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A3biku. O6LUIMe npeaCTaB/IeHUSA

A3bIK - 3TO MHCTPYMEHT ANsA npeacTaBneHua (KoguposaHusa) MHOOPMAUWU. UHdopmauyma nepBuyHa:
cam no cebe KaK MHCTPYMEHT f3blK MPEACTaBAAET OrpaHUYEHHbI B Aese CO34aHuA, ONUCAHUA U
CpaBHEHUA BO3MOXKHOCTEN A3bIKOB. A3bIKOB MHOMECTBO: OfHa M Ta e MHbOopMaLMA O4HOBPEMEHHO
MOKeT OblTb NpeacTaBfeHa MHOTMMM  Pas/IMYHBIMKM - Pa3roBOPHbIMU  A3bIKAMU  €CTECTBEHHOTO
NPOUCXOXKAEHNA, A3bIKAMM KECTOB, A3bIKAMM OTAENbHbIX 06/acTelt 3HAHUIM (A3bIK MaTeMaTUKKU U
JIOTUKM), A3bIKAMMW NPOrpamMmMMpPOBaHUA. B 3aBMCMMOCTM OT A3blKa NepefaBaemasn MHGOPMaLMA MOXKET
6bITb 3aKOAMPOBAHA M NepeAaHa nLamM, COOTBETCTBEHHO BAAEIOWMM aHIMNCKUM, GPaHLy3CKUM U
ApyrMmun  asbikamu. CyLlecTByHOT MOAMHOMECTBA fA3bIKOB (A3bIKOB KECTOB), NpeAHa3HaYeHHbIX AAA
NETYUMKOB M nanybHoi KomaHAabl Ha 6opTy aBmaHocua (aircraft handling officers) B coctaBe (cnucok
npunaraetcs):

B KomaHga KaTanynbTbl M caeprkuBatowmx ceteit. (Catapult and arresting gear crews).

B AsuaTexHuKu. (Air wing maintenance personnel).

B KomaHza ocyliecTBasAoLWan YeK-npoBepKy camosnetos (Air wing quality control personnel).
B [orpy3uuku (Cargo-handling personnel).

B KomaHga ob6opyaoBaHMAs HasemHoOW noaaepku. (Ground support equipment (GSE)
troubleshooters).

B KomaHga oTBevatowan 3a ynasameatowmii Tpoc (Hook runners).
B dotorpadsl u onepatopsl. (Photographer’s mates).

B KomaHga obcny:kusatolas nocagky seprtonetos. (Helicopter landing signal enlisted personnel
(LSE).

®  MHcnekuma no kavectsy. (Quality Assurance (QA))

®  MHcnekTop camoneToB 3ckagpuibu. (Squadron plane inspectors)

m  Cnyxba HazemHbIx curHanos. (Landing signal officer (LSO))

m  Odwmuepsl no Bo3gywHoMy TpaHcrnopTy. (Air transfer officers (ATO))
m KomaHga pabotarollas ¢ OkkeHHbIM kuciopogoM. (Liquid oxygen (LOX) crews)
m  CMmoTpswmi 3a besonacHOCTbiO Ha nanybe. (Safety observers)

m  Meavku. (Medical personnel)

m  OpyxenHukn. (Ordnancemen)

m Cnacatenu. (Crash and salvage crews)

m [lanybHbie B3pbiBOTeXHUKU. (Explosive ordnance disposal (EOD))

m [loxapHsble. (Firefighter)

E  Asuva perynuposLmKku- ctaxepsl. (Plane handlers (Trainees))

m  CmoTpuTtenn Takenaxa/dyepHopaboume. (Chocks and chains — entry-level flight-deck workers under
the yellowshirts)

m  Asvasindrepsl. (Aircraft elevator operators)

m [lanybHble BoguTenu. (Tractor drivers)



m  Ceasuctol. (Messengers and phone talkers)

m  3anpaswmkn. (Aviation fuel handlers)

m  MexaHukn sckagpuibn. (Air wing plane captains: squadron personnel that prepare aircraft for flight)
B VHcnektop dmHanbHOM npoBepku. (Final checker (inspector)).

B [lanybHble perynunposwmkin. (Traffic controller)

Hanpumep, nHcnektop ¢mHanbHoM nposepku (Final checker inspector) »kectamun coobuiaet NETYMKY O
COCTOAHWM CaMO/IETa NPWU ero NoaroToBKe K NOMETY, O CUTyauumM Ha B3NETHOW nanybe, faéT "nobpo" Ha
B3/1€T CAaMO/IETA, }KECTaMM HEMOCPEACTBEHHO PYKOBOAUT B3NETOM. JIETUMK KecTaMu NOATBEPKAAET, UTO
OH MOHMMaET CUTHA/bl MHCNEKTOPA U CTapaeTcA BbIMOHATL ero KomaHabl. O BOSMOKHO BO3HUKAIOLLMX
npobnemax Ha 60pTy camoNéTa NIETUMK KecTamm (TOT XKe A3bIK HO CO CTOPOHbI NIETYMKA) coobliaeT 06
3TOM NanybHoW KomaHAe. TaKke NETYMK COOBLLAET O rOTOBHOCTU K NONETY, M HEMOCPEACTBEHHO Nepes,
B3N1€éToM 6narogaput nepcoHan nanybHoit KomaHgpl. CobnlogeHve npaBun A3blka (rpamoTHOe
obLeHMe) No3BoaseT NoadepXunBaTb NOPAAOK Ha OrpaHWYeHHOM No pasmepam nanybe aBmaHocua
60/1bLLOMY KONNYECTBY CAMOETOB, HAaXOAALWMXCA B PAa3HOM COCTOSIHUM U CTENEHM FTOTOBHOCTM K NONETY.

TaKkKe CyLLecTBYHOT A3bIKM (A3bIKM NPOrpaMmmMpPOBaHus), KOTOpble NO3BO/IAKOT 3aKOAMPOBATb U AOHECTU
MHPOPMaUMIO OT NPOrPamMMMKCTa 40 KOMMblOTepa. B aTom c/yyae Lenb NporpaMmmucta — «BHATHO M
NOHATHO» U3bBACHATLCA C KOMMbIOTEPOM Yepes creuunasbHble BbINoHAEMbIe KOMNbTEPOM NPOrPaMmbl
(MHTepnpeTaToOpbl M KOMNUAATOPLI) TaK, YTOOLI KOMNbIOTEP "NOHMMaN" NporpammMmmncTa, a NPOrpammmCcTy
B Xxo4e oblweHuna (peweHnn 3agaum) 6binn H6bl NOHATHbLI COOBLLEHUA KOMMblOTEPA A5 AAHHOM 3a4auMm,
nnatGopmbl U ONepaLMoOHHON cUCTEMbI. A MHOTMX KOHKPETHbIX Clydyaes (3a4ady M CMCTEM) XOPOLLM
onpegenéHHble A3blkK, a Bcero ux 6onee 1 000. A3bIKOB NPOrPaMMMUPOBAHMA TaK MHOTO, MOTOMY YTO
NPOrpaMmMMICTbl MOCTOAHHO HAxXOZATCA B MOMCKaX HOBbIX MHCTPYMEHTOB M BO3MOMKHOCTEMN, 4TO6bI
ynpoctutb U caenatb 6onee 3pdeKTMBHbBIM nNpouecc paspaboTKM NPoOrpammHoOro obecnedyeHus.
MosToMy CO34AaETCA MHOMO Y3KOCMEUMaNM3UPOBAHHbIX fA3bIKOB, HAaMWUCaHHbIX CMeuuanbHo nog,
onpegenéHHylo 3agadyy M o06nacTb 3HaHWA, a LIMPOKO M3BECTHble YHWMBEPCA/bHble A3bIKM
NpPOrpaMmMmnpPOBaHNA COBEPLUEHCTBYIOTCA M 06HOBAAIOTCA.M3yUnTb X BCE HEBO3MOMKHO, OAHAKO MOXHO
ycnewHo paboTaTtbh C HECKONbKMMM A3bIKaMU UK AaXKe C OAHUM U3 HUX.

Mpumepbl TPEX nporpamm (CKPUNTOB), «MNOHATHbIX» (XOTeNoCb, 4YTOObI 3TO ObINO MMEHHO Tak)
nNporpaMMmucTy  NpPW  ONWCaAHWM  33aZa4Mm U KOMMblOTEPY B  pesynbTaTte  onpeaenéHHbIX
pernameHTMpPOBaHHbIX pPaboT Mo CO34aHMIO WM BbIMOJAHEHMIO Koda. Ha  pasAMuHbIX  A3bIKax
NporpaMmMmnpoBaHmNA BbIBOAATCA Ha 3KpaH Hagnucu «Hello, world!»

A3bIK python

#fprint ("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.

EREE

def print hi (name) :

def print hi (WRLD) :
# Use a breakpoint in the code line below to debug your script.
#fprint (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')



A3bIk CH#

package demo

fun main(args : Array)

println("Hello, world!")

A3bIK C++

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

void display ()

{

cout << “Hello, world!”;

int main ()

{

message my

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



B CTpyKTypa A3bIKa
Moanexallas KoaMpoBaHMo MHOOPMALMA ABNAETCA OCHOBHbIM YC/I0BMEM CO34aHWA W BbIMOJIHEHUA
Nporpamm: HEBO3MOXHO 4YTO-1M60 ONUCbIBATL NPU OTCYTCTBUKM MHbOPMaLUMK, NoAaexKallen OnucaHuIo.
Ecnn Heuyero onucbiBaTb — He ByaeT A3blKa.

Mpu 3tom HegocTatodHo MPOCTO 3akoaupoBaTb WMHOOPMALMIO Ha A3blKe MPOrPaMMMUPOBAHWA.
MporpaMmHbIi Kog, (pe3ynbTaT OnucaHuA) A0MKEH BbiTb KPaTKMM, /IETKO YMTAEMbIM U MaKCMMaNbHO
NOHATHbIM.

Mpy HanucaHuMM 6ONbLWIKMX NPOrpaMm OuyeHb BbICTPO HACTynaeT MOMEHT, Korga OCHOBHOE Bpems
TPaTMTCA Ha eé NOBTOPHOE YTeHue U MoaubuKaumio (0TNagKy), a He Ha paspaboTKy. MoadepKueaTb
6onbwme 06BEMBbI Kogda cnoxKHo. OpHOM M3 33agay NPOrpamMMMPOBAHUA ABAAETCA ynpaBieHue
CNOXKHOCTbIO Koga. [nsa ynpoleHua paboTbl ¢ Kogom nporpamma pasbuBaeTcs Ha MOALY/AU, KAacchl,
MeToAbl. B ynpaBAeHMM CAOKHOCTBIO TaKyKe MOMOraeT NPaBuAbHOE MMEHOBAHWE NePEMEHHbIX.

B Brsipa:xxeHusa python
[Janee onucbiBalOTCA BaKHble OCOBEHHOCTM f3blKa NMPOrpaMmMUpoBaHUA python, KoTopble KacawoTca
paboTbl C KOZOM.

[Jo Hayana 3Tana nNporpaMmupoBaHMa  WHPOPMAUMA, KOTopas [AONKHA ObiTb 3aKOAMPOBaHa,
npeacrasnser coboii MHOXKECTBO CN0B eCTECTBEHHOro f3blka. 3aflaHWe Mo HaMMCaHWI0 NPOrpamMmbl
MOHATO, NPeACTaBNEHO B BUAE CXEM HA OCHOBE CBA3HOrO TEKCTa, OMUCAaHO Ha eCcTeCTBEHHOM A3blKe
(pycckom, aHrAMMCKOM, PppaHLy3CKOM, U T.4.).

JTOT TeKcT npeacrasnaeTt coboli MHOMecTBO NoHATUN, O6'be,D,MHéHHbIX no npasuvaamM rpaMmmaTukun
A3blKa B CBA3HbIE OCMbICNEHHbIE NpeanoxeHua. KoppeKkTHOe onncaHue 3a43a4mn Ha ecTeCTBEHHOM A3blKe
ABAAeTCA OAHUM U3 ycnOBMVI eé ycnewHoro nepesoaa Ha A3blK NporpaMmmMmmnpoBaHuUA.

34ecb He obCy:KAaeTcs rpamMmaTMKa ecTecTBEHHOro f3blka. Ba)KHO, YTO Ha OCHOBE rPamMMaTUKMU U3
MCXOAHbIX MOHATUIA (GOPMUMPYETCA OMMCaHWe 3a[auyM, BO3MOMKHO, rpaduyeckoe npeacTaBAeHUe
anroputma (610K-cxema), u eé peweHus.

[Janee ncxogHoe onucaHMe Ha eCcTeCTBEHHOM A3bIKe, BO3MOXKHO, NPeACTaBNeHHOEe B BUAE CXEM (TOxe
A3bIK!) NepeBoANTCA NPOrPaMMMUCTaMM Ha A3bIK NPOrPaMMMUPOBaHUA (elWwé oaunH A3bIK) U B pe3yabTaTte
cepun nepeBoOB MO3BOAAET MOJYYMTb FOTOBbLIM K BbINOJIHEHWIO MPOrPamMHbIA Kog (3To paboTa
KOMMNbloTEpa).

MepeBoa, COOTBETCTBYIOWMI  OMWCAHWIO  33aJayn, MPOU3BOAMTCA MO  npaBuaam  A3blka
NporpaMmMmnpoBaHMA Ha OCHOBE rPamMMaTMKK 3TOrO A3blKa.

AHanor npeanosKeHusa ecTecTBEHHOro fA3blKa B python - BbipaskeHue. PesynbtaT nepesoga. OcHoBa
Noboro nNporpamMmmMHOro Koaa. BbipaskeHWe COCTOUT M3 MHOMeCTBa onepaHAoB (NepemeHHbIX |
KOHCTaHT), cObpaHHbIX Ha OCHOBE MpPaBWA TpamMmaTUKM python M3 UCXOAHbIX CMMBO/IOB A3bIKa.
OnepaHAbl, B CBOIO o4yepeapb, (ONATb Ke No npaBuiam rpaMmaTuKK!) obbeguHAITCA B NpeasorKeHus
(BblparkeHmn) c NOMOLLbIO ONepPaTopoB U KoMaHA. KoMaHabl — 3TO onepaHAbl C paHee onpeaenéHHbIMM
3HaYeHussMM. OBbIMHO 3TO MMeHa QYHKUMN. B Bblpa)keHUM KOMaHAbl 0b6ecrneymBalroT BbINOJHEHUE
onpeaeneHHbIX A4eNCTBUN.

Mpumepbl:

[python]length = 5

breadth = 2



area = length * breadth

print ('Inomwans paBHA', area)

print ('lepumeTrp paBeH' , 2 * (length + breadth)) [/python]

3pecb onepaTtopamu ABAsAOTCA '=' (MPUCBOWUTbL 3HAYeHME), CUMBOJIbI CIAOMKEHWUA W YMHOMKEHUS
(maTtemaTtuka), KomaHga 'print' (BbIBOA, Ha 3KpaH). OnepaHAabl — 3TO NepemeHHble length, breadth u area,
a TaKXkKe WX 3HayeHun (2 u 5). BoiparkeHna — nocief0BaTe/IbHOCTM ONepaHAoB NPOM3BOJIbHOM A/IMHHBI,
CBAI3aHHbIE€ OAHUM WM HECKOJ/IbKMMM ONepaTopamu.



B HmMmeHa

[na nepemeHHbIX M KOHCTAHT B python MOXHO MpUAymaTb MHOXECTBO Ha3BaHMWI, HO CylLecTByeT
HECKOJIbKO MPaBwWJ/i, KOTOPbIe HY*KHO cObN0AATb NPW HAMMCAHWUM Koda.

B Hmena python
MpaBuna gns nepemeHHbIX B python:

B /Ima nepeMeHHON A0MKHO HauyMHaTbCA € ByKBbI (test) uan cumeona nogyepknBaHus (_test);

B /IMmA nepeMeHHON He MOKEeT HauMHaTbcA ¢ uMdpbl;

H /IMmAa nepemeHHOl’ MOXKET coaepKaTb TONbKO ByKBEHHO-UMPOBbIE CUMBOJIbI M NOAYEPKMBAHUE
(Az, 0-9mn_);

B /IMmeHa nepemMeHHbIX YyBCTBUTEbHbI K pernctpy (test, Test u TEST — Tpu pasHblie NnepemMeHHble);

B /ImAa nepeMeHHOW He A0MKHO COBNaAaTh C 3ape3epBMPOBAHHbIM K/OYEBbIM C/IOBOM;

Cnuncok Bcex 3ape3epBMpPOBaHHbIX B python K/1to4EeBbIX C/I0B MOXXHO NMOCMOTPETL TaK:

# 9To mepBad IporpaMMa Ha g3bKe python

import keyword
print (keyword.kwlist)

B pesynbTaTe BbIMNO/HEHMA 3TOW NPOrpammbl (CKPUMTa) BbIBOAMTCA CMUCOK CNeAyIoLEero coaepHaHus
(npmMBOAUTCA C KOMMEHTaPUAMM):

False
True
None
and

with / as
assert
break
class
continue
def

del

elif

else
except

finally

JIOXKb.
npasaa.

"nyctoin" 06beKT.

norunyeckoe U.

MeHeaKep KOHTEKCTa.

yC/ioBUE - BO3OYKAAET UCKAIOUYEHME, eC/IN YC/IOBUE NNOXKHO.
BbIXOZ, U3 LIMKNA.

NoNb30BaTE/bCKUIA TUIM, COCTOALLNI U3 METOA0B U aTPUDYTOB.
nepexoz Ha cneayoLyo UTepaumio LMKa.

onpeaeneHune GyHKUMM.

yaaneHue obbeKTa.

B NPOTMBHOM C/ly4ae, ecu.

cm. for/else nam if/else.

nepexBaTUTb UCK/OYEHME.

BMecCTe C MHCprKLLMEVI try, BbINO/IHAET UHCTPYKLMM HE3aBUCUMO OT TOrO, 6b110 N

UCKIIoYeHne Nnn Her.

for

umkn for.



from MMMNOPT HECKO/IbKUX QYHKUMIA U3 moayns.

global Nno3BONAET cAeNaTb 3HAYeHWe MepeMeHHOW, NPUCBOEHHOE el BHYTPU OYHKUUMK,
OOCTYMHbIM M 3a Npegenammn aToi GpyHKUmMK.

if ecnm.

import MMMOPT MOAYyNA.

in NPOBEpPKA HA BXOXKAEHME.

is CCbINAOTCA M 2 06bEKTA HA OAHO M TO KE MECTO B NAaMATU.

lambda onpeaeneHne aHOHUMHOM GYHKUUK.

nonlocal No3BONSAET CAenaTb 3HayeHWe MepemMeHHON, MPUCBOEHHOE €l BHYTPU QYHKUUWK,

[OCTYMHbIM B 06bEMIOLLEN MHCTPYKLUMK.

not norunyeckoe HE.

or nornyeckoe UJIN.

pass HUYEro He Aenarowan KOHCTPYKLUMA.

raise BO36YAUTb UCKAIOYEHME.

return BEPHYTb pe3ynbTarT.

try BbIMO/IHUTb MHCTPYKLUUUN, NEePEXBaTbiBaA UCKAOYEHUA.
while umkn while.

yield onpegeneHune pyHKUMU-reHepaTopa.

B Hudopmanus o moaysie keyword...
keyword.kwlist CMUCOK BCEX AOCTYMHbIX K/IHOYEBbIX C/I0B.

keyword.iskeyword(cTpoka) AB/IAETCA /IN CTPOKA K/HOUYEBbIM C/TIOBOM.

Hotauwus B Python: CamelCase nan under_score?

HoTtaums — 3710 cornaweHune o6 nmeHoBaHun. Hanbonee nonynspHblie HOTaLUUKU B NPOrPaMMUPOBAHUM
— camel case 1 under score.

camelCase (ewe HasbiBaeTcs "BepbtOXKbA HOTauMA") — 3TO CTU/b, B KOTOPOM C/10BA NULLYTCA CIUTHO, a
KarKoe C/0BO HauyuMHaeTca C nponucHoi (6onbwoi) 6ykebl. MmeeTcAa gBa nogsuaa 3TOro CTUAA:
lowerCamelCase (Bce cnoBa Kpome NepBoro Ha4MHatoTCA C NPONUCHOM BYKBbI)

n
UpperCamelCase (Bce cn10Ba, B TOM Ync/ie U NepBoe NULyTcs ¢ 60abLlioi 6yKBbl).

under_score (snake_case) — npu UCNONb30BAHUM 3TOrO CTUAA B KayecTBe pasaenuTens UCnosb3yeTcs
CUMBOJ NOAYEPKMBAHUA '_', a BCe C/I0BA HAYMHAIOTCA CO CTPOYHOWM (ManeHbKO) BYKBbI;

CywectByeT Takxe ctuab kebab-case, KoTopbli Moxox Ha under_score, HO BMeCTO 3HaKa
nogyepkmsaHma '_' B Hem ncnonbsyetcs Tupe '-'.



B Python npevmyLLecTBeHHO UCNOb3yeTca HoTaumaA under_score

OpgHo w3 npasun Zen of Python (PEP20) — "uuMtaemocTb umeeT 3HayeHue". Hotauus under_score
ya06Ha A4n1a YTeHUA 1 COOTBETCTBYET STOMY NpaBuAy.

Mpu aTom under_score — He eAMHCTBEHHAs HOTALMA, PEKOMEHAyeMan K UCno/ib30BaHUIo B python. Bot
PYKOBOACTBO MO MMEHOBaHWIO (TWUM, BapuaHTbl HOTaLMIA), OCHOBaHHOE Ha PeKomMeHAauMAX aBTopa
A3blKa python N'Bnao 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_UNDER
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

B Kak BbioupaTh uMeHa B Python
OcHoBHoW npuHUMN Xxopowero MMeHoOBaHNA — MMeEHA O0/1KHbI 6bITb coaepKatebHbIMU (FIOJ'IHOCTbI-O
OTpa)aTb CBOE HasHayeHue). [lepes Tem, KakK AaTb MMA NepeMeHHOW, QYHKUMM MAM  Kaaccy,
Kenlate/ibHO OTBETUTb Ha BOMPOCHI:

B [loyemy 3Ta nepemeHHas (PyHKLMA, Knacc v T.n.) cywecTsyeT?
B Y70 OHa AenaeT? (MAKM Kakne AaHHble B HEl XpaHATcA?)
B Kak ucnonbsyetca?

MprMmep NI0XOro MMeHOBaHMUA:

mwoan

ObbaBJeHMe OQYHKLUUM area

def area(sidel, side2):
return sidel * side?2

wuan

[lpyMeHeHVe GYHKLUUM area

mwoan



d = area (4, 5)

B faHHOM npumepe nepemeHHas d Huyero He ob6o3HayvaeT. Mo Has3BaHWUIO d)yHKLI,MVI area He NOHATHO,
YTO OHa AenaeT, Kakne napameTpbl NPUHUMAET U YTO BO3BpPALLAET.

MprMmep XOPOLEero MMeHOBaHMUs:

wuan

ObwasyieHre ¢yHKUMM get rectangle area

wuan

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

llpumeHeHre QyHKUMM get rectangle area

area = get rectangle area (4, 5)

B npumepe noHATHO 4TO AenaeT ¢yHKuMA get_rectangle_area (Nonyums AavHy M WNPUHY, GYHKLMA
BblYMCAAET U BO3BPALLAET NAOWAAb NPAMOYroabHUKA). Pe3ynbTaT 3anucbiBaeTca B NepemeHHylo area

(nnowagb).
Nmsa cofeprkaTenbHoe NOHATHOE, IETKO YMTAETCA U He TpebyeT A0NONHUTE/IbHBIX KOMMEHTapUEB.

Ewe HeckonbKo pekomeHZaumi no Bbibopy MMéEH B Python:

PekomenpayeTtca I'IOA6VIpaTb MMEHA Ha aHTIMNCKOM A3blKe. He HYXXHO UCMNO/N1b30BaTb PYCCKNUE MMeHa ONA
nepemMeHHbIX U NUcaTb UX TPAHC/IMTOM. BaXKHO 3HaTb AHTIMACKUIA A3bIK.

def proverka zdorovya(): # mnmoxo
pass

def health check(): # xopomo
pass

[Ons Ha3BaHMA GYHKUMIA Hago MUCNoNb30BaTh rnaroa (Hanpumep "Kynuth", "nonyumts"”, "pacnevartats'),
ONS NepeMeHHbIX, MoAyNen U KNacCOB Hago MCNONb30BaTb CyLLECTBUTENbHOe (Hanpumep "crnmcok",
"nokynatenn", "Tosapsb!").

[na Ha3BaHMA GYHKUMIA He cnedyeT NCno/ib30BaTh CYLLECTBUTE/bHbIE:

def speed calculator(distance, time): # HenpaBMJIBHO (KaJbKYyJIATOP CKOPOCTM)
pass

def calculate speed(distance, time): # npaBuibpHO (pPaccuMUTaTb CKOPOCTE)
pass

MmeHa ¢yHKUMIN OO0NXKHbI BbITb Kak MOXHO Kopoue. PYHKLMA BbINOMHAET BCEro OAHO AEWCTBUE U
MMEHHO OHO A0J/I}KHO OTOBPaXKATLCA B €€ MMEHM.

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

Mepea MmeHamu ByneBCKMX NepeMeHHbIX (M MeToa0B, Bo3Bpallatowmx Tmn bool), ob6aBnatb npedukc

IS™.

Tam rge He noJsiy4aeTca Mcnosb3oBath "is", MOXKHO ncnonb3oBaTth "has" nam "can". Mpumep:

has children()

Hy)HO uMcnonb3oBaTb yaobonponsHocUMble MMeHa. YaobHo pabotatb co cnoBamu. YacTb mosra
cneumnanunsmpyetca Ha 0bpaboTKe C10B — HYXHO MCMO/b30BaThb 3Ty 061acTb MO3ra.

# OpuMep MJIOXOTO MMEHOBAHUS (MMeHa TPYIHO MNPOM3HOCUTH BCJYX)
class GlobalFRTEV: # I1joxo

def get any mdhd(self): # mnmoxo
pass

def get any mdhl(self): # nmjoxo
pass

def get any mdhf (self): # nmoxo
pass

MmeHa 6yayT MCNonb30BaTbCA B O6CYKAEHWUM C Koaneramu. byaeT cNoXKHO pacckasbiBaTb nNpo 6ar B
meTtoze get_any_mdhf knacca GlobalFRTEV.

He pekomeHayeTca UNCnoJsib30BaTb O,CI,HOGYKBEHHbIe nepemeHHble. MX MOXHO MCNONb30BaTb

UCKNTHOYUTENDBHO ON1A NOKAaJIbHbIX NEPEMEHHDbIX B HeboNbLNX meToaax.

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

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

He Hy»KHO pa3pabaTbiBaTb M UCMO/Ib30BaTb CBOK CUCTEMY KOAMPOBAHUA MUMEH. Takme MmeHa TPYAHO
NPOM3HOCUTb U B HUX MOXKHO cAenaTb one4yatky. K TOMy e, KaKablii HOBbIA MPOrpamMmMUCT A0/KEH
6yAeT M3ydaTb 3TY HOBYIO CUCTEMY KOAMPOBaHMA.

tml word = "Hello" # moxo

TaKkxke npu Bbibope meHu daiina u KOANPOBAHUN MMEH He caeayeT UCMONb30BaTb OMOP, Kanambypsbl U
CNeHT.

Kak npaswsio, Ko 4uTalOT NPOrpammumCcTbl, MO3ITOMY B MMeHax AO0MNYyCTMMO MCMNOJIb30BaHWEe CN0B U3
ﬂpOd)ECCMOHaIIbHOﬁ O6I'IaCTM, Hanpumep, Ha3BaHWA anropunTtMmoB, NaATTeEPHOB WU MaATEMATUYECKUE
TePMUHbI. TakXKe BO3MOXHO UCMOAb30BaHUE CNOB U3 HpeAMETHOVI o6nacm, K KOTOpOVI NpUHagnexnTt
pewaeman 3aga4a.

bonbwe nonesHbIx CBeAeHMﬁ (¢} Bbl60pe MMEH VIAEHTMq)MKaTOpOB n apyrmne coBetbl, KOTOpble
npurogAatca npn HannMcCaHmM Koga, MOXXHO HAWTK B KHUrax:

PobepTt MapTtuH "Yuctbili koa" ("CoaepraTtenbHble umeHa", cTp. 39);
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Ctus MakkoHHenn "CoseplueHHbii koa" ("Cruna umeH nepemeHHbIX", cTp. 252).

B HmeHoBanue nepeMeHHbIX B PEP8
B craHpapTe PEP8 onucaHbl cneaytouwme CTUAM MMEHOBAaHUA:

B b — naeHTMdPUKaTOp U3 0AHON ManeHbKOM OYKBbI;
B B — naeHTUdMKaTOp M3 0AHOMN BONbLLION BYKBbI;
B lowercase — OZHO C/IOBO B HUXKHEM PErncTpe;

B lower_case_with_underscores — HeCKO/IbKMUX CNOB U3 MaNeHbKUX BYKB, MeKay CI0Bamm
noAvYepKMBaHuUS;

B UPPERCASE — ogHO cnoBo 3arnaBHbimuM bykBamu;

B UPPERCASE_WITH_UNDERSCORES — cnoBa u3 3arnaBHbix OYKB, MeXKay CIoBaMU
noagvyepKnBaHus;

B CapitalizedWords — HecKo/sibKo c/ioB 6e3 NpobesioB mexay HUMM, HO KaxKaoe HaunmHaeTca ¢
nponucHoi 6ykebl (CamelCase);

B mixedCase — Hecko/bKo cnos 6e3 Npobenos mexay HUMK, NepBoe C/I0BO NULLETCA C
ManeHbKoM ByKBbI, KaXkaoe nocneaytolee — ¢ 601bLIOW;

B Capitalized_Words_With_Underscores — nmeHa nepeMeHHbIX COCTOAT U3 HECKOJIbKUX C/I0B,
KOTOpble HauMHatoTCA ¢ 60nbLOoM BYKBbI, pa3geneHHbIX MexKay coboM 3HaKOM Nog4YepKMBaHNA

O cTtaHgapTax MMeHoBaHUsA YMTaTb B PEP8 (pasgen "Naming Conventions").

Ona ypobeTBa, cpeapl paspabotku (Hanpumep PyCharm) aBTomMaTMuecKu NpPoBepAoT, HACKO/IbKO KoA
COOTBETCTBYET PEKOMEHAAUMAM cTaHaapTa PEPS. Ecamn uma naeHtudukaTopa He byaeT COOTBETCTBOBAThL
cornaweHuam, To IDE nogyepKHET nepemeHHyt0, a eCiM HaBeCTU Ha Hee MbILWKHBIN Kypcop, NoABKUTCA
cooblLLeHNne C NOACKa3KoM.

Xopowuii Kog AOKYMeHTUpyeT cam ceba. Mpu NpaBuUIbHOM MMEHOBAHUW He BO3HWKaeT BOMPOCOB MO
TOMY, YTO MPOUCXOAMUT B OTAE/bHbIX YacTAX Koga. N oTnagaet HeobXo4MMOCTb NMMCaTb KOMMEHTAPUM K
Kaxkgol cTpoKke(??7?).

N ewwé coobpaxkeHuna no nosoay MmeHoBaHuA — 31o PEP8 recommends using...

lower_with_under B HU}XHEM perncTpe co c0BamMM, pasaeneHHbIMU CMMBOAAMWN NOAYEPKMBAHMUA, YTO
HEeobX0AMMO AN1A yNydleHUA YyA0004YNTaeMOCTU UMEH NepeMeHHbIX U QYHKLNNA.

BONbLUMHCTBO NtoAel MHTepNpPeTUPOBaio 3TO Kak lower_case_with_underscores, xoTs Ha NpaKTUKe 1 B
cobCcTBEHHbIX MeToaax python KaxeTcs, uTo cTpouHble byKBbl 63 noaYepKMBaHua 6osee NoNyasapH.LI.

KaeTca, uto cTporoe cnegosaHue PEP8 6bi10 6bl HeyA06HbIM, NOCKO/IbKY OHO NpeanaraeT CMeWwnBaTh
Kak lower_case_with_underscores, Tak u lowercasewithoutunderscores, 410 ©Obli0O  Obl
HenocneAoBaTeNbHO.
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B Tunbl ¥ KJ1acChbl
python — 06beKTHO-OPMEHTMPOBAHHbLINA A3bIK NMPOrpPamMmmMpoBaHua. Moyt BCE, YTO peasn3oBaHO U
nporpammupyetca B python — 3To co3giaHHble Ha OCHOBE AaHHbIX Pa3/IMYHbIX TUMOB MO paHee
onpeaenéHHbIM CXEMaM C MX CBOMCTBAMM M METOAaMWM MHOXKECTBa B3aMMOAEMNCTBYHOLWMX O0ObEKTOB-
npeacraBmTeNieil AaHHbIX K1accoB.

B Tunsl gaHHbIX B Python
[aHHble B python asnaiTcs ob6bekTamu. OHK moryT iMbo co3aaBaThcs 'BPYUHY' B X04€ BbIMOJIHEHWUSA
NPOrpamMmMHOro Koga, AnMbo ObiTb W3HAYa/IbHO BCTPOEHHbIMM Ha YpPOBHE A3blKa. OOBEKT MOMKHO
oxapaKTepusoBaTb Kak ocobyio (0cobo opraHM3oBaHHYH) 061acTb NamaATH, rae XPaHATCA HeKoTopble
3HaYyeHUs 1 onepaumm, onpegenéHHble ANa 3TUX 3HAYEHUIA.

CTpyKTypa nporpammsbl 0bLiero Buaa Ha asbike python:

Mporpamma coCTouUT U3 moayneu;

B Moaynb npeactasnaeTt coboit HAbOP MHCTPYKLUMUIA;
B MHCTPYKUMM COOEPHKaT BbiparkeHus;
H  Bbipa)KeHus cayKaT a5 co3gaHns u 06paboTkn 06beKTOB;

Taknum obpasom,
Mporpamma;
Mogayns;
UHCTpyKuma;

BbipakeHue;

Ob6beKT;

python nogpasymesaeT oba3aTenbHOe onpegeneHWe TUNAa AaHHbIX AN NEPEMEHHbIX, KOHCTaHT,
MacCcMBOB, CMUCKOB M T.A4. MPaKTUYECKM BCE KOHCTPYKLMU A3blKa ABAAIOTCA OOBEKTAMM KOHKPETHbIX
paHee 06bABAEHHbIX TUMNOB. TaKMM 06pa3om, 06beKTbI MOXKHO KnaccuduumpoBaTb NO UX TUMAM.

| AI/IHaMI/I‘{ECKaH THUIIA3a A
Cpep,m MHOXeCTBa A3bIKOB NPOrpaMmmpoBaHnA MOXKHO BblAENNTb ABE COCTaBAAOWMNE:

B TUNU3NPOBAHHbIE A3bIKK,

H HeTUNU3npoBaHHble (becTunoBsble) A3bIKK;

||

HeTunusmpoBaHHble A3bIKM B OCHOBHOM ABAAKOTCA A3bIKAMW HU3KOFO YPOBHA. [porpammbl Ha 3TUX
A3blKAX Hanpamylo B3ammogencTByeT C '»Kenesom'. Tak KaK KOMMbHOTEP 'MbICAUT HynaMM WU
€OMHULAMM, Pa3INYMA MEXKAY CTPOKOWN (TMNom) U, Hanpumep, LLeNOYUCAEHHbIM 3HaYeHnem byayT
3aKAto4aTbCcA NMWb B Habopax atmx cambix 0 1 1. B cBs3aM Cc 3TUM, BHYTPU BECTUNOBbLIX A3bIKOB,
6M3KMX K MaLLMHHOMY Koy, BO3MOMHbI N1t06ble onepaumm Hag NtobbIMU AaHHbIMM.

python fBAAeTCA TMNU3MPOBAHHbLIM A3bIKOM. B HEM onpegeneHo NoHATHE 'TMNa', CYLWEeCTBYIOT onepawum
pacnosHaBaHWA U BepudMKaLmm aTUX cambix 'TUNOB'.

Takum npoueccom ABNAE€TCA TUNMN3auuAa. B xope eé BbinoaHeHWA npounucxoanT noAaresepxgeHme
MCnonb3yemblX TUNOB U NPUMEHEHNE K HUM COOTBETCTBYHOLUUX OrpaHMHEHMVI. N ot atoro 3asucut
KOPPEKTHOCTb BbINOJIHEHUA NPOrpammbl. TUNU3aUMA MOXKET ObITb CTAaTUYECKOW U AMHaMMHECKOVI. B
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nepsom csiyd4ae npoBepKa BbINOJIHAETCA BO BpemAa Komnunnauunm, BO BTOpOM — HenocpeacrseHHO BO
BpemMaA BbIMNOJIHEHNA NPOrpaMMHOro Koaa.

python — A3bIK ¢ AMHaMMYecKoW TunMsaumeir. B HEM oaHa M Ta e nepemeHHas MPU MHOTOKPaTHOW
WMHULMANM3ALMU MOKET NPeaCcTaBAATb 06bEKTbI PasHbIX TUMOB:

a =1
print (type(a))
<class 'int'>

a = 'one'
print (type(a))
<class 'str'>

a = {1: 'one'}
print (type(a))
<class 'dict'>

| AOCTOI/IHCTBa LII/IHaMI/I‘lECKOﬁ THUIIN3allHH
K AOOCTOUHCTBaAM ,EI,VIHaMM"IECKOﬁ TUNU3aunn MOXKHO OTHECTU:

B BO3MOXHOCTb CO34aHMA PAa3HOPOLHbIX KOI'II]GKLI,VIVU

B [lpocroTta abcTparnpoBaHnA B aaropuTMax;

B Co3daHue pa3HOPOOHbIX KOA/1eKYull
Bnarogapsa Tomy, 4To B python TUMbl AaHHbBIX NPOBEPAIOTCA HEMOCPEACTBEHHO BO BPEMS BbINOJHEHUSA
NPOrpaMmmHOro Koga, NosABAAETCA BO3MOMKHOCTb CO3[aBaTb KOJJIEKLUMW, COCTOALIME M3 3/1EMEHTOB
pasHbix TMNOB. MpUYém genaeTcs sTo JIErKo U NPOCTO:

# coucok, sJIeMeHTaMM KOTOPOTO SABJIAITCS CTPOKa, Lejioe UYMCJIO U KOPTEexX
variety list = ['String', 42, (5,25)]

B A6cmpazupoeaHue 8 a/120pummax
Co3pasas Ko Ha python, MOXXHO MPeAno/IoKUTb YHUBEPCANbHYIO GYHKLMIO COPTUPOBKU M HE MuUcaTtb
OTAe/IbHYIO €€ peannsaumio AN CTPOK U YMCen, MOCKO/IbKY OHa U TaK KOPPEKTHO oTpaboTaeT Ha ntobom
KOMMapupyemom (CpaBHMBAEMOM) MHOKECTBE.

B HepgocraTku AMHAMHUYECKOW THNH3ALNH
OWKMBKM TUNM3ALMK N NTOTUYECKUE OLIMBKM Ha UX OCHOBE, a TaK»Ke Npobaembl ONTUMKU3ALLUN.

B Owu6Ku munuzayuu
OHM peaKku, OAHAKO BeCbMa C/I0XKHO OT/1aBAMBaemble. BnonHe peanbHa cuTyaums, Korga paspaboTumk
Hanucan QyHKUMIO, npeanonaras, YTo oHa byaeT NPUHMMATb YMCNOBOe 3HayeHue. Ho B pesynbTaTe
OWKNBOK, BO3HUKAOWMX B APYIMX YACcTAX MPOrpaMmbl, Ha BXxod, GyHKLMW MOCTyrNaeT CTPOKa, KoTopas
oTpabatbiBaeTcA 6e3 OWWOOK BbINOAHEHMA, oAHaKo eé pesynbtat, — OLWIMBKA, cam no cebe.
CTaTmyeckas e TUNM3aLus UCKIYaeT Takne cutyauum.

B Onmumu3ayus
CTaTMyecKkM TUNU3MpPOBaHHbIE A3blKM 0ObIYHO PaboTaloT BbICTpee ANMHAMUYECKUX, MOCKObKY ABAAIOTCA
bonee "TOHKMM" MHCTPYMEHTOM, ONTUMM3ALUA KOTOPOTO, B KaXKA0M KOHKPETHOM CJ/ly4ae, MOXKET ObITb
HacTpoeHa bosiee TWaTebHO U PaLMOHaNbHO.
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B Kinaccudpukanus TUnoB JaHHbIX python
Mo opHol u3 knaccudukaumin TMNOB python aAenATcA Ha aTomapHble M CCbINOYHble. ATOMapHble
06beKTbI, NPY MX NPUCBaNBAHMM, NEPEAAOTCA NO 3HAYEHMIO, @ CCbIIOYHbIE — MO CCbI/IKe

ATOMmapHble:
m Ywucna;
B CTpoku;
CcblnoyHble:
B Cnucku;
B KopTexu;
m  Cnosapu;
B OyHKuMY;
B Knaccol;

Taknm obpasom, Tnbl python oTanyatoTca oT TMNOB B APYrMX A3bIKAX C YKECTKO 3a4aHHOW TUNM3aLmen.
BakHble Tunbl B python:

B Yucnosble: uenvle, ApobHble, BELWECTBEHHbIE C NNaBatOLLEN TOYKOW, KOMMNEKCHbIE.

B JlorMyeckume: TUN ANA XPaHEHWUS 3HAYEHUN anrebpbl NOMUKN — 'UCTUHA' UK 'NOXKb'.

B CTpoKoBble: coaepKaTt cumaonbl KOHMKOAA, B TOM uncne, html-koa,

B Cnucku — ynopaaoYeHHble MaccuBbl AaHHbIX.

B KopTexu — MaccuB ynopagoYeHHbIX KOHCTAHT, T.e. 3HaYeHUM, KOTopble HE MOTYT U3MEHATLCA B
npouwecce pabotbl.

B MHOXKecTBa — MacCUBbl HEYNOPAAOUYEHHbIX AaHHbIX.

CnoBapw — cneunanmnsmMpoBaHHbI MacCUB, COCTOALMIA M3 Napbl — 'KoY — '3HaYeHue'.

BaviTbl, maccuebl 6aiiToB — NnoMMeHoBaHHble 061aCTM NamMATK 414 XPaHeHWA nsobpaxkeHuit (jpg,
gif n1.4.), pdf-goKymeHTOB U ApYrmx painnos.

B Ywucinossie Tunbl python
Yncna — BaKHEWLIMI U3 BCeX TUMOB AAHHbIX O/ BCEX A3bIKOB MpPOrpammupoBaHus. B python gna umx
NPeACTaBNEHUA CAYKUT YUCNOBOWN TUN AAHHBIX.

B int (yesoe uucao)
KoHuenuma wuenbix 4ucen - BCE NpOCTO: 3TO uucna 6e3 gpobHOM 4acTu, KoTopble SABAAKOTCS
paclimMpeHruem HaTypasbHOro pAaa, 4ONOAHEHHOIO HY/IEM U OTPULLATENbHBIMU YNCAMMN.

NIPVMEPE! LeJIBlX 4YMcell
= -3000

0

9000

Q O o
I

Lenbie yncna MCNONb3YHOTCA ANA NCHUCNEHNA BCEBO3MOXHbIX MaTeMaTUYECKUX Bblpa)l-(eHVIﬁ. Takxe int
NPUMEHAETCA B Ka4ecTBe OMUCAHNIM KONNYECTBEHHbIX CBOMCTB KaKoro-mbo obbeKTa.
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B float (yucao c naasarweil moykoli)
[JeWicTBUTENbHbIE MW BELLECTBEHHbIE YMCAA NPUAYMAHbI ANA U3MEPEHUA HEnpepbiBHbLIX BEWUYMH. B
OT/IMYME OT MaTeMaTUYeCKOTO KOHTEKCTa, HU OAMH U3 A3bIKOB MPOrPamMmMMUpOBaHMA He cnocobeH
peann3oBaTb HECKOHEYHble UM UPpPaLMOHaNbHble YMCaa, NOITOMY BCerfa akTyalbHO NPUOAMKEHUIO C
onpeAeneHHOW TOYHOCTbIO, 13-3a YEro BO3MOXKHbI TakKMe CUTYaLun:

print (0.3 + 0.3 + 0.3)
> 0.8999999999999999

print (0.3 * 3 == 0.9)
> False

3anucu float He oTanyatoTCa OT 3anucu int:

# IIPVMEPEI BEUIECTBEHHEBIX UYMCEJI

zero = 0.0
pi = 3.14
e = 2.71

Ob6nactb npmeHeHus float — matemaTuyeckume BblYNCAEHUA.

B complex (komnaekcHoe 4Yuc/10)
BelecTBEHHbIN pAL paclUMPAET MHOXECTBO PaLMOHabHbIX YNCeN. PAd KOMMNIEKCHbIX YUCeN paclumpseT
MHOECTBO BELLECTBEHHbIX. [IPUHLMNMANBHON OCOBEHHOCTbIO KOMMJEKCHOTO psfa  fABASAETCS
BO3MOXHOCTb M3B/IEYEHUA KOPHA U3 OTPULLATENbHbIX YMCE.

B python KomnneKcHble Yncna 3a4atoTca C NOMOLLbIO GyHKUMK complex():

# OpuMep KOMIIJIEKCHOTO UYMCIia

z = complex(l, 2)
print (z)
> (1427)

# BemecTBeHHAasd 4YacThb
print(z.real)
> 1.0

# MHMMAS dYacTb
print (z.imag)
> 2.0

# compsxeHHOE KOMIIJIEKCHOE YMCJIIO
print (z.conjugate())
> (1-27)

BAXKHO! na KomnaeKcHbIX Yncen onepauma CpaBHEHMA He onpeaeneHa:

z1l = complex (4, 5)
z2 complex (100, 200)
print(z1 > z2)

>
Traceback (most recent call last):
print (z1> z2)
TypeError: '>' not supported between instances of 'complex' and 'complex'
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KomnieKcHble 4YMcia  LWKWMPOKO MNPUMEHAIDTCA, Hanpumep, ANA peweHua anddepeHuUnanbHbix
ypaBHEHUN.

B bool (n102uueckuii mun daHHbIX)
Camblit NPOCTOM M MOHATHbIN M3 BCeX TMNOB AaHHbIX python. Y bool ecTb Bcero aa 3HayeHus:

B WUctuHa (True);

B Jloxb (False).

Ona 6yneson anrebpbl 3TUX 3HAYEHUIM AOCTATOYHO.

# nmpumep bool
pravda = True
lozh = False

MepemeHHble NOTMYECKOro TUMNa HYXKHbl ANA peannsaunm BeTBAEHUN, OHM NPUMEHSAIOTCA AR YCTaHOBKM
bNaXKKoB, GUKCUMPYIOWMX COCTOSHMA MPOrPaMMbl, a TaKKe MCMO/b3YIOTCA B KayecTBe BO3BpaLLaembixX
3HauYeHni gnsa GyHKUMIA, Ha3BaHMA KOTOPbIX, 3a4acTyto, HauMHatoTcs Ha "is" (isPrime, isEqual, isDigit).

To ecTb Tex, KOTOpble, Ha YE/IOBEYECKOM A3blKe, OTBeYasn bbl Ha Bonpoc ogHum cnosom "Ada" wnum
n 1"
Het".

B IlocaeaoBaTe/IbHOCTHU
Ewé oaHO noHATME W3 MaTeMaTWKK, FAe NOoCNefoBaTeNbHOCTb — €eCTb HyMepoBaHHbIA Habop
3/1eMEHTOB, B KOTOPOM BO3MOXHbl UX NOBTOPEHMSA, @ MOPALOK MMEET 3HAYEHMe.

MocnepoBaTtenbHOCTb B python : ynopagoyeHHaa Konnekumna o6beKToBs.

B str(cmpoka)
CTPOKM, - €AMHCTBEHHBIN TUM, KOTOPbIM MO YAaCTOTE NPUMEHEHUA MOMKET CPABHUTHLCAC YUCNOBBIM TUMOM
JAaHHbIX. Onpesenexue, cnpaseaiMeBoe a4s python 3syuut Tak:

CTPOKa — 3TO nocnenosBaTte/ibHOCTb OAHOCMMBO/IbHbBIX CTPOK.

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

> <class 'str'>

BaXHOCTb CTPOK Be/AMKa B MNepByl0 odyepedb ANA JOAEW: 4YTO BCA MNUCbMEHHasA pPedvb MOXKeT
paccmMaTpmMBaTbCA, KaK MHOMECTBO CTPOK. A TaK KaK 4YeNoBeKy CBOMCTBEHHO o0bmeHMBaTbCA
UHbOpMaumnein MMeHHO B BMAe Habopa C/IoB, TO MOMHO FOBOPUTb O HEOrPaHUYEHHOM KO/MYecTBe
obnactei NpMMeHeHUs CTPOKOBOTrO TUMNa AaHHbIX.

m list (cnucok)
Cnucok — 3TO ewé oAMH BUA NOCNefoBaTe/IbHOCTEN... 34eCb CTOMT OCTAHOBUTHCA M OTMETUTb, YTO
nocneposatesbHOCTU B Python 6biBaloT n3meHAembiMM U HenameHAembiMU. CMUCOK — U3MeHAeMasn
17



nocneaoBaTe/ibHOCTb, @ CTPOKM M KOPTEXM — HeT. Takmm o6pasom, CMMCOK MOMKHO ONpeaenunTb, Kak
YMNOPAAOUHEHHYIO M U3SMEHAEMYIO KOTEKLIMIO, COCTOALLYIO M3 06bEKTOB NPON3BOJIbHbLIX TUMOB.

# npumep cnmcka
list of lists = [['code alpha', 'code beta'], [553, 434]]
list of 1lists[0][1] = 'code omega'

print (list of lists)
> [['code alpha', 'code omega'l, [553, 434]]

CnunCcoK 3To 06BbEKT ANnAa XpaHeHuA HaGOpOB AaHHDbIX.

B tuple (kopmeoic)
KopTexu B A3bIke python mMoXKHO paccmaTpuBaTb, KaK HEM3MEHAEMbIE CMTUCKU CO BCEMMW BbITEKalOLLMMMU
nocneACTBUAMM:

# npmumep xopTexa

tup = ('i', '3")

# MBI MOXEM MOJIyUMTH II€PBHIL DJIEMEHT
print (tupl0])

> 1

# HO M3MEHMTB €I'O He IIOJIYUYUTCHA
tup[0] = 'k'

>
Traceback (most recent call last):
tup[0] = 'k'
TypeError: 'tuple' object does not support item assignment

Mcnonb3oBaHWe KopTexkeil oOnpaBAaHO, Korga paspaboTuMKy BarKHA CKOpPOCTb  paboTbl  uau
HEN3MeHAEMOCTb 3/1IeMeHTOB MOC/eA0BaTE/IbHOCTH.

B dict (cnroeaps)
CnoBapu X0Tb U ABNAOTCA HABOPOM AaHHbIX, OAHAKO HEe CYMTAlOTCA NOC/Nef0BaTe/IbHOCTLIO, MOTOMY Kak
npeacTasaaoT coboit HeynopaaoUYeHHbI Habop Nap KoY 3HaAYeHMe.

# npuMep NPOCTOTO CJOBAapH
dictionary = {'Oronéx': 'ywmeHbm. oT cyoBa 'OroHb'}

MNpUMmeHAITCA OHM, Korda Ans paboTbl TpebyeTca TUMN AaHHbIX KOHLEMNTYa/lbHO CXOXWA C OObIYHbIM
TeNlepOHHbIM CMPaBOYHUKOM, TAE Kaxpgasa 3anucb — ecTb Napa COMOCTaBAEHHbIX APYr C APYrom
3HaYeHWl, Mo OAHOMY M3 KOTOPbIX (YHWKAa/NbHOMY KJOYy) MOMKHO TMOJIyYMTb BTOpOEe (COBCTBEHHO,
3HauyeHue).

B set (MHOJicecmeo)
Ewé ogmH "Habop, HO He NocneaoBaTeNbHOCTL".

# npumep MHOXecCTBA
integer num set = {-5, -4, -3, -2, -1, O, 1, 2, 3, 4, 5}



Ecnun He BaXKeH NOpALOK 3/IEMEHTOB, HO BaXHa UX YHUKANbHOCTb, TO NOAXOANT MHOMXECTBO.

# CBOMCTBO YHMKAJLHOCTU
unique set = {6, 6, 6, 5}

print (unique_ set)
> {5, 6}

m  daiin
Pabota ¢ daitnamu, xpaHAWMMUCA T4e-TO Ha BHewHem HocuTene, B Python peanusosaHa B BuAe
o0b6beKkToB-pannoB. OHM OTHOCATCA K 0b6beKTam 6a3oBOro TMna, Ho 06/1a43at0T BECbMa XapaKTepHOM
YepToM: HeNb3A CO34aTb 3K3eMnasap obbeKkTa-painna Npy NOMOLLM ANTEPanoB..

Y1ob6bl HayaTb paboTy c daitnamu, HyKHO Bbi3BaTb ¢GyHKUMIO open() M nepeaatb el B KayecTse
aprymeHToB UMs daiia U3 BHELHErO UCTOMHMKA U CTPOKY, OMUCHIBAIOLLYIO PeXnM paboTbl pyHKLUNK:
f = open('filename.txt', 'w')

Onepaunn ¢ ¢danamm moryt 6biTb pasHbIMM, a, CleA0BaTe/NIbHO, PasHbIMU MOTYT BbiTb U PEXMUMbI
paboTbl C HUMK:

H r — BbiBMpPaeTCA N0 YyMONYaHUIO, 03HAYaEeT OTKpbITUE aitna gNa YTEHUS;

B w — daiin OTKpbIBAeTCA A5 3anucK (eC/IM He CyLLLeCTBYET, TO CO34aETCA HOBbIN);

B x — daiin oTKpbIBaeTCA ANA 3anMCK (eCM He CYLLLeCTBYET, TO FeHepPUPYETCa UCKAoUeHne);

H 2 — peXuMm 3anucu, Npyu KoTopom MHPopmauus gobasnseTtca B KoHel, daitna, a He 3aTupaet
ye UMeloLLyocs;

B b — oTKpbiThe daitna B 4BOMHHOM PEKUME;

B t— ewé oAHO 3HAYEHME MO YMOHAHUIO, O3HAYalOLLEe OTKPbITUE dalisia B TEKCTOBOM PEXKUME;

B + — YTeHWe W 3anuchb;

B range object (a type of iterable).

B a3bike python peannsosaHa ¢yHKuMA range(), KOTopasa co34aéT HenpepbIBHYIO NOC/ieA0BaTe/IbHOCTb
LenbIx yncen:

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

for 1 in r:

print (i, end=' ")
>0123450672829

OHa o4eHb y06Ha Npu co3aAaHUN LIUKOB.

B None
None — cneuuanbHblil TMN A3blka python. OGBEKT 3TOro TMMa O3HayaeT MycToTy, Bcerda umeet
3HayeHue False M moxeT paccmaTtpmsaTtbhecs B Kadectse aHanora NULL gns asbika C/C++. O6bekT None
BO3BpaLaeTca GyHKLMAMM MO YMONAYAHUIO.

null = None
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print (type (null))
> <class 'NoneType'>

Ha NPaKTUKe 3TOT TUN AaHHbIX MOXET 6bITb none3seH, Koraa Haao 3anoJIHUTb CNNCOK OTCYTCTBYHOLWMMUN
3Ha4vyeHnamu, yTOObI OH yBesn4nnca,  MOxHo 6b110 o6pa|.u,aTbcs=| K CTapwnm anemeHTam no UHAekKcy.

® PaGota c Tumamu B python
[Janee onucbiBatoTCA HEKOTOpPbIE NPocTble (???) Npuémbl paboTbl C JaHHbIMK PasHbIX TUMOB B python.

B OnpedeseHue muna 0AHHbIX
Y3HaTb TN AaHHbIX 06beKTa B python morKHO cneaytowmm cnocobom:

# HyXHO BOCIIOJIL30BATLCS BCTPOEHHOM oyHKIMer type ()

my list = {'Python': 'The best!'} # oObaByieHue obvexTa - CJOBapA

print (type (my list))
> <class 'dict'>

B H3meHeHUue muna daHHbIX (NpusedeHUe MUNoa)
BcTpoeHHble yHKUMM gna npusedeHusa Tunos — int(), list(), set(), tuple(), str(), bin().

BaxkHo! BCTpoeHHaa ¢yHKUMA ANs npuBegeHMA Tuna He moauduumpyeT nepefaHHoe 3HauyeHue, a
BO3BpallaeT HOBOE 3HaYeHue Apyroro Tmna.

# int () - mpeoBpas’zyeT UMCIIOBYKH CTPOKY B LI&JIOe UMCJIIO
seven = '7'
new_seven = int (seven)

print (new seven, type(new_ seven))
> 7 <class 'int'>

# list () - mpuBeIeHUE UTEPUPYEMOTO OOBEKTA K CIUCKY
nums = (11, 12)
new nums = list (nums)

print (new nums, type(new nums))
> [11, 12] <class 'list'>

# set () - TpaHcdopMauMa MTepPUPYEMOT'O OOBEKTa BO MHOXECTBO
vegetables = ['carrot', 'tomato', 'cucumber']
new vegetables = set (vegetables)

print (new vegetables, type(new vegetables))

> {'cucumber', 'carrot', 'tomato'} <class 'set'>
# tuple() - aHaAJIOI'MUHO, HO B KOPTEX

python = 'Python'

new python = tuple (python)

print (new python, type(new python))
> ('p', 'y', 't', 'h', 'o', 'n') <class 'tuple'>

# str() - npuBemeHMe K CTPOKOBOMY TUIIY
ex dict = {'giwi': 1453}
new_ex dict = str(ex dict)

print (new ex dict, type(new _ex dict))
> {'giwi': 1453} <class 'str'>
# bin() - mpeoBpaszyeT OeCATHMYHOE UMCJIO B IOBOMUYHEM bopmarT
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dec = 10
new_dec = bin(dec)

print (new_dec)
> 0b1010

B Omauyue type() om isinstance()
B otmume ot type(), dyHKumA isinstance() Bo3BpalLaeT He TMN AaHHbIX aprymeHTa, a 6yneBo 3HayeHwue,
rosopsilee 0 TOM, MPUHAANENKUT OOBEKT K onpeaesIeHHOMY K1accy UK HeT:

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

isinstance() Take ymeeT NpoBepaTb MPUHAANEKHOCTb OBbEKTa XOTA K OAHOMY TUMY M3 KOPTEKa,
nepesaHHOro B Ka4ecTBe BTOPOro aprymeHTa:

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

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

BarKHbIM OTAMUMEM TaKKe ABAsfeTcA To, 4To isinstance() "3HaeT" o HacnegoBaHuun. DyHKUMA
BOCMPUHUMAET 06 BEKT MPOU3BOAHOIO Kacca, Kak 06beKT 6a3oBoro.

class BaseExample:
pass

class DerivedExample (BaseExample) :
pass

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

> True
A BOT BHBOI pesyibTaTa paboTe QyHkUMM type () :

print (type (test))
> <class ' main .DerivedExample'>

3aecb BMAHO, YTO AN type() o6beKT test aBnaeTcs obbeKToM-NpeacTaBuTenem Knacca DerivedExample.

B Kiaaccel
Knacc — 370 TMn AaHHbIX.

Y Knacca ecTb cBolicTBa 1 dyHKUMM (B OO nx Ha3biBalOT MeToAamMM).

B CsolicTBa (Mons, aTpubyTbl) — 3TO XapaKTEPUCTMKM, MpUCYLLMEe AAHHOMY KOHKpPeTHOMY
MHOXeCTBY 06EKTOB.

B MeTogbl — ,D,eﬁCTBMﬂ, KOTOpblE€ OHWN MOTYT COBepLlaTb.
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B [Ipunuuns: OOII
AbcTparmposaHune, noammopdmsm, HacnenoBaHMe, MHKancynauma... Knaccbl NogobHbl YepTerkam: 1o
He 0ObeKkTbl, a Mx cxembl. 3a cyét npuHumnoB OO Knacc "GaHKOBCKUX cyeToB" MMeeT CTporo
onpeaeneHHble U OANHAKOBbIE AN1A BCeX aTPUDOYTbI, HO ero 06BbEKTbI (CaMuM cHeTa) YHUKaNbHbI.

[danee obcyxaatoTca BOMNPOChI, CBA3aHHble ¢ npuHumnamm OOI, obbABNEHMEM K/1AacCOB, METOA0B U
CO34aHNeM 06BEKTOB, NPEACTABAAOWMX 3TN KAacchl.

B A6cmpakyus
AbcTpakumMa — 3TO BblAe/IEHNE OCHOBHbIX, Hanbonee 3HAUYMMbIX XaPAKTEPUCTUK OOBEKTA M
WUrHOPMPOBaHME BTOPOCTEMEHHbIX.

Noboit "cocTtaBHON" 0B6BEKT peanbHOro mMmmupa — 3TO abcTpakuuma. Fosopa "HoyTobyk", He Tpebyetcs
JanbHENWNX NOACHEHWI, BpOAEe TOro, 4YTO 3TO OPraHW30BaHHbLIM Habop nAacTWKa, MeTanna,
HUOKOKPUCTANNINYECKOTO ANCNIEA U MUKPOCXEM.

ABCTpaKuma NO3BO/IAET UTHOPMPOBATL HEPENEBAHTHbIE AETaNu, NO3TOMY A/ CO3HAHWA YesloBEeKa 3TO
OAMH U3 cnocoboB CNPaBAATLCA CO C/IOKHOCTbLIO peasibHOro mupa. Ecam 6bl, NoAXoAA K XONOANNbHUKY,
HY}HO Oblno 6bl "MMeTb Aeno" ¢ OTAeNbHO MeTaN/iomMm Kopryca, NAAaCTUKOBbIMM dparmeHTamu,
NIAKOKPACOYHbIM CNOEM M MOTOPOM, AOCTaTb M3 MOPO3WIKU 3aMOPOXKEHHYIO KNy6HUKY 6bl10o 6bl
HaMHOTO C/IOXKHee.

B Ioaumopguzm
Monumopdusm noapasymeBaeT BOSMOKHOCTb HECKO/IbKUX peaninsaunit ogHon naeu. NMpocrton npumep:
ecTb Knacc "MepcoHaxk", a y Hero ectb meTog "AtakoBaTtb". [ BOMHA 3TO ByaeT 03HaYaTb yaAap Meyom,
ONs perHaXKepa — BbICTPEN M3 NyKa, a ANA BOAWeOHMKa — YTeHWe 3akAnHaHuA "OrHeHHbIl LWap". B
CYLLHOCTM, BCE 3TW TpWU AENCTBMA — aTaka, HO B NPOrPaMMHOM Koae OHM OyayT peanns3osaHbl
CoBepLIEHHO NO-Pa3HOMY.

B HacaedoeaHue
3To cnocobHOCTb OAHOr0 Kaacca PacWMpATb MOHATME APYrOro, W TaBHbIM MEXaHW3M MOBTOPHOTO
ncnosnb3oBaHMA Koga B OOMl. Ha ypoBHe abcTpakumm "ABTOTPAHCMOPT' MOMHO HE Y4YMUTbIBATb
0COBEHHOCTUN KarKAoro KOHKpPEeTHOro BMAa TPaHCMOPTHOro CPeAcTBa, a paccmaTpuBaTb ux "B uenom".
Ecnu ke 6onee feTann3nMpoBaHO NPUrNALETLCA, HAaNpPUMeEp, K FPY30BMKAM, TO OKaXKeTCs, YTO Y HUX eCTb
TaKMe CBOWMCTBA M BO3MOXHOCTM, KOTOPbIX HET HW Y JIETKOBbIX, HW Y MACCaXXMPCKUX MalluH. Ho, npwu
3TOM, OHM BCE eLLé 061aaatoT BCEMU APYTMMU XapaKTEPUCTUKAMM, MPUCYLLMMM aBTOTPAHCMOPTY.

Mo*KHO 6bl710 6bl 06bABUTL OTAENbHbIN Knacc "Tpy30BUK", KOTOPbLIN ABAAETCS HacnegHUKOM 6asoBoro
Knacca "ABToTpaHcnopt". O6beKTbI 3TOro Knacca Moriv bbl onpeaenaTb Bce NpoLwabie aTpubyTsl (UBeT,
ro4 BbiNycka), HO W MOAYYUTb HOBble. [AA TPy30BMKOB 3TO MOrAM 6biTb TPy30NOABEMHOCTD,
CHapAXKeHHas Macca WM Ha/IMuyMe KWUIOro OTCeKa B KabuHe. A MeToAOM, KOTOPbIM eCcTb TONbKO Y
rPY30BMKOB, MOrNa 6bITb GYHKUMA CLENAEHUA U OTUENEHUA NpULena.

B HHuKancyaayus
WHkancynauma — 310 npuHumn OOl KoTopbit TpebyeTtca pna 6esonacHocTM M ynpasieHWA
CNOXHOCTbIO Koga. UHKancynauma BnokupyeT A0CTyN K AeTanfM CNOMKHOM KoHuenuuu. ABCTpaKuma
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nogpasymeBaeT BO3MOXKHOCTb PACCMOTPeTb OO6BEKT C obuweil TOUKM 3peHusA, a WMHKaNCynauusa He
No3BOSAET PACCMATPMBATL 3TOT OOBEKT C KaKON-TMH0 APYroii.

B Metoabl Knacca
MeTog — 3T0 PyHKUMSA, 06bABAsSIEMan B Klacce.

Hanpumep, y 6oeBoro Kopabns (bpoHeHocel, IMHKOP) ecTb 6opToBOE OpyKMUe. 1 OHO MOXKET CTpensTb.

class WarShip:
def atack(self):
print ('Ahh!")

destroyer = WarShip ()

destroyer.atack ()

> Ahh!

B ATtpubyTtbl Knacca
Y Knacca nmeeTtca cobCcTBEHHbIN HAbop XapaKTEPUCTUK, KOTOPbIM NO3BOASET ONMCaTb €ro CyLWHOCTb. ITH
CBOWCTBa 334at0TCA Ha 3Tane o6bsABAEHMA KNacca U Ha3blBaOTCA NOASAMM UM aTPUByTaMK Knacca.

Mona B Knacce moryt 6bITb 06BABNEHbI CTaTUYECKUMU UNIN ANHaMUYECKNMN.

Cratuuyeckme nons (I'IOI'IFI Kl'IaCCB) MOXHO MCMno/ab30BaTb b6e3 CcOo34aHuA obbeKTa. 3HauveHus, KOTOpbIE
3anncCbiBalOTCA B 3TW NoAA (CTaTMLIeCKVIe nepemeHHble) dKTyaJibHbl ANA BCEro MHOXeCTBa 06BbeKToB
(KOTOpre 06bABNIEHbI U KOTOpblE MOTYT 6bITb 06bABNEHDI B Xo4e BbINMNO/IHEHUNA NMPOrpamMmHOro KOAa).
CtaTuueckue nonsa obbasaawTcA HenocpeacTBeHHO B Knacce.

[dvHamuyeckre nonsa (nons obbekTa) 3a4aloTCA MPU CO3L4AHUN KOHKPETHbIX OBBEKTOB C MOMOLLbIO
CNeumasbHOro  MeToAa-KOHCTPYKTopa. WMHpopmauus, KoTopas 3anucbiBaeTca B MO  06BbeKTa,
aKTyaNbHa TONbKO AN KOHKPETHOrOo OObEeKTa. DK3eMMAAp HYKHO C034aTb, a MNOASM NPUCBOUTH
3HauyeHuA. JuHaMmnyeckne nonn obbABAAIOTCA B TENe MeTOAa-KOHCTPYKTopa __init__.

O6bsaBneHue Knacca ¢c umeHem firstClass u ctatuueckmm aTpnbyTOom (CBOMCTBOM) X:

class firstClass:
x =5

print (firstClass.x)

O6baBneHMe Kaacca CO CTaTUYECKMM aTPUOYTOM M AUMHAMMYECKMM aTpubyToM, a TaKKe MeToA0M-
KOHCTPYKTOpOM __init__.

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

def init (self, weapon type):

# IOVHaMMUecKuil aTpudyT

self.weapon type = weapon type
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BarkHO! cTaTUyecKmii U guHammn4eckmii aTpmbyTbl B K1acce MOryT UMETb O4HO U TO Ke UMSA:

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

def init (self, name):
# muHaMMueckuit aTpubyT
self.name = name

weapon = MightiestWeapon ("sword")

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

B Tom, UTO B Knacce 06bABEHbl aTPUMBYTbl C OAHUM U TEM e UMEHEM, HEeT HMKaKux npobiem. 1o BCé
paBHO pasHble ugeHTUdMKaTopbl. [osHOEe wumA cTaTMyeckoro atpubyTta Mightiestileapon.name
(umsa_knacca.uma_atpubyra), nonHoe nmsa ANHAMUYECKOoro atpunbyta weapon.name
(vma_obbeKkTa.nma_atpubyta).

Ha ocHoBe Knacca co3paértca obbeKkT-npeactaButens Knacca firstClass noa HassaHvem pl. dyHKumA
print BbIBOAUT 3HaYeHNe NoaA X 414 obbekTa pl:

pl = MyClass ()
print (pl.x)

B oT/numne oT MHOIMX 0OBEKTHO-OPUEHTUPOBAHHbBIX A3bIKOB, B python He onpeaeneHbl cneundurKkaTopbl
JOCTyna K Nnonam UM meTogam Knaacca. OTCYTCTBME aHa/loroB crneumpukaTopoB YPOBHA A0CTyna
public/private/protected (Bce 3HaueHMs aTpubyTOB U METOAbl OAUHAKOBO [AOCTYMHbI) MOMKHO
paccmaTpuBaTb Kak "ynylieHne" co CTOPoHbI NPUHLMNE MHKaNCYNALUN.

B KoHcTpyKTOp
MeToz, KOTOPbIV Bbi3bIBAETCA MPU CO34aHUN OOBLEKTOB, HA3bIBAETCS KOHCTPYKTOPOM. OH HyXKeH gns
0OBEKTOB, KOTOPbIE M3HAYANIbHO AO/IKHbI MMETb Kakne-To 3HaueHue. Hanpumep, nycTble 3K3eMnaspsl
Knacca "Student" (CtymeHT) b6eccmbiCNeHHbl, W XenaTelbHO MMeTb XOTS 6bl  MUHUMabHbIN
0603Ha4YeHHbIN Habop 3HauYeHU Bpoge UMEHU, GaMUIUK U TPYNNbI.

B KauyecTBe KOHCTpYKTOpa python 06bl4HO BbICTyNaeT meTog __init_ ():

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

alex = Student ("Alex", "Ivanov", "admin")

Takum obpasom, o6bABAAeMas N0 YMOAYAHUIO OYHKUMA MHUUManuM3aumm __init_ (...) . MNpwm
06bABAEHMMN Kacca BCTPOEHHas ¢yHKUMA __init__ moxeT 6biTb NepeonpeneneHa B COOTBETCTBUM C
0CcobeHHOCTAMMN 06bABAAEMOrO Kaacca.
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31a ¢YHKLMA BbINOAHAETCA MNPWU CO34aHMU OObeKTa-NpeacTaBUTeNs [AaHHOFO Knacca M 06bl4HO
MCNONb3yeTcs AN MPUCBOEHMA 3HAYEHMI CBOMCTBaM (MONAM) OOBEKTA MAM BbIMOAHEHUA APYIUX
onepauuin, KoTopble BbINOJHAIOTCA Npu co3gaHnn obbekta. Hanpumep, npyu obbaABneHUN Knacca nog,
Ha3sBaHMem Person ¥ npeaHasHayeHHOro A/1A COXPAaHEHWA MepCOoHasbHOM MHopmaumn, GyHKUUA
__init__ () npu co3maHun obbekTa-npeacTaBUTeNa Kaacca Person npumeHseTcAa A/s MNPUCBOEHMUSA
3HAYeHU UMeHW 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)

®yHKuMA __init__() aBTOMaTMYeCKM BbI3bIBAETCA KaxKAablid pa3 Mpu CO34aHMM HOBOrO Ob6beKTa-
npeacraBuTena AaHHOro Knacca.

B Knacce obbasnsatTca pa3Hoo6pa3Hble meTtoabl. MeTtoapl — 3TO d)YHKLI,MVI, KOTOpble ob6bABNAOTCA B
K/lacce 1 BbI3blBalOTCA 'OT UMEeHMU' O6beKTOB-anACTaBMTEHEﬁ AaHHOTOo Knacca.

Y MeToZ0oB MO YMO/JYaHWIO MepBbiM MAPAMETPOM ABAAETCA CCbIKa Ha 06bekT. OH MpUMHMMaeT B
KayecTBe 3HaYeHMWs CCbIIKY Ha OBBEKT, OT MMEHM KOTOPOrO BbI3bIBAETCA AaHHbIN meTod. O6blYHO 3TOT
napameTp HasbiBaeTcs self.

Hanpumep, B Knacce Person, metog hellofunc(self) no sHayeHuto ccoinku self obecneunsaet B popme
NpWBETCTBUA BbIBOA MHOOPMALMM OT UMEHWN AaHHOTO 06beKTa:

class Person:

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

def hellofunc(self):
print ("Hello, »T0 " + self.name)

pl = Person("Boris", 306)
print (pl.name)

print (pl.age)
pl.hellofunc ()

Takum obpasom, napameTp self aBnaeTca ccbiKo Ha 06BEKT, NPeACTaBAAOWMIA KNacc U UCMOob3yeTca
ANA OOCTyna K NoJiAM M MmeTogam 06beKTa, 06bABEHHbIM B Knacce. Ero He o6sa3aTesibHO HasbiBaTh self,
OH MOMKET Ha3blBaTbCA KaK YroZiHO, HO NapaMeTP-CCbIIKa Ha 06BEKT A0/KEH BbITb MepBbIM NapamMeTpom
MeTofa B Knacce, €cnM 3TOT MeToh BbI3bIBAETCA OT MMeHW Ob6beKTa-npeacTtaBuTena Knacca
(HecTaTMueckuit meton).

MpuHumnbl OOMN nO3BOAAIOT JIETKO M3MEHATb CBOMCTBA paHee co3AaHHbIXx 06beKkToB. Hanpumep,
M3MeHeHMe 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, »T0 " + self.name)

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

print (pl.age)
pl.hellofunc ()

pl.age = 40 # mBMeHeHMe BO3pacTa c 36 Ha 40
print (pl.age)
pl.hellofunc ()

PaHee co3gaHHble 06BEKTbI YOaNAKTCA C NICMNOZIb3OBAaHUEM K/THOHEBOTO C/10Ba del.

B HacaepoBaHue
Mpy HaMMCaHMM KoAa MOMKET OKasaTbCf, YTO HEKOTopble OOBEKTbI-MPEeACTaBUTENM PA3HbIX K1AacCoB
aHANOTMYHbI aHANOTUYHbI 33 UCK/IOYEHNEM HECKOJ/IbKUX pasnnumnii. OnpeaeneHue cXoAcTB U Pasivumii
Mexay TakKMmK obbeKkTamu peanunsyeTca 3a cHéT npuHumna OON "HacnegoBaHmem". HeCKObKO K/1accoB
HacneaytoT obuiemy Knaccy (Knaccy-poautento).

# xJjacc "XmBoTHOE". DTO HOCTATOUHO aBCTPAKTHHIM KJIACC BCETO C OIOHUM METOIOM
"znaTte 3BYK".
class Animal:
def make a sound(self):
print ("VMsmaéT XMBOTHBEI 3BYK")

M3BECTHO YTO KOLUKM N1a3atoT Mo AepeBbsAM, a CobaKu rpbi3yT BCAKME npeameTsl. Janee obbasaseTcs
napa COOTBETCTBYIOWMX KNaccos-HaciegHUKoB. (PakT HacnegoBaHuAa B python ykasbiBaeTcs npu
06bABNEHUN KNAacca-HacAeAHMKA. Mocae MMeHM Kiacca B CKODKaxX YKa3blBaeTCca MMA KNacca-poamTens:

class Cat (Animal) :
def go _on tree(self):
print ('Kmaccuas Berka! Ha HeM moxeT OHTHL I'HE3HO...')

class Dog (Animal) :
def gnaw_objects(self):
print ('Omguaxnel 8 moBepychb IO XO3AMCKOM MOOwMIE! ')

Tenepb 06bEKTbI 3TUX ABYX KNAacCCOB MOFYT HE TO/IbKO M34aBaTb KMBOTHbIE 3BYKW, HO W BbIMOAHATb
cobCTBEHHbIE YHUKaNbHbIE AeicTBUA:

Tom = Cat ()
Tom.make a sound()
> UBmaéT XMBOTHEI 3BYK

Tom.go_on_tree ()
> KrnaccHas BeTka! Ha HelM MoxeT OBTBH I'HE3OO...!
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m Ilepeomnpepaenenue
Kak KolkKa, Tak n cobaka npocto "M34aloT KMBOTHble 3BYKM', a xoTenocb 6bl, YTOObI 3BYKU Oblan
CBOWCTBEHHbIE MMEHHO 3TUM KMBOTHbIM. [lnA 3TOro CcywecTByeT MexaHWKa nepeonpeneneHus,
OCHOBaHHas Ha npuHUuMne noaumopdursma. Mpm 3Tom B KNacce-HacnegHUKe 06bABAAETCA METOA C TEM
»Ke Ha3BaHMeMm, 4YTo 1 B 6a30BOM K/acce:

class Dog(Animal) :
def gnaw objects (self):
print ('OmHaxmel g moOepyChb IO XO3SMCKOM MOOMJIEI! ')
# manee miia oBbekTOB Kjacca "Cobaka" OyImeT BHIIOJHATHCSI
# MMeHHO »Ta peanmMzauusa MeToma
def make a sound(self):
print ('Tae-ras!"')

Balto = Dog()
Balto.make a sound()
> T'aB-Tras!

B OO0bsABJIeHHE apryMeHTOB B QYHKIUAX U MeTO4aX K/IaCCOB
Mpu Bbi3OBE paHee 06BABAEHHbIX QYHKUWUIA UM METOAOB K1accoB, OCOOEHHO B C/ly4ae HacneAoBaHus,
napameTpbl B GYHKLUMM U METoAbl YacTo NepesatoTca B BUAE NOC/NeA0BaTe/IbHOCTEN, NPeaCcTaBAAOLWMX
coboli KopTexn unn cnosapu. [na obosHayeHUa KopTexkel M cnoBapeit B 06bsABAEHUN aprymMeHTOB
bYHKUMIA M METOA0B NPUMEHSIOTCA CNeunanbHble CUMBO/bI - NPUCTaBku: "*" nnn "**" cootseTcTBeHHO.

3To0 0coBeHHO MO/Ie3HO B CaydasxX, Koraa ¢yHKuma / MeToa MPUMHUMMAaeT MepemMeHHOe KO/IMYecTBo
napameTpoB.

B python npuHATO, YTO B Nporpamme A8 nepefayn KOpTeXKa apryMeHTOB MCNO/b3yeTcA nepemeHHas
args, a B Cy4vae co cnoBapém — nepemeHHan kwargs. Ecam nepen nepemeHHOR args ykasaH CMMBOA
"*"' 70 BCe AOMOJIHUTE NbHbIE apryMeHTbl, nepedaHHble GYHKUUU / MeToay, COXPaHATCA B args B Buae
KopTexa. Ecnm nepes kwargs ykasaH cumBon "**", To Bce ponosnHuUTenbHble MNapameTpbl byayT
paccmaTpmBaTbCA Kak napbl "KAtoY - 3HaYeHMe" B aprymeHTe, npeAcTaBfeHHOM B BUAE C/10BapS.

B ¢yHKumax / meTodax, 3a4alolimMX CBOMCTBA TaKMX rpaduuecknx OBBEKTOB KaK JIMHWUA, TEKCT,
NPSAMOYTroNbHUK, NapameTpbl YacTo 06beAUHAIOT B BMAE Noc/eoBaTenbHocTel * args, nMbo cnosapei
** kwargs.

CuuTaerca, 4to aTO obneryaeT obbaABNEHME K/1ACCOB, X CBOMCTB MeTo408B.
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[ | ,ﬂ(ﬂ(yﬂde}YTP“DOIHlHﬂlel(OlUl
[JOKymeHTMpOBaHME KoAa — Ba)KHasa 4acTb pa3paboTkm Ha python. CBA3aHHOM C Kogom
COOTBETCTBYIOLLEN [AOKYMEHTAUMM MOXKET ObiTb Oosiblle, 4em camoro Koga. B  gokymeHTauumu
Pa3bACHAETCA Ha3HaYeHWe W AeNcTBUMA QYHKUMM MAM Knacca, KakuMe aprymMeHTbl MpUHUMAtoTCA
bYHKUMAMM M MeTOZaMM, KaKMe 3HaYeHUs BO3BpaLLatoTcs.

Korga [QOKymeHTauuMa W Ko HaxodATcA B PasHbIX MeCTax, WX COMPOBOMAEHWEe CTaHOBMTbCA
3aTPyAHUTENbHbIM. [O03TOMY Ha MpaKTUKe [AOKYMEHTauusa HaxoAuTcA HernocpeAcTBeHHO pagom (B
ofiHOM ¢aitne) c KoAoM.

B Docstring
Docstring — 3TO CTPOKOBbI AUTEpan, KOTOPbIM pacnonaraetca cpasy 3a 06bABAEHWMEM MoAayAA,
dYHKUMKM, Knacca unm metogda. O TOM, KaKMe CYLLEeCTBYIOT COr/lalleHns B AOKYMeHTUpoBaHuM Python
KOZ4a ONMMUCAHO B AOKymeHTauum PEP257.

B /JlokymMeHTauus AJid KJ1acCOB
,ﬂ,OKyMEHTaLI,VIﬂ KNlaCCa COo34a€eTCA AN1A CaMOro KnaCcCa, a TakxXe gna ero metogos.

class Speaker:
"""370 docstring kjacca Speaker"""

def say something(self):
"""3170 docstring meToma'""

print ("something")
MpaBuna 4OKYMEHTUPOBAHUA: NOCAE CTPOKU AOKYMEHTAL MM HYXKHO OCTaBAATb NMYCTYIO CTPOKY.

B /loxymeHTanus Kjacca
JoKyMeHTauusa gns Knacca MOXKeT cogeprKaTb cedyoLlyo MHdopmMmaLmio:

B KpaTKoe onucaHue Knacca (+ ero nosegeHue);
H onucaHue aTpubyTOB KAacca;

B onucaHue NyBANYHbIX METOAOB;
|

BCE, YTO CBA3aHO C MHTepdelicom A1a NoAKNACCOB.

B /lokymMeHTalMs METOAOB KJjIacca
[lna MeToA0B K/acca AOKYMEHTALMA MOMKET COAepKaTb:

H KpaTKoe onucaHue metoa (+ ero noseaeHue);

B onucaHWe aprymeHTOB MeToAa;

B nobouHble apdeKTbl (ecM TaKoBble BO3HUKAIOT NPU BbINOAHEHUN METOAa);
[ ]

NCKAtOYEHMSA.
Hanee — npumep c 60s1ee nogpobHOM AOKYMeEHTaLMeEN Kiacca:

class TextSplitter:
"""Krnacc TextSplitter mcnosb3’yeTcs nig pa30MBKM TEKCTa Ha CJIOBa

OcHOBHOE IIPVMMEHEHME — IIapCHMHI' JIOT'OB Ha OTHOEJIbHEIE 3JIEMEHTEI

28



II0 YKAa3aHHOMY pa3nejiuTelilo.

Note:
BO3MOXHEI MPOBJIEMEl C KOIMPOBKOM B Windows

Attributes
file path : str

MOJIHEIM IIYyTh OO TEeKCTOBOTO ¢darnia
lines : list

CIIMCOK CTPOK MCXOoZHOTO Gania

Methods
load()

UuraeT ¢aly M coxpaHseT ero B BUIE CIOMCKa CTPOk B lines
get splitted(split symbol=" ")

PaszpmessgeT CTPOKM CIMCKa 10 yKas3aHHOMY pas3nelMTelIo

¥ BO3BpallaeT pesyJibTaT B BMIE CIMCKA

wuan

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

def load(self) -> None:
"""MeTon misa 3arpy3ku daryia B COMCOK CTpok lines

Raises
Exception
Ecnu dany mycToM BHS3OBETCS MCKJIOUEHUEe

wuan

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

def get splitted(self, split symbol: str = " ") -> list:
"""Pa3®uBaAaEeT TEKCTOBHEIE CTPOKM lines, npeof®pasys CTPOKY B
CHMCOK CJIOB IO PasIesIUTeJIo

Ecim aprymeHT split symbol He 3amaH, B KadeCTBe pas3lesUTesid
MCIHOJIb3yeTca Hnpoben

Parameters
split symbol : str, optional
pasmenuTersb

wuan

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

split list.append(str line.split(split symbol))
return split list
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B JokymeHTauus AJisd NAaKeTOB
JOoKymeHTaumMa naketa pasmeltaetcs B daiine __init__.py B BepxHel 4yactu daina (HaumHaa c 1-i
CTPOKM). B HeM moKeT 6bITb YKa3aHo:

B OonucaHWe Nakera;
CNUCOK MOoAYNEeN 1N NAKETOB, SKCMOPTUPYEMBIX STUM MOAYNEM;
aBTop;

KOHTAKTHbIE AdHHbIE;

JINLLEH3MA.

wuan

[TakeT MoOs mnomMoraeT CO3IOaThb HOJ'IHOSKpaHHBIﬁ TEeKCTOBLIV MHTep(l)eﬁC B KOHCOJIMN.

Alex Ivanov [https://alex.ivanov.ru/]
alex.ivanov@gmail.com
# License: BSD

__author = 'Alex Ivanov'

try:

from .version import version
except ImportError:

version = "0.0.0"

version = version

B /loxymeHTauMs A MOAYJIei
[JoKymeHTauusa moayneil aHanormyHa AOKYMeHTauMu Knaccos. BmecTo Knacca M meTodos B AaHHOM
C/y4yae OOKYMEHTUPYeTCA MOoAy/Nb CO BCEMMU ero GpyHKUMAMU. Pasmellaetcs B BepxHel 4YacTu ¢daina
(HaumHas ¢ 1-# cTpoKu).

m dopmaTtsl Docstring
CTPOKM [OKYMEHTaLMn MOryT MMeTb pasandyHoe dpopmatmposaHue. B npumepe Bbille Mcnoab3oBanca
ctunb NumPy. CywiecTsytoT u apyrue popmatbl:

B Google styleguide -> Comments and Docstrings
B Numpydoc docstring guide
m Epydoc
B reStructuredText (reST)
__doc__ u help(): BbIBOA AOKYMEHTALMM HA 3KpaH
CTpPOKM [OKYMEHTaLMU JOCTYMHbI:

B u3atpubyta __doc__ ana noboro 06beKTa;

H C NoMoLblo BCTPOEHHOW dyHKLMK help().

BbiBOA, AOKYMEHTaLUK ¢ nomoLlbio dyHKuMm help()

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

Help on module test:
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NAME
test - 3710 docstring MomyJsis, OH OIHOCTPOUHEIM.

FILE
/var/www/test.py

CLASSES
MyClass

class MyClass
| 3to docstring xJjacca.

\
| Methods defined here:

\

| my method(self)

| 3to docstring meroma

FUNCTIONS
my function(a)
ST0 MHOTOCTpoOuHEM docstring mna ¢yHxumm my function.

B MHOTOCTpOouHOM docstring nepBoe NpenjoxXeHMe
KpPaTKO OMNMCHBAaeT paboTy QYyHKUMUNM.

TakXxe MOXHO BHEHBOIMUTH NOOKYMEHTALMID OTIOEJIBHOTI'O obBeKTa:

>>> import my module
>>> my module. doc

>>> my module.my function. doc

>>> my module.MyClass. doc
>>> my module.MyClass.my method. doc

H pydoc
[ns 6onee ynobHoli paboTbl ¢ AOKyMeHTauMel, B python cyliecTByeT BcTpoeHHan 6ubnnoTeka pydoc.
Ha ocHoBe python moaynelipydoc aBTOMaTM4ecKu reHepupyeT AOoKyMeHTauuo. UHdopmauuio no
[OCTYMHbIM KOMaHAAM MOAYNA pydoc MOXKHO Noay4nTb Habpas B TepMUHane:

python -m pydoc

[Janee npusoauntca onncaHme ¢yHKLMoHana pydoc

B Bbsieod mekcma doKyMeHmayuu
pydoc <name> —

MOKaXKeT TEKCT AOKYMEHTAUMW YKa3aHHOrO moayns, nakeTa, ¢yHKUWMW, Knacca v T.4. Ecam <name>
cogeput "\", Python byaeT nckaTb 4OKYMEHTALMIO MO YKa3aHHOMY NyTU.

Hanpumep, LOKYMEHTaUMA BCTPOEHHOIO Moy na 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 KoHCO/1b BbiBeZeTCA Ha3BaHMeE MOAY/IA, €ro ONUCaHWe 1 onncaHue Bcex dJYHKLI,Mﬁ B moayne.

B [louck no doKkymeHmayuu
pydoc -k <keyword> —

HaMAeT KNoYEeBOE C/I0BO B IOKYMEHTALIMKN BCEX AOCTYMHbIX MOAY/EN.

MycTb TpebyeTca pacnakoBaTb gzip ¢pann. Mouck 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 BMAeH moaynb gzip. Tenepb MOKHO NOCMOTPETb €r0 AOKYMEHTaLUMIO:

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 onucanwutio, AaHHblﬁ MOAY/Ib MOXKET PeWNTb 3Ty 3a4a4y.

m HTTP cepBep c AoOKyMeHTaLueu
[na yaobctBa NnpocmoTpa A0KymeHTaumu, pydoc no3sonaeT ogHoM KomaHaol cosaate HTTP-cepsep:

python -m pydoc -p 331

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

Tenepb MOXHO nepeiTn B 6paysep v 3ainTn Ha http://localhost:331/

[na octaHoBKM cepBepa BBecTM "q" 1 HaxaTtb "Enter":

server> g
Server stopped

Takxke HTTP-cepBep focCTyneH yepes
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python -m pydoc -b -

3Ta KOMaHZAa Co34acT cepBep Ha CBO6OAHOM MOPTY, OTKPOET bpay3ep U NepernaeT Ha HYXKHYIO CTPaHULLY.

B 3anuch AOKyMeHTaluu B paiia
python -m pydoc -w sglite3 —

3anuchk dpalina c goKymeHTaumer no moaynto sqlite3 8 html daiin.

E ABTOAOKYMEHTHPOBaHHeE KOJa
[na Toro 4tobbl 061€rYUTH HAaNNCAHME JOKYMEHTALMN U YAYULIKUTD €€ B Lie/IOM, CYLLLeCTBYIOT PasinyHble
python-nakeTbl. OguH 13 HUX — pyment.

pyment paboTaeT cregyrowmm ob6pasom:
B AHanusMpyeT O4MH UAN HECKONIbKO CKPUMTOB.
B [lonyyaeT cyLecTBylOWME CTPOKU JOKYMEHTALUMN.

B [eHepupyeT oTGOPMATUPOBAHHbIE CTPOKM AOKYMEHTALMMN CO BCEMW MapameTpamm, 3HAYEHUAMMU
Mo YMONYaHUIO U T. A4,

B [anee MOXHO NPUMEHUTbL CTEHEPMPOBAHHbIE CTPOKM K CBOMM daiiiam.

3TOT MHCTPYMEHT 0COBEeHHO noJsie3eH Koraa Kog, NAoXo 3aJ0KYMeHTUPOBaH, UAM Koraa AOKYMeHTauumaA
BoBce oTcyTcTByeT. TakKe pyment byaeT noneseH B KOMaHAe pa3paboTunkos ans GpopmaTnpoBaHus
[OKYMeHTalUumn B eAUHOM CTUe.

B YcmaHoseKka:

pip install pyment

B Hcnosaw3o08aHue:

pyment myfile.py # mns danna
pyment -w myfile.py # nns daiina + 3anuce B dann
pyment my/folder/ # mns Bcex daltyioB B Nanke

[na 6onbwmHcTBa IDE TaKKe CcyLLLecTBYHOT NAarMHbl, NOMOratoLLmMe JOKYMEHTUPOBATb KOA:
B AutoDocstring — ana VS Code.
B AutoDocstring — ana SublimeText.
B Python DocBlock Package — ana Atom.
B Autodoc — ans PyCharm.

B PyCharm cyuiectByeT BCTPOEHHbI ¢YHKUMOHAN aobaBneHuAa AOKYMEHTauuu K Koay. [Ona 3sToro
HYKHO:

H [epemecTuTb Kypcop nof obbsasneHne pyHKLUN.

B HanucaTtb TPOliHbIe KaBblYKMK M HaxkaTb "Enter".

B CBeaeHuA 06 onepatopax python
Onepatopbl python npumeHstoTca ana GopmMpPoOBaHMA BblPaXKEHUI U3 ONepaHaoB

Bonbwue BbiparkeHUs (C 6ONbWKMM KONMYECTBOM OMepaHAoB) MOXKHO dopmaTupoBaTb. s 3Toro
ncnonb3yetca 'obpaTHbili ciew’ (\).
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Bnarofaps cTpyKkType 'neceHKoi' A3blK NO3BOASAET NPOBOAMUTL LLeNOYeYHble CPaBHEHMUS.
Jlornyeckme onepaTopbl NPOCTbI C TOYKMU 3PEHUA CUHTAKCUCA U CHUTAIOTCA 'NeHMUBLIMK'.

PeanunsosaHo ynpasaneHne CnnCKkamum mn npovymMmumn nocnenoBatesibHOCTAMU. EcTb MHAEKcaunAa anemeHTa
B CMUCKe.

CTpOKM BblpaxKeHWU COCTOAT M3 NPOCTbIX ONEPATOPOB, HO/bLUMHCTBO U3 KOTOPbIX MHTYUTUBHO MOHATHbI.
Mpwn aTom BbipaxkeHna dopmupyroTca 6e3 AUWHKX CAy»KebHbIX CKOOOK M ApyrMx onepaTtopoB TUNa
'Hayano' u 'KoHel,'.

B OnepaTopsl ynpaB/ieHUA IOTOKOM BbINOJIHEHUSA

BblpaskeHus cTpoATCcA M3 ONepaHAoB C NpUMMeHeHMem onepaTtopos. Mpu paspaboTke MpPorpammHOro
obecneyeHna BO3MOXKHO CO34aHME 'MAeanbHOro' Koga, KOTOPbIM BbINOAHAETCA HEe3aBUCMMO OT
'‘BHeWHMX' ycnoBuiA. Ha npakTuKke npuxoamutca cos3gaBaTb 'MAeanbHbI' Kohd, KOTOpPbIM OKasblBaeTcs
HaMHOro MpoOLLE OMMCbIBAEMbIX B peanbHOM Mupe cobbiTuii M paboTaeT COBCEM He TaK KaK 3To
npegnonaranocb. Hanpumep, HYXKHO BbIMNOAHWUTL PAL BblPa)KEHW TONbKO B TOM C/lyyae, €ciu
cobntogatoTcs onpeaeneHHble ycnoeua. s 06paboTKM TakMX CUTyaLMii B A3blKax NPOrpaMmmMpoBaHus
(no aHanorMM c ecTecTBEHHbIMU A3blKAMM) NPUMEHAIOTCA OMNepaTopbl YMNPaBJAEHUSA MNOTOKOM
BbIMO/IHEHUA. B 3aBMCMMOCTM OT COCTOAHMA BbIMOJAHAEMbIX BblparKeHWA (Korda Kakoe-To yc/ioBue B
nporpamme UCTMHHO) onepaTopbl 06ecneynBatoT BbINOAHEHNE LMKAOB UM NPONYCK UHCTPYKLUNA.

Onepatop-BblparkeHue if.
Onepatop-BbipaxeHue if-else.
Onepatop umkna while.
Onepartop uukna for.
Onepartop break.

OnepaTtop continue.

m if
OnepaTop if wncnonb3yetca OnA nposBepku ycnosuA. Ecan ycnosue WCTUHHO, 3anyckaetca 610K
onepaTtopos (Ha3biBaemblii 6a10Kom if), B npoTMBHOM cnydae obpabaTtbiBaeTcsa apyroi 610K onepaTtopos
(HasbIBaembIt 610KoM else). MpeanorkeHune else He ABNseTCA 06A3aTENbHbIM.

CuHTakcuc onepaTtopa if:

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

<non-indented statement>

MepBan cTpoyKa onepartopa if condition: — 3To ycnosue if n nornyeckoe BbiparkeHue condition, KoTopoe
Bo3Bpawaer True unu False. [lanee pacnonaraetca 610K MHCTPYKUuMi (6nokom if). OH npeactasnser
cob60i 0gHY UM 6onbLIe MHCTPYKLMUIA.

Y Kaxaown MHCTpyKumn B 610Ke if ogMHaKkoBbIl oTcTyn oT cioB.a if.

Bo mHorux sasbikax ( C, C++, Java, PHP,) ana onpeaeneHus Havyana M KoHua 6/10Ka MCNosb3yloTca
¢durypHble ckobku ({}). Ona aToro B Python ncnonbsytotcsa oTCTynbl.
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Kaxkgas uHCTpykuma 610Ka if gomkHa cogepykaTb OAMHAKOBOE KO/IMYecTBO npobenos. B npoTMBHOM
cnyyae uHTepnpeTaTop Python Bo3pawaeT cuMHTaKcuyeckyto olwmnbky. B  aokymeHTauum Python
pekomeHAayeTcsa Aenatb OTCTynbl HA 4 npobena.

Mpu BbINOJHEHUW MHCTPYKLMK if NnpoBepseTca ycnosue. ECan ycioBrUe UCTUHHO, TOTAa BCE MHCTPYKLUK B
610Ke if BbINOAHAOTCA. HO eciv ycnoBMe OKasblBaeTcA HEBEPHbIM, TOTAa BCE MHCTPYKLUMM BHYTPU 3TOrO
6710Ka nponyckatoTcs.

MHCTPYKUMM cnefom 3a ycioBuem if, y KOTopbIX HET oTcTynoB, K 670Ky if He oTHocaTca. Hanpumep,
<non-intenden statement> (cm. onpeaeneHne onepaTopa Bbilwe) — 3TO He YacTb 610Ka if, noaTomy oHa
6yaeT BbiNosIHEHA B IlH6OM cnyyae.

Mpumep:

number = int (input ("BBezmuTe umcyo: "))

if number > 10:
print ("Umcmo Gojsibme 10")

Cneaylolwmii Koa B KauecTse AeMOHCTpaumM 6o1ee TOHKOro NpUMeHeHus oneparopa if:

# This is a sample Python script.

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

print ("nepsoe yBemomsienme") # 3

print ("BTOpOe ymBemomnenume") # 4

print ("Tperbe yBemomiyeHue") # 5
print ("3TOT KOI BEHIIOJHAETCS KaxIbl pas3 OpM 3alycke nporpamumu") # 7
print ("Koneu") # 8

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

if name == ' main ':

number = int (input ("BBecTtnr umcyo: "))
print str (number)

MepBbi BbIBOA,

Besegute uncno: 45

nepsoe yBegom/ieHne

BTOpOE yBegOM/IeHNEe

TpeTbe yBeAOMIEHME

OTOT KOA, BbIMO/IHAETCA KaXK bl pa3 Npu1 3anycke nporpammbi

KoHel,

BTopoli BbiBOA:
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Besegute uncno: 4

I3TOT KOA, BbINOJIHAETCA KaxKAbIM pa3 Npu 3anycke NporpaMmmbl

KoHew,

BakHO, 4TO B NpuBegEHHOM npumepe K 610Ky if OTHOCATCA TOIbKO BblparkeHUs Ha CTPOKax 3,4 1 5.

M oHKM 6yayT BbINONHEHbI B TOM C/lyyae, Korga ycnosue if 6yget cTMHHO. MHCTPYKL MKW Ha CTPOKax 7 1 8
BbINONHAOTCA B It06OM c/iyyae.

Mpu paboTe B KOHCONM Python gns pasbuTua BbipaxKeHUs Ha HECKOJIbKO CTPOK UCMO/b3yeTcsa onepartop
npogomkerHve (\). Ho B cnyyae ¢ onepatopamu ynpasieHusa uHTepnpetatop Python aBTomaTuyecku
aKTUBUPYET My/IbTUCTPOUHDBIN PEXKMM, eCiv HaxKaTb Enter nocne ycnosus if.

Mpn NpMMEHEeHUM oMnepaTopoB YNpaB/eHMA HenocpeacTBEHHO B KoHconu Python, eé peakuua byaet
apyrou:

>>>
>>> n = 100
>>> if n > 10:

[N MHOrOCTPOYHbIX MHCTPYKUMI KOHconb Python nocne HaxaTtua Enter Ha cTpoKe ¢ ycnosuem if
npeobpasyeTr KoMaHAHyt CTPoKy ¢ '>>>' Ha '... Takum obpa3om OHa MNOKa3biBaeT, YTO HayaTas
WMHCTPYKLMA BCe elle He 3aKOHYeHa.

Y1060l 3aBEPLWNTL MHCTPYKUMIO if, B 610K if HYXKHO £06aBUTb NYCTYIO MHCTPYKLMIO:

>>>
>>> n = 100

>>> if n > 10:

ce print ("n v 10")

Python dBTOMATUYECKN OTCTYNOB He ,D,O6aB!'|‘r'IET. MporpammucT 3TO AenaeT CaMoCTOATeNbHO., YT106bI
nocne eBoAaa MHCTPYKL MU Ha KOHCOJIU CPa3y BbINO/IHUTL 3TY MHCTPYKUNIO, UHCTPYKUUIO, HYXXHO ABa*XAbl
HakaTb Enter. [ocne 3TOro KOHCONb BO3BpaLLAETCA K U3Ha4YaibHOMY COCTOAHMUIO.

>>>

>>> n = 100

>>> if n > 10:

ce print ("n Oonbme uem 10")

n GoJseme uem 10
>>>

Bce 3T nporpammbl 3aKaHYMBAKOTCA BHE3AMHO, HUYEro He MOKa3blBas, eC/IM YCA0BME He UCTUHHO. Ho B
60/bLUMHCTBE C/ly4aeB NOJ/Ib30BATENIO HYXHO MOKa3aTb XOTA Obl YTO-HMOYAb. [1A 3TOro Mcnonbsyetca
onepaTtop-BblparkeHue if-else.
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m if-else
if-else McnonHaAeT ogHy NOPUUIO MHCTPYKUWUI, €CAM YC/I0OBUE UCTUHHO U APYryl0o — €C/inM HeT. Takum
obpasom, onepaTtop npeasaraeT ABa HanpasBneHus genctBuii. CuHTakcuc onepatopa if-else
cnepyroLwmii:

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

else:
# Oisok else
statement 3
statement 4
and so on:

OnucaHue paboTbl:

Mpwn BbiNONHEHWM onepaTopa if-else, ycnoBue npoBepsAeTcs, U ecin OHO BoO3BpalaeT True, Koraa
MHCTPYKUMK B 610Ke if ncnonHawTcs. Ecnm Bo3epawaerca False, MCnonHAKTCS MHCTPYKUUM U3 B/10Ka
else.

Mpumep 1: nporpamma A4na pacyeta NAoWaAAM U ANUHbI OKPYKHOCTU Kpyra.

radius = int (input ("Beenure pamuyc: "))

if radius >= 0:
print ("IOnmuua oxpyxuHoctm = ", 2 * 3.14 * radius)
print ("Inomane = ", 3.14 * radius ** 2)

else:
print ("TpebyeTcsa BBECTM MNOJIOXKMUTEJIbHOe umcjo")

MepBbi BbIBOA;

Beegute paguyc: 4
LONnHa oKpyKHoCTU = 25.12
Mnowaap = 50.24

BropoW BbiBOA;

Beseante paguyc: -12
TpebyeTcA BBECTM NONOKMUTENBHOE YACIO

Tenepb nNporpaMma NoKasblBaeT KOPPEKTHbIN OTBET NO/Ib30BaTe/0, AaXe ecnn ycnosue if He ABnAeTcs
WUCTUHHbIM.

B MHCTpyKumAx if-else HyKHO cneauTb 3a Tem, YTobbl ycioBusA if u else HaxoauAMCb Ha 0 AHOM ypoBHe. B
NPOTUBHOM C/ly4Yae NporpaMma BEpPHET CMHTAKCUYECKYH OWKBKY. Hanpumep:
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radius = int (input ("Beemure pamuyc: "))

if radius >= 0:

print ("OnmuHa oxpyxHocTm = ", 2 * 3.14 * radius)
print ("Imomans = ", 3.14 * radius ** 2)
else:

print ("BBemmuTe MNOJOXMUTEJILHOE uMCIJOo")

Mpw 3anycke 3Toi Nporpammsl, NosaBAsAETCs coobuieHme 06 ownbKe:

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

A

SyntaxError: invalid syntax

$

g VCIIpaBJIEeHNA npo@neMm HYXHO BEPTUKAJIBHO BEIPOBHATDH if u else

Lpyroit npumep:

Mpumep 2: Koa ANA NPOBEPKU NAapOoNA, BBEAEHHOro No/ib30BaTesieM.

password = input ("BeemuTe napojb: ")
if password == "sshh":

print ("Hobpo noxajoBaTb")
else:

print ("HocTyn 3anpemeH")

MepBbii BbIBOA;:

BeeauTe naponb: sshh
[o6po noxkanosatb

BTopoli BbiBOA;:

BeeawuTe naponb: abc

JocTyn 3anpeLyeH

® Omnepartop if BHyTpHM Apyroro if-onepaTopa
OnepaTopbl if-else MOXHO WMCNONb30BaTb BHYTPWU APYrUX MHCTpyKuuin if wuam if-else (BnoxeHHble
onepaTopsbl). Mpumep 1:

#HporpaMMa, IIpoepepArada, uMeeTcd JIM I[IpaBO Ha KpeIuT.
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def def score(gre score, per grad):
if per grad > 70:
# BHemHuUt 6yox if
if gre score > 150:
# BHyTpenHur Ojiok if
print ("Bam BeIDAH KpemutT")
else:
print ("BEI He MMeeTe npaBa Ha kpexut")

if name == ' main_ ':
gre score = int (input ("BBemure Texkymmit jgumMmuT: "))
per grad = int (input ("BemmTe KpeAUTHBM pPeUTuHT: "))

def score(gre score, per grad)

3pecb onepatop if McnonbsyeTcs BHYTpU apyroro if-onepatopa. BHYTPEHHUM Ha3biBAlOT B/IOXKEHHbIN
onepaTtopom if. B 3aToM c/iyyae BHYTPeHHWI onepaTop if oTHocMTCcA K BHewHemy 60Ky if, a y
BHyTpeHHero 6,10Ka if ecTb TONbKO 04HA MHCTPYKLMSA, KOTOPan BbIBOAMT 'Bam BblaaH KpeauT'.

OnwucaHue paboTbl:

CHayvana oueHuMBaeTcA BHelwHee ycnosue if, To ecTb per_grad > 70.

Ecnn oHo Bo3BpalaeT True, Toraa ynpasaeHne Nporpammon NponcxoamnT BHYTPU BHeLLHero 610kKa if.
Tam e nposepaeTca ycnosue gre_score > 150.

Ecnu oHo Bo3Bpaltaet True, Torga B KOHco/b BbiBoauTcsa "you are eligible for loan".

Ecnu False, Torga nporpamma BbIXoAUT U3 UHCTPYKLUMK if-else, yToBbl MCMONHUTL CcaeayloLLMe onepaLun.
Huuyero npm 3ToM He BbIBOAUTCA B KOHCO/Ib.

Mpyu 3TOM ecnu BHellHee ycn0BMe Bo3BpalaeT False, Toraa BbINONHEHME UHCTPYKUMIA BHYTPU Baoka if
NPONycKaeTcs, N KOHTPO/Ib NepexoamT K 610Ky else (9 cTpouKa).

MepBbIi BbIBOA;:

Beegute Tekywmi ninmnt: 160
BBeauTte KpeauTHbIA PenTUHr: 75
BaM BblAaH Kpeaut

BTopoli BbiBOA:

BeeauTte TeKkyLWMn AMmuT: 160
BBeguTe KpeguTHbIM perTuHr: 60

Bbl He MMeeTe fpaBsa Ha KpeauT
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Y 37Ol Nporpammbl ecTb ogHa npobiema npu eé NOBTOPHOM 3amnycKe U BBOAE gre_score MeHbLue Yyem
150, a per_grade — 6o0nbLwe 70:

BbiBoa:

Beegute Tekywmii nnmut: 140
BeeguTe KpeguTHbIM perTuHr: 80

Mporpamma HuYero He BbIBOAMT. MpuUMHa B TOM, YTO Y BJIOKEHHOro onepaTopa if HeT ycnosus else.
OHo gobasnsercs B cnegyowem npumepe.

Mpumep 2: MHCTPYKUMA if-else BHYTpKU apyroro onepatopa if.

#nporpamma, npoBepsnlas, MMEETCs JiM [IPaAaBO Ha KPEIuUT.

def def score(gre score, per _grad):
if per grad > 70:
# BHemHut 6jox 1if
if gre score > 150:
# BHyTpeHHMI Ojyok 1f
print ("Bam BreIDaH Xpemut")
else
print ("y Bac HMBKUN KPeIUTHHM JIMUT")
else:
print ("BEI He MMeeTe mnpaBa Ha kpexut")

if name == ' main_ ':
gre score = int (input ("BBemure Texkymwmit jgumMmuT: "))
per grad = int (input ("BeemmTe KpeAUTHBM pPeUTUHI: "))

def score(gre score, per grad)

BbiBoA:

BeeauTte TeKyLWMn AumuT: 140
BeeauTte KpeaAnTHbI penTuHr: 80

Y Bac HU3KMIN KpeaUTHbIA TMMUT

OnwucaHue paboTbl:

d1a nporpamma paboTaeT Ta Ke, KaK M npeaplaywas. EAMHCTBEHHOE OTAMYME — Y BJIOXKEHHOTO
onepaTtopa if Tenepb ecTb WMHCTpyKuusa else. Tenepb ecnn BBectM 6ann GRE meHbwe, yem 150,
nporpamma BbiBeAeT: 'Y BaC HU3KUIM KpeaAUTHbIN TIMMKUT'
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Mpwn co3pgaHun BAOXKeHHbIX onepaTtopoB if wan if-else, Bcerga BaXHO NOMHUTL 06 oOTcTynax. B
NPOTUBHOM C/ly4ae BbIMAET CUHTAaKCUYECKas OLWKNOKa.

Onepartop if-else BHyTpu ycnosus else

Mpumep 3: nporpamma 41 onpeLeneHns OLeHKM KNMEeHTa Ha OCHOBE BBeAEHHbIX 6anos.

def score maker (score):
if score >= 90:
print ("Oramuno! Bama ouenka A")
else:
if score >= 80:
print ("3moporo! Bama oueHxka - B")

else:
if score >= 70:
print ("Xopowo! Bama ouexHxa - C")
else:
if score >= 60:
print ("Bama ouieHka - D. CTOMT MNOBTOPUTH MaTepuai.")
else:
print ("Bel He cpanim skx3aMeH")
if name == "' main ':
score = int (input ("BremmuTe Bamy OlLeHKYy: "))

score maker (score)

MepBbli BbIBOA:

BseaunTte Balwwy oueHKy: 92
OTnunyHo! Bawa oueHKa A

BTopoi BbiBOA;:

BseaunTte Balwwy oueHKy: 72
Xopowo! Bawa oueHKa - C

TpeTuit BbIBOA;:

BseanTe Bawy oueHKy: 56

Bbl He cgann sk3ameH

OnucaHue paboTbi:

Korga ynpaBneHue nporpammon nepexogut K onepartopy if-else, nposepsietca ycnoBme Ha cTpoke 3

(score >= 90). Ecnm oHo Bo3BpauwlaeT True, B KOHCOAb BbiBOAUTCA 'OTAnuHO! Balwa oueHka A'. Ecau

3HaYeHWe HeBepHoe, ynpaB/ieHWe MNepexoauT K ycnoBuio else Ha 5 cTpoke. Tenepb npoBepaeTcs
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ycnosue score >= 80 (6 cTpoKa). Ecnm oHO BepHOe, Toraa B KOHCOAU BbiBoAUTCA '3a0poBo! Balla oueHKa
— B

B npoTMBHOM cnydyae ynpaB/ieHMe Nporpammoli nepexoauT K ycnosuto else Ha 8 cTpoke. U 3aech cHoBa
UMeeTca BIOXKEHHbIN onepatop if-else. MpoeepaeTtcs ycnosue (score >= 70). ECAn OHO UCTUHHO, TOr4a B
KOHCO/b BbiBOANUTCA “Xopowo! Bawa ouyeHka — C”.

B npoTuBHOM c/lyyae ynpaBieHue nepexoaut K 610Ky else Ha 11 cTpoke. B KoHLe KOHL,08B, NpoBepsAeTcs
ycnosue (score >= 60). Ecnm oHo BO3BpalyaeT True, Toraa B KOHCO/b BbiBOAMTCA “Bawa oueHka — D.
CTout noBTOPUTL MaTepunan.”

Ecnu xe False, Toraa B KoHconu byaet “Bbl He caanu sk3ameH”. Ha aTom 3Tane ynpaBieHue nepexoaut
K ClegyoLmMm MHCTPYKLMAM, HanncaHHbIM nocie BHelwHero if-else.

XoTAa BnoXeHHble onepatopsl if-else N03BoONAIOT NPOBEPATb HECKO/IbKO YC0BUM, UX AOBOJIbHO C/IOXKHO
YnTaTb M NUCaTb. ITU XKe NPOrpammbl MOXKHO caenatb bonee YnTabenbHbIMU M MPOCTBIMU C MOMOLLbIO
if-elif-else.

B Oneparop if-elif-else
Onepartop if-elif-else — 310 anbTepHaTUBHOE nNpeacTaBneHMe onepartopa if-else, kKoTopoe nossonser
NpoBepATb HECKO/IbKO YCA0BMIA, BMeCTO TOro 4tobbl nmucatb BAOXeHHble if-else. CuHTaKcuc 3Toro
onepaTopa cneayoLmii:

if condition 1:
# Gyox if
statement
statement
more statement
elif condition 2:
# mepswii Gyiok elif
statement
statement
more statement
elif condition 3:
# BTOpPOI Gsiok elif
statement
statement
more statement

else
statement
statement
more sStatement

3ameyaHue: mHorotouyme '...' B onpeseneHnn onepaTtopa O3HayaeT, YTO B LaHHOM OMepaTope MOMKHO
HanUcaTb CKO/IbKO YroAaHo ycnosuii eilf.

OnucaHue paboTbl onepatopa:

Korga ncnonHaetca nHctpykumsa if-elif-else, B nepsyto ouepeab nposepsaetca condition_1. Ecam ycnosue
WCTUHHO, TOraa ucnosiHaeTca 610K MHCTpyKumi if. Cheaytowme ycnoBma U MHCTPYKLMW NPONYCKatoTcA, U
ynpaB/ieHMe nepexoauT K onepatopam BHe if-elif-else.
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Echn condition_1 okasbiBaeTcA /IOXKHbIM, ynpaBieHWe nepexoguT K cnepytowemy ycnosuto elif, u
nposepseTca condition_2. ECIM OHO UCTUHHO, TOFAA MCNONHAKTCA UHCTPYKLMM BHYTPWU NepBoro 6/10kKa
elif. Nocneaytowme NHCTPYKLUKM BHYTPM 3TOro 6/10Ka NponycKatoTcsa.

oTor npouecc nNoBTOPAETCA, NOKa He HaxoauTcAa ycaosue elif, KOTOpOe OKa3blBaeTCA UCTUHHbIM. Ecnn
TAKOro HET, Toraa NCnosHAeTCcA 610K else B camom KOHLUe.

Mporpammy Ans onpeaeneHuns oLeHKN MOXKHO nepenmcaTb ¢ NomoLblo onepatopa if-elif-else.

def score maker (score):

if score >= 90:
print ("Orauuuo! Ouenxa A")
elif score >= 80:
print ("3moporso! Ouenka - B")
elif score >= 70:
print ("Xopomo! Ouenxa - C")
elif score >= 60:
print ("Ouenka - D. CTOMT HOBTOPUTL MaTepuas.")
else:
print ("sx3amen He cnmanH")

if name == ' main ':
score = int (input ("BBemuTe Bamy oOLeHKYy: "))
score maker (score)

MepBbli BbIBOA;:

BeeaunTte oueHKy: 78
Xopowo! OueHKa - C

BTopoli BbiBOA;:

Beseante oueHKy: 91
OTnunyHo! OueHka A

TpeTtuii BbiBOA;

Beseaute oueHKy: 55

3K3aMmMeH He CAOaH

TakaAa nporpamma fierdye YNTaeTcA, HeM NPOrpamma C B/IOXKEHHbIMU if-else.

B HWrepanuu
[anee paccmaTpmBaeTca LUMKANYECKUI NPOLLECC U ero COCTaBNAOWME INEMEHTDI.
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Ntepayms (Iteration) — 3To 04HO M3 NOBTOPEHUI LMKNA (OAMH War Uan oauH "BUTOK" LMKAUYECKOTO
npouecca). Hanpumep, UMK U3 3-X NOBTOPEHMUI MOMKHO NPEACTaBUTb KaK 3 UTepaumm UTepupyemoro
obbekTa.

Ntepupyembin 06bekT (Iterable) — 06beKT, KoTopbii obecneynBaeT MNOBTOpeHMe. ITOT OOBLEKT 3a
KaXkayto UTepaLmio BO3BpaLLaeT No og4HOMY pesynbTarty..

WUtepatop (iterator) — uTepupyemblii 06beEKT. B pamKax uTepaTopa peanns3oBaH meTos _ next_,
KOTOPbI NO3BOIAET NOYYaTb CEAYIOWMNIN INEMEHT UTEPALLMM.

[ns BbINONHEHUA UTepaUUKM UHTepnpeTaTop python BbINOAHAET cneaytowme AencTBmA:

B Bbi3biBaeT y utepmupyemoro ob6bekTa Metog, iter(), Tem cambiMm Nnosiyyan utepartop.
B BbisbiBaeT meTtod next(), 4To6bl MOAYUNTL KaXKAabli 3N1EMEHT OT UTepaTopa.
B Korza metopg next Bo3BpaLLaeT UCKAtoYeHMe Stoplteration, LMK ocTaHaBAMBaeTcA.

B Cxema pa6omsl umepamopa e python
nTepupyemblin obbekT (iterable)

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

E OnepaTopsl HUKJ/IA
Uukn — 3TO ynpaBnawolWan KOHCTPYKLUMA, KOTOpaA pa3 3a pa3oM BbIMNOMAHAET TeNo LMKAa
npeacTaBNeHHOe Cepueir KOMaHg, 40 TeX Mop, Noka fABAAETCA WCTUHHLIM YC/IOBUE ANSA BbINOJHEHMUSA
Tena. NpumeHeHne LMKAOB — 3TO BO3MOXKHOCTb MHOFOKPATHOIO UCMO/IHEHNA ONpeaeNeHHOro y4acTka
Koga. Uuknbl B python npegcrasneHbl ABYMA OCHOBHbIMM KOHCTPYKLMAMK: while u for.

Uukn while cunTtaetca yHuBepcasbHbiM, a uumkn for HyKeH ana obxoga nocnenoBaTeslbHOCTU
No3/1eMeHTHO.

O6a onepaTtopa 0AMHAKOBO NPUMEHUMbI U ABAAIOTCA BaXKHENLIMMU 31eMEHTaMM A3biKa python.
while..condition..block

for..in..iter_object

B while
Moka ycnosme WUCTUHHO, onepaTop while NO3BONAET MHOrOKpPaTHO BbINOAHATL 610K ONepaTopoB.
Onepatop while faBnsetcA ogHMM M3 BapuaHTOB onepaTopa LUMKAa. B uHCTpykuum while ectb
HeobAsaTenbHoe ycnosue else. Ho 610K else Ha camom aene n3bbITOYEH, NOTOMY UYTO pPa3meLLeHNe ero
nocsne 610Ka while MoXKeT cnyXuTb TOM Xe Lenu.

count = 1 # HauyaJlbHOE 3HAUYEHME YNPABJIALILEN [NepeMeHHON!

while count <= 10: # kKOHeuHOe 3HAaUYEHME YNPaBJAOIEN IePEeMEeHHOM
print (count, end=' ")
count += 1
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# nocrye 9-1 mrepauum B count oxaxercs sHaudeHue 10
# sTO ymomJeTBOpseT ycjyoBuio count <= 10,
# nmosToMy Ha 10-1 mTepaumu BEIBOOMUTCA umciyo 10
# (3HaueHMe CcUeTUMKa [IeYaTaeTCsd OO €T0 yBeJIMUSHNS)
# nocrye count cTaHeT paBHemM 11, a, =3HauuT,
# crenymomas uTepalMs He COCTOMTCs, UM LMKJ OyIeT NpepBaH
# B MTOTe IoJiydaeM:
>123456 78910
count = 0

a = True

while a:

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

Eweé npumepsl

B Python BO3MOMHbl COCTaBHble yCN0BUA. OHU MOTYT 6bITb CKOMb YFOAHO AJIMHHBIMW, @ B MX 3anucu
MCMNONb3YIOTCA NOrMYeckne onepatopsl (not, and, or):

dayoff = False

sunrise = 6
sunset = 18
worktime = 12

# nmpuMep COCTABHOTO YCJIOBUS
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 6 hours to work
You have 5 hours to work
You have 4 hours to work
You have 3 hours to work
You have 2 hours to work

You have 1 hours to work
Finally it's over!

YnpaBnawuwaa nepemeHHas BOBCe He o0b6A3aHa ABAATbCA CYETYMKOM. OHa MOXKeT 6biTb MNpPoOCTo
NIOrMYecKoi NnepeMeHHOM, Ybe 3HaYEeHUE N3MEHSETCA r4e-TO0 B CaMOM LMKAE:

num = 0

control = True

while num < 10:
num += 1

# aHaslorMuHad 3aluch
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num = 0
control = True
while control:
if num == 10:
control = False
num += 1

Ucnonb3osaHue HEVIHVILI,VIaIIM3VIpOBaHHOI7I ﬂepeMEHHOﬁ B KayecTtBe ynpaBnmou.l,el‘/‘l UMKNna npmeoguT K
BO3HWKHOBEHMIO OLLNOKU:

# unknown QOO 3TOrO HMIIE He Opia OBBLABJIEHA
while unknown:
print ('+")

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

Eweé npumepol onepaTtopa while

x = 20

y = 30

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

word = "hello python !"

while word:
print (word, end=" ")
# Ha kaxmor mrepauum yOMpeTCs CUMMBOJI C KOHILA
word = word[:-1]

Noea umknoB while: — ecnu TpebyeTcAa onpeaeneHHoe KOMMYECTBO pa3 cAaenatb 4YTo-To, ciepyet
3aBECTM CYETUYMK U U3MEHATb ero 3HayeHue (yMeHblueHe/yBennyeHune) B Tese UMKAA.

x = 20

y = 30

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

> 20 23 26 29

CUYETYMKOM MOXKET ObITb JaxKe CTPOKa:

word = "pythonstring"

while word:
print (word, end="\n")
# Ha Kaxmoy mrepauuMu ybupaeTcd CHMMBOJI C KOHLA
word = word[:-1]

>
pythonstring
pythonstrin
pythonstri
pythonstr
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pythonst
pythons
python
pytho
pyth

pyt

py

p

B break u continue
OnepaTop break 3actaBnseT nHTepnpeTaTop NpepsaTh BbINOJAHEHME LMKNA U NEPENTU K cneaytolleit 3a
HUM UHCTPYKLUU:

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

LMKkn npepBETCA Nocne Toro, Kak 3Ha4YeHMe cYeTYMKa A0OMAET A0 AecaTun.

Onepatop continue He NpeKpallaeT BbINONHEHME BCEro LMK, a MPepbiBaeT NULLb TEKYLLYHO UTEpaLMIo,
1 3aTeM NepexoamT B Ha4aio UMKNa:

# IIprMep BEIBOIOA OIOHMX JIMIb YETHEIX 3HAUEeHUM

z = 10
while z:
z —=1
if z $ 2 !'= 0:
continue
print(z, end=" ")
>8 6420

3Tn onepaTopbl 6bIBatOT YA006HbLI, OAHAKO NJIOXOM MPAKTUKOM CYMTAeTCA HanmucaHMe Koga, KOTopbIl
yepecuyp MU NeperpyKeH.

m else
B Python-umknax 4yacTb else BbINOAHAETCA NMLWb TOrAa, KOrda UMKA oTpaboTan, He byayyn npepsaH
break-om.

B peanbHOM npakTUKe, else B LMKNAX NPUMEHAETCA HeyacTo. TaKas KOHCTPYKUMA OTAMYHO cpaboTaer,
Korga byaer Heob6xoaMMOo NPOBEPUTL GAKT BbINMOJHEHUS BCEX UTEPALMIA LIMKAA.

MpoBepKa AOCTYNHOCTU BCEX BbIBPAHHbIX Y3/10B CETH:

Hanpumep, 060iTH Bce y3/bl I0KaNbHOM CeTU

def print prime list(list of numbers: list) -> None:
""" QYHKLUMS BEHBEIET CIMCOK UYMcCell,
eCcM KaxIoe M3 DBTUX UucCeJl ABJdeTcsa npocTem """

number count = len(list of numbers) # KOJIMUECTBO UMCEJI

i=0
while i < number count:
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x = list of numbers[i] // 2
if x != 0 and list of numbers[i] % x == 0:
break
i+=1
else:
print (£'{list of numbers} - list is prime!')

print prime list([11, 100, 199]) # 100 - He OpocCTOE UMCJIIO
>

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

B Kakom-n1Mbo Apyrom fA3blKke MOXKHO 6bino 6bl 3aBecTn 6yneBy nepemMeHHylo, B KOTOPOWN XPaHMUTCA
pe3ynbTaT NPoBepKM, HO B python cywiecTsyeT anbTepHaTMBa.

B while true uiu 6eckoHeYHbIU YUK
B 60nblWKNHCTBE CydyaeB, HECKOHEUYHbIe LMKAbl NOABAAKOTCA M3-338 NOTMYECKUX OLUMBOK NPOrpammmcTa
(Hanpumep, Korga ycnosue uukna while npu no6bix BapuaHTax pasHo True). lMoatomy cneayet
BHMMaTENbHO CNeAMTb 3a YC/I0BUEM, MPU KOTOPOM LKA ByAeT 3aBepLuaThCs.

OpaHako B HEKOTOPbIX CNy4anax H6ecKOoHeYHbIM UWKAN AenaeTtca HaMepeHOo:

Ecnn HY»KHO NPOU3BOAUTL KaKMe-To AeNCTBUA C UHTEPBAIOM, U BbIXOAUTb U3 LUKAA JINLWb B TOM C/y4ae,
Korza BHyTpW Tena "3awmnto" ycnosume Bbixoaa.

Mpumep: GyHKUMA, KOTopaa BO3BpalaeT connection 6asbl AaHHbIX. Ecan cBasb ¢ 6a3oi AaHHbIX
OTCYTCTBYET, coeanHeHne ByaeT nbiTaTbesa (B LMKNE) YCTaHOBUTLCA A0 TEX MOp, MOKa He YCTaHOBMUTCA.

Ecnv nuweTcs NONHOLEHHbIN AEeMOH, KOTOPbIM NPOAOIKUTENbHOE BPEMA BUCUT KaK NPoLLecC B cucTeme
M NepuMoamuyeckM MPOU3BOAUT KaKMe-TO AeWCTBMA, TO B TaKOM C/ly4yae OCTaHOBKOW UMKAa byaet
npepbiBaHWe paboTbl Nporpammei.

Mpumep: CKPMNT, KoTopbli pa3 B 10 MmuHyT "nuHryet" IP agpeca M NUWET B 0T OTYET O AOCTYMHOCTU
3TMX aApPecoB.

BaxHo! B 6GECKOHEYHbIX LUMKAAX PEKOMEHAYeTCA CTaBUTb TallMayT BbINOJHEHUA NOC/Ae KaxAoM
nTepaumu:

import time

while True:
print ("BeckoHeuHB LUKI")
time.sleep (1)

>

BeCKOHEUHEM LMKJI

BEeCKOHEUHE LUKJI

BeCKOHEUHBIV LMKJII

Traceback (most recent call last):

File "main.py", line 5, in <module>

time.sleep (1)

KeyboardInterrupt

Aborted!

Kog 6bin npepBaH KombuHaumein Knasui ACtrl + C. MHaye umkn npoaomkanca 6ol 6eCKOHEYHO.
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B [Juka while 8 00Hy cmpoKy
[nA cocTaBHbIX KOHCTPYKUMIA (Takux, rae HyxeH 610K € OTCTYNMOM), MOXHO 3TOT oTcTyn ybpatb, HO
TONbKO ecnn B 6710Ke MCNO/b3yloTCA MPOCTble onepaTopbl. OTAENAIOTCA OHM BCE TaK»Ke ABOETOUMEM.

Hanpumep, 3anucwu:

while x < y:
x +=1

n

while x < y: x +=1

6yayT CUMTATLCA SKBUBANIEHTHLIMM, U NPU YTEHUU BTOPOW M3 HUX MHTepnpeTaTop He ByaeT BblaaBaTb
OLWMNBKY.

B BuooiceHHble while yukwl
BnoxeHHble while UMKAbl BCTpeyaloTca peske UMKNOB for, HO OHWM TaKXkKe YyCMewHo MPUMEHAIOTCS.
MpocToi NpuMep — BbIBOZ HA 3KPaH 3HAYeHUs TabAMLbl YMHOMXKEHMSA:

qg=1
while g <= 9:
w =1

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

"")

3456789

6 8 10 12 14 16 18

9 12 15 18 21 24 27
12 16 20 24 28 32 36
10 15 20 25 30 35 40 45
12 18 24 30 36 42 48 54
14 21 28 35 42 49 56 63
16 24 32 40 48 56 64 72
18 27 36 45 54 63 72 81

o BN

O 0 J o U b W N PV
[e0)

MpaBnno nNpMMeHeHUA BAOMKEHHbIX LWKNOB while: BnoxkeHus cBblle TpeTbero ypoBHA CTaHOBATCA
NPaKTN4eCKN HeYnTaembiMmn.

B BbIxoJ U3 ABYX IIUKJIOB C MOMOIIbIo break
B cniyyae BNOXKEHHbIX LMKAOB, onepaTtop break 3aBepluaeT paboTy ToNbKO TOroO LMKAA, BHYTPU KOTOPOTO

OH 6blN BbI3BaH:

i =100
3 = 200
while i < 105:
while j < 205:
if 3 == 203:
break
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200
201
202
3IeChb BMUIHO, UYTO BHYTPEHHMN LMKJI [IPEPEIBAETCs, HO BHEWHMY NpomosnkaeT padoTy
100
101
102
103
104

H H H H H %= 4 g g V

B [uxa while 8 00HYy cmpoKy
[nA cocTaBHbIX KOHCTPYKUMIA (Takux, rae HyxeH 60K € OTCTYnmom), MOXHO 3TOT OTcTyn ybpatb, HO
TO/IbKO ec/iv B 610Ke MCNONb3YIOTCA NPOCTble onepaTopbl. OTAENAIOTCA OHM BCE TaKXKe [ BOETOYUEM.

Hanpumep, 3anucu:

while x < y:
x +=1

# u

while x < y: x +=1

6yyT CYUMTATLCA SKBUBANIEHTHLIMM, M NPU YTEHUU BTOPOW M3 HUX MHTEpnpeTaTop He ByaeT BblgaBaTb
OLINGKY.

B Buixod u3 dsyx yuks108 c nomowvio break
B cnyyae BNIOXKEHHbIX UMKNOB, onepatop break 3aBepluaeT paboTy TONbKO TOrO LMKAQ, BHYTPU KOTOPOTO
OH Obln BbI3BaAH:

i =100
3 = 200
while i < 105:
while j < 205:
if J == 203:
break
print('d', 3j)
j o+=1
print('I', 1i)
i+=1

m for
for..in..iter_object - onepaTop uukna pgna nepebopa 31eMeHTOB MOC/NeA0BaTe/IbHOCTU O6BEKTOB
(iter_object), yHnBepcanbHas ynpasBasioLas KOHCTPYKLMA.

for i in range(l, 10000000000) :
print (i)
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B ocHoBe uuKna for nexkat nocnenosaTesIbHOCTH, U B NPMMEpPE BblLe 3TO NOC/eA0BaTE/IbHOCTb YMCen oT
1 00 9999999999. for noanemeHTHO eé nepebuMpaeT 1 BbINOJHAET KO, KOTOPbIN 3aNncaH B Tene UMKAa.
B 4yacTHoCTW, ANA pelweHua AaHHOW 3343a4n Tyda Oblna nomelleHa WMHCTPYKUMA, NO3BOAAOLWANA
BbIBOAUTb 3HAaYEHME 3/1eMEHTA NOCNEA0BATENLHOCTU Ha SKPaH.

B Pa6oma c 4uc/a108bIMU NOC.1€008AME/AbHOCMAMU: rangeu enumerate
for pa60TaeT C nocnenoBaTeNIbHOCTAMU U NO3BOJIAET NOBTOPATb KAKYIO-TO onepaunto q)MKCMpOBaHHOG
Konm4yectso pas. [loHATUIO "Konnyectso uyero-to", BCeraa COOTBETCTBYET MNoCseaoBaTe/ibHOCTb
yncnosan. [AnAa BbINONAHEHUA Kakon-nnbo UHCTPYKUKUN CTPOro onpeaeneHHoe 4YnMcao pas, UCnosib3yetca

byHKUMA range().

®yHKUMIO range() MOXKHO NpeacTaBAATb, KaK QYHKUMIO, KOTOpas BO3BPALLAET Moc/iefoBaTe/IbHOCTb
yncen, peryampyemyto KoaM4ecTBoM nepesaHHbIX B Heé aprymeHToB. Mx moxKeT 6biTb 1, 2 uan 3:

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

range(start, stop, step).

3necb start — 3TO nepBblit 3N1eMeHT noc/ienoBaTe/IbHOCTM (BKAOUMTENbHO), stop — nocnegHuin (He
BKIIOUMTENbHO), a step — PpasHOCTb MeXay CAeaylowum W Npegplaylvm  YieHamu
nocse0BaTebHOCTH.

for i in range(5):
print ("Hello World!")

# 0 - HaAyaJIBHEIM BJIEMEHT [0 yMOJIYaHUO
for a in range(3):
print (a)

N P OV

# mBa aprymeHTa
for b in range (7, 10):
print (b)

# Tpm apryueHTa
for ¢ in range (0, 13, 3):
print (c)
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Ana pa60Tb| C 4YncnoBbiMmun nNocCnenoBaTe/IbHOCTAMU TaKXKeE NPUMEHAETCA d)yHKLI,I/Iﬂ enumerate(), KOTOpan
onpeaeneHa Ha MHOXeCTBe UTepnpyembix 06BEKTOB U CNYyXUT ANnAa co3gaHunA KOpTE)KEVI Ha OCHOBaHWU
KaxX40ro nu3 azIeMeHToB UTepmnpyemoro obbekKTa.

dnemMeHT KopTerka npeacTasnseT cobol napy (MHAEKC 3nemeHTa, 3/ieMeHT), U 3To bbiBaeT yaobHo,
KOrga NOMMMO CaMMX 3/IEMEHTOB TpebyeTca eLLé 1 X UHAEKC.

# sBaMeHa KaxImoro MNATOTO CMMBOJIA B NPEeNJIOXeHMM, HaumHas c¢ 0-ro, Ha *
text = "3TO He Te NpM3HaAKM, KOTOPHE MOIJIM OB CJYyXMUTb IOJg HOACKa3kmu"
new text = ""
for char in enumerate (text) :
if char([0] $ 5 == 0:
new_ text += '*!
else:
new text += char[1l]
print (new_text)

B Paéoma c yucs108siMuU nocs1edosamesbHocmamu: break u continue
Ewé nBa onepatopa, KOTopble 06ecneyYnBatoT yrnpaBaeHne UUKIamu.

break — ncnonb3yeTtca ans 3aBepLIEHUA LMKIA: NPEPLIBAET LMKA U BbIXOAUT U3 HETO;

continue — npepbiBaeT TEKYLLYIO UTEPALMIO U NEPEXOAMT K CAeayloLLei.

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

Onepatop uukna, AoWaa Ao yvcna 25 M BepHyB B YC/IOBHOM BbIpPaXKEHUM UCTUHY, NpepbiBaeTca M
3aKaH4YMBaeT cBoto pabory.

Onepatop continue WCMONb3yeTca A/1A yKasaHUA MHTepnpeTaTopy python nponycTuTb ocTaslmecs
onepaTopbl B TEKyLLEM B/IOKe LMKNa, @ 3aTeM MePeinTm K Caeaytolemy LUnKy.

# continue
for num in range (40, 51):
if num == 45:
continue
print (num)

40
41
42
43

44
52



46
47
48
49
50

B cnyyae continue npoucxoamT Noxoxkas CUMTyaums, TONbKO NpepbiBaeTca b 04Ha UTepaums, a cam
Ke LUK NpoaonKaercs.

B Pa6oma c 4uca08biMU nociedogamessbHocmsamu: else
Echn pBa npeablaylwmnx onepatopa MOMKHO 4acTo BCTpeyaTb 3a npegenamm python, 1o else, Kak
COCTaBHas 4acTb LMK/a, HaMpsMYylo CBA3aHa C onepaTopom break u BbinonHAeTca Auwb Torga, Koraa
BbIX0O4, U3 UMKANa 6bin npousseneH HE yepes onepaTop break.

group_of students = [21, 18, 19, 21, 18]
for age in group of students:
if age < 18:
break
else:
print ('Bcé& B nopsamke, NPOxXon paspeméH')

> Bcé& B nopsanke, NpPOXOI pa3peléH

Eweé npumep

def print prime list(list of numbers: list) -> None:
""" QYHKLUMS BEBEIOET CIMCOK 4YMcCel,

eCcM KaxIoe M3 DBTUX 4YuceJl ABjdeTcsda npocTem """

number count = len(list of numbers) # KOJIMUECTBO UMCEJI
i=0
while i < number count:
x = list of numbers[i] // 2
if x != 0 and list of numbers[i] % x == 0:
break
i4+=1
else:
print (£'{list of numbers} - list is prime!"')
print prime list([11, 100, 199]) # 100 - He mpocTOe UMCIIO

>

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

[11, 113, 199]

m [lIpumep co3saHKUS UTEPUPYEMOTrO 0GBEKTA
[ns co3paHus Knacca UTepupyemoro obbekTa BHYTPY HEro peasnusytoTcs ABa MeToaa:

__iter__()n_next_ ():
BHYTpU meTofa _ next__ () onucbiBaeTca npolueaypa BO3BpaTa CAeAyHOLLEro AOCTYNHOrO 3/1IEMEHTA;

meTog, _ iter_ () Bo3BpawaeT cam O6bBEKT, YTO AAET BO3MOXKHOCTb MCMO/Nb30BaTb €ro, B LMKAAX C
Mo3/IeMeHTHbIM nepebopom.
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Mpumep CTPOKOBOrO UTepaTopa, KOTOPbIM Ha Kaxkgoh wutepauuu, npyu MNOJAyYeHUU CAeaytowero
anemeHTa (T.e. CMMBONA), NPUBOLMUT €70 K BEPXHEMY PEFUCTPY.

TeKCT KOMMeHTapueB C MNOACHeHMeM npoucxogdAwero B AaHHOM npumepe 3aK/IIOYEH B TpOl71HbIe
KaBbI4YKU:

class ToUpperCase:
def init (self, string obj, position=0):
"""coxpaHaeTCHa CTPOKa, I[OJIydeHHad M3 KOHCTPYKTOpa,
B mojyie string obj u 3anaé&rcsa HadanbHEM MHOexc"""
self.string obj = string obj
self.position = position

def iter (self):

BO3BpallaeTcsa caM OOBEKT
return self

def next (self):

wuan

MeTOon BO3BpallaeT CJeOylmulM 3JIEMEeHT,

HO yXe IpMBEIEHHBM K BepxHeMy peructpy """

if self.position >= len(self.string obj):

""" yckioueHme Stoplteration () coofmaer
uukyny for o 3asepmeHynm """
raise StopIlteration|()

position = self.position

""" pyHkpeMeHTUpyeTcsa MuHOekc """

self.position += 1

BO3BpAallaeTCsa CUMBOJI B Uppercase-e
return self.string obj[position] .upper ()

low python = "python"

high python = ToUpperCase(low python) # nosydenme muTepupyeMoro obbekTa

for ch in high python: # HnpuMeHeHME UTEPUPYEMOT'O OBBEKTa
print (ch, end="") # DmeMoHCTpauusa pesylbTaTa UTepaumm

B Pa6oTa c puK/JIaMu: NpUMepbl
[Janee onucbiBatoTCA HEKOTOPbIE MPUEMbBI NPOrPAMMMUPOBAHUA LIMKIOB.

B uks no cnucky
Mepebop list B LMKAE NPOCTOM, MOCKO/IbKY CMUCOK — OOBEKT UTEPUPYEMbINA:

# ecrb cnucoxk
entities of warp = ["Tzeench", "Slaanesh", "Khorne", "Nurgle"]
# npocro Bepércs cnmcok, "sarpyxaercsa" B LMK M IOejlaeTcsa 00xXon
for entity in entities of warp:

print (entity)

>
Tzeench
Slaanesh
Khorne
Nurgle

dnemeHTamMn CMUCKOB MOTyT BbiTb Apyrve wuTepupyemble 06beKTbl. ITO npegnonaraer paboty c
B/IOKEHHbIMU LMKNaMn. LIMKA BHYTPU UMKAA AOCTaTOYHO NPOCTO OPraHM3YyeTCsA U KOJIMYECTBO YPOBHEMN
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B/N1OXXEeHHOCTU HE UMeeT npeaenos. OAHaKo uMKAbl BblWwe BTOPOro ypoBHA BN1OXXEHHOCTU OYeHb TAXXeNno
BOCNPUHNMAIOTCA U YNTAIOTCA.

strange phonebook = [
["Alex", "Andrew", "Aya", "Azazel"],
["Barry", "Bill", "Brave", "Byanka"l],
["Casey", "Chad", "Claire", "Cuddy"],
["Dana", "Ditrich", "Dmitry", "Donovan"]
]
""" 370 COMCOK CIOMCKOB, I'Ie KaXIBl [NOICIMCOK COCTOUT U3 CTPOK
IOBTOMY B CJlydae HeOOXOIMMOCTM MOXHO IIPUMEHUTHL TponHoOM for

IJig [NOCMMBOJIBHOT'O YUTEHMS BCeX MMEH U BHIBOIA MX B OIOHY CTpoky """

for letter in strange phonebook:
for name in letter:
for character in name:
print (character, end="'")

>AlexAndrewAyaAzazelBar...

B [uksa no ciao8apio
[aHHbIN npumep cBA3aH C UTepupoBaHnem cnosapeit. Mpu nepebope cnoBapa 0BbIMHO HYXKHbI KoY U
3HayeHwue. [lnAa 3TOro cywectsyeT meTog, .items(), KOTopbIl co3haeT npeacTaBleHNe B BUAE KopTexa
AN KaXK[,0ro C/10BapHOro aemeHTa. B aTom cnyyae uunkn byget sbirnagets cnegyowmm obpasom:

#cospmaércs cioBapb

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

# obxom cryoBapsa B Uukiye for M NOICUET KOJMUECTBA O3ep
# C conéHo¥ BOIOM M KOJMUYECTBa O3Ep C MPEeCHOM

salt = 0

fresh = 0

# B maHHOM cJyyuae, napa "lake, water",

# ecThb pacrIakOBaHHEI KOPTEX,

# rme lake - kJiou cyjoBaps, a water - 3HaueHUue.

# UMK OOXOIMT HEe Cam CJIOBaph,

# a ero mpemcTaBJIeHME B BUIE IIap KopTexel

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

# npMMeHeHue MeTonma items
if water == 'Freshwater':
fresh += 1
else:
salt += 1
print ("Amount of saline lakes in topl0O: ", salt)
print ("Amount of freshwater lakes in toplO: ", fresh)
> Amount of saline lakes in toplO: 1

> Amount of freshwater lakes in toplO: 3
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B [Juks no cmpoke
CTpOKM — 3TO NpoCTble NOC/NeA0BaTe/IbHOCTU, COCTOALLME U3 CUMBOAOB. [103TOMY 06X0AUTL UX B LMKNE
[0CTaTO4HO NPOCTO.

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

>A 1l abama

B [ukax for c wmazom
LUukn for c warom cosgaeTcs npu nomowy GYHKLMKM range, KyZa HY»KHO NepenaTb pasmep liara, B
KauecTBe TPETbEro Mo CYETY apryMeHTa:

# BeiBOO umcest oT 100 mo 1000 ¢ marom 150
for nums in range (100, 1000, 150):
print (nums)

100
250
400
550
700
850

B O6pamHubslii yuk for
leHepaTop nocnegoBaTesibHOCTel range() MoKeT co3gaTh ybbiBalOLWLYHO NOC/AenoBaTe/IbHOCTb Yumcer,
KOTOpaa MOXeT bbITb NpUMeHeHa B KayecTBe maccuMBa MHAEKCOB npu obxoae nocnenosBaTesibHOCTU C
nomouybto for B o6paTHOM HanpasaeHun (0b6paTHbIN LMKA for).

# umcyia or 40 mo 50 B yOHBaKLIEN [NOCJIEIOBATEJIEHOCTHN
# Banmaércs obOpaTHHEIM NOPSANOK C IIOMOmBI mara step paszmepom -1
for nums in range (50, 39, -1):

print (nums)

50
49
48
47
46
45
44
43
42
41
40

B for 8 00Hy cmpoKy
FeHepatop python (list comprehensions) nossonser 3agaBaTb OAHOCTPOYHblE MOCNEAOBATENbHOCTM.
MoxeT 6bITb MX 3aMuCb, CNOXHEee ANA NMOHMMAHMWA, 3aTO OYeBMAHO Kopodye. B obuwem Buae Takow
reHepaTtop 3a4aétca cnegytoLmm obpasom:
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[pesynbTHUpPYyLIlEEe BHpPAXEHME | LMKJ | OINLMOHAJIbLHOE YCJIOBUE]

Mprmep, B KOTOPOM NpoaybanpyeTcs Kaxablii CMMBOJ CTPOKM inputString:

# smech letter * 2 — pesyJbTUpyIIEE BHpPAaXeHMUE;

# for letter in inputString — uuki, a HeoBg3aTesIbHOE YCJIOBME OIYUEHO
double letter = [letter * 2 for letter in "Banana"]

# pesynbTuUpyIEe BHpPaxXeHUe  LUKJI

print (double letter) # pacrneuaTka pesyJjbTaTa

> ['BB', 'aa', 'nn', 'aa', 'nn', 'aa']

Bropoi npumep (UMKA € ycnosuem):

# CIOMCOk, KOTOPBIM OyIOeT COCTOSThL M3 UeTHHx umces or 0 mo 30

Q

# smech 1f x $ 2 == 0 — HeoBg3aTesibHOE YCJIOBUE

o)

even nums = [x for x in range(30) if x % 2 == 0]

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

B Python He cylecTByeT KOHCTPYKLMI, KOTopaa npepbiBana 6bl cpasy HECKOAbKO LMKNOB. HO ecTb Kak
MWHMMYM 3 cnocoba, KOTOPbIMU MOXKHO peasn3oBaTh AaHHOE NoBeAeHMeE:

B Buixod u3 yukaoe c nomowwo for ... else ...
[ns BbIxofa ncnosb3yeTcsa KOHCTPyKumA for ... else ...

def same values exists(list 1: list, list 2: list) -> None:
# B xauecTBe apryMeHTOB — IBa CHOMcka list

""" QYHKLIMSA BEHBOIMUT Ha SKpaH
[IepBEHE COBIaBLIME dYMCJa M3 cnmckos """
for i in list 1:

for j in list 2:

print ("compare: ", i, 7J)
if 1 == 73:
print (f"found {i}")
break
else:
continue
break
if name == "' main ':
same values exists ([0, 10, -2, 23], [-2, 2])

# BE3OB OyHKUMM same values exists c mByma comckamm list
# B xauecTBe apryMeHTOB

compare: 0 -2
compare: 0 2

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

Echn Bce mntepaunm BAOXKEHHOro UMKAA Cpa6OTaDT,Bbm0ﬂHMTCﬂ eBe,KOTOpHﬁ CKaXXeT BHelwHemy
LUKAY NPOAO/IKUTL BbiNOJIHEHWE. ECAn BO BHYTPEeHHeM UMKNe cpa60TaeT breaK Cpa3y BbINOJIHUTCA

BTOpOM break.

B Bbuixo0d u3 yuk/a108 yepe3 co30aHue dono/JAHUMe/AbHO20 h.raza
B cnegylowem npumepe A0NoNHUTENbHbIN dnar - 3To break the_loop.

def same values exists(list 1: list,

wuan

byHKUMSA BEIBOOUT Ha DKpPaH
IIepBEE COBIAaBUIME uMcia M3 cnmckos """
break the loop = False
for i in list 1:
for j in list 2:
print ("compare: ", i, 7J)
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,

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

BHewWHUI umnKn 6bin NpepBaH BCaes 3a BHYTPeHHUM!

B Bbixo0 u3 yuksoe uepes return

list 2: list)

-> None:

Ecaun uuknbl HaxoaaTcs B GYHKLUMU (KaK B AaHHOM NPUMepe), A0CTaTOYHO NPOCTO BbINOAHUTL return:

def same values exists(list 1: list,
""" QYHKLMA BEIBOOMUT Ha 3KpPaH
IepBLE COBIIABUME uMCJa M3 cnmckos """
for i in list 1:
for j in list 2:

print ("compare: ", i, 7J)
if i == J:
print (f"found {i}")
return
if name == "' main_ ':

same values exists ([0, 10, -2, 23], [-2,
compare: 0 -2
compare: 0 2
compare: 10 -2
compare: 10 2
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list 2: list)

-> None:



compare:
found -2

-2

-2
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B MaccuBbl
MaccmB - 3TO CTPYKTYpPa AaHHbIX, B KOTOPOM XpaHATCA 3HaYeHMa ogHoro Tuna. Maccusbl B Python moryt
coAepKaTb TO/IbKO 3HaYeHUA, COOTBETCTBYIOLLME OAHOMY U TOMY e TUNY AaHHbIX.

MaccuB He ABNAETCA OCHOBHbIM TUMOM AaHHbIX, KaK CTPOKW, Llesioe YNCNo U T. A. U3 YyMucna paHee
NnepeyncaeHHbliX TUNoB. [NA NPUMEHEHWA MaccMBOB B A3blke Python, npe)kae Bcero Hy»KHO
MMNOPTUPOBATbL CTaHAAPTHbIN array moayb.

MmnopT moayns array B Python

from array import *

B OO0BsABJIeHHE MacCHUBa
Maccus ecTb cneumanbHoO 06bABAAEMan NOC/AeA0BaTe/IbHOCTb, MO3BOAIOWIAA KOMMAKTHO XPaHWUTb
06beKTbl OAHOro M3 6a30Bbix (paHee o06bABAEHHbIX) TUMNOB. MaccuB o0b6bABAAETCA Mociae MMMopTa
moaynA array.
Ona obbaABneHMA maccuBa C MOMOLLbIO KOHCTPYKTOpa array(...) B KayecTBe aprymeHToB TpebyoTcs
cneayowme sNemeHTbI:
datatype (typecode) — wHdopmauma o TMNe AaHHbIX B BbipaKEHUW BbI30Ba KOHCTPYKTOpa. TaKxke
npumeHstoTca typecode - 3TO KoApbl, KOTOPbIE TaKKe UCMO/b3YIOTCA A1 OnpeaeNeHns TUNna 3HauyeHui
MaccmMBa MAM TMNa camoro maccumea. Koapbl TUNOB MCNOb3YIOTCA ANA KPaTKOro onpeaeneHus mMaccMBoB
B Python. Cywectsyer Tabnuua, KoTopas MOKa3blBaeT BO3MOMKHbIE 3HAYeHWA, KOTOpble MOMKHO
MCNONb30BaTb NP 06bABAEHMM MaccKBa, U ero TUn.
Initializers - npeacraBnseTca 3HaYeHMEM (MHOXKECTBOM 3HAYEHMIM), C KOTOPbIMU MAccMB O0ObABAAEMbIN
MaccuB MHULMAAN3UPYETCA.

from array import *

firstArray = array(typecode, [Initializers])

# firstArray mmMsa mMaccupa, typecode MO3BOJLAEeT ONpPenesaTb TUIl MacCUBE,
# Initializers mnpexncraBisgeTCcs 3HAUEHMEM, KOTOPEIMM MaCCUB

# VHULMAIU3UPYETCS .

typecode - 3TO KOIE, KOTOPEE MCIOJL3YIOTCS IJIS OIpelesieHus Tura
3HAUEeHMM MacCCHMBa MM THUIa MaccubBa. Tabnuiia B pasielse [1apaMeTpoB
[IOKA3EIBAET BOS3MOXHEE 3HAUEHMS, KOTOPHE MOXHO MCIIOJBL30BaThb

R R

npy OOBABJIEHUM MACCHBA, M €TI0 THMII.

secondArray = array('i', [0,1,2,3,4,5])

# B npumepe wmcnoypszyercsa TypeCode 1i.

# OTOT TUI OpPencTaBySeT liejioe UMCJIO CO 3BHAKOM, pasMep KOTOpOoI'o
# cocrarysger 2 Ganra.

B KauyectBe initializer moxeTt 6bITb YKa3aH CNUCOK, MO0 CTpOKa. B 3Tom ciiydae oHM ByayT nepeaaHsbl
meTtogam .fromlist() u .fromstring() / .fromunicode() cooTBecTBeHHHO AnAa gobaBneHMA B MaccuB
HaYa/ibHbIX 3/1EMEHTOB.

Takxke cywectsyeT ¢yHKUMA typecode(), KoTopasa ucnonb3yeTcA ANs BO3BpaTa CMMBOJA typecode,
MCNO/Ib30BaHHOIO A/A co34aHMA MaccuBa. B npuBeseHHOW HUKe Tabnvue ecTb HEeKOTopble M3 HUX.
Python.typecodetypecodes:
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Array Type codes: npeacTtaBiaeHue Tabamubl

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
I int signed long 4
L 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.

B buo6smoreka numpy: 060'bsIBJIEHUSI MACCUBOB
MaccmB mMoXKeT 6bITb CO34aH M3 0BbIYHOIO CMMCKa MAKM KopTexka Python ¢ ncnonbsoBaHnem QyHKUMM
array(). NMpuyem TMN NONYYEHHOro MacCMBa 3aBUCUT OT TUMA 3/IEMEHTOB NOCNEA0BaATE/NbHOCTMY.
TaKKe MoXKeT OblTb npumeHeHa 6ubnmoteka ss3blka Python NumPy, pobasnsiowas nogaepkky
60/1bLUMX MHOFOMEPHbIX MAacCMBOB M MaTpuL, BMecTe ¢ 6onbluoli 6MBANOTEKON BbICOKOYPOBHEBLIX (M
O4YeHb BbICTPbIX) MaTeMaTUYECKUX GYHKLMIA ANA onepauuii C STMUMU MacCMBamMU.
OcHoBHbIM 06bekToM NumPy ABnAeTcA OAHOPOAHbLIA MHOTOMEpPHbI Maccus (B numpy HasbiBaeTcA
numpy.ndarray). 9T0 MHOFOMEPHbIN MacCUB 31eMeHTOB (0BbIYHO YMcen) ogHoro Tuna.
Hanbonee BaxkHble aTpmbyTbl 06bEKTOB ndarray:

B ndarray.ndim - yicno nsmepeHuii (Yalle Mx HasbiBakoT "ocn") maccuea.

B ndarray.shape - pasmepbl MmaccuBa, ero ¢opma. ITO KOPTEX HaTypasbHbIX uucen,
MOKa3blBaOLWMMN OJIMHY MacCcMBa MO KaxaoMn ocu. [lna maTpuubl U3 N CTPOK U m cTonbos., shape
6yaet (n,m). Yncno anemeHTOB KopTeka shape pasHo ndim.

B ndarray.size - KO/MYECTBO 3/1E€MEHTOB MaccuBa. PaBHO Npou3BeAeHUI0 BCEX 3/1eMEHTOB
aTpubyTta shape.

B ndarray.dtype - 06beKT, onucbiBatoOWMn TMN 31eMeHTOB maccmBa. MoxKHO onpeaenntb dtype,
MCNONb3yA CTaHAAPTHble TUMbl AaHHbIX Python. NumPy 3aecb npepoctaBiseT Lenblit byKert
BO3MOHOCTEMN, KaK BCTPOEHHbIX, Hanpumep: bool_, character, int8, int16, int32, int64, floats,
floatl16, float32, float64, complex64, object , Tak U BO3MOXKHOCTb ONpeaenTb COBCTBEHHbIE
TUNbI AAHHbIX, B TOM YMC/IE U COCTaBHbIE.

B ndarray.itemsize - pasmep Kaxk4oro afemeHTa maccusa B 6awTax.

B ndarray.data - 6ydep, comeprKawmii PakTnyeckne snemeHTbl maccuBa. OObIYHO HE HYXKHO
MCNONb30BaTb 3TOT aTpMOyT, Tak Kak 06palaTtbCcA K 3/eMeHTaM MaccuMBa MNpolie BCero C
NMOMOLLbIO MHAEKCOB.

B NumPy cywectByeT mHoro cnocobos co3gatb maccus. OanH M3 Hambonee NPOCTbIX - CO34aTb MAcCUB
M3 0B6bIYHbIX CMUCKOB MAWM KopTexkei Python, mcnonbsya ¢yHKumto numpy.array() (array - ¢yHKums,
cospatolilas 06beKT Tuna ndarray):

>>> import numpy as np

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

array([1l, 2, 31)

>>>
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>>> a.dtype

dtype ('int32")

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

array([ 1.1, 2.2, 3.31)

>>>

>>> a.dtype

dtype ('float64d')

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

dtype ('complex128")

>>>

Nnu 6e3 npurnaweHua ('>>>') u BbiBoAa

import numpy as np

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

type (a)

Mpn 06bBABAEHUM MacCMBa BaXKHO, YTO aprymeHTom JyHKUMKM array() Ao/mKHA 6bITb
nocnenoBaTe/IbHOCTb, @ HE HECKOJIbKO apryMeHTOB.
Mpumep HEKOPPEKTHOrO 06BABNEHNA MacCUBa:

>>> a = np.array(l, 2, 3) # HempaBunpHO!!!
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: only 2 non-keyword arguments accepted
>>>
>>> a = np.array([1l, 2, 31) # IpaBuibHOEe OOBABIIEHME
>>> a
array ([1, 2, 31)
>>>
>>> a = np.array((1, 2, 3)) # ¥ Tak TOXe NPaBUIILHO
>>> a
array([1l, 2, 31)
>>>

6e3 npurnaieHus ('>>>') u BbiBOAA

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

a = np.array([1l, 2, 31) # IlpaBuiibHOEe OOBABJIIEHUE
a
array([1, 2, 3])

a = np.array((1, 2, 3)) # W Tak TOXe NPaBUIJILHO
a
array ([1, 2, 31)

MMEHHO

YpoBeHb BNOXKEHHOCTH MCXO,D,HOIZ nocnenoBaTte/ZIbHOCTU B Bblpa*KeHUU CO34aHUA MaCCMBa onpeaenAaeT

Pa3MepPHOCTb NOJsly4aemoro maccumBa.
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dyHKuMA array() npeobpasyeT nocnenosaTe/ibHOCTM MOCAeA0BaTeNbHOCTEN B ABYMEPHbIE MacCuBbl, a
nocaeA0BaTeNbHOCTU MOCAeA0BaTeIbHOCTEN, KOTOpble TOMEe COCTOAT M3 NocneAoBaTefibHOCTEN B
TpexmepHble MaccuBbl.

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

>>> 3
array([[ 2, 4],
[ 6, 81,
[10, 1211)
>>>
>>> b = np.array([[[1, 2], [3, 411, [[5, 61, [7, 811, [I[9, 10], [11, 12111)
>>> b
array([[[ 1, 21,
[ 3, 411,
[l 5, 1,
[ 7, 11,
([ 9 101,
(11, 12111)
>>>
>>> a.ndim # KoJsimuecTBO OCeM MacCUBa
2
>>> b.ndim
3

6e3 npurnawexus ('>>>') u BbiBOAA

a = np.array([[2, 4], [6, 8], [10, 12]])

b = np.array([([[1, 2], [3, 411, [[5, 61, [7, 811, [[9, 101, [11, 12]11])
a.ndim # KosmuecTBO OCeM MacCuUBa

b.ndim

®yHKUuMA array() Takke No3BonsAeT onpeaenunTb TMN AaHHbIX MacCuBa.

>>> a = np.array([[2, 41, [6, 8], [10, 12]], dtype = complex )
>>> a
array([[ 2.+0.7, 4.+0.31,

[ 6.+0.7, 8.+0.31,

[ 10.+0.3, 12.+0.311)

>>>
>>> a = np.array([[2, 4], [6, 81, [10, 12]], dtype = float )
>>> 3
array([[ 2., 4.1,
[ 6., 8.1,
[ 10., 12.11)

OyeHb 4acTO BO3HMKAET 3ajaya CO34aHMA MacCMBa OMPEAENEHHOro pasmepa, npuvyem abCoNOTHO
HEBAa)KHO YeM 3aMno/IHeH MaccuB. B 3TOM c/lydae MOMKHO BOCMO/1b30BaTbCA LMKAAMU UAN reHepaTopamu
cnuckoB (KopTexkei), HoO NumPy ana Takux cnydaes npegnaraet 6onee 6biCTpble U MeHee 3aTpaTHble
bYHKUMKN-3aNONHUTENM:

B bYyHKUMA Zeros 3ano/iHAET MacCuB HYIAMM,

B ¢yHKUMA Ones 3an0NHAET MacCcMB eguMHULAMM,

B OyHKuMA empty 3aMno/iHAET MAcCUMB  C/Iy4aWHbIMKM YMC/IAaMM, KOTOpble 3aBUCAT OT COCTOSHUA
namaTu.
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Mo ymonyaHuio, TN co3aaBaemoro maccuea - float64.

>>> np.zeros ((3,3))
array([[ 0., 0., O
[ 0., 0., 0.]
[ 0., 0., O
>>>
>>> np.ones ((3,3))
array([[ 1., 1., 1
[ 1., 1., 1.]
[ 1., 1., 1
>>>

>>> np.ones((3,3), dtype = complex) # MOXHO M3MEHUTL THUI MaCCHUBAa
array([[ 1.40.9, 1.+40.3, 1.40.31,

[ 1.40.3, 1.+0.3, 1.+0.7371,

[ 1.+0.3, 1.+0.3, 1.4+40.311)

>>>

>>> np.empty ([3, 31)

array ([[ -2.56357799%e-042, 1
[ 1.51668796e-314, 0

[na co3maHua nocnegoBaTesibHOCTEN
BO3BpallaeT 0A4HOMEpPHbIE MaCcCUBbI:

.00079160e-313, -5.41541116e-0701,
.00000000e+000, 1.48219694e-320]
[ 2.61270984e-262, 0.

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

yncen NumPy npepgoctaBnfetr ¢yHKUMIO arange, KoTopas

>>> np.arange (10) # Or 0 mo ykasaHHOI'O umMcia
array ([0, 1, 2, 3, 4, 5, 6, 7, 8, 91)

>>>

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

array([1l0, 11, 12, 13, 14, 15,
>>>
>>> np.arange (20, 100, 10)

le, 17, 18, 19])

# JmuamnasoH C B3aJaHHEM MaroM

array([20, 30, 40, 50, 60, 70, 80, 90])
>>>
>>> np.arange (0, 1, 0.1) # ApryMeHTH MOTYT mMeThb Tun float

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

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

Ecnn pyHKUMSA arange ncnonbsyeTca ¢ aprymeHTamu Tuna float, To npeackasaTb KOMYECTBO 3/1EMEHTOB
B BO3BPALLAEMOM MaccuMBe He NpocTo. [0pa3fo Yalie BO3HWMKAeT HeobXoAMMOCTb YKas3aHWs He Lwara
M3MEHEHWA YNCEN B AMana3oHe, a KOJIMYEeCTBa YMCEN B 3a4aHHOM AManasoHe.

®PyHKUMA linspace, Tak e KaK W arange NPUHUMAET TPWU aprymeHTa, HO TPeTU apryMeHT, Kak pas U
YKa3bIBaeT KOJIMYECTBO YMCEN B AMAMNA30HE.

>>> 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 , 0.66666667,

0.83333333, 1.
>>>
>>> np.linspace (10, 100, 5)
array([ 10. , 32.5, 55. ,

1)

77.5, 100. 1)

®yHKuMA linspace yaobHa ele u Tem, YTO MOMKET ObiTb MCNOAb30BaHA AJIA BbIYUC/AEHUA 3HAYEHUN
bYHKUMI Ha 334aHHOM MHOXECTBE TOYEK:

>>> 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-161)

>>>

>>> y2 = np.cos(x)

>>> y2

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

B MaccuB KaK KJjiacc. HBPE‘IEH]: METOoA0B
MepBbiM aprymMeHTOM KaK40oro 13 nepeymciaemblx B 3TOM pasgene MeTofoB asaseTca napamerp self —
CCbl/IKa Ha COOTBETCTBYIOLWMI 06bEKT-NPEACTaBUTENb Kacca array. [pyrve aprymeHTbl meTonos byayTt
pPacCMOTPEHbI MO33Ke.

B append(self, ...) nobaButb N0boe 3HaYeHUe AaHHOro TMna B mMaccuB. OTAeNbHbIE 3N1eMEHTbI B
maccme MOTryT ObITb AOCTYMHblI Yepe3 WHAEeKcbl. MHaeKkcauma anemeHTOB maccuBa Python
HauyMHaeTca ¢ HyNA.

W insert(self, ...) BcTaBUTb 3HaYeHUe No NLHOOMY UHAEKCY MaccuBa.

extend(self, ...) pacwnpeHne maccmea python (???). Maccmue Python morkeT 6bITb pacluMpeH c

60n1ee Yem OAHOrO 3HaYEHUA C NOMOLLbIO MmeToaa extend().

fromlist(self, ...) #06aBUTb 3N1€MEHTbI U3 CNUCKA B MAacCKB, UCNOJb3YA MEeToS,

remove(self, ...) yaanuts ntoboi anemeHT Maccuea, UCNONb3ya MeToz,

pop(self, ...) yaanuTb nocnegHun anemeHT maccuea

index(self, ...) nonyuntb ntob6oM 3nemMeHT Yepes ero MHAEKC

reverse(self, ...) nonyuntb 0b6paTHbIM maccue B Python. MeToa M3meHseT NnopaaoK MHAEKcaumum

31eMEeHTOB MAaCCMBOB.

buffer_info(self, ..) nossonsaetr nonyunte uHpopmaumio o 6bydpepe maccma. ITOT meTon

npefocTaBnseT HayaibHblA agpec bydepa maccvBa B MamsATU M KONMYECTBO 3/1EMEHTOB B

maccuse.

count(self, ...) npoBepKa KoNNYeCcTBa BXOXKAEHUN 3/1eMEHTA B MaCCUBE.

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

m tolist(self, ...) npeobpazoBaTb MaccmB B cNUCOK Python ¢ Temu Ke anemeHTamu. MpumeHsaeTcs,

€C/IM BMECTO MacCMBa HY}KEH CMUCOK 0OBbEKTOB.

__len(self)__ konnuyectBo anemeHTOB MaccuBa.

[ | NHaeKcanusa B MacCuBe

Mpu paboTe Cc WMHOEKCAMM MaACCUBOB WCMOJIb3YIOTCA KBaapaTHble ckobku ([ ]). C nomouibto
WMHAEKCUPOBAHMA MOMKHO CCbINATbCA HA OTAE/IbHbIE 3/IEMEHTbI, BbIAENAA UX UAN AXKe MEHAS 3HAYEHUS.
Mpy co3gaHUM HOBOFO MAacCMBa LWKana C MHAEKCAMM CO343eTcA aBTOMATUYecKu. [ns nonyvyeHus
[0CTyna K O4HOMY 3/IEMEHTY Ha HEro HY»KHO COCNATbCA Yepes ero MHAEKC.

a = np.arange (10, 16)

>>> 3

array([10, 11, 12, 13, 14, 15])
>>> al4]

14

65



NumPy TaKXe npuHUMaeT oTpuuaTenbHble 3HayeHMs. Takue MWHAEKCbl npeacTaBaAloT cobol
aHaNOMMYHY0 NOCNeA0BaTe/IbHOCTb, FAE MepBbiM 31eMeHT byaeT npeacTasieH cambiM 60/bWNM
oTpuLaTEIbHbIM 3HAYEHMEM.

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

Ana Bbl60pa HECKOJIbKUX 3/1EMEHTOB B KBAA4PaATHbIX CKOBKax MOXKHO nepegatb Maccme MHOEKCOB.

>>> al[l, 3, 41]
array([11, 13, 147])

[ByXMepHble MaccuBbl, MaTpuULbl, NPeAcTaBleHbl B BMUAE MPAMOYro/lbHOrO MaccMBa, COCTOALLEro U3
CTPOK M KOJ/IOHOK, onpeaefieHHbIX ABYmMA ocAmM, rae ocb 0 nmpeacrasneHa CTpokamu, a ocb 1 —
KONIOHKaMK. TakuM 06pa3om MHAEKCALUA NPOUCXOANT Yepes Napy 3Ha4YeHUI; nepBoe — 3TO 3HaYeHue
pAaga, a BTOpoe — KOJIOHKU. M eCciv HYXHO NONYYnUTb AOCTYN K Onpeae/ieHHOMY 31eMeHTY MaTpuLpbl,
HeobxoaMMO BCe eLle UCMONb30BaTb KBagpaTHble CKOBKM, HO y¥Ke C ABYMA 3HaYeHUAMM.

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

>>> A
array([[1l0, 11, 127,
[13, 14, 15]

(16, 17, 1811)

Ec/iv HY}KHO yAanuUTb 3/1eMEeHT TPETben KOJIOHKU BO BTOPOI CTpOKe, Heobxoanmo BeecTu napy [1, 2].

>>> A[l, 2]
15

[ | I/ITepa].lI/IH B MAdaCCHUBe
Ona nepebopa No anemMeHTaM MaccuBa NPUMEHAETCA KOHCTPYKLUUSA
for <anemeHT> in <maccms> :

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

10
11
12
13
14
15
16
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17
18

34ecb B C/lyyae C ABYXMEPHbIM MAaCCMBOM MOXKHO MCMONb30BaTb B/IOXKEHHbIE UMKAbl BHyTpu for.
MepBblii ULMKA ByaeT CKaHMPOBaTb CTPOKM MAcCUBa, @ BTOPOWM — KOMOHKW. Ecan npumeHnTb Uumkn for K
MaTpuLe, oH Bceraa byaet nepebupatb B NepByto odepedb MO CTPOKAM.

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

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

Echn Heobxoammo nepebupatb 3/1€MEHT 33 3/1€MEHTOM, MOXKHO MCNOAb30BaTb CAEAYHOLLYHO
KOHCTpyKUMIo, npumeHms umkn for ana A.flat:

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

10
11
12
13
14
15
16
17
18

NumPy npeanaraetr M anbTepHaTMBHbIA cnocob wutepauun. Mepebop 31EMEHTOB, KaK MpaBwo,
MCMONb3YeTCA B OYHKUMAX AN KOHKPETHbIX PAAOB, KOJIOHOK MW OTAEe/IbHbIX 06beKToB. MOMKHO
3anycTuTb YHKLMIO arperaumnmn, Kotopas BepHET 3HaYeHWe AN5 KaXK40M KONOHKM UK AaxKe 1A KaXKaoM
CTPOKM, HO cyluecTByeT H6osiee onTMMasnbHbIN cnocob, Korga NumPy 3abupaeT npouecc utepaumm Ha
cebs: dyHKumsa apply_along_axis().

3T1a GYHKUMA NPUHUMAET TPU aprymeHTa:

B $yHKUMIO,
B 0Cb, 471 KOTOPOM HYXXHO NpUMeHUTb Nepebop,
B cam maccus.

Ecnv 3HaYeHMe aprymeHTa ocb paBHo 0, GyHKUMA ByaeT npyMeHeHa K 31eMeHTaM MO KOJIOHKaMm, a eciu
1 — To no cTpokam. HanprMmep, MOXHO NocYMUTaTb cpedHee 3HaYeHWe cnepsa Mo KONOHKaM, a MOTOM
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 ucnonb3oBanucb OYHKUMKM M3 B6UBAMOTEKM NUmMPy, HO MOMKHO onpeaenuTb (Hanucatb) U
NPYMEHUTb COBCTBEHHbIE.
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B Cpessl B Maccuse
Cpesbl MO3BOAAIOT M3BAEKaTb YacTW MacCuMBa, BO3MOMHO, [A/A CO343aHWA HOBbIX MacCUMBOB.
PesynbTupylolme maccuBbl, KOTOpble MOAYy4aloTCA B pesynbTaTe NPUMEHEHWA Cpe30B AONA CMMCKOB
python ABnAOTCA KONUAMM MCXOAHOTO MaccHBa Ha OCHOBE OAHOIO M TOro e bydepa.

B 3aBMCMMOCTM OT YacTU UCXOOHOrO MacCMBa, KOTOPYHO HEOBXOAMMO M3BAEUYb C MOMOLLbIO onepaLmm
MHOEKCALMM, HYKHO MCMONb30BaTb CPE3 - MNOCNeA0BaTe/IbHOCTb UYMC/IOBbIX 3HAYEHWI, PasAeeHHYHo
ABoeToumem (:) B KBaapaTHbIX CKOBKax onepauum UHAEKcaLU K.

Hanpumep, 4Tobbl NOAYYMTb YacTb MaccuBa OT BTOPOro 4O LIECTOro 3/ieMeHTa, HeobXxoaMMO BBECTU
WMH/EKC NepBoro anemeHTa — 1 M UHAEKca nocneaHero — 5 (MHAeKcauusa maccmBa HaumHaetca c 0),
pa3fenus nx asoetounem (:) .

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

>>> a
array([10, 11, 12, 13, 14, 15])
>>> af[l:5]

array([11, 12, 13, 141])

ECiM HYXHO M3BNEYL 3/1EMEHT M3 Npeablaylwero oTpeska M MNPOnycTUTb OAMH WAM HECKO/bKO
3/1IEMEHTOB, MOXHO WCMNO/b30BaTb 60/1€e CMOXKHbIN BapMaHT MHAEKCALUMKN, KOTOPbIN BK/AOYAET TPETbE
yncno, npeacTaBAAloOllEe WMHTEPBaA MocaefoBaTeNbHOCTU. Hampumep, €O 3HayeHUemM WHTepBana
nocaea0BaTeNbHOCTU PAaBHOTO 2, pe3y/ibTaT byAeT Takou:

MpyY NCNoNb30BaHMM CPE30B BO3MOMKHbI C/Ty4aun, KOraa ABHbIE YUC/IOBbIE 3HAUYEHUA HE UCMONb3YIOTCA.
Ecnv He BBecT nepsoe uncno, NumPy (MHTepnpeTaTop python) HeaBHO MHTepnpeTupyeT ero Kak 0 (To
€CTb, NePBbI 3/1eMEHT Macc1Ba).

Ecnv nponycTuTb BTOPOI — OH ByAeT 3aMeHEeH Ha MaKCMMasbHbIM MHOEKC.

Ecnv nponycTuTb NocneaHnin — OH NpeacTaBaseTca Kak 1.

Takmum obpasom, Bce aniemeHTbl byayT nepebupatbcs 6e3 MHTepBanos.

>>> al::2]

array ([10, 12, 141)

>>> al:5:2]

array ([10, 12, 147])

>>> al:5:]

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

Cpesbl TakKe paboTaloT B C/yyae ¢ ABYXMEPHbIMM MAcCMBaMu, HO MX (cpesbl) HY)KHO onpeaensTb
OTZe/IbHO A/1A CTPOK M KOJIOHOK. Hanpumep, ecnmn HyXKHO NMoJIy4nTb TO/IbKO NEPBYIO CTPOKY:

>>> A = np.arange (10, 19) .reshape((3, 3))
>>> A
array([[1l0, 11, 127,

[13, 14, 15],

[l6, 17, 1811)
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Ecnv no BTOpoMy MHAEKCY OCTaBUTb TO/IbKO ABOETo4Me 6e3 umcna, byayT BblbpaHbl BCE KOJIOHKU.

>>> A[0, :]
array([10, 11, 127])

Ecan HY>XHO Bbl6paTb BCe 3Ha4eHuA ﬂepBOVI KOJIOHKH, TO HYXXHO 3anncaTb 06paTHOE.

>>> Al:,0]
array ([10, 13, 161])

Ecan M3 ncxodHOro maccvMBa HeobXo4MMO M3B/IeYb MaTpPUL MEHbLIEro pasmepa, TO HYKHO SIBHO
YKa3aTb BCE MHTEPBasibl C COOTBETCTBYIOLLMMMN MHAEKCAMM.

>>> A[0:2, 0:2]
array ([[10, 117,
[13, 14]1)

Ecnm vHAEKCbl B CTPOKAX WM KOMOHKaX He Moc/iefo0BaTe/ibHbl, B BbipaXeHUn UHAEeKcaumm UCXO4HOro
MacCCuBa YKa3blBaeTCA MacCCMB MHOEKCOB.

>>> A[[0,2], 0:2]
array ([[10, 117,
[16, 17]11)

TaKKe B A3blKe onpeaeneHbl CIUCKK. Cnuncok - ato CTPYKTYpPa AaHHbIX, B KOTOpOﬁ MoryT 6bITb 3aMMCaHbI
3Ha4YeHMA pa3HbIX TUNOB.

Cnunckum python MOTYT COZepXaTb 3HauYeHWA, COOTBETCTBYIOWME pPasHbIM TUNam AaHHbIX. [pn aTOM
AO0CTYyN K 31EMEHTAM CMNMUCKa TaKXKe obecneunBaeTcs C NOMOLLbIO MHAEKCauuun. B Python 3TO OCHOBHOE
pas3nnumne mexay maccmBamm mn CnnMcCkamu.

Cneayowmin npyumep AeMOHCTPUPYET HEKOTOpPbIE NMPUEMBI PpaboTbl C MacCMBaMM:

pasniMyHble cnocobbl MHULMANN3ALLMN MACCUBA;

nobasneHne 3HaYeHM JaHHOTO TUMa B MacCuUB;

BCTaBKa 3Ha4YeHus onpeaenéHHoro Tmna no 4aHHOMY MHAEKCY MacCuBa;
COXpaHeHMe MaccuBa B NoJsie 06beKTa-NpeaAcTaBUTENA JAHHOMO Kaacca;
onpeaeneHne KoaMYecTBa 3/IEMEHTOB B MacCUBE;

BbIBO/, 3/IEMEHTOB MAacCMBa B 3aBUCMMOCTM OT 3HAYEHMA aprymMeHTa.

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, 9])
self.arrayl = array('ft', [0, 1, 2, 3, 4, 5, 6, 7, 8, 91)
self.array2 = [0, 11, 22, 33, 44, 55, 66, 77, 88, 99]

self.array:B zarray('u"['q" w"'e"'r"'t"'y"'u
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def xprint(self, name):
match name:
case 'array0':
self.buff = self.array0

case 'arrayl':
self.buff = self.arrayl

case 'array2':
self.buff = self.array?

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 (name) :
print (f'Hi, {name}') # Press Ctrl+F8 to toggle the breakpoint.

xxXx = xClass()
XxxX .xprint (name)

if name == "' main ':
print hi('arrayO'")
print hi('arrayl'

(

( )
print hi('array2')

( )

print hi('array3'
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B Cnucku
Cnuckm B Python - ynopagoyeHHble nameHsemble Koanekuum obbektoB MPOM3BOJIbHbLIX TmMnos. B
OT/I4YME OT MaCCMBOB, B CMIMCOK MOTYT BKIOYATbCA AaHHbIE PA3/IMYHbIX TUMOB.

m Co3jaHue CIIMCKOB
YT106bI MICNONB30BATb CMMCKU, UX HYXKHO c034aTb. CyLLecTBYeT HECKOJ/IbKO cnocob0B co34aHMUS CMMCKOB.
Hanpumep, moxKHO 06paboTaTh UTepUpyeMbI 06beKT (06BbEKT, ANA KOTOPOro onpeseneHa onepauus
utepauum — nepebopa o6bEKTa MO COCTABAAKOLWMM €ro snemMeHTam, Hanpumep, CTPOKa COCTOMUT U
CMMBO/IOB U ANA Heé onpeaeneHbl NOCMMBO/IbHbIE onepaLyMm) BCTPOeHHOM dyHKuuen list:

>>> list ('cnmcoxk')
['C', '1_.[', 'M', 'C', 'O', 'K'}

nnn

list ('comcok')

CnKnCcoK MOXHO co3aaTb U npuv noMmoLwm nntepana:

>>>

>>> g = [] # IlycToM CHMCOK (Maccus)

>>> 1 = ['s'", 'p', ['isok'], 2] # CuUMBOJE, MaCCHUB CTPOK, Llejioe
>>>

[]

>>> 1

['s', 'p', ['isok']l, 2]

nnn

s = [] # IycTol cOomMcok (Maccus)

1 =1['s"'", '"p', ['isok'], 2] # cCuUMBOJIE, MaccuB CTPOK, LeJjoe
S

1

Cnuncok moxet coaepKatb noboe Konnyectso Ntobbix 06beKToB (B TOM 4YUcne n BNOXKEHHbIE CI'IMCKVI),
U1 He coaepKaTb HMU4Yero.

Eweé oanH cnocob cosgaHua CnucKa - NPUMEHEHWe reHepaTopa CNUCKOB. [eHepaTop CMUCKOB CTPOUT
HOBbIA CMWCOK Ha OCHOBE WUTEpPUPYeMOro 06beKTa, MPUMMEHASA BbiparKeHWe reHepaTopa K Kaxgomy
3/1EMEHTY UTEPUPYEMOrO 0bbEKTa.

>>> ¢ = [¢c * 3 for ¢ in 'list']
>>> ¢
('111', 'iii', 'sss', 'ttt']

nnn

c = [c * 3 for ¢ in 'list']
c

bonee cnoXKHble KOHCTPYKLMU FeHepaTopos...

>>>
>>> ¢ = [c¢ * 3 for ¢ in 'list' if ¢ != 'i']
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>>> C
['111', 'sss', 'ttt']

>>> ¢ = [c + d for ¢ in 'list' if ¢ != '"i' for d in 'spam' if d != 'a'l]

>>> C

['lS', 'lp', 'lm', 'SS', 'Sp', 'Sm', 'tS', 'tp', 'tm']

nnun

c = [c * 3 for ¢ in 'list' if ¢ != "i'"]

c # ['lll', 'sss', 'ttt']

c = [c +d for ¢ in 'list' if ¢ != 'i' for d in 'spam' if d != 'a']
c # [llsl, llpl, llml, 'SS', 'Sp', 'Sm', ltsl, ltpl, ltmlJ

MepBblli UTepupyemblii 06beKT — cTpoka 'list'. FeHepaTop BbIGUPAET M3 CTPOKWM KarKabli CUMBOJ M

,CI,O6aB!'IF|ET €ro B CNUCOK, NpeaBapuUTebHO yTpaneaa 3TOT CMMBOJ, €C/ZIU TOZIbKO 3TO HE CMMBO i

Bo BTOpOM cnyyae MCNONb3yHOTCA ABa UTepupyemMbix obbekTa — cTpoku 'list' u 'spam’'. Coctasnsawowme

uTepupyembie 06bEKTbI CUMBOJIbI NONAapHO 06BEANHAIOTCA C NOMOLLBIO onepaumm '+', eciv ToNbKO 3TO

He cumsonbl 'l' nan 'a'.

PekomeHayeTcA He YC/IOXHATb KOO, U He 3ﬂ0yn0Tp86J'IFITb reHepatopamu, a NpPMMEHATb NPOCTbie

ornepauum reHepauunmn, B TOM Yncae 1 onepaTopbl uukna for.

B PYHKIUU ¥ MeTO/bI CIUCKOB

CnuncKku cosaaHsbl, Kak Tenepb UX NPUMeEHbITb. 1A CNUCKOB B python AOCTYNHbl OCHOBHbIE BCTPOEHHbIE
d)yHKLl,VIM, a TakKXXe meToabl CMUCKOB. Ta6m4u,a MeTOoadbl CNMNCKOB:

MeTopg,

list.append(x)
list.extend(L)
list.insert(i, x)

list.remove(x)

list.pop([i])

list.index(x, [start [, end]])

list.count(x)

list.sort([key=dyHKumA])

list.reverse()

YT1o penaer

ﬂ,OﬁaBﬂFiET 3/1EMEHT B KOHEeL, CNUCKa.
PaCLIJVIpFIET CMUCOK |iSt, ,D,O6aBI'IF|ﬂ B KOHeL, BCe 3/IeMeHTbl Crucka L.
BcTaBnAeT Ha 3Ha4YeHMe X N0 NHAEKCY i-ro afiemeHTa.

Ypaanaer nepsBbll  3N1eMeHT B  CNUCKE, WMEIOWNA 3HauyeHue  X.
Bosby:kaaeTca uckntodeHme  ValueError, ecnM  Takoro  anemeHTa
HecyL,ecTeyer.

Ypansaer i-bll aneMeHT M Bo3BpauwaeT ero. Eciv mMHOeKc He ykasaH,
yaanserca nocnegHun snemMeHT.

Bo3BpalllaeT nosioXKeHWe NepeBoro 31emMeHTa CO 3HadyeHuem X (npu aTom
NouCK BeaeTca ot start go end).

Bo3BpalaeT KOAMYECTBO 3/1EMEHTOB CO 3HAYEHNEM X.

CopTUPYET CMUCOK Ha OCHOBE QYHKLMN.

PasBopaumBaeT CUCOK.
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list.copy() MoBepPXHOCTHasA KOMWA CNMCKA.

list.clear() OuMLLaeT CNUCOK.

MeToabl CNUCKOB, B OT/IMYME OT CTPOKOBbIX METOA0B, U3MEHAIOT CamM CMUCOK, a NOTOMY pe3ynbTaT
BbIMNO/IHEHUA HE HYXXHO 3aNUnUCbIiBaTb B 3TOT CMMUCOK KaK B NEPEMEHHYIO.

>>>

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

>>> 1

(1, 2, 3, 5, 7]
>>> 1 = 1l.sort ()
>>> print (1)
None

npumMmepbl PaboTbl CO CMUCKaMMU:

>>>

>>> 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)

>>> 3

[66.25, 333, -1, 333, 1, 1234.5, 333]
>>> a.index (333)

1

>>> a.remove (333)

>>> 3

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

>>> a.reverse ()

>>> a3

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

>>> a.sort ()

>>> a

[-1, 1, 66.25, 333, 333, 1234.5]
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B YHuBepca/sibHble pyHKIUU NumPy (ufunc)
NumPy, npeaoctaBiseT roToBble MHCTPYMEHTbI M MaTemaTudeckme GyHKUMKM ana paboTbl C MaccMBamm.
K HMM OTHOCATCA U YyHMUBepcanbHble GYHKLMU (cneumnannsnpoBaHHble YHUBepCabHble pYHKLUN).

B CnenuaM3vpoBaHHbIe YHUBepcaibHble yHKIIMU
YHuBepcanbHaa ¢yHKUMA - 3TO 060/104Ka Hafg 0OblMHOM dyHKUMeEN, Bnarogaps KOTOPOW BO3MOMKHO
BMOJIHATb OnpeAesieHHble AeUCTBUA Hag, LLeNbiMU MaccuBamu. [aHHble GyHKLMM BbIMONHAIOT AeicTBUA
Haj, MacCcMBamM TNO3/IEMEHTHO, TNOAAEPKMBAOT MEXaHU3M TPAHCAMPOBAHWA, aABTOMATUYECKM
npeobpasyloT TUMbl AaHHbIX 1 06ecneYnBaloT A4OCTyN K boJiee TOHKMM HacTpoMKam cBoel paboTbl.

YHuBepcanbHaa ¢yHKUMA (cokpaweHHo ufunc) — 3To ¢yHKuMA, KoTopas paboTaeT ¢ ndarrays
Mo3/IEMEHTHO, MOAAEPXMBasA LIMPOKOBELLATENbHYIO PAacCbiIKy MacCMBOB, NpuBeAgHWE TUMNOB W
HeKoTopble Apyrue ctaHgapTHble GyHKUMK. To ecTb ufunc — 310 "BekTopusoBaHHan" obonoyka Ans
bYyHKUMK, KoTopas npuMHMMaeT (GUKCUPOBAHHOE KOMMYECTBO KOHKPETHbIX BXOAHbIX [JAaHHbIX W
Npoun3BoAUT GUKCUPOBAHHOE KOJIMYECTBO KOHKPETHbIX BbIXOAHbIX AaHHbIX.

BONbWNHCTBO YHMBEpPCanbHbIX GyHKUMI Numpy peannsoBaHbl B cKoMnuanposaHHom C-koge n moryt
obpabaTbiBaTb camble pasHble 06BbEKTbI. B Takom ciydyae nepebop Mo KOJOHKam M No pagam BblaaeT
OAMH M TOT Xe pe3ynbTaT TaKk Kak ufunc npu pabote ¢ maccMBamu n APYrmmm o6beKTamm BbINOAHAET
nepebop 3NeMeHT 33 3/IEMEHTOM.

Mpumepbl paboTbl YHUBEPCANbHBIX GYHKLNNA:

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

>>> np.apply along axis(foo, axis=1l, arr=A)
array([[5., 5.5, 6.],

[6.5, 7., 7.51,

[8., 8.5, 9.11)
>>> np.apply along axis(foo, axis=0, arr=A)
array([[5., 5.5, 6.],

(6.5, 7., 7.51,

[8., 8.5, 9.11)

B atom cnyyae ¢yHKuMA ufunc Aenunt 3HauyeHWe Kaxkaoro snemeHTa HaJBoOe BHE 3aBMCMMOCTU OT TOrO,
6bIn M NPUMEHEH Nepebop K CTPOKE UK 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[1l]) .reshape((x y[0], x y[1]))
print (a)
return a

def ufunc _tst 0(arr_ key):

print ('===0===")

val = np.apply along axis(np.mean, axis=0, arr=arr Kkey)
print (val)

print ('===1===")
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val = np.apply along axis(np.mean, axis=1l, arr=arr Kkey)
print (val)

def ufunc tst 1(arr key, get middle):
print ('===0===")
val = np.apply along axis(get middle, axis=0, arr=arr key)
print (val)
print ('===1===")
val = np.apply along axis(get middle, axis=1l, arr=arr key)
print (val)

if name == ' main_ ':

A = arr build([10, 191, [3, 31])

ufunc_tst 0(A)

# npmMenenme o¢yHkuum get middle B kadecTBe apryMeHTa

# x OyHxUMM np.apply along axis: 3HadYeHMe apryMeHTa axis
# Ha pes3ynbTaAT HE BIMAET.

ufunc_tst 1(A, get middle)

YHuBepcanbHaa GyHKLMA np.sin MoxKeT 06pabaTtbiBaTb Camble pPasHble 06bEKTHI:

>>> 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, -0.304810627)
>>> np.sin(np.array ([0, 30, 60]1))

array ([ O. , -0.98803162, -0.304810627)
>>> np.sin(np.matrix ([0, 30, 601))

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

B IlepevyeHb YHUBEPCAJIbHBIX QYHKIUMI
BonbluMHCTBO MaTemaTmyecknx o¢yHKumit NumPy ABAAloTCA yHMBEPCasbHbIMK, T.e. MOAAEPKMBAIOT
MHOXECTBO NapameTpoB, KOTOpble MO3BOAAIT ONTMMM3MPOBaATb WX paboTy B 3aBUCMMOCTM OT
cneunduKn peanmsyemoro aaroputma.

B TpuzoHomempuueckue (hyHKyuu
sin (x)

TPUrOHOMETPUYECKMIA CUHYC.

cos (x)

TPUrOHOMETPUYECKMIA KOCUHYC.

tan (x)

TPUrOHOMETPUYECKMIA TaHTEHC.

arcsin (x)

O6paTHbIN TPUTOHOMETPUYECKUA CUHYC.

arccos (x)

O6paTHbIN TPUIOHOMETPUYECKUIA KOCUHYC.
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arctan (x)

O6paTHbLIN TPUTOHOMETPUYECKUN TaHTFEHC.

hypot (x1, x2)
Bbluncnaer ANNHHY TMNOTEHY3bl NO YKAa3aHHbIM OJ/IMHAM KaTETOB.

arctan2 (x1, x2)

O6paTHbIN TPUTOHOMETPUYECKUI TaHreHC yrna rae x1 - nNpoTuBONEXalWMn KaTeT, X2 - npuaexalluii
KaTteT. B oTanume ot arctan (x) dyHKuma arctan2 (y, x) cnpaBeanusa AaA BCeX Yr0B U NO3TOMY MOKeT
6bITb MCMONb30BaHa ANA Npeobpa3oBaHMA BeKTopa B yron 6e3 puUcKa AefleHUs Ha HOMb, a TaKe
BO3BpallaeT pe3ynbTaT B NPaBUIbHOM KBagpaHTe.

degrees (x)

MpeobpasyeT pagmMaHHYO MepY yria B rpadycHylto.

radians (x)

MpeobpasyeT rpagyCcHyo Mepy yraa B pagmaHHylto.

unwrap (p[, discont, axis])

KoppeKktnposKka $a30BbIX Yr/10B NpK nepexoae Yepes 3HauyeHue pi.

deg2rad(x)
MNpeobpa3syeT rpagycHyo Mepy yrjia B paguaHHylo.

radz2deg (x)
MNpeobpasyeT paanaHHyO Mepy yria B rpasycHyto.

B [l'unep6oaudeckue hyHKYuu
sinh (x)

Mnep6oanyeckunii cUHyc.

cosh (x)

MnepbonyYecknit KOCUHYC.

tanh (x)
M'MnNep60oanYecKnin TaHreHC.

arcsinh (x)

O6paTHbIN rMNepboNNYECKUI CUHYC.

arccosh (x)

O6paTHbIN rMNepboaMYECKUIA KOCKHYC.

arctanh (x)

O6paTHbIN rMNepboNMYECKUIN TAHTEHC.

B Okpya/eHue
around(al[, decimals, out])

PaBHOMepHOe (6aHKOBCKOE) OKpYrAeHWe 0 YKa3aHHOM No3nLUKN K BanKalLemy YeTHOMY YnCAY.

round (al[, decimals, out])

JKBMBasNeHTHa around().

rint (x)

OkKpyrnseT Ao 6aunxaiiiero uenioro.

fix(x[, out])

OKpyraseT go 6anKanwero K Hy/t0 LLeIoro Yncna.

floor (x)
76



OKpyrieHune K meHblemy ("non").

ceil (x)

OkpyrneHue K 6onblemy ("notonok").

trunc (x)

OTtbpacbiBaeT APOOHYIO YacTb YMca.

B Cymmbl, pazHOCMU, npou3geedeHus
prod(al[, axis, dtype, out, keepdims])

npOM3Be,£l,6HVIe 3/1EMEHTOB MacCCuBa No 3a,D,aHHOl7I oCu.

sum(a[, axis, dtype, out, keepdims])

Cy:vmna 3/1EMEHTOB MacCuBa No 3a,D,aHHOI7I ocu.

nanprod(al[, axis, dtype, out, keepdims])

NpounsseneHne anemeHTOB Maccmea No 3a,ﬂ,aHHOVI ocu B KOTOpOoM 3siemeHTbl NaN yunTbiBaroTCA Kak 1.

nansum(a[, axis, dtype, out, keepdims])

Cymma 3/1EMEHTOB MacCuBa Nno 3a,L'l,aHHOl7I ocu B KOTOpoM 3siemeHTbl NaN y4ynTbiBatOTCA KaK 0.

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

BOBBpaLU,HET HaKon/sieHne npounsseaneHmMA anemeHToB no 3a,D,aHHOl7| OCH, T.€. MaCCUB B KOTOpPpOM Ka)K,Cl,blﬁ
3/1IEMEHT ABNIAETCA NpounsseaeHneM npealecTtsyrownx emy aniemMmeHToB no 3a,D,aHHOVI OCn B UCXxogHom
MmaccumBe.

cumsum(a[, axis, dtype, outl])
Bo3BpallaeT HaKoMaeHMe CyMMbl 3/IEMEHTOB MO 3aJaHHOM OCK, T.e. MAcCMB B KOTOPOM KaKAbll
1eMEHT ABNAETCA CyMMOl‘;I npeawecTsyrownx emy anemMmeHToB no BaAaHHOVI OCH B NICXoAHOM Mmaccuee.

nancumprod(al[, axis, dtype, out])

Bo3BpallaeT HaKomn/aeHWe NPOM3BEAEHNA 31EMEHTOB MO 334aHHON OCH, T.€. MAaCCUB B KOTOPOM KaXKAblN
3NeMEHT ABNAETCA NPOM3BEAEHUEM NPEALIECTBYOWMNX eMY 3/IEMEHTOB MO 3343aHHON OCU B UCXOLHOM
maccuse. dnemeHTbl NaN B MCxo4HOM maccmBe NPy NPOU3BELEHUN YUUTLIBAOTCA KaK 1.

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

Bo3BpallaeT HaKoOMAeHWEe CyMMbl 3/IEMEHTOB NO 3343aHHON OCM, T.e. MAacCMB B KOTOPOM KaxAbli
3N1EeMEHT ABNAETCA CYMMOI NpeaLecTBYOLNX eMy SN1EMEHTOB MO 334aHHOM OCU B UCXOAHOM MAcCUBeE.
SnemeHTbl NaN B uCxoaHOM Maccuee NpU CYMMUPOBAHUM YYUTbIBAtOTCA Kak 0.

diff(al[, n, axis])

BosBpalaeT n-1o pasHOCTb BAO/b YKa3aHHOW OCH.

ediffld(aryl[, to_end, to begin])
Pa3HocTb mexay nocnenoBatesibHbIMU a1€MEHTAMN MaCCUBa.

gradient (f, *varargs, **kwargs)

JONCKpeTHbIN rpagneHT (KOHeYHble pasHOCTU BAO/Ib ocei) maccuBa f.

cross(a, b[, axisa, axisb, axisc, axis])

BeKTOpHOE npoun3segeHune AByx BEKTOPOB.

trapz(y[, x, dx, axis])

MHTEI’pMpOBaHME MmaccuBa B4O1b yKa3aHHOI7I OCn meToaom Tpaneu,mﬁ.

B JKcnoHeHYyupoeaHue U sio2apugmuposaHue
exp(x, /[, out, where, casting, order, ..])

DKCMOHEHTA BCEX 3/IEMEHTOB MacCHMBa.
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expml (x, /[, out, where, casting, order, ..])

Bbluncnset exp(x)-1 Bcex 3nemMeHTOB Maccuea.

exp2(x, /[, out, where, casting, order, ..])

Bbluncnset 2**x gna Bcex X BXOAHOro maccuBa.

log(x, /[, out, where, casting, order, ..])

HaTtypanbHbiit norapndm 3n1emMeHTOB MacCUBa.

logl0(x, /[, out, where, casting, order, ..])

,D,ECHTM‘-IHbIﬁ IIOI'aqu)M 3/1EMEHTOB MacCCuBa.

log2(x, /[, out, where, casting, order, ..])

ﬂOI'apVId)M 3/1eMEeHTOB MacCMBa NO OCHOBAHMIO 2.

loglp(x, /[, out, where, casting, order, ..])

Bbiuncnsert log(x+1) ana Bcex X BXOAHOro maccusa.

logaddexp (x1, x2, /[, out, where, casting, ..])

HaTypaanblﬁ norapmd)rv\ CYMMbI 3KCMOHEHT 3/1eMEHTOB BXOAHbIX MAaCCMBOB.

logaddexp?2 (x1, x2, /[, out, where, casting, ..])
[OBonuHbIN norapudm ot 2**x1 + 2**x2 ansa Bcex 31eMeHTOB BXOAHbIX MacCUBOB.

m /Ipyzue cneyuaibHble hyHKYUU
10 (x)

MoauduumposaHHan GpyHKuUmMa beccens nepsoro poaa Hy/J1€BOro NopAAKa.

sinc (x)

BbluMcnseT HOPMUPOBAHHbBIN KapAUHANbHbIN CUHYC 3N1EMEHTOB MaccUBa.

B Onepayuu c naasaioujeti mo4kKoil
signbit(x, / [, out, where, casting, order, ..])

BO3BpaLLI,BET True gna Bcex anemeHTOB MaccuBa Y KOTOpPbIX 3HAKOBbI BUT YCTaHOB/IEH B OTpULATE/IbHOE
3Ha4yeHue.

copysign(xl, x2, / [, out, where, casting, ..])

M3meHAeT 3HaK 3/1IeMEHTOB M3 MaccmBa X1 Ha 3HAaK 31eMeHTOB M3 MaccuBa X2.

frexp (x[, outl, out2], / [, out, where, ..])

PasnoxkeHune afnemMeHTOB MacCMBa B MOKa3aTeib MaHTUCChI U ,CI,BOI‘;1KM.

ldexp (x1, x2, / [, out, where, casting, ..])

Bbluncnaer x1*2**x2.

nextafter (x1, x2, / [, out, where, casting, ..])

Bo3BpallaeT 3HayeHWe C NJaBalolel TOYKOW creaylouwee 3a 31emeHTom M3 X1 B HanpaBaeHuu
anemeHTa U3 x2.

spacing(x, / [, out, where, casting, order, ..])

NoanemeHTHO BblUMCAAET PACCTOAHME MeXAYy 3HaYeHMemM M3 MacCMBa X U 6nnKanwmm cocegHUMm
YNCIOM.

B Apudmemuueckue onepayuu
lem(x1l, x2, / [, out, where, casting, order, ..])

MNosanemMeHTHO BblUMCAAET HAaMMEHbLLee 06u.|,ee KpaTHOE macCnBoB x1nx2.

gcd(x1l, x2, / [, out, where, casting, order, ..])
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MoanemeHTHO BbluMcaseT HanbonbLKnii 06WMin AennTesib MaccuBoB X1 1 x2.

add(x1, x2, / [, out, where, casting, order, ..])

Mo3nemeHTHas cymma 3HayeHuih MacCUBOB.

reciprocal (x, / [, out, where, casting, ..])

Bbluncnsaer obpaTHoe 3HayeHme (1/x) KaxA4oro snemeHTa maccmsa.

positive(x, / [, out, where, casting, order, ..])

JKBUBANIEHTHO NPOCTOMY KOMMPOBAaHUIO (numMpy.copy) 3/1eMeHTOB MaccuBa, HO TO/IbKO AN MacCUBOB
noafepKMBatoLWMX MaTemaTuyeckme onepaunn. PopmanbHO COOTBETCTBYET MaTeMaTMYECKOM 3anmcn b
= +a.

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

OTpVILI,aTEI'IbHOE 3Ha4YeHune 3/1IeMeHTOB MacCuBa.

multiply(xl, x2, / [, out, where, casting, ..])
[MosnemeHTHOE YMHOXeHNe 3HauyeHM maccmBa X1 Ha 3HaYeHUA maccusa X2.

divide (x1, x2, / [, out, where, casting, ..])

NoanemeHTHOe geneHune 3HayeHU maccmBa X1 Ha 3HaYeHuA maccuea x2.

power (x1, x2, / [, out, where, casting, ..])

NoanemeHTHOe BO3BEeAEHUE 3HayeHU maccmBa X1 B cTeneHb PaBHYIO 3Ha4YeHUAM N3 MaCCuBa X2.

subtract (x1, x2, / [, out, where, casting, ..])

NoanemeHTHaA pa3HOCTb 3HavyeHu maccmea x1 1 x2.

true divide(xl, x2, / [, out, where, ..])

NoanemeHTHOE UCTUHHOE aeneHue 3Ha4yeHU maccmBa X1 Ha 3HayeHua maccusa x2.

floor divide(xl, x2, / [, out, where, ..])

MNosnemeHTHOE LeNoYncIeHHoe aefleHne 3Ha4YeHUn maccmsa X1 Ha 3HaYeHUA maccmsa X2.

float power(xl, x2, / [, out, where, ..])

MosnemeHTHOE BO3BEeAEHMEe 3HaYeHU maccuBa X1 B cTeneHb PaBHYH 3HAYEHWAM M3 Maccuea X2,
afanTMPOBaHHOE ANA YMCEeN C NAaBatoLLei TOYKON.

fmod (x1, x2, / [, out, where, casting, ..])

MosneMeHTHbI OCTAaTOK OT Ae/ieHUA 3HaYeHNM maccuBa X1 Ha 3HaYeHns maccusa xX2.

mod (x1, x2, / [, out, where, casting, order, ..])

Mos1eMeHTHO BbIYUCAAET OCTATOK OT Ae/eHUA 3HaYeHnM maccuBa X1 Ha 3HayeHuss maccuBa X2.

modf (x[, outl, out2], / [, out, where, ..])
[pobHas u Lenasa YacTb 3/1eMEHTOB MacCuBa.

remainder (x1, x2, / [, out, where, casting, ..])

D/IeMeHTapHbIN OCTATOK OT Ae/IeHMA 3HAaYeHMIN maccuBa X1 Ha 3HaYeHMa maccmBa X2.

divmod (x1l, x2[, outl, out2], / [[, out, ..])
Pe3yf|bTaT MCTUHHOIO AeneHnAa n oCTaTokK OT AeNneHnA 3HayeHMM maccmsa X1 Ha 3HaYeHMnA maccusa x2.

[ | Onepauuu C KOMN/IEKCHbIMU Hucaamu
angle(z[, degl)

BbluncnaeT yron Kaxkaoro KOMnaeKCHOro Ymcaa B maccuse.

real (val)

,U,EﬁCTBVITEJ'IbHaFI 4aCTb KOMMNJIEKCHOIO YK1cna.

imag (val)
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MHKUMaA YacTb KOMMNAEKCHOro Yncna.

conj(x, / [, out, where, casting, order, ..])

KoMMNaeKCHO-Conpsa»KeHHbIN 31eMeHT.

B IIpouue mamemamu4eckue (fyHKyuu
convolve (a, v[, model])

[NCKpeTHas IMHelHan ceepTKa.

clip(a, a min, a max[, out])

OI'paHM‘-IEHMG 3HaYeHU MaccuBoB YKa3aHHbIM UHTEPBAJIOM A0MNMYCTUMbIX 3HAYEHU.

sqrt(x, / [, out, where, casting, order, ..])

KBa,D,paTHbIVI KOpP€eHb 3/1EMEHTOB MaCCu1Ba.

cbrt(x, / [, out, where, casting, order, ..])

Kybunyeckunit KopeHb 3/1eMEeHTOB MaccuBa.

square (x, / [, out, where, casting, order, ..])

KBagpaT anemeHTOB MaccmBea.

absolute(x, / [, out, where, casting, order, ..])

AB6CONOTHOE 3HaYeHne (Moay/b) 31IeMeHTOB MaccuBa.

fabs(x, / [, out, where, casting, order, ..])

BosBpauaeT abcontoTHOE 3HaYeHMe (MoAay/b) 31EMEHTOB MacCUBa B BUAE YMCEN C NiaBatoLLe TOYKON.

sign(x, /[, out, where, casting, order, ..])

dnemeHTapHbIN yKa3aTe/lb Ha 3HAK Yyncna.

heaviside (x1, x2, / [, out, where, casting, ..])

CtyneHuyaTan PpyHKLMA XeBucanaa.

maximum(xl, x2, / [, out, where, casting, ..])

Hanbonblume 3Ha4YeHMA Nocae No3/IeMEHTHOIO CpaBHeHMUA 3HaYeHUM MacCMBOB.

minimum(x1l, x2, /[, out, where, casting, ..])

HanmeHblume 3HaYeHnA nocae N03N1EMEHTHOIO CPpaBHEHUA 3HAYeHWU1 MaccuBOB.

fmax (x1, x2, / [, out, where, casting, ..])

Hanbonblive 3Ha4YeHWs nocne MO3/IEMEHTHOrO CpaBHEHMA 3HAYeHM MacCMBOB B BMAE 4uMcen C
naasaloLEen TOYKON.

fmin(x1, x2, / [, out, where, casting, ..])

HauMmeHblUMe 3HaYyeHUs Nocsie MO3NEeMEHTHOTO CpaBHEHMA 3HAYeHWUW MacCMBOB B BMAE 4ucen C
nnasaloLen TOYKON.

nan_to num(x[, copyl)
3ameHAeT nan Ha 0, 6ecKoOHeYHOCTb W MMHyC-6€CKOHe‘-IHOCTb 3aMeHAloTCA Ha Haubonblee U
HanmeHbllee 40CTynHOe Yncno C nnaBarou.l,eﬁ TOYKOM COOTBETCTBEHHO.

real if close(al[, toll])

HEDEBO,CI,MT KOMMNJIEKCHbIE YNCNa B BeELWECTBEHHbIE €CZIN MHMMAA 4aCTb KOMMNJIEKCHOIO YMNC/la MeHbLIEe
MaLUMHHOM 3MCUOH.

interp(x, xp, fpl, left, right, period])
OAHOMepHaﬂ NIMHEelHasn MHTEpnonAUunA.
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B ApryMeHTbl YHUBEpPCAJIbHbIX QYHKIUN
Bce yHuBepcanbHble OGYHKUMKM  MOMYT MPUMHUMMAaTb Lenblid  pagd  HeobA3aTebHbIX aprymeHTOoB.
BONbLIMHCTBO AaHHbIX apryMeHTOB Heob6XoAMMbl ANA TOHKOW HACTPOMKM paboTbl GpyHKUMIA M value
BCEro COBCEM He WCMOJIb3YHTCA, XOTA, B ONPEeAeNeHHbIX CUTyaLMsAX HEKOTOpble U3 aprymMeHTOB MOryT
OKa3aTbCA 04YeHb MOAE3HbIMM.

B out
Onpegenaet MecTo B KOTopoe byaeT coxpaHeH pe3ynbtaT paboTbl pyHKUMK. ECin napameTp He yKasaH
nan ykasaHo None (No ymosiyaHuio), To byaeT Bo3BpalleH aBTOMATUYECKU CO34aHHbIN maccus. Ecin B
KayecTBe napameTpa ykasaH maccmB NumPy, To OH gosixkeH umeTb dopmy coBmecTumyto ¢ bopmon
BXOAHOro maccmBa. Ecnm yHuBepcanbHaa GyHKLMA CO34aeT HECKObKO BbIXOAHbLIX MaccuBOB, TO A/
KaXX[0ro M3 HUX MOMKHO YKa3aTb MeCTO COXPaHEHMA C MOMOLLbIO KopTexa u3 maccmsoB NumPy uau
None.

[aHHbI napameTp oveHb nosie3eH nNpu 6onbwMx 06bEMaX BbIMMCAEHUM, TaK Kak No3BonseT nberkaTb
CO3aHMA BPEMEHHOro0 MAacCMBa, 3anucbiBas pPe3y/bTaT, HENnocpeaCcTBEHHO B TO MECTO NamsaTU B
KOTOpoe HeobxoaMmo.

>>> import numpy as np

>>>

>>> x = np.arange (0, 100, 15)

>>> x

array ([ 0, 15, 30, 45, 60, 75, 901)

>>>

>>> y = np.ones(7)

>>> y

array([1., 1., 1., 1., 1., 1., 1.1)

>>>

>>> np.sin(x, out = y)

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 maHHOM napaMeTpe MOXHO YKa3bBaThb IIpenCTaBJIEHVMA MaCCUMBOB:

>>> y = np.zeros(7)

>>> vy

array([0., 0., 0., 0., 0., 0., 0.1)

>>>

>>> np.sin(x[::2], out = y[::2])

array ([ O. , —0.98803162, -0.30481062, 0.89399666])

>>>

>>> y

array ([ O. , 0. , -0.98803162, 0. , —0.30481062,

0. , 0.89399666])

MapameTp out MOXKHO He UCNO/Ib30BaTb W NMPOCTO 3aNMCbiBaTb YTO-TO Bpoae Y[::2] = sin(x[::2]), HO TakasA
3anuMcb NPUBOAMT K CO34aHUNI0 BPEMEHHOro MaccuBa A4 XpaHeHUA pesynbTaTta BblducaeHui sin(x[::2]) n
3aTeM K elwe OJHOW onepauuu KONUMPOBaHWA pe3ynbTaToB W3 BpeMeHHOro Mmaccusa B y[::2].
Mcnonb3oBaHWe aprymeHTa out npu 06paboTke 60/bLIMX MAaCCMBOB MOXET 0becneynTb 3HaUUTE IbHbINA
BbIMIPbILL B 3KOHOMMM UCMOb3YeMOI NaMATU U 3aTPaYeHHOro Ha BblYMCAEHUA BPEMEHMU.
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B where
JaHHbIV napameTp npuHMmaeT True (No ymonyaHuto), False nnm maccme norMyecknx saHa4YeHU B cyyae
€C/N yHMBepcasibHas (YHKLMA BO3BPALLAET HECKO/IbKO Pe3y/bTUPYIOWMX MaccuBoB. 3HaveHue True
YKa3blBaeT Ha BbIYMCNEHUE YHUBEPCANbHOM (YHKUMM C COXpPaHEHWEeM pe3ynbTaTa B YKasaHHbIM B
napameTpe out maccus. B cnyyae ykasaHusa False, 6yayT BO3BpalleHbl 3HAYEHUA MACCUBA, KOTOPbIM
yKasaH B out.

>>> x

array([ 0, 15, 30, 45, 60, 75, 90])

>>>

>>> np.cos (x, where = False)

array ([ O. , 0.65028784, -0.98803162, 0.85090352, -0.30481062,
-0.38778164, 0.89399666])

>>>

>>> y = np.zeros(7)

>>> y

array([0., 0., 0., 0., 0., 0., 0.1)

>>>

>>> np.cos(x, out = y, where = False)

array([(0., 0., 0., 0., 0., 0., 0.1])

>>>

>>> np.cos(x, out = y, where = True)

array ([ 1. , —-0.75968791, 0.15425145, 0.52532199, -0.952412098,
0.92175127, -0.44807362])

>>>

>>> y

array ([ 1. , —-0.75968791, 0.15425145, 0.52532199, -0.95241298,

0.92175127, -0.44807362])

MNapameTp where moKeT OKa3aTbCs Mose3eH, B CUTyaumnax Koraa o6pa60TKy AaHHbIX N COXpaHeHue
BblYMCNEHUN HEO6XO,D,MMO BbIMO/IHATL B 3aBUCMMOCTM OT HEKOTOPOro ycaosuAa. Hanpmmep,
HEO6XO,CI,MMOCTb O6pa6OTKM AaHHbIX 3aBUCUT OT HEKOTOPOro NapameTpa, KOTOprVI AONIXKeH HaxoauTbCA
B npegenax HEKOTOPOro nHTepeana:

>>> x = np.arange (0, 100, 15)
>>> y = np.zeros(7)

>>>

>>> a, b =20, 1 # T'paHULE MHTepBaJja

>>> c = 0.77 # IlapameTp, omnpenensouMi HEeOOXOIMMOCTEL BHUMCJIIEHUNM
>>>

>>> # Ecau napaMeTp HaxOIOUTCS B Ipelnejiax MHTepBasa,
# ToO pesynbraT OyHEeT BHUMCJIEH M IIOMEUEH B yKa3aHHBI MaCCUB:

>>> np.cos(x, out =y, where = a < ¢ < b)

array ([ 1. , —-0.75968791, 0.15425145, 0.52532199, -0.95241298,
0.92175127, -0.448073621)

>>> y

array ([ 1. , -0.75968791, 0.15425145, 0.52532199, -0.95241298,
0.92175127, -0.448073621)

>>>

>>> x = np.arange (0, 70, 10) # HoBele nmaHHEIE B Maccupe 'x'

>>> X

array([ 0, 10, 20, 30, 40, 50, 60])

>>>

>>> # B ciaydae, ecyu Ov mnapaMeTp 'c' okasajica B Npelejyiax MHTepBaja
Yy

# or 0 mo 1, TO B Maccuse MBI OB YBUIEJIN :
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>>> np.cos (x)
array ([ 1. , —-0.83907153, 0.40808206, 0.15425145, -0.6669380¢,
0.96496603, -0.95241298])

>>>

>>> ¢ = 1.01 # JonmycTuMm HnapaMeTp BHIIEJ 3a IIPeneiiEl MHTepBaja

>>>

>>> # Torma B MaccuBe 'y' MB YBUIMM [IPEmHIOyLIME SHAUEHMS:

>>> np.cos(x, out =y, where = a < ¢ < Db)

array ([ 1. , —-0.75968791, 0.15425145, 0.52532199, -0.95241298,

0.92175127, -0.448073621)

B casting
Mo3BonaeT HacTpouTb NpeobpasoBaHMe TUMOB AaHHbIX NPU BblYUCAEHUAX. [aHHbIA NnapameTp MOXKeT
NPUHUMATL cneaytoLme 3Ha4YeHua:

H 'no'- Tunbl AaHHbIX He npeobpa3syloTcs;

H 'equiv' - 4ONyCKaeTcs TONbKO M3MeHeHWe nopsagKa 6ainTos;

B 'safe' - gonyckaloTcA TO/IbKO TE TUMbl AaHHbIX, KOTOPbIE COXPAHAIOT 3HAYEHUS;

B 'same_kind' - gonyckatoTcsa ToNbKO 6e3onacHble NnpeobpasoBaHus, Takme Kak float64 B float32;

B 'usafe' - ponyckatotca nobble NpeobpaszoBaHMA AAHHbIX.

>>> x = np.arange (0, 70, 10, dtype = np.float96)

>>> y np.zeros (7, dtype = np.floatl6)

>>>

>>> x

array([ 0., 10., 20., 30., 40., 50., 60.], dtype=float96)
>>> y

array([{0., 0., 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') # BuHaueHume 'casting' no

YMOJIUaHMIO

array ([ 1. , -0.839 , 0.4082, 0.1543, -0.667 , 0.965 , -0.9526],
dtype=floatl6)

>>>

>>> y # Ilpomsouia NHOTEPS TOUYHOCTU

array ([ 1. , -0.839 , 0.4082, 0.1543, -0.667 , 0.965 , -0.9526],
dtype=floatl6)

>>>

>>> np.cos(x, out =y, casting = 'safe') # BanpemaeT Hebe30NnacHBE

npeobpasoBaHMsa

Traceback (most recent call last):

File "", line 1, in

TypeError: ufunc 'cos' output (typecode 'g') could not be coerced to provided

output

parameter (typecode 'e') according to the casting rule ''safe''
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H order

3ToT napameTp onpeaenseT B KaKOM MNOPsAKe BbIXOAHbIE MAcCMBbl AO/KHbI XPAaHUTbCA B NaMATU:
cTpoyHOM C-ctune uam ctonbuatom ctune Fortran. Ecam BXoAHOW MaccuB He ABAAETCA MACCUMBOM
NumPy, To co3aaHHbI Mmaccus byaeT HaxoAMTbCA B NaMATK B CTpoKoBOM C nopsaaKe, ecaun ykasaTtb daar
'F', To byaeT xpaHuTbCA B cTonbyaTom nopaake 'Fortran'. Ecam BxogHoi maccms - 3To maccns NumPy, To
énar 'K' ambo coxpaHaeT nNopsaaoK MCXOAHOrO MaccuBa AMBO ycTaHaBAMBAEeT camblii 6AM3KMIA no
CTPYKTYype; ¢nar 'A' ycTaHOBUT MaKeT MamATM BbIXOAHOro Maccmea B 'F' ecnan maccuB a asnseTcs
CMEeXHbIM CO CTONbYaTbiM CTUNEM Fortran, B NPOTMBHOM C/lydae MaKeT NamaATu byaeT ycTtaHosneH B 'C'.
Mo ymonyaHuto daar yctaHosneH B 3HaveHue 'K'.

>>> x = np.arange (0, 100, 30).reshape(2,2)

>>> x

array ([[ 0, 307,
[60, 9011)

>>> 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
Mo3BonaeT NnepeonpefenMTb TN AAHHbIX BbIXOLHOIO MaccuBa:

>>> x = np.arange (0, 100, 30)

>>> x

array([ 0, 30, 60, 901])

>>>

>>> y = np.cos(x)

>>> vy

array ([ 1. , 0.15425145, -0.95241298, -0.44807362])
>>>

>>> y.dtype

dtype ('float64d"')

>>>

>>> y = np.cos(x, dtype = np.floatl6)

>>> y

array ([ 1. , 0.1543, -0.9526, -0.448 ], dtype=floatl6)
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E subok
Ecnn ycTaHoBNEHO 3HaYeHWe True, TO NOAKAAcChl ByayT coxpaHaTbes, ecan False, To pesynbtatom byaet
6a308BblIit Knacc ndarray:

>>> x = np.matrix ([0, 30, 60, 90])

>>> x

matrix([[ 0, 30, 60, 9011)

>>>

>>> y = np.cos(x, subok = True) # Ilo yMOJUaHMIO [OAKJIACCH COXPAHSOTCS
>>> y

matrix ([[ 1. , 0.15425145, -0.95241298, -0.4480736211)
>>>

>>> y = np.cos(x, subok = False)

>>> vy

array ([[ 1. , 0.15425145, -0.95241298, -0.44807362]11)

B signature
BONbIIMHCTBO YyHMBEPCaAbHbIX GYHKLUMIA peannsoBaHbl B CKOMNUAMPOBaHHOM C-koge. OCHOBHble
BbIUUC/IEHMA BHYTPU YHMUBEPCANbHOW GYHKLUUM 3a10KeHbl B ee 6a30BoM UuKae. TouHee, TaKUX LMK/IOB
HECKOJIbKO U1 B 3aBUCUMOCTM OT TUMA BXOAHbIX AaHHbIX GYHKLUMA BblIOMpPAET cambiii NOAXOAAWMMN U3 HUX.
AprymeHT signature Nno3BonsieT yka3aTb KaKoi MMEHHO M3 3TUX LMK/IOB AO/IKEH MCNONb30BaTbhCA.

B KayecTBe aprymeHTa signature Hy)KHO YyKasaTb CMeLMasbHYlO CTPOKY-MOAMMCb UMKAa, Anbo Tuvn
AaHHbIX, MB0 KOopTe) TUMNOB AaHHbIX. [OAY4UTb CMWUCOK AOCTYMHbIX CTPOK-MOAMNUCEN MOMXKHO C
nomolibo aTpmnbyTa types ob6bekTa ufunc (np.cos — aTo o6beKT ufunc n y Hero aTpmubYyT types):

>>> import numpy as np

>>>

>>> np.cos.types

['e->e', 'f->f', 'd->d', 'g->g', 'F->F', 'D->D', 'G->G', '0->0']
>>>

>>> x = np.arange (0, 100, 30)

>>> x

array ([ 0, 30, 60, 901])

>>>

>>> np.cos(x, signature = 'f->f')

array ([ 1. , 0.15425146, -0.95241296, -0.44807363], dtype=float32)

>>>

>>> np.cos(x, signature = 'F->F"')

array ([ 1. -0.3, 0.15425146+0.7, -0.95241296+0.73, -0.44807363-0.731,
dtype=complex64)

>>>

>>> np.cos(x, signature = 'F')

array ([ 1. -0.3, 0.15425146+0.3, -0.95241296+0.73, -0.44807363-0.731,
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

[aHHblt napameTp npegocTaBaseT HebOo/blY, HO BCE e ONTMMU3AUMIO BbIMMCAEHUIA - BMECTO
aBTOMATMYECKOro MOMCKa NOoAXOAALEero LUMKNa, ¢YHKUMA cpasy nepexoamuT K BblMUCAEHUSM B
yKasaHHOM umKne. CKopee BCEro yKasaHWe AaHHOro aprymeHTta 6yAeT nosiiesHbiM B BblYUCAEHMAX B
KOTOPbIX BbI30B YHMBEPCA/bHbIX GYHKLMI NPOUCXOANT OYEHb YacTo.
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B extobj
B KayecTBe AaHHOro apryMeHTa BbICTyMaeT CMMUCOK U3 TPEX Lenbix yncen. Mepsoe umcao onpepenset
pasmep bydepa AaHHbIX, BTOPOE - PEKUM OLIMOKU, TpeTbe - GYHKUMA 06PaTHOrO BbI3OBA OLUMOKU:

>>> np.cos(x, extobj = [160, 1, 1])
array ([ 1. , 0.15425145, -0.95241298, -0.448073621)

[aHHbIN apryMmeHT MOXET BbITb No/e3eH B BbIMMCAEHMAX C YaCTbiM BbI30BOM YHUBEPCA/IbHbIX QYHKLMNA,
KoTopble 06pabaTtbiBatloT HEOObLLIME MACCMBbI AAHHbIX.

B YHuBepcajbHble yHKUUM. [IpogonkeHue
MpogonkeHne onMcaHUA yHMBepCcanbHbIX GYHKLMA: cnacnbo AOKYMEHTaUMM. ..

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 3Ta HoTauumA:
numpy.tanh(x[, out]) = <ufunc 'tanh'>

370 Takoe obbaABNeHUe? MoKa3bIBAET, YTO 3TO YHMBEpPCabHAA GYHKLMA?

E numpy.sin
numpy.sin(x, *ufunc_args) = <ufunc 'sin'>

dyHKUMSA sin() BblUMCASET TPUTOHOMETPUYECKUIA CUHYC S1EMEHTOB MaccuBa.
MNapameTpsl:

X - NOA06HbIN MaccuMBy 06bEKT

MaccuB uncen 3aaatoLLmx yron B paanaHax (360 rpaaycoB paBHAOTCA 21T paanaH).
*ufunc_args - aprymeHTbl yHUBepcanbHON GyHKLUM

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTUMM3UPOBATL paboTy ¢yHKUMKM (nogpobHee cm.
YHUBepcanbHble pyHKLUN).

Bosspauaer:

pesynbTat - maccms NumPy uam ero nogknacc
CUHYC 21eMEHTOB X.

CmoTpeTb TakxXe: arcsin, sinh, cos, tan
Mpumepsl

>>> import numpy as np

>>>

>>> # BreUMCJIEHME CMHYyCa OIHOTO yIJa:
... 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

>>>

>>>

>>> # MaccCuB BHauUeHUM yTJIOB, SalaHHHX B paguMaHax:

>>> x = np.arange (10)

>>> x

array ([0, 1, 2, 3, 4, 5, 6, 7, 8, 91)

>>>

>>> 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 BHauyeHUM yIJIOB, SBSalaHHHEX B I'pamycax:
>>> 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 ([0. , 0.5 , 0.70710678, 0.8660254 , 1. 1)

HE numpy.cos
numpy.cos(x, *ufunc_args)= <ufunc 'cos'>
®yHKLMA cOS() BbIMUCNAET TPUTOHOMETPUYECKMIA KOCUHYC 3/1IEMEHTOB MAacCKBa.

MNapameTpol:

X - 10406HbIN MacCUBY 0OBEKT

MaccuB umcen 3agatoLmx yron B paanaHax (360 rpasycoB paBHAOTCA 21T pagnaH).
*ufunc_args - aprymeHTbl yHUBepcanbHON GyHKLUM

ApPrymeHTbl, MNO3BONAIOWME HACTPOUTb M ONTUMM3MPOBATbL paboTy oyHKUMKM (noapobHee
YHUBEpCanbHble GyHKLMM).

Bosspawaer:

pe3ynbTat - maccus NumPy nnau ero nogknacc
KOCMHYC an1eMeHTOB X.

CmoTpeTb TakKe: arccos, cosh, sin, tan
Mpumepsl

>>> import numpy as np
>>>
>>> # BHUMCJIEHVE CHMHYyCa OINHOTO yIJia:
np.cos (0)
1.0
>>> np.cos(np.pi/2)
6.123233995736766e-17
>>> np.cos (np.pi/3)
0.5000000000000001
>>>
>>> # MaccuB BHAUeHMM yIJIOB, BalaHHEIX B palXaHax:
>>> x = np.arange (10)
>>> x
array ([0, 1, 2, 3, 4, 5, 6, 7, 8, 91])
>>>
>>> np.cos (x)
array ([ 1. , 0.54030231, -0.41614684, -0.9899925 , -0.65364362,
0.28366219, 0.96017029, 0.75390225, -0.14550003, -0.91113026])
>>>
>>>
>>> # MaccuB 3HAUEHUM yIJIOB, 3alaHHEIX B I'palycax:
>>> x = np.array ([0, 30, 45, 60, 90])*np.pi/180
>>> x
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array ([0. , 0.52359878, 0.78539816, 1.04719755, 1.57079633])

>>>

>>> np.cos (x)

array([1.00000000e+00, 8.66025404e-01, 7.07106781le-01, 5.00000000e-01,
6.12323400e-171)

E numpy.tan
numpy.tan(x, *ufunc_args) = <ufunc 'tan'>
®dyHKumMA tan() BblMMCNSAET TPUrOHOMETPUYECKUIA TAHIEHC 3/IEMEHTOB MacCMBa W 3KBUBANEHTHA
np.sin(x)/np.cos(x).

MNapameTpsl:

X - NoA06HbIM MaccuMBy 06bEKT

MaccuB uyncen 3agarowmx yron B pagunaHax (360 rpaaycos paBHAKOTCA 2Tt paguaH).
*ufunc_args - aprymeHTbl yHMBepcanbHOM GyHKLMK

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTUMM3MPOBaATb paboTy ¢yHKuMKM (noapobHee cm.
YHUBepcanbHble pyHKLUN).

BosspawaerT:

pe3ynbTaTt - maccms NumPy namn ero nogknacc
TaHreHc aNeMeHTOB X.

CmoTpeTb Take: arctan, tanh, sin, cos
Mpumepnl

>>> import numpy as np

>>>

>>> # BrUMCJIEHME CHMHYCa OIOHOTO yIJla:

... np.tan(0)

0.0

>>> np.tan(np.pi/2)

1.633123935319537e+16

>>> np.tan(np.pi/4)

0.9999999999999999

>>>

>>>

>>> # MaccuB BHAUeHMM yIJIOB, BalaHHEIX B palXaHax:

>>> x = np.arange (10)

>>> x

array ([0, 1, 2, 3, 4, 5, 6, 7, 8, 91)

>>>

>>> np.tan (x)

array ([ O. , 1.55740772, -2.18503986, -0.14254654, 1.15782128,
-3.38051501, -0.29100619, 0.87144798, -6.79971146, -0.45231566])

>>>

>>>

>>> # MaccuB 3HAUEHUM yIJIOB, 3alaHHEIX B I'palycax:

>>> 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])

E numpy.arcsin
numpy.arcsin(x, *ufunc args) = <ufunc 'arcsin'>

dyHKUMSA arcsin() BblUMCAAET TPUTOHOMETPUUECKNIA apKCKMHYC (06paTHbIN CUHYC), ecnn y = sin(x),

To X = arcsin(y).

MNapameTpsl:

X - NOA06HbIN MaccuMBy 06BbEKT

Y - KOOpAMHATA UM MACCUB Y-KOOPANHAT € AMHUYHOM OKPYXKHOCTMU.
*ufunc_args - aprymeHTbl yHUBepcanbHON GyHKLUN

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTUMM3UPOBATL paboTy ¢yHKUMKM (noapobHee
yHMBepcanbHble QYHKLMM).

Bo3sspawaer:
pe3ynbTaTt - maccmB NumPy namn ero nogknacc
APKCUHYC 31eMeHTOB X B UHTepBane [-pi/2, pi/2].

3ameyaHune

CM.

arcsin(x) - MHorosHayHas GyHKLMA, T.e. 415 KaXKA0r0 X CylecTByeT 6@CKOHeYHOe KO/IMYECTBO 3HAYEHUIA
YI/I0B A MPpY KOTOPbIX sin(a) = X, MOSTOMY MPUHATO COrnalleHne O Tom, YTo GyHKLMA numpy.arcsin(x)

BO3BpallaeT 3HaYeHue yria B uHTepsane [-pi/2, pi/2].

0na KOMNNEeKCHbIX BXOAHbIX 3HAYEeHUIN arcsin TaK e npeacrtasnfaeT cobol 6eCKOHe‘-IHO3Ha‘-IHWO

bYHKUMIO, KOTOpas, No cornalleHunto HaxoauTca Ha nncte DO c paspesamu [-inf, -1] u [1, inf].

NHorpa apKcuHyc obo3HavaeTcs Kak asin nam sin-1

CmoTpeTb TakKe: sin, sinh, arccos, arctan
Mpumepsl

>>> import numpy as np
>>>

>>> np.arcsin(0.77)
0.8788411516685797

>>>

>>> x = np.array([-1, -0.5, 0, 0.5, 11])

>>>

>>> np.arcsin (x) # D3BHaueHue yIJIOB B pamaMaHax

array ([-1.57079633, -0.52359878, 0. , 0.52359878, 1.570796331])
>>>

>>> np.arcsin(x)*180/np.pi # 3HaueHMe YTJIOB B TI'palycax

array ([-90., -30., 0., 30., 90.1)
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E numpy.arccos
numpy.arccos (x, *ufunc _args) = <ufunc 'arccos'>

dyHKUMSA arccos() BbIMUCNAET TPUFOHOMETPUUYECKUIA apPKKOCUHYC (0BpaTHbIN KOCUHYC), ecan y = cos(x), To
x = arccos(y).

MNapameTpobl:

X - NoA06HbIM MaccuBy 06bEKT

Y - KOOPAMHATA MU MACCUB Y-KOOPAMHAT €AMHUYHOMN OKPYXKHOCTHU.
*ufunc_args - aprymeHTbl yHUBEpPCabHON GYHKLUN

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTUMM3MPOBaATb paboTy ¢yHKuMKM (noapobHee cm.
yHUBepcasbHble pyHKLUN).

BosspawaerT:

pe3ynbTat - maccuB NumPy unm ero noaknacc
ApPKKOCUHYC 31eMeHTOB X B MHTepBane [0, pi].
3ameyvaHune

arccos(x) - MHOrosHayHasa QyHKLMA, T.e. AN KaXKA0r0 X CyliecTByeT 6€CKOHEeYHOe KOANYEeCTBO 3HaYEeHMM
YF10B 0L NPU KOTOPbIX cOS(a) = X, MO3TOMY NPUHATO COrMalleHne o0 TOM, YTo GYHKUMA numpy.arccos(x)
BO3BpaLLaeT 3HauyeHue yrna B nHTepsane [0, pil.

ONnA KOMMJIEKCHbIX BXOAHbIX 3HAYEHWI arccos TaK Ke npeacTaBaseT cobon OGEeCKOHeYHO3HaUHYIo
bYHKUMIO, KOTOpas, No corfaleHmnto HaxoguTca Ha ancte DO c paspesamu [-inf, -1] u [1, inf].

MHoraa apKKoCMHyC obo3HavaeTca Kak acos uam cos-1

CmoTpeTb Takxe: cos, cosh, arcsin, arctan
Mpumepnl

>>> import numpy as np
>>>

>>> np.arccos (0.77)
0.6919551751263169

>>>

>>> x = np.array([-1, -0.5, 0, 0.5, 11)

>>>

>>> np.arccos (x) # BHaueHye YIJIOB B pamMaHax
array([3.14159265, 2.0943951 , 1.57079633, 1.04719755, O. 1)
>>>

>>> np.arccos (x)*180/np.pi # BHaueHMe YIJIOB B TIpamycax

array([180., 120., 90., 60., 0.1)
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HE numpy.arctan
numpy.arctan(x, *ufunc _args) = <ufunc 'arctan'>

dyHKUMSA arctan() BblUMCAAET TPUFOHOMETPUYECKUIA apKTaHTeHe (06paTHbIN TaHreHc), ecnun y = tan(x), To
x = arctan(y).

MNapameTpsl:

X - 10406HbIN MacCUBY 0OBEKT

Y - KOOPAMHATA NN MACCUB Y-KOOPAMHAT €AMHUYHOWN OKPYXKHOCTHU.
*ufunc_args - aprymeHTbl yHUBepcanbHON GyHKLUN

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTUMM3MPOBaATb paboTy ¢yHKUuMKM (noapobHee cm.
YHUBEpCaNbHble GyHKLMM).

BosspawaerT:

pe3ynbTaT - maccus NumPy uam ero nogknacc

APKTaHreHC 31eMeHTOB X B MHTepBane [-pi/2, pi/2] (arctan(-inf) = -pi/2 n arctan(inf) = pi/2).
3ameyvaHune

arctan(x) - MHOrosHayHasa QyHKUMA, T.e. AN KaXKA0r0 X CyllecTByeT 6€CKOHEeYHOe KOANYEeCTBO 3HaYeHMUM
Yr0B oL NPW KOTOPbIX tan(a) = X, NO3TOMY NPUHATO COrialeHne o TOM, YTo GyHKUMA numpy.arctan(x)
BO3BpalLaeT 3HayeHue yrna B nHTepeane [0, pil.

[na KOMNNEKCHbIX BXOAHbIX 3HAYeHMI arctan Tak Xe npeacTaBnser coboin HecKOHEYHO3HAUHYHO
bYHKUMIO, KOTOpasd, No coraleHmnto HaxoauTca Ha ancte DO c paspesamu [1j, infj] un [-1j, -infj].

NHoraa AdPKKOCUHYC obo3HavaeTca Kak atan uam tan-1

CmoTpeTb TakxKe: tan, tanh, arcsin, arccos
Mpumepbl

>>> 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) # BHaueHue YIJIOB B panMaHax

array ([-1.57079633, -0.78539816, -0.46364761, O. , 0.46364761,
0.78539816, 1.57079633])

>>>

>>> np.arctan (x)*180/np.pi # 3BHaueHue yIJIOB B Tpamycax

array ([-90. , —45. , —26.56505118, 0. ,

26.56505118, 45. , 90. 1)
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E numpy.hypot
numpy.hypot (x1, x2, *ufunc args) = <ufunc 'hypot'>
cDYHI~(LI,1/‘IF| hypot() BblHUCNAET ONMHHY TUNOTEHY3bl NO YKa3aHHbIM 3HAa4Y€HUAM KaTETOB. 3KBUBANEHTHO
sqrt(x1*¥*2 + x2**2).

MNapameTpsl:

x1, X2 - noao6Hble MaccnBy 06bEKTHI

JONMHbI KaTETOB UM MAcCUBbI 3HAYE€HUI A/IMH KaTeToB.
*ufunc_args - aprymeHTbl yHUBEpcanbHoOn GyHKLUN

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTMMM3UPOBATL paboTy ¢yHKUMKM (nogpobHee cm.
yHMBepcanbHble QYHKLMM).

Bosspauaer:

pe3ynbTat - maccmB NumPy namn ero nogknacc

JONMHHA rMnoTeHy3bl NPAMOYTr0/IbHOrO TPEYronbHUKAa UAM MACCUB 3HAYEHUIN ANUH TMNOTEHY3bI.
CmoTpeTb TaKKe: sin, cos, tan

Mpumepsl

>>> import numpy as np

>>>

>>> np.hypot (3, 4)

5.0

>>>

>>> np.hypot (3, [4, 5, 61) # TIommepxuBaeT MeXaHM3M TPAHCIMPOBAHMUS
array ([5. , 5.83095189, 6.70820393])

>>>
>>> a
>>> Db
>>>
>>> np.hypot (a, b)

array([ 5., 13., 17., 25.1)

np.array([3, 5, 8, 71)
np.array([4, 12, 15, 24])

>>>
>>> a = np.arange(l, 17).reshape (4, 4)
>>> a
array ([[ 1, 2, 3, 47,
[ 5 6, 7, 81,
(9, 10, 11, 1271,
[13, 14, 15, 16]11])
>>>
>>> b = np.arange(l6, 0, -1).reshape(4, 4)
>>> b
array([[1l6, 15, 14, 1371,
(12, 11, 10, 9],
(8 7, 6, 51,
[ 4, 3, 2, 111)
>>>

>>> np.hypot (a, b)

array([[16.03121954, 15.13274595, 14.31782106, 13.60147051],
[13. , 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]])

E numpy.arctan2
numpy.arctan2 (x, *ufunc args) = <ufunc 'arctan2'>

dyHKuma arctan2() sblumncnsaert arctan(x1/x2) u Bo3BpallaeT 3HaYeHuUe yrna B NpPaBUIbHOM KBagpaHTe
(4yeTBEPTU KOOPAMHATHOM MNNOCKOCTH).

MNapameTpsl:

x1 - yncno nam NogobHbLIN MmaccmBy 0ObEKT

Y - KOOpAMHAaTa AN MacCUB y-KOOpAMHaT.

X2 - NoAgo6HbI MaccuBy 06BbEKT

X - KOOpAMHATA UM MacCKB X-KOOPAUHAT.
*ufunc_args - aprymeHTbl yHUBEpcanbHON GyHKLUN

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTUMM3MPOBaATb paboTy ¢yHKuMKM (noapobHee cm.
YHUBepcanbHble GpyHKLUN).

BosspawaerT:

pe3ynbTat - maccus NumPy nnu ero nogknacc

Yron unn maccvs yrnos B paguaHax us ananasoxa [-pi, pil.
3ameyvaHune

KBagpaHT BblUMCAAETCA M3 yyeTa, uTo arctan2(x1, x2) sBnseTca 3HAKOM yrna (B pagmaHHax) mexay
ABYMA /ly4amu, Nepsblid, NPOXOAUT Yepes Hauyano KoopamHaT M TouKy (1, 0), a BTopoi yepes Hayano
KOOPAMHAT M TOYKY (X2, Xx1). B AaHHOM ciyyae X2 COOTBETCTBYET y-KoopAamHaTe, a X1 cooTBeTCTBYET X-
KoopauHare.

Mo cornawenuio IEEE dyHKumMA arctan2(x1, x2) onpeaeneHa ana x2 = +/-0, a Takke 418 OAHOMO MK
0AHOBPEMEHHO 060MX 3HaUeHU X1 1 X2 pasHbIx +/-inf.

Ona dyHKumm arctan2(x1, x2) onpeaeneHbl cneaytowme cneumanbHble 3HaYeHUA:

x1 X2 arctan2(x1, x2)
+/-0 +0 +/-0

+/-0 -0 +/- pi

>0 +/-inf 40/ +pi

<0 +/-inf -0/ -pi

+/-inf +inf  +/-(pi/4)
+/-inf -inf  +/-(3*pi/4)
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3HaueHua -0 1 +0 aBNATCA PasHbIMU YMC/ITAMU C N1aBaOLLEN TOYKOM, TOYHO TaK }Ke KaK U 3HadyeHus -inf
n +inf.

[aHHaa GyHKUMA He onpeaeneHa ANA KOMNAEKCHbIX apryMeHToB. [11A BbIYMCNEHNA YIIOB KOMIMIEKCHbIX
3HaYeHU MOXKHO BOCMO/1b30BaTbCA QyHKLUMeNM angle.

CmoTpeTb TakKe: arctan, tan, angle
Mpumepsl

>>> import numpy as np

>>>

>>> np.arctan2(0.77, -0.33)
1.9756881130799802

>>>

>>> # PaccMmoTpuM 4-e TOUKM B Pa3HHX KBaIpaHTax

>>> x = np.array([+1, +1, -1, -17])

>>> y = np.array([+1, -1, +1, -11)
>>>
>>> np.arctan2(y, x) # BHaueHusa yYIJIOB B panMaHax
array ([ 0.78539816, -0.78539816, 2.35619449, -2.35619449])
>>>
>>> np.arctan2(y, x)*180/np.pi # 3BHaueHuUs yIJIOB B T'pamycax
array ([ 45., -45., 135., -135.])
B numpy.degrees
numpy.degrees (x, *ufunc args) = <ufunc 'degrees'>

dyHKuMA degrees() BbinonHAeT NpeobpasoBaHMe paanMaHHOM Mepbl yria B rpagycHyto.

MNapameTpsbl:

X - YUCN0 UM NOA0OHBIN MacCUBY OOBEKT

Y - 3Ha4YeHne UM MaccuB 3HAYEHWUI B paguaHax.
*ufunc_args - aprymeHTbl yHUBepcanbHON GyHKLUN

AprymeHTbl, MO3BO/AIOWIME HACTPOUTb M ONTUMU3UPOBATb paboTy oyHKUMKM (noapobHee cm.
YHUBEpCaNbHble GYHKLMM).

Bosspawaer:

pe3ynbTat - maccus NumPy nnm ero nogknacc
3HayeHMe AN MACcCMB 3HAYEHUI B FPafyCHOM Mepe.
CmoTpetb 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 # 3BHaueHMS B paIMaHax

>>> rad

array ([0. , 0.52359878, 1.04719755, 1.57079633, 2.0943951 ,
2.61799388, 3.14159265])

>>>

>>> deg = np.degrees(rad) # PanmuaHb, KOHBEPTUPOBAHHEHE B I'PamyCH

>>> deg

array([ 0., 30., 60., 90., 120., 150., 180.])

E numpy.radians
numpy.radians (x, *ufunc_args) = <ufunc 'radians'>

®yHKumA radians() BbinonHAeT NpeobpasoBaHMe rpasyCcHON Mepbl Yrna B paanaHHyIo.

MNapameTpsbl:

X - YACNIO UK NOJ06HBIN MaccuBy 06BEKT

Y - 3HaYEHME UNM MACCMB 3HAYEHMN B rpagycax.
*ufunc_args - aprymeHTbl yHUBEpcanbHON GyHKLUN

AprymeHTbl, MO3BO/AAKOLIME HACTPOUTbL M ONTUMM3MPOBATbL paboty ¢yHKUMKM (nogpobHee
YHUBEpCanbHble GyHKLMM).

Bosspawaer:

pe3ynbTaTt - maccmB NumPy namn ero nogknacc
3HayeHMe UAN MaccuB 3HAYEHWUN B PaZMaHHOM Mepe.
CmoTpeTb Takxe: degrees, rad2deg, deg2rad
Mpumepsl

>>> import numpy as np

>>>

>>> np.radians (30) # 30 rpamycos

0.5235987755982988

>>>

>>> np.pi/6 # o©TO melicTBMTENBHO pi/6 pammaH
0.5235987755982988

>>>

>>>

>>> deg = np.arange (0, 200, 30) # 3BHaueHus B Ipaldycax

>>> deg

array([ 0, 30, 60, 90, 120, 150, 1801])

>>>

>>> rad = np.radians (deg # TI'pamycCe, KOHBEPTUPOBAHHEIE B pPaIMaHE
>>> rad

array ([0. , 0.52359878, 1.04719755, 1.57079633, 2.0943951 ,

2.61799388, 3.14159265])

B numpy.deg2rad
numpy.deg2rad(x, *ufunc_args) = <ufunc 'deg2rad'>
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dyHKumMA deg2rad() BbiNnosHAET NpeobpasoBaHMe rPaAyCHOM Mepbl Yria B paaMaHHY, 3KBMBAJIEHTHO
x*pi/180.

MNapameTpsbl:

X - YUCNI0 UM NOA0OHBIN MacCUBY OOBEKT

Y - 3HaYeHUe NI MaccMB 3HAYeHUI B rpaaycax.
*ufunc_args - aprymeHTbl yHUBepcanbHON GyHKLUM

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTUMM3MPOBaATb paboTy ¢yHKUMKM (noapobHee cm.
YHUBepcanbHble GpyHKLUN).

BosspawaerT:

pe3ynbTat - maccus NumPy nnum ero noaknacc
3HauYeHe UM MaccmBs 3HAYEHWI B paiiaHHON mepe.
CmoTpeTb Takxe: degrees, rad2deg, deg2rad
Mpumepnl

>>> import numpy as np

>>>
>>> np.deg2rad(30) # 30 rpamycos
0.5235987755982988
>>>
>>> np.pi/6 # o©TO meMcTBUTENILHO pi/6 pamuan
0.5235987755982988
>>>
>>> deg = np.arange (0, 200, 30) # 3BHaueHus B Ipaldycax
>>> deg
array([ 0, 30, 60, 90, 120, 150, 1801])
>>>
>>> rad = np.degZrad (deg) # TI'pamycCe, KOHBEPTUPOBAHHEIE B pPalMaHE
>>> rad
array ([0. , 0.52359878, 1.04719755, 1.57079633, 2.0943951 ,
2.61799388, 3.14159265])
E numpy.rad2deg
numpy.rad2deg (x, *ufunc_args) = <ufunc 'rad2deg'>

dyHKuma rad2deg() sbinosHAET npeobpasoBaHMe pafMaHHON Mepbl yrna B rpaycHylo, SKBUBaNEeHTHa
180*x/pi.

MNapameTpol:

X - YAC/IO UK NOA06HbBIN MaccuBy 06BEKT
3HayeHMe UAN MacCUB 3HAYEHUN B pagMaHax.
*ufunc_args - aprymeHTbl yHUBEpcanbHON GyHKLUN

AprymeHTbl, NO3BONAIOWME HACTPOUTb M ONTUMM3UPOBATL paboTy OyHKUMKM (nogpobHee cm.
yHMBepcanbHble QyHKLMM).
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BosspawaerT:

pe3ynbTat - maccus NumPy nnm ero nogknacc
3HauYeHWe UM MaccmB 3HAYEHWI B TPaZyCHOM mepe.
CmoTpeTb Takxe: rad2deg, deg2rad, radians
Mpumepsl

>>> import numpy as np
>>>

>>> np.rad2deg (np.pi/6)
29.999999999999996

>>>

>>> rad = np.arange(7)*np.pi/6 # 3BHaueHus B palraHax

>>> rad

array ([0. , 0.52359878, 1.04719755, 1.57079633, 2.0943951 ,
2.61799388, 3.1415926517)

>>>

>>> deg = np.rad2deg(rad) # PaznuaHb, KOHBEPTUPOBAHHEE B I'PaOdyCH

>>> deg

array([ 0., 30., 60., 90., 120., 150., 180.1])

E numpy.sinh
numpy.sinh(x, *ufunc args) = <ufunc 'sinh'>

®yHKUMA  sinh() BbluMcAfeT rUNepboOANYECKMIA CUMHYC 3/1eMEHTOB MacCMBa M 3KBMBAJIEHTHa
1/2*(np.exp(x) - np.exp(-x)) nam -1j*np.sin(1j*x).

MNapameTpsl:

X - YUCNO UK NOAOBHbBIN Maccusy 06 bEKT

Ymcno nam nocnefoBaTeNbHOCTb YnUCen.
*ufunc_args - aprymeHTbl yHUBepcanbHON GyHKLUN

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTMMM3UPOBATL paboTy ¢yHKUMKM (nogpobHee cm.
yHMBepcanbHble QYHKLMM).

Bo3sspawaer:

pe3ynbTat - yncno unm maccms NumPy nam ero nogknacc

Mnepb0onyYecKknii CUHyC BXOAHOTO YUC/1a UK Kaxaoro YMcia BXog4HOro Mmaccusea.
3ameyvaHune

Yacto runepbonmyeckunii cMHyc obosHavaerca sh.

CmoTpeTb Take: 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, 0.40.523598783, 0.+1.047197553, 0.+1.570796337,
0.42.0943951 j, 0.+2.617993883, 0.+3.141592657])

>>>

>>> np.sinh (x)
array([ 0.4+0.00000000e+00j, 0.+45.00000000e-013j, 0.+8.66025404e-0173,
0.+1.00000000e+00j, -0.+8.66025404e-01j, -0.+5.00000000e-017,
-0.+1.22464680e-1671)

B numpy.cosh
numpy.cosh (x, *ufunc args) = <ufunc 'cosh'>

®yHKumMa cosh() BbluMcnsAeT rMNepboaMYECKMA  KOCMHYC 3/1eMEHTOB MacCMBa, 3KBMBAJIEHTHA
1/2*(np.exp(x) + np.exp(-x)) uau np.cos(1j*x).

MNapameTpobl:

X - YUCN0 UM NOA06HBIN MacCUBY OOBEKT

Yumcno mnm nocnenoBaTeNbHOCTb YMces.
*ufunc_args - aprymeHTbl yHUBepcanbHON GyHKLUN

AprymeHTbl, MO3BO/AIOWME HACTPOUTb M ONTUMM3UPOBATL paboTy ¢yHKUMKM (nogpobHee cm.
YHUBEpCaNbHble GYHKLMM).

BosspawaerT:

pe3ynbTat - Yyncno nanm maccme NumPy nnm ero nogknacc

Mnepb0onYecKnii KOCUHYC BXOAHOMO YMCa UK KaXKA0ro Yncaa BXo4HOro MaccumBa.
3ameyaHune

Yacto runepbonmyeckmii KocuHyc ob6o3Havaetcs ch.

CmoTpeTb Take: arccosh, sinh, tanh

Mpumepnl

>>> import numpy as np

>>>

>>> np.sinh (0)

0.0

>>>

>>> x = np.linspace (0, np.pi, num = 7)*1j

>>> x

array ([0.+0. j, 0.40.523598783, 0.41.047197553, 0.+41.570796337,
0.+2.0943951 j, 0.+2.617993887j, 0.+3.1415926571)

>>>

>>> np.cosh (x)
array ([ 1.00000000e+00+0.3, 8.66025404e-01+0.3, 5.00000000e-01+0.73,
6.12323400e-17+0.3, -5.00000000e-01+0.3, -8.66025404e-01+0.73,
-1.00000000e+00+0.751)
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E numpy.tanh
numpy.tanh (x, *ufunc args) = <ufunc 'tanh'>

®dyHkuusa tanh() BbluMcnAeT ruNepboONMYECKMIA TaHreHC 3/IEeMEHTOB MacCMBa M 3KBUBAJIEHTHA
np.sinh(x)/np.cosh(x) uan -1j*np.tan(1j*x).

MNapameTpobl:

X - YACNIO UK NOJO06HBIN MaccuBy O6BEKT

Yumcno mnam nocnefoBaTeNbHOCTb YMCen.
*ufunc_args - aprymeHTbl yHUBEpPCabHON GYHKLUN

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTUMM3MPOBaATb paboTy ¢yHKuMKM (noapobHee cm.
yHUBepcasbHble pyHKLUN).

BosspawaerT:

pes3ynbTart - yncno unn maccms NumPy nnm ero nogrknacc

MnepboanYecKnii TaHreHC BXOAHOIO YMCNA UK KaXKA0ro YMCaa BXOLAHOIO MacCMBa.
3ameyaHue

YacTto runepboanyeckuii KocmHyc obosHavaetca th.

CmoTpeTb Takxe: arctanh, cosh, sinh

Mpumepnl

>>> import numpy as np

>>>

>>> np.sinh (0)

0.0

>>>

>>> x = np.linspace (0, np.pi/2, num = 7)*1]j

>>> x

array ([0.+0. j, 0.40.261799393, 0.40.523598783j, 0.+40.785398167,
0.+1.047197555, 0.+1.3089969475, 0.+1.57079633731)

>>>

>>> np.tanh (x)

array([0.+0.00000000e+003, 0.+2.67949192e-01j, 0.+5.77350269e-017,
0.+1.00000000e+003, 0.+41.73205081e+00j, 0.+3.73205081e+007,
0.+1.63312394e+1631)

E numpy.arcsinh
numpy.arcsinh (x, *ufunc_args) = <ufunc 'tanh'>

®yHKums arcsinh() BbluncaneT obpaTHbIV rMNepbonnMyecknin CMHyC (apeacrHyc) 31eMeHTOB MacCuBa.

MNapameTpobl:

X - YNCNO UM NOA06HBIN MAacCUBY OOBEKT
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Yncno nam nocnenosaTesibHOCTb YMCEN.
*ufunc_args - aprymeHTbl yHMBEpPCaNbHOM QYHKLMM

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTMMM3UPOBATL paboTy ¢yHKUMKM (nogpobHee cm.
yHUBepcasbHble pyHKLUN).

Bo3sspawaer:

pe3ynbTat - Yyncno nanm maccme NumPy unm ero nogknacc

O6paTHbIN rMNepboNNYECKUA CUHYC BXOAHOIO YMCNA MU KaXKA0ro YMcaa BXOAHOrO MaccmBa.
3ameyaHune

arcsinh(x) ABnseTcs MHOro3HayHON GQYHKUMEN, T.e. ANA KaKAOro BXOAHOIO UMC/a X CylilecTByeT
H6ecKoHeYyHoe KOJIMYeCTBO TaKMx uncen y, 4to sinh(y) = x. Mo cornaweHuto, gaHHas GyHKLMA BO3BpaLLaeT
yncsio Y y KOTOPOro MHMMas YacTb IEXKUT B MHTepBane [-pi/2, pi/2].

[NA KOMMNIEKCHbIX BXOAHbIX 3HaAYyeHWi arcsinh Tak Ke npeacTaBnseT coboit 6eCKOHeYHO3HaYHYH
bYHKUMIO, KOTOpas, No coraleHmnto HaxoguTca Ha ancte DO c paspesamu [1j, infj] n [-1j, -infj].

YacTo obpaTHbIV runepbonnyeckmin cuHyc obosHavaetca arsh, asinh, arsinh uau sinh-1.

CmoTpeTb Takxe: arccosh, arctanh, sinh
Mpumepsl

>>> import numpy as np

>>>

>>> np.arcsinh (0)

0.0

>>>

>>> np.arcsinh (1)

0.881373587019543

>>>

>>> np.sinh (0.881373587019543)

1.0

>>>

>>> x = np.linspace (0, np.pi/2, num = 7)*1]j

>>> np.arcsinh (x)

array ([0. +0. j, 0. +0.264886157,
0. +0.551069583, 0. +0.903339117,
0.30604211+1.570796333, 0.76717348+1.570796337,
1.02322748+1.57079633731)

E numpy.arccosh
numpy.arccosh (x, *ufunc args) = <ufunc 'tanh'>

dyHKums arccosh() BbluncnnaeT 0bpaTHLIN rMNEepPbONMUYECKUN KOCUHYC (apeakoCcuHyC).

MNapameTpobl:
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X - YUCN0 UM NOA0OHBIN MAacCUBY OOBEKT
Yuncno nnm nocnenoBaTelbHOCTb YMCEN.
*ufunc_args - aprymeHTbl yHUBepcanbHON GyHKLUM

AprymeHTbl, MO3BO/AIOWIME HACTPOUTb M ONTUMU3UPOBATb paboTy oyHKUMKM (noapobHee cm.
YHUBEpPCaNbHble GYHKLMM).

Bosspawaer:

pe3ynbTat - Yyncno nanm maccme NumPy nnm ero nogknacc

O6paTHbIN rTMNepPH0MYECKMIN KOCUHYC BXOAHOIO YNC/Ia UM KaXKA0ro YMcsia BXOAHOro MaccmBaa.
3ameyvaHue

arccosh(x) aBnseTcA MHOrosHauyHo OyHKUMEN, T.e. ANA KaKAOro BXOAHOrO 4yMcna X cylecrsyer
6ecKoHeYyHoe KO/IMYeCTBO TaKux uncen y, 4to sinh(y) = x. Mo cornaweHuio, AgaHHas GyHKLMA BO3BpaLlaeT
UYMCNO Y Y KOTOPOro MHUMasA YacTb IEKUT B MHTepBae [-pi, pi], a AelcTBUTENbHAA YacTb B MHTepBane [0,
inf].

Ons KOMMIEKCHbIX BXOZHbIX 3HAYeHWI arccosh Tak e npepcraBnaseT cobolt H6ecKOHeYHO3HaYHyH
dYHKUMIO, KOTOpPas, MO COornalleHnio HaxoamTtca Ha ancte DO ¢ paspesom [-inf, 1].

YacTo obpaTHbIV runepbonnyeckmin KocuHyc obosHavaetcs arch, arcosh, acosh nnu sinh-1.

CmoTpeTb Takxe: arcsinh, arctanh, cosh
Mpumepsl

>>> import numpy as np

>>>

>>> np.arccosh (0)

~_main__ :1: RuntimeWarning: invalid value encountered in arccosh

nan

>>> np.arccosh (1)

0.0

>>>

>>> np.cosh(0)

1.0

>>>

>>> x = np.linspace (0, np.pi/2, num = 7)*1j

>>> np.arccosh (x)

array ([0. +1.570796333, 0.25889745+1.570796337,
0.50221899+1.570796337j, 0.72122549+1.570796337,
0.91435666+1.570796337j, 1.08392469+1.570796337,
1.23340312+1.57079633731)

E numpy.arctanh
numpy.arctanh (x, *ufunc args) = <ufunc 'tanh'>

dyHkuusa arctanh() BbluMcnAaeT obpaTHbIM TMNEPBONYECKUIA TaHreHC (apeaTaHreHc) 3/71eMeHTOB
Maccumsa.
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MNapameTpobl:

X - YACNIO UK NOJ06HBIN MaccuBy O6BEKT

Yumcno mnam nocnenoBaTeNbHOCTb YMces.
*ufunc_args - aprymeHTbl yHUBepcanbHON GyHKLUN

AprymeHTbl, MO3BO/AIOWME HACTPOUTb M ONTUMM3UPOBATL paboTy ¢yHKUMKM (nogpobHee cm.
yHMBepcanbHble QYHKLMM).

BosspawaerT:

pe3ynbTat - Yncao unm maccms NumPy nam ero nogknacc

O6paTHbIN rMNepboNMYECKUIA TAHTEHC BXOAHOTO YMC/Ia MW KaXKAoro Yncia BXog4HOro Maccuea.
3ameyvaHune

arctanh(x) aBnAeTca MHOrosHauyHo ¢yHKUMER, T.e. AN KaXKAOro BXOAHOrMO 4uciaa X CcyllecTsyeT
6ecKkoHeYHoe KOAMYecTBOo Takux uucen y, uto tanh(y) = x. Mo cornaweHwno, AaHHaa GYHKUUA
BO3BPaLLAET YNC0 Y Y KOTOPOro MHUMAA YacTb NEXUT B MHTepBane [-pi/2, pi/2].

[Ona KOMNAEKCHbIX BXOAHbIX 3HauyeHMl arctanh Tak ke npeactasnseT coboli HecKoHeYHO3HauHyo
bYHKUMIO, KOTOpas, No corfalleHunto HaxoauTca Ha nncte DO c paspesamu [-1, -inf] u [1, inf].

Yacto Ob6paTHbIN rmnepbosimyeckmin cuHyc obosHadvaetca arth, artanh, atanh uaum tanh-1.

CmoTpeTb TakKe: arcsinh, arccosh, tanh
Mpumepsl

>>> import numpy as np

>>>

>>> np.arctanh (0)

0.0

>>>

>>> np.arctanh (1)

_ 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)*1]j

>>> np.arctanh (x)

array ([0.+0. j, 0.40.256052773, 0.+0.482347913, 0.+0.665773757,
0.+0.80844879j, 0.+0.9184308 j, 0.+1.0038848271)

B numpy.around
numpy.around(a, decimals=0, out=None)
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®yHKuMA around() BbINONHAET paBHOMepHOoe (6aHKOBCKOE) OKpyr/eHVMe A0 YKa3aHHOW Mno3vumu K
6AvKalWwemy YeTHOMY YMcay. PeanbHas M MHMMas YacCTb KOMMIEKCHbIX YUCEN OKPYTAAETCA OTAENbHO.

MNapameTpsbl:

a - YNCNo UM NoAOOHbIM MaccuBy 0ObEKT

Yucno unm nocnesoBaTeibHOCTb Yncen.

decimals - uenoe umcno (HeobsA3aTeNbHbIN aPryMeHT)

YKa3sbIBaeT KO/IMYECTBO 3HAKOB MOC/Ee AEeCATUYHOW TOUKM (No ymondaHuio decimals = 0). Ecam decimals <
0, TO ero 3HaYeHMe yKa3bIBAEeT HAa KOJIMYECTBO 3HAKOB CNEBA OT AECATUYHOM TOUKM.

out - maccne Numpy (Heo6a3aTenbHbI aprymeHT)

YKasblBaeT MaccuB B KOTOPbIM ByaeT nomelieH pesynbrat paboTbl GyHKUMKU. [JaHHbIA MaccuB 4O/KEH
umeTb GOpMYy MAEHTUYHYIO MacCMBY C pe3ynbTaTom paboTbl ¢yHKUuMM. TMoapobHee O AaHHOM
napameTpe CMOTPUTE Ha CTPaHMLE YHUBEPCaabHble GyHKLUN B pasaene out.

Bosspalaer:
pe3syabTat - maccms NumPy

MaccmB ¢ OKPYFNEHHbIMW 3HAYEHMAMM BXOAHOIO Maccuea a. Tun pesyabTUPYIOLWEro MaccmMea coBnagaer
C TUMOM BXOAHOrO maccuea. Ecam napametp out He yKasaH, To byaeT co3gaH HOBbIN MaccuBs.

CmoTpeTb TakKe: rint, fix, trunc
E numpy.round_
numpy.round_(a, decimals=0, out=None)

®yHKUMA numpy.round_ NOJIHOCTbIO 3KBMBasIEHTHA (BbI3bIBAeT B CBOEM Koge) numpy.around.

MNapameTpobl:

a - YNCNo UAM NoAOOHbIM MaccuBy 0OBEKT

Yumcno mnm nocnenoBaTeNbHOCTb YMCe.

decimals - uenoe umcno (HeobsA3aTeNbHbIN aprymeHT)

YKasblBaeT KONMYECTBO 3HAKOB MNoC/e AecATUYHOM ToUuKM (No ymonyaHuio decimals = 0). Ecam decimals <
0, TO ero 3HaYeHMe yKasblBaeT Ha KOJIMYECTBO 3HAKOB CNEeBa OT AECATUYHOM TOUKMN.

out - maccus Numpy (Heoba3aTeibHbI aprymeHT)

YKa3blBaeT MaccuB B KOTOPbIN ByaeT nomelleH pesynbtaT paboTbl GyHKUMU. [aHHbIN MaccuB AO/XKeEH
umetb GopMy MAEHTUYHYHO MaACCUMBY C pe3ynbTatom paboTbl ¢yHKuuK. MoagpobHee O AaHHOM
napameTpe CMOTPUTE Ha CTPaHULEe YHMUBEPCanbHble QyHKLMM B pasgene out.

Bosspawaer:
pe3ynbTat - maccms NumPy

MaccmB ¢ OKPYrIEHHbIMW 3HaYEHMAMM BXOAHOIO Maccuea a. Tun pe3ybTUPYIOLWEro MaccmMea coBnagaer
C TUNOM BXO4HOTo Maccuea. Ecan napameTp out He yKasaH, To 6yaeT co3gaH HOBbIN MaccuB.
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E numpy.rint
numpy.rint (x, *ufunc args) = <ufunc 'rint'>

dyHKUMA rint() okpyraaeT snemeHTbl MaccmMBa 40 baunKalilero Leaoro Ymcna.

MNapameTpsl:

X - YUCNI0 UM NOA0OHBIN MacCUBY OOBEKT

Yumcno mam nocnenoBaTebHOCTb YmMces.
*ufunc_args - aprymeHTbl yHUBepcanbHON GyHKLUM

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTUMM3UPOBATL paboTy ¢yHKUMKM (nogpobHee cm.
YHUBepcanbHbie pyHKLUN).

Bosspauaer:
pe3ynbTat - 4ncno uam maccms NumPy nam ero nogknacc
YMCNo MAM MACCUB YMCEN, KOTOPbIE OKPYIAEHbI A0 BAMMNKaNLLEro Leaoro Ymcna.

CmoTtpetb Takxe: fix, floor, ceil, around

Mpumepsl

>>> import numpy as np

>>>

>>> np.rint ([-5.5, 5.51)
array([-6., ©6.])

>>>

>>> x = np.random.random(5)*10 - 5
>>> x

array([-1.45150824, 2.36081173, -0.01112329, 1.72539084, -3.1361012 1)
>>>

>>> np.rint (x)
array([-1., 2., -0., 2., =-3.1)

B numpy.fix
numpy.fix (x, out=None)

dyHKuus fix() okpyrnseT Ao 6aAMKanLEero K Hyo LLeAoro Ymcna.

MNapameTpsbl:

X - YAC/I0 UK NOA0BHbBIN MaccuBy 06BEKT

Yucno unm nocnenoBaTeibHOCTb Yncen.

out - maccns Numpy (Heoba3aTeibHbI aprymeHT)

YKasblBaeT MaccmB B KOTOPbI ByaeT nomelleH pesynbtaT paboTbl GyHKUMK. JaHHbIM MAcCUB LONKEH
umetb GoOpMy MAEHTUYHYIO MaAcCUMBY C pe3ysibTatom paboTbl ¢yHKumK. MoagpobHee o AaHHOM
napameTpe CMOTPUTE Ha CTPaHULEe YHMUBEPCaNbHble QYHKLMM B pasgene out.

Bosspawaer:
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pe3ynbTat - Yncao unm maccms NumPy nam ero nogknacc

YMcno Uam MmaccmB YMcen, KOTOPbIE OKPYI/IEHbI K LLeJIOMY Yncay BanKaremy K Hyto.
CmotpeTb Takxe: floor, ceil, around

Mpumepnl

>>> import numpy as np
>>>

>>> np.fix([-5.5, 5.5])
array([-5., 5.1])

>>>

>>> x = np.random.random(5)*10 - 5
>>> x

array ([ 2.2019152 , 2.11741524, -0.7219455 , -3.11994759, -0.71123005])
>>>

>>> np.fix(x)

array([ 2., 2., -0., =-3., -0.1)

E numpy.floor
numpy.floor (x, *ufunc args) = <ufunc 'floor'>

®yHkuma floor() BbINONHAEGT OKPYrAeHMe K MeHbliemy uenomy umcay. [aHHasa OyHKUMA 4acTo
Ha3bIBAETCA MO YMCna X 1 obo3HavaeTca Kak |x|.

MNapameTpsl:

X - YUCNO UM NOA06HbIN MAacCUBY OOBEKT

Yumcno mnam nocnenoBaTeNbHOCTb YMCe.
*ufunc_args - aprymeHTbl yHUBepcanbHON GyHKLUN

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTUMM3MPOBaATb paboTy ¢yHKuMKM (noapobHee cm.
YHUBEpCaNbHble GyHKLMM).

BosspawaerT:

pe3yAnbTart - Yncao nnm maccms NumPy nam ero nogknacc

Yncno nam maccus ymcen, KOTopble OKPYrAeHbl K HAMMEHbLLEMY LLeIOMY YUCAY.
3ameyvaHune

HekoTopble nporpammbl BbIYMCAAKT "non" oTpuuatenbHbIx Ymucen Kak "notonok" T.e. floor(-4.75) = -4. B
NumPy oKpyrneHve oTpuUaTeNbHbIX YACEN BbINOJHAETCA HE B CTOPOHY HY/A @ K MEHbLUEMY YUCAY T.e.
floor(-4.75) = -5 T.K. -5 < 4.

CmoTpeTb Take: ceil, around, trunc
Mpumepnl

>>> 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, 5.451387291])
>>>

>>> np.floor (x)

array([0., 1., 9., 5., 5.1])

E numpy.ceil
numpy.ceil (x, *ufunc args) = <ufunc 'ceil'>

dyHKuma ceil() okpyrnseT K 6oabliemy uenomy uymcay. JaHHaa GpyHKUMA 4acTO Ha3biBAaeTcA MOTONOK
yncna x n obosHavaeTca Kak [x|.

MNapameTpsl:

X - YAC/IO UM NOJO6HBIN MaccuBy O6BEKT

Yucno unm nocneaoBaTeibHOCTb Yncen.
*ufunc_args - aprymeHTbl yHUBepcanbHON GyHKLUN

AprymeHTbl, MO3BO/IAIOWME HACTPOUTb W ONTMMM3UPOBaTL paboTy ¢yHKUMKM (nogpobHee cm.
yHMBepcanbHble QYHKLMM).

BosspawaerT:

pe3ynbTat - Yyncno unm maccms NumPy nam ero nogknacc

YMCno Uam maccmB Ymcen, KOTOpble OKPYIIeHbl K HAMBOAbLIEMY LLEeIOMY YUCAY.
CmoTpeTb Take: arcsinh, arccosh, tanh, tanh

Mpumepnl

>>> import numpy as np

>>>

>>> np.ceil ([-5.5, 5.5])
array([-5., 6.])

>>>

>>> x = np.random.random(5) *10
>>> x

array([2.50681892, 1.08993134, 5.21603004, 1.57251841, 7.645905071])
>>>

>>> np.ceil (x)
array([3., 2., 6., 2., 8.1])

HE numpy.trunc
numpy.trunc(x, *ufunc args) = <ufunc 'trunc'>

dyHKUMsA trunc() oTbpacbiBaeT A4PO6HYIO YacTb Yncna.

MNapameTpobl:
X - YNCNO UM NOA06HBIN MAacCUBY OOBEKT

Yncno nan nocneposaTenbHOCTb Yncen.
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*ufunc_args - aprymeHTbl yHUBEpCcanbHON GyHKLUN

AprymeHTbl, NO3BO/AIOWME HACTPOUTb M ONTMMM3UPOBATL paboTy ¢yHKUMKM (nogpobHee cm.
yHMBepcanbHble QYHKLMM).

Bosspauaer:

pe3ynbTat - uncno nan maccms NumPy nnm ero nogknacc
YMcno Mam maccus Ymcen ¢ oTbpoLlLueHHON ApoBHOM YacTbio.
3ameyvaHune

HaHHas ¢yHKuma goctynHa B NumPy HaumHas ¢ Bepcum 1.3.0

CmoTpeTb Take: rint, ceil, floor
Mpumepsl

>>> import numpy as np
>>>
>>> np.trunc([-
array([-5., 5.
>>>

5.5, 5.5])
1)

>>> 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., 4.1)
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[ | Z[elcopaTopbl U JEKOPpUPOBAHHUE
®yHKUMKM B python sBnsatoTca obbekTamu. PYHKUMM KaK OOBEKTbI MOMKHO nepegaBaTb B KayecTBe
aprymeHTa apyroi ¢yHKUMn. OyHKUMIO KaK 0OBEKT MOXKHO BO3BPALLATb U3 Apyron GpyHKUMKM B KayecTse
BO3BPaLLAEMOro 3HaYeHUA. PYHKUMIO KaK 0OBEKT MOXKHO ONpeaennTb BHYTPU APYro GyHKUUu.

B 3aMbIKaHUSA
3ambikaHue (closure) - ob6beKT, KOTopblit BKAOYaeT B cebs 610K Koga (Hanpumep, GyHKUMIO) M
[OMONHUTE/IbHbIE MepeMeHHble 33 ero npegenamu. ®akTUYECKW, 3anoMMHaAEeTcA WM WUCMoJb3yeTcs
nepemeHHas, KoTopan He ABASETCA YacTbio JIOKaIbHOWM 061aCTM BUAUMOCTHU.

3auem HYXHbl 3aMbIKaHUA:

B n03BOAAIT U3beratb rNobanbHbIX NEPEMEHHDIX,
H npAYYyT gaHHble (4TOBbI UX HE MEHANMN MO HEAKKYPATHOCTH).

Ana npumeHeHuna 3aMbIKaHWI BaXKHO co6mop,eHme ycnosmﬁ:

B [10/1)KHa 6bITb AoUepHAR (BHYTPeHHARA) GYHKLMA BHYTPU APYrol (BHewwHen) dyHKUuK;
B gouepHsn GyHKUMA A0MKHA 06paLlaThca K nepemeHHoM, 06bsABNEHHON BO BHELHEN GyHKUUMK;
B BHewWHAA PYHKLMA BO3BPALLAET BHYTPEHHIOK GYHKUMIO KaK 0O bEKT.

Kog,

# BHemHAS QYHKUUSA
def extern example() :
x = 11
# BHYTpeHHaS OGYHKLMUS
def inner():
print (f'llepemeHHass M3 3aMelkaHusa: {x}')

# BOBBpalleHMe BHYTPEHHEeN OGYHKUMM Kak ofbekTa
return inner

# BHIBOB BHemHelM GYHKIMM, KOTOPas BO3BpallaeT BHYTPEHHI0
# OyHKLUMO, KOTOpAas BHIIOJHSIETCSH
extern example () ()

# aHaNOTMUHasa KOHCTPYKLUMS C MNPUMEHEHMEM IONOJHUTEJILHOM IepeMEeHHOU
innerFun = extern example ()
innerFun ()

B /[ekopaTop
[JekopaTtop - 370 PyHKLMSA, KOTOPas NO3BOIAET U3MEHATb (LONOHATL) NOBeAEHME LeKOPUPYEMON
OYHKLMN, HE U3MeHAA eé Koa,. ITO PYHKUMSA, KoTopaa NPUHMMAET B KaYecTBe aprymeHTa Apyryto
bYHKUMIO (AeKopupyemyto GYHKLUIO) U, B 3aBUCUMOCTM OT COBCTBEHHbIX aprymMeHTOoB, YTo-1nbo aenaet
C 3TOM dyHKUMen:

B BO3MOHO, 0becneymBaeT Bbi30B 3TOM QYHKLNMY,
H nonyyaer U MmoanduUUMPYET pe3ybTaTbl BbIMOJHEHMA AeKopupyemon GyHKLUN,
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H BO3BpAalLaeT 3TM 3HaYeHus,
H B 33aBMCMMOCTM OT 3HAYEHW COBCTBEHHbIX aprymMeHTOB W pe3ynbTaTOB BbIMOJAHEHUS
AeKopupyemon GpyHKUMU, BbI3bIBAET Apyrne GyHKLUUK.

B /[lekopupyemblie QyHKIMH
Jlornka pa6OTbI AEeKopaTopa KOCBEHHO YiKe bblna onucaHa B pa3gene npo 3amMblKaHUA. Ll,anee
YTO4YHEHUe VIHd)OpMaLI,MVI O 3aMblKaHMeM C gonoaiHeHnem ee 0COBEeHHOCTAMM AEeKopaTopos..

Jekopatop - 3To 06EpTKa Hag PyHKUMEN (MAn ApyrMm oBbEKTOM), KOTOpas U3MeEHsAET ee NoBeaeHue.
3710 y06HO (?), TaK KaK He HY»KHO MEeHSTb MCXOAHbIN KoA, (BO3MOMKHO, YTO UyXKOW).

Cxema paboTbl gekopaTopa:

B KauecTBe NapameTpa NpUHMmaeTca apyras GyHKUuA,

BO3BpaLLAETCA 3aMblKaHMe,

3aMblKaHMe MOXKET UCMO0/1b30BaTb /Ilo60oe KOMYeCcTBO NapameTpos,

3aMyCcKaeTcs Kog, BHYTPY 3aMblKaHUs,

nepesatoTca napameTpbl BHYTPb 3aMblKaHWUA M UCNOJMIb3YIOTCA B TEX MECTaX, rae
nponucaHo,

BO3BPALWAETCA BHYTPEHHAA QYHKUMA C  PYHKUMOHANOM, NO  YMOAYAHWUIO
AOMO/IHEHHbIM A,EKOPUPOBAHMEM.

# BHemHsasa QYHKLUMSA C apr'yMeHTOM
def simple decorator (func) :

# BHYyTpeHHAd obyHKUMS — MoIoubmkaTop aprymeHTa func
def inner () :

print ('Hauano pa®oTH OekopaTopa...')

func ()

print ('HOexopaTop orpaboran!')

# BOB3BpalleHME BHYTPEHHEeNM OGYHKUMM Kak obbekTa
return inner

# OYHKLUMSE, KOTOPYH 3aldeKOopUpPOBAaJIU
def print hi():
print (f£'9To byHKUUSA, KOTOPYIH 3alekopuporayin')

print hi() # BH30B HemeKOPMPOBaAHHOM OYHKLUMU
# B mexopaTop OTHPAaBISeTCHS QYHKUMS OJS OEKOPUPOBAHMUS

# mBMeHEHHasa (mekopupoBaHHAas) OYHKUMS NPUHMMAETCS IO CCHUIKE
# Ha OOBEKT HOEeKOPUPOBAHUS ...

print hi = simple decorator (print hi)
# ... ¥ BHIOJIHAETCH
print hi ()

TakmMm o6pasom, YTobbl 3a4eKopnpoBaTb GPYHKLNIO (06BEKT), HYKHO NepeaaTbh ero BHYTPb AEKOPaTopa,
a 3aTeM BbI3BaTb.

B AgaHHOM npumepe 3a4eKopupoBaHHOW GYHKLUMM BblI0 MPUCBOEHO TO e umsa (print_hi), noTomy uto
TaK NPMHATO B python, XoTa MOXHO AaBaTb At0boe Apyroe Mms.

Ona oTobparkeHWA CTaHO4APTHOTO BbI30BA BHELWHEW QYHKUMM OeKopaTopa CO  CCbIIKOW  Ha
Aekopupyemyto GyHKUMIO B python npumeHseTca cneumanbHas KOHCTPYKLUMA:
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@Wma_peKopatopa

Jekopupyeman_odyHKLMA

Kog, n3 ctaporo npumepa ¢ npuMeHeHNeM HOBOM CUHTAaKCUYECKOWM KOHCTPYKLIUN:

# BHemwHAA OYHKUMA C apTyMEHTOM
def simple decorator (func) :

# BHYTpeHHas OGyHKUMS — MomudukaTop apryMmeHTa func
def inner():

print ('Hauano pa®oTe mexopaTopa...')

func ()

print ('HOexopaTop oTpaborain!')

# BO3BpalleHVe BHYTpeHHeN ObyHKUMM Kak obBbeKTa
return inner

@simple decorator
# OYHKLUMSI, KOTOPYH 3aIdeKOopPUPOBAJIU
def print hi():
print (f£'5To byHKUUSA, KOTOPYH 3alekopuporayin')

print hi() # 3zmech BHIONHAETCHA yXe IEeKOPMPOBaHHAas QYHKLMSA
# B 2TOM CJiyyae BHEIBOB HEINEKOPUPOBAHHOM OYyHKUMM cTaHOBMTCA HEBO3MOXEH
# (CMHTaKCHMUECKMEe YKpPAllEHUS OTPAHUYMBAKLT BO3MOXHOCTM IPOIPAMMMPOBAHNI)

3aech Bbi3biBaeTca GyHKLMA print_hi. Ho Ha camom aene Bbi3biBaeTca aekopatop simple_decorator,
KOTOpOoMy nepenaéTtca B BUAE NepPBOro aprymeHTa, uenesan GyHKumsa (print_hi).

B IIpuMeHeHHe JEeKOPATOPOB
TunnyHble C/lydan UCnob3oBaHUA OEKOPaToOpOB: OUEHKaA BpeEMEHU paﬁoTbI d)yHKLI,VIM, KewnpoBaHue,
3anyCK TOJIbKO B onpegeneHHoe BpemA, 3agaHMe NapameTpoB NMOAKNHYEHUA K 6ase AadHHbIX U T.4.
CyIJ.I,ECTByeT MHOXXeCTBO WM3BECTHbIX ICTaH,EI,apTHbIXI AeKOopaTopoB ANnA peweHnA KOHKPETHbIX 3a4a4
nporpammmpoBaHua.

Tak, OeKkopaTop @property, Npu AeKOpuMpoOBaHMM MmeToda area B Knacce Rectangle nossonser
06paTMTLCA K YNeHy area sKk3emnaApa Knacca Rectangle Kak K atpubyTy.

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) # ofOpameHue K METOIOy KakK K CBOMCTBY

# 30
111



B nocnegHelt CTpoKe Koga K Y/ieHy area 3k3emnnApa Kaacca Rectangle moHO 06paTuTbCsA Kak K
aTpubyTy. TO ecTb He HY}XHO HenocpeACTBEHHO Bbi3biBaTb METOA, area. BmecTo 3Toro npu obpalieHmm K
area Kak K aTpmbyty (6e3 mcnonb3oBaHWA CKOOOK, ()), COOTBETCTBYIOWMIA METOZL area Bbi3blBaeTcA
HeABHbIM 06pa3om. ITO BO3MOXKHO Baarogapa Aekopatopy @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()) # 0Oe3 mexopaTopa NpocToe ofpalleHVMe K MEeTOomy

# 30

B Kak aTo pa6oTaert?
PasmeLueHne KOHCTPYKLuKN @property nepes onpegeneHvem GyHKLUUW PaBHOCU/IBHO MCMO/b30BaHUIO
KOHCTPYKUMM BuAa area = property(area). Takum obpasom, property — 3710 yHKUUA, KOTopas
NPUHUMaET Apyryto GYHKLUMIO B KaYecTBe apryMmeHTa M BO3BPaLLAeT elé ogHy GyHKLMI0. MMEeHHO 3Tum
W 3aHMMaloTCs feKkopaTopbl (@property B Tom uucne). B pesynbTaTe OKasblBaeTcs, 4TO AeKopaTop
MeHseT NoBeeHNe AeKoPUPYEMOM GYHKLMUMN.

B /lekopaTop retry
MycTb MMeeTca QYHKLMA, KOTOPYIO HYXKHO 3amycKaTb MOBTOPHO B TOM CJ/lyyae, €Cau npu eé€ nepsom
3anycKke npouMcxoaut cboi. To ecTb, Hy)KHa OyHKUMA (DYHKUMA - AeKopaTop, UMSA KOTOpOro, retry,
MOXHO MEePEeBECTU KaK «MOBTOPY»), KOTOPas Bbi3blBaeT 3Ty GpYHKLMIO OOUH WK ABa pa3a (3To 3aBUCUT OT
TOro, BO3HUKHET /11 OLLMBKa NpU NepBOM Bbi30BE GYHKLUM).

B cooTeBeTcTBUM C paHee 334aHHbIM oOnpegefsieHMeM MOXHO W3MEHUTb Ko, paHee OfnMCaHHOro
AeKopaTopa TakKnm:

def retry(func):
def wrapper (*args, **kwargs):
try:
func(*args, **kwargs)
except:
time.sleep (1)
func (*args, **kwargs)
return wrapper

@retry

def might fail():
print ("might fail")
raise Exception

might fail ()

3aecb gekopaTop HocUT Ums retry. OH NpUMHUMMaET B BUge aprymeHTa (func) nobyto GyHKuUmio.
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BHyTpu gekopaTopa onpegenaeTca BHYTpeHHAs ¢yHKuma (_wrapper) n obecneymMBaeTcs BO3BPAT 3TOM
GYHKUMKW. DTO COBEPLUEHHO KOPPEKTHaA CUHTAKCUYEeCKas KOHCTPYKUWA, CAeACTBUEM NPUMEHEHUA
KOTOpOl ABAAETCA TO MoJsie3Hoe 06CToATeNbCTBO, UTO GYHKUMA _Wwrapper BMAHA JiMWb BHYTPU
MpOCTpPaHCTBa UMEH AeKopaTtopa retry.

B atom npumepe aekopupyetca oyHKuma might_fail() ¢ ncnonbsoBaHMem KOHCTPYKUMK, KOTOpasa nmeeT
BUA @retry. Mocne MMeHW AeKkopaTopa HeT KPYrablx CKOOOK. B pesynbTate nosyyaeTca, YTo KOrga, Kak
06bluHO, BbI3biBaeTca GyHKUMA might_fail(), Ha camom gene, Bbi3biBaeTCcA AeKopaTop retry, KoTopomy
nepenaércs, B BUAE NepBOro aprymeHTa, uenesasa ¢pyHkuma (might_fail).

Mony4aetca, uTo, B 06LLEN CNOKHOCTM, TYT NOpaboTanm Tpu GyHKLMM:

H retry
Hm _wrapper
H might fail

Mpwn BbinonHeHnn JyHKUuMM might_fail Bcé paBHO Bcerga caydaetca WcKAOYeHMe (OHa Tak
3anporpammupoBaHa). Ho retry u _wrapper (4eKopaTop W BHYTPEHHAA OYHKUMA MbITAlOTCA 3TOMY
NOMEeLaTb) WAU OTTAHYTb MOMEHT BO3HMKHOBEHMS WCKNIOYEHWUA Ha Bpems, 3afaHHOE MEeToAOM
time.sleep(1).

H ApryMeHThI JeKopaTopa
B HeKOTOpbIX CAyYasax HYX¥HO, 4TOBbl KPOME CCbUIKM Ha AeKopupyemytlo yHKUMIO AeKopaTtopbl
npvHMManM 6bl AONONHUTE/IbHbIE apryMeHTbl. Hanpumep, MoxKeT noHaaobutbes, yTobbl AekopaTop
retry npuHMman 6bl YMCNO, 3a4at0LLEee KOIMYECTBO MOMbITOK 3aMyCcKa AeKopupyemoi GpyHKUUK.

Ho npu atom pgekopaTop 06s3aTefibHO AO0/KEH MPUHUMATbL AeKopupyemyto YHKLUMIO B KayecTse
nepBoro aprymeHta. He Hago 3abbiBaTb M O TOM, YTO Bbi3biBaTb AEKOPATOP MPU OEKOPUPOBAHUM
byHKUMKM He Hagdo. To ecTb — O TOM, YTO nepeg, onpeaeneHnem GYHKLMU UCNOb3YeTCA KOHCTPYKUMA
@retry, a He @retry(). Takum obpaszom:

B [lekopaTop — 3TO BCEro /Milb GyHKUMA (KOTOpas, B KayecTBe aprymeHTa, MPUHUMAET ApYyryto
bYHKUMIO).

B /[eKopaTopamu No/b3yloTCA, MOMELLAn UX UMA CO 3HaKoM @ nepeg, onpeaeneHmem GyHKUNUK, a
He BbI3bIBas WX.

B CnenoBaTeNbHO, MOXHO BBECTU B KOA, YeTBEPTYIO GYHKLMIO, KOTOpas NPUHMMAaET napameTp, C
MOMOLLBIO KOTOPOro HacTpauvBaeTcA nNoBeAeHMe AeKopaTtopa, M Bo3Bpawaerca ¢yHKumS,
KOTOpas U ABAAETCA AEKOpaTopom (TO ecTb — MNPWHMMAET B KayecTBe aprymeHTa Apyryro
byHKUMI0).

MNpepnaraetca K TECTUPOBAHUIO C/IeAyHOWAA KOHCTPYKLUMA:

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)
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return wrapper
return retry decorator

@retry (2)

def might fail():
print ("might fail")
raise Exception

might fail ()

Pasbop aToro Koga:

B Ha nepBom ypoBHe TyT umeeTtcs GyHKLUA retry.

B  DyHKuMA retry npuHMMaeT MNPOM3BO/bHbLINA aprymeHT (B Hawem caydae — max_retries) u
BO3BpaLLaeT Apyryto yHKumio — retry_decorator.

B dyHKumA retry_decorator — 3To M ecTb peanbHblli AeKopaTop.

B  byHKuMA _wrapper paboTaeT TaK ke, Kak M npexkae (TONbKO Tenepb OHa PYKOBOACTBYeTCA
CBeAEHUAMM O MaKCMMaJIbHOM KOIMYECTBE NnepesanyckoB A4EeKOPUPOBaHHOM GyHKLUHK).

B Hcnosib30BaHMe 3TOro Koja
dyHKuuA might_fail Tenepb AekopupyeTcs ¢ NOMOLLbLO Bbi30Ba GpYyHKLMN Buaa @retry(2).

Bbi3oB retry(2) npuBoAWUT K TOMY, UTO Bbi3blBaeTCA GYHKUMA retry, KOTopasa M BO3BPaLLAET peasibHbIi
AeKopaTop.

B utore dyHKuma might_fail aekopupyetca ¢ nomoulbto retry _decorator, Tak Kak MMeHHO 3Ta GyHKUMA
npeacrasaseT coboli pe3ynbTat Bbi3oBa GYHKLMMK retry(2).

[danee npepctaBnsetca NpuUmep AEKOPUPOBAHWA MHOXKECTBA AeKopupyembix YHKUMI GyHKUMeNn-
AeKopaTopom.

# mexopupyeMble GYHKIIMMU
def final function 0():

print ('this is final function 0')
def final function 1():

print ('this is final function 1')
def final function XXX():

print ('this is final function XXX'")

#

# mexopaTop

# mexopupyeMmas GyHKUMS KakK apTyMeHT IeKopaTopa

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

#

# oymxummm function XYZ, function KLM mekopupyoTCs BO BpeMsa OOBABJIEHUSA C

# IprMeHeHMEeM CHMHTaKCUuCa IeKOpPaTOopOB

@function decorator
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def function XYZ():

print ('this is function XYZ')

@function decorator
def function KLM() :

print ('this is function KLM')

if name == ' main ':

#

# Banyck OEeKOPUPOBAHHEIX OYHKLMM

# BHIBHBaAKTCA OGYyHKLMM, NpelHal3HaUeHHBE IJ9 OeKOPUPOBAHMUS
final function 0()
final function 1()

#

# BHIBLIBAeTCHA OGYHKUMS — OEeKOpPaTop. Bo3BpallaeTcs CCHUIKA Ha
# BHyTpeHHNOL OGyHKIMO. CCBUIKA ODecleuMBaeT BHSBOB IeKOPUMPYyeMOM oGyHKIUU
final function decorated = function decorator (final function 0)

#

# BHI3OB BHYTpeHHelV QyHKUMM. 3anyckaercsa final function 0

final function decorated()
final function decorated = function decorator(final function 1)

#

# BHI30B BHYTpeHHel OQyHkumMu. 3anyckaercsa final function 1

final function decorated()

# sapagunu dyHxumo ana gexopaumm final function XXX
final function decorated = function decorator(final function XXX)

#

# Ilpy BEI3OBE BHYTPEHHEN OGYHKUUM 3anycKaeTcs IOeKOopMpOoBaHHas OGyHKLIUSA

# final function XXX

print(|*O***********************')

final function decorated()
print(|*1***********************|)

final function decorated()
print('*2***********************')

final function decorated()
print(l*3***********************l)

final function decorated()

function XYZ()
function KLM()

B /lekopatop retry

HanucaHne «cobCTBEHHbIX» 4EKOPATOPOB — AJ1A MOHUMAHMA NPUHUMNOB MX PaboTbl.

Myctb MmeeTca QyHKUMS, KOTOPYO HAZO 3anyCcTUTb MOBTOPHO B TOM Cay4vyae, €C/iM Mpu eé nepsom
3anycke npomn3onaeTt cboii. To ecTb — Ham Hy»KHa GyHKUMA (AeKopaTop, MMSA KOTOPOro, retry), Kotopas
BbI3bIBAET AAaHHYIO QYHKLMIO OAMH WM ABA pas3a (3TO 3aBMCUT OT TOrO, BO3HWKHET /M OWMBKA npu

nepBoMm BbI30Be GpyHKLUM).

B cooTBeTCTBMU C paHee ﬂpMBe,ﬂ,éHHblM onpegeneHnem MOXHO CAenatb KOo4 AeKOPaTopa TaKNUM:

def retry(func):

def wrapper (*args, **kwargs):
try:
func (*args, **kwargs)
except:
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time.sleep (1)
func(*args, **kwargs)
return wrapper

@retry

def might fail():
print ("might fail")
raise Exception

might fail()

[Jekopatop HOCUT uUmA retry. OH NPUHUMMaAET B KayecTBe aprymeHTa (func) nobyto dyHKuUMIo. BHYTPU
AeKopaTopa onpeaensercs BAoxKeHHas GyHKuma (_wrapper). Jekopatop retry ocywectsnser Bo3BpaT
3TOM QYHKLMMN.

B HanmomuHaHue
NmeeT mecto 0bbaAB/ieHME OAHON GYHKUMKM BHYTPU Apyror GyHKUMU. ITO COBEpPLUEHHO KOPPEKTHas
CMHTAKCMYECKas KOHCTPYKLMA, CNeaCcTBUEM NPUMEHEHMA KOTOPOM ABAAETCA TOT , YTO PyHKLUMA _wrapper
BUAHA INLLIb BHYTPWU NPOCTPAHCTBA UMEH AeKopaTopa retry.

B atom npumepe pgekopupyetca ¢yHKums might_fail() ¢ ncnonb3oBaHWem KOHCTPYKUMW, KoTopas
BbIFNAAMT @retry. Mocne UMeHU AeKopaTopa HET KPYrabiX CKOBOK. B pesyabTaTte noaydyaercs, YTo Koraa
BbI3blBaeTcA ¢QyHKuma might_fail(), Ha camom pene, BbI3bIBaeTcA AeKopaTop retry, KoTopomy
nepeaaércs, B BUAE NepBOro aprymeHTa, uenesas ¢pyHkuma (might_fail).

Monyyaetcs, 4To, BbI3OB OTPAbaTbIBAOT B 06LLEN COKHOCTU TPU YHKLUUK:

retry
_wrapper

might_fail

B HeKoTOpbIX CAy4Yasx HY)KHO, 4YTOObI AEKOopaTopbl MPUHUMAAM Obl LONOSHUTE/bHbIE APTyMEHTbI.
Hanpumep, MoxKeT NoHago6utbes, YTobbl AeKopaTtop retry NpuHMMan 6bl YNCNO, 334al0LLEE KOMYECTBO
NOMbITOK 3anycka gekopupyemol o¢yHKuMU. Ho paekopaTop o06A3aTenbHO AO/MKEH MPUHUMATb
aekopupyemyto GYHKUMIO B KayecTBe NEepBOro aprymeHTa. TaKkMKe BaKHO, YTO Mpu AEeKOPMPOBaHUMU
GYHKUMKM He HaZo Bbi3biBaTb AeKopaTtop. To ecTb, 4YTo nepeg, onpegeneHvem GyHKLMU UCMONb3YeTCs
KOHCTpYKUMA @retry, a He @retry(). UTor:

[eKopaTop — 3To BCero Mb GyHKUMA (KOTopasn, B KAYecTBe aprymeHTa, NpUHUMaeT 4pYryio
byHKUMIO).

[eKkopaTopamu NoNb3yrOTCA, NOMELLAA UX UMA CO 3HaKom @ nepeg onpeaeneHnem GyHKLUMK, a He
BbI3bIBas WX.
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CnepoBaTesibHO, MOXHO BBECTM B KOA, YeTBEPTYH OYHKUMIO, KOTOpas MNPUHUMAET napameTtp, C
NOMOLLLbIO KOTOPOro Hago HacTpamBaTb NOBeAEHWE AeKopaTopa, U BO3BPallaeT GyHKLMIO, KoTopaa U
ABNAETCA AeKOPaTOPOM (TO eCTb — NPUHMUMAET B KauyecTBe aprymeHTa Apyryto GyHKLMIO).

Mpumep ANA UANKCTPALNN:

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

Qretry(2)

def might fail():
print ("might fail")
raise Exception

might fail()

Pa3bop Koaa:

Ha nepsom ypoBHe nmeetca GpyHKUMA retry.

®YHKUMA retry NPUHUMAET NPOM3BO/IbHBIN apryMeHT (B Halem ciyyae — max_retries) u Bo3spaliaer
apyryto yHKumio — retry_decorator.

®yHKUMA retry_decorator — 3To 1 ecTb peasibHbIN AeKopaTop.

dyHKUMA _wrapper paboTaeT TaK e, KaK 1 Npexae (ToNbKo Tenepb OHa PyKOBOACTBYETCA CBEAEHUAMM
0 MaKCMMaIbHOM KOJ/IMYecTBe NnepesanyckoB AeKopupoBaHHOM GyHKLMK).

O Kogze HoBOro aekopaTtopa bonblie cKasaTb Heyero. Tenepb O ero UCrnoJib30BaHUK:
dyHKuMA might_fail Tenepb gekopmpyeTca ¢ NOMOLbIO Bbi30Ba GpYHKUMM Buaa @retry(2).

Bbi30B retry(2) npMBoAMT K TOMY, YTO Bbi3blBaeTcA GyHKLMA retry, KOTopaa M BO3BpaLLAeT peasnbHblii
AeKopaTop.

B ntore ¢yHKLMA might_fail aekopupyetcs c nomowbio retry_decorator, Tak Kak UMEHHO 3Ta GyHKUUSA
npeacrasnseT coboli pe3ynbTat Bbi3oBa GYHKLMMK retry(2).

117



B MHoOXXeCTBEeHHOe AeKOPUPOBaHUE PYHKIMHU
[Nanee npeactasneH npumep aekopmposarma OJHOMN dyHkumm HECKOJIbBKUMU pgekopatopamu. Mpu
TAaKOM crnocobe OEeKOpPMPOBAHWUS BaXKeH MOPALOK NPUMEHEHUA AEeKOPaTopoB K OYHKUMKM (nopagok
OEeKopUpOoBaHUs).

# HECKOJIbKO HOEeKOpaTOpOB IJia OnHOM GyHKUMM. BaxeH MNOPSIOK NeKOPUPOBAHUA:
def final function XXX():
print ('this is final function XXX')
def decorator O (function to decorate):
def wrapper():
print ('function decorator 0 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

# ImexopupoBaHME C MpPUMEHEHMEeM CUHTAaKCHCa IeKOopaTopoB

@decorator 0
@decorator 1
def final function KLM() :
print('this is final function KLM')

if name == ' main
final function XXX () # szanyck mexopupyeMmol QyHKUMM
final function XXX = decorator 0(decorator 1 (final function XXX))
final function XXX() # Banyck IeKOPMPOBAHHOM GYHKLMM, BapsSIKeHHOM

# mocyemoBaTEeJNILHO IOBYMS IeKOpaTopaMu
print (' ")
final function KLM() # 3anyck IOeKOPMPOBAHHOM QYyHKUMM C IPUMEHEHMEM

# cuHTakCHCa IOEeKOpPaTOpOB
print (' ")

B Ilepesaya aprymMeHTOB B AeKOpUPYeMYI0 QYHKIMIO
Mepenaya aprymeHToOB AeKopupyemol ¢yHKLMU AEKOpPaTopoM MPOM3BOAMTCA cleaytowmnm obpasom.
Bbi3biBaeTca BHeLWHAA QYHKLMSA, KOTOpas BO3BPALLAET CCbIIKY Ha BHYTPEHHI0I QYHKLMIO. BHYTpeHHsAn
byHKUMA obecneunBaeT Bbi30B AeKOpuMpyemon GyHKUMM M Nepegady el aprymeHToB. B creaytowem
npvmepe Npu BbI30BE AeKOpUpyemMon GyHKUUK el NnepedaéTcs 4Ba aprymeHTa.

# Ilepemavya apr'yMEHTOB INEKOPUPYEMOM GYHKLMM.

# mexopupyemas byHkumsa. [pu Bei3oBe TpebyeT IBa aplyMeHTa
def final function 000 (argl, arg2):
print ('this is final function 000 ({0}, {1})'.format (argl, arg2))

#
# BHemHaa OGYHKLUMSA. BO3BpallaeT CCHJIKY Ha BHYTPEHHI0 QYHKIMO.
def a decorator passing arguments (function to decorate):
# BuHyTpeHHss GyHKUMS ofecleuMBaeT BBEI3OB HEKOPUPYEMOM OGyHKLUM
# ¥ nepemauy el apr'yMEeHTOB
def a wrapper accepting arguments(argl, arg2):
print ("apryMeHTH B IOeKopupyemyio OyHkumo:", argl, arg2)
function to decorate(argl, arg2)
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}, {1l})"'.format (argl, arg2))
if name == "' main_ ':
# BrisniBaeTcsd BHemHAs (QYHKLUMS, KOTOpas BO3BpallaeT CCHUIIKY
# Ha BHYTpPeHHOO GYyHKUMO. BHYTpeHHSsS byHKLUMA ofeclieurBaeT BHIBOB
# mexopupyeMoi GyHKUMM U Hepenady ey apryMeHTOB
final function decorated =
a_decorator passing arguments (final function 000)
final function decorated (512, 1024)
final function XXX ('=quartz perfect=', 785)

B OOII: geKopupoBaHue METOL0B
Hectatnueckne metogbl python — 310 PyHKUMK C AONOAHUTENbHBIM 0b6s3aTeibHbIM aprymeHTom self,
KOTOpPbIN NpeacTaBaseT cobol CCblIKy Ha OOBEKT, BbI3bIBAlOLWMIA AaHHbIA MeToa,. M 3TO 03HayvaeT, YTo

AeKopaTopbl A1 METOAOB MOXHO 00bABAATb TaK Ke, Kak U Ana 00bluHbIX GYHKUWUN C HenycTbim
CMUCKOM aprymeHTOB.

def method decorator (method to decorate):
def wrapper(self, wvalue):
value *= 3
return method to decorate(self, value)
return wrapper
class superCar:
def init (self, wvalue):
self.capacity = value # npu cosmaHuu oOBekTa aTpubyTy capacity
# mpucBamBaeTCs 3HAUYeHMEe apryMeHTa value

@method decorator
def sayRealCapacity(self, wvalue):

print ('the realCapacity is {0}'.format (self.capacity * value))
if name == "' main_ ':

the car = superCar(125)

the car.sayRealCapacity(3) # 3HadeHmue, BO3BpamaeMoe MeTOIOM

# sayRealCapacity co 3HaueHMeM apryMeHTa = 3, BHUMCISETCS CJeNyo M
# obpasom: 3 * 3 * 125 = 1125

# 3 * value * self.capacity = 1125

B /leKkopvpoBaHHUe C pPAaCIAKOBKOI apryMeHTOB

[eKopaTop, KOTOPbIN MOMXKHO NMPUMEHUTb K NH060IN PyHKUMKU Man meToay, 06bABASETCA C pacnakoBKOM
apryMeHTOB.

# YHMBEpPCAJLHEM OEeKOPaTOp, KOTOPHIM MNPMHMMAET IIPOM3BOJILHEIM
# CIOMCOK apI'yMEHTOB B COCTaBe KoOpTexa *args u cjoBaps **kwargs
# mexopupyemas QyHKLMS KakK apl'yMeHT IekKopaTopa
def universal decorator passing arbitrary arguments (function to decorate):
# BHyTpeHHad GyHKUMS oOecrneuMBaeT BHSBOB IeKOPUPYyeMON oGyHKIUU
# n nepemauy ey apryMEHTOB

def wrapper accepting arbitrary arguments(*args, **kwargs):
print ("6euto s uTO-NMOO MNEepemaHo OeKopupyeMor obyHkumm 2?2")
if len(args) != 0 or len(kwargs) != 0:
print (args)
print (kwargs)
else:
print ('args && kwargs are empty')
function to decorate(*args, **kwargs)
return wrapper accepting arbitrary arguments
# YyHUBepCaJIbHEM IeKOpaTop IekopupyeT byHKLUMO 6e3 apl'yMeHTOB
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@universal decorator passing arbitrary arguments
def function with no argument () :

print ("Python is cool, no argument here.")
# yHUBepCaJIBHEI IeKOopaTop IekopupyeT QyHKLUMIO C apryMeHTaMu a, b, C
@universal decorator passing arbitrary arguments
def function with arguments(a, b, c):

print (a, b, c)
# YHMBEpCAaJIbHEIM IeKopaTop IekopupyeT GyHKUMIO C apryMeHTaMu a, b, C
# ¥ MMEeHOBAHHEIM API'yMEHTOM answer
@universal decorator passing arbitrary arguments
def function with named arguments(a, b, ¢, answer):

print ("mensarca o {}, {} m {} BHa 172 {}".format(a, b, c, answer))
class Observer:

def init (self):

self.age = 31

# YyHUMBEpPCAJILHEIM IeKOpaTop IeKOPUPYyeT MEeTOI CO 3HAUEeHMEM I10 yMOJIYaHMO

@universal decorator passing arbitrary arguments

def sayTheAge (self, lie=-3): # Temepb MOXHO yKaz3aThb

# sHaUeHME MO yMOJIYaHMUIO
print ("Ocraérca {} mer".format (self.age + lie))

# BHIBOBH OEKOPUPYEMBEIX OGYHKUUNM UM MeTOoIa

function with no argument ()

function with arguments(l, 2, 3)

function with named arguments("25", "137", "64", answer="A xTO ero 3HaeT!")
obs = Observer ()

obs.sayTheAge ()

B /lekopaTophbl C apryMeHTaMu
OnucaHue npoueaypbl 0b6baABAEHUA AeKopaTopa C aprymeHTamu. B npouecce AeKOpMpOBaHUA paHee
obbaBneHHol ¢yHKumM decorated_function ¢pyHKLMA, KOTOpas 3anycKkaeT Npouecc A4eKopupoBaHMa —
decorator_maker — Bo3BpalLaeT ccbl/Iky Ha GyHKUMIO master_decorator. B pe3ysbTate o6palleHns no
3TOM CCbINIKe BO3BpPALLAETCA AeKopMpoBaHHaa GyHKUMA no ccblike decorated_function. Bosspaluaemblit
KO, BK/IIOYAET KO KOHTeMHepa wrapper Ans AeKopupyemol GyHKLMKU, U3 KOTOPOro HENOCPEACTBEHHO
1 BbI3blBAETCA AeKopupyemasn QyHKLMA.

Taknm obpasom, Npu Bbi3OBE AEKOPUPOBAHHOM PyHKUMM No ccblike decorated function — yxke He
nUcxoaHas Aekopupyemas GyHKUMA. 34ecCb NOAKAOYAETCA KOHTelHep wrapper, KOTOPbIi BbINOAHAET
npeaBapuTenbHylo pPaboTy, 3anycKaeT MUCXOOHYH LeKOpUpyeMyto JYHKUMIO, nepexBaTbiBaeT eé
BO3BpallaeMoe 3HayeHWe W JONOJHUTENbHO ero mogubuuumpyet. PesynbTupylowee 3HavyeHue,
BO3BpallaeMoe AeKOPMPOBaHHOM GYHKUMEN, pacneyaTbiBaeTCsa Nepes, 3aBepLlieHem NpuioxKeHus.

MoHO nepefaBaTb B AeKopaTop aprymeHTbl. B atom cnyyae pobasnsetca euie oAuH ypoBEHb
abcTpakuum, TO ecTb, ewé oaHa OyHKUMA-obepTKa. Takmm o6pasom, aprymeHT nepepnaértca
HenocpeacTBeHHO aekopatopy. Mocne atoro ¢yHKUMA, KoTopas Oblna BO3BpalleHa AEKOpPaTOPOM,
nUcnosb3yeTca ANA AeKopauuu.

#

def decorator with args (name):
print ('> decorator with args:', name)
def real decorator (func):
print ('>> cam gmexopatop', func. name )
def decorated(*args, **kwargs):
print ('>>> nepen o¢ysuxkume', func. name )
ret = func(*args, **kwargs)
print ('>>> nocne Q¢yuxkumm', func. name )
return ret
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return decorated

return real decorator

#

@decorator with args('test')
def add(a, b):

print ('>>>> dyuxumsa add')

return a + b

if name == "' main ':
print ('cTapT nporpaMMer')
r = add (10, 10)
print (r)
print ('koHel mnporpammsr')

Eweé npumep:

# JlexopaTops C apryMeHTaMu
# OObsaBJeHME ImekopaTopa C aApTyMEHTaMM:
#

def decorated function():

print ("===== 370 nekopupyeMasa QyHKUMUSI. =====")
return ('it was decorated function')
#
# mexopatTop
def decorator maker () :

print ("decorator maker: cospanme pmexopartopa.")

print ("decorator maker BHBHEBaAETCA NPM CO3IJaHMUM IeKoparopa.")

def master decorator (function):
print ("master decorator! Bu3mBaeTcda Npu OeKOPMPOBaHMM OyHKUMM. ")
def wrapper():

print ()

print ("wrapper: KOHTelMHep IJjis ImekopupyeMou GyHxuum.\n"
"BEIBEIBAETCS KaXIbM pa3 [IPM BHBOBE NEKOPUPOBAHHOM OyHKUMM™)

ret = function|()

xstr = '|'.Jjoin (ret)

return (xstr)
print ("Bos3epamaeTcsa oOEpHYyTas QyHKUMS.")
return wrapper
print ("decorator maker: BozBpamaercsa master decorator.")
return master decorator

#
@decorator maker ()
def decorated function X():

num = 125
print ("===== 3710 nmekopupyemas OQyHkumsa X...{0}... ====="_.format (num))
val = num*num

return str(val)

if name == ' main ':

# CospaHye MacTepa-IeKopaTopa.

# IporcxomouT B pes3yJibTaTe BHB3OBa IeKopaTopa
mstr decorator = decorator maker ()

#
#

# IexopupoBaHue QYHKLMUN: master decorator BosBpamaerT

# decorated function, KoTOpHI BKJIOYaAeT KOI KOHTEeMHepa Ijd
# mexopmpyeMoi GYHKLUMM, M3 KOTOPOT'O M BHSBHBAETCH OekKopupyeMas OGyHKIMS.
decorated function = mstr decorator (decorated function)
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BeI30B HekopMpoBaHHOM OyHkumu. decorated function - 3TO yxe

He MCXOIHas IekopupyeMas OyHKLUMA! 3mech MNOOKIOUAETCS KOHTEWHEP
wrapper, KOTOPHIM BHIIOJHAET NpelBapuTeJibHyln padoTy,

3allyckaeT MCXOIHYID IeKopupyeMyl (QyHKIMIO, [IepexBaTHBaeT eé
BO3BpallaeMoe 3HauyeHMe U HOOINOJIHUTEJIbHO eI'0 MOoOUGUUUPYeT.

N T

PesynbTUpyllee SHaUYeHMEe pacliedaTHBAaETCs IIepel 3aBeplleHVEM NPUIIOXEHUS .

result = decorated function ()

#

print (result)

print (' ")
result = decorated function X()

print (result)

print (' ")

[anee npuseaéH pesynbtaT paboTbl 3TOrO NPUAOKEHMUSA

decorator_maker: cosgaHue gekopatopa.

decorator_maker BbI3biBaeTcA NpM cO34aHUN AeKopaTopa.
decorator_maker: Bo3Bpautaetrca master_decorator.
master_decorator! Bbi3biBaeTca npu geKkopupoBaHum GyHKLMK.
BosBpalaeTtcs 06€pHyTas GyHKUMS.

decorator_maker: cosgaHue gekopatopa.

decorator_maker Bbi3blBaeTCcA NpM CO34aHUN AeKopaTopa.
decorator_maker: Bo3Bpalwiaerca master_decorator.
master_decorator! BbiabiBaeTca npu AeKOPUPOBaHMU GYHKLUMUN.

BosBpalaetca 06€pHyTan yHKUUS.

wrapper: KOHTelHep A1A AeKopupyemon GyHKUMMN.

BbI3blBaeTCA Kaxabli pa3 Npu BbI30BE AEKOPUPOBAHHOM GYHKLMK

it [wlals| |d|el|c|o]r|altleld] [flu[n]|c|t]ilofn

wrapper: KOHTeNHep Ana agekopupyemoit GyHKUUK.

BbI3bIBAaeTCA KayKkAbli1 pa3 Npu BbI30OBE AEKOPUPOBAHHOM GYHKLMUM

11516]2|5

Process finished with exit code 0
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H ApryMeHThbl AEKOPaTOPOB
MoKHO co3gaBaTb AekopaTopbl "Ha nety". [1as 3TOro Mcnosb3yoTca GYHKLUUKU, MPU BbI30BE KOTOPbI MM
KaK 06bl4HbIM GYHKLUMAM MOMKHO nepesaBaTb NPON3BOJIbHbIE aPrYMEHTbI.

B cnyyae Heo6X0AMMOCTM MOXKHO MCNO/Ib30BaTh M PAacNakoBKy apryMeHToB Yepes *args n **kwargs .

def decorator maker with arguments(deco argl, deco_arg2):
print ("3mech co3maTcsa OEeKOPATOPH. VM IJisg 2TOTO IPMMEHSTCS apryMeHTH:",
deco_argl, deco_arg2)
def x decorator (func):
print ("sTo mexopaTop. OH MOXeT MNOJydaThb apTyMeHTH:",
deco_argl, deco_arg2)
# ApPTyMEHTH HOEKOPATOPOB UM APITyMEHTH OGYHKLUMUM - 5TO pas3HHe Bey!
def wrapped(fun argl, fun arg2):
print ("32To 06&pTKa BOKPYID OEKOPHPYEMOM byHKLuM.\n"
"OHa MMEeT HOOCTYIl KO BceM apryMmeHTam\n"
"\t- kak mexoparopa: {0} {1}\n"
"\t- Tax u ¢yHxuMm: {2} {3}\n"
"OBEpTKAa MOXET [epelaTb aplyMeHTH mekoparopa {0}, {1}\n"
"u dyuxuum {2}, {3} manbme\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 ("3To mekopupyeMas QyHKLMsS, KOTOpas BHAaeT TOJbBKO O CBOUX
aprymeHTax: {0}"
" {1}".format (fun_argl, fun arg2))
decorated function with arguments ("ABCDE", "FGHIJ")

3pecb co3gatca gekopaTtopbl. M ana atoro npumeHaloTca aprymeHTsl: 01234 56789
3TO Aekopatop. OH MOXKeET nonyyaTb aprymeHTbl: 01234 56789
370 06EpTKa BOKPYT AeKOPUPYyEMOW GYHKLUN.
OHa umeT A0CTYN KO BCEM apryMeHTam
- KaK aekopatopa: 01234 56789
- Tak U pyHKumn: ABCDE FGHIJ
O6€EpTKa MOXKeT nepeaaTtb HY*KHble aprymeHTbl AekopaTopa 01234, 56789

n pyHKummn ABCDE, FGHIJ pganblwe

3710 AeKopupyemasa GyHKUMA, KOTOpasa 3HAET TO/IbKO O CBOMX aprymeHTax: ABCDE FGHIJ

Process finished with exit code 0

B OCoGeHHOCTH paboThI C AeKOpaTOpaMu

B /[lekopaTopbl 3amMeaAoT BbI30B GYHKLUMN.
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B OueHb CNOXHO "pasgekopupoBaTb” dyHKUMIO (A3 1 3auem ???). Ecnm dyHKUMA AeKopupoBaHa
— 3TO Nly4Lle He OTMEHATb.

B [ekopaTopbl 060pauMBatoT PYHKLUN U STO MOXKET 3aTPYAHUTb OTNASKY.

MocneaHaa npobnema 4acTUYHO pelleHa gobasneHnem B mogyne functools ¢pyHKumm functools.wraps,
Konupytowei Bco MHpopmaumo o6 obopaunBaemoin GyHKLMM (€€ MMS, M3 KAKOro OHa Moayns, eé
OOKYMEHTaUMIO U T.M.) B GYHKLMIO-06EPTKY.

[eKopaTopbl MOryT 6bITb MCNO/b30BaHbl A/1A PACWIMPEHUA BO3MOXKHOCTEM (YHKUUIA U3 CTOPOHHUX
61bnnoTek (Koa KOTOPbIX HEBO3MOMXKHO U3MEHWUTb), UM ANSA YNPOLLEHUA OTAAAKKU (4TOBbl HE U3MEHATb
WUCXOAHbIN OTNaXKUBAEMbIN KOA).

TaKkXe None3HO UCNOoNb30BaTb AEeKopaTopbl ANA paclMpPeHUna PasanYHbIX d)yHKLI,Mﬁ OAHUM N TEM XKe
KOOO0M, 6e3 NMOBTOPHOrO ero nepenncbiBaHUA.

B Kiacc - gekoparop
Job6asneHne metoaa _ call_ B 06baABNeHMM Knacca NpeBpaLlaeT ero B Bbi3biBaeMblii 06bEKT (PyHKLMA
- 3TO BbI3bIBaeMbli 06BEKT). A TaK KaK AeKopaTop — 3TO PYHKLMA, TO €CTb, Bbi3biBaeMblii 0BBEKT, C
nomoupo metoga _ call__ knacc moXHO npeBpaTuTb B AeKopaTop.

Echn dyHKuMA, KoTopyto TpebyeTcA AEKOpMPOBaTb, AO/BKHA MOMy4yaTb aprymeHTbl, TO AN 3TOro
OEeKopaTop [A0J/IKEH BePHYTb GYHKUMIO C TOW Ke CUrHATypoir (CMMCKOM aprymeHTOB), 4TO U Y
neKkopupyemoit GyHKUmK.

B ciiyyae ¢ Kn1accom COOTBETCTBYHOLWAA CMTHaTypa AobasndeTcsa B meToq _ call__.

class xDecorator:
def init (self, funct):
print ('xDecorator, method  init ")
self.funct = funct # Ha sTane uMHMUMAIM3ALUM OOBEKT I[IOJIydaeT
# ccouiky Ha o¢yHkumMpo funct
# B criyuae C KJlaccoMm
# coorBeTrcTByKMmAasa CuUTHaTypa HoBaejsdercsa B Meronm  call .
def call (self, *args):
print ('> nepen BH30BOM KJjacca...', self.funct. name )
self.funct (*args)
print ('> nocne BE3OBa Kjacca')

#
@xDecorator
def external funct(*args):
print ('===== external funct =====")
i=0
# MHOXECTBO 3HAUEHUM, HepelaBaeMblx OYHKUMM, NPeOCTaBJSnTCS B BUIE
# xopTexa, KOTOPEIL COCTOMUT M3 OIHOTO BSJIEMEHTa: CIMCKa BHAUYEHUM.
arguments = args[0] # Y3 apryMeHTa - KOpTexa WM3BJIEKAaeTCs CIUCOK
for a in arguments: # nepebop BJIEMEHTOB CHOMCKA
print ('{0} ... {1}'.format(i, a))
i+=1
#
#
if name == "' main_ ':
args = [1, 2.05, 'gwerty', 0]
print ('--> start')

external funct (args)
print ('end -->")
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H ApryMmeHThI B KJIacCaXx-AeKopaTopax
B Knaccax-geKkopaTtopax BbIMOJHAOTCA aHANOIMMYHble HACTPOMKM. B 3TOm cnyyae KOHCTPYKTOp Knacca
nosiydaeT BCe aprymMeHTbl gekopatopa. Metog (maruveckuit metoa) _ call__ goskeH BO3BpaLaThb
bYHKUMIO-06epTKy, KOTOpaa byaeT BbINOMHATL AEKOPUPYEMYIO GYHKUMIO.

PaHee B KayecTBe aprymMeHTa KOHCTPYKTOPY nepenaBanacb CCblKa Ha ¢yHKuMio. B 3Toli Bepcuun
06bABAEHUA AeKopaTopa NepeaaéTcsa aprymeHT.

MeTog _ call__ nonyyaer ccbinkKy Ha Aekopupyemyto oyHKUMIO, GyHKUMA-060n104Ka (wrapper)
06bABNAETCA C TOM e CUIHaTypoi (CMMCKOM aprymMeHTOB), YTO M Aekopupyemas ¢yHKumA. OHa
NoJly4aeT aprymeHTbl, COOTBETCTBEHHO MNpeAHa3HayeHHble AeKopupyemol GyHKLMM.

AprymeHT, nepegaBaemblii KOHCTPYKTOPY Knacca, ¢yHKUMM-060n04Ke (wrapper) u aekopupyemon
bYHKUMM B 3TOM BEPCUN AEKOPUPOBAHMA OKa3bIBAETCA HE U3BECTEH.

# B sTOM Cilyyae KOHCTPYKTOP KJliacCa I[OoJiydaeT BCe apryMeHTH IeKopaTopa.
# MeTonm call  pomkeH BO3BpamlaTek QYHKUMO-OOepPTKy, KoTopasd OyneT
# BHIOJHATL OEeKOPUPYEMYH OYHKIIMIO.
class DecoratorArgs:
# paHee B kauecTBe apr'yMeHTa KOHCTPYKTOPY IlepenaBajiachb
# ccouika Ha OGyHKUMIO. B 5TOM BepcuM OOBABIIEHMS Hepemaércd
# apryMeHT. 2TO CTpPOKaA.
def init (self, xstr):
print ('> IexopaTop C aprymeHTammu __ init :', xstr)
self.xstr = xstr
def call (self, funct):

# MeTonm call  nmojyyaeT CCEUIKY Ha HeKOpupyeMyk OyHKLMO

# dyuxumus-oBosouka (wrapper) OOBABIAETCS C TOM Xe CUTHATYypPOM
# (cnMckoM apryMeHTOB), UTO M IOekopupyemas QyHKUMS.

# OHa moJsiyyaeT apryMEHTHE, COOTBETCTBEHHO [IpelHa3HAaueHHLEe

# mexopupyeMom GYyHKLMNM.

z = self.xstr

print (z)

# ApTyMeHT, nepemaBaeMEll KOHCTPYKTOPY Kjacca, OyHKUMK-0BOJIouKe
# (wrapper) M mekopupyeMoM OGYyHKUMM B 3TOM BEepPCUM IeKOPUPOBAHUSI
# okasLBaeTCd HE M3BECTEH.
def wrapper(a, b):
print ('>>> mo obepHyToM OyHKUMM. Hauayio mexopupoBaHuMa')
funct (a, b)
print ('>>> nocne oBepHyTOM OQyHKUMM. KoHell mekopupoBaHMA')
return wrapper
@DecoratorArgs ("xxxXXXxxx")
def add(a, b):
print ('byuxumsa add:', a, b)
print ('>> crapt')
add (10, 20)
print ('>> koner')
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B HckiroyeHUA U 00PAGOTKA UCK/IIOYEHU N
JTOoT pasgen COAEP)KUT OCHOBHble cBeAeHUss 06 UCKAUYEHMAX - A3bIKOBOM KOHCTPYKLMW,
npeaHasHayeHHoW AnA GopmManbHOro onucaHuMAa OWKMOBOK BpPemMeHM BbINOJIHEHUA M cnocoboB MX
"KoppeKTHOro" mncnpaBneHMa HenocpeacTBEHHO B XOAE€ BbINOJIHEHUA MPUIOXKEHMA, KOTopas LUMPOKO
NPUMEHAETCSA B COBPEMEHHbIX A3blKax MPOrpaMmMpPOBaHuS.

B TKinter: o61uee npeacraBjieHue
Tkinter — aTo nakeT gnsa Python, KoTopbl NpegHasHaveH aas paboTbl ¢ GubnnoTekon Tk. Mpaduueckan
KpoccniaTtpopmeHHaa 6ubanoteka Ha ocHose cpeacts Tk. CBoboaHoe 0O, BKAOYEHO B CTaHAAPTHYHO
61bMOTeRy A3blka nporpammupoBaHua Python. B coctas Tkinter BXOAWT MHOXKECTBO KOMMOHEHTOB.
Bubnnorteka Tk comepMUT KOMMOHEHTbI rpaduyeckoro uHTepdelica nonb3osatensa (graphical user
interface — GUI. BubaunoTeka HanucaHa Ha A3bike Tcl.).

B T'paduyeckuit unTepPeric
Mog rpaduyeckum mHTepdeicom nonb3osaTtena (GUI) nogpasymeBaroTcA OKHA, KHOMKW, TEKCTOBbIE
nona AnAa BBOAQ, CKpoanepbl, CNUCKU, PaAUOKHOMNKWK, (bna»um N npoymne 3sn1emMeHTbl, KOTOopble
NOABNAKOTCA Ha 3KpPaHE NPU OTKPbITUKU TOTO NN NHOTO NPUNOKEHUA.

Bce 3Tm anemeHTbl MHTepdelica HasbiBatoTca BuAxKeTamu (widgets). Yepes Hux obecneymBaetcs
B3aMMOAENCTBUE C NPOrPaMMON U yrpaBaeHUe 3TOM Nporpammon.

an/IJ'IO)KeHI/Iﬂ, KOTOpble CO34ak0TCA 014 KOHEYHOro no/sib3oBartena, MMeKT GUL.

Tk BbIOpaH gna Python no ymonyaHuto. YcTaHOBOYHbIM ¢dalin MHTepnpeTtatopa Python obbluHO yike
BK/toyaeT naker tkinter B coctaBe cTaHgapTHOM 6MbBANOTEKMN.

Tkinter MOXXHO NpeacTaBUTb KaK NepeBoAYMK ¢ A3blka Python Ha s3bIk Tcl. Mporpamma nuwertcsa Ha
Python, a kKog moayna tkinter nepeBoguT WHCTPYKuMM ¢ Python Ha Asblk Tcl, KOTOpbIA NoHMMaeT
b6ubnnoteka Tk.

Bubnunoteky Tkinter Hago nmnopTMpoBaTh. CTaHAapTHbIE cnocobbl MMNopTa moayna Tkinter B Python:

import tkinter
from tkinter import *
import tkinter as tk

TaK»Ke MOXKHO MMMNOPTUPOBATL OTAE/bHbIE KNACChl, HO 3TO AeNatoT peako. OBblYHO XBaTaeT BbiparkeHUs

from tkinter import *

EC/IM HY)KHO y3HaTb yCTaHOB/IEHHYIO Bepcuto Tk, 3TO MOXKHO caenaTb Yepes KoHCTaHTy TkVersion:

>>> from tkinter import *
>>> TkVersion
8.6

B Omuoxku
Pa3pa60TKa M BbIMOJIHEHNE NPUNOKEHNUA MOXKET COMPOBOXAATbCA PA3/INYHBIMU OLLIM6I-(aMM, K KOTOpbIM
MOXHO OTHEeCTMU:

B CuHTaKCMYeCKMe — BO3HMKAIOT Npu pa3paboTke Koaa n3-3a cMHTaKkcnyeckux(!) owmnbok;
B JlorMyeckue — ABAAIOTCA Pe3y/bTaTOM OWMBOK pa3pabaTbiBaemMoro aropuTma B NPUIONKEHUN;

126



B VcKnoyeHna — BO3HMKAKT NPpU BbIMNOJIHEHUN TNPUNOXKEHUNA B pPE3Y/NIbTATE HEKOPPEKTHbIX
AEﬁCTBMﬁ nonb3oBaTtesia Uin CUCTEMbI.

B CuUHTaKCHM4YeCKHe OIIUOKH
ABNAOTCA pPe3yNbTaTOM HapyLIeHWs NPaBUA A3blKa NPOrPammMmUpPOBaHMA, HanpUMep, NPOMNycKa Kpyrioun,
NPAMOYro/ibHOM  UAM  PUIYPHOM CKOOKM B  npeanosiaraeMoM  CUMHTAKCMCOM  A3blka  MecTe
paspabaTtbiBaemoro Koga. O6Hapy)KMBAKOTCA KOMMNUAATOPOM WM  MHTEPNPETaTopoOM, KoTopble
coobuieHnem (0bblMHO cTaHAapTHON Gopmbl) yBeAOMAAOT paspaboTuMKa Koaa (nporpammucra) o
npobnaeme B co3gaBaeMoM KOJe.

B Jlornmyeckue OIIUOKH
Kak npaBuno, 6osee CnoxHbie B BbIABAEHUM, TaK KaK He "oTnaBavBaloTca" HM Ha 3Tane KOMMOUAALUK
(ecnn TakoBas cyllecTByeT), HM BO BPEMs BbINOJAHEHUSA MNPOrpamMmMHOro Kofa (BO3MOMKHO,
uHTepnpetatopom). O6bIMHO OHW BbI3BaHbI OLLIMBKaMKU B NOTUKE Peasin3yemoro aaropuTma, Ms-3a 4yero
[OCTUKEHMe NpeaycMaTPUBAEMOro pPe3y/ibTaTa OKasbiBaeTCA HEBO3MOXHbIM.

B MHckiwdeHus
Eweé oamH BMa, olMbBOK, KOTOPbIMA NPOABAAETCA B 3aBMCMMOCTM OT Ha/MuMA 06CTOATEIbCTB, BAUAIOLLINX
Ha Xo4, BbIMO/HEHUA nporpammbl. MPUMepoM MOXKeT ObiTb BBOJ, HEKOPPEKTHOro 3HayeHus, nmbo
oTcyTcTBMEe ¢aina, HeobxoAMMOro ANA KOPPEKTHOro BbIMNO/HEHMA NpunoXeHusa. Kak npaswuno,
WCKNOYEHUS NPOABAAIOTCA BO BPEMSA BbINOJHEHMA NPUNOKEHUS.

B HckioyeHUs: NpeMMyLiecTBa IPUMeHEeHUs
MNcKkntoueHna npeacTaBnsatoT cobol  CaMOCTOATENIbHbIA  TUN  AaHHbIX, NPW  MOMOLWM  KOTOPOro
MPUNOMKEHNE MOXET CTaHZ4apTHbIM 06pasom coobuiaTth (nNosb3oBaTeNto) O PasIMYHbIX OLMBKaX.
O6paboTKa NCKNOUYEHUI NO3BOIAET MEHATb CLLEHAPUI BbIMOJHEHUA NPUIONKEHUA C Y4ETOM Pas/IMYHbIX
06CTOATENBLCTB, TaK WAM MHAYe Hapywawwux ero HopmasabHylo paboty. [na  ynpasieHus
WCK/IIOYEHNAMM B A3blKe NMPOrpaMMMpPOBaHUA python npegycmoTpeHbl cneunanbHble CUMHTAKCMYecKue
KOHCTPYKLMM,

TaKkxe B A3blKe cyuwiectsyer 61banoTeKa roToBbIX MCKI'IIO‘-IEHMVI, d TaKXe peann3oBaHa BO3MOXKHOCTb
CcOo34aBaTb COBCTBEHHbIE UCKOYEHMUSA.

Mporpamma, KoTopas crocobHa KOPPeKTHO 06paboTaTb BO3HMKAaIOLIME WMCKIOYEHWA, 3aBepluaeTcs
ecTecTBeHHbIM 06pa3om, 6e3 npepbiBaHMI 334aHHOrO a/Ir0PUTMA.

Hanpumep, oTcyTcTBMe daiina nNpu  BbIMOJAHEHUM MPUIOKEHUA MPOBOLMPYET MUCKAYUTENbHYIO
CUTyaLMIo, KOTOpas NPMBOAUT K aBapuMiHOMY 3aBepLUeHUIO PaboTbl MPOrpammbl U BbIBOAY OWMBKK Ha
3KpaH.

Mpumep npunoxenus, HE cnocobHoro "ctaHgapTHbIM" 06pasom pearmpoBaTb Ha OTcyTcTBME daina npu
NOMbITKE €ro OTKPbLITUA UAN COXPAHEHUA:

#

from tkinter import *
root = Tk()

print ("Program started")
print ("Opening file...")
f = open("data.txt")

print ("Program finished")

if name == main ':

root.mainloop ()
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Mpu otcytctBum darna "data.txt" B xoae BbINONHEHMA NpuUIOKeHUA byaeT BbiBeAEHO coobuieHue o
BO3HWMKHOBEHMWM COOTBETCTBYIOLLEFO UCKOYEHNUA:

Traceback (most recent call last):

File "C:/PythonDrom/SeismicModels/SeisModel04/xGui2l.py", line 57, in
<module>
Program started
Opening file...

f = open("data.txt")

FileNotFoundError: [Errno 2] No such file or directory: 'data.txt'
Process finished with exit code 1

[aHHOe MCKAlYeHWe npesycMOTPeHO pa3paboTyMKamu cpegbl NporpammupoBaHusa python (Asbik,
WMHTepnpeTaTop, 6MbAMOTEYHbIE MOAYAN).

PaspaboTumku npunoxeHua HE npeaycmoTpenn B NPUAOKEHUN PeaKUMo Ha oTcyTcTBMe daitna, Yto U
MPUBE/IO K BO3HUKHOBEHMIO UCKNHOUYEHUA.

B aTom cniyyae otobparkaetca umsa ¢aina, HOMep CTPOKU B Koze, rae bbiio BbIOpOLEHO UCKAOYEHNE
FileNotFoundError (FileNotFoundError: [Errno 2] No such file or directory: 'data.txt').

B IlepexBaT UCK/IWYEHUN
Ona Toro uytobbl MCKAOYEHME He MPUBOAMAO K BHE3aNMHOMY 3aBEPLUEHMIO NPWUIOXKEHUA, B A3blKe
NPOrpaMMUPOBaHNA PEAsIM3YEeTC MeXaHU3M, KOTOpbIM cnocobeH npenoTBpallaTb HenpeaBUAEHHbIe
(HO npeaycmoTpeHHbIe) cUTyauuu.

C nomoupblo cneumanbHbIX KOHCTPYKUMI (try:...except:...) A3blKa NPOrpamMMMUpPOBaHUA B MPUIOKEHUN
ONUCLIBAIOTCA 'KpuUTUYecKne' ¢parmeHTbl KO3 W BapuaHTbl pearnpoBaHMA Ha BO3HUKaOLWMe
WCKNOYEHMA. ITO NoMoraeT usbexkaTb c6oeB nNpu BbINOAHEHUM NPUNONKEHUS.

#

from tkinter import *
root = Tk()
print ("Program started")
try:
print ("Opening file...")
f = open("data.txt")
except:
print('file not found!")

print ("Program finished")

if name == "' main ':
root.mainloop ()

Bnok try cogeput "onacHbln Koa'", KOTOpbIA CNOCOBHEH MPUBECTM K OWMNBKe (OTCYTCTBUE HYMKHOIO
daiina).
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Bnok except coAepXUT WHCTPYKUMM, KOTOpble MPUAOMKEHUIO CcledyeT BbINOAHUTL B  CAyyae
BO3HWKHYBLUEM npobnembl. Tenepb ecnu Tpebyemblit paiin He Gbln HangeH, NpuaoXeHue He byaet
aBaPUIMHO 3aBepLLEHO.

B except: HECKOJIBKO OJIOKOB
BnokoB except mMosKeT ObiTb HECKOJIbKO, B 3aBUCMMOCTM OT TOrO, KaKOW TUM WCKIOYEHUA HYMKHO
06pa6OTaTb B NMPUNOXKEHUNN. Kak npasunao0, CHa4vana 06pa6aTbIBaIOTCF| 6onee yacTHble CQly4aun, 3atem
obume.

#

from tkinter import *
root = Tk{()
print ("Program started")

try:

print ("Opening file...")

f = open("data.txt")
except FileNotFoundError:

print ('file not found!"'")
except Exception:

print ('something gone wrong!')

print ("Program finished")

if name == "' main ':
root.mainloop ()

B BJiio:xeHHBbIe 6JIOKHU M else
Ons 6onee rmbKoOro ynpas/ieHMA UCKAKOYEHUAMMU OOKM try:..except:... MmoryT ObiTb BAIOKEHHbIMWU. B
cneaywuem npumepe 4eMOHCTPUPYETCA NONbITKa OTKPbITb TeKCTOBbIN d)aﬁn M 3anncatb B HEFrO HEKYIO
CTPOKY. [1nA KaXKAoM Lenm Mcnonb3yerca oTAeNbHbIN 610K try.

TaK)Ke B JaHHOM MPUMEpPE UCMONb3YeTCA KOHCTPYKUUS else, KOTopas BbIMOJIHAETCA B C/lydae, ecin B
KoZe He MPoun30oLLJIO UCKIOYEHUN.

B gaHHOM cnydae else cpaboTaeT nNpu ycnewHoMmM BbINOJIHEHMM onepauunmn write. Mo ymonyaHuto daiin
OTKPbIBAETCA HA YTEHWE B TEKCTOBOM pexkume. M03ToMy Mpu OTKPLITUKM daliina UCMONb3YETCS PEXUM
"w". Mpu aTom Paiin oTKpbIBaETCA HA 3aNUCh.

Ecnu daiina He 6b110 — co3gaeTca HOBbIM, ecnun paiin 6bl1 — OH NepesanmcbiBaeTCs.

#

from tkinter import *

root = Tk{()

print ("Program started")

# BHemHwMt OJiok try — except

try:
print ("Opening file...")
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f = open("data.txt", "w")

# BioxenHEDM Oyok 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
BbiBatOT cuTyauuu, Korga TpebyeTcss COBEPLUUTb HEKME BaXKHble AeNCTBMA He3aBMCMMO OT TOro, bbls10 /i
B MPWIOKEHUWN BbI3BAHO WCKIOYEHWEe WaM HeT. Ons 3atoro ucnonbsyetca 60k finally (ewé oauH
3/1eMEHT CUCTEMbl 06PabOTKM UCKIOUYEHWIA), COAEPKALLMN HABOP MHCTPYKUNIM, KOTOpble A0/XKHbI ObITb
BbIMO/IHEHbI B 1I06OM CAyyae, HE3aBMCMMO OT CUTyalMM, BO3HMKAlOWEN B XOAE BbIMOJHEHUS
npuaoxenusa. Cneaywowmii npumep yaydwaeT paboTy npedplayweit nporpammbl, gobaBnsa B Hee
BO3MOKHOCTb 3aKpbITUS TEKCTOBOTO daiina:

from tkinter import *

root = Tk()

print ("Program started")

# BHemHwM OJiok try - except

try:
print ("Opening file...")
f = open("data.txt", "w")

# BIOXeHHHIM OJIOK try - except - else
try:

print ("writing to file...")

f.write("-——--- Hello World ----- ")
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 == ! '

root.mainloop ()

main

B KoHcTpykuusa with - as
OnucbiBaemMbllt paHee Noaxod K paboTe € UCKNIOYEHUAMM MOXKET MOKa3aTbCA C/AMWKOM C/I0MKHbIM, TaK
KaK KoA, KOTOpblii ero peanusyet, BbIrnaguT rpomosgkum (?). CneumanbHo ans storo caydas (gns
"ynpouleHna" Koda) B A3blKke python cyllecTByeT KOHCTpyKums with - as, KoTopaa nossonset
aBTOMaTM3MpPOBaTb HEKOTOpPble CTaHAapPTHble MeToAbl (Hanpumep, 3akpbiTe ¢aina) npu pabote ¢
COOTBETCTBYIOLLMMMN 06 bEKTaMU. ITO NO3BOAIAET COKPATUTL AJINHY KoAa:

#

from tkinter import *
root = Tk()
print ("Program started")

try:
print ("Opening file...")
# xoHcTpykumsa 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 ()

B [losib30BaTe/IbCKUE UCKJ/IIOYEHUS
Kak NnpaBuna0, B KOPPEKTHO HAaNMMCaHHOM MNPUNOKEeHWNN, UCKNKOYEeHNA aBTOMATUYE€CKU Bbi3blBAlOTCA B
HeobxogMmbIx cuTyaumsx. Mpu sTom B python cyLiecTByeT BO3MOXKHOCTb 3anyCcKaTb UX CAMOCTOATENbHO.
Ona storo B python npumensietca onepatop raise. Cregom 3a HUM 06bABAAETCA U CO3AAETCA HOBbIN
06beKT TMna Exception, c KOTOpbIM B AanbHeWWEM MOXHO paboTaTb NPU MOMOLLM YXKE WU3BECTHbIX
KOHCTPYKLMI try:...except:..., KaK B cieaytolem npumepe:

#

from tkinter import *
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root = Tk{()
print ("Program started")

try:
raise Exception('User Exception !'")
except Exception as e: # 5Ta KOHCTPYKLUMS [NO3BOJISET pacliedyaTaTb TeKCT
# uckioyeHMs (B IAaHHOM CJilydae
# Exception - 'User Exception !')
print (str(e))

print ("Program finished")

if name == "' main ':
root.mainloop ()

Y1066l ONMcaTb COBCTBEHHbINA (M0/b30BATENbCKMIA) TUM WUCKAKOYEHUA, HYKHO €O34aTb HOBbIN Kiacc,
yHac/sieaoBaHHbIN OT 6a3oBoro Tuna Exception. 3To No3BoO/IMT 3anycKaTb 0cobble BUAbI UCKAKOUYEHUI B
CUTyaumsx, Korga nosegeHne nonb3oBaTeNs He COOTBETCTBYET airOPUTMY NporpaMmbl. B KOHCTpyKTOpe
Exception yKasblBaeTcs TEKCT WCKAoYeHuA. [locne ToOro, Kak MWCKAoYeHWe cpabotano u 6biio
nepexsayeHo, ero MOXKHO NoJYYUTb C MOMOLLHO Str.

B cneayroouwem Koge npeactaBneH npouecc reHepaumm uckaoyveHus NegativeAge, Kotopoe He
No3BO/IAET BBECTM OTPULLATE/IbHbIV BO3PACT:

#

from tkinter import *

# oBBaBJIEHME [IOJIb30BATEJIECKOTO MCKJIIOUEHMS

class NegativeAge (Exception) :
pass

root = Tk{()

print ("Program started")

try:
age = int (input ("Tnter yor age: "))

# B clydae BBOIA HEKOPPEKTHOT'O 3HAUYEHUS age - TeHepalus
# MONBBOBATEJNIECKOT'O MCKJIIOUESHMS

if age < 0:

#

raise NegativeAge ("Exception: Negative age!")

#

else:

# ecny 3HaueHMe BBEIEHO MNPaBUJILHO - MNPUJIOXeHMre BaBepumaeT padoTy
print ("Success!")
except NegativeAge as e:
# B NPOTMBHOM CJiyuae MepexBaTHBAeTCs MUCKJoUeHue NegativeAge.
# Biok ero o6paboTku NpenyCMaTpUBAET pacledaTKy eTo TeKCTOBOTO
# nmpencrarsienusa ("Exception: Negative age!")
print (str(e))

print ("Program finished")
132



if name == ' main ':

root.mainloop ()

B Hepapxusa UCKIIOYEHUU
B s3blke nporpammupoBaHusa python cywectsyeT cTporad wuepapxua WCKAOYeHU. "BeplumHon"
AsnaeTca BaseException, BKAoOYatowmii B cebA Bce CyLLecTBYyOWME PAa3HOBUAHOCTU UCKIOUYEHWIA:

SystemExit — BO3HMKaET Npu BbIXOAE M3 NPOrPaMmbl C MOMOLLBIO Sys.exit;
Keyboardinterrupt — yka3sbiBaeT Ha npepblBaHME NPOrpaMmbl MoOb30BaTE/IEM;
GeneratorExit — noasnaerca npu Bbi3oBe metoaa close gna o6bekTta generator;
Exception — NnpeAcTaBAAET MHOMKECTBO 06bIUHbIX HECUCTEMHbIX UCKNHOUYEHWI.

B Kiacc Exception. HecrucTeMHBIe HCK/IIOYEHUS
B cnepytoweii Tabaunue npmuBegeHbl HECUCTEMHbIE UCK/IIOYEHNA, KOTOPbIE COAEPKUT Knacc Exception.

Ha3BaHue

ArithmeticError

AssertionError
AttributeError
BufferError
EOFError
ImportError
LookupError
MemoryError
NameError

NotlmplementedError

OSError

ReferenceError
RuntimeError

Stoplteration

OnucaHue

MopoxkaaeTtca apudpmeTndeckummn olwmnbkamm (onepaumm ¢ nnasatoLein
TOYKOM, NepenosiHeHNE YNC/I0BOM NepeMeHHON, ie/leHMe Ha HOb)

BO3HUKaET Npu NOXHOM BbipaXKeHUU B GyHKLUM assert

MosBnAeTcA B C/Iy4asx, KOrAa HY»KHbI aTpMbyT 06beKTa OTCYTCTBYET
YKa3blBaeT Ha HEBO3MOKHOCTb BbINO/IHEHUs BydepHOl onepaumm
MponasnseTca, Koraa GpyHKUMA He cMoraa npoYnTaTb KoHel, dpaiina
CoobulaeT o Heyaa4yHOM MMNopTe Moayna AMbo aTpubyTa
NHpopmMpyeT Npo HeAelCTBUTENbHbIA MHAEKC UK KoY B MaccuBe
Bo3HMKaeT B cMTyaLuK, Koraa AOCTYNHOW NamATU He40CTaTOYHO
YKa3bIBaeT Ha OWKBKY NpU NOMUCKE NepeMeHHOM C HYXKHbIM MMEHeM

MpeaynpexgaeT 0 TOM, 4YTO a6CTpaKTHbIe MeTOoAdbl KNlacCa AO0/TKHbI 6bITb
obAzaTenbHo nepeonpeageneHbl B K/1aCCax-HacieaHUKax

BkntoyaeT B cebs cucTeMHble OWMOKM (OTCYTCTBME AOCTYMA K HY>KHOMY
danny nnn anpektTopumn, Nnpobiembl C MTOMCKOM NPOLLECCOB)

MoporkaaeTcsa NONbITKOM A0CTyna K aTpubyTy co 'cnaboit' ccbinkom
Coobuaet 06 UCKNOYEHMN, KOTOPOE He KnaccubuumnpyeTtcs

Bo3HWKaeT BO Bpems BbINOJAHEHUA OYHKUMKM next npu  OTCYTCTBUM
3NeMeHToB
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SyntaxError
SystemError
TypeError
UnicodeError
ValueError

Warning

npe,ﬂ,CTaBﬂFlET coboit COBOKYMNMHOCTb CMHTAaKCHN4YECKUX owmnbok
nOpO)‘K,EI,aETCFI BHYTPEHHUMU OoWnBKaMM CUCTEMBI

YKa3blBaeT Ha TO, YTO onepauna He MOXKET 6bITb BbINO/IHEHA C 06bEKTOM
C006u.|,aeT o Hel'lpaBMﬂbHOle KOONpPOBKE CMMBOJI0B B Nporpamme
BoO3HMKaeT npu noay4eHUn HEKOPPEKTHOrO 3HAYeHUA JNA I'IepeMEHHOﬁ

O603HavaeT npeaynpexaeHue
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B MaruyeckKkue MeToO/bl
I3TOT pa3aen ocHoBaH Ha pykosoacTtse oT Rafe Kettler 1.17 Bepcun.

CopepkaHue pasgena:

BeeneHue

KoHcTpynpoBaHue 1 MHULMANM3aLma
MepeonpeneneHne onepaTopoB Ha NPOM3BOJIbHbIX KNaccax
Marunyeckme meToAbl CPaBHEHUSA

Yuncnosble MarMyeckmii MeToabl

MNpeacraBneHme CBOUX KNaccos

KoHTposb focTyna K aTpubytam

Co3paHue NpoM3BOAbHbIX NOCNEe0BaATE/IbHOCTEN
OTpakeHune

Bbi3blBaemble 06bEKTI

MeHeaxepbl KOHTEKCTa

Ab6CTpaKTHble 6a30Bble Knacchl

MNocTpoeHue aeckpnnTopos

KonuposaHue

Ncnonb3soBaHue moayna pickle Ha cBonx ob6beKTax

I'IpvmomeHme 1: Kak BbI3bIBaTb Marnyeckme metoabl

MpunoxeHue 2: UameHeHua B python 3

B BBegeHue
Maruuyeckme meToabl MPUMEHAIOTCA B 06 bEKTHO-OpMEHTUPOBAHHOM python. 3To cneumanbHble MeToapbl,
C MOMOLLBIO KOTOPbIX B KAACChl MOXHO A06aBUTb «Marunio». 3TO meToabl Bcerga obpamsieHbl ABYMSA
HUXHMMM NogyepKuBaHMAMM (Hanpumep, __init__wan __ It ).

MpeaynpeskaeHue: oHW NAOX0 AoKymeHTMpoBaHbl (!!1). To ecTb, OHM onucaHbl, HO BecnopagoYHO U
noytn 6e3 BCAKOI CUCTEMbI.

Moatomy, Rafe Kettler, 4To6bl MCNPaBUTL TO, YTO BOCMPUHUMETCA KaK HEAOCTATOK AOKYMeEHTauuu
python o mMmarnyeckux meTogax, MocTapanca nNpeacTaBuTb MNoApPo6HO, MOHATHO, C 60/bWKM
KO/INYEeCTBOM NPUMEPOB.

[ | KOHCTpYI/IpOBaHI/Ie N UHUIDHUA/IN3aludad MarutdyeCKux Metoao0B
Mpw co3aaHmMm 06bEKTa NPUMEHAETCA MarMyecknin MeTos,

__new__(cls, [...]) # (knacc, [cnncok napameTpos])

3TOT MeTOoZ, Bbi3bIBAaeTCA NEPBbIM NPU CO34AHUN N MHULMANN3AUMK 06beKTa. OH NPUHUMAET B KauyecTBe
napameTpoB Knacc M Ntobble Apyrue aprymMeHTbl, KOTOpble 3aTem OyayT nepenaHbl B UHUUMANM3ATOP
0b6bEeKTa — MarMyeckuin meton, _ init_ .

__New__ peaKo Mcnosib3yeTcsa, HO MHoraa 6biBaeT noJsieseH, B YaCTHOCTM, KOraa Kaacc HaciaemyeTca ot
HensmeHsaemoro (immutable) TMna, Takoro Kak KopTex (tuple) nam cTpoka.
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[danee Bbi3biBaeTcA 6a30Bblit Marn4yeckuit metod, _ init_ . 310 mMHUUManm3aTop. C ero NomoLlLblo
MHULMANM3IMPYIOTCA 06beKTbl. Mpu BbinonHeHUU onepatopa X = SomeClass([...]) ¢ nomouwbio meToaa
__new__ co3gaétca obbekT—npeactasutenbs SomeClass, KoTopblit Bbi3biBaeT __init  n nepenaér
apryMeHTbl, 3a/laHHble B KOHCTPYKTOPE, B MHULIMANM3ATOP.

__init__(self, [...]), HMumManusatop Knacca. Emy nepenaérca Bcé, ¢ Yem 6bln Bbi3BaH NepBOHaYa/IbHbIM
KOHCTPYKTOpP (Hanpumep, npu BbiNoAHEHUN onepaTopa X = SomeClass(10, 'foo'), HecTaTUueckMii meToz,
__init__ nonyyaeT B KayecTBe aprymeHToB 3HayeHuma 10 m 'foo'. _init_ Bcerga (noutn Bceraa)
NCNONb3YyeTcs Npu onpeaeneHnn o6 beKTOB - NpeacTaBUTeNel KNaccos.

Ha apyrom KoHLe *KM3HEHHOTO UMKNa 06bekTa Haxoautca meton _ del  (self).

Ecam _new_ m __init_ obpasyloT KOHCTpykTOop obbekTa, _ del 310 ero pgectpyktop. OH He
onpegenser noseaeHve ana BblparkeHuAa del x (nosTomy 3TOT Kog, He 3kBMBaseHTeH X._ del ().
CKopee, OH onpeaenseTt noseaeHne obbeKkTa B TO Bpems, Koraa ob6beKkT nonagaeT B cbOpLMK Mycopa

(1.

3T0 MOKeT bbiTb YA0OHO ANA 06BEKTOB, KOTOPbIE MOryT TPeboBaTb AOMNO/HUTE/IbHbBIX YACTOK BO BPeEMA
yOaneHus, Taknx Kak cokeTbl uau dainosbiBe 0bbekTbl. __del  Bcerga BbI3biBaeTCA MO 3aBepLUEHUU
paboTbl uHTepnpetatopa. OpHako _ del  He MOMET CAYMWUTb 3aMeHOl [A/ia  XOPOoLIMX
NPoOrpamMMUCTCKUX NPaKTUK (Bcerga 3aBepllaTb coeguHeHWe, ecn 06beKT 3aBeplna ¢ HAM paboTty u
ToMy nogobHoe).

Mpumep: __init__n__del__ B pelicteuu:

from os.path import join

class FileObject:

ObépTka mjsa GanmjoBOTO oOOBekTa, UYTOOH OBITH YBEPEHHEIM B TOM,
uTo Qany OyIeT 3aKPLIT NPpM yIaJIEHUM.

def  init (self, filepath='~', filename='s.txt'):
# orxpeiTe daryn filename B filepath B pexmme uTeHMs u 3anmucu
self.file = open(join(filepath, filename), 'r+'")

def del (self):
self.file.close ()
del self.file

def Go (path, name):
fo = FileObject (path, name)

if name ==' main_ ':
Go ('C:\PythonDrom\Texts 2022\~~~', 'sample.txt')

[ | Hepeonpeaeﬂeﬂne onepaTopoB Ha NPOU3BOJIBHBIX KJIACCaX
O4HO U3 NPEMMYLLECTB NPUMEHEHMA MarM4yecknx MeToAoB B python — 3To To, YTO OHM NPenoCTaBAAT
npoctoii (!!!) cnocob 3acTaBUTb 06BEKTLI BECTU cebA NOA0OHO BCTPOEHHbIM TUMam (Knaccam)).

3TO 03HayaeT, YTO MOXHO u3bexaTb nosedeHUA 6a30BbIX ONepPaTopPoB (YHbLIOFO, HENOrMYHOro M
HecTaHgapTHoro) (??7?).

B HeKOTOpbIX A3bIKaX 0bblyHOE sAiB/IeHME NUcaTb KaK-HM6y,CI,b TaK:

if instance.equals(other instance): # eciu o6beKT 3KBMBAJIEHTEH IPYyTOMY
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# 0OBEeKTY, TO ...
# do something

MO3KHO, KOHEeYHO, TaK e noctynatb M B python, HO 3TO A06aBnNAET NyTaHMLbl U HEHYXKHOM
MHOroc/n0BHOCTU (??7?). PasHble 6MB/MOTEKM MOryT MO pPasHOMY HasbiBaTb OOHWU U Te Ke onepauuu,
3aCTaBAASA UCNOJIb3YIOLWEro UX NPOrPaMmMUCTa coBepLlaTb bonblue AeACTBUIM, yemM HeobXoaANMO.

MpUMeHeHMe Marnyecknx MeTomoB MO3BOJAET ONPeaenTb HYXHbIM meTog (__eq__, B cieaytowem
npumepe), 1 Tak TOYHO BbIPa3UTb, YTO UMEIOCh B BUAY:

if instance == other instance:
#do something

970 04Ha U3 CUAbHbIX CTOPOH Marnyeckmx MeTog0B.

BONbLWMHCTBO M3 HUX MO3BOJIAKT OonpeaenuTb, YTo OyayT AenaTtb CTaHAAPTHbIE ONepaTopbl,Tak YTO
MOXHO MCMNOJIb30BaTb ONepaTopbl Ha CBOMX K/accax Tak, KakK ByATO OHU NpeacTaBAAlOT BCTPOEHHble
TUMbI.

B Maruueckue METO/Abl CDABHCHUA
B python MHOro marmyeckmx MeToAoB, CO34aHHbIX ANA onpeaeneHua MHTyutusHoro (!!!) cpaBHeHus
meay o6bekTaMm UCMOo/b3ys onepaTopbl, a He Heykatoxue (!!1) meToapi.

Kpome TOro, oHM npepocTaBAsloT cnocob nepeonpegenntb nosegeHue python no ymonyaHuo ansa
CpaBHeHMA 06bEKTOB (MO CCblIKe). BOT CMCOK 3TMX MarMyeckmx MeToA0B M YTO OHU AeNatoT:

B _ cmp_ (self, other) Cambiii 6a30Bbii M3 MeTOAOB cpaBHeHMA. OH, B AENCTBUTENbHOCTW,
onpeaenseT NnoBeAeHWe 4NA BCEX ONepaTopoB CpaBHeHUA (>, ==, =, UT4.), HO He Bcerga Tak, Kak
3TO HY)KHO. (Hampumep, ec/iiM 3KBUBAMIEHTHOCTb ABYX OOBLEKTOB onpeaensercd Mo OAHOMY
KPUTEPUIO, @ TO YTO OAMH HO/bLLE APYrOro NO KaKoMy-HUbYAb ApYyromy).

__CMp__ JONIXKEH BEepHYTb:
oTpuuaTenbHoe uyncno, ecau self < other,
Honb, ecnu self == other,

NonoXuTenbHoe Ymcno B ciydae self > other.

Ho, 06bluyHO, Nyywe onpeaenuTb KaxKAoe CpaBHEHMEe, KOTOpPOe HYXKHO, YeM OnpeaenaTb WUX BCex B
_cmp__. B 1O ke Bpemsa, __cmp__ MOXKeT bbiTb XOpowMM crnocobom u3bexkaTb MOBTOPEHWIA W
YBE/IMUYNTb ACHOCTb, KOTAa BCe HEOHXOAMMbIE CPAaBHEHMSA ONEePePUPYIOT OAHUM KpUTEpMeEM.

__eq__(self, other) OnpenensieT noBeaeHne onepaTopa paBeHCTBa, ==.
__ne__(self, other) OnpeaensieT noseaeHne onepatopa HepaBeHCTBa, !=.
__It__(self, other) Onpegenser noBegeHMe onepaTopa MeHbLUE, <.

__ gt (self, other) Onpenenset noBeaeHue onepatopa boblie, >.

__le__(self, other) OnpeaenseTt noseaeHMe onepaTopa MeHbLUE AW PABHO, <=.
__ge__(self, other) Onpegennet nosegeHme onepatopa 6osblUe UM PABHO, >=.

137



Ona npumepa - Knacc, onucbiBatowmii c1oBo. MOXKHO CpaBHMBATb C/10Ba JieKCUKorpadpuyeckn (no
andasuTy), 4To ABAAETCA NOBEAEHWEM, 3aZ4aHHBIM MO YMOMYAHUIO NMPU CPABHEHUN CTPOK, HO MOXKHO
MUCNO/Ib30BaTb MPWU CPAaBHEHUW KAKOM-HUOYAb APYrON KpUTEPUN, Hanpumep, OJAUHA WUAN KONMYEeCTBO
CNoroB. B aToM npumepe peannsoBaHo cpaBHEHME MO AMHe. BOT BO3MOXKHasA peannsaums:

class Word(str) :

'''"Kimacc misa CJI0B, ONPEenesdanuMi CPpaBHEHMEe IO OJMHE CJOoB.'''

def new_ (cls, word):

# Hamo MCHoJIb30BAaTH new , TakK Kak Tun str HeusMeHSIeMBN

# u OH HoJxeH OBTb MHMLUMAJIM3MPOBAH pPaHblle (IPY CO3OaHUN)

if ' ' in word:
print "Value contains spaces. Truncating to first space."
word = word[:word.index (' ')] # Tenepbr Word 5TO BCE CHMMBOJIH IO

# nepBoro npobena
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)

# Temepb MOXHO co3maTb nBa oBwekTa Word (Hanpumep, Word('foo') m Word('bar'))
# u cpaBHMTH MX. BaxHo, WTO __eq ¥ _ ne _ He OIpenensdwnTcsHd,

# Tak Kak ®TO NPUBENET K CTPAHHOMY IIOBEIEHMIO

# (HanpumMep, Word('foo') == Word('bar') OymeT pacuLUeHMBATHLCS KakK MCTUHA) .

# B »TOM HeT CMuCJIa NPY TECTUPOBAHMM Ha SKBMBAJIEHTHOCTH.

# [losTOMy OCTaBJIAETCH CTaHIOapTHaA INPOBEpPKa Ha 3SKBMBAJIEHTHOCTB OT str.

def Do (wordl, word2):
print (Word(wordl) == Word (word2))
print (Word (wordl) != Word (word?2))

if name ==' main_ ':
Do('gold', 'sand')
Do('gold', 'gold'")

Tenepb MOXKHO c034aTb ABa 06bekTa Word (Hanpumep, Word('foo') u Word('bar')) n cpaBHuUTb mx.

BaXHO, UTO __eq__ M __ne__ He oNpeaenatoTcs, TaK Kak 3TO NpuBeAET K CTPaHHOMY NoBeAeHUIo
(Hanpumep, Word('foo') == Word('bar') 6ygeTt pacLueHMBaTbCA KaK UCTMHA).

B 3TOM HeT cmbiCiia nNpu TeCTUPOBAHWUM HA 3SKBMBAMEHTHOCTb. [103TOMY OCTaBAAeTCA CTaHOAPTHaA
NnpoBepKa Ha 3KBMBAJIEHTHOCTb OT Str.

Y106bl NONHOCTBIO OXBaTUTb BCe cpaBHeHUA, HE HYXHO onpeaenatb Kaxabih U3 MarM4yecknx metonos
CpaBHEHMUA.

CraHaapTHas 6ubnnoTeka npeaocTaBaseT Knacc-geKktopatop B moayne functools, KoTopblii onpegenset
BCE CpaBHMBaloWMe mMeToabl. JOCTaToOYHO ONpeaenTb TONbKO MeToAbl __eq_ W ewé oguH (gt
_ It nT.n)(???)

9Ta BO3MOXHOCTb AO0CTYyNHa Ha4nHaA C 2.7 Bepcun python M NO3BONIAET COIKOHOMUTb BpEMA U YCUNTNUA.
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Ona Toro, yTobbl 3a4eicTBOBATL 3Ty 6MBANOTEKY, HAaA0 Pa3MecTUTb AekopaTtop @total ordering Hapg
onpeaeneHnem Knacca. Kak-To Tak:

from functools import total ordering
@total ordering

B Co3JaHUMe HeAOCTAIIMX METOA0B CpAdBHEHHA II0JIb30BaATE/IbCKOI'O

KJiacca
3agava co34aHMA HeAOoCTaloWMX METOAO0B CpaBHEHWA npegnonaraeT MNpMMEHeHWe JeKopaTopa
@total_ordering.

CuHTaKeuc:

from functools import total ordering
@total ordering
class UserObject:

MNapameTpobl:

Her.

Bo3Bpaljaemoe 3Ha4yeHume:

[obasnaeT B N0/Ib30BaTE/IbCKUI K/1aCC HEAOCTAlOWIME METO/bl CPaBHEHUA.

OnucaHue:

[eKopaTtop Knacca @total_ordering moayns functools o6opaumBaeT Knacc, KOTopbIit onpeaensaeT oguH
WM HECKONIbKO MEeTOZ0B CpaBHEHUA U A00aBAsAeT oCTaflbHble MeToAbl CpaBHeHUA. Takoe noBeaeHue
JeKopaTopa ynpowaeT YCUAMA NO ONpefesieHUI0 BCEeX BO3MOXHbIX OMnepauuii paclMpeHHOoro
CpaBHEHMUSA.

Knacc ponkeH npepoctaensatb metod _ ed_ (). M oamH u3 metogos It (), _le (), gt () nau
_8ge_ ().

m IIpumeuyaHwue.
XoTA 3TOT AeKkopaTop No3BOAAET CO34aBaTbh XOPOLLO yNpasasemble U MOAHOCTbIO YNOpAAOYEHHbIE TUMbI,
3TO MPOMCXOAMUT 3a cyeT bosnee MeA/leHHOro BbINOMIHEHMA U 6o/ee CN0XHbIX TPACCMPOBOK CTeKa AA
Npon3BOAHbIX METOA0B CpaBHeHUA. Ecnn aHanms npons3BoaUTENbHOCTM NOKa3biBAEeT, YTO 3TO ABNAETCA
Y3KMM MeCTOM /1 J@aHHOTO NPU/IOXKEHNA, OTKa3 OT NPMMeHeHUa AekopaTtopa @total_ordering moayns
functools n peannsauua Bcex LWeCTM METOA0B CpaBHEHUA obecneynT NoBbILLEHNE CKOPOCTY.

Mpumep ncnonb30BaHUA:

from functools import total ordering
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@total ordering
class Student:

def  init (self, full name):
names = full name.split()
self.firstname = names[0]
self.lastname = names|[1]

# hasattr pomBepserT Hamuume aTpudbyra OOBEKTA.

=+

CuHTaAKCHUC::
# hasattr (object, name)

# TapameTpn:
# object - 0BOBEKT, B KOTOPOM HYXHO MNPOBEPUTL CyLECTBOBaHME aTpubyTa name,
# name - ¥Ma TpPOBEPAEMOTO aTpubyTa.

# BoszBpamaeMoe 3HaUeHME:
# bool - True, ecnu aTpubyT C MMEHEM name CylecTByeT, uHaue False.

# OnucanHwue:

# oyHkuusa hasattr () npoBepseT cymecTBOBaHMEe aTpubyTa C MMEHEeM name B
obrexkTe object.

# BosBpamaeT True, ecnu aTpubyT C MMEHEM hame CcylmecTByeT, MHaue False.

# Peanmsauma oyHkumsa hasattr () ocHOBHBaeTCs Ha BHIBOBe oGyHKUMM getattr ()

# c nocrnemynomey MNPOBEPKOM Ha NPEeIMET OPOWEHHOTO e MCKJIIOYeHMS
AttributeError.

def is valid operand(self, other):

return (hasattr (other, "lastname") and
hasattr (other, "firstname"))

def eq (self, other):
print(f' eq  is here!')
if not self. is valid operand(other):
return NotImplemented
return ((self.lastname.lower (), self.firstname.lower()) ==

(other.lastname.lower (), other.firstname.lower()))

def 1t (self, other):
print(f' eg is here!')
if not self. is valid operand(other):
return NotImplemented
return ((self.lastname.lower (), self.firstname.lower()) <
(other.lastname.lower (), other.firstname.lower()))

def DolIt (names) :

stud0 = Student (names[0])
studl = Student (names[1])
print (stud0 == studl)
if  name ==' main_ ':
DoIt(['john kennedy', 'lindon jonson'])

B YucijoBble Marudyeckue METOoAbl
TOYHO TaK e MOXKHO onpeaesintb, Kakmm 06pa30M 06BbEeKTbI 6yAYT CpaBHMBATbCA ONnepaTtopamu
CpaBHEHMA.
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MoKHO onpeaennTb Ux NoBegeHue s YNCOBbIX ONepaTopos. Mx mMHoro. Jas ny4dwen opraHm3aumum
YMC/IOBbIE MarMyeckne MeToabl pasgeneHbl Ha 5 KaTeropuii:

yHapHble onepaTopbl,

06bluHble apudMeTUYECKNE OnepaTopbl,

OTpaXéHHble apudpmeTnyeckue onepatopbl (NoApPo6HOCTHN NO3XKe),
COCTaBHble NpUcBanBaHus,

npeobpasoBaHWA TUMOB.

B YHapHbIe onepaTopbl U QYHKIUU
YHapHble onepaTopbl U GYHKLUMN MMEIOT TO/IbKO OAMH OnepaHa — oTpuuaHue, abconoTHOe 3HaYeHune, U
TaK ganee.

m _ pos_ (self)

OnpepenaeT noBeAeHUe ANa yHapHOro natoca (+some_object)

B _ neg_(self)

OnpegaenseT nosegeHune ana oTpuuaHus(-some_object)

B _ abs_ (self)

OnpegensaeT noBegeHue ana BCTpoeHHoW ¢yHKumu abs().

B invert__(self)

Onpegenset nosefeHMe ANA MHBEPTMPOBaHMA onepaTopom ~. [1n1a 06bACHEHMA YTO OH AeNaeT CMOTPU
CTaTbio B BuKMneamnmn o 6uHapHbIX onepaTtopax.

m _ round_ (self, n)

OnpeaenaeT nosegeHWe AN BCTPOEHHOW ¢GyHKUMM round(). n 3TO YMCNO 3HAKOB Mocae 3anAaToi, Ao
KOTOPOro OKPYrAUTb.

m _ floor_ (self)

Onpegaensaet nosegeHune ana math.floor(), To ectb, oOKpyrneHma go 6anKaliero MeHbLUEro Leaoro.

B _ ceil__(self)
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Onpepensaet noseaeHue ana math.ceil(), To ectb, oKpyrneHus Ao bamxKaniuero 60abLUEro Lenoro.

Hm _ trunc_ (self)

Onpeaensaet nosegeHune ana math.trunc(), To ectb, 06pesaHunsa ao uenoro.

B OGbIuHbIEe apuPMeTHYECKHE ONepaTOPbl
Tenepb - onucaHne o0bbiuHbIX GMHaAPHbIX onepaTopos (M eweé napy GyHKUM): +, -, * 1 noxoskue. OHU, Mo
60blUel YacTW, XOPOLLO OMUCHIBAIOT Camu cebs.

Hm _ add__ (self, other)

Cnoxkenue.

Hm _ sub__ (self, other)

BbluntaHume.

B mul_ (self, other)

YMHOXeHue.

m _ floordiv__ (self, other)

LlenouncneHHoe aeneHue, onepatop //.

m _ div__(self, other)

HeneHne, onepatop /.

B truediv__(self, other)

MpaBuabHoe geneHne. 3aMeTbTe, YTO 3TO paboTaeT ToNbKo Korga ucnonbsyetca from _ future_ import
division.

B _ mod__ (self, other)

OcTaToK oT aenenuna, onepatop %.

m _ divmod__ (self, other)

OnpepenseT noBegeHne gns BCTpoeHHoW ¢yHKumm divmod().
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B _ pow__

Bo3BeaeHue B cTeneHb, onepaTtop **.

m _ Ishift_ (self, other)

[BOWYHBIN cABUr BNEBO, onepaTop <<.

B _ rshift_ (self, other)

JBOWYHbIN caBur BNpaBo, onepaTop >>.

B __and__(self, other)

[sounyHoe U, onepatop &.

Hm _ or__ (self, other)

OsounuHoe WU/IN, onepaTop |.

B _ xor__ (self, other)

[BonyHbIi xor, onepaTop .

B OTpaxéHHble apuPpMeTHUYECKHE ONePaTOPhI
OnpepeneHve NOHATUA OTPAXKEHHON apUPMETUKM MOXKHO HayaTb C NPOCTOro (??7?) npumepa:

some_object + other

3T0 «0bbluHOE» C/OXKEHMe. EAMHCTBEHHOE, YEM OT/IMYAETCA SKBUBAJIEHTHOE OTPaXKEHHOE BbipaXKeHue,
3TO NOPAJOK CNaraemblx:

other + some_object

Takum obpasom, BCe 3TM MarnMyeckMe MeToapbl AENatoT TO Ke CaMoe, YTO U UX 0bblYHble Bepcuu, 3a
WUCKIIOYEHMEM BbINOJIHEHWA onepaunn ¢ other B KauecTBe nepBoro onepaHaa u self B KauecTse BTOpOro.
B 60o/bLUMHCTBE C/y4aeB, Pe3y/ibTaT OTPAXKEHHOWN OMepaLun TaKoM e, Kak €€ 0ObIYHbIN 3KBUBANEHT,
nostomy npu onpeaeneHnn _ radd__ MOXKHO orpaHMumMTbCA Bbi3oBOM __add 1 BCE...
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BakHO, UTO 0B6BEKT cneBa oT onepaTopa (other B npumepe) He AoNKEH UMETb 0B6bIMHOM HEOTPaXKEHHOM
BepcUKM 3Toro metoaa. B atom npumepe, some_object.  radd__ 6yaeT Bbi3BaH TO/IbKO ecin B other He
onpeaenéH _add

Hm _ radd__ (self, other)

OTpaKEHHOE CNoXKEHMUE.

B _ rsub__ (self, other)

OTpaKéHHOe BbluMTaHMeE.

B rmul__(self, other)

OTpaKéHHOEe YMHOXKeHue.

m _ rfloordiv__ (self, other)

OTpaxéHHoe LiesoYncieHHoe aeneHune, onepartop //.

m _ rdiv__(self, other)

OTpaxéHHoe aeneHue, onepaTtop /.

B rtruediv__(self, other)
OTpaxéHHoe npasuabHoe aeseHne. OHo paboTaeT TONbKO KOrAa UCMoJib3yeTca Moay b

from _ future__ import division.

m _ rmod__ (self, other)

OTparKEHHbIN OCTATOK OT fiesieHus, onepatop %.

m _ rdivmod__(self, other)

OnpepensaeT noseaeHue ana sctpoeHHon ¢dyHKmM divmod(), Korga BbisbiBaetca divmod(other, self).

B rpow__

OTparkéHHOe BO3BeAEHME B CTENEPb, onepaTtop **,

B rlshift_ (self, other)
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OTpa*KEHHbI ABOUYHbIM CABUT BAEBO, ONEpaTop <<.

B rrshift_ (self, other)

OTparKEHHbIN ABOUYHbIN CABUT BNPABO, onepartop >>.

B _ rand__(self, other)

OTtpaxkéHHoe aBonyHoe U, onepaTtop &.

m _ ror__ (self, other)

OtpaxkéHHoe asouyHoe WUJIU, onepatop |.

B _ rxor__ (self, other)

OTpakE€HHbI ABOUYHBIN XOr, onepaTop .

[ | COCTaBHOEﬂpHCBaHBaHHe
B python Tak:e npeactaBieHbl M MarMyeckme MeToabl OAA COCTaBHOro npuceBauBaHuA. CocTaBHoe
NpMcBanBaHu, 3To KOMBMHaLMA «0BbIYHOrO» onepaTopa U NpUcBanMBaHuA. BoT npumep:

x =5
x += 1 # mpyrmMm cjoBaMu x = x + 1

Kakabli U3 3TUX MeTOA4O0B AO0/KEeH BO3BpalLlaTb 3HAYeHMe, KoTopoe 6yAeT NpMCBOEHO MepemMeHHOW
cnesa (Hanpumep, ana a+=b, __iadd__ posxkeH BepHyTb a + b, 4To ByaeT npucBoeHo a). BOT cnncok:

B _ iadd_ (self, other)

CnoxeHue c npucBanBaHUEM.

B __isub__(self, other)

BblumMTaHWe C npuUcBaMBaHMeEM.

B imul__ (self, other)

YMHOXeHune ¢ npuceaMBaHUeEM.

m _ ifloordiv__(self, other)
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LlenouncneHHoe aeneHue c npucsavMsaHmem, ornepaTop //=.

m _ idiv_ (self, other)

[eneHune c npuceansaHuem, onepatop /=.

W _ itruediv__(self, other)

I'IpanmbHoe AeneHne Cc npucBamMBaHmnem. PaboTaeT To/IbKO ecnu MMMOPTUPYETCA MOAY/1b

from _ future__ import division.

B _ imod_(self, other)

OcTaToK oT aeneHmsa ¢ npuceanBaHMEM, onepaTtop %=.

B _ ipow__

BosBegeHue B cTenepb C NpuUcBanBaHnem, onepatop **=,

m __ilshift__(self, other)

[BOWYHBII CABUI BNEBO C MPUCBAMBaHNEM, OnepaTop <<=.

m _ _irshift__(self, other)

[BOWYHBIN cABUT BNPABO C NPUCBanUBaHMEM, OonepaTop >>=,

B _ iand_ (self, other)

[BonyHoe U ¢ npncsamBaHuem, onepaTtop &=.

__ior__(self, other)

B [souyHoe WUJIN c npucsansaHmem, onepaTop |=.

B ixor__(self, other)

[BOWYHBIN XOr C NpUcBanBaHMem, onepaTop "=
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B Maruueckue MeTOAbl Hp606p330BaHI/IH THUIIOB
Kpome Toro, B python MHOMKecTBO Marvyeckux MeTOoA0B, MpedHasHa4YeHHbIX A0 OonpeaenHun
noseaeHuna AN BCTPOEHHbIX GYHKLMIM Npeobpa3oBaHna TMMNOB, Takmx Kak float(). BoT oHu:

H _ int_ (self)

MNpeobpasoBaHue TMNA B int.

m _ long_ (self)

MNpeobpasoBaHue TUnNa B long.

m _ float__(self)

MNpeobpasosaHue T1na B float.

m _ complex_ (self)

I'Ipeo6pasoBaHme ThNa B KOMNJIEKCHOE 4YHCno.

H _ oct (self)

MpeobpasosaHue TMNa B BOCbMEPUYHOE YMCAO.

B _ hex_ (self)

I'Ipeo6pa3OBaHl4e Thna B WecCTHaaguaTupmnuyHoe 4ncno.

Hm _ index__ (self)

MpeobpasoBaHuMe TUNa K int, KOoraa 06bEKT MCNONb3YyeTCA B cpe3ax (BblparkeHuaA Buaa [start:stop:step]).
Ecnv onpegensetca cobCTBEHHbIN YNCNOBbIA TUM, KOTOPbIN MOYKET MCMOAb30BaTbCA Kak MHAEKC CMUCKa,
HY}KHO onpeaennTb __index__.

Hm _ trunc__ (self)

Bbi3biBaeTca npu math.trunc(self). JonxkeH BepHyTb CBOE 3HauyeHWe, obpesaHHOe A0 LenoYUCNeHHOro
Tmna (o6blvHO long).

WM _ coerce__ (self, other)

MeTopa ans peanusauum apudmMeTUKM € onepaHaammn pasHbIX TUNOB. __coerce__ AONXeH BepHyTb None
ecnm npeobpasoBaHue TUMNOB HEBO3MOMKHO. Eciiv npeobpasoBaHMe BO3MOMKHO, OH A0/IKEH BEpHYTb
napy (Koptex uns 2-x anemeHTos) 13 self n other, npeobpasosaHHble K 0AHOMY TUMNY.
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[ | Hpe,Z[CTaBJIeHI/Ie COOCTBEHHBIX KJIaCCOB
Yacto 6biBaeT MonesHo NpeacTaBfeHMe Knacca B BuAe CTPOKW. B python cyliecTByeT Heckonbko
METOZ0B, KOTOpble MOMHO OnpeaenvTb AN HACTPOMKM MOBeAEeHUA BCTPOEHHbIX GYHKUMI Mpu
npeacTaBAeHUMN onpeaensemoro Kaacca.

m _ str_ (self)

Onpepensaet nosegeHue GyHKUMM str(), BbI3BaHHOM AN 06beKTa cobCTBEHHOrO Kaacca.

m _ repr_ (self)

OnpepensaeT nosefeHne ¢yHKUUKU repr(), Bbi3biBaHHOW AnA obbeKkTa cobcTBeHHOro Knacca. MnasHoe
oTnnume ot str() B uenesoi ayautopun. repr() 6onblle npeagHasHayeH ANA  MaWWHHO-
OpUEeHTUPOBaHHOro BbiBoda (6onee Toro, aTo 4acto AOJIKeH ObiTb BanuAHbIA Koa Ha python), a str()
npeaHasHavyeH 418 YTeHUA NI0AbMMU.

B _ unicode__ (self)

Onpepensetr nosegeHuve ¢yHKUMKM unicode(), Bbi3biBaHHOM AnA obbekTa cOBCTBEHHOro Kaacca.
unicode() Nnoxo Ha str(), Ho BO3BpaLLAeT CTPOKY B toHMKoAe. C 3TUM METOL0M HaZOo ObITb OCTOPOXKHbIM:
€C/IN KNNEHT BbI3biBaeT str() Ha 06beKkTe cO6CTBEHHOrO Kacca, a bbin onpeaenéH Tonbko __unicode (),
TO 3TO He byaeT paboTtaTtb. MenatenbHo Bcerga onpeaenatb _ str () Ana cnyyasa, Korga KTo-To He
MMeeT TaKoW POCKOLLK KaK IOHUKOA,

m _ format__ (self, formatstr)

OnpegenseT nosefeHne, Koraa o6beKT COBCTBEHHOro Knacca Mcnosb3yetca npu GopmaTUpPOBaHMM
CTPOK HoBoro ctuna. Hanpumep, "Hello, {0:abc}!".format(a) npusenér k Bbizosy a._ format__ ("abc").
370 mosKeT 6bITb MONE3HO ANa onpeaeneHna COB6CTBEHHbIX YMCIOBbIX MW CTPOKOBbLIX TUMOB, KOTOPbIM
MOXHO ByaeT NpeaocTaBuTb Kakne-H1byab cneumnanbHble onumumM GopmaTMpoBaHmA.

B _ hash__ (self)

Onpepenset noseaeHue ¢yHKUMM hash(), BbI3bIBaHHOW AnA 0bbekTa cobcTBeHHOro Knacca. Metog,
[O/MKEH BO3BpaLLATb LENOYMC/IEHHOE 3HayeHue, KoTopoe Oyaer ucnonb3oBaTbca gas 6bicTporo
CpaBHEHUSA Kalouel B cioBapax. B Takom ciydae ob6blYHO TaKKe HYXXHO onpeaenaTb U __eq_ . 34ecb
OencTeyeT creaytollee npasuao: a == b npeanonaraeaet hash(a) == hash(b).

B _ nonzero__(self)

Onpepenset nosegeHne metoga bool(), Bbi3BaHHOro Ana 06beKTa COBCTBEHHOro Knacca. [onxeH
BepHyTb True unu False, B 3aBUCMMOCTU OT TOrO, KOraa 06beKT byaeT cuMTaTbCAa COOTBETCTBYIOWMM True
unu False.
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m _ dir_ (self)

Onpegenset nosegeHne metoga dir(), Bbi3BaHHOro s o6bekTa cobCTBEHHOro Kaacca. ITOT MeToA
[0J1)KEeH BO3BpaLlaTh CNMCOK aTpnbyTos. ObbIYHO, onpedeneHne  dir__ He TpebyeTcsi, HO MOXKeT bbITb
BaXXHO AN MHTEPAKTUBHOIO MCNOAb30BaHMA COOCTBEHHOrO Knacca, ecn nepeonpenenstoTcs MeToabl
__getattr__ nan __ getattribute_ (KoTopble onucaHbl B cieayiolLleid YacTn), UAU KakumM-nMbo apyrum
06pasom AMHaMUYECKM CO34at0TCA aTpUBYThI.

B sizeof (self)

OnpepgenseT noseaeHue ¢yHKUMU sys.getsizeof(), BbiI3BaHHOro g/na 06beKkTa cObBCTBEHHOro Knacca.
MeToa, Ao/mKeH BepHyTb pasmep obbekTa B 6aiTax. OH raBHbIM 06pa3om noneseH A/s K/accos,
onpegenéHHblX B pacwmpeHmnax Ha C, Ho BCE-paBHO NOJIE3HO O HEM 3HaATb.

B KoHTpoJb AOCTyna K aTpUudyTamM
OpaHol n3 ocobeHHOCTEN fA3bika pynhon B oTAnuYMe OT APYrUX A3bIKOB MPOrpamMmMMUPOBaHUS, SBASETCA
OTCYTCTBME HACTOALLEN MHKANCYAALMM ANA Knaccos (Hanpumep, HeT cnocoba onpeaenntb NpuBaTHble
aTpubyTbl ¢ Ny6AMYHBIMM MeTogamKu aocTyna). OgHaKo 3TO He COBCEM MpaBaa: MPOCTO MHOTUE BeLuy,
CBA3aHHblEe C MWHKancynsuumeln, pynhon peanusyeT uyepes «marvio», a He C MNOMOLLBbIO ABHbIX
MOANPUKATOPOB A4NA MeToA0B U nonei. Hanpumep, meTtop,

B _ getattr_ (self, name)

MoKHO onpeaennTb ero NnoBeaeHe Aaa cay4das, Korga nosb3oBaTtesb NbiTaeTca o0bpaTuTbea K aTpubyTy,
KOTOpbI (coBceM WAM MNOKa ewg) He cyllecTByeT. ITO MOMKET 6biTb NONe3HbIM ANnA nepexsaTta U
nepeHanpasieHNsa onevyaTok, npeaynpexaeHns o6 WCNoAb30BaHUKM YCTapeBLUMX aTpPubyToB (npu
KeNaHUN MOXKHO BCE PaBHO BbIYNC/ANUTb U BEPHYTb 3TOT aTpMbYT), UAK B Caydyae HEOBXOAMMOCTN XUTPO
Bo3BpaluaTb AttributeError. NMpasaga, 3TOT MmeTo, BbI3bIBAETCS TO/IbKO KOrAa MbITaloTCA NOAYy4YUTb AOCTYN
K HecyuwlecTBytoLemy aTpmbyTy, MO3TOMY 3TO HE OYEHb XOPOLLEE PELLUEHME A8 UHKAMNCYAALUN.

W _ setattr_ (self, name, value)

B otamummn ot __getattr , _ setattr__ npeactasnfer peweHune AnAa MHKaNCynAumMu. 3TOT MeETO,
Nno3BoONsAET OnpeaenvTb MNOBeAeHWe ANA MNPUCBOEHMA 3HayeHua aTtpubyTy, He3aBUCMMO OT TOro
cyuiectsyeT aTpubyT unam HeT. To ecTb, MOXKHO onpeaenuTb Ntobble NnpaBuna AN NO6bIX U3MEHEHUI
3HayeHuUs aTpubyToB. Bnpoyem, Hago ObiITb OCTOPOXMHLIM C TeMm, KakK Mcnonb3oBaTb __ setattr
(npumep Hexopollero cay4yas NPUBOAUTCA B KOHLLE 3TOrO CNMCKa).

H _ delattr

3To To e, YTo M __setattr__, HO Ans ypaneHus aTpubyToB, BMECTO YCTAaHOBKM 3HAuyeHWW. 3aecb
TpebyloTca Te Ke Mepbl NPefoCTOPOXKHOCTM, Y4TO M B __setattr  uyTo6bl M3bexkaTb 6HecKoHeuHoW
pekypcum (Bbi3os del self.name B onpegeneHnn _ delattr  BbI3oBeT 6ECKOHEUYHYIO pEKYpCHIO).

B _ getattribute_ (self, name)
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__getattribute_ BbirnsauT K mecty cpeam metogoB _ setattr  wm _ delattr , HO Bcé paBHO He
peKomMeHAyeTCca ero Ucnosb3osaTh. _ getattribute MoXKeT MCNONb30BaTbCA TONBKO C KNaccamm HOBOTO
TMna (B HOBbIX BepcuAx python Bce Kaaccbl HOBOrO TUMNA, @ B CTAapPbIX BEPCUAX MOMKHO MOYYUTb TaKoM
Knacc yHacnenosaslumcb oT object). 3TOT meToA nNo3BONAET Onpeae/UTb MOBEAEHME ANA KaykAoro
cnydyas AocTyna K aTpmbytam (a He TOMbKO K HecyllecTBYHOLIMM, Kak _ getattr  (self, name)). OH
CTpajaeT OT TaKuX Ke npobaem c 6eCKOHEeUYHOW peKypcuei, Kak U ero Koanern (Ha 3ToT pa3 MOXKHO
Bbi3blBaTb __getattribute_ y 6a3oBoro Knacca, 4Tobbl UX nNpeaoTBpaTuTb). OH, TaK Ke, NaBHbIM
obpa3om ycTpaHseT HeobxoammocTb B _ getattr , KoTopbi B c/iydyae peanusauum _ getattribute
MOMeT b6bITb Bbl3BaH TO/IbKO ABHbIM 06pa3omM UAKW B Caydae reHepaumu UcKodeHus AttributeError.
KOHEYHO MOXKHO MCMO/b30BaTb 3TOT METOA, HO yylle 3TOro He AeNaTb, NOTOMY YTO C/y4yaes, KOraa OH
OeACTBUTEeNbHO None3eH o4yeHb Mano (HaMHOToO peXke HyXHOo nepeonpegenaTtb nosedeHue Mpu
NnoJiyd4eHnM, a He NPU YCTaHOBKE 3HaYEeHUsA) U peann3oBaTb ero 6e3 BO3MOXKHbIX OLUIMBOK OYEHb C/I0XKHO.

OueHb JNlerKO MOXKHO Mony4yuTb npobniemy npu onpeaeneHuM noboro metoda, YNpaBAAOLLErO
AoCTynom K atpnbytam. Hanpumep:

def  setattr (self, name, value):
self.name = value
# 2TO pekypcmMsa, TakK KakK BCHKUM pasz, kKorma JmoboMmy aTpubyTy
# mpucBauBaeTCcs 3HauyeHME, BHBHBAETCH __setattr_ ().
# To ecTh, Ha caMoOM JHejle 3TO paBHO3HauHO self. setattr ('name', value).
# Tax kak MeTOI BHBEIBAeT caMm cebs, pekypcus NPOOOJIXUMTCS OECKOHEUHO,
# moxka BCEé He ymnamér
def  setattr (self, name, value):
self. dict [name] = value # npuceaupaHmMe B CJIOBapb II€PEeMeHHHX KJjacca

# ajJiplie ornpenejieHMe IMMPOM3BOJIBHOT'O TIOBEOEHMA

Mouwb Marmyeckmx meTogoB B python Benuka, a ¢ 6onbwoi cunon npuxoguT w  6Bonbluas
OTBETCTBEHHOCTb. BasKHO 3HaTb, Kak NPaBUbHO MCNONb30BaTb MarMyeckme MeToabl, HUYEro He omas.

WUTaKk, u4To wu3BecTHO 06 ynpaBiAeHUWM A[OCTYNOM K aTpubyTam? WX He HYKHO MCMo/ab30BaTb
NIErKOMbIC/IEHHO. Ha camom fene, OHM MMEHT CKAOHHOCTb K Ype3MepHOM MOLWM M HEMOrMUYHOCTY.
MpWYMHA, MO KOTOPOK OHM BCE-TAKM CYLLECTBYIOT, B YZBOJIETBOPEHUMN ONpPeAeNEHHOrO KeaaHua: python
CK/IOHEeH He 3anpeLaTtb MAOXMe LUTYKM MOJSIHOCTbIO, @ TONbKO YC/NOMHATL UX UcMob3oBaHWe. CBobosa
npesbllle BCero, mosToMy NnosToMy MOXKHO fie1aTb BCE 6e3 orpaHuYeHni.

Janblie npymep UCNONb30BAaHMA METOAOB KOHTPOAA AOCTyNa (Npu 3TOM MCMoAb3yeTca GyHKUMA Super,
TaK KaK He BCe K/aaccbl umetoT aTpmbyT __ dict_):

B ®Pynkunusa super() B python: gocTyn K yHac/ie40BaHHbBIM MeTOAaM
(https://docs-python.ru/tutorial/)

ObecneumBaeT AOCTYN K OPUTMHAAM Hac/eA0BaHHbIX METOA0B.

CuHTaKcuc:

super(type, object-or-type)

MNapameTpol:

type - Heob6s3aTeNbHO, TUM, OT KOTOPOro HaYMHAETCA NOUCK 06beKTa-NocpesHMKa

object-or-type - HeobasaTenbHO, TMN WAM OBBLEKT, onpegenseT MOPALOK paspelleHus meToda ANs
rnoucka

Bo3Bpaljaemoe 3Ha4eHume:
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06bEeKT-NOCPEAHMK, AENErNPYIOLLINIM BbI30OBbI METOA0B POAUTENIO UK cobpaTy Kiacca.
OnucaHue:

®yHKUMA  super(), Bo3BpawaeT OOBLEKT-MOCPEHUK, KOTOPbIM AenerMpyetr Bbi30Bbl  METOAA
POAUTENBCKOMY MW POACTBEHHOMY KNaccy, YKasaHHOro type Tuna. ITo MonesHo Aasa [octyna K
yHacneL0BaHHbIM METOAAM, KOTOpble BblM NepeonpeaeieHbl B Knacce.

B object-or-type - npumeHeHue
object-or-type onpegenseTr NopAAOK paspelleHns meToda _ mro__ AnA NOUcKa. Mouck HaumHaeTca ¢
Knacca, cpasy nocne ykasaHHoro tuna. Hanpumep, ecim __mro__ - 3to D -> B -> C -> A -> object, a
3HauyeHue type=B, To super() BbinoaHAET NoMcK obbekTa C -> A -> object.

Ecnun object-or-type He yKasaH, TO BO3BpalLL@eTCca HECBA3AHHbIN 0OBbEKT-NOCPeaHMK.

Ecnm object-or-type ABnsetca o6beKTOM (3K3emnnsapom), To byaeT NoaydeH NOCPeAHUK, AN KOTOPOro
isinstance(obj, type) Bo3Bpatuaet True.

Ecnm object-or-type asnaetca tunom (knaccom), To OyAeT nosydeH NOCPeAHWK, A8 KOTOPOro
issubclass(subtype, type) Bo3spaliaet True.

B TunuyHble cJlyYau UCNOJIb30BaHUA super()

B Hepapxusa c esMHUYHBIM HAC/IeJOBAHHEM
B nepapxuax ¢ eAMHUYHbIM HacneaoBaHUEM MCMOJb3yeTca A8 obpalleHna K POAUTENbCKUM Kaaccam,
YTObbI ABHO HE YKa3blBaTb UX MMeHa. ITO ynpoLaeT NogaepsKKy Koja B AaNbHerwem.

Hanpumep:

class A:
def some method(self):
print ('some method A'")

class B(A):
def some method(self):
print ('some method B')

i

= B()
.some_method ()

b

= A()
y.some _method ()

=

# some method B

30ecb neperpy)eH MeToj POAUTENbCKOro Knacca. Ho yto aenatb, ecin Heobxoaumo HemHoro(???)
OOMNOJIHUTL POAUTENIbCKUIA METO/, HE KOMMPYA ero NoAHOCTbI0? TyT U Hy*KHA GyHKLMA super():

class A:
def some method(self):
print ('some method A'")

class B(A):
def some method(self) :
super () .some_method () # BrI3OB ObyHKLUMM Super
print ('some method B')
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x = B()
x.some_method ()

# PesynbTaT BHIIOJHEHUS OYHKUUM sSuper
some method A
# some method B

=+

| l'lo,a,qepnﬂ(a COBMECTHOIo MHOXE€CTBE€CHHOI'o HacCJie10BaHUA
Ona nognep kM COBMECTHOO MHOXECTBEHHOro HacnefoBaHUA B AMHAMMUYECKOM OKpPYXeHUWU super
AenaeTt BO3MOXHbIM o6anJ,eHme C pOM6OBM,CI,HbIMM nepapxmamu, npn KoTopbiX HECKO/IbKO 6a30BbIX
KNaCCOB 3a44al0T peannsauntio metoaa ¢ O4HUM U TEM e UMEHEM.

Mcnonb3oBaHue ¢yHKUMA super() ¢ 0boMMM aprymMeHTamn TOYHO onpeaenseT obbekTbl M Aenaer
COOTBETCTBYIOLIME CCbINKU. Be3 aprymeHToB ¢yHKUMA super() paboTaeT TONbKO BHYTPU onpeseneHus
Knacca, a Heobxogumble getanu AN MAeHTMOUKALMM Kaacca M A0CTyna K TeKyLemy 3K3emnaapy gan
METO/0B 3aMoHAET KOMMUAATOP.

B pononHeHWe K MOWCKy meTodoB, super() Takxe paboTaeT AnA MNoucka atpubytos. OaHum U3
BapWMaHTOB MCMONb30BaHMNA 3TOTO ABAAETCA BbI3OB AECKPUNTOPOB B POAUTENLCKOM WAWU POACTBEHHOM
Knacce.

dyHKuMA super() peasnM3oBaHa KaK 4acTb MNpoLecca MPUBA3KM AN SBHOrO MOMCKA NO TOYEYHbIM
aTpubyTam, TaKMx Kak super().__getitem__(name). 9T0 gocturaetca nytem peanvsaunmn cobCcTBEHHOrO
meToga _ getattribute_ () Ans nowucka Knaccos B nNpeAckasyemom Mnopsjike, KOTOPbIM noaaepsknusaet
KOOMepaTUBHOE MHOXECTBEHHOE HacnefoBaHMe __mro__. super() n He nNpeAHasHaYeHa A1 HEABHbIX
NMOWCKOB C UCMOb30BaHUEM MHCTPYKLMI MM ONepaTopoB, TaKMX KakK super()[name].

[ | l'lpnMepr IMMOJIY4€HHUA AO0CTYIIA K VHAC/IEAJOBAHHBIM METO4dM.
B DyHKUMA B e JUHUYHOM Hac/JaeJ0BaHUM

class Computer:

def init (self, computer, ram, ssd):
self.computer = computer
self.ram = ram
self.ssd = ssd

# Eciu cosmaTb nouepHuM kjacc 'Laptop', To BymeT ImocTym
# x cBoMcTBY 0a30BOTO kJjlacca Osaromaps GyHKUMM 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 is:', lenovo.computer)

print

(

print ('This computer has ram of', lenovo.ram)
('"This computer has ssd of', lenovo.ssd)
(

print ('This computer has this model:', lenovo.model)
BriBOL

This computer is: lenovo

This computer has ram of 2

B e

This computer has ssd of 512
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# This computer has this model: 1420

B cneaylowem npumepe Knacc Rectangle sBnsetca cynepkiaccom, a Square ABAAETCA NOAK/IACCOM,
NOCKOMbKY MeToAbl Square HacnepytoTca OT Rectangle, To MOXHO BbI3BaTb meToh __init _ ()
cynepknacca (Rectangle._ init _ ()) 3 knacca Square ncnonb3sya gpyHKUMIO super().

[anee npocTo No/ib30BaTbCA METOAAMMN POAUTENSA, HE HAaMMCaB HU CTPOYKM Koaa (!!11).

B faHHOM c/lyyae KBaZparT - 3TO YACTHbIN C/Iy4ai NPAMOYTO/IbHUKA (M ero AoYepHuid 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):
# Ina xBamgpaTa IPOCTO HYXHO IIepelaTh OIMH IapamMerp length.

# Ilpwu BeE3OBe 'super (). init () ' ycranoBuM aTpmByTe 'length' u
'width'.
super (). init (length, length)
# Kiacc 'Square' gBHO He peanmusyeT MeTon 'area()' wu
# OymeT mMCHOoOJB30BaTh €Tr0o M3 cynepkjacca 'Rectangle'
sgr = Square (4)
print ("Area of Square is:", sqgr.area())

# Area of Square is: 16

print ("Perimeter of Square is:", sqgr.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 GyHKUMKM super() Npu NCNONb30BAHUU MHOMKECTBEHHOMO Hac/e40BaHUs:

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 mnapameTpamu
super (X, self). init ()

def sub method(self, b):
print ('sub _method from class Y:', D)
super () .sub method(b + 1)

x = X()
x.sub_method (1)
print ('OfpaTuTe BHMMaHME KaK NPOUCKOIUT MHMLMAIM3ALUI')
print ('kJaccorB OpM yKaszaHuM apTyMeHTOB B OQyHKUMM super () ')
y = Y0

y.sub method (5)

# BrBOI

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 IPpOMCXOIMT MHMIMaJIM3allMAa

KJIACCOB IPM YyKa3aHUM aplyMEeHTOB B QYyHKUMUM Super ()
Initializing: class Y
Initializing: class B
Initializing: class A
sub method from class
sub method from class
sub method from class
sub method from class

o 1 o Ul

S oS S SR S 3 R 3= S S HE 3= S HE 3
> oW oX K

Knacc, cogepskawmin atpubyT value 1 peanunsylowmii CHETUNK foCTyna K Hemy. CHUETYMK yBeANUYMBaETCA
Kaxapbll pas, Koraa meHsetca value.

class AccessCounter (object) :
Tra

Knacc, comepxammy aTpmubyT value M peanmusyolMi CUETUMK HOOCTYyIa K HEMY.
CuéTuyK yBeJMUMBAETCS KaxIel pas, Korma MeHseTcs value.

154



def init (self, wval):

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)
# 3mech HET HUKAKUX YCJIOBUM.
# HyXHO NpemoTBPaTUTL M3MEHEeHMEe IPYTUX aTpubyToB,
# Hazmo BEIOPOCUTHL MCKJOUeHme 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 (name)]

[ | ]]pOHSBOHbeHEHOCHeAOBaTeHbHOCTH
B python cywecTByeT MHOXecTBO cNocoboB 3acTaBUTb KNacCbl BecTM cebA KaK BCTPOEHHble
nocnenoBaTeIbHOCTU (CI0BapK, KOPTEXKM, CMINCKKU, CTPOKKU U TaK ganee). 3To Marnyeckme meToapl M3-3a
BbICOKOW CTEMEHU KOHTPOAA, KOTOPYID OHW AatoT M TOW Maruu, OT KOTOpPOM C o6beKTamMMu Knaccos
HauyMHaeT paboTaTb LEen0e MHOXECTBO rnobanbHbix GYyHKUNIA. Ho, A0 TOro Kak b6yayT onmMcaHbl BCAKKUE
BaXKHble BeLLM, HaA0 3HATb O MPOTOKOANAX.

B IIpoToko.ibl
Tenepb, Korga peyb 3awWwna O co3fdaHMM COBCTBEHHbLIX NOCAeaoBaTeNbHOCTEW B python, HyXHO
03HAaKOMWTbCA K MPOTOKO/aM. [POTOKO/bI MOXOXWM Ha MHTepdEeMncbl B APYrUX A3bIKAX TEM, YTO OHM
npeaocTas/AlT Habop MeToaoB, KOTopble Heobxoanmmo peasnmsoBatb. OAgHAKO NPOTOKO/bI B python
abCcoNoTHO HUM K 4yeMy He 06s3biBaloT M He TpebyloT o06s3aTenbHOM peanmsaunm Kakoro-nbo
o6baABNeHnsA. HaBepHoe, OHM 60/bLIEe NOXOXM Ha PYKOBOAALLME YKA3aHMA.

Moyemy peyb 0 NPOTOKOAAX? MoTOMY, YTO peanmnsaumns NPOM3BOJIbHbLIX KOHTEMHEPHbIX TMNOB B python
BJIEYET 33 COOOM NCMO/Ib30BAHNE HEKOTOPbLIX U3 HUX.

Bo-nepBbiX, NPOTOKO AN1A ONpeAeNeHUs HEU3MEHAEMbIX KOHTEMHEPOB: YTobbl C034aTb HEM3MEHAEMbI

KOHTEMHep, HY*KHO TONbKO onpeaenntb _ len_ n __ getitem__ (npoapobHee o HMX ganbuie). MpoToKon

U3MEHAEMOro KOHTeMHepa TpebyeT TOro e, YToO MU HEM3IMEHAEMOro KOHTelHepa, natc __setitem__ u
delitem .

Bo-BTOpbIX, HAKOHEL,, eC/IN He0HX0AMMO, YTOObI 06BEKTBI MOXKHO OblNI0 NepebupaTb UTepaumen, HyKHO
onpegenuTb __iter__, KOTOpbIi BO3BpalLaeT MTepaTop. ITOT MTepaTop [AOJ/IKEH COOTBETCTBOBATb
NPOTOKONY UTepaTopa, KOTOPbIl TpebyeT meToaoB __iter_ (Bo3BpaliaeT camoro cebs) u next.

B Marus KoHTeiiHepoB
Marunyeckme meTogbl, UCNOJIb3yeMble KOHTelHepaMu:

B len_ (self)

Bo3BpalaeT KOAMYECTBO 3/1eMEHTOB B KOHTelHepe. YacTb MPOTOKO/MOB AN M3MEHAeMoro W
HEeM3MEHAEMOro KOHTeMHepos..
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m _ getitem__(self, key)

OnpegaenseT nosegeHWe Npu AOCTYNE K 3N1eMeHTY, UCNoNb3ya cuHTakeuc self[key]. Toxe oTHOCUTCA U K
MPOTOKONY WM3MEHAEMbIX W K MNPOTOKONY HEU3MEHAEMbIX KOHTeiHepoB. [oseH BblbpacbiBaTbh
CoOTBETCTBYIOWME UCKNtoYeHUA: TypeError ecin HenpaBuabHbIM TUN Katoda U KeyError ecamn Knwody He
COOTBETCTBYET HUKAKOrO 3HaYeHMs.

B _ setitem__ (self, key, value)
OnpegaenseT nosegeHune Npu NPUCBaMBaHUM 3HAYEHUA S1IEMEHTY, UCMOb3YA CUHTAKCUC
self[nkey] = value.

YacTb NPOTOKO/IA U3MEHAEMOro KoHTelHepa. OnsaTb e, HyXHOo BblbpacbiBaTb KeyError u TypeError B
COOTBETCBYIOLLUX CAYYaASAX.

B _ delitem__(self, key)

OnpegaenseT noseaeHue npu yaaneHunn anemeHta (to ectb del self[key]). 9To yacTb ToNbKO NpoTOKONA
ONA U3MEHAEMOro KOoHTelHepa. Bbl A40MKHbI BbI6pacbiBaTb COOTBETCTBYIOLLEE UCKAKOUYEHME, eCIN KoY
HEKOPPEKTEH.

m _ iter_ (self)

JonkeH BepHyTb UTepaTop ANA KOHTeilHepa. WTepaTopbl BO3BPALLAOTCA B MHOMKECTBE CUTyauMid,
rnaBHbiM 06pasom gna BCTPOEHHON GyHKuuK iter() m B cnydae nepebopa anemeHTOB KOHTelHepa
BblpakeHuem for x in container:. UTepatopbl camu no cebe 06BHEKTbI U OHM TOXKE A0JIKHbI ONpeaensiTb
meToA, __iter__, KoTopblli Bo3BpawaerT self.

B _ reversed__(self)

Bbi3blBaeTcsa 4TObbI onpenenvTb NosBeaeHUA ANA BCTpoeHHoW ¢yHKumm reversed(). JomKeH BepHYTb
06paTHYI0 BepCUIo NMocienoBaTelbHOCTU. PeannsyiiTe MeToa, TONIbKO eCM Kacc ynopagovyeHHbli, Kak
CMUCOK MU KOPTEXK.

B _ contains__(self, item)

__contains__ npeaHa3HavyeH AnsA NPOBEPKU NPUHALNEKHOCTM 3/1eMEHTA C MOMOLLbIO in 1 not in. 3To He
YyacTb NPOTOKONA NocnefoBaTesibHOCTU. [MoToMy YTO Koraa _contains__ He onpeaenéx, python npocto
nepebupaeT BCIO NOCAEAOBATENbHOCTb 3/1EMEHT 33 3/IeMEHTOM M BO3BpallaeT True ecan Haxoaut
HYKHbIN.

B _ missing__(self, key)

__missing__ ncnonb3yeTca npu HacnegosaHum ot dict. Onpegenser nosegeHve ANA OAA KarKAoro
C/Ny4yas, Korga MbITAaloTCA MNOMYYUTb 3NEMEHT MO HECYLLeCTBYLWeEMY Kalody (Tak, Hanpumep, ecau
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mmeeTtca ecTb ciosapb d n nuwetca d["george"] kKorga "george" He ABAAETCA KAKYOM B C/IOBape,
Bbi3blBaeTcA d.__missing_ ("george")).

m I[Ipumep
Ona npumepa MOMKHO pPaCcCMOTPETb CMUCOK, KOTOPbIA peannsyeTr HeKkoTopble YHKUMOHANAbHblE
KOHCTPYKLMW, KOTOPblE MOXKHO Bb1N10 Bbl BCTPETUTL B APYTUX A3bIKAX.

class FunctionalList:
LN B |
Knacc-obéprka Han CHOMCKOM C HODOaBJIEHMEM HEKOTOPOM (QYyHKLMOHAJIBHOM MaIMM:
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):
# ecyiy 3HaUeHME WM TUI KJOUA HEKOPPEKTHE, list BHOPOCUT MUCKIOUYEHMUE
return self.values[key]

def  setitem (self, key, value):
self.values[key] = value

def delitem (self, key):
del self.valueslkey]

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):
# [OJNyUMTL MEPBHI B3JIEMEHT
return self.values[0]

def tail (self):
# MONYyuYMThH BCE BJIEMEHTHl IIOCJIe IEePBOTO
return self.values[1l:]

def init(self):

# HONyuMThL BCE B3JIEMEHTH KPOME IIOCJenHEeTO
return self.values[:-1]
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def last(self):
# MOJIyUMTE I[IOCJIEOHUI 3BJIEMEHT
return self.values[-1]

def drop(self, n):
# BCe BDJIEMEeHTH KpOME IIE€PBEIX N
return self.values[n:]

def take(self, n):
# NepBLHIE N 3JEMEHTOB
return self.values[:n]

def Dolt (parameters):
fl = Functionallist (parameters)
res = fl.take(3)
return res

if name == ' main_ ':
parameters = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
res = Dolt (parameters)

print (res)

Tenepb ecTb  NoJie3Hblit  (OTHOCUTENbHO)  Mpumep  peanmsaumMm  cBoel  COBCTBEHHOM
nocneaosatenbHOCTU. CylWecTByOT, KOHEYHO, U Kyaa 6oJsiee NPaKTUYHbIE peannsaunm npou3BOJIbHbIX
nocneaoBaTenbHOCTEN, HO 60/IbLIOE UX YMC/IO YIKE peasn3oBaHO B CTaHAAPTHOM BMBAMOTEKE, TaKMe KaK
Counter, OrderedDict, NamedTuple.

B OTtpaxeHue
Bbl MOMHO KOHTPO/MPOBaTb W OTParkeHWe, UCNoJb3yiollee BCTPOeHHble ¢yHKUuMKM isinstance() u
issubclass(), onpeaenvs HekoTopble Marnieckme MmeTobl:

B _ instancecheck (self, instance)

MpoBepseT, ABAAETCA AW IK3EMANAP YNEeHOM MO/b30BaTeNbCKOro Knacca (isinstance(instance, class),
Hanpumep.

B _ subclasscheck__ (self, subclass)

MpoBepseT, ABNSETCA Hac/aeAyeTca N Knacc OT NoNb30oBaTeIbcKoro Knacca (issubclass(subclass, class)).

MosKeT NoKasaTbCA, YTO BapUAHTOB MONE3HOIO UCMOAb30BaHMNA 3TUX MArMyeckUx MeToA0B HEMHOTO U,
BO3MOMKHO, 3TO Ha CamoM defie TaK. MOMHO He TPaTUTb CAWUWKOM MHOFO BPEMEHM Ha MaruMyeckue
METOAbl OTPaKeHUA, He 0COB0 OHWM M BaKHble, HO OHW OTPArKAlOT KOE-YTO BarKHOe 06 06BbEeKTHO-
OPUEHTMPOBAHHOM MNPOrpaMmupoBaHun B python u o python Boobuie: moytn Bcerga cyliecTsyer
npocToi cnocob uTo-NM60O caenaTb, Oaxe ecnuM HagobHOCTb B 3TOM «YTO-AME0» BO3HMKAET OYeHb
peako. ITU MarmyeckuMe MeToAbl MOryT He BbIFIAAETb MOJE3HbIMU, HO €CAW OHW Koraa-Hubyab
noHaaobATca, 6yAeT XOpOoLLO, YTO OHU ecTb (4NA 3TOro 1 NUWeTCA 3Ta rnasal).
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B Bri3bIBaeMble 00 bEKThI
Kak ye nsBectHo, B python ¢dyHKUMM ABAAIOTCA 0ObEKTaMM NEepPBOro Kaacca. 3TO 03HAYaeT, YTO OHMU
MOryT 6bITb NepeaaHbl B GYHKUUM UK METOAbl TaK Ke, Kak Mtobble gpyrve o6beKkTbl. 3TO HEBEPOATHO
MOLHasA 0COBEHHOCTb.

CrneunanbHbIi MarMyeckuii meToz nNo3BosseT 06 beKTaM NoIb30BaATE/IbCKOrO Kiacca BecTu cebs TakK, Kak
6yATO OHM OYHKLMM, TO €CTb MX MOXKHO «BbI3blBaTb» WX, NepegasBaTb WX B GYHKUMUW, KOTOpble
NPUHUMaOT GYHKLMW B KayecTBe apryMeHTOB M TaKk ganee. 3To Apyras yaobHas ocobeHHOCTb, KOTopas
AenaeT nporpaMmmupoBaHue Ha python Takum NpuATHbIM.

B call_(self, [args...])

Mo3sonseT ntobomy 3K3emnaapy Knacca ObiTb BbI3BAHHbIM KaK-0yATo OH QyHKUMA. [naBHbIM 06pasom
3TO 03HauyaeT, 4To X() o3HauyaeT 10 Xe, uto U X.__call__ (). Mpu atom, __call__ npuHMmaeT NnpounssBosibHOe
YMCNO APrYMEHTOB; TO eCTb, MOXHO onpegenuTtb _ call__ Tak e Kak nwbyo apyryto GyHKUmIo,
NPUHMMAIOLLLYIO CTO/IbKO aPryMEHTOB, CKO/IbKO 3TO HYKHO.

_caII_, B YaCTHOCTN, MOXKET 6bITb MoseseH B K/1lacCax, 4Ybu 3K3emnaAapbl 4aCTto U3IMEHAKOT cBOé
cocTtoaHue. «Bbi3BaTb» 0HBEKT MOXKeET BbITb UHTYUTUBHO NOHATHbLIM U 3/1€MAHTHbIM Cnocobom M3MeHUTb
cocTosHue obbekTa. Mpumepom moxeTt 6bITb Knacg, I'Ipe,EI,CTaBIIﬂPOLLI,Mﬁ nonoxeHne HEeEKOTOoporo
06beKTa Ha NNOCKOCTU:

class Entity:

Kylacc, onmceBanmuy OOBEKT Ha IIJIOCKOCTU.

"Brei3eiBaeMut", uTOOB OOHOBUTH I[IO3ULMIO OOBEKTA.
LN B |

def init (self, size, x, y):
self.x, self.y = x, vy
self.size = size

def call (self, x, y):
# V3MEHMTEL [IOJIOXEeHME OOBeKTa.
self.x, self.y = x, vy

H MeHexepbl KOHTEKCTa
B python 2.5 6bl10 NpeacTaBAeHO HOBOE K/OYEBOE C/NOBO BMECTE C HOBbIM CMOCOOOM MOBTOPHO
MCNONb30BaTb Kog. ITO KatoueBoe c/ioBo with. KoHuenuma meHeaKepoB KOHTEKCTA He ABAsSAacb HOBOM
ans python (oHa 6blna peannsoBaHa paHblle KaK YyacTb 6ubanotekn), Ho B PEP 343 pgocturna craTyca
A3bIKOBOM KOHCTPYKLMW. BblparkeHua ¢ with:

with open('foo.txt') as bar:
# BHIIOJIHEHME KaKMX-HMOYIObL IeMCcTBUM C bar

MeHegKepbl KOHTEKCTa NO3BOAIOT BbIMNOJAHWUTL KaKMe-TO AeNCTBUA AN HACTPOMKMU UAN OYMCTKK, Koraa
co3gaHue obbekTa 06EpHyTO B onepaTtop with. MNoBeaeHMe MeHed)kepa KOHTEKCTa onpeaensercs
ABYMA MarMyeckMMm MeTogamm:
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B _ _enter_ (self)

OnpegnensieT, YTo AO/IKEH CAeNaTb MeHeayKep KOHTEeKCTa B Hayasne 6/10Ka, CO34aHHOro onepaTtopom
with. 3ameTbTe, UTO BO3BpaLLaemMoe __enter__ 3HauyeHWe U eCcTb TO 3HaYEHME, C KOTOPbIM MPOU3BOAMUTCA
paboTa BHYTpM with.

B exit_ (self, exception_type, exception_value, traceback)

OnpepenseT gencTBMA MeHeKepa KOHTEKCTa nocae Toro, Kak 610K byaer BbiNoAHEH (MM NpepBaH BO
Bpema paboTbl). MOXeT MCNoNb30BaThCA A/1A KOHTPO//IMPOBAHUA WCKAOYEHUIN, OYUCTKU, Nt06bIX
OEeNCTBUIN KOTOpble A0MXKHbI ObITb BbINO/HEHbI HE3aMeA/INTE/IbHO noc/ie 6/10Ka BHYTpM with.

Ecnm 610K BbINOAHEH ycnewHo, exception_type, exception_value, u traceback 6yayT yctaHoBneHb! B
None. B apyrom cnydae Bbi6op, NepexsaTbiBaTb /M UCKAIOYEHWE UAN NPEeAOoCTaBUTb 3TO MO/b30BaTENIO.
Ecnv NpUHATO pelueHMe NepexBaTUTb MCKAIOYEHMe, Hago ybeauTtbea, yTo __exit_ BosBpawaeT True
rocse TOro Kak BCEé caenaHo. Ecam He npeaycmatpuBaeTca, Y4Tobbl UCKAtoYeHMe 6bl10 nepexsayeHo
MeHeKepPOM KOHTEKCTa, NPOCTO HaAo NO3BOANTb EMY C/IYYUTLCA.

__enter__ un __exit__ moryT 6biTb MonesHbl A8 cneumdUUHbIX KNacCoB C XOPOLUO OMMCaHHbIM U
pacnpocTpaHéHHbIM NoBeAeHMEM ANA UX HACTPOMKU U OUYUCTKU pecypcoB. MOXHO MCNo/b30BaTb 3TU
MeToAbl U AN1A CO34aHMA 06LLMX MeHeAKepoB KOHTEKCTa AN Pa3HbIX 06beKToB. BoT npumep:

class Closer:
T
MeHemxep KOHTEKCTa IJIS aBTOMATUUYECKOTO BaKPHTUS OO0BeKTa

BEIBOBOM MeTona close B with-Brpaxenwum.
T

def init (self, obj):
self.obj = obj

def  enter (self):

return self.obj # npmueBsaska K akTuBHOMY OOBekTy with-Gsoxa

def exit (self, exception type, exception val, trace):
try:
self.obj.close()
except AttributeError: # y ofOvekTa HeT MeTOoma close
print 'Not closable.'
return True # MCKIOUYEHUE [IEpPexXBadUeHO

Mpumep ncnonb3oBaHua Closer ¢ FTP-coeanHeHnem (COKeT, umeroLmnin 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 1i:

.. i+=1
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Not closable.
>>> 1
6

3aecb BUAHO, KaK 0BEpTKa ynpasBnseTcs U ¢ NPaBWIbHBIMU U C HENOAXOAAWMMK O0bbeKkTaMu. B aTom
CMla MeHeaKepoB KOHTEKCTa M marmyeckux metogoB. CTaHgapTHasa 6ubnmnoteka python Bkatouaet
moaynb contextlib, KoTopbili BKAouaeT B ceba contextlib.closing() — meHeaep KOHTeKCTa, KOTOPbI
aenaet NpubamsnTenbHO TO e (6e3 Kakoi-nnbo 0b6paboTKM caydas, Koraa 06bEKT He MMeeT meToa
close()).

B AGCTpaKTHbIEe 6a30Bble KJIACChI

CmoTtpeTb http://docs.python.org/2/library/abc.html.

B IlocTpoeHue JeCKPUNTOPOB

JeckpunTopbl 3TO TaKMe KNacchbl, C MOMOLLbIO KOTOPbIX MOXHO A006aBUTb CBOK JIOTMKY K COBbITUAM
Aoctyna (nonyyeHuve, u3meHeHuWe, yaaneHue) K atpubytam gpyrnx o6bekToB. [ecKpuntopbl He
noApasymeBaeTcs MCNo/b30BaTb CaMy Mo cebe; cKopee, npeanonaraerca, 4YTo Mmu byayT BnageTb
KaKne-HMbyab CBA3aHHble C HWMMWM Knaccbl. [ecKpunTopbl MoOryT 6biTb NO/ME3Hbl ANA MOCTPOEHUA
06bEKTHO-OPMEHTUPOBAHHbLIX 633 AaHHbIX WAM KNaccoB, YbW aTpubyTbl 3aBUCAT Apyr OT apyra. B
YaCTHOCTM, AECKPUNTOPbI NOE3HbI NPU NPeaCTaBAeHUN aTPUBYTOB B HECKONIbKMUX CUCTEMAX UCUUCIEHUSA
WIN KaKUX-TMBO BbIYUCAAEMBIX aTPMOYTOB (KaK paccTosHME OT Haya/bHOM TOYKM A0 NpeAcTaBAEHHOM
aTpMbyTOM TOUYKM Ha CeTKe).

YT06bl KNacc cTan 4eCKPUNTOPOM, OH AO0J/IKEH peasnM3oBaTh MO KpaHel mepe oauH meToa u3 __ get
__set__wunm__delete__. 3T marnyeckne metoabl NoapobHO:

B _ get_ (self, instance, instance_class)

OnpeaenseT noseaeHMe NPy BO3BPaLLLEHMM 3HAYEHMA N3 AeCKpUNTopa. instance 3To 06beKT, A1 Ybero
aTpubyTa-AecKpMNTopa Bbi3bIBAETCA METOA. OWNer 3To TUM (Knacc) obbekTa.

B _ set (self, instance, value)

Onpep,enﬂeT noseaeHme nNpu NsmMeHeHMn 3Hav4yeHnA 13 AeCKpunrtopa. instance 310 06bEKT, Ana 4bero
anM6yTa-,quKpmnTopa BbI3blBAE€TCA MeTOA. value 3T0 3HauyeHue ANnAa yCTaHOBKM B AeCKPUNTOP.

B _ delete_ (self, instance)

OnpegensieT noseaeHne ANS yAaNeHUA 3HAYeHUA U3 AeCKpUNTopa. instance aTo 06bLEKT, BlaAetOLWMiA
AECKPUNTOPOM.

m I[IpuMep Mcno/Ib30BaHUA AECKPUIITOPOB
Tenepb npumep nonesHoro (???) Mcnosib3oBaHWA AECKPUNTOPOB: NpeobpasoBaHne eanHML, USMEPEHUA.
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class Meter (object) :
LN B |

JecKpUnTop njg MeTpa. Y HEeTroO eCTb MeTOoI init (self, wvalue),
3HAYUT, OH OIMH MOXET MNPMHMUMATH [HapaMeTpPhl HPY CO3IaHuUM OOBLEKTOB

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) :
'''"Heckpunrop nng ¢yra.'''

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) :
T
Knacc, onmceBawumMi paccTOSHUE.

COIEPXUT IBa CTATUYUECKMX LOEeCKPUITOpa IJiS METPOB U QyTOB.
L B |

# sHauenus nepenaioTcsa TOJBKO B KOHCTPYKTOP kjacca Meter
meter = Meter (10.0)
foot = Foot ()

def DoIt():
d = Distance()
print (f'{d.meter} ... {d.foot} ")

if name ==
DoIt ()

main

B KomuposaHue
B python onepatop npucsanBaHMA He KONUpyeT 06beKTbI, @ TO/IbKO A06aBAsET elwé oaHy cCbiky. Ho
ONA  KONNEKUMI, codepralunx M3MeHAeMble 3/1eMeHTbl, WHorga HeobxoAMmMO MO/IHOLEHHOoe
KOnnpoBaHue, YT06bl MOXHO BObINO MEHATb 3/1EMEHTbI OAHOﬁ nocnenoBaTesIbHOCTHN, He 3aTparnean
apyryto. 3aecb npumeHsaeTca copy. M MHCTpYKUmMK ans python Kak npaBuabHO KONMMPOBaTb.

H _ copy_ (self)
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OnpepensaeT noseaeHme copy.copy() Ans obbeKTa NoAb30BaTENbCKOro Kiacca . copy.copy() Bo3spallaer
NMOBEPXHOCTHYIO KOMUIO OBbEKTa — 3TO 03Ha4YaeT, YTO XOTb cam O6bBEKT M co34aH 3aHOBO, BCe ero
[AaHHbIE CCbIIAIOTCA Ha AaHHble OPUTMHANLHOTO 06beKTa. U Npu M3meHeHMUM AaHHbIX HOBOro 06beKTa,
M3MeHeHua byayT NPonCXoanTb U B OPUIMHANbHOM.

B _ deepcopy__ (self, memodict={})

OnpegenseT nosedeHne copy.deepcopy() ana obbekta nonb3oBaTeNIbCKOro Kaacca. copy.deepcopy()
BO3BpallaeT rnyboKylo Konuilo obbekTa — KonupyloTca M 06bekT n ero AaHHble. memodict 3To Kaw
npeaplayumx CKOMMPOBaHHbIX OBBEKTOB, OH NpeAHasHayeH A14 ONTMMM3AUMKM KOMUPOBaHMA U
npeaoTBpalleHna 6eCKOHEYHOM PeKYPCUK, Korga KONMUpYtoTca PEKYPCUMBHbBIE CTPYKTYpPbl AaHHbIX. Korga
TpebyeTcAa MONHOCTbIO CKOMMPOBAaTb KaKOW-HUBY[Ab KOHKPETHbIA aTpubyT, Ha HEM BbI3blBaeTCA
copy.deepcopy() c nepsbim napameTpom memodict.

Koraa mcnonb3oBaTb 3TM marmyeckme metodbl? Kak obblMHO — B lobom cayyae, Korga Tpebyetcs
6onblle, Yem CTaHAaApTHOe noBedeHMe. Hanpumep, ecin HYKHO CKOMUPOBATb OBBEKT, KOTOPbIi
COAEPUT K3l KaK c/oBapb (BO3MOMKHO, o4YeHb 60MbLIOKM CNAOBaApb), TO MOMET 6biTb U He HYXKHO
KOMMpPOBaTb BECb K3L, a3 060MTUCH BCETrO OAHUM B 06Lei NamaTn 06 bEKTOB.

B MNcnoab3oBaHue MmoayJif pickle Ha 06beKTax N0/1b30BaTE/ILCKOrO KJIacca
Pickle aTo moaynb ana cepuannsauum CTPYKTYp AaHHbIX python m oH mMoKeT ObiTb MoJsie3eH, Koraa
HY)KHO COXPaHWTb COCTOAHWE KaKoro-Mbo 0b6beKTa M BOCCTAHOBWUTHL ero nosKe (0b6bluHO, B Lenax
K3LWMpOoBaHUs). Kpome Toro, aTo eLé 1 OT/IMYHbIA UCTOYHUK NEePEXKUBAHUIA U MyTaHULbI.

Cepuranmsauma HaCTO/IbKO BaKHa, YTO Kpome cBoero moayna (pickle) nmeetr u cBoli cobCcTBEHHbIN
NPOTOKO/ U CBOM MarMyeckue metogbl. Ho Ans Hayana o TOM, KaK ceprasnvM3oBaTtb ¢ nomolubto pickle
Y)Ke CYLLEeCTBYHOLLME TUMbI AAHHbIX.

B Cepuanusanus
Tenepb o cepuanusaymun. MNycTb ecTb C/OBapb, KOTOPbIM HYXHO COXPAaHWUTb M BOCCTAHOBWUTL MO3MKeE.
Hy»KHo 3anucatb ero cogepkmnmoe B $hains, ybegmBLINCh, YTO OH NMULLETCA C NPaBUIbHbIM CUHTAaKCUCOM,
NMOTOM BOCCTAaHOBUTb €ro, BbINOJIHUB exec(), uan npountas ¢aia. Ho 3To B yyluem cly4ae pUCKOBAHHO:
€C/IN XPaHWUTb BaKHble AaHHble B TEKCTE, OH MOXeT OblTb NOBPEXAEH MAM U3MEHEH MHOXKECTBOM
cnocoboB, ¢ uenbio 0bpyLWwnTb Nporpammy Man, BoobLe, 3anyCcTUTb Kako-HMBYAb onacHbIn Kog,. Jlyyle
ucnosb3osaThb pickle:

import pickle

data = {'foo': [1, 2, 31,
'bar': ('Hello', 'world!'),
'baz': True}

jar = open('data.pkl', 'wb')
pickle.dump (data, jar) # sBanucarTh cepraJM30BaHHEE NaHHBEIE B jar
jar.close()

M BOT, CnycTsa HEKOTOPOE BPeMsA, CHOBA HY}KEH C/10Bapb:

import pickle

pkl file = open('data.pkl', 'rb') # orxpmBaeTcs
data = pickle.load(pkl file) # coxpaHAeTcsa B I[epeMeHHOM
print data
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pkl file.close()

YTo npounsowno? TOYHO TO, YTO M OXKMAanochk. data Kak-byaTto Bceraa TyT u bbina.

Tenepb, 06 ocToporkHocTu: pickle He wupeaneH. Ero ¢annbl Nerko MCNopTUTb CAyYaitHO WK
npegHamepeHHo. Pickle, moskeT 6biTb, 6e3onacHee yem TeKCTOBble ¢ali/ibl, HO OH BCE elé MOKeT
MCMNO/Ib30BaTLCA AJ/1A 3anycKa BPeAoHOCHOro Koza. Kpome TOro, OH HECOBMECTUM MEXAY PasHbiMU
Bepcuamu python, noatomy ecnm pacnpocTpaHaTb 06beKTbI ¢ Nomolblo pickle, He 06A3ATeNbHO, YTO BCe
CMOTYT WX WCNO/Ib30BaTb. TeM He MeHee, MOAY/Jb MOMKEeT b6biTb MOLWHBIM MHCTPYMEHTOM ANs
K3LMPOBaHMA U APYIMX PACNPOCTPaHEHHDbIX 33434 C cepuanmnsaumnen.

B Cepuasm3anusi COGCTBEHHbBIX 00 bEKTOB
Mopgynb pickle He TonbKO AnA BCTPOEHHbIX TUNOB. OH MOXET MCNO/Ib30BaTbCA C KaXKAbIM K/1accom,
peanusyloWwmm ero MpOTOKOA. ITOT MNPOTOKOA COAEPXUT 4YeTblpe HeobA3aTesbHbIX MeToAa,
No3BONAIOLWMX HACTPOUTb TO, Kak pickle byaeT ¢ HMMKM obpalwaTbca (ecTb HeKoTOpble pasnnuMa AnA
pacwupeHuii Ha C, HO 3TO 3a pamMKaMM HaLlero PyKoBOACTBA):

B _ getinitargs__(self)

Ecnv Heobxoammo, uTobbI MOCie gecepuanusaumm Knacca 6bin Bbi3biBaH __init__, TO MOMXHO
onpegenutb __ getinitargs__, KOTOPbIN [OO/KEH BEPHYTb KOPTEX aprymeHToB, KOTOpbin 6yaer
oTnpasneH B __init__. TOT meToa, paboTaeT TO/IbKO C KAaccamm CTaporo CTUAA.

M _ getnewargs__ (self)

[na KnaccoB HOBOrO CTU/IA MOXHO OMpenenvTb, Kakve napameTpbl 6yayT nepegaHbl B __NewW__ BO
Bpems Aecepuanusaumn. ITOT METOA TaK *Ke [AO/IKEeH BepHYTb KOPTEX apryMeHTOB, KoTopble byayT
OTMpPaB/EHbI B __New__

B _ getstate  (self)

BmecTo cTaHgapTHoro atpubyta _ dict_, rae xpaHATcA aTpubyTbl Kaacca, MOMKHO BEpHYTb
NPOM3BO/IbHbIE AaHHblE ANA cepyanusaumn. AT AaHHble ByayT nepepaHbl B _ setstate_ Bo Bpems
Aecepuanumsaumn.

B _ setstate_ (self, state)

Ecnv Bo Bpems Aecepuanusaumm onpegenéH _ setstate_ , To AaHHble 06beKTa byayT nepeaaHsl cloaa,
BMECTO TOro 4tobbl NpocTo 3anucaTb BCE B __dict__. 3To nmapHbIi meTog, ana _ getstate_ : Korpa oba
onpegeneHbl, Bbl MOXKeTe NpeacTaBAATb COCTOAHUE Balero 06beKTa Tak, KaK Bbl TO/IbKO 3aX0TUTE.

B _ reduce__ (self)

Echn onpenenéH cobctBeHHbI TMN (c nomowbto Python's C API), Hago coobwmTtb python Kak ero
cepuann3oBaTb, €C/IM HYXHO, 4YTobbl OH ero cepuanusoBan. _ reduce_ () BbI3biBaeTcA Koraa
cepuanusyetcs obbEKT, B KOTOPOM 3TOT meTog 6bin onpenenéH. OH A0NXeH BepPHYTb MAU CTPOKY,
cogeprKallyo UMA rnobanbHOW NepeMeHHOM, CoAepPKMMOe KOTOPOMN cepuanmnsyeTca Kak obbluHO, Uam
KopTexK. KopTexk MoKeT coaepxaTb OT 2 A0 5 3/1eMeHTOB: Bbi3blBaeMblii 06BHEKT, KOTOpbIA byaet
Bbi3BaH, YTObbI CO34aTb AecepuaniM3oBaHHbIA 0BbEKT, KOPTEXK apryMeHTOB ANs 3TOro Bbi3bIBAEMOrO
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0bbeKTa, AaHHble, KOoTopble 6yayT nepedaHbl B _ setstate  (onuuoHanbHO), UTepaTop CrnMUCKa
3N1eMeHTOB ANA cepuanusauum (onuMoHaAbHO) M UTepaTop C/NOBapA 3/1eMEHTOB ANS cepuanmsaumm
(onumoHanbHo).

B _ reduce_ex__(self, protocol)

MHoraa nonesHo 3HaTb BEpPCUIO NPOTOKONa, peanusys _ reduce_ . M 3Toro MOXKHO A06uUTbCA,
peanusoBaB BmecTo Hero _ reduce_ex__. Ecnam __reduce_ex__ peannsoBaH, TO NpeanoyTeHWe npwu
Bbl30Be OTAAETCA emy (nNpyM 3TOM BCE pPaBHO HyXHO peanusosatTb _ reduce__ ana obpaTHoit
COBMECTUMOCTH).

m IIpumep
Ons npumepa onucbiBaeTca rpudenbHan aocka (Slate), KoTopas 3anoMmMHAET YTO M Koraa 6bia10 Ha Heit
3anucaHo. Bnpoyem, KOHKPETHO 3Ta A0CKa CTAHOBUTCS YMCTOM KaXKAbli pas, Koraa oHa cepuanmnsyeTca:
TeKyllee 3HaYeHne He CoXpaHseTCs.

import time

class Slate:
'''"Kyacc, XpaHAUMM CTPOKY M JIOT MBMeHEeHMM. VM 3abuBanuyy CBOE BHaUYeHUe

nocsue
cepuanmuzauum. ' '’
def init (self, wvalue):

self.value = value
self.last change = time.asctime ()
self.history = {}

def change(self, new value):
# V3MeHUTHL 3HaueHMe. 3adUKCUpPOBATH [OCJEeIHee 3HaueHMe B MCTOPUM.

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 %s' % (k, V)
def  getstate (self):
# HamepenHo He BO3BpamaeMm self.value or self.last change.

# Mol xoTuM "umMcTyo HOOCKY" [oOcCje Iecepuajiu3alun.
return self.history

def  setstate (self, state):
self.history = state
self.value, self.last change = None, None

B /lonosiHeHHUe 1: KaK BbI3bIBAaTh Maru4eCKue MeTo bl
HEKOTOpre M3 Marm4eCKknx metToaoB HanpAmyr CBA3aHbl CO BCTPOEHHbIMU d)yHKLI,VIFIMI/I; B 3TOM C/y4ae
COBepLIEHHO O4YEBUAHO KaK MX Bbi3biBaTb. OAHaAKO, TaK ObiBaeT He Bcerga. 9To AOMNO/IHEHME NOCBALLEHO
TOMY, yTObbI PaCKpbITb Heol-IeBMAHblﬁ CUHTaKCWuC, ﬂpMBOAﬂLLI,Mﬁ K BbI3OBY MarmM4eCkmnx metoaos.
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Maruyeckuit meToz,

__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)

Korpa Bbi3biBaeTcsa (npumep)

instance = MyClass(argl, arg2)

instance = MyClass(argl, arg2)

self == other, self > other, etc.
+self
-self
~self

xX[self]

bool(self), if self:

self.name #
onpeaeneHo

self.name = val
del self.name
self.name
self[key]
self[key] = val
del self[key]
for x in 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

ObbAacHeHue

__new__
obbekTa

Bbi3blBae€TCA NpPU CO34aHUU

__init__ BbI3blBAaeTCA Npuv CO34aHUMU
06beKTa

Bbi3biBaeTca a4na nto60ro cpaBHeHMA

YHapHbIiA 3HaK natoca

YHapHbI 3HaK MUHYCa

MNobuTtoBas nHBEpPCHUA

MNpeobpasoBaHMe, Korga  OObBEKT

MCNOoNb3yeTca Kak MHAEKC
bynesoe 3HayeHue ob6beKTa

MbITalOTCA NONYYMTb HECYLLLECTBYOLLMIA
aTpubyt

MpucsoeHne ntobomy aTpubyTy

YpaneHue atpnbyTa

Monyuntb ntoboit atpmbyT

HOHVHEHMG 3/1EMEHTAa Yepe3 MHOEKC

MpUcBOEHME 31EMEHTY Yepes UHAEKC

YpaneHue anemeHTa yepes NHaeKC

UTepaumna

MNposepkKa
nomolulblto in

NPUHaONEXHOCTU c

«BbI30B» 06beKTa

with onepaTop MeHeKepoB
KOHTEKCTa

with onepaTtop MeHeaKepoB
KOHTEeKCTa

Cepunanusauuma



__setstate__(self) data = pickle.load(pkl_file) Cepuanusauyms

JTa Ta6nmu,a MOXeT n3baBuTb OT BOMPOCOB NO NOBOAY CUHTAKCUCa Bbl30OBa Marm4eCKknMx metoaos.

Cﬂe,D,YI-OLLI,VIe pa3genbl Npo Mmarm4eckmne metobl OCHOBbIBAKOTCA Ha CTAaTbAX Cepreﬂ EanaKMpeBa

B Maruueckui meton _ call__
MNocne obbaBneHMA ntoboro Knacca:

class Counter:
def init (self):
self. counter = 0

MoKHO co3paBaTtb ero 06bEeKTbI C NOMOLLbIO onepaTopa:

c = Counter ()

Mocne MMeHM Knacca - Kpyrable cKObKkW. B obuwem ciyyae — 3TO onepaTtop Bbi3oBa. Tak, Hanpumep,
MOHO BbI3bIBatOTCA QYHKLMWU. HO TaK MOXHO BbI3blBaTb U Kaaccbl. Koraa npoucxoauMT BbI3OB Knacca, To
aBTOMATMYECKM 3anycKaeTca marndeckmn metoq, _ call  m B AaHHOM c/ilydae OH co34aeT HOBbI 06beKT
— npeacTaBuTenb (3K3emnaap) aToro Knacca.

¢ = Counter()
__call__(self, *args, **kwargs):
obj =self. _new__(self, *args, **kwargs)
self.__init__(self, *args, **kwargs)

return obj

3To ynpolleHHasa cxema peanmsaunm metoga _ call__. Bcé B AeMCTBMTENIbHOCTM HECKONbKO C/IOXKHEe,

HO MPMHLMN TOT }Ke: CHa4yaNa BbI3bIBAETCA MarMyecknini MeTol _ New__ A/1a co34aHuA camoro obbeKTa

B NamsATH, a 3aTeM, MeTog _ init__ - anAa MHMumManmsaumm sToro obbeKkTa. To ecTb, KNAacC MOXKHO

BbI3blBaTb NOAOOHO ¢YHKUMM bnarogapa BCTPOEHHOW AN HEro peanus3auuu MarMyeckoro meTtona
call__.

A BOT 06bEKTbI (3K3eMMNAAPbI KNACCOB) Tak Bbi3blBaTb YXe Hesb3A. TO ecTb, NP NOMbITKE BbINOAHEHUA
oneparopa

c()
, TO BO3HMKHeT ownbKa: «TypeError: 'Counter' object is not callable».

3Ta cuTyauma MoKeT BbiTb UcripaBaeHa. [ns aToro B Knacce Counter Hago ABHO NPONMCATb MarMyeckui
meTton _ 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

3pecb BbIBOANTCA c006u.|,eHme, yTO ObIN BbI3BAH MeTOo/, _caII_, 3aTem yBe/IM4YMBaEeTCA CYeTUYMK counter
ANnAa TeRywero obbekTtaHa 1 un BO3BpallaeTcAa.

Ecan cHoBa 3anycTUTb 3TOT KOZ, HWMKAKWUX OWMBOK He 6yaeT, a B KOHCO/MM OTOBPasuTCs CTpoKa
«__call_», yTo o3HayaeT BbI3OB W BbINOJIHEHME Mmaruyeckoro metoga _ call . To ectb, 6narogaps
nob6aBfeHNIo 3TOro marmyeckoro metoga B Knacc Counter, MOXHO Bbi3blBaTb €ro 3K3eMniApbI
(obpaluatbca K HUM) NOA0B6HO GYHKLMAM Yepes3 onepaTop Kpyrable CKOBKM. Knaccbl, 06bEKTbl KOTOPbIX
MOKHO BbI3blBaTb NOA0OHO GYHKLMAM, Ha3biBatOTCA GYHKTOPaMMU.

B gaHHOM cnyyae metog _ call_ BosBspallaer 3HauyeHMe cUYETYMKa, MOITOMY C O6BEKTOM MOXHO
paboTtaTb, cnegyowmm obpasom:

c = Counter()
c()

c()

res = c()

print (f'{res}")

34ech Tpu pasa 6bin BbizBaH meToa __call__ v cueTumKk __counter TpuKAbl YBEANUYUACA HA e4UHULLY.
MoaToMy B KOHCONM BUAHO 3HaYyeHue 3. Ecin co3aaTh elle oaAnH O6bEeKT-CUETUMK:

c0 = Counter ()
cl = Counter ()
cO0 ()

c0 ()

res0 = c0()
cl()

cl()

resl = cl()

print (f'{res0}, {resl}")

To oHMu 6y,u,yT pa6OTaTb coBepLlweHHO HE3aBUCUMO M NOACHNTLIBATb YNCN10 COBCTBEHHbIX BbI3OBOB.

B onpenenenun metoaa _ call__ 3anmcaHbl napametpbl *args, **kwargs. 9To 3HaUUT, 4YTO NpPU Bbi30BE
06bEKTOB MOXHO NepegaBaTb MM MNPOW3BOJIbHOE KOJIMYECTBO aprymeHToB. Hanpumep, B AaHHOM
C/ly4ae MOKHO YKasaTb 3HaYeHWe M3MEHEHMUs CYeTYyMKa Npu TeKylem Bbi3oBe. A 3TOro meton
__call_ morKHo nepenucatb, cneayowmm obpasom:

def call (self, step = 1, *args, **kwargs):
print (' call  is here')
self. counter += step
return self. counter

34ecb nosBwUACA B ABHOM BWAE MepBblii napameTp step ¢ HavyanbHbIM 3HavyeHnem 1. To ecTb, MOXKHO
BbI3bIBaTb 06BbEKTLI, HANPUMED, TaK:

c = Counter ()
c(2)

(10)
res = c(-5)
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print (£'{res}")

BoT 06wmit npuHumMn paboTtbl marunyeckoro metoga _ call . Ho 3amecb ocraertca, Kak Bcerda, oguH
BaXHbIA BOMPOC: 3a4eM 3TO HYXHO W TAe MOMKeT npurogmtbca? HeckonbKo NpuMepoB ero
NCNO/Ib30BaHMA.

B Kiacc c meTtogom __call__ BMecTO 3aMbIKaHUM QyHKIMI
Mcnonb3oBaHMe Knacca ¢ metogom __call__ BmecTo 3ambiKaHWit GyHKUMA. MOXKHO 06bABUTL Kaacc
StripChars, KoTopbili 6bl yAanan BHaYane U B KOHLE CTPOKM 3a4aHHble CUMBO/IbI

Jicriosib30BaHMe Kjlacca C MEeTOIOM call BMECTO 3aMBIKAHUM QYyHKIIVN .
MoxHO 0O6BABUTE kJjlacc StripChars, xoTopel OB yHajigjl BHadajle M B KOHIE
CTPOKM 3BalaHHBEE CMMBOJIEL

wuan

class StripChars:

def init (self, chars):
self. chars = chars
def call (self, *args, **kwargs):

if not isinstance(args[0], str):
raise ValueError ("ApryMeHT »OOJIXeH OHTL CTPOKOM")

return args[0].strip(self. chars)

# IJIg 5TOr0 B MHMLMANIMBATOPE COXPAaHSAETCS CTPOKa chars - ynmanseMele CHMBOJIBL,
# a 3arTeMm, Ipu BHBOBE METOIa call CMMBOJIEL yIAaJIAITCHa Yepe3 CTPOKOBEIM MeTOI
# strip nmns cuMBOJIOB chars. TakuMm ob6pasoM, Telepb MOXHO CO3OaTb OOBEKT

# (oxs3eMmigp) kjacca M ykKasaTb Te CUMBOJE, KOTOPHE cClenyeT yobupaTsh
sl = StripChars("?2:!.; ™)

# A BareMm BHB3BATb O00BEeKT sl momoBHO bYHKLMM
res = sl (" Hello World! ")
print (res)

B pesynbTtaTte 06bekT s1 byaet oTBeyath 3a yaaneHMe yYKaszaHHbIX CUMBO/IOB B Ha4yane U KOHLLE CTPOKMW.
Ho HMuyero He mellaeT onpeaenATb Apyrme o6beKTbl 3TOro Kaacca ¢ APYrMm Habopom CUMBOJIOB:

sl = StripChars("2:!.; ™)
s2 = StripChars (" ")

res = sl (" Hello World! ")
res2 = s2(" Hello World! ")
print (res, res2, sep='\n')

[ | Peannsauml AE€KOPAaTOpoOB C NIOMOIIbIO K/JIACCOB
BTopoi npumep — 3To peanunsaumsa L4eKopaTopoB C MOMOLLbIO KiaccoB. PaHee co34aBannch AeKOPATOPSI
ONA BblYMCAEHUA 3HAYeHMA NPOM3BOAHOM (YHKUMM B onpedeneHHol Touyke x. [Janee - nogobHas
peannsaums, Ho C UCMOJIb30BaHMEM Kaacca.

CHauyana — obbsaBneHMe 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(x + dx) - self. fn(x)) / dx

34ecb B MHMLMANM3ATOPE COXPaHAETCA CCbI/IKa Ha AeKkopupyemyto GyHKUMIO, a B meToge _ call__
NPUYHMMaeTcs oAuH 06A3aTeNbHbIM NapameTp X — TOYKY, T4e BblUMCAAETCA NPou3BoAHas M dx — war
M3MEHEHMA NPU BbluMCNEHMM Npou3BoAHON. Janee, onpeaenseTtca GyHKUMUA, HAaNpPUMep, MPOCTO CUHYC:

def df sin(x):
return math.sin (x)

M ee BbI30B NOKa be3 AeKopunpoBaHHA:

print (df sin(math.pi/4))

Mocne 3anycka nporpammbl yBuAUM 3HadyeHme npumepHo 0.7071. Tenepb gobasnseTca gekopartop. 310
MOMHO caenatb AByms cnocobamu. Mepsblid, NponMcaTb BCe B ABHOM BUAE:

Df sin = Derivate(df sin)

Tenepb Df_sin — 310 06beKT Knacca Derivate, a He ucxoaHas ¢yHKumA. MNMoatomy, Korga oHa byaet
BbI3bIBATbCA, TO 3anycTuTcA metog, _ call__ w1 BbluMCAMTCA 3HaYeHMe NPoM3BOAHON B ToUKe math.pi/4.

print (Df sin(math.pi/4))

BTopoli cnocob — 3To BOCMO/1b30BaTLCA OnepaTtopoMm @ nepeg, o6bsBneHemM GyHKLUM:

@Derivate
def dDf sin(x):
return math.sin (x)

print (dDf sin(math.pi/4))

MonyyaeTtca abCcoNOTHO TOT Ke camblii pe3ynbTaTt. BoT NpUMHUMN cOo34aHMA AeKopaTopoB GYHKUUA Ha
ocHOBe KnaccoB. Bce poctatouHo npocto (!!!) — 3anomuHaeTca ccbiika Ha GYHKUMIO, a 3aTem,
paclwmpseTtcs ee pyHKLUMOHAN B marmyeckom meTtoge _ call__.

B peanbHbIx 3agayax, MNPOEKTaxX, HYXHO MPUHMMATb pelleHUA O TOM, KaKMe MexaHU3Mbl, Nnpuembl
cneayet NPUMEHATb ANA PelleHUA KOHKPETHbIX 3a4a4. MpuBecTM anropuTMbl pellieHmii Ha Bce caydau
KMU3HW NPOCTO HEBO3MOHO — 3TO Y)KE HaBblK a/IfOPUTMMU3ALLIUN, KOTOPbIM [AO/MKEH BNAAETb KarKAbli
nporpammuct. N BbipabaTtbiBaeTca OH, B OCHOBHOM, Ha pelleHUn MpPaKTUYecKMx 3agad. Tak 4yTo Hago
60/1blUe NPAaKTUKOBATbCA NapaanesibHO C U3yYeHMeM BO3MOXKHOCTEN A3bika python.

B Marudeckue metoabl _str_, _repr_, _len_, _abs__
Ka)K,D,bIl\;I Marmyeckum MeTod aBTOMaTUYeCKU cpa6aTb|BaeT B OI'Ipe,D,EI'IEHHbIﬁ MOMEHT BpPEMEHM,
Hanpumep:

B str () — marnuyeckuii meton AnA oTobparkeHua WMHPopmaumm o6 obbekTe Knacca Ans
nonb3osatenen (Hanpumep, Ana GyHKUNiA print, str);
B _ repr__ () — marnyeckuit metos ans otobpaxeHus MHpopmaLmm 06 obbekTe Kiacca B pexume

oTNagKu (gnsa paspaboTynKkos).

[na onncaHmsa paboTbl 3TUX MeTOA0B, 06bABAAETCA KAacC AN onucaHms cobak:

class Dog:
def init (self, name):
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self.name = name

dog = Dog('MyxTap')
print (dog.name) # mMma cobauku
print (dog) # cnyxebHasa mHboopmanmsa o6 obwekTe dog

Ecaun HyXHO 3Ty MHPOpMaLMIO NnepeonpeaenmTb U oTobpasntb B Apyrom euae (bopmare), To, Kak pas
AR 3TOrO M UCMNONb3YOTCA Marmyeckme metoapl __str__ u __repr__. [1na Ha4yana - nepeonpeseneHue
MeToZa __repr__, KOTOPbIV AO/IKEH OTPA3UTCA HA BbIBOAE CNYKebHOM MHbOopMaLmMKn o Knacce.

def repr (self):
return f"{self. class }: {self.name}"

3TOT MeTo4, A0NKeH BO3BpaLLaTh CTPOKY, MO3TOMY 34eCh 3anucaH onepaTop return n popmupyemas
CTPOKa. YTo MMeHHO BO3BpaLlaTb — 3TO pelleHne NporpammmcTa. B gaHHOM ciyyae — 3To HasBaHue
Knacca u uma cobaku.

Mpwu nepeonpeaeneHmn knacca Dog 1 co3gaHumn 0bbeKTa-NpeacTaBUTENA STOFO Kaacca BUAHA Apyras
MHbOpPMaUMA NPKU 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)

370 KaK pas To, YTo 6blN10 onpeaeseHo B MarMiyeckom metoge __repr__. To e camoe MOXKHO YBUAETb U
Npv UCNONb30BaHMK GYHKUMK print 1 str. 3aecb AoNKeH oTpabaTblBaTb MarMyeckuii metod _ str__, Ho
TaK KaK OH elle He nepeonpeaesieH, To aBTOMaTUYECKU BbINOJHAGTCA METO4, __repr__.

[Jo6aBnTb BTOPON Marnyeckumii metog, _ str__, uyto 6bl 66110 BUAHO, KaK 3TO NOB/MUSIET HA OTObparkeHme
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 pesynbTaTe, ecav 6bl1 0AUH MeToA, TO OH 1 paboTan. Eciv ABa — TO MO KaknMm npasuiam oHu
paboTaloT, OCTa/I0Ch HEMOHATHO...

B MeToabl _len__u__abs__
Cneaytouwme ABa marMyeckux Metoaa:

B _ len_ () —no3BonaeT npumeHATb GyHKUMIO len() K o6beKkTam Knacca;
B _ abs_ () - nossonseT npumeHaTb GyHKUMIO abs() K 06beKTam Knacca.

Mx ncnonb3oBaHMe AOCTAaTOYHO MPOCTOE M odeBUgHoe. [aa npumepa MOXKHO obbABUTb Knacc Point,
KOTOPbI MOXKET XPaHWUTb MPOU3BO/IbHbIA BEKTOP KOOPAMHAT 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) 6bl10 Bbl KenaTeNbHO ONPeAenaTb PasMepPHOCTb KOOPAMHAT C MOMOLLbIO
byHKummM len(), cneaytowmm obpasom:

p = Point(l, 2)
print (len(p))

Ceilyac 3TO HEBbINONHMMO, TaK KaK OQyHKUMA len He NpMMEeHMMA K 3K3eMnaApam KaaccosB Mo
YMO4aHUI0. YTOObl UI3MEHUTL 3TO NOBEAEHWE, MOXKHO NepeonpesenTb marndeckuii metog __len__ () m
B JAHHOM C/ly4ae 3TO MOXHO CAEeNaTh 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(l, 2)
print (len(p))

34ecb BO3BpalllaeTcs pasmep cnucka __coords 1 ecnum nocsie 3Toro 3anycTuTb NPOrpammy, To Kak pas
3TO 3HayeHue u 6yaeT BbiBeAeHO B KOHCOb. TO eCTb, MarMyeckuii Metod __len__ yKasas, YTo Hy»HO
BO3BpalllaTb, B MOMEHT NpumeHeHua dyHKumm len() K aKsemnaapy Knacca.
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Cneaylowmin marmdeckuii metos, _ abs_ paboTaeT aHaNorMuyHbIM 06pa3om, TO/IbKO aKTUBUPYETCS B
MOMEHT BbI30Ba GyHKUMM abs ans sKk3emnnapa Knacca, Hanpumep, Tak:

print (abs (p))

OnATb e, ec/iv ceiyac BbINOAHUTL MPOrPamMmmMy, TO YBUANM OWMBKY, T.K. PYHKUMA abs He MOXKeT 6bITb
HanpsAMylo NPUMeHeHa K 3Kk3emnasapy. Ho, ecan nepeonpeaennts Marmyeckuii MeTos;

def  abs (self) :

return list( map(abs, self. coords) )

KOTOprVI BO3BpallaeT CNNCOK U3 abCoOTHbIX 3HAYEHU KOOPAWHAT TOYKH, TO Nporpamma OTpaﬁoTBET B
WTAaTHOM peXMME U C OXXNOAEMbIM PE3Y/IbTATOM.

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(l, 2)
print (len(p))
print (abs (p))

B Maruueckue metoapl _add_, _sub_, _mul_,_ truediv__
310 MeToapl Ans paboTbl C apUPMeTUYECKMMIM OonepaTopamu:

B _ add__ () — ans onepaumm cnoxeHus;
B _ sub_ ()—Aana onepauuu BblYUTAHUS;
B _ mul_ () —ans onepaumm yMHOMXKEHMUS;
B truediv_ () — Ana onepauuu aeneHus.

O6bACHWUTL paboTy 3TMX METOAO0B MPOLLE BCEro HAa KOHKPeTHoOM npumepe. [peanonoxum, 4to
TpebyeTca onpeaenvTtb Kaacc gna pabotbl co BpemeHem. Ero sksemnnsapbl (06beKTbl) ByayT XpaHUTb
Yyacbl, MMHYTbI U CEKyHAbI TeKyLwwero gHA. HayanbHoM TouKkol oTcyeTta 6yaet 00:00 yacoB Houn. Bpems
OyaeT XpaHUTbCA B BUAE CEKYHA C MakCMMasibHbiM 3HavyeHnem 86400 — 4MC/I0 CEeKyHA, B OAHOM AHe.
Moatomy nepep NPUCBOEHMEM B MHULMaNM3aTope Byaem MPUMEHATbCA OCTATOK OT AENEeHUA Ha 3TO
3Ha4yeHue:

class Clock:
DAY = 86400 # uUMCIIO CekKyHI B OIHOM IHe

def init (self, seconds: int):
if not isinstance(seconds, int):

173



raise TypeError ("CexyHOH HOJDKHEI OBITH LI&JIEIM UMCJIOM")

o)

self.seconds = seconds % self. DAY

34ecb BaXHO, Kak 3anucaH napametp seconds. lMocne Hero CTouT ABOETOUYME U YKa3aH OXKUAaemMblid TUN
OaHHbIX. JTa HoTauua A3blika Python noackasbiBaeT nNporpammucTy, Kakon TUM AaHHbIX caeayet
nepegasaTb B KayectBe seconds. KoHeYHO, MOXHO nepenaBaTb M ApyrMe TUMbl AaHHbIX, CTPOroro
OrpaHMYeHUs 34ecb HeT, 3TO /NWb NOMeTKa ANA nporpammucTa U He 6onee Toro. MosTomy Aanee
BHYTPW MHMLMANN3ATOPA AeNaeTca NPOoBepKa, YTo napameTp seconds AoNXKeH ABAATLCA Le/IbiIM YNC/IOM.
Ecnu 37O He Tak, reHepupyeTca uckaodeHme TypeError.

[anee B 3TOM e Kfiacce onpegenserca mertoq get time ana nosyyeHusa TeKyllero BpemMeHu B Buae
dopMaTHOM CTPOKU:

def get time(self):

s = self.seconds % 60 # CexkyHIE

m = (self.seconds // 60) % 60 # MMUHYTH

h = (self.seconds // 3600) % 24 # uach

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")

3aecb 4ONONHUTENbHO onpeaeneH MeToA Knacca ana popmaTupoBaHMa BpemeHu (aobasnsetca
He3Havalnii NepBbIii HOMb, €C/IU YMCo MeHble 10).

Janee, MOXXHO NPUMEHUTb 3TOT KN1AaCC, HAaNpUmep, Tak:

cl = Clock(1000)
print(cl.get time())

Ecan noHapobutcs MsMeHUTb Bpema B 06beKTe cl, To celyac 3TO MOMKHO caenaTb Yepes NoKasbHoe
cBoMcTBO seconds:

cl.seconds = cl.seconds + 100

class Clock:
DAY = 86400 # UMCJIO CEeKYHI B OIHOM IHE

def init (self, seconds: int):
if not isinstance (seconds, int):
raise TypeError ("CexyHOE HOJDKHEI OBITH LI&JIEIM YMCJIOM")

Q

self.seconds = seconds % self. DAY

def get time(self):

s = self.seconds % 60 # cexkyHnow
m = (self.seconds // 60) % 60 # MUHYTH
h = (self.seconds // 3600) % 24 # uyacw
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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 gobasneHo 100 cekyHA. Ho ecam 6bl 3TO M3MEHEHWE MOXKHO 6b110 Hbl NponMcaTb BOT TakK:

cl = cl + 100
TO 6b1N10 Obl O4EHb XOPOLLO.

KoHeuyHo, Npu 3anycke nporpammbl BO3HUKHET OLWMOKA, TaK KaK onepaTop C/OXeHMA He paboTaeT ¢
aksemnnapamu knacca Clock. OgHako, 3TO MOXHO NoNpPaBuTb, ecan A06aBUTb B 3TOT KNACC Marnyeckumii
meToz, __add__. Ero MoKHO 3anucaTb B cnegytowem Buae:

def add (self, other):
if not isinstance (other, int):
raise ArithmeticError ("lpaBent onepaHn IOOJDXKeH OBITH TuroMm int")

return Clock(self.seconds + other)

M Tenepb, Npu 3anycke Nporpammbl, Bce paboTaeT Tak, Kak 1 3a4yMblBanoch...

class Clock:
DAY = 86400 # uUMCIIO CekKyHI B OIHOM IHe

def init (self, seconds: int):
if not isinstance(seconds, int):
raise TypeError ("CekyHIOE IOOJDKHEI OBITH LEeJBEM ymcjom")

[

self.seconds = seconds % self. DAY

def add (self, other):
if not isinstance (other, int):
raise ArithmeticError ("llpaBel omnepaHn OOJIXEeH OBITH TMIOM int'")

return Clock(self.seconds + other)

def get time(self):

s = self.seconds % 60 # cexkyHOH
m = (self.seconds // 60) % 60 # MUHYTH
h = (self.seconds // 3600) % 24 # uacu

return f"{self. get formatted(h)}: {self. get formatted(m)}:
{self. get formatted(s)}"

Q@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 = cl + 100

print (cl.get time())

BHavane ectb 06beKT Knacca Clock co 3HaueHuem cekyHa 1000. 3aTtem, apudmeTmyeckas onepaumsa

¢l =c1 + 100 paKkTn4ecKn 03HaYaeT BbINOJIHEHME KOMaHAbI:

cl = cl. add_ (100)

B pe3ynbtate aktusmpyetca metog _add__ v napameTp other npMHMMmaeT yenoymcneHHoe 3HaveHue
100. NpoBepKa npoxoanTt u dopmupyeTcs HoBbl 06beKT Knacca Clock co 3HayeHnem cekyHa 1000+100
= 1100. 3T0T 06BEKT BO3BpalLaeTca metogom __add 1 nepemeHHas cl HauyMHaAeT ccblNaTbCsA Ha 3TOT
HOBbIN 3K3eMnaAp Knacca. Ha npexHuit yxe He 6yaeT HMKaKMX BHELIHMX CCbIJIOK, MO3TOMY OH byaeT
aBTOMATMYECKM yaaneH cbopLymkom mycopa.

CNnoXKHOCTb MpPOLLECCOB, KOrAa BCEro /MMlb HYKHO npubasutb 100 ceKyHA K yXe umerolemycs
3HAYEHUIO MOXKET yAauBUTb. HO 3Ta CNOXKHOCTL onpaBAaHHA. YTobbl 3TO MOHATb, HYXHO PaACLIMPUTb
bYHKLMOHaN onepaTopa CAOXKEHUA U AONYCTUTb, YTO MOXKHO CKNaAblBaTb ABa PasHbIX 06BbEKTa Knacca
Clock, cneayowmm obpasom:

cl Clock (1000)

c2 Clock (2000)

c3 = ¢l + c2

print (c3.get time())

KoHeuHo, ecnun ceiyac 3anycTuTb Mporpammy, To BO3byamuTca uckatoueHue ArithmeticError, Tak Kak
napametp other He COOTBETCTBYeT LE/SOMY YMCAYy. 3TO MOMKHO MOMPaBUTb U HEMHOIO M3MEHWUTb
peanusaumio metoga __add

def add_ (self, other):
if not isinstance (other, (int, Clock)):
raise ArithmeticError ("llpaBeli omnepaHn OOJDKEH OBITH TMUIIOM 1nt wmim

obwexkToM Clock")

sc = other if isinstance (other, int) else other.seconds
return Clock (self.seconds + sc)

Tenepb B Nporpamme MOXHO CKAaAblBaTh M OTAE/bHbIE Lesble Ynucna u ob6bekTbl Knaccos Clock. U ato
yA06Ho. KpomMe TOro, MOXKHO NPONUCbIBaTh U 60ee CNOMKHbIE KOHCTPYKLMU NPU CAOKEHUKN, HAaNpUmep,
TaKkue:

class Clock:
DAY = 86400 # uUMCJIO CeKyHI B OHHOM HHEe

def init (self, seconds: int):
if not isinstance (seconds, int):
raise TypeError ("CekyHIOE IOJDKHEI OBITH LEJBEIM ymcjom")

Q

self.seconds = seconds % self. DAY

def add (self, other):

if not isinstance (other, (int, Clock)):
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raise ArithmeticError ("IpaBemt onepaHn IOJDXKeH OBITH TMIIOM int wim
obwexkTOoM Clock™)
sc = other if isinstance (other, int) else other.seconds
return Clock(self.seconds + sc)

def get time(self):

s = self.seconds % 60 # cexyHIOH
m = (self.seconds // 60) $ 60 # MMHYTH
h = (self.seconds // 3600) % 24 # uacwu

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())

cl = ¢l + 100

print (cl.get time())

c2 = Clock (1000)
c3 = Clock(2000)
cd = Clock(3000)

ch = c¢c2 + c3 + c4
print (c5.get time())

N oHa cpaboTana 6narogapa Tomy, yto meTos _ add__ BO3BpalLAET KaxAbli pa3 HOBbIA 3K3emnasap
knacca Clock. [leTanbHee Bce BbIFAAMUT TaK:

CHauana naet cnoxeHune obbekToB cl + c2, B pe3ynbTaTe popmupyeTcs HOBbIM 06BbeKT Knacca Clock co
3HavyeHmem cekyHa 1000 + 2000 = 3000. NycTb Ha 3TOT KNacc BeAeT BHYTPEHHAA nepemeHHasn tl. 3atem,
ONs 3TOro HOBOro 06beKTa Bbi3blBaeTCcA CHOBA meTos _add__ v naet cnoxkeHue ¢ obbekTom tl + c3.
Monyyaem eue oaMH 0b6BEKT C umciom cekyHa 6000. Ha 3TOT 06BEKT, Kak pa3 u bydeT ccblnatbea
nepemeHHasn c4, a o6bekT c t1 6yaeT aBTOMAaTUYECKM YHUUTOXKEH cOopLLMKOM Mycopa.

Echn 6bl He cosgaBanucb ak3emnaspbl Knaccos Clock B metoae ~ add 1 He Bo3Bpallasinch, TO
KOHCTPYKLMIO C IBYMA COXKEHUAMM Obla10 6bl HEBO3MOXKHO peannsoBaTb.

Ewe oAHMM Ba)KHbIM HIOAHCOM paboTbl onepaTopa C/OXeHUsAs ANA OObeKTOB KNaccos, ABAAETcA
nopsaaoK ux 3annucu. Mol Bceraa nponucbiBanaun ero B BUAe:

cl = cl + 100

TO ecTb, CHa4yana wesn o6beKT, a 3aTem, uncno. Ecnm 3anncatb Ha06OPOT, TO BO3HUKHET OLLIMBKa:

cl = 100 + cl

M 3TO O04eBUOHO, TaK KaK 34eCb, d)aKTVILIeCKM MOeT Bbl30B MeToAa:

100.  add_ (cl)

HO OH He cyllecTByeT gaa obbeKTa int n ak3emnaapos Knacca Clock. Kak BbIiMTM M3 3TOM cuTyaumm?
OyeHb npocTo. A3bIK python npegoctaBaseT cneuymanbHbii HA6OP Marnyecknx MeToaos ¢ obaBneHnem
OYKBbI I

__radd__ ()
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OH aBTOMAaTUYECKM BbI3bIBAETCA, €C/IN He MOXKeT 6biTb Bbi3BaH meton _ add_ (). Ero onpeaeneHue
MO*HO n0b6aBuTb B Knacc Clock:

def

__radd_(self, other):

return self + other

34ecb 3anMcaHa KOMaHAA CNoXKeHua Tekyulero obbekta Knacca Clock ¢ napametpom other, KoTopbiit
MOXET ObITb UAM YMCIOM UK TOXKe obbekTom Knacca Clock. B cBolo ouepeab byaeT Bbi3BaH MeTOA,
__add__, HO Cc NpaBW/IbHbIM NOPAAKOM TUNOB ZlaHHbIX, MO3TOMY CNOXeHWe npoiaeT 6e3 oWmnboK.

class Clock:
DAY = 86400 # UMCJIO CeKyHI B OIOHOM IHe

def

def

_init (self, seconds: int):
if not isinstance(seconds, int):
raise TypeError ("CexyHOE HOJDKHEI OBITH LEJIEIM YKcJoM")

[

self.seconds = seconds % self. DAY

__add__ (self, other):

if not isinstance (other, (int, Clock)):
raise ArithmeticError ("lpapel onepaHn OOJKEH OBITHL THUIOM int wim

obvexkToM 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):

s = self.seconds % 60 # cexyHIOH
m = (self.seconds // 60) % 60 # MMHYTH
h = (self.seconds // 3600) % 24 # uyacw

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())

cl = cl + 100
print(cl.get time())
cl = 100 + cl
print(cl.get time())
c2 = Clock(1000)

c3 = Clock (2000)

cd4 = Clock (3000)

ch = ¢c2 + c3 + c4

print (c5.get time())

HakoHel, y Bcex marMyeckux MeToZoB, CBA3aHHbIX C apUPMETUYECKMMM OMEepaTopamm, ecTb elle oAHa
moanduKkauma c nepBoit bykBo i:

__iadd_ ()
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OHa BbI3bIBaeTCA AN KOMaHAb!:

cl += 100

Ecnu 3anycTutb ceilyac nporpammy, TO HUKaKUX OLLIMBOK He byaeT u oTpabotaetT metoa _add_ (). Ho s
metoge _ add_ cospaetca HoBbi 06beKT Knacca Clock, Toraa kKak npu onepaummn += 3T0ro AesaTb He
obasaTenbHo. NMoatomy B Knacc Clock Hapo fo06aBuTb elle ogMH Mardecknin metog, __iadd__:

def iadd (self, other):
print (" iadd ")
if not isinstance (other, (int, Clock)):
raise ArithmeticError ("llpaBuii omnepaHn OOJKeH OBITHL TUIOM int wmiam
obwexToM Clock™)

sc = other if isinstance (other, int) else other.seconds
self.seconds += sc

return self

3pecb He co34aéTcA HOBOrO 06b6KTa, a MEHAETCA YUCNO0 CEKYH B TEKyLueMm. JTO NnornyHee, Tak Kak
BblI3blBATb LI,EI'IO‘-IKOVI onepauunto += He npeanonaraeTca n, Kpome Toro, oHa U3MeEHAET (I'IO CMbICJ’Iy)
COCTOAHUE TEKYyLLEro obbeKTa. |_|03TOMy n AO6aBJ'I‘r'IeTCFi 3TOT MarnyecKkum MeTo4.

class Clock:
DAY = 86400 # uUMCIIO CekyHI B OIHOM IHe

def init (self, seconds: int):
if not isinstance (seconds, int):
raise TypeError ("CekyHIOE IOOJDKHEI OBITH LEeJBEM yucjom")

o)

self.seconds = seconds % self. DAY

def add (self, other):
if not isinstance (other, (int, Clock)):
raise ArithmeticError ("IIpaBent onepaHn IOJDXKeH OBITH TMIIOM int wim
obwexkTOoM Clock™)
sc = other if isinstance (other, int) else other.seconds

return Clock(self.seconds + sc)

def radd (self, other):
return self + other

def iadd (self, other):
print (" iadd ")
if not isinstance (other, (int, Clock)):
raise ArithmeticError ("llpaBell onepaHn OOJKEH OBTHL TUIOM int wmnm
obwexkToM Clock™)

sc = other if isinstance(other, int) else other.seconds
self.seconds += sc

return self

def get time(self):
s = self.seconds % 60 # cexkyHOw
(self.seconds // 60) % 60 # MuMHYTH
(self.seconds // 3600)

m

h % 24 # uyacw
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return f"{self. get formatted(h)}:

{self. get formatted(s)}"

@classmethod

def get formatted(cls,

cl

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())
cl = 100 + cl

print (cl.get time())
cl += 100
print(cl.get time())
c2 = Clock (1000)

c3 = Clock (2000)

cd = Clock (3000)

ch = c2 + c3 + c4

print (c5.get time())
cl += c2
print(cl.get time())

{self. get formatted(m)}:

BoT 1 6blna noapobHO paccmoTpeHa paboTa oaHOro apudmeTMyeckoro marudeckoro metoga __add_ ()
c ero Bapuaumamm __radd__ () m __iadd__ (). Mo aHanorMm ncnonb3ytoTcs U BCe OCTajbHble NOA06HbIe
Marnyeckne metoapl:

OnepaTtop MeTtoz onepaTtopa Onepa
Xty __add__(self, other) X+=y
X—y __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 %=y

B MeToabl CPAaBHEHMM __eq_, _ne_,

TOp MeTog onepatopa
__iadd__(self, other)
__isub__(self, other)
__imul__(self, other)
__itruediv__ (self, other)
__ifloordiv__(self, other)
__imod__(self, other)

_It_, _gt_ wupapyrue

Maruuyeckue meToabl AN Peannsaumm onepaTopos CPaBHEHUA:

eq__() — pns paseHcTBa ==

__ne__()— pna HepaBeHcTBa !=

__It_ () — ana onepaTopa meHbLue <

le_ () — ona onepaTopa meHbLUe UK PaBHO <=
__ gt ()—ana onepatopa 6onblue >

__ge_ ()—Anaonepatopa 6onbLUe NN PaBHO >=
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PaboTa 3Tux meTogoB byaeT paccmaTpMBaTbCs Ha NpuMepe paHee onpeaenéHHoro knacca Clock:

class Clock:
DAY = 86400 # UMCJIO CeKyHI B OIOHOM IHe

def init (self, seconds: int):
if not isinstance (seconds, int):
raise TypeError ("CekyHIBE HOOJDKHEI OBITH LIEJIBIM YMCJioM")

Q

self.seconds = seconds % self. DAY

def get time(self):
s = self.seconds $ 60
m = (self.seconds // 60) % 60
h (self.seconds // 3600) %
return f"{self. get formatted(h
{self. get formatted(s)}"

# cexyHOH
# MUHYTEH
24 4 uyacw
) }:{self. get formatted(m)}:

@classmethod
def get formatted(cls, x):
return str(x).rjust (2, "0")

M3Ha4yanbHO 1A Kaacca peanmsoBaH TONbKO OAUH MeTOA CPAaBHEHUA Ha PaBEHCTBO, Hanpumep:

cl = Clock(1000)
c2 = Clock(1000)
print (cl == c2)

Ho 3zecb 06beKkTbl cpaBHMBatOTCA Mo wx id (agpecy B mamsATW), a XOTeNoCb, YTObbl CPaBHWMBAAWCH
CEKYHAbl B KaXXAOM M3 06bekToB cl M c2. [na 3Toro cnegylowmm obpasom nepeonpenensercs
marmyeckuit metog, __eq_ ():

def eq (self, other):

if not isinstance (other, (int, Clock)):
raise TypeError ("Onepaunm crnpaBa OoJxeH mMmeTh Tun int wmim Clock™)

sc = other if isinstance (other, int) else other.seconds
return self.seconds == sc

Tenepb, nocne 3anycka Nporpammsl BUAMM 3HavyeHue True, T.K. 06BEKTDI coaepKat ognHaKoBOe BpeMA.

class Clock:
DAY = 86400 # umcyo cCexyHHO B OIHOM IHE

def init (self, seconds: int):
if not isinstance (seconds, int):
raise TypeError ("CexyHOE HOJDKHEI OBITH LI&JIEIM YMCJIOM")

Q

self.seconds = seconds % self. DAY

def get time(self):

s = self.seconds % 60 # cexkyHnow
m = (self.seconds // 60) % 60 # MUHYTH
h = (self.seconds // 3600) % 24 # uacwm

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 cnpaBa HOOJKEeH uMMeTb Tun int wmmam 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, "0")

cl = Clock(1000)
c2 = Clock (1000)
print (cl == c2)

Kpome TOro, MOXXHO BbIMOJ/IHATb NPOBEPKY N Ha HEPABEHCTBO!
print(cl != c2)
Ecan UHTEPNPETATOpP A3blKa Python HE HaXxoauT onpegeneHne metoga ==, TO OH NbITaeTCA BbINO/IHUTb

NPOTUBOMNO/IOXKHOE CPpaBHEHME C noc/eadylolein nHBepcuein pesynbtata. TO ecTb, B AaHHOM caydae
HaxoAMTCA ONepaTop == M BbINONHAETCA UHBEPCUA:

not (a == b)

B 3TOM MOHO ybeanuTbCcA, NOCTaBMB TOYKY OCTaHOBa B METOA _ eq__ W 3anycTuTb nporpammy. OH
cpabaTtbliBaeT M pe3ynbTaT B NOCNEACTBUN MEHAETCA Ha MPOTMUBOMNOJIONKHbIN.

O6beKkTbl Knacca Clock, cpaBHMBAOTCA, HA PAaBEHCTBO M HEPABEHCTBO, A TAKXEe C UEAbIMU YUCAaMMU.
OpaHaKo, cpaBHeHMe Ha 6oablie AU MeHbLUe Noka He paboTaeT. CTpoyKa Nporpammbl:

print(cl < c2)

npueeaeT K owmnbKe. MNoatomy Hago ,D,O6aBVITb 3Ty onepauuno CpaBHEHUA:

def 1t (self, other):
if not isinstance (other, (int, Clock)):
raise TypeError ("OnmepaHn crnpaBa OOJKEH MMeTb Tun int wmmam Clock")

sc = other if isinstance(other, int) else other.seconds
return self.seconds < sc

Kak 3aecb nonyyaerca aybampoBaHue Koga. [103ToMy HYXKHO, BbIHECTM obllee A5 MeToA40B CPaBHEHUS
B OTAE/IbHbIM MeToa Knacca:

@classmethod
def verify data(cls, other):
if not isinstance (other, (int, Clock)):
raise TypeError ("OmnepaHn chpakBa OOJIXeH uMMeTb Tun int mmam Clock")

return other if isinstance(other, int) else other.seconds

A camu meToabl npumyT BUL4:

def eq (self, other):

sc = self. wverify data(other)
return self.seconds == sc
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def 1t (self, other):

sc = self. wverify data(other)
return self.seconds < sc

UTaK, mbl onpeesinan cpaBHeHMe Ha PAaBEHCTBO M MeHbLlle. Tenepb, MOXHO CPaBHMBATb 06BEKTDI
knacca Clock Ha aTn onepaunn n 4ONONHUTENIbHO Ha HEPABEHCTBO U 6onbue. Ceituac KOMaH4a:

class Clock:
DAY = 86400 # umcyo CexyHHI B OIHOM [IHe

def init (self, seconds: int):
if not isinstance (seconds, int):
raise TypeError ("CexyHOE HOJDKHEI OBITH LI&JIEIM UMCJIOM")

Q

self.seconds = seconds % self. DAY

def get time(self):

s = self.seconds % 60 # cexkyHnOw
m = (self.seconds // 60) % 60 # MUHYTH
h = (self.seconds // 3600) % 24 # uacwh

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 ("OmnepaHn cropaBa OOJKeH MMeThb Tun int wmmam Clock")

return other if isinstance(other, int) else other.seconds

def eq (self, other):

sc = self. wverify 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 ("Onepaunm crnpaBa IOOJIXKEH MMEThL TUI int wuim
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 ("Onepaun crnpaBa IOOJIXKEH MMEThL TUI int wunm
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)

Bbigact True, Tak Kak NepBoOe BPeMA MeHbLLE BTOPOro. M TakKe MOXKHO AenaTb NpoBepKy Ha bonbLue:

print (cl > c2)

3aecb cpaboTaeT TOT e MeTo/, MeHblle, Ho Ans obbeKTa c2:

c2 < cl
To €CTb, B OT/IM4Me OT onepartopa ==, rae npuMeHAeTca WnHBepCcuAa, 34eCb MEHAETCA NopAAOoK
onepaHAos. Ho NpPpuY 3TOM Hago onpeaesinTb B Kacce MeTo, bonble:

def gt (self, other):

sc = self. verify data(other)
return self.seconds > sc

OH byaeT HailgeH 1 BbiNoAHeH. MoameHa NPoUCXO4UT TONIbKO B C/ly4ae OTCYTCTBMA COOTBETCTBYIOLLENO
Marmyeckoro metoga.

M TO e camoe AnAa meTo40B CPaBHEHMA HA MeHbLUe WX PaBHO U 6onbLie unu PaBHO:

def 1le (self, other):

sc = self. wverify data(other)
return self.seconds <= sc

Ecnun ero BbI3BaTb HeNnocpeACcTBEHHO A1A 06bEKTOB Knacca:

print (cl <= c2)

TO OH cpaboTaeT 1 pesynbTaT 0To6pasmnTCa B KOHCoAU. Ho, ecam nponucaTb 06paTHoe cpaBHeHMe:

print (cl >= c2)

TO NPOCTO UBSMEHUNTCA NOPALOK OnepaHaA0B U 6y,u,eT B3ATO BCE TO e CPpaBHEHWE MeHbLUE NN PaBHO.

To ecTb, g1 onpeaesieHnn onepaLmii CpaBHEHUA AOCTAaTOYHO B K/1acce ONPeAenTb TO/IbKO TPU MeTo4a:
==, <, <=, €C/IN OCTa/ibHble ABAAOTCA UX CUMMETPUUYHOM MPOTUBOMONOMKHOCTbIO. B 3TOM caydae A3bIK
python cam noabepeT Hy»KHbIi METOA, U BbINOJIHWAT €ro NPU CPaBHEHUN 06 HEKTOB.

class Clock:
DAY = 86400 # umcyo CexyHHI B OIHOM IHE

def init (self, seconds: int):
if not isinstance (seconds, int):
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raise TypeError ("CexyHOH HOJDKHEI OBITH LI&JIEIM UMCJIOM")

o)

self.seconds = seconds % self. DAY

def get time(self):

s = self.seconds % 60 # cexkyHnOw
m = (self.seconds // 60) % 60 # MUHYTH
h = (self.seconds // 3600) % 24 # uacwh

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 ("OmnepaHn chopaBa HoJxeH MMeTb Tull int miam Clock")

return other if isinstance(other, int) else other.seconds

def eq (self, other):

sc = self. wverify data(other)
return self.seconds == sc

def 1t (self, other):

sc = self. wverify data(other)
return self.seconds < sc

def gt (self, other):

sc = self. wverify data(other)
return self.seconds > sc

def le (self, other):

sc = self. verify data(other)
return self.seconds <= sc

def ge (self, other):

sc = self. wverify data(other)
return self.seconds >= sc

# def eq (self, other):

# if not isinstance (other, (int, Clock)):

# raise TypeError ("OmnepaHpn cnpaka IOJXEH MMETb Tull int mim
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 ("OmnepaHn cnpaka IOJXEH MMETb Tull int mim
Clock")

#

# sc = other if isinstance (other, int) else other.seconds

# return self.seconds < sc

@classmethod

def get formatted(cls, x):
return str(x).rjust(z2, "0")

cl = Clock(1000)
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c2 = Clock(1000)
print (cl == c2)

B Maruyeckue MmetoAabl _eq__ 41 __hash__
BbluncneHua xewa AnAa 0b6BbEKTOB KNaccoB. BHayane YTo 3TO TaKoe U 3a4em Hy)-KHO? B python nmeetTca
cneumanbHan GyHKLUSA:

hash (123)
hash ("Python")
hash((1, 2, 3))

KoTopas GopMUpPYET MO onpeaesieHHOMY aJifoPUTMY LLeNIOYUC/EHHbIE 3HAYEHUA A5 HEU3MEHAEMbIX
06beKToB. MNpuyem, ANa paBHbIX 0O6BLEKTOB Ha BbIXOAe BCeraa A0/XKHbl MOyYaTbCA PaBHble X3LLU:

hash ("Python™)
hash((1, 2, 3))

A BOT 0bpaTHOe yTBEpKAEHME AenaTb HENb3s: PaBHbIE X3LWM HE FapaHTUPYHOT PaBEHCTBO 06BbEKTOB. 3TO,
KaK B MU3BECTHOM Bblpa*KeHUU: Kambana — 3To pblba, HO He Kaxaana pbiba kambana. C xalwamu Bce TO e
camoe.

OAaHakKo, ecnu xewu He PaBHbI, TO U 06BbEKTbI TOYHO He pasHbl. [Tony4atoTca cnegytowme CBOWCTBA anAa
Xxewa:

B Ecnu obbekTbl a == b (paBHbI), TO paBeH M UX X3LU.

B Ecau pasHbl xewun: hash(a) == hash(b), To 06beKTbl MOryT 6bITb PaBHbI, HO MOTYT HbITb U He
paBHbl.

B Ecau xewwu He paBHbl: hash(a) != hash(b), To 06beKTbI TOYUHO He paBHbI.

Mpuyem, XaLWm MOXKHO BbIYUCAATb TOJIbKO A1 HEM3MEHAEMbIX 06bEKTOB. Hanpumep, 418 CNUCKOB:

hash ([1, 2, 3])

nosiy4daetcs ownbka «unhashable type» - He xaWwmMpyemblii OO BEKT.

Takum obpasom, ana noboro HemsmeHAeMoro 06bEKTa MOXKHO BbIMMCAATD X3 C MOMOLLbIO GYHKUMUK
hash(), Ho 3auem Bce 3TO Hago? B AENCTBUTENBHOCTM HeKoTopble 0b6bekTbl B Python, Hanpumep,
CNI0Bapy MCNO/b3YIOT X3LWW B KaYecTBe CBOMX Katodel. TaK, Koraa y CoBapA yKasblBaeTcA Ko, TO OH
OONKEH OTHOCUTLCA K HEM3MEHAEMOMY TUMY AAHHbIX:

d = {}

d[5] =5
d["python"] = "python"
are, 2, 3)1 = 11, 2, 3]

B ,D,eﬁCTBMTeﬂbHOCTM, 3TO HEO6XOAI/IMO, YTOObl MOXKHO OblIO BbIYUCAUTL XelW OOBEKTOB W K/OUM
XpPaHWUTb B BUAE:

(x2m xkJoYa, KJIOY)
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[Ona yero 3To noHagobunocek? eno B TOM, YTO NEPBOHAYA/IbHO HYXKHaA 3anMcb B C/1I0Bape MLETCA No
X3y, TaK KaK CyLlecTBYeT BbICTPbIA arOPUTM MOMCKA HY}KHOTO 3HaYeHuA Xawa. A 3aTem, 414 PaBHbIX
xewen (ecnm Takue 6blM 0BHapyKeHbl), OTOMPAETCA 3anNMCb C YKa3aHHbIM B Kaloye obbekTe. Takoi
MoAX04, 3HaYNTENbHO YCKOPAET MOMCK 3HAaYeHUA B C0Bape.

Tenepb 0b6baABAAeTcA Knacc Point 4na npeacraBneHna KOOPANHAT Ha NAOCKOCTH:

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

Ana 3K3emMnnAapoB 3TOro Knacca:

Point (1, 2)
Point (1, 2)

pl
P2

MOXHO BbIYUCNATb XelLl:

print (hash (pl), hash(p2), sep='\n"')

BaXHO, YTO HECMOTpPA Ha TO, YTO KOOPAMHATbI ToueK pl u p2 paBHbI, UX X3LWKN pa3Hble. TO ecTb, C TOYKM
3peHus ¢yHKuMM hash() — aTo ABa pasHbix 06beKTa. Ho Kak OHa MOHMMaeT, paBHble 06beKTbl MM
pasHble? Ecan onepatop cpaBHeHUA:

print (pl == p2)

naet True, TO 06bEKTbl PaBHbl, MHaYe — He paBHbl. COOTBETCTBEHHO, ANA pa3HbiX 06beKToB byayT
noay4YaTbcA M pasHble xawu. Ho pas 3To TaKk, eciv nepeonpenenutb rnosedeHuWe 3TOro onepatopa
CpaBHEHMSA C NOMOLLbIO Marnyeckoro metoga __eq_ ()?

def eq (self, other):

return self.x == other.x and self.y == other.y

Tenepb y Hac 06bEKTbI C O4MHAKOBbIMU KOOpAMHATaMK ByayT cuMTaTbCA paBHbIMKW. HO Mpu 3anycke
nporpammbl BO3HUKaeT olwmnbKa «unhashable type», To ecTb, HalwK 06bEKTbI CTa/IU HE X3LWMPYEMbIMMU.
[Ja, KaK TONbKO NMPOUCXOAWT nepeonpenesieHne onepaTtopa ==, TO Haya/ibHbl/ aITOPUTM BbIMUCIEHUSA
X3lWa ANA TakMX 06beKToB nepectaeT paboTtaTb. MoO3TOMY, HaM 34€eCb HY»KHO MpPoNMcaTb CBOW Cnocob
BblUMC/IEHMA X3LWa 06bEKTOB Yepes Mmarnyeckmii metos __hash__ (), Hanpumep, Tak:

def  hash (self):

return hash((self.x, self.y))

3pecb Bbi3blBaeTcA ¢yHKUMA hash gna KopTexka M3 KoopAMHAT TOYKWU. ITOT KOPTEX OTHOCUTCA K
HeM3MeHAeMOoMY TUMY, MO3TOMY AR HEro MOXHO MPUMEHUTb CTaHAAPTHYO PyHKUMIo hash(). To ecTb,
NoAMEHAETCA BbluMCNeHMe X3Wa obbekta Knacca Point Ha BbluMCNeHME X3Wa OT KOOPAMHAT TOUKM.
Tenepb, Noc/e 3anycka NPorpammbl BUAHO, YTO O6BbEKTLI PaBHbI M MX X3LIW TaKKe PaBHbI.

YT1o 37O B UTOre 03Ha4vaeT? Ecnm B3aTb NycTOM cnoBapb:
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A 3aTem cdopmMmnpOoBaTb 3aNncK Yepes o06beKTbI pl u p2:

dlpl] = 1
d[p2] = 2
print (d)

TO OHWM BYAYT BOCNPUHMMATLCA KaK OAMH W TOT Ke KoY, TaK KaK OOBEKTbl paBHbl U MX X3LWKN TOXKe
paBHbl. A BOT €CM Marnyeckie metodpl B Knacce Point noctaBUTb B KOMMEHTapUM U CHOBA 3aMnycTUTb
nporpammy, To YBUAMM, YTO 3TO Y¥Ke pasHble 06bEKTbI, KOTOPble GOPMUPYIOT PasHble KAYK COBapS.
BOT Ans Yyero MoeT NoOHaZ06UTLCA TOHKO HacTpaneaTb paboTy dyHKumMKM hash() ana 06bekToB Knaccos.

B Maruyeckuu metoj __bool__onpeaeseHuss npaBAUBOCTH 00 bEKTOB
O cnocobax HaCTPOMKKN K onpeaeneHua NpPaBanBoOCTM 0OBEKTOB K/1accoB. YTo Takoe nNpaBAMBOCTb? ITO

KOrza K aK3emnasapy ABHO UK HeaBHO NpumeHseTca ¢yHKumMaA bool(). C Helt Mbl C BaMM y»Ke 3HaKOMbI U
NPUMEHSAAN K 0BbIYHBIM TUNAM AaHHbIX:

o)
=
o
g
O
o]

B cTaHgapTHOM noBedeHWM OHa Bo3BpallaeT True AnsA HenycTbix 06bekToB U False — gna nyctbix. YTo
oyHKumio bool() 6yaeT BblgaBaTb ANA 3K3EMNAAPOB KnaccoB. [NA 3TOro MCNo/sib3yercs paHee
ob6bABNEHHbIN Knacc Point:

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

Ero o6bekT:

p = Point (3, 4)

M NpUMeHeHue K Hemy dyHKuum bool():

print (bool (p))

[aét 3HaueHue True. B aeicteutTenbHOCTH, 3Ta GYHKLUMA BCeraa Bo3spaluaer True ans nobbix 06beKToB
MoNb30BaTe/NIbCKOro Knacca. [losydyaeTtcA, YTO cMmbicia B Held 0coboro HeT, MPUMEHUTENbHO K
3K3emnaapam Knaccos? He coscem. MOHO nepeonpeaennTb ee nosegeHue nMbo yepes marmieckuii
meton _len_ (), nnbo yepes metoa, _ bool_ ():

188



B _ len_ () —BbI3biBaeTca ¢pyHKumen bool(), ecnu He onpegeneH marnyeckuit metog, _ bool  ();
B _ bool () —Bbi3biBaeTcsa B npuoputeTHOM nopaake ¢yHKumeit bool().

BHavane nponucbiBaeTca marndeckuin metog, _ len_ () B Knacce Point, cneaytowmm 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 aTOomM MeToZe BbIMMCNAETCA M BO3BPALLAETCA KBagpaT A/IMHbI pagnyc-BEKTOpa C KoopauHaTamm (X; y).
3anyctum nporpammy W BMOMM 3HadeHue True, a TaKKe coobleHne «_ _len__». To ecTb,
AencTBUTeNbHO 6bl Bbi3BaH MeToZ __len_ () 1, TaK Kak OH BEpPHY/ He Hy/JeBoe 3HayeHue, To GyHKUMA
bool() vHTepnpeTnposana ero Kak True.

YT106bI ANHa BEKTOpPAa 6bina HyﬂeBOVI, B 06beKTe Knacca NPOoNunCbIBaOTCA Hy1EBblE KOOPANHATDI:

p = Point (0, 0)

U Tenepb nonyvaeTca oxkugaemoe 3HadeHune False.

KoHeYHO, ecnn HyKHO SfBHO onucatb anroputm pabotbl ¢yHKuumu bool() npumeHuTenbHo K
3K3eMnaApam Knacca, To cneayeTt UCnosb3oBaTb Marnyeckunini metog, _ bool (). Kak To Tak:

def  bool (self):
print ("  bool ")
return self.x == self.y

Tenepb, 06bEKT ByaeT cumTaThca NPaBAUBLIM (UCTUHHbBIM), €C/IM €ro KOOpAMHATbI paBHbl. Mpu 3anycke

nporpammsl anA Hyneﬁ 0T06pa)KaeTCﬂ 3HayeHune True. Ecau ke nponumcaTtb HE paBHbleE KOOPANHATLI:

p = Point (10, 20)

TO nonydyaetcs 3HadyeHue False. KoHeuyHO, TaKas peanusaums marmyeckoro metoga _ bool () — aTo
ANWb y4ebHbIM Nnpumep ANA ONUCaHUA NpUHUMNaG ero paboTtbl. B peanbHOCTU, B 3TOM METOAE MOMKHO
nponucbiBatb ntobyto noruky. EAMHCTBEHHOE ycnoBue, YToObl AaHHbIA MeTond BO3Bpalian byneso
3HauyeHwue True munu False. YKasbiBaTb B onepaTtope return gpyrve Tnbl aHHbIX 3anpeLLeHo.

Bce aTO XxOpowo, HO rae 3To MCI'IO}1b3y8TCFI? Yauwe Bcero B YCNOBHbIX KOHCTPYKUMAX. Hanpumep, ecam
nponuncaTtb BOT TaKoe ycaoBue:

if p:

print ("obwvexT p maer True")
else:

print ("obvexT p maer False")

34ecb NPOUCXOAMUT HeABHbIM Bbi30B ¢yHKUMKM bool() npu nposepke ycnosua. MosTomy B Nporpammax,

roe TpebyeTca onucaTb COBCTBEHHbIE MPOBEPKM UCTUHHOCTM WM JIOXKHOCTU OOBEKTOB, TO MO/b3YHOTCA
WM MarMyecknm meTtogom __len_ (), HoO Yale Bcero, marmyeckum metogom __bool_ ().
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B Maruyeckue MeToabl _getitem_, _setitem__ u _ delitem__
3pecb bygert onucaH cneayrowmii Habope MarmMyecknx MeToLoB:

B _ getitem__(self, item) — nonyyeHne 3HayeHMA No Katouy item;
B _ setitem__ (self, key, value) — 3anucb 3HaueHuA value no knwouy key;
B _ delitem__(self, key) — yganeHue anemeHTa no knwouy key.

[0NnAa yero oHW HyXKHbl U KaK UX MOXHO WMCMNONb30BaTb. lNpeanonaraerca, 4To 0bbABNEH Knacc Aana
npeacrasneHnA CTygeHTOB:

class Student:

def init (self, name, marks):
self.name = name
self.marks = list (marks)

Ero sksemniap moxHo chopMUPOBaTb, CAeayoLmm obpasom:

stud 1 = Student('Boris', [2,3,4,5,5,1])

B ob6beKkTe sl MmeeTcs NOKanbHOe CBOMCTBO marks CO CMUCKOM OTMETOK CTyAeHTa. K Hemy MOXKHO
0bpaTUTbCA M BbIOPATL /1HOOYIO OLLEHKY:

print (stud l.marks[2])

Ho yto ecnmn HYXXHO CA4eNnaTb TO XKe CaMoe€, HO UCNOJ1b3yA TOJZIbKO CCbl/IKY Ha 06beKT sl:

print(stud 1[2])

Ecan ceiyac 3anycTuTb nporpammy, TO NOABMTCA cooblieHne 06 owmnbke, 4To Kaacc (0O6bEKT) He
noagep*KMBaeT TaKOM CUHTAKCUC. ITO MOMKHO MOMpPaBUTb C MPUMEHEHMEM Marm4eckoro MeToaa
__getitem__. Ero obbaBneHue 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 l.marks[2])
print (stud 1[3])
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Tenepb oWMBOK HET N HA 3KpPaHe BUAHbI COOTBETCTBYIOWME 3HaUYeHnsA. OAHAKO, eCv yKa3aTb HEBEPHbI
WHEKC:

print (s1[201])

TO BO3HMKHET UCKAtoyeHue IndexError, KoTopoe creHepupoBan cnvcok marks. Mpu HeobxogumocTu,
MOXHO KOHTPO/IMPOBATb 3Ty OWKOKY, ec/iv B meToge __getitem__ nponucaTtb NPOBEPKY:

def getitem (self, item):
if 0 <= item < len(self.marks):
return self.marks[item]
else:
raise IndexError ("HeBepuemi mumexc')

Mpu 3anycKke Nporpammbl BUAHO cooblieHne «HeBepHbIit MHAEKCY. TaKKe MOXHO caenaTb NPoBEPKY Ha
TUN UHAOEKCA:

print(sl['abc'])

ONA CMUCKOB OH A0/MKeH 6biTb Lenbim yncaom. MNosTomy AONOAHWUTENbHO MOXKHO 3anucaTb TaKylo
NpOBepKy:

def getitem (self, item):
if not isinstance (item, int):
raise TypeError ("MHmoexc nojoxkeH OBITH LEJIBEIM 4UncJioM")

if 0 <= item < len(self.marks):
return self.marks[item]
else:
raise IndexError ("HeBepHenm mHOexc")

To ecTb, 34eCb BO3MOXHblI CaMble pPasHble Bapuauun 06pabOTKM M MPOBEPKU UCXOLHBIX AAHHbIX,
npexae yem obpaTUTbCA K CNMCKY marks 1 BepHyTb 3Ha4eHue.

MycTb Tenepb TpebyeTca peanns3oBaTb BOSMOXKHOCTb MEHATb OLLEHKM CTYAEHTOB, UCMO/b3YA CAeAyOLWNiA
CUHTAKCHUC:

sl[2] = 4
[

print (sl[2])

Ceityac, nocne 3anycKka nporpammbl 6ygeT owmnbKa TypeError, 4To 06BbEKT He NoAAepKMBAET ONepaLmio
NPUCBOEHMWA, TaK KaK B Knacce He peannsosBaH metog, _ setitem__. Ero peanusaumsa:

def  setitem (self, key, value):
if not isinstance(key, int) or key < 0:
raise TypeError ("MHOekCc »OoJpkeH OBTH LIEJIEIM HEOTPMIIATEJIbHEM
yycsoMm")

self.marks[key] = value

OfHaKo, ec/iv yKasaTb HeCyLLLEeCTBYIOLWMIN UHAEKC:

sl[6] = 4

TO onepaunAa npnuceBoeHUA HOBOWM OUEHKWN npuseaeT K owmnbke. N ecnu npeanonaraeTca MCnoab3oBaTb
TaKyl0 BO3SMOXHOCTb, TO pea/sinu3oBaTb €e MOXXHO, cneayrownm o6pa30M:
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def  setitem (self, key, value):
if not isinstance(key, int) or key < 0:
raise TypeError ("MHmoekc »OoJoxkeH OBITH LIEJIEIM HEOTPMLATEJIbHBM

yycjgoMm")

if key >= len(self.marks):
off = key + 1 - en(self.marks)
self.marks.extend ([None] *off)

self.marks[key] = value

Ecnm nHpeKke npesblwaeT pa3mep CMUCKa, TO OH pacwupaAeTca 3HadyeHnammn None go Hy)KHOVI ANNHbI (C
nomoubro metoaa extend), a 3aTem, B I'IOCI'Ie[l,HMl‘;I 3/1eMeHT B HEero 3anucbiBaeTcA nepeaaHHoe
3Ha4yeHue value. Tenepb, NP BbINOJIHEHUMN KOMAHA,:

s1[10] = 4

print (sl.marks)

MNonyyaeTca CNUCOK:

(5, 5, 3, 2, 5, None, None, None, None, None, 4]

To ecTb, OH 6bin pacwunpeH oo 10 sanemeHTOB M NoOcCAe4HMM 31EeMEHTOM 3anucaHo 4. U Tak MOXKHO
nponuncboiBatb mo6yro HYXXHYK HaM J1I0TUKY NMpn 3anmcu HOBbIX 3Ha4YeHu B cnncok marks.

HakoHel, nociegHUin TpeTuii marnyeckuini metog, _ delitem__ BbI3bIBaeTCA NpU yaaneHUN 31eMeHTa U3
cnucka. Ecam ceityac 3anncaTb KoMaHAay:

del sl1l[2]
TO B KOHCOMM NoABUTCA coobuieHne: «AttributeError: __delitem__». 3gecb ABHO yKa3blBaeTcA, Y4TO Npu
yAaneHuu Bbi3biBaeTca metog, _ delitem__. [lo6aBuWTb ero B Knacc:

def delitem (self, key):
if not isinstance (key, int):
raise TypeError ("MHOekC »OOJIXeH OBITH LIeJIbIM YmcjioMm")

del self.marks[key]

Tenepb OLEHKU YyCMNewHOo YAaNAlTCA, eCNn YKasaH BeprIVI MHAeKC. TaKosbl o6m,14e BO3MOXHOCTHU
AdHHbIX Marn4yeCKnx metTooB.

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 ("Hemepuwwi mHmexc")

def getitem (self, item):
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if not isinstance(item, int):
raise TypeError ("MHOIeKC OOJXeH OBITHL LIEJIBIM YMcjioM")

if 0 <= item < len(self.marks):
return self.marks[item]
else:
raise IndexError ("HerepHent mHIOekc")

def  setitem (self, key, value):
if not isinstance(key, int) or key < 0:
raise TypeError ("MHmekc »OoJoxkeH OBITH LIEJIEIM HEOTPMLATEJIbHBM
uycgoM")

if key >= len(self.marks):
off = key + 1 - len(self.marks)
self.marks.extend ([None] * off)

self.marks[key] = value

def delitem (self, key):
if not isinstance (key, int):
raise TypeError ("MHOekC OOJIXeH OBITH LIeJibIM YuMcjioMm")

del self.markslkey]

stud 1 = Student ('Boris', [2,3,4,5,5,1])
print (stud 1l.marks[2])

print (stud 1[3])

#print (stud 1[25])

#print (stud 1['gwerty'])

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 meToaa __getitem__ MOXKeT nmeTb Ntoboe 3HaueHue:

class XYZ:
# vHMLMaIu3auusa arTpubyToOB OOBEeKTa aplyMeHTOM
# M3 OmHOTO CHOMCKAa: SBHOE MNpeoBpasoBaHMe K CIUCKY
# ¥ IpUCBOeHMEe BHAUYEHUM COucka aTpubyTam obbekTa
def init (self, xyz):
xyzData = list(xyz)
self.x xyzData[0]
self.y = xyzDatal[l]
self.z xyzDatal[2]

# aprymenT mMeToma _ getitem - croxa
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def getitem (self, item):

if item == 'xyz
return [self.x, self.y, self.z]

# MHMLUMAIM3aLUMg OOBeKTa XyZ ray CIMCKOM
xyz ray = XYz ([1l, 2, 31])
# BHadeHMe apryMeHTa item MeToma _ getitem -

# CHOMCOK CTPOK, COCTOSUMX M3 OIOHOM CTPOKM 'Xyz
ret = xyz rayl['xyz']

print (£'{ret[2]}")

B Maruuyeckue MeTobl _iter__ u __next__

MeToabl:
m _ iter_ (self) — nonyyeHune ntepatopa ana nepebopa 06bHEKTa;
B _ next_(self) — nepexoa K cneaytolemy 3Ha4YEHUIO U €ro CYUTbIBAHME.

[ns yero OHM Hy}KHbl U Kak MX MOXHO MUCMOJIb30BaTb. M3BeCcTHO, Kak paboTaeT ¢yHKUMA range(). OHa
BblAAET 3HaUYeHUA apuPMeTHUUYECKOM NPOrpeccHMn, Hanpumep:

list (range (5))

AaeT NnocaefoBaTeNbHOCTb Lenblx yncen ot 0 go 4. MNepebpaTb 3HaYeHMA 06bEKTA range TaKKe MOXKHO
yepes UTepaTop:

a = iter (range(5))
next (a)
next (a)

B KOHuUe reHepupyeTcAa MCKAloYeHWe Stoplteration. Tak BOT, MOMHO CO034aTb MOAOGHbLIN 06BEKT,
MCMNoNb3ya Marmyeckume metoabl _ iter_ uM _ next__. W aTo byaeT caenaHo ana obvekTa frange,
KOTOpbIit byaeT BblgaBaTb MOC/AeA0BaTEIbHOCTb BELWECTBEHHbIX YMcen apudmeTMyeckon nporpeccuu.
[na aToro ob6baBaseTcA 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 MHMLMANM3aTop nepenaércs HayaabHOe 3HaYeHMe MPOrpeccuMm, KOHeYHoe U War U3MeHeHMus.
Takxke ¢dopmupyetca cBoncTBo value, KoTopoe byaer npeacTaBnATb coOON TeKylluee 3HayeHue A
CYMTbIBAHUSA.

Ona nepebopa anemeHTOB B 3TOT Kjacc gobasBnserca MeTod, KOTOpbii OyaeT COOTBETCTBOBaTbL
Marmyeckomy metogay _ 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 saTom meToAe yBennumBaerca 3HadeHue value Ha wwar step 1 Bo3BpaLLaTca 40 Tex Nop, noka He byaer
OOCTUTHYTO 3HauyeHus stop (He BKAwovaa ero). Mpu OOCTUNKEHUM KOHUa 6yaeT creHepupoBaHO
UcKAoYeHue Stoplteration, poBHO Tak, Kak 3To AenaeT 06beKT range.

Ob6beKT 3TOro Knacca:

fr = FRange (0, 2, 0.5)

yeTblpe pa3a Bbi3blBaeTcA metoq, __next_ ()

print (fr. next (
print (fr. next (
print (fr. next (
print (fr. next (

BuaHbl YeTbipe 3HaYeHWA apupmeTmyeckol nporpeccumn. Ho ecnm BbisBaTb __next_ () ewe pas:

print (fr. next ())

To ByAeT creHepMpoOBaHO MCKtoYeHMe Stoplteration. B uenom nonyymnca Hensoxon yuyebHbIi npumep.
Bnarogaps BO3MOMKHOCTWM OMpefeseHus Marnyeckoro meTtofga _ next B knaacce FRange, mokHO
npumeHaTb GyHKLMIO next() ana nepebopa 3HaYEHU ero 06 BHEKTOB:

fr = FRang
print (next
print

next

e

(

next (
print (
(

(
(
(
(

print (next

3pecb ¢yHKUMA next() Bbi3biBaeT mMeToh _ _next_ U BO3BpalleHHOE MM 3HauyeHWe, BO3BpallaeTcs
dyHKumel next(). Mpu aTom, B KayecTBe aprymeHTa ei nepenaércsa s3K3eMnasap camoro Knacca. To ecTb,
06bEKT K/lacca BbICTyNaeT B po/M UTepaTopa. B aTom caydae Tak 1 3agymbiBanocb. OgHako, nepebpatb
061beKT fr c nomouwbto unkna for He nonyumnTca:

for x in fr:
print (x)

MoaBuTcA owmnbKa, YTO OBBEKT He UTepupyemblidi. M 3TO He CMOTpPA Ha TO, YTO 6bINO MpPOMMCcaHo
nosegeHne ¢yHKUMM next(). OKasbiBaeTcs, 3TOro He AoctatodHo. Heobxoaumo eule, 4Tobbl 06BEKT
BO3BpalLan UTepaTop Npu Bbi3oBe GyHKLUMM iter:

it = iter (fr)
[na 3Toro B Knacce Hy»KHO MPOMMcaTh elle OAUH MarMyeckuii meton _ iter . B 3Tom npumepe OH
byanet BbIrNAAeTb, TakK:

def iter (self):
self.value = self.start - self.step
return self

34ecb ycTaHaBAMBAETCA HavyabHOE 3HavyeHMe value 1 Bo3BpaLLaeTca cCbliKa Ha 06beKTa Kaacca, Tak Kak
3TOT O6BEKT B AaHHOM NpUMepe M eCTb UTepaTop — 4Yepe3 HEero BbI3blBAETCA MarMyeckuii meTtopn
__hext__.

Tenepb, Noc/ie 3anycka NPOrpammbl He BO3HMKAET HUKaKMX ownboK n uukn for nepebupaer sHayeHun
obbekKTa fr. To e camoe MOXKHO caenaTb U Yepes next():

fr = FRange (0, 2, 0.5)
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it = iter (fr
print (next (
print (next (
print (next (
print (next (

Uukn for umeHHO Tak M nepebupaeT uTepupyemble 06BEKTbl, CHayaNa HesABHO Bbi3biBaeT GYHKLUIO
iter(), a 3aTem, Ha Kaxaolh ntepaumm — pyHKLMIO next(), NoKa He BO3HUKHET MUCKAoUYeHUue Stoplteration.
Kpome Toro, bnarogapa marmyeckomy meTtoay __iter_ Tenepb MOXHO 06X04uUTb 3HayeHUs obbekTa fr
MHOTO pa3 C CaMoro Hayasa, Hanpumep:

it = iter (fr
print (next (i

print (next

(

( (
print (next (i
print (next (

it = iter (fr
print (next (i
print (next (i
print (next (i
print (next (

Takum obpasom, chopmmpoBanm Knacc FRange, KOTOPbIN BOCMPUHMMAETCA KaK UTEPUPYEMbI 0BBEKT C
BO3MOXHOCTbIO Nepebopa ¢yHKumer next() namn unknom for.

N ewé oanH npumep. 3To Knacc FRange2D ana popmmnpoBaHus Tabauw, sSHaYeHUn:

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 MHMUMAAM3aTOpe COo3AaeTca oAgHOMepHbIM 06bekT FRange, KoTopbin 6yaetr dopmupoBaTb
CTPOKM Tabumubl. MapameTp rows — Yncno cTpok. [lanee, nponuwem gBa MarM4eckmx metoga __iter__ u
__next__, cneayrowmm 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, YTO mMeToZn _ next__ BO3BpallaeT He KOHKPETHOe 3Ha4YeHWe, a UTepaTop Ha 0b6BbEKT Knacca
FRange. Co3gaéTtcsa o6beKT Knacca FRange2D:

fr = FRange2D(0, 2, 0.5, 4)

n gns nepebopa ero sHa4YeHM Ham NoHazobATca ABa UmKna for:

for row in fr:
for x in row:
print (x, end=" ")
print ()
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MepBbi UMKA NepebupaeT nepsblit Utepatop — 0b6bEKT Knacca FRange2D u Ha Kaxaoh utepauum
BO3BpalLaeT utepaTop obbekTa Knacca FRange. MUmeHHo noatomy B meToge _ next__ Knacca FRange2D
BO3BpPALLAETCA MeTPATOp, MHaYe Henb3A Bblno bl NnepebupaTb 06BEKT rOw BO BNOXKEHHOM LmKAe for.

Mocne 3anycka NporpamMmmbl Ha SKpaHe NoABAAETCA cneayowan Tabanuy ymcen:

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

34ecb B MHMUMANM3aToOpe CO34aeTcs ogHOMepHbIM 06bekT FRange, KoTopblt 6yaetr dopmmuposaTtb
CTPOKM Tabnumubl. MapameTp rows — YMCIO0 CTPOK. [anee, Nponuwem ABa MarMyeckux metoga __iter__ u
__next__, 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 StoplIteration

BaXHO, 4TO MeToh __ next__ BO3BpaALLAeT He KOHKPETHOe 3HayeHue, a UTepaTop Ha o6BEKT Knacca
FRange. [lanee co3gaérca o6beKT Knacca FRange2D:

fr = FRange2D(0, 2, 0.5, 4)

n ana nepebopa ero s3Ha4eHUin Ham NoHagobsTcs asa unkna for:

for row in fr:
for x in row:
print (x, end=" ")
print ()

MepBblt UMKA NepebupaeT nepsbln MTepaTop — 06beKT Knacca FRange2D v Ha Kaxaon utepauuu
BO3BpallaeT uTepaTop obbekTa Knacca FRange. MmeHHO nosTomy mMbl B mMeTofe _ next  Knacca
FRange2D Bo3Bpalllaem MetpaTop, MHaye 6bl He cMoraun nepebupatb 06EKT rOW BO BAIOXKEHHOM LMK/E
for.

Mocne 3anycka Nporpammbl YBUAMM Ha 3KpaHe cneaytoulyto Tabaumuy uncen:

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 06LWNI NPUHLMM CO34aHNA UTEPUPYEMbIX OOBEKTOB.

B /JlonosiHeHue 2: U3MeHeHus B python 3
HecKko/1bKO rnaBHbIX CQiy4yaes, Korga python 3 oT/invaeTca oT 2.X B TEPMUHaAX ero 0b6beKTHOM moaenn:
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Tak Kak B python 3 pasaunuuii mexapy CTPOKON W OHMKogoM bosblue HeT, __unicode__ wucyes, a
nossunca _ bytes  (KoTopbl Bed€T ceba Tak e Kak _ str 1 _ unicode_ B 2.7) ANA HOBbIX
BCTPOEHHbIX QYHKLNIM NOCTPOEHUA 6alTOBbIX MAacCUBOB.

Tak Kak aeneHue B python 3 Tenepb No-ymonyaHuio «npasuabHoe geneHune», div__ 6onblue Her.
__coerce__ 6o/blue HET, U3-3a U3ObITOYHOCTU U CTPAHHOIO NOBEAEHMA.

__cmp__ 60/blue HeT, U3-3a U3ObITOYHOCTU.

__nonzero__ 6bl710 nepenmeHoBaHo B ___bool .

next y utepaTopos 6bl NepeMMeHoBaH B __next__.
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B CoObITHUS U IPOrpaMMHUPOBaHUE COOBITHI
YTo TaKoe CTPYKTypHOEe U OOBEKTHO-OPUEHTUPOBAHHOE MpOorpaMmMpoBaHMe npeanosaaraerca
n3BeCTHbIM.

CobbITUIHO-0PUEHTMPOBAHHOE MPOrPaMMMPOBAHME OPUEHTUMPOBAHO Ha CobbITMA. TO ecTb Ta MW UHas
YacTb NPOrPaMMHOTO KOA4a HaYMHAET BbINOMHATLCA UL TOTAa, KOr4a C/y4YaeTcs TO UAU MHoe cobbiTue.

CobbITUIMHO-OPUEHTMPOBAHHOE MNPOrPaMMMUMPOBAHME OCHOBBLIBAETCA Ha CTPYKTYPHOM M OOBEKTHO-
OPUEHTMPOBAHHOM.

Mporpammbl ¢ rpadpudeckum uHTepdelicom nonbsosatens (GUIl-moprpammbl) ABAAOTCA COBLITUNHO-
OPUEHTUPOBAHHbIMMU.

B CoObITUMHO-OPUEHTUPOBAHHOE NPOrpaMMHpPOBaAHHE
B python peannsoBaHbl pasHble cObbITUA:

B cpaboTtan BpemeHHOM daKTop,

B KTO-TO KJAMKHY/A MbILWKOW MK Haxan Enter,
B KTO-TO Haya/ BBOAUTb TEKCT,

B KTO-TO NEPEKAOYUA PAANOKHOMKH,

B KTO-TO NPOKPYTWUA CTPAHMULLY BHU3

H UT. A

Korga uTto-To nogobHoe NpouCXoaMT, 3TO MOMKHO pPaccMaTpuMBaTb Kak cobbitwe. Ecnm 6bin cosgaH
COOTBETCTBYIOWMNI 006paboTunk cobbiTus, npoucxoguT cpabaTbiBaHWe oOnNpeneneHHOM 4YacTu
NPOrpaMmMHOro Koaa, YTo NPMBOAUT K KaKOMY-TM60 pesynbTaTy.

B [IpumMmeHeHHEe COGBLITUIA
,£l,a)+<e ec/in He Co34aloTcA cobcTBEHHbIE Kaccbl U O6'beKTbI, K/1acCbl B nporpamme BCE paBHO
MCNONb3YHOTCA. Hanpmmep, BUAMXETbl — 3TO O6'beKTbI, nopoxXaeHHble BCTPOEHHbIMU K/1aCCaMM.

MycTb B Nporpamme onpeaeneHo TEKCTOBOE NoJie A1 BBOAA TEKCTa. ITOT TEKCT MPU HAXKATUM HA KHOMKY
(cobbiTne) pasbuBaeTca Ha CNUCOK CNOB, KOTOPbIE COPTMPYIOTCA NO andaBUTy U BbIBOOATCA B METKe.
BbinonHstoWMIA BCe 3TO Kog, pacnosiaraetcs B yHKUmMM str_to_sort_list:

def str to sort list(event):
s = ent.get ()
s = s.split()
s.sort ()
lab['text'] = ' '.join(s)

B dyHKumM str_to_sort_list (06paboTka cobbiThA) ¢ Nnomolbio MeToga get 13 nona 3abupaeTcsa TeKcT,
npeacTasastowmii coboit cTpoky. OHa npeobpasyeTcs B CMUCOK C/I0B C Nomolbtlo metoga split. Janee
3TOT CMNUCOK COPTMpPYyeTcA. B KOHLE M3MeHAeTcA CBOWCTBO text meTku. EMy npucBavBaeTcs CTPOKa,
NoJly4eHHan M3 CNM1CKa C NOMOLLbIO CTPOKOBOro MmeToa join.

®PyHKUMM 06paboTKM COBbLITUA MOryT ObITb CBA3aHbl C cobbiTMEM MpuM nomowm metoga bind, uTo
obecneuynBaeT BbI30B QYHKUMM NPU HACTyNAeHUU cobbiTns. Y Takux GyHKUMN ponkeH OblTb OAuH
obAsaTenbHbIM NapameTp. O6bIYHO ero HasbIBaloT event, To ecTb "cobbiTne". C nomolbio metoaa bind
bYHKUMA 06paboTKM cobbITUA cBA3bIBaeTcA ¢ cobbiTnem. MeTogy bind nepegaérca cobbitne (cobbiTme
'LLeNYOK 1eBOM KHOMKOM MbILK' - 0603HavaeTca CTpokoit '<Button-1>' n dpyHKUMA-06paboTUmnK
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but.bind ('<Button-1>', str to sort list)

Mo Wenyky NeBoi KHOMKOM MbllM No BUAXKeTy but 6yaer BbizBaHa ¢yHKUMA 06paboTKM cobbLITUA
str_to_sort_list, napameTpy event 6yaeT NpUCBOEHO COOTBETCTBYIOLLLEE 3HAYEHME,

Mpu pa3paboTke NpuaoKeHWs (BCce BOMPOCHI - K Au3aliHepam!) npeanonaraeTtca, YTO BUAMKETbI He
pa3bpocaHbl NO OKHY Kak Monano, a PauvoHaabHO CrPYNMNUPOBaHbI, UHTEPENC NPOoAYMaH U 06bIYHO
NoAYMHEH onpeaenieHHbIM NPaBuaam .

MoKa e BUAXKETbl ByAyT pacnosioraTtbCA B OKHE MPWUIOXKEHUS C MOMOLLbIO MPOCTOrO MeHeAKepa
reomeTpumn tkinter (metoga pack) gpyr nog gpyrom.

ent.pack ()
but.pack ()
lab.pack ()

Oanee B npumepe metod mainloop obbekta Tk 3anyckaeT rnaBHbIM LMK 06paboTKM COBBLITUIN, YTO U
NPMBOAWUT K OTOOPAXKEHWIO TIABHOrO OKHA MPW/IOXKEHMS CO BCEMM '"ynaKoBaHHbIMM" Ha Hem
BMAKETAMM:

root.mainloop ()

MONHBIN TEKCT NPUNOIKEHUS:

from tkinter import *

¢ynkuma str to sort list.

#
# Ilpy HaxaTUM Ha KHOIKY ofecrneumBaeT pasbueHre TekcTa,
# BBOOMMOTO B TEKCTOBOE II0Jie, Ha CJIOBa, M3 KOTOPHIX CTPOMTCS CIMCOK CJIOB.
# CiioBa M3 CIOMCKA COPTHUPYTCS MO ajibaBUTy M BHIBOOATCS B METKEe.
def str to sort list(event):

s = ent.get ()

s = s.split ()

s.sort ()

lab['text'] = ' '.join(s)

root = Tk() # TJIaBHOE OKHO [IPUJIOXEHUS

# cosmaHMe BUIXETOB
ent = Entry(width=20)

but = Button (text="IlpeobpazoBaTs")

lab = Label (width=20, bg='black', fg='white')
#

# PasMelmeHre BUIXETOB. [loKa BUIXETH OYyIyT paclojlaraTbCcd OPYID OO OPYIOM

# B IJIaBHOM OKHEe IIPMJIOXEeHNMA C IIOMOUWBID CaMOI'O IIPOCTOI'O MeHeIlXepa I'eOMeTpHrM

# tkinter - mMeToma pack:
ent.pack ()
but.pack ()
lab.pack()
#

# BuzoB OyHkUMM Str to sort list ceaAsmBaeTca C COOHTHEM.

# B maHHOM cJlyyae 3TO IejlaeTCs C IOMOolbi MeTona bind, koTopoMy mnepenaé&rcs
# cobeirme '<Button-1>' um dyHxumMa-obpaborumk str to sort list:
but.bind('<Button-1>', str to sort list)

#
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root.mainloop ()

# sBanyck umkja oBpaboTKM COBBITUM

B IlepeyeHb COOBITUM
MonHbIN H360p TMMNOB COBBLITUI BE/INK, N MHOTUE U3 HUX UCMOJIb3YHOTCA OYE€Hb PeaKO.

[Hanee npeacrasneHbl Hanbosiee 4acTo NpUMeHaemMble cobbITuA:

Tun

36

22

37

17

12

10

nma

ActivateState

Button

ButtonRelease

Configure

Deactivate

Destroy

Enter

Expose

Focusin

FocusOut

KeyPress

KeyRelease

Leave

OnucaHune

Bnaxetr meHAeTCA C HeaKTMBHOro Ha aKTUBHbIN. I3TO OTHOCUTCA K
n3meHeHnAM B onunnm snaxeta, TAKOM KaK MU3MEHEHMNE KHOMKWU C HeEaKTUBHOM
Ha aKTUBHYIO.

Haxata ogHa 13 KHONOK MblWwKn. JONOAHUUTENbHO YKa3blBa€TCA, Kakad.

OTnyueHa KHOMKa MbiWW. ITO, BEPOATHO B HONbLUMHCTBE C/y4aes, NydLIUiA
BbIbOp, uYeM cobbiTMEe HaXMMaHWA, NOTOMY 4YTO, €CAM No/Ab3oBaTeslb
CNAY4aMHO Ha)XMMaeT KHOMKY, OH MOXeT MNepemMecTUTb Mblllb C HaKaToW
KHOMKOW C BUAXKETa, YTobObl M36eXKaTb 3amnycKka cobbiTma Button.

Monb3oBaTeNb U3MEHUN PasMep BUAMKETA, HANpUMep, NepeTawms yron uan
CTOPOHY OKHa.

BunarKeT MeHAET COCTOAHME C aKTUBHOMO Ha HEaKTMBHOE. DTO OTHOCUTCA K
M3IMEHEHNAM B MNapaMeTpe BUAOXKETA, TaAKOro KaK nMepekanwyartesnb C
dKTUBHOIo Ha HEAKTUBHOE (cepoe) COCTOAHMUKeE.

BuaykeTt yHUYTOXKaeTcA.

YKa3aTtenb Mbllin nepemMelléH B BUAMMYIO YacTb BUAXKeTa. (To oTanvaeTcs
OT K/aBUIIM BBOAA, KoTopasa ABAAETCA cobbiTMem AN Kava, MMEHem
KOTOpPOro Ha camom gene asnsetcsa KeyPress 'return'.)

370 cobbITME NPOUCXOAWUT BCAKMIM pas, Korga XoTs Obl KaKasa-TO 4acTb
NPUIOKEHUA UAWU BMAXKETa CTAHOBMTCA BUAMMOM MOC/e TOro, Kak oHa 6bina
CKPbITA APYTUM OKHOM.

BugxeTt nonyumn ¢oKyc BBoAa. ITO MOMKET Mpou3oinTM nnbo B OTBET Ha
OelcTBMe Monb3oBaTena (Hanpumep, MCMNoJib30BaHMEe KAaBuwu Tabynauum
AnA  nepemeleHna ¢GoKyca Mexay BuAKeTamu), AMbo NpPorpammHo
(Hanpumep, Nnporpamma BbI3bIBaeT OT UMeHU BuaxKeTa metog .focus_set()).

®oKyc BBOAa 6bln NepemelleH U3 Buaxeta. Kak u B cayyae ¢ Focuslin, aTo
cobbITMEe MOTYT BbI3BaTb NO/b30BaTENb WM NPOrpaMmma.

Monb3oBaTeslb HaXKaN KNaBULY Ha KaasuaTtype. B cobbitumn B aTpubyTte detail
YKa3bIBaeTCA, YTO 33 KAOY. ITO K/OYEBOE CIOBO MOMKET OblTb COKpaLLeHO
Key.

Monb3oBatenb OTNYCKaEeT K/HoY.

Monb3oBaTe/ib NEPEMECTU YKa3aTe b MbllUM U3 BUAKETA.
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19 Map BuaskeT oTobpaykaeTcs, TO eCTb CTAHOBMTCSA BUAMMbBIM B NPUAOXKEHUU. ITO
NPOUCXOAMUT, HanpuMep, NPU BbI30Be MeToza BuAKeTa .grid().

6 Motion Monb3osaTens nepemellaeT yka3aTte/ib Mbilln BHYTPU BUAXKETA.

38 MouseWheel Monb3oBaTenb MPOKPYTWU/I KOJECO MbIWW BBEPX WMAM BHU3. B HactoAwee
Bpems 3To cobbiThe akTyanbHo ana Windows n MacOS, Ho He ansa Linux.

18 Unmap Buaker He oTobpaxaetca M bonblie oTobpaxatbcs He 6byaeT. 3To
NPOUCXOAMUT, HAaNpMUMep, NPU Bbl30BE MeToAa BuAKeTa.grid_remove().

15 Visibility MpoucxoauT, Koraa xoTa 6bl KaKas-TO YacTb OKHAa MPUIOMKEHUA CTaHOBUTCA
BUAMMOWM Ha 3KpaHe.

CobbITMA, KOTOpble MNPOMUCXOAAT NPU OOHOBPEMEHHOM Ha)KaTUM KNaBMLW (COYETaHMA KNaBuL),
KoampytoTca yepes Tupe. B cnydae npumeHeHus, Tak Ha3blBaemoro moamoukaTopa, B COCTaBHOM MMEHM
cobbITUA OH YKa3blBaeTCA NepBbiM, AeTaN B ONMCAHUK - HA TpeTbeM mecTe. Hanpumep,

B <Shift-Up> - ogHoBpemeHHOe HaxkaTue Knasuuw Shift n ctpenkn seepx,
B <Control-B1-Motion> — ABM»KeHME MbILbIO C 3aXKaToM NeBON KHOMKOM U Knasuiwei Ctrl.

B Co3spanue GUI-mporpammsl
MocnenoBaTeNbHOCTb AeNCTBMI Npu co3gaHnmn GUI-nporpammbi:

| Co3aaTtb rnaBHOE OKHO!

Co3paTb BUAKETLI U BbINOJIHUTL KOHGUIYPaLMIO UX CBOMCTB (onuui).
Onpepenntb cobbiTUA - TO, HA YTO ByAeT pearMpoBaTb NPOrpaMmma.
OnucaTb 06paboTUMKM COBBLITUI - TO, KaK ByeT pearMpoBaTb Nporpamma.
Pacnonoutb BUAKETbI B I/1aBHOM OKHE.

I 3anycTuTb UMKA 06paboTKKn cobbiThin!

oukwWwNPE

MocnepoBateNbHOCTb AEUCTBUA 2 - 5 He obasatenbHO MMeHHO Takas, HO nyHkTel 1 n 6 BCEFOA
OCTaloTCA Ha CBOMX MeCTax.

a. Bo3MmoxxHBbIe CoeHapum CO3AaHUuA MMOJIb30BaATEJ/IbBCKOI'O

IMPUAUJI0ZKEHUA
B cOBpeMeHHbIX OMnepauMoHHbIX CUCTEMaX MOJIb30BaTE/NIbCKOE MPWUIOKEHNE 3aK/IHYaeTCA B OKHO,
KOTOpPOE MOXHO Ha3BaTb rMaBHbIM, TaK KaK B HEM PacnosiaraloTca BCe OCTa/ibHble BUAMKETbI. ITO 06beKT
OKHa BepXHero ypoBHA. OTOT 06beKT co3gaeTca oT knacca Tk moayns tkinter.

MepemeHHasn, KOTOPas CBA3bIBAETCA C OBBLEKTOM, YacTO Ha3bIBAIOT root (KopeHb):

root = Tk{()

Mpumep: B OKHE MPUNOMKEHUA PACMONAFAtOTCA TEKCTOBOE MNOJie, MeTKa W KHOMKa. 3T o6beKTbl
cosgatotca oT KnaccoB Entry, Label u Button mogyns tkinter. C nomowbio nepenaym aprymeHToB
KOHCTPYKTOPaM 3TUX K1aCCOB MOXKHO CPa3y CKOHOUIypupoBaTb HEKOTOPbIE MX CBOMCTBA :

ent = Entry(root, width=20) # TekcTOBOE IOJE
but = Button(root, text="IlIlpeobpazoBaTp") # xHOIKA
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lab = Label (root, width=20, bg='black', fg='white') # wmMeTka

Mpwn aTOM ycTaHaBAMBaTb cBolicTBa 06EKTOB He 06a3aTeNIbHO npun UX Co3gaHunmn.
CyLLI,ECTByIOT eweé CI'IOC06bI, C NOMOLWbKO KOTOPbIX 3TO MOXKHO CAEeNaTb Nocsie CO34aHNA BUOXKETA.

MepBbiM apryMeHTOM B KOHCTPYKTOP onpeaensaemMoro BUAKeTa nepeaaeTcs BUAMKET-XO3AUH - BUAXKET,
Ha KOTOpOM ByZeT pacnosiaraTbCA CO34aBaeMbliA BUAMKET.

B Cniy4dae, Koraa annieMeHTbl GUI nomelwatoTca HenocpeaACTBEHHO Ha MMaBHOE OKHO, poaAUTENA MOXXHO He
YKa3blBaTb.

To ecTb B 3TOM MpMMepe MOXKHO ybpaThb root:

ent = Entry(width=20)
but = Button (text="IIpeobpazoBaTp")
lab = Label (width=20, bg='black', fg='white')

OaHako BuAXKeTbl He obs3aTenbHO pacnosnaraloTca Ha root'e. OHWM MOMYT Haxo4MTbCA Ha APYruX
BUAMKETAX.

M Torpa ykasbiBaTb X03siMHa ("'Mactepa") Heobxoanmo.

b. O6bEKTHO-OpUEHTUPOBAHHbBIN NPUHLUII
MpuMeHeHMe KnaccoB B Koge He 06s3aTenbHo, Ho MEJTATE/NIbHO.

MycTb rpynna 13 nons, KHOMKU U METKWU NpeacTaBaseT coboil oaMH 06bEKT, KOTOPbIM NOPOXKAAETCA OT
Knacca Block. Toraa B ocCHOBHOM BeTKe nporpammsl BygeT co3gaHo rnaBHoe okHO, 06beKT Tnna Block u
npounsseaéEH 3anycK LMKaa 06paboTkM cobbITUIA.

O6beKkT TMna Block gosikeH 6bITb MpuBA3aH K MaBHOMY OKHY. [/1a 3TOro B KOHCTPYKTOP Knacca
nepeaaéTtca CCbl/IKa Ha r/1TAaBHOE OKHO NPUJIOMKEHUA.

B aTOM c/iydae B NPUIOKEHUM BUANKETbI ABAAIOTCA 3HaYeHMAMKM noneit obbekTa TMNa Block, pyHKUMA-
06paboTUMK COOLITUA HAXKATMA Ha KHOMKY YCTaHAB/IMBAETCA C MOMOLLbIO CBOMCTBA KHOMKM command, a
He ¢ nomoLbto metoga bind. B atom cnyyae B Bbi3biBaeMoi GyHKLUMM He TpebyeTcs napameTp event.

B meToa, nepeaaértca ToNbKO cam 06beKT.

from tkinter import *
class Block:
# KOHCTpPYKTOP
def init (self, masterRoot):
self.ent = Entry(masterRoot, width=25)
self.but = Button (masterRoot, text='IllpeobpazoraTs')
self.lab = Label (masterRoot, width=25, bg='black', fg='white')

self.ent.pack()
self.but.pack()
self.lab.pack()

# MeTom-o6paboTumk COOBITUS HAXAaTHd Ha KHOINKY YCTAHABJIMBAETCS ========
# C noMmompilo CBOMCTBA KHONKM command
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self.but['command'] = self.str to sort

#

Meronm str to sort list.
[Ipy HaxaTuUM Ha KHOMNKYy ofeclneuuBaeT paszbueHMe TeKCTa,
BBOIMMOTO B TEeKCTOBOE IIOJIe, Ha CJI0OBa, M3 KOTOPHX CTPOUTCS CIMCOK CJIOB.

R

CjioBa M3 CIOMCKAa COPTUPYITCHS O andaBUTy M BHBOIATCS B METKEe.
def str to sort(self):
s = self.ent.get()
s = s.split ()
s.sort ()
self.lab['text'] = ' '".join(s)
#
root = Tk()
first block = Block(root)

root.mainloop ()

6.b.i. 3ameuaHue
HekoTopoe ynpouieHne B pa3paboTke NPUNONKEHMA, BOSMOXKHO, NMPOCMATPMBAETCA YXKe HA AaHHOM
3Tane, Korga cywectsyeT oAuMH ob6beKT-npeactaBuUTeNb Knacca Block, KoTopblit M cam MmeeT oyeHb
npoctyto cTpyktypy (TPU Bugketa n OOUH meton). Ecam Ke notpebyerca 06BEKT, cOCTOAWMMN U3
HECKONIbKMX MOXOXKMX 06 bEKTOB-610K0B, TO NpumeHeHWe OOT oKa3sbiBaeTca elwé 6onee onpaBaaHHbIM.

Ecnn TpebyeTca HECKONBbKO 610KOB, COCTOALLMX U3 METKU, KHOMKK, NoaA. M Npu 3TOM Yy KHOMKKU KaxKao0M
rpynnsl 6yaeT cBov MeTog-06paboTumK cobbITUA KNMKA, TO B KOHCTPYKTOP MOXKHO NepesaBaTb 3HAYEHUS
ons ceoictea command. 3HayeHWe OyaeT nNpeacTaBAAaTb COBOM NPUBA3AHHYIO K KHOMKe (yHKLMUIO-
06paboTunk (metos 06paboTKu).

B pe3ysbTaTe BbINOJHEHMA 3TOro Koga 6yayT co3faHbl U BbiBeAeHbl B OKHe root [ABA oAHOTMMHbIX
061beKTa-6710Ka, KHOMKK KOTOPbIX 6yAyT BbI3blBAaTb PasHble AeNCTBUSA, 3a4aBaemMble aprymeHTom fun npu
CO34aHMUN NPUIOXKEHMUA.

6.b.ii. KoHcTpyKTOp € AomoJsiHUTe/bHBIM aprymeHToM funName v cTpokou
JAJIsI HAAIMCHA Ha KHOIIKEe
MeToa-06paboTumKk coBbITUA HaxKaTUA Ha KHOMKY YCTaHaB/AMBAeTCA C MOMOLLbHO CBOMCTBA KHOMKM
command u BbipaxkeHusn getattr(self, funName), B Kotopom BmecTto funName noacraBaseTca CTpoKa ¢
nMmeHem meTtoaa 'str_to_sort' unm 'str_reverse', KoTopble 334at0T anropntm npeobpasosaHma. OyHKUUA
getattr B o6bekTe self no umeHn pyHKLUN HaxoAUT OO BEKT-CCbIIKY HAa METOA, KOTOPbIM NPUMEHAETCA B
KayecTBe MeTofa-06paboTumKa cobbITUA HAKaTUA HA KHOMKY.

6.b.iii. Getattr kak oHa eCTb...
dyHKumA getattr() no3BonseT Nony4ynTb 3HaYeHWe aTPUbyTa 06bEKTa MO ero MMeHMU.
Eé cuHTaKcuc:
getattr(object, name, default)
Eé napameTpbl:
object - 06beKT, 3HaYeHuMe aTpmbyTa KOTOpOro TpebyeTca NoAyYnTb
name - UMs aTpmbyTa: 06BEKT, A0/IKEH ObITb CTPOKOM

default - 3HaueHMe nNo ymonuyaHuio, KOTopoe byaeT BO3BpPALLEHO, €CAUM UMA aTpubyTa name
OTCYTCTBYET.
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Bo3Bpaljaemoe 3Ha4eHume:
3HaYeHWe MMeHOBaHHOro aTpubyTa 0b6beKTa
OnucaHue:

dyHKUMA getattr() Bo3BpallaeT 3HaueHWe aTpubyTa yKasaHHOro obbeKkTa object no ero MmeHu name.
Nms aTpnbyTa name goaKHO 6bITb CTPOKON. EC/in cTpOKa ABASETCA MMEHEM name O04HOro U3 aTpmbyTos
obbeKkTa object, pe3ynbTaTom ABAAETCA 3HAYEHME 3TOro aTpmbyTa. Ecam atpubyT ¢ MMeHeM name He
cylLlecTByeT, BO3BpalLaeTcA 3HayeHMe no ymondaHuto default, ecnrm oHo nepepaHo B dyHKUMIO, B
NPOTUBHOM c/y4ae bpocaeTcs uckaoveHue AttributeError.

Bbi3oB getattr(object, 'x') nonHOCTbIO 3KBUBaNEHTHO BbI3OBY Object.x.
EcTb TO/IbKO ABa LUMPOKO M3BECTHbIX C/yYas, Koraa pyHKuma getattr() moxeT 6bITb NnonesHa:

H Korfa HeBO3MOXHO BbI3BaTb object.x, T. K. 3apaHee He M3BECTHO, KaKoW aTpUBYT ByAeT HyKeH.
Hanpumep atpubyT npeacrasaset coboi CTPOKOBYO NepemeHHy. O4yeHb YacTo BCTPeYaeTcs B
MeTanporpammMmmnpoBaHnu.

B KorZa TOYHO HEW3BECTHO eCTb /I 3HaYeHWe Yy HyXKHoro atpubyTta obbeKkTa. Hanpumep Bbi3oB
object.z Bbi3oBeT ucktoyeHue AttributeError, ecnm y aTpubyTta z HeT 3Ha4yeHus. Ho ecan MOXKHO
yKa3aTb KaKoe To 3HayeHMe No yMoA4YaHuto Ans z, To Bbi3oB getattr(object, 'z', 5) sepHerT 5.

MeTog str_to_sort_list:

Mpwn HaXKaTUKW Ha KHOMKY obecneuunBaet pa36V|eHV|e TEKCTa, BBOAMMOIO B TEKCTOBOE NOJsie, Ha C/0Ba, U3
KOTOPbIX CTPOUTCA CNUCOK CNOB. Cnosa 13 crnmcKa COPTUPYHOTCA NO al'ld)aBMTy M BbIBOOAATCA B METKE.

MeTop, str_reverse:

MpW Ha)KaTUM Ha KHOMKYy obecneuynBaeT NepesBopayuMBaHMe TEKCTa, BBOAMMOrO B TEKCTOBOE MoJe.
MNepeBEpPHYTbIM CMMUCOK BbIBOAUTCA B METKE.

TpeTuii apryMeHT Bblpa)KeHWa Bbi30Ba KOHCTPYKTOpa Block sBnsetca cTpoKoW, KoTopas 3afaér ums
CooTBeTCTBYIOWEro metoaa 06paboTKM COBLITUA 'HaXKMMaHMA Ha KHOMKY' M onpeaenseTt anroputm
npeobpasoBaHMA BBOAMMOW NO/b30BaTENIEM CTPOKMU.

block 0
block 1

Block (root, 'sort', 'str to_sort')

Block(root, 'reverse', 'str reverse')

# B pesyJsibTaTe BHIOJHEHMS 3TOTO Koma OyOyT CO3IaHH M BHBEINEHH B OKHe root IBA
# OODHOTUIHEIX OOBekTa-0JiI0Ka, KHOINKM KOTOPHX OyIOyT BHI3HBATL pPa3HEE NENCTBUA,
# BamaBaeMble apryMeHToM fun MNpM CO3IAaHUM IPUIIOXEHMI .

from tkinter import *
class Block:

# KOHCTPYKTOP C OOIIOJIHMTEJIBHEIM apIl'yMEHTOM funName u C‘I‘pOKOIZ

# DA HaANMCKM Ha KHOIKE
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()

# MerTom-obpaboTumk COOBITMS HaXaTUsa Ha KHOIMNKY YyCTAHABIMBAETCH ==========
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C IIOMOIBI0 CBOMCTBa KHONKM command ¥ BepaxeHus getattr(self, funName),

B koTOopoM BMecTO funName nomcramBiigeTcsa CTPOKa C MMEHEM MeToIa
'str to sort' wmim 'str reverse', KOTOpEE 3aIalT aJTOPUTM Npeobpa30oBaHMUSd
getattr: B obwbexkTe self no mMeHM QYHKUMM HAXOOUT OOBEKT-CCHUIKY

Ha MeTOXI, KOTOPHM INPMMEHSEeTCH B KadeCTBe MeTola-obpaboTumka

4= = 4 HE S e

COOBITMA HaXaTud Ha KHOIIKY .

self.but['command'] = getattr(self, funName)

dyHkumsa getattr () no3BoJISeT HOJYYUTH SBHAUEHME aTpubyTa OO0OBeKTa
10 eT'0 VMMEHNM.
CuHTakKCucC:
getattr (object, name, default)
[lapaMeTpEL:
object - oBwexkT, BHaueHMe aTpubdyTa KOTOPOTO TpebyeTcs MNOJNYyUUTH
name - uMsa aTpubyTa: OOBEKT, HOJIXeH OBTb CTPOKOMU
default - 3HaueHMe O YMOJIUAHMIO, KOTOpoe OyIeT BO3BPAlIEeHO,
ecnu uMsa aTpubyTa name OTCYyTCTBYeEeT.
BosepaumaeMoe 3HadeHMEe:
3HAUEeHMEe MMEeHOBAaHHOT'O aTpubyTa oOBeKTa
OnmcaHmue:
dynkuma getattr () Bo3BpamaeT 3HadveHMe aTpubyTa yKaz3aHHOTO
obrexTa object mo ero mMeHM name.
VM aTpubyTa name IOOJIXHO OBTHL CTPOkOM. Ecim cTpoka SBJILSeTCsS MMeHeM name
ONHOTO M3 aTPuUOYyTOB OOBEKTa object, pPes’yJIbLTaTOM SBJISETCS 3HAaUEeHUE
3TOrO0 aTpubyTa.
Eciu aTtpubyT C MMEHEM name He CYHIEeCTBYyeT, BO3BpallaeTCs 3BHaueHUEe
no ywmoJsiuaHuio default,
€CJI OHO IlepellaHO B (QYHKLMIO, B IPOTUBHOM CJlyuae OpocaeTcs
uckJoueHre AttributeError.
BEI30B getattr (object, 'x') NOJHOCTLI 3KBMBAJIEHTHO BHB0BY oObject.x.
EcThe TOJNBKO IBa WMPOKO MBBECTHHIX CJiydasd, Korzma OoyHkuus getattr ()
MOXeT OBITh I[IOJIE3HA:
- KOT'Za HEeBO3MOXHO BEI3BATHL Object.x, T. K. 3apaHee He M3BECTHO,
KaKoy aTpubyT OyHOeT HYXeH.
Hanpumep aTpubyT NOpencTaBJsgeT COOOM CTPOKOBYK NE€PEMEHHY.
OueHb YACTO BCTpeUaeTCsd B MeTalpoIl'paMMUPOBAHUM .
- KOI'Za TOYHO HEU3BECTHO e€CTh JIM 3HAUEHMEe y HYXHOTO aTpubyTa obmekTa.
HanpuMmep BEI30OB Object.z BHBOBeT uckijoueHume AttributeError,
ecau y aTpubyTa zZ HeT BHA4YeHUud.
Ho ecyim MOXHO yKasaThb KaKOoe TO 3HaudueHMe [0 YyMOJIYaHMI IJd Z,
TO BH30B getattr (object, 'z', 5) Beprer 5.

Meronm str to sort list.
[Ipy HaxaTuUM Ha KHOMNKYy ofecrneuuBaeT paszbueHMe TeKCTa,
BBOOMMOTO B TEKCTOBOE I[OJie, Ha CJIOBa, M3 KOTOPHEIX CTPOUTCS CIMUCOK CJIOB.

S o= S S S S S S S Sk SE S S S S S S S S b S S SR S S Sk S S S 9k S Sk Sk 3 S %k S o ok

CjioBa M3 CIOMCKAa COPTUMPYITCHS O anldaBUTy M BHBOIATCS B METKEe.
def str to sort(self):

s = self.ent.get()

s = s.split ()

s.sort ()

self.lab['text'] = ' '".join(s)

#

# MeTonm str reverse.

# Ilpu HaxaTUM Ha KHONKY OOeclleuMBaeT IepeBOpauMBaHME TEKCTa,

# BBOOMMOTO B TEKCTOBOEe IoOJjie. [lepeBEPHYTHM CIOMCOK BHBOOUTCS B METKe. ===
def str reverse(self):
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s = self.ent.get ()

s = s.split ()

s.reverse ()

self.lab['text'] = ' '".join(s)

root = Tk()

TPEeTUM apIl'yMeHT BHPAaXeHMS BE30Ba KOHCTPyKTOpa SBJISeTCS CTPOKOM,
KOTOpas 3amaé€T MMA COOTBETCTBYKUEIO MeToma oO0paboTkKM COOBITUSA
'HaxXyMaHMSA Ha KHONKY' M ompenenseT ajilOPUTM IpeoBpas3oBaHUI

S W %

BBOIOVMMOM IIOJIb30BATEJIEM CTPOKU

block 0
block 1

Block(root, 'sort', 'str to sort')

Block (root, 'reverse', 'str reverse')

root.mainloop () # mBanyck Lukja o0paboTKM COOHEITUM

c¢. Buaxersi Button, Label, Entry
Odanee npeactaBneHbl Tpu npocTbix BuarKeTa GUI — BuarkeTbl Button, Label, Entry (KHonka, meTKa,
OAHOCTPOYHOE TEKCTOBOE MoJie).

B tkinter 06beKTbl 3TUX 3neMeHTOB MHTepdeica NopPoXKAATCA COOTBETCTBEHHO OT Kaaccos Button,
Label n Entry.

CsoiicTBa U MEeTOo4bl BUOXKETOB 6bIBAtOT KaK OTHOCUTE/IbHO 06LLI,MMI/I, XapaKTepHbIMU ANA MHOTUX TUNOB,
TaK M YaCTHbIMMW, BCTPEYAOWMMUCA TONIbKO Y KaKOro-To OA4HOro Knacca. B nobom C/lydae CnUnCokK
HaCTpanBaeMbIX CBOWCTB OXuaaemo BenuK. 3aecb 6y,u,yT npeacrtasaeHbl TO/IbKO OCHOBHbIE CBOWCTBA U
MeTOAbl KN1aCCoOB NaKeTa tkinter.

B Tkinter cywectsyeT Tpn cnocoba KOHOUTYpUPOBaHUS CBONCTB BUAKETOB:

B B MOMEHT CO34aHUs 0ObEKTA,
H cnomoullblo metoga config, oH e configure,
H nyTem o6paLLeHmMsa K CBOMCTBY KaK K 3/1IEMEHTY C/10Baps.

= Button - KHOnKa
CambimMM BaXKHbIMW CBOMCTBaMM BUAMKETa Knacca Button asnatoTca:

B text, C NTOMOLLbIO KOTOPOro YCTaHABAMBAETCA HAAMUCh HA KHOMKE,
B command 4na yCTaHOBKM AENCTBMA, TO eCTb TOro, YTo OyAeT NpouCXoAuTb MPU HaXKaTUKM Ha
KHOMMKY.
Pasmep KHOMKM MO YMOMYaHMIO COOTBETCTBYET LUMPUHE U BbICOTE TEKCTA, OA4HAKO C MOMOLLbIO CBOMCTB
width n height 3T napameTpbl MOXKHO M3MeHUTb. EAMHULAMM U3MEPEHMA B JAHHOM C/y4Yae SBAAOTCA
3HaKomecTa.

TakuMe cBOMCTBaA KAk
bg, fg, activebackground u activeforeground

onpeaenstoT COOTBETCTBEHHO LBET GOHA U TEKCTa, LBET pOHa M TEKCTa BO BPEMA HAXKATUA U YCTAaHOBKM
KYpCOpa MbILM HaZ KHOMKOM.

#

from tkinter import *
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def change():

bl['text'] = "lMzmeHeHo"

bl['bg'] = "#000000"

bl['activebackground'] = '"#555555'

bl['fg'] = "#ffffff"’

bl['activeforeground'] = "#ffffff’'
root = Tk()

bl = Button (text="U3amenurs", width=15, height=3)
bl.config (command=change)
bl.pack ()

root.mainloop ()

3pecb cBokcTBO command ycTaHaBAMBAETCA C MOMOLLbO meTogaa config.

b0.config (command=change)

OaHaKo MOXHO 6bl110 caenaTthb U TakK:

bO['command'] = change

3T0 NnoToMy, 4TO y BUAXKETA - 06beKTa Button ectb onums '‘command'

= Label - MmeTKa
Bugsket Label ana otobpakeHus Tekcta B OKHe. [pMMeHSieTca B OCHOBHOM A/1A WHGOPMALNOHHbBIX
uenew (nponaraHapbl) (BbiBOA COOBLLEHMI, NOANUCL APYTUX 31IEMEHTOB MHTepdelica).

CBoWicTBa METKM MOXOXKWM Ha CBOWMCTBA KHOMKW. Ho y mMeToK HeT onuuu command. MNoatomy cBA3aTb
MeTKU ¢ cobbiTnem moxkHo TOJIbKO ¢ nomouipio meTtoaa bind.

W Hanucatb Ibl['command'] = ... HENIb3A(!)

Ha npumepe obbekTa TMna Label aemoHcTpauma ceoiictea font — wpndr.

#

from tkinter import *

root = Tk{()

11
12

Label (text="Pabora Han omumbkammu", font="Arial 32")

Label (text="PacnosHarBaHue BapuaHTorR", font=("Comic Sans MS",24, "bold"))

11l.config(bd=20, bg='#ffaaaa')
12.config(bd=20, bg='#aaffff')

11.pack()
12.pack()

root.mainloop () # mBanyck uukja oOpaboTKM COBBITUM

#
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3HayeHue WwpndTa MOXKHO NepeaaTb Kak CTPOKY UM KaK KOPTEXK.
Ecnv ums wpndTa cocToUT U3 ABYX U Bosiee CoB - TO BTOPOM BapuaHT bosiee NpesnoytTuTeneH.
Mocne Ha3BaHMA WPUPTA MOXKHO YKa3aTb Pasmep U CTUb.

TaKkKe KakK font coicTBo bd ecTb He To/IbKO y MeTKM. C NOMOLLbIO 3TOFO CBOMCTBA peryimpyeTca pasmep
rpaHuL (eauHULA M3MepeHUs — MUKcenb). MoKa cBA3b METKM € COBbITUEM MOKA3aTb HE MOJYYMIOCh.

Eweé BapuaHrT...

Ec/n K MeTKam M KHOMKaM B Koje He 06palLatoTcs, TO CCbIIKM HA METKM M KHOMKM Npu ux cosgaHumn HE
npuceBanBatloTca nepemeHHbiM. OHM CO34at0TCA OT CBOEro K/aacca M Cpasy pPasMeLLatoTcs C MOMOLLbIO
meTopga pack.

#

from tkinter import *

# OyHKUMaI-0Opa®oTumk COOHBITMS (BemaeTcs Ha KHOIKY)
# n obecneuuBaeT M3MEeHeHMe CBOMNCTBa 'text' nns
# KOHKPETHOV MEeTKM, NPeICTaBJIEHHOV IJIoBaJibHOM
# nmepemeHHOM 1bl, HacTPOEHHON Ha OOBEKT-NIPENCTaBUTEJDL
# wmacca Label
def take():
1bl['text'] = "BemaHo"
#
root = Tk()

# BMIOXETEI pacliojlaramnTCc4d OpyI 10O OPyI'OM B I'JIABHOM OKHE IIPUMJIOXEHMA

# C moMombi MeHemxepa TeoMeTpuu — MeToma pack
Label (text="IlyHkT Bemaum") .pack() # OespMAHHEI BuIxeT Label.
Button (text="Bzars", command=take) .pack() # OespMAHHEI BMIXeT Button.

# OyHKLUMA-0Opa®oTumMK COOBITUS HaXaTUsa Ha KHONKY YCTAaHaBJIMBAETCS C IIOMOIILIO
# onumm (cBoMcTBAa) KHONKM command
1bl = Label (width=10, height=1) # Bumxet Label.

# IpexncTaBjieH CCHUIKOM Ha oOwmexT 1bl.

# Ccouika akTyajibHa, TakK Kak HelNoCpenNCTBEHHO
# wncnonpsyetrca B oyHkuum-oOpaborumke take
1bl.pack()

root.mainloop ()
#

# B JaHHOM IIpMMepe TOJIBKO Yy OOHOM MEeTKM eCTb CBSI3b C nepemeHHoﬁ,

# Tax xak OIHO M3 €€ CBOMCTB MOXeT OBITbH M3MEHEHO B IIPOLleCcCe
# BEHIIOJIHEHMS NPOTPAaMME.

#

= Entry - ofHOCTPOYHOE TEKCTOBOE I0JIe
TekcToBble Nona nNpeaHasHaveHbl AN BBoAa MHPOpmaLMM Nonb3osBaTesieM. Takxke U 414 BbiBO4A, EC/NU
npu 3TOM npeanosiaraetca, YTo TEKCT U3 HUX 6yp,eT CKonuposaH. TekcToBble MONAA KAaK 3/1IEMEHTbI
rpapuyeckoro MHTepdeinca bbiBalOT OAHOCTPOUYHBIMU U MHOTOCTPOYHbIMKU. B tkinter MHOrocTpoYHbIM
COOTBETCTBYET Knacc Text, KOTOpPbIN ByAeT pacCMOTPEH No3XKe.

CeolicTBa 06bEKTOB Entry BO MHOrom cxoXu ¢ AByMSA Npeablaynmm BUAKETaMM.

A BoT meTtoabl — HET.
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B M3 TeKCTOBOro NoiA MOXHO B3ATb TEKCT. 3a 3TO AeiCcTBMe oTBeYaeT MeTo get.
B B TeKcToBOE NnoJsie MOXHO BCTaBUTb TEKCT METOA0M insert.
B TaKXXe MOXHO yaanuTb TEKCT meToaom delete.

MeTog insert NMPUHNMaET NO3NLUIO, B KOTOPYHO HAaO0 BCTAaB/IATb TEKCT U CaM TEKCT.

from tkinter import *
from datetime import datetime as dt # Monmynb datetime npemocTaBisgeT KJaCCH
# nns oOpab®oTKM BPEMEHM M IAaTH.

# OyHKUMA-0Opa®oTumMK COOBITUS HAXATUS Ha KHOIKY
def insert time():

t = dt.now() .time ()

el.insert (0, t.strftime('SH:%M:%S '))

#
root = Tk()
el = Entry(width=50) # OODHOCTPOUHOE TEeKCTOBOE I[10Jie
but = Button (text="Bpema", command=insert time) # insert time - dyHxuma-
# obpaboTuuk COBBITHA
# HaxaTusa Ha KHOIKY
# BUIXETH pacrojiaranTCs OPYyT IO IOPYyIT'OM
# B TJIaBHOM OKHE MPUJIOXKEHMS C IIOMOUBLI MeHeIkxepa TeOMEeTPMM — MeToma pack: ====
el.pack()
but.pack()

root.mainloop ()
#

# OTOoT KOO HpPMBENET K TOMYy, YTO IOCJEe KaxXIOTO HaxXaTus Ha KHONKY OyImeT

# BCTaBJIATLCS HOBOE BpeMs Iepell yXe CYyUeCTBYWIel B [I0Jie CTPOKOM.

#

O ]METOABIHO3HHHOHHpOBaHHHBHCMCHTOB
Mpexae 4Yem NPOAOC/MKUTL pasbupatbca c Buaxketamm GUI, xenaTenbHO MNPOACHWUTL BOMPOC WX
pasmeLLEHUSA B OKHe.

|_|pVI pa60Te c Tkinter AnAa Nno3nunoHNpPoOBaHUA 3INEMEHTOB NPUMEHAKOTCA Pa3HblE MeTOo4bl:

B pack();
m place();
m  grid().

= MeTogp grid
No3BONAET MOMECTUTb 3/IEMEHT B KOHKPETHYH AYEKy YCAOBHOM CeTKM nAnbo rpuaa. Mpu atom
MCNONb3YOTCA NapameTpbl:

B column — 3To HOMep cT0/16L,3, OTCYUTLIBAETCA C HYS;

B row — 3TO HOMEpP CTPOKM, OTCUNTLIBAETCSA C HYAA;

B columnspan — yKasblBaeT YMCIO CTONHLLOB, 3aHNMAEMbIX 3/IEMEHTOM;

B rowspan — yKas3blBaeT YMC/IO CTPOK;

B ipadx u ipady — noagpasymeBaloTCA OTCTYMNbl MO FOPM3OHTaAM W BEPTUKANM OT rpaHuL,
KOMMOHEHTA A0 TEKCTA KOMMNOHEHTA;

B padx v pady — aHan0OrM4YHbIE OTCTYMbl, HO OT FPaHUL, AYENKM rpyUaa 40 rPaHMUL, KOMIMOHEHT];
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| sticky — onpeagendetr BblpaBHUBaAHWE 3/1EMEHTA B Ayeike B CQlydae, Korga AYenKa bosble
KOMMNOHEHTA.

# mpunoxeHue c OByMsa oxHamu (root(O, rootl), x root0 mo yMoJsiuaHUO
# uemnnsgerca rpumg uM3 9 KHOIMOK:

from tkinter import *

root0 = Tk{()
rootO.title('root0 500x450")
root0.geometry ('500x450")

rootl = Tk{()
rootl.title ('rootl 300x250")
rootl.geometry ('300x250")

# HDanee — Tpunm:
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)

# Mertom mainloop MCHOJNIB3YyeTCs IJis BEHSB3OBA OKHAa BMIXETa.
# VI mocTaTOUYHO BHB3BATHL XOTH OB OOHO!
root0.mainloop ()

# rootl.mainloop ()

MeTtoa mainloop ncnonbayetca 414 BbI30Ba OKHa BUAMKETA.

= MeToj pack
370 BAWAET Ha yA0bCTBO MPUMEHEHMUS MPUNOKEeHUsA. PasmelleHne BUAKETOB B OKHE - 3TO BOMPOCHI
AM3aMHa. 34ecb NPOrpamMMUCT M LWBELL, U KHeL, U Ha AyaKe urpel, 1 ewé nHtepdencol paspabaTbiBaerT.

B Tkinter, KoTopbin panee byaeT pacCMOTpPeH B OTAE/IbHOW [/laBe, CYLLEeCTByeT TPU MeHearKepa
reomeTpun (Tak UX NPUHATO Ha3biBaTb) — YNAKOBLLMK, CETKA U pasMeLleHne No KoopamuHaTam.

Ceityac - 06 ynakosLmKe. OH camblii TPOCTOM M YacTo UCMOAb3yeMblit. OCTanbHble ABa - NO3XKe.

YnaKoBLWMK (packer) BbI3blBaeTcs MeTo40M pack, KOTOpbI MMeeTcA Yy BCeX BUAKETOB-06beKTOB. OH yiKe
MHOTO pa3 NPUMeHACS.

Ecnn K anemeHTy nHTepdenca He NPUMEHUTb KaKoN-IMbo U3 MeHeaKepoB reoMeTpum, To OH BoobLe
He 0TO6pa3nTCA B OKHe.

Mpy 3TOM B OA4HOM OKHe (MM N06oM APYroM POAUTENBCKOM BUAMKETE) HENb3A KOMBMHMPOBATL PasHble
MeHeepbl.

Ecnm gna pasmelleHus BUAKETOB Obl1 NPUMEHEH meTod pack, To TyT e NPUMeEHATb meToapl grid
(ceTka) u place (mecto) HE nonyumtcal

Ec/iv B yNnaKoBLUMKM He nepeaaBaTb aprymMeHTbl, TO BUAMKETbl ByayT pacnosaratbCa BEPTUKAAbHO, ApYr
Hag Apyrom. ToT 06beKT, KOTopblit nepBbiM Bbi3oBeT pack, 6yaer BBepxy. KoTopbili BTOpPbIM — MNOA4
nepsbim, U TaK ganee.
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Y meTtopa pack ectb napametp (aTpubyt) side (cTopoHa), KOTOpbIA NPUHMMAET OAHO U3 4YeTbipex
3HaYeHMN-KOHCTaHT, 3aJaHHbIX B tkinter —

TOP, BOTTOM, LEFT, RIGHT

(Bepx, HM3, neBo, NpaBo).

Mo ymonyaHuio, Koraa B pack He yKasbiBaeTcsa side, ero 3HayeHue yctaHasamBaetca B TOP.
M3-3a 3TOro BMAKETbl pacnosaratoTcs BePTUKAIbHO.

Ons geMmoHcTpauum Bo3moXKHocTel pack - onpegeneHmne PACKPALLEHbBIX 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',6 text='4")

11.pack (s1ide=BOTTOM)
12.pack (side=BOTTOM)
13.pack (side=BOTTOM)
14.pack (s1ide=BOTTOM)

11.pack (side=LEFT)
12.pack (side=LEFT)
13.pack (side=LEFT)
14 .pack (side=LEFT)

11.pack (side=RIGHT)
12.pack (side=RIGHT)
13.pack (side=RIGHT)
14.pack (side=RIGHT)

11.pack (side=TOP)
12.pack (side=BOTTOM)
13.pack (side=RIGHT)
14.pack (side=LEFT)

11.pack (side=LEFT)
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12.pack (side=LEFT)
13.pack (side=BOTTOM)
14 .pack (side=LEFT)

C AByMA nocneaHMMUN BapnaHTaMun pasmelleHna - npo6netv\a:

pasmecTuUTb BUAKETbI "KBagpatom", T. e. ABa CBEpXy, ABa CHM3Y POBHO NoOA ABYMA BepxHumM, - HE
MNONYYUTCA. B atom cnyyae Mcnonb3yeTca BCnomMoraTesibHbii ¢dpeiim (pamKa), KOTopbii NopoXKaaeTcs
OT Knlacca Frame. ®pelimbl pa3meLLatoTca Ha INaBHOM OKHe, a yxKe BO ppelrimax — BUIAMKETbI:

#

from tkinter import *

root = Tk()

#

frm top = Frame (root)

frm bot = Frame (root)

# frm top, frm bot - onpemendT Ha YUTO JIOKUTH METKY
# MeTKM:

# mBe MeTkM B pamky (dperm) frm top

1bll = Label (frm top, width=7, height=4, bg='yellow',6 text="1")
1bl2 = Label (frm top, width=7, height=4, bg='orange',K text="2")

# mBe MeTkM B paMmky (dpeiM) frm bot

1bl3 = Label (frm bot, width=7, height=4, bg='lightgreen',6 text="3")
1bl4 = Label (frm bot, width=7, height=4, bg='lightblue',K text="4")
# paMky pasMemamnTCs C IOMOUIBI TAHIAPTHOTO MeHemxepa yIaKOBKU
frm top.pack()

frm bot.pack()

# MeTKM MaKylonTCsS B PaMKU
1bll.pack(side=LEFT)
1bl2.pack (side=LEFT)
1bl3.pack (side=LEFT)
1bl4.pack (side=LEFT)
# BHI3OB OKHa BUIXETa
root.mainloop ()

#

e (Ceolicmea meHeddcepa ynakosku pack
Y meHeaKepa ynakoBKM pack Kpome side ecTb ewé gpyrve napameTpbl-CBOUCTBA.

Mo*KHo 3aaaTb BHyTpeHHUe (ipadx v ipady) u BHelwHMe (padx 1 pady) oTcTynbl:

frm top.pack(padx=10, pady=10)
1bll.pack(side=LEFT)
1bl2.pack (side=LEFT)

frm top.pack(ipadx=10, ipady=10)
1bll.pack(side=LEFT)
1bl2.pack (side=LEFT)
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Koraa ycrtaHaB/iMBalOTCA BHYTPEHHME OTCTYMbl, TO M3-3a TOro, yto side npubuBaeT BUAXKET K /IeBOM
rpaHuue, cnpaBa nonydaetca otcTyn B 20 nuKcenen, a ciesa — HMYero. MOMKHO YacCTUUYHO peLlnTb
npobsiemy, ecinm 3aMeHUTb BHYTPEHHME OTCTYMbl PAMKU Ha BHELUHWE OTCTYMbl Y METOK.

frm top.pack()
1bll.pack (side=LEFT, padx=10, pady=10)
1bl2.pack(side=LEFT, padx=10, pady=10)

Ho TyT noABnseTca NPOMENKYTOK MeEXKAY CaMUMM MeTKamKU. YTobbl ero ybpatb, NPULWNOCL Hbl KaXKabli
BUAKET YKNaAblBaTb B CBON COOCTBEHHbIN dpeim. M BMecTo ynpouieHna paboT no peannsaumnm ansamHa
- IMWHAS cyeTa M Kyda npobnem. Takum obpasom, ynakoslMK Tkinter okasbiBaeTca noneseH TONbKO
ANA pa3paboTKM OTHOCUTE/IbHO NPOCTbIX MHTepPdeNncos.

e (Ceolicmaa fill (3anosaHeHue) u expand (pacwupeHue)
Ewé napa ceoiicts — fill (3anonHeHue) n expand (pacwupeHue).

expand no ymMo/lYaHUIO YCTAaHOBJ/IEH B HOJIb (€ro Apyroe 3HaueHue — eauHULA),
fill no ymonyanuio — None (ero apyrue 3HadeHus BOTH, X, Y).

Mpumep NprmeHeHUn (OKHO C 04HOM METKOM):

from tkinter import *

root = Tk{()
1bl1l = Label (text="This is a label", width=30, height=10, bg="lightgreen")
1bll.pack()

root.mainloop ()

Ecnan HayaTb pacWMpATb OKHO C 3TOM METKOM WM Ccpa3dy PacKpbiTb €ro Ha BEeCb 3KpaH, TO MeTKa
OKayKeTcsA BBEpPXy MO BepPTMKaAM M B cepeguHe No ropusoHTanu. MNpuumHa, No KOTOPON MeTKa He B
cepeanHe No BepPTMKaAU COCTOUT B TOM, 4To side MO YMOJTHYAHUIO paseH TOP, u meTky npubusaet(!) K
BEpPXY OKHa.

Ec/v »Ke yCcTaHOBMTb CBOMCTBO expand B 1, TO Npu pacluMpeHMM OKHA MeTKa byaeT Bcersa B cepesmHe:

from tkinter import *

root Tk ()
1bl1 Label (text="This is a label", width=30, height=10, bg="lightgreen")
1bll.pack (expand=1)

root.mainloop ()
Csoictso fill 3actaBnser BUAOXET 3aN0/IHATb BCe AOCTYNHOE NPOCTPaHCTBO. B 3aBMCMMOCTU OT 3HAYEeHUA

csomctaa fill, 3To NpocTPaHCTBO MOXKHO 3aNONHUTL BO BCEX HAMpaBAEHUAX UM TONbKO NO OAHOM U3
ocei:
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from tkinter import *

root = Tk{()
1bll = Label (text="This is a label", width=30, height=10, bg="lightgreen")
1bll.pack (expand=1, fill=Y)

root.mainloop ()

Takum obpasom, ABa cBoMcTBa meHeaxepa ynakosku — fill (3anonHeHune) u expand (pacwmnpeHue).
Mo-ymonuyaHutio expand paseH O (apyroe 3HayeHue — 1),

fill — NONE (gpyrve 3HaueHus 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 (s5kopb)
M eweé ogHa onuua metoaa pack —anchor (AKopb) — MOXKeT NPUHUMATb 3HAYEHUSA:

N (north — cesep),

S (south —tor),

W (west —3anaa),

E (east — BOCTOK),

CENTER (center - 6e3 kommeHTapueB)

N UX KOMBUHALMK, NpeacTaB/eHHble OTAeIbHbIMW KOHCTaHTaMU.
To ecTb, anchor must be: N, NE, E, SE, S, SW, W, NW, or CENTER

= MeToj place
370 TpeTuit (nocneaHwuii) meHeaKep reomeTpun 6ubnnotekn tk — Place, KOTOpbI pasmeLLaeT BUAKETDI

Mo KoopauHaTtam.

B tkinter ucnonb3oBaHue AaHHOro MeHeaXXepa reomMmeTpun peaansyeTca 4Yeped MeTon place,
peaﬂMBOBaHHblﬁ B K/1aCCaxX BUOXKETOB.

MeTog, place yKasbiBaeT BUAMKETY €ro NoNoKeHNe NMMB60 B abCONOTHLIX 3HaYEHUAX (B NUKcenax),
NM60 OTHOCUTENBHO (B A0NAX POAUTENBCKOrO OKHA).

TakKe abCcoNoTHO U OTHOCUTESIbHO MOXKHO 3a4aBaTb pa3mMmep Camoro BuUAKeta.

e Memod place: ocHogHble nhapamempbl

B anchor (sKopb) — onpeaenseT yacTb BUAKETA, 41 KOTOPOM 3a4at0TCA KOOpAUHaTbI. NpUHMMaeT
3HaueHus N, NE, E, SE, SW, W, NW mnun CENTER. MNo ymonyaHuto NW (BepxHuii
neBbIl yron).

B relwidth, relheight (oTHocUTenbHbIE WIMPUHA M BbICOTa) — ONpPeaensatoT pasMmep BUAKETA B
[0/1AX ero poguTens.
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B relx, rely — onpegenstoT OTHOCMTE/IbHYIO NMO3MLMIO B POAUTENBCKOM BUAKETE.
KoopauHaTa (0; 0) — y nesoro BepxHero yrna, (1; 1) —y npaBoro HUKHero.
B width, height — abcontoTHbI pasmep BUAMKETa B NUKCENAX. 3HAYEHUs NO ymonvyaHuio (Koraa
OaHHble OnuMK OnyLLeHbl) NPUPaBHMBAIOTCA K eCTEeCTBEHHOMY pa3Mepy BUAKeTa, To
€CTb K TOMY, KOTOpPbI/ onpeaenseTcsa Npu ero co3gaHumn U KOHGUIypUpoBaHUW.

B Xy- abconoTHas no3numa B NMKcenax. 3HavyeHuaA no YMO/THaHUIO NPUPABHUBAIOTCA K HYHO.
B Cxemac YKa3aHnem OTHOCUTE/IbHbIX KOOPANHAT!

0;0
0.25;0.25 0.75;0.25
0.5;0.5
0.27;0.75 0.75;0.75
11

Pa3HnUa mexay abCcoMIOTHLIM M OTHOCUTENIBHBIM NO3NLMOHNPOBAHUEM Ha Npumepe:

KHomnka, NO3MLUMS KOTOPOM ObIa XECTKO 3amaHa afCOJIOTHHEM NO3MLUVOHMPOBAHUEM,
HE M3MEHSEeT CBOETO I[IOJIOXKEeHMS [PV M3MEeHEeHUM pasMEepOB OKHA.

KHomnka, Mno3uuMsa KOTOPOM ObUla 3amaHa C OTHOCUTEJIbBHEIMU KOOPIMHATAMM,
cMemaeTrcsa. Onuum relx m rely nma Hee no-npexHemy 0.3 m 0.5, HO yxe

S oS S 4 = 3

OTHOCHUTEJIBHO HOBOI'O pa3Mepa OKHa.

from tkinter import *

root = Tk{()
root.geometry ('150x150")

Button (bg='red') .place (x=75, y=20)
Button (bg='green') .place(relx=0.3, rely=0.5)

root.mainloop ()

C pasmepamu BWAKETOB TO e camoe. ECAM OHWM OTHOCUTENbHbI, TO C WM3MEHeHMemM pa3mepa
POAUTENBCKOrO BUAMKETA UX Pa3Mepbl TaKKe ByayT M3meHATbCA. ECIM HY)KHO UTOBbl BUAMKET HE MEHSAN
CBEro pasmepa, 3TOT pasmMep AO0/KEH 334aBaTbCA KAk abcontoTHbIM. Mau He yKasbiBaTbcA BoBce! B
TaKoM c/lyyae oH 6yaeT NpMpaBHEH 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)

KoMbuHMpya pasnnyHble BapuaHTbl MNO3ULMOHMPOBAHMA W YCTAHOBKW Pa3sMepoB, MOXKHO [06UTbCA
HEOXMIaHHbIX pe3ynbTaTtoB. [oatomy MeTog place cneayer NPUMEHATb OYEHb OCTOPOXKHO, C
NOHMMAHMEM BO3MOXKHbIX NOCNeACTBUIA. ECM Npu 3TOM pasmep OKHA NPUNOXKEHUA He MeHsAeTcs, a
MHTepdelc CNoXKeH, TO yNpaBaaoLWmni pasmelleHem Place moxeT oKas3aTbCs HaUAy4YlWMM BapMaHTOM,
TaK KaK C ero NoMoLLbto MOXHO BbINOJIHUTb TOHKYIO HAaCTPOMKY U CO34aTb aKKypaTHbI MHTepdelic.

o Text- MHOTI'OCTPOYHO€ TEKCTOBOEC I10JIE
B tkinter mHOrocTpo4YHoe TeKCTOBOE Nosie co3gaerca oT Knacca Text. Mo ymonyaHuio ero pasmep paBeH
80-T1 3HaKOMeCTam NO rOPU3OHTaANN N 24-M NO BEPTUKAAM.
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#
from tkinter import *

root = Tk()

txt = Text ()

print (txt['width'], txt['height'])
txt.pack ()

root.mainloop ()

3TM CBOMCTBA MOMKHO MEHATb C nomoulbto onuunii width n height. TakKe MOXKHO KoHUrypupoBaTb
WwpudT, LBETA M APYroe.

from tkinter import *

root = Tk{()

txt = Text (width=25, height=5, bg="darkgreen", fg='white', wrap=WORD)
txt.pack ()

root.mainloop ()

#

3HayeHne WORD onuuu wrap no3BossieT NepeHOCUTb CNOBa Ha HOBYIO CTPOKY LEAMKOM, a He no
b6yKkBam.

= Textu Scrollbar
EcAn B MHOrOCTpOYHOE TEKCTOBOE MNoJsie BBOAUTCA BO/blUe CTPOK TEKCTA, YEM €ro BbICOTA, TO 3TO Nose
camo byaeT npoKpy4umBaTbcsa BHM3. Mpn NpocmoTpe BBEAEHHDIN TEKCT MOMKHO NMPOKPYYMBATb BBEPX-BHU3
MOYHO C MOMOLLbBIO KOMEeca MbIWKW M CTpeNKaMu Ha Knasuatype. TakxKe yaobHO nosb3oBaTbCA
CKpo/iIepom — NONOCOM NPOKPYTKU. B tkinter ckponnepbl nponssogAaTca oT Knacca Scrollbar. O6beKT-
CKPOJI/IEpP CBA3LIBAIOT C BUAKETOM, KOTOPOMY OH TpebyeTcs.

N 3To He 06A3aTeNbHO MHOrOCTPOYHOE TEKCTOBOE Mose. YacTo MoNocbl MPOKPYTKM 6bIBAtOT HYXKHbI
CNWCKam, KoTopble ByayT pacCMOTPEHbI NO33Ke.

[danee co3paértca CKpoanep, K KOTOPOMY C MOMOLLbIO OonuMu command npuBA3bIBaeTCA MPOKPYTKA
TEKCTOBOro Mons no ocu y — text.yview. B cBolo ouyepeab TekcToBOMy MoJito onumeit yscrollcommand
yCTaHaB/AMBaeTCA paHee Co3A4aHHbIN ckpoanep — scroll.set.

#
from tkinter import *
root = Tk{()

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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=  MeToamnl Text
OcHoBHble meToabl y Text Takue e, Kak y Entry — get, insert, delete. OgHaKo, eciM B ciyyae
OZHOCTPOYHOrO TEKCTOBOrO Mo/A Bbl10 AOCTAaTOYHO YKA3aTb OAMH MHAEKC 3/IeMeHTa NpU BCTaBKe WU
y4aneHuu, To B C/ly4ae MHOTOCTPOYHOIO Hago yKasblBaTb ABA — HOMEP CTPOKM M HOMEP CUMBOANA B 3TOM
CTpoke (Homep cTonbua).

MeTtoapl get u delete moryt npuHMmaTb He ABa, a OAWH aprymeHT. B Takom cnyyae 6yger
06pabaTbiBaTbCA TOIbKO OA4MH CUMBOA B YKa3aHHOM NO3ULMUN.

#

from tkinter import *

# oBpaboTurky COBBITNUMA

#
def insert text():
s = "Hello World"
text.insert (1.0, s)
#
#

def get text():
s = text.get (1.0, END)
label['text'] = s

#

#

def delete text():
text.delete (1.0, END)

root Tk ()

text = Text (width=25, height=5)
text.pack ()

frame = Frame ()
frame.pack()

# KHOIKM BCTaBJISOTCHS B pPaMKy

# v KHOIOK coOcCTBeHHHE 00pPaboTumMKM

Button (frame, text="Bcraeurer", command=insert text).pack(side=LEFT)
Button (frame, text="Bz3ars", command=get text).pack(side=LEFT)
Button (frame, text="Ymanurs", command=delete text) .pack(side=LEFT)

# MmeTka. llpuMmeHsgeTca B QyHKUUM 0OpaboTkmM get text
label = Label()
label.pack ()

root.mainloop ()

#

o Kiacc LabelFrame
Take cyuwiectByeT Knacc LabelFrame — ¢peiim ¢ nognucbio: y Hero ecTb CBOMCTBO text.

frm top = LabelFrame (root, text = 'Bepx')
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frm bot = LabelFrame (root, text = 'Huz')

#
from tkinter import *
root = Tk{()

# frm top = Frame (root)

# frm bot = Frame (root)

# frm top = LabelFrame (root, text = 'Bepx')
# frm bot = LabelFrame (root, text = 'Hus')
frm top = LabelFrame (text = 'Bepx')

frm bot = LabelFrame (text = 'Huz')

# BumxeT pasMeunaeTcs B IJIABHOM OKHE MIPUJIOXEHMS,
# mosTOMYy apryMeHT root MoXeT OHTL IO YyMOJUAHMO.

# NepBHI apTyMeHT - MHbopMAlMsa Kyma METKM IpenHasHAUEHH
# frm top, frm bot omnpemenaoT Ha YTO JIOXUTH METKY

1bll = Label (frm top, width=7, height=4, bg='yellow',K text="1")

1bl2 = Label (frm top, width=7, height=4, bg='orange',K text="2")

1bl3 = Label (frm bot, width=7, height=4, bg='lightgreen',6 text="3")

1bl4 = Label (frm bot, width=7, height=4, bg='lightblue',K text="4")

# majlee - BapMaHTH NPMMEHEHMS MeHeIXepa YNakKOBKM pack C pasiIMuHBIMM BUIXETaMU

frm top.pack()
frm bot.pack()

1bll.pack(side=LEFT

1bl2.pack (side=LEFT

1bl3.pack (side=LEFT
(

)
)
)
1bl4.pack (side=LEFT)

root.mainloop ()

1bll.pack(expand=1, anchor=SE) # SE - 3TO0 oTmesbHas KOHCTAHTAa

= Teru
TekcTtoBoe nosie 6ubanotekn Tk nossonser ¢opmaTMpoBaTb B HEM TEKCT - TO eCTb NpuAaaBaTb ero
pa3HbIM YacTAM pasHoe opopmMaeHHUe.

3T0 AenaeTca 3To ¢ nomollbio meTogos tag_add u tag_config.

tag_add pgobasnseT Ter, Npy 3TOM HaZ0 YKas3aTb ero Npou3Bo/IbHOE UMS U OTPE30K TEKCTA, K KOTOPOMY
OH BbyaeT NPUMEHATLCA.

tag_config HacTpauBaeT Tery ctuam opopmaeHus.

#
from tkinter import *
root = Tk()
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text = Text (width=50, height=10)
text.pack ()
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 ()

= BcTaBKa BUAKETOB B TEKCTOBOE I0JIE
C nomoubio meToga window_creat B Text MOXKHO BCTaBAATb APYre BUAMKETHI.

3TO He 0YEHb-TO U HYXKHO, OA4HAKO € obbeKkTamu Tuna Canvas (3TOT Kaacc byaeT onncaH No3xe) MoXKeT
6bITb MHTEpecHO. Huxke BcTaBnseTcAa meTKa B Tekyuiyto (INSERT) nosuumio Kypcopa.

#

from tkinter import *

#

# PasMemeHre MEeTKM B OYHKUMM [IO03BOJISET KaXIL pas IpY BHB3O0BE OGYHKIUU

# cos3maBaTh HOBYI MeTKy. MHaue, ecymM Ob MeTka OwlJla B
# OCHOBHOM BeTKe MNPOTpPaMMEl, NOPEeIbNyllas MeTka ucuesaja Ool.
def smile() :
label = Label (text=":)", bg="yellow")
text.window create (INSERT, window=label)

root = Tk()

text = Text (width=50, height=10)

text.pack()
# xHomka. OB6paboTumk COOBITMS — byHKUMS smile
button = Button (text=":)", command=smile)

button.pack()

root.mainloop ()

o Radiobutton u Checkbutton: nepemennsie Tkinter
PagnokHonkn u ®naxkm: B Tkinter oT Knacca Radiobutton cosgatotcs paaMoOKHONKKM, OT Kaacca
Checkbutton — pnaxkmu.

PagnokHonkn HE cospatotca no oaHoi. [enaTb OAMH TaKOM BUAMET He MMeeT CMbICaa, Tak KakK
pPaflMOKHOMKa 3TO WMHCTPYMeHT Bblbopa. [Ana Bbibopa AenaeTca cBA3aHHaA rpynna pPaavOKHOMOK,
KoTopana paboTaeT No NPUHLMUNY NepeKkntoYaTeneit: Koraa BKAYeHa 04Ha, ApYrue BblKAOUEeHbI.

O6bekKTbl (3k3emnnspbl) Checkbutton Takke moryT 6bITb BU3yasibHO odpopmaeHbl B rpynny. Ho npu aTom
KaxKabl GNAXKOK B rpynne He3aBUCUM OT OCTasibHbIX. Kaxablii MOKeT 6bITb B COCTOAHUM "ycTaHOBAEH"
unm "cHAT", HE3aBUCUMO OT COCTOSHWNI APYruX G1a*KKOB.

Takum obpasom, B rpynne Checkbutton moxKHO caenatb MHOXECTBEHHbIM Bblbop, B rpynne Radiobutton
— HeT.
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= Radiobutton - paguokHonka
Ecnun 6yayT o6baABNeHbl HECKO/IbKO (ABe) pagMoKHONKKM BE3 cOOTBETCTBYIOWMX HAacTPOEK, To 06e OHKU No
YMO/IYaHUIO NEPEBOAATCA BO BK/AOYEHHOE COCTOSHWE W  BbIKAKYUTL WX OyAeT HEBO3MOMKHO.
NHTepnpetatop paccmaTpuMBaeT 3TWU PaAMOKHOMKM KaK BblPOXAEHHble He3aBUCUMble rpynnbl
PaANOKHOMOK. ITU MepeKktoyaTeNM HUKAK He CBA3aHbl ApYyr ¢ APYyrom. TakKe AN HUX He yKasaHo
MUCXOZIHOE 3HaYeHMe, TO eCTb, AOJIKHbI 1M OHU BbITb B cOCTOAHMK "BKA" nau "Bbikn".

from tkinter import *

root = Tk()

rl = Radiobutton (text='First')
r2 Radiobutton (text='Second'")

rl.pack (anchor=Ww)
r2.pack (anchor=W)

root.mainloop ()

#

[ns xpaHeHua cocToaHui BugeTtos B Tkinter nogxoant HE JTKOBAA nepemeHHas.

Ona sTnux ueneit npefycMOTpPeHbl CneunanbHble Knaccbl — nepemeHHble nakeTa tkinter: BooleanVar,
IntVar, DoubleVar, StringVar. MNepBblih Knacc MNo3BO/AET MPUHUMATb CBOMM 3K3eMMAspam TOJIbKO
6ynesbl 3HayeHns (0 mam 1 n True munm False), BTopol — uenvle, TpeTUM — ApOobHbIE, YeTBepTbI —
CTpoKoBble. [pn 3TOM Kacc nepeMeHHOM ANA XPaHEHMA COCTOAHMI BaXKeH TONbKO Ha Ha4YaNbHOM 3Tane
BbINO/IHEHUA MPUNOKEHUA, HENOCPEACTBEHHO NMPU GOPMMPOBAHUM TPYNMNbl PAAMOKHOMNOK. Mpu 3TOM
BbINOMHAETCA rnaBHas 3agavya — OFPAHUYEHWE TUNOB MEPEMEHHbBIX, KOTOPbIE MPUMEHAKOTCA
NPU HACTPOMKE U PABOTE PAIMOKHONMOK B TPYMME. [na storo HE Mcnonb3yioTca BelecTBeHHble U
KOMTMJIEKCHbIE 3HaYyeHuA.

CBA3b MeXAay pPagMOKHOMKAMM B Tpynne ycTaHaBAMBAETCA Yepe3 OOLWYyl MNepemeHHyl, pasHble
3HaYeHUs KOTOPOM COOTBETCTBYIOT BKJIKOYEHMIO Pa3HbIX PAZMOKHOMOK Fpynnbl. Y BCeX KHOMOK OAHOW
rpynnbl CBOWCTBO variable ycTaHaBnvBaeTcs B O4HO W TO K€ 3HayeHWEe — CBA3aHHYIO C rpynno
nepemeHHyto. CeoncTBy value npucBamMBatloTCA pasHble 3HAYEHUA 3TOM NepemMeHHOW. PagMOKHOMKK B
rpynne xapakTepmusytoTca 3HadyeHnem atpmbyTa value, KOTopblit He 0653aTeNbHO A0JIKEH PA3/INYATLCA Y
KarKaoW KHOMKM u oaHum OBLLUMM (He BaskHO Kakum!) 3HaueHuem aTpubyTa variable, no kKoTopomy
PaZMOKHOMKN 06beaMHAIOTCA B OA4HY rPynny, He3aBUCMMO OT KOHKPETHOro 3HayeHus 3Toro atpmbyTa.
TakmMm o6pa3om, Ha MOMeEHT GOPMMPOBAHUSA FPYNNbl, 3HaYeHMe aTpubyTa variable moxeT umeTb noboE
3HaYeHWe, KOTOPOE MEHAETCA B 3aBUCMMOCTM OT 3HaYeHuA aTpubyTa value pagMoKHONKK, BbIGPAHHOM B
OaHHOM rpynne dopmupyembix BugKetoB. Ecan dopmupyerca rpynna paguokHonok (rbtn_O, ...,
rbtn_N), c nepemeHHoM, var_rbtn, KoTopas ob6beauHAEeT JaHHOE MHOXKECTBO B rpynny, Aasee 06aacTb
3HauYeHu var_rbtn onpeaenseTca MHOMKECTBOM 3HAYEHWUI rpynnbl PagUoKHoNokK (rbtn_0, ..., rbtn_N).

B rpynne 3AXUIAKOTCA BCE TE PAANOKHOIMKK, YbU 3HAYEHMA ATPUBYTOB 'value' COBMNAAAKOT CO
3HAYEHMEM nepemeHHoOM var_rbtn, He3aBUCMMO OT BbIOOpa PagUOKHOMKN. B 04HO U TO e cocTosiHue
(BAMEHO - MNOTALUEHO) oaHOBPEMEHHO MOrYyT MNEepPeKkNtoYUTLCA HECKOIbKO  PaJMOKHOMOK:
nepemeHHas var_rbtn OHA Ha Bctlo rpynny pagMOKHOMNOK; NPU NEPEKAOYEHUM NPUHMMAET 3HaYeHMe
'value' ogHOro ns BMAXKETOB rpynmnbl. 3TO 3HAYEHME MOXKET COBMNaaaThb CO 3HaYeHMAMM aTpmbyTtos 'value'
CPA3Y HECKOJIbKUX paanoKHONOK B rpynne;

B 3TOM c/iydae ogHoBpemeHHO SAXUTATLCA n TACUTBbCA 6yayT HECKONBKO PaAUOKHOMOK B rpynne.

r var = BooleanVar ()
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r var.set (0)
rl = Radiobutton (text='First', variable=r var, value=0)
r2 = Radiobutton (text='Second', variable=r var, value=l)

3pecb nepemeHHoﬁ r_var npuceamBaeTcAa 0bbeKkT TMna BooleanVar. C nomoulbo metoga set oH
YCTaHaB/IMBAETCA B 3HAa4YEHUNE 0.

Mpw 3anycke NPUIOMKEHMA C TPYNNOM PagMOKHOMOK BKAOYEHHOW OKasblBaeTCA nepBas PagVOKHONMKA,
TaK KaK 3HayeHue ee onuum value coBnagaeT ¢ TEKYLWMM 3HaYEHNEM NepPeMEHHON r_var. Ecim KAMKHYTb
Nno BTOPOW PafMOKHOMKE, TO OHa BKAKOUNUTCA, @ NepBas BbIKAOYUTCA. [1pU 3TOM 3HaYeHMe r_var cTaHeT
paBHbim 1. C nomouwpio meTtoga get, onpedeneHHoro B obbektax Tkinter mosKHO onpeaenvts B
nporpamme, Kakaa M3 KHOMOK B rPynne HaXo4UTCA B COCTOAHMU BKJIKOYEHO.

B cneayrowem npumepe B GyHKUMM change B 3aBUCMMOCTU OT NPOYMTAHHOIO 3HaYEHUA nepemMeHHoM
var Xog, BbINo/IHEHWA NPOrpamMmmMbl UAET MO O4HOW U3 TPEX BETOK.

# =====BapwmauT 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="M3mMenurs", command=change)
label = Label (width=20, height=10)

red.pack ()

green.pack()

blue.pack()

button.pack()

label.pack ()

root.mainloop ()

OT KHOMKKN "U3meHUTb" MOXKHO M36aBuTbCA. [na 3Toro Hago ceA3aTb PyHKUMIO change uau nwbyto
OPYryo HENOCPeaACTBEHHO cOo cBOMCTBOM command paauoKHonoK. Mpu stom HE o6sa3atenbHo, 4TOObI
PafMOKHOMKK, 0b6beAnHEHHblE B OAHY FpPynny, Bbi3blBasn OAHY M Ty Ke ¢yHKUMio. B cnepytolem
npumepe Takmx GyHKuuin TPU.

B ntobom cnyuyae, meTka (06beKT Knacca Label) 6yaet meHATb UBET NPU KAMKE MO PaSMOKHOMKAM.
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# =====Bapwmaur 2
from tkinter import *

# oBpaboTumky COOCBITUM NEePEeKJIUYEHMS PaIMOKHOIIOK

def red 1bl():
label['bg']

'red'

def green 1bl():
label['bg'] = 'green'

def blue 1bl():
label['bg'] = 'blue'

root = Tk()

var = IntVar ()

var.set (0)

Radiobutton (text="Red", variable=var, value=0, command=red 1bl) .pack()
Radiobutton (text="Green", variable=var, value=1l, command=green 1lbl) .pack()

Radiobutton (text="Blue", variable=var, value=2, command=blue 1bl) .pack()

label = Label (width=20, height=10)
label.pack ()

# dyHxumsa obpaborkm 3anyckaercs CAMA IIO CEBE!
red 1bl ()

root.mainloop ()

#

=  Emeé npumepsl
Ecamn co3patb napy pagvoKHOMOK 6e3 COOTBETCTBYHOLWLMX HACTPOEK, To 0be oHW ByayT BKAOYEHbI U
BbIK/OYUTb UX OyAeT HEBO3MOMKHO. ITU MepeKkntoyaTeNIM HUKAK He OyayT cBA3aHbl Apyr C APYrom.
Kpome Toro gna HUX He yKa3aHO UCXOAHOE 3HauyeHue, AO/XKHbI I OHM ObITb B COCTOAHMM "BKA" nau
"BbIkN". M0-yMOIYaHMNIO OHW BKAKOYEHDI.

CBA3b MeAYy HUMMK YCTaHaBAMBAaeTCas 4epe3 Ob6LyI0 MNepemMeHHYo, pasHble 3Ha4YeHUs KOTOPOM
COOTBETCTBYIOT BK/IHOYEHMIO Pa3HbIX PaAMOKHOMOK rpynnbl. Y BCeX KHOMOK OA4HOM rpynnbl CBOMCTBO
variable ycTaHaB/iMBaeTca B O4HO M TO e 3HAuYeHMe, KOTOpoe 3aJaéTcA CBA3aHHYH C Tpynno
nepemeHHyto. CeoicTay value npuceanBatoTcsa pasHble 3HaYeHMA 3TOW NepeMeHHO.

B Tkinter Henb3A MCNO/Ib30BaTb NHOOYIO NEepPeMEHHYI0 A1 XPaHEeHUs COCTOAHUIM BUAKeTOB. 1A aTnx
uenel NpeaycMoTpeHbI creumanbHble Kaaccbl-nepeMeHHble nakeTa tkinter — BooleanVar, IntVar,
DoubleVar, StringVar. MepBblit Knacc No3BoAAET NPUHMMATb CBOMM IK3EMMNIAPAM TONbKO 6ynesbl
3HauyeHus (0 unmn 1 m True unu False), BTopoit — Lenble, TpeTUIA — APOOHbIE, YETBEPTLIN — CTPOKOBbLIE.

r var = BooleanVar ()
r var.set (0)
rl = Radiobutton (text='First',
variable=r var, value=0)
Radiobutton (text='Second',

r2
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variable=r var, value=l)

3p0ecb nepemMeHHOW r_var npuceBamBaeTca obbekT Tvna BooleanVar. C nomowbio meTtoga set oH
ycTaHaBnmBaeTcA B 3HaveHue 0. MNpu 3anycke nporpammbl BKAKOYEHHOW OKaXeTca nepsan pafMoOKHONMKa,
TaK KaK 3HayeHue ee onumm value coBnagaeT ¢ TEKYLWMM 3HaYEHNEM NEPEMEHHOM r_var. Ecan KAMKHYTb
Nno BTOPOW PafMOKHOMKe, TO OHa BK/OYUTCA, @ NepBas BbIKNOYNUTCA. [1pM 3TOM 3Ha4yeHue r_var cTaHeT
paBHbim 1.

B Kone 06blyHO Tp66yeTCﬂ NPoYnNTaThb JaHHbIE O TOM, KaKaA M3 KHOMOK BK/IKOYEHA.

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=1l)

blue = Radiobutton (text="Blue",
variable=var, value=2)

button = Button (text="M3menurn",

command=change)

label = Label (width=20, height=10)

red.pack ()

green.pack ()

blue.pack()

button.pack()

label.pack()

root.mainloop ()

B pyHKUMM change B 3aBUCMMOCTU OT CYUTAHHOTO 3HAYEHMA NEePEMEHHON var BbINOJIHEHU e MPOrpaMmMmbl
WAET N0 O4HOM M3 TPex BETOK.

MoKHO 136aBUTbCA OT KHOMKK "M3meHnTb", cBsAzaB GyHKUMIO change nan nobyto Apyryto o CBOMCTBOM
command paguoKHonok. Mpu 3Tom He o6a3aTenbHO, YTObbl PAAMOKHOMNKN, 06beAMHEHHblIEe B OAHY
rpynny, Bbi3biBaan OA4HY U Ty e GyHKUMUIO.

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=1l) .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 6yp,eT MEHATb UBET Npn KAnKe No pagnokHONKaMm.

B aTom npumepe Kog pagnoKHOMNOK NoYTH VIAeHTVI‘-IHbIﬁ, KaK 1 Ko4 CBA3aHHbIX C HUMU d)yHKLI,Mﬁ. B Takux
cnyyaax O,ﬂ,HOTMFIHbIVI KO4 MOXXHO NOMECTUTb B KNacc.

from tkinter import *

def paint (color):
label['bg'] = color

class RBColor:
def init (self, color, val):
Radiobutton (
text=color.capitalize(),
command=lambda i=color: paint (i),
variable=var, wvalue=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 nocnegHux BapuapuaHTax Koga meTtog, get, YyTobbl NOAYYMTb 3HAYEHWE NEepPeMEHHON var He
ncnonbsyetcs. B gaHHoOmM cnyyae 3toro He TpebyeTcs, NOTOMY YTO LBET METKM MEHAETCA B MOMEHT
K/IMKA NO COOTBETCTBYIOLLEN PAAMOKHOMKE WU HE Haxo4MTCA B 3aBUCMMOCTM OT 3HAYEHUA NepemeHHON.
HecmoTpa Ha 3TO MCMO/Ib30BaTb MEPEMEHHYI0 B HAaCTPOMKAx PaAMOKHONOK HeobXoaMMo, TaK KaK OHa
obecneymBaeT CBA3bIBAHWE UX B €4UHYI0 FPYMNY W BbIK/IOYEHME O4HOM NPW BKAOYEHUW APYTOMA.

Ewé npumep. 3aecb Bce paamokHonku (13 wryk) obbasanaloTca B ogHOM Knacce, EAMHCTBEHHbIN
06bEeKT KOTOpOro co3gaétca B GpyHKUMM main. B aTom ke Knacce pasmellaerca GyHKUMa ob6paboTku
cobbITUSA, CBA3AHHOIO C KHOMKOM, KOTOpanA 3anycKaeT npouecc 06paboTKku BbiIOpaHHOM PagNOKHOMKK: eé
MMA MeyvyaTaeTca B Nnosie TEKCTOBOM MeTKU. [lna co3gaHusa rpadmyeckoro nHtepdeica nosib3osatena B
NPUAOKEHUN UCNONB3YIOTCA MeToabl bubnnoteuHoro moayns tkinter.
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wuan

TpebyeTcsa coszmaTb NpoekT "KOHCONBHEM QaMIoBEM MeHeIxep"

B npoekTe npennojaraeTcsa peanms30BaTh QYHKLUMOHAJN, OJIA KOTOPOTO M OBLJIO
peanmMs30BaHO OaHHOEe MeH. [locJle 3amnycka NpoTrpaMMel IOJbB30BAaTeNIb BUIUT MEHI,
cocToslee M3 CJeOynIMX [IYHKTOB:

- co3maTh NankKy;

- yOaJuTb Ianky;

- ymanuTes ani;

- KONMPOBaThb MalKy;

- komnmMpoBaTb Gaini;

- IPOCMOTP COHEPXMMOTO pabodel IUPEeKTOPUN;

- INOCMOTPEeTH TOJIbKO IallKWu;

— IIOCMOTPEeTb TOJIbKO Gawmbl;

- OpocMOTPp MHOoOpMaLMM OO OINEePalMOHHOM CUCTeMEe;

- cospaTesyib IPOTPaMMEL;

- UrpraTbe B BUKTOPUHY,

- MOM OaHKOBCKMM CUeT;

- cMeHa pabouell OupeKTopUM (*HeoOsa3aTeJIbHBM NIYHKT) ;

- BBIXOZX.

[Iocyie BEHIIOJIHEHMSA KaKOTO JMOO M3 INYHKTOB CHOBa BO3BpallaeMCs B MEHD, IIOKa He
OyneT BHOpPAaH

NYHKT MEHK BHXOJ

llocynenoBaTeJIbHOCTL IeMCTBMM NPM CO3IOaHMM [NPOTPaMMEl [NOPUMEHSWLNEN MeTOIb
oubnmorexu tkinter:

1. ! Co3pmarTe rJjaBHOE OKHO!

2. Co3maThb BMIXETH M BHIIOJHUTH KOHOUI'ypaLUMIO MX CBOMCTB (ONLMIM) .

3. OnpenmenmThb COOBITMS — TO, Ha UuTO OYyIeT pearMpoBAaThH OpOoTpPaMMma.

4. OnmucaTe oOpaboTumMkM COOBITMM — TO, Kak OyIeT pearupoBaTh IpoIpaMMma.
5. PacHoJIOXUTBb BUIXXETEI B IJIABHOM OKHE.

6. ! BanycTuTbe LUK 00paboTKM COOBITMI!

[locyenoBaTeJIbHOCTL meucTBur 2 - 5 He obsg3aTesibHO MMEHHO Takas,
HO nysuxTel 1 m 6 BCET'JJA ocTalTCs Ha CBOMX MeCTax.

wuan

#

from tkinter import *

class CFManager:

def init (self, funName ):
self.masterRoot = Tk() # OpuioxeHMe 3akjoyaeTcsd B OKHO,
# KOoTOpOe HazHBaTCS TJIABHEIM,
# Tak kak B HEM pPacroJjlaramnTCsa BCE OCTaJibHHE
# BuIDXeTH. JTO OOBEKT OKHa BEPXHETO YPOBHSA.
# DToT 0BBEeKT cozmaeTcs OoT kjacca Tk monmyrna tkinter.
# IlepeMeHHasda, KOTOpas CBS3EHBAeTCS C OOBEKTOM, UYACTO HAB3BBAETCHS root (KOpeHb) .
self.var = IntVar ()
self.var.set (0)
self.rbCreateFolder = Radiobutton (text="create folder",
variable=self.var, value=0)
self.rbCreateFolder.pack() #"create folder"
self.rbDeleteFolder = Radiobutton (text="delete folder",
variable=self.var, value=1l)
self.rbDeleteFolder.pack() #"delete folder"
self.rbDeleteFile = Radiobutton (text="delete file",
variable=self.var, value=2)
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self.
self.

self.
self.

self
self

rbDeleteFile.pack() # "delete file"
rbCCopyFolder = Radiobutton (text="copy folder",
variable=self.var, value=3)

rbCCopyFolder.pack () #"copy folder"

rbCopyFile = Radiobutton (text="copy file",
variable=self.var, value=4)

rbCopyFile.pack () #"copy file"

rbViewTheContentsOfTheWorkingDirectory =

Radiobutton (text="view the contents of the working directory",

self.

self.

self

self.

self.

self

self.
self.
self.
self.
self.
self.

self.

self.

self.
.rbExit.pack() #"exit"

self

self.

variable=self.var, value=5)
rbViewTheContentsOfTheWorkingDirectory.pack ()
#"view the contents of the working directory"

rbSeeOnlyFolders = Radiobutton (text="see only folders",
variable=self.var, value=6)

.rbSeeOnlyFolders.pack() #"see only folders"
self.

rbSeeOnlyFiles = Radiobutton (text="see only files",
variable=self.var, value=7)
rbSeeOnlyFiles.pack() #"see only files"

rbSeeOperationSystemInformation = Radiobutton (
text="see operation system information",
variable=self.var, value=8)

.rbSeeOperationSystemInformation.pack ()

#"see operation system information"

rbProgramCreator = Radiobutton (text="program creator",
variable=self.var, value=9)

rbProgramCreator.pack() #"program creator"

rbQuiz = Radiobutton (text="quiz", variable=self.var, value=10)

rbQuiz.pack() # "quiz"

rbBankAccount = Radiobutton (text="bank account",
variable=self.var, value=11)

rbBankAccount.pack () # "bank account"

rbChangeWorkingDirectory = Radiobutton (
text="change working directory",
variable=self.var, value=12)

rbChangeWorkingDirectory.pack () #"change working directory"

rbExit = Radiobutton (text="exit", variable=self.var, value=13)

butDolIt = Button(text="do it", command=self.rbrScaner)

# BoI3OB MeTOoma rbrScaner nnsa

# ornperneJyieHrda IIyHKTa MEHIO, KO‘I‘OprZ COOTBETCTBYET BbI@paHHOIZ PaIOIVOKHOIIKE

self.

self.

self.

self.

butDoIt.pack() #"do it"

1lblMain = Label (self.masterRoot, width=50,
bg='white', fg='black')
1blMain.pack()

masterRoot.mainloop ()
# Bmech xe zBamnyckaeTcs LUK 0BpaboTky COOHITHUMA

def rbrScaner (self):
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if self.var.get() ==
self.lblMain['text'

elif self.var.get() ==
self.lblMain|['text'

= "create folder"

= "delete folder"
elif self.var.get () ==
self.lblMain|['text'

]
1
]
2
] "delete file"
elif self.var.get() == 3:

]

4

]

5

]

self.lblMain['text'
elif self.var.get() ==
self.lblMain['text'
elif self.var.get() ==
self.lblMain['text'

"copy folder"

= "copy file"

"view the contents of the working directory"
elif self.var.get() == 6:
self.lblMain['text"']
elif self.var.get() ==
self.lblMain['text'
elif self.var.get () ==
self.lblMain['text'

"see only folders"

"see only files"

7
]
8:
] = "see operation system information"
elif self.var.get() == 9:
self.lblMain['text'] = "program creator"
elif self.var.get () == 10:
self.lblMain['text"']
elif self.var.get() == 1
self.lblMain['text"']
elif self.var.get() == 1
self.lblMain['text"']
elif self.var.get() ==1
]

self.lblMain['text'

= "quiz"

1:

= "bank account"

2:

= "change working directory"
3:

= "exit"

def main() :
cfm = CFManager ("rbrScaner")

if name ==
main ()

main

= Checkbutton - ¢paxkok
®naxkkn He TPebylOT YCTAaHOBKM Mexay cobon cBfA3M, MO3TOMY BO3HMKaeT BOMPOC, MO noBoay
nepemeHHbIx Tkinter. OHM HYXXHbl 15 NONYYEHUS CBEAEHWM O COCTOAHUM dakKoB. Mo 3HayeHuto
cBsizaHHoM ¢ Checkbutton nepemeHHOM MOXHO onpeaennTb, ycTaHOBAEH GIAXKOK MW CHAT, YTO B CBOIO
oyepeab MNOBAUSET HA XOZ BbIMNONHEHUS NPOrpammbl.

Y Kaxkgoro daaxKa AoKHa bbiTb cBos NnepemeHHasn Tkinter. U npu BkaoYeHUM ogHoro dbaxkKa, a4pyrom
6yaeT BbIKAOYATbCA, TaK KaK 3HavyeHue obuweit tkinter-nepemeHHOW M3MeHUTCA M He ByaeT paBHO
3Ha4YeHuo onuum onvalue nepeoro ¢naxkka.

from tkinter import *
root = Tk()

def show():
s = f'{varl.get ()},
f'{var2.get ()}
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=1, offvalue=0,
command=show)

cl.pack (anchor=W, padx=10)

var?2 = IntVar ()

var2.set (-1)

c2 = Checkbutton (frame, text="Second",
variable=var2,
onvalue=1, 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 nomoubto onuum onvalue ycTaHaB/AMBaeTCA 3HaYeHMe, KOTOPOe MPUHUMAET CBA3aHHAA NepemMeHHas
npu BKAOYeHHOM daaxkKe. C nomolbto ceoictea offvalue — npu BbiKAOYEHHOM. B gaHHOM cnyyae oba
bnakka npu 3anycke nporpammbl ByayT BbIK/AOYEHbI, TaK KaK MeTodom set 6blanM yCTaHOB/EHbI
OT/INYHbIE OT onvalue 3HaYeHus.

Onuuio offvalue MoKHO He yKasbiBaTb. O4HAKO MPU ee HaNuMU MOMKHO OTCAeAMUTb, BbIKAKOYANCA NN
bNaxoK.

C nomouybto meToaoB select n deselect pnarkkoB MOMKHO X MPOrPAaMMHO BK/1HO4ATb U BbIKAOYaTb. TO XKe
Camoe OTHOCUTCSA K paguoKHOMKaM.

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=1, 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 i in range(10):
checks.append (CheckButton (f1, 1i))
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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 *

# oyHKUMS 0OpaboTKM COOCHITUM [epekKJIUyeHrd bJjlaxka ===========
def show(lblkey):

s = f'{varl.get ()}, " \
f'{var2.get () }"'
lblkey['text'] = s
#
root = Tk()
# pamkxa
frame = Frame ()

frame.pack (side=LEFT)

# MeTka
1bl = Label (width=25, height=5, bg="lightblue")

1bl.pack (side=RIGHT)

# omaxox cl
# Checkbutton onmuceiBaeTcs nByMs nepeMeHHEmMM: varl m cl

varl = BooleanVar ()
varl.set (0)

cl = Checkbutton (frame,

text="First",

variable=varl,

onvalue=1,

offvalue=0,
06paboTumkK COOBITMSA KOIMPpyeTCsa JaMbIa-—BEpPAaXeHUEM,
KOTOpOE II03BOJIZET CO3HaTh AHOHMMHYH QYyHKUMIO Ha OCHOBE
byHkUMM OOpaboTKM COOBITUM [epeKJIUeHMsa QJjaxka -
byHkUMM show.
B OIHO BHPAXEHUE YIAETCA IOJYUMTb 3HAUEHUE APTYMEHTA (1lbl)
/I BH3BATH OYHKINIO
command=lambda l=1lbl: show (1)
)

# pasmemeHue osaxka cl MeTomoMm yrnakoBKkM pack

#
#
#
#
#
#

cl.pack (anchor=W, padx=10)

# onaxox c2
# Checkbutton onmuceiBaeTcs IOByMS NEePEeMEHHEIMM: var2 u C2
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var?2 = IntVar () # LIeJIOUMCJIeHHBEE SHAUeHMS CO SBHAKOM.
var2.set (-1) # Opu HauaJbHOM 3arpys3ke var2 ycTaHaBamBaeTcs B -1

c2 = Checkbutton (frame,
text="Second",
variable=var2,
onvalue=1,
offvalue=0,
# nambma oBpaboTuMk COOBITUA :
# nonyuaeT sBHaueHue apryMmeHTa (1lbl)
# n obecneumBaeT BH30B OYHKLUM
command=lambda 1=1bl: show(1l)
)
# pasMemeHue oGyaxka Cc2 MeTOIOM yNakoBKM pack
c2.pack (anchor=w, padx=10)

root.mainloop ()

o Kiacc RBColor
B cneaytowem npumepe gnsa nNosiydeHma 3HaYeHMa nepemeHHoM var meTog get He Mcnonb3yeTcs.

3Toro He TpebyeTca, NMOTOMY YTO LBET METKM MEHSEeTCA B MOMEHT K/MKa MO COOTBETCTBYHOLLEN
PagMOKHOMKE M 3aBUCUT OT 3HAYeHWA NepemMeHHOW. HecmoTps Ha 3TO B HaCTPOMKax pPagMOKHOMNOK
MCMNO/b30BaTb NEPEMEHHYI0 HEOBXOAMMO, TaK Kak OHa obecneynBaeT CBA3bIBAHME WX B €4UHYI0 Tpynny
1 BbIK/OYEHWE OAHOW NPU BKAKOYEHMM APYrOMA.

3aecb B KayectBe 06paboTumka cobbitns npumeHsaetca lambda — BbiparkeHue (aHOHMMHasA GyHKLMA):
0cobasn CMHTAKCMYecKan KOHCTPYKUMA, KOoTopas no3sosiseT npeobpasosaTb onucaHune ¢pyHKLMM Ntobol
CNOXKHOCTM (C MPOM3BOJIbLHBIM KOJIMYECTBOM MapaMeTpoB) B NPOCTOe (Aa HeyXKeaW..) U KOMMAKTHoe
npeacraBNeHne, COCTOALLEE M3 OLHOMO BblpPaXKEHUA CO CTAaHZAPTHOM CTPYKTYPOW, KOoTopas nossonseT
NPUCBOUTL onpeaenéHHble 3HaYeHUs aprymeHTam paHee 06bABAEHHOM GYyHKUMM 06paboTKKM cobbITUA U
npeAcTaBUTb COOTBETCTBYIOLLEE BbipaXKeHWe BbI30Ba.

B onpeaeneHun nambaa — BblparkeHUsA (aHOHUMHOM GYHKLUMM) HET onepaTopa return, Tak KaK B 3TOM
KOHCTPYKLMU MOKET ObITb TONbKO OAHO Bblpa)KeHWe, KOTopoe BCerga BO3BpalLaeT 3HayeHue U
3aBepLuaeT paboTy aHOHMMHOM PyHKLUMN.

B aHOHMMHOM YHKUUM
B MOKET cofepKaTbCA TO/IbKO OZHO BblpaxeHue

H MOryT nepeaaBaTbCA CKO/IbKO YrogHO aprymeHTOB

#

wuan

B nmaHHOM cJlydyae MeTOon get OJjd MNOoJiydeHUS 3HAUeHUd [NepeMeHHOM var
3IeCb He MCIIOJIb3yeTCHd.

3Toro He TpebyeTcsd, NOTOMYy UYTO LIBET METKM MEeHAeTCS B MOMEHT KJIMKa 10
COOTBETCTBRYKIEN PAIMOKHOIIKE U 3aBMCUT OT 3HAUEHMUS [IePEMEeHHOM.
HecMmOTpsa Ha 3TO B HaCTpOMKax PaIMOKHOIIOK MCIOJIB30BATh IIE€PEeMEHHYIO
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HeoOxXOoOoMMO, TakK kakK OHa ofecleurBaeT CBA3bBIBaHME UX B €OUHYID IPYINYy
Y BHIKJIOUEHME OIHOM IPM BKJIOUEHUM IPYyTOM.

mmoan

# =====BapwuaHtT 3

from tkinter import *
class RBColor:

# var - crartumueckas nepeMeHHas kjacca RBColor
var = None

# RBColor.var ofecneumBaeT CBsa3bBaHue o0BLekTOoB RBColor B eOuMHYD TIPYHIIY
# ¥ BHKJIOUEHME OIHOM KHOIIKM I[IPM BKJIOUEHUM IOPYTOM.
def init (self, color, val, lblkey):

Radiobutton (text=color.capitalize(), # HaIOMchb
value=val, # HOMEp KHOIKMU
variable=RBColor.var, # ynpamigoumas nepeMeHHas

command=lambda c=color: self.setColor(c, lblkey)# lambda
# oBpaboTuyk COOHTHUS
# (UBeT, CChHUIKA Ha METKY)
) .pack()

# oyHxuMa (MeTonm) oOpafoTuMK COOBITUSA MNepPeKJIoUeHMS KHOIKU
def setColor(self, color, lblkey):
lblkey['bg'] = color

root = Tk{()

# MeTka M3HayaJIbHO KpacHas
1bl = Label (width=25, height=10, bg='red')
1bl.pack ()

#

VHMUManmmMm3aumsa CTaTUUEeCKOM IepeMeHHOM kJjacca RBColor

(ynpaBagaoler IepeMeHHOV TPYINE PamMOKHOIIOK) ONPenesiIEHHEIM BHAaUEeHMEM B
3aBUCHMMOCTM OT kJjlacca tkinter

RBColor.var = IntVar ()

RBColor.var.set (0)

H= W % HE

RBColor.var = StringVar ()
# RBColor.var.set ('XXX")

RBColor.var = BooleanVar ()
RBColor.var.set (True)

# RBColor.var.set (795.123) # npr mMHMUMAIM3ALMM 3HAYEHMS TaKOI'O THUIIA
# HE monyckamoTcs

wuan

[Ipy 3anyCKe NPUIIOXEHMS BKJIOUEHHOM OKaXeTCHA Ta PalgMOKHOIIKA, 3BHAadYeHHre
onuuy value KOTOPOM COBIAaZaeT C TeKyllMM 3HaueHueM IepemeHHOM RBColor.var.
EcaM KIMKHYTb IO Ji0OOM IOPYyI'OM KHOIIKE, TO OHa BKJIOUMTCH, a epBasd KHOIKAa
BEIKJIIOUMTCS. [Ipy sTOM 3HadeHre RBColor.var CcTaHEeT pPaBHBEM 3HAUEHMIO ONLUMK
value 5TOM KHOIKM HE3aBUCHMMO OT Tula IepeMeHHOM RBColor.var

wuan

RBColor ('red', 0, 1bl)
RBColor ('green', '1', 1bl)
RBColor ('blue', 1, 1bl)
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# RBColor('blue', False, 1bl)
RBColor ('yellow', 100.25, 1bl)

# RBColor('red', TXXX!', 1bl)
# RBColor('green', 'YYY', 1bl)
# RBColor('blue', '727272", 1bl)
# RBColor('yellow', '100', 1bl)
# user, HOMEP, MeTKa

root.mainloop ()

o Bwuaxer Listbox

Ot knacca Listbox CO34aK0TCA CNUCKKUM — BUNOXKETbI, BHYTPU KOTOPbLIX B CTON6UK nepevyncnarTcA
anemeHTbl. [1pn 3TOM MOXKHO BbI6VIpaTb OAWH NI MHOXXeCTBO 3/1eMeHTOB CMMNCKa.

B Tkinter cHayana cospgaetca 3ksemnaap Listbox, mocne storo ¢ nomouwpto metoaa insert oH
3anoHAeTcA.

MepBbl aprymeHT B insert - MHAEKC MecTa, Kyaa byaeT BCTaB/eH 3/1eMeHT. ECI HyXKHO BCTaBAsATbL B
KOHeL, CN1CKa, TO MHAEeKC 06o3Ha4atoT KoHcTaHTon END.

BTopbiMm aprymeHTOM nepepaetca BCTaBNAAEMbI 31emeHT. [o YMO/TYaHUKO NO MbILUMHOMY KJ/IUKY B
Listbox mokHO BbI6MpaTb TONIbKO O4UNH 3/1EMEHT.

Ecan HyKHO obecneunTb MHOMECTBEHHbIM Bblbop, TO AnA cBOMCTBA selectmode MOMKHO YyCTaHOBUTL
3HayeHne EXTENDED. B stom pexkume, 3axkaB Ctrl mam Shift, moxHo BbibpaTb st0b60e KonmMyecTso
3/1IeMeHTOB.

Echn gna Listbox Heobxoamm cKponnep, TO OH HacCTpauBaeTCA TaKKe KakK M AN TeKcToBoro nons. B
nporpammy gobasnsetcs suaxket Scrollbar, KoTopbii 1 cBA3bIBaeTCA ¢ 3K3emnaspom Listbox.

C nomolLbio meToaa get U3 CNUCKa MOXHO MOAYYUTb OAMH S1EMEHT MO UHAEKCY, UK Cpes, ecn YKasaTb
ABa MHAEeKca.

MeTog delete yaanset oauH anemeHT Uau cpes.

MeTog, curselection No3sosiAeT NOAYYUTb B BUAE KOPTENKA MHAEKCbI BbIBPAaHHbIX 3/1EMEHTOB 3K3eMnaApa
Listbox.

[danee npuBoauTca nNpMmep nNporpammbl C NpumeHeHnem metodoB get, insert, delete n curselection
Knacca Listbox. MNepBas KHOMKa go6aBnseT BBEAEHHYHO MOJ/b30BaTe/IeM B TEKCTOBOE MOJe CTPOKY B
CNUCOK, BTOPas KHOMKA yAanseT BblOpaHHble 31eMeHTbl U3 CMMUCKA, TPETbA — COXPAHAET CNUCOK B dan.
B dyHKumumM del_list KopTexk BbIOpaHHbIX 3/1eMEHTOB NpeobpasyeTca B CMMCOK, NOC/e Yero BbINoAHAETCA
ero pesepc (nepesopoT). ITo Aenaerca ANA TOro, Ytobbl yaaneHue 3/1eMEHTOB MPOMUCXOAU0 C KOHLUaA
cnucka. MHaye npunoxkeHune HesepHO 6bl paboTano, TaK KaK yAaneHue snemeHTa npusoauao 6ol K
U3MEHEHUI0 MHAOEKCOB BCEX CNeAyHLMX 32 HUM. Ecnm Ke yaanATb ¢ KOHUQ, TO MHAEKCHbl Bnepeau
CTOALLMX 3N1EMEHTOB HE MEHSAIOTCSA.

MeToa curselection Bo3BpaliaeT KopTex. KopTeM He WMmelT MeToaa reverse, MO3TOMYy OH
npeobpasyeTca B CIMCOK.

B pyHKUMKM save_list KopTexk CTPOK-3/1EMEHTOB, KOTOpPbI BepHy/N mMeTos get, npeobpasyeTcs B OAHY
CTPOKY C MOMOLLbIO CTPOKOBOro MeToda join Yyepes pasgenutens '\n'. 9To aenaetca Ana Toro, 4TobbI
3/1eMeHTbl CNMCKa 3anuncannch B ¢daiin ctonbukom.
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from tkinter import *

# OyHKUMYM 0OpabBoTKM COOBITUNM HaxXaTUs Ha KHOIKM.

# B apryMeHTax - CCBJIKM Ha o00bexkT Listbox

def add item( box):
_box.insert (END, entry.get())
entry.delete (0, END)

def del list( box):
select = list( box.curselection()) # KOpTexX MHIOEKCOB BHIOPAHHEIX 3JIEMEHTOB

=+

npeobpasyeTcs B CIMUCOK,
select.reverse () # BaTeM nepeBOpauUMBaETCH.

for 1 in select:
_box.delete (1)

YnajleHre 3JIEMeHTOB I10 MHIEKCY
OPOM3BOOUTCA C CaMoTro OOJIBIOTO
3HAYEeHMA M3 CHUCKA BEOPAHHEIX
VHIEKCOB.

3aueM [IepeBOpOT?

UToOB yInajieHre BBOPAaHHBIX
syieMeHTOB BCET'JA NpomM3BOIOMUIIOCH
enuHooBpas3Ho: co 'crapuero'

ERE B

SJIeMeHTa CIIMCKa.

def save list( box):
file = open('list000.txt', 'w')
file.writelines('\n'.join( box.get (0, 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)

AQHOHMMHEIE KHOIIKM: CO3IalnTCsd, pas3MelldioTcda Ha fpelMe (paMke), OIOJIydalnT
HaIONuCh, MM HasHadawonTcsa JjgaMbzma - o0paboTuuky COOBITMA-HAaXMMaHUA,
KOTOPHEIE HECYT IONOJHUTENbHY MHOOPMAaIMIO O BBIIOJHSAEMOM OIepallyM:

#
#
#
# ccpuiky Ha crnmcok Listbox (box) . IosToMy NpM MX Ha3HAYEHUU
# cooreercreynmaa ¢ynkumua (add item, del list, save list) xommpyercs
# AQHOHVMHOM OGYyHKLMEN C MCIOJIb30BaHueM JaMOIul. 3aTeM 3TU OOBEeKTH
# makynTCcsa MeHeIxepaMu yHaKoBKHU pack.

Button(f, text='Add', command=lambda b=box: add item(b)) .pack(£ill=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 — cnoxHbiii BuaxKet! Kpome pacCMOTPEHHbIX, Y HEro MMeeTca ewe MHOro Apyrx MeTozoB U
CBOWCTB.

o CraTuuyecKHe U HeCTaTU4YeCKHue MEeTOoAbl. CBoMcCTBa BUAXKETOB
Knaccbl MOXHO paccMaTpmBaTb KaK MOAY/M, COAep’Kaliye nepemeHHble CO 3HadeHusamu (nons) u
dyHKUMK (meToabl). Mona u meToAdp! HasblBalOTCA aTpMByTamm Knacca.

Korga meTtog (meth) npumeHneTca K 06bekTy — 3k3emnaspy knacca A (a) (meth(...) Bbi3biBaeTca oT
MMeHM obbeKTa a — a.meth()), ccbiika Ha 06BEKT a NepesaeTca B METOA, B KAYECTBE NEPBOro apryMeHTa
(self). Mpu aTom BbipaxkeHWe BbI30BA HeCTaTUYECKOro meTona a.meth() npeobpasyeTtca K BblpaxKeHUIo
A.meth(a), To ectb meToa Bbi3biBaeTcA M3 "moayna A" B NpocTpaHCTBE MMEH KOTOPOro Haxogurca
obbaBneHue aTpubyTa meth. B pe3ynbrate okasbiBaeTcs, YTo meth(...) — 370 GYHKLUMA, BOSMOXKHO CO
MHOTMMM apryMeHTaMu, KOTOPasa COAEPHKUT OANH 00653aTeNbHbIN apryMeHT a.

Mpn 0b6bABNEHUM Kacca B python Takxke MOXXHO 06bABUTbL meTod 6e3 aprymeHTa self n Boobuie 6es
napamMeTpOB NapaMeTPOB U Bbi3blBaTb €ro TO/IbKO Yepes Knacc. Takoh MeTos He NPUHUMAET CCbIIKY Ha
06bEKT 4AaHHOTO KNacca B KayecTBe aprymeHTa.

B pAge fA3blKOB MNPOrpamMMMPOBaHMA O/1A TaKUX CUTyauuMid npeaHasHayeHbl CTaTUYecKue MeToqpl,
obbsABNAeMble B AaHHOM Knacce. B Takom cnydae Becb Kog (06bABnAeHMA MeToAoB) HaxoauTcs B
Knaccax. ObbsABNAEHME METO0B (CTaTUYECKMX METOA0B), KOTOPble He CoAepKaT 06bABMEHUA CCbINKM Ha
06bEeKT AaHHOrO K/acca B KayecTBe 0683aTeNbHOro apryMeHTa UrpatoT posb 06bI4HbIX GYHKLMNA.

CraTnyeckMe MeToabl B TaKMX A3blkax OODBABAAIOTCA C KAOYEBbIM CAOBOM static B 3arosioBke
06bsABNeHUAs meToda. CTaTMyecKMe MeTodbl MOTYT Bbi3biBaTbCA 4Yepe3 MMA Kacca, CoAep’Kallero
0b6bABAEHME CTaTUYECKOro metoaa, Mbo OoT MmeHu OBbeKToB-npeacTaBUTesIel AaHHOro Knacca. Ho
CCbINIKa Ha caM 0B6bEKT B KayecTBe 06A3aTe/IbHOro aprymeHTa B CTaTMYeckue MeToapl He nepenaércs.

B python Tak)e MOXXHO 00BABAATL CTAaTUYECKME METOAbl, KOTOPble B 3TOM cC/yvae ob6bABAAKTCA C
neKopatopom @staticmethod n He cogepskaT obbsABneHua aprymeHTta self. CtaTuyeckne metogbl B
python npeacrtasnsatoT coboit 06bI4HbIE GYHKUMM, MOMELLEHHbIE B 06bABAEHUE Kiacca. BoamoxkHo, ans
y406CTBa NMPUMEHEHUs OHW pacnonaratoTca B MPOCTpaHCTBE MMeH obbsBasemoro Knacca. B python
0c06011 He0BX0AMMOCTM B CTAaTUYECKUX METOAAX HET, MOCKOAbKY PYHKLMA MOXKeT BbiTb 06bABNEHA BHE
Knacca, Ha OCHOBHOM BETKe Koaa.

O6bsaBneHWe Knacca BUAMKETa B python coaepuT obbaBneHMe HecTaTudeckoro (¢ aprymeHtom self)
MeToAa C UMeHeM cget, KOTOopbIA UCNONb3YyeTCA ANA NONYYEHUA HACTPOEHHbIX 3HAYeHU 0bbeKTa:

# print ("the foreground of xbutton is", xbutton.cget('fg'))

#

from tkinter import * # umvnoprtuposaTs BCE us momysna tkinter !

but0 = None
wAttrExp = None

class WidgetsAttributesExpert:
@staticmethod
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def get attributes(widget):

wdg = widget # xomms apryMeHTa. OTO CCHJIKM Ha BUIXET
wdgkeys = wdg.keys () # cnucok aTpubyTOB BUIXETA

HEIOHATHO, YTO 3IeCbhb IOAaET KOIMPOBAHME CCEBUIKM.

3HaueHue cceuik HE MEHSAETCHA.

VIBMeHUTL aTpuOyT BUIXEeTa MOXHO Kak udepe3 KONMI CCHUIIKM,
TaK M HENOCPEeINCTBEHHO dYepe3s 3HadeHMe aplyMeHTa.
wdg['fg'] = 'blue'

widget['fg'] = 'blue'

H oH= 3 4 #E

# nepebop aTpubOyTOB BUIOXETA UM NPEeOCTaBJIEHUE
# aTpmbyToB M MX BHAUEHMN B BuUIe TaOJMLEH.
for key in wdgkeys:
print ('Attribute {0:<20}'.format (key), end=' ")

# nonyueHnme 3HaUEHMN aTpUOYTOB BUIXETA M ONpPEeHeJjIeHVEe UX TUIIOB
value = wdglkey]

wattrtype = type(value)

#

print ('Type: {0:<30} Value: {1}'.format (str(wattrtype), value))

#
#
def funO (xEvent) :

# Kaxmeli BUIOIKET MMEEeT MeTOI C MMeHeM cget, KOTOPBIM MOXHO MCIIOJIE30BATH

# IOna moJIydeHMs HACTPOEHHEIX 3HAUEeHUN:
#

# print ("the foreground of xbutton is", xbutton.cget('fg'))
#
#

attr0 = butO.cget ('fg')

attrl = but0O.cget ('activebackground')

attr2 = butO.cget ('activeforeground')

print ('values... attr0O: {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':

but0['fg'] = 'darkslategray'
else:

butO0['fg'] = 'red'
# obmactTp omnpemenenus aTtpubyTa butO['fg']l: crTpoka ¢ obo3HauyeHUEM
# uBera (BAMAET Ha uBeT !)
# CTpOKa CO BHAUYEHMUEM
# OOHOTO M3 aTpMbyTOR BMUIKETa (Ha UYTO BJAMIET ?277)
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#butO['fg'] = 'red'
#butO['activeforeground'] = 'red'

if butO['fg'
butO['fg'

] == 'darkslategray':

] = 'SystemWindowFrame'

# Xoremoch OB MMETH IIOJIHOE MNpPEeINCTaBJIeHMEe O Hal3HAUeHVM KaxXIOoTo aTpubdyTa
# BumxeTa. Ero (nmoka) Her! C 3TUM HAJO PABBMPATLCS KOHKPETHO !

#butO['activeforeground'] = 'blue' # smecp zmosrxHa OBITH CTPOKaA C
# obosHaueHmeM LBeTa

#but0['command'] = 'TkDefaultFont'

butO['command'] = 'qgwerty' # a Bmech MoxeT OBITH JioOas CTpoKa ?

#butO['command'] = 125 # ¥ Jaxe LeJIoOUuMCJIeHHOEe BHaueHue !

#

print ('$$$$$55555")
wAttrExp.get attributes (butO)

print ('$$58858SSS)

#
#
#
def funl (xEvent) :
obj = xEvent.widget # widget
name = str (obj) # name of widget
foreground = obj.cget('fg') # value of attribute fg of widget
# BOT METOJ cget
print ('the value of attribute fg of widget {0} is {1}'.
format (name, foreground))
# MMA BUIXETa, BSHaAUeHUe
# arpubyra fg
# AnbTepHaTrBHas dopMa 3anMcCyU BEHBOOA 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)

#but0.bind ('<Button-1>"', fun0)

#but0.bind ('<Return>"', fun0)

# <'mmsa_ cobeiTya'>:

# HaxaTMe Ha KHOIKY, KOTopas KoaupyeTcs kak butO;

# HaxaTue Ha KJjaBumy Enter (TosbKO CHauajla HaIo HaxaTb Tab)

# mercrere (QyHkuma-oOpaboTumMk - onOHa Ha oba coOwTuA)
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but0.pack ()

wAttrExp.get attributes (but0)

mainWindow.mainloop ()

= (CBf3aTh BUJKET, COObITHE, IeHiICTBHE
3TO MOXHO caenaTb AByms cnocobamu:

1. npu nomowm metoaa bind (suaxet.bind(cobbiTne, 06paboTumk)),

2. npwv nomouin ceoicTea command (ecnu 3To CBOMCTBO MMeeTcA Yy BUAXKeTa. B Takom ciyyae,
COOTBETCTBYIOLWMI dparmeHT Koga umeeT Bua: KoHCTpyKTop_BuaxkeTa(command=lambda ...))

Jdanee npusoauTca NpMmep, KOTOPbIA NPeAcTaBAseT U3MeHeHUe CBOMCTBA KHOMKK (LiBeTa Haanucu) no
HaXKaTMIO Ha 3Ty KHOMKY, M3MeHeHMe WPUPTa METKM MO LLEIYKY MbILUMHBIMW KHOMKAMM MO 3TOM MeTKe:

H  K/MK IeBOM KHOMKOW MbILUWN MO METKE YCTaHaB/IMBAET A/1A Hee OAMNH WPNGT,
H KWK NPaBOi KHOMKOW MbILW — APYroN.

Kak BapuaHT, ANA Kax40ro n3 wWpndToB MOXKHO Hanucatb Age pasHble GpYHKLMM (YTO HE eCTb XOpPOoLO) ...

CBS3aTb BUIXET, COOBITME UM IOEMCTBME MOXHO:

1. npm nomomm meronma bind (Bumxer.bind(coBeiTme, o006paboTumMK)) WM

2. Opu IIOMOWM CBOMCTBa command (ecjM 3TO CBOMCTBO UMeeTCs Yy BUIXeTa
KoncrpykTop BumxeTa (command=lambda ..))

U3MEeHEeHMEe CBOMCTBAa KHOIKM (LIBETa HAONMCM) IO HAXaTUI0 Ha BTY KHOIKY
U3MeHeH e wpudTa MEeTKM [0 WEeJIUKY MBIUMHBEIMM KHOIKAaMM 10 3TOM MeTKe
KJIMK JIEBOV KHOIIKOM MBIIM [1O0 METKe YyCTaHaBJIMBaeT IJid Hee OnOMH wpudT,
KJIMK INPaBOVM KHOIIKOM MbIIM — IOPYyIT'OM.

Kak BapmaHT, IIJ4 KaXIOI'0O U3 U.IpM(I)'I‘OB MOXHO HallMCaTb IBe pa3Hble (l)yHKLLMM

S oS Sk S S S SR #E S 9 3= 3

(UTO He eCTb XOpOolo)
from tkinter import *
1bl = None

# OmmH BUIXeT (OIHa MeTka) pearupyeT Ha IBA COBHTUA:

# Io meJyiuKy MBIIMHOM KHOIKOM IO MeTke MeHdeTcs wpudt.

# dyHxUMM 0OpaboTumMKM COOBITUM.

# ceorcTBy ['font'] merku 1bl npmcBamBaeTCs CTpPoOKa C HalBaHueM umpupra ====

def setFontl (event) :
1bl['font'] = 'Verdana'
1bl['bg'] = 'darkseagreen'

def setFont2 (event) :
1bl['"font'] = 'Times'
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1bl['bg'] = 'brown'

#
if name == "' main_ ':
mainwindow = Tk()
1bl = Label (text = 'Master Label')
# HasHaueHme BUIXeTy 0OpPabOTUMKOB COOBITHIA
1bl.bind ('<Button-1>"', setFontl)
# 10 JIEBOMY MEJIUKY
# byHkUMua setFontl
1lbl.bind ('<Button-3>"', setFont2)
# [0 MNPaBOMy WMEJIUKY
# byHkUMUa setFont2
1bl.pack()
mainwindow.mainloop ()
#

370 paboTaeT, HO ¢yHKUMM 06pabOTKM 34eCb NPAKTUYECKU MAEHTUYHbI. A 6blN10 6bl XOPOLIO MMETb
oaHy GyHKLMIO 06paboTKM, B KOTOPYIO KaK apryMeHT nepeaaBanock 6bl HasBaHuMe WpndTa. Hanpumep:

def changeFont (event, font):
1bl['"font'] = font

OpHako ectb npobnema! MeTog, bind umeet ctporo IBA aprymeHTa: '<ums_cobbitusa>',
CCbl/IKa_Ha_dyHKUMI0-06paboTymK
(HO HE HA BbIPAXKEHWE BbI3OBA)

nostomy HEJIb3A HanucaTb Tak:

1bl.bind ('<Button-3>', setFont2 (event, 'Times'))# BLpaxeHMe BHIBOBA NOJIXHO
# BHIIOJIHATHCH.

Mpu 3TOM ecnv B GYHKLMM HET onepaTopa return, To oHa Bo3spalLaeT None. Mo3ToMy noayyaeTcs, YTo
[aKe ec/iv B BbipaXkeHMM BbI30Ba BCE aprymeHTbl nepesaTb NpaBuabHO, TO B MeToZ bind nonagér None,
a He 06beKT-QyHKLMS.

B aHOHMMHOM 06beKTe-dyHKUMM Python, KOTopbii 06BABAAETCA C MOMOLLBbIO MHCTPYKUMM lambda,
MOKHO 3aMnaKkoBaTb GYHKLMIO BMECTE C apryMeHTOM. B KOHKpeTHOM cyyae, KaK To TaK:

1bl.bind ('<Button-1>', lambda e, f='Verdana':changeFont (event, font))
1bl.bind ('<Button-3>', lambda e, f='Times':changeFont (event, font))

Nambaa-dyHKUMN MOXKHO MUCNO/b30BaTb He TONbKO ¢ MeToaom bind, Ho n onuueit command, KoTopas
MMeeTca y paga BUAXKeT.
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Ecnn ¢dyHKUMA nepedaétca yepes onuuto command, TO el He Hy)eH napameTp event. Tak 3ToT
napameTp M Npu MCNonb3oBaHMM MeToga bind To)Ke He Bceraa (oyeHb peako) nNpumeHseTca. A ¢
aprymeHTom command obpabaTbiBaeTcsi TO/IbKO O4HO OCHOBHOE COObITUE A5 BUAMKETA — KUK N1€BOM
KHOMKOM MbILLIK.

#

from tkinter import *

1bl = None

# dyHxUMS 0OpaBoTkM COOHEITUS

def changeFont (font) : # DTa dyHKUMA HepemaéTca uyepes omnumo command.
# Ef He HyxXeH mapameTp event.
1bl['font'] = font
if name == "' main ':
mainwindow = Tk ()
1bl = Label (text = 'Master Label')
1bl.pack()
moan
IBe OEe3EIMAHHEIX KHONKM (OoIHa Han Opyoi) . CoOwplTusa He ODO3HAaYEHH

(npexnnojiaraeTcsa KJIMK JIEBOM MBIUMHOM KHOIIKOM I10 BUIXETY) .
byHKUMA-00paboTuMk - paHee o0OBABJIeHHas changeFont c napamerpoMm fnt
(cTpoka C mMeHeM QoHTA), KOTOopas KOOUPYEeTCS AaHOHMMHEM
obwekTOM-byHKIMEeN Python.

3TOoT OOBEKT BMECTEe C COCTBETCTBYKNIMM 3HaUeHMEM aplyMeHTa

napamerpa fnt) obwaBigeTcsa C NOMOWBI MHCTPpykuUMM lambda.

Meron pack, NpMMeHSEMEM K ONPeIeJIEHHHM B NPUIIOXKEHMM BUIDKETaM

(MeTxka 1bl m Oe3pIMAHHBEIE KHOIKM) , obecrnedmBaeT pasMelleHMe BCEeX BUIXETOB
B okHe mainwindow. B ciyuae C KHONKaMM MeTOn pack() npuMmeHseTcs
(BBIBBIBAETCSA) HEINOCPEIOCTBEHHO MNPM CO3IaHMM BUIXETOB.

mwoan

Button (command=lambda fnt='Verdana': changeFont (fnt)) .pack()

Button (command=lambda fnt='Times': changeFont (fnt)) .pack()
#
mainwindow.mainloop () # Janee oT mMMeHM oObekTa mainWindow BEBHBaeTCH

# oyHKUMS mainloop. 32Ta GyHKLMS BHBBBAET OECKOHEUHHIM LMKJI OKHAa, NIpU
# KOTOpPOM OKHO (rmoka OHO He OyIeT 3akKpeTo) OyIeT XIaThb JboTo

# (0OBABJIEHHOI'O) B3aMMOIESMCTBMA C IIOJIL30BaTEJIEM.

# B HmaHHOM cCJjiyyae - JIEBOTO MEIIMHOTO IEJiukKa [0 KHOIKE IPUIIOXEHUS .

o CoObITHUS M THIIbI COOBITHI
Y106bl NpuaoxKeHne c rpadmnyecknum MHTepdencom 4YTo-NnMbo aAenano, AONXKHbI NPOUCXOANTL T€ UK
WHble cobbITMA. OBbIMHO 3TU COBbLITMA NPeacTaBAAT cObOl BO34ENCTBME MONL30BATENA HA SNEMEHTDI
rpadpuryeckoro nHTepdelica.
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MOKHO BblAENANTb TP OCHOBHbIX TUNA CODbLITUIA:

H npomn3BoAMMbIE MbILbIO,
B KaK pe3y/bTaT HaXXaTuAa Knasull Ha KnasuaTtype,
B BO3HMKalOWMe B pe3y/ibTaTe NUSMEHEHUSA BUOMKETOB.

BO3MOHbI KOMBUHMPOBaHHbIE CO6bLITUA, NpeacTaBAslolWMEe COBOM COYETAHMA OCHOBHbIX TWMOB.
Hanpumep, KAMK MbILbIO C 3aXKaTOW KNaBULLEW Ha KiaBuaType.

- LENYKM KHOMKaMM MblILK,
- BXO4, Kypcopa B npeaenbl BUAXKETa,

- BbIXOA, Kypcopa 3a npeaenbl BUAKeTa,
- ABUXEHME MbILLbIO.

- HaXKaTue KnaBuLLN,
- Ha)KaTMe KoMbMHaLKUK KNasuLl,
- OTKATUE knaBuwn.

- BBO4, A@HHbIX,
- U3MEHEeHWe Pa3MepoB OKHa,
- NOKPYTKa,
- Apyrue ...

B CooObiTHe U MeTOoj bind
MeToga bind, Ha3HayaeT 06paboTumKk CoObbLITUA BUAKETY, CObbiTUE NepenaeTca B KayecTBe MNepBOro
aprymeHTa.

widget.bind (event, function)

HasBaHue cobbITMA 3aKito4aeTca B KaBbl4KW, a TaKXKe B yrnoBble CKOBKM < 1 >, CobbITMA onuncbIBaeTcA C
NOMOLLLbIO 3ape3epBUPOBAHHbIX KAOYEBbIX CNOB. Hanpumep, CO6bITMFI, npon3soanMble MblLIbIO:

B <Button-1>— KAKK NeBOI KHOMKOW MbILLN

B <Button-2>— KAKK cpegHein KHOMKOW MblilK

B <Button-3>— KAMK NpaBoit KHOMKOW MblILlWN

B <Double-Button-1>— aBOMHOM KANK N1E€BON KHOMKOM MbILLN
B <Motion> — ABUXKEHUE MbILIK

U T. 4. (NONHOro cNMcKa Ha MOMEHT HanucaHma 3Toro matepuana NOKA HeT)
Y cobbITuin Kak 06beKToB tkinter, Kak U y MHOIMX ApYrMx 06 bEKTOB, eCTb aTPUOYTbI.

B cnegyowem npumepe B GYHKLMM MOve W3BAEKAIOTCA 3HaYeHUA aTpubyToB X U y obbeKTa event, B
KOTOPbIX XPAHATCA KOOPAMHATLI MECTOMO/IOMKEHUA KYpCopa MblLLK B Npeaeniax BUAKETA, N0 OTHOLEHUIO
K KOTOpOMY 6bI710 CreHepupoBaHo cobbiTue.

Mpumep:

B 3aBUCMMOCTU OT TOro, ABUTraeTCA Mblillb, WENKAKT NieBon unm npaBoﬁ KHOHKOﬁ, MeHAEeTCA Haanucb B
3aron10BKe rnaBHOro OKHa.

B faHHOM c/iyyae BUIOMKETOM AB/IAETCA rNaBHOe OKHO, a cobbitvem — <Motion>, T. e. nepemeuieHue
MbILLIN.
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#

from tkinter import *

byHkUMM 0Opa®oTKM COOBITUM.

MHbopMaluMsa O OEMCTBUAX C MBIIMHBEMM KHONKaMM (HaXMMaHMA) U
caMoOV MEBIIBKD ([IepeMeleHMa) OTOoDpaxalTCa B 3alOJIOBKE
TJIaBHOTO OKHa NPUIIOXEHUA

H= W= 4 HE

def bl (event):
root.title ("JleBag kHomnka Memm")

def b3 (event) :
root.title ("lIpaBasg kxHoONKa Memum")

def move (event) :
X = event.x
y = event.y
s = "IBwxenme wmembo {}x{}".format (x, V)
root.title(s)

root = Tk ()
root.minsize (width=500, height=400)

# HasHaAUeHMEe MPOCTHX OGYHKUUN-0OPaBOTUMKOB HENOCPEeOCTBEHHO C I[IOMOUIBI CCHUJIKM
# Ha dyukumo. [Ipy sTOM B 00paboTumkax NPUXOIMTCS SBHO YKas3EBATH CCHUIKY Ha
# TJaBHOE OKHO MOPUIIOXeHUS (0OBEeKT root)

root.bind ('<Button-1>"', bl)
root.bind ('<Button-3>', Db3)
root.bind('<Motion>"', move)

root.mainloop ()

#

Bbile paccCMOTPEHHOE NpUNOoXKeHMe 061a4aeT 04HON 0COBEHHOCTBIO: MCMNO/Ib3YEMbIN 34eCb MEXAHU3M
HasHauyeHuA OYHKUMM 06paboTkn cobbita HE ponyckaeT ponosHuTenbHbix aprymeHtos (HWYETO
KPOME event !). MNMoaTomy HenocpeACTBEHHO B Tene ¢yHKUMIA 06paboTku npuxoautca ABHbIM
OBPA30M 1cnonb3oBaTh CCbI/IKY Ha r1aBHOE OKHO NPUNOXKEHUS (06BEKT root).

ABHO HE wucnonb3oBaTb 3Ty CCbIAKY B GYHKLMAX 0O6pabOTKM MOMKHO 3a CYET onpeneneHua HOBbIX
dYHKUMIA 06paboTKKN C AONO/THUTE/IbHBIM apryMEHTOM, KOTOPbIA BK/IIOYAETCA B BblpaXKeHUe Ha3HaYeHus
obpaboTtunka (aprymeHT metoga bind) c nomouwpbto lambda-BbipaxkeHus.

#

from tkinter import *

byHKUMM 00pPaboTKM COOBITUM.

VudopMaluysa O HOeMCTBUSAX C MBIIMHEIMM KHONKaMM (HaXMMaHMUSa) U
caMoOM MBIILIO (IIepeMelleHrsa) oToOpaxalTcsa B 3aT'OJIOBKe
TJIaBHOT'O OKHA [IPMIIOXEHUSI

EEE

def bl (event, rt):
rt.title("rt... Jlerag kHomnka Memm")

def b3(event, rt):
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rt.title("rt... [paBas xuonka Memu")

def move (event, rt):

x = event.x
y = event.y
s "rt... IBwxenue wmemipi {}x{}".format (x, V)
rt.title(s)
#
root = Tk{()

root.minsize (width=500, height=400)

# HasHaueHre OGYHKUUN-0OPABOTUMKOB C IOMNOJIHUTEJIbHEM ApTyMEeHTOM C [1OMOUIB0
# aHoHuMMHOM oyHkuuu (lambda)

root.bind('<Button-1>', lambda event, rt=root: Dbl (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 ()

#

B CooniTue (Event) kak 06beKT tkinter
Jdanee B npuaoxKeHMn BbiBOAMTCA MHPOpMaLma o6 obbekTe Event M HEKOTOpbIX ero cBolicTBax. Bce
aTpMbyTbl COBbLITUA TaKKe MOXKHO NOCMOTPETb C MOMOLLLbIO KomaHAb! dir(event). Y pasHbix cObbITUI OHU
OAHM U Te }Ke, MEHAIOTCA TOMIbKO 3HayeHus. Ona Tex UAM MHbIX COObITUI YacTb aTpubyToB HE MMeeT
CMblICna, TaKne CBOMCTBA MMEIT 3HAYEeHUA No YMO/T4aHULO.

O6beKT event cpeau cBoux aTpMbYyTOB MMEET CCbIIKY Ha KOOpAMHaTbl Kypcopa B FNaBHOM OKHe
npunoxeHus (event.x_root, event.y_root). MoaTomy moxKHo HE 6eCcnoKonTbCA OTHOCUTENIbHO aprymeHTa
- CCbIZIKW Ha 06bEKT root (rnaBHOE OKHO MPUIOXKEHUS)

B npumepe, xoTa obpabaTtbiBaeTcA cobObITME HaXKaTMA KnaBuwKM Knasuatypbl ('a'), KoopauHaTbl
NOJIOXKEHWUA HA IKPAHE MbILMHOTO Kypcopa (X, Y) COXpaHAOTCA B Noaa 06beKTa:

B event.x_root,
B event.y_root.

#

from tkinter import *

# oBpaboTumk coOuHTMS - MHbOpMaTOp OO0 apryMeHTax cobeiTusa (obbekTa event,

# a Ha caMoM mesyie mMsa oOBeKTa - cobuTus HE BaxHo!) Uro event, uro xevent -
# BE3 PABHMIH !
def event info (xevent):

print (type (xevent))
print (xevent)

(

(
print (xevent.time)
print (xevent.x root)
(

print (xevent.y root)

root = Tk()
root.bind('a', event info) # Bmech coOBITME C KJABMATYPH. IJIS HUX
# OyKBeHHBIE KJIABMIIM MOXHO S3allMCHBATH
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Be3 yIJIOBHIX CKOOOk (Hampumep, 'a').
Kpome ToOTrTO, 06BEKT event (xevent)
cpenu CBOMX aTpuOyTOB MMEeT CCBUIKY Ha

#
#
#
# xoopmOMHATH Kypcopa B IJIABHOM OKHE
# npmioxeHusa (event.x root, event.y root).

# TosToMy MOXHO HE BGeCHOKOMTBCHS OTHOCUTEJIBLHO
# apryMeHTa - CCBUIKM Ha OOBEeKT root

# (rjaBHOE OKHO MPUIIOXEHUS)

root.mainloop ()

B cnegytowem npumepe B GYHKUMM 06PabOTKM HANpAMYHO 3a[4eNCTBOBAHA CCblJIKA HA 1aBHOE OKHO
npunoxenus (aTpubyT rt) nosTomy nNpwm HasHavyeHUn obpaboTymka npumeHseTca lambda, Tak Kak
byHKUMA 06paboTKM NoAyYaeT AOMNOAHUTENbHBIN aprymeHT. [na onpeaeneHua 3Ha4YeHUin KoopanHat
Kypcopa B okHe rt npumeHatotca CMEUMA/IbHBIE meToab!:

B rt.winfo_pointerx(),
B rt.winfo_pointery().
|

#

from tkinter import *

# obpaborTumk coOwpITMS — MHbOOPMATOP 00 apryMeHTax cobuTua (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))

37echb COOHTME C KJIAaBMATYPHE. IJIS HUX
OyKBEHHEIE KJIABUUIM MOXHO BalMCHBATbH

fes yIJIOBEIX CkKODOOK (Hanpumep, 'a').
KpomMe TOTO, HaNpAMyW BaIelCTBOBaHa CCBUIKA
Ha TJIaBHOE OKHO INPUJIOXeHMusa (aTpudyT rt)
IOSTOMY I[PM HazHadeHuM obpaboTumka
ucnojpsyerca lambda, a IOjig onpelejieHUS
3HAUeHUM KOOPIMHAT Kypcopa B OKHe

tr - Meromm rt.winfo pointerx(),

S S Sk S S S HE 3= S

rt.winfo pointery()

root.mainloop ()

CobbiTa c KnaBuaTypbl, KoTopble HE wmeloT fBHOro OyKBEHHOro npeAcTaB/AeHMUs, KOAMPYHOTCS
Ha3BaHWEM COObLITUA B YI/I0BbIX CKOOKaX, 3aKNOYEHHbIM B KaBblYKM (CTPOKa C Ha3BaHMeM cobbITUA B
Yr/I0BbIX CKOOKax).

Hanpumep, '<Return>' - HaxkaTmne Knasuwwm Enter, '<space>' — HaxkaTblit npoben.
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Mpun atom umeetca cobbiTne '<Enter>', Kotopoe HE nmeeT OTHOWEHMA K Ha)KaTUO Knasuwwu Enter, a
NPOMCXOAMT, KOraa Kypcop 3axoauT B Npeaensl Buaxera.

[anee B NpUNIOKEHUMN ABE METKU UCMONBL3IYIOT OAHY U Ty e GYHKLMIO, U KarKaas MeTKa MUCMOJb3yeT 3Ty
byHKUMIO ana 06paboTKM pasHbix cobbITUIA: BBOAA Kypcopa B Mpeaenbl BUAMKETA WM BblBOAA 33 €ro
rpaHuubl. ®YyHKUMA 0O6PabOTKM, B 3aBUCMMOCTM OT TOro, NO OTHOWEHMIO K Kakomy BuAKeTy 6blio
3adMKCMPOBAHO COBbITUE, U3MEHAET CBOMCTBA TONILKO 3TOro BUAXKeTa. Cnocob M3MeHeHUs 3aBUCUT OT
npousoLleLero coobITus.

CsolicTBO event.widget cogepKuT CCbiNIKY Ha CreHepUPOBaBLLMIA COBbITUE BUAMKET.

CsoiicTBO event.type onucbiBaeT, 4YTo 3TO 3a cobbiThe.

#
from tkinter import *
# oyHKUMS 0OpaBoTKM HECKOJIbKMX COOBITUM IJIS HECKOJIBKUX BUIXETOB ===========
def enter leave (event):

# y event'a ectTb cceuika Ha widget, kyma nmumercsa TekcT 'In' wmim 'Out’

if event.type == '7': # Ykasarenb MemM OBUI NOMEWEH B BUINMYO
# uyacTe BUIXeTa.
event.widget['text'] = 'In'
elif event.type == '8': # Yxasarenp Memm OBUI NEepeMemEH M3 BUIXETAa.
event.widget['text'] = 'Out'
#
root = Tk()

# pasHble BUIXKETH, pPas3HBIE COOHEITMUSA, OInHa obmas dyHkums obpaborkm!
labl = Label (width=20, height=3, bg='white')

labl.pack()

# HasHaueHue oOGyHKUMM 00padoTumMKa COBLITUS

labl.bind('<Enter>', enter leave)

labl.bind('<Leave>', enter leave)

lab2 = Label (width=20, height=3, bg='black', fg='white')
lab2.pack()

# HasHaueHue oOGyHKUMM 00padoTumMKa COOLITUS

lab2.bind ('<Enter>', enter leave)

lab2.bind('<Leave>', enter leave)

root.mainloop ()

#

Y Kaxzoro cobbitua ectb ma n Homep (Tun). C nomolbio BbipaxeHus print(repr(event.type)) moskHO
NpPOCMOTpPETL ero NoaHoe onucaHue. MNpu aTom Ha oaHMX NaaTdopmax str(event.type) Bo3Bpalaer ums
cobbiTuA (Hanpumep, 'Enter'), Ha ApyrMx — CTPOKOBOE NpeAcTaBaeHne Homepa cobbiTua (Hanpumep, '7').

= JIpuMeHeHHE COOBITUM
B cnepgylowem npuvmepe [eMOHCTPUpYeTCA MNpuUMeHeHWe ogfHoro obpabotumka cobbiTuin ana
HECKO/IbKMX BUAMKETOB.
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Y event'a ecTb ccbinka Ha widget (pasHble 06bEKTbI), Kyaa nuweTcs TekcT 'In' uam 'Out’ B 3aBUCUMMOCTH
OT MOJIOXKEHMA Kypcopa. YKasaTesb MbllUM MOMKET 6biTb AM60 NMOMELEH B BUAMMYIO YacTb BUAMKETA,
NNBO ycrnewHo nepemeLtéH nus Heé.

B npunoxkeHnn 3ageincTeoBaHa 0buwan GyHKUMA 06paboTKM ANa PasHbIX BUAMKETOB M PA3HbIX COBbLITUIA.

#

from tkinter import *

# dyHxUMS 0Opa®OTKM HECKOJIbBKMX COOBITUM IJis HECKOJbKMX BUIKETOB ===========
def enter leave (event):
# vy event'a ecTb ccrika Ha widget, kynma numercsa TexkcT 'In' miaum 'Out'

if event.type == '7': # Yxasaresnb MeIM OBUI NOMEWEH B BUINMYO
# yacTe BUIXeTa.
event.widget['text'] = 'In'
elif event.type == '8': # YxasaTenp Memm OBUI NEPEMEmEH M3 BUIXETA.
event.widget['text'] = 'Out'
#
root = Tk()

# pasHble BUIKETH, pPas3HBIE COOBITMUS, OIHa obmas dyHkums obpaborkm!
labl = Label (width=20, height=3, bg='white')

labl.pack()

# HasHaueHume OyHKLUMM oOpaboTumkKa COOBITUSI

labl.bind('<Enter>', enter leave)

labl.bind('<Leave>', enter leave)

lab2 = Label (width=20, height=3, bg='black', fg='white')
lab2.pack()

# HasHaueHue OGyHKLUMKM OoOpaboTumMKa COOBITUSI

lab2.bind ('<Enter>', enter leave)

lab2.bind('<Leave>', enter leave)

root.mainloop ()

#

= root.after: aibTepHAaTHBHBIE CIIOCOGHI 3aANIYCKA U 00'bSABJIEHUA
Bes root.after() B dpyHKUMKM outfun npunoxkeHne He paboTaert.

MeTog, after 3anyckaeT QyHKLMIO, yKa3aHHYO BO BTOPOM aprymeHTe, Yepes MPOMEKYTOK BPEMEHMU,
YKa3aHHbIN B NEPBOM aprymeHTe, CO 3HaYeHWemM napameTpa A1 BbiNoJHAEMOM QYHKLMK, 334aHHOIO B
TPeTbeM aprymeHTe

#
wun

Bes root.after () B dyukumm outfun npunoxeHme He paboraer.
MeTon after sBanyckaeT QYyHKILMIO, YyKaszsaHHYI BO BTOPOM aplyMeHTE,
yepes [IPOMEXYTOK BPEMEeHM, YKasaHHBEIM B II€PBOM apl'yMeHTe,

CO 3HAUEHMEeM apTyMeHTa OJjid BBIIOJHAEeMOM OGyHKUMM, 3aIaHHOTO

wuan
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# B TpeTbeM apryMeHTe
from tkinter import *

# oyHkuma externalfun oObgBjieHa BO BHemHeM objacTy OBBABIEHUSI
def externalfun (key):
print ('~~~ externalfun ({0}) ~~~~~ '.format (key))

def outfun (outkey):
# oyHxumsa infun oObgaBiieHa BO BHYTpPeHHEeM objacTu OBBABIIEHUSI
def infun (inkey) :
print ('=====infun ({0})====="'.format (inkey))

# B dyHxumm outfun mMeTomom root.after szanyckawnTcsa nBe oGyHKLMU,

# OOBABJIEHHEIE B PAa3HEIX 00JIaCTAX OOBABJIEHMS, C PA3HLBIMM 3HAUYEHUSIMU
# apryMeHTOB

root.after (0, infun, outkey)

root.after (0, externalfun, outkey*2)

#
root = Tk()
outfun (25)

root.mainloop ()

#

AHanornyHble cnocobbl 06bABAEHMA M 3anycKka GYHKLMIA Npu pa3paboTke rpaduyeckoro HTepdeiica.

3pecb coveTaHue Knasuw Ctrl+a BblaenseT TekcT B nose. Metog after BbINONHAET GyHKUMIO, YKa3aHHYIO
BO BTOPOM aprymeHTe, Yepes NPOMENKYTOK BpemeHu (?), yKasaHHbI B NepBOM aprymeHTe. B TpeTbem
aprymeHTe nepegaértca 3HayeHue atpubyTta widget obbeKkTa event. B gaHHOM ciyyae um Byaet none
ent. MMeHHO OHO byaeT nepefaHo KaK aprymeHT B ¢yHKuuio select_all2 u npucsoeHo napametpy

widget.

wuan

3neck coueTaHue kJjaBum Ctrl+a BHOEJSeT TEKCT B II0Je.
MeTon root.after BrmoONHAeT GYyHKLMIO, YKAa3aHHYI BO BTOPOM apIryMEHTE,

IPOMEXyTOK BPEMeHM, yKa3aHHEM B [IePBOM apryMeHTe. B TpeTbeM apryMeHTe

nepenaeTcs 3HaueHue aTpubyra widget obwekTa event. B IaHHOM ciyyae UM

OymeT 3HaueHue moJsg ent. VIMeHHO OHO OyIeT nepemaHo KaK aplyMeHT
B QyHkumio select all2 u npmceOeHO apryMeHTy widget.

wuan

#

from tkinter import *

# OyHKUMM OOpa®OoOTUMKU COBBITUM

# apryMeHT event B KOIe He MNpUMEHsSeTCs
def exit win(event):
root.destroy ()

# apryMeHT event B KOIe HE MNPUMEHSEeTCH
def to_ label (event) :

t = ent.get ()

1bl.configure (text=t)
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# U sTo TOXE oyHkUMa 00pa®oTKM COOHTHKS

# aprymeHT event npuMeHseTcs B Kome OGYHKLMUM
def select all(event):

# obnacTe oOmbaAByeHMs OyHkuum select all2 -

# Teso QyHkumm select all, B xoTopoM QyHkUMA select all2 obwapisgercsa

#

def select all2(widget):
widget.selection range (0, END)
widget.icursor (END) # Kypcop B KOHell

root.after BrIIONHSAET

byHKLUMIO, YKa3aHHYI BO BTOPOM apl'yMeHTe, uYepes3s IPOMEXyTOK BPEeMeHMU,
yKa3aHHBM B I[IepPBOM apl'yMeHTe. B TpeThbeM apl'yMeHTe [IepelaeTcs
3HaueHre aTpubyra widget oBwexTa event.

B manHOM cJyuyae »TO0 widget nosie BBOma ent.

mmoan

root.after (10, select all2, event.widget)

# BapmuaHT oObaABJieHMa OyHkumm select all2:

# obmas objlacTb OOBLABJIEHUHA
# def select all2(widget):

# widget.selection range (0, END)

# widget.icursor (END) # KypCcOp B KOHeI
#

root = Tk()

# noJse BBOIA
ent = Entry(width=40)

ent.pack ()

ent.focus set () # ycTaHOBKa Kypcopa Ha mnojie BBoma ent (dokyc BBOIa Ha ent)

# MeTka
1bl = Label (height=3, fg='orange', bg='darkgreen', font="Verdana 24")
1bl.pack (£fill1=X)

# HasHaueHue OGyHKLUMI 0OPaBOTKM COOHEITUM
ent.bind('<Return>', to_ label)
ent.bind('<Control-a>', select all)
root.bind('<Control-g>', exit win)

#

root.mainloop ()

B Mogayas tkinter.ttk
B coctaB naketa tkinter BxoauT moaynb ttk, cofzeprKawmii Knaccbl BUOMKETOB pPasHbIX cTuaein. Ux
BHELWHWIA BMA, MO YMOJIMAHUIO 3aBUCUT OT KOHKPETHOM onepauMoHHOW cuctembl. [anee B Koge gns
CPaBHEHMS BHELIHEro BMAA PasMeLleHO HECKO/IbKO nap 06bsABAEHMI aHaNOTMYHbIX BUAMKETOB M3
mogayneii tkinter u tkinter.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 ()
#

TaK Kak MMeHa K/1acCcoB aHaNOMMYHbIX BMAKETOB COBNAAAOT, MOAY/IM MMMNOPTUPYHOTCA TaK, YTobbl UX
NPOCTPAHCTBA MMEH He MepeKpbiBanncb. MNpyn 3TOM KOHCTPYKTOPbLI B Kaaccax Npu co34aHnn ob6beKToB
(BMarkeTOB) BbI3bIBAOTCA Yepe3 UMeHa (B 4aHHOM caydae nceBgoHUMbI) moayneit. Ecam e HE HyKHbI
BMAXKETbl mopyna tkinter, nogobHble KoTopbim ecTb B tkinter.ttk, ygobHee vmnopTuMpoBaTb BCé
MPOCTPAHCTBO MMEH KaK 0OA4HOro, Tak M BTOPOro Moays.

#
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 gaHHOM cnyyae npocTpaHcTBO MMeH tkinter.ttk, KoTopblii MMNoOpTUPYyeTca BTOPbIM, NEPeKpbiBaeT
yacTb umeH tkinter. Mostomy BbipaxkeHune Button(text="Hello") BbI3bIBaeT KOHCTPYKTOP Kaacca Button,
Haxoasawmiicsa B moayne tkinter.ttk.

B TO e Bpemsa B 3TOM Mmoayne HeT Knaccos Tk n Text. Mo3aTomy ak3emnasapbl (BUAMKETbI) 3TUX KNaccos
co3gatotca oT 6a3oBbIx Knaccos tkinter. B KoHconb byaeT BbiBEAEHO:

<class 'tkinter.Tk'>
<class 'tkinter.ttk.Button'>

<class 'tkinter.Text'>
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Habopbl BUAKETOB 060MX MoAynel NnepeKkpbIBatoTCA He NOJIHOCTbIO:

B ecTb obwume (Takue Kak Label, Button, Entry),
B ecTb XapaKTepHble ToNbKo Ana tkinter (Hanpumep, Listbox n Canvas),
B v ToNbKO ans ttk (Hanpumep, Combobox, Notebook).

Mpob6iema COCTOMT B TOM, YTO B ttk CBOMCTBa BUAXKETOB NPOrPamMMMPYHOTCA HE COBCEM TaK, KakK B tkinter.

Echn B npuaoXKeHMM OJHOBPEMEHHO CO4YeTatoTCA 3SNeMeHTbl oboux Mo,u,yneﬁ, KOoA4, nporpammbl
cTaHoBUTCA bosee 3anNyTaHHbIM U MeHee NOHATHbIM.

Tak, ana sugKeTtos U3 tkinter.ttk mHorne cBoiicTBa 3a4al0OTCA C NOMOLIbIO 06bEKTa, CO34aHHOrO OT
Knacca ttk.Style. OcHoBHas naesn ttk — otaennts odbopmaeHune BuaKeTa OT ONUCAHUA ero NnoBeaeHus.
[anee ana cpaBHEHUA YCTAHOBKM CBOMCTB ANA ABYX KHOMOK MMMNOPTUPYIOTCA moayaun 6e3 nepekpbiTua
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 ()

CBOMCTBa ANa 3K3emnaApa Button ns moayna tkinter 3agaroTca ¢ nomollblo MeToda KHoMKM config.
O/HaKo TO »Ke camoe MOXKHO Bbino bbl caenaTb NpPU Nepeaade 3HaYeHUA B KOHCTPYKTOP:

b tk = Button(text="Hello Tk",
background="#b00",
foreground="#fff")

HacTpouTb Tak KHOMKY M3 Moayns ttk Hesb3a. BMecTo 3Toro Hy»KHO co34aTb 3K3eMNAp OT Kaacca Style u
yKe yepes Hero M3meHsATb CBOMCTBA NO yMOAYaHUI0. B Koae Bbiwe 6bl1 NpumeHEH meTog, configure.
34ecb NepBbIM aprymeHTOM B Hero nepegaetca umsa ctuna (TButton), cBA3aHHOIO ¢ KAaccom 06bEKTOB,
ANA KOTOPbIX NPOM3BOAMTCA HACTPOMKa. B JaHHOM ciyyae 3TO KHOMKW. [N yTOUHEHUA UMEHU CTUAA
MOXHO BOCMNOAb30BaTbcsA MeToaom winfo_class:

print (ttk.Label () .winfo class())
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print (ttk.Button() .winfo class())

PesynbTtaTt:
TLabel

TButton

= Co3JaaHHe COOCTBEHHOrO CTHJIA
Y70 Aenatb, eciv B NPOrpaMmme HyHbl, Hanpumep, KHOMKKW pasHoro ctuna? MNpu sTom MOXKHO co34aTb
COb6CTBEHHbIN CTUAb, YHAcneLoBaB ero OT MUCXOAHOTO, U U3MEHATb JNlWb OTAEe/bHble ero CBOWMCTBA.
Janee B npumepe co3gaHHbIN cTUNb ByaeT HasbiBaTbea "XXX".

Mocne TOYKM yKasbiBaeTca ero poanTens (B JaHHOM c/yyae 3To cTuab TButton). Mpu co3gaHum nepsol
KHOMKK 4yepe3 onumio style ykasbiBaeTcs NpUMeEHSAEMbI CTUAb. [NA BTOPOM KHOMKK MO YMOJYaHWUIO
ncnonbsyetca cTunb TButton. OH He MEHSACA, XOTA ero MOXKHO 6b1710 H6bl UISMEHUTD.

Ha camom pene ocoboit HeobxogMMOCTM WM3MEHSATb BHELWHWI BWUA, BUOMKETOB HeT. HanpoTtus, B
MPUNOMNKEHNAX NPUBETCTBYETCA CTaHAAPTHbIN 1 eAMHO06pPa3HbI BHELWHMIA BUA, U NOBEAEHNE BUAMKETOB.
370 AaeT No/Ib30BATENO MHTYUTUBHO NOHATHBIN MHTepdeic.

#

from tkinter import *

from tkinter.ttk import *

root = Tk ()

style = Style()
style.configure ("XXX.TButton", foreground="green")

Button (text="First", style="XXX.TButton") .pack()
Button (text="Second") .pack ()

root.mainloop ()

#

» Tema NpUIOKEHUA
Kpome TOro, B ttk ectb pasHble Tembl. MOXHO MEHATb He OTAE/bHble BUAKETbI, a LENNKOM Temy
odpopmaeHuna npunoxeHus. C nomolblo metogos theme_names n theme_use MOXHO BbIACHUTb CMIMCOK
Tem (KOTopbIit 3aBMCUT OT gaHHoM OC) 1 TeKyLyio Temy:

#
from tkinter.ttk import *

style = Style()

print (style.theme names())
print (style.theme use())

#

PesynbTaT:
(‘clam’, 'alt’, 'default’, 'classic')
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default

Echn B meToq, theme_use nepenatb HaspaHue TemMbl, OHa 6y,£|,6T npumeHeHa. Janee B nporpamme npwu
Ha*kaTuun Knasuwm Enter nsmeHaeTca Tema NPUNOKEHUA:

from tkinter import *
from tkinter.ttk import *

root = Tk()
style = Style ()

e = Entry(justify='center')
e.pack ()

Button (text="Hello") .pack ()
Label (text="Hello") .pack ()

themes = style.theme names|()
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 ()

= (CBoiicTBa BU/KeTOB B ttk
OnucaHuMe CBOMCTB BUAKETOB B ttk He Bceraa coBnafaeT ¢ TeM, Kak 3TO AesiaeTca B 6azoBom tkinter.

PaHee B npumepe C KpacHOM M 3e/eHOoli KHoMKamu c nomouubto onumit foreground mn background
yCTaHaB/IMBA/IUCb LiBETa TeKCTa U GOHa KHOMKM, KOrga OHa He HaxoAuaacb nof, Kypcopom Mbllin (To
€CTb KOra OHa He aKTWBHa).

Y10Obl nepeonpesennTb UBETA MO YMOJIMAHUIO MPM HaBOAKE Kypcopa, 4as KHomok tkinter Hago
ucnonb3oBaTb onummn activeforeground u activebackground. OgHako 3TK cBOWCTBA He paboTaloT Ans
BuaKetoB u3 ttk:

b tk.config(background="red",
foreground="white",
activebackground="orange",
activeforeground="white")

style = ttk.Style()

style.configure ("TButton",
background="green",
foreground="white",
activebackground="1lightgreen",
activeforeground="black")
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3TOT KoA, BbiNnoAHUTCA 6e3 owmnbok. Ho GOoH 3e1eHON KHOMKM NMPU HaXKaTUK Ha Hee OCTAaHeTCA CBEeT/io-
CcepbiMm, U He CTaHeT cBeT/n0-3e/eHbiM. B gaHHOM cnydae BmecTo MmeToga configure cneayet
MCMoJIb30BaTb METOA Map, KOTOPbIM Bbi3biBaeTcs 06bekTamu 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'),
('active', 'red'")],
background=|[
('pressed', 'brown'),
('active', 'white')]

root.mainloop ()

#
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B Co3paHue rpaduyeckux MHTEepPerCcoB C MOMOILbI OHOJIMOTEKHU
TKinter
Tkinter rpaduuyeckas KpoccnnatdopmeHHaa 6GubanmoTeka Ha ocHoee cpeacts Tk. CsoboaHoe O,

BK/IIOYEHO B CTaHAAPTHYIO 6MBAMOTEKY A3blka nporpammupoBaHua Python. B coctae Tkinter Bxoant
MHOTO KOMMOHEHTOB.

OamH 13 HUx — Canvas («XoncT»).

m Canvas
B tkinter ot knacca Canvas co3gatoTcA O06BEKTbI-XONCTbl, HAa KOTOPbIX MOXHO "pucoBaTtb", pasmelyan
pasnnyHbie GpUrypbl N 06 bEKTbI.

Canvas npumeHseTca a8 BblBoAa rpadpmnyeckux NpUMmUTUBOB:

NIUHWUIA,
NPAMOYrONbHUKOB,
3/1/IUNCOB,

TEKCTa,

OKOH,
N306parKeHum.

370 Aenaetca 3TO C MOMOLILbIO BbI30BOB COOTBETCTBYHOLIMX MEeTOA0B. pu co3gaHum obbekta Canvas
YKas3blBaeTcA ero WMPMHa 1 BbICOTA.

[ | MeTOABI NMO3UIUOHUPOBAHHUA 3JIEMECHTOB
Mpun pa60Te ¢ Tkinter AnAa Nno3nunoHNpPoOBaHUA 3INEMEHTOB NPUMEHAKOTCA Pa3HblE MeTO4bl:

B pack();
m place();
m  grid().

Mpu pasmeLLeHnM (PMCOBAHNN) FEOMETPUYECKUX MPUMUTMUBOB U APYrMX OO BEKTOB YKa3bIBaOTCA MX
KOOPANHATLI Ha xoAncTe. Mpu 3ToM TOYKOM OTCHETA ABNAETCA BEPXHUIN NIEBbIN Yron.

B J/IuHum
/iU - 3TO NPUMUTUBHbIE TeoMeTpuyeckne 3nemeHTbl. B Canvas NMHMA C HYXXHbIM pasmepom
co3pgaétca yepes metog, create_line().

MapameTpbl meToaa create_line() — 3to KoopanHaTbl X 1 y. OHM 0603HaYalOT Hava ibHble U KOHEYHble
TOYKM ByAayLLero IMHENHOro oTpesKa.

Onuusa dash pucyeT NYHKTUPHYIO AUHKMIO. Y 3TOW ONuUMKU eCTb COBCTBEHHbIE 3HAYEHUA, NOMeLLEHHbIE B
CKOBKM. B npumepe 310 (4, 2).

B undpa 4 ob6o3HaYaeT AJINHY TUPE (TOYKK) B MUKCENAX;

H undpa 2 oTBeyaeT 3a WKNPUHY (width) nycToro npomeskyTKa, CyLLEeCTBYIOLLErO MeXay Tupe
(Toukamn).
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Ecnam nponucatb dash=(1, 1), nonyyaetca AMHUA U3 Touek. MNpun pucoBaHUM 06bIYHOW IMHUM B KayecTse
KOOPAMHAT MOMKHO YKa3aTb HECKO/IbKO KOHEYHbIX ToYeK. DparMeHT Koga HUMKe OTBeYaeT 3@ OTPUCOBKY
TPEYro/sibHMKa, KOTOPbIN TaK¥Ke COCTOUT U3 NPOCTbIX INHUN.

[danee B nporpamme cosgaeTtca XoacT. Ha HEM ¢ nmomoubio meToaa create_line pucyroTca oTpesku.
AprymeHTbl create_line() — 3To KoopauHaThl X M y. OHM 0603HAYalOT HayasbHble M KOHEYHbIE TOUYKM
byaylwero AuvHeiHoro oTtpeska. OnumAa dash pucyeT NYHKTUPHYIO AWMHMIO. Y 3TOM ONUMKM ecTb
CcOBCTBEHHbIE 3HaYeHMA, NOMeLLeHHble B CKOBKKU. B npumepe 310 (4, 2):

B undpa 4 ob6o3HavaeT ANUHY TUPE (TOUKK) B MUKCENAX;
B uundpa 2 oTBeyaeT 3a WKpKHY (width) nycToro npomexxyTka, CyLLECTBYIOLLErO MeXAay Tupe
(Toukamm).

Ecaun nponucaTb dash=(1, 1), noay4ynTCA NMHUA U3 TOYEK.

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=1)

canvas=Canvas (self)

canvas.create line(15,25, 200,25)
canvas.create 1line (300, 35, 300, 200, dash=(4, 2))
canvas.create line(55, 85, 155, 85, 105, 180, 55, 85)

canvas.pack (£fi11=BOTH, expand=1)

def main () :
root=Tk ()
ex=Example ()
root.geometry ('400x250+300+300")
root.mainloop ()

if name ==' main ':
main ()

Mpu pucoBaHUM OBLIYHOW NIMHUM B KayecTBe KOOPAMHAT MOMKHO YKa3aTb HECKO/IbKO KOHEUHbIX TOYeK.
KycoueK Koa HUMKe OTBeYaeT 3a OTPUCOBKY TPeYrosibHUKa, KOTOPbIN TaK¥e COCTOUT U3 MPOCTbIX IMHUN.
CHauana yKasbiBaloT KoopAuMHaTbl Havana (x1, y1), 3aTem — KoHua (x2, y2) oTpesKa.

#

# B nporpamMme cosmaeTcsa XOJICT. Ha HEM PUCYIOTCS OTPE3KM C IIOMOUILI0

# MeToOma create_line. CHauaJsla yKaseHBaKTCAa KOOPAMHATHE Hadajla (x1, vl),

# sareM - koHUA (x2, y2) oTpeska.

from tkinter import *

root = Tk{()
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Q

= Canvas (root, width=200, height=200, bg='white')
.pack()

Q

c.create line (10,
10,
190,
50)

c.create line (# HEmMMeHOBaHHEIE apTyMEHTE:
# ¥X NOPSAOOK CJemoBaHMSA B BHPAXEHMM BEI30Ba MeTonma BAXEH
100,
180,
100,
60,
# MMEeHOBAHHEHE APITYMEHTEH:
# uxX NopsamoOk CJeIoOBaHMsS B BHPAaXEHMM BEHSBOBa MeTonma HE BAXEH
width=5,
arrow=LAST,
dash=(10, 2),
arrowshape="10 20 10",
fill="green',
activefill="lightgreen'

=+

activefill onpemenseT LBeT

=

oTpesKa IpM HaBEeIeHMM Ha HEeTro
# MBIIMHOTO Kypcopa.

root.mainloop ()

MeToabl, KOTOpble NO3BO/IAKOT CO34aBaTb Pa3/indHbIe d)MprbI Ha KaHBe:

create_rectangle,
create_polygon,
create_oval,
create_arc,
create_text.

| create_rectangle: Co3aaHHE NPAMOYTro/JIbHUKOB
c.create rectangle (10, 10, 190, 60) # IepeBble OBe KOOPIMHATH —

# BEepXHUI JIEBEIM yT'OJI, BTOPHE — MNPABBI HWXHUM.

create_rectangle co3gaéT NnpAMOYronbHUK.

#

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 colors')
self.pack (£fil1=BOTH, expand=1l)
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canvas=Canvas (self) # cosmaercsa BumxeT Canvas

wuan

Ha KaHBe MeTomoM create rectangle() cospmaérca NpPAMOYTOJIbHUK.
B3mech Hamo nponmucaTes 4 napaMeTpa IJid OlpelejieHUs
KOOPIMHATHOT'O IIOJIOXEHUS JIEBOT'O BEPXHETO yIJla

(BepxHEM JIEBOM OI'PaHUUMTEJIBHOM TOUKU) U

KOOPAMHATHOTO IIOJIOXEHMS NIPaBOI'O HMWXHEIO yIula

(HMXHENM MNPaBOY OTPaHUUMTEJIBHOM TOYKM) ,

napamMeTrp outline 3azmaéT uLUBeT KOHTypa HPAMOYT'OJILHUKA,
napamerp fill 3amaér uBeT

BHYTPEHHEN o00JlacTu NPAMOYI'OJIBHUKA .

wuan

canvas.create rectangle (30, 10, 120,80, outline='#fb0"',

fill="#fb0")
canvas.create rectangle (150,10, 240,80, outline='#£f50",

fill="#£50")
canvas.create rectangle (270,10, 370,80, outline='#05f",

fill="#05f")

canvas.pack (£1i11=BOTH, expand=1)
#

def main () :
root=Tk ()
ex=Example ()
root.geometry ('400x250+300+300")
root.mainloop ()

if name ==' main_ ':
main ()

B IliBeTHbIe NPAMOYTroOJIbHUKHU
LiBeT — 3T0 06bEKT, OTOOparKatoWmMin KoMBMHaLMIO TPexX LBETOB (KpacHoro, 3eneHoro, cuHero — RGB).
HuKe Ha KaHBe HapUCcoBaHbl NPAMOYro/IbHUKKU. OHM 3aKpalleHbl B pasHble LBeTa.

create_polygon co3aaéT nponsBo/ibHbIA MHOMOYrObHUK

from tkinter import *

root = Tk{()

c = Canvas (root, width=200, height=200, bg='white')

c.pack ()

# B sTOM npmMepe, KOTIa Ha NPAMOYTOJIbBHMK IoNajaeT KypCOop MHIIM, €T0 pamka

# CTaHOBUTCSA NYHKTMPHONM, UM BTO ONpPeIeyseTcs CBOMCTBOM activedash.
c.create_ rectangle(60, 80, 140, 190,
fill="yellow',
outline='green',
width=3,
activedash= (5, 4) # NyHKTHMpPpHasa paMka, Korma Ha
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# IIPAMOYIT'OJIBHUMK IIOIlaaeT MBI HBIVE KypcCcop

# MeTomoMm create polygon pucCyeTCs NPOM3BOJIBHEINI MHOTOYTOJIbHMK IIyTeM 3alaHud
# KOOPOMHAT KaXIOM €TI0 TOUKM:

c.create polygon (100, 10, 20, 90, 180, 90)
c.create polygon (40, 110, 160, 110,

190, 180, 10, 180,

fill='orange', outline='black'")
# KOOp,JZ[MHa'I‘bI TOUEeK MOXHO 3aKJIUaThb B CKO@KVII
c.create polygon( (40, 110), (160, 110),

(190, 180), (10, 180),

fill='orange', outline='black')

root.mainloop ()

[ | create_oval: COo34aHue J3JIJINIICOB
create_oval co3gaet annuncel. Mpu 3ToM 3a4al0TcA KOOpPAMHATbl TMNOTETUYECKOro NPSAMOYFO/IbHUKA,
OMMCbIBAOLLErO 3AAUNC. ECAN HYKHO MNOIYYUTb KPYT, TO COOTBETCTBEHHO OMUCbIBAEMbIN NPAMOYTONbHUK
[0/1KeH bblTb KBaApPaTOM.

c.create oval (50, 10, 150, 110, width=2)
c.create oval (10, 120, 190, 190, fill='grey70', outline='white')

MeToZ, create_arc: B 3aBUCMMOCTM OT 3Ha4YeHMA onumm style MoXHO Nony4nTb

B ceKkTop (No ymonyaHuio),
m cermeHT (CHORD),
m ayry (ARC).

TaKXke KaK B c/lyyae create_oval KoopayHaTbl 3a4at0T NPAMOYFO/IbHUK, B KOTOPbIV BNUCAaHa OKPYKHOCTb
(nnm annnnc), us KoTopoit "BbipesaeTca” cekTop, cermeHT uam ayry. Onumum start npMcBamBaeTca rpaayc
Hauyana ¢purypsl, extent onpegenset yron noBopora.

from tkinter import *

root = Tk{()

c = Canvas (root, width=200, height=200, bg='white')
c.pack ()

c.create oval (10, 10, 190, 190, fill='lightgrey', outline='white')
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c.create arc(10, 10, 190, 190, start=0, extent=45, fill='red')
c.create arc(10, 10, 190, 190, start=180, extent=25, fill='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 ()

B CinoxHbie GopMbI
MorkHo 6e3 npobaem HapucoBaTb Kpyr, oBan U npoyme GUrypol, BKAOYAA KPUBOAUHENHble. IMeHHO
ONA 3TOM UeNn 1 NpeaHasHayeH Koa Huxe:

#

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 forms')
self.pack (£fil1=BOTH, expand=1l)

canvas=Canvas (self) # cospmaeTrca BumxeT Canvas

# y Bcex omumryp kxoHTyp (outline) okpacuTcda B KpacHBM uBeT, 3anmuera (fill)
# Oynmer seneHoM. llumpmHa koHTypa (width) — 2 px.

# xpyr - create oval... IlepBele 4 napaMmeTpa HYXHH OJIS8 yKa3aHUA

# oTrpaHMUMBALIMX KOOPIOMHAT :

x0, y0, x1, yl - gBIA0TCS KOOpAMHaATaMM IPaBOV HUXHEN U BepxXHeNU
JIEBOM TOUEK KBalpaTa, I'Ie IIOMelleH KpyT.

AHAJIOTMUYHO CO3IOAaeTCHd M OBajl — MEHAITCsS JIMilb [IepBble 4 IapaMeTpa

4= W 4

canvas.create oval (10, 10, 100, 100,
outline="#f11",
fill="#1f1",
width=2)

canvas.create oval(110, 10, 210, 75,
outline="#f11",
fill="#1f1",
width=2)
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# OIPSAMOYTOJILHUK TOXEe MMeeT KOOPAMHATHHE BHAaUYeHUs X UM Yy, KOTOPHE
# ABJIAIOTCA OTPAHUUMTEJIbHEIMU TOUYKAMU
canvas.create rectangle (250,10, 300,70,
outline="#f11",

fill="#1f1",
width=2)
# oyra (apka) ®TO YacThb KpyTa. Hamo ykaszsaTb OI'PaHMUYUTEJIbHEE
# KOOPIMHATH IYyTH:
# nepeele 4 napamerpa x0, y0, x1, yl - 4BIg0OTCH KOOPIMHATAMU
# NpaBoOM HIWXHEM U BepxXHEeM JIeBOM TOodek KbazpaTa,
# rge IOMelleH nyra, IapaMeTp start onpegesiger yrojg nOyru,
# napamMeTp extent ycraHaBIMBaeT pasMep yrJja
canvas.create arc(25, 250, 100, 120,
start=0, extent=210,
outline="#f11', fill='#1f1"',
width=2)
# MHOT'OYTOJILHMK: MHOTO YIJIOB, ¥ COOTBETCTBYWIEE KOJMUUECTBO
# KOOPIMHATHEIX 3HAUeHUM B MacCuBe 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 (fi11=BOTH, expand=1)

def main() :
root=Tk ()
ex=Example ()
root.geometry ('400x250+300+300")
root.mainloop ()
if name ==' main_ ':
main ()

#

create text: pasMeleHre TeKCTa Ha KaHBe

C nomolbio MeToaa create_text Ha KaHBe (X0/CTe) pasmelllaeTca TEKCT:

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")

Mo YMO/THaHUIKO B 3a,£l,aHH0171 KOOpAuHaTe pacnosiaraetca LeHTp TEKCTOBOM Haanucu.
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YT06bl M3MEHWUTL 3TO U (HampMmep) PasmMecTUTb NO YKa3aHHOW KoopauHaTe JIeBYlO rpaHuLy TeKCTa,
HaA0 MUCNO/b30BaTb AKOPb CO 3HaYeHnem W (oT aHrn. west — 3anag). [lpyrue sHayeHus akopsa:

N, NE, E, SE, S, SW, W, NW.

Ecnv ByKB, 334al0WMX CTOPOHY NPWBA3KK, ABE, TO BTOpas onpeaenseT BePTUKANbHYIO NPUBA3KY (BBEPX
WUnKn BHM3 "ynaeT" TeKCT oT 3agaHHOM KoopamHaTbl). CBOMCTBO justify onpeaensert BbipaBHMBaHME TEKCTA
OTHOCUTE/IbHO cebs camoro.

from tkinter import *

root = Tk()

Q

= Canvas (root, width=200, height=200, bg='white')
.pack ()

Q

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 ()

[ | OﬁpameHne K CO3JaHHBbIM cl)m'ypaM AJIAd U3MEHEHUA UX CBOVCTB
PaHee 6blN10 ONMCAHO pasmeLLeHME FTeOMETPUYECKMX MPUMUTUBOB Ha 3K3emnnape Canvas, ganee byayt
paccmoTpeHbl cnocobbl obpalleHna K yxKe co3gaHHbiM durypam ans M3MEHeHUa MX CBOWMCTB, a TaKKe
byaer co3gaHa aHMMaLUus.

B Tkinter cywectByer gBa cnocoba "nometutb" ©uUrypbl, pasmMelleHHble Ha Xo/cTe, — 3TO
naeHTMdUKaTopbl U TEru.

NoeHTUdMKATOPbI BCErAa YHUKaNbHbI ANS KaXK4oro obbekTa. [Ba 06beKTa He MOryT MMeTb O4HU U TOT
e naeHtuoukaTop.

Tern HE yHuMKanoHbl. Fpynna o6beKTOB Ha XOACTE MOXKET MMETb OAWMH W TOT Ke Ter. ITo AaeT
BO3MOHOCTb MEHATbL CBOMCTBA BCEW rPYNMbl OO bEKTOB.

OTpenbHo B3ATaA ¢urypa Ha Canvas MOXKET MUMETb KaK UOEeHTUDUKATOP, TaK U Ter.

B MHaentudukaropbl
MeToapl, co3palowme ouUrypbl Ha KaHBe (Ha XOJ/ICTe), BO3BPALLAlOT YWUC/IEHHble 3HayeHus -
NMOeHTUOMKATOPbl 3TMX OOBEKTOB, Yepe3 KOoTopble MOMKHO 06pallaTbCA K CO34aHHbIM durypam u
KOTOPbIE MOXHO MPUCBOUTb MEPEMEHHbIM.

#

from tkinter import *

root = Tk{()
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cnv = Canvas (width=300, height=300, bg='white')
cnv.focus set ()
cnv.pack ()

# BeséHelt KpyT
ball = cnv.create oval (140, 140, 160, 160, fill='green')

# OH IBMUTaeTCsa IO XOJICTY (KaHBe) C IOMOIBI CTPEJIOK Ha KJjaBuaType.
# Ilpm cospmaHMM KPyTa MeTomoM create oval or mmenm oBrwexra Canvas,
# mmeHTUOMKATOP BTOTO Kpyra NPUCBAMBAETCHS IepeMeHHOM ball.

# oyHxuMM oBpaboTkum cobeiTuit '<Up>', '<Down>', '<Left>', '<Right>"
# obwbexTa cnv (Canvas)
cnv.bind ('<Up>"', lambda event, b = ball: cnv.move (b, 0, -2))
# cMmemeHre o kaHBe oObekTa ball BHUS3
cnv.bind ('<Down>"', lambda event, b = ball: cnv.move (b, 0, 2))
# cmemenme no kaHBe oOBekTa ball BBepx
cnv.bind('<Left>', lambda event, b = ball: cnv.move(b,-2, 0))
# cmMmemeHue no kaHBe oOBekTa ball BJeBO
cnv.bind ('<Right>"', lambda event, b = ball: cnv.move (b, 2, 0))
# cMemenme no xauBe obvekTa ball BHpPaBO
COOEITHKE
lambda obyHKUMA 0OpabOoTKM COOBITUA :
MeTon move of6vekTa cnv Canvas B KadeCTBe aplyMeHTa
NpMHMMaeT IepeMeHHy b (B lambda en npuceampaeTCcsa 3HadeHMe ball)
Y CMENleHrEe IO OCSM.
O6sga3aTeNbHEM [IO3MLUMOHHEY apl'yMeHT event (6e3 Hero HUKAK)

R

B lambda oyHkUMM 0OpabOTKM COOEITMSA HEe MCIOJIb3yeTCsd

root.mainloop ()

B Tern
Ter aBnaAeTca CBOMCTBOM 06bEKTa M NpUcBanBaeTcs 06bEKTY Npu ero co3gaHuu. [ina atoro atpmbyty tag
NPMCBamMBaeTCA CTPOKAa C MMeHem Tera. B oTanume oT mnaeHTMOUMKATOPOB, KOTOpble ABAAKOTCA
YHUKANbHbIMK AN1A KaXKA0ro 06beKTa, OAUH U TOT Ke Ter MOXeT NPUCBaMBaTbCA PasHbIM 06beKkTam.
JdanbHenwee obpalleHNe K TaKOMy Tery No3Bo/IAeT U3MEHSATb CBOMCTBA BCeEX 0O6LEKTOB, KOTOpble Bbian
nomeyeHbl STUM TEFOM NPU X CO34aAHUN.

Danee B npumepe ananmnc  AIMHNA nNnomeyvyeHbl O AHUM U TEM e TEToMm, a q)yHKLI,VIFI setcolor nsmenser
LLBET BCEX 06BEKTOB C TErOom groupl.

B oTanumne oT umeHun naeHtTuduKaTopa, KOTopoe ABAAETCA NepeMeHHOM, UMA Tera NpeacTaBaseT cobom
CTPOKOBOE 3HaYeHME N 3aKNH0YAETCA B KaBbIYKM.

wuan

B oTnuume OT UIOEHTUOMKATOPOB, KOTOPHE SABJILIOTCS YHMKAJIBHBEIMM IJIS KaXIOI'O
oObeKTa, OOMH M TOT Xe& TeI MOXET IPMUCBaMBATHLCS Pa3HBEIM ODOBEKTaM.
IanpHenee obpalleHMe K TakoMy TeIy I[O3BOJISEeT M3MEHSTb CBOMCTBA

BCex OOBEKTOB, KOTOpPHE OBUIM I[IOMEUEHH 3TUM TEI'OM.

3nech JIMHMS UM BJIJIMIIC I[IOMEeYeHB OINHMM M TeM Xe TeroMm, a oGyHkumsa setcolor
VUBMeHIeT LBeT Bcex OOBeKTOB C TeroM groupl.

B oTnmuye OT MMEHM MIeHTuduKaTopa (IepeMeHHasd), MMA Tera 3aKjodaeTcsd
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B KaBHUKM (CTPOKOBOE 3HaudYeHUE) .
mwmoan

from tkinter import *

# OyHKUMS 0Bpab®oTKM COOBITUS
def setcolor (event) :
c.itemconfig('groupl', width=3, fill="red")
# nna Bcex OOBEKTOB MO Tery 'groupl' Ha IaHHOM KaHBE C...

root = Tk()

c = Canvas (width=460, height=150, bg='white')
c.pack ()

# oOmpexTH nom omHMM TeroM "groupl"
oval = c.create oval(30, 10, 130, 80, tag="groupl")

c.create line (10, 100, 450, 100, tag="groupl")

#

#

c.bind('<Button-3>', setcolor)

# mMeJIY0K IIPaBOM MEIIMHOM KHOIIKOM IO KaHBe - QyHKUMS 00pab®oTKM COOBITHUSA

root.mainloop ()

#

B IIpuBsA3Ka cOGLITHA
MeTog tag_bind nossonseT npuesasaTb cobbiTMe (HaNpMUMeEP, WENYOK KHOMKOM MbIWK) K onpeaeneHHown
¢urype Ha Canvas. Takum 06pasom, MOXKHO peanr3oBaTb 0bpalleHne K pas3iMyHbiM 061acTAM XOACTa C
MOMOLLbHO OAHOTO M TOFO e cobbITUA.

Janee npumep unNlOCTpUpYyeT, KaK U3MEHEHWA Ha XOCTe 3aBMCAT OT TOro, rae MpPOu3BeAEeH KIWK.
MeTog delete yaanaet o6beKT. ECM HYKHO OYUCTUTL XO/ICT, TO BMECTO MAEHTUUKATOPOB MM TEros
MCNONb3yeTCA KOHCTaHTa ALL.

wuan

Meron tag bind nosposfgeT npuBA3aTh COOHTHME (HANPMUMEP, WEJIYOK KHOMKOM
MEIIM) K oIpenejyieHHOM ourype Ha Canvas. TaxkuMm oOpas3oM, C IIOMOIBI OOHOITO U
TOT'O Xe COOHBITMS, MOXHO peain30BaTh obOpalleHMe K pasJjIMUHBIM 00JIacTaM
xXoJyicTa. Jajiee NpMMEP WMIJINCTPMPYEeT, KaK M3MEHEHMA Ha XOJICTe 3aBMCAT OT
TOTO, T'Oe NPOM3BEOEeH KIMK.

MeTon delete ymansger oOBekT. ECHIM HYXHO OUMCTUTE XOJICT, BMECTO
UOEHTUOUKATOPOB MJIM TET'OB MCIIOJNIL3yeTCs KOHCTaHTa ALL.

wuan

from tkinter import *

#

# dyuxuum oBpaboTKM COOHTUM (WEeJYKM IO Pas3HEIM 00JacTaM KaHBH)

def blue oval func(event):
c.delete (ALL)
c.create text (100, 50, text="OumcTure KaHBY")

def oval func (event):
c.delete (oval)
c.create text (80, 50, text="Kpyr")

def rect func(event):
c.delete("rect")

263



c.create text (230, 50, text="IpamoyrojepHMUK")

def triangle func(event) :
c.delete(trian)
c.create text (380, 50, text="TpeyromnbHux")

co3IaHMe TJIaBHOT'O OKHa IIPMIJIOXEHUA
root = Tk() # BapmanT 1

+=

c = Canvas (width=460, height=100, bg='grey80'")
c.pack ()

#

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, fill="blue",
tag="blue oval")

#

# mpwBa3Ka 10 CChHUIKE Ha 00BeKT (umeHTubmxaTop oval)

c.tag bind(oval, '<Button-1>', oval func)

# mpuBsaska no Tery (tag="rect")

c.tag _bind("rect", '<Button-1>', rect func)

# OpuBA3Ka IO CCHUIKE Ha OO0BEeKT (ummeHTudukaTop trian)

c.tag bind(trian, '<Button-1>', triangle func)

# npuBg3Ka O TEery (tag="blue oval") 'TacuTb Ha XOJICTe BCE!'"

c.tag _bind("blue oval", '<Button-1>', blue oval func)

# UMk 00pPaboTKM COOHITMI 3alyCKaJICS OT MMEHM IJIABHOTO OKHAa MNPUIIOXEHUS
# (Bapmant 1).

# 2ToT 0OBEKT Hamo OBJIO SBHO CO3IOAaBAaTh, a 3aTeM OT €TI0 MMEHM BHISHBATH
# meTom .mainloop

# DTO mpMBOOMIIO K 'HedBHOMY' BE30BY OyHKUMM mainloop () M 3amnyCckKy LMKJIA.
# root.mainloop() # BapmanT 1

# B KauecTBe aJlbTEPHATMBH (BapMaHT 2) BO3MOXEH HENOCPENCTBEHHH BEI3OB

# oyHkUMM mainloop () ¥ Banyck LUukjIa oBpab®oTkKy COOHITUIM. I[JI@aBHOE OKHO
# npwuioxeHMs SBHEM oOpaszoM npu 3ToM HE cos3maércs.

mainloop () # BapuaHT 2

#

B HacTtpoiiku OKOH

Ob6bluHble OKHa, B KOTOpPbIX pacnonaratoTcA BUAXETbI, B Tkinter nopoXAakTCA HE TOJIbKO OT KnacCa Tk,
HO U OT TOplGVEl. Ot Tk NPUHATO CO34aBaTb rN1aBHOe OKHO. Ecin co3paetcA MHOMOOKOHHOe

npunoxeHune, To OCTta/ibHble OKHAa CO34al0TCA OT Toplevel. MeToapbl 060MX KNACCOB CXOXKMU.

Pasmep ¥ MONOXKeHWEe OKHa: MO YMOJYAHWMIO OKHO NPWUIOMKEHWUA MOSBAAETCA B BEPXHEM JIEBOM YI/y
3KpaHa. Ero pasmep (WMpuHa U BbICOTA) ONPeLeNsaeTcs COBOKYMHOCTbIO Pa3smMepoB PACMNONOMKEHHbIX B
HeM BUAKeTOB. B cyyae ecam oKHo nycToe, To tkinter yctaHaBamMBaeT no ymonyaHuto ero pasmep B 200
Ha 200 nuKkcenei. C Nomowplo meToda geometry MOMXKHO M3MEHUTb KaK pasmep OKHa, TaK U ero

nonoxeHune. MeToz NpMHMMAET CTPOKY onpegeneHHoro ¢opmarTa.

#

from tkinter import *
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root = Tk()
root.geometry ('600x400+200+100")

root.mainloop ()

#

MepBble ABa YMC/a B CTPOKE-aprymeHTe geometry 3a4atoT WWPUHY M BbICOTY OKHa. BTopas napa uucen
0603HaYaeT cMelLeHMe Ha IKpaHe No OCAM X 1 Y.

B npumepe okHo pasmepom 600 Ha 400 bygeTr cmeleHO OT BepxHel /IeBOM TOYKM 3KpaHa Ha 200
nuKcesnel Bnpaso 1 Ha 100 nuKcenel BHU3.

Echn nepeg obonmm CMeWEHNAMN BMeECTO NMKOCa YKa3blBaeTCA MUHYC, TO pacyeT npoucxoaut OT
HUXHUX NPaBbIX YrN10B 3KpaHa U OKHa.

Mpw BbINONHEHWUN BblpaxkeHus root.geometry('600x400-0-0') OKHO NOABAAETCA B HUKHEM NPABOM Yry.
B aprymeHTe meToa geometry MOXKHO He yKa3biBaTb M0 pasmep, iMboO cmelleHume.

Hanpumep, 4tobbl CMECTUTb OKHO, HO MPWU 3TOM HE MEHATb ero pasmep, AOCTAaTOYHO HamnucaTb
root.geometry('+200+100').

BbiBaeT ya06HO, YTOObI OKHO MPUIOXKEHUA PA3MeLLasNocb B LieHTpe 3KpaHa. [Janee nokasaH cnocob
pasMelLeHNA OKHa C onpenenéHHbIMU pasmepamm B 334aHHON TOUYKE OTHOCUTENIbHO LEHTPa 3KpaHa.
MeTtoabl winfo_screenwidth n winfo_screenheight Bo3BpaluatoT pasmepsbl (B NUKCeNAx no LWMPUHE U
BbicOTe) pparmeHTa 3KpaHa, 3aHUMAEMOTO OKHOM MPUIONKEHUSA:

w = root.winfo screenwidth ()

h = root.winfo screenheight ()

w = w//2 # cepemuHa sKpaHa

h = h//2

w =w - 200 # cMmemeHMe OT CepenuHEH
h =h - 200

root.geometry ('400x400+{}+{}"'.format (w, h))

3a0ecb M3 onpeaenéHHbIX 3HAYEeHWM, PABHbIX MNONOBUMHE LWMPWUHBLI M BbICOTbI $parmMeHTa 3KpaHa
BbluMTaeTcA no 200 nukcenen. MiHaye B LEHTPe 3KpaHa OKa3blBAETCA BEPXHUIW NEBbIA YrON OKHa, a He
ero cepegmHa.

Ecnn pasmep OKHa HEM3BECTEH, ero MOXHO NOJyYMTb C MOMOLLBIO TOFO e meToaa geometry, Ho 6e3
aprymeHToB. B 3TOm caydae MeToj BO3BPALLAET CTPOKY, COAEP)Kallylo CBeAeHMs O pasmepax U
CMELLEHMM, U3 KOTOPOI MOKHO ONpPeaeiUTb LMPUHY M BbICOTY OKHA MPUIOMKEHMUA.

EciM pasMep OKHAa HEM3BECTEH, TO €r'0 MOXHO MNOJYUMTH C [OMOUBI TOTO Xe
MeToma geometry, HO 6e3 apryMeHTOB. B 2TOM cjiyyae MeTOJI BO3BpalaeT
CTPOKY, COHepXallyld CBEOEeHMs O pasMepax U CMemeHur, M3 KOTOPOM MOXHO
M3BJIeUb WUPUHY M BEICOTY OKHA.

H= o S 3 e

from tkinter import *
# B 2TOM NPWIJIOXEHMM OUEHb MHOT'OE€ BaBsg3aHO Ha IJIABHOE OKHO IIPUJIOXEHMSI
# n mosToMy 0e3 ABHOTO yHOMMHAHMS OOBekTa root HMKAK He O0OOMTUCH !

root = Tk() # cos3maHMe OKHa

# Khomka - Merka - Kuomnka
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 mosBoJseT mepes3arpy3muThk HaHHHE OO0 OKHE I[IOCJe pa3MelleHUA
# Ha HeM BUIXETOB. lHaue geometry BepHET CTPOKY, TIe WLMPMHA M BECOTA
# paBHALTCA IO OOHOMY MOUKCEJ.

root.update idletasks ()
s = root.geometry ()

# pasbop cTpoku Cc mMHOOM 0O OKHe

s = s.split('+") LMpKHa X BEICOTa + CMelleHMe Ha 3KpaHe 1no X +
CMelleHMe Ha 3KpaHe o Y

s[0] (umpmua) s[1l] (BeICcOTA)

mWypPMHa OKHa

BEICOTA OKHa

s = s[0].split('x")
width root = int(s[0
height root = int(s]

1)
11)

4= % 3 S

# KOJIMUeCTBO MNUMKCEJIEV B5KpaHa, Ha KOTOPOM MNOSBJISETCS OKHO.

w root.winfo screenwidth ()

h = root.winfo screenheight ()

# I[OJOBMHA KOJIMUECTBA [MKCEJIeM ®KpaHa, Ha KOTOPOM IOSBJISETCS OKHO.
w=w// 2

h=h// 2

# HOBHIE 3HAUEHUS W U h

w = w - width root // 2

h h - height root // 2

# dYTOOBI CMECTUTHL OKHO, HO HE MEeHAThL eTr0o pasMep, Hamo COOpMUPOBATH CTPOKY
# - str pos u nomaTe €& Kak apr'yMeHT B MeTod Jgeometry...

str pos = '"+{0}+{1}'.format (w, h)

root.geometry (str pos)

# nubo cmeylaTb TO Xe caMoe B OIHOM ollepaTope

# root.geometry ('+{0}+{1}'.format (w, h))

root.mainloop ()

#

B 3a020/10860K OKHa

Mo ymonyaHWIO OKHO MOXKeT pPa3BOpayYMBaATbCA HA BeCb 3KpPaH, a TaKXe W3MEeHATb ero pasmep,

pasaBuras rpaHuLbl. 3TM BO3MOMKHOCTU MOMKHO OTK/AOYUTL C MOMOLLbIO MeToAa resizable.

Tak root.resizable(False, False) 3anpeTut nsmeHeHne pasmepoB r1aBHOrO OKHa KaK Mo ropusoHTanu, Tak
W BepTUKanW. PasBepHyTb Ha BECb 3KpaH ero Takxe byaeT HEBO3MOXKHO, NMPWU 3TOM COOTBETCTBYHOLLAA

KHOMKa pa3BOpOTa NCHE3AET.

Mo ymo/iYaHMIO B CTPOKE 3aro/oBKa OKHa HaxoautcAa Hagnucb "tk". [Ona ycTaHoBKM cobcTBeHHOro

Ha3BaHWUA UCMONb3YETCA METO, title.

root.title ("I'staBHOE OKHO")

3aro/IoBOK OKHa MOKHO B0OO6Le ybpaTb. B npuaoxeHun Huxe BTopoe okHo (Toplevel) oTkpbiBaeTcs
NPW KAWKe Ha KHOMKY, OHO HEe MMEET 3aro/I0BKa, TaK Kak K Hemy 6bin1 npumeHeH meTog overrideredirect

C aprymeHTom True. qepes HECKOJIbKO CEKYH/A, 3TO OKHO 3aKpPbIBAE€TCA C NOMOLbIO meTo4a destroy.

#

from tkinter import *

byHkUMA 0OpaboTKM COOBITUA
IO HaXaTuy Ha KHOOKy 'about' OyzeT co3maHO BTOPOE OKHO U 3aperucTpupoBaHa
aHoHMMHasa lambda ¢yHxuma (obpadorumk cobuTus 5000 TMkOB), KOTOpas 3TO

caMoOe OKHO BakpoeT uepes’ HaszHaueHHee 5000 TmkoB

H oW W e
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def about () :

a = Toplevel () # BTOpOE OKHO MPUIIOXEHUS
a.geometry ('200x150")

al'bg'] = 'grey'

a.overrideredirect (True) # 0es3 B3arojioBKa, HO C METKOM

Label (a, text="About this") .pack (expand=1)

# Meronm after () noszsosnsger perucTpupoBaTh lambda byHKLMIO

# (byHKUMIO OOpPaTHOTO BEI3OBA),

# KOTOpasa BHIBHIBAETCS IIOCJIE 3alepXKM, BalaHHOM B MMUJIJIMCEKYHIaX

# B ocHOBHOM Lukiye Tkinter m 3axpeBaeT 5TO CaMO€ BTOPOE OKHO.
a.after (5000, lambda: a.destroy())

# cobuTre (5000 TMKOB)

# AQHOHMMHAaSA QyHKLUMA — 00paboTumk COOHTHA (3aKPBEBAET OKHO)

#

root = Tk{()
root.title ("I'staBHOE OKHO")

# BMIXETH
Button (text="Button", width=20) .pack()
Label (text="Label", width=20, height=3) .pack()
Button (text="About", width=20, command=about) .pack() # xHomka c
# obpaboTkoM COBBITHA

# MeTonm after B mencTBUU

# DTOT KOI BHIBEIEST (===== 1-———- »,

# «———-- 2-———-— » u,

# HakoHel], uYepes HEeKOTOPOEe BPEeMsa «———-—-— 3-=——- » .

# Bce »TO BpeMsa rpabmuueckuit mHTepberic OymeT oCTaBaATHCS HOOCTYIIHEIM,
# ¥ moJb30BATEN M CMOTYT B3aMMOIEMCTBOBATL C IIPUJIOXKEHMEM.

print ('----- l1-———- ")

root.after (3000, lambda: print('----- 3—=———- "))

print ('----- 2===== ")

#

# umka obpaboTku COOBITUMI
root.mainloop ()

#

B MeHexep reometrpum grid
MeHepaxepbl reomeTpun B Tkinter: paHee paccmoTpeHHbI Pack, Place, Grid. "Grid" - ato "ceTka" unu
Tabnuua. Y BCex BWUAMKETOB €CTb COOTBETCTBYIOWMIM AaHHOMY MEHeAKepy MeTod, KOTopbii
obecneunBaeT TabaNYHbIN CNOCO6 pasmeLLeHNs BUAKETOB.

Mpwu pa3paboTKe CNOXKHbIX NHTEPDENCOB TaBANYHBIN CNOCOD pasMelLeHUs BUAKETOB NpPeanoYTUTeNeH
n3-3a ero rubkoctn 1 yaobcrea (?). OH no3BosseT nsbexxaTb UCNONb30BAHNA MHOXKeCTBA Gpelimos, YTo
HeunsbexkHOo B c/lydae ynakosuwmKka Pack.

B IIpaBuia npuMeHeHUs1 MmeToja grid
Mpu pasmellleHUN BUAKETOB MeToAoM grid poanTenbCKUiA KOoHTelHep (06blMHO 3TO OKHO) YCNOBHO
pasgenseTcs Ha AYerknm noaobHo Tabauue. Agpec KarKaol AYEMKM COCTOMT M3 HOMEpPa CTPOKU WU
Homepa cTonbua. Hymepauma HauMHaeTcs ¢ Hyna. A4ekn MOXHO 06beaMHATL Kak Mo BEPTUKAAU, TaK U
no ropmsoHTanun. Mpu obbvegmHeHNn aveek obLas suelika 0603Ha4YaeTca agpecom Nnepso.

HuKakmMx npeaBapuTesibHbIX KOMaHZ, MO pa3bueHuio poaUTENbCKOro BUAMKETa Ha SYENKM He
BbinonHseTcA. Tkinter aenaet 310 cam (!), Mcxoas M3 yKasaHHbIX NO3ULMIA BUAMKETOB. PasmellieHue
BUAMKETA B TOM MAM MHOWN fUYeMKe 3a[laeTcsA Yepes apryMeHTbl row (Homep CTpoku) n column (Homep
cTonbua).
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Ona  obbeguHeHWAa AYeeK MO TOPM3OHTa/NM  MCMOAb3yeTca aTpubyT columnspan, KoTopomy
npucBaMBaeTca KOAMYEecTBO obbeauHAemblx fAdeeKk. s oO0beaAMHEHMA AYeeK MO  BepTUKanu
ncnosb3yeTtcs aTpubyT rowspan.

MpumeHeHne meHeaKepa reomeTpun Grid. O6WMIn noaxoa;:

H 06Wuih An3aiH C NepeyHeM BUAKETOB U Npeanosiaraemon nx okanamnsaume,

H npeacTaB/ieHME CXeMbI B BUAE Tabanupl ¢ (BO3MOXKHO 06begMHEHHBIMK AYEKamu),

H Hymepauus syeeK (BO3MOXKHO 06beIMHEHHDIX), B KOTOPbIX NpeanonaraeTca pasmellaTtb
BUOMKETDI,

H Koa.

#

from tkinter import *

root = Tk{()

Label (text="Mmsa:") .grid (row=0, column=0)

Entry(width=30) .grid(row=0, column=1, columnspan=3)

Label (text="Crombuor:") .grid(row=1, column=0)
Spinbox (width=7, from =1, to=50).grid(row=1, column=1)
Label (text="Crpoxk:") .grid(row=1, column=2)

Spinbox (width=7, from =1, to=100).grid(row=1, column=3)

Button (text="CnpaBka") .grid (row=2, column=0)
Button (text="BcraBurs") .grid (row=2, column=2)
Button (text="0OrMeHuTs") .grid (row=2, column=3)

root.mainloop ()

#

B /Ipyrue aprymeHThbl MeTO/a grid
Y meToga grid (Kak u y metoga pack) umetotca aTpmbyThl g8 3a4aHWUA BHELWHUX U BHYTPEHHMX OTCTYNOB
(padx, pady, ipadx, ipady).

NmeeTca aTpubyT sticky (nMNKKit), KOTOpbIN NPUHMMAET 3HaYeHMUA Hanpas/ieHuit cTopoH ceeTa (N, S, W,
E, NW, NE, SW, SE). Ecnn, Hanpumep, yKasatb NW, To BUAMKET NPUIMIMHET K BEPXHEMY JIEBOMY Yray
AYerKN. BUarKeTbl MOXKHO pacTarMBaTb Ha Becb 06bem auelkn (sticky=N+S+W+E) nam Tonbko no oaHowm
n3 oceit (N+S nnm W+E). 3ddekT oT aprymenTa sticky (nnMnkuii) 3ameTeH, TONbKO €CAM BUAMKET MeHbLLe
AYEnKN.

[danee B npumepe UCNoNb3yloTCA BUAMKETbI Knacca Spinbox. Spinbox noxox Ha Entry, HO ana Hero
3aZaeTca CNUCOK MPUHMMAEMbIX 3HAUYEHUI U CKpoaaep AN nepebopa 3Ha4YeHUIM U3 CnCKa.
from tkinter import *

# Bapmanr 1 cospaHme IJIABHOTO OKHA I[IPMIIOXEHVIS
#root = Tk()

Label (text="Mmsa:") .grid (row=0, column=0, sticky=W, pady=10, padx=10)
table name = Entry()
table name.grid(row=0, column=1, columnspan=3, sticky=W + E, padx=10)

Label (text="Crombuor:") .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="Crpoxk:") .grid (row=1, column=2, sticky=E)

Spinbox (width=7, from =1, to=100).grid(row=1, column=3, sticky=E, padx=10)
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Button (text="Cnpasxa") .grid(row=2, column=0, pady=10, padx=10)
Button (text="BcTraBure") .grid (row=2, column=2)
Button (text="0OrMmeHnuTrs") .grid (row=2, column=3, padx=10)

# Bapmanr 1 sBanyck Lukia OOpabOTKM COOEITMIA OT MMEHM root
#root.mainloop ()

# BapMaHT 2 HENOCPEeICTBEHHEN BH30B QyHKUMU mainloop
mainloop ()

C nomoubto metonos grid_remove u grid_forget MoXHO caenatb BUAKET HEBUAMMbIM. OTANYME MeKAY
3TMUMW MeToZaMM B TOM, 4TO grid_remove 3anoMMHAET NpeXKHee MOJIOXKeHMe BuaxKeTa. [na ero
oTOOpaXKeHMA B MPEXKHeN ayelke AOCTAaTOYHO npumeHuTb grid 6e3 aprymenToB. MNocne grid forget
HYXHO 3aHOBO KOHpUIYPUPOBATL NOIOKEHWNE BUAMKETA.

C momompio MeTonoB grid remove m grid forget MOXHO cHenaTb BUIXET
HeBUIUMEIM. OTAMYME MeXIy MeTOomaMu:
grid remove 3anoMMHaeT MNPEeXHee MOJIOXeHME BUIXeTa.
I ero oToOpaxeHMs B IIPEXHEN SdYeMKe IOCTaTOYHO IPVMMEHMTH
grid 6e3 apTryMeHTOB.
grid forget zabbiBaeT NpexHee IMOJIOKEeHME BUIKETA.
I oToOpaxXeHMs HYXHO BUIDKETa HYXHO B3aHOBO KOHOUIYyPMPOBATH
€T0o IIOJIOXEHME .

S o S SR R e e SR o o

from tkinter import *

# OyHKUMM - O0Opa®oTUMKU COBBITUMN
def rem():

global 11 flag

if 11 flag ==

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() # BapmantT 1

11 flag =1
12 flag =1

11
12

Label (width=5, height=3, bg='blue')
Label (width=5, height=3, bg='green')

# KHONKM C Ha3HAUEHHEMM OOpaboTuMkaMu COOBITUM
bl = Button(bg='lightblue', command=rem)
b2 Button (bg='lightgreen', command=forgqg)
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# npuMmeHeHMe MeHemxepa reoMmeTpuu grid
11.grid(row=0)
12.grid(row=1)
bl.grid(row=2)
b2.grid (row=3)

# root.mainloop () # BapmanT 1
mainloop () # BapMaHT 2 HENOCPEeNCTBEHHH BEI3OB
# OyHKUMM 3amnycka LMKIa o0paboTku

#

B npunoxeHuun ronybas MeTKa nocse yaaneHus byaeT noaBasTbCA B TOM e mecTe, rae 6biia 4o 3Toro,
HECMOTPSA Ha TO, YTO B GYHKLMM rem K HeW NpumeHseTca meTos grid 6e3 HacTpoek.

B oTanume oOT Hee 3eneHaa MeTKa, ecau en He YKa3atb MeCTO pasmelleHnAa nocse yaaneHua,
nossaAanacb Obl nog KHonkamu. CKpbiTMe BUAXKETOB 6biBaeT HEO6XO,EI,MMO B Tex CAay4daax, Koraa,
Hanpumep, ot Bb|60pa nonb3oBaTeNA B O,CI,HOI7| 4actn MHTep¢el7|ca 3aBUCUT, KaKne BULOXKETbI MOABATCA B

ApPYro.

B MerTtogz grid: npuMeHeHMe
MeToz, No3BoNAET NOMECTUTb BUAXKET B KOHKPETHYIO AYENKy YCNOBHOW ceTkn nnbo rpuga. Mpu atom
MCMO/b3YIOTCA NAapameTpbl:

column — 370 HOMep cTonbUa, OTCYUUTLIBAETCA C HYAA;

row — 370 HOMEP CTPOKM, OTCYMTLIBAETCA C HYASA;

columnspan — yKasblBaeT YNCNO CTONBL0B, 3aHMMAEMBIX I/IEMEHTOM;

rowspan — yKasblBaeT YNC/I0 CTPOK;

ipadx v ipady — noapasymeBatoTcA OTCTYNbI MO FOPU30OHTANN U BEPTUKANWN OT rPaHuLL
KOMMNOHEHTa A0 TeKCTa KOMMNOHEHTa,

padx 1 pady — aHaNOrMYHble OTCTYNMbI, HO OT FPaHML, AYENKN TPUAA A0 rPAHNL, KOMNOHEHTA;
B sticky — onpegenset BblpaBHMBaHME 3/1EMEHTA B AYEIKe B C/ly4ae, Korga Adveika bonblue
KOMMNOHEHTa.

[na Hayana pabortbl ¢ Tkinter Hago MMNOPTMPOBATL BUBAMOTEKY.

Hanee — rpyna 13 9 KHOMOK:

#
from tkinter import *
# Hamee - Tpum m3 9 KHOIOK:
root = Tk{()
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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[ | I,ZlI/IEJlJ'IOI‘OBI)Ie OKHa
MakeT tkinter copepsKUT HECKObKO MoAaynel, NPeaocTaBAAoLWMX AOCTYN K Y¥Ke roTOBbIM ANaN0roBbiM
OKHam. JTO OKHa pasUYHbIX coobLIeHUi, Bbibopa No NpuHUMNY "Aa-HeT", OTKPbITUA M COXpaHeHuA
daiinios u ap.

Janee byayT paccmoTpeHbl MpUMepbl OKOH 13 moaynei messagebox u filedialog nakera tkinter.

Moaynu nakeTa HYXXHO MMMOPTUPOBaTb OTAeNbHO. TO ecTb MMNopTUpyeTca coaepxumoe tkinter
(Hanpumep, from tkinter import *) n otaenbHo BXxogAWMI B cOCTaB nakeTa tkinter moaynb.

H HMOopTt MoayJ/ifl M BbI30B PYHKIMI MOAYJIA
Cnocobbl MMnopTa Ha Npumepe Moayaa messagebox v npumep Bbi30Ba 0AHON M3 QYHKUUIA MOAayNA B
3aBMCMMOCTM OT cnocoba umnopra:

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 moxeT 6biTb mb.askyesno()
noboin naeHTudukatop)

[anee 6yaeT ncnonb3osaH NocneaHUN BapuaHT.

#

# Monmymnp messagebox — CTaHOAPTHEE IMAJIOTOBHE OKHAa
# Oxno BeOOpa "ma" wmnm "HeT" - askyesno:

#

from tkinter import *
# VIMIIOPT MOIOYJIA C OMAJIOT'OBEIMM OKHaMIM
from tkinter import messagebox as mb

# o0BpaboTumMk HaXMMaHUS KHOIIKM

def check () :
# mmasorosoe okHO JIA-HET
answer = mb.askyesno (

title="BRomnpoc",
message="IlepeHecT HaHHEE?")

# ecynu OB [OJIYUEH IIOJIOKUTEJIBHEIM OTBEeT (HaxaTa kKHomnka IOA) :
if answer:

s = entry.get () # B oxomke entry NpouMTaTbh BBEOEHHE TEKCT
entry.delete (0, END) # oumcTuTh BMOXEeT Entry
label['text'] = s # mpouMTaHHEIM B Entry MNOMECTUTHL B MeTKe

#

root = Tk() # TUlaBHOE OKHO MPUJIIOXEHUS

entry = Entry() # Bumxer Entry

entry.pack (pady=10) # pasMemeHVe BUIXETa

# KHONKa - BONPOC O Iepemade: CBOMCTBO command CBS3aHO

# c BEIBOBOM OyHkUMM check.
Button (text="IllepemaTre ', command=check) .pack()

label = Label (height=3) # MeTka mJa pasMelleHus IIepenaBaeMoTro TeKcTa
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label.pack()

root.mainloop ()

#

"Ma" B AMaNoroBomMm OKHe BO3BpaLLaeT B nporpammy True,
"HeT" BepHeT False (Tak»Ke Kak 3aKpbITUE OKHa YepEe3 KPECTUK).

Takum obpa3om, B Koae MOXHO obpaboTtatb BblbOp nonb3oBatenda. B pgaHHOM ciydae ecaum
no/ib3oBaTe/lb COrnallaeTca, To AaHHble NepeHoCATCA U3 NoAA B METKY.

Onuuu title 1 message SBNAIOTCA MNO3ULUOHHLIMKW, TaK YTO MOXKHO YKasblBaTb TOJIbKO 3Ha4YeHMUs.
MNoaobHble OKHA reHepupyloTca Npu ucnosb3oBaHUn GpyHKUMM askokcancel ¢ HagnMcamM Ha KHoOMKax
"OK" n "OtmeHa":

askyesno("Bonpoc", "MepeHecTn gaHHbIE?"),

askquestion (Bo3BpauiaeT He True uau False, a cTpoku 'yes' unm 'no'),
askretrycancel ("Nostoputs", "OTmMeHa"),

askyesnocancel ("Oa", "Het", "OTmeHa").

Janee oKkHa ¢ OAHOI‘;1 KHOMKOW, KOTOpble Cny»aT ANnAa BbiBOAaA COO6LU,eHMI‘;1 Pa3/IMYHOI0o XapaKTepa.

310 showerror, showinfo n showwarning.

def check () :
s = entry.get()
if not s.isdigit():
mb.showerror (
"Oumbxa'",
"IIOoJKHO OBITE BBEeIEeHO umMcJjio")
else:
entry.delete (0, END)
label['text'] = s

Cnepytoliee NpuaoKeHMe 0CHOBaHO Ha NpumeHeHnn dyHKum u3 moayns filedialog — askopenfilename
n asksaveasfilename. lMepBana npeaoctaBnfAeT AMANOroBOe OKHO ANA OTKPbITUA dalina, BTopas — Ans
coxpaHeHua. Obe Bo3BpaLLatoT UMA daitna, KOTopbIV A0NKEH BbITb OTKPbIT MW COXPAHEH, HO CaMM OHW
€ro B ANasIOrOBbIX OKHaXxX A1 OTKPbITUA U coxpaHeHua pannos HE oTkpbiBatoT n HE coxpaHsatoT.

370 AenaeTca NPOrpaMmmHbIMKM CPeACTBamMM camoro python.

#

from tkinter import *

# uMnopT MOOYJIS C IOMAJIOTOBEIMM OKHAaMM OTKPEITMS UM COXpaHeHus (anios
from tkinter import filedialog as fd

# dyHkUMa o0OpabfoTuMK COXpPaHeHWUs TeKCcTa
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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# oyHKUMS oOpaboTumMK MNPOUYTEHMS TeKcTa M3 odarna
def extract text():
file name = fd.asksaveasfilename (
# Onumsa filetypes HO3BOJISET NEPEUMCIMUTH Tune (anioB, KOTOPeEe OymoyT
# COXPaHATBCS MM OTKPEIBATHLCH, UM MX PaCULMUPEHMS.
filetypes=(("TXT files", "*.txt"),
("HTML files", "*.html;*.htm"),
("All files™, "*.*")))
f = open(file name, 'w')
s text.get (1.0, END)
f.write (s)
f.close()

#

root = Tk{() # TUlaBHOE OKHO MPUIIOXEHUS

# OKOWKO mJIig BBOIA TEeKCTa
text = Text (width=50, height=25)

# Opu pasMemeHMM TEKCTOBOTO I[OJIS MEeTOIOM grid He ykKas3aHb aplyMEeHTH
# row u column. B Takux ciaydagax 0O yMOJUAHMIO NPennojiaraeTcs, UYTO MUX
# 3HaUeHMd YCTAaHOBJIEHBEI IO HYJIAM.

text.grid(columnspan=2)

# noumsy (row=1l) xuHonkm 'OTkpelTh' um 'CoxXpaHUTH'
bl = Button (text="OTkpuTs", command=insert text)
bl.grid(row=1, sticky=E)

b2 = Button (text="Coxpauurs", command=extract text)
b2.grid(row=1, column=1, sticky=W)
#

root.mainloop ()

#

B Bugxer Menu
MeHI0 — 3TO BMAMET, KOTOPbIM MPWUCYTCTBYET BO MHOIMX MOJ/Ib30BAaTE/IbCKUX MPUIOKEHUAX. ITO
BbiMajalollee OKHO, coAeprKallee pasnmMuHble KomaHabl. OHO pacrnonaraeTca nog, CTPOKOI 3aro/ioBKa u
npeacTaBaseT coboli BbiNagatowme CMCKM Nog CI0BaMU-NMYHKTaMM MeHH0. MyHKTbl KOHEYHbIX CMUCKOB
npeacTaBnsaloT coboli  KomaHAbl, OTKpbIBalOWMe AMANoroBble OKHA, Anbo obecneumsatowme
BbINOJIHEHWE B MPUIOKEHUM KaKUX-TMOO AENCTBUN.

B tkinter sk3emnaap MeHIO co3gaeTca OT Knacca Menu, ganee ero Hago NpYBA3aTb K BUAMKETY, Ha
KOTOPOM OHO byaeT pacnonioreHo. O6bIYHO 3TO F1IAaBHOE OKHO NpuaoXkeHusa. OnumMm menu rnaBHoOro
OKHa MpPUNOXKeHMA NpucBamBaeTca aksemnaap (06bekt) Menu yepe3 MMA CBA3AHHOW C OOBEKTOM
nepemeHHOMN.

from tkinter import *
root = Tk{()
mainmenu = Menu (root)

root.config (menu=mainmenu)

root.mainloop ()

BbinonHeHue atoro Ko4da HUKaKOro MmeHH He MOoKaXKerT. Tak KaK HU OAHOro MNyHKTa MEHK0 He 6bls10
cosgaHo. Mpegnonaraetcs, yto "®Pann" n "CnpasBka" — 310 meTkM anAa obo3HayeHMa KomaHa. Metop,
add_command gob6asnfaeT NyHKT MeH!0:

from tkinter import *

root = Tk()
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mainmenu = Menu (root)
root.config (menu=mainmenu)

mainmenu.add command (label='dann"')
mainmenu.add command(label='Cnpaexa')

root.mainloop ()

O6bI4HO NaHeNb MEHI0 COAEPKMUT BbiNaaatolwme CNUCKM METOK KOMaH/, a camu no cebe meTKu (MyHKTbI
Ha naHenn) KomaHZamu He sBasAoTcA. CobblTMe CMeHbl 3HayeHMAa B BbINAAAOWEM CMAUCKe —
'<<ComboboxSelected>>'. Knuk no BbiNagalowmMm Ccrmnmckam MeETOK KOMaHZ MpuBOAMT ANuUlb K
PaCKpbITUIO COOTBETCTBYIOWLEro CrucKa. K HMM mMoXKHO ao06aBuTb onuuio command MU cBA3aTb UX TEM
CamMbIM C KaKoOW-1Mbo ¢yHKunen-obpaboTuMKom Bbibopa meHto (KAuKa). MoXKHO co3aaBaTb HOBble
aKk3emnaapbl Menu 1 NoABA3bIBaTb UX K INMaBHOMY MeHI0 C NomolLbio meToaa add_cascade.

# MeHo — 3TO BHIAZawlEee OKHO, CoIepxalee pas3JIMUHEE KOMAaHIH .
# npuMep MEHK0 C OIOHMM BJIEMEHTOM.
# [pw HaxaTuy Ha <«BEIXOI» M3 MEHI, IPMUIIOKEHME BaKPHBAETCSH.

from tkinter import Tk, Frame, Menu

#

class Example (Frame) :

def init (self):
super (). init ()
self.initUI ()

# cosmaHme sK3eMIIIgpa MEeH
def initUI (self):
# master - KOpPHEBOE OKHO MNPUJIOKEHMUS MO YMOJUAHUIO
self.master.title ("lIpocToe MeHKR")

# cosmaércsa mnaHesb MeHo. [Jid 3TOTO NpUMeHdeTcsd BuIxeT Menu,
# KOTOpPEII HacTpamBaeTCs IJis OTOOPAaXeHMs B KAUEeCTBE MEHI IJid
# KOpPHEBOTO OKHA.

menubar = Menu(self.master)
self.master.config(menu=menubar)

# cosmaérca oBBeKT MeH 8 ceKumm «darmm».

fileMenu = Menu (menubar)

# moBaBiigeTCcsd HOBHI 3JIeMeHT (KOMaHma) B MeHDn «darmm».

# DOTa xomMaHma OymeT BHSHBATHL MeTOn OonExit ().
fileMenu.add command (label="Bexon", command=self.onExit)
# Meno «darn» pmobaBijgeTcsa Ha IaHeJlb MEeH

# npm nmomomm MeToma add cascade () .
menubar.add cascade (label="®ain", menu=fileMenu)

# oBpaboTumk CcoOOHTMS 'BHIOOP NYHKTA MeHW Brixon'
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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[ | I,ZlOﬁaB.)'IE!HI/Ie NoAMEHI0O AJiId OCHOBHOI'O MEHIO
B cnepgytowem npumepe byaeTr npoaemoHcTpoBaHo gobasneHue noameHto B Tkinter. MogmeHto — 370
MEHI0, BCTPOEHHbIE B ApYyrne snemMeHTbl MeHI0. 3To 06blYHOE MEHIO, KOTOPOE MEePaPXUYECKM BXOAUT B
Apyroe meHto. [lanee npeactaBieHO NOAMEHIO C TPEMA KOMaHZAMM.

#

from tkinter import Tk, Frame, Menu
class Example (Frame) :
def init (self):

super (). init ()
self.initUI ()

# cosznmaHye sK3eMIUISpa MEHD
def initUI (self):
# master - KOpPHEBOE OKHO MPUJIOKEHMUS [0 YMOJIUAHMIO
self.master.title ("JobarjeHue nomMmeHw")

# cosmaérca maHesb MeH. [JIS 3TOTO NpMMeHseTcs BumxeT Menu,
# KOTOpEHII HacTpamBaeTCs IJis OTOOpPaXeHMs B KAaUEeCTBE MEHI IJid
# KOPHEBOTO OKHA.

menubar = Menu (self.master)

self.master.config (menu=menubar)

# cosmaércad OoBBeKT MEeHI OIS CeKUur «damm».
fileMenu = Menu (menubar)

# Imajlee B MOIOMEHI OT OCHOBHOT'O MeHW «Paij» peajiM30BHEl TPU OILIMU.
# Taxxe coszmaéTcsa pasnesMTelib U Topsure KJIAaBMIN.

submenu = Menu (fileMenu)

submenu.add command (label="HoBml1 mcTOuHMK")
submenu.add command (label="3axmanknu")
submenu.add command (label="IlouTa")

# MeH0O «VMIOPTUPOBATL» HOOABJISAETCS Ha [aHEJIb MEHI
# npu nmomomm MeToma add cascade () .
fileMenu.add cascade (label="lMnopTuposars',
menu=submenu,
underline=0)
# PasmenuTesib — 5TO T'OPMB3OHTAJIbHAS JIMHMUSA, KOTOpas BMU3YaJIbHO
# paszmessgeT sSIJEeMEHTH MeHHO. Bjarolapsa pPasOesMTesissM MOXHO
# rpynnupoBaTh BJIEMEHTH B MEHD.
fileMenu.add separator ()

fileMenu.add command (label="Brxon",
underline=0,
command=self.onkExit)
menubar.add cascade (label="®ann", underline=0, menu=fileMenu)

# oBpaboTumk CcoOOHTMS 'BBIOOP NYHKTA MeHW0 Brixon'
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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MoAaMeHI0 NPUKPENAAeTca K OCHOBHOMY MeHto «®Dain», HO He K camoi naHenn meHto. Tak u cosgaeTca
noameHto. Mpu nomolm napameTpa underline MOXKHO YCTaHOBWUTb ropsAYMe KaaBuLIKW. DTOT NnapameTp
noA4YepKMBaET CMMBOJI, 0603HaYaOWMIN ropAYYIO0 KAaBuily KOMaHApbl. Mo3MLMM CMMBOJIOB HauMHaKOTCA
C HynA. MpK HaxKaTUM Ha MeHto «Palin», NOABNAETCA KOHTEKCTHOE OKHO. B mMeHto «MmnopTupoBaTtb»
ABNAETCA NOAYEPKHYTbIM TaK}Ke TOSIbKO OAMH CUMBOJ. DTOT NMYHKT MEHI0 MOXKHO BblOpaTh NPy NOMOLLM
Kypcopa WM coyeTaHuem ropaumx Knasuw Alt+l.

B BcmabiBawiee meH1o B Tkinter
B cnegyouwem npmnmepe CO3,£I,aéTCF| BCN/blBaolwee MeHlHo. Ero mo»kHO BbI3BaTb B N106OM YacTn pa6oqe171
obnactu oKHa.

#
# BCIUIEIBAKIIEE MEHK C IOBYMS KOMAaHIaMM
from tkinter import Tk, Frame, Menu

class Example (Frame) :

def init (self):
super (). init ()
self.initUI ()

def initUI (self):
self.master.title ("Bcnaupawoumee MeH")
# g co3maHMsa BCIUIEBALIEIO MEHI MCIOJNL3yeTCS OOHUHEM BMIXET Menu.
# ¥V Hero oTkJHOUaeTCs CBOMCTBO tearoff. U Temnepb eCcTb BO3BMOXHOCTDH
# IIOKa3aTb MEHI B HOBOM BCILJIBIBawiieM OKHe.
self.menu = Menu(self.master, tearoff=0)

self.menu.add command (label="Curuan!", command=self.onBell)
self.menu.add command (label="Bexon", command=self.onExit)

# MeTonmy showMenu () HasHauvaTcsa COOHITUE

# 'KIwk OpaBoOM KHOOKOM Memm <Button-3>'

# CoOnTme cpabaTelBAeT TOTHa, KoTma no pabouelr oBjacTM OKHA
# HaxmMaeTCs MOpaBas MbUIMHAS KHOIKA.

self.master.bind ("<Button-3>", self.showMenu)

self.pack()

# Mertonm showMenu () orTofpaxaeT BCIJBBaIlee MEHIO. JTO MEHI OTKPHBAaETCS
# II0 X M Yy KOOpIMHaTaM OT pPacIlliOJIOXEHMA MEIIVMHOT'O Kypcopa
def showMenu(self, e):

self.menu.post(e.x root, e.y root)

# MeTom oBpaboTky BEIOOpPA MYyHKTA MEHK BHXOIN
def onExit (self):

print ('=quit=")

self.quit ()

# mMeTom orTpaboTku BHOOPA NyTKTa MeH CuIrHas!
def onBell (self):

print ('=bell=")

self.bell ()

self.bell ()

self.bell()

self.bell()

def main() :
root = Tk{()
root.geometry ("300x200+400+400")
app = Example ()

276



root.mainloop ()

if name == "' main ':
main ()

#

B IlaHesb uHcTpyMeHTOB B TKinter
MeHio 06beaMHAT KOMaHAbl, KOTOPble MOXHO MCMNO/b30BaTb B MPUNONKEHUU. [aHEeNb UHCTPYMEHTOB
Nno3BoJIAET NOAYYMTb ObICTPbIA AOCTYN K Hambonee monynspHbiM KoMaHgam. B Tkinter HeT BuarkeTta
naHenn UHCTPYMEHTOB, ero Hago co3aaTb. [peAcTaBAeHHbIM HUXKE KOoA MCMOJIb3YeT MKOHKY KOTOPYHo
HYXHO ByZleT coxpaHuTb pagom ¢ paniom 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) :

# MeTonm 0OpaboTkM COOBITMS NPUMEHEHME MHCTPyMeHTa 'Boxon'
def onExit (self):
self.quit ()

def init (self):
super (). __init ()
self.initUI ()

def initUI (self):
self.master.title ("llaHesbr MHCTPYMEeHTOB")

menubar = Menu(self.master)
self.fileMenu = Menu(self.master, tearoff=0)

# mobBamiieHMe MNYyHKTA MEHI C Has3HAUeHMEeM MeTola o0paboTKM COOHTHUS
self.fileMenu.add command (label="Bexon", command=self.onExit)

# fileMenu nomBA3HBaAeTCH K IJIABOMYy MeHK menubar
menubar.add cascade (label="®ain", menu=self.fileMenu)

# IMaHes bl MHCTPYMEHTOB OyIeT paMKa, B KOTOPOM IOMelaeTcsd KHOMNKAa
toolbar = Frame (self.master, bd=1l, relief=RAISED)

# cosmaHa MaHeNlb MHCTPYMEHTOB. JTO OOBYHas paMKa.
# CoB3maHH T'PAHMUILE [NaHEJIM MHCTPYMEHTOB.

self.img = Image.open("exit.png")

eimg = ImageTk.PhotoImage (self.img)

# cosmano mzobpaxeHue u dboTomszoOpaAXEeHME IJIA [IaHeJ M MHCTPYMEHTOB
# BUIXET KHOIKM BEIXOIA
exitButton = Button (

toolbar,

image=eimg,

relief=FLAT,

command=self.quit

exitButton.image = eimg
exitButton.pack (side=LEFT, padx=2, pady=2)
# IlaHesb MHCTPYMEHTOB — STO paMKa, a paMKa — 5TO BUIXET KOHTElNHepa.

# Kuomnka 3akpeluigseTcs y JIeBOTO kpas. Jlajiee moBaBisgeTcs
# HeOOJIBIIOM OTCTYN B 2 MNUKCEJH
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# Cama naHesib MHCTPYMEHTOB 3aKpelJjieHa K BEpPxXHEeNM dJacTu
# TJIaBHOTO OKHa ¥ PACTAHYTa TOPMBOHTAJILHO.
toolbar.pack(side=TOP, fill=X)
self.master.config(menu=menubar)

self.pack()

def main () :
root = Tk()
root.geometry ("250x150+300+300")
app = Example ()
root.mainloop ()

if name == "' main ':
main ()

#

B Hayuynas rpaduka B Python
Bubnnoteka matplotlib - aTo 6MbnMoTEKA ABYMEPHOW rpadMKM ANa A3blKa NPOrpammmnpoBaHma python c
NOMOLLBIO KOTOPOM MOXHO CO34aBaTb PUCYHKM PasinyHbIX ¢popmaTtoBs.fllocne ycTaHOBKM 6UBAMOTEKM
matplotlib BbI3bIBaeTCA B KOHCOIM UM B CKPUNTE KaK MOAY/b:

#
import matplotlib as mpl

# BelBOom Tekyuel Bepcuu OmbamoTexku matplotlib

print ('Current version on matplotlib library is', mpl. version )

#

Matplotlib npeacrasnaeT coboii moaynb-nakeT ans python. Matplotlib coctout ns mHoxectsa moaynen.
B MoAynAaX MHOMECTBO KAaccoB U PpYyHKLMIN, KOTOPblE MEPAPXMYECKUN CBA3AHbI MeXKay cobon.

CosgaHue pucyHKa B matplotlib: Hy:kHO MMeTb npeacTaBieHne o Byaywem pUcyHKe (4TO UMEHHO OH
byaeT pucosaTb), B3ATb OCHOBY (XONCT Uau Bymary), MHCTPYMEHTbI (KUCTU UKW KapaHAaaliu), HapucoBaTb
PUCYHOK (geTanb 3a AeTanbio).

B matplotlib Bce 3TV aTanbl TakKe CyLLECTBYIOT, M B KAUeCTBE XyA0KHMKA-UCMONHUTENA 34eCb BbICTynaeT
cama 6ubanoteka. [lNonb3oBaTenb A[OMKEH YyNpaBAATb mogynsmum matplotlib, n ana 3storo oH
onpegenser YTo UMEHHO HY}KHO HapWUCOBaTb M KAKUMM UHCTPYMEHTAMMU.

O6blyHO matplotlib sBAsieTcs OCHOBHbLIM CpPeACTBOM PUCOBAHUA M obecneymBaeT co34aHue OCHOBbI U
npouecc otobparkeHWsa pucyHKa. OTobparkeHue rpaduKkoB obecrneumBaetca GYHKUMAMM M3 MakeTa
pyplot 6ubnnoTtekn matplotlib, o603HaueHHoOro Kak plt. Mpu MmnopTe naketa pyplot co3aaercs rotosbil
K pabote o06beKkT plt (???) co Bcemn ero rpaduMYecCKMMM BO3MOMKHOCTAMWU. HyXKHO BCero auwb
ncnosnb3oBatb ¢yHKUMIO plot() M nepenatTb emy maccMB (BO3MOXKHO KOPTEK) 3HAUEHWUIN, NO KOTOPbIM
CTPOUTCA rPaduK.

B pesynbtate Oyaer co3gaH o6beKT Line2D. 3To AMHMA, KoTopas npeAacTaBaseTr cobol
nocnefoBaTe/IbHOCTb TOYEeK, HaHecéHHylo Ha rpaduk. C nomouwpbto ¢yHKUMM plt.show() ocTaétca
NMoKasaTb 3TOT rpaduk.

B Ctpykrypa matplotlib
Bubnunoteka matplotlib opraHMsoBaHa nepapxmyeckun. EE onncaHne NPoLLE BCEro HauyMHaTb C GYHKUMIA
BbICOKOI0O YPOBHS, C BbICOKOYpPOBHEeBOro uHTepdeiica matplotlib.pyplot.
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[Ona pucoBaHua ructorpammsl cpeactsamum matplotlib.pyplot goctatouHo BbI3biBaTb BCErO OAUH MeTOA;:
matplotlib.pyplot.hist(arr)

M He BaXXHO, KaK MMeHHO bbl/1a HapUCOBaHa 3Ta Auarpamma.

[NaBHOeE - 3TO 06L1aA CTPYKTYPa PUCYHKA: PUCYHOK MepapxXUYeH.

MToroBas KapTMHKa (4Marpamma BbICOKOFO YPOBHS) CTPOMTCA M3 MPOCTbIX FreomMeTpuyecknx ¢uryp
(MMHWIA - cpeaHUiA ypOBEHb PUCYHKA), KOTOPbIE CO34a0TCA HECKONbKMMWU YHUBEPCANbHBLIMU METOAAMM
pucoBaHuA (HU3KMIA YPOBEHD).

B [IpumeHeHue moaysisa 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()

#

B PucyHok (Figure)
PucyHOK sBnsaetcAa 06beKTOM CaMoro BepXHEero YpoBHS, Ha KOTOPOM pPacrnonaratoTc OCHOBA-XOACT
(Canvas), oaHa uMnu HeckonbKo obnacten pucoBaHusa (Axes), afiemMeHTbl PUCYHKa Artisits (3aronoBku,
nereHaa 1 T.4.). Ha pucyHKe moXKeT BbiTb HECKONbKO obnacTell pucoBaHua Axes, HO AaHHas obnacTb
pucosaHMA Axes MOXeT NpuHagexaTb TONbKO 0AHOMY PUCYHKY Figure.

B Hepapxuyeckas CTPpyKTypa pucyHKa B matplotlib
FnasHol eamHuMuei (06BEKTOM Camoro BbICOKOro ypoBHs) npu pabote ¢ matplotlib ansetca pucyHok
(Figure). /Tiobon pucyHok B matplotlib umeeT Bno)KeHHyl CTpykTypy. Paborta nonb3soBaTens
npeanonaraer onepaumnm ¢ pasHbiMU YPOBHAMM PUCYHKa:

Figure(PucyHok) -> Canvas(Xonct) -> Axes(O6nactb pucoBaHua) -> Axis(KoopanHaTHasa ocb)

B Oo6uacTb pucoBaHus (Axes)
O6nacTb pucoBaHuUA ABAAETCA 0OBEKTOM CpedHero ypoBHA. ITO rMaBHbIA 06beKT paboTbl ¢ rpaduKol
matplotlib B 06bEKTHO-OpMEHTMPOBAHOM CTWUIE. ITO YacCTb M30OpParKEHMA C MPOCTPAHCTBOM AAHHbIX.
Kaxkgaa obnactb pucoBaHMA Axes COAEPXUT ABe (MM Tpu B c/Ayyae TPEXMEPHbIX LaHHbIX)
KOOPAMHATHBIX OCK (AXis 06bEKTOB), KOTOPbIE YNOPSALOYMBAIOT OTOOPAKEHNE AAHHDbIX.

B KoopaunaTHas och (Axis)
KooppamnHaTHas ocb - 06bekT cpeaHero ypoBHsa. Onpegenser obnacTb M3MEHEHMSA AAHHbIX, HA HUX
HaHocAaTca genenHus ticks n noanucn Kk peneHmam ticklabels. PacnonoxeHune peneHunit onpegensaetca
obbektom Locator, a nognucu pgeneHuin obpabatbiBaeT 06bekT Formatter. KoHowurypauums
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KOOPAMHATHbIX OCEeN 3aKlo4YaeTcs B KOMOWMHMPOBAHMU pPas/IMYHbLIX CBOMCTB 00beKToB Locator u
Formatter.

B JJieMeHThbI pUCyHKa (Artists)
dnemeHTbl pUCYHKa Artists cOCTaBAAOT CaM PUCYHOK W HA PUCYHKEe HEeT Hu4yero, 4to 6bl He 6blio
3/1eMEHTOM PUCYHKA Ha BCeX ero ypoBHAX. [PaKTUYeCcKn BCE, UTO OTOBparKaeTcsa Ha PUCYHKe ABAAeTcA
aneMeHTOM pUcyHKa (Artist), naxe obbekTbl Figure, Axes n Axis. TakKe 3/1eMeHTbl pUCYHKa Artists
BK/IIOYAIOT B cebA Takme (NpocTble) 06beKTbl Kak TeKcT (Text), nnockas anmHua (Line2D), durypa (Patch) n

apyrue.

Koraa npoucxoaut otobparkeHue pucyHka (figure rendering), Bce anemeHTbl pucyHKa Artists HaHocATCA
Ha ocHoBy-x0/CT (Canvas). bo/ibWwasn YacTb U3 HUX CBA3bIBAETCA C 06/1aCTbI0 PUCOBAHUA AXes. DeMeHT
PUCYHKA HE MOYKET COBMECTHO MCMO/b30BaTbCA HECKONbKMMU 0b1acTamu Axes uam 6biTb NnepemeLléH ¢
OZHOW Ha gpyryto.

B HHTepdeiic npukazHoro nporpamMmmupoBaHus matplotlib API
B matplotlib n3obpasutenvHblie GYHKUMM NOTUUECKM pasAeNeHbl MeXAY HEeCKONbKMMU OBbeKTamu,
NPUYEM KarKablA M3 HUX CaM MMEET AOBOJIbHO CNOMHYHO CTPYKTYpY. MOXHO Bblgenutb TPU YpPOBHA
uHTepdelica npMKknagHoro nporpammupoBaHua(matplotlib API):

B matplotlib.backend_bases.FigureCanvas - abcTpaKTHbIN 6a30Bbili Knacc, KOTOPbIi
No3BO/IAETPNCOBATb M BM3ya/IM3MPOBATb PE3y/1bTaTbl KOMaHA,;

B matplotlib.backend_bases.Renderer - 06beKT (abCTpaKTHbIM Knacc), KOTOPbIA 3HAET Kak
pucosaTb Ha FigureCanvas;

B matplotlib.artist.Artist - 06beKT, KOTOpPbIN 3HAET, KaK UCMO/Ib30BATb BU3yann3aTop
(renderer),uTobbI pUcOBaTb Ha XonCTe (canvas).

FigureCanvas n Renderer o6pabatbiBaloT AeTanu, HeobxoaMmble A/1s B3aUMOAENCTBUA CO CPeACTBAMM
nosib30BaTeNbCKOro UHTepdelica, a Artist 06pabaTbiBaeT BCe KOHCTPYKLMM BbICOKOIO YPOBHA TaKMe KaK
npeacTaBieHne U PacnosioXKeHUE PUCYHKA, TEKCTA U IMHUIA.

B Kiaccel Artists
CywecTtByeT ABa TMNa o6beKToB-KnaccoB Artists:

H npumuTUBSI (primitives);
B KOHTeliHepbl (containers).

B [IpuMHUTHBBI
MpumUTUBLI NpeacTaBAAOT coboM cTaHAAPTHbIE rpaduyeckne ob6beKTbI:

NAoCKyto nHuio (Line2D),
npsmoyronbHuK (Rectangle),
TeKcT (Text),

nsobparkeHue (Axeslmage)
nT.A

B KoHTeliHepbl
KoHTeliHepbl - 3T0 06beKTbI-XpaHUINLLA, HA KOTOPblE MOXHO HAaHOCUTL Fpaduyeckne NPUMUTUBBI.

K KoHTelHepam oTHocATCA:

B pucyHok (Figure),
B ob6nactb pucoBaHua (Axes),
B KoopguHaTHas ocb (Axis),
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B paenenusa (Ticks).

Monb3oBaTeNbCKas HaCcTPOMKa PUCYHKOB obecneyuBaeTca npu MOMOWM obpalleHMit K pasinyHbIM
KOHTeliHepam Knacca Artists, 06beAMHEHHDBIX JIOTMYECKW B € AVMHYI0 CTPYKTYPY.

Bcero cywectsyeT 4 Buaa Artists KOHTEMHEPOB:

Figure - 3TO KOHTEHEP Camoro BbICOKOro ypoBHA. KoHTelHepbl pucyHKa (Figure containers). Ha HéEm
pacnonaratoTca Bce Apyrue KoHTelHepbl U rpaduyeckne NnpuMMTHBSI.

Axes - KoHTeliHepbl obnacteit pucosaHua (Axes containers). MMeHHO ¢ HMMM Yalle Bcero paboTtaer
nonb3oBaTesIb. IK3emMNAAPbl Axes - 3To 061acTH, pacnonaratolmMecs B KoHTeliHepe Figure, ana KOToOpbIX
MOXHO 334aBaTb KOOPAMHATHYIO cUCTeMy (4eKapToBas WaM nonspHas). Ha Hém (aksemnnap Axes)
pacnonaratoTcs Bce Apyrve KoHTelHepbl, Kpome Figure, U rpadpuyeckme npummtuebl. ITO0 061acTU Ha
PUCYHKe, Ha KOTOpPbIX pacnosaratotca rpaduku U Anarpammbl, B KOTOPbIE BCTaBAAIOTCA M306parkeHUs v
T.4. MyNbTUOKOHHbIE PUCYHKM COCTOAT U3 Habopa obnacTein Axes.

Axis - KoHTeiHepbl ocei (Axis containers). 3TOT KoOHTelHep obcay:KuBaeT 3sk3emnaspbl Axes. OH
OTBEYaeT 3a CO3aHWe KOOPAMHATHbIX OCeM, HAa KoTopble ByayT HaHOCUTLCA AeNeHUs OCel, Noamnucu
AEeNeHUI U IMHUIN BCNOMOTaTe/IbHOM ceTKU. Ero cneyunanusauma (M otaimMume oT KoHTelHepa Tick) - ato
pacnosioXKeHue AefeHn U TUHUMA, UX NO3ULMOHNPOBaHWE U GOPMATUPOBaHWE NoANUCEN AeNeHUl, UX
oTobparkeHue.

Tick - KoHTeiHepbl aenennin (Tick containers). 3To KoHTeiHep Hu3wero ypoBHA. OH 3aaaér
XapPaKTEPUCTUKKN (UBET, TONLWMHA JIMHMIA) NUHUIA CETKU, AeNeHU U UX nognucein (pasmepbl U TUMbI
wpuoTos).

Ob6blyHaA nocneaoBaTe/IbHOCTb AENCTBMIA NMpPU CO34aHMU pUCYHKa B matplotlib: cosgaértca aksemnnsp
Knacca Figure (Figure instance), Ha KOTOpPOM BblAENAKOT OAHY WM HECKOJIbKMX obnactein Axes (uau
aksemnaapos Subplot), U Mcnonb3ylT BCNOMoOraTesibHble MeToAbl 3K3emnaApa Knacca Axes (Axes
instance) ana cosgaHusa rpaduyeckux NpUMMUTUMBOB (primitives). Ecan aBTomaTMyecku nopobpaHHble
XapaKTepPUCTUKM KOOPAUHATHOW CETKW, AeNeHUI N UX NoANUCEN He YCTPaMBaloT NoJib30BaTeNs, TO OHU
HaCTPaMBaloOTCA C MOMOLLbIO 3K3eMNAAPOB KoHTeliHepoB Axis (ocu) u Tick (aneneHus oceit), KoTopble
BCeraa NpUCyTCTBYIOT Ha CO3AaHHOM 06nacTu pucoBaHuMA Axes.

m Pyplot
NHTepdelic pyplot no3sonseT cocpesoTounTbCA HA BbIDOPE rOTOBbIX PEeLIeHUt M HacTpolike 6a3oBbix
napameTpoB pucyHKa. CyliecTByeT cTaHAapPT Bbi3oBa pyplot B python:

#
# daxTHueckM CTaHOapT BH3OBa pyplot B python
import matplotlib.pyplot as plt

#

PucyHku B matplotlib (6o B MHTEpPaKTUBHOM pexkume (B KOHCOAU), MMBO B CKPUNTE (TEKCTOBLIN dain ¢
python-Kogom), cosgatoTcsa NyTém NocaefoBaTe/IbHOTO BbiI30Ba KOMaHA,

lpadmueckne anemeHTbl (TOYKM, TMHUK, GUTYPbI U T.4.) HAacKauBalOTCA APYr Apyra noc/iefoBaTeslbHO.
Mpu 3TOM Nocneayowme NepeKkpsbIBAOT NpeablayLime, eciM OHU 3aHMMAIOT 0bLEee YHacTKM Ha PUCYHKe
(perynupyetca napametpom zorder).

B matplotlib pabotaet npasuno "tekywen obnactn" ("current axes"), KoTopoe 0O3HayaeT, YTO Bce
rpaduyeckne anemeHTbl HAHOCATCA Ha TeKyluylo 0baacTb pucoBaHuA. HecmoTtps Ha To, uto obnacteit
pPUCOBaHMA MOXKET BbITb HECKOIbKO, O4HA U3 HUX BCErAa ABNAETCA TEKYLLEN.
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CambiMm r1aBHbIM obbekTOM B matplotlib sBnsetca pucyHok Figure. Mostomy co3gaHWe HayydHOM
rpaduKU HaUMHAETCA MMEHHO C CO3JaHMA PUCYHKaA.

Co3patb pucyHoK B matplotlib o3HauaeT 3agaTb dopmy, pasmepbl M CBOMCTBA OCHOBbLI-XOJICTa (canvas),
Ha KoTopom OyapeT cosgasatbea bOyaywmin rpadumk. Cospatb pucyHok figure nossonsetr metos
plt.figure(). Mocne Bbi3oBa N0b6ON rpadpmuyeckoit KomaHabl, TO ecTb GYHKLMU, KOTOpas CO3AaET KaKon-
nmbo rpaduyecknin obbeKT, Hanpumep, plt.scatter() nnam plt.plot(), Bceraa cyuwectsyeTt xoTa 6bl oaHa
obnactb AN pMcoBaHMA (N0 YMOYaHMIO MPAMOYrObHOM GOpMbl).

YT06bI pesynbTaT PUCOBAHMA, TO eCTb TEKyLlee COCTOSHUE PUCYHKA, OTPasu/IoCb Ha 3KpPaHe, MOMKHO
BOCMNONb30BaTbCA KoMaHzon plt.show(). Mpu atom 6yayT nokasaHbl Bce pucyHKu (figures), KoTopble
6blNM cO3aaHbl.

#

import matplotlib.pyplot as plt

fig = plt.figure () # Cosmanme obbekTa Figure

print (fig.axes) # Cromcok Tekyumx oOJlacTell PUCOBAHMUSA IIyCT
print (type (fig)) # Tun obwekTa Figure

plt.scatter (1.0, 1.0) # scatter - MeTonm mys HaHeceHUs Mapkepa

# B Touke (1.0, 1.0)
# TNocrye HaHeceHUs TIpadrueckoTo BJEMEHTa B BUIOE Mapkepa
# CHMCOK TekKymmx ofJjlacTel COCTOUT M3 OIHOM oBJjlacTu
print (fig.axes)

plt.show ()
#

B matplotlib BoamoxHO cosgaHue B/IOMEHHBIX KoHTeliHepoB ogHoro Tvna. [anee B KOHTelHepe
pucyHka figure co3pgaloTca BIOXKEHHbIE KOHTEMHepbl obnacTelt pUCoBaHMA, B KaXXAOM M3 KOTOPbIX
co3gatoTcAa 'cBoM' PUCYHKM U Ha 'cBoux' ocsax (obbeKkTax Axis) HaHocaTcA 'cobcTBeHHble' aeneHus
(macwTabupoBaHue pUcyHKa).

import matplotlib.pyplot as plt
import numpy as np
def set data(start, stop, step):
X = np.arange (start, stop, step)
y = np.sin(x) * np.exp(x)
Z = np.cos(x) * np.sin(x)
return(x, vy, z)
def do it (fig, y, z):
# Coszmanme sk3eMiigpa Axes (KOHTeMHepa OO0JIaCTM PUCOBaHMS)
# ¢ momompio Figure-meToma add_subplot ()
ax0 = fig.add subplot (111)

# Meromer plot () BEIBEIBAKTCHS uUepes OOBLEKTH ax, a He plt (uuTepoderic pyplot)
ax0.plot (y)

ax0.plot (z)

ax0.grid(True) # grid - xaxzmoMmy 3K3eMIISIpy Axes HENOCPEeINCTBEHHO

# mpu ero coszmaHuM
# wnm Tak
zz = z*z
# Coszmanme sk3eMIigpa Axes (KOHTeMHepa OO0JIacTM PUCOBaHMUS)
# ¢ mowmompbio 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 - xaxzmoMmy 2k3eMINSIpy Axes HENOCPEeICTBEHHO

# npm ero cosmaHun
# mepebop BCEX o00OBekTOB Axes M Hal3HaueHre grid KAXIOMY wm3 HUX
# for ax in fig.axes:
# ax.grid(True)
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#
if name == ' main
fig = plt.figure()
print (type (fig))

X, y, z = set data(0.0, 1.0, 0.1)
do_ it (fig, y, 2z)
plt.show ()

B buo6smmoreka matplotlib
Bubnnoteka matplotlib - 3To 6UbanoTeka aBymepHon rpaduKkM ans A3blka NPoOrpammupoBaHma python c
NMOMOLLLbIO KOTOPOWM MOYKHO CO3/,aBaTb BbICOKOKAYeCTBEHHbIE PUCYHKM pa3inyHbIx popmaTtos. Matplotlib
npeacrtasaseT cobol moaynb-nakert ana python.

CKkauyatb M yctaHoBuTb matplotlib moxHO ¢ oduumanbHoro caiita 6MbAMOTEKN. B HekoTopbix python
ancTpmnbyTtmneax matplotlib yxke npeaycraHosneH. Hanpumep, B Anaconda ot Continuum Analytics.

O6biyHO pucyHok B matplotlib npeactasnaer coboit npAmoyronbHyo o06nacTb, 3afaHHYHO B
OTHOCUTE/IbHbIX KOOpAMHaTax no obemm ocam.

BTopoit pacnpocTpaHEHHbIN BapMaHT TUNA PUCYHKa - Kpyraas obaacTb (polar plot). MoapobHee o Takmx
Tunax rpadpurKkos B riase "padpuKkn B NoNsAPHbIX KOopauHaTax'.

YT10Obl COXPaHMUTb MONYYMBLUMICA PUCYHOK HYXKHO NpumMeHuTb meTtog plt.savefig(). OH coxpaHsaeT
TEKYLIYI0 KOHOUIrypaLmio TEKYLLEro puUcyHKka B rpadmyecknini ¢aitn ¢ HeKoTopbiM paclumpeHmnem (png,
jpeg, pdf n ap.), KoTopbIi MOXKHO 3aaaTb Yepe3 napameTp fmt. NMosTomy eé (???) HyKHO Bbi3blBaTb B
KOHLLe MCXOOHOro Koja, Nocne BCEX Bbi30Ba BCeX APYrMx KomaHna. Ecam B python-ckpunTte cospatb
HECKO/NIbKO pUcyHKOB figure n nonbITaTbCA COXPaHUTb WX oAHOW KomaHzon plt.savefig(), To 6yaet
COXpPaHEH nocneHnin pucyHok figure.

B MHnuTepdeiic Pyplot
dnemMeHTbl pUCYHKa Artists...

CsolicTBa rpapuUUeCcKUX 31eMEHTOB...

#

# Pasyuunele 1o dopme obyiacTy PUCOBAHUSA
#

import matplotlib.pyplot as plt

#

fig = plt.figure()

# IHobGaBiieHMe Ha PUCYHOK MNPSAMOYTOJIbHOM (IO yMOJUaHMIO) OBJIaCTM PUCOBAHMUS
ax = fig.add axes ([0, O, 1, 1])

print (type (ax))

plt.scatter (1.0, 1.0)

plt.savefig('example 1l42a.png', fmt='png')

#
fig = plt.figure()

# IobamByieHME Ha PUCYHOK KPYyTOBOM 0OJIACTY PUCOBAHMUS
ax = fig.add axes ([0, 0, 1, 1], polar=True)
plt.scatter (0.0, 0.5)

plt.savefig('example 142b.png', fmt='png')

#
plt.show ()
#
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B Hepapxuyeckas CTPYKTypa pucyHka B matplotlib
Bcé npoctpaHcTBO pucyHKa Figure (MpAMOYronbHOM mMAn MHOW GOPMbI) MOXKHO WCMO/Ab30BaTb A4
HaHeceHMA APYrMx 3/1eMeHTOB PUCYHKA, Hanpumep, KOHTeiHepoB Axes, rpaduyeckux NpMMUTUBOB B
BUAE NMHWUIA, GUTyp, TEKCTa U Tak Janee.

B ntobom cnyyae Kaxkabl pUCYHOK MOXKHO CTPYKTYPHO NpeacTaBUTb caeayowmm obpasom:

Ob6nacTb pucoBaHus Axes

3aronoBok obsactu pucosaHusa -> plt.title();

Ocb Xaxis

Moanucb ocu abeumce OX -> plt.xlabel();

Ocb Yaxis

Mognucb ocn abeumce QY -> plt.ylabel();

Nerenpa -> plt.legend()

LiseToBan wkKana -> plt.colorbar()

Moanucb ropmsoHTanbHoM ocn OX -> cbar.ax.set_xlabel();
Mognucb BepTUKanbHoM ocn OY -> cbar.ax.set_ylabel();
OeneHunsn Ha ocu OX -> plt.xticks()

OdeneHuna Ha ocu OY -> plt.yticks()

[N KaXK[oro U3 nepeyncieHHbIX ypoBHeEN-KOHTeMHEePOB eCTb BO3MOMKHOCTb HAHECTU 3aro/I0BOK
(title) nan nognuce (label).

Mognucuy K pucyHKy o0b1eryatoT NOHMMaHWe TOro, B KaKMX eguMHULAX NpeacTaBaeHbl 4aHHble Ha rpaduke
UK amarpamme. TaKyKe 4acTo Ha PUCYHOK HAaHOCATCA IMHUM BCMOMOTraTeIbHOM ceTKu (grid).

B pyplot oHa Bbi3biBaeTcA KomaHaoi plt.grid(). BcnomoratenbHas ceTKa cBA3aHa C AeNeHUsAMMU
KOOpAMHATHbIX oceit (ticks), KoTopble onpeaenaATcA aBTOMaTUYECKN UCXOASA U3 3HaYeHUIi BbiIBOpKK. B
OaNbHeWwem OyaeT NOKasaHO Kak onpeaensTb MOJIOXKEeHMEe W 3a4aBaTb 3HAYeHMA LeNeHuit Ha
KOOPANHATHbIX OCSX.

B matplotlib cywiectsytoT rnaBHble ageneHua (major ticks) u
BcnomoraTebHble (minor ticks)

ONA KaXKAOW KoopAWHaATHOM ocu. Mo YMONYAHUIO PUCYIOTCA TONbKO FNaBHble AENEeHUA U CBA3AHHbIE C
HUMW IMHUK CEeTKM grid.

B nnaHe HaCTpOVIKM rnaBHble geneHna HH4em He OT/INYatoTCA OT BCMOMOraTe/ibHbIX.

Ecnn Ha pucyHKe NpuUCYTCTBYET Tak HasblBaembli "mappable object”, To Ha pucyHKe MoKeT 6biTb
HapucoBaHa uBeToBan WkKana (colorbar). K wWkKane Takke MOXHO genaTb NOANUCK BAO/b PA3HbIX CTOPOH.
Mpy1 3TOM cama LLBETOBAA MOKET BbIiTb PACMNO/IOKEHA KaK Ha TeKylLein 061acTn pucoBaHma

axes, oTbMpan y Heé HeKoTopyl A0, NMB0 MOXKeT BbIThb pa3mellleHa Ha camocToATeNbHOW obnacTu
pucoBaHus. MoapobHee o LBETOBOM WKane B rnase "LiBeToBan wkKana'.

B JJyieMeHThbl pUCYHKa Artists
CnunCcoK aneMeHTOoB pUCyHKa (Artists) ana KoHTelHepa Figure:

axes - CMUCOK 3K3emnApoB Axes (BKtoyan Subplot);

images - cnucok Figurelmages patches (3¢pdeKkTMBHO Ana oTobparkeHUs nNuKcenem);
legends - cnncok sksemnaspos Figure Legend (oTanyaetcs ot Axes.legends);

lines - cnucok ak3emnnapos Figure Line2D (peako ncnonb3yetcs, cm. Axes.lines);
patch - poH Rectangle;

patches - cnucok Figure patches (peako ncnonbsyercs, cm. Axes.patches);

texts - cnncok aksemnnspos Figure Text.
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#

# DJIeMEeHTH NPOCTOT'O PUCYHKA

import matplotlib.pyplot as plt

import numpy as np

lag = 0.1

x = np.arange (0.0, 2*np.pi+lag, lag)

y = np.cos(x)

fig = plt.figure ()

plt.plot(x, V)

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 ()

#
# DJjemeHTH ©OJyiIee CJIOXHOT'O PUCYHKA
import matplotlib.pyplot as plt
import numpy as np

N = 100

n = int (np.sqrt (N))

X = np.arange (n)

# Bamaécsa Boibopka m3 'aMMa-pacnpenjieHus C IapaMeTpaMu
# dopmei=1. m mMacmTaba=0.

z = np.random.random(N) .reshape (n, n)

y = zI[5, :]

fig = plt.figure()

cc = plt.contourf(z, alpha=0.5) # TpéxMmepHoe Moje
plt.plot(x, y, label='line', color='red') # KpacHasg JnHUL
plt.title('la. Title") # B3aroJIoBOK

plt.xlabel ('2a. Xlabel') # nommmch ocu OX

plt.ylabel ('3a. Ylabel') # nommmce ocm OY
plt.legend() # nerenmpa

cbar = plt.colorbar (cc) # LBeTOBad wWKaJa

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)
# TMommucy mjig LUBETOBBIX WKAJ MMET OTJIMUHEI OT OCTAJIbHEIX MOONMCENM CUHTAKCUC
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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 ()

#

B CpoucTBa rpadpuyecKux 3JIeMEHTOB
MHoroobpa3sne 1 yaobctBo co3gaHus rpadmkn B matplotlib obecneumBaetca He TO/NbKO 3a CYET
CO3JaHHbIX rpadryecKMx KOMaHA, HO M 3a c4ET 6oratoro Habopa cpeacTB MO KOHPUrypauumn TMNOBbIX
¢dopm. ITa HacTpoMKa BKAtovaeT B cebs paboTy c usetom, Gopmon, TUNOM AVHUM WA MapKepa,
TO/IWMHON NUHUI, CTeNeHblo MNPO3PAYHOCTM 3/IEMEHTOB, PasMepoM W TUMOM WpPUbTA U APYrMMHU
CBOMCTBaMM.

MapameTpbl, KOTOPbIE ONPEeAENAT 3TU CBOMCTBA B PA3/INYHbIX rpadUYEeCcKUX KOMaHAaX, 0ObIMHO UMEIDT
OZIMHAKOBbIN CUHTAKCUC, TO €CTb Ha3bIBalOTCA OAMHAKOBO.

CTaHAapTHbIM cnocobom 3a4aHunA CBOWCTB KaKkoro nmbo co3aaBaemoro obbekTa (MﬂM METO,CI,y) ABnAeTCA
nepegada No KAw4y:

K/1HOY = 3Ha4YeHme.

HasBaHuMA napameTpoB U3MEHEHMA CBOMCTB rpaduyecknux o6 beKToB, KOTOpbIe Yalle BCEro BCTpeyatoTcs
B NPUNOXKEHUSX, MEPEYNCSIEHBI HUKE:

color / colors / c - uger;

linewidth / linewidths - TonwunHa anHnm;

linestyle - TN AnHMK;

alpha - cteneHb npo3payHOCTM (OT NOAHOCTBIO NPo3payHoro 0 g0 HenpospayHoro 1);
fontsize - pasmep wpnoTa;

marker - TN mapkepa;

S - pasamep MapkKepa B metoae plt.scatter(tonbko undpsbi);

rotation - NOBOPOT CTPOKM Ha X rpaaycos.

Ecnaun B onncaHmm rpadmyeckoro metoga yKasaHo NpMMEpPHO TaK, Kak B plt.plot(*args, **kwargs), To ato
3HAUWT, YTO B KaYecTBe BXOAHbIX AaHHbIX TPebyeTca cHayana CNMcoK / KopTex NnapameTpos (Yalle Bcero
B NOC/Ne40BATENIbHOCTM apryMEHTOB AOCTaTOMHO XOTA Bbl 04HOIO CMMBOA, Hanpumep, Y), a nocse 3Toro
B  OyHKUMIO (MeToZ) nepefatoTca  MnapameTpbl, NPeACTaB/ieHHble MapamMu  UMA-3HAYeHue ¢
OUKCUMPOBAHHbIMK MMEHamM 3TUX napameTpos (color, linewidth n T.4.).

#
import numpy as np

import matplotlib.pyplot as plt

# Npumep byHKLUMM C OOBEOMHEHMEM B KOPTEX *args
def f sums(*args):

listl = []

for arg in args:
a =20
for i in arg:

a += 1
listl.append(a)
return listl
# [pumep byHKUUM C OOBeOMHEHMEM B CJOBapb **kwargs
def f words(**kwargs):

OyHKLMSA POP BO3BpallaeT 3HAYeHMe IJisg 3aIZaHHOTO KJoua
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# Ip
def

(ecam OH eCcTb B CJIOBApe) M yNajisgeT M3 CJjoBaps Hapy "KJwod - 3HaueHume"

print ('Crnorape kwargs IO BeI3OBa MeToma 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 ('Cnoeapp kwargs IIOCJIE Be3OBa MeToma pop:', kwargs)

return strl
uMep GyHKUMM C OOBeOMHEeHMEM M B KOpPTeX args M B CcJjioBapb **kwargs
f plot(*args, **kwargs):
xlist = []
ylist = []
for i, arg in enumerate(args):
if (1 $ 2 == 0):
xlist.append(arqg)
else:
ylist.append(arqg)
colors = kwargs.pop('colors', 'k')
linewidth = kwargs.pop('linewidth', 1.)
fig = plt.figure()
ax = fig.add subplot(111)

i =0
for x, y, color in zip(xlist, ylist, colors):
i +=1

ax.plot(x, y, color=color, linewidth=linewidth, label=str(i))
ax.grid(True)
ax.legend()

N KX = H

xXyz =

abc

resl
res?2
prin
prin

mwoan

T.x.

MAIN SCRIPT BODY

np.arange (10)

np.random.random(20)

np.linspace(-15, -7.5, 37)

[x, v, 2]

{'solo': 1, 'wookie': 'green', 'friend': True}
f sums (*xyz)

= f words (**abc)

t('resl', type(resl), resl)

t('res2', type(res2), res2)

B plt.plot HeT oBsa3aTesNbHHX NapaMeTpoB, TO IepenaHHBEe

B 3Ty OQYyHKUMIO Uepe3 3N0T [NOCJIeOOBATEJIbHOCTM WJIM MAaCCHUBE OyOyT oOpaboTaHH
3mech NpMMep IepelauM AOBYX JIMHMM — IOBE [NOCJIeIOBaTeJbHOCTM M3 napel 0X-0Y

(x,
uBeT
colo
N =
% =
y2 =
y3 =
f pl

y2) n (x, y3). VIM B COOTBETCTBME INpelCTaBJieHa [IOCJIeNOBAaTEJLHOCTDb
oB colors.

rs = ['red', 'blue']

10

np.arange (N)

np.random.random (N)

np.random.random (N)

ot (x, v2, x, y3, colors=colors, linewidth=2.)

#

EWwé npumep 3a4aHnA CBOMCTB rpaduyecknx anemeHTos. Co3aatoTca 3 KapTUHKK (durypsbi).

#

#Cso
impo
impo

vcTBa I'padmueckKux 3JIEMEHTOB
rt matplotlib.pyplot as plt
rt numpy as np

#

N =

100
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X = np.arange (N)

# Buibopka m3 TamMma-pacnpemnjieHmus Cc napamerpamm Gopmei=1l. u Macmrada=0. =====
z = np.random.gamma (2., 1., N)

y = z.reshape (10, 10)
#
#

matplotlib.pyplot
========== fig (0 ==========

fig 0 = plt.figure()

cc = plt.contourf (y)

cbar = plt.colorbar (cc)

plt.title('l. TITLE', color='green')

plt.xlabel('2. X - LABEL')

plt.ylabel('3. Y - LABEL', fontsize=16)

# HO,JZ[HMCM IoJId LIBETOBEBIX IKAJI MMEKT O'I‘.J'H/H{HI:HZ OT OCTaJIbBHEIX HO,JZ[HMCGIZ CHMHTAaKCucC

cbar.ax.set xlabel('4. COLORBAR X-LABEL', color='b')

cbar.ax.set ylabel('5. COLORBAR Y-LABEL', color='r'")

plt.grid(True)

# ========== fig 1 ==========
fig 1 = plt.figure()
# cosmanume cnomaps nna fig 1
dict 1 = {'color' : 'grey', 'linewidth' : 2.5, 'linestyle' : '--'}
xz 1 = [x, z]
# nepemaua mapaMeTpOB Yepes CIMCOK Xz U cjoBapk my dict.
# Hanmume 3HAKOB * U ** 0043aTejibHO!
cc = plt.plot(*xz 1, **dict 1)
# pesynbTaT aHaJIOTMUYEeH TaKOM B3alucu
#cc = plt.plot(x, z, color='grey', linewidth=2.5, linestyle='--")
plt.scatter(
%,
y + 2.0,
marker='v"',
s=10,
color="red'
)
plt.title('Sample from Gamma distribution')
plt.xlabel ('Gamma sample values')
plt.ylabel ('Sample numbers')
# TMommucy OJigd LBETOBHEIX WKAJ
# (VMMEnT OTJIMUYHEI OT OCTAaJILHEIX MNOINUCEeM CUHTAKCHUC)
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 ==========

fig 2 = plt.figure()

z 1 2 = np.cos(x/10.)

z 2 2 = np.cos(x/20.)

# cosmaume cnomaps mna fig 2

dict 2 = {'color' : 'green', 'linewidth' : 4.0, 'alpha' : 0.5}
plt.fill between(x, z 2 2, z 1 2, color='green', alpha=0.25)
plt.plot(x, z 1 2, color='green', linewidth=4.0)

plt.plot(x, z 2 2, **dict 2)

plt.title('Different alpha values')

plt.grid(True) # grid for fig 2

#
plt.show ()
#

B Figure: koHQUrypanusa pucyHka
CtaHaapTHbIN MEeTOA Co3aaHunA ak3emnasapa Figure:
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import matplotlib.pyplot as plt
fig = plt.figure()
print (u'Tun Figure $s' % type(fiqg))

OcHOBHble NapameTpbl CO34aHHOrO 3K3emnasapa Figure onpenensAloTca B KOHPUrypauMOHHOM daitne
matplotlibrc.

ATpunbyTbI Figure MoXHO M3MeHUTb BO Bpems co34aHusA obbekTa:

B figsize : KOpTeX U3 LENbIX AN OeNCTBUTENbHBIX YNCEN, KOTOPbIA onpeaenseT WUPKHY U BbICOTY
B Atonmax. Mo ymonyaHuto paBeH 3HadyeHuto figure.figsize ns Hactpoek rcParams;

B dpi: paspelweHne pucyHKa. Mo ymonyaHuto paseH 3HaveHuto figure.dpi 3 Hactpoek rcParams;

B facecolor : uBeT ¢poHa. Mo ymonyaHuto paBeH 3HadeHwuto figure.facecolor n3 Hactpoek rcParams;

B edgecolor : uget rpaHuubl. Mo ymonyaHuio paBeH 3HadeHuto figure.edgecolor n3s 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],([1.,1.]1],"k")
plt.grid(True)

rcParams|['figure.edgecolor'] = 'blue'

plt.show ()

Mo ymonYaHuio LBETa KOOPAMHATHBLIX OCEM, MHWUIA BCMIOMOraTeNbHOM CETKM OTPUCOBBIBAOTCA YEPHbLIM
uBeTom, a LuBeT ¢oHa (OCHOBbI PWCYHKA) - 6enbim. 3amMeHMB nNapameTpbl, OTBeyalowme 3a
COOTBETCTBYIOLIME LBETA, MOXHO CO34aTb, HANPUMEpP, MHBEPTUPOBAHHbIV HEN0-YEPHbI PUCYHOK.

from matplotlib import rcParams

import matplotlib.pyplot as plt

import numpy as np

# ViBMeHeHMVe HapaMeTpPOB PUCOBaAHMUSA

# (cMeHa uépHOoro no OejyioMy Ha 0ejioe M0 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 (x, V)
# 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.plot(x, y, 'w')

# plt.grid(True, linestyle=':', color='w')
#

#

#

#

#

d

plt.xlim(x[0], x[-11])
plt.ylim(np.min(y), np.max(y))
plt.xlabel (u'Bpems [c]', fontsize=12)
plt.ylabel (u'Avnauryna [Mm]', fontsize=12)
ef 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()
ax.plot(x, vy, 'w'")
ax.grid(True, linestyle=':', color='w")
plt.xlim(x[0], x[-11])
plt.ylim(np.min(y), np.max(y))
plt.xlabel (u'Bpems [c]', fontsize=12)
plt.ylabel (u'AvMoymuryna [Mm]', fontsize=12)
if name == "' main ':
do it ()
plt.show ()

B Hacrpoiiku 1nHuu cetkn Matplotlib.pyplot
JNTnHum ceTrm (plt.grid ()) — cpeacTBo BM3yanusaumm.

PasHuua mexay Matplotlib gca n gcf:

gca gcf
get current axis get current figure
[aeT CCbIIKY Ha TeKyLue ocu [AET CCbUIKY Ha TEKYLLYIO KapTUHKY

import matplotlib.pyplot as plt
import numpy as np

plt.gcf () # Pasmep xoJsicTa
plt.grid() # CospmaTs ceTky
plt.show ()

EcTb MHOro napameTpoB meToga grid(), BOT Wb HEKOTOPbIE U3 HUX

Ocu: 3HauyeHue paBHO «0ba»(?), «x», «y». [IPOCTO HAPMCOBATb /IMHUIO CETKWU, B KaKOM Hanpas/eHuu.
Ecnv BBOAMTCA X MW Y, KaKan OCb BBEAEHA, KaKas oCb ByaeT CKpbITa.

LiBeT: yCTaHOBUTb LBET IMHUIM CETKU. Vnn ncnosib3oBaTbh HanNpsamMyo napameTp 'c' BmecTo uBeTa.

JINHEMHbIN CTUIb: TaKXKe MOXKHO MCMNo/b30BaThb IS BMecTo 0603HauYeHUsa IMHENHOro CTUAA. YCTaHOBUTb
CTUNb IMHUN CETKW, YTobbl OHa 6blna HenpepbIBHOW CMNNOWHOW JIMHUEN, NYHKTUPHOW NWHUEN wuan
APYTMMU PA3NUYHBIMU IMHUAMM.

| I_I | I__I I I_'I | I:I I INoneI | [ |
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LWnprHA NIMHUK: YCTAHOBUTb WNPUHY JIMHUM CETKK

YcTaHoBUTb OCb = 'X'

YcTaHoBMUTb OCb = 'y

YCTaHOBUTb LIBET IMHUM CETKU =T

YCTaHOBUTb CTUAbL NNHUM linestyle = | =" | =" [ '-.' | ":" | 'None' | ' " |

IS - | I_l | I__I | I_.I | I:I | |Nonel | LI} |

B KapTuHKa (figure) c pasHoUBETHOW CETKOM pasHbIX CTUNEN:

import numpy as np
import numpymatplotlib.pyplot as plt

plt.gcf () # Ccrmka Ha Tekyuwylo KapTuHky form
plt.grid(axis='y', 1ls = '--', color='r")
plt.grid(axis='x', 1ls = ':', color='b') # Cozmarb ceTky
plt.show ()

B [Ipumepsl

E [IpsmMble U KBaJpaTUYHbIe JINHUU
MpunoxeHne OTKPbIBAET HECKO/IbKO OKOH, B KOTOPbIX PUCYIOTCA NPAMbIE W KBaApaTUYHbIE IMHUN.

# PucoBaHMe NOPSMHEIX UM KBaOPaTUUHBIX KPUBHX
import matplotlib.pyplot as plt
import numpy as np
def get data(start, stop, shape):
# B yKasaHHOM MHTepBajie [start, stop] BoO3BpalaeT MHOXECTBO UMCEJ
# C paBHEIM MHTepBaJIOM B koJmuecTBe shape.
x=np.linspace (start, stop, shape) # (-3,3,50)
y1=2*x+1
Y2=xX**2
return(x, yl, y2)

mwan

plt.figure (
num = None, // HOMEp MM ¥MMA M300paxeHMda, number - UMCIIO, CTPOKa — WMS
// TlepBEIM IO YMOJIYAHMIO pPaBeH 1, a 3aTeM o ouepemu 1, 2, 3;
// n3 onepauuu IDLE BMOHO, UYTO OH HE MOXET OBThL 3IECh OTODOpPAXEH.
figsize = None, // YcTaHaBimBaeTcsd pas3Mep Bcei objacTu
dpi = None, // YkaszaHue paspeleHrsa PUCOBAHHOTO OOLEKTa,
// TO ecThb CKOJIbKO MMKCeJIeM Ha IIUM,
// 3BHaueHme no ymoyuaHuw - 80; 1 moriM paBeH 2,5 cM

facecolor = None, // lleer doHa

edgecolor None, // uBeT TpPaHMULL
frameon = True, // lokaseBaTh Jiu Qperim
FigureClass=<class 'matplotlib.figure.Figure'>,

clear=False,

**kwargs,
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def do it 0(x, y):
plt.figure(facecolor='y', dpi=100, num='csd')
plt.plot(x, V)
plt.grid(ls=':"', color='g')

def do it 1(x, yl, y2):
plt.figure(figsize=(8,5), facecolor='y')
plt.plot(x, y2)

plt.plot(x, yl, color='red', linestyle='--', linewidth=0.5)
plt.grid(ls='-"', color='b")

#

if name == ' main_ ':

x, yl, y2 = get data(-3, 3, 50)
do it O0(x, yl1)

do it 1(x, yl, y2)

plt.show ()

B OnTuMH3anusa oceid KOOpAHHAT

# OnTmuMMBsaLMsa OCel KOOPIMHAT
import matplotlib.pyplot as plt
import numpy as np
def get data(start, stop, shape):
# B ykaszsaHHOM MHTepBajie [start, stop] BoO3BpamaeT MHOXECTBO UMCEJTI
# C paBHBEIM MHTEpPBaJIOM B KoJM4YecTBe shape.
x=np.linspace(start, stop, shape) # (-3,3,50)
yl1=2*x+1
Y2=X**2
return(x, yl, vy2)
x, yl, y2 = get data(-3, 3, 50)
plt.figure (facecolor="y")
plt.plot(x,vy2)
plt.plot(x,yl,color="red',linestyle="'--"',linewidth=1.0)
# OrobpaxeHyre nmanaszsOHa BHAUEHUM pasMepa m3obpaxeHus (KOOPIMHAT),
plt.xlim((-1,2))
plt.ylim((-2,3))
# JloBbaBJieHUE TETOB
plt.xlabel ('I am x'")
plt.ylabel('I am y')
# PaBHOMEPHO paszmeyiMTh 5 KOOPIMHATHHX TOUEeK B IOralasoHe OoToOpaxeHus OCU X,
# ykaszsanHoMm B plt.xlim ((- 1,2))
new ticks = np.linspace(-1,2,5)
print (new_ ticks)
plt.xticks (new_ticks)
#plt-ytlcks([]l []/)
[lepBEE OBa IapaMeTpa — 2TO MaCCUBH,
BTopasa penpe3eHTaTMBHasA MeTKa (MoxXeT OBITb HE UMCJIOBOM) 3aMeHUT I[IePBYI
UMQPOBYID MeTKY 10 YMOJIUaHUIO,
TpeTul napaMeTp M3MEeHSeT OKOHUATEeJIbHYyl MeTKy (HanpuMmep, dopMmy, LBeT)

mwwan

# PerynsapHbE BEPAaXEHMs [IOKABLBAKT KpPaCUBHE WPUOTH, IPpM NedyaTy IpobesioB

ucrnoJsb3yerca nepeson '/', </ + space>

#fplt.yticks ([ -2, -1, 1, 2, 31,

# ['really bad', 'bad', 'normal', 'good', 'really good'])

plt.yticks ([-2, -1, 1, 2, 31,

[r'Sreally\ bad\ \alpha$', r'Sbad$', r'S$normal$', r'Sgood$',
r'Sreally\ good$'],

rotation=30)
plt.grid()
plt.show ()
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B fIBHOe onpepesieHUe 06/1aCTH PUCOBAHUSA
flBHOe onpeaeneHne 061acT1 pUCOBaHUA NpeAnoaaraeT ONTUMMU3ALMIO OCei KOOPAMHAT.

# OnmTmuMMBaUMg OCel KOOPIMHAT

import matplotlib.pyplot as plt

import numpy as np

def get data(start, stop, shape):

# B ykaszaHHOM MHTepBaje [start, stop] BoO3BpamlaeT MHOXECTBO UMCEJ

# C paBHBEIM MHTEpPBaJIOM B KoJMYecTBe shape.
x=np.linspace(start, stop, shape) # (-3,3,50)
y1=2*x+1
Y2=xX**2
return(x, yl, y2)

x, yl, y2 = get data(-3, 3, 50)

# BapMAHTH NOJIyYEHMS CCEUIKM Ha OOJacCTb PUCOBAHUSA

#fig = plt.figure(facecolor="y") # puUCyHOK

#ax = fig.add subplot (111) # mobaBuTh 0OJIACTH PUCOBAHUS

#ax = fig.gca() # nonyumTh Tekymylo oBJacTb pucoBaHusa oT fig
ax = plt.gcal() # nmonyumTe Texkymylo o00JlaCTb PMCOBAaHMA OT plt

# nuHuy Ha OOJIACTM PUCOBAHUSI
ax.plot(x, yl, color='red', linestyle='--', linewidth=1.0)
ax.plot(x, v2)

# OroBpaxeHre nmanaszsOHAa 3BHAUEHUM pas3Mepa m300paxeHrs (KOOPOMHAT)
plt.xlim( (-1, 2))

plt.ylim((-2, 3))

# IobBaBiieHUE TETOB

plt.xlabel('I am x'")

plt.ylabel('I am y'")

# PaBHOMEPHO pas3meyiMTh 5 KOOPIMHATHHX TOUEeK B IOxalasoHe OoToOpaxeHus OCHU X,

# ykasanuoMm B plt.xlim ((- 1, 2))

new ticks = np.linspace(-1, 2, 5)

print (new_ticks) # pacmeuaTaTb 3HAUEHUS CHOMCKA HOBHBIX KOOPOMHAT
plt.xticks (new_ticks) # HaHeCTM HOBBEIE KOOPIMHATEH

wuan

#plt.yticks([1,[],)

[lepBEEe IOBa NapaMeTpa — 2TO MaCCHUBEH,

BTopasa penpe3eHTaTMBHaASA MeTKa (MoxeT OBITb HE UMCJIOBOM) 3aMeHUT [IepPBY
LMOPOBYI METKY 10 YMOJIYaHMIO,

TpeTu¥ HapaMeTp M3MeHSeT OKOHUATeJIbHYI MeTKy (HanpuMep, dopMy, LBeT)

wuan

# PerynsapHBHE BEPAaXeHMs I[IOKA3BBAKT KPAaCUBHE WPUOTH, IPM NedyaTy IpobesioB

ucrnosb3yeTrca nepeeson '/', </ + space>

#fplt.yticks ([ -2, -1, 1, 2, 3],

# ['really bad', 'bad', 'normal', 'good', 'really good'])
plt.yticks([-2, -1, 1, 2,

[r'Sreally\ bad\ \alpha$', r's$bad$', r'Snormal$', r'Sgoods$s',

r'Sreally\ good$'],
rotation=30)

plt.grid()

plt.show ()

m HopmasibHas o611as cuCcTeMa KOOpAUHAT
HopmanbHasa obLas cuctema KOOpAMHAT NPUMEHAETCA NPY PELIEHUM MaTEMATUYECKUX 3a4au.

# HOpMaJIbHHE KOOPOMHATH X, V

# (obmas cucTeMa KOOPIMHAT, KOTOPAas

# mprMeHseTCsa OJisS pPelleHMs MaTeMaTUUeCcKMxX 3alal)

import matplotlib.pyplot as plt

import numpy as np

def get data(start, stop, shape):

# B ykaszsaHHOM MHTepBajie [start, stop] BoO3BpamaeT MHOXECTBO YMCEJ
# C paBHEIM MHTepBaJIOM B koJmuecTBe shape.
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x=np.linspace(start, stop, shape) # (-3,3,50)
y1=2*x+1
y2=X**2
return(x, yl, v2)
x, yl, y2 = get data(-3, 3, 50)

plt.figure ()
plt.plot(x, y2)
plt.plot(x, yl, color='red', linestyle='--', linewidth=1.0)

# OrobpaxeHre OuarnaszsoHa BHAUYEHUM pas3Mmepa u3o0bpaxeHus (KOOpOMHAT),
plt.xlim( (-1, 2))

plt.ylim( (-2, 3))

# IloBbaBlleHUE TETOB

plt.xlabel('I am x'")

plt.ylabel ('I am y')

# PaBHOMEPHO pas3meyiMTh 5 KOOPIMHATHHX TOUeK B IOralasoHe oTofpaxeHus OCU X,
# ykaszsanuoMm B plt.xlim ((- 1, 2))

new ticks=np.linspace (-1, 2, 5)

print (new ticks) # pacneuaTaTb 3HAUEHMS CIMCKA HOBBIX KOOPIOMHAT
plt.xticks (new_ticks) # HaHeCTM HOBEIE KOOPIMATEHL
#plt.yticks([-2,-1,1,2,3],['really bad', 'bad', 'normal', 'good', 'really good'])

# PerymngpHble BHPAaXeHMS IOKA3LBAKNT KPAaCUBHE WPUGTH
plt.yticks([-2,-1,1,2,3],[r'Sreally\ bad\
\alpha$',r'$badS$',r'Snormals$', r'SgoodS$', r'Sreally\ goodS$'])

# gca = 'IOJYyUYMUTH TEKYIyln OChH'

ax=plt.gca()

# ChmenaTh NPO3PAUYHBIMU [PABYI UM BEPXHIOK OCM, CKPHITH Spines
ax.spines['right'].set color ('none')

ax.spines['top'].set color('none')

# YCTaHOBMTBL OCh Xaxls, MOJIYyUEHHYI C IIOMOUBI ax, kKakK oCb 'bottom'
# YCTaHOBMTBH OCHb yaxis, MNOJIydeHHY C IOMOIbI ay, Ha ocb 'left'
ax.xaxls.set ticks position('bottom')
ax.yaxis.set ticks position('left')

# YCTaHOBMTH HauvallbHYK TOYKY X, y kak: (0, 0) origin
ax.spines['bottom'].set position(('data', 0))
ax.spines['left'].set position(('data', 0))
ax.grid()

plt.show ()

m JlereHaa

# HOpMaJIbHHE KOOPOMHATH X, V
# (oBmasa cucrTeMa KOOPIMHAT, KOTOPasd
# mpvMeHsgeTCd OJiS PelleHUMs MaTeMaTUYeCKMX 3allau) ¥ JeTeHOa
import matplotlib.pyplot as plt
import numpy as np
def get data(start, stop, shape):
# B ykaszsaHHOM MHTepBajie [start, stop] BoO3BpamaeT MHOXECTBO UMCEJI
# C paBHBIM MHTEpPBAaJIOM B KOJIMUeCTBe shape.
x=np.linspace(start, stop, shape) # (-3,3,50)
y1l=2*x+1
y2=X**2
return (x, yl, vy2)
x, yl, y2 = get data(-3, 3, 50)
plt.figure ()
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, 0, label=u'2*x + 1', color='red')
#legend: Ommcahnme 3HAUKa
# handles: PaszmMep paMku MOXeT OHTL ABTOMATHMYUECKM YCTAHOBJIEH B COOTBETCTBUMU
# C pasMepoM 3TUKETOK.
# MapameTp loc: ompenesigeT MOJIOXKEHME 3HauKa IPpM OTOOPaXeHUM [0 yMOJIYaHMIO
# KaK «Haujydimee», IOMNOJIHUTEeJILHEHE IIapaMeTph:
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# «BEpXHUM LEHTP», «HWXHUM LEHTP», «LUEeHTPAaJIbHBI JIEBBII», «LUEHTPAJIbHBI [IPaBBII»
# v oT. m.
legends=11 + 12

labels = [l.get label() for 1 in legends]
plt.legend(legends,

labels,

loc=4)

# OrobpaxeHre IManasOHAa BHAUEHUM pasMepa mus3obpaxeHusd (KOOPIOMHAT),
plt.xlim( (-1, 2))

plt.ylim((-2, 3))

# HobGaBiieHye TEroOB

plt.xlabel('I am x'")

plt.ylabel('I am y'")

# PaBHOMEPHO pas3IesiMTh 5 KOOPAMHATHEIX TOYEK B IMalas3oHe OTOOpaxXeHMsS OCHU X,

# ykasanuoMm B plt.xlim ((- 1, 2))

new ticks = np.linspace(-1, 2, 5)

print (new_ticks) # pacmeuaTaTb 3HAUEHMUS CHOMCKA HOBHIX KOOPOMHAT
plt.xticks (new_ ticks) # HaHeCTM HOBBEIE KOOPIMATEHL
#plt.yticks([-2,-1,1,2,3],['really bad', 'bad', 'normal', 'good', 'really good'])
# PerymngapHbEe BHPAaXEHMsS IOKA3HBAKT KPAaCUBHE MPUGTH

plt.yticks([-2, -1, 1, 2, 31,

[r'Sreally\ bad\ \alpha$', r'Sbad$', r'S$normal$', r'Sgood$',
r'Sreally\ good$'])
# gca = 'IOJYyUYMUTH TEKYIyln OChH'
ax = plt.gca()
# ChmenaTh NPO3PAUYHBIMU [PABYI UM BEPXHIOK OCM, CKPHITH Spines
ax.spines['right'].set color ('none')
ax.spines['top'].set color('none')
# YCTaHOBMTBL OCh Xaxls, MOJIYyUEHHYI C IIOMOUBI ax, kKakK oCb 'bottom'
# YCTaHOBMTBH OCHb yaxis, MNOJIydeHHY C IOMOIbI ay, Ha ocb 'left'
ax.xaxls.set ticks position('bottom')
ax.yaxis.set ticks position('left')

# YCTaHOBMTH HauvallbHYK TOYKY X, y kak: (0, 0) origin
ax.spines['bottom'].set position(('data', 0))
ax.spines['left'].set position(('data', 0))
ax.grid()

plt.show ()

B AHHOTaIMHM U COGCTBEHHBIN TEKCT
JobaBneHne aHHOTAUMN K OCOObIM TOYKAM Ha U30bparkeHun, AobaBreHWe TeKCTa OTHOCUTENbHO
n3obparkeHua Ha obnacTn pucosaHuA

# IoOaByieHMe aHHOTALUMM K OCOOBIM TOUKaM Ha M300paxeHuu
# IoOaByieHMEe TeKCTa OTHOCUTEJILHO M300paxeHMs Ha oOJlacTy PUCOBAHMUSA
import matplotlib.pyplot as plt
import numpy as np
#
def get data O(start, stop, shape):
# B ykasaHHOM MHTepBajie [start, stop] BoO3BpamaeT MHOXECTBO YMCEJ
# C paBHBIM MHTEpPBaJIOM B KoOJMUYeCTBe shape.

x=np.linspace(start, stop, shape) # (-3,3,50)

y=2*x+1

return(x, vy)

x = np.linspace (-3, 3, 50)
y = 2*x+1

x, y = get data 0(-3, 3, 50)
plt.figure (num=1, figsize=(8,5))
#plt.plot (x, y)

ax=plt.gcal()

ax.plot (x, v)

ERgEnE
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ax.spines['right'].set color('none')

ax.spines['top'].set color('none')
ax.xaxls.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 BosBpamaeT OBa Maccuba

# nojyueHnme mnape 3HauveHuit U3 MaccuBoB x0, yO0
~x0 = int(x0[0])
_y0 = int(y0[0])
# BamaTh TOUKY pacCeMBaHUsa, S: pas3Mep TOUKM.

ax.scatter( x0, y0, s=50, color='b'")

#plt.scatter( x0, y0, s=50, color='b'")

# Mexnmy meByms Toukamu [( x0, yO0), ( x0, 0)]

# HapMCOBaThk YEPHYI NYyHKTUPHYIO JMHMO mmpuHoM 0.5.
ax.plot ([ _x0, x0], [ yO, 0], 'k--", 1w=0.5)
#plt.plot ([ _x0, x0], [ _yO, O], 'k—--1', 1w=0.5)
# method 1

#annotate: aHHOTaUUA
# % y: BKBUBAJIGHTHO CHMMBOJIy ampeca & B fA3mke C U NprcBauBaeT 3HadyeHue $ S.

# xy: YCTaHOBKA OTHOCMUTEJILHOTO IIOJIOXEHMS TekcTa (2x + 1 = 3) OTHOCUTEJILHO
# TOUKM AHHOTALMMU.

# textcoords = 'offset points': 3HaueHMe IO yMOJIYAHUI,

# napaHoumalibHass TOUYKa (OTKJIOHEHME OT BHAaUYeHUS HaCTPOWKMU

# xytext (x0, y0)) m, HakoOHel, MCIOJb30BaHME €€ B KadeCTBe
# TOUKM MNPUBSA3KM IJIS PUCOBAHMUSA KPMBOM aHHOoTaumm no (x0, yO0)
# xytext = (x1, yl) 3amaHue 3HaAUYEHMS OJ8 TOYUKM HACTPOMKU
#farrowprops = yCTaHOBKAa CTUJA: CTpeJiKa, yToJ, PpaIunyc

#

# plt.annotate(r'sS2x+1=%s$'% yO0,

# xy=( x0, _yO0),

# xycoords='data',

# xytext=(+30,-30),

# textcoords='offset points',

# fontsize=16,

# arrowprops=dict (arrowstyle='->",

# connectionstyle='arc3, rad= .2"'")

# )

ax.annotate (r'$2x+1=%s$'%_yO0,
xy=(_x0, _y0),
xycoords='data',
xytext=(+30,-30),
textcoords='offset points',
fontsize=16,
arrowprops=dict (arrowstyle='->",
connectionstyle='arc3, rad= .2"'")

)

# method 2
mwirr
plt.text(x,vy,s, fontdict,)

X, y: DIe pas3MeCTUTb TEKCT

S: sStr TEKCTOBOE COIEPXMMOE.

fontdict: crmoBapb, MCHOJNB3YEMEM IOJisa IepeolnpelelyieHrs aTpubyToB TeKCTa

IO YMOJIUaHMI ([IOJIb30BATEJILCKUM CTWUJIb TeKCTa)
mmoan

#

plt.text(-3.7,
5,
r'$This\ is\ the\ some\ text.\ \mu\ \sigma i\ \alpha t$',
fontdict={"'size':16, 'color':'xr'})

plt.show ()
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m IIpo3payHoOCTh INHUH

KoopauHaTbl MHOTAA CKPbLITbI NIMHUAMMK TpaduKa — YCTAaHOBWUTbL MPO3PAYHOCTb JIMHUKM, YTOObI OHM
oTobparkanace.
# KoopmOMHATH MHOTIA CKPHTHE JMHMAMM Tpaduka — yCTaHOBUTH

# NpPoO3pPayYHOCTL JIMHMM, UYTOOH OHM OTOBpaxayach.
import matplotlib.pyplot as plt

import numpy as np

#
def get data O(start, stop, shape):

# B ykaszsaHHOM MHTepBajie [start, stop] BoO3BpamaeT MHOXECTBO UYMCEJI
# C paBHEIM MHTepBaJIOM B koJuuecTBe shape.

x=np.linspace(start, stop, shape) # (-3,3,50)
y=0.1*x
return(x, V)

#

X, y = get data 0(-3, 3, 50)

plt.figure ()

plt.ylim(-2, 2)

ax=plt.gcal()

#alpha: xo3ddpMUMEHT NPO3PAUHOCTHU
ax.plot(x, vy, linewidth=10, color='green', alpha=0.5)

ax.spines['right'].set color('none')
ax.spines['top'].set color('none')
ax.xaxlis.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()

# V3MeHUTL MEeTKM (KOOPIAMHATH) OCelr X U Y,
# ycraHOBUTL pasmep uwpudpra 12,
# MeTKM [OMEeCTUTL B PaMKM (KpacCHHE C 3eJIEHOM KaéMOUKOM, [IOJIyNPO3PauHEE)
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 ()

| ToqeqﬂaﬂanarpaMMa

# ToueuHasa Ouarpamma
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)
T=np.arctan2(Y,X) #for color value

wuan

np.arange ()

Ina napaMeTpa 3HadeHMEe NapaMeTpa - 3TO KOHedHas TOodKa,

HadajbHasg TOYKAa - 3HadeHMe o yMmojdaHuo 0,

a IOJaMHa llara - B3HadeHMe [0 yMOJiYaHmio 1.

B crnyyae OByxX [NapaMeTpPOB I[IE€PBBI NapaMeTp SBJISeTCHS HadaJIbHOM TOYKOM,
BTOPOM MNapaMeTp - KOHEWHOM TOUKOM, IOJIMHa Wlara - S3HadYeHMeM [0 yMoJdaHumo 1.
[Ipy HaIMuMM Tpex NapaMeTPOB [EepBbIM IapaMeTp SABJISETCSA HadaJIbHOM TOUKOM,
BTOPOM IapaMeTp - KOHEUYHOM TOUKOM, a TPpeTuM IapaMeTp - IJIMHOM mara.

Ecim pasMep mara NOOIEepPXMBAET IeCATUUHBIE Opodbu (?)
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wuan

plt.scatter(X,Y,s=75,c=T,alpha=0.5)

# plt.scatter HacTpouUTh TOUEUHY OMATPAMMY .

#plt.scatter (np.arange(5),np.arange(5))
#fplt.xlim((-1.5,1.5))

#plt.ylim((-1.5,1.5))

# He mepenmaBaThb MapaMeTphl, yOaJlUTh HepUdepuiiHble KOOPOMHATEH
# plt.xticks (())

# plt.yticks (())

plt.grid(True)

plt.show ()

® bapHasd rucrorpamMmma
BapHaa ructorpamma ciyyaliHasa BblOOpKa M3 PaBHOMEPHOro pacnpeneneHns [HU3KWI, BbICOKWUN),
BA)KHO, YTO AOMEH ABNAETCA 3aKPbITbIM C/EBa M OTKPbITbIM CMPABa, TO €CTb COAEPKUT HU3KUIN, A He
BbICOKMI (?), N - KOANYECTBO TOUYEK BbIBOPKMU.

# BapHasg TucTOTpPamMMma
import matplotlib.pyplot as plt
import numpy as np
def get data(n):

n=n

X = np.arange(12)

# 1/float (2)=0.5

# np.random.uniform: CrmyuariHas BHOOpPKa M3 PaBHOMEPHOTO paCIpemesIeHUS
# [HWMBKMI, BBICOKMM), BaXHO, UYTO IOMEH SBJISETCS BaKPBITEIM CJIEBa

# M OTKPEITHIM CHpaBa, TO €CThb COINEPXUT HUBKUM, a He BHEICOKMI,

# n - KOJIMUECTBO TOUEK BHEOOPKU
Y1 = (1 - X / float(n)) * np.random.uniform(0.5, 1.0, n)
Y2 = (1 - X / float(n)) * np.random.uniform(0.5, 1.0, n)

return (X, Y1, Y2)
X, Y1, Y2 = get data(1l2)
# bar: PemnpeszseHTaTMBHAS TUCTOTPaMMa
ax = plt.gcal()
# plt.bar (X, +Y1, facecolor='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 BHpaxamoTCs B eIMHMUIIAX KOpTexeln,
# a BHaueHMSs [OCJIemOBATEJIbHO OepyTcsa B MaccuBax X m Y.
for x, y in zip(X, Y1):
# ha:horizontal 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):
# ha:horizontal alignment
# plt.text(x + 0.4, -y - 0.05, '%$.2f' % y, ha='center', va='top')
ax.text(x + 0.4, -y - 0.05, '%.2f' % y, ha='center', va='top')
# plt.xticks (())
# plt.yticks (())
ax.grid()
plt.show ()

| ,[lnarpaMMa BbICOKOTO U HU3KOI'O nNoTe€eHna’ia

wuan

IrarpamMMa BBICOKOT'O M HUMS3KOTO IIOTEeHLMAalla SHepIumu
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np.linspace (x, y, n): OeJuTb [NOPOBHY Ha N kKak obuee

np.arange (x, y, n): IOeJuUTh [IOPOBHY Ha N KaK pas3Mep mara
mwwan

import matplotlib.pyplot as plt
import numpy as np

#

def f(x,y,rl,r2):
#b = (1-x/2+x**54+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

#

n = 256

x = np.linspace (-3, 3,n)

y = np.linspace(-3,3,n)

#meshgrid: Cerka

LARIRLS

np.meshgrid(x, y) BoO3BpamaeT KOOPAMHATE IOBYMEPHOM CETKU
Ha OCHOBE KOOPIMHAT, COIepXallMxCsa
B BEKTOpe X M BEKTOpe VY.

x - BexkTop [1 2 3], y - BekTop [1 2 3 4 5];

Kaxnmas cTpoxka MaTpuubrl X paBHa x, To ecTs [1 2 3],

obmasa nnmuHa (y) = 5 CTpoOk;
Kaxment crTosiben MaTpuuel Y paBeH y, To ecthb [1 2 3 4 5],
obuadg mamHa (x) = 3 cronbua.
X = Y =
123 1 1 1
123 2 2 2
123 3 3 3
123 4 4 4
123 5 5 5

wuan

X, Y = np.meshgrid(x, V)

# Koutyp (contour)

# use plt.contourf to filling contours

# X,Y and value for( X,Y) point

# 8: 8 nmejeHun

# cmap = color map contourf: 3ajnmuBka KOHTypa.
ax = plt.gca()

rl = (np.random.uniform(3, 9, 1))

rl= int(rl)

r2 = (np.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)
# mcnombzoBaTh plt.contour, uToOH NOBABUTHL KOHTYPHBIE JIMHMM contour:
# [OBULMOHMPOBAHME JIMHUNA

# C=plt.contour(X,Y,f(X,Y),8,colors="black',linewidths=0.5)

C = ax.contour (X, Y, f£(X, Y, rl, r2), 8, colors='black', linewidths=0.5)
#adding label

#inline: JoGaBUTH SPJIEIK OHJIAMH

#plt.clabel (C,inline=True, fontsize=10)

ax.clabel (C, inline=True, fontsize=10)

#plt.grid()

ax.grid()

# plt.xticks (())

# plt.yticks (())

plt.show ()

H liBeTOBOM GJIOK M aHHOTALUS IPaJUEeHTHON r’MCTOrPaMMBbl

# lUBeToBOM OJIOK M aHHOTAUMsS I'PaIMEHTHOM I'MCTOI'PaMMEL
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import matplotlib.pyplot as plt

import numpy as np

#image data

# YkasaTb UBeT IO HOMEpy, [epenTh MacCuB, a 3aTeM uaMeHuTb dbopmy (3,3),

# uTOOHl MBMEHUTH GopMy MaTpuibl 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)

plt.figure(figsize=(8,5),facecolor="white')

fornthe value of"interpolation",check this:

http://matplotlib.org/examples/images contours and fields/interpolation metho

ds.html

wuan

#cmap:color map;

# cmap = 'bone': ycraHOBUTEe OeJBli LBET M300PAXEHUS.
#origin oTobpaxaeTcs OTHOCUTEJIBHO Haudajla M KOHLA MCXOOHOM MaTpuubl 3X3, origin
= 'upper'

#interpolation="'nearest'

plt.imshow (a, cmap="'bone',origin="lower")

#shrink: ompeneseHue kosbbULMEHTa CXaTUd [HaHEJUM KOMMEHTAPUEB OTHOCUTEJILHO
LIBETOBOI'O OJIOKa.

plt.colorbar (shrink=0.9)

plt.grid()

# plt.xticks (())

# plt.yticks (())

plt.show ()

B 3D u3o6pakeHUe U OTOOPaAKEeHHe MJI0OCKOCTeM
[Nna pUcoBaHMA TPexmepHbIX rpaduKoB GYHKLMI (NOBEpXHOCTEN) U MPUMEHEHMUA CPEACTB HACTPOMKM
BHELWWHero Bnaa rpadukoB Hy*KHbl bubanoTeka Matplotlib 1 maTemaTtuueckas 6ubnmoteka numpy.

BubanoTeka numpy TakKe MO3BOJIAET 3HAUYMTE/IbHO COKPATUTb KOJIMYECTBO CTPOK KOoAa, a HeKoTopble
MEeTOAbl KNAaCCOB PUCOBAHUA TPEXMEePHbIX rpaduKoB B KayecTBe MapaMeTPOB OXWAAIT 3K3eMMAApb
Knacca numpy.array.

Ona TpexmepHoro rpaduvka B nepsyl0 odyepedb HaAoO CO34aTb TpexmepHble ocu. YTobbl co3aaTb
TpexmepHble 0CK, CHavasa Hago 3arpysutb moaynb (Moaynb ???) Axes3D. 3atem ¢ nomoubto GyHKUUK
figure() cospaérca sksemnnsap Knacca matplotlib.figure.Figure.

Janbliue y ak3emnnapa 3Toro Knaacca Bbi3biBaetcs metoa add_subplot(), KoTopblli MOXeT npuHUMaTb
pa3/I4HOE KOJIMYECTBO MApPaMeTpPoB, HO B AAHHOM C/yyae emy nepenaércs OoAMH WMMEHOBAHHbIN
napameTp - projection, KOTOpbIA onucbiBaeT TMN oceit. [aa co34aHUA TPeXMepPHbIX OCeit 3HayeHue
napameTpa projection A0/MKHO 6bITb cTpokol "3d". B pesynbTaTte nosydyaerca ak3emnnap (06bekr)
K/lacca ocell, C KOTOPbIM MOXHO B Aa/ibHellwem paboTaTs.

3TOT 3K3emMnaap MpPUHAZNEKUT K Knaccy, npousBogHomy oT Axes3D (oH BKAOYaeT Knacc
matplotlib.axes._subplots.Axes3DSubplot, HO 3TOT Knacc co3gaeTca AMHAMUYECKN B BUbBaMoTeKe, U ero
ONUCaHMA HeT B AOKymeHTaumn). C nomoLlibio 06beKTa 3TOro Kaacca 6yayT pucosaTbca rpaduku m
HaCTPaMBaTCA UX BHELLIHWUI BUA,

# U Huuero kpome ocel!
import matplotlib.pyplot as plt
from mpl toolkits.mplot3d import Axes3D
if name == "' main_ ':
fig = plt.figure()
# BOBMOXHEI 2 BapMaHTa CO3IaHMsa TPEXMEPHHX OCeM OT BKI3EeMIIdpa =========
# xmacca Figure. Ho cHauaja HaOo 3arpy3UTh MOIOyJb (MomyJsb 2??) Axes3D
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axes = fig.add subplot (projection='3d")
faxes = Axes3D(fiqg)

#
plt.show ()

# TojyueHHHE OCHU MOXHO BpallaTh MHIIKOM.

Mony4eHHble OCY MOMKHO BpaLLaTb MbIWKON. TaKkke AoAKeH 6biTb rpaduKk. [ns atoro npumepa —
bYHKUMA OT ABYX KOOPAMHAT, KoTopan byaeT pMcoBaTbCA Ha OCAX:

f(x, y) = sin(x) * sin(y) / x*y

Hy»KHO NOAroTOBMTb AaHHbIE A/1A PUCOBAHMA. [A 3TOTO HYXKHbI TPU ABYMEPHbIE MaTPULLbI: MaTpuLbl X
n Y, KoTopble ByayT XpaHWUTb KOOPAMHATbl CETKM TOYEK, B KOTOPbIX BYAET BblMMCAATLCA NpUBEAEHHasA
Bblle PYHKLUMSA, @ MaTpuLua Z byaeT XpaHUTb 3HaYeHUA 3TON GYHKLMM B COOTBETCTBYHOLLEN TOYKE (X,Y).

Janble HyXHO MNOArOTOBUTb NPSAMOYFONbHYHO CeTKYy Ha naockoctu XY, B y3nax Kotopoi byayt
paccymMTaHbl 3HAYEHUA 3HaAYeHUs No ocu Z (3HayeHus oTobparkaemol GyHKUMK). [na co3aaHmA TaKkoM
CETKU MOXKHO NPUMeHUTb GyHKLUMIO numpy.meshgrid(). B npocTeliwiem cnyyae ata GpyHKUUA, NPUHUMAET
HECKO/IbKO O4HOMEPHbIX MacCMBOB. 34ecCb HyXHbl JBA maccuBa ana oceit X n Y, KoTopble cogeprkat
3HaYeHUA KOOPAMHAT Y3108 BAO/Ib COOTBETCTBYHOLLEN OCU, U MOTYT MMETb PasHblii pasmep. ITa GpyHKUMA
BO3BPATUT ABe ABYMEPHbIe MATPULLbl, ONMUCbIBatOLWMe KoopanHaTbl X 1 Y Ha ABYMEpPHOM ceTke.

MepBaa maTpuua byaer co3gaHa 'pasMHOXMeHMem' MepBOro nepegaHHoOro napameTpa B yHKUUIO
numpy.meshgrid() sgonb CTPOK nepBoit BO3BpallaeMon MaTpuubl, BTOpas MaTpuua cosgaeTtcs
'PasmMHoOKeHMem' BTOPOro nepeaaHHoro ogHomepHoro maccvmea Baonb CTOJIBLIOB BTopoii maTpuupi.
Mpumep:

X, Y = numpy.meshgrid([1, 2, 3], [4, 5, 6, 7])

X = array ([
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1)

IO MHIOEKCY y3Jla CEeTKM MOXHO Y3HAThb pPeaJlbHeEe KOOPIOMHATH:
X[0][0] =1, Y[O][O] = 4 n T.1.

Takne AByMepHble MaTpuubl MO3BOAAOT NEerko (???) paccumTbiBaTb 3HAYeHUs OYHKUMIA OT ABYX
apryMeHTOB, MCMOJIb3yA MO3/EMEHTHble onepauuun (BeKkTopusauuio). 3TM maTpuubl TpebytoTcs ans
puCcoBaHUA TpexMepHbIX noBepxHocTel B Matplotlib.

®dyHKuua makeData Bo3BpalyaeT Tpu ABYMEPHbIE MaTpULbl: X, Y, Z.
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KoopanHaTbl X 1 y nexaT Ha oTpe3ke oT -10 go 10 ¢ warom 0.1.

[na 3agaHuAa vHTepsana no ocam X u Y mcnonb3osBaHa ¢yHKuM numpy.linspace(), koTopas cosgaet
OAHOMEPHbIA MACCUB CO 3HAYEHUAMM M3 3agaHHOro uHTepsana [-10; 10] ¢ yKasaHHbIM KOJIMYEeCTBOM
OTCYETOB B Heli (B AaHHOM caydae - 100). Mo ymonyaHMIo NPaBblit KOHeL, MHTEPBAA TaK}Ke BKAOYaeTcA
B pe3ynbTaT (ec/nn Npasblii KOHEL, He HYXXHO BKJ/0YaTb B pe3y/bTaT, TO MOMKHO nepenaTb napameTp
endpoint, paBHbi False). [lna npoctoTbl No ocsAm H6epeTcs YeTHOE KO/IMYEeCTBO OTcYyeToB, HGaarogaps
aTomy ocobasa (!) Touka c KoopauHatamu (0, 0) He nonagaeT B CO34aBaeMyl0 CETKY, MNO3TOMY
O0MNOJIHUTENbHAA NPOBEPKA HE NPOBOAMUTCA.

from mpl toolkits.mplot3d import Axes3D
import matplotlib.pyplot as plt

import numpy

from array import *

def makeData(x, y):
xgrid, ygrid = numpy.meshgrid(x, vy)
z = numpy.sin(xgrid) * numpy.sin(ygrid) / (xgrid * ygrid)
return xgrid, ygrid, =z

# UTOOB OTOOPa3UTL IIOJIyUEeHHBE HOaHHEE, IOCTATOYHO BHBBATH

# meTonm plot surface() osk3eMmmisapa kjnacca Axes3D, B KOTOPHNI Hamo NepenaTh
# NoJydyeHHBIE C HOMOWBI GYyHKUMM makeData () IByMepHHE MAaTPULE.
if name == ' main_ ':

# Crpourcsa cerka B mHTepBaye or -10 mo 10, mmemmas 100 oTcueToB IO

# oBomM kKoopIMHATAM

X numpy.linspace (-10, 10, 100)

y = numpy.linspace(-10, 10, 100)

X, Y, Z = makeData(x, V)

fig = plt.figure()

axes = Axes3D(fiqg)

#axes.plot surface(X, Y, Z)

# llar ceTku

# EcTb OBa MHCTPYMEHTa nOJId M3MEHEHUA IIPOPEXMBAHMA IOAaHHBIX

# (rcount, ccount), (rstride, cstride)

# o ymomuanmo MerTon plot surface() mcnonesyer paspexeHMe MCXONHBIX

# DaHHBIX, UTOOB YyCKOPUTH OTOOpaxeHue. PerynMpoBaTh CTEINEHb pPa3pexeHus
# (MM maxe OTKJIKNYUTBL €T'0) MOXHO C IIOMOIBI [Map MMEeHOBAHHBIX [IapaMeTpoB,
# nmepemamaeMmelx B MeTon plot surface().

# C moMombio mapaMeTpoB rcount M ccount MOXHO 3alaTh KOJUUECTBO

# oTcueToOB MO IOBYM OCAM (IO CTPOKAaM M IO CTOJIOLAM B MCXOIHEIX HOAHHHX) .
# Ilo yMOJIYAHMIO MCIOJIB3YIOTCS 3HaueHms rcount = ccount = 50.

# Bmeck rcount = ccount = 100.

# Tlapa mapaMmeTpoB rstride m cstride BanmainT cTemneHb

# OpopexeHHOCTM (meumMMmaluMM) IO OCAM, TO €CThb CKOJIbKO OTCUETOB

# Hamo NPONYyCTUTH.

axes.plot surface(X, Y, Z, rcount = 100, ccount = 100)
plt.show ()
#

B lM3meHeHue uBeTa rpadpuka
MOHO M3MEHWUTb LBET MOBEPXHOCTM C MOMOLLbIO MapameTpa color. 3HayeHMe 3TOro napameTpa

npeacTaBnser coboit CTPOKy, KoTopas onucbiBaeT LBeT. CTPOKa LBeTa MOXeT 3aJaBaTbCA pPasHbIMU
cnocobamm.

LiBeT MOXHO onpeaennTb aHrIMACKUM CNOBOM A/19 COOTBETCTBYIOLLEro LBeTa UM o4HON BYKBOIA:
'b' unu 'blue’
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'g' unu 'green’

r' unun 'red’

'c' unm 'cyan’

'm' unm 'magenta’
'v' unm 'yellow'

'k" nnn 'black’

'w' unm 'white'

cepblit LBET, ero APKOCTb MOXHO 334aTb C MOMOLLbIO CTPOKM, coAepKallei yncao B nHtepsane ot 0.0 go
1.0 (0 - 6enblii, 1 - YepHbiit). HanpMmep, MOXKHO HanNUCaTb CAeayIoLLYO CTPOKY:

axes.plot_surface(x, y, z, color='0.7")
Mo*KHO 3aaaBaTb LBET TaK, Kak 3To npuHaTo B HTML nocne cumsona peweTku ('#'). Hanpumep:

axes.plot_surface(x, y, z, color='#11aa55')

B IIpuMmeHeHUe 1BeTOBbIX KapT (colormap)

LiBeToBble KapTbl MCMO/L3YIOTCA, €C/IM HYXKHO YKa3aTb B KaKue LiBeTa AOJIXKHbl OKPalwMBaTbCA Y4acTKU
TPeXxMepHOl MNOBEPXHOCTM B 3aBMCMMOCTM OT 3HayeHWa Z B 3ToW ob6nacTu (3afaHWe UBETOBOro
rpagueHTa). 3To NpMMeHeHue rPagMeHToB.

YT10bbl Npu BbiBOAE TpadMKa MCMONL3OBA/ACA TPagUeHT, B KayecTBe 3HayeHus napametpa cmap (ot
colormap - uBeToBas KapTa) HYKHO nepeAaTb 3K3emnaAp Knacca matplotlib.colors.Colormap wau
Npoun3BoAHOro 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 ':

# Crpourcs cerka B mHTeprBajye or -10 mo 10, mmemmas 100 orcueToB MO
# obomM koOpIMHATAM

X = numpy.linspace(-10, 10, 100)

Yy

X,

numpy.linspace (-10, 10, 100)
Y, Z = makeData(x, vVy)
fig = plt.figure()
axes = Axes3D(fiqg)
'l nns co3maHMsa LIBETOBOM KAPTH MCIOJB3YyeTCS CTATUUYECKUM METOI
LinearSegmentedColormap.from list (). IpuHMMaeT Tpu HapaMeTpa:
= lMsa cos3ImaBaeMOoV KapThl
= CnMCcok LBETOB, HauMHas C LBeTa IJId MMHUMAJIBHOT'O 3BHAUEHUS
Ha Tpadmukxe (romybom — 'b'), uepes HnpoMexyTOUHHE LBEeTa
(3mecbp »TO Beyplmt - 'w') K UBEeTYy OJS MaAaKCMMAJIBHOTO S3HAUEHUS
byHkUMM (KpacHEM - 'r').
= KoJMYyeCcTBO LIBETOBEIX [IepPeXONOB. UeM 2TO UMCJIO OoJble,
TeM OOJiee MJaBHBM I'PaIMEHT,
HO TeM OoJiblle NaMaTM OH 3aHMMaeT.
cmap = LinearSegmentedColormap.from list ('red blue', ['b','w','r'], 256)

303

S o S S R e e 3R o e



axes.plot surface(X,Y,Z,color="#11aa55"',
cmap=cmap,
rcount = 100,
ccount=100)
plt.show ()

B ChOMCOK BCTPOEHHBIX IIBETOBBIX KAPT U UX NPUMEHEHU e
['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', 'RAYIGNn_r', 'Reds', 'Reds_r', 'ScalarMappable', 'Set1’,
'Setl r', 'Set2', 'Set2_r', 'Set3', 'Set3_r', 'Spectral', 'Spectral_r',
'Wistia', 'Wistia_r', 'YIGn', 'YIGnBuU', '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’,
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'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 mpuMepe CTPOUTCS IBa TPEXMEPHHX TI'paduka B OIOHOM OKHE.
# Ina jeBoro rpadbmka uBeToBas kapra jet, a mng mpaBoro - 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 makeDatal():
# Cerxa B muHTepmasie or -10 mo 10, mmeer 100 oTcueToB HO 0OOOMM KOOPIMHATAM
X = numpy.linspace(-10, 10, 100)
y = numpy.linspace(-10, 10, 100)
# Cosmaércs mByMepHas MaTpHulla-CeTkKa
xgrid, ygrid = numpy.meshgrid(x, V)
# B ys3jlax pacCuuThHBaeM 3HaueHue QYyHKUUM
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'")
# 101
axes l.plot surface(x, y, z, cmap='jet')
axes l.set title("cmap='jet'")
# 10!
axes 2.plot surface(x, y, z, cmap='Spectral')
axes 2.set title("cmap='Spectral'")
plt.show ()

E lIBeTa ¥ TOJIIMHBI TUHUMI JIMHUU CETKU TPEXMEPHOM MOBEPXHOCTHU
MoxHo caenaTb 60/iee BblAENAOWMMUCA IMHUM CETKU TPexmepHoW MnoBepxHocTU. LiBeT AnHMin B
meToze plot_surface() 3agaétca ¢ nomowbio MMeHOBaHHOTO NapameTpa edgecolors, a ToAWMHA ANHWUI -
C NomoLpbto napameTpa linewidth.

[anee NMHWUU CETKM MOXKHO caenaTb bosee XKUPHbIMU U YepHbIMU. 18 HAarNAgHOCTU CETKA MOMKET BbiTb
caoenaHa bonee peaKoin € MOMOLLbI MAPaAaMETPOB rcount M ccount, a ANA PacKPacKM MOBEPXHOCTU C
NoMoOLLbIO MapameTpa cmap 3agaeTcs uBeToBas KapTa "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 () :
# CrpomuTcs cerka B uHTepmaje or -10 nmo 10,
# mvmewmas 100 oTcueToB 0O 0OOMM KOOPIMHATAM
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X numpy.linspace (=10, 10, 100)

y = numpy.linspace(-10, 10, 100)

# Cosmaércsa OmByMepHas MaTpPULy-CeTKY

xgrid, ygrid = numpy.meshgrid(x, V)

# B ysJax pacCUuMTHIBAKTCS 3HadYeHUs OGYyHKUUM

z = numpy.sin(xgrid) * numpy.sin(ygrid) / (xgrid * ygrid)

return cxgrid, ygrid, =z

if name == "' main ':

X, vy, z = makeData()

fig = plt.figure()

axes = fig.add subplot (projection='3d")

# 11!

axes.plot surface(x, y, z, rcount=40,
ccount=40,
cmap="'jet',
linewidth=0.5,
edgecolors='k")

plt.show ()

E [Ipumep 3d n3oGpakeHUs U OTOGPAKEHH S MJIOCKOCTEN

# 3D mBoOpaxeHre M oToOpaxeHMe IJIOCKOCTEN
import matplotlib.pyplot as plt
import numpy as np
from mpl toolkits.mplot3d import Axes3D
fig = plt.figure(facecolor="'white')
ax = Axes3D(fiqg)
#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.sgrt (X**2+Y**2)
#height value
Z=np.cos (R)
# r, cstride: MOJIOTHOCTL YEPHEIX JIMHUMN
# rstride: mHTepBaJ NO T'OPMUBOHTAJIBHOM OCU;
# cstride: mHTepBaJ NO BEPTUKAJILHOM OCH
# pamyra: uBeTa pamyru
ax.plot surface (X,
Y,
Zy
rstride=1,
cstride=1,
edgecolor="'black',
cmap=plt.get cmap ('rainbow')
)
ax.contourf (X,Y, Z,
zdir="'z",
offset=-2,
cmap="'rainbow'
)
ax.set zlim(-2, 2)
plt.show ()

B AHuManus
[danee npuBOAMTCA HECKONbKO MpumMepoB oTobpaxeHusa rpaduKos, KoTopble obecrneymBatoTca
byHKUMAMM M3 NaKeTa pyplot 6ubamnoTekn matplotlib, o6o3HaueHHoro Kak plt.
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H AHuMMalHUA B IUKJIEe

B atom moayne otobpaxkeHue rpaduKoB (pesynbTaT BbiNoAHEHUsA GYHKLMM gaussian) obecneymBaeTcs
bYHKUMAMM M3 NaKeTa pyplot 6ubanoTekn matplotlib, 0603HayeHHoro Kak plt. MNpu nmnopTte naketa
pyplot cospgaetca rotoBbiit K pabote 06beKT plt (???) co Bcemn ero rpaduUyeckMmm BO3IMOMKHOCTAMM.
HykHO Bcero numwb wmcnonb3oBatb ¢yHKUMIO plot() M nepepatb et maccuB (BO3MOMHO KOpPTEXK)
3HaYeHU, No KOTopbIM CcTPoUTCS rpaduk. B pesynbtate OyaeT co3gaH o6bekT Line2D. 3To AuHMA,
KOTOpana npeacTaBaseT coboit nocnenoBaTeIbHOCTb TOYEK, HAHECEHHYIO Ha rpaduk. Janee ¢ noMmoLLbto
dyHKUMKM plt.show() Hy»XKHO NoKasaTb 3TOT rpaduK.

import matplotlib.pyplot as plt
import numpy

import time

#

def gaussian(x, delay, sigma):

wuan

dynkuusa, rpaduxk KOoTOopoM OyImeT oTobpaxaThbCHA B NPOLECCEe aHMMaLUM

return numpy.exp (- ((x - delay) / sigma) ** 2)

def gaussmake (data, delay, sigma, maxSize, plt):
y = gaussian (data, delay, sigma)
# HOBBIM TayCccoB rpabmrk Ha umctyio TEKYIVIO ourypy =
plt.clf() # !!! OumcrTure Texymyio (HE HOBYVIO !)
# ourypy. VCHoJb30BaHME HOBOW OUI'YPE NPUBOIUT K
# HEeOTpPaHMUEHHOMY POCTY OKOH MPUJIOXEHUS ==========

plt.plot (data, v) # OroBpaxenmue rpaduka

# YcTaHOBKa OTOOpaxaeMbIX MHTEPBAJIOB IO OCHAM ======
plt.x1im (0, maxSize) # o ocu X

plt.ylim(-1.1, 1.1) # mo ocm Y

# moBaBJjieHME CEeTKU IO OCHaM
plt.axis ([0, maxSize, -1.1, 1.11])
plt.grid(True)

#
# !!! BersoBu 1y OOHOBJIeHUS T'paduka
plt.draw ()
plt.gcf () .canvas.flush events () # Metom plt.gcf()
# BO3BpamaeT oOwexkT THIA Figure,
# KOTOpHIM OTBeyaeT 3a OKHO Tpaduka.
return y # BO3BpamaeMoe 3HauyeHUE
#
if name == ' main_ ':
# TlapameTpsl oTofOpaxaeMom GbyHKLUM
maxSize = 200
sigma = 10.0
# ImamasoH Touek Mg pacuera rpaduka dyHkumm [0, maxSize)
xforward = numpy.arange (0, maxSize, 1)
xbackward = numpy.arange (maxSize, 0, -1)
# BHaueHusa Tpabuka obyHKUIUU
y = numpy.zeros (maxSize) # 200 nymen
#
# !!! BrIIOUMTL MHTEPAKTMBHED PEXMM IJIS aHMMaLWU
plt.ion() #

# ¥V dbyHkumum gaussian BymeT MeHATbCa napameTrp delay
factor = 1.0
for i in range (0, 10):
if factor > 0:
for delay in numpy.arange (0.0, 200.0, factor):
y = gaussmake (xforward, delay, sigma, maxSize, plt)
# BOB3BpamaeMoe 3HAYEHME 3IeChb He NpuMeHseTcs !
# Bamepxxa nepen CIenylmyM OOHOBJIEHMEM
time.sleep(0.01)
factor = factor * -1
if factor < 0.0:
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for delay in numpy.arange (200.0, 0.0, factor):
y = gaussmake (xbackward, delay, sigma, maxSize, plt)
# BO3BpamaeMoe 3HauyeHME 3IeCh He IpuMeHseTcs !
# Bamepxka mnepen crienyoumuM OOHOBJIEHUEM
time.sleep(0.01)

factor = factor * -1.0
# OTKJIOUUTL MHTEPAKTUBHHI PEeXMM IO 3aBEpPUIEHMIO aHUMAaLUU
plt.ioff () #
# HyxHO, UTOOBE T'padmMkK He BaKPHBAJICS IIOCJIE 3aBEepUIeHMS aHMMaLUM
plt.show ()

B npumepe po Hadana uukna rpaduk matplotlib ¢ nomoupio ¢yHKUMKM ion() nepesBoauTca B
WHTEPAKTUBHbIN PeXKMM. 3aTeM B LIMK/E NPOU3BOAUTCA OYUCTKA rpadmKa u fobasaeHne HOBOM KPUBOWM C
nomolubio ¢yHKumMM plot(). B pesynbTaTe BbINOJHEHMA MNPUIOKEHUA TpadMK MNocnenoBaTesibHO
nepemeLlLaeTca B 06e CTOPOHbI.

OTnnMuMe OT nNpocToro pucoBaHMA rpadUKOB 3aKAlYaeTcd B TOM, 4TOo BMecTo ¢yHKuMM show()
Bbi3blBaeTcA ¢yHKUMA draw(), nocse KOTOpPOM HyXHO [aTb BO3MOMKHOCTb matplotlib obpaboTtatb
BHYTPEHHME CO6bITMA, B TOM 4Yucae M Aana oTobpaxeHus rpadpuKkos. [as 3TOrO MUCMNO/b3yeTca Bbi30B
plt.gcf().canvas.flush_events().

dyHKuma gcf() BosBpawaet aksemnasp Tuna Figure, KOTOpbI OTBeYaeT 3a OKHO rpadwuka. lMocne
3aBepleHnna UMKAa C nomoubto OyHKumK ioff() BbIKAOYAETCA MHTEPAKTMBHLIA pPeMM, a 3aTem
BbI3blBaeTcA GyHKUMA show(), 4Tobbl NOKa3aTb NOb30BATE/NIO OKHO C NOC/AEAHUM KaapoM aHUMaLUK.

3TOT NpuMMep Ha Ka*KAOM Llare aHMMauuMuM OH yaanseT Bce 06bEKTbl KPMBbLIX C rpaduka, a 3aTem
CO343eTHOBYIO KPUBYIO.

[ | OHTI/IMI/ISaHI/IH pa60TbI IMPUAJIOZKEHHUA
Mpouecc obHOBNEHUA rpadMKa MOXKHO OMNTUMU3MPOBATb, €C/N COo34aTb OOBEKT, NpeacTaBaAAlLWMnA
eMHCTBEHHYIO KPUBYIO C rpadMKOM, ANA KOTOPOM 3aTEM U3MEHATb AaHHble.

Janee B npumepe anAa cosgaHuA I'pad)MKOB npUMeHAETCA O6'beKTHO-OpMEHTMpOBaHHbIﬁ noaxoa.

import time

import matplotlib.pyplot as plt
import numpy

#

def gaussian(x, delay, sigma):

mmoan

dyHKUMA, I'paduk xoTopoM OymeT oTobOpaxaTbCa B IOIpollecce aHMMaluu

wuan

return numpy.exp (- ((x - delay) / sigma) ** 2)

def gaussmake (data, delay, sigma, line, fig):
y = gaussian (data, delay, sigma)
# OOHOBMTHL IaHHEE Ha Tpaduxe
# (cTaphele HmaHHBIE BaMEHUTL Ha HOBEHE)
line.set ydata(y)
try:
# !!! BrrsoBu nns oOHOBJEeHMS Ipadmxa
fig.canvas.draw ()
fig.canvas.flush events ()
return line
except:
return None

#

if name == ' main ':
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# TlapameTprl oToOpaxaeMom GyHKLMUM
maxSize = 200
sigma = 10.0
# ImamaszoH Touek Iysg pacueTa rpadmuka QyHKUUM
X = numpy.arange (0, maxSize)
# BHaueHusa rpabtmka obyHKLIMMU
y = numpy.zeros (maxSize)
# ! BrIOUMTH MHTEPAKTUBHED PEXMM IJIS aHMMaLWU
plt.ion ()
# Cosmanme oOkHa U OOJACTM PUCOBaHMSA Iy TIpadmka. 3OeChb OeJIeHUS
# Ha ocCcsAx M CeTkKa YyCTAaHABIMBATCA II0 IOPYyTOMYy
fig, ax = plt.subplots()
# ax.grid() # MOXHO M Tak: cHauajla ceTka, BaTeM MHTEPBAaJbl
# YcraHoBKa OTOOpaxaeMelX MHTEPBAJIOB 10 OCHSM
ax.set x1im (0, maxSize)
ax.set ylim(-1.1, 1.1)
ax.grid() # yCcTaHOBKa CeTKU
# Orobpasurh Ipadbmk GYyKHUIMM B HaYaJIbHEM MOMEHT
# BpeMeHU (BO3BpallaeTCs KOPTEX JIMHMIL)
line, = ax.plot(x, V)
factor = 1.0
for i in range (0, 25, 1):
# ¥V oyHkuMM gaussian OymeT MeHSTbCsS napameTp delay (3amepxka)
if factor > 0.0:
for delay in numpy.arange(-50.0, 200.0, factor):
line = gaussmake (x, delay, sigma, line, fig)
if line == None:
exit ()
# Banmepxka nepen cienyouyM OOHOBJIEHMEM
time.sleep(0.01)
factor *= -1
if factor < 0:
for delay in numpy.arange (200.0, -50.0, factor):
line = gaussmake (x, delay, sigma, line, fig)
if line == None:
exit ()
# Banmepxka mnepen cienyouyM OOHOBJIEHMEM
time.sleep(0.01)

factor *= -1
# OTKJIIOUMTL MHTEPAKTUBHEIL PEXMUM [10 BaBEPIUEHMUI AHVMALVNA
plt.ioff ()
plt.show()

CHauyana c nomolubto ¢yHKUmMM subplots() cosgaetca oKHO ¢ rpadmKom. ITa PyHKUMS BO3BpaLLAET
0b6beKTbl Figure (okHO rpaduKka) m Axes (obnacTb pucoBaHMA B OKHe rpaduka). 3aTem C MOMOLLbLO
meTtoga plot() Knacca Axes cosgaetcs rpaduk. ITOT meTos BO3BpaLL@eT cnMcoK obbekToB Line2D.
MOCKONbKY W3BECTHO, 4YTO f[006aBAAeTcA TONbKO OAMH rpaduK, TO nNepBbli 31eMeHT cpasy
pacnakoBbIBaeTcA B NepeMeHHyto line. B LMKne BMeCcTo o4nCTKMU rpadmKka u nobaBneHns HOBOW KPUBOIA
ncnonblyetcs metog, set_ydata() knacca Line2D. 3ToT meTos 06HOBAAET AaHHble ANnA oTobpaKkaemol
KpuBoit. Mocne atoro c nomoub metogos draw() u flush_events() obHoBnseTca rpaduK.

B IIpumeHeHHe Kjacca Animation
Ons ynpoweHua co3gaHua aHumauuii B Matplotlib npumeHsaoTca pBa cneumanbHbIX  Kaacca,
npousBoaHble oT 6a3oBoro Kaacca matplotlib.animation.Animation:

B matplotlib.animation.FuncAnimation,
B matplotlib.animation.ArtistAnimation.

NmeeTca TaK:Ke NpoMexKyTouHbIn Knacc matplotlib.animation.TimedAnimation.
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B nokymeHTaummn Kk Matplotlib ectb Takas cxema HacnegoBaHUA:
ArtistAnimation
Animation TimedAnimation
FuncAnimation
FuncAnimation ncnonb3yeTcs, eCan HyXKHO Noc/aeA0BaTe/IbHO PAcCcYMTbIBaTh M OOHOBAATL rpaduK.

ArtistAnimation ucnonb3yetcs, eciM Bce KpuBble (MAM  ApyrMe aHUMMUPOBaHHblE OOBEKTHI)
paccuMTbIBAOTCA 3apaHee, a 3aTEM B KaXK40M Kagpe nocaeoBaTeNbHO CMEHAIT Apyr Apyra

B Co3jaHMe aHMMAaIlMHM C NOMOIIbI0 Kjaacca FuncAnimation

le,eﬂ Mcnonb3oBaHMA Knacca FuncAnimation coctouT B TOM, YTO KOHCTPYKTOPY 3TOro Kaacca nomMmmmo
APYTMX napameTpoB, O KOTOPbIX OyAeT CKa3aHoO no3AaHee, nepefaloTcs 3K3emnaap Kaacca
matplotlib.figure.Figure (oH oTBeYaeT 3a OKHO ¢ rpaduKom) 1 pyHKUUA, KoTopan ByaeT Bbi3biBaTbCA ANA
KaXK[Aoro Kagpa aHumauuun. 31a GpyHKUMA A0/KHA NPOU3BOAUTL KaKMe-TO BbIYMCEHUA M BO3BpaLLaTb
CMUCOK 06'beKTOB, KOTOopbleé U3IMEHUNNCbL B HOBOM Kajpe. JTa d)yHKLI,MFI AO/1XXHa BO3BpallaTb CNUCOK
obbekTOB, MpousBogHbIXx OT 6asoBoro kKnaacca matplotlib.artist.Artist. Bce o6bekTbl Ha rpaduke
ABNAKOTCA NPOU3BOAHbIMWM OT 3TOrO K/a1lacca.

B [IIpumep ucnosib30BaHuA Kjaacca FuncAnimation
dyHKuMA main_func() npMHMMaeT Kak MUHUMYM OAMH napameTp frame, KoTopbili ByaeT MeHATbCA OT
Kagpa K Kagpy. B gaHHOM npumepe 310 cmeleHne dyHKUmmM Faycca no ocu X. 3Ta dyHKUMA NepesaeTca
B KayectBe BTOPOIO napameTpa KOHCTPYKTOpPY Knacca FuncAnimation. OcTtanbHble aanee
nepevymncieHHble NapameTpbl ABNAOTCA He06A3aTeIbHbIMMU:

B frames - 3aaeT U3MEHAEeMYI0 NOC/NeA0BaTe/IbHOCTb, KaXKAbli 3/1€EMEHT KOTOPOM AN KaK4oro
Kagpa nepepaetca B GyHKLMIO CO34aHUA Kaapa. ITOT NapameTp MOXKeT 6biTb:

CMUCKOM Nt0ObIX 06BEKTOB;
nTepaTopom;
LenbiM Yucnom (3To paBHOCUIbHO 3HadeHuto range(N));
dYHKUMEN-TeHEPATOPOM;
None (paBHOCU/IbHO Nepegaye B KauecTBe napameTpa itertools.count).

B fargs - KOpTeX C AONOJIHMUTENbHbIMM MapaMeTpamu, KoTopble nepegatoTca B OYHKUMIO
CO34aHUA Kagpa. B paHHOM npumepe, 4tobbl dyHKUMA main_func() He ucnonb3osana
rnobanbHble NnepemeHHble (kaKk aTO yacTo aAenalT B Npumepax B AOKYMeHTauuu), en
nepenaoTca Te NapameTpbl, KOTopble el NoHafobaTcA A pacdeTa MU OBHOBAEHMA KPUBOW.
Ecnu He TpebyeTcs nepenaBaTthb OOMNOJIHUTE/IbHbIE NapameTpbl, 3TOT NapamMeTp MOXKHO
ONyCTUTb, YTO BYyAET PaBHOCUALHO nepeaaye 3Ha4veHma None.

B interval - 3agepyKKa Mexay Kagpamu B MUIJIMCEKYHOAX.

B blit - ucnonbsoBaTb M BydepmrsaLmio ANA yMeHbLIEHUA MOPraHUA rpaduKa Npu 06HOBNEHNUN.

B repeat - ec/iM 3TOT NapameTp pasBeH True, TO aHMMALMA HAYHETCA 3aHOBO MOC/E AOCTUNKEHUSA
KOHL,A nocnegosatesibHocTu frames.

Kpome nepeuymcieHHbIX NapameTpoB ecTb ewe W Apyrme HeobssaTesibHble MNapameTpbl, KoTopble
MO3BOAOT U3MEHATb MapPaMeTpPbl KILLMPOBAHUA AaHHbIX M 3a4EPXKKY MeX Ay nepesanyCckom aHUmaLmm
(napametp repeat_delay), ecaun sHaueHue repeat pasHo True.

Pe3ynbTaT 3TOro Nnpumepa He OTAMYAETCA OT NpeablayLWuX.

#
#import time
import matplotlib.pyplot as plt

310



from matplotlib.animation import FuncAnimation
import numpy
#

def gaussian(x, delay, sigma):

wuan

dyukumsa, rpadmuxk xoTopoy Oymer orTobpaxaTbCsa B IIPOLIECCE aHMMALNN.
mmoan

return numpy.exp (- ((x - delay) / sigma) ** 2)

#
# OyHKLMS, BHIBEIBAEMas IJg KaxXIoro Kampa
def main func(frame, line, x, sigma):

frame - napamMeTp, KOTOPEM M3MEHIETCS OT kalpa K KaIlpy.
line - xpuBag, IJS KOTOPOM M3MEHSITCS IOaHHEE.
X — CIMCOK TOYeK IO ocu X, IJig KOTOPHIX paccumMTelBaeTCsa QyHKUMa Taycca.
sigma - oTBeuaeT 3a wWMpMHY QyHKUMM ['aycca.
mwoan
y = gaussian(x, frame, sigma) # OBOHOBMTL IaHHEIE Ha T'paduxe
# (cTapele IaHHBEIE 3aMEHUTH Ha HOBHE)
line.set ydata(y)
return [line]

#
if name == "' main_ ':
# TMapaMeTps oToBpaxaeMmon GbyHKIIUU
maxSize = 200
sigma = 10.0
# ImamasoH Touek IJig pacueTa rpadmka OyHKUMM
X = numpy.arange (maxSize)
# BHaueHusa rpabmuka obyHKUIMU
y = numpy.zeros (maxSize)
#

# CoszmaHme okxHa nna rpaduxa
fig, ax = plt.subplots()
ax.grid()

# YcTaHOBKA OTOOpPAaXaeMEIXx MHTEPBAJIOB IO OCAM
ax.set x1im (0, maxSize)

ax.set ylim(-1.1, 1.1)

#

# Coszmanme nmHUM, KOoTOopas OyHeT aHMMUPOBATLCS

line, = ax.plot(x, V)

# !!! TlapameTp, KOTOPHI OyIeT MEHSATLCS OT Kagpa K KaIpy
frames = numpy.arange(-50.0, 200.0, 1.0)

# !!! Banmepxka Mexzy KagpamMu B MC

interval = 30

# !!! HcnombszoBaTh siu Oydepmszauuio OJs yCTPAHEHUS MepliaHuUs
blit = True

# 1! BymeT JM aHMMaUMAa LIUKJINUECKOMN

repeat = True

# !!! CospmaHme aHMMaUUN

animation = FuncAnimation (

fig, Figure (sTO cceuika Ha riobBajybhHylo fig)
OBOBeKT PUCYHKAa, MCIOJIbB3YEeMBI OJIS I1OJIyUeHUS
HeOOXOOMMEIX COOBITHI, TaKMUX Kak
prCOBaHMEe MM M3MEHEHME pas3Mepa.
OBOHOBUTE IaHHBIE Ha I'paduke

VICTOUHMK JaHHBIX IJIS [Iepelauu

B func - dymxumo (main_ func),

KOTOpas BHBHBAETCS B KaXIOM Kampe
aHVMAaLUX .

numpy.arrange () MCHOJb3yeTCsHd

IOJiS TEeHepauuu [0CJIEeNOBATEJIbHOCTHU
yyceJl B JIMHEMHOM [IPOCTPAaHCTBE C
OINVMHAKOBEIM pas3MepoM lara.

,# fargs: tuple or None (optional)

# Additional arguments to pass to

# each call to func.

func=main func,
frames=frames,

— S o e S SR SR e e SR S R o

fargs=(line, x, sigma
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interval=interval, # BpeMeHHOM MHTepBajl Mexny KaIpaMmu
blit=blit,
repeat=repeat

)

plt.show ()

Em Co3aaHMe aHMMalMH C MOMOIIbIO Kjacca ArtistAnimation
Mpn ucnonbzoBaHMM Knacca matplotlib.animation.ArtistAnimation Hy»XHO 3apaHee co3gaTb CAMCOK
CMUCKOB OOBEKTOB AN Kawaoro Kagpa. Mpu 3TOM AAMHA CNUCKA NepBOro YPOBHS COOTBETCTBYET
KOMYECTBY KaApoB, a KaXKAbI 31I@MEHT 3TOr0 CMMUCKA - CMUCOK 06beKTOB, KOTOpble ByayT NOKasaHbl B
[AHHOM Kagpe.

Mpwn cmeHe Kagpa 06'bEKTbI, npeaHasHa4eHHble ANA APYTrMX KaapoB CKPbIBAKOTCA.

B npumepe co3gaeTtcA CNMCOK cnMCKOB frames, KaxAaplih 3/1€MeHT KOTOPOro - CAMCOK M3 OfHOro
aKk3emnaapa Knaacca matplotlib.lines.Line2D, nockosbKy OT Kagpa K Kagpy MEHAeTCs TOJIbKO OAMH
06BbEKT Ha rpaduKe.

B IIpumeHeHue Kaacca ArtistAnimation
KoHcTpykTOop ArtistAnimation Kpome 3Kk3emnasapa Knacca Figure u cnucka ob6bekToB A/A Kagpos
NPUHMMAET NapameTpbl, aHaNOrMYyHble MapameTpam Knaacca FuncAnimation: interval, repeat,
repeat_delay u blit.

Mprmep BLIFAAAMT MPAKTUUYECKN TaK e, Kak U npeaplaylimMe 3a UCKNOYEHUEM TOro, YTO UBET JIUHMM
rpaduKka bygeTt oTanyaTbca. ITO CBA3AHO C TeM, 4To ronyboii LBeT, 3a4aHHbI napameTpom '-b' meToaa
plot() otanuaeTca ot uBeTa rpaduKa No yMmoa4aHuio.

Ho ecnun atoT napamMeTp He YKa3biBaTb, KaxXXa4aA HOBaA TINMHUA 6YAET CO34aBaTbCA C HOBbIM UBETOM U NPU
BbIMO/IHEHUN aHUMaAUUWN UBET IMHNN 6y,u,eT MeHATbCA.

#import time

import matplotlib.pyplot as plt

from matplotlib.animation import ArtistAnimation
import numpy

def gaussian(x, delay, sigma):

mmoan

dyHKUMA, I'paduk koTopoM OymeT oTobOpaxaTbCd NpollecCe aHUMalluK

wuan

return numpy.exp (- ((x - delay) / sigma) ** 2)
if name == "' main ':

# TapameTprl oToOpaxaeMom GyHKLUM

maxSize = 200

sigma = 10.0

# ImamnaszsoH Touek Iysg pacueTa rpadmka QyHKUUM
X = numpy.arange (maxSize)

# BHaueHusa rpabtmka obyHKUMMU

y = numpy.zeros (maxSize)
#

# Cosmanme okHa mia rpabuxa
fig, ax = plt.subplots()
ax.grid()

# YcTaHOBKa OTOOpaxaeMbelX MHTEPBAJIOB I1O0 OCSM
ax.set x1im (0, maxSize)

ax.set ylim(-1.1, 1.1)

#
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# !'!! CosmaHme cnmucka JIMHUIM, KOTOPHE OYyIyT MNOCJEeOOBATEJIbHO ==========
# nepeKmoanbcq n Hpeﬂ"bHBﬂHTbCH HpM M3MEHEHUN HOMepa Kanpa
frames = []
for delay in numpy.arange (-50.0, 200.0, 1.0):
y = gaussian(x, delay, sigma)
# CIOMCOK PUCYHKOB JIMHMIA

# TomyOoM uBeT JMHMU BamaéTcsa napamerpoMm '-b'
line, = ax.plot(x, y, '-b'")
# !'!! TlockonmbKy Ha KaxIoM KaIpe MOXeT MeHSAThLCS HEeCKOJbKO OOBEeKTORB,
# Kaxmell 3JIEMEeHT CIOMCKa — 3TO CIMCOK M3MEeHSAEeMHBX OOBLeKTOB (??2?227)
frames.append([line])

#

# Bamepxka MexIOy KampaMy B MC

interval = 30

# VcnombpzoBaTh Jiu Oybepmsaumio IOJisd yCTPaHEHMS MeplaHusd
blit = True
# BymeT M aHMMaLUUa LMKIJIMYECKOMU
repeat = True
# !l Cosmanve aHUMALIUM
animation = ArtistAnimation (
fig, # Figure (oTO ccrmka Ha Tuiobanbuyio fig)
# O6BbexkT pUCYHKA, MCIOJIb3YEMEIM IJIsS [NOJIyUYeHMUS
# HeOOXOIOMMEIX COOBITMIM, TaKMUX Kak
# pucoBaHue WM M3MEHEeHMue pasMepa.
frames, # VCTOUHMK HAHHEIX — CIMCOK JIMHUM, KOTOPHE
# BynoyT IOCJemoOBaTEJIbHO INEepPeKJIUYaTbCsa U
# mpemwbaBIATLCA [NPUM M3MEHEHUM HOMepa Kalpa
# BpeMeHHOM MHTepBajl Mexny KaIpaMmu
# VcnombpzoBaTh Oybepmsaliuio
# Iojs yCcTpaHeHusa MeplLliaHus

interval=interval,
blit=blit,

repeat=repeat
)
plt.show ()

B lIBeT Kak cpeACTBO OTOGpaKEHUS
LlBeT - 3TO OAMH M3 CaMbIX PACMpPOCTPaHEHHbIX cnocoboB oTobpaxeHus nHbopmaumm. Bo mHorom
npe3eHTabeNbHOCTb M YUTAEMOCTb PUCYHKA 3aBUCUT OT NOA06PaHHBIX LBETOB. B HayyHoW rpaduKe, Kak
NpaBwuao, yAeNseTca A0CTaTO4YHO Masfio BHUMaHMA NoAbopKe coveTaHuA LBETOB, BaXKHa OAHO3HAYHOCTb
naeHTUOMKaLMK No LBETY.

Matplotlib npegoctaBnseT WKpoKMe BO3MOMKHOCTU OiA pPaboTbl ¢ uBeTom. CywecTByeT MHOMKEeCTBO
npeaycTaHOB/IEHHbIX LIBETOB C COOTBETCTBYOLWMMM abbpeBraTypamu:

KpacHbiit - 'red’, 'r', (1.0, 0.0, 0.0);
OpaH:xeHBbIl - 'orange’;

Weéntbiit - 'yellow', 'y', (0.75, 0.75, 0);
3enéHbint - 'green’, 'g', (0.0, 0.5, 0.0);
lony6oi - 'cyan', 'c', (0.0, 0.75, 0.75);

Cunuia - 'blue’, 'b', (0.0, 0.0, 1.0);
duonetosbIn - 'magenta’, 'm', (0.75, 0, 0.75);
YépHbin - 'black’, 'k', (0.0, 0.0, 0.0);

Benbitt -'white’, 'w', (1.0, 1.0, 1.0).

LiBeToBYlO rammy MOXKHO pPa3HOOOpPasuTb 3a CYET Pas3/IMYHOM CTEMEeHW MPO3PAYHOCTU, KoTopas
obecneynBaeTcs COOTBETCTBYIOWMM 3HayeHMeM napameTpa alpha. Ho ana 3agaHuAa onpepenéHHoro
uBeTa TpebyeTca nonb3oBaTesibCKas HacTpomka. Matplotlib moxeT otobpaxkaTb UBeTa, 3aAaHHble B
pa3nunyHbix dopmaTtax: Kak B popmate RGB, Tak n B HEX. CywiecTBytoT pasniMyHble Tabaunubl LBETOB, B
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KOTOpPbIX MpeAcTaB/eHHbIM OTTeHKam cooTBeTcTByeT Kog B RGB uam HEX dopmate. Umun yaobHo
NoNb30BaTbCA NPU COCTaBAEHMM HEBONbLINX NONb30BATEIbCKUX LBETOBbLIX MNANUTP.

B Cnoco6nl 3aaaHuda nBeToB. RGB 1 HEX
CnucoK cnocoboBs 3aaaHua ugeta B Matplotlib:

H Cnomolbio 0g4HOBYKBEHHOM CTPOKK (Hanpumep, 'g').

B C nomoLblo CIOBECHOTO OnucaHuA LBeTa (Hanpumep, 'goldenrod').

H C nomolLbio C/IOBECHOTO onucaHus useTa us Tabauubl xked (Hanpumep, 'xkcd:moss green').

B C nomoLLbio yKa3zaHMA KOMMNOHEHT LBeTa B dopmate HRRGGBB (Hanpumep, '#31D115').

H C nomoUlblO YKasaHUsA KOMMOHeHT useTa B ¢opmate HRRGGBBTT (Hanpumep, '#31D1155C').
MocneaHss mapa CMMBOJIOB B CTPOKe onpeaenseT cTeneHb NPO3PavyHOCTM 33aJaHHOMo LBeTa
(transparency).

B C nomolLbio yKa3zaHMA KOMMNOHEHT uBeTa B dopmaTte #HRGB (Hanpumep, '#AF5').

B C nomMoublo YKa3aHMs KOMMOHEHT LBETa B BMAE KOPTEXKa MU CMIUCKA TPEX YNCEN B AMana3oHe
0.0 - 1.0 (Hanpumep, (0.5, 0.2, 0.3)).

B C nomoLLblO YKa3aHWUA KOMMOHEHT LiBeTa W anbda-KaHana B BUAE KOPTEXKa UAMN CMIMCKA YeTbipex
ymncen B gnanasoHe 0.0 - 1.0 (Hanpumep, (0.5, 0.2, 0.3, 0.8)).

[na 3agaHuA ceporo LBeTa MOXHO NMPUMEHUTb CTPOKY C YMC/OM C MaBaloLWell TOYKOM B AManasoHe
[0.0-1.0] (Hanpumep, '0.3').

LiseT B dopmaTte RGB npeacraBnaet coboi TpUNAET UAU KOPTEXK, COCTOALUMMN U3 TPEX LLeSbIX 3HAYEHU
ot 0 go 255 gnsA KpacHoro, 3e/IEHOT0 U CMHEro UBeToB. PasiinyHbie COYETaHUA 3TUX TPEX 3HAYEHUN
NO3BOAET MNONY4YUTb OFPOMHOE KOIMYECTBO LBETOB U OTTEHKOB.

B matplotlib useta rgb ¢popmarta 3agatoTca B OTHOCUMTENBbHBLIX eANHMLAX, B Anana3oHe ot [0, 1]. Ecaum
HeobxoAMmbll LBeT 3a4aH B guanasoHe [0, 255], To 3HaYeHMe HYKHO NoAennTb Ha 255.

LieeT, npeacTaBneHHbl B popmate HEX, nepenaétca B Buae WwectHaauatepmyHoit html ctpoku (cumeon
# nepep WecTU3HaYHbIM 3HaYeHNEM oba3aTesieH).

#

import matplotlib.pyplot as plt
import numpy as np

#

N = 10

X = np.arange(l, N+1, 1)

y = 20.*np.random.rand (N)

#

fig = plt.figure () # matplotlib.pyplot

ax = fig.add subplot(111) # mobGamBiieHue o0OJIACTM PUCOBAHUSA ax

# LeeT B dopMaTe RGB: TpuUINET MIM KOPTEX, COCTOAmMM M3 Tpéx LEJIHX 3HaueHMN
# or 0 mo 255 mng KpPacHOTO, 3eJEHOTO UM CUHETO LIBETOB

x rgb = np.array([204, 255, 51]) / 725.

ax.bar(x, y, color=x rgb, alpha=0.75, align='center')

x_hex '#660099' # cuMBON '#' Hepen CTPOKOM CO SBHAUEHMEM lIBETa
ax.plot (x, y, color=x hex) # omoryeToBEM Tpaduk

ax.set xticks (x) # ycTaHOBKa meJjieHui Ha ocu OX
ax.set xlim(np.min(x)-1, np.max(x)+1) # orpaHMueHMre OBJIACTU U3IMEHEHUS

# no ocm OX
ax.grid(True)
plt.show ()
#
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[ns cosgaHna MHoXKecTBa obnacten Ana pucoBaHus yaobHo He NpocTo A06aBAATb UX HA PUCYHOK
nocneaoBaTeNbHO, MO O4HOMY, @ BCEro 04HOM CTPOUYKOMN pa3buntb popmy Ha HECKOIbKO obnacTei
PUCOBaHMA.

3710 genaetca metoaom plt.subplots(), n npu ero Bbi3oBEe HAaAO0 YKasaTb KOJIMYECTBO CTPOK M CTON6LOB
co3gaBaemon Tabanubl obnacten, Kaxaana U3 A4eeK KOTOPOM 1 ecTb 06beKT-aKk3emnasap subplots.

MeToa Bo3BpawaeT obbekT TMna figure U maccuB U3 cosaaHHbix subplots. Mx moxHO nepebpaTb B
UMKAe, HO fyywe npumeHuUTb nepebop M3 cnucka fig.axes, Kyda aBTOmaTUyecku A06aBNAlOTCA Bce
06,1acTV pUcoBaHMA TEKYLLEro pUcyHKa fig.

B cnepytowem npumepe cosgatotcAa 9 nap NpAMOYroNbHUKOB, KOTOpble oTobparkatoTca B 9 obnacTax
McoBaHUA. "HUKHMIA" NPAMOYTONbHUK B Mape Bcerga YEpHbIA. "BepXHU" NpAMOYronbHUK pucyeTca
o " " (o} a e é "Be " oyro e

nosepx "HUKHero" YEPHOro NPAMOYrosibHUKa.

B Kaxaon nape BepXHUM MNPSMOYro/ibHUK obnafaeT pas/IMYHOW CTeneHbio NPOo3pavyHOCTM, KoTopas
onpeaenseTca nocaegHeln Nnapon CMMBOJIOB B LIeCTHaauaTepuyHoi html cTpoke onpegeneHusa useta B
dopmaTe #HRRGGBBTT.

CTpokn onpegeneHua ugeTa '"BepxHux" npamoyronbHuKoB B ¢dopmate #RRGGBBTT passmuatorca
nocnegHUMM AByMsa CUMBOJIaMM, KOTOpble ONpeaenstoT NPO3PaYyHOCTb LBeTa.

colors = [
'#33DD1100', # NOAHOCTbIO NPO3PaYHbIN LBET (HEeBUAUMBINA)
'#33DD1111',
'#33DD1133,
'#33DD1155,
'#33DD1177',
'#33DD1199',
'#33DD11AA',
'#33DD11CC/,

'#33DD11FF'  # nonHocTbto HENPO3pPaYHbIi LBET

Taknm 06pa3om, BEPXHUIM MNPAMOYTrO/IbHUK MOMKET ObiTb KaK abCo/OTHO MPO3pPayHbiM M HUMNKHUMA
NPAMOYIro/IbHUK  OyAeT MOMIHOCTbIO MNpPOCBeYMBATb 4Yepe3 abCoMOTHO MPO3PayHbI  BEPXHUM
NPSIMOYTrO/IbHUK, TaK M abCOMOTHO HEMPO3PayYHbIM U HUMKHUIA NPAMOYrOIbHUK OyAeT MNOSIHOCTbIO
CKpbIBaTbCA abCONMOTHO HENPO3PAYHbIM BEPXHUM MPAMOYTrO/IbHUKOM.

I cos3IaHmsa MHOXecTBa obJjlacTel IJig PUCOBAHMSA yHOODHO He MNpOoCTO HODaBJIATH
VX Ha PMCYHOK IIOCJIEDOBaTEJIbHO, IO OIHOMY, a BCeI'O OIHOM CTPOUYKOM pa3buThb
bopMy Ha HECKOJIbKO ofbJjlacTel PUCOBAHUA.

310 mejyaercsa MeTomoM plt.subplots(),

¥ IPM eT'0 BEBOBE HaIO yKas3aTh KOJMUECTBO CTPOK M CTOJOLOB CO3IXaBaeMOM
TabaMLUE OOJIaCcTeM, KaxOad M3 fAdeeK KOTOPOM UM €CThb OOBEeKT-3K3EMILIAP
subplots.

MeTon BO3BpamaeT oOwekT THna figure m MaccuB M3 CO3maHHEIX subplots.

VIx MOXHO NepebpaTbk B LMKJE, HO Jydlle NPMMEHUTH INepebop M3 CIMCKa
fig.axes, Kyzma aBTOMATHUYECKM IODABJATCS BCe 0OJIACTU PUCOBAHMUS
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Texymero pucyHka fig.

import numpy as np
import matplotlib.lines
import matplotlib.patches
import matplotlib.path
import matplotlib.pyplot as plt
# OYHKLUMS 79 OTPMCOBKM MNPAMOYT'OJIBHMKOB. OToOpaxaeT NpsSMOYI'OJIbHUKM
# PasIMUHON CTENEeHM MNPO3PadHOCTU
def drawRect (ax, color, xlim, ylim):
plt.xlim(xlim)
plt.ylim(ylim)
ax.grid(True)
# Cosmaércsa "HwxHMI" NpaMOyTOJibHMK. OH BCerza YEPHBIA.
rect back = matplotlib.patches.Rectangle((-1.0, -1.0), 2, 2, color='k')
ax.add patch(rect back)
# Cosmaércsa "BepxHuMI" NPAMOYT'OJIbBHMK, KOTOPEI PUCYETCsS NOBepx "HuxHero"
# npsamoyrosbHuKa. OH ofjlamaeT pPasJIMYHOM CTENEeHbI NPO3PAUHOCTM, KOTOopasd
# ompemenseTcsa NOCJEOHEM [APOM CHMMBOJIOB B MECTHAAUATEPMUYHON html
# cTpoke omnpenmesyeHus LBeTa B QopmaTe HEX
rect front = matplotlib.patches.Rectangle((-1.5, -1.5), 3, 3,
color=color)
ax.add patch(rect front)

#
# CIOMCOK KOIOOB LBETOB. Pas3jiMuainTCs [NOCJEeIHMMM IBYMS UMCJIaMM, KOTOPHE =====
# omnpemessioT NPO3PAaYHOCTHL LBETa. BEPXHUM NPSAMOYTOJIBHUK MOXET OBTH
# abCOJNIITHO MOPO3PAaYHEIM UM HIMXHUM OPAMOYTOJILHMK NPOCBeUMBaeT uepes abCOJIOTHO
# TpPOBpPAauYHLEI BEPXHUN NPSAMOYTOJIbHUK. BEpXHMUM NPSIMOYTOJIBHUK MOXET OBITH
# abCoJNITHO HENPOB3PAaYHEIM M HWXHUM IPSIMOYTOJIBHMK IIOJIHOCTBIO CKPHIBAETCS
# abCONTHO HENPO3PAaUYHLEIM BEPXHUM MPSIMOYTOJIbEHUKOM.
colors = [
'#33DD1100"', # TMOJHOCTBLIO MPO3PAYHEI LIBET (HEBUIMUMEI)
'#33DD1111"',
'#33DD1133",
'#33DD1155"',
'#33DD1177"',
'#33DD1199"',
"#33DD11AA"',
'#33DD11CC’',
'"#33DD11FF" # MNOJIHOCTBIO HENPOB3PAUHHI LIBET
1
#

fig, subplots = plt.subplots(nrows=3, ncols=3, sharex=True, sharey=True)

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 ()
#
Crnocofrl 3amaHus LUBeTa B Matplotlib:
C noMomel OODHODOYKBEHHOM CTPOKM (HanpuMmep, 'g').
C moMoUBK CJIOBECHOT'O ONMCaHusa LUBeTa (HanpmuMmep, 'goldenrod').

C momMmoubi CJIOBECHOT'O ONMCAaHMA LBeTa M3 Tabiuusl xkcd
(HanpuMep, 'xkcd:moss green').

C moMolbio yKasaHMsa KOMIIOHEHT lBeTa B bopmaTe #RRGGBB
(nanpmmMep, '#31D115').

C moMolplon yKasaHMs KOMIOHEHT lBeTa B dopmaTe #RRGGBBTT

(Hanpumep, '#31D1155C'). TocyenHsas Iapa CMMBOJIOB B CTPOKe onpenejseT
CTeNeHb MNPO3PadHOCTM 3aImaHHOTO lLeeTa (transparency).
C nomolbio yKasaHMsS KOMIIOHEHT lLBeTa B dopmaTe #RGB (Hanpumep, '#AF5').

C moMolb0 yKasaHMs KOMIOHEHT LBEeTa B BUIE KOPTeXa WM CHMCKA TPEeX UMCesl
B mmanazoHe 0.0 - 1.0 (Hanpmmep, (0.5, 0.2, 0.3)).

316



C nmoMompo yKasaHMs KOMIIOHEHT lBeTa M albda-KaHaja B BUIe KopTexa WK
crnmckKa dYeTHpex umcesi B gmanazoHe 0.0 - 1.0
(Hanpumep, (0.5, 0.2, 0.3, 0.8)).

Iia 3amaHuss Ceporo LIBeTa MOXHO MCIOJL30BATH CTPOKY C YMCJIOM C ILjlaBaimemt
Toukoy B mmanaszoHe 0.0 - 1.0 (Hampumep, '0.3'").

wuan

#

m IIBeToBas majuTpa colormap
MocnepgoBatenbHOCTb MAM Habop uBeToB obpasyeT UBeTOBYyl NanuTpy colormap. Yawe Bcero oHa
MCMO/Ib3YeTCA MPU OTPUCOBKE TPEXMEPHbIX AaHHbIX. HO M aBTOMaTMyeckmit noabop LUBETOB Mpu
£06aBfeHNN KakAoro HOBOro 3ksemnaspa plot Takke ocyliectBaseTcA M3 LBETOBOW NaAUTPbl MO
YMOJIYaHMIO.

Ona  nonyyeHua  TeKywen  UBETOBOM  MA/AMTPbl  MOMHO  BOCMO/b30BAaTbCA  METOAOM
plt.get_cmap('Ha3BaHne nanutpbl'). CNUCOK Bcex NpPeayCTaHOBJIEHHbIX MaNUTP MOMKHO MNOAYYUTb C
nomoupto metoaa plt.cm.datad. B HacTpoiKkax matplotlibrc moxHo Takke M3MeHUTb LBETOBYIO NANUTPY
C nNoMoOLbI MapameTpa image.cmap. B WHTEpPakKTUBHOM pexume e€ MOXKHO MOMEHATb 4epes
plt.rcParams['image.cmap']='ma_nanutpbl' unn uyepes plt.set_cmap('uma_nanutpsl'). Mpu 3TOM
plt.set_cmap(...) No3BoONAET M3MEHWUTb NANUTPY TEKYLLEro PUCYHKa Yy»Ke Mnocsie Bbi3oBa rpaduyeckmx
KOMaHz,

#
import matplotlib.pyplot as plt
import numpy as np

dat = np.random.random(200) .reshape (20, 10) # cosmaéTcsa MaTpulla 3HAYEHUN
# Coz3maércsa COMCOK LIBETOBEIX NaJIUTP M3 CJIOBAPS

maps = [m for m in plt.cm.datad]

# wim rak

# maps = []

#

# for i, m in enumerate (plt.cm.datad):

# maps .append (m)

# print('%d - %$s' % (i, m))

#

print (u'llpegyCcTaHOBJIEHHEIE LIBETOBBEE INAJIMTPE: ', maps)
#

# UeTHpe KAPTMHKM HA ONHOM buUrype: 2 CTpoku, 2 cronbia
fig, axes = plt.subplots

nrows=2,

ncols=2,

sharex=True,

sharey=True

)

#

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'PasznmuHEle LBEeTOBHE HalUTPE') # e€IOMHE 3aroJIOBOK PUCYHKA

plt.show ()

#

317



m I[lnaBHasg nBeTOBasA NaJIUTPa
MnaBHana LuBeTOBasA NanuTpa npeacTaBnseT coboit pesynbTaT JIMHEWHOM MHTEPMONAUMK  MeXay
nocaef0BaTeNbHOCTbIO LBETOB, COCTABAAOLMX OCHOBY NanTPbI.

PasnunyHble MeToabl OTOOpa)KeHUs TPEXMEPHbIX AaHHbIX (pasHble rpaduyeckme KomaHgbl) no
YMOJIYaHMIO UCMO/b3YIOT Pa3Hble TUMbI LIBETOBbIX NAANUTP.

Tak meToapl plt.imshow() u plt.pcolor() 6yayT conpoBoXKaaTbcA NAaBHOM LBETOBOW NAaAUTPO:

#

import matplotlib.pyplot as plt

import numpy as np

dat = np.random.random(200) .reshape (20, 10) # cosmaém MaTpuUlly 3HAYEHUN

# CHOMCOK LBETOBHEIX NaJIUTP M3 CJOoBapd

# maps = [m for m in plt.cm.datad]

# unu Tak

maps = []

for m in plt.cm.datad:
maps.append (m)

#
fig, axes = plt.subplots/(
nrows=2,
ncols=1,
sharex=True
)
# Mpo PUCYHKM C HECKOJbKUMMU OOJIACTIMU PUCOBAHUS
cmaplist = plt.cm.datad
for i, ax in enumerate(fig.axes):
random cmap = np.random.choice (maps)
if (1 == 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'Pas3yMuHLEE 1IBETOBEE MNAJUTPH')
plt.show()
#

[Ons co3paHma Nonb30BaTENbCKOM NaBHOW LBETOBOWM NA/IUTPbI HYXKHO ONpPeaenTbcA C €€ OCHOBHbIMMU
uBetamu. U ecnm 6bio BbIBpaHO cneaylowee covyeTaHWME LUBETOB: PO30BbIA, CUHWUWN, 3ENEHbIN,
OpaH}KeBbIM M KpacHbl, TO B npeactaBneHnn RGB 3TO coyeTaHMe O3HA4yaeT CMUCOK CeaytoLmx
3HaYeHWI:

po3oBbIii - rgh(150, 0, 0),
cuHui - rgb(0, 0, 255),
3enéHbii - rgh(0, 255, 0),
opaHKeBbIn - rgh(255, 150, 0),
KpacHbIl - rgb(255, 0, 0).

Matplotlib paboTtaeT c rgb B oTHOCMTENbHbIX €AMHMLAX, MNO3TOMY 3HayeHUs rgb TpunaeTos HyXHO
nogenuntb Ha 255.

Mocne 3Toro Hy)HO co3gatb "cnoBapb nNaantpbl" cdict. 3To cnoBapb ANA Kaxaoro ns otreHkos RGB
('red’, 'blue’, 'green'), roe Kaxgomy OTTEHKY NPUNMUCAH CMIMCOK UK KOpTeX (X, Y0, y1):

X - onpegenseT NonoXKeHwe B nanutpe B guanasoHe [0,1]. Mpowe npeacTaBuTb Byayulyto NaauTpy B
BMAe WKanbl ot 0 4o 1;
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y0 - 3HauyeHMe uBeTa B OTHOCUTeNbHbIX eauHuuax ([0, 255] -> [0, 1]) c ogHOl cTopoOHbI (cnesa) oT
NOMIOXEHMA X;

y1 - 3HaueHue uBeTa ([0, 255] -> [0, 1]) c Apyroi CTOPOHbI (CNpaBa) OT NOJIOXKEHMUA X.

Mexay 3afaHHbIMM no3uuuamu x metog LinearSegmentedColormap AuHelHO uWHTepnoavpyet
3HauyeHus uBeToB mexay (X_i-yl i) n (x_i+1 - y0_i). O6biyHO yO 1 y1 coBNaaatoT, HO, UCNONb3YA PasHble
3HaYeHUA, MOXHO f06mBaTbCA Bonee CNOXKHbIX 3PPeKTOB, HaNpPMMep PaspbIBOB B MANUTPE.

#
import matplotlib as mpl

import matplotlib.pyplot as plt
import numpy as np

dat = np.random.random(200) .reshape (20, 10) # cosmaérca MaTpula 3HaYEeHUN
Xxx = np.array([0.5, 0.0, 0.17)*255 # Cosmaércda CHOMCOK LIBETOBHIX [NAJIUTP
print ('{0}'.format (xx))
#
# BapmaHT 1 Pomamka (6ejio—XEJITHIN)
cdictl = {'red': (¢(0.0, 1.0, 1.0),
(1.0, 1.0, 1.0)),
'green': ((0.0, 1.0, 1.0),
(1.0, 1.0, 1.0)),
'blue': (¢(0.0, 1.0, 1.0y,
(1.0, 0.0, 0.0))
}
cmapl = mpl.colors.LinearSegmentedColormap ('cmapl', cdictl)
#
# BapmaHT 2 CBeTodOp (KpaCHB—XEJITHI~3€JIEHE)
cdict?2 = {'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))

4

~

}
cmap2 = mpl.colors.LinearSegmentedColormap ('cmap2', cdict?)
#
fig, axes = plt.subplots(
nrows=2,
ncols=1,
sharex=True
)
cmaplist = plt.cm.datad
cmaps = [cmapl, cmap?2]
for i, ax in enumerate(fig.axes):
cf = ax.imshow(dat, cmap=cmaps([i])
fig.colorbar (cf, ax=ax)
plt.suptitle (u'Co3maHmMe LBETOBHX NAJIUTP')
plt.show ()
#

Mo3MumMM LBETOB X Ha NaUTPe MOTYT 6bITb HEPaBHOMEPHbIMK. Toraa Ha Kakue-To LBeTa byayT
NpUXoanTbCA Bo/blLLIME YYAaCTKM LBETOBOM NaUTPbI.

#
import matplotlib as mpl
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import matplotlib.pyplot as plt
import numpy as np

#
# pomomemt [255, 204, 255] -> [1., 0.8, 1.]
# o¢moseroswmr [153, 0, 255] -> [0.6, 0., 1.]
# cunumiz [0, 0, 2551 -> [0., 0., 1.
# xpacuemt [255, 0, 0] -> [1., 0., 0.]
#
dat = np.random.random(200) .reshape (20, 10) # cosmaHVe MaTpUlE 3HAYEHUN
cdictl = {'red': (¢(0.0, 1.0, 1.0y, # red in RGB of pink, po3oBHIM
(0.2, 0.6, 0.6), # red in RGB of blue cuuwui
(0.8, 0.0, 0.0), # red in RGB of violet ouosieTOBEHIM
(1.0, 1.0, 1.0)), # red in RGB of red kpacHI
'green': (¢(0.0, 0.8, 0.8), # green in RGB of pink, pos3oBHM
(0.2, 0.0, 0.0), # green in RGB of blue cuuuit
(0.8, 0.0, 0.0), # green in RGB of violet ouoseToBHI
(1.0, 0.0, 0.0)), # green in RGB of red xpachsit
'blue’': (¢(0.0, 1.0, 1.0), # blue in RGB of pink, poszoBHMI
(0.2, 1.0, 1.0), # blue in RGB of blue cuHuit
(0.8, 1.0, 1.0), # blue in RGB of violet ouoseToOBHI
(1.0, 0.0, 0.0)) # blue in RGB of red xpacHbM

}
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'Po30oBO-CcHuHEe-dMOIETOBO-KpPAaCHasa najaurpa')
plt.show ()
#

[danee npusoanTCA KOA 1 NPUMEpP NPUMEHEHMA GYHKLUN, KOTopan npeobpasyeT 3a4aHHbIA CUMCOK
uBeToB RGB B OTHOCUTENbHbIE eANHULLBI U MOXKET CO34aBaTb KaK PaBHOMEPHYIO, TaK MU HEPAaBHOMEPHYIO
LBETOBYIO NAANTPBI.

def make cmap (colors, position=None, bit=False, debug=False):
[lpmMep GyHKUMM, KOoTopas Npeobpas’syeT BamaHHBI CIMCOK LBeTOB RGB
B OTHOCUTEJIbHEIE E€IMHMIE M CO3HOa&T KaK PAaBHOMEPHYIO,
TakK M HEe PAaBHOMEPHYI LBETOBYK IIaJIMTPH.
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.

wuan

# MMIIOPT MOZIYJIEM BO3MOXEH M3 JI0OOTO 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 0 and end with 1")
if (debug):
print ('position:', position)
print ('len colors', len(colors))
if bit:
for i in range(len(colors)):
colors[i] = (bit rgblcolors[i][0]]
bit rgb[colors[i][1]]
bit rgb[colors[i][2]]

4

)

if (debug):
print ('colors', colors)
cdict = {'red': [], 'green': [], 'blue': []}

for pos, color in zip(position, colors):
cdict['red'].append((pos, color[0], color[0]))
cdict['green'].append((pos, color[l], color[1l]))
cdict['blue'].append((pos, color[2], color[2]))

if (debug):
print ('red', cdict['red'])
print ('green', cdict['green'])

print ('blue', cdict['blue'l])

cmap = mpl.colors.LinearSegmentedColormap ('test colormap', cdict, 256)

return cmap
### An example of how to use make cmap
# npmMep mMCHoJb30BaHMA OQYHKUMM make cmap
import matplotlib.pyplot as plt
import numpy as np
import sys
fig = plt.figure()
ax = fig.add subplot(311)
### Create a list of RGB tuples
# |r|, |y|, 'W', |g|, !
colors = [ (255, 0, 0), (255, 255, 0), (255, 255, 255), (O, 157, 0), (0, O,
255)1]
# 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 = [(1, 1, 1), (0.5, 0, 0)] # This example uses the arithmetic RGB
### If you are only going to use your colormap once you can take out a step.
# Eciy mJIaHMPYyeTCS MCIOJIB30BATH LBETOBYID KapTy TOJBKO OIMH pPas,
# MOXHO cHeJylaTb wWar.
plt.pcolor (np.random.rand (25, 50), cmap=make cmap (colors))
plt.colorbar ()
ax = fig.add subplot (313)
colors = [(0.4, 0.2, 0.0), (1, 1, 1), (0, 0.3, 0.4)]
### Create an array or list of positions from 0 to 1.
# cosmaérca cmnmucok 3Hauvenut or 0 mo 1
position = [0, 0.3, 1]
plt.pcolor (np.random.rand (25, 50), cmap=make cmap(colors, position=position))
plt.colorbar ()
plt.show ()

B /IuckpeTHas LBeTOBas NaJuTpa
Mpun oTobpaxkeHNN TPEXMEPHbIX MOBEPXHOCTEN B BUAE NAOCKMX KapT 1 3D rpaduKoB naaBHasA LBeToBas
nannTpa xopowo cMmoTputcs. OgHaKo B Hay4HOM rpadumKe YacTo TpebyeTca He CTONbKO KPacoTa, CKObKO
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NpocToTa W OAHO3HAYHOCTb PUCYHKA. [lo3TOMy Tam, rAe KPUTUYHO OAHO3HA4YHOe onpeaeneHue
OTTEHKOB LIBETa M 3HAYEHU, CneayeT UCNONb30BaTh AUCKPETHbIE NaAUTpPbI.

OVCcKpeTHas nanuTpa npeacTaBnseTr coboit Habop LBETOB C YETKOW rpaHMLen mexagy CcoceaHUMU
oTTeHKaMu. Ob6bIYHO 3TOT Habop 6epéTtca U3 O4HON M3 HEMPEPbLIBHbIX LWKaA, HO MOXHO 334aTb CBOKO
nocneaosatenbHOCTb LBeToB Mbo B RGB, inbo B HEX popmarax.

import matplotlib as mpl
import matplotlib.pyplot as plt
import numpy as np
dat = np.random.random(200) .reshape (20, 10) # cosmaéTcsa MaTpulla 3HAYEHUN
N = 10
# Cnmcox uBeToB B HEX dopmare
cpool = [ '"#bd2309', '#bbbl2d', '#1480fa', '#1l4fa2f', '#000000',
"#faf214', '#2edfea', '#ealecd', '#eal2e40', '#cdcded',
"#577a4d', '#2ed46cO0', '"#£59422"', '"#219774', '#8086d9' ]

# CoszmaHMe OMCKPETHEIX LBETOBHBX NaauTp (colormap)
cmapl = mpl.colors.ListedColormap (

['r', 'orange', 'y', 'g', 'c¢', 'b', 'violet'], 'indexed'

) # 7 uBeTOB

cmap2 = mpl.colors.ListedColormap (

cpool [5:5+N], 'indexed'

) # 10 uBeTOB

fig, axes= plt.subplots(nrows=2, ncols=1, sharex=True)
cmaps = [cmapl, cmap?2]
#
for i, ax in enumerate(fig.axes):

cf = ax.pcolor(dat, cmap=cmaps[i])

fig.colorbar (cf, ax=ax)

fig.suptitle (u'Co3maHMe IOMCKPETHEX LBETOBHX NaJuUTp')
plt.show ()

Mpu 3a4aHUK AUCKPETHOM NanuTpbl HeobxoaMMo o0bpallaTb BHUMAHWE Ha COM1IaCOBAaHHOCTb MPaHuL,
AeNeH LLBETOBOW LIKa/bl M FPpaHUL, LBETOB, MHAYe aHaNU3 PUCYHKa byaeT cepbE3HO 3aTpyaHEH. Ha
NAaBHOM LBETOBOW LLKa/ie 3TO He TaK 3aMETHO, KaK Ha AUCKPETHOMN.

Ons 3agaHus nonoxKeHua geneHunint B metoge fig.colorbar() nan plt.colorbar() Heobxoanumo yKasaTb
napameTtp ticks. Yncno nonoskeHuii geneHuii A0AXHO BbiTb Ha 1 6osblle yncna LBETOB B NanuTpe
(aeneHunit Ha oTpesKe Ha oaHY 6o/blUE, YEM MPOMENKYTKOB MEXAY HUMM)!

import matplotlib as mpl
import matplotlib.pyplot as plt
import numpy as np

dat = np.random.random(200) .reshape (20, 10) # cosmaérca MaTpuila 3HAUYEHUN
N = 10

# Cnmcox usetoB B HEX dopmare

cpool = [ '"#bd2309', '#bbbl2d', '#1480fa', '#14fa2f', '#000000',

"#faf214', '#2edfea', '#ealecd', '#ea2e40', '#cdcdced',
'#577a4d', '#2ed46cO0', '"#£59422"', '#219774', '#8086d9' ]
# CoszmaHMe OMCKPETHEIX LBETOBBX NaJUTP (colormap)
cmapl = mpl.colors.ListedColormap (
['r', 'orange', 'y', 'g', 'c', 'b', 'violet'], 'indexed'
) # 7 uBeTOB
cmap2 = mpl.colors.ListedColormap (
cpool[5:5 + NJ], 'indexed'
) # 10 uBeToB
fig, axes = plt.subplots(nrows=2, ncols=1, sharex=True)
cmaps = [cmapl, cmap?2]
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for i, ax in enumerate(fig.axes):
cf = ax.pcolor(dat, cmap=cmaps[i])
if (i == 0):
fig.colorbar (cf, ax=ax, ticks=np.linspace(0, 1, 7 + 1))
else:
fig.colorbar (cf, ax=ax)

plt.suptitle (u'Co3maHre IOMCKPETHEIX LBETOBHBIX HajnuTp')
plt.show ()

[ | KOOpAI/IHaTHbIe ocn

EcTb KoopauHaTHble ocu (KoHTelHep Axis). EcTb aeneHua (ticks) Ha KoopaumHaTHbIX ocax. [eneHus
HeOoTAEeNMMbl OT KOOPAMHATHOM OCKM HA KOTOPOM OHM Haxomatcs. [pn 3ToM CBOWMCTBA CaMMUX AeNeHUi
(uBeT, ANnHa, ToNWMHA U Ap.), UX noanucei (Kernb, NOBOPOT, UBeT wWpKdTa, WPUDT U Ap.), a TaKkKe
CBA3AHHbIE C HUMMW JIMHUW BCMOMOraTe/IbHOM CeTKU grid, XpaHATcA B OTAE/bHOM XpaHWAMLLe-
KOoHTelHepe (KoHTelHep Ticks), a He B KoHTeiHepe Axis. [lefieHMAa N OCU TeCHO CBA3aHbl U OAOHMU
OTAENbHO OT APYrUX HEe MMeIOT cmbicnia. Tem bonee, Yto ana yaob6cTBa nosb3oBaTenet paspaboTunkm
cOoenann MHOMKEeCTBO MeTodoB Ans paboTbl C AeNeHUsAMM M3 KOHTeilMHepoB 6onee BbICOKOro YpPOBHSA
(Axes, Axis).

B /JonoJiHUTe/IbHAsS KOOPAUHATHASA OCh
MHoraa TpebyeTcA HaHeCTM Ha OAMH PUCYHOK ABE BEeAUYMHbLI, KOTOpble MMelT obuime eamHULbl
M3MepeHna No OAHOM OCU, HO pasHble MO APYrol. ITO MOryT 6biTb BpemeHHble pAdbl CUALHO
OT/IMYAIOLLMXCA NO MacWTaby BeAnUYMH. Man pagbl BEIMYMH, UMEIOLMUX PasHble eauHULbl u3mepeHusa. B
TaKux cayvasnx yaobHo pMcoBaTb A4ONONHUTENbHYIO KOOPAMHATHYIO OCb (06bIYHO - OpAMHAT).

TaKylo BO3MOXHOCTb obecneumBaeT metos ax.twinx() ans ocn OX u meton ax.twiny() ana ocn OY. B
pesynbTaTe CO3[aETcA ewé oaHa ob6iacTb pUCOBaHMA, COBNAAatroLas no pasmepam € UCXoaHoM. Ha
Karkaol o6/1acT pPUCYIOTCA COOTBETCTBIOYLUME 3HAYEHMA, NPU 3TOM C NMOMOLLBIO MOAb30BATE/bCKOM
HaCTPOMKM Mnoanuceit ocelm OpAMHAT MOXKHO [006UTbCA, 4TOObI BCnomoraTtesibHble CeTKM grid obenx
obnacrteit coBnaganu.

from matplotlib import rcParams
import matplotlib.pyplot as plt
import numpy as np
#
def fun 0(arg0, argl):

X = np.arange (-2*arg0, 2*arg0, argl)

y = np.sin(x) * np.cos(x)

f = np.sin(x) + np.cos(x)

return x, vy, £

#
#
def do_it():
#
fig = plt.figure ()
#
x, y, £ = fun O(np.pi, 0.2)
#
axl = fig.add subplot(111l) # fABHO 3apmaércsa o06JacTb PUCOBAHUA
axl.plot(x, £, color='green')
axl.plot(-0.0, -1.0, label = u'Cymma cos u sin', color='green')

axl.set ylabel (u'®ynkuma 1', color='green')
axl.grid(True, color='green')
axl.legend(loc=2)
axl.set title(u'HeCKOJNBEKO pPasHOMACHTAaOHEX NePEeMEeHHHX')
# JlereHma nna Bcero pucyhnka fig
y =y * 333
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ax2 = axl.twinx() # Cosmaérca BTOpas wkaja ax?
ax2.plot(x, y, color='red')

ax2.plot (0.0, 200.0, color='red')

ax2.set ylabel (u'®ynruma 2', color='red')

ax2.grid(True, color='red')

#

if name == "' main_ ':
do it ()
plt.show ()

B JlereHja AONOJIHUTEJIbHOM OCHU

Ecnn rpadumk ¢ AONONHUTENbHOM KOOPAMHATHOM OCblO, BbIMNOMIHEH B YEpPHO-be/10M BapuaHTe, MOHATL
KaKoW rpaduK OTHOCUTCA K /IEBOM LIKane, a KakKoih K MnpaBoOM HEBO3MOMKHO. B Takom cnyyae ans
MAeHTUGMKaLMM AaHHbBIX MCMNONb3YIOT nereHay. Mmerotca ocobeHHocTH Npu paboTe ¢ AereHAoM Takoro
rpapuka. OgHa nereHga otobpasuniacb A1 OAHOM KOOPAMHATHOM ocuM U3 AByX. BTopasa nereHaa
oTOob6pasuaMch A8 BTOPON KOOPAUHATHOM OCUM U nepesaTépna npeablayulyto. 1A Heé MOXKHO bbiio
yKas3aTb Apyroe MecTo pacnofioXkeHua. Ytobbl Kaxkaas noanucb 6blna B CBOEM MECTE, HYXKHO
BOCNO/b30BaTbCsA MeTogoM ax.legend(), a He plt.legend().

PacnonoxeHue nereHabl 3a4aétca napameTtpom loc metoaa legend(), KOTOpbIN NPUHMMAET 3HAYEHMUSA B
Buae umop (1-9), HaumHaA OT BEPXHEro IEBOrO Yr/1a M 3aKaHYMBAA HUMKHMM MPaBbIM, U B BULE YC/TOBHbIX
0603HauyeHuni. 3HavyeHune loc='best' aBToMmaTUUECKN BbIGEPET MECTO Ha PUCYHKE, rae fereHaa MeHblue
Bcero byget "noptutb" rpadmk. TaKKe MOXMKHO ybpaTb pPamKy BOKPYr nereHgbl ANA BU3YaNbHOMO
ymeHblueHus mecTa (frameon=False), 3aHMMaemoro nereHaoi.

from matplotlib import rcParams
import matplotlib.pyplot as plt
import numpy as np
#
def fun 0(arg0, argl):

X = np.arange (-2*arg0, 2*arg0, argl)

y = np.sin(x) * np.cos(x)
f = np.sin(x) + np.cos(x)
return x, vy, £
#
#
def do_it():
#
fig = plt.figure ()
#
x, y, £ = fun O(np.pi, 0.2)
#
axl = fig.add subplot(111l) # fBHO 3apmaércsa o06JacTb PUCOBaHUA
axl.plot(x, f, color='green')
axl.plot(-5.0, 1.5, label=u'Cymma cos u sin', color='green')
axl.set ylabel (u'®ynxumsa 1', color='green')
axl.grid(True, color='green')
axl.legend(loc=1)
y =y * 333
ax?2 = axl.twinx () # Cosmaérca BTOpas wmwkKaja ax?
ax2.plot(x, y*3, color='red')
ax2.plot (5.0, 400.0, label=u'llpomszsBenmenme cos u sin', color='red')
ax2.set ylabel (u'®ynkuma 2', color='red')
ax2.grid(True, color='red')
ax2.legend(loc=2)
plt.title (u'HeCKkoOJIbKO pa3HOMACHTAOHLEX IIepPeMeHHEX')
# JlereHma nysa Bcero pucyHka fig
#
if name == "' main_ ':

do_it()
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plt.show()

B EauHasa 1ereHga
B cnyyae HeEOBX0AMMOCTM MOXKHO 06beaANHUTL 06e nereHapl.

from matplotlib import rcParams
import matplotlib.pyplot as plt
import numpy as np
#
def fun 0(arg0, argl):

X = np.arange(-2*arg0, 2*arg0, argl)

y = np.sin(x) * np.cos(x)
f = np.sin(x) + np.cos(x)
return x, y, £
#
#
def do_it():
#
fig = plt.figure()
#
x, y, £ = fun O(np.pi, 0.2)
#
axl = fig.add subplot(111l) # fApHO 3amaércsa o6JjlacTh PUCOBAHMUA
axl.plot(x, £, color='green')
linel = axl.plot (0, 0, label=u'Cymma cos um sin', color='green')
axl.set ylabel (u'dyHkuma 1', color='green')
axl.grid(True, color='green')
y =y * 333
ax?2 = axl.twinx() # Cosmaérca BTOpas wmkajga ax?2
ax2.plot(x, y*3, color='red')
line2 = ax2.plot (0, 0, label=u'llpomsBenmeHme cos u sin', color='red')
ax2.set ylabel (u'®ynkuua 2', color='red')
ax2.grid(True, color='red')
# obmasa emmHada JiereHma
legends = linel + line?2
labels = [l.get label() for 1 in legends]
axl.legend(legends, labels, loc=3, frameon=False)
#
plt.title (u'HeCkoOJbKO pa3HOMACHTAOHLEX IIepPeMeHHEX')
# Jlerenma nmiyg BCcero pucyHka fig
#
if name == "' main ':
do it ()
plt.show ()

B JlorapudmMuyeckKkue KOOpAUHATHBIE OCH
Ecnv ocb opAnHAT MMeeT IorapudmMmUUeckyto LWKany, To rpaduk GyHKUUKM, KOTOpas paBHA IKCMOHEHTEe OT
aprymeHTa, byaeT BbIrna4eTb Kak NpAMasn ANHUA.

Mo3aToMy MHOrga Ha KOOPAMHATHbIX OCAX OblBaeT O4YeHb YA0OHO MCNO/b30BaTb He CTaHAAPTHYHO
PaBHOMEPHYIO LKaAY, a N0rapnuPMmnyeckyto.

Cpenathb WKany KOOPAMHATHOM OCK IOrapUPMUUYECKOM MOXKHO C MOMOLLbI0 METOLO0B
plt.xscale('log')/plt.yscale('log')

WU ana obnacteit pucoBaHus -
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ax.set_xscale('log')/ax.set_yscale('log').

MeTtogb! plt.loglog() n ax.loglog() nossonstoT Bbipa3nuTb 0b6e KOOPAMHATHbIE OCU B JIorapnudmMUYECKMX
LIKanax.

import numpyimport matplotlib.pyplot as plt
import numpy as np
def set data(value):
X = np.arange (value)
Yy = np.exp (x)
return x, y
def do_it 221 (fig, x, y):
# 1 x n y=x
ax = fig.add subplot (221)
ax.plot (x, x)
ax.grid(True)
ax.set xlabel ('x', fontsize=14)
ax.set ylabel ('y = x', fontsize=14)
def do_it 222 (fig, x, y):
# 2 x n y=exp (x)
ax = fig.add subplot (222)
ax.plot (x, v)
ax.grid(True)
ax.set xlabel ('x', fontsize=14)
ax.set ylabel ('y = exp(x)', fontsize=14)
def do_it 223 (fig, x, y):
# 3 x u y=exp(x). OY c log mkajomn
ax = fig.add subplot (223)
ax.set yscale('log') # log Bmech - HaTypaJbHHENM JoTapudm!
# nns paborTel ¢ TmnoM axis -> 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 mxamna', loc='center')
def do_it 224 (fig, x, y):
# 4 x m y=x. OX c log mkajou
ax = fig.add subplot (224)
ax.set xscale('log') # log Bmech - HaATypaJbHHEN 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 mxamna', 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, y)
# ABTOMaTMUECKOe GopMaTMpPOBaHME PUCHYKA
plt.tight layout ()
plt.show ()

)
)
)

MK

matplotlib.pyplot as plt
import numpy as np

def set data(value):
X = np.arange (value)
Yy = np.exp(x)
return x, y

def do it 221 (fig, x, y):
# OOBIUHBEIE WKAJIEL
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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 title(u'OObuHEE MWKAJE')
ax.grid(True)

def do it 212 (fig, x, y):
# Log wkajk
ax = fig.add subplot(212)
ax.loglog()
ax.plot (x, v)
ax.set xlabel ('x', fontsize=14)
ax.set ylabel ('y = exp(x)', fontsize=14)
ax.set title(u'OY log m OX log mxajse')
ax.grid(True)

if name == ' main ':
fig = plt.figure()
x, y = set data(50)

do it 221 (fig, x, y)
do it 212 (fig, x, y)

# ABTOMATUUECKOE @)OpMaTMpOBaHMe PUCyHKa

plt.tight layout ()
plt.show ()
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B IloTok (M mpouecc)
B atom pasgene paccmaTpuBaloTcA MOTOKM WM MPOLECChbl, MX NpUMeEHeHWe, O0COBEeHHO B YCNOBUSAX
MHOTONOTOUYHOCTHU (M MYNbTUNPOLLECCHOCTH).

B IloHaTua u onpejeseHUusA
rlpOLLECC - 3TO MCNONHAEMbIN aK3emMmnnAap Kakon-1nbo nporpammbl. rlpOLLECC BK/IlO4aeT caegywouwme
3/1eMEeHTbI:

[ | 06pa3 MalMHHOIO KOAa;

[ | 06/71acTb NamATM, B KOTOPYIO BKAOYAETCA WCMOMHAEMbIA Koh, AaHHble npouecca
(BX0AHbIE M BbIXOAHbIE AAHHbIE);

[ | CTEK BbI30BOB M Kyya (06/1acT NamATM ONA XPaHEHUA AWMHAMUYECKM CO34aBaemblxX
JaHHbIX);

[ | OECKPUNTOPbI ONepaunoHHOn cuctembl (Hanpumep, hainnoBble 4eCKPUNTOPLI);

[ | nMHdopMaLMa 0 COCTOAHUK NpoLLecca.

Mpouecc MMmeeT cO6CTBEHHOE AAPO U BblAENEHHYIO eMy NamATb, KoTopble HE cnoib3yeTca COBMECTHO C
Apyrumn npoueccamu. Mpouecc MoMKeT KaoHMpoBaTb cebs, cosgaBas B OAHOM AApe npoueccopa
HECKOJIbKO 3K3eMMAAPOB 3TOro npouecca. B coBpeMeHHbIX onepaLMoHHbIX CUCTEMbI KaXKAbliA NpoLecc
MMeeT MNPAMOMN [AOCTYN TOMbKO K CBOMM COBCTBEHHbIM pecypcam. B uenax crabunbHOCTM W
6e30MacHOCTM, A[OCTyNM K pecypcam Apyrnx MPOLECCOB BO3MOMEH Yepe3  MeXnpoueccHoe
B3auMmogeincTteune (Hanpumep, nocpeacteom $Gannos, NPU NOMOLLM MMEHOBAHHbIX U HEMMEHOBAHHbIX
KaHaNoB M MHOTUX APYTUX CPeACTB).

B multiprocessing (MynbTunpoueccHoi) cpeae npouecc - NpeacTaBnseT coboi TaKKe He3aBUCUMYID
NnocaeA0BaTeNbHOCTb BbINOAHEHUSA BbIYUCAEHUNA.

Cam npouecc MoXxeT 6bITb pa3aeneH Ha NoToKw.

MoTtok (nNoToK BbinonHeHus, thread) sBnseTcA HaumeHbluel eauHULEA 06pPaboOTKKM, UCMONHEHUEe
KOTOPOWM MOXET ObITb Ha3HAYEHO SAPOM ONEPALMOHHON cucTeMbI. MOTOKM CYLLECTBYIOT BHYTPU OAHOTO
npouecca M MMeT AOCTyNn K pecypcam 3Toro npouecca. Kaxablih noTok o06s1ageT cobCcTBEHHbIM
Habopom perucTpoB M cOBCTBEHHbIM CTEKOM BbI30BA, HO AOCTYMN K HUM TaKKe MMEKT 1 Apyrne NOTOKM.
3To Hes3aBMCMMas NOCNEeA0BaTE/IbHOCTb BbIMOJHEHUS KaKUX-TO BbluMC/AeHUA. B pamkax ofaHoro aapa
npoueccopa noToK thread MoKeT AennUTb NamATb, @ TaKXKe ero NPoL,EeCcCOpHOe BPeMs CO BCEMU APYrUMM
NOTOKaMW, KOTOpble CO34AlOTCA BbINOJHAEMON MNPOrpamMmol B pPaMKax PecypcoB, BblAENEHHbIX
nporpamme s4py npoueccopa. Takum o6pa3som, MOTOKM MOFYT WCMO/Ib30BaTb OAHY M Ty Ke
BblAENEHHYIO NaMSATb.

Korga HeCKo/IbKO MOTOKOB BbINOAHAOTCA O4HOBPEMEHHO, He/b3s NPesyCMOTPEeTb NOPALOK, B KOTOPOM
NoToKM byayT 0bpawatbca K 06WMM AaHHbIM. Pe3yabTaT AOCTyNna K COBMECTHO MCMOJIb3yeMbIM AaHHbIM
33aBUCUT OT a/ITOPMUTMa MJIAHMPOBAHMA, KOTOPbLIN peLlaeT, KaKoli NOTOK M Korga 3anyckaTb. Ecam Takoro
a/IroPMTMa HEeT, TO BO3MOXHbIN Pe3y/ibTaT BbIMUCIEHNIN MOXKET ObITb HE TAKMMM KaK OH OXKMAasncs.

Hanpumep, ecnm ob6basneHa obuwan nepemeHHas

a = 2

N pBa noTtoKa, thread_one u thread_two, KoTopble BbINOAHAIOT cieAytowme onepawmm:
a =2

# dyHxumsa 1 moToka
def thread one():
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global a
a=a+ 2

# OyHKLMA 2 [OTOKa

def thread two():
global a
a=a* 3

Ecnun notok thread_one nonyunt goctyn K o6Luei nepemeHHoM

a

nepsbiM 1 thread_two BTOpbIM, TO pe3ynbTaTt byaeT 12:

2+2=4;

4*3=12.

Ecnn cHavana 3anyctutca thread_two, a 3atem thread_one, To byaeT nosyyeH Apyroi pesynbrar:

2*3=6;

6+2=8.

Takum o6pa30N\, nopAAOK BbINO/IHEHUA onepau,mﬁ NOTOKaMn MMeET NPUHUUNMaabHOE 3Ha4YeHUe. bes
a/ITOPUTMOB NN1IaHNPOBAHMA AO0CTYyNa NMNOTOKOB K 06LLI,MM AaHHbIM TaKune OLWNBKM OYeHb TPpyaHO HaNTU 1
npon3sBecTn OTNaAKY. Kpome TOro, OHW, KakK npaswnao, NpoucxogAart CﬂyqaﬁHblM 06pa30M, Bbi3blBas
6ECI'IOpF|p,OLIHOE M Henpeackasyemoe nosegeHue.

Ewé 6onee xyawmin BapmaHT pasBuUTMA COObITUM, KOTOPbIA MOXKET Npon3onTn 6e3 BcTpoeHHoM B Python
610KMPOBKM NOTOKOB GIL MOXKeT NponsoiTn, Hanpumep, ecan 0b6a NOTOKa HAYHYT YMTaTb r106abHYO
nepemeHHyto

a

oaHoBpemeHHo. Mpu aTom 0b6a NOToKa YBUAAT, YTO

a = 2

, @ Jajblue, B 3aBUCMMOCTM OT TOTO KaKOM MOTOK MPOM3BEAET BbIYMCAEHUA MOCNELHUM, 3HAYEHUe
nepemeHHoM

a

6yaneT paBHO 4 unu 6.

MOTOKM MMEIOT HECKONIbKO MpumeHeHui. MNepBoe - yckopeHue (?) paboTbl nporpamMmbl. Bo3moskHO,
CO3/aHu1e UN03UN YCKOPEHUSA, KOTOPasA AOCTUFAETCA 33 CHET NAPaIe/IbHOrO BbINOJHEHUA HE3aBUCUMbIX
APYr OT Apyra Bbl4UCAEHUN.
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BTopoe - He3aBUCMMOE WUCMOJIHEHME onepaunini. Hanpumep, ecan ecTb NPUAOXKEHUe C rpaduueckum
UHTEepdENCOM, B KOTOPOM BeCb KOf BbIMNOAHAETCA B OAHOM MOTOKe. Mpu BbIMOAHEHUN KaKOW-HUBYAb
[oAnroi onepaummn (Hanpumep, KonuposaHuA ¢aitna H6onbLWOro pasmepa) UHTepdenc NPUNoNKeHUs
rnepectaHeT oTBeYaTb Ha AeincTsuA (3anpockl) Nosib3osaTena A0 TeX NMop, NoKa He 3aBepLInTca A0ArUIA
NpoLLecc KoNMpoBaHuA. B Takom c/iydae B o4MH NOTOK nomellaeTtca paboTta rpadpuyeckoro uHtepodeiica,
B APYroM - OCTa/ibHble Bbl4MCAEHUA. B 3TOM ciydyae NOTOK MHTepdelica NO3BOAUT NPOBOAUTL Apyrue
onepauun aaxe BO Bpems BbINOJIHEHUA B €ro NOTOKe onepaLuy KoNMpoBaHusa.

Mporpammbl Ha A3blKe MNpPoOrpammmnpoBaHuMa python no ymonyaHWio MMET OAUMH OCHOBHOW MOTOK.
3tomy cnocobctByeT peanusauua uHTepnpetatopa GIL (Global Interpreter Lock), kKoTtopas umeer
BCTPOEHHbIA MEeXaHW3M, KOTOpbIi obecrneymMBaeT BbIMNOSIHEHME OAHOrO MOTOKA B /060N MOMEHT
BpemeHu. GIL obneryaeT peannsaumio MHTepnpeTatopa (Takylo NnporpaMmmy npoLle HanucaTh), 3allumilan
06BbEKTbI BbINONAHAEMOW NPOrpammbl OT OAHOBPEMEHHOMO [I0CTyNa M3 HECKO/IbKMX MOTOKOB. MoaTomy
CO3/aHMe HECKOJIbKMX NMOTOKOB He MPuMBEAEeT K UX O4HOBPEMEHHOMY MCMOJIHEHUIO Ha pasHbIX aapax
npoueccopa. OaHako B BbiNosHAKOWEN cpede python moxKHO co3aaTb H60/blle NOTOKOB W MO3BO/IUTL
NepeKaYaTbCa Mexay HUMK. Mpu 3ToOM HEKOTOpPble MOAY M, KaK CTaHAAPTHbIE, TaK U CTOPOHHME, OblnK
co3AaHbl Ana ocBoboXaeHuA GIL npu BbIMOJHEHUU TAXENbIX BbIYUCAUTENbHbIX onepaunit (Hanpumep,
cKatna mam xewmuposaHua). K Tomy ke, GIL Bcerga cBob6ogeH npu BbINOJIHEHUW OMepaunin BBOAA-
BbIBOAA.

B OnuvcaHue pasHbIX NOAXOAOB K Napa/uieJIbHbIM BBIYUC/IEHUAM B
Python
Onpepensetca ¢yHKUMA, KOTopada OyaeT MCNO/b30BaTbCA A/ OMNWUCAHWA Pas/InyHbIX BapWAHTOB
BbluMCAEHMIA. B cneayowmx npumepax 6yaeT MCNoNb30BaTCA OAHA U Ta Ke yHKUMA, HasbiBaemas
master() (Aapo noToka):

def master (n):
for x in range(l, n):
for yv in range(l, n):
res = x**y

dyHKuMA master() npeacTasaseT coboi BAOKEHHbIN LUK, KOTOPbIA BbINONHAET BO3BeAeHUE B CTeneHb.
Mpy BbINOJHEHUU MaATEMATUUYECKUX BbIMMCIEHUI MOMKHO YBUAETb 3arpysky npoueccopa 64uM3Ky K
100%.

dyHKuMA master() byaeT 3anyckaTbCs MO-pa3sHOMY, TEM CaMbiM AEMOHCTPUPYA Pasinuma MexKay
06bIYHOM O4HOMOTOUYHOM Nporpammoit Python, MHOrONOTOYHOCTBIO M MYNIbTUMPOLLECCOPHOCTbLIO.

B OAHONMOTOYHBIN peKUM PabOThl
Kaxkgas nporpamma Python umeeT no KpaliHelh mepe OAMH OCHOBHOM NOTOK. Huike npeacTasneH
npumep Koga Ans 3anycka ¢yHKuMM master() B 04HOM OCHOBHOM MOTOKe OAHOrO AApa npoLeccopa,
KOTOpPbIA NPOU3BOAMT BCE Onepauuu NocnefoBaTeslbHO U ByAeT CAYXWUTb 3TaIOHOM C TOYKM 3peHUs
CKOPOCTU BbINONHEHWUA:

import time

def master(n, 1i):
for x in range(l, n):
for y in range(l, n):
result = x**y
print (£"\nllukn N {i}. PesynbTar {result}\n")

# noclyiemoBaTEJIbHEIM 3alyCK (QyHKLMM master
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def sequential (n):
for i in range(n):
master (10, i)

print (f"{n} LUMKJIOB BHUMCJIJIEHMN 3aKOHUeHH")

if name == " main ":
start = time.time ()
sequential (50)
end = time.time ()
print (f"\nO6mee Bpemsa paboTei: {end — start}")

B [IpumMep UCHO/Ib30BAaHUSA IOTOKOB C NIpUMeHeHreM 6u6MoTekH threading

B cnegyowem npumepe 6yaeT MCNOMb30BaTbCA HECKOJIbKO MOTOKOB AN BbIMOAHEHUA QYHKLMM
master(). PaboTa C NOTOKaMM OCYLIECTB/IAETCA MPM MOMOLUM CTaHAApPTHOM 6MGAMOTEKM threading.
bynet npousseseHo 400 UMKNOB BblUMCAEHUI. 15 3TOro Bbl4MCAEHUs pasaenstoTcs Ha 4 610ka no 10
NOTOKOB, B KaXA0OM M3 KOTOpbIX byaeT 3anyweHo no 10 uuknos. MeTog, .join() Bbi3biBaeTca OT UMEHU
notoka. OH NO3BOMISIET YKa3aTb OAHOMY BbIMOJAHAEMOMY TOTOKY, 4YTO HEOobXOoAUMO LO0MKAATbCA
3aBepLleHnn Apyroro Notoka (ApyrMx nNoTokos). Mpy MCNONb30BaHUKM 3TOFO METOAa MOTOK, OT MMEHMU
KOTOPOro MPOMCXOAT BbI30B MeToAa .join() ocTaHOBUTCA U ByaeT »KAaTb 3aBeplueHun (3aBeplieHne —
aTo HE ocTaHOBKa) ApyrMx nNoTokoB. MeTtog join() MOXeT NpMHMMAaTb OAMH apryMeHT - TalmayT B
cekyHgax. Ecnn TalimayT 3agaH, join() 6auKupyeT paboTy MOTOKa Ha yKasaHHoe Bpems. Ecan no
NCTEYEHUN BPEMEHWN OXKMAAEMbI MOTOK He ByaeT 3aBepuleH, join() Bce paBHO pasbiokupyeT paboTy
NOTOKa, Bbi3BaLlero ero. MpoBepuTb, MCMOHAETCA 1M NMOTOK MOXKHO C NOMOLblo meToaa is_alive().

from threading import Thread
import time
import numpy as np

def master (i, n):
for x in range(l, n):
for y in range(l, n):
result = x**y
print (£"\nllukn N {i}. Pesynbrar {result}\n")

# sanyck OYHKUMM master Ha HECKOJIbKMX [IOTOKax
def sequential (nthSet,nth ,calc, master):

for i in range(calc):
print (f"3anyckaercsa notok W {nth} B 6joke {nthSet} onepaums {i}")

master (i, 10)

print (f"\n{calc} umkiaoB BHUMCJeHMI B Ojoke {nthSet} norokxa {nth}
3aKOHYEeHH. ")

def threaded(nthSet, nth, calc):

# nthSet - xosmuecTBO OJIOKOB

# nth - xoJMuecTBO MNOTOKOB B OJIOKE

# calc - KOJIMUECTBO oOlepaumi Ha I[IOTOK
threads = [[], [], [], []]

# BHUMCIIeHMa menarca Ha 4 6Joka,

# B 6sioke 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, )))

# KaxmOell [IOTOK IOJIKEH OBITH 3allylleH
for thElem in range (0, nthSet):
for nthElem in range (nth):
print (f'\n--- 6mok {thElem}, norokx {nthElem}: start ! ---"')
threads[thElem] [nthElem] .start ()

# Oxunmanme sBaBepueHUs paboOTH OJis BCEX IIOTOKOB
for thElem in range (0, nthSet):
for nthElem in range (0, nth):
threads[thElem] [nthElem].join ()

if name == " main ":
start = time.time ()
# BrUMCIeHMS paspensioTca Ha 4 Ojoka NOTOKOB
# B KaxIoM M3 KOTOPHX o 10 MOTOKOB,
# xoropre memaboT 1o 20 LMKIIOB
threaded (nthSet=4, nth = 10, calc=20)
end = time.time ()
print ("Obmee Bpemsa pabore: ", end — start)

OZHONOTOYHbIN pexxnm paboTbl OKasbiBaeTcA bbiCTpee, NOTOMY YTO OAMH NOTOK HE MMEeeT HaKNaZHbIX
pacxo40B Ha co34aHue NOTOKOB (B AaHHOM C/yyae co3aaeTca 4 MOTOKa) U NepPeKIoYeHNe MEXAY HUMM.
Ecau 6bl1 y Python He 6bin10 GIL, To BbluncneHus dyHKLMM master() nponcxoaunun 6bl 6bicTpee, a obluee
Bpems BbINOJIHEHWUA NPOrPaMmmbl CTPEMUNOCH KO BPEMEHWN BbINOAHEHMA OAHOMNOTOYHOM NPOrPaMmbl.
MpMYMHA, NO KOTOPOI MHOTOMOTOYHLIA PEeXMM B AaHHOM npumepe He 6yaer pabotatb bbicTpee
0AHOMOTOYHOTrO 3aKAHHAETCA B BbIYUCAEHMSAX, CBA3AHHbIX C MPOLLECCOPOM U 3aKntodatoTces B GIL.

Ecan 6b1 dyHKUMA master() Mmen mMHOro G6/10KMPYIOLWMX OMepaunii, TakKMX KaK ceTeBble Bbl30Bbl UK
onepauun c GarnoBON CUCTEMOWN, TO NMPUMEHEHWE MHOrOMOTOYHOrO pexkMma paboTbl 6blio Obl
OnpaBAaHO M (BO3MOXKHO) Aa/10 yBEANYEHME CKOPOCTHU.

370 yTBEpPKAEHME MOXKHO NPOBEPUTL CMOAE/IMPOBAB ONepauun BBOAA-BbIBOAA MPU NOMOLLM GYHKLMM
time.sleep().

B threading: seTasu npumMeHeHUs
B 6ubnmnoteke threading npeacrasneH knacc Thread ana co3gaHna NOTOKA BbINOJHEHUA.

KoHcTpyKTOp Knacca Thread umeeTt crnegytowime apryMmeHTbi:

B group Ao/XHO 6biTb None; 3ape3epBMpoBaHO AN byayowmx peanmsaumii Python 3;

target aBnsetca ucnonHAaembiM 06beKToM (Mo ymonyaHuio paseH None, HuYero He
nUcnonHserca);

name 0603Ha4YeT UMA NOTOKa (N0 YMOIYAHUIO UMA TeHepUpyeTcs aBTOMaTUYECKK);

args - KOPTEX apryMeHToB A8 UCMOJIHAEMOro 06beKTa;

kwargs - cnoBapb MMeHOBaHHbIX apryMeHTOB A/1A UCNONHAEMOro 06beKTa;

daemon paBHoe True 0603HayeT cAyXKebHbli MNOTOK (cny:KebHble NOTOKM 3aBepLualoTCcA
NPUHYAUTENbHO NPUY 3aBepLUeHNM npoLecca); no ymondaHuio False.

Mocne ToOro, Kak OBBLEKT co34aH, MOTOK 3anyckaeTcA nyTem Bbi3oBa meTtoga start(). 3agaHue
WCMNOJIHAEMOro KoAa B OTAEe/IbHOM NOTOKE BO3MOXHO ABYMA crocobamu:

H nepepaya UCNONHAEMOro 06beKTa (PYHKLMKM) B KOHCTPYKTOP Knacca;
B nepeonpegeneHvie GyHKUMM run() B Knacce-HacnegHuKe.
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import threading
import sys

def thread job (number) :
print (f'Hello {format (number)}"')
sys.stdout.flush ()

# thread job Ha HECKONBKMX MOTOKaX

def run threads (count):
threads = [
threading.Thread(target=thread job, args=(i,))
for i in range (0, count)
]
# Kaxmelll [NOTOK M3 CIOMCKAa [OTOKOB HOOJIKEH OHTh 3amlylleH
for thread in threads:
thread.start ()
# oxmpmaHuve wucrnoJiHeHmMsa BCEX DOTOKOB
for thread in threads:
thread.join ()

run_threads (5)
print ('finish"'")

BbinonHeHWe nporpammbl B python KOHYaeTCA, Koraa 3aBepLlueHbl Bce HEC!'Iy)Ke6HbIe NOTOKMU.

M ewé oanH Nnpumep KOppeKTHO paboTatowero Koga (Metog, .join 34ecb He BbI3bIBaeTCA):

from threading import Thread
import time

def thread job (number) :
time.sleep(2) # norok "ycmmusercs" Ha 2 cek
print (f'\nHello {number}', flush=True)

def run threads (count) :
threads = [
Thread (target=thread job, args=(i, ))
for i in range (0, count)
]
# KaxmOell [IOTOK IOJIXKEH OBITH 3allylleH
for thread in threads:
thread.start ()

run_threads (5)
print ('finish"'")

B atom npumepe ctpoka "finish" neyataertca paHble ctpoku "Hello 0", T.K. rnaBHbIN NOTOK Tenepb He
KOET 3aBepweHus paboTbl Apyrux noTokoB. MeTog join() wucnonbsyetca ans  610KMpPOBaHUSA
WCMNOJIHEHUA POAUTENIbCKOIO MNOTOKA A0 TEX NOP, MOKA CO34aHHbIN NOTOK He 3aBepLumMTCcaA. 3To TpebyeTcs
B C/yyasAx, Koraa ana paboTbl NOTOKa-poAMTeNs BaxeH pe3ynbTaT paboTbl MOTOKA-NoOTOMKa. B atom
C/ly4ae BblMMCIEHME UTOrOBOrO 3HAaYEHMUA BbIMOJIHAETCA B [TABHOM MOTOKE, HO 3TO BO3MOMHO TOJ/IbKO
nocsie 3aBepLleHns BblYUCNEHUI B NOBOYHbIX NMOTOKaX. B TaKom c/iyyae rnaBHbIA NOTOK HYXHO MPOCTO

NPUOCTAaHOBUTbL A0 TEX NMOpP, NOKa He 3aBepLUuaTcA BCe NoboYHbIe MOTOKM.
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B multiprocessing

BubnnoTteka multiprocessing nossonsieT opraHM3oBaTb Napan/iieNM3M BblMUCNEHUI 3a CYET co3aaHun
noanpoueccoB. Tak Kak KaxAabl noanpouecc (nNpouecc) BbINOAHAETCA HE3aBUCMMO OT APYrux, 3TOT
meToq napannennsma nosposaeT msbexkatbo npobnem c GIL. Mpepoctasnaembii 6ubanotekoit API
61MBNMOTEKM CXOX C Tem, YTo ecTb B threading, xoTa ecTb yHMKanbHblie Bewu. Co3gaHue npolecca
npoucxoamMt nyTém co3daHua obbeKkTa Knacca Process. AprymMeHTbl KOHCTPYKTOpPa aHaJIorM4Hbl
aprymeHTam, ob6baABTENEHHbIM B KOHCTpyKkTOpe Thread. B Tom uucne aprymeHT daemon nosBonsieT
€034aBaTb CyKebHble Npoueccbl. 3TM NPOLECChl 3aBepLIAOTCA BMeCTe C POAUTE/NIbCKMM MPOLLECCOM U
HE moryT noporkaatb cobCcTBEHHbIE NOANPOLLECChI.

Mpumep paboTbl c GUbANOTEKOIN:

from multiprocessing import Process

def f (name):
print ('hello', name)

if name == "' main ':
p = Process(target=f, args=('tst',))
p.start ()
p.join ()

Kaxablit npouecc nmeeT ceoi ID 1 B 3TOM MOXHO y6eauTbes, 3anycTuB Ko,

from multiprocessing import Process
import os

def info(title):
print (title)
print (
print ('parent process:', os.getppid())
('process id:', os.getpid())

'module name:',  name )
print
def f (name):
info ('function f')

print ('hello', name)

if name == ' main ':
info('main line')

p = Process(target=f, args=('bob',))
p.start ()
p.join()
Kak 1 Bcerga, KOHCTpyKUMA __name__ == '__main__' Hy}XHa gnsa Toro, 4tobbl MOAYyAb MOXKHO 6bl10

6e30MacHO NoAK/IoYaTh B APYrMe Moayau v npu stom 6e3 BeaAoma NporpaMmmnCTOB He Co34aBanmnch bbl
HOBble NpoLLecchbl.

B B3aumoaeiicTBHe MeKAy NpoLeccamMu
multiprocessing npegocTtasnsetr TPU Buga mexnpoueccHoro obmeHa AaHHbIMU: ovepenM, KaHanbl
OaHHbIX (pipe), dainbl.

Ouepeau (Knacc Queue) aHaNoOrMYHbI CTPYKTYpe AaHHbIX "ouepeap'.
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from multiprocessing import Process, Queue

def f(qg):
g.put ([42, None, 'hello'l])

if name == ' main ':

g = Queue ()

p = Process(target=f, args=(q,))

p.start ()

print (g.get()) # BeiBOmMT "[42, None, 'hello']"
p.join()

Knacc Pipe (KaHan) oTBeyaeT 3a KaHan obmeHa AaHHbIMKM (MO YMOAYaHWIO, ABYHaNpPaB/ieHHbIN),
npeactaBneHHbIM ABymA obbekTammn Knacca Connection, KoHUaMM KaHana. C ogHMM KOHLOM KaHana
paboTaeT poaUTENbCKMIA MPOLLECC, a C APYFMM KOHLOM - nognpouecc.

"""Kinacc Pipe (xaHaj) OTBeuaeT 3a kKaHaJ oOMeHa INaHHEMU (10 YMOJIUaHUI,
IOBYHAIPaBJIEHHEI) , NPENCTAaBJIEHHB IOBYyMsS oOOBekTammu kjiacca Connection,
KOHLlaMM KaHaJja. C OIHMM KOHLOM kaHalla paboTaeT pOIMUTeJIbCKUM IIpollecc,

wuan

C IOpyT¥M KOHLIOM - MOONPOLECC.
from multiprocessing import Process, Pipe
def f (conn):

conn.send([42, None, 'hello'])
conn.close ()

if name == "' main ':
parent conn, child conn = Pipe()
# nonmpoliecc T'OTOB IOCBUIATH [0 KaHAJY child conn
p = Process(target=f, args=(child conn,))
p.start () # sanyck nommnpolecca
# poIMTeNbCKMII NpOLEeCcC MO KaHajly parent conn mojydaeT procTxt
procTxt = parent conn.recv ()
print (procTxt) # BoBOIuT "[42, None, 'hello']"
p.join()

Ewe oamH Bna obmeHa AaHHbIMW MOXET BblTb AOCTUTHYT NyTem 3anucu/yteHns obblYHbIX ¢$alinos.
YT06bI MCKNOUYUTL OAHOBPEMEHHYIO paboTy AByX npoueccoB ¢ oAHuM dalinom, B 6ubanoteke ectb
KNaccbl aHanormyHble threading.

from multiprocessing import Process, Lock

def fun(lck, 1i):
lck.acquire ()
try:
print ('hello world', 1)
finally:
lck.release()

if name == ' main
lock = Lock()
for num in range (10) :

Process (target=fun, args=(lock, num)).start ()
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B Kiacc Pool u multiprocessing
Knacc Pool npeacraBnseT mexaHUM3m pacnapaniennBaHuna BbINOJHAEMbIX GYHKLMI, pacnpegeneHmna

BXOZHbIX laHHbIX MO NpoLeccam 1 T.4,.
Hanbonee BaxkHble meToabl Knacca: Pool.apply, Pool.map, Pool.apply_async, Pool.map_async.

Mpumep paboTbl Knacca Pool:

from multiprocessing import Pool

def cube (x):
return x**3

if name == " main ":
pool = Pool (processes=4) # cospmaércsa nyn u3 4 OpoleccoB
# B apply MOXHO IepenaTb HECKOJIBKO apl'yMEHTOB
results = [pool.apply(cube, args=(x,)) for x in range(1l,7)]
# umcna packumeBaioTcsa oT 1 mo 7 mo 4 mpoueccaum
print (results)

pool = Pool (processes=4)

# TOo xe camoe, HO C map. pasbuBaeT urepmpyemeli obwvekT (range(l,7))
# Ha chunks u packumbBaeT apTyMEHTH IO IIPOlleCcCam

results = pool.map (cube, range(l, 7))

print (results)

map, apply - 6noKkupylowme Bbi30Bbl. [NaBHaa nporpamma byaer 3ab/10KMpOBaHa, MOKa Mpouecc He
BbINOJIHUT paborTy.

map_async, apply_async - Hebnokupytowme. Mpn 1Mx BbiI3OBE, OHW CPa3y BO3BPALLAIOT ynpaB/ieHWe B
rnaBHyto nporpammy (Bo3sspauiatoT ApplyResult kak pesynbtat). Meton get() obbekta ApplyResult
6710KMpPYEeT OCHOBHOW NOTOK, MOKa GyHKUMA He ByaeT BbiNoHEeHa.

pool = mp.Pool (processes=4)

results = [pool.apply async(cube, args=(x,)) for x in range(l,7)]
output = [p.get() for p in results]

print (output)

B I[IpuMeHeHHe MHOIONMOTOYHOCTH: B3IJIA HA 3BE3 /bl
OT npocToii Moaenn U3 AByx Lenesbix PYHKUUN K 06 BEKTHO OPUEHTUPOBAHHOMY MPUJIOKEHUIO

m IlepBblii 3Tan pa3pa6oTKU NPUI0KEHHS
Teneckonbl NbITAlOTCA PAacCCMOTPETL 3BE34bl LieneBol dpyHKumMeln starSearching.

import random
from collections import defaultdict
from threading import Thread

# 3BE3OE M TeJIeCKOIIB
STARS = (None,

'xénTeiKapauk',

'kpacHemI'Mrax"T',
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'nromHaa3Besna’,

'HoBag3resma', )
SCOPES = ('rScopeO', 'rScopel', 'rScope2')
# ObpaboTka pe3yJibTAaTOB IIOMCKa 3BE3n. PaboTalnT 2 TejlecKolla

def starSearching(scopename, attempts):
catch = defaultdict (int) # cuéTumk pes’yJILTATOB cJjioBaphb (key, value)
# Teryeckomna scopename mjsg yd4éTa HAMUIEHHHX 3BE3X
# (kakas 3Be3ma, CKOJIBKO TakKMx 3BES3I)

for attempt in range (attempts):

print (f'\n{scopename} {attempt} monerka ... maér nouck', flush=True)

# TaxuMm obpasoMm oTpabaTHBaeTCs [Hays3a (BpeMms paboTe IJjisg TeJieckolla scopename)
=5 ** (random.randint (25, 75) * 10000)

star = random.choice (STARS) # Teneckon oTpaboTal MOJIOXEHHHII

# mHTepBay BpeMeHM. VM UTO TO HaWEm?

# pasbop pes’ysbLTaTOB [IOMCKA:
if star is None:
print (f'{scopename} {attempt} nycras nonumrka', flush=True)
else:
print (f'{scopename} {attempt} obwexT HammeH', flush=True)
catch[star] += 1 # yBeJuueH CUETUMK PEe3yJLTATOB TEeJIeCKOoMa
# scopename

print (f'\nHa Teyeckomne {scopename} Hakmeno:', flush=True)
for star, count in catch.items() :

print (f£' {star}, {count} ', flush=True)
print ()

def doIt():
# 0-17 Temeckon (rScopel) - B MNOTOK M 3alyCk M3 IIOTOKA.
# kwargs - apryMeHTH byHKUMM target (ueseBol dyHkumm starSearching)
thread = Thread(target=starSearching, kwargs=dict (scopename=SCOPES[O0],
attempts=10))
thread.start ()

# 1-7 Teneckon. IIpsaMOM 3anyCK U IPUCOEOMHEHME K IIOTOKY
starSearching (scopename=SCOPES[1], attempts=10)

thread.join () # oxumaHue OKOHUAHUS PABOTH IOTOKOB
if name == "' main ':
doIt ()

B Bropoii aTan pa3paboTKu NPUI0KEeHH
3pecb He 06bABNEHbI K/ACChI.

import random
from collections import defaultdict
from threading import Thread
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# 3BE3OE M TEeJIeCKOIIE
STARS = (None,
'wénTeiKapauk',
'kpacHeMI'MraHT',
'nBoMHag3resna’,
'HoBasa3eesnma', )

SCOPES = ('rScopelO', 'rScopel', 'rScope2')

def starSearching(scopename, attempts, catch):

# TeJIeCKOI

# KOJIMYECTBO IIOMLITOK

# CUETUMK 3BE3T

# (3HaueHMe g BO3BpaTa M3 IIOTOKA)

for attempt in range (attempts):
print (f'{scopename} {attempt} nonwerka ... uMnért nomck', flush=True)

# TaxkuM obpazoM oTpabaTeHBaeTCs naysa (Bpemsa paboTel OJid TeJieckolla scopename)
= 5 ** (random.randint (25, 75) * 10000)

star = random.choice (STARS) # Teneckon orpaboTasl NOJIOXEHHBI
# mHTepBas BpeMeHM. V UTO TO HaWes?

# pasbop pesysIbTATOB IOMCKA:
if star is None:
print (f'\n{scopename} {attempt} nycras nonwrkal\n', flush=True)
else:
print (f'\n{scopename} {attempt} obvexT HameH\n', flush=True)
catch[star] += 1 # yBeJuueH CUETUMK PE3yJILTATOB
# Teyeckorna scopename

def dolIt (scopes, starList):

# 0-1 Tejleckon - B I[IOTOK U BamlyCkK M3 [IOTOKA.
# kwargs - apryMeHTH QyHKUUM target
rScopel catch = defaultdict (int) # CcuéTuMK pes’yJLTATOB CJOBAPb

# (key, value)
# Tejeckomna scopename Ijg ydéra
# HaVOeHHHBIX 3BE3IN
# (xakasg 3Bes3ma, CKOJIBKO TaKMx 3BESI)
starList.append (rScopel catch)
# 5TO Banyck IIOTOKa
# starSearching
# apryMeHTH (scopename, attempts, catch)
thread = Thread(target=starSearching, kwargs=dict (scopename=scopes|[0],
attempts=10,
catch=starList[0]))

thread.start ()

# 1-7 Teyeckom. JOTO IPAMOM BalyCK U NPUCOEIMHEHME K IIOTOKY
rScopel catch = defaultdict (int) # cuéTumk pesyIbLTaTOB
# cmoBape (key, value)
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# Temeckoma scopename musa ydéra

# HalIeHHBX 3BE3H

# (kakas 3Bes3ma, CKOJbBKO TakKMx 3BE3I)
starList.append(rScopel catch)
starSearching (scopename=scopes[1l], attempts=10, catch = starList[1l])

thread.join() # oxmpmaHme OKOHUaHUS PaBOTH [OTOKOB

if name == '
1st = []

doIt (scopes = SCOPES, starList = 1lst)

main

# mTorM PaBOTEl TEJECKOIIOB

# nScope = 0

# for name, catch in ((SCOPES[0], 1st[0]), (SCOPES[1], 1lst[l1l1)):

# print (f'\nua Teseckomne {SCOPES[nScope]} Halimeno:', flush=True)
# for star, count in catch.items () :

# print (f' {star}, {count} ', flush=True)

# nScope += 1

# print ()

nScope = 0

for nScope in range (0, 2):
catch = lst[nScope]

print (f'\nHa Temeckome {SCOPES[nScope]} Hamnmeno:', flush=True)
for star, count in catch.items () :
print (f£' {star}, {count} ', flush=True)

nScope += 1
print ()

B TpeTunii aTan pa3pa6boTKU NPUI0KEHUA
import random

from collections import defaultdict
from threading import Thread

# 3BE3IEl U TEJECKOIL
STARS = (None,

'wénreMKapiuk',

'kpacHeMI'MTaHT ',

'oBOMHasa3Besma',

'HoBasa3eesma', )
SCOPES = ('rScopelO', 'rScopel', 'rScope2')

#

class rScope() :

def init (self, scopename, attempts):

self.scopename = scopename

self.attempts = attempts

self.stars = defaultdict (int) # CuéTumMK pPes’yJILTATOB CJIOBAPb
# (key, value)
# Teyeckomna scopename miIg yuyéra
# HalIeHHBHX 3BE3I
# (xakag 3Be3Ia, CKOJBKO TakKMxX 3BESI)

def run(self):
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for attempt in range (O,

# TaxyM oBpaszoM oTpabaTHBaeTCa Hays3a

#

= 5 *x

(random.randint (25,

self.attempts):
print (f'\n{self.scopename} {attempt} mnoneTka

(BpeMsa pabOTE OJjisa TeJIeCKOoIla

unéT nomck',

flush=True)

self.scopename)

75) * 10000)

star =

random.choice (STARS)

# Teneckon orpaboTalsl MNOJIOXEHHBIN

# mMHTepBas BpeMeHM. V UTO OH Hamés?

# pasbop pesysIbTATOB IOMCKA:

if star is None:

print (f'\n{self.scopename} {attempt} obvexT HE Harmeu\n',

else:

flush=True)

print (f'\n{self.scopename} {attempt} obvexT HameH\n',

self.stars([star]

def doIt(lstScopes, nScopes):

for sc in range (0, nScopes):

# dopmMmMpyeTCsa CHOMCOK TeJIECKONOB. Y Kaxmoro no 10 MmomeTok

# g 3BE3OHOTO [OUCKA

lstScopes.append (rScope (SCOPES[sc],

thread =
thread.start ()

lstScopes[1l].run()

.

thread.join ()

threads = []

+=1

STO IIOATI'OTOBKA K 3allyCKy IIOTOKa

flush=True)

# yBeNmMueH CUETUMK pPes3yJIbTaTOB

# Teneckona self.scopename

attempts=10))

run - uejepas QyHKUMS

Thread (target=1lstScopes[0].run)

# ©TO HENOCPEeNCTBEHHEM 3alyCK LeJieBOM QYyHKLUM

# 5TO MOOTOTOBKA K 3allyCKy 3-X MNOTOKOB

# run - uejieBas OYHKLUA
threads.append (Thread (target=1stScopes[0].run))
threads.append (Thread (target=1stScopes[1l].run))
threads.append (Thread (target=1stScopes[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[1l].join()

# threads([2].join ()

for t in range (0, len(threads)):
threads[t].Jjoin()
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if name == "' main ':
lstScopes = []
doIt (1lstScopes, nScopes = 3)

# uTOoTM PaBOTEl TEJIECKOIOB
for rScope catch in lstScopes:
print (f'\nHa Teneckone {rScope catch.scopename} naymeso:',
flush=True)
for star in rScope catch.stars:
print (f' {star}, {rScope catch.stars[star]} ")
print ()

B YeTBEépTHIi 3Tan pa3paboTKU NPUI0KEHUA
B npuaoxeHnn yunTbiBaETCA peakuma Ha BO3MOXKHble HeluTaTHble CUTYaLuK.

import random
from collections import defaultdict
from threading import Thread

# 3BES3MOE M TEJIECKOIIL
STARS = (None,
'wénreMiKapnuk',
'kpacHeMI'MTaHT',
'nBoviHag3BesIa ',
'HoBaga3mesma', )
SCOPES = ('rScopelO', 'rScopel', 'rScope2')
# OrpaboTka omMOOK B MIOTOKE (BEepPOATHHIE I10JIOMKM TEJIECKOIIOB)
#

class rScope():

def init (self, name, attempts):
self.thread = Thread(target=self.run) # NOTOK OBLABIAETCH 3JIEMEHTOM
# obbekTa
# MeTom run - ueyeBas OGYyHKUUS
self.dice = None
self.scopename = name
self.attempts = attempts
self.stars = defaultdict (int) CUETUMK pPesyJbTaTOoB
cinopape (key, value)

#
#
# Tejeckorna scopename g ydéra
# HaMOeHHBIX 3BES3I

#

(kakas 3Be3Ia, CKOJIBKO TaKMX 3BESI)

# nomck (IIOTOK) BHOEJEH B OTISJILHEI METO.I.
# /I B HEM MOT'YT BO3HMKATL OWMOKM (IIOJIOMKM TeJIECKOIIOB)
def starSearching(self):
for attempt in range (0, self.attempts):
print (f'\n{self.scopename} {attempt} momeiTka ... MOET MNOUCK')

# TaxyM oBpaszoM oTpabaTHBaeTCa Hays3a
# (BpeMsa pab®oTel OJisa Tejeckona self.scopename)
=5 ** (random.randint (25, 75) * 10000)

# BOBMOXHAas I[IOJIOMKa TeJieCKoIla self.scopename - BO3OyxHmaeTcsa oummbka
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self.dice = random.randint (0, 10)
if self.dice == 0:
raise ValueError (f'{self.scopename} nonmrka {attempt} ...")

star = random.choice (STARS) # Tejyeckon oTpaboTajl OJIOXEHHEI
# mHTepBas BpeMeHM. VM UTO OH Hamés?

# pasbop pes3ysbLTATOB IIOMCKA:
if star is None:
print (f'\n{self.scopename} {attempt} obvexT HE Hamnmeu\n',
flush=True)
else:
print (f'\n{self.scopename} {attempt} obbexT HalmeH\n',
flush=True)
self.stars([star] += 1 # yBeJuMueH CUETUMK pPEelYyJIbLTATOB
# Teneckona self.scopename

# rnepexpatT OLHI/I@KM, KOTOpad mMeeT BUIO MCKIIIOUEeHMA, OCYUEeCTBJIAE€TCHA B IIOTOKE
def run(self):
try:
self. starSearching/()
except Exception as exc:
print (£ '\nHEWTATHAA CUTYALUSI: {exc}')

def doIt(lstScopes, nScopes):
# dopMmMpyeTcsd CIOMCOK TEJIECKONOB. Y Kaxnoro no 10 MOmeTok
for sc in range (0, nScopes):
lstScopes.append(rScope (SCOPES[sc], attempts=10))

# 3anyck MNOTOKOB
for sc in range (0, len(lstScopes)):
lstScopes([sc].thread.start ()

# KOHTPOJIL MIOTOKOB
for sc in range (0, len(lstScopes)):
lstScopes|[sc].thread.join ()

if name == '
lstScopes = []

doIt (lstScopes, nScopes=3)

main

# mTOorM PaBOTEl TEJIECKOIIOB
for rScope catch in lstScopes:
print (f'\nua Teneckxone {rScope catch.scopename} HaimeHO:',
flush=True)
for star in rScope catch.stars:
print (f£' {star}, {rScope catch.stars[star]} ')
print ()

B IlaThii 3Tan pa3padoTKH NPUI0KEHUS
Heyaaswuiica pesynbTaT noucka npu nonbitke (a ux Bcero 10, U OHX MOTYT BO3HMKaTb NPU NMOAOMKe
Tesleckona Uaun B pesysibTaTe HETOYHOTO MPULEANBAHNA) — TOXKe Pe3y/bTaT, KOTOPbIN y4YuTbiBaeTCA B
[AHHON BepcUm.
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import random

import threading

from collections import defaultdict
from threading import Thread

from multiprocessing import Queue

# 3BE3OE M TeJIeCKOIIB

STARS = ('None', 'xénremKapmauk', 'kpacuemil'mraut', '»neolHas3sezza',
'HoBaga3Besma', )

SCOPES = ('rScopelO', 'rScopel', 'rScope2', 'rScope3', 'rScoped')
nScopes = 5

# OTpaboTka omMbOoK B IIOTOKE

# Ouepenu mJjigd oOMeHa IaHHBIMM

#

class rScope():

def init (self, name, attempts):
# moTOK OBBABJIAETCH DBJIEMEHTOM OBBLeKTa

# MeTom scopeRun - uejeBas byHKUMSA

self.thread = Thread(target=self.scopeRun)
self.attempts = attempts
self.dice = None
self.scopename = name
self.stars = {STARS[0]: O,
STARS[1]: O,
STARS[2]: O,
STARS[3]: O,
STARS[4]: 0}
# mpoure BapMaHTE OOBABJIEHUS CJIOBAPS
# self.stars = dict(zip([STARS[O0],
# 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

# nepexear oummdbkuy,

# cuéTumuk pes’synbTATOB cloBapb (key, value)

# Tesyeckomna scopename g y4éTa HAMUIEHHHX S3BE3X
#

(kakas 3Be3Ia, CKOJIbBKO TaKMX 3BESI)

KOTOpada umMeeT BUIO MCKIIIOUEHMA,

def scopeRun (self):
try:
return self. starSearching()
except Exception as exc:
print (£ ' \nHENTATHAA CUTYALUS:
'ERROR'

{exc}!')
return
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# nomck (IOTOK) BHOEJIEH B OTIEJIBLHBEI MEeTOHn. VM B HEM MOI'YT BOSHMKATL OWMOKU
# (IIOJIOMKM TeJIeCKOIOB)
def starSearching(self):
if self.attempts > O:
print (f'\n{self.scopename} {self.attempts} monerka ... MOET
nomuck')

# TaxmM oBpaszoM orpabaTeiBaeTCd naysa
# (Bpemsa paboTe mnsa Tejyeckomna self.scopename)
=5 ** (random.randint (25, 75) * 10)

# BOBMOXHaa MoJjioMka Tejieckona self.scopename - Bo3OyXxmaeTcsa ommMbKa ========
self.dice = random.randint (0, 10)
if self.dice == 0:

raise ValueError (f'{self.scopename} nomnuTkKa
{self.attempts} ...")

#

star = random.choice (STARS) # Temeckon oTpaboTasl MNOJIOXEHHE

# vMHTepBaJsl BpeMeHM. V uTO OH Haméj?
# pasbop pesyJsIbTATOB IOMCKA:
if star == 'None':
print (f'\n{self.scopename} {self.attempts} obvexT HE

"Hanmes\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]}
obwexkT HammeH\n', flush=True)

self.stars[star] += 1 # yBelmMueH CUETUMK pPEe3yJIbLTATOB

# Temneckona self.scopename
return star

class rRoll (threading.Thread) :

def init (self, lscScopes):
super (). init ()
self.scopes = lscScopes
self.nStars = 0
self.receiver = Queue ()
self.stars = defaultdict (int) # CUéTuMk pPes3yJIbTATOB CJIOBAphb
# (key, value)
# Teryeckoma scopename s yuyéra
# HalIeHHHX 3BE3I
# (xakas 3Bes3ma, CKOJIBKO TaKMxX 3BE3I)

def startScopes(self):
# CcTapT TeJIeCKONOB M3 CIMCKAa TEeJIeCKOIIOB
print (f' Teseckomer - B paBory\n', flush=True)
for nsc in range (0, len(self.scopes)):
print (f'{self.scopes[nsc].scopename} crapryeT...')
self.scopes[nsc].thread.start ()

def goScope (self):
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nsc = 0

while self.scopes[nsc].attempts > O:

star = self.scopes[nsc].scopeRun ()

if star == 'None':
print (£'>>> {self.scopes[nsc].scopename}
{self.scopes[nsc].attempts} nycrto ', flush=True)
self.scopes[nsc].stars[star] += 1
elif star == '"ERROR':
pass
else:
print (£'>>> {self.scopes[nsc].scopename}
{self.scopes[nsc].attempts} {self.scopes[nsc].stars[star]}’,

flush=True)
self.enroll ()

self.scopes[nsc].attempts -= 1
# NONBITKAMM TEJIECKOINOB yHnparjseT ofwexT rRoll

for n in range (0, len(self.scopes)):

self.scopes[n].thread.join () # mpoBepka MnoToka
nsc += 1
if nsc == len(self.scopes):

nsc = 0
print (f'-—-—-***——-'  flush=True)

def enroll (self):
self.nStars += 1

if name == "' main ':
# dopMMpyeTcsa CHOMCOK TEeJIECKONOB. Y KaxIoro mo 10 MIOomeETOK [IOTOKa.
lstScopes = []
for sc in range (0, nScopes):
lstScopes.append(rScope (SCOPES[sc], attempts=10))

roll = rRoll (lstScopes)
roll.startScopes|()
roll.goScope ()

# mTorM PaBOTEl TEJEeCKOIIOB
print (f'Bcero B3BE3n {roll.nStars}', flush=True)
for rscope in roll.scopes:
print (f'\nreneckon {rscope.scopename} Hamému:', flush=True)
for star in rscope.stars:
print (f' {rscope.scopename}: {star}, {rscope.stars[star]}
print ()
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B OOumee npeacTaB/JIeHUe 00 aCHHXPOHHOM BBOJe-BbIBOJAE
ACUHXPOHHbIN BBOA-BbIBOA, C MOAY/JEM asyncio TaksKe AaéT BO3MOMHOCTb B OZHOW Mporpamme
paboTaTb Hajd, HECKONbKUMU BbIUMCAEHUAMM OAHOBPEMEHHO. ACUHXPOHHbIA BBOA-BbIBOA, HE ABNAAETCA
HM noToKoBbim (threading), HM mHoronpoueccopHbim (multiprocessing). 3To oaHoOMOTOYHas
oAHONpoLEeccHaa napaguMrma He OTHOCUTCA K Mmapaj/ieibHbiM BbluMCAEHMAM. Takoro nosefeHus B
Python moxHo 106MTbCA HECKO/IbKMMM criocobamm:

B MNCnonb3yAa MHOrONOTOYHOCTb threading, No3B0/1AA HECKOJZIbKUM NOTOKaM pa60TaTb no ovepeaun.

B /Ccnosb3ys HECKONbKO Agep npoueccopa multiprocessing. [enaTb cpa3y HECKO/bKO
BbIYUCNEHMI, UCNONb3YA HECKONLKO AAEep NPOLECcopa. ITO M Ha3blBaeTca Napaaiesln3Mmom.

H 1CNO/b3ys AaCMHXPOHHbIN BBOA-BbIBOA, C Moaynem asyncio. [pu 3Tom, 3anyckas KaKyl TO
3a/ia4y, BMECTO OXMAaHWUA OTBETa OT CETEBOro NOAK/UYEHMA UM OT onepaLuin YteHuns/3anmcuy,
MOXHO NpoAo/KaTh AenaTb APYrve Bbl4MCAEHUS.

Cnep,yeT Mcnoab3oBaTb moaynmn threading nnn asyncio Ana nporpamm, CBA3aHHbIX C BBOAOM-BbIBOAOM,
YTOObI NOBbLICUTb npon3soanUTeE/IbHOCTb.

Moaynb multiprocessing ncnonbsyetca ana pewweHua npobiem, cBszaHHbIX ¢ onepauuamu LM, 3toTt
MOAY/Ib UCMOJIb3YeT BeCb NOTEHLMAN BCEX Afep npoLeccopa.
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