHeHWe Bo3pacTa obbekTa pl (3HaueHuMA nons age) ¢ 36 Ha 40:

class Person:

def init (self, name, age):
self.name = name
self.age = age
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def hellofunc(self):
print(*'Hello, 3TO + self.name)

pi = Person(''Boris"™, 36)
print(pl.name)

print(pi.age)
pi.-hellofunc()

pi.age = 40 # U3MeHeHue Bo3pacTta c 36 Ha 40

print(pi.age)
pl.hellofunc(Q)

PaHee co3flaHHble 06bEKTbl YAANAOTCS C UCMOMb30BaHMEM K/oUeBOoro crosa del.

m HacneposaHue
Mpy HanucaHuM KoJa MOXKET OKa3aTbCH, UTO HEeKOoTopble OOBbEKTbl-MpeAcTaBuUTeNM pasHbiX K1accoB
aHaIOrMYHbI aHA/TIOTUYHbI 38 UCKIHOYEHWEM HECKOMbKMX pasnuunii. OnpegeneHne cCXOACTB U pasnuunii
MeXay TaKuMn 06bekTaMn peasinzyetcs 3a cHET npuHumna OOl "HacnegoBaHMeM". HeCKOMbKO KnaccoB
HacnefyoT o6Lemy Knaccy (Knaccy-poauTento).

# knacc ""KMBOTHOe''. 3TO AOCTATO4YHO abCTpaKTHLHI KiacC BCEro C O4HMM MEeTOAOM
"M3paTb 3BYK'.
class Animal:
def make a sound(self):
print("30aéT XMBOTHbI 3BYK'")

VI3BECTHO UTO KOLUKW 1a3atoT Mo AepeBbsM, a cOGaku rpbi3yT BCsKMe npeamMetsl. [anee o6baBnsertcs
napa COOTBETCTBYIOLLMX K/AacCOB-HAcnefHWKOB. ®akT HacnefoBaHusi B python ykasbiBaeTcs npu
06BbSABMEHMU Kracca-HacnefHuKa. Mocne MMeHU Knacca B CKOBKax yKasblBaeTcs MMl Kilacca-poanTens

class Cat(Animal):
def go on tree(self):
print("KnaccHas BeTka! Ha Heil moxeT ObTb FHE3[0...")

class Dog(Animal):
def gnaw objects(self):
print("OgHaxgp s gobepycb [0 X03sCKOon MoObubi! ™)

Tenepb 06bEKTbI 3TUX AOBYX KaCCOB MOryT He TOJ/IbKO M3fdaBaTb >XMBOTHblE 3BYKW, HO W BbIMNOJIHATb
COBGCTBEHHbIE YHUKa/lbHbIE ,ﬂ,ef/’ICTBVIFIZ

Tom = Cat(Q

Tom.make a sound()
> /130aéT XMBOTHbIA 3BYK

Tom.go on tree()
> KnaccHas BeTkal! Ha Heli MOXeT OblTb FHe3a0...!
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m [lepeonpegeneHue
Kak Kolka, Tak 1 cobaka MPOCTO "M3LAIT XXMBOTHblE 3BYKM", a XOTeflocb Obl, UTO6LI 3BYKU 6bIIU
CBOWCTBEHHbIE VMEHHO 3TUM XXMBOTHbIM. [INsi 3TOrO CyLECTBYET MeXaHWKa nepeonpefeneHns,
OCHOBaHHasi Ha MpVHUWNe nonauMopduama. Mpu 3ToM B Kracce-HacneqHNKe O6bSBSETCS METO[ C TEM
YKe Ha3BaHMEM, YTO 1 B 6a30BOM K/iacce:

class Dog(Animal):
def gnaw objects(self):
pAAMT*O0pgHaxab s pobepycb [0 XO3sWCKOW MOOubi! ™)
# panee ans o6beKTOB knacca '‘Cobaka’ O6ygeT BbMOMHATLCA
# VMEeHHO 3Ta peanm3auma meToga
def make a sound(self):
print(,lfas-ras!")

Balto = Dog(Q)
Balto.make a sound()
> [aB-ras!

m OO6bsiBNeHue adprymeHToB B dJyHKLI,I/IFIX M METOAdaX K/aCcCoB
Mpy BbI30BE paHee 0O6BLABNEHHbIX PYHKLMIA UM METOLOB K1accoB, OCOOEHHO B C/yyae HacnefoBaHUs,
napamMmeTpbl B PYHKLUMM N METOAbl YacTo MepeaaroTcs B BUAe nocnefoBaTte/lbHOCTEN, NpeacTaBNsoLWLmX
coboil KopTexxu unn cnosapu. [ns 0603HayYeHns KopTexel K cnosapeli B 0ObSABNEHUN aprymMeHTOB
(OYHKUMIA 1 METOA0B NPUMEHSIOTCS CheLvaibHble CUMBOJIbI - IPUCTaBkX: "*" muam "**" cooTBETCTBEHHO.

3T0 OCOGEHHO MOJIE3HO B Cly4asix, Korga (PyHKuus / MeTof MPUHMMAET MEPEMEHHOE KOIMYECTBO
napameTpoB.

B python npuHATO, YTO B NMporpaMme Ans MNepefayvn KopTexa aprymMeHTOB WUCMOJb3yeTca nepemMeHHas
args, a B c/iyyae co cfoBapém — nepemMeHHas kwargs. Ecnvm nepep nepemMeHHON args ykasaH CUMBOS
"*" 70 BCe AOMOJIHUTENIbHbIE apryMeHThbl, nepefaHHble QYHKUMM / MeTody, COXpaHATCsa B args B BUAE
KopTexa. Ecnv nepep kwargs ykasaH cumBOon "**" TO Bce [AOMOJSIHUTE/NbHbIE MapameTpbl OyayT
paccmarpusaTtbCs Kak napbl "KaoY - 3HaveHue" B aprymeHTte, npeactasieHHOM B BUAe Cnosaps.

B ¢yHkuusx / meTogax, 3ajalolimMx CBOWCTBA TakMxX rpaduyeckmx OOBEKTOB KaK JIMHUS, TEKCT,
NPAMOYTobHMK, NapamMeTpbl 4acTo 06beAMHAKT B BUAe NocnefoBaTenbHOCTen * args, nnbo cnosapeii
** kwargs.

CunTaeTcs, 4To 310 0b6neryaeT 06BABIEHNE K1ACCOB, MX CBOWCTB MEeTOo40B.
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m JloKyMEHTUpPOBaHVe Koja
JoKkymeHTMpOBaHMe Koga — BaXkHasd 4acTb pa3paboTkm Ha python. CBfi3aHHOWM C KOAOM
COOTBeTCTBy}OU.I,eﬁ OOKYMEHTaunun MOXeT ObiTb 6O0/bLUE, 4YEM CaMOro Koda. B OOKYyMEeHTauunmn
Pa3bACHAETCA Ha3HadYeHne Wu AeﬁCTBMﬂ (byHKLI,I/II/I nnn Krnacca, Kakme aprymeHtbl TMPUHUMaKOTCA
(byHKLI,VIFlMI/I n MeTogamMmu, Kakme 3HadyeHUA BO3BpallaroTCA.

Korga [OKyMeHTauMs W KOA HaxogsTcs B pasHbiX MecTax, WX COMPOBOXAEHME CTAHOBUTLCS
3aTpygHUTENbHbIM. O3TOMY Ha MNpaKTUKe [OKYMEHTauus HaxOAMTCS HEMOCPEACTBEHHO psgoM (B
OfHOM (haiinie) ¢ Kogom.

m Docstring
Docstring — 3TO CTPOKOBLI fMTEpan, KOTOPbIA pacrnonaraetcs cpasy 3a 00bABAEHMEM MOAYNS,
(pyHKUMKM, Knacca i metoga. O TOM, Kakume CyLLeCcTBYHKOT cOrnalleHns B AOKyMeHTUpoBaHuu Python
KOfJa OnucaHo B JOKyMeHTauun PEP257.

m [loKymeHTauua Ans KiaccoB
JokymeHTaums Knacca co3faertca A1 camOoro Kracca, a Takxke A/ ero Metofos.

class Speaker:
"'310 docstring knacca Speaker

def say something(self):
-- 3910 docstring meToga - -

print(*'something')
MpaBuna LOKYMEHTUPOBaHWUS: MOCME CTPOKN AOKYMEHTALMM HY>XXHO OCTaBNATb MYCTYHO CTPOKY.

m [lokyMeHTauusa Knacca
LOoKymMeHTauus Ana Knacca MOXET CoflepyKaTb CrnefytoLlyto MH(pOopMaLMIO;

W KpaTKOe OrnucaHue Knacca (+ ero nosegeHue);
m onvcaHue aTpubyToB Knacca;

W  onvcaHue Ny6anYHbIX METOAOB;
|

BCeE, 4TO CBA3aHO C MHTep(*JeVICOM ana noakiaccos.

| ﬂIOKyMeHTaLI,I/IFl MeTo[0B KJjlaCcCa
[Ana metofoB Knacca OOKYMEHTaUuna MOXXET CoAep>KaTb:

W KpaTtkoe ornucaHue metoja (+ero rnosegeHue);

W OnucaHue aprymeHTOB MeToza;

m 0604HbIe 3h(heKTbl (eC/IM TaKOBble BO3HUKAKOT NPU BbIMOIHEHUU MeTofa);
[

UCKITHOUEHMS.
[Janee — npvmep ¢ 60/1ee NOAPOGHO JOKYMEHTaUMen Knacca:

class TextSplitter:
"""'Knacc TextSplitter ucnonb3yeTcs A1 pa3byBKM TeKCTa Ha crosa

OcHoBHOe NMPpUMMEHEHNE - TMapCUHI J1OroB Ha OTAesIbHble 3/IEMEHTHI
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10 yKa3aHHOMYy pas3smeJIMTeJIo.

Note:
BosMOXHE NpoBiseMb ¢ KogupoBkoM B Windows

Attributes
file path : str

MOJIHEM MOYyTh IO TeKCTOBROTO odalja
lines : list

CIIMCOK CTPOK MCXOOHOTO odaria

Methods
load()

UuTaeT QaMsl M COXpaHsSeT ero B BUIEe CHOMCKa CTpok B lines
get splitted(split symbol=" ")

PaspesigeT CTPOKM CIMCKa [0 yKasaHHOMY pasIeMTeIo

¥ BO3BpallaeT pesyJbTaT B BUIE CIOMCKA

def init (self, file path: str):
self.file path = file path.strip()
self.lines = []

def load(self) -> None:
"""MeTon nJysa s3arpyskmu daiiyia B CIOMCOK CTPOK lines

Raises
Exception
Ecamu daiy nycToM BHSOBETCH MCKIIOUEHUE

with open(self.file path, encoding="utf-8") as f:
for line in f:
self.lines.append(line.rstrip('\n'))
if len(self.lines) == 0O:
raise Exception(f"file {self.file path} is empty")

def get splitted(self, split symbol: str = " ") -> list:
"""PasOuBaeT TEKCTOBEE CTpPOKM lines, npeobpasys CTPOKY B
CIMCOK CJIOB II0 pasmesMTeIo

Ecau apryMeHT split symbol He sazmaH, B KauecTBe pasIesMTels
UCIOJNb3yeTCcs IHIpobest

Parameters
split symbol : str, optional
paspesuTelb

split list = []
for str line in self.lines:

split list.append(str line.split(split symbol))
return split list
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m JloKymMeHTauus gns nakeToB

JokymeHTaumsi naketa pasmewjaercs B haline __init_ .py B BepxHei uvactu (paiina (HauuHas ¢ 1-i
CTPOKM). B Hell MOXET 6bITb YKa3aHo:

W onucaHue Nakerta;
W CMUCOK MOZY/ell 1 NakeToB, 3KCMOPTUPYEMbIX 3TUM MOAY/EM;
m  aBTOp;

W KOHTaKTHble AaHHbIE;

W ILEH3us.

vl

MakeT Mos nomoraeT co3gaTb I'IO]'IHO:—)KpaHHbIIZ TEKCTOBbIN I/IHTepCbEI‘;IC B KOHCOJ/IN.

Alex lvanov |https://alex.ivanov.ru/]
alex.ivanov@gmail.com
# License: BSD

author = "Alex Ilvanov"

try:

from .version import version
except ImportError:

version = "0.0.0"

Version = version

m JloKymMeHTauuna gna moaynei
[JokymeHTauma mogyneli aHanorMyHa AOKYMEeHTaumy KnaccoB. BMecTo knacca v METOLOB B JaHHOM
cyyae AOKYMEHTMpPYeTCs MOAy/Nb CO BCEMM ero (PyHKuusaMM. PasmellaeTcsi B BepxHel 4actv (paina
(HaumnHas c 1-ii cTpoKw).

m dopmatel Docstring
CTpOKM [JOKYMEHTaLUN MOTYT MMEeTb pas3/iMyHoe hopMatupoBaHue. B npumMepe Bbille MCMO/b30Ba/ICA
cTnib NumPy. CyulecTBytoT 1 gpyrue opmarsl:

m  Google styleguide ->Comments and Docstrings
m Numpydoc docstring guide
m Epydoc
[

reStructuredText (reST)

__doc__n help(): BbIBOA AOKYMEHTaLMX Ha 3KpaH

CTpOKM JOKyMeHTauun JOCTYMHbI;
m 13 atpubyta__doc__ ans noboro o6LekTa,;

W C NOMOLLBIO BCTPOEHHO thyHkummn help().

BbiBOA, JOKYMEHTALMN C NOMOLLBIO yHKUMKM help()

>>> import my module
>>> help(my module)

Help on module test:
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NAME
test - 310 docstring mogynsi, OH OAHOCTPOYHbIV -

FILE
/var/www/test._py

CLASSES
MyClass

class MyClass
| 3710 docstring knacca.

I
| Methods defined here:

my method(self)
310 docstring meTona

FUNCTIONS
my Ffunction(a)
3TO MHOrocTpou4Hbii docstring gns ¢gyHkuum my Ffunction.

B mMHorocTtpouHom docstring nepBoe npea/ioxeHue
KpaTKO OnuchiBaeT paboTy (yHKUMA.

Takke MOXHO BbIBOAUTb [AOKYMEHTauui OTAe/lbHOro o6GbeKTa:

>>> import my module

>>> my module. doc

>>> my module.my function. doc

>>> my module._MyClass. doc

>>> my module_MyClass.my method. doc

m pydoc
[na 6onee ygo6HOI paboTbl € fOKyMeHTaLuMel, B python cywecTByeT BCTpOEHHas 6ubnmnoTteka pydoc.
Ha ocHoBe python mogyneiipydoc aBTOMaTM4ecky reHepupyeT AOKYMeHTauumio. VHgpopmauuio no
[JOCTYMHBIM KOMaHAam Mogynsi pydoc MOXHO MoJlyunTb HabpaB B TEPMUHAIE:

python -m pydoc

Janee npusoautca onucaHve yHKUMOHana pydoc

m BbiBOA TeKcTa OKyMeHTauuu
pydoc <name> —

NOKaXKeT TeKCT [AOKYMeHTauuW ykas3aHHOro mogyns, naketa, pyHKuuu, knacca v T1.4. Ecnm <name>
cofepxut "\", Python 6yaet nckatb JOKYMEHTaLMIO MO yKazaHHOMY MyTu.

Hanpumep, fOKyMeHTauusi BCTPOEHHOro moayns math:

python -m pydoc math
Help on built-in module math:

NAME
math
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DESCRIPTION
This module provides access to the mathematical functions
defined by the C standard.

FUNCTIONS
acos(x, /)
Return the arc cosine (measured in radians) of x.

acosh(x, /)
Return the inverse hyperbolic cosine of x.

B KOHCONb BbIBEAETCA Ha3BaHue Moaynd, ero onmcaHmne n onmcaHne Bcex (pyHKLI,VIVI B Moayne.

m [loncK No AOKYMeHTayumn
pydoc -k <keyword> —

Hal7|,ﬂ.eT KNK4yeBoe C/N0BO B AOKYMEHTaLU MW BCEX AOCTYIMHbIX Mo,qyne|7|.

MycTb TpebyeTca pacnakoBaTb gzip dakin. Mowuck cnoea "gzip":

python -m pydoc -k gzip

compression - Internal classes used by the gzip, lzma and bz2 modules
gzip - Functions that read and write gzipped files.

test.test gzip - Test script for the gzip module.

B cnucke BUAEH Mogysnb gzip. Tenepb MOXHO NOCMOTPETb €r0 LOKYMEHTaLUIO:

python -m pydoc gzip
Help on module gzip:

NAME
gzip - Functions that read and write gzipped files.

DESCRIPTION
The user of the file doesn®"t have to worry about the compression,
but random access is not allowed.

Mo onucaHuto, ,El,aHHbII7I MOAy/lb MOXET PEeLWnNTb 3Ty 3adady.

m HTTP cepBep c fOKyMeHTaLueim
[na ypo6cTBa NnpocMoTpa AOKyMeHTauumn, pydoc No3BoNseT O4HOM KoMaHAon cosgate HTTP-cepsep:

python -m pydoc -p 331

Server ready at http://localhost:331/
Server commands: [b]rowser, [qJuit
server>

Tenepb MOXHO nepeiTn B 6pay3ep v 3aiTn Ha http://localhost:331/

[nsa octaHoBKM cepBepa BBectu "q" 1 Haxartb "Enter™:

server> q
Server stopped

Taxke HTTP-cepBep fOCTyneH yepes
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http://localhost:331/
http://localhost:331/

python -m pydoc -b

3Ta KOMaHja Co34acT CepBep Ha CBOGOLHOM MOPTY, OTKPOET Gpay3ep U NepeifeT Ha HYy)XHYH CTpaHuLLy.

m 3anucb JOKYMeHTauum B ann
python -m pydoc -w sqlite3 —

3anuch (haiina ¢ JoOKyMeHTaumern no mogynto sqlite3 B html chaiin.

m ABTOAOKYMEHTMPOBaHWE KoAa
[nsa Toro 4to6bl 06/1ErYNTH HAMVICaHWEe JOKYMEHTALMM U YYULIUTD €e B LLEIOM, CYLLECTBYHOT Pas/iyHble
python-nakeTtbl. OfuH U3 HUX — pyment.

pyment pa6oTaeT creayowmm o6pasom:
m  AHa/IM3MPYeT OAVH UM HECKO/IbKO CKPUMTOB.
m [lo/yyaeT CyLLeCTBYOLLME CTPOKN JOKYMEHTaLUN.

L FeHepl/lpyeT OTd)OpMaTVIpOBaHHbIe CTPOKM OOKYyMEeHTauunm Co BCeEMU NnapamMmeTpamun, SHa4eHUAMM
no ymonyaHumo nt.4.

m [lajiee MOXHO NMPUMEHUTb CTEHEPUPOBAHHbIE CTPOKM K CBOUM dhalinam.

3TOT MHCTPYMEHT OCOBEHHO MOJe3eH KOrga Kof MIOX0 3af0KYMEHTUPOBaH, WK Korga AOKYMeHTauums
BOBCe OTCYTCTBYeT. Takke pyment OyaeT nosieseH B KOMaHe pa3paboTyunmkoB A5 (hopmaTmpoBaHus
JOKyMeHTauuMn B eGUHOM CTUNE.

m YcTaHOBKa:

pip install pyment

m licnonb3oBaHue:

pyment myfile_py # pna aina
pyment -w myFfile.py # pgna ¢aiina + 3anucb B ¢aiin
pyment my/folder/ # pna Bcex (aii/ioB B nanke

[na 6onbwmHcTBa IDE Takke CyLwecTBYOT MaariHbl, NOMOratoLme JOKYMEHTUPOBaTh KO,
m AutoDocstring - ans VS Code.
m AutoDocstring - ans SublimeText.
m Python DocBlock Package - ana Atom.
|

Autodoc - gna PyCharm.
B PyCharm cyliecTByeT BCTPOEHHbI (yHKUMOHAN A06aBneHvus LOKYMeHTauuu K Kogy. Ana 3atoro
HY>KHO:
m [lepemecTuTb Kypcop noj 06baseHne QyHKLNN.

m HanucaTtb TPOWHblE KaBbIYKMW.....n HXaTb "Enter".

m CaefleHMA 06 onepaTtopax python
Onepatopsl python NpuMeHsATCS AN (hOPMUPOBaHNS BblpaXKeHWIA U3 OnepaHoB

Bonblime BbipakeHus (C 6OMbLUMM KO/IMYECTBOM OMepaHoB) MOXHO (opMatuposatb. [na 3rtoro
ncnonb3syetcs 'obpatHblii cnew’ (\).
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Bnarogapsi CTPYKType 'NeceHKoit' s3blK NO3BOMSET NPOBOAUTL LiENoYeUHble CPaBHEHMS.
Jlormuyeckme onepaTopbl MNPOCThI C TOUKN 3PEHUS CUHTAKCKCA U CUUTAIOTCS 'NEHMBBLIMW'.

Peann3oBaHO ynpas/ieHue crvckamu 1 nNpoyrMn nocnefoBarenibHOCTAMU. ECTb MHAekcauua anemMeHTta
B Crucke.

CTPOKM BbIP@XXEHWUI COCTOAT M3 NPOCTbIX ONepaTopoB, GOMbLUMHCTBO U3 KOTOPbLIX MHTYUTUBHO MOHSATHBI.
Mpu 3atoM BblpaXeHUs GopMUpyoTc 6e3 NILWHUX CNY>XEBHbIX CKOBOK U ApyrMx onepaTopoB Tuna
'Ha4ya0' 1 'KOHeL,'.

| Ol'lepaTopr ynpassieHNA MOTOKOM BbINOJ/IHEHNA

BblpaxkeHus CTposATCS M3 onepaHAoB C MpuUMeHeHWem onepaTtopos. lMpu pa3paboTke MpPOrpaMMHOro
obecneyeHnss BO3MOXHO CO3faHuWe 'MAeanbHOro' KOAa, KOTOPbI  BbIMOJHAETCA He3aBUCMMO  OT
'BHEWHUX' YCNOBUIA. Ha npakTMke MNpuxXoguTcA co3gaBaTtbh 'MaeasibHbIA' KOA, KOTOPbI OKa3biBaeTcs
HaMHOrO MpoLLe OMMCbIBaEMbIX B pealbHOM MUpPe COObITUIA M paboTaeT COBCEM He TaK KakK 3TO
npegnonaranocb. Hanpumep, HY>XXHO BbINOAHUTL PAL  BbIPOKEHUIA TONbKO B TOM C/y4ae, ecnv
cobntogatoTca onpegeneHHble ycnosus. ns 06paboTku TakMx CUTyaumnii B A3blKax NporpaMMmMpoBaHmns
(no aHanormm ¢ ecTecTBEHHbIMM fA3blKaMu) MPVMEHSIOTCA  OnepaTopbl  YNpaBfieHWs  MOTOKOM
BbIMO/HEHMSA. B 3aBMCUMMOCTM OT COCTOSIHUS BbINOJSIHAEMbIX BbIPaXXEHWA (KOr4a Kakoe-TO ycrioBue B
nporpamMmmMe UCTUHHO) onepaTopbl 06ecneYnBatoT BbINOMHEHME LIMKIOB UM MNPOMNYCK UHCTPYKLMWIA.

Oneparop-BbipaxkeHue if.
Oneparop-BbipaxeHue if-else.
OnepaTop umkna while.
Onepartop uukna for.
OnepaTtop break.

Onepartop continue.

m if
Onepatop if wucnonb3yetca Ans NPOBEPKM YCNOBUA. ECin ycnoBme WCTUMHHO, 3anyckaetcsa 670K
onepatopoB (Ha3biBaeMblii 6/10KOM if), B NPOTMBHOM ciydae ob6pabaTbiBaeTcs gpyroii 6510k onepaTopos
(HasbiBaeMblIli 6/10kOM else). MpepnoxeHne else He siBnsSeTC 06a3aTeNbHbIM,

CuHTakcuc oneparopa if:

if condition:
<indented statement 1>
<indented statement 2>

<non-indented statement>

MepBas cTpouyka oneparopa if condition: — 3ato ycnosue if n nornyeckoe BbipaxkeHne condition, koTopoe
Bo3BpawaeT True win False. lanee pacnonaraetca 610K MHCTPYKUuii (6nokom if). OH npepcTaBnseT
co60li ogHy 1M 60/bLUE NHCTPYKLMWIA.

Y KaXA0W MHCTPYKUUM B 6510Ke if oanHaKoBbI OTCTyn OT cnoBa if.

Bo mHormx aselkax ( C, C++ Java, PHP,) gnsa onpefeneHns Hadana M KoHUa 6/10ka MCMNOSb3YHOTCA
urypHole ckobku ({}). 4na atoro B Python Mcnonb3yroTcs oTCTyrbl.
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Kaxpaa MHCTpyKuMA 610Ka if Ao/MmKHa cofepskaTb OQMHAKOBOE KoaMdecTso npobesios. B npotuBHoMm
cnydae uHTepnpeTtaTop Python BospawaeT cuMHTakcuMuyeckylo owubky. B gokymeHTauuu Python
pekomeHayeTca AenaTe OTCTynbl Ha 4 npobena.

Mpu BbINOJHEHNU UHCTPYKUMHU if NpoBepAaeTca ycaosue. ECM ycioBUe UCTUHHO, TOrAa BCe MHCTPYKLNUK B
6.10Ke if BbINOAHAOTCA. HO ec/n yc/ioBUE OKa3blBAeTCA HEBEPHbIM, TOTAA BCE UHCTPYKLMMU BHYTPU 3TOTO
6.10Ka nponyckaloTcA.

MHCTpyKUMK ciegom 3a ycioBuem if, y KOTOpbIX HEeT oTcTynoBs, K 60Ky if He oTHocaTca. Hanpumep,
<non-intenden statement> (cm. onpegesneHne onepaTopa Bbille) — 3TO He YacTb 6/10Ka if, noaTomy OHa
6yneT Bbino/IHeEHa B l0bom ciydae.

Mpumep:

number = int (input ("BeemuTe umcigo: "))

if number > 10:
print ("Uucio Gospme 10M")

CnepyiolWmii Kog B KauecTBe geMOHCTpaumm bonee TOHKOro NpuMeHeHUA onepatopa if:

# This is a sample Python script.

def print str (number):
print (f'number, {number}')
if number > 10:

print ("neproe yBenomiieHue") # 3
print ("BTopoe yBenmomiieHue") # 4
print ("TpeTbe yBenmomiieHue") # 5

print ("3ToT KOO BHIIOJHSAETCS KaXIHM pas IpM BalyckKe IporpaMuse’)

H FH
0 ~J

print ("Konen")

# Press the green button in the gutter to run the script.

if name == main

number = int (input ("BeecTu umcijo: "))
print str (number)

MepBbli BbIBOA,

Beeaute uncno: 45

nepBoe yBegomM/ieHne

BTOpOE yBeaoOMIeHUE

TpeTbe yBeagOMIEHUE

DTOT Ko A, BbINO/IHAETCA KaxXKapl pa3 Npu 3anycke nporpaMmmbl

KoHel,

BTopoli BbiBOA,:
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Beeante uncno: 4

DTOT KOZ, BbINOJIHAETCA Kaxkapli pas Npu 3anycke nporpammol

KoHel,

BakHO, 4yTO B NpuBeaEHHOM Npumepe K 610Ky if OTHOCATCA TO/IbKO Bblpa*KeHWUA Ha CTPoKax 3,4 n 5.

M oHn 6yayT BbINOAHEHbI B TOM C/lydae, Korga ycnosue if 6yaeT UCTMHHO. MHCTPYKUMKM Ha cTpokax 7 1 8
BbIMOJIHAIOTCA B l06OM Cydae.

Mpu paboTe B KoHCOM Python ana pasbuTua BbipaXKeHWA Ha HECKOJIbKO CTPOK MCMOJIb3YeTcA onepaTop
npogomkeHue (\). Ho B ciyyae c onepatopamu ynpasieHua uHTepnpertaTop Python asTomaTtnuecku
AKTUBUPYET MY/IbTUCTPOUHbIN PeXKUM, ec/iv HaxaTb Enter nocne ycnosus if.

Mpy NpUMeHeHWM OMepaTopoB YNpaB/ieHUA HenocpeAcTBEHHO B KOHcoau Python, eé peakuusa 6yaet
Apyrou:

>>>
>>> n = 100
>>> 1f n > 10:

[0 MHOTOCTPOUHBIX MHCTPYKUMI KOHcosb Python nocne Haskatua Enter Ha cTpoke c ycnosuem if
npeobpasyeT KoMaHAHYHO CTPOKy ¢ '>>>' Ha '..". Takum obpasom OHa MNoKasblBaeT, YTO HauyaTas
MHCTPYKLMA BCE ellle He 3aKOHYeHa.

Ytob6bI 3aBEpLUNTb MHCTPYKUMIO if, B 610K if HY}kKHO A06aBUTL NYCTYIO MHCTPYKLMUIO:

>>>

>>> n = 100

>>> if n > 10:
print("n v 10")

>>>

Python aBTOMaTU4YECKN OTCTYyNnoB He ,EI,OGaB}'IHeT. npOFpaIVIIVIVICT 2TO Ae/1aeT CaMOCTOATE/IbHO., YtobbI
nocnae sBo4a MHCTPYKUMN Ha KOHCOJIN CPpa3y BbINOJIHNTDb 3Ty MHCTPYKUNIO, MHCTPYKUWNIKO, HYXKHO OBaxAbl
HarkaTb Enter. lNocne atoro KoHcoNb BO3BpaWlaeTcA K N3Ha4Ya/IbHOMY COCTOAHMUIO.

>>>
>>> n = 100
>>> if n > 10:
print ("n OGosbme uem 10")

n BoJsbme uem 10
>>>

Bce 3T Nporpammbl 3aKaHUMBAKOTCA BHE3AMHO, HUYETo He MOKasbiBaA, ec/iM ycloBue He UCTUHHO. Ho B
60/IbLUIMHCTBE C/lydaeB MOJ/Ib30BATE/IO HYKHO MOKa3aTb XOTA Obl YTO-HUOYAb. /18 3TOro Mcrnosb3yerca
onepaTop-BbiparkeHue if-else.
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m f-else
if-else McnonHAeT oAHYy MOPUUIO MHCTPYKLUMIA, €cin YyCNOBME WUCTUHHO W APYTyK0 — ecivM HeT. Takum
obpasom, oneparop npegfiaraeT fBa HanpaeneHusi fenctBuii. CuHTakcmuc onepatopa if-else
cnepyroLwmii;

if condition:
# 6nok if
statement 1
statement 2
and so on

else:
# 6nok else
statement 3
statement 4
and so on:

OnucaHune paboTbl;

Mpn BbINOMHEHWWM onepatopa if-else, ycnoBme npoBepPsSeTCd, U ecnM OHO BO3BpawaeT True, korga
WMHCTPYKUMK B 6noke if ncnonnHsotca. Ecnv BosspallaeTca False, MCNONHAKTCA MHCTPYKUUK u3 6/10Ka
else.

Mpumep 1. nporpamma g/ pacyeTa naoLaan U AIvHbl OKPY>KHOCTU Kpyra.

radius = int(input("'BeBegute pagnyc: ')

if radius >= O:
print(*AnnHa okpyxHoctun = *, 2 * 3.14 * radius)
print(C'Mnowags = ", 3.14 * radius ** 2)

else:
print(*"TpebyeTcsa BBeCTU MONOXKUTENbLHOE 4YUC/IO™)

MepBbI BLIBOA;

Beeaute paguyc: 4
JnvHa okpy>kHoctn =25.12
Mnowapps =50.24

Bropoii BbiBOS;

Beeaute paguyc: -12
TpebyeTca BBECTU MOJIOXUTENIbHOE YKC/IO

Tenepb NporpamMmma rMokKasblBaeT KOPPEKTHbIV OTBET MO/b30BATESIO, JaXKe eciv ycnoBuve if He siBnseTcs
WCTUHHbBIM.

B nHCTpyKUUSX if-else HYy>XHO cnefnTb 3a TeM, YTo6bI ycnosus if n else HaxoannMcb Ha OAHOM ypoBHe. B
NMPOTMBHOM C/ly4ae MporpaMma BepPHET CMHTaKCUYecKyro owmnobky. Hanpumep:
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radius = "M~puM"BBegunTte paguyc: ')

if radius >= O:

print(’AnnHa okpyxHoctu = ', 2 * 3.14 * radius)
pAnMTMnow;aaep = ", 3.14 * radius ** 2)
else:

pAnNM*”BBeanTe MnonoxmtenbHoe 4ucro'™)

Mpy 3anycke 3Toli Nporpammbl, NOsSBASETCA coobLLeHe 06 ownbKe:

$ python3 if and else not aligned.py
File "if and else not aligned.py'”, line 6
else:

A

SyntaxError: invalid syntax

$

[na ucnpaBneHns npobsiemMbl HYXHO BepTUKasibHO BbipoBHATL If n else

[pyroi npumep:

Mpumep 2: KOA Ans NMPOBEPKM Naposisi, BBEAEHHOTO MO/b30BAaTE/NEM.

password = input('’'BBegute naponb: 9
if password == *sshh':

P~AnM™"™[o6po noxanosaTb'")
else:

PAnM™ JocTtyn 3anpeweH')

MepBbI BLIBOA;

Beepute naponb: sshh
Jo6po noxanosatb

Bropoii BbiBOA;

BeeanTe naposns: abc

Joctyn 3anpelieH

m Onepatop if BHYyTpuY gpyroro if-onepatopa
Onepatopsbl if-else MOXXHO MCMO/b30BaTb BHYTPU APYIUX MHCTPyKUmiA if nnn if-else (BnoXkeHHble
orneparopsl). Mpumep 1.

#nporpavMmva, npoBepslasi, WUMEEeTCS NN NpaBO Ha KpeauT.
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def def score(gre score, per grad):
if per grad > 70:
# BHemHuM BGsor if
if gre score > 150:
# BHyTpenHun 6ok if
print ("Bam BHIDAH KpemutT")
else:

print ("BH He MMeeTe Hnpaka Ha KpemoutT")

if name == ' main ':
gre score = int (input ("Beegure TeKyIUr JuMuT: "))
per grad = int (input("BBemuTe KpeIOMUTHHM PeMTUHI: "))

def score(gre score, per grad)

3pecb onepatop if ucnonbsyerca BHyTpu apyroro if-onepaTopa. BHYTPEeHHUM Ha3sbiBalOT BJ/IOMKEHHbI
onepaTtopom if. B 3Tom cnyyae BHYTpeHHMI onepaTop if oTHocuTca K BHewHemy 670Ky if, a y
BHYTpeHHero 610Ka if ecTb TO/IbKO 0gHa MHCTPYKLUMA, KOTOPas BbIBOAWT 'Bam BblaH KpeauT'.

OnucaHue paboTbi:

CHaya/na oueHuMBaeTcA BHellHee ycaoBue if, To ectb per_grad > 70.

Ecaun oHo BosBpalaeT True, Torga ynpas/ieHUe NporpaMmol NPOUCXoauT BHYTPU BHeLHero 6.10ka if.
Tam ke nposepaeTca ycaosue gre_score > 150.

Ecav oHo Bo3BpalaeT True, Toraa B KOHCo/1b BbiBoAUTCA "you are eligible for loan".

Ecnu False, Toraa nporpamma BbIXOAWUT U3 MHCTPYKLUU if-else, uToBbl MCNONHUTL cleayiollMe onepaLuu.
Huuero npu sTom He BbIBOAUTCA B KOHCO/Ib.

Mpu aTOM ecnn BHellHee yc/oBUe Bo3BpalaeT False, Toraa BbINo/HEHWE MHCTPYKLUMIA BHYTpU 610Ka if
NPOMNYCKAETCA, U KOHTPO/Ib NepexoamT K 610Ky else (9 cTpouka).

MepBbli BbIBOA,

BeeauTe Tekywmit iMmuT: 160
BBeauTe KpeaUTHbIA peUTuHr: 75
BaM BblgaH KpeauT

BTopoli BbiBOA,:

BeeauTe Tekywmit 1MmuT: 160
BeeauTe KpeaUTHbIN perTUHr: 60

Bbl HE UMeeTe NpaBa Ha KpeauT
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Y 3Toi nporpammbl ecTb ogHa npobsiema Npu eé NOBTOPHOM 3aMnycke U BBOAE gre_score MeHblle Yem
150, a per_grade — 6osbLue 70:

BbiBo A

BeeauTe Tekywmii iumuT: 140
BeBeauTe KpeaUTHbIN pelTUHr: 80

Mporpamma HU4Yero He BbIBOAMT. [pUUMHA B TOM, UTO Y BJIOMKEHHOro onepaTopa if HeT ycnosua else.
OHo pobaBnaeTca B caeaylolwem npumepe.

Mpumep 2: MHCTpyKUMA if-else BHYTpW gpyroro onepatopa if.

fnporpaMma, npoBepslmas, MUMeeTCS JU IPaBO Ha KPeOuT.

def def score(gre score, per grad):
if per grad > 70:
# BHemHuM BGsor if
if gre score > 150:
# BHyTpenHun 6ok if
print ("Bam BBHIDAH KpemutT")
else
print ("y Bac HUSKUM KPEeIOUTHBE JUMUT")
else:
print ("BH He MMeeTe Hnpaka Ha KpemutT")

if name == ' main ':
gre score = int (input ("Beegure TeKyIUr JruMuT: "))
per grad = int (input("BBemuTe KpeIOMUTHHM PeMTMHI: "))

def score(gre score, per grad)

BoiBo A

BeeauTe Tekywmit iumuT: 140
BeeauTe KpeaUTHbIN pelTUHr: 80

Y Bac HU3KUW KPeaUTHbIN NMUT

OnucaHue paboTbi:

JTa nporpamma paboTaeT Ta e, Kak M npegplaywas. EAMHCTBEHHOE OTAMUME — Yy BJIOMKEHHOrO
onepatopa if Tenepb ecTb WMHCTpykuua else. Tenepb ecan BBect bann GRE meHbwe, yem 150,
nporpamma BbiBedeT: 'Y BaC HU3KUI KpeAUTHbIN AMMKUT'
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Mpy co3maHUKM BAOMKEHHbIX onepatopos if uan if-else, Bcerga BakHO MOMHMTL 06 OTCTynax.

NPOTUBHOM C/iy4ae BbIVI,D,ET CUHTaKCMYeckan olnbKa.

Oneparop if-else BHyTpu yciosus else

I'Ipmwep 3: nporpamma gna onpegeneHna oueHKN K/IMEHTA Ha OCHOBE BBEAEHHDbIX 6annos.

def score maker(score):
if score >= 90:
print ("Ornuuno! Bama oueHka A")
else:
if score >= 80:

print ("3zmoporo! Bama ouexHka — B")
else:
if score >= 70:
print ("Xopomo! Bama oueHka - C")
else:
if score >= 60:
print ("Bama oueHxa - D. CTOMT HOBTOPUTHL MaTepuas.")
else:
print ("B He crmajiu sksaMeH")
if name == ' main ':
score = int(input ("BBemuTe Bamy OlLeHKy: "))

score maker (score)

MepBblii BbIBOA,

BeeouTe Bawly oueHKy: 92
OTnunyHo! Bawa oueHka A

BTopoli BbiBOA;:

BeeouTe Bally OUEHKY: 72

Xopouwo! Bawa oueHKa - C

TpeTtuii BbiBOA;

BeeouTe Bawy oueHKy: 56

Bbl He CAa/In dK3aMeH

OnucaHue paboTbl:

B

Korga ynpaBneHue nporpammoit nepexoamTt K onepaTopy if-else, npoBepaeTca ycnosue Ha cTpoke 3
(score >= 90). Ecnv oHo BosBpallaeT True, B KOHcoAb BbiBoaUTCA 'OTAnuHO! Balwua oueHka A'. Ecau
3HaueHWe HeBepHoe, ynpaB/ieHue nepexodauT K ycjoBuio else Ha 5 cTpoke. Tenepb npoBepAeTca

41



ycnoue score >= 80 (6 cTpoka). Ecnm oHO BepHOe, Torfa B KOHCOMM BbiBOAMTCA '340poBO! Bawa oueHka
— B

B npoTrMBHOM cnyyae ynpaB/iieHe NporpaMmoin nepexoanT K yCioBuio else Ha 8 cTpoke. M 3aecb CHOBa
NMeeTCs BNIOXEHHbIV onepaTtop if-else. MNMpoBepseTcs ycnosue (score >=70). ECM OHO UCTUHHO, TOr4a B
KOHCOMb BblBOAUTCA “Xopouwo! Bawa oueHka — C".

B npoTnBHOM cniyyae ynpasneHue nepexoamnt K 610Ky else Ha 11 cTpoke. B kOHLe KOHLIOB, NpoBepsieTcs
ycnosue (score >= 60). Ecnn oHo BO3BpallaeT True, TOrga B KOHCO/b BbiBOAUTCA "Bala oueHka — D.
Crout nostoputb Marepuan.”

Ecnu e False, Torga B koHconn 6yaet "Bbl He cianm ak3ameH". Ha aTom 3Tane ynpasfieHve rnepexoaut
K CNefyowWmM MHCTPYKLUMAM, HanncaHHbIM rocne BHewHero if-else.

XOTA BIOXKEHHbIE Onepatopsl if-else NO3BONSAKOT NPOBEPSITb HECKO/IbKO YCOBUIA, X LOBOIBHO CNOXXHO
ynTatb M NUcatb. 3TV XKE NPOrpaMmbl MOXKHO caenatb 60onee yntabenbHbIMM U MPOCTbIMA C MOMOLLbHO
if-elif-else.

m Onepartop if-elif-else
Onepatop if-elif-else — 3to anbTepHaTMBHOE npeacTaBfieHWe oriepartopa if-else, kotopoe no3BonseTr
NpoOBePSTb HECKONbKO YCNOBWWA, BMECTO TOro 4TOObl MucaTtb BfIOXEHHble if-else. CuHTakcmuc 3toro
oneparopa CneayroLwmnia:

if condition 1:
# 6nok if
statement
statement
more statement
elif condition 2:
# nepsbii 6510k elif
statement
statement
more statement
elif condition 3:
# BTopoi 6nok elif
statement
statement
more statement

statement
statement
more statement

3amevaHue; MHOroTo4me B OMpejeneHnn orneparopa O3Ha4aeT, YTO B AaHHOM OMepaTope MOXXHO
HanmcaTb CKO/bKO YyrogHo ycnoBwuii eilf.

OnucaHune paboTbl onepaTopa:

Korpa vcnonHsetca nHetpykumsa if-elif-else, B nepeyto ouepenb nposepsietcs condition_1. Ecnun ycnosue
WCTUHHO, TOrAa MCNonHsAeTcs 610K MHCTPyKumia if. Cneaytowme ycnoBmsa M MHCTPYKLUMM NPONYCKatoTCs, 1
ynpasfieHue nepexoauT K oneparopam BHe if-elif-else.
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Ecnu condition_1 okasblBaeTcsi NIOXHbIM, ynpaBfieHue Mnepexoant K cnegytowemy ycnosuo elif, u
nposepsietca condition_2. ECM OHO MCTMHHO, TOF4a MCMOMHAKTCA MHCTPYKUMM BHYTPWU MNepBoro 610ka
elif. Mocneayowme NHCTPYKLUUX BHYTPU 3TOrO 6/10Ka MPOMYCKakoTCS.

3TOT Npougecc NOBTOpPSETCs, NOKa He Haxoautcs ycnosue elif, KoTopoe OkKa3blBaeTcsa WUCTUHHbLIM. Ecnn
TAKOro HeT, Torga UcrnosHseTcs 610K else B camoM KOHLE.

Mporpammy ans onpefeneHns OLEHKM MOXHO nepenucatb ¢ NoMoLbto oneparopa if-elif-else.

def score maker(score):

if score >= 90:
pANM*OTAnMYHO! OueHka A™)
elif score >= 80:
p~rnM*3popoBo! OueHka - BY)
elif score >= 70:
print("'Xopowo! OueHka - CY)
elif score >= 60:
print("'OueHka - D. CTouT nNOBTOpUTbL MaTepuasn.'’)
else:
print(‘'ak3ameH He cpaH'")

if name == " main :
score = int(input('’'BBeaute Bawy OUEHKY: '9))
score maker(score)

MepBbIA BLIBOA;

BeBeaute oueHky: 78
Xopouo! OueHka -C

Bropoii BbiBOA;

Beeaute oueHky: 91
OtnnyHo! OueHka A

TpeTnii BbIBOS,
BeeauTe oueHky: 55

9K3aMeH He CAaH

Takasi NporpaMma jierye YMTaeTcsi, Yem MpPOrpaMma C B/IOXKEHHbIMK if-else.

m  lVtepaunn
[Janee paccmartpumBaeTtcs LMKINYECKNIA MPOLLECC U ero COCTaBNAIOLLME 3/IEMEHTHI.
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Wtepaums (Iteration) — 310 OAHO M3 MOBTOPEHUI LUKNa (OAWH LwWar WM oauH "BUTOK" LMKINYECKOro
npowecca). Hanpumep, uukn n3 3-x NOBTOPEHUI MOXHO NPEACTaBUTb Kak 3 uTepaumm UTepupyemoro
obbekTa.

Vtepupyembliii 06bekT (Iterable) — 06bekT, kOTOpbIA ObecrneyvrMBaeT NOBTOPEHME. ITOT OOBEKT 3a
KaXXAyto utepaumio BO3BpaLLaeT rno ogHOMY pesynbTaTy..

Wtepatop (iterator) — utepupyemblii 0GbekT. B pamkax utepatopa peaM3oBaH MeTogh _ next_
KOTOPbIA MO3BOMSET MNOJyYaTh CNEAYHOLMIA 3NEMEHT UTEPALI.

[na BbINONIHEHMS UTEpaLMM MHTEPMPETaTop python BLINOJSHAET cnefyroLine SeNCTBIS:

m  Bbi3bIBaeT y MTEPUPYEMOro 06bekTa MeTof iter(), TEM caMbIM Mosy4Yast UTepatop.
m  Bbi3biBaeT MeTog next(), UTOGbI NMOYUNTL KaXKABIA 3MEMEHT OT UTepatopa.
m  Korga meTog next Bo3BpallaeT UCK/oYeHre Stoplteration, Umkn ocTaHaBNMBaeTcs.

m Cxema paboThl MTepaTopa Bpython
ntepupyemsolii 06beKT (iterable)

a=[1, 2, 3]
iter()
uteparop (iterator)
next() next() next() next()
1 2 3 Stoplteration

m Onepartopbl LuKna
Limkn — 37O ynpaBnswowas KOHCTPYKUMS, KOTOpas pa3 3a pa3oM BbIMOSHAET Teno uukia
NpeacTaB/EHHOE CEpUel KOMaHg A0 Tex Mop, Moka SIBASETCA WCTMHHbLIM YC/IOBUE A1 BbINOMHEHNS
Tena. NMpUMeHeHNe UUKIOB — 3TO BO3MOXKHOCTb MHOTFOKPaTHOrO MCMOSIHEHWS OMPEeAENeHHONo ydactka
kofa. Llmknel B python npefcraBneHsl ABYMSA OCHOBHbIMU KOHCTPYKumamu: while u for.

Uukn while cuutaeTcs yHuMBepcalbHbiM, a uMkn for HyeH Ans o6xoga MnocnefoBaTe/lbHOCTY
Mo3neMeHTHO.

Ob6a onepartopa OANHAKOBO MPUMEHWNMbI U ABMISIOTCS BaOXKHEMLWIMMN 31eMeHTaMK f3blka python.
while..condition..block

for.in.iter_object

m  while
Moka ycnoeme wuCTUHHO, onepaTtop while no3Bonser MHOroKpaTtHO BbIMOMAHATL 60K ONEpPaTopoB.
Oneparop while gBnfetcd ogHMM W3 BapuaHTOB oOrepatopa uukna. B uHCTpykuuu while ecTb
Heobs3aTensHOe ycnosue else. Ho 6510k else Ha camom gene M36bITOHEH, MOTOMY YTO pa3MeLLEeHnEe ero
nocne 6510ka while MOXeT cny>Xutb Toii ke Lenu.

count = 1 # Hauya/ilbHOe 3Ha4deHve ynpaBsAwWern nepeMeHHO

while count <= 10: # KOHe4HOe 3HaudeHue ynpasfsiwweli nepemeHHoN’
print(count, end=" %)
count += 1
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# nocrme 9-1 mrepauum B count oraxercd sHaueHue 10
# »T0 ymomBmerTmBOpseT ycysoBMoO count <= 10,
# nosTomMy Ha 10-1 MTepauur BHBOIMTCH umMcyo 10
# (sHaueHMe cueTuMKka [IeyaTaeTCs OO €TI0 yBeJUUeHNS)
# nmocme count craHer paBHEM 11, a, sHauuT,
# coenyomas uTepauus He COCTOUTCH, M UMKIJI OyOeT OpepBaH
# B uTore nomyuaem:
>1234567 8910
count = 0

a = True

while a:

if count > 10:
print ('count {}'.format (count))
count += 1
else:
a = False
print('end the while loop')

Ewwé npumepsl

B Python BO3MOHbI cocTaBHble yca0BUA. OHU MOTYT BbiTe CKOIb YIOAHO O/JWHHBIMW, a8 B UX 3anucu
MCMOJIb3YIOTCA JIoTMYeckne onepatopsl (not, and, or):

dayoff = False

sunrise = 6
sunset = 18
worktime = 12

# npuMmep CoOCTaBHOTO YCJIOBUA
while not dayoff and sunrise <= worktime <= sunset:
if sunset == worktime:
print ("Finally it's over!'")
else:
'

print ('You have ', sunset - worktime, ' hours to work')
worktime += 1

>

You have hours to work
You have hours to work
You have hours to work

You have hours to work

NN W s U1 oY

You have hours to work
You have 1 hours to work

Finally it's over!

yl'lpaB}'IHIOLLI,aH nepemeHHaa BOBCE He obazaHa ABAATbCA CYETYMKOM. OHa MOMKeT ObITb npocTo
JlornyecKkom I'Iepel\/leHHOVI, Ybe 3HaYeHNEe NaMmeHAaeTcAa rae-Tto B Camom UuKne:

num = 0

control = True

while num < 10:
num += 1

# aHaJIoTrM4YHasA 3allliCb
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num = 0
control = True
while control:
if num == 10:
control = False
num += 1

McnonbsosaHue HeVIHVILI,VIa}'IVI3VIpOBaHHOl7I I'Iepel\/leHHOVI B KayecTtBe yl'lpaBl'IﬂlOLLI,eVl LWK/1la NnpnBoanT K
BO3HWUKHOBEHMWIO OLLINBKMK:

# unknown OO 3TOTO HHMIIe He ObJIla OBBLABJIEHA
while unknown:
print('+")

>
Traceback (most recent call last):
while unknown:
NameError: name 'unknown' is not defined

Ewé npumepsl onepatopa while

x = 20

y = 30

while x < y:
print(x, end="' ")
Xx =x + 3

word = "hello python !"

while word:
print (word, end=" ")
# Ha kaxmolM uTepaluuu yOUMpPeTCS CUMBOJ C KOHIA
word = word[:-1]

Uaes umknos while: — ecan Tpebyetcsa onpefeneHHoe KOAMYECTBO pas cAefaTb UTO-TO, cieayet
3aBECTM CYETUMK N UBMEHATb ero 3HaueHue (ymeHblueHune/yBeimueHune) B Tesie UMKa.

x = 20

y = 30

while x < y:
print(x, end="' ")
Xx =x + 3

> 20 23 26 29

CUYETUMKOM MOXKeT bbITb AaxKe CTpoKa:

word = "pythonstring"

while word:
print (word, end="\n")
# Ha kaxpmolM uTepauun yOupaeTcsd CHMMBOJI C KOHIA
word = word[:-1]

>
pythonstring
pythonstrin
pythonstri
pythonstr
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pythonst
pythons
python
pytho
pyth

pyt

Py

p

m break ucontinue
Onepatop break 3acTaBnsieT MHTEpPNpPeTATOP NpPepBaTb BbIMO/HEHUE LMKIA U NEpeiTn K cneaytoLLlein 3a
HUM NHCTPYKLUN:

counter = 0
whille True:
if counter == 10:
break
counter += 1

Linkn npepBE&TCs MOCc/e TOro, Kak 3HaYeHWe cUeTUnKka JoiaeT A0 AecaTu.

OnepaTop continue He npeKkpauwlaeT BbIMO/MHEHMNE BCEro UMKa, a npepbiBaeT /inb TEKYLLYH UTEpauunio,
M 3ateMm nepexognt B Ha4as/10 UMKna:

# NpvMep BbIBOAA OAHMX /Wb YETHBIX 3HAYEHWI

z = 10

whille z:
z =1
ifz%2 1=0:

continue
print(z, end=" ")

>86420

3™ onepaTtopbl 6bIBatOT YA06HbLI, OAHAKO M/IOXOA MPAKTUKOM CUMTAETCS HanucaHue KoAad, KOTOpbIi
yepecuyp UMK MEPETPYXKEH.

m else
B Python-uuknax 4yacTb else BbIMOMHAETCS NULWbL TOrda, Korga UMKn oTpaboTan, He 6yayus npepBaH
break-om.

B peanbHOli npakTuike, else B LMKIax NPUMEHSIETCS HeyacTo. Takas KOHCTPYKLMSi OT/IMYHO cpaboTaer,
Korga 6yfeT HeOGX0AVMO MPOBEPUTL PAKT BLIMOMHEHNS BCEX UTEPALMA LiMKa.

MpoBepka AOCTYMHOCTU BCEX BbIGPAHHBIX Y3/10B CETU:

Hanpumep, 060iTH Bce y3/bl NOKa/IbHOWN CeTn

def print prime list(list of numbers: list) -> None:
U (hyHKUUS BbiBEAEeT CrMCcOoK uvucen,
€C/I Kax[oe U3 3TUX 4ucest ABNAETCHA npocTbim ‘™™
number count = len(list of numbers) # konuMuyecTBO uucen

i =0
while 1 < number count:
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x = list of numbers[i] // 2
if x = 0 and list of numbers[i] % x == O:
break
i =1
else:
print(f*{list of numbers} - list is primel®)

print prime list([11, 100, 199]) # 100 - He NpoOCTOE 4UC/IO
>

print prime list([11, 113, 199])
> [11, 113, 199]

B kakom-1mbo Opyrom s3blke MOXHO Obl1O Obl 3aBECTVM OyfeBYy MEPEMEHHYI0, B KOTOPOWM XpaHWUTCS
pe3ynbTaTt NPOBEpPKM, HO B python cyLlecTBYyeT anbTepHaTMBa.

m  while true nnm 6eCKOHEYHbIN LUK
B 60/bLIMHCTBE CflyyaeB, 6eCKOHeYHble LMK/bl NOSBAAOTCA W3-3a IOTMYECKNX OLIMOOK nporpammucta
(Hanpumep, Korga ycnosue uuvkna while npy no6bIXx BapuaHTax paBHO True). [Mostomy cnepyet
BHMMATE/NbHO CNeAuTb 3a YCII0BMEM, NPU KOTOPOM UMK ByfeT 3aBepLuarbes.

OfHaKo B HEKOTOPbIX Cyyasx 6ECKOHEYHbI UMKN aenaetca HamepeHo:

Ecnn Hy>XHO NMpPOV3BOAMTL Kakme-TO AeACTBUS C UHTEPBA/IOM, M BbIXOAUTb M3 LMKA NMLWb BTOM Cllyyae,
KOrfa BHyTpuY Tena "3awmTto” ycnoBme BbIXo4a.

Mpumep: yHKUMA, KOTOpas BO3BpallaeT connection 6asbl gaHHbIX. Ecim cBA3b ¢ 6as3oil AaHHbIX
OTCYTCTBYET, COeAnHeHe ByaeT MbiTaTbCsl (B LUKIE) YCTAHOBUTLCS A0 TeX Mop, MoKa He YCTaHOBUTCS.

Ec/M NULWIETCS MOMHOLIEHHbI AEMOH, KOTOPbI NPOAOMKUTENIbHOE BPEMSI BUCUT Kak MPOLECC B CUCTEME
N MEepuognmyeckn MPOM3BOAMNT KakMe-TO [eliCTBUS, TO B TaKOM C/lydyae OCTaHOBKOW UMKna 6yget
npepbiBaHne paboTbl NPOrpamMmbl.

Mpumep: ckpunT, KOTOpbI pa3 B 10 MuHYT "nuHryet" IP agpeca v nNuweT B Or OT4ET O AOCTYNHOCTY
3TNX afpecos.

BaxxHO! B 6GeCKOHEYHbIX UMKax pekomMeHOayeTCA CTaBUTb TaVIMayT BbIMOJIHEHNA NOC/e Ka)K'EI,OI7I
nTepaunn:

import time

while True:
print(*'becKoHeyYHbIn umKN'™)
time.sleep(1)

>

BeckoHeuHbI LMK

BeckoHeuHbIi UMK

BeckoHeuHbI UMK

Traceback (most recent call last):

File "main.py'”, line 5, in <module>

time.sleep(1)

KeyboardInterrupt

Aborted!

Kog 6bin npepBaH kKomo6uHauwmeii knasuw ACtrl +C. NHave uukn npogomkancs 6bl 6ECKOHEYHO.
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m Llukn while B 0gHYy cTpoOKy
[ns cocTaBHbIX KOHCTPYKUWIA (Takux, rae Hy>eH 610K C OTCTYNOM), MOXHO 3TOT OTCTyn y6paTb, HO
TONIbKO ecnn B 6/10Ke MCNOMb3YyHTCA NPOCTble onepaTopbl. OTAENAITCA OHM BCE TakoKe ABOETOUNEM.

Hanpumep, 3anucu:

whille x < y:
X +=1

n

whille x <y: x += 1

OymyT cuuTaThCs 3KBMBANEHTHLIMU, W MPU YTEHWM BTOPOW M3 HUX UHTEprpeTaTtop He 6GyAeT BbigaBaTb
OLUNOKY.

m BrioxkeHHble while unknbl
BnoxkeHHble while uukbl BCTpedvaloTcs pexxke UUKAOoB for, HO OHM TakKe YCMEeLWHO MPUMEHSOTCS.
MpocToii NpUMepP — BbIBOA Ha 3KpaH 3Ha4YeHUs TabNnLbl YMHOXEHUS,

q=1
whille g <= 9:
w=1

while w <= 9:
print(q * w, end=" ")
w += 1

q+=1

print(’"")

234567 89

4 6 810 1214 16 18
69 12 15 18 21 24 27
8 12 16 20 24 28 32 36
10 1520 2530 35 40 45
12 1824 3036 42 48 A
14 2128 3542 49 56 63
16 24 32 4048 56 64 72
18 27 36 4554 63 72 81

OO ~NO U WNELYV

npaBI/II'IO NMPUMEHEHUNA BJTOXXEHHbIX LWKN0B while: BNoOXeHus cBbiLlle TPETbENro YpOBHA CTaHOBATCA
NPakKTN4eCKn HevnTaeMbIMI.

m BbIXOA M3 ABYX LUKIOB C NOMOLLbIO break
B cniyyae BNIOXEHHLIX LMK/IOB, onepatop break 3aBepluaeT paboTy TOMbKO TOFO LKA, BHYTPU KOTOPOro

OH OblN BbI3BaH:

= 100
Jj = 200
while 1 < 105:
while j < 205:
if j == 203:
break
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print(*J", J
J+=1
print(*1*, 1)

1 += 1

200
201
202
30eCb BWOHO, UYTO BHYTPEHHWU LUUWKA MPEepbLBAETCSA, HO BHEWHWA npoaosixaeT pacoTy
100
101
102
103
104

_—— = GGG

m  Linkn while B 0ogHY cCTpoKy
[ns cocTaBHbIX KOHCTPYKUWIA (Takux, rae Hy>xeH 610K C OTCTYNOM), MOXHO 3TOT OTCTyn y6paTb, HO
TOJIbKO eC/in B 6/10Ke MCMO/b3YHTCA MPOCTbie onepartopbl. OTAENAITCA OHM BCE TakKXe ABOEeTOUMNEM.

Hanpumep, 3anucu:

whille x < y:
X +=1

#n

whille x <y: x += 1

OyayT CUMTaTbCA 3KBMBANEHTHBIMM, M MPU YTEHUN BTOPOW M3 HUX MHTEpnpeTatop He OyaeT BblgaBaTb
OLLUNBKY.

m  Bbixoa 13 AByX UMKNOB ¢ nomoulbto break

B cnyyae BNOXKEHHbIX LMK/IOB, onepatop break 3aBepluaet paboTy TONbKO TOrO LMK/, BHYTPU KOTOPOTO
OH OblN BbI3BaH:

whille 1 < 105:
while j < 205:
if j == 203:
break
print(*J*, 1
1 +=1
print(*1*, 1)

1 += 1

m for

for..in..iter_object - onepatop uukna gna nepebopa 371eMEHTOB MOCNeLOBaTe/IbHOCTM OOBLEKTOB
(iter_object), yHnBepcanbHasa ynpasnsoLas KOHCTPYKLUMS.

for 1 in range(l, 10000000000):
print(i)
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B ocHoBe Uukna for nexkat nocnefoBarebHOCTY, U B NPUMEpPE Bblille 3TO MOoc/efoBaTe/IbHOCTb Yncen ot
1 0o 9999999999. for NO3NeMeHTHO eé nepebuMpaeT 1 BbIMOJHAET KOA, KOTOPbIA 3anuncaH BTene uukia.
B uactHOCTM, ANna pelleHns fJaHHOW 3ajaun Tyga Oblna MNoMeLleHa WHCTPYKUMSA, MO3BOSSKOLLaN
BbIBOAWTb 3HAYEHWE 3/1IeMeHTA MOCNef0BaTe/IbHOCTM Ha 3KpaH.

m Pa60oTa Cu1CN0BbIMM NOCNEA0BATENLHOCTAMM: range U enumerate
for pa6oTtaer ¢ nocnefoBaTeNILHOCTAMMU U NO3BOJAET MOBTOPATL KaKyH-TO OMepaumio (PUKCMPOBaHHOE
KOMMUecTBo pas. [MoHATMIO "KONMYECTBO 4Yero-To", BCerja COOTBETCTBYET MOC/ef0BaTe/lbHOCTb
yncnosas. [Ana BbINOSHEHUS1 KAaKO-IM60 MHCTPYKLUMM CTPOrO OMpejenieHHOe YMCio pas, UCMOosb3yeTcs

hyHKuma range().

®yHKUMIO range() MOXKHO MpefcTaBnATb, Kak (PYHKLUMIO, KOTOpas BO3BpallaeT rnocnefoBare/ibHOCTb
yucen, perynmpyemyto KoanyecTBOM nepefaHHbIX B Heé apryMeHToB. VX MmoxeT 6bITb 1, 2 unm 3:

range(stop);
range(start, stop);

range(start, stop, step).

3pech start — 370 MepBbIi 3MEMEHT MOCNef0BaTENLHOCTY (BKIKOUUTE/NBHO), StOp — nocnefHuii (He
BK/IIOUMTENBHO), a sStep — pasHOCTb  MeXay Cleaylowum 1 npefblgyluM  YieHamu
nocnefoBaTeIbHOCTM.

for 1 in range(5):
print(*Hello World!™)

# 0 - HayasibHbIi 371EMEeHT Mo YMONYaHWUK
for a in range(3):
print(a)

N B OV

# [Ba apryvMeHrta
for b in range(7, 10):
print(b)

\%

© o0 N

# Tpu aprymeHrta
for c in range(0, 13, 3):
print(c)
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'G@O’OOO

[na paboThl € YACMOBLIMY NOCNEeA0BATENBHOCTAMU TaKKe NPUMEHSETCS (yHKLUA enumerate”, KoTopas
onpefeneHa Ha MHOXECTBE UTEPUPYEMbIX OGBEKTOB U CMYXXUT A/1i CO3AaHUSI KOPTEXeN Ha OCHOBaHWM
KaK0ro U3 3/1EMEHTOB UTEPUPYEMOTO O6BEKTA.

AneMeHT KopTexa npegcraBnseT coboii napy (MHAEKC 3/1EMEHTa, 3/IEMEHT), U 3TO 6biBaeT yAo6HO,
Korga MoOMUMO CaMWX 3N1eMEHTOB TpebyeTcs eLlé 1 Ux NHAEKC.

# 3aMeHa Kaxaoro naAToro cuvMBofia B MpensiokeHnn, HaduHaa ¢ O-ro, Ha *
text = "OTO He Te Mnpu3HaKM, KOTOpble MOrnu Obl CAYXUTb A5 MNOACKa3KWU''
new_text = '™
for char iIn enumerate(text):
if char[0] % 5 == O:
new text += "*"
else:
new text += char[1]
print(new text)

m PaboTa cuncnoBbiMU NocnegoBaTeNbHOCTAMMU: break u continue
Eweé aBa onepatopa, KOTOpble 06ecneunBatoT yrnpasBieHne LyKnamu.

break — MNCMNOJb3YyEeTCA ANA 3aBepLlIeHUAa UUKna: npepbiBaeT UMAKA N BbIXOAUT U3 HETO;

continue — NpepbIBaET TEKYLLYIO UTEPALMIO U NMEPEXOAUT K CEAYHOLLEN.

# break
for num in range(0, 50):
if num == 25:
break
print(num)

Onepatop uUuKna, JoNAas O uncna 25 U BEPHYB B YC/IOBHOM BbIP&XKEHWU WCTUHY, MPEPbLIBAETCS U
3aKaH4YMBAET CBOKD PaboTy.
Onepatop continue McMonb3yeTcs A1 yKasaHWs WHTepnpetatopy python nponyctuTb OcTaBLuMecs

onepaTopbl B TEKYLLEM G/IOKe LMK/A, a 3aTEM MEPENTA K CNeaytoLwemy LIMKIY.

# continue
for num in range(40, 51):

if num == 45:
continue
print(num)
>
40
41
42
43
44
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46
47
48
49
50

B cny4yae continue NPONCXoaNT Noxoxkas cutyaund, ToONbKO npepbiBaeTca Nnllb OogHa utepauunsd, a cam
XXe UMK Npoao/mKaeTCs.

m PaboTa c YncnoBbIMU NocnegoBaTe/IbHOCT AMU: else
Ecnn pgBa npefblaylwimMx orepatopa MOXHO 4acTo BCTpedvaTb 3a npegenamu python, 1o else, kak
COCTaBHasl 4acTb LMK/a, HanpsiMylo cBs3aHa C onepatopom break u BbINOMHSETCA NULWbL TOrAa, Korga
BbIXO4 13 UuKna 6bin NnpoussefeH HE uepes oneparop break.

group of students = [21, 18, 19, 21, 18]
for age in group of students:
if age < 18:
break
else:
print("Bcé B nopsgke, nNpoxon pa3pewéH®)

> Bcé B nopsgke, Mpoxon pas3peléH

Ewé npnmep

def print prime list(list of numbers: list) -> None:
U yHKUMA BbiBEAET CMWCOK 4uncen,
€C/I Kax[oe U3 3TUX 4ucesi ABNAETCHA NpocTbim ‘™™
number count = len(list of numbers) # konMuyecTBO uucen

i=0
whille 1 < number count:
x = list of numbers[i] // 2
if x = 0 and list of numbers[i] % x ==
break
i+=1
else:

print(f*{list of numbers} - list is primel®)
print prime list([11, 100, 199]) # 100 - He NpoOCTOE 4UC/IO

>

print prime list([11, 113, 199])
>

[11, 113, 199]

m [lpuMep co3faHus NTepupyemoro o6bLekTa
[na co3paHnsa Knacca UTeprpyemMoro o6bekTa BHYTPU HErO PeayinaytoTes ABa MeTofa:

_iter__ () n__next_ ()
BHyTpPM MeToda__ next_ () onvcbiBaeTcs npoueaypa Bo3Bpata C/efytowero OCTYNHOro 3/1eMeHTa;

metoq _ iter_ () BO3BpallaeT caM OOBLEKT, YTO AAET BO3MOXHOCTb WCMO/b30BaTh €ro, B LMK/Iax C
NO31eMeHTHbIM repebopom.
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MprMep CTPOKOBOTO WTEpPaTopa, KOTOPbLIM Ha KXoV wTepauvu, Mpu MOJyYeHUN Chefytouero
anemeHTa (T.e. CUMBONA), NPUBOAMNT Er0 K BEPXHEMY PErnCTpy

Tekct KOMMEHTapneB C MOACHEHMEM nMpoucxogdawero B AgaHHOM npumepe 3aK/MI0YEH B TpOI7IHbI€
KaBbI4YKW:

class ToUpperCase:
def init (self, string obj, position=0):
"'""""'coxpaHdAeTcsa CTpoKa, TMoJslydeHHas U3 KOHCTpyKTopa,
B none string obj v 3agaéTtca HaydanbHbii MHOeKkc''"
self._string obj = string obj
self.position = position

def iter (self):
""" Bo3BpawaeTcs cam OObEKT
return self

def next (self):
"' MeTOoh BO3BpawWaeT Creaywwnini 3MEMEHT,
HO yXe NpuBEeAEHHbIi K BEepXHeMy perncrpy
if self_position >= len(self.string obj):
" peknwdeHne Stoplteration() coob6uaeT
umkny for o 3aBepuweHun M
raise Stoplteration()
position = self._position
""" MHKpEeMeHTMpyeTCcAa WMHOEKC
self_position += 1

BO3BpallaeTCA CUMBO/T B uppercase-e
return self.string obj[position].upper()

low python = "‘python

high python = ToUpperCase(low python) # nosnydeHue uTepupyemMoro obbekTa

for ch in high python: # NpPUMEHEHVEe WTEPUPYEMOro O6bLEKTA
print(ch, end=""") # pemoHCcTpauusa pelynbTaTa uTtepaumnu

m Pa6oTac uukaamu: npuMepb
[lanee onucbIBaKOTCA HEKOTOPbLIE MPUEMbI NMPOTrPaMMMPOBaHUS LIMK/IOB.

m  Linkn no cnucky
Mepe6op list B uukne NpoCToii, NOCKOMbKY CMMCOK — OBBEKT UTEePUPYEMBIii:

# eCTb CMNMCOK

entities _of warp = [''Tzeench™, "Slaanesh™, '"Khorne"™, "Nurgle']
# NpocTo 6epéTcsa cnmcok, ''3arpyxaertcs’ B UMK M genaetcs o6xon
for entity in entities of warp:

print(entity)

>
Tzeench
Slaanesh
Khorne
Nurgle

JnemMeHTamMn CMUCKOB MOTYT 6biTb [Apyrne uTepupyemble OGLEKTbl. 31O Npegrnofaraet paboty ¢
B/IOXKEHHBIMW LMKNaMW. LIMKN BHYTPU UMKNA JOCTAaTOYHO MPOCTO OPraHu3yeTcsl U KOMMYECTBO YPOBHEN
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B/IOXXEHHOCTU HE MMeEET npenenos. OfHaKo UWK/bl Bbille BTOPOro ypoBHA B/10OXXEHHOCTU OYEHb TAXKENO
BOCNpMHMAKOTCA U YNTAKOTCA.

strange phonebook = [
["Alex™, 'Andrew', "Aya', "Azazel'],
[''Barry', "Bill", "Brave', 'Byanka'],
[''Casey', ™"Chad", ™"Claire'™, ''Cuddy'T],
['Dana™, 'Ditrich™, "Dmitry', 'Donovan']

1

3TO CMNUCOK CMNWUCKOB, TFAe Kaxipli NOACMMCOK COCTOUT U3 CTPOK
NnosToMy B C/lydae HeoOXOAMMOCTU MOXHO MpPUMEHUTb TpoliHoi for
0151 MOCUMBO/MILHOIO 4YTEHUA BCEX WUMEH W BbiBOAA WX B OAHY CTPOKYy '"™'
for letter in strange phonebook:
for name in letter:
for character in name:
print(character, end="")

>AlexAndrewAyaAzazelBar ...

m  Linkn no cnosapto
[aHHbIi Npymep cBA3aH ¢ utepupoBaHneM cnosapeid. Mpn nepebope cnoBapsi 0ObIMHO HYXHbI KIKOY U
3HayeHune. [lns 3TOro cywecrsyeT MeToq .items(), KOTOpbIi cO3aaeT NpeAcTaBfieHVe B BUAE KOpTexa
[ONS KaK4Oro C/ioBapHOro afiemMeHTa. B aTom cnydae umykn 6yget BbIrnsageTb crefyrowmmM obpasom:

#co3gaéTtcda cnosapb

top 10 largest lakes = {
"Caspian Sea': '"'Saline",
“"Superior': 'Freshwater",
"Victoria": "Freshwater",
“"Huron: "Freshwater",

}

# obxon cnoBaps B uukie for v nNoaocyéT KonuyecTBa 03ep
# C conéHoil BoAOW M KonnyecTBa O3Ep C MNpPecHol

salt = 0

fresh = 0

# B paHHOM cnydae, napa ''lake, water™,

# eCcTb pacrnakOBaHHbI KOpPTEX,

# rpe lake - kv cnosapsi, a water - 3HaueHve.

# UMK 06XOOUT He cam cnosapb,

# a ero npegcTasfieHne B BuAe MNap KopTexerl

for lake, water in top 10 largest lakes.items():

# npuMeHeHve meToga items
if water == “Freshwater”:
fresh += 1
else:
salt += 1
print('Amount of saline lakes in toplO: ", salt)
print('Amount of freshwater lakes in topl0: ™, fresh)

> Amount of saline lakes in topl0: 1
> Amount of freshwater lakes in topl0: 3
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m  Linkn no cTpoke
CTpokuM — 3710 NPOCTble Noc/efoBaTe/IbHOCTU, COCTOSALLME U3 CUMBOJIOB. MO3TOMYy 06XOAUTb UX B LIMKIE
[0CTaTo4HO MPOCTO.

word = "Alabama*
for w in word:
print(w, end=" ")

>Alabama

m Lluknfor c warom
Livkn for c warom cosgaeTca npyv noMowWM (yHKUMM range, Kyda HYy>XHO nepefatb pasMep Liara, B
Ka4yecTBe TPETLErO MO CHETY apryMeHTa:

# BbiBOg 4umcen or 100 po 1000 c warom 150
for nums in range(100, 1000, 150):
print(nums)

100
250
400
550
700
850

m O6paTHblii yuknfor
leHepaTop nocnefoBaTefibHOCTEN range() MOXKeT co3faTh YObIBaOLLYHO MOcnefoBaTe/lbHOCTb Yucen,
KOTOpas MOXET 6bITb NMPUMEHEHA B Ka4yecTBe MaccuBa WMHAEKCOB Mpu 06xofde nocnefoBaTe/bHOCTU C
nomoLbto for B 06patHOM HanpasneHmun (06paTHbIiA Lmkn for).

# uncna ot 40 po 50 B y6GbiBawwer nocnegoBaTe/IbHOCTU
# 3agaéTca obpaTHbili MOpsAfOK C nomowbk wara step pasmepom -1
for nums in range(50, 39, -1):

print(nums)

49

SERESRSE

41

m for B ogHYy CTpOKY
leHeparop python (list comprehensions) noseonsieT 3afaBaTb OAHOCTPOYHbIE MNOCNEA0BaTENIbHOCTU.
MoxeT ObITb WX 3anucb, C/OXKHEEe 478 MOHMMaHWs, 3aT0 O4YeBMAHO Kopode. B obuem Buge Takoi
reHeparop 3afgaércs cregyrowmum o6pasom;
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[pe3ynbTupytolee BoipaxeHue | uukn | onumoHasibHOe Yycrosue]

MpviMep, B KOTOPOM NPOAYGANPYETCS Kaxablii CMMBO/ CTPOKK inputstring:

# 3pecb letter * 2 — pe3ynbTupyllee BblpaxeHve;

# for letter iIn InputString — uUMKi, a Heob6sA3aTesibHOe YC/IOBUE OryLWeHo
double letter = [letter * 2 for letter in "Banana™]

# pe3ynbTupyllee BblpaXeHne LUK

print(double letter) # pacneyaTka pe3y/nbTaTa

> [*BB", "aa", "nn", "aa®", "nn°, "aa"]

Bropoin npumep (UuKn ¢ ycnosrem):

# CNMCOK, KOTOpLIA ByaeT COCTOoATb U3 4veTHbiXx umcen ot 0 go 30
# 3pecb 1T X % 2 == 0 — HeobsA3aTeNbLHOE YCOBME
even nums = [x for x in range(30) if x % 2 == (]

print(even nums)
[0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28]

B Python He cyLiecTByeT KOHCTPYKLUIA, KOTOpas npepbiBasa 6bl cpasy HECKONbKO LMKIOB. Ho ecTb Kak
MUHMMYM 3 coco6a, KOTOPbIMA MOXHO Pean3oBaTh JaHHOe NMoBefeHVe

m  Bbixog ns yuknos c nomowbrofor... else...
[ns BbIxofa ncnonb3yetcs KOHCTpykuwms for ... else ..

def same values exists(list 1: list, list 2: list) -> None:
# B KadecTBe apryvmeHtoB — gsa crnvcka list
U (OYHKUUS BbIBOAUT Ha 39KpaH
nepsble COBMaBlWWe 4ucria U3 CrNUCKOB
for 1 in list 1:
for j in list 2:

print(‘‘compare: *, i, J)
ifi=j:
print(f"found {i}")
break
else:
continue
break
if name = " main "

same values exists([0, 10, -2, 23], [2, Z]D
# Bbi30B (yHKUMM same values exists c gsymsa crnuckamm list
# B KauecTBe aprymMeHTOB

compare: O -2
compare: 0 2
compare: 10 -2
compare: 10 2
compare: -2 -2
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found -2

Ecnm Bce uTepaumv BOXEHHOTO UMKIA CpaboOTaloT, BbIMOMHUTCA else, KOTOpbI CKaXeT BHELUHEMY
UVKY NPOAO/MKUTL BbIMNONAHEHME. Ecnin BO BHYTPEHHEM UMKne cpaboTtaeT break, cpasy BbIMOMHWTCS
BTOpOIi break

m  Bbixoj U3 LMKIO0B Yepes co3faHue AONOSHNTeNbHOro dgnara
B cnepytowem npvmepe fononHuTenbHbli nar - ato break_the_loop.

def same values exists(list 1: list, list 2: list) -> None:
U (OYHKUUS BbIBOAUT Ha 9KpaH
nepsble COBMaBlWWe 4ucria U3 CNUCKOB
break the loop = False

for 1 in list 1:
for j in list 2:
print(compare : * i, }
if 1 = j:
print(f"found {i}")
break the loop = True

break
if break the loop:
break
if name = " main ":

same values exists([0, 10, -2, 23], [-2, 2D

compare: 0 -2
compare: 0 2
compare: 10 -2
compare: 10 2
compare: -2 -2
found -2

BHELUHWI LWKN Bbin NpepBaH Bcies 3a BHYTPEHHMM!

m  Bbixog 13 UMKIOB Yyepes return
Ecnv UmKsbl HaxoaAaTcs B OYHKUMN (KaK B JAHHOM NpUMepe), LOCTaTOYHO NPOCTO BbIMOMHUTL return

def same values exists(list 1: list, list 2: list) -> None:
U (YHKUUS BbIBOAUT Ha 39KpaH
nepsble COBMaBlWWe 4ucria U3 CNUCKOB
for 1 in list 1:
for j in list 2:

print(compare : * i, }
if 1 = j:
print(f"found {i}"
return
if name = " main =

same values exists([0, 10, -2, 23], [-2, 2D

compare: 0 -2
compare: 0 2
compare: 10 -2
compare: 10 2
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compare:
found -2

-2

-2
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m MaccuBbl
MaccuB - 3TO CTPYKTypa AaHHbIX, B KOTOPOI XpaHATCS 3Ha4yeHus ogHoro tuna. Maccuebl B Python moryt
coAepKatb TO/IbKO 3Ha4eHUA, COOTBETCTBYHOLLME OAHOMY N TOMY XKe TUNY AaHHbIX.

MaccuB He SIBNSIETCS OCHOBHbIM TWMOM [aHHbIX, KaK CTPOKW, LE/I0e YUCMO U T. A. U3 4YuC/a paHee
MepeyncneHHblx TUMNOB. [ns NPUMEHEHWS MacCMBOB B s3blke Python, npexze BCero HyXHO
MMMNOPTUPOBAThL CTAaHAAPTHBIW array MOAy/b.

MmnopT moayns array B Python

from array import *

m OO6bsABNEHME MaccMBa
MaccmB ecTb cneumasibHO 06bsiIBNAeMas MOCAefoBaTe/lbHOCTb, MO3BOMSAOWAA KOMMAKTHO XPaHWTb
06beKTbl OfHOTO K3 6a30BbiX (paHee 06bABMEHHBLIX) TUMOB. MaccuB O6bBABNSETCA MOcne MMnopTa
Moaynsa array.
[Ona ob6bsiBNEHWs MaccvMBa C MOMOLLBIO KOHCTPyKTOpa array(..) B Ka4yecTBe aprymeHTOB TpebyroTcs
cnepyrowme 3NeMeHTHI;
datatype (typecode) — uHdopmaums O TUMNe [aHHbIX B BbIPDKEHWM BbI30BA KOHCTPYKTOpa. Takxke
npuMeHstoTca typecode - 3TO KOAbl, KOTOPbIE TaKXKe UCMOJb3YHTCA 4151 ONMpPeAeneHns Tmna 3HavyeHui
MaccuBa WM TMMna caMoro maccusa. Kogbl TMMOB UCNOb3YHOTCA A1 KPaTKoro onpefeneHns MaccuBoB
B Python. CywecTtByeT Tabnmua, KOTOpas MOKasblBaET BO3MOXHbIE 3HAYEHWS, KOTOPbIE MOXHO
NCNob30BaTh NPV 06BABAEHUN MacCKBa, M ero Tun.
Initializers - npegcTaBnseTcs 3HadeHWeM (MHOXKECTBOM 3HA4eHWii), C KOTOPbIMM MacCuMB O6BABASAEMBIN
MaccuB UHULMaNN3NPYyeTCs.

from array import *

firstArray = array(typecode, [Initializers])

# TirstArray nmsa maccuBa, typecode no3BonsgeT onpefensaTb Tun Maccusa,
# Initializers npeacTaBnsieTca 3HayeHWeM, KOTOpPbLIMUA Maccus

# VHUUWanu3upyeTcs.

# typecode - 3TO KOfpl, KOTOpble WCNOMBb3YWTCHA A1 OnpejeneHns Tuna
# 3HavyeHMin maccumBa WM Tuna mMaccuea. Tabnuua B pasjene napaveTpoBs
# noka3biBaeT BO3MOXHble 3HAYeHWs, KOTOpble MOXHO WCMNO/Ab30BaTb

# npn o6bABNEHMM MaccuBa, WU €ro TuM.

secondArray = array("i", [0,1,2,3,4,5]D

# B npumepe wucnosnb3lyetca TypeCode 1i.

# 3TOT TuN NpeacTaBnsieT Lefoe UYMC/O CO 3HaKOM, pa3Mep KOTOporo

# cocTaBnseT 2 Galita.

B kauectBe initializer MoXeT 6bITb YKa3aH CrUCOK, MO0 CTpoka. B aToM cnydyae oHM 6yayT nepedaHbl
metogam .fromlist() n .fromstring() / .fromunicode() coOTBECTBEHHHO And [06GaBfeHMA B MaccuB
Haya/bHbIX 31EMEHTOB.

Takke cywectByeT (yHKums typecode(), KoTopas WCnofb3yeTcsa Ans BO3Bpara cuMMBofa typecode,
MCMOMb30BaHHOrO ANs1 CO3[4aHus MaccvBa. B npuBefeHHOU HuXe Tabnnue ecTb HEKOTOPble U3 HUX.
Python.typecodetypecodes:

60



Array Type codes: npeacTtaBneHve Tabnmupl

Type Code Python type C Type Minimum size in bytes
b’ int Signed char 1
'B' int Unsigned char 1
u' Unicode character wchar_t 2
'h Int Signed short 2
'H int Unsigned short 2
i) int Signed int 2
I int Unsigned int 3
T int signed long 4
AN int Unsigned long 4
‘q int Signed long long 8
Q' int Unsigned long long 8
'f float float 4
d float double 8

The array module defines a property called .typecodes that returns a string containing all supported
type codes found in Table 1. While the array method defines the typecode property which returns the
type code character used to create the array.

m bunbnmnoteka numpy: 00bsABMIEHNSI MacCUBOB
MaccmB MOXeT 6bITb CO3[aH M3 0ObIYHOIO CnmMcka UM KopTexka Python ¢ Mcnosb3oBaHWeM (yHKLMU
array(). Mpuyem TMN NOTyYEHHOro MaccuBa 3aBMCUT OT TUMa 3/1IEMEHTOB NOCNeL0BaTENIbHOCTY.
Takke MoXeT ObITb MpuMeHeHa 6ubnMoTeka a3blika Python NumPy, po6asnstowas noanepxxky
60/bLUINX MHOTOMEPHbIX MAacCMBOB M MaTpul, BMecTe ¢ 60MbLiolii 6U6IMOTEKON BbICOKOYPOBHEBBIX (M
O4YeHb BbICTPbIX) MaTeMaTUYECKUX (PYHKLMI Ana onepauuii ¢ 3TUMKU MaccuBamm.
OcHOBHbIM 06bekToM NumPy sBNseTcs OLHOPOAHbI MHOrOMEpPHbIi MaccvMB (B NUMpy HasbiBaeTcs
numpy.ndarray). 3T0 MHOTOMEPHbIA MaccuB 31EMEHTOB (OObIYHO YKMCcen) OAHOro TMMna.
Haunbonee BaxkHble atpubyTbl 06BEKTOB ndarray:

m ndarray.ndim - 4uncio n3MepeHnin (Yawle ux HasbiBaroT "ocu') maccuBa.

m ndarray.shape - pasmepbl MaccuBa, €ro ¢opma. 3T0 KOPTeX HaTypa/bHbIX 4ucen,
NnoKasbIBaKOLWWA ANHY MaccuBa Mo KaxAon ocu. [ns mMatpuubl U3 N CTPOK U m CTON60B, shape
6yget (n,m). Yncno anemeHTOB KopTexa shape pasHo ndim.

m ndarray.size - KOMMYECTBO 3/IeMEHTOB MaccuBa. PaBHO NpPOW3BEAEHUIO BCEX 3/IEMEHTOB
atpmnbyta shape.

m ndarray.dtype - 06beKT, ONuCbIBAOWWIA TUN 371EMEHTOB MaccumBa. MOXHO onpegennTts dtype,
MCnonb3ys CTaHAapTHble TUMbl AaHHbIX Python. NumPy 3pecb npepoctaBnseT LUenbiii OykeTt
BO3MOXXHOCTEI, KaK BCTPOEHHbIX, Hanpumep: bool_, character, int8, intl6, int32, int64, floats,
float16, float32, float64, complex64, object , Tak U BO3MOXXHOCTb ONpefennTb COOBCTBEHHbIE
TUMbI JaHHbIX, B TOM YXC/E N COCTaBHbIE.

m ndarray.itemsize - pasmep KakKAoro afieMeHTa MaccvBa B 6aiTax.

m ndarray.data - 6ydep, cogepawmii haktmyeckme 3nemeHTbl MaccuBa. OOGbIMHO He HY>XHO
Mcnosb3oBaTb 3TOT aTtpubyT, TaK Kak ob6pawarbcd K 3fieMeHTaM MaccvBa npoLe BCero C
NMOMOLLIbIO NHEKCOB.

B NumPy cyuiecTByeT MHOro cnocobos co3gatb maccuB. OgnH 13 Hanbosnee NPOCTbIX - CO34aTb MaccuB
M3 0ObIYHbIX CMMCKOB WM KopTexen Python, mcnonb3ysa gyHkuuio numpy.array() (array - QyHKums,
co3pgatollas o6bekT Tuna ndarray):

>>> Import numpy as np
>>> a = np.array([1, 2, 3]
>>> a

array([1, 2, 3D
>>>
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>>> a.dtype

dtype ('int32")

>>> a = np.array([1l.1, 2.2, 3.31)
>>> a

array ([ 1.1, 2.2, 3.3])

>>>

>>> a.dtype

dtype('float6d")

>>> a = np.array([1l + 23, 2 + 331)
>>> a.dtype

dtype ('complex128")

>>>

Unun 6es npurnauieHua ('>>>') u BbIBOAA

import numpy as np

a = np.array([1l, 2, 3])
a

type(a)

Mpu 06bABAEHUMM MacCMBa BaXHO, 4YTO aprymeHTom ¢yHKUMM array() pomkHa 6bITb
noc/1le0BaTENbHOCTb, a HE HECKOJIBKO apryMeHTOB.
MprUmep HEKOPPEKTHOro 06bABIEHNA MacCUBa:

>>> a = np.array(l, 2, 3) # HempaBunbhHO!!!
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: only 2 non-keyword arguments accepted
>>>
>>> a = np.array([1l, 2, 31) # IpaBuiibHOe OBBABRIIEHMNE
>>> a
array([1l, 2, 31)
>>>
>>> a = np.array((1l, 2, 3)) # U Tak TOXe NpPaBUIILHO
>>> a
array([1l, 2, 31)
>>>

6e3 npurnawenus (">>>') n BbiIBOAA

import numpy as np
a = np.array(l, 2, 3) # HemparusbHO!!!
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: only 2 non-keyword arguments accepted

a = np.array([1, 2, 31) # IpaBuiibHOe OBBABRIIEHMNE
a
array([1l, 2, 31)

a = np.array((1, 2, 3)) # U Tak TOXe NpPaBUIILHO
a
array([1l, 2, 31)

MMEHHO

ypOBeHb B/IOXKEHHOCTH VICXO,EI,HOVI nocnenoBate/ibHOCTU B Bblpa*Ke€HMKN CO34aHUA MaCCuBa onpeaenaeT

Pa3smMmepHOCTb nojslydaemMoro maccmsa.
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dyHKuMA array() npeobpasyeT nociefoBaTe/IbHOCTU NOC/Ie0BaTE/bHOCTEN B ABYMEPHbIE MACCUBbI, a
noc/iefoBaTeIbHOCTU MOC/Ief0BaTe/IbHOCTEN, KOTOpble TOMe COCTOAT M3 Noc/enoBaTe/lbHOCTEN B
TpexmepHble MacCHBbl.

>>> a = np.array([[2, 41, [6, 81, [10, 12]11)

>>> a
array([[ 2, 4],
[ 6, 81,
[10, 1211)
>>>
>>> b = np.array([[[1, 21, [3, 411, [[5, ], [7, 811, [[l%, 101, [11, 12111)
>>> b
array([[[ 1, 21,
[ 3, 411,
([ 5 6],
[ 7, 811,
[t 9, 101,
(11, 12111)
>>>
>>> a.ndim # KosmuecTBO OCeEll MaccuBa
2
>>> b.ndim
3

6e3 npurnawenus ('>>>') n BbiBOAA

a = np.array([[2, 41, [6, 8], [10, 1211)

b = np.array((I[([1, 21, [3, 411, [[5, eI, [7, 811, [I9, 101, [11, 12]11)
a.ndim # KoJsiMuecTBO ocCell MaccCHUBa

b.ndim

CDyHKLI,VIH array() TaKXe No3BoIAET onpeaenTb TUMN AaHHbIX viaCCHUBa.

>>> a = np.array([[2, 41, [6, 81, [10, 12]], dtype = complex )
>>> a
array([[ 2.40.7, 4.+0.731,

[ 6.+0.73, 8.+0.31,

[ 10.40.3, 12.+0.311)

>>>

>>> a = np.array([[2, 41, [6, 81, [10, 12]], dtype = float )
>>> a

array([[ 2., 4.1,

O4yeHb YacTo BO3HMKaeT 3afaya CO34aHUA MaccuBa ornpefesieHHOro pasmepa, npuyem abcoloTHO
HEeBaXHO YeMm 3amMoJ/IHEH Maccue. B aTom c/lydae MOXKHO BOCMO/Ib30BaTbCA LMKAAMU AW TeHepaTopamm
cnunckoB (KopTeskeit), Ho NumPy pgna Takux ciyyaes npegsaraet 6osee 6bicTpble U MeHee 3aTpaTHble
GYHKUMM-3aMO/THUTENN:

| beHKLI,VIH Z€ros 3ano/IHAET MaCCUB Hy1AMMN,

| beHKLI,VIH ones 3anojiHAeT MacCcnB edMHULLaMN,

| beHKLI,VIH empty 3anosHAET mMaccus CﬂyqaﬁHblMM YNC/TaMHN, KOTOpbl€e 3aBUCAT OT COCTOAHWUA
NaMATH.
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Mo ymoiMaHuIo, TUM co3aaBaemoro maccusa - float64.

>>> np.zeros ((3,3))

array([[ O., 0., 0.1,
[ 0., 0., 0.1,
[ 0., 0., 0.101)
>>>
>>> np.ones ((3,3))
array([[ 1., 1., 1.1,
[ 1., 1., 1.1,
[ 1., 1., 1.11)
>>>
>>> np.ones ((3,3), dtype = complex) # MOXHO M3MEHMTb TMII MaccuUBa
array([[ 1.+40.3, 1.+0.3, 1.+0.31,
[ 1.+0.3, 1.+0.3, 1.+0.31,
[ 1.40.3, 1.+0.3, 1.+0.311)
>>>
>>> np.empty ([3, 31)
array([[ —-2.5635779%e-042, 1.00079160e-313, -5.415411106e-070],
[ 1.51668796e-314, 0.00000000e+000, 1.48219694e-320]

[ 2.61270984e-262, 0.

ﬂ'}'lﬂ CO34aHNA I'IOCI'Ie,EI,OBaTeI'IbHOCTeVI
BO3BpallaeT O AHOMEPHbIE MaCCUBbI:

00000000e+000, 8.36469502e-316]1])

uncen NumPy npepoctaBnaeT ¢yHKUMIO arange, KoTopas

>>> np.arange (10) # Or 0 pmo yKasaHHOTO UMCia
array ([0, 1, 2, 3, 4, 5, 6, 7, 8, 91)

>>>

>>> np.arange (10, 20) # JuanasoH

array([10, 11, 12, 13, 14, 15,
>>>
>>> np.arange (20, 100, 10)

le, 17, 18, 1971)

# IranasoH ¢ BaZaHHEM MaIToM

array([20, 30, 40, 50, 60, 70, 80, 90])
>>>
>>> np.arange(0, 1, 0.1) # AprymeHTH MOTyT uMMeTb THI float

array ([ 0. , 0.1, 0.2, 0.3,

0.4, 0.5, 0.6, 0.7, 0.8, 0.9])

Ecnm pyHKUMA arange ucnonbsyeTca ¢ aprymeHTamm Tuna float, To npeackasate KOAMYECTBO 3/1EMEHTOB
B BO3BPAaLLAEMOM MaccMBe He MpocTo. [opa3ao Yalle BO3HWMKAET HeobXOOMMOCTb YKasaHWA He Lara
M3MEHEHWA YNCeN B AMaNA30HE, a KOJMYECTBa YMCE/T B 3aJaHHOM AManasoHe.

dyHKUMA linspace, Tak e Kak U arange NMpUHUMAET TPU aprymMeHTa, HO TPETUIM apryMeHT, KaK pas U
YKa3blBaeT KOJ/IMYECTBO YMce/ B ANaNasoHe.

>>> np.linspace(0, 1, 5)

array([ 0. , 0.25, 0.5, 0.75, 1. 1)

>>>

>>> np.linspace(0, 1, 7)

array([ O. , 0.16666667, 0.33333333, 0.5 , 0.66600667,
0.83333333, 1. 1)

>>>

>>> np.linspace (10, 100, 5)

array([ 10. , 32.5, 55. , 77.5, 100. 1)

dyHKuma linspace yaobHa ellle U Tem, UTO MOMKeT 6bITb MCMO/b30BaHa ANA BbIYMCAEHUA 3HAUYEHUI
dYHKUMIA Ha 3alaHHOM MHOXECTBE TOUEK:

>>> x = np.linspace( 0, 2*np.pi, 10 )
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>>> X
array([ O. , 0.6981317 , 1.3962634 , 2.0943951 , 2.7925268 ,

3.4906585 , 4.1887902 , 4.88692191, 5.58505361, 6.28318531])
>>>

>>> yl = np.sin(X)
>>> yl
array([ 0.00000000e+00, 6.42787610e-01, 9.84807753e-01,
8.66025404e-01, 3.42020143e-01, -3.42020143e-01,
-8.66025404e-01, -9.84807753e-01, -6.42787610e-01,
-2.44929360e-16])
>>>

>>> y2 = np.cos(X)

>>> y2

array([ 1. , 0.76604444, 0.17364818, -0.5 , —0.93969262,
-0.93969262, -0.5 , 0.17364818, 0.76604444, 1. D

m MaccuB Kak Knacc. ['lepeyeHb MeTo40B
MepBbIM apryMEHTOM KaXKAOr0 M3 MEPEYUCISIEMbIX B 3TOM pasjefie MeToAoB siensetcs napametp self -
CCbIfIKA Ha COOTBETCTBYIOLMIA O6BEKT-MPEACTABUTENb Knacca array. Jpyrve aprymMeHTbl MeTofoB GyayT
pacCcMOTPEHbI MO3Xe.

m append(self, ...) fo6aBnTL MO60E 3HAYEHME AAHHOrO Tuna B mMaccuB. OTAE/bHbIE 3/IEMEHTbI B
MaccMBe MOrYT 6bITb AOCTYMHbI Yepe3 MHAeKcbl. VHaekcauus anemeHTOB Maccusa Python
HaunHaeTcs C Hyns.

m insert(self, ...) BCTaBUTb 3Ha4YeHWe NO NOOOMY NHAEKCY MaccuBa.

extend(self, ...) pacwumpeHue maccma python (???). MaccuB Python MoXeT GbiTb paclUMpeH ¢

60nee yem O4HOro 3Ha4YeHMs C NOMOLLLIO MeToga extend().

fromlist(self, ..) [06aBUTb 3N1EMEHTbI 13 CANCKA B MaccuB, UCNOMb3ys MEeTo/

remove(self, ..) yaanuTb no6OA 31eMeHT MaccmBa, NCMOMb3ys METOS

pop(self, ...) yaanuTb nocnegHuii 3aNemMmeHT maccuea

index(self, ...) monyuntb M0G0 3NEMEHT Yepes ero MHAEKC

reverse(self, ...) monyunts obparHbii Maccns B Python. Metoa nameHseT NoOpsAoK MHAEKCaLMK

3/1IeMEHTOB MacCUBOB.

buffer_info(self, ..) no3sonser nonyunts WHpopmauuio o 6ydepe MaccmBa. 3TOT MeTOf

npegocTaBnseT HadvanbHbli agpec Gyepa mMaccvBa B MamsaT M KOANYECTBO 3/1EMEHTOB B

MaccuBe.

m count(self, ...) NnpoBepka KONMYECTBA BXOXAEHWIA 3IEMEHTa B MacCuBE.

tounicode(self, ...) npeobpa3oBaTb MaccuB B CTPOKY.

m tolist(self, ...) npeobpa3oBaTb MaccuB B cNUCOK Python ¢ Temu e anemeHTamu. FpumMeHseTcs,
€Cc/I BMECTO MaccuBa HY>XXeH CMUCOK OOBLEKTOB.

m _ len(self) _konnyectBo anemMeHTOB Maccusa.

[ ] NHpekcauma B MmaccuBe

Mo paboTe ¢ uMHAEeKCaMu MacCMBOB WCMONb3YyTCA KBagpaTHble ckobku ([ ]). C nomouwbto
NHAEKCMPOBAHUSA MOXKHO CCbIaTbCA Ha OTAE/NbHbIE 3NEMEHTbI, BbIAENAS UX WU LaXKe MEHSS 3HAYeHNs.
Mpy co3gaHMM HOBOFO MaccvMBa LIKana C MHAEKCaMW co3faetcs aBTomatmyecku. [ns nonyyeHus
[ocTyna K Of4HOMY 3/IEMEHTY Ha HEro Hy>XHO COCNMaTbCs Yepes ero NHAEKC.

a = np.arange(10, 16)

>>> a

array([10, 11, 12, 13, 14, 15D
>>> al[4]

14
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NumPy TakKxKe TpUuHMMMaeT oTpulare/ibHbleé 3Ha4deHusd. Takne WHAEKCHI npeacrtaBnAroT coboi
aHa/IoOr’M4yHyr0 nocnefoBaresibHOCTb, e nepBbiM 3N1EMEHT 6y,u,eT npeancraBneH CamMbiM 60/bLLNM
oTpuuatenbHbIM 3Ha4YeHNEM.

>>> a[-1]
15
>>> a[-6]
10

Ana Bbl60pa HECKO/IbKNX 3IEMEHTOB B KBaAPaTHbIX CKOBKax MOXXHO nepenarb MaccmB NMHAEKCOB.

>>> a[[1, 3, 411
array([11, 13, 14D

ﬂ,Byxmeprle MacCuBbI, Matpuubl, npeactaBneHbl B BMAE MPAMOYro/ibHOIro MaccuBa, COCTOALLEro um3s
CTPOK W KOJIOHOK, onpegeneHHblXx AByMA OCAMWU, rae OcCb 0 npegcraBjsieHa CTpPOKaMKn, a OCb 1 —
KO/IOHKamMun. Taknm 06pa30|v| MHOEKCaUMA NMpouncxoant vepes napy 3HaYeHUN; nepesoe — 310 3Ha4YeHune
pA4a, a BTOPOE — KOJIOHKN. N ecnun HY>XHO Nony4yntb AOCTYMN K ornpenesieHHOMY 3/IEMEHTY MaTpulbl,
H606X0,EI,I/IMO BCe eLle nCnosb3oBarb KBagpartHbie CKOOKM, HO YXe C ABYMA 3HaYEHUAMN.

>>> A = np.arange(10, 19).reshape((3, 3))

>>> A
array([[10, 11, 17],
[13, 14, 15],

[16, 17, 181D

ECnmn HY)XXHO yannTh 3/IEMEHT TPETLEN KOMIOHKM BO BTOPOli CTPOKE, He06xoAMMO BBecCTM napy [1, 2]

>>> A[1, 2]
15

® liTepaunsa B MaccuBe
ﬂ,J'IFI nepe6opa MNno afieMeHTaM MacCuBa NPUMEHAETCA KOHCTPYKUUA
for <anemeHT> in <maccmB> :

>>> for 1 In A:
print(i)

10

GRBRE
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17
18

30ecb B c/lydae C ABYXMEPHbIM MacCMBOM MOMKHO MCMO/Ib30BaTb BJIOMKEHHbIE UMK/bl BHyTpu for.
Mepsbili LMKA ByaeT cKaHUPOBaTb CTPOKM MAcCUBa, a BTOPOK — KOJIOHKU. Ecin npumeHnTs umkn for K
MaTpuue, oH Bcerga byaeT nepebupaTb B NepBylo odepenp Mo CTPOKaM.

>>> for row in A:
print (row)

[10 11 12]
[13 14 15]
[16 17 18]

Echm  HeobxoaMmo nepebupatb 3/1eMeHT 3a 3/1eMEHTOM, MOMHO MCNOo/b30BaTh CAeAyioLLyio
KOHCTPYKUMIO, NpumeHus uukn for ana A flat:

>>> for item in A.flat:
print (item)

10
11
12
13
14
15
16
17
18

NumPy npegnaraetr v anbTepHaTMBHbLIA crnocob wutepauuu. lMepebop 31eMEHTOB, KaK MpaBWJIO,
MCNOo/b3yeTca B GYHKUMAX O1A KOHKPETHbIX PAOOB, KOJIOHOK MW OTAE/bHbIX 06beKkToB. MOKHO
3anycTUTb GYHKLMIO arperaumnmn, Kotopana BEPHET 3HaUEHME 41 KaXKA0W KO/IOHKM UM Aae /1A KaXKaoMn
CTPOKM, HO cyllecTByeT Bosiee onTMmasbHblit cnocob, koraa NumPy 3abupaeT npouecc utepaumm Ha
ceba: pyHKuma apply_along_axis().

STa GYHKUMA NPUHUMAET TPU apryMeHTa:

B JyHKUMIO,
B 0OCb, [/19 KOTOPOU HY}KHO NPUMEHUTb Nepebop,
H cam maccus.

Ecnu 3HaueHne aprymeHTa oCb paBHO 0, beHKLI,VIH 6y,c|,eT NMPUMEHEHA K 2/1EMEHTaM MO KOJIOHKam, a eC/in
1—rT0ono CTPOKam. Hanpvwlep, MOXHO NOCYNTATb CcpeaHee 3Ha4YeHMne cnepBa No KOJI0OHKam, a noTom
No CTPOKam.

>>> np.apply along axis(np.mean, axis=0, arr=A)
array ([ 13., 14., 15.1)
>>> np.apply along axis(np.mean, axis=1l, arr=A)
array ([ 11., 14., 17.]1)

PaHee wucnosbsoBannch ¢yHKUMM n3 6ubaMotekn NumPy, HO MOMHO onpefenuTb (HanucaTb) M
NPUMEHUTb COBCTBEHHbIE.
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m Cpesbl B MaccuBe
Cpe3bl MO3BOMAOT W3B/IEKATb 4YaCT MacCuBa, BO3MOXKHO, [AJ/i1  CO3[aHWs HOBbIX MacCKBOB.
Pe3y/nbTpylOLLIME MaCcCUBbI, KOTOPbIE MOMyYaloTcs B pe3y/bTaTe MPYMEHeHUsi CPEe30B /s CrUCKOB
python sBASOTCS KOMMSIMU UCXOHOMO MaccuBa Ha OCHOBE OfIHOTO M TOro e Gydepa.

B 3aBMCMMOCTM OT YaCTU WMCXOAHOTrO MAaccKBa, KOTOPYH HEeo6XOAMMO W3B/eYb C MOMOLLBIO onepauym
WHIEKCALMM, HY)XHO WMCMO/b30BaTb CPe3 - MOC/ef0BaTe/IbHOCTb UMCAOBBLIX 3HAYEHWIA, pasfeneHHyo
aBoeToumem (1) B KBafpaTHbIX CKOGKax onepaumm UHAEKCaL M.

Hanpumep, 4TO6bl NOAYYMTb YacTb MaccuBa OT BTOPOro A0 LUECTOro 3jeMeHTa, Heo6XoAMMO BBECTU
MHAEKC NepBoro anemeHta — 1 v nHAekca nocnegHero — 5 (MHAekcaums Maccusa HauuHaetcsi ¢ 0),
pasfenus nx ggoetoumvem () .

>>> a = np.arange(10, 16)

>>> a

array([10, 11, 12, 13, 14, 15D
>>> a[1:5]

array([11, 12, 13, 14D

ECMM  HYXXHO W3BNeYb 3MEMEHT M3 MpefplAyllero oTpeska W NPOnycTUTb OAWH WU  HECKOSNbKO
3/IEMEHTOB, MOXHO UCMO/b30BaTh GOJIEe CMOXKHBIA BapuvaHT MHAEKCALMU, KOTOPbI/ BK/IKOYAET TPEThE
yncno, NpPeACTaBfslOLIEe WHTEPBa MOC/MefOBaTeNbHOCTM. Hanpumep, CO 3HAYEHUMEM WHTepBaia
NocneaoBaTe/lbHOCTY PABHOTO 2, pesy/bTat 6yaeT Takoi:

>>> a[l1l:5:2]
array([11, 13D

Mpy MCNob30BaHUKN CPE30B BO3MOXHbI Cllyvau, KOrAa siBHble YMC/OBble 3HAYEHMS HEe MCMOJb3YHOTCS.
Ecnn He BBecTn nepsoe uucno, NumPy (nHTepnpetatop python) HesBHO uHTepnpeTupyeT ero kak 0 (1o
€CTb, MEPBbIA 31eMeHT MaccrBa).

Ecnn nponyctute BTOPOM — OH ByfeT 3aMEeHEH Ha MaKCUMasTbHbI MHAEKC.

Ecnn nponycTiTb NnocnegHnini — oH npeactaBnseTcs Kak 1.

Takum obpasom, Bce anemeHTbl ByayT nepeduparbca 6e3 NHTepPBasoB.

>>> a[::2]
array([10, 12, 14D
>>> g[:5:2]
array([10, 12, 14D
>>> a[:5:]

array([10, 11, 12, 13, 14]

Cpesbl Takke paboTalT B C/yyae C ABYXMEPHbIMU MacCMBaMu, HO WX (CPe3bl) HY>XXHO ornpegensitb
OTAENbHO A/ CTPOK U KOJIOHOK. HanpuMep, eCin HY>KHO MOYUnUTb TONBKO MEPBYH CTPOKY:

>>> A = np.arange(10, 19).reshape((3, 3))
>>> A
array([[10, 11, 17],

[13, 14, 15],

[26, 17, 181D
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Ecam no BTOpOMY MHAOEKCY OCTaBUTb TOJ/IbKO ABOETOYMNE 6es 4yuncna, 6y,c|,yT BbI6paHbI BCE€ KOJ/IOHKMN.

>>> A[0, :]
array([10, 11, 121)

Ecam HY*HO BbI6paTb BC€ 3Ha4YeHunA nepBoﬁ KOJIOHKW, TO HYXKHO 3anncaTtb OGpaTHOG.

>>> Al:,0]
array([10, 13, 16])

Ecam us NCXOOQHOIro maccuea HeOGXO,EI,VIIVIO n3Bjaeuyb MaTpuly MeHbLlero pasmepa, To HyXKHO ABHO
YKa3aTb BCE MHTEPBAJIbl C COOTBETCTBYHOLLMMN MHOEKCAMMWN.

>>> A[0:2, 0:2]
array([[10, 11],
[13, 1411)

Ecam MHAOEKCbI B CTPOKaX U/IN KOJZIOHKaX HE nocseaoBaTe/sibHbl, B BblPpa*KeHNMN MHOEKCaULMN UCXOOHOro
MacCuBa yKa3biBaeTCA MacCMB MHOEKCOB.

>>> A[[0,2], 0:2]
array([[10, 11],
[16, 1711)

TakKe B A3bIKe onpeaneneHbl CNUCKN. Cnu1cok - ato CTPYKTYpa OaHHbIX, B KOTOpOVI MoryT 6bITb 3anMcaHbl
3Ha4Y€HMA Pa3HbIX TUNOB.

Cnuckm python MOryT codep»aTb 3Ha4Ye€eHWhA, cooTBeTCTBYHOLUME pPa3HbIM TUNaM OaHHbIX. I'IpM 3TOM
A0CTYN K a1eMEeHTaM CMUCKa TaKxKe obecneunsaeTca ¢ NMOMOLBbIO MHAOEKCAUNN. B Python 3TO OCHOBHO®E
pasanune mexagy macCcmBamMmmn M CNNCKamMmn.

CnepyioWmii NnpumMep AeMOHCTPUPYET HeKoTopble NMPUEMbI paboTbl ¢ MacCUBaAMM:

pa3/indHble cnocobbl MHUUNATN3aUNN MacCcCuBa,

,EI,OGaB}'IeHVIe 3HaYEeHUH A3AHHOIo TUNa B MaCCUB;

BCTaBKa 3Ha4Y€HWMA onpe,u,enéHHoro THNa no gaHHOMY MHOEKCY MaCCuBa,
COXpaHeHne maccunBa B noJse OG'beKTa-I'Ipe,EI,CTaBVITe}'IH AAHHOrO KJ/1accCa,;
onpegeneHne Konyecrtsa a/ieMeHTOB B MaCCHUBeE;

BbIBOM 2/1€MEHTOB MaCCnBa B 3aBUCUMMOCTU OT 3HAYEHNA aprymeHTa.

from array import *

class xClass:

buff = None

array0 = None
arrayl = None
array2 = None
array3 = None

def init (self):
self.array0 = array('i', [0, 1, 2, 3, 4, 5, 6, 7, 8, 91)
self.arrayl = array('t', [0, 1, 2, 3, 4, 5, 6, 7, 8, 91)
self.array2 = [0, 11, 22, 33, 44, 55, 66, 77, 88, 99]

1 1 1
14

self.array3 array('u', ['g w','e', "', 't 'y, !

69



def xprint(self, name):
match name:
case "arrayO":
self_buff = self.arrayO

case Tarrayl-":
self_buff = self.arrayl

case “array2-":
self_buff = self._array2

case “array3":
self_buff = self.array3
self_buff._append(“z*)
self_buff.insert(5, <X%)

array3size = self.buff. len
print(*“size of array3 is ~, array3size)

for 1 in self.buff:
print(i)

def print hi(hame):

print(fF*Hi, {name}") # Press Ctrl+F8 to toggle the breakpoint.
xxx = XClass()
XXX . xprint(name)
if name == " main
print hi(farray0")
print hi(farrayl®)
print hi(Tfarray2®)
print hi(array3")
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m Cnuncku
Cnnckn B Python - ynopsgoyeHHble M3MeHsemble Konnekuum o6bektoB MPOWU3BOJIbHBIX Tnnos. B
OT/IMYME OT MaCCUBOB, B CMIUCOK MOTYT BK/IHOYATLCA AaHHbIe Pa3/InYHbIX TUMOB.

m Co3fjaHuMe CNNUCKOB
UTob6bl MCNONb30BaTh CNNCKN, NX HY>XKHO CO34aThb. CyLLl,eCTByeT HECKOJIbKO cnoco6oB cOo34aHnA CrnmMcKoB.
Hanpumep, MOXHO 06paboTtate utepupyemblii 06bEKT (06BEKT, 4151 KOTOPOro OnpejenieHa onepauus
nTepauynmm — nepe6opa 06bekTa Mo COoCTaBNnAwWMM €ero aniemMeHTam, Harnpumep, CTPOKa COCTOUT U
CUMBOJIOB U A1 Heé onpegenieHbl MOCMMBO/IbHbIE ONepauun) BCTPOEHHONM (yHKumel list:

>>> list("cnucok™)

[.C., 'I'I', .M., c ) O., -K-]

nnn

list("cnucok™)

Crnmcok MOXKHO co3fatb U npn nomMmoLwin nutepasa:

>>>

>>> s [1 # NycTtoihr cnmcok (vaccue)

>>> 1 = ['s", "p", ["isok™], Z] # cumBOnbl, MaccuB CTPOK, Lesoe
>>> S

0

>>> |
["s®, "p°, ["isok™"], 2]

nnm

s = [1 # Nycton cnmcok (MaccvB)

1 = ['s", "p", ["isok™], Z] # cumBOnbl, MaccuB CTPOK, Lesoe
s

1

Crnimcok moxket cogepxKarb no6oe KonnMyectTBo NM06bIX 06HLEKTOB (B TOM 4uncne n B/OXXEHHbIE CI'II/ICKVI),
nan He coagepiKarb HUYEro.

Fwé oavH cnocob co3faHus Crvcka - NPUMMEHeHMe reHepartopa CrMcKoB. MeHepartop CrMCKOB CTPOMT
HOBbIA CMMWCOK HA OCHOBE MTEPMPYEMOrO OGBLEKTA, MPUMEHSIS BbIPAKEHVWE reHepatopa K Kaxaomy
3NEMEHTY UTEPMPYEMOTrO 06BLEKTA.

>>> ¢ = [c * 3 for c in "list"]
>>> ¢
[, "iii", “sss", "ttt"]

nnn

c= [c * 3 for c in "list"]
c
Bonee cnoXxHble KOHCTPYKLMW FeHepaTopoB...

>>>
>>> c = [c * 3 for c in “list® if c = "i7]



>>> C
[-1-, sss ttetT]
>>> c = [c+d for c in list® if c¢c = "i" for d in “span® if d I= "a’]
>>> ¢

[IISI’ IpI, IImI, .SS., .Sp., Is,ni, .tS., Im., I.Unl]

nnm

c=[cX8 for cin "list" 88 m &
c # 1°HI", Fsss”, "tt" ]

C=Jc +d for cin "list™ if c = "i* for d
Cc # [ :: L] .Ip., .Im., .SS.’ .Sp.’

MepBbii MTepUpyeMblli 06beKT — cTpoka 'list'. TeHepaTop BbIGMpPaeT M3 CTPOKM Kaxablli CMBOS W
£[06aBnsieT €ro B CNUCOK, NpeABapuTeNibHO yTpanBasi 3TOT CMMBOJI, EC/IA TOSIbKO 3TO HEe CMMBON 'i'.

Bo BTOpOM cniyyae MCNOb3YyHOTCA [Ba UTEpUpyeMblx 00bekTa — cTpoku 'list' n 'spam'. CoctaeBnsatoLme
nteprpyemMble 06bEKTbI CMBO/IbI MONAPHO 06BEANHAIOTCA C MOMOLLBIO Oonepauumn '+, ecim ToNbKO 3T0
He cumBofbl 'I' nnn 'a’ .

PekomeH,qyeTc;l HE YCNOXHATb KO4 U He 3ﬂ0yI'IOTpe6I'IFITb reHeparopamun, a nNpMMEHATbL MPOCTble
onepaunn reHepaunn, B TOM Ynucne v oneparopbl LUKna for.

| CDyHKLI,I/II/I M METOAbl CINTNCKOB

Cnuckun cosfaHbl, Kak Tenepb X NPUMEHbITb. [na cnuickos B python OOCTYIMNHbl OCHOBHblE BCTPOEHHbLIE
(pyHKLI,VII/I, a TakKXKe MeTobl CrMCKOB. Ta6n|/|L|,a MEeTO/ bl CrMNCKOB:

Metop, Yro genaet

list.append(x) [o6aBnseT aneMeHT B KOHEL, CMCKa.

list.extend(L) PacwmpsieT cnucok list, fo6aBnAs B KOHeL, BCE 3/1IEMEHTbI Cnucka L.

list.insert(i, X) BcTaBnsieT Ha 3HaYeHue X Mo MHAEKCY i-ro anemMeHTa.

list.remove(x) YpansieT nMepBbiii  31EMEHT B CMWCKe, WMEKWUA  3Ha4vYeHne X
Bosbyxpaetcs ucknioveHne  ValueError, ecnm  Takoro  anemeHTa
HecyLLecTByeT.

list.pop([il) Ypanser i-blil 3nemMeHT M BO3BpaljaeT ero. ECM MHAEKC He yKasaH,

yAansetcs NocnefHuii aNeMeHT.

Bosspau.l,aeT NnooXXeHne nepBoro anemMeHTa Co 3Ha4YeHnem X (I'IpVI 3TOM

list.i tart
istindex(x, [start [, end]]) rouck BegeTcsa ot start 4o end).

list.count(x
) Bo3BpallaeT KOMYECTBO 3/IEMEHTOB CO 3HAYEHUNEM X.

list.sort([key=
istsort([key=gyHtkuns]) CopTupyeT CrnMcoK Ha OCHOBE (hYHKLNN.

list.reverse
0 Pa3Bopa4mBaeT CANCOK.
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list.copy() lMoBepxHOCTHaA Konus Crivcka.

list.clear() OuuLaeT cnUcok.

MeToabl CMUCKOB, B OTN4YME OT CTPOKOBbIX METOAO0B, M3MEHAKT CaM CIUCOK, a NOTOMY pe3ynbTar
BbINOJ/IHEHNA HE HY>XHO 3alWCbiBaTb B 3TOT CMNCOK KaK B NMNepeMeHHYH.

>>>
>> 1 = [1, 2, 3, 5 7]
>>> 1.sort()

>>> |

L, 2, 3, 5 7

>>> | = l.sort()

>>> print(l)

None

npumepbl paboTbl CO CUCKaMU:

>>>
>>> a = [66.25, 333, 333, 1, 1234.5]

>>> print(a.count(333), a.count(66.25), a.count("x"))
210

>>> a.insert(2, -1)

>>> a.append(333)

>>> a

[66.25, 333, -1, 333, 1, 1234.5, 333]

>>> a. index(333)

1

>>> a.remove(333)

>>> a

[66.25, -1, 333, 1, 1234.5, 333]

>>> a.reverse()

>>> a

[333, 1234.5, 1, 333, -1, 66.25]

>>> a.sort()

>>> a

[-1, 1, 66.25, 333, 333, 1234.5]
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B YHuBepcasbHble PyHKUMM NumPy (ufunc)
NumPy, npenocrtaBnAaA€T rotoBble MHCTPYMEHTbI N MateMaTtn4eckmne (pyHKLI,VIVI ona pa6OTbI C MaccuBamn.
K HMM OTHOCATCA M YHMBEpCabHble MYHKLUN (Creunann3npoBaHHble YHUBEPCasibHbIe (PYHKLUY).

| CI'IELI,I/IaJ'IVISI/IpOBaHHbIe YHMBEPCa/IbHbIE (byHKLI,I/II/I
YHuBepcanbHaa (PYyHKUMA - 3TO 060/M04YKa Haf O6bIUHOW (PyHKUMeN, 6narofapsi KOTOPOW BO3MOXKHO
BMO/MHATL OMNpeAeNneHHble AeCTBMA Haj LenbiMu MaccuBaMu. [aHHble GYHKUUM BbIMOMHSAKOT AeACTBUSA
Haj MaccvBamy TMO3MEMEHTHO, MOAAEPXMBAOT MEXaHW3M TPaHCIMPOBaHWS, aBTOMAaTMYECKU
npeo6pasytoT TUMbI AaHHbIX M 06ECNeYMBatOT JOCTYN K 60/1ee TOHKMM HacTpolikaM CBOei paboThbl.

YHuBepcanbHaa ®QyHKUMs (COKpaweHHo ufunc) — 31O (yHKUMS, KoTopasi paboTtaer ¢ ndarrays
NO3NEMEHTHO, MOAAEPXMBas LUMPOKOBELLATENIbHYKD PAacCblIKy MacCMBOB, MNPUBEAEHWE TUMOB U
HekoTOpble Apyrve craHgapTHble (yHKuuun. To ectb ufunc — 310 "BekTOpM3oBaHHas" obonouka Ans
(PyHKUMK, KOTOpass MpPUHUMAET (UKCUPOBAHHOE KOJNIMYECTBO KOHKPETHBLIX BXOAHbIX [JaHHbIX W
NPOn3BOAUT (PUKCMPOBAHHOE KOMMYECTBO KOHKPETHBIX BbIXOAHbIX AaHHbIX.

BOMLLUIMHCTBO YHMBEPCa/bHbIX yHKLUUA Numpy peasm3oBaHbl B CKOMMWAIMPOBAaHHOM C-KOZe U MOryT
o6pabaTbiBaTh Camble pasHble 06BLEKTHI. B TakoM c/iyuyae nepe6Gop MO KOMOHKaM M Mo psgamM BblgaeT
OfVH U TOT Xe pes3ynbTaT Tak Kak ufunc npu paGoTe ¢ MaccuBamy 1 ApYruMU OGbEKTaMK BbIMOSHSET
nepeGop 3/IEMEHT 3a 3/IEMEHTOM.

Mpvimepbl PaBoThbl YHUBEPCASIbHBIX (hYHKLWIA:

>>> def foo(X):
return x/2

>>> np.apply along axis(foo, axis=1l, arr=A)
array([[5-, 5.5, 6.1,

[6.5, 7., 7.51,

[B-, 8.5, 9.1D
>>> np.apply along axis(foo, axis=0, arr=A)
array([[5-, 5.5, 6.1,

[6.5, 7., 7.51,

[B-. 8.5, 9.1D

B atom cnyvae pyHKUMsi ufunc fenuT 3HaUYeHVEe KaXZOoro 3/IEMEHTa HaflBOE BHE 3aBUCUMOCTU OT TOrO,
6bIN I MPUMEHEH NEPEGOP K CTPOKE WM KOJIOHKE.

# This is a sample Python ufunc script.
import numpy as np

def get middle(arr key):
return arr key/2

def arr build(min max, X y):
a = np.arange(min max[0], min max[1])-.reshape((x y[0]. x y[1D)
print(a)
return a
def ufunc tst O(arr key):
val = np.apply along axis(np.mean, axis=0, arr=arr key)

print(val)
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val = np.apply along axis(np.-mean, axis=1l, arr=arr key)
print(val)

def ufunc tst 1(arr key, get middle):

val = np.apply along axis(get middle, axis=0, arr=arr key)
print(val)

val = np.apply along axis(get middle, axis=1, arr=arr key)
print(val)

if name == " main :
A = arr_build([10, 19], I3, 3D
ufunc tst 0(A)
# npuveHeHve ¢yHKkunMn get middle B kKauyecTBe aprymeHTa
# K pyHkumn np.apply along axis: 3HaueHne aprymeHTa axis
# Ha pe3ynbTaT He BAVSET.
ufunc tst 1(A, get middle)

YHuBepcanbHas (yHKUUSA np.sin MOXeT obpabaTbiBaTb caMble pa3Hble 0OBEKTI:

>>> import numpy as np
>>>

>>> np.sin(60)
-0.3048106211022167
>>> np.sin([0, 30, 60])

array([ O. , —0.98803162, -0.30481062])
>>> np.sin((0, 30, 60))

array([ O. , —0.98803162, -0.30481062])
>>> np.sin(np.array([0, 30, 60D))

array([ O. , —0.98803162, -0.30481062])
>>> np.sin(np.matrix([0, 30, 60]))

matrix([[ O. , —0.98803162, -0.30481062]11)

m [lepeyeHb YHMBEPCANbHbIX DYHKL WA

BOJILLUMHCTBO MaTtemMatuyecKux (pyHKLI,I/IVI NumPy ABNAKOTCA YyHMBEpPCa/lbHbIMW, T.€. MOAAEPXUNBAKOT
MHOX>XECTBO TMMapaMeTpoB, KOTOpPblie MO3BONMAKOT OMNTUMU3INPOBaATb WX pa60Ty B 3aBMCUMOCTU OT

CI'IeLI,I/ICbI/I KN peann3yemMoro ajsiropmntma.

m  TpuroHomeTpuyeckne PyHKLUN
sin(x)

TPUrOHOMETPUYECKINIA CUHYC.

cos(X)
TPUroHOMETPUYECKINI KOCKHYC.

tan(x)
TpPUroHOMETPUYECKIN TaHTeHC.

arcsin(X)
O6paTHbI TPUTOHOMETPUYECKINI CUHYC.

arccos(x)
O6paTHbI TPUTOHOMETPUYECKMI KOCUHYC.
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arctan(x)
O6parTHbIl TPUTOHOMETPUYECKMI TAHTEHC.

hypot(x1l, x2)
Bbluncnset AIMHHY rMnoTeHy3bl Mo YKa3aHHbIM A4/IMHaM KaTeToB.

arctan2(x1, x2)

O6paTHbIii TPUrOHOMETPUYECKNIA TaHreHC yrna rae x1 - NpoTUBONEXalmin KaTeT, X2 - npuaexaiiuii
KateT. B oTnnume ot arctan (X) yHkuma arctan2 (y, X) cnpasefnuea AN BCEX YIN0B U NMO3TOMY MOXET
6bITb MCMONb30BaHa 418 NpeobpasoBaHMA BekTopa B yron 6e3 pucka fLefeHWs Ha HOMb, a Takke
BO3BpAaLLaeT pe3ynbTar B PaBU/bHOM KBafpaHTe.

degrees(x)

MpeobpasyeT pagvaHHy0 Mepy yria B rpagycHyto.

radians(x)

MpeobpasyeT rpafycHyt0 Mepy yrna B pafaHHyto.

unwrap(p[, discont, axis])
KoppekTupoBKa (ha3oBbIX Yr/10B NpU NEPEXOe YepPes 3HaAUEHNEe pi.

deg2rad(x)
Mpeo6pasyeT rpafycHyt0 Mepy yrna B pajuaHHylto.

rad2deg(x)
MpeobpasyeT pagvMaHHy0 Mepy yria B rpagycHyto.

m [nnep6onmnyeckmne PyHKLUN
sinh(x)

MnNep6onNYecKnin CMHYC.
cosh(X)
MnNep6onNYecKnin KOCUHYC.
tanh(X)

MnNep6oNNYECKNin TaHTeHC.

arcsinh(x)
O6paTHbI TMNepboINYECKNin CHYC.

arccosh(x)
O6paTHbI TMNep6bonNYeCcKNin KOCUHYC.

arctanh(x)
O6partHbIi rMNepboINYecKnin TaHreHc.

m  OkpyrneHve
around(a[, decimals, out])

PaBHOMEpPHOE (6aHKOBCKOE) OKPYr/NeHWe A0 yKasaHHOW Mo3vumn K 6avpkailiemy YETHOMY YumChy.

round (@[, decimals, out])
3ksuBaneHTHa around().

rint(x)

OkpyrnseT go 6nvxaliliero Lenoro.

fix(X[, out])
OkpyrnseT o 6avkaiiero K Hy/k LEenoro vmcna.

Tloor(x)
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OkpyrneHvie K MeHbLUemy ("ron").

ceil(X)
OkpyrneHue K 6onbwemy ("noTonok").

trunc(X)
OTt6pacbiBaeT APO6HYHO YacTb umcna.

m CyMMbl, pa3HOCTW, NPOM3BEAEHUA
prod(a[, axis, dtype, out, keepdims])

MpousseaeHNe 31EMEHTOB MaccyBa Mo 3afaHHO ocu.

sum(a[, axis, dtype, out, keepdims])
CymMma 3neMeHTOB MaccuBa Mo 3afjlaHHOl OCu.

nanprod(a], axis, dtype, out, keepdims])
Mpoun3BeseHve 3neMEHTOB MaccrBa Mo 3aJaHHOM oc B KOTOPOM 3nemeHTbl NaN yuntbiBatoTca Kak 1

nansum(a[, axis, dtype, out, keepdims])
CymMa 3/1eMeHTOB MaccuBa Mo 3afaHHOM ocv B KOTOPOM 3neMeHTbl NaN yuunTbiBatoTcst kak O.

cumprod(a[, axis, dtype, out])
Bo3BpallaeT HakonneHne NPoON3BEAEHUs 31IEMEHTOB NO 33J4aHHOM OCK, T.e. MacCUB B KOTOPOM KaXAbli

ANIEMEHT ABNAETCA npoun3ssedeHMeM npegecTByroumnx emMmy aJieMeHTOB Mo 3a,anHOI7I OCn B MCXOOQHOM
MaccuBe.

cumsum(a[, axis, dtype, out])
Bos3BpalllaeT HakonjeHWe CyMMbl 3/IEMEHTOB MO 3afJaHHOM oOcCu, T.e. MacCMB B KOTOPOM KaX[blii
3NEMEHT ABNAETCS CYMMOI NpeALecTBYOLWMX eMY 3/IEMEHTOB MO 3aaHHOI OCK B MCXOLHOM MaccuBe.

nancumprod(a], axis, dtype, out])

BosBpallaeT HakonneHne NPoON3BeAEeHUs 3IEMEHTOB NO 33JaHHOM OcY, T.e. MacCUB B KOTOPOM KaXabli
3NeMeHT ABNSETCA NPOU3BEAEHMEM MNPeALEeCcTBYIOWNX eMy 3/1IEMEHTOB MO 3afaHHOW OCW B UCXOAHOM
maccmse. 3nemeHTbl NaN B MCXO4HOM MaccrBe Npyv NPOU3BEAEHUN YUMTbIBAOTCS Kak 1.

nancumsum(a[, axis, dtype, out])

Bo3BpallaeTr HakonneHwe CymMMbl 3/1IEMEHTOB MO 3afJaHHOW OCW, T.e. MacCMB B KOTOPOM KaX[Ablii
3/1IEMEHT SABAAETCA CyMMOW MPEALECTBYIOLNX EMY 3/IEMEHTOB MO 3aJaHHOW OCU B MCXOAHOM MaccuBe.
3nemeHTbl NaN B MCXOAHOM Maccuee Mpy CyMMUPOBaHUU yuuTbiBarOTCA Kak 0.

diff(a[, n, axis])

Bo3BpalyaeT n-to0 pasHOCTb BAO/b YKa3aHHOM OCW.

ediffld(ary[, to end, to begin])
PasHOCTb MeXay nocnefoBate/lbHbIMY 3/1eMEHTaMW MaccuBa.

gradient(f, *varargs, **kwargs)
[NCKpeTHbIA rpagneHT (KOHeYHble Pa3HOCTM BAO/b Ocei) maccuBa f.

cross(a, b[, axisa, axisb, axisc, axis])
BekTopHOe npouvsBefeHne ABYX BEKTOPOB.

trapz(y[, X, dx, axis])
VIHTerpMpoBaHue maccuBa BAOJb yKa3aHHOW OCY METOAOM TpaneLuil.

m  OKCMOHEHLUMpOBaHue nnorapupmmpoBaHme
exp(x, /[, out, where, casting, order, _.D

JKCMOHEHTa BCEX 3/1eEMEHTOB MaccuBa.
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expmli(x, /[, out, where, casting, order, _D
Bbluncnsiet exp(x)-1 Bcex anemMeHTOB MaccuBa.

exp2(x, /[, out, where, casting, order, ..D
Bbluncnsaert 2**x 4na Bcex X BXOAHOIo mMaccuBa.

log(x, /[, out, where, casting, order, _D
HaTypanbHblii norapugm 3neMeHTOB Maccusa.

logl0(x, /[, out, where, casting, order, ..D
[JecatnyHblil norapucm aneMeHTOB Maccusa.

log2(x, /[, out, where, casting, order, ..
Norapndm 3nemeHTOB MaccrBa Mo OCHOBaHMIO 2.

loglp(x, /[, out, where, casting, order, ..D
Bblumcnsaert log(x+1) gns Bcex X BXOLHONo mMaccusa.

logaddexp(x1, x2, /[, out, where, casting, -.J
HaTypanbHblii norapugm CyMMbl 3KCMTOHEHT 3/1EMEHTOB BXOHbIX MacC1BOB.

logaddexp2(x1, x2, /[, out, where, casting, ..
[BOnyYHbIA norapugm ot 2**x1 +2**X2 ana BCEX 31IEMEHTOB BXOAHbLIX MacC1BOB.

m [lpyruve creymanbHble QYHKLUN
100

MoauduumpoBaHHas GyHKUUS beccensi nepBoro poga HyneBoro nopsiaka.

sinc(X)
BbluncnsieT HOPMUPOBAHHBIT KapAWUHaNbHbIV CUHYC 3/1EMEHTOB MaccuBa.

m  Onepauuu c NaBaloLWen TOUYKO
signbit(x, / [, out, where, casting, order, _..D

Bosspau.q,aeT True gna Bcex 3/leMEHTOB MaccuBa Y KOTOPbIX 3HaKOBbIA 6UT YCTaHOB/NEH B OTpuuares/ibHOe
3Ha4yeHune.

copysign(x1, x2, / [, out, where, casting, -.)
VI3MeHsieT 3HaK 31eMeHTOB 13 MaccuBa X1 Ha 3HaK 3N1eMeHTOB M3 MaccuBa X2.

frexp(xX[, outl, out?2], / [, out, where, _.D
Pasno)keHne 31eMeHTOB MaccuBa B NoKasaTe/lb MaHTUCCbl U IBOVKMN.

ldexp(x1, x2, / [, out, where, casting, ..
Bblumcnsaer x1*2**x2.

nextafter(x1, x2, / [, out, where, casting, -
Bo3BpallaeT 3HadeHWe C nnaBalolleli TOYKOW cnegyrollee 3a anemeHToM w3 x1 B HanpasneHuu
3/IeMeHTa ”3 X2.

spacing(x, / [, out, where, casting, order, ..D
Mo3nemMeHTHO BbIYMCAAET pacCToOsHME MeXAy 3HadeHMeM K3 maccvMBa X UM 6nvkaliluvMm cocegHUM
YUCNOM.

m ApudmMmeTunYecKne onepaymn
lem(x1, x2, / [, out, where, casting, order, _JD

[Mo371eMeHTHO BblUUCNSET HaMMeHbLLee 06u.|,ee KpaTHOe MacCnBOB x1 nx2.

gcd(x1, x2, / [, out, where, casting, order, _.D
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Mo31eMEeHTHO BbIUMCAET HaMBOMbLLIWIA OGLMIA AennTeNb MaccMBOB X1 U X2.

add(x1, x2, [/ [, out, where, casting, order, ..
MoanemeHTHas cymmMa 3Ha4eHuii MacC1BOB.

reciprocal(x, / [, out, where, casting, -
Bbluncnset obparHoe 3HayeHue (1/X) KaXK4oro anemeHTa mMaccumsa.

positive(x, / [, out, where, casting, order, _..Jp

OKBMBAIEHTHO MPOCTOMY KOMWPOBaHUIO (NUMPY.COPY) 31EMEHTOB MacCuBa, HO TONIbKO [/ MacCUBOB
noafep>kmMBaloLmnx marematnyeckue onepauun. @opmasbHO COOTBETCTBYET MateMaTtuyeckoi 3anuncu b
=+a.

negative(x, / [, out, where, casting, order, ..

OTpuuaTesnibHoe 3HaYeHne 3/IeMeHTOB MaccuBsa.

multiply(x1, x2, / [, out, where, casting, ..J
MoanemeHTHOE YMHOXEHMWEe 3Ha4YeHuii maccrBa X1 Ha 3Ha4eHus MaccuBa x2.

divide(x1, x2, /[, out, where, casting, -
MoanemeHTHOE AefneHue 3HaveHuii MaccuBa X1 Ha 3HauyeHUs maccmsa X2.

power(x1l, x2, / [, out, where, casting, ..
MoanemeHTHOE BO3BeAEHME 3HAYEHUI MaccyBa X1 B CTEMEHb PaBHYH 3HAYEHUSIM U3 MaccuBa X2.

subtract(x1, x2, / [, out, where, casting, -.J
MoanemeHTHas pa3HOCTb 3Ha4eHMi MaccmBa x1 1 x2.

true divide(x1, x2, / [, out, where, ..
MoaneMeHTHOEe NCTUHHOE AeNeHne 3Ha4YeHnin maccmBa X1 Ha 3HaueHMs MaccmBa X2.

floor divide(x1, x2, / [, out, where, _JD
MoanemMeHTHOE LIeNI0UUCNIEHHOE fiefleHNe 3HavyeHui maccrBa X1 Ha 3Ha4YeHus mMaccuBa X2.

float power(x1, x2, / [, out, where, _D
MoanemeHTHOe BO3BefeHMEe 3HaudeHuii mMaccmBa X1 B CTeneHb PaBHYHD 3HAYeHWAM U3 MaccuBa X2,

afanTMpoBaHHOE A1 YMCEeN C NaaBatoLell TOHKOIA.

fmod(x1, x2, / [, out, where, casting, ..
Mo3neMeHTHbIA OCTaTOK OT AeneHusl 3HaveHni i MaccuBa X1 Ha 3HaueHNs mMaccuBa X2.

mod(x1, x2, / [, out, where, casting, order, _JD
Mo3nemMeHTHO BbIYMCASET OCTATOK OT AeNeHNs 3HaYeHU maccrBa X1 Ha 3Ha4YeHus Maccuea x2.

modf(xX[, outl, out2], / [, out, where, _.D
[pobHasn v uenas 4acTb 3/1EMEHTOB MaccuBa.

remainder(x1, x2, / [, out, where, casting, ..
SnemeHTapHbIA OCTaTOK OT AeNeHnUs 3Ha4YeHnin Maccmsa X1 Ha 3HaYeHusi Maccmea X2.

divmod(x1, x2[, outl, out2], / [[, out, ..D
PesynbTaT UCTUHHOIO AeNeHNa N OCTaTOK OT AeneHns 3HaveHulii MaccuBa X1 Ha 3HauyeHns maccmsa X2.

m  Onepauumun ¢ KOMMNAEKCHbIMW Yucnamu
angle(z[, deg])
Bbluncnsiet yron Kaxgoro KOMaeKkCHOro Yncna B Maccuse.

real (val)
[JelicTBUTeNbHas 4acTb KOMMIEKCHOTO Ynca.

imag(val)
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MHuMMas yacTb KOMMIEKCHOTO Yuncna.

conj(x, / [, out, where, casting, order, _.J
KOMMNNEKCHO-CONPS>KEHHDBIN 3/1IeMEHT.

m [Ipoyne maTemMaTunyeckme PyHKLUN
convolve(a, V[, mode])

[lMcKpeTHas NUHeiHas CBEPTKa.

clip(a, a min, a max[, out])
OrpaHun4yeHve 3Ha4eHN MacCMBOB YKa3aHHbIM MHTEPBAIOM LOMYCTUMbIX 3HAUEHWIA.

sgrt(x, /[, out, where, casting, order, ..
KBagpaTHbIi KOPeHb 31EMEHTOB MaccuBa.

cbrt(x, /[, out, where, casting, order, ..D
Kybuuecknii KOpeHb 3/1IeMeHTOB MaccuBa.

square(x, / [, out, where, casting, order, ..
KBagpar aneMeHTOB Maccusa.

absolute(x, / [, out, where, casting, order, ..
ABCOMOTHOE 3HaYeHne(Moay/b) 3N1EMEHTOB MaccuBa.

fabs(x, /[, out, where, casting, order, ..D
Bo3BpaluaeT abcontoTHOE 3Ha4YeHne (MOAy/b) 3/IEMEHTOB MaccuBa B BUAE YMCEN C NaBaroLeli TOUKOIA.

sign(x, /[, out, where, casting, order, ..
AneMeHTapHbIA yKasaTeb Ha 3HaK Ymncna.

heaviside(x1, x2, / [, out, where, casting, ..
CtyneHuyatasn yHKUMA XeBucaiiga.

maximum(xl, x2, / [, out, where, casting, ..
Hanb6onblive 3HavyeHns nocne no3nemMeHTHOro CpaBHEHUS! 3HAYEHNIA MacCMBOB.

minimum(x1, x2, /[, out, where, casting, ..
HavMeHbLUne 3HauYeHNs nocne No3EMEHTHOrO CPaBHEHNS 3Ha4YeHWi MacC1BOB.

fmax(x1, x2, / [, out, where, casting, ..
Hanbonblive 3HayeHWs mMocne MOo3/IeMEHTHOTO CPaBHEHUS 3HayeHWli MacCMBOB B BUAE 4uMCen C
naaBaloLLE TOUKOWA.

fmin(x1, x2, / [, out, where, casting, ..
HavMeHblUMe 3HayeHUs nocne MO3/IeMEHTHOrO CPaBHEHMS 3HaYeHWli MacCuMBOB B BMAE 4MCEN C
nnaBatoLLE TOUKOW.

nan to num(x[, copy])

3ameHseT nan Ha 0, 6eCKOHeYyHOCTb U MVIHyC-6eCKOHe‘-IHOCTb 3aMEeHSAI0TCA Ha Hambosnbllee Wt
HanMeHbLlee OCTYyNnHOe Ynco C HﬂaBaIOU.LEE/’I TOYKOW COOTBETCTBEHHO.

real if close(a[, tol])
MepeBOANT KOMMJEKCHbIE YMC/a B BELLECTBEHHbLIE €C/IM MHMMAas 4acTb KOMIJIEKCHOIO 4YMcna MeHbLUe
MaLLUMHHOW 3MCU/OH.

interp(x, xp, Tp[, left, right, period])
OfHOMepHas MHeliHaa UHTepnonaums.
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B ApPrymeHTbl YHUBEPCa/IbHbIX (byHKLLMVI
Bce yHuBepcasbHble (YHKUMU MOIYT TMPUHUMATL LENbiii  psf  Heo6a3aTe/lbHbIX  apryMeEHTOB.
BO/LIUMHCTBO AaHHbLIX apryMEHTOB HEOGXOAWMbI A1l TOHKOW HACTPOWMKM paboThbl (PYHKUMIA 1 dalle
BCEro COBCEM He MCMO/b3YTCA, XOTs, B ONPeAe/eHHbIX CUTyaLMsaX HEKOTOpble M3 apryMeHTOB MOryT
0KasaTbCsl OYEHb MOME3HBIMU.

m out
OnpegensieT Mecto B KOTOpoe 6yfeT coxpaHeH pesynbtar paboTbl (hyHKUMW. ECnm napameTp He ykKasaH
uwn ykasaHo None (Mo ymon4aHuio), To 6yaeT BO3BpaLLeH aBTOMATMUYECKM CO3[aHHbIM maccus. Ecin B
Ka4yecTBe napameTpa ykazaH MaccuB NumPy, TO OH JO/HKEH MMETb (POPMYy COBMECTUMYIO C (HOPMOIA
BXOJHOro MaccmBa. Ecnn yHuBepcanbHas (yHKUMA CO34aeT HECKO/IbKO BbIXOAHbIX MaccuBOB, TO A/1A
KaXKAOro M3 HUX MOXXHO yKa3aTb MEeCTO COXpPaHeHUs C MOMOLLbI0 KopTexa n3 maccmsoB NumPy wnm
None.

[aHHbIn NapameTp o4YeHb Mose3eH Npu 60nbWNX O6BEMAX BbIYMCIEHWU, TaK Kak MO3BONSET n3bexarb
CO34aHMs BPEMEHHOr0 MacCuBa, 3anucbiBas pesy/bTal, HEenocpefCcTBEHHO B TO MeCTO MamsaTM B
KOTOpOe Heo6XoAUMO.

>>> import numpy as np

>>>

>>> x = np.arange(0, 100, 15)

>>> X

array(f] 0, 15, 30, 45, 60, 75, 90D

>>>

>>> y = np.ones(7)

>>> Yy

array(f1., 1., 1., 1., 1., 1., 1.D

>>>

>>> np.sin(x, out =Yy)

array([ O. , 0.65028784, -0.98803162, 0.85090352, -0.30481062,
-0.38778164, 0.89399666])

>>>

>>> y

array([ O. , 0.65028784, -0.98803162, 0.85090352, -0.30481062,
-0.38778164, 0.89399666])

>>>

>>>

>>> # B paHHOM napaMeTpe MOXHO YyKa3blBaTb TrlpeagcrtaB/ieHNA MaCCUBOB:

>>> y = np.zeros(7)

>>> Yy

array([0., O., 0., © 0 0 o}

>>>

>>> np.sin(x[: :2], out = y[::2])

array([ O. , —0.98803162, -0.30481062, 0.89399666])

>>>

>>> Yy

array([ O. , O. , -0.98803162, O. , -0.30481062,

0. . 0.89399666])

MapameTp out MOXXHO He MCMNOMb30BaTb M MPOCTO 3anucbiBaTbh UTO-TO Bpoge y[::2] =sin(x[:2]), HO Takas
3an1cb NPMBOAUT K CO34aHNI0 BPEMEHHOIO MaccvBa /151 XpaHeHWs pesyfbTarta BbluncieHui sin(x[::2]) n
3aTeM K elwe OfHOW ornepauuy KOMMpOBaHUS pes3ynbTaToB U3 BPEMEHHOro MmaccuBa B Y[:2].
Vcnonb3oBaHne aprymeHTa out npy o6paboTke 60MbLINMX MAcCMBOB MOXET O0O6ecneynTb 3HauYnUTebHbI
BbIMIPbILL B 3KOHOMWUW UCMONb3YEMOIN NamMsATV U 3aTPaY€HHOMO Ha BbIYMC/IEHNS BPEMEHM.
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m where
[aHHbIn napameTp NpuHMMaeT True (Mo ymonyaHuio), False nim MaccuB NOrMYeCcKMX 3HaAUYEHU B ciyyae
€CM yHMBepcanibHasa (YHKLUUS BO3BpaLLlaeT HECKO/IbKO Pe3ynbTUPYHOLWMX MacCMBOB. 3HadeHue True
yKasblBaeT Ha BbIYUC/IEHNE YHUBEPCA/IbHOW (DYHKLUMM C COXPaHEHMEM pe3ynbTaTta B YyKasaHHblIA B
napameTpe out maccuB. B cnyyae ykasaHus False, 6yayT BO3BpalleHbl 3HA4YeHMS MaccuBa, KOTOpbIi
yKasaH B out.

>>> X

array(f] 0, 15, 30, 45, 60, 75, 90D

>>>

>>> np.cos(x, where = False)

array([ O. , 0 65028784, -0.98803162, 0.85090352, -0.30481062,
-0.38778164, 0O 89399666])

>>>

>>> y = np.zeros(7)

>>> y

array([0., 0. o0 o} 0., 0., 0.D

>>>

>>> np.cos(x, out =y, where = False)
array([0., 0., 0., 0., 0., 0., 0.D

>>>

>>> np.cos(x, out =y, where = True)

array([ 1. , -0 75968791, 0.15425145, 0.52532199, -0.95241298,
0.92175127, -0 44807362])

>>>

>>> y

array([ 1. , -0 75968791, 0.15425145, 0.52532199, -0.95241298,

0.92175127, -0 44807362])

MapameTp where MOXET OKasaTbCs MOJIe3eH, B CUTyauusX Korga 06paboTKy [LaHHbIX U COXpaHeHue
BbIUMC/IEHMIA HEOBXOAUMO BbIMOJHATL B 3aBMCMMOCTM  OT HEKOTOPOro YcrnoBus.  Hanpumep,
Heo6Xx0AMMOCTb 06PabOTKN faHHbIX 3aBUCMT OT HEKOTOPOrO MapamMeTpa, KOTOPLIA JO/MKEH HAaXOAUTLCS
B Npegfenax HeKoToporo UHTepBana:

>>> x = np.arange(0, 100, 15)

>>> y = np.zeros(7)

>>>

>>> a, b =0, 1 # [paHuubl nHTEpBana

>>> ¢ = 0.77 # MapaveTp, ONpeaensuwMin Heo6XOANUMOCTb BbIUUCIEHUN
>>>

>>> #  Ecim napaMeTp HaxognTtcAa B npeaenax wuHrtepsasia,
_a- # TO pe3ynbTaTt 6yAeT BblYNC/IEH U TMNOMeEWEH B yKa3aHHHﬁ MacCcCuB:

>>> np.cos(x, out =Yy, where = a < c < b)
array([ 1. , —0.75968791, 0.15425145, 0.52532199, -0.95241298,
0.92175127, -0.44807362])

>>> y

array([ 1. , —0.75968791, 0.15425145, 0.52532199, -0.95241298,
0.92175127, -0.44807362])

>>>

>>> x = np.arange(0, 70, 10) # HoBble paHHble B maccuBe "X”

>>> X

array([ 0, 10, 20, 30, 40, 50, 60])

>>>

>>> # B cnyyae, ecnm 6bl mapameTp °CT oKasaicd B npejenax uHTepBasia
--.- # or 0 pgo 1, TO B mMmaccuBe “y" Mbl Obl yBUAENN:
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>>> np.cos(x)
array([ 1. -0.83907153 0.40808206 0.15425145, -0.66693806

0.96496603, -0.95241298])
>>>

>>> ¢ = 1.01 # [onycTum napameTp Bblle/ql 3a Npefesibl MHTepBaia
>>>

>>> # Torpa B maccuBe "y Mbl YBUAUM Mpefpiayume 3HaYeHus :

>>> np.cos(X, out =y, where = a < c < b)

array([ 1. , —0.75968791, 0.15425145, 0.52532199, -0.95241298,
0.92175127, -0.44807362])

m casting
Mo3Bonser HacTpouTb NPeo6pa3oBaHUE TUMOB AaHHbIX MPU BblUMCAEHMAX. [aHHbIi napaMmeTp MOXXeT
NPUHNMaThL CneayroLine 3HavYeHus:

m N0’ -TWMbl AaHHbIX HE NPeo6pasyoTCs;

m ‘'equiv' - foMycKaeTcsl TO/IbKO U3MeHeHMe nopsjka 6anTos;

m ‘safe' - LONyCKaOTCA TOMLKO Te TUNbl JaHHbIX, KOTOPbIE COXPAHSAIOT 3HAYEHNS;

m ‘'same_kind' - gonyckatoTca TO/IbKO 6e30mnacHble npeobpasoBaHus, Takme Kak float64 Bfloat3 2,

m 'usafe’ - gonyckatoTca no6ble Npeobpas3oBaHNs fJaHHbIX.

>>> x = np.arange(0, 70, 10, dtype = np.float96)

>>> y = np.zeros(7, dtype = np.floatl6)

>>>

>>> X

array(f] 0., 10., 20., 30., 40., 50., 60.], dtype=float96)

>>> y

array([0., O., 0., 0., 0., 0., 0.], dtype=floatl6)

>>>

>>> np.cos(x)

array([ 1. , -0.83907153, 0.40808206, 0.15425145, -0.66693806,

0.96496603, -0.95241298], dtype=Float96)

>>>

>>> np.cos(x, out =y, casting = "same kind") # 3HaudeHme “casting® no

YMONYaHU0

array([ 1. , -0.839 , 0.4082, 0.1543, -0.667 , 0.965 , -0.9526],
dtype=floatl6)

>>>

>>> y # [lpou3owna norepsa TOYHOCTU

array([ 1. , -0.839 , 0.4082, 0.1543, -0.667 , 0.965 , -0.9526],
dtype=floatl6)

>>>

>>> np.cos(X, out =y, casting = “safe") # 3anpewaeT Hebe3onacHbsle

npeobpasoBaHns

Traceback (most recent call last):
File '™, line 1, in

TypeError: ufunc “cos

output

parameter (typecode "e") according to the casting rule ""safe""

output (typecode <g") could not be coerced to provided
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m order

3T0T napameTp onpefensetr B KakOM MOPALKE BbIXOAHbIE MacCMBbl [LO/MKHbI XPaHUTLCA B NaMATU
CTpo4HOM C-cTune wm cronbuyatom ctune Fortran. Ecnn BXOOHOW MacCcvMB He ABNSETCA MacCMBOM
NumPy, TO co3aaHHbIli MaccuB 6yaeT HaxoAWUTbCA B NamsATX B CTPOKOBOM C nopsfke, ecnn ykasatb nar
'F', TO ByAeT xpaHUTbCA B cToN6yatom nopsgke 'Fortran'. Ecnm BxogHoOM maccus - ato maccus NumPy, To
tnar 'K' nmbo coxpaHsieT MOpPSAOK MCXOAHOrO MaccuBa /MO0 yCTaHaBMBaeT camblidi GAN3KMIA MO
CTpyKType; ¢nar 'A' ycTaHOBUT MakeT MaMAaTM BbIXOAHONO MaccuBa B 'F' ecnv maccuB a sBfsieTcs
CMeXHbIM cO cTonbyatbiM cTuieM Fortran, B NPOTUBHOM C/lydae MaKkeT namMati 6yfeT yctaHosfeH B 'C'
Mo ymonuaHuio hiar yctaHoOB/EH B 3HaveHue 'K'.

>>> x = np.arange(0, 100, 30).reshape(2,2)

>>> X

array([[ O, 30],

[60. 901D

>>> y = np.cos(X)

>>>

>>> y._flags
C_CONTIGUOUS : True
F_CONTIGUOUS : False
OWNDATA : True
WRITEABLE : True
ALIGNED : True
WRITEBACKIFCOPY : False
UPDATEIFCOPY : False

>>>
>>> y = np.cos(x, order = "F)
>>>

>>> y._flags

C_CONTIGUOUS : False
F_CONTIGUOUS : True
OWNDATA : True
WRITEABLE : True
ALIGNED : True
WRITEBACKIFCOPY : False
UPDATEIFCOPY : False

m dtype
Mo3BosiseT nepeonpefenvTb TUN JaHHbIX BbIXOAHOIO MaccuBa

>>> x = np.arange(0, 100, 30)

>>> X
array(f] 0, 30, 60, 90D

>>>

>>> y = np.cos(x)

>>> y

array([ 1. , 0.15425145, -0.95241298, -0.44807362])
>>>

>>> y._dtype

dtype(*float64")

>>>

>>> y = np.cos(x, dtype = np.floatl6)

>>> Yy

array([ 1. , 0.1543, -0.9526, -0.448 7], dtype=floatl6)
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m subok
Ecnn yctaHOBNEHO 3HayeHuve True, TO nogknaccel 6yayT coxpaHATbes, ecnu False, TO pesynbTtatom byaet
6a30BbIii Knacc ndarray:

>>> x = np.matrix([0, 30, 60, 90])

>>> X

matrix([[ O, 30, 60, 901D

>>>

>>> y = np.cos(X, subok = True) # Tlo ymonyaHuio MNOAK/ACCh COXPaHATCS
>>> Yy

matrix([[ 1. , 0.15425145, -0.95241298, -0.44807362]11)
>>>

>>> y = np.cos(x, subok = False)

>>> Yy

array([[ 1. , 0.15425145, -0.95241298, -0.44807362]11)

m signature
BONbWIMHCTBO yHMBEPCa/bHbIX (YHKLMIA pean3oBaHbl B CKOMOWAMPOBaHHOM C-koge. OCHOBHble
BbIYMCNEHUS BHYTPY YHMBEPCASIbHOW (yHKLUUWM 3an0XeHbl B ee 6a30BOM UuKie. TOUHee, TakKMX LUKIOB
HECKO/IbKO M B 3aBMCUMOCTU OT TWMa BXOAHbIX AaHHbIX DYHKLMA BblGMpaeT caMblii MOAXOAALMNIA N3 HUX.
AprymeHT signature nNo3BOMSET YKa3aTb Kakoli UMEHHO Y3 3TUX LIMKIOB AO/HKEH MCMO/b30BaThCA.

B KauecTBe aprymeHTa signature HY>XXHO YKa3aTb CheuuanbHyl CTPOKY-MoAnucb UUKAa, nMbo Tun
JaHHbIX, MO0 KOPTEX TWUMOB AaHHbIX. [loAyuWTb CAWMCOK [AOCTYMHbIX CTPOK-MOAMMWCEN MOXHO C
NOMOLLIbIO aTpmnbyTa types o6bekTa ufunc (np.cos - ato 06beKT ufunc Ny Hero atpmbyT types):

>>> import numpy as np

>>>

>>> np.cos.types

[Ffe->e", "f->Ff", "d->d", “g->g", "F->F", "D->D", "G->G", "0->07]
>>>

>>> x = np.arange(0, 100, 30)

>>> X

array([ 0, 30, 60, 90D

>>>

>>> np.cos(X, signature = "f->f")

array([ 1. , 0.15425146, -0.95241296, -0.44807363] dtype=Float32)

>>>

>>> np.cos(x, signature = "F->F%)

array([ 1. -0.j, 0.15425146+0.j, -0.95241296+0.j, 0.44807363-0.j],
dtype=complex64)

>>>

>>> np.cos(x, signature = “F7)

array([ 1. -0.j, 0.15425146+0.j, -0.95241296+0.j, 0.44807363-0.j],
dtype=complex64)

>>>

>>> np.cos(X, signature = np.complex64)
Traceback (most recent call last):
File '™, line 1, in
TypeError: No loop matching the specified signature and casting
was found for ufunc cos

[JaHHbIi napameTp npefocTaBiseT HeGOJbLUYH, HO BCE XXE ONTUMM3aLMI0 BbIYMCIEHUIA - BMECTO
aBTOMATUYECKOrO TOUCKa MOAXOASLLEr0 LMKIA, (YHKUWMS cpasy Mepexogut K BbIYUCIEHMSM B
yKasaHHOM UuuKne. CKOpee BCEro ykasaHWe AaHHOrO apryMeHTa O6yfeT MOfie3HbIM B BbIUUCIEHUSX B
KOTOPbIX BbI30B YHNBEPCA/IbHBIX (BYHKLMIA MPOUCXOAUT OUEHb YacTO.
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m  extobj
B kauecTBe AaHHOro aprymeHTa BbICTyMNaeT CMMCOK M3 TPEX uenbix uncen. lNepsBoe umcno onpegenser
pasmep 6ytepa AaHHbIX, BTOPOE - PeXUM OLUMOKU, TPETbE - PYHKLINA 0OPATHOrO Bbi30Ba OLUMGKU:

>>> np.cos(x, extobj = [160, 1, 1D
array([ 1. , 0.15425145, -0.95241298, -0.44807362])

[JaHHbIA apryMeHT MOXET 6bITb MOME3EH B BbIUUC/IEHUSX C YACTbIM BbI30OBOM YHMBEPCA/bHbIX (YHKLIMIA,
KoTOpble 06pabaThbiBalOT HEGO/IbLIME MACCKBbI JAHHBIX.

B YHuBepcanbHble PyHKUMK. IMpogomkeHue
MpofoMKeHNE ONMCaHNS YHUBEPCabHbIX PYHKLMIA: CNacubo LOKYMEHTALMN. ..

This is documentation for an old release of NumPy (version 1.10.0). Read this page in the
documentation of the latest stable release (version >1.17).

numpy.tanh
numpy.tanh(x[, out]) =<ufunc 'tanh'>

Compute hyperbolic tangent element-wise.

Equivalent to np.sinh(x)/np.cosh(x) or -1j * np.tan(1j*x).

Parameters:

X :array_like

Input array.

out : ndarray, optional

Output array of same shape as x.

Returns:

y : ndarray

The corresponding hyperbolic tangent values.

Raises:

ValueError: invalid return array shape

if out is provided and out.shape !'=x.shape (See Examples)
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Notes

If out is provided, the function writes the result into it, and returns a reference to out. (See Examples)

Moka HeACHO, YTO O3HaYaeT ata HoTaLUS:
numpy.tanh(x[, out]) =<ufunc 'tanh'>

3710 Takoe 06bABNEHNE? OKa3bIBaET, YTO 3TO YHMBEPCasIbHasA PyHKLUNA?

= numpy.sin
numpy.sin(x, *ufunc args) = <ufunc “sin">

®yHKUMA sin() BblUUCAAET TPUTOHOMETPUYECKUIA CUHYC 3/1EMEHTOB MaccuBa.
MapameTpsl:

X - MOJOGHbIA MaccuBy OOBEKT

MaccuB uncen 3agarowmx yron B pagnaHax (360 rpagycoB paBHAKOTCA 21 pajuaH).
*ufunc_args - aprymeHTbl YHUBEPCAbHOWN hyHKUMN

AprymeHTbl, MO3BONAIOLLIME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKUUKM (NnogpobHee Cwm.
YHUBepcasibHble PYyHKLUUN).

BosBspalyaer:

pesynbTaT - Maccus NumPy mnm ero nogknacc
CVHYyC 3/1eEMEHTOB X.

CmMmoTpeTb Takxe: arcsin, sinh, cos, tan
Mpumepsl

>>> import numpy as np

>>>

>>> # BbluMCNeHwe cuHyca OfHOro yrna:
--- np.sin(0)

0.0

>>> np.sin(np.pi/2)

1.0

>>> np.sin(np.pi/6)
0.49999999999999994

>>> np.sin(np.pi)
1.2246467991473532e-16

>>>

>>>

>>> # MaccuB 3HaYeHWn yrfoB, 3afaHHbX B pagvaHax:
>>> x = np.arange(10)

>>> X

array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9D

>>>

>>> np.sin(x)

array([ O. , 0.84147098, 0.90929743, 0.14112001, -0.7568025 ,
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-0.95892427, -0.2794155 , 0.6569866 , 0.98935825, 0.41211849])
>>>

>>>
>>> # MaccuB 3HaYeHWn yrnoB, 3afaHHbIX B rpafgycax:
>>> x = np.array([0, 30, 45, 60, 90])*np.pi/180

>>> X

array([0. , 0.52359878, 0.78539816, 1.04719755, 1.57079633])
>>>

>>> np.sin(x)

array([O. , 0.5 , 0.70710678, 0.8660254 , 1. D

W numMpy.cos
numpy.cos(x, *ufunc_args) = <ufunc ‘cos'>
®yHKUMA cOoS() BbIYMCNAET TPUTOHOMETPUYECKUI KOCUHYC 3/1EMEHTOB MaccuBa.

MapameTpsl:

X - MOJOGHbIA MaccuBy OOBEKT

MaccuB uncen 3agarowmx yron B pagnaHax (360 rpagycoB paBHAKOTCA 21 pajuaH).
*ufunc_args - aprymMeHTbl YHMBEPCA/IbHOWN (PyHKLMN

AprymeHTbl, MO3BONAIOLLIME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKuuM (nogpobHee
YHUBepCasibHble (YHKLNN).

BosBspauyaer:
pe3ynbTaT - maccms NumPy unm ero nogknacc
KOCUHYC 31eMEHTOB X.

CmoTpeTb Takxe: arccos, cosh, sin, tan

Mpumepsl

>>> import numpy as np

>>>

>>> # BbluMcneHve cuHyca ofHOro yrna:
--- np.cos(0)

1.0

>>> np.cos(np.pi/2)

6.123233995736766e-17

>>> np.cos(np.pi/3)

0.5000000000000001

>>>

>>> # MaccuB 3Ha4YeHWA Yri0B, 3afaHHblX B pagnaHax:

>>> X = np.arange(10)

>>> X

array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9D

>>>

>>> np.cos(x)

array([ 1. , 0.54030231, -0.41614684, -0.9899925 , -0.65364362,
0.28366219, 0.96017029, 0.75390225, -0.14550003, -0.91113026])

>>>

>>>

>>> # MaccuB 3HaYeHWn yrfoB, 3afaHHbIX B rpafgycax:

>>> x = np.array([0, 30, 45, 60, 90])*np.pi/180

>>> X
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array(JO. 0.52359878, 0.78539816, 1.04719755, 1.57079633])
>>>

>>> np.cos(x)
array([1.00000000e+00, 8.66025404e-01, 7.07106781e-01, 5.00000000e-01,
6.12323400e-171)

m numpy.tan
numpy.tan(x, *ufunc args) = <ufunc "tan">

®yHkuma tan() BblUMCAAET TPUTOHOMETPMUECKMI TaHreHC 3/1eMEeHTOB MaccuBa W 3KBMBA/IEHTHA
np.sin(x)/np.cos(x).

MapameTpsl:

X - MO4OGHbIA MaccuBy OOBEKT

MaccuB uncen 3agarowmx yron B pagnaHax (360 rpagycoB paBHAKTCA 21 pajuaH).
*ufunc_args - aprymeHTbl YHUBEPCAbHOM (DYHKLIAN

AprymeHTbl, MO3BONAIOLWLME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKUUKM (NnogpobHee Cwm.
YHUBepcasbHble PyHKUUM).

BosBspauyaer:
pesynbTaT - maccms NumPy unv ero nogknacc
TaHreHc 3afIeMeHTOB X.

CmoTpeTb Takxe: arctan, tanh, sin, cos

Mpumepsl

>>> import numpy as np

>>>

>>> # BbluMcneHve cuHyca ofHOro yrna:
--- np.tan(0)

0.0

>>> np.tan(np.pi/2)

1.633123935319537e+16

>>> np.tan(np.pi/4)

0.9999999999999999

>>>

>>>

>>> # MaccuB 3Ha4YeHWA Yri0B, 3afaHHblX B pagnaHax:

>>> X = np.arange(10)

>>> X

array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9D

>>>

>>> np.tan(x)

array([ O. , 1.55740772, -2.18503986, -0.14254654, 1.15782128,
-3.38051501, -0.29100619, 0.87144798, -6.79971146, -0.45231566])

>>>

>>>

>>> # MaccuB 3HaYeHWn yrnoB, 3afaHHbIX B rpafgycax:

>>> x = np.array([0, 30, 45, 60, 90])*np.pi/180

>>> X

array([0. , 0.52359878, 0.78539816, 1.04719755, 1.57079633])

>>>

>>> np.tan(x)
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array([0.00000000e+00, 5.77350269e-01, 1.00000000e+00, 1.73205081e+00,
1.63312394e+16])

W numpy.arcsin
numpy.arcsin(x, *ufunc args) = <ufunc “arcsin®>

®yHKUMA arcsin() BbIYMCNSET TPUTOHOMETPUYECKNIA apKCUHYC (06paTHbI CUHYC), ecnn y =sin(x),

TO X =arcsin(y).

MapameTpsbl:

X - MOJOGHbIA MaccuBy OOBEKT

y - KOOpAMHaTa UM MaccuB y-KOOPAUHAT eAUHNYHO OKPY>KHOCTW.
*ufunc_args - aprymeHTbl YHUBEPCAIbHON hyHKUMN

AprymeHTbl, MO3BONAIOLLIME HACTPOUTbL W ONTMMU3MPOBaTb PaboTy ¢yHKUuMK (NnogpobHee
YHUBepcasibHble PyHKLUUN).

BosBspauyaer:
pesynbTaT - Maccus NumPy 1nm ero nogknacc
APKCUHYC 31eMEHTOB X B MHTepBane [-pi/2, pi/2].

3ameyaHue

CM.

arcsin(x) - MHOro3HauHast PyHKUMS, T.e. 415 KaKAOro X CyLecTByeT 6eCKOHEYHOe KOMYECTBO 3HaYeHwui
YINoB a Mnpu KOTOPbIX sin(a) =X, MO3TOMYy MPUHATO cCOrnaleHne o TOM, YTo (PYHKLMSA numpy.arcsin(x)

BO3BpaLLlaeT 3HaYeHue yrna B uHTepsane [-pi/2, pi/2].

[Ana  KOMMMEKCHbIX BXOAHbIX 3HaYeHnii arcsin Tak e npeagcrasndet coboii 6ECKOHe‘-IH03Ha‘-IHyIO

(byHKUMIO, KOTOpas, No cornalleHnto Haxoamtes Ha nucte DO ¢ paspesamu [-inf, -1] v [1, inf].

VHorga apkcuHyc 0603HavaeTcs Kak asin unu sin-1

CmoTpeTb Takxe: sin, sinh, arccos, arctan
Mpumepsl

>>> import numpy as np
>>>

>>> np.arcsin(0.77)
0.8788411516685797

>>>

>>> x = npp.array([-1, -0.5, 0, 0.5, 1D

>>>

>>> npp.arcsin(x) # 3HayeHue yrnoB B pagnaHax

array([-1.57079633, -0.52359878, O. , 0.52359878, 1.57079633])
>>>

>>> np.arcsin(x)*180/np.pi # 3HayeHue yrsoB B rpagycax

array([-90., -30., 0., 30., 90.D
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W numpy.arccos
numpy .arccos(x, *ufunc args) = <ufunc “arccos">

®yHKUMA arccos() BbIYUCISET TPUTOHOMETPUYECKUIA apKKOCUHYC (OBpaTHbIf KOCKHYC), ecnm y =cos(X), TO
X =arccos(y).

MapameTpsl:

X - MOJOGHbIA MaccuBy OOBEKT

y - KOOpAMHaTa UM MaccuB y-KOOPAUHAT eAUHNYHO OKPY>KHOCTW.
*ufunc_args - aprymeHTbl YHUBEPCAIbHON hyHKUMN

ApPryMeHTbl, MO3BONAKOLWME HACTPOUTL W  ONTMMU3MPOBaTL paboTty (QyHKuun (nogpobHee cwm.
YHUBepcasbHble PyHKUUM).

BosBspauyaer:

pesynbTaT - Maccus NumPy 1nm ero nogknacc
APKKOCUHYC 3N1eMEHTOB X B MHTepBase [0, pi].
3amevaHue

arccos(x) - MHOro3HauHas (YyHKUWA, T.e. AN K&KAOTO X CyLLecTByeT 6eCKOHEUYHOe KOMMYECTBO 3HaYeHui
YINOB @ MNpu KOTOPbIX cos(a) =X, NO3TOMY MPUHATO cOrfalleHne O TOM, YTO (PYHKLMA numpy.arccos(x)
BO3BpaLLlaeT 3HaYeHue yrna B uHtepsasne [0, pi].

[ns KOMNAeKCHbIX BXOAHbIX 3HAYEHWI arccos Tak >Xe npeacTaBnseT coboli 6eCKOHEeUYHO3HAYHYHO
(hbyHKUMIO, KOTOpas, No cornalleHnto Haxoamtes Ha nucte DO ¢ paspesamu [-inf, -1] v [1, inf].

NHorpa aPKKOCUHYC 0603HayvaeTcsa Kak acos unm cos-1

CmoTpeTb TakXe: cos, cosh, arcsin, arctan
Mpumepsl

>>> import numpy as np
>>>

>>> np.arccos(0.77)
0.6919551751263169

>>>
>>> x = npp.array([-1, -0.5, 0, 0.5, 1D

>>>

>>> np.arccos(x) # 3HayeHue yrsoB B pajmaHax
array([3-14159265, 2.0943951 , 1.57079633, 1.04719755, O. D
>>>

>>> np.arccos(x)*180/np.pi # 3HayeHue yrnoB B rpagycax

array([180., 120., 90., 60., 0.D
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m numpy.arctan
numpy.arctan(x, *ufunc args) = <ufunc “arctan">

®yHKUMA arctan() BblMMCAAET TPUTOHOMETPMYECKUIA apKTaHreHe (06paTHbIi TaHreHc), ecnn y =tan(x), To
x =arctan(y).

MapameTpsl:

X - MO4OGHbIA MaccuBy OOBEKT

y - KOOpAMHaTa UM MaccuB y-KOOPAUHAT eAUHNYHO OKPY>KHOCTW.
*ufunc_args - aprymMeHTbl YHMBEPCA/IbHOWN (PYyHKLMN

AprymeHTbl, MO3BONAIOLWLIME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKUuuKM (NnogpobHee Cwm.
YyHUBepcasibHble YHKLNN).

BosBspauyaer:

pesynbTaT - maccms NumPy unv ero nogknacc

ApKTaHreHc anemMeHTOoB X B MHTepBane [-pi/2, pi/2] (arctan(-inf) =-pi/2 n arctan(inf) =pi/2).
3amevaHue

arctan(x) - MHOro3HauHas (MyHKUWA, T.e. AN K&KAOTO X CyLLecTByeT 6eCKOHEYHOe KOMMYECTBO 3HaYeHWl
Yr/i0B a Mnpu KOTopbIX tan(a) =X, NO3TOMY MPUHATO COrnaweHne o TOM, YTo (yHKUMA numpy.arctan(x)
BO3BpaLLaeT 3HaueHue yrna B uHtepsane [0, pi].

[na KOMNAEKCHbIX BXOAHbIX 3HAYEeHWn arctan Tak >ke npepgcTaBnser coboii 6ecKOHeYHO3Ha4HYH
(pyHKLMIO, KOTOpas, No cornalleHnto Haxoamtesa Ha nucte DO ¢ paspesamu [1j, infj] n [-1j, -infj].

NHorpa aPKKOCUHYC ob603HauvaeTcsa Kak atan unm tan-1

CmoTpeTb Takxke: tan, tanh, arcsin, arccos
Mpumepsl

>>> import numpy as np
>>>

>>> np.arctan(0.77)
0.6561787179913949

>>>

>>> x = np.array([-np-inf, -1, -0.5, 0, 0.5, 1, np.inf])

>>>

>>> np.arctan(x) # 3HayeHue yrsoB B pagnaHax

array([-1.57079633, -0.78539816, -0.46364761, O. , 0.46364761,
0.78539816, 1.57079633])

>>>

>>> np.arctan(x)*180/np.pi # 3HayeHue yrnos B rpagycax

array([-90. , —45. , —26.56505118, 0. ,

26.56505118, 45. , 90 D
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m numpy.hypot
numpy .-hypot(x1, x2, *ufunc args) = <ufunc “hypot">

®yHKUMs hypot() BbIUMCNSET AJIMHHY TMNOTEHY3bl MO YKa3aHHbIM 3HAUEHUSIM KaTeTOB. JKBMBA/IEHTHO
SrE(x1¥+2 +x2**2),

MapameTpsl:

X1, X2 - nofo6Hble MaccuBY OOBLEKTbI

[VHbI KaTeToB MM MacCuBbl 3HAYEHWI A/IMH KaTeTOoB.
*ufunc_args - aprymeHTbl YHUBEPCAbHOWN hyHKUMN

AprymeHTbl, MO3BONAIOLLIME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKUUKM (NnogpobHee Cwm.
YHUBepCcasibHble PYHKLUUM).

Bosspalyaer:
pesynbTaT - Maccus NumPy mnm ero nogknacc
[nvHHa rmnoTeHy3bl NPAMOYrObHOIO TPEYTroNIbHNKA UM MacCUB 3HAYEHWUIA AVNH TMNOTEHY3bI.

CMOTpeTb TakXe: sin, cos, tan

Mpumepsl

>>> import numpy as np

>>>

>>> np.hypot(3, 4

5.0

>>>

>>> np.hypot(3, [4, 5, 6]) # [lopgaepxnBaeT MexaHu3M TpaHCAMpoBaHUA
array([5. , 5-83095189, 6.70820393])
>>>

>>> a = np.array([3, 5, 8, 7D

>>> b = np.array([4, 12, 15, 24])

>>>

>>> np.hypot(a, b)

array([ 5., 13., 17., 25D

>>>

>>> a = np.arange(l, 17) .reshape(4, 9%

>>> g

array([[ 1, 2, 3, 4],
[5 6 7, 8],
[9 10, 11, 12],
[13, 14, 15, 161D

>>>

>>> b = np.arange(16, 0, -1).reshape(4, 9

>>> b

array([[16, 15, 14, 13],
[12, 11, 10, 4],
8 T 6, 5],
[4 3 2 1]

>>>

>>> np.hypot(a, b)

array([[16-03121954, 15. 13274595, 14.31782106, 13.60147051],
8 , 12.52996409, 12.20655562, 12.04159458],
[12.04159458, 12.20655562, 12.52996409, 13. 1.
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[13.60147051, 14.31782106, 15.13274595, 16.03121954]])

W numpy.arctan2
numpy.arctan2(x, *ufunc args) = <ufunc ,arctan2°>

®yHKuMA arctan?() Bblumcnset arctan(x1/x2) v BO3BpallaeT 3HayeHWe yrna B NpaBWU/IbHOM KBajpaHTe
(4eTBEPTN KOOPAWHATHOM MIOCKOCTN).

MapameTpsl:

x1 -4ncno nam NoJO6HLIM MaccnBy OOBEKT

y - KOOpAuHaTa WM MaccuB y-KOOPAMHAT.

X2 - NOAOGHbI MaccuBy OOBEKT

X - KOOpAmMHaTa WM MaccuB X-KOOpAMHAT.
*ufunc_args - aprymeHTbl YHUBEPCAIbHOWN hyHKUMN

ApPryMeHTbl, MO3BONAKOLME HACTPOUTL W  ONTMMU3MPOBaTL paboTty (QyHKuun (nogpobHee cwm.
YHUBepcasbHble PyHKUUM).

BosBspauyaer:

pesynbTaT - maccms NumPy unm ero nogknacc

Yron wnmM maccuB YrioB B paguaHax u3 gnanasoHa [-pi, pi].
3amevaHue

KBagpaHT BbluMCNAeTCA U3 yyeTa, 4yto arctan2(xl, x2) aBfnseTca 3HakKoM yrna (B pafguaHHax) mMexpay
ABYMSI nydamu, Nepsblid, NPOXOAUT Yepe3 Hayasio KoopauHat u Touky (1, 0), a BTOpOi uepe3 Hauvano
KOOpAUHAT U TOoUKy (X2, X1). B faHHOM cnyyae X2 COOTBETCTBYeT y-koopauHate, a X1 cOOTBEeTCTBYeT X-
KoopauHare.

Mo cornaweHunto IEEE dyHKUms arctan2(x1, x2) onpefeneHa gnsa x2 = +/-0, a Takke g1 OgHOro wnm
OAHOBPEMEHHO 060Kx 3Ha4eHn X1 1 x2 paBHbIX +/-inf.

[ns dyHKUMKM arctan2(x1, x2) onpefeneHsl cnedyowue creymaibHble 3HaUYeHs:

x1 X2 arctan2(x1, x2)
+-0 +0 +-0

+-0 -0 +/- pi

>0 +-inf +0/ +pi

<0 +/-inf -0/ -pi

+/- inf +inf +/- (pi/4)

+/-inf  -inf +/- (3*pi/4)
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3HaueHus -0 1 +0 ABNAKOTCSA pasHbIMU YMCNaMKM C MaBatoLLEN TOYKOW, TOYHO TakK Xe Kak 1 3HadyeHus -inf
n +inf.

[JaHHas yHKUUA He onpeaeneHa /1 KOMIMIEKCHbIX apryMeHTOB. [ BbIMUCIEHNS YINIOB KOMMIEKCHBIX
3HAUYEHMI1 MOXKHO BOCMO/b30BATLCS (hyHKLMel angle.

CmoTpeTb Takxe: arctan, tan, angle
Mpumepsl

>>> import numpy as np

>>>

>>> npp.arctan2(0.77, -0.33)
1.9756881130799802

>>>

>>> # PaccMmoTpum 4-e TO4YKM B pa3HbiX KBagpaHTax

>>> X = np.array([+1, +1, -1, -1D

>>> y = np.array([+1, -1, +1, -1D

>>>

>>> np.arctan2(y, X) # 3Ha4yeHusa yrnoB B pagnaHax

array([ 0.78539816, -0.78539816, 2.35619449, -2.35619449])
>>>

>>> pp.arctan2(y, Xx)*180/np.pi # 3HauyeHusa yrnos B rpagycax

array(f[ 45., -45., 135., -135.D

m numpy.degrees
numpy.degrees(x, *ufunc args) = <ufunc "degrees®>

®yHKuMA degrees() BbIMOMHSET Npeobpa3oBaHne paguaHHO Mepbl yriia B rpagyCcHyto.

MapameTpsl:

X - 4YMCMIO UM NOAOGHLIN MaccuBy OOBEKT

Y - 3HaYeHMe UM MaccuB 3HAYeHW B paguaHax.
*ufunc_args - aprymeHTbl yHUBEPCAbHOWN hyHKUUN

AprymeHTbl, MO3BONAIOLLIME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKuUKM (NnogpobHee Cwm.
YHUBepCcasibHble PYHKLUUM).

BosBspauyaer:

pe3ynbTaT - maccms NumPy unm ero nogknacc
3HayeHre UM MaccvB 3Ha4YEHWNIA B FPagyCcHON Mepe.
CmoTtpeTb Takxe: rad2deg, deg2rad, radians
Mpumepsl

>>> Import numpy as np
>>>

>>> np.degrees(np.pi/6)
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29.999999999999996

>>>

>>> rad = np.arange(7)*np.pi/6 # 3HayeHna B pagmnaHax

>>> rad

array(JO. , 0.52359878, 1.04719755, 1.57079633, 2.0943951 ,
2.61799388, 3.14159265])

>>>

>>> deg = np.degrees(rad) # PapgnaHbl, KOHBEpPTUPOBaHHbIE B rpagychl

>>> deg

array([ 0., 30., 60., 90., 120., 150., 180.1)

m numpy.radians
numpy.radians(x, *ufunc args) = <ufunc “radians®>

®yHKuMA radians() BbINOMHSAET Npeobpa3oBaHNE rpagyCcHON Mepbl yria B paguaHHyto.

MapameTpsl:
X - 4YMCMIO UM NOAOGHLIN MaccuBy OOBEKT
Y - 3HaYeHMe A1 MaccuB 3HAYEeHWA B rpagycax.

*ufunc_args - apryMeHTbl YHVBEPCASbHOW (BYHKLMN

AprymeHTbl, MO3BONAIOLLME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKuuKM (NnogpobHee
YHUBepCcasibHble PYHKLUUM).

BosBspauyaer:

pesynbTar - maccue NumPy nnm ero nogknacc

3HaueHvie UM MaccvB 3HAYEHWUA B PafjMaHHON mepe.

CmoTtpeTb Takxe: degrees, rad2deg, deg2rad

Mpumepsl

>>> Import numpy as np

>>>

>>> np.radians(30) # 30 rpagycos

0.5235987755982988

>>>

>>> np.pi/6 # 91O pelicTBuTENnbHO piI/6 pagnaH
0.5235987755982988

>>>

>>>

->> deg = np.arange(0, 200, 30 # 3HauyeHna B rpagycax

>>> deg

array(f] ©O 80 60, 90, 120 150, 180D

>>>

>>> rad = np.radians(deg # [pagycbl, KOHBEPTUPOBAHHbIE B pajuaHsbl
>>> rad

array([O. , 0.52359878, 1.04719755, 1.57079633, 2.0943951 ,

2. 61799388, 3. 141592 65]

m numpy.deg2rad
numpy.deg2rad(x, *ufunc args) = <ufunc "deg2rad->
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®yHKumst deg2rad() BbINOMHSAET NPeo6pasoBaHMe rPagycHO Mepbl yria B pagunaHHyto, 3KBUBAJIEHTHO
X*pi/180.

MapameTpsl:

X - 4YMCMIO UM NOJOGHLIN MaccuBy OObEKT

Y - 3HaYeHMe UM MaccuB 3HAYEeHWA B rpagycax.
*ufunc_args - aprymeHTbl yHUBEPCAIbHON hyHKUMN

AprymeHTbl, MO3BONAIOLWIME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKuuKM (NnogpobHee Cwm.
YHUBepcasibHble PYHKLUUN).

BosBspalyaer:

pesynbTar - maccue NumPy nnm ero nogknacc
3HayeHne UM MaccuB 3HAYEHWUI B paguaHHOM Mepe.
CmoTpeTh Takxe: degrees, rad2deg, deg2rad
Mpumepsl

>>> Import numpy as np
>>>

>>> np.deg2rad(30) # 30 rpagycos

0.5235987755982988
>>>

>>> np.pi/6 # 91O pelicTBuTENnbHO pi/6 pagnaH
0.5235987755982988
>>>

->> deg = np .arange(0, 200, 30 # 3HayeHusa B rpagycax
>>> deg

array(] 0O, 2o o 90, 120 150, 180D
>>>

>>> rad = np deg2rad(deg) # [pagycbl, KOHBEPTUPOBaHHbLIE B pajuaHsbl

>>> rad

array(JO. , 0.523598" g -04719755, 1.57079633, 2.0943951 ,
2.61799388, 3.14159265])

m numpy.rad2deg
numpy.rad2deg(x, *ufunc args) = <ufunc “rad2deg->

®yHkuma rad2deg() BbINONHAET Npeobpa3oBaHMe pafMaHHOM Mepbl yrna B rpajycHyo, 3KBMBaIEHTHA
180*x/pi.

MapameTpsl:

X =YNCNO U NMOJOGHLIA MaccuBy OOBEKT
3HauyeHvie UM MaccuB 3HAYEHWUA B pafuaHax.
*ufunc_args - aprymeHTbl YHUBEPCAIbHON hyHKUMN

ApPryMeHTbl, MO3BONAKOLWME HACTPOUTL W  ONTMMU3MPOBaTL paboTty (QyHKuun (nogpobHee cwm.
YHUBepcasibHble PYHKLUUN).
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Bosspalyaer:

pesynbTar - macce NumPy nnm ero nogknacc
3HayeHne UM MaccvB 3Ha4YEHWNIA B rPagyCcHON Mepe.
CmoTtpeTb Takxe: rad2deg, deg2rad, radians
Mpumepsl

>>> import numpy as np
>>>

>>> np.rad2deg(np.pi/6)
29.999999999999996

>>>

>>> rad = np.arange(7)*np.pi/6 # 3HauyeHusa B paguaHax

>>> rad

array([O. , 0.52359878, 1.04719755, 1.57079633, 2.0943951 ,
2.61799388, 3.14159265])

>>>

>>> deg = np.rad2deg(rad) # PapgnaHbl, KOHBEPTUPOBAaHHbIE B rpafychl

>>> deg

array([ 0., 30., 60., 90., 120., 150., 180.1)

m numpy.sinh
numpy.sinh(x, *ufunc args) = <ufunc "sinh">

®yHkuma  sinh()  BbluMCNsieT  rMNEpP6OMYECKMA  CMHYC 31eMEHTOB  MacCcuBa W 3KBMBA/IEHTHA
1/2*(np.exp(x) - np.exp(-X)) uwm -1j*np.sin(1j*x).

MapameTpsbl:

X - 4YMCMIO UM NOAOGHbIN MaccuBy OOBEKT

Yucno unn nocnegosBatebHOCTb YUCEN.
*ufunc_args - aprymeHTbl YHUBEPCAIbHON hyHKUUN

ApPryMeHTbl, MNO3BONAKOLWME HACTPOUTL W  ONTMMU3MPOBaTL paboty GQyHKuun (nogpobHee cwm.
YHUBepcasibHble PyHKLUUN).

BosBspauyaer:

pesynbTar - ymcno unm maccus NumPy uiv ero nogknacc

MMnep60onnYecknii CMHYC BXOAHOTO YMCNa UK KaXKAOoro Ymcna BXOAHOro MaccuBa.
3ameyaHue

YacTo runep6onnyecknini cuHyc o6o3Havaetcst sh.

CmoTpeTb Takxe: arcsinh, cosh, tanh
Mpumepsl

>>> import numpy as np
>>>
>>> np.sinh(0)
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0.0

>>>

>>> x = np.linspace(0, np.pi, num = 7)*1j

>>> X

array([0.+0. J, 0.+0.52359878j), 0.+1.04719755j5, 0.+1.57079633j,
0.+2.0943951 j, 0.+2.61799388j, 0-+3.14159265j])

>>>

>>> np.sinh(x)
array([ 0.+0.00000000e+00j, 0.+5.00000000e-01j, 0.+8.66025404e-01j,
0.+1.00000000e+00j, -0.+8.66025404e-01j, -0.+5.00000000e-01j,
-0.+1.22464680e-16j1)

m numpy.cosh
numpy.cosh(x, *ufunc args) = <ufunc ,cosh">

OyHKUMs  cosh() BbluMcnseT runepbonmMyecknii  KOCUHYC —3/IEMEHTOB  MaccuBa, 9KBUBAMEHTHA

1/2*(np.exp(x) +np.exp(-x)) unm np.cos(1j*x).

MapameTpsl:
X - YMCMIO UM NOAOGHLIN MaccuBy OOBEKT
Uncno nnm nocnefosarte/ibHOCTb Yncer.

*ufunc_args - apryMeHTbl YHVBEPCASbHOW (BYHKLMN

ApPrymMeHTbl, MO3BOSISIIOLME HACTPOUTH U  ONTMMU3UPOBATL pPaboty (yHKUMKU (nogpobHee cMm.

YHUBepCasibHble PYHKLUUN).

BosBspauyaer:

pesynbTar - ymcno unm maccus NumPy uim ero nogknacc

M'Mnep60onnYecknii KOCMHYC BXOAHOIO YMCa UM KaXK4Oro Yncna BXOAHOro MaccuBa.
3ameyaHue

UacTo rnep60oanyecknii KOCMHYC 0603HaYaeTcst CK

CmoTtpeTb Takxe: arccosh, sinh, tanh
Mpumepsl

>>> import numpy as np

>>>

>>> np.sinh(0)

0.0

>>>

>>> x = np.linspace(0, np.pi, num = 7)*1j

>>> X

array([0.+0.
0.+2.0943951

J, 0.+0.52359878j, 0.+1.04719755j, 0.+1.57079633j],
J, 0.+2.61799388j, 0.+3.14159265j])
>>>
>>> np.cosh(x)
array([ 1.00000000e+00+0.j, 8.66025404e-01+0.j, 5.00000000e-01+0.j,
6.12323400e-17+0.j, -5.00000000e-01+0.j, -8.66025404e-01+0.j,

-1.00000000e+00+0.j1)
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m numpy.tanh
numpy.tanh(x, *ufunc args) = <ufunc “tanh">

®yHkuma tanh() BbluUCNSET TUNEpPOONNYECKUA TaHTEHC 3/1eMEHTOB MaccMBa W 3KBMBA/IEHTHA
np.sinh(x)/np.cosh(x) nnn -1j*np.tan(1j*x).

MapameTpsl:

X =YNCNO NN NOJOGHLIA MaccuBy OOBEKT

Yucno unn nocnefosBatebHOCTb YUCEN.
*ufunc_args - aprymeHTbl YHUBEPCAIbHON hyHKUMN

ApPryMeHTbl, MO3BONAKOLWME HACTPOUTL W  ONTMMU3MPOBaTL paboTty (QyHKuun (nogpobHee cwm.
YHUBepcasbHble PyHKUUM).

BosBspauyaer:

pesynbTaT - ymcno unm maccus NumPy uiv ero nogknacc

M'Mnep60onnYecknii TaHreHC BXOAHOTO Ymcna Wi Kaxaoro Yncna BXO4HOro MaccuBa.
3ameyaHue

YacTo rmnep6bonmyecknii KocuHyc ob6osHadvaercs th.

CmoTpeTb Takxe: arctanh, cosh, sinh

Mpumepsl

>>> import numpy as np

>>>

>>> np.sinh(0)

0.0

>>>

>>> x = np.linspace(0, np.pi/2, num = 7)*1j

>>> X

array([0.+0. J, 0.+0.26179939j, 0.+0.52359878j, 0.+0.78539816j,
0.+1.04719755)5, 0.+1.30899694j, 0.+1.57079633j]1)

>>>

>>> np.tanh(x)

array([0.+0.00000000e+00j, 0.+2.67949192e-01j, 0.+5.77350269e-01j,
0.+1.00000000e+00j, 0.+1.73205081e+00j, 0.+3.73205081e+00j,
0.+1.63312394e+16j1)

m numpy.arcsinh
numpy.arcsinh(x, *ufunc args) = <ufunc “tanh">

®yHKuMA arcsinh() BbIMMCNSET 06pPaTHbIA TMNEPOOIMYECKNIA CUHYC (apeacuHyc) 3IEMEHTOB MaccuBa.

MapameTpsbl:

X =4MC/io nn I'IO,EI.O6HI::II7I MaccuBy 0ObEKT
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Uncno unm nocnesoBaTtefilbHOCTb YUCEN.
*ufunc_args - apryMeHTbl YHVBEPCASIbHOW (BYHKLMN

ApPrymeHTbl, MO3BONAIOLWME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKUUKM (NnogpobHee Cwm.
YHUBepcasbHble PyHKUUM).

BosBspauyaer:

pesynbTar - ymcno unm maccus NumPy uiv ero nogknacc

O6partHbIi rMNepbOINYECKN CUMHYC BXOAHOIO YMCAa WK KaXXAO0ro Ymcna BXOAHOro MaccuBa.
3ameyaHue

arcsinh(x) fBnAeTcA MHOrO3Ha4yHOW (YHKUMEN, T.e. AN KaKAOro BXOAHOTO 4MCna X CyliecTByet
6ECKOHEYHOE KO/IMYECTBO Takmx uncen y, 4to sinh(y) =x. Mo cornaweHuto, gaHHas qyHKUMA BO3BpaLLaeT
4uncno Yy KOTOpPoro MHMMas 4yacTb IeXXUT B MHTepBane [-pi/2, pi/2].

[ns KOMMNeKCHbIX BXOAHbIX 3HAYeHWid arcsinh Tak e npeactaBnser coboil 6eCKOHEUYHO3HAYHYHO
(byHKUMIO, KOTOpas, No cornalleHnto Haxoamtes Ha nucte DO ¢ paspesamu [1j, infj] n [-1j, -infj].

UacTo obpatHblii runepbonnyecknii cuHyc obo3HadvaeTcs arsh, asinh, arsinh mnnm sinh-1.

CmoTpeTb Takxe: arccosh, arctanh, sinh
Mpumepsl

>>> import numpy as np

>>>

>>> np.arcsinh(0)

0.0

>>>

>>> pp.arcsinh(l)

0.881373587019543

>>>

>>> np.sinh(0.881373587019543)

1.0

>>>

>>> x = np.linspace(0, np.pi/2, num = 7)*1j

>>> np.arcsinh(x)

array(JO. +0. J, O +0.26488615j),
0. +0.55106958j, O. +0.90333911j,
0.30604211+1.57079633j, 0.76717348+1.57079633j),
1.02322748+1.57079633j])

m numpy.arccosh
numpy.arccosh(x, *ufunc args) = <ufunc “tanh">

®yHKuMA arccosh() BbIYUCASIET 0OPaTHBI TMNEP6OANYECKNIA KOCUHYC (apeaKOoCUHYC).

MapameTpsl:
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X - YMCMIO UM NOAOGHbIN MaccuBy OOBEKT
Yucno unn nocnegosatenbHOCTb YMCeN.
*ufunc_args - apryMeHTbl YHMBEPCA/IbHOWN (PYyHKLMN

AprymeHTbl, MO3BONAIOLLIME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKuUKM (NnogpobHee Cwm.
YHUBepCcasibHble PYHKLUUM).

BosBspauyaer:

pesynbTar - ymcno unm maccus NumPy uiv ero nogknacc

O6partHbIin rMNepboINYeCcKNin KOCMHYC BXOAHOIO YUCIA UKW KaXKAO0ro Yncna BXOAHOrO MaccuBa.
3ameyvaHwue

arccosh(x) fBnseTcs MHOro3Ha4yHoOW (yHKUMER, T.e. AN KaXAOro BXOAHOIO 4ucna X CylecTByeT
6ecKOHeYHOoe KOMMYeCTBO Takux uncen y, uto sinh(y) =x. o cornaweHuvto, faHHas (MYHKLUMA BO3BpaLLaeT
4MCNO Y Y KOTOPOro MHMMas 4acTb N1eXXUT B nHTepBane [-pi, pi], a gelicTBuTenbHasa Yactb B UHTEpBane [0,

inf].

[na KOMMAeKcHbIX BXOAHbLIX 3Ha4YeHW arccosh Tak >ke npeactaBnsieT coboi 6GEeCKOHEYHO3HaYHYH
(pyHKLMIO, KOTOpas, No cornalleHnto Haxoamtes Ha nucte DO ¢ paspesom [-inf, 1].

UacTo 0bpatHebIii runepbonnyecknii KocMHyc o603Hadaetcsa arch, arcosh, acosh mnm sinh-1.

CmoTpeTb Takxe: arcsinh, arctanh, cosh
Mpumepsl

>>> import numpy as np

>>>

>>> np.arccosh(0)

main 1z RuntimeWarning: invalid value encountered in arccosh

nan

>>> np.arccosh(l)

0.0

>>>

>>> np.cosh(0)

1.0

>>>

>>> x = np.linspace(0, np.pi/2, num = 7)*1j

>>> np.arccosh(x)

array([0. +1.57079633j), 0.25889745+1.57079633j),
0.50221899+1.57079633j, 0.72122549+1.57079633j,
0.91435666+1.57079633j, 1.08392469+1.57079633j,
1.23340312+1.57079633j])

m numpy.arctanh
numpy.arctanh(x, *ufunc args) = <ufunc “tanh">

®yHKumA arctanh() BbluMCASeT 06paTHbIA  TMNEPOONYECKN A TaHreHe (apeaTaHreHc) 3/1EMEHTOB
MaccuBa.
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MapameTpsl:

X - 4YMCMIO UM NOAOGHbIN MaccuBy OOBEKT

Uncno nnm nocnefosartesibHOCTb Yncer.
*ufunc_args - aprymMeHTbl YHMBEPCA/IbHOWN (PYyHKLMN

AprymeHTbl, MO3BONAIOLWIME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKuUM (NnogpobHee Cwm.
YHUBepCcasibHble (YHKLNN).

BosBspawyaer:

pesynbTar - ymcno unm maccus NumPy uiv ero nogknacc

O6partHbIi rMNepbOINYECKN TAHFEHC BXOAHOTO YMCia UM KaXK4oro Yncna BXOAHOro MaccuBa.
3amevaHue

arctanh(x) fBnseTcA MHOrO3HAa4YHOW (PyHKUMER, T.e. AN KaKAOrN0 BXOLHOIO 4mcna X CyliecTtByet
0ecKOHeYHOe KO/MYEeCTBO Takux uucen y, uyto tanh(y) = x. o cornaweHuto, faHHas QyHKUMA
BO3BpaLLaeT YnNCIOo Y Y KOTOPOro MHUMAas 4acTb NeXUT B NHTepBase [-pi/2, pi/2].

[na KOMMAeKCHbIX BXOAHbLIX 3Ha4YeHW arctanh Tak >ke npeacTaBnsieT CO60A OGECKOHEYHO3HaYHYH
(hyHKUMIO, KOTOpas, No cornalleHnto Haxoamtes Ha nucte DO ¢ paspesamu [-1, -inf] v [1, inf].

Uacto O6patHbIii rmnepbonudeckuii cnHyc o6o3Havaetcs arth, artanh, atanh nnm tanh-1.

CmoTpeTb Takxe: arcsinh, arccosh, tanh
Mprmepsl

>>> import numpy as np
>>>
>>> np.arctanh(0)
0.0
>>>
>>> pp.arctanh(l)
main :1: RuntimeWarning: divide by zero encountered in arctanh
inf
>>>
>>> np.tanh(np.inf)
1.0
>>>
>>> x = np.linspace(0, np.pi/2, num = 7)*1j
>>> np.arctanh(x)
array([0.+0. J, 0.+0.25605277j, 0.+0.48234791j, 0.+0.66577375j,
0.+0.80844879j, 0.+0.9184308 j, 0.+1.00388482j1)

m numpy.around
numpy.around(a, decimals=0, out=None)
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®yHKuma around() BbIMONHAET paBHOMepPHOe (6aHKOBCKOE) OKpyrfieHWe [0 YyKa3aHHOW nosuvumm K
6nvkailemy YeTHOMY Yncy. PeasibHas M MHUMAas YacTb KOMMEKCHbIX YMCEN OKPYINAeTcs OTAeNbHO.

MapameTpsl:

a - YACNo UM NOLOGHBIN MaccuBy O6bEKT

Uucno unn nocnegosatenbHOCTb YMCEN.

decimals - uenoe uncno (Heo6sA3aTeNbHbIA aprymMeHT)

YKa3blBaeT KO/MYECTBO 3HAKOB MOC/E AECATUYHONM TOUKM (Mo ymonyaHmio decimals =0). Ecin decimals <
0, TO ero 3Ha4YeHVe yKa3biBaeT Ha KO/IMYECTBO 3HAKOB CeBa OT AECATUHHON TOUKMN.

out - maccuB Numpy (Heo6s3aTeNlbHbI aprymMeHT)

YKa3blBaeT MaccvB B KOTOPbI G6yaeT nmomelleH pesynbTar paboTbl yHKUMW. [aHHbIli MaccuB fOMKEH
UMeTb (OpMYy WIEHTUYHYIO MacCcuBy C pesynbTatoM paboTtbl (yHKUMW. [logpo6Hee O AaHHOM
napameTpe CMOTPUTE Ha CTpaHWLe YHMBepCcabHble PYHKUUN B pasgene out.

BosBspauyaer:
pesynbTaT - maccns NumPy

MaccwB ¢ OKpYIrneHHbIMMN 3Ha4eHNAMMN BXOAHOIo mMaccumBa a. Tvn pe3ynbTMpyroero Maccmea cosrnagaet
C TMNOM BXOAHOro maccusa. Ecnv napamMmeTp out He yka3aH, TO 6y,u,eT co3naH HOBbIi MaccuB.

CmoTtpeTb Takxe: rint, fix, trunc
m numpy.round_
numpy.round_(a, decimals=0, out=None)

®yHKUMS numpy.round_ NoOsIHOCTHHO 3KBUBAJIEHTHA (BbI3bIBAET B CBOEM KOZg) numpy.around.

MapameTpsl:

a - YNC/Io UM NOJO06HLIN MaccuBy OOBEKT

Yucno wnn nocnegosatenbHOCTb YMCeN.

decimals - yenoe 4ncno (Heob6s3aTeNbHbIN aprymMmeHT)

YKasblBaeT KO/MYECTBO 3HAKOB MOC/E AECATUYHOM TOUKM (Mo ymonyaHuio decimals =0). Ecin decimals <
0, TO ero 3HauYeHue yKa3biBaeT Ha KO/IMYECTBO 3HAKOB CeBa OT AECATUYHON TOUKWN.

out - maccuB Numpy (Heo6s3aTeNlbHbI aprymMeHT)

YKa3blBaeT MaccvB B KOTOpbIA GyAeT MOMeLeH pe3ynbTaTr paboTtbl (yHKUUA. [aHHbIA MaccvB AO/MKeH
nvetb OpMy WAEHTUYHYIO MaccuBy C pesy/nbTaToM pa6oTtbl (yHKUMW. [logpo6Hee O AaHHOM
napameTpe CMOTPUTE Ha CTPaHWLIe YHMBepcasibHble PYHKLUUM B pasgene out.

BosBspalyaer:
pesynbTaT - maccns NumPy

MaccuB C OKpPYTIEHHBIMW 3HAYEHVSIMU BXOJHOMO MaccuBa a. TUn pesy/bTUPYHOLLErO MaccuBa COBMafaeT
C TUMOM BXOAHOro MaccuBa. Ecnim napameTp out He ykasaH, To 6yfeT co3fjaH HOBbIA MaccuB.
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m numpy.rint
numpy.rint(x, *ufunc args) = <ufunc “rint">

®YHKUMA rint() OKpyrnseT afieMeHTbl MaccuBa 40 Gnavkaiilero Lenoro vmcna.

MapameTpsl:

X - 4YMCMO UM NOJOGHLIN MaccuBy OObEKT

Uncno nnn nocnefosarte/isHOCTb Yncer.
*ufunc_args - aprymeHTbl yHUBEPCANbHOWN hyHKUUN

AprymeHTbl, MO3BONAIOLWIME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKuUKM (NnogpobHee Cwm.
YHUBepcasibHble PYHKLUUN).

BosBpalyaer:

pesynbTar - ymcno unm maccus NumPy uiv ero nogknacc

Yuncno unm maccms Ymnces, KOTopble OKPYIieHbl 40 6avkaiillero Lenoro umcna.
CmortpeTtb Takxe: fix, floor, ceil, around

Mpumepsl

>>> Import numpy as np
>>>

>>> np.rint([-5.5, 5.5])

array([-6., 6.1
>>>

>>> X = np.random.random(5)*10 - 5
>>> X

array([-1.45150824, 2.36081173, -0.01112329, 1.72539084, -3.1361012 D
>>>

>>> np.rint(x)
array([-1., 2., -0., 2., -3.D

m  numpy.fix
numpy . Fix(x, out=None)

®yHKumA fix() okpyrnseT 4o 6avkaiAwero K Hyni Lenoro vmcna.

MapameTpsl:

X - 4YMCMO UM NOAOGHLIN MaccuBy OOBEKT

Uucno unn nocnegosatenbHOCTb YMCEN.

out - maccuBs Numpy (Heo6s3aTeNbHbI aprymMeHT)

YKa3blBaeT MaccvB B KOTOpbIA GyAeT NMoMelleH pesynbtaTr paboTtbl (yHKUUW. [aHHbIA MaccvB AO/KeH
UMeTb (POPMY WAEHTUYHYD MaccuBy C pe3y/bTaTtoM paboThl (yHKUMKW. [Mogpo6GHee O AaHHOM
napaMeTpe CMOTPUTE Ha CTPaHULLE YHUBEPCA/IbHbIE (hYHKLUMM B pasgene out.

BosBspauyaer:
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pesynbTar - uncno uam maccus NumPy mamn ero nogknacc

YUncno unm maccms umces, KOTopble OKPYI/eHbl K LLefloMy Umciy 6amkaniiemy K Hynto.
CmortpeTb Takxe: floor, ceil, around

Mpumepsl

>>> import numpy as np
>>>

>>> np.Fix([-5.5, 5.5])

array([-5-, 5.D
>>>

>>> X = np.random.random(5)*10 - 5
>>> X

array([ 2.2019152 , 2.11741524, -0.7219455 , -3.11994759, -0.71123005])
>>>

>>> np.Fix(x)
array(f 2., 2., -0., -3., -0.D

m numpy.floor
numpy.floor(x, *ufunc args) = <ufunc “floor">

®yHkumnsa floor() BbINONHAET OKpPYrneHWe K MeHblieMy uenomy uuciy. [aHHaa QyHKUMA 4acTo
HasblBaeTCca Mon vmcna x n obo3HavaeTcsa Kak | Xj.

MapameTpsl:

X =4YNCNO UM NOJOGHLIM MaccnBy OOBEKT

Uucno unn nocnegosBatenbHOCTb YMCeN.
*ufunc_args - apryMeHTbl YHMBEPCA/IbHOWN (PYyHKLMN

AprymeHTbl, MO3BONAIOLLIME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKUUKM (NnogpobHee Cwm.
YHUBepCasibHble (YHKLNN).

BosBspauyaer:

pesynbTaTt -4ncno nam maccms NumPy nnn ero nogknacc

Uncno nnm maccmB Yncen, KOTOpble OKPYI/eHbl K HAMMEHbLUEMY LIe/IOMY YUCTTY.
3amevaHue

HekoTopble nporpamMmMbl BbIYUCAAIOT "Mon" oTpuuatenbHbIX Yncen kak "notonok” 1.e. floor(-4.75) =-4. B
NumPy okpyrneHue otpuuatesibHbIX YMCEN BbINOMHAETCA He B CTOPOHY HYNsA a K MeHbLUeMy yucny T.e.
floor(-4.75) =-5T1.Kk. -5 <4.

CmoTtpeTb Takxe: ceil, around, trunc
Mpumepsl

>>> import numpy as np
>>>

>>> np.floor([-5.5, 5.5])

array([-6-, 5.1
>>>
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>>> X = np.random.random(5)*10
>>> X

array([0.4947903 , 1.89080601, 9.30142446, 5.73544876, 5.45138729])
>>>

>>> np.floor(x)
array([0., 1., 9., 5., 57D

m numpy.ceil
numpy.ceil(x, *ufunc args) = <ufunc “ceil">

®yHKUMA ceil() okpyrnset kK 6onblleMy uenomy vnuciay. JaHHas (yHKUMS 4acTO HasblBaeTcs MOTOSI0K
umcna x 1 0603Havaetcs kak |Y |.

MapameTpsbl:

X - 4YMCMIO UM NOAOGHbIN MaccnBy OOBEKT

Yucno unn nocnegosatenbHOCTb YMCEN.
*ufunc_args - aprymeHTbl yHUBEPCANbHON hyHKUMN

AprymeHTbl, MO3BONAIOLWIME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKUUKM (NnogpobHee Cwm.
YHUBepcasibHble PYyHKLUUN).

Bosspalyaer:

pesynbTart - uncno nam maccus NumPy mam ero nogknacc

Uncno nnm maccms Yncen, KOTOpble OKPYIeHbl K HAMBO bLLIEMY LEeoMy Ynchy.
CmoTpeTb Takxe: arcsinh, arccosh, tanh, tanh

Mpumepsl

>>> import numpy as np
>>>

>>> np.ceil([-5.5, 5.5])

array([-5., 6.1
>>>

>>> X = np.random.random(5)*10
>>> X

array([2.50681892, 1.08993134, 5.21603004, 1.57251841, 7.64590507])
>>>

>>> np.ceil(X)
array([3., 2., 6., 2., 8D

m numpy.trunc
numpy.trunc(x, *ufunc args) = <ufunc “trunc">

®yHKUMSA trunc() oTépacbiBaeT APOGHYIO YacTb Yncna.

MapameTpsbl:
X - 4YMCMIO UM NOAOGHbIN MaccuBy OObEKT

Yucno vnn nocnefosBaresibHOCTb YunCen.
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*ufunc_args - apryMeHTbl YHVBEPCASIbHOW (BYHKLMN

AprymeHTbl, MO3BONAIOLLIME HACTPOUTL WM ONTMMU3UPOBaTb pPaboTy ¢yHKuUM (NnogpobHee Cwm.
YHUBepCcasibHble PYHKLUUM).

BosBspalyaer:

pesynbTart - uncno uam maccus NumPy mamn ero nogknacc
Uncno unm maccms Ymcen ¢ OTOPOLLEHHOW APOBHOI YacTbio.
3ameyvaHwne

JaHHaa dyHKkuma goctynHa B NumPy HauvHasa ¢ Bepcumn 1.3.0

CmoTtpeTb Takxe: rint, ceil, floor
Mpumepsl

>>> Import numpy as np
>>>
>>> np.trunc([-5.5, 5.5])

array([-5-, 5.D
>>>

>>> X = np.random.random(5)*10
>>> X

array([6.82408707, 6.13384365, 9.59990973, 1.45484855, 4.02585129])
>>>

>>> np.trunc(x)
array([6-., 6., 9., 1., 4.D
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m JlekopaTopbl U JeKOpPUPOBaHUE
(DyHKLU/Il/I B python ABNAIOTCA OOBbEKTAMM. quHKLLl/II/I KaK 06BEKTbl MOXXHO nepenaBatb B KaylectBe
aprymMeHTa gpyrom yHKUMn. @yHKLMI0 Kak O6BEKT MOXHO BO3Bpallate U3 gpyroi yHKUMN B KayecTse
BO3BpAaLLaeMOro 3HayeHus. PYHKLUMIO KaKk 06BEKT MOXHO OMpeaennTb BHYTPU APYron (hyHKUUN.

B 3amMblKaHuA
3ambikaHue (closure) - OOBLEKT, KOTOpbIA BKIWOYaeT B cebs 610K Koga (Hanpumep, (YHKUMIO) W
[ONoNHuTe/bHbIE NepemMeHHble 3a ero npegenamu. PakTMyecku, 3anoMUHAETCA W MCMOJb3yeTcs
nepemMeHHas, KOTopas He SIBAISIETCA YacTbiO NIOKa/IbHOM 06/1acTu BUANMOCTH.

3auem HY>XHbl 3aMblKaHWUSA:

W 103BO/ISAKOT M36erarb rMo6asbHbIX NePeMEHHbIX,
W [pAYYT faHHble (Y4TOGbI UX HE MEHSIIM MO HEaKKypaTHOCTH).

[na NnpyuMeHeHUs1 3aMblKaHWNn BaXKHO COGMIOLEHNE YCTOBWIA;

W [J0/DKHA ObITb OYeEpHAS (BHYTPEHHSAS) PYHKUMS BHYTPU APYroi (BHELHEN) PyHKuuK;
W J0o4yepHas yHKUMSA fO/MKHA 06pawatbes K nepeMeHHOW, 06bABNEHHONM BO BHELUHEN PYHKLUNN;
W BHELHAA PYHKUMA BO3BpALLaeT BHYTPEHHIO (DYHKLMIO KaK OObEKT.

Kop,

# BHeWHAA (QyHKUMSA
def extern example():
x = 11
# BHYTPEHHAS (YHKUUSA
def inner():
pAnMATlepemMeHHan u3 3ambikaHna:  {G7)

# BO3BpalweHne BHYTPEeHHel (yHKUMM KaK Ob6bekTa
return inner

# BbI30B BHEWHel (yHKUMM, KOTOpash BO3BpaWaeT BHYTPEHHI00
# (QyHKUMIO, KOTOpas BbLINOJIHAETCS
extern example()O

# aHanornyHas KOHCTPYKUMA C MNPUMEHEHWEM AOMOSHUTENbHON nepeMeHHOoV
innerFun = extern example()
innerFunQ)

m [lekopartop
[Jekopatop - 3To (hyHKLWSA, KOTOpas NO3BOSET U3MEHSATb (AOMNOMHATL) MOBeAEHNE JEKOPMPYEMOV
(hYHKUUN, HE N3MEHSISt e€ KOA. 3TO (PYHKLMS, KoTopast MPUHMMAET B KA4ECTBE apryMeHTa Apyryto
(hYHKLWMIO (BeKOpUpPYeMYHO (hyHKLIMIO) U, B 3aBUCUMOCTM OT COBCTBEHHBIX apryMeHTOB, YTO-1M60 AenaeT
C 3TOl PyHKUMEN:

W BO3MOXHO, 06ecneyrBaeT BbI30B 3TOM (HyHKLMU,
W [10/ly4YaeT ¥ MOANMULUPYET Pe3ybTaTbl BbINOMHEHUS AEKOPUPYEMOI (YHKLMN,

109



W BO3BpALLAET 3TV 3HAYEHUS,
W B 33aBUCUMMOCTM OT 3HAYeHWUi COGCTBEHHbLIX APryMEHTOB W Pe3y/bTaTOB  BbIMOSHEHNS
[LEKOPUPYEMOIA (hYHKLMK, BbI3bIBAET APYrme yHKLUMN.

m [lekopupyemble hyHKLUN
Nornka pa6oTbl AekopaTtopa KOCBEHHO Y)e Oblna onvcaHa B pasgene Mpo 3amblkaHus. [anee
YTOYHeHVe MHHOPMaLMK O 3aMblKaHVWEM C ONO/THEHVEM ee 0COGEHHOCTIMM 4eKOpaToOpOB.

[JekopaTop - 310 06EpTKa Hag (hyHKUMERn (Mnm gpyrum o6BHEKTOM), KOTOpas M3MeEHSeT ee MOBefAeHMe.
370 yao6HO (?), Tak KakK HE HY>KHO MEHATb UCXOAHbIA KOZ (BO3MOXHO, UTO UYXXOiA).

Cxema paboTbl fjekopaTopa:

B KauecTBe napameTpa NpUHMMaeTcs apyras QyHKUus,

BO3BpAaLLaeTcs 3aMblKaHue,

3aMblKaHUe MOXET UCMO/b30BaTh /IH060E KOMMUECTBO NapamMeTpos,

3anycKaeTcs Ko BHYTPW 3aMblKaHUs,

nepegaroTcs napameTpbl BHYTPb 3aMblKaHUS U MCMOMb3YHOTCA B TEX MecTax, rae
nponucaHo,
[ BO3BpALL@eTca  BHYTPEHHsS  (YHKUMS € (PYHKLMOHANOM, MO  YMOSYaHUIO
[OMNONIHEHHBIM JEKOPUPOBAHNEM.

# BHEWHAS (YHKUMA C aprymMeHToM
def simple decorator(func):

# BHYTpPEHHAR (yHKuua — mogudukaTop aprymeHta func
def inner():

print(“Havano pab6oTe gekopatopa...")

funcQ

print("lekopatop oTpaboTtan!")

# BO3BpalweHne BHYTPEeHHel (yHKUMM KakK obbekTa
return inner

# (yHKUMA, KOTOpPYKW 3a4eKopupoBasiv
def print hi(Q:
print(f~" QyHKUMA, KOTOpyKW 3ajekopuposBasin®)

print hi() # Bb30B HEAEKOPMPOBAHHO (YHKUUN

# B fgeKopaTop OTnpasBfisgeTca PYyHKUMA [NA LEeKOpUpOoBaHUs

# n3veHéHHasa (peKkopvpoBaHHasA) (YHKUMA MNPUHMMAETCH MO CCblKe
# Ha OObEKT [AeKopupoBaHuA ..

print hi = simple decorator(print hi)

# ... W BbINOJIHAETCA

print hiQ

Takum 06pa3oM, YTo6bI 3aleKopUpoBaTh (hYHKLUUIO (0OBEKT), HYXKHO NepefaTtb ero BHYTPb fekopartopa,
a 3ateM BblI3BaTb.

B gaHHOM npuMepe 3aeKOPMPOBAHHON (PYHKLMM GbIIO0 MPUCBOEHO TO Xe umsa (print_hi), notTomy 4rto
Tak NpUHATO B python, xOTa MOXXHO AaBaTb fil0b0e apyroe uUms.

[na  oTOGpaXkeHWsi CTaHZApPTHOrO BbI30BA BHEWHEN (PYHKUMM [ekopatopa CO  CCbUIKOW  Ha
LeKOpUpPYeEMYHO yHKLMIO B python npyMeHsieTcs creumanbHas KOHCTPYKLUS:
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@WNmsa_pekoparopa

[Jekopvipyemasn_(pyHKLus

Kopg n3 CTaporo npuMepa C npunmMmeHeHnem HOBOIA CUHTaKCUYEeCKOIA KOHCTPYKUNW:

# BHeWHAA (yHKUMA C aprymMeHToM
def simple decorator(func):

# BHYTPEHHAR (yHKuua — mogudukaTop aprymeHTta func
def inner():

print("Havano pab6oTe gekopatopa...")

funcQ

print(*[ekopaTtop oTtpadoTtan!®)

# BO3BpalweHne BHYTpPEeHHel (yHKUMM KaK ob6bekTa
return inner

@simple decorator
# (QyHKUMSA, KOTOpyl 3afeKopupoBan
def print hi(Q:
print(f " QyHKUMS, KOTOpyKW 3ajekopupoBasin®)

print hi() # 34ecb BbINOMHAETCA YXe [eKopupoBaHHas (yHKLUUSA
# B 3TOM C/lyyae Bbi30B HEAEKOPMPOBaHHOW (yHKUMM cTaHoBuTcA HEBO3MOXEH
#(CYHTaKCcMYecKVe YyKpalweHus OorpaHuyMBalnT BO3MOXHOCTU MPOrpaMMMpoBaHUs)

3nechb Bbi3blBaeTcsa PyHKUMS print_hi. Ho Ha camom fiene Bbi3biBaeTcs gekoparop simple_decorator,
KOTOpOMY MepefaéTcs B BUAE NEPBOro aprymeHTa, Lenesas dyHkuma (print_hi).

m [lpyMeHeHWe JeKopaTopoB
TunnyHble cnydanm WUCMNoOJib30BaHMA OEKOPaTopoB. OUEHKa BpPEMEHU pa60TbI (byHKLI,I/II/I, KelwnpoBaHue,
3anyckK TONbKO B onpegeneHHoe Bpemd, 3ajaHne napamMeTpoB MOAKMHYEHUA K baze OaHHbIX WU T.4.
CyLLI,eCTByeT MHO>XXeCTBO W3BECTHbIX 'CTaH,ﬂ,apTHbIX' OeKopaTopoB Anda peweHna KOHKPETHbIX 3afdad
nporpaMmmMnpoBaHus.

Tak, Aekopatop @property, npu [eKOpupoBaHWM MeToja area B knacce Rectangle nossonset
06paTtnTbCs K UeHy area aK3eMnisipa knacca Rectangle kak kK aTpuoyTy.

class Rectangle:
def init (self, a, b):
self.a = a
self.b = b

@property
def area(self):
return self.a * self.b

rect = Rectangle(5, 6)
print(rect.area) # obpaweHne K MeToAy KakK K CBOWCTBY

# 30
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B nocnegHeli cTpoke KoAa K 4feHy area 3k3emnsipa knacca Rectangle MOXHO 06paTuTbCsi Kak K
aTpubyTy. TO €CTb He HY)XHO HEenocpefcTBEHHO BbI3biBaTb MeTO[ area. BMecTo 3Toro npu obpaleHumn K
area Kak K atpubyty (6e3 mcnosb3oBaHWS CKOOOK, ()), COOTBETCTBYHOLMIA METO[ area Bbi3blBAeTCH
HesiBHbIM 06pa3oM. 310 BO3MOXHO 6narofapsi jekopatopy @property.

class Rectangle:
def init (self, a, b):
self.a a
self.b b

# @property
def area(self):
return self.a * self.b

rect = Rectangle(5, 6)
print(rect.area()) # 6e3 pgekopartopa MpocToe obpalueHue K MeToay

# 30

m Kak ato pa6otaeTt?
PasmMellleHNe KOHCTPYKUMM @property nepep onpegeneHvemM (yHKUMM PaBHOCUIbHO WUCMO/b30BaHWUIO
KOHCTPYKLUMM Buaa area = property(area). Takmum ob6pa3om, property — 310 (yHKUMA, KoTopas
NPVHMMaET 4pyryto PYHKLUUIO B Ka4eCcTBE apryMeHTa U BO3BpalwaeT ewé oaHy QyHKUuto. VIMEHHO 3TuM
N 3aHUMaloTCa fAekopaTopbl (@property B TOM 4ucne). B pesynbTate OKasblBaeTcsi, YTO AeKopatop
MEHSIET NOBefEeHNE AEKOPUPYEMOIA hYHKLNN.

| ,EI,eKopaTop retry
MycTb MMeeTca (PYHKLUMSA, KOTOPYKO HYXHO 3anyckarb MOBTOPHO B TOM C/y4dae, ecin npu eé nepsom
3anycke npoucxoaut cboii. To ecTb, Hy)XHa (yHKUMS (yHKUMA - AekopaTop, UMS KOTOPOro, retry,
MOXHO MepeBecTV Kak «MOBTOP»), KOTOPas Bbi3blBaeT 3Ty (DYHKLMIO OAMH MW [iBa pas3a (3TO 3aBUCUT OT
TOr0, BO3HWKHET /1N OLIM6GKa MpY NepPBOM BbI30BE (YHKLIMW).

B coortBeTcTBUM C paHee 3afaHHbIM OnpejefieHneM MOXHO W3MEHUTb KO paHee OornncaHHOro
feKopatopa TakKnuM:

def retry(func):
def wrapper(*args, **kwargs):
try:
func(*args, **kwargs)
except:
time.sleep(1)
func(*args, **kwargs)
return wrapper

@retry

def might fail(Q:
print("'might_fail™)
raise Exception

might failQ

3pecb gekopatop Hocut uMms retry. OH MpUHUMAET B BUAe aprymeHTa (func) ntobyto yHKuuio.
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BHyTpU feKkopaTtopa OnpeaensieTcs BHYTPEHHSS (PyHKUMS ((wrapper) 1 o6ecneymBaeTca BO3BpPaT 3TOM
(YHKUMKW. 3TO COBEPLUEHHO KOPPEKTHAs CUHTAKCUYEcKasl KOHCTPYKLMS, CNeAcTBUEM MPUMEHEHUS
KOTOpPO/ SIBNSieTC TO MOJIE3HOE O6GCTOSTE/NIbCTBO, YTO (PYHKUMS _wrapper BWAHA /b BHYTPW
NMPOCTPaHCTBa MMEH ekopaTopa retry.

B atom npumepe gekopupyetca dyHkuusa might fail() ¢ ncnonb3oBaHMeM KOHCTPYKLUUKU, KOTOpas umeet
BUA @retry. Nocne nMeHV gekopaTopa HeT Kpyr/biX CKOBOK. B pesynbTate nonydaercsi, Uto Korga, Kak
06blYHO, BbI3biBaeTcsl yHkuma might fail(), Ha camom fene, Bbi3bIBaeTCs feKkopaTtop retry, KOTOpomy
nepenaércs, B BUe NepBOro aprymeHTa, uenesas gyHkums (might_fail).

MonyyaeTcs, UTo, B OOLEN CNOXHOCTU, TYT nopabotany Tpu yHKUUK,

m retry
m _wrapper
m  might fail

Mpu BbINONHeHUM yHKuMM might fail Bcé paBHO Bcerga cnyyaetcs WUCK/IOYeHMEe (OHa Tak
3anporpaMMupoBaHa). Ho retry n _wrapper (gekopatop W BHYTPEHHAS (YHKUUS MbITAlOTCA 3TOMY
nomewlatb) WM OTTAHYTb MOMEHT BO3HUKHOBEHMS WCKIOYEHWA Ha BpeMms, 3afjlaHHOe MeTOAO0M
time.sleep(1).

B AprymeHTbl geKopaTtopa
B HeKOTOpbIX c/y4dasx HY>XHO, 4YTOObl KPOME CCbUIKA Ha [eKOopupyemyto (YHKUMIO [eKopaTtopsl
NnpUHNMaIn Obl OONOJ/IHUTENIbHbIE apPryMeHThI. Hanpwvlep, MOXKeT I'IOHa,lJ,O6I/ITbCF|, yTOObI AeKopartop
retry npyHuman 6bl YUKnCno, 3ajarollee KOJIMYECTBO MOMbITOK 3alyCKa ,quolepyeM0|7| (byHKLI,I/II/I.

Ho npyu atom pekopaTop o6sa3atefibHO AO/DKEH NPUHUMATbL AeKOpuMpyemyrto (YHKLMIO B KadecTBe
nepBoro aprymeHTta. He Hafo 3abbiBatb M O TOM, YTO BbI3blBaTb AEKOpATOp NpU [AeKopupOoBaHUU
(OYHKUMN He Hafo. To ecTb — O TOM, YTO nepes onpegeneHneM QYHKUUM UCNONb3YEeTCH KOHCTPYKLUA
@retry, a He @retry(). Takum ob6pasom:

m [lekopatop — 3TO BCEro Nullb PYHKUMA (KOTOpas, B KayecTBe apryMeHTa, NpuUHUMaeT Apyryro
hyHKLMIO).

m [lekopatopamy NOMb3YHOTCH, NMOMeLLasa X MMsi CO 3HaKOM @ nepeq onpegeneHnem QyHkuum, a
He BbI3blBas UX.

m CnefoBarte/lbHO, MOXHO BBECTV B KOJ 4eTBEPTYIO (DYHKUMIO, KOTOpas NpuHMMaeT napametp, ¢
MOMOLLBIO KOTOPOro HacTpauMBaeTcs MoBefeHWe [eKopaTopa, M BO3BpawaeTcs (yHKUuS,
KoTOopas W SIBNSieTCA [eKopaTopoM (TO ecTb — MPUHUMAET B Ka4decTBe aprymeHta Apyryto

(hyHKUMIO).

I'Ipe,u,naraeTCH KTECTUPOBaHNIO cneayrouiad KOHCTPYKUUA:

def retry(max retries):
def retry decorator(func):
def wrapper(*args, **kwargs):
for in range(max retries):
try:
func(*args, **kwargs)
except:
time.sleep(l)
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return wrapper
return retry decorator

@retry(2)

def might fail():
print("'might_fail™)
raise Exception

might failQ

Pa36op 3TOro Koga:

m Ha nepBOM ypoBHe TYT umeetca yHKUus retry.

m  OyHKuus retry nNpuvHMMaeT MPOM3BOJIbHBIA apPryMeHT (B Halem crydyae — max_retries) u
BO3BpaLLlaeT Apyryto yHKum — retry_decorator.

m  PyHKUMA retry_decorator — 310 M ecTb peasibHbIA AeKopaTop.

m  OyHKUMA _wrapper paboTaeT Tak e, kak W npexae (TONbKO Ternepb OHa PYKOBOLACTBYETCA
CBEAEHNSIMM O MaKCMMa/lbHOM KOMMYeCTBe nepesanyckoB AEKOPUPOBAHHON (DYHKLNN).

m licnonb30BaHWe 3TOr0 Kojga
®yHKUMA might_fail Tenepb gekopupyeTcs ¢ NOMOLLLIO Bbi30Ba PYHKUNN Buaa @retry(2).

Bbi30B retry(2) MpUBOAMT K TOMY, YTO BbI3blBaeTCS (DYHKLMS retry, KoTopas W BO3BPALLAET peasibHbli
fekopatop.

B mntore pyHkuma might fail gekopupyetca ¢ nomoubto retry_decorator, Tak Kak MMeHHO 3Ta (hyHKLMA
npegacraenseT coboli pe3ynbTaT Bbi30Ba yHKUMN retry(2).

[anee npepactaBnsieTcs MNpUMEp [LEKOPUPOBAHUS MHOXECTBA [EKOPUPYEMbIX (YHKUUIA (hyHKLUER-
[lEKOPATOPOM.

# [JeKopupyemble (YHKLUUN ==== S============================
def final function 0Q):
print(“this is final function 0%)
def final function 1():
print(“this is final function 17)
def final function XXX():
print(“this is final function XXX%)
# -—-—- - T
# pJekopaTtop ==== e S
# pekopupyemas (yHKLUMA KakK aprymeHT gekopartopa
def function decorator(function to decorate):
print("...function decorator is here ===>")
def wrapper around the original function():
print(“this is the code before the function to decorate call®)
function to decorate()
print(“this is the code after the function to decorate call®)
print(*===> function decorator is here...")
return wrapper_around_the original_function
# — /e e /e e e e /e e e/
# gyHkumn function XYZ, function KLM gekopupykTcA BO BpeMs O6bAB/EHUA C
# NpYMEHeHMeM CuHTakcuca AeKopaTopoB

@function_decorator
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def function XYZ():

print(“this is function XYZ%)

@function decorator
def function KLMQ:

it

print(“this is function KLMT)

name == main °:
# BbI3bIBANTCA (QYHKUMWM, nNpegHa3HavyeHHble 19 AeKOPUPOBAHUS ============
final function 0Q

final function 10
# s p——
# Bbi3biBaeTCA (YHKUMA - agekopaTop. Bo3BpawaeTcs CCbUylka Ha ===========
# BHYTpPeHHI (yHkumio. Ccbinka obecneymBaeT Bbi30B AEKOPUMPYEMOWN (YHKLMN
final function decorated = function decorator(final function 0)
# s s s
# BbI30B BHyTpeHHen ¢yHkummn. 3anyckaetcs Final function 0 ===========
final function decorated()

final function decorated = function decorator(final function 1)
# s p——
# BbI30B BHyTpeHHen ¢yHkummn. 3anyckaetcs Final function 1 ===========
final function decorated()
# 3apagnnu pyHkuuio ana pekopauun Final function XXX ================
final function decorated = function decorator(final function XXX)
# s s s
# MNpn BbiI30BE BHYTpPEHHel (yHKUMM 3anycKaeTcsa AeKopupoBaHHad (yHKUMSA
# final function XXX ====

final function decorated()

final function decorated()

final function decorated()
p r i nt( - *3*********************** - )

final function decorated()

#

# 3a|'|yCK AEKOpl/lp()BaHHHX q)yHKU'MM oo oo ————

function XYZ(Q
function KLMQO

m [lekopaTtop retry

HanncaHune «CcO6CTBEHHbIX» AeKopaTtopoB — And nNoOHUMMaHUA NMPUHUNNOB UX pa6OTbI.

MycTb umeeTcs (hYHKLMS, KOTOPYH Hafo 3anmycTUTb MOBTOPHO B TOM C/iy4ae, ec/iv Mpu €€ MNepBoM
3anycke NPoOun3onaET c60i. TO ecTb — HaM Hy>KHa (PYHKUMS (geKopaTtop, MMsi KOTOPOro, retry), kotopas
BbI3bIBAET AaHHYI (DYHKUMIO OAMH WM [Ba pasa (3T0 3aBUCMT OT TOrO, BO3HUKHET /M OWnGKa npu

NMepBOM BbI30BE (PYHKLMN).

B cooTtBeTtctBUM C paHee I'IpI/IBe,EI,éHHbIM onpegeneHnemMm MOXHO caenarb Ko gekoparopa TakKnM:

def retry(func):

def wrapper(*args, **kwargs):
try:
func(*args, **kwargs)
except:
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time.sleep(l)
func(*args, **kwargs)
return wrapper

@retry

def might fail():
print("'might_fail™)
raise Exception

might failQ

[Jekopatop HocuT mms retry. OH nNpuHUMaeT B KadecTBe aprymeHta (func) niobyto (yHKUMi0. BHYTpU
[lekopaTtopa onpefensercs BNOXeHHasa yHKuma (_wrapper). [Jekopartop retry ocyliectsiseT Bo3Bpar
310N (PYHKUUN,

m HanomMmuHaHue
VimeeT MecTo 06bsBNEHME OAHOW (YHKUMW BHYTPU APYrOi (PyHKUMW. 3TO COBEPLUEHHO KOPPEKTHas
CUHTaKcM4yecKast KOHCTPYKLUMSA, CeACTBMEM NMPUMEHEHMS KOTOPOI ABNSIETCA TOT , UTO DyHKUMA _wrapper
BMAHa NULIb BHYTPW NPOCTpaHCTBA MMEH AeKopatopa retry.

B atom npumepe pekopupyetca ¢yHkuus might fail() ¢ mncnonb3oBaHMEM KOHCTPYKUMMK, KOTOpas
BbITNAAMT @retry. [locne MeHW gekopaTopa HeT KPYribix CKOOOK. B pesynbtate nonydaetcs, 4to Korga
BbI3biBaeTCHd (yHKuma might fail(), Ha camom pfene, BbI3bIBaeTCA [eKopaTop retry, KOTOpOMy
nepenaércs, B BUe NepBOro aprymeHTa, uenesas gyHkums (might_fail).

MonyyaeTcs, UTo, BbI3OB OTPa6aTLIBAOT B OBLLEN CNOXHOCTY TPU (DYHKLIK:

retry
_wrapper

might_fail

B HekoTOpbIX cny4asx HYXHO, 4TOObl AekopaTtopbl MpuUHMManuM 6bl LOMOMHUTENIbHbIE apPryMeHThbI.
Hanpumep, MOXeT NOHafo6uTbLCA, UTOGLI AeKopaTop retry NnpuHMMan 6bl YMCO, 3ajatoLLee KONMYecTBO
MOMbITOK 3anycka Aekopvpyemoil ¢yHKumMn. Ho pgekopatop o0683aTenbHO  JO/MKEH NPUHUMATb
Jekopupyemyto (hyHKUMIO B KayecTBe MEepBOro aprymeHta. Takke BaXKHO, 4TO MpU AEKOPMPOBaHUN
(PyHKUMN He Ha[o BbI3blBaTb AekopaTtop. TO ecTb, YTO nepeq onpegeneHveM QyHKUMU UCMONb3yeTcA
KOHCTPYKUMA @retry, a He @retry(). UTor:

JekopaTop — 310 BCero Nnib (hyHKLMA (KOTOpas, B Ka4ecTBe aprymeHTa, NpuHUMaeT 4pyryto
pyHKLMIO).

[lekopaTtopamy nosb3yroTcs, NOMELLAs UX UM CO 3HAKOM @ nepeg onpeaeneHneM yHKLMK, a He
BbI3bIBasi WX
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CnepoBaTe/lbHO, MOMKHO BBECTM B KO, UYETBEPTYIO ¢YHKUMIO, KOTopas NpUHUMAaeT napameTp, C
MOMOLLbIO KOTOPOTo Hado HacTpauMBaTb NoBedeHWe AeKopaTopa, M BO3BpallaeT ¢pyHKUMIO, KoTopaa U
AB/IAETCA OEKOPATOPOM (TO €CTb — NPUHUMAET B KauecTBe apryMeHTa Apyryto GpyHKumio).

Mpumep A8 UAKOCTPaLUK:

def retry(max retries):
def retry decorator (func):
def wrapper(*args, **kwargs):
for in range(max retries):
try:
func(*args, **kwargs)
except:
time.sleep (1)
return wrapper
return retry decorator

@retry(2)

def might fail():
print ("might fail")
raise Exception

might failf()

Pasbop Koaa:

Ha nepsom ypoBHe umeeTca GyHKLUA retry.

dyHKUMA retry npyUHUMaeT NPON3BOJIbHLIM apryMeHT (B Hallem c/lyyae — max_retries) U Bo3spalLaeT
apyryto ¢yHkumio — retry _decorator.

dyHKUMA retry_decorator — 3710 U ecTb peasibHblli AgkopaTop.

dyHKRUMA _wrapper paboTaeT TaK 3Ke, Kak U npexae (ToNbKOo Ternepb OHa PYKOBOACTBYETCA CBeAEHUAMU
0 MaKCUMaJ/IbHOM KOJ/IMYECTBE MNepes3anyckoB AeKOpUpPOBaHHOM GYHKLUMK).

O Kogfe HoBoro gekopaTopa 6o/iblie ckasaTb Heyero. Ternepb 0 €ro UCNoOJ/Ib30BaHUM:
dyHKUMA might_fail Tenepb gekopupyeTca ¢ noMoLLblo Bbi3oBa GpyHKUMKM BUAA @retry(2).

BbizoB retry(2) npuBoAMT K TOMY, YTO BbI3blBaeTCA PpYyHKUMA retry, KOTopas U BO3BpaLLAET peaslbHbli

AeKkoparop.

B utore ¢dyHkuma might_fail aekopupyetca c nomouupto retry_decorator, Tak Kak UMeHHO 3Ta GYyHKUMA
npeacTasaseT coboli pesynbTaT Bbi3oBa GYHKUUK retry(2).
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®m MHOXXecTBeHHOe JeKopupoBaHune (byHKLl,I/II/I
[lanee npeactaBneH npumep AekopuposaHus OHOW dyHkummn HECKO/IbKUMW aekopatopamu. Mpu
TakOM crnocobe [eKOPUPOBaHUSA BadKEH MOPALOK MPUMEHEHUS [EKOPATOPOB K (YHKUWUW (MOpALoK
JeKopupoBaHus).

# HECKO/IbKO [eKOopaTopoB ANS OAHOW (yHKUMM. BaxeH nopsaoK AeKOopupoBaHus :
def final function XXX():
print(“this is final function XXX%)
def decorator O(function to decorate):
def wrapper():
print(”function decorator O is here®)
function to decorate()
print("“function decorator 0 was here— 0---")
return wrapper
def decorator 1(function to decorate):
def wrapper():
print("function decorator 1 is here®)
function to decorate()
print("“function decorator 1 was here— 1---")
return wrapper
# [eKopupoBaHWe C MpPYIMEHEHMEM CUMHTaKcuca AeKopaTopoB
@decorator O
@decorator 1
def final function KLMQ):
print(“this is final function KLM")
# — /e e /e e e e /e e e/
if name = " main
final function XXX() # 3anyckKk AeKopuvpyemon (yHKuun
final function XXX = decorator O(decorator 1(final function XXX))
final function XXX() # 3anyCcK OEKOpPMPOBAaHHOW QYHKUMWN, 3apshkeHHOWN
# nocnepoBaTenbHO [ABYMS AeKopartopamu
print(*® b))
final function KIM() # 3anyCcK OEKOPMPOBAHHOW (QYHKUUW C MNPUMEHEHMEM
# CUMHTaKcumca p[exkoparopoB ==

print(*® b))

m [lepefaya aprymMeHTOB B eKOPMPYEMYHO (DYHKLINIO
Mepenava aprymMeHTOB AEKOPUPYeMOl (yHKLUM LEKOPATOPOM MPOU3BOAUTCS CEAyoWwuM o6pasom.
BbI3bIBAETCA BHELUHAA (PYHKLUUSA, KOTOpask BO3BPALLAET CCbI/IKY HAa BHYTPEHHIOK (PYHKLMIO. BHYTpPEHHSS
thyHKUUA 0bBecneyrBaeT BbI3OB AEKOPUPYEMOWN (BYHKUMM W Mepefadvy eil aprymeHToB. B crnegytouiem
npvMepe Npyv BbI30BE AEKOPUPYEMOI (yHKLUM eli NepeaaéTca ABa apryMeHTa.

# MNepepadya aprymeHTOB [AeKOpUpYeMOW (yHKLUMN.
# pekopupyemas qyHkuusi. [pu Bbi3oBe TpebyeT aABa apryveHTta
def final function 000(argl, arg2):
print(“this is final function 000({0},{1})"-format(argl, arg2))
# s
# BHeWHAA (YHKUMS. BO3BpawWaeT CCb/IKY Ha BHYTPEHHION (YHKLMIO.
def a decorator passing arguments(function to decorate):
# BHYTpPeHHAs (yHKuus obecneymBaeT Bbi30B AEKOPUMPYEMOW (yHKLUMN
# N nepepavy el aprymeHToB
def a wrapper accepting arguments(argl, arg2):
print(‘"aprymeHTh B AeKopupyemyi GQyHKuuo:'', argl, arg2)
function to decorate(argl, arg?2)
return a wrapper accepting arguments
@a decorator passing arguments
def final function XXX(argl, arg2):
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print(“this is final function XXX({0},{1})".format(argl, arg2))
if name = " main

# Bbi3biBaeTCA BHeWHAA (YHKUMS, KOTOpas BO3BpawaeT CCbUIKY
# Ha BHYTPEHHIO (QyHKUMIO. BHYTpeHHAs (yHKumsa obecneumBaeT Bbi30B
# pekopuvpyemor (yHKUMM 1 nepepadvy eli aprymMeHToB
final function decorated =

a decorator passing arguments(final function 000)
final function decorated(512, 1024)

final function XXX("=quartz perfect=", 795)

m OOl gekopupoBaHMe METOAOB
HecTtatnyeckue MeTofbl python — 31O PYHKUMM C JOMNO/HUTENBHBIM 06si3aTeNlbHbIM aprymeHToMm self,
KOTOpbIA MpefcTaBaseT coboi CChifIKY Ha OGBEKT, BbI3bIBANOWMIA JaHHbIA MeToh. W 31O 03HA4aeT, uto
[eKopaTopbl 418 METOLOB MOXHO OGBABAATb TaK e, Kak W Ans 06blYHbIX (YHKUUA C HEmycTbiM
CMMCKOM apryMeHTOB.

def method decorator(method to decorate):
def wrapper(self, value):
value *= 3
return method to decorate(self, value)
return wrapper
class superCar:
def init (self, value):
self._capacity = value # npu co3gaHunm obbekTa aTpubyTy capacity
# npncBamBaeTcs 3HadeHue aprymeHTa value

@method decorator
def sayRealCapacity(self, value):
print(“the realCapacity is {0}".format(self.capacity * value))

if name = " main =

the car = superCar(125)

the car.sayRealCapacity(3) # 3HaueHve, BO3Bpaljaemoe MeTOoAOM

# sayRealCapacity cO 3HauyeHvem aprymeHta = 3, BbMMCASETCH Cleayoumnm

# obpazom: 3 * 3 * 125 = 1125

# 3 * value * self._capacity = 1125

m [leKopupoBaHue ¢ paCI'IaKOBKOI‘/JI apryMmeHToB
[lekopaTop, KOTOpbIi MOXHO MPUMEHUTL K OGO (YHKLUUM UK MEeTody, 06BSBASETCS C PacrnakoBKOW
aprymMeHTOB.

# yHMBepcCas/ibHblii AeKopaTop, KOTOpLbIA MPUHMMAET MPOU3BOJbHbIN
# CNUCOK apryMeHTOB B COCTaBe KopTexa *args u cnosapsa **kwargs
# pexkopupyemas (QyHKUMSA Kak aprymeHT JeKopaTtopa
def universal decorator passing arbitrary arguments(function to decorate):
# BHYTpPEHHAs (yHKUuA obecneymBaeT Bbi30B AEKOPUMPYEMOW (yHKLUMN
# N nepepavy el aprymeHToB
def wrapper accepting arbitrary arguments(*args, **kwargs):
print("'6b10 M 4TO-NM60 nepefaHo AeKOopUpyeMon (yHKuun ?'°)
if len(args) = 0 or len(kwargs) I= O:
print(args)
print(kwargs)
else:
print(“args && kwargs are empty-")
function to decorate(*args, **kwargs)
return wrapper accepting arbitrary arguments
# yHMBepca/ibHblli gekopaTop AekopuypyeT (yHKuuiw 6e3 aprymeHToB
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@universal decorator passing arbitrary arguments
def function with no argument():

print(*'Python is cool, no argument here.')
# yHMBepca/ibHblli gekopaTop AekopupyeT (yHKUu € aprymeHTamm a, b, c
@universal decorator passing arbitrary arguments
def function with arguments(a, b, ©):

print(a, b, ©
# yHMBepcasibHblli gekopaTop AekopupyeT (yHKuuiw € aprymeHTamm a, b, c
# N VIMEHOBaHHbIM apryMeHToM answer
@universal decorator passing arbitrary arguments
def function with named arguments(a, b, c, answer):

print("genatca wm 3, { v { Ha 17? {}"._-format(a, b, c, answer))
class Observer:

def init (self):

self.age = 31

# yH/BepCa/ibHblii AeKopaTop AeKOpMpyeT MeTOh CO 3HayeHMEeM MO YMOIYaHWIo

@universal decorator passing arbitrary arguments

def sayTheAge(self, lie=-3): # Tenepb MOXHO YyKa3aTb

# 3HadeHue Mo ymosivyaHuio
print(*"'Octaétca {3 net”_format(self.age + lie))

# BbI30Bbl AEKOPUPYEMbIX (QYHKUMIA 1 mMeToda ==
function with no argument()
function with arguments(l, 2, 3
function with named arguments(*'25', '137", "64', answer”™” KTO ero 3HaeT!'")
obs = Observer()
obs_sayTheAge()

m [lekopaTopbl C aprymeHTamu
OnwncaHve npoueaypbl 06bABNEHUS AekopaTopa C aprymeHTamu. B npouecce gekopupoBaHus paHee
06bsABNeHHoM (yHKumM decorated_function dyHKUuS, KOTOpas 3anyckaeT MpPOLEecC A4EKOPMPOBaHMA —
decorator_maker — BO3BpaLlaeT cCbi/iKy Ha yHKUuIO master_decorator. B pe3ynbtate obpalieHus no
3TOli CChbiNKe BO3BpaLlaeTcs AekopupoBaHHaa yHKLUMA No ceblike decorated_function. Bosepatlaemblii
KOA, BK/IOUAeT KO KOHTeliHepa wrapper Ans gekopvpyemoli yHKUUW, 13 KOTOPOro HenocpeacTBEHHO
1 Bbi3blBaeTCA AeKoprpyemMas ByHKLKS.

Taknm 06pa3om, NMpu BbI30BE AEKOPMPOBAHHOM (yHKUMM Mo ccbiike decorated_function — yxe He
ncxogHas aekopupyemas (QyHKUMS. 34ecb MOAKMOYAETCS KOHTEMHepP wrapper, KOTOpbIA BbIMOMAHAET
npeaBapuTenbHy0 paboTy, 3amnyckaeT WCXOA4HYH AeKopupyeMyto (YHKLMIO, MnepexBaTbiBaeT eé
BO3BpallaeMOe 3HayeHWe W [OMONHUTENbHO €ro MoanUUUPYeT. Pe3ynbTupytollee 3Ha4eHMe,
BO3BpaLlaeMOe [JEKOPUPOBaHHOW (yHKLMEN, pacneyaTbiBaeTcsl Nepes 3aBepLUeHNEM MPUIOXKEHMS.

MOXHO nepefaBaTb B [EKOpPATOpP aprymMeHTbl. B 3Tom cnyyae no6aBnsieTcsi €lle OAvH YPOBEHb
abcTpakuum, TO ecTb, ewe oaHa (yHKuus-obeptka. Takum o06pa3oM, aprymMeHT nepefagrcs
HernocpefcTBEHHO fekopaTopy. Mocne 3atoro (yHKuUWs, KoTopas 6biia BO3BpalleHa AeKopaTopom,
UCNonb3yeTcs A1 AeKOpauun.

# =

def decorator with args(name):
print(*> decorator with args:", name)
def real decorator(func):
print(*>> cavm pgekopatop®, func. name )
def decorated(*args, **kwargs):
print(*>>> nepeg ¢yHkume®, func. name )
ret = func(*args, **kwargs)
print(*>>> nocne ¢yHkumn®, func. name )
return ret
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return decorated
return real decorator

#
@decorator_with_args('test')
def add(a, b):
print ('>>>> ¢yHkuusa add')
return a + b

#
if name == ' main ':
print ('crapT nporpaMme’)
r = add (10, 10)
print(r)
print ('xkoHen nporpaMmel’)
Ewé npumep:

# IexopaTopH C apryMeHTaMu
# OBmampieHuMe mekopaTopa C aApTyMeHTaMM:
#

def decorated function():

print ("===== 3To0 nmexopupyeMas OoyHKUMS. =====")
return ('it was decorated function')

#
# mexopaTop
def decorator maker():

print ("decorator maker: cospanue gekopaTopa.')

print ("decorator maker BHBHBaeTCHA NPM CO3IaHUM IeKopaTopa.')

def master decorator (function):
print ("master decorator! BusbBaeTca NpM OeKOopMpoBaHMM QyHKUMM. ')
def wrapper():

print ()

print ("wrapper: KOHTeMHep mJIgd IeKopupyeMol OGyHKumMM.\n"
"BEISEIBAETCSA KaXIE pas IIPpM BHBOBe OeKOPUPOBAHHOM byHKUUM'™)

ret = function|{()

xstr = '|'.join(ret)

return (xstr)
print ("BosepamaeTcsa ob&pHyTasa byHKUMS.")
return wrapper
print ("decorator maker: BosBpamaeTcsa master decorator.")
return master decorator

#
@decorator maker()
def decorated function X():

num = 125
print ("===== 3To0 nmekopupyeMasa oyHxkumg X...{0}... =====".,format (num))
val = num*num

return str(val)

#

if name ==

main

# Cosmanme macTepa-IekopaTopa.

# TMpomcxomuUT B pesyJibTaTe BHSOBA HOeKopaTopa
mstr decorator = decorator maker ()

#
#

# Iexopuposanme obyHKUMM: master decorator Bosppamaer

# decorated function, KoTOpEHI BrJUAET KOI KOHTeNHepa I
# mexopupyemoll QyHKUMM, M3 KOTOPOT'O M BHSHBAETCA IekopupyeMas QyHKIUA.
decorated function = mstr decorator(decorated function)
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BeI3OB IOexKopMpoBaHHOM QyHkumm. decorated function - sTo yxe

He MCXOIOHas IOekopupyeMas ¢yHrumsa! 3mech NOOKIIOUAETCH KOHTEMHED
wrapper, KOTOPEIM BHIIOJHSET IIpelBapUTesbHY paboTy,

BanyCcKaeT MCXOIOHYI HEKOPUMPpYeMyl GYyHKUMIO, IepexBaTeHBaeT eé
BOBBpallaeMoe BHaUYeHME M LOOIIOJIHUTEJIBHO e€T'0 MOIMIUUUPYEeT.

HoH o o H HF HF I+

PesyanMpymmee 3HaUeHNMe paclledaThlBaeTCHd Iepell 3aBeplleHMeM IIPMJIOXEeHNMA.

result = decorated function()

#

print (result)

print (' ")
result = decorated function X()

print (result)

print ("' ")

[anee npuBenéH pesynbTaT paboTbl 3TOro NPUIOKEHUA
decorator_maker: cosgaHue gekopatopa.

decorator_maker BbisbIBaeTcA NpU coO34aHUN AeKopaTopa.
decorator_maker: Bo3spalaerca master_decorator.
master_decorator! BbisbiBaeTca npu AekopuposaHun GyHKLUK.
BosBpauaetca o6épHyTaa GpyHKUMA.

decorator_maker: cosgaHue gekopatopa.

decorator_maker BbIsbIBaeTcA NpU co34aHUN AeKopaTopa.
decorator_maker: Bo3spalaerca master_decorator.
master_decorator! BbisbiBaeTca npu aekopuposaHun GyHKLUK.

BosBpauaetca o6épHyTaa GpyHKUMA.

Wrapper: KOHTeMHep 471 AeKopUpyemoin GYHKLUMN.

Bbi3blBaeTcA KaxKablit pa3 Npu BbI30BE AeKOPUPOBAHHON GYHKLMM

ilt| Iwlals| [d]e|c|ofr|alt|e[d] [flu[n|c|t[i]o]n

Wrapper: KOHTeMHep 471 AeKopUpyemoin GyHKLUMN.

Bbi3biBaeTcA KaxKablit pa3 Npu BbI30BE AeKOPUPOBAHHON GYyHKLMM

1]5/6]2|5

Process finished with exit code 0
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| AprMeHTbI JeKOopaTopoB
MoXHO co3faBatb fekopaTopbl "Ha nety". [Ing 3T0ro Mcnonb3yroTca MyHKUUKW, NPU BbI30BE KOTOPbI UM
KaK OBbIYHBIM (PYHKUMSAM MOXHO MepefasaTtb NPOW3BO/IbHbIE apryMeHTbI.

B cnyyae HeO6GXOAMMOCTU MOXHO UCMO/b30BaTh M PacnakoBKy apryMeHTOB Yepes *args u **kwargs .

def decorator maker with arguments(deco argl, deco arg2):
pAnM'3aechb co3garca gekopaTtopbl. [ gnsa 3TOro NpUMEHAKTCA aprymeHTsi:™,
deco argl, deco arg?2)
def x decorator(func):
print”A""/~ pekopatop. OH MOXeT rnonyyaTb aprymeHTbiZ'",
deco argl, deco arg?)
# ApPrymeHTbl OEKOpaTOpoB W apryMeHTbl yHKUWiA — 3TO pa3Hbie Bewm!
def wrapped(fun argl, fun arg2):
print ('3T0 06épTkKa BOKpPYr JAeKopupyemon (yHKuum . N
"OHa MMeT [OoCcTyn KO Bcem aprymeHtam/™'
"\t- kak gekopatopa: {0} {1}\n"
"\t- Tak u ¢pyHkumm: L2} {3F\n"
"06épTKa MOXeT nepefaTb aprymeHTs gekopatopa {0}, {1}\n
n pynkumn {2}, {3} panbwe\n®
-format(deco argl, deco arg2, fun argl, fun arg2))
return func(fun argl, fun arg2)
return wrapped
return x decorator
@decorator maker with arguments(''01234', ''56789'")
def decorated function with arguments(fun argl, fun arg2):
print ('310 gekopupyemas (QyHKUUSI, KOTOpas 3HaeT TOMIbKO O CBOMUX
aprymeHtax: {0}"
" {1y . format(fun_argl, fun_arg2))
decorated function with arguments(*ABCDE", "FGHIJ™)

3pecb co3fjarca gekoparopbl. ana atoro npumeHsoTca aprymeHTsl: 01234 56789
370 gekopartop. OH MOXeT nosnyyartb aprymeHTol: 01234 56789
310 06EpTKa BOKPYT LEKOPUPYEMO (DYHKLUN,
OHa MMeT JOCTyn KO BCEM apryMeHTam
- Kak gekopartopa: 01234 56789
-Tak u yHKuun: ABCDE FGHIJ
O6EpTKa MOXKET NepefaTb HY>XHble apryMmeHTbl gekoparopa 01234, 56789

1 pyHKumn ABCDE, FGHI panblie

310 fekopupyemas (hyHKLMA, KOTopas 3HaeT TONIbKO O cBOouX aprymeHTtax: ABCDE FGHIJ

Process finished with exit code 0

m Ocob6eHHOCTM paboThl C feKopaTopamMmu

m [lekopatopbl 3aMeA/Ist0T BbI30B (hYHKLUN.
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m  OueHb CIOXKHO "pasgekopupoBaTh” PYyHKUMIO (fa v 3adem ??7?). Ecnv yHKUUSA aekopupoBaHa
— 370 NyyLle He OTMEHSATD.

m [lekopatopbl 060paUunBaOT PYHKLMN 1 3TO MOXKET 3aTPYAHNUTD OTNAAKY.

MocnegHas npob6nema yacTMYHO pelleHa fob6aeneHuem B mogyne functools gyHkuum functools.wraps,
KOMUpYtoLLel BCHO MH(opMaumio 06 obopaumBaemoi (yHKUMM (€€ MMA, M3 Kakoro oHa Mopyns, eé
JOKyMEHTauMio UT.M.) B PYHKLMIO-06EPTKY.

[JekopaTtopbl MOryT 6bITb MCMOMb30BaHbl A7 PaCLUMPEHNS BO3MOXKHOCTEN (PYHKLUUIA M3 CTOPOHHUX
6161MoTEK (KOA KOTOPbIX HEBO3MOXXHO M3MEHWUTL), UK AN YNPOLLEHUS OTNagkKu (4T06bl HE U3MEHSTb
WCXOAHbIA OTNaXKMBaAEMbIA Kop).

Takke MOME3HO KCMO/b30BaTh AEKOPATOPb! AMS1 PACLUMPEHUS Pas/IMYHbIX (YHKUUA OAHUM 1 TEM >Ke
KoZom, 6e3 NOBTOPHOIO €ro NepenuchIBaHus.

m Knacc - fjekopatop
Job6aBneHne metoga__call__ B 06bABNEHMM Kacca NPeBpPaLLaeT ero B Bbi3biBAEMbIA 06BEKT ((PyHKUMSA
- 3TO BbI3bIBaEMbIi 0OBEKT). A TaK Kak geKopatop — 3T0 (DYHKUMSA, TO eCTb, BbI3blBaEMbIi OOBEKT, C
nomoLLbio MeTtoga__ call__Knacc MOXHO NpeBpatuTb B feKopaTtop.

Ecnm dyHKUms, KOTOpyro TpebyeTcs [eKopupoBaTb, [0O/KHA MO/yyaTb apryMeHTbl, TO Ansi 3TOro
[lekopaTop [AO/DKEH BepHYTb (DYHKLUMIO C TOW >Ke CUIHaTypoil (CMMCKOM aprymeHToB), 4TO U Y
LeKopupyemoi hyHKuuUu.

B cnyuae ¢ KlaccoM COOTBETCTBYIOLLAs curHaTypa gobasnsercs B meTton  call .

class xDecorator:
def init (self, funct):
print(“xDecorator, method init ")
self_funct = funct # Ha aTane uvHUUManulauum O6BLEKT nosiyvaeT
# ccbiky Ha (yHkumio Funct
# B cnyyae c knaccom
# cooTBeTCTBYyWWasdA curHatypa fobasBfisieTcs B METO[, call .
def call (self, *args):
print("> nepep BbLi30BOM knacca...", self_funct. name )
self._funct(*args)
print(*> nocne Bbi3oBa Knacca®)

# =
@xDecorator
def external funct(*args):
print(*===== external funct =====7)
i=0
# MHOXECTBO 3HauyeHwii, nepegaBaembiX (QyHKUMM, MpencTaBnslnTCcAa B BuAe
# KopTexa, KOTOpbii COCTOUT M3 OAHOIO 3JIEMEHTA: CHNCKa 3HaYeHWN.
arguments = args[O] # N3 aprymeHTa - KopTexa MW3BNeKaeTCH ClNUCOK
for a in arguments: # nepebop 3nemMeHTOB cnvcka
print(*{0} ... {1} .format(i, a))
i += 1
# =
# =
if name = " main =

args = [1, 2.05, “qwerty", Q]
print("--> start")

external funct(args)
print("end -->%)
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®m ApPryMeHTbl B K/laccax-AeKopaTopax

B knaccax-fieKkopaTtopax BbIMOJIHATCSA aHa/IOTMYHbIe HACTPOVKU. B 3TOM cliyyae KOHCTPYKTOP Kacca
BCE aprymeHTbl gekopatopa. Metog (marmueckuidi mMetog) _ call_ go/mkeH Bo3Bpalwathb

nonyyaetr

hyHKLMI0-06ePTKy, KOTOpasi 6yAeT BbINOHATL AEKOPUPYEMYHO (hYHKLMIO.

PaHee B KayecTBe apryMeHTa KOHCTPYKTOpPY rMepefaBanach CCbiiKa Ha (yHKUMIO. B 31O Bepcum

06bSBNEHNS AeKopaTopa nepefaéTcs aprymeHT.

Metog

call__ nonyyaer CCbIIKYy Ha [EKOPUMPYEMYH (YHKUMIO, (YHKLUUS-060M04Ka (wrapper)
06bABNAETCA C TOW >Xe CUrHatypoli (CrMCKOM aprymeHTOB), 4TO W Aekopupyemas (yHkums. OHa

MnoJslyyaeT apryMeHTbl, COOTBETCTBEHHO MpeAHa3HaYeHHbIE AEKOPUPYEMON (PYHKLMMW.

AprymMeHT, nepefaBaemMblii KOHCTPYKTOPY Kracca, (PyHKuMM-060n04Kke (wrapper) 1M LeKopupyemMoi

(hyHKLMM B 3TOl BEPCUMN LEKOPUPOBAHUS OKa3blBAETCs HE U3BECTEH.

# B 2TOM Cflydae KOHCTPYKTOP K/acca noslyyaeT BCe apryMeHThl AekopaTopa.

# MeTop

call [OMKEH BO3BpawaTb (YHKUUKW-00epTKy, KoTopas 6ygeT

# BbINOMHATE [AEKOPUPYEMYID (YHKLMIO.

class DecoratorArgs:
# paHee B Ka4deCcTBe aprymeHTa KOHCTPYKTOPY MepefaBasiacb
# ccbinka Ha (yHKumio. B 3Toil Bepcun 06bABNEHUA nepenaértcs
# aprymeHt. O3TO CTpOKa.

def

def

init (self, xstr):
print(*"> [lekopaTop C apryvmeHTammu init ", Xxstr)
self_xstr = xstr
call (self, funct):
# meTo[, call rnoslyyaeT CChUIKY Ha AeKopupyemyl (yHKLN0
# QyHKUMa-obonoudka (wrapper) O006bsBNAETCA C TOW Xe CUrHaTypor
# (cnMcKkom aprymeHToB), 4TO M AeKopupyemas (yHKUMS .
# OHa nony4yaeT aprymeHThl, COOTBETCTBEHHO MpefHa3HaueHHble
# pekopupyemor (yHKLUN .
z = self._xstr
print(z)
# ApryvmeHT, nepegaBaemblli KOHCTPYKTOPY Knacca, (QyHKUMM-060/104Ke
# (wrapper) v pekopupyemonl ¢GyHKUMM B 3TOW Bepcuu AeKOpUpoBaHUs
# OKa3biBaeTCA He W3BECTeH.
def wrapper(a, b):
print(">>> pgo o6epHyToOli (yHKuMM. Ha4vano pgekopvpoBaHuSa™)
funct(a, b)
print(">>> nocne o06epHyTON QyHKUMM. KOHey [ekopupoBaHus™)
return wrapper

@DecoratorArgs (" xXxxXXXxxx"")
def add(a, b):

print("gpyHkuma add:", a, b)
print(">> crapTt")

add(10,

20)

print(">> KoHel")
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B VIcknoyeHna v 06paboTKa UCKNOYEHN
aToT pasgen  coaepXmt OCHOBHblIE CBeAEHUA 06 WCKMUYEHUSAX - S3bIKOBOW KOHCTPYKLU AN,
I'Ipe,CI,HEiSHal-IeHHOﬁ onAa (popmaanoro OMnucaHnsa oLKnbok BpeMeHN BbINMONHEHNA WU CNOCOO0OB UX
"KOppeKTHOFO" ncripae/ieHNA HenocpeacteeHHO B XOA4€ BbIMO/IHEHUA TMPUNOXEHNA, KOTOpad LWNPOKO
NMPUMEHAETCA B COBPEMEHHLIX A3blKaX MporpaMmmMmmpoBaHnA.

m Tkinter: 06Lu,ee npeacrtaBneHUE
Tkinter - ato nakeT gna Python, KOTopbIii NpegHasHayeH gnsi paboTbl ¢ 6ubnuotekoit Tk. Mpatmyeckas
KpoccnnathopMeHHas 6mbnMoTeka Ha ocHoBe cpefcTB Tk. CBo6ogHoe MO, BKAOUYEHO B CTaHZApPTHYHO
616mMoTeKY fA3blka MNporpammuposaHus Python. B coctas Tkinter BXOAUT MHOXECTBO KOMMOHEHTOB.
Bubnnoteka Tk coOpep>XXUT KOMMOHEHTbI rpaduyeckoro uHTepgelica nonb3oBatens (graphical user
interface - GUI. bubnuoteka HanucaHa Ha a3bike Tcl.).

m [ paduuecknin nHTepdenc
Mop rpaguyeckum wmHTEpgeiicom nosnb3oBatend (GUI) noapasymeBatOTCA OKHa, KHOMKW, TEKCTOBbIE
nons [AnA BBOAQ, CKPOMepbl, CAUCKW, PagVUOKHOMKW, (NaXXKu W npoyve 3/eMeHTbl, KOTopble
NOABNAKOTCA Ha 3KpaHe Mpu OTKPbITUKU TOTO0 NN MHOIO NMPUIOXKEHUS.

Bce 3tm anemeHTbl WHTepdelica HasbiBalOTCA Bumketamy (widgets). Yepe3 Hux obecneumBaetcs
B3aMMOZENCTBME C NPOrpaMMOli 1 ynpas/ieHne 310 NPOorpaMmmoi.

|_|[fJI/II'IO)KeHI/IFIl KOTOpPbIE CO30a0TCA ANA KOHEYHOrOo Mnosib3oBarenida, MMerT GUL.

Tk BblbpaH gns Python no ymonuyaHuio. YCTaHOBOYHbIN haiin mHTepnpetatopa Python 06bliMHO yxe
BK/ItOYaeT nakeT tkinter B coctaBe cTaHAapPTHON GMOGANOTEKN.

Tkinter MOXHO NpeAcTaBUTL Kak MepeBOAYMK C A3bika Python Ha a3bik Tcl. MporpaMma nuvwertca Ha
Python, a kog mogynsa tkinter mepeBoanT MHCTPYKUMM € Python Ha A3bik Tcl, KOTOpbIA MOHUMAaeT
6ubnmoteka Tk.

Bubnunoteky Tkinter Hago nmnopTnpoBatb. CTaHAaPTHbIE CNOCO6bLI MMNopTa Moayns Tkinter B Python:

import tkinter
from tkinter import *
import tkinter as tk

Takke MOXHO MMIMOpPTMPOBaTb OTAE/IbHbIE KacCCbl, HO 3TO AENa0OT pegko. OO6bIYHO xBaTaeT BbIPpa>KeHUA

from tkinter import *

Ecnv Hy)KHO y3HaTb YCTaHOBNEHHYIO Bepcuto Tk, 3T0 MOXHO cfenatb yepes KoHcTaHTy TkVersion:

>>> from tkinter import *
>>> TkVersion
8.6

m OWwmnbkn
Pa3pa60TKa N BbIMNO/IHEHNE I'IpI/II'IO)KeHI/IFI MOXXEeT COI'IpOBO)K,EI,aTbCFI pa3l'll/|l-IHbIMI/I 0LIJI/I6KaMI/I, K KOTOprM
MO>XHO OTHEeCTU:

m  CUHTaKCUYECKME - BO3HMKAIOT NpY pa3paboTke Koga M3-3a cMHTakcuyeckunx(!) owmnbok;
m Jlornyeckue - ABMSIOTCA Pe3y/ibTaToM OLWMBOK pa3pabaTbiBAEMOro aifopuTMa B NMPUIoXeHNY;
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m  VICKNHoYeHnA - BO3HUKAKOT Nnpn  BbINO/IHEHNN NPUNOXEHNA B pe3ybTateé HEKOPPEKTHbIX
AGMCTBMVI nosib3oBartesia Ui CUCTEMbI.

m CuHTaKcM4yeckme ownbKmn
ABNAOTCA pes3ynbTaToM HapylleHUs MpaBuA Si3blka MpPorpaMmMupoBaHus, Hanpumep, Npornycka Kpyrioi,
NPSMOYrofibHOM WA (UFYPHOI  CKOGKM B MpeanofnaraeMoOM — CUMHTAKCMCOM  f3blka  MecTe
paspabaTbiBaemMoro koga. OG6HapyXuBarTCd KOMMWAATOPOM WM UHTEPNPETaTopoM, KOTopble
coobuweHnemM (06bIYHO CTaHAAPTHOW (hOpMbl) YBEAOMASAOT paspaboTyMka Koga (nporpammucra) o
npo6neMe B cO3aBaeMOM KOge.

m Jlormyeckne oWwWnNGKM
Kak npaBuno, 60nee CMOXHbIE B BbISIBNEHUW, TaK KaK He "OT/1ABMMBAKOTCS" HU Ha 3Tane KOMMWUASLMU
(ecnn TakoBasi CyllecTBYeT), HM BO BpPeMs BbIMOJHEHUS MPOrPaMMHOIO  Koga (BO3MOMXHO,
nHTEPrpeTaTtopom). OBLIYHO OHU BbI3BaHLI OLUMGKaMV B JIOTUKE PeasM3yeMoro ajiroputMa, M3-3a Yero
[LOCTVXKEHUE NPeayCcMaTPUBAEMOro pe3y/ibTaTa 0KasbiBAeTCs HEBO3MOXHbIM.

m  VicKkuyeHns
Eweé ognH BUA OWMOOK, KOTOPLIA MPOSABSETCA B 3aBMCUMOCTU OT Ha/IMUUS OBCTOATENBCTB, BUSIHOLLMX
Ha XO0J BbIMOJIHEHUS MporpamMmbl. [puUMepoM MOXeT ObliTb BBOJ HEKOPPEKTHOrO 3HaudeHus, nMbo
oTcyTCTBME (haiina, HeobGXxOAMMOro [Ans KOPPEKTHOro BbIMOSHEHMS npunoxeHusa. Kak npasuno,
UCKIOYEHNSA MPOABNSAIOTCA BO BPEMS BbIMOIHEHUSA MPUNOXEHUS,

m VIcKoyeHuUs: npenmMmywecTea NpMMeHeHUA
VicknoueHns NpeAcTaBfsilOT  cOBGOM  CaMOCTOATENIbHBLIA  TWN  faHHbIX, MNPy MOMOLWIM  KOTOPOro
NPWIOXEHNE MOXeT CTaHAapTHbIM 06pa3oM coobuiate (MOMb30BaTeN0) O Pa3/INYHbLIX  OLUMOKAX.
O6paboTKa MCKIHYEHNA MO3BONSAET MEHATb CLIEHAPWUIA BbIMO/IHEHMSA MPUIOXKEHUS C YHETOM Pas/inyHbIX
06CTOATENLCTB, TaK WM MHaye Hapyllalowuyx ero HopMaibHyo paboty. [Anda  ynpasneHus
WCK/IIOYEHUSIMU B A3blKe MPOrpaMMUPOBaHnNs python npeaycMOTpeHbl CreumaibHble CUHTaKcUYeckune
KOHCTPYKLNN.

Takke B S3blKE CYLLECTBYET GMOBAMOTEKA TOTOBbIX WCKIHOYEHWUIA, a TaKXKe peasM3oBaHa BO3MOXHOCTb
co3paBaTh COGCTBEHHbIE UCK/THOUEHMS.

MporpammMa, KoTOpas CrnocobHa KOPPEKTHO 06paboTarb BO3HUKAIOLWME WCK/OYEHWS, 3aBepLuaeTcs
€CTeCTBEHHbIM 06pa3om, 6e3 NpepbiBaHU 3a4aHHOroO anropuTma.

Hanpumep, oTcyTcTBUE (haiinia MpU  BbIMNOHEHWU MPUIOXKEHNUS MPOBOLMPYET  UCKIHOUUTENBHYIO
CUTYyaLmto, KOTopasi NPMBOAUT K aBapUMHOMY 3aBEPLLEHMIO PaGoTbl MPOrpaMMbl 1 BbIBOAY OLIMGKM Ha
3KpaH.

Mpumep npunoxenus, HE cnoco6Horo "ctaHgapTHbIM" 06pa3oM pearnpoBaTtb Ha OTCYTCTBUE (harina npw
MOMbITKE €ro OTKPLITUA WM COXPaHeHUA:

# =

from tkinter import *
root = TkQ

print("'Program started'™)

print(*'Opening Ffile._.."")

T = open(‘'data.txt')

print(*'Program finished)

if  name == " main :
root_mainloop()
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#

Mpn oTtcyTcTBMM (haiina “"data.txt” B xofe BbINOMHEHUS MPUIOXEHUs GyaeT BbIBEAEHO COOOGLIEHME O
BO3HUKHOBEHVN COOTBETCTBYHOLLENO UCK/IOUEHNS:

Traceback (most recent call last):

File "C:/PythonDrom/SeismicModels/SeisModel04/xGui2l._py', line 57, 1in
<module>
Program started
Opening Tfile...

T = open(‘'data.txt'™)

FileNotFoundError: [Errno 2] No such file or directory: “data.txt"
Process finished with exit code 1

[JaHHOe wuckoYeHne npegycMOTPEHO paspaboTumkamu cpefbl MporpaMMmpoBaHus python (A3bIK,
WHTepnpeTaTop, 6GUbANoTEeYHbIE MOAYNN).

PaspaboTuvkn npunoxeHuss HE NpesycMOTpenn B MPUIOXEHUN PeakUMIO Ha OTCYTCTBME haiina, uto u
MPUBENIO K BO3HVKHOBEHMWIO UCK/IOUEHNSI.

B atom cnyuae oTobpaxaeTtca mmA (paiina, HOMep CTPOKM B KOfge, rae 6bi1o BbIOPOLIEHO WCKIKOYEHUe
FileNotFoundError (FileNotFoundError: [Errno 2] No such file or directory: 'data.txt’).

m [lepexBaT MCKNHOYEHNI
[na Toro 4tobbl UCKNHOYEHME He MPUBOAWIO K BHE3arnHOMY 3aBepLUEHUIO MPUIOXKEHUs, B fA3blke
NporpaMmMupoBaHnsa peannsyetcs MexaHW3M, KOTOpbI CnocobeH npeaoTBpallate HenpeasuieHHble
(HO npefycmMOTpeHHbIe) cUTyauuu.

C MOMOLLbIO crelmabHbIX KOHCTPYKUMIA (try:..except:...) A3blka MPOrpaMMUPOBaHUS B MPUIOXKEHWN
OMUCbIBAOTCS 'KPUTUYECKME' (DparMeHTbl KOAa W BapuaHTbl pearMpoBaHUs Ha BO3HUKaOLLME
NCKIFOUEHMSI. 3TO NMOMOraeT n3GexxaTb CO0EB MPU BbIMOHEHUN NMPUIOXKEHWSI.

# =

from tkinter import *
root = TkQ
print("'Program started')

try:
print(*'Opening file...™)
T = open(‘'data.txt'™)
except:
print(*file not found!")

print("’*Program finished™)

if name == main "
root.mainloop()

# =

Brok try cogep>XuT "onacHbli KOA", KOTOPbIA CMOCOOGHEH MPMBECTU K OWMOKE (OTCYTCTBME HY)XKHOTO
thaiina).

128



Bnok except CcOAEPXMT MHCTPYKUUWM, KOTOpble MPUIOXKEHUIO cfiedyeT BbINOMHUTL B Cllydae
BO3HMKHYBLUEV Npo6GnemMbl. Tenepb ecin Tpebyemsbili ailn He Obin HaligeH, MpunoXeHne He Gygpet
aBapuiiHO 3aBEpPLLEHO.

B except: HECKOJ/IbKO 6/710K0B
BnokoB except MOXeT OblTb HECKONbKO, B 3aBUCMMOCTU OT TOrO, KakOh TUM WCK/THOYEHUSI HY>XHO
obpaboTtate B npunoxeHun. Kak npaeuio, cHadana obpabatbiBaloTca 60/ee 4vacTHble ciy4dan, 3aTem
obuyme.

# =

from tkinter import *
root = TkQ

print("'Program started')

try:
print(*'Opening file...™)
T = open(‘'data.txt')
except FileNotFoundError:
print(*file not found!")
except Exception:
print(“something gone wrong!*®)

print('Program finished™)

if name == main :
root_mainloop()

m BnoXeHHble 6/10KN U else
[Onsa 6onee rmbkoro ynpasneHUs UCKIHOUYEHUAMU 6/IoKU try:.except... MOryT OblTb B/IOXXEHHbIMWU. B
cnegyolemM npuMepe AeMOHCTPUPYETCA MOMbITKA OTKPbITb TEKCTOBbLIV (haiil 1 3anncatb B HEr0 HeKyto
CTPOKyY. N5 KaOKAOW Lenn UCrnonb3yeTcs OTAeNbHbIA 6OoK try.

Takke B JaHHOM npuMepe UCMob3yeTca KOHCTPYKUWA else, KOTOpad BbIMNO/HAETCA B C/ly4dae, eC/in B
KO4e He nponsowno VCKNHOYEHWIA.

B maHHOM cnyuvae else cpaboTaeT npu ycrnewHoOM BbINOSHEHUM onepaunn write. Mo ymonyaHuio daiin
OTKPbIBAETCA Ha YTeHWe B TEKCTOBOM pexkume. M03ToMy Mnpyv OTKPbITUKM (haiina MCnosb3yeTcs PeXxxum
"w". Mpy 3TOM (haii OTKPbIBAETCA Ha 3anuchb.

Ecnu chalina He 6b110 — cO37aeTcst HOBLIN, ecnn halin 6bin — OH Nepe3anyucbIBaeTCs.

# =

from tkinter import *
root = TkQ

print("'Program started')

# BHewHWA 610K try - except
try:

print(*'Opening file...™)
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T = open(‘'data.txt”, 'w")

# BNIOXEHHbIA 6noK try - except - else =
try:

print("writing to file...")

f.write(""———- Hello World—- )
except Exception:

print(“something gone wrong!*®)
else:

print(*'Success!")

#

except FileNotFoundError:
print(*file not found!")
# =

print("’"Program finished™)
if name = " main
root_mainloop()

m finally
BoiBatoT cutyauuu, korga tpebyeTtcs cOBepLUMTb HEKUE BadKHbIE AEACTBUS HE3aBUCMMO OT TOrO, 6b110 n
B MPWIOXEHMM BbI3BAHO WCK/OYEHUE wnn Het. Ons atoro ucnons3yetca 650k finally (ewé ogumH
3/IEMEHT CMCTEMbI O6PabOTKN MCKHOYEHWIA), COLEPXKaLLMIA HABOP MHCTPYKLWIA, KOTOPbIE AO/MHKHbI ObiTh
BbIMO/IHEHbI B JI06OM Cflydae, He3aBUCMMO OT CUTyaluu, BO3HMKalOLWed B XOAe BbINONHEHUS
npunoxeHusi. Cnepyowumii npumep ynydwaeT paboTy npeabigylleid nporpammbl, Ao6aBnss B Hee
BO3MOXHOCTb 3aKpbITUA TEKCTOBOTO (halina:

# =

from tkinter import *
root = TkQ

print("'Program started')

# BHewHWA 610K try - except
try:
print(""Opening file...")
f = open('data.txt”, 'w")

# BNIOXEHHbIW 6nOK try - except - else =
try:

print("writing to file...")

f.write(""'——— Hello Worlld———- )
except Exception:

print(“something gone wrong!*®)
else:

print(*'Success!")
finally:

f.close()

print(""Closing file...")
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#

except FileNotFoundError:
print(*file not found!")

#

print(*’*Program finished™)

if name == main
root.mainloop()

m  KoHCTpyKuua with -as
OnucbiBaeMmblii paHee noaxon K pa60Te C UCKMHOYEHNAMN MOXKET NMoKa3aTbCA C/ANLWLIKOM C/TOXXHbIM, TaK
KaK KOf, KOTOpbIA ero peannsyet, BbIrNSguT rpomo3gkum (?). CneumanbHO gnsi 3toro ciydas (gns
"ynpoweHus" kofa) B f3blke python cyllecTBYeT KOHCTpyKUmMs with - as, KoTtopas no3BosseT
aBTOMaTU3MPOBaTb HEKOTOPbIE CTaHAapTHble MeToAbl (Hanpumep, 3akpbiTve aiina) npu pabote ¢
COOTBETCTBYHOLLIMMMW o6beKkTaMmn. 3T0 NO3BONSET COKpaTnTb A/INHY KoAda.

# =

from tkinter import *
root = TkQ
print("'Program started'™)

try:
print(""Opening Ffile...")
# KOHCTpyKuuss with - as
with open(“data.txt”, ‘'w") as f:
f.write(""———- Hello World—- )
except Exception:
print(“something gone wrong!*®)
print(*file not found!")

print(*'Program finished)
if name = " main
root.mainloop()

m [lonb30oBaTeNbCKME UCKTHYEHUA
Kak I'IpaBI/II'IO, B KOppeKTHO HarnMcaHHOM I'Ipl/IﬂO)KeHI/II/I, NCKNKYEHNA aBTOMATUYeCKWM BbI3bIBAOTCA B
HeO6XO,qI/IMbIX cnTyaymnsx. I_Ipl/l 3TOM B python cyuwiectByeT BOSMOXXHOCTb 3amnyCKaTb MX CaMOCTOATENIbHO.
[na atoro B python npumeHsieTcs onepartop raise. CnefjoM 3a HUM OOBSBASETCS U CO34aETCA HOBbIN
06bekT TMna Exception, ¢ KOTOpbIM B Ja/lbHEEM MOXHO paboTaTb Npu MOMOLUU YXKE W3BECTHbIX
KOHCTPYKLMIA try:...except...., KaK B CeaytowemM npumepe:

# =

from tkinter import *
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root = Tk{()
print ("Program started")

try:
raise Exception('User Exception !'")
except Exception as e: # »Ta KOHCTPYKUMS IOSBOJSET pacleyvaTaTb TEKCT
# mMckioueHMs (B OAaHHOM clydae
# Exception - 'User Exception !''")
print(str(e))

print ("Program finished")

if name == ' main ':

root.mainloop ()

YTo6bl onucatb cobcTBEHHbINW (MONb30BATENBCKUIA) TUM UCK/IOYEHWUA, HYXKHO CO34aTb HOBbIWA KAaacc,
yHac/negoBaHHbIA oT 6basoBoro TMna Exception. 3To No3BoAWUT 3anyckaTb ocobble BUAbI UCKAIOYEHWIA B
CUTYaUMAX, Korga nosegeHne No/b3oBaTe/IA He COOTBETCTBYET a/IfOPUTMY NporpaMmbl. B KOHCTpyKTope
Exception ykasbiBaeTcA TeKCT WCKAloYeHUA. [locne Toro, Kak WCKAlodeHue cpabotano M 6blsio
nepexsavyeHo, ero MoKHO NoAYyYUTb C MOMOLLBIO Str.

B crnepywolwem Koge npeactasieH MNpouecc reHepauuu uckiodeHna NegativeAge, KoTopoe He
No3BO/AET BBECTU OTpULLATE/IbHbIN BO3PACT:

#

from tkinter import *

# oBnaBieHMe NOJBLSOBATENLCKOTO MCKIIOUEHMS
class NegativeAge (Exception):
pass

root = Tk{()

print ("Program started")

try:
age = int(input("Tnter yor age: "))

# B ciyyae BBOIa HEKOPPEKTHOTO 3BHaYeHUS age - TeHepalus
# nmosb30BaTENLECKOTO MCKIIOUEHUS
if age < 0:

raise NegativeAge ("Exception: Negative age!")

#

else:

# ecny sHaueHMe BBeIEeHO NPABUIILHO — IPUIOXEeHMe 3aBepmaeT paBoTy
print ("Success!")
except NegativeAge as e:
# B mpoTMBHOM Ciyuae IepexBaTHBaeTCsa UCKoueHMe NegativeAge.
# Biok ero obpaboTku IOpelyCMaTpUBaeT pacledaTKy €TI0 TeKCTOBOTO
# nperncraByeHus ("Exception: Negative age!™)
print(str(e))

print ("Program finished")
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if name == main :
root_mainloop()

B lepapxusa NCKNHYEHUI
B fA3blke nporpamMmmpoBaHus python cyulectByeT cTporas uepapxusi UCKIYeHuid. “BeplunHon”
ABnsetcs BaseException, BKIOYalOWMin B ce65 BCe CyLLEeCTBYHOLWME Pa3HOBUAHOCTM UCKITHOUEHMWIA:

SystemExit - BO3HMKAET Npy BbIXOAE U3 NMPOrPaMMbl C MOMOLLLHO SyS.exit;

KeyboardInterrupt - yka3sbiBaeT Ha npepbiBaHNE MPOrpaMMbl MOMb30BaTENEM,;
GeneratorExit - nosensetcs npu BbI3oBe MeToAa close ans ob6bekTa generator;
Exception - npefcraBnsieT MHOXECTBO 0OblYHbIX HECUCTEMHbIX UCKIHOYEHWIA.

m  Knacc Exception. HecucteMHble UCKNOUYEHUS
B cnepytouleii Tabnuue npvBefeHbl HECUCTEMHbIE UCKTIOUEHWS, KOTOpble coepyXuT Knacc Exception.

Ha3BaHue

ArithmeticError

AssertionError
AttributeError
BufferError
EOFError
ImportError
LookupError
MemoryError
NameError

NotimplementedError

OSError

ReferenceError
RuntimeError

Stoplteration

Onuncaxune

MopoxkaaeTcss apugmeTMUeckuMy olinbkamy (onepauuv C MiaBatoLeit
TOYKOW, NEPENOIHEHME YNC/TOBOI NEPEMEHHON, AEIEHNE Ha HOJb)

BO3HUKaeT Npu T0XKHOM BbIpaXKeHUN B DYHKUUKN assert

MosBnseTcs B Cyyasx, Korga Hy>XHbIi aTpubyT 06bekTa OTCyTCTBYET
YKa3blBaeT Ha HEBO3MOXXHOCTb BbINOMIHEHUSI BydepHO onepaumm
MposBnseTca, Korga (yHKUMA He cMoria npo4vnTatb KOHe, thaiina
CoobuaeT 0 Heyga4yHOM MMNopTe Moayna nubo arpubyra
MHhopmupyeT Npo HegelcTBUTENbHBIA MHAEKC WM K04 B Maccuee
Bo3HukaeT B cMTyaumu, Korga AOCTYnHOM NamaTt HeLOCTATOUYHO
YKasblBaeT Ha OLINGKY MpU MOWCKE NEPEMEHHON C HYXKHbIM MMEHEM

Mpepynpexajaet o0 TOM, 4YTO a6CTpaKTHbIe MeToAbl Knacca A0/MKHbI ObITb
obsa3aTtensHo nepeoripeaeneHbl B Knaccax-HacsiegHMKax

BktoyaeT B ce6si CMCTEMHbIE OLWMOKM (OTCYTCTBME AOCTYyMa K HYXXHOMY
thaiiny unm gupekTopmu, NpoGemMsl € MOVCKOM MPOLLECCOB)

MopoXkgaeTca MOMbITKOM foCTyna K aTpubyTy co 'cnaboii’ CCbINKoW
Coob6LaeT 06 MCKIHYEHMM, KOTOPOE He Knaccuguumpyercs

Bo3HukKaeT BO BpeEMA BbINOJIHEHUA q3yHKLI,I/Il/I next npu OTCYTCTBUA
3JIEMEHTOB
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SyntaxError
SystemError
TypeError
UnicodeError
ValueError

Warning

npe,ﬂ,CTaBﬂﬂeT coboii COBOKYMNMHOCTb CUHTaKCHUYECKUX ownbok
I'Iopo>+(,c|,aeTc;| BHYTPEHHUMMN ownbKamm cucTembl

YKasbiBaeT Ha TO, YTO onepauna He MOXKeT 6bITb BbINO/IHEHA C O6bEKTOM
C006u.|,aeT [0} Hel'lpaBVIl'IbHOVI KOAMPOBKE CMMBO/10B B Nporpammvie
BosHukaet npn NoOAy4yeHUN HEKOPPEKTHOIO 3Ha4YeHA 04 nepel\neHHon

O603HayaeT NpeaynpexaeHue
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m Maruyeckume MeTo/bl
3TOT pa3fen ocHoBaH Ha pykoBofcTBe OT Rafe Kettler 1.17 Bepcun.

CopepxxaHve pasgena:

BeepgeHune

KoHCTpynpoBaHue 1 nHuumnanmsaums
lMepeonpeneneHne onepaTtopoB Ha NMPOM3BOJIbHBIX Knaccax
Maruyeckne mMeTofbl CpaBHeHUA

Uncnosble Marn4eckuini Metofpbl

MpefcrasneHne CBOMX K1accoB

KoHTponb goctyna K arpubytam

Co3pgaHne NPoun3BO/bHbIX NOCe0BaTeIbHOCTE
OTpaxkeHne

BbI3biBaeMble OOBLEKTI

MeHemKepbl KOHTEKCTa

AGCTpaKTHble 6a30Bble K/acchl

lMocTpoeHne AecKpUnTopoB

KonunposaHwue

Vicnonb3oBaHne moayns pickle Ha cBomx o6bekTax

I'Ip|/|n0>KeH|/|e 1. Kak BbI3bIiBaTb Marnyeckmne MeTtofbl

MpunoxeHue 2: 3meHeHns B python 3

m BBegeHue
Marunyeckve mMeTobl NPUMEHSIOTCA B 06BEKTHO-OPMEHTUPOBAHHOM python. 310 creuunanbHble METOAbI,
C MOMOLLbIO KOTOPbIX B KMacChl MOXHO A06aBUTb «Maruio». 310 METOAbl Bcerja obpamieHbl [ABYMS
HVXXHMMW NOoAYepKMBaHUAMW (Hanpumep,_init__vnamn___ It ).

MpegynpexaeHue; OHW M0X0 AOKyMeHTMpoBaHbl (!!!). TO ecTb, OHM OMnucaHbl, HO 6ECNOPSAOYHO ©
nouyTn 6e3 BCAKOIN CUCTEMbI.

Moatomy, Rafe Kettler, 4ToGbl MCMpaBUTb TO, YTO BOCMPWHUMETCH KakK HeAoCTaTOK AOKYMEHTaLuu
python o Marudyeckux MeTogax, MNOCTapa/ics MpeacTaBUTb MOAPOGHO, MOHSATHO, € 6OMbLUINM
KO/IMYeCcTBOM MPUMEpPOB.

m  KOHCTpyMpoBaHMe N MHULManmn3auma marmdyecKux MeTogos
Mpn co3gaHnn obbekTa NPUMEHSETCS Marnvecknii MeTog

__new (cls, [...]) # (knacc, [cnucok napameTpos])

3TOT MeTOo/, BbI3bIBAETCA NEPBbLIM MPU CO34aHUN N UHULMaNM3aumn obbekta. OH NMPUHMMAET B KayecTse
napamMeTpoB Knacc M Nobble apyrne aprymeHTbl, KOTOpble 3aTeM OyAyT nepefaHbl B UHULMANM3atop
06beKTa — Marmyeckuin metog__ init__.

__New___peaKo UCMOJb3yeTcs, HO MHorga OblBaeT MOSe3€eH, B YaCTHOCTM, KOrja Knacc Hacnegyercsa OT
HensmeHsiemoro (immutable) Tna, Takoro Kak KopTex (tuple) nnu ctpoka.
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[Janee Bbi3biBaeTCcA 6a30Bbli Maruveckuii metod, _ init__. 310 MHuumanusatop. C ero MNOMOLLbHO
NHULMaM3NPYOTCS 06bekTbl. IMpy BbiNoHEHMM onepatopa x = SomeClass([...]) ¢ nomowbo MeToga
__new__ co3fgaétca o6bekT-npegctaButens SomeClass, KOTOpbIA Bbi3biBaeT __init 1M nepepaér
apryMeHTbl, 3afjaHHbIe B KOHCTPYKTOPE, B MHULMAIN3aTop.

__init__(self, [...]), vunynanusatop knacca. Emy nepepgaértcs BCE, ¢ Uem 6bln BbI3BaH NMEPBOHAYAIbHbIN
KOHCTPYKTOp (Hanpumep, Npv BbINO/HEHMM onepatopa x =SomeClass(10, 'foo’), HecTaTveckuii meToza
__init_ nonyyaeT B KayecTBe aprymeHtoB 3HayeHus 10 m ‘foo'. __init__ Bcerga (no4ytu Bcerga)
NCMNONb3yeTca Npu onpegeneHnn 06bLEKTOB - NpeAcTaBUTeNeli Knaccos.

Ha gpyrom KOHUE XXU3HEHHOTO LMKia o6bekTa Haxogutcs meTtog_ del  (self).

Ecnu _new__ u __init_ o06pa3yloT KOHCTpPyKTOp o06bekTa, _ del  3to ero pectpykrtop. OH He
onpejensetr nosefeHve 419 BblpaxeHns del x (MO3TOMy 3TOT KOA He 3kBuBasieHTeH X._ del ().
Ckopee, OH onpegensieT noBefeHne 06bekTa B TO BpPEMS, Korga o6bekT nonagaeT B cOOpLIMK Mycopa

(n).

310 MOXeT 6bITb YAOOHO AN 06BLEKTOB, KOTOPble MOryT TpeboBaTth AOMOJHUTE/bHbBIX YACTOK BO BPeMS
yAaneHus, Taknx Kak COKeTbl unn haiinoBbiBe 06beKTbl._del_ Bcerga Bbi3blBaeTca NO 3aBepLUEHUU

paboTbl uHTepripetatopa. OpHako _ del He MOXET CAYXWUTb 3aMeHOW AN XOPOLUMX
NPOrpaMMnCTCKMX NPaKTUK (BCErja 3aBepluarb COefVHeHWe, ecin O6BEKT 3aBepLlunsi ¢ HUM paboTy K
TOMY NOAO06HOE).

Mpumep:__init_n___ del__ B geicteum:

from os.path import join

class FileObject:
O6épTka Ana (aiinoBoro 06beKTa, UYTOOb ObiTb YBEPEHHLHM B TOM,
uTO (aiin BGyAeT 3aKpbiT Npy yAaneHun.

def init (self, filepath="~", filename="s._txt"):
# oTkpbiTb ¢aiin Filename B filepath B pexvme uTeHna u 3anucu
self.file = open(Join(filepath, filename), -r+")

def del (self):
self_file_.close()
del self._fTile

def Go(path, name):
fo = FileObject(path, name)

if name = main :
Go("C:\PythonDrom\Texts 2022\— ", “sample.txt")

| I'Iepeonpe,u,eneHme onepartopoB Ha NMPOn3BOJ/IbHbIX K/lacCaX
OfHO 13 NpenMyLLecTB NPUMEHEHUSA MarMyeckmx MeTofoB B python - 3TO TO, YTO OHW NPeAoCTaBAAOT
npoctoii (') cnocob 3actaBuUTb 06BLEKTLI BECTM Ceb5i NOJOOHO BCTPOEHHBLIM TMMaM (Kaccam)).

370 O3HayaeT, 4YTO0 MOXHO u3bexaTb noBefeHWs 6a30BbiX OMNepPaTopoB (YHbLIIOrO, HENOrMYHOro U
HecTaHAapTHOro) (??77?).

B HEKOTOPbIX A3blKax 06bI4HOE siBNIEHNE nucaTtb KaK-HM6y,qb Tak:

if instance.equals(other instance): # ecnm O6GLEKT 3KBMBAIEHTEH [OPYrOMy
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# 00beKTy, TO ...
# do something

MOXHO, KOHEYHO, TaK € MocTynatb M B python, HO 310 [06aBAsieT MyTaHWLbl W HEHYXHO
MHOTOC/MIOBHOCTU (???). Pa3Hble GMGMMOTEKM MOTYT MO PasHOMY HasbiBaTb OfHW U T€ Xe Oorepauuu,
3acTaB/ss MCMOJb3YHOLLETO X NPOrpaMmMu1cTa coBepLlaTh 60/blue AeCTBMIA, YeM He06X04UMO.

MpUMeHeHe Marvyeckux MeTOAOB MO3BOMSET ONPEeAennTb HyXHblii MeTof (__eq_ , B C/edytlollem
npyvMepe), 1 Tak TOYHO BbIPa3nTb, UTO MMENOCH B BUAY:

if Instance == other instance:
#do something

310 0fHa U3 CUJIbHbIX CTOPOH Marn4yeckunx Mmetoaos.

BO/ILLUMHCTBO M3 HUX MO3BONAKOT onpegennTtb, 4to 6y,qu genatb CTaHAapTHblE Onepatopbl,Tak 4To
MO>XHO MCMO/MIb30BaTb Oneparopbl Ha CBOUX Knaccax Tak, KakK 6y,qT0 OHMN NpeacTaBnArT BCTPOEHHbIE
TUnNbI.

m Marundeckume MeTo/ bl CpaBHeHUS
B python MHOro marvyeckux MeTOAOB, CO3AaHHbIX A5 onpefeneHns UHTyUTMBHOrO (!!!) cpaBHeHWs
MeX/y 06bEKTaMM UCMOJb3Ys OMepaTopsl, a He Heykoxme (1) meToabl.

Kpome Toro, oHM npeaocTaBasioT crnoco6 Mepeonpeaenuts noBefeHue python no ymonuaHuo ans
CpaBHEHNS O6BEKTOB (MO CChISIKE). BOT CNMCOK 3TUX Marnyecknx MeTOA0B U YTO OHU AeNatoT:

m _ cmp__(self, other) Cambiii 6a30Bblii M3 MeTOAOB cpaBHeHWS. OH, B AENCTBUTENbHOCTY,
onpejgensiet NoBefeHWe 419 BCex ONepartopoB CPaBHEHMS (>, =, !=, n14.), HO He Bcergja Tak, Kak
3TO HYXXHO. (HanpumMep, €C/IM 3KBMBANEHTHOCTb [BYX OOBLEKTOB OMpefensercs Mo OAHOMY
KPWUTEPUIO, a TO YTO OAUH 6OSbLUE APYrOro Mo KakoMy-HUGYAbL APYromy).

__Cmp__J0J/IXeH BepHyTb:

oTpuuaTensHoe uncno, ecnu self <other,
Hosb, ecnn self = other,

NONOXNTENBHOE YnC/Oo B cnydae self >other.

Ho, 06bluHO, fydlle ONPEefennTb KaXAOEe CpPaBHEHWE, KOTOPOE HYXHO, YeM OMnpefensiTb UX BCEX B
_cmp__. B To xe Bpems, __cmp__ MOXET ObITb XOPOLUMM CrOCOGOM M36eXaTb MOBTOPEHWI U
YBE/IMYNTL SICHOCTb, KOT4a BCe HEOBXOAMMbIE CPABHEHMSI OMEPEPVPYIOT OAHMM KPUTEPUEM.

eq (self, other) OnpegenseTt noBefeHVe oneparopa paBeHCTBa, —

ne (self, other) OnpenenseTr noBefeHNe oneparopa HepaBeHCTBa, =

It__ (self, other) Onpegenset noBefeHWe oreparopa MeHblUe, <

gt__ (self, other) OnpegensieT noBegeHne oneparopa 6obLue, >,

le__ (self, other) Onpepenset noBegeHne oneparopa MeHbLUe WX PaBHO, <=
__ge__(self, other) OnpegensietT noBegeHne onepartopa 60/bLIe NN PaBHO, >=,
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Ona npumepa - Kjaacc, onucbiBaloWMi c1oBo. MOMXKHO cpaBHMBATb C/0Ba JieKCUKorpadpuueckn (no
andasuTy), 4YTo ABAAETCA NoBedeHWEM, 3aZJaHHbIM MO YMOMaHUIO MPU CPAaBHEHUU CTPOK, HO MOXKHO
MCMO/Ib30BaTb NPW CPaBHEHUU KAKOW-HUByAb OpYrol KpUTEpW, Hanpumep, AJMHA UM KOJIMYECTBO
cnoros. B aTom npumepe peasin3oBaHoO cpaBHEHME MO g/MHe. BoT BO3MOXKHasA peannsauma:

class Word(str):

'"'"Knnacc IS CJIOB, OIpemessolull CpaBHeHMe [0 njauHe cjoB.'''

def new (cls, word):
# Hamo ucnosesoBaTb __hew , Tak Kak THUI Str HeMsMeHSEMEH
# u oH moirkeH OBITH MHMIMAJIMSUPOBAH paHblle (IpM CO3OaHUN)
if ' ' in word:
print "Value contains spaces. Truncating to first space."”
word = word[:word.index (' ')] # Tenepp Word 5TO BCE CHMMBOJEH OO
# nepmoro mnpoberna
return str. new (cls, word)

def gt (self, other):

return len(self) > len(other)
def 1t (self, other):

return len(self) < len(other)
def ge (self, other):

return len(self) >= len(other)
def le (self, other):

return len(self) <= len(other)

# Tenepp MOXHO cosmaTh ABa obbekTa Word (Hampumep, Word('foo') m Word('bar'))
# u cpaBHMTbL Mx. BaxHo, WTo eq ¥ __ ne  He ONpenelsanTCH,

# makx kKakK 5TO NPUBENET K CTPAHHOMY IIOBEIEHMIO

# (Hanpumep, Word('foo') == Word('bar') 6ymeT pacueHMBATHCHS KaK MCTHUHA) .

# B sToM HeT cCMBICJA [PYM TECTHUPOBAHMM Ha SKBUBAJEHTHOCTH.

# MosToMy ocCTaBJgeTCd CTaHIApTHAS [NpPOBEepKa Ha SKBMBAJIEHTHOCTH OT sStr.

def Do (wordl, word2):

print (Word(wordl) == Word (word2))
print (Word(wordl) !'= Word(word2))
if name ==' main ':

Do('gold',_Tsand')
Do('gold', 'gold")

Tenepb MOXKHO co3aaTh ABa obbekTa Word (Hanpumep, Word('foo') u Word('bar')) u cpaBHUTb ux.

BaskHO, UTO __eq__ U __he__ He ONpeaensaloTcA, TaK KaKk 3To NpuBedéT K CTpaHHOMY MoBeagHUIo
(Hanpumep, Word('foo') == Word('bar') 6yaeTt pacueHMBaTbCA Kak UCTUHA).

B atom HeT cmbicaa npn TeCTUpOBaHMN Ha 3KBUBA/IEHTHOCTb. |-|03TOIVIy OCTaB/1A€TCA CTaHAAPTHaA
npoBepKa Ha 3KBUBAJ/IEHTHOCTb OT str.

Y1ob6bl NONHOCTBIO OXBaTUTL BCe cpaBHeHnA, HE HYXKHO onpenenaTb Kaxapii U3 MarMyeckux mMeToaoB
CpaBHEHUA.

CraHpgapTHan 6ubmoTeka npegocTaBaseT Kaacc-gektopatop B moaye functools, KoTopblid onpeaenset
BCE CpaBHMBaloWMe meTodpl. [JoCTaTouHO OnpeaenTb TO/bKO MeTodbl __eq_ W ewé oanH (gt
_ It nT.n)(???)

OTa BO3MOKHOCTb AOCTYMNMHA Ha4YNHaA C 2.7 BEepCchn python M NO3BOJIAET COKOHOMWTDL BpeMA U yCnna.
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[na Toro, 4tobbl 3agelicTBOBaTb 3Ty 6UBNNOTEKY, Hago pPa3MecTuTb gekopatop @total ordering Hag
onpegeneHnem knacca. Kak-1o Tak;

from functools import total ordering
@total ordering

m Co3flaHMe HefoCTalLWMX MeTO40OB CpPaBHEHMA MO01b30BaTE/IbCKOro

K/1aCcCa
3afjava Cco3gaHMs HefocTalolMx METOOB CPaBHEHMs MpefdnonaraeT MNpUMeEHEHME AekopaTopa
@total_ordering.

CunHTaKkcuc:

from functools import total ordering
@total ordering
class UserObject:

MapameTpsl:

Her.

BosBspaljaemoe 3Ha4veHue:

[06aBnseT B N0/b30BaATENIbCKUIA KNAcC HeAOCTalOLWME METOAbI CPaBHEHMS.

OnwucaHue:

JekopaTop knacca @total_ordering mogyns functools o6opaumnBaeT knacc, KOTOpbIi onpeaensier oavH
WA HECKONIbKO METOAO0B CpaBHeHWs M fob6aBnseT ocTa/lbHble METOAbl CPaBHeHWA. Takoe noBedeHue
Jekopatopa ynpowiaer ycunaus Mo OnpefeneHnto BCEX BO3MOXHbIX OMepauuii - pacluMpeHHOoro
CpaBHEHVS.

Knacc pomkeH npegoctaBnAate Mmetoa__eq_ (). MW oguH 3 metogos__ It (), _le (), _gt () wwm
_-_ge__().

m [IpumeyaHue.
XoTAa 3TOT fleKkopaTop MO3BOJISET CO34aBaTb XOPOLUO ynpasisieMble U MOMHOCTLIO YNOPSAL0YEHHbIE TUTbI,
37O MPOUCXOAMUT 3a CYeT 6ofee MefIeHHOro BbIMONHEHUSA U 60/iee C/IOXKHbIX TPacCUPOBOK CTeka A/id
NPO13BOAHBbIX METOLOB CpaBHeHMs. ECin aHann3 nNpou3BOAUTENILHOCTM MOKa3blBaeT, YTO 3TO fABMAETCA
Y3KUM MeCTOM A/19 AaHHOro MPUNoXeHUs, 0TKas OT NpUMeHeHUs fekoparopa @total_ordering mogyns
functools 1 peanu3auma Bcex LWeCT METOLOB CpaBHEHNA 06ecneyunT NOBbILEHNE CKOPOCTH.

I'Ipl/lmep MCNnoJsib30BaHUA:

from functools import total ordering
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@total ordering
class Student:

def init (self, fTull name):
names = full name.split()
self_firstname = names[O]
self._lastname = names[1]

hasattr poBepseT Ha/mune aTpnbyTa oOb6bekTa.
CnHTakcuc:
hasattr(object, name)

H H H#

# [apameTpsbl:
object - 00bEKT, B KOTOPOM HYXHO MPOBEPUTL CYWECTBOBaHWE aTpubyTta name,
name - MM MpPoOBepPsSeMOro artpubyTa.

H* H#*

# Bo3spawaemoe 3HaveHue:
# bool - True, ecnn aTpmbyT C MMEHEM hame cylecTByeT, WHade False.

# OnucaHve:

# OyHKuMA hasattr() nposepseT cylecTBOBaHMe aTpubyTa C MMEHeM name B
obbekTe oObject.

# BosBpawaeT True, ecnM aTpubyT C MMEHEM hame cyuwecTByeT, WHade False.

# Peanmnsauus ¢yHkuMsa hasattr() oOCHOBbiBaeTCA Ha Bbi30oBe (yHKUun getattr()

# c nocnepywlweli NpPoBepKOM Ha npegMeT OpPOWEeHHOro el UCK/IYeHUs
AttributeError.

def 1is valid operand(self, other):

return (hasattr(other, 'lastname'™) and
hasattr(other, "firstname'))

def eq (self, other):
print(f* eq is herel™)
if not self. is valid operand(other):
return Notlmplemented
return ((self.lastname.lower(), self.firstname.lower()) ==
(other_lastname.lower(), other.firstname.lower()))

def It (self, other):
print(f* eq is herel™)
if not self. is valid operand(other):
return Notlmplemented
return ((self.lastname.lower(), self_firstname.lower()) <
(other_lastname._lower(), other.firstname.lower()))

def Dolt(names):
stud0 = Student(names[0])
studl = Student(names[1])
print(stud0 == studl)

if name =" main
Dolt(["john kennedy®, “lindon jonson®])

B YucnoBble Marnyeckme metobl
TOYHO TaK e MOXHO OnpefenuTb, KakuM 06pa3oM 06bekTbl 6yayT CpaBHMBATLCS Orepatopamu
CpaBHEHUS.
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MoxHO onpegenntb X noeegeHne anasa 4YncioBbiX ONeparopos. Wx mHoro. Ans nquue|7| opraHusaunn
yncnoBblie Marn4yeckme MetToabl pasgeneHbl Ha 5 KaTeFOpMVIZ

yHapHble oneparopsl,

00OblYHbIE apuMeTUYeCcKue oneparopsl,

OTpaXKéHHbIe apumeTnyeckme onepatopsl (NOAPOBHOCTU MO3XKE),
COCTaBHble MPUCBavBaHUS,

npeo6pa3oBaHNs TUMOB.

B YHapHble onepaTopbl 1 PyHKLNN
}’Haprle oneparopbl 1 (pyHKLI,I/IVI MMEKT TO/IbKO OAMH onepaH4 — OoTpuuaHune, abcontoTHOEe 3HayeHune, n
Tak janee.

m _ pos__ (self)

Onpegenser noesejeHne Ans yHapHoro nntoca (+some_object)

m _ neg_ (self)

Onpegenser noesegeHne Ang oTpuyaHua(-some_object)

m _ abs (self)

OnpegenseT noBegeHne gns BCTPOEHHOM (hyHKUMKM abs().

m _ invert__ (self)

OnpegensieT NoBefeHNe A1 MHBEPTMPOBaHWS ONepaTopoM ~ s 0GbACHEHWSI YTO OH feflaeT cMoTpU
cTaTbio B Bukuneanum o 6rHapHbIX oreparopax.

m _ round__ (self, n)

OnpegenseT noBefeHne A8 BCTPOEHHOW (yHKUMM round(). n 3TO 4MCNO 3HAKOB MOCne 3ansaToi, Ao
KOTOPOro OKPYI/nTb.

m _ floor__ (self)

OnpegenseT nosegeHne gna math.floor(), To ectb, OKpyrneHns o 6AKaMLWLEr0 MEHbLUEro Lesoro.

m _ ceil (self)
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OnpegensieT noBegeHne ana math.ceil(), To ecTb, OKpyrneHns go 6avxaliero 60bLero Lenoro.

m _ trunc__ (self)

Onpegenset nosegeHne ans math.trunc(), To ectb, 06pe3aHusa 40 Lenoro.

m OOblyHble apmqomequeCKme oneparopbl
Tenepb - onvcaHne O6bIYHBIX GMHAPHLIX ONepaTopoB (M eweé napy QyHKUMiA): + -, * 1 noxoxue. OHK, No
60/bLUei YacTy, XOPOLLO OMMCLIBAKOT Camun ceobs.

m _ add__ (self, other)

CnoxxeHue.

m _ sub_ (self, other)

BblunTtaHue.

m _ mul__(self, other)

YMHOXeHMe.

m _ floordiv__(self, other)

LienouncneHHoe feneHune, oneparop //.

m _ div__ (self, other)

JeneHue, oneparop /.

m _ truediv__(self, other)

MpaBunbHOE geneHne. 3ameTbTe, YTO 3TO paboTaeT TONbKO Korga mcnonssyetcs from _ future_ import
division.

[ ] mod (self, other)

OcTaTok OT geneHusi, oneparop %.

[ ] divmod (self, other)

OnpegenseT noBegeHne gns BCTPOEHHOM (yHKumm divmod().
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| pow__

Bo3BegeHue B cTeneHb, oneparop **.

m _ [shift_ (self, other)

[BOWYHBLINA caBuUr BMEBO, onepatop <<

m _ rshift__ (self, other)

[BOWYHbIV caBuUr BNpaBo, orepatop >>.

m _ and__ (self, other)

[BounyHoe WV, oneparop &

m _ or__ (self, other)

JsounuHoe /1A, onepaTtop |.

m _ xor__(self, other)

[IBOMYHBIA xOr, oneparop /.

| OTpa)KéHHbIe apl/l(bMeTI/I‘-IECKI/Ie orneparopbl
OnpegefeHne NOHATUA OTPaXKEHHOI apuPMETUKM MOXKHO Ha4daTtb C MPOCTOro (???) npumepa;

some_object +other

3TO «0ObIYHOE» CMOXKEHUE. EQVMHCTBEHHOE, YeM OTIMYaeTCH 3KBUBA/IEHTHOE OTpa)KéHHOG Bblpa>KeHMe,
3TO NOpPAAOK Caraemblix:

other +some_object

Takum 0b6pa3om, Bce 3T Marmyeckve MeToAbl AenalT TO XKe camMoe, YTO M KX O6blYHble Bepcuwn, 3a
MCK/IIOYEHMEM BbIMOMHEHUA Onepauun ¢ other B kayecTBe NepBoro onepaHga u self B kauecTse BTOpPOro.
B 6OMbLIMHCTBE Cny4vaeB, pe3y/nbTaT OTPaKEHHOW Onepaumy TaKoil >Xe, Kak €8 OObIYHbIA 3KBMBAJIEHT,
noatoMy npu onpeaeneHnun__radd__ MOXHO orpaHMunTbLCS BbI3oBOM___add__ u Bcé..
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BaxHo, uTo 06BbEKT cneBa oT onepaTtopa (other B npumepe) He JoMKEeH UMETb 0BbIYHOM HEOTPAsKEHHOIA
BEpCUU 3TOro meTomda. B sTom npumepe, some_object.__radd__ 6yaeT BbisBaH To/IbKO ec/in B other He
onpegenéd __add

B _ radd_ (self, other)

OTparkéHHoe c/oXKeHue.

B _ rsub_ (self, other)

OTparKéHHoe BblMMTAHME.

m _ rmul__(self, other)

OTpa*KéHHOEe YMHOXeHHe.

m _ rfloordiv__ (self, other)

OTpaskéHHoe Le/louncieHHoe aeneHne, onepartop //.

m _ rdiv_ (self, other)

OtpaxéHHoe aeneHne, onepartop /.

B _ rtruediv__(self, other)
OTpaskéHHoe npasBuabHoe aeneHue. OHo paboTaeT To/IbKO Korda UCMO/Ib3yeTca Moay /b

from __ future__ import division.

B _ rmod_ (self, other)

OTpaKEHHbII OCTaToK OT AefieHun, onepatop %.

B _ rdivmod__(self, other)

Onpenensaet noseaeHue Ana sctpoeHHor dyHKUMM divmod(), Koraa sbisbiaeTtca divmod(other, self).

B _ rpow__

OTpaxéHHoe Bo3BeAeHWE B cTenepb, onepatop **,

m _ rlshift_ (self, other)
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OTpa>KEHHb I ABONYHBINA CABUM B/IEBO, ONEpaTop <<

m _ rrshift__(self, other)

OTpaXXEHHBIN ABOUYHBIV CABUM BNPaBO, OMEpaTop >>.

m _ rand__ (self, other)

OtpaxkéHHOoe aBon4vHOe W, onepartop &

m _ ror(self, other)

OTparkéHHoe aBonyHoe WV, onepartop |.

m __ rxor(self, other)

OTpa>kEHHbI ABOUYHGI XOr, oneparop 1.

m CocTaBHOe npuceanBaHue
B python TakKXke npeacraBneHbl U Marndeckme Metobl And COCTaBHOIoO npucBanBaHUA. CocraBHOE
npucBaMBaHu, 3T0 KOMBUHaUUA «OBbIYHOTO» oneparopa v npucsamsaHusa. Bot npumep:

X =5
X += 1 # gpyrumm cnoBamm X = X + 1

Kaxxgplli 13 aTMx METOLOB AO/DKEH BO3BpallaTh 3HaueHue, KOTopoe 6yaeT NPUCBOEHO MepeMeHHO
cnesa (Hanpuwmep, 4nd a +=b, _iadd__ gomkeH BepHyTb a +b, 4to 6yAeT NpUCBOEHO a). BOT cnucok:

m _ jadd__(self, other)

CnoxxeHve ¢ npuceanBaHUEM.

m _ isub__ (self, other)

BbluntaHume ¢ npmuceamBaHMEM.

m _ imul__ (self, other)

YMHOXeHue ¢ npucBavBaHneM.

m _ ifloordiv__(self, other)
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LlenouncneHHoe geneHue C npucsamBaHuem, oneparop //=.

B _ idiv_ (self, other)

leneHune c npucsansaHnem, onepartop /=.
B _ itruediv__ (self, other)
MpasuabHOe AefeHune C npucBaMBaHuem. PaboTaeT TONbKO €C/IM MMNOPTUPYETCA MOay/lb

from __ future__ import division.

Bm _ imod_(self, other)

OcTaToK oT aAeneHnAa c npuceanBaHUem, onepatop %-=.

m _ _ipow__

BosBeneHue B cTenepb ¢ NpuUcBanBaHMeM, onepaTtop **=,

B _ ilshift_ (self, other)

[BOWYHbBIN cABUT BNIEBO C NpUCBaUBaHMEM, OMepaTop <<=,

B irshift_ (self, other)

[BOWYHbBIN cABUT BNPaBO C MPUCBaUBaHUEM, onepaTop >>=.

Bm _ iand_ (self, other)

OsounyHoe U ¢ npucBanBaHunem, onepatop &=.

__ior__(self, other)

B /IsonuHoe WUJIUN c npucsansaHuem, onepatop |=.

B _ ixor__ (self, other)

[BOWYHbIN XOr Cc NpUcBaMBaHMeM, onepaTop A=,
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m Marumnyeckue MEeTObl rlpe06pa30|3aH|/|ﬂ TUMNOB
Kpome Toro, B python MHOXECTBO MarmyeckMx METOAOB, MpefHa3HaYeHHbIX ANA  OonpeaenHus
noBeAeHns 4719 BCTPOEHHbIX (DyHKUMIA Npeo6pa3oBaHnst TMMOB, Takux Kak float(). BOT oHu:

m _ int_ (self)

MpeobpasosaHue Tuna B int.

m _ long_ (self)

Mpeo6paszoBaHye Tna B long.

m _ float__ (self)

Mpeo6pa3zosaHue Tnna B float.

m _ complex__ (self)

Mpeo6pa3oBaHue TUNa B KOMMIEKCHOE YCIO.

m _ oct_ (self)

Mpeo6pasoBaHyie TMMNa B BOCbMEPUYHOE YMC/IO.

m _ hex__ (self)

I'Ipeo6pa3OBaH|/|e Tuna B WecCTHaguatTnpnyHoe 4ncrio.

m _ index__ (self)

Mpeobpa3oBaHne TUMNa K int, KOrga 06BLEKT MCNOb3YyeTcs B cpe3ax (BblpaxkeHUs Buga [start:stop:step]).
Ecnn onpepgensieTcss COGCTBEHHbIA YMCNOBbLIM TUM, KOTOPbIA MOXKET MCMOb30BaTbCA KakK MHAEKC CMMCKa,
HY>XHO onpefenntb__index__ .

m _ trunc__ (self)

Bbi3biBaeTcs npu math.trunc(self). JomkeH BepHyTb CBOE 3HayeHWe, ob6pe3aHHOe [0 LeNOYUC/IEHHOro
T1na (06bI4HO long).

m _ coerce__ (self, other)

MeTopg ana peannsaumy apu@mMeTmMki ¢ onepaHaaMu pasHbIX TUNOB._ COerce__ A0/MKeH BepHyTb None
ecnM npeobpasoBaHMe TUNOB HEBO3MOXHO. Eciv npeobpasoBaHve BO3MOXHO, OH [JO/MDKEH BEPHYTb
napy (kopTex 13 2-x afneMeHToB) 13 self n other, npeobpasoBaHHbIE K OLHOMY TUMY.
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m [lpeacTaBneHue COOGCTBEHHbIX K/1acCcoB
UacTo 6biBaeT Mojie3HO MpeAcTaB/ieHWe Kiacca B BuAe CTPOKM. B python cywiecTByeT HeCKOsbKO
METOZI0B, KOTOpblE MOXHO OMNPeAenuUTb [ HACTPOWKW MOBEAEHUS BCTPOEHHbLIX (YHKUUA npu
npeacTaBeEHUN ONpPesensemMoro Knacca.

m _ str_ (self)

OnpegenseT nosegeHne GyHKUMK str(), BbI3BaHHOI ANt 06BbEKTAa COBCTBEHHOrO Kracca.

m _ repr__ (self)

OnpegensieT nosefeHve yHKuMKM repr(), Bbi3biIBaHHOW A/19 06bekTta COBCTBEHHOro knacca. [naBHoe
oTmume ot str() B uUeneBoir aygutopum. repr() 6onblle MpefHasHadeH AN MaWWHHO-
OpPVEHTMPOBAHHOTO BbiBOAAa (60niee TOro, 3TO 4YacTO AO/MKEeH ObiTb BanUAHbIA KOA Ha python), a str()
npegHasHayveH Ans YTeHWs NoabMu.

m _ unicode__ (self)

OnpepgenseT noBefeHne QyHKuuM unicode(), BbI3bIBaHHON A1 06bekTa COOGCTBEHHOrO  Knacca.
unicode() Noxox Ha str(), HO BO3BpaLLLlaeT CTPOKY B tOHMKOoAe. C 3TUM MeTOAOM Hafo ObiTb OCTOPOXKHbIM:
€C/IN K/UEHT BbI3biBaeT str() Ha 06beKTe COBCTBEHHOrO Knacca, a 6bl1 onpefenéH TonbKo__unicode_ (),
TO 3TO0 He 6ypet paboTtatb. XKenaTenbHO Bcerga onpefenats _ str_ () gna cnydas, Korga Kro-To He
MMEEeT TaKOM POCKOLLN Kak FOHUKOA,

m _ format__ (self, formatstr)

OnpegensieT noeejeHVe, Korga OO6BEKT COBCTBEHHOrO Kjacca WUCMonb3yetcs npu opmaTmpoBaHum
CTpOK HoBoro ctunsa. Hanpumep, "Hello, {0:abc}!".format(a) npueenér k Bbi3oBy a.__format__ ("abc™).
370 MOXKeT 6bITb MONE3HO AN1A onpefeneHns COOCTBEHHbIX YMCNOBbLIX WM CTPOKOBbIX TUMOB, KOTOPbIM
MOXHO 6yfeT nNpefocTaBUTb Kakue-H1byab cneunanbHble onumMn (hopmMaTnpoBaHus.

m _ hash__ (self)

OnpegenseTr nosedeHve ¢yHkuMmM hash(), BbI3bIBaHHOW A9 06bekTa COBGCTBEHHOro Knacca. Metog
[O/MKEeH BO3BpalWatb LeNOYMCIEHHOE 3HayeHue, KOTopoe OyaeT MCnonb3oBaThCa A8 ObICTPOro
CpaBHEHMS KMHOYell B cnoBapsix. B Takom ciiydae OObIMHO TakXKe HY)XXHO onpefenste U __eq_ . 34ech
JgelictByet cnegylowee npaeuno: a = b npegnonaraeaet hash(a) = hash(b).

m _ nonzero__ (self)

Onpegenser nosefeHve Metoga bool(), BbiIzBaHHOIO AnA O6bekTa COOGCTBEHHOro knacca. [o/mkeH
BepHyTb True mnm False, B 3aBUCMMOCTM OT TOFO, KOrga O6BbEKT ByAeT cuntaTbCa COOTBETCTBYIOWMM True
unn False.
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m _ dir_ (self)

OnpegenseTr nosegeHne metoga dir(), BbI3BaHHOIO A5 06bekTa COBCTBEHHOrO Knacca. 3TOT MeTopg
[OJ/DKEH BO3Bpawatb CMNCOK aTpubyToB. O6bI4HO, onpegeneHue__dir_ He TpebyeTcs, HO MOXET BbITb
B&XKHO [N1S MHTEPaKTMBHOINO MCMO/b30BaHMS COOBCTBEHHOrO Kfacca, ecnv rnepeonpesensoTca Metombl
__getattr__nnun__ getattribute__ (koTopble onucaHbl B CNeayowen yactn), Win Kakum-nmbo gpyrum
006pasomM AMHaMMUYecKn co34atoTcs aTpubyThl.

m _ sizeof _ (self)

OnpegenseTr noeefeHne GyHKUMM sys.getsizeof(), BbI3BaHHOro 418 06bEKTa COOGCTBEHHOrO Kracca.
MeToq OO/MKEH BepHyTb pa3mep o06bekTa B Gaitax. OH rnaBHbIM 06pa3OM MoOfie3eH AN K1accos,
onpefenéHHbIX B paclumpeHnsax Ha C, HO BCE-paBHO MOJIe3HO O HEM 3HaTb.

m  KoHTponb goctyna KanI/I6yTaM
OfHOW 13 ocoGeHHocTel si3bika pynhon B OTIMUME OT APYrMX S3bIKOB MPOrpaMMUPOBAHUS, SIBMISETCS
OTCYTCTBME HACTOSALLEN WHKANCYNsLMN ANs KIacCcoB (HanmpuMep, HET cnocoba onpefennTb NpuBaTHble
atpubyTbl ¢ NyGANYHBIMK MeTodaMu focTyna). OfHaKo 3TO He COBCEM MpaBfa: MpPOCTO MHOTUE BELUY,
CBSi3aHHble C WHKancynsuveld, pynhon peasm3yeT 4epe3 «MarvMio», a He C TMOMOLWIbI  SBHbIX
MOANDMKATOPOB /15 METOAOB U Nosei. Hanpumep, MeToz

m _ getattr__ (self, name)

MOXHO OnpeAenuTL ero NOBEAEHNE 41 Cyyasi, KOrfa Nosib30BaTteslb NbITaeTca 06patUTbest K aTprubyTy,
KOTOpbI (COBCEM WM MOKa elg) He CywecTByeT. 3TO MOXET OblTb MOMe3HbIM A8 fnepexsata U
rnepeHanpasfeHnsi orevyatok, npeaynpexmaeHnss o6 MCMOo/b30BaHUM YCTApPeBLUMX aTpuByToB (Npu
YKENaHNM MOXHO BCE PaBHO BbIUMC/IUTL U BEPHYTb 3TOT aTpubyT), UK B c/lydyae Heo6XoAMMOCTU XUTPO
BO3Bpallath AttributeError. MpaBaa, 3TOT METO/, BbI3bIBAETCSA TOMLKO KOMAa MbITAKOTCA MOMAYUNUTb JOCTYMN
K HECYLLLeCTBYIOLLLEMY aTpMBYyTy, MO3TOMY 3TO HE OUEHb XOPOLLEE PELLUEHUE A1 MHKAMCYSALUMN.

m _ setattr__ (self, name, value)

B otmuum ot __ getattr_, _ setattr_ npeacTaBnsieT pelleHWe AN UHKancynsumu. 3T0T MeTof
Nno3Bo/sieT OnpefennTb MOBEAEHUe [N NPUCBOEHMSI 3HaveHus aTpubyTy, He3aBUCMMO OT TOro
CyWecTByeT aTpubyT UM HeT. TO eCTb, MOXXHO ONpeaenuTb Nobble NpaBuna Ans No6biX U3MEHEHWI
3HauYeHusi aTpubyToB. BnpouemM, Hago ObiTb OCTOPOXKHBIM C TEM, Kak WCMo/b3oBath __setattr
(NpyMep HexopoLLEero ciyvasi MPUBOAUTCS B KOHLIE 3TOTO CMMUCKA).

m _ delattr__

370 TO Xe, 4to W __setattr__, HO gna yganeHnsa aTpubyToB, BMECTO YCTAHOBKWM 3HayeHuWi. 3pgecb
TpebyloTcs Te Xe Mepbl MNPefoCTOPOXHOCTM, UYTO U B __ setattr_ uTtob6bl n3bexarb 6GECKOHEYHOI
pekypcum (Bbi3oB del self.name B onpegeneHun__delattr__BbI30BeT 6ECKOHEUHYIO PEKYPCUIO).

m _ getattribute__ (self, name)
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__getattribute__ BbITNAgMT K MecTy cpegn MetofoB _ setattr v delattr, HO BCé paBHO He
peKoMeHAyeTCsa ero Ucnonb3oBatb._ getattribute_ MOXeT MCNOMb30BaThCA TOMBKO € KaccaMmym HOBOroO
Trna (B HOBbIX Bepcusx python Bce knaccbl HOBOrO TMMa, a B CTapbiX BEPCUAX MOXXHO MONY4YMTb TaKol
Knacc yHacnefoBaBllMCb OT object). 3TOT MeTOA MO3BONSET ONpefenvTb MOBeAeHMEe [NS KaKAoro
cnydasa focTyna K atpmbytam (a He TONMbKO K HecyllecTBylLWMM, Kak __ getattr_ (self, name)). OH
cTpajaeT OT Takumx >ke npobnem ¢ 6eCKOHEYHOl pekypcuel, Kak U ero Konnern (Ha aToT pa3 MOXHO
Bbi3biBaTb __Qetattribute_ y 6a3oBoro knacca, 4tobbl vx npegotBpatutb). OH, Tak >Xe, [NaBHbIM
06pa3omM ycTpaHseT Heob6xoAMMOCTb B _ getattr_ , KoTopblli B cnydae peanmsaumu _ getattribute
MOXeT ObITb Bbl3BaH TO/IbKO SIBHbIM OOpasoM Wiy B Cllydae reHepauun uckmodeHus AttributeError.
KOHEUHO MOX>KHO MCMONb30BaTh 3TOT METOA, HO /ydylle 3TOro He Aenatb, NOTOMY YTO C/y4YaeB, KOrja OH
[eNCcTBUTENbHO MOMe3eH O4YeHb Masio (HAMHOTO pexe HYXXHO nepeornpefenst MOBeAEHVE Npu
nony4yeHUy, a He Npy YyCTaHOBKE 3HAYEHWSA) U Peain3oBaTb ero 6e3 BO3MOXXHbIX OLUMOOK OYEHb CNOXHO.

OueHb JNIETKO MOXHO MOMYyuYUTb MNPOGAEMY MpyM OnpedeneHVV nO60Or0 MeToaa, YMNpPaB/soLLErO
[JOCTYNnom K atpubytam. Hanpumep:

def setattr (self, name, value):
self.name = value
# 9TO pekypcus, TakK KaK BCSKWi pa3, Korga nwbomy aTtpubyTty
# npuceamBaeTCs 3HadeHue, Bbi3biIBaeTCA setattr ().
# TO ecTb, Ha camoMm fefie 3TO paBHO3Ha4dyHO self. setattr (“name®, value).
# Tak Kak MeTo[ Bbi3biBAET CaM CebdA, pPeKypcus MNpPOJONIXUTCH OECKOHEYHOo,
# noka BCEé He ynajért

def setattr (self, name, value):
self. dict [nare] = value # npucBavBaHuWe B C/l0OBapb MEpPEMEHHbLIX Kacca
# panble onpegesnieHVe MNPOU3BO/IbLHONO MoBeAeHUs

Mowp Marmdeckmx MeTogoB B python Benuka, a ¢ 60OnblWO CUOK NPUXOAUT M GOMbLuas
OTBETCTBEHHOCTb. Ba)KHO 3HaTh, Kak NPaBU/IbHO MCMO/b30BaTb Marnyeckne MeTofbl, HAYEro He fomas.

WTak, 4to u3BECTHO 06 YynpaBfneHWM [OCTYNOM K aTpubytam? VX He HyXHO MCMo/b30BaTb
NEerKOMbIC/IEHHO. Ha camMoM fefie, OHW WUMET CK/IOHHOCTb K UYpPE3MEpPHON MOLM U HEelorMyHOCTMW.
MpuynHa, Mo KOTOPOW OHU BCE-TaKM CYLLECTBYIOT, B YABOSIETBOPEHUN ONPeAeNnE&HHOT0 XenaHus: python
CK/OHEH He 3anpeLuaTb MoXue LUTYKU MOJIHOCTLI, a TOMbKO YCNOXHSATH WX MCMo/b3oBaHKe. CBoGoja
MPEBBILLIE BCErO, NMO3TOMY MO3TOMY MOXHO fenaTb Bcé 6e3 orpaHUYeHuii.

[Janblwe nprvmMep Mcnonb3oBaHNs METOAOB KOHTPOSS AOCTyna (Npy 3TOM MCMNOJb3yeTcs (yHKLUS SUper,
TaK Kak He BCe K/accbl MMeroT aTpnbyT__ dict )

m dyHKuMA super() B python: 4ocTyn KyHac/ieoBaHHbIM MeToAaM
(https://docs-python.ru/tutorial/)

O6ecreunBaeT OCTYN K OPUTMHaNaM HacnefoBaHHbIX METO40B.

CuHTakcuc:

super(type, object-or-type)

MapameTpsl:

type - Heobsa3aTenbHO, T!M, OT KOTOPOro HauMHAEeTCA MOMCK 06BEKTa-MOCpeHNKa

object-or-type - Heo6si3aTeNbHO, TAM WM OGLEKT, OMpegenseT MopsfoK paspelleHus Metoga Ans
nowucka

BosBspalaemoe 3Ha4veHue:
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006bEeKT-NOCPEeHVK, AENErNPYIOLWMIA BbI30BbI METOA0B POAMTENIO UK cobparty Kracca.
OnucaHue:

OyHKumMs  super(), BO3BpallaeT OGLEKT-MOCPELHUK, KOTOPbIA  AenerupyeT  Bbl30Bbl  MeTOAa
poAUTENILCKOMY WIW POACTBEHHOMY KaccCy, YKasaHHOro type Tuna. 3TO MOME3HO AN AocTyna K
yHacnefoBaHHbIM MEeTOAaM, KOTOpble Gblv MePeonpesesneHbl B Kacce.

m object-or-type -npumMeHeHue
object-or-type onpegenser nNopafoK paspelleHns meToda_ Mmro__ Ansa noucka. NMouck HaumHaeTcs C
Knacca, cpasy nocfe ykasaHHOro tuna. Hanpumep, eciv __mro__ - 3to D > B > C > A > object, a
3HaudeHue type=B, 10 super() BbINO/MHAET Nouck obbvekra C ->A > object.

Ecnu object-or-type He ykasaH, TO BO3BPALLAEeTCH HeCBA3aHHbIA 0GbEKT-MOCPEAHVIK.

Ecnn object-or-type saBnsieTcd 06beKTOM (3K3eMNaspom), TO 6yaeT nosyyvyeH NOCPELHVK, 415 KOTOPOro
isinstance(obj, type) Bo3BpatlaeT True.

Ecnn object-or-type saBnsietca TMnom (knaccom), TO OyaeT MOMy4eH MOCPeAHUK, A1  KOTOpOro
issubclass(subtype, type) Bo3Bpatiaert True.

B TunnyHble criyyam ncrnosib3oBaHus super()

| I/Iepavam C eANHNYHbIM HacnegoBaHUEM
B nepapxmax ¢ eaMHNYHbIM HacnegoBaHMeM MCNONb3yeTcAa Os 06pau.|,eH|/|;| K poanTeNIbCKMM KriacCaM,
yTOObI IBHO HE YKa3blBaTb X MMEHa. 3Jro ynpouwgaet nogaep>kKy Koga B,El,aﬂbHeVlLlJeM.

Hanpumep:

class A:
def some method(self):
print(“some method A")

class B(A):
def some method(self):
print(“some method B¥)

x = BQO

X. some method()

Y = AQ
y. some method()

# some method B

3[eCb NMeperpy>xeH MeToj POoAUTENbCKOro Kiacca. Ho yto genatb, eciv Heo6XoAuMO HEMHOro(???)
[OMONHNTL POAWUTENBCKMIA METO/, He KONUPYs ero MOHOCTBIO? TYT 1 HyxKHA (hyHKUMs super():

class A:
def some method(self):
print(“some method A")

class B(A):
def some method(self):
super() -some method() # Bbi30B (YHKUUU Super
print(“some method B¥)
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x = BQO

x.some method()

# Pe3ynbTaT BbINO/IHEHUA (QYHKUUW Super
# some method A
# some method B

m [lofgfepXKa COBMECTHOTO MHOXECTBEHHOTO Hac/leA0BaHUs
[na NoAnfep>KKU COBMECTHOTO MHOXKECTBEHHOTO HacnefoBaHUS B AUHAMUYECKOM OKPYXXEHUU super
fenaeT BO3MOXHbIM 06palleHMe ¢ POMGOBUAHBIMK UEPapXUsiMU, MPU KOTOPbLIX HECKO/IbKO 6a30Bbix
K/acCoB 3a4al0T peasm3almio MeToAa C OAHUM U TEM XKe UMEHEM.

Vicnonb3oBaHne yHKUMA super() ¢ 06OMMM aprymMeHTamu TOYHO onpefensieT 06beKTbl U Aenaet
COOTBETCTBYHOLLME CCbINKW. Be3 aprymeHToB (yHKUMsi super() paboTaeT TONbKO BHYTpW OMpeaeneHust
Knacca, a Heo6xoAUMble AeTann ANs UAEHTUMUKALUMK Knacca M JoCTyna K TeKyLleMy aK3eMnaspy Ans
METO/0B 3aM0oHSAET KOMMAUAATOP.

B pononHeHve K noucky MeTogoB, super() Takke paboTaeT gns nowcka atpubytoB. OgHUM U3
BapVaHTOB WCMO/b30BaHUS 3TOrO SIB/SIETCA BbLI3OB AECKPUMTOPOB B POAWUTENBCKOM WM POACTBEHHOM
Knacce.

®yHKuMsA super() peanv3oBaHa Kak 4acTb Mpouecca MNPUBA3KM A1 ABHOTO MOWCKA MO TOYEYHbIM
atpubyTtam, Takux Kak super().__getitem__(name). 310 gocturaetcs nyTeM peanmsauumn COOGCTBEHHOrO
meTofa__getattribute_ () Ans noucka knaccoB B NpefckasyeMOM NOpPsAKe, KOTOpbIA noafep>xusaet
KoonepaTMBHOEe MHOXXECTBEHHOe HacnegoBaHue__mro__ . super() U He npejHasHavyeHa 15 HesBHbIX
MOWCKOB C NCMO/Ib30BaHNEM MHCTPYKLUMIA UM OMepaTopoB, Takmx Kak super()[name].

m [pumepbl NoNyYeHUs oCTyna K yHac/nefoBaHHbIM METOAaM.
| CDyHKLI.VIFI B eAMHNYHOM HacnegoBaHUM

class Computer:
def init (self, computer, ram, ssd):
self_computer = computer
self_ram ram
self._ssd ssd

# Ecnn cosgatb pgovepHuii knacc “Laptop®, TO 6ygeT goctyn
# K cBolcTBY 6a3oBoro kmacca 6narogaps ¢gyHkuumn super().
class Laptop(Computer):
def init (self, computer, ram, ssd, model):
super(). init (computer, ram, ssd)
self.model = model

lenovo = Laptop("lenovo®, 2, 512, ~1420%)
print("This computer 1is:", lenovo.computer)
print("This computer has ram of", lenovo.ram)
print("This computer has ssd of", lenovo.ssd)
print("This computer has this model:", lenovo.model)

# BbiBOS,

# This computer is: lenovo

# This computer has ram of 2
# This computer has ssd of 512
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# This computer has this model: 1420

B cneayouwem npumepe knacc Rectangle sBnserca cynepkiaccom, a Square AB/AAETCA MOAKIACCOM,
MOCKO/IbKY MeToabl Square Hacnedytotca oT Rectangle, To moMHO BbisBaTb meTon __init _ ()
cynepknacca (Rectangle._ init _ ()) 3 knacca Square ucnonbsya pyHKLMIO super().

[anee npocTo No/b30BaTbCA METO4AMU POAUTESIA, HE HAMUCAB HU CTPOYKM Koaa ().

B maHHOM c/iyyae KBaZpaT - 3TO YaCTHbINA cydali MPAMOYTro/ibHUKA (M ero fAouepHuii Knacc).

class Rectangle:
def init (self, length, width):
self.length = length
self.width = width

def area(self):
return self.length * self.width

def perimeter(self):
return 2 * self.length + 2 * self.width

class Square(Rectangle):
def init (self, length):
# g xkBampaTa NPOCTO HYXHO [epellaTh OIOMH NapamMeTp length.
# Tpu BHISOBE 'super (). init ()' ycraHoBuM aTpmOyTH 'length' mu
'width'.
super(). 1init (length, length)

''u

# Knacc 'Square' gBHO He peasmsyeT MeTon 'area ()
# Oymer mcnosb30BaThL €TI0 U3 Ccylepkiyacca 'Rectangle’
sgr = Square (4)

print ("Area of Square is:", sqgr.areal())

# Area of Square is: 16

print ("Perimeter of Square is:", sgr.perimeter())

# Perimeter of Square is: 16

rect = Rectangle(2, 4)

print ("Area of Rectangle is:", rect.area())

# Area of Rectangle is: 8

print ("Perimeter of Rectangle is:", rect.perimeter())
# Perimeter of Square is: 12

M HakoHeL, npumep paboTbl pyHKUMM super() Npyu UCNOb30BaHNUN MHOMECTBEHHOIO Hac/1el0BaHUA:

class A:
def init (self):
print('Initializing: class A'")

def sub method(self, b):
print ('sub method from class A:', b)

class B(A):
def init (self):
print('Initializing: class B')
super (). init ()

def sub method(self, b):
print ('sub method from class B:', b)
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super () .sub method(b + 1)

class X (B):
def init (self):
print('Initializing: class X')
super (). init ()

def sub method(self, b):
print ('sub method from class X:', b)
super () .sub method(b + 1)

class Y (X):
def init (self):
print('Initializing: class Y')
# super () c napamerpamu
super (X, self). init ()

def sub method(self, b):
print ('sub method from class Y:', b)
super () .sub method(b + 1)

x = X()
xX.sub method (1)
print ('OBpaTuTe BHUMaHME KakK NIPOUCXOIMUT MHMLMaIM3aLMUI')

|
print ('kjmaccoB Opu ykasaHUM apT'yMeHTOBR B QyHKUUM super()')
y = Y()

y.sub method(5)

# BHBOI

Initializing: class X
Initializing: class B
Initializing: class A
sub method from class X: 1

sub method from class B: 2

sub method from class A: 3

BaXHO, KakK NPOMCXOOUT MHULMAIUSALUSI

KJIaCCOB INpMY yKasaHUM apl'yMeHTOB B GYHKUUM super ()
Initializing: class Y
Initializing: class B
Initializing: class A
sub method from class
sub method from class
sub method from class

O 1 oy U

e FH FH o He e e e e dH S R e S
I v oY

sub method from class

Knacc, cogepkalumii aTpubyT value n peanmnsyiowmii cCdETUMK gocTyna K Hemy. CYETUMK yBEIMUMBAETCA
KaxKapll pas, Korga meHsetcs value.

class AccessCounter (object):

Knacc, cozmepxammy atpubyT value M pealMsyoUUM CUETUMK IOCTyIla K HeEMY.
CuéTuyk yBeJMUMBaeTCs KaxIell pas, Korma MeHseTcs value.
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def init (self, val):
super (AccessCounter, self). setattr (“counter®, 0)
super (AccessCounter, self). setattr (“value®, val)

def setattr (self, name, value):
if name == “value-":
super(AccessCounter, self). setattr (“counter®,
self.counter + 1)
# 30eCb HeT HMKaKux YCNOBUIA.
# HyxHO npefoTBpaTuTb WU3MEHeHWe ApYyrux aTtpuoyToB,
# Hago BbIGpoCUTb UCKUYeHue AttributeError(name)
super (AccessCounter, self). setattr (name, value)

def delattr (self, name):
if name == “value":
super(AccessCounter, self). setattr (“counter®,
self.counter + 1)
super (AccessCounter, self). delattr (nhame)]

m [1pon3BonbHbIe MocnefoBaTe/IbHOCTU
B python cyulecTByeT MHOXECTBO CMOCOGOB 3acTaBUTh KnacChl BecTM ce6Gsi KaK BCTPOEHHble
nocnefoBaTesibHOCTM (CNI0Bapy, KOPTEXM, CMIUCKKU, CTPOKM M Tak Aganee). 3T0 Marnyeckue mMetofbl M3-3a
BbICOKOW CTeMeHn KOHTPO/Ss, KOTOPYH OHW AaloT W TOl Maruu, OT KOTOpPOW C O6beKTamu K1accoB
HaunHaeT paboTaTb LieNIoe MHOXECTBO IMoGanbHbIX yHKLUWMA. Ho, A0 Toro Kak 6yayT onucaHbl BCSKUE
BakHble BeLUW, HAA0 3HaTb O MPOTOKO/MAX.

m [1pOTOKO/IbI
Tenepb, KOrja pedyb 3awa O CO3JaHWM COOCTBEHHbIX MNOcnefoBaTenbHOCTe B python, HyXHO
03HaKOMUTbCA K NPOTOKOMam. [MpOTOKOMbl MOXOXW Ha WMHTepdercbl B APYrux A3blKax TeM, UTO OHU
npefocTasnsAT Habop MeToA0B, KOTOpble Heo6xoaMMO peanv3osBatb. OfgHako NPOTOKOsMbl B python
abCoMOTHO HM K 4YeMy He 006A3bIBalOT M He TpebyloT 06s3aTeNbHOl peannsaumy  Kakoro-imbo
06baABNeHNs. HaBepHoe, OHW 60/bLUE MOXOXKN Ha PYKOBOJALLME YKa3aHUS.

Moyemy peyb O NpoTokosax? MoToMy, YTO peasm3almsi NPOU3BOJLHBIX KOHTEHEPHbIX TUMOB B python
B/IEYET 3a COBOW UCMONBb30BAHNE HEKOTOPbIX U3 HUX.

Bo-nepBbix, MPOTOKON 418 OnpefeneHnss Hen3MeHAeMbIX KOHTEMHEPOB: YTOObl cO34aTb HEU3MEHSEMbIIA

KOHTEMHep, HY>XHO TOMbKO onpegenutb__len__ n__ getitem__ (npogpo6Hee 0 HWx ganblue). MpoTokon

N3MEHAEMOro KOHTelHepa TpebyeT TOro e, UYTo U HEM3MEHSEMOro KOHTelHepa, natc__setitem__n
delitem__.

Bo-BTOpPbIX, HAKOHEL, eCM HEOBXOANMO, HYTOObl 06BHEKTbI MOXHO 6bIIO NepedupaTtb utepaLmen, Hy>KHO
onpejennTb __iter__, KOTOpbIA BO3BpallaeT uTepatop. 3TOT WTepaTop [AO/DKEH COOTBETCTBOBATH
NPOTOKO/Y MTEpPaTopa, KOTopbI TpebyeT MeTOA0B__iter__ (BO3BpaLlaeT camoro ce6s) u next.

m Marus KoHTeliHepoB
Maruuyeckne MeToAbl, UCTMO/b3yEMbIE KOHTEAHEPAMU:

m _ len_ (self)

Bosspau.q,aeT KO/IM4yeCcTBO 23/IeMEHTOB B KOHTGI7IH€pe. Yactb NpPOTOKONOB AN1d  U3MeHAeMOoro wu
HEN3MEHAEMOTO KOHTeVIHepOB.
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B _ getitem_ (self, key)

OnpeaenaeT nosegeHUe Npu AOCTYNe K 3/IEMEHTY, UCMNoJb3ya cuHTakcuc self[key]. Toxe oTHocuTcA U K
NPOTOKO/lY M3MEHAEMbIX M K MNPOTOKOJly HeM3MeHAeMbIX KoHTeliHepos. [osieH BbibpacbiBaTb
COOTBETCTBYIOLLME UCKIOUeHUA: TypeError ecnn HenpaBWabHbIA TN Kaoua U KeyError ecam kitouy He
COOTBETCTBYET HUKAKOTO 3HAUYEHUA.

B _ setitem__ (self, key, value)
OnpepaenaeT noseaeHUe NPy NPUCBAUBAHUM 3HAUEHUA S/IEMEHTY, UCNOJIb3YA CUHTAKCUC
self[nkey] = value.

YacTb NpoTOKOMa M3MEHAEMOro KoHTelHepa. OnaTb e, Hy*Ho BblbpacbiBaTe KeyError u TypeError B
COOTBETCBYIOLMX CAYYARAX.

B _ delitem__ (self, key)

OnpenensaeT noseaeHWe Npu yaaneHun snemeHta (to ectb del self[key]). 3To uacTb TonbKO NpoToKoAa
017 U3MEHAEeMOro KoHTelHepa. Bbl A0MXKHbI BbIBpackiBaTb COOTBETCTBYIOLLEE UCKIOUYEHUE, EC/TU KoY
HEKOppeKTeH.

m _ iter_ (self)

JomkeH BepHYTb WUTepaTop O/ KOHTelHepa. UTepaTopbl BO3BPALLAIOTCA B MHOMECTBE CUTyaLMH,
rnasHblM 0bpasom paa BCTpoeHHoNU ¢yHKumK iter() U B cnaydae nepebopa 31eMeHTOB KoHTeliHepa
BblpaxkeHuem for x in container:. UTepaTopbl camn no cebe 06bEKTbI U OHWU TOXKE A0/BKHbI ONpenenaTh
meToq, _ iter_, KoTopblii Bo3BpaulaeT self.

B _ reversed_ (self)

BbisbiBaeTca 4Tobbl ONpeaeMTb NoBedeHWUA OAA BCTPOeHHOW ¢yHKuMK reversed(). JoskeH BepHyTb
obpaTHyI0 BEPCUIO MOC/Ie0BaTENbHOCTU. Peannsyiite MeTon, TO/IbKO eC/IM KAacC yropafoYeHHbIN, Kak
CTMMCOK UJIN KOPTEXK.

B _ contains__ (self, item)

__contains__ npegHasHayeH 4/1A NPoBEPKU NMPUHALIEIKHOCTHU 3/1eMEHTA C MOMOLLbIO in U hot in. 3To He
yacTb NPOTOKO/1a NocaeAoBaTe/IbHOCTU. [oToMy UTo Korga __contains__ He onpegenéd, python npocto
nepebupaeT BCIO MOCAEOOBATE/NBHOCTb 3/IEMEHT 3a 3/IEMEHTOM WM BO3BpalLaeT True ecin HaxoguT
HYKHbIMN.

B _ missing_ (self, key)

__missing__ ucnonbayeTcAa nNpu HacnegosaHuu ot dict. Onpepenser nosedeHue ANA OAA KaXKaoro
CNly4anA, Korga MbITAlOTCA MOJYUMTb 3/1eMEHT MO HECYLLeCTBYIOWEMY K/ody (TaK, Hanpumep, eciu
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nmeetcs ectb cnosapb d m nuwetca d['george”] kKorga "george" He SIBNAETCA KIKOUOM B C/I0Bape,
BbI3biBaeTca d.__missing__ ("george")).

m [lpumep
[Ona npumepa MOXHO pacCMOTPETb CMMCOK, KOTOPbIA peannsyeT HeKOoTopble (YHKLMOHa/IbHbIE
KOHCTPYKLUK, KOTOPbIE MOXHO 6bl/10 Bbl BCTPETUTb B APYIUX A3bIKaX.

class FunctionallList:

Knacc-06épTka Hag CrnMCKOM C gobaBfieHMeM HEeKOTOPON (YHKLUMOH&/IbHOW Maruu:
head, tail, init, last, drop, take.

def init (self, values=None):
if values is None:
self.values = |]
else:
self.values = values

def len (self):
return len(self.values)

def getitem (self, key):
# ecnM 3HauyeHvMe uNM TUN KIYa HEKOpPPeKTHbl, list BLIOPOCUMT uUCK/IUeHue
return self._values[key]

def setitem (self, key, value):
self_values[key] = value

def delitem (self, key):
del self._values[key]

def iter (self):
return iter(self._values)

def reversed (self):
return FunctionalList(reversed(self.values))

def append(self, value):
self.values.append(value)

def head(self):
# nonyunTb NepBblid dMeMEHT
return self._values[O]

def tail(self):
# NonyuMTb BCE 3/IEMEHTHl MOCMe nepBoro
return self.values[1:]

def init(self):

# NoNyuMTb BCE 3/IEMEHTHl KpOMEe nocnefHero
return self._values[:-1]
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def last(self):
# nonyunTb NOCNeAHNn 3NemeHT
return self.values[-1]

def drop(self, n):
# BCe 3/eMeHTbl KpoMe nepBbiX N
return self.values[n:]

def take(self, n):
# nepsBble N 3/IEMEHTOB
return self.values[:n]

def Dolt(parameters):
fl = FunctionalList(parameters)
res = fl_take(3d)
return res

if name = " main
parameters = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9l
res = Dolt(parameters)
print(res)

Tenepb  ectb  NOMe3Hblli  (OTHOCUTENLHO) npyMep  peanusaumm  CBOEA  COOGCTBEHHOW
nocnegosaTenibHOCTN. CyLLECTBYIOT, KOHEYHO, W Kyaa 60/iee NnpakTUUHble peannsauum npoun3BO/bHbIX
nocnegosaTefibHOCTEl, HO 60/bLIOE KX YUCNO YXKe peann3oBaHo B CTaHAAPTHOM 6UBNNOTeKe, Takme Kak
Counter, OrderedDict, NamedTuple.

m OTpaxeHue
Bbl MOXHO KOHTPO/IMpPOBaTb W OTPAXEHWE, WUCMOMb3YIOLWEE BCTPOEHHbIE (yHKUMKM isinstance() w
issubclass(), onpegenve HeKOTOpble Marnyeckue MeTofbl:

m __ instancecheck__ (self, instance)

MpoBepsieT, ABNAETCA NN 3K3EMNNAP UYEHOM MO/b30BaTeNbCKoro knacca (isinstance(instance, class),
Hanpumep.

m _ subclasscheck _ (self, subclass)

MpoBepsieT, ABNSETCA HacneLyeTca /M Knacc OT NONb30BaTeNbCKoro knacca (issubclass(subclass, class)).

Mo>keT nokasartbCsl, YTO BapuUaHTOB MOJIE3HOTO MCMO/Ib30BaHUS 3TUX MarMyecknx MeTO40B HEMHOIO W,
BO3MOXHO, 3TO Ha caMOM fefie Tak. MOXHO He TpaTuUTb CMMLKOM MHOrO BPEMEHW Ha Marnyeckue
MeTOAbl OTPaKEHMS, HE 0COOB0 OHM W BaXKHble, HO OHW OTPaXKAKT KOE-YTO BaKHOE 06 OOBLEKTHO-
OPMEHTUPOBAHHOM NporpaMMMpoBaHUM B python n o python BOOOGLUe: NMoyTM Bcerga CyLLecTByeT
npocToii cnoco6 u4To-nM6o caenatb, AaXke ecnn Hafo6GHOCTb B 3TOM «4YTO-/IMGO» BO3HMKAET O4eHb
pefko. 3T MarMyeckme MeTofbl MOFYT He BbIMSAETb MOME3HbIMU, HO €C/IM OHW  KOrga-Hubyab
noHagobaTcs, 6yaeT XOpOLWo, YTO OHW eCTb (A8 3TOr0 U NMLWWETCS 3Ta rnasal).

158



m Bbi3biBaeMble 06bEKThI
Kak y>xe n3BecTHo, B python gyHKUMM ABNSAIOTCA O6bEKTAMW NEPBOrO Knacca. 3TO O3HAYaET, YTO OHU
MOTYT ObITb MepeaaHbl B YHKUMM WX MeTOAbl Tak XXe, Kak /itlobble Apyrne o6bekTbl. 3T0 HEBEPOSTHO
MOLLIHas OCOBEHHOCTb.

CneunaibHbIA Marmyecknii MeTog No3BoseT 06bEKTAM MOJIbL30BATENNBCKOIO Kacca BECTU Cebs Tak, Kak
6yaTO OHM (DYHKLMWM, TO €CTb WX MOXHO «BbI3bIBATb» WX, NepejaBatb WX B (DyHKUMM, KOTOpble
NPVHYMAIOT (YHKLUM B KaYecTBe apryMeHTOB U Tak fanee. 310 gpyras yaobHas 0COGEHHOCTb, KOTOpas
fenaeT NnporpaMmmunpoBaHne Ha python Takum NpPUSTHBIM.

m _ call_ (self, [args..])

Mo3sonset no6oMy 3K3eMNAspy Knacca ObiTb BbI3BAHHLIM KakK-6yATO OH (hyHKUMA. [naBHbIM 06pasom
37O O3HauaeT, 4To x() o3Ha4vaeT 10 xe, uto ux.__call_ (). Mpn atom,__ call__npuvHUMaET NpPoOn3BOJIbLHOE
4YMCNO apryMeHToB; TO €CTb, MOXHO onpegenntb _ call__ Tak e kak byt Apyryto (yHKUMIO,
NPUHUMAIOLLYIO CTO/IbKO apryMeHTOB, CKOJIbKO 3TO HY>KHO.

__call_, B yacTHOCT!, MOXeT 6biTb MOMe3eH B Kfaccax, YbM 3K3EeMMSAPbl 4acTO W3MEHSIIOT CBOE
COCTOSIHME. «BbI3BaTb» OGBLEKT MOXET ObITb MHTYUTUBHO MOHSITHBIM U 3/1IETAHTHLIM CMOCOGOM M3MEHUTh
cocTosiHMe o06bekTa. [pvMepom MOXeT O6biTb Knacc, MpeAcTaBNsOWMNA  MONOXKEHNE HEKOTOPOro
06beKTa Ha MJIOCKOCTU:

class Entity:

Knacc, onucbiBawimini O6bEKT Ha M/IOCKOCTU.

""Bbi3blBaEMbIF'', 4TOObI OOHOBUTbL MO3ULNK OOBLEKTA.
1l

def init (self, size, X, y):
self.x, self.y = x, y
self.size = size

def call (self, x, y):
# N3MEeHUTb MnoJsiokeHne ob6beKTa.
self.x, self.y = X, y

m MeHefXXepbl KOHTEKCTA
B python 2.5 6bi10 NpeacTtaBneHO HOBOE K/IHOYEBOE C/IOBO BMECTe C HOBbIM CNOCOBGOM MOBTOPHO
MCMNONb30BaTb KO, 3TO KIo4YeBoe €10BO with. KoHuenums meHemkepoB KOHTEKCTa He fBNsiacb HOBOM
ana python (oHa 6blna peanu3oBaHa paHblUe Kak yacTb 6ubnuoTteku), HO B PEP 343 pgocTturna cratyca
A3bIKOBOW KOHCTPYKLMU. BbipaxkeHus ¢ with:

with open("foo.txt") as bar:
# BbIMO/IHEHME KaKMX-HWOYOb g[eicTBuii ¢ bar

MeHepKepbl KOHTEKCTA MO3BO/ISKOT BbINOMHUTL KaKUe-TO AeCTBUA 4/ HACTPOWKU WM OUYUCTKU, KOorga
co3gaHme obbekta 0GEPHYTO B ornepatop with. MoBeaeHve MeHepkepa KOHTEKCTA OMpepensiercs
OBYMSI MarvyeckvmMy MeTofamMu;
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B _ enter_ (self)

OnpepaenneT, YTo OO/IKEH cAeNaTb MeHepKep KOHTeKCTa B Hayase 6/10Ka, CO34aHHOro onepaTopom
with. 3ameTbTe, UTO BO3Bpallaemoe __enter__ 3HaueHWE M eCTb TO 3HaYeHUe, C KOTOPbIM MPOU3BOAUTCA
paboTta BHyTpK with.

B exit_ (self, exception_type, exception_value, traceback)

OnpenennaeT AelicTBMA MeHeaXKepa KOHTEKCTa noc/e Toro, Kak 610k 6yaeT BbinoaHeH (MM NpepBaH BO
Bpema paboTtbl). MoKeT WUCMo/b30BaTbCA A/ KOHTPO/IMPOBAHUA WCK/IOUEHWUIH, OUMCTKU, MobbIX
AEeWCTBUIN KOTOopble A0MXKHbI BbITb BbINO/HEHbI HE3aMeAITeIbHO Nnoc/e 610Ka BHYTpU with.

Ecnm 610K BbINOMHEH ycnelHo, exception_type, exception_value, u traceback 6yayr yctaHoBneHbl B
None. B apyrom caydae BblIbop, NepexBaTbiBaTb /M UCKOYEHWE UIN NPEAOCTaBUTL 3TO MO/Ib30BaATEIO.
Ecav npuHATO pelleHWe NepexBaTUTb UCK/OUYEHWE, Hago ybeauTbea, uTo _exit_ BosBpauiaeT True
nocsie Toro Kak Bcé caenaHo. Ecan He npegycmatpuBaeTca, UTobbl UCKOYEeHWe 6bl1o NepexBavyeHo
MeHeyKepoM KOHTEKCTa, NPOCTO Hago NO3BO/IMTb MY C/TYYUTBCA.

_enter__ U __exit__ moryT 6biTb NonesHbl ONa cneuupUUHbIX KAaCCOB C XOPOLIO OMWUCAHHLIM M
pacnpocTpaHéHHbIM MoBeAeHMEeM A/1A UX HACTPOWKU U OUUCTKU pecypcoB. MOXKHO MCNO/Ib30BaTb 3TH
MeToabl U A1 CO30aHUA 06LMX MeHe}KepoB KOHTEKCTa A/1A pasHbiX 06beKkToB. BoT npumep:

class Closer:

T

MeHemxep KOHTEKCTa [JIS aBTOMAaTUUYECKOI'O SBaKpPHTHUS oBBbeKTa
BEHISOBOM MeTozma close B with-pBrpaxeHuum.

def init (self, obj):
self.obj = obj

def enter (self):
return self.ob]j # npuBgska kK akTUBHOMY oBbekTy with-6ioka

def exit (self, exception type, exception val, trace):
try:
self.obj.close()
except AttributeError: # y oBwekTa HeT MeToma close
print 'Not closable.'
return True # ucCKIOUeHUEe [HepexBaueHO

Mpumep mcnonbsoBaHuaA Closer ¢ FTP-coeanHeHnem (coKeT, umelollii meTog, close):

>>> from magicmethods import Closer

>>> from ftplib import FTP

>>> with Closer (FTP('ftp.somesite.com')) as conn:
conn.dir ()

# output omitted for brevity
>>> conn.dir ()
# long AttributeError message, can't use a connection that's closed
>>> with Closer(int(5)) as i:
i+=1
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Not closable.
>>>
6

3pecb BUAHO, Kak 06EpTKa ynpas/nseTcss U ¢ NPaBU/bHBIMKA M C HEMOAXOAAWMMM O0O6beKkTaMu. B aTom
cuna MeHe[PKepoB KOHTEKCTa M Marumdeckumx MeTtofoB. CraHgapTHas 6mbnvoTteka python Bkawo4daer
Moaynb contextlib, kotopbiii BktouyaeT B cebs contextlib.dosing() — meHempKep KOHTEKCTa, KOTOPbIiA
Aenaet NpubnnsnTentHO To ke (6e3 Kakoin-nMbo o6paboTKM cryyasi, Korga O6BLEKT HE MMEET MeToja
close()).

m AOGCTpaKTHble 6a30Bble Knacchl

CmortpeTtb http://docs.python.org/2/library/abc.html.

m [locTpoeHune fecKpunTtopos

Jeckpuntopbl 3TO TakMe Knacchbl, C NMOMOLLbIO KOTOPbIX MOXHO [f06aBUTb CBOK /IOTUKY K COBLITUAM
goctyna (nosnydveHvie, M3MeHeHue, yfaneHue) K atpubytam apyrnx 06bekToB. J[eckpuntopbl He
nogpasymeBaeTcq MCNOMb30BaTb caMu Mo cebe; ckopee, npegnonaraercs, 4Yto umm OyayT Bnagetb
Kakve-HMbyab CBfi3aHHble C HMMW Kfiaccbl. Jeckpuntopbl MOryT ObiTb NOME3Hbl A1 MOCTPOEHUS
0OBbEKTHO-OPUEHTUPOBAaHHbIX 6a3 AaHHbIX WM K1accoB, YbW aTpubyTbl 3aBUCAT Apyr OT gpyra. B
YacTHOCTW, AECKPUNTOPbI NOME3HbI MPY NMPeLCcTaBNeHNN aTPUBYTOB B HECKOMbKUX CUCTEMAX UCUUCIEHUS
NN Kakux-nnbo BblYUCASEMbIX aTPUOYTOB (Kak paccTosiHMe OT HadasbHOW TOYKWM A0 MpeAcTaBlieHHOW
atpubyTOM TOUKM Ha CETKe).

UTo6bl Knacc ctan AeckpunTopoM, OH AO/DKEH peanu3oBaTb MO KpaliHel mepe oauH MeTof u3__ get
__set__nnu___delete__. 3tm marnyeckue metofbl NOAPOGHO:

m _ get_ (self, instance, instance_class)

OnpegensieT NOBeAeHNE MPU BO3BPALLEHUN 3HAYEHMSI U3 LECKPUMTOPA. instance 310 0GbLEKT, 41 Ybero
aTpubyTa-AecKpUnTopa BbI3bIBAETCS METOA. OWNEr 310 TUM (Kacc) 06bekTa.

m _ set  (self, instance, value)

OI'Ipe,EI,e]'IHET noseageHMe npu M3MeHeHUM 3Ha4YeHus M3 AeCKpunrtopa. instance 3To 06bBEKT, ana 4ybero
anm6yTa-,quva|r|Topa BbI3bIBa€TCA METOA. value 3to 3Ha4veHne Ona yCTaHOBKM B AeCKPMNTOP.

m _ delete__ (self, instance)

OnpepensieT noeefeHve ANs yAaneHUs 3HAYEHUs U3 AeCcKpunTopa. instance ato 06bLEKT, B/AAEHOLLMIA
[IECKPUMNTOPOM.

m [lpmep Ncnosib30BaHUA AeCKPUNTOPOB
Tenepb NpuMep NOE3HOTO (???) NCMOL30BaHUS AECKPUNTOPOB: NPeo6pasoBaHne eaVHULL NU3MEPEHNS.
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class Meter(object):
1l

JeckpunTop Ana meTpa. Y Hero ectb MeTo[ init (self, value),
3HA4UMT, OH OAVMH MOXeT NPUHMMATb napameTpsl Mpu CO34aHUN OO6LEKTOB

def init (self, value=0.0):
self_value = float(value)

def get (self, instance, owner):
return self.value

def set  (self, instance, value):
self.value = float(value)

class Foot(object):
"**[leckpuntTop ana ¢gyra."""

def get (self, instance, owner):
print(f"Foot get )
return instance.meter * 3.2808

def set  (self, instance, value):
print(f"Foot set °)
instance.meter = float(value) / 3.2808

class Distance(object):
|
Knacc, onucbiBawwmii paccTosiHMe .

coaepxnTt ABa CTaTU4eCKMX pAecKpuntopa AOnd mMeTpoB U beTOB-

# 3HauveHusa nepepawTtca TONIBKO B KOHCTpyKTOp Kacca Meter
meter = Meter(10.0)
foot = Foot()

def Dolt():

d = Distance()

print(fF*{d.meter} ... {d.-foot} ©)
if name == " main

Dolt(Q

m KonunpoBaHue
B python onepatop npucsamBaHus He KOMUPYeT OB6bLEKTbI, a TO/bKO f06aBnseT ewé ofHy cCbiiky. Ho
4N KONNEKUWA, codepXKawmx W3MeHseMble 3/eMEHTbl, WHOr4a Heo6XoAMMO  MOSHOLLEHHOe
KONMpOBaHne, 4TO6bl MOXHO Obl10 MEHATb 3/1IEMEHTbI OLHOW NOC/nefoBaTe/lbHOCTU, He 3aTparusas
Apyryto. 3gecb npuMeHsieTcs copy. U nHCTpykummn ana python Kak npasuibHO KOMMPOBaTh.

m _ copy_ (self)
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OnpegensieT noeegeHve copy.copy() A1 o6bekTa Nob30BaTeNIbCKOTO Knacca . copy.copy() Bo3Bpalyaet
MOBEPXHOCTHYIO KOMUIO 06beKTa — 3TO 03HAuaeT, uTo XOTb CaM O6bLEKT M CO3[aH 3aHOBO, BCE €ro
[lAHHbIE CCbINAKTCA HAa AaHHbIE OPUrMHANILHOrO 06bekTa. U npu M3MEHEeHWM [aHHbIX HOBOTO 06bEKTa,
U3MEHeHVs 6YayT NPOUCXOAUTL U B OPUTMHA/IEHOM.

m _ deepcopy__ (self, memodict={})

Onpegenser nosefeHue copy.deepcopy() 4na ob6bekta MNosb30BaTeNbCKOro Knacca. copy.deepcopy()
BO3BpaLlaeT rnyboKyto KON O6beKkTa — KOMUPYHTCH M OOBLEKT M ero gaHHbie. memodict 310 K3
npeabigyLmnx CKOMUPOBaHHbIX OOGBLEKTOB, OH MpegHasHayeH A1 ONTUMMU3ALMXM  KOMUPOBaHUS U
npefoTBpaLleHns 6eCKOHEYHON peKypcun, KOrga KOMMpPYHoTCA peKypcuBHbIE CTPYKTYPbI AaHHbIX. Korga
TpebyeTcAa MOIHOCTbIO CKOMMPOBAaTb KaKOWM-HWOYAb KOHKPETHbI atpubyT, Ha HEM BbI3blBaeTCS
copy.deepcopy() ¢ nepsbiM NapameTpom memodict.

Korga wncnonb3oBatb 3T marmdeckme Metofbl? Kak 06blMHO — B NMHOGOM cryyae, Korga TpebyeTtcs
6onblie, 4YeM CcTaHAapTHOe MoBefdeHMe. Hampymep, ecnM Hy)KHO CKOMMPOBaTb OOBLEKT, KOTOPbIi
COEPXMT K3l KaK C/oBapb (BO3MOXHO, OYeHb OO/bLUOA CNOBapb), TO MOXET ObiTb U He HYXXHO
KOMMpOoBaTb BeCb K3LlU, & 060MTHCL BCETO OAHMM B 00OLLEN NamsAT 06BEKTOB.

m licnonb3oBaHue Moayns pickle Ha 06bekTax NONb30BATENBLCKOTO K/acca
Pickle ato mMoaynb ans cepvanuMsauuy CTPYKTYpP AaHHbIX python v OH MOXeT 6biTb MOMiE3eH, Korga
HY>XHO COXpaHWTb COCTOSIHME KakOro-im6o O6bLEKTA M BOCCTAHOBUTH €r0 MO3Ke (06bIYHO, B LENsX
K3LLUMPOBaHWsl). KpoMe TOro, 370 eWé U OT/IMYHBIV UCTOUYHUK NMEePEeXUBAHUIA 1 MyTaHWLbI.

Cepuanusaumsa HaCcTOMbKO BadKHA, YTO Kpome cBoero mopgyns (pickle) mmeeTr n cBOW COGCTBEHHBIi
NPOTOKO/N M CBOM Marmyeckve MeTtofbl. Ho Ans Hayana o TOM, Kak cepuann3oBaTb C NMOMOLLbIO pickle
Y)Ke CyLLLecTBytoLne TUMbl JaHHBbIX.

m Cepnanunsauyus
Tenepb 0 cepuanusauumn. MycTb ecTb C/OBapb, KOTOPbIA HY)XHO COXPaHUTb U BOCCTAHOBUTHL MO3XE.
Hy>KHO 3anucaTb ero cofep>xumMoe B (haiif, y6eanBLINCE, YTO OH MULIETCA C MPaBWU/IbHBIM CUHTAKCUCOM,
MOTOM BOCCTAHOBMWTb €0, BbINMOMHMB exec(), WM npountas aiin. Ho 3To B /lyyllem ciiyyae pUCKOBaHHO:
€CNN XpaHWUTb BadKHble AaHHble B TEKCTE, OH MOXET OblTb MOBPEXAEH WM WU3MEHEH MHOXECTBOM
CNoco60B, C Le/bio 06pyLLIMTL MPOrpaMMy Man, BOOOLE, 3aMyCTUTb KaKOM-HNMOYAb OnacHbIn Kog, Jlydie
ncnonb3osarb pickle:

import pickle

data = {"foo": [1, 2, 3],
"bar®: (“Hello®™, “world!"),
"baz": True}
jar = open(“data.pkl®, "wb")
pickle.dump(data, jar) # 3anucaTb cepua/iIN30BaHHbie AaHHble B jar
jar.close()

W Bor, CnyCta HEKOTOPOE BpPeEMA, CHOBa HY>XEH C/10Bapb:

import pickle

pkl file = open("data.pkl®, "rb") # oTkpbBaeTcs
data = pickle.load(pkl file) # coxpaHseTcA B NepemMeHHOV
print data
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pkl file.close()

Uro npou3soLwio? TOYHO TO, UTo 1 oxuganocsk. data kak-6yaTo Bcerga TyT 1 6bina.

Tenepb, 06 ocTOpoXHOCTU: pickle He wgeaneH. Ero ¢alinbl NErKO WCAOPTUTL  CAyYalHO WK
npegHamepeHHo. Pickle, MoxeT 6biTb, 6e30MacHee 4em TEKCTOBble (halisibl, HO OH BCE eLlg MOXET
MCMOMb30BaThCs 471 3anycka BPefoOHOCHOro Koga. Kpome TOro, OH HECOBMECTMM MeXAy pasHbiMU
BepcuamMKn python, MO3TOMy ec/iv PacnpoCTPaHATbL 06bEKTLI C MOMOLLBIO pickle, He 0653ATeNbHO, YTO BCe
CMOrYT VX WUCMNONb30BaTb. TeM He MeHee, MOAylb MOXET ObiTb MOLUHbIM WHCTPYMEHTOM ANS
K3LLMPOBAHUA W APYTNX PacnpoCTPaHEHHbIX 3afay ¢ cepnanmsameii.

m Cepuanmsauma co6CTBEHHbLIX OOBLEKTOB
Mogaynb pickle He TONbKO AN BCTPOEHHbIX TMNOB. OH MOXET MCMO/Mb30BATbCA C KadKAbIM K1acCoM,
peanu3ylowmmM ero npoTOKON. 3TOT MPOTOKO/N COAEPXUT 4eTblipe Heoba3aTeflbHbIX MeTofa,
NO3BOMAKOLWMX HAcTPOUTb TO, Kak pickle 6yget ¢ HUMK obpawatbcs (eCcTb HEKOTOpbIE pasnuuusa Anas
pacwmpeHnin Ha C, HO 3TO 3a paMKamu Hallero pykoBO/CTBaA):

m _ getinitargs__ (self)

Ecnu HeobxoAMMO, 4TOObI MOcne pgecepuanusaumm kKnacca Obln BbI3blBaH __init _, TO MOXHO
onpegennuTe __getinitargs__, KOTOPbIi [O/MKEH BEPHYTb KOPTEX aprymMeHTOB, KOTOPbIA 6yaet
OTNpaBfeH B__init__. 3TOT MeToA paboTaeT TO/IbKO C Kfaccamum CTaporo CTUAS.

m _ getnewargs__ (self)

[na KnNaccoB HOBOTO CTUIS MOXHO OMPefenuTb, Kakue napametpbl 6yayT nepefaHbl B New__ BO
BPEMsl fecepuanmsauun. IT0T METOZ Tak Xe [O/DKEH BEpPHYTb KOPTEX apryMeHTOB, KOTopble 6yayT
OTNpaB/ieHbl B__NEW__

m _ getstate  (self)

Bmecto craHgapTHoro atpmbyta _ dict _, rage xpaHsTcs atpubyTbl  Kfacca, MOXHO BepHyTb
MPOV3BO/bHbIE AaHHblE ANA cepuanv3auun. 3TV AaHHble 6yayT nepefaHbl B _ setstate  BO Bpems
Jlecepuanmsaymm,

m _ setstate_ (self, state)

Ecnn BO Bpems decepuanusaumm onpepenéd__setstate_ , To gaHHble 06bekTa OyayT nepegaHbl Cloaa,
BMECTO TOro 4To6bl NPOCTO 3anmcatb BCE B ___dict . 3TO napHblii MeTog ANS__ getstate_ : korpga oba
onpegeneHsbl, Bbl MOXETE NPeLCTaBsATL COCTOAHME Bawero 06bekTa Tak, Kak Bbl TO/IbKO 3ax0TuTe.

m _ reduce__ (self)

Ecnn onpepenéH co6CTBEHHbIM TN (C nomouwbio Python's C API), Hago coobwutb python kak ero
cepvann3oBatb, €CM HYXHO, 4Tobbl OH ero cepuanusoBan. _ reduce_ () BbI3blBAaeTCA Korga
cepuanusyercsi OObEKT, B KOTOPOM 3TOT MeTof 6bin onpegenéH. OH [O/MKEH BepHYTb WM CTPOKY,
cogepkallyto nms r1obasbHOM NepeMEHHO, COAEPXKMMOE KOTOPOW CEPUaN3YETCS Kak OBbIYHO, 1in
KopTeX. Koptexx MOXeT cofepkatb OT 2 A0 5 3/1eMeHTOB: Bbi3blBaeMblii OOBEKT, KOTOpbI 6yaeT
BbI3BaH, 4YTOObI CO3faTb [eCepuasin3OBaHHbI OOBLEKT, KOPTEX apryMeHTOB A/18 3TOr0 BbI3bIBAEMOrO
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obbekTa, [aHHble, KOTOpble OyAyT nepedaHbl B _ setstate (OMUMOHaNbHO), uUTepaTop ChuvcKa
3/1eMEHTOB AN cepuanmsaumy (ONuUMOHaNbHO) U UTepaTop CnoBaps 3NeMEHTOB ANA cepuannsaumm
(onumoHansHo).

m _ reduce_ex__ (self, protocol)

VHorga none3Ho 3HaTb Bepcuio MpPOTOKONa, peannsys _ reduce_ . W 3atoro MOxHO pobutbes,
peann3oBaB BMeCTO Hero _ reduce_ex_ . Ecnm _ reduce_ex__ peann3oBaH, TO MPeAnoyvTeHne mMpu
Bbl30BE OTAAETCA eMy (NpyM 3TOM BCE pPaBHO HY)KHO peanm3oBatb _ reduce__ ans o6paTHOl
COBMECTUMOCTN).

m [lpumep
[na npymepa onucbiBaeTcs rpudenbHas gocka (Slate), kotopas 3anmOMMHAET YTO U Korda ObIfNo Ha Hel
3arnuncaHo. BI‘IpO'—IeM, KOHKPETHO 3Ta AO0CKa CTaHOBUTCA unCTON Ka)K,D,bIVI pas, Korga OoHa cepuain3yeTcs:
TeKyliee 3Ha4eHne He CoXpaHAaeTCs.

import time

class Slate:

"""Knacc, XpaHsWWA CTPOKY M IOF U3MEHEeHWn. W 3abbiBawowmii CBOE 3HadeHue
nocne

cepnanmsauumn. " " "

def init (self, value):
self.value = value
self.last change = time.asctime()
self_history = {§

def change(self, new value):
# V3MeHUTb 3HauyeHne. 3apnKcuMpoBaTb MNOCMefHee 3HayeHue B UCTOpPUN.
self_history[self._last change] = self.value
self.value = new value
self.last change = time.asctime()

def print changes(self):
print “Changelog for Slate object:*
for k, v in self_history.items():
print "%s\t %" % &, V)

def getstate (self):
# HamepeHHO He Bo3Bpawaemself.value or self._last change.
# Mbl XOTuM ''4MCTyK [OOCKY'' nocnepecepuvanim3aunm.
return self_history

def setstate (self, state):
self_history = state
self_value, self_last change = None, None

m [lonosiHeHMe 1. Kak Bbi3bIBaTb Marnyeckme MeToabl
HekoTopble 13 Marnyecknx MeToLOB HarpsiMyto CBsi3aHbl CO BCTPOEHHBLIMU (BYHKLMSIMU; B 3TOM C/yyae
COBEpPLUEHHO OYEBMIHO KaK UX Bbi3blBaTh. OfHAKO, Tak GbIBAET He BCerga. 310 AOMOSIHEHWE MOCBSLLEHO
TOMY, YTOBbl PACcKPbITb HEOYEBWAHbIA CUHTAKCUC, NMPUBOASLLMIA K BbI3OBY Marnyeckux MeToZoB.
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Maruueckuii meton,

__new__(cls[,...])

__init__ (self[,...])

__cmp__(self, other)

__pos__(self)

__neg_(self)

__invert__(self)

__index__(self)

__nonzero__(self)

__getattr__ (self, name)

__setattr__ (self, name, val)

__delattr__(self, name)

__getattribute__ (self, name)

__getitem__ (self, key)

__setitem__ (self, key, val)

__delitem__(self, key)

__iter__(self)

__contains__ (self, value)

__call__(self [,...])

__enter__(self)

__exit__(self, exc, val, trace)

__getstate__ (self)

Korpga BbisbiBaeTcs (Mpumep)  Ob6bACHeHWe

instance = MyClass(argl, arg2) _ _new__ BbI3blBaeTcA NpW CO3AaHUU
obbekTa

instance = MyClass(argl, arg2) _ init__ BbI3bIBaeTcA MNpW CO3AaHUU
obbekTa

self == other, self > other, etc.

+self

-self

~self

X[self]

bool(self), if self:

self.name #
onpejaeneHo

self.name = val
del self.name
self.name
self[key]
self[key] = val
del self[key]
for xin self

value in self, value not in self

self(args)

with self as x:

with self as x:

pickle.dump(pkl_file, self)
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name He

BbizbiBaeTcA AanAa moboro CpaBHEHHMA

YHapHbIi 3HaK naoca

YHapHbIi 3HaK MUHYyCa

MobuToBan MHBEPCUA

MNpeobpasosaHue, Korga  obbekT

MCNMONb3yeTCA KaK MHOEKC
EyneBoe 3HayeHue obbekTa

MbITalOTCA NOAYYUTL HECYLLLECTBYIOLLMIA
aTpubyT

MpucBoeHune nobomy atpnbyTy

Yaoanexue atpubyta

Monyunte ntob6on aTpnbyT

I'Ionyqume 2/1EMEHTa Yepes3 MHAEKC

anICBOGHVIe /IEMEHTY Yepes UHOEKC

y,u,aneHme 2/1EMEHTa Yepes3 MHAOEKC

Utepauma

MNposepka
nomouwbto in

NMPUHaANEXKHOCTU C

«Bbl30B» 0bbeKTa

with ornepaTtop MeHeKepoB
KOHTEKCTa

with ornepaTtop MeHeKepoB
KOHTEKCTa

Cepuanunsaumn



setstate__ (self) data =pickle.load(pkl_file) Cepranunzauus

Jra Ta6J'IVIL|,a MOXXeT 136aBuUTb OT BOMNPOCOB Mo noBoay CMHTaKCKUCa Bbi3OBa Marm4eCKnMx mMetogos.

Cnepfytolme pasgesbl Npo Marnveckne MeTOAbl OCHOBBIBAKOTCS Ha cTaTbsx Cepresi banakvpesa

m Marunyeckuii metog _ call
MNocne o6bsBAeHUs NOOOro Knacca:

class Counter:
def init (self):
self. counter = 0

Mo)HO co3pgaBatb ero 06bEKTBI C NOMOLLbLIO Oreparopa:

c = Counter()

Mocne umeHn knacca - Kpyrible CKOOkM. B obiem cnydae - 370 oneparop Bbi3oBa. Tak, Hanpumep,
MOXHO BbI3bIBAOTCA (PYHKLMM. HO Tak MOXHO BbI3biBaTbh U Knacchl. Korga nponcxoanT BbI3OB Kacca, TO
aBTOMAaTMUECKM 3anycKaeTcs Marnyeckuin metog_ call__ 1 B JaHHOM cnydae OH cO3faeT HOBbIi 06BbEKT
— npejcraBuTeNb (3K3eMMIAp) 3TOro Knacca.

¢ =Counter()
__call__ (self, *args, **kwargs):
obj =self.__new__ (self, *args, **kwargs)
self.__init__ (self, *args, **kwargs)

return obj

3T0 ynpolleHHas cxema peanm3aumm metoga__ call . Bcé B AelACTBUTENBHOCTU HECKO/bKO C/IOXKHEE,

HO MPUWHUMM TOT XKE: CHadasa BbI3blBAETCA MarMyecknini MeTof__ new__ Ans co3fjaHuns camoro obbekTa

B MamaAty, a 3ateM, Metof init - AnA MHUUMaNu3aumm 3Toro o6bekta. TO ecTb, KIacC MOXHO

BbI3blBaTb MOAOOHO (YHKUMM OGnarogaps BCTPOEHHOW A5 HEro peanm3aumy Marmyeckoro MeTtoja
call__.

A BOT 06bEKTbI (3K3EMMIAPbI KNACCOB) TaK BbI3blBaTb YXKe Hefnb3s. TO eCTb, MPU MOMbITKE BbIMNONHEHNS
oneparopa

c()
, TO BO3HUKHET owmnbka: «TypeError: 'Counter' object is not callable».

3Ta cuTyauma MOXeT ObITb ncnpasneHa. [ns atoro B knacce Counter Hago SBHO NPoOMNMCcaTb Marnyeckuii
meTog__call__, Hanpumep, Tak:

class Counter:
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def init (self):
self. counter = 0

def call (self, *args, **kwargs):
print (' call is here')
self. counter += 1
return self. counter

3necb BbIBOAUTCA coobliieHMe, uTo 6bin Bbi3BaH meTod,  call |, 3aTem yBennuMBaeTca cueTuUK counter
Ana Tekyulero obbekTa Ha 1 1 BosBpaulaeTca.

Ecav cHoBa 3anycTMTb 3TOT KOA, HWKAKWUX OWMBOK He 6ydeT, a B KOHCO/IM OTOBpasuTCA CTpoKa
«__call__», yto o3HauyaeT BbI30B W BbINOJHEHME Markyeckoro metoga _ call . To ectb, 6bnarogaps
[obaB/eHnIo 3TOro maruMyeckoro mMetoga B Kiaacc Counter, MOMKHO BbI3blBaTb €ro 3K3eMMAApPbI
(obpawatbca K HUM) NoAobHO GYHKUUAM Yepes onepaTop Kpyr/ble CKOBKU. Knaccbl, 06beKTbl KOTOPbIX
MOXHO BblI3bIBaTb NOAO6HO PpYHKUMAM, Ha3blBAOTCA GYHKTOPaMM.

B paHHom cnydyae meton _ call__ Bo3BpallaeT 3HayeHMe CUYETYMKA, MOSTOMY C OBBEKTOM MOMKHO
paboTtaTb, cneayowmMm obpasom:

c = Counter ()
c()

c()

res = c{()

print(f'{res}")

3pecb Tpu pasa 6b1a BbIsBaH MeTog, _ call___ M cueTdMK __counter TpUKAbl YBEJUYWNICA HA eOUHULLY.
Mo3ToMy B KOHCOJ/IM BUAHO 3HauyeHUWe 3. Ec/iM co3gaThb elle 0auH 06 beKT-CHETUMK:

c0 = Counter()
cl = Counter()
c0()

c0()

res0 = c0{()
cl()

cl()

resl = cl{()

print (f'{res0}, {resl}")

To oHM 6y,c|,yT paGOTaTb coBeplweHHO He3aBnMCnmo n noac41TbiBaTb YNC/10 cob6CcTBEHHbIX BbISOBOB.

B onpegenennn metoma _ call__ 3anucaHbl napameTtpbl *args, **kwargs. 3To 3HauMT, UTO NMpU BbI3OBE
OOBEKTOB MOMHO MNepefaBaTb MM MNPOU3BOJIBHOE KOJMYECTBO aprymeHToB. Hanpumep, B AaHHOM
C/lydae MOMKHO YKasaTb 3HaYeHWe M3IMEHEHWMA cYeTYMKa MpU TeKyllem BbisoBe. [/1A 3TOro MeTof,
__call__ mokHo nepenucatb , cienyowmMm obpasom:

def  call (self, step = 1, *args, **kwargs):

print(' call is here')
self. counter += step
return self. counter

3,EI,ECb noaBunaca B ABHOM Buae I'IepBbIVI napameTp step ¢ Haya/lbHbIM 3HaUYEHUEM 1. To €CTb, MOXHO
BbI3biBaTb 06'beKTbI, Hanpumep, Tak:

c = Counter /()
c(2)

c(10)

res = c(-5)
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print(f {res}")

BoT 06wwii npuHUMN pab6oTbl Marumdeckoro metoga _ call__. Ho 3mecb OcTaeTcsi, Kak Bcerga, OfuH
BaXHbIA BOMPOC. 3a4eM 3TO HYXXHO W [e MOXeT npuroautbcsa? Heckonbko MNPUMEPOB €ro
NCMOMb30BaHNS.

m Knacc c metogom _call_ BMecTo 3aMbIKaHWiA PyHKLWI
Vicnonb3oBaHne knacca ¢ metogoM __ call_ BMecTo 3amMblKaHU (PyHKUMIA. MOXHO 006BbABUTL Kracc
StripChars, KOTOpbIii 6bl yaansn BHayane u B KOHLE CTPOKWN 3afaHHble CMMBO/bI

vl

icnonb3oBaHMe kacca C MeTOA0M call BMECTO 3aMblKaHWUi (QYyHKUWIA.
MoxHO 06bsBUTL Knacc StripChars, KoOTopbii Gbl ygasisini BHaydasle U B KOHUE
CTPOKM 3afaHHble CUMBOJIbI

class StripChars:
def i1nit (self, chars):
self. chars = chars

def call (self, *args, **kwargs):
if not isinstance(args[0], str):
raise ValueError(""AprymeHT [o/mkeH Obmb CTPOKOIA'™)

return args[O].strip(self. chars)

# [lna 3TOro B MHULMaNIN3aToOpe COXPaHAETCA CTpokKa chars - ypansiembie CUMBO/SbI,
# a 3aTrem, npu Bbi30BEe MeTO4A call CUMBOJIbl YAANAKTCA 4Yepe3 CTPOKOBbIE MeTof
# strip pgna cuvMBOIOB chars. TakmMm o06pa3oMm, Tenepb MOXHO CO34aTb OOLEKT

# (9K3emMnisp) Kiacca M ykKasaTb Te CUMBO/bI, KOTOphle criegyeT yb6upaTtb

si = StripChars(?:1_.; ")

# A 3aTem Bbi3BaTb 00BLEKT SI MOAOGHO GYHKUUW
res = s1(" Hello World! *9)
print(res)

B pesynbTate 06bekT sl GyaeT oTBeUaTh 3a yAaseHWe YKa3aHHbIX CMBOJ/IOB B Hauasle 1 KOHLIE CTPOKM.
Ho H1Yero He MelLaeT onpeaensTh Apyrue 06bLEKTLI 3TOMO Kiacca ¢ ApyrMM HabopoM CUMBOJIOB:

si = StripChars(?:1.; ")
s2 = StripChars(" ')

res = s1(" Hello World! *9)
res2 = s2(*" Hello World! *9)
print(res, res2, sep="\n-)

m Peanusaumsa geKopaToposB C NOMOLLbIO K/laccoB
BTOpoOii NprMep - 3TO peannsauus 4eKopaTopoB C MOMOLLLHO KaccoB. PaHee co3faBannch AeKOpPaTopsbl
NS BbIUWCNEHWS 3HAYEHWs MPOU3BOAHOW (YHKLUMM B OMpedeneHHol Touke X. [anee - nogoGHas
peann3auus, HO C UCMO/b30BAHNEM KJlacca.

CHavasla — 06bsIB/IEHME KNacca:

class Derivate:
def init (self, func):
self. fn = func
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def call  (self, x, dx=0.0001, *args, **kwargs):
return (self. fn(xX + &) - self. X)) 7/ dx

3[4eCb B MHULMAIM3ATOPE COXPAHSIETCS CCbIIKA Ha [EKOpUpyeMyro (yHKUMo, a B metoge _ call__
NPVHYMAETCS OAWH 06A3aTeflbHbIA MapameTp X - TOYKy, FAe BbIUWCASeTCs MpousBofHas v dx - war
M3MeHEHVs NpY BbIYMCIIEHUN NPOW3BOAHOI. [lanee, onpegenseTcs yHKUMS, HanpyuMep, NPOCTO CHUHYC:

def df sin(X):
return math.sin(x)

1 ee BbI30B MOKa 6e3 OEKOPNPOBaHNA:

print(df sin(math.pi/4))

Mocne 3anycka nporpamMmbl yBUAMM 3HadeHue npumepHo 0.7071. Tenepb fobasnseTca gekopaTtop. 310
MOXHO caenaTb AByMs cnocobamu. MepBblid, Nponucatb Bce B ABHOM BUAE:

DFf sin = Derivate(df sin)

Tenepb Df sin - 310 06beKT knacca Derivate, a He ucxogHas (yHKumA. Mo3Tomy, korga oHa 6yget
BbI3bIBaTbCA, TO 3anyctutcst metog__ call v BbluMCAMTCA 3Ha4YeHMEe MPOM3BOAHOM B TOUKe math.pi/4.

print(Df sin(math.pi/4))

BTopoii cnoco6 - 310 BOCMO/b30BaThCs OnepatopoM @ nepef 06bABAEHNEM (DYHKLMN:

@Derivate
def dDFf sin(X):
return math.sin(x)

print(dDf sin(math.pi/4))

MonyyaeTcs aBCOMOTHO TOT XEe cambllii pe3ynbTaT. BOT NpuHUMN co3paHus 4eKopatopoB (yHKLMA Ha
OCHOBe KfaccoB. Bce poctatouHo npocto (!!) - 3anMoMuHaeTcs CcbiiKa Ha (YHKLMIO, a 3aTeMm,
paclumpsieTcs ee (yHKLMOHaN B Marmyeckom meTtoge __call__.

B peasbHbix 3afadax, NPOEKTax, HYXXHO MPUHMMATb PELUEHMSI O TOM, Kakue MeXaHWU3Mbl, NpPUeMbI
cneayet NPUMeHsTb ANS PeLleHUsT KOHKPETHbIX 3aaad. MpuBECTU anropuMTMbl PELLEHUIA Ha BCe ciydau
YKM3HN MPOCTO HEBO3MOXHO - 3TO Y)KE€ HaBblK airOpUTMM3aLUKN, KOTOPbIM AO/MKEH BMafeTb KadKAabli
nporpaMmmMuncT. M BbipabaTtbiBaeTcsi OH, B OCHOBHOM, Ha PeLleHUM MPaKTMYeckux 3agad. Tak 4yTo Hago
60/blle NPaKTMKOBATbCA NapasnesbHO C M3y4eHNeM BO3MOXXHOCTeN fA3bika python.

m Marunyeckue metogbl _str_, repr_, len_, abs
Kaxgblli Marnyeckuin  Metof aBTOMaTM4yecku cpabartbiBaeT B ONpefeneHHbIA MOMEHT BpPeEMEeH!,
Hanpuwmep:
m _ str () - Marumdeckuii mMeTOA4 4N OTOGPaXeHUs WHpopmauun 06 ob6bekTe knacca Ans
nonb3oBareneli (Hanpumep, 418 QyHKUWiA print, str);
m _ repr_ () - Marnyeckuii MeTog A1 oTobpakeHuss nHpopmaLmm 06 06LEKTE Knacca B peXxXnme
oTnagkn (ans paspaboTymKOB).

[ns onucaHus pa6oTbl 3TUX METOAOB, 06BABASETCS KMacc ANl onucaHns cobak:

class Dog:
def init (self, name):
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self.name = name

dog = Dog('MyxTap')
print (dog.name) # uMa coBauku
print (dog) # cnyxebhuas mudbopmauus o obwvekTe dog

Ecan HykHO 3Ty MHOpMaLMIO Nepeonpenenmntb U oTobpasutb B apyrom Buge (dopmate), 10, Kak pas
OJ1A 9TOr0 U UCMO/Ib3YIOTCA MarMyeckne metodpl __str__ v __repr__. [11a Hayasa - nepeonpeaeneHue
MeToda __repr__, KOTOpPbI A0/KEH OTPa3MTCA Ha BbiBoAe C/yKebHol uHpopmaLmm o Knacce.

def  repr (self):
return f"{self. class }: {self.name}"

STOT MEeTOoA, AO/TIKEH BO3BPaLLLATb CTPOKY, MO3TOMY 3[eCh 3anuncaH onepatop return u popmupyemas
CTpOKa. YTo MMeHHO BO3BpaLLaTb — 3TO pelleHne Nporpammncta. B faHHOM ciyyae — 3To HasBaHUe
Knacca v uMa cobaku.

Mpu nepeonpeaeneHnmn kKnacca Dog M cozgaHnmn obbekTa-NpeacTaBUTENA 3TOFO Kaacca BUAHA Apyras
MHpOPMALMA MPU ero BbiBOAE:

class Dog:

def init (self, name):
self.name = name

def  repr (self):
return f'{self. class } : {self.name}’

dog = Dog('MyxTap')
print (dog)

3T0 Kak pas To, 4To 6bl/Io onpeeneHo B Marmyeckom metoge _ repr__. To ke caMoe MOXHO YBUAETH U
NPy UCNo/1b30BaHUKN GyHKLMU print U str. 3aecb Ao/KeH oTpabaTbiBaTe MarMyecknii metog, _str__, Ho
TaK KaK OH elle He nepeonpeaeseH, ToO aBTOMaTUIECKU BbINOAHAEGTCA MeTog, __repr__.

Jo6aBuTb BTOpO marnyeckuii meton, _ str_, uto 6bl 6b1/10 BUAHO, KaK 3TO NOB/UAET Ha oToOpaskeHne
OAHHbIX:

class Dog:
def init (self, name):
self.name = name

def  repr (self):
print (' repr ')
return f'{self. class } : {self.name}’

def  str (self):

print (' str ")
return f'{self. class } = {self.name}’

dog = Dog('MyxTap')
print (dog)
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B pe3ynbTate, ecnu Gbl1 0OAMH METOA, TO OH U pa6oTas. Ecin Ba —TO MO KakMM MpaBuiaM OHU
paboTaloT, OCTA/IOCh HEMOHSTHO...

m MeTogbl _len n_abs
Cnegyouwine gsa marnyeckmx metoga:

[ ] len () - mo3BonseT NPUMEHSTb PyHKLMIO len() K 06beKTaM Kracca;
| abs () - no3BonseT NPUMeHATb (hyHKLMIO abs() K o6bekTaM Knacca.

X ncnonb3oBaHne [oOCTaTtOYHO npocToe n o4vesngHoOeE. Ana npumMmepa MO>XHO 06bABUTL Knacc Point,
KOTOprI\/'I MOXXET XpaHUTb I'IpOVI3BOI'IbeIVI BEKTOP KOOpAuMHAaT TOYEK:

class Point:
def init (self, *args):
self. coords = args

p = Point(1, 2

# print(len(p))
# print(len(p- coords))

A panee (no nporpamme) 6b110 6Obl XXenatenbHO OnpefensaTb PasMepHOCTb KOOPAMHAT C MOMOLLbIO
hyHKUMK len(), cnepytownm o6pasom:

p = Point(1, 2
print(len(p))

Celiuac 3TO HEBLIMOMHMMO, TaK KakK (yHKUMS len He NpMMEHMMa K 9K3eMMAspam K1accoB Mo
yMon4yaHuto. YTo6bl M3MEHUTL 3TO MOBEAEHUE, MOXHO NepeonpeiennTs Marmdyeckmini metog_ len_ () u
B JaHHOM CJlyuae 3TO MOXXHO cfieflaTh TakK:

def len (self):
return len(self. coords)

class Point:
def init (self, *args):
self. coords = args

def len (self):

return len(self. coords)

p = Point(1, 2
print(len(p))

34ecb BO3BpaLLaeTcs pasmMep CNucka__coords 1 ecnm nocsne aToro 3anycTuTb NporpaMmy, TO Kak pas
3TO 3HauyeHue 1 6yaeT BbiIBEAEHO B KOHCO/b. TO ecTb, Marmyecknii MeTof__len__ykasasn, yYto HY>XHO
BO3BpaLlaTb, B MOMEHT NpuMeHeHns yHKLUMK len() K ak3eMnasapy Knacca.
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Cneaytolmii marndyeckuii metos__abs_ pa6GoTaeT aHanorM4HbIM 06Pa3oM, TONIbKO aKTUBUPYETCS B
MOMEHT BbI30Ba (DyHKLIMM abs Ansi 3K3eMMspa Knacca, Hanpumep, Tak:

print(abs(p))

OnsTh Xe, eC/IN ceiiyac BbIMOHUTL MPOrpaMMy, TO YBUAUM OLIMGKY, T.K. (hyHKUMUSA abs HE MOXET BbITb
HanpsiMyto NMpUMeHEeHa K 3K3eMnisipy. Ho, ecnn nepeonpenennTb Marmieckuii MeTop;

def abs (self):
return list( map(abs, self. coords) )

KOTOprI\/’I BO3BpallaeT CrnNCoK 13 abCONOTHBIX 3HAYEHNIA KOopAnHart TOUKK, TO nNporpaMmmMa 0Tpa60TaeT B
LUTaTHOM peXXnme n C OXXngaeMbiM pe3ynbTatOM.

class Point:
def init (self, *args):
self. coords = args

def len (self):
return len(self. coords)

def abs (self):
return list(map(abs, self. coords) )

p = Point(1, 2)
print(len(p))
print(abs(p))

m Marnyeckne metoabl _add _, sub , mul_, truediv
3710 MeToAbl Ans paboTbl C apuPMETUUECKMMI OMNepaTopamu;

m _ add_ () - Ansa onepaumn CROXeHUS,
m _ sub_ () - ang onepauuun BbluMTaHUS;

[ ] mul__ () - ona onepaunn yMHOXeHUS;
m _ truediv__ () - ona onepauuu geneHus.

O6BACHMTL PaboTy 3TUX METOAOB MPOLLE BCEr0 Ha KOHKPETHOM npumepe. [1pegnonoxum, 4ro
TpebyeTca onpefennTb Knacc Ans paboTbl CO BpeMeHeM. Ero ak3emnnsapbl (06bLEKTbl) OYyAyT XpaHWUTb
yacbl, MUHYTbI W CEKYHAbl TEKYLLEro gHsA. HauanbHoWM TOukoi otcueta 6yget 00:00 yacoB Houw. Bpems
OyfeT XpaHUTbCA B BMAE CEKYHA C MaKCMMa/lbHbIM 3HadeHnem 86400 - uncno CekyHna B OOQHOM fHe.
lMoaTomy nepef NPUCBOEHWEM B MHULUManM3atope 6yaeM MPUMEHATLCA OCTATOK OT [efleHMs Ha 310
3HayeHwue:

class Clock:
DAY = 86400 # 4nCno CceKyHh B OOHOM [JHe

def init (self, seconds: iInt):
if not isinstance(seconds, int):
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raise TypeError ("CekyHIE HOJIXHEL OBITH LleJIBIM YMCIIOM")

Q

self.seconds = seconds % self. DAY

34ecb BaxKHO, Kak 3anucaH napametp seconds. Moce Hero cToUT ABOETOUME U YKa3aH OXMUAAEMbIA TUN
JaHHbIX. 3Ta HoTauMAa Asblka Python nogackasbiBaeT nporpamMWCTy, KaKoW TUN AaHHbIX clepyeT
nepegasaTe B KadecTBe seconds. KoHeuyHO, MOKHO MepefaBaTb M Apyrue TUMbl OAHHbIX, CTPOroro
OorpaHWYeHUA 34ecb HeT, 3TO /UWb NMOMETKa AJIA NporpammucTa U He 6onee Toro. MosTomy Aanee
BHYTPW MHULMAU3ATOPA AeNaeTCcA NPOBEPKA, YTO NapameTp seconds A0/KeH ABAATLCA LEe/biM YAC/IOM.
Ecnu aTo He Tak, reHepupyeTca UckaodeHue TypeError.

[anee B 3TOM 3Ke Kaacce onpegenaetca meToq, get_time pna nosyyeHus TeKyllero BpeMeHU B BUAe
$opmaTHOM CTPOKMU:

def get time(self):

s = self.seconds % 60 # CeKyHIH
m = (self.seconds // 60) % 60 # MMHYTH
h = (self.seconds // 3600) % 24 # uyacu

return f"{self. get formatted(h)}:{self. get formatted(m)}:
{self. get formatted(s)}"

@classmethod
def get formatted{cls, x):
return str(x).rjust(2, "0O")

34ecb fONO/HUTENIbHO oNpeae/eH MeTog Kiacca gia GopmaTupoBaHuAa BpeMeHu (pobasnnetca
HesHayallMii NepBbli HO/b, €C/IM YUMC0 MeHblle 10).

Ll,anee, MOXHO NMPUMEHUTDL 3TOT KAAaCC, Hanpumwep, Tak:

cl = Clock(1000)
print(cl.get time())

Ecan noHapobutca nsmeHUTb BpemAa B obbekTe cl, To ceiluac 3TO MOXKHO cAenaTb uepes /oKajbHoe
cBoWcTBO seconds:

cl.seconds = cl.seconds + 100

class Clock:
DAY = 86400 # UMCJIO CEeKYHI B OINHOM IHEe

def init (self, seconds: int):
if not isinstance(seconds, int):
raise TypeError ("CekyHIBE HOJIKHEL OBITH LleJIBIM YMCIJIOM")

Q

self.seconds = seconds % self. DAY

def get time(self):

s = self.seconds % 60 # cexkyHIH
m = (self.seconds // 60) % 60 # MUHYTH
h = (self.seconds // 3600) % 24 # 4yacu
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return f"{self. get formatted(h)}: {self. get formatted(m)}:
{self. get formatted(s)}"

@classmethod
def get formatted{cls, x):
return str(x).rjust(2, "0")

cl = Clock(1000)

print(cl.get time())
cl.seconds = cl.seconds + 100
print(cl.get time())

bbino pobasneHo 100 cekyHa. Ho ecim 6bl 3To M3mMeHeHUe MOXKHO Bb110 6bl NponucaTb BOT Tak:

cl = ¢l + 100
TO 6b1710 Hbl OYEHDb XOPOLLO.

KoHeyHo, Npu 3anycke nporpammbl BO3SHUKHET OLWMOKA, Tak KaKk onepaTop C/IOKeHUA He paboTaeT ¢
aksemnaapamu Knacca Clock. OgHaKo, STO MOXKHO MOMPaBUTb, €CIM AO0BABUTL B 3TOT KAACC MarMyeckuis
meTon, __add__. Ero MOXHO 3anucaThb B C/ledylolem BUAE:

def add (self, other):
if not isinstance(other, int):
raise ArithmeticError ("IlIlpaBell onepaHI IOJIXeH OHTbL TuroM int'")

return Clock(self.seconds + other)

U Tenepb, Npu 3anycke nporpammbl, Bce paboTaeT Tak, Kak U 3a4yMbIBaoCh...

class Clock:
DAY = 86400 # UMCJIO CEeKYHI B OINHOM IHEe

def init (self, seconds: int):
if not isinstance(seconds, int):
raise TypeError ("CekyHIE HOJIXHEL OBITH LleJIbIM YMCIIOM")

Q

self.seconds = seconds % self. DAY

def add (self, other):
if not isinstance(other, int):
raise ArithmeticError ("IlIlpaBell onepaHI IOJXeH OHTb TurnoM int'")

return Clock(self.seconds + other)

def get time(self):

s = self.seconds % 60 # cekyHIH
m = (self.seconds // 60) % 60 # MUHYTH
h = (self.seconds // 3600) % 24 # 4yacu

return f"{self. get formatted(h)}: {self. get formatted(m)}:
{self. get formatted(s)}"

@classmethod
def get formatted{cls, x):
return str(x).rjust(2, "0")

cl = Clock(1000)
print(cl.get time())
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cl.seconds = cl.seconds + 100
print(cl.get time())

cl = ¢l + 100

print(cl.get time())

BHauane ectb 06beKT Knacca Clock co sHaueHnem cekyHa, 1000. 3atem, apudpmeTnyeckas onepaumsa

¢l =cl + 100 pakTMUYEeCKM O03HaYaEeT BbINO/IHEHWE KOMaH dpl:

cl = cl. add (100)

B pesynbTate aktnsupyetca metos _ add__ v napameTp other npMHUMAET LENOYUCAEHHOE 3HAYEeHUe
100. Nposepka npoxoauT u dopmMmupyeTca HoBbl 06beKT Knacca Clock co 3HaueHnem cekyHg 1000+100
= 1100. 3T0T 06bEKT Bo3BpallaeTca meTogom _ add 1 nepemeHHas cl HauMHAET CCbl/IAaTbCA Ha 3TOT
HOBbI 3K3eMNAAP Kaacca. Ha npeHuin yxKe He HyaeT HMKAKMX BHELLHUX CCbIJIOK, MO3TOoMy OH bByapeT
aBTOMaTUYECKN yaaneH cbopluymKkom mycopa.

CNoHOCTb MpOLLEeccoB, KOrAa BCEro /Millb Hy:KHO Mpubasutb 100 cekyHA K ysKe Umelollemycs
3HAYEHUIO MOXKET yauBUTb. Ho 3Ta cnoHOCTb onpaBaaHHa. YTobbl 3TO MOHATb, HY)KHO PacLIUPUTb
dYHKLUMOHAN onepaTopa C/OMEHUA U A0MNYCTUTb, UTO MOMKHO CK/afblBaTb ABa pasHbIX 06beKTa Kiacca
Clock, cneaytowmnm obpasom:

cl = Clock(1000)

c2 = Clock(2000)

c3 = ¢l + c2

print (c3.get time())

KoHeuHo, ec/iM ceifyac 3anycTuTb nporpammy, To Bo3byamTca uckaodeHue ArithmeticError, Tak Kak
napameTp other He cooTBeTCTBYET ULE/NOMY YWUC/Y. DTO MOMKHO MOMPaBUTb M HEMHOIO W3MEHWUTb
peanusaumio metoga _add

def add (self, other):
if not isinstance(other, (int, Clock)):
raise ArithmeticError ("IlpaBel oNepaHI IOJIKeH OHTb TUIOM int wmim

obwekToM Clock™)

sc = other if isinstance(other, int) else other.seconds
return Clock(self.seconds + sc)

Tenepb B nporpamme MOXHO CK/ladbiBaTb U OTAE/IbHblE LUenble YNC/1a N o6bekTbl Knaccos Clock. U aTo
y,EI,06HO. I-(pome TOro, MOXXHO NpPoONMUCbIBaTb U b6onee cnoxHble KOHCTPYKUUN NPWN CNOXKEHUN, Hanpumep,
TaKne:

class Clock:
DAY = 86400 # UMCJIO CEeKYHI B OINHOM IHEe

def init (self, seconds: int):
if not isinstance(seconds, int):
raise TypeError ("CekyHIE HOJIXHEL OBITH LleJIBIM YMCIIOM")

Q

self.seconds = seconds % self. DAY

def  add (self, other):

if not isinstance(other, (int, Clock)):
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raise ArithmeticError ("IlpaBel oNepaHI IOJIKeH OHTb TUIOM int wmim
obrekToM Clock™)
sc = other if isinstance(other, int) else other.seconds
return Clock(self.seconds + sc)

def get time(self):

s = self.seconds % 60 # cekyHIH
m = (self.seconds // 60) % 60 # MUHYTH
h = (self.seconds // 3600) % 24 # uwacu

return f"{self. get formatted(h)}: {self. get formatted(m)}:
{self. get formatted(s)}"

@classmethod
def get formatted{cls, x):
return str(x).rjust(2, "O0")

cl = Clock(1000)
print(cl.get time())
cl.seconds = cl.seconds + 100
print(cl.get time())
cl = ¢l + 100
print(cl.get time())
c2 = Clock(1000)

c3 = Clock(2000)

cd = Clock(3000)

ch = ¢c2 + c3 + c4
print (c5.get time())

N oHa cpabotana 6aarogapa Tomy, yto metod _ add  BosBpallaeT KaxkApli pa3 HOBbIA 3K3eMNaAp
knacca Clock. fleTanbHee Bce BbIrNAANT TaK:

CHauana naget cioxkeHue obbekToB cl + c2, B pesyabTate dopmupyeTca HoBbl 06beKT Kiaacca Clock co
3HavyeHuem cekyHg, 1000 + 2000 = 3000. NycTb Ha STOT K/acc BeAeT BHYTPEeHHAA nepemeHHas tl. 3atem,
O/1A 3TOro HoBOro obbeKTa BbiI3blBaeTcA cHoBa meTof, _ add__ M naeT cnoxeHue c obbektom t1 + 3.
Monyyaem euwe oaMH obbeKT ¢ uuciom cekyHn 6000. Ha 3ToT 0b6beKT, Kak pa3 u byaeT ccbliatbeA
nepemeHHas c4, a o6bekT ¢ t1l byaet aBTomMaTUUECKU YHUUTOXKEH chopLuMKom mycopa.

Echm 6bl He cospaBannch ak3emnaapbl Knaccos Clock B meToae __add__ u He Bo3Bpalanvcb, To
KOHCTPYKLMIO C ABYMA C/IOMKEHUAMM ObI/10 Bbl HEBO3MOXHO PeasiM30BaTh.

ELI.I,e OOHUM BaXHblM HIOAQHCOM paGOTbI onepartopa CcJ/oXKeHnAa anAa obbekToB K/1accos, ABAETCA
nopAAOK UX 3anncun. Mbl BCerga nponuncoiBasin €ro B snae:

cl = cl + 100

TO €CTb, CHa4a/1a Wwen 06'beKT, a 3aTtem, Yncsio. Ecauv 3anucato HaOGOpOT, TO BO3HWKHET OLLUMOKa:

cl = 100 + cl

M 3TO O4YeBUOHO, TaK KaK 34€ecCb, CbaKTVI‘-IeCKVI naeT Bbl30B MeToda:

100. add (cl)

HO OH He cyulecTByeT A/1A obbekTa int M sksemnaApos kaacca Clock. Kak BbIliTM U3 3TOW cuTyaumm?
OuyeHb npocTo. A3bIK python NpegocTaBaseT cneumnaabHbii HAbop MarMyecknx metogos ¢ AobasieHUeM
6yKBbI I':

__radd ()
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OH aBTOMaTMUYECKM BbI3blBAaeTCA, €C/IM He MOMeT 6biTb Bbi3BaH meton, _ add_ (). Ero onpeneneHune
MOXHO aob6aBuTb B Knacc Clock:

def radd (self, other):

return self + other

34ecb 3anMcaHa KoMaHAa CosKeHua Tekylwero obbekTa Knacca Clock ¢ napameTtpom other, kKoTopblii
MOMeT BbITb AN YUC/IOM MK Toxe obbekTom Kiacca Clock. B cBolo ouepenpb byaer BbisBaH MeTOZ,
__add__, Ho ¢ npaBW/IbHbIM NOPAAKOM TUMOB AAHHbIX, NO3TOMY C/I03KeHWe NporaeT 6e3 owmnboK.

class Clock:

DAY = 86400 # UMCJIO CEeKYHI B OINHOM IHEe

def

def

__init (self, seconds: int):

if not isinstance(seconds, int):
raise TypeError ("CekyHIBE HOJIXHEL OBITH LleJIbIM YMCIIOM")

Q

self.seconds = seconds % self. DAY

__add (self, other):

if not isinstance (other, (int, Clock)):
raise ArithmeticError ("IlIlpaBel oNepaHI IOJIKeH OHTb TUIOM int wmim

obwekToM Clock™)

def

def

sc = other if isinstance(other, int) else other.seconds
return Clock(self.seconds + sc)

__radd (self, other):
return self + other

get time(self):

Q

s = self.seconds % 60 # cekyHIH

m (self.seconds // 60) % 60 # MMHYTH
h (self.seconds // 3600) % 24 # uach
return f"{self. get formatted(h)}: {self. get formatted(m)}:

{self. get formatted(s)}"

cl =

@classmethod

def

__get formatted(cls, x):
return str(x).rjust(2, "0")

Clock (1000)
print(cl.get time())

cl.seconds = cl.seconds + 100

print(cl.get time())

cl =

cl

+ 100

print(cl.get time())
100 + ¢l
print(cl.get time())

cl =

c2
c3
c4
ch =

= Clock(1000)

Clock (2000)
Clock (3000)

c2

+ c3 + c4

print (c5.get time())

HakoHel, y Bcex MarMyeckux MeTofoB, CBA3aHHbIX ¢ apUdPMETUUECKMMMU oMepaTopamm, ecTb elle ogHa
MoaudUKauma c nepsoi byKeBom i:

__dadd_ ()
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OHa BbiI3blBaeTCA Ana KoMaHAapbl:

cl += 100
Ecnun sanycTutb celiuac nporpammy, To HUKaKUX oluMboK He byaeT u otpabotaetr meton,  _add (). Ho s

meToge _ add__ cospaeTtca HoBbi 06beKT Knacca Clock, Toraa kKak npu onepauum += 3Toro Aesatb He
obnasaTtenbHo. MNoatomy B Knacc Clock Hapo no6aBuThb elle oaMH MarMdeckuid metog _ iadd  :

def iadd (self, other):
print (" diadd ")

if not isinstance(other, (int, Clock)):
raise ArithmeticError ("IlIpaBel oNepaHI IOJIKeH OHTb TUIOM int wmim
obwekToM Clock™)

sc = other if isinstance(other, int) else other.seconds
self.seconds += sc

return self

3,EI,ECb He CO3,EI,aéTCF| HOBOIO 06'beKTa, a MEHAEeTCA YNCNO0 CeKYHO B TEKyUleM. 310 NornyHee, TakK Kak
BbI3biBaTb LI,eI'IO‘-IKOVI onepauuno += He npeanosiaraerca U, Kpome TOro, oHa MU3IMeHAET (I'IO CIVIbIC}'Iy)
COCTOAHUE TEKYyLUEro obbeKTa. nOBTOMy n ,EI,OGaB}'IHeTCH 3TOT Marnyeckui meTtoa.

class Clock:
DAY = 86400 # UMCJIO CEeKYHI B OINHOM IHEe

def init (self, seconds: int):
if not isinstance(seconds, int):
raise TypeError ("CekyHIE HOJIXHEL OBITH LleJIBIM YMCJIOM")
self.seconds = seconds % self. DAY

def add (self, other):
if not isinstance(other, (int, Clock)):
raise ArithmeticError ("IlpaBel oNepaHI IOJIKeH OHTb TUIOM int wmim
obwekToM Clock™)
sc = other if isinstance(other, int) else other.seconds

return Clock(self.seconds + sc)

def  radd (self, other):
return self + other

def diadd (self, other):
print (" diadd ")
if not isinstance (other, (int, Clock)):
raise ArithmeticError ("IlIpaBel oNepaHI IOJIXeH OHTb TUIOM int wmim
obwekToM Clock™)

sc = other if isinstance(other, int) else other.seconds
self.seconds += sc

return self

def get time(self):

s = self.seconds % 60 # cexkyHIOH
m = (self.seconds // 60) % 60 # MUHYTH
h = (self.seconds // 3600) % 24 # 4yacu
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return f'{self. get formatted(h)}: {self.

{self. get formatted(s)}"

@classmethod
def get formatted(cls, X):
return str(x).rjust(2, "0)

cl = Clock(1000)
print(cl.get time())
cl.seconds = cl.seconds + 100
print(cl.get time())
cl = cl + 100
print(cl.get time())
cl = 100 + cl
print(cl.get time())
cl += 100
print(cl.get time())
c2 = Clock(1000)

c3 = Clock(2000)
o4 = Clock(3000)
C5 = c2 + C3 + o4

print(c5.get time())
cl += c2
print(cl.get time())

get formatted(m)}:

Bot 1 6bina NogpobHO paccmoTpeHa pabota OAHOro apumMeTMyeckoro Marmdeckoro metoga__add__ ()
c ero Bapuauuamn__radd__ () u _iadd__ (). Mo aHanorum mMcnosb3ytoTca U BCe OCTasibHble NOLOGHbIE

Marmnyeckme mMmetobl.

Oneparop MeTtop oneparopa Oneparop
X +y __add__ (self, other) X +=y
X—Yy __sub__ (self, other) X =y
X*y __mul__ (self, other) X *=y
x/y __truediv__(self, other) x/=y
x/ly __floordiv__ (self, other) x//=y
X%y __mod__ (self, other) x 6=

MeTop oneparopa

__iadd__ (self, other)
__isub__ (self, other)
__imul___(self, other)
__itruediv__ (self, other)
__ifloordiv__ (self, other)

__imod___ (self, other)

m MeToabl cpaBHeHWA _eq , _ne_, It , ot wnpapyrue

Marnyeckne meTobl Ans peannsaunnn oneparopoB CpaBHEHUSA:

eq__ () - 4ns paBeHcTBa —
ne__ () - 4ns HepaBeHcTBa =
__It__() - ana onepaTopa MeHbLUe <
le__ () - ona onepatopa MeHbLle UK paBHO<=
gt _ () - ons onepatopa 60bLue >
ge_ () - ana oneparopa 60/bLle UM PaBHO >=
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PaboTa sTux meTooB byaeT paccMaTpuBaTbCA Ha NMpUMepe paHee onpeaenénHoro Kaacca Clock:

class Clock:
DAY = 86400 # UMCJIO CEeKYHI B OINHOM IHe

def init (self, seconds: int):
if not isinstance(seconds, int):
raise TypeError ("CekyHIE HOJIKHEL OBITH LleJIBIM YMCJIOM")

Q

self.seconds = seconds % self. DAY

def get time(self):

s = self.seconds % 60 # CeKyHIH
m = (self.seconds // 60) % 60 # MMHYTH
h = (self.seconds // 3600) % 24 # uyacu

return f"{self. get formatted(h)}:{self. get formatted(m)}:
{self. get formatted(s)}"

@classmethod
def get formatted{cls, x):
return str(x).rjust(2, "O0")

M3HavyanbHO A1A KnacCa pea/in30BaH TO/IbKO OAMH MeTo 4 CPaBHEHWA Ha PaBEHCTBO, Hanpumep:

cl = Clock(1000)
c2 Clock (1000)
print(cl == c2)

Ho spmecb obbekTbl cpaBHMBaloTcA no ux id (agpecy B mamaTu), a xotesnocb, 4yTobbl CpaBHUBAAMUCHL
CEeKyHObl B Kaaom u3 obbektoB cl u c2. [na storo cineayowmm obpasom nepeonpeaenserca
marumueckuini meton,__eq_ ():

def eq (self, other):

if not isinstance(other, (int, Clock)):
raise TypeError ("OnepaHn chopaka OOJIKeH MMeThb Tun int mam Clock™)

sc = other if isinstance(other, int) else other.seconds
return self.seconds == sc

Tenepb, nocine 3anycCcka nporpammbl BMUANM 3Ha4YeHUne True, T.K. 06beKTbI cogepxat OgunHaKoBoOe BpemA.

class Clock:
DAY = 86400 # umMciO CeKyHI B OIHOM [IHE

def init (self, seconds: int):
if not isinstance(seconds, int):
raise TypeError ("CekyHIE OOJIXHEL OBITH LleJIBIM YMCIIOM")

Q

self.seconds = seconds % self. DAY

def get time(self):
s = self.seconds % 60 # cexkyHIH

m (self.seconds // 60) % 60 # MMHYTH

h (self.seconds // 3600) % 24 # uach

return f"{self. get formatted(h)}:{self. get formatted(m)}:
{self. get formatted(s)}"

def eq (self, other):

if not isinstance(other, (int, Clock)):
raise TypeError ("OnepaHn cHopaka OOJIXKeH MMeThb TuI int mam Clock™)
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sc = other if isinstance(other, int) else other.seconds
return self.seconds == sc

@classmethod
def get formatted{cls, x):
return str(x).rjust(2, "0O")

cl = Clock(1000)
c2 = Clock(1000)
print(cl == c2)

I-(pome TOro, MOXHO BbINMOJ/IHATb NPOBEPKY N HAa HEPABEHCTBO!
print(cl !'= c2)
Ecan MHTEPNPETATOP A3blKa Python HE HaxoduUT onpeageneHne metoda ==, TO OH NbITa€TCA BbINMNOJ/IHUTb

NMPOTUBOMOJ/IOKHOE CpaBHEHUE C nocne,u,yrou.l,ei/'l VIHBepCVIeVI pe3yabTaTta. To €CTb, B AaHHOM C/y4dyae
HaxXoOnTCA onepaTtop == 1 BbINOJ/IHAETCA MHBEPCHNA:

not (a == b)

B sTom MOMKHO ybeauTbcA, MOCTaBUB TOUKY OCTaHOBa B MeTOh, __ed__ W 3anycTuTb nporpammy. OH
cpabaTbiBaeT U pe3y/bTaT B NOC/IEACTBUM MEHAETCA Ha NPOTUBOMOIOMKHbIN.

Ob6beKTbl Kaacca C|0Ck, CPaBHMBAKOTCA, Ha pPaBE€HCTBO M HEPaABEHCTBO, a TaKXe C ue/ibiMn YUC/1laMMn.
O,EI,HaKO, CpaBHEHWE Ha 60/1bllIe /IM MeHbLLE MOKa He pa60TaeT. CTpqua nporpammbl:

print(cl < c2)

npuBeaeT K ownbke. nOBTOI\/Iy Hago ,EI,OGaBVITb 3Ty onepauunio CpaBHEHNA:

def 1t (self, other):
if not isinstance(other, (int, Clock)):
raise TypeError ("OnepaHn cHopaka OOJIKeH MMeThb TuI int mam Clock™)

sc = other if isinstance(other, int) else other.seconds
return self.seconds < sc

Kak 340€eCb noay4vyaetca ,El,y6}'IVIpOBaHVIe Koada. I'IoaTomy HY*HO, BbIHECTH 06u.|,ee Ana MmetToaos CpaBHEHNA
B OT,EI,eI'IbeIVI MeToda Kaacca:

@classmethod
def  verify data(cls, other):
if not isinstance (other, (int, Clock)):
raise TypeError ("OnepaHn cHopaka OOJIXKeH MMeThb Tun int mam Clock™)

return other if isinstance(other, int) else other.seconds

A camm MmeTodbl NpUmMyT BUAO:

def eq (self, other):

sc = self. verify data(other)
return self.seconds == sc
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def 1t (self, other):

sc = self. verify data(other)
return self.seconds < sc

MTaK, Mbl onpeanesimanm cpaBHeHME Ha paBeHCTBO U MEHbLUE. Tenepb, MOXHO CpaBHMBATb 06beKTbl
knacca Clock Ha 3K onepaunn n 4ono/IHATE/IbHO Ha HEPABEHCTBO U 6osblue. Ceituac KOMaHAaa:

class Clock:
DAY = 86400 # umMcio cCeKyHI B OIHOM [IHE

def init (self, seconds: int):
if not isinstance(seconds, int):
raise TypeError ("CekyHIBE HOJIXHEL OBITH LleJIBIM YMCJIOM")

Q

self.seconds = seconds % self. DAY

def get time(self):

s = self.seconds % 60 # cexkyHIH
m = (self.seconds // 60) % 60 # MUHYTH
h = (self.seconds // 3600) % 24 # uyacu

return f"{self. get formatted(h)}:{self. get formatted(m)}:
{self. get formatted(s)}"

@classmethod
def  verify data(cls, other):
if not isinstance (other, (int, Clock)):
raise TypeError ("OnepaHn cHopaka OOJIXKeH MMeThb TuI int mam Clock™)

return other if isinstance(other, int) else other.seconds

def eq (self, other):

sc = self. verify data(other)
return self.seconds == sc

def 1t (self, other):

sc = self. verify data(other)
return self.seconds < sc

# def eq (self, other):

# if not isinstance(other, (int, Clock)):

# raise TypeError ("OnepaHn cHopaka OOJIKEH MMEeTb TMI int wam
Clock™)

#

# sc = other if isinstance(other, int) else other.seconds

# return self.seconds == sc

#

# def 1t (self, other):

# if not isinstance(other, (int, Clock)):

# raise TypeError ("OnepaHn cHopaka LOOJIKEH MMEeTb TMI int wam
Clock™)

#

# sc = other if isinstance(other, int) else other.seconds

# return self.seconds < sc

@classmethod

def get formatted{cls, x):
return str(x).rjust(2, "0")
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cl = Clock(1000)
c2 = Clock(1000)
print(cl == c2)

cl = Clock(1000)
c2 = Clock(2000)
print(cl < c2)

BbI,EI,aCT True, TaK KaK nepsoe BpemMAa MmeHblle BTOpOro. M TaKkKe MOXKHO Aenatb NPOBEPKY Ha 6obLue:

print(cl > c2)

3necb cpaboTaeT TOT e MeTo/, MeHblle, Ho AnA obbeKTa c2:

c2 < cl
To €CTb, B OT/M4ME OT onepartopa ==, rge npuMmeHAeTca WMHBepCchA, 340eCb MeHAEeTCA nopAaoK
onepaHaos. Ho NMpn 3aTOM Ha4o onpeae/inTb B K/J1acce MmeTon bonbLue:

def gt (self, other):

sc = self. verify data(other)
return self.seconds > sc

OH 6y,c|,eT HaVI,EI,eH M BbIMNOJIHEH. I'Io,u,meHa MPONCXoa4uUT TOJIbKO B C/1y4ae OTCYTCTBMA COOTBETCTBYHOLUEIO
Marnm4yeckoro mertoaa.

M To *Ke camoe Ana MmetogoB CpaBHEHUA HAa MEHbLUE NI PaBHO U 60blUe uan PaBHO:

def le (self, other):

sc = self. verify data(other)
return self.seconds <= sc

Ecnu ero ebi3BaTb HenocpeacTtBeHHO ANA ob6bekToB Kaacca:

print(cl <= c2)

TO OH cpa60TaeT N pe3yabTtaTt OT06pa3VITCF| B KOHCO/IN. HO, eCc/n nponucaTb 06paTHoe CpaBHEHUE!

print(cl >= c2)

TO NPOCTO UBMEHNTCA NOPAAOOK ONnepaHaoB N 6y,c|,eT B3ATO BCe TO K& CpaBHEHWE MEHbLIE NN PaBHO.

To ecTb, AnA onpeaeneHns onepauuii cpaBHEHMA AOCTAaTOYHO B K/Jacce onpenesivTb To/IbKo TpU MeToa:
==, <, <=, €C/IM OCTa/IbHble ABAAIOTCA UX CUMMETPUUYHOW NMPOTUBOMO/IOMKHOCTbIO. B 3TOM ciydae A3bIK
python cam nogbepeT HyKHblli METOA U BbINOJIHUT €ro NpU CpaBHEHUU 06 bEKTOB.

class Clock:
DAY = 86400 # umMciO CeKyHI B OIHOM [IHE

def init (self, seconds: int):
if not isinstance(seconds, int):
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def

raise TypeError ("CekyHIE HOJIXHEL OBITH LleJIBIM YMCIIOM")

Q

self.seconds = seconds % self. DAY

get time(self):

s = self.seconds % 60 # cexkyHIH
m = (self.seconds // 60) % 60 # MUHYTH
h = (self.seconds // 3600) % 24 # uwacu

return f"{self. get formatted(h)}:{self. get formatted(m)}:

{self. get formatted(s)}"

@classmethod

def

def

def

def

def

def

__verify data(cls, other):
if not isinstance(other, (int, Clock)):
raise TypeError ("OnepaHn cHopaka OOJIXKeH MMeThb TuI int mam Clock™)

return other if isinstance(other, int) else other.seconds

__eq_ (self, other):

sc = self. verify data(other)
return self.seconds == sc

1t  (self, other):

sc = self. verify data(other)
return self.seconds < sc

gt (self, other):

sc = self. verify data(other)
return self.seconds > sc

__le (self, other):

sc = self. verify data(other)
return self.seconds <= sc

__ge  (self, other):

sc = self. verify data(other)
return self.seconds >= sc

# def eq (self, other):

# if not isinstance(other, (int, Clock)):

# raise TypeError ("OnepaHn cHopaka OOJIKEH MMEeTb TMI int wam
Clock™)

#

# sc = other if isinstance(other, int) else other.seconds

# return self.seconds == sc

#

# def 1t (self, other):

# if not isinstance(other, (int, Clock)):

# raise TypeError ("OnepaHn cHopaka LOOJIKEH MMEeTb TMI int wam
Clock™)

#

# sc = other if isinstance(other, int) else other.seconds

# return self.seconds < sc

@classmethod

def get formatted{cls, x):

return str(x).rjust(2, "0")

cl = Clock(1000)
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c2 = Clock(1000)
print(cl == 2

m Marunyeckme metogbl _eq wn__hash
BbluvcneHusa xewa ona 0OBEKTOB KNaccoB. BHayane uto 3TO Takoe U 3a4em Hy)KHO? B python nmMeetcs
crneymansHas QyHKUmUS:

hash(123)
hash(*'Python'")
hash((1, 2, 3))

KoTopasi (hOpMUPYET MO OMNpPeaeneHHOMY aniroOpuTMy LIe/IOUNCTIEHHbIE 3HAYEeHUsl 1S HeU3MeHSeMbIX
06bekToB. MpuueM, AN paBHbIX O6LEKTOB HA BbIXOJE BCerfa A0/KHbI MoyyaTbCsl PaBHble X3LLW:

hash(*'Python')
hash((1, 2, 3))

A BOT 06paTHOe YTBEPXKAEHUE AeNaTbh Hefb3si: PaBHbIE X3LUW He rapaHTMPYOT PaBEHCTBO OGLEKTOB. JT0,
KaK B 3BECTHOM Bblpa>KeHUW: Kambasa - 3T0 pbiGa, HO He KaKaas pbiba kambana. C Xx3lamMu BCe TO e
camoe.

OfHako, ecnu xewmn He PaBHbl, TO U 06bEKTbI TOYHO He PaBHbI. I'IonyqaroTc;l cnegywouine cBoOWicTBa aons
Xxewa:

m  Ec/v 06beKTbl @ = b (paBHbI), TO PaBeH 1 UX X3LL.

m  Ecnv paBHbl xewn: hash(a) = hash(b), To 06bekTbl MOryT 6bITb paBHbl, HO MOTYT ObITb U He
pasHb!.

m  Ec/v xewn He pasHbl: hash(a) '=hash(b), TO 06bEKTbI TOYHO He paBHbI.

anI‘-IGM, X3WWN MOX>XHO BbIYUCIATb TO/IBKO AN HEU3MEHAEMbIX 0OBEKTOB. Hanpwvlep, Ansa CrinNcKoB:

hash([1, 2, 3D

nony4vaerca owmbka «unhashable type» - He XxaWwmpyembli OGBEKT.

Takmum o6pasom, Af1a N060ro HEM3MEHAEMOrO OOBEKTA MOXHO BbIUUC/SATb X3l C MOMOLLBIO PYHKLMN
hash(), HO 3ayem Bce 310 Hago? B AeNCTBMTENBHOCTM HEKOTOpble 06LEKTbl B Python, Hanmpumep,
CNoBapy UCMOMb3YHOT X3LUN B Ka4ecTBe CBOMX KroYen. Tak, Korga y CnoBaps ykasblBaeTcs KoY, TO OH
[O/MKEH OTHOCUTLCS K HEM3MEHSEMOMY TUMY AaHHbIX:

d={

di5] =5

d["'python'] = "‘python™
di@, 2, 31 = [, 2, 3

B ,El,eI7ICTBVITeI'IbHOCTVI, 310 HeO6XO,lJ.VIMO, 4YTOObl MOXHO ObI/I0 BbLIYUC/IUTL XELWl OOGBLEKTOB W KAHOUM
XpaHnTb B BUAE:

(L Kya,  Ko4)
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[na yero 31o noHagobunock? [eno B TOM, YTO NEPBOHAYAbHO Hy¥KHasA 3aMucb B C/IOBape ULLETCA Mo
X3y, TaK KaK cylecTByeT BbICTPbIA airOpUTM MOUCKA HYKHOFO 3HauYeHUA Xala. A 3aTem, O paBHbIX
xeuleli (ecan Takne 6blan obHapysKeHbl), oTbUpaeTca 3anMcb C YKasaHHbIM B Kloue obbeKkTe. Takoi
Noaxom, 3HaunTe/IbHO YCKOPAET NMOWUCK 3HAaYEeHUA B C/1I0Bape.

Tenepb obbaBnsaeTca Knacc Point Ana npeacraBaeHUA KOOpAMHAT Ha NJI0OCKOCTHU!

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

ﬂ'}'lﬂ 3K3emMMNIApoB 3TOro Kjacca:

pl = Point(l, 2)
P2 Point (1, 2)

MOXHO BbIYNC/IATL XeLl:

print (hash(pl), hash(p2), sep='\n'")

BayHO, UTO HECMOTpPA Ha TO, UTO KOOPAMHATbI Touek pl 1 p2 paBHbI, UX X3LWKN pasHble. To ecTb, C TOUKU
3peHua yHKumMKM hash() — aTo aga pasHbix obbekTa. Ho Kak oHa MOHWMAET, paBHble 0O6BEKTbI WUJIMU
pasHble? Ecnmn onepatop cpaBHeHUA:

print(pl == p2)

baeT True, To ob6beKkTbl paBHbl, MHa4Ye — He paBHbl. COOTBETCTBEHHO, A/1A pa3Hbix obbekToB byayT
nojyyaTbCA M pasHble X3WK. Ho pas 3To Tak, ec/in MepeonpenenuTb NoBefeHWE 3TOro onepatopa
CpaBHEHUA C NOMOLLBIO Marnyeckoro metogda __eq_ ()?

def eq (self, other):
return self.x == other.x and self.y == other.y

Tenepb y Hac 06beKTbl C OAMHAKOBbIMU KoOpAMHaTaMKU ByayT cuMTaTbCcA paBHbIMU. Ho npu 3anycke
nporpammbl Bo3HUKaeT owwmbka «unhashable type», To ectb, HalwM 0b6beKTbl CTaNM He X3LLMPYEMbIMM.
[a, Kak TO/IbKO MpoucxoguT nepeonpegesieHne onepaTopa ==, TO Haya/lbHbli aArOpUTM BbIYUC/IEHUA
XalWa Ana Takux obbekToB NepectaeT paboTtatb. [osTOMY, HaM 34eCb HYXKHO MponucaTb CBOW crnocob
BbIUMC/IEHUA X3LLa OOBEKTOB Yepes marmueckuii metog __hash__ (), Hanpumep, Tak:

def  hash (self):
return hash((self.x, self.y))

3pecb BbisbiBaeTcA ¢yHKUMA hash 01a KopTeka M3 KOOpAMHAT TOYKM. DTOT KOPTEX OTHOCUTCA K
HensMeHAEeMOMY TUMY, NO3TOMY [JIA HEFO MOXKHO MPUMEHUTL CTaHAApPTHYO ¢yHKuMio hash(). To ectb,
NogMEHAETCA BblUUC/IEHWE X3Wa obbeKTa Knacca Point Ha BblYMCAEHME X3Wa OT KOOpAMHAT TOUKM.
Tenepb, Nocae 3anycka Nporpammbl BUAHO, YTO OB BEKTbI PaBHbI M UX X3LLUM TaKMKe pPaBHbl.

Yo 3710 B MTOre 03HauaeT? Ecaun B3aTb I'IyCTOVI c/ioBapb:
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A 3atem chopmmpoBath 3anucy Yepes 06beKTbl pi v p2:

dipl] =1
dip2] = 2
print(d)

TO OHM 6yAyT BOCMPUMHMMATLCA KakK OAMH U TOT Xe KoY, Tak Kak OOBEKTbl paBHbl M UX X3LUN TOXe
paBHbl. A BOT eCciM Marmyeckme MeTofbl B Knacce Point NOCTaBUTb B KOMMEHTapMM M CHOBA 3anyCTUTb
nporpamMmmy, TO YBUAUM, YTO 3TO y>Ke pa3Hble 0OBEKTbI, KOTOpble (DOPMUPYIOT PasHble KIH4KM CroBaps.
BoT A4n1a yero mMoXkeT NoHaf0buTbCA TOHKO HacTpamBatb paboTty dyHKumu hash() on1s 06bEKTOB KNaccos.

m Marunyeckuii metog __bool _ onpefeneHnsa NpaBanBOCTU 00 bEKTOB
O cnocobax HaCcTPOKN 1 OnpegeneHns NPaBaMBOCTU OOBLEKTOB KlaccoB. UTo Takoe NpaBauBOCTL? 31O

KOrga K 3K3eMMsspy SBHO WK HesIBHO npumeHsietcst pyHKums bool(). C Heli Mbl ¢ Bamy yyKe 3HaKOMbI Y
NPUMEHSNN K O6bIYHBIM TUNAM AaHHbIX:

bool (123)

bool (-1)

bool (0)

bool ("'python™)
bool (""")

bool ([ 1D

B cTaHgapTHOM MoOBeAeHUM OHa BO3BpalLaeT True Ans HenycTbix 06beKTOB M False - ana nyctbix. Yto
pyHkumto bool() 6ynet BblgaBaTh [ANA  3K3EMMIAPOB KnaccoB. [ 3TOro MCMNOJb3yeTcsa paHee
06bABNEHHbIN Knacc Point:

class Point:
def init (self, x, y):

self.x = x
self.y =y
Ero o6bekxT:

p = Point(3, 4

N NpYMeHeHne K HeMy yHKumnn bool():

print(bool(p))

[aét 3HaueHune True. B gelicTBUTENBHOCTY, 3Ta (PYHKUUS Bcerga Bo3Bpawaet True a8 Nobbix 06BLEKTOB
Nnofib30BaTeNlbCKOro knacca. [losiyyaetcs, 4YTO CMbICNa B HE 0COBOro HET, MPUMEHUTENIBHO K
ak3emnaspaMm knaccos? He coBcem. MOXHO nepeonpefenvtb ee NoBefeHne NMMb0o vepe3 Marnyeckui
Mmeton_len_ (), nn6o yepes metos__ bool__ ():
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B _ len_ () —sbI3biBaeTca ¢pyHKumeit bool(), ecnm He onpeaneneH marnyeckuii meton, _ bool  ();
B _ bool ()-sBbisbiBaeTca B npuoputeTHOM nopaake ¢dyHKumeld bool().

BHauane nponucbiBaeTca marmdeckuii metod, _ len_ () B knacce Point, ciegytowmm obpasom:

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

def len (self):
print (" len ")
return self.x * self.x + self.y * self.y

B sTOM MeToAe BbIMUCIAETCA U BO3BPALLAETCA KBAAPAT A/IMHbI PaANyCc-BEKTOpPA C KoopaMHaTamu (X; ).
3anyctTum nporpammMy W BUOMM 3HadeHWe True, a Takxke coobuweHne «__len__». To ecTb,
AelcTBuTeIbHO 6bl1 BbIsBaH meToZ _len_ () 1, Tak Kak OH BepHyY/ He Hy/leBoe 3HayeHne, To GyHKLMA
bool() uHTepnpetnposana ero Kak True.

YtobbI AJINHA BEKTOPA 6b1na HyﬂeBOVI, B 06beKTe K/acca NPONMCbIBalOTCA Hy/1€Bbl€ KOOPAWNHATDbI!

p = Point (0, 0)

7 TeNnepb Nnojay4vyaetca oxngaemoe sHa4vyeHne False.

KoHeuyHo, ec/iM HysKHO ABHO onucaTb anroputmv pabotel ¢yHKUMKM bool() npumeHuTenbHo K
aK3eMNIApam Kaacca, To c/ieqyeT UCMNo/b30BaTk Marndeckuii metod, _ bool_ (). Kak To Tak:

def  bool (self):
print (" bool ")

return self.x == self.y

Tenepb, 06beKT byaeT cunTaTbCA NPaBAUBbIM (UCTUHHBIM), €C/IM ero KoopamHaTbl pasHbl. INpu 3anycke
nporpammel 4na Hynel oTobpaxaeTtca sHaueHue True. Ec/in ske nponuncaTb He paBHble KOOPAUHATbI:

p = Point (10, 20)

TO noJsiydaeTcA 3HadeHue False. KoHeuHo, Takas peanunsauus marmdeckoro metoga _ bool_ () — aT0
JMLWb ydebHbIM NpUmep A19 ONUCAHWA MpUHLMNA ero paboTbl. B peasbHOCTHU, B STOM METOAE MOMKHO
nponucbisaTe obylo nforuky. EamMHcTBeHHoe ycnosue, uTobbl AaHHbIM MeTon, BosBpalwan 6yneso
3HayeHue True uau False. YKasbiBaTb B onepaTope return Apyrue TUrbl AaHHbIX 3aMNpeLLeHo.

Bce ato Xopouwo, HO rae aTto VICI'IO}'Ib3yeTCF|? ‘-Iau.l,e BCEro B yC/I0BHbIX KOHCTPYKLUMNAX. Hanpmmep, ec/in
nponnMcaTtb BOT TaAKOE yC/10BUE!

if p:

print ("oBrwerT p maetr True")
else:

print ("oBwerT p nmaetr False")

34ecb NpoUCXoaMT HeABHbIM BbI30B ¢yHKUMKM bool() npu nposepke ycnosua. MoaTomy B nporpammax,

roe Tpebyetca onucaTtb cobcTBEHHbIE NMPOBEPKU UCTUHHOCTU UM JTONKHOCTU O0BBEKTOB, TO NO/b3YIOTCA
WM Marmdeckum metogom _ len_ (), Ho yawie Bcero, marmdeckum metogom __bool_ ().
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m Marnyeckne metoabl _getitem , setitem_wn _delitem.
3pecb Gyget onucaH cnegyrowmii Habope Marmyecknx MeTo40B:

m _ getitem__ (self, item) - nonyyeHne 3HayYeHUA NO KUy item;
[ ] setitem (self, key, value) - 3anucb 3HaueHus value ro knouy key;
[ ] delitem (self, key) - yganeHve anemeHTa no knwouy key.

[Ana 4yero oHm HY>XXHbl N KaK KMX MOXHO WCNOJIb30BaTh. I'Ipep,nonaraeTc;l, 4yTo 06DBABNEH Kacc ons
npeacraBfieHna CTy4eHTOB:

class Student:
def init (self, name, marks):
self.name = name
self.marks = list(marks)

Ero sk3eMnisip MOXHO choOpMUpPOBaTh, CeayoLUM 06pasomMm:

stud 1 = Student("Boris", [2,3,4,5,5,1])

B 0o6bekTe Si mmeeTcss NokasibHOE CBOMCTBO mMarks CO CAMCKOM OTMETOK CTygeHTa. K HeMy MOXHO
06paTnTbesa Y BblIOpaTh NHOOYIO OLEHKY:

print(stud 1.marks[2])

Ho uTO ecnin Hy>KHO cfienaTh TO Xe CaMO€, HO UCMO/b3ys TONIbKO CCbIIKY HA OOBEKT Si:

print(stud 1[2])

Ecnn cefivac 3anycTuTb nporpammy, TO MOSBUTCA coobwieHne 06 owunbke, 4to Knacc (O6BLEKT) He
nogaep>xXuBaeT TakOW CUHTakCuC. 3TO MOXHO MOMpasuTb C MPUMMEHEHMEM Marmyeckoro mertoja
__getitem__ . Ero o6bsiBneHne B knacce Student:

def getitem (self, item):
return self._marks[item]

class Student:
def init (self, name, marks):
self.name = name
self.marks = list(marks)

def getitem (self, item):
return self._marks[item]

stud 1 = Student("Boris", [2.3.4,5,5,1])

print(stud 1.marks[2])
print(stud 1[3])
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Tenepb owKnBOK HeT U Ha 2KpaHe BUAHbl COOTBETCTBYHOLLME 3HAYEHNA. O,EI,HaKO, €CJ/IN YKa3aTb HeBeprIVI
MHAOEKC!

print(s1[20])

TO BO3HWKHET UckalouyeHue IndexError, KoTopoe creHepuposan cnucok marks. Mpu HeobxogumocTy,
MOMHO KOHTPO/IMPOBaTb 3Ty OWKBKY, ec/in B meTode __getitem___ nponucaTb NpoBepky:

def getitem (self, item):
if 0 <= item < len(self.marks):
return self.marks[item]
else:
raise IndexError ("HeBepunmt uHmekc')

Mpu 3anycke nporpammbl BUAHO cooblieHne «HeBepHbI MHOEKCY. TaksKe MOXHO cenaTb NpoBepKy Ha
TUN UHAOEKCA:

print(sl['abc'])

O/1A CMIMCKOB OH A0/BKeH ObITb LesbiM Yuciom. Mos3ToMy AONOAHWUTENIBHO MOMKHO 3anMcaTb TaKylo
NpoBEPKY:

def getitem (self, item):
if not isinstance(item, int):
raise TypeError ("VHOekc OOJIXeH OBITH LeJIbBIM YMCcJIoM")

if 0 <= item < len(self.marks):
return self.marks[item]
else:
raise IndexError ("HeBepunmt uHmekc')

To €CTb, 34€eCb BO3MOMHblI CamMbl€ pa3Hble Bapualnun OGpaGOTKM N NpPOBEPKN UCXOAOHbIX OaHHBbIX,
npexge yem OGpaTMTbCH K CMNCKY marks u BEPHYTb 3Ha4YeHHne.

nyCTb TENnepb Tpe6yeTc;| peasin3oBaTb BO3MOXHOCTb MEHATb OUEHKN CTYAEHTOB, NCNOJIb3yA CI'Ie,EI,leLLI,VIVI
CUHTaAKCHC:

s1[2] = 4
[

print(sl[2])

Celtuac, noc/e 3anycka nporpammbl byaeT owmnbka TypeError, yTo 06beKT He NoadepXKUBAET onepaLuio
NPUCBOEHMWA, TaK KaK B K/Jacce He peasi3osaH meTog, setitem__. Ero peanunsauus:

def  setitem (self, key, value):
if not isinstance(key, int) or key < 0:
raise TypeError ("VHmekc OoJiXeH OBITH LeJIBIM HEOTpPMLlATEeJIbHEM
yycJyoM™)

self.marks[key] = wvalue

OaHakKo, ec/n yKasaTb HECYLILECTBYIOLLMA MHAEKC:

sl[6] = 4

TO onepauuAa npncBoeHmnA HOBOM OLUEHKKN npueeneT K owunbke. N ecan npeanonaraeTca ncno/ib3oBaTtb
TAKY BO3MOXHOCTb, TO pea/in3oBaTb €€ MOXHO, CaedyoWnm 06pa30M:
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def  setitem (self, key, value):
if not isinstance(key, int) or key < 0:
raise TypeError ("VHmekc OoJiXeH OBITH LeJIBIM HEOTpPMllaTeJIbHEM
yycJjoMm™)

if key >= len(self.marks):
off = key + 1 - en(self.marks)
self.marks.extend ([None] *off)

self.marks[key] = wvalue

Ecam MHAOEKC npeBbllWaeT pasmep CNMCKa, TO OH paclimnpaeTca sHaYyeHnAMMn None Ao Hy)-KHOVI AJINHbI (C
noOMoOLLUbO MeToda extend), a 3aTtem, B I'IOCI'Ie,EI,HVIVI 2/1EMEHT B HEro 3anucbiBaeTCcA nepegaHHoe
3HauyeHue value. Tenepb, npwv BbINO/IHEHNN KOMaHA:

s1[10] = 4

print(sl.marks)

I'IonyqaeTCH CMUCOK:

[5, 5, 3, 2, 5, None, None, None, None, None, 4]

To €CTb, OH 6b1n paclmnpeH 0o 10 anemeHTOB M nociaegHnMmMm s 1eMeHToOM 3anncaHo 4. U TaK MOKHO
nponncbiBaTb }1}06le HY*HYIO HaM JIOTUKY NP 3aNNCKU HOBbIX 3HayeHwui B cnmcok marks.

HakoHeu, nocneaHuii TpeTuin marndecknini metos, __delitem__ BbI3blBaeTca NpuU yaaseHUU s/1eMeHTa U3
cnucka. Ecam ceiivac sanucaTb KomaHay:

del s1[2]
TO B KOHCO/IM noABuUTCcA cooblueHune: «AttributeError: _ delitem__». 3aecb ABHO yKasblBaeTcA, YTO Npu
yaaneHuu BbisbiBaeTca metog, _ delitem__. lo6aButhb ero B Knacc:

def delitem (self, key):
if not isinstance(key, int):
raise TypeError ("HOoekCc OOJIXeH OBITH LeJIbBIM YMCJIoM")

del self.marks[key]

Tenepb OLU€HKN ycCnewHOo yaanakTcA, eC/in YKasaH BeprIVI MHAOEKC. Takosbl 06LI.I,VIe BO3MOXHOCTU
AdHHbIX MarM4eCckKnx meToaos.

class Student:

def init (self, name, marks):
self.name = name
self.marks = list (marks)

# def  getitem (self, item):

# return self.marks[item]

# def  getitem (self, item):

# if 0 <= item < len(self.marks):

# return self.marks[item]

# else:

# raise IndexError ("HeBepunt uHOekc'™)

def getitem (self, item):
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if not isinstance(item, int):
raise TypeError ("HOekCc OoOJIXeH OBITH LeJIbBIM YMcJIoM")

if 0 <= item < len(self.marks):
return self.marks[item]
else:
raise IndexError ("HeBepunwt uHOekc'")

def  setitem (self, key, value):
if not isinstance(key, int) or key < 0:
raise TypeError ("VHmekc OoJiXeH OBITH LeJIBIM HEOTpPMLlaTEeJIbHEM
yycJyoM™)

if key >= len(self.marks):
off = key + 1 - len(self.marks)
self.marks.extend([None] * off)

self.marks[key] = wvalue

def delitem (self, key):
if not isinstance(key, int):
raise TypeError ("VHOekc OOJIXeH OBITH LeJIbBIM YMCJIOM")

del self.marks[key]

stud 1 = Student('Boris', [2,3,4,5,5,1])
print (stud l.marks[2])

print (stud 1[3])

#porint (stud 1[25])

#print (stud 1['qwerty'])

print(stud 1[1])
stud 1[1] = 5
print(stud 1[1])

stud 1[10] = 5
print(stud 1[9])
print(stud 1[10])
print (stud 1.marks)

del stud 1[7]
print (stud 1.marks)

AprymeHT item meToga __getitem__ mMoxKeT umeTb tloboe 3HaveHue:

class XYZ:
# mHMUManMsauug aTpubyTOB OBBEKTaA apryMEeHTOM
# u3s omHOTO cHMCKa: gBHOe MNpeoBpasoBaHMe K CIUCKY
# u npucBoeHMe BHAaUeHUNM CHOMCKa aTpubyTam oObeKTa
def init (self, xyz):
xyzData = list(xyz)

self.x = xyzDatal[O0]
self.y = xyzDatal[l]
2]

self.z xyzDatal[

# aprymenT MeToma _ getitem - cToka
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def getitem (self, item):
if item == “xyz":
return [self.x, self.y, self.z]

# vHMUManusaums ob6bekTa Xyz ray CrVCKOM

xyz ray = XYZ([1, 2, 3]

# 3HaueHne aprymeHTa Item meToga getitem -
# CMWCOK CTPOK, COCTOAWNX N3 OOHOM CTPOKU “Xyz
ret = xyz ray["xyz"]

print(f {ret[2]}")

m Marunyeckue METObl _ite r_ M_next_
MeTogbl:

m _ jter__ (self) - nonyuyeHune utepatopa gns nepebopa 06L-EKT],;
m _ next_ (self) - nepexopg k cnefyoLemMy 3Ha4EHUIO U ero CHUTbIBAHUE.

[lns YEero oHWM HyXHbl M KaK UX MOXHO WUCMONb30BaTh. M3BECTHO, Kak paboTaeTr (yHkuusi range(). OHa
BbIAAET 3HAUEHUS apUBMETMYECKOW NPOrpeccum, Hanpuvep:

list(range(5))

[aeT nocnefoBaTe/lbHOCTL Lefbix uncen ot 0 4o 4. MNepebpaTb 3HAUYEHMs] 06BEKTA range TakKe MOXXHO
yepes nTepaTop:

a = iter(range(5))
next(a)
next(a)

B KOHLEe reHepupyeTcsi uckMouveHue Stoplteration. Tak BOT, MOXHO cO34aTb MOAOOGHLIA OGLEKT,
MCMNoMb3ys MarnyeckMe metoabl _ iter_ u __next_ . W ato 6yger chenaHo and obbekra frange,
KOTOpLIA GyaeT BblAaBaTb MOCNeA0BaTENbHOCTb BELLECTBEHHbIX YMCEST apuU(MeTUUEeCKOl Mporpeccum.
[ns atoro o6bsBAseTcs Knacc:

class FRange:
def init (self, start=0.0, stop=0.0, step=1.0):
self.start = start
self.stop = stop
self.step = step
self.value = self.start — self.step

34ecb B MHMUManu3aTop nepefaércs HadasbHOe 3HaYeHMEe NPOrpeccuur, KOHEYHOE W Liar U3MeHEHWs.
Takke opmupyeTcsa CBOICTBO value, kOTOpoe 6yfeT npeactaBnAaTb cOOO Tekyllee 3HadeHue ans
CUUTbIBAHNS.

Ons nepe6opa 31eMeHTOB B 3TOT Knacc Jo6aBnseTcs MeToA, KOTopblii OyfAeT COOTBETCTBOBATb
mMarmueckoMmy metoay _ next_ :

def next (self):
if self.value + self.step < self.stop:
self.value += self.step
return self.value
else:
raise Stoplteration
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B sTom meToZe yBenMYMBaEeTCcA 3HaueHWe value Ha war step v Bo3BpaLwaTca 4o Tex nop, Noka He byaeT
OOCTUIHYTO 3HayeHWAa stop (He BKAYasa ero). [pu AOCTUMEHWM KoHUua OyaeT creHepupoBaHO
nckAoYeHue Stoplteration, poBHO Tak, Kak 3To AenaeT 06bekT range.

Ob6beKT aTOrO KNacca:

fr = FRange (0, 2, 0.5)

yeTblpe pasa BbisbiBaeTcA MeTog, __next_ ()

print (fr next ())
print (fr. next ())
print (fr next ())
print(fr next ())

BugHbl yeTbipe 3HaueHUA apudmeTudeckoli nporpeccuun. Ho ecim BeizBaTb __next_ () ewle pas:

print (fr. next {())

To byzeT creHepupoBaHo UCKoYeHWe Stoplteration. B uenom noayunaca Henaoxoi yuebHblid npumep.
bnarogapa BO3MOMHOCTU onpedesieHUA MarMyeckoro metoga _ next__ B Kaacce FRange, moxHO
npumeHAaTb GyHKUMIO next() Ana nepebopa 3HaYeHWUI ero 06bEKToB:

fr = FRang 2, 0.5)
print (next

print (next

~ e~ o~ —~ (D

(
(
print (next
print (next

3necb ¢yHKUMA next() BbisbiBaeT meTol, _ hext M BO3BpallleHHOE MM 3HauyeHue, BO3BpallaeTcs
dyHKUMel next(). Mpu aTom, B KauecTBe aprymeHTa eli nepeaérca sK3emnaap camoro Kiaacca. To ecrb,
0b6BbEKT K/lacca BbICTyMaeT B po/iM utepatopa. B sTom ciydyae Tak u 3agymbiBanocb. OaHaKo, nepebpatb
06bekT fr c nomoubio uMkna for He noayumTca:

for x in fr:
print (x)

MoaBuTCcA owMbKa, UTo OO6BEKT He UTepupyemblid. M 3TO He CMOTPA Ha To, YTo 6bIJIO MPOMUCAHO
nosegeHue ¢yHKUMM next(). OkasbiBaeTcs, 3TOro He gocTatoyHo. Heobxoammo euwle, ytobbl 06BEKT
BO3BpPALLA/l UTEPATOP MpPU Bbi3oBe PYHKLUMMU iter:

it = iter (fr)

[na 3Toro B Kaacce HYKHO MPOMUCaTh elle OOUH MarMdeckuii metogd _ iter_ . B aTtom npumepe oH
6yaeT BbIrIAOETD, TaK:

def iter (self):
self.value = self.start - self.step
return self

3aecb ycTaHaB/IMBAETCA Haya/ibHOe 3HavyeHUWe value 1 BO3BpaLllaeTcA CCbl/IKa Ha 06beKTa Kaacca, Tak Kak
3TOT 0OBEKT B AaHHOM MPUMEpPE W ecTb UTEPATOP — Yepe3 HEro BbI3bIBAETCA MarMYeckuit meTos,
next .

Tenepb, Nocne 3anycka Nporpammbl He BO3HMKAET HUKaKMX oWMBOK U Uk for nepebupaeT 3HauyeHUA
obbekTa fr. To ke camoe MOMKHO caenaTb U Yepes next():

fr = FRange (0, 2, 0.5)
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it = iter(fr
print (next (i

print (next

(

( (
print (next (i
print (next(

Uukn for umeHHo Tak M nepebupaeT uTepupyemble 06beKTbl, CHayasla HEABHO Bbi3blBaeT YHKLMUIO
iter(), a 3aTem, Ha KaxkgoW utepauumn — yHKUMIO next(), Noka He BO3HUKHET UCKloueHUe Stoplteration.
Kpome Toro, 61arofapa maruyeckoMmy meToay __iter__ Tenepb MOMKHO 06xoauTb 3HavyeHUs obbekTa fr
MHOTO pa3s C CaMoro Hayasla, Hanpumep:

it = iter(fr
print (next (i

print (next

(

( (
print (next (i
print (next(

it = iter(fr
print (next (i

print (next

(

( (
print (next (i
print (next(

Takum obpasom, chopmupoBanmn Kaacc FRange, KOTOpbI BOCMPUHUMAETCA KaK UTEPUPYEMbII 0BBEKT C
BO3MOMHOCTbIO Nepebopa dyHKumel next() nam unknom for.

U ewé oamH npumep. 310 Knacc FRange2D ans dopmupoBaHua Tabanu, sSHaYEHUIA:

class FRange2D:
def init (self, start=0.0, stop=0.0, step=1.0, rows=5):
self.fr = FRange(start, stop, step)
self.rows = rows

30ecb B MHWUMaAM3aTOpe co3faeTcA oAHomepHblli 06bekT FRange, KoTopblii 6yaeT ¢opmupoBaThb
CTPOKM Tabauubl. MapameTp rows — Yncio cTpoK. [anee, nponuwem Asa MarMyeckux metoga __iter__ u
__hext__, cneayowmm obpasom:

def iter (self):
self.value row = 0
return self

def next (self):
if self.value row < self.rows:
self.value row += 1
return iter(self.fr)
else:
raise StopIteration

BarkHo, uTo meTon _ next_ BO3BpallaeT He KOHKpPETHOe 3HayeHue, a UTepaTop Ha ob6beKT Kiacca
FRange. Co3gaétca obbeKT Knacca FRange2D:

fr = FRange2D(0, 2, 0.5, 4)

n ana nepebopa ero sHayeHUIH Ham NoHagobaTca aAga umkna for:

for row in fr:
for x in row:
print(x, end=" ")
print ()
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MepBbIA UMK MNepebupaeT NepBbii UTepatop - 06BLEKT Knacca FRange2D u Ha KaxgoW wtepaumu
BO3BpaLlaeT ntepatop obbekTa knacca FRange. MimeHHO noatomy B MmeTofe__ next _ knacca FRange2D
BO3BpaLLaeTCs neTparop, MHade Heb3sA 6bl1o 6bl NepebupaTb 06BHEKT row BO BAOXKEHHOM LMKe for.

Mocne 3anycka nporpamMmbl Ha 3KpaHe NoAB/AeTCA cneayroulan Ta6n|/|u,y yucersn.

0.0 0.5 1.0 1.5
0.0 0.5 1.0 1.5
0.0 0.5 1.0 1.5
0.0 0.5 1.0 1.5

30ecb B MHMUManM3atope co3gaetcs OAHOMEpPHbI 06bekT FRange, kotopbii 6yaeT (hopmupoBaTtb
CTPOKM Tabnuupl. MapameTp rows - Yncio CTpok. [lanee, nponuvilemM gga Marmyeckux metoga__iter_ w
__next__, cnegyowmum obpasom:

def 1iter (self):
self.value row = 0
return self

def next (self):
if self.value row < self.rows:
self.value row += 1
return iter(self.fr)
else:
raise Stoplteration

BaxxHO, UTO MeToj__ next_ BO3BpallaeT He KOHKPETHOe 3HauyeHue, a utepatop Ha OOBLEKT Kracca
FRange. [lanee co3naérca 06beKT knacca FRange2D:

fr = FRange2D(0, 2, 0.5, %

n ans nepe6opa ero 3HauyeHUn HaMm NoHaao6sTcs asa uukna for:

for row in fr:
for x in row:
print(x, end=" ")
print(Q)

MepBbIA UMK MepebupaeT MepBbii UTepatop - O06BLEKT Knacca FRange2D u Ha KaxgoW wtepaumu
BO3BpallaeT uteparop obbekra knacca FRange. IMeHHO Mo3ToMy Mbl B MeTofde _ next  Knacca
FRange2D Bo3BpallaeM MeTpaTop, MHaye Obl He CMOrn nepebrpatb 06GBHEKT rOW BO BIOXXEHHOM LIMK/IE
for.

Mocne 3anycka NporpaMMbl YBUAUM Ha 3KpaHe CReaytoLyto Tabnmuy Yncen:

0.0 0.5 1.0 1.5
0.0 0.5 1.0 1.5
0.0 0.5 1.0 1.5
0.0 0.5 1.0 1.5

TakoB OGLUMIA NPUHLMM CO3AaHNsI UTEPUPYEMbIX OGBEKTOB.

m [lononHeHwve 2: IameHeHnA B python 3
HeckonbKO rnaBHbIX C/lyyaeB, korga python 3 otanyaercsa OT 2.X B TEPMUHAX €r0 06BLEKTHON Mogenu:
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Tak kak B python 3 pasanumMit mexay cTpoKkoi M loHMKogom 6Gosblie HeT, _ unicode  uMcuyes, a
noasuiaca __bytes_ (KoTopblit Bedér ceba Tak ke Kak __str__ M __unicode__ B 2.7) Oona HOBbIX
BCTPOEHHbIX GYHKLMI NOCTpoeHUA 6aliTOBbIX MacCUBOB.

Tak Kak geneHue B python 3 Tenepb no-ymosiuaHuio «npasuabHoe aeneHune»,  div__ 6onblue Her.
__coerce__ 6o/blue HET, U3-3a U3ObITOYHOCTU U CTPAHHOTO NMOBEAEHUSA.

__cmp__ 6onblue HeT, U3-3a U3bbITOYHOCTH.
__nonzero___ bblno nepermeHoBaHo B __bool .

next y utepatopos 6bia NepeMMeHoBaH B __next__.
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m Cob6bITMA U NporpaMmmMupoBaHne coobITUI
Uro Takoe CTPYKTypHOe U OO6BLEKTHO-OPUEHTMPOBaAHHOE MporpaMMupoBaHue npejgnonaraeTcs
N3BECTHbIM.

COO6bITUIIHO-OPVEHTMPOBAHHOE MPOrPaMMUPOBAHE OPUEHTUPOBAHO Ha COGLITUS. TO ECTb Ta WK VHas
4acTb MPOrPaMMHOIO KOAa HaUMHAET BbIMOJHATLCSA JIMLWb TOTAQ, KOTAA CydaeTcsi TO WM MHOE COBbITME.

COO6bITUIIHO-OPVEHTMPOBAHHOE MPOrpaMMUPOBAHME OCHOBLIBAETCS HA CTPYKTYPHOM U OBGBEKTHO-
OPVEHTUPOBAHHOM.

MporpaMmbl c rpaguyeckum uHTepdelicoM nosnb3oBatenst (GUI-noprpammbl) SBASKOTCS COGLITUAHO-
OPVEHTMPOBAHHBIMU.

m CoO6bITUINHO-OPMEHTMPOBAHHOE NMPOrpaMM1poBaHmne
B python peannsoBaHbl pasHble COGLITUS:

cpaboTan BpeMeHHOo thakTop,

KTO-TO K/IMKHYN MbILKOM unm Haxkan Enter,
KTO-TO Ha4asn BBOAMUTb TEKCT,

KTO-TO Mepek/oYna PpagnoKHOMKN,

KTO-TO MPOKPYTW/ CTPaHWLYy BHU3

nT. 4.

Korga 4to-TO NOAZO6HOE MPOMCXOAUT, 3TO MOXKHO paccmaTpuBatb Kak cobbitve. Ecnm 6bin co3gaH
COOTBETCTBYIOLUNIA  06PabOTUMK  COObLITMSA, MNPOMCXOAUT  cpabaTbiBaHME OMNpPeAenieHHOol  Yactu
NPOrpamMMHOro KoAaa, YTo NPUBOAMT K KAKOMY-TM6O pe3ynbTary.

m [lpymeHeHune CobbITNIA
[axe ecnn He cO3[alOTC COOCTBEHHbIE KMAcChl M OOBEKTbl, Knaccbl B NpOrpaMme BCE PaBHO
NCMONb3YHOTCSA. HanpumMep, BUAXKETbI - 3TO 06BEKTI, MOPOXKAEHHbIE BCTPOEHHLIMM Kiaccamu.

MycTb B NporpaMMe OMpefie/leHo TEKCTOBOE MoJie ANs BBOAA TeKCTa. TOT TEKCT MPY HaXKaTUM Ha KHOMKY
(cobbiTe) pasbuBaeTcs Ha CMWCOK CNOB, KOTOPble COPTUPYIOTCA MO andaBuTy U BbIBOAATCA B METKE.
BbinonHsawowmiA BCe 3aTO KOA, pacnonaraetca B iyHKuum str_to_sort_list:

def str to sort list(event):
s = ent.get(Q)
s = s.split(Q)
S.sortH
lab["text™] = " "_join(s)

B dyHkumm str_to_sort_list (06paboTka cob6bLITUSA) C MOMOLLLID MeToAa get M3 nons 3abupaeTcs TekcT,
npeacTasnalOLWNA coboi cTpoky. OHa npeobpasyeTca B CMUCOK COB C MOMOLLbLIO MeToga split. Janee
3TOT CMMCOK COPTMpyeTcsl. B KOHUE W3MEHSEeTCs CBOWMCTBO text MeTku. EMy npucBamBaeTcsi CTPOKa,
noJsly4eHHas 13 CNm1cka c NOMOLLIbIO CTPOKOBOrO MeToga join.

®YHKUMM 06paboTKM COObITUA MOrYT OblTb CBf3aHbl C COObITMEM MpW MNomowy MeTofa bind, yto
obecneymBaeT BbI3OB (BYHKUMM NPU HACTyMIEHUN COObITUA. Y Takux (YHKUWA [JOMKEH OblTb OAWH
0ob6nA3atesnbHbI NapameTp. O6LIYHO €ro HasbiBarT event, TO ecTb "cobbiTne". C nomowpsko metoga bind
(byHKUMS 06paboTKM CcOoObITUS CBA3bIBaETCS € cobbITMeM. MeTtoagy bind nepepaércsa cobbitne (CobbiTME
"WEeNYOK /IEBOI KHOMKOW MbIwK' - 0603HaYaeTcsi CTPOKo '<Button-1>' n iyHKUNA-06paboTUmMK

199



but.bind('<Button-1>', str to sort list)

Mo wenuky /1eBOM KHOMKOW MbillM No BuAxKeTy but 6yaeT BbizBaHa ¢yHKUMA 06paboTkM cobbiTuA
str_to_sort_list, napameTpy event byaeT npucBoeHO COOTBETCTBYIOLLEE 3HAYEHUE.

Mpu paspaboTke NpuIoXKeHUA (BCe BOMPOCHI - K AM3aiiHepam!) npeanonaraerca, YTo BUIMKETbI He
pa3bpocaHbl MO OKHY KaK MoMaso, a pauMoHa bHO CIpyNnUMpoBaHbl, MHTepdeic npoaymaH U 0b6bluHO
Nog4YMHeH onpenesieHHbIM NpaBuaam .

MoKka e BUAMKETbl ByayT pacnosioraTbCA B OKHE MPWU/IOMKEHUA C MOMOLLbIO MPOCTOr0 MeHedKepa
reomeTpuu tkinter (meToaa pack) gpyr nog, gpyrom.

ent.pack()
but.pack ()
lab.pack()

Hanee B npumepe metod mainloop o6bekTa Tk 3anyckaeT riaBHbIM UMK/ 06paboTkn cobbITUIA, UTO U
NPUBOAMT K OTOOPasKEHUIO T[/1aBHOTO OKHAa MPWIOXMEHUA CO BCeMW "ynakoBaHHbIMWU" Ha Hem
BUOMKETAMM:

root.mainloop ()

MonHbIM TEKCT npnaoKeHna:

from tkinter import *

dyHrUMA str to sort list.

#
# TMpu HaxaTHMM Ha KHOINKY ofecleuMBaeT pasbueHMe TeKCTa,
# BRBOIMMOTO B TEKCTOBOE IIOJIe, Ha CJOBA, M3 KOTOPHIX CTPOMTCHS CIMCOK CJIOB.
# CrnoBa M3 cOMcka COPTUPYHTCS O ajdbaBUTYy U BHBOIATCS B METKE.
def str to sort list(event):

s = ent.get ()

s = s.split()

s.sort ()

lab['text'] = ' '".Jjoin(s)

root = Tk{() # 1iaBHOE OKHO MNPUIIOXEHUSI

# cosgaHMe BUIOIKESTOB
ent = Entry(width=20)

but = Button (text="IIlpeoBbpasosaTp")
lab = Label (width=20, bg='black', fg='white')
#

# PasmMemeHre BUOXeTOB. [[oka BMIXETEHL 6ynyT pacliojiaraTbCcAd IOpyTI IIoH OpyI'OM
# B TJIaBHOM OKHE IIPMJIOXEHMA C IIOMOMNbI CaMOI'C IIPpOCTOI'O MeHellXepa I'€eOMeTPUU

# tkinter - mMeToma pack:

ent.pack()
but.pack ()
lab.pack()
#

# BuzoB OyHKUMM str to sort list cBsasHBaeTcs ¢ COBHITHEM.

# B maHHOM CiIyuae S9TO OejlaeTcsa C IoMombpio MeToma bind, koTopoMy mnepenmaércs
# cobuTue '<Button-1>' u dynrumsa-obpaborumk str to sort list:
but.bind('<Button-1>', str to sort list)

#
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root.mainloop(Q)

# 3anycK uukKna o06paboTKM cobbITuiA

m [lepeyeHb COObITNIA
MonHbIN Ha6op TUNOB COBbLITUI BEJINK, N MHOIME N3 HNX UCIMOJ1b3YHTCA OYEHb PEeAKO.

[Janee npepacraBneHbl HAMGOEE YaCTO NMPUMEHSIEMbIE COObITUS:

Tun

36

22

37

17

12

10

Nwvsa

ActivateState

Button

ButtonRelease

Configure

Deactivate

Destroy

Enter

Expose

Focusln

FocusOut

KeyPress

KeyRelease

Leave

OnwucaHne

Bugpker MeHSAeTcA C HeakTMBHOINO Ha aKTMBHbIA. 3TO OTHOCUTCA K
N3MEHEHNAM B OMNuUnn BUOXKETA, TaKoOW Kak M3MeHeHMe KHOIMKM C HEaKTUBHOM
Ha aKTUBHYHO.

Harkata ogHa 13 KHOMOK MbIWKW. JOMONHUNTENTbHO YKa3blBaeTCAd, Kakad.

OTI'IyLLI,eHa KHOMKa MbIwn. 370, BEPOATHO B 60NbLIMHCTBE cny4yaes, J'Iy‘-lLIJVII7I
Bbl60p, yeM COObITUE HaXXUMaHuS, NOTOMY 4TO, ecnnm nonb3oBateflb

CJ'Iy‘-IaVIHO HaKMMaeT KHOMKY, OH MOXET MNnepemMectuTb Mbillb C Ha)KaToW
KHOIKOW C BUIKETA, yTOObI N3beXxaTb 3anycka cobbiTnsA Button.

Monb3oBate/sib U3MEHUN Pa3MeP BUKETA, HANPUMEp, NMepeTaliyB yroa uim
CTOPOHY OKHa.

BuaykeT MeHseT COCTOSIHMe C aKTMBHOrO Ha HeakTMBHOe. 310 OTHOCUTCA K
M3MEHEHWAM B MapameTpe BUKETa, TaKOro Kak Mepeknoyarens ¢
aKTVMBHOrO Ha HeaKTMBHOE (Cepoe)COCTOsAHME.

Bugpxer YHUYTOXKaETCA.

YKa3zartenb MbilWW nepemMeLlLéH B BUAMMYIO YacTb BuaKeta. (310 OT/iMyaetcs
OT KNaBuLIM BBOAA, KOTOPas ABAAETCA CO6bITMeM [ANA KI4a, WMMeHeM
KOTOpPOro Ha caMoM fJerne aBnsetca KeyPress 'return’.)

370 coObITME MPOUCXOAUT BCAKUIA pa3, Korga xOTa Obl Kakas-TO 4acTb
NPWIOXKEHNS WU BUKETA CTAHOBUTCS BMAMMOI MOCMe TOro, kak oHa 6Gblia
CKpbITa PYrMM OKHOM.

Bumker nonyunn ¢okyc BBOAA. 31O MOXET MNpou3oiiTm nnbo B OTBET Ha
feictBne nonb3oBatens (Hanpumep, UCMONb30BaHME KNaBuLlM Tabynauum
4na  nepemelleHus ¢okyca Mexay BupkeTamu), AmMb0 NporpaMMHO
(Hanpumep, NporpamMma BbI3blBaeT OT UMeHU BumkeTa Metof .focus_set()).

dokyc BBOAa ObIN NepemelleH M3 BuakeTa. Kak n B cnydae ¢ Focusin, 3to
co6bITME MOTYT BbI3BaTb MOJb30BATE/lb WM MPOrpaMma.

Monb3oBaTeNlb HaXKa/ KnaBuLly Ha KnasuaType. B cobbitum B atpubyTte detail
YKa3blBaeTCs, 4TO 3a KoY. 37O KNHOYEBOE CI0BO MOXET ObiTb COKpalleHOo
Key.

MNonb3oBartenb OTnyCKaeT KoY.

Monb3oBartenb Nepemectusn ykasaTesib MbIlM U3 BUOKETA.
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19 Map Bumxet otobpaxkaeTcs, TO eCTb CTaHOBUTCA BUAWMbIM B MPUIOXKEHUN. 3TO
npoucxoauT, Hanpumep, Npu Bbl3oBe MeToAa BumkeTa .grid().

6 Motion Monb3oBatesib NepeMeLLaeT ykasaTteslb MbIlUY BHYTPU BUZKETA.

38 MouseWheel Monb3oBatenb MNPOKPYTU/T KOJMIECO MbIWM BBEPX WM BHWM3. B Hacrtosllee
BpeMs 310 cobbiTue akTyanbHO ana Windows n MacOS, Ho He ana Linux.

18 Unmap Buopketr He oToOGpakaeTcd wu Oonblie oOTOOpakatbCqd He Oyaer. 310
npoucxoauT, HanpumMep, Npu Bbi3oBe MeToga BuakeTta.grid_remove().

15 Visibility MpoucxoanTt, Korga XoTa Obl Kakas-TO 4YacTb OKHa MPUIOXEHWUA CTaHOBUTCSA
BMAMMOW Ha 3KpaHe.

COoO6bITVS, KOTOpble MPOUCXOAAT MNpY  OAHOBPEMEHHOM HadXKaTUM  KNaBWL  (COYETAHWUSA  KaBuLu),
KOAVPYHOTCS Yepes Thpe. B ciiyyae NPUMEHEHUs, Tak Ha3biBAEMOIO MOAUMMKATOPA, B COCTABHOM VIMEHM
COGbLITUSA OH YKa3blBaeTcs MEPBbIM, AETA/IN B ONUCAHWUM - HA TPETLEM MecTe. Hanpumep,

m  <Shift-Up> - ogHOBpemeHHOe HaxaTtne knasuw Shift n cTpenkn seepx,
m <Control-B1-Motion> - ABMXXEHNE MbILLbIO C 3a>KaTOW NEBOI KHOMKOW 1 KnaBuilen Ctrl.

m CosgaHve GUI-nporpaMmvbi
MocnepoBatenbHOCTb AeCTBUIA Npy co3gaHnm GUI-nporpammbl;

I Co3garb rnaBHoe OKHO!

Co3gatb BUIKETbI U BbIMOMHNUTL KOH(UIYPaLmuio Ux CBOCTB (OMNLUIA).
Onpegenutb co6bITUA -TO, Ha UTO BydeT pearMpoBaTb NPOrpamMmma.
Onucatb 06paboTunKn COOLITUIA -TO, Kak OyAeT pearnpoBartk NporpaMmma.
PacnofioXuTb BUIXKETbI B IMTABHOM OKHe.

I 3anyctutb LMK 06paboTKN COBLITUIA!

o0k wnN R

MocnepoBatenbHOCTL AeiicTBMiA 2 - 5 He o06si3aTelbHO MMeHHO Takasd, HO nyHktel 1 n 6 BCEFOA
OCTaloTCA Ha CBOWMX MecCTax.

a. Bo3amoOXHble CLeHapun co3faHunA Mo/1b30BaTE/IbCKOIro

NPUNoXeHnA
B COBpPEMEHHbLIX OMEPALMOHHBLIX CUCTEMAX MO/b30BATENbCKOE TMPUIOXKEHME 3aK/I4aeTcs B OKHO,
KOTOPOE MOXHO Ha3BaTb [MTaBHbIM, TaK Kak B HEM pacrosiaratoTcsi BCe OCTa/IbHbIe BULKETbI. 3TO OGBHEKT
OKHa BEPXHET0 YPOBHS. ITOT 0GHEKT co3faeTcs OT knacca Tk mogyns tkinter.

MepemMeHHas, KoTopas CBA3bIBAETCS C 0OGBEKTOM, HACTO Ha3blBaKOT root (KOPeHb):

root = TkQ

Mpumep: B OKHE MPWIOXKEHWSA pacrnonaraloTcs TeKCTOBOe Nofe, MEeTKa W KHOMKa. 3T O6BbeKThI
co3gatoTca oT KnaccoB Entry, Label v Button mopynsa tkinter. C nomolibio rnepefadn aprymeHTOB
KOHCTPYKTOPaM 3TUX KNacCOB MOXHO Cpa3sy CKOH(UIyprMpoBaTb HEKOTOPbIE UX CBOWCTBA :

ent
but

Entry(root, width=20) # TekcToBoe none
Button(root, text="npeo6pa30BaTb') # KHOMNKa
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lab = Label(root, width=20, bg="black®, fg="white") # meTka

Mpy 3TOM ycTaHaBNMBATb CBOCTBA OGHLEKTOB HE 06513aTe/IbHO MpY KX CO34aHUMN.
CylLeCTBYIOT eLlé crnocobbl, C MOMOLLbIO KOTOPbIX 3TO MOXHO CeNnaTth Mocne Co3haHns BUIKETA.

MepBbIM apryMeHTOM B KOHCTPYKTOP OMpefensieMoro BUpKeTa MepeaaeTcs BUIKET-XO35MH - BULXKET,
Ha KOTOpPOM OyfeT pacrnosnaratbCs CO34aBaeMblii BUIKET.

B cnyuyae, korga anemeHTsl GUI nomeLaroTca HENOCPEACTBEHHO Ha NaBHOE OKHO, POAUTENA MOXHO He
yKa3blBaTb.

TO eCTb B 3TOM MpUMepe MOXHO y6paThb root:

ent = Entry(width=20)
but = Button(text=""npeo6pa30BaTb')
lab = Label(width=20, bg="black®, fg="white")

OfHako BWMKETbI He 06s3aTeNlbHO pacnofiaratoTcsi Ha root'e. OHM MOTYT HaxoAWTbCs Ha APYruX
BUKETAX.

MTorga ykasbiBaTb Xx03dMHa (‘'mMacTtepa') Heob6xoaumo.

b. O6BLEKTHO-OPNEHTUPOBAHHbI MPUHLNI
MpuMeHeHne KNaccoB B KoAe He 065a3aTenbHO, HO XKEJTATE/IbHO.

MycTb rpynna n3 nons, KHOMKN 1M METKU MpeACcTaBnseT coboil oAMH OBGBEKT, KOTOPbLIA nMopoxaaeTtcs oT
knacca Block. Torga B OCHOBHOW BeTke nMporpaMmbl 6yAeT co3fgaHo rnaBHOE OKHO, 06bekT Tvna Block n
NPOM3BeAEH 3aMycK LMKia 06paboTkm COObITHIA.

O6bekt TMna Block pomkeH 6bITb NpYBA3aH K F1aBHOMY OKHY. [lns 3TOro B KOHCTPYKTOP Kfacca
nepeAaéTcs CCbifka Ha rNaBHOE OKHO MPUIOXEHNS.

B 3TOM criyyae B NPUIOXKEHUM BUIKETHI SBSIOTCS 3HAYEHUsAMU noneli o6bekta Tina Block, dyHKums-
06paboTUMK COBBITUS HAXATUSI HA KHOMKY yCTaHaB/MBAETCA C MOMOLLLIO CBOMCTBA KHOMKM command, a
He C NoMoLLbi0 MeToga bind. B aTom cnyyae B BbI3bIBAEMOI (yHKLMM He TPebyeTcs napameTp event.

B meToA nepefaétcs TOMbKO caM O6BEKT.

from tkinter import *
class Block:
# KOHCTPYKTOP
def init (self, masterRoot):

self.ent = Entry(masterRoot, width=25)
self.but = Button(masterRoot, text="llpeobpa3oBaTb,)
self.lab = Label(masterRoot, width=25, bg="black®, fg="white")

self_ent.pack()
self_but.pack(Q
self_lab.pack(Q)

# MeTon-06paboTunK COBLITUS HaXATUS HA KHOMKY YCTaHaBMBAETCH ========
# C nowmowblo CBOWCTBa KHOMKM command
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self._but["command™] self.str to sort

# =

#

# MeTog str to sort list. = =
# MNpn HaxaTum Ha KHOMKY obecrneuvBaeT pa3bueHne TekcTa,
# BBOOMMOIrO B TEKCTOBOE MOfe, Ha CfoBa, W3 KOTOPbIX CTPOUTCHA CNUCOK CrIOB.
# CnoBa u3 cnuckKa COPTUPYKNTCA NO anpaBuTy U BbIBOAATCA B MeTKe.
def str to sort(self):
s = self.ent.get()
s = s.sphitQ
s.sort()
self_lab["text®] = " "_join(s)
# -—-—-—-" T T
root = TkQ
first block = Block(root)

root.mainloop()

6.b.i. 3ameuaHne
HekoTopoe ynpouieHne B pa3paboTke MNPUIOXKEHUS, BO3MOXXHO, MPOCMaTpuBaeTcsl YK€ Ha JaHHOM
JTane, Korfa cyliectByeT OAMH O6BEKT-npencTaBuTens knacca Block, KOTOpbIA 1 cam uMeeT O4yeHb
npoctyto ctpyktypy (TP Bumgxketa n OOVH wmetog). Ecnm ke notpebyetcsi 06BLEKT, COCTOSILLMIA 13
HECKO/IbKMX MOXOXNX 06 bEKTOB-6/10KOB, TO NpuMeHeHne OOI okasbiBaeTcs ewg 6onee onpaBAaHHbIM.

Ecnn TpebyeTcsi HECKONbKO 6MI0KOB, COCTOALMX U3 METKMW, KHOMKK, Nons. 1 npy 3TOM y KHOMKW KaXKaoi
rpynnbl 6yaeTt cBOii MeTOA-06paboTUMK COOLITUA KMKA, TO B KOHCTPYKTOP MOXHO nepefaBaTtb 3Ha4eHUs
ans ceoiictBa command. 3HadeHne OyaeT MPeacTaBnATb COOGOM MPUBA3AHHYHD K KHOMKE (PYHKLMIO-
06paboTunk (MeTof 06paboTkn).

B pesynbTate BbINOMHEHWSA 3TOrO KOAa OyAyT co3faHbl U BbiBeAeHbl B OKHe root [BA OfHOTMMHbIX
06bekTa-6/10Ka, KHOMKM KOTOPbIX ByAyT Bbi3biBaTb pPa3Hble AECTBUA, 3aJaBaemMble aprymeHTom fun npu
CO34aHnN NPUIOXKEHUS.

6.b.ii. KOHCTPYKTOpP € gOnNoONHUTENbHbIM aprymeHTom funName wn cTpokoi
AN HaAMWUCW Ha KHOMKe
MeToa-06paboTUmK COObITUA HaXKaTUsi Ha KHOMKY YCTaHaBIMBaeTCH C MOMOLLbIO CBOMCTBA KHOMKM
command u BblpaxeHusa getattr(self, funName), B kotopom Bmecto funName nopcraBfiseTca CTpoka ¢
nMeHem mMeToga 'str_to_sort' wam 'str_reverse', KOTopble 3a4al0T a/ITOPUTM MPeo6pasoBaHnsd. OyHKLNA
getattr B 06bekTe self no nmeHn gyHKUMM HaxoAUT OOBEKT-CCLINIKY HA METOA, KOTOPbIi MPUMEHSIETCA B
KayecTBe MeTofa-06paboTumka cobbITUA HaXKATUA Ha KHOMKY.

6.b.iii. Getattr kKak oHa ecCTb...
®yHKUMA getattr() NO3BONSET NONYUNTL 3HAUEHME aTPUbyTa 06BEKTA MO €r0 UMEHN.
Eé cuHTakcuc:
getattr(object, name, default)
Eé napameTpsl:
object - 06beKT, 3HaUeHNe aTpnbyTa KOTOPOro TpebdyeTcs NoayvnTb
name - ums atpmbyTta: 06bEKT, JO/MKEH ObITb CTPOKOIA

default - 3HaueHWe Mo ymonyaHuio, KOTOpoe OyAeT BO3BpaLLEHO, ecv UMa aTpubyta hame
OTCYTCTBYET.
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BosBpau,aemoe 3HavyeHue:
3HauyeHWe MMeHoBaHHOro aTpubyTa obbekTa
OnwncaHue:

dyHKUMA getattr() Bo3BpalLaeT 3HaueHWe aTpubyTa yKasaHHOro obbekTa object no ero MmeHW name,
Nma aTpnbyTa hame Ao/KHO BbITe CTPOKOW. EC/I cTpoKa AB/IAeTcA MMeHeM hame o HOro U3 aTpubytos
obbeKkTa object, pesysbTaTom ABAAETCA 3HaUYeHWe sToro atpubyTta. Ecam aTpubyT ¢ MMeHeM hame He
cyllecTByeT, BO3BpaLLAeTCA 3HayeHMe Mo ymosMaHuio default, ecam oHo nepegaHo B dyHKUMIO, B
npoTuBHOM caydae 6pocaeTcsa ucknodeHue AttributeError.

Bbisos getattr(object, 'x') nonHocTblo sKBUBaNeHTHO BbI3OBY Object.x.
EcTb To/IbKO ABa WIMPOKO M3BECTHbIX C/ydan, Korga ¢yHkumMa getattr() moxkeT 6bITb NofesHa:

H KOorja HEBO3MOMHO BbI3BaTb Object.x, T. K. 3apaHee He U3BECTHO, KaKoW aTpubyT ByaeT HysKeH.
Hanpumep atpubyT npencrasnaeT coboi cTPoKoBYIO NepemeHHyto. OueHb YacTo BCTpeYyaeTca B
MeTanporpamMmmMmnpoBaHUM.

H Korga TOYHO HEWU3BECTHO €CTb /1M 3HAYEHWE Y HYXHOro aTpubyta obbekTa. Hanpumep BbI30OB
object.z Bbi3oBeT UckMoYeHune AttributeError, ecnmn y atpubyTa z HeT 3HaueHUA. Ho eci MOXKHO
YKa3aTb KaKoe TO 3HaueHMe Mo ymosMaHUuIo gan z, To Bbisos getattr(object, 'z, 5) BepHeT 5.

MeTtogp, str_to_sort_list:

I'IpM Ha*XaTuM Ha KHOTMKY obecneunsaer pa36meHme TEKCTa, BBOOAMUMOTO B TEKCTOBOE NoJjie, Ha c/joBa, 13
KOTOPbIX CTPOUTCA CNMNCOK C/10B. CnoBa 13 cnucka COPTUPYIOTCA NO al'l(baBVITy M BbIBOOATCA B METKE.

MeTog str_reverse:

MpYM HaKaTMM Ha KHOMKy obecrneyuMBaeT MepeBOopayMBaHMe TeKCTa, BBOAMMOIO B TEKCTOBOE MoJle.
MepeBEpHYTbINA CNUCOK BbIBOAWUTCA B METKE.

TpeTuii aprymeHT BblpakeHWA BbI30Ba KOHCTpyKTopa Block aBiseTca CTpoKoW, KoTopasa 3agaéT uma
COOTBETCTBYIOLLETO MeToda 06paboTKM cobbITMA 'HaxKMMaHUA Ha KHOMKY' W onpeaenfaer ajroputm
npeobpasoBaHUA BBOAUMOIN MO/Ib30BaTE/IEM CTPOKM.

block 0
block 1

Block(root, 'sort', 'str to sort')

Block (root, 'reverse', 'str reverse')

# B pesysbTaTe BHIOJHEHMS STOTO Koga OyOYT COSIOaHH M BHBEeIOeHH B OKHe root IBA
# omHOTUNHEIX OOBeKTa-BJOKa, KHOINKM KOTOPHX OyOYT BHSHBATH pPasHHE IeMCTBUSI,
# samaBaemble apryMeHToM fun mpuM cosmaHUM OPUIIOXEHMS.

from tkinter import *
class Block:

# KOHCTPYKTOP C OONOJIHUTEJILHBIM apTyMeHToM funName 1 CTPOKOI

# oS HaOoMcM Ha KHOIKeE
def init (self, masterRoot, buttontxt, funName):

self.ent = Entry(masterRoot, width=25)

self.but Button (masterRoot, text=buttontxt)

self.lab Label (masterRoot, width=25, bg='black', fg='white')

self.ent.pack()
self.but.pack()
self.lab.pack()

# MeTom-oBpaboTuMk COBHTUS HaXaTHS Ha KHOIKY YCTAaHABJIMBAETCH ==========
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C IIOMOIBIO CBOMCTBAa KHONKM command ¥ BrpaxeHus getattr(self, funName),

B kKoTopoM BMecTo funName nomcraBiseTcsa CTpoKa C MMeHeM MeToma
'str to sort' wiam 'str reverse', KOTOpHE 3abalT aJlOPUTM IpeoBpasoBaHMUA
getattr: B oBperTe self no uMeHM QYHKUMM HaxXOOUT OOBEKT— CCBUIKY

Ha MeTOI, KOTOPHM MNPMMEeHSeTcs B KadecCcTBe MeTonma-oBpaboTumka

HoH o H H H

CcOBBITMS HaXaTuUs Ha KHOIIRY .

self.but['command'] = getattr(self, funName)

dyukumusa getattr() nosposigeT HONYUMTH SHaueHUe aTpudOyTa oOBeKTa
IO ero MMEeHHN.

CMHTaKcHuC:

getattr(object, name, default)

[TapaMeTpH:

object - oBwekT, sBHaueHMe aTpuUbyTa KOTOpPOIo TpebyeTcsa MNOJYUUTH
name - uMsa aTpubyra: oBBeKT, HOOJIXeH OHTb CTPOKOM

default - sHaueHMe O yMOJIUaHMIO, KOTOpoe OyIeT BOSBpalleHO,

ecnm MMa aTpubyTa name OTCYTCTBYET.

BosBpamaeMoe sHaudeHUe:

3HadeHMe MMeHOBAaHHOTO aTpubyTa oObeKTa

OnmcaHue:

dyukumnsa getattr() BosBpamaeT sHaueHHUe aTpubyTa yKasaHHOTO
oObekTa object mo ero uMeHM nhame.

M aTpuByTa name OOJIXKHO OHTbH CTPOKOM. EciM cTpoka SBJISeTCHd MMEHEM name
OOHOTO M3 aTpubyToB obBbekTa object, pesylbTaToOM SBJISeTCS BHadeHUe
3TOTOC aTpubyTa.

Ecim aTpuByT C MMeHeM name He CyNlecTBYeT, BO3BpallaeTcsa SHaudeHUe
no ymoJsiuaHmwo default,

ecqM OHO IepelaHOo B QYHKUMIO, B NPOTMBHOM clydae BpocaeTcs
uckioueHre AttributeError.

BHISOB getattr(object, '

X') IOJIHOCTBI SKBMBaJIEHTHO BHBOBY object.x.
EcTb TOJIBKO IBa WMPOKO MBBECTHHX CJlydas, KkKorma o¢yHrRUMS getattr()
MOXeT OBTH I10JIesHa:
- KoI'Ia HeBOSMOXHO BEI3BaTh Object.x, T. K. 3apaHee He UM3BECTHO,
Kakoy aTpubyT BymeT HYXeH.
Hanpumep aTpubyT NOpelcTaBjsgeT coB0OM CTPOKOBYI IIEepPEMEHHYI.
OueHb UYacTO BCTpedaeTcsa B MeTalpol'paMMUPOBaHWUU.
— KOoI'Ia TOYHO HEUS3BECTHO eCThb JIM SHaueHMe Yy HYXHOT'O aTpubyTa obBweKTa.
Hanpumep BEI3OB object.z BH3OoBeT MCKIoUeHMe AttributeError,
ecnu y aTpubyTa zZ HeT SHaueHUS.
Ho ecynmM MOXHO YyKasaTh KaKoe TO 3HaUeHMe [10 YMOJIUaHMI OJS Z,

TO BHBOB getattr(object, 'z', 5) BepHeT 5.

MeTonm str to sort list.
[Ipy HaxaTUM Ha KHONKYy ofBechneunBaeT pasfMeHUe TeKCTa,
BBOIVMMOTO B TEKCTOBOe II0JIe, Ha CJIOBa, M3 KOTOPEIX CTPOUTCS CIMCOK CJOB.

o 3k 3k H o o 3k FH o F R Sk 3k o o 3k F F o o 3k FH o F o 3 3k o o ok 3 3 o 3k 3k FH FH o 3 3%

CroBa M3 CIOMCKa COPTUpPYITCS OO andaBUTy M BEHBOINATCS B MeTKe.
def str to sort(self):

s = self.ent.get ()

s = s.split()

s.sort ()

self.lab['text'] = ' '".join(s)

#

# MeTonm str reverse.

# TMpr HaxaTuMM Ha KHOIKY OOECIeUMBAET IE€pEeBOpauMBaAHME TEeKCTa,
# BRBOIMMOTO B TEeKCTOBOEe MOJie. [lepeBEPHYTHIM CIOMCOK BHBOIMTCS B METKe., ====
def str reverse(self):
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s self.ent_get()

S s.splitQ

s.reverse()

self_lab["text™] = " "_join(s)

#

root = TkQ

# TPeTWii aprymeHT BbIpaXEHWUs Bbi30BA KOHCTPYKTOpA SBNISIETCSH CTPOKOiA,
# KOTOpas 3afJaéT UMs COOTBETCTBYWWEro MeToga o06paGoTKM Cob6bITUS

# THaOXMMaHWS Ha KHOMKY®™ W OnpejensieT ajroputm npeotpasloBaHus

# BBOAVMOI MONb30BaTENEM CTPOKU

block 0 = Block(root, “sort®, “str to sort")
block 1 = Block(root, “reverse”, Tstr reverse")
root.mainloop() # 3anycK uuMkna o6paboTKu Cco6bITUI

c. Bupxketnbl Button, Label, Entry
Janee npepfcraBneHbl TpyU npoctbix Bumketa GUI - BumkeTsl Button, Label, Entry (kHonka, meTka,
O[HOCTPOYHOE TEKCTOBOE MOoJsie).

B tkinter 06beKTbl 3TUX 31IEMEHTOB MHTepdeica NOPOXAAKTCA COOTBETCTBEHHO OT Knaccos Button,
Label u Entry.

CBoiicTBa 1 METOLbl BUMDKETOB ObIBAOT KaK OTHOCUTE/IbHO OOLLMMMN, XapaKTePHbIMU A1 MHOTMX TUMOB,
TaK M 4YacCTHbIMW, BCTPEYarOLUMUCS TOMbKO Y KaKOro-TO OAHOr0 Kracca. B no60M criyyae Cnmcok
HacTpanBaeMbIX CBOICTB OXWUAAEMO BenvK. 3ecb OyayT npeacTaBfieHbl TOIbKO OCHOBHbIE CBOWCTBA U
MeToAbl KnaccoB naketa tkinter.

B Tkinter cyuiecTByeT Tpy cnoco6a KOH(PUIypMpoBaHUsS CBOCTB BULKETOB:

W B MOMEHT CO3JaHusi 06beKTa,
m C rnomolbio Metofa config, oH e configure,
m yTem O6paLleHns K CBOICTBY KaK K afleMeHTY C/10Baps.

m Button - KHONKa
CaMbIMM BaXKHbIMW CBOICTBaMM BUIKeTa Knacca Button siBnsitoTcs:

m text, C NOMOLLBKO KOTOPOro YCTaHAB/IMBAETCA HaAMMUCh Ha KHOMKE,
m command Ana YCTaHOBKWM AelCTBMA, TO eCcTb TOro, Yto 6yAeT MPOUCXOAWTb MPU HaXkaTuv Ha
KHOTKY.
Pa3mep KHOMKM MO YMOMYaHUIO COOTBETCTBYET LUMPUHE W BbICOTE TEKCTa, OHAKO C MOMOLLBKO CBOWCTB
width n height atTm napameTpbl MOXHO U3MEHUTb. EAMHULAMN VU3MepeHUs B AaHHOM c/lydae ABASTCA
3HaKoMmecrTa.

Takue cBOICTBa Kak
bg, fg, activebackground wu activeforeground

ONpesenstoT COOTBETCTBEHHO LIBET (POHA M TEKCTA, LIBET (DOHA M TEKCTA BO BPEMS HAXKATWsl W YCTaHOBKU
Kypcopa MbILN Hag, KHOMKOWA.

# =
from tkinter import *
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def change():
bi["text™] = "M3mMeHeHO"
bil["bg"] = =#000000"
bil["activebackground®] = "#555555"
bl["fg"] = "#FfFfff"

bil["activeforeground™] "HFFFFFf"

root = TkQ
bl = Button(text="V3meHnTb", width=15, height=3)

b1 .config(command=change)
bl.pack()

root_mainloop()

# =

3aecb cBolicTBo command ycTaHaB/IMBAaeTCs € MOMOLLBH0 MeTofa config.

b0.config(command=change)

OfHaKo MOXHO 6bI10 cAenatb U Tak:

bO["command®] = change

3T0 NOTOMY, YTO Y BUKETa - 06bekTa Button ectb onupsa ‘command'

m lLabel -meTKa
Bumket Label ana otobpakeHus Tekcta B OKHe. [NpUMEHSETCA B OCHOBHOM AN MH(OPMALMOHHbIX
ueneli (mponaraHgbl) (BbIBOA COOBLLEHNIA, NOANNCH APYTUX 3NIEMEHTOB MHTepdelica).

CBoiicTBa METKM MOXOXM Ha CBOWCTBA KHOMKW. HO y MeTok HeT onumm command. Moatomy cBsA3atb
METKM C cobbITeM MoXXHO TOJIbKO ¢ nomoulpto metoga bind.

W Hanucartb Ibl['command’] =... HE/B34(!)

Ha npumepe obbekTa Tuna Label gemoHcTpauus ceoiictea font - wpndT.

# =
from tkinter import *

root = TkQ

11
12

Label (text="Pab6oTa Hag owubkamn', Font="Arial 32'7)
Label (text=""Pacno3HaBaHne BapuaHToB', Tont=(""Comic Sans MS",24, 'bold™))

11. config(bd=20, bg="#ffaaaa")
12. config(bd=20, bg="#aaffff")

11. packQ

12. packQ

root.mainloop() # 3anycK uuMkna o6paboTKu Cco6bITUi
# =
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3HaueHue LWpUPTa MOXHO NepeaTb Kak CTPOKY UM Kak KOPTEX.
Ecnu ums wpudiTa cocTomuT 13 ABYX 1 6OEe CNOB - TO BTOPO/ BapuaHT 6onee NpesnoYTUTENEH.
Mocne Ha3BaHWs LWPUQTA MOXHO YKasaTb pasMep U CTUb.

Takke Kak font cBolicTBo bd ecTb He TONIbKO y MeTkM. C NMOMOLLHO 3TOTO CBOMCTBA PErynmpyetcs pasmep
rpaHvL, (eaMHMLA N3MEPEHNs - MUKCeNb). Moka CBA3b METKM C COGLITUEM MOKas3aTh HE MOJY4UIOCh.

Ewé sapuaHr...

Ecnn K MeTKaM 1 KHOMKaMm B KOJe He 0bpallatoTcsl, TO CCbIIKM Ha METKU M KHOMKW Mpy mx co3gaHum HE
npuceavBatoTcsl nepemeHHbIM. OHM CO3[4at0TCs OT CBOEro Kfacca M cpasy pa3melLaroTcsl ¢ MOMOLLbHO
MeToga pack.

# =
from tkinter import *

# (PYyHKUMA-06paboTUnK cobbiTus (BellaeTCcs Ha KHOIMKY)
# n obecreunBaeT WN3MEHeEHWE CBOWCTBa “text" ans
# KOHKPETHOl MEeTKM, MpencTaBfeHHOW rnobanbHOM
# nepemeHHoli Ibl, HacTpoOeHHON Ha 06bLEKT-NpeacTaBUTE/Nb
# knacca Label
def take():
IbI["text™] = "BbigaHo™
# s s

root = TkQ

# BUOXeTbl pacnonarawTcs Apyr nog APYroM B [/1IaBHOM OKHE MNPUIOXEeHUs
# C nomowbl mMeHemxepa reomeTpum - metoga pack
Label (text="TIyHKT Bblgauun') .pack() # 6e3bMAHHbIA BugpkeT Label.
Button(text="B3daTb", command=take).pack() # 06e3biMAHHLIA BumKET Button.
# OYHKUMA-06paboTUMK COOGLITUA HaxaTUs Ha KHOMKY YyCTaHaBIMBaeTCs C MOMOLUbIo
# onumm (cBoiicTBa) KHOMKKM command
Ibl = Label(width=10, height=1) # BuaxeTt Label.
# MNpepcTaBneH ccoiko Ha o6bekT Ibl.
# Ccbika aKTyaslbHa, TaK KaK HenocpeacTBEeHHO
# ncnonblyeTca B yHKUMn-06paboTuuke take
Ibl _pack()

root_mainloop()

# - - - - . ., T, T, T T T T T T
# B gaHHOM npumepe TO/IbKO Yy OAHOM METKU €CTb CBSA3b C MEpPEeMEHHOo,

# TaKk Kak OOHO N3 ee CBOWCTB MOXET OblTb W3MEHEHO B npouecce

# BbIMNO/IHEHMA MNPOrPaMMbI.

# s ————————_—————————————(——————

m Entry - 04HOCTPOYHOE TEKCTOBOE MNOJE
TeKcTOBble MONS NpPeAHa3HadeHbl 415 BBOAA MH(hOpMauuy nosb3oBatesieM. Takke U Ans BbIBOAA, €C/U
Mpy 3TOM MpeAronaraeTcs, YTo TEKCT M3 HUX GyAeT CKOMMPOBaH. TeKCTOBble MOMS KaK 3/1EMEHTHI
rpagmyeckoro vHTepdelica 6bIBalOT OAHOCTPOUHLIMU M MHOTOCTPOYHBIMK. B tkinter MHOrOCTPOYHbLIM
COOTBETCTBYET Knacc Text, KOTopblii 6yAeT pacCMOTPEH MO3XKE.

CBoiicTBa 06BEKTOB Entry BO MHOTOM CXOXW C ABYMSI NMPeablAyLUMN BUIXKETaMM.

A BOT MeToap! - HET.
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13 TEKCTOBOTIO MO/l MOXHO B35iTh TEKCT. 3a 3TO fAeiicTBMEe OTBeUaeT MeToj get.
B TeKCTOBOE MoJ/ie MOXKHO BCTaBUTb TEKCT METO0M insert.
TakKe MOXHO yaannTb TeKCT MeToaoM delete.

MeTtog insert NPUHNMaET NO3NLNIK0, B KOTOPYKO Haao BCTaBNATb TEKCT U CaM TEKCT.

from tkinter import *
from datetime import datetime as dt # Monoynb datetime npegocTaBfisieT K/acchl
# nnsa o6paboTKU BpemMeHu U AaThl.

# OYHKUMA-06paboTUMK COOLITUA HaxaTUA Ha KHOMKY ==
def insert time():

t = dt.now(Q)-time(

el.insert(0, t.strftime(C%H:%M:%S 7))

# - - - - . ., T, T, T T T T T T
root = TkQ
el = Entry(width=50) # OOHOCTpPOYHOE TEeKCTOBOE nosne

but = Button(text="Bpemsa', command=insert time) # insert time - (QyHKUNA-
# 00paboTUMK CO6bLITUS
# Haxatua Ha KHOMKY

# BuOXeTbl pacnonarawTcs Apyr nog Apyrom ==
# B rNaBHOM OKHe MPWIOKEHWS C MNOMOLWb MeHeaxepa reowveTpun - mMeToga pack: ====
el._pack(Q)
but.pack()

root_mainloop()

# -—-—- -/ T
# JTOT KOg NpvBedeT K TOMy, UTO MOCNEe Kax[oro HaxaTus Ha KHOMKy OyaeT

# BCTaBNATbLCA HOBOE BpeMSA Mepes yxe CylecTBykweli B Mose CTPOKOW.

4y
o
1

0o |\/|eTO,EI,I:>I Mno3nUMoHNpPOBaHMA 3JIEMEHTOB
Mpexae 4yem nNpofoMKUTL pasdupatbea ¢ BUMKeTamu GUI, >xenateflbHO TMPOSAACHUTL BOMPOC WX
pasMeLlLeHNs B OKHe.

|_|pl/| pa60Te c Tkinter 414 NosnUnNOHNPOBaHNA 3JIEMEHTOB NMPUMEHAKOTCA Pa3HblE METOAbI:

m  pack();
m place();
m grid().

m Mertog grid

MO3BOJISIET MOMECTUTb 3/IEMEHT B KOHKPETHYH sueliky YC/MOBHOM CeTku nm6o rpuga. Mpyu 3Ttom
MCMO/b3YIOTCA NapameTpsi:

m column — 370 HOMep CTO/M6LA, OTCUNTLIBAETCS C HYNS;

W rOW — 37O HOMep CTPOKM, OTCUUTLIBAETCS C HYNS;

m columnspan — ykasblBaeT YniCNO CTONOLOB, 3aHNMaeMbIX 3/IEMEHTOM,;

W rowspan — yKasblBaeT YNCNOo CTPOK;

m jpadx u ipady — nofpa3ymeBarTCA OTCTYMbl MO TFOPU3OHTA/IN W BEPTUKaIM OT rpaHuL,
KOMMOHEHTa 10 TeKCTa KOMMNOHEHTA;

m padx n pady — aHanornyHble OTCTYMbl, HO OT FPaHuUL, SYeKn rpuaa 4O rPaHnL, KOMNOHEHTA;
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- StiCky — onpegaendeTr BblpaBHMBaHMWE 3JIEMEHTa B Avelike B cny4yae, Korga Ayelika 60/blLE
KOMMOHEHTAa.

# npunoxeHne c aBymMs oOkHamy (rootO, rootl), K rootO rno ymon4vyaHuio
# uenndaeTca rpug M3 9 KHOMOK:

from tkinter import *

root0 = TkQ
rootO.title("root0 500x4507)
root0.geometry("500x450%)

rootl = TkQ
rootl.title("rootl 300x250%)
rootl.geometry("300x250%)

# [Janee — rpua:
for x in range(3):
for y in range(3):
btn = Button(text="{0}-{1}".-format(x, VY))
btn_grid(row = x, column =Yy,
ipadx = 10, ipady = 5,
padx = 10, pady = 10)

# Meton mainloop mcnonb3yeTcsa [/ Bbi30Ba OKHa BUKETA.-
# 1 pocTaTouyHO Bhi3BaTb XOTHA Obl OAHO!
rootO.mainloop()

# rootl.mainloop()

MeTtog mainloop MCMNOonb3yeTcd A/14 Bbl30Ba OKHa BUOXKETA.

m Mertopg pack
370 BNMsAeT Ha yao6CTBO MPUMEHEeHNA MNPUNOXeHUs. PasmelleHne BUIKETOB B OKHE - 3TO BOMPOChI
Av3aiiHa. 34ecb NPOrpaMMumCT M LBeL, WO>KHEL, 1 Ha Ayake urpel, v ewé nHrepdelicol paspabaTbiBaer.

B Tkinter, koTOpbli pganee OyAeT pacCMOTPEH B OTAENbHOW [faBe, CYLIeCTBYET TpU MeHegkepa
reomMeTpmn (Tak Mx MPUHATO Ha3biBaTb) - YNAKOBLUMK, CETKA U Pa3MELLEHNe MO KoopauHaTam.

Ceiiuac - 06 ynakoBLyuke. OH camMblii MPOCTON 1 YacTo MCMO/b3yeMblid. OcTasbHbIE ABA - MO3XE.

YnakoBLuK (packer) Bbi3biBaeTcst METOAOM pack, KOTOpPbIi MMEETCA Y BCEX BUIPKETOB-00BbEKTOB. OH yXKe
MHOrO pa3 MpPUMeHsNCs.

Ecnn K anemeHTy mHTepgeiica He NPUMEHUTb Kakoli-nMbo M3 MeHe>KepoB reomMeTpuu, TO OH BoOOLLe
He 0TO6pasnTCa B OKHE.

Mpn 3TOM B OHOM OKHe (M1 NI6OM APYroM POAMTENILCKOM BUIKETE) HEMb3S KOMBMHMPOBATL PasHble
MEHePKEpPbI.

Ecnn gna pasmelleHns BUIKETOB 6bl1 NpumeHEH meTog pack, To TyT ke npuMmeHsTb mMetogbl grid
(ceTka) u place (mecTto) HE nonyumtcs!

Ecnu B yNakoBLUMKWU He MepegaBaTb apryMeHThl, TO BULKETbl GyAyT pacrnonarateCs BePTUKaNbHO, 4pyr
Hafg Apyrom. ToT O6BLEKT, KOTOpPbI MepBbIM BbI30OBET pack, GyaeT BBepxy. KOTOpblli BTOPbIM - Mog
nepBbIM, 1 TaK ganee.
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Y metoga pack ectb napameTtp (aTpubyTt) side (cTopoHa), KOTOpbIH MPUHUMAET OAHO M3 YeTbipex
3HAUYEHWI-KOHCTaHT, 3a4aHHbIX B tkinter —

TOP, BOTTOM, LEFT, RIGHT

(Bepx, HU3, neso, NpaBo).

Mo ymosuaHuio, Korda B pack He ykasbiBaeTcs side, ero s3HaueHuMe ycraHaBamBaeTca B TOP.
M3-3a saTOro BMAKETbI pacrnoaraloTca BepTUKasbHO.

Ona pemoHcTpaumun BoamorxkHoctel pack - onpegenenne PACKPALLIEHbBIX meTok:

11 = Label (width=7, height=4, bg='yellow',6 text='1l")
12 = Label (width=7, height=4, bg='orange',K text='2")
13 = Label (width=7, height=4, bg='lightgreen', text='3")
14 = Label (width=7, height=4, bg='lightblue', text='4")

.pack (side=BOTTOM

(side=BOTTOM
.pack (side=BOTTOM
.pack (side=BOTTOM

)
.pack )
)
)

.pack (side=LEFT

(side=LEFT
.pack (side=LEFT
.pack (side=LEFT

)
.pack )
)
)

.pack (side=RIGHT

(s1ide=RIGHT
.pack (side=RIGHT
.pack (side=RIGHT

)
.pack )
)
)

.pack (side=TOP)
(side=BOTTOM)
.pack (side=RIGHT)
.pack (side=LEFT)

.pack

.pack (side=LEFT)
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12. pack(side=LEFT)
13. pack(side=BOTTOM)
14. pack(side=LEFT)

C AByMSs MocnefHUMK BapuaHTaMu pasmelleHns - npobremMa:

pasmectutb BUMKETbl "KBagpartom", T. e. ABa CBepxy, ABa CHW3Yy POBHO Mof ABYyMs BepxHUMU, - HE
MONYUUNTCA. B aToMm cny4vae MCMOMb3yeTcsa BCMOMOraTeNbHbIi peliM (pamka), KOTOpbIi MOpOoXKaaeTcs
oT Knacca Frame. ®peiimMbl pasMeLLAOTCA Ha rMaBHOM OKHe, a y>ke BO (ppeliMax - BUIKETbI:

# =

from tkinter import *

root = TkQ

# =

frm top = Frame(root)

frm bot = Frame(root)

# frm top, Trm bot - onpegenaAwT Ha 4YTO JNIOXUTb METKY ==
# METKN: =

# pBe mMeTKu B pamky (¢peiim) frm top

1bl1 Label (frm top, width=7, height=4, bg="yellow®, text="1")
1bl2 Label (frm top, width=7, height=4, bg="orange®, text="2")

# pBe meTku B pamky ((peivm) Frm bot

1b13 = Label(frm bot, width=7, height=4, bg="lightgreen®, text="3")
Ibl4 = Label(frm bot, width=7, height=4, bg="lightblue®, text="4")
# pamMKu pa3melanTcs C MNOMOWLI TaHOAPTHOro MeHemkepa YMNakKoBKU
frm top.pack()

frm bot.pack()

# METKM MakylwTCHA B pamKu
Ibl1_pack(side=LEFT)
1bl2_pack(side=LEFT)
I1b13._pack(side=LEFT)
I1bl4 _pack(side=LEFT)
# BbI30B OKHa BugXeTa

root.mainloop()
# s

e CgoiicTBaMeHegKepaynakoBku pack
Y MeHegKepa ynakoBku pack kpome side ecTb ewg gpyrne napameTpbl-CBOMCTBA.

MoXHO 3aaaTb BHYyTpeHHUe (ipadx v ipady) n BHewHWe (padx u pady) OTCTynbL:

frm top.pack(padx=10, pady=10)
Ibl1._pack(side=LEFT)
1bl2 _pack(side=LEFT)

frm top.pack(ipadx=10, ipady=10)
Ibl1l_pack(side=LEFT)
I1b12_pack(side=LEFT)
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Korga yctaHaBnMBalOTCA BHYTPEHHME OTCTYMbl, TO M3-3a TOro, 4tO Side nNpubuBaeT BUIKET K /1EBOM
rpaHuue, cnpaea nosydaercs otctyn B 20 nukcenei, a cneea - HuYero. MOXHO 4YacTUYHO pPeLwnTb
npob6semy, ecnn 3aMeHUTb BHYTPEHHWE OTCTYMbl PaMK/ Ha BHELLHWE OTCTYMbl Y METOK.

frm top.pack()
Ibll._pack(side=LEFT, padx=10, pady=10)
Ibl2_pack(side=LEFT, padx=10, pady=10)

Ho TyT nosBnsieTcs NPOMEXYTOK MeXay camuMMu MeTkamu. YTtobbl ero ybpatb, NpuLNOCh 6bl KaXablii
BUKET YKNaAblBaTb B CBOI COBCTBEHHbIN (hpelim. I BMECTO yNpoLLeHs paboT No peanvsaumv gusaiHa
- INWHAS cyeTa M Kyda npob6nem. Takum 06pa3oM, ynakoBLUK Tkinter okasbiBaeTcs MOME3eH TONbKO
AN pa3paboTKN OTHOCUTENIbHO MPOCTbIX MHTEP(EcoB.

e CeoiicTBafill (3anonHeHne) n expand (paclumpeHune)
Eweé napa cBoiicTs - fill (3anonHeHne) n expand (paclumpeHmne).

expand Mo yMOM4aH1IO YCTaHOB/EH B HOMb (Ero Apyroe 3HayeHue - eanHnLa),
fill no ymonuaxuio - None (ero gpyrue 3HadeHuss BOTH, X, Y).

Mpumep NpUMeHEHUs (OKHO C OHOW METKOW):

from tkinter import *

root TKQO
1bll Label (text=""This is a label”, width=30, height=10, bg="lightgreen')
Ibl1_pack(Q)

root_mainloop()

Ecnnm HayaTb paclumpsTb OKHO C 3TOM METKOW WM cpasy packpbiTb €f0 Ha BeCb 3KpaH, TO MeTKa
OKaXkeTCsl BBEPXY MO BEPTUKa/IM M B CepefuHe Mo ropusoHTanu. lMpuuunHa, Mo KOTOPOl/ MeTKa He B
cepeaviHe No BeEPTUKaNM COCTOUT B TOM, 4To side MO YMOJ/TYAHUIO paBeH TOP, n meTky npmnbusaet(!) K
BEPXY OKHa.

Ecnm >ke ycTaHOBUTL CBOMCTBO expand B 1, TO MPU pPaclUMPEHNM OKHA MeTKa GyfeT BCerja B CEpefuHe:

from tkinter import *

root TKQO
1bl1 Label (text=""This is a label”™, width=30, height=10, bg="lightgreen')
I1bl1_pack(expand=1)

root.mainloop()
CaoiicTBo fill 3acTaBnseT BUAKET 3aM0ONHATL BCE JOCTYMHOE MPOCTPAHCTBO. B 3aBMCMMOCTU OT 3HAYEHUS

ceoiictBa fill, 3T0 MpocTpaHCTBO MOXHO 3anONHWTL BO BCEX HaMpaBfeHWsAX WM TOMbKO MO OAHOW M3
oceli:
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from tkinter import =

root TKQO
1bll Label (text=""This is a label”™, width=30, height=10, bg="lightgreen')
Ibl1l_pack(expand=1, Till=Y)

root_mainloop()

Takmm 06pa3om, ABa cBOMCTBa MeHemkepa ynakoBku - fill (3anonHeHme) n expand (paclumMpeHue).
Mo-ymonyaHuio expand paseH O (gpyroe 3HayeHue - 1),

fill - NONE (gpyrve 3HadeHuns BOTH, X, Y): NONE (default), which will keep the widget's original size; X,
fill horizontally; Y, fill vertically; BOTH, fill horizontally and vertically.

e anchor (akopb)
Mewé ogHa onuma metofda pack - anchor (AKopb) - MOXeT NPUHUMATL 3HAYEeHUS:

N (north - ceBep),

S (south - tor),

W (west - 3anapg),

E (east - BOCTOK),

CENTER (center - 6e3 KOMMeHTapueB)

N X KOMBMHaUUK, NpeacTaBieHHbIE OTAENbHbIMA KOHCTaHTaMMu.
To ectb, anchor must be: N, NE, E, SE, S, SW, W, NW, or CENTER

m MerTtop place
3710 TpeTWiA (MocneaHnin) MeHempKep reomeTpum 6ubnmnotekn tk - Place, KOTOpbIA pasmeLllaeT BUMKETbI

Mo KoopanHaTam.

B tkinter wucnonb3oBaHue O0aHHOTO MeHe[pKepa TreoMeTpumnm peaindyeTtca 4depes MeTo[ place,
peaJ'IVI3OBaHHbII7I B KflacCax BUO>KETOB.

MeTtop place ykasbiBaeT BUIKETY ero NosoXKeHne nMbo B abCONMOTHBIX 3HAYEHUAX (B MUKCENsX),
B0 OTHOCUTENBLHO (B 40/AX POAUTENBCKOTO OKHA).

Takxe abCcoMOTHO Y OTHOCUTENBHO MOXHO 3aaBaTb pasmMep camoro sumxerta.

e« MeTogaplace: 0OCHOBHbIe Napame T pbl

m anchor (SKkopb) - onpegensieT YacTb BULKETA, 415 KOTOPO 3a4atoTcs KoopamHatkl. MNpuHumaet
3HaueHnsa N, NE, E, SE, SW, W, NW nam CENTER. Mo ymonyaHunio NW (BepxHuii

neBblii yron).
m relwidth, relheight (OTHOCUTEIbHbIE WMPWHA U BbICOTA) - ONpPeenstoT pasMep BUIKeTa B
[ONIfIX ero pogurens.
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m relx, rely - onpefenstoT OTHOCUTE/NBbHYIO MO3ULMIO B POAUTENBCKOM BUIKETE.
KoopgawnHarta (0; 0) - y neBoro BepxHero yrna, (1; 1) - y npaBoro HuUxHero.
m width, height - abcontoTHbI pa3mep BUMPKETa B MUKCENSAX. 3HAYEHWs MO yMOnYaHuio (Korga
JaHHble OonuMM ONyLLEeHbl) NPUPaBHUBAIOTCA K €CTEeCTBEHHOMY pa3mMepy BUKeTa, TO
eCTb K TOMY, KOTOpPbI/i onpefenseTcs npy ero co3gaHnm 1 KOHPUrypupoBaHum.

| X Y- abconoTHas no3nums B NMUKCenax. 3HadeHns Mo YMO/THaHNIO NPpUpaBHUBAKOTCA K HY/HO.
m Cxema C YKa3aHneM OTHOCUTE/IbHbIX KOOpAUHaT:

0;0
0.25;0.25 0.75;0.25
0.5,0.5
0.27,0.75 0.75;0.75

11

pasHunua mexay abCoNKTHBLIM W OTHOCUTENbHbLIM NO3NLMOHNPOBaHMEM Ha nNpumepe:

# =

# KHonka, no3uumsa KOTOpPOW 6blla XeCcTKO 3ajaHa abCo/oTHbIM MO3ULUMOHUPOBAHMEM,
# He M3MEeHAeT CBOEero MoJIOXeHNS NPU N3MEHEHUX pa3MepoB OKHa.

# KHonka, no3uumsa KOTOpOW 6bia 3afaHa C OTHOCUMTESIbHbIMW KoopavHaTamu,

# cmewaetca. Onuuu relx u rely ana Hee no-npexHemy 0.3 u 0.5, HO yxe

# OTHOCWUTE/IbHO HOBOro pas3mMepa OKHa.

from tkinter import *

root = TkQ
root.geometry("150x150")

Button(bg="red").place(x=75, y=20)
Button(bg="green®) .place(relx=0.3, rely=0.5)

root.mainloop()

# S o o - - - oo ooz

C pasmepamn BUIKETOB TO e camoe. ECiM OHM OTHOCUTENbHbI, TO C W3MEHEHWEM pasmepa
POANTENLCKOIO BUAKETA MX pasMepbl Takke 6yayT U3MEHATLCA. ECIM HY>XXHO UTOGbI BUMXKET HE MEHS
CBEr0 pasmepa, 3TOT pa3Mep AO/DKEH 3aJaBaTbCA Kak abCosoTHbIA. Vnnm He ykasbiBaTbcs BOBce! B
TaKkoM c/lydae OH OyAeT npupaBHEH K eCTECTBEHHOMY (??7?).

Label(bg="white").place(x=10, y=10, width=50, height=30)
Label(bg="green®).place(x=10, y=50, relwidth=0.3, relheight=0.15)

KOMGVHUpYS pas3nnyHble BapuaHTbl MO3VLMOHUPOBAHUA W YCTAHOBKWM Pa3MeEpPOB, MOXHO [LO6UTLCA
HeOXMWAaHHbIX pe3ynbTaToB. [loatomy MeTog place crnefyeT MNPUMEHSTH OYEHb OCTOPOXKHO, C
NMOHUMaHMEM BO3MOXHbIX MOCNEACTBUI. ECAM Mpu 3TOM pa3Mep OKHa MPUIOXKEHWs HE MEHSIETCs, a
NHTEPENC CNOXEH, TO YNPaBASIOWMIA pa3MelleHnem Place MOXeT oKasaTbCsi Hau/yulM BapuUaHTOM,
TaK KaK C ero NMOMOLLLH MOXKHO BbINOJSIHUTL TOHKYH) HAcTPOKY 1 cO34aTh aKKypaTHbI MHTEPQEViC.

0 Text- MHOrocTpo4HOe TEKCTOBOE MoJie

B tkinter MHOrocTpo4Hoe TeKCToBOe MoJie co3JaeTca OT knacca Text. o ymonyaHuio ero pasmep paseH
80-Tn 3HaKomecTam Mo ropusoHTaIN N 24-M MO BEPTUKAIN.
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# =

from tkinter import *

root = TkQ

txt = Text(Q)

print(txt[“width"], txt["height"])
txt.pack()

root_mainloop()

# =

3TV CBOWCTBA MOXXHO MEHATb C MOMOLLLK onumii width n height. Takke MOXXHO KOHMDMIypupoBaThb
LUpUGT, LBETa U ApYroe.

# =

from tkinter import *

root = TkQ

t>@t = Text(width=25, height=5, bg=""darkgreen™, Tg="white®, wrap=WORD)
txt.pack()

root_mainloop()

# =

3HayeHne WORD onuun wrap nNO3BONSAET MEepeHOCUTb CNoBa Ha HOBYKO CTPOKY LIEIMKOM, a He Mo
BGykBam.

m Textu Scrollbar
Ecnnm B MHOroCTpOYHOE TeKCTOBOE Mofe BBOAMTCA OO/bLUe CTPOK TEKCTa, YeM ero BbICOTa, TO 3TO Mosne
camo 6ygeT npokpy4umBatbca BHU3. Mpy NpocMOTpe BBEAEHHbIN TEKCT MOXHO NPOKPYYMBaTb BBEPX-BHU3
MOXHO C MOMOLLbIO KOfeca MbllM W CTpefkamm Ha KnaeBmatype. Takke YAO6HO NOMb30BaTbCH
CKpO/IEPOM - MOMOCOi MPOKPyTKM. B tkinter ckponnepbl npou3Bogsatca oT knacca Scrollbar. O6bekT-
CKPO/Nep CBA3bIBAIOT C BUIXKETOM, KOTOPOMY OH TpebyeTcs.

M 310 He 0653aTe/IbHO MHOFOCTPOYHOE TEKCTOBOE Mosie. Yacto Mofockl MPOKPYTKM GbIBAKOT HY>KHbI
crvckam, KoTopble 6yayT pacCMOTPEHbI MO3Xe.

[Janee co3gaétca cKponnep, K KOTOPOMY C MOMOLLbIO onuum command MpuBA3bIBAETCA MNPOKPYTKa
TEKCTOBOrO MoNs Mo ocu y - text.yview. B cBOK ovepedb TEKCTOBOMY Monk onumeit yscrollcommand
yCTaHaB/MBAETCA paHee Co3faHHbIl ckponnep - scroll.set.

#
from tkinter import *
root = TkQ

text = Text(width=20, height=7)
text.pack(side=LEFT)

scroll = Scrollbar(command=text.yview)
scroll _pack(side=LEFT, fill=Y)

text.config(yscrollcommand=scroll_set)

root_mainloop()
#
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m MeTogabl Text
OcHoBHble MeTOfbl y Text Takue e, Kak y Entry - get, insert, delete. OgHako, ecnu B cryyae
O[HOCTPOYHOIo TEKCTOBOTO MONA OblO AOCTATOYHO yKa3aTb OAMH WHAEKC 3/ieMeHTa Npu BCTaBke WU
yfaneHuu, 10 B Cly4ae MHOTOCTPOYHOTO HaAo yKasbiBaTb ABa - HOMEpP CTPOKU U HOMEp CUMBOJA B 3TOWA
CTpoKe (Homep cToNn6ua).

MeTtogbl get m delete MoryT npuHuMMaTb He fABa, a OAMH aprymMeHT. B Takom cnyyae Oyget
06pabatbiBaThCs TONIBKO OAUH CUMBOJ B YKa3aHHOW No3nuuw.

# =
from tkinter import *

# 06pabOTUMKN COObLITWIA
# ===
def insert text():
s = "Hello World"
text.insert(1.0, 9

def get text():
S = text.get(1.0, END)
label["text"] = s

def delete text():
text.delete(1.0, END)

# ==
root = TkQ
text = Text(width=25, height=5)

text_pack(Q)

frame = Frame()
frame._pack(Q)

# KHOMKM BCTaBNAKNTCHA B paMKy =

# Yy KHOMNOK COGCTBEHHble 06pPabOTUMKU

Button(frame, text="BctaButb'', command=insert text).pack(side=LEFT)
Button(frame, text="B3aTtb", command=get text).pack(side=LEFT)
Button(frame, text="Ypamutb", command=delete text).pack(side=LEFT)

# veTka. [pumeHsdeTcsa B gyHKUun 06paboTkm get text
label = Label(Q)
label _.pack()

root_mainloop()
#

0 Knacc LabelFrame
Takke cywectByeT knacc LabelFrame - ¢peiim ¢ nognucelo: y HEro ectb CBOMCTBO text.

frm top = LabelFrame(root, text = "Bepx")
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frm bot = LabelFrame(root, text = "Huz")

H ==== ==

from tkinter import *

root = TkQ

# frm top = Frame(root)

# frm bot = Frame(root)

# frm top = LabelFrame(root, text = "Bepx
# frm bot = LabelFrame(root, text = “Hu3"
frm top = LabelFrame(text = “Bepx")

frm bot = LabelFrame(text = “Hu3")

# BuoxeT pasMelaeTcsa B I/IaBHOM OKHE MPUIOXEHMUS,
# NO3TOMY aprymeHT root MOXeT 6biTb MO YMO/YaHMK.

# nepBbii aprymeHT - MHpopMauusi Kyga MeTKM npegHa3HayeHbl
# frm top, frm bot onpefnenawT Ha UYTO NIOXUTb METKY

Ibll = Label(frm top, width=7, height=4, pg= "yellow", text="1")
Ibl2 = Label(frm top, width=7, height=4, bg= "orange®”, text="2")
Ibl3 = Label(frm bot, width=7, height=4, bg= "lightgreen®, text="3"
Ibl4 = Label(frm bot, width=7, height=4, bg= "lightblue®, text="4")

# panee - BapuaHTbl NPUMEHEHUA MeHekepa YNakoBKM pack C pasnnyHbiMi BUOXETaMmu
frm top.pack()
frm bot.pack()

Ibl1._pack(side=LEFT)
Ibl2_pack(side=LEFT)
1bl13._pack(side=LEFT)
Ib14 _pack(side=LEFT)

root_mainloop()

Ibl1l_pack(expand=1, anchor=SE) # SE - 9TO oTAesnibHasA KOHCTaHTa

m Teru
TekctoBoe none 6ubnuotekn Tk nossonseT ¢opmartupoBaTb B HEM TEKCT - TO eCTb MNpujaBatb €ro
pasHbIM YacTaM pasHoe OhopMIIeHME.

310 flenaeTcs 3ToO ¢ NOMOLB0 MeToA0B tag_add utag_config.

tag_add po6asnseT Ter, Npy1 3TOM HaJ0 yKasaTb ero Npon3BOJIbHOE NMSA N OTPE30K TEKCTa, K KOTOPOMY
OH ByAeT NPUMEHSTLCS.

tag_config HacTpanBaeT Tery cTmam ohopmMseHus.

H ===
from tkinter import =
root = TkQ
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text = Text(width=50, height=10)
text.pack(Q
text.insert(1.0, "Hello world!\nline two'™)

text.tag add("title", 1.0, “l.end®)
text.tag config("title”, justify=CENTER, font=("Verdana', 24, “bold"))

root_mainloop()
# =

m BcTaBKa BUAXXETOB B TEKCTOBOE MoJe
C nomolpto MeToga window_creat B Text MOXXHO BCTaB/AThb APYrie BUOXKETI.

3T0 He OYEHb-TO WM HY>KHO, OAHaKO € o6bekTamu Tuna Canvas (3TOT Knacc 6yAeT onuMcaH NO3Xe) MOoXeT
ObITb MHTEpPECHO. Huke BCcTaBnseTca MeTka B TekyLlyto (INSERT) nosuumio Kypcopa.

# =
from tkinter import *

# =
# Pa3smeweHne MeTKM B (DYHKUUW MO3BONSAET Kaxapii pa3 npu Bbi30Be (YHKLMU
# co3paBaTb HOBYW MeTKy. MHauye, ecnu 6bl meTKa 6blna B
# OCHOBHOW BeTKe Mporpammbl, Mpegplgylas mMeTka mncyesana 6ol
def smile():
label = Label(text=":)", bg="yellow)
text.window create(INSERT, window=I1abel)

# - . . - . .. .., T T T
root = TkQ

text = Text(width=50, height=10)

text._pack(Q)

# kHomka. O6paboTuMkK cobbiTna - QyHKUMA smile
button = Button(text='":)", command=smile)
button._pack()

root_mainloop()

# ey —p—_—

o Radiobutton n Checkbutton: nepemeHHble Tkinter
PaguokHonkn un ®naxku: B Tkinter or knacca Radiobutton cospatoTca pafMOKHONKW, OT Knacca
Checkbutton - dnaxkkn.

PaguokHonku HE co3gatoTcs Mo OAHOWM. [enaTb OAWH TakoW BUIXKET He MMEeT CMbIC/a, TakK Kak
PafMOKHOMKA 3TO WHCTPYMEHT BbliGopa. [ns Bbibopa AenaeTcs CBsizaHHas rpynna PagvoKHOMOK,
KoTopasi pa6oTaeT no NPUHUMNY NepeksoYaTeneii: Koraa BKIOYEHa OAHa, APYTr1e BblK/IHUeHbI.

O6bekThl (3k3emnsipbl) Checkbutton Takke MOryT 6biTb BU3yasibHO OhOpPMIIEHBI B rpynny. Ho npu atom
KaXXAbIA hNadkKoK B rpyrnne Hes3aBUCKMM OT OCTasibHbIX. Kaxkapblii MOXeT ObiTb B COCTOSIHUM "ycTaHOBMEH"
WK "CHAT", HE3aBMCUMO OT COCTOSIHUI APYTUX (h1adKKOB.

Taknm o6paszom, B rpynne Checkbutton MOXXHO chenaTb MHOXKECTBEHHBI BbIOOP, B rpynne Radiobutton
- HeT.
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m Radiobutton - pagnokHonka
Ecnu 6yayT 06baBMEeHbl HECKOMBKO (ABe) paguokHONKM BE3 cOOTBETCTBYIOLLMX HACTPOEK, TO 06e OHU MO
YMOMYaHUIO MEePEeBOJATCA BO BK/IHOYEHHOE COCTOAHME W BbIKIHOUATL WX OYyAEeT HEBO3MOXXHO.
VIHTepnpeTtaTtop paccMmaTpuBaeT 3TM  PaAUOKHOMKU  KaK  BbIPOXAEHHble He3aBUCKMMble  TpynMbl
pafnoKHOMOK. 3TW MNepeknoyvaTeNIM HWKaK He CBfi3aHbl ApYyr C APYroMm. Takxe AN HUX He yKasaHo
NCXOAHOE 3HaYeHNE, TO €CTb, AO/KHbI /I OHU ObITb B COCTOAHUM "BKN" UK "BbIKN".

# =
from tkinter import *

root = TkQ

ri
r2

Radiobutton(text="First")
Radiobutton(text="Second")

r1._pack(anchor=W)
r2.pack(anchor=w)

root_mainloop()
# =

[na xpaHeHusi coctosiHui BugkeToB B Tkinter nogxoaut HE JTIOBAA nepemMeHHas.

[ns atmx ueneli npefycMOTpeHbl crelmabHble Knaccbl - nepemMeHHble naketa tkinter: BooleanVar,
IntVar, DoubleVar, StringVar. lNepBblii knacc MO3BOASET MNPUHWMATb CBOMM 3K3eMMasipam TOMbKO
6ynesbl 3HadeHuss (0 wm 1 mn True wnm False), BTOpOW - Uefble, TPETUA - APO6GHbIE, YeTBEPThIA -
cTpokoBble. [Npy 3TOM Knacc NepeMeHHOol Ansi XpaHeHUs COCTOAHUI BadKeH TOMbKO Ha HavaslbHOM 3Tane
BbIMOJIHEHNA MPUNOXEHWSA, HEMOCPEeLCTBEHHO MPU (hOPMUPOBAHUN TPYMMbl PagNOKHONOK. [py 3ToM
BbINnosiHAeTcA rnaBHaa 3agadya - OIFPAHUYEHUME TWUMNOB MEPEMEHHbLIX, KOTOPBIE MPMEHAKOTCA
MPN HACTPOWIKE W PABOTE PAOVIOKHOMOK B PYMIE. [ins atoro HE MCMNO/b3YHOTCA BELLLECTBEHHbLIE Y
KOMI/IEKCHbIE 3HaYeHWs.

CBA3b MeXay pagvoKHOMKamu B rpynne YycraHaBAMBaeTcs uYepe3 OOLUy0 MepeMeHHy0, pasHble
3HaueHNs1 KOTOPOW COOTBETCTBYIOT BK/IIOYEHWUIO Pa3HbIX PagMOKHOMOK rpymmnbl. Y BCeX KHOMOK OAHOW
rpynnbl CBOWCTBO Vvariable ycrtaHaBnvMBaeTca B OOHO U TO Xe 3HAYeHWEe - CBA3aHHYK C rPynnoii
nepemeHHyto. CBOICTBY value npucBamBalOTCA pasHble 3HAYEHWUS] 3TOM NepemMeHHOW. PaAMOKHOMKU B
rpynne xapakrepuayloTcsi 3HaueHnem atpmbyta value, KOTOpbI He 0653aTeNbHO JO/MKEH pas3imyatbes y
KaK4oM kHomku mn ogHum OBLWMM (He BaxkHO Kakumm!) 3HaudeHvem atpubyta variable, no kotopomy
PagnNoKHOMKM OObEAVMHAIOTCA B OAHY Tpynmny, He3aBUCMMO OT KOHKPETHOrO 3HayeHus 3toro atpmbyta.
Taknm 06pa3om, Ha MOMEHT (hOPMMPOBaHNA TPYNMbIl, 3Ha4eHne aTpubyTa variable MoXkeT nmets nt6OE
3HaueHne, KOTOPOe MEHSETCA B 3aBMCUMOCTM OT 3HadeHus atpubyTa value pafMOKHONKK, BbIGpPaHHON B
JaHHOI rpynne ¢opmMupyemMbix BuIKeTOB. Ecnn dopmupyeTtca rpynna pagvokHonok (rbtn 0, ..
rbtn_N), ¢ nepemeHHOW’, var_rbtn, koTopas o6befMHAeT gaHHOe MHOXECTBO B rpynny, ganee obnactb
3HauyeHwWi var_rbtn onpegenseTca MHOXECTBOM 3HAYEHWUI rpynnbl pagnokHonok (rbtn_0O, ..., rbtn_N).

B rpynne 3AXKNIAKOTCA BCE TE PAOAVNOKHOIKN, Yb 3HAUEHWA ATPUBYTOB ‘value' COBMAOAKOT CO
3HAYEHVEM nepemeHHol var_rbtn, He3aBMCMMO OT Bbibopa paguMOKHOMNKK. B OAHO 1 TO e CoCTosiHME
(BAXOKEHO - TOrALLEHO) ofHOBPEMEHHO MOTYT MEepPeKiUNTLCA  HEeCKONMbKO  PafMOKHOMOK:
nepemMeHHas var_rbtn OJHA Ha BClO rpynny pagvioOKHOMNOK; NPV NePeKtoYeHnn NPUHNUMaeT 3HayYeHue
'value' olHOro 13 BUIXKETOB rPyrnbl. 3TO 3HAYEHME MOXET COBMajarb CO 3HaYeHNAMM aTpuobyTos 'value'
CPA3Y HECKOJIbKMX pagnoKHOMOK B rpymnne;

B 3TOM cniyyae ogHoBpeMeHHO 3AXKNIATLCA n TACUTBCA 6yayT HECKONBbKO PafMOKHOMOK B rpymnne.

r var = BooleanVar()
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r var.set(0)
rl = Radiobutton(text='First', variable=r var, value=0)
r2 = Radiobutton(text='Becond', variable=r var, value=l)

30ecb nepemeHHoOM r_var npucBamBaeTca ob6beKT Tuna BooleanVar. C nomouwbio meToga set oH
yCTaHaB/MBaeTcA B 3HayeHue 0.

Mpu 3anycke NPUIOXKEHUA C TPYNNOIA paiIMOKHOMOK BK/IIOYEHHOW OKasbiBaeTCcA nepsas pagUOKHOIMKA,
TaK KaK 3HaueHue ee onuuu value coBnafaeT ¢ TEKYLIUM 3HaUYEHUEM NepeMeHHON r_var. ECnu KAMKHYTb
Nno BTOPOW paZMOKHOMKe, TO OHa BK/IIOUUTCA, a NepBan BbIKAOUUTCA. [Ipn 3TOM 3HaueHUe r_var cTaHeT
pasHbiM 1. C nomolubio mMeToaa get, onpeaeneHHoro B obbekTax Tkinter mo)KHo onpenenvuts B
nporpamme, Kakan U3 KHOMOK B rpynne HaxoAuTcA B COCTOAHWUM BK/IIOYEHO.

B cneayouwem npumepe B GyHKUMK change B 3aBUCMMOCTU OT MPOYUTAHHOTO 3HAYEHUA MepPeMeHHO
var XoZ, BbIMOJIHEHUA MPOrpammbl UAET NO OOHOM U3 TPEX BETOK.

# =====Bapwuantr 1
from tkinter import *

def change():
if var.get() == 0:
label['bg'] = 'red'
elif var.get() == 1:
label['bg'] = 'green'
elif var.get() == 2:
label['bg'] = 'blue'
root = Tk{()
var = IntVar()
var.set (0)
red = Radiobutton (text="Red", variable=var, value=0)
green = Radiobutton (text="Green", variable=var, value=l)
blue = Radiobutton (text="Blue", variable=var, value=2)
button = Button (text="MsmMenuTs", command=change)

label = Label (width=20, height=10)

red.pack ()
green.pack()
blue.pack()
button.pack()
label.pack()

root.mainloop ()

OT KHonku "UameHuUTb" MoXKHO M3baBuTbcA. 1A aToro Hago cBasatbh ¢yHKUMIO change uam nobyio
ApYrylo HenocpeacTseHHo co ceoictBom command pagnokHonok. MNpu stom HE ob6asaTenbHo, YTobbI
pafMOKHOMKK, 0bbedWHeHHble B OAHY Tpynmy, Bbi3biBajM OAHY U Ty e OyHKUMIO. B creaylouiem
npumepe Takux yHKumnii TPU.

B nobom cnyyae, meTka (06beKT Knacca Label) 6yaeT meHATb LBET NpU K/IMKE NO pagyoKHOMKaM.
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# =====Bap|/|aHT ===
from tkinter import

# 06paboTuUMKN COGLITUI MNEPEKTIVYEHNS PAAMOKHOMOK

def red Ibl():

label["bg"] = “red”
def green Ibl():
label["bg"] = “green”
def blue 1bl():
label["bg"] = “blue”
# =
root = TkQ

var = IntvarQ

var.set(0)

Radiobutton(text="Red", variable=var, value=0, command=red Ibl)_pack(Q)
Radiobutton(text="Green', variable=var, value=1, command=green Ibl)._pack()

Radiobutton(text="Blue", variable=var, value=2, command=blue Ibl)_pack()

label = Label(width=20, height=10)
label _pack()

# (PyHKUMA ob6paboTkm 3anyckaetcsa CAMA MO CEBE!
red IblQ

root.mainloop()
#

m EWeé npumepsl
Ecnn co3patb napy pafvOKHOMOK 6e3 COOTBETCTBYIOLMX HACTPOeK, TO 06e OHW OyayT BKIHOYEHbI Y
BLIK/IIOUNTL MX OyAeT HEBO3MOXHO. 3TW Mepekniovatenn HWKak He OyayT cBfA3aHbl ApYr C APYroM.
Kpome TOro gns HWX He yka3aHO MCXOLHOE 3HayeHwe, LO/DKHbI /M OHM ObITb B COCTOSIHUM "BKN" WU
"BbIKN". [10-yMON4aHUIO OHM BK/IHOYEHbI.

CBA3b MeXay HVMK YyCcTaHaBMMBAaeTCs uYepe3 OOLYK MNEepPEMEHHYHO, pasHble 3HauyeHWs KOTOPOI
COOTBETCTBYIOT BK/IIOUEHUIO Pa3HbIX PafMOKHOMOK rpynnbl. Y BCEX KHOMOK OAHOW rpynnbl CBOWCTBO
variable yctaHaBnuBaeTca B OZHO M TO e 3Ha4eHMe, KOTOpOe 3afaéTcs CBA3aHHYK C Tpynnoi
nepemeHHyto. CBOMCTBY value NpucBanBatoTCA pasHble 3HaUYeHWs 3TOM NepemMeHHO.

B Tkinter Henb3s UCNonb30BaTh NHOOYI0 MEPEMEHHYIO /1 XPaHEHWS! COCTOSIHUIA BUIKETOB. [N aTuX
ueneli npefycMOTpeHbl CneuuabHble Knaccbl-nepemMeHHble nakerta tkinter - BooleanVar, IntVar,
DoubleVar, StringVar. MNepBbiii kKNacc NO3BOMSET NPUHMMATb CBOMM 3K3eMM/IipamM TONbKO OyneBbl
3HayeHus (0 nm 1 n True nnm False), BTOpoWi - uenble, TPETUN - PO6GHbIE, YETBEPTLIN - CTPOKOBSIE.

r var = BooleanVar()

r var.set(0)

r1 = Radiobutton(text="First~,
variable=r var, value=0)

r2 = Radiobutton(text="Second",
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variable=r var, value=1)

30ecb MepemMeHHOl r_var npucBamBaeTcs 06bekT Tmna BooleanVar. C nomowbo Metoga set OH
ycTaHaBnmBaeTcs B 3HadeHue 0. MNMpu 3anycke nporpamMMbl BKIHOUEHHOM OKaXXeTcs nepBas pagvOKHOIMKA,
TaK Kak 3HadeHve ee onuuu value coBnNajaeT C TeKyLUMM 3HaYeHMEM MepeMeHHON r_var. Ecnm KnKHyTb
Mo BTOPO/ PajgVOKHOMKE, TO OHa BK/IKOUUTCA, a nepsBas BblKAOUMTCA. [pyM 3TOM 3Ha4YeHue r_var cTaHeT
pasHbiM 1.

B koge 06bIYHO TpebyeTca NpoUnUTaTh faHHbIE O TOM, Kakas M3 KHOMOK BKJTHOUEHA.

from tkinter import *

def change():
if var.get() ==
label["bg"] = “"red”

elif var.get() == 1:
label["bg"] = “green”
elif var.get() = 2:

label["bg"] = “blue®
root = TkQ

var = Intvar(Q)

var.set(0)

red = Radiobutton(text="Red",

variable=var, value=0)
green = Radiobutton(text="Green",
variable=var, value=1)
blue = Radiobutton(text="Blue",
variable=var, value=2)

button = Button(text="V3mMeHunTb",
command=change)

label = Label(width=20, height=10)

red.pack()

green._pack()

blue.pack()

button._pack()

label _pack(Q)

root_mainloop()

B dpyHKUMM change B 3aBUCUMOCTW OT CUMTAHHOTO 3HAYEHUSI MEPEMEHHOI var BbINOJIHEHWE MporpamMmbl
NAET MO OLHOV U3 TPEX BETOK.

MO>KHO 136aBUTbCA OT KHOMKKM "MI3MeHUTL", cBsi3aB (hyHKUMIO change man nobyto Apyryto co CBOWCTBOM
command pagvoKHONOK. Mpu 3TOM He 06s3aTeflbHO, 4YTOObl PagVUOKHOMKK, OOGbEAUHEHHbIE B OAHY
rpynmny, BbI3bIB/IN OAHY U TY XKe QyHKUMIO.

from tkinter import *

def red label():
label["bg"] = "red”

def green label():
label["bg"] = “green*
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def blue label():

label['bg'] = 'blue'
root = Tk{()
var = IntVar()

var.set (0)

Radiobutton (text="Red", command=red label,
variable=var, value=0).pack()

Radiobutton (text="Green", command=green label,
variable=var, value=l).pack()

Radiobutton (text="Blue", command=blue label,
variable=var, value=2).pack()

label = Label (width=20, height=10, bg='red')

label.pack()

root.mainloop ()

MeTka 6y,c|,eT MEHATb UBET NPN K/IMKE NO PagMOKHONKam.

B atom npumepe Ko pagnoKHOMOK NoYTH VI,EI,eHTVI‘-IHbIVI, KaK M Ko, CBA3aHHbIX C HUMWH d)yHKLI,VIVI. B Takux
Cydaax O,EI,HOTVII'IHbIVI Ko, MOXHO NMOMECTUTb B K/1aCC.

from tkinter import *

def paint(color):
label['bg'] = color

class RBColor:
def init (self, color, wval):
Radiobutton (
text=color.capitalize(),
command=lambda i=color: paint (i),
variable=var, value=val) .pack()

root = Tk{()

var = IntVar()

var.set (0)

RBColor ('red', 0)

RBColor('green', 1)

RBColor ('blue', 2)

label = Label (width=20, height=10, bg='red')
label.pack()

root.mainloop ()

B ABYX nocaedHUX BapuapuaHTax Koga meTton get, yTObbI noy4YnTb 3HaAYEHUEe I'Iepel\/leHHOVI var He
NCnosb3yeTcAa. B AdHHOM C/y4ae 3TOoro He TpeGyeTCﬂ, NOoTOMY 4YTO UBET METKM MEHAETCA B MOMEHT
K/IMKa no COOTBeTCTByIOLLI,eVI PagnOKHONKE N HE HaXoaduTCA B 3aBUCMMOCTHU OT 3HaYeHUA I'Iepel\/leHHOVI.
HeCIVIOTpH Ha 2TO MCNO/1b30BaTb NepemMmeHHYIO B HaCTpOVIKaX PaANnOKHONOK HeOGXO,EI,VIIVIO, TaK KaK OHa
obecneynBaeT cBA3bIBAaHWUE UX B €OUHYIO rpynny 1 BblK/lOUEHNE O,EI,HOVI npn BKJAKOYEHNN ,u,pyrof/'l.

Eweé npumep. 3gecb Bce pagMokHonku (13 wTyk) obbasanaloTca B ogHom Knacce, EAMHCTBEHHbIN
0b6bekT KoToporo co3gaérca B ¢dyHKUMM main. B aTom e Knacce pasmewaerca GpyHKLMA 0BpaboTKu
cobbIThA, CBA3aHHOIO C KHOMKOM, KOTOpasA 3anyckaeT npouecc 06paboTku BbibpaHHONM paANOKHOMNKKU: eé
MMA MeyaTaeTca B Nojie TEKCTOBOW MeTKU. [lnAa cospgaHua rpaduueckoro uHtepdeiica nosbsoBatens B
NPUNOXKEHUN UCMO/b3YIOTCA MeToapl 6ubamoTedHoro moayna tkinter.
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TpebyeTcs cosmaThb NpoekT "KoHCOJNbHHI (aljoBell MeHemXxep'

B IIpoeKTe IIpenloJjlaraeTcd pealJlli3oBaTb @yHKuMOHaH,

peaJiM30BaHO HODaHHOEe MeHIO. [locne sany

cocrodmee M3 ClleyRIMX IIYHKTOB:

cosmaThb IIallkKy;,

YIOaJIUTh [anKy ;
yoaauTs bani;
KONMPOBATL I[MAIKY ;

KONMpOBaThL Gaii;

IIOCMOTPEeThb TOJIBKO IIallkKM;
IIOCMOTPEeTb TOJIBKO @aﬁnm;

cosmaTesb NPOTPAaMMEL;
UTPATh B BUKTOPUHY;
MOV OaHKOBCKMI CUET;
cMeHa pabouei OUPEKTOPUN

BBHIXOI.

[IocJyie BHIIOJIHEHMS KakKoTo JUOO U3 IIYHKTOB CHOBa BO3BpallaeMCHd B MeHIO,

OynoeT BHOpaH
IIYHKT MEHI BHEIXOI

(*HeoDOaB3aTeJILHEI IIYHKT) ;

OJId KOTOpOoI'o M OBLIIO
CKa IporpaMMEL [IOJIB3OBaTeJIb BMIOMT MEHIO,

IIPOCMOTP CONEPXMMOTO padouel IONUPEKTOPUU;

npocMoTp MHopMauum o6 onepalMOHHOM CHCTEME;

2

IIOKa He

[locnenoBaTeJBHOCTD ﬂeﬁCTBMﬁ IIpr Cco3OaHlM IIpOoI'paMMEBL HOpMMeHHmMeﬁ MeTOIOEBL

oubnuorekn tkinter:

KOH@MpraHMm X CBOMCTEB

(omumim) .

yTo GyneT pearMpoOBaTh IIpoIpaMMa.

kak OyIeT pearMpoBaThb [IpoIpaMMa.

1. ! CospmaTe ryaBHOE OKHO!

2. CosmaTb BMUIOXETEl M BEHIIOJHUTH

3. OnpenmenuTb COOBITMS — TO, Ha

4. Onmcarp ofpa®oTuukKM COBEITUM - TO,
5. PacCHOJIOXMTbL BMIXETH B IJIaBHOM OKHE.
6. ! BanycTture UUKI oBpaBoTku coOBHTMIA!

l[locJjenoBaTeJIbHOCTL OeMCTBUM 2
HO nysHkTel 1 m 6 BCEI'IA ocTawnTcs Ha

5 He obBgsaTeJIbHO MMEeHHO TakKasd,

CBOMX MecCTaX.

#

from tkinter import *

class CFManager:

def init (self, funName ):
self.masterRoot = Tk{() #
#
#

# BUDXeTH. OTO OBBEKT OKHA BEPXHETO
# DToT OBBEKT cosmaeTcd OT kKJjacca T
# TepemenHas, KoTopad CBSSHBaeTCd C
IntVar ()
self.var.set (0)

self.rbCreateFolder

self.var

self.rbCreateFolder.pack()
self.rbDeleteFolder

self.rbDeleteFolder.pack()
self.rbDeleteFile Radiobu

IPUJIOXEHME 3BaKJUaeTCsa B OKHO,
KOTOpOEe HasHBAaTCS IJIABHHM,

Tak Kak B HeM paclojiarailTcs BCe OCTaJlbHHE
YPOBHSH.

k momysnsa tkinter.

YyacTo HasuBAeTCS root

oBBEKTOM, (kopeHb) .

Radiobutton (text="create folder",

variable=self.var, value=0)

#"create folder"

Radiobutton (text="delete folder",

variable=self.var, value=1)
#"delete folder"
tton (text="delete file",

variable=self.var,
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self.rbDeleteFile.pack() # "delete file"
self.rbCCopyFolder = Radiobutton (text="copy folder",
variable=self.var, value=3)
self.rbCCopyFolder.pack() #"copy folder"
self.rbCopyFile = Radiobutton (text="copy file",
variable=self.var, value=4)
self.rbCopyFile.pack() #"copy file"
self.rbvViewTheContentsOfTheWorkingDirectory =
Radiobutton (text="view the contents of the working directory",
variable=self.var, value=5)

self.rbvViewTheContentsOfTheWorkingDirectory.pack()

#"view the contents of the working directory"

self.rbSeelOnlyFolders = Radiobutton(text="see only folders",
variable=self.var, value=6)
self.rbSeeOnlyFolders.pack() #"see only folders"
self.rbSeelOnlyFiles = Radiobutton(text="see only files",
variable=self.var, value=7)
self.rbSeeOnlyFiles.pack() #"see only files"

self.rbSeelOperationSystemInformation = Radiobutton/(
text="see operation system information",
variable=self.var, value=8)
self.rbSeelOperationSystemInformation.pack()
#"see operation system information"

self.rbProgramCreator = Radiobutton (text="program creator",
variable=self.var, value=9)

self.rbProgramCreator.pack() #"program creator"

self.rbQuiz = Radiobutton(text="quiz", variable=self.var, value=1l0)

self.rbQuiz.pack() # "quiz"

self.rbBankAccount = Radiobutton (text="bank account",
variable=self.var, value=11)

self.rbBankAccount.pack() # "bank account™

self.rbChangeWorkingDirectory = Radiobutton/(
text="change working directory",
variable=self.var, value=12)
self.rbChangeWorkingDirectory.pack() #"change working directory"

self.rbExit = Radiobutton (text="exit", variable=self.var, value=13)
self.rbExit.pack() #"exit"

self.butDolt = Button(text="do it", command=self.rbrScaner)

# BuzoB MeToma rbrScaner mjug

# omnpemesieHMS NyHKTa MeHI, KOTOPHIM COOTBETCTBYET BHOPAaHHONM PAIMOKHOIIKE
self.butDolIt.pack() #"do it"

self.lblMain = Label (self.masterRoot, width=50,
bg='white', fg='black')
self.lblMain.pack()

self.masterRoot.mainloop ()
# spmech xe sanyckaeTcsa LUK 0OpaBOTKM COOHTHUIMA

def rbrScaner(self):
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if self.var.get() ==

self.IbIMain["text™] “'create folder™
elif self.var.get() ==
self_IbIMain["text"] "delete folder™
eli T self.var.get() ==
self_IbIMain["text"] "delete Tile"”
eli f self.var.get() == 3:
self_IbIMain["text"] copy folder™
eli f self.var.get() == 4:
self.IbIMain["text™] “'copy Tile"

elif self.var.get() == 5
self_IbIMain["text"]
"view the contents of the working directory”
eli T self.var.get() ==
self_IbIMain["text"]
eli f self.var.get() == 7:
self_IbIMain["text"]
elif self.var.get() ==
self.IbIMain["text"]
eli T self.var.get() ==
self_IbIMain["text"]
eli T self.var.get() == 10
self_IbIMain["text"]
eli T self.var.get() ==
self_IbIMain["text"]
elif self.var.get() ==
self.IbIMain["text"]
eli T self.var.get() ==
self_IbIMain["text"]

""'see only folders"

'see only files”

'see operation system information

"'program creator"

"bank account'

"'change working directory"

nexitu

def main():
cfm = CFManager(*'rbrScaner'™)

if name == main
mainQ)

m Checkbutton - gpnaxok
®naxkn He TpebylT YCTaHOBKM Mexay Cco0OOoi CBA3W, MO3ITOMY BO3HMKaeT BOMPOC, MO MOBOAY
nepemeHHbIX Tkinter. OHM Hy>Hbl ANSi MOMYYEHUA CBEAEHWIA O COCTOSHUWM (Dnaxkos. 1o 3HaYeHuto
cBsA3aHHOW ¢ Checkbutton nepemMeHHOl MOXXHO OonpeaenvTb, YCTAHOBMEH (haXKOK MU CHAT, YTO B CBOKO
oyepeb MOBAUSET Ha X0, BbIMOMHEHWS MPOrpamMmbl.

Y KaXKAO0ro gnaxkka Ao/mkHa 6biTb cBOsi NepeMeHHas Tkinter. M npy BKIKOYEHUN OAHOIO (hiaxka, Apyrob
GyfeT BbIKMOYAThCS, TAK KaK 3HayeHue o6Lieli tkinter-nmepeMeHHON M3MeHUTCs U He GyAeT pPaBHO
3HAYeHMIo onuumn onvalue nepeoro gaxka.

from tkinter import *
root = TkQ

def show():
s = F*{varl._get(Q)},
f {var2.get(Q}"
lab["text™] = s

frame = Frame()
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frame.pack (side=LEFT)

varl = BooleanVar ()

varl.set (0)

cl = Checkbutton(frame, text="First",
variable=varl,
onvalue=1l, offvalue=0,
command=show)

cl.pack (anchor=W, padx=10)

var?2 = IntVar /()

var2.set(-1)

c2 = Checkbutton (frame, text="Second",
variable=var2,
onvalue=1l, offvalue=0,
command=show)

c2.pack (anchor=W, padx=10)

lab = Label (width=25, height=5, bg="lightblue")
lab.pack (side=RIGHT)

root.mainloop ()

C nomoLubio onuuMu onvalue ycTaHaB/IMBAETCA 3HAUYEHUE, KOTOPOE NMPUHUMAET CBA3AHHAA NepemMeHHas
npu BKAoYeHHoM daaxKKe. C nomollpbto ceorcTea offvalue — npu BbikIloueHHOM. B gaHHOM ciiyyae oba
dbaXKKa Npu 3anycke nporpammbl ByayT BbIK/OYEHbl, TaK Kak MeTogom set 6blan ycTaHoB/EHDI
OT/IMYHble OT onvalue 3HauYeHuUs.

Onuuio offvalue moskHO He yKasbiBaTb. OHAKO MPU ee Ha/IMuUKU MOXHO OTCIeAWTb, BbIK/OUYACA /iU
¢ naxkok.

C nomMmoubo meToaos select n deselect CI)}'Ia)-KKOB MOXHO UX NPOrpamMmmviHO BK/IKOYaTb MU BbIK/1KOYaTb. To xe
CaMoe€ OTHOCHUTCA K PaANOKHOMKam.

from tkinter import *

class CheckButton:
def init (self, master, title):

self.var = BooleanVar ()

self.var.set (0)

self.title = title

self.cb = Checkbutton/
master, text=title, variable=self.var,
onvalue=1l, offvalue=0)

self.cb.pack(side=LEFT)

def ch on{():
for ch in checks:
ch.cb.select ()

def ch off():
for ch in checks:
ch.cb.deselect ()

root = Tk{()

fl = Frame ()
fl.pack(padx=10, pady=10)
checks = []
for 1 in range(10):
checks.append (CheckButton (fl, 1))
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f2 = Frame ()

f2.pack()

button on = Button(f2, text="Bce BKI",
command=ch on)

button on.pack(side=LEFT)

button off = Button(f2, text="Bce BHKI",
command=ch off)

button off.pack(side=LEFT)

root.mainloop ()

#

from tkinter import *

# dyHkUMS 0BpaBoTKM COOHTHUM [IepeKJUueHnS blaxka ===========
def show(lblkey):
s = £'{varl.get ()},
f'{var2.get()}"'
1lblkey['text'] = s

A

#

root = Tk{()

# pamkxa

frame = Frame ()

frame.pack (side=LEFT)

# MeTKa
1bl = Label (width=25, height=5, bg="lightblue")

1bl.pack (side=RIGHT)

# duaxox cl

# Checkbutton onmucriBaeTcsda OByMS NepeMeHHHMM: varl m cl

varl = BooleanVar ()
varl.set (0)

cl = Checkbutton (frame,

text="First",

variable=varl,

onvalue=1,

offvalue=0,

# obBpaboTurk COBHTMUS KOOUPYETCHS JIaMOna-BHpaxkeHUEM,
KOTOpOEe IIO3BOJISET COSIaTh AHOHMMHYI (YHKIUMIO Ha OCHOBE
dyHxuny oBpaBoTkM COBHTUN [NepekKJIoUeHUS oqiaxka —

B OJIHO BHPAXEHUE YIOAETCA MNOJIYUUTHL SHAUEHUE API'YMEHTA (1lbl)
M BH3BATLH OYHKINIO

command=lambda 1l=lbl: show(l)

)

# pasmemenme ¢maxka ¢l MeTomoM YHNaKOBKM pack

#
#
# dyHruUMM show.
#
#

cl.pack (anchor=W, padx=10)

# duaxok c2

# Checkbutton omnmucriBaeTcd IOByMS [IEpPEMEHHHIMM: Vvar2 M C2
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var2 = IntVar() # ueno4dnmcrneHHole 3Ha4yeHUs CO 3HAKOM.
var2.set(-1) # NpuM HauyasibHOlW 3arpy3ke var2 ycTaHaeBaMBaeTcs B -1

c2 = Checkbutton(frame,

text=""Second",

variable=var2,

onvalue=1,

offvalue=0,

# namépga o06paboTUMK COBLITUA:

# nonyyaeT 3HayeHne aprymeHTa (Ibl)

# n obecneuvBaeT BbI30B (YHKLMN

command=lambda I=Ibl: show(l)
# pa3melleHune mnamza C2 mMeToZoM ynakoBku pack
c2_pack(anchor=W, padx=10)

# ---—- =T

root_mainloop()

# =

o Knacc RBColor

B cnegyrouiem rnpuMepe gna nonyvyeHna 3HadeHus nepemeHHof/’l var Mmetof get He NCnonb3yeTcs.

Jtoro He TpebyeTcsd, MOTOMY UTO LBET METKM MEHSeTcs B MOMEHT K/MKa MO COOTBETCTBYHOLLEN
PafMOKHOMKE ¥ 3aBUCWT OT 3HAYeHWsi NMepeMeHHOl. HecMOTpsi Ha 3TO B HACTPOiKax pPajvoKHOMOK
MCMO/b30BaTh NMEPEMEHHYI0 HEOGXOAMMO, TaK Kak OHa 06GecrneunBaeT CBS3bIBAHWE WX B UHYIO Tpyrny
1 BbIK/IKOUEHVE OAHOV MpY BKIOUYEHUN [PYTOii.

3pecb B kadecTBe 06paboTuMka cobbiTua npumeHsietcsl lambda - BbipaxeHue (aHOHMMHas PyHKUUA):
ocobasA CMHTaKcM4yeckas KOHCTPYKUUS, KOTOpas no3BOfseT npeobpasoBatb OnucaHme (yHKLMU no6or
CNOXHOCTM (C MPOM3BOJIbHBIM KOMMYECTBOM MapamMeTpoB) B NPOCTOE (4@ HeyXenu..) U KOMMNakTHoe
npejcTaBneHne, COCTosALEee U3 OLHOTO BbIP@KEHUA CO CTaHAAPTHOW CTPYKTYPOi, KOTOpas Mno3Bonset
NPUCBOVTb ONpeaeNnéHHble 3HaYEHUS apryMeHTaM paHee 0ObABNEHHON PYHKLUM 06paboTkn coBbITUS 1
npeAcTaBnTb COOTBETCTBYIOLLEE BblpaXKeHME BbI30Ba.

B onpepeneHun namb6aa - BblpaKeHUs (AHOHMMHOW (yHKLUMM) HET oreparopa return, Tak Kak B 3ToOl
KOHCTPYKLUMN MOXeT ObiTb TONbKO OAHO BblpaXKeHWe, KOTOpOe BCerga BO3BpallaeT 3HaueHue |
3aBepLUaeT paboTy aHOHUMHON PyHKLMN,

B aHOHMMHOW (hyHKLIN
W MOXET COAepPXKaTbCs TONbKO OAHO BblpaXKeHune

W MOryT NnepefaBaTbCsi CKOMbKO YrOfHO apryMeHTOB

vl

B faHHOM cnyyae meTof get AR NOoNy4vYeHuss 3HAYeHUs NepeMeHHol var
34eCb He WCMonb3yeTcs.

JToro He TpeByeTcsA, MNOTOMY 4YTO LBET METKM MEHSETCS B MOMEHT K/MKa Mo
COOTBETCTBYHWLWEN PagUOKHOMKE U 3aBUCUT OT 3HAYEHUs] MNepemMeHHol .
HecmOoTpsi Ha 3TO B HACTpoWKax pagvOKHOMOK WUCMONb30BaTbh MEPEMEHHYH
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HeO6XO,HI/IMO, Tak Kak oOHa ofecreuypBaeT CBSSHBaHME UX B SOVHY TPYIILY
M BLHIKJIOUEHUE O,JIHOIZ IIPM BRJINOYEHWNM ,prI‘OIZ.

# =====Bapwuant 3

from tkinter import *
class RBColor:

# var - craTuueckasa nepeMeHHasa kjacca RBColor
var = None

# RBColor.var ofBecrneumBaeT CBA3bBaHuMe 06BbekKTOB RBColor B enuHyH TPYIIILY
# 1 BHKJIOUEHME OIHOM KHOIIKM I[IPM BKJIUEHUUM OPYTOM.
def init (self, color, val, lblkey):

Radiobutton (text=color.capitalize(), # HaOnomcob
value=val, # HoMep KHOIKU
variable=RBColor.var, # ynpamBagwomas nepeMeHHas

command=lambda c=color: self.setColor(c, lblkey)# lambda
# oBpaboTumk COBHITUI
# (UBeT, CCHUIKA Ha MeTKY)
) .pack ()

# dyHrkumMg (MeTonm) oOpaBoTuMk COOHTUS IMEPEKJIOUEHUS KHOIKM
def setColor(self, color, 1lblkey):
1lblkey['bg'] = color

root = Tk{()

# MeTka MBHaUaJbHO KpacHasd
1bl = Label (width=25, height=10, bg='red")
1bl.pack ()

#

MHMUManmmusaumus CTaTUUYeCKOM IepeMeHHOoM kjacca RBColor

(yopapigomen [NepeMeHHON TI'PYIIIE PaIMOKHOIIOK) OIpeIesIEHHBM SHaueHMEM B
3aBMCHMOCTM OT KJlacca tkinter

RBColor.var = IntVar()

RBColor.var.set (0)

H oH o H H*

He

RBColor.var = StringVar()
RBColor.var.set ( "XXX"')

He

RBColor.var = BooleanVar()
RBColor.var.set (True)

# RBColor.var.set(795.123) # npu MHMUMAIMSALMM SHAUEHUS TaKOTO THUIA
# HE pmomnyckawoTcs

[Ipy Banycke MNPUIJIOXEHMS BKJIOUEHHON OKaXeTCs Ta PaIMOKHOIIKAa, BHauveHUEe
onuum value KOTOPOM CoBINazaeT C TeKymUM SHadeHMeM IepeMeHHOM RBColor.var.
Ecau KIMKHYTH OO Jio6OM IpyI'oM KHOIIKE, TO OHa BKJIOUMTCH, a [IepBas KHOIKA
BHKJIOUMTCS. l[lpu 5ToM sHauenme RBColor.var CTaHeT pPaBHBIM SHAUYEHMIO OINLMK
value 3TOM KHOINKM HEBaBMCHMMO OT TuINa HepeMeHHOM RBColor.var

RBColor('red', o, 1bl)
RBColor('green', '1', 1bl)
RBColor ('blue', 1, 1bl)

232



# RBColor( "blue*, False, 1bl)
RBColor(“yellow®, 100.25, |Ibl)

# RBColor( “red”, XXX, 1bl)
# RBColor( "green®, “YYY", 1bl)
# RBColor( lue”, “Z77*, 1bl)
# RBColor( “yellow® , "100*, Ibl)
# uBeT, HOMEp, MeTKa

root.mainloop()

#

0 Bwupxet Listbox
Ot knacca Listbox co3gatoTcs COMCKU - BWUIKETbl, BHYTPU KOTOPbIX B CTONOUK MEpeymcrisarTcs
3N1EMEHTbI. |_|pl/l 3TOM MO>XHO Bbl6|/|paTb ONH NN MHOXXeCTBO 3/1eMEHTOB Crnuncka.

B Tkinter cHauyana cosgaeTca 3k3emnnsp Listbox, mocne 3toro ¢ nomouiblo meToga insert OH
3anonHseTcs.

MepBbIi aprymeHT B insert - MHAEKC MecTa, Kyja OyaeT BCTaBMeH 3M1EMEHT. ECM HY)XHO BCTaBNATb B
KOHeL|, CrnCKa, TO MHAEKC 0603HauaroT KOHCcTaHToM END.

BTopbiM aprymeHTOM MepefaeTca BCTaBASiEMbIA 3/1eMeHT. 1o ymMOn4YaHMio MO MbILWWMHOMY KIUKY B
Listbox MOXHO BblGMpPaTb TONbKO OAWH 3/1EMEHT.

Ecnn Hy>XHO o6ecneumntb MHOXECTBEHHbIA BbIGOP, TO AN CBoOWcTBa selectmode MOXHO yCTaHOBUTb
3HauyeHne EXTENDED. B stom pexume, 3axaB Ctrl nam Shift, MOXHO BbiGpaTe NH060€ KOMMYECTBO
3/1EMEHTOB.

Ecnm gna Listbox Heobxogum ckponnep, TO OH HacTpauBaeTCcs TakKe Kak W Ans TeKCToBoro nons. B
nporpammy gob6asnsietcs BugkeT Scrollbar, koTopbiii 1 cBA3bIBaeTCA € 3K3eMMasspom Listbox.

C nomolLLblo MeToAa get U3 Crvcka MOXHO MOJSyUnTh OAUH 3/IEMEHT MO UHAEKCY, UN CPE3, ECMIN YKa3aTb
[lBa MHAeKca.

MeTog delete yaansiet ofuMH 31eMeHT UK CPes.

MeTog curselection No3BonsieT NoOAyunTb B BULE KOPTEXA MHAEKCHI BblIOPaHHbIX 3/1IEMEHTOB 3K3eMmnaspa
Listbox.

[anee npusogutca npuvMep nporpamMmbl C NPUMEHEHWEM MeTOAOB get, insert, delete n curselection
knacca Listbox. lMepBas kHOMka fo6aBnsieT BBEAEHHYH NOMb30BAaTENEM B TEKCTOBOE MOSEe CTPOKY B
CMMCOK, BTOPas KHOMKa yfanset BblopaHHble 3N1eMeHTbl U3 CMNCKa, TPETbs - COXPaHSAeT CUCOK B (hain.
B dyHkuun del_list KopTexx BbIGpaHHbLIX 3/IEMEHTOB MPeo6pa3yeTcs B CMMUCOK, MOC/E YEro BbIMOHAETCS
ero pesepc (NepeBopoT). 310 Aenaerca ANA8 TOro, Ytobbl yganeHne 371eMeHTOB MPOMCXOAWI0 C KOHLA
cnucka. MHaye npunoxkeHne HeBepHO Obl paboTano, Tak Kak yAaneHue 3nemMeHTa NpuBoAuIo Obl K
N3MEHEHUIO WMHAEKCOB BCEX CNefylolmx 3a HUM. Ecnm Xe ydanaTb C KOHU@, TO WHAEKCbl Brnepean
CTOSLLMX 31EMEHTOB He MEHSAHTCS.

MeTog, curselection BoO3BpallaeT KopTex. KopTexu He UMeT MeToja reverse, MO3TOMY OH
npeobpa3syeTtcs B CMUCOK.

B dyHKUMM save_list KOpTeX CTPOK-31eMEHTOB, KOTOPbIi BepHyn MeToh get, npeo6pasyetca B OfHY
CTPOKY C MOMOLLbIO CTPOKOBOro MeTtofa join yepes pasgenutesns \n'. 310 genaetca Afd TOro, 4YToo6bl
371EeMEeHTbI CMMcKa 3anMcanuch B haia CToNBUKOM.
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from tkinter import *

# dyHkUMM 0BpaB®oTKM COOHTUM HaxXaTWsS Ha KHOIIKM.

# B aprymMeHTax - CCHJKM Ha o6bekT Listbox

def add item( box):
_box.insert (END, entry.get())
entry.delete (0, END)

def del list( box):
select = list( box.curselection()) # kxopTex MHIEKCOB BHOPAHHHX BJIEMEHTOBR

e

npeo6pasyeTCH B CIIMCOK,

e

select.reverse () 3aTeM IIepeBopauMBaeTCH.

for i in select:
_box.delete (1)

YHoajleHMe 5JIEMEHTOB [0 MHIEKCY
IIPOM3BOOMTCHA C CaMoTo BOJbIOTO
3Ha4YeHMS M3 CIMCKa BHOpPaHHBIX
MHOEKCOB.

3aueM [IepeBOpPOT?

UToOB yIaJleHMe BHEOPaHHEIX
syieMeHToB BCEI'JA NpoM3BOOUIIOCH
enuHooBpasHo: co 'crapumero'

H ok o FH FH HF o o H*

SJieMeHTa CIIMCKa.

def save list( box):
file = open('list000.txt', 'w')
file.writelines('\n'.join(_box.get(O, END) ) )
file.close ()

root = Tk{()

box = Listbox(selectmode=EXTENDED)
box.pack (side=LEFT)

scroll = Scrollbar (command=box.yview)
scroll.pack(side=LEFT, fill=Y)

box.config(yscrollcommand=scroll.set)

f = Frame()
f.pack(side=LEFT, padx=10)

entry = Entry(f)
entry.pack (anchor=N)

AHOHMMHEIE KHOIKM: COBIAlTCs, pasMeldioTcs Ha obpelVMme (paMke), IoOJaydaioT
HaONMCh, MM HasHadaloTcd JaMOma - oO0paBOoTUMKM COOBITMS-HaXMMaHUS,
KOTOpEE HeCyT OOINOJHUTEJNbHYI MHOOPMaLM O BEHIIOJIHAEMOW OIepaliyn:
CCHUIKY Ha cnmcok Listbox (box). [MosToMy OpM KX HasHaUYeHUU
coorBeTcTByOmasa dyHkuma (add item, del list, save list) xomupyercs
AHOHMMHOM GYHKIUMEN C MCHOJb30OBaHMeM JaMOObl. 3aTeM 5TU OBBEKTH

H o o H HF HF I+

NaKyoTCs MeHeIXepaMy yhnakoBKM pack.

Button(f, text='Add', command=lambda b=box: add item(b)) .pack (fill=X)
Button(f, text='Delete', command=lambda b=box: del list(b)).pack(fill=X)
Button(f, text='Save', command=lambda b=box: save list(b)).pack(fill=X)
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root.mainloop()

# =

Listbox - cnoxHbin Bumket! Kpome pacCMOTPEHHbIX, Y HEFO MMEETCA elé MHOro Apyrx MeTofoB U
CBOIACTB.

0 CraTnyeckme 1 HecTaTn4veckue METOAbI. CBoiicTBa BNIKETOB
Knaccbl MOXHO paccmatpuBaTb Kak MOAYNW, cofepXXalwime nepemMeHHble cOo 3HavyeHusMu  (nond) u
hyHKUMM (MeTogpl). Mond 1 MeToabl HasbiBakOTCS aTpubyTammn Knacca.

Korpa metop (meth) npumeHsieTcsd K 06bekTy - 3k3eMnnsapy knacca A (a) (meth(..) Bbi3biBaeTca OT
nmeHn obbekTa a - a.meth()), ccblnika Ha OOBLEKT a nepefaeTca B METOA, B KAYeCTBE NEPBOro apryMeHTa
(self). Mpn atom BbipaXkeHWe BbI30Ba HecTaTU4ecKoro Metoga a.meth() npeobpasyercs K BbIPaXKEHUIO
A.meth(a), To ecTb MeTo[ BbI3blBaeTca M3 "Mogyns A" B MPOCTPaHCTBE UMEH KOTOPOro HaxoAuTcs
o6bsiBNeHne arpubyta meth. B pesynbtate okasbiBaetcs, 4to meth(...) - 3TO (PyHKUUA, BO3MOXHO €O
MHOTMMW aprymeHTamMu, KoTopasi COAepXUT OanH 06a3aTenbHblii apryMeHT a.

Mpn o6bsiBNeHMN Knacca B python Takke MOXHO 06bABUTL MeTOf 6e3 aprymeHTa self n Boobue 6e3
napamMeTpoB NapameTpoB M BbI3blBaTb €0 TOMLKO Yepes3 Knacc. Takoil MeToA He NPUHUMAET CCbIKY Ha
06BEKT @HHOrO Knacca B Ka4ecTBe apryMeHTa.

B psge S3bIKOB MpOrpaMMUPOBaHWs A1 TakuX CUTyauuii npefHasHauyeHbl CTaTUYECKME METOofbl,
06bsABNSEMblE B [JAHHOM K/acce. B TakoM ciyyae Becb Ko (OGbsBNEHWS METOAOB) HaxOAWUTCS B
knaccax. OGbsiBNIEHNE METOLOB (CTaTUYECKUX METOAOB), KOTOPbIE HE COAEPIKAT OOBSABNEHNS CChIIKU Ha
06BEKT JAHHOTO Kacca B KavecTBe 0653aTe/lbHOr0 apryMeHTa UrparoT posib 06bIUHbIX YHKLWIA.

Cratnyeckue MeToAbl B TakKuX A3blKax OObBABMAKTCA C KAHOYEBLIM CNOBOM static B 3arosioBke
06bABMEHMA Mmetoga. Cratmyeckne MeTofbl MOTYT BbI3blBaTbCA 4eEpPEe3 UMA KnacCa, cofepikaulero
0b6bABNEHNE CTATUYECKOrO MeToja, mMbo OT UMEHU O6'beKTOB-I'Ipe,EI,CTaBI/ITeI'IeI7I JaHHoro knacca. Ho
CCbI/IKA Ha caM 0OBbEKT B KayecTBe 06s3aTeNbHOro aprymeHTta B cTatndyeckme MeToibl He nepe,qaéTc;l.

B python Takke MOXHO 06bABAATL CTaTMYECKUe METOAbl, KOTOpble B 3TOM Clyvae 06bLABAAOTCA C
JekopatopoMm @staticmethod u He cofepxaT ob6bsABneHWs aprymeHTta self. Ctatnueckve metofnbl B
python npeactaBnstoT coboi 06blUHbIE (YHKLMM, NMOMELLEHHbIE B 06bABNEHME Knacca. Bo3MOXHO, ans
yfo6CcTBa NPUMEHEHWS OHW pacronaralTcs B MPOCTPaHCTBE MMeH 06baBnseMoro knacca. B python
0CcO60i HEOBXOAMMOCTUN B CTATUUECKUX MeToAax HeT, MOCKOMbKY (YyHKUMA MOXET ObiTb 06bsBEeHa BHE
Knacca, Ha OCHOBHO BETKe KOja.

O6bsABNeHMe Knacca Bugpketa B python cogepxut obbsiBneHne Hectatmdeckoro (¢ aprymeHTom self)
MeTOoZa C MMeHEM cget, KOTOPbIA MCMOMb3YeTcs A1 MONYyYEeHUs HACTPOEHHbIX 3HAYEHUI O6beKTa:

# print("the foreground of xbutton is', xbutton.cget("fg"))

# =
from tkinter import * # umnopTtuposaTb BCE u3 moayns tkinter !

but0O = None
WAttrExp = None

# =

class WidgetsAttributesExpert:
@staticmethod
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def get attributes (widget):

wdg = widget # xomnmsa apryMeHTa. DTO CCHJIKM Ha BUIXET
wdgkeys = wdg.keys () # cnmucox aTpubyToB BUIXETA

HEIIOHSATHO, 4YTO 3IHecCb Oaé€T KOIMPOBAaHME CCBUIKM.

BHaueHue cceulky HE MEHAETCH.

VsMeHUTH aTpuOyT BUIXEeTa MOXHO KakK uUepes KONUI CCEUIKMU,
TakK M HEIOCPpeICTBEHHO uUepes3 3HaueHMe aplyMeHTa.
wdg['fg'] = 'blue'

widget['fg'] = 'blue'

HoH o H H H*

# nepebop aTpubByTOBR BUIOXETa M HpeOCTaBJEHUE
# aTpubyToB M MX SHAUEHMN B BUOe TaOIJMLH.
for key in wdgkeys:
print ('Attribute {0:<20}'.format (key), end="' ')

# nosmyueHue sHaueHMN aTpuOYTOB BUIXEeTa M ONpenesieHMe UX TUIOB
value = wdglkeyl]

wattrtype = type(value)

#

print ('Type: {0:<30} Value: {1}'.format (str(wattrtype), value))

#
#
def funO (xEvent):

# Kamnmﬁ BMIOXeT MMeeT MeTOoHn C MMEeHeEM cget, KOTOpHﬁ MOXHO MCIIOJIb30OBaTb

# mig moslyueHMS HACTPOEHHHK SHAaUeHMI :
#

# print ("the foreground of xbutton is", xbutton.cget('fg'))
#
#

attr0 = butO.cget('fg"')

attrl = butO.cget('activebackground')

attr2 = butO.cget('activeforeground')

print('values... attr0O0: {0}, attrl: {1}, attr2: {2} '
.format (attr0, attrl, attr2))

if attr0 == 'SystemButtonText':
print ('---SystemButtonText---")
elif attr0 == 'SystemWindowFrame':
print ('===SystemWindowFrame===")
elif attr0 == 'red' or attr0 == 'darkslategray':

print ('~~~color~~~")

if butO['fg'] == 'red':

butO['fg'] = 'darkslategray'
else:

butO['fg'] = 'red'
# oBmacTb ompemneryenusa arpubyra butO['fg']: cTpoka ¢ oBosHaUEHUEM
# uBeTa (BAMSeT Ha lLBeT !)
# CTpoOKa CO BHaUYeHUEM
# ODHOTO U3 aTpuOYTOB BUIXeTa (Ha YTO BJIMSeT ?777)
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#but0['fg'] = 'red'

#butO['activeforeground'] = 'red'
if butO['fg'] == 'darkslategray':
butO['fg'] = 'SystemWindowFrame'

# Xoresock OH MMEeTb [OJIHOE MpencTaBJIeHME O HasHAUEHMM Kaxmgoro aTpubyra
# BumxeTa. Ero (nmoka) Her! C 3TUM HAJO PASBMPATHLCA KOHKPETHO !

#butO['activeforeground'] = 'blue' # smech mosrxHa GHTH CTpoOKa C
# oBosmHauveHMeM LiBeTa

#butO[ 'command'] = 'TkDefaultFont'

butO['command'] = 'gwerty' # a smech MoxeT BHTh Jbad cTpoka ?

#butO['command'] = 125 # 1 Daxe LeJlouMcJIeHHOe SHaueHue !

#

print ('$885888588 ")
wAttrExp.get attributes (butO)

print ('$8S5888588 ")

#
#
#
def funl (xEvent):
obj = xEvent.widget # widget
name = str(obj) # name of widget
foreground = obj.cget('fg') # value of attribute fg of widget
# BOT METOI cget
print ('the value of attribute fg of widget {0} is {1}'.
format (name, foreground))
# VMMS BUIXEeTa, SHaueHMue
# aTpubyra fg
# AnbTepHaTHMBHasg GopMa SanMcCKM BEBOOA CTPOKU
# print('the value of attribute fg of widget %s is %s'\
# % (name, foreground))
#
#
if name == ' main ':

WAttrExp = WidgetsAttributesExpert ()

mainWindow = Tk{()

but0 = Button(text='setRED', width=10, height=3)

but0.bind('<Button-1>", funl)

#butO.bind('<Button-1>"', funoO)

#butO0.bind('<Return>"', funoO)

# <'uMsa_coBeTHa'>:

# HaxaTMe Ha KHOIKY, KoTopas KogupyeTcs kak butO;

# HaxaTMe Ha KJjJarumy Enter (ToJbko cHauvajla Hamo HaxaTb Tab)

# nericrere (dyHKUMsa-oBpaBoTumMk — omgHa Ha ofa CcoOHTHUSA)
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but0.pack()

#

wAttrExp.get attributes(butO)

# ===

mainWindow.mainloopO

m CBsA3aTb BUAXKET, COGbITUE, AelicTBME
3TO0 MOXHO caenaTb ABYyMsi CrOCOo6amu:

1. npv nomowm metoga bind (Buaxert.b(cobbiTne, 06paboTUnK)),

2. npv nomoLum ceoicTBa command (ecnu 310 CBOMCTBO MMeeTCs y BUKeTa. B Takom cryyae,
COOTBETCTBYHOLUMI (hparMeHT koga umeeT Bug: KoHcTpykTop_Bumketa(command=Ilambda ...))

[anee npuBoautca npumMep, KOTOPbI NpeacTaBsieT M3MeHEeHWe CBOWCTBA KHOMKW (LBeTa Haanucum) no
HaDKaTUIO Ha 3Ty KHOMKY, M3MEHEHME LPUKTa METKW MO LLENYKY MbILLVHBIMU KHOMKAMW MO 3TOl METKE:

W K/IVK IEBOM KHOMKOI MbILIM MO METKe yCTaHaBNUBAET A1 HEE OAUH LUPUAT,
B KK MpaBoOii KHOMKOW MbIWKW - APYFOiA.

Kak BapuaHT, /15 K&KA0ro 13 LWPUGTOB MOXHO HanuvcaTb ABe pasHble (YHKUMMW (YTO HE ecTb XOPOLLO) ...

cBA3aTb BUDKET, COOGbITME W [EeNCTBUE MOXHO:

1. npn nomown metofda bind (BugxeT._bind(cobeiTue, 06pabdboTUMK)) W

2. npu nomowwn csoiicTBa command (ecnm 3TO CBOIWCTBO MMEETCHA Yy BuaxeTa
KoHcTpykTOop Bugxeta(command=lambda ..0))

n3MeHeHve cBOWCTBa KHoOMkM (UBeTa HaanucuM) Mo HaxaTui Ha 3TY KHOMKY

M3MeHeHVe wpupTa MEeTKM MO WenvyKy MbILMHLIMA KHOMNKaMM MO 3TON MeTKe

K/VK N1IeBOM KHOMKOW MblUM MO MEeTKe yCTaHaBnNuBaeT AN1S Hee OAuH wpugT,

KNMK MNPaBOii KHOMKOWA MblWX - OPYFON.

Kak BapmaHT, [7151 Kaxgoro n3 WpUHTOB MOXHO HanucaTb OBEe pa3Hble (YHKLMU
(UTO He ecTb XOopoLo)

H o oH o OHHOHHHHHH

from tkinter import *
Ibl = None

# OanH BupxeT (ogHa mMeTka) pearuvpyeT Ha [BA COBbITUA:

# Mo Wenuky MbIWMHOW KHOMKOW MO MeTKe MEHSAeTCs WpugT.-

# QyHKUMM 00paboTUMKM COBbLITWIA.

# ceoiictBy ["font™] meTkm Ibl npucBamBaeTcs CTpoKa C Ha3BaHWEM wpudpTa ====

def setFontl(event):
IbI["font"] = “"Verdana®
Ibl["bg"] = “darkseagreen-®

def setFont2(event):
Ibl[*font®] = “"Times
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1bl['bg'] = 'brown'

#
if name == ' main ':
mainwindow = Tk{()
1bl = Label (text = 'Master Label')
# HasHaueHMe BUIXeTY OOpaBOTUMKOB COOBITUIN
lbl.bind('<Button-1>', setFontl)
# 10 JIEBOMY IEeJIUKY
# dbyHkumsa setFontl
lbl.bind('<Button-3>', setFont2)
# IO HIpaBoMy WMEeJIUKY
# dbyHkumsa setFont2
1bl.pack ()
mainwindow.mainloop ()
#

10 pabotaet, HO ¢yHKUMM 06paboTKM 34eCb MPaKTUYECKM MAEHTUYHBbIL. A Obl1o Gbl XOpOLWO UMETb
oAHY GYyHKLMIO 06paboTKK, B KOTOPYIO KaK apryMeHT nepegasasiock 6bl HassaHMe wpudTa. Hanpumep:

def changeFont (event, font):
l1bl['font'] = font

OpgHako ectb npobaemal! Metoa bind umeet ctporo [IBA aprymeHTa: '<umsa_cobbitua>',
ccbl/IKa_Ha_¢yHKUMo-06paboTunk
(HO HE HA BbIPAYEHWE BbI3OBA)

nostomy HE/Tb3A HanucaTtb Tak:

1bl.bind('<Button-3>', setFont2(event, 'Times'))# BLpaxeHMe BH3ZOBa IOJIXHO
# BHIIOJHATLCSH.

Mpu aToM ecaun B PpyHKUUKM HeT onepaTopa return, To oHa Bo3spalLaeT None. MoaTomy nosydaeTca, YTo
[JaXKe ec/In B BblparKeHUU BbI30Ba BCE apryMeHTbl NepegaTb NpasuabHo, To B MeTog, bind nonaaér None,
a He 06beKT-OyHKUMA.

B aHOHMMHOM o0b6beKkTe-pyHKUMKM Python, KoTopbiii obbABAAeTCA C NMoMOLLbIO MHCTPYKUuKM lambda,
MOXHO 3aMakoBaTb ¢pyHKLMUIO BMECTE C apryMeHTOM. B KOHKpeTHOM c/lyyae, Kak To TakK:

1bl.bind('<Button-1>', lambda e, f='Verdana':changeFont (event, font))
1bl.bind('<Button-3>', lambda e, f='Times':changeFont (event, font))

Namb ga-GyHKUMM MOXKHO MCMOb30BaTb HE TOJ/IbKO ¢ MeTodom bind, Ho M onuuneit command, KoTopas
MMeeTcA y pAaa BUIMKeET.
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Ecnn ¢yHKums nepepaérca yepes onuuio command, TO eli He HyXeH napametp event. Tak 3TOT
napaMeTp ” MNpu UCMNonb3oBaHUM MeTofda bind ToXe He Bcerga (O4eHb pedko) npumeHsetcs. A ¢
aprymeHToM command o6pabaTtbiBaeTcs TO/IbKO OAHO OCHOBHOE COObITWE AN1A BUKETA - KUK NIEBOM
KHOMKOW MbILLIN

# =
from tkinter import *
Ibl = None

# QyHKUMA 06paboTKu COo6bITUA
def changeFont(font): # 3Ta yHKuMsa nepepaérca uyepes onuuwo command.
# EN He HyxeH napavmeTp event.
Ibl[*font™] = font

if name == main :
mainwindow = TkQ

Ibl = Label(text = "Master Label")
Ibl _.pack()

aBe 6e3biMAHHbIX KHOMKM  (ogHa Hag apyoi). CobbiTma He 0603HaueHb
(npegnonaraeTcs KUK /IEBOMA MbILMHOW KHOMKOW MO BUOXETY) -
hyHKUMA-06paboTUMK - paHee o0O0bsiBNeHHaa changeFont c napameTpom fnt
(cTpoka C umeHem (OHTa), KOTOopas KOAMPYEeTCHA aHOHWMHbIM
obbekToM-(hyHKuUmneli Python.

3TOT 06bLEKT BMECTE C COCTBETCTBYWWWM 3HAYEHMEM aprymeHTa

napametpa fnt) ob6baABNsSeTCA C nomolwbl MHCTpyKuun lambda.

MeTon pack, npuMeHsieMblii K OMpefenéHHbiM B MPUIOXEeHUN BUIXeTam

(vetka Ibl n 6e3biMAHHbIE KHOMKM), oOb6ecneynmBaeT pa3MelieHne BCeX BUMKETOB
B OKHe mainwindow. B cnydyae c kHornkamu meTof pack() npumeHsaeTcs
(Bbi3biBAETCA) HENOCPEeLCTBEHHO MpU CO34aHUM BUOKETOB.

Button(command=lambda fnt="Verdana®: changeFont(fnt)).pack()

Button(command=lambda fnt="Times": changeFont(fnt)).pack()

#

mainwindow.mainloop() # [Janee oT umeHn o6bekTa mainWindow Bbi3bIBaeTCA
# gyHkuma mainloop. 3Ta (yHKUuS Bbi3biBA€T OGECKOHEYHbIi LUMKA OKHa, Mpw

# KOTOpOM OKHO (MOKa OHO He OyAeT 3aKpbiTo) OyJdeT xgaTb wboro

# (06bsIBNIEHHOr0) B3aVMOAENCTBUS C MOMb30BaTeseM.

# B pgaHHOM cny4dae - NeBOro MblUMHOIO WeslvyKa Mo KHOMKE MPUIOKEHWS .

# - T

0 CobbITns 1 TUNbI COOLITUI
UTto6bl MpunoXxeHne ¢ rpapuyeckmMm WHTEpPdencom 4to-nnmbo Aenano, AO0MKHbI MPOUCXOAUTb Te Wn
NHble cOo6bITUA. OBbIYHO 3TU COOLITUS NPEACTaBAAIT CO60I BO3AENCTBME MO/b30BATENA HA 3/1IEMEHTI
rpacmyeckoro nHtepgerica
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MOXHO BbIAENNTD TP OCHOBHBbIX TUMNa COObITUIA;

W [POM3BOAUMbIE MbILLbIO,
W KaK pe3ynbTaT HaXaTusi KNaBuvLL Ha KnaBuatype,
W BO3HMKaloLWWe B pe3y/bTate U3MEHEHNS BU)KETOB.

BO3MOXHbI KOMOGUHMPOBaHHbIE COGLITUS, MNpPeACcTaBnstoWMe COBOM COYETAHUS OCHOBHBIX TUMOB.
Hanpumep, KUK MbILWbIO C 3a)KaToli KnaBuULLEl Ha KnaBuatype.

- LLEMYKN KHOMKaMMW MbILLIN,
- BXOJ, Kypcopa B Npejenbl BULXKETa,

- BbIXO/] Kypcopa 3a npeaesnbl BUAXKETa,
- IBUXKEHWE MbILLbLO.

- HxKaTtme KnasBuLlw,
- HXKaTne KOMOMHaUuM KnasuLl,
- OT)XXATUE knaBuLW.

- BBO/J] [JaHHbIX,
- UI3MEeHeHne pPasMepoB OKHa,
- NMOKPYTKa,
- apyrve ...

m CobbITve 1 meTog bind
MeTop bind, Ha3sHauyaeT 06pabOTUMK COOBLITUA BUIKETY, COObITUE MepefaeTcs B KayecTBe MepBOro
aprymeHra.

widget.bind(event, function)

Ha3BaHue coObITUS 3aK/NKYAeTCs B KaBbIYKW, a TakxKe B yrnosble CKOOKM < 1 > COoObITUS ONMUCbIBAETCH C
NOMOLLbIO 3ape3epPBMNPOBaHHLIX KTHOYEBLIX C/10B. Hanpvuvlep, co06bITHS, npon3BognmMble MbILLbIO:

<Button-1> - KWK NEBOV KHOMKOW MbILLN

<Button-2> - KWK cpefgHe KHOMKOW MbIn

<Button-3> - KWK NpaBoi KHOMKOW MbILLN
<Double-Button-1> - ABOIAHOWN KNNK NEBOW KHOMKOW MbILLIN
<Motion> - gBUXXEHME MbILLN

MT. 4. (NOMHOro cnNMcka Ha MOMEHT HanucaHus atoro matepuana MNOKA HerT)
Y co6bITniA Kak 06BEKTOB tkinter, Kak 1y MHOTMX ApPYrMx 06bLEKTOB, eCTb aTpubyThI.

B cnepytowiem npumepe B (yHKLMM MOVE U3B/EKAKOTCS 3HaYeHUs aTpubyToB X 1y o6GbekTa event, B
KOTOPbIX XPaHATCA KOOPAMHAThI MECTOMO/OXEHUS Kypcopa MbIlW B Npejeniax BUAXKETA, MO OTHOLIEHUIO
K KOTOPOMy 6bI/I0 CTeHEPVPOBAHO COGbITME.

Mpumep:

B 3aBUCMMOCTWU OT TOro, ABUraeTca Mblllb, LenkKarT NeBon nnn HpaBOﬁ KHOIMKOW, MeHsieTcs Haanncb B
3aronoBkKe rnaBHOro OkKHa.

B faHHOM cnydyae BUIKETOM AB/IAETCA [/1laBHOE OKHO, a cobbiTnem - <Motion>, T. e. nepemMelleHmne
MbILLW.

241



#

from tkinter import *

dbyHxumy oBpaBoTkM COBHITUIN.

NupopMaums © OEeMCTBUAX C MBIIMHBEIMM KHONKaMM (HaXMMaHUS) U
caMoOM MBIIBI ([IepeMelleHMs) oTobpaxaloTca B SaTlOJIOBKE
TJIaBHOT'O OKHAa IIPUJIOXEHMNS

H o o H H*

def bl (event):
root.title ("JleBasg kHoIKa MbmM")

def b3 (event):
root.title ("llparasg kHoONKa MemuM")

def move (event) :
X = event.x
y = event.y
s = "IBuxenue wmemblo {}x{}".format(x, vy)
root.title(s)

root = Tk{()
root.minsize (width=500, height=400)

# HasHaueHMe NPOCTHX GYHKUUN-0OPaBOTUMKOB HENOCPEICTBEHHO C IIOMOIBI CCBUIKU
# Ha dyurumo. I[Ipu sTOM B 00paboTuMKax NPUXOIMTCS SBHO yKasHBATH CCHUIKY Ha
# rraBHOe OKHO NpPUIIOXeHUS (0BBEKT root)

root.bind('<Button-1>', bl)
root.bind('<Button-3>', b3)
root.bind('<Motion>"', move)

root.mainloop ()

#

Bbiwe paccmoTpeHHoe npunoxkeHne obnagaet ogHol 0cobeHHOCTbIO: UCNO/Ib3YeMbIN 34eCh MEXaHU3M
HasHaueHMA GyHKUMKU obpaboTku cobbitua HE ponyckaeT pononHuTenbHbix aprymeHtos (HWUYETO
KPOME event !). MNostomy HenocpeacTBeHHO B Tene ¢yHKUMA ob6paboTkn npuxoamtca ABHLIM
OBPA30OM u1cnonb3oBaTh CCbI/IKY Ha FNaBHOE OKHO Npu/ioxeHua (06bekT root).

ABHO HE wucnonb3oBaTbe 3Ty CCbIKY B PYHKUMAX 0OpabOTKM MOMKHO 3a CUYET onpenesieHUs HOBbIX
bYHKLMIA 06paboTKN C AONONHUTENBHBIM apryMEHTOM, KOTOPbINM BK/OYAETCA B BblparKeHWe HasHaueHUsA
obpabotunka (aprymeHT metoaa bind) c nomouisto lambda-sbipasxkeHus.

#

from tkinter import *

dyuxuny oBpaBoTkM COBHITUIN.

NupopMaums © HDEeMCTBMUAX C MBIIMHBEIMM KHONKaMM (HaXMMaHUS) U
caMoOM MBIIBI ([IepeMelleHMs) oTobpaxaloTcd B 3aTlOJIOBKE
TJIaBHOT'O OKHAa IIPUJIOXEHMUS

H o o H H

def Dbl(event, rt):
rt.title("rt... JleBad kKHoIKa MbIM")

def Db3(event, rt):
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rt_title('rt... [paBasg KHoOMKa Mbiun'")

def move(event, rt):
X = event.X

y = event.y
s = '"rt... [suxeHve wmbiublo Hx"-Format(x, V)
rt.title(s)

# =

root = TkQ

root.minsize(width=500, height=400)

# Ha3HauveHne (yHKUMII-06paboTUMKOB C AONOMHUTESbHLIM aprymMeEHTOM C MOMOLWbI0
# aHoHumMHOI ¢yHkumm (lambda)

root_bind("<Button-1>", lambda event, rt=root: bl(event, rt))
root_bind("<Button-3>", lambda event, rt=root: b3(event, rt))
root.bind("<Motion>", lambda event, rt=root: move(event, rt))

root_mainloop()
# -—-—-—- T T

m CobbITne (Event) Kak 06beKT tkinter
[Janee B npunoxeHun BbIBOAMTCA MHOpMauma 06 obbekTe Event M HekoTOpbIx ero ceoiictBax. Bce
aTpubyTbl COOLITUS TaKXKE MOXHO MOCMOTPETHL C MOMOLLBI0 KOMaHgbl dir(event). Y pasHbIx COObITUIA OHU
OfHW W Te e, MEHSIOTCA TONMbKO 3HayeHus. [na Tex WM MHbIX COObITUIA YacTb aTpubyTOB He Mmeet
CMbICNa, TaKMe CBOMCTBA UMEIOT 3HAYEHUS MO YMOJTHAHUIO.

O61bekT event cpeay CBOWX aTpuBYTOB WMMEET CCbUIKY Ha KOOPAWHATbI Kypcopa B [NTAaBHOM OKHe
NpunoXeHns (event.x_root, event.y_root). NMoatomy Mo>xxHO HE GecrnoKouTbCs OTHOCUTENIBHO apryMeHTa
- CCbIIKM HA 06BEKT root (r1aBHOE OKHO NMPUIOXEHWS)

B npumepe, xoTa 06pabaTbiBaeTcs COGbITME HadKaTUS KnaBuwK  Knaeuatypbl (‘a’), KoopAuHarthl
MOIOXKEHNSA HA 3KPAHE MbILLMHOIO Kypcopa (X, y) COXpaHstoTcs B NOs 06bEKTA:

m event.x_root,
m event. y_root.

# =
from tkinter import *

# 06paboTUMK CcobLITUA - UHpopmaTop 06 aprymeHTax cobbtusa (06bekTa event,
# a Ha camoMm gene mmsa o6bekTa - cobbituss HE BaxHO!) YTo event, uTo Xevent -
# BE3 PA3HUUbl 1 ==== e e e e I S IS S IS
def event info(xevent):

print(type(xevent))

print(xevent)

print(xevent.time)

print(xevent.x root)

print(xevent.y root)

root = TkQ
root.bind("a®, event info) # 3p0ecb cobbTUME C KnaBMaTypbl. AN HUX
# OYKBEHHble KNaBUWW MOXHO 3anuchiBaTb
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Oes yIJIOBHIX CKOOOK (Hampumep, 'a').

Kpome Toro, obBwekT event (xevent)

cpel CBOUX aTpUOYTOB MMeeT CCHUIKY Ha
KOOpPOMHAaTH Kypcopa B IJIaBHOM OKHe
NIPUIIOXEHN I (event.x_root, event.y_root).
[losToMy MOXHO HE OecnokKoMTbCS OTHOCUTEJLHO
apryMeHTa — CCBUJIKM Ha 0OBeKT root

(DJTaBHOEe OKHO [PUJIOXEHUS)

root.mainloop ()

B cnepyowem npumepe B GyHKUMM 0BpaboTKM HanpAMYIO 33[eiCTBOBaHa CCbl/IKa Ha F/1aBHOE OKHO
npunosxeHua (aTpubyT rt) nosTomy npu HasHaueHUU obpaboTumMka npumeHseTca lambda, Tak Kak
dyHKLMA 06paboTKM MoslyyaeT AOMOJHUTE/NbHBIN aprymeHT. [lna onpegeneHUA 3HAYeHWt KoopauHaT
Kypcopa B okHe rt npumeHatotca CMELNAJIbHBIE meToabl:

B rt.winfo_pointerx(),
B rt.winfo_pointery().
]

#

from tkinter import *

# obBpaborumk coBuTMa - MHbopMaTop 06 apryMeHTax cobhTug (oObekTa event)
def event info(event, rt):

print (type (event))

print (event)

(

(
print (event.time)
print (rt.winfo pointerx())
(

print (rt.winfo pointery())

root = Tk{()

root.bind('a', lambda event, rt = root: event info(event, rt))
30ech COBHTHE C KJIaBMATYpPHl. OIS HUX
OyKBEeHHBE KJIABMIIM MOXHO SBallMChBATH
Oes yIJIOBHIX CKOOOK (Hampumep, 'a').

Kpome ToTO, HamopsaMyl BamellCTBOBaHa CCHUIKA
Ha IJlaBHOE OKHO IpPUJIOXeHUuS (aTpudyT rt)
IOBTOMY MpM HasHaueHUM oBpaboTumka
ucnosnbpsyercsa lambda, a Oug onpelesieHUS
SHAUYEHVM KOOpPAMHAT Kypcopa B OKHE

tr - Merome rt.winfo pointerx(),

ok ok FH FH HF o o H H*

rt.winfo pointery()

root.mainloop ()

#

CobbiTA C KaasmaTypbl, KoTopble HE umeloT ABHOro 6YyKBEHHOro nNpeacTaBAeHUA, KoavpyloTcs
HasBaHWeM CObBbLITUA B YI/N0BbIX CKOBKaX, 3aK/IOYEHHLIM B KaBblYKM (CTPOKa ¢ HasBaHMem cobbITuA B
Yr/10BbIX CKOOKax).

Hanpumep, '<Return>' - HaxkaTue knasuwmn Enter, '<space>' — HaxkaTblli npoben.
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Mpn atom umeeTca cobbiTne '<Enter>', kotopoe HE vMmeeT OTHOLWLEHMSA K HaxkaTuio Knasuwu Enter, a
MPONCXOANT, KOrga Kypcop 3axoAuT B Mpenesnbl BUmKeTa.

[anee B NPUIOXEHUN ABE METKM UCMOMb3YHT OAHY U Ty Xe (YyHKUMIO, U KaKAas METKa WCMO/b3yeT 3Ty
yHKUMIO Ans 06paboTKM pasHbIX COGLITWIA: BBOAA Kypcopa B Npefesbl BUIKETA M BbIBOAA 3a €ro
rpaHnubl. ®yHKLUUS 06paboTKM, B 3aBUCMMOCTM OT TOTO, MO OTHOLIEHMIO K KaKOMY BUIXKETY 6blfo
3aMKCPOBAHO COGLITUE, U3MEHSIET CBOICTBA TOMBLKO 3TOT0 BUKeTa. Cnoco6 M3MEHEHUS! 3aBUCUT OT
NPOU3OLLEALLErO COBLITUS.

CeoiicTBO event.widget COAEPXKNT CCbINIKY Ha CreHEPMPOBAaBLUNI COOLITUE BUOKET.

CBOIiCTBO event.type onucbiBaeT, YTo 3TO 3a cobbIThe.

# =
from tkinter import *
# (QyHKUMA 06pabOTKM HECKOSIbKUX COObITUIA A1 HECKONbKUX BUDKETOB ===========
def enter leave(event):
# y events ecTb ccbhnka Ha widget, kyaga nuweTtcsa TekcT "In® wmnu  ~“Out®

if event.type == "7": # YKasaTesb MbiuyM Obl1 MOMEWEH B BUANMYK
# 4yacTb BuOoKeTa.
event.widget[“text®*] = ~In"
elif event.type == "8": # YKazaTesb MbiuM Obll NepemMewéH u3 BUOKeTa.
event_widget["text"] = "Out”
# s
root = TkQ

# pa3sHble BUDKETbl, pa3Hble Cco6biITUSA, oAHa obwas (yHKUus obpaboTKu!
labl = Label(width=20, height=3, bg="white")

labl._pack(Q)

# Ha3Ha4dyeHue (yHKUMM 06paboTUMKa COb6bLITUS

labl.bind("<Enter>", enter leave)

labl.bind("<Leave>", enter leave)

lab2 = Label(width=20, height=3, bg="black®, fg="white")
lab2_pack()

# HasHa4dyeHue (yHKUMM 06paboTyUMKa COb6bLITUS

lab2.bind("<Enter>", enter leave)

lab2.bind("<Leave>", enter leave)

root_mainloop()
# -—-—- - T

Y KaKAoro cobbitva ectb Ums U Homep (Tun). C NOMOLLbLIO BblpaxkeHUs print(repr(event.type)) MOXXHO
NPOCMOTPETL ero rnosHoe onucaHue. MNpu 3TOM Ha ofHUX Nnatopmax str(event.type) Bo3Bpallaet nms
cobbITna (Hanpumep, 'Enter’), Ha pyrnx - CTPOKOBOE NPeLCTaB/eHNe HoMepa cobbitus (Hanpumep, '7Y).

m [IpyMeHeHMne cCobbITU
B cnepgywowem npvMmepe [LeMOHCTPUPYETCH MPUMEHEHME OfHOro 06paboTuMka CcobbITUiA  4ns
HECKO/bKNX BUIXKETOB.
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Y event'a ecTb ccblika Ha widget (pa3Hble 06BbeKTbl), Kyaa nuwietcs Tekct ‘In' wnm 'Out’ B 3aBUCMMOCTH
OT NOMIOXKEHWUA Kypcopa. YKasaTeflb Mbllin MOXET ObiTb MO0 NOMELWEH B BUAMMYKO 4YacTb BULKETA,
MBO yCneLHOo rnepemeLLéH 13 Heé.

B npunoxeHun 3ageiicTBoBaHa 06LWWaa PyHKLUMA 06paboTKm AN pasHbIX BULKETOB M Pa3HbIX COOLITUIA.

# =
from tkinter import *

# (QyHKUMA 006pabOTKM HECKOSIbKUX COGLITUIA A1 HECKOMbKUX BUMKETOB ===========
def enter leave(event):
# y events ecTb ccbinka Ha widget, kyga nvweTtca TekcT “In® wam  “Out®

if event_type == "7°: # YkazaTenb MblluM Obis1 MOMEWEH B BUAUMYIO
# 4yacTb BuoxeTa.
event.widget[ "text®*] = ~In"
elif event.type == "8": # YKasaTesnb MbiuM Obll NepemMewéH u3 BUOKETA.
event_widget[“text"] = "Out”
# — /e e /e e e e /e e e/
root = TkQ

# pas3Hble BUDKETHI, pa3Hble COobbTMS, OofHa obwasd (yHKUMA 06paboTKm!
labl = Label(width=20, height=3, bg="white")

labl._pack(Q)

# Ha3HaudeHVe (QyHKUMM o0b6paboTyumka CcobbITUSA

labl_bind("<Enter>", enter leave)

labl._bind("<Leave>", enter leave)

lab2 = Label(width=20, height=3, bg="black®, Tg="white")
lab2_pack()

# Ha3HaudeHVe (QyHKUMM 0b6paboTyumka CcobbITUSA

lab2_bind("<Enter>", enter leave)

lab2_bind("<Leave>", enter leave)

root_mainloop()
# s

m root.after; anbTepHaTnBHbIE CNOCO6OLI 3aNycKa N 06 bABEHUS
bes root.after() B hyHkumn outfun npunoxkeHne He paborTaer.

Metop after 3anyckaeT (DyHKLMIO, YKa3aHHY0 BO BTOPOM aprymMeHTe, 4Yepe3 MPOMEXYTOK BPEMEHW,
yKaszaHHbIl/i B MEPBOM apryMeHTe, CO 3HAYeHVEM MapameTpa A/1s BbIMOMHAEMOW (hyHKLMK, 3a4aHHOTO B
TPETHEM aprymeHTe

# =

vl

be3s root.after() B ¢dyHkumm outfun npunoxeHne He paboTaeT.
MeTop after 3anyckaeT (YHKUMIO, YyKa3aHHyl BO BTOPOM aprymeHTe,
yepe3 MPOMEXYTOK BpPEMEHW, YKa3aHHbli B MepBOM apryMeHTe,

CO 3Ha4vyeHMeM aprymeHTa [A7s BbiMO/HAEMON (YHKUMM, 3a[aHHOro
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# B TpeTbeM apryMeHTe
from tkinter import *

# dyHrums externalfun ofbaBJeHa BO BHemHeN ofjacTu OBBABJIEHUS
def externalfun (key):
print ('~~~~~ externalfun({0})~~~~~ '.format (key) )

def outfun (outkey):
# odysHxumsg infun obbgBJieHa BO BHYTpPeHHeM ofiacTu OBBLIBIIEHUSI
def infun(inkey):
print ('=====infun({0})=====".format (inkey))

# B ¢yHxumm outfun mMerTomoM root.after sanyckaloTcsa OBe QYHKLMM,

# oObaBJIeHHHE B pasHEX o6JacTaxX OOBLABJIEHMS, C PasHBMU SHAaUYEHMUSIMU
# aprymeHTOB

root.after (0, infun, outkey)

root.after (0, externalfun, outkey*2)

#
root = Tk{()
outfun(25)

root.mainloop ()

#

AHaslorMuHble cnocobbl 0b6bABAEHUA U 3anycka GYHKUMIA Npu paspaboTke rpadpuyeckoro nHTepdeiica.

3pecb coyeTaHue Knasuw Ctrl+a Bblgenaer TekeT B8 none. MeTog, after BbinoHAET GpyHKUMIO, YKa3aHHYIO
BO BTOPOM apryMeHTe, Yepes MPOMEXKYTOK BpeMeHU (?), yKasaHHbIi B NepBom aprymeHTe. B TpeTbem
aprymeHTe nepenaétca 3HauyeHne aTpubyTa widget obbekTa event. B gaHHom caydyae um BygeT nosne
ent. MMeHHO oHO byaeT NMepedaHo Kak aprymeHT B ¢yHKUMIO select_all2 M npucsoeHo napameTtpy

widget.

3mech coueTaHMe kKJabBum Ctrl+a BHIOeNSeT TEKCT B IIOJe.
MeTon root.after BhmosHsgeT QyHKUMIO, YKa3SaHHYIO BO BTOPOM apl'yMeHTe,

IIPOMEXYyTOK BpeMeHN, yKaBaHHbIﬁ B II€epPBOM apl'yMeHTe. B TpeTbeM apr'yMeHTe

epepgaeTcs sBHadveHMe arTpubyra widget obrexTa event. B maHHOM ciydae UM

BymeT sHaueHMe IoJig ent. lJMeHHO oHO OyIneT IIepelaHO KaK aplyMeHT
B dyHrumio select all2 um npucBoeHO apryMeHTy widget.

#

from tkinter import *

# dyHrKUMKM OBpa®OTUMKU COOHTHUNA

# apryMeHT event B KOIe He IpPUMEHSEeTCH
def exit win(event):
root.destroy ()

# apryMeHT event B KOIe He IpPUMEHSEeTCH
def to label (event):

t = ent.get()

1bl.configure (text=t)
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# N 310 TOXE prHKLI.I/IFI 06pa60TK|/| COObITUS] ==========—===—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—===
# aprymeHT event NMPpMMEHAETCA B KoAae beHKU'VlVI o e e
def select all(event):

# o6nactb o06bsaABneHusa ¢yHkumm select all2 -
# 1eno ¢gyHkuumn select all, B koTopoii ¢yHkumsa select all2 o6baABnAseTcs
# s s s
def select all2(widget):
widget.selection range(0O, END)
widget.icursor(END) # Kypcop B KoOHel,
H# =

root.after BbiNnosHAET
(YHKUMIO, YKa3aHHyl BO BTOPOM aprymeHTe, 4epe3 MNpOMEXYTOK BpPEMEHU,
yKa3aHHbli B NMepBOM aprymeHTe. B TpeTbem aprymeHTe nepegaeTcs
3HadeHve aTpubyTta widget ob6vekTa event.
B paHHOM cnyyae 3Tto widget none BBoga ent.
1w
root.after(10, select all2, event.widget)
# =

# BapuaHT o06bsaBneHus ¢dyHkumm select all2:
# obuwasi obnacTtb 06bABAEHUA
# def select all2(widget):

# widget.selection range(0, END)

# widget.icursor(END) # Kypcop B KOHel,

# -—-—- - T
root = TkQ

# none BBOAa ===

ent = Entry(width=40)

ent._pack(Q)

ent_focus set() # ycTaHOBKa Kypcopa Ha nose BBoga ent ((pokyc BBoga Ha ent)

# MeTKa
Ibl = Label(height=3, fg="orange®, bg="darkgreen®, font="Verdana 24")
I1bl _pack(fill=X)

# Ha3Ha4deHue GQyHKUMIA 06paboTKN COObLITUM
ent.bind("<Return>", to label)
ent.bind("<Control-a>", select all)
root.bind("<Control-g>", exit win)

# -—-—- - T

root_mainloop()

# =

m Mogaynb tkinter.ttk
B coctaB naketa tkinter Bxogut mogynb ttk, cogep)xawmii Knaccbl BWUIKETOB pPasHbiX CTuUnen. WVx
BHELUHWI Bna no ymo/siYaHMKO 3aBUCUT OT KOHerTHOVI 0I'IepaL|,VIOHHOI7I CUCTEMBI. [l,anee B KOAe AnA
CpaBHEHMA BHELWHEro Buyaa pasMeweHO HECKO/NbKO nap 0OBABNEHNIA aHANOTNYHbIX BUIDKETOB U3
mogyneii tkinter ntkinter.ttk.
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#

import tkinter as tk
import tkinter.ttk as ttk

root = tk.Tk{()

tk.Button (text="Hello") .pack ()
ttk.Button (text="Hello") .pack()

tk.Checkbutton(text="Hello") .pack ()
ttk.Checkbutton (text="Hello") .pack ()

tk.Radiobutton (text="Hello") .pack ()
ttk.Radiobutton (text="Hello") .pack ()

root.mainloop ()

#

TaKk Kak MMeHa K/1accoB aHaOMMUHbIX BUMKETOB COBMAaZaloT, MOAYIN UMMNOPTUPYIOTCA TaK, UTobbl UX
NPOCTPaHCTBa MMeEH He MepeKkpbiBaanch. [Npu 3ToM KOHCTPYKTOPbI B KJaccax Npu co3gaHUu obbeKkTos
(BuarkeToB) BbI3bIBAIOTCA Uepes MMeHa (B JaHHOM Ciydyae NceBaoHUMbl) moayneid. Ecan se HE Hy»KHbl
BUaXKeTbl moayna tkinter, nogobHbie KoTopbim ecTb B tkinter.ttk, ymobHee wnmnoptuposatb Bcé
NPOCTPaAHCTBO MMEH KaK OJIHOTO, Tak U BTOPOro mMoayns.

#

from tkinter import *

from tkinter.ttk import *

root = Tk{()

b = Button(text="Hello")
b.pack()

t = Text(width=10, height=5)

t.pack()

print (root. class )
print(b. class )
print(t. class )

root.mainloop ()

B maHHOM ciiyyae npocTpaHctBo MmeH tkinter.ttk, KoTopblii MMNoOpTUpyeTca BTOPbIM, NMepeKkpbiBaeT
yacTb umeH tkinter. NMoatomy BbipaxeHue Button(text="Hello") Bbi3biBaeT KOHCTPYKTOpP Knacca Button,
HaxogAawmica B moayne tkinter.ttk.

B TO ke Bpema B 3TOM MoJy/ie HeT KaaccoB Tk u Text. MoaTomy aKsemMnaapbl (BUAMKETLI) STUX K1acCOB
cosgatoTca oT basosbix Kiaccos tkinter. B KoHconb 6yaeT BbiBeAeHO:

<class 'tkinter.Tk'>
<class 'tkinter.ttk.Button'>

<class 'tkinter.Text'>
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Habopbl BUOykeToB 060UX MOOyNEN NEPEKPLIBAIOTCA HE NO/IHOCTBLIO:

B ectb obuipe (Takue Kak Label, Button, Entry),
B ecTb xapaKTepHble To/1bKo Ana tkinter (Hanpumep, Listbox n Canvas),
B 1 To/bKO ana ttk (Hanpumep, Combobox, Notebook).

Mpobnema cocTouT B TOM, UTO B ttk CBOIMCTBa BUOMKETOB NPOrpaMmMMpPYIOTCA HEe COBCEM TaK, Kak B tkinter.

Ecom B NAPUAOKEHNN OAHOBPEMEHHO COYETaloTCA 3/1€MEHTDI obounx IVIO,EI,yI'IeVI, Ko4d nporpamMmbl
cTaHoBUTCA Bosee 3anNyTaHHbIM N ME€HEee NOHATHbIM.

Tak, ana suaxketos w3 tkinter.ttk mHorne cBoiicTBa 3adatoTca ¢ momoulplo 06bekTa, co3gaHHOro oT
Knacca ttk.Style. OcHoBHaa naen ttk — otaenntb odbopmaeHue BUAMKETa OT ONUCAHMA €ro noseaeHus.
Hanee ana cpaBHeHWA YCTaHOBKU CBOMCTB A1A ABYX KHOMOK UMMNOPTUPYIOTCA MoayaM 6es nepeKkpbiTua
NPOCTPaHCTBA UX UMEH.

from tkinter import *
from tkinter import ttk

root = Tk{()

b _tk = Button(text="Hello Tk")
b _ttk = ttk.Button (text="Hello Ttk")

b tk.config(background="#b00",
foreground="#fff")

style = ttk.Style()

style.configure ("TButton",
background="#0b0",
foreground="#fff")

b tk.pack(padx=10, pady=10)
b ttk.pack(padx=10, pady=10)
root.mainloop ()

CBOWCTBa A28 3Ksemnaapa Button us moayns tkinter sapaloTca ¢ nomollbio meToaa KHomku config.
OAaHaKo To e camoe MOMHO Bb1s10 Bbl cienaTh NpU Nepesiayve 3HaUYeHUA B KOHCTPYKTOP:

b _tk = Button(text="Hello Tk",
background="#b00",
foreground="#fff")

HacTpouTb Tak KHOMKY M3 Moay/ia ttk Henb3A. BMeCTO 3TOro HY»KHO CO34aTb 3K3eMNAAp OT KJacca Style u
Y)Ke yepes Hero M3MeHATb CBOWMCTBA MO yMo/MaHWio. B Koze Bbiwe 6b11 npumeHEH meTog configure.
34ecb NepBblM apryMeHTOM B Hero nepegaetca uma ctuaa (TButton), cBA3aHHOTO ¢ K1accom 06bEKTOB,
OJ1A KOTOPbIX MPOU3BOAMTCA HACTpoliKa. B gaHHOM ciydae 3TO KHOMKW. [/11 YyTOYHEHUA UMEHU CTU/IA
MOXHO BOCMO/Ib30BaTbcA MeTogom winfo_class:

print (ttk.Label () .winfo class())
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print(ttk.Button().winfo class())

Pesynbrar:
TLabel

TButton

m Co3gaHue cCO6GCTBEHHOTO CTUNA
Urto genatb, ecnv B MpoOrpaMMe Hy>XHbl, HarpumMep, KHOMKA pasHoro ctuna? Mpy 3sTOM MOXHO CO34aTb
COGCTBEHHbIV CTW/b, YHacnefoBaB €ero OT WCXOLHOro, W M3MEHATb fiMb OTAEflbHble €ero CBOWCTBa.
[anee B npymMepe co3faHHbIl CTUMb ByAeT HadbiBaTbca XXX

Mocne TOYKM yKa3biBaeTCs ero pogmuTenb (B JaHHOM criyyae 3To CTub TButton). Mpu co3gaHnn nepsoii
KHOMKW yepe3 onuuio style ykasbiBaeTcs npuMeHsiemMblli CTWb. [ BTOPO KHOMKW MO YMOYaHWUIO
ncnosnb3yetcs ctunb TButton. OH He MeHS/ICA, XOTS ero MOXKHO 6blf10 6bl U3SMEHUTB.

Ha camom pgene o0coboii HeoOGXOAUMOCTU WM3MEHATb BHELWHWIA BUA BUIKETOB HeT. Hanpotus, B
NPUIOXEHMSIX NPUBETCTBYETCS CTaHAAPTHbLIA U eAMHO0OpPa3HbI/i BHELUHWIA BUf 1 NOBEAEHNE BULKETOB.
370 AaeT NONb30BaTENHO UHTYUTUBHO MOHSATHLIA UHTEPENAC.

# =
from tkinter import *
from tkinter._.ttk import *

root = TkQ

style = Style()
style.configure(""XXX.TButton', foreground="‘green')

Button(text="First"”, style=""XXX.TButton™)_._pack()
Button(text="Second™) .pack()

root_mainloop()
# =

m Tema npunoxeHus
Kpome Toro, B ttk ecTb pasHble TeMbl. MOXHO MeHATb He OTAefbHble BUKETbl, a LUEeMKOM Temy
othopmieHUs npuioxeHus. C noMoLLbLo MeTofoB theme_names vtheme_use MOXHO BbICHUTbL CMIUCOK
TeM (KOTOpbIi 3aBUCUT OT faHHOoM OC) 1 TEKYLLYIO TeMy:

# =
from tkinter._ttk import *

style = Style()
print(style.theme names())
print(style.theme use())

# ==

Pesynbrar:
(‘clam’, ‘alt’, ‘default’, 'classic’)
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default

Echn B meTopg theme_use nepenarb HaseaHMe TeéMbl, OHa 6y,u,eT NMPUMEHEHaA. [anee B nporpaMmmMe npu
Haxkatm Knaeuwm Enter nsmeHseTca tema MPUNOXXEHUA:

from tkinter import *
from tkinter._.ttk import *

root = TkQ
style = Style()

e = Entryustify="center”)
e.packQ
Button(text=""Hello™) .pack()
Label (text="Hello™) .pack()

themes = style.theme names(Q)
i=0

def theme next(event):
global i
style.theme use(themes[i])
e.delete(0, END)
e.insert(0, themes[i])
if i < len(themes) - 1:
i =1
else:
i=0

root.bind("<Return>", theme next)
root.mainloop()

m CBoiicTBa BUAXeETOB B ttk
OnucaHve CBOICTB BUIKETOB B ttk He Bcerga coBnajJaeT ¢ TeM, Kak 3To AenaeTcs B 6a3oBom tkinter.

PaHee B nMpuMepe C KpacHOW W 3eNneHOM KHOMKamMu C nomowbto onuuii foreground wm background
yCTaHaBMBa/INCb LBeTa TeKcTa M (hOHa KHOMKW, KOrAa OHa He Haxoaunacb noj KypcopoM Mbiwun (TO
€CTb KOrfa OHa He aKTUBHa).

Utobbl nepeonpefennTb UBeTa MO YMOMYAHUIO MPWM HaBOAKE Kypcopa, ANns KHoMok tkinter Hazo
ucnonb3oBate onuun activeforeground wn activebackground. OgHako 3TM cBoiicTBa He pab6oTatoT gns
BUAKETOB 13 ttk:

b tk.config(background=""red",
foreground="‘white",
activebackground="orange",
activeforeground="white')

style = ttk_Style()

style.configure("'TButton",
background=""green",
foreground="‘white",
activebackground="lightgreen',
activeforeground="black")

252



3101 KoA, BbIMO/IHNTCA 6e3 owmnbok. Ho CI)OH 3€/1eHOM KHOMKK Npn Ha*XaTn Ha Hee OCTaHEeTCA CBET/10-
cepbiM, MU HE€ CTaHET CBET/I0-3€/1IeHbIM. B AdaHHOM C/ay4vYae BMeCTO MeToda configure cneanyet
ncno/sibsoBaTtb MmeTod map, KOTOprVI BbI3blBaeTCA 06beKTamK TUNa Style:

#

from tkinter import *

from tkinter.ttk import *

root = Tk{()

Button (text="Hello World") .pack(
padx=40, pady=40,
ipadx=20, ipady=20

st = Style()
st.map ('TButton’,
foreground=[ (''active', 'purple'),
('pressed', 'orange'),
(tactive', 'red")],
background=|[
('"pressed', 'brown'),
('active', 'white')]

root.mainloop ()

#
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m Co3gaHune rpauyeckKnx MHTepgeiicoB C NOMOLLbID 6MGINOTEKN
Tkinter
Tkinter rpadmuyeckad kpoccnnatopmeHHas 6mbnamoTeka Ha ocHoBe cpeactB Tk. CeobogHoe [0,

BK/IIOYEHO B CTaHAAPTHYO GUBIMOTEKY sisbika MporpammvpoBaHust Python. B coctaB Tkinter Bxogut
MHOFO KOMTOHEHTOB.

OpuH 13 HUX — Canvas («X0cT»).

m Canvas
B tkinter ot knacca Canvas co3gatloTc OBGbLEKTbI-XO/CTbl, HA KOTOPbLIX MOXHO “"pucoBatb”, pasmeLlas
pasnuyHble Urypbl 1 06LEKTLI.

Canvas npuMmeHAaeTca ana BbiBOAa FpaCbVI‘-IeCKI/IX NPUMANTUBOB:!

JIMHNIA,
NPSMOYrO/IbHUKOB,
3N/INMCOB,

TEeKCTa,

OKOH,
N306pakeHNIA.

310 fenaetcd 3TO C NOMOLLBIO BbI30BOB COOTBETCTBYHOLLMX MeToAOoB. [pu co3gaHum obbekra Canvas
YKa3blBaeTca ero wmpuHa 1 BbiCOTa.

m MeToabl NO3ULMOHNPOBAHUA 3/IEMEHTOB
Mpu paborte c Tkinter 419 NO3ULMOHNPOBAHNSA 3/IEMEHTOB NMPUMEHSAIOTCS PasHble METOAbI:

m pack();
m place();
m grid().

Mpn pasmeLLeHn (PMCOBaHUN) FTEOMETPUYECKMX MPUMUTVMBOB 1 APYTMX OGHEKTOB YKa3biBAtOTCH UX
KoopAvHaTbl Ha xosicTte. Mpy 3TOM TOUKOl OTcUeTa SIBASETCS BEPXHWIA NEBbIN yron.

m JInHnn
JIMHUM - 3TO MPUMUTMBHBIE TEOMETpUYEcKue 3nemeHTbl. B Canvas NMHUA C Hy>XHbIM pasMepoM
co3aaétca vepes Metof create_line().

MapameTpbl MeToAa create line() — 310 KoopAmMHaTbl X 1 y. OHM 0603HaYalT Haya/lbHble U KOHEYHbIe
TOUKM ByayLiero MMHeRHOro oTpeska.

Onupsa dash pucyeT MyHKTUPHYH NIMHUIO. Y 3TOM ONUMKW eCTb COBCTBEHHbIE 3HAYEHWsl, MOMELLEHHbIE B
cKkOOKK. B npumepe ato (4, 2).

m  uudpa 4 o603HaYaeT ANMHY TUPE (TOUKN) B NMUKCENSX;

m Ludpa 2 otBeYaeT 3a WupuHy (width) nyctoro npomMexxyTka, CyLLeCcTBYHOLLErO MexXAay Tupe
(Toukamwu).
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Ecam nponucate dash=(1, 1), nonyyaetca AMHUA U3 Toyek. Mpu pucoBaHUM 0BbIYHOW JIMHWUM B KauecTse
KOOPANHAT MOMKHO YKa3aTb HECKO/IbKO KOHEYHbIX TodeK. OparMeHT Koga HUMKe OTBeYaeT 33 OTPUCOBKY
TPEYro/ibHWKa, KOTOPbIN TaK}Ke COCTOUT U3 NPOCTLIX JIMHUIA.

Danee B nporpamme cosgaeTca xo/acT. Ha HEm ¢ momouwbio meToda create_line pucyloTca OTpeskKM.
AprymeHTbl create_line() — 3To KoopauHaTel X U y. OHM 0603HAYAIOT Haya/ibHble U KOHEYHble TOYKU
byaywero nAvHerHoro otpeska. Onuuma dash pucyeT nyHKTUMpHYIO AuMHUIO. Y 3TOW onuMKM ecTb
cobcTBEHHbIE 3HAUeHUsA, NoMeLLeHHble B CKOBKU. B npumepe aTo (4, 2):

B uudpa 4 obo3HavaeT A4/IMHY TUPE (TOUKM) B MUKCENAX;

B uudpa 2 oTBeUaeT 3a WMpUHY (width) nyctoro npomeskyTka, CyLLECTBYIOLLErO MEXK Y TUpE
(Toukamn).

Ecaun nponucaTs dash=(1, 1), noayumTca AMHUA U3 TOUEK.

from tkinter import Tk, Canvas, Frame, BOTH
class Example (Frame) :

def init (self):
super (). init ()
self.initUI ()

def initUI (self):
self.master.title('this is the lines')
self.pack(fill=BOTH, expand=1l)

canvas=Canvas (self)

canvas.create line(15,25, 200,25)
canvas.create line (300, 35, 300, 200, dash=(4, 2))
canvas.create line(55, 85, 155, 85, 105, 180, 55, 85)

canvas.pack (£fill1=BOTH, expand=1)

def main():
root=Tk ()
ex=Example ()
root.geometry('400x250+300+300")
root.mainloop ()

if name == main

main ()

Mpn pucoBaHUM OBBIYHON JIMHUKM B KayecTBE KOOPAMHAT MOMKHO YKasaTb HECKOJIbKO KOHEUHbIX TOYekK.
Kycouek Koga HUKe oTBEYaeT 33 OTPUCOBKY TPEYro/IbHUKA, KOTOPbIN TaKKe COCTOUT U3 NPOCTbIX IMHUNA.
CHauana yKkasblBaloT KoopAuMHaTbl Havana (x1, y1), satem — KoHua (x2, y2) oTpeska.

#

# B IIpoI'paMMe co3maeTCcHd XOJICT. Ha HEM pucymnTCcAa OTpe3KM C IIOMOIBI

# MeToma create line. CHauaJla yKasHBaLTCId KOOPOMHATH Hauasa (x1, yl),

# saTem - kxoHUa (X2, y2) oTpesKa.
from tkinter import *

root = Tk{()
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c = Canvas(root, width=200, height=200, bg="white")
c.packQ

c.create line(10,
10,
190,
S0)

c.create line(# HEMMeHOBaHHble aprymeHThi:

# VX MOPALOK CefoBaHUA B BblpaxeHun Bbi3oBa metoga BAXEH

100,

180,

100,

60,

# WMEeHOBaHHble aprymeHTbl:

# VX MOpPAfOK criefoBaHUA B BblpaxeHun Bboi3oBa metoga HE BAXEH

width=5,

arrow=LAST,

dash=(10, 2),

arrowshape="10 20 10",

fill="green-,

activefill="lightgreen® # activefill onpegenser uBeT
# OoTpe3ka Mnpu HaBefeHUU Ha Hero
# MbILUMHOIO Kypcopa.

)

root_mainloop()

# =

MeToabl, KOTOpPbLIE NO3BOMIAKT CO34aBaTb pPa3/iNnyHbIE Cbl/lrypbl Ha KaHBeE:

create_rectangle,
create_polygon,
create_oval,
create_arc,
create_text.

u create_rectangle: co3gaHne nNpsaAmMoyrosibHMKoOB
c.create rectangle(10, 10, 190, 60) # [lepsble ABe KOOPAWHATHI -
# BEpXHWA NeBbii Yrosa, BTOpPbe - MNPaBblidi HKHWIA .

create_rectangle co3faét NpsiMOYro/ibHUK.

# =
from tkinter import Tk, Canvas, Frame, BOTH

class Example(Frame):

def init (self):
super()- init (
self.initul)

def initUl(self):
self_master._title("this is the colors”®)
self.pack(fill=BOTH, expand=1)
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canvas=Canvas(self) # co3paeTca Buaxet Canvas

Ha KaHBe meTogoM create rectangle() co3gaérTca NPAMOYTONbHUK.
3pecb Hago nponvcatb 4 napaveTpa Af1s onpefeneHuvs
KOOPAWHATHOIO MOJIOKEHNA /IEBOIF0 BEpPXHEro yrna
(BEpXHE NEeBON OrpaHUYUTENILHON TOYKN) U
KOOPAVHATHOIO MOJMIOKEHUA MPaBOro HWKHEro yrna
(HuxHell npaBoli OrpaHUYNTENbHON TO4UKW),
napaveTp outline 3a4aéT uUBET KOHTypa MpPAMOYrofibHUKA,
napavetp fill 3apaéTt uset
BHYTPEHHel 06/1acTu NPSAMOYrO/ibHUKA -
I
canvas.create rectangle(30, 10, 120,80, outline="#fb0",
Ffill="#fb0")
canvas.create rectangle(150,10, 240,80, outline="#f50",
Fill="#f50")
canvas.create rectangle(270,10, 370,80, outline="#05f",
Ffill="#05f")

canvas.pack(fill=BOTH, expand=1)
#

def main():
root=TkQ)
ex=Example()
root.geometry("400x250+300+300")
root_mainloop()

if npame =" main
main()

| L||BETHbIe NMPAMOYToJ/IbHUKN
LiBeT — 310 061beKT, oTOGpaKatoLWmii KOMOMHaLMIO TPeX LIBETOB (KPacHOro, 3e/1eHOro, cmHero — RGB).
Hwke Ha KaHBe HapvcoBaHbl NPSMOYTrONbHUKW. OHM 3aKpalleHbl B pasHble LBeTa.

create_polygon co34aét Nnpon3Bo/ibHbIVi MHOTOYTO/IbHMK

#

from tkinter import *
root = TkQ

c = Canvas(root, width=200, height=200, bg="white®)
c.packQ

# B aTOM npumepe, Korga Ha MpPAMOYrofibHUK MNonagaeT Kypcop Mbiuv, €ero pavka
# CTaHOBUTCHA NYHKTUPHOW, W 3TO onpegensdeTcd cBoiicTBoMm activedash.
c.create rectangle(60, 80, 140, 190,
fill="yellow",
outline="green-,
width=3,
activedash=(5, 4) # nyHKTMpHasa pawvka, Korga Ha
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# NPSMOYTroOfIbHMK MOMNajaeT MbIUMHLIA Kypcop

)

# MeTopnom create polygon pucyeTcs NpPou3BOJbHbIA MHOFOYIrO/IbHUK MyTeM 3aAaHusi
# KOOpAMHAT Kaxaolh ero TOYKu:

c.create polygon(100, 10, 20, 90, 180, 90)
c.create polygon(40, 110, 160, 110,

190, 180, 10, 180,

fill= ,orange” , outline="black
# KoopauHaTbl TOYEK MOXHO 3akioyaTb B CKOOKM:
c.create polygon((40, 110), (160, 110),

(1°0, 180), (O, 180),

fill="orange®, outline="black®)

root.mainloop()

#H =

m create_oval: co3gaHue 3nmMncoB
create_oval cosfaeT annuncol. MNMpu 3TOM 334al0TCA KOOPAMHATbI FMMOTETUYECKOrO MPSMOYIONbHUKA,
OMUCLIBAIOLLIErO 3NNMC. ECAM HY>KHO MOMy4UTb KPYr, TO COOTBETCTBEHHO OMUCLIBAEMbIV NPAMOYTO/IbHUK
[O/MKeH 6bITb KBaJPATOM.

c.create oval(60, 10, 150, 110, width=2)
c.create oval(10, 120, 190, 190, Till="grey70®, outline="white")

MeTop create_arc: B 3aBMCMMOCTU OT 3HaYeHUs onuumn style MO>XHO NOJly4YnTb

m cekTop (M0 yMON4aHuio),
m cermeHT (CHORD),
m ayry (ARC).

Takke Kak B crydae create_oval koopavHaTbl 3a4at0T NPSIMOYTrONbHUK, B KOTOPbIA BAMCaHa OKPYXXHOCTb
(M annunc), U3 KOTOPOIA "Bbipe3aeTcs™ CeKTOp, CErMeHT mnm gyry. Onumm start npuceBanBaeTcs rpagyc
Hayasia urypsl, extent onpegenset yros nosopora.

from tkinter import *
root = TkQ

c = Canvas(root, width=200, height=200, bg="white")
c.packQ

# =

c.create oval(10, 10, 190, 190, Ffill="lightgrey", outline="white")
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c.create arc(10, 10, 190, 190 start=0, extent=45, fTill="red")
c.create arc(10, 10, 190, 190 start=180, extent=25, Till="orange")

c.create arc(10, 10, 190, 190 start=240,
extent=100,
style=CHORD,
fill="green™)

c.create arc(10, 10, 190, 190 start=160,
extent=-70,
style=ARC,
outline="darkblue®,
width=5)

#

root_mainloop()

#

m C/i0XKHble (hopMbl
MoxxHO 6e3 Mpo6semM HapucoBaTb Kpyr, OBa/l M MpoYne urypbl, BKIOYas KPUBOAWMHENHbIE. VIMEHHO
ONs 3TON Uenu 1 npegHasHavyeH Kog HUXE:

# =
from tkinter import Tk, Canvas, Frame, BOTH

class Example(Frame):

def init (self):
super()- init (
self.initUul)

def initUl(self):
self.master.title("this is the forms®)
self.pack(fill=BOTH, expand=1)

canvas=Canvas(self) # co3gaeTcsa BuoxeT Canvas

# y Bcex ¢muryp koHTyp (outline) okpacuTcsa B KpacHboii uget, 3anmBka (Fill)
# 6ypeT 3eneHoi. lMpmHa KoHTypa (width) — 2 px.

# Kpyr - create oval... TlepBble 4 napavMeTpa HYXHbl A7 yKa3aHus

# orpaHnuyMBanWMxX KOOpAVHAT:

x0, y0, x1, yl - ABAAWTCHA KOOpAMHaTamu MpaBoOii HWXHEN N BepxHerl
NeBOIl ToueK KeagpaTa, rAe MnomeweH Kpyr.

AHa/IOrMYHO CO3JaeTCA U OBa/l — MEHSAWTCH J/ivwb NepsBble 4 napameTpa

H O H

canvas.create oval(10, 10, 100, 100,
outline="#f11",
Ffill="#1f1",
width=2)

canvas.create oval(110, 10, 210, 75,
outline="#f11",
Ffill="#1f1",
width=2)
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# OpSAMOYTOJILHUK TOXe MMeeT KOOPpOMHATHHE SHaueHUs X U Y, KOTOopHe
# ABJIAITCSA OTPAHUYNTEJNbHEMY TOUKAMU
canvas.create rectangle(250,10, 300,70,
outline="'#f11",
fill="#1f1",

width=2)
# oyra (apka) STO uyacTb Kpyra. Hazmo ykKasaTb OI'PaAHMUYMUTEJbHEE
# KOOPIOMHATE IyIMW:
# nepBele 4 napametpa x0, y0, x1, yl - gBudgooTcd KOOpIMHATaMU
# NpaBoM HMXHEN M BepxHeM JIeBOM Touek KBagparTa,
# T'Ie IIoMelleH nOyra, Iapamerp start omnpenesser yros Inyru,
# nnapaMeTp extent ycraHaBIMBaeT pasMep yIJla
canvas.create arc(25, 250, 100, 120,
start=0, extent=210,
outline="#f11', fill='#1f1l"',
width=2)
# MHOT'OYT'OJIbHMK: MHOI'O YIJVIOB, M COOTBETCTByKIee KOJIMUECTEBO
# KOOPIOMHATHEIX BHauUYeHMN B MaccubBe points
points=|[
150,100,
200,120,
240,180,
210,200,
150,150,
100,200

]

canvas.create polygon(points,
outline="'#f11",
fill="#1f1",
width=2)

canvas.pack (£fill1=BOTH, expand=1)

def main():
root=Tk ()
ex=Example ()
root.geometry('400x250+300+300")
root.mainloop ()

if name ==' main ':

main ()

#

create text: pasMmeleHMe TeKCTa Ha KaHBe

C nomoLublo MeToga create_text Ha KaHBe (X0/ICTe) pasmeLLLaeTcA TEKCT:

c.create text (100, 100, text="Hello World,\nPython\nand Tk",
Jjustify=CENTER,
font="Verdana 14")
c.create text (200, 200, text="About this",
anchor=SE,
fill="grey")

Mo YMOJ/HaHUIO B 3a,EI,aHHOl7I KOOpAnHaTe pacnosiaraetca LeHTp TEKCTOBOIA Haanucu.
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Uto6bl M3MEHUTL 3TO U (HampvMep) PasMECTUTb MO YKa3aHHOW KOOpAUHATE NEBYH TpaHWUy TEKCTa,
HaZl0 MCMO/b30BaTh AKOPb CO 3HaYeHneM W (0T aHr/. west - 3anag). [pyrme 3HaueHus SSKopsi:

N, NE, E, SE, S, SW, W, NW.

Ecnu 6ykB, 3afatoLimMx CTOPOHY NPUBA3KYW, 4BE, TO BTOpas OMNpesensieT BEPTUKabHY NPUBS3KY (BBEpX
WM BHU3 "yiAfeT" TEKCT OT 3aflaHHOl KoopauHaTtkl). CBOWCTBO justify onpesensieT BolpaBHMBaHWE TEKCTA
OTHOCUTE/ILHO cebsi caMoro.

# =

from tkinter import *
root = TkQ

c = Canvas(root, width=200, height=200, bg="white®)
c.packQ

c.create text(100, 100, text="Hello World,\nPython\nand Tk,
Justify=CENTER,
font="Verdana 14')

c.create text(200, 200, text="About this",
anchor=SE,

fill="grey")

root.mainloop()

# =

u O6paLu,eH|/|e K CO34aHHbIM hrypam a1 UsMeHeHUNsA nx CBOWCTB
PaHee 6bIfI0 OMKMCAHO pa3MeLleHMe reoMeTPUYECKUX NMPUMUTBOB Ha 3K3emnaspe Canvas, ganee 6yayt
paccMOTPEHbI CMOCOGbI 06PALLEHNS K Y)Ke CO3faHHbIM (UrypaM A/l U3MEHEHWs WX CBOWCTB, a Takxke
OyfeT cozgaHa aHMMaums.

B Tkinter cywectByeT pgBa cnocoba "mometuTb" QuUrypbl, pasMeLLeHHble Ha XO/acTe, - 3T0
NOEHTUPUKATOPLI N TErn.

VaeHTudmKaTopbl BCerga yHUKabHbl 418 KaKaoro obbekTa. [lBa o6bekta He MOTyT UMeTb Of4HW U TOT
Xe naeHTupukartop.

Term HE yHuKanbHbl. [pynna OObLEKTOB Ha XO/CTe MOXET WMeTb OAWH U TOT >e Ter. 310 fdaer
BO3MOXXHOCTb MEHSITb CBOWCTBA BCE IPymnmnbl OOBLEKTOB.

OThenbHO B3sTas (hurypa Ha Canvas MOXET MMETb KaK UAEHTU(NKATOP, TaK 1 Ter.

m VigeHTugunkartopsol
MeTogpbl, co3gawowme QUrypbl Ha KaHBe (Ha XO/CTe), BO3BPALlAtOT UMUC/IEHHblE 3HAYeHUs -
NOEHTU(MKATOPbI 3TUX OOBEKTOB, Yepe3 KOTopble MOXHO obpalartbCs K Co3f4aHHbIM durypam u
KOTOPblE MOXXHO MPUCBOUTL MePEMEHHbIM.

from tkinter import *

root = TkQ
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cnv = Canvas(width=300, height=300, bg="white")
cnv_focus set()
cnv.packn

# 3enéHblin Kpyr
ball = cnv.create oval(140, 140, 160, 160, fill="green™)

# oH pgBuraetcs no xoncty (KaHBe) C MOMOWbK CTPEeNnoK Ha KnaBuaTtype.
# Mpn co3gaHun Kpyra mMeTogom create oval oT uveHn ob6bekTta Canvas,
# ngeHTNHMKaATOp 3TOro Kpyra npuceamBaeTcs nepemeHHon ball.

# (yHKUMM 06paboTKM: cobbITUn "<Up>", "<Down>","<Left>", "<Right>"
# obbvekta cnv (Canvas)

cnv.bind( <Up>", lambda event, b = ball: cnv.move(b, 0, -2))

# cmeleHne no kaHee ob6bekTa ball BHU3
cnv.bind( <Down>", lambda event, b = ball: cnv.move(b, 0, 2))

# cmelleHne no kaHBe o6bekTa ball BBepx
cnv.bind( <Left>", lambda event, b = ball: cnv.move(b,-2, 0))

# cmelleHne no kaHBe o6bekTa ball BneBo
cnv.bind( <Right>", lambda event, b = ball: cnv.move(b, 2, 0))

# cmeweHne no kaHBe o6bekTa ball BnpasBo
# co6biTne
# lambda ¢yHKUMA 06paboOTKU COBLITUA:
# MeTog move obbvekTa cnv Canvas B KadecTBe apryvMeHta
#  npuvHuMaeT nepemeHHyw b (@ lambda el npucBamBaeTca 3HadyeHue ball)
# 1 CMelleHne Nno OCAM.
#  06sA3aTesnbHbli MO3ULMOHHLIA aprymeHT event (6e3 Hero HUKAK)
# B lambda ¢yHKuMM 06pabOTKM COGLITUS HE WCNOMb3yeTcs

root.mainloop()

# - T T =

m Terun
Ter aBnsieTcs CBOMCTBOM OOBbeKTa M MprcBanBaeTCcs OO6LEKTY MpK €ro cosgaHuun. [na atoro atpmbyty tag
npuceavMBaeTca CTpoOKa C MMeHeM Tera. B oTavuve OT MAEHTUDUKATOPOB, KOTOPble SBAAOTCA
YHUKaNbHbIMU A1 KaXKAOro OObekTa, OAUH U TOT Xe Ter MOXEeT MpucBamBaTbCA pPasHbIM OOBEKTaM.
JanbHeliwee obpalleHne K TaKOMy Tery no3Bo/iseT M3MEHSTb CBOICTBA BCEX OOBEKTOB, KOTOpblE Oblnn
NoMeyeHbl 3TUM TETOM MPU UX CO34aHUN.

[anee B npumepe 31UMNC U IMHAS MOMEYeHbl OAHMM U TEM XK TEeroM, a (yHKuus setcolor nameHset
LBET BCeEX 0O6BEKTOB C TErOM groupl.

B oTIMumMe OT MeEHW MAEHTUDMKATOPa, KOTOPOE SIBASETCS MEPEMEHHONM, NMS Tera npeacTaBnseT coboli
CTPOKOBOE 3HaYeHMEe U 3aK/0YAETCs B KaBbIUKU.

vl

B oT/mume OT MOEHTUPMKATOPOB, KOTOpbIE ABAAKTCA YHUKa/IbHbIMM A1 Kax[oro
o6beKTa, OAVH M TOT Xe Ter MOXeT MpucBaMBaTbCH pa3HbiM OObEKTaM.
JanbHelwee ob6paweHne K TakoMy Tery Mno3BOAAeT U3MEHATb CBOWCTBa

BCEX OObLEKTOB, KOTOPbE ObIM MOMEYEHH 3TUM TEFOM.

34eCb MHUS U 3//IMNC MNOMEYEHb OAHMM U Tem xe TeroMm, a (yHkuma setcolor
M3MEHSIET UBET BCeX OOBLEKTOB C Terom groupl.

B oT/imume oT mmeHn unaeHtTudpukatTopa (nepemeHHasl), UMA Tera 3ak/nyaeTrcs
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B KaBblukM (CTPOKOBOE 3HaueHue).

from tkinter import *

# (PyHKUMA 06paboTKM CObGLITUA ===
def setcolor(event):
c.itemconfig("groupl®, width=3, Ffill="red")
# pna Bcex OOBLEKTOB MO Tery “groupl® Ha fdaHHOW KaHBe C...
# s

root = TkQ

c = Canvas(width=460, height=150, bg="white")
c.packQ

# 00beKTbl Nog ogHMM Terom ‘‘groupl” ==
oval = c.create oval(30, 10, 130, 80, tag="‘groupl™)
c.create line(10, 100, 450, 100, tag=""groupl’™)
# s p——————

3+

c.bind("<Button-3>", setcolor)
#  Wenyok MNpaBOW MbILMHOW KHOMKOW MO KaHBe - (YHKUUS 06paboTKu CcoObITuA

root_mainloop()
# —— /e, e e e, e, e

| |_|pI/IBF|3Ka cobbITUSA
MeTog tag_bind no3sonsieT npmBsidaTb COObITUE (HaNPUMEP, LLENYOK KHOMKOM MbIWKW) K ONpeaeeHHOo
turype Ha Canvas. Takum 06pa3om, MOXHO peann3oBaTtb ObpalleHne K passinyHbiM 061acTam XoscTa ¢
NMOMOLLbHO OAHOrO W TOTO Xe COBbITUS.

Janee npumep wnnOCTPUPYeT, KaK WU3MEHEHWS Ha XOJCTe 3aBUCAT OT TOro, rAe MpPOu3BELEH KIUK.
MeTog delete ygansetr o6bekT. ECM HYXXHO OYMCTUTL XOJICT, TO BMECTO WAEHTU(MKATOPOB WM TEroOB
MCnonb3yeTca KoHcTaHTa ALL.

MeTop tag bind nosBonseT npuBA3aTb co6bTMEe (Hanpumep, WenYoK KHOMKOW
MblLKM) K onpegeneHHol ¢gurype Ha Canvas. Takmm 06pa3oM, C MOMOWBLK OAHOro U
TOro e cobbTus, MOXHO peanm3oBaTb oObpaleHve K pasnuyHbiM 0b6nacTam
Xoncra. [anee npuvep WNNKCTPUPYET, KaK U3MEHEHWS Ha XOJfICTe 3aBUCAT OT
TOro, rAe npou3BefeH KIMK.

MeTon delete ypganseT 0O6beKT. ECAM HYXHO OUYMCTUTb XO/ACT, BMECTO
MAEHTUPNKATOPOB WAN TEeroB MCMOMb3yeTcs KOHCTaHTa ALL.

from tkinter import *

# QyHKUMM 06paboTKu cobbTuii (WesuKkM Mo pasHbiM 06/1acTAM KaHBbl)

def blue oval func(event):
c.delete(ALL)
c.create text(100, 50, text="0uncTnTb KaHBy'")

def oval func(event):
c.delete(oval)
c.create text(80, 50, text="Kpyr')

def rect func(event):
c.delete('rect')
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c.create text(230, 50, text="TIpAMOYronbHUK"")

def triangle func(event):

c.delete(trian)

c.create text(380, 50, text="TpeyrosbHuK")
# =

# co3paHve rnaBHOMO OKHa MPWIOXEHUS
# root = TkQ) # BapmaHT 1

c = Canvas(width=460, height=100, bg="grey80%)
c.packQ

# —— e, . ., ., . e e, e e, e,
oval = c.create oval(30, 10, 130, 80,fill="orange™)

c.create rectangle(180, 10, 280, 80, fill="lightgreen",
_ tag=""rect'")

trian = c.create polygon(330, 80, 380, 10, 430, 80, fill="white",

outline="black'™)

c.create oval(5, 5, 25, 25, fTill="blue",
tag=""blue oval')

# =

# npuBsi3ka MO ccbyike Ha 06bekT (MaeHTugmkaTop oval)
c.tag bind(oval, “<Button-1>", oval func)

# npuBaA3ska no Tery (tag="rect')

c.tag bind('rect”, "<Button-1>", rect func)

# npuBA3Ka MO CCbUlke Ha 06bekT (uaeHTupmnkaTop trian)
c.tag bind(trian, “<Button-1>", triangle func)

# npueaska no Tery (tag="blue oval'’) "lacutb Ha Xxoncrte BCE!"
c.tag bind("blue oval', "<Button-1>", blue oval func)

# UMK 06paboTKM CO6LITUI 3anycKasica OT MMEHW [NaBHOIO0 OKHAa MpPUIOXEHUS
# (BapvaHT 1).

# JTOT O00BEKT Hago Ob/I0 SABHO CO34aBaTb, a 3aTeM OT ero WMEHW Bbi3biBaTb
# meTton -mainloop

# 3TO NpuBOOUNO K "HeABHOMY®™ BbI30BY (yHKUMM mainloop() v 3anycky uukna.
# root.mainloop() # BapuaHT 1

# B kauecTBe anbTepHaTusBbl (BapyaHT 2) BO3MOXEH HENOCPeACTBEHHbI Bbi30B
# gyHkumm mainloop() ¥ 3anyck uukna ob6paboTKM co6bTuii. [laBHOE OKHO
# npunoxeHna ABHbLIM 06pa3om npu 3ToM HE co3paéTca.

mainloop() # BapmaHT 2

# S S - - - - ooz

m HacTpoliku OKOH
O6bIYHble OKHa, B KOTOPbIX pacnonaratoTca BUAKETbl, B Tkinter nopoxgatoTcs He TONbko OT knacca Tk,
HO 1 oT Toplevel. OT Tk npuHATO cO34aBatb [N1aBHOe OKHO. Ecnn co3gaetcsd MHOrMOOKOHHOeE
NPUIoXeHne, TO OCTa/lbHble OKHa co3fatoTcs oT Toplevel. MeTozbl 060UX KIACCOB CXOXM.

Pasmep 1 MOMOXEHWe OKHa: MO YyMONYaHUIO OKHO MPWUIOXKEHWUS MOSBAAETCA B BEPXHEM fIEBOM Yry
3KpaHa. Ero pasmep (WwWmpuvHa 1 BbiCOTa) ONpeenseTcs COBOKYMHOCTbIO Pa3MepOB PACMOOXKEHHbIX B
HeM BUIXETOB. B cnyyae ecnv OKHO MycToe, TO tkinter yctaHaBMBaeT no ymonyaHuio ero pasmep B 200
Ha 200 nukceneir. C NomoLllplo MeToga geometry MOXHO WM3MEHUTb Kak pa3mMep OKHa, TaK M ero
nonoxxeHue. Metoz NpUHUMaET CTPOKY OnpeaeNieHHOro opmara.

# =
from tkinter import *
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root = Tk{()
root.geometry('600x400+200+100")

root.mainloop ()

#

Mepsble ABa YKC/Ia B CTPOKe-aprymeHTe geometry 3a4al0T WWMPUHY U BbICOTY OKHa. BTopasa napa uucen
0603HauYaeT cMellleHNe Ha SKpaHe Mo OCAM X U Y.

B npumepe okHo pasmepom 600 Ha 400 byaeT cmelleHO OT BEpXHEeK /ieBOM TOYKM 3KpaHa Ha 200
nuKcenei Bnpaso U Ha 100 nuKcenein BHKU3.

Ecam nepepn obonmm cMmelweHnaAMn BMeCTo MNJIloCa YyKasbiBa€TCA MMHYC, TO pacyeT Npouncxoaut oOT
HWKHUX NPaBbIX YI/10B 3KPaHa U OKHa.

Mpu BbINONAHEHWUM BbipaxeHua root.geometry('600x400-0-0') okKHO NoABASETCA B HUXKHEM NpPaBoOM Yry.
B aprymeHTe meToaa geometry MoXHO He yKasbiBaTb MB0 pasmep, IMbO cmelleHme.

Hanpumep, utobbl CMECTUTb OKHO, HO MPM 3TOM HE MEHATb €ro pasmep, AOCTAaTOYHO HanucaTb
root.geometry('+200+100').

bbiBaeT yoobHO, YTOObl OKHO MPUJIONKEHUA Pa3MELLA/IOCh B LEeHTpe 3KpaHa. [Janee nokasaH crnocob
pa3MelleHUA OKHa ¢ onpeaenéHHbIMU pasmMepamMu B 3aaHHOM TOUKE OTHOCUTE/IbHO LeHTpa 3KpaHa.
MeTtoapl winfo_screenwidth u winfo_screenheight Bo3spaluaioT pasmepsl (B MUKceNax No LWUPUHE U
BbicoTe) pparmeHTa sKkpaHa, 3aHUMAEMOTO OKHOM MPU/IOMKEHUSA:

w = root.winfo screenwidth ()

h = root.winfo screenheight ()

w = w//2 # cepemuHa sKpaHa

h = h//2

w =w - 200 # cMmemeHMe OT CepelMHH
h=h - 200

root.geometry ('400x400+{}+{}"'.format(w, h))

3,El,er n3 OI'Ipe,EI,e}'IéHHbIX 3Haqum7|, PaBHbIX NOJIOBMHE LWUPKUHBI W BbICOTHI cbparmeHTa 3KpaHa
BblunTaeTca no 200 nukcener. UHaue B LEeHTPpE 3KpaHa OKa3bliBa€TCA BerHVIVI NeBbln Yyrosa OKHa, a He
€ro cepeguHa.

Ecaun pasmep OKHa HEeU3BECTEH, ero MOXHO MOJIYYUTb C MOMOLLBbIO TOTO e meToda geometry, HO 6es
APrymeHToOB. B stom C/lydae mMeTod BO3BpallaeT CTPOKy, codepiaulylo cBedeHMA O pasmepax U
cMmeleHnn, ns KOTOpOVI MOXHO onpeaesintb LUMPUHY MU BbICOTY OKHA NMPUJTIOKEHUA.

Ecinu pasMep OKHa HeM3BecTeH, TO €I'0O MOXHO IIOJIYUMTHB C IIOMOUBIO TOI'O Xe
MeTOooa geometry, HO 0Ges APTYMEHTOB. B sToM ciaydae MeTOn BO3BpamaeT
CTPOKY, coIepXallynw CBeIeHMA O pasMepaX M CMelleHUM, U3 KOTOpOﬁ MOXHO
V3BJIedb HNMPUMHY WM BBICOTY OKHAa.

o oHF %

from tkinter import *
# B 5TOM NPMIIOXEHMM OUEHb MHOTOE SaBg3aHO Ha IVIABHOE OKHO NPUJIOXEHMUS
# 1 mosToMy 6es SBHOTO YIOMMHAHUS OBBEeKTa root HMKaK He oBOMTHUCH !

root = Tk () # cosmaHMe OKHa

# Khomka - MeTka - KHoIKa
Button (text="Button", width=20).pack()
Label (text="Label", width=20, height=3) .pack()
Button (text="Button", width=20).pack()
#
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# update idletasks no3BonseT nepe3arpy3nTb [AaHHble 06 OKHe nocre pas3meleHust
# Ha Hem BUOKeTOB. lHauye geometry BepHET CTPOKY, rAe W/ApMHa W BbicOTa
# paBHAITCA MO OAHOMY MMKCESH.-

root.update idletasks()
s = root.geometry()

# pa3bop CTPOKM C MHGHON OO OKHe

s = s.split("+7) wMpuHa X BbiCOTa + CMeleHVMe Ha 3KpaHe no X +
cvelleHne Ha 3kpaHe mno Y

s[O](umpuHa) s[1](BLicoTa)

WMpUHa OKHa

BbiCOTa OKHa

s = s[O0]-split(™"x")
width root = int(s[0])
height root = iInt(s[1])

HHHEHHE

# KO/MYECTBO MUKCENEel 3KpaHa, Ha KOTOPOM MOSIB/SIETCS OKHO-

w = root.winfo screenwidth()

h = root.winfo screenheight()

# nNonoBMHa KoNuyecTBa MNUKCeneli 3KpaHa, Ha KOTOPOM MOABASAETCH OKHO.-
w=w/ 2

h=nh/ 2

# HOBble 3HayeHus w 1 h

w = w - width root // 2

h = h - height root // 2

# 4TOObl CMECTUTb OKHO, HO HE MEeHATb ero pasvep, Hago CPopMUPOBaTb CTPOKY
# - str pos u nogatb €& KaK aprymMeHT B MeTof geometry...

str pos = "+{O}+{1}".format(w, h)

root._geometry(str pos)

# nmbo cpenaTb TO Xe caMoe B OAHOM ornepatope

# root._geometry("+{O}+{1}" .format(w, h))

root_mainloop()
# —— /e e e/, e e e e e e e e e e, e,

m 3arosiIoBOK OKHa
Mo yMOnyaHMIO OKHO MOXKET pa3BopayMBaTbCsl Ha BECb 3KPaH, a TakKXKe W3MEHATb €ero pasmep,
pasgguras rpaHuLbl. 3T BO3MOXHOCTM MOXHO OTK/IHOUYUTL C MOMOLLLIO MeToa resizable.

Tak root.resizable(False, False) 3anpeTut nsmeHeHne pa3mMepoB M1aBHOITO OKHA Kak MO roOpU30HTasIu, Tak
N BepTUKann. Pa3BepHyTb Ha BECb 3KpaH ero Takke OGyaeT HEBO3MOXHO, MPW 3TOM COOTBETCTBYOLLAA
KHOrKa pa3BopoTa ncyesaer.

Mo ymMonuaHWIO B CTPOKe 3arofloBKa OKHa HaxoguTca Haanuck "tk". [Qns yctaHOBKM COGCTBEHHOro

HasBaHMA UCIMO/1b3yeTCA METO/[ title.

root._title(*'TnaBHoe OKHO™)

3aro/ioBoK OKHa MOXXHO BOOOGLe ybpaTtb. B npunoxeHun Hmke BTOpPoe OKHO (Toplevel) oTkpbiBaeTcs
NPV KMKe Ha KHOMKY, OHO HE UMEET 3aro/ioBKa, TakK Kak K Hemy 6bi1 npumeHeH meTtof overrideredirect
C aprymeHTOM True. Yepes HECKOMbKO CEKYH[ 3TO OKHO 3aKpbIBaeTca € NOMOLLbIO MeTo4a destroy.

# =
from tkinter import *

# QyHKUMA 06paboTKM COObITUS
# Mo HaxaTuMm Ha KHOMKY “about®™ 6yaeT co34aHO BTOpPOE OKHO U 3aperncrpupoBaHa
# aHoHumHaa lambda ¢yHkuusa (06paboTumk cobbiTna 5000 TMKOB), KOTOpas 3TO

# camoe OKHO 3akpoeT 4epe3 Ha3HadeHHble 5000 TUKOB ==
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def about():
a = Toplevel() # BTOpPOE OKHO NPUIOXEHUS
a.geometry("200x150%)
a[*bg™] = “grey”
a.overrideredirect(True) # 6e3 3aronoBka, HO C METKOIA
Label(a, text="About this") . pack(expand=1)
# MeTtop after() no3sonseT perucTtpuposaTb lambda ¢yHKuuM0
# (QyHKUMO OOpaTHOro BbI3OBA),
# KOTOpasA Bbi3biBAae€TCHA MNOCMAEe 33a4epXKu, 3afaHHOW B MUINUCEKYHAaX
# B OCHOBHOM uUukne Tkinter n 3akpbiBaeT 3TO cCaMoOe BTOpPOE OKHO.-
a.after(5000, lambda: a.destroy())
# cobbitne (5000 TWKOB)
# aHOHMMHaA (YHKUMA - 06paboTumK cobbiTnA (3aKpbiBaeT OKHO)
# =

root = TkQ
root._title(*'TnaBHoe OKHO™)

# BUOXETHI =
Button(text=""Button', width=20).pack()
Label (text="Label™, width=20, height=3).pack()
Button(text="About", width=20, command=about)_.pack() # kHOMNKa c
# 00paboTKOl COo6bLITUSA

# meTton after B pgeiicTBUM

# OTOT KoL BbiBeAeT O 1-———»,

H# K 2————>» 1,

# HakoHel, uyepe3 HeKOTOopoeBpeMs «————-— 3————» .

# Bce 3TO Bpems rpapuyecknini nHTepgpeinc 6yaeT ocTaBaTbCA LOCTYMHbIM,
# N nonb3oBaTeniM CMOFNyT B3auMOAENCTBOBaTb C MPWIOKEHWEM. ========
print("———1-————

root.after(3000, lambda: print("-———— 3----- )

print("————2-————- D)

#

# unkn 06paboTKM COBLITUI
root_mainloop()

#

m MeHexkep reometpum grid
MeHepkepbl reomeTpum B Tkinter: paHee paccMoTpeHHbIn Pack, Place, Grid. "Grid" - ato "ceTka" nm
Tabniua. Y BCeX BWIKETOB eCTb COOTBETCTBYIOLMIA JaHHOMY MEHeMKepy MeTod, KOTOopbli
obecneymBaeT Tab/IMUHbIA CNOCO6 pasMeLLeHNs BUAKETOB.

Mpy pa3paboTKe CNOXHbIX UHTEP(ecoB TabNUHbIA CNOCO6 pa3MeLleHnst BUMXKETOB NPeanoYyTUTENEH
n3-3a ero rmbkoctn n ygo6cetea (?). OH NO3BOASAET N36eXaTb NCMNOMb30BaHNA MHOXecTBa (DPerMoB, YHTO
Hens6exXHo B clyyae yrnakosLymka Pack.

m [IpaBuna npnmeHeHus meTtoga grid
Mpn pasmelleHnn BUIKETOB METOAOM grid poauTenbCKUi KOHTeHep (06bIMHO 3TO OKHO) YC/TOBHO
pa3gensieTtcd Ha sfyelrikM Mofo6GHO Tabnuue. ALPEC KadKAOW A4Yerku COCTOMT U3 HOMepa CTPOKU U
HoMepa cTonbua. Hymepauusi HauMHaeTcs ¢ Hyns. AYeiiku MOXXHO 06beANHSATL Kak Mo BEPTUKaW, Tak U
no ropmsoHTann. Mpyn 06beaMHEHNN SUHeek 06LLaa s4yelika 0603HaYvYaeTcs agpecom NepBo.

Hukakmx npegBapuTenbHbIX KOMaH MO pPasbueHnto pPOAUTENBCKOTO BUKETA Ha SYeilkm He
BbinonHseTca. Tkinter genaet ato cam (!), MCx04a M3 yKasaHHbIX MO3WLMIA BUOKETOB. Pa3melleHune
BUKETA B TO WM MHOW fvelike 3ajaeTcs yepe3 apryMeHTbl row (HOMep CTpokum) u column (Homep
cTonéua).
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Ons o6beAMHEHVsI sUeeK MO TOPU3OHTa/IM  WCMOMb3yeTcss  atpubyT columnspan, KOTOPOMY
NMpUCBaMBaEeTC KONMMYECTBO O6beAunHAeMbIX sueek. [ns 06beAMHEHUs siueek Mo  BepTUKanu
ncnonb3yercs atpubyT rowspan.

MpuMeHeHne MeHegkepa reometpum Grid. O6wmiA noaxos;

W 00WWin fn3aliH ¢ NnepeyHeM BUIKETOB M NPeLnoiaraeMon ux nokanmsaumnen,

W [peAcTaBfieHNE CXeEMbI B BUAE TabnmLbl ¢ (BO3MOXHO 06beANHEHHBIMU AYeiikaMm),

B HymMepauus s4veek (BO3MOXXHO 0O6beAVHEHHbIX), B KOTOPbLIX MpeAnoiaraeTca pasMellarb
BUKETDI,

m  Kof.

#
from tkinter import *

root = TkQ

Label (text="Uma:"") _.grid(row=0, column=0)
Entry(width=30) .grid(row=0, column=1, columnspan=3)

Label (text="Cton6buos:'") .grid(row=1, column=0)
Spinbox(width=7, from =1, to=50).grid(row=1, column=1)
Label (text=""CTpoK:") .grid(row=1, column=2)
Spinbox(width=7, from =1, t0=100).grid(row=1, column=3)

Button(text=""CnpaBKa') .grid(row=2, column=0)
Button(text="BcTaBuTb'") .grid(row=2, column=2)
Button(text=""0TmMeHuTb"") .grid(row=2, column=3)

root_mainloop()
# =

m [Ipyrvie aprymeHTbl MeToga grid
Y metoga grid (kak ny metoga pack) MMeroTca aTprbyThbl 415 3a4aHNA BHELIHMX Y BHYTPEHHMX OTCTYMOB
(padx, pady, ipadx, ipady).

VimeeTca aTpmbyT sticky (TMMKuii), KOTOPbIA NPMHMMAET 3Ha4YeHMs HanpaeneHuin ctopoH ceeta (N, S, W,
E, NW, NE, SW, SE). Ecnn, Hanpumep, ykasatb NW, TO BUIKET NPUIUMHET K BEepXHeMy NeBOMY Yriy
A4erkn. BumkeTbl MOXHO pacTsarMBaTtb Ha Becb 006beM siueiikn (sticky=N+S+W+E) nim Tonbko no ogHom
n3 ocein (N+S nam W+E). 3dihekT oT aprymeHTa sticky (MMnkuin) 3ameTeH, TONbKO €C/IU BUIKET MEHbLLE
AYENKN.

[anee B npuvmMepe UCNOMb3YOTCS BUIXKETbI Kracca Spinbox. Spinbox noxox Ha Entry, HO gfis Hero
3a/1aeTCs CrUCOK MPUHUMAEMbIX 3HAYEHWIA 1 CKponnep Ans nepebopa 3HaYeHWt U3 crimcka.

from tkinter import *

# BapuaHT 1 co3faHve rNaBHOro OKHa MPUIOXEHUs
#root = TkQ

Label (text="UmaA:"") .grid(row=0, column=0, sticky=W, pady=10, padx=10)
table name = Entry(Q)
table name.grid(row=0, column=1, columnspan=3, sticky=W + E, padx=10)

Label (text="Cron6uos:'") .grid(row=1, column=0, sticky=W, padx=10, pady=10)
Spinbox(width=7, from =1, to=50).grid(row=1, column=1, padx=10)

Label (text=""Ctpok:") .grid(row=1, column=2, sticky=E)

Spinbox(width=7, from =1, t0=100).grid(row=1, column=3, sticky=E, padx=10)
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Button (text="Cnpaska") .grid(row=2, column=0, pady=10, padx=10)
Button (text="BcraBurer") .grid(row=2, column=2)
Button (text="OrmMeHUTH") .grid(row=2, column=3, padx=10)

# BapmanT 1 sanyck uUMKIa oBpaBoTKM COBETMUM OT MMeHU root
#root.mainloop ()

# BapmaHT 2 HeNOCPeNCTBEHHEBI BHSZSOB GyHKUMM mainloop
mainloop ()

C nomoLubto metogos grid_remove u grid_forget moxHo caenatb BUOMKET HEBUAUMbIM. OTANUME MeXKay
3TUMMU MEeTOoJaMM B TOM, UYTO grid_remove 3anoMWHaeT NperKHee MOJIoKeHWe BUOKeTa. A ero
oTobpa)KeHUA B MperkHel avelke OoCTaTodyHO npumeHuTb grid 6e3 aprymenTtos. lNocne grid forget
HY}KHO 3aHOBO KOHGUIypUpPOBaTb MOJIOXKEHUE BUMKETA.

C momompio MeTonoB grid remove m grid forget MOXHO cHeslaTb BUIOKET
HeBUAMMEM. OTIMUME MEXIY MeTOIaMHu:
grid remove samnoMMHaeT NpexXHee IMOJOXEHMUE BUIXETa.
g ero oTobpaxXeHMS B IIPEeXHEN gUelKe IOCTaTOYHO IPMMEHMUTDH
grid Bes apryMeHTOB.
grid forget sabuBaeT NpeXHee [IOJIOXEHME BUIOKETA.
I oTobOpaXeHMs HYXHO BUIKETA HYXHO BaHOBO KOHUIYPUPOBATH
€To IIOJIOXEHME .

e o o R R 3k %

from tkinter import *

# dyHrxuMKM - 0BpPaABOTUUKM COOBITUN
def rem():

global 11 flag

if 11 flag == 1:

11.grid remove ()

11 flag = 0
else:

11.grid{()

11 flag =1

def forg():
global 12 flag
if 12 flag ==

12.grid forget()
12 flag = 0
else:
12.grid(row=1)
12 flag =1

#

# root = Tk() # mapuanT 1

11 flag =1
12 flag 1

11 Label (width=5, height=3, bg='blue')
12 = Label (width=5, height=3, bg='green')

# kHONKM C HasHaUeHHBEMM OOpaboTurKaMy COOHTHUNA
bl = Button(bg='lightblue', command=rem)
b2 = Button(bg='lightgreen', command=forg)
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# npvmeHeHne meHeaxepa reomeTpum grid
11. grid(row=0)
12_ grid(row=1)
bl.grid(row=2)
b2_grid(row=3)

# root.mainloop() # BapuaHT 1
mainloop() # BapuMaHT 2 HenocpenCTBEHHbLIA BbI30B
# QyHKUMM 3anycka uukna obpaboTku
# -—-—- - T

B npunoxeHun rony6asi MeTka nocne yganeHus 6yneT NosBAsTLCA B TOM XKe MecTe, rae 6biia fo 3Toro,
HECMOTPS Ha TO, YTO B PYHKLMU rem K Hell NpuMeHsieTcsl MeTog grid 6e3 HacTPOeK.

B oTimMumMe OT Hee 3efeHas MeTKa, €CNM el He yKasaTb MecTO pasMeLleHus nocne YAaneHus,
nosiensnacb 6bl NOA KHOMKamu. CKpbITUE BWUIKETOB OblBaeT HEOOGXOAUMO B TEX Clyvasx, KOrga,
HanpvmMep, OT Bblbopa MONb30BaTeNsi B OAHOW YacTu MHTepdelica 3aBUCUT, Kakue BUMKETbI NOSBATCS B
ApYromn.

m MerTog grid: npumMeHeHune
MeTog No3BONSET NOMECTUTb BUIXKET B KOHKPETHYIO AYeiKy YCMOBHOWM ceTkn nmbo rpuga. Mpu atom
NCMONb3YOTCA NapameTpbl:

column — 3To HOMeEpP CTOI'I6LI,E;'(l OTCUNTbLIBAETCA C HY/SA;

row — 3T0 HOMepP CTPOKKU, OTCHUTLIBAETCA C HYNA,

columnspan — YKa3bIBaeT 4NCJ/10 CTO}'I6LI,OBl 3aHNMaeEMbIX 3/TEMEHTOM;
rowspan — yKa3blBaeT YNCNO CTPOK;

ipadx v ipady — nogpasymeBatoTcA OTCTYMbl M0 FOPU3OHTANIM N BEPTUKAIN OT rpaHnL,
KOMMOHEHTa [10 TeKCTa KOMMNOHEHTA;

padx v pady — aHaforMyHble OTCTYMbI, HO OT FPaHuL, SYEKK rpuaa 40 rpaHvL, KOMMOHEHTa;
m sticky — onpegensieT BolpaBHMBAHNE 3/IEMEHTA B siuelike B ciiyyae, Korga sueiika 6osblue
KOMIMOHEeHTa.

[na Havana pa6otsl ¢ Tkinter HagO MNOPTUPOBaTL BUBANOTEKY.

Janee - rpug 13 9 KHOMOK:

# =
from tkinter import *
# [Janee - rpug U3 9 KHOMOK:
root = TkQ
root.title("Gui on python®)
root.geometry("300x250")
for x in range(3):
for y in range(3):
btn = Button(text="{0}-{1}".-format(x, VY))
btn.grid(row = x,
column = vy,

ipadx = 10,
ipady = 5,
padx = 10,
pady = 10)

root_mainloop()

# =
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m [lnanoroBble OKHa

MakeT tkinter cogep>XUT HeCKONbKO MOAyneld, NpeaocTaBAAoWMX AOCTYN K Y)KE FOTOBbIM AMa/oroBbIiM
OKHaM. 3TO OKHa pas3fMuHbIX COOGLIEHWIA, Bbi6Opa MO MPUHUMMY "Aa-HET", OTKPbITUS W COXPaHEHUS
thainnos n gp.

[anee GygyT paccMOTpPEHbI MpMepPbl OKOH 13 Mogyneii messagebox u filedialog nakera tkinter.

Mogynn naketa Hy>XHO WMMNOPTUPOBATb OTAENbHO. TO ecTb MMMOPTMpYeTcs cogepxumoe tkinter
(Hanpumep, from tkinter import *) 1 oTaenbHO BxoAAWwMiA B cocTaB naketa tkinter mogynb.

® /IMnopT mMoAayNnsi 1 BbI30B (hyHKLWIA Moaynst

Cnoco6bl UMMopTa Ha NpuUMepe Moayns messagebox v Npumep BbI30Ba OAHON W3 (hYHKUWIA Moayns B
3aBMICYMOCTU OT crocoba UMnopTa:

import tkinter.messagebox tkinter.messagebox.askyesno()
from tkinter.messagebox import * askyesno()
from tkinter import messagebox messagebox.askyesno()

from tkinter import messagebox as mb (Bmecto mb moxxeT 6biTb mb.askyesno()
no6oii naeHTUhmKaTop)

[anee 6yget ncnonb3oBaH NOCNEAHUIA BapUaHT.

#
# Mogynb messagebox - cTaHfapTHbie AMasioroBble OKHa
# OKHO BbiGbOpa "ma" wnm ""HeT" - askyesno:

# _________________________________________________

from tkinter import *
# MMNOPT MOAYNS C AM&/1I0rOBbIMM OKHaMu
from tkinter import messagebox as mb

def check():
# pmanorosoe OKHO [A-HET
answer = mb.askyesno(
title="Bonpoc",
message="'TlepeHecTn pfaHHbe?'")

# ecnu 6bl1 NOSTyYEH MOSMIOKUTENBHLIM oTBeT (Haxara kHonka [A):

it answer:
s = entry.get(Q) # B OKOWwKe entry npounTtaTb BBEAEHHbI TEKCT
entry._delete(0, END) # ounctutb BUDKET Entry
label["text"] = s # NpouyMTaHHbLi B Entry nomecTtuTb B MeETKe
# —— /e e e/, e e e e e e e e e e, e,
root = TkQ # rnaBHOE OKHO MPUIOXeHUs
entry = Entry(Q # Buoxet Entry
entry.pack(pady=10) # pa3melleHVe BuokeTa

# KHOMKa - BOMPOC O Mnepegade: CBOWCTBO command CBA3aHO
# Cc BbI30BOM (yHKUMM check.
Button(text="lNepegatb", command=check).pack()

label = Label(height=3) # MeTKa [ONna pa3melleHusa repefaBaeMoro TekcTa
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label.pack()

root.mainloop ()

#

"Na" B AManoroBom OKHe BO3BpaLLLAET B Nporpammy True,
"HeT" BepHeT False (TaksKe KaK 3aKpbITUe OKHa Yepes KPecTuK).

Takum obpasom, B KoZe MOXKHO o6paboTaTb BblbOop nosb3oBaTena. B pgaHHoOM ciydyae eciu
NnoJ/ib3oBaTe/lb COTNaLAETCA, TO faHHblE NEPEHOCATCA U3 MOJA B METKY.

Onuum title 1 message ABAAIOTCA MO3SULMOHHBIMKU, TaK UTO MOMHO YKasblBaTb TOJIbKO 3HaUeHMA.
MoanobHble OKHa reHepupyloTca MpU Mcnonb3oBaHUKU GyHKUKMKM askokcancel ¢ Hagnucamm Ha KHonKax
"OK" n "OtmeHa":

askyesno("Bonpoc", "MepeHecTn aaHHbIe?"),

askquestion (BosspauljaeT He True unu False, a cTpoku 'yes' unm 'no'),
askretrycancel ("MosToputk", "OT™meHa"),

askyesnocancel ("Oa", "Het", "OTmeHa").

Ll,anee OKHa C O,EI,HOVI KHOI'IKOVI, KOTOpble CAyXaT A4 BbiBOdaA C006LI.I,EHVII7I Pa3/IM4YHOIO XapaKTepa.

9710 showerror, showinfo u showwarning.

def check():
s = entry.get ()
if not s.isdigit():
mb.showerror (
"Ommbka'",
"JoJxkHO OBITEH BBeOeHO uMcJo")
else:
entry.delete (0, END)
label['text'] = s

Cnepnyiolwee NpuioKeHne oCHOBaHO Ha npumeHeHnn GyHKumnii ns moayna filedialog — askopenfilename
n asksaveasfilename. lMNepBana NpefocTaBAseT OMaNOroBoe OKHO A/A OTKpbITUA ¢aitna, BTopaa — anA
coxpaHeHuAa. Obe BosBpaLLaloT UMA daiina, KoTopbIA A0HKeH BbITb OTKPBIT UM COXPaHEH, HO CaMW OHU
ero B [MaJIOroBbIX OKHAX AJ1A OTKPbITUA U coxpaHeHuna dalinos HE oTkpbiBatoT M HE coxpaHsaioT.

3T0 AenaeTca NporpammHbIMU cpeacTBamu camoro python.

#
from tkinter import *

# mMmopT Momyss ¢ OMAJOTOBEIMM OKHAaMM OTKPEITUS UM COXpaHeHUS Galiiob
from tkinter import filedialog as fd

# dyHkUMS 0BpaBoOTUMK COXpaHEeHUS TeKCTa
def insert text():

file name = fd.askopenfilename ()

f = open(file name)

s = f.read()

text.insert (1.0, s)

f.close()
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# QyHKUMA 006paboTyUMK MNPOYTEHUS TeKcTa mn3 daina ===
def extract text():
file name = fd.asksaveasfTilename(
# Onuua Tiletypes nNo3BOAsSeT MepeduncniMTb Tunbl (aiiioB, KoTopble 6yayT
# COXpaHATbCA WM OTKPLIBATLCA, W WX pPacCWUPEHWs .
filetypes=(("TXT Ffiles”, "*.txt"™),
CHTML Files”, "*.html;*_htm"),
C'All files”, "*_.*")))

Tt = open(file name, <w)

S = text.get(1.0, END)

f.write(s)

f.closeQ
# — /e e /e e e e /e e e/
root = TkQ # rnaBHOE OKHO MPUIOXeHUs

# OKOWKO AN BBOAA TeKcTa
text = Text(width=50, height=25)

# Npn pasveweHUM TEeKCTOBOro rnons MeTogoM grid He ykasaHbl aprymeHTbl
# row n column. B TakuMx cny4yasix Mo yMONYaHUIO MpegnosiaraeTcd, 4To UuX
# 3HayeHWA yYCTaHOBJ/IEHbl MO HY/IAM.

text._grid(columnspan=2)

# noHnzy (row=1l) kHoNku “OTKpbITb" u “CoxpaHuTb”
bl = Button(text="0TKpbITb", command=insert text)
bl.grid(row=1, sticky=E)

b2 = Button(text=""CoxpaHuTb'', command=extract text)
b2_.grid(row=1, column=1, sticky=W)
# - .., T, T T T T T T

root_mainloop()

# =

m Bupket Menu
MeHIO - 3TO BWKET, KOTOPbIA MPUCYTCTBYET BO MHOIMX MOJ/b30BATE/IbCKUX MPUMIOXKEHUAX. 3JTO
BbilMagaroulee OKHO, codepXKallee pas/indHbie KOMaHAbl. OHo pacnoiaraeTtca non CTpOKOﬁ 3arosioBka u
npegcrasndet coboi BbiNnagawowme CnMckn nog cnosaMm-rnyHKTamMmn MeHH. I_IyHKTbI KOHEe4YHbIX CMNCKOB
NPeAcTaBnAlOT Ccob60l  KOMaHAbl, OTKpbIBalOWME AWA/IOTOBble OKHa, M60 obecneuynBaroLime
BbINOJ/IHEHNE B NPUIOXKXEHUN KaKnx-nmbo AeﬁCTBMVI.

B tkinter 3k3emnnsp MeH co3fjaetca OT knacca Menu, fanee ero Hago MpuBsi3aTb K BUIKETY, Ha
KOTOPOM OHO 6yfeT pacnonoXkeHo. OB6bIYHO 3TO r/laBHOE OKHO MPWIoXKeHus. OnuuM menu r1aBHOMo
OKHa MPUIOXEHUs npucBamMBaeTcs 3k3emnasap (06bekT) Menu uyepes MMSA CBSI3aHHOW C OOGBLEKTOM
nepemMeHHOi.

from tkinter import *

root = TkQ
mainmenu = Menu(root)
root.config(menu=mainmenu)

root.mainloop()

BbiMONHEHWE 3TOr0 KOAA HUKAKOTO MEHK0 He MOKaXeT. Tak Kak HW OA4HOro MyHKTa MEHI0 He Oblno
co3fgaHo. Mpegnonaraetcs, 4to "®ann" n "CrnpaBka" - 370 MeTKM AN 0603HadeHus koMaHg. Metopg
add_command go6aBnsieT NyHKT MeH!O:

from tkinter import *

root = TkQ
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mainmenu = Menu (root)
root.config (menu=mainmenu)

mainmenu.add_command(label='®aﬁn')
mainmenu.add command(label='Cnpaeka')

root.mainloop ()

O6bIuHO NaHe/Ib MEHIO COOEPKMUT BbiNagatolme CNUCKU METOK KOMaHa, a caMmu no cebe MeTKK (NyHKTbI
Ha naHenn) KomaHZamu He aBaalTca. CobblTMe CMeHbl 3HayeHWA B BbIMaJAlOWeEM CMUCKe —
'<<ComboboxSelected>>'. Kauk no sbinagalowum CNMCKaM MeTOK KOMaHZ MNpUBOAWMT /MWL K
pPacKpbITUIO COOTBETCTBYIOLLENO CMUCKA. K HUM MoxkHO Ao6aBuTb onumio command M cBA3aTb UX Tem
CaMblM C Kakol-nnbo ¢yHKumnen-obpaboTumkom Bblibopa meHlo (KAuka). MoxKHO cosfaBaTb HOBble
aK3emnaapbl Menu U NoagA3bIBaTb MX K I1aBHOMY MeHIO ¢ nomMoLblo MeToda add_cascade.

# MeH — 5TO BHIIazgawilee OKHO, comepXxamee pa3JIMUHBIE KOMaHIEHL.
# IIprmMep MeHo C OIOHVMM 3JIeMeHTOM.
# le/[ HaXaTuM Ha «BeHXOO» M3 MeH, IIPMJIOXEHNEe 3aKphBEBaeTCH.

from tkinter import Tk, Frame, Menu

#

class Example (Frame) :

def init (self):
super (). init ()
self.initUI ()

# cosmaHme sk3eMIIIpPa MEHKO
def initUI (self):
# master - KOpHEBOE OKHO MNPWIIOXEHMUS IO YMOJIUaHMUI
self.master.title("lIlpocToe MeHO")

# cosmaé&rcs maHenb MeHo. [JIS ®TOTO NpUMeHSeTCcs BuUIxeT Menu,
# xoToOpHII HacTpamMBaeTCcsd JIS OTOOpaXeHMS B KAaUeCTBE MEHK IJid
# xopHeBOTO OKHA.

menubar = Menu(self.master)
self.master.config(menu=menubar)

# cosmaércd oBBLeKT MeHK IJS ceKUuM «dara».

fileMenu = Menu (menubar)

# moBaBisgeTcd HOBHI BJIeMeHT (KoMaHOa) B MeHB «dalir».

# DTa KoMaHOa OyIeT BHSHBATb MeTon onExit ().
fileMenu.add command (label="Buxon", command=self.onExit)
# MeHio «®aly» JofamBjgeTcd Ha IIaHeJb MeH

# npu momomm MeToma add cascade() .
menubar.add_cascade(label="®aﬁn", menu=fileMenu)

# oBpaborurk coBuTMa 'BHOOP NYHKTA MeHI BHXOD'
def onExit(self):
self.quit ()

#

def main():
root = Tk{()
root.geometry('300x200+400+400")
app = Example ()
root.mainloop ()

if name == '

main ()

main
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| ,Ll,o6aBneH|/|e noamMeHto gsid OCHOBHOIo MeHHO
B cnegytolem npumvepe 6yaeT NpoAeMOHCTPOBaHO Ao6GaBneHue nogmeHo B Tkinter. MoAMeHO - 3TO
MEeHI0, BCTPOEHHbIe B ApPYrue 3/eMeHTbl MeHI0. 3TO 06bIMHOE MEHI0, KOTOPOe MepapXMyeckn BXOAUT B
Apyroe meHto. [lanee nNpefcTaBfeHO NOAMEHIO C TPEMS KOMaHAaMu.

# =
from tkinter import Tk, Frame, Menu

class Example(Frame):

def init (self):
super(). init (
self.initul)

# co3faHve 3K3emnispa MeH
def initUl(self):
# master - KOpPHEBOE OKHO MPWIOKEHUA MO YMOSIHaHWI0
self._master._title("'Job6aBneHne noameHK'")

# co34aéTcA naHenb MeHw. [nAa 3TOoro npuMeHsaeTcs BuokeT Menu,
# KOTOpLIN HacTpamBaeTCs A1 OTOOPaXEHUs B Ka4yeCTBE MEHW /1A
# KOpHEBOro OKHa.

menubar = Menu(self_master)

self_master .config(menu=menubar)

# co34aéTcsa 0O0bEKT MEHW Ana cekuum «dain».
fileMenu = Menu(menubar)

# panee B NOAMEHW OT OCHOBHOIMO MeEHKW «®aiini» peasiM30BHbI TPU OMNLUUA.
# Takke CO3[4aéTcsa pasfenuntesib N ropsaydve KiaBulK.

submenu = Menu(fileMenu)

submenu.add co:mmand(label=""HoBblii UCTO4YHMK'")

submenu.add co:mmand(label=""3aknagkn'")

submenu.add command(label="Tlouta'")

# MeHw «/mnopTupoBaTb» [06aBNSAETCA Ha NaHesb MEHK
# npu nomown metona add cascade()-
fileMenu.add cascade(label="/mnopTupoBaTth”,
menu=submenu,
underline=0)
# Pa3penntenb - 3TO rOpU30OHTa/IbHasA /IMHUA, KOTOpas BU3YaslbHO
# pasgenseT anemeHTh MeHw. Bbnarogapsa pasgenutensAMm MOXHO
# rpynnupoBaTb 3/1EMEHTb B MEHH.
fileMenu.add separator()

FfileMenu.add co:mmand(label=""Bsixoa'",
underline=0,
command=self.onExit)
menubar .add cascade(label="¢aiin', underline=0, menu=FfileMenu)

# 00paboTuUMK COO6bITMSA "BbIOOP MyHKTa MEHK Bbixoa® ==
def onExit(self):

self_quitQ)
# —— /e, e e e, e, e

def main():
root = TkQ
root.geometry(*'300x200+400+400')
app = Example()
root.mainloop()

if name = " main =

main()
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MoaMeHI0 NpUKpenssieTcs K OCHOBHOMY MeHH «®aiifi», HO He K camMoli NaHenn MeHK. Tak 1 co3faeTcs
nogmeHto. Mpy nomowm napameTpa underline MOXHO YCTaHOBWThL ropsuve KAaBvLIKW. JTOT napameTtp
NnoAYepKMBaEeT CMMBOSI, 0603HaYAIOWNI TOPsYY0 KNaBULy KOMaHfbl. [Mo3ULMM CYMBOIOB HauMHAOTCS
c Hynsa. Mpy HaxaTuM Ha MeHo «®daiin», NosSBNSETCS KOHTEKCTHOE OKHO. B MeHH «/IMnopTupoBaTth»
SIBNSIeTCA MOAYEPKHYTLIM TAKXKE TO/IbKO OAMH CUMBOJ. 3TOT MYHKT MEHIO MOXHO BbIGPaTh NPy NOMOLLM
Kypcopa Win CoYeTaHNEM Tropsiumx Knaemw Alt-+.

m BcnnbiBatoulee meHo B TKinter
B cnegytoulem npumepe co3gaétcs BCM/bIBarOLWEE MEHH. Ero MOXHO Bbi3BaTb B /10601 YacTu paboueit
0obnactn OkHa.

# BCM/blBawlWee MeHW C ABYMA KOMaHAamu
from tkinter import Tk, Frame, Menu

class Example(Frame):

def init (self):
super(). init (
self.initul )

def initUl(self):
self_master._title('BcnnbiBawwee meHo™)
# [lna co3paHua BCMbIBAWWENO MEHW MCNOMb3YyeTCHd O0ObluHbIA BUAKET Menu.
# Y Hero oTkw4vaeTcsa cBoiicTBo tearoff. W Tenepb eCTb BO3MOXHOCTb
# nokasaTb MEH0 B HOBOM BCM/IbiBAWWEM OKHE.
self_menu = Menu(self._master, tearoff=0)

self.menu.add command(label="CurHan!', command=self.onBell)
self.menu.add command(label=""Bbixoa”, command=self._onExit)

# metogy showMenu() Ha3HayaTca cobbTHe

# "KIMK npaBoli KHOMKOWM Mbiun <Button-3>° .

# CobblTve cpabaTbiBaeT Torga, Korfga no pabodeli o6nacTv OKHa
# HaxvmaeTcsa npaBas MblUMHAA KHOMKA.
self_master._bind("'<Button-3>", self._showMenu)

self_pack(Q

# MeTtopg showMenu() oTo6paxaeT BCM/bIBaWWEe MEHW. 3TO MEH OTKpbiBaeTCcs
# MO X N y KoopauHaTtam OT pacroflIOKeHUs1 MbIUMHOIO Kypcopa
def showMenu(self, e):

self.menu.post(e.x root, e.y root)

# MeTon 06paboTKM BbiGOpa NyHKTA MeEHK Bbixon
def onExit(self):

print("=quit=")

self_quitQ)

# MeTon OoTpaboTKM Bbibopa NyTKTa MeHw CurHan!
def onBell(self):

print("=bell=")

self._bellQ

self.bell()

self.bell

self.bell()

def mainQ):
root = TkQ
root.geometry(*'300x200+400+400')
app = Example()
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root_mainloop()

if name == main
main()

m [laHenb nHcTpymeHTOB B Tkinter
MeHI0 06beMHAT KOMaH/bl, KOTOPblE MOXXHO WCMO/b30BaTh B MPUIOXKEHUW. MaHenb MHCTPYMEHTOB
No3BONAET NMoNyunTb ObICTPbI JOCTYN K Hawbosnee nonynsapHblM koMaHgam. B Tkinter HeT Bumpketa
naHenM MHCTPYMEHTOB, €ro Hago co3aatb. [peAcTaBneHHbl HKE KO MCMOMb3YeT MKOHKY KOTOPYHO
HY>XHO ByAeT coxpaHuTb psgom c ainom code 56.py: exit.png

from PIL import Image, ImageTk
from tkinter import Tk, Frame, Menu, Button
from tkinter import LEFT, TOP, X, FLAT, RAISED

class Example(Frame):

# meTog 06pabOTKM COOLITUA MNPUMEHEHME MHCTPyMeHTa "Bbixoa®
def oneExit(self):
self_.quitQ)

def init (self):
super()- init (
self.initl1Q

def initUl(self):
self_master._title('MaHenb WHCTPYMEHTOB')

menubar = Menu(self._master)
self_fileMenu = Menu(self._master, tearoff=0)

# pobaBneHve NyHKTa MEH0 C Ha3HayeHMem mMeToga 06paboTKu CcobBbITUA
self_fileMenu.add co:mmand(label="Bbixoa™, command=self.onExit)

# TileMenu noaBA3biBAETCA K r/1laBoMy MeHW menubar

menubar.add cascade(label="¢aiin", menu=self.fileMenu)

# naHenbl VMHCTPYMEHTOB OyAeT pavka, B KOTOPOWM noMewaeTcs KHOoMka
toolbar = Frame(self.master, bd=1, relief=RAISED)

# co3pgaHa naHeNb WHCTPYMEHTOB. 3TO OOblMHAasA pamka.
# 3paHbl rpaHuusl naHesm MHCTPYMEHTOB.

self.img = Image.open(*exit.png'™)

eimg = ImageTk.Photolmage(self.img)

# co3gaHo u3006paxeHne n (HoToM3obpaxeHne A1 NaHennm WMHCTPYMEHTOB
# BUOXET KHOMKM BbiXoaa
exitButton = Button(

toolbar,

image=eimg,

relief=FLAT,

command=self_quit

)

exitButton.image = eimg

exitButton_pack(side=LEFT, padx=2, pady=2)

# MNaHenb WHCTPYMEHTOB - 3TO pavka, a pamka - 3TO BUOXET KOHTelHepa.
# KHomka 3akpennsieTcd y fieBoro kpas. [anee pobasnsietcs

# HeObOo/bWOI OTCTyNn B 2 MNUKCens
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# Cava naHeflb WHCTPYMEHTOB 3akKpernsieHa K BepxHel uyacTtu
# rNnaBHOrO OKHa U pacTAaHyTa FOPU30HTaSIbHO .
toolbar.pack(side=TOP, Till=X)
self.master.config(menu=menubar)

self_pack()

def mainQ):
root = TkQ
root.geometry(*'250x150+300+300")
app = Example()
root_mainloop()

if name == main
main()
# =

m Hay4Hada rpagmka B Python
Bubnmnoteka matplotlib - 3T0 6uGAMOTEKA ABYMEPHOI rpadivkn Ans A3blka NPorpaMmMupoBaHus python c
MOMOLLbIO KOTOPOV MOXHO CO3faBaTb PUCYHKM pasnnyHbIx (hopmaros.llocne ycTaHOBKM 6MGAMOTeKn
matplotlib BbI3biBaeTCA B KOHCOMM WM B CKPUMNTE Kak MOAY/b!

3+

import matplotlib as mpl

# BbBog Tekyweii Bepcumn 6mbnunotekn matplotlib

print("Current version on matplotlib library is*, mpl. version )
# s s p———

Matplotlib npeactaBnsiet coboii Mogynb-naket 4na python. Matplotlib yctonT 13 MHOXecTBa Mogyne.
B MOAynAx MHOXKECTBO KMacCcoB U (hyHKLUIA, KOTOpbIE EpPapXMYeCcKn CBSi3aHbl MeXAay cObOoii.

Co3faHue pucyHka B matplotlib: Hy)kHO nmeTb npenctaBneHve o GyayLlemM PUCYHKe (4TO MUMEHHO OH
Oynet pucosartb), B3ATb OCHOBY (XOJICT UM Bymary), MHCTPYMEHTbI (KUCTU UM KapaHjalluu), HapucosaTtb
PUCYHOK (feTanb 3a AeTasbio).

B matplotlib Bce atn atanbl Takke CyLLEeCTBYHOT, U B KQUeCTBE XyA0XXHMKA-UCNONHUTENS 34eCb BbICTynaeT
cama 6ubnmoteka. [lonb3oBaTtenb AO/MKEH YNpaBnasTe Moaynamu matplotlib, v gna atoro oH
onpegenset 4To UMEHHO HYXXHO HapMUCOBaTb U KaKUMWU MHCTPYMEHTaMU.

O6bbHO matplotlib ABnNsSieTCs OCHOBHBLIM CPEACTBOM PUCOBaHUS M OGECMEYNBAET CO3[4aHMe OCHOBbI U
npouecc otobpaxkeHns pucyHka. OTo6paxeHue rpadmkoB obecneumBaeTca (PYyHKUMSMM U3 Maketa
pyplot 6ubnnotekn matplotlib, 0603HauveHHOro kak plt. Mpy MMNopTe naketa pyplot co3gaeTcsa roToBbIi
K pabote 06BekT plt (???) co BcemMun ero rpamyeckumMm BO3MOXHOCTAMWU. HyXHO Bcero /uvb
ncnonb3oBatb (yHKUMO plot() n nepegatb emMy maccMB (BO3MOXXHO KOPTEX) 3HAYEHW, MO KOTOPbIM
cTpouTCA rpagmk.

B pesynbtate 6yger co3gaH o06bekT Line2D. 310 MHMA, KOTopas npeAactaBnsier  coboW
nocnefoBaTeNbHOCTb TOYEK, HaHecEHHyt Ha rpaduk. C nomouwpto dyHKumMn plt.show() octaérca
nokasaTb 3TOT rpagviK.

m CrpykTypa matplotlib
Bubnmnoteka matplotlib opraHnsoBaHa nepapxudeckn. EE onucaHme NpoLLe BCEro HaumMHaTb C (PYHKUMIA
BbICOKOrO YPOBHS, C BbICOKOYPOBHEBOro uHTepgeiica matplotlib.pyplot.
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[na pucosaHua ructorpammbl cpegcteamu matplotlib.pyplot goctatouHo Bbi3biBaTh BCEro oAvH MeTop;
matplotlib.pyplot.hist(arr)

/1 He B&XHO, KaK MEeHHO 6blfla HapucoBaHa 3ata guarpamma.

[naBHOE - 3TO 06LLaA CTPYKTypa PUCYHKa: PUCYHOK MepapxXuyeH.

MiToroBas kapTvHKa (AMarpamMma BbICOKOrO YPOBHS)) CTPOMUTCA W3 MPOCTbIX FEOMETPUYUECKUX (uUryp
(MMHWiA - cpefiHMii YPOBEHb PUCYHKA), KOTOPble CO34AKTCA HECKONbKUMM YHUBEPCAbHBIMU MeTogamu
pucoBaHusl (HN3KWIA YPOBEHD).

m [lpumeHeHne mogyna matplotlib.pyplot

#

import matplotlib_pyplot as plt
import numpy as np

X = np.linspace(0, 2, 100)
plt.plot(x, X, label="linear")
plt.plot(x, x**2, label="quadratic”)
plt.plot(x, x**3, label="cubic")
plt.xlabel("x label™)
plt.ylabel("y label™)
plt_title("Simple Plot™)
plt_.legend()

plt.show()

#

m PucyHok (Figure)
PrucyHOK sBnseTcd OOBbEKTOM CamMOro BEepXHEro YPOBHS, HAa KOTOPOM pacrofiaratoTcs OCHOBAa-XOJCT
(Canvas), ogHa WM HECKO/IbKO ob6nacteil pucoBaHusi (AXes), 3MEMEHTbI pPUCyHKa Artisits (3aronoBku,
nereHga v 1.4.). Ha prcyHke MO>keT ObiTb HECKONbKO obnacteli pvcoBaHusi Axes, HO AaHHaa obnactb
pucoBaHus Axes MOXET NpuHag/iexaTb TONbKO O4HOMY PUCYHKY Figure.

m lepapxmnyeckas cTpykTypa pucyHka B matplotlib
[naBHOW eanHMLEN (O6BEKTOM CamMOro BbICOKOTO YPOBHS) nmpy pabote ¢ matplotlib sBnsetca pucyHok
(Figure). Jioboin pucyHok B matplotlib MmeeT BNOXeHHYO CTPyKTypy. PaboTta mnonb3oBartens
npegnonaraet onepauny ¢ pasHbIMM YPOBHAMU PUCYHKa:

Figure(PucyHok) > Canvas(Xonct) -> Axes(O6nactb pncoBaHusi) -> Axis(KoopauHaTtHasa Ocb)

m OO6nactb pucoBaHunsa (Axes)
O6nacTb pucoBaHWsA ABNAETCH OOBEKTOM CpefHero YPOBHA. 3TO rNnaBHbIi 06bekT paboTbl ¢ rpadmkoi
matplotlib B 06beKTHO-OpMEHTUPOBaAHOM CTWU/IE. 3TO YacTb U306padKeHUs C MPOCTPAHCTBOM [aHHbIX.
Kaxxgas o06nactb pucoBaHus Axes COAEpPXUT aBe (MM Tpu B ciyyvae TPEXMEPHbIX AaHHbIX)
KOOpAMHaTHbIX OcK (AXis 06LEKTOB), KOTOpbIE YNOPSALOUMBAKOT OTOOPaXKEHME AaHHbIX.

m KoopanHaTtHas ocb (AXis)
KoopguHatHasi ocb - OOBEKT CpefHero ypoBHA. Onpegenser 06/1acTb M3MEHEHUSI AaHHbIX, Ha HUX
HaHocsTcs geneHus ticks m nognucn K geneHusam ticklabels. PacnonoxkeHne geneHuii onpegensietcs
obbektoM Locator, a nognucu pgeneHuii  obpabaTtebiBaeT 06bekT Formatter.  KoHdwmrypaums
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KOOpAMHATHbIX OCeli 3ak/o4vaeTcs B KOMOMHMPOBaHWMM pPas/IMYHbLIX CBOWCTB 0O0bLEKTOB Locator u
Formatter.

B OfleMeHTbl pUcyHKa (Artists)
dnemeHTbl pucyHka Artists cOCTaBNAlOT caM PUCYHOK M Ha PUCYHKE HET HuYero, 4to Obl He Obino
3/1IEMEHTOM PUCYHKa Ha BCEX ero ypoBHsX. lNpaktmyeckn BCE, UYTO OTOOPaXKAETCA Ha PUCYHKe ABNAETCH
anemMeHTOM pucyHka (Artist), gaxxe 06bekTbl Figure, Axes n Axis. Takke 3neMeHTbl pucyHka Artists
BK/IKOHAIOT B cebs Takme (MpocTble) 06beKTbl kak TekcT (Text), nnockas nmHusa (Line2D), gurypa (Patch) w

apyrue.

Korpga npouvcxoant otobpaxkeHne pucyHka (figure rendering), Bce afieMeHTbl pUCyHKa Artists HaHocATCA
Ha OcHoBY-xoncT (Canvas). bonbluas 4YacTb M3 HUX CBA3bIBAETCA C 06/1aCTbH0 PUCOBaHUS Axes. 3NeMeHT
pPUCYHKa He MOXXET COBMECTHO MCMOJIb30BaTbCA HECKOIbKUMU 061acTaMn Axes nnm ObiTb NEPEMELLEH C
OfHOW Ha apyryto.

m VHTepdenic npuknagHoro nporpaMmmupoBaHmnsa matplotlib API
B matplotlib n3ob6pasnTtensHble YHKUUN NTOTMYECKM pPasfefieHbl MeXAy HECKONbKMMU 06BbekTamu,
NPUYEM KaXKAbIA U3 HUX CaM UMEeT LOBOJIbHO C/OXHYK CTPYKTYpPY. MOXHO BblAENUTb TPU YPOBHS
MHTEpdelica NpMKNagHOro nporpammupoBaHus(matplotlib API);

m matplotlib.backend_bases.FigureCanvas - abcTpakTHbIi 6a30BbIi Kiacc, KOTOpbI
NMo3BONAETPUCOBATb M BU3Ya/IM3MPOBaTb Pe3yfibTaTbl KOMaH/;

m matplotlib.backend_bases.Renderer - 06beKT (aGCTPaKTHbIA Kacc), KOTOPbIA 3HAET Kak
pucoBatb Ha FigureCanvas;

m  matplotlib.artist. Artist - 06beKT, KOTOPbI/ 3HaET, KaK UCMOb30BaTb BM3yanm3aTop
(renderer),uTobbl prcoOBaTb Ha XOcTe (canvas).

FigureCanvas 1 Renderer o6pabatbiBatoT getanv, Heob6xoauMble AN B3aMMOAENCTBUS CO CPeAcTBaMu
Nno/nb30BaTeIbCKOro UHTepdeiica, a Artist o6pabaTtbiBaeT BCE KOHCTPYKLMM BbICOKOTO YPOBHSI TakMe Kak
npeacTaBneHNe 1 PacnonoXKeHne PUCYHKa, TEKCTA U NVHWIA.

m Knacchl Artists
CyuiectByeT gBa Tuna o6bLEKTOB-K1accoB Artists:

m npumuTUBbl (primitives);
W KOHTeiliHepsbl (containers).

m [1pnMNTUBSLI
MpumnTMBLI NPeACcTaBAA0T cobOoN CTaHJapTHbIEe rpaduyeckue 06BHEKTDI

NAOCKYIO NUHUIO (Line2D),
npamoyrosibHUK (Rectangle),
TekcT (Text),

n3obpaxeHne (Axesimage)
nT.Aa.

m KOHTelHepbl
KoHTeliHepbl - 3TO 06BEKTLI-XPaHW/NLLA, HA KOTOPbIE MOXHO HAaHOCUTb rpatuyeckue NpUMUTUBSI.

K KOHTeﬁHepaM OTHOCHATCA:

m pucyHok (Figure),
m o6nacTb pucoBaHuA (Axes),
W KOOpAMHaTHas ocb (AXis),
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m neneHns (Ticks).

Monb3oBatesibckasi HacTpolika PUCYHKOB 06ecneuvBaeTcs Mpy MOMOLM OGPALLeHUIn K pasinuyHbIM
KOHTeliHepam Kknacca Artists, 06beANHEHHbIX IOTMYECKN B EAUHYIO CTPYKTYPY.

Bcero cyuwiectByet 4 Buga Artists KOHTEMHEPOB:

Figure - 3TO KOHTEliHep camMOro BbICOKOrO YpPOBHs. KoHTeliHepbl pucyHka (Figure containers). Ha HéMm
pacrnonaratotcs BCe APYrue KOHTeMHepb! 1 rpadnyeckie NpUMUTUBSI.

Axes - KoHTeliHepbl o6nacteii pucoBaHus (Axes containers). IMEHHO ¢ HVMMK Yalle Bcero paGoTtaert
No/b30BaTe/lb. IKIEMMISAPbI AXES - 3TO 06/1aCTH, pacrnofaralolLmecs B KOHTelHepe Figure, onsi KOTOpPbIX
MOXKHO 3aJaBaTb KOOPAMHATHYIO CUCTEMY (AekapToBasi WM MofspHas). Ha HEM (ak3emnnsp Axes)
pacnonaratotcs Bce Apyrue KOHTeliHepbl, kpome Figure, u rpaguyeckve nNpuMUTUBLI. 31O 06nactv Ha
pYCYyHKe, Ha KOTOPbIX pacrofaratotcs rpaduky 1 guarpaMmbl, B KOTOPbIE BCTaBSHOTCA U306PaXKeEHUs U
T.4. My/fbTVOKOHHbIE PUCYHKM COCTOST 13 Habopa obnactein Axes.

Axis - KoHTeiiHepbl oceii (Axis containers). 3TOT KOHTeliHep ob6cnyXuBaeT 3k3emnnspbl Axes. OH
oTBeYaeT 3a CO3[aHMe KOOPAUHATHbIX OCell, Ha KoTopble 6yAyT HaHOCUTLCA AeneHus Ooceld, NoanucK
feneHnii n NUHWIA BcnoMoraTenbHoOl ceTku. Ero cneuuwanmsauus (M otimuve oT KoHTelHepa Tick) - ato
pacrnonoXeHue LeNeHU U MNHWUIA, MX NO3MLUOHMPOBaHME 1 (hOpPMaTUPOBaHWE MOAMUCENA AeNeHUiA, KX
oTo6paxeHue.

Tick - KonTteiHepbl pgeneHnin (Tick containers). 3TO KOHTEMHEpP HU3WEro ypoBHA. OH 3agaéT
XapakTepucTukn (UBeT, TOMWMHA NIMHWUIA) NWHWIA CeTKW, AeneHnid u ux noganucein (pasmepbl W TWMbl
LWPUQTOB).

O6bI4Has nocnefoBaTeNlbHOCTL AENCTBUIA NMpU co3gaHnn pucyHka B matplotlib: cospgaétes aksemnnsip
knacca Figure (Figure instance), Ha KOTOPOM BbIAENAOT O4HY WM HECKO/bKMX obnacteii Axes (nm
ak3emnnsapos Subplot), 1 mncnonb3yoT BCnoMmorartesibHble METOAbl 3K3emnaspa knacca Axes (Axes
instance) OnA co3gaHus rpauyeckux NMPUMUTUBOB (primitives). Ecnv aBTOMatMyeckn nogobpaHHble
XapakTepuUCTUKMN KOOPAMHATHOW CETKW, AeneHnii 1 Ux Nognuceil He yctpamBatoT MO/b30BaTesNs, TO OHU
HacTpamMBaloTCsi C MOMOLLbI0 3K3EMMNIAPOB KOHTEMHepoB Axis (ocu) u Tick (meneHms oceii), KoTopble
BCerga npuCyTCTBYHOT Ha CO34aHHOM 061acTM pucoBaHms AXes.

m Pyplot
WMHTepgelic pyplot no3BonsieT cocpefoTOUNTLCA Ha BbIOOPE rOTOBbIX PELUEHUI U HACTPOike 6a30BbIX
napameTpoB pucyHKa. CyllecTByeT cTaHAapT Bbi3oBa pyplot B python:

# =

# (akTnyecku crtaHgapT Bbi3oBa pyplot B python

import matplotlib_pyplot as plt

# - .., T, T T T T T T

PucyHku B matplotlib im6o B MHTEPaKTMBHOM pexxmnme (B KOHCOMM), MO0 B CKpUMTE (TEKCTOBBINA (haiin ¢
python-kogom), co3gatotcs nNyTém MnocnefoBaTe/lbHOrO Bbi30Ba KOMaH[,

Mpadmueckne anemeHTbl (TOYUKW, NMHUW, GUIypbl 1 T.4.) HacnamsarTca APYr Apyra nocnefoBaTesnbHO.
Moy aTOM nocnefytoLme nepekpbIBatoT rnpefblayLime, eciv OHY 3aHUMAatoT ObLLee yYyacTKM Ha PUCYHKe
(perynupyertcs napametpom zorder).

B matplotlib pa6otaer npasuno "Ttekyweii obnactn” (“current axes"), KOTOpPOe O3Ha4yaeT, YTO BCe
rpaguyeckre aneMeHTbl HAHOCATCA Ha TeKyllyto obnactb pucoBaHus. HecmoTps Ha TO, 4tOo Oo6nacTeit
prYcoBaHWs MOXKET ObITb HECKO/BbKO, OAHA U3 HUX BCErAa SBNAETCA TeKyLUein.
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Cambim r/1aBHbIM ob6bekTom B matplotlib sasnaetca pucyHok Figure. MoaTomy cosgaHWe Hay4dyHOI
rpadnKM HaUMHAETCA UMEHHO C CO34aHWUA PUCYHKA.

CospgaTb pucyHoK B matplotlib o3HauaeT 3agaTh dopmy, pasmepbl U CBOMCTBA OCHOBLI-XOJICTa {(canvas),
Ha KoTopom OypeT cospasatbca bOyaywmii rpaduk. CospaTe pucyHoKk figure nossonsaeTr metog,
plt.figure(). Mocne BbisoBa NoboI rpadpuleckoli KomaHabl, To ecTb GYHKLMU, KOTopana CO3AaET KaKoii-
nmbo rpaduueckuii obbekT, Hanpumep, plt.scatter() nam plt.plot(), Bcerna cyuiectsyet xota 6bl oaHa
06.1acTb A1 pUcoBaHUA (Mo yMOYAHWUIO MPAMOYTO/IbHOMU GopMbl).

YTobbl pesy/bTaT pUCOBaHWUA, TO €CTb TEKYLLee COCTOAHME PUCYHKa, OTPasU/OoCh Ha 3KpaHe, MOXKHO
BOCNO/Ib30BaTbcA KomaHaou plt.show(). Mpu atom 6yayT nokasaHbl Bce pucyHKu (figures), KoTopble
6b111 co3aaHblI.

#

import matplotlib.pyplot as plt

fig = plt.figure () # Cospmanme obmwekTa Figure

print(fig.axes) # Cromcor Tekymmx ofyacTell PUCOBAHMUS IIYyCT
print (type(fig)) # mun oBwexkra Figure

plt.scatter (1.0, 1.0) # scatter - MeTonm mid HaHeceHMd Mapkepa

# B Touke (1.0, 1.0)
# Tocrne HaHeceHUS TpadnuecKoTo BJEeMeHTa B BMOE MapkKepa
# CIOMCOK TeKymMx ofJlacTell COCTOUT M3 ONHOM oBJacTH
print (fig.axes)

plt.show()
#

B matplotlib Bo3amoskHo coszpanmne B/IOXKEHHBLIX koHTeliHepoB oaHoro Tuna. [lanee B KOHTeWHepe
pucyHka figure co3pgaloTca BAOXKeHHble KOHTelHepbl obslacTeli pUCOBAHMA, B KaKOOM M3 KOTOPbIX
cospaioTca 'cBon' pUCYHKM M Ha 'cBoux' ocax (obbektax Axis) HaHocaTca 'cobcTBeHHble' aeneHun
(macwTabuposaHue pUCyHKa).

import matplotlib.pyplot as plt
import numpy as np
def set data(start, stop, step):

X = np.arange(start, stop, step)
vy = np.sin(x) * np.exp(x)
zZ = np.cos(x) * np.sin(x)

return(x, vy, z)
def do it(fig, y, z):
# Cosmanme skseMmiigpa Axes (KoOHTelMHepa oOJaCTU PUCOBAHMUS)
# ¢ nomompbio Figure-meToma add_subplot ()
ax0 = fig.add subplot(111)

# MeTomer plot () BHSHBakTCI Uepes oBBeKTH ax, a He plt (mHTepdelic pyplot)
ax0.plot (y)

ax0.plot(z)

ax0.grid(True) # grid - kaxgoMy sSK3eMIUIIpPY AXes HeNOCPEeICTBEHHO

# npu ero cosmaHuM
# MM Tak
ZZ = z*Z
# Cosmanme skseMmiuigpa Axes (KoOHTelMHepa oOOJaCTU PUCOBAHMUS)
# ¢ nomompbio Figure-meToma add_axes ()

box = [0.25, 0.5, 0.25, 0.25]

axl = fig.add axes (box)

axl.plot(zz)

axl.grid(True) # grid - kaxgomMy sSK3eMIUIIpY AXes HeNOCPEeICTBEHHO

# npu ero cospaHuUU
# nepebop BCEX oBbekToB Axes UM HasHaueHue grid KAXIOMY us HUX
# for ax in fig.axes:
# ax.grid(True)
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if name == main :
fig = plt_figure()
print(type(fig))
X, Yy, Z = set data(0.0, 1.0, 0.1)
do 1t(fig, vy, 2
plt.show()

m Bunbnuoteka matplotlib
Bubnmnoteka matplotlib - aTo 6ubnMoOTEKA 4BYMEPHOI rpadvkn AN A3blka NporpammMmpoBaHus python c
MOMOLLIbIO KOTOPOI MOXKHO CO34aBaTb BbICOKOKAYECTBEHHbLIE PUCYHKWN PasfinyHbIx hopmaTtos. Matplotlib
npegacraenseT coboli Mmoaynb-naket ana python.

Ckayatb M ycTaHOBWUTb matplotlib MOXHO ¢ odmumanbHOro cata 6MbGAnMoTekM. B HekoTopbix python
anctpuobytmax matplotlib y>xe npegycraHoBneH. Hanpumep, B Anaconda ot Continuum Analytics.

O6biiHO  pucyHok B matplotlib npeactaBnsetr coboii  NpAMOYronbHYyH0 061acTb, 3afjaHHyl0 B
OTHOCUTE/bHbIX KOOPAUHATaX Mo 06enm OCsAM.

BTopoii pacnpocTpaHEHHbI BapuaHT Tuna puUcyHka - kpyrnasa o6nactb (polar plot). Mogpo6Hee o Takmx
TUnax rpamkos B rnase "pakn B NONSPHbIX KOOpAUHaTax".

Utobbl COXpaHUTb MOMYYMBLUMIACA PUCYHOK HY)XXHO npumeHnts metog plt.savefig(). OH coxpaHseT
TEKYLLYI0 KOH(UIypaumio TeKyLLEero pucyHka B rpauyeckuii ¢aiin ¢ HeKOTOpbIM paclumMpeHnem (png,
jpeg, pdf n gp.), KOTOpbIi MOXHO 3agaTtb 4epe3 napameTp fmt. Mostomy eé (???) Hy)KHO BbI3biBaTb B
KOHLUE MCXOAHOro Kofja, Moc/ne BCeX Bbl30Ba Bcex ApYyrux komadg. Ecnm B python-ckpunte co3gatb
HECKO/IbKO PUCYHKOB figure M nonbiTaTtbCsi COXPaHUTb WMX OAHOM KoMmaHgol plt.savefig(), To 6yaet
COXPaHEH nocnegHuin pucyHok figure.

m VIHTepdgelic Pyplot
3neMeHTbl pUcyHKa Artists...

CBoiicTBa rpatinyecknx 3/1IEMEHTOB...

# PasnnyHole no gopme 0651aCTU pUCoBaHUA

# s
import matplotlib.pyplot as plt

# =

fig = plt_figureQ)

# [lobaBneHne Ha PUCYHOK MpPAMOYrofibHOW (M0 ymo/n4aHuw) 0651:acTn pucoBaHuA
ax = Fig.add axes(J[O, O, 1, 1D

print(type(ax))

plt_.scatter(1.0, 1.0)

plt.savefig(“example 142a.png”, fmt="png")

# -—- - —-T T T
fig = plt_figure(Q)

# [lobaBneHne Ha PUCYHOK KpYyrosoii o6nacTn pucoBaHus

ax = Fig.add axes([O, O, 1, 1], polar=True)

plt_.scatter(0.0, 0.5)

plt.savefig(“example 142b_png", fmt="png")

# s
plt_show()

# -_—
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m lepapxmnyeckas CTpyKTypa pucyHka B matplotlib
Bcé npocTpaHCTBO pucyHKa Figure (NpsSMOYrofibHOW WM MHOM (DOPMbI) MOXXHO WCMONb30BaTb A/
HaHeceHUsi ApYyrux 3/1eMEeHTOB PUCYHKa, Hanpumep, KOHTeiHepoB Axes, rpafuyeckmx NpUMUTUBOB B
BUAE NNHWIA, Uryp, TeKcTa 1 Tak fanee.

B nto60M ciyyae Kaxablii pucyHOK MOXKHO CTPYKTYPHO MPEeLCTaBUTh CledytolymM o6pa3om:

O6nacTb pucoBaHus Axes

3aronioBok 06nactu prcosaHusa > plt.title();

Ocb Xaxis

Mopgnuck ocn abeumce OX > plt.xlabel();

Ocb Yaxis

Moanuce ocn abeumce OY -> plt.ylabel();

NereHpa -> plt.legend()

LiseToBas Lwkana - plt.colorbar()

Mognucb ropmsoHTanbHOK ocn OX ->cbar.ax.set_xlabel();
Moanuvce BepTukanbHOM ocn OY ->cbar.ax.set_ylabel();
JeneHns Ha ocu OX -> plt.xticks()

JeneHns Ha ocu QY -> plt.yticks()

[ns Ka>kaoro v3 nepeymncieHHbIX YPOBHEN-KOHTEHEPOB eCTb BO3MOXHOCTb HAHECTW 3aro/ioBOK
(title) nnn nognuce (label).

MoanucK K pyucyHKy 06/1eryatoT NOHMMAaHKE TOTO, B KakMX eAMHMLAaX NPeacTaB/ieHbl JaHHbIE Ha rpagvike
nm guarpaMme. Takke YacTo Ha PUCYHOK HAHOCSATCA IMHUKM BCrIOMOratenibHol ceTku (grid).

B pyplot oHa Bbi3biBaeTcs komaHgon plt.grid(). BcnomoratenbHas ceTka cBfi3aHa C LENE€HUAMM
KOOpAWHaTHbIX Ooceil (ticks), koTOpble OoNpefenstoTcs aBTOMaTUYEeCKn MCXOAs W3 3HadeHuii BbIGOpKK. B
JanbHelilwem 6yaeT MOKa3aHO Kak OnpefenATb NOMOXEeHMe W 3ajaBaTb 3HAYEHWS [eNeHWin Ha
KOOPANHATHbIX OCSIX.

B matplotlib cywectBytoT rnaBHble geneHusa (major ticks) u
BCriomoraresnbHble (minor ticks)

ONS KaKOOW KOOpAMHATHOW ocu. Mo yMOMYaHUIO pUCYHOTCA TOMbKO FNaBHble AeNeHUA U CBSi3aHHble C
HUMU IMHUKN ceTKn grid.

B nnaHe HaCTpOVIKM rnaBHble geneHnda HNW4emM He OoTin4aroTcAa OT BCromMorartesibHbIX.

Ecnn Ha pucyHKe npucyTCTBYeT Tak HasbiBaeMblli "mappable object”, To Ha pucyHke MOXeT 6biTb
HapucoBaHa LBeToBas Lkana (colorbar). K wkane Takke MOXHO fienatb NoAnNMCcU BAONb Pa3HbIX CTOPOH.
Mpy aTOM cama uBeToBast MOXET ObITb pPacnoNoXeHa Kak Ha TekyLleil 061acTM pucoBaHus

axes, oT6upas y Heé HEKOTOPYH [0M0, MMBO MOXKeT OGbiTb pas3MelleHa Ha camMOoCTOsTe/IbHOW 06nacTu
pucoBaHus. MNoapobHee 0 LBETOBOI LKasie B rnaee "LiBeToBas wkana”.

B O/IeEMeHThI PNCYHKa Artists
CnvcokK 3aN1eMeHTOB puUcyHKa (Artists) ans KoHTeliHepa Figure:

axes - CNUCOK 3k3eMnnsapoB Axes (Bkouyasa Subplot);

images - cnucok Figurelmages patches (3hheKTMBHO AN OTOBPaKEHMSA NMUKCENEN);
legends - crivcok ak3emnnsApoB Figure Legend (oTnnuaetca ot Axes.legends);

lines - cnncok ak3emnnsApoB Figure Line2D (pefko ncnonesyetcs, cMm. Axes.lines);
patch - ¢oH Rectangle;

patches - cnncok Figure patches (pefko ncnons3syetcs, cM. Axes.patches);

texts - cnucok ak3emnnsapos Figure Text.
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#
# SseMeHTH NPOCTOTO PUCYHKA
import matplotlib.pyplot as plt
import numpy as np

lag = 0.1
X = np.arange (0.0, 2*np.pitlag, lag)
y = np.cos (x)

fig = plt.figure()
plt.plot(x, y)
plt.text (np.pi-0.5, O, 'l Axes',
fontsize=26
)
plt.text (0.1, 0, '3 Yaxis',
fontsize=18,
rotation=90)
plt.text (5, -0.9, '2 Xaxis',
fontsize=18
)
plt.title('la TITLE")
plt.ylabel ('3a Ylabel')
plt.xlabel ('2a Xlabel ')
plt.text (5, 0.85, '6 Xticks',
fontsize=12,
rotation=90)
plt.text (0.95, -0.55, '6 Xticks',
fontsize=12,
rotation=90)
plt.text(5.75, -0.5, "7 Yticks',
fontsize=12
)
plt.text (0.15, 0.475, '7 Yticks',
fontsize=12
)
plt.grid(True)
plt.show()

#
# SsemeHTH BoJsiee CIIOXHOTO PUCYHKA
import matplotlib.pyplot as plt
import numpy as np

N = 100

n = int(np.sqrt(N))

X = np.arange (n)

# Bamaéca BuHbopka M3 ['aMMa-pacHpelSIeHUS C [HapaMeTpaMu
# dopmei=1l. m MacmTaba=0.

z = np.random.random(N) .reshape(n, n)

y = z[5, :]

fig = plt.figure()

cc = plt.contourf(z, alpha=0.5) # TpéxmepHoe mnoje
plt.plot(x, y, label='line', color='red') # kpacHadg JuHUSA
plt.title('la. Title'") # 3aroJIoBOK

plt.xlabel('2a. Xlabel') # mommnmch ocm OX

plt.ylabel ('3a. Ylabel') # nommnmch ocu OY
plt.legend() # JlereHza

cbar = plt.colorbar(cc) # 1LUBeToBad WmKaja

plt.text (2.5, 7, 'l. Axes', fontsize=26)

plt.text (4, -0.5, '2. XAxis', fontsize=18)

plt.text(-0.5, 3.8, '3. YAxis', fontsize=18, rotation=90)
plt.text (6.3, 7.2, '4. Legend', fontsize=16)

plt.text (9.1, 5., '5. Colorbar', fontsize=16, rotation=90)
plt.text (7., 0.8, '6. Xticks', fontsize=12)

plt.text (0.8, 8.4, '"7. Yticks', fontsize=12, rotation=90)
# TMommmcu miIS LUBETOBHX WMKAJ MMEKT OTJIMUHEI OT OCTAaJIbHHX [IOONMCEN CUHTAaKCUC
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cbar.ax.set xlabel("5a. Colorbar Xlabel®, color= k", rotation=30)
cbar._.ax.set ylabel("5b. Colorbar Ylabel®, color= k%)
plt.text(2.8, 4.8, "6. Grid lines", fontsize=14)

plt.grid(True)

plt.show()

#

m CgoicTBa rpauyUecknx aNemMeHToB
MHoroo6pasve un ynobctBo cosfaHusa rpaduvkn B matplotlib obecneunBaeTca He TONMLKO 3a CYUET
CO3[aHHbIX rpaMyeckmx KOMaHa, HO U 3a CYET 6oratoro Habopa CpeacTs Mo KOH(Mrypaumm TUMNOBbIX
thopm. 3Ta HacTpoiika BK/IHO4YaeT B cebs paboTy ¢ LBETOM, (DOPMOW, TMNOM IMHUA WK MapKepa,
TONLWMHOM NNHWIA, CTENeHbHD MPO3PayHOCTU 3/EMEHTOB, PasMepoM K TUMOM WpudTa U ApyruMn
cBolicTBamu.

I‘IapameprL KOTOpbIE ONpeaendarT 3TN CBOWACTBaA B Pa3/INYHbIX Fpa(jJI/I‘-IeCKI/IX KOMaHAaax, 06bIYHO NMeEOT
O,D,VIHaKOBbIIZ CUHTaKCUC, TO eCTb Ha3blBakOTCA OANHAKOBO.

CTaHgapTHbLIM CNOCOGOM 3aaHu1s CBOWCTB Kakoro NM6o co3aaBaemMoro o6bekta (Mny MeTogy) sBnseTcs
nepegava o Kaouy:

KN4 = 3Ha4dyeHune.

HassaHus napameTpoB U3MEHEHNA CBOIACTB rpaqamquKmx 06BLEKTOB, KOTOpPbIE Yalle BCEero BCTpeyaroTcA
B MPUNOXEHUAX, NepedncneHbl HXe:

color / colors / ¢ - ugerT;

linewidth / linewidths - TonwWmMHa AMHUK;

linestyle -tun nuHnw;

alpha - cTteneHb npo3payHOCTM (OT MOMHOCTLIO NPo3padHoro 0 Ao Henpo3spayvHoro 1);
fontsize - pasmep wpura;

marker - TN Mapkepa;

S - pasMep Mapkepa B metofe plt.scatter(tonbko uundgpel);

rotation - MOBOPOT CTPOKW Ha X rpafycos.

Ecnv B onucaHuu rpamyeckoro Metofa ykasaHo NpuMepHo Tak, kak B plt.plot(*args, **kwargs), T0 ato
3HAYMT, YTO B KQYecTBe BXOAHbIX AaHHbIX TPebyeTca cHayana Crnvcok / KOpTeX napamMeTpos (4alle BCero
B NOCNELOBATENbHOCTM apryMEHTOB 4OCTAaTOHYHO XOTA Obl OAHOrO CMMBOA, Hanpumep, Y), a nocne atoro
B (yHKuuto (mMeTon) nNepeparoTcs  napamMmeTpbl, NpeAcTaBfeHHble napaMmyv  UMSA-3HauYeHue C
(puKCcMpoOBaHHLIMY MMeHamK 3TUX napameTpos (color, linewidth nt.4.).

#
import numpy as np
import matplotlib_pyplot as plt
# MNpuvep GYHKUMM C OObeaMHEHMEM B KOpPTex *args
def F sums(*args):
listl = [1
for arg in args:
a=20
for 1 in arg:
a += i
listl_append(a)
return listl
# MNpuvep GyHKUMM C 06beaMHEHMEeM B CfioBapb **kwargs
def F words(**kwargs):

OYHKUMS pop BO3BpallaeT 3HaudeHve A/ 3afaHHOro Kioda
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# IIp
def

(eci OH ecTb B CJioBape) M yHajgeT M3 CJioBapsd Hapy "kKiou — sHaueHue"

print ('Cnorapp kwargs IO BH3OBa MeTonma pop:', kwargs)

perl = kwargs.pop('solo', 'Han')

per2 = kwargs.pop('wookie', 'Chubbaca')
act = kwargs.pop('loves', 'loves')

strl = '"%s %s %s' % (perl, act, per2)

print ('Cnorapp kwargs IOCJE BrizoBa MeToma pop:', kwargs)
return strl
uMep O¢yHKUUM C oObeOMHEeHMEM M B KOPTEX args UM B cJjioBapb **kwargs
f plot(*args, **kwargs):
xlist = []
ylist = []
for i, arg in enumerate(args):
if (1 % 2 == 0):
xlist.append({arg)
else:
ylist.append(arg)
colors = kwargs.pop('colors', 'k'")
linewidth = kwargs.pop('linewidth', 1.)
fig = plt.figure()
ax = fig.add subplot(111)

i =20
for x, y, color in zip(xlist, ylist, colors):
i +=1

ax.plot(x, vy, color=color, linewidth=linewidth, label=str(i))
ax.grid(True)
ax.legend()

L

xXyz =

abc

resl
res?2
prin
prin

T.K.

MAIN SCRIPT BODY

np.arange (10)
np.random. random(20)
np.linspace(-15, -7.5, 37)
[x, v, Z]
{'solo': 1, 'wookie': 'green', 'friend': True}
= £ sums(*xyz)
= f words (**abc)
t('resl', type(resl), resl)
t('res2', type(res2), res2)

B plt.plot HeT oOssaTesNbHHX NapaMeTPOB, TO IlepeIaHHHE

B 3TY @yHKHMm Hepes 30T IIocJIeOoBaTeJIbHOCTY MJIM MaCCHMBEL 6ynyT O6pa6OTaHH

3mech OpUMep INepelauly IBYX JIMHUM — OBe [NOCJEeNOBaTeJIbHOCTU 13 napu OX-0Y
(x, v2) m (%, y3). M B COOTBeTCTBUe IIpelcTaBJieHa [IOCJIeNOBaTE&JLHOCTDb
IIBETOB Ccolors.

colors = ['red', 'blue']

N = 10

X = np.arange (N)

y2 = np.random.random(N)

y3 = np.random.random(N)

f plot(x, y2, %, y3, colors=colors, linewidth=2.)

#

Eweé npumep 3agaHna cBOMCTB rpaduuecknx anemeHToB. Co3gatoTca 3 KapTUHKKM (Gurypsil).

#

#Cro
impo
impo

ncrBa IpadMuecKMX SIJIEMEHTOB
rt matplotlib.pyplot as plt
rt numpy as np

#

N =

100
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np.arange(N)

np.random.gamma(2., 1., N)
z.reshape(10, 10)

Beibopka n3 lamma-pacrnpegneHna c napaveTpamu opmbi=1. n macwtaba=0.

X
#
z
y
#

matplotlib.pyplot

H ========== fig_o —=========

fig 0 = plt.figure(Q)

cc = plt_contourf(y)

cbar = plt._colorbar(cc)

plt.title("1. TITLE", color="green-)
plt.xlabel("2. X - LABEL")
plt.ylabel("3. Y - LABEL", fontsize=16)

# Mognucu AnA UBEeTOBbLIX WKaul UMET OT/INYHLIA OT OCTasbHbIX HOAHMCGM CMHTaKCunC

cbar.ax.set xlabel("4. COLORBAR X-LABEL", color="b")
cbar.ax.set ylabel("5. COLORBAR Y-LABEL®", color="r")
plt.grid(True)
#

H ========== fig_l —=========
fig 1 = plt_figureQ
# co3pgaHne cnosapa pgna Fig 1

dict 1 = {"color® : "grey", “linewidth® : 2.5, ~linestyle® :

xz1 = [x, 7]

# nepepadya napameTpoB 4epe3 CNUCOK XZ WU croBapb my dict.
# Hannuve 3HakoB * U ** obasaTesibHO!

cc = plt.plot(*xz_1, **dict_1)

# pe3ynbTaT aHa/lorvyeH TakoW 3anucu

#cc = plt_plot(x, z, color="grey”, linewidth=2.5, linestyle="

plt.scatter(
X,
y + 2.0,
marker="v",
s=10,
color="red"

plt-title('ngple from Gamma distribution®)
plt.xlabel("Gamma sample values®)

plt.ylabel (*Sample numbers®)

# Mognucu gna UBEeTOBbLIX WKaJl

# (MMET OT/IMYHLIA OT OCTa/lbHLIX MOAMNUCEN CUHTaKCcuC)
cbar.ax.set xlabel("4. COLORBAR X-LABEL", fontsize=8)
cbar.ax.set ylabel("5. COLORBAR Y-LABEL", color="r")

__')

plt.grid(True, color="blue”, linewidth=1.0) # grid for fig 1
#

fig 2 = plt_figureQ
= np.cos(x/10.)
z22 np.cos(x/20.)
# cospgaHne crnosaps gna Fig 2

dict 2 = {"color® : "green”, “linewidth® : 4.0, r~alpha" : 0.5}

plt.fill between(x, z22, z12, color="green®, alpha=0.25)
plt.plot(x, z12, color="green®, linewidth=4.0)

plt.plot(x, z22, **dict 2

plt.title("Different alpha values®)

plt.grid(True) # grid for fig 2

# - T T =

plt_show()
# =

m  Figure: KOHQUrypaunsa pucyHka
CraHZapTHbI MeTof co3aaHus ak3emnnspa Figure
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import matplotlib.pyplot as plt
fig = plt.figure()
print (u'Tun Figure %s' % type(fig))

OcHOBHble NapaMeTpbl CO34aHHOrO sK3emnaapa Figure onpeaenaoTca B KOHOUrypaunoHHom daline
matplotlibrc.

ATpubyTbl Figure MOXKHO U3MEHUTb BO BpeMA co3aaHUA 0bbekTa:

B figsize : KopTeX U3 LLeNbIX AN AeNCTBUTE/IbHBIX YACEST, KOTOPbIMA onpeaesaeT WUPUHY U BbICOTY
B Atoiimax. Mo ymonyaHuio paBeH 3HauyeHuio figure.figsize 3 HacTpoek rcParams;

B dpi: paspelweHne pucyHka. Mo ymosayaHuto paBeH 3HadeHuto figure.dpi s HacTpoek rcParams;

B facecolor : uset ¢poHa. [No ymonuyaHuio paseH 3HadeHuto figure.facecolor u3 HacTpoek rcParams;

B edgecolor : uBeT rpaHuubl. Mo ymosyaHuto pasBeH 3HadeHuto figure.edgecolor M3 HacTpoek
rcParams.

import matplotlib.pyplot as plt
from matplotlib import rcParams

figsize = (8,6)

fig = plt.figure(figsize=figsize,
facecolor="pink',
frameon=True)

plt.plot([[0.0,0.0],[2.,2.]11,'k")
plt.grid(True)

rcParams|['figure.edgecolor'] = 'blue'

plt.show()

Mo ymonuaHWIo LBeTa KOOPOUHATHBIX OCel, IMHWUI BCoMoraTe/IbHOM CeTKM OTPUCOBbLIBAIOTCA YEPHbLIM
usetom, a uBeT ¢oHa (OCHOBbI pUCYHKa) - 6esbiM. 3amMeHMB MapameTpbl, OTBevyalolMe 33
COOTBETCTBYIOLLME LIBETA, MOXKHO €CO34aTb, HAaNpUMep, UHBEPTUPOBAHHDbIN 6e/10-YEPHbIA PUCYHOK.

from matplotlib import rcParams

import matplotlib.pyplot as plt

import numpy as np

# lsMmeHeHUe HapaMeTpPOB PUCOBAHUA

# (cmeHa uépHoTo MmO BeJyioMy Ha 0Oejioe O UEPHOMY)
def set rcParams(color0, colorl):

rcParams|['font.family'] = 'Times New Roman', 'Arial', 'Tahoma'
rcParams|['font.fantasy'] = 'Times New Roman'
rcParams|['figure.edgecolor'] = color0
rcParams|['figure.facecolor'] = color0
rcParams [ 'axes.facecolor'] = color0
#rcParams|['axes.edgecolor'] = color0
rcParams|['grid.color'] = colorl
rcParams [ 'xtick.color'] = colorl
rcParams|['ytick.color'] = colorl
rcParams [ 'axes.labelcolor'] = colorl

def set data(start, stop, step):
X = np.arange(start, stop, step) #(0, 4*np.pi, 0.12)

y = np.tan(x)
return (%, y)
# def do it ():
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set rcParams("k", "w")
X, y = set data(0, 4*np.pi, 0.12)

fig = plt.figure(facecolor="k")

plt.grid(True, linestyle=":", color="w")

plt.xlim(x[0], Xx[-1D
plt.ylim(np.minCy), np-max(y))
plt.xlabel(u*Bpema [c]", fontsize=12)
plt.ylabel(u*Avnintyga [M]", fontsize=12)
def do it():
set rcParams("k", “w")
X, y = set data(0, 4*np.pi, 0.12)
fig = plt.figure(facecolor="k")
ax = Fig.add subplot(Q)
ax. p I Ot(x ’ y1 .W')
ax.grid(True, linestyle=":", color="w")
plt.xlim(x[0], Xx[-1DD
plt.ylim(np.min(y), np.max(y))
plt.xlabel(u"Bpemsi [c]", fontsize=12)
plt.ylabel(u*Avnnutyga [M]", fontsize=12)
if name = " main
do i1tQ
plt_.show()

#

#

#

#

#

#

# plt.plot(x, y, "w")
4 ...
#

#

#

#

#

m HacTtpoilikm nuHun cetkn Matplotlib.pyplot
NnHum cetkm (plt.grid ()) — cpefcTBO BU3yanusauuu.

PasHuua mexxay Matplotlib gca v gcf:

gca gcf
get current axis get current figure
[laeT CCblIKY Ha TeKyLlme ocu [aeT CCblIKY Ha TEKYLLYHO KapTUHKY

import matplotlib_pyplot as plt
import numpy as np

plt.gcfQ # Pa3vep xoncTa
plt.grid() # Co3pgaTb ceTky
plt.show()

Ectb MHOro napameTpoB MeTtoga grid(), BOT LLb HEKOTOPbIE U3 HUX

Ocu: 3HauyeHne paBHO «06ax»(?), «x», «y». [POCTO HapMCOBaTb NMHUIO CETKM, B KAaKOM HarpasBieHuun.
Ecnu BBOAWTCS X WK Y, Kakasl OCb BBEAEHA, Kakasi Ocb GyfeT CKpbITa.

LBeT: ycTaHOBUTb LBET IMHWIA CeTKU. VN 1ncnonb3oBaTh Hanpsimyto napameTp 'c' BMECTO LiBeTa.

JINHEWHbIA CTW/b: TaKkKe MOXHO MCMOMb30BaTh Is BMECTO 0603HAYEHWsI IMHENHOTO CTW/SA. YCTaHOBUTH
CTWb SIMHUM CETKU, 4TO6bl OHA Gblna HEMPEPbIBHOW CMOWHOM SIMHUENR, MyHKTUPHOW NVHUER wimn
APYTVIMU Pa3/IYHBIMK INHUSIMU.

I 1 I o I |_.| | |:| | |N0ne| I [ |
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LLnpuHa NMHUK: YCTAHOBUTb LUMPUHY IMHUN CETKU

YctaHOBUTL OCb ='X'

YctaHOBUTL OCb ="y

YCcTaHOBUTL UBET JIMHUN CETKN ='T'

YcTaHOBUTbL CTWU/Mb MHWUN linestyle = | =" | =" | =" | " | 'None' | '" |

|S :| L | L | I_ll I |:| | INOneI | [} I

m KapTtuHka (figure) ¢ pasHOLBETHOI CETKOW pasHbIX CTUNEN:

import numpy as np
import numpymatplotlib.pyplot as plt

plt.gcfQ # Ccblnka Ha Tekyuwyw KapTuHky Form

plt.grid(axis="y", Is = "--", color="r")
plt.grid(axis="x", Is = ", color="b") # Co3gaTb ceTKy
plt.show()

m [lpumepsbl

| anMbIe N KBagpatnyHble NTUHNN
I'Ip|/|n0>KeH|/|e OTKpPbIBA€T HECKOJIbKO OKOH, B KOTOPbLIX PUCYKOTCA MNMPsAMbIE N KBagpaTUdHbIE JIMHUN.

# PucoBaHMe MpaAMbIX U KBaApaTUYHbLIX KPUBbLIX
import matplotlib_pyplot as plt
import numpy as np
def get data(start, stop, shape):
# B ykasaHHOM uHTepBasie [start, stop] Bo3BpawaeT MHOXECTBO 4ucCes
# C paBHbIM WMHTEpPBa/IOM B KOMMYeCcTBe shape.
x=np.linspace(start, stop, shape) # (-3,3,50)
y1=2%*x+1
y2=x**2
e return(x, vyl, Vy2)

plt_figure(
num = None, // Homep wiu uMMA un3o06paxeHnsa, number - umucno, cTpoka - UMA
// MNepBbii MO ymonyaHuiw paBeH 1, a 3aTtem no oyepean 1, 2, 3;
// n3 onepaummn IDLE BMOHO, 4YTO OH HE MOXET OblTb 34eCb OTOOPaKEH.

figsize = None, // YcTaHaBnvBaeTCs pa3mep BCeil obnacTtu
dpi = None, // YKasaHne paspelleHuss pucoBaHHOro obbekTa,

// TO ecTb CKOJ/IbKO MUKCenein Ha poim,
// 3Ha4deHue no ymonuyaHmw - 80; 1 Awiim paBeH 2,5 cm

facecolor None, // lUseT ¢oHa

edgecolor None, // uBeT rpaHuULbl
frameon = True, // MNoka3bBaTb /M (ppeim
FigureClass=<class "matplotlib._figure_Figure®>,

clear=False,

**kwargs,

)
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def do 1t 0%, Yy):
plt _figure(facecolor="y", dpi=100, num="csd
plt .plot(x, YY)
plt .grid(Is=": *, color="g )
def do 1t 1(x, yl, y2):
plt _.figure(Ffigsize=(8,5), facecolor="y")
plt.plot(x, y2)
plt.plot(x, yl, color="red", linestyle="--", linewidth=0.5)
plt.grid(Is="-", color="b")

name == main
X, yl, y2 = get data(-3, 3, 50)
do 1t O(%x, Yyl

do it 1(x, yl, y2)
plt_show()

:;%

m OnTMmMuM3auus oceil KoopauHat

# ONnTMMM3aumsa ocel KoopanHaTt
import matplotlib_pyplot as plt
import numpy as np
def get data(start, stop, shape):
# B ykasaHHOM umHTepBasie [start, stop] BoO3BpawaeT MHOXECTBO u4uces
# C paBHbIM MHTEPBa/IOM B KoO/mMyecTBe shape.
x=np.linspace(start, stop, shape) # (-3,3,50)
y1=2*x+1
y2=x**2
return(x, vi, y2)
X, yl, y2 = get data(-3, 3, 50)
plt.figure(facecolor="y")
plt.plot(x,y2)
plt_plot(x,yl,color="red",linestyle="--",linewidth=1_0)
# OTOOpaxeHMe guanal3oHa 3HadeHulii pa3mepa M306paxeHus (KoopauHar),
plt.xlim((-1,2))
plt.ylim((-2,3))
# [o6aBneHne Teros
plt.xlabel("1 am x7)
plt.ylabel("l am y®)
# PaBHOMepHO pa3genuTb 5 KoopAMHATHbLIX TOYEK B Auana3oHe OTobpaxeHus ocu X,
# ykazaHHom B plt.xlim ((- 1,2))
new ticks = np.linspace(-1,2,5)
print(new ticks)
plt.xticks(new ticks)

#plt.yticks([1.[1.)

MNepBbie gBa napameTpa - 3TO MacCuBbI,

BTopas penpe3eHTatuBHasd meTka (MOXET OblTb HE 4YMC/IOBOI) 3aMEHUT MepPBYK
UM(POBYH METKY MO YMOSIYaHuio,

iu%eTmﬁ napaveTp M3MeHsAeT OKoH4YaTeNbHylW MeTKy (Hanpuvep, QopMmy, LUBET)

# PerynsipHbie BblpaXEHUS MOKa3biBaT KpacuBble wWpuUiTh, Mpyu nedyatn npobenos
ucnonblyeTtca nepeson /7, </ + space>
#plt_yticks([ -2, -1, 1, 2, 31,
# ["really bad®,"bad","normal®,“"good”, "really good™])
plt.yticks([-2, -1, 1, 2, 31,
[r $really\ bad\ \alpha$®, r"$bad$", r"$normal$”, r~"$good$",
r $really\ good$-],
rotation=30)
plt_gridQ)
plt_show()
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m fBHOe onpepeneHne obnactun pncoBaHuA
fABHOE onpegeneHne obnactn pucoBaHnAa npeanonaraet onTuMmnsaumo oceli KOopAuHar.

# ONnTMMM3aumsa ocel KoopauHaT
import matplotlib_pyplot as plt
import numpy as np
def get data(start, stop, shape):
# B ykasaHHOM uHTepBane [start, stop] Bo3BpawaeT MHOXECTBO uuces
# C paBHbIM MHTEpPBa/IOM B KOMMYecTBe shape.
x=np.linspace(start, stop, shape) # (-3,3,50)
y1=2*x+1
y2=x**2
return(x, vyl, Vy2)
X, yl, y2 = get data(-3, 3, 50)
# BapuaHTbl MOJIYYEHUS CCbIKM Ha 06/1acTb pucoBaHus
#Ffig = plt_figure(facecolor="y") # puUCyHOK

#ax = fig.add subplot(11l) # po6aBUTbL 006/1ACTb PUCOBaAHUA
#ax = fig.gca(Q # NoNyunTb TEKylWykw 06M1acTb pUCOBaHUSA
ax = plt.gca() # NonyunTb Tekyllykw 06/11acTb pucoBaHuA

ot Fig
ot plt

# NMMHUM Ha obnacTu pucoBaHusA

ax.plot(x, yl, color="red”, linestyle="--", Ilinewidth=1.0)
ax.plot(x, y2)

# OTOOpaxeHMe guanaloHa 3HadeHulii pa3mepa M306paxeHus (KoopavHar)
plt.xlim((-1, 2))

plt.ylim((-2, 3))

# [ob6aBneHne Teros

plt.xlabel ("l am x%)

plt.ylabel("l am y®)

# PaBHOMEpPHO pa3genuTb 5 KOOpAWHATHLIX TOYEK B guana3oHe OToOpaxeHust ocu X,

# ykazaHHom B plt.xlim ((- 1, 2))
new ticks = np.linspace(-1, 2, 5

print(new ticks) # pacneyaTaTb 3Ha4yeHUA CMNUCKa HOBbLIX KOopAuHAT

plt.xticks(new ticks) # HaHeCTW HOBble KoopAuHaThl

#plt.yticks([1.0.)
MepBble gBa napameTpa - 3TO MacCuBbl,

BTopasi penpeseHTaTtuBHast meTka (MOXET 6biTb HE YMC/IOBOI) 3aMEHUT MEepPBYH

UMPPOBYID METKY MO yMO/4aHuio,

iu%eTmﬁ napamMeTp M3MEHSET OKOHYaTeslbHyl MeTKy (Hanpuvep, ¢opMmy, LUBET)

# PerynsipHble BbIpaXeEHMs1 MOKa3biBawT KpacuBble WpUdTh, MNP neyaTy npo6esnos

ucnonblyeTtca nepeson /7, </ + space>

#plt_yticks([ -2, -1, 1, 2, 31,

# ["really bad®,"bad","normal®,“"good”, "really good™])
plt.yticks([-2, -1, 1, 2

[r $really\ bad\ \alpha$®", r"$bad$", r"$normal$-, ;'$good$',

r $really\ good$-],
rotation=30)

plt_gridQ)

plt_show()

m HopmanbHas obwasa cuctemMa KoopauHat

31,

Hopmaanaﬂ 06L|J,a$:| CncTteMa KoopaumHart NpuMeHAeTCAa Npu peweHnn MmateMaTtny4eCcKmnx 3agad.

# HOpMa/lbHbIE KOOpAWHATH X, Y

# (o0was cucTema KoopauvHaT, KoTopasi

# NpUMEHSAEeTCHA ONA peweHns mMaTemMaTU4YecKux 3agaq)

import matplotlib.pyplot as plt

import numpy as np

def get data(start, stop, shape):

# B ykasaHHOM uHTepBanie [start, stop] Bo3BpawaeT MHOXECTBO 4unces
# C paBHbIM MHTEpPBa/IOM B KOo/MyecTBe shape.
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x=np.linspace(start, stop, shape) # (-3,3,50)

y1=2*x+1

y2=x**2

return(x, vyl, Vy2)
X, yl, y2 = get data(-3, 3, 50)
plt.figure(Q)
plt.plot(x, y2)
plt.plot(x, yl, color="red", linestyle="--", linewidth=1.0)
# OTOOpaxeHMe AuanaloHa 3HadeHulii pa3mepa M306paxeHus (KoopauHar),
plt.xlim((-1, 2))
plt.ylim((-2, 3))
# [lobaBreHne Teros
plt.xlabel ("l am x%)
plt.ylabel("l am y®)
# PaBHOMepHO pa3fenuTb 5 KoopAMHATHbLIX TOYEK B Auarnas3oHe OTobpaxeHus ocu X,
# ykazaHHom B plt.xlim ((- 1, 2))
new ticks=np.linspace(-1, 2, 5
print(new ticks) # pacneyartaTb 3Ha4dYeHUA CMNUCKa HOBbLIX KoopauHaT
plt.xticks(new ticks) # HaHeCcTW HOBble KoopAauaThl
#plt_yticks([-2,-1,1,2,3],["really bad","bad®, "normal*,"good*, "really good*])
# PerynsapHole BblpaXeHWs NOoKas3blBalT KpacuBblie WPUQTH
plt.yticks([-2,-1,1,2,3],[r"$really\ bad\
\alpha$”,r"$bad$",r"$normal$” ,r"$good$" ,r"$really\ good$"])
# gca = "NonyynuTb TEKYLyl OCb"
ax=plt.gca()
# CpenaTb NpO3padHbiMA MPaByld M BEPXHIW OCU, CKpbiITb sSpines
ax.spines[“right"].set color("none*)
ax.spines[“top™]-set color("none-”)
# YCTaHOBUTbL OCb XaxiS, [MOJIYYEHHYI0 C MOMOWbLI ax, KakK ocb “bottom®
# YCTaHOBUTbL OCb Yyaxis, [MOJIyYEHHY0 C Momowbi ay, Ha ocb “left”
ax.xaxis.set ticks position(“bottom®)
ax.yaxis.set ticks position(“left")
# YCTaHOBUTb HauvasbHYyKW TOuky X, Yy kak: (0, 0) origin
ax.spines|[“bottom®].set position((“data®, 0))
ax.spines["left"].set position((“data®, 0))
ax.gridQ
plt.show()

m JlereHpga

# HOpMasibHble KoOpAMHaThl X, Y
# (obWwas cucTema KoopauvHaT, KoTopasi
# npyMeHsAeTCA ONA pelweHus MaTemMaTUdecKux 3ajady) W nereHga
import matplotlib_pyplot as plt
import numpy as np
def get data(start, stop, shape):
# B yka3zaHHOM WHTepBane [start, stop] BoO3BpawaeT MHOXECTBO uucen
# C paBHbIM MHTEPBa/IOM B KoO/mMyecTBe shape.
x=np.linspace(start, stop, shape) # (-3,3,50)
y1=2%x+1
y2=x**2
return(x, vyl, Vy2)
X, yl, y2 = get data(-3, 3, 50)
plt_figure(Q)
plt.plot(x, y2, color="blue*)
11 = plt_plot(0, 0, label=u"x**2", color="blue*)
plt.plot(x, yl, color="red", linestyle="--", linewidth=1.0)
12 = plt_plot(0, O, label=u"2*x + 1%, color="red")
#legend: OnucaHue 3Hauka
# handles: Pa3mep pamMku MOXeT ObTb aBTOMATMYECKM YCTaHOB/MIEH B COOTBETCTBUU
# C pa3MepoMm 3TUKETOK.
# MNapaveTtp loc: onpegenseT NO/MOXeHWE 3Havka MNpyM OTOBPaXeHWW Mo YMOSHYaHuo
# KaK «Hawiydwee», [OOMOSIHUTE bHbIE MapaMeTpsb:
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# «BEPXHUA UEHTP», «HWKHUA LEHTP», «LUEHTPa/ibHbli NEBbI», «UEHTpPasbHbIA MNpaBbliix»
#n 1. A
legends=11 + 12
labels = [l.get label() for 1 iIn legends]
plt.legend(legends,
labels,
loc=4)
# OTOOpaxeHMe guanaloHa 3HadeHulii pa3mepa M306paxeHus (KoopauHar),
plt.xlim((-1, 2))
plt.ylim((-2, 3))
# [ob6aBneHne Teros
plt.xlabel ("l am x%)
plt.ylabel("l am y®)
# PaBHOMEpPHO pa3genuTb 5 KOOpAMHATHLIX TOYEK B Auana3oHe OToOpaxeHust ocu X,
# ykazaHHom B plt.xlim ((- 1, 2))
new ticks = np.linspace(-1, 2, 5
print(new ticks) # pacneyaTaTb 3Ha4yeHUA CMNUCKa HOBbLIX KOopAuHAT
plt_.xticks(new ticks) # HaHeCcTW HOBble KoopAauaThl
#plt_yticks([-2,-1,1,2,3],["really bad","bad","normal*,"good”, "really good™])
# PerynsapHole BbipaXeHWs MNoKas3blBalT KpacuBblie WPUQTH
plt.yticks([-2, -1, 1, 2, 31,
[r $really\ bad\ \alpha$®, r"$bad$", r"$normal$”, r~"$good$",
r $really\ good$™])
# gca = "NonyynuTb TEKYLyl OCb"
ax = plt.gcaQ)
# CpenaTb NpO3padHbiMA MPaByld M BEPXHIW OCU, CKpbiITb sSpines
ax.spines[“right"].set color("none*)
ax.spines[“top™]-set color("none-”)
# YCTaHOBUTbL OCb XaxiS, [MOJIYYEHHYI0 C MOMOWbLI ax, KakK ocb “bottom®
# YCTaHOBUTbL OCb Yyaxis, [MOJIyYEHHY0 C Momowbi ay, Ha ocb “left”
ax.xaxis.set ticks position(“bottom®)
ax.yaxis.set ticks position(“left")
# YCTaHOBUTb HauvasbHYyKW TOuky X, Yy kak: (0, 0) origin
ax.spines|[“bottom®].set position((“data®, 0))
ax.spines["left"].set position((“data®, 0))
ax.gridQ
plt.show()

m AHHOTaUWMW N COBCTBEHHbIN TEKCT
[ob6aBneHne aHHOTaUM K OCOObIM TOYKaM Ha M306padkeHWM, [0GaBNEHME TEKCTa OTHOCUTE/IbHO
n306paxkeHns Ha 06nacTn pucoBaHUs

# [lobaBneHne aHHOTaUMi K OCOObIM TOUYKaMm Ha U306paxeHumn

# [lobaBneHne TeKCTa OTHOCUTENIbHO U300paxeHns Ha 065acTu pucoBaHUs

import matplotlib_pyplot as plt

import numpy as np

# — /e e /e e e e /e e e/
def get data O(start, stop, shape):

# B ykasaHHOM uHTepBane [start, stop] Bo3BpawaeT MHOXECTBO uuces

# C paBHbIM MHTEPBa/IOM B KO/MyecTBe shape.

x=np.linspace(start, stop, shape) # (-3,3,50)

y=2*x+1

return(x, V)
# — /e e /e e e e /e e e/
# x = np.linspace(-3, 3, 50)
#HYy = 2%x+1

X, y = get data 0(-3, 3, 50)
plt_figure(num=1, figsize=(8,5))
#plt_plot(x, Vy)

ax=plt.gcaQ

ax.plot(x, Vy)
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ax.spines['right'].set color('none')

ax.spines['top'].set color('none')
ax.xaxis.set ticks position('bottom')

ax.spines['bottom'].set position({'data', 0))
ax.yaxis.set ticks position('left')

ax.spines['left'].set position(('data', 0))

ax.grid()

# x0=1

# y0=2*x0+1

x0, y0 = get data 0(1, 1, 1) # get data 0 BospBpamaeT OBa MaccuBa

# nmosyuyeHMe mnaphe sHaveHMM U3 Maccueok x0, y0
_x0 = int(x0[0])

_y0 = int(y0[0])

# BamaTb TOUKY pacceMBaHMs, S: pasMep TOUYKM.
ax.scatter( x0, vy0, s=50, color='b'")
#iplt.scatter( x0, y0, s=50, color='b')

# Mexny IOBYMS TOUYKaMM [( x0, y0), ( x0, 0)]

# HapMUCOBATh YEPHYI NYHKTHUPHYI JuHMIO mupubHom 0.5.
ax.plot ([ x0, x0], [ _yO0, 0], 'k—-1, 1w=0.5)
#plt.plot ([ x0, x0], [ yO, 0], 'k—-1, 1w=0.5)
# method 1

#annotate: aHHoTaLusa
# ¢ y: SKBMBaAJIEHTHO CHUMBOJIY ajpeca & B g3biKe C U NPUCBAMBAET SHaueHME % S.

# xy: YcTaHOBKA OTHOCHUTEJILHOTO IMOJOXEeHMS TekcTa (2x + 1 = 3) OTHOCHUTEJBLHO
# TOUKM aHHOTALNM.

# textcoords = 'offset points': sHaueHMe NO YMOJIUAHMUIO,

# napaHoumajybHasg TouKa (OTKJIOHEHMEe OT BHaUeHUS HaCTPOMUKU

# xytext (x0, y0)) m, HakoHell, MCIOJL30BaHUE ee B KaueCTBe
# TOUKM NPUBSBKMU IJIS PUCOBAHMA KpPUBOM aHHoTauumm no (x0, yO0)
# xytext = (x1, yl) sazaHre SHaUeHMS OJS TOUKM HACTPOMUKU
farrowprops = yCTaHOBKa CTUJS: CTpeJiKa, YToJ, palnuyc

#

# plt.annotate(r'$2x+1=%s$'3% y0,

# xy=(_x0, y0),

# xycoords='data',

# xytext=(+30,-30),

# textcoords='offset points’',

# fontsize=16,

# arrowprops=dict (arrowstyle="'->"',

# connectionstyle='arc3, rad= .2"')

# )

ax.annotate (r'$2x+1=%s$'% y0,
xy=(_x0, y0),
xycoords='data',
xytext=(+30,-30),
textcoords="'offset points’',
fontsize=16,
arrowprops=dict (arrowstyle="'->"',
connectionstyle='arc3, rad= .2"'")

)

# method 2
mn
plt.text(x,y,s, fontdict,)

X, y: T'Ie pasMeCTUTL TeKCT

s: str TekcTOBOEe CONEPXUMOE.

fontdict: crnorapb, MCHONBL3YEMHN OJS IIepeoclpelesleHUus aTpuUOyTOB TeKCcTa
10 YMOJIUAHMI ([IOJb30BaTEJIbCKUM CTUJIb TeKCcTa)

#

plt.text(-3.7,
5,
r'$This\ is\ the\ some\ text.\ \mu\ \sigma i\ \alpha t$',
fontdict={"size':16, 'color':'r'})

plt.show()
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m [1po3payvyHOCTb NMHMUK
KoopauHaTbl MHOTAA CKPbIThl MHMAMW Tpagmka — YCTaHOBUTb MPO3PavyHOCTb IMHWW, 4TOOblI OHU
oTo6paxkanach.

# KoopguHaTbel MHOrga CKpbIThl NMHUAMU rpagka — YCTaHOBUTb
# Npo3pa’yHOCTb /IMHUM, YTOOGL OHWM OTOGpaxanacs.

import matplotlib_pyplot as plt

import numpy as np

def get data O(start, stop, shape):
# B ykasaHHOM umHTepBasie [start, stop] BoO3BpawaeT MHOXECTBO u4uces
# C paBHbIM MHTEPBa/IOM B KoO/mMyecTBe shape.
x=np.linspace(start, stop, shape) # (-3,3,50)
y=0.1*x
return(x, V)
# s s p———
X, y = get data 0(-3, 3, 50)
plt_figure(Q)
plt.ylim(-2, 2
ax=plt_gca()
#alpha: Ko3appuUMEHT npo3payHOCTU
ax.plot(x, y, linewidth=10, color="green®, alpha=0.5)
ax.spines[“right®].set color(“none*)
ax.spines[“top™]-set color("none-”)
ax.xaxis.set ticks position(“bottom®)
ax.spines|[“bottom®].set position((“data®, 0))
ax.yaxis.set ticks position("left")
ax.spines["left"].set position((“data®, 0))
ax.gridQ
# N3meHnTb MeTkm (KoopguHaTtbel) ocen X 1 Yy,
# yCTaHOBUTb pa3mep wpupta 12,
# MEeTKU nomMecTuTb B pamkm (KpacHble C 3enEHOM KaéMO4KOol, Moaynpo3padvHbie)
for label in ax.get xticklabels() + ax.get yticklabels():
label _set fontsize(12)
#pass
label _set bbox(dict(facecolor="red",
edgecolor="green-,
#edgecolor="None",
alpha=0.5)

plt_show()

m TouyeyHad anarpamma

# ToyeyHada amarpamva
import matplotlib_pyplot as plt
import numpy as np

n=1024

X=np.random.normal (0,1,n)
Y=np.random.normal (0,1,n)
Iﬁ@p-arctanZ(Y,X) #for color value

np.arange()

Ona napameTpa 3HadeHne napameTpa - 3TO KOHEeYHas Touka,

HayaslbHasds To4yka - 3HadeHue no ymonyanuwo O,

a [/IMHa wara - 3HayeHwe no ymondaHuwo 1.

B cnyyae gByx napameTpoB MepBbii NapameTp SABNSAETCA Haya/lbHOW TO4YKOW,
BTOpPO/ MNapaMeTp - KOHEYHOlW TO4KOWi, QA/IMHa Wwara - 3HadeHuMem Mo ymondanmo 1.
Mpy HaAMuMM Tpex napaveTpoB MepBbii NapaveTp ABNSETCA HavdaslbHOW TOYKON,
BTOpPO/ MNapaMeTp - KOHEYHOl TO4uKOW, a TpeTwuin napaveTp - A/MHOM wara.

Ecnn pa3wvep wara nopaepxmBaeT AecATudHble apobu ()
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plt.scatter(X,Y,s=75,c=T,alpha=0.5)

# plt_scatter HacTpouTb TOYEUHYI Auarpammy .
#plt._scatter(np.arange(5),np-arange(5))
#plt.xlim((-1.5,1.5))

#plt_ylim((-1.5,1.5))

# He nepegaBaTb napameTpbl, yAa/MTb MNepudepuiiHbie KOOopANHATH
# plt_xticks(Q)

# plt_yticks(Q)

plt.grid(True)

plt_show()

m bapHas rucrtorpamma
BapHaa ructorpamma cnydaliHas BblbOpka M3 PaBHOMEPHOro pacnpefeneHvns [HU3KWIA, BbICOKUIA),
Ba)XHO, YTO AOMEH SIBAAETCA 3aKPbITbIM C/i€Ba M OTKPbLITbIM CMpaBa, TO eCTb COAEPXMUT HU3KWIA, a He
BbICOKWIA (?), N - KOIMYECTBO TOUEK BbIGOPKM.

import matplotlib.pyplot as plt

import numpy as np

def get data(n):

=n

= np.arange(12)

1/float(2)=0.5

np.random.uniform: Cny4aiiHaa BbibOpka M3 paBHOMEPHOrO pacnpefeneHus

[HM3Knii, BbLICOKWIi), BaxHO, UTO AOMEH ABNAETCA 3aKpbiTbiM Cnesa

N OTKPbITHIM CrpaBa, TO €CTb COLEPXAT HU3KWUM, a He BbICOKWIA,

N - KO/IMYECTBO TOYEK BbIGOPKMU

= @ - X / float(n)) * np.random.uniform(0.5, 1.0, n)

= @ - X / float(n)) * np.random.uniform(0.5, 1.0, n)
return(X, Y1, Y2)

X, Y1, Y2 = get data(12)

# bar: PenpeseHTaTMBHas rucrorpavMva

ax = plt.gcaQ

# plt.bar(X, +Y1, Tfacecolor="red", edgecolor="white®)

# plt_.bar(X, -Y2, facecolor="blue", edgecolor="white")

ax.bar(X, +Y1, facecolor="red", edgecolor="white")

ax.bar(X, -Y2, facecolor="blue®, edgecolor="white")

# zIp: X, Y BblpaxawTcs B eavHuLax KopTexei,

# a 3HaueHus nocneposaTesibHO 6epyTca B mMaccuBax X u Y.

for x, y in zip(X, Y1):
# hazhorizontal alignment
# plt.text(x + 0.4, y + 0.05, "%.2f* % y, ha="center®, va="bottom")
ax.text(x + 0.4, y + 0.05, "%.2f* % y, ha="center®, va="bottom")

for x, y in zip(X, Y2):
# hathorizontal alignment
# plt.text(x + 0.4, -y - 0.05, "%.2f" % y, ha="center®, va="top")
ax.text(x + 0.4, -y - 0.05, "%.2fF" % y, ha="center®, va="top~)

# plt_xticks(Q)

# plt_yticks(Q)

ax.gridQ

plt.show()

éﬁit:ltit:lt#X:

| ﬂ,ManaMMa BbICOKOIO M HU3KOTO nNotTeHUnana

JnarpavMmMa BbICOKOro U HU3KOIo MOTeHUMana 3aHeprum
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np.linspace (X, y, n): gennTb MNOPOBHY Ha N Kak obuee
np.arange (X, Yy, N): JAenuTb MOPOBHY Ha N Kak pasmvep wara

import matplotlib.pyplot as plt
import numpy as np

def f(x,y,rl,r2):
# = (A-X/2+x**5+y**3)*np.exp(-X**2-y**2)
b = (r2-x/rl+x**5+y**3)*np._exp(-x**2-y**2)
#the height function
return b

256
np.linspace(-3,3,n)
= np.linspace(-3,3,n)
#meshgrid: CeTka

< X3S H

np.meshgrid(x, y) BO3BpawaeT KOOpAWHAaTLl ABYMEPHOW CETKU

Ha OCHOBE KoopauHaT, cogepxalnxcs

B BEKTOpPe X N BeKTope Y.
X - Bektop [1 2 3], v - BektOop [1 2 3 4 5];
Kaxgas cTpoka maTpuupl X paBHa X, To ecTtb [1 2 3],

obwas gnmHa () = 5 CTpoK;
Kaxgeli cTtonbey maTpuubl Y paBeH y, To ectb [1 2 3 4 5],
obwas gnmHa () = 3 cronbua.
Y =

X =
123 1 1 1
123 2 2 2
123 3 3 3
123 4 4 4
123 5 5 5
[ ] ] ]

X, Y = np.meshgrid(x, V)
# KoHTyp (contour)
# use plt.contourf to filling contours

# X,Y and value for( X,Y) point

# 8: 8 peneHwii

# cmap = color map contourf: 3anMBKa KOHTypa.-
ax = plt. gcaQ

rl = (p-,random. uniform(3, 9, 1)

ri=: int(i D
r2 = (mp-,random. uniform(2, 6, 1)
r2= int(r2)

# plt.contourf(X,Y,f(X,Y),8,alpha=0.75,cmap=plt.cm_hot)
ax.contourf(X, Y, (X, Y, rl, r2), 8, alpha=0.75, cmap=plt.cm.hot)
# ncnonb3oBaTb plt.contour, 4TO6bH [06aBUTbL KOHTYPHbIE AMHWUM contour:
# NO3MUNOHNPOBAHME JIMHWIA

# C=plt._.contour(X,Y,f(X,Y),8,colors="black”, linewidths=0.5)

C = ax.contour(X, Y, (X, Y, rl, r2), 8, colors="black®”, linewidths=0.5)
#adding label

#inline: [o6aBuTb SpPAbIK OHNAWH
#plt_.clabel (C, inline=True, fontsize=10)

ax.clabel(C, inline=True, fontsize=10)

#plt_gridQ

ax.gridQ

# plt_xticks(Q)

# plt_yticks(Q)

plt_show()

m LiBeTOBOW 610K M aHHOTAL WA TPAJNEHTHOR TMCTOTPaMMbl

# LiBeToBOW O/10K U aHHOTauUsi FPagMEHTHONM FUCTOrpamMmbl =========
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import matplotlib_pyplot as plt

import numpy as np

#image data

# YkazaTb LUBET Mo Homepy, nepenTb Maccue, a 3aTem u3meHuTb dopmy (3,3),

# 4TOObL U3MEeHUTb (opMy maTpuupl 3X3

a=np.array([0.313660827978,0.365348418405,0.423733120134,
0.365348418405,0.439599930621,0.525083754405,
0.423733120134,0.525083754405,0.651536351379]) - reshape (3, 3)

%ﬁg-figure(figsize:(8,5),facecolor:'white')

fornthe value of"interpolation’,check this:
http://matplotlib.org/examples/images contours and fields/interpolation metho
ds.html

#cmap:color map;

# cmap = "bone": ycTaHOBuTE 6enbii UBET WN306paXeHWs .
#origin oToOpaxaeTCsA OTHOCUTENbHO Hadasla M KOHUAa MCXO4HOW maTtpuupl 3X3, origin
= “upper-”

#interpolation="nearest”

plt.imshow(a,cmap="bone*",origin="lower")

#shrink: onpegeneHve kKoaphuuMeHTa CxaTua MaHes KOMMeEHTapueB OTHOCUTESIbHO
uBeToOBOro 6noka.

plt.colorbar(shrink=0.9)

plt_gridQ)
# plt_xticks(Q)

# plt.yticks(Q)
plt_.show()

m 3D nsobpaxkeHne n oTobpaxkeHne NI0CKoCTen
[ns pucoBaHnst TpexmepHbIX rpagmkoB yHKUMIA (MOBEPXHOCTEN) 1 NPUMEHEHUS CPeACTB HaCTPOIiku
BHeLUHero Buja rpaMkoB Hy>XHbl 6ubnnoteka Matplotlib n matematnueckas 6ubnnoTeka numpy.

Brn6nmoTteka numpy Takke MNO3BOMSET 3HAYMTENILHO COKPATWUTb KO/IMYECTBO CTPOK KOAa, a HEKOTOpbIe
MeTofbl K/IacCOB PUCOBaHUS TPEXMEPHbLIX PaiKOB B KauyecTBE MapamMeTpPOB OXUAAKOT 3K3EMMsPSI
Knacca numpy.array.

[na TpexmepHoro rpavka B MepByl0 oO4yepeflb Hafo cO3faTb TPexmepHble ocu. YTobbl co3gaTb
TpexMepHble OcK, CHavana Hajo 3arpys3utb Moaynb (Mofynb ???) Axes3D. 3aTeM C MOMOLLbIO (DYHKLUUN
figure() cosgaétcs ak3emnnsap knacca matplotlib.figure.Figure.

[Janbwe y ak3emnnspa 310ro knacca Bbi3biBaeTcs meTof add_subplot(), KOTOpbIA MOXeT npuHUMaTb
pasnuyHoe KONM4YecTBO MNapaMeTpoB, HO B AaHHOM Cnyydae emy nepefaértcss OAUH WMEHOBAaHHbIi
napameTp - projection, KOTOpbIi OnucbiBaeT TUN oOcei. [ns co3gaHusi TPEXMEPHbIX OCeil 3HauveHue
napameTpa projection AO/MKHO ObiTb cTpokoi "3d". B pesynbTaTe MOJyyaeTcd 9K3emnasap (0O6BbEKT)
Knacca oceld, C KOTOpbIM MOXHO B fanibHelwem paboTaTthb.

3TOT 3K3eMnaap MNpuUHaLeXuT K Knaccy, npousBogHOMy oOT Axes3D (oH BkIOYaeT Kracc
matplotlib.axes._subplots.Axes3DSubplot, HO 3TOT knacc co3gaeTcs AMHaMU4Yeckn B BUGANOTEKE, U ero
onucaHuss HeT B JOKyMeHTauuum). C NOMOLLLIO 06bekTa 3Toro knacca OyayT pucoBaTbCs rpadukui w
HacTpamBaTcs MX BHELUHUIA BUA.

# W Hmnyero kpome ocei! ========
import matplotlib_pyplot as plt
from mpl toolkits_mplot3d import Axes3D
if name = " main =

fig = plt_figure()

# BO3MOXHbl 2 BapuaHTa CO3[aHusi TpexMepHbiX Ocel OT 3K3emnagpa ========

# knacca Figure. Ho cHavana Hafgo 3arpy3uTb moaynib (Mogynb ???) Axes3D
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axes = fig.add subplot(projection='3d")
faxes = Axes3D(fig)

#
plt.show()

# [ToslyyeHHBle OCHM MOXHO BpamaTb MEIIKOM .

MosyyeHHble OCUM MOMKHO BpaLLaTb MbILWKOW. Takke po/mkeH 6biTb rpaduk. Ona storo npumepa —
bYHKUMA OT OBYX KOOPAMHAT, KoTopasa byaeT pucoBaTbcA Ha OCAX:

f(x, y) = sin{x) * sin{y) / x*y

Hy»KHO NoAroToBUTb AaHHble A8 PUCOBaHUA. [/1A 3TOro HY»KHbI TPU ABYMEpPHbIE MaTPULLbl: MaTpULLbl X
n Y, KoTopble ByayT XpaHWUTb KOOPAMHATbI CETKU TOUYEK, B KOTOPbIX ByAeT BblUMCAATBCA NpuBeAeHHanA
Bbile pyHKLMA, a MaTpuLa Z byaeT XpaHUTb 3HaUYEHUA STOM GpYHKUMKN B COOTBETCTBYIOLLEN TOUKE (X,Y).

Janblwe HyXHO NoAroTOBUTb MPAMOYFOJIbHYIO CeTKY Ha naockoctu XY, B y3nax KoTopol byayt
paccunTaHbl 3HAYEHWA 3HAYEeHUA No ocK Z (3HaueHua oTobpaxkaemoi ¢yHKUMK). A co3paHua Takoli
CETKM MOXKHO NpUMeHUTb PpyHKUMIoO humpy.meshgrid(). B npocTeiilwem caydae ata GyHKUUA, TPUHUMAET
HECKO/IbKO OZIHOMEPHbIX MacCUBOB. 3a4ecb Hy»KHbl JBA maccuBa an1a oceid X U Y, KoTopble coaepr<aT
3HAYEHWUA KOOPAMHAT Y3/10B BAO/Ib COOTBETCTBYIOLLEN OCU, U MOTYT UMETL PasHblii pasmep. ITa GyHKUUNA
BO3BPaTUT ABeE ABYMEPHbIE MATPULLbl, ONUCbIBatOLIME KoopauHaTbl X U Y Ha ABYMEpHOI ceTke.

MepBaa maTtpuua byaeT cosfgaHa 'pasmMHOMKEHMEM' MepBOro nepegaHHoro napameTpa B GyHKLUIO
numpy.meshgrid() saonb CTPOK nepBoii BO3BpallaeMol MaTpulibl, BTOpaa MaTpulLa Cco3JdaeTca
'pa3mHoOXKeHUemM' BTOpOro nepegaHHoro ogHomepHoro maccusa Baosib CTOJIBLIOB BTopoi maTpuupl.
Mpumep:

X, Y = numpy.meshgrid([1l, 2, 31, [4, 5, 6, 71)

X = array (/[
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Y = array ([
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1)

IO MHIOEKCY y3Jla CeTKM MOXHO yS3HaTb peaJlbHble KOOPIOMHATH:
X[0][0] =1, Y[O][O] =4 mu T.1.

Takue ApymepHble MaTpuubl NO3BOAAIOT Aerko (???) paccunTbiBaTe 3HaYeHWA ¢GYHKUMA OT OBYX
apryMeHTOB, UCMOJIb3yA MO3/IeMeHTHble onepauun (BeKTopusaumio). 3T mMaTpuubl TpebyioTca ans
pucoBaHUA TpexmepHbIx noBepxHocTel B Matplotlib.

dyHKUMA makeData Bo3BpalyaeT TpM ABYMepHble MaTpULb: X, Y, Z.
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KoopauHartel X ny nexart Ha otpe3ske o1 -10 go 10 ¢ warom 0.1.

Onsa 3afaHva mHTepBana no ocam X M Y ucnonb3oBaHa (yHKUM numpy.linspace(), koTopas co3sfaet
OfHOMEPHbIA MaccuUB CO 3HAYEHUSMU K3 3afaHHOro mHTepsana [-10; 10] ¢ ykasaHHbIM KOMM4YECTBOM
OTCHETOB B Heil (B gaHHOM cnyyae - 100). Mo ymonuaHuMio NpaBblii KOHeL, MHTepBana Takke BKIKYaeTcs
B pe3ynbTaT (ECM MpaBblii KOHEL, HE HY)KHO BK/IOYaTb B pe3ynbTaT, TO MOXHO nepefjatb napamerp
endpoint, paBHbIin False). [na NpocTOTbl MO OcM 6GepeTcs 4YeTHOe KOMMYEeCTBO OTCYETOB, Gnarogaps
atomy ocobaa (!) Touka ¢ koopgmHatamu (0, 0) He nonajgaeTr B CO34aBaeMyk CeTKy, MO3TOMYy
[ONONHUTENbHAA NPOBEPKa He MPOBOAMTCS.

from mpl toolkits_mplot3d import Axes3D
import matplotlib_pyplot as plt

import numpy

from array import *

def makeData(x, VY):
xgrid, ygrid = numpy.meshgrid(x, V)
z = numpy.sin(xgrid) * numpy.sin(ygrid) / (xgrid * ygrid)
return xgrid, ygrid, z
# UTo6bl O0TOGPa3UTb MNOJIyYEHHble AaHHble, OOCTATOYHO Bbi3BaTb
# metopn plot surface() sk3emnnsipa kiacca Axes3D, B KOTOpbIi Hago nepejaTb
# nonydyeHHole c nomolwbl QyHKUMM makeData() [ABYMEpHble MaTPULpI.
if name = " main
# CtpouTca ceTka B uHTepBasie oT -10 go 10, wumewwasa 100 oTcyeToB nNO
# oboum KoopauHaTam
X = numpy.linspace(-10, 10, 100)
y = numpy.linspace(-10, 10, 100)
X, Y, Z = makeData(x, V)
fig = plt_figure(Q)
axes = Axes3D(Fig)
#axes.plot surface(X, Y, 2
Wlar ceTku
EcTb gBa WMHCTpyMeHTa A1 U3MEHEHUs MNpopexmBaHUAa OaHHbIX:
(rcount, ccount), (rstride, cstride)
Mo ymonyaHuio MeTon plot surface() uvcnonb3yeT paspexeHue WNCXOAHbIX
OaHHbIX, 4YTOObl YCKOpUTb OTOOpaxeHWe. PerynvpoBaTb CTeNeHb pa3pexeHus
(wm paxe OTK/MOUMTBL €ro) MOXHO C MOMOLbI0 Map MMEHOBaHHbLIX MapameTpos,
nepepasaembix B meTog plot surface()-
C nowmolwbld napaveTpoB rcount M ccount MOXHO 3ajaTb KOMMYEeCTBO
oTcYyeTOB Mo ABYM ocAM (MO CTpoKaMm M Mo CTOoN6uam B MCXOAHbLIX OAHHbLIX) -
Mo yMmon4aHuio UCMNONbL3YWTCA 3HayeHua rcount = ccount = 50.
3gecb rcount = ccount = 100.
Mapa napavmeTpoB rstride u cstride 3ajalwT cTeneHb
npopexeHHocTn (Jeuumaumm) MO OCAM, TO €CTb CKOJIbKO OTCYETOB
Hago MponycTUThb.
axes.plot surface(X, Y, Z, rcount = 100, ccount = 100)
plt_show()
#

HHEFHFHFEHFHREFRH

m lI3MeHeHVe UBeTa rpaguka
MOXHO M3MEHWTb LBET MOBEPXHOCTU C MOMOLLbI napaMeTpa color. 3HaueHMe 3TOro napamMeTpa

npeactaBnsetT cobOi CTPOKy, KOTOpas onucbiBaeT LBeT. CTpoka LBeTa MOXET 3afaBaTbCsi PasHbIMU
cnoco6amm.

LIBET MOXXHO OonpeaennTb aHrNACKAM CI0BOM [/ COOTBETCTBYHOLLIENO LIBETA UM OfHOI GYKBOWA:
'b" m 'blue’
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'g' unm 'green’
v ‘red’

'c' mn ‘cyan'

'm' unm 'magenta’
'y' unm ‘yellow'

'K nm ‘black’

‘W' unm ‘white’

Ccepblii LBET, ero ApKOCTb MOXHO 3a/aTh C MOMOLLbIO CTPOKU, CoAeprKallieil umcno B nHtepsane ot 0.0 go
1.0 (O - 6enbiid, 1 -4epHblii). Hanpumep, MOXHO HanucaTb CNeayHLLYH CTPOKY:

axes.plot_surface(x, y, z, color='0.7")
MoXHO 3ai@aBath LBET Tak, Kak 370 NpuHATo B HTML nocne cumBona peweTku (‘#'). Hanpumep:

axes.plot_surface(x, y, z, color="#11aa55")

m [IpyumeHeHue UBeTOBbIX KapT (colormap)
LiBeTOBble KapTbl MCMOMbL3YKOTCH, €CIN HY>XHO YKas3aTb B Kakue LBeTa [JO/DKHbl OKpalUMBaTbCA Y4acTKu
TpexmMepHOl MOBEPXHOCTU B 3aBMCUMOCTU OT 3HadeHuMss Z B 3TOli o6nactu (3agaHve LBETOBOro
rpagueHTa). 310 NpMMeHeHne rpPajgneHToB.

Utobbl Npu BbiBOAE rpadka UCMONb30BaCA FPafueHT, B KavecTBe 3HayeHus napamerpa cmap (ot
colormap - uBeTOBasA KapTa) HY>XHO Mepefatb 3k3emmnnsp knacca matplotlib.colors.Colormap wnn
NPOWN3BOAHOIO OT Hero.

from matplotlib.colors import LinearSegmentedColormap
from mpl toolkits_mplot3d import Axes3D
import matplotlib_pyplot as plt
import numpy
from array import *
def makeData(x, VY):
xgrid, ygrid = numpy.meshgrid(x, V)
z = numpy.sin(xgrid) * numpy.sin(ygrid) / (xgrid * ygrid)
return xgrid, ygrid, z
if name = " main
# CTtpouTca ceTka B uHTepBasie oT -10 go 10, wumewwasa 100 oTcyeToB nNO
# oboum KoopauHaTam
X = numpy.linspace(-10, 10, 100)
y = numpy.linspace(-10, 10, 100)
X, Y, Z = makeData(x, V)
fig = plt_figureQ)
axes = Axes3D(Fig)
1 nng co3gaHnsa UBEeTOBOW KapThl MCNOMb3YeTCHA CTaTU4YecKUin MeTo[,
LinearSegmentedColormap.from list(). [MNpuHuUMaeT Tpu napameTpa:
= /va co3gaBaemoii KapTbl
Cnncok uBeToB, HauyvMHasa C uBeTa A1 MUHUMa/IbHOMO 3HaveHus
Ha rpapuke (rony6oii - "b"), uyepe3 NpomexyTo4Hble LBeTa
(3oecb 9TO Gembii - "W') K UBETYy A4/19 MaKCUMa/IbHOIrO 3HayeHusi
pyHKuumM  (KpacHeii - "rT).
= KonmMyecTBO UBETOBLIX MepexogoB. Yem 3TO umcno 6Gonbue,
Tem 6onee nnaBHbIi rpagueHT,
HO Tem 6onblle NamMATW OH 3aHMMaeT.
= LinearSegmentedColormap.from list("red blue®, ["b","w","r"], 256)
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axes.plot surface(X,Y,Z,color="#11aa55",
cmap=cmap,
rcount = 100,
ccount=100)
plt.show()

m CrnMCOK BCTPOEHHbIX LUBETOBbIX KAPT N UX MPUMEHEHNE
['Accent’, ‘Accent_r', 'Blues’, 'Blues_r', '‘BrBG', '‘BrBG_r’, 'BuGn’,

'BuGn_r', '‘BuPu’, 'BuPu_r', 'CMRmap’, '‘CMRmap_r', 'Dark2’, ‘Dark2_r’,
'GnBU’, 'GnBu_r', 'Greens', 'Greens_r', 'Greys’, 'Greys_r', 'LUTSIZE',
'MutableMapping’, 'OrRd’, 'OrRd_r', 'Oranges’, '‘Oranges_r', 'PRGn’,
'PRGn_r'", 'Paired’, 'Paired _r', 'Pastell’, 'Pastell r', 'Pastel2’,
'Pastel2_r', 'PiYG', 'PiYG_r", 'PuBu’, 'PuBuGn’, 'PuBuGn_r', '‘PuBu_r',
'PuOr’, 'PuOr_r', 'PuRd’, 'PuRd_r', 'Purples’, 'Purples_r', 'RdBu’,
'RdBu_r', 'RdGy', 'RdGy_r', 'RdPu’, 'RdPu_r', 'RdYIBu', 'RdYIBu_r',
'RAYIGN', 'RAYIGn_r', 'Reds’, 'Reds_r', 'ScalarMappable’, 'Set1’,
'Setl r', 'Set2', 'Set2_r', 'Set3’, 'Set3_r', 'Spectral’, 'Spectral_r’,
'Wistia', 'Wistia_r', 'YIGn', 'YIGnBU', 'YIGnBu_r', 'YIGn_r", 'YIOrBr',
'YIOrBr_r', 'YIOrRd', 'YIOrRd _r',

_api', '_cmap_registry’, '_gen_cmap_registry’, 'afmhot’, ‘afmhot_r’,
‘autumn’, 'autumn_r', 'binary', 'binary_r', '‘bone’, '‘bone_r', 'brg’,
'‘brg_r", 'bwr', ‘bwr_r*, ‘cbook’, ‘cividis', "cividis_r', ‘cmap_d’,
‘cmaps_listed’, 'colors’, ‘cool’, 'cool_r', ‘coolwarm’, ‘coolwarm_r’,
‘copper’, ‘copper_r', ‘cubehelix’, 'cubehelix_r', ‘datad’, 'flag’,
‘flag_r', 'get_cmap’, 'gist_earth', ‘gist_earth_r', 'gist_gray',
'gist_gray _r', 'gist_heat’, 'gist_heat_r', 'gist_ncar’, 'gist_ncar_r’,
'gist_rainbow', 'gist_rainbow _r', 'gist_stern’, 'gist_stern_r",
'gist_yarg', 'gist_yarg_r', ‘gnuplot’, ‘gnuplot2’, 'gnuplot2_r’,
'gnuplot_r', ‘gray’, 'gray_r', ‘hot’, ‘hot_r', *hsv', 'hsv_r',

'inferno’, ‘inferno_r', 'jet’, ‘jet_r’, 'ma’, 'magma’, ‘'magma_r*, ‘mpl’,
'nipy_spectral’, 'nipy_spectral_r', 'np', ‘ocean’, ‘ocean_r', 'pink’,
'pink_r', ‘plasma’, ‘plasma_r’, ‘prism’, ‘prism_r’, ‘rainbow’,

304



'rainbow_r', 'register_cmap’, 'seismic’, 'seismic_r', 'spring’,
'spring_r', ‘'summer’, 'summer_r', 'tab10’, 'tab10_r', 'tab20’,
'tab20 _r', 'tab20b’, 'tab20b _r', 'tab20c', 'tab20c_r', 'terrain’,
'terrain_r', 'turbo’, 'turbo_r', 'twilight', "twilight_r',
'twilight_shifted’, 'twilight_shifted_r', 'unregister_cmap', 'viridis',

'viridis_r', ‘winter', ‘winter_r']

# B npuvmepe cTpouTCA ABa TPEXMEPHbIX rpapnuka B OAHOM OKHe.
# 0na neBoro rpapuvka uBeToBasd KapTa jet, a gnsa npasoro - Spectral.
from matplotlib_.colors import LinearSegmentedColormap, LightSource
# from matplotlib.colors import LightSource
from mpl toolkits_mplot3d import Axes3D
import matplotlib_pyplot as plt
import numpy
from array import *
def makeData():
# CeTka B uHTepBasie or -10 go 10, wumeeT 100 OTcueTOB MO OOOUM KOOpAMHATaM
X = numpy.linspace(-10, 10, 100)
y = numpy.linspace(-10, 10, 100)
# Co3paéTtca [ByMepHasa maTpuua-ceTka
xgrid, ygrid = numpy.meshgrid(x, V)
# B y3nax paccuuTbiBaem 3HauyeHne (yHKLnK
zgrid = numpy.sin(xgrid) * numpy.sin(ygrid) / (xgrid * ygrid)
return xgrid, ygrid, zgrid
if name = " main
X, Y, z = makeData()
fig = plt.figure(figsize=(10, 8))
axes 1 = fig.add subplot(l, 2, 1, projection="3d")
axes 2 fig.add subplot(l, 2, 2, projection="3d")
# IN
axes l1l.plot surface(x, y, z, cmap="jet")
axes 1l.set title(cmap="jet"')
# 1T
axes 2.plot surface(x, y, 2z, cmap="Spectral®)
axes 2.set title('cmap="Spectral™™)
plt_show()

m LlBeTa M TONWMHBI AIMHWUA NNHUN CETKU TPEXMEPHON NOBEPXHOCTH
MoxHO cpenaTb 6onee BbIAENAOWMMAUCA NUHUW CETKM TPEXMEPHON noBepxHOCTW. LiBeT nuvHuii B
meToge plot_surface() 3agaéTca ¢ MOMOLLBLIO MMEHOBAHHOIO napameTpa edgecolors, a TonWwuHa NNMHWIA -
C nomoLLbio Napametpa linewidth.

[Janee nvHMN ceTKn MOXHO caenaTtb 60nee XXUPHbIMU 1 YepHbIMU. [119 HarnagHOCTU CeTKa MOXeT ObITb
coenaHa 6onee pefkoi C NOMOLUBIO MapameTpoB rcount m ccount, a Ans packpacky MOBEPXHOCTU C
NOMOLLbIO NapamMeTpa cmap 3afaeTcs LBeToBas kaprta "jet".

from matplotlib.colors import LinearSegmentedColormap, LightSource
# from matplotlib.colors import LightSource
from mpl toolkits_mplot3d import Axes3D
import matplotlib_pyplot as plt
import numpy
from array import *
def makeData():
# CTpouTcAa ceTka B uHTepBasie or -10 go 10,
# nmvetwasa 100 oTcyeToB MO 06OMM KOOpAuMHaTam
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X = numpy.linspace(-10, 10, 100)
y = numpy.linspace(-10, 10, 100)
# Co3paéTtcAa gByMepHas maTpuly-CeTKy
xgrid, ygrid = numpy.meshgrid(x, V)
# B y3nax paccumTbiBaOTCA 3HaAYeHUA QYHKLUMU
z = numpy.sin(xgrid) * numpy.sin(ygrid) / (xgrid * ygrid)
return cxgrid, ygrid, z
it  name = " main
X, Y, z = makeData()
fig = plt_figure(Q)
axes = fig.add subplot(projection="3d")

# 1m

axes.plot surface(x, y, 2z, rcount=40,
ccount=40,
cmap="-jet",
linewidth=0.5,
edgecolors="k")

plt.show()

m [lpumep 3d n3ob6paxeHns n oTobpaxeHMsa NIOCKOCTeN

# 3D n306paxeHne uM OTObpaxeHMe M/IOCKOCTENn =
import matplotlib_pyplot as plt
import numpy as np
from mpl toolkits_mplot3d import Axes3D
fig = plt.figure(facecolor="white")
ax = Axes3D(Fig)
#X,Y value
x=np.arange(-4,4,0.25)
y=np.arange(-4,4,0.25)
X,Y=np.meshgrid(x,y)
R=np.sqrt(X**2+Y**2)
#height value
Z=np.cos(R)
# r, cstride: NNOTHOCTb YepHbIX NINHWUI
# rstride: uvHTepBan MO rOPU3OHTa/IbHON OCK;
# cstride: wHTepBasl MO BEPTUKa/IbHOM OCKU
# pagyra: uBeTa pagyru
ax.plot surface(X,
Y,
Z,
rstride=1,
cstride=1,
edgecolor="black",
cmap=plt_get cmap(“rainbow®)

ax.contourf(X,Y,é{
zdir="z",
offset=-2,
cmap="rainbow"

ax.set zlim(—)2, 2
plt_show()

B AHnMauus
[anee npuBoaMTCA HECKONMbKO MPUMMEPOB OTOOpakeHUs rpadnkoB, KOTOpble ObecneymBaroTcs
hyHKUMAMKN 13 nakeTa pyplot 6ubnnotekn matplotlib, o603HaueHHOro Kak plt.
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B atom mMofayne oTobpaxkeHue rpaukoB (pes3ynbTaTt BbINOMHEHUA PYHKLUMKM gaussian) obecrieunmBaeTcs
pyHKUMAMK 13 nakeTa pyplot 6ubnnotekn matplotlib, o6o3HavyeHHOro kak plt. MpyM vmnopTe nakerta
pyplot co3gaeTtcsa roTosbili K paboTte 06bekT plt (???) co Bcemm ero rpauyeckumm BO3MOXKHOCTAMMU.
Hy>xHO Bcero nuwb wmcnonb3oBatb (yHKUMo plot() 1 nepegatb ei mMaccMB (BO3MOXKHO KOPTEX)
3HAYEHWIA, MO KOTOpPbIM CTpouTCA rpadumk. B pesynbtate 6yger co3gaH 06bekT Line2D. 310 nvHMSA
KoTOpas npegcraBnseT coboi nocnefoBaTelbHOCTb TOUEK, HAHECEHHYIO Ha rpadvk. Janee ¢ NOMOLLbHO

m AHUMaUus B UUKNe

hyHKUMK plt.show() HY>KHO MOKa3aTb 3TOT rpatmk

import matplotlib.pyplot as plt
import numpy

import time

# =

def

%ﬁ%ssian(x, delay, sigma):

%%?QMH, rpagvk KoOTopoii 6yaeT oTobpaxaTbCH B MPOLECCE aHWMauuu

return numpy.exp(-((x - delay) / sigma) ** 2)

def

gaussmake(data, delay, sigma, maxSize, plt):

y = gaussian(data, delay, sigma)

# HOBbIA rayccoB rpaguk Ha uuctyw TEKYUWYO durypy =
plt.clf() # Il Ouuctuth Tekywyw (HE HOBYKD D

# purypy. lcnonb3oBaHne HOBOW (QUrypsl NpUBOAUT K

# HeorpaHM4YeHHOMY POCTY OKOH MPW/IOXEHUS ==========
plt.plot(data, V) # OTobGpaxeHue rpagpuka

# YcTaHOBKa OTOOpaxaembiX MHTEPBasIOB MO OCAM ======
plt.xlim(0, maxSize) # no ocnm X

plt.ylim(-1.1, 1.1) # no ocn Y

# pobaBneHMe CEeTKM MO OCsM
plt.axis([0, maxSize, -1.1, 1.1]D
plt.grid(True)
#

# 111 Bpi30Bbl A1 O6GHOBNeHUA rpaguka
plt.draw()
plt.gcf().canvas.flush events(Q # Metop plt.gcfQ

# BO3BpawaeT 06bekT Tuna Figure,
# KOTOpLIA OTBEYaeT 3a OKHO rpajduka.

return y # BO3BpalaemMoe 3HayeHue

:h'll:t

name == main  °:
# MNapameTpbl OTOGpaxaemoi GyHKUUN
maxSize = 200
sigma = 10.0
# [nana3oH Todek Anda pacdeta rpapuka (yHkumn [0, maxSize)
xforward = numpy.arange(0, maxSize, 1)
xbackward = numpy.arange(maxSize, 0, -1)
# 3HaueHus rpapuka QyHKLUN
y = numpy.zeros(maxSize) # 200 Hynen

# 11 BK/IOYMTb WHTEPAKTUBHLIA PEXUM A1 aHuMauuu
plt.ion() #
# Y QyHKuMn gaussian 6yneTt MeHATbCA napaveTp delay
factor = 1.0
for 1 in range(0, 10):
if factor > O:
for delay in numpy.arange(0.0, 200.0, factor):
y = gaussmake(xforward, delay, sigma, maxSize,
# BO3Bpalwaemoe 3HauyeHwe 3[eCb He MNpuMeHdAeTCcs
# 3apepxka nepen criefywwmMm 0OHOBIEHUEM
time.sleep(0.01)
factor = factor * -1
if factor < 0.0:

307

plt)



for delay in numpy.arange(200.0, 0.0, factor):
y = gaussmake(xbackward, delay, sigma, maxSize, plt)
# BO3Bpallaemoe 3Ha4yeHne 34ecCb He rpuMeHsieTca !
# 3agepxka nepen cnepywwuMm ob6HOBNEHMEM
time.sleep(0.01)
factor = factor * -1.0
# OTKIOUNTb MHTEPaKTUBHbLIA peXVM MO 3aBepleHu aHuMaumum
plt_.ioff(Q) #
# HyxHO, u4TOOb rpagMk He 3akpbiBasiCA MOCAe 3aBepleHns aHuMaumm
plt_show()

B npumepe po Havana uukna rpaguk matplotlib ¢ nomowpkto dyHkumm ion() nepesoguTca B
WHTEPaKTUBHbIA PeXMM. 3aTeM B LUK/IE NPOU3BOAMTCSA O4MCTKa rpadmka 1 fobaBneHne HOBOWM KPUBOWA C
noMoLLbo  hyHKUMK  plot(). B pesynbtate BLINOMHEHUA MPWUIOXKEHWA Tpaduk nocnegosaresibHO
nepemetlaercs B 06e CTOPOHbI.

OTiMume OT MPOCTOrO PUCOBaHWUA TPaAUKOB 3aK/IOYaeTcs B TOM, YTO BMECTO (yHKUmM show()
BbI3blBaeTCA (yHKUMs draw(), Mocne KOTOPOW HY>XXHO JaTb BO3MOXHOCTb Mmatplotlib o6pabotatb
BHYTPEHHVEe CcOo6bITWA, B TOM 4ucnie U Ana oTobpaxkeHus rpadmkos. [as 3TOro MCnosb3yeTcs Bbi30B
plt.gcf().canvas.flush_events().

®yHkuma gcf() Bo3BpalaeT ask3emnaap Tmna Figure, KOTOpbIi OTBeYaeT 3a OKHO rpadwmka. [locne
3aBepLlleHns uMKia C MoMOWbH (yHKUMK ioOff() BbIKIKHOYAETCS WMHTEPAKTMBHbLIA PEXMM, a 3aTem
BbI3blBaeTCA (hyHKLUMA show(), 4TOBblI NoKas3aTb MNOb30BATENNKO OKHO C MOCMeAHUM KagpOM aHMMaLUn,

JTOT NpUMep Ha KaKAOM Luare aHMMauuu OH yAansieT BCe OOBLEKTbI KPMBLIX C rpaguka, a 3aTem
CO3/aETHOBYIO KPYBY!O.

m  OnTMM3aUms PaboTbl MPUIOKEHUS
I‘Ipou,ecc OOHOBNEHUS rpacblea MOXXHO ONnTMMmnsnpoBatb, €C/n co3fatb O6'beKT, I'Ipe,El,CTanIFIIOLLI,I/IVI
€ANHCTBEHHYHKO KPMBYHO C Fpa(pI/IKOM, anAa KOTOpOI7I 3aTéM U3MEHATb AaHHbIE.

[Janee B npumepe A4ns co3aHus rpatikoB NPUMEHSIETCS 06 bEKTHO-OPUEHTUPOBAHHBIV NOAXO0A,

import time

import matplotlib_pyplot as plt

import numpy

# =

def gaussian(x, delay, sigma):
o ( y gma)

qi)‘HIKLLI/IFI, rpagvk KOTOpoii 6yneT oTobpaxaTbCs B MPOLECCE aHWMaLuuu

return numpy.exp(-((x - delay) / sigma) ** 2

def gaussmake(data, delay, sigma, line, fig):
y = gaussian(data, delay, sigma)
# OBHOBUTbL faHHble Ha rpaduke
# (CcTapble faHHble 3aMeHUTb Ha HOBbE)
line._set ydata(y)
try:
# 111 Bpi30Bbl A1 O6GHOBNEeHUA rpapuka
fig.canvas.draw()
fig.canvas.flush eventsQ
return line
except:
return None

3+

T name == main :
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# MNapameTpbl OTOGpaxaemoir GyHKUUK
maxSize = 200
sigma = 10.0
# [nana3oH To4deKk ANnA pacydeTa rpapuka (pyHKUuu
X = numpy.arange(0, maxSize)
# 3HaueHus rpapuka yHKLUN
y = numpy.zeros(maxSize)
# 11 BK/IOYMTb WHTEPAKTUBHLIA PEXUM A1 aHuMauuu
plt_ion()
# Co3pgaHne OkHa U o06slacTu pucoBaHuA A1 rpapuka. 3pecb aeneHvsa
# Ha ocAX N ceTKa ycCTaHaB/MBaWTCA MO ApYyromy
fig, ax = plt.subplots()
# ax.grid() # MOXHO M Tak: cCHa4dana ceTKa, 3aTeM UHTepBasbl
# YcTaHOBKa OTOOpaxaembiX MHTEPBa/IOB MO OCAM
ax.set xlim(0, maxSize)
ax.set ylim(-1.1, 1.1)
ax.gridQ # yCTaHOBKa CeTKMU
# 0TOOGpa3nTb rpagukK (YKHUUM B Ha4asibHblii MOMEHT
# BpemeHn (BO3BpawWaeTCsa KOPTEX JIMHWUIA)
line, = ax.plot(x, V)
factor = 1.0
for 1 in range(0, 25, 1):
# Y QyHKuuM gaussian 6ygeT MeHsTbcA napameTp delay (3agepxka)
if factor > 0.0:
for delay in numpy.arange(-50.0, 200.0, factor):
line = gaussmake(x, delay, sigma, line, fig)
if line == None:
exitQ
# 3apepxka nepen criefywwmm 0OHOBIEHUEM
time.sleep(0.01)
factor *= -1
if factor < O:
for delay in numpy.arange(200.0, -50.0, factor):
line = gaussmake(x, delay, sigma, line, fig)
if line == None:
exitQ
# 3apepxka nepen criefywwmm 0O6HOBIEHUEM
time.sleep(0.01)
factor *= -1
# OTKIUNTb MHTEPaKTUBHbLIA pexyM Mo 3aBepLeHu aHuMaumnm
plt.ioffQ)
plt.show()

CHauana ¢ nomowplo (yHKuMK subplots() co3gaetcsd OKHO c rpadgumkom. 3ta (hyHKUUS BO3Bpallaer
06bekTbl Figure (OKHO rpatguka) n Axes (06nacTb pucoBaHWA B OKHe rpajuka). 3aTemM C MOMOLLbIO
meTofda plot() knacca Axes cosgaetca rpadmk. 3TOT MeTOo[ BO3BpallaeT CnMcok 06bekToB Line2D.
MockonbKy W3BECTHO, 4TO [06aBnseTcd TONbKO OAWH rpaduk, TO TMepBbli 31EMEHT cpasy
pacnakoBbIBaeTCA B NepeMeHHYH0 line. B LMkne BMECTO O4MCTKM rpadmka 1 fo6aBneHns HOBOW KpPWBOIA
ncnonb3yetcs Metopn set ydata() knacca Line2D. 3T0T mMeToa OGHOBASET AaHHble AN OTOGPakaemMori
KpmBoOWA. Mocne atoro ¢ nomowps metogoB draw() uflush_events() o6HoBAseTCA rpadmK.

| I'IpmmeHeHme Knacca Animation
[ns  ynpoweHnsa co3gaHus anumMaumii B Matplotlib npumeHstoTcs fgBa  crneumanbHbIX  Knacca,
nNpoun3BoaHbIE OT 6a30BOro knacca matplotlib.animation.Animation:

m  matplotlib.animation.FuncAnimation,
m  matplotlib.animation.ArtistAnimation.

VimeeTcs TakKe NPOMEXYTOUHbIN Knacc matplotlib.animation. TimedAnimation.
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B pokymeHTauumm K Matplotlib ectb Takas cxema HacnefoBaHUS:
ArtistAnimation
Animation TimedAnimation
FuncAnimation
FuncAnimation ncnonb3yercs, ecin HY>XHO Noc/nefoBaTe/lbHO paccymTbiBaTb U OGHOBNATL rpagnik.

ArtistAnimation ucrnosib3yeTcsi, ecivM Bce KpuBble (MM ApyrMe aHMMUPOBaHHblE OOBLEKTHI)
paccumnTbIBalOTCA 3apaHee, a 3aTeM B KabKOM Kajpe rnocnefoBate/lbHO CMEeHAIOT Apyr apyra

m Co3fgaHve aHMMaLMKM ¢ noMoLLbH Knacca FuncAnimation

Vges ucnonb3oBaHus knacca FuncAnimation coctouT B TOM, YTO KOHCTPYKTOPY 3TOrO Kiacca NoMUMO
OpyrMx napameTpoB, O KOTOpbIX OyaeT CckasaHO No3f4Hee, nepejaroTcs  3K3eMMnsp  Knacca
matplotlib.figure.Figure (oH OoTBeuaeT 3a OKHO C rpadmkom) 1 PyHKLKUA, KoTopas 6yaeT Bbi3blBaTbCA O/15
KaKAOro kagpa aHvmauummn. 3ta yHKUMSA JO/HKHA MPOU3BOAMTL KakKme-TO BbIYMCMIEHUS M BO3BpaLLaTh
CMNCOK OOBEKTOB, KOTOPblE WU3MEHUINCb B HOBOM Kafpe. 3Ta (PyHKUMA [O/MKHA BO3BpaLlaTb CNMCOK
06bEKTOB, MNPOM3BOAHbLIX OT 6asoBoro knacca matplotlib.artist. Artist. Bce 00bekTbl Ha rpadmke
ABNAKOTCA MPOU3BOAHBIMY OT 3TOrO Kacca.

m [Ipumep ncnonb3zoBaHusa knacca FuncAnimation
®yHkuma main_func() NpuHUMaeT Kak MMHMMYM OAMH napameTtp frame, KOTOpbIi GyaeT MeHSATbCA OT
Kafpa K Kagpy. B gaHHOM npumepe ato cMeLleHure pyHKumy Faycca rno ocy X. 3ta iyHKUUS nepegaetcs
B kauyectBe BTOPOIO napameTpa KOHCTPYKTOpY Knacca FuncAnimation. OcTanbHble ganee
nepeyncrieHHble napamMmeTpbl SABAAIOTCA He0bA3aTeNbHbIMU:

m frames - 3ajaeT N3MEHSAeMyl0 NOcnefoBaTe/IbHOCTb, KaXblli 3M1€MEHT KOTOPOA N8 KadKAoro
Kagpa nepefaetcs B (PYHKUMIO CO34aHNA Kagpa. 3TOT napameTp MOXeT OblITh:

CMNCKOM NH0BbIX OOBHEKTOB;

NTEepaTopom;

Le/lbiIM YMC/IOM (3TO paBHOCU/LHO 3HaueHuto range(N));
(PYHKUMENR-TEHEPATOPOM;

None (paBHOCWU/IBHO Nepefayve B ka4ecTBe napametpa itertools.count).

m fargs - KOpTeX C [OMOJIHUTENbHBIMW MapameTpamu, KOTOpble MepefarTcs B (DYHKUMIO
co34aHna Kajgpa. B paHHOM npumepe, 4TOObl (yHKUMA main_func() He wucnonb3oBana
rnobanbHble NepeMeHHble (kak 3TO Yacto AenatldT B NpUMepax B JOKyMeHTauuw), e
nepegaroTcsa Te napameTpbl, KOTOpble el MoHafob6aTcs An1A pacyeta M OOHOBNEHUS KPUBOW.
Ecnn He TpebyeTcs nepefasatb [LONONHMTeNbHbIE MNapamMeTpbl, 3TOT napameTp MOXHO
OnNyCTUTb, 4YTO ByfeT paBHOCU/IbLHO nepegaye 3HayeHns None.

m interval - 3agepXXKa Mexay Kagpamu B MUNNCEKYHAAX.

blit - ncnonb3osBatb M Gydhepmsaunio 418 YMEHbLUEHNS MOPraHus rpagmka npyu 06HOBNEHUN.

m repeat - eciM 3TOT NapameTp paseH True, TO aHUMALMSA HAYHETCH 3aHOBO MOCMe AOCTMXKEHMS
KOHLa nocnegosarensHocTn frames.

Kpome nepeuncneHHbIx MNapamMeTpoB €ecTb elle U ApyrMe HeobGs3aTeflbHble MNapameTpbl, KOTOpble
NO3BO/ISIOT M3MEHSTL MapaMeTPbl K3LLUMPOBaHUS AaHHbIX M 3a4epXXKy MexXay nepesanyckoM aHuMauun
(napameTp repeat_delay), ecnn 3HaveHue repeat paBHoO True.

Pe3yanaT 3TOro npmnMepa He oT/iIn4aeTcAa OT npeablayuinx.

#import time
import matplotlib_pyplot as plt
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from matplotlib.animation import FuncAnimation
import numpy
#

def gaussian(x, delay, sigma):

dyHKUMSA, TIpaduk KoTopoM OBymeT orTobpaxaTbCs B INpollecce aHMMalUM.

return numpy.exp(-((x - delay) / sigma) ** 2)

# dyHKUMSL, BHSHBaeMad IJS KaxXgoro Kampa
def main func(frame, line, x, sigma):

frame - napamMeTp, KOTOPHM MBMEHSEeTCH OT Kalpa K Kaipy.
line - xpuBas, IOJS KOTOPOW MSMEHSITCS IaHHBE.
X — CIMCOK TOUeK 10 oCu X, IJIS KOTOPHIX paccuuTeHBaeTcs ¢yHKUMS ['aycca.
sigma - oTBeuaeT Ba mMpuHy OyHKUMM [aycca.
"
y = gaussian(x, frame, sigma) # OGHoOBMTL IaHHBEE Ha Tpadure
# (crTapple maHHEIE SaMeHUTH Ha HOBEHE)
line.set ydata(y)
return [line]

#
if name == ' main
# MapameTprl oTobpaxaeMolV GyHKLMU
maxSize = 200
sigma = 10.0
# ImanasoH Touek nOJsg pacdeTa Tpadukra yHKUMU
X = numpy.arange (maxSize)
# BHaueHusa rpadvka byHKUUMU
y = numpy.zeros (max3ize)
#

# Cospmanme okha Ons Tpaduka

fig, ax = plt.subplots ()

ax.grid()

# VcraHoBKa oToBpaxaeMBX MHTEPBAJIOB IO OCAM

ax.set x1im(0, maxSize)

ax.set ylim(-1.1, 1.1)

#

# Cospanme nmuuyM, koTopas OyIeT aHUMMPOBATLCH

line, = ax.plot(x, V)

# 11! TlapameTp, KOTOpHIM OyIeT MeHSTLCS OT Kagpa K Kaipy

frames = numpy.arange(-50.0, 200.0, 1.0)

# 11! Samepxka MexOgy KagpaMu B MC

interval = 30

# !!'! HcnonmbsorBaTh Ju Bybeprsanumuo mJjS yCTpaHeHMS MepliaHusd

blit = True

# !'!! BymeT JM aHMMalLMA LUKJINUECKON

repeat = True

# !t!'! CospmaHue aHMMaUUU

animation = FuncAnimation/(
fiqg,

Figure (»To ccreJIKa Ha IJofanabHywl fig)
OBBeKT PUCYHKA, MCIOJb3yeMBIl IJIsS [IOJYyUYeHUS
HeOoBXOOMMBEIX COBBITHIN, TakKMX Kak
pUcCoBaHMEe MM M3MeHEHMe pasMmepa.
OBHOBUTL IaHHEE Ha Tpadrke

VMcTouHMK HaHHBIX IJIS IIepelaun

B func - ¢yHkumo (main func),

KOTOopas BHSHBaeTCsS B KaXIOM Kalpe
aHUMAaLUNA .

numpy.arrange () MCIOOJIb3yeTCH

OJIS TeHepaluM [IOCJIeloBaTeJIbHOCTU
yuceJ B JIMHEMHOM MNPOCTPaHCTBe C
OIVMHAKOBEIM pasMepoM mara.

# fargs: tuple or None (optional)

# Additional arguments to pass to

# each call to func.

func=main func,
frames=frames,

~— Sk s 3 3 R R o 3 3 H o 3%

fargs=(line, x, sigma
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interval=interval, # BpemeHHOl uHTepBasl Mexpy Kagpamu
blit=blit,
repeat=repeat

)
plt.show()

m Co3gaHue aHMMauum c noMmou b Knacca ArtistAnimation
Mpu wucnonb3oBaHuMM Knacca matplotlib.animation.ArtistAnimation Hy)XXHO 3apaHee co3f4aTb CMMCOK
CNNCKOB OOBEKTOB AN KaAoro kagpa. lMpu 3TOM AnvHa CnmMcka MNepBOro YPOBHS COOTBETCTBYET
KOMMYECTBY KafpoOB, a KaXfpl/i 3/1€MEHT 3TOro Crucka - CMcoK 06beKTOoB, KOTOpble GyayT NokasaHbl B
JaHHOM Kagpe.

Mpn cMeHe Kafpa 06BEKTbI, NPeAHA3HAYEHHbIE 418 APYTUX KafpOB CKPbIBAKOTCS.

B npumepe co3pgaetcs CAMCOK CNMUCKOB frames, Kakablii 3n1eMeHT KOTOpPOro - ChMCOK M3 OJHOro
ak3emnnapa knacca matplotlib.lines.Line2D, nockonbky OT Kagpa K Kajgpy MeHseTcd TONbKO OAUH
06BLEKT Ha rpaguke.

m [lpnmeHeHMe knacca ArtistAnimation
KoHcTpykTOp ArtistAnimation Kpome 3sk3emnasipa kfnacca Figure M crnvcka OOGBLEKTOB ANS KagpoB
NnpUHUMaeT napamMeTpbl, aHaJorMyHble napametTpamMm knacca FuncAnimation: interval, repeat,
repeat_delay u blit.

Mpumep BbIFNAAMT NPAKTUYECKN TaK Xe, KaK U npegblgyline 3a UCKIYEHMEM TOrO, YTO LBET ANHUU
rpadmka 6ygeTr oTaMyatbes. 3TO CBA3AHO C TeM, YTO ronyboi ugeT, 3a4aHHblii napameTpom '-b' metoga
plot() oTinyaeTca OT LBeTa rpaguka rno ymonadaHuio.

Ho ecnu atot napamMmeTp He yKa3blBaTb, KaXKfgasa HOBasA JINHNA 6y,u,eT co3gaBatbCA C HOBbIM LIBETOM U MNpn
BbINOJIHEHNN aHMaLU X UBET IMHUN 6y,u,eT MEHATbLCA.

#import time

import matplotlib_pyplot as plt

from matplotlib._animation import ArtistAnimation
import numpy

def qﬁﬁﬁsian(x, delay, sigma):

qi)‘HIKLLI/IFI, rpagvk KOTopoii 6yneT oTob6paxaTbCs MNPOLECCE aHWMauuu

return numpy.exp(-((x - delay) / sigma) ** 2
if name = " main

# MapameTpbl OTOGpaxaemol GyHKLUMK

maxSize = 200

sigma = 10.0

# [lnana3oH TouyeK An1A pacyeTa rpaguka (QyHKUMn

X = numpy.arange(maxSize)

# 3HaueHus rpapuka QyHKLUN

y = numpy.zeros(maxSize)

# s s s s

# Co3gaHne oOkKHa Ana rpapuka

fig, ax = plt.subplots()

ax.gridQ

# YcTaHOBKa OTOOpaxaembiX MHTEPBa/IOB MO OCAM

ax.set xlim(0, maxSize)

ax.set ylim(-1.1, 1.1)

# - - - T




#
#

111 Co3pgaHve cnucka /vHWA, KoTopble 6yayT nocnefoBaTefNlbHO ==========
nepeknuyaTbCa U MpeabaBnATbLCA MNpPU U3MEHEHUM HoMmepa Kajpa

frames = []
for delay in numpy.arange(-50.0, 200.0, 1.0):

#
#

y = gaussian(x, delay, sigma)
# CNNCOK PUCYHKOB JIMHWI
# ronyboil uBeT NUHUM 3afaéTca napaveTpoMm “-b*

line, = ax.plot(x, y, "-b%)

# 111 TIOCKOMIbKY Ha Kax[oM Kajpe MOXeT MEeHATbCA HECKO/IbKO OOBLEKTOB,
# KaxOpli 3M1EeMEHT ChnncKa - 3TO CMIUCOK U3MEHSIEMbIX 00bekToB (77777
frames.append([l1ine])

3adepxka Mexzay Kagpamum B MC

interval = 30

#

Wcnonb3oBaTb /m Gydeprsauuio 418 YCTPaHEHUs MepuaHus

blit = True

#

Byget nvM aHumaumsi UUKINYECKOV

repeat = True

#

1M1 CozpaHve aHuMaumn

animation = ArtistAnimation(

fig, Figure (@10 ccbika Ha rnobanbHyw Fig)
O6BbEKT pUCyHKa, WCMONAb3YeMblii N nosy4veHus
HEO6XOAMMbIX COObITUI, TakKux Kak
pucoBaHME WU U3MEHEHME pa3vepa.

frames, WCTOYHMK faHHbIX - CMUCOK fINHWIA, KOTOpble

OyayT nocnepoBaTesibHO MNeEpPeKNyYaTbCs U
npeabsBASTLCA NpU U3MEHEHMM HOMepa Kagpa
BpemeHHOli MHTepBan Mexay Kagpamu
cnonb3oBaTb 6ydepusayunio

ONs1 yCTpaHeHUs MepuaHust

interval=interval,
blit=blit,

HFHEFHIFHIFHFHH

repeat=repeat

)
plt_show()

Liget -

B LIBeT Kak cpefcTBO OTO6pa)KeHI/IF|
3TO OMH W3 CaMbIX PACMPOCTPAHEHHbIX CMOCO60B OTOGPaXKEHUs MH(popMauMn. Bo MHOrom

npe3eHTabesIbHOCTb M YMTAEMOCTb PUCYHKA 3aBUCMT OT NOA0GPaHHbLIX LBETOB. B HayuHOl rpaduike, Kak
npaBwo, yaenseTcs [OCTaTOMHO Maslo BHMMaHWS NOAGOPKE COYETaHWs LBETOB, BaXKHa OJHO3HAYHOCTb
NOEHTUDMKALMA O LBETY.

Matplotlib npepoctaBnsieT LWMPOKME BO3MOXHOCTM g pabotbl ¢ UBeTOM. CyliecTByeT MHOXECTBO
npefycTaHOBEHHbIX LIBETOB C COOTBETCTBYIOLL MMM abbpeBmaTypamm:

KpacHhbiin - 'red’, 'r', (1.0, 0.0, 0.0);
OpaH)eHBelIli - ‘orange’;

Xénteii - 'yellow', 'y', (0.75, 0.75, 0);
3enéunbiin - 'green’, 'g', (0.0, 0.5, 0.0);
lony6oi - ‘cyan’, 'c', (0.0, 0.75, 0.75);

CuviHuia - 'blue’, 'b', (0.0, 0.0, 1.0);
dunonertos.eblli - 'magenta’, 'm', (0.75, 0, 0.75);
UépHbiin - ‘black’, 'k, (0.0, 0.0, 0.0);

Benwiii -'white’, 'w', (1.0, 1.0, 1.0).

LlBeToBYylO rammy MOXXHO pas3HOOOpasnTb 3a CYET pasIMYHOM CTEMEHU MpPO3PadvHOCTK, KOTopas
obecrneumBaeTcs COOTBETCTBYHOLUMM 3HavyeHMeM napameTpa alpha. Ho ana 3agaHusa onpegenéHHoro
uBeta TpebyeTcs nonb3oBaTenbCckas HacTponka. Matplotlib mMoxkeT oTobpaxatb uBeTa, 3ajaHHble B
pasnuuHbIX hopMaTax; Kak B hopmate RGB, Tak n B HEX. CyllecTBYHOT pasnnyHble Tabnuupl LUBETOB, B
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KOTOpPbIX MpeAcTaBNeHHbIM OTTEHKaM COOTBeTCTByeT Ko B RGB wnm HEX dopmate. Vimm ygo6HO
No/b30BaTbCA MPU COCTABNEHUN HEBOMBLUNX NO/b30BATENIbCKMX LIBETOBLIX NANTP.

m  Cnocobbl 3agaHuns ueeToB. RGB n HEX

Cnncok cnoco6os 3agaHnsa Lgeta B Matplotlib:

Ans

Lige

m  C noMoLLblo OfHOBYKBEHHOW CTPOKK (Hanpumep, 'g).

m C nomoLLblo CI0BECHOIO onucaHus Lgeta (Hanpumep, ‘goldenrod’).

m C nomoLblo CI0BECHOIO onucaHusa ugeta u3 Tabnuubl xked (Hanpumep, ‘xkcd:moss green’).

m C nomoLlblo yKasaHUs KOMMOHEHT ugeTta B hoopmate #RRGGBB (Hanpumep, '#31D115").

m C NomMoLlblo yKaszaHUA KOMMOHEHT uBeTa B (hopmate #RRGGBBTT (Hanpumep, '#31D1155C").
MocnegHas napa CUMBOMIOB B CTPOKe OMpefenser cTeneHb Npo3padyHoCcTM 3ajaHHOro LBeTta
(transparency).

m C nomoLlblo yKasaHUs KOMMOHEHT ugeTta B (hoopmaTe #RGB (Hanpumep, '#AF5').

m C NOMOLLbIO yKa3aHWs KOMMOHEHT LBeTa B BUAE KOPTEXa WM CrvcKa TPex yvcen B gnanasoHe
0.0 - 1.0 (Hanpumep, (0.5, 0.2, 0.3)).

m  C nomMoupblo yKasaHna KOMMOHEHT ugeTa 1 anba-kaHana B BUAE KOPTEXa WM CNuUcKa YeTbipex
yucen B gmanasoHe 0.0 - 1.0 (Hanpumep, (0.5, 0.2, 0.3, 0.8)).

33JaHuns Ceporo LBeta MOXHO NPUMEHWTb CTPOKY C YMC/IOM C MaBatoLleli TOUKON B Amana3oHe
[0.0 -1.0] (Hanpumep, '0.3").

T B popmate RGB npegctaBnset coGoil TPUMIET UM KOPTEX, COCTOSLLMIA M3 TPEX LefbiX 3HAYEHWI

o7 0 go 255 AnA KpacHOro, 3efEHOr0 W CUHEro LBETOB. Pa3/iMuYHbIE COYETaHUSA 3TUX TPEX 3HAUEHWA
NO3BOSET MOJyYUTb OFPOMHOE KOIMYECTBO LBETOB U OTTEHKOB.

B matplotlib ugeta rgb ¢opmarta 3agar0oTcs B OTHOCUTENbHbLIX eAuHULAX, B Ananas3oHe ot [0, 1]. Ecnm
HeobxoaMMbIl UBET 3afaH B grnana3oHe [0, 255], To 3Ha4YeHne Hy>XHO NogenuTb Ha 255.

Lige

T, NpeACcTaBneHHbIN B hopmarte HEX, nepefaérca B BUAe LWeCcTHaguatepmyHoi html ctpokn (cumson

# nepen wectndHa4HbIM 3Ha4eHNEM 06;13aTeneH).

# =
import matplotlib_pyplot as plt
import numpy as np
# =
N = 10
X = np.arange(l, N+1, D
y = 20.*np.random.rand(N)
# =
fig = plt.figure() # matplotlib.pyplot ==
ax = Fig.add subplot(111l) # pob6aBneHve 0651acTV pUcoBaHUA ax
# UBeT B (opmaTe RGB: TpunaeT wnm KopTex, cocToswuii u3 Tpéx LEMbIX 3Ha4veHwuin
# or O po 255 pniA KpacHoro, 3e/lEHOro M CUHero LUBeTOB
X rgb = np.array([204, 255, 51]) / 725.
ax.bar(x, y, color=x rgb, alpha=0.75, align="center"®)
X hex = "#660099" # cumBOon "#" nepepj CTPOKOW CO 3HaA4YeHMeM LBeTa
ax.plot(x, y, color=x hex) # (moneToBbii rpapuk
ax.set xticks(x) # ycTaHOBKa pgeneHuii Ha ocu OX
ax.set xlim(np.min(xX)-1, np.max(x)+1) # orpaHnyeHve 067acTu N3MEHEHUS
# no ocnm OX
ax.grid(True)
plt_show()
# - .., T, T T T T T T
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[na cospaHna MmHoxKecTBa oblacTeli oA pucosaHuA yaobHo He NpocTo Ao6aBAATb UX HA PUCYHOK
nocnefoBaTe/IbHO, MO 04HOMY, a BCEro OfIHOM CTPOUYKOM pa3butb popmy Ha HECKO/IbKO ob1acTel
puUcoBaHuA.

1o penaetca metomaom plt.subplots(), u npu ero BbizoBe HaAo yKasaTb KOANMYECTBO CTPOK U CTO/16L,0B
co3pgaBaemoi Tabanubl obnactel, Kaxkaana U3 Aueek KOTOPOM U ecTb 0bbeKT-3k3emnaaAp subplots.

MeTog, BO3BpalaeT obbekT Thna figure n maccus U3 cosgaHHbix subplots. Ux moxHO nepebpaTtb B
UMKJe, HO Nydyle nNpumeHuTb nepebop M3 cnucka fig.axes, Kyha aBTomaTudeckn gobasnawoTca Bce
06.1acTu prcoBaHuMA TekyLlero pucyHka fig.

B cneayowem npumepe co3galoTca 9 nap NpamoyrosibHUKoOB, KoTopble oTobpaxaioTea B 9 obnactax
puUcoBaHUA. "HUMKHUIA" NPAMOYIO/IbHMK B Nape Bcerga YEpHbIA. "BepxXHUIA" NPAMOYTo/IbHUK pUCYeTcA
nosepx "HWKHero" YEPHOro NPAMOYro/ibHMKa.

B Kakgoi nape BepxHW NPAMOYro/ibHUK 06/1afaeT pas/MUHONM CTerneHblo MPO3PavyHOCTM, KoTopas
onpenenseTca nociaeaHel Napoi CMMBOJIOB B LLECTHaAUaTepuuHoli html cTpoke onpepneneHun useTa B
¢opmate #RRGGBBTT.

Ctpokn onpegeneHua uBeTa "BepxHUX" npamoyronbHukoB B ¢dopmate #RRGGBBTT pasnumualorca
noc/ieHUMK ABYMA CUMBOJIAMM, KOTOPble ONpeaenatoT Npo3payHOCTb LiBeTa.

colors = [
'#33DD1100', # mo/aHOCTbIO NPO3payHbIiA LBET (HeBUANMBINA)
'#33DD1111',
'#33DD1133",
'#33DD1155",
'#33DD1177',
'#33DD1199',
'#33DD11AA,
'#33DD11CC,

'#33DD11FF' # no/siHOCTbIO HEeMpo3payHbIi LBeT

Takum o6pasom, BepxHW MPAMOYTOAbHUK MOMKeT OblTb Kak abCco/IIOTHO MPO3payHbiM M HUMKHUIA
NPAMOYro/IbHUK  ByaeT MOJIHOCTbIO MpocBeYMBaTb Yepe3 abCco/OTHO MNpPo3payHblit  BEPXHMIA
NPAMOYFO/IbHUK, Tak WM abCO/IIOTHO HEMpPO3PayHbIM WM HUMKHUI MPAMOYTO/IbHUK ByaeT MNOJHOCTbIO
CKpbIBaTbCA abCOJIIOTHO HEMPO3paYyHbiM BEPXHUM NPAMOYTO/IbHUKOM.

IOus cosmaHMsa MHOXeCTBa ofJjacTeM IJiS PUCOBaHMS yOOOHO He OpocTo nofaBJiAThb
MX Ha PUCYHOK IIOCJIENOBAaTEJIbHO, IO OIHOMY, a BCeI'0 OIHOM CTPOUKOM pasduTb
bopmy Ha HeckoJbko objlacTell PUCOBAHMUA.

370 meJlaeTcda MeTomoM plt.subplots (),

M OpM eTOo BHSOBE HANO yKasaTh KOJUUECTBO CTPOK M CTOJIOLIOB COS3IaBaeMoM
TaBauusl objlacTell, Kaxnas M3 AdyeekK KOTOPOM M eCTb OOBeKT—5K3EeMILISP
subplots.

MeTon BosepamaeT obbekKT THMIa figure M MaccUB M3 CO3IDaHHEX subplots.

Mx MoxHO nepefpaTb B LUUKIE, HO Jydlle NPUMEHUTH Hepefop M3 CIMUCKA
fig.axes, KyIa aBTOMaTMUeCKM HODOABJAITCHA BCe oOBJacCTM PUCOBAHUS

315



TeKylleTo pucyHka fig.

import numpy as np
import matplotlib.lines
import matplotlib.patches
import matplotlib.path
import matplotlib.pyplot as plt
# OyHKUMS ONS OTPUCOBKU NPAMOYTOJLHMKOB. OTofpaxaeT IPSIMOYI'OJIbHUKHU
# pasanuHON CTeneHM MNPOSPAYHOCTU
def drawRect(ax, color, xlim, ylim):
plt.xlim(xlim)
plt.ylim(ylim)
ax.grid(True)
# Cosmaé&rca "HUXHMNI" NOpIMOYTOJIbHMK. OH BCeTma UEpHHIA.
rect back = matplotlib.patches.Rectangle((-1.0, -1.0), 2, 2, color='k")
ax.add patch(rect back)
# Cosmaé&rcsa "BepxHUN" NpAMOYTOJILHMK, KOTOPEIM PUCYETCHS MOBEPX "HIUXHeTO"
# nmpamoyrosbHuKa. OH ofjamaeT pasiMUHOM CTeleHb NPpOospadHOCTM, KoTopas
# ompemenseTcsa nmocsenHeM [Napo¥ CHMMBOJIOB B MeCTHaILATepMUHON html
# crTpoke ompemeneHusa uBeTa B dpopmaTe HEX
rect front = matplotlib.patches.Rectangle((-1.5, -1.5), 3, 3,
color=color)
ax.add patch(rect front)

#
# cnmcox KOmOB LBeTOB. PasaMyaloTcs NOCJIeIHMMM IBYMS YMCJIaMM, KOTOPHE =====
# ompemensT NPOSPAUYHOCTL LBeTa. BepPXHUNM NPAMOYTOJNLHUK MOXET OHTDH
# abconoTHO NpPOSpPAauYHEM M HWXHUM NPSIMOYTOJIBHUK [IpOCBeuMBaeT uepes abCOJIOTHO
# npospauHB BepPXHMUI OPAMOYT'OJNbHUK. BepPXHMUI NPAMOYTOJILHUK MOXET OHTb
# aBCoTHO HeNpoSpauHBIM M HUXHUY OPSMOYTOJBHMK [IOJIHOCTBI CKPHIBAETCS
# aBCoNTHO HEeNpOSPauHBEIM BEPXHUM IPAMOYI'OJIbHUKOM.
colors = [
'"#33DD1100°', # moymHOCTBIO HPOSpPAaUHBEIL LBET (HEBUIUMEIM)
"#33DD1111",
"#33DD1133",
"#33DD11557,
"#33DD1177",
"#33DD1199",
"#33DD11AAT,
'#33DD11CCT,
"#33DD11FF" # HONMHOCTBI HENPOSPAUHHIL LIBET
]
#
fig, subplots = plt.subplots(nrows=3, ncols=3, sharex=True, sharey=True)
i=20
for ax in fig.axes:
drawRect (ax, colors[i], (-2,2), (-2,2))
ax.text (0.0, 0.0, str(i), color='k")
i+=1
plt.show()
#

Crniocofrl samaHu4a UBeTa B Matplotlib:

C nowmompio OTDHOBYKBEHHOM CTpokKM (Hampumep, 'g').
C moMomplo CJOBECHOT'O ONMCaHMA LBeTa (Hanpumep, 'goldenrod').
C nowmompio CJIOBECHOTO ONMCaHMA LBeTa U3 Tabdauuel xkcd
(HanpuMep, 'xkcd:moss green').
C moMombl yKasaHMS KOMIIOHEHT IliBeTa B bopmaTe HRRGGBB
(Hanpumep, '#31D115').
C moMombi yKasaHMS KOMIIOHEHT IliBeTa B bopmaTe HRRGGBBTT
(HanpuMmep, '#31D1155C'"). IlocsenHasd Hapa CUMBOJIOB B CTPOKE OINpelnesisgeT
CTeleHb NPO3padHOCTM 3alaHHOTO LBeTa (transparency).
C moMombi yKasaHMS KOMIIOHEHT liBeTa B bopmaTe #HRGB (Hanpumep, '#AF5').
C nomompio yKasaHMS KOMIIOHEHT liBeTa B BUIEe KOPTEeXa MJM CIMCKa TpexX udMuceJI
B muanasoHe 0.0 - 1.0 (manpumep, (0.5, 0.2, 0.3)).
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C nomolbld yKasaHWsA KOMMOHEHT LUBeTa U asba-KaHana B BUAE KopTexa Wuin
cnucka 4etbipex 4ducen B guanasoHe 0.0 - 1.0
(Hanpumvep, (0.5, 0.2, 0.3, 0.8)).

[ns 3apaHus ceporo uBeTa MOXHO WCMO/Mb30BaTb CTPOKY C YUC/IOM C Mnaasaleit
Toukon B gmanalzoHe 0.0 - 1.0 (Hanpuvep, "0.3%).

m LlBeToBas nanuTtpa colormap
MocnepoBaTenbHOCTL WM Ha6op LBeToB 06pasyeT LBeToByld Masutpy colormap. Yaile Bcero oHa
NCMONb3yeTcs MPU OTPUCOBKE TPEXMEPHbIX [aHHbIX. HO ¥ aBTOMatMyeckuii MoAGop LBETOB Mpu
[06aBNEHUN KaXKAOTO HOBOTO 3k3eMmnnspa plot Takke OCyLeCTBAsSETCA M3 LBETOBOV MNaMTpbl MO
YMO/UYaHWI0.

Ansa nonyyeHuss  TekyLiel LBETOBOM nannTpbl MOXHO  BOCMO/1b30BaTbCH MeToL0M
plt.get_cmap(‘Ha3BaHne nanuTpbl'). CNMCOK BCEX NPEeAyCTaHOB/IEHHbIX MaIUTP MOXHO MOMAyYUTb C
nomoLbio Metoga plt.cm.datad. B HacTpolikax matplotlibrc Mo)kHO Takke M3MEHUTb LIBETOBYHO NaUTpy
C MoMoLWplO0 MapameTpa image.cmap. B MHTEpPakKTUBHOM pexunme €€ MOXHO [OMEHATb 4epes
plt.rcParams['image.cmap’]='umsa_nanutpel’ wm 4yepes plt.set_ cmap('nma_nanutpel’). Tpn  3TOM
plt.set cmap(..) NO3BONSET U3MEHUTb MAINTPY TEKYLLEro PUCYHKA YXXe Mnocne Bbi3oBa rpagmueckmnx
KOMaHg,

import matplotlib_pyplot as plt

import numpy as np

dat = np.random.random(200).reshape(20, 10) # co3paércsa maTpvua 3HadYeHwui
# Co3[aéTcA CnMCOK LUBETOBLIX MasMTp U3 CnosBaps

maps = [m for m in plt.cm.datad]

# nnn Tak =

# maps = [l

#

# for i, m in enumerate(plt.cm.datad):

# maps -append(m)

# print("%d - %s* % (@, m))

# s s s
print(ufpegycTaHOBNEHHbE LBETOBbE Ma/MTPLIZ ", maps)

# =

# yeTbipe KapTVHKM Ha OOHOW (urype: 2 CTpOKuM, 2 cTonbua
fig, axes = plt._subplots(

nrows=2,
ncols=2,
sharex=True,
sharey=True

# - T, T T T T T
cmaplist = plt.cm.datad
# =
for ax in fig.axes:
random cmap = np.random.choice(maps)
cf = ax.contourf(dat, cmap=plt.get cmap(random cmap))
ax.set title("%s colormap®™ % random cmap)
fig.colorbar(cf, ax=ax)
# =
plt.suptitle(u"Pa3nuuHbie UBETOBbe MaMTPb®) # eAuHbIi 3aro/sloBOK PUCYHKa
plt_show()
# —_—
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m [lnaBHas UBeTOBas nanuTtpa
MnaBHas LBeTOBas MaiMTpa MPEACTaBaseT CoGolV pe3ynbTaTl JIMHENHOW WHTeprnonsuum  Mexay
NnocnefoBaTe/IbHOCTbIO LBETOB, COCTABSIOLLMX OCHOBY Ma/MTPbI.

PasnnuHble METOAbl OTOBPAXEHUS] TPEXMEPHbLIX [AaHHbIX (pPasHble rpafuyeckme KOMaHAbl) Mo
YMOJTYaHMWIO UCMOJb3YHOT Pa3Hble TUMbI LBETOBLIX MNaUTP.

Tak meTogpl plt.imshow() u plt.pcolor() 6yayT conpoBOXAaTbCa MAaBHOW LIBETOBOWN NainTPOIA:

import matplotlib_pyplot as plt
import numpy as np
dat = np.random.random(200).reshape(20, 10) # co3gaém maTpuly 3Ha4deHwWi
# CHMCOK uBeTOBHX naﬂMTp |/|3 CnoBapﬂ s
# maps = [m for m in plt.cm.datad]
# U Tak
maps = [l
for m in plt.cm.datad:
maps -append(m)

# e ——————
fig, axes = plt._subplots(
nrows=2,
ncols=1,
sharex=True
)

# MNpo PUCYHKN C HECKONbKUMW O6MacTAMU pUCOBaHUA ...
cmaplist = plt.cm.datad
for 1, ax in enumerate(fig.axes):
random cmap = np.random.choice(maps)
if (= 0):
cf = ax.pcolor(dat, cmap=plt.get cmap(random cmap))
else:
cf = ax.imshow(dat, cmap=plt.get cmap(random cmap))
ax.set title("%s colormap®™ % random cmap)
fig.colorbar(cf, ax=ax)
plt.suptitle(u®Pa3nnuHele UBETOBblE MNa/TPLI™)
plt.show()
#

[na co3gaHus Nonb30BaTeNbCKOM MIaBHOM LBETOBOM NaNTPbl HY)XHO ONPeAEeNnTbCs C €€ OCHOBHbLIMU
ysetamu. WM ecnn 6bIN0 BbIGpaAHO CcreAyloLlee Cco4YeTaHWe LBETOB: pPO30BbIi, CUHWIA, 3€NéHbliA,
OpaHXXeBbIAi M KpacHbIil, TO B npefcrtaBneHMn RGB 3TO co4yeTaHMe O3HaYaeT ChAMCOK CReaytLmx
3HaYEHNIA;

po30BbIii - rgb(150, 0, 0),
CUHMIA - rgb(0, 0, 255),
3enéHbin - rgb(0, 255, 0),
opaHXeBblii - rgh(255, 150, 0),
KpacHsbIi - rgh(255, 0, 0).

Matplotlib pa6oTaeT ¢ rgb B OTHOCUTE/NbHbIX efAuMHULLAX, NMO3TOMY 3HayeHus rgb TPUNIETOB HYXXHO
nogenutb Ha 255.

Mocne aTOro Hy>kKHO co3faTb “cfoBapb NanuTpbl” cdict. 3TO cnoBapb ANA KaXKAOro M3 OTTeHKoB RGB
('red’, 'blue’, ‘green’), rae KaXkAoMy OTTEHKY MpuUnucaH CNucok unm Koptex (x, yo, y1):

X - onpegenset nojoXeHve B nanuTpe B guanasoHe [0,1]. Mpolle npeactaBUTb OYAYLIYHO NaATPY B
Buge wkansl ot 0 go 1;
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y0 - 3HaueHWMe uBeTa B OTHOcUTeNbHbIXx eauHuuax ([0, 255] -> [0, 1]) ¢ ogHol cTopoHbl (cnesa) oT
NOJIOKEHHUA X;

y1 - s3HaueHue uBeTa ([0, 255] -> [0, 1]) c Apyroi cTopoHbI (cnpaBa) OT MO/I0MKeHUA X.

Mexay 3afaHHbIMM nosuumamuM x metogm LinearSegmentedColormap sAuHellHO WHTepnoaupyet
3HaueHua uBeToB mexKay (x_i-yl i) m (x_i+1 - yO_i). O6biuHO YO M y1 coBnaaaloT, HO, UCNO/Ib3yA pasHble
3HaAYEHUA, MOXKHO A0buBaTbCA Bonee cNoXHbIX 3dpdeKToB, HaNnpUMep pPaspPbIBOB B MaUTPE.

#
import matplotlib as mpl

import matplotlib.pyplot as plt
import numpy as np

dat = np.random.random(200) .reshape(20,10) # cosmaé&rca MaTpula SHaUYEHUN
Xx = np.array([0.5, 0.0, 0.1])*255 # Cosma&rcd CHMCOK LBETOBHIX [NaJIUTP
print ('{0}'.format (xx))

#

BeJylo—KEJITHI)
0.0, 1.0, 1.

# BapmanT 1 Powmamka
cdictl = {'red': (

0),
1.0, 1.0, 1.0)),
'green' ((0.0, 1.0, 1.0),
(1.0, 1.0, 1.0)),
'blue' ((0.0, 1.0, 1.0),
(1.0, 0.0, 0.0))
}
cmapl = mpl.colors.LinearSegmentedColormap ('cmapl', cdictl)
#
# BapmanHT 2 CrBeTodhop (KpaCHBIA—XKEJITHII—3EJIEHEIN)
cdict2 = {'red': ((0.0, 0.0, 0.0),
(0.5, 1.0, 1.0),
(1.0, 1.0, 1.0)),
'green': ((0.0, 1.0, 1.0),
(0.5, 1.0, 1.0),
(1.0, 0.0, 0.0)),
'blue': ((0.0, 0.0, 0.0),
(0.5, 0.0, 0.0),
(1.0, 0.0, 0.0))
}
cmap?2 = mpl.colors.LinearSegmentedColormap ('cmap2', cdict2)
#
fig, axes = plt.subplots/
nrows=2,
ncols=1,

sharex=True

)
cmaplist = plt.cm.datad

cmaps = [cmapl, cmap2]
for 1, ax in enumerate(fig.axes):
cf = ax.imshow(dat, cmap=cmaps[i])

fig.colorbar(cf, ax=ax)
plt.suptitle(u'CosnaHMe LBeTOBHX IaJUTP')
plt.show()
#

|-|O3VILI,VIVI LBETOB X Ha Na/IUTpe MOTyT 6bITb HEepaBHOMEPHbIMMN. Tor,u,a Ha KaKne-To uBeTa 6y,c|,yT
npnxoanTbCA 6oblUINE y4acCTKmn LI,BeTOBOVI naanTpbl.

#
import matplotlib as mpl
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import matplotlib.pyplot as plt
import numpy as np

#

# posommmt [255, 204, 255] -> [1., 0.8, 1.]

# ¢uoserommit [153, 0, 255] -> [0.6, 0., 1.]

# cuumim [0, 0, 2551 -> [0., 0., 1.]

# kpacHemt [255, 0O, 0] -> [1., 0., O.]

#

dat = np.random.random(200) .reshape (20, 10) # cosmaHmMe MaTpPULB SHAYUEHUN

cdictl = {'red': ((0.0, 1.0, 1.0), # red in RGB of pink, posoBmI
(0.2, 0.6, 0.6), # red in RGB of blue cuuuit
(0.8, 0.0, 0.0), # red in RGB of violet ¢duoseToBEM
(1.0, 1.0, 1.0)), # red in RGB of red kpacHHM

'green': ((0.0, 0.8, 0.8), # green in RGB of pink, pos3oBHIL
(0.2, 0.0, 0.0), # green in RGB of blue cunuin
(0.8, 0.0, 0.0), # green in RGB of violet oduomeToBHI
(1.0, 0.0, 0.0)), # green in RGB of red kpacHwb
'blue': ((0.0, 1.0, 1.0), # blue in RGB of pink, pos=oBHIL
(0.2, 1.0, 1.0), # blue in RGB of blue cuHuit
(0.8, 1.0, 1.0), # blue in RGB of violet ¢duoseTOBLE
(1.0, 0.0, 0.0)) # blue in RGB of red kpacHhHbi1
}

cmapl = mpl.colors.LinearSegmentedColormap ('cmapl', cdictl)

plt.register cmap (cmap=cmapl)

#

fig = plt.figure()

ax = fig.add subplot(111)

cmaplist = plt.cm.datad

cf = ax.pcolor(dat, cmap=cmapl)

cbar = fig.colorbar(cf, ax=ax)

plt.suptitle (u'PosoBro—cuHe-dMOJIeTOBO-KpacHad najauTpa')

plt.show()

#

[anee npuBogmuTCA Ko4 U Npumep NpumMeHeHuUa GyHKUMK, KoTopas npeobpasyeT 3a4aHHbIN CNUCOK
useToB RGB B OTHOCUTE/IbHbIE €ANHULbI U MOXKET CO34aBaTb Kak PaBHOMEPHYIO, TaK U HEPABHOMEPHYIO
LBETOBYIO Na/IMTPbI.

def make cmap(colors, position=None, bit=False, debug=False):
[IpuMep obyHKUUM, KoTopas NpeobBpasyeT BaImaHHBIM CIMCOK LBeTOB RGB
B OTHOCHMTEJIbHHE eIOMHMIB M CO3O0aéT KaK PaBHOMEPHYIO,
TaK M He paBHOMEpPHYH lLBEeTOBYK MNaJIMTPH.
make cmap takes a list of tuples which contain RGB values. The RGB
values may either be in 8-bit [0 to 255] (in which bit must be set to
True when called) or arithmetic [0 to 1] (default). make cmap returns
a cmap with equally spaced colors.
Arrange your tuples so that the first color is the lowest value for the
colorbar and the last is the highest.
position contains values from 0 to 1 to dictate the location of each
color.

# mMmopT MomyselM BOSMOXeH U3 JIoOOTO MecTa KoIa
import sys
import matplotlib as mpl
import numpy as np
bit rgb = np.linspace(0, 1, 256)
if position == None:
position = np.linspace(0, 1, len(colors))
else:
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if len(position) != len(colors):
sys.exit('position length must be the same as colors'™)
elif position[0] != 0 or position[-1] = 1:
sys.exit(*'position must start with O and end with 1)
if (debug): N
print (Cposition:®, position)
print (“len colors®, len(colors))
if bit:
for 1 in range(len(colors)):
colors[i] = (bit rgb[colors[i][O]],
bit rgb[colors[i][1]],
bit rgb[colors[i]1[2]])
if (debug):
print (Ccolors®, colors)
cdict = {"red": [], “green®: [], “blue*: [T}
for pos, color in zip(position, colors):
cdict["red™] -append((pos, color[0], color[0]D))
cdict["green™] .append((pos, color[1], color[1]))
cdict["blue”].append((pos, color[2], color[2]))
it (debug): i
print (“red®, cdict["red™])
print (“green”, cdict["green™])
print (“blue®, cdict["blue™])
cmap = mpl.colors.LinearSegmentedColormap(“test colormap®, cdict, 256)
return cmap
## An example of how to use make cmap
# npuMep WCMonb30BaHNA (yHKUMM make cmap
import matplotlib._pyplot as plt
import numpy as np
import sys
fig = plt.figureQ
ax = fig.add subplot(311)
###t Create a list of RGCB tuples
# °r°, Yy, Ww, "g°,
colors = [(255, 0, 0), (@5, 255, 0), (X5, 255, 255), O, 157, 0, O, O,
235)]
# This example uses the 8-bit RGB Call the function make cmap
# which returns the colormap
my cmap = make cmap(colors, bit=True)
## Use your colormap
plt_pcolor(np.random.rand(25, 50), cmap=my cmap)
plt.colorbar()
ax = fig.add subplot(312)
colors = [(Q4, 1, D, (@5, O, 0] # This example uses the arithmetic RGB
#H# 1T you are only going to use your colormap once you can take out a step.
# Ecrm nnaHvpyeTcHa MCnonb30BaThb LBETOBYI KapTy TOMbKO OOMH pas,
# MOXHO cOenaTb Llar.
plt.pcolor(np.random.rand(25, 50), cmap=make cmap(colors))
plt.colorbar(Q
ax = fig.add subplot(313)
colors = [(04, 0.2, 0.0), (@, 1, D, O, 0.3, 0.9]
### Create an array or list of positions from O to 1
# Cco34aE€TCA CMCOK 3HadeHun or 0 go 1
position = [0, 0.3,
plt.pcolor(np.random.rand(25, 50), cmap=make cmap(colors, position=position))
plt.colorbar(Q
plt.show()

m [luckpeTHas LBeToBas naamtpa
Mpn OTOGPaKEHUN TPEXMEPHbLIX MOBEPXHOCTEN B BUAE MNOCKMX KapT 1 3D rpadhmkoB nnaBHas LBETOBas
naauTpa XopoLo cMoTputcs. OfHAKO B HayuHOl rpadike Yacto TPebyeTcsi He CTOMIbKO KPacoTa, CKObKO
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NpPOCTOTa M OAHO3HAYHOCTb PHUCYHKa. I'IoaTomy Tam, rge KpMtn4Ho OA4dHO3HayHoe onpeaeneHune
OTTEHKOB LUBE€Ta U 3Haqum7|, cnenyeTr ncnosibsosatb AUCKpPETHbIE Na/INTPbI.

OuckpeTHaa nanutpa npeacTtasnseT cobor Habop UBETOB C YETKOM rpaHULEN Mexay coceaHUumMU
oTreHKamu. Ob6bluHO 3TOT Habop GepéTca M3 OAHOM M3 HEMPEPbIBHbIX LKA, HO MOMKHO 33[aTb CBOIO
nocnegosate/ibHOCTb LBeToB /iMbo B RGB, imbo B HEX popmarax.

import matplotlib as mpl
import matplotlib.pyplot as plt
import numpy as np

dat = np.random.random(200) .reshape (20, 10) # cospmaérTca MaTpula SHaUEHUN
N = 10

# Crnmcokr uBeror B HEX dopmaTe

cpool = [ '"#bd2309', '#bbbl2d', '#1480fa', '#14fa2f', '#000000°',

"#faf214', '"#2edfea', '#ealecd', '#ealed(0', '#cdcded',
"#577a4d', '#2ed6c0', '#£59422', '#219774', '#8086d9' ]
# Cosmanve IOMCKPEeTHHX LBETOBHX HAJUTP (colormap)
cmapl = mpl.colors.ListedColormap (

['r', 1 1

'orange', |y , ' '

g', '¢', 'b', 'violet'], 'indexed'
)y # 7 uBeTOB
cmap?2 = mpl.colors.ListedColormap (
cpool [5:5+N], 'indexed'
)y # 10 uBeTOB
fig, axes= plt.subplots(nrows=2, ncols=1, sharex=True)
cmaps = [cmapl, cmap?2]
#
for 1, ax in enumerate(fig.axes):
cft = ax.pcolor(dat, cmap=cmaps[i])
fig.colorbar(cf, ax=ax)

fig.suptitle (u'CosnaHMe IMCKPETHHX LUBETOBHIX NaJUTp')
plt.show()

Mpy 3a8aHUN UCKPETHOW NaANTPbl HeoBXxoaMMO 0bpaLLaTb BHUMaHWE Ha COrlacOBaHHOCTb rpaHuL,
Ae/leHU LBEeTOBOW LUKa bl U rpaHuL, LBETOB, MHaUYe aHa/AM3 pUCYHKa ByaeT cepb&3Ho 3aTpyaHEH. Ha
NJaBHON LBETOBOM LUKa/e 3TO He TaK 3aMEeTHO, KaK Ha ANCKPETHOIA.

Ona sapaHua nonoxkeHua ageneHuii B metogae fig.colorbar() nnmn plt.colorbar() Heobxoaumo ykasaTb
napametp ticks. Yucno nonoskeHuii aeneHuii fo/HO 6bITb Ha 1 Gosblle yWucia LBETOB B NaauTpe
(BeneHwWii Ha oTpesKe Ha ogHy 6o/iblie, YeM NPOMENKYTKOB MeXKay HUMM)!

import matplotlib as mpl
import matplotlib.pyplot as plt
import numpy as np

dat = np.random.random(200) .reshape (20, 10) # cosmaé&rca MaTpula SHaUYEHUN
N = 10

# Crnmcok uBeror B HEX dopmaTe

cpool = [ '"#bd2309', '#bbbl2d', '#1480fa', '#1l4fa2f', '#000000°',

"#faf214', '"#2edfea', '#ealecd', '#ealed(0', '#cdcded',
"#577a4d', '#2ed6c0', 'H#£59422', '#219774', '#8086d9' ]
# Cosmanve IOMCKPEeTHHX LBETOBHX HAJUTP (colormap)
cmapl = mpl.colors.ListedColormap (
[Tr! 'orange', 'y', 'g', 'c¢', 'b', 'violet'], 'indexed'
Yy  # 7 uBeTOB
cmap?2 = mpl.colors.ListedColormap (
cpool[5:5 + N], 'indexed'
Yy # 10 uBeToB
fig, axes = plt.subplots(nrows=2, ncols=1l, sharex=True)

cmaps = [cmapl, cmap2]
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#
for 1, ax in enumerate(fig.axes):
cfF = ax.pcolor(dat, cmap=cmaps[i])
if G = 0):
fig.colorbar(cf, ax=ax, ticks=np.linspace(0, 1, 7 + 1))
else:
fig.colorbar(cf, ax=ax)

#
plt.suptitle(u”Co3gaHne OMCKPETHbIX LBETOBLIX MaymTp™)
plt_show(Q

m KoopauHaTHble ocux

EcTb KooppguHaTHble ocu (KoHTeiHep Axis). Ectb geneHusi (ticks) Ha KoopauHaTHbIX ocsx. [eneHus
HeoTAeNMMbl OT KOOPAMHATHOM OCM Ha KOTOPOUW OHM Haxogdatcs. [Mpm aToMm cBOMCTBa caMux AeneHui
(uBeT, AnuHa, ToMWMHA M Ap.), Ux nognuceli (Kernb, NMOBOPOT, UBET WpudTa, WPUpT 1 4p.), a Takke
CBA3aHHble C HUMW JNMHWWM BCMOMOTaTeNnbHOM CceTkn grid, XpaHATCA B OTAENbHOM XpaHWuLle-
KOHTeliHepe (koHTeliHep Ticks), a He B KOHTeWHepe Axis. [efleHuss M Ocn TeCHO CBfA3aHbl U OfHU
OTAENbHO OT APYrMX He UMEIOT cMbicna. Tem 6Gonee, Yto Ana yAo6CcTBa MOJb3oBaTeneil paspaboTumKm
chenannm MHOXEeCTBO MeTofoB Ans paboTbl C AeNeHUAMW U3 KOHTeliHepoB 60/iee BbICOKOro YpPOBHS
(Axes, Axis).

m [lononHUTeNbHas KOOPAUHATHAS OCb
WHorga TpebGyeTcs HAHECTM Ha OAWH PUCYHOK [Be BEIMYMHBI, KOTOpble VMMEKT 06line efuHULbI
M3MEPEHNsI MO OJHOW OcW, HO pasHble MO APYroii. 310 MOryT ObiTb BPEMEHHbIE PsAAbl CULHO
OT/IMYAIOLLUXCA MO MAclUTaby BENMUMH. Vnn psaabl BEMUUH, UMEIOLLUX pPasHble eAvHULbI U3MEPEHHUS. B
TaKuX cny4asx yao6HO prcoBaTh AOMOHUTENbHYHO KOOPAUHATHYIO OCb (OBbIYHO - OpAMHaT).

Takyto BO3MOXHOCTb ObecrieymBaeT metopg ax.twinx() gna ocm OX u metop ax.twiny() ana ocm OY. B
pesynbTate co3gaércs ewg ofHa 06nacTb pUCOBaHWA, COBMajarowWwas no pasmepam C MUCXOAHONW. Ha
Kaxaoli 061acTu puUCyroTcA COOTBETCTBIOYLLME 3HAYEHUS, NPV 3TOM C MOMOLLLIO MO/b30BATE/NbCKOM
HacTpolikM nognuceinl oceili opamMHaT MOXHO A06UTbCs, 4UTOObI BCMOMoOrartesnbHble ceTku grid o0b6emnx
obnacTein coBnaganu.

from matplotlib import rcParams
import matplotlib.pyplot as plt
import numpy as np

#

def fun O(arg0, argl):
X = np.arange(-2*arg0, 2*arg0, argl)
y = np-sin(X) * np.cos(X)
T = np.sin(X) + np.cos(X)
return Xx, v,

def do itQ:
#

fig = plt.figureQ
#

X, Yy, F=fun O(np.pi, 0.2)
#

axl = fig.add subplot(11l) # flBHO 3amaéTcs 06/1acCTb PUCOBaHUA
axl.plot(x, T, color="green®)
ax1l.plot(-0.0, -1.0, label = n*Cymva cos u sin®, color="green®)
axi.set ylabel(u"¢oyHkuma 17, color="green®)
ax1.grid(True, color="green®)
ax1.legend(loc=2)
axi.set title(U"HeCcKo/bKO pa3HOMacWTabHbIX MepeMEHHbIX™)

# NlereHpa pna Bcero pucyHka Tig
y =y * 333
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ax2 = axl.-twinxQ # Co3maérca BTOpas lWwKana ax2
ax2._plot(x, y, color="red")

ax2.plot(0.0, 200.0, color="red")

ax2.set ylabel(u™oyHkuma 2%, color="red")

ax2.grid(True, color="red")

#

if name = " main =
do 1tQ
plt.show()

m JlereHga gONONHUTENbHOW OCK

Ecnn rpadwmk ¢ SOMONHUTENBHOW KOOPAWMHATHOW OCbO, BbIMNOMHEH B YEPHO-6e/0M BapuaHTe, MOHATb
Kakow rpaMk OTHOCUTCS K NIEBOW LUKase, a Kako K MpaBoOil HEBO3MOXKHO. B Takom cnyuyae gns
naeHTUPUKaLMM AaHHbIX UCNONb3YIOT nereHay. Mimerotcss 0cob6eHHOCT npu paboTe ¢ lereHaol Takoro
rpadgmuka. OgHa nereHga oOTo6pasunacb A0S OAHOM KOOpPAMHATHOM ocv u3 AByX. Bropas nereHga
oTO6pasunncb A7 BTOPOV KOOPAMHATHOM Ocu 1 nepesatépna npegplaywyto. Ans Heé MOXHO 6bino
yKasaTb [pyroe MeCTO pacrnofioXeHus. UTobbl Kakaas noanvucb Oblia B CBOEM MECTE, HYXXHO
BOCMNo/b30BaTbcA MeTofoM ax.legend(), a He plt.legend().

PacnonoxeHwue nereHgpl 3afaérca napametpom loc metoga legend(), KOTOPbIA NPUHMMAaET 3HAYEHUs B
BMAe umdp (1-9), HauMHaa OT BEPXHEro /IeBOro yrfia 1 3akaHuMBasa HYDKHUM MpasbiM, U B BUAE YCNOBHbIX
0603HaveHuii. 3HayeHne loc='best' aBTOMaTUUeckn BblibepeT MEeCTO Ha PUCYHKe, rae fereHja MeHblue
Bcero OygeTr "mMoptutb" rpaguk. Takke MOXHO yOpaTb paMKy BOKPYr fiereHfbl Ansi BU3yaslbHOro
yMeHbLIeHMsA mecTa (frameon=False), 3aHUMaemMoro nereHgoMn.

from matplotlib import rcParams
import matplotlib.pyplot as plt
import numpy as np

#

def fun OCarg0, argl):
X = np.arange(-2*arg0, 2*arg0, argl)
y = np.sin(X) * np.cos(X)
T = np.sin(X) + np.cos(X)
return x, y, T

def do itQ:

#
fig = plt.figureQ
#

X, Yy, F=fun O(np.pi, 0.2)
#

axl = fig.add subplot(11l) # flBHO 3amaéTcs 06/1acTb pPUCOBaHUA
axl.plot(x, T, color="green®)
ax1l.plot(-5.0, 1.5, label=u"Cymvma cos n sin®, color="green®)
axi.set ylabel(u"¢yHkuma 17, color="green®)
ax1.grid(True, color="green®)
ax1.legend(loc=1)
y=y >33
ax2 = axl.-twinx(Q # Co3maéTca BTOpas lWwKkana ax2
ax2.plot(x, y*3, color="red")
ax2.plot(5.0, 400.0, label=u,lpon3segeHre cos u sin®, color="red")
ax2.set ylabel(u"oyHkuma 27, color="red")
ax2.grid(True, color="red")
ax2. legend(loc=2)
plt_title(u"Heckonbko pa3HoMacTabHbIX MepeMeHHbIX™)
# NlereHpa pona Bcero pucyHka Tig

I
3
=
)
ll-

if name b
do 1tQ
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plt_show(Q

m EanHada nereHpa
B cnyyae He06X0AUMOCTU MOXKHO O0ObEAUHUTL O6E NEreHbl.

from matplotlib import rcParams
import matplotlib.pyplot as plt
;mport numpy as np

def fun OCarg0, argl):
X = np.arange(-2*arg0, 2*arg0, argl)
y = np.sin(X) * np.cos(X)
T = np.sin(X) + np.cos(X)
return x, vy, F

#
#
def do 1t():
#
Tig = plt_figureQ
#
X, Yy, F=fun O(np.pi, 0.2)
#
axl = fig.add subplot(11l) # fBHO 3a4aéTcsA 06/1aCTb PUCOBAHMS
axl.plot(x, T, color="green®)
linel = axi.plot(0, O, label=u"Cymma cos n sin®, color="green®)
axi.set ylabel(u*oyHkupa 17, color="green®)
ax1l.grid(True, color="green®)
y=y>*33
ax2 = axl.twinxQ # Co3maéTtca BTOpas Wkana ax2
ax2._plot(x, y*3, color="red")
line2 = ax2.plot(0, O, label=u"Mpou3BegeHve cos u sin®, color="red")
ax2.set ylabel(u*oyHkupa 2%, color="red")
ax2.grid(True, color="red")
# o0ljasi eavHasl nereHaa
legends = linel + line2
labels = [l.get label() for 1 in legends]
ax1l.legend(legends, labels, loc=3, frameon=False)
#
plt_title(Uu"HecKosbKO pa3HOMaCWTabHbIX MepeMEHHbIX™)
# NlereHpa pna Bcero pucyHka Tig
if npname = " main
do i1itQ
plt.show()

m JlorapudMunUeckme KOopanuHaTHbie Ocu
Ecnm ocb opavHaT UMEET NIorapuMUYECKYHO LKA, TO TPativk (yHKLUN, KOTOpasi paBHa 3KCMOHEHTe OT
aprymeHTa, 6yfeT BbINseTb Kak NpsmMas MHUS.

Mo3ToMy MHOrAa Ha KOOPAMHATHbLIX OCAX GbiBaeT OYeHb YAOGHO WCMOMb30BaTb HE CTaHAAPTHYHO
paBHOMEPHYIO LLKaJTy, a IorapuMUYECKYHO.

Caenatb LKany KOOPAWHATHOM OcK NorapuiMMUECKO i MOXHO C MOMOLLbHO METOA0B
plt.xscale('log')/plt.yscale('log’)

nnn ons obnactei pucoBaHNA -
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ax.set_xscale('log')/ax.set_yscale('log').

MeTtoab! plt.loglog() u ax.loglog() nossonaloT BbipasuTb obe KOOpAUHATHbIE OCU B JIorapudmMUUEcKmX
LUKaNax.

import numpyimport matplotlib.pyplot as plt
import numpy as np
def set data(value):

X = np.arange(value)

y = np.exp(x)

return x, y
def do it 221(fig, x, y):

# 1 x u y=x

ax = fig.add subplot (221)

ax.plot(x, x)

ax.grid(True)

ax.set xlabel ('x'

ax.set ylabel('y x', fontsize=14)
def do it 222(fig, x, y):

# 2 x u y=exp(x)

ax = fig.add subplot (222)

ax.plot(x, v)

ax.grid(True)

ax.set xlabel ('x'

ax.set ylabel('y exp(x)', fontsize=14)
def do it 223(fig, x, y):

, fontsize=14)

, fontsize=14)

#3 xu y=exp (x). OY ¢ log mkaJjon
ax = fig.add subplot (223)
ax.set yscale('log') # log smech — HaTypaJibHHN JoTapudm!

# mna paboTe c TMHOM axlis -> ax.set yscale('log')
ax.plot(x, v)
ax.grid(True)
ax.set xlabel ('x', fontsize=14)
ax.set ylabel('y = exp(x)', fontsize=14)
ax.set title(u'OY log mkaja', loc='center')
def do it 224 (fig, x, y):
# 4 x um y=x. OX ¢ log mkajon
ax = fig.add subplot (224)
ax.set xscale('log') # log smech — HaTypaJbHHN JoTapudm!
ax.plot(x, x)
ax.grid(True)
ax.set xlabel ('x', fontsize=14)
ax.set ylabel('y = x', fontsize=14)
ax.set title(u'OX log mkaja', loc='center')
if name == ' main ':
fig = plt.figure()
X,y = set data(20)
do it 221(fig, x,
do it 222(fig, x,
do it 223 (fig, x,
do it 224 (fig, x, V)
# ArTOoMaTHMUecKkOe dOpMATHUPOBAHUME PUCHYKA
plt.tight layout ()
plt.show()

)
)
)

KKK

matplotlib.pyplot as plt
import numpy as np

def set data(value):
X = np.arange(value)
y = np.exp(x)
return x, y

def do it 221(fig, x, y):
# OBHIUHBIE WKAJIELI
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def

ax = fig.add subplot(211)

ax.plot(x, V)

ax.set xlabel("x", fontsize=14)

ax.set ylabel("y = exp(X)", fontsize=14)
ax.set tirtle(uO6bidtbie wkarbi™)
ax.grid(True)

do i1t 212(fig, X, Y):

# Log WKasbl

ax = fig.add subplot(212)

ax.loglogQ

ax.set xlabel("x", fontsize=14)

ax.set ylabel("y = exp(X)", fontsize=14)
ax.set title(u™0Y log n OX log wkarbi™)
ax.grid(True)

name = " main
Tig = plt_figureQ
X, Yy = set data(b0)

do 1t 221(Fig, X, V)
do it 212(fig, X, V)

# ABTOMATMYECKOE (OPMATUPOBAHVE PUCYHKA

plt_tight layoutQ
plt_show(Q
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m [loToK (M npouecc)
B atom pasgene paccMatpmBakoTCA MOTOKMA W TMpPouUecChbl, UX MNMpPpuUMeHeHne, OCOGEHHO B YyCnoBusx
MHOrOMNOTOYHOCTU (M MY/IbTUNPOLLECCHOCTK).

m [loHATVA v onpeaeneHns
Mpouecc - 3TO UCMOJHAEMbIA 3K3EMMNASP KakoW-nnmbo nporpaMmel. [pouecc BKIWOYaeT cnegyrome
3M1EMEHTBI:

[ 06pa3 MaLIMHHOIO KOAJ;

[ 06nacTb NamaTu, B KOTOPYH BKIKOYAETCS WCMOMHAEMbIA KOA, AaHHble npoLecca
(BXO4HbIE Y BbIXOAHbIE AAHHbIE);

[ CTEK BbI30BOB M Kyya (06/1acTM namsTM AN XpaHeHUs AMHaMUYecKu cOo3[aBaemblxX
[JaHHbIX);

[ [LeCKp/NTOpbl OMepauroHHON cucTeMbl (Hanpumep, (bainnoBble 4eCKPUNTOPDI);

[ MHOopMaLMA O COCTOSIHUM MpoLiecca.

MpoLiecc MMeeT COBCTBEHHOE AP0 U Bbie/IeHHYI0 eMy NamsTh, KOTopble HE 1CNoMb3yeTcss COBMECTHO C
ApyrMMu  npoleccamun. [polecc MOKeT KNoHMpoBaTb cebs, co3faBas B OAHOM sfgpe npoleccopa
HECKO/IbKO 3K3eMM/ISIPOB 3TOr0 NpoLiecca. B cCOBpeMEHHbIX OMepauMOHHbIX CUCTEMbI KaXKAblii MmpoLecc
MMeeT MpsSMOIA  [JOCTYN TONMbKO K CBOMM COGCTBEHHbIM pecypcam. B Uensx cTabuibHOCTU ©
6e30MmacHOCTM, AOCTyn K pecypcam [ApYyrMx MPOLECCOB BO3MOXEH uepe3  MeXNpoueccHoe
B3aMMofeiicTBMe (Hanpumep, NOCPEACTBOM (haiifioB, MPU MOMOLLM MMEHOBAHHbLIX Y HEMMEHOBAHHbIX
KaHa/loB 1 MHOTVX APYTUX CPEACTB).

B multiprocessing (MynbTUNPOLECCHOR) cpefe MPOLECC - MpeacTaBsieT COOO0i Takke He3aBUCUMYH
nocnefoBaTe/lbHOCTb BbINOIHEHUS BbIYUCNEHWUIA.

Cam npoLiecc MOXET GbITb pas3fenieH Ha MOTOKW.

Motok (MOTOK BbINOMHEHWA, thread) ABnseTcs HaMMeEHbLUEA eauHULERn 06paboTku, WCMOMHEHME
KOTOPOW MOXeT ObITb Ha3HAYeHO AAPOM OMNepaLMOHHON cucTeMbl. MNOTOKMU CYLLECTBYIOT BHYTPYU OHOrO
npouecca M WMENOT [JOCTYM K pecypcaMm 3Ttoro npouecca. Kaxiblii noTtok obnager co6CTBEHHbIM
HabopOM PEerncTpoB M COOCTBEHHbLIM CTEKOM BbI30Ba, HO JOCTYM K HUM TakKXXe MMEKT U Apyrne MOTOKW.
370 HesaBuUCMMas MOCNefOBaTe/IbHOCTb BbIMOMHEHNA KakMX-TO BblYMCNEHUA. B pamkax OfHOro sgpa
npotieccopa noTok thread mMoxkeT AennTb NamsTh, a TAaKKe ero NPOLLeCCOPHOE BPeMsi CO BCEMMU APYTMMM
NnoToKamu, KOTOpble CO3[alTCA BbINOSHAEMON MNPOrpaMmMoil B PpaMKax pPecypcoB, BblAeNeHHbIX
nporpamme fA4py npoueccopa. Takmm 06pasoM, MNOTOKM MOIYT WCMOMb30BaTb OfHY WU Ty ke
BblE/IEHHYIO NamSATb.

Korpa Hecko/ilbKO MOTOKOB BbIMOJHSIOTCS OJHOBPEMEHHO, HeNb3si NPeAyCcMOTPETb MOPSA0K, B KOTOPOM
noTokn ByayT 06pallaThes K 06LMM AaHHbIM. Pe3ynbTaT JOCTyna K COBMECTHO UCMOJb3yeMbIM AaHHbIM
3aBUCWT OT aJiIrOPMTMa MJaHUPOBAaHWS, KOTOPbLIA peLuaeT, Kakoli MOTOK W Korga 3anyckatb. Eciv Takoro
anropyTMa HeT, TO BO3MOXHbI pe3ynbTaT BbIYUCIEHUA MOXET GblTb HE TAKUMW KaK OH OXUAANCS.

Hanpumep, ecnn 06baBneHa o6Las nepemMmeHHas

a=2

M nBa notoka, thread_one unthread_two, KoTopble BbIMOMHAIOT CriefytoLne onepayuu:
a=2

# yHKUMA 1 noToka
def thread one():
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global a
a=a+ 2

# dyHKUMS 2 moTOoKa

def thread two():
global a
a=a* 3

Ecam notok thread_one noayuuTt goctyn K obLieit nepemeHHOM

a

nepsbim U thread_two BTOpbIM, TO pe3ybTaT byaeT 12:

2+2=4;

4*3=12.

Ecam cHavana 3anyctutca thread_two, a 3atem thread_one, To 6yaeT noayyeH apyroi pesyabTar:

2%3=6;

6+2=8.

Taknm 06pa30M, nopAAOK BbINOJ/IHEHNA onepau,m‘/'l NOTOKaM MMeEET NPpUHUUNNnabHOE 3Ha4Ye€eHUe. bes
aA/ITOPUTMOB NJIAHNPOBAHMA OO0CTYyMNMa NMNOTOKOB K 06LI.I,VIIVI AdHHbIM TakKune OWKNBKKN oUeHb TPYyAHO HaUTU U
Npon3BecTtn OT/1aAKy. I-(pome TOro, OHW, KakK NpaBun10, NMPOUCXOOAT CﬂyqaﬁHblM 06pa30M, Bbi3blBaA
6€CI'IOpH,EI,Ol-IHOG M Henpeackasyemoe nosegeHue.

Ewé 6onee xyawmii BapMaHT pasBUTUA COBbITUM, KOTOPbIA MOXKET NpounsoiTn bes BcTpoeHHoM B Python
610KMPOBKM MOTOKOB GIL MOKET NpoM30iTHU, Hanpumep, ecin 0ba NOTOKA HauHYT YMTaTb r1obasbHylo
nepemMeHHyo

a

ofiHoBpemMeHHo. [pu aTom 06a NOTOKa yBUAAT, UTO

a = 2

, @ Jajblue, B 3aBUCMMOCTM OT TOrO KaKoM MOTOK MPOW3BEeAeT BbIMMCIAEHUA MOCAeOHUM, 3HadyeHue
nepemeHHoM

a

6ynet pasHo 4 nnm 6.

MOTOKM MMEIOT HECKOJ/IbKO NpumeHeHuid. MNepBoe - yckopeHue (?) paboTbl nporpammbl. Bo3smoskHO,
CO34aHu1e UIH03UKU YCKOPEHUA, KOTOpasA AOCTUrAeTCA 33 CYET Napasie/IbHOrO BbINOJAHEHNA HE3aBUCUMbIX
OpYr OT Apyra BbIMUCAEHWIA.
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BTopoe - He3aBMCMMOE WCMOJIHEHUE onepauuii. Hanpumep, ecnv ecTb MPUIOXKEHUE C FpaguyecKnumM
NHTEP(EICOM, B KOTOPOM BECb KOZ BLIMOJHAETCS B OLHOM MOTOKE. MMpy BbINONHEHUW KaKON-HWUGYAb
[Onroli onepaumu (Hanpumep, KOMMPOBaHWs haiina 60Mbloro pasmepa) UHTepdelic NpUIoXKeHNs
nepecTaHeT OTBeYaTb Ha AeliCTBMS (3anpockl) MOMb30BaTENs A0 TEX MOP, MOKA He 3aBepLuMTCs LOMruiA
MpOLIECC KOMMPOBaHUs. B TakoM ciyyae B OAVMH MOTOK MOMeLLaeTcs paboTa rpagmyeckoro nHtepdeiica,
B APYroil - ocTa/ibHble BbIYUCAEHUS. B 3TOM cfiydae MOTOK MHTepdelica NMO3BOAUT NPOBOAUTL Apyrve
onepauumn faxe BO BPEMS BbIMOSIHEHUSI B €O MOTOKE Ornepauuy KOnupoBaHus.

Mporpammbl Ha Si3blKe MNpoOrpammMupoBaHust python Mo ymonyaHuio WMMEKOT OAMH OCHOBHOWM MOTOK.
3Tomy crioco6beTByeT peanusaums uHTepnpetatopa GIL (Global Interpreter Lock), kotopas wumeet
BCTPOEHHBIA MexaHU3M, KOTOpbIA ob6ecneyvBaeT BbINOMHEHME OLHOrO MOTOKa B OGO MOMEHT
BpemeHU. GIL obneryaet peanmsauuto MHTepnperatopa (Takyto NporpaMmmy npoLle Hamucatb), 3almilas
06bEeKTbI BbIMOMHAEMOW MpPOrpamMMbl OT O4HOBPEMEHHOIO AOCTyna U3 HECKO/IbKUX MOTOKOB. lMoatomy
co3fjaHVe HECKO/IbKMX MOTOKOB He NpuBegeT K UX O4HOBPEMEHHOMY MWCMOSIHEHMIO Ha PasHbIX Agpax
npoueccopa. OgHako B BbIMOMHAOLWEN cpefe python MOXHO co3gatb 60/blle NMOTOKOB W MO3BOANUTH
nepeknYvaTbcs MexXxay Humu. Mpu 3TOM HEKOTOpble MOAY/N, KaK CTaHAAPTHbIE, TaK 1 CTOPOHHME, Bbin
co3faHbl gns ocBob6oXKaeHMA GIL Mpu BbIMOSIHEHUN TSXKENbIX BbIYUCINTENbHBIX Onepauui (Hanpumep,
oKatus winm xewwmposaHus). K tomy e, GIL Bcerga cBo60ogeH Mpy BbIMOSHEHUU OMepauunii BBOAaA-
BbIBOJA.

m OnwucaHue pa3HbIX MoaxoAoB K Mapasvie/ibHbIM BbIYUNC/IEHUAM B
Python
Onpegensetca (yHKUMA, KoTopas OydeT WCMOnb30BaTbCA [ ONMCaHUS PasfIMyHbIX BapuaHToOB
BblUMCNEHNIA. B cnepytowmx npumepax OyaeT MCronb3oBatcs OAHa U Ta Ke (yHKUMS, HasblBaemast
master() (94po noToka):

def master(n):
for x in range(1, n):
for y in range(1, n):
res = xX**y

®yHKUMs master() npefcTaBiseT cO60M BNOXKEHHbIN LMK/, KOTOPbI/A BbIMOJHAET BO3BEAEHWE B CTEMEHD.
Mpn BLINO/IHEHUM MaTeMaTUUECKMUX BbIYMCIEHMIA MOXHO YBWUAETb 3arpy3Ky npoueccopa 6/amM3Ky K
100%.

®yHKuua master() GygeT 3anyckatbCs MO-pa3HOMY, TeM CaMbIM [AEMOHCTPUPYS Pasnmuns Mexay
O6bIYHOW OAHOMOTOYHOW NporpaMmoii Python, MHOrOMOTOYHOCTLIO Y MY/TIbTUMPOLLECCOPHOCTLHO.

m OJHOMOTOYHLIN peXum paboThl
Kaxxgasa nporpamma Python vmeeT Mo kpaliHeii mMepe OAMH OCHOBHOI MOTOK. Hmbke npefcraBieH
npvmep kofja Ans 3anycka (gyHkuum master() B O4HOM OCHOBHOM MOTOKE OAHOrO fpa npotieccopa,
KOTOpLIA NPOM3BOAUT BCE OMepauun MOCNefOBATENIbHO U GYAET CNY>XWUTb 3Ta/IOHOM C TOYKM 3peHus
CKOPOCTM BbIMOMHEHWS:

import time

def master(n, 1i):
for x in range(1, n):
for y in range(1, n):
result = x**y
print(F\nlukn N {i}. Pesynbtar {result)\n')

# nocnepoBaTesbHbIA 3aMycK PyHKUMM master
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def sequential(n):
for 1 In range(n):
master(10, 1)
print(F'{n} UWKNOB BbLIMUCNEHWIA 3aKOHYEHbI'")

if name = " main %
start = time.time(Q)
sequential (50)

end = time.time(Q
print(f\nO6bwee Bpemsa padotsi: {end — start}'")

m [lpumep ncnonb3oBaHWUA MNOTOKOB C MpUMeHeHeM 6ubnumoTteku threading
B cnepytowem npumepe 6yaeT MCNOMb30BaTbCA HECKONbKO MOTOKOB [A15 BbINOMHEHMSA (YHKUMN
master(). Pabota ¢ NOTOKaMM OCYLLECTBASETCS MNPV MOMOLWM CTaHAapTHOW 6ubnmotekm threading.
Byget npounsseneHo 400 UMKAOB BbIUUCIEHWA. 15 3TOr0 BbIYMCNEHUS pasgenstotca Ha 4 61oka no 10
MOTOKOB, B Ka&XKAOM M3 KOTOPbIX 6yfdeT 3anyweHo no 10 uuknos. Metog .join() BbI3bIBAETCA OT MMEHU
notoka. OH nNO3BOSAET YyKa3aTb OAHOMY BbINOMHAEMOMY MOTOKY, 4YTO Heob6XoAMMO [oXKAaTbcA
3aBepLleHunss Apyroro notoka (4pyrux MoTokos). INpu UCMOJIb30BaHUM 3TOr0 MeTofda MOTOK, OT UMEHU
KOTOPOro npoucxoAr BbI3OB MeTofa .join() ocTaHOBUTCA W ByaeT XjaTb 3aBeplleHus (3aBeplueHne —
ato HE octaHOBKa) Apyrvx MNOTOKOB. MeTofg join() MOXeT NpUHUMaTb OAUH aprymeHT - TalimMayT B
cekyHgax. Ecnu TaimayT 3agaH, join() 6nukupyeT paboTy MOTOKa Ha YykasaHHoe Bpems. Ecim no
NCTEYEHNN BPEMEHN OXWUAAEMbIA MOTOK He OyaeT 3aBepLueH, join() Bce paBHO pa3GnokmpyeT paboTty
MoTOKa, BbI3BaLLEro ero. MpoBepuTb, UCMOMHAETCH I NMOTOK MOXHO € NOMOLLbIO MeToAa is_alive().

from threading import Thread
import time
import numpy as np

def master(i, n):
for x in range(1, n):
for y in range(1, n):
result = x**y
print(F\nUukn N {i}. Pesynbtar (result)\n'")

# 3anyckK (QyHKUMM master Ha HECKO/IbKUX MOTOKax
def sequential(nthSet,nth ,calc, master):

for 1 in range(calc):
print(f'3anyckaerca notok N {rth) B 6roke {nthSet} onepaums {i}")
master(i, 10)

print(fF\n{calc} uuknoB BbuucreHnii B Groke {nthSet} notoka {nth}
3aKOHYeHb!."")

def threaded(nthSet, nth, calc):
# nthSet - kKonmuyecTBO O6/10KOB
# nth - KomM4yecTBO MOTOKOB B OrloKe
# calc - KOMMUYECTBO onepaumini Ha MNOTOK

threads = [I1, [0, 0.

# BbuMCNEeHUA JensaTca Ha 4 6roka,

# B OGroke 10 NOTOKOB

for thElem in range(0, nthSet):
for nthElem in range(0, nth):
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threads[thElem] .append(Thread(target=sequential,
args=(thElem,nthElem ,calc, master, )))

# KaxOpli MOTOK [O/KeH Obmb 3anyweH
for thElem in range(0, nthSet):
for nthElem in range(nth):
print(F"\n— 6ok {thElem}, notok {nthElem}: start ! — )
threads[thElem][nthElem] .start()

# OxmgaHne 3aBeplleHnsa padoTsl 4719 BCeX MOTOKOB
for thElem in range(0, nthSet):
for nthElem in range(0, nth):
threads[thElem][nthElem] - join()

if name = main %
start = time.time(Q)
# BbUMC/IEHUA pa3aensuTca Ha 4 6/10Kka MOTOKOB
# B Kaxaom u3 KoTtopsX rno 10 noTokos,
# KoOTOpble genawT no 20 UMKIoB
threaded(nthSet=4, nth = 10, calc=20)
end = time_timeQ
print(*'Obwee Bpema paboTsiz ', end — start)

OfHONOTOUHbIA pexxmM paboTbl OkasbiBaeTcs ObiCTpee, MOTOMY UTO OAMH MOTOK HEe UMeeT HaknagHbIX
pacxofoB Ha co34aHue NOTOKOB (B AaHHOM Crydae co3faercs 4 NoToKa) 1 NepektoyeHne Mexay HUMK.
Ecnn 6b1 'y Python He 6bi10 GIL, TO BbluuceHMa yHKUMKM master() npovcxogunn 6bl 6eicTpee, a obuiee
BPEMS BbINOHEHUSI NPOrpamMmbl CTPEMUIOCH KO BPEMEHW BbIMNOMHEHUS OAHOMOTOYHOW MPOrpammbi.
MpuunMHa, NO KOTOPOI MHOFOMOTOYHBI PEXMM B AaHHOM NpuMepe He OyfeT paboTtatb 6bicTpee
OLHOMOTOYHOTO 3aK/KYAETCA B BbIYMCIEHUSX, CBSA3aHHbIX C MPOLLECCOPOM 1 3ak/o4atotes B GIL.

Ecnm 6bl (hyHKUMSE master() MMen MHOTO G/IOKUPYIOLIMX OMepauuii, TakMx Kak CEeTEBble BbI30Bbl WM
onepauum c¢ (alifnoBoii CUCTEMOI, TO NPUMEHEHVME MHOTOMOTOYHOIO pexuma pabotbl 6bi10  6Bbl
OnpaBfaHo 1 (BO3MOXHO) fano YBeIMYEHWE CKOPOCTU.

370 yTBEPXKAEHME MOXHO MPOBEPUTL CMOAENMPOBaB Ornepauuy BBOAA-BbIBOAA MNPV MOMOLLM (DYHKLK
time.sleep().

m threading: getann npumMmeHeHuUs
B 6ubnuorteke threading npeactasneH knacc Thread ana co3faHUs NOTOKA BbINOMHEHUS.

KoHcTpykTop Knacca Thread vmeeT cnefytolime apryMeHThbl:

W group AO/MKHO 6biTb None; 3ape3epBUpOBaHO 45 Gyaytowmx peannsauyunii Python 3;

m target ABNSEeTCA MCMOMHSAEMbIM OOBLEKTOM (MO yMON4YaHUIO paBeH None, HUYero He
NCMOJIHAETCS);

name 0603Ha4YeT MM NOTOKa (MO YMOMYaHUKO MMSI TEHEPUPYETCS aBTOMAaTUYECKN);

args - KOpPTeXX apryMeHTOB A/151 UCMO/IHSEMOro OObEKT],;

kwargs - cnoBapb MMeHOBaHHbIX apryMeHTOB A/ UCNOSHAEMOro 06beKTa;

daemon paBHoe True 0603HA4YeT CAY)KEOHbIA MNOTOK (CMY>KeOGHble MOTOKU 3aBepLuakoTcs
NPVHYAMTENBHO NPU 3aBEPLUEHMM MPOLECcca); MO ymonvaHuio False.

Mocne TOro, kKak OOGBEKT cO3f4aH, MOTOK 3aryckaeTca MyTeM Bbi3oBa MeTtoga start(). 3agaHue
MCNOMIHAEMOrO KoJa B OTAe/lbHOM MOTOKE BO3MOXHO ABYMSi crocobamu;

W epefaya UCMNONHAEMOro oobekTa ((PYHKLMN) B KOHCTPYKTOP Kacca,
m epeonpeaeneHune GyHKUMK run() B Knacce-HacnegHuMKe.
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import threading
import sys

def thread job (number):
print (f'Hello {format (number)}')
sys.stdout.flush{()

# thread job Ha HeCKONbKMX NOTOKaXx

def run threads (count) :
threads = [
threading.Thread(target=thread job, args=(i,))
for 1 in range (0, count)
]
# KaXOLli [MOTOK M3 CHMCKA [IOTOKOB LNOJIKEeH OHTh SBalylleH
for thread in threads:
thread.start ()
# oxmmaHue wucnosHenus BCEX NOTOKOB
for thread in threads:
thread.join ()

run_threads (5)
print('finish")

BbinosiHeHMne nporpammbl B python KOHYa€eTCA, KOrda 3aBepLUueHbl BCe Hecny>+(e6Hb|e MOTOKW.

U ewwé oaMH npumep KoppekTHO paboTaloLero Koga (MeTog, .join 3aech He BbisbiBaeTcA):

from threading import Thread
import time

def thread job (number):
time.sleep(2) # norok "ycHrmigerca" Ha 2 cek
print (f'\nHello {number}', flush=True)

def run threads (count):
threads = [
Thread(target=thread job, args=(i, ))
for 1 in range (0, count)
]
# KaXOLll [IOTOK HOJIKEH OHTL SBalylleH
for thread in threads:
thread.start ()

run_threads (5)
print('finish")

B stom npumepe ctpoka "finish" neuataetca paHble ctpoku "Hello 0", T.K. rnaBHbIA NOTOK Tenepb He
KOeT 3aBepueHnsa paboTbl Apyrux noTokos. MeTog, join() wucnonbsyetca ans  6/10KMpoBaHUA
NCMOJIHEHWNA POOUTENBCKOIO MNOTOKA A0 TEX NOP, NOKA CO34aHHbIN MOTOK He 3aBepLUnTca. ITo TpebyeTca
B C/ly4yasx, Korga ana paboTbl NOTOKa-poAuTesNiA BayKeH pesysbTaT paboTbl NoTOKa-NnoToMKa. B stom
C/ly4ae BblYUMC/IEHUE UTOTOBOTO 3HAYEHUA BbIMOJIHAETCA B [/TABHOM MOTOKE, HO 3TO BO3MOMKHO TOJ/IbKO
noc/ie 3aBepLIeHNA BblYMCIEHUI B MOBOYHbIX NOTOKax. B Takom c/lydae rnaBHbIM MNOTOK HYXKHO NMpPOCTO

NMPNOCTAaHOBUTDb A0 TEX NOP, MNOKa HE 3aBepLuaTcAa Bce noboyYHble NOTOKM.
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® multiprocessing

Bubnmnoteka multiprocessing No3BossieT OpraHU30BaTh NapaniefnindM BbIMMCIEHUA 3a CYET CO34aHus
noanpoueccoB. Tak Kak Kakgbli nognpouecc (MPOLECcC) BbIMOMHSAETCS HE3aBUCMMO OT APYrux, 3TOT
MeToA Mapannennsma no3BosnseT msbexarb npobnem c GIL. MpegoctaBnsiemblii 6ubnmnotekon AP
OMBIMOTEKN CXOX C TeM, 4To ecTb B threading, XoTa ecTb yHUKa/bHble Beln. Co3gaHue npoLecca
npoucxogut nyTéM co3gaHms ob6bekta knacca Process. AprymeHTbl KOHCTPYKTOpa aHaloruyHbl
aprymeHTaMm, OObSIBTENIEHHbIM B KOHCTPykTOpe Thread. B TOM uucne aprymeHT daemon no3BOSSIET
co3faBaTb Cy>eOGHble NMPOLECChl. 3TM NPOLECCHI 3aBEPLUAOTCA BMECTE C POAUTENIbCKMM MPOLLECCOM U
HE MoryT nopo)gaTb CO6CTBEHHbIE MOAMPOLLECCHI.

Mpumep paboTbl ¢ GUBNNOTEKOIA;

from multiprocessing import Process

def f(name):
print("hello®, name)
if npame = " main
p = Process(target=f, args=("tst-",))
p-start()
p-joinQ

Kaxkaplii npoLecc nmeet cBoii ID 1 B 3TOM MOXHO Y6eAuUTbCS, 3anycTUB KOf;

from multiprocessing import Process
import os

def info(title):
print(title)
print(*module name:-, name )
print(“parent process:", os.getppid())
print("process id:", os.getpid())

def f(name):
info("function )
print("hello®, name)
if npame = " main
info("main line%)
p = Process(target=f, args=("bob*,))
p-start()
p-joinQ

Kak 1 Bcerga, KOHCTPyKUUA _ name_ = main__"' Hy)XXHa Ans TOro, 4to6bl MOAY/Mb MOXHO 6bl0
6e30nacHO MoJk/oYaTh B Apyrre Moayniv 1 npyu aToM Ge3 Begoma nporpaMMUCTOB HE CO3[aBaiuCh Gbl

HOBbIE MPOLECCHI.

m B3aumogelictBue mexay npoweccamu
multiprocessing npegoctasnsetr TP Buaa MexXnpoueccHOro obmeHa AaHHbIMMW: O4Yepenu, KaHasbl
AaHHbIX (pipe), thaiinbl.

Ouepean (knacc Queue) aHaNIOrMUHbI CTPYKTYpe AaHHbIX "oyepenb”.
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from multiprocessing import Process, Queue

def f(q):
g.put([42, None, 'hello'])

if name ==
d = Queue ()
p = Process (target=f, args=(q,))

main

p.start ()
print(g.get()) # BoiBOOMT "[42, None, 'hello'l"
p.join()

Knacc Pipe (kaHan) oTBeuaeT 3a KaHan obmeHa AaHHbIMK (MO YMO/MaHWIO, ABYHanpaB/ieHHbIi),
npeactas/eHHbIM ABymAa obbeKkTamu Knacca Connection, KoOHUamMK KaHana. C oAHUM KOHLLOM KaHana
paboTaeT poauTeNbCKMIA NPOLECC, a C APYTMM KOHLLOM - MoAnpoLecc.

"""Krnacc Pipe (kaHaJl) oTBeUyaeT Ba KaHaJl oOMeHa IaHHBMM (IO yMOJIUYaHMIO,
OBYHAaIpaBJIEHHEHM ), NpeICTaBJIeHHBEM OByMs ofbekTamMu kijacca Connection,
KOHLaMK KaHaja. C OOHMM KOHIOM KaHaja pafoTaeT pPOIUTEJbCKUM IIpoliecc,

C OpyTMM KOHIOM — IOIINPOLIeCC.
from multiprocessing import Process, Pipe

def f(conn):
conn.send([42, None, 'hello'])
conn.close()

if name == ' main
parent conn, child conn = Pipe()
# nommpouecc ToToB HOCEUIATh IO KaHajty child conn
p = Process (target=f, args=(child conn,))
p.start () # sanyck nommpouecca
# pommTenbCckMM Hpolecc MO KaHally parent conn moJsydaeT procTxt
procTxt = parent conn.recv()
print (procTxt) # BoiBOOMT "[42, None, 'hello'l"
p.join()

Ewe oavH Bua obmeHa AaHHBLIMU MOMKET BbiTb AOCTUIHYT MyTem 3anucu/uteHua obbluHbix daiinos.
Ytobbl MCKAIOUMTE OAHOBPEMEHHYI0 paboTy AByX MpoueccoB ¢ ogHUM daiiom, B bubanoteke ectb
K/1accbl aHanornyHble threading.

from multiprocessing import Process, Lock

def fun(lck, 1i):
lck.acquire()
try:
print('hello world', i)
finally:
lck.release()

if name == ' main
lock = Lock()
for num in range(10):

Process (target=fun, args=(lock, num)).start()
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m Knacc Pool u multiprocessing
Knacc Pool npeactaBnser MexaHU3M pacnapaniennBaHvs BbIMONHAEMbIX PYyHKUWUIA, pacnpeseneHus

BXOAHbIX AaHHbIX MO npoLeccam U T.4.
Haunbonee BaxkHble MeToAbl Knacca: Pool.apply, Pool.map, Pool.apply_async, Pool.map_async.

Mpumep paboTtel knacca Pool:

from multiprocessing import Pool

def cube(X):
return x**3
if name = " main ':

pool = Pool(processes=4) # co3paétca nyn u3 4 npoueccos

# B apply MOXHO nepefaTb HECKO/IbKO aprymMeHToB

results = [pool.apply(cube, args=(x,)) for x in range(1,7)]
# uucna packugsBawTca or 1 go 7 no 4 npoueccam
print(results)

pool = Pool(processes=4)

# TO Xe cawoe, HO C map. pa3buBaeT uTepupyembii 06bekT (range(1,7))
# Ha chunks n packugpiBaeT aprymMeHThl Mo npoLeccam

results = pool.map(cube, range(1, 7))

print(results)

map, apply - 610kupytoLMe BbI30Bbl. [NaBHas nporpamma GyaeT 3ab/0KMpPOBaHa, Moka MPOLEece He
BbINO/HWT PaboTy.

map_async, apply_async - Hebnokupytowue. MNpy Mx BbI30OBE, OHW Cpa3y BO3BPALLAOT yrpas/eHne B
rnasHyto nporpammy (Bo3pawaot ApplyResult kak pesynbtatr). Metop get() o6bekra ApplyResult
6/10KMpPYET OCHOBHOWM MOTOK, MOKa PyHKLUNA He ByaeT BbiNOMHEHA.

pool = mp.Pool(processes=4)

results = [pool.apply async(cube, args=(x,)) for x in range(1,7)]
output = [p-get() for p iIn results]

print(output)

® [1pyMeHeHne MHOrornoTOYHOCTU: B3NS4 Ha 3BE3bl
OT npocToii Mogenn U3 AByX LIeNeBbIX PYHKLMIA K OGBEKTHO OPUEHTMPOBAHHOMY MPUIOXKEHNIO

m [lepBblil 3Tan pa3paboTKU NPUIOXEHUS
Teneckorbl MbITAOTCA PacCMOTPETb 3BE3Abl LieNeBOM (PyHKUumeli starSearching.

import random
from collections import defaultdict
from threading import Thread

# 3BE34pl N TesecKornsl
STARS = (None,

"¥EMTLINKapmK® ,

"KpacHblil uraHT ",
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[BOHas3Be3na” ,
HoBaA3Be3da™, )

SCOPES = ("rScope0”, "rScopel”, rScope2”)

# ObpaboTKa pe3ynbTaTroB Movcka 3BE3.. PaboTawT 2 Teneckona
def starSearching(scopename, attempts):
catch = defaultdict(int) # cuétumk pelynbTtaros cnosapb (key, value)

# Teneckona scopename /s ydyéTa HaliieHHbIX 3BE3/
# (Kakas 3Be3da, CKOMbKO TakuX 3BE3M)

for attempt In range(attempts):
print(f"\n{scopename) {attempt} norbTka ... UaET nouck", Flush=True)

# TakuMm obpa3oM oTpabaTbiBaeTcA nay3a (Bpevss paboTbl 419 Tesieckorna scopename)
= 5 * (random.randint(25, 75) * 10000)

#
star = random.choice(STARS) # Teneckon OTpaboTaUl MOSIOKEHHbI
# nHTEpBan BpeMeHu. W 4To TO Hawén?
# pa3bop pe3yNbTaToB MOUCKA:
if star is None:
print(f {scopename) {attempt) nycrtasa norbrka®, Flush=True)
else:
print(f"{scopename) {attempt) o6bekT HageH", Flush=True)
catch[star] += 1 # yBenMyeH CUYETUMK pe3y/bTaToB TesiecKona
# scopename
print(f*\nHa Teneckone {scopename) HaigeHo:", Flush=True)
for star, count in catch.items():
print(f* {star), {count) *, TFlush=True)
printQ)
def dolt():

# 0-n Teneckon (rScope0) - B MOTOK U 3arnyCK U3 MOTOKA.

# kwargs - aprymeHTbl (yHKUM target (ueneBoi yHKuMK starSearching)

thread = Thread(target=starSearching, kwargs=dict(scopename=SCOPES[O0],
attempts=10))

thread.start(Q)

# 1- Teneckon. [MpsiMoii 3anycK M MNpUCOeaMHEHNE K MOTOKY
starSearching(scopename=SCOPES[1], attempts=10)

thread.join() # oxmgaHve OKOHYaHusI pPaboTbl MOTOKOB

if name = main "
doltQ

m BTopoii aTan pa3paboTKM NPUNOXKEHUS
3[ecb He 06GbsABMEHbI KAcChl.

import random
from collections import defaultdict
from threading import Thread
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# SBESOE U TeJeCKOIH
STARS = (None,
'xénremKapnuk ',
'kpacHeMIMTAaHT',
'IBoMHaa3Besma’,
'HoBag3Besma', )

SCOPES = ('rScopeO', 'rScopel', 'rScope2')

def starSearching(scopename, attempts, catch):

# TeJIeCKOII

# KOJIMYECTBO IIOIHTOK

# CUETUMK S3BESI

# (3HaueHMe [Ji9 BO3BpaTa M3 [IOTOKA)

for attempt in range (attempts):
print (f'{scopename} {attempt} nonwTxka ... MHé&r nomck', flush=True)

# maxuM oBpasoM oTpaBaThHBaeTCcsd Haysa (BpeMa pab®oTH IS TeJIeCKolla Scopename)
= 5 ** (random.randint (25, 75) * 10000)

star = random.choice (STARS) # meneckon oTpaBoTall IMOJIOXEHHHI
# uHTepBan BpeMeHM. M UTO TO HamMEN?

# pasBop pesysbLTATOB IIOMCKA:
if star is None:
print (f'\n{scopename} {attempt} nycras nonmTkal\n', flush=True)
else:
print (f'\n{scopename} {attempt} obwexT HalmeH\n', flush=True)
catchl[star] += 1 # yBesuueH CUETUMK PESYJbLTATOB
# menmeckomna scopename

def doIt(scopes, starlList):

# 0-if Teyeckom - B IIOTOK M BalyCK U3 IIOTOKAa.
# kwargs - apryMmeHTH OGyHKUUM target
rScopel catch = defaultdict (int) # cuéTumMk pPesyJLTATOB CJOBApPb

# (key, value)

# Tesneckoma scopename mns ydu&€Ta

# HalimeHHHX 3BEST

# (xakasg sBesma, CKOJBKO TakKMUX 3BESI)
starList.append(r3copel catch)
# »T0 Banyck noToka

# starSearching
# apryMeHTH (scopename, attempts, catch)
thread = Thread(target=starSearching, kwargs=dict (scopename=scopes|[0],

attempts=10,
catch=starList[0]))

thread.start ()

# 1-7 meneckorn. OTO NpPSMOM SBalyCK U NPUCOEIMHEHME K IIOTOKY
rScopel catch = defaultdict (int) # cuéTumMk pesyJLTATOB
# crnomaps (key, value)
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# Teneckona scopename 419 yyéTa
# HalipeHHbIX 3BE3[,

# (Kakas 3Be3da, CKOMbKO TakuX 3BE3M)

starList.append(rScopel catch)
starSearching(scopename=scopes[1], attempts=10, catch = starlList[1])

thread.join() # oxmgaHve OKOHYaHusI pPaboTbl NMOTOKOB

if name = " main =
Ist = [l
dolt(scopes = SCOPES, starList = Ist)

# vTorn paboTbl TeNecKonos
# nScope = 0
# for name, catch in ((SCOPES[O], Ist[0]), (SCOPES[1], Ist[1]D):

# print(f"*\nHateneckone {SCOPES[nScope]} HaigeHo:", Flush=True)
# for star, count incatch.items(Q):

# print(f* {star}, {count} *, TFlush=True)

# nScope += 1

# printQ)

nScope = 0

for nScope in range(0, 2):
catch = Ist][nScope]
print(f*\nHa Teneckone {SCOPES[nScope]} HaigeHo:", Flush=True)
for star, count iIn catch.items():

print(f" {star}, {count} ", Tlush=True)
nScope += 1
printQ)

i m TpeTuii atan pa3paboTKu NPUNOXKEHNSA
import random

from collections import defaultdict
from threading import Thread

# 3BE34pl N TeslecKonsl
STARS = (Nore,

"¥ETbNKapMK® ,

" KpacHbliil raHT ",

" ABOHas13Be3aa” ,

"HoBas3Be3ma", )
SCOPES = ("rScope0®, “rScopel”, "rScope2®)

I
1T

class rScope():

def init (self, scopename, attempts):
self.scopename = scopename
self.attempts = attempts
self.stars = defaultdict(int) # CUYETUMK pe3yNbTAaToB C/IoBapb
# (key, value)
# Teneckona scopename 48 yyérta
# HalifeHHbIX 3BE3[,

# (Kakas 3Be3na, CKO/lbKO TaKMX 3BE3N)

def run(self):
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for attempt in range (0, self.attempts):
print (f'\n{self.scopename} {attempt} nonwTka . MOET NOMUCK',
flush=True)

# TaxuMm obpasom oTpabaTHBaeTCs Iaysa (BpeMs pa®oTH IJIS TejeCKolla

#

self.scopename)
= 5 ** (random.randint (25, 75) * 10000)

star = random.choice (STARS) # meneckon oTpaBoTall IMOJIOXEHHHI
# uHTepBan BpeMeHM. M UTO OH Ham&N?

# pasBop pesysLTATOB IIOMCKA:
if star is None:
print (f'\n{self.scopename} {attempt} obwexT HE HalimeH\n',
flush=True)
else:
print (f'\n{self.scopename} {attempt} obwexkT HalmeH\n',
flush=True)
self.stars[star] += 1 # yBesuueH CUETUMK PEeSYJbLTATOB
# meneckona self.scopename

def doIt(lstScopes, nScopes):

for sc in range (0, nScopes):
# dopMmmMpyeTcS COMCOK TEeJECKONOB. Y Kaxmoro mo 10 momeTok
# mis 3BE3OHOIO MNOUCKA
lstScopes.append(rScope (SCOPES[sc], attempts=10))

STO IIOATICOTOBKA K 3allyCKRy IIOTOKa
run — neJeepasd @yHKLU/IH

thread = Thread(target=lstScopes[0].run)
thread.start ()

# 5TO HemocpenCTBEeHHBN 3BalyCcK LeJIeBoM (GYyHKUMMA
lstScopes[1l].run()

HoH o FH FH HF o H*

thread.join ()

threads = []

# sTO momroToBKa K BalyCKy 3—-X INOTOKOB

# run - uejeras QyHKUMS
threads.append(Thread(target=1stScopes[0] .run))
threads.append(Thread(target=1lstScopes[1l].run))
threads.append(Thread(target=1lstScopes[2].run))

# threads[0].start ()

# threads[1l].start ()

# threads[2].start ()

for t in range (0, len(threads)):
threads[t] .start ()

# threads[0].join()

# threads[1].join()

# threads[2].join()

for t in range (0, len(threads)):
threads[t].join{()
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if name = main
IstScopes = []
dolt(IstScopes, nScopes = 3J)

# vTorn paboTbl TeNecKonos
for rScope catch in IstScopes:
print(f*\nHa Teneckone {rScope catch.scopename) HaiigeHo:",
Tlush=True)
for star in rScope catch.stars:
print(f" {star), {rScope catch.stars[star]} )

printQ)

m YeTBEPTHIA 3TaN pa3paboTKy NPUNOXKEHNUS
B NPUIOXEHUN YUNTLIBAETCS Peakums HA BO3MOXKHbIE HELUTATHbIE CUTYaLUN.

import random
from collections import defaultdict
from threading import Thread

# 3BE34bl N TesnecKornsl
STARS = (None,

"¥eTbinKapmk® ,

"KpacHblil uraHT ",

" ABOHas13Be3a” ,

"HoBan3Be3oa”, )
SCOPES = ("rScope0®, “rScopel”, "rScope2®)

# OTpaboTka OWWGOK B MOTOKe (BEpPOATHbe MOSIOMKA TesieCKoroB)

I
1T
T

class rScope():

def init (self, name, attempts):
self.thread = Thread(target=self.run) # NOTOK OGLABISETCA 3NEMEHTOM
# obbekTa
# meTog run - ueneBas (PyHKUMS
self.dice = None
self_scopename = name
self_attempts = attempts
self_stars = defaultdict(int) # CUETUMK pe3y/ibTaroB
# cnoBapb (key, value)
# Teneckona scopename i yyéTa
# HaOeHHbIX 3BE3q
# (Kakas 3Be3[a, CKO/bKO TakuX 3B&3.)

# nonck (NOTOK) BbiAeNieH B OTAENbHbIA METOL,.-
# I B HEM MOryT BO3HUKATb OWWMOKM (MOSIOMKA TesIeCKOroB)
def starSearching(self):
for attempt iIn range(0, self.attempts):
print(fF*\n{self_scopename) {attempt) norbrka ... WOET MOUCK")

# Takuv 0bpa3om oTpabaThiBaeTCA nay3a
# (Bpemsa paboTsl g1 Teneckona self.scopename)
= 5 * (random.randint(25, 75) * 10000)

# BO3MOXHasi nosiomka Teneckona self.scopename - Bo36yxaaeTcs olmbKa
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self.dice = random.randint(0, 10)
if self.dice = O
raise ValueError(f"{self.scopename) norbtka {attempt} ...7)

star = random.choice(STARS) # Teneckon OTpaboTasl MOSIOKEHHbI
# vHTEepBan BpemeHn. W 4To OH Hawén?

# pa3bop pe3y/bTaToB MoMCKa:
if star is None:
print(f*\n{self.scopename) {attempt) ob6vekT HE HaligeH\n",
Tlush=True)
else:
print(f*\n{self.scopename) {attempt) o06bLEKT HaiaeH\n",
Tlush=True)
self.stars[star] += 1 # yBe/M4eH CYETUMK pPe3y/bTaToB
# Teneckona self.scopename

# nepexsar OW/OK/, KOTOpas WMEET BWA VICK/YEHUHA, OCYIWECTB/AETCA B MOTOKE
def run(self):
try:
self. starSearching()
except Exception as exc:
print(F*\nHEEITATHAH CUTYALUA: {exc}™)

def dolt(lIstScopes, nScopes):
# (opMMpyeTCs CnMCOK TeseckornoB. Y Kaxaoro rno 10 nonbimok
for sc in range(0, nScopes):
IstScopes.append(rScope(SCOPES[sc], attempts=10))

# 3arnyck MNoTOKOB
for sc in range(0, len(lIstScopes)):
IstScopes[sc]-thread.start()

# KOHTPO/Ib MOTOKOB
for sc in range(0, len(IstScopes)):
IstScopes[sc] -thread.join()
if npame = " main
IstScopes = []
dolt(IstScopes, nScopes=3)

# vTorn paboTbl TENecKonoB
for rScope catch in IstScopes:
print(f*\nHa Teneckone {rScope catch.scopename) Ha/igeHo:",
Tlush=True)
for star in rScope catch.stars:
print(f" {star), {rScope catch.stars[star]}

printQ)

m [1aTblii 3Tan pa3paboTKy NPUNOXKEHNS
HeypaBwniics pesynbtaT moucka npu nonbiTke (a ux Bcero 10, M OHWM MOTYT BO3HMKATb MPU MOMIOMKE
Teneckona WM B pe3y/nbTaTe HETOUHOrO NPULENMBaHUA) — TOXE pe3y/bTar, KOTOPbIA YyYUThIBAETCS B
[JaHHOW Bepcun.
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import random

import threading

from collections import defaultdict
from threading import Thread

from multiprocessing import Queue

# 3BESMOEl M TeJleCKOIIE

STARS = ('None', 'x&nremKapauk', 'kpacHemIuraHt', 'mgeoliHasa3eesnma',
'HoBag3Besma', )

SCOPES = ('rScopeO', 'rScopel', 'rScope2', 'rScope3', 'rScoped')
nScopes = 5

# OrpaboTka omMMOOK B IIOTOKE

# Ouepenu nnsg oBMeHa IaHHEMM

#

class rScope():

def init (self, name, attempts):
# moTok oOBBLABIAETCH BDJIEMEHTOM OBbLeKTa
# mMeTom scopeRun - ueyerad QyHKUMS
self.thread = Thread(target=self.scopeRun)
self.attempts = attempts
self.dice = None
self.scopename = name
self.stars = {STARS[O0] o,
STARS[1]: O,
STARS[2]: O,
STARS[3]: O,
STARS[4]: 0}
# npoume BapuMaHTH OOBABJEHUS CJOBAapL
# self.stars = dict(zip([STARS[O],
# STARS[1],
# STARS[2],
# STARS[3],
# STARS[4]],
# [0, 0, 0, 0, 01))
# self.stars = dict{()
# self.stars[STARS[0]] = O
# self.stars[STARS[1]] = O
# self.stars[STARS[2]] = O
# self.stars[STARS[3]] = O
# self.stars[STARS[4]] = O

# cu&TumMk pPesyNbTATOB CJIOBAPDb

(key,

value)

# TeJIeCKOIla scopename IJIA yuéra HaﬁﬂeHHHX 3BE3L

# (kakas 3BesIa,
# nepexpaT ommOKM, KOTOpasd MMEET BMUI MCKIIOUEHUS,
def scopeRun(self):
try:
return self. star3earching()
except Exception as exc:
print (£ '\nHENTATHAA CUTYALIUS:
'ERROR'

{exc} ')
return
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# momck (moTokK) BHIOEJEH B OTHEJILHEM MeToX. M B HEM MOI'YT BOSHMKATL OMUOKU
# (I[IOJIOMKM TeJIeCKOIIOB)
def starSearching(self):
if self.attempts > O:
print (f'\n{self.scopename} {self.attempts} monwTka ... MOET
nomuck"')

# TaxuMm obpasom oTpabaTHBaeTCda Haysa
# (Bpemsa paboTH misa Tejseckomna self.scopename)
=5 ** (random.randint (25, 75) * 10)

# BosMOXHas noJiomka TeJeckomna self.scopename - BosByxmaeTcd omMOKa ========
self.dice = random.randint (0, 10)
if self.dice == 0:

raise ValueError(f'{self.scopename} nomneTka
{self.attempts} ...")

star = random.choice (STARS) # meneckon oTpaBoTall IMOJIOXEHHHI
# uHTepBan BpeMeHM. VM UTO OH Ham&N?

# pasBop pesysbLTATOB IIOMCKA:
if star == 'None':
print (f'\n{self.scopename} {self.attempts} obrexT HE
Hammen\n', flush=True)
elif star == '"ERROR':
print (f'\n{self.scopename} {self.attempts} ERROR\n',
flush=True)
else:
print (f'\n{self.scopename} {self.attempts} {self.stars[star]}
ofbexkT HammeH\n', flush=True)
self.stars[star] += 1 # yBesuueH CUETUMK PESYJbLTATOB
# meneckona self.scopename
return star

class rRoll (threading.Thread):

def init (self, lscScopes):
super(). 1init ()
self.scopes = lscScopes
self.nStars = 0
self.receiver = Queue()
self.stars = defaultdict (int) CUETUMK PEesyJIbTaTOB CJIOBapb
(key, wvalue)

#
#
# Teseckomna scopename nOJjida yuéra
# HaMIeHHHX SBESH

#

(kakadg sBesja, CKOJbKO TaKMX SBBESI)

def startScopes(self):
# cTapT TENecKONOB M3 CIMCKA TEJIECKOIIOB
print (f' Tesneckons - B paBory\n', flush=True)
for nsc in range(0, len(self.scopes)):
print (f'{self.scopes[nsc].scopename} craprTyeT...')
self.scopes[nsc].thread.start ()

def goScope(self):
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| O6u_|,ee npeacrtaBsieHNe 06 dCMHXPOHHOM BBOJE-BbIBOJE
ACUHXPOHHbIA BBOA-BbIBOA, C MOZAy/JeM asyncio Takke AaéT BO3MOXHOCTb B OAHOW nporpamme
paboTatb Haj HECKONIbKMMW BblYNCIEHUAMU OAHOBPEMEHHO. ACUHXPOHHbIV BBOA-BbIBOA, He ABMsETCS
H/A noTtokoBbiM (threading), HWM MHoOronpoueccopHbiM (multiprocessing). 310  OAHOMOTO4YHaA
ofHomnpoLeccHas napagurma He OTHOCUTCA K NapanfeflbHblM BblUMCNEHUSIM. Takoro MOBEeAEHUs B
Python MO>XHO JO6GUTLCA HECKONIbKMMMW CNOCO6aMu;

H  1CNOJ1Ib3yA MHOIornoToO4YHOCTb threading, NMo3BO/1IAA4 HECKOJ/IbKMM MOTOKaMm pa6OTaTb no o4vepegn.

W /CMONb3ysi HECKONbKO  sfgep npoueccopa multiprocessing.  [enatb cpady  HECKO/bKO
BbIUWC/IEHNIA, UCNOMb3YS HECKOMbKO Aflep npoLieccopa. 310 U Ha3biBAaeTCs napaniesm3amMom.

W VCMO/b3ysl acMHXPOHHbIA BBOA-BbIBOA C MOAyNeM asyncio. Mpy 3ToM, 3anyckasi Kakyl To
3a/a4y, BMECTO OXXMAAHWsSI OTBETA OT CETEBOIO MOAK/IFOYEHUS UM OT OMepaumii UTeHns/3anmcy,
MOYXHO NPOJO/MKaTh AefnaTth APYrne BbIUUCAEHUS.

CneayeT vcnofnb3oBate Moaynu threading wnm asyncio gns nporpaMm, CBsi3aHHbIX C BBOLOM-BbIBOJOM,
4TO6bI MOBLICUTL MPOU3BOANTE/ILHOCTb.

Mogyne multiprocessing mMcnonb3yercs gna peweHns npobnem, cBA3aHHbIX ¢ onepauusmu LM, 3toTt
MOZy/lb UCMONb3YEeT BECb NOTEHLMa BCeX AA4ep npoLeccopa.
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